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BBenenue

Yye6GHUK HaMUCaAH HA OCHOBAHUH KyPCOB Ma-
TEMaTHKH U HH(OPMATHKH, HEOTHOKPATHO MPOUH-
TaHHbLIX aBTOPAMU CTYJIEHTAM IOPUAHUECKUX (ha-
KyJbTeTOB. Mbl HCXOAUJN U3 TOTO, UTO 3TOT KypC
JIOJI2KEH, C OJHOH CTOPOHBI, ObITb JOCTATOYHO
LIMPOKHUM, UTOOBI UrpaTh Pa3BUBAIOLLYIO, I'yMa-
HUTapHyI0 poJib. C IPyroil CTOPOHbI, OH A0JKEH
OBITb M JIOCTAaTOUHO COJEPKATEJIbHBIM, UTOObI
CTY/AEHTbl HAYUHJUCh peliaTbh XOTsl Obl HECJO0XK-
Hble MPUKJIAIHbIE 3a7auH.

YueGHUK COOTBETCTBYET TrOCYAApPCTBEHHOMY
cTaHpapty no aucuunivHe «KHdopmatuka u
MareMaTHKa» (crneuuasbHocTb «IOpucnpynen-
LMsi») M paccuuTaH Ha 68 uacoB Jjekuui, 5l
yac NpaKTHUECKUX 3aHATHH 1 51 uac jadoparop-
HbIX pabor. [Tocaennssi, nauboJsee TpyaHasi, ria-
Ba MpejHa3HaueHa Jisi MaruCTpOB.

Mbl 0TXOMM OT TPaAAMLMOHHOH TOUKH 3pe-
HHsl, COTJIaCHO KOTOPOH OCHOBOH Jto6Oro Ma-
TEeMaTHYeCKOTo Kypca JoJIZKeH ObITb MaTeMaTH-
yeckuil aHasu3. HecomHeHHO, MaTeMaTHueCKHH
aHaJu3 urpaet 0a3oByl0 poOJib B CHCTEMaTHye-
CKOM Kypce, MpeaHazHauyeHHOM JJIsi CrieldaJin-
CTOB, LIMPOKO HCMOJb3YIOIMX TOUHbIE METO/IbI.
IOpucThl 1MoKa TaKOBBIMH He SIBJISIIOTCS, 1103TO-
My Halll KypC He $IBJASETCS CHUCTeMaTHYECKHM,
y Hero npyroe npeaHasnauenue. [Ipu sTom Mmbl
BCE BpeMsl MOMUEPKHUBAEM OOLLEKYNABTYPHYIO LIeH-
HOCTb MaTeMaTHKH, €€ BO3MOXKHOCTH B pa3BH-
THH UHTEJJIEKTyaJ IbHBIX CTOCOOGHOCTEH U JIOTHYE-
CKOTO MblllsieHus1. [l 3TUX Lesiel, Mbl noJara-
eM, OoJiblIe MOJAXOJUT TEOPHS BEPOSATHOCTEH, a
He MaTeMaTHUeCKUi aHaju3. DTUM O0OCTOSATE b=
CcTBOM 0OYCJIOBJIEH Hall MOAXOJ K OTOOpPY Mare-
MaTHUECKOro MartepuaJsa U CoJepKaHuio yueOHH -
Ka.

Mui o6cy>1<uaeM BaX<HeHllIMe MaTeMaTHue-

CKHe TIOHATUS: UMCJI0, BEKTOP, PYHKIIHUS, MTpeie,
AKCHOMA, BEPOSITHOCTb, U MOKA3blBaeM, KaK pas-
BUBAJIMCb MaTeMaTHUeCKHe HJeH, 3aKJIoueHHble
B 3TUX MNOHATHAX. OCHOBHOH MaTeMaTHYeCKOH
COCTaBJIAOILEH Kypca SIBJSETCS 3JIeMEHTapHOe
BBeJIeHHE B KypC TEOPHH BEPOSITHOCTEH W mare-
MaTHUeCcKOH cTaTUCTHKH. MIMeHHO 3TOMY MaTepu-
ajly mocBsilleHa OOJblIAs YacTb MPaKTHUECKUX
1 J1abopaTopHblX 3aHATHH. s npoBeneHus Ja-
60paTOPHBIX 3aHATHH, KOTOPbIE PEACTABAIOTCS
aBTOPaM HEOTbEeMJIEMOH YacTblo JaHHOTO Kypca,
npernojiaBaTesii MOTyT BbIOpaTh HanboJiee Npuem-
JieMble MPOrpaMMHbIe MPOAYKTbI, MO3BOJISAIOLINE
CTYJIEHTaM Jiyulle MOHSTb TEOPEeTHUECKUH MaTe-
pHaJsl 1 BBIMOJHUTL yrpaxKHeHusl. Celiuac ux cy-
LLLleCTBYET JOCTaTOYHO MHOro, Bce OHM 00Jana-
10T IPUMEPHO OJIMHAKOBOH (DYHKLMOHAJBHOCTBIO
1 B3aUMO3aMeHsIeMBI.

B kHure mbl Oynem onuchbiBaTb NpUMeHeHUe
CBOOO/IHBIX MPOrPAMMHbBIX MPOAYKTOB, KOTOpPbIE
MOTYT OBbITb aOCOJIIOTHO JIerajbHO M GecrnJar-
HO TIOJIyYeHBl U YCTAHOBJIEHBI HA KOMIbBIOTEP C
JII0O0H U3 COBPEMEHHBIX OMEPALHOHHBIX CHCTEM
(BkJsouasi U cBob6oaHO pacnpoctpansiemyro OC
Linux). Cpeau HUX pas/iHuHble KaJjbKyJsATOPbI,
cucTeMa KoMmibloTepHoll anrebpbl Maxima, na-
ket nnporpamm Open Office, cucrema ast paGoThbl
B cetn Murepuer Mozilla u psn apyrux.

Ecan nosesHocTb 3HakoMcTBa  OyJIylIero
I0PUCTa C OCHOBAMH HH(OPMATHKH PELKO BbI3bl-
BaeT COMHEHMsl, TO B HEOOXOAUMOCTH H3yueHHsl
MaTeMaTHKX MOPOH HY:KHO yb6exxnatb. A Belb
MaTeMaTHKa JaBHO JPYXKHUT C IOPUCTpYyAeHLHEH,
Mex1y HMMHM MHOro oOiuero. M3BecTHble mare-
matiku Buer!, ®epma’ u Beiteputpace? Gbliu
TaKxKe W opuctamMu. Hemasio B ucTopuu U Takux
NPUMEPOB, KOrJa MaTeMaTHK HauWHAJ H3yyaThb
IOPUCTIPYIEHLMIO U TOJIydaJsl pe3yJibTaTbl, KOTO-
pble OKa3blBAJIUCh UPE3BbIUANHO LEHHBIMH /51
o6eux Hayk. Tak, Ilyaccou*, poampumiics 6o-
Jlee JIByXCOT JIeT Hasal, NpoBE&J HCCJe/loBaHHE

'®dpancya Buer (1540—1603) — dpaHLly3cKHil MATeMaTHK H IOPHCT, OCHOBATEJb COBPEMEH-

HOH ajreGpanyeckoil CHMBOJIUKH.

Trep depma (1601—1665) — dpanily3ckHil MaTeMaTHK, 0PHCT MO CTIIHANLHOCTH.
3Kapan Beitepuitpace (1815—1897) — HeMelkuii MATEMATHK H IOPHCT, OJMH H3 OCHOBATE/ICH

MaTeMaTHUeCKOro aHaJiu3a.

*Cumon Cen-Jlenn IMyaccon (1781—1840) — dpaHIiyscKkuii MaTeMaTHK, MeXaHHK H (hH3HK.



Beenenue

M0 MatepuaJsam MPUroBOPOB B YTOJOBHBIX CY/AAX,
pa3paboTaB creuuabHbIi MaTeMaTHUECKUH ar-
napar, 0 KOTOPOM Mbl pacCKaKeM B Halled KHH-
re. Cnycrs 70 ¢ suiHAM Jiet 661710 06GHapYKEHO,
uto copmysibl [TyaccoHa npuMeHUMbl B (hU3HKe
¥ MaTeMaTHKe, a ceHuac MX MCIOJb3YIOT TAKKe
B OMOJIOTHH, TEOPHH MAaCCOBOT0O OOCJ/yKHBAHHSI,
BOEHHOM JleJle, MeJIHULIMHE, TICHXOJIOTHH W B ApYy-
TUX 006J1acTsIX.

MaTtematika — 4acTb 0O0LLeUeJ0BEUECKOH
KYJIbTYPbI, TaKasi K& HeOoTbemJieMast U BaKHasl,
Kak TpaBo, MeJIMLIMHA, €CTeCTBO3HAHHE M MHO-
roe apyroe. Bce Hausydline AOCTHXKEHHs Uesio-
BEUECKOH MBbICJIM M COCTaBJSIOT OCHOBY Tyma-
HHUTapHOTro 00pa3oBaHus, HEOOXOAUMOTO KarKJ10-
My COBpeMEHHOMY uesioBeKy. TakuMm oOpasom,
JUISl CTYJIeHTa-TyMaHHTapHusi MaTeMaTHKa Mpex-
Jle Bcero obuieobpas3oBaTesibHasi AUCLMIIMHA,
KaK, HarnpuMep, NMpaBo Jyisl CTyjleHTa-MaTeMaTH-
Ka. Henb3st cuntath 06pa3oBaHHbIM MaTeMaTH-
Ka, ecJiM OH He 3HAKOM C 2JIeMEHTapHbIMH CBeJle-
HUSIMM U3 IOPUCTIPY/IEHLIMH, TaK K€, KaK Hesb3sl
CUMTATh 'PAMOTHBIM CMELHAaMUCTOM TaKOTO I0pH-
CTa, KOTOPbIH HE 3HAeT MPOCTEHIIUX CBEeIEeHHH
M3 MaTeMaTHKH, HE YMeeT M0Jb30BaThCsl COBpe-
MEHHBIMH CMTPABOUHBIMH [TPABOBLIMHU CHCTEMAMH,
HaXOJIUTh HY>KHYIO eMy MH(OopMalilio B ceTH M-
TepHEeT ¥ MPUMEHSATh KOMITbIOTED IJIS pelleHHs
TeX WJIM UHBIX 3ajau.

3HaueHHe MaTeMaTHKH /s IOpPUCTa ITUM He
vcuepnbiBaercsi. B opucnpyeHuum, Kak 1 B Ma-
TeMaTHKe, MPUMEHSIIOTCS OJIHU U Te XK€ MeTO/bl
paccyKaeHuH, 11eJb KOTOPbIX — BbISIBUTb HCTH-
Hy. JIto6o# npaBoBej, KaK U MaTEMAaTHK, JOJXKeH
YMeTb paccy»k/J1aTh JIOTHUECKH, YMETb MPUMEHSITh
Ha MpPaKTHKE MHIYKTHBHBIA W JEIYyKTHUBHBIH Me-
tonbl (BcriomHute lepsoka Xosmcal). TTosto-
My, 3aHMMasCb MaTeMaTHKOH, OyaylMi npaBo-
BeJ popMHpyeT CBOE MPodhecCHOHANBHOE MBbILLI-
JIEHHE.

Hakonel, npumeHeHHe MaTeMaTHUECKHX Me-
TOJ0B M COBPEMEHHOH KOMIBIOTEPHO! TeXHHKH
paciMpsieT BO3MOXKHOCTH KaKJIOro Crelran-
cTa. B 1opuanueckoll nmpakTHKe BaxKHyIO pPOJib
UrpaeT CTaTUCTHKA, YyMeHHe NpaBu/bHO 06pabo-
TaTh MHMOPMALIHIO, CIENATh J1OCTOBEPHBIH BHIBOJL
WJIM TIPOTHO3 HAa OCHOBAHHMH HUMEIOLLErocsl CTaTH-
CTHUecKoro matepuana. LleHHocTb creunanucra
CYLLECTBEHHO BO3PACTAET, €CJIH OH YMeeT JesaTh

3TO.

Hacrosiuuil yueGHUK MOMOXKET 10CTHUb yKa-
3aHHbIX llejeld. Ho HamucaTh ero okasasoch je-
JioM BecbMa HernpocThiM. [Ipexxnie Bcero, motomy,
yTO MpearnoJiaraeTcsi o0yuatb MaTeMaTHKe TeX,
KTO y»Ke MbICJIEHHO ¢ Hel pacrpouiascst nocJe
OKOHYaHHS LIKOJIbl ¥ MoJ1araJl, uTo 6oJibLile ¢ Hel
He BcTperutcsl. [ToHumast BC€ 370, Mbl HauMHaeM
Halll Kypc ¢ MOBTOPEHHsI IKOJIbHOTO MaTepuaJa,
HeCcKoJIbKO 06061as ero u yray6ass. Mel npen-
Jlaraem yJalumcs Takue pasjielibl MaTeMaTHKH 1
MH(OPMATHKK U TaKylO M0C/e10BaTeNbHOCTb H3-
JIOXKEHHUS, TIPY KOTOPBIX, HAa Hall B3N, yCBOe-
Hue Oy/IeT MPOUCXOANTh HanboJiee MPOCTO U ecTe-
CTBEHHO. B 3TOM cMbIc/ie H3/0KeHHe He SIBJsieT-
Csl CTPOTHM M MO3TOMY Hallle ocodHe OTJHya-
€Tcsl OT CTaHJapTHOTO MaTeMaTHUecKoro Kypca
NPUMEPHO TaK »Ke, KaK COOPHHMK paccKasoB OT
pomMaHa.

Tem He MmeHee, npeyiaraemMblii Kypc CJy:KHT
BBeJleHHeM B 0oJiee cepbEsHyto MaTeMaTHky. Kro
3axouer GoJiee JieTasbHO pa3obpaTbesl B KaKOK-
J60 TeMe (MHIMBHyaIbHO, B paMKax crielualb-
HOTO Kypca WJH (paKy/JbTaTHBA), MOXKET B Jlaslb-
He#leM oOpaTUTbCA K ClelaJsbHOM JuTepaTy-
pe, B MMEPBYIO ouepe/lb K TeM KHHUraM, CITUCOK KO-
TOPBbIX MPUBEJAEH B KOHIIE yueOHHKA.

Kypc noctpoen TakuMm o6pas3om, uTo AJsi
OLIEHKH 3HAHUH CTYAEHTOB YL0OHO MPUMEHSThb
pENTHHIOBYIO CHCTEMY, OCHOBAHHYIO Ha MOCTe-
MeHHOM HakorJieHnH oueHok. CTyieHTam MOoTyT
ObITh MPELIOKEHB TaKXKe KypcoBble paboThl MO
MCTOPUM MaTeMaTHKH, M0 apudMeTHKe, KOMOUHA-
TOPHKE, 3J1IEMEHTAPHON CTAaTHCTHKE.

HManoxenne marepuasna B KHHUre COTIPOBO-
JKIAercsl mpuMepamMH M YNpaKHeHUsIMH, 4acTb
M3 KOTOPBIX MpeJHa3HaueHa il BbIOJHEHHUS
«BPYUHYIO», @ 4aCTb — B KOMITbIOTEPHOM KJac-
ce. Ilpu BbINOJIHEHHU U OPOPMJICHUH 3alaHUH
peKOMeHlyeTCsl TIPUAEP>KHBATLCS MPHBEAEHHBIX
o6pasuos. HyxxHo TuiatespHo MpoBOAUTb HEOO-
XOJIUMble PacuéTbl, aKKypaTHO O(OPMJATb Ta-
O6siulbl ¥ TpaUKU KakK <«BPYUYHYIO», Tak H C
UCIOJIb30BAHUEM COOTBETCTBYIOLLHUX KOMIbIOTEP-
HBIX MpPOrpaMm. XOpoLIO BbIMOJHEHHOE 3a7aHue
npuHecér Bam 60JbllIOe YIA0BJETBOPEHHE.

E.A. Poranos, H.B. Tuxomupos, A.M. llenexos.
Mocksaa, 2005
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BEpLIEHCTBOBAJI MOHSTHE YHCJIa. EU_le JIO IIKOJIbI

II/ICJIa Bbl [TO3HAKOMUJIUCHL C YHUCJIaMH, U OHHU COTIPOBO-

YKAAIOT BAC BCIO YKH3Hb.

B nepBoil riaBe Haulero Kypca Mbl oOcCy-

Mup uesioBeka TeCHO CBsSI3aH C MMPOM YHCEJI. JIMM TPOCTble, HO HauboJee BaxKHble CBOHCTBA

bBe3 uncen HeBO3MOXKHO pa3BHBATh, XPAHUTb M UMCEJ, KOTOPbIe UCIOJb3YIOTCS /IS PelleHHs ca-

nepefaBath IPYrMM MOKOJEHHSIM 3HaHWs], a 6e3 MbIX Pa3HooOpasHbIX 3ajau, MPeACTaBJSIOUINX

3TOTO HEMBICJIMM [TPOTpecc uesoBeyecKoro oblle- HHTepec B TOM YHCJEe W J/Is Crelranucra B 06-

ctBa. M3ayuast okpyKamllyto AeHCTBUTENbHOCTb JACTH IOPUCTIPYAeHUMH. Mbl Hajeemcsl, UTO Bbl

U npucrocabMBasich K MEHSIIOLIMMCS YCJIOBUAM — TOUYBCTBYeTe KPAacOTy H COBEPLIEHCTBO MUpPA Y-
CBOETrO CYLLLECTBOBAHMS], UCJIOBEK Pa3BUBaJ U CO- Cell.

§ 1. HarypaabHbie yucaa

B sTom naparpace Mbl BCTOMHHUM OCHOBHbIE CBOHMCTBA HATYPaJibHbBIX UMCEJ,
HallOMHHM, KaK pa3J/oXKHTb HAaTypaJlbHOE YHCJIO Ha MPOCThble MHOXKHMTENH, HAHTH
HauMeHblIee obllee KpaTHOe, MPUBECTH APOOH K 00LIeMy 3HAMEHATEJIO.

MsBectHble Ham uueaa 1, 2, 3, ... HasblBatoTcsl HamypaavHoimu. VIX ne-
MOJB3YIOT As1 cuéTa WM o603HaUeHUs KoAuvecmsa npedmemos, Harnpumep:
OJIMH IOPHCT, JIBA IOPUCTA U T.J. Kpome TOro, ¢ mMoMolIbiO HATypasJbHbIX UHCEJ
o603HaualoT nopadok npeameroB. Hanpumep, eciu Bcex MUJIHIMOHEPOB B OT-
JIeJIEHHU BBICTPOUTh 110 POCTY, TO KaxKJIOMYy M3 HHX MOXKHO MPUCBOWUTb HOMEp:
NePBbIA MUJIHLUOHEP, BTOPOH MUJIULUOHED U T. I1.

UTo6bl 3anUCLIBATL HATypaJsibHble YHCJ/a, OOJbLIME JIEBSITH, MOJNb3YIOTCS TaK
Ha3bIBAEMOIl JecamuuHol No3UYUOHHOL cucmemoti cuucaienus'. Cioso «mo-
3ULMOHHASI» O3HAYaeT, UTO 3HAueHHWe LUQPbl 3aBUCUT OT TOIO MECTA, KOTOPOe
OHa 3aHUMAET B 3alMCH YUCJa, HAlpUMeEp:

147=1-100+4-104+7=1-102+4-10"' +7-10°;
714=7-100+1-1044=7-102+1-10" +4.10°

CJI0BO «JleCsITHUHAST» O3HAUAET, UTO UCIOJIb3YIOTCS cTerneHu aecsatku. Cyiile-
CTBYIOT W JIpyrHe MO3ULHOHHbIE CUCTEMbI J/Isi 3alUCH uMcesl. 3aruileM, Harpu-
Mep, HaTypaJibHOe YHC/Io 48 B MATEPUUHON CHCTEME, CojleprKalllell BCero MsiTh
wdp 0, 1,2, 3, 4:48 =152 +4-5' +3.5° = 1435. Muneke 5 ykasbipaer,
YTO UMCJIO 3aMUCaHO B MATEPUUYHON CHCTeMe cuucJjeHusi. B 1BouuHO# cHcTeMe,
cofiepxkauieil Bcero e 1uppbl — 0 u 1, uncyo 48 zanuiercs cieayolnidm
o6pasom:

48=1-2241-240-2240-2240-2" +0-2° = 1100005.

1rOBOpHT TaKxXKe «JecsThYHas MMo3MlMOHHasl CUCTeEMa» (663 CcJioBa <<C‘{I/ICJIeHI/Ie>>).



I'maBa I. Yucaa

B uHdopmaTiKe Hapsiay ¢ ABOMYHON LIMPOKO MCIOJL3YIOTCS BOChMEpPHUHAs
M LIeCTHaJllaTepuuHasi CUCTeMbl CUdcJ/eHnsl. B nepBoil U3 HUX Uil 3anMCH UM-
ceJl TIpUMeHsIeTCsl BoCeMb pa3/nuHbiX 1ugp (ot 0 10 7), a BO BTOPOH — 1IecT-
namuathb: 0, 1, 2, ..., 9, A, B, C, D, E u F Uucna 48 u 175, nanpumep, B
IIeCTHAIIATEPUUHON CHCTEME 3aMUUIyTCs TakK:

48 =3-16" +0-16° = 304; 175=10-16" + 15 16° = AF .

BoJsiee mojpo6HO 0 pa3HbIX cUCTEMaX CUHCJEHHS] Mbl pacCKaKeM TM03Ke, a
MOKa 3aMEeTHM, YTO MHOTHE KaJIbKyJSTOPbI MO3BOJISIIOT MPOCTHIM HAXKATHEM KHOTI-
KU 3amucarh 3ajlaHHoe UUCIo B JI0O0H cucTeMe cuncseHus. CrielMasbHble Mpo-
rpaMMbl-KaJbKYJISTOPbI, TO3BOJIsIIOlIHE paboTaTh B JI0OOH U3 UeThIPEX HanboJIee
pacnpocTpaHéHHbIX cucTeM cuucienusi (Hex — uiectHaauatepuunasi, Dec —
necaruynasi, Oct — BocbMepuuHasi, Bin — nBouuHast), uMmetorcst Ha Jt06GOM CO-
BpeMEHHOM KOMIIbIOTEpE.

3ameTuM, 4To cHavasa MOSIBUINCh HEenO3ULULOHHbLe CUCTEMbl CUMCJIEHMS,
HanboJsiee H3BECTHON M3 KOTOPBIX siBJsieTcst puMckasi. B Heit undpwt [, V, X, L,
C, D u M Bceraa o6osnauator 1, 5, 10, 50, 100, 500 u 1000 cooTBeTcTBEHHO,
BHE 3aBUCHMOCTH OT TO3H-

K undpsl. Ecoin nepen Ta6smua 1

60sbLIeH 1U(POi caenyer | 9 3 a n

LLH(bpa C MEHbIIUM 3Hauye- I 0 1 v v

HHEM, TO €€ BKJAJ SIBJAET- 6 7 8 9 T

cst oTpuLatesibibiM. TabJu- VI VII VIII = X

ua | comepxKuT npumepsbl, 1 13 T T %9

UJUTIOCTPUPYIOLIME  o0UIMe X1 Xl XVIII — Xl
npaBuJia 3alMCH UYHUCes B 24 29 m = 9

pHMCKOOH CI/ICTei\/Ie cyucJie- XXXIV XXXIX XL X XCIX
HHUS. CHOBHOHM HeJoCTa- 900 5% o 999 1907

TOK HEMO3ULMOHHBbIX CH-
CTeM — HeYI0OCTBO BBI-
MOJIHEHUS] Olepauui  Haj
yucaamu. [TonpoGyiite, Hanpumep, HaliTh cymmy yncess CDXXXVIII u DCXLIX.
Bce HaTypaJjibHble uMc/a, 3a UCKJIOUEHHWEM eIMHULbI, MOApasessitoTcsl Ha
npocThle U cocTaBHble. HaTypasibHOe UnC/I0 HA3BIBAETCSI COCMIABHbIM, €CJIH OHO
npejcTaB/sieT coO0i NPoU3BeleHHe JBYX HATypaJslbHbIX UHCEJ, HE PaBHbIX €u-
Hulle, Harpumep: 4 = 2 -2, 39 = 3 - 13, 253 = 11 - 23. Harypasabhbie uncJa,
00JIbllIMe eIMHHLbI, KOTOpble HeJsb3sl NPeICTaBUTh B TaKOM BH/E, HAa3blBAlOTCS
npocmoimu. TlepBble NsiTh NPOCTHIX uuces — 370 2, 3, 5, 7 u 11. MHoxecTBO
MPOCTBIX UHCces GeCKOHEeUHO, 3TO 3HaJ U yMes J0KasbiBaTh el Epkamna’.
[IpocTbie yncaa UrpaloT B MateMaTuke ocoOyto poJib. B HUX MHOTrO 3aranod-
HOTO, U MaTeMaTHKH, CTPEMSICh PasrajiaTb UX TakHbl, OTKPBIIU U MPOAOJIKAIOT

CC CDXXXVIII DCXLIX CMXCIX MCCVII

2EBK.}H/IIL 0K0JI0 325—265 110 H.3.) — JIpeBHErpeuecKui yuéHbli, oCHOBaTeb aKCHOMaTHue-
)
CKOI'0 M€TOo/la B '€OMETPHUH.



§1.

HatypanbHbie yncaa

OTKPbIBATh JI0 CHX TOP HEMaJIO MHTEPECHEHIINX CBOUCTB MPOCTHIX UMCEJ, KOTO-
pble NPUMEHSIIOTCS He TOJIbKO B MaTteMaTHke. Tak, LIMPOKO UcIosb3yemasi ceiuac
Kpunrorpadgus, mo3BoJisiiolas 0OMeHUBATbCs 3alIMPPOBAHHBIMU COOOLIEHUSIMH
C MOMOLLbIO OOLLENOCTYNHOM (2 3HAUMT, JOCTYMHOH M 3JIOYMbILIJIEHHHKY) CETH
MHTepHeT, OCHOBBIBAETCS] HA CBOWCTBAX TPOCThIX UMCEJ.

Ta6muua 2

2, 3, 5 7, 11, 13, 17, 19, 23, 29, 31, 37,
41, 43, 47, 53, 59, 61, 67, 71, 73, 79, 83, 89
97, 101, 103, 107, 109, 113, 127, 131, 137, 139, 149, 15I,
157, 163, 167, 173, 179, 181, 191, 193, 197, 199, 211, 223
297, 299, 233, 239, 241, 251, 257, 263, 269, 271, 277, 28I,
283, 293, 307, 311, 313, 317, 331, 337, 347, 349, 353, 359
367, 373, 379, 383, 389, 397, 401, 409, 419, 421, 431, 433
439, 443, 449, 457, 461, 463, 467, 479, 487, 491, 499, 503
509, 521, 523, 541, 547, 557, 563, 569, 571, 577, 587, 593
599, 601, 607, 613, 617, 619, 631, 641, 643, 647, 653, 659
661, 673, 677, 683, 691, 701, 709, 719, 727, 733, 739, 743
751, 757, 761, 769, 773, 787, 797, 809, 811, 821, 823, 827,
829, 839, 853, 857, 859, 863, 877, 881, 883, 887, 907, 9lI,
919, 929, 937, 941, 947, 953, 967, 971, 977, 983, 991, 997

Aparocden® npenoxua cnocod MmosyueHust NPOCTLIX YHCes, KOTOPblil Ha-
3BaH B €ro 4ectb pewemom Ipamocghera. 3anuiieM MOCIEI0BATENbHO, Ha-
NpUMep, MEePBYIO ThICSAUY HATypaJbHbIX UUCEI:

1, 2, 3,4,5,6,7, 8 9, 10, 11, 12, 13, 14, ..., 1000.

OtmeruM (pamMKoii) POCTOE UMC/IO0 2, KOTOPOEe CTOUT B Halllel 3alUCH HA BTOPOM
MecTe, a 3aTeM BblUepKHEM Karka0e BTOpoe YncJ/0. Bee BbluepKHYThIe Yncsa siB-
JISIIOTCS] COCTABHBIMM, TaK KakK Je/sTCs HAa 2 (3TH YKCJ/a HAa3bIBAIOTCS 4EMHbIMLUL,
FOBOPSIT TaKxKe, UTO OHU KpAmHbL 08YM):

172»37X757Xv77X79» Myll» legv M,,IDQO.

lanee oTMeuaeM paMKoi cJjefylolllee 3a JBOWKON HaUMeHbllee He3auépKHY-
TOE UMCJI0 3. DTO NMPOCTOE YHUCJIO CTOUT HA TPeTbeM MecTe. BrluepkHem Tenepb
KaXKJI0€ TpeThe Yuco noce Tpéx: 6, 9, 12 u T. 1. DTH uncsa SIBJASIOTCS COCTaB-
HBIMM, TaK Kak JIeJTcs Ha 3 (UMcsa, KpaTHble TPEM). 3aMeTHM, YTO 4acThb THX
yuceJs, a MMEHHO YETHble, y2Ke Oblla BblUEpKHYTaA paHee:

L[2] 3000, 506, 708 060, M, 11, M, 13, M, ..., 1pda

39parocden (275—194 10 H.3.) — JpeBHErpeUCCKHil yUEHbIH.



I'maBa I. Yucaa

Curenytoliee 3a TPOHKOH HanMeHbllIee He3aUEéPKHYTOE YHCJI0 — MPOCTOE UHC-
Jg0 5. OTMETHM ero pamKod W BblUePKHEM Kak[oe cJjlelylollee 3a HUM MsToe
yuedio: 10, 15, 20 u 1. 1. [1ponosmkasi 3Ty npoueaypy, Mbl OCTaBUM He3auépKHy-
TBIMH TOJILKO MPOCThbIE YMCJ/a, H, TaKHM 00pa3oM, HalJIEM Bce MPOCTble YUCa,
MeHblIHe ThicSYH (Tabsuua 2).

3ameTuM, UTO OCYLIECTBUTH OTMUCAHHYIO MPOLIELYPY JUIst 8cetl COBOKYIMHOCTH
HaTypaJibHbIX UMCesl TPAKTHUECKH HEBO3MOXKHO, TaK KaK UX OECKOHEUHO MHOTO.
Ho Mbl MoxKeM, MoJib3ysich pellieToM DpatocdeHa, HAUTH «BPYUHYIO» BCe MPO-
CThle UMCJIa, MEHbLIME HEKOTOPOTO 3a1laHHOTO yncsa 7. Menosb3oBanue KoMIbIO-
Tepa M03BOJIsIET aBTOMAaTH3HPOBATH BBINOJHEHHE OMUCAHHOTO BbIlE aJITOPUTMA.
Haub6osiee 3¢hheKTHBHO 5TO MOKHO CJIe]IaTh C MOMOLIbIO COOTBETCTBYIOLIEH MPO-
rpamMMbl. XOTsl 3HAKOMCTBO C MeTOJIaMH TPOrPaMMHPOBAHHsI BLIXOIHUT 38 PAMKH
Hallero Kypca (Mbl OFpAaHHUUMCSI HCIOJb30BAHHEM KaJIbKYJSTOPOB, O(HCHBIX
NporpamMM H CHCTEM KOMIbIOTEPHON asireGpbl), YBUAETb TEKCT MPOrpaMMbl, pea-
Juaylollell petieto dparocdeHa, BeCbMa MOYUHTENbHO:

map head (iterate sieve [2..])
[ x | x<-xs, x ‘rem‘ p /= 0 ]

primes
sieve (p:xs)

dTa oueHb KOPOTKasi MporpaMMa HarucaHa Ha s13bike PyHKIMOHAJIbHOTO MPOo-
rpammupoBanusi Haskell. [Tocsie 3anmycka oHa HauMHaeT MocjiefoBaTe/IbHO Meya-
TaTh BCE TPOCTbIE UUCJIA, HAUHHAS C JBOWKH. B chjly 66CKOHEUHOCTH MHOKECTBA
MPOCTBIX Uhce] paboTa MporpaMMbl HUKOTJIA He 3aBEPIIMTCS, €CJIM TOJbKO He
npepBaTh eé BbIMOJHEHHE TIPUHYIUTENBHO.

He cnenyer, onnako, mymartb, 4To MOSIBJEHHE BbICOKOTIPOM3BOIUTENbHBIX
KOMITbIOTEPOB MO3BOJIMJIO PELLIUThL BCe 3a/1a4H, CBSI3aHHbIE C POCTHIMH YHCJIaAMH.
Bcé ne Tak mpocro! B cetn MHrepHer naxke pasmelién crienuasbHblil Be6-caiT
(http://www.utm.edu/research/primes), rie 06CyKAAI0TCS Pa3anuHbIE PO-
6J1eMbl TPOCTHIX urces. HanboJbliee Ha TaHHBIE MOMEHT MPOCTOE UHUCJO MOYKHO
Ha#WTH No ajapecy http://primes.utm.edu/largest.html. Ha 28 maa 2004
rojia TAKOBBIM sIBJsLIOCH uncao 224936583 _ 1 " conepikatnee 7 235 733 wncpei.

BoinosiHsisi apudpmeTnueckue IeHCTBHS, Mbl 4aCTO MOJIb3YEMCsl TEM, UTO KA K-
doe HamypasbHOe YUCAO MONCHO eOUHCMBEHHbIM 00pA3OM NPedcmasums
8 sude npou3sedeHuss NPoCmoLx 4ucen, 3anuchl8as ux 8 nopsadke 803pac-
manus. JTOT NPOCTOH, HO OUeHb BAXKHBIH MaTeMaTHUeCKMH (DaKkT Ha3bIBaeTcs
OCHOBHOH TeopeMoH apu(METHKH W MCIMOJb3yeTcs NI npeobpa3oBaHus apuc-
METHUECKHUX BbIPaXKeHHH, Wi 060CHOBAHUS MPU3HAKOB AEJMMOCTH UUCe], /s
HaxoxjieHust HanbGoJibiero obuiero aeaurens (HOJI) u Haumenbiero o6iiero
kpatHoro (HOK) Hecko/JbKHUX uucesi, MPU BbIMOJHEHUH apU(pMETHUECKUX Jiei-
CTBUH ¢ OOBIKHOBEHHBIMH JPOOSIMH.

[Tokaxxem Ha mpuMmepax, Kak pelaTtb NMoJ00HbIe 3a1aUul «BPYUHYIO», TO €CTh
He HCIOoJb3ysi KOMMbloTep. Kak NMpuUMeHsITh KOMIbIOTEp I 3THX LeJeH, Mbl
pacckaxKeM B KOHILE TJIaBhl.



§ 1. HarypaabHble uncaa

[Mpumep 1.1. Paznoxkure uncyo 420 Ha mMpocTbie MHOKHTEIIH,

PeweHnue. Bynem nckarb npoctbie pesnutesin uncgaa 420. Camoe MasieHbKoe
npoctoe uucyao — 310 2. Uncsa, KoTopble AeadTCs Ha 2, Ha3bIBAIOT, KaK Mbl
3HaeM, 4éTHbIMU. Hncso 420 siBasieTcst 4ETHBIM, TOCKOJIbKY OKAaHUUBAETCS HYJIEM.
Paznenus 420 na 2, nonyuum 210. Tenepb Gynem uckatb aenauresd yuciaa 210.
Omno takxke uétHoe. [TonenuB ero Ha 2, noayunm 105. Hucso 105 — HeuétHoe,

TO ecTb He nesutcsl Ha 2. Ho oHo nesurtest Ha 3 (BCMOMHUM MPU3HAK Je/H-

42012 yiocTu na 3: ecau cymma yughp uucaa deaumcs Ha 3, Mo U Camo Yucio
?ég g deaumcs na 3). Ilogeans 105 Ha 3, noayuum uncso 35, KoTopoe yxe He

35|5  ACJHTCH Ha 3, HO JIEJIUTCS Ha CJIelyIollee M0 BeJMUHHE TPOCTOE UUCJI0 — D.
7|7 Paspeann 35 na 5, mosyunm npoctoe uyucao 7. CaenoBaTesbHO, npolece
JieJieHus 3aKOoHUeH. B oTBeTe mpocTble MHOXKUTEIH OOBIYHO YKa3biBalOT B
nopsijike BO3pacTaHusi, NPUUEM BMECTO MEPEUUCIeHHsT OJJUHAKOBBIX MHOMKH-

Tesiell MOZKHO MCIIOJb30BATh cTenenb: 420 =2.2.3.5.7=22.3.5.7.
PasnoxeHue uncsia Ha MPOCTble MHOXKHTEIN YacTO NPUMEHSIIOT ISl yIpolie-
HHU$1 BBIDAXKEHHWH C paJiuKaJjiaMu, Jijisi COKpalleHusi poOeill ¥ BBIMOJHEHHST ¢ HUMU

apudMeTHUeCKHX Orepalui.

[pumep 1.2. Ynpocture Bhipaxenue v/420.

Pewenue. I/ICI'IOJIbSyeM [MOJYUYEHHOE BbILIE€ PA3JIO2KEHUE HA MHO2KHTEJIH:

V420 = /922.3.5.7=vV22.v/3.5.7 =2/105

OnucaHHbIk HpI/IéM Ha3bIBA€TCH BbIHECEHHUEM MHOXKUTEJIA U3-T10]1 pajJrlKaJa.

108

630

pel].leHl/le. Pa3noxkum uucauTes b U 3HaMeHaTe b Ilp061/1 Ha MPOCTbl€ MHOXKHUTE-
JIM, UCIIOJIb3YS OTMCaHHBIA BhIlIE aJITOPUTM!

[Mpumep 1.3. Cokpature apobb

108=2-2-3-

w

-3, 630=2-3-3-5-7.

[TomuepkHém ob1IMe MHOMKHUTENH 3TUX Udces. DTo 6yayT uucaa 2, 3 u 3. [Toatomy
JaHHy10 Apo0b MOXKHO COKPATHTh Ha 2 M Ha 3%

108 2-2.3.3.3 23 6

630 2-3.3-5-7 5.7 35

Ha [IpakKTHkKe COoKpalleHHue 00OBIUHO MPOBOAMAT TOCJAEA0BATEJbHO!:

108 54 18 6

630 315 105 35

Kak Mbl 3HaeM, pH CJI02KEHUH U BbIUUTAHUH OOBIKHOBEHHBIX ApOOeH UxX npe-
BapUTEJbHO MPUBOAAT K 00LLeMy 3HaMeHaTeso. [l 9TOro HaXoAAT Haumero-
wee obujee kpamroe 3nameHatesnel. Hanomuum, Kak 37o nesnaercs.



I'maBa I. Yucaa

[Mpumep 1.4. Haiinure nanmenbliee obiiee kpatHoe uuces 84 u 45.

Peuwienune. O6uum kpammoim 1ByX HATYpaJIbHLIX YHCE] a U b Ha3biBaeTCsi Ta-
KOe HaTypasibHO€e UHCJI0, KoTopoe 6e3 ocTaTka AeuTcsl Ha a W Ha b. Hanpuwmep,
uncsia 84-45 u 2-84-45 saBasiorcest oOLUIMMH KpaTHbIMU unces 84 u 45. SlcHo, uto
0061IMX KpaTHbIX MHOTO. MIHTepec npescTaBsieT HauMeHbliiee U3 HUX. Jlist unce
84 u 45 HauMeHbUIUM OOIIMM KpaTHbIM GyaeT uucyao 1260. Utobbl ero HaiTy,
CHayaJsa pasJioXKUM JIaHHble UMCJa HAa TPOCTble MHOXKUTeMM: 84 = 2-2 -3 -7,
45 = 3-3-5. Tenepb BbINHUILEM Te TPOCTbIE MHOXKUTEJIH BTOPOTO YUCJIa, KOTOPBIX
HeT B nepBoM: 3 U O (oHM MoAuépKHYTHI). Jlasee yMHOXKUM Te€pBOE UMC/IO HA ITH
MHOXKHUTEJIM ¥ TIOJIYUMM HCKOMOE HauMeHblilee 00lllee KpaTHOe:

HOK(84,45) =84 -3 -5 = 1260.

Hetpynno nposeputs, uto 1260 : 84 = 15, 1260 : 45 = 28. [Togo6GHbIM 06pazom
JIEUCTBYIOT M TIPH BBIYKUCJIEHHH HAUMEHBIIIEro 06I11ero KpaTHOTO TPEX U GOJIbILIErO
KOJIMUECTBA UMCeJ.

8

. . 11
[pumep 1.5. Haiimure cymmy apo6Geii VTS

Pewenue. Tak kak 1260 = 84 - 15 =45 - 28, 1o

1,8 1.5 8.28 1654224 _ 389
8445 84-15 45-28 1260 1260

pa3}/MeeTCH, CJIO2KEHHWE MOXKHO BbBIITOJIHUTL U MO-APYromMy, HE 3aTPyAHAA Ce-
(oF:| HaXoxXKJAeHHEM HauMeHbIIero 06111ero KpaTHOTO. B kauecTBe 00111ero 3Hame-
HaTeJisi MO2KHO B3sTb IMPOU3BEAEHHUE 3HaMeHaTeJiel quceJsi, KOToOpoe sIBJAFETCs UX
061IUM KpaTHbIM, HO HE HAUMEHbIUHUM!

11,8 11.45 884 1167 _ 389
84 45 84-45 45.84 3780 1260

Cuieniytoliinii npuMep NMPUTrOAMTCST HAM B JajibHEeHIIeM.

3 ; 2307692
13 9999999

Pewenue. [TpumenuM MeTo 10Ka3aTelbCTBa «OT MPOTHBHOrO». [Ipenoso-
3 2307692

13 9999999
HUe KpailHUX UJIEHOB MPOMOPLKMH PABHO MPOU3BEECHUIO CPEJHUX UJIEHOB MPONOop-
uuu) nosyuaem: 3 - 9999999 = 13 - 2307692. Ho 310 HEeBO3MOXKHO, TaK Kak B
JIEBOM UaCTH paBeHCTBA CTOMT HEUETHOE YHCJIO, a B TPpaBoil — uétHoe. [Tosyuen-
HOe MPOTHBOPEUHE €CTh CJIEJICTBHE HEMPABUJIBHOTO MPEINOJI0XKEHHS O TOM, UTO
1po6u paBHbl. C/ie10BaTe/bHO, OHU HE PaBHbI, UTO W TPeGOBAJIOCH J10KA3aTh.

[Mpumep 1.6. lokaxure, uto apodu He pPaBHBbI.

JKHUM, 4TO APOOH PaBHBbI: [To cBoiicTBY nponopuuu (MpousBee-
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YnpaxHeHus

1. Paznoxkure Ha MpocTble MHOXKUTENH YHCI0 5544 M yNpoCcTHTe KBaIpaTHHIH KOPeHb U3 Hero.

2. Haiinute HauMeHblilee o0llee KpaTHoe unces 759 u 182. Mcnosib3ysi 3TOT pe3yJibTaT, CJA0XKHUTE

P
APOOH 759 1 T82-

3. Boluncsure 3'2. 3anuuimTe 970 UHCI0 B TPOMUHON CHCTEME CUMC/IEHHUS.

§ 2. LeJable u pauroHadbHble YKcIa

31ech Mbl 00Cy:KJ1aeM CBOMCTBA LIeJIbIX W PALMOHAJbHBIX YHCEJN U HAMOMH-
HaeM TMpaBu/a CPaBHEHHs UMCeJl, ONpe/ieieHns 3HaKa MPH BBITOJHEHUH apUgme-
THUECKHX oflepaluil ¥ npaBuia JeHCTBUI ¢ 0ObIKHOBEHHBIMU JPOOSMH.

HarypasnbHble uncsa MOXKHO, KaK H3BECTHO, CKJAJbIBaTh, BBIUUTATb, YMHO-
XKaTb ¥ JemuTh. OJHAKO 3TH ornepaluu HepaBHOUEeHHbI. OueBUIHO, UTO CymMMa
a+b n106bIX IBYX HATYpaJsibHbIX Ukces a U b cHoBa OyleT HaTypaJbHbIM UHCJIOM;
TO K€ caMoe MOXKHO CKa3aTh U 0 NpousBesienuu a-b. [1pn sTom nopsinok ciarae-
MbIX H COMHOKHTeJIel He HTpaeT poJi, To ectb a+b =b+aua-b =b-a. Uro
JKe Kacaercsl ornepalyil BbIUMTAHHSI M JIeIeHus], TO 37eChb CuTyauusi nHas. Ha-
NpUMep, Pa3HOCTb O — 2 = 3 sIBJISIETCS HATYpPaJbHBIM UMCJIOM, HO HATYypaJbHOTO
umcaa 2 — 5 He cyllecTByeT. B rocsiennem ciyuyae HCMOJb3YIOT TaK Ha3blBaeMble
yeavle ompuyamenvHole Yicaa u 3anucbBalor 2—5 = —3,4—10= -6 u T.1.
Uucaa a 1 —a HasbiBAIOTCS NPOMUBONOAONCHOIMLL.

Mexxy HaTypaJsibHbIMH YHCJIAMH U 11€/IbIMH OTPHIIATEIbHBIMU YHCJIAMH HAXO-
autcst unedio O (Hyab). Hysb npeameToB jaHHoro Buaa (Hanpumep, JUKUX MOTY-
raeB B AHTapKTH/Ie) O3HAUAET OTCYTCTBHE MPEAMETOB AaHHOTO BUaA. [1o/b3ysch
MaTeMaTHueCKOH TEePMHHOJIOTHEH, MOXHO CKa3aTb, UTO MHOXKECTBO [OITyraes,
MPOXKUBAIONIMX B AHTapKTHE, €CThb MyCTOe MHOXKECTBO (6oJiee NeTasbHO MOHS -
THe MHOXKecTBa OyjeT oOcyxK1aThes B 1eBATOH ryase). Hynb obnanaer caenyro-
LIMMH CBOHCTBAMMU:

a+0=a; a4+ (—a)=0; Ha HYyrb Deaumo HeAb3A.

Harypasbhble uncia, Uesble OTpULIATENbHbIE YHCA U UUCJIO HYJb Ha3blBa-
I0TCS B COBOKYTHOCTH yeabimu uncaamu. MHOXKeCTBO BCcex HaTypasibHbIX YHCEJ
o6o3HauaeTcss cUMBOJIOM N, MHOXKECTBO BCeX LeJbIX YMCel — CHMBOJIOM Z.
Harnsiano niesible uncsia npeacTaB/sioT TOUKAMK Ha MPSIMOU (KaK Ha 1IKaJje Tep-
MOMeTpa, puc. 1).
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B oTnnMune oT MHOXKeCTBa HATypasibHbIX UHCEJ, MHOXKECTBO IEJbIX UHCEJ
YCTPOeHO GoJiee «JIEMOKPATHUHO»: JIIoOble JIBA LI&/bIX UMCJa MOXKHO He TOJILKO
CKJIaJIbIBaTh, HO W BBIUMTAThL APYT W3 Jpyra, MPUUEM pe3yJbTaT BbIUMTAHUS BCe-
raa Oy/leT TakkKe LebiM uicaoM. MaTeMaTHKi roBOPST, YTO MHOYKECTBO LEJIbIX
yucesl 3aMKHYTO OTHOCHTEJIbHO OTlepaliil CJIOYKEHUsS] U BLIUUTAHHUS, U UTO 3TO
MHOKECTBO MOJIYUEHO pacuiupeHiem MHOXKECTBA HATYPaJsbHbIX UMCel.

CpaBHeHHe HaTypaJibHbIX UHCEJ He BbI3bIBAET 3aTpyAHeHHH. M3 camoro onpe-
JIeJIeHUs1 HaTypaJibHbIX YHCeJ BbiTekaeT, uto | < 2 < 3 < 4 < ... Hanomuum
NPaBUJIO CpaBHEHHs LiebIX uMces. Ero mpolile BCero rnpoc/eluTb Ha UMCJA0BOH
OCH: U3 08YX YenblX 4Yucen MeHbule mo, KOmopoe uzobpaxcaemcs Ha 4u-
€080l NPAMOU MOUKOL, pacnorodcerHold aesee. Ho MoKHO onmucath 3TO
NPaBUJIO, HE UCIOJb3ysl TEOMETPUUECKHX TEPMHHOB, C MOMOUIbIO MOHATHUS aO-
CONMOMMOL BeautuHbl. AGCONOTHON BEJMUMHON MOJIOXKHUTENLHOr0 YHCJIa @ Ha-
3bIBAIOT CAMO UUCJIO @; abCOJIOTHOH BEJIMUMHON OTPHUILIATEJIbHOIO UMCJa @ Ha-
3bIBAIOT MMOJIOKUTEJNLHOE YHCJI0 —a; abCOJIIOTHAS BEJWUMHA HYJSI paBHA HYJIIO.
A6comoTHyto BeslMunHy uncsa a o6o3nauator |a|. Hanpuwmep, [5| =5, |—-7| =7,
|0] = 0.

Tenepb npaBuJio cpaBHEHHS 11JIbIX YHCE MOXKHO OTIHCATh TaK: B0-NEPBbLX,
BCAKOE OMPUUAMENbHOC YUCAO MEeHbULe HYASL U MeHbule 2106020 NoA0NCU -
MeAbHO20 YUCAQ; BO-BMOPHLX, HYAb MEHbULE A0O020 NOAOHUMEAbHOLO YUC-
AQ;, B-mpemoux, U3 08Yx OMPUUANEAbHbLX YUCeA MeHbUle MO, | KOMOPOeO
boavue abcoromnasn seaunura. Hanpumep, —7 < —3 < 0 < 5.

HanomHum npaBuia c/oXKeHHs, BbIUMTAHHS, YMHOXKEHHS U JIeJIeHUS] LEJbIX
urces. [1pu cjioXKeHUH JIBYX TOJIOXKHUTENbHBIX WIW JBYX OTPULATEJbHBIX YHCEJ
CKJIAJIbIBAIOT MX aOCOJIOTHbIE BEJHUMHBI U TPUITUCHIBAIOT CYMMe TOT »Ke 3HaK.
Hanpumep, 7 +3 = 10, =7 + (=3) = —10. Ilpu csoxeHun aByx uuces c
pa3HbIMM 3HAKaMU OT GoJiblIed a6COJIOTHON BeJIMUMHbI OTHUMAIOT MEHbIIYIO U
NPUMUCBLIBAIOT CYyMMe 3HAK TOTO U3 UMCeJl, KOTOPOe UMeeT BOJbIIYI0 aBCOMIOTHYIO
Besimuuny. Hanpumep, —7+3 = —4, 7+ (—3) = 4. Boiunranne MoxKHO 3aMeHUTD
CJI0XKEHHEM:

—7-3=-T74(-3)=-10, 3-7=3+(-7)=-4, 3—(-5)=3+5=38.

HpOI/ISBeILeHI/Ie W YaCTHOE JIByX 4YHCeJ C OJIMHAKOBbIM 3HAKOM I10JI02KMTEJ/IbHO, a
[IPpOU3BEJICHUE W YaCTHOE ABYX YHUCEJ C pa3HbIMU 3HaKaMW OTpHULATEJ/IbHO:

(—7)-(=3) =21, (=7)-3=-21, 7-(=3)=-21, 64:(-16)=—4.

UéTHas cTerneHb Jil0O0r0 11€JI0T0 UMCa MOJN0XKUTENbHA, a HeUéTHAs CTeleHb OT-
PHLATELHOTO UHCJa — YMCJIO oTpuuaTenbHoe: (—2)2 = 4, (—2)3 = —8. B
TOYHOCTH TaKHe Ke TpaBuJa UCMONb3YIOT U MPH AEHCTBUSIX C palMOHAJIbHBIMU
yucaaMU, K 00CYKIEHUIO KOTOPBIX Mbl ceduac nepensiém.

[ToTpeGHOCTL pacCIIMPUTh MHOXKECTBO HATypaJsibHbIX UHCEJ BO3HUKAET He
TOJIbKO TP BbIUUTAHWM, HO U MpU AeneHud. Hanpumep, ceMb MHJIULMOHEPOB
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HeJb3sl Pa3/iesIUTh HA UeTbIpe PaBHble YACTH, TAKOTO KOJHUECTBA MHUJHULMOHE-
poB — 7/4 He cyiiectyer. Ho Mbl BIIOJIHE MOXKEM pPasIeJUTh CeMb MHJUIHOHOB
pyGJieil Ha yeTbipe paBHble YacTH. DTo uucio (1 Muson 750 Thicsiy) ocTaBJsi-
et 7/4 ot o61ueil cymMMbl. AHAJOTHUHBIE CMbICJ HMeeT o0o3HaueHue a/b, rie a
1 b — mobble HaTypaJsibHbIe WJIH laXKe 1eJible uuca, MpuuéM b He paBHO HYJIO.

Yuicsia Bua a/b HasbiBalOTCs 00bLKHOBEHHbILMU OPOOIMU WTH PAYUOHALL-
HolMu duciamy. Mexay STUMH IBYyMSI MOHSITUSIMHM €CTb HEKOTOPOEe pasjuyue.
Harnpumep, 0[1HO 1 TO 2Ke 4kcJio 2/3 MOKHO 3aMKicaTh B BHE PA3JIHUHBIX APOGEi:
4/6, 6/9, 10/15 u 1. 1. TTocaennue MOXKHO COKPaTHTb, HO IpoOb 2/3 COKpaTHTh
HeJIb3sl, OHA SIBJSIETCS] HECOKPATUMOH. MHO0XKEeCTBO BCeX palMOHa/bHbIX YHCEJ
o6o3HauaeTcss cumMBoJioM Q.

[lesioe uMea0 @ MOXKHO 3amucaTh Kak Japobb a/l, mostoMmy 1esble ync/Ia
BXOJAT KaK 4acTb BO MHOXKECTBO pallMOHAJIbHbIX uuces. [0BOpAT, UTO MHOKe-
CTBO LIeJIbIX YHCEJT SIBJISIETCS [TOJIMHOYKECTBOM MHOXKECTBA PALlMOHAJIBHBIX UHCEJ.
TouHo Tak ke, MHO’KECTBO HATypaJslbHBIX UMCEJ SIBJSIETCS MOJMHOKECTBOM MHO-
JKECTBA LEJbIX YHCes. 3anuchiBaeTes 3To caeaytomm oopazom: N C Z C Q, a
3HaK C YHTAETCS «COJIEPIKUTCS B», SIBJSIETCS MOJAMHOKECTBOM>» HJIM «SIBJISIETCS
YacTbIO».

3aMeTHM, UTO BO MHOXKECTBE PalMOHAJbHBIX UYUCE] «PABHOMPABUS» ellé
6oJsiblile, YeM BO MHOXKECTBE LIeJIbIX YHCeJ: JitoOble JBa palMOHAJbHBIX UMCJ/A
MO2KHO He TOJIbKO BBIYMTATh JIPYT U3 JIpyra, HO MOXKHO M JIeJIUTh OJIHO Ha Jpy-
roe (Kpome JejeHHsl Ha HyJb!); MPH 3TOM B pe3dy/bTaTe yKasaHHbIX JeHCTBHH
Bceraa OyayT MoJydaTbCsl TOJAbKO paloHasbHble uucaa. Takum o6pasom, MHO-
JKECTBO PALMOHAJBHBIX UMCE] 3aMKHYTO OTHOCHTE/ILHO BCEX YeThbIPEX ornepauui:
CJI0KEHHS], BbIUMTAHUS], YMHOYKEHUS U JIeJIE€HHUSI.

B nepBom naparpade Mbl y2ke 00CYAHIN NPABUJIO CJ0XKeHUs ApoOeit. Boiun-
TaHue 1poOeil TPOBOIUTCS M0 TOH JKe CXeMe, HO C YU€TOM TpaBuJia onpeneneHust
3HaKa, 0 KOTOPOM Mbl CKasaJiu Bbille. Hanpumep,

5 7 5.15 7-28 75-196 121 121 121
84 45 84.15 45-28 1260 1260 1260 —1260

HanomHum Tenepb npaBusia yMHOXKEHUS U AesieHus 1pobed. /{aa moeo, umo-
ObL ymHONMCUMb Opobb HA OpPOOb, HYHCHO NEPEeMHONUMb UX HUCAUMENU U
724 7-24 1.4 4
18 35 18-35 3.5 15

[Ipexnie uem opMynUpoBaTh NPABUJIO J€JEHUS, HATOMHHM, YTO €CJIH TIoMe-
HATb MECTaMM YHCJHUTEb M 3HAMEeHaTeslb KaKoH-HUOYAb APOOH, TO MOJYyYHTCS
npo6b, obpaTHasi naHHOW. [IpaBuiio nesneHUsi 3ByUHT Tak: umobel nodeaumo
0pobb Ha Opobb, HYNHCHO nepsyo Opobb YmMHONMCUMb HA Opobb, 0OPAMHY O
7 024 7T 35 245
18735 18 24 432

Hanomuum Takke, uto 1po6b HA3bIBAETCS NpaBUAbHOL, eCau abCoJI0THAS
BeJIMUMHA €€ YHUCJIUTENsT MeHbllle abCOJIIOTHON BeJIMUHHbI 3HaMeHaTtess. B npo-

50 13
TUBHOM cJlyyae ApoOb HasblBaeTCsl HelpaBUJIbHON, Hanpumep, — — e

snamenameu. Hanpumep,

smopoii. Hanpumep,
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I/IHOI‘ILEI H3 HeraBI/UIbHOIjI ILpO6I/I BbIACJISIIOT LUEJYIO HAaCTh U 3allMCbIBAIOT B BUAE

2
CMewarHo20 Yicaa, Harpumep, - = 37. HenpaBuiibHble 1po6u npeobpasyioT

B CMELIaHHbIE YHUCJla, €CJIN UX HY2KHO CJIO2KHMTb WJIM BbIUECTb. HaanMep,

65 29_72 45_7 A 2 5 5 4—15_3 11_27
o 6 9 ‘6! )+<9 6>_ TR T TR TR
[Ipu yMHOXKEHUH U JIeJIeHUM CMEeLIaHHBIX UMCes WX MpPeBAPUTENbHO Mpeos-

pasyloT B HeNmpaBUJIbHbIE JPOOH, UCIIOJb3Ys CJeyIollee TPaBUIIO: 4mobbl npe-
BPAMUMb CMEULAHHOE YUCAO 8 HENPABULbHYIO OpODb, HYNHCHO UeAyro 4acb
MO0 HUCAQA YMHONCUMb HA 3HAMEHAmeAb 0podu, K npou3sederuio npu-
6asumo 4uUCAUMeENb U NOAYUEHHYIO CYMMY 3ANUCAMb 8 HUCMUMENb Henpa-
suAbHOU Opobu, coxpansas eé snamenamens. Hanpumep,

2.2 _T-942 65 5 4645 29

9 9 9 9 6 6 6’
2 5 65 29 1885 49
cJjeaoBaTeJibHO, 7546:§€:ﬁ:34§

Hanomuum npasu/ia cpaBHeHHsI MOJOKHUTENbHBIX ApoOei: 1) u3 aByx apobei

C OJIMHAKOBbIMU 3HAMeHaTessiMU OoJibliie Ta ApoOb, y KOTOPOUH OOJiblile UUCJIU-

17 7 13 49
Telb: — >

8 18 251 < ﬂ; 2) u3 AByX ApoGel ¢ OJIMHAKOBLIMU UMCJUTESIMU

- 7 13 - 13 E
— > —, — < —. Ecin
18 © 357254 35
Jpo6H UMEIOT pPas/nuHble UUCJIUTENN W 3HAMEHATe/H, TO UX CHayasa MpUBOJAAT K
o6l1eMy 3HAMeHAaTe o, a 3aTeM CPaBHMBAIOT M0 NepBoMy npasuay. Hanpuwmep,

7 28 13 39 7 13
E:ﬁ,ﬂ:ﬁ.TaKKaK28<39,TOE<ﬂ.

[Mpumep 2.1. I1poussenute yKasaHHbie J1€HCTBHSI:
15 11y 21 6 16
28 36/ 29 721

5 1 5 7 3 3\
(7'23'6‘1)~<1‘8'15'm)

Peuienue. TTockosbKky ApoOb SIBJISIETCS] CJOKHOH, OTIEJbHO HaKIEM €€ uuc-
JIUTeJIb U 3HaMeHaTe b, HamoMHUM MOPSIOK JEeHCTBUN: CHAuUaJia BBIMOJHSIOTCS
JEHUCTBUSI B CKOOKAax, 3aTeM — BO3BeJleHUs] B CTeleHb, jJajiee — YMHOXKEHHe
U JleJieHHe B MOPSiIKE 3aMUCH U, HAKOHELl, CJI0XKEHHe U BhlUMTAHUE — TOXKE B
nopsiike 3anucu. CJjeayst 3TUM NPaBUJaM, POBOJIUM BbIUMCJIEHHS].

6oJiblie Ta 1poOb, Y KOTOPOH MeHblle 3HaMeHaTe b

15 1L 159-11.7 58 20,029 211
28 36 252 - 252 126’ 126 29 6
g 60 16 _48 21 45

721 7 16
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I I 9-6+1 55 5 1 5 5.7.5 25 7
Ve+9=%=""7% ~% 97235 736 13 &
7 7 7 3 3 7-8-3 3 3 7
Nig-l=1w gl m-ssua-10 V-1 10
7 7 7 10 b5 5 5 55 9 11-3 33 1
D -8 7 9 Ps9 65" 2 2 '

B nocsnennem maparpade Mbl Mmokakem, Kak peliaTth MOJ0OHBbIE 3a1auu ¢
MOMOLLBIO CUCTEMbI KOMIbIOTepHOH anre6pbl Maxima.

YnpaxHeHus

1. CpaBnuTe CJieyIOlINe Mapbl YKCesl, 3aMEHUB GYKBY «M» Ha HYXKHbIH 3HAK HEPABEHCTBA:
11 2 4
a) —21 u —94; ©6) 146 u —2577; B) 5 " 3 r) 7 u T ) B " 7
2. BcrnomHuTe, uTO Takoe cpenHee apupMeTHUECKOE IBYX MM TPEX UMCEJ U HAlIMTe cpeaHee apud-
METHUECKOE CJIEIYIOLINX UHUCEJL:
3us o) lwl oy tus Ll L

A Sub O g BpHS Dgogng
3. IlpousBenute ykazaHHble JEHCTBUS:

131 2 o 105 230 : 463
( ;7% 6) 95 T %01

3 10 1 2

Hu

-~ w
(G210

2
II) 57

48 2 5 19

@ : §, 6) BE— a, B

a)

§ 3. JecsaTuuHble ApooU

Jpobu, y KOTOpbIX 3HAMeHaTeJsb MpeACTaBsieT coO0i cTeneHb AECATKH, TO

ectb 10, 102 = 100, 103 = 1000 u 1. 1., HA3BLIBAIOT decamuurbimiL OpodaML

7 3 14
M 3aMUChIBAIOT cllelabHbIM 06pa3oM: 0= 0,7, lm = 1,3, QW =2014.

[ToneiTka 3anucatb 0OBIKHOBEHHYIO ApPOOb B BHAE AECATHUHON C MOMOLIBIO Jie-
JIEHHS] «yTOJIKOM» MPUBOJMUT MHOTAA K OECKOHEUHOH NeCATUUHON 1poOH:
1 1

5 =0333...; T

3 = 0,090909...; ? = 3,142857142857142857 . ..

Kak Bumno, nosyuatoniasics 6eCKoHeuyHast MocJe10BaTeNbHOCTb LUPP copep-
KUT 1epuod — OJIMH W TOT XKe ToBTopsitoluiics Habop uudp. [Tostomy nosy-
UeHHbIe JIeCSITHUHbIE IPOOH HA3BIBAIOT OECKOHeUHbIMU nepuoduieckumu 0ecs -
mudrolMu OpodAMUL. 3aMETHM, UTO eJIMHUILY MOXKHO 3aricaTh B BUJle GECKOHeU-
HoH secaTHuHO# ipobu ¢ nepuoaom 0: 1,000 . . .; anamsornuno, 0,24 = 0,24000. ..
u T. 1. MoxHO f10Ka3aTh, uTo Jio6asi 0ObIKHOBEHHAs IpoOb 3aMHUCHIBAETCS B BU-
Jle 6eCKOHEUHOH MepUOJNUECcKOl JlecATHUHON npobu. OO6paTHOe TakxkKe BepHO:
Jobas 6eckoHeuHasi Mepuojuueckas jAecsiTHuHasi Apobb MpeacTapJser coboi
JIECSITHUHYIO 3aMHCh HEKOTOPOH OObIKHOBEHHOH Npobu. Kak HaliTh mocseHiol0,
MOSICHUM Ha MpUMepe.
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[lpumep 3.1. Ilpesparute B 0GbIKHOBeHHBIE aApo6H uucaa g = 0,777... u
p = 0,090909...

Pewenune. Ymuoxus g na 10, nosyuaem ypasuenne 10g = 7,777... =7 +q.
Orciona 9 = 7 u g = 7/9. Ymuoxkasi 3arem p Ha 100, nosmyuum: 100p =
=9,090909... =9+ p, orkyna 9p =9 u p = 1/11.

Cnenaem BaxKHOE 3aMeyaHHe: Mbl IOJKHbI ObITb OCTOPOXKHBI, ONpeeJIss ne-
PHOJI C TIOMOIIBIO KaJbKyJisiTopa. Pacemorpum, Hanpumep, 1poos 3/13. Tonenus
C MOMOLIBIO KaJibKyJisiTopa, Mbl YBUAMM Ha Ta6Jjo 0,2307692 (npennonaraercs,
YTO Halll KaJbKyJSITOP HE MOXKET MOoKa3aTb OOoJibllle CeMHM 3HAKOB TMOCJe 3arisi-
to#). Ho Mbl 3HaeM, uTo noJsiyueHHasi iecsiTHuHast po6b SIBJSIETCS Ha CaMOM JieJie
6eckoneunoil. Kakumu ke OynyT ciemyiolme aecsatuynbie 3Haku? [TockosbKy B
3arucu ropropsieTcs wudpa 2, To MepBoe, UTO MPHUXOMUT HA yM — 3amucaTh
apobb B Buje 0,(230769) = 0,230769 230769 2307692 ..., T0 ecTb 0OBABUTh
nepuojoM unciso 230769. B naHHoM ciyuae 1orajika okasblBaeTcsl BepHOH, X0Td

SICHO, UTO €CTb UMCJIA, Y KOTOPBIX TIePUOJL COCTOUT OoJiee, UeM U3 ceMU LUdP.
2307692

9999999’

TO YBUJIUM Ha TabJlo KaJbKyJSITOpa TOT 2Ke camblii pesyJibrat! [Tockosbky npo6u
2307692 3

S — I/I JE—
9999999 = 13
BBLIBOJI: B JIAHHOM CJlyuae KaJsbKyJsiITOp He MO03BOJsIeT HAHTH Tepruo Apo6u!

Pazo6paTbest ¢ 3TOH CUTyallMell MOXKHO «Bpy4HYyt0», nojenus 2307692 na
9999999 «yrosiKom»:

Hanpumep, ec/in Mbl nonpoOyem pelinTb Ty 2Ke 3aaauy st 1poou

He paBHbI (cM. mpumep 1.6 U3 nepBoro naparpada), To aejnaem

2307692
9999999 0,2307692 2307692 2307692 . . .
2307692 )
Hanpauimpaetcsi BbIBOJI, UTO 9999999 — 0,(2307692). D10 NeHCTBUTENLHO TaK,

HO BIyMUMBBIH IOPUCT, HE TIPUBBLIKIINKA NPUHUMATh (DaKThl Ha Bepy, 6e3 noKasza-
TeNIbCTBA, MOXKET 3ajlaTh HENPOCTOH BOMPOC: a He OYJET JiM MEPHUOJOM UHCJIO
2307692 23076927 Tak kak »Ke B caMOM JieJie HAXOUTh MepHoj?

MbI osryurM OTBET Ha 3TOT BOIPOC, paccMoTpeB GoJiee

3,000000 13
noapo6Ho npouecc aenenus. [1pu nenenun uucna 3 na 13

26 0,230769
noJiydatorcest octatku 4, 1,9, 12, 3,. .. [Toayuus B octaTke 3,

MBI MOKEM OCTAHOBMTbCS, TaK KakK MpPH JdaJjbHeHLIeM JaeJse- gg

HUM OCTaTKH OyayT noBTopsitbesi. CaeoBaTesibHO, U LU PbI 100

YacTHOIo Takxke OymyT rnosTopsATbes. [losToMmy B paccmar- 91

pUBaeMOM MpUMepe MePUOL COCTOUT U3 LecTd wudp. AHa- 90
2307692

JIOTHUHO, TIPH OOpalleHHH APOOH —————— B JIeCATHUHYIO 78
9999999 120

J1poOb JeJieHHe MOXKHO 3aKOHUYHTB I10CJ€ LIeCTOro 3Tana, 117

TaK Kak OCTaTKH HauHyT NoBTOpsAThCA. CJrenoBaresbHo, ne- 3

puoa 3ToH IpoOH COCTOUT M3 CeMH, a He M3 YeTblpHAALaTH
undp.
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Paccmorpum elié ojiuH npumep: 4%15 = 0,1232323... = 0,1(23). ¥ 3100

6ECKOHEUHOH MepPUOJHUECKON Ipobu umeercs npednepuod 1, a nepuon pa-
BeH 23. JleHCTBUTE/IbHO, KaK M0Ka3blBaeT JeJeHHEe «YroJKOM», MOBTOPSIOTCS
nBa ocratka — 115 n 160.
O3HAaKOMHUBIIHMCH C 3THMH MpPUMeEpaMM, KaxKIbli Oy-
JyLWMHA 1opucT 3agact cebe ewé OAMH BOMPOC: a HMe-
10T JIM CMbICJT GeCKOHeuHble Henepuoduueckue JecsTHu-
X Hble JpoGU? PaccMOTpUM paBHOOENPEHHBIH MPSIMOYTOJb-
HbIH TPEYroJIbHUK, JJIMHA KATETOB KOTOPOTO paBHA €IMHUILIE
(puc. 2). O603HaAUMB JIJIMHY TMITOTEHY3bl Uepe3 X, M0 Teope-
me ITudparopa* nomyunm ypasnenue

Puc. 2 .
x> =2 (1)

JlokakeMm, UTO KOPHH 3TOr0 ypaBHEHHSI He SIBJSIIOTCS] PAllMOHAJIbHBIMU YHC-
Jamu. B camom jsesie, npearnosoKUM NpOTUBHOE, TO €CTh, UYTO KOPHEM ypaBHe-

Hust (1) siBaisiercsi oObIKHOBeHHAsi 1poOb X = o rne a u b — uesble uncaa.
a
Ecau npo6b 5 MOXKHO COKPAaTHUTb, CJeJiaeM 3T0, W OylleM MoJiaraTh jaaJjee, uTo
. a
OHa siBJisieTCsl yxKe HecokpaTtumo#. [loacrapasia x = A B ypaBHenue (1), nosy-
a2
UM — = 2 WIH
b2
a’ = 2b°. 2)
Tak Kak B TIpaBylo UacTh PaBeHCTBA (2) BXOAMT MHOXKHTeNb 2, TO a’ — uHC-

Jo uéthoe. CJief0BaTeNbHO, UUCJIO @ TaKXKe YETHOE M €ro MOXKHO 3alllcaTh B
Buge a = 2c. Ioacrapus B (2), noiyunm (2¢)?> = 2b% wunu, cokpaTup Ha 2,
2¢%2 = b2, Orciona CJIEJlyeT, UTO UMCJIO0 b? takke siBasiercst uétHbiM. Ho Tora

.. . a
YETHbBIM 6}/I[eT v uyncisio b. A [MOCKOJIbKY U @ §IBJIETCSl UETHLIM, TO Ilp06b E noJiy-

yaeTcsl COKpaTUMod. Ho 3To NpoTHBOPEUHT Ce/JaHHOMY BbILLIe MPEANOJIOKEHHIO,

a
4yTo ILpO6b — — HeCOKpaTumas. HpOTHBOpe’-II/Ie BO3HHUKJIO BCJIEACTBHUE TOI'O, UTO

b

B CaMOM HauaJjie OblL10 CllelaHO HeBEepHOe MPEAroNoKeHne — KOpHEM ypaBHe-
a
nust (1) sABssiercss pauuoHalsbHoe uncyio —. CrenoBaTesbHO, HUKaKast ApoOb He

MOXKeT ObITb KOpHeM ypaBHeHust (1), uto u TpebGoBasioch n0Kazathb. Pesysbrar
HalIUX PACCYKIEHHH MOXHO CPOPMYJIHPOBATH MHAUe: KBaJApPATHbIH KOpPEHb M3
uucJsIa 2 He SBJISIETCS pallMOHABLHBIM UMCJIOM, TO €CTh GECKOHEUHOH Meprouue-
CKOH JIECATUUHOH APOOBIO.

Kak usBectHo, ypasHenue (1) nmeeT asa KopHs, V2 U —v/2. Byznem nckathb
NpuGIIKEHHEIe 3Hauenns uncaa v'2. Tak kak 12 < (vV2)2 =2, 10 | < V2. A
Tak Kak (\@)2 =92< 2= 4, To V2 < 2. O6benunss 9TH 1Ba HepaBeHCTBA,

Tudarop (VI Bek 10 H.3.) — JApeBHerpeueckHii GpuIocodh 1 MaTeMaTHK.
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noayuaem 1 < /2 < 2. Jlanee, tax kak 1,42 = 1,96 < 2, a 1,52 = 2,25 > 2, 10
1,4 <V2<15.

710 o3Hauaet, uto ¢ TouHocThio 10 0,1 uncsio V2 npubanKEHHO paBHO 1,4.
Anasornuno ycranasauaem, uto 1,41 < V2 < 1,42, tak kak 1,412 < 2, a
1,422 > 2. CaiesoBaresbto, ¢ TouHocTbio 10 0,01 mosyuaem V2 = 1.41. [Ipu-
MEHMB elLE pa3d TOT Ke MPUEM, HAUAEM, UTO

1,414 < V2 < 1,415,

10 ectb V2 &~ 1,414, u 1. 1.

OnucanHas npoueiypa Mo3BoJisieT HaXoJUTh BCE OoJiee TOUHblE TPUOJIMKE-
HUA YUCJa \@ Ho uu OJHO M3 HHUX HE MO2KET ObITb PaBHbIM B TOYHOCTH KOpP-
HIO M3 IBYX, TaK KaK BCe l'[pH6JIH)KéHHbIe 3HauY€HHUs1 SABJISIIOTCST pallUOHAJIbHBIMH
yucJaMu, a Mbl JOKa3aJu, 4To \/§ HE FABJIAETCA pallMOHaJIbHbIM YHUCJIOM. ITosTto-
My [0CJIe/I0BAaTE/NbLHOCTb MPUOJIMKEHHBIX 3HAUeHHH OynerT OeckoHeuHo#. MTak,
YUCJIO \/§ npeacTaBJ/sieTcs B Buae 6€CKOHEUHOH MOCJ/e0BATE/NbHOCTH NMPUOJIH-
YKEHHBIX 3HAUEHHH, KaXKJI0€ MOCIeylollee U3 KOTOPBIX MoJydaeTcs 106aBjieHHeM
HOBOTO JIECATHUHOTO 3HAKA. DTO M03BOJISET 3amucath v'2 B BUIe 6eCKOHEeUHOL
Henepuoduueckotl decsamuunol opobu:

V2 = 1,414213562373 . ..

[Tono6HBIM c1OCO6GOM MOXKHO HAXOJUTh JECATHUHbIE MPUOJIKEHHS JIIOHOT0
yuca. J1ast oObIKHOBEHHBIX IPOGEH — 3TO MPOCTO JIENIEHHE «YTOJKOM», KOTOpPOe
NPUBOJUT K OECKOHEUHBIM MePHOJHMUECKUM APOOSIM.

YnpaxHeHus

1. C nomolipbio KaJbKyJasTOpa U «BPYUHYIO» TpeBpaTHTe JaHHble 0OLIKHOBEHHbIE po6U B GecKo-
1 21 3 2

HEYHbIE MEePUOJHUUYECKNUE NECATUYHDbIE [Lp061/1 U YKaxKHUT€ UX MEePHO/Ibl: 6, 7, §, TB, g

2. Tlpesparture nepuoanueckue aecsituudbie apoou 1,888 ... 1 0,1212... B 0ObIKHOBEHHbIE.

3. OauH U3 aAropuTMOB, MO3BOJSIONIMX HAUTH JI06O€ YMCJO0 3HAKOB B JIECATHUHOH 3amMHUCH YHC-
Ja y/a, npuBeféH HiKe 6e3 onucanusl. DTOT pedyc MOCJ0KHee, UeM jAejeHne «yroakom». [Tompo-
Oy#Te ero pasrajaTb U HalTH ellé HeCKOJIbKO 3HAKOB UHCell V2 u V5.

V2 =1414... V5 =2236......
1 4

24| 100 420 100

“ 47 96 X 27 84

281 400 443 1600
*q 7281 * 8l 71329
2824 11900 4466 27100
x 4 11296 X 6] T26796
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§ 4.

UppauroHanbHblie yucaa

Mrak, Mbl YyCTaHOBHJ/IH, UTO BCAKOE PALMOHAJIBbHOE UMCJIO, TO €CTb OOBbIKHO-
BEHHYIO JIpoOb, MOXKHO 3alucaTth B BHJe OECKOHEYHOH AECATHUHOH nepuojuue-
ckoil 1po6u. Kpome Toro, mbl yOeau/IHUChb, UTO HEKOTOpPbIe 33aa4d MPUBOAAT K
TaKUM YUCJIaM, KOTOpPble MOXKHO M300pa3HuThb TOJIbKO B BHAE OECKOHEUHOH Jecsi-
THUHOI HeTepHOANUeCKOi Apo6H, Hampumep, V2 uan /5. CienoBare/bHo, 9TH
YhCJ/1a He SIBJSAIOTCS PaLMOHAJBbHBIMH.

Uuncna, He ABJSAOLLIMECS PALMOHAJNLHBIMU, HA3bIBAIOT UPPAYUOHANbHOLMU.
Takum oGpasom, uucia v2 u v/5 GyiyT UppalMoHaIbHBIMI uMciamMK. Mppar-
OHaJIbHBIMHU OyIyT TaKxKe KBaApaTHble KOPHU M3 APYTUX LIEJbIX MOJIOXKUTE/IbHBIX
uKcel1, ec/i OHU He M3BJeKaloTes Hatesio. Hanpumep, v/9 = 3 — 310 unciio pa-
LoHasIbHOe, Ho /10 — umcsio nppaunonabHoe. To ke camoe MOXKHO CKas3aThb H
0 KyOMYeCKHX KOPHSX, KOPHSIX UeTBEPTOH, MATOH M Jto60# Apyroi ctenend. Ha-
npumep, Kyonueckuil Kopenb U3 27 paBeH TPEM, 3TO YHUCJO PalMOHAJbHOE, HO
KyOHUeCKHH KOpeHb U3 28 — umcJio MppalMoHal/bHOe, U Tak jaajee. [Tepeunciamum
HEKOTOpbIe JAPYTHe HCTOYHHKH TMOJYyYeHHST UPPALMOHAJbHBIX UMCEI.

3aMeTHM, 4To BCSIKYIO OECKOHEUHYIO JECSATHUHYIO ApoOb MOXKHO 3amnucaTh B
BHJIC CYMMBI O€CKOHEUHOTO YHMCJIa CJlaraeMblX:

| 3 3 3 4 1 4
3= 0333 =15+ 105 " qo00 T V2= 15" 750 * 000 T
Takue cymmbl HasbiBatoTest psadamu. [1epBbii psifl MpecTaB/sieT palMoOHaIbHOE
umcsio 1/3, BTopoil — HppalmoHaibHOe YHCA0 v/2.

B 11KoJie Bbl pellianin KBajpaTHble, KyOHUeCKHe U OUKBaJpaTHble YPaBHEHHUSI.
Mx KopHH BbIpaxkatorest qepes pajMKaJibl BTOPOH, TpeTbel Wik quBepTon crerie-
nn. Hanpumep, ypapuenue x> = 5 umeer kopenb x = v/5, ypaBHenne 2x2 = 3 —

KOPHHU X \/§ u X \/§
2 2

O pelenuu anre6panyeckoro ypaBHeHust n-i crerneHn obLLero BUaa

n—1

anx"+a,_x" 4+ .. +ax+ag=0 (3)

peub mofizeT nosxe. Kopuu e kBajapatHoro ypahenusi ax® + bx + ¢ = 0, kak
M3BECTHO, HAXOJAT 10 opMyJiam

—b +Vb? —4ac —b —Vb? —4ac

1= 2a X2 2a

(4)

B wkoJsbHbIX yueOHHKAX uKcaa a, b 1 ¢ 06blYHO MOAOGHPAIOT TaK, YTOObl KOPEHb
M3BJIEKAJICS, TO €CTh MOJ KOPHEM MoJjydaJjcs KBajapatT 1eaoro uucaa. Ho ecuu
KO03((ULMEHTH ypaBHEHHUS He MOAOUPATh CllelHalbHO, TO KOPHU X| U X9 OYIyT,
BOOOIIle TOBOPS, HPPALIMOHAJTLHBIMU UHCJIAMU, TO €CTb O€CKOHEUHbIMU Herepuo-
JIMUECKHUMHU JIECATHUHBIMU ApoOsiMU. To xKe camoe crnipaBeayiMBO U 1Jisl YpaBHEHUH
J1I060H CTerneHH.
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Ha npakTnke GeckoHeuHble JecsTHUHbIe APOOM BCerjaa 3aMeHsioT MpuOJIn-
»KEHHBIMU KOHeuHbIMHM. Kak 1nokasbiBaeTr cJjeldyloluil npumep, ae/aTh 3TO HaJ0
BecbMa akkypaTtHo. PaccMoTpum KBajpaTHoe ypaBHeHHe

14,52 4 7,12¢ — 31 = 0,
9
Cpagy 3ameTuMm, uTO BCSIKOE€ YpaBHEHHE, B TOM UHCJE W 3TO, MOXKHO pellaThb
Jub0 TOUHO, JUOO0 NMpUOJIHKEHHO. MBI TpoUJTIOCTPUPYeM celuac oba crocoba,
a 3aTeM CPaBHUM HX TOUHOCTb. PaccMOTpUM cHauasia TOUYHBIH Crocob, IS Yero
3anuiieM Ko3(PQpUUMeHTbl YpaBHeHHs B BUJle OOBIKHOBEHHBIX JpOoOeii:

1, .3 .7

1517
[TocJie BbluMCIeHUST TUCKpUMUHAaHTa D = b* —4ac = 55626556

Hallero ypaBHeHHUSI:

178 [1517656 178 \/4-379414
_—b-VD _ "% 5625 _ 25 N

2a 29 29

2.5
178 -3 21/379414
953 75 —534 — 2/379414 534 — 2/379414_

29 - 2975 2175 ’
_ —b+VD  —534+2/379414
22 2175 '

MbI MoJTyursIn TOUHbIE pellieHusl 3aJaHHOTO KBAaJIPaTHOTO ypaBHEHHsl, HO OHU
3amucanbl B oueHb Heyno6Ho# (opme. TTo Busy 3TOH 3amicH Mbl He MOXKeEM JlaxKe
rpy6o OLEHWThb HaijieHHble uucaa. [1osToMy Halaém npubHKEHHBIE 3HAUEHHUS
KOpHEH X| M Xo, HampuMep, C MOMOLIbIO KasbKyJsropa. CHauasa BbIUMCJIHM
KBaJpaTHbIA KopeHb. Kanbkynsatop nokaxker npub/anKEHHOe 3HaUeHHe KOPHS C
UEeTBbIPbMS JIECSTHUHBIMU 3HAKaMH Tocjie 3ansaroi: v 379414 ~ 615,9659. Bce
9TH 3HAKHU SIBJSIIOTCS BEPHBIMM, a JIOMYLIEHHAs! MOrPEIIHOCTb BbIUUCEHNH MEHb-
me 0,0001. I1pomoskas pacuér, mosyuaem:

534 +2-615,9659
2175

[1pu 3THX BBIUKCJIEHUSX MOTPELIHOCTh MEHSIACH CJEAYIONMM 06pa3oM: CHa-
yasia e€ yMHOXKHJIM Ha 2, a 3aTeM nojesu/n Ha 2175. B utore oHa ymeHblIHIaCh
B 1000 ¢ simunnm pas u BMecto 0,0001 crana 0,0000001. TTosTomy W3 HanucaH-
HbIX CEMH JIECATHUHBIX 3HAKOB TI0CJIe 3aMsTOH TepBble 6 3HAKOB OyyT BEPHBIMH
M OKOHUaTeJbHbI 0TBeT GyneT Takoh: ¢ TounHocTbio 1o 0,0000001 nepsbiii Ko-
peHb paBeH x| ~ —0,8119226. C Takol ke TOUHOCTbIO Mbl HaHJEM U BTOPOH
KOpPeHb ypaBHeHHs: xg == 0,3208881.

HaxoJ1MM KOPHH

X1

X2

X~ = —0,8119226.
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Tenepn pemnm nanHoe ypaBHeHue apyrum crioco6om. [lepenuinem ero, 3a-

MEeHHB MocJeHui Ko3(hUIMeHT 3= ero npuOMMKEHHBIM 3HauyeHueMm 3,78. B
pe3yJibTaTe TOJYUHM ypaBHEHHE

14,552 +7,12x — 3,78 = 0,

KOTOPO€ MOXKHO Ha3BaTb MPUOJHAKEHHBIM K 3alaHHOMY YPaBHEHHUIO.
CHayvana, Kak 00bIYHO, BbIUUCJISIEM TUCKPUMHUHAHT:

D =712 —4.145-(=3,78) = 50,6944 + 219,24 = 269,9344,
a 3aTeM HaXoJUM KOpHH, 0003HAuMB UX uepe3 X| U Xo:

—7,12 —/269,9344  —7,12 — 16,42968

7 = 5 ~ 5 ~ —0,8120579;
. —7,12+2\/9269,9344 T2 +2é6,42968 ~0.3210234

Tenepb o6cynum pesysbraThl. Mbl pelin/d ABa KBaApaTHLIX YpaBHEHHUs], TOU-
Hoe U npubamKéHHoe. Bropoe pelaTh 3HAUMTENbHO Jerde, Tak Kak Ha BCex
JTanax pelleHHs, ¢ caMoro HavaJja M J10 KOHLA, MOXKHO M0JIb30BaTbCsl KaJbKy-
asitopoM. Ho cpaBHMBasi COOTBETCTBYIOLIME KOPHH 3THX ypaBHEHHH (X] ¢ X[, Xo
C X9 ), Mbl BUJIUM, UTO OHM Pa3/JMUalOTCsl HAYMHAS C TPEThEro JECATHUHOrO 3HA-
Ka rocJse 3ansaTod. MHbIMU cioBamMH, 3aMeHsisi ypaBHeHHe NPUOJIHKEHHBIM, Mbl
BbIUTPbIBAEM B CKOPOCTH, HO MPOUIPbIBAEM B TOUHOCTH.

B paccmorpenHom npumepe npub/aHKEHHOE ypaBHEHHE J1aJ10 2 BEPHbIX Jlecs-
THYHBIX 3HAKa MOCJe 3aMsToi, 0OJHAKO Tak Xopollo ObiBaeT He Bcerna. MoxHo
nono6paTh TaKoe «IJI0X0e» KBaJApaTHOe ypaBHeHHe ¢ APOOHBIMH Ko3(duumeH-
TaMM, UTO €ro NpubJIHKEHHOE ypaBHEHHE HAUHET «BPaTh» y»Ke CO BTOPOro 3Haka!
BbiBoZ: ecsid BaM BakKeH TOYHBIH pe3yJibTat, pellaidTe nepBbiM cocoOoM, NMpH-
MeHS$Isl KaJIbKyJISITOP JIMILb Ha MOCJe/HeM 3Tare BbIUMCJEHHH.

3aMeTHM, UTO CHCTEMbl KOMIbIOTEPHOH a/jreOpbl MO3BOJISIOT MOJYYHTh KaK
TOuHble (hOPMYJIbI ST KOpPHEH KBaJpaTHbIX ypaBHEHHH, Tak M MPUOJIMKEHHbIE
3HayeHUsi KOpHel ¢ Jilo00H CTerneHblo TOUHOCTH 6€3 YTOMUTE/bHbBIX BbIUUCJIEHUH.
[Ipumepnl 6yayT paccMOTpeHbl B MocjeiHeM naparpade riaaBbl.

YnpaxHeHus

1. okaxure, uto uucaa v/3 u /10 ABASIOTCS HPpPALHOHATLHBIMH.

5 .
2. Peumre ypasnenue 16,5x%+1,24x —4— = 0 TOUHO U MPUOJIMKEHHO, OLEHHB KOJHUECTBO BEPHbIX

9

JECATHUYHbLIX 3HAKOB B 06oux cJyyasix.

§ 5. JIBa 3ameuyaresibHbIX MPPALMOHAJbHbBIX YKCaa

B stom naparpade Mbl onpenesuM JBa o4eHb BaxKHbIX uucsa. Ilepoe u3
HUX — YUCJIO 7, PaBHOE OTHOLLUEHHWIO JJIHHBI [ MPOHU3BOJBHON OKPYXKHOCTH K
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eé muamerpy d: ™ = l/d. D10 uucsio u3BeCTHO ¢ ryGOKON JpeBHOCTH. BaBu-

JIOHCKHE, eTHIeTCKHe, KUTalCKHe W rpeueckue MaTeMaTHKH Hallld pas/iHuHble
22 355 377

771137 120
pHBasi BIIUCAHHbIE B OKPY>KHOCTb TPABUJIbHbIE 211-YTOJbHUKH, ApXHMeLL5 yMed
BBIUUCJATH 7 ¢ OOJIbILIOH TOYHOCTbIO. B UacTHOCTH, OH HALIEJ, UTO

npubJIKEHHbIE 3HaYeHust ynucaa m: 3, v/ 10, u apyrue. Paccemart-

223 < 22
— < T < —=.
71 7
Jleiionuun® nokasas, 4To uncsIo 7 /4 MOXKHO TIPEICTABUTD B BUJIE CJIEIYIOLIErO
psizia (3aMeTbTe, UTO JpOoOH B MPABOM YaCTH He SIBJSIIOTCS JECSATHUHBIMU):

7r I 1 1 1 1
Z*I_§+5_7+§_ﬁ+'” ()
ITOT psifl MO3BOJSIET HAXOMUTh MPUONHKEHHBIE 3HAUeHUs unucaa m. Hanpu-

Mep, Mbl MOXKEM Iepernucarb paBeHcTBo (D) Tak:

LA U U N A A N S N |
4 3 5 7 9 11 13 15 17
B ckobkax cTodT noJoxutesabHble yncaa. [Tostomy, oT6pocuB ux, Mbl yBe-
JIMUMBAEM TPaABYIO YaCTh!

L b1 1 268
3 5 7 9 315

NE

<1

YMmHoXKast Ha 4, MoJydaeM OLIEHKY CBepxy: m < C npyro#i CTOpOHbI, H3

3157

TOTO »Ke paBeHCTBa (D) HAXOJHM:

E_lflelflJr lfi + Lfi +
4 3 5 7 9 11 13 15

Yucsa B cKOOKAX BHOBb IMOJIOXKHUTEJIbHBI. HOSTOMy, OT6paCbIBaH UX, HaXOOHUM:

moy L, 11 9%
4 3 5 7 315
. 912
4TO JAET OLIEHKY CHU3Y: 7 > 305
912 1052
Hrak, Mbl BbISICHWJIH, UTO 305 <7< a5 ITO JOBOJILHO rpydast olleHKa

MCTHHHOTO 3HAueHUsl uucaa 7. E€ MOXKHO yJyullluTb, €CJH B3SiTh JIJIS OLEHKH
He 5, a GoJiee cjaraeMbix U3 psna (D). Bor mepsbie 15 TOUHBIX 3HAKOB TocJe

> Apxumen (287—212 IT. 710 H. 3.) — JpeBHerpeuecKHii yueHbiii.
Torrdppun Busbresom Jleionuil (1646—1716) — Hemelkuii hHI0CO( 1 MaTeMaTHK.
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sandaroi: m = 3,141592653589793 . . . 3amerum, uto DBM m03BOMIAET MOJYUUTD
MHOTH€ ThICSIYH TOUHBIX 3HAKOB MPAKTUUECKH MTHOBEHHO.

CumBosl 7 mJii 0603HAUEHHS] OTHOLIEHHS IJIMHBI OKPYKHOCTH K €€ aua-
MeTpy npemioxkua B 1706 romy aurauiickuit matematuk Y. lxkoHcoH. Cko-
pee Bcero, o003HauUeHUE MPOUCXOAUT OT HAUaJbHOH OYKBbI FPEUECKOr0 CJOBa
TEPLPEPELC — TIepUepHsl, OKPYKHOCTb. To 06CTOSITENBCTBO, UTO YHCJIO T He
SIB/ISIeTCs PalMOHA/LHBIM, 10Kasanu B KoHle X VIII Beka matematuxy JlamGept’
n Jleskauap®.

O6 3ToM 3ameyaTe/IbHOM YHCJIE MOXKHO PaccKas3aTb MHOIO YAMBHTEJbHBIX
M MOYUMTEJNbHBIX HCTOPHUi. BOT BKpaTiie uctopusi npuOIMKEHHOTO BbIUMCIEHHS
upcsia . OHO yTOUHSJIOCH MO Mepe pPa3BUTHs MaTeMaTHKM W MaTeMaTHYeCKHX
MeTo/10B. MBI y>Ke OTMETHJIH, UTO JpeBHHE MaTeMaTHKH HALJK JI0BOJIbHO MHOTO
PA3TMUHBIX MPUOIMKEHHBIX 3Hauennit as w. B XVII Beke Leiinen®, nponenan
KoJloccaibHyl0 paboTy, BbIUMC/W 22 JeCATHUHBIX 3HAKa uucjaa w, a B 1674
rony JIeldGHUIL TosTyurst cBOi 3HaMeHUThIH psif (5). Tem cambiM Borpoc o CKOJIb
YrOJIHO TOYHOM BbIYHUCJIEHHH uucsa 7 Obll MPUHLMIHAALHO peluéH, npobJema
Obl1a nepeBe/ieHa B MPAKTHUECKYIO MJIOCKOCTb.

Mexy npounm, ewwé 100 et Hazax pyccKue yuuTesist MaTeMaTHKH NIPUyMa-
JI TIPOCTOM CMOCOo6 3aMOMHHUTD MePBbIe 1eCATh 3HAKOB (TMOCJIe 3aMsTOl) Yucaa .
JI1060# 1LIKOJIBHUK MOT JIETKO 3alOMHHUTbL Takoe NpeajioxKenue: «Kmo u uyms
U CKOPO NONMCeAaems N Y3HAMmo 4UCA0, Yusd 3Haem». Ecau Bbl mocuuTaere
urcsio OYKB B KaxK/IOM CJIOBE U BBIITULINTE Pe3yJbTaTbl 10 NOPSJIKY, TO H YBUAUTE
HayaJso 3anucu yucna m.

Jpyroe u3BecTHOE B MaTeMaTHKe UMCJIO — YHCJO €, Ha3blBaeMoe TaKKe
HerepoBbIM YHCJOM B uecTh Matematnka X VI Beka Henepa!?. D10 uncno takxe
MO2KeT ObITb TPEACTaBJIEHO B BUIE psia

1 1 1
(Harmomuum, uto n! =1-2-3 ... n unraercs «3H (aKkTopHasl».)

Uucsio e BO3HUKAET B cienywollell 3ajadye. PaccMoTpuM npoliece opraHuye-
CKOTO pOCTa, HalpuMep pa3mMHO)KeHHe OakTepui. Bynem cuutaTh, 4To BCe MMe-
tolecst 6akTepun crocoOHbl K pa3MHOKeHHI0. Torna cKopocTb pasMHOXKEeHHUs B
MOMEHT BpeMeHHU {, u3mepsieMasi B rpaMMax B 4ac, paBHa KOJIMUECTBY OAKTEpHUH,
y’Ke UMEIOLIUXCS K 9TOMY MOMeHTY. EcJii B HauaslbHbIH MOMEHT y Hac Obl |
rpamMm OakTepuii, TO yepes yac Ux OylIeT e rpamm.

Hpyroit npumep. [lycTh Tesio nBUKETCS Tak, 4TO €ro CKOPOCTb (Hanmpumep,
B MeTpax B CeKyH/ly) B KaK/blii MOMEHT BpPeMeHH { paBHa MPOHJIEHHOMY MYyTH.

"Woraun Tenprx Jlam6ept (1728—1777) — HeMELKHiT aCTPOHOM, MATeMaTHK, (GU3UK H QUIIO-
cod.
8Annpe Mapusi Jlexanap (1752—1833) — chpaHily3cKuii MaTeMaTHK.
JTynonbd Ban Lleiien (1540—1610) — rosuiaHacKuii MaTeMaTHK.

19 Tskon Henep (1550—1617) — woTanicKuii MaTeMaTHK.



20

I'maBa I. Yucaa

Torna nmyth (B MeTpax), MpoKIeHHbIN TeIoM 3a | CeKyHJLy, CuuTasi OT HauaJa JBU-
JKeHHUsl, paBeH e. BMecTo /BHXKeHHST MOXKHO paccMaTpPUBaTh M JPYTHe MPOLecChl,
CKOPOCTb TeUueHHsI KOTOPbIX 00J/1a1aeT aHaJoTHUHbIM CBOHCTBOM. Takue rpoiiec-
Cbl BECbMa 4acTO BCTPEUalTCsl B MPUPOJie, OOIIECTBEHHON »KU3HH, IKOHOMHKE,
OHU OTHCHLIBAIOT GHOJIOTHUECKHE, leMorpacdHuecKre U JIpyrye siBjieHus. B Halem
Kypce Mbl HE pa3 BCTPETHMCS ¢ MaTeMaTHUeCKHM OTHCaHHEM TaKHX TPOIECCOB,
NO3HAKOMMMCS C YHHUKAJbLHBIMH CBOMCTBAMH UHCIA €.

Uto6bl HalUTH NPUOJIMKEHHOE 3HAUEHHE YMCJia e, HYXKHO B cymme (6) ocra-
BUTb HECKOJIbKO CJlaraeMblx, a ocTajbHbIMU MpeHeOpeub. Hem 6GoJbliie ciarae-
MbIX Mbl OCTaBHMM, TeM TOuHee OyneT pedyJbrat: e = 2,718281828459045. ..

Bosbmém npousBoJibHOE HaTypasbHOe uucio 1. Torna OyneT crpaBeiuBo
npUOJINKEHHOE PABEHCTBO

1 1 1 1
exl+—4+=+—+4+...+4— 7
ottt (7)
NpaBast YaCTb KOTOPOTo MpeAcTaBJsieT coOO0H NPUOJIMKEHHOE 3HAUEHHE YHCa e,
npuuém MeHbliee, yeM e. M3BecTHo, uTo 3TO NMpUOIMKEHHOE 3HAUEHHE OTJIH-

yaercsl OT MCTHUHHOTO 3HAYEHHST YMCJA e MeHbllle, 4yeM Ha T [lpu n = 5,
Harpumep, roJyuaem e
VI SVENE SR SIS SR SR S I N
120 31 4 5 2 6 24 120
60+20+5+1 86 43
=2+ 120 = 2790 = %60°
[TorpeliHocTh B JAHHOM cCJiyyae HE MPEBOCXOIUT L = L < 0,00167
P a y P AT ST T 600 S '
4
[Tockosibky HabiieHHOe MPUOJHKEHHOE 3HAUEHHE 263 = 2,716666... MeHb-

lie e, a NorpelHocTb 31oro npubJkenus He npesocxoaut 0,00167, To, e <
2,716666. ..+ 0,00167 = 2,718366 . .. Takum o6pazom,

2,716666... < e < 2,718366.. .,

OTKyZla BHJIHO, UTO Mbl HallJIM JiBAa BEPHbIX JECSATHUHBIX 3HAKa MocJe 3ansToi,
TO €CThb JioKasasu, uto e = 2,71 ... Ucnosab3ys 9BM, MoxHO moacuuTaTh ync-
JI0 e ¢ JiIo6o# TouHOCTbI0. CUMBOJI € MPUHST B UeCTb BblAlOLLerocs MaTeMaTHKa
XVIII Beka Ditnepa'!, KoTopbIil MOAYUMA MHOTO 3aMeuaTe bHBIX (hOPMYJI, COaep-
KalMX 3TO YHUCJIO.

B 3akJ/iouenre oTMETHM, UTO YHCJIA T U € OTHOCSTCS K MPaHCyeHOeHMHoIM
yucaaM. Tak Ha3bIBalOT uyMc/ia, KOTOPbIE, B MPOTHBOIOJIOKHOCTL aseebpaute-
CKUM UWCJIaM, HE MOTYT SIBJSITbCS KOPHSIMM HUKAKOTO ypaBHeHHsi Bujaa (3) ¢

" JTeonapn Diinep (1707—1783) — poccuiicknii MaTeMaTHK, akajeMuk [letep6yprekoil aka-
JIEMHH HayK.
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LebIMH Ko(duimentamu. TpaHcleHIeHTHOCTD ukeaa 7 1oKasas Jlunaeman'2,

a TPaHCLEHACHTHOCTL e — pmuT!S.

YnpaxHeHus

1. Haiinure npubnnm:kénHoe 3HaueHue uncaa e, nojoxus B dopmysie (7) uncao n = 6, U oleHuTe
MOTPEIIHOCTh 3TOTO 3HAUEHMS.

2. Hatinure npubamxénHoe 3Hauenue uucgaa 7 1o gopmyse (5), B3siB n = 6. CKOJIbKO BepHBIX
3HAKOB YHCJA T MOJYYHUJIOCH?

§ 6. Je#cTBUTEJNbHbIE YKCaA

B npenpiayumx naparpadax Mbl BCIOMHU/IM GeCKOHEUHble JeCATHUHbIE 1PO-
64; palMoHaJbHble UUCIA, TO €CTb OObIKHOBEHHbIE APOOH, KOTOPble MOXKHO 3arH-
caTb B BUJe OECKOHEUHOH ACCATHUHON MEePUOAMUECKON NpoOU; HppaLMOHAJbHbIE
ypcJsa, KOTOpble 3aMUChIBAIOTCS B BUe OECKOHEUHbIX NeCSATHUHBIX Herepuouye-
cKux apobeit. MppaunoHalbHBIMU SBJSIOTCS KOPHU OO0JIbLIEH YacTH ypaBHEHUH
BTOPOH, TPETbel U T.]I. CTeNeHel, a TakxKe TpaHCLEHJeHTHbIe YHCJIa T U €.

Tenepb HanomHUM, 4TO JI0OOE LEJI0€ YHCJIO U Jt0Oas KOHeUHas JeCATHUHAs
JIpoOb TakxKe MOTYT ObITb 3alucaHbl B BUIE OECKOHEUHOH AECSTHUHOH Apolu,
nanpumep, 2 = 2,000..., a 3,5 = 3,5000... CaenoBartesbHo, GeCKOHEUHbIE
JeCATHYHbIE 1POOH — 3TO YHHUBEPCAJIbHbIA CI1OCO0 3alUCH KaK PallMOHAJbHbIX,
TakK U UPpPalMOHAJLHBIX YHCEI.

IT0 06CTOATENLCTBO AAET MOBOJI pACCMATPUBATh MHOXKECTBO BCEBO3MOKHbBIX
6EeCKOHEUHBIX JIECATHUHBIX Jpo0el Kak caMocTosiTe/bHbld 06beKT. st Gecko-
HEYHbIX JIeCATHUHbIX ApoOell cyllecTByeT clelldajbHoe Ha3BaHWe: OHH Ha3blBa-
10TCSl JeticmaumenvHovlMu, Wil geujecmaerolni, yiciamMu. Mrak, Bce yncaa,
KOTOpbI€ Mbl YIIOMHHAJIU 10 CUX [OP — HaTypaJibHble, LeJble, palOHaJ/bHbIE, UP-
palMoHaJbHble, anrebpanuyeckue, TpaHCUEHAEHTHble — SIBJSIIOTCS I€HCTBUTEb-
HBIMH uMcsaMi. MHOKeCcTBO BeeX AeHCTBUTENbHBIX uhces 0603HavaoT uepe3 R.
OHo BkJtOYaeT B ceOs MHOXKECTBO palloHaslbHbIX urcea QQ, KoTopoe, B CBOIO
oyepellb, BKJIOYaeT B ceOs1 MHOXKECTBO LIeJIbIX UHCEJ Z, a MOoCJeHee COJAEPIKUT
MHOKECTBO HaTypaJ/ibHbIX unces N:

NcZcQcCR.

BecbMma BaXkHbBIH MaTeMaTHUeCKHil (paKT 3aK/I0UaeTCsi B TOM, UTO MHOXKECTBO
JIEFICTBUTE/IbHBIX UMCEJ SIBJISIETCS YIMOPSI0UEHHbIM. DTO O3HAUAET, UTO JIIOOble
JIBa JIEHCTBUTENbHbBIX UMC/JIA MOXKHO CPaBHUTb MeXy co6OH, TO eCTb yKas3aTb,
Kakoe U3 HUX Godiblile (MK MeHblie). [Tpolienypa cpaBHeHHst OueHb MPOCTa: HyXK-
HO TOCJ/IeIOBATENBLHO CPAaBHUBATL LM(PbI, CTOSIIME HA OJMHAKOBBIX MO3ULIHSX.
Hanpumep, 2,381615... > 2,381529 .. ., TaK KaKk Ha NepBbIX UETbIPEX MO3ULHSIX
COOTBETCTBYIOIINE LU(PbI OUHAKOBEBI, a 6 > 5.

lQ(Dep}lHHaH}l Jlunneman (1852—1939) — HeMmellKHil MaTeMaTHK.
Blapae dpmur (1822—1901) — bpaniy3cKuii MaTeMaTHK.
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OnucaHHOe MPaBUJIO CpaBHEeHHs paboTaeT MPH OJHOM (K €IUHCTBEHHOM) CO-
rJalleHud: He paccMaTpuBaTh nepuoaudueckue apobu ¢ nepuoaom 9. Ilpu stom
MHOKECTBO J€HCTBUTE/BbHBIX UHCes, 00pa3HO roBOpsi, HE CY3UTCS, TaK KaK BCSi-
KYI0 OECKOHEUHYIO MepPHOAHUYECKYto 1po0b ¢ MeprHoioM 9 MOKHO 3aMEHHUTb paB-
HOU €l KOHEUHOU JecsiTHUHOH ApoOblo, HanpuMep: 0,999...=1; 0,42999... =
=0,43; 2,65999... = 2,66.

Jlto6oe neficTBUTE/IbHOE UUCJIO MOXKHO TNPUOJH3UTh C JII0OOH CTeNeHblo TOU-
HOCTH PallMOHAJbHBIM UMCJIOM, TO €CTh OObIKHOBEHHOH JIpoOblo. Bo3bmém, Ha-
npumep, Jeicteuresibioe uncao a = 0,101100111000.. ., kotopoe ycTpoeHo
TaK: MocJie 3ansiTol 3anucaHa oJHa eJMHHUIIA U 3@ Hell — OJIMH HyJlb, 3aTEM JIBE
eIMHULBI W 1BA HyJsl, 3 €IMHULBl U 3 Hyasd U T. 4. OueBMaHO, 4TO 3Ta APOObH
He SIBJISIETCS TEPUOAMUYECKOH, MOCKOJbKY HHKAKasi rpynmna HyJeld U eIHHHIL He
nostopsieTcs. [Tosb3ysichb TOJIBKO UTO OMMCAHHBIM TPaBUJIOM CpPaBHeHHs Gec-
KOHEUHBIX JIECATHUHBIX Ipo0ei, 3amnuilieM MoC/aeI0BaTeIbHOCTh HEPABEHCTB 1151
paccMaTpuBaeMoro umcsa a:

O<a<l;

0,1 <a<0,2;
0,100 <a<0,ll;
0,101 < a < 0,102;
0,1011 < a < 0,1012;

Kaxnoe U3 unceJ, BXOASIIMX B 9TH HEPABEHCTBA, MOXKHO CUMTATb MPUOJIU-
»KEHHBIM 3HauyeHueM uucya a. CyeBa cTOSIT NPUOJHKEHHS YMCJIA @ 110 HEJLOCTaT-
Ky, cripaBa — MPUOJIHKEHHsT IO U3OBITKY.

CJ102KHTH J1BA TPOU3BOJIbHBIX JEHCTBUTENbHBIX UHCJ/A He TaK npocTo. Llesble
yucsa U 0ObIKHOBEHHbIE 1POOH Mbl CKJIAAbIBaTh yMeeM, HO MONPOOYHTe CJIOKHTD,
nanpumep, V2 1 /5. Cymmy v/2 + /5 MOKHO JIeTKO HaliTH TIPUGTHAKEHHO, C M0~
MOLLBIO KaJsibKyJiATopa. Ho c/lo;KUTb TOUHO Be GeCKOHeuHble AeCATHUHbIEe APOOH
V2 = 1,414... 1 NG 2,236 ... 110 MpaBUJy CJI0KEHUST KOHEUHbBIX JECATHUHBIX
JNpo6ell Mbl HE CMOXKEM, MOCKOJIbKY Mbl HAUHHAEM CKJaJlbiBaTh CcripaBa, a y 6ec-
KOHEUHbIX Jpo0el npaBoro KoHua Her!

Tem He Mmenee, cymma JBYX Jit0ObIX OECKOHEUHbIX JECATHUHBIX JpoOell Bce-
I1a CYLUECTBYeT, U Mbl MOXKEM HaXOJHTb e€ MpUOJHKEHHOE 3HaUeHHe ¢ JOoH
TOUHOCTbI0. Kak Bbl yxKe Jorajajuch, Jyisi 3TOrO HY:KHO CKJIAJbIBaTb COOTBET-
cTByIolIMe NpUbAMKEHHBbIe 3HaueHust. Hanpumep,

V24 V5 =1414...+92236...~3,650...

MbI TIOCTaBUJIM 3HAK NMPHOJIHKEHHOTO PaBEHCTBA, MOTOMY YTO MOCJEIHSIS
Hdpa MOXKET 0KasaThCs Ha eUHUILY OoJiblile (MojayMaiiTe, mouemy?)

Takum o6pazom, Ha MpakTHKe BbLINOJHEHHE apU(pMeTHUECKUX Orepalui ¢
JIeMICTBUTE/IbHBIMU UMCJIAMH CBOJSAT K OMEPaLysiM C KOHEUHbIMH JECHATHUHBIMH
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npobsiMu. J1ast 3TOrO 3ajaHHble NEHCTBUTENbHbIE UMCJA OKPYIJISIOT C HY:KHOH
CTereHbl0 TOUHOCTH. [1paBuiia OKpyr/ieHUs 1ecATHUHbIX 1po6eil MOsICHAM Ha MpH-
mepax. Cuenytolye aecsiTidHble 1po6H Mbl OKPYIJISIEM JI0 COTBIX JI0JIEH:

0,811 ~0,81, 0812~0,81, 0814~081, 0816~0,82, 0,819~0,82.

Ecan necsatuunas npo6b OKaHUMBAETCS HAa 5, TO OKPYIVIATb MOXKHO TO-pas-
HoMmy. Ecsin BbluMC/IEHHI MHOTO, TO HY>KHO OKPYTJISITH MMOTIEPEMEHHO TO B OJHY,
TO B Jpyryto ctopoHy. Toraa KoHeuHbll pedyJsbTaT Oyaer OJiKe K HcTHHE. Ecgn
OKPYTJISITh BCE BPEMSI B OJIHy CTOPOHY, TO OLIMOKA MOXKET HAKOMUTbCS U KOHEeU-
HbIH pesy/abraT OylaeT BecbMa AajdéK OT UCTHHBI. Hanpumep, Mo:KHO MPHUHATDH
TaKoe MPAaBUJIO: €CJIM Tepesl MATEPKOH CTOMT uéTHas Ludpa, To OKPYr/iseM B
MEHbLLYIO CTOPOHY, a €CJIU mnepel NATEPKOH CTOUT HeuéTHass Uuudppa — OKpyr-
JsieM B Gosibliyto ctopony: 0,815 ~ 0,82 u 0,825 ~ 0,82. Bnpouem, Tenepb
KaxK/Iblil OKpyrJisieT, Kak MoxkeT. KasbKy/asTop Bcerjna OKpyriisieT B MeHbLIYIO
CTOPOHY, MpocTo oT6GpachiBas «xBocT»: 0,815 =~ 0,81, a 0,825 ~ 0,82. Ha-
JIOTOBBIH HHCIIEKTOP Bcerja okpyrisieT B GoJbliyto ctopony: 0,815 ~ 0,82, a
0,825 = 0,83.

Onepauyu cJ0KeHHsT U YMHOXKEHHS IEHCTBUTE/IbHBIX Unces 00/1a/1al0T TEMH
»Ke CBOHCTBAMH, UTO U OTepalldy HaJl 1eJbIMH H PALMOHAJNLHBIMH YHCAAMH:

ca+b=0b+a; ab =ba — nepeMecTUTEJILHOCTb HJIK1 KOMMYTaTHBHOCTb;

c(@a+b)+c=a+ (b+c); (ab)c = a(bc) — coueraTesbHOCTb UM ACCO-
LIMaTHBHOCTB!

* a(b 4+ c) = ab + ac — pacnpeneyuTeNbHOCTL WIH JUCTPUOYTUBHOCTD
CJIO’KEHHSI OTHOCHTEJIbHO YMHOKEHHSI.

Uucnosble MHOKecTBa N, Z, Q u R aBJsitoTCS NpUMepaMu Tak Ha3blBaeMbIX
YHCJIOBBIX CHCTEM, KOTOpble HMEIOT crelldaJjbHble HazBanusi. Hanpumep, roso-
pSAT: KOJIBLO LeJbIX YHCesl, MoJle paldOHaJbHBIX UUCesl, 1oJe AeHCTBUTebHbIX
uhces. DTH TEPMUHBI Mbl 6ya1eM 00CyKI1aTh BO BTOPOH TMOJIOBHHE HALLIEro Kyp-
ca. Tam Mbl MoKakeM, B UaCTHOCTH, UTO MOJie JEHCTBUTENbHBIX UMCEJ MOXKHO
paclIMpPUTb U MOJNYUUTb TaK Ha3blBaeMble KOMNACKCHbLE ULUCAQ.

Bcenomuum tenepb aeiicTBusi co crenensamu. [lo onpenenenuio

Ortciona ciemyert, uto st JI0ObIX LEJIbIX UMCEN /M U 1 CIIPABEVIUBbI Cllejly-
tote hopMyJbl:

a™m. gt = am—{—n’ (an)m — amn’ a - pt = (ab)n.

LII/IC.HO KOTOpOE I10CJ€ BO3BEIACHHSI B CTEIEHb 71 OKa3blBA€TCsl PaBHbLIM a4,
Ha3bIBaAC€TCA KOPHEeM cmerneru n us a. Ecau uncsio n HEUYETHOE, TO CYLLLECTByeT

TOJIbKO OJMH KOPE€Hb CTEIEHHU 11 U3 UhcJa a, KOTOprI/I o6o03HauaeTcst \/5 HJIHN a".
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Ecan n uétHoe, a uMc/io @ — MOJOXKUTENbHOE, TO KOpHel Gyner nea. Hampu-
Mep, uhcaa 3 U —3 OyyT KOPHAMH ueTBépToii cTeneny u3 81, Tak kak 3* = 81 u
(—3)* = 81. [Tos10:KUTeIbHBIIT KOPEHb HA3BIBACTCS APUGMEMULECKUM, T HMEH-
HO OH 0603HAYAETCs CUMBOJIOM /a HJIH a.

Crernenb ¢ IpOOHBIM MOKAa3aTeeM OTPeJIe/sieTCss U 3ariChbiBaeTCs TaK:

a% = (a%)m = (” a)m.

Oka3sblBaeTcst, UTO UMEIOT CMbICJ M BbIpaXKeHUsi Buaa a*, rie x — Jjoboe
JleiicTBUTEIbHOE uKcsio, Hampumep /2. JIeCTBHsA ¢ TAKMMH CTeIeHSIMH TTPOM3-
BOJATCS MO TEM »Ke MpaBUJIaM, UTO M C HATypasibHbIMH CTEMeHsIMH, HarpuMep
3V2.3m = 3v2iT

[Ipu paGore ¢ KaibKy/JsITOPOM WJIH KOMIBIOTEPOM UHCJa YIO0OHO 3amUChi-
BaThb B Tak HA3bIBAEMOH CTaHJAPTHOH (3KCMOHEeHUHMabHOH) dopMe, TO ecTb B
BHJIE TPOM3BEEHHUS JABYX MHOXKHTEJIEH, MepBbIi U3 KOTOPBIX 3aKJIOUEH MEXKIY
uyucaamu 1 u 10, a BTOpO# npejcTaBisieT coGoil cTeneHb jecatku: 243507 =
=2,43507 - 10%, 0,184 = 1,84 - 10~ u . 1.

[Tpumep 6.1. Boiukcsiure ¢ OMOLIBIO KAJIbKYJISITOPA BbIpAXKEHHE

1/2
(7/8—0,9%) - 2,41 + (6,2 - /5,723 — 4,25)

(16-13,72 = 3/11) + 125584 o 5

OKPYIJIsis B Ka2KIA0M JIeHCTBUH pe3yJibTaT A0 ThICSUYHBIX. OxoHuaTeJIbHbIH pesyJib-
TaT OKPYIJIMTE 10 COTbIX.

Peuwenue. Ipexe Bcero onpenessieM mopsiaiok aeictBuil. CHayasa Hy»KHO
BBIMOJIHUTL JE€HCTBHSA B YHCJHUTEJIE, 3aTeM — B 3HaMeHaTeJie, U [ocJe 3TOro BO3-
BECTH TOJIYUeHHYI0 po0b B CTeneHb 1/2, To eCTh H3BJICUb W3 HEE KBAJPATHbIM
KopeHb. [Tocko/ibKy Bce ornepatyu OyayT BbIMOJHSATHCS ¢ AECSITHYHBIMH IPOOSi-
MH, TO 0ObIKHOBEHHbIE IPOGH MPeBAPUTENLHO GYJIeM MEPEBOUTH B JIECATHUHbIE
1 OKPYIJISITh JI0 YETBIPEX 3HAKOB TMOCJIE 3arsITOM.

Haiiném uncanrens: 0,9° = 0,729; 7/8 — 0,729 = 0,875 — 0,729 = 0,146;
0,146 - 241 = 0,3518 ~ 0,352. Mbl noauépkuBaeM MepByt0 OTOPACHIBAEMYIO
npu oKpyrieHud wnudpy: /5,723 = 2,3922. .. ~ 2,392; 2,392-6,2 = 14,8304 ~
~ 14,830; 14,830 — 4,25 = 10,580; 0,352 + 10,580 = 10,932.

Tenepb Haxoaum 3HameHartesb: 16 - 13,72 = 219,52; 219,52 — 3/11 =
= 219,62 -0,27272... ~ 219,52 — 0,2727 = 219,2473 = 219,247. T1ponosxa-
eM Bbluncenus: 72,3 : 8,4 = 86071 ... ~ 8,607; 8,607 : 6 = 1,4345 ~ 1,434;
219,52 + 1,434 = 220,954: 2,1% = 9,261; 220,954 — 9,261 = 211,693.

Jlesnm uMcaMTeIb Ha 3HAMeHaTeJ b M U3BJIeKAaeM KBaJpaTHbIH KOPEeHb, MOJTy-
yast okoHuaTebHbIN oTBeT: 10,932 : 211,693 = 0,0516... ~ 0,052; (0,052)1/2 =
=+/0,052 = 0,2280... ~ 0,23.
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YnpaxHeHus

1. Bbiukc/iuTe H OKpyIIHTE J0 THICSUYHBIX cetylolue Beanunnb: /3, v/5, v/13, v/19.

2. CpaBHute CjeyiolIie Mapbl YUCEN, 3aMEHUB OYKBY «H» Ha HYXKHbII 3HAK HEPABEHCTBA:
‘ 2 1
a) 0,142816 u 0,142827; 6) V2 u v/3; B) - H \/;; r) V5 1 2,1421619.

3. Okpyrymre udcsia m U € JI0 ThICSUHBIX.

4. Peuwnre HepaBeHCTBO 3x + 7 > 0. 3anuuinte oTBET ¢ NOMOLIbIO 6ECKOHEUHOH MepHOAHUECKOH
JIeCATHUHOH Ipo0M, a 3aTeM OKPYIJIUTE €ro JI0 COTbIX.

5. BblnosHuTe yKazaHHble IEHCTBHUS, UCMOJb3YS CTAHAAPTHYIO (DOPMY 3alUCH YUCIa:
a) 375648 - 2970361; 6) 76580334 : 661; B) 1,24305- 107 - 4,21773294 - 10*,

6. Bblunc/nTe ¢ nMoMouIbio KaJabKyJsiTOpa BhipaxkeHue
1/2
(2,6 +9/8) : 6,37 — (2,44 — /4,637 - 8,1)

Mfu/l?fl‘l'?lf’l)

2,12 —

OKPYIJIsisl B KaxKJ10M ﬂeﬁCTBHH pe3yJbTraT 10 ThICAYHbIX. OTBer OKPYTJIUTE N0 COTbIX.

§7. IlpoueHThl

OpnHa cotasi 1o/1s1 Kakoro-Ju60 KoJiMuecTBa HasbiBaeTcs npoyermon. Ha-
npumep, ecau B ropoge N Bcero 300 cyneit, To 3 cyabn — 310 1%, 6 cyneit —
5710 2% W T. JL.

[Mpumep 7.1. Hekro yraun npuGsib B pasmepe 10 Musutronos pyoaeit. Kakyio
CyMMy HEIONOJIyuHM/I1a Ka3Ha, eCJId HaJor Ha NpuOLLIL cocTabser 22 %°?

PeweHnue. O6o3naunm uckomyio cymmy uepes x, toraa 10000000 py6aeii co-
crasasier 100%, a x py6aeit cocrabasier 22%. CocTaBuM NpONOpLHUIO:
10000000 100 10000000 - 22

e = 59 = 10000000-22 = x-100 = x = — 100 - 2200000.

Paanuuaror TPpHU TUIla 3aAa4y Ha MNPOUEHTHI. B 3ajayax I1epBOro Tuia OTHO-
HIeHHe ABYX UHCeJl BblpaxKaloT B IPOLEHTAaX. B 3ajlayax BTOPOro TuIla HaxoasT
Tpe6yeM0e KOJIMYECTBO MPOLUEHTOB OT HU3BECTHOI'O YHUCJa. HaKOHeLL, B 3ajlaydax
TPETbEro Tuiia UUIETCA YHUCJIO 10 3alaHHbIM HECKOJIbKHM €ro MpoLeHTaM.

[lpumep 7.2. B cyne pacecmorpeno 40 e, B TOM yucjie 5 M0 0OBHHEHHIO B
BopoBcTBe. CKOJIbKO MPOLIEHTOB MOCJEIHHE COCTaBJISIOT OT BCeX Jes?

Pewenue. Cocrasum nponopumio: 40 gen — 100%, 5 nen — x %,

40 100 5-100

Cdopmynnpyem oblilee NMpaBuIo: 4model HAlMU NPOYEeHmHoe OmHoule-
HUe nNepso2o 4UcAa KO 8MOPOMY, HYHHO pa30eaunb nepeoe wucio Ha 8Mmo-
poe u ymroacumo noayuennoe wacmnoe na 100%.
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[Mpumep 7.3. 3a oruérnbiii rox B parione 3apernctpuposano 1250 mpecryr-
Jennit, 16% M3 HUX COCTABJSIOT MpecTymJeHus B cdepe skoHomuku. Haiinure
UHUCJIO TAKUX TPECTYTJICHHH.

PeuieHne. OGo3naurm HCKOMOE YHCJIO Yepe3 X U cocTaBuM nponopiiuio: 1250
npectymiennit — 100%, x npecrynaenuii — 16%,
1250 100 1250 - 16

[TonyuaeM crenyioliiee npaBuyo: ©modsl HAUMU YKA3AHHOE HUCAO NPO-
UEHMOo8 0Mm 0AHHO20 HUCAQ, HYHHO pasdeiums 3adarnoe yucro Ha 100 u
YMHOINCUMb HA OAHHOE HIUCAO NPOYEHIMOB.

[lpumep 7.4. B 2002 romy B o6sactd N B pesysbrate JOPOXKHO-TPAHCIOPT-
HBIX TIpoMCLIeCTBHI norub.io 1748 uesosek, uto coctasaser 6,903 % oT obiero
yhcsia MocTpajaBIlMX BO BCeX MmpouciiecTBusii. Haiimure o61iiee umncesio nocrpa-
JIABLIHX.

Peuwenne. OGosnaunM uncsio Beex MOCTpajaBLIMX yepe3 X H COCTaBHM Mpo-
nopuuio: x nocrpanasnx — 100%, 1748 noctpanasmmx — 6,903 %,
X 100 1748 - 100

(718 = G003 = 0903 x = 1748100 = x = — ™ = 25322

CooTBeTcTBYIOIII€E MPABUJIO 3BYUHT TaK: 4mobbl HAUMU YUCAO N0 HeCKOAb-
Kum eco npouenmam (OQHHOU 8AUUUHE), HYHCHO YMHOMCUMb IMY BEAUUL-
Hy Ha 100 u pazdeaums Ha OAHHOE YUCAO NPOYEHIMOS.

Ha camom nese, uTo6bl HayuMThCS MPABUJILHO PelliaTh 3a/auk Ha TPOLEHTH,
COBepIIEHHO He 006si3aTesbHO 3aroMuHaTh (GOPMYJIMPOBKH MpaBu/. [1aBHoe —
NPaBUJILHO COCTaBUTh MPOIMOPLHMIO.

[Mpumep 7.5. B uverhipéx paiioHax 06JIaCTHOTO LIEHTPA 3apPerHCTPUPOBAHO 3a
roa cootBercTBeHHo 1819, 2289, 2070 u 1834 npectynienuti. [TpoueHT packpsbi-
BAaeMOCTH TIpecTyIJeHuid no pailoHam okazascst Takum: 70,3; 66,0; 66,6; 70,5.
HaiinnuTe npoleHT packpbiBaeMOCTH B 1IEJIOM 10 TOPOJIY.

Peuwenue. ITo ycioBuio B nepsom paiione 3apeructpupoBaro 1819 npecryrn-
Jennit u packpbito 70,3% 3THX npecTynyieHuil. 3HAUMT, MOXKHO HATH 4MCJIO
PacKpBITBIX MpecTymeHuid. DTo 3ajaua BToporo tHna. Mrak, uMcio packpbli-
TBIX TpeCTymJieHui B nepBoM patione 6yner 1819 - 0,703 = 1278,757 ~ 1279.
Haiiném uncesio packpbITbIX MpeCcTyIIeHHH U st Apyrux paioHos: 2289 - 0,66 =
= 1510,74 ~ 1511; 2070 - 0,666 = 1378,62 ~ 1379; 1834 - 0,705 = 1292,97 ~
~ 1293. Tenepb HalaéM uMCJO PaACKpPBLITBIX MPECTYMJEHHH BO BCEM Topoje:
1279 + 1511 4+ 1379 + 1293 = 5462. C npyroii cTOpoHbl, UMCJO BCEX 3ape-
TMCTPUPOBAHHBIX B FOpPOJIe MPeCTYIUVIeHHH 10 yCJOBHIO 3ajaauu paBHo 1819 +
+ 2289 + 2070 + 1834 = 8012, nosToMy NpOLEHT pacKPbIBAEMOCTH MpecTyrie-
5462 - 100%

— (o)
5010 = 68,2%. CpaBHUBas 3TOT pe3yJbTaT

HU# 110 ropoly OyleT paBeH
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C MPOLEHTAMHU M0 palioHaM, Mbl BUJIMM, UTO B N€PBOM H YETBEPTOM H3 HUX Jiesia
00CTOST Jiyullle, YeM 110 TOPOY B LEJNOM.

Crenaem BaykHoe 3aMeuaHue. Bo3HUKAeT MCKyllleHHe B3siThb B KauecTBe OT-
BeTa cpejiHee apudmernueckoe unces 70,3; 66,0; 66,6; 70,5:

70,3+ 66,0 +66,6 +70,5 2734

1 Y 68,35.

Kak Mbl BHAMM, 3TO 4YMCJO OTJMYaeTcs OT HaiaeHHoro Bbiwe. IIpun u3yueHuu
CpeHero apugmMeTHuecKoro Mbl 00bSICHUM, MOUEMY TOJIbKO MePBLIH cnocob pe-
LIeHUs SIBJISIETCS] BEPHBIM.

[Mpumep 7.6. Tabimua 3 comepxut aanubie 3a 2002 u 2003 rojbl 0 KoJHue-
CTBE COBEPIIEHHBIX MPECTYIJIEHUH U 0 XOJe CJEACTBUS M0 HUM. FI3BecTHO, uTO
[10JIOBMHA BbIHECEHHBIX TPHIO-
BOPOB — OOBHHHUTEJIBHBIE, MTPH-
. 2002 2003 uéM 52% wu3 uux B 2002 ro-
ny u 40% B 2003 romy npuse-

Ta6ma 3

Bcero npecrynienuit 5840 6720
TR 35 33 JleHbl B UcroJHenye. JlonojgHum
B cocTostHun onbsiHenust 2961 3262 yKasaHHylo TaGilLly JAByMs HO-
TpancnopTHbIX 1147 1310 BBIMU CTOJIGLAMH, COJIEpKALILH-
3asepiiero 3950 4590 MU [TPOLIEHT, KOTOPbIH COCTABJISA-
Bcero npHroBOpOB 3979 3816 10T COOTBETCTBYIOLIME aOCOJIOT-

Hble 3HAYeHHUs OT OOLLEro yucJa
npectymienni 3a 2002 u 2003
TOJIbI.

O6pabotaem nannble 3a 2002 roa. [To ycaoBHIO M0JIOBHHA BbIHECEHHbBIX MPH-
rOBOPOB — OOBMHMTE/IbHbIE, T03TOMY X OyreT 3272 : 2 = 1636. Haiiném 40%
OT 3TOr0 YKCJA W 3aMOJHUM MOCJEHIO CTPOKY BToporo crogbua: 1636 - 0,4 =
= 654,4 ~ 654 (uncJi0 MPUTOBOPOB HE MOXKET ObITb APoOHBIM). Terepb, MpUHSB
uncio Beex npectynienuii (5840) 3a 100%, Haitném, CKOJILKO IPOLIEHTOB COCTaB-
Js0T yncaa 35, 2961 u T. 1. (3agaua nepsoro Tuna). B pesysbrate noJyuaercs

O6GBHHUTEJBHBIX
HMcnosneno

Tabaula 4.
Tabnuua 4
Ton 2002 2003
Bceero npectynienuii 5840  100% 6720
TsKKUX 35 0,60% 33
B cocTosiHMHM ONbSHEHUS 2961  50,70% 3262
TpaHcrnopTHbIX 1147 19,64% 1310
3aBepiueHo 3950 67,64% 4520
Bcero npurosopos 3272 56,03% 3816
OO6BUHHUTEILHBIX 1636 28,01%

HcrosHeHo 654 11,20%
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YnpaxHeHus

1. Jlosanosnute Tabauiy 4 B KoJioHKax aanHbix 3a 2003 roj.

2. Hafiaure npoueHT pacKpblBaeMOCTH KpaX< M3 CKJIAJIOB H TOPTOBbIX TOUEK B LEJIOM [0 [OPOLY.
CBejieHHUs IO OT/E/IbHBIM paiioHaM MpeACTaBJ/eHbl B TAOJHULE O.

Ta6miua 5
Paiion Yueno kpaxx  TIpolieHT packpbiBaeMoCTH
3aBOJKCKHI 7 75,0
MoCKOBCKHI 69 41,9
[Tposierapckui 25 34,8
LleHTpaJibHbIH 29 13,3

§ 8. CuaoxHble NPOLEHTDI

MbI pacckaxkeM ceiuac ojiHy UCTOPHIO, KOTopasi pouaolilia B ropoje Jlpio-
KoBo. Ha kapre 3Toro ropona Het, Kak HEeT M APYruX, O KOTOPBIX Bbl y3HaeTe B
cJenytolMX naparpadgax. [eposiMu HalMX UCTOPHIT GYIyT CTY/IEHTbI, YAHOBHUKH,
GaHKUPbI, IOPUCTBI, MUJIULMOHEPHI, TPABOHAPYLIWTENN — JIIOJH, HAaXO/sI1I1ecs B
CaMbIX pa3HOOOGPa3HbIX OTHOILIEHUSIX C 3aKOHOM M 0011ecTBOM. C HX MOMOIIIbIO
Mbl OyJ1eM MOJIeJIMPOBaTh pas/iMuHble PABOBbIE KOJJIU3HH, MPECTaBJISIOLUIME HH-
Tepec i Oyaylux 0pucToB. 1is onucannsi BO3HUKAIOUIMX MPo6JeM Mbl OyleM
npHBJEKaTh NMPoCTeilline MaTeMaTHUECKHe METO/IbI.

Tax Bot, onHaxkapl Mailop 3umuH npunéc B JprokoBoyHHBepcanbaHK OnHY
ThiCSIUy pyOJiell U MOUHTEpPeCcOBaJICs, CKOJIbKO »Ke OyJIeT Y Hero Ha cuére yepes
Jecsith Jiet? B JIpiokoBe >KHUBYT MCKJIOUHTENLHO BEXKJHBbIE JIIOJH, 0COOEHHO
Te, KOTopble cJy>kaT B 6aHKax. OHU ObICTPEHbKO BCE MOJCUMTANM U COOOIIUIH
Maropy 3UMHHY CJIeylollee.

«ITo ucTeuennn roga 6ank HauucssieT Ha BKaAan 5%. [Tostomy uepes rox
K Baueit toicsiue pybueii no6asurcs 1000 - 0,05 = 50 py6Gaeit, u BKaan OyneT
cocraBsatb 1050 py6sedt. [To ncreuennu BToporo rofa K 3Toil cymme 106aBUTCS
ewé 5%, 1o ectb 1050 - 0,05 = 52,5 py6ueit. Takum 06pasom, yepes aBa roja
Ha Bauiem cuére 6yner yxxe 1050 4+ 52,5 = 1102 py6ssa 50 koneek. K koniy
TPETbEro roja. .. »

«Bce scHo!» — BockikHys1 Maiiop. OH Obla1 uesoBeKOM 00pa3oBaHHLIM H
cpasy moHsi1 cyTh nena. «Hepes rox moit Bkaaa Gymer 1000 + 1000 - 0,05 =
= 1000 - 1,05 py6.eit. Hepes aBa nosayuutest 1000 - 1,05+ (1000 - 1,05) - 0,05 =
= 1000 - 1,05 - 1,05 = 1000 - 1,05% py6uaeii. Uepes 3 roma Ha cuére Gyner
1000 - 1,05% + (1000 - 1,05%) - 0,05 = 1000 - 1,05% - (1 4+ 0,5) = 1000 - 1,053
pyOJeii, yepes 4 rona. .. »

«CoBeplIeHHO BepHO», — oTBeTH/H emy. «Uepes 4 rona Gyner 1000 - 1,054
py6.eii, a uepes 10 et — 1000- 1,059 py6aieit, To ecth 1628 py6aeii 94 koneii-
KH.» Mafiop GLICTPO IPOBEPUJ 3TOT PE3yJILTaT Ha CBOEM KanbKyaarope: 1,052 =
=1,05-1,05 = 1,1025; 1,05* = 1,1025% ~ 1,2155062; 1,058 = 1,21550622 ~
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~ 1,4774553; 1,050 = 1,058 - 1,052 ~ 1,4774553 - 1,1025 ~ 1,6288944;
1000 py6. - 1,6288944 = 1628,944 py6. ~ 1628 py6. 94 Kor.

Matiop 3UMHUH ocTaJjicsi 10BOJIEH MEPCTEeKTUBON U pellns e€ yayullluTb —
C'be3/UJ1 10MOH U NMpHBE3 ellé ofHy Thicsiuy pyoOseit. OH Jierko nojacuural, uTo
yepes 10 siet y Hero Hakonutes 2000 - 1,62288944 py6. ~ 3257 py6.89 Kon., u
TYT 2Ke 3ajlyMaJjicsi: CKOJIbKO Y Hero Hakonuiaoch Obl uepe3 20 jiet? Pagmbliiisisi
006 3TOM, Mailop SUMUH OTKPbII hOPMYAY CAONHCHOLX NPOYEHMOB: eCAU HAUANb-
noitl 8xk4a0 pasen A, a 8 Konye Kandoeo eoda bank nauucasem p %, mo
yepes t aem geauvuna skrada (0603nauum eé Ay) 6ydem

At:A~<l+%>t

~
~

~

~

20
3Hauur, uepe3 20 siet y Hero Ob10 661 2000 - (1 + 1(5)0> = 2000 - 1,05% =
=2000-1,05'%- 1,05'% ~ 2000 - (1,6228944) ~ 5267 py6. 57 Kor.

Beuepom 3uMMH paccKkasas 0 CBOEM OTKPBITHM COCEACKOH Galylike. Jra
6alylika oueHb yBaxkaja CepbE3HbIX MYKUMH, TOTOMY CJIElyIOLIMM YyTPOM OHa
noexaJjia B 6aHK W MOJI0XKUJA (HA YEPHBIN JIeHb) NAThIECAT pybJieH.

Y 3TOll MCTOPUM MOJYYHIOCH MHTEpecHoe npojo/keHue. Kenasi npusmieub
noGoJiblile BKIaUHKOB, [IplokoBoyHHBepcanbaHK cTajl HAUUCASTh MPOLEHTH! Ue-
pe3 Kaxjble nosrofa. Ho, uTo6bl He ocTaBUTh ceOSl B JypaKax, OH YMEHbIINJ
MPOLEHTHYIO CTaBKy BIBoe, caenas eé 2,5%. [TosTomy mocsie nepsoro HaumcJie-
HHUs1 (TO eCThb uepe3 MoJirojia) BKJIaJ cTaHoBUTCS paBHbIM A - 1,025 pybuieil, nmocJie
BTOPOTO, TO ecThb uepes rox, — A -1,025? py6aeii u 1. 1. [1pu Takux npoueHTax y
Mailopa 3MMHHA uepe3 rojl Ha cuére okasaJsoch Obl HEMHOro GoJiblile, 8 UMEHHO
1000 - 1,025% ~ 1050 py6.ieir 62,5 xoneiikn, a ne 1050 py6ueii, Kak paHblie.

Ho tyr konkypupytouwmii 6ank «IIpouperanue» oObsIBUI, UTO HAYHUCJSET
MPOLIEHTHI M0 UCTEUEHHH Kax<I0ro KBapTasia B pasmepe 1,25%. B takom cayuae
uepe3 roj cymMMa BKJaja Mailopa 3MMMHA OKasasach Obl eLl€é HEMHOro 00Jb-
we: 1000 - 1,0125% ~ 1050 py6aeit 94,5 koneiiku, a 50 GaGyLIKUHBIX py6Jeit
BbIpOC/N Obl 32 roa 10 52 py6. 55 kor. OxHako JpiokoBoyHHuBepcasiOaHK, He

5
KeJlast TepSATb BKJIAAYUKOB, PEUIHJ HAYUC/IATL €2KeEMECSIUHO E %, 4TO uepe3 roja

12
npuBoauT K cymme A - [ 1 + —— oJtent!
Torna 6ank «IIpouseranue» 0OBSABUA O HAYUCJAEHUH MPOLEHTOB KaXKIYIO

)
HEeAEJNI0 B pasMepe @% COOTBETCTBEHHO, MMO3TOMY B KOHUE roja y BKJaAdHKa

’

o2

3a KOllIeJIbKH BKJIAAUHUKOB ﬂp}OKOBoyHI/IBepCaJIGZIHK nepemé.n K €XeIHEBHOMY

52
oKasblBaJsiach ellé GoJbluas cymma: A - (1 + > py6Jiedd. B nblty 60pb0bl

’

365

HAUMCJICHHIO JI0JIU %, Ha uTo pasropsauéHHoe «[IpouBeTanue» OTBETHJIO
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5
e>KeyaCHbIM Ha4yHuCJIEHHEM I10 % A), Toraa. ..

B o6uem, 6opbba npoaoskanack. [loausaras 6aHkaMu lymMuxa cTaja ajsi
HUX XOpOILEH peKJaMoH, U K HUM MOTSHYJUCh KJueHThl. Jlupekrop 6aHka «Jlpa-
KOH» MOJlyMaJl O TOM, KaK eMy BMelIaThCsl B 3TO COCTsI3aHHe U BBIUTpaTh ero. OH
MOPYUYHJI CBOEMY IOPUCTY pa3oOpaTbcsi B 3TOM JeJie, U TOT pPacCylus NPUMEPHO
TaK.

Bynem cunraTh 1/ NPOCTOTHI, YTO HauyaJbHbIA BKJaL cocTabJser 1 pyOib, U
HAUKMCJIeHHe WJIET 1 Pa3 B rojl Kaxpblil pas no 1/n py6as. O6osuauum uepes B,
CYMMY, HAKOIMBILYIOCS B KOHLE rojia. [ [pn pasimuHbIX 3HAUEHHUSIX 1 110J1y4aloTCs
cJIe/lylolHe CyMMBbl:

1\ 1\? 1\* 1\"
Bi=(1+~) ,Bo=(1+=) ,Bs=(1+=),...,B,=(1+=) .
1 2 3 n

[Tocko/ibKy tOpHCT M3yyaJ B By3e MaTeMaTHKy, OH Cpasy BCIIOMHHJI, YTO
6ecKOoHeuHast MoCae/I0BATEIbHOCTD YHCEJ, KOTOpasi MoJlyuaeTcst TakuM 00pasom,
uMeeT npesen e = 2,71828... — To camoe 3ameuaresibHOe MppalMHOHAJIBHOE
YMCJI0, O KOTOPOM Mbl C BaMH FOBOPHJIH B §5.

3uauuT, Kak Obl JIplokoBoyHuBepcanbank u 6ank «[IpouBeranue» Hu cTapa-
JIUCh POOUTH MPOLEHTHYIO CTaBKy M MEepHOJl HAUUCJEeHHUs], BKJIal, camoe 00Jb-
liee, MOXKET YBeJMUUTbCSl 3a roj He OoJiee ueM B e pas! M npuuém TosibKo B
TOM cJlyyae, ecjii HauucseHue OyaeT UATH HerpepbiBHO. CieloBaTesbHO, UTOOb
000HTH KOHKYPEHTOB, HY?KHO TIPEJIIOKUTh TaKyl0 CXeMy HauHCJIeHHs TPOLIEHTOB,
KoTopasi aBaJsia Obl yBesJMUeHHe BKJaAa 3a rojl 6oJibliie, UeM B e pas, Halpumep
B 2,8 pasa.

B 3akJ/itoueHHe 3aMeTHM, UTO 3a/laul Ha CJI0XKHbIE MPOLEHTbl MOXKHO BeCbMa
shekTHBHO pewaTth Ha KommbioTepe. [Ipu 3TOM caemyer mosb3oBaThes JHG0
CUCTEeMaMH KOMIbIOTEPHOH aJsreOpbl, ONUCAHHBIMU B CJeylollleM naparpade,
160 3JIeKTPOHHBIMU TaOJUIIAMH, 3HAKOMCTBO C KOTOPBIMH COCTOUTCSI B KOHILle
TpeTbel I/1aBbl.

YnpaxHeHus

1. Tloxcuuratite, CKOMLKO JieHer GyeT y 6a0ylKU — COCeJKH Mailopa 3UMUHA — Ha cuéTe uepe3
CTO JIET, €C/I OHA MOJIOXKUA (Ha uépHblii aeHb) 50 py6ieil, a 6aHK exxeroano Hauucaser 5%.

2. Haiinure, kakoll 10/KHA OBITh €3KerojHasi MPOLEHTHAs! CTAaBKa, YTOOBI 3a 3 roja MPOUCXOIUI0
yABOEHHE BKJIAZA.

§9. Cucrembl KOMNbIOTEPHOI aaredpbl

Cpenu MHOXKeCTBa KOMITbIOTEPHBIX MPOTPaMM 0co60e MECTO 3aHUMAIOT TaK
Ha3blBaeMble CUCTEMbl KOMITBIOTEPHOH aJjreGphl, MO3BOJISIIOLIME TPOU3BOAUTD
pasJ/iMuHble MaTeMaTHUeCKHe BbIUMCJEHHS KaK B UMCJIOBOM, TaK U B CHMBOJIb-
HOM BHjle. DTH MPOrPaMMbl SIBJSIIOTCS, 10-CYILECTBY, BOJILIEOHBIMU «aJ0YKAMHU -
BbIpyUaJlOuKaMH» MPH MPOBEIECHUH CJI0KHbBIX WU TPYALOEMKHUX BblurcaeHuid. OHu



§9. Cucrembl KOMNbIOTEPHOU aaredpPbI

31

o6J1afiatoT KOoJIOCCAJbHBIMH BO3MOXKHOCTSIMH, 3HAUUTEbHAS YacTb KOTOPBIX HC-
MoJib3yeTcs MpoeccHoHalbHbIMA MaTeMaTHKaMH.

Mwmenno na1s o6seruenus Tpyna npoeccHoHasoB TaKue MporpaMMbl U ObLITH
CO3/1aHbl H3HAYAJIbHO: B COOTBETCTBUH C 3a/laHHEM TPOrpaMMbl CaMOCTOSTENbHO
NPOU3BENYT Bce HEOOXOUMbIE BbIK/IAAKK U HarleyaTaloT OTBET, Ha MoJydeHHe KO-
TOPOTO «BPYYHYIO» UEJOBEKY MPULIIOCH Obl MOTPATUTh AOJTHE Yachl WM JaxKe
rozpl. OIHAKO CUCTEMbI KOMITBIOTEPHOH a/reOpbl MOTYT C YCIIEXOM HCMO0JIb30BATh
He TOJIbKO MaTeMaTHKH, HO H JIIOJIM HHbIX TIPOdecchi, B HaCTHOCTH 0pUCThI. Jliist
HHUX BaXKHO TO, UTO 3TH MMPOrpaMMbl [MO3BOJISIIOT aBTOMAaTH3UPOBATh MpPOCTeMLLIHe
JIeAICTBHSI HaJl UUCJAMH, C UX MTOMOLIBIO MOYKHO CKJIaJbIBATh OOBIKHOBEHHbIE APO-
64, pellaTb YpaBHEHHUS], BbIUMCISATL CJIOXKHbIE TIPOLIEHTHI. . .

CylllecTByeT HECKOJIbKO PAa3HOBUHOCTEH MOJOOHBIX TPOrpamMmM, Kak cBoOO1-
HBIX, TaK M MPONPHETapHbIX (TPeOYIOLLMX MOKYMKH JHLEH3HH HA UCTO0JIb30BAHHE).
Mkl ocTaHoBUMCS Ha cBOGOJHON CHCTEME KOMITbIOTEpHO# anrebpel Maxima, Ko-
TOPOH BIOJIHE JAOCTATOYHO ISl MJIIIOCTPALMK HALIMX TIPUMEPOB.

Eué pas noauepkHém, uTo B OTJIHUME OT KaJbKyJATOPOB U O(PUCHBIX KOM-
NbIOTEPHBIX porpaMm cucteMa Maxima crnocoGHa BbIOJHATH TOUHbIE BblUMCIIEC-
HHUs1 HaJl APpoOSIMH, OMIepUPOBATh C YMCJIAMHU, COAEPKAUIUMU CKOJIb YTOJAHO MHOTO
undp, paboTath ¢ CUMBOJIbHON MHpopMauuei. B sTom naparpade Mol pacecmoT-
pPUM TOJILKO CoJiep:KaTesbHble MOMEHThI paboThl ¢ mporpammor Maxima, a Bce
TeXHHUECKHE JeTaju (3amycK MPOrpaMMbl, UCMOJAb30BAHHE MEHIO M T.T1.) OTJIO-
JKHM J10 YeTBEPTOM IvIaBbl.

B §1 mbl BcriomuHa/M, KaK pack/ablBaTh HATypaJbHOE YHUCJO Ha MPOCThie
MHOKUTesH. [I1s1 petenus aTol 3a1aun pakTopudaulu (0T aHIIMACKOTo cJoBa
factor — mHoxHTesb) B MporpaMmme Maxima cyiiecTByeT oMHOUMEHHAS (DYHKIIUS
factor. 3ameTHM, 4TO Ha3BaHUsl OOJBIUIMHCTBA (PYHKLMI yallle BCEro sIBJSIOTCS
ab6peBHaTypaMH COOTBETCTBYIOUIUX AHIVIOSI3bIUHBIX TEPMHHOB.

[Mpumep 9.1. Paznoxkure Ha MHOKHTEH yrco 420.

PeweHue. Boinosinenne komanabl factor (420) HeMeIIEHHO MO3BOJISIET M0J1Y -
uuTh 0TBET 22-3-5-7 (6e3 ToueK MexIy coMHOKuTeasaMH). Ha puc. 3 uso6paxén
BHELLHWH BUJL OZIHOH U3 rpaduuecknx obosiouek mporpamMmmbl Maxima. Pasnoxe-
Hue 60sb11ero uncaa 2073456 Takke noJsyyaercst 3a HEYJOBUMBbIE JIOJIH CEKYHIbI:
2t.32.7.112 .17, a Bor sl (hakTOpU3allMKM HE TAKOTO YK W OOJIbIIOTO YHC-
Ja 63125735123875127835 Ha KoMMbloTepe ¢ TaKTOBOH YACTOTOM rpolleccopa
Pentium IV, paBuoit 2.4 Ghz, TpeGyercsi noutu 45 ceKyH/I.

Mesky MpoOuMM, KPHUNTOCTOHKOCTb'* anmroputmoB mudpoBanus, 0 KOTOPhIX
y2Ke YIIOMHUHAJIOCh Bbillle (CTP. 2), 0CHOBaHA HMEHHO HAa HEBO3MOXKHOCTH GbICTPO-
ro pasJioxKeHHust Ha MPOCTble MHOXKHUTENH 60JbIIMX uhces. OTMETHM, UTO C MOMO-
1bIO TporpaMmbl Maxima MoKHO pacKJ/aJblBaTb Ha MHOXKHTEJH HE TOJbKO UHC-
J1a, HO M CHMBOJIbHBI® BbIPayKeHUsl. MI3BecTHas BaM U3 KoLl hopmy.ia x2—a® =
= (x — a)(x + a) JierKo noJjiyyaeTcsi C MOMOUIbIO KoMaHabl factor (x~2-a~2).

MK punTocToliKocTh XapakTepuayer ypoBeHb 3allMIIEHHOCTH a/IFOPHTMOB IHPOBAHHS HHDOP-
MaUMH OT MOMbITOK HECAHKUHOHUPOBAHHOTO «B3JIOMa>».
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mymath.tm
Qaiin PemaxtupoBars BeraButes Teker Popmar Hoxyment Bung Ham Hucrpywmentm [lomoms

FAHdEeaX s BERDRDE Dasarm

o l— GT—

HiZE—|ESVSNaFY

(C1) factor(420) -

(D1) 22357 =
I~ ] [
0bmp#i maxima TexcT pyccrmii 10 mepes ¢ maxima 10 yMOI4aHHIo

Puc. 3

B Maxima yno6Ho BbITIOJIHATH JEHCTBHS HaJl MPOCTHIMU JPOOSMH, KOTOpble
3amMUChIBAOTCST B Hell 06biubbiM o6pazom: 3/5, 101/102 u 1.n. Cioxenue, Bbi-
YUTaHHE, YMHOXKEHUE U JejieHre NpoOeldl 0003HAUAIOTCS CUMBOJIAMU «+», «=»,

11
«#» U «/» (cas1) cooTBeTcTBeHHO. Hanpumep, cymma 5 + 3 + — 3amuchbiBaeT-

1y 2 1
cd B BUae 1/2+1/3+1/6, a noacuutaTh Bhipaxkenue | 1 — 3371 MOKHO C

noMolblo KoMauapl (1-1/8)*2/3-1/4.
B §3 MbI CTONKHYJIHCH C TeM, UTO OOBIUHBIH KaJbKYJISTOP He MO3BOJISIET CPaB-
HUTh ipo6u 3/13 u 2307692/9999999. B Maxima nogoGHbIX Mpo6JieM He Cylile-
1

CTBYeT: KoMaHaa 3/13 - 2307692/9999999 naér pesyJbrar OTKY-

) 2307692 129999987’
fla CJelyeT HepaBeHCTBo o 9999999. A s ynpoteHust Bblpazkenusi v/ 420
MOKHO BOCIOJIb30BaThest yHKumel sqrt (o1 SQuare RooT — kBanmparhbiii

KOpeHb). BuimosiHenne komanabl sqrt (420) NPHBOAUT K Bhipaxkenuio 2v/105.

Jlnsi o603HaueHus1 onepald BO3BEJEHHUS] B CTENeHb HCMOJb3YETCs] CHMBOJI
«™», ¢ TIOMOILBIO KOTOPOTO MOXKHO Haiith 2° (Komanna 2-3), 41/2 = /2 (koman-
na 4~ (1/2)) nu 24*° (komanna 24~40). B nocsennem ciyuae Maxima npakti-
YecKH MIHOBEHHO HareyaeTr OTBET

16160309291565740657279117440900958232530295124578533376 .

[Mpumep 9.2. Haiinure 120!

Peuwenue. [list Boiunciennsi hakTopuasa HCMOJb3yeTCsi CTaHAapTHOE MaTeMa-
THYeCKOe 0003HAUeHHE — CHMBOJI BOCKJIHMLATENBHOIO 3HAKa IOCJ/e Yuc/a, Mo-
3TOMY KoMaHJa 120! MPUBOJUT K OTBETY, KOTOPHIH 3aHUMAET HECKOJBKO CTPOK:

66895029134491270575881180540903725867527463331380298\
10295671352301633557244962989366874165271984981308157\
63789321409055253440858940812185989848111438965000596\
4960521256960000000000000000000000000000.
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Urto6bl npeobpazoBath MPOCTyIO ApoOb B AECATHUUYHYIO WJIH MOJYYHTh UMC-
JIeHHOe 3HaueHHe TOro WJIH MHOTO CHUMBOJIBHOTO BbIpaxKEHHsl, CJe/lyeT BOCMOJb-
30BaThCsl KOMaHA0H numer. OTMETHM, UTO [P 3ATUCH AECATHUHBIX Apobel B
cucreMe Maxima sl oTaeseHust ApoOHOH 4acTH MCHOJb3YeTCsl CHMBOJ «.»
(Touka), a He 3ansTasl.

JInst HaXoxKIeHHs TIPUOTMAKEHHOTO 3HAUeHHs /2 cJlelyeT BOCMO/Ib30BaThCS
KOMaHIo# sqrt(2) ,numer, pesyabratoMm kKoTopoil Oymer 1.414213562373095.
[TonyueHublit oTBeT copepxkutT 16 3Hauauwmx uudp. Ecan tpebyercsi 6osbiuas
TOYHOCTh, TO MPUMEHSIIOT KoMaHy bfloat, NpeaBapUTe/NbHO YCTAHOBUB KOJIMYe-
CTBO 3HaUallMX LUM(pP ¢ NMoMollblo NepeMeHHol fpprec.

Mpumep 9.3. Haiimure 60 BepHbIX 3Hauammx uudp uncaa v/3.

PeweHue. Chauasia cieyer ¢ nomolibio Koman/pl fpprec: 60 yCTaHOBHTH Tpe-
OyeMyl0 TOUHOCTb BbIYMCJIEHHH, a 3aTeM BBeCTH KomaHay bfloat(sqrt(3)).
OTBeT BBIBOJUTCS B 3KCMOHEHIMAIBHOU dopMe (cM. §6):

1.732050807568877293527446341505872366942805253810380628055807B1

CumBoJ1 B1 B KOHLLe 9TOH 3aMKUCH 03HAUYAeT, UTO YHUCJIO, CTOSILLEE Mepel HUM,
ymHokaeTes Ha 10 B crenenun 1. Otmerum, uto Maxima He oTOpachiBaeT «JIMLI-
HUEe» LUGPBL, a OKPYI/IseT uuc/a 10 TpebyeMoro KoJnuecTBa 3HaKoB.

CucTeMbl KOMIBIOTEPHOH anrebpbl yMElOT peluaTh ajarebpavueckue ypaBHe-
Hus obuiero Buaa (cm. ypasHenue (3) uz §4). B Maxima 310 moxHO crenath ¢
NoOMOLbI0 (PYHKLHH solve.

Mpumep 9.4. Peunte ypasuenue ax? 4+ bx + ¢ = 0.

Pewmenune. Xopoiio ussecthbie dopmysbl (4) u3 §4 Jierko HaxoasaTcsi Mpo-
rpammoil Maxima, ecsin 3anaThb KoMmanay solve(a*xx~2+b*x+c=0, x). DyHK-
1usl solve MMeeT JBa MapameTpa: ypaBHeHHe, KOTOPOe Mbl XOTHM peLUUTb, H
nepeMeHHyI0, OTHOCUTENLHO KOTOPOH pelliaetcst ypaBHeHue. Eciiu B ypaBHeHUH
MMeeTcs JIMLb OJHA CHMBOJIbHASI TepeMeHHasi, TO BTOPO# NnapameTp (QyHKUHH
solve MOXKHO OMyCTHTb. Pelienns ypauenus x2 = 2, HarpuMep, MOKHO TOJTy-
UUTh C MOMOLIbI0 KOMaH/bl solve (x~2=2). B 3ToM ciyuae oTBeT OyjeT BbliaH

B CHMBOJIbHOI hopme: |x = —V/2, x = \/ﬂ
Jlna nosnydeHusi NpUOJHKEHHBIX 3HAUEHUH KOPHEH ypaBHEHWH MOXKHO BOC-

noJib30BaThCsl KoManaoi allroots. Hanpumep, komanma allroots(x~2=2)
npuBenéT K otBety [x = 1.414213562373095, x = —1.414213562373095].

[Mpumep 9.5. Haiigure 40 BepHbIX 3HAKOB uHcJIa .

Pewenue. B nporpamme Maxima unc/io 7 3anMcbiBA€TCS Kak %pi, a 4ucjio e —
Kak %e. JlJist mosiydeHust ux npuOJHAKEHHBIX 3HAUEHHH C HYXKHOH CTeNeHbIo TOUHO-
CTH MOXKHO TaKKe MCMO0Jb30BaTh KoMaH bl fpprec u bfloat. [Tocse ycTaHOBKU
HY»KHOH ToyHOCTH (fpprec:40) 3anaaum Komanay bfloat (%pi) | Halaém, yto
m &~ 3.141592653589793238462643383279502884 197.
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Kak oTmeuasioch paHee, unc/ia ™ U e MOXKHO 3anucaTb B BUJe paaoB. Berno-
MHHUM hopmyJly, Npeyioxkernyio JlefiGHnem:

BosmoxkHocT Maxima He 6e3rpaHHuHbl U J0Ka3aTh GopmyJay JlelibHuua e He
noj cuay. OJIHAKO OHAa MOYKET BBIUMCJUTL CyMMY JII0OOr0 UKCJ/a cJlaraeMbiX, TO
ecTb HaUTH Yucsio 7/4 ¢ JoGoi TpeGyeMOH CTEMeHbI0 TOUHOCTH.

[Mpumep 9.6. I[Tposepbre BoinoHeHHbIE B §5 BBIK/IAIKH, BHIYHCJIHB CYMMY T1€p-
BBIX UETHIPEX U MSATH YJIeHOB psija (D).

Peuwenune. Komanma sum ijist HaX0xK/JI€HHsT CyMMbI HECKOJIbKHX 3aJ@HHBIX CJla-
raemMblX psiia UMeeT ueTblpe napameTpa: opmyaa, 3anatoiasi o0l ujieH psi-
Jla; TiepeMeHHasi, 0 KOTOpPOH BEAETCS CYMMHPOBAHHE; HAayaJbHOE M KOHEUHOe
3HaUYeHUs 3TOH nepeMeHHOH. B naHHOM cJjyuae KOoMaHJa 3alucbiBaeTcsl B BH-

ne sum((-1)"n/(2*n+1), n, 0, 3) uau sum((-1)"n/(2*n+1), n, 0, 4).
76 263

ECTGCTBQHHO, KOMIIbIOTEP BbIAACT T€ 2K€ pe3yJ/ibTaThl, ﬁ H %

YnpaxHeHus

1. PazjioxkuTe Ha MpocTble MHOXKUTENMH uncaa 123456, 12345678, 12345678910, 1234567891011,
1234567891011121314 u 12345678910111213141516.

2. Pas/ioxuTe Ha MHOKHTE/U Bbipaxenue xo — 1.

3. Haiinure HaubosbIni 0OLUIMH AeNUTeb CIeAyloNmX nap yncest: 12345 n 123456, 1234 u 4321,
777777 v 333333, 102448 n 10241024.

1 ) b) 1 3
131 — QE — 106) -230% +461

3 10 1 2

5. Haiinure npu6bmxénHble 3HAUEHHST U EPHOJIBI CJETYIOUINX JECSITHUHBIX APOOeit:

L4 1+45, 1+425
7723 \7"23)° \7"23)

6. Haiizmre secsitnunylo 3amuch uncaa v/2, cogepakaryio 500 BepHbIX 3HAKOB.

4. TlpousBenute yKaszaHHble NeHCTBUS:

7. Pemmre ypasHenne x> — 7x +6 = 0.
100

| 1 1 1
8. Haiigute cymmy 100 nepBbix unieHoB psina (6): e ~ Z ] =1+ T + B + 3 +...+ Toor”
o ! ! ! !

CKOJIbKO BEPHbLIX 3HAKOB 4HCJa e HOJIy’-II/IJIOCb?
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Nudopmauus
U KOMIIbIOTEP

[Tousitue unghopmayuu urpaet B uudopma-
THKE CTOJIb K€ BaKHYI0 POJib, KaK U TIOHSITHE
uhcsia B Mmatematuke. Mudopmatnka (computer
science) M3yuaer CBOHCTBAa HH(OPMALUH, a TaK-
JKe CrocoObl MPeICTaBAeHNs], HAKOMJIEHUS H 00-
paGoTKK MH(OPMALIUK C MOMOLIBIO TEXHHUECKUX
cpenctB. VIMeHHO 1M03TOMY H3yuyeHHe TeopeTHue-
CKHMX OCHOB MH(OpPMATHKH Mbl HauHéM ¢ 00cCy-
JKJIEHUS TIOHATHS HH(OPMALKH.

Xorst TeopeTHueckasi HHPOPMATHKA BO3HHK-

YenoBeK U nHdopmauus

§1.

Jla JIOBOJILHO JIaBHO, CBOIO CETOJHSALIHION 3Ha-
YUMOCTb OHa mpuobpena 3a nocnennue 10—20
set. OCHOBHAsi NPUYKHA 3TOTO sIBJeHUsT — Oyp-
HOE Pa3BHUTHE TEXHOJOTHUECKOH 0asbl M, MpexK-
Jle BCero, KOMMbloTepoB W cered. TosbKo M-
POKOE pacrpocTpaHeHHe BbICOKONPOU3BOUTE b=
Hbix DBM, coefMHEHHBIX GLICTPLIMU KaHajaMu
oOMeHa MH(opMaLMell, MO3BOJIHJIO UeJOBEUECTBY
BCTYMUTb B HOBYIO 310Xy — 30Xy HHDopma-
LIMOHHBIX TEXHOJIOTHH. B 3Toil riiaBe Mbl mo3Ha-
KOMMMCSI C OCHOBHBIMH MOHSATHSIMH TeOpeTHUe-
CKOH MH(OPMATHKH, MOTOBOPUM O KOMIbIOTEP-
HOM «KeJiede» W KOMIbIOTEPHbIX Mporpammax,
00CYIUM OCHOBHbIE BO3MOXKHOCTH COBPEMEHHbBIX
MH(POPMAIIMOHHDBIX TEXHOJIOTHI U OTMETHM T€ W3
HUX, KOTOPble HEOGXOUMBI JIIOOOMY FOPUCTY.

TepmuH «uHDOpPMALKs» TPOUCXOJHT OT JJATHHCKOTO CJI0Ba informatio, o3Ha-
Yakollero pa3bsicHeHUe, U3JI0XKeHHe, 0CBEIOMJIEHHOCTh. MIH(opMmalmio Mbl epe-
JaéM JIpyr Apyry B YCTHOH M MUCbMEHHOH (hopMe, a TakKe B (opMe KeCToB
¥ 3HakoB. JI106yI0 HYXKHYI0 MH(DOPMALMIO Mbl OCMbIC/MBAEM, NepeaéM JIpyrum,
Ha e€ OCHOBe Jle/1aeM OrpeJlesieHHble YMO3aKJ0UeHHsl. YHUBepcalbHOe orpeie-
JieHre MH(pOpMalMK aTh BeCbMa 3aTPyIHUTENbHO, XOTS TO MOHSATHE SIBJSETCS
OJIHMM M3 OCHOBHbIX B COBPeMeHHOH HayKe. Ero c/10:KHOCTb, MHOTOMJIAHOBOCTD,
IIMPOTA MPUMEHEHHST U ObICTPOE Pa3BUTHE OTPAXKAIOTCS B MOCTOSIHHOM TOsIBJIE-
HHUM HOBBIX TOJIKOBAHMH TEPMHHOB «HH(OpMaTHKa» U «UH(opMauus». Mmeercs
MHOTO onpeJesieHui HHpopMauuu, ot HauboJee 0611ero, PuIOCOPCKOr0 — «HUH-
hopmalus ecTb OTpaxKeHHe peasibHOTO MHUpPa» — JI0 Y3KOTo, TPAKTHYECKOro —
«HUH(OpPMALHUST €CTh BCE CBEJEeHHMS, sIBJsIOLIMECs 00BEKTOM XpaHeHHus], epeauu
1 IpeoOpa3oBaHUs».

Tepmun ob6pabomka urgopmayuy NOSIBUICS COBCEM HeJaBHO, XOTsl 0Opa-
6aTbiBaTh HH(OPMALIMIO JIIOJM Havadu el B JipeBHUE BpeMeHa. Torma w3 mo-
KOJIEHUsl B TOKOJIeHHe MH(popMalus rnepeiaBajach YCTHO. DTO OblIH CBEJCHHS
0 MpodeccHoHabHBIX HaBbIKaX: MPUEMax 0XoTbl, 06paboTKe 06BN, Coco6axX
3eMJle/lesiust U T. 1. 3aTeM MH(OpMaLHIO CTasl (PUKCHPOBATh B BUJIE rpaduecKuX
06pa3oB okpyxKatolero Mupa. [lepBbie HacKasbHble PUCYHKH, H306paxKatolime
YKUBOTHBIX, pPaCTeHUsl W JitoJied, nosiBuiuch rnpumepHo 20—30 Thicsiu JieT Ha3ajl.

Co BpemeHeM MoOsIBUJIACh MUCbMEHHOCTh — 0oJiee COBPeMEeHHbIH crnocob
(huKcupoBaHusl U nepenaun uHpopmauuu. Ha yém Tosbko moan He nucanu! B
WMHnun — Ha najbMOBBIX JIMCTbSIX, B BaBW/IOHe — Ha MVIMHSAHBIX MJMTKAX, Ha
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Inapa 1. Undopmauus u KomnbloTep

Pycu nosbzoBanuch 6epectoil. [TMcbMeHHOCTb SIBU/IaCh HOBBIM LLIAroM 4eJioBe-
yecTBa B 00J1aCTH CO3/IaHUSI CPEJICTB XPAHEHHUs U nepeaul MHpOopMaLyH.

CJ/ielytollMM PeBOJIIOLIMOHHBIM SIBJICHHEM B 3TOH cdepe crano u3odpereHue
MeyaTHoro CTaHka, 6Jarojapsi KOTOpoMy MosiBUJach KHUra M, Takum o0pasom,
CTaJI0 BO3MOYKHBIM MaCCOBOE THPaXKUPOBaHHE 3HAHUH, 3a(DUKCHUPOBAHHBIX HA Ma-
TepHaJbHOM HocHUTesle. BO3HUKJ/N MOTOKH KHHT, KOTOPbIE, CJAMBAACh C MOTOKAMH
TeXHUUECKOH JOKYMEHTAUH U MHOTOTOMHOH CIPABOYHOU JIUTEpaTypou, o6pa3o-
BaJIM OKeaHbl HH(pOPMaLUH.

st c6opa, nepepaGoTKH U pacnpocTpaHeHust HHQOpPMALMK CO3/1aBaTUCh U3~
JlaTe/1bCTBA M TUNOrpauu — poan/ach UH(MOPMALMOHHAS TPOMBILLJIECHHOCTb.
[a3eThbl, KypHaJIbl U IpyTHe U3[aHUsl, BblycKaeMble GOJbIIMMHU THPaXKaMH, 3aua-
CTYI0, KpOMeE 10J1€3HOH HH(OPMaLMH, 00PYILIMBA/IN HA UeJoBeKa OTPOMHOE KOJIH-
4eCTBO M HEHYXKHbIX, Oecrosie3HbIX cBefleHuH. [1as1 o603HaueHHsT TaKUX JIMILHUX
CBEJICHUH MpUAyMaJii Jlaxe ChelradbHbli TePMUH — HH(OPMALMOHHBIH LIyM.
[TomuMo neyat MosIBUJIMCHL M JPyrHe Cpe/icTBa MaccoBOH MHpopMaUuuu — pa-
JIMO W TeJIeBUJIEHHE.

B TeueHue nocseIHUX CTOJIETHI rOCY1apCTBa MOCTOSIHHO BOEBAJIH JAPYT C ApYy-
rom, 4to Tpe6oBaJso UHPOPMALMK O BOEHHOM MOTeHIIMae MPOTUBHUKA. E& 100bI-
BaJ/IM, HalpuMmep, ¢ NMOMOLLbI0 pa3BelunkoB. Co BpeMeHeM 0CTPO BCTaJs BOIMPOC
0 3aluTe UHPOPMALMK OT YTEUKH B MocTopoHHHe pyku. Ctanu paspabaTbiBaTh
MeTO/Ibl KOJIMPOBAHUSI M cr10coObl OLICTPON M 6e30MacHON NepechIKH HHpopMa-
M.

Cefiuac KHMra y>ke He OTBeUaeT BO3POCIIUM TpeOOBaHUAM 00LIEeCTBa, TaK Kak
SIBJISIETCS] HEYIOOHBIM, CJI0XKHBIM, IOPOTHM, a IJIaBHOE «MeJJIeHHbIM» HOCHTEJIeM
nHdopmaumu. Komnblotepsl, sIBJSIOLINECS PEBOJIOLHMOHHBIM H300peTeHHeM XX
BeKa, MPeloCTaBUIM He TOJNbKO HOBble HOCHTENM HH(OPMALIMK, HO U CPEACTBA
eé o6paGoTki. B cOBOKymHOCTH ¢ JIMHUSIMM CBSI3M (MPOBOJHAS CBS3b, PajHo,
KOCMHMUecKasi M onTHueckast csidb) OBM nenaer noctynHoit Jto6yo yacTb ru-
raHTCKOTO OKeaHa MH(OpMalUH.

Koduposarnue ungopmayuu — 3710 nepexoj oT 0JHOH (OpMbl MpeACTaB-
JieHust uHdopMaluu K JIpyrol, 6osee yloOHOH Jjisl XpaHeHUsl, epelaud Ui 06-
pa6otku. [TockosbKy KommbloTep MoxKeT 06pabaThlBaTh TOJBKO HH(OPMALMIO,
NpejiCTaBJEHHYI0 B UMCJOBOH opme, To Jtobasi apyras uHbopmalus (3BYKH,
1300paKeHus!, MoKasaHus nNpubopoB H T.J.), NpeiHa3HaueHHas s 06paboOTKH
Ha KOMIbIOTepe, N0JKHA ObITh NpeoOpa3oBaHa B UUCJOBYIO hOpMY.

Baxnast npo6siema — olieHKa KosiuecTBa MHpopmauui. Hacto npuxoaurcs
CJIBILIATB, UTO TO MJIM HHOE COOOLIEeHHe HeCET MaJslo MH(OPMALMH HJIH, HA000POT,
COJIEPKUT MCUepIIbIBAIOlILyI0 HH(popMalmio. Pasuble JionH, MOMYUUBIIHE OTHO U
TO Ke cooOlleHHe (Hampumep, MPOUYMTaB CTaThblo B rasere), Mo-pazHoOMy oLe-
HUBAIOT KOJHUECTBO cojepzkalleiics B HEM uHdopmaumu. ToT, KTO 3HaJA MaJjo
0 NpejMeTe CTaTbH, PELUUT, UTO MOJYUHJI MHOTO MH(OPMALMH; OCBEIOMJIEHHbIN
UeJIOBEK CKaKeT, uTo HH(OpMalMK He MOJy4Yns BOBCE.

[Tpu nmostyueHun MHQOpMaLMK HeoNpeeJeHHOCTb MO MHTEpecylolleMy Hac
BoMpocy ymeHbluaetcs. Ecau B pedysbrate noJydeHusi coobuieHus Oyaer Jo-
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CTUTHYTA TMOJIHAS ICHOCTb B JIAHHOM BOTIpOCe (HEOTpeeIeHHOCTb UCUe3HET), TO
roBOpsIT, 4To Oblja MoJyuyeHa ucueprnbiBatolias uHdopmauus. HanpoTus, eciu
rocJie MoJiyueHHsl CoOOLLEeHHsT HeOMpPeleJIeHHOCTb OCTaslach MpexKHel (coobiia-
eMble CBEJIeHUS] WM y:Ke OblJIH U3BECTHbI, WM HE OTHOCATCS K JeJy), 3HAuuT,
CYLLIECTBEHHOH MH(pOPMALMHK MO TaHHOMY BOTPOCY MOJIydeHO He ObLIO.

Cyl1ecTBYIOT U BIoJIHE OObEKTHBHbIE, He 3aBUCSIIHE OT MHEHHS KOHKpeT-
HOTro YeJioBeKa, crnocoObl H3MepeHust HHdopmaumu. Ecau nonbpocutb MOHeTy H
MPOCJEIUTh, KAKOH CTOPOHOMN OHA YMaJET, TO Mbl MOJYYHM OTpeIeéHHY10 HHDOP-
mMauuto. O6e cTOPOHbI MOHETbI «PAaBHOMPABHbI», 103TOMY OJIMHAKOBO BEPOSITHbI
BbIMaJleHNe Kak «opJa», Tak U «pelliku». [Tosyuaemyio nH(GOpMALUIO MOXKHO
3akoaupoBath aByms uudpamn — 0 u 1. KosnmuectBo MHdpopmauuu, Kotopoe
MOKHO 3aKOJMPOBATh ABYMS LH(paMH (eMy COOTBETCTBYET OIBIT C JBYMSI BO3-
MOKHBIMH HCXOJIaMM), Ha3blBaeTcsl Oumonm. PedynbraT U3BJIEUEHHST «BCJIENYIO»
M3 MellIKa OJIHOTO M3 JIBYX 1LIaPUKOB PA3HOro LBeTa TaK:Ke OLEHUBAETCS OJHUM
6utom uHdopmatmu. Hazsanue 6ut (bit) npousoiisio ot aHNIMACKKX cJI0B binary
digit — nBouunasi uudpa.

B kommnbioTepe GUT peasnsyeTcsi yCTPOHCTBOM, KOTOPOE MOYKET HAXOAUThCS
B JIByX COCTOSIHHSIX, H KOJUpYeTCsi (hU3MUECKUM COCTOSTHHEM HOCHTeJst HHDOp-
MallM{: HaMarHUYeHO WJIM HeHaMarHWueHo, eCTb TOK WM ero HeT. [Ipu stom
OJIHO COCTOsSIHHE MPUHATO o6o3HauaTh uudpon 0, a apyroe — uudpoit 1. Io-
CJIeI0BATeIbHOCTbIO GUTOB MOXKHO 3aKOJIMPOBATh TEKCT, M300paKeHne, 3ByK HJH
Kaky-ju6o npyryto nHdopmaimio. Takoil MeTon npejncTaBieHdsi HHpOPMaLHH
HasbiBaeTcst dgouurbim Kooduposaruem (binary encoding).

B uH(popmaTiKe uacTo MCMoJb3yeTcs BeJIWUMHA, paBHAasi BOCbMH OUTaM |
HagbiBaemasi baimon (byte). Hanpumep, uncdopmaiisi o COCTOSHUM TPYMIbI U3
BOCBbMHM BBIKJIIOUATENEH, KaXK/bli U3 KOTOPBIX MOXKET ObITb BKJIIOUEH UJIH BBIKJIIO-
UeH, COOTBETCTBYET OJiHOMY OaiiTy. EcJin 6UT no3BoJisieT BbIOpaTh OJMH BapUaHT
3 JBYX BO3MOKHbIX, TO GaiT, COOTBETCTBEHHO, O1MH 13 256 = 28. B 9BM kax-
JIbI CHMBOJI 4aCTO KOJMPYETCS OJHUM WJIM JByMsi GalTaMu, TO €CTb BOCEMbIO
WM 1eCTHAALUATbIO MBOMUYHBIMH IMdpamu. Tak, Hampumep, B HIMPOKO pacrpo-
cTpaHeHHo# KopoBKe Koi8-R 6ykBa « M» nmeer ko 11101101, 6yka «1U» —
ko 11101001, a mpo6en — ko 00100000. B nocsienHue rojibl MPOUCXOUT MO-
CTeMNeHHbIH Mnepexojl Ha aAByxOaliToByto KoaupoBky Unicode, B KOTOpPO# MOXKHO
npencrasuth yke 2! = 65536 pasuunbix cumposion. Jlis H3MepeHHs Kosinue-
CTBa MH(OPMALMH UCTIOJb3YIOT U GoJiee KPyrHble eUHHUIIbI:

1 kunobur (Kéut) = 1024 Gura; | kunoGaitr (K6) = 1024 Gaiira;

1 merabur (M6ut) = 1024 xunobura; 1 merabaiit (M6) = 1024 kunobaiita;
| rurabur (I'6ur) = 1024 merabura; | rurabaiit (I'6) 1024 merabatiita;
| Tepabut (Téur) = 1024 rurabura; | Tepabaiit (T6) = 1024 rurabaiira.

O6patute BHHMaHWe Ha TOT (paKT, UTO B OTJIMUHE, CKayKeM, OT KHJOTpaMMa,
conepxatiero 1000 rpammoB, KumoGaiit conepxut 1024 = 210 Gaiiral

[Mpumep 1.1. Kuura comepkur 400 cTpanuir; Ha KaxK10# cTpanuie 35 CTPOK; B
Kax10i ctpoke 50 cumBosios. TIpenosaras, uto Kax/biii CAMBOJ TpeOyeT Jyist
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CBOEro KOJMPOBAHUSI OJMH OAUT, BbIUUCJAUTE OOBEM 3JIEKTPOHHOTO MPeNCTaBJe-
HUS 3TOH KHUTM B OallTax. MoxKHO Jin e€ 3anucaTh Ha OObIUHYIO MarHUTHYIO
JckeTy émkocThbio 1,44 merabaiita?

Peuwenune. Crpanuua comepxur 35 - 50 = 1750 Gaiit undopmatmu. [Tosmbiii
06béM nndopmanmu B kaure pasen 400 - 1750 = 700 000 6Gafit, uto cocrtaBssieT
npumepHo 683,6 kusobaitta. Takum o6pasom, Ha JMCKETY MOXKHO 3amucaTb He
OJIHY, a JlaxKe JIBe TaKhe KHHTH.

YnpaxHeHus

1. CkoJsibKo Kujio6aiiT B coobliieHnt, cojiepxkaiieM 12288 6uton?

2. TlucbMmo 3aHuMaeT 2 ctpanuubl 1o 25 ctpok. B kaxkmoil ctpoke 3anucano no 40 cuMBOJIOB.
Haiinure 06bEM 371€KTPOHHOTO MpeJICTaBAeHHsT 3TOr0 NMHUcbMa B GauTax.

3. Ilnist co3nanusi 3JeKTPOHHOH GUOIHOTEKH aIMMHHCTpALMs yHHBepCcUTeTa MpHobpesia AUCKOBBIH
MaccuB (HECKOJIbKO OBICTPBIX BUHUeCTEPOB) o61MM 06BEMOM 0,6 Tepabarita. CKOMbKO cTesiaxen
C KHHUraMHl 3aMEHHT 3Ta OUOJMOTEKA, eCad Kaxkaas u3 KHUr conep:kut 400 cTpanuil o 35 CTpOK,
Ha KaxJoi M3 KOTOopbiX Mo 50 CUMBOJIOB, a CTeJ/IaXK COCTOMT W3 BOCbMH MOJIOK MO 25 KHHT Ha
KaxK/100?

4. PesysibTaT KaKUX U3 MEPeuuc/eHHbIX HHxKe COObITHH 1aéT uHdopMmalmio B 00béMe, He MpeBbl-
1Ialolem JIByx OUT: a) 6pocaHue urpanbHol KocTH; 6) 6pocaHne MOHETHI; B) 6pocaHue JByX MOHET;
r) BLIGOP OJIHOH M3 CTOPOH 3aJIaHHOTO TPEYTrOJIbHKUKA; /1) BLIGOP OJIHOM M3 OYKB pycCKOro asiaBuTa?

§ 2. IlpeacraBiaenue uHpopmauuu B IBM

UYaule Bcero nHgopmaliMsi Ha KOMIblOTepe MpejcTaBjdeHa B BUie ¢haiiros
(files). Mimenno caitaibl 06BIYHO MCMOJB3YIOT U JIISI Mepeaud JaHHbIX OT MPOo-
rpaMMbl K MporpamMMe H OT OJIHOrO KOMIMbloTepa K Jpyromy. JIpyrumu cjaoBamy,
¢haiin — 310 XpaHuaMlle AaHHBIX. Kpome Toro, cdafiin umeeT nmMs U pasHoo6-
pasHble aTpuOYThbl, BaKHEillIMe W3 KOTOPbIX — JaTa M BpPeMs €ro Co3laHus,
UMs BJazesabla v npasa aoctyna. C TedeHueMm BpeMeHH TMOHsTHe (aiiia MeHsi-
Jock. B onepatmonHbix cuctemax nepBbix 60Jbiinx IBM datin sBasacs nHabo-
pom 3anuceil. OObIUHO Bce 3anuck B (hailie ObIM OJHOrO pasdmepa, yalle Bce-
ro no 80 cumBoJOB Kaxknasi. OnepalloHHble CHCTEMbl COBPEMEHHBIX KOMIbIO-
TEpPOB MpeJIoJaralot, uto datinr — NOUMEHOBAHHASL NOCAe008AMEAbHOCTb
baiimos, pa3MelEHHbIX Ha KaKOM-JI160 HocUTese HH(OPMALIUH.

Daiirosasn cmpykmypa npejacTaBisier coboil cucteMy XpaHeHus (aiioB Ha
3aroMHHAIOIIEM YCTPOHUCTBE, Harnpumep Ha aucke. Paisibl, Kak MpaBuJo, opra-
HH30BaHbl B KaTaJlork (HasblBaeMble TakxKe Mankamu W aupektopusimu). Jlro6oi
KaTaJjlor MOXKeT COJepKaTbh MPOM3BOJILHOE UYHUCJIO T0JKATANOr0B, B KaXK10M M3
KOTOPBIX MOTYT XpPaHUTbCS (pall/ibl M Jpyrue KataJsor.

Bcee calisibl yc/I0BHO MOXKHO pasjiesiMTh Ha JBe OOoJblUHe TPYMibl — MmeK-
cmosole U dsouuHole. TeKeToBble (aki/ibl MpeaHasHaueHbl HCKIIOUUTEBHO /151
npencTaByaeHusi oObluHbIX (plain) TekctoB. [l XpaHeHUsT KaXKJI0TO CHMBOJIA B
HHUX OTBOJMTCSI OJIMH WJIM JBa 0Oaiita, a KOAMPOBAHUE BbIMOJHSETCS C MOMOILLbIO
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crieliMabHbIX TabJIML, B KOTOPBIX KAXKI0MY CHMBOJIy COOTBETCTBYET ONpeie/eH-
Hoe yucs10. OCHOBHOE JIOCTOMHCTBO MOJI0OHOTO MpecTaBieHust MHpopMaluun —
e KOMIAKTHOCTb U MPOCTOTA MPOrpamm, MpeaHasHaueHHbIX /sl padoThl ¢ HEl.

JIBonuHble aii/ibl He MpejHa3HaueHbl /11 HEMOCPECTBEHHOIO UTEHHUS Ues10-
BekoM. C UX MOMOUIbIO KOIUPYIOT rpacuiyeckne n3o6paxKeHusi, 3ByK U 60JbLIYIO
YacThb JIOKYMEHTOB, MOJTOTOBJIEHHBIX C MOMOLIbIO COBPEMEHHbBIX O(HUCHBIX NaKe-
TOB MIPOTPAMM, B KOTOPbI€ BXOJSIT TEKCTOBbIE TIPOLIECCOPbI, CPEICTBA /151 paGOThl
C 3JIEKTPOHHBIMH TabJMLAMH, NPOTPAMMbI JJIsi CO3/1aHUs MPe3eHTalUi U HeKO-
Topble apyrue. [Ipu mpocmoTpe coaep:KUMOro ABOMUYHOTO (hailia 6e3 MoMOLIM
crielMabHO TpeIHa3HAUYEHHBIX JIJIsl STOH 11eJIM TPOrpamMM Bbl OOHAPYKHUTE B HEM
JULb O0eCCMbICJEHHOE HAarpOMOXKICHHE HEMOHIATHBIX CUMBOJIOB.

B 9BM ucnosib3yloT ABOMUHYIO CHCTEMY, MOTOMY UTO OHA MUMEET Psij Mpe-
UMYLLLECTB Iepejl APYTUMH:

* sl €€ peasu3aldy UCIOJb3YIOTCS TEXHUUYECKHE 3JIEMEHTBl C JBYMsl BO3-
MOXKHBIMH COCTOSIHUSIMM (€CTb TOK B TPOBOJHHUKE HJIM HET, HaMarHuyeH
y4acTOK TOBEPXHOCTH MarHUTHOTO HOCHTEJNSI MH(OPMALMH HJIH HET);

* Takoe IpejcTaBJ/eHle Hal&KHO U NOMEXOYCTOHUHBO;

* JUISl BBIMOJIHEHHs! JIOTUYECKHX MpeoOpa3oBaHUi MH(POPMALMK MOXKHO HC-
MoJIb30BaTh anmnapar OysneBol anareGpbl (CM. JecATyIO TJaBy);

* JIBOMYHAsl apu(MeTHKA HAMHOTO MpoLle JeCATHUHON.

Taxk kak Jio6ast vHpOpPMALIMSI HA KOMIIbIOTEPE XPAHUTCSI B BHJE MOCJEN0-
BaTeJbLHOCTH OaHWTOB, TO €CThb MpeACTaBJ/sieT U3 cebsh HabOp ABOWUHBLIX UHCEJ,
TO 10J1e3HO OoJiee MOAPOOHO NMO3HAKOMHUTLCA C ABOMYHON CHCTEMOH CUMCJICHHS,
BbIMOJIHEHHEM apH(METHUECKUX ONepalMil Hajl ABOMUHBIMH UMCJIaMH U METOaMH
nepeBojia YNCeJs U3 OJHON CUCTeMbl CUHCJ/ICHUS B APYTYIO.

ApucmeTnueckne IeiCTBHS, BBINOJHSEMblE B JIBO-

Tabsmua 6 MUHOK CHCTeMe, MOAUMHSAIOTCS TeM XK€ NPaBUJaM, uTo
+]lo 1 <o 1 U B JeCATUUHOH. ToJIbKO B JIBOMUHOH CHCTEME MEPEHOC
olo 1 010 o0  ©MMHHMIL B CTapluuil paspsii BO3HUKAET yallle, YeM B Jle-
111 10 1o 1 csAtuyHOM. TaGauLbl CJ0XKEHUST U YMHOXKEHHST B JIBOMY-

HOW CHCTeMe 3HAUWTEJIbHO MpOollle, YeM B JIeCATUUHON
(rabsmua 6).

[pumep 2.1. Bomosinure ymuoxkenne uuces 11019 u 101y (370 3amuch un-
cesl 13 1 5 B IBOMUHON CHCTEME CUHCJIEHHST).

Pel].leHl/le. B}/I[eM JIENCTBOBAThL BIIOJIHE CTaHAAapTHO, BbINOJHAA YMHOXKEHHE

1101 «CTONIOUKOM>». [1pu yMHOXEHHM Ha eIMHUILY Mbl MTPOCTO TMEPENnUChiBa-
101 em MHOXKHUTesb 1101, caBurasi ero BJeBO Ha HYXKHOE UHCJIO TIO3ULIMH, a
1101 YMHOKEHHE Ha HOJb He TpeOyeT HUKakuX jaeficTBuil. [1pu cioxKenuu no-
1101 JIyUHJIOCh TPH NepeHoca B GoJiee cTapliuuil pa3psii. MITorossii pesyJbsrat
1000001 1000001 npencrapsier co6oil IBOMUHYIO 3aMKCh unucaa 65.

Kak nokasbiBaer stot npumep, IBM no/mxHa «3HaTb» TaOJHLbI CIOKEHHUS
1 YMHOXKEHHSI U YMETh BbIMOJHATL CIBUT ABOMYHOTrO ynca. [Ipoteccop moboro
COBPEMEHHOTO KOMIbIOTEPA BBIMOJHSET BCE 9T OMepalli oueHb OBbICTPO.
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[Mpumep 2.2. Haiinure uacthoe ot penenust uncaa 10010y na 11o 10010%

(B JleCATHUHON cUCTeMe CUMCJIeHHsI 3TO JlesieHue uucaa 18 Ha 3). 1711

Pewenue. [lenenue «yroskoM» BbIMOJHSIETCST TaK »Ke, KaK U MPU HC- 11
MOJIb30BAHUH JECATHUHOH CUCTEMbl CUHCJIEHHUSI. 0
Kpome nBOMUHON W JeCATUYHON CHCTEM CUMCJ/EeHHsS B MH(pOpPMATHKE 4acTo
UCIMOJIBb3YIOT CUCTEMbI CUMCJieHHst ¢ ocHoBaHusiMd 8 W 16. [lpuunHa BbiGopa
MMEHHO 3THX UYHCeJ BecbMa MpocTa: jjsi oOJierdeHus BOCTIPHUSITHSI JIBOWUHOTO
yhcsia ero pasOMBAlOT Ha TpyMNIbl
Mo TPU WJH 4YeTbipe LHUPPbl B KaxK-
Joi. JLnst KOAMPOBKH TPOEK TPeOYeTest o9 001 010 011 100 101 110 111
BOCEMb LLI/ICbp, [TOTOMY HCIIOJIb3YIOT 0 1 9 3 4 5 6 7
uudpel ot 0 1o 7 (tabauua 7). ns
KOJIMPOBKH 2Ke 4eTBEPOK HEOOXOAUMO
LIeCTHAALATh 3HAKOB; st 3Toro 6epyt 10 undp necatuuHoil cucteMbl U 6 OyKB
natuHckoro andgasura: A, B, C, D, E, F, npeacrapisitoiux CoOTBETCTBEHHO
yuca ot 10 no 15 (trabsuua 8). IMosyueHHble CHCTEMBI, UMEIOLIME OCHOBAHUS 8
1 16, Ha3bIBAOTCS1, KaK Mbl 3HAaeM, BOCbMEPHUYHON W LIeCTHAALATEPHUHOM.

Tabauua 7

Tabauua 8

0000 0001 0010 OOl 0100 0101 O110 O111 1000 1001 1010 1011 1100 1101 1110 1111

0 1 2 3 4 5 6 7 8 9 A B C D [3 F

[Mpumep 2.3. Haiiaure sanuch aecsiTHuHOro yncaa 47 B IBOUYHOMH, BOCbMEpPHY -
HOH M L1eCTHAlaTePUUHON CHCTEMAX CUMCJEHHSI.

Pewenune. Uro6nl 3anucath unciio 47 B JBOMUHOH cHCTeMe, AeJUM ero Ha 2

W BBIMUCHIBAEM MOJIyYalolIHecs: OCTaTKH. AHAJNIOTHYHO 110~ 471[  47|7 47|15
cTynaeM M B JBYX Jpyrux cjaydasax — jgequMm 47 Ha 8 931 5|5 92| 2
v Ha 16. Takum o6pa3om, B JIBOWUHOH, BOCLMEPUUHOH U 111
lLIeCTHAALUATEPUUHON CHCTEMAX CUMCJIEHHUS UMCI0 47 3anu- 5|1
cbiBaetcst cootBerTcTBeHHO Kak 1011119, 575 u 2F . ? (1)

O6patHas onepalus nepeBojia B IECATHUHYIO CHCTEMY
BBIMOJIHAIETCS rOpa3no TMpollle, Tak Kak Jioboe YUCI0 X MOXKHO TMPEeICTABUThb B
BUJIE

1

x=aop" +a p"” —i—...an_]pl —|—anp0,

rae ap, Ay, ..., Ap—1, Ay — L[I/Id)pbl 3dlluCHU JAHHOT'O YyHucCJia B CUCTEME CUUCJIEHUA
¢ ocHoBanueM p. Hanpumep,
10111le=1-2240-2*+1-2241-224+1-2' +1.20=47,
57025 =5-8°4+7-82+0-8' +2.8" = 2560 + 448 + 2 = 3010,
4AF ;6 =4-162+10-16' +15- 16" = 1024 + 160 + 15 = 1199.
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[Ipotiie Bcero ocyliecTBisieTes: NePEBOJL YHCEN U3 BOCBMEPHUUYHOH M 1l1eCTHA-
JIIATEPUUHON CUCTEM B JIBOHUHYIO: HAJI0 BCETO JIMIlIb 3aMEHUTh KaXIylo U3 Ludp
yhcJia Ha TPU MJIM UeThipe ABOMUHbIE U(PBI B COOTBETCTBUH ¢ Tabyuuamu 7 U 8.

HecnoxHo BbIMoMHATL ¥ 06paTHOe MpeoOpa3zoBaHHe — TMePEeBECTH UUCTIO
U3 JIBOMUHOH CHUCTEMbl CUMCJIEHHS] B CHCTEMbI C OCHOBAHMEM, PaBHBIM CTeTeHH
JBOHKH (8 uik 16). 115t Toro uTo6kI LIeJI0e YUCJI0 3aMUCaTh B CUCTEME CUMCJIEHHST
¢ ocHoBaHueM 2" (n = 3,4), HY>KHO BBITIOJIHUTh CJIEYyIOlIHe TeHCTBUS:

1) naHHOe JBOMUHOE UHCJIO Pa3OUTh CNPABA HALeB80 Ha TPYMIIbI 10 1 LUDP
B Ka»<J0H;

2) ecau B caMoil JIeBOH Ipyrine OKaXKeTCsl MeHee 1 Pas3psizioB, TO JOMOJHUTh
eé caesa HyJISIMH 10 HY»KHOTO UMcCJla Pa3psijlos;

3) paccMaTrpuBasi KaXkKJIylo M3 TPyMIl KaK 7-pa3psiiHoe JABOMYHOE UMCJIO, 3a-
MEHHUTb €€ COOTBETCTBYIOIIEH LM(MPOH B CHCTEME CUMCJ/IEHHS C OCHOBAHM-
em 2", ucnoJibadysi TabauLbl 7 U 8.

[Mpumep 2.4. 3anumure B LIeCTHAALUATEPUUHOH M BOCHMEPHUHOK CHCTEMAaXx
cyncsienust yueso 1001111015.

Pewenue. C yuérom tabuuipl 8 uMeeM:
1001111019 =1 0011 1101 =0001 0011 1101 = 13Dys.

[Tosbaysich Tabouueit 7, noayuaem: 1001111019 = 100 111 101 = 475g.

B 3ak/ouenue naparpada pacckaxkem o criocob6ax KoaMpoBaHUsi HauboJiee
pacrnpocTpaHéHHBIX BUJIOB MH(MOPMAIMK — YHUCJOBOH, TEKCTOBOH, rpaduueckon
M 3BYKOBOH. Mbl paccMOTpPUM 3TOT BONPOC TOJLKO B caMblX OOLIMX uepTax,
OCTaBJIsIsl B CTOPOHE METOJIbl MpPeJCTaBJAEHHs JAPYrol MyJLTUMEUHHON MHbOpP-
MalMd (Harpumep, BUACOHH(OPMALIHH).

Hauném ¢ koaupoBanusi unces. CylllecTBYIOT JiBa OCHOBHBIX popmaTta mnpej-
CTaBJICHUs UMCce/ B NaMsATH KoMIbloTepa. OMH U3 HUX UCIOJIb3yeTcs /s KOIU-
pOBaHUsI 1leJIbIX YHCes, BTOPOH (TaK HasblBaeMoe MpejicTaBieHne yncaa B (op-
Mare ¢ TJaBatollell TOUKOH) — /sl 3aJlaHusl JeHCTBUTENbHBIX uncesn. Cpagy
OTMETHM, UTO JeHCTBUTE/IbHbIE UMca 3a1atoTcst NpUOIHKEHHO. OObIUHO 15l 3a-
MHCH 11e/IOT0 YMC/Ia MCTIONB3YIOT YeThipe 6aiiTa, uTo Mo3BoJseT 3afath 292 ~ 4,3
MusMapaa yuces. Camblil ctapuinii (eBblil) OUT HUCMOJNb3YeTCs I MpeacTaB-
JIEHHS] 3HaKa: MUHYC KOJMPYEeTCsl eIMHULEH, a MJI0C — HYJEM.

B nepsbie necsatusetusi cyulectBoBanusi IBM TekcThl KoaHpoBaiu onucaH-
HBbIM B NpeJiblyllleM naparpadge crnoco6om, NpeicTaBsist KazK/bli CHMBOJ OJHUM
6aiiToM. Bekope, onHako, Jtoau Hauanu paboTtaTh ¢ JOKYMEHTaMH, COAEprKaLlU-
MH CHMBOJIbI Pa3JIMUHBbIX WIPUPTOB, UBETOB U pa3MepoB, a TakKe MaTemMaTHye-
cKkre (hopmyJibl, TaOJMHILLI U PUCYHKH. 17151 STHX 1iesielt Oblin pa3dpaboTanbl Hosee
CJI0KHBbIe CIOCOObI KOAMPOBAaHHUS.

Bce cosnaBaemble, oOpabaTbiBaeMble MJIM TPOCMATPUBAEMble C [TOMOLLbIO
KOMITbIOTE€pa H300PaKeHUS] MOXKHO pa3esuTh Ha JBe OOJblLIME YaCTH — PacTpo-
BYIO W BEKTOPHYI0 rpaduky. Pacmposoie uzobpascerus NpeacTapisioT coOok
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peléTky Touek (Mmopo6Hyt0 KaeTuaTol Gymare), Ha3blBaeMbIX MUKcegaMu (pixel,
OT aHIVIMHCKUX cJioB picture element). Kod nukceara conepkut uHpopmaluu
o ero uete. s uépHo-6es10ro u3obpaxKeHus (6e3 M0JyTOHOB) IHKCE MOXKET
NPUHUMATB TOJLKO JIBA 3HaueHHsl: OeJIblil U UEpHbIH (CBETUTCSI — He CBETHUTCS),
a JIJIs1 ero KOJAMPOBaHHsI IOCTAaTOYHO OJHOTO Guta nmamstu: | — O6edbiit, 0 — uép-
Hblil. Ha 1BeTHOM aucrsiee nMuKces MOXKET UMETb PA3JIMUHYIO OKpacKy, Mo3To-
My OfIHOTO GUTa Ha MHUKCe HeAoCTaTouHo. [l KoAMpoBaHUsT YeTbIPEXIIBETHOTO
u3o0paxkeHus: TpebyeTcs yxke 1Ba OMTa Ha nukces, Harnpumep: 00 — uépHbli,
10 — 3enénbiit, 01 — kpacHbifi, 11 — KopHUHEBHIH.

Ha RGB-monnTtopax Bcé pasHooOpasve LBETOB MOJyvyaeTcss coyeTaHUeM
Tpéx 6aszoBbix — kpacHoro (Red), senénoro (Green)

u cutero (Blue), H3 KOTOPBIX MOXKHO TOJIyYHTh BOCEMb Ta6nmua 9
OCHOBHbBIX KOMOMHALMI, MepeurcieHHbIX B TabJuie 9. R B Liger
Jlist Toro uToObl MUMETb BO3MOXKHOCTb YNpPaBJSATbH HH- 0 0 0 YEpHBI
TEHCHBHOCTbBIO (SIPKOCTbHIO) CBeueHHs1 6Aa30BbIX 1IBETOB, 0 0 1 CUHMI
HaJ0 YBEJUUMBATH KOJHUECTBO PA3/IMUHBbIX BAPUAHTOB 01 0

MX COYETaHHWi, MOPOKIAIOLUMX Pa3HOOOpPa3Hble OTTEH- 0 1 1

Ki. Uuc/10 passiMuHbIX 1IBETOB R M KOJHUECTBO OMTOB 1 0 0 KpacHBI
JUIl UX KOJMPOBKH 1 CBSI3aHbl MEXIy COOOH MPOCTOMH o1 PO3OBIi
dopmysoii: 2" = k. B uyacTHOCTH, NpH KOJAMPOBAHUH L1 o

[IBeTa MHKCeJa OJHHM GaliToM MOXKHO 3a1aTh 28 = 256 L 11

pasJMUHBIX LBETOB, AByMs Gaiitami — 26 = 65536
LIBETOB, TpeMs — yyKe Gosiee MUIHOHA (224).

B npotuBONosoKHOCTb pacTpoBoil rpaduke sekmoproe usobpasjcerue
MHOTOCJIOHHO. KaxK/plii 3/1eMeHT BEKTOPHOrO H300paKeHusi — OTPe30K, KpHu-
Basl JIMHUSI WK (PparMeHT TeKcTa — pacroJiaraercsl B CBOEM COOCTBEHHOM cJloe,
MHKCEJIbl KOTOPOTO YCTaHABJAMBAIOTCS HE3ABUCHMO OT JAPYIHX CJIOEB, U OMUCHI-
BAeTCs C IOMOLIbIO CHELMaNbHOrO s13blKa (MaTeMaTHUeCKUX YPaBHEHHH JIMHUI,
JyT, OKpy:KHOCTeH W T.1.). Cyio)KHble 0ObEeKThl (JOMaHble JHUHUH, pas/uuHble
reomeTpuyeckue (OUrypbl) MPEACTABJSIIOTCS B BHJE COBOKYIHOCTH 3JeMeHTap-
HbIX Tpaduueckux o6beKToB. BekTopHoe M3o0parkeHne MOKeT U3MEHSITb CBOH
pasmepbl 6e3 MOoTepu KauecTBa, B TO BPeMsl Kak MPHU YBEJHUEHHH PACTPOBOTO
1300paKeHUs1 BO3pacTaeT ero 3epHUCTOCTb.

3aBepuiuM 3TO KpaTKoe BBeJE€HHE PacCMOTpPeHHEM MpobJeM KOJAHPOBAHUS
3Byka. M3 Kypca ¢u3nku BaM M3BECTHO, UTO 3BYK — 3TO KoJsleGaHHs BO3JyXa.
Ecuan npeoGpa3oBaTh 3ByK B 3J1eKTPUUECKHH CUTHAJ (HATIPUMED, C TIOMOLLbLIO MH-
KpocdoHa), Mbl YBUIHUM MJIaBHO H3MEHsIollleecsl ¢ TeUeHHeM BPEMeHH Hampsizke-
Hue. 1151 KoMnbioTepHol 06pabOTKH TaKoH (aHaIOrOBbIN) CUrHAJ HY?KHO KaKUM-
TO 00pas3oM npeoOpazoBaTh B MOC/E10BATEAbHOCTb ABOMUHBIX yHces. OObIYHO
9TO jeaaeTcs cieayionM obpasoM. Bynem uamepsaTh sneKTpryeckoe HampsiKe-
HHe B MUKPO(OHe uepe3 paBHble MPOMEKYTKH BPEMEHH W 3aMUChIBATh MOJyUYeH-
Hble 3HAUEHHUS B MAMSTh KOMIIbIOTepa. DTOT MpoLecC Ha3biBaeTCst ducCKpemusa-
yuetl (M oUMPOBKOIT), a YCTPOHCTBO, BBIMOJHSIOLLEE €r0 — AHAN020-UUh-
posoim npeobpasosamenem (ALLIT). Iy Toro utoGbl BOCPOU3BECTH 3aKO/IM-
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POBaHHBIN TaKUM 00Pa30M 3BYK, HY»KHO BBITIOJIHUTL 06paTHOE Mpeobpa3oBaHHe
(1151 HETO CJYKUT yugpo-arnaroeosulii npeobpazosamero — LIAI), a 3atem
CTJIa[IUTh MOJYUUBIIMACS CTyMeHYaThblil CUrHAJI.

Uewm Bbillle yacToTa MUCKpETH3AlMK (KOJHUECTBO M3MEPEHHH B CEKyHIy) H
yeM GoJibllle pa3psiioB OTBOAMTCS JIIsi KOAUPOBAHHUS, TEM TOuHee Oy/eT MpeacTaB-
JieH 3ByK. Ho npu sToM yBesnuuBaercsi U pasmep 3ByKoBoro aitia. [Tostomy
B 3aBHCHUMOCTH OT XapakTepa 3ByKa, TpeOOBaHHH, MPeLbsB/ISIEMbIX K €ro Kaue-
CTBY U K 06bEMY 3aHMMaeMOH MaMsITH, BLIOUPAIOT HEKOTOPbIE KOMITPOMHCCHbBIE
3HaueHust. OnucaHHbI cnoco6 KOAMPOBaHHs 3BYKOBOH MH(OpPMaLMU 10CTATOU-
HO YHHBEpCaJIeH, OH MO3BOJISET MPEACTaBJATh JIOOOH 3BYK U MPpeoOpa3oBbIBATh
ero cambIMHU pa3HbIMU criocobamu. Ho ObiBatoT ciyyaM, Korja BbIOJHEH jei-
CTBOBATb MO-HHOMY.

UesioBeK H3[aBHA MCMOJb3YET TOBOJbHO KOMMAKTHBIH Crocob MpejicTaBJe-
HUS (KOAMPOBKM) MY3bIKM — HOTHYIO 3alHUCh, B KOTOPOH CrelyabHbIMH CUMBO-
JIaMH yKa3bIBaeTcsl BbicOTa 3ByKa. PakTHuecku, eé MOXKHO CUMTATh aJrOPUTMOM
JUIsl My3blKaHTa, 3alicaHHbIM Ha oco6oM (opmasbHOM si3biKe. Bosee nBaauatn
JIeT Ha3aJ| BeJlylllfe TPOU3BOIUTEIH KOMIBIOTEPOB U My3bIKaJIbHbIX CHHTE3aTOPOB
pazpaboTaJjii CUCTeMY KOJ10B, OCHOBaHHYIO Ha HOTHOH 3arucH, KoTopast noJyyuJa
naspanue MIDI. Xotsi 312 cuctema KoaMpoBaHus Mo3BoJisieT paboTaTh TOJBKO €
MHCTPYMEHTaJIbHOH MY3bIKOH, OHAa HMEeT HEeOCMOPHUMbIE MTPEUMYIIIECTBA: UPE3BbI-
YyalHO KOMMAKTHasi 3aluCh, eCTeCTBeHHOCTb npejcTtaBienus (MIDI-penaxkrop
M03BoJIsIeT paboTaTh C MY3bIKOH B BHJE OOBLIUHBIX HOT), MPOCTOTA H3MEHEHHS
TeMrna U TOHaJbHOCTH MeJIOIUH.

3ameTuM, 4To CYIIECTBYIOT M Apyrue opmaThl 3amucku My3biki. Cpenu HUX
cyeyeT oTMeTHTh hopmat MP3, nospoJisitoliyii oueHb KOMIIAKTHO M KaueCTBeH-
HO KoaupoBaTh My3biKy. [Ipu s3Tom Ha cranpaptaeiii CDROM nowmemaercst oko-
g0 200 My3blKaJbHbIX KOMIO3UIKE (Ha ayaro-kKoMmnakt — Bcero 18—20). OnnHa
necHsi 3aHUMaeT npuMepHo 3,5 M6, uto no3poJsieT noJb3oBarensm ceti Murep-
HET JIerko 0OMEHHBATHCS MYy3bIKaJbHBIMH KOMMO3HIUSAMH. UyTh MeHee pacripo-
cTpaHéH rnoka 6oJiee HOBBIH (M JIyUllIMid Mo psiy XapakrepucTuk) dopmat OGQG,
CX0XHil Bo MHOTOM ¢ popmaToM MP3. 910 cBoGOAHBII (DopmaT, B OTJIHUHE OT
nporpuerapHoro (kommepueckoro) MP3.

YnpaxHeHus

1. lnsg npejacTaBjeHus KaKUX BUIOB HHQOPMALMK U3 HHXKE MEepPeUnCsIeHHbIX 00bIUHO HCIMOJb3YIOT
TEKCTOBbLIH (2 He JIBOWUHBI) hopmat ailaa: a) HCXOJHBIN TEKCT NPOrpaMMbl Ha KAKOM-JIMOO SI3bIKe
NPOrpaMMUPOBaHUsI; 6) MPOCTOM TEKCT, He COMEepKAllMi HUKAKHX 3JEeMEHTOB (pOpMaTHPOBAHHS;
B) pacTpoBoe rpaduueckoe U300paxKeHHe; T) 3BYK?

2. Hatinute npoussenenue uncen 100011109 u 111110019 1 npoBepbTe mosyueHHbIH pe3y/bTaT B
JIECSITHUHOH CHCTEME CUHCJ/IEHHUS.

3. 3anuumre uncaa 27, 89 u 124 B 1BOMUHOH, BOCbMEPHUUHOH M llIECTHAALIATEPUUHON CHCTeMax
CUMCJIEHHSI.

4. 3anuiuTe B JeCATHYHON cHcTeMe cudcenus yncaa 1216, 7BE 5, AO8F 4.
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§ 3. Komnblotep Hauana XXI Beka

OnHO M3 OCHOBHBIX Ha3HaueHWH COBPEMEHHOro KOMIIbIOTepa — XpaHeHue
1 o6paboTtka uHpopMmaiyd. Celyac B 3JIEKTPOHHYIO (GOPMY MEPEBOJAT LieJble
6uOMOTEKH; cTapble OTO- M KHHOAPXMBBI, MepeBeéHHble B LMDPOBYIO hop-
My, 0OpeTaloT BTOPYIO KHM3Hb, a GOJblIas YacTh HOBBIX KHHUT, oTorpadui, mMy-
3bIKaJIbHbIX MPOM3BEICHUH W BUACO(MHUIBMOB CO3JaETCsl Cpasy B JEKTPOHHOM
Buze. Bcé 310 03HAuaeT, UTO KOMIBIOTEPBI CTAJM HEOTbEMJIEMbIM aTpUOYTOM
JKH3HU YesioBeKa. UTo »Ke mpejcTaBiisieT coO0H COBpeMeHHbIH KoMmbloTep, 6e3
KOTOPOTO ceiuac HeBO3MOXKHbI HU MpodecCHoHabHAS JeATENbHOCTb, HU J0CYT
3HAYNUTENLHON YaCTH UeJ0BEUeCcTBa?

M3navyanbHo KOMMbIOTEP CO3/1aBaJICs /s BbIUUCJIeHUHH (compute mepeBoauT-
Csl KaK BBIUMCJISATL) U U3TOTOBJISICS Ha Ga3e 3JIeKTPOMArHUTHbIX peJie, 4yTh M03-
»Ke — 3JIeKTPOHHBIX JiamIl. JlamroBble DBM BbINMoHAMN COTHH apuMETHIECKUX
WJIH JIOTUYECKUX OMepallil 3a OJIHy CEKYHJy, UTO y»Ke CYLIECTBEHHO MpeBbIlla-
JIO BO3MOXKHOCTH uesioBeka. Korna B HauaJie wectuaecsiTbix rojoB XX Beka Ha
CMeHY 3JIeKTPOHHOMH JiamIle MPULIEN TPAH3UCTOP, KOMIbIOTEPBI cpady CTaJju Ha-
MHOTO NIPOU3BOJUTENbHEE H KoMNakTHee. HyTb Mo3:Ke MOsIBUINCh UHTErpajibHble
MHUKpOCXeMbl, rocJie yero DBM 3amerHo nojeleBesd U Haual0Ch UX MacCoBOe
«BTOP2KEHHE» MPAKTHUECKH BO BCe cepbl HAYKH, SKOHOMUKH U YIPaBJCHHUS.

CJ103KHOCTb W MPOU3BOJIUTENIBHOCTL KOMIBIOTEPHBIX 2JIEMEHTOB, COCTABJISIO-
LLIMX OCHOBY COBPEMEHHBIX KOMIIbIOTEPOB, B COOTBETCTBUM C M3BECTHBIM 3aKO-
Hom Mypa! ynpauBaercs npumepno kaxbie 18 mecsien. B pesysibTate uncio
TPaH3UCTOPOB B Mpoleccope B OJMKalllIMe ToAbl MPeBbICUT MUJIHapa. Kpome
TOr0, COBPEMEHHbIE KOMITbIOTEPbI BeCbMa pa3Ho0Opa3Hbl, TaK Kak B rpouecce
UX Pa3BUTHS TIPOUCXOJIUJIA CTellHaIn3allnsl, MOCTOSHHO TIOSIBJSIMCH BCE HOBbIE
obnact npumeHenusi DBM 1 HoBBIE K/acchl 3a/au, YTO MPUBOAMIIO K BO3HHK-
HOBEHHIO HOBBIX THIOB KOMITbIOTEPOB. Mbl KPAaTKO pacCKaKeM TOJIbKO O CaMbIX
pacnpocTpaHéHHbIX.

Jlsis1 BbIMOJIHEHUST TIEPBOHAUAJIBHOTO MpeHAa3HAUEHUS] KOMITbIOTEPOB — Bbi-
yncsienuii — euté B Hauase 70 roJoB MpoLIIoro Beka ObIM CO3/aHbl TaK Ha3bl-
BaeMble cynepkomnvromepol. Kak B Te BpeMeHa, Tak M CerojiHsi, CyrnepKomIibio-
Tep — oueHb ObicTpas u joporas IBM, npenHasnauennas aJisi petieHust 0co6o
CJI0XKHBIX BbIUMCJIMTE/bHBIX 3a]1au, MOJIETIMPOBAHUS U 00pabOTKH CBEPXOOJIbLINX
00bEMOB HHopmatii. CoBpeMeHHble CyTNepKOMITbIOTEPHI SIBJSIOTCS NapaJiiesb-
HBIMH BbIUMCJIMTE/IbHBIMU CUCTEMAMH U YACTO TPEACTABJSIIOT COO0H KaacTepbl —
COBOKYITHOCTb MHOTHX T€CHO CBSI3aHHBIX MeKy COOOH OTIe/bHBIX KOMIBIOTEPOB.
[Ipo6/ieme yBesMueHHs MPOU3BOJUTENbHOCTH BbIUMCJAEHHH MOCBSILIEHBI MHOTO-

'B 1965 romy Topnon Myp (Gordon Moore) cieman BechMa 3HaMeHaTelbHOE HaGJii0-
nenue. IlpencraBuB B Buje rpaduka pocT MPOM3BOAUTENBHOCTH 3aMOMHHAIOLIMX MHKPOCXEM,
OH OOHApPYXKHJ JIIOOOTBITHYIO 3aKOHOMEPHOCTB: HOBblE MOJEIH MHKPOCXeM pa3pabaThiBajUCh
cnycrsi GoJiee-MeHee OfMHAKOBble Tepuoabl (18—24 wecsua) mnocse MOSIBNAEHHST WX TIpef-
IIECTBEHHUKOB, a EMKOCTb HMX TMIPH 3TOM BO3pacTaja KaxK/blii pa3 MpUMEepHO BiBOe (CM.
http://www.intel.com/ru/Intel/museum/history/hof/moore.htm)
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YHCJIEHHbIE HCCJIEIOBAHUS, PE3YJIbTaThl KOTOPBIX MyOJHKYytoTCs U B ceTh MHuTep-
HeT. MHOro uH(opMaLKH Ha PyCCKOM si3blKe 06 HCTOPUH U COBPEMEHHOM COCTO-
SIHUM CYMEPKOMITBIOTEPOB MOXKHO HAHUTH M0 aapecy http://www.parallel.ru.

Euié onHMM THIIOM KOMITbIOTEPOB SIBJSIIOTCS CIELHUAJH3UPOBaHHbIE cepsepbl
(OT aHTJIMHACKOTO serve — 00CayKMBaTh). Tak 0OBIUHO HA3BIBAIOT KOMIBIOTEPHI,
OCHOBHOH 3ajlauell KOTOPBIX SIBJISIETCS «OOCYKHBAHUE» JIPYTHX KOMIbIOTEPOB,
00beIMHEHHBIX B €/IMHYIO CeTh, 00€eCMeunBalolllyto BO3MOXKHOCTb 0OMeHa HHpOp-
mauuer. Tunbl o6cnyKuBaHust MOryT ObITh pa3/jnuHbIMH. BecbMma pacnpocrtpate-
Hbl haiir-cepsepol, OCHOBHAS 3a1aua KOTOPbIX — o0ecrneunBaTh XpaHeHHe 1aH-
HbIX. Mcrnosb3oBaHne coBpeMeHHbIX (haloBbIX CEPBEPOB JleNaeT ropasao 6oJee
neléBoi, 6oJee ObICTPOH U, ryaBHOe, OoJiee HANEKHON U 3aLUMILEHHON TaKylo
CXeMy OpraHu3allMi CEeTH, MPU KOTOPOH OCTaJbHble KOMIbIOTEPbl YACTHUHO WJIH
Jlazke MOJIHOCTbIO 0CBOOO0XKIAIOTCS OT XpaHeHUs] HH(OPMALIMH.

CepBep MOXKeT peliath U apyrue 3agauu. Tak, Hanpumep, 8ed-cepsep npeno-
CTaBJISIET KJMEHTaM (JIPYrMM KOMIIbIOTEpaM) J0CTYI K pa3MelliéHHbIM Ha HEM BeO-
caiitam?, a noumosslii cepgep obGecrieuuBaeT MPUEM H TIOCBIIKY 3JeKTPOHHOI
noutbl. CeTeBOH TeMaTHKe MOCBALIEH §5 TeKyllell ryiaBbl.

CoBeplieHHO 0COOBIH THIT KOMIMBIOTEPOB MPEACTABIIOT cO60H TaK Ha3blBae-
Mble 8CMPOEHHble KOMNbIOMepPbL, UK Mukponpoyeccopo.. CoBpeMeHHbIH nep-
COHAaJIbHbIH KOMIIBIOTEP COAEPKUT B cebe OrpOMHOE KOJIMUeCTBO MUKPOIIPOLLecco-
poB. baaropapsi ux HaJMUMIO TVIABHBIH MPOLLECCOP KOMIbIOTEPA 0CBOOOKAAETCS
OT pelleHHsI MHOTOUMCJIEHHBIX BCIIOMOraTe/IbHbIX 3a7au, CBSI3aHHbIX, HallpUMep,
C OCYIIeCTBJIEHHEM OTlepalliii BBOJAa U BbIBoJa MH(opmaimu. Mukpomnpoiiecco-
pbl C/leNaii BO3MOXKHBIM TOSIBJIEHHE COTOBBIX TesiedhOHOB, LIMMPOBLIX (HOTO- U
BUJIEOKaMep, JIPyroil COBpeMeHHOH ObITOBOH TeXHWKH. be3 Hux He morau Obl cy-
L11eCTBOBAaTh COBPEMEHHbIE IPOU3BOJACTBO, TPAHCIIOPT U JaKe TOProBJs.

Hanadownux (palmtop), MMUHBIE 371eKTPOHHBIN MOMOIIHHUK, 3JIEKTPOHHAS 3a-
MHUCHAs KHUXKKA — elllé OJIMH 0COOBIH THIT KOMNbIOTEPOB. HekoTopble U3 HUX
UMEIOT MUHHATIOPHYIO KJIABHATYPY, HO €CTh M MOJeJId 0e3 KJaaBUaTypbl — B HUX
BBOJI JIAHHBIX OCYILUECTBJISIETCS] HAXKATUSIMA WJIM PUCOBAHHEM CIELMaNbHBIM Te-
poMm 1o sKkpany. Mudopmaums B 3THX KoMnbloTepax XpaHWTCS He Ha JAMCKaX, a
B TaK HA3bIBAEMOH HEProHEe3aBUCHUMON MaAMSITH.

YHalle »Ke BCero, Korja ropopsit 0 COBPEMEHHOM KOMIIbIOTEpe, HMEKT B BH-
ny nepcoranvroitl komnviomep (I1K). [1epBbiii nepcoHabHbI KOMIBIOTEP M0-
siBusicst B 1975 roy M cpasy cTajio ICHO, UTO HEBbICOKAs 1leHa M JI0CTaTOYHbIe
BbIYUCJ/IUTE/bHbIE BO3MOYKHOCTH 3TOrO HOBOTO KJIaCcCa KOMITbIOTEPOB OYIyT CIO-
coOCTBOBATh UX LUMPOKOMY pacnpocTpaHeHHto. FIMeHHO nepcoHalibHble KOMITbIO-
Tepbl COBEPILIUIN KOMIMbBIOTEPHYIO PEBOJIIOLMIO B MPOeCCHOHANbHON NesiTebHO-
CTH MHUJUJIMOHOB JIIOJIEH W OKa3aJjii OFPOMHOE BJIMSIHHE HA BCE CTOPOHbI YKHU3HU
4eJIOBEYECKOro 00OLIeCTBa.

Bce nepcoHasibHble KOMIBIOTEPBI JIENATCS HA HACTOJIbHbIE W TOPTATHBHbIE

’Be6-caiiThl (bupM, OpraHU3aLKil U OTACNbHBIX TPAXKIAH HAYAJH MOSIBASITLCS B ceT MHTepHeT
¢ HauaJsa 90-x rogoB XX Beka.
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(notebook) — pasmepom co cTaHIapTHBIA JUCT GyMard, TOJUIMHON 2—5 cu U
BecoM 2—4 ke. [1o CBOUM BO3MOXKHOCTSAM Cpe/IHHI HOYTOYK yCTyrnaeT cpeaHeMy
HactosibHomMy [1K, a 1o 1ieHe noka 3HaunTesbHO Bhbille. K ero npeumyiiectsam
MOKHO OTHECTH KOMIAKTHOCTb M BO3MOKHOCTb HEKOTOpoe BpeMsi (0ObIUHO 0KOJI0
JIByX—UeThIPEX yacoB) paboTaTh OT COOCTBEHHBIX aKKyMYJISITOPOB.

HacTo MOXKHO yCJIbIIATL TAKHE TEPMUHBI, KAK MYAbMUMEOULHbLIL KOMI6I0-
mep, cemesotl Komnvromep, 0omauHuil Komnoiomep u apyrue. Bece st Ha-
3BaHUsI OTHOCATCS K PAa3/JIMUHBIM BapMAHTaM MepCoHaNIbHOro KoMmrnbioTepa. Myiib-
TUMeIMHHBIM 06bIuHO HasbiBaloT [1K, cHaGxKEHHBIA 3BYKOBOH KapTo, KOJOH-
KaMM W YCTPOHCTBAMHU JI/Is1 UTEHHS JlazepHbIX AMcKOB. CoBpeMeHHbIH jomalli-
HHUH MyJBTUMEIHHHBIA KOMIBIOTEP, OCHAUEHHBIH OBICTPBIM BHAEC0AAANITEPOM, MO-
CTEMEeHHO MpeBpallaeTcsl B MOLIHbIA pa3BieKaTebHO-00pa3oBaTe/NbHbIN LEHTP,
CHa0XKEHHBIH CpeIcTBaMM JIOCTyMNa K ceTu MurepHer.

3ametum, uto nopoii [TK moxxeT npejcraTh B BecbMa HeOObIUHOM BHIE. XOPO-
IIUM TIPUMEPOM siBJisieTcsi «[OpbIHBIU» — MpOrpaMMHO-anmnapaTHblil KOMIJIEKC
U3 mpéx pabouux MecT (MOHUTOPOB, KJaBHATyp W MbllleK) Ha 6asze 00HO2O
cuctemHoro 6uioka. [llecTb KOMMbIOTEPHBIX KJAACCOB U3 TAKUX «TPEXTVIONOBBIX»
MallKiH ycrelmHo GyHKUHOHUPYIOT B MOCKOBCKOM rocy1apCTBEeHHOM MHJYCTPH-
aJIbHOM YHHBEPCHUTETE yKe HECKOJIbKO JIeT.

Hecwmotpsi Ha GoJibllioe pasHooGpasue THTOB COBPEMEHHBIX KOMITbIOTEPOB,
NpaKkTHUECKH BCE OHM MMEIOT oJiuHaKoBylo apxumexkmypy. [loa apxurektypo#
KOMMbIOTepa MOHUMAETCSl €ro JIOTHUeCKast OpraHu3aliusi, CTPyKTypa U pecypchl.
Apxurektypa coBpemeHHbiX [IK ocHOoBaHa Ha mMarucTpasbHO-MOJYJbHOM MPHH-
1M1e, KOTOPbIH M03BOJISIET TOTPEOUTENIO CaMOMY 110J106paTh HYKHYIO eMy KOH(H -
rypauuio KOMIbIOTepPa U NPOU3BOAUTD MPU HEOOXOJUMOCTH €0 MOJEPHU3ALHIO.

O6cynum Tenepb 6oJiee MOAPOOHO KOMIOHEHTHI COBPEMEHHOIO KOMIIbIOTe-
pa. HekoTopble M3 nepeurcsieMblx HHKe KOMIOHEHT OObIYHO He BHJHBI, TaK
KaK OHM «CIPATAHbI» B CUCTEMHBIH OJIOK, MHOTHE He SIBJISIIOTCA 0053aTebHBIMU
Juist obecnieuennsi pabotel DBM. Hanpumep, komnblotep, CBS3bIBAIOLIMA MeXK-
Jly coO0H JiBe ceTH (BBIMOJHSIOMMH (YHKIMIO pPOyTepa), MOXKET He UMeTb HH
KJIABHATYPhI, HU MbILIH, HU JUCKa, HU MoHuTOopa!l Tem He MeHee, Kak MpaBuJo,
KOMIbIOTEPbI CHAOKEeHbl CJEYIOLIMMH YCTPOHCTBAMM:

* ueHTpaJsbHbli npoueccop (CPU);

* onepaTHBHas MaMsTh (mMemory);

* cucremHasi myiata (motheboard);

* Kopnyc ¢ GJIOKOM MUTaHus,;

* ycTpo#cTBa XxpaHenus uHpopmaumu (storage devices);

* ycrpoiictBa BBojia (input devices);

+ ycrpoiictBa BbiBojia (output devices);

* ycTpolicTBa cBsizu (communication devices).

Bo Bcex BblUMC/AMTENBHBIX MalldHAX 10 cepeautbl 50-X roJoB yCTPOHCTBA
006paboTKU U yrpaBJeHusi PeACTaBIsIN COOO0H OTe/bHbIE GJIOKH, M TOJNBKO C MO-
SIBJICHUEM KOMIIbIOTEPOB, MOCTPOEHHBIX HA TPAaH3UCTOpaX, YAAJA0Ch 0ObEIMHUTD
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X B OJuH OJIOK, Ha3BaHHbIH mpoiieccopoM. [Ipomeccop — 310 «mo3r» DBM.
OH KOHTpOJIUPYET JEHCTBUS BCEX OCTa/bHbIX YCTPOUCTB (devices) KommbioTepa
1 KOOPAMHUPYET BbIMOJHEHHE nporpamm. [Ipolieccop umeeT CBOIO BHYTPEHHIOI
MaMsITh, COCTOSILLYIO U3 PETHCTPOB, a TaKKe yrpasJsitollee U apuMeTHKO-JI0IH -
YyecKoe YCTPOHCTBa.

[Tpouece o61ieHHst Mpolieccopa ¢ BHEIIHUM MHPOM Uepe3 yCTpPoHCTBa BBOJA-
BbIBOJIA M0 CPABHEHHWIO C MH(OPMALMOHHBIMH MPOLIECCAMU BHYTPH HEro rpoTe-
KaeT B ThICSYH pa3 MejjieHHee. DTO CBS3aHO C TeM, UTO YCTPOHCTBA BBOJA H
BbIBOJA HH(OPMALIMK YACTO UMEIOT MeXaHUUeCKUH TMPUHLIUI AeHCTBHS (MPUHTE-
pbl, KJaBHaTypa, Mblllib) U padoTaloT MemjieHHO. UToObl 0CBOOONUTD MPOLleCcCcop
OT MPOCTOSI MPH OKHUAAHUM OKOHUYAHHsI pabOThbl TAKUX YCTPOHUCTB, B KOMIbIOTEP
BCTaBJISIOT KOHTPOJJIEPHI.

CyulecTByerT /1Ba THMA ONEPATUBHON NMaMSITH — MaMsITh ¢ IPOU3BOJIbHBIM J10-
crynom (RAM uau random access memory) U namsiTb, JTOCTyMHAasi TOJbKO Ha
urenne (ROM uau read only memory). [Tpouieccop 9BM moxeT o6MeHnBaThes
JIAHHBIMH C OTMEepPaTHBHOH MaMsThIO C OUeHb BBICOKOH CKOPOCTbIO, HA HECKOJIBKO
MOPSIIKOB MpeBbILLIAOLLEeH CKOPOCTb 0CTYNAa K JIPYTMM HOCHTE/ISIM HH(OpMaLIKH,
Hanpumep auckam. OnepaTHBHasi MamsTh C MPOU3BOJBHBIM JOCTYTIOM CJIYXKHT
JUIsl pa3MellleHnst TIPOrpaMM, JaHHBIX ¥ MPOMEXKYTOUHBIX Pe3yJbTaTOB BbIUMCJ/Ie-
HUI B Tipoliecce paGoTbl KomrbioTepa. JlaHHble MOXKHO BbIOHpaTh U3 MaMSITH B
MPOM3BOJILHOM TIOPSIJIKE, @ He CTPOTO M0CJIe0BaTENbHO, KAK 9TO HMEET MeCTo,
Hanpumep, npu paboTe C MarHUTHOW JieHTOH. [laMaATb, AOCTyMHAsi TOJMBKO IS
UTEHHSI, UCTIOJIb3YETCS ISl TIOCTOSIHHOTO pa3MellleH sl OMpeieIeHHbIX TPOrpamMM
(HanpuMep, MporpaMmbl HauyasbHOH 3arpy3ku DBM). B npouecce pa6oTbl Kom-
nbloTepa COJEepPKUMOE 3TOH MaMsATH He MOKeT ObiTb M3MeHeHo. OnepaTuBHas
NaMsiTb — BPEMEHHasl, TO eCTh JlaHHble B HEH XPaHSITCS TOJBKO J10 BBIK/IOUEHHS
KoMmmnbioTepa. Il 1osroBpeMeHHOro pa3mellieHust HHQOPMALUMK CIy»KaT THUCKe-
Thl, BAHUECTEPbl, KOMIAKT-IAUCKHU U JpyrHe yCTpoHCTBa.

[Ipoueccop, namsiTb, KOHTPOJIIEPHI U IPYTHe KOMIOHEHThl YCTaHABINBAIOTCS
Ha Tak HasbiBaeMylo MaTepuHckyio mjaty (motherboard). CoBpemeHHble mare-
PUHCKHE MJaThl 3aUacTylo BKJIOUAIOT B ce0sl MHOTHE KOHTPOJJIEPBl U3 Mepeunc-
JisieMbIX Hixke. MartepuHcKasi njiata v 6JIOK TIHTaHus pa3MellaloTcesl B KOpIyce,
KOTOPBIH MOCJIe €ro «HAYUHKH» KOMIJIEKTYIOLUMH U MPUHSATO HA3bIBaTh CUCTEM-
HBIM OJIOKOM.

Bunuecrepbl, unu xécrkue aucku (hard discs) — HauGoJiee GbicTpble W3
BHEILHHMX yCTPOIHCTB XpaHeHUs: HHOPMALMK. EMKOCTD IMCKa COBPEeMEHHOT0 KOM-
nbloTepa COCTABJISIET JACCATKH MJM JlaxKe COTHH rurabait. B oy 9BM moxHO
YCTaHOBUTb HECKOJIbKO BHUHUECTEPOB, a Ha CepBepax /sl MOBbILIEHHS CKOPOCTH
paboThl U HAIEKHOCTH YacTo npuMeHsioT auckoBble RAID-maccuBbl. Onthue-
CKHe UK JlazepHble KomnakT-aucku (CD) umetor émkocTb okoso 600 meraGafir.
CkopocTb pabotbl ¢ HUMH onpefensiercs ycerpoictBoM (CD-R wmn CD-RW
drive), B KoTopoe BcTaBJsieTcsl AMCK. BJM3KUMK MX POJICTBEHHUKAMH SIBJISIOTCS
DVD nucku, ucrnoJsibayemble MPeMMyLIeCTBEHHO st paboThl ¢ IH(POBOH BUIEO-
uHpopmauueri. MaruuTo-onTuueckue AUCKM — JABHO MCIOJb3yeMble YCTPOii-
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CTBa XpaHeHusi HHpopmaln 06bEMoM oT 600 merabaiT 10 necATKOB TepabaT.

Jlncketnl, uiu rubkue aucku (floppy discs), cefiuac nocrerneHHo BbITECHSIOT-
csl Ipyrumu, 6oJiee EMKUMH, ObICTPLIMU U YAOOHBIMH HOCHTE/ISIMH HH(OPMALIMH.
Mcnosbsyemble cefiuac QMCKeTbl UMeIOT éMKoCTb Beero 1,44 merabatita. Zip u
Jaz jpucku — Hocutesn UH(GOPMALIMK, KOTOpble ObLIH MPU3BAHbI 3aMEHUTb HO-
KHe MarHuTHble TUCKH. MIX MOXKHO paccMaTpuBaTh Kak ObICTpble M GOJbIIHE TI0
émkoctu (100, 250 u naxe 1000 mera6aiit) auckerbl. CoBpeMeHHble MArHUTHbIE
JeHTbl (magnetic tapes), HanomuHalIIMe 0ObIYHbIE MAarHUTO(OHHBIE KACCETHI,
M03BOJISIIOT paboTath ¢ 6OMbLINMH 06 bEMaMU MHGOPMALMH (110 COTEH rurabanT)
1 MCIOJb3YIOTCS 0OBIUHO JIJIsT PE3ePBHOTO KOMMPOBAHUS Ha CepBepax.

Kaptel cmenHoit mamsitu (compact flash) émkoctbio 10 onHoro rurabaiita —
HOBelllIMe HOCHUTeJH HH(OPMALIMH, UCIOJb3yeMble He TOJbKO B KOMIMbIOTEpaXx,
HO TaKxkKe W B IM(POBBIX oToanmnaparax v ayauoreepax. MiMeHHO oHu ceii-
yac roJiyyatot Bcé 6oJiblee pacnpocTpaHeHHe U MOCTENEHHO BbITECHSIIOT MHOTHE
JIpyTHe CpelcTBa XpaHeHUsT HH(OPMALIUH.

YerpoiicTBa BBoJa mepenatoT nHdopmaimio B DBM or passnuHbIX BHel-
HUX HCTOYHMKOB. MHdopmaums MoxkeT ObITh MpeacTaBieHa B BeCbMa pasJivu-
HBIX popMax: TekeT — Jyist KiaaBuaTyphl (keyboard), KoopiuHaThl ykazaTesisi Ha
3KpaHe MOHHUTOPA — JiJIsl MbILLK (Mouse), 3ByK — it MUKpodoHa (microphone),
n3obpaykenne — /151 ckanepa (scanner). Hau6osee pacrnpoctpanénnoe yctpoii-
CTBO BbIBOJIa — MOHHTOP. B HacTosiliee BpeMst BCE yallle BMECTO MOHMTOPOB C
9JIEKTPOHHO-JTyueBOH TpyOKOH ucnogb3ytorcest Tak HasbiBaemble LCD nmu TET
MOHHUTOPBI. PaGoTy MoHWTOpa B KOMIbIOTepe obGecrieurBaeT crielualibHasi BU-
JleocucTeMa, 06si3aTesIbHO BKJtovaioliast B cebsi BUACOKApTy (BUaeoanantep).
[IpunTep — TOKe OUeHb pacrnpocTpaHEHHOe YCTPOHCTBO BbiBoJa. CylllecTByeT
HECKOJIbKO Pa3JIMUHbIX THIMOB LIBETHBIX W Y€PHO-OENbIX TPUHTEPOB: MAaTPUUHbIE,
CTpYHHbIE, Jla3epHble, CYOJUMAIMOHHBIE U JIPYTHE.

YerpoiicTBa ¢BsI3M HEOOXOMMBI /Il OPraHU3alMi B3aUMOAEHCTBHS OT/AE b=
HBIX KOMIMbIOTEPOB MeXKy co00M, I0CTyNa K yAaJeHHbIM MPUHTEPAM U TMOJIKJIIO-
UeHHs JIOKaJIbHBIX ceTell K oO6ileMHpoBoi ceTd MurepHer. [Ipumepamu Takux
YCTPOUCTB SIBJISIIOTCS ceTeBble KapThl (ethernet cards) u mojaembl (modems).
MysibTHMeIMITHBIE KOMMbIOTEPHI UMEIOT 3BYKOBYIO KapTy, K KOTOPOH TMOJKJIO-
YaloTCsl KOJIOHKH, HAYLLIHUKH, MUKPO(OH U JKoHeTHK. OHM yacTo 060pyayoTes
TaKXKe M YCTPOHCTBAMM BBOJIa aHAJIOTOBOTO BH/1€0M300payKeHHs U BHIe03axBaTa
(TV-TioHep).

YnpaxHeHus

1
2.
3.
4

Cdopmyaupyiite 3akon Mypa.
HazoBure HeCKOIbKO pacrpoCTpaHEHHBIX THIIOB KOMIIBIOTEPOB.
[Tepeunc/inTe OCHOBHbIE KOMITOHEHTHI COBPEMEHHOTO MEPCOHANLHOIO KOMIbIOTEPA.

Kakune TexHnueckue CpeaCTBa U3 HUKE MEPEUHUC/ICHHBIX UCIIOJIb3YIOTCs B HACTOSIIIEE BpeMs /i

JIOJITOBPEMEHHOTO XpaHeHHsl HH(OopMalMu: a) TMOKUe MarHUTHble JUCKU: 6) (J3lI-NamsTh; B) Ja-
3epHble IUCKH; T) MAarHUTHble GapabaHbl; 1) orepaTHBHAs MAMSTh; €) KIUI-MaMsTh?
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5. be3 kakux KommoHeHT paGoTa COBPEMEHHOTO KOMIBbIOTEpa aOCOJMIOTHO HEBO3MOXKHA: a) Mpo-
teccop; 6) 3BYKOBasi KapTa; B) ofepaTHBHAsi MaMsiTh; I) ceTeBas KapTa; 1) MaTepUHCKas MJaTa;
€) KJaBUaTypa; »K) MOHHUTOP?

§ 4. IlporpammHoe obGecneuyeHue

Camble coBpeMeHHble KOMIMBIOTEPbI, PACCMOTPEHHbIE HAMH B MPEbIIylIeM
naparpade, octasuch Obl MpocTo «xkejne3om» (hardware), ecin Obl He GbliIO
nporpamMmHoro o6ecrieuenusi (software). [IporpamMmmbl nmosiBU/IMCh naxe paHblile,
yem nepsbie IBM. Eué B XIX Beke Uapsibs Bs66umk® paspaGoran npoekt ma-
ILIMHBI, KOTOpPasi MpeaHa3Havasach AJ1si aBTOMAaTHUECKOTO MPOBEIeHHUsT IJTHHHBIX
1ierouex BbluncsieHni. KoHeTpyKims ero aHaJuTHUECKOH MalldHbl BKJovyasa 50
ThICSU JleTajiell: 3y6uaThiX KoJiec, pbluaroB M MPY:KHMH, B3aMMOJEHCTBOBABILIMX
onpeniesiéHHbIM 06pa3oM. COBEpIIEHCTBYSl W YTOUHSIST KOHCTPYKIIMIO MalllMHbI,
B366u1K BriepBble BbIIENUI TaKHe MOHSTHS, KaK YCTPOHCTBO /ST XpaHEHHUs Yn-
ceJl (MCXO/IHBIX U TOJIYUaloLUXCsl B pe3yJ/ibTaTe BbIUUCJIEHHS), BbIUMCAUTENbHBIN
6J10K (Ipolleccop) U YCTPOUCTBO /sl BBOJA W BbiBOAA HH(DOPMALMH.

HMudopmanysa B ananutHueckoil mMauinHe ba60upka XpaHuaach Ha nepdo-
KapTax — KapTOHHBIX TPSIMOYTOJIbHBIX MJIaCTHHAX C PsIaMH MPOOHUTBIX B HHUX
abipouek. Kaxkaplil psii cocTosi U3 ABYX uacTel, nepsasi U3 KOTOPbIX MPeICcTaB-
Jisiia coO0H 3ammch Yncsa, a BTopast — KoL KOMaH/Ibl, yKa3blBaloOLlleH, UTo ies1aTh
¢ uucsoM. Tem cambim, B co3naHHoi B366uKeM MalllHe MPUCYTCTBOBaJIa Xpa-
HUMasi B MaMsaTH MalllMHbl rporpamMma eé pa6oTbl. MIMEHHO 3TOT mpuHUMIT —
XpaHeHue npocpammol 8 NAMAMU KOMNoIOMepa — CUUTACTCs BaKHeHlIel
Waeell COBPEMEHHOH KOMITbIOTEPHOH apXuTeKTypbl. CyTh H€H 3aK/I0uaeTcs B
TOM, 4TO Mporpamma paboThl BBOAUTCS B namsiTh DBM u xpanutcs B Hell Ha-
paBHe ¢ UCXOJIHBIMH JAHHBIMH, TPUUEM M KOMaH/bl MPOTPAMMbI, U JIaHHbIE, HAJ
KOTOPBIMH BbINOJIHSAIOTCS €ACTBHS1, 3alUCIBAIOTCS C TOMOLLBIO OJIHHX U TeX XKe
KOJIOB.

Bosbias yactb Jiojel, UCMOb3YIOUIMX KOMIbIOTEPBI, HE YMEeT, 1a U He
JIOJKHA yMEeTb co3laBaTh (M JayKe H3MEHsITb) MMelolldecs: nporpammbl. s
3TOTO CYLIECTBYIOT NpodeccHoHa bHble nporpaMMmucTsl. Ho 3HaTh, kakoe Obl-
Baet nporpammuoe obecrieuenue (I10), Becbma nosedno. Opucty, kpome Toro,
BaXKHO TaKxKe MO3HAKOMHTBCS ¢ 3aKOHAMH, peryupyoiummu peiHok [10.

Bcé nporpammHoe oGecrieyeHne 4acTo AeJAT Ha JIBE KATETOPHUM: CHCTEM-
noe [1O u npuknaaanbie nporpammbl. CucmemHoe npoepammuoe obecneue-
Hie — 3TO TO, UTO THITMUHBIHA TM0Jb30BATEb KOMIbIOTEpPA MOUTH He 3aMeyaeT
M OUeHb PEIKO HCMOJb3yeT B CBOell paboTe HermocpeacTBeHHO. OHAKO MMeH-
HO OHO «OXKMBJISIET» KOMIbIOTEP W MO3BOJISIET (DYHKIMOHHPOBATH TPHKJIAHBIM
nporpamMmam, CO3JIaHHbIM YISl pellieHUs] KOHKPETHbIX 3ajau.

Onepayuonnas cucmema (OC) — 310, 6€3yCNIOBHO, BarKHEMIIas KOMIO-
Henrta cucremHoro [1O, Kotopasi yrnpapJisieT BCeMH anmnapaTHbIMU M MTPOrpaMM-

3Yapsiba Ba66umk (1792—1871) — aHrauiicKuil MaTeMaTHK W HHAKEHEp.
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HBIMU CpeJCTBaMU KoMmrbloTepa. 9BM npenocTassisieT pasjiMuHble pecypehbl s
pelueHus 3a7auM, HO YToObl CieaTh 9TH PECYPChI JIErKO JTOCTYIHbIMH /IS 4e/10-
BeKa W MPHUKJAIHBIX Mporpamm, Tpedyercst onepauronHas cucrema. OHa CKpbi-
BaeT OT M0JIb30BATeJ/sl CJOXKHbIE U HEHY>KHble MOJAPOOHOCTH W IMpeloCTaBJ/seT
eMy ynoOHbll unmepgeiic* nas padotol. OnepaluMoHHas CHCTEMA OCYILECTBJIs-
€T 3arpy3Kky B OMEepaTHBHYIO MaMsITh BCEX MPOTPaMM, MepeaéT UM yrpanJjeHue B
HayaJie UX paboThl, BbIMOJNHSIET pPas/HuHble AEHCTBHS 110 3aNIPOCY BbIMTOJHIEMBbIX
NporpaMm U 0CBOOOKIAeT 3aHUMAEMYIO TIPOrPaMMaMH OMEPATHBHYIO MaMsThb MPH
3aBepllIeHUH UX paboThl.

Kpome mepeumnc/ieHHOTO Bbillle, OMepalMoOHHble CHCTEMbI MOTYT MPEIOCTAaB-
JISITh W JIpyrie BO3MOXKHOCTH, Jesaiotie DBM elié 6osee y1o6HON /151 UCTIONb-
30BaHMs: OJIHOBPEMEHHOE BbIMOJHEHHE MHOXKECTBA PA3/IHUHBIX 3aaHHi (MyJib-
TH3aJlauHOCTh); 3alllMTa UH(OPMALIMH, XpaHsIIeHcs Ha TMCKaX KOMIbIOTepa; pa-
6oTa HeCKOJIbKMX UesloBeK Ha 0ojiHOH DBM (MHOromnoJ/b30BaTebCKUi peKuM);
MOJK/IIOUEHHE KOMITbIOTEPA K CETH, a TakKe 00beJMHEHHEe BbIUMCIUTE/LHbBIX pe-
CYPCOB HECKOJIbKHX MalllMH H COBMECTHOE MX MCIMOJb30BaHHe (KJacTepu3alus).

K cuctemHomy nporpammHoMy oOecrieueHHIo, KpoMe OrnepaloHHbIX CHCTEM,
OTHOCHTCSI elllé LeJsblil psifl NPOrPaMMHbBIX MPOAYKTOB, B OCHOBHOM HCI0JIb3ye-
MbIX TPOheCCHOHAIbHBIMU MPOrPAMMHUCTAMH H CUCTEMHBIMH aJIMHHHCTPATOPaMHU:
KOMIMUJISATOPBI (TPAHCJ/IATOPBI) C PA3JIHUHBIX SI3bIKOB MPOrpaMMHUpPOBAHHS, CreLH -
aJIM3UPOBAHHbIE CETeBble MPOTPaMMbl, CPEACTBA JIsl YIPaBJeHHsl M0Jb30BaTe-
JSIMH U T. 1. SIPKMM NPUMEPOM NPUKAAOHO20 NPOPAMMHO20 ObecneyeHusl
SIBJIIETCS LIHPOKO M3BECTHBIH O(MUCHBIN MaKeT MporpamM, B COCTaB KOTOPOTO
BXOJSIT TEKCTOBBIH MPOLLECCOp, CPEACTBA Wit padOThI C 3JIEKTPOHHBIMH TabJIHLa -
MU M CO3JIaHUsI NTPE3EHTALMUN U T. [1.

OnepaunoHHble CHCTEMbl BO3HHKJIN 3a/10JITO JIO0 MOSIBJEHUS MEPCOHAIbHBIX
KOMIbIOTepOB, M co3faHHas s HUX OC npeacras/ssia U3 cebsi, B OCHOBHOM,
OUeHb «YPEe3aHHYI0» BEpCHIO orepaloHHOl cucteMbl Unix, pagpaboTaHHol pa-
Hee /151 Gosiee mouHbix DBM. [lepBbie necsiTb—nsATHAALATH JIET CYLLECTBO-
Banust [1K Ha HUX ycraHaBauBasach mpakTHueckd Tojbko MS DOS dupmbl
Microsoft®. TTo9ToMy y MHOTMX JlIoJIefi C/IOBa «MepPCOHAbHBIA KOMIbIOTep» ac-
COLMHUPYIOTCSI C HA3BAHUEM 3TOH (PUPMBI.

B nauane 90-x rogos npousioro Beka [1K cranu sHauuresbHo Gosee molil-
HBIMH, W TIOSIBUJACh BO3MOXHOCTb CO3JIaHUSl JJIsi HUX MOJHOGMYHKIMOHATLHOK
ornepalMoHHON cucTeMbl. HoBble orepalMoHHble CHCTEMbI JJis TePCOHAJbHBIX
KOMITbIOTEPOB GblJIM MpeJyioxKeHbl Kak gupmoii Microsoft, Tak u apyrumu paspa-
6oTunKamu rnporpammuoro obecrneuenusi. Hagpanus Windows NT, Windows 98,
Windows 2000, Windows XP H3BecTHbI MHOTHUM JIIO/ISIM, JlaXKe He paboTalolium
Ha DBM.

*MurepdelicoM NPUHATO HA3LIBATL COBOKYIIHOCTbL IIPOrPAMMHO-AMNAPATHLIX CPEACTB, Mpel-
Ha3HaueHHbIX UIsi o6ecrieueHnsl B3aUMOJIEHCTBHS UeJIOBEKA C KOMIBIOTEPOM.

®Mbl He paccMaTpHBaeM 3eCh He CJHLIKOM LIHPOKO PACIPOCTPaHEHHbIE B POCCHU KOMIIbIO-
Tepbl MakunToun gupmbi Apple.
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Camolil ycnel1HOl U3 HHBIX Pa3pabOoToK, KaK M0Ka3aJo BpeMs, okadasnacb OC
Linux (npouM3HOCUTCSl «JIUHYKC», C ylapeHHeM Ha mepBoM cJore). Ha nepsbix
sTanax pabora ¢ Hell Oblya IOCTYIHA JIMLIb TPOecCHOHay, OHa He UMeJia, B OT-
auure ot Windows, «apy:xeto6Horo nuHTepderica»: Bce AeHCTBUS HEOOXOIMMO
ObIO BBIMOJHATE, HAOUpasi KOMaHAbl. DTO, BIPOUYEM, HUCKOJIBKO HE CMYLIAJO
noJib30BaTesel, MPUBBLIKIIKMX K 0011eHHt0 ¢ DBM, OTJIHUHBIMH OT MepcoHasbHbIX
KoMmMbioTepoB. [1i1s1 Hux Obl1o BaxkHee, yto OC Linux o6/aanana ueabiM psiaom
CyLLECTBEHHbIX NpeumyliecTs nepel Windows — 6GoJsiee HanéxHas, OblcTpas,
MyJIbTH3aJlauHasi, MHOTOI0JIb30BaTe/NbCKasl U, caMoe BayKHOEe, CBOOOHAS.

B cusy 0co6oii BaKHOCTH 3TOTO MOHSITHS JUIsl IOPUCTOB, Mbl OTBJIEUEMCS HA
HEKOTOpOe BpeMsi OT 00CYK/IE€HHs1 OMTePALIHOHHBIX CUCTEM W THITOB ITPOrPaMMHOI0
o6ecneuenus. Mrak, cyuiectsyer emé oana knaccugpukauus [10: ono nenurcs
Ha c60O600HOe 1 nponpuemaproe. B camoM nepBom npubJaMKeHHH MOKHO CKa-
3aTb, UTO CYLLECTBYIOT JiB€ BO MHOTOM MPOTHBOMNOJOXKHbIE IPYT APYTY CTpaTeruu
paspaboTKH 1 pacrpocTpaHeHus nporpamm. [lepsas crparerusi (copyright) noa-
pasyMeBaeT oMnJaTy MpH MOKYIMKe KaxKA0H KOMHWH MPOTrPaMMHOr0 MPOJyKTa U 3a-
NpeT Ha cBOOOJHOE pacnpoCTPpaHeHHe STUX KONHKH. Bo MHOTMX cTpaH IefCTBYIOT
3aKOHbI, OXpaHsitolle aBTOPCKOe MPaBO HA MPOrpaMMHble MPOAYKTbl U JaHHbIE.
[Tono6GHasi mpakTHKa TNpeJCTaB/SETCS] BMOJHE €CTECTBEHHOH, 0 KpaiHel Mepe,
Ha nepBbli B3risiL. [1pu 3TOM noJiHasi CTOMMOCTb MPOMPUETAPHOTO MPOrpaMMHO-
ro obecriedenusi, CocOOHOTO «OXKUBUTh» COBPEMEHHBIN ME€PCOHANbHBIN KOMITbIO-
Tep, paboTatoiui o ynpaejieduem OC Windows, B 1eCATKH pa3 MPeBOCXOJIUT
CTOMMOCTb CaMOT0 3TOT0 KoMrbloTepa. Mcnosb3oBanue ke koutpadaxrHoro [10
(TO ecTh npuoOpPeTEHHOrO 6€3 JIMIEH3UH) SIBJSIETCS HapylleHHeM JeHCTBYIOLLEro
3aKOHOJATEJLCTBA (Uero HU OfUH OYayLIMH IOPUCT MO3BOJUTh cebe, KOHEUHO, He
MOXKET).

Ha paccmartpuBaemyio mpobJemy MOXKHO B3IJISSHYTb W C JIPYTOH CTOPOHBI.
[IporpammupoBanve — 3TO HayKa, KaK W XxuUMusi, (pu3uka, matemaruka. Ho B
9TUX 00J1acTsIX BCe JIOCTHKEHHs] 0OHAPOIOBAHbl — He HYXKHO OTKPbIBATb ellé
pa3 teopemy Iludaropa u nzobperarb 3aHoBo KoJieco. HesoBek KHUBET B 00-
LIeCTBE, U CleJIaHHble UM OTKPBITHS JIOJKHBI CTaTh AOCTOSIHMEM 00LLeCTBa, Be/lb
MMEHHO TaK ¥ NPOUCXOJUT rporpecc. J1/si pa3BUTHSI TPOTrPAMMHOT0 o6ecreueHust
HeoOX0IMMO, UTOObI KaxXK/Iblil CIIeLHaIMCT pasielisii CBOU IOCTHKEHHS C IPYTHMH
CreLHaJMCTaMH, YTOObl OH MPOJOJIKAJ U Pa3BUBAJI TO, UTO CleJIa/H pyrue. DTa
TOUKa 3peHust oTpaxkeHa B JuueHsud GPL, B cooTBeTCTBUM ¢ KOTOpOH paspa-
6aThIBAIOTCA U pa3BUBAIOTCA c80000HbLe npoepammol, B uactHocT OC Linux.
[oBOpsi 0 TaKoll cTpaTeruu, 4acTo UCMoJb3yloT TepMUH copyleft. TTonyunB B uc-
NoJb30BaHHE WJIM KyIUB CBOOOJHYIO MPOrpamMmmy, Bbl MOXKET€ CKOJIbKO YTOJHO
e€ KOMUPOBAaTb, KaK YIOJHO LLIMPOKO PaCNpoOCTPaHAThb, U3MEHATb UJIH COBEpLUEH-
CTBOBAThb €€ UCXOJHBIH KOJ (MporpaMma, pacrnpocTpaHsieMas 1no «myOJuuHon Ju-
ueHsuu» GPL, Bcerna nocrassasieTcst BMeCTe ¢ MCXOJHBIM KOJIOM pa3paboTumKa,
TO €CTb CAMOK CTPOT0 OXPAHSEMON U HUKOIJA HE PACKPBIBAEMOK 4aCThbIO MPOIPHU-
eTapHbIX nporpaMm). Hakonel, Bbl MoxkeTe CBOGOHO pacnopsKaTbCsl H3MEHEH-
HOM Bepcuell — XOTb pasfaBaTh €€ 1apoM, XOTb 3alpalluBaTh 3a He€ MUJIHAPIL.
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Cy11ecTByeT TOJIbKO OJIMH 3arpeT — TMPH PacNpoCTPaHEHHH HeJb3si CKPbIBATh
MCXOJIHBIN KOJI IPOrpaMMbl, 00bsIBJIsIs cebsl ero «BJaesbLeM», U OCTaHaB/IWBATh
TakuM 00pa3oM eé€ cBo6OHOE COBEPLICHCTBOBAHUE U Pa3BUTHE.

Tewm, npexx/ie Bcero, U OTJIMUAETCS UEOJIOTHS copyleft oT ureosorun copy-
right, 4To co3jaTtesb MPOJYKTA COXPaHSET HA HEro MpakTHUECKH BCe aBTOP-
CKHMe M MMYLIeCTBEHHbIe MpaBa MpPH JIOObIX 00CTOSATENbCTBAX — Ja)Ke eCJH
M pacrpocTpaHsieT ero copepuieHHo OecrniatHo. KTak, cBoGona mporpammHo-
ro obecriedeHusi COCTOMT M3 CBOOOJbI UHTaTh (M3yuaTb) KOJ, CBOOOJbI MUCaTh
(MoMUIIMPOBAThL) KOJ U CBOGOJIBI pacnpocTpaHsTh (MyOGJHKOBATh, THPAXKUPO-
Bath) Koa. OueBuaHO, UTO NMpPo6JEMbl «TIHPATCTBA» B 3TOM CJyyae MPOCTO He
cyuectByeT. K Tomy ke, cBoGoaHOe porpaMmHoe obecrieueHne 3auacTyio oKa-
3biBaeTcsi 0oJiee KaueCTBEHHbIM M HalEXHbIM, ueM HeCcBOOOJHOE, XOTSl 3TO H
MO2KeT MoKa3aTbCsl CTpaHHbIM. Ecan Bac 3auHTepecoBasl 3TOT (GakT MM HHble
acreKThl B3aMMOOTHOLIEHHUsST cBoOoaHOro W mponpuerapHoro [10, Bbl Moxere
U3yuuTh npobJemy OoJgee riayboko. [Ipumepom JsmueH3uil Ha nponpueTapHoe
nporpaMmHoe obecrneuenue siBjsiercss UHGopMmalms oT dbupmbl Microsoft, pyc-
CKOSI3bIUHBbIF BeG-calT KOoTOpod B ceTd KHTepHeT MOXKHO HalTH MO ajapecy
http://www.microsoft.com.ru. Jluuensus GPL pasmemnena na caiitte GNU
no ajapecy http://www.gnu.org/copyleft/gpl.html (pycckuii nepeBoj Ha
http://rus-linux.net/MyLDP/histori/gpl/gplrus.html).

BepHémcs K orepalvioHHbIM CHCTEMAM, HCTOJIb3YeMbIM B HACTOSIILIEE BPeMSsi
Ha MepcoHabHBIX KOMITbIOTEpax. 3a MocJeiHHe HeCKOJbKO JIeT pa3paboTuuKH
Kax0# u3 1Byx Haubosee pacrpoctpanénnbix OC mnsa [IK — Windows u
Linux — crapanuch H36aBUTbCS OT MMEIOLIMXCSl B MX CHCTEMe HeJl0CTaTKOB.
ITOT npouecc, NPoA0JKAIIMACA U CeroHs, NPUBET K TOMy, UTO ceduac Mo
OUeHb MHOTUM MapameTpaM (0COOEHHO C TOUKH 3peHHsT 0ObIUHOTO M0JIb30BaTE/s1)
9TH OMepalOHHble CHCTeMbl COMM3WIMCH upe3BbluaiiHo. [Ipu 3ToM, KoHeuHo,
nepBast U3 HUX OCTA&Tcsi MPONpUeTapHoi, a BTopast — CBOOOHOM.

MMeHHO 3TOT aprymeHT Urpaet B rocJjeaHee BpeMsi BCE€ GOMbLIYIO POJib TPH
BbIOOpE OMepallMOHHON CHCTEMbI /Il TePCOHAJBHOIO KOMITbIOTEpa. ¥ HUBEpCHTe-
Thl 110 BCeMY MHUPY JaBHO ucrosbaytor OC Linux, wkosabsl B Kutae u Aprenrune
JleJIaloT TO yKe HecKoJsbKo JeT, a ¢ 2002 rosa pesko BO3POCJO UYHUCJIO LIKOJ
CIIA u Kananpl, npumensitotnx sty OC. YBesnuunBaercst uHtepec K Linux u B
Poccun — B psizie YHUBEPCHTETOB M WIKOJ Y2Ke MPUHSATH pelieHnst 06 UCroJib-
30BaHUM B yueGHOM Mpoliecce Tosbko cBoboaHoro [10.

Linux npomo/mkaer orBoéBbiBaTh y Windows Bcé HOBble U HOBbIE TEPPUTO-
pun. Tak, B utone 2003 rona ropoackoil coper MioHxeHa — TpeThero Mo BeJu-
uhHe roposaa [epMaHuK — MPHUHAJ pellleHHe O MepeBojie KOMITbIOTEPHOTO MapKa
Ha onepauroHHyto cuctemy Linux. K Hacrosiiiemy BpemeHH B LieJIOM psijie CTPaH
penieHnsi 06 0TKa3e OT MAaCCOBOTO HCMOJb30BAHUS MPONPUETAPHBIX MPOIYKTOB
NPUHATHI HAa NpaBUTeIbCTBEHHOM ypoBHe. Cpenn Hux Iepmanus, ®panuus, Mu-
qus, Kurait (B Tom uncye TaiiBanb), Slnonus u apyrue. bosiee noapoGHyo HH-
¢dopmaumio 06 onepauMoHHOl cucTeMe Linux v apyrom cBOGOIHOM MporpamMmm-
HOM ofecreueHu MOXKHO HAaUTH Ha BeO-caliTe http://www.linux.org, pyccKo-
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SI3bIYHbIE MaTepHalibl — 10 ajapecy http://www.rus-linux.net.

3aBepuiuM 3TOT naparpad oO6CY»KJIeHHEM elllé OJHOr0 THIa TPOorpamMM —
KomnoromepHolx supycos. KoMnbloTepHbIM BUPYCOM HasblBaeTcsl Mporpamma,
KoTopasi crnocobHa Co3/aBaTh CBOM KOMHUH (He 006s513aTe/bHO MOJHOCTbIO COB-
najatooulde ¢ OpUrMHaJOM) W BHEAPSITb MX B PasdjiduHble 00bEKTbI (pecypchbl)
KOMIMbIOTEPHBIX CHCTEM, CeTell U T. 1. 6e3 BeoMa noJib3oBatess. [lonasasioniee
GOJIBIIIMHCTBO COBPEMEHHBIX BHPYcoB «KuBET» B OC Windows, a 3apakeHue
ceifuac yalle BCero NPOUCXOAHUT Mo ceTH. MHTepHeT-uepBH — TaK HA3bIBAIOT BU-
pycbl, MoJiydaemble MO 3JeKTPOHHOH nouTte. OHU pacchllaloT CBOM KOMHM BCEM,
C KeM Bbl BeJIETe Meperucky.

[ToBeneHue BUPycoB BechMa pa3dHooOpa3Ho. HekoTopbie BUPYChl JOCTATOYHO
6e3001IHbI, Ipyrie MOTYT TeperMeHoBaTh (hailjibl Ha JIUCKE WJIH JaXKe YHHUTO-
JKUTb UX. ECTb M Takue, KOTOpble CMOCOOHBbI BBIBECTH H3 CTPOSI HEKOTOPblE M3
KOMIIOHEHT KOMIbloTepa. Tak Has3blBaeMble MPOAHCKUE NPO2PAMMbL OTJIUUAIOT-
csl OT BUPYCOB T€M, UTO OHM BMECTO Pa3pyLIUTEJbHbIX AEHCTBHI COOMpAIOT M
OTMPABJSIOT 0 U3BECTHBIM UM ajipecaM MapoJii U JPYTylo CeKpeTHylo HHpOp-
MaLMIo 10J1b30BaTe/sl. 3auacTyto 3To Jaxe 0oJiee HelpHsTHO, ueM dusuueckas
norepsi AaHHbIX!

K coxasnenuto, eAMHCTBEHHBIH HAAEKHBIH MeTol 60pbObI ¢ BUPyCaAMU U TPO-
SIHIIAMH — He BKJIIOUaTb KOMIbIOTep BoBce. MOXKHO elllé MocOBeTOBAThL HHUETO
Ha HEro He yCTaHaBJMBATb W HHUErO He 3amycKaTb. K Hu B KoeM ciyuae He noj-
kmovatbest K cetd Mureprer. TosbKo Torna Kakoi CMbICT HUMETb KOMIbIOTED?
HcnonbzoBate OC, otsnunyto ot Windows (Hanpumep, Linux) — Toxke Becb-
Ma HaléxHoe cpeacTBO. BUpycoB B onepauuoHHol cuctemMe Linux npakrtuyecku
He cyulecTByeT. Ecan »xe Ha BallleM KoMIbloTepe yctaHoBjaeHa Windows — wuc-
NoJIb3yHTe AHMUBUPYCH, — TIPOTPAMMbI, IPU3BaHHbIE 0OHAPYKUBATD U YJa/sTh
M3BECTHbIE MM «HeXopollihe» rnporpammbl. [Ipu 3TOM Hy»KHO MOCTOSIHHO OGHO-
BJISITb aHTUBUPYCHYIO a3y, TaK KaK HOBble BUPYCHI MOSIBJSIOTCS OUeHb 4acTo, U
ObITb FOTOBBIM K TOMY, UTO 3apaKeHHe BCE-TAaKH MPOU30HIET.

YnpaxHeHus

CdopmyaupyiiTe NPOrpaMMHbIH MPUHIKI YIIPaBJIEHUST KOMIBIOTEPOM.

Yro Takoe MpUKJIaAHOE U CUCTEMHOE MIPOrpaMMHOE obecrieueHue?

N

Yro Takoe KOMIIbIOTEPHbIE BUPYCHI U KaK 60pOTbCH C HUMH?

§ 5. Komnbrotepbl U ceTH

Mbl y>ke HeoJHOKpaTHO yrnomuHasu o cetd Murepuer. 1o nocienHum namn-
HbIM B Hell paboTaeT KaXK/blil IeCAThIH XKUTeJb TJIaHeThl. BriosiHe BO3MOXKHO, UTO
M BaM yxKe MpUXOJUJoch padoTath B cetd. MimenHo OypHoe pasButhe o6LIEMH-
pOBO CeTH 3a MOCJEJHHE HECKOJIbKO JIET COBEPLINJIO MOAJIHMHHYIO PEBOJIOLHIO
B cthepe HHDOPMALMOHHBIX TeXHOJIOTHH. B 3TOM naparpade Mbl NO3HAKOMUMCS

[lepeuncsinte ocHOBHbIE OTJIMUKST CBOGOIHOIO MPOrpaMMHOro obecredeHust OT NPONpUeTapHoro.
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C UCTOpHEH Pa3BUTHS KOMIBIOTEPHBIX CETeH M ¢ TeM, Kak paboraer MHrepHer
CErojiHsl.

O/HOBpEeMEHHO ¢ Pa3BUTHEM KOMIbIOTEPHOH TEXHHKH PA3BUBAJUChL M CPell-
ctBa oOMeHa nHgopmatmeid. Eiié B Hauase 70-x rojioB XX Beka Obla1 pazpado-
TaH Mpoo6pa3 COBPEMEHHOH BbICOKOCKOpOCTHOH TexHosoruu Ethernet. B To xe
BpeMsi HecKosibKO yHUBepcuTeTroB CIIA crasu o6MeHUBaThCS TaHHBIMH C TIOMO-
111bI0 MOJIEMOB — YCTPOHCTB /11 TIOJIK/IIOUEHHST KOMIbIOTEPOB K OOBIUHBIM TeJe-
cdonHbIM JiuHusAM. B 1989 romy B rio6anbHol ceTH paGoTajo OKOJIO CTa ThiCsY
KOMMbIOTEpPOB U3 OoJiee ueM aecatd ctpal. [losb3oBatenu crtanan BOCIPUHUMATD
Takoe cBOGOJHOE 0Obe/lMHEHHE KOMITbIOTEPOB (HAa3bIBA€MbIX YACTO «XOCTaMH»
OT aHrsMiickoro host — Bnazesen, xo3siMH, COOCTBEHHHUK) KaK HEUTO euHOe —
rnobasbhyto cetb Mutepret. B 1991 roay 6bli1a pazpaborana texnosiorust World
Wide Web (WWW nnu «BcemupHasi nayThHa»), KoTopasi CoBepLIna MOIJIHH-
HYIO PEBOJIOLHNIO, OObEINHUB BCe HH(OPMALIMOHHbIE PECYPChl CETH BOEIMHO H
o6ecreunB J0CTYN K HUM JIIOASM, He UMEIOLIUM KaKo#-Ju00 npeiBapuTebHON
MOAroTOBKU. B 3TOM »Ke rojy moakstounaach K o61eMiupoBoit cetd u Poccusi.

Cetb MHTepHer uan npocto MHuTepHeT yacTo Ha3bIBAIOT «CeTbIO CeTell», TaK
KaK OHa COCTOMT M3 B3aUMOCBSI3aHHBIX CeTel, IKCIIyaTHPyeMbIX YHHBEpCHTETa-
MH, TOCYIapCTBEHHBIMU YUPEXKJIEHUSIMH, OUOJIHOTEKAMU, GOJbLHUIIAMH, YACTHBIMH
JUUAMH U T. 1. DT CETH CBSI3aHbl IPYT C JAPYrOM C MOMOLIbIO Pa3IMUHOTO 000py-
JIOBaHHUS: MapUIPyTH3aTOPOB, MOCTOB M KoMMyTatopoB. C nomolibio MHTepHeTa
MO2KHO MOJIYUHTb JIOCTYI K OTPOMHOMY 00BEMY MH(pOpMaLMK, BK/IOUaIOLLEl B ce-
651 MOJTHbIE TEKCThl KHHT, XKYPHAJIOB M TAa3e€THBIX CTaTeH, paauornepenaun, BUaIeo-
(bHIIbMBI, My3blKaJbHble KOMIO3ULHMH, MEIULMHCKHE CIPABOYHUKH, OMOJIHOTEY-
Hble KaTaJIoTH, KyJHHApHbIE PELeNThbl, KOMIbIOTEPHbIE UTPhI, HAayuHble pabOTh,
MOCTAHOBJIEHHS] TPABUTE/bCTBA, CJI0BA MeCeH, KaJeHapu COPTUBHBIX COOBITHI,
MPOTHO3 TOTO/Ibl U MHOTOE JIPYTOe.

B nauase sieta 2004 rona cetb MutepHet conepxkaga okoso 180 MumIMOHOB
KOMMbIOTEPOB, a €€ ycjayramu noJib3oBasioch npumepHo 700 MHIJIMOHOB yeso-
BeK (M3 1IecTH ¢ HeGOoJbLIMM MWIJIHAPIOB KUBYUIMX Ha 3emdie). [lo ampecy
http://www.nua.ie/surveys/how_many_online/index.html MOXXHO HaHTH
MH(pOpPMaIMIO 0 TEMMAxX pocTa uhcsa noJb3oparesei cetn Murtepruer. Anasnoruu-
Hasi MHopMalys o uucje KoMmibioTepoB (hosts) B ceTu pasmeliieHa 1o ajapecy
http://www.isc.org/ds/host-count-history.html.

MHudopmaumoHHblii cepBuc, npeaocTaBisiemMblil ceTbio MIHTepHeT, MeHsiics B
npolecce CTAaHOBJIEHUS U pa3BUTHS Tyio0abHON ceTH. B mepBble rojibl eé cyie-
CTBOBAHUSl OCHOBHBIMHU ycJlyraMu OblIM 2JeKTpoHHasl nouta (e-mail), TesekoH-
(epenunn (news), nepecbinika gaiion (ftp) 1 pabora Ha ynanéHHOM KOMIMbIO-
tepe (telnet). Ocobyio poJsib B pasBUTHH HOBOIO HHPOPMALIMOHHOTO OOLIECTBA
urpaJjia 3JeKTPOHHas 1ouTa, MPUHUMIHAIBHO M3MEHHBILAS BO3MOMKHOCTH MEXK-
NepCcoHaNbHOTO B3aHMOJIEHCTBHSI.

DJIeKTPOHHAS NIoUTa SIBJISIETCS aHAJIOTOM OOBIUHOW GYMaXKHOM MOUTHI, a 3J1eK-
TPOHHBIN ajipec MO3BOJISIET OJJHO3HAYHO MAEHTH(PUIIMPOBATh TMOJb30BATENS ITOH
YCJIYTH Cpe/id MUJIJIHOHOB JIPYTHX MOJIb30BaTesel ceTH. 3Hast aipec 3J1eKTPOHHON
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TMOUThl, MOKHO OTIPABJISATh TEKCTOBblE COOOLIEHHUS, TPOrPaMMbl, H300parKeHus,
CJIOBOM, J1100y10 MH(OpPMaLHIO, COCOOHYI0 XPAHUTHCSI B 3JIEKTPOHHOM BHJlE Ha
KomrbloTepe. OHa OyfeT 10CTaB/eHa uepe3 HeCKOJIbKO MHUHYT B JIOOYIO TOUKY
TJIAHETHI.

DJIEKTPOHHBIH MOUTOBBIH apec COCTOUT U3 JIBYX UACTEH: HMEHH T0JIb30BaTe-
JISl M ajipeca MouToBOro ceppepa. ATo JBe KOMIOHEHTh pa3e/sioTCsl CHMBOJIOM
«@», ouMasbHOE Ha3BaHHe KOTOPOro — «KOMMepueckoe 3T». BoT mpumep
3JIEKTPOHHOIO ajpeca: maxOmail . ru.

st paboThl ¢ 3J1€KTPOHHON MOYTOH CYyLIECTBYeT MHOIO PasJ/MuHbIX IpO-
rpaMM, W KaxkIbl MOxKeT BbOpaTh it ceOs1 HaubGosee ynoOHyw. Ho creuuna-
JIM3UPOBAHHbIE CPeACTBA Uil paboThl ¢ e-mail MOKHO He HCMOoJb30BaTh — B
nocJie/iHee BpeMsi MHOTHe HH(OPMALMOHHbIE MMOPTaJibl U YHHBEPCHUTETCKHE BeO-
CalThl NPELOCTABJSAIOT BO3MOXKHOCTb paboTaTh C MOYTOH C TOMOLLBI TaK Ha-
3bIBaeMoro seb-unmepgheiica. IIpu 3TOM JIOCTATOUHO HAYUUTHCS TOJb30BATHCS
TOJIbKO Opay3epoM (TepMHHbI « MIH(OPMALMOHHBIH MopTas», «BeO-calT» U «Opa-
y3ep» 0OBACHAIOTCS HUXKE).

TenekondepeHunu, UK, KaK UX ellé HAa3bIBAIOT, FPYIMIbl HOBOCTEH, MOX0KH
Ha 3JeKTPOHHYyI0 MouTy. TeseKoH(pepeHyss — 3TO OrPOMHbIH, HEMpepbIBHO 00-
HOBJIAIOLLMACS 3JIEKTPOHHBIN »KypHaJ/, pa3OUTbIH Ha MHOXKECTBO Pa3/e/oB M0
UHTepecaM. Ha HUX MOXKHO MoANMCaTbCsl M MOJYy4aTh COOOLIEHHS TOJBKO M3
MHTEPECYIOLMX Bac pasjiesioB. Bbl cMoxKeTe He TOJILKO YUTaTh COOOLLEHUs, MO-
cTynatoude B TesJleKOH(epeHLMH, HO U TOChlIaTh TyJla CBOM BONPOCHI U Mpeji-
JIOXKEHHs, BbICKA3bIBAaTh CBOE MHEHHE, O KOTOPOM Y3HAIOT BCe MOIUCUMKH ITHX
pas/iedoB.

Baxneiituum coOblTHEM B MUCTOPUM pa3BUTHS ceTd VHTepHeT craso noss-
JieHHe HoBoro uHdopMmaluonHoro ceppuca — WWW. Dta «BcemMupHasi nayTu-
Ha» COCTOWUT M3 OTPOMHOIO KOJHUECTBA PA3JIMUHBIX JOKYMEHTOB, COJEPKALIHUX
TaK HasblBaeMble eunepcculaku. [1py mpocMoTpe TakKoro JOKyMeHTa C [IOMOLLbIO
criellMaJibHOM MporpaMMbl (Opay3epa) MOXKHO TepPeRTH OT OJIHOTO JOKYMeHTa K
JIPYromy IpH MOMOLLH L1e/19Ka MbILIH Mo ceblike. OcHoBHOE focTonHeTB0o WWW
COCTOUT B TOM, UTO THIEPCCHIJIKK MOIYT yKa3blBaTh HAa JOKYMEHTbI, XpaHsLHecs
Ha JIPyroM KomIbloTepe ceTH. B pesyJ/ibrare 1nosyyaercst eIMHOe THIIEePTEeKCTOBOE
NPOCTPAHCTBO, MO KOTOPOMY MOXKHO IepeMeliaTbcsi B JioOOM HalpaBJeHHH B
MOUCKaX HY»KHOH HH(OpPMALUH.

[IIupouatiliee pa3Butue U pacnpoctpanenne WWW B ceTu npusesio K TOMY,
uto, roBopst «MHTepHeT», yacto noapasymenaior umeHHo WWW. Oyukunonu-
poBaHHe 3TOro cepBuca obecreunuBaeTcsi OOJbLIMM YUCJIOM BeG-CepBepoB, KO-
TOpble U CO/lepKaT pacrnpeiesénnyio 6a3y JaHHbIX THIEPTEKCTOBOrO MPOCTpaH-
ctBa. Kax/aplil U3 cepBepoB HamnoJHsieTcss HHPOpMaLKeld Ha KaKyro-Ja100 Temy,
BKJII0Uast TEKCThI, rpaduueckre n300pakeHusi, My3blKabHble TIPOU3BEICHHS], BU-
Je0 U T.1. B pesysbraTe noJiyyaercst To, 4TO MPHHATO HA3blBATb BeO-CaHTOM.
Bousibuine no o6bémy, XOpoLLIO CTPYKTYPUPOBAHHbIE CAUThl, CIIOCOOHbBIE NPeao-
CTaBUTb M0JIb30BATENIO PSIJL AOMOJHUTEIBbHBIX YCJIyT, HA3bIBAIOTCS HH(OpMAalU-
OHHBIMH MOPTaJaAMH.
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C rexnosiorneit WWW cBsizanbl Takue nousitusi, Kak URL (ynuBepcadib-
Hblil ajpec pecypea), HTTP (nporokosn nepenauu runeprekcra) 1 HTML (a3bik
pasMeTKM rurneprekcra). JTo jasneko He Bc€, Ha uém Oasupyercsl «BCeMHpHast
nayTHHa» CerojiHsl, Ho 6e3 HUX OHa He CMorJa Obl MOSIBUTHCS.

URL — cneunanbHas gopma ajipeca nudopmaiinu B cetd Vinrepuer, conep-
»Kaulasi 0ObIYHO He MeHee TPEX KOMIOHEHT: crnocol CBsI3H ¢ cepBepoM (MpoTo-
KOJ1), UM$1 WJIM aJipec cepBepa, Ha KOTOPOM paamellleHa HH(OpMaLHs, U JIOKa/b-
HbIH ajipec HHQOpMaLKMK Ha cepBepe. JIoKaJbHBIN ajpec Ha cepBepe, KOTOPbIH
MHOTJIa OMYyCKAaeTCsl, vallle BCEro MpeacTaBJsieT co00H MmoJjHoe uMs Qaiaa, Ha-
npuMep, http://wuw.msiu.ru/education/index.php. B HeKoTOpPBIX ciyuasx
JIOTIOJIHUTE/IBHO YKa3bIBAETCSl HOMEP T0PTa /ISl CBSI3U C CEPBEPOM. 3aMETHM, UTO
Ha OJIHOM M TOM K€ KOMIIbIOTepe MOTIYT OJIHOBPEMEHHO pa3MelllaThCsl HECKObKO
pas3JIMUHBIX CEPBEPOB.

Uro6bl pa3iMuath KOMIbIOTEPbI CETH, KAXKI0MY M3 HUX 1IeHTPaJU30BaHHO Bbl-
nensiercst IP-azpec®, coctosuwmit u3 ueTbpéx uncest ot Hyas g0 255, HanpuMep
10.2.2.4. HenocpencrBenHoe ucnosb3oBatue [P-ajipecos BecbMa Heyio6HO, Mo-
3TOMY TpPUMEHSIETCS] TaK HasbiBaemasi domerHas cucmema umérn. Hanpumep,
WWW.msiu.ru — 3TO JOMEHHOe HUMs KOMIbloTepa, umetoulero ajapec 10.2.2.4.
Kak n [P-anpec, nomeHHOe HMSI COCTOMT M3 KOMIIOHEHT, OTIE/SIEMbIX JPYr OT
Jpyra Toukamu. [TocsienHsist U3 KOMIOHEHT (B MPHUBEAEHHOM MPUMepe «rux») Ha-
3bIBAETCs1 IoMeHOM (06J1acThblo) nepsoro yposHsl. Cpeny Haubosiee pacnpocTpa-
HEHHBIX JIOMEHOB E€PBOT0 YPOBHSI MOXKHO OTMETHTb «com», «net», «org» H
JByXOYKBEHHbIE IOMEHbI, COOTBETCTBYIOIINE AHTJIMACKAM HAa3BaHUSIM OTIEIbHBIX
cTpaH: «ru» — Poccus, «ua» — YKpauHa u T. 1. JloMeHbl IepBOro ypoBHsl co-
31a10TCS CTelMaJbHbIM OPraHoM Mo pasBuUTHIO ceTH MHTepHeT, u BaaneioT HMH
KpyMHble MeX/yHapoHble OPraHU3alMK UJIH NPaBUTEIbCTBA CTPaH.

BHyTpH 10MeHOB 1epBOro ypoBHsI MOJL KOHTPOJIEM HX BJlaJle/IblIeB MOTYT ObITh
CO3J1aHbl JIOMEHbl BTOPOr0 YPOBHs, 0OBIUHO MPUHAMIEKALLHE YKe KaKUM-JIH60
MPOMBILIIEHHBIM, 06pa3oBaTebHbIM, HayUHbIM W MHBIM OpraHusaiusim. B pac-
CMaTpUBaeMOM HaMM MpHMepe JOMEHOM BTOPOro YpOBHS siBJsieTcsl «msiu» —
ab66peBnaTypa MoCKOBCKOTr0 rocy1apCTBEHHOT0 HHAYCTPHATLHOTO YHUBEPCUTETA
(Moscow State Industrial University). B anpece www.msiu.ru Tpu KoMIoHeH-
Tbl, TIepBasi U3 KOTOPBIX (Www) MPeJCTaBIsSeT COO0H UMsT HEKOTOPOTO KOHKPETHOTO
KOMITbIOTEpa B CETH opraHu3aluu msiu.ru. BooGiie roBops, 10MeHHOE UMSI MO-
JKEeT COCTOSATb U U3 OOJIbllIero uucsaa KoMnoHeHt. [1pu 3ToM nepsasi U3 HUX —
MMs KOMIIBIOTEPA B JIOKAJbHOH CETH.

XoTsl Ha ypOBHE ONEPaLHOHHON CHCTEMBbI BCe KOMIbIOTepbl ceTn Murepher
o6LIatoTesl MexKy co60i Ha OJHOM si3blKe, MPHKJaHble PorpaMMbl NPUMeHs -
IOT HECKOJIbKO Pa3JIMUHbIX MPOTOKOJIOB 0O6MeHa MH(pOpMaluer, COOTBETCTBYIO-
KX pasyuuHbiM cepBucaM. [Ipotokon HTTP — nHauGosiee akTHBHO HMCMOJIb-
3yeMblil B HacTosilee Bpemsi. Cpemu apyrux npotokosoB ormetum HTTPS —
anasior HTTP, o6ecneunBatoliii KOHpUAEHIMANLHOCTD Nepelaul HHopMaLKH,

1P — Internet Protocol, npotokos o6Mena uudopmatwmeii B ceti MuTepHer.
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FTP — oauu u3 nepBbIX ceTeBbIX npotokosoB, NEWS — mnportokoJi, ucnosnb-
3yeMblil B Tpyrnnax HOBocTel (TejeKoH(epeHIHsIX).

Ceituac cetb MHTepHeT HacCTO/IbKO 0OLIMPHA, YTO BO3HUKAET NpobJemMa Haxo-
JKIAEHHST HYKHOH MHpopMaluu. JlJisi 9TOro CylIecTBYIOT Tak Ha3blBaeMble 1nouc-
KogblLe cepaepbl, KOTOPbIe TIOCTOSTHHO «TPOILIAPUBAIOT» BCIO IJI0OANbHYIO CETh U
MHJIEKCHPYIOT UMeloLMecst B Hell pecypebl, UTOOb! 3aTeM MPaKTHUECKH MTHOBEH-
HO TIPEIOCTaBUTb CMHUCOK CChIIOK HAa BCE JOKYMEHTbI, B KOTOPBIX BCTpeuaeTcs
MCKOMBIH TePMHUH WM KoMOMHauUusl cyoB. K coxKasieHHto, B GOJbLIMHCTBE CJly-
yaeB MOJ1b30BATEJb TOJNYYAET JECATKH WU J1aXKe COTHH ThICSIU CChIJIOK Ha JIOKY-
MEHTbI, POPMabHO YIOBJIETBOPSIOLINE €r0 3aMpocy — CJUIIKOM BeJHK 00BEM
vHpopMaluu B ceth MIHTepHET ¢ 0JHOH CTOPOHBI, U HEJOCTATOUHO TOUHO chop-
MYJIMPOBaH 3anpoc — ¢ apyroi. [lepeuncsium HekoTopble HanGoJIee MOMyJspHbIE
TIOMCKOBbIE CEPBEPHI.

Mudopmaupmonnsiit nopran Yahoo (http://www.yahoo.com) sBiseTcs He
TOJIBKO MOHWCKOBOH MAaLIMHOM, HO W KPYMHEHLIMM KJaccH(pUKaTOPOM pecypcoB
rn06aqbHON ceTH. 31ech BbIEJEHO HECKONBKO Pa3lesioB BEPXHErO YPOBHS: HC-
KYCCTBO, OM3HeC, KOMIbIOTepbl, 00pa3oBaHKe, 310pOBbE, pasBJedyeHHus], MpaBu-
TeNLCTBO U Jp. KaxKablil U3 pasziesnoB, MOMHMO CCBIJIOK, CONEPXKHUT MOJpase-
Jbl, KOTOpbIE, B CBOIO ouepe/lb, TOXKe COep:KaT nojapasiessl U T. 1. [TouckoBbli
cepBep Google (http://www.google.com) OTJAHUACTCS HCIOJb30BAHHEM OCO-
601 TeXHUKHM HaXOXKJEHUS CTPAHML, COOTBETCTBYIOLLMX 3anpocy. s 1o enu
NpUMEHsIeTCs CrelraNbHoe YUUCJI0, MOXO0XKee MO CMbIC/Y HA HHJIEKC LIMTHPOBAHUS:
ueM 60JIblIe CChIJIOK Ha JAHHBII JOKYMEHT, TeM 3T0 uucio GoJblie. Ecan cepsep
He HaXOJHUT 3arpalliMBaeMol KOMOHHALMK B CBO&M KaraJjore, TO OH MOJb3yeTcs
TemMaTHueckuM KatasoroMm Yahoo. AltaVista (http://www.altavista.com) —
TIOMCKOBBIH cepBep, CMOCOOHBIH HAXOAUTb HYKHYIO HHPOPMALUIO HE TOJBKO cpe-
1 Be6-ctpanul (WWW), Ho u B rpynnax HOBOCTeEH.

CoryiacHo uceseoBaHuio donaa «OOLecTBeHHOE MHEHHEe», B POCCHICKOM
CerMeHTe CEeTH, BeCbMa 4acTo HasbiBaeMOM «PyHeTom», HauboJiee NONyAsipHLIM
siBJIsieTCsl MH(OPMalMOHHbIH nopTan «$SHneke» (http://www.yandex.ru); Ha
BTOpOM MecTe Haxojuurtcst «PambGsep» (http://www.rambler.ru), a 3amblKa-
eT Tpolky JuaepoB «Mail.ru» (http://www.mail.ru). 3amMeTHM, UTO BCe TpH
repevyrcyIeHHbIX CaiiTa He MPOCTO «IOUCKOBUKU» — 3T0 HH(OPMALMOHHbIE TTOP-
Taslbl, cojeprKallie KaacCH(UKalMOHHbIEe KaTalorH, KOTOPble 0XBAaThIBAIOT BCE
OCHOBHbIe TeMaTHuecKHe HanpasJjeHust «Pyneras.

[Mpumep 5.1. Haiiném B cetu undopmaLuio, NOATBEPIKAAKOLLYIO TPOMCXOASALLKE
B MOCJIE/IHHE TOJIbl B PA3JIMUHBIX CTPaHaX MPOIECC Mepexojia Ha MPaBUTE/IbCTBEH -
HOM YpOBHE OT LIMPOKO pacnpocTpaHEHHOH onepaloHHOH cucteMbl Windows
K cBoboanoit OC Linux.

PeweHnue. Bocrnosbayemest st oucka cepBepoM www.google.ru. Ecin no-
MCKaTh MPOCTO CJI0BO «Linux», TO Mbl MOJyYHM TepeueHb, CoAepKalHi 0KOJIO
116000000 ccbiok. DTo NMpUMep oueHb HETOUHOTO 3anpoca.
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[Touck cTpoku U3 ABYX cJioB «Linux npaBuTesbCTBO» NAéT yKe 3HAUUTENBHO
MeHbIIHH 10 06bEMY CMHUCOK, cofepxkalini npuMepHo 22 000 ccbliok Ha pas-
JIMYHble 10OKyMeHTbl. OHAKO W 3TOT MepeueHb MOXKHO 3HAYUTENbHO COKPATHUTh,
yTo4yHUB 3anpoc. Ecsu, Hanpumep, Mbl NonpoGyeM MOUCKATb CTPOKY «'TIEPEXO]L
Ha Linux" npaBUTe/IbCTBO», KABBIUKH B KOTOPOH TPeBGYIOT 00513aTeIbHOrO HAJIU-
Uusi B IOKyMEHTE CJ0BOCOUYETaHHUs «Mepexo/l Ha Linux», To Mbl MOJyUHUM CCBIJKH
Bcero Ha 131 MOKYMeHT. DTOT CIHUCOK MPH KeJaHWH YXKe MOKHO BHUMATENbHO
NPOCMOTPETh LIEJTHKOM.

[lpumep 5.2. Boisicnum, Kakast HHPOpPMALMS HAa PYCCKOM $I3bIKe, CBSI3aHHAsI C
JIMLIEH3USIMH Ha CBOOOJIHOE NporpamMMHoe obecreyeHue, UMeeTcsl B CeTH.

Pewenue. ITonck ctpokn «cBo6GOHOE MPOrPAMMHOE 0GECTIEUEHHE» TPHBOIUT
K CJMIIKOM GOoJiblIOMY cMUCKYy 00bEMOM oKoJio 19100 cchloK, KOTOpbIH JIerko
YTOUHUTB, 100ABUB B CTPOKY MOMCKA CJIOBO «JHlLeH3Us». [Tosyuaembiil B 3TOM
cJydae nepeueHb cocTouT U3 npumepHo 1830 cchbuiok, 6oJbliias yacTb U3 KOTO-
pBIX JIEHCTBUTENbHO TPENCTABJSET UHTEPEC.

MurepHer cefiuac — He TOJLKO OrpOMHOE XpaHHJHLILE MHPOPMALKH, HO U
cpencTBO cBsizu. Kpome naBHO BO3HHUKILIEH 3JE€KTPOHHON MOUTHI, CErOJHS ILIUPO-
KO pacrpocTpaHeHbl GOpyMbl M «daThl» (OT aHriuiickoro chat — GoJrathb), a
takxke cepuc [CQ. st Toro uToGbl MPUHATH yyacTHe B KaKOM-JHO0 opyme
WM 1006LIATLCS B «UaTe», J10CTaTouHO 0ObluHOrO Gpaysepa, a MOosIBUBLLMACS B
1996 rony ICQ (cosByuno auramiickoit ¢pase «I Seek You — s iy Te6si»)
CTaJl OJIHUM M3 CaMbIX MOTMYJISIPHBIX CMIOCOO0B HHTEPAKTHBHOTO B3aUMOJIEHCTBHS
monedl B cetd. B ornmune ot ssexrponHoi noutsl 1CQ, Has3biBaeMblll pyccKo-
SI3bIYHBIMH T10JIb30BATEJSIMH TIPOCTO «aCbKOH», MO3BOJISIET «YBHAETb» BCEX Ba-
ILIMX 3HAKOMbIX, KaK TOJIbKO OHH MOSIBJSIIOTCS B CETH.

B 3aksitoueHne moroBopuM 0 HEKOTOPBIX MPoGJIeMax, MOPOKAEHHBIX J100aJ/b-
HOW ceTblo. UpesamepHoe MpHCTpacTHe K CeTH BPaud y»Ke MHOTO JIeT CUMTAlOT
CHMITOMOM TICHXHUecKoro 3aboJieBaHusi. MICTHHHbIE «MHTEPHETOMAHbI» MPOBO-
JAT B ceTd GoJsiee TPUALATH YaCOB B HeJe/I0, NPUUEM Ha cepdHHT (Mepexoll ¢
noMolliblo Opay3epa OT OAHOTO JIOKYMEHTa K Jpyromy 6e3 onpeaenéHoil 11e/H),
Urpbl, MOKYNKH, ydacThe B opymax W yarax oHu Tpatsat B 10 pa3 GoJblie Bpe-
MeHH, ueM Ha paboty uin yuély. Takue JoAM 4acTo TepsiiOT CeMblo, paboTy,
couMalibHble CBSI3H, TO €CTb «MHTEPHETOMAHHUS» MPHUBOJUT MOUTH K TAKOMY Ke
paspyuieHuIo JUUHOCTH, KaK aJKOTOJIU3M HUJH HAPKOMAaHMSI.

Baxknefiinm BonpocoMm rnocJjie/iHero BpeMeHu ctasa rnpobsema 60pbObl ¢ Mac-
COBOM PaCCHIIKON peKJIaMbl MO 3JIEKTPOHHOH 1ouTe. DTUM BOMPOCOM 3aHUMAIOT-
csl y»Ke Ha MexKIpaBMTEeJbCTBEHHOM ypoBHe: B cTpaHax EC, Hanpumep, npu-
HAT 3aKOH, 3aMpellalolMi pacChblKy 3JE€KTPOHHON MOYTHI KOMMEPUECKOro Co-

JepKaHus, HE CaHKLII/IOHI/IpOBaHHOI;I rnoJiyyaTteJsieM. KOJH/I‘—IQCTBO Cﬂ3M37 HACTOJIb-

7370 cs10BO, yiKe BKMIOUEHHOE B COBPeMeHHbI ophorpadmueckHii cioBaph PyCCKOro s3bl-
Ka, MPOM3OLLIO0 OT aHIVIMHCKOrO spaim, M3Haua bHO 03HAUaBLLIEro KOHCEPBUPOBAHHBIH KOJIOACHBIH
dapu. B 1994 rony nBa amepHKaHCKHMX I0PHCTA PA30CJaii ¢ MOMOLIBIO CETH HECKOJIBKO ThICSY
peKJIAMHBIX COOOIIEHHI, KOTOPBIE T0JTydaTe/Id OKPECTHIIH «CITAMOM>».
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KO BO3pOCJIo, UTO noTtepu npeanpustuii Esponerickoro Coio3a, BbIHYKIEHHBIX
€XeJIHEBHO YaJsATh TepabakThl 3JeKTPOHHOrO Mycopa, coctaBuau B 2003 roay
6oJsiee TPEX MUJIMAPLOB €BPO.

Cetb MHTepHeT y2ke cefiuac npeaocTanJsieT NouTH 6e3rpaHnuHble BO3MOXKHO-
CTH /151 CBOOOJHOrO 0OMeHa MeSIMH, JaHHbIMH HCCJIeL0BaHUN W Apyroi nHdop-
Malluefi, Ho B TO »Ke BpeMsi TIOKa CYLUECTBYET Psil CepbE3HbIX MPoOJeM J1eJ0BOro,
NOTPeOUTENBLCKOTO W 3THUECKOTO XapaKTepa, CBSI3aHHBIX C JOCTYNOM, CTOHMO-
CTbI0, KOH(UIEHIHAIbHOCTbIO, MOLLIEHHHYECTBOM, 6€30MacHOCTbI0, aBTOPCKUMH
npaBaMH ¥ craHaapTusauueil. bynyuiee cern KMurepner cssizaHo ¢ paspabort-
KOU U BHEJPEHUEM OIPeIeJIeHHbIX CTaHJIAPTOB B LEJSX CO3MaHUsl CTAOWJIbHON
MH(PACTPYKTYPbI, KOTOpasi cjienasna Obl KOMIILIOTEPHYIO CeTb GoJiee HaJEKHOH,
JIOCTYIHOH W MPOCTOH 151 N0J1b30BaTe 1, NPUOJIU3UB €€ K TAKMM KOMMYHaJIbHbIM
ycJyram, Kak 3JeKTpo- W BojocHabKeHue, TejeOHHas CBS3b.

YnpaxHeHus

1. [lepeuncsinTe OCHOBHbIE BO3MOXKHOCTH, NPEOCTaBJsIEMbIE B HaCTOsIlllee BpeMst ceTbio MHTepHeT.

2. Kakue U3 cJje[lylolllX MOHSATHH, 00BEKTOB U MPOrPaMMHbBIX MPOAYKTOB MOSIBUJIMCH TOJBKO MO-
cJle LIMPOKOro pacrpoctpaHenusi cetd Murepuer: a) 6paysep; 6) URL; B) runeprexct; 1) daiin;

JI) 3JIeKTpoHHast TabJiia?

3. Kakue stuueckue npobjembl nopoaus MHrepHer?

§ 6. HUHbopMauvoOHHbIE TEXHOJOTMU U IOPUCTIPYIEHLUS

Caoxusiiasicst K Hauasty XXI Beka HoBast MHpopMalMoHHast CTPYKTypa, 00-
pasoBaHHasi 00 bEAMHEHHBIMH B IV100AJIbHYIO CeTb KOMITbIOTEpaMH ¢ pa3HooOpas-
HbIM TPOTPAMMHBIM ObOecrieueHreM, Jlaja yeJoBeyecTBy HeBHIAHHbIE paHee BO3-
MOXKHOCTH, HEKOTOpble M3 KOTOPBbIX Mbl yxKe 00cyau/n. HUTo ke elé noJyyaer
yesioBeK, paboTaiolnil Ha KommbloTepe? C KakUM MpOrpaMMHbIM o6ecreyeHt -
eM eMy CJleJlyeT 3HAKOMUTbCS elllé B LIKOJe WK B UHCTUTYyTe? UeM KoMmMbloTep
MOZKeT MOMOUb HMEHHO IOPUCTY B €ro npodeccHoHaNbHON AeaTeJbHOCTH?

[TonibiTaeMcsl OTBETUTh Ha BCe 3TH BOINpockl. HauHém ¢ Toro, uTo ceroius
MOXKET JiaThb JII0OOOMY UesIOBEKY KOMIIbIOTEp, OCHALIEHHBIH COBPEMEHHbIM IPO-
rpaMMHBIM OOecrieueHneM 1 TOAKIIOUEHHbIH K 0611eMUpoBoi cetu. CylilecTByeT
HECKOJIbKO CJIerkKa OTJIHUAIOLIMXCS IPYT OT JIpyra KaaccudUKalui mporpaMMHOro
obecrieueHusi, pasaessiolnX Bc€ ero MHOroobpasue Ha OT/EJbHble KaTeropuu.
Tak Kak Mbl XOTMM TIOJIyUHTb JIHIIIb camoe oOllee TMpeicTaBjieHre 06 HHTepe-
CYIOLLEM Hac Ipeamere, MOXKHO BblOpaTb JtoOyt M3 HUX. Bocnosb3yemes an-
pecoM http://linuxshop.ru/linuxbegin/win-lin-soft/index.shtml. On
MHTEepeCceH TeM, UTO ero aBTOp He MPOCTO paccMaTpHUBAeT pas3/HuHble KaTero-
pun [1O (B 0CHOBHOM NpPHUKJ/IAIHOTO), HO U YKA3bIBAET aHAJOTHUHbIE JIPYT APYTY
pa3paboTKu /s I1ByX oCHOBHbIX coBpeMeHHbix OC: Windows u Linux.

[lporpammbl asis pa6oTbl B ceTd. B mpenbiayiiem naparpade Mbl y3Ha-
Ji, 4To Jisi paboTbl B ceTu HeoOXxoaum Gpaysep. B Windows 3To ualile Bcero
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Internet Explorer, B Linux ecTb HECKOJNIBKO JTOCTOHHBIX KOHKYPEHTOB, HalIpUMep
Mozilla. Kpome oO6MeHa TeKCTOBBIMM cOOOILIEHUSMH, ceTb KHTepHeT ¢ nomo-
uibio creuuanbioro I[TO obecrieunt u rosocoBoe oOlIeHHE, H JaXKe BUIEOKOH-
tdhepenuyu. st 3T0ro He0OX0MM JIHlIb OOBIUHBIH MyJbTHMEIHHHBIN KOMIbIOTED
¥ BeCbMa Hejloporasi BujeokaMmepa. [osiocoBoe 061lieHHe BIIOJHE 3aMeHsIeT TeJie-
hoH, MpUuém MpH 3HAUUTEJNHHO OoJiee HU3KOH CTOMMOCTH, a BUIEOKOH(EPEHIIHH
MO3BOJISIIOT OPTaHU30BBIBATh JUCTAHIMOHHOE 0OyUeHHe U JaxKe 3alUTy JUIJIOM-
HbIX padoT!

[lporpammbl pas paborbl ¢ aitnamu. Mbl 10/b3yeMcsi KOMIbIOTEPOM
npexjie Bcero Jiisi paboThl ¢ HHQOpMalei, a HbopMalys XPaHUTCS HA JUCKaAX
U JPYrUX HOCHTEJsIX B (hailsax. ITo — OJHA M3 MPUUYHH, MO KOTOPOH J060H
M0JIb30BaTe/b BbIHYXK/JEH UMETb JIeJ0 C OfepalloHHON CUCTeMOH, YCTaHOBJIEH-
HOH Ha KomrbloTepe. UToObl nepenucarhb, ckaxem, Gai ¢ IHCKEThl Ha »KECTKHH
JIUCK, HEOOXOAUMO BOCMOJb30BAaThCS JUOO COOTBETCTBYIOLLEH KOMaHIOM, JUOO
crieliMaJbHOM NMPOrpaMMoil — akJIoBLIM MEHEXKEPOM ¢ YI0OHBIM epaghute-
ckum urnmepgheticom®, KoTOpEIil BLIMOJHUT HYXKHYIO KOMAHJIy 33 M0JIb30BATE/ISI.
B Windows B kauectBe haiiljjoBoro MeHe/pkepa B MocJje/iHee BpeMsi yaille BCe-
ro ucnonb3ytor 6paysep Internet Explorer. B onepauunonnoit cucreme Linux
ceiiuac HauboJjiee PacrnpoCTPaHEHHBbIMU (haHJIOBLIMU MeHeJKepaMH SIBJSIIOTCS
Konqueror u Nautilus.

E11é ofiHMM BaXKHBIM KJ1IaCCOM MPOTPaMM, OTHOCSILIUXCS K JJaHHOH KaTeropuu,
SBJISIIOTCSl apPXUBATOPDI, MO3BOJISIONIME CXKATh UHMOPMALMIO, COIEPKAlllyIOCs B
OJIHOM HJIM HECKOJIbKHX (haiiiax, B HECKOJIbKO (MHOT/A J10 eCATH) pa3. XpaHHTb,
NepeHoCUTh HAa MarHUTHBIX HJIH HHBIX HOCHUTENSIX, MepechliaTh Mo CeTH (B TOM
YypcJie W M0 3JIEKTPOHHOM MouTe) TOUTH JIo0ylo HHDOpPMaLMo 1esecoo6pasHo
UMEHHO B apXMBHUPOBAHHOM BHJIE.

U36paHHble NpUKIaJHbIe U CUCTEMHbBIE MPOrpaMMbl. B 3TOM pasnese Mbl
KPAaTKO paccKaKeM 0 BO3MOXKHOCTSIX OCHOBHbIX Mporpamm. Eié pa3 HamoMHuM,
uyTo paccMmarpuBaemoe pacrnpejesnenue [1O no pa3nuuHbIM KaTeropusiMm JoCTa-
TOYHO YCJIOBHO.

AHTHBHPYCHI OUeHb T0JI€3HbI, €CJIH HA KOMIbIOTEpPE YCTaHOBJEHA OjHA W3
ornepalMoHHbIX cucteM pupmbl Microsoit (cm. §4). [1pu nanuuun ckanepa Heo6-
XOJIMMbI MIporpammbl, obecrneunBaione pa6oty ¢ HuM. [ToJie3HbIMU MOTYT OKa-
3aTbCsl, HANPUMeEp, MPOrpamMMbl pacro3dHaBaHust Tekcta. CyLIeCTBYET U TaKoe
nporpaMmHoe obecredueHne, KOTOPOe MO3BOJISIET Paco3HaBaTh (TO eCcTh Npeosd-
pa3oBbIBATb B TEKCT) UeJOBEUECKYIO peub. KOHEUHO »Ke, MOXKHO BBIMOJHATb U
obpaTHoe npeobpa3oBaHUe — KOMIIbIOTEP YK€ B COCTOSHHM «UMTATb BCJYX>»
JAHHBII €My TEKCT.

TexkcroBast uHdopMmalus Ucrosib3yeTcss HauboJiee YacTo, MPUUEM HePEJIKO
NpUXOAUTCsl paboTaTh C caMblM OObIKHOBEHHBIM (plain) TeKCcToM, 0 KOTOpPOM LiJia

80 kommbloTepHOIl MporpaMMe roBOPAT, UTO OHAa HMeeT rpaduueckuil HHTepdeiic, ecau s
paboThl ¢ Hell NPeLyCMOTPEHbl OJHO WJH HECKOJbKO OKOH rpadMueckoil cpeibl, KjaaBHaTypa U
MBILLb.
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peub enié B §1. MHorna Tpebyercs 3aidpoBath nHdopmaimio. 3amndppobatsb
MOKHO KOHKPEeTHbIH TEeKCT, Bce (hailyibl Ha IMCKe UM HHPOPMALHUIO, MOChIIaeMYo
10 3/1eKTPOHHOH nouTe. COOTBETCTBYIOLLEE NTPOrpaMMHOe oOecreueHre BIIOJIHE
JIOCTYMHO (B TOM uMcJ/ie U CBOOOJIHOE), HAl0 TOJBKO HayUMThCS UM MOJIb30BAThCSI.

3HauuTesbHast YacTb MH(POPMALMK B CETH MPeACTaBleHa B TaKMX pacrpo-
cTpaHéHHbIX rpaduuecknx dopmatax?, kak PostScript unmn PDF. OcHoBHoe 10-
CTOMHCTBO 3THX (HOPMATOB — BO3MOXKHOCTb MOJYUHTh KAUeCTBEHHYIO OYMaXKHYIO
KOMHUI0 JIoKyMeHTa. UToObl MPOCMOTPETh M HareuyataTb JOKYMEHT, He0OXOJIUMO
creLualibHoe nporpaMMHoe obecrieyeHre, KOTOpoe B HY»KHbI MOMEHT 3arycKa-
ercsl 6pay3epoM IOUTH He3aMETHO sl [10J1b30BATeJIS].

Kowmnbiotep npenoctasisieT ya106Hy0 BO3MOKHOCTb HCI0JIb30BaTh 60JIbLIOE
KOJIMUECTBO CJOBapel (HanpuMep, aHrJIo-pyCCKUH; Bellb, HECMOTPS Ha ObICTPbIH
pocT «PyHeTa» 3a nocJ/iefiHMe HECKOJBKO JI€T, OCHOBHAsl 4acTb MH(pOpPMaLMK B
cetd MHTepHeT npeacrap/jieHa Ha aHTIMICKOM 53bIKe).

[Iporpammsl agasi pabotsl ¢ myabTuMeaua. Kak yxxe ormeuasioch, Haubo-
Jiee pacrnpocTpaHéHHbIMU DopMaTaMu JJisi XpaHeHUs] My3bIKaJbHbIX MTPOU3Be/e-
nuit sBasioress MP3 nu OGG. CyulectByert, BnpoueM, HeMao KOMIAKT-IHCKOB,
oUM(POBaHHBIA 3BYK Ha KOTOPbIX 3amucaH 6e3 HCMOJb30BAaHHS KAaKOro-s160
ckatus (ayamokomnakThl). [1O nns npocsylMBanust My3blKH 0ObIYHO yCTaHAB-
JMBaeTcsi Ha Ji000H MyJbTHMENUHHBIH KoMIbloTep. HacTo K 3ToMy nobaBssi-
IOT NporpamMmbl, Jlatolle BO3MOKHOCTb McnoJb3oBaTh Karaoke, ciymars paauo
U T.1. B pesysbrate coBpeMeHHbIH MyJbTHMENUHHBIH KOMIIbIOTEP C KauecTBeH-
HOM ayJIMOCUCTEMOH MPEeBPALLACTCS B MOJHOLECHHbBIH MY3bIKAJIbHbIA LEHTP.

Ha camom nesie Bo3MOKHOCTH MO106HOTO KOMIIbIOTEpa ropasao 6oJblile: cy-
LLIECTBYIOT ayJAHOPEAAKTOPbI, CHHTE3aTOPbl H PEIAKTOPbI HOT, MPELOCTaB/IIOLINE
BCEM 2KeJalollMM BO3MOXKHOCTb HACTOsIILIEro TBopuecTBa. JlonosHsieTcs 3ToT na-
KeT MporpaMMaMHu, Mo3BOJISIOLMUMH NPeo0pa3oBblBaTh 3BYK U3 OJHOro (opma-
Ta B JApyroii. MoxHo, Harnpumep, MPOUUTaTh KOMIO3ULMIO C ayJAHOKOMMAKTa U
«cxkatb» eé B popmar MP3 uiu OGQG. IloaroroBus noabopky foGUMbIX KOM-
TMO3HULIMH, JIErKO 3aTeM 3anucaTh UX Ha KOMOAKT-JHCK.

Jnst cognannst wiM MoaMGUKauMid U3006paXKEHHH CyLIECTBYIOT Tpaduueckue
penaktopbl. Hanomuum (cm. §2), uto ecTb 1Be OCHOBHBIX (DOPMBI MTPE/ICTAB/IEHUS
rpacpuueckod HHPOPMaLMHK, pacTpoBast U BekropHasi. JIaist paGoThl ¢ KaXKJI0H U3
HUX TIpe/iHa3HaueHbl CBOW Nporpammbl. Hanbosiee M3BeCTHBIMU W yHUBepCAJib-
HbIMH (M moToMy TipodeccuoHa/bHbIMH) siBasitoTesi PhotoShop B Windows u
GIMP B Linux. CneunasbHble MporpaMmbl MO3BOJISIIOT HCMOJb30BaTh [lash-
texHosiornio'? n cosnapath Tpéxmephyio (3D) rpacduky. CyllecTByeT, HaKOHell,
nporpaMmMHoe o0ecrieueHne, npepHazHadeHHoe st obJerueHnsi paboThl ¢ U-
poBbIMH (hoTOaNMapaTaMu, KOTOpble BBITECHSIOT MIEHOUHbIE.

MHorue MysbTHUMeNUEHbIE KOMIIBIOTEPLI NMO3BOJSAIOT paboTath ¢ DVD-nauc-
KaMH M TpocMaTpuBaTh Bujeo3anucu B ¢opmare Mpeg. Ecan Ha KommnbloTepe

“HanomHuM, uto opMaTOM HA3LIBAKT CTIOCOG KOAMPOBAHHS HHQOPMALH.
%Flash — o6benuHenMe aHMMALKMH M BEKTOPHOH rpachuKH /s 0hOPMIIeHHs BeG-CTPAHHLL,



Inapa 1. Undopmauus u KomnbloTep

ycranoBsien TV-TioHep, TO mporpaMMHoe obecrieyeHue MO3BOJIUT MPEBPATHTh
ero B OueHb KauecTBeHHbIH TeseBU30p. MM MOKHO ynpaB/siTh Kak ¢ MOMOILLbIO
MyJibTa, TaK M M0 CETH, MOXKHO COXPaHSATb OT/eJbHble KaJpbl WM 3aMUCHIBATDH
uesible nepefaud. Ecau 106aBUTb K 3TOMY BO3MOXKHOCTb MOHTaXKa BHJ1€0 KaK Ha
JMMOOUTENLCKOM, TaK M Ha MPodecCHOHaNbHOM YPOBHE, a TAKXKe BO3MOYKHOCTb CO-
3aHUsT aHHMHPOBAHHOTO M300paKeHHUsi, TO CTaHET SICHO, UTO MYJIbTHMEIHHHBIN
KOMMbIOTEP 3HAUMTENBHO MPEBOCXOAUT MO CBOUM BO3MOXKHOCTSIM CTaHAAPTHYIO
«JIBOFKY» — TeJIEBU30DP U BHIEOMArHUTO(OH.

OducHbie nporpammbl. B nocsienHue rojnl B CBsi3u ¢ pa3Butiem cetd MH-
TepHET 3HaueHHe O(UCHBIX MPOrpaMM HECKOJbKO yMEHbUIUIOCH, OIHAKO TeK-
CTOBbIE TPOLLECCOPBI U 3JIEKTPOHHbIE TAGJMIBI — CaMble UCMOJb3yeMble T0CIe
6paysepa. O6bIYHO MOJJ0OHbBIE MPOrpaMMbl OO LEJAHHSIOT B MAKET, MO3BOJISIONINH
paGoTaTb C TEKCTOBBIMH JOKYMEHTaMH, 3J€KTPOHHBIMH TabJHIIaMH, Mpe3eHTa-
UMMM, rpacduueckoil uHpopmalmein 1 6a3amMu JaHHbiX. CaMblil U3BECTHBIH H3
Hux — Micrososft Office ns onepaunonnoi cucrembl Windows. B nocaesn-
Hee BpeMsl BCE 6OJIbILYI0 NONMYJSPHOCTb MPUOGPETAET €ro CBOOOAHBIA KOHKYPEHT
Open Office, cnoco6ublil hyHKIMOHUPOBaTh Kak B Windows, Tak u B OC Linux.
[To cBOMM BO3MOXKHOCTSIM 3TH MAKeTbl BIOJIHE COMOCTABUMbI M OOBIYHO He BO3-
HUKaeT 1pobJieM ¢ COBMECTHMOCTbIO JIOKYMEHTOB: MOYKHO CO3/1aTh JOKYMEHT B
OJIHOM TaKeTe, a 3aTeM paboTaThb C HUM B JIPYTOM.

Jdpyrue nporpammbl. B 3ToT pasien BXOJAAT Urpbl, Cpeibl ISl NPOrpaMMH-
poBanus u pagpabotku [10, mporpamMmbl /151 cepBepoB, HayuHble U CreLUabHbIE
NPOrpaMMbl, SMYJISITOPbI U T. I1.

3HauuTesbHO GoJiee TOUHAs W MOJIHAS KjaacCcUUKauus cBOOOJHOrO Mpo-
rpamMmHoro obecrieueHnsi (Ha aHTJIMACKOM $13bIKE), OXBaThiBaiolliasi Bce cde-
pbl IPUMEHEHHS] COBPEMEHHOTO KOMIbIOTEpa, COJIEPXKHUTCS Ha H3BECTHOM caii-
Te http://sourceforge.net. [lo cocrosnuio Ha nauasno sera 2004 rona Tam
JIaHbl CCHIJIKK MOYTH Ha 82 THICSYH NMPOrpaMMHBIX MPOIyKTOB. OCHOBHbIE pasje-
Jibl, TIOJIpasiesisieMble Ha MHOTOUMC/IEHHbIE CEKIIMH, TAKOBBI (B CKOOKaxX yKazaHo
KOJIMUECTBO MPOEKTOB, OTHOCSIIMXCS K JTaHHOH KaTeropHH):

Communications (10322); Database (4189);

Desktop Environment (2236); Education (2132);
Games/Entertainment (9634); Internet (16480);

Multimedia (8254); Office/Business (3341);
Other/Nonlisted Topic (1664); Printing (303);

Religion (185); Scientific/Engineering (6298);
Security (1780); Sociology (228);

Software Development (11247); System (13471);

Terminals (408); Text Editors (18591).

PaccmoTpeB MHOrouucJieHHble BO3MOYKHOCTH COBPEMEHHBIX KOMITbIOTEPHBIX
TEXHOJIOTHH, NonpoOyeM OTBETHTb Ha BTOPOH BONPOC — € KAKUM POrPaMMHbIM
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obecrieyeHreM HaJI0 3HAKOMUTBCS B MEPBYIO OUEPE]ib, XOTS OTPEeIUTh HEOHXO-
JMUMbIF MUHUMYM 3HAHWH M HaBBIKOB B J1I0OOH cdepe BecbMa Henpocto. OjHO-
3HAYHOTO OTBETA Ha 3TOT BOIMPOC HET, HO KOe-UTO oueBUIHO. HepasymHo TpaTtuthb
YCHJIMS Ha TlyOoKoe nadydeHue jto6oro KoHkpetHoro 10, Tak Kak oHO 3aBe1oMO
CKOpPO HM3MEHHUTCH. 3aTO HYKHO 3HAKOMHTbCS C OOLIMMH TMPUHLUNAMH PabOThI
OTpeIesIEHHBIX KJ1accoB MporpaMm. BuiGop TOro WM HHOTO NMPEeACTaBUTE/S TPH
3TOM He TaK CyLIeCTBEeHEeH, XOTsl /15l yueOHbIX Lesiell 10 MHOTHM MPUYHHAM Y4acTo
1esiecoo6pa3Ho MCIoJb30BaTh UMEHHO CBOOOJHOE MPOrpaMMHOe oOecreueHHe.

Tenepb o6cyanm, UTo AAOT IOPUCTY COBPeMeHHble MH(OPMALMOHHbIE TeXHO-
JIOTUH. 3aMeTHUM TPeXKJie BCEro, UTO I0PUCThI, KAK U TMPEACTABUTENH JPYrUX MPO-
deccuil, MOryT B MOJIHOH Mepe HMCIOoJb30BaTh BCE JOCTHKEHHS COBPEMEHHbIX
KOMTbIOTEPHBIX T€XHOJOTHH: OTepaTUBHO MoJyuaTh HHopMalmio yepe3 KMurep-
HeT, CO3/IaBaTh U PENAKTHPOBATL JOKYMEHTbI B 3JIEKTPOHHOM BHJIE, TPUMEHSTh
6a3bl JaHHbIX M CHCTEMbl 3JIEKTPOHHOIO JOKYMeHTooOopoTa. . . MHor1e ayaurop-
CKHE U I0pUJIHUECKHE KOHTOPBI BbIIAIOT Bble3XKalolleMy B KOMaHAHPOBKY COTPY/L-
HUKY HOYTOYK, MOCKOJIbKY OOMEHUBATLCS JEKTPOHHOH KOpPPECTOHAEHIHEN Tro-
pasno ObicTpee U ynoOHee.

CrielnaJsibHO 151 OPUCTOB pa3paboTaHbl TaK Ha3blBaeMble CrpasoUHbLe NPa-
sosote cucmemor (CIT1C). IMeHHO 3TH MporpaMMbl KOpEHHBLIM 00pa30M H3MEeHH -
JI1 METOJIbl PabOThl MPABOBEIOB M 3HAUMTE/IbHO PACIUIMPHUIIM BO3MOXKHOCTH JIJIsI
aHaJsM3a sakoHojaresbctBa. CripaBouHast NpaBoBasi CUCTEMa — 3TO KOMITbIOTEp-
Hasi IporpamMmma Mo 3aKOHOJATeJNbCTBY, B KOTOPOH, KpoMe 6asbl JIAHHBIX C TeK-
CTaMH HOPMAaTHBHbIX aKTOB, COAEPXKHMTCS MHOXKECTBO COMYTCTBYIOLLEH ClpaBou-
HOW IOPUANUECKOH W SKOHOMHUecKOoH nHdopmaumu. CeroaHs 4UCa0 pa3iuuHbIX
CHCTEM I10 OTEUECTBEHHOMY MpaBy u3MmepsieTcsl aecsiTkaMu. CaMbIMH H3BECTHbI-
MHU U3 HUX siBasitoTes «[apant», «KoncyasrantlLinoc», «Koaeke», «Pedepent»,
«dragon», «IOCHUC».

CIIC «lapant» (http://www.garant.ru) Bo3uukaa euié B 1990 rony u cefi-
yac Co/IepKUT B cebe TaKoe KOJIMUECTBO HH(OPMALIMH, UTO €CJIH pacreuaTaTb BCE
eé coliep:KUMoe, TO MOJyYHTCsl cTonKa Oymaru BbICOTOH ¢ 26-3Ta)KHoe 3/1aHue.
Tak MHOrO pasiMuUHBIX JOKYMEHTOB TPHUHATO HalMMu 3akoHojaatesasmu! CIIC
«Koncyabranrllnioc» (http://www.consultant.ru) akTHBHee JPYTHX cTapa-
eTcsl pabotaTth B MHTepHeTe.

[IpaBoBble CHCTEMbI MPENOCTABJASAIOT GOTaThli MHCTPyMEHTapui ajs obpa-
60TKH HH(OpPMALIMK, MO3BOJSIS TPOU3BOJAUTH MOMCK, JeNaTh BbIOOPKH M T. /L.
TpamvuMoHHBIM TIOMCKOM 110 PEKBU3UTaM JIOKYMEHTa — HOMepy, JaTe TMpHHSsI-
THSL M pervcTpaluy B MUHHCTepPCTBe I0CTHLMM, SMUTeHTy'!, KonTekcty, 1mosu-
MK B Kjaaccudukatope — ocHaienbl Bce 6e3 uckmaouennss CIIC. Emé oanoit
BayKHOH XapaKTePUCTHUKON NPABOBBIX CUCTEM SIBJISIETCS OMEPATHBHOCTb OOHOBJIE-
nust undopmaumu. [podeccuonanshbie CI1C («lapants», «KoncyasrantlLntoc»,
«Kopnekc») o6HOBJsIIOTCS exeiHeBHO. [IpH 3TOM cTapble pelakuuu J1OKYMEHTOB

llSMI/ITeHT — OpraHusauus, BbIITyCTHBILIasT LE€HHbIE 6y1vlar1/1 JJ1 d")l/IHaHCl/IPOBaHl/IH cBoel mesi-
TEJbHOCTH U PAa3BUTHSI.
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TOXKE OCTAIOTCS JOCTYMHBIMH.

[TpencraBbre cebe opucTa KpyMmHOH (DUPMbI, He HCIOJb3YIOLIEr0 KOMITbIO-
Tep, rymobasbhyio cetb U CIIC, KoTopblil y3HAéT O TOM, UTO JECAThb MyHKTOB
HEKOTOPOro 3aKOoHa TMOJBEPrJIMCh H3MeHeHHsIM. [loc/ie I0/ITHX MOMCKOB OH Hafi-
JET UCKOMBIH CIPABOUHHUK, BO3bMET TEKCT M3MEHSIIOLIEr0 JTOKyMEHTa W, BOOpPY-
YKUBIIHChH PYUKOH, BHeCET u3MeHeHus1. Ho uepe3 HeKoTOpoe BpeMsi 3aKOH BHOBb
u3mMeHutcs! A moanep:KuBaTh B aKTyasJbHOM (COOTBETCTBYIOLLEM AEHCTBUTENb-
HOCTH) COCTOSIHMHM IOPHCT JIOJDKEH JaJleKo He OJIMH, a JeCATKH, COTHH, a MOXKET
ObITb M THICSUM HYKHBIX €My JIOKyMeHTOB!

TosbKo KOMMbIOTEPHI ¥ CElMaJM3MPOBAHHbIE TTPABOBbIE CHCTEMbI MO3BOJISI-
0T criequajucetTam B 06J1aCTH I0PUCIIPYIeHIIMH ObICTPO pearupoBaTh Ha UyTh JIM
He e)KeJIHEBHbIE H3MEHEHHUsT 3aKOHOATe IbHbIX U MOJ3aKOHHBIX akToB. Kommbio-
tepbl u CIIC cramu cerofHsi aJisi 10pucTa TakuM Ke pabGoudM HHCTPYMEHTOM,
KaKUMH HECKOJIbKO BEKOB Ha3aJl ObLIH TOJICTbIH CBOJL 3aKOHOB M TYCHHOE Mepo.

YnpaxHeHus

1. Tlepeuncsure KaTeropuu NPUKJIAAHOrO MPOrPAMMHOTO 0OeCHeUeHHUsI.

2. OnuiuTe BO3MOXKHOCTH CIIpaBOYHBIX MPABOBLIX CHUCTEM.
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O 6 a6OTKa KO IOPHCTbI, HO M COLMOJIOTH, MICHXOJIOTH, MEJI1-
p K M HHble CIENHaJuCThl. ECTb TyT cepbésHast

pabora u a1 MatemMaTnkoB. Mx 3amaua cocro-

p c 3le bTATOB UT B TOM, 4YTOObI MOJABEPIHYTh MaTEMaTHUECKON

00paboTKe OrPOMHbBIH CTATUCTUUECKUI MaTepu-
aJl: OTYETbI OPraHoOB BHYTPEHHHUX JeJ W Jpyrue

9 K C n e p l/l M e H Ta JOKYMEHTbBI, CoAepKalllue pa3J/IMYHbIe YUCJIOBbIE

Januble. Llesab 3Tolt paGoTbl — BbLIGIUTL HAHOO-
SIBaieHHsA, MpoUCXOAslIMe B MPUPOJE, B 06- Jiee CYLIECTBEHHbIE CBEIEHHsT 00 MHTEPEeCyIOLeM
L1eCTBe, B UeJOBeKe, 0YeHb CJI0XKHbI U Pa3HO00- HAaC SIBJICHHH.
pasHbl. YuéHble U3yyaloT pa3Hble CTOPOHbI 3THX Pegysbrathl 06paboTKH 0ObIUHO MpeaCTaB-
sIBJICHUH, TpPUUEM Kaxkaasi Hayka BblpabaTblBa- JSIOT B BUE TabJHUL, rpacUKoB, 1MarpaMm 1 pas-
€T CBOM Crelln(HyecKre MeTO/Ibl HCCJE0BAHUS.  JIMUHBIX YHCJIOBBIX XapaKTePUCTHK, KOTOpble Ha-
Hanpumep, TakuM BaKHbIM COLMAJ/IbHBLIM §IBJe- 3blBAlOT NapameTpamu. BakHeilluMe M3 HUX —
HHEM, KaK TIPEeCTYIHOCTb, 3aHUMAlOTCS HE TOJIb- CpelHee apudMeTHUeCKoe U JAUCIEPCHS.

§ 1. CpenHee apudmeTnueckoe

[ToHsiTHe cpenHel BeJIMUMHBI HCIOJBb3YETCs /ISl ONHUCAHUsT Pa3HOOOPa3HbIX
SIBJIEHWH TPUPOJIbI U OOLLECTBEHHOH KU3HHU. TaK, roBOpSIT O cpejiHel Temrepary-
pe BO3JlyXa, CpeJiHel CKOPOCTH JBHXKEHHSI, CpeiHeH 3apriiarte, cpelHel mpojioJi-
JKUTEJIbHOCTH »KU3HU M T. 1. B HayKe U TeXHHKe Ha OCHOBE B3aUMOCBsI3ell Mex1y
CPEeIHUMH BEJIMUMHAMH M3YYaloT W PAaCCUMTHIBAIOT BCEBO3MOXKHbIE MPOEKThI, B
9KOHOMHKE — ONTHUMaJIbHbIe MJIaHbl, B BOGHHOM JleJle — BO3MOXKHbI€ CTPaTeruu
¥ OCHOBAHHbIE Ha HUX BOEHHbIE IOKTPHUHbI, B 0OLECTBEHHON KU3HU — MPOTHO3bI
00L1eCTBEHHO-TTOJIMTHUECKOH CHTYaLUH.

Hanpumep, Bo Bpemsi npeaBbiGOPHONH KaMMaHUH CJy:KObl 10 H3y4eHHI0 06-
LLLeCTBEHHOIO MHEHMsI COCTABJSIIOT MPOTHO3bI, B KOTOPbIX OLEHUBAIOT LLIAHCH! Ha
yCrex pasjMUHbIX KaHAWAATOB. $ICHO, UTO MpOBECTH OMpoc Bcex uabupatesen
HEBO3MO2KHO, 1103TOMY IPOBOJAT OMNpoc HeOoJbLIOK yacTH HaceseHus. [lo pe-
3yJIbTaTaM orpoca MPOrHO3UPYIOT CPeHHEe MPOLEHTh MOMYyJSIPHOCTH KaHAM/IA-
TOB Y Pas3J/IMUHbIX COLMAJIbHBIX IPYNIN U B pasHbiX pervoHax. Ecau o6paboTka
pe3yJ/IbTaToOB OIpoca MPOBeeHA MaTeMaTHYeCKH IPAMOTHO, TO BBIBOIbI OyIyT
JIOCTAaTOUHO TOYHO OTPaKaTb peasibHyl0 CHUTYallHIO.

[Ton cpenHeit BeMuKMHOM yallle BCEro Mojapa3yMeBaloT cpeiHee apugpmeTnue-
ckoe. [lyctb x1, x9, ..., X, — HeKOTOpPble uncaa. MIx cpeiHum apudmMeTHueCKUM
Ha3bIBAETCS YUCJIO

1(x1+x2—|—...+xﬂ). (1)

=
n

[Mpumep 1.1. Tlo cBeleHHsIM aBTOMHCIEKIMH KOJMYECTBO JOPOMKHBIX MPOHC-
1IecTBUH Ha ysuax JlpiokoBa B nepByto jaekajy oktsibpst 6blio Takum: 6, 8, 10,
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7,6, 11,9, 8,7, 11. Haiinute cpenHee 4nc/io 1OPOXKHBIX TPOUCILIECTBHH B JIEHD
3a NEPBYIO JeKaly OKTSAOPA.

|
Pewenue. Cpennee X = ﬁ(6+8+ 10+7+6+114+9+8+7+11)=38,3.
[TycTtb B cBosike 3a caenytoue 10 aHeil okazanucs apyrue aansbie: 0, 5, 7,
7,12, 11, 14, 13, 7, 6. Ix cpennee apugpmeTHiyeckoe

y= E(0+5+7+7+12+ I1+144+134+74+6) =382

OylleT BecbMa He3HAuMTeJbHO OTJIMUATLCSl OT CPEe/IHero 3HaueHus 3a MepBylo jie-
kany. [TosTomy cpenHee 4HCJIO JOPOKHBIX MPOUCIIECTBUH MOXKHO MPOTHO3UPO-
BaThb, MPUUEM JOCTATOYHO TOUHO. DTOT (haKT noATBepxkaaercs U otTuéramu AU
3a MHoOro JieT. M3 HUX BUIHO TakzKe, UTO ueM OoJibliie OTYETHBIN NEPHOJL (leKana,
MecsIlL, KBapTaJ, rojl, MsTHJeTKa), TeM CpeHsis BeJMuuHa ycToiuupee. MHbIMU
CJIOBAMH, CpeJIHee UYHMCJIO TPOUCLIECTBHH 3a JeKaly KoJeOGJeTCs MeHble, uem
YUCJI0 TIPOUCLLICCTBUH 3a KaxKIbIH JeHb; CpPeAHee YUCJIO POUCLIECTBHH 3a MecsLL
KoJIeOJIeTCS elllé MeHblIe U T. L.

KoHeuHo, cpeiHHe BeJMUMHBI MOTYT Pas3jnuyaThbCsi, U J1OBOJBHO 3HAUUTEJbHO.
Harnpumep, KoJMUeCTBO A0POXKHBIX MPOUCILIECTBUN 3aBUCUT OT MOrojibl, BpeMe-
HH TOJ1a, COCTOSIHUST IOPOTH M OT MHOTHX JIPYTHX caydailHbix dhakTopos. OnHako
CBOHCTBO CpPEIHUX BEJHUMH COCTOMT B TOM, YTO pas3Jjnduue MexXKly HUMH BCE-
TAaKd MeHbllle, UeM pasJjiMuhe MeXjy HCXOJHbIMH AaHHbIMH. OmnucaHHOe CBOM-
CTBO CPEIHUX TNPEICTaBJsieT COOOHM ONHO M3 BAKHEHLIUX MPOSIBJCHUH 3aKOHA
GOJBLINX uMces, OTKPbIToro YebbiieBbim! .

Ecan tabmauiia MCXOMHBIX AAHHBIX COJEP:KUT MHOTO 4hces (HECKOJbKO jie-
CSITKOB MJIM 6oJiee), TO COCTABJSIOT GoJiee CJ0XKHYIO0 TalJully, B KOTOPOH /s
KaKJI0H M3 BeJHUMH YKa3bIBAIOT, CKOJIbKO pa3 oHa HabJiojalach.

[Mpumep 1.2. YBJI ropoaa JIpioKoBO OIMyGJMKOBAJIO CBOJKY O KOJHYECTBE
npaBoHAPYLIEHHH, COBEPIIEHHBIX MOAPOCTKAMHU 3a repBble 20 aHel ceHTAOpS:
8,6,13,4, 13,13, 12,9, 7,6, 12, 14,
13, 12, 17, 6, 8, 12, 7, 12. Tlo stum
JAHHBIM COCTaBJIeHa ciefyrolas Tabiu- g 4
ua 10, B KoTopo# m; — uucJio AHEH, B m; 1
KaXX/IbId M3 KOTOPBIX OBIJIO COBEPLIEHO
X; npaBoHapyuienuil. Haiinure cpentee unuc/io npaBoHapylleHui 3a JieHb.

Tabauua 10

6 7 8 9 12 13 14 17
32 21 5 4 1 1

Peuwenune. Vs tabsmibl BHaHO, 4To Obl1 Bcero | JieHb, B TeyeHHe KOTOPOro
npousonio 4 npaBoHapylleHus; B TeueHHe TPEX JHeH OblIo Mo 6 mpaBoHapy-
HIeHUH U T.JI. 3aMeTbTe, UTO B MEPBOH CTPOKE UHCJ/A PACMONOXKEHbI B MOPSIKe
BO3pacCTaHHsl, a eCJIM CJIOXKHTb BCe UMCJa BTOPOH CTPOKH, TO MOJYUHTCS 00llee
uyncao jaHel, To ectb 20. CpeHee YKCJ/I0 MpaBOHAPYILUEHHH 32 OJIMH JleHb OyleT

Tadnyruit JIbposuu Uebbiies (1821—1894) — poccuiicKuil MaTeMaTHK.



§ 1. CpentHee apucdmeTnueckoe 67

X = L(4-1—1—6-3—1—7-2—}—8-2—1—9-l—i—12-L">—i—13>-4—|—14-14—17-1) = %-204 = 10,2.

Takum o6pas3oM, Mbl MoJiydaeM HOBYIO (OpMyJly JUist TOJACUETa CpeJIHEro
apu(MeTHUECKOTO:
_ 1 _ _
x:ﬁ(x1m1+x2m2+...+kak). 2)
3nech Xy, X9, ..., Xp — pasauudrsie CPed 3aJJaHHBIX 1 UMCeJ], TPHUEM 3HaUeHHe
X| BCTpeuaeTcs ;| pa3, 3HaueHHe X9 MOBTOPSETCH M9 pa3, U TAK JaJjee, HAKO-
Hell, 3HaueHHe X, BCTpeuaercs my pas. Hucna m; HasblBalOTCs abCOMONMHbIMU
yacmomamu, Npu 3ToOM my| + Mo + ...+ My = n.

HanowmHuum, uto cpedrum eeomemputeckum n nOA0ONCUMEAbHLY YUCEN X1,
X9, X3,...X, Ha3bIBAETCS KOPEHb - CTEMEHH U3 UX MPOU3BEJCHHUS:

X=X X9 ... Xp. 3)

PacemoTpuM HeKOTOpble CBOMCTBA CPeIHEro apH(METHUECKOTO U CPEIHEro reo-
MEeTPHUECKOTrO.

[lpennoxenne 1.1. Cpeduee apupmemuueckoe n 3a0anHbLX HUCEL 30~
KAOUEeHO MeHOY HAUMCHbULUM U HAUOONGULUM U3 HUX.

3amMeTHM cHayajia, uyTo B PAaCCMOTPEHHbIX BbIllle MPUMEPAX 3TO CBOHCTBO
ObLJIO BBIMOJIHEHO: B MEPBOM M3 HHX HAaHMEHbIlee M3 JaHHBIX UMCEJ PABHSIOCh
11ecTH, HauboJiblilee — OJMHHAAIATH, a cpelHee apudMmerHueckoe — 8,3; BO
BTOPOM MPUMepe 3TH TPH UKCJa paBHSIMCH cooTBeTcTBeHHO 4, 17 1 10,2. Tenepb
NpoBeaEM 00llee paccyKieHHe.

Jloka3arteabcTBo. O603naunM GYKBaMH @ U b COOTBETCTBEHHO HaHMeHbIlee
1 HauboJbliiee U3 JIaHHbBIX UMCEJT X|, X9, X3,. .. X,. [loKaxkeMm, uto cpejiHee apud-
MeTHUYeCKOe X MeHbllle WJH paBHO b. [l 3TOTO OLEHUM CYMMY BCE€X JIAHHBIX
yhces Tak:

X +Xo+x3+...+x, <b+b+b+...4+b=nb.

- 1 _
[Tonenus Ha n, HaBAéM, UTO — (X + X9 + X3+ ... + x,) = X < b. AHaysoruuHoO
n

MoJiyuaeTcst 1 HepaBeHCTBO X = a (CaesaiTe 9TO CaMOCTOSITENbHO). O

[pennoxenue 1.2. Cpednee ceomempuueckoe n 3a0aHHbLY 4UCEN 3AKNIO-
UEeHO MeH Oy HAUMEHbULUM U HAUOOAbWUM U3 HUX.

JokasarenabcTBO. [Tycth onsith b ecTh HaUOOJbIIIEE U3 UHCET X|, X9, X3, - . .,
Xy U @ — HauMeHblllee U3 HUX. Torna

X|-X9-X3-...-x, <b-b-b-...-b=0b".



68 Imaga IIl. O6paboTka pe3ynbTaTOB 9KCNEPUMEHTA
M3Byiekast KOpeHb CTEMEeHHU 71, OJYUUM /X| - X9 - ... X, = X < b. AHasoruuxo
JIOKa3bIBAETCS, UTO @ < /X| - Xg - ... - X, (cHaenaiite 3T0 camocTosiTesbHO). [
[Mpennoxenune 1.3. Cpednee ceomempuueckoe 08Yx NOAONCUMENbHBLX
yucen He Hoavule, wem ux cpeduee apugpmemuieckoe.

Joka3areabcTBo. [lisi 10Ka3aTesqbCTBA HYXKHOTO HAM HEPABEHCTBA PacCMOT-
PHM OUEBMIHOE COOTHOLIEHHE (y/X] — \/X3)? > 0, KOTOpoe MocJe BO3BECHHS B
KBajpat npeo6pasyercst K BUJLy
X1 — 2/x1x9 + x9 = 0.
Orclofa cretyet, uto x| + X9 = 2,/X[X9 W, CJEI0BATENLHO, CIIPaBEIINBO
X1+ X9

HEPaBEHCTBO /X[ X9 < —g o, uTOH Tpe6oBasioCh 10Ka3aTh. O

Cpentee apudmeTHueckoe JBYX UHCEJ JIETKO TOCTPOUTh Ha YMCJOBOH OCH.
[TycTb Touka A nmMeeT KOOpMHATY @, TouKa B — KoopauHary b,
a Touka C — cepeanHa otpe3ka AB — HEM3BECTHYIO HaM TMoKa
koopauHaty x (puc. 4). Tak kak ajunbl otpeskos AC u CB pap- — (’: l=3
HbI, TO MOJIy4aeM PABEHCTBO X —a = b — x, OTKyJla CJIE/lyeT, UTO

a+b
X =—5 Takum oGpasom, cpeduemy apughmemuueckomy Puc. 4
HcC.

coomsemcmasyem cepeduna ompeska AB.

YnpaxHeHus

1. B 2003 roay B pafioHax 06JIaCTH 3aperHCTPUPOBAHbI CJAEYIOIIHME JaHHbIE O KOJHUECTBE YOUHCTB
¥ TNoKylIeHu# Ha youitctBo: 21, 18, 25, 13,7, 15, 2, 12, 3, 21, 3, 3, 5, 24, 3, 8,0, 17, 17, 4, 2, 1,
6,8,0,7,2,3,3,1,13,7, 1,1, 3,7, 20, 6, 5, 5. CocraBbre Tab.ully, aHajoruunyio tTabsuue 10,
U, MoJIb3ysich hopMyJiol (2), HalauTe cpeaHee apudMeTHUECKOE.

2. JlokaxkuTe, UTO Cpe/iHee reOMeTpUUECKOe TPEX MOJIOKHUTENbHbBIX YHCEN He MPEBOCXOIUT HUX Cpell-
Hero apuMeTHUeCcKoro.

§ 2. Yacrotsl

B npenbiiyliem naparpadge Mbl nogyuusin dopmyay (2) s BbIUHCJIEHUS
CpefHero apumMeTHuecKoro, KOTOpo# yaoOHO MOJb30BAThCS, €CJH MCXOJHbIE
JlaHHble npejicTaByeHbl B hopme Tabauipl 10. Ho Ha mpakTuKe ciyuaercs Tak,
YTO YaCTOThI /1; HEU3BECTHBI, 3aTO U3BECTHBI J0OJH, KOTOPbl€ 3TH YaCTOThI CO-
CTaBJSIOT OT UX OOLIEH CyMMbl A. DTH JOJH Ha3bIBAIOTCS OMHOCUMENbHbIMU
yacmomamu, Uiv npocto wacmomamu. Hanpumep, B Tabauiie 10 uncao Bcex
nHel paBHo 20, mosTomy enuHuily 3amenum Ha 1/20 = 0,05; 3 — na 3/20 =
0,15 u 1. 1. B pesysbrare nosyuum tabauiy 11.

Kak u B Tabauue 10, B nepoil cTpoke Tabauupl 11 ykazaHo uucisio npaBoHa-
pylIeHHH 32 JieHb, @ BO BTOPOH — COOTBeTCTBYlolLas yactora. M3 onpenenenus



§ 2. Yacrortsl

Ta6smua 11

% 4 6 7 8 9 12 13 14 17
Di 0,056 0,15 0,10 0,10 0,06 0,25 0,20 0,05 0,05

YacToThl CJIEYeT, UTO CYMMa YHCeJI, CTOSIIUX BO BTOPOH CTPOKe, paBHa €IHHH-
ue. Mcnosbaysi nmoHsTHE 4acTOThI, Mbl MOXKEM MOJICUATATh CpejiHee 3HAUeHHe X
HHBIM CIIOCOOOM:

f:%(4-1+6~3+7-2+8~2+9-1+12-5+13-4+14-1+17~1):

| 3 2 2 1 5 | | |
=4 55 t6 5t T gg T8 5t gg T 1255 13 5g T 14 55 T 17 5 =

= 4.0,05+6-0,15+7-0,10+8-0,10+9-0,05+12-0,25+13-0,20414-0,05+17-0,05.

Takum obpasom, cpenree apudmerHueckoe X pPaBHO CyMMe TPOM3BEIEHHH
uhcesl, B3ATbIX M3 MEPBOH CTPOKKM TabJuibl 11, HAa WX YyacTOThl. 3anuilieM 3Ty
dopmysty B obuiem Buiae. BBoast o6o3Hauenusi py = my/n, po = mo/n, ...,
Pr = my/n, npeobpasyem dhopmysy (2) U3 NpeblIylero naparpaga K By

X =X1p1+Xopo+ ...+ Xppp. (4)

[Mpumep 2.1. B ropose [IproKOBO KaxJIOMy MaccaKupy MeXKIyropoJHero ap-
ToOyca BpyualoT ctpaxoBoi nosuc Ha 5000 py6Jei, B3umasi 3a 310 0JiIMH pyOJlb.
KakoBa cpentsisi npuObLIb CTPAXOBOH KOMMAHHWHU OT MPOJIaXKH OJIHOTO TOJIUCa, ec-
JIM CTPAXOBble CJyuau MPOUCXOJMST B CPeJHEM C OJHUM naccaxupom ug 10000?
Yuture, uto 1o o6biuasiv ropojia JIpioKoBO CTPaxOBKa BbINJIAUMBAETCS TOJBKO B
cilyyae ruOe nmaccazkupa.

PeweHnue. TTpuoOblib MOXKET NIPUHMMATD JIBa 3HauYeHHst: 1 py6Jib, ec/ii HecyacT-
HOTO cJyuasi He npousotiio, 1 —4999 pybaeii npu aBTokatactTpode (3HaK «MH-
HyC» O3HAuaeT, UTO KOMIaHWs TeprnuT yObIToK). [Ipubbuib —4999 pybaen
nosiasiercst B ogHom cayuae u3d 10000, caenosa-
TeJIbHO, UAaCTOTa 3TOr0 3HaUeHHst MPUObIIK paBHA
TTpuGbLh | 4999 0,0001. Yacrora npyroro 3naueHust — 1 py6Jap —
Uacrora 0.9999 0.0001 paBua 0,9999 (tabauua 12). CpenHee 3HaueHue
npubbLM HalaéM 1o dopmyJe (4):

Tabuuua 12

¥ =1-0,9999 + (—4999) - 0,0001 = 0,9999 — 0,4999 = 0,5 (py6).

[Ipu o6paboTKe BpyuHyt0 GOJILIIOTO KOJHUECTBA HH(POPMALUM UHCJOBbIE
JIaHHble TIpe/IBapUTeIbHO 0(hOPMIISIOT B BUjle TabJuibl |1 W 3aTeM cocTaBJsioT
pacuérHyto TabJMLly, 3aMoJHssT KOTOPYIO, MOCTENEHHO BbIMOJMHSIOT BCe HeoOX0-
JIMble BbIUMCJIEHHSI.

[Mpumep 2.2. 3a KOHTPOJILHYIO PabOTY M0 MaTEMaTHKE CTYIEHThI TIEPBOTO Kyp-
ca MoJlyunJiu cJenytoline olleHku: 4, 4, 2, 3, 5, 3, 5, 4, 3, 3, 4, 2, 4, 3, 5, 4, 3,
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1,3,2,2 3,4,5,4,3,3,2,4,4,3,4,3,3,4,3,2,3,3,5,3, 1, 3,4, 5, 2,
4, 3, 3, 2. Haiinure cpenHee apudmeTHueckoe 3THX Udces (ero MOXKHO Ha3BaThb
Cpe/iHeH OLIeHKOH B Tpymre).

Pewenue. CocraBum pacuérhyio TabJuily 13 U3 ueTbIpEX CTPOK M CEMH CTOJIG-
1oB. B nepBoil cTpoke Mbl pacroJioKMM 3HAUYEHHSI OLIEHOK X; B IMOPSAKe HX
Bo3pactanusi oT | 10 5. Bo BTOpoii cTpoke it KaXKI0i OLIEHKH YKaXKeM YHCJI0
e€ MOBTOPEHMH, TO ecThb abCOJIIOTHBIE YacToThl 172;. CymMa Beex abCOJIIOTHBIX ya-
CTOT paBHa KOJIMUECTBY BCEX OLIEHOK, B HalleM cJjyuae oHa paBHa 50. 3amuiiem
eé B nocsieHu# ctogsbell. B TpeTbel cTpoke TabJHUIbl 3aMUILIeM OTHOCUTEbHbIE
yacToThl p;. Tak Kak y Hac n = 50, To o61as hopmyJa 1/ BbIUMCAEHHS YaCTOT

npumer Bux p; = m;/50.

B nocsennem crosbue Tpe- Tabanua 13

Thel CTPOKH 3aIMuChIBAETCS % | 9 3 4 5 B

CyMMa BCeX 4aCTOT, KOTOpasi CyMMa m; 9 8 20 14 6 50
JOJI2KHA OBbITh paBHa €J1HMHH- ﬁi 0’04 0,16 0740 0,28 0712 1

ue. Ecau nosyuntes jpyroe % i 0,04 0,32 1,20 1,12 060 3,28

YHCJI0, TO B pacuérax Jomy-
uleHa oun6kKa. B ueTBéproi
CTPOKE 3aruChiBAIOTCS TPOU3BEIEHUST OLUEHOK Ha MX YaCTOThl — uMcaIa X; ;.
CornacHo ¢opmyJie (4) ux cymMMa ¥ paBHa cpeHeMy apudmeTHueckomy x. dta
CyMMa 3amuChIBACTCS B MOCJAEIHEM CTONOLE YeTBEPTOH CTPOKH.

Paccmotpum npumMep, aHaJIOTHUHBIN TpUMepy 7.5 W3 MepBOH TJIaBbl, HO pe-
ILIMM €ro JIPyrUM Croco6OM, HCTOJb3Ysl MOHSTHE YACTOTHI.

[Mpumep 2.3. [lannbie mo packpbiBAEMOCTH Kpaxk B MsITH pailoHax ropojaa (B
MPOLEHTaX OT OOIIEero YhcJa 3aperdcTPUPOBAHHBIX Kpak) CBeJeHbl B TabJiM-
uy 14. Hallaure cpennuii mpoleHT pacKpbiBAEMOCTH KpaK Mo TOPOIY.

Ta6anua 14
Howmep paiiona 1 2 3 4 5
Uucesio Kpax 30 10 18 15 7
Uucao packpbIThIX 16 9 7 8 7

[TpOLEHT pacKpPBITHIX 53,333% 90,000% 38,889% 53,333% 100,000%

Peuwienune. OoGiee uyncao kpax pasuo 30 + 10 + 18 + 15 + 7 = 80. YUucJio
pacKpBITBIX KpaxK paBHO 16 + 94 7 4+ 8 + 7 = 47. Vckombiil mpoueHT paBeH
47/80 - 100% = 58,75%. [TpeoGpasyem 3Ty 3anuch CJAeIYOLIMM 06pasoM:

47 16 +9+7+8+7
58,75 = o - 100 = 0 100 =
53,333 90 38,889 53,333 100
30T 0 et T I e T 0 g

80
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~30-53,333 n 10-90 N 18 - 38,889 n 15-53,333 n 7-100
B 80 80 80 80 80

30 10 18 15 7
= 53,333 - 20 +90 - 20 + 38,889 - 20 + 53,333 - 0 + 100 - 30"

30
Hpobb g MpercTanser co60l OTHOIIEHHE YHCJa KpaXk B MEPBOM pakoHe

K oOUleMy 4MCJly Kpax 110 FOpojy, TO €CThb [OKa3blBaeT [0J0 UMc/a KpaxK B
NepBoM palioHe OT OOLIero uucsa Kpaxk B ropoje. Takylo J10JI0 Mbl Ha3BaJu

BbIllle OTHOCUTEJLHOH 4acTOTOH, MM MPOCTO YAaCTOTOH. AHANOTHUYHO, 1PO0Ob ——

80

€CTb 4acToTa YMCJa KpaxK BO BTOPOM paioHe, — B TPeTbeM U T. II.

80

Takum 06pa3oMm, MoJiyueHHbIH Bblllle pe3ysbTaT MOXKHO COPMYJIHPOBATH B
BUJIE MpaBUJIa: 4mobdbl Halmu cpeoruil NPoyeHm pacKkpol8aemocmu Kpai
no 20pody, HYIHO NPOYEHM PACKPLIBACMOCMU 8 KANOOM PAUOHE YMHO-
UMb HA COOMBEMCMBYIOWYIO 4ACMOmy, a 3amem NOAYUeHHble HUCAA
CAOXCUMb. DTO TPABUJIO aHATOTHYHO CPOPMYJIHPOBAHHOMY BbILLIE MPABHUJY Ha-
XOXKJIEHUsT cpejiHero apudmerrHueckoro no dopmyie (4): cpeduee apugmemu-
yecKkoe X HeCKOAbKUX YUCeA PABHO CYMMe NpOU3BeOeHUll IMuUX 4ucen Ha
ux wacmomeol. 3aMeTHM, UTO CpejiHee apudMeTHUECKOe UUCes, CTOSILIHX B 110-

1
cJiefiHell cTpoKe TabJuibl 14, paBHO 5(53,333 + 90 + 38,889 + 53,333 + 100) ~
~ 67,111%, uTo CyLIeCTBEHHO OTJHMUYAETCsl OT MPABHJILHO HAHIEHHOro yuc/a
58,75%.

HMcnonb3oBanue 31eKTPOHHBIX TabJIHLL, O KOTOPBIX PacCKa3blBAETCs B 3aKJ/10-
UUTeJIbHBIX Maparpadax TeKyllel raBbl, M03BOJSIET aBTOMATU3UPOBATh MPOLECe
pelleHust NoA00OHbIX 3a71a4 U U30ABUTHCSI OT YTOMUTEJIbHBIX BBIUMCJIEHUH TTPH 00-
paboTKe CTaTHCTHUECKUX JAHHBIX.

YnpaxHeHus

1. Uucao kpaxk B BOCbMH palioHax ropoja okasajoch 180, 151, 93, 89, 421, 135, 927, 1455,
a TpoLeHTbl pacKpbiBaeMocTd — 86,2; 80,6; 92,8; 96,7; 73,6; 97,0; 54,9; 57,7 cOOTBETCTBEHHO.
HaiiauTe npoLeHT packpbiBAEMOCTH MPECTYIJIEHHH MO FOPO/LY.

2. Hcnosb3ys opmyay (4), HaliquTe MPOLEHT PACKPLIBAEMOCTH MO TOPOJY KpaxK M3 CKJAIO0B U
TOPrOBbIX TOUEK, €CJIM JaHHbIe [0 pailoHaM MpeaCcTaB/eHbl B Tabuuie 15.

Ta6sua 15
Paiion Uucno kpaxk  [1polieHT pacKpbiBaeMOCTH
3aBOJDKCKHUIH 7 75,0
MOCKOBCKHI 69 41,9
[Tposerapckuii 25 34,8

LlenTpanbHblii 29 13,3
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§ 3. Hucnepcus

B onucanHbIx Bblllle npuMepax cpeiHee apuMeTHuecKoe NaéT J0CTaTOUHO
TOYHOE MpeJcTaB/JeHHe 0 cHTyauuH. Ho uHorna, Kak nokasblBalT cJjelyloLliie
MCTOPHH, OJIHOTO CPETHEro apupMeTHUeCKOro HeJ0CTaTOuHO.

Uctopusi mepBas. JIByx CTyIeHTOB IOPHAMYECKOr0 (haKyJbTeTa Mocjajii Ha
NpakTHKy, oaHoro B ropon JpiokoBo, apyroro — B ropon Crykoso. Ilpakrtu-
KaHThl y3HaJ/iM, YTO B 3TO BPEeMs rojla CpeJHecyTouHas Temrepatypa B 060MX
ropojiax pasHa HyJio. ToT u3 HuX, KTo noexan B CTykoBo, Oyayud 4esoBEKOM
OCTOPOKHBIM, B351J1 ¢ COOOH TOJIbKO TémJible Bell. Jlpyro#, 6oJee JierkoMbiC/ieH-
HbIH, oflesicst mo-JeTHeMy. OKasasoch, UTO B TeueHHe BCEH MPAKTHKH B 060MX
ropojax Temmnepartypa Gblia ctabuibHOl: B JIpiokoBe +2 nHeM U —2 HOUbIO, B
CrykoBe +15 nuém u —15 Houbto. B pesysbrare, HecMOTpsl Ha TO, UTO CpejiHe-
CyTOYHas TeMmreparypa Oblia HyJeBOH, o6a CTyaeHTa 3aboJiesd, TaK KaK OAWH
NIOCTOSIHHO [eperpeBajics, a Apyrofl — MOCTOSTHHO MEp3.

Uctopus BTropas. Omun u3 ToproBues B JpiokoBe Obll Ou€Hb HAGOKHBIM
yesioBekoM. Kak-To pas, 1moj BreuatjieHHMeM BOCKPECHOH Mpornosead o GJsaro-
TBOPUTEJIBHOCTH, OH B NEPBOM MOJOBUHE HENEJNH CAaBaJjl KaxJI0MY OKYyNaTesto
cnauy Ha 1 py6ub Gosblile, ueM Hy:kHO. Ho motom nelicTBre nponoseau ocJa-
6eJ10, U Hallero TOProBuUa ojoJiesia IPUPOJHAs KOPbICTb. B cienyolye Tpu aHs
OH yxe OpaJsl ¢ KaKaoro nokynaress Ha 1 pyOsib GoJibllie CTOMMOCTH TOBapa.
[TockosibKy uMcJio MoKynatesieil B MepBble U MOCJAeHUE TPU JIHA Helesau OblIo
OJIMHAKOBbIM, TO MOJIy4aeTcs, YTo B Cpe/HeM pa3Mep HelpaBUJbHON Claul paBeH
HYJIIO, TO €CTb B CPEJHEM IMOKyNaTeH MoJyyaJsu caady npaBuiIbHO!

M3 3TUX UCTOPHUIl BUAHO, UTO, IOMUMO CPeJHEH BeJMUHHbI, HYy2KHO 3HATh eLlé
M TO, KaK 3aJaHHble UHCJIa paccesiHbl OKOJIO MX cpejHero 3HaueHus. s sToi
LleJIM BBOJIAATCS AMCIIEPCHS M Cpe/Hee KBajpaTHuecKoe OTKJIOHeHHue. Jucnepcueti

BEJIMUKH X|, X9, ..., X, HA3bIBAETCS UMCJO
1 -2 -2 -2
D=—((1 =%+ (52 =B + ...+ (1~ D)), ©)
[Ie X, KaK W BbIlle, cpeaHee aquJMeTI/I‘{eCKOQ quced Xy, X9, ..., Xp.

[lpumep 3.1. B radmuiue 16 ykasano Bpemsi B MHHyTax, 3aTpauyeHHoe Ha
o6cJie/IoBaHle KaXkaoro M3 je-
CATH aBTOMOOWJIEH Ha CTaH-
HHUH TeXO6CJIy)KI/IBaHI/IH. CI/IMBO— i 1 92 3 4 5 6 7 8 9

Tabmuua 16

10

JoM X; 0003HaueHO BpeMms, 3a- . 25 30 22 22 54 36 41 45 25 40

TpaueHHoe Ha 0OcJIe/I0BAHHE aB-
ToMOGUJISI ¢ HOMepoM . HalauTte qucrnepcuio BeJUUUH X;.

Peumenue. Haiiném cpeanee apudmernueckoe yuces X; U cocTaBum Tabsuiy 17
U3 TPEX CTPOK:
* B MEPBOH CTPOKE Pa3MeCTHUM UUCJa X;;
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* BO BTOPOH — OTKJIOHEHHS] STHX BEJUUMH OT MX CPEIHEro 3HaUeHHd X;
* B TpPeTbel — KBAAPAThl 3TUX OTKJOHEHUH.

Tabauua 17
X; 25 30 22 22 54 36 41 45 25 40 340
X —X -9 4 —-12 —-12 20 2 7 11 -9 © 0

(x;—%)2 81 16 144 144 400 4 49 121 81 36 1076

B nocsenHem ctonbile 3anucaHbl CyMMbl UHCes O cTpokam. B uacTHocTy,
B MoCJeHeM CToJiOlle NepBOi CTPOKU 3anucaHo obllee Bpems (340 muHyT) 00-
caenoBanusi Bcex aBromoOusier. [lonenus ero na 10, HaWiném cpenHee Bpems
obcnenoBanns X = 34 muH. PasHoctn x; — X, X9 — X, ..., X9 — X, 3allMCaHHbIe
BO BTOPOH CTPOKE, MPEJCTABJSIOT COO0H OTKJIOHEHHST BEJIMUMH X|, X9, . .., X|o OT
UX cpeaHero sHaueHus. Cymma omrAOHeHuUll 6cec0a pasgHa HYAIO, UTO TOKa-
3aHO B MOCJIeAHEM CTOJOLIE BTOPOH CTPOKH. DTO BaxKHellllee CBOHCTBO CpeHer
BesiunHbl. HakoHeln, B mocsenHem crogile TpeTbell CTPOKH HAXOIUTCS CyMMa
KBaJpaToB OTKJOHeHHH, paBHasi 1076. Jlucnepcuto Haxomum o cdopmyJse (5):
D =1076/10 = 107,6 mun>.

Ecnn usBecTHbl yactothl py, P9, ..., Pk, TO JUJISl BBIUHCJIEHHS] JUCIIEPCHH
BMeCTO (popMyJibl (D) CJelyeT UCMoJb30BaTh GopMyy

s 2 = o 9 = o 2
D = pi(¥; —%)" + pa(Xo — X)" + ... + prp(Xp — )7, (6)
rae, Xy, Xo, ..., Xp CyTh pPa3JMuHble CPeAM 3aJaHHBIX YUCRJ X[, X9, ..., Xj.
Cpednum xksadpamuyeckum OmKAOHEHUeM BeJIMUUH X{, X9, ..., Xy OT UX
CpeJiHero 3HaueHusi X Ha3blBaeTCsl BeJMUKMHA
S =+vD. (7)

B paccmotpenHom Bbiiie npumepe S = /107,6 = 10,373 ... ~ 10,4 muH.

®opmysia (5) MokasbIBaeT, UTO JUCMEPCHs SIBJSIETCS CPEJIHUM apUdMeTHUe-
CKHUM KBaJpaToOB pa3HOCTeH X| — X, X9 — X, ..., X, — X. [loaTomy Besnuuny S
MOKHO paccMaTpuBaTh Kak cpeaHee OTK/JIOHEHHE BEJMUUH X|, X9, ..., X, OT HX
cpeHero 3HaueHusi X. M3 onpenesenusi AMCepCHU U CPEIHETO KBaApaTHUECKO-
ro OTKJIOHEHHSI CJIeyeT, UTO MoCJe/iHee He MPeBbIlIaeT HauboJibllel U3 BeJHUMH
|x; — X| (aGcosoTHasi BesMurHa oTKJOHeHus1). Tak, B npumepe 3.1 3HaueHue S
CYLLLECTBEHHO MeHbllle MakcuMmasbHoro otkjaoHenust (10,4 < 20). 3ato B ucro-
pusiX, KOTOpble Mbl pacckasaju B HauaJe naparpada, cpeiHee KBaapaTHuecKoe
OTKJIOHEHHEe S sBJIsleTCsl MAaKCHUMaJ/lbHO BO3MOXKHbBIM, TaK KaK BCe OTKJIOHEHHS OT
CpeHero 3HaueHUsi OJIMHAKOBBI MO aOCOMIOTHOH BesuuuHe. Borunceaus no dop-
MyJie (D) cpenHee KBajpaTHUECKOe OTKJIOHeHHe Temnepatypbl B JIpiokoBe u Cty-
KOBe, Mbl HallI€M, UTO OHO PaBHO MaKCHUMaJbHOH TeMmrnepatype (2 u 15 cooTBer-
CTBEHHO); BO BTOPOH HUCTOPHHU Cpe/iHee KBajJpaTHueckoe OTKJIOHeHHe (1 pybiib)
TaK»Ke COBMAJaeT C BEJMUHHON MAKCUMAJbHOTO OTKJIOHEHHSI.
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MoxkHOo 10Ka3ath, 4TO Uil AUCMEPCHU U CPEIHEro KBAJAPAaTHUECKOrO0 OTKJIO-
HeHHSsl BepHbl CJIeNlylollMe OLEeHKH «CBepXy» (KaK M paHee, @ — HauMeHbllee,
a b — HauboJbliiee U3 YUCe).

(b —a)? b—a

[Mpennoxenue 3.1. D <

Eca 06b€M MCXOIHBIX JaHHBIX JIOCTATOYHO BEJHMK, HAIPUMEP HECKOJIBKO Je-
CSITKOB UMCEJI, TO /ISl BBIUMCJIEHHST IUCTIEPCHH COCTABJISIIOT pacuérHyto TabJulLy,
MoJ00HYyI0 TOH, KOTOPYIO Mbl 3aMOJIHS/IN B MPe/blAylleM naparpade, paccMaTpH-
Bast nnpumep 2.2.

[Mpumep 3.2. 3a KoHTpPosILHYIO pabOTY 110 MaTEMATHKE CTYAEHThI [IEPBOTO Kyp-
ca noJyuusiu cjaenytouine otenku: 4, 4, 2, 3, 5, 3, 5, 4, 3, 3, 4, 2, 4, 3, 5, 4, 3,
1,3,2,2,3,4,5,4,3,3,2,4,4,3,4,3,3,4,3,2,3,3,5,3, 1, 3,4, 5, 2, 4,
3, 3, 2. Haiijure nucnepcuio u cpejiHee KBaJpaTHUECKOE OTKJIOHEHHE.

Pewenue. Pacumpnm tabuuity 13, coctaB/ieHHyo B MpeblaylieM naparpadge
MPH BBIYHCJIEHUH CPeaHero apudmMeTHueckoro olleHoK. K uetTbipém ctpokam 1o
Tabauubl 106aBUM el Tpu (tabsmua 18). B naroil cTpoke 3anuiieM pasHOCTH
Xi — X, OHM MPEJCTaBJSIOT COO0H OTKJIOHEHHUS OLLEHOK OT MX CpeiHero apugpme-
tTuueckoro ¥ = 3,28. Hanpumep, ¥; — x = 1 — 3,28 = —2,28. PaccuuraB Bce
OTKJIOHEHHs], Gy/leM HaXOIUTh HX KBajpaThl (¥; — ¥)? M 3anuchbiBaTh MOJyueH-
HblE UMCJIa B 11ecToil cTpoke. Hanpumep, nepBbiM unucsoM B 3TOH cTpoke Gyzer
(%, — %)% = (—=2,28)> = 5,1984. 3ano/HKB IIeCTYI0 CTPOKY TaGJHIEI, Tepeii-
ném K cenpMoii. Cioia Mbl OMECTHM TIPOM3BEIEHUST UUCEJT LIECTOH CTPOKHM Ha
COOTBETCTBYIOLIME YacTOThl (X; — X)? p;. [1epBbIM UHCJOM B 9TOl CTpOKe Oy/er
(¥, —X)?p; = 5,1984 - 0,04 = 0,207936. Cornacho dopmyse (6), cymma uu-
CeJl CeZIbMOH CTPOKH JaéT 3HaueHhe AUCIEePCHH, KOTOPOE 3aluiieM B Moc/e/lHeM
cToJioLe.

Ta6auua 18
Xi 1 2 3 4 5 Cymma
m; 2 8 20 14 6 50
Di 0,04 0,16 0,40 0,28 0,12 1
Xi pi 0,04 0,32 1,20 1,12 0,60 3,28
X —x -2,28 —128 -028 0,72 1,72 —

(% —%)> 51984 16384 00784 0,5184 29584 —
(% —%)2p; 02079 02621 0,0314 0,1452 03550  1,0016

Cnenaem BaxkHoe 3ameuanue. Kro-to npu sanosnennu TtabJulibl 3aXouer
OKPYIJIUTh H, Hampumep, BMecTo 5,1984 zanucats 5,20. He cretnre okpyrasithb!
[Ipu ciiokeHnu jaxke NeCATH cJaraeMbiX, MOTPELIHOCTb KaXKJIOro M3 KOTOPbIX
pasna 0,01, cymmapHas omin6ka mMoxker Bodpactu Jio 0,1. [1pu nanbHelmx Bbi-
UUCJIEHUSIX OHA MOXKET YBEJMUUThCS ellé GoJiblile, 0COOEHHO MPH YMHOMKEHHUH,
JieJIeHHH W BO3BEJIEHHH B CTETEeHb.
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Tounble 3HAUEHUST BEJIMUMH MOCJEAHEH CTPOKU TabJsulbl |8 UMeloT B cBOeH
3amuck 6 3HaKoB mocsie 3anaToi. OKPYIVIMB UX JI0 YETbIPEX 3HAKOB, Mbl T0JIy-
unau NpuOanKEHHbIe 3HaueHuss ¢ TouHocThio g0 0,0001. Haxonsennas mocse
CJIOXKEHHSI MATH 3HauUeHul ouin6Ka Gyaer Menblie 0,0005. DT1o BroJsiHe JOMyCTH-
MO, TIOCKOJIbKY CTYIEHTbI MOJYYaloT TOJMbKO LeJible OLUeHKH: 2, 3, 4 u 5 (oueHKH
4,1 He 6biBaet). M3 tabauup 18 naxomum, uto D = 1,0016 u, cienoBaTesb-
Ho, mo dopmysie (7) cpenHee KBaapaTHueckoe otkJaoHenne S = 4/1,0016 =
= 1,0007996 ~ 1,0008.

YnpaxHeHus

1. Hafiaure aucrepcuio u cpeiHee KBaJpaTHUECKOE OTKJIOHEHHE MPOLIEHTA PACKPbIBAEMOCTH KParXK
Mo JaHHBIM TabJauubl 14 u3 §2.

2. JloKa)kuTe CrpaBeIJIMBOCTb MPeJJiozKeH st 3.1 Jyist IBYX U TPEX uuCelI.

§ 4. TleHepaiabHasi COBOKYNHOCTb U BblOOpKa

BBeném BecbMa BaxKHOE TIOHSITHE nepemeHHol seaudurst. B npumepe 3.1
npeablyllero naparpada LeHTpasbHyl poJb urpaer TabJauua 16, B KOTOpoi
KaXKI0My aBTOMOOHJIIO CTABUTCS B COOTBETCTBHE BpeMsi ero obesenoBanus. Ma-
TEeMaTHKH B 3TOM CJlydae roBOPST, UTO BpeMsi 00CJ/Iel0OBaHHsl €CTh MepeMeHHast
BeJIMuKMHA X, MPUHUMAIOLAs 3HAUEHUS X, X9, ..., X19. B npumepe 1.1 u3 §1 ne-
pPEeMEHHON BeJIMUMHON SIBJISIETCS YHCJIO0 IOPOKHbBIX MPOUCILIECTBUH, B MpuMepe 2.1
13 §2 — npubLUIL CTPAXOBOH KOMIMAHUH.

JlomycTtuM, uTo Hy:kHO 06C/Ie0BaTh 8ce aBToMo6uu ropoaa piokoso. Uuc-
JIO aBTOMOOMJIEH TaK BEJIMKO, UTO OMHCATh BCe 3HAUeHHUs BesMunHbl X (X — Bpe-
Msl 06C/IeIoBaHNs1) MPaKTHUECKH HEBO3MOXKHO, OJIHAKO Mbl MOXKEM, He MPOBOJS
camoro o0cJ/ie/l0BaHus], MpeicKa-
3aTh €ro pe3ysbTaThl MPUOIMKEH-

%, 29 95 30 36 40 41 45 54 HO, C TOMOLLbIO npumepa 3.1 u3
ﬁ' 0,2 0’2 O,l 0,1 0,1 0’1 0,1 0,1 §3 Hpeﬂ,Bapl/lTe.ﬂbHO, HUCI10JIb3Ys1
Tabsmity 16, cocTaBUM APYTyio Ta-
6ty 19, B KOTOpO# yKaxem Bpe-

Ms1 0OCJIEIOBAHUS X; U COOTBETCTBYIOLLYIO YacCTOTy D;.
OO6BIUHO TPOTHO3 COAEPKUT CJEAYIONLYI0 HH(OPMALIMIO: IHATIAa30H H3MeHe-
HUS (3HAUEHHIT) BeJHUMHBI X; €€ cpe/lHee 3HAUEHHE X; CpejliHee KBajpaTHUeCcKoe
OTKJIOHEHHe S U uumepsas Haubosee 8epoAMHbLX 3HAUeHUl seaudurol X.
Tak 06bIUHO HA3BIBAIOT HHTEPBAJ, CEPEIMHON KOTOPOTo SIBJSETCS TOUKAa X —
cpeaHee apudMeTHUeCcKOe, U B KOTOPBIH rornajaer 6oJjiee MOJOBUHbI 3HAUEHHH

BeJIMUMHBI X .

[To nauHbiM nmpuMepa 3.1 BpeMmsi o6c/ieloBaHNsI aBTOMOOUJIST U3MEHSIETCS B
npejenax ot 22 1o 54 MUHyT, cpejiHee BpeMst 06c/IeloBaHUsl OJTHOTO aBTOMOGHIS
X = 34 MUHYTHI, @ CpejiHee OTKJOHEHHE BEJIMUMHBI X OT €€ cpellHero 3HaueHus X
cocrapsisier S = 10,4 MunyTbl. M3 naHubIx Tabauup 19 caenyer, uto B HHTEpBAJ

Ta6auma 19
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(x —S5,x+S) = (23,6;44,4) nonajer 5 3Hauenuil Besuuunbl X: 25, 30, 36, 40
1 41, yacToThl KoTopbix cooTBercTBeHHO paBhbl 0,2, 0,1, 0,1, 0,1 u 0,1. Cne-
JloBaTe/IbHO, B uHTepsas (23,6;44,4) nonagaer 60% (To ecTh GOJbLIAS YACTD)
3HaueHWH BesMuMHbl X, Tak Kak cymma yactoT paBHa 0,6. Takum o6pasom, HH-
TepBaJ (23,6; 44,4) MOXKHO CUNTATh MHTEPBAJIOM HaubGoJee BEPOSITHLIX 3HAUCHHUH
BEJIMUMHBL X .

Hacro ObiBaeT MnoJsie3HO MCCJEI0BATh TAKXKe JIOJI0 3HAUEHHUH HccJ/eryeMoi
BeJIMUMHBI, MTOMAJAI0MKUX B KAKOH-AU00 1pyro# npomexkyTok. OObIYHO OLeHHBA-
10T J10J110 OOJIbLIMX M MaJIbIX 3HaueHnH. B Halem npumepe o151 aBToMoOMIeH, Ha
06CIyKMBAHHE KOTOPBIX 3aTpaunuBaercsi MeHblle 23,6 munyt, coctapaser 20%
oT ofluero Kosuyectsa aBToMobuiel (B Tabauue 19 umeercs ofHO Takoe 3Ha-
yenne — 22, a ero yacrora pasHa 0,2). lons aBromoGused, Ha o6CayKUBaHHE
KOTOPBIX 3aTpaunBaercs Gosblie 44,4 MunyT, coctabasier Takxke 20% ot 06111ero
KOJIHUeCTBa aBTOMOOHJIEH.

Pesysbratel, nosyuenHble npu o6C/aeI0BaHAH JECATH aBTOMOOUIEH, MOXKHO
pacrpocTpaHUTb Ha Bce aBToMOoOU/M ropoja lptokoso. C onpenesnéHHol crerne-
HbIO IOCTOBEPHOCTH Ha 00CJel0BaHHE KaXKI0r0 aBTOMOOUJIS B TOPOJIe 3aTpaul-
BaeTcs 34 MHHYTbI; BpeMst o6csenoBanust npumepHo 60 % npoLeHToB aBTOMOOH-
Jiel 3aKJI0UueHo B poMexyTKe oT 23,6 no 44,4 MuHyT, U Tak jaajee. Takue npu-
6JIM3UTE/IbHbIE PACUETHI MOTYT BeCbMa MPHUTOJUThLCS, HATIPUMED TOMY, KTO XOUeT
OTKPBITb HOBYIO CTAHLMIO TeX0OCYKHBAHHUSI, TOCKOJbKY OHH (TO €CTh pacuérhbl)
XapaKTepu3yloT PbIHOK B 3TOH chepe GU3Heca.

[Ipu 06paGoTKe CTATHCTHUECKOTO MaTepuasia HCMOJb3yeTcsl CrelraJsbHas
TepMuHOJIOTHsI. COBOKYITHOCTb BCEX PACCMATPUBAEMbIX 0ObEKTOB HA3bIBAIOT ce-
HepaabHOol COBOKYNHOCMbIO, a YaCTb 00bEKTOB, KAKMM-JIMOO CIIOCOOOM Bbl-
OpaHHbIX JUis o6cieloBaHusi, — gulOopKoil. B HallleM puMepe ¢ aBTOMOOUJISI-
MH TeHepaJslbHyl0 COBOKYIHOCTb 00pasdyloT Bce aBTOMOOWJIM ropona [piokoso,
a BbIGOpKYy — Te 10 aBTOMOGHUJIEH, KOTOPbIE paccMaTpUBaMCh B rpumepe 3.1.
OueHb Ba)KHO cjiefaTbh BbIOOPKY MpaBUibHO. OT 3TOr0 3aBUCHT TOYHOCTb W J10-
CTOBEPHOCTb MPOrHo3a. B marematnueckoil cTaTHCTHKE CYLIECTBYIOT Crelralb-
Hble METOJIbl, TIO3BOJISIONINE C/leaTh BBIOOPKY TakK, 4TOObI MOJyueHHast ¢ eé mo-
MOLLbIO UH(OPMaLHs aBajia J0CTaTOUHO MOJIHOE U a/leKBaTHOE MpeCTaB/eHHe
00 UHTepecyollleM Hac MpU3HaKe U3yuaeMoH reHepasbHOH COBOKYMHOCTH. Toria
cpenHee apudmerryeckoe X U adcrnepcus D GyayT OJIU3KH K THUIIOTETHUECKHUM
BeJIMUMHAM — CpPe/IHeMY apH(MeTHUECKOMY U JUCIEPCHH, KOTOPble MOTJIH Obl
ObITb MOJIydeHbl TP 00paboTKe BCel reHepasibHOH COBOKYITHOCTH.

[Ipumep 4.1. Komuccusi uzyuana cocrosine GopbObl C MPECTYMHOCTHIO B pe-
ruoHe. CuyuaiiibiM o6paszom BeiOpaHo 20 paiioHoB (BooOl1le-To UX GoJiblile 1Ba-
JILATH) U 110 HAM OblIM NpPeJICTaBJ/IeHbl IaHHbIE O UHCJIe PACKPBITBIX yOu#cTs: 11,
6,12, 1,3, 1, 6,20, 10, 1, 1, 3, 3, 1, 23, 11, 3, 6, 10, 3. CocraBbTe 10 3TUM
JIaHHBIM TIPOTHO3 JI/IsI BCETO PertoHa.

Pewenue. CoBokynHocTb BCex palOHOB JAHHOTO PerHOHAa — 3TO reHepaJsibHast
COBOKYIHOCTb. M3yuaercsi nepeMeHHas BeJIMUMHA X, KOTOpas NpeacTaBJsieT co-



§ 4. leHepanbHasi COBOKYNHOCTb U BbIOOpKa

77

60¥ UMCJI0 PACKPBITHIX B palioHe youiicTB. Mbl 06pa6oTaeM BEIGOPOUHbBIE TAHHBIE
Uit 3ajanHbiX 20 06beKTOB reHepasbHON COBOKYIMHOCTH MO MPHUBEAEHON Bbillie
CXeMe M TeM CAMbIM OIMHUILEM CBOWCTBA BCEH MeHepasIbHOW COBOKYIHOCTH, TO €CTh
COCTaBUM IpeJicTaByieHre o 60pbbe ¢ MPECTYMHOCTbIO BO BCEX pailioHaX peruo-
Ha. OLIeHKY TOUHOCTH U HAJIEXKHOCTH MOJOOHOTO MPOTHO3WPOBAHKS Mbl 0OCYUM
no3xe.

Haiiném cpentee apudmernueckoe, TUCIEPCHIO U CPeJIHEE KBAJPATHUECKOE
OTKJIOHEHHE Mo AaHHOoU BblGopke. JIas 3TOro coctaBum pacuéthyio Tabuuiyy 20.
Ceituac Mbl BBIIOJIHUM BCE BbIKJAJKH «BPYUHYIO», @ B MOCJEIHUX Maparpadax
rJIaBbl HAYUUMCsl IPUMEHSTH JIJ1s1 pellleHUsl NoJ0OHbIX 3a/1a4 KOMIbIOTep.

Ta6nuua 20
G omi P Xpp =% (Gi—%) (%i—7%)’p
I 5 025 025 —575 330625 8265625
3 5 025 075 —375 14,0625 3,515625
6 3 015 090 —075 05625 0,084375
10 2 0,10 1,00 3,25 10,5625 1,056250
11 2 0,10 1,10 4,25 18,0625 1,806250
12 1 005 060 525 27,5625 1,378125
20 1 0,05 1,00 13,25 175,5625 8,778125

23 1 0,05 1,15 16,25 264,0625 13,203125
Cymma 20 | 0,75 — — 38,0875

[TpoBeném NpoBepKy NMPaBUJILHOCTH BblUWCJAeHHH. HHCI0 BceX BbIGOPOUHBIX
Jnanubix 20, OHO paBHO CyMMe uuces BToporo ctojbia. CymMMa BCeX 4acTOT paB-
Ha 1, oHa 3anucaHa B TpeTbeM cTos101e. Tenepb HalnéM nucnepcuio. OHa paBHa
CymMMe Bcex uuces nocJeaHero crosbua: D = 38,0875. MaByekasi KopeHb, Haii-
JEM cpejiHee KBaJpaTHueckoe oTKJIoHeHHe: S = /38,0875 = 6,1715071 ... ~
~ 6,17. CpenHee KBazpaTHueCKOe OTKJIOHEHHE Mbl OKPYIJISIEM C TOH K€ TOUYHO-
CTb10, UTO W cpeliHee apuMeTHUeCKOe (B HAllleM NpUMepe — JI0 COTbIX JIOJIei).
Tax o6GbluHO menaIOT, KOTJIA 3aaHHble UMCaa X; SIBJASIOTCS LEbIMH.

COBOKYMHOCTb MOJyUeHHbIX HAMH Pe3yJ/IbTaToB (BbIOOPOUHbIE 3HAUEHUS], UX
YacToThl, cpe/iHee apuMeTHUECKOE, Cpe/iHee KBApaTHUeCKOe OTKJIOHEHHE) TIpeji-
CTaBJISIET MAMeEMAMULEeCKYI0 MOO0eAb, KOTOPasi OMUChIBAET CHTyallMio C pac-
KpbiTHeM yOuilcTB B peruoHe. [losib3ysick 3TOH MOJesblo, OXapakTepudyeM M3y-
Y4aeMylo BeJMYMHY — YHUCJIO PACKPBITHIX YOUKCTB:

* 4ucsI0 YOUHCTB, PACKPBITBIX B OIHOM paiioHe, H3MeHsieTes oT 1 10 23;

+ HauboJiee BEPOSTHBIMH 3HAUEHUSIMH SIBJSIOTCS uncja | W 3, Tak Kak OHM
MMeIoT HauboJblyio yactoty 0,25;

* CpejlHee 3HaueHHe uKcJa YOMUCTB (cpejiHee apudmeTHueckoe) paBHo 6,75;

* CcpelHee OTKJIOHEHHE OT CPEeJIHEro 3HaueHHusi (CpejiHee KBaJpaTHUECKOe OT-
KJIOHEHHE) cocTaBJsieT 6,17;
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+ BuHTepBas (Xx—S,x+S) = (0,568; 12,92) nonanaiot 6 3HaueHuil caydaiiHom
Besinunnbl: 1, 3, 6, 10, 11, 12; cymma ux uactot paua 0,25+0,25+ 0,15+
+ 0,10 + 0,10 + 0,05 = 0,90; caenoBatesbHO, STOT UHTEPBAJ COAEPIKHUT
90% 3HaueHuil BeJMUMHBI U OyJleT HHTEPBANOM HauGosiee BEPOSITHBIX 3HA-
UEeHUH BeJMUUHBI X

* YacToTa MaJsiblX 3HaueHWi BesnuuHbl X (MeHblux 0,58) paBHa Hy.J0;

* yacroTa 60JblINAX 3HaueHuil (60Jbnx 12,92) pasna 0,05 + 0,05 = 0,10;
MHBIMH CJIOBAMH, YHCJIO CJIyyaeB, KOTJla PACKPBITHIX YOUHCTB Godibliie 12,
cocrasasier Bcero 10% ot ux ob1uero uncaa.

B 3aksiouenue cienaeM HeCKOJIbKO BaKHbIX 3aMeuyaHuil. Bo-mepBbix, nepe-
MeHHasl BeJMuMHa X CuMTaeTcsl U3BECTHOH, eC/M yKa3aHO MpaBuJo, MO KOTO-
POMY MOKHO HAXOJUThb 4acTOTy €€ mnonajaHusi B JOOOH 3aJaHHbIA HHTEPBaJ
(Ha3bIBaeMyto 4acTOTOH JAHHOTO HHTEepBaJa). JTa yacToTa paBHA CyMMe YacTOT
OTJe/IbHBIX 3HAUEHWH, MOMaBUIMX B AaHHBIH MHTepBaJs. Bo-BTOpbIX, HHTEpBaJ
(x = S,x + S) He Bcerna siB/asieTCsl MHTEpPBAJOM HauboJsiee BEPOSITHBIX 3HaUe-
nuii. Ecsim ero yacrora okasbiBaercsi Metbliie 1/2, To ero pacuimpsiior; ec/u »xe
yacrtora GoJibliie 1/2, To MHTEPBAJ MOXKHO H CY3HTb.

Hakownen, mbl camu onpenessiem, 4To Takoe MaJjble W GOJblIHE 3HAYEHHS
cJyuaiiHoll BesMunHbl. Ec/in Takue moHsiTHs BOoOIIe TPpeGyTCs Ui OMUCaHus
KOHKPETHOTO MaTepuaJsa, To MX BBOAAT, co00pagysicb CO CrelUudUKonl 3amauu.
Hanpumep, Mbl Morsii Obl B35ITh B KauecTBe HHTepBaJja HauboJee BepOSTHBIX
3HaueHWi mpomMexxyToK [3,11], Ha3BaTh MaJibLIMH 3HAueHMsl, MeHbllMe TPEX, U
60JIbIINMH — 3HaueHusl, GoJiblliie OJUHHAAUATH. YaCTOThl 3THX MPOMEXKYTKOB
pasnbl 0,60, 0,25 1 0,15 cooTBeTCTBEHHO.

YnpaxHeHus

1. CocraBbTe TIPOTHO3 MO PACKPBITHIO YOUHCTB /Il pErHOHA MO JJAHHBIM O KOJIHUECTBE PACKPBITHIX
yOUilcTB No JBajauatu ero pavionam: 2, 8,0, 17, 1,7,2,5, 2,4, 5, 20,0, 19, 2,7, 2, 4,8, 5.

—a
2. TlpoBepbTe HepaBeHCTBO S < BO BCeX MPHUMEpPAx 3TOr0 W Mpeplayliero naparpagos.

§ 5. HHTepBanbHbIN paj

[Ipu 06paGoTKe GOJBLILIOrO YHCIA SKCIEPUMEHTANBHBIX JAHHBIX WX TpeaBa-
PHUTENILHO TPYMIUPYIOT U OPOPMJISIIOT B BUJIE TaK HA3bIBAEMOTO UHMEPBALLHO20
paoa.

[Mpumep 5.1. Cpennsist Mecsiunasi 3aprjiata 3a rojl B HEKOTOPbIX YCJIOBHBIX €11~
HULIAX KaXKJI0r0 M3 MSATHAECSATH CJyuyalHO OTOOpaHHbIX PaGOTHUKOB XO3sIHCTBa
takoBa: 317, 304, 230, 285, 290, 320, 262, 274, 205, 180, 234, 221, 241, 270,
257, 290, 258, 296, 301, 150, 160, 210, 235, 308, 240, 370, 180, 244, 365,
130, 170, 250, 370, 267, 288, 231, 253, 315, 201, 256, 279, 285, 226, 367,
247, 252, 320, 160, 215, 350. CocTaBUM MO 3TUM JaHHBIM MHTEPBaJbHbBIH P
U TIOCTPOUM CUCTOEPAMMY.



§ 5. WHrepBaibHbli psj

PeuweHnue. 3ech nepementoi BesuunHON X SIBJISIETCST CPeJIHSIsl MECSTUHAsT 3ap-
nuiata. Kak BUAHO W3 NpUBEIEHHBIX IaHHBIX, HAUMeHbllIee 3HaUeHHe BeTHUHHbl X
paBHo 130, a Haubosbiiee — 370. Takum o6pa3om, [ManasoH HAGJIOIEHUH MTpeJ-
craBasier co6oi orpesok [130,370], nmuua kotoporo pasHa 370 — 130 = 240.
PazoObém nuanasoH HabJ0/leHHH Ha OTpe3KH (paapsadel) Tak, UTOObI KaXK/bli
paspsiJi cojieprKall HeCKOJIbKO IKCTepUMEHTAJIbHBIX JaHHBIX. M0XKHO, HaTpumep,
pasnenutb otpesok [130,370] na
| | | | | | | 6 paBHbIX yacTel, Torja JJIMHA
130 170 210 250 290 330 370 KaxJioro paspaia Oyner papHa
40, a ux rpannuamu GyayT urcaa
130, 170, 210, 250, 290, 330 u
370 (puc. 5). [Toncuuraem nasnee
UMCJI0 3HAUEHHUH, MOMaBIIMX B KaxK/bli pa3psijl. B nepsblil monaaaoT ceaytolle
yucaa: 150, 160 (mBaxbl), 130 u 170. Tenepb JieniaeM BaxKHOE TPEANOIOKEHHE,
KOTOpOe, COOCTBEHHO TOBOPS, W BblpaxkaeT HJe0 MHTepBaJbHOrO psija: Gyaem
CUMTaTh, UTO BCE UMCJIA, MOMABIINE B OJMH Pa3psil, MPUOIU3UTENHHO PaBHbI APYT
JPYTy, ¥ Ha 3TOM OCHOBAHHM 3aMEHUM HX OJHHMM UHMCJIOM — CEPEeJMHON 3TOro
paspsina. Cepenyina nepBoro paspsina — 37o uucsio 150. Mbl 6ynem cunraTh, uTo
OHO 3aMeHsieT co60i (MpubanmxkeéHHo!) uncao 150 — 1 pas, uncyo 160 — 2 pasa,
uncsio 130 — 1 pas, Ho uucso 170 — toabko 0,5 pasa, MOCKoJbLKY OHO HAXOJUT-
Csl HA TPaHULIE MEXy MePBbIM U BTOPbIM paspsaamu. Yucso 170 mbl BKJIIOUHM
TaK)Ke U BO BTOPOH paspsii v ToxKe ¢ KpaTHOCThbio 0,5. CJI03KHB KPaTHOCTH, Hak-
1EM abcoatomuyro uacmomy nepsoco paspada: my; = 1+2+1+0,5 =4,5.
B cooTBeTcTBHM C BblllleCKa3aHHBIM, YHCJIO 11| UMEET ABOSIKHH CMBICJI: C OJI-
HOM CTOPOHBI, 3TO YHCJIO MONalaHui NepeMeHHO BesMunHbl X B MepBbli paspsi,
a ¢ Ipyroll — KPaTHOCTb cepennHbl pagpsaa — uucaa 150. Mmenno nocaennuii
¢akT 1aét HaM OCHOBaHHEe Ha3BaTh YHUCJIO /71| aGCOJIIOTHON YaCTOTOM, TO €CTh UC-
MoJIb30BaTh TEPMHUHOJIOTHIO TpeablaylnX naparpacgos. Pasnenus aGcosoTHyo
YacTOTy Ha YMCJIO 1 BCeX HAOJIIOIeHUH, HAUIEM OMHOCUMENbHYI0 4acmOomy P
nepsoco paspsda: py = my/n = 4,5/50 = 0,09.

Puc. 5

Ta6muua 21
Paspsiibl [130,170] [170,210] [210,250] [250,290] [290,330] [330,370]
m; 45 5 12 14,5 9 5
Di 0,09 0,10 0,24 0,29 0,18 0,10

[TponenaB aHaJOrHuHblE BbIUKCJEHUS JIsi BCEX PA3psiioB, Mbl TOJYUdM Ta-
6auiy 21, B KOTOpo# m; — abCOJMIOTHbIE YACTOThl, @& P; — OTHOCHTEJIbHbIE.
Ara Tabanla U HasbiBaeTest unmepsarvHoim psoom. Cymma Bcex aGCoOTHBIX
YacTOT paBHA UMCJY BCEX NMPUBEIEHHBIX B 3TOH TabJiMIle 3HAUEHHIl TTepeMeHHO
Besinunubl: 4,0 + 5+ 12+ 14,5 + 9 + 5 = 50, uro ucnosbayeTcs AJsi MPOBEPKH
MPaBUJILHOCTH BbIUHCJIEHHH. VI3 Hero cienyer, uTo cymMMa BCeX OTHOCHTE/bHbIX
yactot paBHa equnuue: 0,09 + 0,10 + 0,24 + 0,29 + 0,18 + 0,10 = 1.
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MurepBasbHbli psii n306paxatoT rpahuueckn B BUJIE THCTOrPAMMBbI, KOTOpasi
cTpoutest Tak. CHauasa BBIUHCISIOT NAOMHKHOCMU 4acmom h;, pa3nesnB OTHO-
CHTEJIbHYIO 4acTOTy KaxKJoro paspsiia Ha ero mauuny: /1 = 0,09 : 40 = 0,00225,
he = 0,10 : 40 = 0,00250, A3 = 0,00600, hy = 0,00725, k5 = 0,00450, hg =
= 0,00250. 3aTem oTK/IanbIBAIOT HA OcH X 3HAUYEHHS, COOTBETCTBYIOIME IPAHU-
1IaM paspsijioB, U Ha KaxKJIOM M3 OTpe3KOB JUIMHBI 40, KaK Ha OCHOBAHHH, CTPOSIT
NPsIMOYTOJIbHUK, BBICOTA KOTOPOTO paBHa MJIOTHOCTH YACTOThl COOTBETCTBYIOLE-
ro paspsiaa. IlosyuuBiuasics ¢urypa v HasbiBaeTcsi eucmoepammoil (puc. 6).
B nocsiennem naparpace raaBbl pacckasbiBaeTcsi 0 TOM, KaK MOXKHO aBTOMAaTH-
3UPOBATh TPOLECC TOCTPOEHUSI THCTOTPAMM C TTOMOIIbI0 KOMIIbIOTEpA.

0,00725 +
0,00600 +
0,00450 + ;
0,00250 1 ;
0,00225T 1
130 170 210 250 290 330 370
Puc. 6
Bhicothl Ay, Ao, ..., hg NPSIMOYroJIbHUKOB BhIGpaHbI Tak, UTO HX TJIOLIAJH
ObIJIH paBHbI COOTBETCTBYIOIIUM OTHOCUTE/IbHBIM YacTtotaMm py, po, ..., Pg. [1o-

ITOMY, 0044 3HAUeHUll seaudurbl X, nonadarouux 8 HeKOmMopoLil YiCA080L
NPOMENYMOK, paBHa NAOWAOU MOU 4aACMU 2UCMO2PAMMbL, OCHOBAHUEM
KOMOpOU 18A5emcs. IMOm NPoMeHCYmox.

Onpenennm, HarpuMep, 10JI0 3HAUEHUE TIePeMEHHON BeJMUMHbL X, TpUHA/I-
gexatx orpesky [210,300]. Jlns 3Toro BbUUCAUM TJIOLIAAL (PUTYPBI C OCHO-
BanueM ot 210 no 300 (na puc. 6 oHa samrpuxoBana). [1nomann nepBbIx 1BYX
NPSIMOYTOJIbHUKOB, COCTaBJISIONIMX (DUTYPY, paBHbI COOTBETCTBEHHO p3 = 0,24
u pg = 0,29; nuomians Tpetbero pasna 10 - 0,0045 = 0,045. Cymma nuioiaent
0,24 + 0,29 4 0,045 = 0,575 u naér Hy:kHoe uucao. MubiMu caoamu, 57,5%
3HaueHHH BesMuuHbl X Haxoautces B rpanuuax ot 210 no 300.

[Mpumep 5.2. B 2003 roay no 40 paiionam o6sactu 3aMKCUPOBAHbBI CJIEIYIO-
llMe JIJaHHbIe O UUCJIe MPEeCTyIJIeHHH ¢ npuMeHeHdeM opyxusi: 19, 32, 26, 3, 8,
26,2, 14,6, 18, 3,5, 10, 35,4,7,4,12,23,8,9,2,14,6,2,6,7,13,6,9, 17, 4,
3,2,6,9,27, 1,7, 2. CoctaBbTe N0 3TUM JaHHBIM HHTEPBAJIbHBIN Psijl, MOCTPOM-
Te FTMCTOrpaMMy H OTBETHTE Ha cJeytoliye Bornpockl. KakoB nuana3oH 3HaueHUH
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repeMeHHOH BesiMuuHbl X — uncsa npecrynienuii? Kakoii 13 mosyueHHbIX BaMH
paspsiioB UMeeT HanbGOJIbIIYI0 YACTOTY M KaK 3TO MOXKHO HCTOJIKOBaTh? KakoBa
JI0JIS T€X PallOHOB, IS KOTOPBIX UHCJIO MPECTYIJIEHHH C TPUMEHEHHEM OPYXKHUSI
3aKJI04eHo B npejenax ot 8 jo 18?

PeweHnue. Mayuyaemoii BemunHoi X sIBJASIETCS UMCJIO TIPECTYILIEHHH ¢ MpUMe-
HEeHHEM OpYxKHsi, COBEPILEHHBIX B OJHOM patioHe. Camoe MaJjieHbKOe U3 3ajlaH-
Hbix 40 uncesn a = 1, a camoe Gouiblioe b = 35, MO3ITOMY JHANIA30HOM 3HAUEHHH
BeJIMuMHbl X Gyjer otpe3ok [1,35], nanHa kotoporo paBHa 34. Pazo6bém 3TOT
MPOMEKYTOK Ha HEeCKoJIbKO uyacTedl (paspsibl HHTepBaJjbHOro psiaa). OObIUHO
paspsiibl HMEIOT OJIMHAKOBYIO JUIMHY, HO 3TO He OueHb CyllecTBeHHO. [opasno
BakHee, YyToObl UMCJIO Pa3psiioB ObLIO He MEeHbLle MATU—LIECTH U KOJHYECTBO
3HAUEHUH BeJUUMHBI X, MOMABIIMX B KaXKJbl U3 Pa3psiioB, ObLIO HE CJUIIKOM
MaJsieHbKUM (He MeHee UEeTbIPEX—IISTH).

[TpoBeném npukuaky. B Hauei 3anaue naHo Bcero 40 uuces, nosromy, no-
Jlarasi B cpe/lHeM Ha OJMH paspsia 6—7 3HAueHWi, Mbl MoJydum 6 paspsiios.
[TockosibKy cymmapHasi JJiMHa BCeX paspsiioB 34, To npuMepHasi JIMHA OJHOTO
paspsijia paBHa llecTH. Ecjau BbbpaTh JJIMHY TEpBOro paspsiia paBHod 4, To
JUIMHBl BCEX OCTaJIbHbIX MOTYT ObITb paBHbl 6. CoCTaBUM MHTEpBaJIbHBIA Psijl,
JIOTIOJIHHUB €r0 CTPOKOM, IJle 3anucaHbl MJIOTHOCTH YacToT A; (Tabuuua 22).

Ta6anua 22
Paspsizibl [1,5] [5,11] [11,17] [17,23] [23,29] [29,35] Cymma
A6c. yact. m; 12,5 14,5 4,5 3 3,5 2 40
Yacrotsl p; 0,3125 0,3625 0,1125 0,0750 0,0875 0,0500 1
(0,31) (0,36) (0,11)  (0,08)  (0,09)  (0,05)
Bricothl £; 0,0781 0,0604 0,0188 0,0125 0,0146 0,0083 —

B nepswiit paspsia nonanatot 13 uucen: 3, 2, 3, 5, 4, 4, 2,2,4,3,2, 1 u 2,
HO COOTBETCTBYIOLIAsl yacToTa paBHa 12,5, Tak KaK UMCJ0 5 HAXOJAUTCS HA rpa-
HHUIle OTPe3Ka M BCTpeuaeTcst TOMbKO OfMH pa3. Bo BTopoil paspsn nonanatot 15
yuces: 8, 6, 5, 10, 7,8,9,6,6,7,6,9,6, 917, Ho B TabJHILy Mbl 3amuliieM
yuesio mo = 14,5, Tak Kak MoJIOBHHA MATEPKH y»Ke OTHeCeHa K MepBoMy pas-
psiny. JlelicTBYSsl aHAJIOTHUHO, 3AMOJHUM [OCJEI0BATENbLHO BCe CTPOKH TaOJULbI.
[ucrorpamma nasee (puc. 7) CTPOMTCS C UCIOJIb30BAHHEM [E€PBOH U MoC/eHeH
CTPOK TabJHUbl 22 TaK, KaK 3TO ObLJIO OMUCAHO paHee.

XoTs cpean abCoOMOTHBIX YaCTOT MOTYT ObITh IPOOH, UX CyMMa BCerja paB-
Ha KOJIMYECTBY 7 BCeX JaHHbIX uuces (Y Hac cymMMa BCex uMces BTOPOH CTPOKH
paBHa 40). Ecin HekoTopble paspsiibl HMEIOT MaJyto aGCOJIOTHYIO 4acToTy, TO
UX MOXKHO 00beIHuHATb. Mbl MOy 6bl MPOJIeJaTh TaKylo onepauuio, 00’beIMHUB
TPETUH paspsiji C UeTBEPTHIM, a MATHIH C 11eCThiM. B TpeTbeli cTpoke Tabiuibl 22
3amUCaHbl YaCTOTHI PA3PsiIOB, TO €CTh YHCJIA p; = M;/f, CyMMa KOTOPbIX JIOJIK-
Ha paBHATbCS enuHuLe. OTClOaA CJeLyeT, UTO YaCTOThl PAa3psiloB MOKHO OKPYT-
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0,0781+

0,0604+

0,0188]
0,0146]
0,01257
0,00837

[OOSR g S ey e e e ———————

11 17 18 23 29 35

Puc. 7

JIITb TOJIBKO TaK, UTOObI M MOCJIe€ OKPYTJIEHHs] KX CyMMa paBHslJIach euHuUIle (KaK
yhcsia B CKOOKAX TPeTbel CTPOKH TabJIHLb).

Takum o6pasom, yuca0 NpPecTynyeHH# B OJHOM paioHe MOXKeT NMPUHUMATh
3Hauenusi ot 1 mo 35. Haunbosbuiyio uacrory 0,3625 umeer paspsn [5, 11], u
nonajaHue 3Ha4eHUi BeJIMUMHBI X B 3TOT paspsijl [0 CPaBHEHHUIO C PYTHMMH HaM-
6osiee BeposiTHO. MHBIMH cioBaMH, c/eldyeT 0xKuaaTh B cpeaHem no 5—11 mpe-
cTynyieHn# B roJ. UToObl HAUTH 4acTOTy MomnajaHdsi BeJUUMHbI X B 3ajaHHbIN
MPOMEKYTOK, HY?KHO BBIUHUCJUTh MJOLIA/b YACTH THCTOrPAMMbI, OMMpaloliercs
Ha Hero. Tak, Ha npomexxyTok [8, 18] onupatoTcsi IPsSIMOYroJIbHUK ¢ OCHOBAHHEM
ot 8 o 11 u Boicotoit 0,0604, TpeTnii cToGel, THCTOTPAMMbI W MTPSIMOYTOJIbHUK
¢ ocHoBauueM ot 17 o 18 u Beicoroit 0,0125. Mx cymmapnasi njoiaibs paBHa
0,3062. TTosToMy uuc/i0 pailoHOB, B KOTOPbIX coBeplieHo oT 8 no 18 mpectyn-
Jienuii, coctapasier npumepHo 31 % oT uucaa Beex pailoHOB 06J1ACTH.

YnpaxHeHus

1. Paccmotpute BHOBL npumep 4.1 U3 npeapiayiiero naparpada u nocTpoite MporHo3 Jyis BCEro
perruoHa, MCroJib3ysl HHTepBa/bHbIA PsiL.

2. Vmeercs rojioBasi CBOJIKA O MPECTYIJIEHUSIX C IPUMEHEHUEM OTHECTPesbHOro opy»Kusi B 40 paii-
onax: 7, 16, 15, 16, 6, 7, 12, 8, 3, 14, 13,4,9,17,2,6, 3,4,19,5,5,1,7,19,1,6, 3,6, 1, 2,9,
3,2,2, 1,8, 10, 1, 3, 1. CocTaBbTe M0 3THM JIAHHLIM UHTEPBAJILHBIN Psijl, IOCTPOKTE TUCTOrPAMMY
¥ OTBETBTE Ha CJejyioliiie Bonpochl. KakoB aHanasoH 3HAueHHH MepeMeHHOH BeJHUMHbI X — YHC-
Jia npectyrnjeHnin? Kakoil U3 moJiyueHHbIX BaMH Pa3psiioB HMeeT HauOGOJIbILYIO YACTOTY U KaK 3TO
MO2KHO HCTOJIKOBaTh? KakoBa 0/l Tex pailoHOB, B KOTOPBHIX COBEpILEHO OT LIECTH 0 JABeHAAlATH
NPECTYNJEHHI ¢ MPUMEHEHUEM OPYKHs?
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Kak ™Mbl y:ke oTMeuasid, UHTEpPBaJIbHBIA PSijl COCTABJSIOT MpH 06paboTKe
6o/bLINX MaccHBOB HH(opMalmu. B Takux ciydasx, Kak npaBuso, OTAebHble
3HAueHHUsT BeJIMUMHbl X He (DUKCHPYIOT, a TOJCUMTBIBAIOT aOGCOJIIOTHbIE YaCTOThI
paspsi/IoB, TO €CTb KOJMUECTBO 3HAYEHUH BeJMUMHbI X , MONABILIMX B KaX/IblH pas-
psin. Hanpumep, cratucTHuecKre JaHHbIE TO3BOJISIIOT TOUHO YKA3aTh KOJMUECTBO
MaJloJIETHUX MPECTYNHUKOB B CTpaHe, HO yKa3aTh TOUHbIH BO3pACT JUIsl KaxKJ10ro
M3 HUX MPAKTHUECKH HEBO3MOXKHO — [MoJiyueHHast TabJuua, ecu Jaxe U yaacT-
csl e€ coCTaBMTb, OyJeT MpakTHUeCKH HeoOO3pUMON M KpaliHe HeynoOHOH 15
cTaTUCTHUeCKOH 06paboTku. [TosToMy HccenoBartesb, He 3Hasi OTJE/bHbIX 3HA-
ueHHi HabJ1t01aeMoii BeJIMUMHBL X, He MOXKET 110 MPUBEIEHHbBIM Bbillle hopMyJ1aM
BBIUMCJIMTD TOUHbIE 3HAUEHHS] CPeIHEro apupMeTHUECKOro, TUCIEePCHH U CpeiHe-
ro KBaJpaTHUeCKOro OTKJAOoHeHHs. Ho npubikéHHoe 3HaueHHe 3TUX YHUCJOBbIX
XapaKTepPUCTHK MOYKHO HAWTH C MOMOILbIO HHTEPBAJBLHOTO Psija.

Jlaisi 3TOro BCMOMHHUM MJ€I0 MHTEPBAJIbHOIO PsiJa: BCe UMCJIa, MoMNaBllive B
OJIMH Pa3psijl, CUUTAIOTCS NPUOIU3UTENBHO PABHBIMU JIPYT APYTY, U Ha TOM OCHO-
BaHUM 3aMEHSIIOTCSl OJTHUM UMCJIOM — cepellMHOolN paspsina. [Tycth Bcero umeer-

csl k paspsizioB, cepelliHaMU KOTOPbIX SIBJSIIOTCS BEJHUUHBI X|, X9, ..., Xp. HHc-
JIO X1 3aMeHseT coOO0H /1] uuceJ], MONaBLIUX B NMEPBBLIA pasps, Mo3ToMy OyaeM
CUMTaTh, YTO YMCJIO X| BCTpeuaercs ) pas. MHbIMU cioBamu, m| — 310 abco-

JIIOTHAsl YacTOTa 3HAUeHUs X|. TOUHO TaK ke, aBGCOJIOTHYIO UaCTOTYy 119 BTOPOTO
paspsiia 6ynemM cudTaTb abCOJIOTHOH Y4acTOTOH CepellMHbl Xo BTOPOro paspsja
u 1. 1. [Tocne aToro, momesuB Kaxayilo abGCOJIIOTHYIO YacTOTy Ha CyMMYy BCeX
a0COJIIOTHBIX YaCTOT, Mbl HAalJEM OTHOCHTEJIbHbIE UACTOTHl Pi, P9, P3,- - ., Pk, A
3aTeM 110 MU3BECTHbIM (DOPMyJiaM BLIUHCJUM CpeHee apudMeTHUecKoe, AUcep-
CHIO M CpeJHee KBAJpaTUUECKOE OTKJIOHEHHE:

X =X1p1+Xep2+ ...+ XepPrs )
D= (X —%)°pi + (¥ —%)*Pa+ ... + (B — %) Pi; 9)
S =VD. (10)

[pumep 6.1. Haiijre cpetee apudmeTHueckoe, JUCEPCHIO H CpeiHee KBajl-
paTHuecKoe OTKJOHeHHe JJIsl HHTEPBAJbHOTO Psijia, 3aaHHoro TabJuiei 21.

Pewenune. CocraBum pacuérthyio Tabsuiy 23, B IepBOM CTOJIOLE KOTOPOH 3a-
MUILIeM HOMepa paspsisioB, BO BTOPOM — YHcJa X; (CepeHbl Pa3psiioB), B Tpe-
TheM — MPOU3BEJIEHHUST X; P;, U T. I. TabJiuily 3amoJIHUM MO cToJ6LAM, a CEPEUHY
paspsijia BIUHCJIUM Kak noJjrycymmy ero rpanuil; X1 = (1304-170)/2 = 150, xo =
= (170 + 210)/2 = 190 u 1. 1. Corniacto dopmyJie (8), CcyMmMa UHCES TPETHEro
crosibua aaér cpeaHee apudmernueckoe ¥ = 256,8. OHo 3anucaHo B nocaeaHel
cTpoke 3toro crosbua. [To dpopmyae (9) naxomum, uro D = 3113,75. Hakoner,
dopmyna (10) naér S = /3113,75 ~ 55,80.
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Tabuuua 23
% X pi 5-% (-%> (%-%2p
150 13,5 —106,8 11406,24 1026,56
190 19,0 —66,8  4462,24 446,22
230 55,2 —26,8 718,24 172,38
270 78,3 13,2 174,24 90,53

310 95,8 53,2  2830,24 509,44
350 35,0 93,2  8686,24 868,62
— X =2068 — — D =3113,75

Mo Ol W N —

Tak Kak npu pellleHHH 33724l Mbl 3aMEHSJIM 3HAUEHHUS] BEJMUMHBI X MX MPH-
OJIXKEHHBIMH 3HAUEHUSIMH — CepeIMHaMK Pa3psiioB, B KOTOPble OHH MOMAAIoT,
To hopmysbl (8)—(10) natotT Ham NMpUOIMKEHHbBIE, 8 HE TOUYHblE 3HAUEHHS CpeJi-
Hero apugpmMeTHUeCcKoro, AUCTMEPCHH U CPEHEro KBaApaTHUECKOro OTKJIOHEHHS.
Hanpumep, no nanueiM npumepa 5.2 u3 §5 cpentee apudmMeTHueckoe Kojuue-
CTBA MPECTYMJIEHUH C MPUMEHEHHEM OTHECTPENLHOTO OPYXKHUsT OyIeT TaKUM:

%(19+32+Q6+3+8+26+2+ 144-6+184-3+54+10+35+4+7+4+12423+8+

+94+24+1446+2464+7+13+64+9+174+4+34+24+6+94+274+14+7+2) =
471
=— =11,7750.
40 ’
[TpoBenst BblunceHus o opmydie (8) ¢ UCrosb3oBaHHeM TabJHIIbI 22 (Haki-

Jisl cepejiiHbl POMEXYTKOB — uucda X;: 3, 8, 14, 20, 26 u 32), nonyunm:
3-0,3125+8-0,3625+14-0,1125+420-0,0750+26-0,0875+32-0,0500 = 10,7875.

Kak BuIHO, MEXIly TOUHBIM U MPUOJIHKEHHBIM 3HAUCHUSIMH CPEJIHEr0 apupMeTH-
UeCKOTo UMeeTCs CyllleCTBeHHOe pacxoxaenue d = 11,7750—10,7875 = 0,9875.
[TorbiTaemcsi MOHATH, HACKOJBKO BEJIHKO MOXKET ObITh 3TO PACXOXKJEHHE, HJH,
KaK roBOPSIT MaTeMaTHKH, OLlEHUM MaKCHMaJbHO BO3MOXKHYIO MOTPEIIHOCTb.
Bo-nepBhbix, 3ametum, uto npubamkéHHas dhopmyJsa s CpeaHero apudme-
THYECKOTO MOJIy4aeTcst U3 TOUHOH (GOpMyJibl X = (X + X9 + . ..+ X,)/n 3aMeHOi
KaKJ10T0 3HAUEHHS X, €ro MPUOIMKEHHBIM 3HA-
yeHHeM — cepeanHol oTpe3ka. [1pu 3ToM Bo3- A
HUKaeT HeKOTopasi olIMOKa J, KOTOpast He MO-
»KeT ObITb GOoJIbllIe MOJOBHHBI TOTO MPOMEXKYT-
Ka [Xj,X;11], B KOTOPOM HaXOAMTCSl 3HAUEHHE
Xp, TAK KakK (Sk = |Xk—)?i| < W = A

A; A
! —, e A — jMHa HauGoJIbLIero Puc. 8

Ai/2 &

4+ a----

<
1l
T
Xi  Xp Xit1

N

paspsina (puc. 8). Takum o6pasom, Npu 3aMeHe
KaKJ10r0 3HAUEHHSI X, €ro MPUOJKEHHBIM 3HAUEHHEM B UHC/IUTENe POPMYJIbI Ha-
KansuBaercst ownoka 6y +do+. . .+, KOTOpast NpH JeJeHUH Ha 1 yCPeHSIeTCs.
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HOBTOMY CyMMapHas omnbKa OLEHUBACTCHA TakK:

01+ 089+ ...+, <n-A/2_é

n n 27

[TosiyyeHnasi olleHKa ouIMOKH SIBJISIETCS 10CTaTOYHO Tpy6oid. TouHble BblUMC-
JIEHUsl B PAaCCMOTPEHHOM Mpumepe aau Ham olnoky 0,9875, cyliecTBeHHO MeHb-
uryio, uem A/2 = 3. Tem He MeHee, 0OIIHI BBIBOJ YJIyUIIHTh Hesb3st. [losyuen-
HO€ HepPaBEHCTBO MOKA3bIBAET, YTO MPH YMEHbLUEHHH JJIMH PaspsiioB (UTO aBTO-
MaTHUYeCKH TPUBOJUT K YBEJMUYEHHIO UX UMCJIA) TOTPEIIHOCTb MPH BbIUMC/AEHHH
Cpe/IHero apu(MeTHYeCKOro YMEHbILAeTCS.

[Mpumep 6.2. Ynpapnenue ceqbckoro xossiictea BpiokoBckoro paiona mpeji-
CTaBUJIO CBOJIKY MO MATHECATH X03siiicTBaM. CorJIacHO 3THM CBOJIKAM, ypoXKaii-
HOCTb P2KH (B LIEHTHepax C rekrapa) B Xo3sificTBax okasaJach cJjeayouiei: 16,8;
15,7; 19,6; 20,1; 16,8; 15,7; 19,0; 19,0; 19,0; 17,0; 17,0; 17,0; 21,3; 18,7; 19,6;
20,0; 15,8; 24,1; 21,0; 18,9; 17,2; 18,7; 20,0; 22,3; 20,1; 21,5; 20,2; 18,5; 19,3;
225;18,1; 19,7; 18,4; 20,1; 19,5; 21,2; 19,7; 18,5; 17,4; 24,1; 22,2; 18,2; 19,7;
18,9; 18,4; 19,4; 17,5; 18,7; 17,7; 16,6. ITocTpoiiTe Moae/b yPOKAHHOCTH PKH
JIJIsT OJIHOI'O XO03SIMCTBA.

PeweHue. Kak Mbl 3HaeM, B COCTaB MOJIEJIH BXOJST HHTEPBAJIbHBIH Psijl, TH-
CTOrpamMMa M UMCJIOBble XapakTepucTHKH. HauHéM ¢ nocTpoeHusi MHTEPBAJLHO-
ro psija: camoe MajieHbKoe 3HaueHHe ypoxkahHocTH a = 15,7, camoe 6oJibliioe
b = 24,1, noatomy nManasoH 3HaueHUiH — npoMexxyTok [15,7;24,1], nanHa Ko-
Toporo paBHa 8,4. AToT 0Tpe3oK pa3zoObéM Ha 7 paBHbIX pa3psiioB JJIMHON 1,2
[TosyueHHbINl HHTEPBAJIbHBIN Psifl NpeAcTaBJeH Tabauuen 24.

Ta6mnuua 24
Paspsamsl  [157;16,9] [16,9;18,1] [18,1;19,3] [19,3;20,5] [20,5:21,7] [21,7:22,9] [22.9;24,1]  Cymma
m; 6 7,5 13,5 14 4 3 2 50
Di 0,12 0,15 0,27 0,28 0,08 0,06 0,04 |
h; 0,100 0,125 0,225 0,233 0,067 0,050 0,033 —

Jlaisi pacuéra uMC/IOBBIX XapaKTEPUCTHK COCTaBUM TabJully 25, aHaJornHu-
Hyto Tabaule 23, B MocJe/iHell CTPOKe KOTOPOH 3amuileM cpeHee apudmeTnue-
ckoe u aucnepcuto. lanee Hailiém cpelHee KBajpaTHUeCKOe OTKJOHEHHe: S =
= /3,2614 = 1,8059... [TocKosbKy BbIGOPOUHbIE 3HAUEHHS TIPUBEJIEHBI C TOU-
HOCTbBIO JI0 JIECSITBIX, TO B 3aAMHUCH UMCJOBBIX XaPAKTEPUCTHK CJE/lyeT OCTABHTb
Ha OJIMH 3HaK mnocJie 3ansaTol 6oJblie. Takum o6paszom,

x=19,17, D =326, S~ 1280.

[Tocsie sTOro Mo naHHbIM TabJuUbl 24 HauepTUM rucrorpammy (puc. 9), or-
METHB Ha Hel uMuCc/Io X M MPOMeXyToK (¥ — S, X + S) = (17,37;20,97).
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Ta6ania 25
5% Xi pi 5-% (®m-%7 (%—%)2p
16,3 1,956 —2868 8,225424 0,987050
17,5 2,625 —1,668 2,849344 0,427401
18,7 5,049 —0,468 0,219024 0,059136

19,9 5,572 0,732  0,535824  0,150030
21,1 1,688 1,932  3,732634  0,298610
22,3 1,338 3,132 9,809424  0,588565
23,5 0,940 4,332 18,766224  0,750648
— X =19,168 — — D = 3,2614

M N O Ul W=~

[IpoBeném aHa/mM3 MoJiydeHHBIX Pe3yJbTAaTOB. ¥YPOKAHUHOCTb P:KHU B XO3s1M-
ctBax DprokoBckoro paiona npuHuMaer 3Hauenust ot 15,7 no 21,4 y/ea. Hau-
Goslee BepOsITHbIE 3HAueHus1 ypoxkaiHoctd — ot 19,3 no 20,5 y/ea (14% xo-
35IMCTB); JIBA MPOIIEHTA COCTABJSIOT XO35IHCTBA C MAKCUMAJIbHOH YPO2KaHOCTBIO,
oT 22,9 110 24,1 y/2a; 6% X03sHCTB UMEIOT CAMYIO MaJIEHbKYIO YPOXKARHOCTh —
ot 15,7 10 16,9 y/ea. Cpennee 3HaueHue ypoKaitHOCTH MO BCEM X035IHCTBAM CO-
crasasier 19,17 y/ea, cpenree oTkIOHEHHe OT cpeHero 3Hauenusi pasto 1,80,
Xo034iiCTBa, B KOTOPBIX YPO:KAWHOCTb OTKJIOHSIETCSI OT CPEAHEro 3HaueHWs He
GoJiee, uem Ha 1,80 y/ea, cocrasisiior 69% ot obuero uncaa xossiicts. Cpas-
HUTE/ILHO MaJible 3HaueHus yporxkaiinoctn (Menblue 17,37) nabmonatores B 16%
X03s1iCTB; 15% X03SHCTB MMEIOT BBICOKYIO ypoxKaiinocTb, ot 20,97 1o 24,1 y/ea.

0,233 +
0,225 1

0,125 +
0,100 +

0,067 +
0,050 +
0,033 +
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YnpaxHeHus

1. Jlost npoBeneHust ieMorpacuueckux uccieoBanuil Bei6paan 50 ceMell ¥ MOJYUHIH CaeTyIolIHe
JlaHHbIe 0 KOJIMYeCTBe ujieHoB ceMbu: 2, 5, 3,4, 1, 3,6, 2,4,3,4,1,3,5,2,3,4,4, 3,3,2,5, 3, 4,
4,3,3,4,4,3,2,5,3,1,4,3,4,2,6,3,2,3,1,6,4, 3, 3,2, |, 7. YKakuTe nepeMeHHYIO BeJUUHHY,
cocTaBbTe TabJully no ob6pasuy tabauubl 20 M HalliuTe cpejHee apudMeTHUECKoe, AUCHEePCHIO U
cpejiHee KBajJpaTHUECKOe OTKJIOHEHHE.

2. VYmnpaBseHue cenbcKoro xoasifictBa JIpIOKOBCKOTO padoHa MPeICcTaBU/IO CBOJKY MO MSTHAECATH
xo3siicTBaM. COrIaCHO 3TOMH CBOJIKE, YPOKANUHOCTb P2KH B HUX COCTaBHJA (B LIEHTHEPAX C reKTapa):
17,5; 17,8; 18,6; 18,3; 19,1; 19,9; 20,6; 20,1; 22; 21,4; 17,5; 18,5; 19; 20; 22; 20,6; 19,1; 18,6;
17,9; 19,1; 22; 19; 17,5; 22; 22.,6; 21; 21,4; 19; 17,8; 18,3; 19,9; 20,1; 21,4; 18,5; 20; 20,6;
18,6; 21,4; 21; 20; 20; 18; 18; 18; 17,5; 18,6; 19,1; 20,6; 17,5; 18,6. [TocTpoiiTe HHTepBa/bHbIN
psIL M THCTOTpaMMy, a 3ateM 1o ¢opmysaam (1)—(3) HafianTe OCHOBHBIE UHCJIOBBIE XapPaKTEPUCTHKH
(cpenmtee apudmerHuecKoe, UCMEPCHIO, CpeHee KBaJpaTHIECKOe OTKJIOHEHHE) paccMaTpHBaeMOH
BEJIMUHHbI.

3. HalinuTe no naHHbIM ynpaxKHeHHs1 2 npeaplayllero naparpacga TouHble U npubJaHKEHHbIE 3HaUe-
HUSl CpeJiHero apuMeTHYeCKOro U JAUCIePCHH, OTIpeesuTe JA0TYIIeHHYI0 OlIMOKY d U CpaBHHUTE eé
C MOJIOBUHOH JUIMHBI HAHOOJbLLIEr0 pa3psiaa.

4. Maiiop 3uUMUH yBJEKCS €€l HHTEPBAJNBLHOrO PsAla U PelIn NPUAYMaTh Takoe pasbueHHe Ha
paspsbl, MPU KOTOPOM BeJMUMHbI X, D 1 S noJsyyanuch Obl He MPUOIHAKEHHBIMH, @ TOUHBIMH. HTO
Mbl MOXKEM €My [OCOBETOBATH?

§7. DaekTpoHHbIe TAOJHUILLbI

Ecau pabota ¢ cucteMamMu KOMIMbIOTEPHOH ajreGpbl /Il IOPUCTA — CKOpee
MCKJIOUEHHEe M3 MpaBWJI, TO TaK Ha3biBaeMble O(HUCHble TPOrpaMMbl — TOBCE-
JIHEBHbIA MHCTPYMEHT J1I0O0ro COBPEMEHHOI0 CreldalucTa B 001acTh I0pUcipy-
neHuyn. Cpein 3THX MPOTPAMM BBIAEJSIIOTCS 3AeKMPOHHbLe MADALLbL — TIPO-
rpaMMmbl, M03BoJIsIIOlMe 00padaTbiBaTh OOJblIHE MAaCCHBbl HH(OPMALMH, TPO-
BOJIUTb MX CTATHUCTHUECKUH aHaJHW3 W CTPOWUTH JMarpaMmbl, HarJsaHo oToOpa-
JKawouye naHHble. [IpuHUMIBL paboThl BeeX 3JIeKTPOHHBIX TaOJHL OJMHAKOBHI,
M03TOMY JIOCTAaTOYHO HAYUHTHCS M0Jb30BATHCS KAKOH-JIHO0 OJHOH MPOrpaMMoi.
B s1OM yueGHMKe Mbl pacckasbiBaeM o nporpamme Open Cale, Bxoasie B ¢cBo-
6omubiii maker Open Office, cnocoGHbINH (YHKIIMOHHPOBATHL TOJ yIpaBJIeHHEM
Kak passauuHbix Bepcui Microsoft Windows, Tak u Linux. B s3Tom naparpade
Mbl PACCMOTPHM TOJIBKO COJIep2KaTesbHble MOMEHTbI Pa0OThI C 3JIEKTPOHHBIMH Ta-
OJIMIIAMH, a BCe TeXHHUECKHE JIeTalll (3aMycK NPorpaMmbl, HCT0Jb30BaHHE MEHIO
M T.11.) OTJIOKHM JI0 CJIe/lylOlIeH TJ1aBbl.

[Tpoo6pazom 3/1eKTPOHHBIX TabJHLL OblIH OyXrajTepCcKue KHUTH, B KOTOPbIX
pasmeLlaNuch JUCTbl (TabJuLbl) C AaHHBIMM, OTOMY MOJb30BaTe/b paboTaeT
C «KHHTOH», comepxkatlel JUcTbl. Kaxablil JiMeT npeacranJsieT coO0H CETKy U3
siyeeK, 00pasyroLLIMXCs B pesyJibTaTe [epeceyeHnst CTPOK H CTOJOLOB TaOJIHULIbI.
CTpoKH HyMepyIOT YHCJIaMH, a CTOJNOLbl — JATHHCKHUMH OYKBaMH, TTO3TOMY KaxK-
Jas siuefika 1noJiyuaetr aJpec, COCTaBJEHHBIH U3 HOMEPOB MPOXOAALLUX uepe3 Heé
cToJiblia U CTPOKH, HarpuMep, A10 unn AD2. B mio6y1o U3 siueek MOXKHO 3amucaTh
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TEKCT, UUCJIO0 HIIH POPMYJTY, IO KOTOPOH 3HAUEHHE STOH STUEHKH OMpeJesisieTcs ue-
pe3 BeJIMUMHbI, CojleprKallitecst B Apyrux siuekikax. Ha puc. 10 npuBenén npocto#
npuMep: B siuelike A3 BbIUMCJ/ISIETCS] CyMMAa BeJIMUMH, HAXOASIUXCS B siueidkax Al
v A2. DTa cyMMa aBTOMATHUYECKH TePECUMTbIBAETCS MPU M3MeHEHHH 3HAUeHUH B
suerikax Al u A2.

A B A [ B A [
1 5 1 5 1 5
2 2 2 2 2 3
3 |=A1+A2 : 7] . 8]
4 4 4
Puc. 10
[Mpumep 7.1. Saekrpon- * ' : ' :
. Yucno Yucno
Hasi Tabsuua (puc. 11) co- |+ Paiion 5
nNpecTyImiIeHHH PacCKpbITbIX
JIEPXKUT HHPOPMALIMIO O KO- = [Banomicxni - 6
JINUECTBE MPECTYIJICHHH, CO- |5 |Mockosckuit 69 29
BepUIEHHBIX B  pa3iuuHbix | *|lporerapckuit 25 8
paiionax. Bemumcante npo- | [HCHTPAIbHbE | 29 4
6
LEHT pacKpbITHs TpecTymiie- |
HHUH 110 KaxKJ0My paroHy.
Y panony Puc. 11

Pewenue. Hamomuum, 4To /sl BHIYMCJIEHHST MIPOLIEHTA PACKPBIBAEMOCTH TIpe-
CTYMJIEHHH HYXKHO UMCJIO PACKPBITBIX MMPECTYIJIEHUH MOJeNUTh Ha WX 0flilee KO-
JIMYECTBO U 3aTeM YMHOXKUTL pesysbrar Ha 100. lo6aBum K 3apaHHol TabJiulle
elé onuH crosbell, o3araaBuB ero «IIpoleHT pacKpbIThIX», U BBENEM B siuei-
Ky D2 dopmysy =C2/B2%100, Mo KOTOPOH BBIUKCJSETCS MPOLUEHT PACKPLITHIX
npecTyrieHuil mo 3aBosKCKOMY parony (puc. 12).

A [] c [ D [
5 Yuciao Yucio IIponenT
1 Parion .
NpPeCTyIUIEHHH  PacKpbIThIX PacKpbITBIX
> [3aBomkcKmit 7 6 85,71
s [MockoBckuit 69 29
] [Tponerapckuit 25 8
s | IleHTpabHBIN 29 4
: I
Puc. 12

[TockoJsibKy hopMyJibl B IpYrHX siuefikax cTo/01a D 1o CyTH He OTJIMyaloTesl
oT opmyJibl B siueiike D2, TO €€ MOXKHO MPOCTO «Pa3MHOXKHTb», CKOMHPOBAB B
ocrajibHble stueiki. [Ipu 3TOM MPOUCXOAUT aBTOMATHUECKOE U3MEHEHHE aJIPECOB
siueeK, MCMoJb3yeMblx B opmyse. UToObl CKOMMPOBATh, A0CTATOUHO MOABECTH
yKazaTe/ib MbIlIM K TPABOMY HHXKHEMY YIJy siueliki D2 W TMpH HaxKaToH JIeBOH
KHOIKE MbILIA [IEpEeMeCTHTb ero BHU3 10 suelikd D5. [locsie Toro, Kak KHomka



§ 7. dnekTpoHHbIe TAbAUILLBI

89

6yneT OTMyllleHa, B sueiikax D2-D5 okaxKyTcsl MOANpaBJeHHble HOPMYJIbl U Mbl
YBUJIUM Pe3yJibTaThl BbIUUCJ/EHHS 110 HUM (puc. 13).

A B I E [ ) [

. Yucno Yucio IIpoueHT
1 Parion .
|| NnpecTyIUIeHHH PacKpBITBIX PacKpbITBIX
iBaBon)KCKI/n?I 7 6 =C2/B2*100
iMOCKOBCKMﬁ 69 29 =C3/B3*100
| ¢ |TIponeTapcxkuit 25 8 =C4/B4*100
s |LlenTpasbHbIi 29 4 =C5/B5*100
. I

A [ B | c [ D [

. Yucno Yucio IIpouenT
1 Parion .

npecTyIIeHHH PACKpBITBIX PacKpbITBIX
iBaBonmcxmﬁ 7 6 85,71
LMOC]\’OBCKI/IVI 69 29 42,03
| ¢ |TIpostetapckuit 25 8 32
s |LleHTpabHBIi 29 4 13,79
: I
Puc. 13

[Mpumep 7.2. lo6GaBbre B siueiiky B6 TaGJIHLIbI, PACCMOTPEHHOH B MPEIbILyLLEM
npUMepe, CYMMAapHOE UUCJIO NTPECTYIJIEHUH 110 BCeM padoHaM, a B siuedkax E2-E4
pasMecTuTe 70110 (B MPOLIEHTAX) YUCJ/a MPECTYIJeHHH, COBEPLIEHHBIX B TOM WJIH
MHOM palioHe, 0T 0OLIEero KoJuu4ecTBa MpecTynjaeHui.

A [ B [ © [ 0 [ E [

1 Paiion Yucio Yucio IIpouent Hons (B %) ot
NpecTyIUIeHHH  PacKpbITHIX PacKpbITBIX o0IIero unena

| 2 |3aBomkckuit 7 6 85,71 5,38

s [MockoBckuit 69 29 42,03

Tl'[pone'rapcxm?l 25 8 32

THGHTpaHbeIﬁ 29 4 13,79

s [AToro | 130

Puc. 14

Pewenwue. [Toayuum cHauana tabJuity, H306paxénnyio Ha puc. 14. Onepariyst
CYMMHPOBaHHU$1 BCTPEUaeTCsi OUeHb YacTo, MOITOMY J/Isl €€ 3a/laHusl CJIYXKHUT Crie-
LMaJibHasi KHOIKA C CHMBOJIOM Y, PACIIOJIOJKEHHAsl HAa MaHeJd MHCTPYMEHTOB
nporpamMmbl. HaxkaB Ha Heé, Mbl BcTaBUM B sueliky B6 ¢yHkumio CYMM, 0KoJ0
KOTOPOH aBTOMATHUYECKH MOSIBUTCS AHana3oH B2:B5 siueek Jyisi CYMMHPOBaHHUS
(ecsiu MalIMHA «He yrajaeTs» JMANa3oH, ero MOXHO JIETKO M3MEHHTh). BBeném
nanee B stueiiky E1 saronoBok «Jloast (B %) oT o61iero uncsia», a B sueilky E2 —
opmy.y =B2/B6%100.



90

Imaga IIl. O6paboTka pe3ynbTaTOB 9KCNEPUMEHTA

A B c D 3 [
1 Paiion Yuciao Yucio IIpouent Hons (B %) ot
NpecTyIUIeHHH  PacKpbITHIX PacKpbITBIX o0IIero uMciaa
|2 |3aBomkckuit 7 6 =C2/B2*100 =B2/$B$6*100
| s [Mockosckuit 69 29 =C3/B3*100  =B3/$B$6*100
| + [TIponerapckuit 25 8 =C4/B4*100  =B4/$B$6*100
s |Llenrpanbhprit 29 4 =C5/B5%100  =B5/$B$6*100
s [HToro |=CYMM(B2:B5)
A [ B c D E [
. Yucino Yucino IIpouenT Hons (B %) ot
1 Parion
NpeCTYIUIEHHH  PacKpbITBIX PACKpBITBIX o0mero yncna
| 2 |3aBomkckuit 7 6 85,71 5,38
|'s [IMockosckmit 69 29 42,03 53,08
THponeTapcxMﬁ 25 8 32 19,23
s | LlenTpanbHbI 29 4 13,79 22,31
s [AToro | 130
Puc. 15

Ecsin Mbl nonbiTaemest CKonupoBath hopmyJty M3 stueiiku E2 tabiuibl, H306-
paxkéHHOH Ha puc. 14, B apyrue siueidku 3TOro cTo/0Ua, TO COBEPLUUM OLIMOKY.
Jeno B ToM, uTO 3HaueHHus B siuelikax E2-E5 JIO/KHBI BBIUMCJISITHCS CIEAYIOLIHM
00pa3oM: UHCJIO MPECTYIJICHHH B palioHe JNEJIUTCA Ha o0llee YHUCJIO TPecTyrnJe-
Huit u ymHoxkaetest Ha 100. CiienoBaresibHO, BO BcexX CTPoKax cTosidua E 1enuthb
HY?KHO Ha OJIHO M TO K€ 3HaueHWe — BeJIMUMHY, COJepxKallytocsl B siuelike B6.
[TosTomy HeoGxomuMoO, uTOOBI YacTb (opMmyJibl =B2/B6+100 (CUMBOJIbI B U 6)
He W3MeHslIach MPH KOMUPOBAHWUU U3 OJHOW fUelKH B Apyryto UTobbl «3amMopo-
3UTb» HYXKHYIO KOMITOHEHTY ajpeca, nepej HeH CTaBAT CHMBOJ $ M Ha3bIBAIOT
e¢ abco/oTHOM ceblkoil. C yuéToM 3Toro o6cTosTeIbeTBA (hopMyJia 3anuLLIeTCs
Tak: =B2/$B$6x100. MToroBuiii pedysbraT usobpaxeéH Ha puc. 15.

[lpumep 7.3. TTomectute B 3/1€KTPOHHYIO TaGJIMILy HaHHBIE O BPEMEHH, 3aTpa-
YeHHOM Ha o0cJ/ie/JoBaHHE KAXJI0T0 U3 JIECSITH aBTOMOOUIIeH B npumepe 3.1, Hail-
JIUTe CpejiHee 3HAUeHHe TOH BeJHUMHbI, €€ MCMEepCHIo U CpejiHee KBajpaTHue-
CKO€ OTKJIOHEHHE.

Peuenue. [1pu paGote ¢ 3/1€KTPOHHBIMH TaOJMLIAMH YACTO TIPUMEHSIIOTCST pas-
JIMuHble (PYHKIMH, HeOOXOUMbIE JI/IsT OPraHu3aly BbluncseHnH. Tak, B mpuMepe
7.2 Mbl ucnoJb3oBanu yHkuMio CYMM. B naHHoM cjyyae HeoOXOAMMbI CTaTH-
cTHUecKHe (DYHKIIMH, BbIUMC/SIONME cpeiHee 3HauyeHne (CP3HAY), mucrnepcuio
(JUCTIP) u cpesiHee KBaapaTuyeckoe oTkjoHeHHe (CTAHIOTKIIOH). B siuefiky K2
BBeNEM opmysty =CP3HAU(A2:J2), B siueliky L2 — dopmyny =IUCIP (A2:J2),
a B sueilky M2 — copmysy =CTAHIOTKIIOH (A2:J2). 3aMeTuM, UTO UCMOJb3Ys
«aBTOMUJIOT (DYHKUMH» — BCTPOEHHOE B MPOrpamMMy CpelCcTBO, obJeruaiolee
MOMCK HYKHOH (DYHKIIMM W MPaBUJIbHOE 3aJlaHHe €€ apryMeHTOB, BCE 3TO MOXKHO
c/le1aTh TOJIBKO C MOMOLLbIO MbllIK. MTOroBbI# pesdysbraT nokasaHn Ha puc. 16.
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A [ 8 ] [ o [ e [ ¢ ] | [ + T o [ « [ v [ w
1 | 2 3 4 5 6 9 10 m D S
2| 25 30 22 22 54 36 41 45 25 40 34 | 107,6 10,37
Puc. 16

[paduueckoe npencrapaenre MHGOpPMaLMK ropasao HarjsiiHee TabJUYHOrO,
M03TOMY BO3MOXKHOCTb JIEKTPOHHBIX TaOJIULL TPEICTABIATh Pa3MEILEHHbIE B HUX
JlaHHble B BHJIC PA3JIMUHbIX JMarpamm, rpaMkoB H TMCTOrPAMM HCIOJb3yeTCsl
odeHb yacTo. [logpoGHoe onncaHue Bcex NeHCTBUM, HEOOXOMUMbIX /IS BKJOUE-
HUs qMarpamm, OyleT NPUBEAEHO B CJELYIOLLIEH IJ1aBe, a MoKa JHLIb OTMETHM,
YTO BCE OHM OUYEHb €CTECTBEHHbl U HHTYUTHBHO OUEBHJIHDI.

[Ipumep 7.4. Jlo6aBbre B 3/1eKTPOHHYIO TabJIHLLY, TOCTPOEHHYIO B ITpumMepe 7.2,
THCTOTPaMMy, COJEPKAIILyIO JaHHbIe O TPOLEHTe PACKPBITHIX MPECTYIIEHHE H O
JI0JIe UMCJIa TIPECTYIUIEHHH, COBEPILIEHHBIX B KAXKJIOM M3 PAHOHOB.

Pewenue. Boiesm obacth A1-A5, D1-D5 u E1-E5, coaepxKaiine u3obpa-
JKaeMmble JTaHHbIE, a 3aTeM ¢ MoMollbio MeHIO «BcraBka | [luarpamma» B okHe
«ABTOOpPMAT MarpaMmbl» BbIOepeM B KauecTBe THIA JHarpaMmbl BapuaHT «[u-
crorpammax». Pesynbrat nuzo6paxeéHn Ha puc. 17.

A [ [} [ c [ D | E [
Yucno Yucno IIpouenT onsi (B %) ot
1 Paiion 5 pon b | (8 %)
npecTyIIeHHH PACKpBITBIX PacKpbITBIX 00IIero yHcia

| 2 |3aBOJIKCKHM 7 6 85,71 5,38
LMOCKOBCKI/IPI 69 29 42,03 53,08

| ¢ |[Tposretapckuit 25 8 32 119323

s |LlenTpasbHbIN 29 4 13,79 22,31

s |HToro I 130

7

+] %0 ] MpoueHT

1°]  go 4— packpbITbIX

1] | | B Lons (B %) ot
Kl A obLuero yucna

12 60 11—

13
— 50 ——

14
5| 40 4
6]
L1 30 4

17
| 20 -+
o] 10

20 -
1 | 0 T T T
— 3aBonxcKuin MockoBckunin MponeTapckuii LleHTpanbHbIi
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92 Imaga IIl. O6paboTka pe3ynbTaTOB 9KCNEPUMEHTA

A [ B [ c [ D | E [ F [ a | H | I [ J [ K [ L
[ 1] Ton 0 | 2 3 4 5 6 7 8 9 10
| 2 | Cymma 1000 1050 1102,5 1157,63 1215,51 1276,28 1340,1 1407,1 1477,46 1551,33 1628.89
Puc. 18

[lpumep 7.5. CocraBbre 3J€KTPOHHYIO TAGJIHILY, HIJTIOCTPUPYIOLLYIO YBEJIHYEe-
HHe BKJIaJa Mafiopa 3UMHHA, O KOTOPOM paccKasblBasoch B §8 nepBoli I/1aBbl.

Pewenue. Urak, maiiop Buéc na 6ankoBckui cuér 1000 py6seit. [yers ro-
JIOBasi MPOLEHTHasl cTaBka cocTaBasieT 5%. B nmepsom crosibue cosnasaemoit
TabJIMIBl YKaXKeM HOMEP Tojla, BO BTOPOM — CYMMY BKJIajla Ha KOHeIl 3TOr0 ro-
Jla. BbluncsieHne HOBOH CyMMbl CBOAMTCS K YMHOXKEHHIO CYMMbI MPeJIblyLlero
rona Ha 1,05. Beeném B siueiiky C2 copmysy =B2*1,05 u ckonupyem eé B siueii-
k1 D2-D10. Ha puc. 18 nokasaH UTOTOBBII pe3yJ/ibTaT, KOTOPbIH OTJIHYAETCsl OT
BBbIUMCJIEHHOTO MAaHoOpoM 3MMMHBIM C TIOMOLIbIO OBITOBOTO KaJbKyJsTopa Ha O
Korieek. Jlesio B TOM, UTO 3JIEKTPOHHbIE TAGJHILI CUMTAIOT 3HAYHUTEIbHO TOUHEE
Kasbkysstopa. Open Cale, Hanpumep, MPOBOJUT BLIYKUCJIEHHUS] C TOUHOCTbIO 20
3HAKOB TOCJIe 3arsTod, a Ha KaJbKyJsaTope Maropa TOMeaJocCh JIUIIb CeMb
ungp nocse 3ansaToi. Jlanublil npumep ewé pas 10Ka3blBaeT BaKHOCTb COXpa-
HeHHs1 HeOOXOIMMOT0 UMCJ/Ia 3HAKOB TI0CJIe 3aMSTON U OMACHOCTh HEKOPPEKTHBIX
OKPYIJICHUH.

[Mpumep 7.6. Coznaiite 3/1eKTPOHHYIO TaGJIKIL, COAEPIKALILYIO CTENEeHH JBOMKH
Bcex 1esblx unces ot 1 no 10, u BK/IounTe B Heé rpaduk QyHKUIMH y = 2° Ha
YKa3aHHOM MPOMEXKYTKE.

Peuwienune. Cuavana dpopmupyem tabaniyy X 2 /

U3 JIBYX CTOJIOLOB: MEPBbIA CONEPKUT 3HA- j 00 /
800

1

2
UeHHsl epeMeHHON BeJIHUMHBI X, BTOPOH — ™ //
3Hauenusi QyHKUUK 2%, 3aTeM, KakK H BbIlle, e ==y

3 500

BblJIeJISIeM sIUeiKHM 3TOH TabJMLbl U B OKHE 6 64 o //

7 128 300
«ABTOhopmMaT auarpaMMbl» BbIOHPAEM THIT 2 7
quarpammbl «JIuHUK». Pesysbrar nokasaH 9 512 w0

10 1024
Ha puc. 19. P I

Puc. 19
YnpaxHeHus

1. 3anosiHuTe 3JeKTPOHHYIO TabJHMLLy M0 JAaHHBIM MpuMepa 4.1 U cocTaBbTe MPOrHO3 /IS PETHOHA.

2. C noMol1bI0 3/1eKTPOHHBIX Tab/HL 06paboTaiiTe JaHHbIE TPUMepa O.2 U MTOCTPOHTE THCTOTPAMMY,
AHaJIOTHUHYI0 H300paXKEHHOH Ha puc. 6.

3. C noMmolibIo 3/1eKTPOHHBIX TaOMHL 06paboTaiiTe 1aHHbIe TPUMepa 6.2 U TOCTPOHTE THCTOTPAMMY,
AHaJIOTHUHY0 H300paKEHHOH Ha puc. 9.

4. Jlo KaKoil BeJMUMHbI BbIPACTET Uepe3 ThICSAUY JIET BKJAJ cocelkd Makiopa 3umuHa (50 pybieit),
€CJIM B TEUEHHE BCEX 3THX JIET MPOLEHTHAs CTaBKa OyaeT Heu3MeHHOH — 5%?

5. C NOMOIIbIO 3eKTPOHHBIX TaGJIHIL NOCTPOiiTe rpadrku ByHKIMil y = logy X M y = x — x°.



[naBa IV

basoBoe
nporpaMMHoOe€
o0ecrneyeHue

B sToil rmaBe Mbl pacckasbiBaeM O HanGo-
Jiee BaXKHOM /151 GOJIbIIMHCTBA MOJb30BaTesel
KOMITbIOTEPOB MporpamMMHoM obecreueHud. Kak
¥ paHee, Mbl cTapaeMcsi MHHUMH3UPOBATb KOJIH-
uecTBO 00CYK/aeMbIX IPOrPaMMHBIX MPOJYKTOB,
BLIOpAB HAaWJyullHe M3 TeX, KOTopble (DYHKIHO-
HUPYIOT B 00eHX COBPeMeHHBIX HauboJjee pac-
npocTpaHéHHbIX B Poccun onepalnoHHbIX cHCTe-
max — Windows u Linux.

§1.

YKe oTMeuaJsioch uTo, CBOOOAHOE NPOrpaMm-
Hoe obecrieuenne ([10), BK/IOUas omepanyoH-
Hyl0 cucTeMy Linux, mouTH upeanbHO MOAXOAWT
JuUist yuebHoro npouecca. JlerajnbHoe 3HAKOMCTBO
¢ mupoM cBo6oaHoro 1O Mbl HauHéM C onu-
CaHUsl OCHOBHBIX METOI0B paboTbl ¢ 3TOH ome-
pPaLUMOHHON CHCTEMOH, KOTOpylo ceiluac Bcé ua-
11le MOYKHO BCTPETHTb B KOMITbIOTEPHBIX KJac-
cax pasJyiMuHbIX YHUBEPCHUTETOB H ¢ KOTOPOH MHO-
rie M3 Bac, HaBepHoe, 3HaKOMbl. OmucbiBaeMble
3aTeM cuctema JJisi paboTbl B ceTH MHTepHer
Mozilla, oucubiii maker Open Office, rpaduue-
ckuil penakrop GIMP u cucrema KoMnbloTepHOH
ajre6pel Maxima Takxke NpeicTas/sioT coOoi
CBOOOJIHO pacrnpocTpaHsiemble MPoAyKTbl. OHHU
MOTyT ObITb 6eCrJIaTHO MOJYUeHbl U yCTaHOBJIE-
Hbl Ha KOMIbOTep, paboTarolMi MoJ yrnpasJe-
nuem kak Windows, tak u Linux.

Linux B KoMnblOTEpPHOM KJlacce U JomMa

Bce coBpemeHHble MHTErpUpOBaHHble TpadUuecKre cpeibl B OMepalMoHHON
cucreme Linux ocnoBanbl Ha X Window System (na npoceccronasbHoMm xap-
roHe «MKcbl»), NosIBUBLLIEHCS 3a/10JT0 10 BO3HUKHOBEHHSI ONEePALIMOHHON CHCTe-
Mbl Windows /151 nepcoHasibHbIX KOMIbIOTEPOB. B HUX aKTHBHO MCMOJb3YIOTCS
BCE€ TPU KHOIKH MbILIU: JieBasi KHOMKA MO3BOJISIET 3alIOMHUTb TEKCT, CPEHSIsT —
BCTaBJISIET €ro, a MnpaBasi CJYKHMT [JIs1 BblI30Ba KOHTEKCTHOro MmeHto. HaubGoJee
pacrpocTpaHEHHBIMH SIBJSIOTCS JIBE€ CBOOOIHbIE HHTErPUPOBaHHbIE rpaUuecKre
cpenpl o6iero HasHauenuss — GNOME u KDE. Onu 06e BxosisT B cocTaB Beex
cTaHfapTHLIX AMcTpubyTHBoB! OC Linux 1 no GoJbLUIMHCTBY CBOMX XapaKTepH-
CTHK OUEeHb MOX0XKH ApYr Ha apyra. Mol 6ynem paboTath B epBOH U3 HUX, HA3bl-
Bas eé npocto «[HoMOM». B Hell MOXKHO MCMOJBb30BaTh CaMoe pa3HooOpa3Hoe
[10, BkJtouasi ¥ NporpaMmbl, U3HAYAJbHO CO3/IaHHbIE JIJIs (PYHKIIHOHUPOBAHHS B

HHBIX Cpelax.

Hanomuum emié pas, uto uesoBeka, UMeIOLEro MpaBo paboTaTh B CHCTEME,
TMPUHATO HA3bIBATb NOAb308AMEAEM, A JUIS TOTO UTOObl UM CTaTh, HEOOXOIU-
MO 3apPErHCTPUPOBATHCS Y CUCEMHO20 AOMUHUCMPAMOPA, KOTOPbIH COOOLIUT
BaM 8xodwnoe uns (login) u napoas (password). Perucrpaiys HyKHa Jaxe 1npu
paboTe Ha JloMalllHEM KOMIMbIOTEPE; B 3TOM CJIyuae Bbl CAMHU SIBJISIETECH CHCTEM-

HbIM aIMHUHHUCTPATOPOM.

! TncTpuGYTHBOM HA3LIBAIOT COBOKYIHOCTL (hailjoB (UaCTO HA KOMIAKT-IUCKAX), IPeIHA3HA-
YEHHYIO VISl yCTAHOBKH OMepalldOHHON CHCTeMbl Ha KOMIIbIOTEp.
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ImaBa IV. bazoBoe nporpammHoe oGecneueHue

[o6po noxanoeaTk Ha cepeep linux.msiu.ru

WMa nonbaocearens:

BeeawTe Bawe ums

— i ]
% HAabik CeaHc Cucrema Mup CeH 22, 03:05 a
A e

Puc. 20

Jnst Bxona B cuctemy (puc. 20) mosb3oBatesb JA0J/KEH BBECTH CBOE UMS U
napoJib, 0To6pazkaeMblil Ha SKpaHe 3BE30ukaMu. [1aposib Heo6XoMMM JI71s1 TOTO,
yTOOBI IPYroil YeJIOBEK He MOT BOHTH B CHCTEMY I0Jl BalIUM MUMEHEM, MOJyUHTh
JIOCTYM KO BCEM BalllUM JaHHBIM, UUTATh 3JEKTPOHHYIO MMOUTY H OTHPABJISATH CO-
0O1LEeHHsT OT Ballero UMeHH U T. . Ec/in Bbl 6e30111M00UHO BBEIETE CBOE BXOAHOE
MM$l U 1apoJib (B cJjydae OIIMOKH CJielyeT MOBTOPUTb BBOJ), TO uepe3 HeGOJb-
1110€ BpeMsl Ha 3KpaHe MosiBUTCs1 pabounii cToJl, Ha KOTOPOM pasmellaloTes MHK-
TOTPaMMbl JIOMAIIHEro KaTtajora roJib30BaTe/si ¥ MyCOPHOH KOP3MHbI, a TakkKe
naHeJsb yNpaBJeHusi, ColeprKallasi MHOrO pa3jiMuHbIX MUKTOrpaMM 3arycka 3a-
Jlau, KHOTIOK MeHI0 M crieliMaibHbIX anjeroB (applet). lomamuuii katanor (Ha-
3bIBaeMblil Tak:Ke JIMPEKTOPHEN WJIH TarKoi) — 3T0 yacTb (hallioBOH CUCTEMBDI,
KOTOpasi BbleJieHa MOJb30BATEIO /IS XpaHeHHs ero (aiioB. 3/1ech OH SBJsET-
Cs1 XO35IMHOM U MOYKET CO3/1aBaTh M YIaJsiTh Manku U (aii/ibl, pazmeniath Jo6yo
MH(popMaLMio, pagpeliasi UM 3anpewiasi 10CTyn K Hell APyruM M0JIb30BaTENSIM.

B yHuBepcuTeTax uMcsio noJib3oBaTesieil 00bIUHO COCTaBJISET HECKOJIBKO Thli-
514 YeJIOBEK, U [N03TOMY CHCTEMHbIE aIMHHUCTPATOPbl YCTAHABJIMBAIOT OrpaHHye-
HHSl Ha MaKCUMaJibHbIH 06bEM noMaliHero Katajnora. [Ipu npeBbliieHuy JuMuUTa
paboTa B cUCTeMe CTAHOBHUTCS MPAKTHUECKH HEBO3MOXKHOH — HEOOXOIMMO Ile-
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pPEMeCTUTb HAKOMHUBIIMHCS «Mycop» (HeHy»KHble (haiisibl ¥ Manku) B KOP3HHY, a
3aTeM onycTolwnTb e€. TosbKO BbINOJIHEHHE TOCJ/eHEro AefCTBUS MPUBOJIHT K
6€3BO3BPATHOMY YHHUTOKEHHIO MH(OPMALMH — MOKa (paiyibl HAXOAATCS B KOP-
3HMHe, OHM ell€ CYLIeCTBYIOT W 3aHUMAlOT MpexKHUH 00béM. Ha nomaiuHem Kom-
nbloTepe orpaHudyeHust Ha 06bEM KaTasoroB 00ObIYHO HE YCTAHABJIMBAIOT, TAK KaK
UMCJIo MoJib3oBaTtesiell 06bIYHO He Godiee 2—3 uesioBeK. UTo ke Kacaercsl «My-
copa», TO yAaJsiTh €ro HeoOXOAUMO BCeraa. DTO HA/O JieaTh Jaxe B TOM CJy-
yae, eCJiM Bbl SIBJISIETECH €IMHCTBEHHBIM [0JIb30BaTE/EM, 3aPErHCTPUPOBAHHBIM
B cucteMe. JIs1 ynoGHOTO BHIMOJIHEHHST orlepalliil Haj dainamu cpena «lHom»
coziepKUT (haityioBblil MeHemKep «HayTuiayce», BO3MOKHOCTH KOTOPOTO OMHUCAHBI
Hike. Celiuac ke Mbl pacCKa)keM, 3aUeM Hy»KHa MaHejib ynpasJjenus (puc. 21).

& P ? @ B  roganov@msiu~/pictures . E 09:06
%,b g o GIMP = Bro, 26 Aer

Puc. 21

[To kpasim naHesn HaxoaATCs HEGOJbIINE KHOTIKH, MPeJHAa3HAuUeHHble 1151 eé
CKPBITHSI BJIEBO MJIM BMPaABO (OHH UMEIOT BHJL BHITSIHYTBIX 110 BEPTHKAJIH MPSMO-
yroJibHUKOB). Hanpumep, npu Ha)KaTUW Ha JIEBYIO KHOMKY MaHENb «ye3)KaeT»
BJIEBO, 0CBOOOK1asi pabouil cToJ Il pa3MellleH|s] OKOH PasJIMuHbIX [TPHJIOKe-
Hui. OcraBuiasicsi B yrily 3KpaHa KHOIMKA MO3BOJIMT B HY»KHbIH MOMEHT BEPHYTb
naHeJib yrpasJeHus Ha MecTo. MoKHO yOpaTh KHOMKH CKPBITHS C MaHeJNH HJH,
Hao00OpPOT, YCTAHOBUTb PEXKUM aBTOCKPBITHS, NP KOTOPOM MaHesb OyleT «ye3-
’KaThb» BHH3, KaK TOJIbKO OHa OyleT CTaHOBHUTbCS HEeHY»KHOH. Bcé€ 3To W oueHb
MHOTO€ JIPyroe MOXKHO CJie1aTh, UCIOJb3yst MEHI0 HACTPOUKH MaHe U yrpabJie-
HH$1, KOTOpOe MOSIBUTCS HA 3KpaHe, ec/d LLEJIKHYTb NPaBOH KHOMKOH MBILLM MO
JMoOOMY MeCTy [aHesd, cBOOOJHOMY OT MUKTorpamMm. HauuHatoumm noJib3oBa-
TessiM «[HoMa», BpoueM, He peKOMeH/IyeTCsl MEeHSITb HACTPOHKY MaHeJs U yrpaB-
JIEHHS] U JPYTUX KOMIIOHEHT cpejbl. He 3Hasi BcexX MOCJAEACTBUH TeX WJIM MHbIX
JICAICTBUH, MOKHO HEUasiHHO CJleJiaTh TaKWe U3MEHEHHsl, uTo noTpedyeTcsl BMe-
11aTe/IbCTBO CHCTEMHOI0 aJMHHUCTpATOPA.

[Ipu Haxkatuu Ha NMUKTOrpamMmy #® PaCKpbIBACTCS 2AAB8HOE MEHI0, MHOTHE
M3 MyHKTOB KOTOPOrO MPEACTABJSAIOT COO0H KHOMKH TOJAMEHIO M TaKKe MOTYT
ObITb packpbIThl (pHc. 22). OCHOBHOE Ha3HaueHHe IVIABHOTO MEHI0 — MpPeLoCTaB-
JIEHHE T10J1b30BaTe/10 y106HOro crocoba 3arycka pa3JjiMuHblX Nporpamm (mpuso-
»KEHHH), YCTAaHOBJIEHHBIX Ha KoMnbloTepe. Jlpyrast pyHKLMS MEHIO — J0CTYN K
yenmpy ynpasaexus, 1npeiHazHaueHHOMYy JJs1 HACTPOUKH: OJHH MYHKTbl M03-
BOJISIIOT MEHSITb IapameTpbl pabouero cTosa U 0OJHUK NPUIJIOKEHHH, ApyrHe —
HacTpauBaThb MyJIbTUMEIMA, TPeTbH — YMPaBJsTb CBOHCTBAMH KJAaBHATypbl U
MBILIH, U T. 1.

[Ipumep 1.1. C nomotiibio ieHTpa ynpasJenusi 106eidTech TOro, uToObl OKHO, K
KOTOPOMY TIOJIBEJIH yKa3aTe/Ib MbILIH, Yepe3 2 CeKyH/Ibl CTAHOBUJIOCH AKTHBHBIM
M «BCIUIBIBAJIO» MOBEPX JAPYTHX OKOH 6€3 JOMOJHUTEJILHOrO IeJTUKa [0 HEMY.
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Puc. 22

{23 3anycTuTs nporpanmy...
@ Haintn dainel...

D OTKRLITE HEOABHO UCNONE30BAHHEIE (RaRNEl 3

09:21
Bro, 28 ABr

PeweHue. BuiGepem B riaBHoM meHio nyHKT «[lapamerpbi» u panee «Llentp
ynpasJseHusi». B nosiBuBiiemcst okne Hainém paspen «OkHa» W, WEJKHYB T10
€ro NMUKTOrpaMMe, YBUIUM BKJaJKy «Hactpoiiku okHa» (puc. 23). OTmerum Ha
Hell MyHKTbl «BbIOHpaTh OKHO, KOTrJa ykasaTesb MbIIIH HAXOMUTCS HaJ HUM»
u «[TomHumath BbIOpaHHOE OKHO MOCJE OMpPeNesIEHHOr0 MHTepBasia». 3anepKKy
rnepejl MOJIHATHEM C MOMOIIbI0 HMEIOLIEroCsl Ha BKJAaJIKe Pery/sitopa yCTaHOBUM
paBHOM JIByM CeKyHJaM M Ha’KMEM Ha KHOIKY «3aKpbITb».

v HacTpoiku OKHa b3

BbI6UpaTh OKHO, KOrAa yKa3aTeNlb Mbilui HAXOQUTCS HaL HUM

MoaHuMaTk BbIGPAHHOE OKHO NOCNE ONPeenéHHoro WHTepeana

3apepxka nepen nogHATHEM: 2,0 cekyHn
JBoitHOi! Wen4oK Ha 3aronosKe BLINONHAET Cneaylollee AelicTBUE: | packpyTnTe ©

Ansa nepeMelleHns OKHa. HaxXMuTe U AepxuTe 3Ty Knasuwy, 3aTeM 3axsaTiuTe OKHO:!
() Control
@ Alt

Puc. 23
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Bki/1tounTh B MeHI0 BCE He0OX0AUMOE HEBO3MOXKHO, H aIMUHHCTPATOP OOLIYHO
BbIOUPAET CTPYKTYpPY M HamoJiHeHHe VIaBHOTO MEH0, HCXOJs U3 MmoTpeGHOCTeH
GOJIbLIMHCTBA NO0Jb30BaTesell cucTeMbl. OMNbITHbIE M0/b30BATENM CAMH MOTYT
M3MEHSTb CBOE MEHIO, YTO, BIPOYEM, MOXKHO M He JiejaTh — CYyLIeCTByeT MHO-
ro IPYrux BO3MOXKHOCTEH clie1aTh GoJiee yIoOHBIM 3aMyCK YacTO BbIMTOJHAEMbIX
npunoxkenuil. Hanpumep, MoxKHO co3faTh MycKaTtesb HY:KHOTO MPUJIOXKEHHST U
pasMecTUTb ero NMUKTOrpamMmy Ha ryaBHod naHenu. Ha puc. 21 npasee kHor-
KW TJIAaBHOTO MEHIO pa3MellleHbl 1ecTb TaKuX Nukrtorpamm. [lpu uienuke JeBoh
KHOTIKOH MBbILIN 110 HUM CTapTyeT COOTBETCTBYIOLLEE MPUJIOKEHHE: CUCTeMa IS
pa6otbl B cetn Mutepner Mozilla, cucrema KommbioTepHoil anre6pbl Maxima
(ucnoabaytouiasi pegakrop TeXmacs), asekrpontble Tabauibl Open Cale, Tek-
croblil mpoueccop Open Writer u BekTOpHBII rpaduuecknii perakrop Open
Draw u3 nakera Open Office, a Takke npodeccroHasbHbIE pacTpoBbIk rpadu-
yeckuil penakrop GIMP.

[IpaBee nuKTOrpaMM 3THX MPUJIOKEHUH, MKy ABYMS €/1Ba 3aMETHbIMH Bep-
TUKAJbHBIMU uepTamiu, pasmeliaercs amjer «Crnucok 3ajgau» (task list), moka-
3bIBAOLIMI OKHA 3aMyLUEHHbIX MPUJIOKEHHH M MO3BOJSIOLIMA ObICTPO Mepexo-
JUTb OT OJHOrO U3 HUX K japyromy. [lepeksiouarenb padouux mect (uian «Ily-
TeBOJUTENb MO cTosly» — desktop guide) HaxoauTcst Ha naHesu yrpasJeHHsi
npaBee MUKTOrpaMMbl ellé OJHOro arJjera, MpeiHa-
3HAUEHHOIO /IS TEpeKJIloueHHsl f3blka. B mpoctei-
ILIMX CHUTyaUMsX MCIOJb3YeTCsl TOJbKO JBa f3blKa —
AHTJIMACKUH W PYCCKMH, CHMBOJIM3UPYEMBIX (aramu
CIIA u Poccuu. ITukrorpamma nepekstouaresisi pa6o-
UMX MECT, KaK W BCe JIpyrue rpaduueckue 3/7eMeHThI
cpeabl «[HoM», obJiafaer ele OfHUM M0JIe3HBIM CBOH-
cTBOM. Ecsin mojiBecTH K Hel yKasaTesib MbILIH, TO T0-
SIBUTCS] 110JICKa3Ka, onuchiBatollast eé HagHaueHue (puc. 24). Hanuune Heckosb-
KX paGouynX MecT MPUSATHO TopakaeT Jiojield, MpUBLIKIIMX K padote B OC
Microsoft Windows. Tam paGouee mecTo Bcero ojiHO, M MpPH OJHOBPEMEHHOM
MCIOJIb30BAHUH HECKOJIbKHX MPHUJI0KEHUH BO3HHKAET rmpobJemMa pa3mMelleHnst X
OKOH Ha ctoJjie. OOBLIUHO MPUXOJAUTCS HaKJ/aAblBaTh OJHO OKHO MOBEPX JPYyroro
WM BPEMEHHO CBOpauuBaTh HeKoTopble U3 Hux. [Ipu padore B Linux Bbl noJy-
yaeTe HECKOJbKO pabouux MecT (0OBbIUHO XBaTaeT UeTbIPEX—LLUECTH, HO MOXKHO
MCIOJb30BaTh U 00JIblle) U BO3MOXKHOCTb YA0OHOTO MepeKaoUeH s MeKy HU-
MH, UTO MPAKTUYECKH SKBUBAJEHTHO yBEJMUEHHIO MJIOLLAAH paboyero cToJa.

MNepexnioyatens pabo4unx MecT

=] o003

— BTo, 26 ABr

Puc. 24

[Mpumep 1.2. YBesnubre yncjo paGounx MeCT JI0 LIECTHALATH.

Pewenue. IMoxseném ykaszaTesib MbIlIM K [€PEKJIIOYATENO0 PaGOUMX MECT H
IWE&NKHeM e€ rpaBoi KHOMKOH. B mosiBUBLIEMCSl mocJjie 3TOoro MeHto BblibGepem
NyHKT «M3MeHUTb HacTpoHKW» U Ha Bkjaajke «HacTpoliku nepeksiouatess pa-
6OUMX MECT» YCTAHOBUM YHCJ0 paGouynX MecT paBHbIM 16.

CBoficTBa ¥ BHELIHUH BUJ amJjieTa, PacroJioxKeHHOro npaBee rnepeksouarTess
paGoukx MecCT, MOKa3bIBAIOLIETO BPeMS U ATy, TAK:Ke MOXXHO MOJM(PUIMPOBATH
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LIe/TUKOM NPaBO¥ KHOMKH MblK. Ha puc. 25 n306pakéH [« susaps » « 2005 »
KaJleH1apb, MOSIBJASIIOILMACS MPH LLeNUKe N0 HeMy JeBoH | RENErE T iTEE
kHonkoi. McrnoJsb3ys uMeroniyecs CTpesJoukd, MOXKHO Me-

1
HATH MECsLl U IO, a 3aKpbIBa€T KaJIeHAapb KHOIIKa Esc. S 13 1? 13 12 12 1-2

OcHoBHasi 3ajaua rpaduueckoit cpeapl «[Hom» — A e
ot p pea 23 24 25 26 27 28 29

00eCIeunTb MoJb30BaTeN0 y100HbIE CPEICTBA /I 3aMyc- | 30 31

Ka HY>KHBIX eMy MPUJIOKEHUH U AJist paboThbl ¢ HUMU. Kax-

JIOMYy U3 TMPUJIOKEHUHA HA paboueM CToJie BbLIEJSIETCS OK- Puc. 25

HO, MO3TOMY BaKHOH KOMIOHEHTOM JI0OOU M3 COBpeMeH-

HBIX TpaUUECKUX CpeJl SABJSETCS MeHedxnep OKOH, NeNaloliil BCEBO3MOXKHbIE
MaHHUMYJISIUUY C HAXOASAUIMMUCH Ha paboueM CToJie OKHAMM MPOCTbIMH U ya00-
HBIMH.

Kaxoe 13 0KOH uMeeT oOpamiieHue, BKJ/oyatollee B ce0sl paMKy, 110J10Cy 3a-
roJIoBKa (COBMAAIOLLYIO C BepXHEH CTOPOHOH PaMKH) U KHOTKH YNpaBJeH sl OK-
HoM. M300paxénHoe Ha puc. 26 MeHIO OKHA BbI3bIBAETCS MPH HAXKATHH HA CaMylO
JIEBYIO KHOIIKY YIPaBJIEHHS], UMEIOLLYI0 BUJ «IaJjioy-

KW>», W TMO3BOJISIET OCYUICCTBJISITL HAJl OKHOM BCE - CBepHyTH Alt+F39
BO3MOKHbIe oriepatiid. OKHO M3MeHsieT CBOH pa3- O PassepHyTb Ha sech akpan
Mep TIpH TepeMelieHnH (6yKCHPOBKE) ero PaMKH Mbl- On Top
[MepemecTuts Alt+F7
HIbIO, a GYKCI/IPOBKS IMOJIOChl 3aroJioBKa, CoaepKa-
. A3meHnTL pasmep Alt+F8
11e# 0ObIYHO Ha3BaHHE MPOTPAMMbI, TEPEMENIAET ero.
X 3aKpbITb Alt+F4

KHomKM yrpaBJieHust OKHOM M03BOJISIIOT €r0 3aKPbITh,

pasBepHyTh Ha BeChb 3KpaH, yMeHbILIUTh, CBEPHYTH H ISR T 2 I L T
Move to Workspace Left

T. 1. B TOM c/yuae, Korna nuioiaay OKHa HEOCTaTou-

. Move to Workspace Right
HO JI/I1 BbIBOJA BCEU MHQ)OpmauMM, KOTOpast 10JKHa e e U

ObITb NPeACTaBJIeHa, Ha NPABOM U HHXKHEH CTOPOHAX Move to Another Workspace ,
paMKH MOSIBJISIOTCS MMOJIOCHI «MPOKPYTKU». McnoJb-
3ysl MbIllIb, C UX MOMOIIIbIO MOXKHO YBHIETL HYKHYIO Puc. 26

4acTb I/ISO@[J&)KGHI/IH.

MtHorue U3 OMUCaHHBIX Bblllle JEHCTBUI MOYKHO BBIMOJHUTH M C MOMOLIbIO
KJaBuaTypbl. LleHTp ynpaB/jeHusi mo3BoJisieT y3HaTb HeOOXOIMMble JIsl ITOTO
KOMOMHALMS KJaBHll. Tam »Ke MOXKHO H3MEHHTb yKa3aHHble B TabJulle 26 KOM-
OUHALMH, OJITHAKO HOBUYKAM JleJaTh 3TO He PEKOMEHJyeTCsl.

Tabuuua 26

Knasuina Brinosinsiemoe nefictaue
Ctrl + ctpenka IlepekntoueHne Ha cocenHee pabouee MECTO
Ctrl + F10 PackpbiTie MeHto pabouero croJia
Ctrl_R + Shift TlepekstoueHue si3bika KJaBHATYPbI
Alt + F1 PackpbiThe rnaBHOro MeHio
Alt + F2 PackpbiTe okHa 3amycKa nporpamm
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Ecau ménkHyTh MpaBo# KHOMKOHW MBIIIK 110 CBOOOJHOMY MecTy pabouero
CTOJIa, TO MOSIBUTCS MEHIO, MPEAOCTaBJsIOlIee P JOMOJHUTEIbHBIX BO3MOXK-
HocTel. Haubosiee mosiesHbie U3 HUX — 3T0 «Jlucku», «Co3nath TepMUHA»
1 «Co31atb HOBOe OKHO». [TyHKT «JlMcKu» MO3BOJISIET aBTOMATH3HPOBATL T10]1-
KJItoueHue (MOHTMPOBaHHE) M OTKJIOUeHHe (Pa3MOHTHPOBAaHHE) KOMIAKT W Zip
nuckoB, flash-kapT U o6biuHbIX AucKeT. Heo6X0MMMO MOMHHUTB, UTO M3BJEKATh
TH HOCUTEJIH HHPOPMALIMH MOXKHO TOJIbKO MOCJE UX OTKJIOUEHHSI.

[To 3anpocy «Co3nath TepMHHAJI» MOSBJSIETCS OKHO ¢ 060Joukol shell, uc-
M0JIb3ysl KOTOPOE, MOXKHO OOLIATbCsl C ONEPALMOHHON CHCTEMOH HAMpsIMylo, C
noMolblo KoMaHa. KomaH/bl BBOASIT B OTBET Ha IpHUIJIALLIEHHs, BbllaBaeMble
o6oJ0uKol. Kakoit 6bl ci0xKHOH W ynoOHOU HHU fBJAsIach Tpaduueckas cpena,
OHa He crocoGHa MOJHOCTbIO 3aMEHHTb BO3MOXKHOCTb OT/IAaBaTh YKa3aHHsl Ore-
palMOHHON CHCTeMe C TOMOLIbI0 KoMaHaHoro si3bika shell. B Han6osee mpocTbix
¥ yallle BCEro BCTPEUAIOIIMXCS CJydasiX UCIOJIb30BaHHUs CUCTEMbl MEHIO BIOJIHE
JIOCTATOUHO, HO M0JIb30BATE/H, JKeJalolI1e MOMYyUUTh HeUTO He BIOJHE CTaHaapT-
Hoe, 0O0HUTHCH 6€3 KOMAHAHOW 00O0JIOUKH HE MOTYT.

Komanna «CosnaTh HOBOe OKHO» aBTOMATHUECKH 3amycKaeT ¢haiirosolll me-
Hedancep «Haytuaye» (nautilus), obgervatomuit paboty ¢ daijamu Ha JUCKax
M Ha roBepxHocTH paboyero croia. OH MO3BOJSIET BHIMOJHATL Hal (aksamu
Bce OObIUHbIE JIeHCTBUSA (ylaJeHne, epeuMeHOBaH1e, KOIMPOBaHKe, repemeliie-
HUE U T.T1.), @ TaKXKe OCYLIEeCTBJSATh NPeBAPUTEIbHBII IPOCMOTP MHOTHX THIOB
JaHHbIX (puc. 27).

Paiin [lpaska Bwa [epexos 3aknagkw Cnpaska

4 . b . A O g | @

Haszapn Brepeg Beepx CctaHoBMTe OBHOBMTE Havano

Appec: |/home/roganovitmpitmp & 100% & | MpocmaTtpuBaTh Kak 3Ha4vku ¥
x cr— —
Pessts i
=
@ pictures calendar.png intro.tex
ER -
tm R e
p maxima.eps README 3anBneHmne xsw

Manka, 6 3nemeHTOB
cerogHa B 10:07:21

OTKPbITb B...

Puc. 27

«Hayruayc» nojiepkuBaer onepauuu nepetoca moltibio (drag’n’drop), npu-
yéM «IepeTacKUBaTh» MOXKHO He TOJIbKO 0ObeKThI, HO M MX CBOHCTBA. MOXKHO,
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HalpuMep, «B3STb LBET» B OKHE BbIOOpa LBETa M IMEPEHECTH €ro Ha MaHesb
ylpasJieHHsl, KOTopasi BOCIPUMET BblOpaHHbIi LBeT. [Jsi Toro 4toObl «B3SiTh»
thaiin uan mo6oil 1pyroil 06bEKT, HALO HaXKaTh JIEBYIO KHOMKY MbIIK (KOraa
yKasatesb MBI HAXOAUTCS HaJl HUM) M, He OTIycKasl e€, «TallluTb» 3TOT 00b-
€KT Ha pabouuii CTOJ, B MyCOPHYIO KOP3HHY MJIM IpyTyio nanky. Korna uesb Oynet
JIOCTUTHYTA, KHOMKY MbILIH CJIe/lyeT OTIYCTHTb U OOBEKT OKAXKETCsl MepeMellén-
HbIM. UTOOBI mepeMecTUTh (haiil U3 OMHON MamKW B JAPYTylo, MOJE3HO OTKPHITH
BTOpOe OKHO «HayTuiyca», BocnosibzoBaslumch MeHto «Pailsn | Co3naTh OKHO».

Metnio «IIpaBka» Mo3BoJisieT BBINOJHATL ONEpalUd HAL OJHHUM WJIM LEeJOH
rpynnoi BblAeJeHHbIX (aiiyioB. Bbinenus ¢aiiibl, ©X MOXKHO CKOMMPOBATh, Te-
peMecTHTb B KOP3HHY WJIM BbIpe3aTb W 3aTeM BCTaBUTb B HOBYIO Marky WM Ha
pabounii crog. «Haytumyc» 1nosposisieT oTKpbIBaTh (hailsibl ¢ MOMOLLBIO pa3Ho-
006pasHbIX MpOrpaMM, NPUUYEM JJIsT MHOTHUX THMOB (palJIOB 3TH MPOTPAMMBI €My
M3BeCTHbI M3HauajbHO. [lo/b30BaTEIb MOXKET yKa3aTb MPUJOXKEHHUsT (MTporpam-
Mbl) 1151 pabOThl ¢ APYrMMH THNAMH (akI0B MM U3MEHUTb MMEIOILMecs CBS3H
MeXy THIamu (aijioB U MPUJIOKEHHUSIMH.

C nomotipio aisoBoro MeHe/Kepa MOKHO TaK:Ke TPOCMaTpUBATh U H3Me-
HATb BCEBO3MOXKHbIE aTpHOYThl (CBOHCTBA) (haiiyioB, /ISl Uero A0CTaTOUHO LUEIK-
HYTb MPaBOH KHOMKOH MBI MO MUKTOrPaMMe HY»KHOTO hailjia Wi pacKpbiTh
mento «®Paiin | [IpaBka». ¥ kaxmporo u3 ¢aijos, B 4HaCTHOCTH, €CTh BJajeJell,
paspellaiollli JocTyn K uHbopMmallyu, XpaHsilelics B daisie. Kak npasuso, He
cJe/lyeT paspellaTh JIOCTYN Ha 3aMuch K CBOWM (aijam JpyruMm MoJb3oBaTe-
JisIM cucTeMbl. MHOra axe 1oJ1e3HO 3alpeTUTh JIOCTYI Ha UT€HHE K HEKOTOPOH
yacTd UH(OPMALMH, OJIHAKO MOJIHBIH 3arpeT 0ObIUHO HelesecooOpasen. Hamnpu-
Mep, NMpH pa3MeLleHHH IoMallHel cTpaHulbl B ceTh MHTepHeT Tpebyercst noctyn
Ha uTeHHe KO BceM (haiiaM, COCTaBJSIONIUM 3Ty CTPaHMILY.

YnpaxHeHus

1. Kakne us cienyronmx oco6eHHOCTEN TPUCYIIM BCeM COBPeMEHHBIM HHTETPHPOBAHHBIM rpaduue-
CKMM CpeJlaM: a) HaJliuHe Mepapxuueckoro MeHIo; 6) HaslMule MaHeJqH YpaBJieHHs]; B) HCMOJIb30Ba-
HHe TPEX KHOMOK MBILIK; I') HAaJHUMe HECKOJNbKUX paGounx CTOJIOB (MecT); 1) Hajanuue oGpaMyeHus
(paMKH, 3aroJloBKa U KHOMOK yNpaBJieHHsl) y OKOH?

2. Kakumu u3 cieytolux BO3MOXKHOCTeH 00J/1aJjaloT BCe cOBpeMeHHble (halljioBble MeHEeIKephI:
a) KonupoBaHue caiyioB; 6) nepeMMeHoBaHUWe (ai/oB; B) U3MeHeHHe IMpaB JocTyna K dakaam;
T) MepeHoc Mblllbio (aiioB; 1) epeMellleHre (aijoB B MyCOPHYIO KOP3UHY; €) yaaseHne (aiaoB?

3. C nomolibio nyHkra « KoMOHHAIMY KJABHII KJIaBHATYpbl» LEHTPA yrpaBJjeHHs J100eHTech TOTO,
yTOOBI TMepeKIoUeHre Ha coceHee pabouee MECTO MOYKHO OBIJIO OCYILIECTBHTb C MOMOIIBIO KOMOH-
Hauuu Kaasuul «Ctrl + crpesikas.

4. Kakux u3 cjeIyrolliX BO3MOXKHOCTEH aMHUHUCTPATOPA JIUILIEH OObIUHBIN M0Jb30BaTe b COBpe-
MEHHbIX OMepaLMOHHbIX CUCTEM: a) PErHcTpalls HOBOTO I0Jb30BaTedisl; ) 3aMeHa HCIOJIb3yeMOi
VHTErPUPOBAHHON IpaduuecKoll Cpejbl; B) H3MeHeHHe TapoJisi; T) U3MeHeHHe MpaB A0CTyna K daii-
Jlam; J1) U3MeHeHHe CHCTEMHBIX BPEMEHH WJIM JaThl?
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§ 2. Mozilla — cucrema naa pa6otbl B cetu UHTepHeT

Mozilla — cBoGonHasi cucrema ais pabothl B ceth Mutepher, Br/ouaoias
B cebst 6paysdep «Hasurarop» (puc. 28), cpenctBo mjisi paboThl ¢ 3JIEKTPOHHOH
MOUTOMH, pelakTop (KOMMOHOBLIMK) BeO-CTpaHULL MU HEKOTOpblE JIPyrue KOMIO-
HeHTbl. J1/1s1 60JIbIIMHCTBA 10J1b30BaTeNed HAHOOJbLIYI0 LEHHOCTh TPeICTaB/Is -
eT «HaBuratop», Npu3HaHHbI MUPOBBIM COOOLLECTBOM JIYULIHM [POrPaMMHbIM
NPOIYKTOM B cBoell obsacti. Ero orsmuator, nanpumep, ot Microsoft Explorer,
BbICOKasl CTeNeHb 3aUMUIEHHOCTH M COOTBETCTBHE CcTaHaapTraMm ceTh MHTepHer.
C nomouipio «Hauraropa» yno6Ho npocmarpuBarth BeG-caiThl M MOJyUaTh HH-
tdopmauuio ¢ FTP-cepBepos.

v WucpopmaunoHHsIR noptan MUY - Mozilla -0 X

®ailn Mpaska Bwo MNepexon 3aknagkw  MHCTPYMeHTel OkHe Cnpaska

Y . Y I ] ‘& http:a‘a’www.main,l*'”é."“"“' = - ‘

Hazag Bnepen OBHOBWTL  CTON MNe4atb

% 4K navany | Wf3aknanku £ ASPLinux Web site (fNews fSupport (4Shop (fTraining

& -

O6uwan agMUHIUCTpaTHBHAA M y4ebHaa nHgopmaymna
= [0CYAAPCTEEHHBIE = PekTopar
CcTaHaapThbl = ParynsTeTh

= %yebHble NnaHs! = CneuwansHocTK

= %yeBHble OTPE3KK = Katheapbl

= Paboyre nporpammsl = [lpenogasaTteny

= Pacnucadme saHATuiA = CTyYABHTBI ey
¢| P27 | |)
B b 2 B o | [

Puc. 28

MHorouHcJ/ieHHble MeHIO U KHOTIKH TaHe/IM HaBUTaLUK TT03BOJISIOT ObICTPO Ha-
YUYUTHCS 110J1b30BAThCs NporpamMmoi. Haunbosiee yacto ynorpebiisieMblM U3 HHUX
COOTBETCTBYIOT «TOpPsSiUMe KJaBHILIU», MO3BOJSIOLIHE OMBbITHBIM MOJb30BATESAM
paGotath ¢ Gpaysepom GbicTpee W yjno6Hee (puc. 29). OaHa U3 MOJIE3HBIX 0CO-
6eHHocTell «HaBuraropa» — nonoJsHuTesbHas «60KoBast» naHesb Sidebar, Ko-
TOPYI0 MOXKHO HACTPOUTH MO cBoeMy BKycy. C e€ momoliplo yno6Ho nepeiaBaTth
3ampochl Ha TIOMCKOBbIE CEPBEPDI U MOJYUaTh CChIIKH M0 HHTEPECYIOllel Bac Te-
martuke. CHcTemMa 3aK/1a/oK, aHaJOTHYHAs UCIOJIb3yeMbIM B IPYyrHX Opaysepax,
JAET BO3MOXKHOCTb COXPAHSATh ajipeca calToB U OTMedaTh, UeM UMEHHO BaM M0-
HpaBWJach Ta WK HHas cTpaHuua. [Ipu HeoOxonuMocTH GOKOBAasl MaHeJ b JIerko
«CBOpaAuMBaETCsI», 0CBOOOXKAAST MECTO JJIsi OCHOBHOTO OKHA TPOCMOTPA.

JInsi oHOBpeMEHHOTro MoJyueHHsl MH(pOPMALUMH C Pa3NUUYHBbIX CTPAHHUIL OJ1-
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'v\ WMHchopMauHoHHEIA nopTan MY - Mozilla

’gann Mpagka Bwo Mepexon 2aknagkd  WHoTpymenTsl OkHO  Cnpaeka

Oxvo Hasuraropa cinen
OTKpbITe a0pec B WHTepHeTe... Cir+Shift+L Bknanky Hasuratopa Ctri+T
OTKpLITL goann... Ctri+O e Cirie M
BakpelTe BKNAOKY Ciri+W
3aKpbITs OKHO Ctri+ Shift+W Kaprouky aapectol kHury...

i CrpaHnuy KomnoHoswwka Ctri+-Shift+N
CoXpaHuTe KakK... Ctrl+5

OTNpaBnTs CTREHULLY. ..
OTNpaBuTe CCLIKY...

PenaktupoBaTk cTpaHuly Ciri+E

MapaMeTpkl ¢ TRaHWLLb...
MpegeapuTenkHelil NPoCMoT

Meyath... Ctrl+P Obwan agMHUHHCTPE
v PaBoTaTk aBTOHOMHO = [0CYapCTEEHHbIE
CTaHAapTbl
Ef'"“’” cifikte = YueBHble rnaHb!
[GJ Linux & Mruy [ = YueBHble 0TpE3KM
Puc. 29

HOro BeG-caiiTa WM HECKOJIbKUX Pa3JIMUHbIX CAHTOB MOXKHO OTKPbIBaTh HOBbIE
OKHA WJIM BKJAJAKK ¢ nomolibio mMeHto «®Paiin | Coznatb» (cMm. puc. 29). Oco-
6eHHO yIOOHbI BKJAJKH, TO3BOJISIOIINE YBUAETh JIOGYI0 M3 MPOCMATPUBAEMbIX
CTpPaHHIL B OIHOM UM TOM ke okHe. [Tono6Hast BO3M0OKHOCTh, H30aBJsitoLLast Bac
OT HarpOMOXKJIEHHS] MHOTHX OJIHOBPEMEHHO OTKPBITHIX OKOH, HMEETCs JaJeKo He
B KaxjoM Opaysepe. C nomoibio MeHto «®Paiij» MOKHO TPOCMATPUBAThL He
TOJIBKO CTpaHulbl ceTH MHTepHeT, HO U UH(pOpMaLHIO, Pa3MellEHHYI0 Ha IUCKE:
0OblUHble WJIM THIEepTeKCTOBble (aiJibl, rpaduueckre H306paxKeHUss W KaTaJo-
ri. JI106yio OTKpbITYyI0 Gpay3epoM CTpaHHIly MOXKHO COXPAaHWTb Ha JHCKE WJH
pacrieyaTath Ha MPUHTEpE.

[Mpumep 2.1. 3anycrure Gpaysep Mozilla (B Toil onepauuoHHO cHcTEME, KO-
TOpasi yCTAaHOBJIEHA Ha BALIEM JOMAlIHEM KOMIbIOTEPE WM B YHHBEPCHTETCKOM
KOMIBIOTEPHOM KJjlacce), 3aiiMTe Ha [VIaBHYIO CTpaHMlly BeO-cafita Ballero yHH-
BepcuTeTa W clesaite eé ctaptoBoi. Mcenosb3ysi BKaaKy, OTKpoHTe najiee B
TOM JKe OKHE CTpaHHlly ¢ MH(popMallMel 0 TeKyllleM PeHTHHIre CTYJIeHTOB Balllel
rpynnsl no aucuuninie «Mudopmarika u MateMaTka» U B 3aKJaaKaX CChIIKY
Ha 3Ty CTPaHHULY.

PeuwieHune. B onepauronnbix cucremax Linux u Windows sarnyck Gpaysepa
Mozilla BbimosiHsIe€TCST 0OIMHAKOBBIM 06pa3oM: JUOO € MOMOIIIBIO TTHKTOTPAMMBI,
pasMelLEHHON Ha NaHeJM yrpaBJieHUs Wik Ha paboueM cToJie, MO0 ¢ MOMOLLBIO
MeHto. JIast Toro uToObl cliesiaTh IJIABHYIO CTpaHully BeO-caiTa yHUBepCHTeTa
cTapToBoH, BocnoJbayemcsi MeHio «[IpaBka | Hactpoiiku | HaBuratop». BoiGe-
pem nasee nyHKT « OTKpbIBaTh MpH 3anycke HaBuratopa HauasbHylo CTpaHHUILy»,
yKaxkeMm ajapec 1ol ctpaHullbl (ais MY 310 http://www.msiu.ru) u 3aBep-
LIMM HAcTPOHKy HaxkatheM KHomnku « OK». [1pu nocsenytoimnx sanyckax 6pay-
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3epa sTa CTpaHuuUa OyJeT 3arpy:karbCcsl aBTOMaTHUECKH, a cefuac MepelTd Ha
Heé MOXKHO C MoMollblo KHOMKK «K Hauagny» Ha naHesau ynpasieHusi 6paysepa
(psiIOM C MUKTOrPaMMOH «JIOMHKa>»).

4 ‘-‘ MocKoBCKM Tocy AapC TBEeHHBIIA MHJI...‘ # PenTuHr

I'pynna 2411

”H{ DOPMATHKA H MATEMATHKA

HudopmaTuka 1 MaTeMaTHKA

DHO Pefitiunr | HaGpannble | TumoBoii [[lomammsist CHCTEMEI Paborac

SamsL pacueT |CTpaHHYKa KOMIbIOTepHOH | VMware

mpensurymero | mMake.20 | makc.10 anredpeI ASPLinux

CceMecTpa. makc. 10 makc. 10

makce. 110
1. Arastan Exatepuna MBaHoBHa 120.00 80 20 10 10 0
2. NanunoB ImuTpHii Anexcannpouy | 115.00 80 17 8 10 0
3. Kambmuna Hpuna Cepreesaa 113.00 79 17 10 7 0
4. CamormHa AuHa MropesHa 109.00 64 15 10 10 10
5. Kopneera Enena BacunneBna 108.00 65 17 6 10 10
Puc. 30

Jlsis1 OTKpBITHSI HOBOH BKJAJKH BocMoJib3yeMcst MeHto « Dai | Co3nath |
Bkaanky Hasuratopa». Ha crpanuuy, copepxKalilyto MHpOpMaALUIO O PEHTHH-
re CTy/leHTOB rpynnbl 2411, MOXHO MonacTb pa3juuHbIMH cnocoGamu. Hanpu-
Mep, 3ai1éM cHauasa Ha IVIaBHylO CTpaHMLy HH(popmauronHoro noprasa MI'MY
(http://www.main.msiu.ru), a 3aTeM, HCMOJb3YsI UMEIOLIUECS CCBIIKH, TOC/e-
JI0BaTeJIbHO TepeMeCTHMCS CHauasla Ha CTpaHully Jucuunanibl « Mudopmaruka
M MaTeMaTHKa JUIsl CTYIEHTOB IOPUIMUECKOro (hakyJbTeTa», jlajee — Ha CTpa-
Huuy rpynnel 2411 v, HaKoHell, HA HHTEPECYIOIYI0 HAC CTPAHULY C TEKYLIUM
pelTHHrOM cTyieHTOB 3To# rpynnbl (puc 30). [Tepek/touenne mexk1y BKJaaKaMH
«MOCKOBCKHH TOCYapCTBEHHbIH WHAYCTPUAJbHBIA YHUBEPCUTET» U « PEUTHHT»
OCYLLLECTBJISIETCS 1LEIUKOM KHOMKH MbILLIM 10 HY?KHOMY 3arosioBky (puc. 31).
JInisi coxpaHeHHs! CCBIIKM B 3aKJaaKax BOCIOJb3yeMCsi KHOMKOH «3aKJajkn»
WM KOMOMHaluMe# kaasui Ctrl + D.

M3 nonosiHuTe/IbHBIX BO3MOXKHOCTelH «HaBuratopa» otMeTum yao6CTBO pa-
6OTbI ¢ MOUCKOBBIMU CEpBepaMH, yrpanJieHde 3anoJjiHeHneM Gopm, GJOKHPOBKY
«3aKauKh» peKJaMHbIX H300paxKeHWH W 3arpeTr Ha MOsIBJIEHHE «BbICKAKHBAIO-
LIMX» OKOH. DTH M MHOTHE HHble BO3MOXKHOCTH Opay3epa JIerko M3MeHUTb ¢
nomolipbio THOKOH chcTeMbl HacTpoeK (MeHto «[IpaBka | Hactpoiiku»).

Bropoii no snaunmoctn kKomnoHeHtoil cuctembl Mozilla siBaisierest nporpam-
Ma paboThl ¢ 3JIEKTPOHHOK MOYTON U KOH(EPEHIIUSIMU, MO3BOJISIONIAs TPUHUMATh
M OTIPaBJATh NMUCbMA, YUaCTBOBAaTh B pab0Te MOUYTOBBLIX PACCHIIOK W TPy HO-
BocTel. MOXKHO Tak:Ke OTBeuaTb Ha MUCbMa, MepeajpecoBbIBATL MOJyUYeHHbIe
coOOIIleHHs], OTChIIATh U ToJyuaTh (aid/ibl. [THcbMO B TOUTOBOM SIIIMKE MOXKHO
HalTH 10 TeMe, 110 OTIPaBUTEJIIO, [0 CJI0BAM B CAMOM NHUCbME, 110 AaTe, IPUOPHU-
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MOCKOBCKMIA MOCYA3PCTEEHHEIR MHAYCTPHAENEHEIA YHNEEPCHMTET

moscow state industrial university
u VlHdopmauma

» 18 o 22 okTABpa 2004 1. 8 MY GygeT
npoxoauTs hexayHaponHas
HayYHO-MPaKTMYECKAA KOH(EpeHLMA
«hlexaHn3mMbl BHEOPEHWA HOBbIX
HENPaBNeHMH HaykK 1 TEXHONOM Wi B
CHCTEMBI 0BpasoBaHnss,

» CBOBOAHOE NporpamMmHoe oBecneyeHmne s
RAMAY

» [epedeHt BCTYNMTENSHEIX 3K3aMEHOE B

m english server

2004 rogy

m HosocTh
ZB6.05.2004

NOMCK -K3pTa-MNHEEMO - CepEEpbl

Puc. 31

TETy, ajjpecaram M Mo pas3juuHbIM KOMOMHAIMSAM 3THX napametpoB. [1pu paGore
¢ GOJIbILIMM YHCJIOM aJipecaToB MoJjie3Ha aJpecHas KHUra, CylleCTBEHHO o0Jier-
yaiolas nepenucky. MoXKHO HMeTb HECKOJIbKO MOYTOBBIX SIIIMKOB Ha Pas3HbIX
cepBepax H paGoTaTh ¢ HUMH B OJHOM OKHe, a C TIOMOLIbIO CHCTEeMbI (DHJILTPOB
pasmeniath Bce pek/aaMHble COOOILIEHUS B OTIAEJNbHBIX Mankax. HakoHell, naker
Mozilla nosBossier ncnosibzoBath GPQG, o6ecrnieunBasi 3J1eKTPOHHYIO TIOIUCH H

g poBaHre KOppPeCrnoHAeHIMH.

Pa6oTaTb C 3JIeKTPOHHOH KOppECOoH-

ILeHL[I/IeI';I MOMKHO U 6e3 crnelualibHbIX Mo- ‘4meoacwn FOCYNAPCTESHH. .. _g? VIHIDOPMALINOHHBIA NopTan M...

UTOBBIX KJIMEHTOB, KOTOpble HEOOXOMH-
MO MpeJBapUTENbHO H3yuyaTh W MPaBHUJIb-
HO HacTpauBaTb. Kaxabli M3 TNO0Jb30Ba-
teseii MI'MY, Hanpumep, MOXKeT moJy-
YyaThb U OTIPABJSITH MOUTY MPOCTO C MOMO-
mplo 6paysepa, BOCMOJb30BABIIUCH ajpe-
coM http://mail .msiu.ru (puc. 32).

YnpaxHeHus

Moura MTAY

YW roganov
Nepan

cepoep

HENTY Russian (KOIB-R) =]
Boim

Puc. 32

1. Kakue u3 cieayiomdx BCTPOEHHBIX CPENICTB BKJoUeHbl B naker Mozilla: a) cpenctBo mpocmoTt-
pa uHdopmauuu B cetd MHrepHeT; 6) CPeACTBO NPOCMOTPa HHMOPMALMK HA JHCKE KOMIIbIOTEPa;
B) CPEJCTBO JIsi paGOThl C 31€KTPOHHOH MOYTOH; T) CPEACTBO AJISI IIM(POBAHUS COOOIIEHNH; 1) Cpe/i-

CTBO Ji/I1 pacriodHaBaHus U YHUUTO2KEHHUs BI/IpyCOB?

2. Tlepeuncsiute OCHOBHbIE MperMylllecTBa Gpaysepa «HaBuratop», oTiMyarolye ero oT MHPOKO
MCnoJib3yeMoro B onepalmonHol cucteme Windows 6paysepa Microsoft Explorer.

3. Hayuutech B cucteme Mozilla 610KHpOBaTh «3aKauKy» peKJaMHbIX H300paXKeHHH U BKJOUATh

3anpeT Ha TOosiIBJIE€HHE «BbICKaKUBAlOUIMX>» OKOH.
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§ 3. [Ilaker Open Office

ITaker oduchbix nporpamm Open Office?, kak n paccMoTpeHHas B NpeIbLIy-
uiemM paszene cucrema Mozilla, coBmecTm ¢ Jt060H OnMepalMoHHON CHCTEMOH.
[IpumeHeHue sTOrO NMaKera He TpeGyeT HUKAKHUX JIMIIEH3HOHHBIX OTUMCJIEHUH, €r0
MOZKHO MOJIyYHTb JlerajbHO W 6eCIaTHO MHOTHMMM crioco0amu, Harpumep ¢ Be6-
carita OpenOffice.org (http://ru.openoffice.org/index.html).

B Open Office BxoaaT Tekctosbiii npoteccop Open Writer?, snexTpoHHbIe
tabauupl Open Calc, rpaduueckuit penakrop Open Draw, penakrop dopmys
Open Math, cucrema npesenrtauuit Open Impress u jgpyrue Komnonentsl. [lo
CBOUM BO3MOKHOCTSIM 3TOT MaKeT COMOCTaBUM C aHaJIOTHUHBIMH TIPOTpHETap-
HBIMM MpOrpamMMaMi, a Mo psily NapaMeTpoB 3HAUUTEJNbHO MPEBOCXOAUT BCEX
CBOHUX TMOTEHIMAJTbHBIX KOHKYPEHTOB, CAMbIM H3BECTHBIM U3 KOTOPBIX SIBJISETCS
Microsoit Office.

Pa6oras B Open Office, moxHo 3arpyxath nokymeHTbl Microsoit Office
(Word, Excel, Powerpoint), penaktupoBaTh UX M COXpaHATb KaK B OPUTHHAJb-
HoM ¢opmare, Tak U B opmate Open Office. «Poanbie» nna nakera Open
Office dpopmartsl chaitnoB ocHoBanbl Ha XML (cTaHIapTHOM COBpEMEHHOM $i3bl-
K€ pa3MeTKH JIOKyMEHTOB), 3HAUMUTEJNbHO GoJiee KOMMAKTHbI 10 CPaBHEHHIO ¢
cdopmatamu Microsoft Office u, uto em@ BaxkHee, 3aiuuleHbl 0T BUpycoB. Ha
TPEX MmaHessiX HHCTPYMEHTOB OKHa, OTKPBIBAIOLIErOCS MOCJ/e cTapTa MporpaMMbl
Open Writer (puc. 33), HaxoasTCsl MUKTOTPAMMBI, MO3BOJISIIOIINE BbIMOJIHSAThH
BCE OCHOBHbIE JIEHCTBHS: C UX MOMOIIbIO MOXKHO MU3MEHSATh pa3Mep, CTHJIb U Ha-
yepTaHue uIpudTa, ycTaHaBJMBaTb €ro LBeT W dopmaTHpoBaTh ab3albl. bosee
CJIO’KHBIE OTIepallik BCETla MOXKHO HAUTH JIMOO B IJIaBHOM, JIHOO B KOHTEKCTHOM
meHto. [lepBoe conep:KuUT abCoJOTHO BCe oNepalit U COCTOUT U3 BOCbMH MyHK-
ToB («®ain», «[1paBka», «Bun», «BcraBka», «Popmat», «CepBuc», « OKHO»
u «CrnpaBka»). Bropoe Bbi3bIBaeTCs 111€JUKOM MPABOH KHOTIKM MBIILIH, a €ro Co-
Jiep;KaHue OTpeessieTCsl KOHMEeKCMOM, TO eCTb TeM 00'bEeKTOM, Hall KOTOPbIM
HaXOJIMJICS YKa3aTeJb MbIIIM B MOMEHT OTKPbITHSI MeHI0. O3HAKOMHTbLCS CO BCe-
MU BO3MOXKHOCTSIMH TaKeTa MOXKHO C MOMOULbI OUeHb MOJAPOOHOH CPAaBOUYHON
CHCTEMBI Ha PyCCKOM si3bike. PaGoty ¢ rpadukoil Mbl pacCMOTPUM B CJIEIyIO-
leM naparpage, a ceifiuac cocpeloTOUMMCsl Ha OCHOBHBIX OCOOEHHOCTSIX MaKeTa
Open Office, cBsizaHHbIX ¢ 06pabOTKOH TEKCTOBOH M UMCJIOBOH HH(OPMALIUH.

B nauase Tpetbero TeicsueeTHs TPYAHO YIUBUTb KOTO-TO BO3MOXKHOCTSIMH
COBpPEMEHHOro TekcToBoro npoteccopa. [Tosromy, ropops o nporpamme Open
Writer, Mbl He OyneM ONMUCBIBATh MpPOCTEMllIMe IeHCTBHSI, BbIMOJHSIEMble B MPO-
1iecce paboThI € TEKCTOM, a 06CyIMM HanboJiee MpaBUIIbHbIE TOJXO/IbI K MTPoLiecCy
pelaKTUPOBaHUS JIOKYMEHTa W crelrduueckrie 0co6eHHOCTH 3TOr0 TEKCTOBOTO
npotieccopa. K takum oco6eHHOCTSIM MOXKHO OTHECTH, HalpuMep, BO3MOXKHOCThb
rpynrnoBo# paboThl HAJl JOKYMEHTOM H pabOTy ¢ BEPCHUSIMH OJIHOTO U TOTO Ke JI0-

2Oduumansroe Haspanue nakera — OpenOffice.org.
*Bmecto OpenOffice.org Writer Mbl HerosibayeM GoJiee KOPOTKOE Ha3BaHHe.
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Puc. 33

KymeHTa. CUTyalnH, KOra 3T0 He0OOXOMMO, BCTPEUaloTCsl Ype3BblUaiiHO yacTo.
[TycTb, Hanpumep, npu paboTe HAJ MPOEKTOM JI0TOBOpa TpebyeTcsl CorjiacoBaTth
ero TEeKCT C IOPUCTOM U OyxrajatrepoM. B 3Toli cuTyauuu KaxKIblil yUaCTHUK pa-
60TaeT He3aBUCHMO OT JIPYTMX YUAaCTHUKOB Hajl CBOEH KOMUel 1oroBopa. 3aTeMm
HeoOXO/IMMO TOJIyUUTb MTOTOBBIH BAapHAHT, YUHThIBAIOLIMA UX 3ameuanusi. [1po-
rpamma Open Writer nosBoJisieT aBTOMaTH3HPOBAaTh 3TOT MPOLLECC HACTOJBKO,
HACKOJIbKO 3TO BOOOLLE BO3MOXKHO.

JI/1s1 OTKPBITHS WK CO3/IaHUST HOBOTO (hafijia MOKHO BOCIOJIb30BATHCST MEHIO
«®Pan», a uToObl BBEIEHHBII TEKCT MOXKHO ObIJIO HCIIOJb30BATh BIOCJEACTBHH,
cJIelyeT COXpaHUTb JOKyMEeHT B (pailjie ¢ yHMKaJbHbIM B Ipeenax Karajora
MMEHeM, COCTOSILLUM U3 COOCTBEHHO HMEHHU U pacluupeHus. Paciimpenue Ha3Ha-
yaeTcsl aBTOMAaTHYECKH B 3aBUCHMMOCTH OT THMA JIOKyMeHTa: (haiisibl ¢ pacuiu-
pennem XLS otkpeiBatorcs nporpammoir Open Calc, a ¢ pacumpenunem SXW
win DOC — Open Writer. 151 coxpaHeHus JOKyMeHTa MOKHO BOCIMOJIb30BaTh-
cst MmeHio «Paiin | CoxpaHuTb», KHOMKOH CoXpaHWTh Ha MaHeJd WHCTPYMEHTOB
WM KoMOMHauuMell Kaauul Ctrl + S. C nomouubto MeHto «®Paiisn | CoxpaHuTb
KaK...» MOYKHO TOJIyUHTb THIIEPTEKCTOBYIO BEPCHIO IOKyMeHTa. [1pnuém, B oT/m-
uhe OT MHOTHMX JIPYTHX TEKCTOBbIX Mpoueccopos (B uacTHocTH, Microsoft Word),
co3iaBaeMblil TakuM oO6pasomM B hopmate HTML aitn Gyner BecbMa BBICOKOTO
KauecTBa. CBSI3aHO 3TO C TeM, UTO BHYTPEHHUM (DOPMATOM JIOKYMEHTOB B T1aKeTe
Open Office siBasietcs a3bik XML — 6sn3kuii «poactBenHuk» HTML.
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[Mpumep 3.1. Coznaiite B Open Writer 10KyMeHT, cojiepKalliiii eIMHCTBEHHYIO
CTPOKy ¢ TekcToM «Crienatno ¢ nomoltipbto nporpammbl Open Writers, u coxpanu-
Te ero B Qadsie ¢ nMeHeM example.sxw. [[oAroToBbTE Tak:Ke TUNEPTEKCTOBbIN
BApHaAHT 3TOr0 JIOKYMEHTa /sl pa3MellleHusi ero B ceTH VIHTepHeT W BapuaHT
JUIsl Tiepeflaul CBOeMy TOBapulily, ucnodibayioliemy Microsoit Word. Cpashute
pasmepbl ToJiyuaeMblX (aiJioB W BbISICHUTE, KaK OHH M3MEHSITCS, €CJIi BMECTO
OJIHOH CTPOKH B JIOKYMEHTE MX OYeT JEeCATh.

Pewmenue. ITocse sanycka nporpammbl Open Writer ¢ moMoLIbI0 MHKTOrPaMMbl
WJIM MEeHIO (4TO OCyLIecTBJsIeTCsl 0lIMHaKoBbIM oOpa3om B Linux u B Windows)
HaOupaeMm TpeOyeMblil TEKCT U COXpaHsieM JIOKYMEHT, BbIODAB B KauecTBE €ro
tuna «OpenOffice.org 1.0 TekcTOBBI TOKyMEHT» M 3aMMcaB B MoJie sl HMEHH
example. Jl/ifl MoJyueHUs] TUNIEPTEKCTOBOH BEPCHH JIOCTATOYHO COXPAHUThb JI0-
KyMeHT ¢ momolliblo MeHio «®aiis | CoxpaHUTb Kak...», BbIOpaB B KauecTBe
tuna gaia «Web-crpanuia (OpenOffice.org Writer)». [losyuennniii datin
example.html MOXKHO MpocMaTpuBaTb Opay3epoM M pasMmellaTb Ha BeO-cep-
Bepe.

st Toro uto6el Microsoft Word cmor oTKpbITh Halll IOKYMEHT, ero HeoHXo-
JIMMO COXPaHUTb B (hopmare, H3BECTHOM 3TOMY TEKCTOBOMY Mpoueccopy. B meHio
«®Paiin | Coxpanuth Kak...» BeiGepem turn «Microsoft Word 97/2000/XP» u mo-
Jyuum ais example.doc, KOTOPbIH MOXKHO MepeaaBaThb TOBAPHILY. 3aMETHUM,
YTO BCE OIMHUCAHHbIE BbIlle JEHCTBUS BBIMOJHSIOTCS COBEPLIEHHO OJMHAKOBO Kak
B Linux, Tak u B8 Windows. C nomotibio aijioBoro MeHekepa Jierko o6Hapy-
JKUTb, UTO pa3Mep MOCJeJHero U3 CoXpaHéHHbIX Hamu (aiJoB (example.doc)
MOUTH BJIBOE MPEBOCXOJUT pa3Mmep neppBoro (example.sxw). [lisi oTBeTa Ha no-
CJIeJIHUI BOMPOC HANO «PAa3MHOXKHUTb» MMEIOIILYIOCS B HAllleM JOKYMEHTEe CTPOKY
B KosinuectBe 10 sK3emmisipo ¢ nomoulbto MeHto «IIpaBka | KonupoBatb» u
«[IpaBka | BcraButh», a 3aTeM coXpaHHTb JOKYMeHT B hopMaTax sxw U doc.

Mtuorue onepaldy pelakTHPOBAHUS JOKYMEHTa BbIMNOJHUMbI TOJLKO C Bbl-
JieJIeHHbIM (hparMeHToM TekcTa. [l ero BbifieseHHsT MOXKHO BOCIMOJIb30BATHCS
MbILIbIO (MPH HaXKaTOH JIEBOH KHOTKE) WJIM KJIaBHATypoi (NMpH HaxKaToOH KJaBH-
e Shift). Beinenenue cioBa ocyllecTB/sIETCS ¢ MOMOIIbIO ABOHHOTO I1€/14Ka
110 HEMY, @ BCETr0 CO/IEPKMUMOr0 JIOKYMeHTa — KoMOMHalMel KaaBuul Ctrl + A.
Jlnst mepemeltienust hparMeHTa TEKCTa €ro Hy»KHO BbIIETUTb M C TIOMOIIBIO MbILIH
nepeTalyTh B Hy>KHOe MecTo. Ecsin Tpebyercst He epeMecTHTb, a CKOMMPOBATh
(parMeHT, TO TpHU 3TOH MpOLIEAype CJeyeT Aep:KaThb HaxKaToi KJaaBully Ctrl.
[TepemecTuTh MM CKOMUPOBATH TEKCT MOYKHO TaKKe C TIOMOILbIO MEHIO HJIH KJa-
Buatypoel: Ctrl + X usau Shift + Del a/s BbipesaHud, Ctrl + C uiu Ctrl +
Insert s KonupoBaHust; Ctrl + V uau Shift + Insert JJ/is BCTaBKH.

K BblnesieHHbIM pparmeHTamM U BBOAUMOMY TE€KCTY MOKHO TPUMEHSITh Pa3J/inu-
Hoe popMaTHpOBaHHE: HAMTPUMEp, HBMEHSITh Coco6 0TOOPaKeHHUsT CUMBOJIOB, TO
€CTb JIeJ1aTh UX HAKJOHHBIMHM MJIH YTOJIIEHHBIMU ((KUPHBIMH), U3MEHSITb pazmep
¥ HIPUMT CUMBOJIOB, 1IBET CUMBOJIOB U (hoHa. [ToMHUMO MaHUMYJISIIME ¢ CHMBOJIA-
mu Open Writer no3BoJisieT Npou3BoaAnUTbL (OPMATHpPOBaHUe ab3alleB, H3MEHsIs
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pacroJioxkeHle TeKCTa Ha CTpaHulle: ab3all MOKeT ObITh BHIPOBHEH 10 JIEBOMY
Kpaio WJM 110 MPaBOMY; MOXKHO YCTAHOBHTb aBTOMATHUECKYIO HyMepaluio s
Kaxk0ro HoBoro a63alla, 3aiatbh €€ TMn U T.1. JloCTynm KO Bcell COBOKYMHOCTH
napameTpoB BO3MOXKeH C romolibio MeHio «Popmat | A63a». 31ech MOXKHO
YCTaHOBUTbL TaKHe CBOKCTBA, KAK BEJHUMHY OTCTYIOB CJIeBa W CIIpaBa OT Kpas
CTpaHHILbl, OTCTYI MEPBOH CTPOKH, BEIMUHHY HHTEPBAJa MEXy CTPOKAMH U T. JI.

[1pu pabote ¢ GOJBIIMMHU JOKYMEHTAMH BMECTO OMUCAHHBIX B MPeE/blIyleM
a63ale BO3MOXKHOCTEH (DU3HUECKOTO pPeJaKTHPOBaHMS BCerja 1esecoo0pasHo
NPUMEHSITL CTPYKTYpHOe (WM JiorHueckoe) dopMaTHpPOBaHHE TeKCTa ¢ MOMO-
1iblo cTusel. [11s1 n3MeHeHs BHEIIHEro BUJA TaKUX JIOKYMEHTOB BIOCJIEICTBHH
norpeGyeTcs 3HAUUTENLHO MeHbllle Ul M BpeMeHH. C TOMOILbIO CTHIEH KaxK-
Jyl0 CTPYKTYPHYIO €IMHHILy JIOKyMeHTa O(OpMJSIOT crelupruieckum o6pa3om
(wpudt, oTCTynbl, 0O6pamieHue, HyMepauuH U T. 1.). « CTUJHCT» BbI3bIBAETCS M3
meHo «®opmat | CTuaucT» wiau knasuiiei F11,

[Mpumep 3.2. [peanosioxkum, 4T0 Mbl CO3JaJH JOKYMEHT ¢ TeKcToM «CresiaHo
¢ nomolilbio nporpamMmmbl Open Writer MHot0» 1 Bbiesun cioBa «Open Writers,
MCITOJb3Ysl 2KUPHBIH KpacHbll IpU(T pasmepom 18 nmynkros. [lycth 3atem sToT
JIOKyMEHT 3HAUMTEJIbHO yBEJHUUMJICS B pagMepe, a KOJHUECTBO BXOXKIEHHH CJI0B
«Open Writer» Bo3pocsio 10 HeCKOJIbKMX coTeH. M B 3TOT MOMeHT Ham cTaJio
SICHO, UTO BbIOpaHHbIH crniocob BblieseHus caoB «Open Writer» miox u tpebyer
3aMeHbl, HalpuMep Ha CHHUH KypcuB oObluHOTO pas3mepa. Pabota mpocras, HO
BeCcbMa yToMUTe/bHasl. YToObI TAKOr0 He CJYUHJIOCH B AasbHEHIIeM, BOCTIOJb3Y-
eMcsl BO3MOXKHOCTAIMH « CTH/IMCTa» ¢ caMOTro HauaJa.

Pewenue. Cosjaaum JOKyMeHT ¢ OObIYHBIM TeKCTOM «CJeIaH0 ¢ MOMOLIbIO
nporpamMmbl Open Writer MHOI0» 1 KaaBuilell F11 BbidoBeM « CTuscTa». CKOH-
CTPYyHpYyeM HOBBIH CTHJIb, JIJISl U€r0 HAXKATHEM Ha MUKTOTPaMMy C CHMBOJIOM «A»
nepeiéM Ha BKJIAAKy «CTHJIH 3HAKOB»

M ¢ nomoupio nukTorpammel «Cosnath
CTHJ/Ib U3 BbIOPAHHOrO» CKOMMpPYeM CBOH-  f] 7 9z I

ctBa ctuas «Cranpapt». HazoBém Ho-

BB CTWJIb, Hanpumep «Mol CTWIb», U Coanae...
U3MEHHUM ero CBOKCTBA, BOWAS B KaTero- |Cmn” P — }ﬂ/::::::h:...
puto «CTUJIK MoJib30BaTeNIsI» U 1LEJIKHYB - o
[0 UMEHH CTUJISI IPABOH KHONKOW MBbILLN Puc. 34

(puc. 34). B packpbiBlIeMCS 110CJI€ 3TOrO

OKHE MOXKHO M3MEHSITb CaMble pa3Hble CBOMCTBA CHMBOJIOB: THII, HauepTaHue,
1IBET, pa3Mep U A3blK WPUPTa, 3a1aBaTh 3(h(eKThl BbleAeHHs (MoauépKUBaH1e,
pesbeHOEe BblJeJICHHE, TeHb), MacluTald, BpallleHHe TeKcTa, UBeT ¢oHa U T. L.
Bribepem a5 Halero CTUS »KUPHBIA KpacHbI LIPUGT pazmepoM 18 MmyHKTOB
(puc. 35) u HaxméMm Ha KHomky «OK», 3aBepliiasi u3MeHeHHe CBOWCTB HOBO-
ro ctuasi. Ecan Tenepnb BbiaeuTh cioBa « Open Writer» B HallleM JIOKyMeHTe H,
BbI3BAB CTHJIMCTA, JIBAXK/Ibl LUETKHYTb 110 UMEHH CTUJ/IA «MOMH CTHIIb», TO K Bbljle-
JICHHbIM CHMBOJIaM OyJieT MPUMEHEHO YCTaHOBJeHHOe hopMaThpoBaHue. Tenepb
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Puc. 35

Hall JOKYMEHT MOXKET KaK yroJHO YBEJHUMBATBLCS B pagmepe U ColepxKaThb Jio-
6oe uncsio BxoxkjeHu# cioB «Open Writer». Ecain Ham noTtpeGyeTcsi U3MeHUTb
BbIOpAHHOE BblIEJEHHE B8CeX 3THX CJOB, TO MPOCTO U3MEHHUM CBOHCTBA CTHJIS
«Moii cTub>.

C nomouiplo NaHe U HHCTPYMEHTOB B peJlaKTHPYEMbIH TOKYMEHT JIETKO BCTAB-
JSITh TaOJsuLbl, 100aBJATb U yAaJlsATh B HUX CTPOKH U CTOMOLbI, 0OBEIUHATh U
packpalllMBaTh siUeilKd, MeHsITb oOpamiieHusi. HacTo B IOKyMEHTax HUCMOJb3YIOT
HyMepOBaHHble U HEHyMepOBaHHbIe CITUCKH, MaTeMaTHuecKHe (hopMyJibl U CreLHu-
aJibHble 110J1s1, COJIEPKUMOE KOTOPbIX H3MEHSIETCS] B 3aBUCHMOCTH OT ONpejie/ieH-
HbIX YCJIOBHH (Hanpumep, noJie Aathl). MoxKHO BCTaBJsATh B JOKYMEHT U rpaduue-
cKHe 0ObeKTbl, TPUUEM MpOCTelline U3 HUX (NPsIMble JIMHWH, MPSIMOYTOJIbHUKH,
OBaJIbl U T.11.) BCTABJSIOTCS C MOMOLLbLIO HHCTPYMEHTOB, HAXOJSILIMXCS HA NaHe-
au caeBa. Kak co3nath 6osiee coxkHble rpaduueckie 06bEKThl, Hbl pacCcKaxKeM
B cJe/lyiolleM naparpade, ceiiuac Jullb OTMETHM, UTO UX BKJIIOUEHHE B JIOKYMEHT
BBIMOJIHSIETCS ¢ MOMOLbIO MeHio «BeraBka | Pucynok | M3 datina...». M3obpa-
KeHust u3 «lanepen», Bbi3biBaeMOl 13 MeHIO « CEpPBUC», MOTYT ObITh BCTABJEHDI
B JIOKYMEHT MPOCTbIM HX MepeTacKuBAHHEM.

B 3aksitouenne 0630pa OTMETHM, UTO MPU BBOJIE TEKCTA OOBIUHO HCIIOJb3YETCs
(bYHKILIMST aBTOJIOTIOJIHEHHSI CJIOB M CHCTEMA MPOBEPKH MPABONUCAHHUS, MTOJIEPIKHU -
Balolllasi B HacTosiiee BpeMsi 23 s3bika (BKJIouasi pycckui). Jlis aBromaTtuue-
CKOM TIPOBEPKH HY»KHO BKJIIOUHTh KHOMKY ABTOImpoBepka opdorpaduu cieBa Ha
naHesu HHCTPYMEHTOB WJIM BocmnoJib3oBaThest MeHto «Cepsuc | [IpaBonucanue
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ApronpoBepkax». B sToM ciryuae cioBa, KOTopble MporpaMMa He CMOXKeT HalTH B
CBOEM cJioBape, OyIyT MOJUEPKUBATLCS BOJHUCTON KpacHoU snHued. Hakonel,
NpaBUJIbHbIE MTEPEHOCHI — 3TO HAWJYULINH cr10cob clieaTh JOKYMEHT KPACHBbIM,
TaK KaK TOJIbKO MX MCIOJb30BaHHE MO3BOJISIET COKPATHTb MPOMEXKYTKH MeXJ1y
caoBamu. Open Writer crocoGeH BBITIONHATD MEPEHOCHl aBTOMATHUECKH.

O6cynum Tenepb GoJsiee TOAPOOHO HEKOTOPblE M3 el He PacCMOTPEHHbIX
HaMH B TpeTbeil ryiaBe Bo3aMoxkHocTel nporpamMmmbl Open Cale — cpencrsa s
paboThl ¢ 3JeKTPOHHBbIMU TabJuuamu, Bxojsuiero B naker Open Office. OcHoB-
Hyl0 MJola L okHa nporpammbl Open Cale, nokazanHoro Ha puc. 36, 3aHUMaeT
pabouee MoJie TEKYLIEro JIMCTa, COCTOSALLEee U3 sUeeK.

Eann MNpaeka Bwo Beraska ®opmat Cepenc  [OadHbie OxkHo CnpaBeka
| H Hed & 4 2E 5 +2kh o
w <
|Arial o] kYU =E=== 0wl EE OB H R
SIN | =X ¢ [=A14B1
& A | B | c [ D [ E | F | G
1 10 12|=A1+B1
A |
.
@& | 3
| 4 S
H1E [ | [sAmetl Tuerz [Tuera Q| »
Nuet1/3 Crangapt 100%  BCTABK CTAH * Cymma=0

Puc. 36

Hanomuum, uto siuefika — HauMeHbllasl CTPYKTypHAsl €IMHHULLA 3JIeKTPOHHOH
TabJIMIBl — UMEET ajipec, onpeesieMblil €€ KoOpAHHATAMH 110 BEPTUKAJM U T0-
pusonTanu. [lepBasi KoopaHaTa — 3To Ha3BaHue cTo/0UA (CTOJNOLBI HyMEPYIOT
JaTHHCKUMHU OykBamu: A, B, C, ..., X, Y, Z, AA AB, ..., AZ BA, ..., BZ, ..., IV);
BTopast — Homep ctpoku (ot 1 1o 32000). Takum o6pasom, TabauLa MakCUMaJlb-
HOTO pa3mepa, ¢ KoTopoi MoxkHO pabdotath B Open Calc, umeet 256 cTos6110B H
32000 crpok. Tabanua MOXKeT cojiepKaTh HECKOJIbKO JIMCTOB, TO3TOMY MOJIHbBIH
ajipec slUEHKH BKJIOYAeT UM JIUCTa, HA KOTOPOM OHa pacroJioxKeHa, Harnpumep:
JlmcTl.A3. Paboty ¢ nuctamu obecrnieunBaer «HaBuratop JncTOB», MEHIO KOTO-
poro nosiB/sieTCst MpHU L1eAYKe M0 UMEHH JIMCTA MPABOH KHOMKOH MBILLIH.

Crpoka BBoJa (Ha puc. 36 B Hel conepxkuTes hopmysia =A1+B1) npenHasHa-
yeHa Jisl BBOJIA UMcel, TeKCTa U (hopmyJi B stueriku Tabauiibl. BBoa npousBoaurest
B BbIJI€JIEHHYIO STUEHKY U JI0JKeH ObITh JTHOO0 MOATBEPKAEH HAzKaTHEM Ha KHOTIKY
¥ (wsm kaaBuiy Enter), in6o orMenéH KHornko# ¥. CTpoka BBOJa 0COGEHHO Mo-
Jie3Ha B CUTYalluH, KOTJla IIMPHUHA SUeHKH He J10CTAaTOUHa /sl 0TOOpaKeHHst BCex
BBOJIMUMbBIX B He€ cHUMBOJIOB. UTOOBI 0TOOPa3UTh MHGOPMALMIO LIeJHKOM, He00X0-
JIUMO JIMOO PACTAHYTh SUEHKY MO LUMPHUHE, JUOO0 Pa3pelluTb Pa3pbiB CTPOK.

[Mpumep 3.3. O6bsicHUM, KaK MOXKHO MOJIyYHTh 3JIEKTPOHHYIO TabJIHILy, H306-
paxkEéHHylo Ha puc. 37, KoTopasi y»Ke BCTpeuajach HaM paHee (cM. cTp. 88).
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A

8 | c [

1 Parion

3aBOJDKCKUIL
MockoBckuit
[Iponerapckuit
LleHTpanbHBII

= m|>|mlm|

Yucino Yucio
npecTyIIeHHH PACKpBITBIX
7 6
69 29
25 8
29 4
Puc. 37
PeweHnue. Ecau BoiGpath pasmep

p lpudra 14, To Tabauua npuMeT BHI,

A B c |
1 Pajiion |Uncno nped|Uncno packpbIrbix
2 |3aBomkckuit 7 "6
3 |Mockosckib 69 29
4 |lTponetapc 25 8
5 |Uentpanbuip 29 4
A

Puc. 38

nokasanubiii Ha puc. 38. [lpu 31OM
YyacTb TEKCTA, BBEAEHHOTO B TabJIMLLy,
He MOMECTHUTCS B stueiikax (CM., HarpHu-
mep, siuetiky B1l). [lepen tem, kKak uc-
NpaBJsTh 3TOT Ae(eKT, 1lejecoobpasHo
CHayaJsia U3MEHUTb (POpPMAT BCEX siUeeK
TaOJIMLbl HY>KHBIM HaM 06pa3oM.

BbinesiiM mepByio CTPOKY W I1I€JUKOM TPABOH KHOMKOH MbILIK BbiGepeM B
KOHTEKCTHOM MeHIo MyHKT «Popmat siueek». B okHe «ATpuOyThl siueek» Ha
Bkaanke «llpudr» ycranoBum Hauepranue uipucra «KupHblii», a Ha BKJaj-
ke «BbipaBuuBanune» — «Ilo uentpy» u «Ilo cepenune» (puc. 39). Tyt xe
HY?>KHO YCTaHOBHTb (hJ1a:KOK, paspelialolinil pa3pbiB CTPOKH.

BhipaBHWBaHWE TekcTa
Mo ropuacHTan

[=ll--}-]

PaccTosHWe oT NUHWA ceTkn

0,35mm E|i
0,35mm E|i

MonoxeHwne Ha cTpaHule

Cnesa

Cnpasa

W PaspblB CTPOKK

[ PaccTaHOBKa NepeHocoB (ak TBHO)

Hucna | WpuepT | SthcpekT wpndpTa BeipaBHUBaHke |oﬁpauneHue | @oH | BawmTa sHeiku

Mo BepTukani

:I ICTaHnapT

[opt

Kpait coceinkn

Bl
Caepxy 0.35mm El:
BHuay 0.35mm 3:

L

OK | OTtMmeHa | Cngaaka| ﬂaaa,qg

Puc. 39
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[Tocsie 3TOrO ColelyeT BbIAEAUTh BCE STUEHKH C YMCaMu (n11Mana3on B2-C5) u
COBEpLIEHHO aHAJIOTHYHO OMHCAHHOMY YCTAHOBHUTb WISl HUX BblpaBHHBaHHe «I]o
LUEHTPY». 3aTeM BbIMOJIHSEM MOCJE/IHIO OMepallio — YCTAaHABJIHUBAEM HYXKHYIO
LLIMPHHY CcTOJOLOB Tab/uLbl. JIBOAHON L1eMUOK MbILIK 110 MpaBoi MoJocke rpa-
HULbI Ha3BaHusi crosbua 3actaBut Open Calc momo6path HIMPUHY, HEOOXOIH-
MYI0 JI/IsT 0TOOpaXKeHHsI STYEHKH C CaMbIM JIIMHHBIM COJIep:KaHHeM (TO XKe camoe
MOXKHO C/leJlaTh M ¢ MoMollbio MeHto «@Dopmat | Crosiberr | OnTuMasbHasi Hin-
puHa...»). JKenaeMylo [IMPUHY MOXKHO TaKxKe YCTAHOBHUTb BPYUHYIO C MOMOUIbIO
MBbILIH, HIEIKHYB JIeBOH KHOMKOH MO MOJIOCKE MPaHMIbl Ha3BaHHsl CTONOLA U Te-
pE/BUHYB €€ 3aTeM B HY:KHYIO MO3HIIMIO0, WM C MOMOUIbIO KJAaBHATYPbl, BBOJISI
3HaueHHe LIMPUHBI B OKHE, OTKPbIBAIOLLEMCS ¢ ToMollbio MeHio «Popmar | Ctos-
6ewt | upuna...». MIMeHHO ycTaHOBKA HY»KHOH LIMPHHBI C MOMOLIbIO MBIILIHK U
MO3BOJISIET MOJYUUTh U300PaKEHHYIO Ha pUc. 37 TabJulLly.

BBoj 0JHOTUIHBIX JAHHBIX, TAKUX KAK [IOHELENbHUK, BTOPHUK, CPeXa, ...
wiu 1, 2, 3, ... ynpoulaetcs ¢ nomouibto asmonpodoixcerus. Jns storo cJie-
JlyeT BBECTH HECKOJIbKO (0OBIUHO XBaTaeT JBYX) MEPBbIX 3HAUEHUH psifia TaHHbIX,
MepeMecTUTb KYpcop B MPaBblil HUKHHUE yroJs BblieseHdsl (OH NpuMeT (opmy
KpecTa), HaXKaThb H, YAEpKUBas JIeByl0 KHOTIKY MbILIH, MePEeMeCTUTb Kypcop B
HYKHYIO CTOpPOHY. [1pH 3TOM B KENTOM MpPSIMOYTOJIbHUKE MOJCKA3KH MOSIBJISIIOT-
Csl HOBble 3HAUEHHUs psifia, KOoTopble GYIyT BHECEHbl B SUEHKH TaOJHIbl TOCse
TOTO, KaK Bbl OTIYCTHUTE KHOIMKY MbILIH.

dopmyJibl Beria HAUMHAIOTCS CO 3HaKa PaBEHCTBA U MOTYT COJepaKaTh 0ObIU-
Hble apupMeTHUECKHe OMepali U OTlepalilio BO3BEJeHHs B CTeneHb «~». Kpome
TOrO, B HUX MOXKHO BKJ/IIOUATh MHOTOUHCJeHHble (DYHKIMH (MaTeMaTHuecKue, cTa-
THCTHYECKHE, (PMHAHCOBBIE W JIPYTHE), UCMOJb3Ysl «ABTONUIOT yHKUMI». [To-
cJle BBOJIa 3HaKa paBeHCTBa M Kakofi-au6o OykBbl Open Calc aBTomMatHuecku
BbICBEUMBAET UMs (DYHKIMH, HauWHalollelcs Ha 3Ty OykBy. Ecsn mpemioxeH-
Hasi PyHKLMS SIBJISIETCSI UMEHHO TOH, KOTOpast Hy»KHa, OCTaHeTCsl TOJIbKO HaxKaTb
kjapully Enter. Korna B siueiiky TabJiMiibl HY:KHO BKJIIOUMTb TEKCT, KOTOPbIH
HAuMHAETCSsl CO 3HAKA PABEHCTBA, HO He siBJsieTcsl PopMyJIoH, TO HeOOXOIMMO
nepea 3HaKOM paBeHCTBA MOCTABHUTb 3HAK OJMHAPHOH KaBbIUKH «’». Ecgan ke
TpeGyeTcsi HauaTh CTPOKY CO 3HAKA «’», TO HY’KHO HarneuyataTb KaBbIUKY JIBaK/Ibl.

Hanomuum, uto npu KonupoBaHuu (HopMyJibl KOMIOHEHThI ajapeca aBToMa-
TUYECKH HU3MEHSTCST (OTHOCHUTENbHAS ajipecaliusi), a eCJd Mbl He XOTHM MEHSITh
KaKyl0-TO 4acTh (hOPMyJIbl, TO BbleJsieM €€ ¢ MOMOLIbI0 cuMBosia $ (abeosoT-
Hasi anpecauusi). st GbICTPOH BCTABKHM 3TOr0 CUMBOJIA B PEIAKTHPYEMYIO STUEHKY
y100HO UCMOJIb30BaTh coueTaHue kKaapull Shift + F4. Ecau HaxaTtb 3Ty KOM-
OUHALMIO OJIMH Pa3, TO 3HAK $ 106ABUTCS K KOOPAMHATAM W CTOJIOLNA, U CTPOKH,
JiBa HaxkaTusi 100ABJSIOT €ro TOJNbKO K KOOPAMHATE CTPOKH, TPU — TOJLKO K
KOOpAMHATE CTONOMIA, a UeTBEPTOE HaXKaTHe SKBUBAJEHTHO MEPBOMY.

[TocTpoeHue nuarpamm HauWHAIOT OOBIYHO C BBIJEJNEHHS COOTBETCTBYIOLIEH
06JIaCTH JIaHHbBIX, MOCJEe Yero B MeHlo «BcraBka» BbhIOMpAIOT MyHKT «[lnarpam-
Ma...» U B OKHe «ABTOhopMaT JMarpaMMbl» KOHKPETH3UPYIOT THUI JHarpamMMbl.
Jlast kaxnoro u3 TunoB («JIuHun», «C obaactsimMu», «[uctorpamMmmbl», «JIuHekua-
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Thie», « KpyroBeiex, «[luarpammol XY », « CeTuaThie», « bup:keBbie») cyliecTByer
HECKOJIbKO pas/IMUHbIX BapUaHTOB MX H3oOpaxkeHus. Hanpumep, kpyroas nua-
rpaMMa MOXKET ObITb He TOJbKO OOBIUHOH, HO U KOJIbLIEBOH HJIM «PA3PE3HON».
Kpome Toro, cyliecTBytoT U «TpEXMepHbI€» BUJIbI JHATPAMM.

[lpumep 3.4. [loGaBbTe B 3/1eKTPOHHYIO TaGJIHILy, MOCTPOEHHYIO B pUMepe 7.2
TpeTheli [V1aBbl, THCTOMPAMMY, COEPIKAILLYIO JAHHbIE O MPOLIEHTE PACKPBITHIX MPe-
CTYIJIEHHH M O JI0J1€ YKCJIa PECTYIIEHHH, COBEPILEHHDIX B KaXKJIOM H3 PaOHOB.

Pewenue. [icrorpaMma 10/oKHa GBbITH MOCTPOEHA MO JAHHBIM, COEPKALIUMCSE
B siyefikax cTo/iOuoB D u E ssekTpoHHON Tabauupl (puc. 40), nostoMy HauaTb
MOCTPOEHHE MOXKHO ¢ BbleieHust o6acTu D1:E5. Tak Kak HaM XoueTcst HCIOJIb-
30BaTh B KauecTBe MOANUCeHd HMeHa palOHOB, COAepKalllecs B IepBOM CTOJOLE,
TO W Juana3oH Al:A5 TakxKe J0JKeH ObITb BbiieseH. st BblieeHus: nogo6HON
HeCBsI3HOW 00J1aCcTH He0OXOJMMO HaXKaThb W YAepKUBATh KJaBuuly Ctrl, oTmy-
CTUB €€ TOJIbKO [0CJ/Ie 3aBePLICHUS BblICJEHHS.

A B c [ D [ E I
. Yuciao Yucio IIpouenT Hons (B %) or
1 Parion
NPeCTYIUIEHHH  PacKpbITbIX PaCKpBITBIX 0o01mero yucia
| 2 |3aBomkckuit 7 6 85,71 5,38
s [MockoBckuit 69 29 42,03 53,08
THponeTapcxm?l 23 8 32 19,23
THeHTpaanblﬁ 29 4 13,79 22,31
s [AToro [ 130
Puc. 40

3arem B MeHi0 «BcraBka» Heo6X0MMMO BhIGpATh MyHKT «J[Harpammax, uto
MPUBEIET K TOSIBJIEHHIO OKHA « ABTOOpMAT AHarpaMmbl» (puc. 41).

BriGop
06nacTh Stest. §AS1:§AF5; $test. 5DF1:3EFS o=}
v Mepeas c1poka kak nognices MoMeC TUTE OWarpaMMmy Ha nucTe
[v Mepewlit cTonGeL, kak Nognvck test j

Ecnu BolgeneHHble A4eikn He cogjepxart Tpeﬁyeublx AaHHbIX, TO BEIOENWTE ONATE OMANa30H AYSeK C HY XHbIM
COOEPXNMEIM.

BhioenuTe Takke A4efiki ¢ HaaBaHUAMN KONDHOK MW CTPOK, ECNKM HEOBXOONMO, 4TOBLI OHM BbiNK Take NokadaHbl Ha
pUCYHKeE.

L Cnpagka OTMeHa | ‘ lanee > loToso |J

Puc. 41
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O6aactb BblJieJiIeHa MpaBHJbHO, U MbI ﬂeﬁCTBHTeHbHO XOTHM HCITOJIb30BATb

KaK MepBYyl CTPOKY, TaK U

nepBblil cTOJIOEL B KauecTBe MOAMNUCH, [I03TOMY Ha-

JKHMaeM Ha KHOTIKY «]lasieex», mosydasi cjenyioniee okHO (puc. 42).

BbiGop THNa anarpammel

s ikt

K

@ = LA

a =l
L [ncTorpamma
[ OBbekThl TEKCTA B peXUMe PAn naHHbIX B: " Grpokn * Cronbukl
npocMoTpa
CnpaBeka OTMeHa << Ha3zag I danee > CotoBO |_[|
Puc. 42
ﬂaJIee cjenyer BbI6paTb Hy)KHbIﬁ HaM THIT ﬂHanaMMbI — FHCTOFpaMMy, aB

CJIe/lylollleM OKHe yTOUHUThb eé BapuaHT. HakoHel, nocsennee okHo «ABTochop-
Mart AMarpamMMbl», U300paxKEHHoe Ha puc. 43, M03BOJISET 3aaTh 3aro/J0BOK AHUa-
rpaMMbl U HEKOTOpbIE IOMOJIHUTEJbHbIE TapaMeTpbl. [lesaeM 3aro/loBoK MyCThIM,
corJialiaemMcs ¢ HajsuuueM «Jlerenapl» (onmucanusi U306 paxKaeMbixX JaHHBIX) U Ha-
JKUMaeM Ha KHOMKY «[0ToBO».

b d ABTON Mat AuarpaMmsl

[~ OfbekTbl TEKCTa B pexume
npocmoTpa

Cnpaeka OTMeHa

306paxeHne

V¥ HaszeaHue ouar pamMel |I'naE|HhW| 3aronoBoK

v Nerexna

3aronoBoK ocn

[T ek X
[ CebY
-

Pan 0aHHbIX B:

I.?aronoﬂor och X

|»3aronoaoh ocn 'Y

|:3 arcnoBoK ook £

" Crpokn * Cronfusl

<< Haszag |

‘ ToTtoso |

=)

Puc. 43

J1J151 oJtyueHust UTOroBoro 10KyMmeHTa (cM. puc. 17) Tpebyercst ToJIbKO nepe-
MECTHUTb BCTaBJIEHHYIO IMAarpaMMy M, BO3MOXKHO, U3MeHeHUTb eé maciutab. [ls
nepemelleHust HEOOXOAUMO 1IEJNKHYTh JIEBOH KHOMKON MbIllIH, PA3MECTHB eé yKa-
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3aTesib Hall 001aCTbI0 IHArpaMMbl. 3aTeM CJie/lyeT HAUTH TaKylo MO3ULHI0 0KOJIO
rpaHULbl AMarpaMMbl, B KOTOPOH yKasaTtesb NMPUMET B KpecTa. Tenepb MOXKHO
nepemMeniaTh AMarpammy B Jii000e MecTo TabJilibl, YIEPKUBAsH JIEBYIO KHOIIKY
MbllIK. M3MeHeHHe pa3MepoB JMarpamMMbl MPOU3BOJIMTCS AHAJOMMUHO: HYXKHO
pasMecTUTb yKasaTesib MbIIIM OKOJIO OJHOH M3 BOCBMH TOUeK Ha €& rpaHule
(Mo yryiam W B cepeuHax CTOPOH), uToObl OH MpuHsT Gopmy cTpesku. Jlis 3a-
BeplIEHHS] PeIaKTUPOBAHUS AMArpaMMbl HEOOXOAUMO HIENKHYTb MbIIIbIO BHE €€
00J1aCTH.

[Mpumep 3.5. Kakue neiicTBHSI Hajl0 BBITIOJHUTD, YTOOLI BKJIIOUHTH B 3JIEKTPOH-
Hy10 TabJIMIy THCTOTPaMMYy, H300paXkKEHHYIO Ha puc. 7 (cTp. 82)?

Pewenue. ITo ymosuannio cToJIOLbI THCTOTPAMMBI OTAEJSIIOTCS APYT OT JApyra
MyCTbIMHU IPOMEXKYTKAMH, IO3TOMY OCJIe BCTABKH FMCTOrPAMMbl BbIIEIUM €€ H,
LIEJIKHYB MPaBO# KHOMKOW MBI M0 OJHOMY M3 CTOJIOLOB TMCTOrPAMMBbI, BblOe-
peM B nosiBuBIIeMcsl MeHIo MyHKT «CBo#cTBa 0ObekTa». B okHe «Psj naHHbIX»
cJieqlyeT nepelTu Ha Bkaaaky «llapameTpbl» U yCTaHOBUThL Ha Hell HyJleBble 3HA-
ueHust BesuuH «MurepBan» u «llepeceuenues. MToropblifi pedysbraT nokasat

Ha puc. 44.
A [ B [ c [ D [ E [ F [ G

| 1| Paspsimpl [1, 5] [5, 11] [11,17] [17,23] [23,29] [29,35]
| 2 | Abc. yacToThl 12,5 14,5 4,5 3 3,5 2
2| YacToTsl 0,3125 0,3625 0,1125 0,0750 0,0875 0,0500
4| BricoThl 0,0781 0,0604 0,0188 0,0125 0,0146 0,0083
5
s | 0,0800
] 0,0750 —
— 0,0700 —
| ° 0,0650 —

0 0,0600 —
[] 0,0550 —
" 0,0500 —
L 0,0450 —
12| 0,0400 —

13 0,0350 —
M 0,0300 —
- 0,0250 —
|® ] 0,0200 —

16 0,0150 —
[ 0,0100 —| _—
— 0,0050 —
] 0,0000
] [1, 5] [5, 11] [11,17]  [17,23] [23,29] [29, 35]

20

Puc. 44

B 3akJ/toueHne HaMOMHUM el pa3 0 CTUJISIX — HabGopaX CBOKHCTB, OMUCKHIBAIO-
1IMX Npon3BoJIbHbIe 06beKThl TakeTa Open Office. JltoGoMy JIMCTY U OTIE/NBHBIM
sUeKaM 3JIEKTPOHHOH TabJIHIIbl MOXKHO MPUNKMCaTh CBOH CTHJb. [To ymosuanuto
ucrnosb3yerest cTib Default. MI3MeHUTh ero XapakTepUCTHKH HJIH CO3[aTh HO-
BbIH CTHJIb MOYKHO C MoMoliblo MeHIo «Popmar | CTHIMCT» WK KaaBuliled F11.
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[IpumMenenue cTusell MO3BOJISET 3HAUUTENBHO YIPOCTUTH MOCJ/ENyIollee pelak-
THPOBAaHHE JIOKYMEHTa, a HEKOTOpPble U3 BO3MOXKHOCTEH 3JIEKTPOHHBIX TaOJHLL
(Hampumep, ycJOBHOE (opMaTHpOBAHHE siueek) MPOCTO HENOCTYIHbI, €CJH He
UCIOJIb30BaTh CTHJIH.

YnpaxXHeHus

1. Kakumu us caenytomx BodmoxkHocTell ob6anaer naker Open Office: a) co3nanue u pefaktupo-
BaHHE TEKCTOBBIX JOKYMEHTOB; 6) paboTa C 2JIEKTPOHHBIMU TaOJIMLAMH; B) BBIOJIHEHHE CHMBOJIbHBIX
BBIUMCJIEHHH; T) CO3/laHue MpPe3eHTallli; 1) pelakKTHPOBaHHe rpaduuecKux H300parkeHHi?

2. Kakue u3 cjeayiolnx JeHCTBUH MOTYT ObITh HCIOJb30BaHbl B TeKCTOBOM mpolieccope Open
Writer nJ1si BbijiesieHHs1 (pparMeHTa TeKCTa: a) TepeMellleHHe MbIY MPH €€ HaXKaTo JIEBOH KHOIKE;
6) NBOHHOH WIEJUOK MO CJIOBY; B) Ha)KaTHe KOMOWHAUMHM KJaBull Ctrl + A; T) LIeJUYOK MpPaBoi
KHOMKOU MBbILLIH; JI) UCTOJIb30BAHHE MEHIO?
3. Kakue u3 siueek snektpoHHO# Tabsuibl a) A3; 6) A4; B) C6; 1) D6; 1) C3; €) D4 BXOAAT XOTs Obl
B OJiHy M3 oOJsiacTteil A1:B3, B4:C8, B5:D7?

§ 4. Oo6pabotka rpachmyeckoil nHpopmauuu

[Ton o6paboTkoil rpaduueckort HHpOPMALUK TOHUMAIOT CO3/laHKle, 0ToOpa-
JKeHHe, pelaKTUPOBAaHME W XpaHeHHe Ha KOMIbIoTepe padHooOpas3HbiX rpaduue-
ckux o6pasoB. B §2 BTopoil ryiaBbl Mbl y)Ke paccKasblBaju O TpeacTaB/IeHHH
rpaguueckoil HHpopmauru. HanoMHum, uTo Wil KOAMPOBAHHUS LIBETOB B KOM-
nblOTepHON Trpaduke uanie Bcero ucnogbdytor cxembl RGB u CMYK. Ilepsas
M3 HUX IpeJHa3HaueHa sl NPeJICTaBJAeH s 1IBeTa Ha KpaHe MOHMTOpA B BHJIE
KOMOUHALMK TPEX OCHOBHBIX 1BeTOB: KpacHoro (Red), senénoro (Green) u cu-
Hero (Blue). Llger na Gymare (1 Jilo60M APYroM He CBETSIILIEMCSI HOCHTEJIE)
NPUHATO KoaupoBaTh ¢ momoulbio Moaean CMYK. Ilpu stom on mpencrasasi-
eTcst B BUAe KomOuHauuu rosy6oro (Cyan), nypnypHoro (Magenta), kéntoro
(" ellow) u uépnoro (blackK).

JIpyrum KJloueBbIM MOHSITHEM, CBSI3aHHBIM C rpaduueckoil HHopMalHer,
siBasieTcst opmar cafina, To ecTb crnoco0 ero npeacraB/eHus B BUIE MocJe-
JIOBaTeJbHOCTH HyJel U ennHuil. B §2 BTOpO#l raBbl pacckasbiBajsoch O JIBYX
TaKUX crnocobax: BeKTOPHOH U pacTpoBoil rpaduke. [1pu Hcob30BaHUH BEKTOP-
HOM rpauKu PUCYHOK SIBJIsIETCS KOMOHHALMEH Pa3IMUHBIX 06'bEKTOB (OTPE3KOB
NPSIMbIX JIMHUH, KPYroB, MHOTOYrOJIbHUKOB W KPHUBBIX), a pacTpoBoe H300pazke-
HHUe TIpeICTaB/sieT COO0H MPOCTO PElETKY TouekK (MMKCE0B), U NI/ €ro 3a1aHus
JIOCTaTOUHO OMNpee/UTh LUBET KaxKI0i U3 HUX.

dopmar aitna onpenensiercs no paciivpenuio ero umenu. Haubogee pac-
npoctpaHéHHbIMU rpacudeckumu opmatamu seasitorcst BMP, TIFE PS, EPS,
PDF, GIF, JPG (JPEQG), PNG. Co Bcemu 3TuMH hopmaTamu MOTryT paGoTaThb
Open Draw — oana us komnoHeHt nakera Open Office, paccMoTpeHHoro B
npeblaylieM naparpade, U npogeccuoHanbhbiil rpaduueckuii perakrop GIMP.
O6a npojaykra siBJSOTCS CBOOOJHBIMH M MOTYT MCIOJb30BaThes Kak B Linux,
tak u B Windows.
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GIMP (GNU Image Manipulation Program) npenHasnauen mpexjie Bce-
ro st paboThl C yallle UCMOJb3yeMoH pacTpoBoil rpadukoil. Ero komnonenra

GIMP - 0 X
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GFig, BnpoueMm, 1Mo3BoJiieT CO3/1aBaTb BEKTOPHbIE
n3006pakeHusl U NpeoOpa3oBbIBATb UX B PaCTPOBBIE.
[Ipu 3amnycke nporpamMmbl MOSIBJSIETCSI OKHO C HH-
cTpyMeHTamu (puc. 45), B cOCTaB KOTOPbIX BXOJAST U
TaKue TPaJMLHOHHbIE HHCTPYMEHThI, KAK KHCTb HJIH
kapaHaaw. Haxxatuem Ha u€pHbIH NPSMOYroJbHUK
B OKHE HHCTPYMEHTOB BbI3bIBAETCS OKHO BbIOOpA OT-
TEHKa 1lBeTa, a MPHU Ha)KaTHUH Ha UYEPHBIH KPYKOK
OTKpbIBaeTCs BKJaJiKa Bbibopa kuctH. GIMP cHa6-
’KEH OOLIMPHON CIIPAaBOYHOH CHCTEMOH, BCILIBbIBAIO-
LIMe MOJACKA3KK KOTOPOH MOSIBJSIIOTCS Ha 3KpaHe
NpU MOJABEICHUH Kypcopa K KHOIKAM M MaHeJIsIM.
HazkaTne Ha npaByto KHOIKY MBILLK B 00J1aCTH pH-
CYHKa TPHUBOJMT K [OSIBJEHHIO KOHTEKCTHOrO Me-
HIO, COJep2Kallero Bce AOMYCTHUMble ONepaLuH Hajk
TeKylMM H300paxKeHueM. Kpyru, npsiMoyrosbHUKH
U Jpyrue reoMeTpHueckue (Urypbl MOryT ObITb M0-
CTPOEHbI C MOMOLLbI BCTPOEHHOIO peaaKTopa Bek-

TOPHOU TpauKH, 3aMmycKaeMoro ¢ nomolibio MeHio « ®uibtpsbl | Busyanuzaums |
GFig», a 3atem HaxkaTveM Ha KHOMKY «HapucoBaTb» npeo6pasoBaHbl B pacTpo-
Boe M300paxKeHHe, HaKJ/a/lbiBaeMoe Ha TeKYLIMH PUCYHOK (puc. 46).
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B nocnennue roapl B cBA3M ¢ pa3BuTHeM LU(POBOI QoTorpaduu 3naun-
TeJIbHO YCOBEPLIEHCTBOBANMCh MeTo/bl 06pabotk (ortocHuMkoB. Hampumep,
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MHCTPYMeHT «CKaJiblesib» MO3BOJSIET yAaJUTh JIUIIHIOW YacTh pucyHka. KoH-
TekcTHOe MeHio «M3o6paxenue | LIBeta» naéT BO3MOXKHOCTb OCBETJIMThL Heylau-
HbIH (POTOCHUMOK WJIM H3MEHHUTb €r0 KOHTPACTHOCThb. B HEM 2Ke MOXKHO BbIOpAThH
IS 06PaGOTKH M300paskeHHst (MM ero yacTh) MUILTP MK CKpUNT! M3 Kosulek-
mH « Ckpunt-Py» — pacuimpsieMoM Habope crelyanbHbiX mporpamMm. CKpuMT,
Harpumep, Mo3BOJISIET YCTPAHHUTh 3PQPEKT «KpPacHBIX IMia3» Ha (hOTOCHUMKAX.
[1pu smoburenbckoil pabote ¢ OTOCHUMKAMH dallle BCEro MpUMeHsieTest op-
mat JPEQG, o6ecneunBatolinil BLICOKHH KOS(PPULUMEHT c:KaThs H300paKeHHsl U
60JIb11I0€ KOJIHUECTBO 1BeTOB. [1pu npodeccronanbHoil pabote ¢ rpadukoi npu-
menstiorT popmar TIFE

Jpyro#i mupoko pacnpoctpanénublii rpaduueckuit popmat GIF ncnosbsyer
He 6osiee 256 pas/IMUHBIX LBETOB U M0 9TOH NPUUMHE HEMPUMEHHM B LI€JIOM psijie
npuoxKennil. OJIHaKO KOMIAKTHOCTb H BO3MOXKHOCTb CO3/IaH1sI aHUMHUPOBAHHbBIX
PUCYHKOB CJ/leJIa/li €r0 He3aMeHHMbIM JJIs1 UCIMOJIb30BaHHsl B CeTH. DPPeKT aHu-
MalM{ IOCTUraeTcs 3a CU€T XpaHeHHsl B OIHOM pakiie cpasy HeCKOoJIbKHX H300pa-
Kenuit (cyo0éB pucynka uiu Kaapos). [Ipu npocmoTpe Takoro afisa nosb3oBa-
TeJlb BUAUT «MYJBT(PUIbM», COCTOSILLMI U3 IEMOHCTPUPYEMbIX uepe3 HeOoJIblIHe
NPOMEXKYTKH BpeMeHH KajapoB. [/1s1 mosyueHns aHUIMHPOBAHHOTO PUCYHKA B pe-
nakrope GIMP ¢ nomouibio mento «Caion | Cyion, KaHaJbl © KOHTYPbI» CO3/at0T
HeCKOJIbKO H300pakeHnH, coxpansieMblx B opmare GIF

Bxomsiumit B Open Office penakrop BektropHo#i rpacuxu Open Draw sBnsier-
sl yIOOHBIM CPEICTBOM ISl CO3JIaHUsl HITIOCTPALMI K PA3JIMUHBIM JOKYMEHTaM.
ITOT penakrop paboraer ¢ oT-
pe3Kamu TPSIMbIX JIUHUH, TIpsi- v IEEITEE X

G G 7 =0k
@ain [paska Bwpg Beraska @opmar
MOYTOJIbHUKaAMH, 3JJIMIICaMH H

Cepeuc  [HeiictBus  OkHo

El R & & |
OKPYKHOCTAMH, MHOFOYTOMIbHH- |y Sosoe Sl verm] E
KaMH, KPUBBIMH H LeJbIM P~ | ==~ 55 8] 7 s 5 10 1 122
JIOM HHBIX MJIOCKHX M TPEXMEP-  ls
HBIX 00BEKTOB (pHC. 47). Kax- ¢ |-
Jblii U3 0OBEKTOB OIMMCHIBA- 3 :
eTCsl COBOKYMHOCTbIO nMapamer- g |~
POB, TaKHX, KaK pasmep, LBET f“‘; 2 J
U T.1. OObeKTbl MOXKHO Tepe- =22
MelllaTh, COBMeLLATh, BpalllaTh, ij -
MOXKHO HM3MEHSITb UX pasMep, &l
UBET M MHble XapaKTePUCTHKH. o ;
[TpousBoJibHbIil HAGOp 00beK- & |-
TOB MOXKHO CrpYNNHPOBaTh B = 5
OJIMH HOBbIH OOBLEKT, C KOTO- f ol | | [Faprasi) Craie 2 IET J"
pbIM MOXKHO paboTaTh TaK ke, L il 1A £000x000 _J

Kak u ¢ jgpyrumud. Open Draw
MO3BOJISIET CO3/aBaTh MPSIMO-

Puc. 47

4Tak HasbiBalOT MIPOrpaMMy s 06pPaGOTKH H300PaXKEHHSI.
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YrOJIbHUKH C TEKCTOM, CBSI3aHHbIE JIPYr C JAPYroM, MpUUEM MPH MepeMelleHusix
(uryp cBSI3M COXPAHSIIOTCS, UTO 3HAUMTEJLHO YIPOLIAET CO3/laHHe PUCYHKOB H
JHarpamm.

Jnst oGJierueHunst nepemMelleHnst U K3MEHEeHHUs pa3MepoB pelakTHPYyeMoro 06b-
eKTa Ha €ero rpaHuile oTo6paxkaloTcsi BOCEMb Y3JIOB «M3MEHEHHSI TeOMETPHH».
[Tocsie 1BOHHOrO 11e1YKa MbILIbIO MO0 06bHEKTY B HETO MOYKHO BBOJIUTH TEKCT, a
JUIS BBIXOJIA M3 PEKUMa PENAaKTHPOBaHHS 00BbEKTa JAO0CTATOUHO HIEJKHYTb Mbl-
1iblo 3a ero npejienamud. Kpome ryiaBHol naHesin uHcTpymeHToB, B Open Draw
AKTHBHO HCIMOJIb3YeTCsl KOHTEKCTHOE MEHIO, ¢ MOMOLIbI0 KOTOPOro ymoOHO H3-
MEH$ITh pa3J/inuHble cBOHCTBA 00bekTOB. CielyeT TakKe 0OpaTHTh BHUMaHHE Ha
BO3MOKHOCTH, NpeaoctasisiemMble « CTuauctomM». OH M03BoJISIeT JIerko U ObICTPO
M3MEHSTh CyllleCTBYIolMe pucyHKH. [1pu paGote ¢ hparMeHTaMu pacTpoBoil rpa-
(UKH MX BBIIEJSIIOT U TOT/IA Hajl OCHOBHBIM [10JIEM TMOSIBJISIETCS] HYKHasl MaHeJ b
MHCTPYMEHTOB.

Bosnee noapo6uyio uudopmaimio o paGoTe ¢ LBETaMH, TpagHeHTaMH®, pa-
CTPOBBIMH 00pa3amu, LITPUXOBKAMH H CTUJISIMH MOKHO TOJIyYHTb B CMIPABOYHOH
cucreme nporpammbl Open Draw. 3ameTum, uTo 3Ta nporpamma 1o CBOMM BO3-
MOKHOCTSIM 3HAUMTEeNbHO OJiMKe K MPodecCHOHaNbHBIM rpauuecKUM PelakTo-
paM, 4eM K CpPeJCTBaM, TPaJULMOHHO BKJIOYAEMbIM B OHUCHbIE MAKETHI.

B 3aksiouenue KpaTko yrnoMmsiHeM o Mpe3eHTalusix — cuMOro3e pagHooOpas-
HBIX JIOKYMEHTOB U 3(h(heKTOB. B npe3eHTalllio MOKHO BKJIIOUUThL TEKCT, PUCYHKH
(KaK pacTpoBble, TaK U BEKTOPHbIE), 3J€KTPOHHbIE TaOJULbl U 1uarpammbl. [le-
MOHCTpALUsl TIPE3eHTAllUM MOYKET COTPOBOXKAATLCS PA3JUYHBIMH 3BYKOBBIMH U
BU3yaJsibHbIMH 3(dekramu. Kpome Toro, umeercss BO3MOKHOCTb CBSI3bIBATH CO
1I€/TYKOM MbILIH MO T€M WJIM UHbIM 0ObEKTaM Mpe3eHTalUn OnpeaeéHHble Nei-
CTBUSI — yOUpaTh M BOCCTAHABJIMBATL OObEKTbI, BLIMOJHATH POU3BOJLHYIO MO-
cJIefoBaTeIbHOCTh KOMaHa (MakpocoB) W T.m. B Open Impress (kommoHeHTa
nakera Open Office) npeseHTauuu cosaatTes Jerko U ObICTPO, TaK Kak cpasdy
rocJjie cTapra nporpaMmbl 3aryckaeTcsi « ABTOMUJIOT Mpe3eHTalllii», rnpejJara-
IOLMH pa3J/iuHble BAPUAHTHI pabOThI: CO3JIaHHE MyCTOH Npe3eHTalliH, CO3/laHue
npeseHTalnu U3 mabJaoHa UKW OTKPBITHE YxKe CYLIECTBYIOLIEH Mpe3eHTalkH.

[Mpumep 4.1. Coznanum npeseHTanuio, MOKasbIBAIILYIO TPUMEHEHHE pellieTa
ApatocdeHa (cM. cTp. 3) AT HAXOXKJIEHHST TIPOCTBIX UUCEJI.

Pewenue. 3anycrum nporpammy Open Impress u cosnagum nepsblil caiaiij, co-
Jep2KallMil 3aro/IoBoK npeseHTauuu (puc. 48). Iyt 5TOro 10CTaToO4YHO BbIOpaATh
nyHkT «Caaiin | Jlo6aBuTh c/iaiif» B KOHTEKCTHOM MeHI0, KOTOpPOE BbI3bIBAETCS
HayKaTHeM Ha MPaByo KHOIMKY MbllliK. Co3/1a MM MPe3eHTALHIO, T0Ka3bIBAOLLYIO
MOUCK MPOCTBIX UMCEJ CPe/IH MePBbIX TPUALLATH HATYpaJibHbIX uhces. PasmecTutb
9TH YHCJIA B TPH CTPOKH yJ10OHEe BCEro ¢ MOMOLIbIO 3JEKTPOHHBIX Ta0JIHL, UTO
I103BOJIUT BOCIOJ/Ib30BAThCsl aBTONPOIOJIKEHHEM IS 3aroJiHeHHs sueek. 13 me-
HI0 «BcraBka» BbiGepeM MyHKT «DJIEKTPOHHAsA TabJMLa» U MOocJ/e BBOAA UUCe/

5FpaﬂMeHTH0131 3aJIMBKOI (4aCTO MPOCTO IPaJMEHTOM) HAa3bIBAETCS MJ1aBHbII M€PEXOJL OT OJHOTO
LBETa K JIPyromy.
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U3MEHHUM TI'paHULbI Ta6JH/I[IbI TaKUM 06p830M, yTOoOBI OCTAJUCh BHJIHBI TOJIbKO 3a-
noJiHeHHble sueiikn (puc. 49). 3aKOHUMB pelakTHpoBaHHe TabJHLbI C TOMOLLLbLIO
11eJ1UKa MBILLIbIO BHE TaOJHLbI, PAaCTsHEM €€ 10 HYy»KHOTO pa3mepa.
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[TockosibKy B mpouecce paGoOThl y:Ke HalJeHHble M OTMeUEHHble MPOCTble
yucJsa Jajiee He pacCMaTpPUBAIOTCS, TO HAM HYXKHO, UTOObl BCe U3MEHEHHSs], Clle-
JIaHHbIE Ha OMNpesieIEHHOM Luare, OTPaxKaJuch Ha BCeX MOCJEYIOLMX Claiaax.
[To sToit mpuunHe Mbl Bcerna GyaeM co3/aBaTh CJEAYIOLIMH caaiii, TyOJaupyst
TeKYILIMH C MOMOIIbIO MyHKTa MeHlo «BceraBka | JlybavpoBathb ciais.

JIs1 MOAroTOBKK TPeThero cjaiaa npoayOoaupyemM BTOPOH CJAld U 3auepk-
HEM OTPE3KOM MPSIMOH JIMHUK €JIMHULLY, KOTOpasl Mo ONpe/leIeHUIO He SIBJISIETCS
NPOCTbIM YUCJ/OM. [lJisl U3MeHeHHs 1UBeTa M TOJILIMHBI JJMHHH MOXKHO BOCIOJIb30-
BaThCsl MyHKTOM «JIMHHS» KOHTeKCTHOTrO MeHio. Ha uerBéprom caaiije, noJyua-
eMbIM IyGJIMpOBaHHEM TpPeTbero, oOBEEM MepBOe MPOCTOE UMCJO0 2 B KPYKOK,
a Ha nsATOM 3a4epKHEM Bce uéTHble uucJa, OoJibliine AByX. UToObl BCe 0Tpe3KH,
KOTOPbIMHU Mbl OyJieM 3au€pKHUBaTh UMcJa, ObIM OJMHAKOBBIMH, CO3AaIHM OJHH
¥ 3aTeM Pa3MHOXKHM ero ¢ nomolibio MeHto «IIpaBka | Jly6poBath» (puc. 50).
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[ToaroToBKy CJ/emIyIONMX CJAAWI0B TPE3EHTAIMH BbIMOJHIEM aHaJOTHUHO.
[Tpu 3TOM Kpy»KKH, B KOTOpbIE Mbl 3aKJ/l04aeM MpoCThble Ynuca, ayOanpyeM, uTo-
6bl OHH ObLIM OJIMHAKOBBIMH, @ Y OTPE3KOB, HCIOJIb3yEMbIX /IS 3a4épPKUBAHUS
yhCces, KpaTHbIX TPEM U TSITH, H3MeHsIeM 11BeT U HakJOH (puc. 51 u 52).

HanomuuMm, 4to aisi HaXoXJAeHHsl MPOCTBIX YHCEeJ, He MPEBOCXOMSLIMX 17,
HeT HeOOXOJMMOCTH paccMaTpuBaTh YMCJA, KpaTHbie R, nipu k > \/n. B na-
wem ciayuae v/30 < 6, 103TOMy T0c/Ie TOro, Kak GyayT BbIUEPKHYThI BCE UMCIIA,
KpaTHble O, He3aU€PKHYTbIMH OCTAHYTCS TOJIBKO MPOCThbIE YHC/A, KOTOPble Mbl H
00BeIéM B KPY>KKH Ha MpeAnocyae/lHeM cJaije.
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Ha nocnenuuii cnaiin 1o6aBUM 3arojioBOK M cjleslaeM LUBETHLIM (DOH KPY»XK-
KOB, COJIeprKalllMX HaKIeHHble MpocTble yncaa (puc. 53). st 3Toro BbIAEIUM
BCe KPYXKKH, 3aTeM C MoMollplo nyHKTa «O06/acTh» U3 KOHTEKCTHOTO MEHIO
uaMeHuM (hOH Ha LBETHOH M ycTaHoBMM npospaunoctbh 70%. Hanomuum, uto
Bbljle/IeHHEe HECKOJIbKUX 0O'bEKTOB BBIMOJHSETCS MPU HaxKaTol KjaBuule Shift,
a nocJieloBaTe/ibHble HAaXKaTHsi Ha KJaBuily Tab BblIessIIOT BCe 00beKTbl, MpHU-
CYTCTBYIOLLME Ha cjaije, ofuH 3a apyrum. [locse ynanenust oTpe3koB, 3auép-
KMBAIOLIMX COCTaBHbIE uMcJjia, 100aBUM 3arosoBok «IIpocTble uncsa, MeHblIne
30» ¢ moMollpbio KoHTeKCcTHOTro MeHio «Cuaiy | ViameHuTb ausaiin». 3ameTum,
UTO K KAXKJIOMY CJIaiijly MOXKHO 100aBUTb HEBUJHUMbIE MIPH MPOCMOTPE Mpe3eHTa-
LMK TIPUMeYaHusi, KOTopble MOTYT ObITb BKJ/IOUEHbl B pacrieyaTbiBaeMble TE3UChI
Npe3eHTalnH.

YnpaxHeHus

1. HasoBuTe 0CHOBHbIE MOJIEJIH, HCIIOJIb3YEMble JJIs1 KOJMPOBAHHS LIBETA B KOMIBIOTEPHOH rpacuke.

2. C nomoliblo crnpaBouHoi cucteMsl perakropa GIMP nayuurtech pa6oTaTh ¢ pacTpOBBIMH H300-
paXKeHHSIMH U NPUMEHHTE UX JUIsl PeJaKTHPOBAHHUS KaKOU-J1H60 doTorpaduu.

3. Hayuutech BcTa/aTh BeKTOpHbIe H306pakeHHus1 (B nakete Open Draw) B TeKCTOBbIE IOKYMEHTHI.

4. BocnoJsib30BaBLUIMCh CYLIECTBYIOUIMMH 11a0J0OHAMHU U cripaBouHoil cuctemMoit Open Impress, nou-
roTOBbTE HEGOJIbLIYIO MPE3EHTALIMIO, MOCBALEHHYIO POJIH UMC/Ia B MAaTeMaTHKe.
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5. TloaroroBbTe MpeseHTALMIO, TIOCBAIIEHHYIO 3HAMEHHTbIM MATEMaTHKAM-IOPUCTaM M IOpHCTaM-
marematukam (cM. [Ipunoxenue 1).

6. IloxroToBbTe MpeseHTalHIO, TPEACTABISIOUIYIO OMTMCAHHOE B TeKyIleH IyaBe KHUTH 6a30Boe MPo-
rpamMMHOe oOecreueHue.

§ 5. Cucrema KomnbloTepHoi anre6pbl Maxima

BoJIbIIMHCTBO KOMIMBIOTEPHBIX MPOrPaMM, MpejHa3HAUeHHbIX IS BbIUMCJIE-
HUH, paboTalOT TONBKO C YMCJAOBBIMH BbIpaXKEHHUSIMH, a MoJlydaeMble ¢ UX TOMO-
IbI0 Pe3yJbTaThl SBJSIOTCS TMPUONMKEHHBIMH, TaK Kak TP Ornepalusix ¢ jaek-
CTBUTEJIbHbIMU UUCJAMU MPOUCXOAUT OKpyrieHue. Takue mporpaMMbl He MOTYT
CKJIaJIbIBAaTh MPOCThble IPoGH, MPUBOJS UX K 0OIIeMy 3HAMEHATEeNI0, UJIH OnepH-
poBaThb C CHMBOJIbHBIMHM BblpaxkeHUsiMH. KMIM He moj cuJy, Harnpumep, BOCHOJb-
30BaTbCsl B Mpoliecce npeobpa3oBaHnil H3BECTHBIM TPUTOHOMETPUUECKUM TOXK]Ie-
cTBOM sin® X +cos? x = 1. C HX NOMOILBI0 HEJb3sl TIOJYUHTh XOPOIIO H3BECTHBIE
M3 WKOJbI (hOPMYJIbI /151 KOPHell KBaApaTHOTO ypaBHeHus ax” 4 bx +c¢ = 0 uiu
HAITH NPOU3BOHYIO OT BYHKIMH y = x2. JIs pelueHus NoA0GHbIX 3aay Cyllle-
CTBYET CleluabHbli KJacc MporpaMM, Ha3biBA€MbIX CHCTEMaMH KOMIMbIOTEPHOH
aareO6pbl, K KOTOPbIM OTHOCSITCS, B yacTHocTH, Mathematica, Maple, Reduce u
Maxima.

Mbl yxxke BUZIeIM B TIepBOM IVIaBe KHWTH, KAK C [OMOLIbIO CBOGOMHOH MPO-
rpamMmbl Maxima MoKHO aBTOMaTH3MpOBaTh MpocTefiline 1eHCTBUS HaJl Ydcsa-
MH, pelliaTb ypaBHEHHS, BBIUMC/SATD CJO0XKHbIE MPOLEHTHI U JlesaTh ajnrebpande-
cKue rpeoOpasoBaHus. B nocsenyouyx riaBax KHUMH Mbl [1POJEMOHCTPHPYEM
HEKOTOpble M3 JIPyrHX €€ BO3MOXKHOCTEH: MocTpoeHue rpaukoB (HYHKIHMH, Bbi-
uhCJIeHHe TIpeiesioB, THddepeHIIMpOBaHHe W UHTETPUPOBaHHe (YHKIMI, paboTy
C BEKTOpPAMH M KOMIJIEKCHBIMH UHCJIAMH.

v xmaxima =B %
Hle Edit Options Maxima Help
’ (C1) =]
/
File| Back | Forwani | Editl Optinnsl Un: ||ﬂ|e:ffusrishm ef 5.9.0¢/ intra.html

Maxima Primer

Maxima is a computer program for doing mathematics calculations, symbolic manipulations, | /
\ [T

Puc. 54
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3
a

Maxima siBjisieTcsl «ITOTOMKOM» OJIHOH W3 MEPBbIX CHCTEM CHUMBOJIbHBIX Bbl-
yucsenuit Macsyma, pa6orta HajJ KOTOpOH HauaJoch ellé B KOHILe LIeCTHIeCs -
ThIX TOJIOB JBaAUATOr0 Beka. CTaBliMe BIOCJAEACTBUU LIMPOKO H3BECTHBIMH CH-
CTeMbl KOMIbloTepHOH anre6pbl Maple 1 Mathematica Takxxe MHOTHM 06s13aHbI
OTKPBITBIM HCXOHBbIM TekcTam Macsyma. B Hacrosiiee Bpems Maxima, pac-
npoctpansiemMasi Ha ycsoBusx Julen3un GPL, siBasiercsi 6e3yc/I0BHBIM JIHAEPOM
cpenu CBOOOJHBIX CHCTEM KOMITbIOTEPHOM areOpbl U JOCTOMHBIM KOHKYPEHTOM
CBOMX MPOIpPUETAPHBIX aHasoroB. Hapsiay ¢ 60JbIIMHCTBOM APYrUX CBOOOJHBIX
npoaykToB, Maxima MoXeT HCMoJb30BaThCsl Ha KOMITbIOTEPAX KaK C orepaui-
oHHOH cuctemoii Windows, Tak u ¢ Linux. BHemnuit Bug nporpamMmbl B cpe-
ne Windows mokasan Ha puc. 54. Tak e BHIMISAUT rpaduueckasi 06oJj0uKa
xmaxima B OC Linux.

* Help * - M3
Dattn Pepakruposats Berasute Tekcr Popmar Hokyment Buxm Wap Hucrpymentm [lomome

CoadEeax smEpbalkag | HasdO
= EE | | ESVSNaFR

'@ Welcome to GNU TEXyacs %@

Puc. 55

Heckonbko Gosiee yno6HbIH HHTepdelc K cucTeMe Maxima npejocrabJisier
nporpamMma texmacs (puc. 55), poctynHasi ToJbKo noJb3oBatensm OC Linux.
BaxxHO OTMETUTb, UTO BO3MOXKHOCTH CAMOH CHUCTEMbl KOMIBIOTEPHOH ajrebpbl
He 3aBUCAT OT UCIOJIb3yeMoH rpauueckoil 060/10UKH (xmaxima uiau texmacs).

OcHoBHOe OT/IHUMEe — BHUJI, B KOTO-
POM BBIBOJUTCSI Pe3yJbTaT BbIUHC-
xmaxima texmacs Jenuit. B Tabauue 27 nokasan Bbl-
2 BOJIl KOMaHjabl expand((a+1)~3),
+3a +3a+1 a’+3a%+3a+1 packpblBatolllell CKOOKH B BbIpake-
nun (a + 1)3, B 9TMX ABYX 060J10u-

Kax.

Tabuuua 27

O6oJi0uka xmaxima npeiocTasJ/ser MoJb30BaTe/0 [1Ba OKHA. BepxHee u3
HUX (OHO MHHHMH3HPOBAHO Ha pHc. H4) mpejHa3HaueHo Uil BBOAA 3aJlaHUH W
BbIBOJIA T10JIyUaeMbIX CUCTEMOH pe3yJbTaToB, a HUXKHee MO3BOJISIET MPOCMaTpHu-
BaTb CIPaBOYHYI0 HH(OPMALMIO MO CHCTEME C TOMOLIbI0 BCTPOEHHOro Opay-
3epa. Menio «File» naér Bo3MOKHOCTb MpepBaTh 3aTsHYBLIMECS BbIUMCJEHHS
WJIH OCYLLECTBHTb TPH HEOOXOJMMOCTH MOBTOPHBIH 3alyCK CHCTEMbl, a MEHIO
«Options» nossoJsisier y6paTh U BHOBb OTKPHITH (C momolibio nyHkTa «Toggle
Browser Visibility») nu:knee okHo Opaysepa co crpaBouyHoH HMH(opmalmed,
BbIOpaTh WIPUPT (MyHKT «Fonts») ¥ HACTPOUTb HEKOTOpbLIe Jpyrue napamer-
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pbl, BaUsiiolie Ha (opMmy BbIBoJa HWH(oOpMalmu. BBOIUTH KOMaHbl MOXKHO
cpasy mnocJjie crapra cucteMbl. Ha

puc. 56 mokasaH mnpumep pabo- [V xmaxima - B
Thl ¢ 000JiI0YKoH xmaxima. Kax- File Edit Options Maxima Help
Jast W3 BBOIMMbIX KOMAHL HyMe- ||Feiy= o G g o

pyeTcsi: MepBOH M3 HHX TPUCBaH- 059 a2 P
Baercs «Mmerka» (C1), BTOpod — 02y 1/2+1/3;

(C2) u .. PesysbraTbl Takxke Hy- || pgy -

MepyloTCsl, MPH STOM BMECTO CHM- ||| ., 6

BoJ1a C (command) npumensiercst D

(display). JTroGas u3 BBEEHHBIX KO- |] [
MaHJ1 M KaxK/blil U3 TIOJTyUeHHbIX pe-

3yJIbTATOB MOTYT ObITb MCIOJb30BA- Puc. 56

HbI B a/IbHeNLIeM: /151 TOBTOpa KO-
MaH/ibl JOCTAaTOUHO BBECTH JIBa anocTpoda H e€ MeTKy, HanpumMep >°C2 uau >’D2, a
CUMBOJ % (TIPOLEHT) MO3BOJISIET 00PAaTUTbCS K MOCIeHEMY pe3yJibraTy. Buimos-
HEHHEe KOMaH/bl HAYHHAECTCS TOJIbKO I10CJ/Ie BBOJAA TOUKH C 3aNATOH M HaxKaTHs
Ha KJaBullly Enter.

B o6osiouke texmacs ais Hauaja paboTbl HEOOXOAMMO BbIOpATb B MEHIO,
pacKpblBarollleMcsl 110c/Ie HaxKaTHsl Ha MUKTOrpaMMy ¢ H300paKeHHeM MOHH-
Topa, nyHkT «Maxima». TosibKo 1ocJ/ie BbINOJHEHHS 3TUX JEHCTBUH Ha 3KpaH

Oy/leT BbIBe/IeHa CripaBouHasi MH(opMaLMs U MeT-
rv no name

ka (C1). Ilpu pabore B 310l 060J0UKE HCTOJB30-
BaHHE TOUKH C 3aMsTON B KOHLLE KOMaH/1bl He sIBJIsI-

@aiin PemakTuposars BerasuTts !

etes o6ssatenibiv. [Tpepsath Buimonnenue sa- 0 il & @ 68 X | & (&

TAHYBLIUXCS BbIUHUCJIEHUH U OCYULECTBUTb MMOBTOP- I
— PEpBaTh BRINONHEHHE

HbIH 3aMyCK CUCTEMbl MOXKHO C MOMOLLbIO MUKTO-
rpamm, U300paxkatolmx N10poKHbIH 3HaK «Stop» " IFHEL R
¥ HOXKHMIIbI, pa3pesatoliide HUTb (puc. 57), cooT- Qaitn Penaktupoeare Berants

BETCTBEHHO. EC/IM BBl HE COXPaHSUIM Pe3ysbTaThl ¥ &y [l & @ & X |9{; (&

BbIYMCJICHHH, TO TIPH 3aBeplieHHH paboTbl (MeHI0 = 3{,*| IRolE| 9

«®aiin | Sakpeite TeXmacs») obosiouka Haro- |i13aKPHTb ceccumo |

MHHUT 00 3TOM H HOTpe6y€T MOATBEP2KACHHST Bbl-

X0/1a (Bbl JIOJXKHbI OTBETHTb yes). Pue. 57

[pumep 5.1. Boiuncsure, ucnosbdyst Maxima, sesuuunbl (5!)! u (10!)!.

Pewenue. IMocsie 3anycka mporpamMMbl BbIMOJHMM CHayajsa KOMaHmy 5!, KO-
Topasi BeigacT pedysbrat 120 (He 3a6yabTe, UTO MPU HUCTOJIL30BAHUH 000JOUKH
xmaxima B Linux wiu pabore B Windows Heo6Xo MO 3aBepliaTh Kaxiylo U3
BBOJMMbBIX KOMaHJ TOUKOH ¢ 3ansToi). Habpas 3atem %!, mosyuum mnepBoe U3
TpeOyeMbix unces, B kotopoMm noutd 200 uudp. 31ech Mbl BOCMOJIL30BAIUChH
CCBIJIKOH Ha pe3yJibTaT Mpeblayllleldl KOMaHbl ¢ MOMOILbIO CUMBOJIA %.

Jos naxoxnenust uncnaa (10!)! cuavana BBeném komauay10!, pesyJsbraTom
KoTopoil 6yner BesnunHa 3628800, a 3aTeM — BHOBb KOMaHy %! JJsi OJACUé-
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Ta dakTopuasa nocJseaHero uncaa. K coxkanenuto, noctaBieHHoe HaMH 3ajlaHHe
COBpPEeMEHHble KOMIBIOTEPbl 32 HECKOJIbKO MHHYT BbIMOJHHTb He B COCTOSIHHH,
MO3TOMY HaM, BO3MOXKHO, MPUIETCS MpepBaTh BbIMOJHEHHE STOTO 3aJaHUs U MO-
BTOPHO 3aMycTHTb nporpammy Maxima.

[pumep 5.2. Jlis BBOMA M BbIBOAA unces B Maxima oGbIYHO HCIONb3YETCs]
JlecsiTHUHasl cucTeMa cuucsieHusl. YToObl H3MEHHTh OCHOBAHHE CUCTEMbI CUHCJIe-
HHUS1, MPUMEHSIeMOH JI/1s1 BBoJia unces1, Hanpumep ¢ 10 Ha 5, c/ieyeT BBITOJHUTD
KOMaHy ibase:5. Il U3MEHEHHsI OCHOBAHUS CHUCTEMbl CUHMCJICHHS, [IPUMEHS -
€MOH JJI1 BBIBOJIA YHCEJ, HEOOXOMMO M3MEHHThb 3HAueHHEe NMEePEeMEHHOH obase.
Kak nepeBectu ¢ nomonibto Maxima uucsa 9, 15 U 34 U3 1ecsATHUHON CHCTEMBI
CUMCJIEHHS] B LIECTHALIATEPUUHYIO?

Pewenue. [locratouHo BbIMoJHUTE KOMaHy obase: 16. [Tocsie 3Toro nporpam-
Ma OyJeT UCIO0J/b30BaTh /I BbIBOAA BCEX PE3YJ/bTATOB LICCTHAALUATEPUUHYIO CH-
CTEMY CUHCJIEHHST:

(C1) obase:16 (c2) 9 (C3) 15 (C4) 34
(D1) 10 (D2) 9 (D3) F (D4) 22

Oépa"rme BHUMaHHE HaA TO, UTO Mbl HE U3MEHSJIM 3HAUEHHE BEJWUWHbI ibase.

Mpumep 5.3. [TposepsTe ¢ nomorbio Maxima, uto sin’ g + cong =1

PeweHue. Tak kak KoHcTanta m B cucteMe Maxima sanucbiBaercst B Bujie %pi,
TO HaM JI0OCTaTOUHO HabpaTb KoMaHay sin(%pi/3) ~2+cos (%pi/3) 2.

[Mpumep 5.4. Yoemurech ¢ nomolbio Maxima B cripaBeiHBOCTH OCHOBHOIO
TPHUrOHOMETPHUECKOTO TOXKIecTBa sin’ x 4 cos® x = 1.

Pewmenune. Komanaa sin(x) ~2+cos(x) "2, K HallleMy COXKaJI€HHIO, BbIIAET pe-
synprar sin® x + cos®x, a BoBce He 1. JIjsi MOJydyeHHs €IMHMLE HEOGXOAMMO
BBIMOJIHUTL KOMaHy trigsimp (%), ynpoulamollyo 3ajaHHOe TPUTOHOMEeTpHYe-
CKO€ BbIpaKeHue.

Mpumep 5.5. Pemnte kyGuueckoe ypashenue x° — 2x% — 5x = 6 = 0.

Pewenue. Komanna solve (x~3-2*x~2-5*x+6=0,x) cpa3y »xe [euaraer Bce
TPHU KOPHSI HALLEro ypaBHEHHSI:

[x=3,x=-2x=1].

[lpumep 5.6. Pelure ¢ noMolpio cHCTeMbI KOMITbIOTEPHOF! aire6pbl Maxima
CJICYIOLLLYI0 CUCTEMY JIMHEHHBIX YPABHEHUH:

X—=y
2x+y = 3.

Pewenue. Jlnsi peiienusi cucteM ypaBHEHHElH HCIOJIb3YeTCsT Ta »Ke KOMaH/1a
solve, B KOTOPOH HEOOXOIMMO yKa3aTb B KBAJAPAaTHbIX CKOOKAX BCE ypaBHEHMS,

—_—
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BXOJISILIIME B CUCTEMY, U (TOXKe B KBaJIpaTHbIX CKOOKAaX) HCKOMble Hen3BecTHbIe. B
JJaHHOM cJyiyvyae Tpebyemasi KomaHjaa Takopa: solve ([x-y=1,2*xx+y=3], [x,y]).
OtBer OyzieT HaneuyaTaH B CJELYIOLLEM BUJIE:

YnpaxHeHus

1. Kakumu u3 cienyroumx Bo3MoKHOCTel 06J1a/laloT COBPEMEHHbIe CHCTEMbl KOMIbIOTEPHOM aJire-
6pbl: a) YHCJIOBBIE BBIUMCIEHHS C JIOGO0H CTeneHblo TOUHOCTH; 6) CHMBOJIbHOE AU depeHLpoBaHHe
(byHKLHIT; B) HAXOKAEHHE TepBOOOPA3HBIX TPOU3BOJBHBIX (PYHKLHH; T) pellieHHe CUCTEeM YPaBHEHHUI;
J) JI0OKa3aTeJIbCTBO TEOPeM?

2. Vcnonbays BCTpoeHHyt0 B Maxima crnpaBOuHylO CHCTEMY, HAyUHTeCh PelllaTh H3BECTHbIE BaM U3
IIKOJIBHOTO Kypca MaTeMaTHKH THIbl YPABHEHUH M CHCTEM ypaBHEHHH.

3. OObsicHuTe cjlelylolue pe3ybTaThl:

(C1) ibase:S8 (C2) obase:3 (Cc3) 17
(D1) 8 (D2) 10 (D3) 120
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CTO NMPUXOAUTCS CTAJKUBATLCsA ¢ CaMbIMHU pa3HO-

KO M 6 l/l H aTO p H bl e 06pa3HblMl/l 2KMU3HEHHBIMH CHUTYalUUsAMH. Ymenue

aHaJIM3UPOBATh CJIOKHUBIIYIOCS 0OCTaHOBKY, ajie-

Sallaq l/l KBaTHO e€ OlLleHHWBAaTL M JieJaTb NnpaBuJIbHbIE Bbl-

BOJbl ABJIACTCS Ba>XHbIM KayeCTBOM Hqu:)eCCI/IO—
HaJsia. Bo mHornx CJiydasix nmpakThka MpUuBOJIUT K
B HpaKTH‘-IeCKOﬁ JACATEJbHOCTH IOPUCTY Ya- TakK Ha3blBA€MbIM ICOM5L£HCZmOprlM 3adauan.

§ 1. KomOGuHaTopHble 3aJaUud U METO/Ibl UX pelIeHHUSs]

Kom6uHaTopHble 3a7auu 06bIUHO CBsI3aHbI ) ¢ BLIGOPOM H3 IPYMIbI MpeMe-
TOB TaKHX, KOTopble 06J1afaloT 3ajJlaHHbIMH CBOHCTBAaMH, 6) C pacrojioKeHueM
ITHX TPEIMETOB B OMPeeSEHHOM MOPSIIKE U B) C HAXOXKIEHHEM UHC/Ia BCEX BO3-
MOXKHbIX KoMOUHaumMi. Huxke Mbl 06cyknaem crocoObl pellieHusi TAKWX 3aau.

[Ipumep 1.1. Maiiop 3umun exkeHEBHO (DOPMUPYET HAPSL JUIST TIOJUIEPIKAHHUST
00LleCTBEHHOro nopsiika B UeHTpe ropoxaa ptokosa. Hapsin cocTout M3 aByx
ueJIOBEK: CTapllero Hapsiia M JiexKypHoro. B pacnopstkeHMH Mmaliopa HaxoauT-
cs 10 musnumoHepoB. Uto6bl n36eKaTh JIIMTENbHBIX KOHTAKTOB MUJIMLIIMOHEPOB
C HapyLIUTEJIsIMH [PaBONOPsAKA, MAHOp COCTaBJ/seT Hapsl KaxIblil JeHb MO-
pasHomy. CKoJIbKO JHeH Maiiop 3UMHH MOXKET CMaTh CIMOKOHHO (TO €CTb J10 TeX
nop, MoKa Kakoi-HUOYIb Hapsi1 He TIOBTOPUTCS)?

Pewenue. TTpexe Bcero, Maiiop MpoHyMepoBaJl JIMUHBIH COCTAB YHCIaMu 1,
2, ..., 10. Hanee, nocko/bKy OH Obll CTPACTHbIM GOJENbIIMKOM, TO COCTa-
BUJ TabJiuily 28 Harojo0ue TOH, B KOTOPOH O0TMeuas pe3yJbTaThl PyTOOJLHOTO
Ta6snua 28 nepBeHcTBa. Kaxknas kjierka Ha-

XOJIUTCSl Ha TMepeceyeHun CTos0-
Hexyprbiii @ ¥ CTPOKH, HOMEpa KOTOPBIX M
Crapumit | 1 |23 [4|5[6|7[8]9]10 OTPEJIeJISIIOT COCTaB COOTBETCTBY-
1 @ fotero Hapsiaa. [Ipu 9ToM mnapbi

@ Bupa (1, 7) u (7, 1) cuuraiorcs
@ pasHbIMU: XOTSl B HUX JIIOJIU Ofl-
@ HH U Te Ke, HO 00SI3aHHOCTH Y
@ HUX pasHble. KiyeTkn Ha auaro-
HaJM TabJIMLbl He UCIOJIb3YIOTCSH,
@ MOTOMY UTO OJMH H TOT K€ Ueso-
@ BEK He MOXKET ObITh M CTapLIUM, U
@ JIeXKYPHBIM OJIHOBpeMeHHO. Bymy-
UK OT MPHUPOJIbl UETOBEKOM BeCh-
Ma coobpasuTesibHbIM, Mailop 3u-

OO [N ||| W ([N
®

S
®
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MHH 3aMETHJI, UTO B KaXKJIOM M3 JIECATH CTOJIOIOB 3anucaHo 9 BapuaHTOB Hapsia,
nostomy 9 - 10 = 90 nHeit oH MOXKeT crnaTh CMOKOKHO.

[Mpumep 1.2. B Crykose npoucxoaut posro asa YIT B nenb. Ha mecto npo-
MCLIECTBHSI OTIIPABJSIOT ONEpPaTHBHYIO TPYMIY M3 TPEX ueJIoBeK: cJeaoBaTess,
orepaTuBHHKA W 3Kcnepra. B YBJI HecyT cay:k6y 3 cienoBatesnsi, 2 onepaTus-
HUKa W 3 sKkcnepTa. [paduk ux paboThl cocTaB/sieTcst TAKUM 00pa3oM, 4ToObl
KaxKasi ouepesiHasi oneprpymnna oTavyaiach OT BCexX Mpeablaylnx (moka 3To
Oyner Bo3MoxKHO). Tpoe apyseit — cjienoBatesib 3y6oB, onepatuBHUK [Ipoko-
neHkKo u sKcnept 3yJbdus, Bcerna jobuBatorcs yenexa. Kak yacro sta rpynna
nonajiaer B rpack?

PeuleHue. PaccMoTpuM BCeBO3MOXKHbBIE COCTABbI OMEPATHBHON TPYIIIIbI, YUHTHI-
Basi, UTO CJieJloBaTesi MOXKHO BbhiOpaTh Tpemsi crniocodbamu (Cy, Cqy, C3), onepa-
tuBHUKa — nBYyMsi (O u Og), a skcrepra — Tpems (D, o, J3). CocraBum
TaK HasdbiBaeMoe depeso. [1poBeném

M3 HEKOTOpoH Touku A Tpu oTpes- A
ka ACy, ACy u AC3, CUMBOJIM3UPY-
IOLIMX BbIOOP cJaenoBatens. M3 Kon-
LIOB 9THX OTPE3KOB MPOBEJEM I10 /1B
HoBbIx oTpeska C101, C109, Co0y,
..., C309, KaXKplli U3 KOTOPBIX MO-
Ka3blBaeT, KTO H3 ONepaTUBHUKOB
BKJIoueH B orneprpynmy. M3 koHuoB
MOCJIE/IUX OTPE3KOB MPOBEAEM € 5 5 5.5 5 5.5 55,9 5.3.9,9,9.3,9,95
10 TPU OTpe3Ka C KOHUaMHu Dy, o,

3, KOTOpbIE YKa3bIBAIOT Ha3HAUEHHE

B TPYIIY OJHOTO M3 TPEX IKCIEPTOB Pue. 58

(puc. 58).

N3o6pakénnyio Ha puc. 58 cxeMy M Ha3bIBaIOT AepeBoM. Besikuil myThb B1O/b
BETBeil 3TOro JiepeBa oT ero BeplinHbl A K 0/1HOil U3 BeplinH D, Do WK D3 H3006-
pakaeT cocTaB HEKOTOpPOH omepaTuBHON rpynmnbl. Hanpumep, nyts AC2033
1300paxkaeT onepaTUBHYIO IPyIly, B KOTOPYIO BKJOUeHbl caenoBatenb Co, ore-
paruBHUK O] U 3kcnept J3. KosmyecTBo Bcex BO3MOXKHBIX MyTel, paBHOE TPO-
U3Be/leHUIo 3 - 2 - 3 = 18, 1aéT uMcsI0 BCeBO3MOXKHBIX Pa3/IMUHbIX OMEPATHBHbIX
rpynm. [Tocko/sibKy B jieHb Bble3XKaloT JiBe Tpymnnbl, To yepe3 18 : 2 = 9 nnedt
rpyIMiibl HAYHYT NOBTOPsiThesl. MTak, 3natoku (3y6os, [1pokonenko u 3yJsbdusi)
BCTpeUaloTcsl Ha Bble3iax pa3 B 9 nHell.

O] 02

[Mpumep 1.3. B ornenenre musmiumn ropoga BpiokoBa joctaBuim rpakjiaHu-
Ha N, 3ajep>KaHHOIO MO IMOJ03PEHHI0 B XyJsuraHctee. [Ipu 3ToM aexypHOMY
nepejiajiy 3anuMch ¢ MokKasa-
HHUSIMH JIBEHA/IaTH CBUJETE-
JIeH, KaXJbli U3 KOTOPBIX Ha 1 2 3 4 5 6 7 8 9 10 11 12
BOTIPOC, XYJHMIaHWJ TpaxKaa-
HUH N WM HeT, oTBevas Ju-

Tabuuua 29

Ja Ja HeT Ja Jda Jda HeT Ja HET HET HET HeT
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60 «aa», b0 «HeT». B cymaToxe 3anuch notepsiiach, W J€KYPHbIH peLInJ
BOCCTaHOBUTH €€ 110 namsaTu. OH nepeHymepoBaJl CBUETe e U TPOTHB KaXK10T0
HOMepa 3arucalt «J1a» Uik «HeT» (Tabmauua 29). 3ateM 1exKypHbIH 3aCOMHEBAJICS
M COCTaBUJI JIPyryto TabJMLly, KoTopasi uepe3 HeKOTopoe BpeMsi eMy TaKxKe MoKa-
3a/ach HENpaBUJIbHOH. A TaK Kak JIe:KypHbIH OblT UeJOBEKOM OTBETCTBEHHBIM,
TO OH pellinJ nepebupaTh KOMOMHALMK JI0 TeX, OKA He HAWAET NPaBUJbHYIO.

[To 3akoHy, ecjM B TeueHHe JeCATH JHEH M0/103peBaeMOMY He TMpebsBAT
0OBHMHEHME, TIOATBEPKAEHHOE CBUETEIbCKUMU MOKA3aHUSIMU U MHBIMH JIOKa3a-
TeJILCTBAMH, TO ero 00513aHbl 0CBOOOANTL. Dbl JIM BbIMYyLLEH [10/103peBaeMblii,
ecsin 1eXKypHbIH paGoTtas no 6 yacoB B JieHb, HA COCTaBJEHHE OJHONH KOMOMHA-
LMK TPATHJ OJIHY MHHYTY, a NpaBWJIbHAs KOMOMHALMS OKa3aJach MOCJeIHEN U3
BCEX BO3MOXHbIX?

PeweHnue. Uucso cBuieresieil Tak BEJIMKO, UTO COCTaBJieHHe TabJHIbl (KaK B
npumepe 1.1) uau rpaduueckort cxembl (kak B puMepe 1.2) 66110 Gbl CAUIIKOM
Tpynoémko. [lostomy o6oiiiémesi TONBKO JIOTHUECKUMH paccyXaeHusiMu. Ecin
Obl cBUAeTeNb OblI OIMH, TO ObLIO Obl BCEro JBa BapHaHTa OTBETA: «JAa» HJIH
«HeT». Ecau O6bl cBUeTesell ObIIO 1BOE, TO PA3JUUHBIX BAPUAHTOB OblIO Obl 4:
«lla—MIa», «Ja—HeT», «<HeT—Ja» U «HeT—HEeT». EcJii Obl ObIIO TPH CBUIETES,
TO UYMCJO BapUAHTOB MOJYUMJIOCH Obl 8, TaK KaK K KaxKIOMy M3 TMpeblaylnuX
YeTbIPEX MPHIIIOCH Obl J06aBUTh JIMOO «Jla», JIMOO «HET» U3 MOKa3aHUi TPETbero
CBUJETEJIS.

Takum o6paszom, npu 106aBJAEHHH OJTHOTO CBUETEJS YHCI0 BAPHAHTOB y/IBA-
MBAeTCs: YeTBEPO CBHUJeTeNeld naloT 8 - 2 = 16 BapuaHTOB, MATh CBUETENEH
nator 24 . 2 = 25 papuantos, u T. 1. JlBeHamuath ceuuetenei aanyt 22 = 4096
BapuaHToB. Mrtak, nocnennuit — HyxKHbIIl BapuaHT nosiutcst uepes 4096 mu-
HyT paboTbl. DT0 68 yacoB 16 MuHYyT, uTO GoJiee OJMHHAMIATH PaGOUUX JIHEH.
CuaenoBatesibHo, rpaxkaanud N okasaJgcsi Ha cBoGoJIe.

YnpaxHeHus

1. B typuupe npunumaior yuactue 6 komanja: Ilunamo, Cnaprak, Topreno, JlokomoTuB, XumukK,
Bosra. Kaxnast napa kKomaHj MpoBOJUT JiBe BCTPEUH — Ha CBOEM roJie U Ha uy:koM. Hatiaure
YUCJI0 BCEX MaTyeH.

2. B 3a6ere yuactByer 5 crioprcMeHoB. CKOJIbKMMU ClIoco6aMK MOXKHO MPeJICKa3aTh pacripeselie-
HHUe MepPBBIX TPEX MECT, CUMTasl, YTO MOGEUTENH TTOKA3bIBAIOT Pa3HOe BpeMsi?

3. 3amok cefiha oTKpbIBaeTCS, ey HabpaHa npaBu/bHAs KOMOUHALUS U3 ueThipéx wugp ot 0 10 9.
[TpecTynHUK NbITaeTcsi OTKPLITH ceidy, rnepebupasi pazsiuunbie BapuanTbl. Halinure Haubodibliiee
BO3MOKHOE UHMCJIO OE3YCIElIHbIX TOMBITOK.

§ 2. KomOuHaTopHble npaBuia

B npenpiyiiem naparpacde Mbl 06CYIM/IM TPH 33724, B KaXKJI0H U3 KOTOPBIX
3aHUMaJIUCh PACUéTOM UucJa onpeieéHHbX KomOuHaui. Celiuac Mbl 3anuiiem
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obuye hopMyJibl AJi pellieHus 3ajaad nogo6Horo tuna. B Hanbosee obliem BU-
Jle pellieHue MepPBOK 3ajlaud BLIMISJUT Tak. [1ycTh TpeOyeTcs BLIMOJHUTD MOC/e-
JIOBATEJIbHO JIBa JIEUCTBUS (HAmpuMmep, MepBoe JAeHCTBHE — BBLIOOP CTapllero
HapsiJia, BTOpoe — BbIOOP JIEXKYPHOTO).

[IpaBuao ymHOXeHUs. Ecau nepsoe delicmsue MOICHO Ocyujecmaunmos m
paASAULHbIMU CnOCODaMU, a 8MOpoe — N PA3AUUHbBIMU cnocobamu, mo oba
delicmeus MONCHO BOLNOAHUMb 1M - 1 PASAUUHBLML CROCOOAMLL.

Ato npasuao obobIaeTcs U HA OOJbliee yncao aercTBui. as Tpéx mefi-
CTBHH OHO 3BYYHT TakK: MyCTh TpeOyeTCs MOCJeN0BaTENbHO BIMOJHUTD TPH Jei-
CTBHUSI, MPUUEM TepBOe JIEHCTBHE MOXKET ObIThb BBIMOJHEHO /71 crocobaMu, BTO-
poe — n cnocob6amu, U TpeTbe — kR crocobamu. Torna Tpu NeHCTBHS MOXKHO
BBITIOJIHUTD 1M1+ 11-k crioco6amu. [1o 3ToMy npaBuiy Mbl peliuiv BTOPYIO U TPEThIO
3ajaud. [Ipuuém B TpeThet 3anaue 12 nelCTBUH, U KaXK/I0€ U3 HUX BBIMOJHSETCS
JByMS1 criocobaMu («1a» W «HeT»), MOITOMY OTBETOM SIBJISIETCSl MPOM3Be/leHHe
2.2.2....-2 — pcero 12 comuoxutesiei, To ectb 212 = 4096. Tabsmua u Jiepe-
BO, C TIOMOLIbIO KOTOPBIX Mbl pellaJii nepBble J1Be 3a/1auM, OMUCHIBAIOT MPABUJIO
YMHOKEHHSI B HEKOTOPOH crielindpuueckoil hopme.

[lpumep 2.1. AGonent 3a6bu1 aBe noceanne HHppPb HoMepa TesehoHa U me-
pebupaeT BCe BO3MOXKHbIE BAapHaHTHI MocJ/e10BaTe]bHO. KakoBo HauboJbliee
BO3MOKHO€ YHCJI0 Ge3yCrelIHbIX MONbITOK a00HeHTa?

PeweHue. Mbl MOXKeM CBECTH KaxK/Iyi0 MOMNbBITKY aG0HEHTa K JIBYM JeHCTBHUSIM:
Habop nepBol 3a0bITOH LUQPHI (MepBoe JelcTBUE) U HAaOOp BTOPOH 3a0bITOH
ungpsl (BTopoe neiictue). Ha mucke anmapara Bcero necsath uugp: ot 0 1o 9.
[TosTomy Kak nepBoe, Tak U BTOpOe JEHCTBHE BBIMOJHSIOTCS JECATHIO CIOCO-
6amu. [lo mpaBusy ymHO)KeHUsi HaubOJblllee UUCJO BCEBO3MOXKHBIX CIMOCOOOB
nHa6opa aByx uuep pasHo 10 - 10 = 100. AGoHeHT 3akaHuHBaeT nepeGop, ecau
ouepejiHas MOMbITKA 0KaldaJsach yaauHoh. CiaenoBatesbHO, HAaHOO0JIblIee BO3MOXK-
Hoe yucyo Gedycrneninbix nonbiTok papio 100 — 1 = 99.

[Mpumep 2.2. Dk3ameHaMOHHbINH GHJIET COMEPIKHUT JBA BOTIPOCA, a UHCJIO BCEX
6usetoB paBHo JBajauatd. CTyJleHT 3HaeT oTBeThl Ha 20 BOMPOCOB Mporpam-
Mbl. KakoBbI 1IaHCHI TOJTYUUTh MOJOKHUTENBHYIO OLIEHKY, €CJIM OHA CTABUTCS MPH
YCJIOBUH, UTO CTYJEHT OTBETUT XOTs Obl HA OJMH BOINpoc OujeTa, a yucao Ouse-
TOB, KOTOPbIE CTYJEHT 3HAET MOJHOCTbIO, PABHO BOCHMHU?

Pewenue. V3 20 usBecTHbIX CTYyAeHTy BOMPOCOB 16 cojepKarcst B BOCbMH
«CYyacTInBbIX» Ouserax. CusenoBartesnbHo, ecTh ellé 4 6ujera, copepKallux Mo
OJITHOMY M3BECTHOMY CTy/eHTYy BOIpocy. Takue OuJieTbl HA30BEM «HOPMaJbHbI-
MH». YCHeELHbIH UCXOJ K3aMeHa oOecliedeH, eCJM CTYAEHTY AOCTAaHEeTCs WJIH
«CUACTJIUBBIH» OWJIET, UM «HOPMaJbHblil» OGujer. Obllee YUCJO TakuX OuJie-
TOB paBHO 4 + 8 = 12. Takum o6pa3oMm, CTy/IleHT HMeeT JIBeHa/llaTh LIAHCOB U3
JBAJILATH.

[Ipu pelreHun 3TOH 3ajauM Mbl HCIOJB30BAJIM TAaK Ha3blBaeMOEe NPABUANO
CAOJCeHUsL, KOTOpOe B 00LLEeM BHE MOXKHO chopMyJMpPOBaTH TaK.
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[MpaBus0 cloXKeHUs. Ecau 0sa delicmaus 83aUMHO UCKAIOUAIOM Opye Opy-
ea, NpuU1ém 00HO U3 HUX MONCHO BbLNOAHUMb M cnocobamu, a dpyeoe — n
cnocobamu, mo umeemcs m-+n cnocobos ocywecmsuno xoms 0ol 00HO U3
amux deticmsuil.

B nauem [IpuMepe rnepsoe I[eﬁCTBI/Ie COCTOMT B TOM, UYTO CTYIEHT BbI6HpaeT
CUACTJIMBbIN GHJIET, BTOPOE — B TOM, UTO OH BbIOMpaeT HOPMaJbHbIH OUJIET. DTH
JIEHCTBUSI B3AaUMHO HCKJIOUAIOT JAPYT JIpyra, Tak Kak CTYJEHT MOKeT BblIOpaTh
TOJIbKO OJIMH GHJIET.

[Mpumep 2.3. M3 nBaauati BOCbMH KOCTEH JOMHHO CJy4aiiHbIM 00PA30M Bbi-
6upatot 1Be. BoibpaHHas napa HasblBaeTCsl yAaUHOH, ecid 00e KOCTH COepKaT
oiHO U TO e uucJgo. (Hampumep, koctn 2—5 n 5—6 comep:kar ofHO U TO XKe
uncy10 5.) CKOJNbKO BCETO CYLIECTBYET ylauHbIX KOMOWHALMI?

PeuweHune. Mei periinm 3ajauy B MpejroioKeHH , UTO MOPSIIOK BEIGOpa KOCTEH
SIBJISIETCS] CYLIIECTBEHHBIM. DTO O3HAUaeT, HaNpUMep, uTo napa 2—5 u 5—~6 or-
Jquuaercst ot napbl 5—6 u 2—>5. PacemoTpum 1Be McK/IIOUalolife Ipyr apyra
BO3MOKHOCTH: 1) nepBasi BbIOpaHHast KOCTb siBjisieTcst ay6JeMm; 2) nepBast KOCTb
He sIBJIsieTCsl yOJieM.

Jonyctum, uro BeiOpan ay6ab (1, 1). Torna cpenu ocraBuinxcst KocTel uMe-
eTcsl POBHO 6 TakuX, KOTOpPble BMECTe C HUM COCTaBST yIauHYl0 KOMOHHALMIO:
(1, 0), (1, 2), (1, 3), (1, 4), (1, 5), (1, 6). Uncso Bcex nMopoOGHBIX KOMOUHALIMI
MOXKHO HAHTH, UCMOJb3Ysl PaBUIIO YMHOKeHUs1. JleficTBUTEIbHO, 1yOJb MOXKHO
BbIOPATh CEMbIO Pa3JIMUHBIMK cllocO6aMH, a nocJje Bblbopa KyOJist BTOPYHO MOAXO0-
JISILLYI0 KOCTb MOXKHO BbIOpaTh 1liecThio crioco6aMu. Takum o6pa3oM, MOJyuUTCs
Bcero 7 - 6 = 42 KoMOGUHALMH.

Tenepb paccMOTpUM BTOPOI BO3MOXKHBIH CJlyuaid, KOTja nepBasi BhiOpaHHas
KOCTb He siBjisieTcst nyOsiem. Takux kocteil Bcero 21. Ecan nepasi kocTh, Ha-
npumep, (6, 2), To ynauHyio napy ¢ Heil oOpasyloT 1IecTb KOCTel C 1IeCTEPKOH
U 11eCTb KOCTeH ¢ JBOHKOH, TO ecTh Bcero 12 kocred. [1o npaBusy yMHOXKeHHUS
UMCJIO BCeX KOMOMHALMN Mojo6HOro THNa paBHo 21 - 12 = 252.

JIBe paccMoTpeHHble BOSMOXKHOCTH (11epBast KOcTb — j1y0Jib, MepBast KOCTb —
He 1y6Jib) B3aHMHO MCKJIOYatoT Apyr apyra. [TosTomy rno npaBuJy c/oxeHus Ha-
XOJIUM, UTO YHCJIO BCEBO3MOXKHBIX yAaUHbIX KOMOUHALMI OyjeT 42 + 252 = 294,

3ameuaHue. Mbl peliau 3ajauy B MPeANooKeHHH, YTO MOPSIIOK BEIGOPaA KO-
CTell sIBJIsleTCsl CcyllecTBeHHbIM. Ecsin nopsiiok KocTel B nape He siBJsieTCs Cy-
1IECTBEHHBIM, TO OTBeT OyJeT 294 : 2 = 147.

[Tosib3ysich MpaBUJOM CJI0XKeHHs], He 3a0bIBalTe 0 TOM, UTO paccMaTpUBae-
Mble JI€HCTBHS JIO/KHBI B3AHMHO MCKJIOYaTh APYr apyra. B npotuBHOM ciyuae
MO2KHO TOJIyUHTh OLIMOOUHbBIE BBIBOJIBL.

[lpumep 2.4. B crynenueckoii rpyne 20 yesioBek, u3 Kotopbix 10 sanumaorcst
TEHHHUCOM, 8 — BOJIHBIMHU JIbI)KAMM, OCTaJIbHblE CIIOPTOM He 3aHumatotcs. Jlisi
NoCJeJHUX MPOMKOM BblIesI 2 TyTEBKH B MpoduiakTopuil. CKOJbKO CTYJIEHTOB
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¢ oc/s1abJ/IeHHBIM 3/I0POBbEM He MOEyT B MPO(HUIAKTOPHI, €C/IH U3BECTHO, UTO B
9TOM rpynmne 4 cTy/leHTa 3aHUMAIOTCS IByMsl BUJIaMH criopra?

Peuwenune. Ha nepsbiii B3ruisiz, Bce 20 CTy€HTOB IPYMIlbl OXBAY€HbI 030POBH -
TeJIbHON JlesiTesibHOCTbI0. [efictBuTesbHO, 10 urpaior B TeHHHC, 8 KaTaloTcsl HA
JIblKAX, J1BOE MOMNPaBJSIOT 310poBbe B npocunakropur — eero 20. Ho uetBepo
CTYZIEHTOB 3aHUMaeTCsl ABYMsI BUAMH CIIOPTa, MOSTOMY Ha CaMOM JleJie pacKJa
OylleT TaKoH: YeTBepO 3aHUMAIOTCs JABYyMsl BuaaMmu crnopra, 10 —4 = 6 ToJbKo
UrpaloT B TeHHUC, 8 — 4 = 4 — TOJIbKO KaTaloTCsl Ha BOJHBIX JblKaX. Takum
o6pa3oM, 3aHuMatoTcs cnoptom 4 + 6 + 4 = 14 yesoBek, He 3aHUMAIOTCS CIOP-
ToMm 20 — 14 = 6 yenoBek. CJieoBaTesibHO, 6 — 2 = 4 cTyjeHTa ¢ ocjabaeHHbIM
3/10pOBbEM He TOeIyT B MPOHIaKTOPHH.

[IpaBuao BKJAIOYEHUI U UCKIIOYEHUH. [Tycmb nepsoe delicmsue MOMHO
BOLNOAHUMb M PASAUUHBLML CNOCOOAMU, @ 8MOPOe — N PASHbIMIU CHOCOOA-
MU, npu4ém cpedu amux m-+n cnocobos umeemes k maxKux, npu Komopolx
BLINOAHAIOMCA U nepsoe, u smopoe Odelicmsusa. Toeda no kpatinei mepe
00HO U3 Imux delicmauil MOWCHO BbLNOAHUMb M + 1 — k cnocobanu.

B paccmorpenHol 3anaue o nMyTéBKax repBoe JIEHCTBHE COCTOUT B BhIOOpe
TEeHHUCHUCTA, BTOPOE JIelcTBHe — B BbIGOpe JibRKHUKA. [1o chopmyupoBaHHOMY
BbIllIe MPABUJTY, YHCJIO BCEX CMOCOOOB BHIOPATh U3 JTAHHOH TPYMITbI CIOPTCMEHA,
TO €CTb YUHCJIO BCEX CIOPTCMEHOB B rpyrne, paBHo 10+ 8 — 4 = 14.

Mal o6cyK1au moka J0BOJIbHO MPOCThle 3aaaun. MX MoxKHO pelinth U 6e3
crieliMaabHOM NOArOTOBKH, UTO B KH3HHU 4aCTO W MPOUCXOJUT. JlOCTATOUHO UMETh
SICHYIO TOJIOBY M HEMHOTO BpPeMeHH JI/Isl TOTO, 4TOObI He crielia 00yMaTh CUTya-
M0, pa3o0paThCs W MOJYUUTh NMPaBUJbHBLIN OTBeT. [{J1si uero »xe Torna a0Kasbi-
BaTb TEOPEMBI, MUCATh CJOXKHbIE (POPMYJIbI U T. 1.7

Otset npoctoii. J)Ku3Hb CTaJKHBAET HAC H C BECbMA CJOXHBIMH 3aJlauaMu, U
MO3TOMY BaXKHO MMeTb HaGOp HHCTPYMEHTOB JJIsl UX pellieHusi. MaTemaTnka —
OJIMH U3 CaMbIX CHJbHBIX HHCTPYMeHTOB. Ho Bce MaTtemaTHuecKue Teopuu Hauu-
HalOTCS, KaK peuka ¢ pydeiika, ¢ TPOCTbIX UCTHH, KOTOPbIE TIOHATHBI U PeOEHKY.
O6cyXKnasi uX, Mbl IOCTENEHHO YUUMCS pelliaTh U 6oJiee CJ0XKHbIe 3a/1aU. YKe B
caeaytolieM naparpade Mbl YBUAHM, KaK HEOOXOJMMbI CTPOTHE JIOKA3aTeNbCTBA
Jlaxke TIPU pellieHrH, Ka3aaoch Obl, BeCbMa MPOCThIX 3aj1ady.

YnpaxHeHus

1. Hekro Hanucas 6 HOBOrOJHUX MO3JPaBJAEHUI CBOMM JIPY3bsiM, 3aTe€M B35/l 6 Pa3HbIX KOHBEPTOB

1 pas3JiozKKUJI OTKPLITKH 10 KOHBEpTaM Hayaauy. KakoBo uHCJ/I0 BceX BO3MOXKHBLIX KOMOWHALMH?

2. B HEKOTOPBIX CTpaHax pe6éHKy JIA0T HECKOJIbLKO UMEH. CKOJILKUMH crioco6aMu MOYKHO Ha3BaTh

MaJIbuiKa, ec/id eMy JaloT He GoJiee TPEX UMEH, a BCEro Pas/iMUHbIX MYKCKUX HMEH H0?

3. B otnene tpymarcs 12 topuctoB. M3 HuUX 8 uyesioBeK BJALCIOT AHMVIMICKHM SI3bIKOM M 6 —
HeMeUKHUM. ECTb si1 B oT/e/e COTPYAHUKH, He 3HAIOLIMe HHOCTPAHHBIX SI3bIKOB, €CJIH 3 COTPYAHHKA

MOTYT F'OBOPHUTb U MO-HEMEUKH, U Mo-aHIVIMACKU?
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§ 3. MeToa MatemMaTM4eCcKOW MHAYKLIMH

Mb1 paccmoTpenn HeKOTOpble KOMOWHATOpHbIE MpaBU/ia, HO B 0OIIEeM BH-
J€ UX He J0Ka3blBaJiu. Memay TEM OIIbITHbIE IOPHUCTbI XOPOLIO 3HAIOT, UTO TaM,
A€ HET J10Ka3aTe/bCTB, HAUMHAETCsA CKOJIb3Kasl JOPO2KKa, KOTOpas MO2KET 3a-
BeCcTH Kyja yroaHo. Tak cuutaioT u matemaTuku. Memod mamemamuueckou
UHOYKYUL SIBJSIETCST OJIHUM U3 HanOoJiee YHUBEPCATbHbIX METOIOB MPOBEIEHHS
MaTeMaTHuecKuX JaoKasaresabcTB. CyThb €ro 3ak/iouaercst B CJAe/IyIOLIEM.

[pennoxenue 3.1. Jokasxcume, umo 0is 106020 HAMYPALLHOCO YUCAL
n cnpasedauso paseHcmso

_ n(n+1)

l+24+3+...+n 5

()

Jloka3areabcTBO. Jlerko npoBeputhb, uTo 3Ta hopmyJa 1aéT MpaBUIbHbIN pe-
gyabraT npu n = 1, 2, 3, 4. Ho eé HeBO3M0O:KHO MpPOBepUTH I BCex 3Haue-
HUI 71, TaK KaK MHOKECTBO HaTypaJibHbIX unces 6eckoHeyHo! Kak ke nokasath,
YTO yTBEpPIKAEHHE BEPHO /sl JIOOBIX 11, HE MPOBEPSis 3TOrO HEMOCPEACTBEHHO?
OkasbiBaeTcsi, uTo JIOCTAaTOYHO: A) TPOBEPUTH JITaHHOE YTBep:KIeHHe NpU 1 = |;
B) 3aTem, npeanosioxuB, 4To OHO BEPHO MpU 1 = kR, JloKa3aTb, UTO OHO BEPHO
npu n =k + 1. B 3ToM U cOCTOUT MeTO/I MaTEMATHUECKOH MHIYKIIHH.

Yenosue A) nast popmyaibl (1) mpoBepsieTest MOJACTAaHOBKOH B Heé€ 3HAUEHHST

I (1+1)

n =1, uto naér ToxaecTBo | = . Teriepb npearnosoxkum, uto dopmy-

2
Ja (1) BepHa npu n = k, TO ecThb CNPaBeJIMBO PABEHCTBO
k(k+1
1 4+243+.. . +k= %

v jl0KaxeM, uto dopmysia (1) BepHa npu n =k + 1, To eCTb, UTO BBINIOJHSAETCS

PaBEHCTBO

(k+1)(k+2)
2

ﬂeflCTBI/ITe.HbHO, HCII0JIb3Ys1 MPEATNIOJ02KEHHE, TTOJyHaeM:

1 4+243+... +k+(k+1)=

k(k+ 1)
2

(k+1)(k+2)

14243+ +k+(k+1)= t(k+1)= 5 ,

uTO U TPeGOBAJIOCh JI0KA3aTh. g

[pennoxenue 3.2. Jokaxcume, umo npu 1060M HAMYPANLHOM 1 HUCLO
8" — 1 deaumcea na 7.

Jloka3areabcTBo. [Tposepum ycaosusi A) u B). [ToacraBus B 3ajanHoe Bbipa-
»Kenue 8" — 1 BMecTo 7 uncjo 1, moayuum 8 — 1 = 7. DTo uucaI0 JeauTCs Ha 7,
TO ecThb ycaosne A) Bbinoansietcs. Teriepb gonyctum, uto 8% — 1 nenutes Ha 7,
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1 MOKaskeM, uTo B TakoM cayuae u 8+ — 1 takske nesmnrest na 7. [TpeoGpasyem
nocJiejiHee BbipaXKeHHe Tak:

ghtl =gkt gk gk 1 =88 — 1)+ (8 —1)=8".74+ @8 —1).

B pesysbrate npeoGpa3oBaHuii Mbl MOJYYHJIH CYMMY JIBYX CJaraeMbiX, KaxK-
JI0€ U3 KOTOPBIX JIe/UTcs Ha 7. JleficTBUTENbHO, MepBoe cjlaraeMoe HMeeT MHOXKH-
TeJb 7, @ BTOPOE JIGJIUTCS HA 7 TIO MpeanosoxKeHuto uHaykimu. CjenoBaresbHo,
CyMMa TakxKe JleIuTcsl Ha 7. YesoBue B) BbIMoJIHSIETCS, M yTBEP KIeHHE 10Ka3a-
HO. ]

Tenepb MeTo10M MaTeMaTHUECKON HHIYKLMH J0KaxKeM oflilee paBUIIo YMHO-
JKEHHUs (CM. TpeablIyli naparpadg).

Teopema 3.1. [Tycmo mpebyemcs nociedosamesbHo 8oLNOAHUMb N Oeli-
cmauil, npu4ém umeemcs m; cnocobos BvlNOAHUMb nepsoe delicmaue, msy
cnocobo8 evinoaHumy smopoe deiicmsaue, u m.d., HaKoHey, Mm, cnocobos
sulnoARUmMb n-e deticmsue. Obos3nauum yepes S, 4ucio 8cex cnocobos, Ko-
MopobLMU MOHCHO 86lNOAHUMb 1 Oelicmsuti. Toeda

S,=my-mo-... -my. 2)

Joka3areabcTBO. [Ipu 17 = | MbI NosiyyaeM 0OJHO JIEHCTBHE, KOTOPOE MOXKHO
BBIMOJIHUTB 11 criocobamu. [Ipoussenenue (2) COCTOMT B 3TOM CJlyuae TakxKe
M3 OJIHOTO COMHOXKMTEJISI M|, CJeloBaTe]bHO, ycaoBHe A) BbinosiHeHo. Jlasee
JIONyCTHM, uTo opmysa (2) BepHa aisi 1 = k NelCTBHIL:

Sk:ml-mg-...-mk. (3)

Jlokaxkem, uTo oHa BepHa st n = k + 1 jeiictBuil. O603HaYNM NPOU3BOJIbL-
HbI BapuaHT BhINOJIHEHUs kR jleficTBUI HaGopoM u3 k uuces. Hanpuwmep, HaGop
(3, 1,6, ..., 5) o3HauaeT BapuaHT, B KOTOPOM [epBOe JeHCTBHE BbIMOJHEHO Tpe-
TbUM CIIOCOOOM, BTOpOe JeHlCTBUe — MepBbIM CIOCOOOM U TaK JaJjee, HaKOHelLl,
k-e jieficTBHE BbIMOJHEHO MSATHIM CIIOCOOOM.

B cayuae, ecaiu BbinoiHstoTCst £+ 1 1eHCTBUI, KaXK/Iblil BADUAHT 3aMUCHIBAET-
csl Kak Habop M3 k+ 1 unces. Ho Besikuii Takoit Habop nosyuaetcst 106aBjaeHHeM
OJIHOTO UMCJIa K KaKoMy-J1M60 Habopy U3 k uucen. Hanpumep, u3 oanoro Habopa
(3, 1, 6, ..., B) MOXKHO MOJIYUHTb TaKHe:

(3,1,6,....5,1), (3,1,6,...,5,2), ..., (3,1,6,....5 mp),

TO eCTb BCEro My BapuaHtoB. [TosTomy umcsio Bcex croco60B BbIMOJHEHHS
k + | neficTBuii OyneT paBHO

Skt =Sk Mpyy = My - Mo+ oo My My

Takum o6pasom, ycsoBue B) Toxe BbinoJiHsercs. Teopema JlokasaHa. |



§ 3. MeTtoa MaTeMaTHueCKON UHAYKLUH 135

[Ipumep 3.1. B kosione 36 kapr. Haynauy Bbinumator 3 kaprol. KakoBo uuciio
BCEX BO3MOXKHbIX HAO0POB U3 TPéX KapT? CKOJIbKO U3 HUX COZIEP2KAT Mo KpaiHel
Mepe OoJIMH Ty3? B CKOJIbKHX TPOHKax POBHO OJIMH Ty3?

PeweHue. BoiGop Tpéx KapT MOKHO paccMaTpUBaTh Kak pe3yJsbTaT MoCJIen0-
BATEJIbHOTO BbINOJIHEHUS] TPEX AEHCTBUH, COCTOSILIMX COOTBETCTBEHHO B BhIOOpE
nepBoH, BTOPOH M TpeTbel KapT. Hucso Bcex ¢rnocoGoB BbIMOJHEHHUs MEPBOro
JIEHCTBHUST PABHO YHCJy BCeX KapT, TO ecTb 36. Tak Kak oHa KapTa y:Ke BbIHYTa,
TO YHUCJIO CMOCOOOB, KOTOPBIMH MOYKHO BBITIOJIHUTL BTOpPOE JNEHCTBHE, PaBHO 35.
AHasiornyHo noJiyyaem, 4To umeeTcs Bcero 34 crnoco6a BbIMOJHUTL TPeThe ek~
crBue. [lo nmpaBusly YMHOXKEHHSI UMCJIO BCEX BO3MOXKHBIX KOMOWHALIMH pPaBHO
npoussesieHnto 36 - 35 - 34 = 42840, uto W ABAsIETCS OTBETOM Ha MEPBbIH BO-
npoc.

Mbl nepe6upaeM Bce KOMOMHALIMK, B TOM YMCJE M Pas/Myalolfecs mopsii-
KOM pacrioJioykeHust Kapt. Hanpumep, KoMOMHAUMK BUA «J1ama MUK, Ty3 OybOeH,
KopoJib Tped» U «KopoJb Tped, Ty3 OyOeH, 1ama MUK» CUNTANUCh PA3JIUUHBIMH.

Tenepb Haitném umcio Beex Takux KOMOWHALMK U3 TPEX KApT, B KOTOPbIX HET
Ty30B. BbIKHHEM U3 KOJIO/IbI KAPT Ty3bl U Oy/ieM BbIOHPATh KapThl H3 OCTABLIUXCS
tpunuatk aByx. [losyuaeress 32 crnioco6a BbIMOJHUTE MepBoe jaekcTBHE (BBIGOP
nepBoii KapThl), 31 cnoco6 — BTopoe aelicTBre U 30 cnoco6OB — TpeThe Jei-
cteue. CjenoBaTe/ibHO, Bcero Tpoek 6e3 ty3oB 6yaer 32-31-30 = 29760. Ecau
OTHSITb 3TO UMCJIO OT UMCJa BCeX KOMOMHALMH, TO MOJYUUTCS UUCJIO BCEX Ta-
KHUX TPOEK, B KaXKJI0H M3 KOTOPbIX ecTh Mo KpakHel Mepe oauH Ty3. OHO paBHO
42840 — 29760 = 13080, u Mbl HallJIK OTBET HA BTOPOH BOIPOC.

Yro6bl OTBETUTL HA MOCJEAHUI BONPOC 3a1auyd, PACCMOTPUM MPOLELyPY Bbl-
6opa KakoH-HHOyAb TPOWKH KapT, B KOTOPOH MepBasl KapTa Ty3, a BTopas W
TpeThbsl KapThl — He Ty3bl. [10CKOJIbKY Ty30B 4, TO nepBoe JieiicTBUe (BLIGODP Ty-
3a) ocylllecTBJsieTcsl YeThipbMsl criocobamu. CJjenyiouiasi Kapra BolbUpaercst U3
OCTaBLLUMXCS TPUALATH JBYX KapT, TPETbsl — M3 TPUALATH OfHOH KapThbl. [1paBu-
JI0 yMHOKeHus 1aét 4-32-31 = 3968 BapuantoB. Ho kapTbl MOXXHO BbIOHpATH U
B JIPYTOM MOPsIJIKE: «He Ty3, Ty3, He Ty3» (elllé 3968 BapuaHToB), «He Ty3, He Ty3,
Ty3» (cToIbKO ke BapuanToB). CuieoBatesibHo, Bcero Oyaer 3968 - 3 = 11904
BapHuaHTa.

[TonbiTKa 06OUTH UK «COKPATHTb» METOJL MATEMATUUECKOH UHIYKLMH MOXKET
MPUBECTH K HEMPaBUJbHOMY pe3dysibTaTy. PaccMoTpuM, Harpumep, BbipaxKeHHe
327 — 3" —|. Tonarasi n = 1, nonyunm: 3> —3' —1 =9 -3 —1 = 5 — npocroe
uneno. Ipu n = 2 nomyunm 3* — 32 — 1 = 81 —9 — 1 = 71, 10 ecTb ToxKe
npocroe uncso. [pu n = 3 umeem 35 — 3% — 1 =729 — 27 — | = 701 — onsith
NPOCTOE UUCJIO!

Bosuukaer cobsia3H cuurtaTh, UTO paccMaTpUBaeMoe BblpazKeHHe JaéT npo-
cToe uncsio npu Jooom n. Ho yxke npu n = 4 mbl noayuyaem

3% 3" _ 1 =6561 —81 — 1 =6479 =589 - 11,

TO €CTb HE IMMPOCTOE, a COCTAaBHOE YUCJIO.
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YnpaxHeHus

1. B ornene pabotaer 7 yesoBek. Haiinure uncsio Bcex BapuaHTOB ouepely B Kaccy.

2. CdhopMyupyiiTe U JIOKaXKUTE TIPABUJIO CJOKEHHS Uit 1 IeHCTBHUH.

§ 4. IlepecraHoBKHM

[Ipu pelieHnn KOMOUHATOPHBIX 3aJlau Mbl HMeeM JeJ10 ¢ KOMOUHALUAMU U3
HEKOTOPBIX MPEIMETOB. DTH KOMOMHALMH MOTYT OTJIHUATHCS OJIHA OT JPYroH Ync-
JIOM NPeIMETOB, UX COCTABOM HJIH MOPSIIKOM.

[Mpumep 4.1. B otnesnennn cepxkanrta CopyeBa npoxoasT cayK0y 5 HOBoOpaH-
ueB: benkun, [Tenkun, @enbkuH, CBeukuH 1 OBeukuH. B cBoGoaHOe OT HapsI0B
BpeMs ceprKaHT 06yuaeT UX pacCUUThiBaThCs 1o mopsaaky. [1o komanne «B omny
lIepeHTy CTAaHOBHCH!» COJIIaThl BLICTPanBatoTes cripaBa oT CHpyeBa U Mo KOMaH-
ne «[To nopsinky HOMepOB paccuuTaich!» MPOU3BOAAT PACUET: «MEPBbIH—BTO-
pOH—TpeTHiH—ueTBEpThIH—NAThIi». [Tocse sTOro cepKaHTt nepectpanBaer Ho-
BoGpaHileB Mo-HOBOMY, M pacuér nosropsieTcsi. CKosibko pa3 moxkerT COpyeB
MOBTOPUTb 3TO yMpaKHEHHe, UCIO0JIb3Ysl TOJbKO padHble CrocoObl MOCTPOEHHUS
coJiiar?

Peuwenue. JToroBopumcst ykasbiBaTh MOPSIIOK PACTIOJIOKEHH ST COJIIAT MEPBLIMH
oykBamu ux gpamuauit. Hanpumep, kombunauus [ICODD o3Hauaet, uTo nepBbM
sBasiercst [lenkuH, BropbiM — CBeUKHH U T. 1. Bce KoMOMHAIMK OTIHYAIOTCS OJ1-
Ha OT JPYyroil nopsiakoM OYKB W HA3bIBAIOTCS nepecmano8KamMu U3 NsiTH OYKB.
Hawm Hy»kHO HaliTH umMc/I0 Bcex Takux nepectaHoBok. CHauasia Mbl BbIBEIEM 00-
1yto opmyJy, a TOTOM 3aKOHUMM 0OCY»XKJIeHHe MpUMepa.

Onpenenenue 4.1. [TepectanoBKO#H U3 1 3JIEMEHTOB HAa3bIBAETCS BCSIKHI CITO-
co6 HyMepallu 3THX 3JIEMEHTOB.

Hanowmuum, uto npousBenerue 1-2-...-n = n! Ha3bIBaeTCs1 «3H akTopHas»
u no onpenenenuto 0! = 1. Besmunna n! 6picTpo pacTér npu yBesuuenuu n: 1! =
=1,21=1.2=23'=1.23=6,4=1-2.3-4=24,51=1-2-3-4.5 =120,
6! = 720, 7! = 5040, 8! = 40320, 9! = 362880, 10! = 3628800.

Teopema 4.1. Yucao 6cex paszauurolx nepecmanHoB80K U3 N INCMEHMNOB
pasHo n!.

Joka3zateabcTBO. Besikyio nepecTaHoBKy U3 /1 JIEMEHTOB MOXKHO MOJIYUHTh C
NIOMOLLBIO CJIeYIOLLUX ACHCTBHUH: lepBoe AeHCTBHE — BLIOOP I1€PBOTO 3JEMEHTa,
BTOpOE JIeHCTBHE — BbIOOP BTOPOTo 3JeMeHTa, U T. 1. [1epBblil 3/7eMeHT MOKHO
BbIOpATh 71 PA3JMUYHBIMU CrTocoOaMH; BTOPOH BbIOMpaeTcsl U3 oCTaBlIMXCS 1 — |
3JIEMEHTOB, [TI0TOMY UHCJIO BCEX CIIOCOOOB BBINIOJHEHUS] BTOPOTO AeHCTBUS OyleT
n — 1. Ilocse BeIGOpa BTOPOro 3/eMeHTa UX OCTAaHeTCsl 11 — 2, CJIeI0BATENBHO,
YMCJI0 crnoco6oB, KOTOPIMH MOYKHO BBITMOJHUTB TpeThe NelcTBHe, OyieT n — 2.
Takum o6pasom, unc/10 crnoco6oB, KOTOPLIMH BbIMOJHAETCS OUepeHoe J1ei-
cTBHe, OyleT Ha eIMHHLY MeHblle npebiyliero. CiuenoBaresbHO, UeTBEPTOE
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JIeACTBHE MOXKHO BbIMOJHUTL (1 — 3) cnocobamu, nsitoe — (n — 4) cnocoba-
MH U T.J., HaKOHell, MocJjiejHee JedcTBHEe — oAHUM criocoboM. [To mpasuiy
YMHOKEHHSI UUCJIO BCEX CMOCOOOB BbIMNOJMHEHUS IEHCTBHI, TO €CTh UMCJO BCEX
nepecTaHoBOK, paBHo n(n — 1)(n —2) -...- 1 = nl. Teopema nokasana. O

UucJio Bcex nepecTaHOBOK U3 11 3JleMeHTOB 0603HauaioT P,. Takum o6pasom,
Mbl JIOKa3aJiu, 4To

Py = nl. (4)

Bospaluasicb K paccMaTpuBaeMoMy NpHMepy ¢ HOBOOpaHUAMH, Tie 1 = D,
noJayunm otBer P =95!=1-2-3-4-5=120.

[pumep 4.2. B sa6ere yuactsyior 6 criopremenon. Haiiire uncio BO3MOXKHbBIX
MCXO0JI0B 3a0era, ecjii U3BECTHO, UTO BpeMsl Y BCeX pasHoe.

Pemenune. Kaxapiii ncxon 3abera MOXKHO paccMaTpHBaTh KakK MepecTaHOBKY
M3 LIECTH CHOPTCMEHOB B TOM MOPSJIKE, B KOTOPOM OHH TNMpUOEXaad K (pUHU-
ury. [TosToMy unc/io BCceX HCXOJ0B paBHO YHCJY BCEX MEPECTAHOBOK M3 LIECTH
aJieMeHToB, Pg = 6! = 720.

[Mpumep 4.3. Ha nosiky craBsit 1ecTb pasjiMuHbIX KHUT U KypHast. KakoBo
UHCJIO TAKHX PACCTAHOBOK, MPHU KOTOPBIX »KypHAJ HAXOJUTCS MocepenHe?

Pewenue. [Tpu Kaxa0M BapuaHTe PAaCCTAHOBKH KHHI TPU M3 HHUX HAXOMASTCS
cjleBa OT »KypHala W TpU — crpaBa oT Hero. OJMH BapuHaHT OTJHYaeTcsi OT
JIPYroro MOPsiIKOM PACCTAHOBKH KHHUT. [109TOMY KaX/Iblil TaKOH BapHAHT MOXKHO
paccMaTpuBaTh KaK MepecTaHOBKY M3 1iecTH KHHUT. CJielloBaTesIbHO, UHCJIO BCEX
BO3MOXKHBIX BapHaHTOB OyjieT Pg = 6! = 720.

ﬂpuMep 4.4. CKosbKUMH cnoco6aMU MOXKHO COCTaBHTb BeJOMOCTb AJid Ha-
YHCJIEHUS 3aplijiaThbl, €CJIW B CIIMCOK J10JI2KHbI BOUTHU JeCSITh .}II/ILL?

Pewenue. Tpamuimonnbiii cnoco6 coCTaBjieHHs] BEJIOMOCTH COCTOUT B Mepe-
UMCJIEHUH JIMLL B asipaBUTHOM nopsiake. OTCTYNUB OT HEro, Mbl MOJIYUUM JAPYyrHe
CTOCOObI, KaXK/blil U3 HUX SIBJISIETCS HEKOTOPOH MepecTaHOBKOH U3 JIECATH 3Je-
mMeHTOB. [To3TOMY uMcJIO BCeX COCOGOB COCTABJIEHHS] BEIOMOCTH PABHO UMCJY
BCEX MEPECTaHOBOK M3 JIECATH 3JEMEHTOB, To ecThb Py = 10! = 3628800.

[Mpumep 4.5. B mapuipytHom Takch 12 mect. CKOJILKUMH CIIOCOGAMH MOTYT
3aHsITh UX 12 macca)Xupos, CPed KOTOPbIX 6 MEHCHOHEPOB U ISl HUX OTBEIEHbI
nepBble MecTa?

Pewenue. [TpencraBum cebe nocaaky B TaKCH B BUJIE IBYX jaeicTBHil. [TepBoe
JefCTBHE: 0 CBOMM MeCTaM paccaxKupatoTes 6 neHcHoHepoB. Bropoe neficTue:
Ha CBOM MECTa PacCaxMBaIOTCs ocTasIbHble 6 naccaxupos. Yucesno cnoco6oB Bbl-
TMOJIHEHHST KaxK/10ro M3 3THX AekicTBUi paBHO 6! = 720. [To npaBusy yMHOXKeHHS
yueJI0 Beex BapuaHTtoB nocanaxku 6ynetr 720 - 720 = 518400.

YnpaxHeHus

1.

BrinuiuuTe Bce nepecTaHoBKH U3 OYKB a, b, c.
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2. CKOJIbKO pa3J/IHUHBIX YeTbIPEX3HAUHBIX UHCEJ MOXKHO COCTaBUTh U3 Lp 7, 2, 4, 9, ecin Kaxkaas
Mg pa UCONb3YeTCsl B 3aMUCH UMC/IA TOJNLKO OJIMH pas?

3. C nomoubto uudp 1, 2, 3, 4, 5, 6, 7, 8, 9 3akoaupyiite 6ykeul A, B, I, E, JI, O, C, T, b,
3aMEeHHUB Kaxylo OyKBy Kakoii-HuOyab wudpoi, u 3amudpyiite cioso CJIELOBATEJIb. Kakoso
UMCJIO BO3MOXKHBIX BAPHAHTOB KOjia?

4. JlokaxkuTe paBeHCTBO P, = nP,_|.

5. [lokaxure papeHctBo n!l = (n— k) - (n—k+1)-...-(n—1) - n.

§ 5. Pasmeuenus

[Mpumep 5.1. Onaxkabl yTpom 1o yauuam ropoaa JIpiokoBa Ha BbICOKOH CKO-
pocTu nporecsach MatmHa. OHa cGu/ia 3a3eBaBIIerocsi MOPOCEHKA M CKPBLIACh
B HEH3BECTHOM HarpapJsieHuHd. Bo3Bpalasiiuiicst U3 pectopana xuresb N 3ame-
THJT HOMep aBToMOOWJsi. Ho Korna mosiBu/iach MHJIMIHS, OH C TIEPENyry BCHO-
MHHJT TOJILKO, UTO HOMEp UeThbIpEX3HAUHbIH, BCe LUMPbI pasHble, MPUUEM MepBast
uudpa 1, a nocaennsist 4. CKOJIbKO aBTOMOOHJIEH J0J/KHA MPOBEPHTH aBTOMH-
CreKLus?

Pewenue. Bropoii u tperbeil wudpamu Homepa MOTYT ObiTh JIOObIE JBE U3
caenyoumx: 2, 3, 5, 6, 7, 8, 9, 0. Beibpas s06yto napy pasiuuHbiX LHGp, aB-
TOMHCIIEKTOP TMOJYUUT HOMep Kakoro-mau6o aBromoOussi. Hanpumep, napa (5,7)
naér Homep 1574. DT ke uMdpbl, HO B APYroM Mopsijike natotT Homep 1754.
CaienoBatesibHO, Hy»KHO nepe6paTh CTOJBKO HOMEPOB, CKOJbKO OYyeT BCEBO3-
MOXKHBIX KOMOMHALMH M3 BOCbMH MEPEUUCIIEHHBIX LU(P M0 JBE, HO ¢ Y4émom
ux nopsaodka. Takne KOMOMHALMK HA3bIBAIOT pagmewjenuamu. B nannom ciaydae
Mbl HMIIEM UHCJIO pPa3MelleHnH U3 BOCbMH LU(p MO JBeE.

Onpenenenue 5.1. Pasmelliennem U3 1 3JeMEHTOB 110 R Ha3bIBaeTCsl BCsIKast
[1€PECTAHOBKA U3 R 3/1eMEHTOB, BLIGPAHHBIX KAKUM-JIM00 CII0COO0M M3 JaHHbIX 1.
Unc/0 Beex pasMellleHHii U3 71 371eMeHTOB No k o6o3Hauaetcst AX.

Teopema 5.1. Yucao scex pasmeweruil us n dremermos no k soruicas-
emcs no gopmyre

AR —nn—1)(n—-2)...(n—k+1). (5)

k comroxmcumeaneti

Joka3areabcTBo. Kaxoe paaMelieHine MOXKHO MOJYUHTb C MOMOILbIO R Jiei-
ctBui. [lepBoe neficTBe — BBIGOP TMEPBOTO 37€MEHTa — OCYILIECTBJSETCS 7
crioco6aMu, BTOpoe JeHcTBUe — BbIOOP BTOpPOro sjemeHta — (n — 1) crnoco-
6amu, W T.JI., HaKOHell, MocJie/iHee JIeHCTBUE — BLIOOP R-TOTO 3JeMeHTa —
(n—k+1) cnocobamu. [To npaBuy yMHOXKEHHS YHCJO BCEX pa3dMellleHuit 6yer
paBHo n(rn — 1)...(n — k4 1), uto u Tpe6GoOBaJOCH J0KA3ATh. O

Bepuémcst k npumepy 5.1. CorsacHo copmysie (5) aBTOHHCTEKLHS J0JKHA
nposeputh A2 = 8 - 7 = 56 aBTOMOGHIIEII.
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DopmyJty Uil uMcsia pasMellleHHH MOXKHO TepenucaTb B BUJIE:

b n!
Ap = T k=1,23,..., n,
BOCIMOJIb30BABIIMCH paBeHcTBOM 1! = (n—R)!-(n—k+1)...(n—1)-n (cm. no-
cJle/iHee yrnpaxkKHeHue npeapiayliero naparpada). [1papasi yacte 310l hopmyiibl
umeer cmbics nipu k = 0, tak kak n!/n! = 1, nosTomMy Mbl OyJeM CUHTaTh, YTO
A0 1.
[1pu k& = n dbopmyna (5) npeBpaiaercsi B popmyJiy JJist UUCJa MePeCcTaHOBOK
U3 1 3J1eMeHTOB. JlelCcTBUTEBHO,

Al=n-(n—1)-...-3-2-1=nl=P,.

[Mpumep 5.2. Uz touku nposegeno 10 Jyueir. CKOJMBKO MOJYYHIOCH YIJIOB,
MeHbLIHX 360°?

Pewenue. Kaxpiii yros onpezensiercss napoi Jiydei, NpuuéM yKasblBaercs,
KaKOH W3 HUX MepBblil, a KAKOH BTOPOMH. ¥YTOJ OTCUMTHIBAETCS OT MEPBOro Jyua
MPOTHUB YACOBOH CTPeJKK 10 BToporo Jyda. Ho aBa Jyua, B3ATHIX B omnpenesnét-
HOM TOPSIJIKE U3 JaHHBIX JECSTH Jlyueil, 00padyloT HeKoTopoe pa3meliieHue ua 10
aydeil mo 2. CJjenoBaresibHO, YHCJIO BCEX YIJIOB PABHO UMC/Y BCEBO3MOXKHBIX
pasmelilennit u3 10 ssnemenToB 1o 2: A%o =10-9=90.

[Ipumep 5.3. B topumuueckoii Konrope paGoraior 8 puctoB. CKOJbKUMHE CIIO-
co6aMH MOYKHO PacIpeienTh MeXKy HUMHU TSATh 1e/ (M0 0JHOMY Ha KaxJi0ro)?

PeweHue. Iyt Kaxk0ro Jie/1a yKA3bIBAETCS I0PUCT, KOTOPbIE GYeT UM 3aHH-
MaTbCsl, TO €CTh Kax/0€ MopyueHHe MOKHO HCTOJIKOBATh KaK HEKOTOPOe pa3me-
enue u3 8 no 5. [Tosromy umcesio Beex crnocoGOB pacripesiesieHust MopydyeHuil
paBHO UMCJy BCEX pa3MellleHUH U3 8 3J1eMEHTOB 110 : Ag =8-7-6-5-4 = 6720.

[lpumep 5.4. CxosibKO pasiMuHbIX HATYpaJIbHbIX YHCEJ MOXKHO COCTABUThH H3
undp 1, 2, 3, 4, ecam B 3anmucu uncsaa Kaxkaas U3 LUQp UCronb3yercs He Hosee
OJIHOTO paza?

Pewenue. Ilo yc/ioBHIO 3aaud M3 JaHHBIX LU(PP MOXKHO COCTABJSTH OJHO-
3HauHble, JBy3HAuHble, TPEX3HAUHbIE W UeTbIpEX3HauHble yncaa. KosnuecTBo oji-
HO3HAUHBIX UMCeJ PABHO YeThIpéM (3aMeTuM, uto 4 = A}l). Besikoe nBy3aHauHoe
UUCJIO MOXKHO PacCMaTpUBaTh KaK HEKOTOPOE pasMellleHle W3 UeThIpéXx udp no
JIB€, TIO3TOMY HX KOJIMUECTBO OyJeT paBHO Az = 4.3 = 12. ToyHo TaK »Ke Mbl
HalAEM KOJIMUECTBO TPEX3HAUHBIX M UETHIPEX3HAUHBIX UMCEJ], 3TO COOTBETCTBEH-
HO Ai =4.-3-2=24u Ai = 4! = 24. Bcero, Takum 06pasom, MoJaydum
4412+ 24 + 24 = 64 uucana.

[lpumep 5.5. B BpiokoBe npecTynHuKoB MaJio, HO HAa BCSIKHME CJydail MecTa
It X BPeMeHHOH u30J1siiuK umetoTest. OiHark bl OPIOKOBCKAs! MOJIHLHS 3ajep-
»Kajia b JPIOKOBLEB W OCTaBWJIAa MX [epeHoYeBaTh B yJ0OHOM MOMeLIeHHH. Tam
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6b110 10 kamep. CripailBaercsi, CKOJbKUMH COCO0aMU MOXKHO pacrpeesuTh
3ajlep’KaHHbIX 10 Kamepam?

PeweHue. MoxHO OTIPABUTh KaXKI0TO JPIOKOBLA B OTAEJNbHYI0 Kamepy. To-
rla YHUCJO BCEX BapHaHTOB OyJleT A?O =10-9-8-7-6 = 30240. Ho ectb
M COBPEMEHHbI BAPHAHT — IOMECTHTb BCEX apeCTOBAHHBIX B OJIHY KaMmepy; B
3TOM CJlyyae YHCJIO BO3MOXKHBIX BapUAHTOB OYJIeT PAaBHO UHCJy UMEIOIIMXCS B
HaJIMUMK KaMmep, TO eCTb paBHO JecsTH. Kpome Toro, ecth u Jpyrue (Mpomexy-
TOUHble BapUaHTHI), TIPU KOTOPBIX B KaMepy MOMeIIaeTcsl MPOU3BOJIbHOE UMCJIO
3ajleprKaHHbIX.

Takne pasmelleHusi Ha3bIBAIOT pasMelleHUsIMH ¢ MoBTopeHusMu. [loacumn-
TaeM UX KoJsiuecTBo. Kaknoe pasmellleHHe MOXKHO OMHUCATh C MOMOUIbIO MSATH
JEHCTBHH — TI0 YHCJy pacCa)kKMBaeMbIX JIPIOKOBIEB. JlefiCTBHE COCTOUT B TOM,
YTO Mbl MOMEIIAeM apeCTOBAHHOTO B Ty WJIM MHYIO Kamepy. [TockosibKy Kamep
Bcero 10, To Kaxoe J1eHcTBHE MOXKHO OCYLIECTBUTH JecsiTbio crioco6amu. [To-
9TOMY M0 TPaBUJY YMHOXKEHHSI UMCJIO CMOCOGOB BBIMOJIHEHHS TSATH A€HCTBHI
paBro 10-10-10-10-10 = 100000.

YnpaxxHeHus

1. Ha tpéx kaproukax nanucanbl 6ykBbl P, A, K. CKOJIbKO pas3jiMuHbIX CJIOB MOXKHO COCTABHTb,
€cJIM CJIOBOM CUHTaeTcsl Jio6oil Habop U3 TPEX OyKB? 3anullUuTe 3TH CJOBA.

2. B nomoynpassenuu paborator 6 uesnoBek. [Toctynuio pacnopsizkeHde o NMpeMHPOBAHMM TPEX
COTPYIHHUKOB (pa3/MUHbIMH cyMMaMH). CKOJIbKMMH COCOOaMH MOXKHO 3TO cle/1aTh?

3. Ha »xenesnonopoxnoii Berke [piokoBo — CtykoBo nmeercsi 10 cranuuii. B Teuenune ausi ¢
KaXKJIOM CTaHIMM Ha KaXKylo JIPYTYIO BbIeXaJio B TOUHOCTH M0 OJIHOMY raccaxupy. CKoJIbKO OUIETOB
ObIJIO KYIJIEHO B 3TOT JIeHb?

4. CKOJIbKHMH criocoGaMi MOKHO BbIOpaTh U3 CEMH Pa3HbIX KHUT KaKue-JHO0 YeTbIpe U MOJAPUTh
MX UETbIPEM MUJIMLIMOHEPAM, 3aHSBILIMM MepBble UeThIpe NMPU30BBIX MecTa Ha KOHKypce «HacTtosiumit
My>KunHa ropoaa bprokosa»?

5. CTleeHTbI OJIHOH rpynrIbl 10JI2KHBI CA1aTh 5 3K3aMeHOB B TeyeHHe BoceMHauaTH JHelH. CKOJbKH-
MH Crioco6aMH MOXKHO COCTaBUTb pacnucaHue 3K3aMe€HOB, €CJIM B OJIMH AE€Hb pa3peuiaeTrcs calaBaTh
He 6oJiee OJHOIrO IK3aMeHa?

§ 6. CoueraHus

[pumep 6.1. Cyn npucsikubix roposa BpiokoBa npuroBopus rpaxianuta N
3a COKPBITHE J0XO/0B K TIOPEMHOMY 3aKJ/IIOUEHHIO Ha CeMb JIeT. DTOT NPUIOBOP
BbIHECEH B COOTBETCTBHMHU C 3aKOHOM ropoja bprokosa, corsacHo koTopomy 006-
BUHSIEMBIH 110 TaHHOH cTaThe (camas cypoBas craThs YK B Bpiokose!) monyuyaer
CTOJIbKO JI€T, CKOJIbKO MPUCSXKHBIX pellaT, YTo OH BUHOBeH. KakoBo unc/1o Becex
BO3MOKHBIX BAPMAHTOB rOJIOCOBAHHUS MPUCSKHBIX, €ca ux Bcero 10?

PeuleHue. 3a npurosop mnporosiocoBasiu 7 U3 JIECATH MPUCSIKHBIX. Mbl 10JK-
Hbl HAUTH YHUCJIO BCEX BO3MOXKHBIX IPYIMI M3 CEMH MPUCSKHBIX. 3/1eCh MOPSI0K
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BbI60pa HE urpaet HUKAKOH pOJIH, MMO3TOMY paccMaTpHUBaemMbie KOMOWHALUK OT-
JIMyaroTcsda oJlHa OT llpyFOl/Ul TOJILKO COCTAaBOM JiMl. KomMOHHALMKU TakKoro Tuna
Ha3bIBAlOTCA codermaHuimu.

Onpenenenune 6.1. Coueranrem M3 7 3J€MEHTOB 0 R Ha3bIBAETCS BCsIKast
COBOKYITHOCTb R 3J1eMEHTOB, BbIOPAHHBIX KaKMM-JHOO CIIOCOOOM M3 JIAHHBIX 1
3/71eMenToB. UMC/I0 coueTanuil U3 71 91eMeHTOB Mo k o6oaHauaetcs CK.

Teopema 6.1. Yucao scex couemaruii uz n anemenmos no k goLuicasemcs

no gopmyre

ch_ nn—1)n-2)-...-n—k+1)
" 1-2:3-...-k '

(6)

Jloka3zareqabcTBO. OnuiiieM MpoLeaypy, KOTopasi Mo3BOJISIET MOJYUYHTh JII060e
pasMellleHHe M3 1 3JieMeHTOB 1o k. Bo3bMéM Kakoe-HMOY/b coueTaHue U3 1
3JIEMEHTOB 110 k:

(@, b,c,..., ).
(R ————
k GykB

[lepectaBiisisi 3TH 3/1eMEHTBbI BCEBO3MOXKHBIMU crioco6amu, noJyunm k! Bcex
pa3MellleHni U3 1 10 k OJIHOTO W TOTO XK€ COCTaBa. TakuM 06pa3oM, M3 OJHO-
ro couetanus nosyuaercs k! pasmelenuii. Caenosatenbho, us CX couerannii
nosyuntest C*k! pasmeriennii, To ectb AX = CF. k!, Orciona, yuntsisas dhopmy-
JIy JUisl 4dcJia pasMelleHui (opmyJaa (5) npeabiayiiero naparpada), nojydyaem
dopmyny (6). O

B npumepe 6.1 HyxKHO HaHTH C170. [To dopmyJie (6) nonyuaem:

= 120.

c7 10-9-8-7-6-5-4
0717.2.3.4.5-6-7
3ametuM, uTo (hOPMYJIbl, MO KOTOPHIM BBIUMCJSETCS UUCJIO0 pa3MEleHUH 1T
COquaHHﬁ, JOMyCKaroT 6oJiee HIMPOKOE TOJIKOBAHHUE. HOCKOJIbe 10 onpenesnae-
nao 0l = 1,10 A =1,CY=1uCl = 1.
Yucga C,’f 06J1a7Ial0T MHOTUMH BaKHbIMU CBOHCTBaMU. HekoTopble U3 HUX
HOHaI[O6HTCH HaMm B ﬂaﬂbHeﬁU.IeM. ﬂOKa)KeM, 4yTo

Ck=cr=+ 7)

JleficTBUTE/IbHO, €CJIM U3 1 3JIEMEHTOB BbIOpATh KaKHe-TO k 3/1eMEeHTOB, TO OCTa-
HeTest 1 — kR snemenToB. CriefoBaTeIbHO, KayKJI0OMY COUETAHHIO U3 11 3J1€EMEHTOB
10 R COOTBETCTBYET OIpe/le/IEHHOe CcoueTaHHue U3 11 3JIEMEHTOB 1o 11— k. [Tostomy
UX UHCJIO OJIMHAKOBO W opmyJa (7) BepHa.

DopmyJty (6) a5t uMcsia COUeTaHHH MOXKHO TMepenucarh B BUJE

ch n!

" B Ay ©
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Ak
TaK Kak B X0Jle JI0OKA3aTeJIbCTBA TeopeMbl ObIIO MOJyUeHO PABEHCTBO C,’; = k—’f
n! .
(n— k)

Ecam nanncath dopmyay (6) st uncna couetanuii CXF1| To moxkHO yBHIETD,
4TO OHO CBAI3aHO ¢ uncaoM CF paBencTBOM

a B §5 Mbl ycranopuau, uto AX =

Ck+1 _ n-— kck
n n-
k+1
Dra dopmy/ia MO3BOJAET MOCENOBATENLHO BIUMCAATL uncaa CF. 3nas, uro

n

0 CY = n. Tonoxus

CS = |, noxcraBum k = 0 B 3Ty hopmyJty U Hailiém C,i =
n(n—1)

2

Cuaenytoliiee cBoicTBO HocuT UMt [lackass

k k k-1
Chy=Cr+Cr .

nanee k = 1, nonyuum C,% = , U T. L.

1.

JlokazaTesibCTBO 3TOH (OPMYJIbl MOKHO TIPOBECTH HEMOCPEICTBEHHBIM BbIUKC/Ie-
HUeM, Ucrodbayst popmydty (6) uan (8). Crenaiite 3To CaMOCTOSITENBHO.

[Mpumep 6.2. CKoMbKO passiMuHbIX MPOU3BEIEHHI 10 TPU PA3JIHUYHBIX MHOMKH -
TeJisl B KaXKIOM MOXKHO COCTaBHUTbL U3 umces 2, 3, 5, 7, 9?

Pewenue. TTocko/ibKy MponsBeieHue He 3aBUCUT OT MOPSIIKA COMHOXKHTEJIEH,
TO UHCJIO BCEBO3MOXKHBIX MTPOU3BEJIeHHI OyaeT

; 5.4.3

C5*1'2-3*

10.

[Mpumep 6.3. Ha nsiockoctu pano 20 Touek, npuuéM HUKaKke 3 U3 HUX He Jie-
XKat Ha oJiHo# npsiMokt. Uepesa KaxKJ1ylo napy Touek nposejieHa npsimast. CKoJbKo
BCEro MOJIy4HJI0Ch MPSIMbIX ?

Peuienue. Uepes aBe TOUKM MPOXOJUT OJHA H TOJILKO OjHA mpsimast. Kaxkmast
napa Touek sijsiercsl couetanueM u3 20 Touek 1o ape. CienoBaTesbHO, YHCJIO
2019

— =190.

1-2
[Ipumep 6.4. B cocras xiopu Bxojst 7 cyneil. Kakue-yu60 4 u3 Hux Bceraa
CTaBSIT BbICIIKME GaJul, OCTajbHble Ha OJUH GaJjil Hike. KakoBO UHCI0 BO3MOXK-
HBIX BaPHAHTOB FOJIOCOBAHHSI?

BCEX MPSIMbIX PABHO C%O =

Pewenue. Kaxpiii BapuaHt roJocoBaHus onpeessiercst UeTBEPKOi cy ek, mo-
CTaBUBILUMX BBICHIMH 6aJijl, TO eCThb MPeACTaBsieT cO60H CoueTaHue U3 CEeMHU Cy-
nel o uetbipe. OTcloaa cJeyeT, UTo YHCJI0 BCeX BAPHAHTOB roJlI0COBaHUs OyaeT

c4=c§—4=c§’=7?g:g=35.

'Buies Mackanb (1623—1662) — dpanilysckuil MaTeMaThK, (GU3HK U (usocod. 3aHuMasCs
reoMetpueii, IMddepeHLHaIbHBIM U HHTErpaJbHbIM HeunceHneM. B ero nepenucke ¢ I1. depma
OblJIM BriepBble HayuHO 000CHOBAHbLI Hauaja KOMOMHATOPHUKH M TEOPHH BEPOSITHOCTEN.
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[lpumep 6.5. B Bpiokose »KuByT 106pble U KajgocTausblie Jitoad. OnHaXKIbI,
BBIXOJIl U3 Xpama, 6JiarouecTUBbLId OPIOKOBELL YBUJE HA ManepTH 7 HUILLUX U3
JHptokosa. OH naJj UM Ha Bcex jiBa rpuBeHHHKa. CKOJBKUMHU Coco0aMu HHUILIME
MOTYT pacrnpeieuTh 3TH MOHETHI?

PeweHue. OueBnnbl 2 BapuanTa J1eéKKH. [1epBbiil 3ak/0yaercsi B TOM, UTO
JIBa CYACTJHBUMKA TMOJYYalOT MO MOHETE, a OCTaJbHbIM He J0CTaéTcsi HUYETO.
Ynesio cnoco6oB Takoro aenexka C2 = % = 21. I'lpu BTOpOM BapuaHTte o6a
TPUBEHHHKA 3a6UpaeT OJMH HUIIMH. TaKMX BapuaHTOB BCErO CTOJILKO, CKOJILKO
HULIMX, TO ecThb 7. TakuM 06pa3oM, Bcero cyllecTByer 28 crnocofoB jiesexa.

B nocsienHem mpumepe Mbl HAlJIK YHCJIO BCEX COUETAHUH C MOBTOPEHUSMH
13 7 1o 2. CoueTaHusi ¢ MOBTOPEHUSIMU HA3bIBAIOTCS TaK MOTOMY, UTO B KaxKJ10OM
COYETAHWH OJIMH U TOT K€ 3JEMEHT MOXKET TOBTOPSITHCS HECKOJBKO pas. Takoe
coueTaHHe BO3HUKJIO MPH BTOPOM BapHaHTe Jlesiexka, Korjaa o6a rpuBeHHHKa J10-
CTaJMCh OJHOMY HMIIeMy. B sTOM cJjyuae mosyuaercst mapa, KOTOPYIO HHIIMH
obpasyeT caM ¢ cob6oil. Ecan kaxKaomy HULIEMY MPUITHCATh HOMEP, TO 3TO OYIyT

napse! Buaa (1,1), (2,2) u . 1.

AXKHEHUs

1. B rpynne 30 ctynentoB. CkoJbKMMH crioco6aMi MOXKHO BbIGpaTh 6 jiesieratoB Jijist eperoBopoB
C aJIMUHUCTpAlMeld HHCTUTYTA O MpoJiaXke MUBA B CTyJeHUecKoM Oydere?

2. CKOJILKHMH CIOCOOAMH MOXKHO MOCTaBUTb TPpU NEUKHW Ha OeJible KJIETKH IIaXMaTHOH JIOCKH?

3. s yuacTusi B COpPEBHOBAHHUSIX TPeHEp OTOMPAeT O CHOPTCMEHOB M3 ABeHaauaTH. CKOJbKUMU
crnoco6aMu OH MOXKET COCTaBHUTb KOMaHJLy?

4. Ha okpy:HOoCTH BbIOpaHo 7 Touek. CKOJIbKO MOXKHO MOCTPOUTb TPEYrOJbHUKOB C BEPUIMHAMH B

9TUX

TOUKax?

5. Ha xaprouke crioptiioto 36 KJjeTok. Mrpatowuii 10/pKkeH 3auepkHyTh 4 KJeTkd. KakoBo uuciio

BCeX

§7.

BO3MOXHbBIX BAPUAHTOB?

dopmyaa 6unoma HbrotoHa

M3 uikosibl BaM HM3BeCTHbI opMysibl KBajgpata W Kyba CyMMbl JBYX UMCEJ:
(a+b)> = a® + 2ab + b*> u (a + b)® = a® + 3a®b + 3ab® + b3. Dopwmyioii
6uroma Hblotona® HasbiBaloT opMyJTy BO3BEIEHHS B CTENeHb /1 CyMMbl JBYX
caaraembix. O61wi B 3T0# hopmyJibl Ol H3BECTeH 3a10/r0 10 HbloToHa ma-
tematukam JpesHero Bocroka. Mims Hbtotona s1a dopmy.sia nosyuusia notomy,
uto HeloToH pacnpoctpanus e€ Ha cayual Jio60ro JeHCTBUTEBHOTO MOKA3aTeJs1
cTerneHu aByuseHa a + b. Mubimu ciioBamu, HbloTOH 00'bSICHHI COBpEMEHHHKAM,

KaK BbIUMCJ/ISITH BbIpaxkenus (a + b)'/2, (a + b)\/g, (@a+b)~*urn

Teopema 7.1. [as a06020 nHamyparbHo2o uucaa n umeem mecmo ¢op-
MYAQ

(a+b)"=a"+Cla" b+ C2a" 20> + ...+ C"'ab™ 40" (9)

2Hcaak Hbloton (1643—1727) — auriuiicKuii MATEMATHK, MEXaHHK H aCTPOHOM.
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Jloka3aTeJbCTBO. 3aMeTuM, U4TO MO OMpeAesIeHHIO CTENeHH
(@+b)"=(@+ba+b)-...-(a+b).

PackpbiB B paBo#i yacTH CKOOKH, MOJYUUM HEKOTOPOE UMCJIO CJIaraeMblX, Kax-
JI0€ U3 KOTOPBIX MpeACTaBJsieT co60i MPOU3BENEHHE 1 COMHOXKHTENEH, B3SThIX
no OJIHOMY M3 KaxKIoi cKoOkH. Kakoil Bua uMmetoT atH cjaaraembie? Hanpumep,
€cJIM Mbl BO3bMEM M3 KaxK10# CKOOKH MepBoe cjaraeMoe, To B pe3yJibTaTe yMHO-
Kenusi mosyunutest a”. Ecan B3ATh U3 0J1HOH CKOOKHM b, a U3 BCEX OCTaJIbHBIX
B3ATb @, To nosyunm a"~'b. B obuiem ciyuae, BEIGpaB k pa3 MHOMXKHTENb b
oCTa/IbHBIE 71—k Pa3 — MHOXKUTEJb @, Mbl TOJydiM ofHousen a”~*b*. Hakowner,
KOTJla BCe BbiOpaHHble MHOXKHTEIU PaBHbl b, TO POU3BeJleHHe paBHO b'".

OnHousieH a” moJsryuuTest TOJILKO OJIMH pPa3 — KOTJla BCE MHOXKUTE/H PaBHBI 4,
a npousseenuii a”~'b Gyner cTo/bKO, CKOJNBLKUMH CIOCO6aMH MOKHO BbIOPaTh
13 1 CKOOOK MHOXKUTE/b b. [1oHSATHO, 4TO UMCI0 TaKUX COCOOOB PABHO UMCJY
CKOOOK, TO ecTb #. [ToaToMmy mocsie nprBe/ieHHsT BceX MOJA0GHBIX UJIEHOB Y OJIHO-
unena a"~'b noasurcs kosddumment . [ockorbky n = CL, To sToT 0HOUNIEH
MOXKHO 3anucath B Bue Cla"~1b.

DTo paccyXjeHHe MOXKHO TPUMEHHUTL JUIsT onpesesieHdst Kosdduiyenra y
Mo60oro ofHouseHa. PaceMoTpum, Hanpumep, npoussenetne a” *b*. Takux npo-
U3BeJIeHUH GYJIET CTOBKO, CKOJIBKO CYIIECTBYET COCOO0B BhIGPATL £ COMHOXKHU -
Tesieil b U3 n cko6okK. Ho umcsio Bcex crnocoGoB BHIMOJIHEHHsT TaKOH OrepaliiH,
KaK Mbl 3HaeM, PaBHO UMCJIy BCEX COUeTaHMil U3 7 3JEMEHTOB no k, To ecth C¥.
Cu/ieloBaTesIbHO, TIpoM3Beennii Buga a~*b* umeercsa secero CK. Tlocsie npuse-
JIeHHs1 O0GHBIX UIeHOB ToJyunTes Bhpaskenne Cra" bk,

[pu k = 0 nosyunm Ca" %% = ", nmpn k =1 — Cla"~'b, npu k = 2 —
C2a"~2b?, v Tak nanee. Hakouell, npu k = 1 Mbl NoJlyduM nocJieiHee caraemMoe
Cla"="p"™ = b". B urore nosyuaercst popmysia (9) u reopema nokazasa. O

Dopmyaa (9), Kak yxke OblJI0 cKa3aHo, Ha3biBaeTcst GpopmyJioit 6GuHoma Heio-
toHa. Kosadduumentamu oaHouseHOB, 3anucaHHbIX B €€ MpaBod yacTH, oKasa-
Juch uneaa Ck| nostomy uX HasbIBAIOT TaKKe GUHOMUANLHOLMU KOIP UL ILeH-
mamu. Beipaxkenue CFa"*b* nasuipaercsi o6umm unenom 6uHoma HolotoHa.

Mb1 Bue/H, UTO BCe ujieHbl GHHOMa roJiydarcst u3 dopmyabl (9), ecau no-
Jaratb B Hel nocJenoBatenbio & = 0, 1, 2, 3,..., n. CienoBatesbHo, npaBasi
yactb gopmyJibl (9) conepkut n + 1 caaraembix. Mcenonbayst o603HaueHune cym-
Mbl Y, hopmyJsty GrHOMa HbroTOHA MOXKHO KPaTKO 3amucath Tak:

n
(a+0b)"=> Cpa"*b*. (10)
k=0

[lpumep 7.1. Hanuumre dhopmysy Guroma Herotona npu n = 4.

Peuwenue. [Tonoxum B hopmydie (9) n = 4:

(a+b)* = a* + Clab + C3a®b* + Cjab® + b*.
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TaKKaKCi:Cf:4, sz%z&m
(a + b)! = a* + 4a°b + 6a°b% + 4ab® + b*. (11)

Mpumep 7.2. Paznoxure 1o crenensiv x Moorousensl (x — 3)* n (x% + 1)*.
Pewenwue. [Toacrasus B dopmyay (11) a = x u b = —3, Haiiuém:

(x —3)* = x* +4x3(=3) + 6x%(=3)? + 4x(=3)> + (=3)* =
= x* — 12x + 54x — 108x + 81.

TTonoxus B popmyae (11) a = x> u b = 1, nonyuum:
4 3 2
(K + 1) = (xQ) +4 (x2> +6 <x2) +4x% + 1 =xB +4xb 4 6xt +4x® 4 1.

Benomuum 3amauy o cJIoXKHBIX MpolieHTax (cM. §8 nepBoii ry1aBbi).

Mpumep 7.3. Jlonyctum, Bbl cobupaetech NoJoxHTh S py6aeii nox 5% ro-
JIOBbIX U XOTHTE MPUKHHYTb, CKOJBKO JIEHEr OKaXKeTCsi Ha BallleM CuéTe yepe3
necaTh Jiet. CymMMa Bblumcssiercst o ussectHoil dopmyae S - (1 4 0,05)'9) o
Balll KaJbKyJaaToOp caomadcs. Yro nenats?

PeweHnue. He paccrpauBaiitech, Bam nomoxer gopmyJsa GuHoma HbroToHa.
[Tosoxus B opmyse (9) a = 1, b = x, nosayuum

(1+x)"=14+Clx+C2x*+ ...+ C'x". (12)

[lycTh unca0 X 3HAUUTENLHO MeHblle equHULbI, Hanpumep, 0,05. Torna uucaa

x2, x3, x* u rak manee Gymyt emé membiue: x2 = 0,0025, x3 = 0,000125,

x* = 0,00000625 u 1.1 [To3TOMY C/araeMbIMH, COJAEPKALIMMH 3TH CTEreHH,
MOXKHO TpeHebpeub, 3aMmeHuB dopmyay (12) npubanKEHHoi:

(I+x0)"~1+nx (13)

(Mbl yusu, uto C} = n). Takum 06pasom, uepes 1ecATh JeT Ha BallieM cuéte GyeT
npubsusutesibio S - (1 4+ 0,05 - 10) = 1,55 py6Jeit, To ecTb BKJaj yBEJHUUTCS
MPUMEPHO B MOJITOPA pasa.

Mpumep 7.4. Haiinute npubmukénnoe snauenue crerenn 0,972,

Pewmenue. [Tonaras B dhopmye (13) x = —0,03, nosyuaem:

0,972 = (1-0,03)2~1—-2-0,03 =0,94.

YnpaxHeHus

1. Hafiure npu6anxénnsle 3Hauenus creneneil 1,003%, 0,9843, 1,06°.
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2. Ankera no H3yueHHIO OOIECTBEHHOrO MHEHUS coiepKUT 10 BOMPOCOB, Ha KaXK/blil U3 KOTOPBIX
OTBEUAIOLIUH NA&T OIUH U3 TPEX OTBETOB: «Jla», «HET», «He 3Hal0». HaliauTe uncio Bcex pasjiuyHbIX
Ccroco60B 3aroJIHEHHsT aHKEeThI.

3. Pasnoxure muorounen (x — 1)® mo cteneusim x.

4. Haiinure cymmy C2 + Cl + C2 + C2 + C2 + C2. Ecan y Bac nostyunsiocs 32, To nosymaiire, Kak
MOJIyYUTh 9TOT OTBET, HCMOJbL3Ys TOXKJecTBO 1+1=27

5. Hoxaxure gopmysy 6uHoma HbioToHa MeT0o10M MaTeMaTHUECKOH HHIYKIIMH.
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l‘l MPUMEHSIIOTCS TTPAKTUUECKH BO BCeX 00J1acTAX
OHﬂT"e HayKl, B IKOHOMHKE, BOEHHOM JieJie, TeXHHKE,

MeJMLMHe, I0PHAHUECKON MpaKTHKe, KPUMHHAJH-

B¢ p OY9ATHOCTHU CTHKe W T.J. DTH MeToibl GasuUpylOTCs Ha MO-

HATUAX CAYHAliHO20 CcOObLMUSL U B8ePOAMHO-

cmu. Peluatoluii BKJ1aJl B TEOPHIO BEPOSITHOCTEN

TpynHo Haiith Takylo cepy uesoBedecKOH BHEC/H TakKHe 3aMedaresbHble MaTeMaTHKH, KaK

JIeAITE/ILHOCTH, B KOTOpOH He ucroab3oBannch Pepma, ko6 Bepuymnn', Jlannac?, Faycce?, Ue-
6bl BePOATHOCTHO-CTaTHCTHUeCKHEe MeTotbl. Ouu  Gbiles, Kosmoropos?.

§ 1. CayuaiiHble coObITHS

Okpy»Kaouui HaC MUP MPOHU3AH SIBJEHUSIMH, KOTOpPble HOCAT CJydalHbIH
xapaktep. Mbl BcTpeuaeMcst ¢ HUMH, HabJo1ast cocTosiHue aTMocdepbl, husnue-
CKHE 3KCIepUMEHTbI, TPOU3BOJICTBEHHbIE MTPOLLECChI, H3yuasi 0OLLECTBEHHO- 101 -
THUYECKYIO CUTyalMIo W T.J. Pe3ysbTaThl MHOTHX HaOJIOJEHUH Hesb3sl MpeacKa-
3aTb ojiHo3HauHo. [Ipennonoxum, B 10 uacos B TBepu notuen 10xkab. YTBepxie-
Hue «B 11 yacoB 0XKAb KOHUUTCS» MOXKET OKa3aThCsl JIMOO BEPHBIM, JIMOO HET.
To ke camoe MOXKHO CKasaTb O NMPOrHO3€ Ha CJIEAYIOLUHMH JeHb YPOBHS pajiua-
LMK, Kypca JoJu1apa, NonyasspHOCTH M3Pa, KOJMUECTBA A0POKHO-TPAHCIIOPTHBIX
MPOUCILECTBHH.

JlonycTuM, 4TO, UCXOAS H3 KAKMX-TO COOOpaKeHWH, Mbl IMPOrHO3UpYyeM Ha
3aBTpa 12 10pPOKHO-TPAHCMOPTHBIX MPOUCIIECTBUHH HA yJHIAX HALIEro ropoja.
AT1o cobbiTHe JUOO MPOU30HAET, MO0 HeT. [leso B TOM, UTO CHUTyalllsi HA JIOPO-
rax 3aBUCHT OT GOJIbIIOTO KOJIMUeCTBA (DaKTOPOB U yUeCThb BJMSHHE KaXKIOro U3
HHX 3apaHee HEBO3MOXKHO (IOrojia, BUAMMOCTb, HalpaBJieHHe U CUJla BeTpa, ca-
MOUYBCTBHE BOJIUTEJEH U MEleX0/10B, KOJMUeCTBO TPaHCMOpTa Ha Tpacce U T. 1)
[TosTOMYy He HUCKJIIOUEHO, UTO UMCJIO MPOUCLIECTBUH oKaxeTcst He 12, a, Hanpu-
mep, 10, 8 wim 15. Kaxablit Takoil hakT BJASETCS cAY4aliHbiM cOObLMUEM.

B Teopuu BeposiTHOCTEH, KaK W B IPyrHX MaTeMaTHYeCKHX TEOPHsIX, JI/Is1 O~
CaHMsl MaTeMaTHYeCKUX MOHSITHH HUCMOJb3YIOTCSl CJI0BA PYCCKOTo sidblka. B pyc-
CKOM SI3bIKe CJIOBO «OIIbIT» MOJpasyMeBaeT MPOTsSKEHHOCTb BO BpeMeHH (Hanpu-
Mep, «>KM3HEHHBIH OIbIT» WJIM «OMbIT HaKamn/jauBaercs rogamu») CJOBO «HCIbI-
TaHWe» MoJpa3yMeBaeT Pa3oBOCTb, OJIHOKPATHOCTb. CJI0BO «COOBITHE» M0pa3y-

'Iko6 Bepuyau (1654—1705) — wBeiALAPCKHil MATEMATHK.

Mbep Cumon Jlannac (1749—1827) — dpaniyy3ckuil MaTeMaTHK, QUMK H aCTPOHOM.

SKapa ®pumpux [ayce (1777—1855) — HeMelKuil MATEMATHK, aCTPOHOM U (H3HK.

" Annpeit Huxonaesuu Kosmoropos (1903—1990) — poccuiickuii MaTeMaTHK, BHECHIUI Be-
COMBIl BKJ1aJ BO MHOTHE pasjesibl MaTeMaTHKH, B OCOOEHHOCTH B TEOPHIO (DYHKUHMI H TEOpHIO
BEPOSITHOCTEH.
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MeBaeT MOsIBJICHHEe Yero-To 3apaHee 0xkMaaemMoro. Hapsay ¢ TepMHHOM «OIbIT»
ynotpe6JsieTcsi €ro0 CHHOHUM JIATHHCKOTO MPOHCXO0XKAEHHS — «3KCIIEPUMEHT>.

Bynem cuutaTh, uto Bce Habsionaemble COObITHSI SIBJSIIOTCS Pe3yJibTaTOM
HEKOTOPBIX OIBITOB, TO €CThb IeHCTBHH, COBEpLIAEMbIX MPH ONpeleEHHBIX YCJI0-
BUsiX. [IyCcTb OMBIT COCTOMT B ONHOKPATHOM WJIH MHOTOKpPaTHOM OPOCAaHHH MO-
HeThl Ha TJIaJKUH J0CTAaTOUHO OOJbIIOH FOPU30HTAJbLHBIN CTOJ. Y KaxKJI0ro HC-
NbITaHUs] B HallleM MpHMepe BO3MOXKHbI JIBA MCXOJAa — BbINaJleHHe opJia WJK
BbINajieHue PellKU. DTH UCXOJIbl HA3BIBAIOTCS COObLMUAMLL.

Pasznmuuator Tpu BUJIa COOBITUI: TOCTOBEpHbIE, HEBO3MOXKHbIE U CJyualHbIE.
JocmosepHsim HA3bIBAIOT Takoe COOBbITHE, KOTOpoe 00513aTeJbHO TPOMCXOIHUT
NpH KaxJI0M HCIbITaHUU. Heso3modcHbiM HA3bIBAIOT COOBITHE, KOTOPOe 3aBe-
JIOMO He MOXKET MPOU30HUTH HU MPH OJHOM HUCMbITaHUU. CAYy4aiiHbiM HA3BIBAIOT
coObITHE, KOTOPOE B JJAHHOM MCIBITAHHM MOXKET MPOM30HTH, a MOXKET W He Ipo-
U30HTH.

[Ipumep 1.1. B ypHe umeioTcst mapel CHHEr0 W KpacHoro 1peta. Kcnbiranne
COCTOMT B TOM, UTO Hayraj BbIHUMatOT ojH wwap. CoObITHE «BBIHYT JIMOO CHUHUI,
a0 KpacHbIl 1iap» — jpoctoBepHoe. CoOBbITHSI «BbIHYT LIap KPacHOTO LIBEeTa»
WM «BBIHYT LlIap CHHEro LBeTa» SIBJSIOTCS caydyailHbiMU. CoObITHE, coCTosILLee
B TOM, YTO BbIHYTHIF LIap SIBJSIETCSI OJHOBPEMEHHO W KPacHbIM, U CHHHUM, —
HEBO3MO2KHOE.

[Mpumep 1.2. Crpesiok MPOU3BOIUT OJMH BHICTPEJ MO MHIIEHH, Pa3/IeJeHHON
Ha 10 30H. BeicTpes — 3TO uchbiTaHWe; MonajaHde B ONpeieaéHHy0 30HY, Ha-
NpuUMep, B «JeCSITKY» — COObITHE; COObITHE, COCTOsIlEe B TOM, UTO MHIIEHb
6o ropaxkeHa, JMOO He MopaXkeHa — JIOCTOBEPHOE COObITHE; MOPaXKEHHe Of1-
HHUM BBICTPEJIOM CPa3y TPEX 30H — HEBO3MOXKHOE COObITHE (eCJH MyJisi ToTNalaeT
Ha IpaHULly 30H, TO CUMTAETCS MOPaXKEHHOH TOJILKO OJIHA 30HA).

Cuyuaitible coObiTHs1 GyneM o6o3Hauath 6ykBamu A, B, C, ...; j1ocToBep-
Hoe cOObITHE — TpedyecKoll MponucHoi OYKBOH {2; HEBO3MOXKHOE COObITHE —
CHUMBOJIOM .

Onpepenenue 1.1. Cayuaiinbie cobbitust Ay, Ao, ..., A, Ha3bIBAIOTCS HECOB-
MECMHbLMU, €CJU TIOSIBJEHHE OJHON0 H3 HUX HCKJIOYAET MOsIBJEHHE JIPYrHX B
OJIHOM M TOM K€ HCIbITAHUH.

[Mpumep 1.3. I1pu oaHom Gpocankk MOHETBI Bbiagaet JUGo opén (cobbitre A),
60 petka (cobbitie B). CoObitisi A U B HECOBMECTHbI.

B npumepe 1.2 o6o3uaunm uepes Ay, Ao, ..., Ajp COOBITHS, COCTOSIIIIHE,
COOTBETCTBEHHO, B MOPayKEHWH MEPBOH, BTOPOH, ..., AecsaToil 30HbI. [locKosb-
Ky MPH MoMajaHkd B IPpaHUIly JBYX 30H CyJbsi BCErja JejaeT BbIOOP B M0Jb3y
KakoU-HUOYAb OJMHOM M3 HHX, TO coObiTHsi Ay, Ao, ..., Ajg MOXHO cyHTaTb

HECOBMECTHbBIMHU.

Onpenenenune 1.2. CobGbitus Ay, Ao, ..., A, Ha3bIBAIOTCH COUHCITBEHHO
BO3MONMCHBIMLL, €CJIH B PE3YJIbTaTe HCIIbITAHHST IPOUCXOJUT KaKOe-JH00 OJIHO U3
9THUX M TOJBKO 9THX COODBITHIL.
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[lpumep 1.4. Urpanbuyio koctb Gpocaior omun pas. CoObitusi Ay, Ao, As,
Ay, As, Ag COCTOAT, COOTBETCTBEHHO, B BbilajeHuu uucena 1, 2, 3, 4, 5, 6. d1tn
COOBITHSI SIBJISIIOTCST €IMHCTBEHHO BO3MOXKHBIMH.

B npumepe 1.2 cobbitnsi Aj—Ajo He OyIyT eMHCTBEHHO BO3MOXKHBIMH, TaK
KaK CTPEJOK MOXKeT BOOOIIe He MOMNacTh B MUILIEHb.

Onpepnenenure 1.3. C Kax/biM HCIBITAHHEM CBsi3aHa HEKOTOpAsi COBOKYII-
HOCTb COOBITHIH, KOTOpbIE SBJSIOTCS MOMApHO HECOBMECTHBIMH W €IMHCTBEHHO
BO3MOXKHBIMU. Takue COOBITHSI HA3BIBAIOTCS UCXOOAMU UCHOLMAHUSL WA d4e-
MeHmapHolmu coboimuamu, a UX COBOKYTHOCTb Ha3bIBAETCS TAKXKe NpOCMpar-
CMBOM INEMEHMAPHbLY COObLMULL.

[pumep 1.5. V3 kosoapl (36 Kapt) Hayraj BHIHUMAIOT OJHY. DTO HUCIbITAHHE
uMeeT 36 HCXOJIOB.

[Mpumep 1.6. B sorepee paswirpbiBaercst 1000 GU/IETOB, MMEIOUIMX BbIMIPbI-
UM Pa3JIMUHON 1IEHHOCTH. Y4acTHUK npuoOperaeT oauH 6ujer. BoiGop Guiera
IBJIsleTCSl MCTbiTaHWeM. TakuM o6pa3om, Mbl umeeM 1000 ncxonos.

[lpumep 1.7. Kaprouka crnioptioro conepkut 49 HaumeHnoBanui. Urparoumi
3auépkuBaeT 6 U3 HUX. 3]1eCb MCXOOM sBJsIeTCsl HA0OP M3 LIECTH KJETOK Kap-
ToukH. Tak Kak MopsiioK 3auépKUBaHUs He UrpaeT HUKAKOH POJIM, TO UUCJIO BCe-
BO3MOXHbBIX HCXOJIOB OYJIET PaBHO UKCJy coueTaHuit U3 49 no 6 — Cfg.

[Mpumep 1.8. [1pu nemorpaduueckux HCC/IEI0BAHUSIX BHIGHPAIOT CJyYaHHBIM
00pa3oM cynpyxKeckKHe napbl U 3aMUChIBalOT BO3pacT cynpyros. KMcexonom kax-
JIOTO TAKOTO HCIMBITAHUS SIBJSIETCS YynopAadoueHHas napa 4uces — BO3PACT
My»Ka M BO3PACT KEeHbl.

[pumep 1.9. B nporpamme sk3amena 30 Bornpocos. CTyueHT BbiGHpaeT 2 U3
Hux. Mcxonom snech siBaisteTcsl Jqirobasi napa BONPOCOB M3 JAHHBIX TPUALATH.
KosiMuecTBO HCXOJ0B PaBHO YUCJY COYETaHMH W3 TPUAUATH MO0 JBa — C%O.
Cayuaiitble cOOBITHS MOSIBJSIIOTCSI B pe3yJibTaTe TAKUX OMbITOB, HCXOJ KO-
TOPBIX HEOJHO3HAUeH M He MOxKeT ObIThb MpelcKadaH 3apaHee. [IpakTuueckasi
NOTPeOHOCTb UCCJEI0BATh TAKWE CUTYAlMH BO3HHWKJA C TOSIBJEHHEM a3apTHBIX
urp. PesirnosHble fesiTesd NepBOro ThiCSUeNeTHsI aHAJIH3UPOBAJIM Pe3yJbTaThl
O6pocaHusi UrpajibHbIX KOCTEH, NpUIaBasi STUM AEHCTBUAM MHUCTHUECKHH CMbICJL.
Bousiee nosaHue nonbiTKK MpoaHalu3HupoOBaTh UIPY B KOCTH U APYTHe UTPbl COAEpP-
»Karest B osmax usBecTHbIx aBTopoB XII[—XV BekoB, B MaTeMaTHueCKHX KHH-
rax snoxu Bospoxnenusi. K XVII Beky MaTeMaTHKH BbIHY»KJeHbl OblIM OTBEYATh
Ha BOIPOChI BbICOKOMOCTABJEHHBIX HIPOKOB, KAK JEHCTBOBATb B TE€X WJHU HHBIX
CUTYaLMsX, KOTOPble MOTYT CJOXKHUTbCS B uUrpe. B oOcyxueHun stux npobJem
MPUHUMAJH yuyacTHe BblAloLIMecs: MateMarTuki: [amuneii®, ®epma, Ilackaib.
Hanpumep, onna u3 crateii [anunes, ony6aukoBanHast B 1655 ropy, HasbiBa-
Jack «O BbIXOJle OUKOB TPH Urpe B KOCTU». FIMEHHO B 3TOT TMepHOoJL 3aPOJIH/IHCh

STammneo Tasmieit (1564—1642) — wuranbsiHCKUil (U3HK, MEXaHHUK, aCTPOHOM, MaTeMaTHK,
03T, QPUJIOJIOr U KPUTHK, OJIMH M3 OCHOBATEJIEl TOUHOIO €CTeCTBO3HAHHSI.



150 Imasa VI. lNoHsiTue BepossTHOCTH

OCHOBHbIE MOHSITHSI KOMOUHATOPUKH WU TEOPUH BEPOSITHOCTEH U ObLIM 10KAa3aHbl
nepBble TEOPEMBbI.

BaxkHeiiliee noHsaTHEe — BEPOATHOCTb CJYUAHHOTO COOBITHS — Mbl Oyjem
o6CcyXaath B cienytollieM naparpadge. Tam ke paccMoTpuMm Jierenay o lanuiee
u nanackHexre’, MOBECTBYIOLIYIO O TOM, MoUeMy NP OPOCAHUH TPEX UTPabHbBIX
Kocrtell 11 oukoB BbIMajaer yatle, 4yem 12.

§ 2. Kanaccuueckoe onpeneneHre BepoOSITHOCTHU

B Mupe cayuaiiHbIX IBJI€HUMH, HECMOTPS Ha TO, UTO OHU CJydyakHble, HMEIOTCS
3aKOHOMEPHOCTH, KOTOpblE M3YUaloT C MOMOIIbIO MOHSTHS geposamHocmu. Be-
POSITHOCTb TpPeACTaBJ/sAeT COO0H KOJMUECTBEHHYIO XapaKTepPUCTHKY BO3MOXKHO-
CTH HACTYIJIEHHSI HEKOTOPOTO CJiyyailHoro coObITHS. McTopUUecKH C/I0KUINCH
pasJ/inuHble MOAXO/bI K ONpeeaeHHIo BeposTHOCTH. Kyiaccnueckoe onpenesnenue
BeposiTHOCTH chopmupoBasoch B XVII Beke B pedy/ibraTe aHaju3a a3apTHBIX
UIP U OCHOBAHO Ha TMOHSITHU PABHOBO3MONCHOCMI WCXOJ0B HCIMBbITAHUS. DTO
03HAUaeT, YTO HET OCHOBAHWH MPeArovyecTb KaKOW-JAUOO W3 MCXOJIOB JIPYTHM.
Hanpumep, BbinageHue opJa WM pellKH MPU OJHOM MoAOpacbiBaHHM MOHETHI
CUMTAIOT PABHOBO3MOXKHBIMH HCXO/1aMHM; 36 BapuaHTOB BbIOOpa MUrpajbHON Kap-
Thl U3 KOJIO/Ibl B 36 JIMCTOB — TOXKeE.

Paccmorpum ucnbiTanue, B peadyJsbraTe KOTOPOTO MOXKET MPOU30UTH COObI-
e A. Kaxblii nexon, npu Kotopom coObitHe A MpOUCXOIHT, Ha3biBaeTcs 64a-
eonpuamuoim cobbithio A. [lycrb, Hanpumep, coObiTHe A COCTOUT B BbiNa eHHH
4&THOrO YncJa OYKOB MPU OJIHOM OpocaHuu urpajbHoil koctu. M3 1ectn paBHo-
BO3MOKHbBIX HCXOJIOB (OT OJIHOTO JIO 1IECTH OUKOB) TpU ucxona (2, 4, 6) apasiiorcs
OJ1aroNPHATHBIMU COOBITHIO A.

Onpenenenue 2.1. Beposmuocmoro cobbiTusi A HasbIBa€TCst OTHOLIEHHE YHC -
Jla UCXOJI0B, GJIATOMPUSATHBIX COOBITHIO A, K UHCJIYy BCEX MCXOJIOB UCIbITAHHUSI.

Hanpumep, BeposiTHOCTb MOSIBNEHUS YETHOTO UMCJa OUYKOB MPHU OJHOM Opo-
CaHWM WrpaJibHON KOCTH paBHa 1/2, Tak Kak UHCJIO BCEX HCXOJ0B — MIECTb, a
YKCJIO UCXOJI0B, GJIAroNpUsITHBIX coObITHIO A — Tpu. BepositHocTb cobbithsi A
o603HauaioT P(A); uncsio uexooB, 6JaronpusTHbIX cobbiTHio A, — uepes m(A);
YUCJIO BCEX MCXOJ0B — uepes n. Torza no onpejesneHuio

$IcHo, uTO NMpUBeAEHHOE Bbille OMpeeJeHHe BEPOSITHOCTH NPUMEHHMO TOJIb-
KO B TOM CJlyuae, KOIJIa UUCJO BCEX MCXOJIOB HCIBbITAHHS KOHEUHO, M BCE OHH
pPaBHOBO3MOXKHBI.

[Mpumep 2.1. B ypue 10 kpacHbix 1 8 cuHux wapos. Hayraa BBIHUMAIOT OJIHH.
KakoBa BeposiTHOCTb TOTO, UTO BBIHYT LIap KPACHOTO 1IBETA?

6ﬂaHﬂCKH€XT — HaéMHBIH COJIJIAT 3MOXH M03JIHEr0 CpeﬂHeBeKOBbH.
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Pewmenue. dto ucnbitanue umeer 18 paBHOBO3MOXKHBIX HCXOI0B. Kaxkpiil wc-
X0Jl 03HauaeT BbIOOp ojHOro mapa. [lyctb cobbiTHe A o3HauaeT BLIGOP Kpac-
Horo 1apa. Yucso uexoioB, 6J1aronpusaTHLIX coObITHIO A, paBHO aecaTH. MTak,

m(A) = 10, n = 18 u P(A) = 10/18 = 5/9.

[lpumep 2.2. Mouery nopbpachiBaior jaBa pasa. Haiijure BeposiTHOCTD TOTO,
UTO BBIMAAYT U OPEJ, U PellKa.

PeweHune. O6osnaunm cobGbiTHe, cocTosiliee B BbiMajeHud opJa, 6ykBoid O,
petikn — O6ykBoil P. McnbiTanuem 3zech sBJsieTCs AByKpaTHOe MoabpachiBaHHe
MoHeThl. Becero moxer 6nith 4 ucxona: OO, PP, OP, PO, nostromy n = 4. Co-
ObiTHe A, cocTosiliee B BbIMaJeHHH U OpJia, W PELIKH, HMeeT JBa GJaronpUsiTHbIX
ucxona: PO u OP. CaenoBarensho, m(A) =2 u P(A) =2/4 = 1/2.

[pumep 2.3. B sorepee pasbirpeiaercs: 1000 6useros. Mx vux 15 BbiMrpbisa-
tor o 50000 py6aeit, 25 — o 10000 py6ser, 60 — nmo 5000 py6sen. Mrpato-
1iMi npuobpés ot 6uier. KakoBa BeposiTHOCTb Bhiurpath He MeHee 10000 py-
Gaieit?

PeweHue. Vcnbitanie cocTOMT B BbIOOpE Hayraj OAHOrO OWJIETA M3 ThICSUH.
[TosToMy umcsio Bcex paBHOBO3MOXKHbIX Hcxoa0B Oyner n = 1000. Ilycts co-
ObiTHe A COCTOMT B TOM, UTO yY4aCTHHK JIOTepeH MPUOOPET GUJIET, KOTOPbIH Bbi-
urpbiBaet ju6o 50000, m6o 10000 py6aed. Uncso Beex Takux GUIeTOB GyneT
m(A) = 40. TToaromy P(A) = 40/1000 = 0,04.

[Mpennoxenue 2.1. Beposmuocms 1106020 cobbLmusL 3aKA0UEHA MeHCOY
HYAéM u edunuuetl.

Joka3areabcTBo. [lycth 1 — uHCJ0 BCeX MCXOJOB HCIbITAHHS, B KOTOPOM
MOXKET MPOU30HUTH coObITHE A, U m(A) — UKMCJI0 BCEX HCXOJI0B, OJaroNpPUSITHHIX
cobbituio A. Hneno m(A), ¢ oaHOH CTOPOHBI, HEOTPULIATENBLHO H, C JPYrOH CTO-
pOHBI, He MpeBOCXoMUT uncaa Beex uexonos n: 0 < m(A) < n. Pasnenus Ha n,

m(A)

no.nyanongl,To ectb 0 < P(A) < 1. O

[Mpennoxenue 2.2. Beposmruocmo docmosepro2o cobbimus pasua 1.

Jloka3zarteqbcTBO. JlocToBepHoe coGbiTHE (2 MOSIBASETCS TPU JIOOGOM HCXOJIE

MCTIBITAHHS, TI09TOMY BCe MCXOibl OyayT emy GmaronpusatHbl. Ciie1oBaTe/bHO,
m() n

m(§)) = n. Ilo onpenenenuio BeposTHocTH P(§)) = mey _n_ 1. O
n n

[lpennoxenue 2.3. BeposmHocmo HeB03MONCHOO COOBIMUL PABHA HY-

Al0.

Joka3aTejbcTBO. HeBo3MoXkHOE COOBITHE & He UMeeT GJ1aronpUsiTHBIX HCXO-

JIoB, TO ecTb m(Q) = 0, nostromy P(Q) = % =0. O
[lepeuncsiennble CBOHCTBA BEPOSITHOCTH MCMOJB3YIOT MPH pelleHud 3ajaad.

Ecsin npu pacuérax BeposiTHOCTb y Bac MOJIyYH/1ach OTPULATEbHON WU OOJIb-
Lef eIMHHULIbl, TO Bbl [1e-TO OLUMOJHUCD.
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[1pu HaxoxKaeHUH BEPOSITHOCTH TOTO UJM MHOTO COOBITHSI Ba’KHO MPABUJIBHO
OMpeIeIUTh YUCJIO0 BCEX UCXO/0B M UHUCJI0 OJAronpusiTHbIX HexonoB. Moxer no-
KasaTbCsl, 4TO 3TO clesaTh NpocTo. Tem He MeHee, peluast 3ajady o nojadpachiBa-
HUU MOHEeThI, pa3o0paHHyio Bbillle B puMepe 2.2, kpynHbii yuénbiii XVIII Beka
JUAnam6ep’ ponycTun omm6Ky. Bbluncass BepOATHOCTL MOSIBJACHHS OpJa, OH
paccyxnan tak. [Ipu nByx 6pocanusix MOHETbI Opés MOsIBUTCS JIMOO TpH Mep-
BOM Opocanuu, Jubo npu BTOpoM, JUGO BoBce He MosiBUTCS. Beex cayuaes Tpu,
M3 HUX OJIarONpPHUSITCTBYIOT MOSIBJEHHUIO OpJia JBa, CJEN0BATENLHO, BEPOSITHOCTD
nosiJieHusi opsia pasHa 2/3. Ho ecin Bbl omHuTe, y HAC moJsyuuscst otset /2.
[Tonymatite, rae ke ounbka?

[TonsiTie PaBHOBO3MOXKHOCTH HCXOMOB €ILE CJ0XKHEee, UyeM MOHSTHE HEeCOB-
MecTHOCTH. [leslo B TOM, 4TO OHO OCHOBAHO Ha Halleld WHTYHUMH U SIBJISIETCS
B 3HAUMTEJILHOH cTerneHH cyObeKTHBHbIM. B npumepe 2.2 mbl cuutasu paBHO-
Bo3MoxKHbIMH Hcxonbl OP, PO, PP u OO. {lcHo, uto npu Takom aonylieHdu
uexobl [’ Anambepa paBHOBO3MOXKHBIME He OynyT. OnHako I AnamGep 10 KOH-
11a YKU3HU He TIpU3HaBaJ CBOE pellieHre omnGouHbIM. Kakumu aprymeHTamu oH
pyKoBojcTBOBaJicsi? Hawm HesicHO.

Tenepn, kak Obl10 0ob6ellaHO paHee, PAaCCMOTPUM 3ajady, MOCTaBJEHHYIO
JIAHJICKHEXTOM: TIoueMy MpH urpe B KocTd 11 oukoB BbiMajzaer uvaile, uem 127

[Ipu Gpocannu Tpéx KocTell HauMeHblllas CyMMa BbIMABIIMX OUYKOB MOXKET
ObiTh paBHa 1 + 14+ 1 = 3, a naubosbass — 6 + 6 + 6 = 18. OpunHanuath
OYKOB MO2KeT 00pa3oBaThbCsl LIECTbIO CIOCOOAMHU:

I1=145+5=1+44+6=2+34+6=24+4+5=34+3+0=3+4+4.
JlBeHa/laTh OUKOB — TaK:Ke IIeCTbIO CIOCOOaMH:
12=14+54+6=24+44+6=24+5+5=34+4+5=3+3+6=4+4+4

[TosTomy, kasasoch 6bl, 11 1 12 OUKOB JOJKHBI BbIMAJAaTh OJAWHAKOBO Ya-
cto. Ho GoraTbiil mpakTHUEeCKHH OMBIT JIAHACKHEXTA MoKasbiBaJ, uTo 11 oukoB
BblMajaeT uatle, yem 12.

[anunelt pazbsicHUN JaHACKHEXTY, B UéM ero owubka. [1pu 6pocanuu Tpéx
KocTel ucxojoM Oyner HaGop u3 Tpéx uuces. Ho He Bce ucxopl, rnepedyncieH-
Hbl€ JIAHACKHEXTOM, SIBJSIOTCS paBHOBO3MOXKHbIMH. Hanpumep, ucexon 4 +4 + 4
MoJTyuaeTcsi TOJbKO B TOM CJIydae, KOraa Ha Kax</10i KOCTH BbIMaeT ueTBépka. A
ucxo 3+4+5 Gyzer nosiBasITHCA B 1IecTh pa3 uatle! B camom nesne, mockosbKy
KOCTH MpHU OpPOCAHUM JBUTAIOTCS HE3aBUCHMO JPYT OT JPyra, TO PaBHOCHJbHbI
BapUaHThI

3+4+5, 3+5+4, 4+3+5 4+5+3, 5+3+4, 5+4+3.

JlaHJICKHEXT B CBOEM paccyxiaeHuu He pa3JibidaJjl KOCTH, eMy OblJ1a BaxKHa
TOJILKO CyMMad, a Mbl 3aME€THUJIK, UTO, MEHsIsI B CYMME IOPSJA0K CJlaraeMblX, Mbl

Kau Jlepon JT'Anambep (1717—1783) — cdpaniysckuii MexaHuk, MateMaTHK H uiocod.
[To o6pasoBaHHI0 — IOPHCT, MO NPOGECCHH — aJ[BOKAT.
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OyleM 1oJyd4aTh Ty XK€ CYyMMY IIEeCTbIO Pa3/juuHbIMH criocofamu. B peanbHo#
Urpe 3TO pasJ/uduHble U paBHONpPaBHble BapuaHThl 6pocanus. [lo-Buaumomy, 06
9TOM M cKasaJsl [anusell JaHACKHeXTYy.

Haiiném BepositHocTH BhinajeHust cymm B 11 u 12 oukoB npu 6pocanuu Tpéx
KocTel. JIyisi MpOCTOTHI paccy»KIAeHUi BUIOM3MEHUM yCJ0BHe 3aia4n. [Tockoib-
Ky KOCTH Mpu OpOoCaHWM JBHUTalOTCsl HE3aBUCHMO JAPYr OT Jpyra, To GpocaHue
TPEX KOCTel cpasy MOxKHO 3aMeHHUTb OpocaHueM Tpu pasa no oaHoi. Torna uc-
X0J10M OYyIeT ynopsadouernHas TPOHKA UMCe] — KOJMYECTBO OUKOB, BbINMABLIHX
Ha TepBOH, BTOPOH U TpeThel KocTax. [Ipu KaxkaoM 6pocaHuy MOKET BhINACTb
oT 1 10 6 0YKOB, MO3TOMY UMCJIO BCEX MCXOJOB UCMbITaHUsi 1 =6-6-6 = 216.

[Tyctb coObiTHe A COCTOMT B mosiBjieHHH cymmbl 11, a coGbitie B — cym-
Mbl 12. Haiiném uncsio nucxomoB, 6JaronpusiTHbIXx coObITHIO A:

1+5+5, b+1+b, b+b+1 — 3 BapuaHTa;
1+4+6, 1+6+4, 4+1+6, 4+6+1, 6+1+4, 6+4+1 — 6 BapuaHTOB;
2+3+6, 2+6+3, 3+2+6, 3+6+2, 6+243, 6-+3+2 — 6 BapuUaHTOB;
2+4+5, 2+5+4, 4+5+2, 4+2+5, 5+4+2, 5+2+4 — 0 BapuUaHTOB;
3+3+5, 3+5+3, 5+3+3 — 3 BapuaHTa;
3+4+4, 4+3+4, 44+4+3 — 3 BapuaHTa.

Urak, m(A) = 3+6+6+ 6+ 3+ 3 = 27, u BeposiTHOCTb coObITHSsT A
paBHa P(A) = 27/216 = 1/8. Paccyxnasi aHajiornuto, Jierko Haiitu m(B) = 25
(cnenaiite 310 camoctosiTesibho). [Tosromy P(B) = 25/216 < P(A).

[1pu BblUKC/IEHHH BEPOSITHOCTEH YacTo ObIBAET BeCbMa HEMPOCTO HAWTH YHC-
JIO HCXOJI0B UCMbITaHUsl. B Takux ciydasix HCrnosb3yloTest KoMOMHATOpHbIEe hop-
MYJIbl, KOTOpble Mbl 06CYK/1aJ/ B MPEbIIYIIEH TJaBe.

[Mpumep 2.4. Haiijure BepOSITHOCTL TOTO, UTO YETBIPEX3HAUHBIA HOMEP CJIy-
yalHO 3aMeYeHHOr0 aBTOMOOUJISI COCTOUT U3 OJMHAKOBBIX LUMP.

Pewenune. Kaxnasi undpa HomMmepa MoxKeT ObITb OJHOH M3 JECSITH, a UCIBITA-
HUEeM siBJisieTCsl BbIGOp Kakoi-sn6o uerTBépku uudp. [lo npasuiy ymMHOXKeHHS
KOJIMUECTBO BCEX BO3MOXKHBIX HOMEPOB, TO €CThb UHCJIO BCEX HCXOJOB, PaBHO
10-10-10-10 = 10000. ITyctb cobbiTHE A COCTOUT B TOM, UTO BCE LUMPHI Bbi-
H6paHHOro HOMepa oAMHaKoBbI. baaronpusthbix nexonos Oyner 10: 0000, 1111,
.., 9999. Urak, n = 10000, m(A) = 10 u P(A) = 10/10000 = 0,001.

[Ipumep 2.5. Bo Bpemsi npolietypbl 0OM03HAHHsI IBYX M0/103PEBAEMBIX 10CAUIIH
Ha CKaMblO BMECTE C BOCEMbIO JIPyruMH Jiniiamu. KakoBa BeposiTHOCTb TOTO, UTO
Ha CKaMbe MeXKJ1y M0JI03peBaeMbIMH 0Ka3aJ0Ch POBHO 3 uejioBeKa?

PeweHue. 3anymepyem mecra Ha ckambe unciamu ot 1 go 10. Toraa Jio6oe
pacrioJioxKeHle JIByX M0J03pEBAEMbIX OTUCHIBAETCS Mapoil Ynuces1, MPUUEM Maphl
(a,b) u (b, a) cuuratorcs passuunbiMu. Hanpumep, eciu nepBbiii U3 Mojo3peBa-
eMbIX CHJUT Ha TPETheM MeCTe, a BTOPOH — Ha CeJbMOM, TO TAKOMY pacroJio-
JKeHHIo oTBeuaeT napa (3,7). Mcnbitanuem 6yner BHIOOP YNOPsiIOUeHHOH Mapbl
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uycesl, a YHCJI0 BCEBO3MOXKHBIX HCXO/IOB €CTh UMCJIO Pa3MeleHHH U3 JIeCSTH 110
JIBa, TO €CThb A%O = 10-9 = 90. CobbiTHe A COCTOUT B TOM, UTO PA3HOCTb MEXJLY
yMCJIaMM napbl paBHa 4 win —4 (9T0 U 03HAUYAET, UTO MEXKJy MO03PEBAEMbIMH
HaXOJUTCSl 3 uesioBeKa) U eMy GJIaronpUsTHBI caenytolide uexonst: (1,5), (5,1),
(2,6), (6,2), (3,7), (7,3), (4,8), (8,4), (5,9), (9,5), (6,10), (10,6). Beero, xak mbl
BuMM, mosyunsiocs 12 nap. ITosromy P(A) = 12/90 = 2/15.

[lpumep 2.6. Iporpamma sk3amena cojepxkut 30 Bormpocos. CTyjpeHT 3HA-
et 20 u3 Hux. Kaxngomy ctynenty npeagaraiot 2 Borpoca, KoTopble BbIOHpaIOT-
cs1 cayyariHbiM o6pasoM. [TosioxkuTesibHAsH OlleHKa CTaBUTCSl B TOM CJlyuae, ecJu
CTYIEHT TPaBUJILHO OTBETHJ XOTs Obl Ha oauH Bompoc. KakoBa BeposiTHOCTD
YCIEIHOH clauu 3K3ameHa?

PeuleHune. Paccmorpum HcnbiTanke, coctosiiee B BbIOOPE ABYX M3 TPUILATH
BOMpocoB. Kcxonom ucnbiTanus siBasieTcs napa BonpocoB. [ockogbKy mopsiioxk,

B KOTOPOM BbIOMPAIOTCSl BOTPOCDHI, HECYLIECTBEHEH, TO UUCJO BCEX 1 UCXOJOB
. _ o 30-29
paBHO YMCJly cOoueTaHuii U3 TpuauaTh no asa: n = Cz, = T = 435.

[TycTb coGbiTHE A COCTOUT B TOM, UTO CTY/IEHT 3HAET XOTs Obl OJIHH BOMPOC U3
IByX. baaronpusrthabie coObITHIO A MCXO/bI Pa3/iesuM Ha JBe TPYMIbL: B TIEPBYIO
BKJIIOUMM Tapbl ¢ OJHUM M3BECTHbIM CTYJEHTY BOIPOCOM, BO BTOPYIO — Maphbl
C JIByMsl H3BECTHBIMH eMy Boripocamu. [lapbl mepBoro Tuma cocTap/siOTCS TaK:
OJIMH BOIPOC BbIOUpAETCS U3 JIBA/IIATH 3HAKOMBIX, JAPYroil — H3 JIeCATH He3Ha-
kombix. [lo mpaBusy ymHoxKenusi uncso takux nap pasno 20 - 10 = 200. [Tapsi

BTOpPOro THIIA MOJYYatoTCs BbIéOpOM JABYX H3 JABaJAlAdTH 3HAKOMBIX BOIIPOCOB.

20-19
Wx uuecso pasHo C%O = ——— = 190. Yucso Bcex 6J1aronpUsiTHbIX MUCXOJ0B

200 + 190 = 390 u P(A) = 390/435 = 78/87 ~ 0,8965.

[Mpumep 2.7. Tpecrynuuk 3naer, uto ugp ceida cocrasien u3 uudp 1, 3, 7
1 9, HO He 3HaeT, B KAKOM MOpsiKe X HaGupath. KakoBa BEpOSITHOCTb TOTO, UTO
nepBbie JBe HU(PbI OH HaOpas BepHo? KakoBa BepoOSITHOCTh, UTO MPECTYIHUK
OTKPOET Cceld ¢ NnepBo# MOMNbITKU?

Pewenue. Jlyisi otBera Ha nepBblii BONPOC GYJEM CUHTATh HCXOAOM YIOPSIO-
yéHHYI0 napy nepBbix LUdp wudpa. Hucsao Takux nap paBHO YUCJy pa3MelleHui
13 Y4eTbIpEX Mo /1Ba, To ecThb 4 - 3 = 12. [TockosbKy B 3TOM cjiyuae TOJbKO OJMH
MCXOJL SIBJISIETCST GJIarONPUSITHBIM, TO HCKOMasi BEPOSITHOCTb paBHa 1/12.

Bo BTOpOM cilyuae HCXOJOM HCTIBITAHUS SIBJSIETCS] MPOU3BOJIbHAS TlepecTa-
HoBka U3 uudp 1, 3, 7, 9. Uncso Beex vexonoB nostomy paBHo 4!= 24. Tak kak
TOJIBKO OJIMH U3 HUX sIBJIsieTCS GJIarONPUSITHBIM, TO BEPOSITHOCTb OTKPBITh Ceiih
C TepBOi MOMNbITKK paBHa 1/24.

[lpumep 2.8. B crynenueckoii rpynme (12 aeByiiek u 8 1oHoLI€H) pasbirpbiBa-
0TCs1 5 3apyOeKHbIX MyTéBOK. KakoBa BEpOSTHOCTb TOTO, UTO MYTEBKHM MOJydaT
TPH JEBYLIKH U JIBOE KOHOLLIEH?
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PeuweHue. Paccvorpum ucnbitanue, cocrosiiiee B BbiGope Nsiti obJiaaarese
nytésok. Mcxon ucnbitanuss — 5 crynentoB. OOliee KOJHUECTBO UCXOJI0B —
yucso coueTanuid u3 20 cTyleHToB No 5, 1 = Cg’o.

[IycTb coObiTe A COCTOUT B TOM, UTO MyTEBKH MOJYYaT TPH AEBYLIKH H JBOE
tonower. Kaxabiit ucxos, 671aronpusiTHeIA 3TOMy COOBITHIO, TIPEACTABJISIET TPYI-
1y, COCTOSILLYI0 M3 TPEX JeBYLIeK M JBYX toHolleld. CocTaB/eHHe Takoi KOMOU-
HAUMH MOXKHO OMHMCATh C MOMOLLBIO JIBYX ACHCTBHH: MepBOe AEHCTBHE — BBIOOP
TPEX JIeBYLIEK U3 JIBEHAMATH (UHUCJIO CIOCOOOB paBHO C?Q) 1 BTOpOe — BhLIOOP
JIBYX I0HOILIEH U3 BOCbMH (YHCJIO CTOCOGOB PABHO C%). [To npaBuJ/ly yMHOKeHHUS
m(A) = C‘?Q : C§ u

C3, .C2
P(A):m</1): b-C§  12-11-10-8-7-1-2-3-4-5

n ci,  1-2:3.1-2.20-19-18-17-16
11-4-5 220
=———=—=0,22703... = 0,2270.
19-3-17 969 0,22703 0.2270
YnpaxHeHus

1. HrpanbHas KocTh GpoliieHa jBa pa3a. KakoBa BeposiTHOCTb TOTO, UTO CyMMa BbIMABIIMX OUKOB
okaxkeTcs paBHoii: a) 11; 6) 7; B) 8?

2. B naptuu us 100 nerasneii numeercs 10 GpakoBaHHbIX. Jljis MpoBepkH oToOpatu S Jerajied.
Haiinure BepOSITHOCTB TOTO, UTO CPe/lM OTOOPAHHBIX JIeTalell OKaXKeTCs TOJIbKO 0iHa GpaKoBaHHAS.
3. s BktoueHust B U3GUpaTebHbI O10J1/1eTeHb HYKHO BbIOpaTh 8 U3 lecsiTH KaHauaaToB. Kakoa
BEPOSITHOCTL TOTO, UTO B GHOJIIETEHb MOTAET HHTEPECYIOLIMH HAC KaHIWAAT, €CJI BCE KaHIHIAThl
UMEIOT OJIMHAKOBbIE [IAHCHI?

4. B teuenue mecsia cyn BoiHec 30 mpUroBopoB, B TOM uucje 6 — 3a Kpaxky. B nopsiiike npoky-
popckoro Haazopa nposepeno 10% nen. Kakosa BeposiTHOCTb TOro, UTO B HX UMCJIe OKA3aJ10Ch JIBa
Jies1a o 0OBHHEHHIO B Kpaxke?

§ 3. Onepauuu Hajg coObITUSIMU

B teopuu BeposiTHOCTEN U3yualoTCsl METO/Ibl BLIUUCJ/IEHHUS] BEPOSITHOCTEH CJ1y-
yaiiHbIX coObITHi. HacTo ObiBaeT Tak, 4To BEPOSITHOCTb HEKOTOPOTo COObITHs A
MOKHO HaHTH, 3HAasl BEPOSITHOCTH JIPYTUX COOBITHH, CBSI3aHHBIX ¢ coObITHEM A.
JIJ151 5TOro UCMoJb3ytoT MOHATHS CYMMbl H POHU3BEJEHHST COOBITHH.

Uctopus o HaxoauuBom maiope. B ropoae JlpiokoBe 0GbsiBJIEH PO3bICK
yeTBepbIX 0C000 OMACHBIX MPECTYNHUKOB, orpaduBlInX JlproKoBoyHHBepcanOaHK.
Uro6bl MpeaoTBPaTUTL YTEUKY HH(OPMAIMK O XOJle Po3bicKa, Malop 3UMHH 3a-
uidposas coobuienus B Llentp caenyioumm obpazom: P — oGHapykeH Poikos;
Y — oGHapyxeH YrpiomoB; ® — o6HapykeH ®omkuH u T — o6Hapyzken Tpoti-
kuH. C nomolipbio 3TuX 0603HaueHUH Mailop 3UMHH MOT MepeliaTh Jo6yio UHpop-
mauuio. Hanpumep, coobiuenne P + ¥V o3nauasio, uto obHapy»KeH Mo kpariHen
Mepe OJIMH M3 JBYX MPecTYmHUKOB, PbIKOB Win ¥YTpiomMoB; cooblieHne YO —
oGHapy»KeHbl YrpioMo H PomkuH; coobienne T — TPOIIKHH He 0GHAPYKEH.
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Bcekope B LlenTp nputisin caenywolide Tpu coobuienusi: 1) ¥ + @; 2) VT,
3) @ P. Tam ux 6e3 Tpyna pactuudpopanu. CoracHo nepBoMy COOGLICHHIO,
oOHapy»KeH KTO-TO W3 JBOMX — ¥YTpioMOB uian POMKUH, TIPUUEM He HCKJIoue-
HO, uTO U 06a. BTopoe cooblieHHe 03Havaso, UYTo OOHApYKeHbl H ¥YTPOMOB, U
Tpowmkun. M3 Tpetbero coobuienusi caenopasno, uro PomMkun u PbikoB He 006-
Hapy»KeHbl. TakuM o0pa3oM, Ha MEepBOM 3Tare po3biCKa YAasoch OOHAPYKHTh
JIBOUX MPECTYMHHUKOB.

Tanee npuuu wndgposku: 4) YT(® + P); 5) YTOP; 6) YTOP. [Teppas
U3 HUX 03HayaJa, uTo o6HapyKeHbl YTproMoB, TpoLIKUH U Mo KpailHel Mepe ouH
M3 JIByX JIPyrHX MpecTynHUKoB. Bropasi mmmdpoBka: oGHapyxKeHbl Bce, Kpome
PoikoBa. TpeTbsi: o6Hapy:KeHbl BCe YeTBEPO.

Bbl y:ke mMOHsAIM, KOHEUHO, YTO B BbICLIEH MIKOJE MUJULMM Maiop 3UMHH
U3yuaJl Teopuio BepositHocTel. [Iisi 1indpoBKU JOHECEHHH OH HUCMOJIb30BaJ CJle-
JyIOLLME TTOHSITHST STOH TEOPUH.

Onpepnenenue 3.1. Eciu B HEKOTOPO# CUTYALMK IPOU3OLILIO MO KpakiHel Mepe
OJIHO M3 JBYX CcOOBbITHH A Wi B, TO TOBOPSIT, UTO MpPou3oliio cobbitie A + B.
Tak BBOAMTCSI MOHSITHE CYMMbL COOBLIMULLL.

Hanpumep, co6bitne T + P + @® o3nauaet, uTo B3AT M0 MeHbLIEH Mepe OJIUH
13 Tpéx npectynHuko (TpoiukuH, PeikoB, ®oMKHH).

Onpepenenue 3.2. Ecim npousotii 06a cobbithst, 1 A, 0 B, TO TOBOPSIT, 4TO
npousolio coobitie AB — Tak BBOIUTCS npousdsederie coObLmuil.

Hanpumep, coobitne PT® coctoutr B ToM, uTO B35iThl TpOe — PbikoB, Tpoui-
KUH 0 POMKHH.

Onpenenenue 3.3. Ecau coGbiTHe A He MPOU3OLILIO, TO FTOBOPSIT, YTO MPOU30-
L0 1POMUBON0A0NMHOE cobbimue A.
Hanpumep, cobbitiie T @ o3HauaeT, uTo He B3siTbl HU TpOLIKUH, HY DOMKHUH.

[Mpumep 3.1. Crpesiok npoussén asa Bbictpesa no teau. Cobeithst A u B
03HAYaIOT NoNajaHue B LeJb MPU MEPBOM H BTOPOM BbICTPE/IaX COOTBETCTBEHHO.
Uro o3HaualoT caeyiolme coobitusi: a) AB; 6) A+ B; B) AB; 1) AB; n) AB;
e) A+ B; x) AB; 3) AB + AB?

Pewenue. a) Ilo onpenesenuio npoussenerust cobbitie AB COCTOUT B TOM,
uTo npoudouu ob6a cobuitust, A u B. B namewm cayuae co6eitne AB o3Hauaer
nonajaHue Kak rpu rnepBoM, Tak U MpH BTOPOM BbICTpelie.

6) CobbiTie A + B o3HauaeT, 4To Mpou30LI0 X0Ts Obl 0JHO U3 COOLITHH A
v B, To eCTb Mo KpakiHel Mepe OJIHO MoMajaHHe MPH ABYX BbICTpPeJsax.

B) IToCKOJIbKY cOGbITHE B COCTOMT B TOM, YTO He MOSIBUJIOCH COObITHE B
(Mpomax npHu BTOPOM BhICTpeJie), To npouaseeHne AB o3HauaeT nonajaanue npH
MepBOM BBICTpeJsie W MPOMax MpH BTOPOM.

r) Tak ke, KaK ¥ BbIlle, MOJydaeM, uTo NpousBeaeHne AB o3HauaeT npomax
NpH MEPBOM BbICTpeJie U MoMNajaHue MpH BTOPOM.

n) Tpoussenetue A B o3HauaeT npomax 1pu 06OUX BEICTpPeaX.
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e) 1o onpenesenuio cymmbl co6biTHe A + B 03HauaeT XoTs Gbl OIMH IPOMAX
NPH [BYX BbICTpeJsax, MHbIMU CJI0BaMH — He 0oJiee OJIHOTO MOoNalaHHMs.

k) Tak Kak cobbiTHe AB o3Hauaet rnonajaHue B LeJb PH 060UX BbICTpesax,
TO 110 OMpe/IeNeHUI0 TPOTUBOMOIOKHOTO COOLITHS COObITHE AB COCTOMT B TOM,
YTO JIOMyLIEH 10 KpaiiHeil Mepe OJMH TpoMax. 3aMeThM, uTo cobbiTHs AB n
Z + B COBIIAQIAOT.

3) Kak Mbl y:ke ycTaHoBUIH, coGbITHe AB 03HauaeT rnonajaHie ToJbKO MpH
MepBOM BhICTpese, a coObTHe AB COCTOMT B MOPAXKEHUH LEJIH TOJNLKO MPH BTO-
pom BricTpesne. CienoBatenbHo, cymma AB + AB osHauaeT pOBHO OJHO Moma-
JlaHde B LeJb TIPH JIByX BbICTpeJiax.

[Mpumep 3.2. Hcnbitande cocTouT B
TOM, UTO B 3aJaHHOM MPSIMOYrOJbHUKE
O6unacte B cJlydaiiHbIM 06pa3oM OTMEYaroT OJIHy TOU-
Ky M. Cobbitusi A U B cOCTOSIT COOTBET-
CTBEHHO B TOM, 4TO Touka M oTmeueHa B

O6aacts A npsimoyrosibhuke A uan B (puc. 59). Ka-
KOH cMmbica umelor cobbitus A B, A + B,
A+ B, AB, AB?
Puc. 59

Pewenune. Hcnosmbsyss onpenesnehne
onepauui Hajl COObITHSIMH, MOXKHO MCTOJI-
KOBaTb JIaHHble COOBITHS CJIEIYIOLIUM 00pa3oM:

A o3HauaeT monajganue Toukk M BO BHEIIHIOIO 4acThb MPSIMOYroJbHUKA A;

B — nonananue Toukk M BO BHEIIHIOO 4acTh NPSIMOYroJibHHKa B;

AB — nonanauue Toukn M B TiepeceueHHe BHELIHHX yacTell MpsSMOYroJib-
HUKOB A u B, To ecTb B 06/1aCTh, HE COIEPIKALIYIO MPSIMOYTONLHUKOB A 1 B;

A 4+ B — nonananne Touku M B 00be/liHeHHE MTPSIMOYroJibHUKOB A 1 B;

A+ B — nonananue Toukd M BO BHEIIHIOI 4acTb OObeIMHEHHsT MPSIMO-
yroibHUKOB A 1 B (3T0 coGbiTHe coBnanaet ¢ cobbitieM A B);
AB — nonajanue touku M B o6llyl0 yacTb npsiMmoyrosibHukoB A u B, To

€CTh B MX IEpeCceueHHue;
AB — nonananue Toukkd M BO BHEILHIOI Y4aCTh MepeceueHust mpsiMoyroJib-
HukoB A u B.

YnpaxHeHus

1. Pacumdpyiite foHecenns rpynnel 3axpata: a) T + ¥; 6) TY; B) ¥ + ®; 1) Y®; 1) V(D+T).

2. 3auwmdpyiTe cienyiolye T0HECEHUS: a) B3SIT TOJBKO OJUH MPECTYITHUK U3 YeTHIPEX; 6) B3AT 110

KpaﬁHeﬁ Mepe OIUH; B) B34ITbl HE MEHee JIBYX; F) B34JIM TOJIBKO NBOHX; IL) B35JI1 TOJIbKO TPOUX.

3. W3 konoael kapt ussnexaior oany. Cobbithe A — BbiHyTa KapTa KpacHO# MacTH; coObiTHe B —

BLIHYT Ty3. UTo o3uauaior cobuitus: A, B, A + B, AB?

4. CoGbiTHe A — BbINajJieHHe YETHOTO YHC/IAa OUKOB MPH OpPOCAHUH UTPaJIbHON KOCTH; B — Bblnaje-
HUE YhCJIa OuKOB, KpaTHoro Tpém. Uro osnauaer cobbitie A 4+ B? 3anuiute cobbiTHE, COCTOsIIIEE

B BbIlNaJIcHHHU II€CTH OUYKOB.
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5. B ceccuto cTyseHT no/mKeH Obla claTh JBa 9K3ameHa U oJuH 3auéT. CobbiTHe A COCTOUT B TOM,
YTO CTYJIEHT CJIaJl HK3aMeH I10 aHTJIMICKOMY sI3bIKY; COObITHE B — OH C/laJl 9K3aMeH 10 PUIocoduu;
cobbitTie C — roJiyuuJi 3a4€T 1o GpuaKyJbType. 3anuiuute coObITUS: a) CTYIEHT He TT0JyunJl 3auéra;
6) cnan 2 sk3ameHa; B) claJ Mo KpaiHed Mepe OJIMH K3aMeH; I') MOJyYuJ 3a4éT, HO He ClaJ HU
OJIHOTO 5K3aMeHa; /) claJj TOJbKO OJIMH W3 K3aMeHOB M He TOJyuus 3auéTa; €) He C/laJl HUYEro;
’K) cnag BCé.

§4. Teopembl cl10XKeHHUSI BEpPOATHOCTEN

Teopema 4.1. Ecau cobvimus A u B HecosmecmmoL, mo 8eposmHoCty ux
CYMMbL BLLUUCALCMCS MO opmyae:

P(A+ B) = P(A) + P(B). (1)

Joka3zareabcTBOo. [1ycTh unC/0 BCex MCXOMOB HCMbITAHKST PABHO 71. B uncsio
MCXOJIOB, OJIarONpPHUSITHBIX COObITHIO A + B, BXOJAT BCe HCXOJIbl, GJIaroNpHsITHbIE
coObITHIO A, U BCe HCXOjibl, OaronpusiTHbie coObiTHio B. [TocKobKy COObITHS
A u B necoBmecthbl, T0 m(A + B) = m(A) + m(B). CyenoBaTelibHO,

m(A + B) _ m(A)  m(B)
n

P(A + B) = + == = P(A) + P(B),

n
4TO M TPeGOBAJIOCh J1I0KA3aTh. |

[Ipumep 4.1. B ypHe 8 Gesibix, b cHHUX U 2 KpacHbIX 1iapa. KakoBa BeposiT-
HOCTb TOTO, UTO BbIHYTBIN 1Iap Gy/eT CHHEr0 WJIH KPACHOTO 1iBeTa’?

Pewenue. ITyctb coObiTHe A COCTOUT B TOM, YTO BbIHYT CHHHE LIap, a COObI-
THe B — BbIHYT KpacHbiil wap. Torna P(A) = 5/15, P(B) = 2/15. CoGbiTie
A + B o3Hauaer, uTo BbIHYT [lIap CHHErO WJIH KPAacHOro 1sera. Tak Kak COObITHS
A W B HecOBMeCTHBI, TO BEPOSATHOCTb COObITHSI A + B BbIUKC/IsieTcst 10 popMy-
se (1): P(A + B) = 5/15+ 2/15 = 7/15.

Teopema 4.2. Cnpasedausa ¢opmyra

P(A) =1 — P(A). (2)

Jloka3aTeJbCcTBO. [TocKo/bKy coObiTHst A H A HEeCOBMECTHEI, TO Mo (opMy-
ne (1) P(A + A) = P(A) 4+ P(A). C npyroii cToponbl, cobbitne A + A siBnsiercs
JIOCTOBEPHBIM, T109TOMY 10 cBoiicTBy §2 umeem P(A + A) = 1. CaieoBaTennHo,
P(A) + P(A) = 1, otkyna u BhITeKaeT dopmyaa (2). O

[Mpumep 4.2. Opun Jiotepeiinbiii GUIeT BoIMTPbIBaeT ¢ BepositHocTbio 0,0001.
KakoBa BeposiTHOCTb TOTO, YTO BJIAJEJIEL] OHOrO OHUJIETA He BbIUIPAET?

Pewenue. Ilyctb cobbitne A oznauaer Buiurpbil. Torma mo dopmyne (2)
P(A) =1-0,0001 = 0,9999.
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DopmyJty (1) MOXKHO pacrpocTpaHuTh Ha JitoGoe uucyao cobbiThil. Metoaom
MaTeMaTHUeCKOH MHIYKIMH JIOKa3biBaeTcsl, uto ecau cobbitusi Ay, Ao, ..., A,
MOMapHO HECOBMECTHbI, TO BEPOSITHOCTb UX CYMMbI BbIUHCJSIETCS 10 (hopMyJie

PA +As+ ...+ A,) =P(A)) + P(A9) + ...+ P(Ay,). (3)

[pumep 4.3. B sorepee u3 Thicsiur GUIETOB BBIMTPBILIK PaCTpe/IeeHbl Cie-
JytolM o6pa3oM: 5 OGUJIETOB BbIMTPLIBalOT 1o 50 pybiieil, 25 6GujeToB — Mo
10 py6uieit u 60 6usneroB — 1o 5 py6Jeit, 100 6UIeTOB BLIMIPHIBAIOT MO OJHOMY
py06Jii0; ocTajibHble GUJIEThl HUYEro HE BLIUTPHIBAIOT. YUACTHHK JIOTEpEH MPHOO-
pén oaun Guser. KakoBa BepoSITHOCTb TOTO, UTO OH BbIMIpPAeT He MeHee TSTH
pyOJeii?

PeweHnue. Beeném caenyotre cobbitust: A; — Boirpeiin 50 py6iei, Ao —
Boirpbill 10 py6sent, A3 — BbIMrpbill O py6Jieil, B — BbIUTPHILI HE MeHee TSTH
py6asei. Torna B = A} + A9 + As. o ycqoButo 3anaun umeem P(A) = 0,005,
P(A9) = 0,025 u P(A3) = 0,060. ITockosbky cobbitus Ay, Ag u As nonapHo
HecoBMecTHbI, T0 P(B) = P(A| + A9 + A3) = P(A)) + P(As) + P(A3) = 0,005 +
+ 0,025 + 0,060 = 0,090.

Jloist mpou3BoJibHBIX (He 00513aTeIbHO HECOBMECTHbBIX) COOBITHH TeOpeMa CJ10-
JKEHUsl BEPOSITHOCTEH 3aIMChIBAETCS CJIOKHEE.

Teopema 4.3. Beposmruocme cymmor 08yx cobuoLmuil 8oluucasemcs no gop-
myae
P(A+ B) = P(A) + P(B) — P(AB). (4)

Joka3areabcTBo. [TycTh unc/io Becex UCXO/I0B UCTBITAHUSI PABHO 11, TPH 3TOM
k ucxonoB 61aronpusTHbI COObITHIO A, § UCXO0B GJAaronpusTHEl COOLITHIO B U
r MCX0J10B GaiaronpusiThbl npoussenenuto AB. Torna P(A) = k/n, P(B) = s/n,
P(AB) = r/n. Uncsio ucxonoB, 6JaronpusiTHbIX TOJILKO coObITHIO A Oynetr k —r.
[Tostomy cobbiTHio A+ B Gaaronpusitibl R4S —r uexonoB: m(A+B) = k+s—r.
[To onpenenennio BepoOATHOCTH MOJyUaEM:

PA+B)=(k+s—r)/n=k/n+s/n—r/n=PA)+ P(B) — P(AB),

4TO U TPeOOBAJIOCh JI0KA3aTh. U

[lpumep 4.4. BepositHocTh Momnajganusi B MUILIEHb MPH OJHOM BBHICTpeJe AJist
nepsoro crpeska paua 0,8, nasi Broporo — 0,7. BeposiTHocTb TOro, uto 06a
CTpeJiKa ¢ MepBOro BhICTpeJia MopassiT MullleHb, paBHa 0,56. Haiinure BeposT-
HOCTb TOTO, UTO MpPOMaxHyTcsi 06a CTpeJsika.

Pewenue. [Tycthb coGbiTHe A 03HauaeT nonajanue MepBoro CTpeska i coobITHe
B — nonananue Broporo. [lo yeaosuio P(A) = 0,8; P(B) = 0,7; P(AB) = 0,56.
Paccmorpum coObiThe A + B; 0HO 03Hauaet, 4To XOTs Obl OJMH M3 CTPEJKOB
nonaJ B muiiedb. [To dpopmyne (4) P(A + B) = P(A) + P(B) — P(AB) = 0,8 +
+0,7 - 0,56 = 0,94.
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[Tycthb cobbiTe C o3Havaet npomax oboux crpesikoB. Torna C u A+ B siBsi-
10TCS TPOTHBOMOJOKHBIMU COOBITUSIMHA U U3 opmyJibl (1) caenyet, uto P(C) =
=1-PA+B)=1-0,94 = 0,06.

3amertum, uto opmysia (1) caemyer us dpopmyanl (4). eficTBUTENBHO, €Cau
coObITHSI A ¥ B HECOBMECTHBI, TO UX Mpou3BeieHe AB sBJsIeTCsI HEBO3MOXKHBIM
COOBITHEM, TOITOMY 0 TpPeTheMy CBOHCTBY BepositHocTH U3 §2 P(AB) = 0 u
dopmyana (4) npespatuaercst B hopmyay (1).

YnpaxHeHus

1. Usundp 1, 2,3, 4,5, 6,7 BoIGHpaloT IBe M COCTAB/SIOT JABY3HauHoe yuc/10. CobbiTe A — obe
UUdpbl uncsa uéTHble; coObiTHe B — 00e uudpbl HeuéTHble. UTo o3HauatoT cobbitus A, B, A + B,
A + B, AB? Haiinute BeposiTHOCTH NepeurcyeHHbIX COObITHH.

2. BeposiTHOCTb TOTO, UTO B TeUeHHe CYTOK B npuropojie bprokosa Gyzer oTkatouéH cset, paBHa 0,4.
KakoBa BeposTHOCTb TOTO, UTO B T€UEHHE CYTOK CBET He OYAET OTKJ/IOUEH?

3. MullieHb COCTOUT U3 TPEX HeMepeceKaloMXcs 30H. BeposTHocTH monajaHus B KaXIylo U3 HUX
npu OJHOM BblcTpesie paBHbl cooTBeTcTBeHHO 0,3, 0,2 u 0,1. Haiinute BeposTHOCTL npomaxa Mpu
OJIHOM BbICTpeEJIE.

4. U3 cra neraJjeit oToGpaHbl AJs TPOBEPKH JiBe. BeposTHOCTL TOTO, UTO TepBasi AeTalb SBJSETCS
6pakoBaHHOl, paBHa 0,05; nyis BTOpoii feTanu 31a BepositTHoCTh paBHa 0,03; BepoATHOCTb TOTO, UTO
o06e nerasu 6yayT 1o6pokauecTBeHHbIMH, paBHa 0,93. HaiinuTte BeposiTHOCTb TOTO, UTO MO KpalHel
Mepe OflHa U3 JIBYX BbIOpaHHbIX AeTasell OyaeT 106poKauecTBeHHOH.

§ 5. ¥YciaoBHble BEPOATHOCTH

Cuaenyioniast HCTOPHS MOKA3bIBAET, UTO HHOTAA BEPOSITHOCTb COOBITHS 3aBH-
CHUT OT TOrO, MPOU30LLIO MK He MPOU3O0LLIO0 HEKOTOPOE JApyroe coObITHE.

[Mpumep 5.1. JIpiokoBibl ¥ GPIOKOBIBI PELIHIK BHIOPATh 06LIEe MPABHTE/b-
CTBO B cOCTaBe M3pa W Bulle-M3pa. CorjacHo peryiaMeHTy, KaxKjbli ropoJi Bbi-
CTaBJISIET YEThIPEX KaHAUAATOB. KaxK/10My KaHAMAATy AAloT 11ap, Ha KOTOPOM TOT
3arucbiBaeT CBOIO paMU/IMI0. 3aTeM OH omyckaeT miap B ypHy. K ypHe momxo-
JUT nobeiuTenb KoHKypca «Hacrosiumit myxuuHa ropoaa prokoBo», Hayraju
BBIHUMAET OJIMH LIap M3 YPHbI U 06bsIBJAsET uMsi M3pa. [locse 3TOTO TO XKe ca-
Moe MnpojesbiBaeT nobeauTenbHUla KoHKypca «Mucc BpiokoBo» U 06baB/sSET
UMs BHlle-M3pa. KakoBa BepOATHOCTb TOTO, UTO 1) BHIlE-M3POM CTaHET HPIOKO-
Bell, 2) BULE-M3POM CTaHeT OPIOKOBEL, €CJiH MIPOM ToxKe cTaj GprokoBell; 3)
BHIle-M3POM CTaHeT OPIOKOBELl, €CJIi M3POM CTaJjl JPIOKOBelL?

Pewenue. Paccvorpum caenyionme coObiTHsl: coObiTHE A — BHIIE-MIPOM H3-
6pan 6prokoBely; cobbiTHe B — M3pom u3bpan 6prokoselr; coobiTie C — M3poM
u36paH JAproKoBell. UToObl OTBETUTH HA MEPBbIH BONPOC, HANWIEM UUCJIO BCEX HC-
XOJIOB I'0JIOCOBAHHUS M YHUCJIO OJIArONPHUSITHBIX HCXOJ0B. Tak Kak M3p BbiOHpaercs
M3 BOCbMH KaH/IM/IATOB, @ BUIIe-M3p U3 OCTABIIUXCA CEMH, TO MO MPaBUJIYy YMHO-
JKEHHUST UUCJIO BCEX UCXOJ0B (TO €CTh YMOPSIIOUEHHBIX Map KaHAMIATOB) PaBHO
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8 -7 = 56. Uncao O6saronpusiTHBIX UCXOJOB OyneT 28, Tak KaK 4ucaI0 Opio-
KOBCKHX M JIPIOKOBCKHX KaHJHJIATOB OJIMHAKOBO. TakuM 06pa3oM, BEPOSITHOCTb
cobbitist A pasha 1/2.

OrBetuM Ha BTOpO# Bompoc. [TocKosbKy M3poM cTaj GPIOKOBeLL, TO B UHCJIE
NPETEH/IEHTOB Ha JIOJDKHOCTb BHIlE-M3pa OCTaJIoCh 4 JIPIOKOBLA U 3 OPIOKOBIIA.
[ToaTOMy BEPOSITHOCTB TOTO, UTO BHIIE-M3POM BbIGEpYT GPIOKOBIIA, paBHa 3/7.

[Tocniensist BEpOSITHOCTh MOJICUMTLIBAETCS CTOJIb »Ke MpocTo. Ecan mMapom
CTaJl IPIOKOBELL, TO B UMCJIE TPETEHIEHTOB 0CTaJN0Ch 4 GPIOKOBIIA; U BEPOSITHOCTD
TOTO, UTO BHIE-M3POM cTaJs GpiokoBell, paBHa 4/7.

Wrak, Mbl moJiyunsii Tpu pasHble BeposTHOCTH. [loc/ienHue nBe U3 HUX Ha-
3bIBAIOTCS YCAOBHBIMU BeposmHocmamu. Bo BTopoM cjyyae Mbl HallJIM Bepo-
STHOCTb COObITHS A TMPH YCJOBHH, UTO MPOM30LIIO COObITHE B, B TOC/eNIHEM
cJlyuae — BEepPOSITHOCTb COObITHsSI A NPH YCJIOBHH, UTO MPou3oLio cobbitie C.

Onpepnenenue 5.1. Yearosnoii seposmuocmoro P(A/B) Ha3biBaioT BeposiT-

HOCTb COOBITHSI A, HAHICHHYIO B MPENOJNOKEHHH, UTO TPOU30IIIIO COObITHE B.
BoT Kak MOXKHO 3amucarh UTOTH BLIGOPOB C HCIIOJb30BAHUEM 3TOTO OIpE/e-

1 3 4

nenust: P(A) = 5 P(A/B) = 7 P(A/C) = 7

[Mpumep 5.2. U3 36 kapt BbiGupator onHy. CobbiTHe A COCTOUT B TOM, 4TO

BblOpaHa KapTa KpacHo#l mactH, coObiTie B — BblOpaHa nama. Haiinure Bepo-

sthoctn P(A), P(B), P(A/B), P(B/A).

Pewenue. TTosoBuna u3 36 Kapt umMeeT KpacHyio MacTh, mosromy P(A) = 1/2,
H, TaK Kak B KoJione 4 nambl, P(B) = 1/9. Uncso P(A/B) npencrasisier co6oit
BEPOSITHOCTb TOTO, UTO BbIHYTAsl laMa MMeeT KpacHylo mMacTb. Uucso Bcex aam
paBHO 4, U3 HHMX JIBe — KpacHoil mactH, nosromy P(A/B) = 1/2. Takum xe
o6pasom Haiiném, uto P(B/A) = 1/9 (cpeaun 18 kapt kpacHoil MacTu 2 1ambi).

Teopema 5.1. Ecau seposmruocme coboimus B omauuna om Hyas, mo

cnpasedausa gopmyra
P(AB)

PUA/B) = g

()
Jloka3areabcTBO. [1ycThb HCnbITaHKHE, B KOTOPOM MOTYT MOSIBUTHCST COOBITHST A
1 B, UMeeT 1 UCXO0J0B, U3 KOoTopbIX m(B) Gmaaronpusithbl coobiTHio B 1 m(AB)
GsiaronpusiTHbl coObiTHio AB. Haiiiém BeposiTHOCTb coObiTHSI A MpH YCJIOBHH,
4TO MPoU3oILIo cobbithe B, T0 ecth P(A/B).

[To cmbicsy ompejiesienust yeJaoBHOE BepositHocTH P(A/B) Mbl yuuTbIBa€M
TOJILKO T€ HCXOJIbl, B KOTOPBIX MPOM30LLIO COObITHE B, MO3TOMY YHCJO BCEX
BO3MOXHBIX HCXOJIOB TMPH BbIUUCJEHUH 3TOH BeposiTHOCTH Oyzaer mi(B). Hucio
e MCXOJI0B, OaronpusiTHbix cobbithio A, 6yner m(AB). [Tostomy

m(AB) _m(AB) m(B) _ P(AB)
mB  n ~ n  PB’

P(A/B) =

uTO U TPeGOBAJIOCH JI0KA3aTh. g
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13 dhopmyJibl (5) BbITEKaeT

CaenctBue. Beposmuocmo npoussedenus 08yx cooblmuil pasHa npousse-
0eHur 8eposmHocmiu 00H020 U3 HUX HA YCAOBHYHO BEPOSIMHOCTb OPY2020:

P(AB) = P(B) - P(A/B), P(AB) = P(A) - P(B/A). (6)

[lpumep 5.3. V3 kosozbl KapT mnocsieoBaTesibHO BbIGHpatOT jBe. KakoBa Be-
POSITHOCTb TOTO, 4TO OYAYT BHIHYTHI 2 Ty3a?

Pewenue. ITyctb cobbiTHe B COCTOUT B TOM, UTO IepBasi Kapra Ty3, a COObI-
e A — BTopas kapta ty3. HyxHo Ha#itu BepositHocTb npoussenenust AB. [1o
1 3 1
dbopmydie (6) P(AB) = P(B) - P(A/B) = 9 35~ 105
MetoioM MaTeMaTHUECKOH MHAYKUMH OopMyJTy (6) MOXKHO pacrnpoCcTpaHUTh
Ha Jito6oe Yncsio coObITHi. Hanpumep, 1/ist Tpéx coObITHIT aHasiornuHast hopmyia

BBINJISIIMT CJIEyOLLMM 06pa3oM:
P(ABC) = P(A) - P(B/A) - P(C/AB), (7)
a JUisl YeTbIpE€X COObITHH OHA MUMEEeT B
P(ABCD) = P(A) - P(B/A) - P(C/AB) - P(D/ABC). (8)
Gopmynnt (6), (7), (8) u UM aHanoTHUHBIE JJs1 OOJBIIErO UHUCAA COOBITHH
Ha3bIBAIOTCSl TeopeMaMH 06 YMHOXKEHUH BEPOSITHOCTEH.
[lpumep 5.4. U3 opunHamaTH KaPTOUEK COCTABJIEHO CJIOBO
e o] (3] ] =] e}
M3 Hux BBIOMPAIOT MOOUEPENHO YEThIPe KAPTOUKH M MPUCTABJSIOT OJHY K
Jpyroi. KakoBa BeposiTHOCTb TOro, UTO MoJiyuuTcst cjioBo «JIEJIO»?

Peuwenune. Beeném coobitus [, E, JI, O, cocrosiige B TOM, uTO nepsast Bbi-
O6pannasi 6yksa 1, Bropass — E, Tpetbsi — JI u uetBéprasi — O. Ham HykHO
HaWTH BEPOSITHOCTb NMPOU3BejieHnsl 3TUX coObiTui. [To dopmyse (4) umeem:

P(IEJIO) = P() - P(E/) - P(JI/LE) - P(O/LEJ]) = li 2

1980°

co| —

2
1109

[Ipumep 5.5. BepositHoCTb TOTO, UTO CMIOPTCMEH YJIyUIIMT CBOF JIMUHbIE PEKOP/L
¢ nepBoil nonbITkH, paBHa 0,5. Ecan nepBas nombiTka okasasach yCHelHoMt, To
BEPOSITHOCTb YJIYULIHTb 3TOT pe3yJ/bTaT B CJELYIOLIEH MOIMbITKE O0CTaéTcs TOH
»Ke. B cuayuae, ecsin nepBasi monbiTKa okasasiach 6e3yCrelHoH, BepOsSITHOCTb
VJIYULIUTb pe3yJibTaT co BTopoi nonbiTku paBHa 0,4. Hailinure BeposiTHoCTh TOTO,
UTO CMOPTCMEH YJYUILIUT CBOH Pe3yJbTaT: a) B KaxKJIOH M3 JIByX MOMBITOK; 0)
TOJIbKO B MEPBOH MOMbBITKE; B) TOJBKO BO BTOPOH MOMBITKE; ') XOTs1 Obl B OJHOH
U3 JIBYX MOIbITOK.
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Pewenue. Ilyctb cobbitusi A 1 B 03HayaioT, uTO CMOPTCMEH YJIydIllIaeT CBOK
JIMUHBIA PEKOPJI COOTBETCTBEHHO B MepBOil U BO BTOPOI nomnbiTke. [lo ycioBuio
sapaun P(A) = 0,5, P(B/A) = 0,5 u P(B/A) = 0.4.

a) YayuuieHue pekopaa B KaxKI0i U3 IBYX MOMbITOK — 3T0 cobbitie AB. Ilo
TeopeMe ymMHOXKeHust ogiyuaem: P(AB) = P(A) - P(B/A) = 0,5-0,5 = 0,25.

6) 3nech Hac uuTepecyeT coobithe AB. Wmeem: P(AB) = P(A) - P(B/A).
[TepBblit MHOXKHTEJb MPaBOK YacTH (GOPMyYJibl HAM H3BECTEH, a VISl BbIUUCJIEHHUS
BTOPOTO 3aMETHM, UTO CBOHCTBO BEPOSITHOCTEH MPOTHBOMOJIOKHBIX COOBITHI, J10-
KazaHHOe B MpeJblaylleM naparpagde, CoXpaHsieT CHJIy M /IS YCJOBHBIX BeposiT-
HoCTell, To ecTh cripasennuba gopmyna P(B/A) = 1 — P(B/A). Ucnonbsys 31y
dopmyay, noayuum P(B/A) = 1—-0,5 = 0,5. Orciona P(AB) = 0,5-0,5 = 0,25.

B) B 9ToM c/yuae wuem BeposiTHOCThb coGbiTHsi AB. Tlpumenssi Teopemy,
nonyuaem: P(AB) = P(A) - P(B/A) = 0,5-0,4 = 0,2.

r) YayuilieHHe pekopia XoTst Obl B OJJHOH W3 JIBYX MOMbBITOK MOXKHO TIpeJcTa-
BUTb B Buae cymMbl AB 4+ AB + AB. Cnaraemble 9Toil CyMMbI IOMAapHO HECOB-
MecCTHbI, ostomy P(AB + AB + ZB) =0,254+0,254+0,2=0,7.

YnpaxHeHus

1. Ynpasneuue YB/l CtykoBa BblIeMUI0 3 MPEMUU JIS COTPYIHHUKOB OTE€pPAaTHBHBIX rpymnm. B ¢y-
pakKy HauyasbHUKA TOJM0XKUIW 8 (paHTOB ¢ (haMUJIUSIMH BCeX BOCbMM COTPYAHHKOB. KakoBa Bepo-
STHOCTb TOTO, UTO MEPBYIO MPEMHUIO MOJYUHT caeoBaTesb 3y60B, BTOPY0 — onepaTHBHUK [Ipoko-
MEeHKO, a TPeThlo — 3IKCNepT 3ynbdus?

2. B komaHjie 1o MJiaBaHHI0 YHHUBepcHTeTa ropoja Iprokosa U3 12 criopTcMeHOB 5 MacTepoB Criop-
ta. JIJisl yuacTHsi B COPeBHOBAHHH BLIOMPAIOT ueTBepbiX. KakoBa BepOSITHOCTb TOTO, UTO OHH BCe
OKaXKyTcsl MacTepaMu cropra?

3. B mwiuueiickom KoJuielke ropona bpiokoBa sk3ameHbl caaioT Tak. CTyneHT BbIOUPAET MATh
BOMPOCOB M MOJIYUaeT CTOJMbKO 6aJlioB, Ha CKOJIbLKO BOMPOCOB OH MPaBH/bHO OTBeTHN. CTyaeHT
[pomoB 3Haer 15 Bonpocos u3 24. KakoBa BepOSITHOCTb TOTO, UTO OH MOJIYUUT MSTEPKY?

4. OXOTHUK BBICTpesIMJI [Ba pasza o yberatoulemMy 3aillly. BeposiTHocTb nonajanust npu nepBoM
BbicTpese paBHa 0,8. Ecsin nepsblil BbICTpes1 Nonaj B LeJib, TO BEPOSTHOCTb BTOPOro MonajiaHus
pasua 0,9; B c/Tyuae mpomaxa Mpu MepBOM BBICTPeJe BEPOSTHOCTh MOTaAaHUs MpH BTopoM pasHa 0,5.
Haiinure BeposATHOCTb TOTO, UTO: a) OXOTHHUK MpoMaxHércsi o6a pasa; 6) nonaiéT poOBHO OJIMH pas;
B) nonaiér xorsi Obl OJIUH Pa3.

§ 6. Popmysa noJHOi BepOSITHOCTH

3anaua o Habope B MOJUUENCKYIO aKafeMUI0. B JIpiokoBe KUBET Qu3H-
YeCKH KPENKUHA W YMCTBEHHO Pa3BHTLIF HApOJ, TaK UTO KaxKAblil TPETHH BBIMYCK-
HHUK CPEIHEH UIKOJIbl BIOJIHE MOKeT ObITh MPHUHAT B MOJHUUEHCKYIO aKaJAeMHIO.
B akajaemuio npuHUMaloT M xKutesell BprokoBa, npuuém BepOATHOCTb MOCTYIHTh
Tyzna JUisl BbiycKHUKA OpioKoBCcKOH wikosbl paBHa 0,1. B npuémuyio komuccuio
NPULLIH 7 JPIOKOBLEB U 3 OptokoBLa. OJIHOrO U3 HUX MPHUIVIACHJM Ha cobece/1o-
BaHue. KakoBa BepOATHOCTb TOTO, UTO OH MOCTYMHUT B MOJULUEHCKYIO aKaJeMHUI0?
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Pewenune. Ilycth cobGbiTHe A COCTOMT B TOM, YTO BHIOPAHHBIN CJyd4aiHbIM 06-
pasoM MoJI0JI0# yesioBeK OyaeT NPUHSAT B akajaeMuio. Ham Hy»KHO HallTH BeposT-
HOCTb 3TOT0 coObITHs. [1ycTh coObITHE H| cOCTOUT B TOM, UTO Ha coGeceloBaHNe
NPUIJIAaCHJIM JIPIOKOBLLA, a coObITHe H9 03Hauaet, uto npuratlied 6ptokosell. Co-
raacHo yeqosuto P(Hy) = 0,7 u P(Hy) = 0,3. BeposdtHocTH nmocTynieHus apio-
KOBLIEB M GPIOKOBIIEB HaM Toxke uaBectHol: P(A/Hy) = 1/3 u P(A/Hy) = 0,1.
[To Teopeme ymuoxkenusi Bepositnocreit P(AH) = P(A/H,)-P(H;) = 1/3-0,7 =
= 7/30. TouHo TaK »e HaxoauM BeposiTHOCTb npoussenetust AHy: P(AHg) =
= 0,1 -0,3 = 0,03. Hac untepecyer BepositHocTb cobbitusi A = AH| + AHo,
03Hayvalolllero, 4YTo BbIOPAHHbBIH IOHOIIA (HE3aBUCHMO OT TOTO, K3 KAKOTO OH ropo-
1) NpuHsT B akaaemuto. [Tockosbky cobbitist AH| 1 AHy HeCOBMeCTHBI, TO MO
Teopeme cyioKeHust BepositHocTel nosyuaem P(A) = P(AH+AHy) = P(AH )+
+ P(AH9) = 7/30 + 3/100 = 79/300 =~ 0,2633.
B Xone petenus sTo# 3agaun Mbl 1oKazasiu hopmysty

P(A) = P(A/Hy) - P(H)) + P(A/H3) - P(Hy), (9)

KOTOpasi Ha3blBAeTCs hOPMYA0L NOAHOL 8ePOSIMHOCTIU.

[Mpumep 6.1. B oxnoii ypHe naxoastest 3 GeibiX 1iapa W OJMH YEPHbIH, a B
apyroii — 2 Gebix ¥ 2 uépHbIX mapa. Hayrajg BbIGHpAIOT OHY YPHY H U3 Heé
HayJlauy M3BJeKaloT ot 1ap. KakoBa BeposiTHOCTb H3BJIeUb GeJiblil 1ap?

Pewenue. ITyctb cobbitie A COCTOMT B TOM, Y4TO M3BJEUEH Oesiblil wap. DTo
coObITHE MOKET MPOM30HTH COBMECTHO C OJHOH M3 runote3 (coObITHil): H| —
BbIOGpaHa nepsas ypHa u Ho — BbiGpaHa BTopasi ypHa. BeposaTHoCTb BbIGpaTh Ty
WM HHyI0 ypHYy paBHa 1/2: P(H|) = P(Hy) = 1/2. BeposiTHOCTb BbIHYTh GeJiblil
map M3 nepBoil ypHbl — 3T0 ycjoBHasi Beposithocts P(A/Hy). Tlo ycioBuio
sanaun P(A/H) = 3/4. Anasorinuno, BEpOSITHOCTb M3BJeUb 1ap Gesoro 1Bera
13 BTOPO# ypHbl paBHa P(A/Hy) = 2/4 = 1/2. Tlo dopmyse (9) HAX0auM, UTO
PA)=3/4-1/24+1/2-1/2=5/8.

dopmyJty MOJNHOH BEPOSITHOCTH UCIOMB3YIOT M MPH GOJbLIEM YHUCJIE TUITOTES.
Hanpuwmep, ecan cobbite A MOXKeT NMPOM30HUTH JIMIIL COBMECTHO C OJHOH M3
runore3 Hy, Ho, ..., H, ¥ 5TH runotesbl MonapHo HECOBMECTHbI, TO opmyJa
MOJIHOKM BEPOSITHOCTH 3aMHUILETCS TaK:

P(A) = P(A/H,) - P(H) + P(A/H3) - P(H9) + ...+ P(A/H,) - P(H,). (10)

[Mpumep 6.2. B rpynne cnopremenoB umeercst 20 JIbDKHHKOB, 6 BejiocHIe-
JMCTOB U 4 OeryHa. BeposiTHOCTb BBIMOJNHNTL KBaJH(DUKALMOHHYIO HOPMY IS
JbbKHMKa paBHa 0,9, nis Besocuneaucra — 0,8, nyist 6eryna — 0,75, Haiinure
BEPOSITHOCTb TOT0, YTO BbIOpPAHHbIH Hayraj ClOPTCMEH BbIMOJHUT KBaJHUKaLH-
OHHYIO HOPMY.

Peuwenue. Ilyctb coGeitie A COCTOMT B TOM, YTO BbIGpAHHBIH Hayraj CHOPTC-
MeH BBIMOJHUT KBasM(UKalLkoHHy0 HopMy. CoObiTHe A MOXKET MPOU30HTH COB-
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MECTHO C OJIHOH M3 Tpéx rumnores: f1; — BbIOpaH JbRKHUK, 9 — BbiOpaH Be-
Jgocurneauct U fHs — BbiOpaH GeryH. [losTomy NSl pellleHUs] 3aaud MOXKHO
BOCIOJIb30BaThCsl POPMYJION MOJIHOK BEpPOSITHOCTH Npu 11 = 3. Mmeem:

P(H) = 20/30; P(Hy) = 6/30; P(H3) = 4/30;
P(A/H) = 09; P(A/Hy) = 0.8: P(A/H;) = 0,75.

[To dpopmy.e (10) mosyuaem:
P(A)=0,9-10/154+0,8-3/15+ 0,75 -2/15 = 43/50 = 0,86.

[Mpumep 6.3. B kaunuky nocrynaior B cpeaHeM 50 % GOJIbHBIX CepAeUHO-COCY-
nucThiMu 3a6oJsieBanusivMu, 30% — c sabonesanneM aérkux, u 20% nocTynus-
HIMX UMeIOT 3a0oJ/ieBaHHe ToueK. BeposaTHOCTL MOJHOrO H3JieueHHs] OOJILHOTO
neppoii rpynsl pasHa 0,1, 6osbHOro BTOpoii rpynibl — 0,7 W Ji/1s1 TpeTbel rpyr-
nbl oHa pasHa 0,5. Hatinute BeposiTHOCTb TOTO, UuTO GOJNBHOH, MOCTYMHUBIINWH B
KJMHUKY, OYJIET BbITUCAH 3JI0POBBIM.

Pewenue. Tlyctb coGbitie A COCTOMT B TOM, YTO MOCTYMHBILIHE B KJIHHHKY
60JIbHOH BBIHJIET OTTyAa 310POBbIM. Bo3MoxkHbI Tpu rumnortesdbl: f1j — 6oJb-
HOH HMeJ1 cepleuHo-cocyaucToe 3aboseBanue, Hy — OGO0JbHOMY JICUHJH JIErKHe
u Hs — 6GoJbHON kasnoBasics Ha nouku. [1o yciosuio

P(H)) = 05 P(Hy) = 03 PH;) = 02
P(A/H) = 0,1: PA/Hy) = 0,7, PA/H;) = 0p5.

[To dpopmy.e (10) mosmyuaem: P(A) =0,1-0,5+0,7-0,2+0,5-0,2 = 0,29.

[TycTb U3 KJIIMHUKHK BbIMKUCAH BbI3NOPOBEBLIMH MalueHT. KakoBa BeposTHOCTb
TOTO, UTO €My JIeunJiu JiérouHoe 3aboJsieBanre? Mol He MoxKeM nath otet 0,3 rmo-
TOMY, YTO 3TO YHCJIO TMOKa3bIBaeT BEPOSITHOCTb P(H9) mocTynenus B KAMHUKY C
3aboJieBaHHEM JIETKKX, a HaM TpeOyeTcsi HalTH BepositHocTh P(Hg/A) Toro, uto
BBI3JIOPOBEBILHH 60JbHON ObLT JErouHUKoM. 151 e€ onpeaeseHusi BOCMOJb3yeM-
Csl TEOPEMOH YMHOXKEHHUsT BEPOSTHOCTEH.

Cornacho 1ot Teopeme P(AHg) = P(A/Hy) - P(Hy). Otcrona P(AHy) =
=0,7-0,2 =0,14. Ho, Kak Mbl 3HaeM, TeOpPEMY YMHOKEHHS MOXKHO 3aMucaTh
B apyrom Buge: P(AHy) = P(Hg/A) - P(A). TloactaBus B 3Ty (hopmysty yKe
HavieHHble 3Hauenusi, noayuum 0,14 = P(Hy/A) - 0,29, otkyna P(Hy/A) =
= 0,14/0,29 = 14/29 ~ 0,4828. B o6iiem BHje MPOBEAEHHBIE PACCYKICHHUS
NPHUBOASAT K hopmyJiam
P(A/H;) - P(H))

P(A)

KOTOpble HasblBaloTCsl ¢popmyranu baiieca. B npumepe Mbl MPOBOJAMIN pac-
yér g i = 2. [lpu 3Hauenun { = 1 Mbl HalAEM BEPOSITHOCTb TOTO, UTO Bbi-
3110pOBEBIIKI GOJILHON JIEUHJT cepjieuHo-cocyucToe 3aboeBanue: P(H/A) =
= 0,05/0,29 = 5/29 ~ 0,1724. A BeposSITHOCTb TOTO, UTO BbI3IOPOBEBIINH GOJIb-
HOM JleunJs1 MoukH, nojyuaercst npu i = 3: P(Hs/A) = 0,01/0,29 = 10/29 ~
~ 0,3448.

P(H;/A) = ) (11)
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[Ipumep 6.4. Uucso rpy3oBbIX MallnH, MPOE3KAIIMX MUMO GEH30KOJOHKH,
OTHOCHTCSI K UMCJIy MPOe3KalolMX TaM 2Ke JIErKOBbIX MalllMH Kak 3:2. Beposr-
HOCTb TOrO, UTO OYJIeT 3anpaBJsiTbCsl Tpy3oBasi MalliuHa, pasua 0,1; mis Jerko-
BOH MalllMHbl 3Ta BeposTHocTh paBHa 0,2. Ha 3ampaBky nojabexasna mailuHa.
Haiinute BeposiTHOCTb TOTO, UTO MOJbeXaBllasi MalllMHa rPy30Basi.

Peuienue. ITyctb coObiTHe A COCTOMT B TOM, UTO T1POE3KAIOLIAs MAILIMHA OCTa-
HOBMJIACh HA 3aMpaBKy, a TMIOTe3bl /1| u /{9 COOTBETCTBEHHO 03HAYAIOT, UTO TPO-
e3Kalolllasi MalldHa rpy3oBast WM JierkoBasi. Ham Hy:KHO HalTH BEpOSITHOCTb
P(H/A). V3 ycnosus caenyer, uto P(Hy) = 0,6, P(Hs) = 0,4, P(A/H,) =
= 0,1 u P(A/Hy) = 0,2. CHauana o ¢opmyJie MoJHOI BEPOSITHOCTH HAXOJHM
P(A)=0,6-0,1 +0,4-0,2 =0,14. [lanee npumensiem opmyny batieca:

P(A/Hy)-P(Hy) 06-0,1 6
P(A) T 04 14

P(H/A) = = ; ~ (,4286.

YnpaxHeHus

1. M3 natu cTpesikoB ABO€ MOMAAaloT B 1e/b ¢ BeposiTHoCTbIo 0,6 1 Tpoe — ¢ BeposiTHOCTBIO 0,4.
Haiinure BeposTHOCTb TOrO, UTO HayjAauy BbIOpAHHBIH CTPEJIOK MOMAAET B Le/b.

2. Ha ckaan noctynuia npomykuusi Tpéx dadpuk, npuuém 10% npoayKuuu npousBeaeHo 1epBoil
dadpukoit, 20% — Bropoii u 70% — TpeTbeil. M3BecTHO, U4TO B Cpe/HeM MPOIYKIMS NepBoii
dadpuku conepkut 3% Gpaka, BTopoit — 2% u TpeTbeit — 1%. Hafinmre BeposiTHOCTB TOTO, UTO
HayraJ| B3TOe U3Je/ne OKaKeTCsl 6PaKOBAHHbBIM.

3. B crynenuecko#i rpynrne 8 neByuiek U 12 ioHouneil. BeposiTHOCTb Toro, uTo JieBylllKa HarMIIeT
KOHTPOJIbHYIO paboTy Ha oTJMuHO, paBHa 0,6; wis 1oHowel 3Ta BeposiTHoCcTb paBHa 0,4. Hayran
BhIOpaHHAsT /7151 TPOBEPKH paboTa MoJydr/Ia OTJIHYHYIO OlleHKY. KakoBa BEpOSTHOCTb TOTO, UTO 3TY
paboTy HanucaJga JeByliKa?

4. )Kutenn ropoga CTyKOBO OTJIMUAIOTCS BLICOKOH YeCTHOCTbIO — OHM MOUTH HUKOTA He OepyT To,
YTO MI0X0 JeXKUT. OHAKO MpHe3KHe YacTo BedyT cebsi HHAaue: BEPOSITHOCTh TOTO, YTO GPIOKOBEL]
CTSIHET TMOJIBEPHYBILIYIOCS MO PYKY Belllb, paBHa 0,2, a 1uist nprokoBla eé noJarator pasHoit 0,3. B
OJIHOM M3 MarasMHOB npousouuia Kpaxa. [Tosuuus 3amepkasa Beex MPUE3KUX, HAXOMUBLIUXCS B
MOMEHT KpaxKi B MarasuHe — 8 OPIOKOBLEB U O CTYKOBLeB. KakoBa BeposATHOCTb TOTO, UTO KPaxy
COBEPLIUJ OPIOKOBeLL?

§ 7. He3aBucumbie coObITUS

Onpenenenune 7.1. CoObitusi A U B Ha3bIBAIOTCS HE3ABUCUMBIMU, €CJIH Be-
POSITHOCTb KayKJIOr0 M3 HUX HE 3aBHCHT OT TOTO, MPOHM3OILIO0 JIPYroe CoObITHE
nia HeT. MHbIMH caioBaMu, coObITHS A M B He3aBUCHMbI, €CJIM BbITOJHSIOTCS
CJIEyIOILIHE YCJIOBHUSI:

P(A/B) = P(A), P(B/A) = P(B). (12)
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DopmyJibl (6) 111 BEIUHCJIEHHS] BEPOSITHOCTH MPOU3BEIEHHS IBYX COOBITHIH B
3TOM CJlydae NPUHUMAIOT 6oJiee MPOCTON BUIL

P(AB) = P(A) - P(B). (13)

Mrak, Mbl MOJNYUHJIH CJEYIOULYI0 BAaXKHYIO TEOPEMY, KOTOPYIO Ha3bIBAlOT Te-
OpeMOll YMHOXKEHHSI BEpOSITHOCTEH He3aBUCHMbIX coObiTHH. OHa cripaBeavBa
JUTs1 JII0OOTO UMCsIa He3aBUCUMBIX COOBITHH.

Teopema 7.1. Beposmruocmo npoussedenus nezasucumolx codoimuil pag-
Ha npoussedenuto geposmuocmets 3mux coboLmuli.

[Ipumep 7.1. Monera Gporiena nBa pasa. Haiinure BeposiTHOCTb BbIMajieHHst
JIBYX OPJIOB.

Pewenue. Tlyctb coGbitie A COCTOMT B BbiMaJ€HHH OpJia MPU MePBOM Opo-
caHuH, a coObITHe B — mipH BTOpoM. Torna npousBelieHHe 3TUX COObITHH AB
03HauaeT BbiMajeHHe JBYX OpJioB. BeposATHOCTb MOSIBJIEHHS OpJia MPH KaxKa0M
6pocanun MoHetbl paBHa 0,5: P(A) = P(B) = 0,5. Ham Hy»kHO HaliTH BeposT-
Hoctb P(AB). CoObiTusi A u B He3aBUCHMbI, TaK Kak HCXOJL JII0OOro GpocaHus
MOHETbI He 3aBUCHUT OT Pe3yJIbTaToB JAPYrux 6pocanuil. [To3ToMy Mbl MOXKeM BoC-
nosib3oBathest popmysioit (13): P(AB) = P(A) - P(B) = 0,5-0,5 = 0,25.
HesaBucumoctb paccMaTpuBaeMbiX COObITHI 0OBIYHO YCMATPUBAETCS U3 OTMH-
CaHUsl SKCTIePUMEHTA, JIMO0 06 STOM SIBHO OObBSBJSETCS B YCJIOBHH 3a/auH.

[Mpumep 7.2. JIBa cTpesika HE3aBHCHMO OJHH OT JIPYrOrO JEJAIOT MO OJHO-
MY BBICTpeJIy 10 OJHOM M TOH Ke MHIIeHH. BeposTHOCTb MopaKeHusi MULLEeHH
nepsbiM ctpesikoM pasHa 0,5, Broppim — 0,6. KakoBa BeposiTHOCTb TOTO, 4TO
MullleHb GyJeT mopaeHa?

Pewenue 1. I[Tyctb coObiTHe A COCTOMT B TOM, YTO MHILIEHb MOPA3HJI MEPBBIH
CTpeJIoK, a cobbiTHe B — B TOM, UTO MHIlIEHb MOpPa3uJ BTOpo# cTpesok. [To
yeaosuio P(A) = 0,5 u P(B) = 0,6. CoGbiTie A + B 03Hauaet, uTo B MHIlEHb
rornaJi o KparHeil Mepe oiiMH U3 ctpekoB. [1o Teopeme cioxenus P(A + B) =
= P(A)+P(B)—P(AB), a no reopeme ymHo:kenusi P(AB) = P(A)-P(B), nosromy
P(A+B)=05+06-0,5-0,6=0,8.

OueBuIHO, UTO U3 HE3ABUCUMOCTH COObITHI A W B BbITEKaeT He3aBUCHMOCTh
MPOTHBOMOJIOKHBIX COOBITHI A ¥ B. DTo MO3BOJAET MOIYUHTh MHOE pelleHHe
TOJIKO UTO PACCMOTPEHHOH 3a/lauM.

Pewenue 2. [Tycrb, Kak u Bbillie, COObITHSI A 1 B COCTOSIT B MOPAXKEHUH [1€JTH
COOTBETCTBEHHO MePBLIM M BTOPLIM cTpesikoM. Toraa cobuitHe A, mpotusomno-
J03KHOE COOLITHIO A, 03HauaeT npoMax nepBoro crpesika, codbiTie B — npomax
BTOpOro cTpeska. Mcenosbays dopmyay (2) s BeposiTHOCTEH MPOTHBOMOJNOK-
HBIX coObITHI, nosmyuaem: P(A) =1—-05=0,5u P(B)=1—-0,6 = 0,4.
TTpoussesenne cobbiTHii A B 03Hauaet npomax 060X cTpeskos. 1o ecmbicay
3agaun, coobitiss A u B ABJASIOTCS HE3aBUCHMbIMH, MOSTOMY M MPOTHBOTIOJNOK -

Hble coObiTHs A U B Takke OynyT He3aBUCHMbIMU. CJ/ie[I0BaTe/NbHO, Mbl MOYKEM
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BOCIOJIb30BaThCs (hOPMYJIOH (2) M HAUTH BEPOSTHOCTb TOTO, UTO 00a CTpesiKa
npomaxuytest: P(A - B) = P(A)P(B) = 0,5-0,4 = 0,2. Hac xe nnrepecyer
BEPOSITHOCTb TPOTHUBOIOJI0XKHOTO COOBITHS, COCTOSIIIETO B TOM, UTO MHIIEHb MO-
paxkena. [TosTomy uckomast BepositHocTh OyneT pasHa 1 — 0,2 = 0,8.

[Ipumep 7.3. Haiinure B ycsioBusiX nmpumepa 7.2 BEPOSITHOCTb TOTO, UTO OJIMH
1 TOJIbKO OJIMH M3 CTPEJIKOB MONAAET B MHLICHD.

Pewenue. Hac unrepecyer co6uitie AB + AB: 60 nepBblil CTPeJIOK monai,
a BTOpO#l mpomaxuyJcs, au6o Hao6opot. Umeem: P(AB) = P(A) - P(B) = 0,5 -
0,4 =02, P(AB) = P(A) - P(B) = 0,5-0,6 = 0,3. B cusly HecoBMeCTHOCTH
cobuitnit AB u AB nonyuaem: P(AB+AB) = P(AB)+P(AB) = 0,2+0,3 = 0,5.

[ToHsiTHE HE3aBUCHMOCTH BBOJAT /151 J10OOT0 KOJIMuecTBa coObITHH. FIMeHHO,
coObiTust Ay, Ao, ..., A, Ha3bIBAIOT HE3ABUCUMbLMU, €CJIA BEPOSITHOCTb KaXKJI0-
r0 U3 HUX He 3aBHUCHUT OT TOTO, MPOU3OLIIN KaKHe-TO JPyrue U3 3THX COObITHH
WK HeT. TeopemMa yMHOXKEHHSI BEPOSITHOCTEH /ISl /1 HE3ABUCUMbBIX COOBITHH 3a-
MHCBIBAETCS TaK:

P(A1Ag... Ay) = P(A}) - P(Ag) - ...- P(Ay). (14)

[Mpumep 7.4. Haiianre BeposiTHOCTh BbilaleHHsT BOCEMHAALATH OUKOB MPH OPO-
CaHWK TPEX MrpaJibHbIX KOCTEH.

Pewenue. Cymma 18 nosyuaercst npu BbIMaJeHHH HA KaXI0H U3 TPEX KOCTEH
mecTd oukoB. Beeném cobbitus A, Ao, As, cocTosiliiie COOTBETCTBEHHO B Bbi-
najieHdt 6 OuKOB Ha MepBOH, BTOPOH M TpeTbel KocTsix. [To cMmbicay 3anauu
3TH cOObITHSI He3aBUCUMbI. X mpoussenenne A;AsA3 W o3Hauaer BbinajeHHe
cymmnbl 18. Tlo dopmyase (14) noayunm:

1 1 1 1

P(A1AsA5) = P(A1) - P(Ay) - P(As) = & - & - & = 57 = 0,0046.

[Ipumep 7.5. Kak nokasbiBaeT npakTHKa, B CPEIHEM B TPEX aBTOMOGHJISIX H3
KaKJI0H ThICSIYH, MPOXOJSUIMX TAMOXKEHHbBIH 10CMOTpP, 0OHAPYKHUBAIOT HAPKOTH-
ku. KakoBa BepoATHOCTb TOTrO, UTO HAPKOTHKHM OyayT oOHapyKeHbl XOTs Obl B
OJIHOH M3 MATHCOT MPOBEPEHHbIX MALIHUH?

Pewenue. Ilyctb coGbitie A COCTOMT B TOM, YTO B MEPBOM H3 MPOBEPEHHbBIX
aBTOMOOHJIeH 06HApy»KeH HapKOTHK, A9 — BO BTOPOM H3 MPOBEPEHHBIX ABTO-
MoOuJ/Iell 0OHApy»KeH HapKOTHK, U T.]l., HaKOHell, coObITHe Asp) COCTOUT B TOM,
UTO HApKOTHK OOHApy)KeH B TIOCJeNHEeM M3 TPOBEpsieMbIX aBTOMOOUIEH. DTH
COObITHSI MOXKHO CUMTATh HE3aBMCHMbIMM, W BEPOSITHOCTb KaxKIOTO M3 HHUX IO
yeqouio paHa 0,003. Pacemorpum coObiTHe B, cocTosiiiiee B TOM, YTO HAPKO-
TUK He 0OHapy:KeH HH B OJIHOM M3 MPOBEPEHHbIX aBTOMOOUJeH. OueBHIHO, UTO
B =AAy- ... Aso. B

Cobbitust Ay, Ao, ..., Asgp HE3aBUCHUMBI, ¥ BEPOSITHOCTb KayKJI0TO M3 HUX
pasHa 1 — 0,003 = 0,997. [TosTOMYy BepOATHOCTb COOLITHSI B MOXKHO HAUTH 10
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dopmyaze (14): P(B) = 0,997 - 0,997 - ... - 0,997 = 0,997°% Hac untepecyer
BEpOSITHOCTL MPOTHBOMOJIOKHOTO cobbiThsa: P(B) = 1 — P(B) = 1 — 0,997,
C nomol11bi0 KaJbKyJATOpa WU KOMIblOTepa HaXOIUM, UTO 0,997°00 ~ 0,2226.

Caenopatenbho, P(B) = 1 — 0,997%00 ~ | — 0,2226 = 0, 7774.

YnpaxHeHus

1. Haiinure BeposiTHOCTb TOrO, UTO JBa MOTOPA Ha CaMOJIETE BBIHIYT U3 CTPOSi, ECJH BEPOSITHOCTh
BBIX0JIa U3 CTPOSI OJIHOTO MOTOpA He 3aBUCHT OT MchpaBHocTH japyrux u pasHa 0,0001.

2. BepositHOCTb TOrO, UTO CTyHneHT [POMOB cjacT sk3aMeH Mo yroJoBHOMy mpaBy, paBHa 0,7, a
BEpPOSITHOCTb YCIIELIHOM Caul UM dK3aMeHa no rpaxkaaHckomy npasy — 0,8. KakoBa BeposiTHOCTD
TOrO, YTO OH YCHELIHO cJacT: a) o0a 3k3aMeHa? 0) 1o KpailHel Mepe OJUH 3K3aMeH?

3. Benyrcsi moucKu ueTbIpéx NnpecTynHUKoB. KaxKIpblil U3 HUX HE3aBUCHMO OT JPYTHX MOXKET ObITh
o0Hapy»KeH B TeueHHe cyToK ¢ BeposiTHocTblo 0,5. KakoBa BeposiTHOCTb TOTo, UTO B T€UEHHE CYTOK
OynerT oOHapyKeH XOTs Obl OJIMH MPECTYMHUK?

§ 8. TloBTOopeHue onbiTOB

[pumep 8.1. Cyn npucsKHBIX B COCTaBe MSITH Y€JOBEK JIOJIKEH BBIHECTH pe-
1ieHue GOJILIUIMHCTBOM TOJI0COB. BeposiTHOCTb TOro, UTO KaxX/Iblii OT/IE/bHbIN 3a-
cejlaTelib BbICKAXKETCs 3@ OMpaBJaHKe mojcyaumoro, pasia 2/3. Kakosa Bepo-
SITHOCTb TOTO, UTO MOJCYAUMbIN OYyJeT onpaBaH?

Pewenue. Tloacynumbiii Gyner onpapjiaH, ecjid U3 TSITH MPUCSKHBIX 33 €ro
HEBHHOBHOCTb BBICKAXKETCs1 He MeHee TPéX, To ecTh 3, 4 wiu 5 wieHoB cyna. Be-
POSITHOCTb 3TOro coObiTHs (Ha3oBéM eé Ps(3,5)) Ham u TpeOyercs HalTH. Pac-
CMOTPHM BO3MOKHbIE BapHaHThI roJiocoBaHusi. [lycTh, Hanpumep, nepBbie Tpoe
NPHUCSKHBIX MPUMYT pellieHKe, UTO MOJCY/MMbIE He BHHOBEH, a OCTaJilbHble —
Hao60poT. Mcnodbaysi noHsTHE MPOU3BE/IeHHsT COOBITHH, 3TO CJ0XKHOE COObITHE
MOKHO 3anucath B Buse HHoH3B4B5 (cobbite H| 03HauaeT pelleHne MepBoro
3aceyaTtesisi «He BUHOBeH», f9 — pellleHHe BTOPOrO «He BUHOBEH» W T.JL.).

[To ycnosuto 3anaun P(H|) = P(He) = P(H3) = 2/3. BepositHocTi coObI-
il By v Bs Haiiném no usBectHomy Ham npasuiy: P(By) = 1 — P(Hy) = 1/3,
P(Bs) = | — P(Hs) = 1/3. Bynem cuurath, uto paGoTa cyaa MPOXOIUT B Hie-
aJIbHbIX YCJIOBHSIX: KaxKIblH 4JieH KOJIIErMH MPUHUMAET pellleHHe He3aBUCHMO
ot ipyrux. Toraa MoxHO BOCMOJIb30BAThCsl TEOPEMOH YMHOXKEHHST BEPOSITHOCTEH
JIJ1S1 HE3aBUCHMBbIX COOBITHH:

P(H\HyH3By4Bs) = P(H)P(Hs)P(H3)P(B4)P(Bs) =
=9/3.2/3-2/3-1/3-1/3 = 8/243.

Ho BoaMoxkHBI 1 ipyrie KOMOMHALMK BUAA «3+ 2%, MPU KOTOPBIX TPH roJsioca
M0JIAl0TCS B M0J1b3Y MOJCYAUMOro0, a iBa — IMpoTUB Hero. Hanpumep, komOuHa-
uus ) ByoHsH,Bs 03Hauaer, uTo B MoJib3y 0OBHHSIEMOrO BbICKA3aJUCh MEPBbIH,
TPETH W UeTBEPTLIH UJieHbl KOJUIETHH, a POTHB HEro — BTOPOH W NAThIA. fIcHo,
UTO BEPOSITHOCTb TAaKOH KOMOUHALIMH TOJIOCOB TakxKe Oyjer paBHa 8/243.
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CKoJbKO Ke Bcero OyneT nopoOHbiX KoMOuHaUMi? CoriiacHo orpeeseHnto
CoueTaHusl, JTaHHOMY B MpeJibliyllled ryiaBe, Mbl 1OJKHbI HAHTH UMC/I0 COUueTaHHH
M3 MSATH 3JeMeHTOB Mo Tpu. [losib3ysich MmoJiydeHHBIMH TaM (opMysiaMH, HaXo-
5-4

1-2
13 KOTOPbIX MOJlydaeM BeposiTHOCTb 8/243. Ternepb Mbl MOXKEM HaiTH BEpOSIT-

HOCTb TOTO, UTO M3 MATH MPUCSKHBIX KaKUX-JIH60 3 BbICKA3aJUCh 3a ONpaBJa-
Hue, a 2 — npotuB. O603HaUUM 3Ty BeposiTHOCTb P5(3). [1o Teopeme cioxenus
BepositHocTelt Haxoaum: Ps(3) = 8/243 - 10 = 80/243. Ecsiu Mbl BHUMATEJbHO
NPOCJEUM XOJI HALLIMX pacCyKIeHUH elé pas, To 3aMeTHM, UTO Bce Mpojie/aH-
Hble BBIUUCJIEHHS MOYKHO 0ObEUHUTD CJeytolell popmyJiof:

P5(3) = C3(2/3)*(1/3)*.

TIAM: Cg = C% = = 10. Urak, Bcero 6yner 10 KoMOUHALMH, ST KaXKI0H

Ho nopcynumblit GysieT onpaBiaH W MpH JPYrdX MCXOJaX TOJOCOBAHHS, B
KOTOPBbIX 3a Hero mojaHo 4 uam 5 rojocos. BepostHocTb Pj5(5) Toro, uto BCe
MPUCSKHBIE TIPOTOJIOCYIOT 33 0CBOGOXKAEHHEe, HAllTH npocTo. OHa paBHa

P5(5) = P(H,HoH3H Hs) = C2(2/3)° = 32/243.

Jloist BbluKc/ieHUs1 BepPOSITHOCTH Ps5(4) rosocoBanus «4 + 1» HyXHO ONsThH
nepe6upaTh BCe BO3MOXKHbIE BAPUAHTHI, TIPH KOTOPbIX KaKUe-J1u60 UueTBepo MpHu-
CSKHBIX TOJIOCYIOT «3a», @ OJIMH — «IPOTHB». B UTOre Mbl NpHaeM K aHajoruu-
HOU hopmy.ie:

Ps(4) = C2(2/3)*(1/3)! =5-(16/81) - (1/3) = 80/243.

Tenepb, HaKoHEeL, Mbl MOXKeM HAUTH BepOSTHOCTb P5(3,5) oMpaBaaTesbHOro
npurosopa. [1o Teopeme ciioxKeHust BeposiTHOCTEN

P5(3,5) = Ps(3)+P5(4)+P5(5) = 80/243+80,/243+32/243 = 192/243 ~ 0,79.

3anauy mbl petinsin. Ho npoBoauTh nopo6Hble pacCy:KIeHUsT KaXKblii pas
YTOMMTENLHO W HEMPOJYKTHBHO. MaTeMaTHKH JJaBHO HALJIK CXeMy, 10 KOTOPOH
perialTcs MoA0OHBbIE 3aMaud. DTa CXeMa H3YueHHs] MOBTOPSIOIIUXCS OIMbITOB
HasbiBaeTcst cxemoll bepryariu. V1anoxxum eé B HanboJiee oOlIeM BUIE.

[TycTb 07MH ¥ TOT Ke OMBIT MOBTOPSIETCS B OJIMHAKOBBIX YCJOBUSAX 1 pa3 (B
3ajlaue OMbITOM SIBJISIETCS FOJIOCOBAHKE UjieHa KoJleruu, n = 5). B kax oM ornbi-
Te MOXKET MOSABUTbCS cOObITHE A ¢ OJHOH M TOH 2Ke BEPOSITHOCTBIO p (COOBITHE
B Halllell 3ajiaue — roJiocoBaHue 3a onpasuanue, p = 2/3). Bo3bMém Kakoe-
HUOY/Ib 11eJI0€ YHUCJIO /11, MeHbIIIee £, U HaklJEM BEPOSITHOCTh TOTO, UTO B /1 OTIbITAX
coObITHe A MosiBUTCST pOBHO M pas. DTy BEpPOSITHOCTL 0603HauaT P,(m). OHa
BhIUKCIsIETCS Mo hopmyJie

Py(m)=Cl'p"(1—=p)"™", m=0,1,2,...n, (15)

KOTOPYIO HalleJl LIBeHlapcKuii MmateMaTnk $lko6 Bephyssu. B 3ajade mbl Halim
BepositHocTH P5(3) = 80/243, P5(4) = 80/243, P5(5) = 32/243.
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Qopmysy BepHysn NpUMEHSIOT MPU PellieHHH MHOTUX 3aJau, CBSI3aHHBIX C
noBTOpstolIMMHUCS onbiTaMd. [Ipn 3ToM cuuTaeTcs, UTo pe3yJibTaT KaxKJI0ro U3
HUX HE 3aBUCHUT OT HCXOJOB APYTHX OMbITOB. Takue OMbIThl HA3bIBAIOT TAKXKE
He3aBUCUMbIMU UCNOIMAHUAMU.

[Mpumep 8.2. BepositHocThb Toro, 4To Bparapb BO3bMET neHasibTH, paBHa 0,3.
KakoBa BeposITHOCTb TOr0, UTO BpaTapb BO3bMET OJIMH TEHAJbTH U3 YeThIPEX?

PeuleHune. 3yech Mbl HMeeM JIeJIO C TTIOBTOPEHHEM UYETBIPEX OMbBITOB (MPOOH-
THe TeHaJbTH). B KaxI0M orbiTe MOKeT MosiBUTbCst cobbiTHe A (BpaTapb Gepét
neHaJbTH), BeposiTHoCcTh Kotoporo p = 0,3. 1o dopmyse Bepuysnu nosyuyaem:

Py(1) = C1(0,3)1(0,7)> =4-0,3-0,343 = 0,4116.

[Mpumep 8.3. CornacHo yuéTHLIM JaHHBIM, peUUaAMBUCTLI cocTasiioT 20% oT
0011Iero YnucJ/a YCTaHOBJIEHHbBIX NMpaBoHapylinTeaeid. Opranbl MpaBonopsiaka 3a-
nepxxanun 10 napywuTeneil. KakoBa BeposiTHOCTb TOTO, UTO Cpe/i 3ajieprKaHHbIX
6oJiee 1BYX, HO He HoJiee MATH PELUIUBUCTOR?

PeuweHune. Ha sisbike Teopun BeposiTHOCTeH MepBasi (hpasa 03HAYAET, Y4TO Be-
pOSITHOCTb 3ajepxKath peunauBucta p = 0,2. [lpuBszkeM cuTyauuio K cxeme
MOBTOPSIOLLMXCS ONbITOB BepHynu. 31ech onbiToM Oy/1eT MPOBEpPKa KaxKJ10ro 3a-
JIEPXKAHHOTO Ha MPeJIMET TOTO, SIBJSIETCS JIH OH PELMAUBUCTOM (coObITHe A) WK
Het. OnbiT noBropsiercst 10 pa3 u Ham TpeGyeTcst HAUTH BEpPOSITHOCTb Po(3, 5)
TOro0, YTO YMCJO pelUuBUCTOB OyzeT Godblie IBYX, HO He GoJee naTH. [To Teo-
peme CJI0yKeHHs1 BepOSTHOCTEH

P10(3,5) = P10(3) + Pio(4) + P1o(5).

BeposiTHOCTH TOro, 4Tto cpelu 3aJepKaHHbIX UMEeEeTCsl POBHO M PeLUIUBHU-
CTOB orpesessieM 1o dopmyaam bephysu:

Pyo(m) = Cfy - (0,2)™ - 081" m=0,1,2,...,10.

[1pu pacuére no 3TUM hopmyJiaM BO3HHKAIOT TPYJHOCTH, CBS3aHHbIE C HAXO0-
xjendem uncen Cfy. Korna unc/io onbiToB He CJHMIIKOM BEJIMKO, Hanpumep He
GoJsee ABaUATH, UHC/IO0 coueTanuit Cl MOXKHO HAXOMUTH C MOMOLIBIO 7pey20ab-
Huka [lackaas, olMHHANIATH MEPBBLIX CTPOK KOTOPOTo M306pazkeHbl Ha puc. 60.
Envnuna, pasmeliéHuasi B HyJ1eBOH CTPOKE TOTO TPEYroJbHHKA, COOTBETCTBYET
qmcay C8. B caienyroueil ero ctpoke sanucanbl uneaa C) u Cl, nanee — Benn-
unnbl CY, C21 u CS u T. 1. [Tonb3ysick TpeyrosbHukom Ilackass, Hallném uucaa
Pio(m) nns 3uadenuit m ot 3 jo o:

P1o(3) = Cj,-0,2%-0,8" =120-0,2%-0,8” = 0,20132 ~ 0,2013;

Pio(4) = C}y-0,2%-0,85 =210-0,2*-0,8° = 0,08808 ~ 0,0881;
P1o(5) = CJy - 0,2°-0,8° = 252 0,2° - 0,8° = 0,02642 ~ 0,0264.
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1 9 36 84 126 126 84 36 9 1
1 10 45 120 210 252 210 120 45 10 1

Puc. 60

Tenepb Bblunc/MM BeposiTHOCTL Pig(3,5):

P1o(3,5) = P1o(3) + P1o(4) + P1p(5) = 0,2013 + 0,0881 + 0,0264 = 0,3158.

3ameuaHnue. Ecsiu Haiiti 3Hauenust Bcex BeposiTHocTed Pig(m), npuaasasi m
gHauenust ot 0 go 10, U CJOKUTH UX, TO MOJYyUuTcs 1. DTO MOXKHO YBUIETH H
6e3 BbluncyeHui. JlelicTBUTEIbHO, IO opMyJsie GuHOMa HbioToHa

[(1=p)+pl"=Chp°(1 = p)"+Chp(l = p)" " +...+Clp"(1 - p)°.

JleBast uactb 3T0OH (hopMyJibl paBHa |, a cjiaraembie B paBOi YaCTH €CTh B TOUHO-
cti BepositHocTd Py(m) oy m =0, 1, ..., n. [Tostomy eé MoxxHO nepenucarthb
tak: P,(0) + P,(1) + ...+ Py(n) = 1. BepostHoctu P,(m) Ha3biBalOT OUHO-
MuarbHolmu. Mbl TIOKa3au, 4to npu A060M n cymma 8cex O6UHOMUANbHbLX
sepoamrocmeti pasra eduruye. Kak BbIUHCATL OMHOMHAJbHBIE BEPOSITHOCTH
npu GOJIBLINX M U M1, Mbl PACCKAXKeM B CeJlbMOH TJ1aBe.

YnpaxHeHus

1. KOHTPOJII)HI)IIU/I TECT COCTOMT U3 MsATH BOIPOCOB, Ha KaXKIblH U3 KOTOPBIX HY2KHO BbI6paTb OJHH
u3 TpéX YKa3aHHbIX OTBETOB. CTleeHT OTBeYaeT Ha BOIPOCHI Hayaauy. Haiinure BEPOSITHOCTL TOTO,
UTO CTYJCHT JacCT POBHO JBa MpaBUJbHLIX OTBETA.

2. MoHera 6pouiena 6 pas. Hatinure BepositHoctu Pg(rm) Toro, uto opés nosiBUTCSt m pa3 (misi
3HAUEHHWH M OT HyJIs JI0 LIECTH BKJIHOUUTEJIbHO) H YOEHUTECh, UTO CyMMa BCEX 3THX BEPOSITHOCTEH
paBHa eJIMHHULIE.

3. UeTbIpéXMOTOPHBII CaMOJIET MOKET TIPOJOJKATh TIOJET, ecsii paGoTaloT He MeHee JBYX MOTO-
poB. BepositHocTb BBiXOJa 13 cTposi ogHoro motopa pasHa 0,0001. KakoBa BeposiTHOCTb TOTO, UTO
CaMOJIET JIOJIETHT JI0 a3poapoMa’

4. Cpenn ycranosjeHHbIx npaBoHapyuteneii 40% coCTaBASIOT JMLA, He MMEIOLIHE TOCTOSTHHO-
ro noxoaa. Ha#auTte BeposiTHOCTb TOTO, YTO UMCJO TAKHUX CPEIH BOCHBMM MpaBOHApYyLIUTEsJeH He
[IPEBOCXOJHUT YEThIPEX.
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(l) JIPYTOl BayKHEHILIUH MaTeMaTHueCKUi 06 beKT —
yH Kl—l“ H ¢yHkyuro. B Bune pyHKUMOHANBHBIX 3aBUCHMO-

cTell popmyspyetest 60JbllIas 4acTb 3aKOHOB

l/l [‘p ad) l/l Kl/l NIPUPOJIbI U HEBO3MOXKHO ceOe MPeCTABUTh ecTe-

CTBEHHYIO HayKy, B KOTOPOil HE MCI0JIb30BaJIOCh

6b1 oHsATHE (DYHKLMH. Martepuas 3Tol T1aBbl Uk-

TaTeJ0 3HAKOM, MTOCKOJIbKY MOUTH BCe (DYHKLUH,

B nepBo#i riiaBe KHUMH Mbl OOCYKAAJH CBOH- KOTOpblE Mbl 3JleCb paccMaTpUBaeM, M3yvaroTcs
cTBa uMces. Tenepb Mbl GyfeM paccMaTpuBaTh B LIKOJE.

§ 1. JdekapToBbl KOOPAUHATDI

Meron KoopauHaT npeacTaBaser co60i OJMH U3 HanboJiee YHUBEPCATbHBIX
MaTeMaTHUECKHUX METOJIOB H MCIOJIb3YETCs /sl PellleHUs] CaMblX Pa3HOO0OPa3HbIX
3aj1au. B ocHoBe MeTO/a JIEKUT MOHSITHE cucmemvl KOOpOuHam Ha npsiMoH, Ha
MJIOCKOCTH U B MPOCTPAHCTBE.

Cucrema KOOp/IMHAT BO3HUKJA B pedyJ/ibTaTe 0CO3HAHUS MaTeMaTHKAMK TOTo
¢akra, 4To TOUEK Ha MPSIMOH, 06PA3HO TOBOPSI, CTONBKO K€, CKOJbKO JEHCTBU-
TeJIbHBIX yHces. TouHee, KaxK10H TOUKe Ha NPSIMOA MOXKHO COIOCTaBUTb HEKOTO-
po€e eIMHCTBEHHOE JAEHCTBUTENbHOE YHCJI0, KOTOPOE HA3bIBAETCS] KOOPOUHAMOL
3Toi Toukd. [Ipolle Bcero 3To cjesath ¢ MOMOLLbIO TaK Ha3blBAEMOH pasHo-
MmepHotl wkavt, n306pakéHHol Ha puc. 61. Ilpsamylo ¢ oTMedeHHbIM Ha Hel
MOJIOXKUTE/IbHBIM HarpaBJ/JeHUeM U BblJeJeHHONH Toukoi O Ha3blBAlOT OCblo, a
camy Touky O — Hauaiom KoopouHam.

Puc. 61

[TokarkeMm, Kak MoJiyuuTh paBHOMepHYyto iKaJy. CHauasa yepes paBHble PO-
MEXKYTKH OT Hauajia KOOPJHHAT OTMETHM TOUKH C LIEJIOUMCJIEHHBIMU KOOPJIMHATA -
MH, KaK 3T0 cliefiaHo Ha puc. 61. Takyio onepauuio Jerko BbIMOJHUTh ¢ MOMOUIbIO
UMPKYJISI HA OTpe3Ke JI0OOW JJIMHbI, HO HA BCEH MPSIMOHA 3TO MOXKHO ClesaTb
JIMIIb MBICJIEHHO, MOCKOJIbKY OHa OeckoHeuHa. Jlajee KaxKablil U3 MOJTyYeHHBIX
OTPE3KOB, KOHIIbI KOTOPbIX OTMeUeHbl 11eJIbIMH UUCJaMH, pasjie/idiM Ha JecsThb
paBHbIx yacteid. Ha puc. 62 sto cnenano ans otpeska [0,1]. B pesysbrarte Ha
1IKaJjie MOSIBATCS TOUKH, WMeIolIHe KOOPJAHHATLI C OJHUM JeCSTHUHbIM 3HAKOM
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nocJie 3ansToi! .

00 01 02 03 04 05 06 07 08 09 1.0

Puc. 62

Tenepb nennm Ha necsATh yacTell KaxKablii M3 HOBBIX OTpe3KoB. B pesysbraTe
MOSIBATCSl TOUKH, OTMEUEHHble KOOpJHMHATAMH C JBYMsl JeCATHUHBIMH 3HaKaMH
nocJie 3ansToi (puc. 63).

0,00 0,01 0,02 0,03 004 005 0.06 0,07 0,08 009 0,10
Puc. 63

[Tponoskast 3Ty nnpoueypy, Mbl OJy4UM TOUKH, KOOPJAHHATAMH KOTOPBIX OYy-
JyT IpOOU C TPEMSI, UETBIPbMS 1 T. . IECITHUHBIMU 3HaKaMH rocJe 3ansroi. [1pu
9TOM, KaKylo Obl KOHEUHYIO JIeCSITHUHYIO 1poOb Mbl HU B3$/IH, MIOCJI€ HEKOTOPOTO
UMCJIa WIAroB Mbl MOJYYUM Ha TMPSIMOU TOUKY, KOOPAMHATOU KOTOPOH SIBJSIETCS
MMEHHO 3Ta JeCATHYHAs IPO0h.

Kak Ham n3BecTHO M3 MepBOi IJIaBbl, HA MPSMOK €CTh U TaKHe TOUKH, KOOp-
JIMHATBl KOTOPBIX SIBJSIOTCS OECKOHeuHblMU NeCATHUHBIMU pobsiMu. [Tostomy
vHoraa ropopsAt tak: «Ilponosmkas nmpouenypy apo6Jenust 10 6€CKOHEUHOCTH,
Mbl MOJyYdM BCE€ TOUYKH, KOOPJMHATAMH KOTOPBIX SIBJISIIOTCS BCEBO3MOXKHbBIE Jle-
csITHUHbIe poOH». B03MOKHOCTbL MpoO/KATL TPOLELypy JeleHus 10 GecKo-
HEUHOCTH — 3TO Mamemamuueckas abcmpaxKyus.

31ech HeOOXOAMMO NPUHATH BO BHUMaHHUe JiBa jonyluenus. Ha nepoe u3 Hux
ykazas emié EBkm, onpeiesiiB TOUKy Tak: 3TO TO, UTO He HMeeT uacTel. Bo-pro-
pbIX, NpearosaraeTcsi, YTo NP yMeHbLIEHHH JUIMHBI OTPe3Ka Bce ero CBOHCTBA
COXPaHSIOTCS, TO €CTh C MEHbIIUM OTPE3KOM MOXKHO Jie]aTh BCE TO 2Ke, UTO U C
uexoHbIM. OJIHAKO 3TO He GYJIeT BEPHO, €CJIM NPSIMble H TOUKH CUHTATh husuye-
ckumu obbekramu. CoBpeMeHHasi pU3MKa yTBEPKIAET, UTO OECKOHEUHO APOOUTD
HeJIb3sl, TaK KaK CYyILIeCTBYeT HaUMeHblllasi BeJIMUMHA — KBAHT, M UTO CBOHCTBA
O0JbILIUX Tesl (MAKPOMHP) OTJIMUAIOTCST OT CBOHUCTB MaJiblX Tesl (MUHKPOMHUP).

Touku, KoopaMHATBI KOTOPBIX SABJASIOTCS GECKOHEUHBIMU JIECATHUHBIMH JIPO-
OsIMH, MOXKHO OMHCaTb W MHBIM criocoOom. PaccmoTpum, Hanpumep, Touky A ¢
KoopmuHatoit 7/3 = 2,333... B cusy HepaBencTB 2,3 < 7/3 < 2,4 MOXHO
yTBep:KJaTh, uto Touka A Haxomurcst mexkay Toukamd M((2,3) u N(2,4). Tak

! Xors Mbl H306pasnan otpesok [0,1] 6OMbIINM, ueM Ha NPe/bIylleM PUCYHKe, Mbl He CUH-
TaeM, U4TO OH yBeJHUMsICcs. Mbl IPOCTO CMOTPUM Ha HEro CKBO3b YBEJIHUHTENbHOE CTEKJIO.
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Kak 2,33 < 7/3 < 2,34, to A nexur mexay Mo (2,33) u No(2,34); u3 Hepa-
BeHCTB 2,333 < 7/3 < 2,334 Bbitekaer, uto A Haxoaurcst Mexkay Ms3(2,333) u
N3(2,334) u T. 1. DTOT MpoLecc MOXKHO MPOJ0JKATh HeorpaHuueHHo. [1pu sTom
paccrosiHue Mexay Toukamu M; u N; BCE BpeMsl yMeHbIIAETCsl U CTPEMHUTCS K
HYJIIO, TIO9TOMY CYILLECTBYET eO0uHCmseeHHas TouKa, MpUHaJIeKallas BCeM OT-
peskam [M;, N;]. Dto u Gyner Touka A(7/3), cyliecTBoBaH#ie U eIMHCTBEHHOCTD
KOTOPOII rapaHTHpyeTcs akcHoMoli Jlefeknnna®, BXoJslleil B CHCTEMy aKCHOM
EBKJIMJIOBOH reoMeTpuu (cM. § 2 necsToll r/1aBbl).

Paccrosinne |[MN | mexay Toukamu M(x) u N(y) npsiMoil BbIUHCJISIETCs uepes
MX KOOPAMHATBI X U Yy 1Mo (opmy.ie:

IMN| = |y — x|. (1

B § | Tpetbeii riiaBbl 6bL10 MOKA3aHO, UTO KOOPJAMHATA CEPeMHbI OTpe3Ka
MN sBnsieTcst cpelHUM apUpMeTHUECKUM KOOpAMHAT ero KoHUoB. Takum o6pa-
30M, ecJii Touka K — cepeanna otpeska MN, 1o eé KoopauHata paBHa (x+y)/2.
Hanpumep, npu x = 2,2 u y = 3,6 Touka K umeer koopauHaty 2,9.

y Camas npocrast ¥ HauboJsiee pacnpocTpaHéHHasi Ch-
cTeMa KOOPJMHAT Ha MJIOCKOCTH Ha3blBaeTcsl dekapmo-
soii o umenu Jlekapra®. Ona o6pasoBana AByMsi rep-
1 NeHAUKYJ/IsIpHbIMM ocsiMU X M Y, TOuKa TepecedeHus
KOTOPbIX Ha3bIBAETCS HAUANOM KOOPOUHAM U CIYIKUT
OJIHOBPEMEHHO HAuaJIoM KOOPJMHAT HA KAXKJI0H U3 0Ceil

0 I X (puc. 64). Macuutab Ha ocsiX BBIOMpaeTcsl OIMHAKOBbBIM.
Ecau »ke Ha ocax BbIOpaH pa3Hblil MacliTad, TO CUCTe-
Puc. 64 Ma KOOpJMHAT Ha3blBaeTcs He JeKapTOBOH, a agdum-

HcC.

HOL.

CucTemMa KOOpMHAT HyKHA JUIsl TOTrO, YTOObI KaxK[A0H TOUKE MJOCKOCTH M0-
CTaBUTb B COOTBETCTBHE JIBE €€ KOOPAMHATHl — JBAa JEHCTBUTEJbHBIX UHCIA X
u y. Henaerca sto cienyroum obpadom. [lyctb M — npousBoJibHasi TouKa
miiockocTH. CripoekTHpyem e€ Ha KOOPAMHATHBIE OCH, TO €CTb OMyCTHM M3 TOU-
ki M nepnenaukyasippl Ha ocd X 1 Y. O603HauuM OCHOBAHUS MEPHEHIUKYJISIPOB
uepes M| u My. Ilyctb Touka M| umeer KoopauHaTy x¥ Ha ocu X, a Touka Mg
“¥MeeT KoopauHaty y Ha ocu Y. Toria umcsia X U y Has3bIBalOTCS MEPBOH U BTOPOH
KoopJuHaTamu Touku M. 3anuckiBaercs 3to Tak: M(x, y).

Ocu X u Y nensit miockocTh Ha 4 4acTH, KOTOPble HA3bIBAIOTCS KBAOPAH-
mamu. Ecan Touka M(x, y) nexut B nepBoMm Ksajpaunre, 1o x > 0, y > 0; nas
TOUEK BTOPOrO KBajJpaHTa BHIMOJHSOTCS HepaBeHeTBa x < 0, y > 0; nas Tpe-
thero x < 0, y < 0; a aisa yerséproro x > 0, y < 0. Touku, pacnoJioKeHHbIe
Ha ocu X, ynoBietBopsitoT ycaoBuio y = 0, a Ha ocu ¥ — ycqoBuio x = 0.
Hauano O umeer koopaunars (0, 0).

210smye Buabreasm Puxapa Jdenekuna (1831 — 1916) — Hemelkuii MaTeMaTHK, OJHH U3
OCHOBATeJIell TeOPHH JIeHCTBUTENbHDBIX UHCE/.
3Pene Jlekapr (1596—1650) — dpaniysckuii husocod, MaTeMathK, GU3HK, GUIHOJIOL.
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Eué B mkosie 6611 0Ka3aHbl JBa CJAEIYIOLIMX BaXKHbIX yTBepKaeHus. [lep-
BO€: paccTosiHie Mexxay JByMsi Toukamu My (xy,y;) U Mo(xo, yo) BblUMCHsIETCS
no dopmyJie

M M) = 1/ (xz = x1)2 + (42 — 1) @)

JloKa3aresbCTBO OCHOBAHO HA NPUMEHEHHH  y
teopeMbl [Indaropa k tpeyrojbHuky M;MoN

(puc. 65). Yo
BTopoe yTBep:KjeHHEe TJIACHT, UTO KOOPIH-
HaThl X W Yy cepeauHbl otpeska M Mo Oy-
JyT CPeIHUMH apU(PMETHUECKHMH COOTBETCTBY-

FOLMX KOOPJIMHAT KOHIIOB 3TOTO OTPE3Ka: Ui
X1t X Y1ty
X ==——", =T —==
2 2 0
Hanpumep, mist touek Mi(1,1) u Mo(4, 3)
mveem: [MiMo| = V@A — )2+ (B-1)? = Puc. 65

= V13~3,606, x = (1 +4)/2=25y=(1+3)/2=2.

YnpaxHeHus

1. Tloctpofite Touku ¢ koopmuHatamu (1, 1), (—1,1), (=1, —=1), (1, —1). Kakas durypa nosyuurcs,
€CJI 3TH TOUKH T0CJIeJ0BaTENIbHO COEJMHUTL oTpe3kaMu? Haiinute eé nioians U nepuMerp.

2. MzoGpasure Ha MJAOCKOCTH 00J1aCTH, 3a/laBaeMble CJelylolIMMH HepaBeHcTBaMu: a) x > 0,y > 1;
6) x <0, y>LBx>Ly>Lnx>2,y>3n)x<2,y<3;e)x>2 y<3.

3. OTmetbTe Ha uepTexke ToUkd M| u Mo 1 onpenenuTe paccTosiHue MEKILY HUMMU:

a) Mi(1,2), Ms(3,4); 6) Mi(1,=2), Ma(=3,4); B) My(1,3), Mao(1, =7); 1) M1(3,5), Ma(—1,5).

4. Haiinute KoopauHaThl cepeiH oTpe3koB M| Mg, nepeunc/ieHHbIX B MPeAblAyLeM YpaxKHEeHUH.
5. YKaxuTe BCE TOUKH C 1I&JbIMH KOOpJIMHATAMH, HAXOMSIMECS BHYTPH Kpyra pajuycom 2 ¢ 1eH-
TPOM B Hauajie KOOPAMHAT, U OTMeTbTe MX Ha uepTexe. Haliiure paccTosiHUSI OT ITHUX TOUEK /10
HauaJla KOOPAMHAT U OKpyriuTe pesyJsbTathl 10 0,01.

§ 2. ®PyHkuuu. JluHeikHas U MocTossHHasi PYHKUUH

[lepemernnas seauvuna v yHKyUss — BaKHEHIIHE TOHSATHS] COBPEMEHHOH
MaTeMaTHKH ¥ (U3UKU. [IprMepbl MepeMeHHbIX BEJHUHH MOXKHO 0OHapY»KHTh B
npupoje. [Iporekatoline B Heil MPoLEeCChl K 3aKOHOMEPHOCTH yuéHble 006JIeKatoT
B (hopMy 3aKOHOB (PU3MKM, MaTeMaTHKH, XUMHH W T.J. BakHe#inasi nepemeH-
Hasi BeJIMUMHA — B8peMs — BXOJUT MPaKTHUECKH BO BCe (pU3UUeCKHe 3aKOHbI,
CBsI3aHHbIE C JIBUXKEHHEM.

Hanpumep, u3BeCcTHbIN 3aKOH MPSIMOJMHEHHOTO H PABHOMEPHOTO JIBHKEHHUS
CO CKOPOCTbIO U

s =ut 3)

COJIEPKHT JIBE MepeMeHHble BeJIMUMHBL: TIPOHIEHHOE paccTosiHie s (NMyTh) U Bpe-
ms {. dopma 3anmucu 3TOro 3aKoHa MOJAUEPKHUBAET TOT (haKT, UTO MPOKJIEHHbIH
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MyTh 3aBUCHT OT BpeMeHH, a He Ha060pOoT. MaTeMaTHKK B 3TOM CJIyuae rOBOPSIT,
UTO nepemMerHas BeAUHUHA S ABALeMCA PYHKYUell nepemerHol 8eau uHol ¢,
TO €CTb S — 3ABUCUMASA NEPeMeHHas, a I — He3a8UcCUMasl NepemerHas.
Oyukuus s, 3aaaHHasg GopmyJoi (3), Ha3bIBAETCS AUHEUHOL, TaK Kak Tepe-
MeHHasi { CTOUT B mepBoil crerneHd. CKOPOCTb U MPH PAaBHOMEPHOM JBHXKEHHH
MOCTOsIHHA, TO €CThb OJIHA W Ta K€ B Kaxk/Iblii MOMeHT BpeMeHH. Ho, Bbipaxa-
ICb TAKAHM 00PA30M, Mbl, OUEBHJIHO, CUHTAEM, UTO CKOPOCTh SIBJSIETCS (DyHKIMEH
BpeMeHH. DTO NMpUMep Tak Ha3bIBAEMOH NOCMOAHHOU PYHKYUU.

PaBHoMepHOe nBMKEHHE TIpeAcTaBJjseT coO0i MaTeMaTHuecKyr abCcTpak-
LMI0, TAK KaK Ha caMOM JieJie B IPUPOJie TaKUX JBHKeHHH He ObiBaeT. Hanpumep,
Ha yuacTke TBepb—MocKBa 3JIeKTPHUKA HECKOJIbKO pa3 YCKOPsieTCsl, 3aMejlisi-
eTcsl, OCTaHaBJMBaeTCd. TeM He MeHee, MOXKeT [0KAa3aTbCsl, UTO B CEPEIMHE
JIOCTATOUHO JJIMHHBIX MEPEroHOB CKOPOCTb MocTosiHHa. OHAKO TaK MOXKHO CUM-
TaTh JULIb NPUOIHKEHHO. Ec/in Obl Mbl U3MePSIIM CKOPOCTb TOYHBIM NPHOOPOM,
To 0OHapy:KUJK Obl, UTO B pa3Hble MOMEHTbl BPEMEHHU OHA, XOTsl U HEMHOT'0, HO
pasJiM4Ha.

Korna ke aJsieKTpuuKa, Tporasicb ¢ MecTa, TOJbKO HabHWpaeT CKOpPOCTb, TO
nocsieiHss (onsaTh ke NpUOIMKEHHO!) MEHSIETCS C TeueHHeM BPeMeHH M0 3aKO-
Hy U = af, Tle a — HeKoTopasl NOCTOsIHHasA, HasblBaeMas yckoperuem. U3
IIKOJILHOTO Kypca (DU3HKM HAM HM3BECTHO, 4TO JHHEHHAas 3aBUCHMOCTb CKOPO-
CTH OT BPEMEHHU XapaKTepHu3yeT TaK Ha3blBaeMoe PABHOYCKOPEeHHOe 08UCerue,

MpH KOTOPOM TIPOHJEHHBIH MyTh BbIUUCJSETCS MO opmyJe S = 5@12 (TouHee,

1
s =vpt + §at2, ecJii HauaJbHasi ckopocThb vy # (). 3aMeTbTe, UTO 3Ta PyHKIHUS
y2Ke He SIBJISICTCS JIMHEHHOH.

[Ipearnonoxenue, uto v = at, Toxe fABJASETCA MaTeMaTHUeCKOH aOCTpaKLU-
eil. C NoMollbI0 TOYHBIX MPUOOPOB MOXKHO YCTAHOBUTB, YTO HA CAMOM Jiesie MPH
pasroHe 3JEKTPHUKH CKOPOCTb MeHsieTcsl Mo 6oJjiee CJI0XKHOMY 3aKOHY, HaIlpHU-
Mep, v = at + bt?, rae b — HeKoTopoe CPaBHHTEILHO MajleHbKOe UHCJI0. DTO
O3HAyvaeT, uTo JIBUXKEHHE Ha CaMOM Jiesle SIBJISIeTCs] YCKOPEHHBIM, HO He PaBHO-
YCKOPEHHbIM, a MPOKHAEHHbIH MyTb BblUKC/sieTCS 10 GoJiee CJI0KHOU opmy.e.
Bropoe cnaraemoe bt B CHily €ro MaJOCTH OOLIYHO OTGPACHIBAIOT, H TOTJA M0O-
JIyuaroTcsi pUBeIEHHbIE Bbillle (hOPMYJibl PABHOYCKOPEHHOTO JIBUXKEHMUS.

Paccmorpum el oinH (hU3nuecKui 3akKoH — BTopo# 3akoH HbioToHa, Ko-
TOpbIH 3aMullieM Tak:

4)

F
a=—.
m

Bynem cuutaTh nepemMeHHbIMH BesMuMHAMK cuily [ 1 yckopenue a. Torna
paBeHCTBO (4) oTpaxKaeT cJeylolinil Gu3nueckui skcnepument. Ha Teso ¢ mac-
COl m AeHCTBYeT cuia [, KOTOpylo MOXKHO MeHsITh. B pe3ysbraTte nefcTBUS 3TOU
CHJIbI TeJIO ToJIydaeT YCKOPeHHe @, KOTOpoe, CJel0BaTe/IbHO, TaKxkKe SIBJsSeTCs
nepeMeHHOH BeJIMUMHON — (DyHKIMEH CHJbl F.



178 Imasa VII. ®yHkuuu u rpaduku

C maTemaTHyecKo# TOUKM 3peHHsi o6a (hu3nuecKnx 3akoHa — (3) u (4) —
HeKoTopble auHelinble pyrkyuu. [To cpaBHeHHIO ¢ APYTHMH (PYHKLMSIMH, JTUHEH -
Hble (YHKILMH YCTPOEHbI HanboJsiee MpoCTo, MPpU 3TOM, OJHAKO, OHU SIBJSIOTCS
Hanbosiee BaxKHbIMU. OOLenpuHaTas gopma 3arnucu NPOU3BOJLHON JIMHEHHOH,
HO He TIOCTOSTHHOH (DYHKILIMH HMEET BH]L

y=hkx+bo, (5)

rie k # 0 U b — HeKoTOpble UHC/Ia, @ X U f — TepeMeHHble, TPUUEM { 3aBUCHT
OT X (WK siBJIsieTcsl PyHKUMEH epeMeHHOro Xx).

Bceerna Heo6xonMMo yKasbiBaThb, Kakue 3HAueHUsl MPUHUMAET He3aBUCHMasi
nepemenHasi x. CoOCTBEHHO rOBOpPS, CHMBOJIOM X 0003HAYaeTCs MPOU3BOJIbHbBIH
3/IEMEHT HEKOTOPOro UHCJ0BOro MHoxKecTBa!, Kotopoe HasbiBaeTcsi 06aacmo0
onpedesenus ¢yukyuu. Hanpumep, B 3akoHe paBHOMEPHOTO MPSMOJUHEHHOTO
JBHXKeHUs (3) MOXKHO Obl10o cuutath, uto 0 < ¢ < 17. Ecsn »xe MHOXKeCTBO He
YKa3aHo, TO [0 YMOJIUAHHIO CUMTAETCSI, UTO { MOXKET ObITh JIIOObIM JI€UCTBUTE/b-
HbIM UMCJIOM (TO €CTb MPUHUMATH JI0Oble NeHCTBUTE/NbHbIE 3HAUEHHST).

Hcnonbsys cucteMy KOOPAMHAT, MOXKHO H300pasuTh KaxKaylo (yHKIHMIO Ha-
NJIS/HO, B BUe €€ epaguka. [TocTpoum, Hanpumep, rpaduk JUHEHHON QyHKLHH

=2x — 3, (6)
1Uist Kotopoll kK = 2, a b = —3. Byznem cuutath, 4To Kaxjias napa uumces X u y,
YJIOBJIETBOPSIIOIIMX ypaBHeHHto (6), Ta6ama 30
CJIY?KHT JIEKAPTOBBIMU KOOpPJHHATA-
MH HeKOTOPOH TOUKH Ha MJIOCKO- ¥ 0O 1 -1 23 01 15
cTH. MHOKECTBO BCeX TaKHX TOUEK y -3 -1 -5 13 -28 0

1 HasblBaeTcsl rpaukoM (PyHKLHH.

Hekoropble M3 3THX TOYEK Mbl MOXKEM HAaHTH, MOJCTABJSAS BMECTO X pPas3J/nu-
Hble urcsoBble 3Hadenus (tabuuua 30). [paduk Hatlell hyHKUIMH H306paXKEH Ha
puc 66. Kak HaM H3BeCTHO M3 ILIKOJLHOTO Kypca MaTeMaTHKH, OH MpPeACTaBJsIeT
coboil npsimyto JinHuio. CooTHollleHHe (6) Ha3bIBAeTCsl ypaBHEHHEM 3TOH Mpsi-
MOH, a uncao k = 2 — e€ yrJoBbIM KO3(PpUIHEHTOM, TaK KaK k = tg o, rle
Qv — YroJl HakJIoHa MpsSIMON K ocH X.

Ecau B ypaBHenuu (5) nosnoxkuth k = 0, To OHO PUMET BHUJL

y=>. (7)

IT0 NOCMOAHKHAA PYHKYUA: BEJIMUMHA Y UMEET OJIHO U TO XKe 3HaueHHe MpH
Mo6oM X, MOCKOJbKY B TpaBylo yacTb paBeHcTBa (7) He BXOoguT X. [pacdukom
MOCTOSTHHOH (PyHKIMK y = b OyzeT npsiMasi, napaJesbHas ocu X (cMm. puc. 67).
AHaJloruuHo, ypaBHeHHe

x=a (8)

4 OYHKLMM MOXKHO 33/aBaTh He TOJILKO HA UHCJIOBLIX MHOYKECTBAX, HO B 3TOIl IVIaBE Mbl TAKHE
(yHKLMH He paccCMaTpHUBAEeM.
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Puc. 66 Puc. 67

TakxKe 3a1a€T MOCTOSIHHYIO (DYHKLHMIO, HO 3/IeCh Mbl y>Ke CUMTaeM, UTO 3aBHUCH-
MOH TlepeMeHHOMH sIBJsIeTCsl X, a He3aBUCHMOH nepeMeHHON y. [padukom 3TOH
(byHKLMH ABJseTCs NpsMas, napaJjuiesnbHas oc Y (puc. 67).

Ecsin nepemeHHast y 3aBUCHT OT NEPEMEHHON X U He SIBJISIETCS MOCTOSIHHOM,
TO W MepeMeHHas X 3aBUCHT OT nepeMeHHoH y. Hanpumep, ecsin u3 ypaBHenust (6)
BbIPA3UTb X Uepe3 Y, TO MOJYyUHM

| 3
X==-y+=. 9
54t 5 ©)
[TonyueHHast pyHKILMS HAa3bIBAETCS 0OPAMHOL MO OTHOLIEHUIO K UCXOJHOH (hyHK-
wu y = 2x — 3. Jlns moGoit JMHeHHOH (HemoCTOsIHHOM) (DYHKIMKM BCerjaa cy-
niecTByerT obpaTHasi K Hell (DyHKIMSI, TaK Kak U3 ypaBHeHHs (D) BCerja MOXKHO

BBIPA3UTh X 4epe3 y:

1 b

3ameTbTe, UTO 3Ta (YHKLHUS TaKxKe SBJSETCS JUHEHHOH. A BOT /151 MOCTOSHHOM
dyHkuun obpaTHoil He cyulecTByeT. [logymatite, nouemy?

Wrak, rpacuku JIMHEHHOH U MOCTOSTHHOH (PYHKLMI TPEICTABSIOT COOO0M Mpsi-
Mble JINHUM (HaKJOHHbIE, BEPTHKAJIbLHbIE U TOPU30HTAJbHbIE). KX ypaBHeHus (H),
(7) u (8) MoxkHO 3amucath B €1MHO0GpasHoH popme:

Ax+ By +C =0, (11)

rie A, B u C — HeKoTopble 1MocTosiHHbIe, TpUuéM A 1 B He MOTYT ObITb HYJISIMH
oaHoBpeMeHHo. JleBasi uacth ypaBHenust (11) npenacrapnsier co6oit MHOeOUAEH
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nepsotl cmeneru OMHOCUMEAbHO nepemernolx X u y. YpaBruenue (11) HasbI-
BaeTCsi 00WUM YpasHeHuem NPamoi.

Ecin u A u B otnnunbl OT HyJis, TO U3 ypaBHeHust (11) MOXKHO BbIpasuThb x
WIH Y, W Mbl MoJiyudM ypaBHeHde Buja (5) wau (10). CoenoBaTesibHO, B 3TOM
caydae ypaBHenue (11) onpesensieT JUHEHHYIO HEMOCTOSAHHYIO DyHKUMIO. Eciu
ke A =0, aB #0, B ypaBHEeHHH OCTAETCs TOJbKO MepeMeHHast § 1 ero MOXHO
nepenucath B Buie y = b. Ananornuno, npu A # 0 u B = 0 mbl noayyaem
¢yHKUMIO BU1a X = a. TakuM oOpa3om, NpU paBEHCTBE HYJIIO OJHOTO U3 KO3(h-
¢uumrentos A wian B ypasHenue (11) 3anaér nocTosiHHyio (yHKIHIO.

[ToctaBum nepej coboit 3ajauy H306pa3uth rpaduk QyHKUHMM §y = kx + b
b

|
1 006paTHON K Hel (DyHKUMH X = Ey — — Ha OJIHOM W TOM »Ke uepTrexe. 371ech

k

ecTb HeKoTopasi mpobJema: B Halllel 3arnucu o6paTHOH (PYHKIMH HE3aBUCHMOH
nepeMeHHOH siBJisieTcsl ¥ (TO €CTb X BbIpaxkaeTcs uepes3 y), B TO BPeMs Kak y
MCXOJHON (DYHKLMM He3aBUCHMAsl repeMeHHasi o6o3HaueHa uepes x. Ho pas mbl
peliniu cTpouTh 06a rpaduKka Ha OJHOM U TOM 2Ke UepTerKe, He3aBUCHMYIO Tie-
peMeHHYI0 B 000HX cJydasix Heo6X0MMO 0003HAYNTh OJIMHAKOBO, HAIIpUMep, X.
[Tostomy nomensiem B ypaBHenuu (10) x 1 y mMectamu, moJydasi COOTHOLIEHHE

x b
Yy = P (12)
HHAaye 3aMUCbiBaeMoe Kak
x=ky+0. (13)

[TosyunBiieecst ypaBHeHHeE MOJydaeTCsl U3 YpaBHEHUST HCXOAHOH (PYHKIHH (D)
3aMeHOH mnepeMeHHbIX X « y. [Tostomy, ecan koopamHatbl Touku M(x, y) yno-
BJIETBOPSIIOT ypaBHeHuio (5), To KoopauHathl Toukdn M'(y,x) ymoBIETBOPSIOT
ypastenusim (12) u (13). Ho Touku M u M’ cuMMeTpHUHBI OTHOCHTEILHO MPSIMO#
X = y — OUCCEKTPUCHI TIEPBOTO U TPETbEro KOOPAUHATHBIX YI/10B. CJjenoBaresib-
HO, epagpuk ynkyuu (5) u epagux obpamnoii ei pynkyuu (12) cummem-
pPUHHbL OMHOCUMENbHO npamoll X = y. VIHbIMU cI0BaMH, OHH COBMAYT, €CJIU
yepTEX MeperHyTh Mo 3TOH MPAMOH.

YnpaxHeHus

1. YKaxuTe TOUKH Ha MJOCKOCTH, KOOPJHHATHI KOTOPHIX YIOBJIETBOPSIOT CJEAYIOLUIMM COOTHOLIE-
Husim: a) x =0, x >0, x<0; 6)y =0, y <0, y 20, B)x =2, x 22 x <2
Ny=-3, y<-3, y>-3; Ny=x, y=>x, y<x;, e y=x+2, y>x+2, y<x+2;
K)x+y+1=0, x+y+120, x+y+1<0; 3)2x—5y+10=0, 2x — by + 10 <0,
2x — by +1>0.

2. Tlocrpofite rpaduKy NaHHBIX (DYHKUMH U (DYHKUHIH, UM 06paTHBIX (€CJH OHH CYILIECTBYIOT):

a)y:—%x+4; 6) y =—1 B)x:—3+%x; rox =3
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§ 3. JluHeiiHasi MHTepnoAsLUSA

JIuHefiHble (DYHKIMM YaCTO HUCMOJB3YIOT Ui NPUOJIHAKEHHOTO BbIUMCJIEHHS
3HAUEHUH IPYrHX, 6oJiee CJ0KHBIX (PYHKIHH.

K __————|N
L
M P Q
A B C
9 9,5 10
Puc. 68 Puc. 69

JIONyCTHM, HaM HyXKHO BBIYMCJUTL /9,5, HO HAM H3BECTHO TOJILKO MPUOJIH-
xéunoe snauenne 10 =~ 3,162. Kpowme Toro, Mbl 3Haem, uTo V9 = 3. Paccmor-
pum Ha miockoctu Toukn M(9,3) n N(10;3,162), koTopble JiexkaT Ha rpaduke
bynkuun y = /x (puc. 68). Ilposeném xopay MN (puc. 69). Mckomoe umc-
10 /9,5 ecTb 3Hauenne QyHKUMH y = /X B Touke x = 9.5 W paBHO JIHHE
otpeska BK. Ito uncao npubamkEHHo paBHO AJuHe oTpeska BL. 3amena BK
Ha BL dakTHuecku 03HayaeT, YTO Mbl 3aMEHHJIM YacTh MapaboJibl OT TOUKH M
10 Toukd N Ha npsimyio MN, To ecTh 3aMeHHJIM (DYHKUMIO § = /X Ha JIHHEMH-
HYI0 (DYHKIIMIO, TpaduKoM KOTopoil siBsisieTcst npsimast MN. B stom u cocrout
ujest JUHelHHo! uHTepnofsuuu. JlnuHy oTpe3ka BL serko HalTH, paccMOTpeB
nojo6Hble TpeyrosbHuku MLP u MNQ:

PL N
— = Q— (14)
MP M@

O6o3HauuMm JiiMHYy oTpe3ka BL, To ecTb opauHaTy Touku L., uepes y. Torna
MP=AB=95-9=0,5, MQ=AC=10-9=1;
PL=BL—-BP=y—-3;, QQN=CN-CQ =3,162—-3=0,162.

-3 0,162
05 17
otkyna y = 3,081. ITockosibky Ha camom nene /9,5 ~ 3,082, To norpeuwiHocTb
HallUX MpUOJHKEHHBIX Bbluvcsaennd pasHa 0,001,

[TosieaHo peluTh HCXOHYIO 3a/1auy B 6oJiee 0011leM BUJIE, TPH TIPOU3BOJILHOM
noJioxkeHuu Touku B Ha puc. 69. O603HauMB KOOpAMHATY TOUKM B uepe3 x, a
JUIMHY OTpe3Ka Bl depe3 y, HAXOAUM:

MP=AB=x-95; MQ=AC=10-9=1;
PL=BL—-BP=y—-3; QN=CN-CQ=3; 162-3=0,162.
y—3 0,162
x—95 17

[ToncraBasis 3T 3Hauenusi B npornopuuio (14), nosydaem

[ToncraBasis a1u 3Hauenus B (14), nosyuyaem nponopiuio

OTKyJ1a
y=3+0,162(x — 9). (15)
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Tax kak L(x,y) — npoussoJibHasi Touka npsimoil MN, To noJiyueHHoe ypaB-
HeHue (1D) siBsisleTcsl ypaBHeHHeM 3TOH MpsiMmol. Ero HasbiBalOT Takke Gopmy-
JIOH JIMHEHHOH HHTeproJisitik PyHKIMKH iy = /x Ha orpeske [9, 10]. [To aroi
thopmyJie MOKHO HalTH NMPUOJHKEHHOE 3HAUEHHEe KBAJPATHOTO KOPHS M3 Jlo60-
ro uncsa x ot 9 no 10 (B 3THX mpezesax MeHsieTcst KoopauHarta x Toukd B). B
yacTHocTH, /9,3 = 3+0,162- (9,3 —9) ~ 3,049, /9,8 = 3+0,162- (9,8 —9) ~
~ 3,130.

Haiiném, Hakonew, camblil oO1MH BUJL (DOPMYJIbl JIHHEAHOH MHTEPOJISLIH,
BbIGpaB KoopAHUHAThl Touek M(xy, Y1) u N(x9, yo) NMpousBosbHbIM 06pazom. [To-
BTOPHB BCE PACCYXKJeHHUsl CHOBA, NpuieM K (opmysie

Y2 — Y1
y=yi+——(x—x), (16)
X2 — X1
TOUHOCTb KOTOPOW 3aBUCHT OT CBOWCTB MpUOJIHXKAEMOH (DYHKIMHU U OT JIJIUHBI

orpeska MN.

Mpumep 3.1. Mcnombsya pasenctsa 9,5° = 90,25 u 10> = 100, naiizute
NPUOJIHKEHHBIE 3HAUCHHST KBAJPATHBIX KOPHEH U3 LiesblX urces oT 91 g0 99.

Pewenue. TTonoxum B dopmysie (16) x; = 90,25, y; = 9,5, xo = 100, yo =
= 10, npuBoas eé k Buy y = 9,5 4+ 0,0513 - (x — 90,25). Jlna onpenenenuns
NPUGIIKEHHOTO 3HaueHus v/91 nojctaBuM B 3Ty dopmysy Besmunny x = 91:
y =95+0,0513-0,75 = 9,5384... =~ 9,538. Ilpu x = 92 nosnyuum V92 =
= 9,590 u 1.1. PesysbraThl Bblunc/ieHUH cBeieHbl B Tabauiy 31. B Tperbeit
CTpOKe 3TOH TabJHLbl NPUBE/IEHbl MPUOJIMKEHHBIE 3HAUEHHS TeX 2Ke KOPHeH, HO
C MpPaBUJILHBIM TPETbUM 3HAKOM TMocJje 3ansitoid. Kak BupHo, pacuéTHble 3Ha-
UEHHs1, TOJIydeHHble METOJIOM JIMHEHHON UHTEPIIOJSILMH, OTIHYAI0TCS OT TOUHBIX
3Hauenuit He OoJiee, uem Ha 0,003.

Tabmua 31

X 91 92 93 94 95 96 97 98 99
y 9,638 9,090 9,641 9,692 9,744 9,795 9,846 9,898 9,949
Vx 9,539 9,592 9,644 9,695 9,747 9,798 9,849 9,899 9,950

—X

[lpumep 3.2. B radamie 32 npusejenbl 3Hauendsi GyHKuu f(x) = e ¢

warom 0,01. Onpenenute e~0042 y ¢=0.075,

Tabunua 32

X 0,04 0,05 0,06 0,07 0,08 0,09 0,10
e ” 0,9608 0,9512 0,9418 10,9324 0,9231 0,9139 0,9048

Pewenne. 3nauenne 0,042 sakmoueno mexmay uncaamu 0,04 u 0,05, Koro-
pble ecTh B Tabaule. [Toatomy Mbl ucnionibayem dopmyay (16) npu cienyroumx
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3HaueHusx napamerpos: x; = 0,04, y; = 0,9608, xo = 0,05, yo = 0,9512 u

x = 0,042. Toayuaem: e~ %042 ~ 0,9608 + w - 0,002 ~ 0,9589. Has

pacuéra BTOpOro 3HaueHusi noJjioxxum B cdopmysie (16) x; = 0,07, y; = 0,9324,
xg = 0,08, yo = 0,9231, u x = 0,075. [Mosyuum e~ %97 =~ 0,9278.

[pumep 3.3. B sjekTpuueckoil Lenu B TeueHHe JeCSTH CEKYHJ H3MepSiioT
Ta6unua 33 HanpsikeHue U ¢ UHTepBaJIOM B OJIHY
cekyHny. PegysnbTaThl H3MepeHUi cBe-

12 3 45678910 JieHbl B Tabguily 33. M3BecTHO, 4TO

12 11 10 9 9 8 8 7 7 6 3aBUCUMOCTb Mexkiy U W t aureiinas

v 3anaéres popmynon U = kt + b,

rje & ¥ b — HeKoTopble uhcsa (IapameTpbl), KOTOpble HY:KHO OTpPeeUTh T10

pesyJabTatam u3MepeHuil. Eciu Obl H3MepeHHsi OblJIM TOUHBIMH, TO XBATHJIO Obl
JIByX 3aMepOB, MOCKOJIbKY NpsiMasi JIMHUS BIIOJIHE OMPeesisieTCsl IByMsi CBOMMHU
Toukamd. Ho Ha npakTuke pe3yJbTaThl J060r0 H3MepeHHs SBJSIOTCS NPUOJIH-
YKEHHBIMH, TTOTOMY, €CJIH MO JIaHHBIM TaGJIMIBI 33 MOCTPOUTH TOUKH C KOOPJHHA-
Tamiu (¢, U), TO OKa)KeTcsi, UTo OHU He Jiexkat Ha ojHoi npsimoi (puc. 70). Takum
o6pa3om, 3ajiaua COCTOUT B OMNpeeJeHHH TaKUX MapameTpoB R U b, Mpu KOTO-
pbiX JuHeiHas gynkuus U = kf + b MakcHMaJsIbHO TOUHO OTPayKaeT pe3yJibTaThl
IKCIepUMeHTa, NpuBeiéHHble B TabJulle 33.

Pewenue. Peuum 31y 3anauy memodom naumenvuiux ksadpamos. CyTb ero
B CJeIyIoleM: TpsiMasi BbIOHpaeTcsl Tak, 4TO-
Obl CyMMa KBaJIpaToB BepPTHKAJbHbIX OTKJOHEHHH
KCIIEePUMEHTAJbHbIX TOYEK OT UCKOMOH MPSMOUN
(cm. puc. 70) Obl1a Kak MOXKHO MeHblle. ITo
yCJI0BHE MPUBOIUT K popmysiam

tU—1-U
D
3nech f, U u tU — cpeanue apugmeTHueckue
3Hauenu#t ¢, U u tU coorBercTBeHHO, a D — auc-
nepcusi 3Hauenuit ¢ (cm. §3 Tperbeit rasbl). s
BBIUMCJIEHHST THX BEJIMUMH COCTABUM Ta0 Iy 34,

k= b=T—ki. (17)

o)

B MOCJeJHeM CToJIOUE KOTOPOH 3amlulleM CyMMbl
BCEX YMCEJ COOTBETCTBYIOLIMX CTPOK. CpenHue
apudMeTHUECKHe W JUCIepCcHio Haliém no dop-
MysiaM U3 Tpetbel taBbl: { = 55/10 = 5,5, U = 87/10 = 8,7, {U = 428/10 =
428 -8,7-5,5 06l

8,25 -
ub=287+455-061 = 12,06. CnenoBatesibHO, UCKOMAsH JIMHEHHAS (QYHKIIHS
UMeeT BHJ

12345678910 ¢
Puc. 70

= 42.8. Iloacrasus B opmyay (17), nomyuum k =

U =—-061t + 12,06. (18)

Eé rpaduk nsobpaxén na puc. 70. [TpoBepbTe, 4TO OH MPOXOIUT UYepe3 TOUKY
(t,U) = (5,5;8,7).
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Tabuuua 34
¢ 1 2 3 4 5 6 7 8 9 10 55
U 12 10 11 9 9 8 8 7 7 6 87
tu 12 22 30 36 45 48 56 56 63 60 428
t—1 —45 -35 -25 —-15 —-05 05 15 25 3,5 45 0

(t —1)? 20,25 12,25 6,25 225 0,25 0,25 225 625 12,25 20,25 82,5

YnpaxHeHus

1. Ucnoabays pasenctsa 5,12 = 26,01 u 5,9% = 34,81, HaiiuTe MeTO10M JIMHEAHON HHTEPHOIALMHI

anauenns /30, V31 u /34,
2. TlpeoGpagyiite ypaBHenue (16) k Buny y = kx + b.

Tabunua 35
s 1 2,5 & 56 7 85 10 15 20 30
v 115 108 102 98 93 89 87 72 65 60

3. B rabuuue 35 npuBeieHbl pe3yJbTaThl H3MEPEHHs CHUJIbl 3ByKa camoJsiéta v (OHa u3Mepsiercs
B jlelMbesiax) Ha pacCcTOSHUM § KM OT TOuKH B3JjéTa. Mcnosb3ys MeTojl HaMMeHbUIMX KBaJApaToB,
nonbepute JMHEHHYI0 (DYHKLHMIO, KOTOpPasl OMUCHIBAET 3aBMCHUMOCTb U OT S. Hafiaure, Ha Kakom
pacCTOSIHUM OT TOUKHM B3JIETa 3BYK CTAHOBUTCSI CMEPTEJIbHO OMacHbIM JUlsl yejioBeka (cBbile 120
neube), e MOXKHO CTPOMTD XKHJIble MoMellleHns (He GoJiee 75 etuben), TIeTCKUe yupexKIeH!s |
6oJibHULb (He Gosiee 60 neuubes)?

§4. CreneHHble GpyHKIUHUHU

OyHKLHS
y=x* (19)

HasblBaeTCs Kkgadpamu4noll, a eé rpacduk, H300pakEénHbli Ha puc. 71, — na-
pabosoii. Touka O HasbiBaercs geputuioil napaboast. Ock Y SIBJISIETCS OCbIO
cummempuu napadoJibl, TaK Kak sl Kaxaoi Toukn M(x, y), Jexalleh Ha na-
paGoJie, CUMMETPHYHAsi €fl OTHOCHTEIbHO ocH Y Touka M'(—x, y) TakxkKe JIEeKHT
Ha napa6osie. JIpyruMu cioBaMH, €CJid 4epTéx TeperHyTb mo ocu Y, To JeBas
M0JIOBUHA NapaboJibl COBMNAAET ¢ MPaBOH.

[TepemeHHas x, crosiulasi B npaBoi uactu ypaBHenust (19), moxer npuHumarhb
moOble 3Hauenusi. Korma x Bospacraer or —oo a0 Hyas (x € (—oo,0]), To
y = x? y6uiBaeT oT +oo 10 Hyas. Cle1oBaTesbHO, Ha NPOMeKyTKe (—o0, ]
¢dyukuus (19) yopiBaer. 10 XOpOLIO BUAHO HA PUCYHKE: JieBasi yacTb rpaduka
UIET CBEPXY BHM3, €CJIM JIBUTATbCS B HATpaBJeHUH BO3pACTaHUsI KOOPAHHATHI X,
TO eCTb cJieBa HampaBo. [1paBasi yacTb rpacduka neMoHCTPUpYeT HaM TOT (aKT,
uyTo (PYHKUHMS Bo3pacTaeT Ha npomexytke [0, +00).

O6eyauM Bompoc 06 06paTHOM (DyHKIMH. YpaBHeHHe y = x> UMeeT TpH
KaKJIOM MOJIO’KMTEJIbHOM § JBA PA3JIMUHbIX PELIEHHst OTHOCHTENIbHO X: X = /i
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Y Y
1+
@) 1 X

1+

ol 1 X

Puc. 71 Puc. 72
ux = —./y. [lostomy mbl Gynem nckath o6paTHyto QYHKLHMIO HA TAKOM TIpOMe-

JKyTKe, TJle ypaBHeHHe y = X2 HMeeT eJMHCTBEHHOE pellleHHe OTHOCHTEJLHO X.
OueBujiHO, UTO €CTh JiBa TakuX MpoMexxyTka: (—oo, 0] u [0, o).

3aMeTHB 3TO, MOCTYMHUM Kak U B CJyuae ¢ JUHEHHOH (pyHKILMEH: MoMeHsieM
MeCTaMH TlepeMeHHble X W Y, a 3ateM Bbipa3uM y. [locsie 3ameHbl moJyunm
x = y?, otkyna y = ++/x. Takum 06pas3om, Mbl MOJyyaeM JABe PasjiHuHble
dyHKIMu: neppas, y = /X, Gyaer o6patHoi A y = x2, x > 0, eé rpacdukom
SIBJIIETCS BEPXHSIS MOJIOBMHA mapaboJdibl, H300paKEéHHAs HAa pUC. 72 KpPaCHBIM
usetoM. Bropas, y = —+/x, Gyaer obpatHoil ans dyHkumMn y = x2, x < 0,
1 e€ rpaduKoM SIBJISIETCS HUXKHSISI MOJIOBMHA MapaboJibl Ha TOM K€ PHCYHKE,
1300paKEHHasi CHHUM 1IBETOM.

[paduk pyHximu
Y a=2

y=ax® (20)

npu a # 0 takke HasbiBaeTcs napabosoil. Ha
pHuc. 73 u3o6paxKeHbl YeTbIPe Pa3JIUUHBIX MapaboJibl
1+ a=1/2 npu a =2, 1/2, =2 u —1/2. Eci a > 0, 10 BeT-
BH napaboJibl HanpaBJieHbl BBePX; ecan ke a < 0,

/0 | X  To BeTBM mapaboJibl HanpasJ/eHbl BHU3. CpaBHUBAS

a=—1/2 OpIAMHATBI TOYEK C OJMHAKOBBLIMH abCLMCCAMM Ha

rpaduKax GyHKIMIl ¥ = X% U y = 2x2, Jlerko 3ame-

THUTb, YTO BTOPOH Tpacuk MoJydaercs: U3 MepBoOro

pacmsoceruem 80046 ocu Y, IpU KOTOPOM KazK-

nasi Touka rpaduka y = x° yjnansercs B ABa pasa

a==2 jagblie oT ocd X (Ko3(pdUUHMEHT pacTsKeHHs1 pa-
BEH JIBYM).

Touno Tak :xe, cpaBHHBasi rpaduku (QyHKUMH

y = x> uy = 1/2x% Mbl BUIMM, UTO TIOCJIEHHI MOJMyuaeTCsl U3 TIePBOTO pac-

TsDKEHHeM BJOJIb ocH Y ¢ koadpuumentom 1/2. ToBopsiT Takike, uTo rpaduk

dyuxuu y = 1/2x? nonyuaercs us rpaduka y = x2 cocamuem 600a6 ocu Y

Puc. 73
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¢ Koa(pduirentom 2. CoBepllleHHO aHaJOTHUHOE HAOGJIIOJIEHHe MOXKHO CHIe/aTh
¥ 110 MOBOJy rpatuKOB C OTpHULIATENbHBIMU KO3(DQUIIMeHTaMH a: rpaduKu (yHK-
wity = —2x*ny = —1/2)62 noJtyuaiotcsi U3 rpaduka y = —x2 ¢ MOMOLIbIO
pacTsKeHUs] WJIM CXKaTHS BJIOJIb OCH Y ¢ Kos(duLeHToM 2.

CrenenHasi pyHKIMSA
y=x (21)

HasblBaeTcst Kyduueckoil, a eé rpaduk, H300paXKEHHbIN HA puUc. 74 CHHUM LiBe-
TOM — Kybuueckoil napabosoi. O6patHoil K pyHKuMK (21) Gyner dyHKIUS
x = y3 wm y = J/x. Eé rpaduk, u300pakéHHbIil HA TOM 3Ke puc. 74 Kpac-
HbIM LBETOM, TaKxKe SIBJISIeTCsl KyOuueckoi napaboJioi, CHMMETPUUYHOK napabo-
Je y = x> OTHOCHTENILHO GHCCEKTPHCH MepPBOro M TPEThero KOOPAHHATHLIX yr-
JoB. Kaxknast u3 3Tux Kybnueckux napaboJi CHMMETpUUHA OTHOCUTELHO Havasa
KOOPJIMHAT, UTO BbITEKAeT U3 CJIeyIoLlero HabJoleHHs: ec/ii ypaBHeHHuto (21)
YIOBJETBOPSIIOT KOOPAUHATHI TOUKH M (X, y), TO eMy e YIOBIETBOPSIOT U KO-
opmuHaThl Toukd M’ (—x, —y), KoTopasi ciMMmeTpuuHa M OTHOCHTEJbHO Hauasa
KOOPJMHAT.

7)o 1 X X
2
/
Ve
7
/
/

Puc. 74 Puc. 75
Mpumep 4.1. Iocrpoiite rpaduxy GyHKIMK y = —2x> 1 06paTHOI K Hefl.
Pewenue. [padux dyuxuun y = —2x3, u306parkéHHbIIl KPAaCHBIM LIBETOM HA

puc. 75, nosyuum npeoGpasoBanueM rpaduka y = x°. Jlis 9Toro cHauasia na-
paGosly y = x° (MyHKTHpHAs KpHBas Ha pHC. 7D) pacTaruBaeM BJOJb OCH Y
¢ Ko3(puIeHTOM JBa (CMJIOLIHAS CHHSAS JIMHHS), a 3aTeM MOJyUYeHHYI0 KpH-
BYIO CHMMETPHUHO OTpaxaeMm OTHOCHTesqbHO ocu X. Jljisi mocTpoenusi rpaduka

X .
—5 06paTHOIl (DYHKIMH y = —2x3, 10CTaTOUHO rpadyK Mmo-

cJlefiHell CHMMETPUUHO OTPa3uTh OTHOCHTEJbHO GUCCeKTpuchl y = x. Crenaiite
3TO CaMOCTOSITEJILHO.

Mei pacemoTtpedu rpaduKku (yHKLIME BUAA Y = X JIMLIb TPU HEKOTOPbIX 3HA-
yeHHsIX creneHu «. Ho, Kak U3BeCTHO M3 LIKOJILHOTO Kypca MaTeMaTHKH, Cyllle-
CTBYIOT CTerneHHble (PYHKLHMH, Y KOTOPbIX MOKa3aTesaeM SIBJSETCs MPOU3BOJbHOE

byHKIHH y = ¢
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JNEUCTBUTENbHOE YHCII0, HALIPUMED, i = xlo, y= x\/ﬁ, y = x~ 7. Bce cTeneHHble
(hyHKIMH 06J1a71a10T MOXOXKHMH CBOHCTBAMH, YaCTh U3 KOTOPBIX Mbl PACCMOTpEJIH
BbILLIE.

YnpaxHeHus

1. Toctpoiite rpaduk dyukimu y = 0,3x? 1 yKasknTe MPOMEXKYTKH, Ha KOTOPbIX OHa MMeeT oOpaT-
Hyto yHkuuio. Haiiiure 311 yHKUMM ¥ MOCTPOUTE UX rpadUKH.
2. Tlocrpoiite rpaduky 3aaaHHbIX QYHKUMEA U QYHKIMHA, UM 00paTHBIX Ha MPOMexXyTKax (—oo, 0]

u[0,00): a) y =2x%; 6) y = —x% B)y=—2x>

§ 5. [IlokasareabHasi u Jorapupmuueckas QyHKUUU

OyHKIMSA

y=a* (22)
Ha3bIBACTCSA NOKA3AMeAbHOL, TIOTOMY UTO He3aBUCHMasi MepeMeHHasi X Haxo-
JUTCS B Mokasatese crenenu. [Ipu @ = 1 Mbl mosyuaem MOCTOSIHHYIO (DYHKIIMIO
y = 1, mostomy cuuraioT, uTo B ypaBHenuu (22) a # 1. Ecau ke, Hanpumep, B
paBeHcTBe (22) mosioxuTh @ = —3, T0 npu x = 1/2 BesuurHa y OKa3biBaeTCs
paBHOH (=3)!/2 = /=3. Ho TaKoro [efiCTBUTEIBHOTO UHCJIA He cylecTByer. 1o
9TOH MPHUUKHE T0JIaraloT, uTo B NpaBol yacT paBeHcTBa (22) a > 0. Orciona
CJIJlyeT, UTO BCe 3HAUEHHUs T0Ka3aTeJbHOH (PYHKIMH MOJIOKHUTENbHBL. HHcs0 a
Ha3bIBAETCS OCHOBAHUEM TIOKA3aTeNbHON (DYHKIMH.

[pumep 5.1. ITocrpoiite rpaduk nokasaregbHON GYHKIMH C OCHOBAHHEM JIBA:

y =2 (23)

Pewmenue. Boiuncaum psij sHauenuii 31oi dpynkuuu (tabauia 36). Kak cieayer
13 dopmyJibl (23), pH yBeJMUEHUH X BeJMUHHA 4 BO3PACTAET, a MPU yMeHbllle-
HUM X BEJMUHHA 4y YMEHbIIAeTcsl, HO OCTaéTcsl MmoJoxkuTeabHol. Ecan x crpe-
MHUTCSl K MHHYC GECKOHEUHOCTH (MULIYT X — —00), TO y CTPEMUTCS K HYJIO
(y — 0). Ipacdux dynxkumu y = 2* uzobpaxeén Ha puc. 76.

Ta6muua 36
X -5 -4 -3 -2 -1 01 2 3 4 5
2% /32 1/16 1/8 1/4 1/2 1 2 4 8 16 32

Haiiném tenepnb cyHkumio, o6paTHyto nokasatenbHol dyHkumu (22). s
9TOT0, KaK W BhIllE, cJleflaeM B paBeHCTBe (22) 3aMeHy X < y; MoJiyuum x = a¥.
31ech y npencTasiasieT cob6oi MokasaTesab CTENeHH, B KOTOPYIO HY»KHO BO3BECTH
YHCJIO @, YTOObI TIOJAYUUTh X. DTO MPHHATO 3aMUCHIBATL TAK':

y = log, x. (24)

.
°Bmecro log,, x muuyt lg x, a Bmecto log, X, rlie e — HernepoBo YKCJIO0, MULIYT ln x.
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(0] l 2 X
Puc. 76

[Tokazaresib CTeNeHH y HA3bIBAIOT JIOTAaPUPMOM, a TOJMydeHHYI0 (PYHKIHIO —
aoeapugmuueckoii. TlpaByio yactb GopmyJsibl (24) uuraloT cjeayonm obpa-
30M: «JIOrapuM Yucsaa X 1o OCHOBaHHIO a». COracHO ONpeesIeHHIO CTENEeHH,

log,1 =0, log,a=1, log,a*=r~.

[To usBecTHOMYy Ham CBOHCTBY rpacduku ¢pyHKUMid y = a* u y = log, x cum-
MEeTPHYHBI OTHOCHTEJIbHO OUcceKTpHUChl y = x. O6e PyHKIMN — MoKa3aTesbHast
1 Jorapudmuueckass — siBJASIOTCS BO3paCTalOUIMMKU NpH a = 2 (Ha puc. 77 rpa-
(UK nepBoi M3 HUX H306paKEH CHHUM L[BETOM, a rpavk BTOPOH — KPACHbBIM).
Ananornunasi kKaptuHa OyaeT npu a = 3, a = 4 u Boo6lile npu Jobom a > 1.

Y Y

Puc. 77 Puc. 78

Mpumep 5.2. [ocrpoiire rpadukn dynkumit y = (1/2)* n y =log; o x.

PeweHue. Paccyxias aHajornuto, HaXoMM, YTO M TOKasaTesbHasi QyHKILHS
y = (1/2)*, u o6parHast et sorapudpmuueckast PyHKIUUsT y = logy o x siBJISIIOTCS
yobiBatouMu. Mx rpaduku uzo6pakenbl Ha puc. 78.
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[Mpumep 5.3. ITocrpoiite rpaduku caeayIOWUX BYHKLMI:
a) y = (1,5)"; 06)y=(2/3)"; B)y=log 5% 1)y =Ilogysx.

PeweHue. JlocTaTouHO MNOCTPOUTH TOJBKO MEPBBIH M3 3THX TPA(UKOB, BCe
OCTaJsIbHbIEe [0JIy4aloTCsl M3 HEro ¢ MOMOLIbI0 HEKOTOPbIX CUMMeTpUid. UToObI
nocTpouthb rpaduk dynkumu y = (1,5)*, ¢ momolibio KaabKyasTopa COCTaBUM
TabJIMIly 3HaueHWH 3TOH (PYHKIMH Ha OTpe3ke [—5,D], OKpyrss uX JI0 Jecs-
ThIX jgosiell (tabsuua 37). Jlanee ormeuaem Touku ¢ koopauHatamu (—5;0,1),
(—4;0,2) ¥ T. 1., ¥ COeTMHSAEM UX TJIABHOH JIMHHUEH.

Ta6mauua 37

X -5 4 -3 -2 -1 0 1 2 3 4 5
1,5* 0,1 02 03 04 07 1 15 22 34 51 76

[To onpenesienuto crenenn Bbipaxenue (2/3)* MoxKHO MpeoOGpazoBath Tak:
(2/3)" = (3/2)~* = 1,67*. CaenoBatesbto, (yHkiwsi 6) nojsydaercs: u3 yHK-
MK a) 3aMeHOH X Ha —x. DTo o3HauaeT, uto rpaduk GyHkumu y = (2/3)*
cUMMeTpuueH rpaduky ¢yHkumu y = (1,5)* oTHocuTesbHO ocu V. DyHKUMM
y =logisx uy = logysx siBasiiorcst oOpathbiMK st GyHKuMit y = (1,5)*
u Yy = (2/3)" cOOTBETCTBEHHO, MOTOMY HX TPA(GUKH MOJYYalOTCSl U3 IPauKoOB
MOCJ/IEIHAX CHMMETPHUUHBIM OTPaKEHHEM OTHOCHTEJILHO OMCCEKTPHUCH Y = X.

[TokasaresnbHasi pyHKUMS y = e* (e — HernepoBo uucJj0, cM. §5 nepBoi
rJ1aBbl) MrpaeT B MaTeMaTHke 0coOyto posib. OHa HA3bIBAETCS IKCHOHEHYLANb-
HOU (hynKyueld w 3KkcnoHenmoli, €€ rpaduK yacTo TakxKe Ha3blBalOT IKCIO-
HeHTOH. DKCroHeHUHa bHasl (PYHKIHMS OMUChIBAET TaKUe MPOLECChl, B KOTOPbIX
CKOPOCTb M3MEHEHHUsI H3yuaeMoH MepeMeHHOH BeJIMUNHbI TPOTOPIMOHAJbHA 3HA-
UEHHIO 3TOH BEJHUHHBI.

[lpumep 5.4. Crenenb 3K0J0rHUECKON GE30MACHOCTH MECT 3aXOPOHEHHST pa-
JIMOAKTHBHBIX OTXOJI0B 3aBUCHT OT CKOPOCTH pacrnaja pajloakTHBHOH MacChl /1.
V3BecTHO, UTO 5Ta CKOPOCTh B MOMEHT BPeMeHH ! MPONOpPLHOHANbHA Macce Be-
utectBa m(f), ocrtaBlielicsi K MOMeHTy BpeMeHu f. Benuuuna m(f) Boiuncsercs
no opmyJie

m(t) = mge™*, (25)

rjie my — Macca oTxXo/0B B HauasbHblid MoMeHT ¢ = (. [Tosib3ysick npuBeaEHHON
hopMyJI0#, BEIUUCJUM Maccy OTXOJA0B KobGaJsbTa, KOTOpasi ocTaHeTcs uepe3 5,2
roja, Npu yCJ0BHH, UTO HCXoHast Macca Obla 100 rpaMMoB H JJist 3TOrO H30TOTA
kobGasbra k& = 0,13. Umeem: m(5,2) = 10091352 = 100 - ¢~ 0676 = 50 87
[Tono6Hble ypaBHEHHUS TO3BOJISIOT PelllaTh MHOTHE BaKHble 3ajaur. Hampu-
Mep, KpUMHHAJIUCTBI C UX TIOMOLIBIO ONPee/siOT MOMEHT HACTYIJIEHHS] CMEPTH.
BpemeHnHoil nmpomexyTok, B TeueHHe KOTOPOTO pacnajaercs MoJoBHMHA MacChl
paZMOaKTHBHOIO BELIECTBA, HA3bIBAETCS MEPHOJOM MoJypacnajia. 3Hasi Bpemsi
noJsiypacrnaja HeKOTOPbIX BelEeCTB, YUéHble OMpeae/uId BO3PACT 3eMHOH KOPbI.
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[padpukn pasanuHbIX (QYHKIMEH JIETKO CTPOUTH C TIOMOIIbIO CHCTEMbI KOM-
nbloTepHol anrebpol. Tak, nosayuuB Komanay plot2d((1.5)~x, [x, -5, 5]),
Maxima napucyer rpacduk ¢yukuun 1,5 Ha otpeske [—5,5]. [lepBbiM apry-
MEHTOM KOMaH/bl plot2d siBjsieTcst (hyHKLMS, rpadyK KOTOPOH Mbl CTPOMUM, a
BTOPOH apryMeHT — TaK Ha3blBAEMbIH CIUCOK, COCTOSIIUN U3 3AKJIOUEHHBIX B
KBajJlpaTHble CKOOKH HUMeHH He3aBUCHMOH MepeMeHHON W IpaHMIl OTpe3Ka.

YnpaxHeHus

1. Tlocrpofite rpaduky caeayommx GyHKIUHA (63 UCMOMb30BAHUST CHCTEMbBl KOMIBIOTEPHOH aJjre-
6pbi): a) y = (1,8)%;6) y = (5/9)"; B) y =log g x; 1)y =logsx.

2x

2. Tlocrpoiite rpaduk pyHkuun y = 3e~* Ha orpeske [0, 2] «BpyuHyto» U ¢ nomouibio IBM.

3. C momolpio CUCTEeMBl KOMIbIOTepPHOH aire6pbl Maxima moctpoite rpaduku cerylonumx QyHK-
wii a) y =2 - 3% 6) y = (1/3*F —1; B) y=2log;2x —1); 1)y =1-log;(1 —x).

§ 6. TpuroHomerpuueckue PyHKLUMU U MePpUOAUYECKHE
npouecchl

K Tpuronomerpuueckum (yHKIHSIM OTHOCAT CU-
HYC, KOCUHYC, MAH2eHC, KOMAH2EHC, CeKAHC U KO- 5
cekarc, KoTopble 0003HAUYAIOTCS CUMBOJIAMH Sin, COs,
tg, ctg, sec U cosec COOTBETCTBEHHO U 3alMChIBAIOTCS
O0OBIUHO B BHJIE ¢ = SIn X, Yy = COSX M T. L X

[To onpenenenuio, sinx = a u cosx = b, rue 0
(a, b) — koopauHathl Touku M, Jiexkalleh Ha OKPY»XK-
HOCTH €JIMHMYHOrO pajuyca C LIEHTPOM B HauaJje Ko-
OpJIMHAT, a X — yroJi, o6pa3oBaHHblil BekTropom OM
1 ocblo X (puc. 79). Yr/bl u3MepsiOT B rpajycax Uiu
B pajuaHax (HarmoMHHAeM, YTO MOJHbIH yroJ paBeH
360° nnu 27 panuan). 3HAueHUS] OCTAJIbHBIX (PYyHK-
LMH MPOCTO BbIpaxKaloTcsl yepes sinx M cos X:

—_—

M(a,b)

QF-=---=--2

Puc. 79

b sin x a cosx 1 1 1 |
tgx=—= ; ctgx=— = — ; secx=— = ; COSeC X = — = — .
a cosx b sin x b COS X a sinx

Takum o6pasom, y BceX TPUrOHOMETPUUECKUX (DYHKIMI apryMeHTOM SiBJIsi-
ercsl yrosl x. Ecan touka M cpuesnaer nosiHblii 060poT W MPUIET B HCXOAHOE
noJioXKeHHe, TO yroJ x yBesnuntcst Ha 2m. Ho uncsa a u b B pesysbrarte 3100
npouenypbl He uamensarcs. OTClo/la BbITEKAET, UTO CHHYC, KOCHHYC U BCE JIpyrue
TPUTOHOMETpHUECKHEe PYHKILHU SIBASIOTCS nepuooudecKumu QyHKyuImu ¢ ne-
puUOOOM 27, TO €CTb UX 3HAUEHHE HE MEHSIETCS], €CJIH K apTYMEHTY X 100aBUThb 27
OJIMH WJIM HECKOJIbKO Pas:

sinx = sin(x + 27k), cosx = cos(x + 27k),

rne k — s060€e 1es0e YUCJIo.
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—T 0 N — 0 \T/
e 1+

Puc. 80 Puc. 81

Hanomuum, uto rpacduk GyHKIMKM y = f(X) €CTb MHOXKECTBO BCEX TaKHX TO-
yek njockoctd XOY, y KOTOPLIX MepBast KOOpAMHATa paBHa x, a BTopasi — [(x).
[pacdhuku 0CHOBHBIX TPUTOHOMETPUUECKHUX (DYHKIMH H300paXkeHbl Ha puc. 80—83.
OHU Ha3bIBAIOTCSI, COOTBETCTBEHHO, CHHYCOMIOHN, KOCUHYCOUJION, TAHTEeHCOU0H
1 KoTaHrencounon. VM3 puc. 82—83 BUIHO, UTO HAaUMEHbLIWH MEPHOJL TAHTEH A U
KOTaHreHca paBeH 7.

HER | | ! |
\ \ | |
\ \ | |
I I | |
\ \ | |
| | | |
| T | | I |
\ \ | |
-7 : (0] : ™ X : —7/2 (0] /2 : X
| | | |
\ \ | |
| | | |
I I | |
\ \ | |
| | l |
| | ! \
Puc. 82 Puc. 83

[lepnonnunocTh — BakHelllee cnenrduueckoe CBOHCTBO TPUTOHOMETpHYE-
ckux yHKipi. C UX MOMOIIbIO OMUCHIBAIOT MHOTHE TIPOLECCHI, TPOUCXOSIINE
B MpHpoje: KoJsebaTe/bHble W BpalllaTesbHble JBHXKEHHS, BOJHOBbIE SIBJIEHHS,
JIBHKeHME T1aHeT, OUoJioruieckre putMbl U T. 1. [Ipocrefinine us Hux — eap-
MOHU4ecKkue Koaebarus, NP KOTOPbIX BEJMUYHHA OTKJIOHEHHS OT MOJIOKEHHS
paBHOBeCHS SIBJISIETCS] CHHYCOUIAIbHON (DYHKIIMEH BpeMeHH .

[lpumep 6.1. Tlpu aBrKeHHH TOUKH M MO OKPYXKHOCTH €€ MPOEKLUsI HA OCh
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opauHat — Touka N — KoJsiebJsieTest 0KoJIo Hauasa koopauHat (puc. 84). Ilo-
JIoKeHHe TOUKH M Ha OKPY:KHOCTH ONpeJe/isieTcsl YIJIOM X, a MOJI0YKEHHe TOUKH
N na ocu Y — eé koopmuHatoil y. Benuunnbl x ¥ y CBsiI3aHbl COOTHOLIEHHEM
y = sin x, KoTopoe 1 Oy/ieT ypaBHeHHEeM KoJ1e6aTeJIbHOro JIBHXKEHHsT TOUKH N .

YpaBHEHUIMH BHUJla

Dosiee cioxkHble KoJieOaHUSI  OMUCHIBAIOTCS y

N L ™
y = Asin(wx + a), (26)

W Ha3bIBAOTCS nNpOCMbIMUL eAPMOHUUECKUMU KO- X

nebaruanu. Takne yHKUMH U UX TpaUKH HA3bI- 0
BAIOT TaKKe npocmoimu eapmorukanu. Yucmao A
HasbIBaeTCsl amMnaumyooi Korebarus, BeJUUUHA
w — uacmomotl. ITokaxkem, 4To JoOyI0 MPOCTYIO
rapMOHHUKY MOXKHO TOJIyUHTh C OMOLIbIO Tpeodpa-
30BaHMM CJBHUTa W PaCTsKEHUs (MM CXKATHS) M3

Puc. 84

CHHYCOUJIbl i = sin x.

CpaBuum cHauasa rpaduxu GyHkumil y = sinx U y = sinwx. [lycts mas

onpesneséHHOCTH w = 2. Ecan nepast n3 GyHKUMA NPUHUMAET HEKOTOpoe 3Ha-
yeHHe Yy B HEKOTOPOH TOUKE X = @, TO BTOPasi MPUMET 3TO Ke 3HAUeHHe B TOUKe
x = a/w = a/2. Tlosromy cuHycouza y = sin 2x, H3oGpaxkéHHasi Ha puc. 85
KPACHOW JIMHHEH, MoJlydaeTcsl U3 CHHYCOMIbI ¥ = sin X, H300pakKEHHOW CUHEH
JIMHMEH, cxKaTheM BRosb ocH X ¢ KosdduuueHTom aBa. B pesysbrate kaxkias
BOJIHA CHHYCOH/IbI CTAaHOBHUTCS B 2 pasa yKe. [1pu npousBosbHOM w > | cuHyco-
uja y = sinwx 6yaer B w pas yxxke cuHycouspl y = sinx. Ecanxe 0 < w < 1, 10
rpaduk QyHKUMH y = sin wX MoJydaeTcsi U3 CMHYCOMIbl i = Sin X pacTsKeHHeM
BIOJIb OCH X ¢ KO3t duirentom 1/w.

Tenepb pacemotpum dyHkiMo y = sin(x —a). E& rpacdukom 6yneT cHHycou-

na, uzobpaxkénnast Ha puc. 86 KpacHo# JsuHueil. OHa MoJiyuaeTcsi U3 CUHYCOHIb
Yy = sinx (KoTopasi u300paxkKeHa CHHEH JIMHUEH) CBUIOM BJOJb ocH X Ha pac-
cTosiHie a Bnpaso npu a > 0, u Ha paccTosHHe —a BJeBo, ecyn a < 0 (Ha
pucytke a = —7/6).

AN

Y Y

NS

AN R Zaa
TN NP W

Puc. 85 Puc. 86

CpaBHuM, HaKoHel, rpaduku QyHKIMH ¥y = sinx U y = Asinx. [1ycts mis
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Y onpenenénHoctt A = 3. 3HaueHue
Mi [EePEMEHHOH Yy MpH OIHOM W TOM
»Ke 3HaueHWH aprymMeHTa X y BTOPOH
dbyHKIMH B 3 pasa 0OoJblile, YeM Y
nepsoii. [TosToMy BTOpas cunyconna
B 3 pasa Bblllle NIEPBOK HJIH, TOUHEE,

noJiyuaeTcsi U3 MepBOi PaCTsIKEHH-
eM BJ0Jb ocH Y, npuuém Kosdpdu-
LIMEHT PACTs?KEHUsT paBeH TpéM (Ha
puc. 87 Touka M(x,y) nepexoauT B
Touky M (x,3y)). Ilpu npouspoib-
Hom A > | rpaduk pactsanercs B A
pa3. Ecim ke 0 < A < 1, To npo-
U30UAET cKaTHe rpaduKa ¢ Koaddu-
urentom 1/A.

[Ipumep 6.2. TlepemeHHbIi TOK B 3JIEKTPHUECKOF 1I€MTH OMUCHIBAIOT B HEKOTO-
pBIX eIMHMLAX M3MepeHHst hopMyJIoH

y = 3sin(2 + 1/3), (27)

BbIparkaiolllell 3aBUCUMOCTb CHJIbI TOKA OT BpeMeHH {. DTO MPOCTOe rapMoHuUe-
cKoe KoJsie6GaHue Buaa (26), B Kotopom amruuryna A = 3, a uacrora w = 2. Huc-
J0 p = /3 HasbiBaeTcst HauaabHoll ¢asoi. Tloctponm rpacduk GpyHKimd y(1).

Pewenue. ITepenuiem ypasrenue (27) B Buje y = 3sin 2(f +/6). Corsiacto
M3J102KEHHOMY BBbIllIe, TpauK 3TOH
(yHKIMH noJiydaeTcest (Ha TJI0CKOCTH
nepeMeHHbIX { U Y) W3 CUHYCOMWJIbI
Yy =sin{ B pesyJbrare TPEX CJELYIO-
LIMX TOCJIeI0BATENbHBIX MPeodpaso-

Y
31

N 14
K. —71'/6/

Puc

. 88

BaHuil. CHava/a Mbl C2KHMaeM BJIBO€
CHHYCOMYy Yy = sin{ (CHHSAS MyHK-
THpHAsl JIMHUS Ha pUC. 88), moJyuas
rpacduk GyHKIMM y = sin2f, W3006-
paXKEHHDBIA KPACHOHU NMyHKTHPHOH JIH-
HUel. 3areM MOJyYeHHYI0 KPHUBYIO
CIIBUTaeM BJIEBO Ha paccTosiHue /6
(cunsas cnyownas aunus). Hakower,
Mbl PACTSATUBAEM MOJYUUBIIHHCS TPa-
UK BOJb ocH ¥ ¢ KOahPULUMEHTOM

tpu. Ha puc. 88 urorosbifi rpaduk n3obpaxeén KpacHOH CTJIOLIHON JIHHUEH.

A6contoTHast BesinuMHa y B opmyJe (27) paBHa cuJjie TIEpPEMEHHOTO TOKa B
MOMEHT BpeMeHH [, a eé 3HaK MoKa3blBaeT OJHO U3 JIBYX BO3MOXKHBIX Hampas-
JIeHH#H Toka B npoBojHuKe. [TockosibKy HaubGosiblliee 3HAUEHHE CHHYCa PaBHO
e/lHULEe, To HanboJbliee 3HaYeHHe CHJIbl TOKA PaBHO TPEM, TO €CTb aAMIIUTYIE
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KosieOanust. MHOXKHUTE b 2 110]1 3HAKOM apryMeHTa (4acToTa) MoKa3bIBaeT, CKOJIb-
KO pas KoJiebGaHHe TOBTOPUTCS 3a 27 eJHUIL BpeMeHHu. Ha rpaduke dyHkumu
3TO UMCJIO BOJIH Ha oTpeske ajuHoi 2m. [lepuon dyHkumu (27) paBen 27:2=m.
B o6iiem ciyuae, ecqin Kosiebanue 3aaano hopmysoi (26), nepruos pasen 27/w.

B pesysabrare c/ioyKeHHs] HECKOJBKHX TMPOCTBHIX FApPMOHMUYECKHX KoJleOaHHi
MOJIyualoTCsl TaK Ha3blBAeMble CAONCHbLE 2APMOHUYECKUe KoaeOaHus (CA0xc-
Hole eapmoHuKku). Hanpumep, B pedysibTaTe HaJ0XKEHHUS JBYX MPOCThIX rapMo-
HUK § = 2sin2x W y = sin(3x + 7/2) noJyuaercsi CJ0KHAas TapMOHHKA Y =
= 2sin2x + sin(3x + 7/2), rpaduk KoTOPO# H306pakKEH Ha puc. 89.

Y

Puc. 89

Cui0’keHMe TapMOHHUK MPUBOJAUT K CaMbIM Pa3HOOOPA3HBIM ME€PUOIUUYECKUM
¢yHkLMsM. EcTecTBeHHO BO3HHKAET BOMPOC: HEJb3s1 JIM MPEACTaBUTh Ar000e Te-
pUoMUeCcKoe JIBMXKEHHE KAK CYMMY MPOCTbIX TaPMOHUK? JTta npobJema Oblia
nocrasjeHa matematikaMu XVIII Beka, KoTopele NbITajuch onucatb KoJeOa-
nus 3Byuareii crpynel: J'Anam6epom, diinepom, Jlarpamxem®, 1. Bepnymn’
v IpyruMu. boJsiee 1ByXCOT JieT MaTeMaTHKH peliau 3Ty 3ajauy. Okasanoch, 4To
MPOU3BOJIbHOE MTEPHOIMUECKOEe JBHKEHHE HeJb3sl, BOOOILE TOBOPSI, OMUCATh CyM-
MOH KOHeYHO020 4UCAQ MPOCTbIX FTAPMOHHUK, HO €ro BCErJla MOXKHO MPEJICTABUTh
B BUJIE PSIJla, TO €CThb CYyMMbl OECKOHEUHO20 4UCAQ TAPMOHHUK.

O611Me NPUHIMIBI pellleHust 3TOH 3ajauu copmysrpoBas B Hauase XIX Be-
ka ®ypned. Tpyael MHoruX MateMaTnkoB XIX Beka Mo TeopHH TPUTOHOMETpHYE-
CKHUX PSII0B CI10COOCTBOBAJIM CO3/IaHUI0 TEOPUH MHOXKECTB M Teopun GyHKUMH. K
HaCTOSILIEMy BPEMEHH TH METOJIbl M3yUaloT B ClelHaJbHOM pasjesie MaTeMaTH-

KH — rapMOHHUECKOM aHaju3e. BoJibIIol BKIaj B 3Ty TeopHio BHecaH JIy3uu?,

®3Kosed Jlyn Jlarpanx (1736—1813) — dpaHLyy3cKuil MaTeMaTHK H MEXaHHUK.
"Mannen Bepuysau (1700—1782) — wBefinapcKuii yuéHblil, GU3NK ¥ MaTeMATHK.
8Kan Baruer yKozed ®ypbe (1768—1830) — dpaniysckuii MaTeMaTHK U QU3MK.
YHukonaii Hukonaesuu Jlysun (1883—1950) — poccHiicKuii MaTeMaTHK.
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Menbiios!?, Koamoropos, Bapu!! u apyrue.

YnpaxHeHus

1. TToctpoiite «BpyuHyto» rpacuku cjieayomx GyHkiui: a) y = 2sindx; 6) y = — cos(x — 7);
B) y = tg(2x + 7/2).

2. JIBHxKeHHEe YaCTHULIbI, PUKPEIIEHHON K NPYXKUHE, ONUChiBaeTcst hopmydoi y = 2sin(3f — 7 /4),
B KOTOPOH 4§ — OTKJIOHEHHEe YACTHLbI OT MOJIOXKEHHs] paBHOBeCHsI B MOMeHT BpeMend . [Toctporite
rpa¥K 3alaHHON (PYHKLMH U HAWAUTE: a) HauboJIblilee OTKJIOHEHHE YaCTUILb OT MOJIOMKEHHsT paBHO-
Becusi; 6) neprojL KoJsieOaHHs; B) MOJIOXKEHHE UACTHLIbI B HAYaJIbHbIE MOMEHT BPEMEHH; T) MOMEHTbI
BpeMeHH, B KOTOPbIE YACTHIIA TIPOXOJUT Uepe3 MOJI0YKEHHE PaBHOBECHS.

§ 7. OO6paTHble TPUroHOMeTpUUYECKHE (DYHKLIMU

Hanomuum, uto (hyHKIMS HA3bIBaeTCst MOHOMOHKHOLL, €Cii BO Bcell obJa-
CTH OfpeJiesieHnst oHa JM6O Bo3pacTaert, JubGo yobiBaet. [lepuoauueckue dyHK-
LMK, BOOOIIle TOBOPSI, HE MOHOTOHHbI, TO3TOMY ISl OfpeesieHnst 0OPaTHBIX UM
(YHKUMH HYKHO BbIOpaTh KaKoi-HUOY/Ib MPOMEXKYTOK MOHOTOHHOCTH. Hanpu-
Mep, GyHKIHMS y = sinx Bo3pacTaeT Ha MpomexyTke oT —m/2 no w/2. Cie-
JIOBATEJIbHO, HAa MPOMEXKYTKE [—7/2, /2] MOXKHO MOCTPOUTL OOPATHYIO CHHYCY
(yHKLMIO, KOTOpPasi HA3bIBACTCA APKCUHYCOM W 0603HauaeTcs y = arcsin x'2.
HekoTopble 3HaueHust QyHKUMH y = arcsin X npuBesieHbl B Tabuuue 38.

Tabauua 38

X —1 V32 —v2/2 —05 0 05 v2/2 V3/2 1
arcsin x /2 —-w/3 —-w/4 -w/6 0 w/6 =w/4 w/3 7/2

[pacuk apkcuHyca Jierko MOCTPOUTb, HCIOJb3ysl CUMMETPHIO rpauKoB

y B3aUMHO 0OPATHBIX (DYHKIMH OTHOCH-

L TesibHO mpsimol y = x. Ha puc. 90

/211 L u306paxkeHbl Tpauku cuHyca (CH-

//T\ HsISl JIMHUSI) W apKCUHyca (KpacHasi

77T‘/2 ‘ - Jnust). yHKIMsA y = arcsin x onpe-

-1,/10 1 7/2 X nenena na otpeske [—1,1] u Bo3-

7 pacraer Ha HEM, MPUHUMAsT 3HAUCHHUST

et —m/2 or —7/2 no /2. Apkcutyc (kKak H

CHHYC) sIBJISIeTCS] HEUETHOH (PYyHKIIH-

e, TO eCcTh yJOBJETBOPSIET YCJAOBHIO
arcsin(—x) = — arcsin x.

Puc. 90

10 Imurpuii Eprensenuu Menbuios (1892—1988) — poccuiickuii MaTeMatk.

"Huna Kapsiosra Bapn (1901—1961) — poccriicKuii MaTeMaTHK.

20603uauenne arcsin x pacindpoBbLIBACTCS KAK «JIyra, CHHYC KOTOPOH PaBeH X», OT JIATHH-
CKOro arcus — jyra.
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Ta6ana 39

X I v3/2 V2/2 05 0 —05 —v2/2 —V3/2 —I
arccosx 0 «/6 nw/4 «/3 n/2 2x/3 3w/4 5n/6 «

Tenepws noctpoum rpaduk QyHkumH, o6paTHOH (QYyHKUMH y = cosx. JTa
(yHKIMS MOHOTOHHO yObiBaeT Ha orpe3ke [0, 7], Ha KOTOPOM W OMpENEJSIOT
006paTHyl0 PYHKLHIO § = arccos X, Ha3blBaeMylo apKKocurycom. Hekoropble eé
3HaueHHUs TpuBesieHbl B Tabauile 39, a rpacduk n3o6paxkEH KpacHOH JIMHUEH Ha
puc. 91. Tlpu u3MeHeHUH aprymMeHTa X OT MMHYC €IMHMLbI JIO MJIOC €IMHHULIbI
(dyHKUHS y = arccos X yObIBA€T OT 7 0 HY.JIsl.

Y

- 7T

Puc. 91 Puc. 92

[paduk dynxumu y = tg x cocTout U3 GecKoHeuHoro uucJsaa Betsed. Ha uH-
TepBasie (—m/2, /2) 3ra GyHKIUMS SBJSETCSs MOHOTOHHO BO3PACTAOIICH U HMeeT
obpaTHylo QyHKLHS y = arctg x, KoTopas Ha3blBaeTcsl apkmareercom. E€ rpa-
¢uK, H306paKEHHBIN HA pUC. 92 KpacCHbLIM 1IBETOM, €CTECTBEHHO, CHMMETPHUEH
BETKe TAaHIeHCOM/Ibl, MPOXOsIlIel yepe3 Hauaslo KOOpAMHAT, KoTopasi H300pazke-
Ha cuHuUM 1BetoM. Ob6a rpaduKa CUMMETPHUYHBbI OTHOCHTEJbHO Hauajia KOOp.Iu-
HAaT, UTO 03HAUAET UX HEUETHOCTh: tg(—x) = —tgx, arctg(—x) = — arctg x. Or-
MEeTHM, 4TO MPHU HEOTPAHUUEHHOM BO3PaCTaHWM apryMeHTa X 3HaueHHe (yHKIHH
y = arctg x cTpemMHuTCst K /2, ocTaBasich MeHbliie Hero. HeuéTHOCTh apKTaHreH-
ca Mo3BOJISIeT 3aKJIOUHTD, UTO arctg X — —m/2 npu x — —o0.

OO6patHble TpUroHOMeTpHUeCKHe (YHKLMH MPUMEHSIIOTCS TP peLleHHH TPH-
FOHOMETPUUYECKHX U MuddepeHlna bHbIX YpaBHEHHH, TP WHTErPUPOBAHUH, B
TEOPHUH BEPOSTHOCTEN W B PA3JIMUHbBIX MPUKJIAJHBIX 3a/auax.
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YnpaxHeHus

1. CocraBbre TabJiily 3HaueHUi PyHKIMH y = ctgx B unTepBaJe (0, 7), noyb3ysich TabJaulamMi Ch-
HyCca U KOCHHYCa. YOeluTeCh, UTO B 9TOM HHTePBaJe KOTaHreHC yObIBaeT U MOTOMY HMeeT 00paTHYIO
(yHKIHMIO (€€ HA3BIBAIOT apKKOMmareeHsc u 0603HaYalOT y = arcctg x).

2. Tlocrpoiite rpaduk hyHKIMKM y = arcctg X U NepeunciuTe eé OCHOBHbIE CBOHCTBA.

§ 8. Komnozuuuu pyHKuuid. dieMeHTapHble PYyHKLUHU

[TonsiTve pyHKIMM CI0KUIOCH B MTPOLleCCe HCTOPHUECKOTO Pa3BUTHSI MaTeMa-
THKH, a CaM TepMUH «(yHKIUs» BBEN Jleiiouui. Matemaruku XVII Beka onepu-
poBaJii ¢ HeGOoJbILIMM Hab0pOM (PYHKLMH, HA3bIBAEMbIX Cefyac 3/eMeHTapHbIMH.
K ochosroim snemenmaproim ¢pyrkyusm OTHOCATCS: TOCTOSHHBIE U JIHHEHHbIE
(bYHKLMH, CTeNeHHble, ToKa3aTesbHble, JorapupmMuueckie, TPUHrOHOMETPHUYECKHE
1 oOpaTHble TPUTOHOMETPUUECKHE (PYHKIMH.

ODyYHKIMH, KaK U YACJIA, MOXKHO CKJIA/IbIBATh, BEIYHTATh, YMHOXKATb U J€JUTh.
Hanpumep, ecau pasnennTb oHy JHHEHHYIO (DYHKIHMIO HA JAPYTYIO, TO MOJyYHM

. x+b
TakK Ha3blBaeMYIO OpOOHO-AUHCHHYIO PYHKUUIO § = wtd Ecan cioxuTb
cx
HECKOJIbKO CTeNeHHbIX (DYHKIMH BHIa ax", rie n — HaTypajbHOE UMCJO WJH

HyJIb, TO TIOJYUMM MHO204AeH. Hanpumep, cymma Tpéx dyHKumil y = ax?, y =
= bx M y = ¢ 1a8T MHOrOUJIeH BTOPOil cTerenn y = ax’ + bx + ¢. Touno Tak
JKe TI0J1y4aeTcst MHOTOUJIEH TMPOU3BOJILHON CTeNeHH

y=apx" +ax" N+ ax" 2+ . 4 a, 1+ an.

MHorouJ/ieHbl UTpaloT BaXKHYIO POJIb M MaTeMaTHKe U e€ npusokeHusax. OxoJo
cTa JieT Hazaj BellepwTpacc nokasas, uto Jo6yl0 HEMpPepbIBHYIO HAa OTpe3Ke
(PYHKIIMIO MOYKHO C JIIOOOH CTerneHblo TOYHOCTH MPUOJIU3UTh HEKOTOPbIM MHOTO-
uJIeHOM MOJXOAsIIEelN cTeneHd. Ec/i oJlMH MHOTrOUJIeH TIO/IE/IMTh Ha JIPYrok, To
x? +3x —4

x3+1

C (pyHKUMSAMH MOYKHO MPOU3BOJIUTH €I11€ OJIHY Orepalio, KoTopasi He UMeeT
aHaJsiora y yuces M HasblBaeTcst Komnoauyuetl. PaccMoTpuMm, Hanpumep, QyHK-
wn y = v® uv = x — 1. MIx komnoauimeii 6yaer gynkuus y = (x — 1), kotopas
noJiyyaercst NoACTaHOBKOK 3HaUeHHs1 U = X — | B BblpaxkeHue s y. TouHo Tak
Ke QyHKIHS y = e~ npejicTaB/sieT co60i KOMMO3ULMI0 (hYHKIMH y = e¥ U
v = —x2. Komnosuimn (YHKUMH HA3BIBAIOT €lIE CAOMCHOIMU PYHKUUAMU.

MOJNYUUTCS OPOOHO-PAUUOHANbHAA DYHKYUSL, HATIPUMED: Y =

[Mpumep 8.1. Haiire KOMMO3UIHNIO CJIEIYIONIHX YeThIPEX DYHKLKI: i = sin i,
=v/z,0=x>+1,2=23x—24.
241
Max—24
Tenepb Mbl MOXKEM OTBETHTb Ha BOIPOC, UTO TAKOE IACMEHMAPHbLE (PYHK-
yuu. K HUM OTHOCSIT BCe MepeuncieHHble Bbillle OCHOBHbIE 3JIeMeHTapHble (PYHK-
LMK, a TaKxkKe (QYHKLKH, KOTOPbIE MOJYYaloTCsl U3 HUX C MOMOLIbI0O KOHEeUHO20

Pemenue. BoinosHue Bece MOACTAHOBKH, MOJYUHM I = Si
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u y y ;
A e
1,50 ‘
o\
‘ 0 ‘ ‘ 1

ol 1 U oL \./ 1 . v ol 1 X

Puc. 93 Puc. 94 Puc. 95

yucaa apudMeTHUeCKUX orepalldii M ornepalnu KoMmrosuiuu. Hampumep, sge-
MeHTapHLIMK AiBJsIOTCA QyHKUMK § = Incosx, y = 29%% y = lgx + Iglg x.
BoJiee Toro, Bce (hyHKIMH, KOTOPbIE MbI 10 CHX MOP pacCMaTpUBAJH B 3TOM Kyp-
ce, ABJSAIOTCS 3JeMEeHTapHbIMU. Heaaremenmaproie yrnKkyuu noayyator ¢ no-
MOLLbIO MPEIeNIbHOTO Nepexo/ia, HHTErPUPOBAHUS U HEKOTOPLIMH JIPYTUMH CMOCO-
6amu. C HessieMeHTapHBIMH (PYHKIMSMH Mbl TO3HAKOMHUMCS B CJIE/lyIOLIEH TJIaBe.

[TockosibKy BesiKasi eMeHTapHast (OyHKIMS SIBJSIETCS KOMIMO3HIIMENH KaKUX-
TO OCHOBHBIX 3JIEMEHTapHbIX (DYHKIHMH, TO €€ rpacduk MOKHO MOCTPOUThb, HC-
N0J1b3ysl rpaUKH ITUX OCHOBHBIX JIeMeHTapHbIX yHKUMA. HanomHum, kak 3710
nenaetcsi. PaccMoTpuM, Hanpumep, KBaJpaTHbIH TPEXUieH

y=2x>—10x + 12. (28)
[IpeoGpasyem npaByio uacTh, BbIIEJIUB MOJNHbIA KBaIpar:
2x? — 10x + 12 = 2(x? — 5x 4+ 6,25) — 0,5 = 2(x — 2,5)* — 0,5.
XOopol110 BHJIHO, YTO Mbl MOJIYUHJIM KOMITO3HUIIHIO TPEX (PYHKIIMH:
y=u—005 u=20% v=x-25. (29)

Chauasia noctponum rpaduk GyHKumn 4 = 202 (puc. 93) Ha MJIOCKOCTH nepe-
MeHHbIX 4 U v. [lepBoe u3 paBencts (29) y = u — 0,5 o3Hayaert, utTo y Kaxjuou
TOUKH M MJOCKOCTH Mbl yMeHbllaeM eé opauHaTy « Ha 0,5, UTO PaBHOCHJIBLHO
nepeMelleHnio TOPU30HTANbHON OCH U BBepX. B pesysbraTe mosyuaem KapTHHY,
1300paKEHHyto Ha puc. 94, rie npekHee noJoxxeHue ocd 0603HAUEHO MyHKTH-
pom. Jlanee paccMOTpUM TpeTbe U3 paBeHCTB (29), 3anucaB ero B BUIE X = U +
+ 2,5. DT0 paBeHCTBO 0O3HAuaeT, uTo MpuOaBJsAs K abCIUcCe U Ka)KI0i TOUKH
MJIOCKOCTH UMCJI0 2,5, Mbl MIOJTy4aeM B pe3dyJibTaTe HOBOE 3HaueHHe aOCIHUCChI X .
ATO paBHOCWJIBLHO TOMY, UTO Mbl CIBUraeM ocb Y Ha 2,5 enuHuibl BaeBo. Ha
puc. 95 npexxHee noJioxKeHue ock ¥ 0603HAUEHO MYyHKTUPOM.
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Wrak, rpadux MHorousena (28) mosyuaercs CABHrOM napaGonl y = 2x2
Ha 2,5 emunuiibl BnpaBo U 0,5 eaunuubl BHU3. Yucna 2,5 u —0,5 aBasiorcs
KOOpJIMHATAMH BEPLIMHBI MOJyUeHHOH TakuM o6pazom mnapabosibl. C MoMouibio
AHaJIOTHUHBIX PACCYKIEHHUH CTPOSIT TPaUKK U JAPYTUX JIeMEHTaPHbIX (PYHKIHH.

YnpaxHeHus

1. Haiijure KOMIO3UIMIO CJEAYIONMX QYHKIMHA: y = u®, u = arctgz, z = 2x, v = \/x.

2. TlpencraBbre ynkuuio y = 1 + In(l — cos x) B BuIe KOMMO3ULMKA OCHOBHBIX 3JIeMEHTAPHBIX
(byHKIHIL.

3. Tloctpoiite rpaduKn c/epyloNMX (BYHKIMI BPYUHYIO M C TIOMOLIBIO CHCTEMbI KOMIbIOTEPHOII
anre6pbl Maxima: a) y = 27! +3; 6) y = lg(x + 1).
4. Tlpouecc pocTa UHCIEHHOCTH MOMYJISILMH OMUCHIBACTCS TAaK HA3bIBAEMOH JIOTHCTHUECKOH (hyHK-

. eO,l[
HHueu f(t) = W,

rpacuk 1ol yHkiuu Ha otpe3ke [0,50] BpyuHylo U ¢ Hcrosb3oBaHUeM KomrbioTepa. Kak Benér
cebst yHKIMsSA f(f) Npy HeOrpaHUUEHHOM YBeJIMUEHUH apryMeHTa f?

rae f(f) — uucjeHHOCTh MonyJsiuuk B MOMeHT BpeMenu £. [Toctpoiite

§9. HduddepenunanbHas ¢pyukuus Jlannaca

OyHKIMSA

o

o) = \/127; (30)

HasbiBaeTcs Juddepenunanbioi dynkured Jlannaca. OHa UIMPOKO NMpPUMEHSsI-
eTcsl B 3ajlauax TEOPHUHM BEPOSITHOCTEH M MaTeMaTHYeCKOH CTaTHCTHKH, FOPHUCTHI
BCTPEUAIOTCS C HEH B KYpCe HPUIMUECKON CTATUCTUKH.

[Ipexxne Bcero otmeTum, 4To (DYHKIHMIO (0(X) MOXKHO MPEICTaBUTb B BHE
KOMIO3HLIMH CJIEIYIOLIMX YEThIPEX 3JIeMeHTapHbIX (DYHKLIMH:

Yy =— u:ef’ U = — zZ = X-. (31)

HMcnosib3yst 3TOT pakT, MOXKHO HaXOAWTb 3HAueHHs (YHKUMH @(X) B pasHbIX
TOUKax W aHaJu3upoBaTh €€ coiicTBa. B [1punoxenun 2 npueneHa noapobHasi
TabJnla 3HauUeHHH 3TOH (YHKIMH, HEKOTOPble U3 HUX yKadaHbl B Tabuuile 40.

Ta6muua 40

X 0 02 04 06 08 1 1,5 2 3 4
©(x) 0,40 0,39 0,37 0,33 0,29 0,24 0,13 0,05 0,006 0,001

[lepementbie, BXozasiye B npaBble yacTd GyHKUMH (31), MOryT mpuHUMaTh
moOble 3Hadenusi. [TosTomy obJactbio onpesenenust GyHKUUH @(x) OyJ1eT MHO-
JKECTBO BCeX JIeHCTBUTENbHBIX uncesa. K3 dopmynbl (30) BbiTekaeT paBeHCTBO
»(—x) = p(x), o3Hauarollee YETHOCTh JU(QepeHiatbHoN GyHKImH Jlannaca.
CuieoBaTesibHO, €é rpaduk CHMMETpHUYEH OTHOCHTENLHO OCH Y.
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) 1 X

Puc. 96

[Tosb3ysich aTMMK cBoricTBaMH W Tabsauuell 40, mocTpoum rpacuk (yHK-
uuH p(x) (puc. 96). OH uMeeT PpopMy KOJIOKOJIA, CUMMETPUUHOTO OTHOCHUTEJIBHO
ocu Y. BepinHa KosioKosIa JIEKUT HA OCH CHMMETPHH, TO3TOMY MaKCHMaJsbHOE
3HaueHue QyHkuuu nosyuaercs npu x = 0, ¢(0) =~ 0,40 (cm. tabauuy 40). C
ylaJeHueM OT OCH CUMMETPUH BETBH rpaduka aCUMITOTHUECKH MPUOIHKAIOTCS
K ocH abcuucc. Kak BUAHO M3 Tabauubl, NpH X > 4 W npu x < —4 3HaueHusd
(YHKIMH OTJIMUAlOTCS OT HyJst MeHblie, uem Ha 0,0001.

B npusioxkenusx yacto ucnoJsbayercs Takke (ynkuus [aycca

¢

1 _ (xfm)z

g = ——e” (32)

b
TJle M U 0 — HEKOTOpble UucJ/a (MapaMeTphbl), TPUUEM o MOJIOKUTENBHO, a YHCIIO
M MOXKeT ObITb KaK MOJIOKUTENbHBIM, TaK U OTPHLATENbHBIM. DTa (PYHKIHUS MO-
ayuaetcsi u3 pyukuuu Jlannaca (30), ecsiu B mocsieiHell nepeMeHHYIO X 3aMeHHUTh

xX—m
Ha ——— ¥ 3aTeM MNoJeJUTh pedysbTrar Ha o. [lostomy dynkums Taycca (32)

g
cBsizaHa ¢ quddepenuranbioi dynkuper Jlannaca (30) cooTHolleHHeM

e = e (“2). (33)

g

C npyroii cTOpOHbBI, MOJIOXKHUB B Moc/eHeM paBeHeTBe m = 0 u o = 1, noJy-
unm g(x) = p(x). CaenoBarenbHo, Juddeperunanbias GyHkius Jlannaca ectb
yacTHBIN caydail pynkuud laycca. Tayce ncnosnb3oBan dyHkuuu Buna (32) npu
paspaboTke meopuu owubok usmeperuti. DT QyHKUMH MOHAA00ATCS HaM B
JlasnbHelleM, Korjna Mbl OyleM M3ydaTh cJydaliHble BeJquudHbl. [locTpoum rpa-
¢buk yHkunu [aycca, Ha3biBaeMblil TakKe Ko10K010M [aycca.

[pumep 9.1. [MTocrpoiite rpaduk dbyHkimu (32) npu m =3 u o = 2.
Pewenue. [oacrasasisi m = 3 u o = 2 B ypaBHeHue (32), NOJyyHM:

1 x—3?2

g(x) = i (34)
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[IpumeHUM Te e paccyKaeHHs, UTO MPH MOCTPOEHUH TPOCTOH rapMOHHUKH
npeo6GpaszoBaHuIMH CUHYCOUbL. DyHKuMs (34) noayuaerca u3 gyukuuu Jlanaa-
ca (30) B pesysibTaTe CJAEAYIOLIMX TPEX NMpeoGpa3oBaHUil: 3aMeHbl MepeMeHHOH

X Ha MNEepEMEHHYIO X — 3; J€JIEHNUs1 apryMeHTa Ha 2, TO €CTb 3aMeHbl X — 3 Ha

x—3 . .
———; Jnesienusi Bceil npaBoi yactu Ha 2. B pesyJsibrate nepsoro npeo6pasoBa-

Hus rpaduk ¢yHkund Jlamnaca (em. puc. 96) cnBuHeTcs Ha 3 €IMHUIILI BIIPABO;
NpH BTOPOM MpeoOpa3oBaHuu rpauk pacTsiHeTcsl B 2 pasa B/0Jb 0CH X ; TpeTbe
COXMET rpaduk B 2 pasa Biosb ock Y. OKOHUATEJNbHBIH pe3ysnbTaT H300pakeH
Ha puc. 97.

Y
1+

Puc. 97

[TonoGHBIM 06pa3oM MOXKHO TOCTPOUTH rpacuk yHkuuu laycca (32) npu
MmoObIX m U o. OCblo CUMMETPUHM 3TOrO rpaduka siBAseTcs npsiMas x = m.
[Ipn o < | rpacduk dynkunu laycca nosmyuaercst pactsikeHveM rpauka audg-
(epenumanbHol GyHkumu Jlannaca Brosb ocu Y U cxkatheMm BHoJb ocu X, a
npu o > | — cxKaTveM BIOJIb OCH Y W pacTsKeHHeM BHO0Jb OCH X.

Gynkiuio Jlansaca ucnosb3yroT st MPUOTHKEHHOTO BbIUMCJIEHUS] OMHOMH-
aJbHbIX BeposTHocTel. Hamomuum (cm. §8 iecTodt riaBbl), 4To GHHOMHAJLHbIE
BEPOSITHOCTH

Py(m) = Cy'p™(1 — p)"~" (35)

BO3HHUKAIOT TIPU PelIeHnH 3a/au, CBSI3aHHBIX C MOBTOpeHHeM onbiToB. Korna e
6blJI0 KOMIBIOTEPOB, HCMOJMb30BaHHE (BopMYyJbl (3D) MpH GOJMBIIMX 3HAUEHHSIX
BEJIMUMH 7 U 1 TIPUBOJIUJIO K 3HAUNUTEbHBIM BBIUHCJUTEbHBIM TPYAHOCTSM. J1a-
nJjac jlokasaj, uto

Pp(m) ~ & (36)

Vvnp(l—p)’

re ¢ — ¢yHkuds Jlannaca, a BeJMuMHA @ BblUMCAsieTCs Mo Gopmysie

Pl (37)

Vop(l=p)

[Torpetnocts dhopmysibl (36) ymMeHbllIaeTcsi ¢ pocToM BesiunHbl np(l — p),
MO3TOMY €€ peKOMEeHJyeTCsl TIPUMEHSITh B TeX cJayuasix, korna np(l — p) nocra-
TOYHO BEJIMKO (HampUMep, He MeHee JIECSTH).
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[Mpumep 9.2. BepositHoCcTh BCTyIUIEHHST B CHJTY BepJHKTA HAPOIHOTO CyJa 10
rpaxkaanckomy aeqy pasHa 0,6. (MHbiMM cioBamMu, U3 JIeCSITU pellieHHH Cy/la ue-
MOJIHSAIOTCSI TOJILKO 11eCTb. TakoBa cratuctkal) B Teuenne mecsua cynbsi npu-
HSIJ pellieHre Mo NATHECSATH IpaXKAaHCKUM 1eaM. Hatinure BeposiTHOCTB TOTO,
uto 30 U3 HUX BCTYMST B 3aKOHHYIO CHJly 0€3 KacCallHOHHOTO PAaCCMOTPEHHSI.

PeuleHune. Hazoém omnbiToM MpoBepKy TOTO, HUCIOJHEH BepAUKT Hin HeT. Co-
IJ1aCHO YCJIOBHIO y HAc 50 OMBbITOB, B Ka)KJAOM M3 KOTOPbIX MOXKET MOSIBUThCS
coObITHe A — BepIUMKT BCTYMUJ B 3aKoHHYyt0 cuiy. [To ycsoBuio 3anaum umeem
P(A) = p = 0,6, nostomy P5p(30) = Cg8(0,6)30(0,4)20.

Tak kak n =50, a p = 0,6, To np(1 — p) = 12. [Tockosbky np(l — p) > 10,
TO TipuMeHeHue dopmysbl (36) onpaaano. OnpelesuM jajiee BeJUUHHY @ 1O
tdopmyae (37). Tak kak m — np = 0, to a = 0. Takum o6pasom,

P50(30) &~ ©(0)/V12 ~ 0,4/3,5 ~ 0,1.

YnpaxHeHus
1. C nomoubto gopmya (32) HaiiauTe 3HaueHusi pyHKuMK @(x) B Toukax x = 0,2; 0,4; 0,6; 1.
—2(x+1)2.

™
3. Pemuure npumep 9.2 ¢ nomotpto cucteMbl Maxima, NpoBoJisi BbUHC/AEHUs N0 opmydie (35), U
CPaBHUTE Pe3YJIbTAT C MOJIyYeHHbIM BbILIE.

4. Ha sri6opax mapa 40 % us6upareneii Teepu Beerna rosocyior 3a [lerposa. Cayuaiinbim 06pasom
oroupaior 100 nzduparesen. Hatinure BepositHocTb Toro, uto 50 H3 HUX MporoJocytoT 3a [lerposa.

2
2. Tlocrpofite rpaduk QyHKIMHN § = ——¢
V2
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Unesa npeneaa

Wnest npenenbHOro nepexoia — ojiHa U3 ca-
MBbIX TJIOJIOTBOPHBIX HieH B MaTemaTuke. [Ipe-
JIeJIbHBIA TIepexo]l MCnoJb3oBan elé Apxumen
MPHU BBIUMCJIEHUH TUIOLIa el U 06'bEMOB. DTH Bbl-
UHCJIEHHS] COBEPUIEHCTBOBAJIUCH JBa ThICSUese-
THS1 W NIPUBEJM K CO3/1aHuI0 AuddepeHLnanbHo-

§1.

rO M MHTErpajJbHOr0 MCUHCJeHHs — Hauboee
MOILIHOTO M YHHBEPCAJLHOTO MaTeMaTHUeCKOro
meToaa. OH BO3HHK B TPY/AaX BbLIAIONIMXCS yué-
HbeIx XVII—XVIII Bekos Heiotona u JleiiGuuia
W GBI YCOBEPLIEHCTBOBAH YCHIMAMU MaTeMaTH-
koB XIX—XX crosietuit: Kown', Befiepurpacca,
Pumana®, Tlyccena®, Jle6era*, Jlysuna, Kosamo-
ropopa, XvHHUMHA® U MHOTUX JIPYTHX.

[Ipenen nociaenoBaTeNbHOCTH

YuéHble UCCJEYIOT OKpPYKaloUlylo JNeHCTBUTEJbHOCTb, pa3pabarbiBasi s
3TOr0 CcrielrasbHble MPUEMBI, MOHSATHSI W AJArOpUTMbl. Huke Mbl paccMoTpum
MPOCTOH MeXaHUUECKHUil MPOLEeCC U OMHUILIEM €ro ¢ MOMOLIbIO TOHSATHS nocaedo-

B8AMeAbHOCIU.

Bpocum Ha moJs TeHHUCHBIH MsAY 1 OyaeM (pUKCHPOBATb MAKCHMAaJbHYIO Bbl-
COTy OTCKOKa. J{omycTuMm, uTo mepBblil pa3 Msu MOJACKOUMJ Ha OJUH METp, BTO-
poit — na 1/2 merpa, Tpetnii — na 1/3 u 1. 1. Ecsi 570T nmporece npoucxoauT
B peasibHOCTH, TO Msl4, B KOHLE KOHLIOB, ocTaHoBUTCs. Ho ecan pacemarpuBath
MaTeMaTHUeCcKyt0 MOJIeslb, TO MO?KHO CUMTATh, UTO MsIU MPOJIOJIKAET OTCKAKHBATD
CKOJIb YTOJIHO JIOJITO U BbICOTA 11-T0 OTCKOKA paBHa 1/n meTpa.

B 370l Mozienu mpouece onuchbiBaeTcs ¢ MOMOIIbI0 OECKOHEUHOH MOC/e10Ba -
TesibHOCTH umcen 1, 1/2,1/3, ..., npruuém ¢ yBeqnueHnem Homepa 1 1pobb 1/n
yMeHbluaetcs, npuo/amKasch K nymo: 1/a < 0,001 npu n > 1000, 1/n < 107°
npu n > 10 u . 1. ToBopsit, uto 4ucao 0 asasemcs npedesom nociedosa-

meavHocmu — npu n, cmpemiujemcs K 5€CKOH€1{HOCH1LL, W 3arrcCbIiBalOT 3TO
n

cJielytoluM 06pasom:

()

3nak lim ecTb COKpalleHHhe OT JIaTUHCKOI'O CJioBa <<limes>>, TO €CTb I'paHULa.

|
Gopwmyay (1) uuratoT Tak: «npeaesa 1pobu p paBeH HYJIIO MPH 1, CTPEMSLIEMCS

K OECKOHEUHOCTH».

'Oriocren Ko (1789—1857) — thpaHLly3cKuii MaTeMaTHK.

*Bepuxap Puman (1826—1866) — HeMelKHii MaTeMaTHK.

*BaJute Tyccen (1866—1962) — GebruiicKHii MaTeMaTHK.

* Aupu JleGer (1875—1941) — paHLy3CcKuii MaTeMaTHK.

S Asekcanap Skosnesny Xunuun (1894—1959) — poccHiicKuil MATEMATHK  MELATOr.
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PaccmoTpum emé oauH npumep. 3eHon® B oHOM M3 CcBOMX TapajoKCOB

YTBEPKJAeT, uTo ObICTPOHOTMH AXWJlec HUKOTJa He JOTOHMUT uepernaxy. [leii-
CTBUTEJILHO, paccyxKaaet usnocod, noka Axuiec 100€KHUT 10 TOrO MecTa, rje
Obls1a yepenaxa, oHa y:ke okaxkeTcst B ipyrom Mecte. Korna Axusiec npuGeut
B 3TO MeCTO, uepenaxa y»e OTMoJs3ET aaJsblie, U T. 1.

Paccmotpum napajioke 3eHoHa 6osiee noapo6Ho. [TpernonoKum, uto 0 Axug-
Jiec, W uepernaxa — 3TO TOUKH, JIBHXKYLIMECS IO MPSIMOH C MOCTOSHHBIMH CKO-
pocTsiMu, Tpuuém ckopocTb Axuiieca B 10 pa3 Gosibliie CKOPOCTH uepernaxi,
a HauasbHOe paccrosiHue Mexay Humd — 100 merpoB. [Toka Axusnec npobe-
JKUT 3TO paccrosiHue, yepenaxa oTnoJsér Ha 10 MeTpoB, TO ecTb paccTosiHue
mexy Humu ymenbiintes B 10 pas. Korna Axunnec npo6exur sti 10 meTpos,
OHa OTMOJ3ET ellé Ha OJMH MeTp, U T.J1. M306pasum npomeKyTouHble CTapThl
Axuaneca Toukamu Ha UMCJ0BOH ocH (puc. 98).

110 111,1
100 111 115

Puc. 98

[TonyunBuinecss Toukd oOpa3yloT nocienoBaresbHocts S| = 100, S =
=1004+10=110, S35 =100+ 1041 = 111,85, =100+ 10+1+0,l =111,1n
T. 1. $ICHO, UTO OHM CKAMJHBAIOTCS OKOJIO TOUKH, KOOPJAHHATOH KOTOPOH SIBJISIETCS

1
nepuojanueckas 1po6b S = 1004+104+140,14+0,014... = 111,(1) = 1115. 10

UKMCJI0 HAa3bIBAETCS TMPEEIOM NOoCae10BaTeIbHOCTH Sy, So, S3, .. ., UTO 3aMuchI-

. 1 .
BaeTcs caeaytowum oopasom: lim S, = 11 1§. MMeHHO B TOUKe ¢ KOOpAHHATOH
n—oo

|
111§ Axussiec U JIOTOHHUT yepernaxy.

[Ipo6aemMa, KOTOPYyl0 MOCTaBUJ 3€HOH B 3TOM Mapajokce, HOCUT uI0cod-
CKHIl XapakTep M CBsi3aHa He CTOJIbKO C OOCY:KIEHHEM XapaKTepa JIBHXKEHHS,
CKOJIbKO ¢ 6oJiee OOIIMMH BOMPOCAMHU: UTO TaKOe BPEMsl, UTO TaKoe HerpepbiB-
HOCTb, MOXKHO JIH MPHAyMaTh MeXaHH3M, peaJsiu3yIolili 3a KOHeuHoe BpeMsi Gec-
KOHEUHO€ YHCJIO MPOLIEAYp | T. 1. MaTeMaTHKU MpULyMaid MHOTO NapaaoKCoB —
)KeJarllye MOTyT TIPOUYHTaTh 06 3TOM B MOMYJISIPHON JIHTepaType.

OnHako, BepHEMCSI K MOCJEI0BATEIbHOCTSIM. PaccTosiHis MKy COCeHH-
MU TOUKAMH S;,, OTMEUEHHbIMH Ha UMCJI0BOH ocH (cM. puc. 98), Takxke 06pasyioT
nocaenoparenbiocts (1005 10; 1; 0,1; ...), npeacrasasionlyio co6oi GecKoHeu-
HO YOBbIBAIOIILYI0 IeOMETpUUECKylo Tporpeccuio co 3HameHateseMm g = 0,1. Eé

00LIMH uJieH

073 (n=1,2,3,...) cTpeMuTCs K HYJIO MPU 71, CTpeMsileMCs K

%3enon Aneiickuii (ok. 490—430 10 H.5.) — ApeBHerpeueckuii dbunocod. TTpu nomouw na-
paJloKCasIbHBIX JIOBOJIOB TOJ[BEPrajl COMHEHHIO HCTHHbI, KayKyllHecs HeCOMHEHHbIMH.
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OEeCKOHEUHOCTH, MOITOMY Ipe/iesl STOH MOCJIel0BATE/bHOCTH TOXKE PaBeH HYJIIO:
lim ——— = 0. 3amerum, uto NyTh S, KOTOPLIH J0J/IKEH NpojenaTh Axusiec
N—00 10rz—3

JI0 MOMEHTA BCTPEUM C Uepenaxoi, paBeH cyMme 3TOH IPOrpecCHH, BbIUMCJISIEMON
M0 U3BECTHON M3 LIKOJIbI PopMyJie

el 09l

Szl—qzl—o,l 9

ECTGCTBGHHO, Mbl MMOJYUHJIU TOT 2K€ caMblid pe3yJbTaT, UYTO U BbILLIE.

,HBG [ocJe10BaTeJIbHOCTH U3 TpéX, C KOTOPbIMHU Mbl TOJILKO UTO MMO3HAKOMH-
JINCb, UMEIOT CBOUM IIpEeAECJIOM YHUCJIO HYJIb. Takue nocJsenoBaTe/bHOCTH Ha3biBa-
10T OECKOHEUHO MAAbIMIL.

[Ipumep 1.1. Haiimure u n3o6pasute Ha UMCIOBON MPSIMOF HECKOJIBKO TEPBbHIX

UJIEHOB M10CJIE/I0BATE/IbHOCTH, 3aiiaBaeMoit hopMysIoi x, = 2 — ——. OKoJIo Ka-

on

KOH TOUKH CKalJIMBAIOTCS YJleHbl 3TOH MOCJEN0BATENLHOCTH NIPH CTPEMJIEHHH 11
K OECKOHEUHOCTH?

o _ B B 1 3 B 17
PelueHl/l(;. Ha114511e1v1 TOYKH xll— 2—1=1x=2- 5= o 3= 2— 1T
Xy =2— 3= 8§ X5 =2— 6= 16" OTMETHM WX Ha npsiMoil (puc. 99).

1 3/2 7/4  15/8 2

Puc. 99

XOpOI_LIO BUJAHO, UTO TOUYKH X, CKAIlJIMBAIOTCsl OKOJIO TOUYKH C KOOpﬂI/IHaTOﬁ 2.

DTo sierko 060CHOBATH CTPOTO, BBIUKMCJMB pasHocTH 2 — x,. B camom Jerne,
| 1 |

2—x; =1,2—x9 = 5 2 — x3 = 7 2—x, = onT o TO €CThb

pasHocTH 06pasytoT 6eCKOHEUHO YObIBAIOIILYI0 T€OMETPHUYECKYIO MTPOTPECCHI0 CO

3HameHatesieM 2. [lpu yBesMueHUH n €€ ujieHbl CTAHOBSITCS MeHblle JioGOoro

CKOJIb YTOJIHO MaJIOro noJsioxKuTebHoro uncna. Hanpumep, npu n > 31 Besnun-
| |

9n—1T < 230 — 10243 ©

) |
ercst OeCKOHeuHO MaJioH, TO €CTb UMEET NpeaeJs, paBHbIM HYJIIO: lim on=1 =0.
n—oo -

Ha 1079, TTosTomy mocJ/ienoBaTeIbHOCTb 2 — X, ABJS-

OO0 HMCXOHOH 1OC/IeIOBATENBLHOCTH X, B 9TOM CJlyyae FOBOPSIT, UTO UMCJIO JIBA
siBJsieTcs e€ mpenesiom, U Uiyt lim x, = 2.
n—o0

Tenepb naaum obliee onpesenenre npeaesna Mocjae0BaTeNbLHOCTH, UCMOJb-
3ysl NOHSATUE OECKOHEUHO MaJIOH MOCJ/e10BATeIbHOCTH.
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Onpeaenenne 1.1. Uncsno A HaszbiBaeTCst MpeesioM MOCIEN0BATENBHOCTH A,
a9, A3, ..., UTO 3alHCbIBAETCS] B BHJIE

lim a, = 4, (2)

n—0o0

ecan pasHoctd A — a, 06pasyloT 6eCKOHEUHO MaJlylo MOoCJe/10BaTe/bHOCTb, TO
ectb lim (A —a,) =0.
n—oo

[Mpumep 1.2. Halinure HeCKOJIBLKO MEPBLIX UJIEHOB MOCJEL0BATEILHOCTH, 06-
3n —2

n+5

Peuenue. [Tosyuns Tpu mepBbIX ujieHa 3a1aHHOH MOCJEN0BATEIbHOCTH

1IMH uJieH KOTOPOH 3ajaH QopMyJIol i, = , U BbIUMCJ/IUTE €€ mpeael.

o_3.1-2 1 3.2-2 4 - 3.3-2 1
'T 7055 122 277245 190 )T 7355 26

Mbl HE CMO2KEM CJieJl1aTb KaKue-To OHpGLLGJIéHHble BbIBO/JIbI. Ho ecsin BbluncinM

3000-2 2998 ©30000—2 29998
#1000 = 7000+ 5 ~ 7005 #1000 = 76000 +5 70005

H

TO TIOMMEM, UTO MPH 11 — OO BEJIMUHHA U, CTPEMHUTCS K npesiesty 3/7. DT0 MOMKHO
060CHOBATh CTPOrO, MOKA3aB, UTO MOCJEN0BATEIbHOCTD Uhces 3/7 —u, sIBJsieTcs]
0eCKOHEUHO MaJlou:

3 3 3n—-2 3(Tn+5—-73Bn-2) |

7T T T iy T 7(7n + 5) T 7(n+5)

Tak kak npu Bo3pacTaHuW 1 3HAMeHaTeb MocJ/elHed ApoOU HeorpaHWueHHO
Bo3pacTtaer, To lim ( — un) =0, u, no onpenesennto 1.1, lim u, = 3/7.
n—oo \ 7 n—00
VckoMblii pejies1 MOXKHO HAlTH Mpollle, MOJIeJNHB YHCINTE/b U 3HAMEHATe b
JIpoOH Ha n:
3n—-2 3-2/n
TNy Tt/
[Ipy n — oo uncauTesnb noJsyuuBlIedicss APOOM CTPEMHUTCS K UMCaIy 3, a 3Ha-
MeHaTeJ b — K YMCJy 7, M03ToMy mpejes Gyjer paBeH 3/7. 3aKOHHOCTb TaKHX
paccyxjeHuil 6yaer 060CHOBaHA HAMU HUXKE.

BaxHoe 3ameuaHue. [lonstie mpejesa Mo3BOJISIET YTOUHHTL OMpeeSeHHe
GEeCKOHEUHOH JIeCITHUHON JpoOH, paccMaTpuBasi eé Kak npedes nocaredosa-
meavrocmu decamuunolx npubauncenui. Hanpumep, uucao 1/3 siasiercs
npezenom nocnenoatensHoctu 0,3, 0,33, 0,333, ..., a uucgo V2 — nocae-
joBaresbHoctd 1, 1,4, 1,41, 1,414, 1,4142, ... (cm. ctp. 14).

YnpaxHeHus

1
1. Byner qiv nocsenoBare/ibHOCTb U, = 30 6eCKOHEUHO MaJIoi?
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2n + 1
2. BoinuimTe HECKOIBKO MEPBLIX YJIEHOB MOCJEI0BATEJIbHOCTH U, = ———, HAUIUTe 3HAYEHHUSI
n

U1p, U100, U1po0 U JIOTAJIANTECH, UeMYy paBeH Mpees 3TOH mocjaenoBaTebHOCTH. OGOCHYHTE MoJy-
UeHHBIH pe3yJibTaT, npeobpas3oBaB HOpPMyJy, 3aAaIOLLyI0 OOLIMH UJieH MOCJe10BATENbHOCTH.

3. Haiinure dhopmyJty st n-ro ujieHa Moc/1e10BaTe/IbHOCTH, EPBbIE YeThIPE UjleHa KOTOPOH paBHbI
coorBercTBerHo 1/2, 2/3, 3/4 v 4/5. Buinuiure el HeCKOIbKO €€ WIeHOB U HafuTe Mpejies 3ToH
M0OCJIEI0BATENbHOCTH.

4. Tlpesparute npo6b 2/9 B JIECATHUHYIO W BBIMHIIKTE MOCJEIOBATENLHOCTb Uy, Ug, U3, ... €&
JIeCSITHUHBIX MpUOmKenuit. Jlokaxure, uto lim u, = 2/9.
n—o0

§ 2. 3apaua Apxumena

Wneto npenenbHoro nepexona ucnoJb3oBanu eilé EBkaua u Apxumen s
BbIUMCJICHUS Nylollaiell (GUryp u peleHust Ipyrux 3ajaau, XoTsl TepMUHA <TIpejiesi»
y HUX He Ob10. CjioBoM «limes» st o603HaueHHsT TIpefiesia BriepBble BOCMOJb-
3oBaJsicd HptotoH. [TocMOTpUM, Kak ¢ MOMOLIbIO NPEAeIbHOIO Mepexona BeJu-
YaHLIHHA MbICJUTENb IPEBHOCTH APXUME/L PElInJ 3a7a4y O BBIUMCJACHUH MJI0ILAIT
noj napa6odioil. Bor kak oHa opmy/inpyercsi B COBpEMEHHbIX TEpMHUHAX.

3apnaua Apxumena. Haiigure ruowans S urypbl, orpaHdyeHHON Iyroi na-
paGosbl y = x* u orpeskamn OA n AB, rie O — Hauano KOOpaHHAT, TouKa A
JIEXKUT Ha ocH abcuucce W uMmeer koopauHatel (1,0), a Touka B — koopauna-
o (1, 1). drta durypa nzobpaxena na puc. 100.

PeweHnue. Pasnennm ocroBanne OA momnojiaMm M MOCTPOHUM MPSIMOYTOJIbHHK,
OCHOBaHHEM KOTOpPOro siBjisieTcsi otpe3ok [1/2,1], a BeicoTa paBHa 3HAUEHHIO
dyukiu y = x? B Touke x = 1/2, 10 ecThb 1/4. O6o3HauuM MOWAbL 3TOTO
npsiMoyrosibHuKa uepes sy. OueBuano, uro sy = 1/2 - 1/4 = 1/8. TTockoibKy
STOT MPSIMOYTOJIbHUK BIHCAH B UCXoaHylo durypy OAB, 10 s; < S. Beauuunny
S| MOXKHO CUMTaThb IpyObIM MPUOJHKEHHEM UCKOMOH TIIOLAMM S.

Uto6bl HaliTH GoJiee TOuHOe MPUOJIMXKEHHE unca S, pasaesdM OCHOBaHHE
TpeyrosnbHuka OA Ha GoJiblliee YHC/IO paBHBIX yacTeil. Ecan pasienutb ero Ha
Tpu paBHble yacth OAy, A1As u A9A u Ha otpeskax A1Ao U AsA MOCTPOUTH
NPSIMOYTOJIbHUKH, BITMCAHHbIE B KPUBOJIMHENHBIH TpeyrosbHUK OAB (puc. 101),
TO HX BBICOTHI OYAyT PaBHbLI 3HAueHUAM (QYHKLIMH y = x° B Toukax x = 1/3 u
x = 2/3 coorserctBento. OGuiasi miou@aab Sg ITHX MPSIMOYrOJbHHKOB paBHa
1/3 - (1/3)% + (1/3) - (2/3)? = 1/27 + 4/27 = 5/27. Beqmuuna sy Takmxe yjio-
BJICTBOPSIET YCJIOBHIO So < S, HO €€ 3HaueHHe GoJblie, uem $| = 1/8, u oHa
siBJIsieTcsi 6oJiee TOUHBIM MPUOJMKEHHEM uucaa S.

Ecan pasnenuts ocHoBanre OA Ha ueTbipe paBHbIe YaCTH, TO TUIONIAb TPEX
BIHUCAHHBIX B KPUBOJIMHEHHDIH TpeyrosbHUK OAB NpsMOyrolbHUKOB OKaXeTcsi
paBHoil 53 = 1/4-(1/4)? + 1/4-(2/4)%> 4+ 1/4 - (3/4)? = 7/32. JleiicTBys Takum
croco6OM W JaJiblile, Mbl MOJYUHM TMOCJIEI0BATENbHOCTD S, S, S3, ... MJOLIA-
JIell CTyrNeHuaThiX Uryp, Kaxkaast i3 KOTOPbIX COCTABJIEHA U3 MPSIMOYTOJbLHUKOB.

Ha n-om ware JJIMHBl OCHOBAHUU Bcex NpsAMOYroJibHUKOB paBHbI ?, a ux
n
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B(1, 1) B(1, 1)

0(0,0) A(1,0) 0(0,0) A Ay A(1,0)
Puc. 100 Puc. 101
BbICOTBI 3Ha4YeHHsaM Cll) HKIHMH = )C2 B TOUKax ; L "

(puc. 102). Cymma s, muiolajiell Bcex nNpsiMOyroJibHUKOB Oy/leT paBHa

1 12 22 n? 124224 ... +n?
Sn = 5+ gt 7))~ 3
n+1\(n+1) (n+1) (n+1) (n+1)
Ecau najiee BOCTIoIb30BaThCSl U3BECTHOM (OpMYJION
1)(2 1

6

TO BbIpaxK€HHE [1JIs1 BEJHYHUHBI Sy, ITPUMET CJIeILy}OHlHﬁ BHL:

B 1 nn+1)2n+1) n@2n+1)
NI 6 CESEE

3ametum, uto n(2n+1) = 2(n+1)2—3(n+1)+1, nostoMy nocJie nouJIeHHOro
nenenus Ha (n + 1)? nomyunm

2n+ 12 =3+ 1) +1 1 1 1
Sn: = = + .
6(n + 1)2

6(n + 1) 3 2n+1) @

OueBuIHO, UTO MPH JIIOOGOM 11

sy < S. (5)

PaccmoTpuM najee mocsie1oBaTeIbHOCTb CTYNEHUATBIX (DUTYP, ONUCAHHbIX
OKOJIO Halllero KpuBoJiHelHoro Tpeyrosbiuka OAB. durypa, nodyuarouiascs
Ha n-oM uiare, uzobpaxena Ha puc. 103. OHa COCTOUT U3 MPSIMOYrOJILHUKOB

12
M BbICOTAMH, PABHBIMH COOTBETCTBEHHO ——

C ILJIHHOﬁ OCHOBaHUusA s
(n+1)

+1
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B(1,1) B(1,1)

0(0,0) 1L~ 2 £ A(1,0) 0(0,0) L 2 A A(1,0)

Puc. 102 Puc. 103

22 (n+1)2
(n+ 12" 7 (n+1)2
KOB uepes3 S,.

CpaBuuBast pucynkd 102 u 103, jierko 3ameTHTh, UTO BeJHUMHBI S, U Sp

= 1. O6Go3HaunM cymmy mJioLIaed STHX MPSIMOYTOJIbHH -

1
CBsI3aHbl MeXJy co6o#l CoOTHOlleHWeM S, = S, + PR B camom jgerne, ec-
n

JIM CABHHYTH BCe H306paKEHHbIE HA MEPBOM M3 9TUX PUCYHKOB MPSIMOYTOJbHUKH
BJIEBO Ha paccrosiue, paBHoe 1/(n+ 1), To Mbl MOJIyUdM KapTHHY, OTJIHYAIOLLYIO-
csl OT BTOPOTO PUCYHKA TOJIbKO OTCYTCTBHEM CAMOTO MPAaBOro U3 MPSIMOYrOJbHU-
KoB. Takum o6pasom, miowaan S, U S, Pa3HATCsS HA BEJUUMHY MJIOLLAJH ITOTO
NpsSIMOYroJIbHHKA, PABHYIO panEE OTKYJa, UCMoJb3yst hopmyay (4), HAX0M:
n
1 1 | 1

it 37 24D s ©)

OueBuaHo, yto npu Ja06OM 1

Sp =38, +

S<S,. (7)
I/ITaK, MBI HO.HyLH/IJII/I, 4yTo
s, < S <S,. (8)

N3 cdopmya (4) u (6) caemyer, uto mpu n, cTpemslleMcsi K GECKOHEUHOCTH,

1
lim s, = lim S, = =, no3romy u3 (8) noJayuyaem, uto u S = —.
n—o00 n—o0 3 3

Ha npotsizkeHuu AByX ThiCsY JIeT y4éHble PUMEHSIIH PACCMOTPEHHbIH METOL
JUIS pellleHHsl 3ajay, CBS3aHHBIX C BbIUMCJEHHEM TJIolianel ¢uryp, o6bEMoB
TeJl, KOOPAMHAT LIEHTPOB TSKECTH Tesl i MHOTHX JIPYruX 3ajau. Besukue yuéHble
XVII Beka Hetoton, Jle#ibnuu u apyrue 6secTsiiiuMm 00pa3oM MOJABEJNH UTOTH
3TOr0 MHOTOBEKOBOTO MapadoHa, 3aJ03KHB OCHOBbI HHTErPaJbHOr0 HCUUCJIEHHS,
0 KOTOPOM Mbl pacckaxkem B naparpacax 7 u 8.
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YnpaxHeHus

1. Hokaxure dopmyJy (3) METOIOM MaTeMaTHUECKOH HHAYKLHH.

2. 3amenute B 3ajaue Apxumena napabosy y = x> Ha KyOGuuecKylo mapabosly y = x° u HafauTe

MUIOLIA/b TOJ, HEll, MTPUMEHUB (HOPMYJTY

Cn2(n+1)?

P+2243 4+ . +n8 1

9)

3. Hokaxure dopmy.ay (9) METOIOM MaTeMATHUECKOH HHIYKLHH.

§ 3. Ilpenea dyHkuuu

PaccMoTpuM cHaua/a OfiHy M3 CaMblX NpocTbiX dyHKumii y = x2. O6blu-
HO MpaByl0 YacCTb B aHAJWTHUECKOH 3anmucd (QyHKIMM o6o3HauatoT uepe3d f(x).
Wrak, y Hac f(x) = x2. 3aMeTuM, uTo 3HaueHHe 5TOH (YHKIMH B TOUKe Xo = 2
paBHO Yo = 4, 1 BO3bMEM Ha ocu X OeCKOHEUHYIO MOCJEeL0BATENBHOCTh TOUEK
¢ KoopaMHatamMu X, = 2 — 1/277: x; =2 -1 = 1; x9 = 2 - 1/2 = 3/2;
x3=2-—1/4=13/4; ...

JTa 10c/e10BaTe/bHOCTb, KaK Mbl BbISICHWIM B §1, UMeeT npeses, paBHbIi
NBYM: nllngo Xp = 2. Hatiném 3nauenunsi pynkuuu f(x) B BoIOpAHHBIX TOUKAX:

1 1 \? 1 1
Yn=T0) =T 2= 53 ) = (2~ ga1) =%~ a3 + gman-

1 1
on—3 " 9=
MY Yn CTPEMHTCS K ueThIpéM. B 3ToM cJiyuae roBopsiT, uto mnpenen (yHKIHH

C yBesiMueHuem Homepa 1 ApoOH CTpeMsTCs K HyJIt0, M03TO-

y = x% npu X, cTpemsilieMCcsl K JIByM, PaBeH YeTbIPEM, U THILYT:

lim f(x) = 4.

x—2
[oBopsT TakkKe, uTo npesest GPyHKUMH f(X) B TOuKe x = 2 paBeH YeThIPEM.

BaxxHoe 3ameuaHue. MarematiKu JIIOOSIT PHAKPATHCS K CBOUM pe3yJibTaTam
¥ TIPOBEPSTIOT KX 10 TeX MOpP, MoKa MPUAPAThCs yxKe OyaeT He K ueMy. Takoi moji-
XOJI TapaHTHPYET JI0CTOBEPHOCTD, HJIH, KAK TOBOPSIT MATEMATHKH, KOPPEKTHOCTb.
Tak BOT, B HallIKMX PACCyKIEHHsIX O Mpejiesie UMeeTcsl cyliecTBeHHbIH npobes. C
caMoro HauaJjia Mbl BeIGpaJ mocJenoBaresbHocTs 2 — 1,2 —1/2,2 —1/4, ..
npeziesl KoTopok pasen aByM. Ho Takoii »ke npejies1 HMeeT H 1ocJjie10BaTeIbHOCTh
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2—1,2-1/10,2—-1/100, ... BoJee TOro, MOCAEA0BATEILHOCTEH C MPEETOM 2
OECKOHEUHO MHOTO.

BogaHukaer Bonpoc: 3aBUCHT Jiu TIpesies yHKIMK f(x) oT BeIGOpa rocJ/ienoBa-
TeJIbHOCTH 3HAYEHUH apryMeHTa, TO €CTh OT TOTO0, KaKuM 0Opa3om He3aBUCUMasT
riepeMeHHasi X CTPEMUTCS K 3ajlaHHOMY 3HaueHHio 27 OKasblBaeTcsi, UTo HeT, He
3aBucHT. CTporoe onpejesnenue npejaena GyHKIMH BKIOUaeT B ce0sl 1oKa3aTeb-
CTBO €ro He3aBMCHMOCTH OT BbIOOpa MOCJ/EN0BATENbHOCTH apryMeHToB. Ero mbl
3/1eCh He MPUBOJUM.

Mbl paccMoTpes POCToi nMpumep, Koria npejes GyHKUMH B TOUKE X paBeH
3HaueHuIo (DYHKIMM B 3TOH Touke. B 3TOM caiyuae roBopsiT, uTo (yHKILHS Henpe-
poLeHa B TouKe Xg. Tak, yHKIMK kx+b, x2, e, sin x ABASIOTCS HETPePLIBHBLIMU
B Ka)K10# Touke. Ho 11€HHOCTb CTOJb CJ0XKHBIX MOHSATHH, KaK MOC/ae0BaTeb-
HOCTb, MpeJes MoCAe0BaTebHOCTH U Npejiest (DYHKIIMH COCTOUT MpPEeXJie BCero
B TOM, YTO C MX TMOMOLIbIO MOKHO OIMHUCHIBATH MOBeJeHHe (PYHKLMH HA TpaHuLe
06J1acTH OTpe/iesieHHs], TO €CTh MPH TaKMX 3HAYEHHSIX TTEPEMEHHON X, B KOTOPbIX
(PYHKLIMIO OTIPENIesIUTh TPYAHO HJIH HEBO3MOXKHO.

Tabauua 41 Tabanua 42
x  xl 2 3 4 ... x 1l *1/2 +1/3 +1/4
y £l £1/2 £1/3 +1/4 ... y £l +2  £3 4
Paccmorpum, nanpumep, ¢yHkuuio y = [(x) = 1/x, Bbipaxaioulyio u3-

BECTHBIH 3aKOH 00paTHOH MPONoOpLUHOHAIbHOCTH. 3HaueHne x = () He BXOJHUT B
o6J1acTh onpeseseHusl 3ToH (YHKIMH, HO Mbl MO-
»KeM OIucaTb 3TO 3HAueHHe C [OMOLIbIO Mpejeda.
Y CHauasia HailIéM 3HaueHust GyHKUMH [(X) B HeKO-
TOpbIX TouKax (tTabuuibl 41 u 42). M3 atux rabauy,
a Take M3 BUJA rpaduka — runep6oJibl, u3o6pa-

I+ »kEHHOM Ha puc. 104, MOXKHO cliesiaTh CJlelylollile
BbIBOJIbI. Ecsin x cTpemuTes K 6€CKOHEUHOCTH, TO
0 1 X Y CTPeMHUTCs K HYJIO, UTO C UCMOJb30BaHUEM BBe-

JIEHHBIX Bblllle 0003HAUEHUH MOXKHO 3anucaThb Tak:

lim [(x) = 0. (10)

X—00

Ecuin xke x cTpeMUTCS K HYJII0, TO i HEOrPaHHUEHHO
Puc. 104 YBEJIUYUBAETCS:

lim f(x) = oo. (11)
x—0
3aMeTuM, UTo BblpaxKeHHe «X CTPEMUTCS K OECKOHEUHOCTH» 03HAYaET, UTO X MO-
JKeT TIPUHUMAaTh CKOJIb YrOJHO OoJiblIMe 3HAUEHHs, WM, KaK ellé roBOpsT, CTa-
HOBUTbCS OoJiblie J1060T0 Hamnepés 3aJaHHOro yucaa. [eoMeTpuuecKuil CMbIC/
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paBenctBa (10) cocTouT B TOM, UTO paccTosiHie OT TOUKH rUnepOoJibl 10 ocH X
CTPEMHUTCS K HYJII0, KOrJla 3Ta TOUKAa HEOPaHUYEHHO yaJsieTcsl OT HauaJsa Ko-
opauHar. [IpsimMble, K KOTOPBLIM KpUBasi NOAXOAUT CKOJb YTOAHO OJIM3KO, HAa3blBa-
1oted acumnmomamu. Takum o6pas3oM, ocb X SIBJISIETCS TOPU30OHTAJBHON acUM-
nrotoit runep6ossl y = 1/x. Touno Tak e u3 pasenctsa (11) BbiTekaer, uTo
och Y sBJsieTcs e€ BepTHKaJbHOH acCUMNTOTOH.

Caenyiolie npuMepbl MOKa3bIBAIOT, UTO Ui HAXOXKAEHUS Mpejiesa WHOTAA
HY>KHO MPOSIBUTb HEKOTOPYIO H300peTaTe/IbHOCTb.

. . x—05

[pumep 3.1. Haiiure npenen lim .

X—00 X

PeuweHue. 3ech u uncsuTes b, ¥ 3HAMEHATENIb CTPEMSITCST K GECKOHEUHOCTH,
M03TOMY He §ICHO, K 4eMy CTpeMHuTCcsi 1poOb. Mcnosb3yeM NpuéM, KOTOPbIA Mbl
y)Ke MPUMEeHsI B TipuMepe 1.2 3Toi ryiaBbl: pasiesiiM MOUYJEeHHO YUCJUTENb U

3HaMeHaTe b Ha X: . .
. X — .
lim = lim <1 — ) .
X—00 X X—00 X

Terlepb BHUAHO, 4YTO €CJIM X YBEJUYHUBAECTCH, TO I[p06b — YMeHbIIaeTcsd U CTpe-
X

MHUTCSI K HYJIIO, I03TOMY paccMaTpUBaeMblil Npefiesl paBeH elIMHHLIE.

23y 42
[Mpumep 3.2. Boiuucsure lim1 %
x— —

PeweHue. 31ech Cl0XKHOCTb COCTOUT B TOM, YTO MpH X = | W YMCJHTENb,
¥ 3HaMeHaTe/1b oOpaulalTes B HyJb. [o3ToMy Hesb3st HaWTH npesel, MPOCTO
MOACTAaBUB BMECTO X €IMHHILy. Ho, NOCKOJbKY MHO-
rouJieH, CTOSILUA B UMCJ/IMTeNe, 0OpallaeTcs B HyJlb
npu x = 1, T0 310 unca0 Oyaer ero KopHem. 3a-
MetuB, uto x> — 3x +2 = (x — 1)(x — 2), 3a-

nuiieM Hauly (yHkudioo npu x # | tak: f(x) =
= (x—xl)# CokpatuB 1pobb Ha x — 1, mo-
JyuuM (QyHKLHIO g(X) = x — 2, rjle aprymMeHT X
MOKeT TPUHHUMATh Y:Ke JioOble 3HaueHusi. [padu-
KOM (PYHKLHMH y = x — 2 sIBJIsIeTCsl npsiMasi, a Tak
KakK BO BCeX TOUKax, kpome x = 1, pyHkumn f(x)
1 g(x) coBnaaamt, To rpadukoM QyHKIHH f(x) Oy-
JIeT Ta Ke npsimasi, Ho 6e3 Touku (1, —1) (puc. 105). Puc. 105
(x—D(x—2)
—1

[Tpu BbIUKMCJIEHUH TIPEEIOB TOCJIEI0BaTeIbHOCTEN U (DYHKIIMH HCIOJb3YIOT

cJIeflylolMe MpaBu/a, KOTopble Mbl MTPUBOAUM 6€3 10Ka3aTe bCTBa.

Y

[TosTomy lim1 = lim1 (x—=2)=-1.
X— X—

1. ITpenen cymmbl (hyHKIME paBeH CyMMe MPeNesoB STHX (PyHKIMH.

2. Ilpenen npousBeneHNst HECKOJILKUX (PYHKIMH paBeH MPOU3BEIEHHUIO MTPEIETIOB
9TUX (DYHKUMH.
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3. Ilpenen npo6u paBeH mpesey UUCAUTENS, 1eJEHHOMY Ha Tpejiesl 3HaMeHare-
JIsl, €CJI MOCJIEIHUI He paBeH HyJII0.

3
X 4+3x+7
[Mpumep 3.3. Haiigure lim ;3_‘—
X—00 X
Pewenue. [Tpumenum (mocJsie mousieHHOro JiejieHHsT) epBOe U3 MPaBUII:
. X33 +7 X3 3x 7
lim ———— = lim + hm 7+ lim — =

X—00 x3 X—00 x3 x X—00 X

= lim 1 + lim — 3 +11m 13:14—04—0:1.

X—00 X—00 )C X—00 X

—1 -2 -3
Mpumep 3.4. Boiuncaure lim n I z .
n—o0 n n n

PeweHue. B 310il 3aaue HYKHO PUMEHHTH BTOPOE MPABUIIO:

.o n—-1 n-2 n-3 .o n—-1 . n-2 . n-3
lim . . = lim - lim - lim
n—oo n n n n—oo N n—oo 1N n—oo N

=1-1-1=1.

2°(3x? +2x — 7)
si il .
111 2)6

PemeHue. 3[Leb MO2KHO MPUMEHHUTL TPETbE MPaBHJIO:

[Mpumep 3.5. Haiijure lim
X—

: X 2
7 Im 2@ 420 - 7) @)

X
lim 2¢(3x2 + 2x — _ _ _ 4
x—l sin 2x )lcl_r)nl sin 5% I
[Mpumep 3.6. Jokaxure, uto lim 3* = a lim 1 =0
p P Xx——+00 o0, x—+oo 3 '

Pewenue. I[yctsb x, npunuMaer 3uauenust 1, 2, 3 u 1. 1. Torma cooTBeTcTBYIO-
1iMe 3HaueHust QyHKuMK 3, 9, 27, ... TakxkKe cTpeMaTcs K OeCKOHEUHOCTH. DTO

M JIOKa3blBaeT MepBoe U3 paBeHCTB. PaccmarpuM jasiee 3HaueHHst (DyHKIHH 3%
11 1
39 27

ocJie1I0BaTe/ibHOCTb, TO BTOPOE PAaBEHCTBO TO2KE J10Ka3aHO.

B TeX K€ TOoUKaX Xg. . HOCKO.Hbe 3T0 — OEeCKOHeUYHO MaJiasi

2

[Mpumep 3.7. Boiuucaure XILIEO Q)C;Cﬁ

PeweHue. BOCI‘[O.HbSyeMCH rnocJenoBate/ibHO MpaBuJiaMu 3ul:

lim ——— = lim oo
x—o0 2x2 + 1 X—00

I I~ — 2
2+ —  lim 2+ lim — 2+0 2
X

X—00 X—00 X
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Mpumep 3.8. Haiigure lim (\/x +1 - \/})

X——+00
PeuieHue. B 31om npumepe nuMeeTcst HEONPENENEHHOCTb BUAA 00 — 00, KOTOpast
MOKET OBbITb yCTpaHeHa YMHOYKEHHEM Ha COTPSKEHHOE BbIparkKeHHe:

. (VT =vx) (Ve +T+x
i (VEFT - vE) = i DN T

— lim u_ lim ;_0
Ca—odoo X £ 14 /X  x—Foox + 14X

[Tpu BbIUMCJICHUH TIPEJICJIOB C MOMOILLBIO CHCTEMbl KOMIbBIOTEPHOH asireOpbl
Maxima ucnosib3yercs kKomanaa limit, apryMeHTaMi KOTOPOH SIBASIOTCS (PyHK-
UMt (MJIM 10CJIe10BaTe/IbHOCTh), He3aBUCHMast NepeMeHHasl U TouKa, B KOTOPOH
uietTcst npenes. B uactHocTH, KoMaHaa limit ((x~3+3*x+7)/(x"3),x,INF).
naér peuienne npumepa 3.3. Mmsa INF (ot infinity — GeckoHeuHOCTh) MCMOJNb-
3yeTcst 371ech Uit o603HaueHusi 6eckoneunoctd. Haiitu npenen us npumepa 3.5
no3BoJisteT KoManaa limit ((2-x* (3%x~2+2%xx-7))/sin(%PI/2*x) ,x,1).

KomnbioTep n1aét BO3MOXKHOCTb MIHOBEHHO HAXOJAUTb W TaKHe Mpejiedibl, 1151
BBIYHCJIEHUS] KOTOPBIX MpaBui 1—3 HeaocTaTouHo.

X —sinx
Mpumep 3.9. Haitunre lim ———.
x—0 X
. . 1
Pewenune. HaGpap 1imit ((x-sin(x))/x"~3,x,0), MOJy4ydM OTBET 6
YnpaxHeHus
1. Haiinnre npenen dynkumn y = 2x + 3 B Touke x = —1; QyHKIUMH ¥ = sin X B Touke x = 7/4;

¢byHKIMH y = e* B Touke x = 0.

2. Haiismre npenen dynkumd y = 1/x? npu x — oo u npu x — 0. [TocTpoiite rpacduk 37oil
(YHKLHH H BbISICHUTE, €CTh JIM Y HEr0 aCHMIITOTbI.

3. Haiinure caenyoliye rnpeesibl «BpyuHyo» U ¢ UCMoOJb3oBaHueM DBM:

3x+2 6) lim 4x* +3 ) lime—4x—|—3_ 5 lim 2x? + 13x + 21
’ x—oo 2 — x2 —3  x—=3 t——1 2x +7 ‘

4. C nomouiblo cUCcTeMbl KOMIbIOTEPHOH anreOpbl Maxima Haiinure npezeJsl:

a) lim
) x—0

) X
* I —cosx slnx—x—l—g

B) lim

; 6) lim
’ )Xﬂo XQ ’ x—0 )C5

§ 4. 3ameuartesbHble Npeebl

Bhiunc/ieHue CJI0XKHBIX NPEJIE/OB — 3aHSITHE BeCbMa HEMPOCTOE, U ISl KaXK-
JIOTO M3 HUX MPUXOJUTCS MPUAYMbIBATH CBOM crnocob nokasaTesabcTBa. Mbl pac-
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CMOTpPHM TOJIbKO JIBa CaMbIX BaxKHbIX Tpeje/ia, KOTOPpble Ha3bIBalOTCHA, COOTBET-
CTBEHHO, 11epsuim UL 8MOPbIM 3aAMeUqArnesbHoimu rzpedeﬂcmu:

lim =1, (12)
1 X

li l+—| =e. 1

1m < —I—x> e ( 3)

YroO6bl 10Ka3aTb BTOPOE U3 3THX PABEHCTB, BCIIOMHUM, UTO MpeJesl He 3aBU-
CHUT OT BbIOOpA I110CJ/Ie0BATENBHOCTH 3HAUCHUH MEepeMeHHON X, cTpeMslleics K
6eckoHeuHocTH. CocTaBUM 3Ty MOCJE0BATEbHOCTb M3 HATypaJsIbHbIX YHCe] U

1
BBIYUCJIUM COOTBETCTBYIOIIIME 3HaueHust pyHkumu: f(1) = (1 + 1) =2, /2) =

N 9 1\* 64
= (l + 2) =1 f3) = (l + 3> =970 - JIns HaXoXKJeHUsl 3HauUeHHUs

1 n
byHkunn f(n) = <1 + n) BocroJibayemest hopmyJioit 6uHoMa HeloToHa:

(@a+0b)" =a"+na""'b+ 7’1(”2'_ l)a”_Qb2 + - 13)'(’1 —2) a" e 4+
Jrn(n —n-2)-... -Qabﬂ_l g

(n—1)!

|
[Toncrapasis ctona a = 1 u b = —, noJyuaem:
n

1 n—1 Il n—1 n-2 |l n—-1 n—-2 n-3

=24+ - —— 4+ —. - — .
[(n) +2! n +3! n n 4! n n n +
1 n—1 n-—2 2 1 n—1 n-2
. . == . e — 14
+(n—l)! n n n+n! n n (14

LN
[IpaBasi yacTb 3TOr0 paBEHCTBA YBEJMUHUTCS, €CJIH KaXKIyto U3 ApoOei ,
n

n—2 n—-3
y , ... 3dMEHHUTDb HaA eI[I/IHI/IU,y, HOSTOMy
n n

P R

n - = — . —.
21 31" 4l n!
HpaBaﬂ 4acCTb IMOJYYEHHOI0 HepaBeHCTBa €CTb B TOYHOCTH CYMMa IE€PBbLIX A
¢JlaraeéMbIX TOT'O caMoro psijaa, ¢ NOMOLIbIO KOTOPOro Mbl OTpeae/nIn HENepoBo
YHCJIO €. HOSTOMy, yCTpeMJisisi 1 K 6€CKOH€‘{HOCTH, MbI ITOJIYUHUM

(15)

lim f(n) <e. (16)
n—0o0
OG6paTuTe BHUMaHUe, UTO U3 cmMpoeoeo HepaBeHcTBa (15) B pesysibrare npe-
JIeJILHOTO Mepexo/ia MoJIyursioch Hecmpoeoe HepaBeHcTBO (16). D10 cuenctue
OJIHOH M3 TEOpeM TEeOpHH MpeesioB: ecau f(x) < g(x), To lim f(x) < lim g(x).
X—a X—a
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Bepuémesi tenepnb cHoBa K paseHcTBY (14). Bce caaraembie B ero npasoi
yacTH — 4UcJIa MoJioxKuTesbHble. [T03ToMy, ecsii HecKoJIbKO MoC/eIHUX cJlarae-
MbIX OTOPOCHTb, OCTABUB TOJILKO R TI€PBbIX, TO MPaBasi YaCTb YMEHBILIUTCS U Mbl
MOJIyUMM HepaBeHCTBO

1 n—-1 1 n—1 n-2 n—k+1
f(n)>2+§' . +...+E~ P I

LN
Yerpemum 1 k 6eckoHeuHoCTH. [TocKo/bKY TpH 3TOM KaxKaasi U3 1pobei ,

n
n—2 n—k+1

n y ey 0 CTpeMHTCﬂ K €JIMHHUIIE, MBI T10JIlydaeM HepaBeHCTBO
li >2 : 1 1 17
nLHQlof(ﬂ)/ +§!+§+...+E. ( )

M3 Halmx paccy:kJieHu# BbITEKAET, UTO K — UUCJIO CJlaraeMblX CJ1eBa — MOXKET
ObITb JIIOOBIM, T03TOMY HEPaBEHCTBO COXPAHUTCS, €CJIM R YCTPEMHUTL K GECKOHEeU -
Hoctu! Ho Torna cieBa cHoBa moJsiyuutcsi 6ECKOHEUHbIH Psifl, TO €CTh HENepoBo
unco e. Takum 06pa3om, Mbl MPUILIJIK K HEPABEHCTBY

lim f(n) > e. (18)

n—o0

3 HepaBencets (16) u (18) caemyer

X
lim f(n) = lim <1 —|—1> = e,
n—oo n—oo X

4To U TpebOBaNOCh 10KA3aTh.

opmyay (12) npolile BCero nojyuuTb U3 reOMETPUUECKHX COOOpParKeHUH.
PaccmoTpum 0KpyKHOCTb €IMHHUHOTO paanyca u octpbii yroa x (0 < x < m/2),
onupatotmiics Ha qyry AN (puc. 106), 1auHa KOTOPOil MO U3BECTHOH M3 LIKOJIbI
topmysie paBHa NMPOU3BENIEHUIO pajuyca Ha pajuaHHyro mepy yraa: |“AN| =
= 1. x = x. CoryacHo onpejesiennto cunyca, |[AM| = sinx, a 1o onpejeseHuo
TaHreHca JuiMHa otpe3ka BN paBHa TaHrency srtoro yraa: |[BN| = tgx. Tak
Kak |[AM| < |YAN| < |BN|, To cripaBeyiiBO HEPaBEHCTBO sinx < x < tg X,
KOTOpOe MocJie MOYJIeHHOTo JIeJIeHUsT Ha X TIPUMeT BHJL

sin x sin x |
<1 < . .
X CcoS X

[Tepefiném K npeneny npu x — 0, MOMHSI O TOM, UTO MPH ITOM CTPOrHe Hepa-
BEHCTBA MepexoadT B HecTporue. Kpome toro, BocnoJ/ibdyemcst TeM, UTO Mpejed
NPOU3BEJICHHS] PaBeH POU3BEICHHIO NPEIeJIOB:

. sinx . sinx . |
lim <1 < lim - lim .
x—0 X x—0 X x—0 COs X
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Puc. 106 Puc. 107

[TockosbKy lir% cosx = cos0 = 1, To nosyyaem
X—

. sinx . sinx
lim <1 < lim ,
x—0 X x—0 X

OTKYJla W BbITeKaeT paBeHcTBO (12):

x—0 X

[TokaxkeMm, Kak ¢ rnomolipbio npeztesa (12) BelUMCANTD Miolanb Kpyra. Briu-
1eM B Kpyr paamycom R mpaBuibHblil n-yroJbHuk AjAs...A,. OH cocTout
M3 1 OJIMHAKOBBIX TPEYroJIbHUKOB, OJIMH W3 KOTOPbIX M300paxkéH Ha puc. 107.
[Tnowans Tpeyronbhuka OAj Ay Bblumc/sieTesi 0 U3BECTHON hopmysie

1 ) 1 . 2
Sn0a1, = 5|0A1[|0Ay| sin Z4,04, = §R2s1n7.

1 2
[Tnowans S, n-yronbhuka A1As ... A, B n pas 6ogblie: S, = §R2n sin %

Ecsin unesio 1 CTOPOH MHOTOYTrOJIbHHKA CTPEMUTCS K GECKOHEUHOCTH, TO OH
caM HeoTpaHWUEHHO MPUOJIKAETCS K OKPYKHOCTH, a €ro MIolaab S, CTPEMUTCS
K nyoaan kpyra (o6o3uaunm eé S). [1pumensisi npaBu/ia BblUMCJIEHHS TPEIEJIOB
1 popmyay (12), Haxonum:

s 21 s 21
| .27 . . sin<f . sin<lt
S = lim §R2nsm— = lim 7R?%- lim no— 7R?. lim no— gR2

n—oo n n—oo n—oo 2T 2,0 2m
n n n

YnpaxHeHus

in3
1. C nomoubto dopmyabl (12) Haijure lin% SH; g
X—

1 X
2. C nomotbio opmyJbl (13) Haiiaure lim (1 — ) .

X—00 X
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§ 5. [lpousBoaHasi U €€ BbluMCIEHHE

HauGosiee ecTeCTBEHHO K MOHSITHIO MPOM3BOAHOH Mbl MPHXOJAUM H3 KHHe-
MaTHYEeCKHX cooOparkeHnid. HamoMHuM, 4TO CKOPOCTh TeJsa, JABHXKYIIErocsi paB-
HOMEpHO U TIPSIMOJIMHHENHO, BhIUMCJsieTcst 1o opmyse v = s/f. Paccmorpum
MaTepuaJsibHyl0 TOUKY, JBHXKYILLYIOCS MPSIMOJMHEHHO, HO He 00513aTebHO paB-
HOMEpHO, U HaWIEM CKOPOCTb €& JIBUXKEHHS] B Pas/HUHbIe MOMEHTbI BPEMEHH.
[TpennosoxKum, 4To K MOMEHTY BpeMeHH { TeJIO MPOILLIO MyTh S(f), a K MOMEHTY
BpeMeHH ¢ + & (TO ecTh ellé uepe3 NPOMEKYTOK BpeMeHH h) — myThb S(f + h).
Torna cpensisi CKOPOCTh IBUXKEHHST HAa 9TOM y4aCTKe BbIUMCJ/ISIETCSI 10 hopMmyJIe:

s(t +h) —s(1)
Uep = ———)——

Ecan BesnmunHa BpeMeHHOTO MPOMEKYTKA /i OyleT CTPEMUTHCS K HYJIO, TO
U MyTb, NPOHIEHHBIN 32 3TOT MPOMEKYTOK, TakxKe OYAeT YMEHbIUATbCS U CTpe-
MHTbCsl K HyJli0. [IpH 5TOM MX OTHOLIEHME — CPEAHSsA CKOPOCThb Ugp, ABHAKEHHS
Ha 3TOM MPOMEXYTKe — OyJeT CTPEMHUThCS K HEKOTOPOH BeJIMUMHE, KOTOpast
Ha3bIBACTCSl MSHOBEHHOL CKOPOCMbIO, WM TIPOCTO CKOPOCMbIO NBUKEHHS B
MOMEHT BpeMeHH [, U o603Hauaercs uepe3 v(f). Mcnoabaysa onpenesnenue npe-
Jies1a, MOXKHO 3anucatb opmysy JuUisi MTHOBEHHOH CKOPOCTH Tak:

o(t) = lim M

Jim (19)

Ata opmysa SBJASETCS CTPOrUM OMNpesieleHHeM MIHOBEHHOH CKOPOCTH M OJIHO-
BpeMeHHO J1aéT crocob s e€ BbiuncaeHus. [1penen v(f) cyiiecTByer npu ecte-
CTBEHHOM JIONYLLIEHHH, YTO B MOMEHT BpPeMeHH ¢ He OblJ10 HUKAKHX KaTaK/JIH3MOB:
noe3J1 He collesl ¢ pesibCoB, He OblJIO CTOJKHOBEHHSI MJIM PE3KOr0 TOPMOKEHHUS,
He U3MeHHUJICS BHE3anHo KO3 HUIIMEHT TPeHUs], Ha MyTH He 0Ka3aJiach JieTatollas
TapeJka u T.Il.

[Mpumep 5.1. Haiiém MrHOBEHHYIO CKOPOCTh PABHOMEPHOIO JIBHKEHHSI.

Peuwenue. TTpu paBHOMEpPHOM JIBUXKEHHH TMPOKIEHHBIH MyTh MPOTOPLHOHAJIeH
BpeMeHH, TO ecTb S(f) = ki, rne kB — nocrosinHoe uucao. Mcnonbays popmy-
gy (19), BbIUMCIUM MIHOBEHHYIO CKOPOCTb B TOUKE !

g SR =) kAR —kt kR

h—0 h h—0 h h—0 h

[Mpumep 5.2. Jlo Tanuiess cuurtajoch, 4To BCe TeJia MajalOT ¢ MOCTOSIHHOM
CKOPOCTbIO, a MPOBEPUTb 3TO Ha MpaKTHKe OblI0 CJI0xKHO. [anuiell Bbickasal
NPeNoJoyKeHHe, YTo cBOOOHOE NajleHHe SIBJISIeTCS] pABHOYCKOPEHHBIM, TO €CThb
MyThb MPOTOPLHOHAJTEH KBaApaTy BpeMeHH, s = cf’. B COOTBETCTBHH C 3THM
NPEANOJOKEHHEM HaUIEM CKOPOCTb T€JIa B MOMEHT BPEMEHH [ .
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Pewmenue. Brosb Bocnosibayemest hopmyaioit (19):

2 _ 42 2 o0 492
v = qim W7y 2R Z T 0t + ch) = %t
h—0 h h—0 h h—0

Benuunna 2¢ 6bina Haiiena onbITHBIM MyTéM. OHa Ha3bIBAETCS YCKOPEHHEM CBO-
60JHOTO MaZeHus1 U 0O6bIUHO 0O03Hauaercss OYKBOH g, MPUUEM g ~ 9,8M/C€K2.

Tenepb oTkaxkemcsi oT pu3MUECKON TEPMHUHOJOTHU U MePerIéM K CTaHIapT-
HbIM MaTeMaTHuecKMM o6o3HaueHusiM. Bmecto «myth s(f)» Gynem roBOpUTH
«(yHKLHUST f(X)», a BMECTO «CKOPOCTb B MOMEHT {» — «TPOU3BOJHAS OT (PyHK-
ik f(x) B Touke x». Dynem samuchiBaTh (hyHKIHMIO, KaK 00bIUHO, ¥ = f(x), a
MPOU3BOJIHYIO OT 3TOH (PyHKUMH B TOuKe X 6yneM o603HauaTh, KaK 3TO MPHHSATO,
uepes [/(x). Mtak, o onpenesenuio,

F(x) = /%li% w (20)

O60o0111eHHeM MoJTyueHHBIX Bhile hopmya (kx)’ = ku (cx?)’ = 2cx sBasercs
(hopMyJ/ia MPOU3BOMHON OT CTEMEHHON (PYHKIMH:

(x") = nx""1. 21)
JlokasaTesnbCcTBO MoJiydaeTcsl ¢ nomollblo 6uHoma HbloToHa:

Mx”‘QhQ NI—

(x+h)"=x"+nx""'h+ o

[To onpenesnenuto npousBoaHoN

n__ . n _
(x™) = lim —(x +7) X lim { ax" ' + 711(11 l)x”_gh T
h—0 h h—0 2

[Tosib3ysich fasiee MpaBUJIOM BbIUMCJIEHHSI NIPeea CyMMbl, MoJydaem

—1)
ny/ — 1 n—1 1 ﬂ(ﬂ
(x™) im nx +h1_r)r(1) —5

—

" Ph4 4 lm AT =
h—0

TaK Kak BCe MpeJelibl, KpOMe MepPBOro, paBHbI HYJI0. XOTS Mbl JloKazajn hop-
Myay (21) ToJsibKO /ISt HATYpaJsibHBIX 1, OHA OKa3bIBAETCS CNPABEJIMBON TaKxKe
JUIS1 OTPULIATENbHBIX, IPOOHBIX U, BOOOLIE, AJisl JIOObIX NEHCTBUTEJbHBIX CTele-
neit. Hanpuwmep,

1 ! / —n— ! 1y I 1
() :(x_n) = —hXx lz—x:w (ﬁ) = (x2) :§XQ l:ﬁ~

xl’l

CnenaeM OJHO 3ameuaHde [0 MOBOJY TePMHHOJOIMH. BMmecTo «npousBoj-
Hast oT PyHKUMM [(x)» npaBu/bHee OblI0 Obl TOBOPUTH «MPOU3BOAHAS (PYHKIHS
OT (yHKUMM f(X)», HO, KaK MpaBUJIO, yNOTPeONsOT 6oJiee KOPOTKUH BapHaHT.
[oBopsiT TakKe «Mpou3BojHast hyHKIMH [(x)».
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[Tpu n = 0 cTenennasi pyHKIHMSA NpeBpalaeTcs B MOCTOSIHHYIO, TPOU3BOIHAS
KOTOpO# 1o (opmyJie (21) oka3biBaeTcsi TOXKJIECTBEHHO PABHOH HYJIIO:

c' =0. (22)

ATOT aKT Jerko 10Ka3aTb U HEMOCPEACTBEHHO, MOJb3Ysich onpeneneHneM (20).
Bbrumc/iuM npousBoHble OT APYTrHX JeMeHTapHbIX yHKUMA. [1as Haxoxie-
HHUS TPOU3BOJIHOK CHHYCA BOCTIOJIb3yeMCsl H3BECTHOU TPUTOHOMETPHUECKOH hop-

) : : a=f a+p
MyJIOH Pa3HOCTH CHHYCOB: sina — sin 3 = 2sin cos . TTonbaysich

2 2

OTIpe/Ie/ICHHEM MTPOU3BOJHON U CBOHCTBAMH Tpeniesa, Mojyyaem:

. . o ,
(Sinx)’ — lim SlIl(X + h) —Ssmx ~ im 2sin 3 COS()C 4 §) _

. sin % . h
= lim z -limcos|{x+ = |.
h=0 5 h=0 2

[TepBbIii COMHOXKHUTENb PABEH €IMHUIIE, TAK KaK 3TO MEePBbIH 3aMeuaTe/bHbIN
npejies, pacCMOTPeHHbIH B MpejbliylieM naparpadge. Bropo# npenen Haxomurcs
NPOCTOH MOACTAHOBKOM: }1lin(1) cos [ x + 5)= cos(x + 0) = cos x. Urak, npous-

—

B00HAS OM CUHYCA PABHA KOCUHYCY:
(sin x)’ = cos x. (23)
AHaNIOrHUHO JI0KA3bIBAETCS, UTO
(cos x)’ = —sin x. (24)

[1pousBojiHy10 OT MoKa3aTesqbHON QPYHKUMK § = a* MOXKHO HAaUTH, HCTIOJb3YS
BTOPO# 3ameuatesbHblil penes. OkasbiBaeTcs, uTo

(@) =a*Ina. (25)

Hanomuum, uto In a siBasieTcst cokpaléntoil sanucbio as log, a, rie e —
HerepoBO UHCJ/I0. B uacTHOCTH, TIPU @ = e noJiyuaeM BaxKHYyI0 (hopMyJTy

() = e*. (26)

Brrunesm npousBoiHyio yHKIMH y = In x, npeo6pa3oBaB NpeaBapuTeIbHO
DOGD In(x + h) —Inx

h

C TMOMOIIILIO H3BECTHBIX CBOUCTB Jiorapugma:
X a

In(xy) =Inx+Iny, In—=Inx—Iny, Inx‘=alnx.
Y

Nmeem:

In(x +h) —Inx 1 x+h AN Lo\
7 —Eln . —1n<1—|—x> =1In 1+x/7 =

. 1_|_L x/h ]/x_ll - | \/h

- x/h “x x/h '
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OGosHauum y = x/h u 3aMeTHM, uTO MPU A, CTPEMSILIEMCST K HYJIO, I CTpe-
MuTcsl K 6eckoHeuHocTH. [1pu nepexose K npeneny (npu A — 0) nosyunm:

, ) 1 1\? R . 1\Y
n = 11m — 1n — = 11im — - 11m n — .
(Inx) =1 In(1+ 1 1 In(1+
y—oo \ X Y y—00 X Yy—0o0 Y

y
Ho lim <1 4+ — | = e — 3To BTOpOU 3amMeuaTesibHbIH Mpeies, U, TaKuM 00-
Y—00 Y

1\Y
pasom, lim <ln <1 + y> ) = Ine = 1. [locko/ibKy B paccMaTpuBaeMol Ha-
y—o0

MU Tpolleflype Npeie/bHOr0 nepexoia BeJHUMHA X sIBJSETCS MOCTOSIHHOH, TO

(Inx)' = % (27)

BriBesienHasi popmyaia siBasieTcst YacTHBIM cjiydaeM GoJiee o0lei hopmy.ibl
MPOU3BOJHON OT Jlorapudmuueckoil pyHkimu y = log, x:

1
r_
(log, x)" = ——- (28)

[Ipu a = e sra popmyna npespauiaercst B popmyay (27).

Culenytoliide npaBuia BbIUUCJEHHST TPOU3BOJHBIX BBITEKAIOT U3 PACCMOTPEH-
HBIX B MpeJiblIylieM naparpade cBOHCTB npeieaoB. B HUX mpennosnaraeres, uTo
MPOU3BOJIHbIE (DYHKIME f(X) 1 g(X) B TOUKE X CYIIECTBYIOT.

1. TTpousBosHast cymmbl pyHKUMI paBHA CyMMe MPOU3BOJHBIX 3THX (DYHKLHM:

(J(x) + g(x))" = ['(x) + g'(x).

MeTOHOM MaTeMaTHueCKON WHAYKUHUH JIETKO 10Ka3aTb, YTO 3TO IpaBHJIO CIIpa-
BeJIMBO AJ1s1 JIIOOOro UMcJa cJaraeMblX.

2. YucnoBo# MHOXKHTENb MOXKHO BBIHOCHTb 3@ 3HAK MPOU3BOAHOM:
(k](x))" = k['(x).
3. ITpousBosiHyt0 OT TIpOM3Be/IeHUs IBYX (DYHKIIMI HAXOIAT 110 hopmyJie
(J(x) - g(x)" = ['(x) - g(x) + [(x) - g'(x).

4. I1pon3BOJHYIO OT YAaCTHOTO ABYX (DYHKLMH HaXomsT 1o cdopmyJe

< f(x) )' _ ') - gx) — [(x) - &'(x)
g(x) g%(x)
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5. TlpousBomHyto oT cyoxkHOH GyHKUMK [f(u(x)) (Kommosuumu GyHKUMHA [f(u)
v (X)) BLIUMCJSIOT MO CJeytollel GopmyJie, Ha3bIBAeMOH «LIEMHLIM TPABUJIOM»:

[(u(x)) = ['(u) - o' (x).
D10 npaBuIo 0600611aeTcs Ha 060 YHCI0 KoMIoHeHT. Harpumep, /st KoMIo-
3HLIMH YeThIPEX (yHKIMi umeeM: f(u(v(g(x)))) = f(u) - u'(v) - ' (g) - g’ (x).
2x/x

[pumep 5.3. Haiijure nponssoaHyio ot hyHKIMK <3 +1In x).

Pewenue. Bocriosibayemest nepBbIMU JIBYMSI MIPABUJIAMU U [IPOU3BOJHBIMU [0~
KasaTesibHOH W JlorapuMUUecKo# yHKIMN:

2x+\/x 2 3\ 2 31
< 3 +11’1 > —<3‘X2> +(1nx) g §X2+

4
[Mpumep 5.4. Haiiaure npousBojnbie 0T cienyoux GyHKIUMA: a) 34/x; 06) P

B) —10cosx; 1) 13-2% n) 6lgx.

Pewenue. Onsth BocrosibayeMcsi MEPBbIMU JIByMs MTPABHJIAMU H HANIEHHBIMH
patee hopMyJiaMKi POU3BOJHBIX OCHOBHBIX 3JIEMEHTAPHbIX (DYHKIIMH:
/ 1/ | ) 3

a) (3yx) =3 (x2> —3-§-x 3 NG
o (1) =4 (1) =4 (1) x2= 2

x) B - x?
B) (—10cosx) = —10 - (cos x)’ = 10sin x;
M (13-29) = 13- (2¢) = 13-2¥ . In2;

1 6
I — . I — . =
) (blgx) =6-(gx)" =6 795 =75

Mpumep 5.5. Haiiaure npoussoaubie ot dynkumii a) y = x3 + x>+ 1+ 1/x u
6) y = ax®+ 2bx + ¢, rae a, b ¥ ¢ — NOCTOSIHHBIE,

PeuieHnue. JlefictByem aHaJOrHUYHO:
a)y’:(x3—|-x2+1—|—1/x)/:(x3)/—|—( T+ 1+ l/x _3X2+2X+0+
+(x‘1)/:3x2+2x+(—1)x‘2:3x2+2x 1/x?%;

6) y' = (ax® + 2bx +¢) = a(x?) + 2b(x)' + ¢’ = a-2x + 2b = 2ax + 20.
Brruncsienne nponsBoaHbIX HA3BIBAIOT TaKkKe Ouggeperyuposarien.
Mpumep 5.6. IMpommddepentmpyiite GyHKIMH: a) y = X sin x 1 6) y = 3x2e*.

PeuieHue. 31ech HyKHO BOCIMOJ/Ib30BATHCS TPETHHM MPABHJIOM:
a) Yy’ = (x-sinx) = (x)sinx + x(sinx)’ = 1 -sin x + x - cos X = sin X + X cos X;
6) y' = 3(x%e*) = 3((x)e* + x%(e*)’) = 3(2xe* + x%e*) = 3xe* (2 + x).

sin x e*

o)y =

[Mpumep 5.7. Ipoauddepenumpyiite GyHKIKH: a) § = oL
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PeuweHnue. B stom ciyuae HeoGX01MMO TPUMEHUTDL YETBEPTOE MPABUIIO:
)y sinx - x —sinx-x’  xcosx —sinx
a = = :
y x2 XQ ’
. (@) - x?—ef - (x?)  x%e* —2xe*  x—2
X X X

Mpumep 5.8. [pommddepenumpyiire pynximn: a) y = (2x — 1)%;6) y = sin 2x;
B) y = e’
Pewmenune. Bee Tpu (yHKUMH SIBJSIOTCS CJOXKHBIMH M JUIsi PeLIeHHsl 3a1auu

HeoOX0JIMMO TIPUMEHEHHUTD TSTOE MPaBUJIO.
a) Mmeem kommosuimio byukimit y = u? u u = 2x — 1, nosromy

(2x — 1)) = W 2x = 1) =2u- (2x) =2(2x — 1) - 2 =4(2x — 1).
6) 3nech y = sinu, u = 2x, NMO3TOMY

(sin 2x)" = (sinu)'(2x)" = (cosu) - 2 = 2 cos 2x.
o\ /
B) [Tosioxkum y = e, u = x2, Torna (exz) = (") (x2)) = e - 2x = 2xe*".

Mpumep 5.9. Haiimure npoussosHyio oT dyHKIMH ¢y = In(sin(x?)).

PeweHue. 31ech Mbl HMeeM KOMMO3UIMIO TPEX dyHKIME: y = Inu, u = sinv
2

MU = X°, I03TOMY
2x cos(x?)

(In(sin(x?)))’ = (Inw)’ - (sinov) - (x?)' = é cosu - (2x) = ()

XoTts nuddeperurpoBanie QyHKLUUH SBJSETCS TPOCTOH NMPOLELypol U 1po-
U3BOJIHbIe BCErAa MOryT ObiTb HaHJeHbl «BPYUHYK», CHCTEMbl KOMIIbIOTEPHON
anareGpbl 1aI0T BO3MOXKHOCTb HAXOAWTb MPOU3BOJIHbIE 3aJaHHBLIX (PYHKLHH CO
3HAYNUTEJIbHO MEHbIIMMH 3aTpaTaMHu CHJl U BpeMeHH. sl HaxoxKaeHusi mpous-
BOJIHON B cucTeMe Maxima ncnogibdyercst Komanaa diff, nepBbiM apryMeHTOM
KOTOpO# siBJIsieTcsl (PyHKLMS, a BTOPbIM — TepeMeHHasi, 110 KOTOpOH Mpou3BO-
nutes middepenumpoatne. Hanpumep, mpousBojiHyl0 OT CTENMEHHON (hYHKIUH
Yy = x™ MOXKHO HAHTH, BBIOJIHUB KOMaHy diff(x"n,x), a AJ51 BbIUUCJIEHHUS
MPOU3BOJHON U3 npumepa 5.9 — komanay diff (log(sin(x~2)),x). C nomo-
1LIbI0 KOMIbIOTEPA MOXKHO HAHTH NMPOM3BOJHbIE BECbMa CJIOKHBIX (PYHKLHUH.

Mpumep 5.10. Mpoauddepentupyiire bynkiwio (sin x) " (3xechb sin x Bos-
BOJIUTCS B cTerneHb (cos x)¥).

Pewenune. Komanna diff (sin(x)~(cos(x)"x),x) 1aéT pesyjabrar

)x+1

X sin x (cos x

(sinx)* ¥ | cos® x (log Cos X — ) log sin x +

CoS X sin x

B KOTOPOM BMECTO IMPHHATOI0 B PYyCCKOM $s13blKE o603Hauenus In HUCIIOJIb3YETCs
€ro aHrJ0s13bIYHbIN BapHaHT lOg
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YnpaxHeHus

1. Wcnosb3yst npaBuia qudhepeHIupoOBaHUs i CUUTAS TIPOU3BOJIHBIE OT OCHOBHBIX 3JIEMEHTAPHBIX
(DyHKLHME H3BECTHBIMH, Hafi/IMTe MPOM3BOJHbIE OT celytolux QyHKimit: a) 3,4x%; 6) 2/1/X; B) 6/x°;
r) —cosx; n) 12sinx; e) 10-3%; k) 17e*; 3) 61gx.

2. Vicnosb3ysi MpaBUJIO BbIUUCJIEHHS] MPOU3BOJHOH OT CJIOXKHOH (PYHKUMM, HAHIUTE CJeylolue

npoussomnbie: a) ((5x — 1)*)’; 6) (cos5x)’; B) (sinbx)’; 1) (e=2); 1) (In(3x +2))’; e) (e*%)/.

3. JlokaxkuTe ciemylolee MpaBuio U QepeHHPOBAHNS MPOU3BEAEHHS:

(J(x) g()h(x)" = ['(x) g(x)h(x) + [(x) &' (x)h(x) + [(x) g()A' (x). (29)

Kak oHO OyneT BbINIANETb JJIsi TPOU3BEAEHHS UEThIPEX (PYHKLMI?
4. Haiizute npousBoanyio oT GyHKLUMH y = x2e”* sin x, BOCNOJIb30BaBIIHCL GOpMyJIoi (29).
5. C noMolbio KOMIbIOTepPa MPOBEPLTE MPABUILHOCTL BCEX BBIUUCJEHUH B yrpaxKHeHusX 1—4.

6. IlponuddepeHuupyiite ¢ HCMONL30BAHHEM CUCTEMbI KOMIbIOTEPHOH anreGpbl caeaytolye hyHK-
unu: a) (xsin3x + cos(x?))”; 6) sinx(tg (x*(e* — x))); B) sin (cos (In(l 4+ x") + x?) + xS).

§ 6. IlpunoxxeHust nporu3BOJHOM

[ToHsTHe MPOU3BOAHON UMEET LIMPOKHE MpUJIoKeHHs. Kak Mbl yxKe 3Haem,
NPOKU3BOJIHAS OT MyTH MO BPEMEHH — 3TO CKOpocThb. Ho MoHsITHE CKOPOCTH BO3-
HUKaeT He TOJIbKO MpH JiBHKeHHH. CKOpPOCTb — BaKHeHIIasi XapaKTepUCTHKA
MHOTUX (PU3UUECKHX, XUMUUYECKHUX, (PU3UOJOTHUECKUX U JIPYTHX TPOLECCOB, MPOo-
UCXOJSIUX B MPHPOJIE, B UeJIOBEKe, Ha pa3/MUHbIX MPOU3BOACTBAX M T. IL.

[Mpumep 6.1. Teso maccoil 50 ke nBHMKETCS MPSIMOJUHEHHO M0 CJIELYIOIIEMY
3aKoHy: s = 12 + 3t + 1, rie s — myTh (B MeTpax), a f — BpeMs (B CeKyHIAX).
OnpesiesiiTe KHHETHUECKYIO 9HEpPTHIO Tesia B MoMeHT { = 10.

Peumenune. Kunernueckyio sHepruio E IBHXKYLIEroCst Tejla HAXOAAT 110 hopmyJie

va

E= T, rae m — Macca TeJia, a U — €ro CKOpocCThb. Haiiném CKOPOCTb TeJia

B MOMeHT BpeMenn f: v = (t2 + 3t + 1) = 2¢{ 4+ 3. Ilpu ¢ = 10 nosyuaem
2
M Ke - M
=23— E = (50-23%)/2 = 13225———.
v cor MOITOMY ( )/ o
[Ipumep 6.2. 3aBrcumMOCTb MEXK/IY KOJHUECTBOM X BEIIECTBA, MOJYUaEMOrO B

XUMUUECKOH peakiyu, u BpemeneM f umeeT Bua x = 150(1 — e~ 1% rpe e —
HerepoBo uucso. Hafiaure ckopocTb peakiinu.

Pewenue. Ckopocth peakiyu (0603HAUUM €€ U) — 3T0 CKOPOCTb U3MEHEHHUSI ¢
TeyeHHeM BPEMEHH KOJIHUeCTBa BellecTBa, M0JyyaeMoro B pesyJ/bTate peakluH.
[TocKo/IbKy CKOPOCTbIO M3MeHeHHs! (DYHKLHMH SIBJsieTCs e€ Mpou3BOjHAs, TO B
HalleM CJiyuae CKOPOCTb paBHA MPOU3BOAHON OT X MO 11 U = (150(1 —e*IOf))’ =
=150 - (—e~1%) . (—10¢) = 1500 - e~ 107
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[IpousBoaHast OT CKOPOCTH Ha3bIBAETCS YCKOPEHHEM, OHA XapaKTepHU3yeT
CKOPOCTb M3MeHeHUs1 cKopocTH. [Ipu paBHOMEpPHOM JBMKEHMH YCKOPEHHE paB-
HO HYJIIO, IPU PABHOYCKOPEHHOM JIBH2KEHHH OHO TOCTOSIHHO. EcJin 2Ke nBrKeHue
(M1 mpouece) OMUChIBAeTCsl HEKOTOPOH MPOU3BOJBLHOH (DYHKLIMEH, TO yCKope-
HUe, BOOOUIE TOBOPS, HE MOCTOSIHHO U MPEACTABJASIET COOOH CTOJb KE€ BaXKHYIO
XapaKTePUCTHKY, KaK U CKOPOCTb.

3ameTiM, uTo MPOU3BOIHAS OT MPOU3BOAHON PYHKIMH [’(X) HAa3bIBAETCST BTO-
pO¥i POM3BOHOK OT QyHKIKH [(x) W o6o3Hauyaercst [ (x): (f’(x))/ = ["(x). Ta-
KHM 00pa3oM, YCKOpPEHHE sIBJISIeTCs] BTOPOH MPOU3BOJHON OT MYTH M0 BPEMEHH.

[Mpumep 6.3. MarepuasbHoe Tesio NMOJ JIEHCTBUHEM HEKOTOPOMH CHJIbI JIBUKETCSI
no 3akoHy s = 1 + 2¢ + 9¢2. TTokakute, uTO JIEHCTBYIOIAS CHJIA TIOCTOSIHHA.

Pewenue. Cornacuo Bropomy 3akony Helotona, neiictByromasi cuia F paBHa
MPOM3BEIEHUIO MACChl M TeJla Ha ero yckopenue: [ = ma. YckopeHue — 310
BTOpast NPou3BoHast OT PyHKLHU S(7). JluddepeHunpys 3Ty QyHKIMIO, HAXOAUM
a=(1+2t+9t?)" = (2+ 18t) = 18. Cnenoaresnsho, F = 18m.

3 onpenenenust MPpOU3BOAHON BbiTeKAeT BaxkKHellllee CBOHCTBO auddepen-
uupyembix (yukimi. Ecin npousBoanast f/(x) dynkuun f(x) ua orpeske [a, b]
MOJI0XKUTEJIbHA, TO PYHKUMS [(X) HA 5TOM OTpe3Ke MOHOTOHHO BO3PACTAET; €CJIH
f'(x) < 0, To dyHKIHMSI MOHOTOHHO YObIBAET.

Jpyroe BaxkHoe TMpuJI0KEHHEe MPOU3BOJHON — HaxoxKJAeHHe HAHOOJbUIUX U
HaWMeHbIINX, WJIH, KaK €lllé rOBOPST, IKCTpeMaJsibHbIX 3HaueHu# yHkuuu. OHO
OCHOBAHO Ha CJeMyIOLeM YTBEPKAEHHH, KOTOpoe NaéT HeoOXOAMMOEe YCJIOBHE
CYILLIECTBOBAHHS 9KCTPEMyMa.

Teopema 6.1. Ecau ¢pynkyus npurumaem 8 Hekomopotl mouke xy IKcmpe-
MAaAbHOE 3HAYerue u nPou3sooHas 8 3Moll MouKe cywecmsyem, mo oua,
mo ecmo nPOU3BOOHAS, 8 IMOLU MOUKE PABHA HYAIO.

[lpumep 6.4. HyxxHo oropoguTh HEKOTOPYHO MPSIMOYTOJIbHYIO MJIOMIA/KY, TPH-
JieraiolLyo K npsimoJinHeriHomy 3a6opy, petmérkoit amuHon 120 u (puc. 108). Kak
BbIOpaTh pa3Mmepbl ITOrO MPSIMOYroJibHHKA, UTO-

X 6bl ero nJoiaab 6bljia HauboJblIei?

Pewenue. Tlycth aivHa CTOPOHBI TPSIMO-
T 77777777777 yroJibHMKa, NMPUMBIKAoLIeH K 3a00py, paBHa X,
a inHa apyroit — h. I'lo ycsoBuio 3anaum ume-
Puc. 108 em x +2h = 120, mosromy h = 60— x/2, u nJio-

@b S npsiMoyroJibHuka pasHa x (60 — x/2).
ATy (YHKIHMIO HAM HY»KHO HCCJIeI0BATh HA MAKCHMYM, TO €CTh HAUTH Takoe
3HaueHWe X, MPU KOTOPOM IJIoliaab OyaeT MakcumaJsbHoi. [lepenuuiem nosy-

yennyio opmyay B Buae S = 60x — x2/2 u HaiIéM NPOU3BOAHYIO:

1
2

(x?) =60 — L (2x) = 60 — x.

S = (60x) — (x%/2) =60 — 5
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CornacHo Teopeme 6.1 B TOUuke 3KCTpeMyMa MPOU3BOHAS J0KHA ObITh paB-
Ha nysto. [TpupaBuuBast S’ K HyJ110, osiydaem ypasHerne 60—x = 0, U3 KOTOPoOro
HaxoauM xo = 60, u, caeposatenbho, i = 30.

Kak yxe Oblj10 cKazaHo, chopMyJMpoBaHHas Bblllle TeopeMa AaéT HeoOX0A1-
MOe, HO He JIOCTAaTOUHOE YCJIOBHE CYIEeCTBOBaHHUS KcTpemyma. Il Toro, 4ro-
Obl OTPENEJIUTh, €CTh JIM IKCTPEMYM B TOUKE X Ha CaMOM jieJie, HaXOJsT 3HaK
NPOU3BOJHON BOJIM3H 3TOH TOUKH, CIIPaBa U cjeBa oT Heé. B
Halllell 3ajaue, HarpuMep, U3 papenctsa S’ = 60— x BHJIHO,
uto ecsid ¥ < 60, To npousBoaHasi S’ GyJeT MOJOKHUTEIbHA.

Ho ecsi ckopocTh M3MeHeHHsT (PYHKIIMH TT0JI0KUTEJIbHA, TO
¢yHkuust Bogpacraer. CaenoBatenbHo, npu x < 60 dyHk-
uust S Bospacraer. Ecim ke x > 60, 10 S’ < 0 u dyHk-
uus S yoniBaer. [Toatomy rpaduk gyHkuMu S B OKpecTHO-
CTH Touku xo = 60 umeer Bua ropba (puc. 109), u B 3toi
Touke (PYyHKUHMS TEHCTBUTENBHO JIOCTHIaeT MaKCHMyMa. Puc. 109

[Mpumep 6.5. Hyxxno nepesestu rpys Ha paccrosinue 2000 xku. Cytounble pac-
XOJIbl TPU TPAHCIOPTHPOBKE CKJAABIBAIOTCS M3 JIBYX UYaCTEH: MOCTOSHHOH Be-
JuuuHbl, paBHoit 10 py6., U MepeMeHHOH BeJIMUMHbI, paBHOH KyOy CKOPOCTH,
YMHOKEHHOH Ha Kos(dument £ = 4 - 1078, TIpu Kakoli NoCcTOAHHOI CKOPOCTH
TPAHCMOPTHPOBKA rpy3a OyjeT Haubosee SKOHOMUUHOM?

Pewenue. ITyctb ckopocTbh TpaHCIOPTHPOBKH (0003HAUUM €€ U) H3MepsieTcsi
YKCJIOM KHJIOMETPOB, TPOHJIEHHBIX 3a OaHH CYTKH (km/cymxku). Torna Bpems,
3aTpaueHHOe Ha TPaHCHOPTHPOBKY rpy3a, pasHo 2000/v cytok. Pacxombl Ha ne-
PEBO3KY 3a OJIHH CyTKH PaBHbI, CORIACHO ycaoBuIo 3agaun, 10 + ko3, Crenosa-
TeJbHO, 00111asi CyMMa PacXojoB 10 TPAHCIOPTHPOBKe (0603HaunM eé y) Gyuer
paBHa

2000
y=UO+kﬁ}z—.

Hawa 3anaua — HaliTH Takoe 3HaueHHe Uy CKOPOCTH U, NPH KOTOPOM 3Ha-
ueHne GyHKIMM y Oyner HauMeHblIUM. [IpeoGpasyem BbipaxkeHue JJis y, mepe-
NHCaB €ro B BUIE:

10
y = 2000 (z)+-k02).
[Tosbaysich npaBusiamu muddepeHnpoBanusi, HaAlAEM TTPOU3BOIHYIO:

10 —10 + 2k0?

y’:2mm<—02+2mﬁzzmmo- = (30)

T[TpupaBHMBAsi MPOM3BOAHYIO K HYJIIO, MOJyunM ypaBHenue 2kv3 — 10 =0,
5
3
pelieHreM KoToporo Oyler BesMuuHa vy = 1/ —. [loacraBnsisa ciona 3HaueHue

k

k=4-10"% naiiném uncieHHOe 3HAUEHHE Up:

s/ 5 5[5-2-10% 105
vy = 17108 = g —7—5OOKM/Cyﬂ”LKLL
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N3 pasenctBa (30) BuaHO, uto ecan v < 500, To MPOU3BOAHAS OTPHULIATE/b-
Ha, a ecan v > 500, To nosioxkuTeNbHA. CienoBaTebHo, pu v < 500 pyHKLMS Y
y6biBaet, npu v > 500 — Bospacraet, a B Touke v = 500 umeer MmuHumMym. Ta-
KM 00pasdoM, npu ckopocti v = 500 TpaHcnopTHpoBKa rpysa Oyaer HauboJsee
9KOHOMHUHOH. E€ cTonmocTh Haiiém, moactaBuB B popmy.y 3Hauenne v = 500:

2000 2000 4.125
= (1 H T — (1044-1078.500%). == =4 ( 1 = .
y = (10+kv°) 5 (104-4-107°-500 500 ( 0+ 100 > 60 pyo

[Mpumep 6.6. Jlarepnb reosioroB pacrosioXkeH Ha pacCTOSTHUH 6 KM OT GOJib-
10K PEeKH, MPOTEKAIOIIEH ¢ fora Ha ceBep W OTAEJEHHOH oT Jarepsi secom. Ha
pacctosinui 10 Ku OT Jlarepst HaXOAUTCsI Tlepenpasa yepe3 peky. [eosory Hy»KHO
JIOUTH OT Jlarepsi 710 riepernpasbl. OH MOXKET MPOJBUIaTLCS 110 JIECY CO CKOPOCThIO
6 km/uac, a BIOJb Gepera pekd — co ckopocTbio 10 ka/uac. B kakyio Touky
Ha Gepery peKH JOJUKeH HaMpaBUTLCS TeoJsior, YToObl €ro MyTh J0 Mepernpasbl
3aHs1 HaWMeHbllee Bpems? Haiiaure 310 Bpewmst.

Pewenue. Ha puc. 110 sareps o6o3nauen Toukoii A, nepenpasa — toukoii C, a
Mapuipyt reosiora — sinnneit ADC. Tak kak |[AB| = 6, a |JAC| = 10, To ro Teope-
me ITudaropa naxoaum |[BC| = v/102 — 62 = /64 = 8. O603nauue |BD| = x,
nosyunm |CD| = 8 —x u 1o Toii ke Teopeme [1ndaropa Haiiném,
yto |AD| = VAB2 +BD? = /36 + x2. Ilycth { — Bpems

¢ JBHXKeHUs reoJiora no mapuipyry ADC. Toraa no ycjaoBuio
b ,_AD  DC _ V367  8-x

6 "0 6 10

Ham Hy»kKHO HalTH Takoe 3HaueHHe X MEepeMeHHOH X, MPH KO-
A LB TOpOM Bpemsl ¢ OyaeT HauMeHbIIUM. [To/b3ysch NpaBuIaMu Bbl-
UHCJIEHUS] TPOU3BOJIHBIX, HAHAEM MPOU3BOJHYIO OT (DYHKUMH f:

Puc. 110
p 2x 1

=
6-2v36+x2 10

[TpupaBHuBast NPOM3BOAHYIO K HYJIIO, MOJyuMM ypaBHenue Hx = 3v/36 + x2,
KOTOpoe MocJie BO3BeJeHHs B KBaapar npumeT Bui 25x° = 9(36 + x2). Ilo-
JIOXKUTENbHBIH KOPeHb 3TOTO ypaBHeHus Oyner xg = 4,5. M3 Bblpaxenus mjis
MPOM3BOHON ¢/ BUIHO, uTo npu X < 4,5 oHa oTpuLaTeJbHA, a TIpU X > 4,5 —
nosnoxurespHa. CjenoBatesibHO, B Touke Xg = 4,5 QyHKIUS / A0CTHUraeT MUHU-
MyMa, TI03TOMY HauMeHblllee BpeMsi Ha MyThb JI0 Meperpasbl OyJIeT 3aTpaueHo 1o
mapipyty ADC, npu ycioBuu, uto Touka D ynajeHa oT Toukd B Ha 4,5 Km.
[ToncraBasisi xo B BbIpaxKeHHe /s X, TOJydaeM:

15 7 6
tmin = ﬂ+m = lm uaca = 1 yac 36 mun.
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JInst cpaBHeHUs BbiuMCUM BpeMst aBmkenus o mapuipyram AC u ABC. Tlo

|
npsimoit AC Bpewmsi (| = Fotmca = 1 uac 40 mun., a no nomanoit ABC —
BpeMs o = l%wca = 1 yac 48 mun.

Teopema 6.2. [Ipoussodnas om ¢pyukyuu y = f(x) 8 mouke x = a pasra
MAaHCEHCY Yeaa HAKAOHA KacameavHol K epaguky ¢yukyuu f(x) 8 amoi
mouke, Yy’ =tga (puc.111).

Y Y

\Ol

AL

% /
a

Puc. 111 Puc. 112

Jloka3aTeJabCcTBO. PaccMorpym Ha rpaduke 3afaHHoi GyHKUMK i = f(x) mpo-
M3BOJILHYIO TOUKy P(a, f(a)) n ewé oaHy, 6Ju3Ky0 K P Touky ¢ ¢ abGcuuccoi
a+h n opaunaroit f(a+h) (puc. 112). [IpoBeném uepes Touku P u @ npsmyto [
(oHa HasbIBaeTCs cexyujetl), a yros HaKJOHA ceKyllel K ocH abcuuce 0603Ha-
unM yepes . [Ipennonoxkum, uto Touka @) ABHKETCS MO rpaduKy, mpudiIMKasch
K Touke P. Torna cekyuiasi [ 6yjeT moBopaurBaThCst BOKPYT 3TOH TOUKH, W KOT/a
Touka () coBMajér ¢ Toukol P, [ 3aliMET HeKOTOpOe MpejieibHOe MOJ0XKeHHe £ .
[Ipsimast ¢ u Ha3bIBaeTCsl KacameavHol K epaguky 6 mouxe P.

Pacemotpum tpeyrosibHuk PQR. Ilo onpenenenuto TaHreHca,

teo— [QRI _ Ha+h) — [(a)
5Y T RP) h ‘

O603HaunM yri0Boit K03 duiiMeHT KacaTenbHol yepe3 k. CornacHo onpeje-
JIEHHI0 KacaTesibHOH, Npu 7 — 0 Touka () OyJeT ABUraThCs Mo rpaduky K P, yroJ
@ OyJIeT CTPEMHTBCS K 3HAUEHHIO v, a tg ¢ — K 3HaueHuio tg «. CrienoBaresbHo,

Ha+h) — [(a)

k=tea=limtgy = lim ~— 77/ _ #/(q),
ga = lim tgp = lim p ['(a)

uTo U TpeGOBaJNOCh JI0KA3aTh. |
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Mpumep 6.7. Haiiném ypaBHenue xacaTenbHoil K napabone y = 2x> — 3 B
Touke P(1,—1).

Pewenune. Crnauana yGemumcsi, uto Touka P JieXKHT Ha mnapaboJie, T0JICTaBHB
e€ KOOpJMHAThl B 3allaHHOe ypaBHeHHue. [losyuutcsi TOK1eCTBO, cJeloBaTeb-
HO, TouKa P JelCTBUTENBHO JIEXKUT Ha napabose. Haliném nanee mpousBojHyo:
f'(x) = (2x% — 3)' = 4x ¥ BLIUNCJNM €& 3HAaUeHHe
B Touke x = 1: /(1) = 4. CornacHo nokazaHHO#
TeopeMe, 3TO U eCTh YIJIOBOH KO3 dHUIIMEHT R Ka-
caTesibHOH K napaboJie B Touke P. Kak nssectHo,
ypaBHEHHE TMPSIMOH C YIJIOBbIM KO3(h(HIIHEHTOM
k, poxoJisitiielt uepe3 Touky (a, b), UMeeT BUL i —
0 / X —a = k(x — b). B nauem cayuae k =4, a =1,
2, =1 b = —1, caenoBatenbHO, ypaBHeHHE HCKOMOH Ka-
caresbHOl 6yneT y — (—1) = 4(x — 1) nau, nocye
ynpotuienust, y = 4x — 5. [1apa6oJsia u HalijileHHas
KacareJsbHasi u3o0pakeHbl Ha puc. 113.

Y

[Mpumep 6.8. Haiiném ypaBHeHne KacaTesbHOF
Puc. 113 K rpacuky ¢yHkuun y = x + 1/x B Touke P(1,2).

PeweHune. Yoeaupiinch, 4to Touka P JieKHT Ha rpaduke 3ajiaHHOH (yHK-
MK y(x), HaigéM npoussoanyio: y' = 1 — l/xQ. Tak kak npu x = 1 oHa
OKa3blBaeTcsi paBHOH HyJi0, TO B = 0 ¥ ypaBHeHHe KacaTesJbHOH HUMEEeT BHJL
y = 2. Tlockosbky y'(1) = 0, To B Touke x = 1 dynkuusi y = x + 1/x umeer
KCTPEMYM, 8 UMEHHO MHUHUMYM. DTOT MPUMEpP HILTIOCTPUPYET OOIILYI0 CHTYAIHIO:
ecau pyuxkyus f(x) umeem akcmpemym 8 mouke x = a, Mo KAcamesoHas K
epagury dynkyuu 8 mouke P(a, f(a)) naparresvrna ocu abeyucc.

YnpaxHeHus

1. Paccrosinue s, TIpoiiJieHHOE TEJIOM B TeueHHe ! CEeKyH] OT HauaJjia JIBHKEHHs], ONpeesieTcs o
dopmyne s = 12 4 3¢% + ¢. Haiizute ckopocTb u yckopenue npu { = 5.

2. Haiizmre Takne pasMepbl KBagpaTHOro 6acceiina 00bEMoM 321>, PH KOTOPBIX HA ero 0OJIHIIOBKY
NoHAET HaUMeHblIee KOJMUECTBO MaTepuaJa.

3. TlocrpofiTe BpyuHyI0 WM C HCMOJb30BAHHEM CHCTEMBI KOMIBIOTEPHOH anreOpbl rpaduk (yHK-
MM, PaCCMOTPEHHOH B mpuMepe 6.8, U ybeauTech, 4To npsiMast y = 2 Kacaercsi 3Toro rpaduka.

§ 7. HeonpenenéHHblii MHTErpaJg

OnHa W3 caMblIX PacnpoCTPAHEHHBIX TPAKTHUYECKHX 3alad — BbIUHCJICHHE
JUIHH, Towanei, o6bémoB u T. 1. Ecau cdurypa pocratouno npoctast (Hanpu-
Mep, OKPY>KHOCTb, TPEyroJlbHHK, MHUpaMHUa WJH MapaJJiesieliunesn), To MOXKHO
BOCI0JIb30BATbCS LIKOJBbHBIMH (DOPMYyJIaMH, MHOTHE M3 KOTOPbIX OblJIH U3BECTHbI
ellé MaTemMatHkam jpeBHocTH. Ecin durypa cioxkHasi, To NpocThiMU (hopMy1aMu
y2Ke He oOofituch. Torjna NpUMeHsIOT uHmeepaibHoe uciuciernue.



230 ImaBa VIII. Upes npenena

Pazmuator onpedeaéuroiii 1 HeonpedeaéuHolii unmeepaavt. OcBauBas
MOHSITHE MPOU3BOJHON, MHOTHE M3 Bac, HECOMHEHHO, MoJyMaJ/u: a KaK HalTH
(hyHKILIHMIO, ec/ii U3BecTHa eé npousBoaHas? [Ipouenypa HaxoXKaeHUs TPOU3BOJL-
HOH OT 3aJlaHHOM (DYHKLMH Ha3blBaeTcs, Kak Mbl 3HaeM, auddepeHpoBaHuem,
a oOparHasi npolenypa, no3BoJSIOLIAs HAXOAUTh 110 3aJAHHONU NIPOU3BOJIHON HUC-
XOJHYI0 (DYHKIIMIO, HA3bIBAETCS UHMeepuposaruem. Pe3ysbTaT HHTErpupoBa-
HUS1 HA3bIBAIOT 1ep8oodPa3Holl hyHKyuel.

[lycTb, Hampumep, 3aBUCHMOCTb CKOPOCTH U OT BPEMEHH { Bbipaxkaercst hop-
myJsioil v = 2¢. Kak HaliTH MyTh, MPOHJIEHHbIH K MOMEHTY BpeMeHH ¢ ? Mbl 3Haem,
UTO CKOPOCTh U €CTh MPOU3BOJHAST OT MyTH S(f) 1o Bpemenu f, v = s'(f). Caeno-
BaTeJIbHO, HYKHO HaWTH (PyHKIHMIO S(¢) 1o eé nmpousBoaHoi s’(f) = 2t, To ecTh
HaiiTH nepBooGpastyto dyukimu 2f. TTockosbKy (£2) = 2¢, To MBI noJyuaem,
uto s(t) = t2. Takum o6pasom, yHKuus s(f) = {2 aBasgercs nepBooGPasHoil OT
dbyHKIMH v = 21,

Ho 310 He enuHcTBeHHast mepBooGpasHasi OT AaHHOH QyHKUMK. [{eficTBUTE b -
HO, TaK KaK MPOM3BOAHAS OT MOCTOSIHHON (DyHKLMH paBHa HyJIo, To (12 4 1)" =
= (%)’ + 1’ = 2¢. CrenoaresnbHo, dyHkims 12+ 1 Toxe GyeT neppoo6pasHoi
ot ¢yukuuu 2¢. Ilo Toii ke camoil npuunHe nepBooGpasHbIMU GYIYT U PYHKIHH
12+ 12, 12 — 1. CKOJIbKO e X Bcero? BecKOoHeuHo MHOro, TaK Kak nepBoo6-
pasHoii 6yner Besikas dyukuus suna t2 4 C, rae C — mo60oe 4uco.

B o6uiem cayuae, ecsiv yHkuust f(x) umeer nepBoo6pasHyto F(x), To oHa
UMeeT GecKOoHeUuHO MHOro nepBooOpasHbix Buaa F(x) + C (C — npousBoJibHas
nocrosinuast), Tak kak (F(x)+C)"' = F'(x) = [(x). [Tocrosinnyio C Ha3bIBAIOT nO-
CMOAHHOL UHMe2PpUPOBAHUsL, a COBOKYNHOCTb [(x) + C Bcex nepBooGpasHbIX
OT 3aJaHHON (PYyHKUMH [(x) — Heonpederéruoim unmeeparom. Jlas sanucu

MHTEerpaJsia uCoJib3yloT 0603HaueHne /f(x) dx.

BoT HeckoJ/IbKO MpocTelUX PUMEPOB HEOoNpeles€HHbIX HHTErpaJloB.

/O-dx:C, (31)
tak Kak C' = 0,
/l'dx:x—l—C, (32)
Tak Kak (x + C) = x' =1,
; xn+1
/x dx:ﬂ+1+C (mpu n # —1), (33)

il / X
Tak Kak (| —— +C | =(n+ 1) —— = x".
n+1 n+1

M3 usBecthbix Ham paBeHcTB (Inx + C) = 1/x, (sinx + C) = (sinx) =
=cosx, (—cosx + C) =sinx u (e* + C) = (e*)’ = e* BbITeKaOT hopMy.IbI
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/)lcdx =Inx + C; (34)
/cosxa’x =sinx + C; (35)
/sinxdx-—cosx—i-C; (36)
/exdx:ex—l—C. (37)
52 16
N3 dopmynbl (33) caenyer, uTo /xdx = 4C; [ x°dx = 3 + C;
(172 X2 —-1/3
/\/)?dx—/ dx:%—i-(]— / = [ x Pdx =
x2/3 3Vx?
2/3 +C=— 5 +CurTm

Cuaenyioliiie OCHOBHbIE MPABUJIA UHTETPUPOBAHUS BBITEKAIOT U3 TPABHJI Bbl-
UMCJIEHHS TPOU3BOHBIX, CPOPMYIHPOBAHHBIX B §.

1. MHTerpas ot cymMbl (yHKLHMH paBeH CyMMe MHTErpajioB OT KaxKA0H U3 HUX:

[+ gwnar = [feds+ [ grax

310 MpaBuJIO CripaBeAJIMBO JJ1dd JI060ro yucJja cjaraembix.

2. IToCTOSIHHBIA MHOXKHTEb MOYKHO BBIHOCHTh 3a 3HaK HHTErpaJia:

/kf(x) dx :k/f(x) dx

[Mpumep 7.1. Boiunciaum / <\/)7—|— i) dx

PeweHue. Bocrosibayemest MpaBujioM HHTEPUPOBAHHST CYMMBbI:

/<\/ﬁ?+)lc>dx:/\/7ca’x+/idx.

[TepBbiit U3 UHTerpaJioB OblJ1 HAMH HalileH ¢ MoMOLIbI0 popmMyJbl (33), a BTOpo#

| 2
BbluKcsieTes o opmydie (34). B utore nosyuum: / <\/76 + x) dx = X:;/)?+

/ !
+Inx+ C. Ilposepka: (2)63\/}+1nx+c> = (§ -x§> +(Inx) = \/)?—i—%

[Mpumep 7.2. Haiiném /(sinx + x° 4 ) dx.
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PeuleHue. BHoBb nprMeHnM nepBoe MPaBHIIO BLIUUCJICHUS] HHTErPAJIOB, @ TaK-
)e dopmydibl (36), (33) u (37):

6
/(sinx+x5+e")dx = /sinx dx+/x5 dx+/ex dx = —cosx—i—%—l—eﬂ—c.

[IpoBepKa nokasblBaeT, UTO MHTErpaJ BbIYHUCJ/EH MPaBHJIbHO:

6

6 / /
<—cosx + % +e* + C) = —(cosx) + (x) + (e¥) = sinx + x° + e*.

[pumep 7.3. Haiiném unrerpan /(5)62 +3x+7)dx.

Pewenue. 3nech He0GX0MMO NPUMEHHTHL 00a MpaBuJa, MOCJE Yero perieHne
3a/lauk CBOJUTCS K MpUMeHeHHI0 (opMyJibl (33) isi TPEX pa3MUHbIX 3HAUEHHH
CTeleHH:

/(5x2+3x+7)dx:/5x2dx+/3xa’x+/7dx:

= 5/)62 dx+3/xdx+7/dx = 5.i3+3'ﬁ+7x+c = §x3+§x2+7x+C.
3 2 3 2
[IpoBepKy cresaiTe caMoCTOATEbHO.
3anaua HaxoxkaeHHs NepBOo0OPAa3HOH OT 3aJaHHOH (DYHKLIMH SIBJSIETCS ropas-
10 GoJiee CJIOXKHOM, UeM BbIUHUCJ/IEHHE NPOU3BOJHON. V3n0:KeHHbIe Bhillle OCHOB-
Hble paBUJia HHTErPUPOBAHHUS T103BOJISIIOT HAXOAUTb 1epBO0OPa3Hble TONBKO OT

caMbIX MPOCThIX (hyHKUMHA. [laxke 171 BbUMC/IeHHst UHTerpana [ sin2x dx yxe

HeoOXO/IMMbl HEKOTOPbIE JIOTIOJIHUTE/IbHbIe CBelleHHsl. B 3Tol cUTyalluu MOKHO
C YCIIEXOM HCI0J1b30BaTh KoMmIbloTep. [yl HaxoxKAeHUsl HeolpeleséHHbIX MH-
TerpaJsioB B cucteMe Maxima ucnosib3yeTcsi KoMaHla integrate, nepBbIM ap-
T'YMEHTOM KOTOPOH siBJisieTcsl (DYHKLMSI, a BTOPbIM — T€peMeHHasi, Mo KOTOpOH
NPOU3BOJUTCS] HHTEIPUPOBAHHUE.

[lpumep 7.4. Haiiném /sin2x dx.

Peuenue. [Iist Boiukcsienust 3Toro unTerpaja B cucreMe Maxima HaGepém Ko-
MaHay integrate(sin(2+*x),x). O6paTuTe BHUMaHWe Ha HEOOXOJUMOCThL 3HA-
Ka YMHOXKEHHSI MEXIy JBOMKOH W TepeMeHHOH X B aprymeHTe cuHyca. B or-
Bete Maxima BbIIAaéT JMlIb OJHY U3 OECKOHEUHOro MHOXKEeCTBa MepBoobpas-

\
HBIX: —3 COS 2x. ITocrosinnyto unterpupoBanust C HeoOX0MMO 100ABUTH CAMHUM.

Hrak,

/sin?xdx = —%cos?x + C.
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[IpoBepuTh HaiifleHHBIH OTBET MOXKHO M 6€3 KOMIbloTepa:

/
(—; cos 2x + C) = —%(cos 2x) = —é(— sin 2x)-(2x) = %sin2x~2 = sin 2x.

Mpumep 7.5. Haiiném /xsinx dx.

Pewenune. Komanna integrate(x*sin(x) ,x) BbLIAET OTBET SinX — X COS X.
Takum o6pasom,

/xsinx dx =sinx — xcosx + C.
[TpoBepka MoKasbIBaeT, YTO MHTErpaJ BbIUHCJIEH BEPHO:
(sinx —xcosx + C) = cosx — (xcosx) =
cosx — (' cosx + x(cos x)") = cosx — (cosx — xsinx) = x sin x.
CJieyer 3HaTbh, 4TO MepBOOOGpPa3Hasi He 00513aTe/IbHO SIBJISIETCST dJIEMEHTap-

) . sin x .
Holl dynkumen. Hanpumep, pynkuus | —— dx He siBIsieTCs 3J7€MEHTapHOHM.
X

[Tostomy KomaHna integrate(sin(x)/x,x), BBeJIEHHAsS JJis1 BbIUUCJEHUS HH-

Sin x .
TerpaJia / d)C, HareyaTtaeT B KadeCTBe OTBETa WMCXOJAHbIM HWHTErpaJi, Tak
X

sin x
Kak nepBooOpasHasi PyHKIMH —— He MOXKeT ObITb BbIpa)KeHa B BHJe KOMIO-
X

3UUUH KOHEYHOI'o 4YMcJja OCHOBHbLIX 3JIEMEHTAPHbIX CbYHKU,I/IIjI. SElMeTI/IM7 OJHAKO,
4yTo l']OJlO6HbIe WHTErpaJibl MOTyT ObITb 3alycaHbl B BUIE pdaa.

YnpaxHeHus

1. 3aBMCMMOCTbL CKOPOCTH U OT BpeMeHu { BbipakaeTcst opmyJioit v = ¢2. Haiiaure nyTh, npoii-
JICHHBIH K MOMEHTY BPEMEeHH [ .

2. Haiinure: a)/xgdx; 6)/%(1& B)/\B/}dx; r)/%dx.

3. Hcnonbaysi popmydbl (31)—(37) U ocHOBHble MpaBuU/ia UHTErPUPOBAHUSI, HAHJUTE CJlejyloliKe
MHTErpaJbl: a) /(x3 —3x% —4)dx; ©) /(28" +7x%) dx; B) /(5)55 —2cosx —e*)dx.

4. Cuenyoliie MHTErpaJbl HAlAUTE ¢ MOMOIILIO KOMIIbIOTEPA U POBEPLTE OTBETHI U hepeHIHPO-
2
X +3x —2 )
BaHUeM: a) /xge" dx; ©) /de; B) /()c2 cos X — x sinx) dx.
X

5. Hcnosib3yst KoMIbloTep, HalauTe Takue KOMOMHAUWMM TPEX 3JeMeHTapHbIX (QyHKUMH sinx, e*

u x%, nepBooGpasHbie OT KOTOPIX He SBJSIOTCA 3/1eMEHTAPHBIMH (YHKIHAMH.

§ 8. OnpenenéHHbId HHTErpaJ

[TonsiTne onpenenénHoro uHTerpasa Bo3HUKaeT npu o6001eHuH 3aaaun Ap-
Xumesaa, paccMorpeHHoit Hamu B §2. Ceifuac Mbl BBIUMCJUM MJOLIAAL S Tak
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Ha3bIBaeMOH KPUBOJMHEHHOH Tparnelnu, orpaHiueHHON rpadukoM QYHKINK y =
= f(x), ocblo abcuyce U npsiMbiMA X = a U x = b (puc. 114). Pasnenus oTpe3ok

[a,b] Ha n paBHBIX YacTei, MOCTPOUM CTyMeHUaTylo (QUrypy, niomanb S, KoTo-
poil OyzieT NpUONHKEHHBIM 3HAaUCHHEM HCKOMOH BeJMUHHbI S.

Y

T~

0] a X‘l X‘Q xn;l b X
Puc. 114

Touku nesieHUs UMEIOT CJEIyIOlHe KOOPAUHATHI:

Xo=a-+2

b—a b—a
Xpo=a, x=a+—, , ..., xp,=0.
n

Bricotamu npsiMoyro/ibHUKOB GylyT 3HAueHUsT (PYHKIMK [:

f(a), f<a+b;a>, f(a—l—?b;a), f<a+(rz—1)b;a>,

M03TOMY

Sﬂ:b

;a <f(a)+f<a+b;a>+...+f<a+(n—1)b;a>>.

C [TOMOLIbIO 3HakKa CYMMbI 3TO BbIpaK€HHUE MO2KHO 3allicaTb KOpoue:

b —a —

! b—a
S, = p Of<a+k p ) (38)

k=

B nauase XVIII Beka Koum jnokasas, uto ecau QyHKUUsl y = f(x) Henpe-
pbIBHA, TO MJIOLIA/b S KPUBOJMHENHOH Tpareld eCThb MpeJesl Moc/e10BaTelb-
HocTtH S,

S = lim S,. (39)
n—oo
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[Ipenen (39) HasbiBaeTcsi onpedeséruuoim urmeepasom om yukyuu f(x)
8 npedeaax om a do b. Uucna a u b Ha3bIBalOTCSl COOTBETCTBEHHO HUIMCHUM
u gepxHum npedesamu urnmeepuposanus. Jlns o6o3HaueHus onpeneséHHOro
MHTEerpaJia UCIoJib3yeTcsi TOT »Ke CHMBOJI, UTO U JIJIsi HEOIPeIeEHHOTO, TOTIO0J-
HeHHbIH yKa3aHWeM MpeJe/ioB UHTErPUPOBAHHSI:

b
/ [(x)dx = nli_glo S,. (40)

Hanpumep, nuowanas noj napa6osioi, KOTOPYI0 Mbl BbIYHCJH/IM BCJe] 3a

1
Apxumenom B §2, B 3THX 0603HaUeHUSX BbIpaykaetcsi hopmyJion S = / x?dx.
0

Briuncenue npesena (40) Bo MHOTHX cyiyyasix siBJIsSieTCsl BeChMa TPYJI0EMKOH
zanauer. Onpnako euié B XVII Beke Hototon u Jlelibuuil nokasanu, uro onpe-
NeJIEHHBIH HHTErpaJ BecbMa IMPOCTO BblpakaeTcst uepe3 nepBoobpasHyio [(x)
MOJIbIHTErPaIbHON (DYHKIINH:

/ ' f(x) dx = F(b) — F(a). (41)

A1y dopmyJy, B KOTOpPoOH B KauecTBe F(X) MOXKHO HCIOJb30BaTh JOOYIO M3
nepBooOpasHbiX QyHKUMK [(x), HasbiBalOT gopmyroi Heromona-Jleibruya.
Ona no3BoJIsieT CBECTH 3aJ1auk, CBsI3aHHbIE C BbIUHCJIEHHEM AJIHH, MJolaied 1
00BbEMOB, K 3aJaue HAXOXK/EHUs] HEONpeLeJEéHHOr0 UHTerpaJa.

I
[Mpumep 8.1. Haiiném unrerpan / x%dx.
0

Pewenue. Uro6el npumenuts dopmysry Hbiotona-JleiGuuua (41), Hy»kHo cHa-

3 1
yaJia HalTH HeornpenesEHHbIH HHTerpaJI: /x2 dx = % + C. Urak: / x2dx =
BB 0B :
= — — — = . Hanowmuum, 4to 3TOT MHTerpas BbipazKaeT TJIOLIA/b
3l 3 3 3
noj napab6oJioit B 3anaue Apxumena. O6pature BHUMaHHe Ha TO, HACKOJIbKO 3TO
pelilieHue Mnpolile, ueM pelieHne Apxumena, npuBenéHHoe B §2.

[Mpumep 8.2. Haiiném niioiiiaab KpHBOJIMHERHON Tparelnd, OrpaHHYeHHOk TH-

nepOoJIol iy = — U NPSAMBIMH X = 1 U x = 2.
X

Pewenue. B npespityiiem naparpade Mbl BbISICHHJIH, 4TO (QyHKIMs F(x) =

= Inx sBAsieTCsT OIHON M3 MEPBOOGPA3HBIX /I —, MOITOMY 10 hopmyJe (41)
X
ToJyuaem:

2
1
sz/ ;a’x:lnxﬁ:hﬂQ—lnl:InQ.
1

[Mpumep 8.3. Haiiném niomians S, moj 3KCMOHEHTOl i = e~ * Ha MPOMEXKYTKe
ot 0 110 1, T1e 1 — TPOM3BOJIbHOE HATYPAJbHOE UHCJIO.
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Peuwenue. Oynkiuus —e ™ npejcranisieT co60# 0JHY U3 TEPBOOOPA3HBIX (HYHK-
uu e ¥, rak Kak (—e Y) = —(e7") - (—x)) = —(e™¥) - (—1) = e~ *. [Toaromy
no dopmysie Hbiorona-JleiiGuuia

n
Sn:/ e‘xdx:—e_xgz—e_”—i—eozl—e_”.
0

1
3ameuanue. Mpl snaem, uto lim e™" = lim — = 0 (cm. §5 npenwinyiieit

n—oo n—oo @
raasbl). [Tostomy lim S, = 1. [eomeTpuuecku 3TOT pe3y/bTaT MOXKHO HCTOJI-
n—oo
KOBaTh TakK: MJolaab 6€CKOHEUHOH (PUTYpPbI, OTPAHUUEHHOH OCSIMU KOOpJIHUHAT U

rpaMKoOM SKCIIOHEHTbI € ~*, paBHa e/IMHHULIe. DTY BEJIHUHHY IPUHATO 0003HAUaTh
o o0

CUMBOJIOM e “ dx. Takum 06pa3oM, Mbl J0KA3aJIu, UTO e Ydx=1.
0 0
Gopmyabl (38) 1 (39) BO3HHKAIOT HE TOJILKO MPH BbIUMCJEHHH MJIOLIAMEH.

AHasiornuHble Tpeesbl MOJMydalnTCs U TPU BbIUKCJAEHHH 00bEMa W Macchl Te-
Jla, MyTH, paboThl MEPEMEHHON CHJIbl U MHOTHX APYTHX BeJHuuH. PaccmoTpum,
HalpuMep, YacTo BCTPEUAIOLLYIOCS HA MPaKTHKe 3a1auy O BbIUMCJCHHUH MYyTH 110
3alaHHOH CKOPOCTH.

[Ipumep 8.4. INyctb marepuasibHasi TOUKA JBHKETCS MPSIMOJHHENHO C repe-
MeHHOH cKopocTbio v(f). Tpebyercs BblUMCAUTb MyTh S(a, b), NpoiiieHHbIH €elo
3a MPOMEXKYTOK BPEMEHH OT MOMEHTa ! = a J10 MOMeHTa [ = b.

PeuieHune. Pa3o6bém BpeMeHHOM MPOMEXKYTOK [a, b] Ha n paBHbix yactei. CKo-
pOCTb JIBU2KEHHS] TOUKH Ha KaXKJIOM W3 HHUX MOXKHO CUHTATh MOCTOSIHHOW W paB-
HOM, HanpuMep, CKOPOCTH B HauaJsle npomexyTtka. Torna nytb S, Gyner onpene-
asTbest hopmydioit (38), B KoTopo#t hyHkumMs [ 3ameHeHa Ha v. JlokazaTenbCTBO
JIOCJIOBHO TTOBTOPSIET PACCYKIIEHHS, C TOMOILIbI0 KOTOPBIX Mbl TMPULLIH K (hopMy-
Jie (38). TToaromy

b
S(a,b) = lim S, :/ o(t) dt.
a

[Ipumep 8.5. Tesio nBMAKETCS] MPSIMOJMHERHO CO CKOPOCTBIO, U3MEHSIIOLLIEHCST
no 3akony v(f) = 2t (m/cex). Haiiném myTh, mpoiiieHHblii uM 3a 6 CeKyHI,
HauWHasi C YeTBEPTOH CEKYHJIbl JIBHKEHHSI.

Peuwenue. B nannom cayuae a = 4, b = 10. Tak Kak /Qt dt = t* + C, 10 no

tdopmysie Hetorona-JlefiGnuua nosyuaem:

10 10
S, 10)= [ otdt = t2’ — 102 — 42 — 84 .
4 4

®opmyna Helotona-JleiiGHuia no3possieT 3ak/0UUTh, UTO MPaBU/a BbIUKC-
JIEHWsI HeompeleIEHHBIX UHTErpaJsioB, KOTOPble Mbl CPOPMYJTHPOBAJIH B TPEbITY-
1em naparpade, COXpaHsitoT CHJIY U I/ ONpPeAeIEHHBIX HHTErPaJIoB.
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3
[pumep 8.6. Haiiném / (x? +3x — 7) dx.
I

3 3 3 3 313
PemeHue./ (x2+3x—7)dx:/ x2a’x+3-/ xa’x—%/ dx:§ +
1 1 1 1 |
913
L g Pog_Ltig. 9 3 _62
+3 1 7-x]{=9 3+3 57 5 21+7_63.

B cucreme komnbioTepHoil anre6pbl Maxima onpesieiéHHble MHTErPaJibl MOYXK-
HO BBIUHCJISITH C TIOMOIIbIO TOH K€ KOMaHAbl integrate, KOTOpas MpUMEHseT-
csl JI/IsT HAXOXKJIEHUs] HeomnpesleJéHHbIX HHTerpasoB. Heobxonumo Tosibko no6a-
BUTb JIBA JIOTIOJIHUTE/bHBIX apryMeHTa — HUXKHUE M BEPXHUH MpeJieibl HHTerpH-
poBanusi. Hanpumep, pesysbrat Apxumesna mnojyuyaercsi ¢ MOMOIIbI0 KOMaH/IbI
integrate(x~2,x,0,1).

In3
[Mpumep 8.7. Haiiném / (e* +2e ) dx.
0

Pewenune. Komanna integrate (e~ (2+x)+2%%e"~ (-x) ,x,0,log(3)) Hemes-
JIEHHO BbIJIAET OTBET 5 B 310il KOMaHze MCNOMb3YIOTCS TIPUHATLIE B Maxima

0003HaueHus %e /Ui HerepoBa uucaa v log(3) s BesunHbl In 3.
(o]

[pumep 8.8. [Tposepum ¢ MOMOLIBLIO KOMITbIOTEPA, UTO / e “dx =1.
0

PeweHue. Bocrosbayemesi Apyrum JOMyCTUMbIM 0003HAUeHHEM (QYHKLHH e,
exp(x). HanoMHuM Takxke, 4To GECKOHEUHOCTh 0603HAuUaeTcsi CUMBOJIOM INF.
Komanna integrate (exp(-x),x,0,INF) npuBelI€T HAC K y»Ke U3BECTHOMY pe-
3yJIbTary.

YnpaxHeHus

1. Hatfizure nioiaab noj oHOH BOJHON CHHYCOUIBI ¥ = sinx (Hanpumep, Mexay x = 0 U x = ).
2. Haiinute nythb, NpoOKIEHHbIH MaTepHaNbHON TOUKOH 3a mepBble 12 CeKyH/ ABHXKEHHS, ecyu eé
CKOpOCThb 3aaHa hopmynoil v(t) = /I (m/cex).

3. Bblunciiure:

4 2 I
|
)/ —dx; 6)/ 3 —5x? + 3x) dx; B)/ 7dx r)/ (x* + 2sinx — 3cosx) dx.
IVx 0 0

4, C noMolIblo KOMIIbIOTEPA HAHIUTE CJAEYIOlIHe ONPeIeEéHHbIe HHTerpaJIbl:
1 1 .92 T
x*+3x —2 .
a)/ x3e* dx; 6)/ —— dx; B)/ (x? cos x — x sin x) dx.
0 0 x+1 0

. o . sin x
5. Hatiaute nuoans KpUBOJMHEHHON Tpareld, orpaHuyeHHON TpapuKoM QYHKIMH § = —— U
X

NPSIMBIMUH X = 7 U X = 27.
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§9. MHurerpanbHasa dyHkuusa Jlanaaca

KosnuecTBo (hyHKIMI, H3BECTHBIX MaTeMaTHKaM, yBeJMUMBAETCS C PA3BUTH-
em stoit Hayku. B XVII Beke, korna JleiGHuIL BBET TepMUH «(DYHKIUS», HCTIOJb-
30BaJics JIMLIb OYeHb HeOOJIbILIOH HAbop 3JeMeHTapHbIX (YHKLHMH, KOTOpbIE Mbl
paccMoTpesiu B npeablayiied riaase. OnHaKo ¢ MosiBJeHHeM HOBbIX MaTeMaTHye-
CKHUX Olepaluil — MpesesbHOro nepexona, AMddepeHuHpoBaHns U HHTErPUPO-
BaHHU$I MOSIBUJINCH W HOBble (DYHKIIMM, KOTOPbIE He MOTYT ObITh BbIpaxKeHbl uepes
3JIeMeHTapHble (Harnpumep, nepBooOpasHasi oT (GyHKIHMH sin x/x). Baxuefiiei
U3 Takux (QYHKUMH siBAsieTcst HHTerpasbHast dyHkius Jlanaaca ®(x).

Kak u nuddepenunanshas dynkuus Jlanaaca, o KoTopoil Mbl M0oapoGHO
FOBOPUJIM B TOCJ/ieiHEM naparpade ceibMoi rJiaBbl, QyHKIHS P(X) BO3HHKAET
B CB$I3M C MPHUOJIMKEHHBIM BbIUHC/IeHHEM OMHOMHAJIbHBIX BeposiTHocTeH. Hamo-
MHUM (cM. §8 111ecTOl IyIaBbl), UTO CUMBOJIOM P, (11, m9) MpUHATO 0603HAYATH
BEPOSITHOCTb HACTyIMJIeHHs1 coObITHs A He MeHee m| U He OoJiee My pa3 B CepUU
M3 1 TOBTOPSIIOLLMXCS UCTIBITAHUH. DTa BEPOSITHOCTb MOXKeT ObIThb HalileHa Kak
cymma BepositTHocTel Buaa Pn(m) = CJ'p™(1 — p)"~™, rnie p — BepoSITHOCTb
HacTyrnseHust coobiTist A B OJHOM HCIBITAHUH, @ /1 PUHUMAET 3HAUEHHUS OT 111]
1o me. Hamomunm takxke (cM. §9 cenbMoli ryaBbl), 4To BEpOATHOCTH P, (1) Bbl-
YUCSIOTCs MPUOIMKEHHO C TTOMOILbI0 A depeHtranbHoi Gynkuun Jlanaaca
p(x) o popmynam (36) u (37).

Jlnst npuGIHKEHHOTO BBIUHCJIEHUS] BEPOSITHOCTEH P, (11, M9) MCMOJb3YIOT
UHTerpasibHyto dyHkuuio Jlanaaca ®(x),

X
d(x) = / () dt. (42)
0
Haiinennas Jlannacom dopmyna umeer BUL:
Pu(my, mg) = ®(xg) — (x1), (43)
e
m; —np __my—np (44)

=, X9 :
vinp(l = p) vnp(l=p)
[Torpemnocts dopmys (43) u (44) BesMKa MpU MaJibiX 3HAUEHHSIX BEJIHUM-

Hbl 7 p(l — p), NO3ITOMY MPUMEHSATb UX PEKOMEHJYETCS TOJNBKO MPH JA0CTATOYHO
60JIbLINX 3HAYEHHSIX ITOrO MpOoM3BeeHHs, Hanpumep, Koraa np(l — p) > 10.

Tabuuua 43

X 0 0,5 1,0 1,5 2,0 3,0 4,0
D(x) 0,00000 0,19146 0,34134 0,43319 0,47725 0,49865 0,49997

B cuny BaxkHocTH uHTerpaibHoi dyHkuud Jlansaca ®(x) aasi pasjnuHbIX
3ajiau cocTaBJieHbl TabJulbl €€ 3HaueHui. HekoTopble U3 3HaueHUl NpUBENEHbI
B Tabuuue 43, a Gosiee noapobGHas TabJuia coaepkurcs B [Ipusiokenun 2.
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C nomotibio IBM M0KHO BBIUMCJUTL 3HaAYEHHE HHTErpaJbHON QyHKIMH J1a-
nsaca B Jito6oii TouKe U ¢ Jio00i TouHocThio. B cucreme Maxima ®(a) Bbluncisi-
eTcs Tak: 1/sqrt (2x%PI)*integrate (exp(-t~2/2),t,0,a) ,numer. [losicHum
3Ty 3anuch. BeipaxkeHue integrate(exp(-t~2/2),t,0,a) o3Hauaer ornpese-
2 1

V21

2 dt, npobb
a KoMaHja numer TpeOyeT M0Ka3aTh MOJyyaeMblil pe3yJ/ibTaT B BUJIE A€CSITHUHOH
J1pobu.

a
JIEHHBIA HHTErpaJl / e~ 3anucbiBaercs Kak 1/sqrt (2x%PI),
0

[Ipumep 9.1. BepositHoCcTb BCTyIUICHHST B CHJTy BEPAMKTA HAPOIHOTO Cy/a Mo
rpaxknanckomy zaeny pasHa 0,6. Cynbsi NpuHsII pelleHde [0 MATHIECATH rpa-
JKIaHCKUM fenaM. Hailure BeposiTHOCTb TOro, UTO UMC/0 BCTYNUBLUMX B 3aKOH-
HYI0 CHJIy pellieHHH 3aKJ/I0YeHO B Mpeaesax oT ABAALATH MSTH 10 COPOKA.

Pewenune. Ham nyxno naiitu Psq(25,40). Bocnoabsyemesi dhopmyJioi (43).
CHauasa nainém Besmuuny np(l — p). Umeem: n =50, p = 0,6, 1 — p =04,
np(l — p) = 12. [Tockosabky np(l — p) > 10, To npumenenue dopmy.bl (43)
onpapaaHo. Tenepb Bbiuuc/sieM 1o gopmynam (44) Bennunnbl x| ~ —1,4430 u
X9 == 2,8860 n HaxomuM pasHocTb P(x9) — P(x) ~ 0,9173. [TocnenHee MmoxxHO
crenatbh 6o no TabJaule 3HAUeHHH UHTerpasbHO# (yHkumu Jlannaca, 6o ¢
TIOMOIIbI0 KOMIBIOTEPA.

[pacduk unrerpanbHoit pynkuun Jlannaca (puc. 115) Takke npotiie Bcero no-
CTPOHTh, BOCMOJIb30BABIINCH KOMIBIOTEPOM — JIOCTATOUHO MPUMEHHUTh KOMaHy
plot2d(1/sqrt (2#%PI)*integrate(exp(-t~2/2),t,0,x), [x,-5,5]).

(-5.67,0.44)

— Funi

-5 1 S

Puc. 115

YKkaxkeM HeKOTOpble CBONCTBA UHTerpabHol gyHkuuu Jlanmaca ®(x), Bbite-
Kawoue U3 e€ onpejesieHuss U CBOUCTB ONPeIe/IEHHOTO HHTerpaJa.
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l. ®(—x) = —P(x), To ecTb MHTerpajbHas (yHKuMs Jlannaca siBisiercs
HeuérHo#. Ha puc. 115 xopouio BuaHO, uTo €€ rpaduk CHMMETPHUUEH OTHOCH-
TeJIbHO Hauasia KOOp/MHAT.

2. Oynkuus $(x) siBasieTcst Bo3pacTarolilei: ecain x| > xg, To (x) > P(x9).

3. Ipaduk uHTerpasbHOil QyHKUMH Jlannaca uMeeT ABe TOPU30OHTAJbHbIE

acumntothl: y = 0,5 u y = —0,5. C mnomoliblo MOHSATHS Mpejesa 3TOT (akT
3aMnuchiBaeTcsl CJelyolKM 06pasom: lir}rq ®(x) =0,5, lim @(x) =-0,5.B
X—T00 X——00

YacTHOCTH, ecyid x > 3, To 0,5 — ®(x) < 0,0005.

Tenepb otmetum caenyioiee. [Tockonbky ®(0) = 0, To dopmyay (42) mMoxk-
X

HO Mepenucarh B BUJE / p(t)dt = ®(x) — ®(0). CpaBuuBas 3ty QopmyJy c
0

dopmysolt Helotona-JleiiGuuua, Mbl BUAUM, uTo QyHKUUST P(x) siBasieTcs nep-

BooGpasHo# pyHKIMH ¢(x). Ho Torna no Toii xe dpopmyse Hoiotona-JleiiGuuia

MpH IPYrUX 3HAUEHHSIX BEPXHErO U HUKHETO TIPEJIEIOB Mbl MOJYUHM

b
/ o(t) dt = ®(b) — D(a). (45)

®opmysa (45) yacTo MCMOJB3yeTCs B TEOPUM BEPOSTHOCTEH, MaTeMaTHUECKOH
CTAaTUCTHKE M B Pa3/IMUHbIX HX MPHJIOKEHHSIX. BoT npumep, cBsizaHHbIH ¢ Tak
Ha3bIBaeMbIM «IPaBUJIOM TPEX cUTM» (§7 olMHHAALATON TJIaBbl).

3
[Mpumep 9.2. Boiuncsure unTerpal / o(t) dt.
-3

Pewenue. Bocnosibzosasiincs dopmydio (45), nosydaem:
3
/ o(t)dt = &(3) — ¢(—3) = 29(3) ~ 0,9973.

B Tperbedi ryaBe Mbl paccMaTpUBaJId Pa3jiMuHbIe CJyUyalHble BEJUUHHbI: UHC-
JIO IOPO2KHBIX MPOUCIIECTBHE Ha YJIHIIAX TOPOJIA, KOJMUECTBO UJIEHOB CEMbH, YPO-
YKalHOCTb PYKH, UKCJIO 3asiBJIEHHH, MOCTYNUBIIMX B OT/eJI€HHE MUJIUIIMM H T. L.
Cefiyac Mbl NI03HAKOMHMCS CO CAYHALIHOL OuUOKOIL.

[Mpumep 9.3. B reuenue vaca nposejero 10 ugMepeHuii MocTOSHHONO YPOBHSI
paaMalMi OJHUM M TeM ke npubopom (B MUKpopeHTreHax B uac): 12,0; 11,5;
11,7; 12,2; 12,1; 10,8; 11,6; 10,7; 12,0; 11,4. PesyabraThl U3MepeHuil MoJyud-
JINCh PA3JIMUHBIMU BCJIEICTBHE TOTO, UTO U caM NMPHUOOP, U UeJIOBEUECKHIT T/1a3 He
SIBJISIOTCS MJlea/bHbIMU OpPYIUsIMH HaOJ1o/leHusl. [TorpetHocTb He MoxKeT ObITb
MeHbLlIe TOJILMHBI CTPEJKH NpUbopa; CTpesKka MOxKeT BUOPHUPOBATh; YroJ, Moj
KOTOPBbIM Mbl CMOTPHM Ha CTPeJIKY, TaKxKe MeHsieTcs. Kpome Toro, B/MsiHMe OKa-
3bIBAIOT arMocepHble YCI0BHS, HACTPOEHHe HabJofaTe s U T. 1. B cocTaB/ien-
HOM [0 pe3y/ibTaTaM HaOJI0JeHHI OTUéTe yKasaHo cpejHee apHMeTHUeCKoe
HaOJIIO IeHUH:
1241154+ 11,7+122+ 121 +108 4+ 11,6+ 10,7+ 12 + 11,4

X = 0 =11,6.
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JIis pellieHUst MHOTHX 3KOJIOTHUECKHX MPOOJEM BaXKHO yMEThb OLIEHHTh, Ha-
CKOJIbKO HalJIeHHO€e cpejiHee OTJIMUAETCS OT UCTUHHOTO 3HAUEHUs] YPOBHS pajiu-
alluM, KOTOPbIH HaM Heu3BecTeH. Kak ObiTh?

PewmeHue. K cuacTbio, MaTeMaTHKH yMEIOT OTBeUaTh Ha 3TOT Bonpoc. Hazoém
caydatinol omubKol pa3HOCTb MEXK/y 3aMEPEHHbIM W HCTHHHBIM 3HAUEHHSIMU
ypoBHsI paadauuu. [Tocko/bKy MCTHHHOE 3HAUeHHe HaM HEeU3BECTHO, TO CJyuak-
Hasi olmnbKa ToxKe Heu3BecTHa. MHorosieTHHe HAGJ/IOIEHNS B PA3/IMUHBIX JKCTIe-
pUMeHTaX 10Ka3aJu, UTO €CJIM YUCJIO OIBbITOB I0CTATOYHO BEJIHKO, TO CJyyaiHble
OMIMOKH TOUMHSIOTCS HEKOTOPBIM OOIIMM 3aKOHOMepHOCTSM. 1151 X onuvcanus
MCIOJIb3YIOT MHTerpaJsbhyto gyHkuuio Jlannaca @ (x).

OkasbiBaetcsi, 4To ¢ €€ MOMOIIbI0 MOXKHO BBIYHCJIUTb BEPOSITHOCTH TOTO, UTO
cJyuaiiHast ollMOKa He NPeBOCXOAUT 3aJaHHON BeJMUHHBI /1, U BEPOSITHOCTb P(h)
TOrO, UTO MCTHHHOE 3HAaueHHe HAOJI0aeMOH BEJMUYHHBI OTJHUAETCS OT HalaeH-
HOTO CpeJiHero 3HaueHusi He GoJiee ueM Ha /. Benmunny P(h) Haxomdr no caeny-
toutel hopmy.e:

hvn — 1

P(h) =2®(a), rtne a= —g (46)

B sto#i hopmysie n — umcsio uamepenuit, a S — cpeaHee KajapaTuueckoe
OTKJIOHEHHE MOJTyueHHbIX 3HaueHuil. ¥ Hac n = 10, D = 5(0,16—%0,01 +0,01+

+0,36 + 0,25+ 0,64 + 0+ 0,81 + 0,16 + 0,04) = 0,244, S = /D ~ 0,494.
Bribepem, nanpumep, o~ = 0,3. Torna nomnyuaem a ~ 1,83 n P(0,3) ~ 0,93.
Takum o6pasom, ¢ BepositHocTblo 0,93 MCTHHHOE 3HaueHUe YPOBHSI paaHalUu
3aKJio4yeHo B npomexkytke ot 11,6 — 0,3 =11,3 10 11,6 +0,3 =11,9.

Kak noHumath noJsiyueHHbIi pesyabrat? JlomycTuM, 4To pajrallioHHbIH QoH
B JJAHHOH MECTHOCTH M3MePSI/IM NapaJsiieslbHO HecKoJbKo 6pura. MIx pedysbrathl
6y1yT, BOOOIIEe TOBOPSI, PA3/JHUHBIMU: Y KaXKJ10# MOJYyUUTCS CBOE CpejiHee 3Haue-
Hue. MOXKHO rapaHTHPOBaTh, OJHAKO, uTo NpuMepHO 93% HalIeHHbIX CPeaHuX
OTKJIOHSIIOTCST OT UCTHHHOTO 3HaueHus: He OoJiee uem Ha 0,3.

YnpaxHeHus

25
1. Haiigure / p(x)dx.

)
2. BeposATHOCTb CMArYeHHs] MPUroBopa OCYXKAEHHOMY Ha MOXKHU3HEHHOe 3akJjioueHue paBHa 0,1.
Hatinure BepOSITHOCTD TOTO, YTO M3 JBYXCOT OCYXKAEHHBIX HA TOKU3HEHHOE 3aKJIOUeHHe CMSIrdeHHe
MPUroBOpa roJyyar ot 5 jio 15 yesioBek.

3. B pesysbrate npoBeHHOr0 U3MepPeHHsl YPOBHsI 3arpsi3HEHHOCTH aTMOoc(epbl B LIEHTPe ropoja
noJyueHbl CJe/lylollie 3HaueHusi nHjekca sarpsisienust: 27, 29, 23, 30, 31, 25, 30, 29, 24, 29, 31,
28, 28, 24, 29, 26, 30, 29, 28, 25, 28, 30, 29, 27, 25, 28, 27, 32, 31, 28. Haiinure cpejtee 3HaueHue
HHJIeKCa 3arpsi3HEHUs] ¥ BEPOSITHOCTb TOTO, UTO OHO OTJIMUYAETCS OT MCTHHHOTO 3HAUEHHs] MeHblile
yeM Ha JBa.
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§ 10. KoppeasuMmoHHasi 3aBUCUMOCTb

Kak mbl yxKe oTMeuasu, noHsitie GyHKUMH SIBJASETCS OJHAM M3 CaMblX BaxK-
HbIX B MaTeMaTHKe, (PU3HKE U IPYTHX €CTECTBEHHBIX HayKax. TeM He MeHee, 5TOro
MOHSTHSI HELOCTATOYHO, YTOObI ONUCaTh BCEBO3MOXKHbIE TPUUMHHbIE CBSI3H, C KO-
TOPbIMH 2KHM3Hb CTAJIKMBAeT HAC MOBCEIHEBHO. SICHO, HAaMpuUMep, UTO MeXK1y po-
CTOM M BECOM YeJlOBeKa CYyLLeCTBYeT onpeleséHHast 3aBucuMocTb. Ho croub xe
SICHO, UTO CYLLECTBYET MHOIO Pa3HbIX JIIOJeH ¢ OJMHAKOBLIM POCTOM, HO Pa3HbIM
BecoM. CJjiesioBaTeIbHO, 3AB8UCUMOCTb Beca OM poCma He S8A1emcs QYHK-
YUOHAAbHOU, TAK KaK (PYHKUMH 00J1a1aloT TeM CBOHCTBOM, UTO MO 3aJaHHOMY
3HAUEHHUIO HE3aBMCHUMOIO ME€PEMEHHOr0 X MOXKHO HalTH eduHcmseHrHoe 3Haue-
HHe 3aBUCUMOH mepeMenHol y. Takum o6pasom, He cyilecTByeT (HopMmyJibl, 1O
KOTOPOH, 3Hasl TOUHBIH POCT, MOKHO OblIO Obl HAHTH TOUHbLIH Bec.

Ara, ckaxKeT Hall JIOTa/IMBbIH uuTaTesib! Bec 3aBUCHT He TOJILKO OT pocTa,
HO U OT pa3mepa Tasun! HecoMHeHHO Tak, OTBETUM Mbl, HO B TO K€ BPEMSI MOXKHO
HalTH MHOrO pas3HbIX JIOJeH C OJMHAKOBBIM POCTOM H OJMHAKOBOH Tajued, y
KOTOPbIX, OJIHAKO, BEC pa3juuHbIi. 3HAUUT, BeC He sABJsETCS (PyHKUHEH TONbKO
JIByX MepeMeHHbIX — pOCTa W pa3Mmepa TaJjluH.

Bcé scHO, ckaxKeT uMTaTesb: BeC 3aBUCHT OT pOCTa, pasMepa TajuH, 00b-
éma rpyau, pasmepa oOyBM M Tak jajee, U TOMy 1ojpo0Hoe. BOT TyT-To Mbl U
MOJIOLIJIM K Ba’KHOMY BbIBOJy: €CJIM UCKOMasi (PyHKLMOHAJ/bHAsl 3aBUCHUMOCTb H
CylLleCTBYeT (a Toka ewé oHa HHKeM He oOHapy:KeHa), TO OHA J0JKHA ObITb
MCKJIIOUMTEBHO CJIOKHOH. A MOCKOJIbKY Hesb3sl MOJIb30BATbCSl TEM, Uero HeT,
TO TPOLLE OMUCBIBATL 3Ty CJIOXKHYIO MPHUUHHHYIO CBSI3b MEXKJy BECOM, POCTOM H
JIPYTHMHU [apamMeTpami uejioBeKa Kak-TO MO-HUHOMY, MHHYSl KJacCHUeCKoe orpe-
JlesieHne (PyHKIHH.

Bec u poct yenoBeka onpenessiioTcst NPakTHUECKH OJHUMH H TeMH Ke (ak-
TOPAMH, UUCJIO KOTOPBIX AOBOJILHO BEJIHUKO (BO3pacT, HACJEICTBEHHOCTb, (PU3HO-
JIoOTHYeCcKHe 0COOEHHOCTH, COLMaJIbHbIE YCJIOBHS, 9KOJOTHYecKasi cpefa U T. 1.
[TosTOMy MOXKHO CuMTaTb, UTO BeC 4eA08eKa 3a8UCUM OM PAO0A CAYHAUHbLX
BeAUUUH, Cpedl KOMOPbLX pOCHL 18A8emcs OOHOU U3 OCHOBHbLX. DTY 3aBUCH-
MOCTb OIHUCHIBAIOT C IMOMOLLBIO NOHATHSI BeposiTHOCTH. Hanpumep, numeer cmbicJ
FOBOPUTb O BEPOSITHOCTH TOTO, UTO BEC MOJIOJIOTO UesioBeKa ¢ pocToM 175 cm
paBeH 75 ke unu 3akmouéH B npenenax ot 70 no 80 ke. 3aBUCHMOCTH TaKOro
pojla Ha3blBAlOTCS CTOXACTUUECKUMH, BEPOSITHOCTHBIMH HJIM CTAaTHCTHUECKHMH.
OHM cylecTBYIOT MexXay OMOJIOTHUECKMMH TMapamMeTpaMH uesoBeKa, »KMBOTHO-
ro, pacTeHHsi, MeXKIy CIOCOOHOCTSIMHM CTYZEHTA M €ro yclexaMmu B yuébe U T.II.
[TonoGHBIX TPUMEPOB MOXKHO TPUBECTH CKOJIbKO YTOJHO.

BakHeHHMM BUIOM CTOXaCTHUECKOH 3aBUCHUMOCTH SIBJISIETCS] KOPPEAAYUOH-
nHasa 3asucumocms. [TokaxkeM Ha rpumepe, Kak ornucaTb KOPpPeJsLHOHHYIO 3a-
BUCHUMOCTb 110 pe3yJ/ibTaTaM HaOJII0AeHUH.

B Tabnunue 44 npruBeaeHbl 1aHHbIe U3MEPEHUS BeCa M POCTa JIBAIATH KypCaH-
TOB WKoJbl MBJI. OTH pe3ysbTaThl MOXKHO MPEACTABUTh IpadUuecKH, MOCTPOUB
TOUKHM C KOOpJMHATaMH (X, ), TJle X — POCT, a y — Bec KypcaHTa. [losyyeHnbie
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Ta6usuua 44

Ne 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Pocr 178 170 181 173 169 178 177 165 187 182 159 182 178 173 176 173 198 187 191 170
Bec 72 65 92 75 68 79 78 67 80 81 56 82 77 63 8 65 8 89 87 72

TOUKH JIEXKAT BHYTPH HEKOTOPOH 06J1aCTH, WK «0OJaKa», KOTOPOe OrpaHuueHo
Ha puc. 116 nyHkTupHO#H uHKUEN. XOPOIIO 3aMETHO, UTO 00J1aKO BBITSIHYTO BJOJb
KaKOH-TO HaKJOHHON MpsiMO#. DTOT (hakT o3HaUaeT, uTo BeJuunuHbl X U Y Xopo-
110 CKOPPEJMPOBAHbl, TO €CTh MPH yBeJHUEHHUH POCTa BEC, KAaK MPABUJIO, TOXKE

YBEJIMUUBAECTCS.
y y
901 901
-l A
80 1 A Ldet L 80 1

150 160 170 180 190 200 X 150 160 170 180 190 200 X
Puc. 116 Puc. 117

Ml BUIMM, UTO HA HEKOTOPbIX BEPTHKAJbHBIX MPSIMbIX BHYTpH obJiaka Ha-
XOJIUTCS MO HECKOJIbKO TOUeK. DTO 0OBSCHSETCS TeM, UTO, HAlpuMep, POCTOM
178 cmu obnanator Tpu Kypcanta ¢ Homepamu 1, 6 u 13, a poctom 170 cm — npoe
(2 m 20), u 1. 1. [nst kakaoro pocra onpeneaum cpeanuil Bec. Tak, aast pocra
178 cm cpennnit Bec Oyner paBeH (72+79+77) : 3 = 76 ke. Ecsn Ha Kakoii-To
BEPTUKAJIbHOU NPSIMONA HAXOAUTCS JIULIb OJHA TOUYKA, TO 0O03HAUAEeMbIH €10 BecC
W SIBJISIETCS] CPEJIHUM /IS JAHHOTO POCTa.

Beruncsus cpefHuil Bec sl KaXKJI0ro IpeiacTaBjeHHoro B Tabuauue 44 po-
CTa, COCMHUM COOTBETCTBYIOLLME TOUKH OTPe3KaMM MPSIMbIX H MOJYUHM JiOMa-
HYIO JIMHUIO, Ha3bIBaeMyto amnupuueckoll aunuei peepeccuu (puc. 117). C eé
MOMOLLIBIO MOXKHO NMPUOJIMAKEHHO HAXOANUTb CPEIHUI BeC MO 3allaHHOMY POCTY B
npenenax ot 159 cu no 198 cm. Hanpumep, npu pocte 185 cu nosayuaem Bec
83,4 ke. Ecan 6b1 Mbl iposesint He 20, a 200 u3MepeHuit, To Touek BHYTpPH «00-
Jlaka» 0KasaJsiochb Obl 60Jibllle, COOTBETCTRYIOLIAS JIUHUS perpeccud Oblia Obl 10
tdhopme OJiHKe K MpsIMOH U laBasia Obl H0Jiee TOUHbBIH CPETHUE BeC MPH 3a1aHHOM
pocre.
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Teopernuecku, Ka)ayio TOUKy BHyTpH 00J1aKa MOXKHO CUHTAThb PE3yJbTaTOM
M3MEpEeHHsl poCTa U Beca Kakoro-To yesopeka. [Ipu 3ToM 1onyleHUH sMnupuyue-
CKYIO JIMHUIO PErpeccru, Kak MoKa3blBaeT TEOPHsl, MOXKHO CUMTAThb MPSIMOK. DTa
npsiMasi HasblBAETCS AUHUel peepeccuu W SIBJAsSETCs rpauKoM HEKOTOPOH JiH-
HeHHOH (PyHKLIMH, HA3bIBAEMOU AuUHelHOU peepeccuell. JlokazaHo, UTo AuHell -
Has peepeccis. 6AAemcs 6 HeKOMOPOM CMbLCAC’ HAUAYUULUM DeuleHuem
sadauu, 0 KOMOPOU wAaa peyo 8 Hauyare 3Moeo napaepagpa — npubiu-
JHCEHHO BbLPA3UMb 8eC KAK QYHKYUIO pocma.

Ecau Obl uHUST perpeccur Oblia HAM U3BECTHA, Mbl CMOIJIH Obl €€ Mpoa0J-
JKUTb 3a npejesibl 06Jlaka U BBIYUCJUTh C €€ TIOMOLIbIO CPeIHUH BeC uesoBeKa
¢ poctom, HanpuMep 195 cu. Ho B Hallem pacrnopsiKeHUH HMeeTCsl TOJbKO SM-
nupuuecKas JIMHUSI perpeccuu — Jomanasi, usobpaxénnas Ha puc. 117. Tem He
MeHee, MOXKHO C JIOCTAaTOYHOH CTeleHbd TOUHOCTH 3aMEHHUTb JIOMAHYO JIMHHUIO
NpsIMOH € MOMOLIBIO MeTOJa HauMeHbLIWX KBaapaToB. COrIacHO 3TOMY METOJy
ypaBHEHHE UCKOMOH MpsIMON 3aMMChIBaeTCs B BUIE

y=hkx+b, (47)
rae . o
=Y XYy G kw (48)
Dy

31ech X, ¥ U Xy — CpellHHe 3HAUEHHs] POCTa, Beca W MX MOMapHbIX NMPOU3Beje-
Hu, a Dy, — nucnepeust pocta. Menodabays dopmysnbl u3 §§1—3 Tpetbedt riasbi,
M0 JIaHHBIM TabJMLbl 44 Moce0BaTe/NbHO BBIYUCISIEM:

X

%(178+ 170 + ...+ 170) = 177,35;

—_ 1
Y= 390

X7 = %(178 72417065+ ... + 178 - 72) = 13485,15;

(72 + 65+ ...+ 72) = 75,65;

L
20

[ToncraBasisi 3Tu 3HaueHnsi B popmydibl (48), HaxXoMMM KO3 PHULMEHTh £ 1 b:

b~ 13485,15 — 177,35 - 77,65
- 79,1

Dy ~ —((178 — 177,35)2 + (170 — 177,35)2 + ... + (170 — 177,35)%) = 79,1.

~ 0,87, b~7565—-0,8675-177,35 ~ —78,2.

Takum o6pasom, ypaBHeHue (47) SMIUPUUECKON JIMHMH perpeccuu, H300parKeH-
HOH Ha puc. 117 KpacHbIM UBETOM, IPUHUMAET BH]L

y=087x—782. (49)

Ecau noacraButh B 3Ty hopmysy 3HaueHde x = 195, To Mbl Hail1éM cpejHUI
BeC KypcaHTa ¢ TakuM pocToM — ripumepHo 91,5 ke.

7HaI/IJIyLILLII/IM B CMbICJIE ME€TO/la HAUMEHbIIHUX KBaJApaToB, CM. §3 CceJIbMOH TJ1aBbl.
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Tenepb Mbl MOXKEM HalTH MHTEpPeCYOILyI0 Hac BeposiTHOCTh P(A) Toro, uto
BeC KypcaHTa ¢ pOCTOM X 3aKJIOUEH B npenenax y —h 1o y+h, riue y — cpeanuit
poCT, HalJieHHbIH 10 hopmyJie (47). BepositHocTb P(/) BBIUMCISIIOT C TOMOUIBIO
uHTerpanbHoit gynkuuu Jlanmaca ®(x), ¢ KoTopoi Mbl MO3HAKOMUJUCH B Ipe-
nblayiiem naparpage. @opmyna s e€ onpeseseHus noxoxka Ha GhopmyJay AJs
BBIUMCJIEHHS CTyYalHON OLUIMOKH:

P(h) = 2®(a), (50)

rae
o h n—2
o Sy\/l — 72 2ﬂ+8

3/ech 1 — uKcsio HabGJIIOJIEHHH, a BeJIMUMHY 7 HAXOJAT 1Mo (hopMmyJie

(1)

W—x-y
= ) 2
r 5.5, (52)

[Tockonbky BesuuuHbl X, Y, Xy U D, yxXe HaiijieHbl, TO JJisl OTIpe/iesieHus]
P(h) n0CTaTOUHO BBLIYUC/IUTL TOJILKO 3HAYEHHS XaPAKTEPUCTHK Sy, S, U r:

Sy =+vVDy, =~ /79,1 = 8389;

D, ~ 21*0 ((72 — 75,65)% + (65 — 75,65)2 + ... + (72 — 75,65)2) ~ 86,03;

13485,15 — 177,35 - 75,65
S, ~+/86,03~928;, r= 5.80.9.98 ~ 0,83.

Tenepb moxkHo Haitth P(h). Ilycts, Hanpumep, A = 5. Torna

(0%

5 \F
- /2% 059.
9.28,03111V8

Snauenne ©(0,59) ~ 0,22 HaxoAUM ¢ MOMOUIbIO KOMIMbIOTEPA WJH MO Ta-
OJiMlle 3HAUEHHH MHTerpaJibHoi (yHKIMU Jlanjaca, a 3atem no dopmyJe (50)
noayudaem P(5) =~ 0,44. Takum o6pa3oM, BepOSTHOCTb TOTO, UTO BEC KypcaHTa
OTJIMYAeTCsl OT Cpe/lHero Beca He OoJblie ueM Ha O ke, paBHa 0,44. Hampu-
mep, npu pocte 195 cu cpennuit Bec Kypcanra Oyzer 91,5 ke, cienoBatelbHo,
44% xypcantos ¢ poctom 195 cu umetor Bec B mpenenax ot 86,5 10 96,5 ke.
3ametum, uto GopmyJsy (50) NPUMEHSIIOT TOJNBKO JJisi TAKUX X, KOTOPbIE y10BJe-
TBOPSIIOT ycJoBHI0 |x — X| < 3S;.

[IpoBenénnble HaMK pacuéThl SBASIOTCS NPUOIMAKEHHBIMU, U UX TOUHOCTb 3a-
BHCHT OT TOT'0, HACKOJILKO OGJIH3Ka IMIHpPUUECKas JIHHUSI PETPECCHH K TeopeTHUe-
ckol. [{sis1 yBesinueHust TOUHOCTH HEOOXOAUMO yBeJHUeHHe uncaa HabJ10IeHnH,
TO ecTb 00bEMa BLIOOPKH.

Bennuuna r, onpenenennas gpopmysioit (52), HasbiBaeTcst K0aghguyuerHmon
koppeasyuu mexay BeanuuHamu X u Y. KosdduuueHt Koppessiipu urpaer
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BaXKHYIO0 POJIb B BOTIPOCAX MaTeMaTHueckod ctaTucTHKH. OH o6Janaer cJenyro-
LLIMMU CBOHUCTBaMH.

l.-1<r<1.

2. Ecau Besnuntbl X W Y He3aBUCHUMBI, TO KOS(PPHLUHMEHT KOPPEJISILIUH MEXKLY
HUMH paBeH HyJIIO.

3. Ecom Besmmunnbl X 1 Y cBsI3aHbl IMHEHHOH 3aBUCUMOCTBIO, TO KO3 UIIM-
€HT KoppeJasiuuu paBeH 1 niau —1.

4. Ecmn kosthuument koppensiuuu paseH | unun —1, To Bennuunsl X u Y
CBI3aHbl JIMHEHHOH 3aBUCUMOCTBIO.

[Ipu coBMeCTHOM M3yuyeHHM ABYX CJaydalHbIX BesnunH X u Y mpexkie Bcero
HAXOJAT JUIsl HUX KO3(PPULUHEHT KOPPeJsilMH, U eCJd OH OKasblBaeTcs JIOCTa-
TOUHO OJIM3KMM K ejlMHHIe (10 KpakiHe# Mepe, GosbiiuM 0,5), TO UMEET CMbICI
OIMUCHIBATh KOPPEJSILIMOHHYIO CBSI3b T€M CMOCOOOM, KOTOPBIH Mbl TOJIbKO 4TO
paccMoTpesiu.

YnpaxHeHus

1. Hcnonbays dopmyay (52), nokaxute HepaBeHCTBO —1 < 7 < 1 a1 Ko3dduuMeHTa Koppesisi-
1uH r.

2. Mailop 3UMHH peLIMJl CPABHUTb CPEAHEE UMCJO KHMI, MPOUYHTAHHBIX CPeIHECTaTHCTHYECKUM
BOCbMHKJIACCHHKOM 32 TOJ, C KOJHUYEeCTBOM TpaBOHAPYLIEHHH, COBEPLIEHHBIX MOAPOCTKAMH B €ro
MHKpOparoHe B Teuenue roja. I[Ipoananusuposas aaHuble 3a 10 jet, on nosmyunn rabauiy 45, B Ko-
TOPOi BEJIMUHHA X — CPEJIHEE UMCJIO KHHUT, TIPOUMTAHHBIX OJIHUM BOCbMHKJIACCHUKOM 34 TOJl, a i —
UMCJIO MTPAaBOHAPYLIEHHH B TeueHue roja. Mdobpasute 3T naHHble rpaduuecku, 3aTeM HalauTe KO-
3(ULHEHT KOPPEJISILUHM, TOCTPOUTE SMIIHPUUECKYIO JIOMAHYIO PErpeccHH, onpeiesnuTe napameTpbl
IMIUPHIECKOH JIMHUH PErpecCHH U BBIYUCJUTE BEPOSTHOCTb TOTO, UTO MpPH X = 41 uuc/0 npaBoHa-
pYLLIEHHH OTJINYAETCsl OT CpeHero He GoJjiee ueM Ha JBa.

Tabuuua 45

X 19 25 24 22 18 38 39 30 35 38
20 20 15 15 10 4 6 10 10 5



[naBa IX

Maremaruueckue
CTPYKTYPbl

Marematiky Ha3bBIBAIOT MHOMCECITIBOM BCSI-
KYI0 COBOKYMHOCTb KaKMX-JIHOO MpeamMeTos!.
[Ipeametsbl, 3 KOTOPBIX COCTOUT MHOXKECTBO, Ha-
3bIBAIOT €ro 3JjiemMeHTaMu. Ecsu, Hanpumep, B
Teepn 145 OPUCTOB, TO MOXKHO CKa3aTh, UTO
MHOXKECTBO BCEX HOPHUCTOB TOpOjia COCTOMUT W3
145 snementoB. [oBOpAT O MHOXKECTBE CTYJeH-
TOB B ayJMTOPUH, MHOXKecTBe Bcex 03ép Tmep-
CKOH o006J1acTH, MHOXKECTBe KHHUI B OuOJHOTE-
Ke U T.1. B mMatemartuke paccmarpuBaloTcsl Uu-
CJIOBble MHOXKECTBA, MHOXKECTBA, COCTOSIIIINE U3
TOUEK, TIPSIMbIX, BEKTOPOB, MHOTOUJIEHOB, (DYHK-
uui. OHM 0603HAUAIOTCA CIELHaNbHBIMH CHM-

§1.

BoJlaMH. Hanpumep, MHOXKeCTBa HaTypaJibHbIX,
LeJIbIX, PALMOHAJNBHBIX H BELIECTBEHHBIX UHCEJ
0003HaualT, KaKk Mbl 3HaeMm, cumBoJiamu N, Z,
Q u R cooTBETCTBEHHO.

Ecau aseMeHT a TNpPUHAWIEKHUT MHOXKe-
ctBy M, 1o nuwyt a € M. Hanpuwmep, 5 € N,
V3 € R. Ecain Bce sJ1eMeHThI MHOXKeCTBa B npu-
HaJJIeXKaT TaKKe MHOXKECTBY A, TO TOBOPSIT, UTO
MHOKeCTBO B $IBJISIeTCS] MOJAMHOXKECTBOM MHO-
x)eetBa A. D10 3anuchiBaercss B C A u uura-
ercst «B conepkutest B A» win «B siByisieTcst ya-
cteio A». MHoOXKecTBO, He cojepxalliee HU Ofi-
HOTO 3JIEMeHTa, HAa3bIBAETCS MYCHIblM MHOMNCE-
cmeom u o6o3Hauaercst cumBosioM &. [lo onpe-
JIQJIEHUIO CUMTAETCS], YTO MyCTOE€ MHOXKECTBO §IB-
JISIeTCsl MOJIMHOXKECTBOM J1II0O0r0 MHOKECTBA.

B caenytowmx naparpagax mbl Oyaem pac-
CMaTpHUBaTh MHOXKECTBA CO ClelHalbHBIMH CBOMH-
CTBaMH, WJIH, KaK FOBOPSIT MaTeMaTHKH, CO cne-
yuaavHot cmpykmypotl.

Ot EBkauga no Jlobauesckoro

BoJsiee nByx Thicsiu JieT Hasaj EBKJIMI NpPeIOKUI METOJ, KOTOPBI Ternepb
Ha3bIBAETCS AKCUOMAMUYECKUM W LIHPOKO NPUMEHSIETCS] B MaTeMaTHKe U Jpy-
rux Haykax. CyTb €ro COCTOHT B TOM, UTO TPH M3JI0XKEHHH HEKOTOPOH MaTeMa-
TUUECKOH Teopur (POPMYJIUPYETCs PsiJl YTBEPIKIEHHIH, Ha3bIBAEMbIX AKCUOMAMLL,
HCTHHHOCTL KOTOPBIX CUHTAeTCS HECOMHEHHOM?. AKCHOMBI JIOJIAKHDI GbITh J0CTa-
TOUHO MPOCTBIMH M COOTBETCTBOBATH OMbITY. A NasibHeillllee pasBUTHE TEOPUU
COCTOMT B JIOKA3aTeJIbCTBE TEOPEM, BBITEKAIOLIMX TOJBKO H3 3aJ]laHHBIX aKCHOM.
CucremMa akCHOM reoMeTpuH, npeayioxkenHasi EBkaunom, Ha npotsxkenun 2000
JIET COBEpIIEHCTBOBAIaCh MHOTHMH aBTOpaMH. B HacTosiliee BpeMsi CylIeCTBYIOT
pasJsiiuHble peakiliid 9TOH CHCTEMbl aKCHOM. BoT oaHa U3 HuX.

AKCHUOMBI EBKJIMIOBOW TEOMETPUM HA TIJIOCKOCTHU

[TEPBAS TPYIIIIA: AKCUOMBI CBS3U

+ Uepes /Be pa3jnuHble TOUKH MMPOXOAUT OJHA U TOJILKO OJHA MpsiMasi.

+ Ha kaxknoll npsiMoli UMeloTcsl Mo KpariHel Mepe JiBe pasJjiMyHble TOUYKH.

+ CyllecTBYIOT TPH TOUKH, He JiexKalllde Ha OJHOH MpPSIMOH.

IB TO BpeMsl KakK B PYCCKOM f3bIKE€ CJIOBO «MHO2KECTBO» O3HAuaeT «MHOTO».
21—1]30 TakKue YTBEP2KIACHUS elé roBOpPsIT, YTO OHU KTIPUHHUMAIOTCS 6e3 J1I0Ka3aTeJbCTBa».
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BTOPAS I'PYIIMA: AKCUOMBI TTOPSIOKA

+ Ecaun touka B nexut mexay Toukamu A u C, To B jexut mexay C u A.

+ M3 Tpéx pasyMyHbIX TOUEeK Ha MPSIMOH OJIHA U TOJBKO OJHA JIEXKHUT MEX]Ly
JIBYMS1 JIPYTUMH.

+ Bceskasi npsimast a pa3buBaet MI0CKOCTh Ha JIBE MOJYNJA0CKOCTH TaKUM 06-
pasoM, 4to /151 JI060ro OTpe3Ka Ha MJIOCKOCTH BBIMOJHSETCS CJeylollee:
ecJIM KOHLIbl OTpe3Ka MpHHaIeKaT OJHOH U TOH Ke MOJyIJIOCKOCTH, TO
npsiMasi @ He MepecekaeT 3TOT OTPE30K; €CJIM »Ke KOHLbl OTpe3Ka MpUHajl-
JIeZKAT pa3HbIM MOJYIJIOCKOCTSIM, TO MpsIMast @ €ro nepecekaer.

TPETbS I'PYIITIA: AKCMOMBI IBVKEHU A

+ Kaxnoe aBuxKeHHe coxpaHsieT NMPUHAMLJIEHKHOCTb TOUKH MPSIMOH.

+ Kaxnoe aBuxKeHune coxpaHsieT Mopsiiok TOUEK Ha MPSIMOH.

+ Komnoauuusi 1ByXx NBUKEHUH TAKXKe SIBJISIETCS IBUXKEHHEM.

+ Jlnst KaXKJ0T0 JIBU2KEHHUS CYLLIECTBYET 00paTHOe JIBUXKEHHE.

+ EcJsin HekoTopoe JABHKEHHE OCTaBJIsSIeT Ha MecTe Jiyd M ero HauyaJjlo, TO OHO
OCTaBJISIET HA MeCTe KaXK/Iyl0 TOUKY ITOTO Jyua.

+ Kakyio 6bl napy ToueK Mbl HH B3sIJH, CyLIECTBYET JBHKEHHE, KOTOPOE Me-
pecTaBJisieT UX MeCTaMH.

+ Kakyto 6bl napy Jsiyueil ¢ o61IMM HAuaJOM Mbl HU B35JIH, CYLLIECTBYET IBH-
JKEHHE, KOTOpOoe MepecTaB/IgeT UX MeCTaMH.

UETBEPTAS I'PYTIIA: AKCUOMA HEMNPEPBIBHOCTU (JIEJEKMHJIA)

+ IlycTb Bce TOUKHM NnpsiMOH pasOMThI HA J1BA HEMYCThIX KJacca Tak, 4To KaxK-
Jlast TOYKa MepBOro KJjacca MpeaecTByeT KaxKa0i TouKe BTOPOro KJacca.
Torma siM60 B mepBOM KJjacce CyLIeCTBYeT TOUKa, CJIeAyrollas 3a BCEMH
OCTaJIbHbIMH TOYKAMH MEPBOTO KJacca, MO0 BO BTOPOM KJlacce CylleCcTBY-
eT TOUKa, MPe/LIeCTBYIOLLAs BCEM TOYKaM BTOPOIO.

[TATAS TPYIIIIA: AKCUOMA TTAPAJIJIEJTBHOCTH (EBKJIWIA)

+ Ha nyiockoctu uepes Touky M, He Jiexkallylo Ha MPSIMOH a, MOXKHO MPOBe-
CTH OJIHY W TOJILKO OJIHY MPSIMYIO, MapaJjijieibHyIo MpsiMOH a.

Akcroma napaJsuiesibHOCTH (M3BECTHAsl TaKXKe KaK MAThIN rnoctynat EBkin-
Jla) — camoe 3HAMEHHTOe MaTeMaTHuecKoe MpeyioxKeHue B HCTopuH. E& ob6ey-
xenne Ha npotskennu 2000 sieT 3aBepuIMIOCh reHHaNbHbIM OTKpbITHEM Jlo6a-
YEBCKMM® HEEBKJIMI0BOI FeOMETPHH H TIPUBE/IO K BOSHUKHOBEHHIO HOBBLIX pasjie-
JIOB B MaTeMaTHKe, K HOBbIM B3IJIsilaM Ha MPOCTPAHCTBO U BPEMSl.

Jlesio B TOM, uTO, HauKMHasi co BpeMéH EBK/MIA, MHOTHE MaTeMaTHKH He BOC-
MPUHUMAJIH aKCHOMY MapaJsiielbHOCTH BBHIY €€ CJIOXKHOCTH MMEHHO KaK aKCH-

oMYy, a CTPEMHUJIUCH eé J0Ka3aTb, TO €CTb BbIBECTH H3 APYTuUX aKCI/IOM4. Huxko-

SHukonaii Meanosuu JloGauesckuii (1792—1856) — poccHilcKHil yueHbIi.
*Axcnoma JlenieKuHia K TOMy BpeMeHH ellué He Gblia chopMyIHpOBaHa.
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sait JloGaueBCKHUH, KaK U MHOTHE €ro MPeAIeCTBEHHHKH H COBPEMEHHUKH, TOXKe
YBJIEKCS JIOKA3aTeNbCTBOM MSTOrO Moctysata. [locsie HecKoJIbKHX HeyaauHbIX
MONbITOK OH PeUIn/ NPUMEHHTb 10Ka3aTeJbCTBO «OT MPOTUBHOrO». st 3TOTO
JlobGaueBcKul 3aMeHUsT aKCUOMY MapaJjiebHOCTH EBK/WA HA MPOTHBOIMOJIOXK-
HYI0: HQ nAOCKOocmu wepe3 mouky M, He aexcaujyro Ha npamoii a, npoxooum
b6o.see 00HOL npamotl, napairesoHol OaHHOL NPAMOL @, OCTABUB OCTaJbHbIE
akcuoMbl EBkyinjia 6e3 uaMeHeHust. 3aTeM OH CTaJl JOKa3biBaTh C MOMOIIbLIO HO-
BOH CHCTEMbl aKCHOM Pa3JjIHuHble TEOPEMbI B HAJIEXK/IE MOJYUUTh MPOTHBOPEUHE.
Ecau O6bl Ha HEKOTOPOM 3Tare paccy»JeHHi TaKoBOe MOSIBUJIOCH, TO 3TO 03Ha-
yaJio Obl, YTO aKCHMOMa MapaJuiebHocTH JloGaueBCKOro HeBepHa, a cjeloBaTelb-
HO, BepHa ToJbKo akcioma EBkinza. Ho, 10Ka3aB HECKOJILKO JIECATKOB TEOPEM,
Jlob6aueBCKUH HHUKAKOro MPOTHUBOpeuHst He rosyuus. M torna o mous, 4to
MaTeMaTHUeCKOH TOUKH 3peHHUsl ero CHUCcTeMa akKCHOM HMEeET TAaKoe »Ke MpPaBo Ha
CYlIeCTBOBaHHE, KAK U CHCTeMa akcuoM LEBkiuia.

Tak pomunach HeeBkaWIOBa reomerpusi. JlaToil poxjienust cuuraercst 1826
roji, Korja JIo6aueBCKHil 10J103KUJ Pe3yJIbTaThl CBOUX HCCJEIOBAHUI Ha 3aceia-
HUM COBeTa MaTeMaTHueckoro gakyJsbrera Kazanckoro yHuBepcurera. Mamene-
HHE BCEro JIMIIb OJHOH aKCHOMbI MPUBEJIO K yIUBUTENbHbIM (akram. B HoBoi,
HEEeBKJIUI0BOH reOMeTPHU CyMMa YIJIOB JitoOOro TpeyroJbHUKa 0Kasajach MeHb-
ute 180 rpamycoB, puuémM 3Ta cyMma 3aBHcesa OT IJIOLAIH S TpeyroJbHUKA:
a+ B+~ =m—S/k? 3nech k — HeKoTOpasi OCTOAHHASA, ONpe/e/sieMas BblGo-
pom Macuitaba. M3 stoit hopmyJsibl BUIHO, UTO MJIOLIA/b JIIOOOTO TPEyroJbHUKA
He MoxKeT GbITh Gosee mk%. Jlanee okasasoch, uto B reometpru JIo6aueBcKoro
HeT nono6HbIX puryp! Hanpumep, nosyuanace Takasi Teopema: e€cjiu y ABYX Tpe-
YTOJILHUKOB YTJIbl PABHBI, TO 9TH TPEYTOJbHUKH PABHBI. DTOT YAUBUTENbHBIN (haKT
00BSICHSIETCS TeM, UTO TeOpHs MoJ00UsT OCHOBAHA HA TOHSTHH MapaJsiielbHOCTH.
OTMeHsst akcHoMy TapaJuiesibHocTH EBKMaa, Mbl oTMeHsieM U nojio6ue. Kpome
napaJiie/ibHbIX U MepeceKkalolnxcst NpsiMblx, Ha MI0CKocTH JIoGaueBcKkoro cylile-
CTBYIOT pacxo0faujuecs Wi c8epxnapaiesbHole NPsSMble; TOMUMO OOBIYHBIX
OKPYKHOCTEH, €CTb OKPYKHOCTH, LEHTP KOTOPbIX HAXOAUTCS B OECKOHEUHOCTH,
U T. .

Jlob6aueBcKuil MOHUMAJI, UTO, OTKPbIB HOBYIO F€OMETPHIO, OH JI0J2KeH HalTH
OTBET Ha HEKOTOpPble BOMPOChl. BaxkHeHIIMHA W3 HUX TAaKOH: KAaK HOBAsi reoMer-
pHSl COOTHOCHUTCSI C peasibHbiIM MHUpoM? JloGaueBcKHi Obla yOeKIEH, UTO €ro
reoMeTpuss — He aOCTpaKTHAsh MaTeMaTHUecKasi TeOpHUs, HEe TOJBKO TJION €ro
yMa, a 4To OHa OTpakaeT CBOHCTBA peaJsibHOro nmpoctpaHcTBa. OH cuuTal, u4To
BO BcesieHHO NeficTBYeT UMEHHO €ro reoMeTpHsi, HO JIIOJM TOr0 He 3amevalor,
TaK KaK pasjiMuhe Mex1y €BKJIMIOBOH W HOBOH reoMeTpued NpOosiBJISeTCS TOJb-
KO TPU U3MEPEeHHH OUYeHb 00JIbLINX paccTosiHUi. Ecin ke uamepsT HeOoJblline
(Uryphl, TO pe3yJbTaThl, MOJyYeHHbIE C TOMOLIbIO (POPMYJ CTAPOH U HOBOH reo-
MEeTPHH, OTJHYAIOTCS HACTOJBKO MaJlo, YTO 3TO Pa3JjMiyhe 3aMETHTb TPAKTHUECKH
HeB03MOKHO. TouHee: yueM MeHblle U3MepsieMble QUTYpbI, TeM reometpusi Jloba-
yeBCKOro OJIMzKe K reoMeTpHd EBK/MIA.
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Uto6bl npoBepUTh 3Ty rumnotesy, JlobGaueBCKUH pelina HaWTH CyMMy YIJIOB
TPeyroJibHUKA, JIB€ BEPLIMHbI KOTOPOrO HAXOMSTCS B IPOTHBOMOJIOKHBIX KOHLLAX
3eMHOl OpOUThHI, a TpeTbsl — Ha 3Be3zie Cupuyc. Ecqn 6bl cymma yryios okasa-
sack Menblie 180°, To runoresa Jlo6aueBcKoro noJiyuusia Obl MOATBEPKIEHHE.
[IpoBensi nmpenBaputesbHble BbluMcaeHus, JIo6aueBCKUH YCTaHOBUJ, UTO €CJIH
CyMMa YIJIOB B 3TOM TPeyroJibHUKe W oKaxkeTcsi MeHblile yeM 180°, To He GoJiee
ueM Ha 4 MUJUTHOHHBIE 0/ ceKyH bl Hanmomunaem, uro cekynna — 3to 1/3600
yacThb rpajyca, a rpagyc — 1/360 uactb nosiHoro o6opora. [Tostomy npakriue-
CKHe U3MepeHHs BLIMOJHUTL HEBO3MOXKHO, TaK KaK HU OJIMH U3 aCTPOHOMHYECKHX
npu6opoB He obJiazan (M 10 cux nop He obJiajaer) TpeOyeMoil TOUHOCTHIO.

Jlpyras BaxxkHasi npo6JieMa 3akJ/ioyanachb B HEOOXOJUMOCTH BbISICHUTb, HE CO-
JIEP2KUT JIM CUCTEMa aKCHOM HOBOH T€OMETPUH KaKUX-JMOO BHYTPEHHUX MPOTH-
Bopeunil. Besb HUKTO He MOXKET J10Ka3aTh 8C€ TEOPEMbI, TOITOMY HYKHO KaK-TO
rapaHTHPOBaTh, UTO, MOJb3YsICh AKCHOMAaMH, Mbl HUKOT/1a He MOJyUUM B3aHMOMC-
KJIIOUaoNMxX pedyabratoB. Jlo6aueBcKuit MHOTO padoTas Haj 3TOH mpobJeMoH,
HO OHa 0Ka3aJlaCb HACTOJILKO TJyOOKOH W CJI02KHOH, UTO 3aBepLUUTH €€ ylaJ/oCh
TOJIBKO Yepe3 HECKOJIbKO JeCATUIETHH YCUIUSMHU MHOTHX 3aMeuaTe/bHbIX MaTe-
MaTHKOB.

HoBasi reomeTpusi He moJiyunsia npu3HaHusi NpH »KU3HU eé TBopua. OHa no-
JIyuuJia U3BECTHOCTb TOJIbKO nocJse 1868 roza, korja nosiBujaach eé neppas mMo-
deav. MoJiesib HEKOTOPOH reOMETPUH MpeacTaBJsieT cO60H COBOKYMHOCTb MaTe-
MaTHYeCKHX OObEKTOB, HA3bIBAEMbIX «TOUKAMH» M «MPSIMBIMH», JUISI KOTOPbIX
BBIMOJIHSIIOTCST aKCMOMbI 3TOH reomeTpuu. Mojesb eBKJIWA0BOH reOMeTpUH Mo-
CTPOUTb OU€Hb MPOCTO, AJIS1 ITOTO JOCTATOUHO BCIIOMHHUTD, UTO TAKOE J1€KAPTOBbI
KOOPAMHATHI Ha mocKocTH. HazoBeM «TOuKOi» BCSKYIO yNOpsiIOUeHHYIO Mapy
yuces (x,y), a «rpsiMoil» MHOXKECTBO TOUEK, KOOPJAHHATBbI KOTOPbIX YJI0BJETBO-
psitoT ypaBHenuto Buia Ax + By + C = 0. MoXHO MPOBEPUTD, UTO JIJIsl TAKHX
«TMPSMBIX» M «TOUYEK» BBIMOJHSOTCS BCE Mepeyruc/IeHHble Bblllle aKCHOMbI €BKJIH-
JIOBOH TE€OMETPHH.

Monens Kaefina® njockoctu Jlo6aueBCKOro CTPOUTCS BHYTPH HEKOTOPOIO
kpyra K. «Toukamu» HasblBalOTCsi OObIUHBIE TOUKH, HAXOJSIIHECS BHYTPH Kpy-
ra K (nanpumep, A, B u C Ha puc. 118), a «psiMbIMH» — XOPJibl OKPYXKHOCTH S,
orpanuunBaiouieit kpyr K (nanpumep, MN, MP u PQ)). [1apassenbHble npsiMble
1306paxalTcsi XopJamMH, MepecekaoluuMucs Ha okpyxkHoctd S (MN u MP);
Herepecekaloluecss XopJbl — 3TO CBepxnapaJiielbHble (pacXoJsiiuecs) Mnpsi-
mble (MN n PQ). MoxHo nokasaTb, 4TO B 3TOH MOJIeJIM BBIMOJHSIIOTCS BCe
akcuoMbl reomerpuu Jlo6aueBckoro, To eCTb BCe, KPOME MOCJe/IHEeH, aKCHOMbI
€BKJIMJIOBOH TeOMeTPUH U chopMyJIMPOBaHHAs Bblllle aKCHOMA MapaJiiielbHOCTH
Jlo6auesckoro. B monenn Kaeitna paccrosinne (B cmbicsie reomerpun Jlo6aues-
CKOTro) Mexxay Toukamu A u B BblumcsisieTcsi 1o cienywoliei gopmyse: |AB| =

_ bl (MB . MA
—PMAUBN AN

5

. Ananornunyio hopmyJty MO2KHO 3amucath U ISl YIJIOB.

Shenuke Kieitn (1849—1925) — HeMelKuil MaTeMaTHK.
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P
Puc. 118 Puc. 119

B npyroit monenn (ITyankape®) «roukamu» mnockocty Jlo6aueBckoro GymyT
TOUKH BEpXHeH noJymjockoctd y > 0, a «npsMbIMH» — JIy4H, NepreHIHKYJIsp-
Hble ocH X, W MOJIYyOKPY>KHOCTH C lieHTpaMu Ha ocd. Ha puc. 119 uzoGpaxens
TPHU NapaJuiesibHble npsiMble MJiockocTH Jlo6aueBckoro B Mosesn [lyankape. B
9TOH MOJEJH IeHCTBYET CBOsI (hopMyJia Il PACCTOSTHUS MEXKIy TOUKaMH, a /s
BBIUHCJIEHHS YIVIOB CllelManbHast popmyJia He Hy:KHA: B Mojiesin [lyankape yriibl
B cMblciie reomMeTpuu Jlo6aueBckoro — 310 0ObluHble Yriibl. CylIeCTBYIOT H JIpy-
rvue Mojesu reoMeTpuu Jlo6aueBckoro.

Hanuune moneneil noKasbiBaeT Henpomusopeuu8ocno CUCTEMbl aKCHOM
Jlo6auesBckoro. Tak pelraercs oaHa M3 BaxkKHeHWIMX MpobJieM, Hajl KOTOPOH B
nocJe/HUe rojibl XKU3HU padotan cam JloGaueBckuil. C Apyroil CTOPOHbI, HAJH-
uye MoJeJeH, Wi, Kak ellé roBopsT, peanusauuil reometpuit EBkiuna u Jlo6a-
yeBcKoro, 3akpbiBaer npodemy 2000-/eTHell TaBHOCTH: MOXKHO JIH dOKA3anis
AKCHOMY MapaJsiieIbHOCTH, TO €CTh BBIBECTH €€ U3 Ipyrux akcuom? Temnepb sicHO,
UTO HeJlb3sl, MIOTOMY UTO 3Ta aKCHOMA He 3a8UCUM OM OCMAAbHOLX AKCUOM.
HesaBucumocTb BbITeKaeT U3 TOro gakra, 4to MocJje 3aMeHbl aKCHOMbI MapaJi-
JesbHocTH EBKaMaa Ha akcuoMy napasieibHoctH JIo6aueBCKOro Mbl BHOBb 110-
JlyyaeM HEerpoTHBOPEUHBYIO CHCTEMY AKCHOM.

[lepeouieHuTb 3HaueHue OTKpbITHs JloOaueBckoro HeBo3moxkKHO. Hukakof
JIPYrofl MaTteMaTHueCKUil pe3ysbTaT He MMeJ CTOJbKO 3HAUYUTEbHBIX MOCJe-
ctBuii. baarogapsi otkpbiTHiO reomerpun Jlo6aueBCKOro BO3HHMKJIM HOBble BaxK-
Hefilue 06J1aCTH MaTeMaTHKH: OCHOBAHHUSI T€OMETPHH, OCHOBAHUSI MaTeMaTHKH,
MareMaTtHueckast Joruka. MareMaTHKH MOHSAJIM CHJly aKCHOMAaTHY€CKOro MeTo/1a
M CTaJIM ero WHPOKO MPUMEHSITh BO BCeX pasjesax MaTeMaTiku. Jlanee, MocKoJb-
KY BO3HHK HOBBII MaTeMaTHUeCKHI 0OBbEKT — CHCTEeMa aKCHOM — MOSIBUJIUCH
M CrieliasbHble MeTO/Ibl €ro UCCJe/I0BaHUs], TaK Ha3blBaeMasl MeTaMmaTeMaTHKa.
BypHo pasBujach Teopusi aJAropuTMOB, TECHO CBSI3aHHAs C MaTeMaTHUECKUMH

6 Anpu Tyankape (1854—1912) — dpaniy3cKiii MaTeMaTHK 1 QU3HK.
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OCHOBaMH (PYHKIHOHUPOBAHHUS 3JIEKTPOHHO-BBIYHCJIUTENBHBIX YCTPOHCTB. B nto-
re ObLIO MOJBEPTHYTO aHa/Nu3y Bcé 3naHue MatemaTuku. Mnes JloGauesckoro,
YTO HAlll MUP TOJIbKO «B MaJIOM» TOJUHHSIETCS 3aKOHAM €BKJIHJ0BOH reOMETPHH,
a B LIeJIOM SIBJISIETCSI HEEeBKJIMIOBBIM, CTaja JOMHHUPYIOLLEH Hjeell B Hayke C
konua XIX Beka. OIMH U3 OCHOBHBIX BBIBOJIOB T€OPUH OTHOCHTEJIbHOCTH Kak
pas U 3aKJUaeTCsl B TOM, YTO MPOCTPAHCTBO UCKPUBJIEHO, TO €CTh HE SIBJISIETCS
€BKJIMJIOBbIM.

YnpaxHeHus

1. Tloctpoiite cepenriHy — B cMblcjie reoMeTpun JloGaueBckoro — otpe3ka AB, H300paxKEHHOro
Ha puc. 118.

2. Nso6pasute Kakoi-a160 MPSIMOYroJibHBIN TpeyroibHUK B Mozean [lyankape niockoctu Jlo6a-
UeBCKOTro.

§ 2. Koabua v noas

Martemaruka, Kak 1 BcsKas Apyrasi Hayka, pa3BUBaercsi MyTEM MOCTOSIHHO-
ro 06o0lIeHUsT U YrayOJeHnsl yxKe UMEIOIMXCsS pe3yabraToB U ¢akroB. Kax-
Jloe ouepeqHoe (hyHAaMeHTaJlbHOE OTKPBITHE 3aCTaBJISIET MEPEOCMbICAUBATL BCE
HaKoMJieHHOe K 3ToMy MoMeHTy. OTKpbITHE HEEeBKJMJO0BOH reOMeTpHH, HarpHu-
Mep, MPHUBENO MaTEMAaTHKOB K OCO3HAHHUIO HEOOXOJHUMOCTH CTPOToro o60CHOBA-
HHMSl OCHOBHbBIX MAaTeMaTHUECKHUX TMOHSATHH, B TOM YHCJE U TeX, KOTOPbIMH OHH
y2Ke M0JIb30BaJMMCh HECKOJBKO CTOJIETHH. DTOT MPOLECC HAUAJICS MPUMEPHO CO
BTOpOil MoJioBUHBI XIX Beka M 0JJHUM U3 €ro rJiaBHbIX yYaCTHUKOB CTaJ BbLIAIO-
LIMHCS MaTeMaTHK FHJIb6epT7.

Wnesi Tunwbepra coctosiia B TOM, 4TOObI MakcHMaJbHO (OpMaJU30BaTh
OCHOBHble MaTeMmaTHueckue onpesenenus. [loa dhopmanusaumedi nonumaior 3a-
MEHY UHTYUTUBHOIO MOHSITHUSI CTPOTUM, CMbICJ KOTOPOTO PACKPBIBAETCSI B COOT-
BETCTBYIOIIIEH CHUCTeMe aKCHOM. Hampumep, cjoBaMH «Touka» W «mpsMasi» B
CHUCTEME AKCHOM €BKJIUAOBOH reoMeTpuu 0003HAualoTCsl He OOblUuHble TOUKHU U
npsiMble, C KOTOPBIMH MbI TIPUBBIKJIM UMETb J€JI0 B LIKOJE U JIOMa, a 3JeMeHThI
abCTPaAKTHBIX MHOXKECTB, MPUPOJA KOTOPHIX HaM 6e3pa3iuuHa, U OT KOTOPbIX
TpebyeTcs TOJbKO OJIHO: UTOObI OHM MOAUMHSJIMCH 3aaHHON cucTeMe akcuoM. C
MoJOOHBIMU MHOKECTBAMM Mbl YK€ UMEeJIH JeJ10, PACCMATpUBasi MOJIeJIM reoMeT-
puu Jlo6aueBckoro. Tam «MpsiMbIMH» HAa3bIBAJIHUCh XOPJbl OKPYKHOCTH (MOJIENb
Kuteiina), iyun u nosiyokpy»kHoctd (Mojieib [lyankape).

LleHHocTb hopMasbLHOTO OMNpejieseH s, TOMUMO TOTO, UTO OHO MPUAAET CTPOii-
HOCTb MaTeMaTHYeCKOH TEOPUH, COCTOUT €IlE U B TOM, UTO OHO BBISIBJISIET 00IIIHe
CBOIICTBA COBEPILEHHO, Ka3ajoch Obl, Pa3jHUHbIX MaTeMaTHUECKHUX OOBHEKTOB.
Hanpumep, kak Mbl 0TMeuaJi B TIEPBOU I1aBe, uMca0Bble MHOXKecTBa N, Z, Q, R
UMEIOT OJIMHAKOBbIE ajJrebpanueckhe CBOMCTBA, TO €CTh UX 3JIEMEHThI CKJIa/bl-

"Naeua TuabGepr (1862—1943) — HeMelKHii MaTeMaTHK.
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BalOT, BLIYUTAIOT, YMHO2KAIOT U JACJIAT 10 OJAHUM H TEM 2Ke IpaBUJaM:

Ha+b=>b+a; 4) a+ (—a) =0;
2)(a+b)+c=a+(b+o); 5) a(b+c) =ab+ ac; ()
3)a+0=aq 6) ab = ba,

7) (ab)c = a(bc).

[To 3TUM ke MpaBUaM MPOU3BOJATCS OMepalli U ¢ MHOTOUJIEHAMH, CO BCe-
MH 3JIeMEHTapHbIMU (DYHKLHUSIMH, ¢ psinaMu (6eCKOHeUHbIMH cymmamiu). Kak mbl
YBUIIUM, €CTb U Jpyrue, 6oJee CJ0XKHbIe MHOKECTBA, /51 KOTOPBIX BbIMOJIHSIOT-
cs npaBuaa (1). Takum o6pazom, B HUX OTpaKeHbl HEKOTOPble 00LIME CBOHCTBA
YKa3aHHbIX MHOXKeCTB. JI1060e MHOXKECTBO C TaKHMH CBOHCTBAMH Ha3blBAaeTCsl
koaoyon®. dopmanbHoe onpesesente Koablia cleiylollee: 5To HeKOTopoe MHO-
JKECTBO, Ha KOTOPOM 3ajlaHbl JBe (DYHKLHMH, OJHA M3 HUX Ha3blBAETCS CA0JCe-
Huem, WK orepallel CJA0XKEeHHUs, a BTOpasi — YMHOMEeHUEeM, WK olepalren
YMHOKEHHUSI; CJI0KEHHE W YMHOXKEHHE JIOJKHBI MOAUHHATbCS npaBuaam (1), ko-
TOpble HA3BLIBAIOTCS aKcuomamu Koaoya®,

Axkcuombl 1), 2) u 5)—7) npeacTaBsiioT cOO0H TOXKAECTBA, KOTOPbIE JTOJXKHbI
BBITIOJIHATBCST JIJIs1 JIOOBIX 3JIEMEHTOB @, b W ¢ U3 KoJiblla. AKcHoMa 3) o3Hauaer,
YTO B KOJIbLIE JIOJIXKEH CYIIECTBOBATH OCOOBIH 3JIEMEHT, Ha3bIBAEMbIH HyAéM, Ta-
KOH, UTO PaBEHCTBO 3) BLIMOJIHSETCS MPH J060M a. Akcuoma 4) yTBep:KaaeT, uto
JUIST KaXKJI0TO 3JIeMeHTa a W3 KoJiblla Halnércst (B TOM ke KoJblie!) npomuso-
NOAONCHOLI emy diemerm (—a), TpUUéM paBeHCTBO 4) MOXKHO paccMaTpuBaTh
KaK ypaBHEHHE, U3 KOTOPOTO U OTPEJeNIeTCs] STOT /JEMEHT.

B ¢dopmasnbHoM onpenesieHMH KoJiblia OMepalnu CJO0XKEHUs] U yMHOXKEHHUSI
paccmaTpuBaioTes Kak (yHkumu. Takve (yHKIMM B 3TOM Kypce HaMm ellé He
BCTpevasnuch. 31ech cymma a + b paccmarpuBaercsl Kak (yHKUMs ABYX Mepe-
MeHHBIX @ W b, TO eCThb CJlaraeMbiX; NPOU3BeJeHHe a - b — KaK (DYHKUMS JBYX
repeMeHHbIX @ U b, TO eCTb COMHOXKHTeJed. TakumM 006pa3oMm, ¥ He3aBUCHMbIe
nepeMenHble a ¥ b, U 3HaueHHUs ITUX (QYHKUMH — CyMMa M TPOM3Be/leHHe —
SIBJISIIOTCS 9J1eMeHTaMK KoJiblia. Kak BHIHO W3 cucTeMbl akcuoM (1), onepatus
JieJIeHHust B KoJiblle, BOOOlle roBOpsl, OTCYyTCTBYeT. KoJiblia, B KOTOPBIX MOYKHO
JIeJIUTh Ha JII0OOH 3JIeMEHT, KpOMe HyJisl, HasblBaloTest noaamu. [lonsamu sBiis-
I0TCS1, HANpUMep, KOJbLia palldOHa/bHbIX U IeACTBUTENbHBIX unces. PopmasbHoe
omnpejiesieHre NoJs noJydaercs: nob6aBjaeHneM K akcuomam (1) emé onHoit akcu-
oMbl, oGecrnieunBaiolleldl BO3MOXKHOCTL AesieHusi. [Tonpo6yiite copmyspoBath
ee camMocTosTebHO. B 3ak/ioueHne pacCMOTPUM JiBa BaXKHbIX MPUMepa KoJIell.

[lpumep 2.1. [lokaxkem, uTo OTHOCHTENbHO OGBIYHBIX OMEPALMH CJIOKEHHST 1
YMHOYKEHUs uMc1a BUaA a -+ bv/2 ¢ paudoHaibHEIMKE a U b o6pasyioT nose. O6o-
3HAUUM paccMaTphUBaeMoe MHOXKeCTBO uynces uepe3 P. [1pexe Bcero Hy»KHO 10-
Ka3aTh, UTO MHONHCECMBO P 3aMKHYMO OMHOCUMENbHO Onepayull CAOHCeHUs.
U YMHOINCEHUSL, TO €CTh UTO CJ0KEHHE U YMHOKEHHE MOXKHO paccMaTpUBaTh Kak

8Tounee, KOMMYTATUBHBIM U ACCOLMATHBHBIM KOJILLOM.
9CgoficTBa 6) 1 7) MHOTIA HE BKJIOUAIOT B CHCTEMY aKCHOM KOJIblid.
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(hYHKIMH CO 3HAYEHUSIMU BO MHOXKeCTBe P. MIHBIMH CJIOBAMH, HY>KHO TTPOBEPUTD,
YTO CyMMa M NPOHU3BeJIeHHe JII0ObIX JIBYX UHCEJ H3 MHOXKECTBa P TakxKe MpuHal-
JIeXKAT MHOKECTBY P, TO eCTh ToxKe GyLyT uuc/iamu Buia a + bv/2. Basis napy
uncen a4+ bvV2uc+dv2, e a, b, ¢, d € Q, noJryuaem:

(@a+bv2)+(c+dvV2) = (a+c)+ (b+dV?2;
(a+ bvV2)(c + dV?2) = (ac + 2bd) + (ad + be)V2.

[Tockosbky @, b, ¢, d — 3T0 pauyoHaJbHble Uhcaa (1po6u), TO U UMCIa, KOTOpble
MOJIYUHJIUCh B CKOOKaX, Takxke OyayT ApoOsiMH. DTO Mbl U XOTEJH 110Ka3aThb.

Tenepb nokaxkem, uToO omepauusi JeJeHHs] TaKXKe He BBIBOJMT HAC M3 pac-
cMaTpUBaeMoro MHoxkecTBa. B camom nede,

a+bv2  (a+bV2)(c—dv2) (ac—2bd)+ (bc —ad)V2 _
c+dvV2  (c+dV2)(c —dV?2) % —2d?
ac — 2bd bc —ad
= ————"x —_— 2.
<02—2d2> + <c2—2d2> V2
3uamenaresb ¢ — 2d? ornuen ot HyJIsl, UTO CJIeJlyeT U3 MpPallMoHabHO-
cTH uncaa V2 (cm. §3 nepBoii T1aBbl). B nocsiegHeM MoJiyueHHOM BbIpaXKEHUH B
cKOOKax CTOSIT palMOHaJ/bHblE YHCJ/A, CJEIOBATENbHO, PE3Y/IbTaT JIeJeHHUs IBYX

JMOOBIX UUCes U3 MHOXKeCTBa P rmpeacrap/sieT coO0i UHCIO TaKKe W3 MHOXKe-
ctBa P. Utak, uncaa Buaa a+b+/2 o6pasyiot noJie, 4To 1 Tpe6OBAIOCH J0KA3aTh.

[Mpumep 2.2. Pasje/nM MHOXKECTBO BCEX LIeJbIX UHCEJ Ha I1eCTb yacTel (moj-
MHOKeCTB), KoTopble o603Hauum Py, Py, ..., P; u Oynem HasblBaTh Kaaccamu
gbluemos no modyao 6 unu npocto Kaaccamu. Ilo onpenenenuio, kaacc Py
COCTOMT M3 UUCEJI, KPaTHBIX 1IECTH, TO ecTh U3 uucen 0, £6, +12, £18, ... [1po-
H3BOJIbHOE UKCJIO M3 ITOr0 KJjacca 3aluchiBaercsl B Buje Ok, rae & MoxKeT ObITh
JOGBIM 11eJIbIM uKcsioM. Kiace Py cocTOMT U3 uKces, KOTOphle MpH JieJieH|H Ha 6
JIAI0T B OCTaTKe euHULYy. DTo, Hanpumep, uncaa —11, —5, 1, 7. TIpousBosbHoe
YMCJI0 M3 3TOr0 KJjacca sanucbiBaercsi B Buae 6k + 1. Kuacce Py cocTouT u3
uhces1, KOTOpbIe TPH JieJIeHHH Ha 6 JaloT B ocTaTKe JiBa. DTO UUCJIa, 3a/aBaeMble
dopmysont 6k + 2: 2, 8, 14, 20, ... u —4, —10, —16, ... Hakonen, knacc Ps
COCTOMT M3 UHCeJI, KOTOPbIe MPH JIeJIeHHH Ha 6 1aloT B OCTaTKe MAATh. DTH UHUCJ/a
UMeroT BUa 6k + 5.
Onpenesum cyoxKeHHe KJIaccoB GpopMyJion

Poin, ecsiu m—+n < 0,
Po+Py=14 ™"
Puin_g, ecaum+n = 6.

Hanpuwmep, Py + Py = Py, P3 + Py = P;.

Hcnonb3yst TOT »Ke MPUHLIUI, ONMpeIeuiM YMHOXKeHHe KjaccoB. [losoxkum
PP, = Py, rie 4uc/10 g €CTh 0CTAaTOK OT Jie/IeHUsl POM3BEIEHUST M/l Ha 11eCTb.
Hanpumep, PPy = Py, PoP5s = Py, a P3Py = Py, tak Kak 3-4 = 12 jenurcsi Ha 6
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6e3 octaTka. MOXKHO JI0KA3aTh CJIENyIOlIee YTBEPKIEHUE: KAACCHL 8bl4en108 NO
MOOYni0 uiecmo 06pA3YIOM KOAbUO OMHOCUMEAbHO BBEOEHHbIX ONepayuLl
CAOMHCeHUS U YMHONCEHUL, MO ecmb 0Ad HUX BbLNOAHAIOMCA AKCUOMbL KOAb-
ya (1). [ToctpoeHHoe HaMH KoJIb1IO 0603HAUAETCS Zg U COCTOUT BCErO U3 11eCTH
3JIEMEHTOB, B TO BPeMSs KaK BCe PACCMOTPEHHbIE PaHee UMCJIOBbIE KOJIbIA CONEP-
»KaT 6eCKOHEYHO MHOTO 3JIeMeHTOB. AHAJOTHUHBIM 06Pa30oM MOYKHO TOCTPOHUTh
KOJbLO Zy; KJIACCOB BBIUETOB MO JIOGOMY MOJYJIO /11, COjlepKalllee POBHO m
3JIEMEHTOB.

BosHuKaeT ecTeCTBEHHbIH BOMPOC: SIBJSIIOTCS JIH KOJIblla KJACCOB BHIUETOB
nosisiMu? VIHbIMM cJlOBaMM, MOKHO JIM BBECTH oOllepaliuio JiesieHus kiaaccos? [lo-
npobyem, Hanpumep, pazneautb Py Ha Pg B KoJble Zg. [1ycThb CyllleCcTByeT HEKO-
Topoe x Takoe, uto Py : P3 = P,. Torna Py = P3P,. Ho, corsnacHo onpenesnenuio,

P3Py = Po; P3Py = P3; P3Py = Po; P3P3 = P3; P3Py = Po; P3P5 = P3.

Wrak, npu jio6om x umeem P3P, # Py, a 3T0 03Hauaet, 4To 4acTHoro Py : Ps
He cyulectByeT. Cjie0BaTe/IbHO, KOJbLO Zg He siBasieTcs noJem. C apyroil cro-
pOHBI, TAKUM 2Ke CI10cOO0M MOXKHO MOKa3aTh, UTO, HANPUMep, KoJblia Zs, Zs U
Z7 6ynyt noasimu. O6uMi pe3ysbTat OpMySHUpPYeTCs TaK: KOJbLO Zy, SBJASIETCS
noJieM TOTJla U TOJIbKO TOTJA, KOTAA /711 — MPOCTOe YUCJIO.

Kosblia u nosisi BbIUETOB MrpaloT B MaTeMaTHKe BaKHYIO poJib, 0COGEHHO B
Teopun uuces. C UX MOMOLIbIO, HAMIPUMEpP, HAXOJSAT LEJOUYNUC/eHHble pelleHus]
ypaBHeHu# BUAa ax + by = ¢, rue a, b, 1 ¢ — uesble yucaa.

YnpaxxHeHus

1.

TPEM; B) MHOXKECTBO UMCEJ, KPATHBIX UETHIPEM.

2.

3.
4.
5

HOJIyManITe, o6pa3yeT JIK T10JI€ KOJIBIIO LEJIbIX yuces?
ByaeT JIM KOJIbLHOM MHO2KECTBO BCEX pallMOHaJIbHbIX yuces?
CocTtaBbTe TaOJMLIBI CJIOXKEHHS U YMHO2KE€HHST 2JIEMEHTOB KOJIbLla Z3.

Haiinure HecKoJIbKO 11e/1I0UHC/IEHHBIX peliieHult (x, y) ypaBHenust 2x + 3y = 11.

§ 3. BekTopbl U BEeKTOpPHbIE NMPOCTPAHCTBA

BexkTop — 0/1HO M3 Ba:KHEHIIUX MOHATHH B MaTeMaTHKe, PU3UKe U TEXHHKE.
DBOJIIOLUS 3TOTO MOHATHS — OT HANPABAEHHO20 OMpPe3Ka 1O CJOKHEHIINX
BEKMOPHBLLX NPOCMPAHCME — UCTOPUSI UHTEpecHasi U noyuuteabHasi. [lepo-
HayaJbHO BEKTOPOM Ha3blBaJll HANpaBJEHHbIH OTPe30K, MPUKPEIJIEHHbIH K Ka-
KOH-J160 Touke. C MOMOLIbIO HANpaBJeHHbIX OTPE3KOB YIOOHO HJIIOCTPUPO-
BaThb (DU3HUECKHE BEJHUMHbBI, KOTOPblE XapaKTePU3YIOTCS He TOJLKO UHCJIOM, HO
M HarpaBJIeHUEM: CHJIy, CKOPOCTb, HAMPSKEHHOCTb 3JIEKTPUUECKOTO TI0JIS U T. L.

BexTopbl, npukpenéHHble K 0JHOH TOUKE, MOXKHO CKJIAJbIBATh 10 MPaBUJY
napannesorpamma (puc. 120). C dusuueckoil TOUKH 3peHHs, CYyMMa BEKTOPOB

[Tokazkute, 4TO KOJIbLIOM SIBJISIETCS @) MHOXKECTBO UETHBIX UMces; 6) MHOXKECTBO UMCeJ, KpaTHBIX
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A
Y
Y

Puc. 120 Puc. 121

npecTaBisieT co60i PaBHOIEHCTBYIOLLYIO CHJl, PUJI0KEHHBIX K TOuKe. BekTophl,
MPUKPENIEHHDIC K OJIHOH TOUKE, MOYKHO HE TOJILKO CKJAIbIBATb, HO H BBIYMTAT,
a Takke yMHOXKATh Ha ukcsa. PasocTbio b —d JIBYX BEKTOPOB b u @ HasbiBaeTcst
BEKTOP C, ONPEIE/ISIeMblii PABEHCTBOM & + ' = b. TpousseseHiem BekTopa d Ha
YHCJIO R Ha3bIBACTCS BEKTOP b = kd, NpUKPENIEHHBIA K TO 2Ke TOUKe, uTo 1
BEKTOp &; JIHMHA BekTopa b onpenessiercsi paBenctsoM |b| = |k||@], a nanpas-
JIEHHe COBMAJIaeT C HarpaBJeHHeM BEKTOpa @, €CJIM R UHMCJIO MOJIOXKHUTEBbHOE, H
MPOTHUBOIIOJIOXKHO BEKTOPY @, €CJIM B — uucJ/I0 oTpullaTesibHoe (puc. 121).

T1pn 5TOM, KaKOBbI Obl HU OblIH BEKTOPbI @, b, ¢ 1 uncaa k, [, Bcerna Bbi-
TOJIHSIIOTCS CJIe/IyIollHe PaBeHCTBa:

) a+b=>b+a; 5)1-d=a

2) (@+b)+7=d+ (b +0); 6) k(l@) = (kI)a: @
3)a+0=a; 7) (k+ 1)@ = kd + @

4) @+ (-a) = 0; 8) k(@ +b) = kd+ kb

MaTtemMaTHKOB, KOTOpble pacCMaTPUBAIOT BEKTOPbI BHE HUX CBSI3W C (puanue-
CKHM coJiepKaHHeM, He yJ0BJIEeTBOPSIIO, UTO HeJb3sl CKIAblBaTh BEKTOPbI, MPH-
KpernJyiéHHble K pa3HbIM TOUKaM. Bbixon Obla1 HaiileH B TOM, UTOObI ClleJlaTh BeK-
TOPbl CBOOOIHBIMM OT TOUKH TPHUKPENJeHHs M pa3peliuTb MM MepeaBUraTbCsi
napaJsiieibHO HCXOJHOMY MOJIOXKeHHI0. MIHBIMU cioBaMH, c80000HbLLL 8eKMOp
MOKHO MPEJCTaBJsITh cebe B BHJIE COBOKYMHOCTH BCEBO3MOXKHBIX HarpaBJeH-
HbIX OTPE3KOB, MapaJljieJbHbIX MeXIy COO0H, UMEIOIUX OJIHHAKOBBIE JJIMHY H
HarnpasJsieHde. Takne oTpe3KH Ha3bIBAIOT IKBUBANCHIIHOIMLL.

CBoGojiHble BEKTOPbI MPOCTO 3a/aBaTh C MOMOLIbIO KoopauHat. Harnomuum,
YTO KOOpPAMHATAMH BEKTOpa — HArpaBJjIeHHOTO OT-
pe3Ka Ha MJIOCKOCTH HasblBAKOTCS €ro MPOeKLUUH Ha
KoopauHaTtHele ocu X u Y (puc. 122). OueBuano, uto
BCE KBHMBAJICHTHbIC HallpaBJ/IeHHble OTPE3KH MUMEIOT
OZIMHAKOBbIE KOOPJUHATBI, MOITOMY MOCJETHHE MOK-
HO CUMTaThb KOOPJHHATAMH COOTBETCTBYIOIIETO CBO-
0OJIHOTO BEKTOPA.

B npoctpaHcTBe HampaBseHHbIH OTPE30K UMeeT (O a X
TPH KOOPJIMHATBI: MPOEKIMH Ha KOOPJIMHATHbIE OCH
X, Y u Z. CnenoBatesibHO, CBOGOJHBIH BeKTOp (J1a-
Jiee TIPOCTO BEKTOP) B MPOCTPAHCTBE HMEET TaKxkKe TPH KoopjauHaThl. Mrtak, Te-
nepb BEKTOP MOXKHO 3aMEHHTb 3KBHBAJIEHTHbIM 00BEKTOM — COBOKYIHOCTBIO

Y

(42 i e R

Puc. 122
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ero KoopiMHaT. BeKTop Ha MIOCKOCTH — 3TO mnapa uucesa (ajp,as), BEKTOp B
npocTpaHCcTBe — TPOiKa uuces (ap, as, ag). CjoxKeHne BEKTOPOB H YMHOXKeHHe
MX Ha UMcJla Terepb OCYLLEeCTB/IAETCS TakxKe NPocTo. YToOb! CJI0XKUTb J1BA BeK-
TOpa, HY»KHO CJIOKHTb MX COOTBETCTBYIOLLME KOOPJAMHATBI, @ UYTOObl YMHOXKHUTb
BEKTOP Ha UKCJIO, HY?KHO YMHOKUTb Ha 3TO YHCJIO BCe ero KoopauHatel. Hampu-
mep, (1,2,-3) + (—4,6,4) = (-3,8,1), 2- (1,2, -3) = (2,4, —6).

Takasi Touka 3peHHs1 HAa BEKTOPbI 0Ka3aJaach UCKIIOUUTENbHO MJ0JA0TBOPHOH.
[Ton onpenesnieHne BekTopa cpasy Mojrajo MHOrO (PU3HUECKMX M MaTeMaTHue-
ckux o6bekToB. Hampumep, Bcsikoe aseMeHTapHOe COOBITHE, MPOUCXOJSIIIEe B
NPOCTPAHCTBE B TOUKE C KOOpJAMHATAMHU (X, Y,Z) B MOMEHT BpeMeHH [, MOXKHO
paccMaTpHuBaTh KaK YeTbIpEXMepHbIH BEKTOP (X, ¥, 2, {). Tak Mbl IPUXOAUM K 11pO-
cmpancmay coboimutl — OJHOMY U3 OCHOBHBIX OHATHI COBPEMEHHON (PU3UKH.
Jlpyroii npumep. Besikuil TexHOJ0THUECKUH TTpoLlece XapaKTepuayercst Habopom
pas3/IMUHBIX MapaMeTpoB, KOTOpble (PUKCUPYIOTCS MPUOOPaMH, MOKA3bIBAIOIIUMH
BpeMsi, CKOPOCTb Mpoliecca, JaBJjeHHe, BA3KOCTb W T.M. JlomycTHM, UTO TakuX
napamerpos 10. Torna coctosinne mpoiiecca onpenensieTesi HAOOPOM U3 JIECSTH
uhcesi, TO €CTb JECATUMEPHBIM BEKTOPOM.

KosuecTBO KOOpAMHAT BEKTOpa Ha3bIBAETCS pasmepHocmoro. Bekropbl o-
HOH W TOH K€ Pa3MEPHOCTH MOXKHO CKJIAJblBaTb U YMHOXKAThb HA UUCJA M0 TEM
JKe TpaBuJsiaM, uTo ABYMepHble U Tpéxmephble. M npu mo6oit pagmepHocTn 6y-
JyT BbIMOJHATLCS cBolcTBa (2). Takum o6pa3om, Mbl NPUXOAUM K HauboJjee
0011eMy aKCHOMaTHUECKOMY OMpeJie/IeHHI0 BEKTOPHOTO NMPOCTPAHCTBA: BEKMOP -
HOLM NPOCMPAHCMBOM HA36l6ACMCA BCAKOE MHONMECMBO, OASl INEMEHIMO8
KOmMopoe2o, HAa36l8aeMblx 8eKMOPAMU, ONPEOeAeHA ONePayUsl CAONEHU U
onpeodeseHo YMHONECHUE INeMEHINO08 HA HUCAQ MAKUM 00PA30M, UMO Bbl-
noausiiomes ceovicmaa (2).

CB0GOMHBIN BEKTOpP HA3bIBAIOT €lIE NAPANNCNbHbIM BEKMOPHLIM NOACM.
TepMuH «BekTOpHOE MoJie» BO3HUK B (DU3MKE, U €ro CMbICJ BIIOJIHE COOTBET-
CTBYET 3HAUEHHIO 3TOTO CJ0BA B 0OBIUHOM si3bike. [losie — HeKoTophbIH yuacTok
3eMJIM, 3acesiHHbIH, cKaxkeM, nuieHuued. Tenepb npeacraBuM cebe, U4TO KOJOC
MIIEHUIBl — 3TO BEKTOP, M UTO KOJIOChSI (BEKTOPbI) PACTYT B Ka)KIOH TOUKe
yuacTtka. IDTo 1 OyieT BEKTOpPHOE I1oJie, TPHUEM He 00513aTe/IbHO MapaJljiesbHoe.
[TapannenbHoe noJie mosyyaercst B cjayuae, Korjaa BCe «KOJOCKH» Mapadi/iesbHbl
¥ UMEIOT OJIMHAKOBYIO JIIHHY.

MHO02KeCTBO NPUMEPOB BEKTOPHBIX MOJIEH Mbl HAXOAMM B (DU3UKE: JIEKTPH-
YyecKHe U MarHuTHble noJsi, noJe TsarotreHusi. [IoTok xxkuaKocT uiu rasa B Tpyoe
MOPOKIAaeT BEKTOPHOE MOJIe CKOPOCTEH: B KaxK/10i TOUKe OrMpesie/éH BEKTOp CKO-
pocti. MaTemMaTHKM paccMaTpUBAIOT BEKTOPHOE MoJe Kak (hyHKIIMIO, KOTopas
KaxK10i TOUKe MPOCTPAHCTBA COMOCTABJISIET BEKTOP, KAaK Obl MPUKPENIEHHBIH K
3TOH TouKe. BekTopHble 10Jis1 NMPeACTaB/sOT cOO0H OJMH M3 BaKHEHIIHX 00b-
€KTOB M3yueHHsl B COBPEMEHHOH (PU3UKe U MaTeMaTHKe.

CucTeMbl KOMIbIOTEPHOH aare6pbl MO3BOJSIOT ABTOMAaTH3UPOBATL PabOTy C
BekTOpaMH. B Maxima, nanpumep, BekTop ¢ KoopauHaramu (1,2, —3) sanucel-
Baercsd kak [1,2,-3], a aid 0603HAUEHUSI CYMMbI, PAa3HOCTH U MPOU3BEJIEHHUS
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BEKTOPaA Ha YKCJIO MCIOJIb3YIOTCST 0ObIUHBIE CUMBOJIBI +, - H * COOTBETCTBEHHO.
Tak, komanna [1,2,-3]+[-4,6,4] neuaraer pe3dysbrar [-3,8,1], a KoMaHjaa
2x[1,2,-3] — pesyabrat [2,4,-6].

YnpaxxHeHus

1. Uzo6pasute BekTOpHOE MOJE HA MJIOCKOCTH, €CJIH KOOPAHHATHI BEKTOPA, «IIPUKPEMJIEHHOTO» K
TOUKe C KOOpJMHATAMH (X, y), 3aaatoTcst popmysioi (x + g, x — y).

2. Kakumu BeKTOpaMH B TPEXMEPHOM MPOCTPaHCTBE 3ajaloTcs péopa W JHaroHas v eIMHUUHOTO
Ky0a, OjiHa U3 BEPIIHH KOTOPOrO HAXOMMUTCS B HAuajie KOOPIUHAT, a MPOTUBOMOJOXKHASI — B TOUKE
¢ koopaunatamu (1, 1, 1)?

§4. Ipynnbi

Herpynno 3ameTuTb, uTo cuctema akcuoMm Kosbla (1) W cuctema akcuom
BEKTOPHOTO TPOCTPAHCTBA (2) UMEIOT HeKoTopylo ofliyto uyactb. Cueyiolile
TpPU CBOMCTBA:

(a+b)+c=a+(b+c) (accoumaTHBHOCTbL ONEPALHH CJAOKEHHST),
a+0=a (CyliecTBOBaHHE HEHTPAJBLHOTO 3JIEMEHTa), (3)
a+(—a)=0 (HaJIMuKe TPOTUBOINOJIOKHBIX 3JEMEHTOB)

CrpaBeYIUBbI /151 JII0OOOTO KOJbla U JII0OOr0 BEKTOPHOTO MPOCTPAHCTBA. YKaXKeEM
ellé 1Ba MHOXKECTBA, JJIsi KOTOPbIX BbIMOJHSIIOTCS aKCHOMBI (3).

[Mpumep 4.1. 3anuuiem no nopsiiky uwkciaa ot 1 o 6 W 3arem nepectaBum
UX KakuM-Ju60 ob6pa3om, Hampumep, Tak: 2, 3, 5, 1, 6, 4. Peagynbrar Haiuen
JIeATeNIbHOCTH 3alUlleM B BUJE CJeAylolleld TabJ/ULIbL:

123456
( 235164 > ’

Arta Tab/ula 3a1aeT HEKOTOPYyK (YHKLMIO, €CJIM CUMTaThb, YTO BEPXHHH
psil — 3HAUEHMs] HE3aBUCUMOMN TepeMeHHOH X, a HUKHUH — COOTBETCTBYIOLLIME
3HauyeHHsi 3aBUCUMON repeMeHHON y. Takasi pyHKUMST HA3bIBAETCS HOJCMAHOB-
KOU WIU nepecmano8Koll U3 LIeCTH 3JEeMEHTOB U AEHCTBYET BIIOJIHE ITOHSTHbIM
00pa3oM: eIMHULYY NIEPEBOJIUT B IBOKKY, IBOHKY — B TPOHKY, TPOHKY — B MsTEp-
KY, UCTBEPKY — B €AMHHULLY, IATEPKY — B LLIECTEPKY, a LUCCTEPKY — B YECTBEPKY.
KosnuecTBo pasinuHbIX MepecTaHOBOK U3 1IECTH 3JIEMEHTOB, KaK Mbl 3HaeM (CM.
§4 nsaro# rnaebl), papHo 6! =1-2-3-4-5-6 = 720.

PesyJibrat rnocsenoBaTesbHOro 1eHCTBHS ABYX IIepecTaHOBOK ToxKe OyJeT re-
peCTaHOBKOH. 3aMuch

123456 . 123456 \ [ 123456
235164 546321 )\ 462513
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[MOKa3bIBaeT, UYTO B pe3yJibTaTe MocJ/Je10BaTe/JIbHOIO JIeHCTBUSA nepecTaHoBOK

o _ (123456 o _ ( 123436
1=\ 235164 192 = 546321
HOHYQHHBCB ﬂepeCTaHOBKa

S:SIOSQZ< 123456>.

462513

B camom niesie, nepBast 3 HUX MEPEBOJIUT €IMHUILY B JBOHKY, a BTopasi — JIBOKKY
B ueTBEpKy. CJieoBaTesbHO, B pe3y/ibTaTe COBMECTHBIX YCUJHH OHHM MEPEBOMAST
emuHuIy B ueTBEpPKY. OcTasibHOE aHaJOTHUHO.

Pesysibrat nocJ/ie10BaTesbHOTO 1€HCTBHUS ABYX (PYHKIIMI HA3bIBAETCS HX KOM-
noauyuetl, Wi cA0cHOU GyHkyueti. Ho mo oTHOILIEHHIO K TlepecTaHOBKaM JI0-
TMyCKaeTcsl HeKoTopasi BOJIbHOCTb peud. [0BopsiT, uTo mnepectaHoBKa S sBJsieTCs]
npoussedenuem nepecmanosok S| n So.

Tpu soGbie nepectaHoBku S|, S9 U S3 MOXHO MEPEMHOXKHTbL JUOO TaK:
S10(S9 0 83), b0 Tak: (S; o S9) 0 S3. Ho pesyabrat nosyuurest oJjH U TOT
JKe, TIOCKOJIbKY B 0OOHMX CJlyuasix nepecTaHoBKH Sy, So U S3 A€HCTBYIOT nocJe-
JIOBaTeJIbHO M B OJTHOM U TOM Ke nopsiike. [Tostomy

S10(852083) =(S51089)08s. (4)
Tenepb 3ameTHM, UTO YMHOXKEHHE MONOIECMBEHHOU nepecmaHo8Ki
Sy = < 123456 >
123456
Ha J106yI0 IPYTyIo MepecTaHOBKY S He MeHSIeT MOCJeNHION:
SpoS=S0S5,=S. ()

Hakonel, a5t Kaxkao# nepecTaHoBKH S MOXKHO HAHTH €l 00pammyio, KOTo-
past o603Hauaercst S~ u neficTByeT Tak: ecaM S MepeBOAUT YMC/]IO0 & B umco [,
10 S~! nepeoaut uucso [ B uncao k. Hanpumep, st nepecTaHoBKH

S _ 123456
~\ 235164
o6paTHO# OyJeT nepecTaHoBKa
g1 _ 123456
412635 /-

M3 onpenenenns o6paTHOl NMepecTaHOBKH HEMEJIEHHO BbITEKAET, UTO

SoS'=5"1oSs=25,. (6)
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Ecan B paBenctBax (4)—(6) 3aMeHHTh CHMBOJ 0 Ha + 1 BMecTo S~ ! 3anmcath
(—S), To 3T paBeHCTBA COBMAJYT C paBeHCTBAMH (3).

[lpumep 4.2. dror npumep — reomeTprueckuii. Mbl pacCMOTPUM MHOKHCE-
cmaso scex dsudxcenull Ha eskaudosol niockocmu E. Jlsuscenuemn HasbiBa-
eTcst Besikasi pyHKUMs D, nepeBojsiilasi TOUKH MJOCKOCTH £ B TOUKH TOH ke
MJIOCKOCTH £ 1 coxpansiionlasi AJuHbl 0Tpe3KoB. [locsennee o3nauaer, uto ecqu
D(A) = B (1o ectb ¢ynkumnsi D nepeBomut Touky A B Touky B) u D(C) = E, 10
JuiiHa otpe3ka AC paBHa jaiuHe oTpeska BE.

N3 nanHoro onpenesneHusi, B YaCTHOCTH, BbITEKAET, UTO J11060€ BHKEHHUE SIB-
JISieTcsl B3aUMHO OJHO3HAUHLIM npeobpasobanuem!: uia Kaxkoii Toukn B cylie-
CTBYeT e/lMHCTBeHHAast Touka A, takasi, uto D(A) = B. JlelicTBUTE/IbHO, €CJIH Obl
JBHKeHne D nepeBoinsio B TOUKy B nBe pasanunble Toukd A u Ag, To oTpe3ok
A Ag, UMelolMi HeHYJIEBYIO JUTHHY, TIepelliés Obl B OTPe30K HyJ1eBOH 1IHHbI BB,
YTO HEBO3MOXKHO, TaK KakK JIBU2KEHHE COXpaHsieT MAJIMHbl 0Tpe3KoB. [Ipumepamu
JIBUXKEHUH SIBJSIIOTCS NApPAALEAbHbLEe NEePEeHOCHL, NOBOPOMbL U CUMMEMPULL.

Q

Puc. 123 Puc. 124 Puc. 125

[TpousBosibHBIE napasresvusitl nepernoc T 3anaéres ¢ MOMOIIBIO HEKOTO-
poro BekTopa @. Bekrop @ omnpeessier B Kax10il Touke A HarpaBsieHHbIH 0Tpe-
30K AB (puc. 123). Torna no onpenenennto T(A) = B. SlcHo, uto napasienbHbIX
MepeHoCcoB Ha MJOCKOCTH CTOJIbKO K€, CKOJIbKO BEKTOPOB.

[IpousBosibhblit nosopom R 3anaéres Toukolt C, 0KOJIO KOTOPOH MPOUCXO-
JIMT BpallleHhe, U YIJIOM ¢, Ha KOTOPbIH Kax/lasi TouKa MJIOCKOCTH MOBOpAuMBa-
ercs okosio Touku C. Ecain Touka A mocsie moBopota okoJio Touku C Ha yroJ
nepelia B Touky B, To 1o onpenenenuto R(A) = B (puc. 124). Ecau noBopot
MPOUCXOJIUT MPOTHB YACOBOK CTPEJIKM, TO YroJl v CUATAETCS MOJOKHUTEbHBIM,
€CJIM 10 4acoBoi cTpesike — oTpuuatesbhbiM. [To onpenenenuio R(C) = C.

Cummempusa S — ocesas cummempus. OMHOCUMEAbHO HEKOMOpOoLl nps-
MOl p — TiepeBOIUT TOUKy A B TOuKy B, CUMMETPUUHYIO OTHOCHTENBHO 3TOH
npsiMoil (puc. 125). Touku npsimoli p dyHKUMS S OCTaBJsieT HA CBOUX MeCTax.

Kak u /151 moAcTaHoBOK, /151 JIIOObIX ABYX ABHUKeHHH D) u Dy MOXKHO ornpe-
JeJIUTh UX KoMNosulmio Dy o Dy KaK pe3dyJsbTaT MocJae/0BaTeNbHOr0 JeHCTBUS:

IOKaK, BIIpoyeMm, U BCsiKasl NMOACTaHOBKa.
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st mo6oit Toukn A no onpenenenuio (D) o Do)(A) = D (Do(A)). I1pu stom, B
CHJIY TeX 2Ke 00CTOSITe/IbCTB, UTO W BbILIE, AJI51 JIIOOBIX TPEX IBUKEHHH BbITOJIHS -
eTcst paBeHCTBO (D 0 Dg) o D3 = (D o (Dg o D3), aHajoruuHoe paBeHCTBY (4).

CornacHo onpesenenuo, moacdecmserroe omoodpascerue |, KOTopoe Kax-
Jy10 TOUKY TJIOCKOCTH ocTaBJjisieT Ha Mecte (/(A) = A), TakKe sBJISIeTCS JIBHXKe-
HueM. O4eBHIHO, UTO //1s1 TPOU3BOJILHOIO IBUKEHUS [ BBIMOJHSIOTCS paBeHCTBA
Dol =10D = D, ananoruunble paBeHctBam (5). Hakonel, st Ka»kjaoro jaBu-
xenust D cyulecTByer emy o6patHoe D ™! koTopoe onpesensieTcs ecTecTBeHHbIM
o6pasom: ecan D mepesoaut Touky A B Touky B, To D~! nepesomur Touxy B
B Touky A. CornacHo 3tomy onpeaenennio, D o D™' = D=1 oD =1, 10 ectn
BBITIOJIHAIOTCSl PABEHCTBA, aHAJOTHUHbIE paBeHCTBaM (6).

MoxHo nokazath, uto JioGoe ABHKeHUe OyaeT JuO0 napaJsuielbHbIM nepe-
HOCOM, JIUOO MOBOPOTOM, JIMOO CUMMETPHEH, JIMOO HEKOTOPOH UX KOMIO3ULUEH.
Takum 06pasoM OMMCHIBAIOTCS BCE JBHAKEHHS.

Y paccMoTpeHHbIX B 3TOM naparpage MateMaTHuecKUX 00'beKTOB eCTb HeUTO
oflee, a UMeHHO: 1) KaxK/iblil U3 00BEKTOB MpeCcTaB/sieT COO0H HEKOTOPOe MHO-
JKEeCTBO, Ha KOTOPOM 3ajiaHa ornepaiius (KOMIO3HIIMK); 2) CBOHCTBA 3TOH omnepa-
LMK onuchiBaloTcsl akcuoMaMu (3). Takne MHOXKeCTBa Ha3bIBAIOTCS epynnamu.
B cooTBeTcTBUM C 3TUM OlpesieseHHeM

* MHOXECTBO LeJbIX (PalMOHa/NbHBIX, JEHCTBUTENbHBIX) YHCEN SIBJSIETCS

TPYIMoH OTHOCUTENBLHO ONEPaLi CJ0XKEHHS;

* MHOXKECTBO pallHOHA/bHBIX (IeHCTBUTEbHBIX) uncea 6e3 HyJsl SABJseTCs
TPYNIOH OTHOCHTEBHO ONepalii YyMHOXKEHHUS;

* MHOXKECTBO BCEX IMOJCTAHOBOK M3 M1 3JIeMEHTOB 00pasyeT Ipyriy OTHOCH-
TEJIbHO ONepali KOMIO3UIMH (YMHOXKEHHs); B 3TOH rpymnre 71! 3J1eMeHTOB,
OHAa HasblBAETCS cummempudeckol epynnoii u obo3Havaercs Sy;

* MHOXKECTBO BCeX JIBU2KEHHMI Ha eBKJIMIOBOH MJOCKOCTH 0OpasyeT rpyrniy
OTHOCHTEJIbHO OTepallii KOMIMO3HIIUH.

Mbl paccMOTpesu JiMiIb HEKOTOpble HanboJee MpocThie, HO BayKHbIE IPYIIIbI.
Pasymeercsi, ecTb W pyrue rpynibl, MpUuéM MX TaK MHOTO, UTO 3aja4a KJaccH-
(uKalmMK rpynn He pelueHa 10 cux nop. Muest rpynnbl — oHa U3 BesMUaHLIMX
uneil B Matematuke. OHa BO3HHKJIa B paGoTe mMatemathka XIX Bexa [amya'l.
Cefiuac Teopusi rpynn pasButa HeoObluafiHO IVIyOOKO, W TPYAHO yKasaTb TaKo#
pasjies MaTeMaTHKH, rie Obl OHa HU TIPUHECJa BecoMble pesyJ/bTaThl. BoJjiee Toro,
TPYNIbl XOPOLIO paboTaloT, HAaNpUMep B XHMHH, KpUCTaJiorpaduu, a CoBpeMeH-
HYI0 (DU3HKY BOOOIIE HEBO3MOXKHO TPEICTABUTh 6€3 TEOPUH TPyl

YnpaxxHeHus

1. ITpoBepbTe BbIMOJIHEHHE CBOUCTB (3) /Il MHOXKECTBA MOJCTAHOBOK U3 TPEX 3JE€MEHTOB.

2. TlpoBepbTe BbINOJIHEHHE CBOHUCTB (3) JJIsi T€X MOJICTAHOBOK W3 UETHIPEX 3JIEMEHTOB, KOTOpbIe
€/IMHULLY TIePEBOJAT B €IMHHULLY.

H3papucr Tanya (1811—1832) — dpaniy3cKHii MaTeMaTHK.
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3. Dyger Jin rpynnoil MHOXECTBO BCeX TaKUX MOJCTAHOBOK M3 UETHIPEX 3JIEMEHTOB, KOTOpPbIE Mepe-
BOJAT €IMHUIY B IBOHKY?

4. UYro npencrapisier coboil Komno3uiius capura Dy u Bpaillenusi Do Ha myiockocTu? BepHo Jin,
4qTo D1 ODQ = DQOD]?

5. [loka)kute, UTO MHOXKECTBO BCEX JIEHCTBUTE/bHBIX UMCEJ, OTJIMUHBIX OT HYJIsl, SIBJSIETCS TPYMNIoi
OTHOCHTEJILHO OTlepallil YMHOXKEHHSI.

6. SlBasiercst i rpynnoi OTHOCUTEBHO OTePALIMH CJI0KEHHST MHOXKECTBO BCEX HATypaJsibHbIX UMCEs?

7. Ilpunymariite rpynmy M3 MsTH 3J1€MEHTOB.

§ 5. KomnaekcHbie uncaa

MHuozkecTBO R 1€ICTBUTENLHBIX YHCEN BEIET ceOs UIeasbHO 10 OTHOIIEHHIO
KO BCeM apH(pMeTHUECKHM OrepalysiM B TOM CMbICJIE, UTO TPH CJOXKEHHH, BbIUM-
TaHUH, YMHOXKEHUH W JIeJIEHUH JIBYX JE€HCTBUTE/bHbBIX UHCEJ CHOBA MOJydyaeTcs
JefcTBUTeIbHOE urcsio. O1HaKO KBajpaTHble KOPHU MOXKHO H3BJIEKATh TOJLKO M3
TOJIOXKHUTE/IbHBIX JeHCTBUTE/BHBIX YHCe]. DTOT (aKT co3aaeT GoJbline Heypr00-
CTBA, B YACTHOCTH IPHU pellieHUH anrebpanyeckux ypaBHeHui. Bol 3Haere, Hanpu-
Mep, UTO KBaJpaTHOE ypaBHEHHE UMeeT JeHCTBUTENbHbIE KOPHH TOTA U TOJNBKO
TOIJa, KOrJla €ro JMCKPUMHHAHT sIBJISIeTCSl HeOoTpUllaTesbHbIM. TakuM o6pasom,
OJIHM ypaBHEHHSI HMEIOT JIBa KOPHS, a Ipyrie — HU OJHOro. AHaJOruyHO 06CTO-
T JIeJI0 M C YpaBHEHUSIMH MHBIX cTeneHeli. Hanpumep, ypasHenne x> = 1 umeer
TOJILKO OJIMH JeHCTBUTE/bHLI KOpeHb X = |, a ypaBHenue x> —7x +6 = 0 —
Tpu KopHst: 1, 2 n —3.

Ho yxxe B XVI Beke MarteMaTHKH MOHSIJIH, KAKUM 06pa30M MOXKHO 3arucaTh
pelieHus JI0OOTO KBaJPAaTHOTO ypaBHEHHMS], JaXKe C OTPHLATENbHBIM JTUCKPUMHU-
nautom. Mctopusi Hauanach B 1545 romy, korna Kapnano!? ony6aukosan dop-
MyJIy JIJIsi BbIUMCJIEHHS KOpHEH KyOuuecKoro ypaBHeHHsi. OJHAKO B HEKOTOPbIX
cJyuasix ero popmyJa JaBaja cTpaHHbIi pedysabrat. Hanpumep, kopenb x = —3
ypaBHenus x> — 7x + 6 = 0 ¢ nomoubio hopmysnl KapaaHo sanucbipasics Tak:

\'5/—3+190@+\3/—3—190@- @

3HauWT, 3TO BbIpayKeHHE UMEJIO CMbICJI HECMOTPSI Ha TO, UTO CO/IePKaJsIo KBal-
paTHbI KopeHb U3 oTpulatesbHoro yncnal OObscHeHne Hallel Ipyroid Matema-
tuk XVI Beka, Bom6ennu'3. B 1572 romy on ony6mkoBan kuury «Asre6pa», B
KOTOPOH H3JI0KHJ TEOPUIO KOMNACKCHbLX Yucen. Mbl pacckaxeM 06 OCHOBHBIX
UesX 9TOH TEOPUH, UCTIOJb3YSl COBPEMEHHYIO MaTEMAaTHUECKYI0 T€PMHHOJIOTHIO.

O603HaunM Bbipaxenne \/—1 GYKBOI i U HA30BEM ero MHUMOL eOuHuyell.
MHuumast ennHuIIA He SBJSIETCS 1€HCTBUTENbHBIM YHCJIOM, HO Mbl PACIIPOCTPAHUM
Ha Heé Bce asreOpanyeckude CBOMCTBA JIEHCTBUTE/bHBIX uuces. Bynem cunrats,

12 Tskeponamo Kapaano (1501—1576) — urasbsHCKHil Bpau H MaTeMaTHK.
BPachasis Bombennn (1526—1572) — HTaibSHCKMI MATEMATHK.
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MO OMNpeJeJeHHI0, YTO MHUMYIO €IMHHUILy MOXKHO YMHOXKaTb Ha JIEHCTBUTE/bHbIE
uhcJsa v npubaBfsaTh €€ K 1eHCTBUTENbHBIM UhcaaM. TakuM 06pa3oM, Mbl pacllin-
pUM T0J1€ IeHCTBUTE/IbHBIX uKces1, 100aBUB K HEMY HOBbIH 3JieMeHT i. B pesyiib-
TaTe MOSIBATCS JIPyrHe HOBblE 3JIEMEHThI, KOTOpble 3anuchiBaloT B BUiae a + bi
M Ha3blBAOT KOMAAeKCHoiMU yuciamu. Ecan b = 0, To KoMMeKCHOe uuc-
JIO SIBJISIETCST IEUCTBUTENbHBIM uncaoM. CJieloBaTebHO, 1eHCTBUTEIbHbIE YHCA
COCTABJISIIOT YACTb KOMIJIEKCHBIX UMCEJI:

NcZcQcRcC.
KomruiekcHble uncsia GyeM CKJaabiBaTh U YMHOXKAThb M0 TAKHM MpaBHJIaM:
(a+bi)+(c+di) = (a+c)+(b+ad)i; (a+0bi)(c+di) = (ac—bd)+(ad +bc)i.

BTopoe paBeHCTBO MoJyuaeTcs B peayJibraTe HO'—IJIeHHOI‘O nepeMHOXKeHHsT U MpHU-
BeJIeHUs MOJOGHBIX UJIEHOB ¢ YUETOM cooTHolIeHus i = — 1. Hanpumep,

(2+30)(6—i)=12—2i + 18 —3i®> = (12+3) + (18 — 2)i = 15+ 16i.

JLJ151 Kaxk0ro KOMIJIEKCHOTO Ukcsia MOXKHO HalUTH emy obpaTHoe. Jlist Bbiunc-
JIEHUs] KOMIIEKCHOTO YMcJ/a, 00paTHOrO YUCay a + bi, UCMOJIb3YIOT YMHOXKEHHE
Ha conpancénroe uncao a — bi. Hanpumep,

I 2-3% _ 2-3 2 3
243 (2+3)2-3) @A+9+0-i 13 13"

JInst onepauuit c/0KeHUsT U YMHOXKEHHUST KOMIJIEKCHBIX UMCeJs BbITOJHSIOTCS
akcuombl (1), cienoBaTesbHO, MHOXKECTBO BCEX KOMIJIEKCHBIX 4yHces oOpasyeT
noJsie. [locsienHee coepKUT Bee EHCTBUTE/IbHBIE YHCA, T03TOMY FOBOPSIT, UTO
noAe KOMAACKCHOLX 4UCEA NOAYHCHO PACULUDCHUEM NOAS 0eliCMBUMEeAbHbLX
yucen. C MOMOLLBIO KOMIJIEKCHBIX YHCeJ MOXKHO 3anucaTb KOpHH JItoO0ro KBaj-
patHoro ypaBHeHusl (3T0 BrepBbie cienan bom6ennn). Hanpumep, nas ypashe-

nust x2 = —1 KOpHHU paBHbl i M —i, MOToMy uTo (4i)?> = —1, a KOpHU ypaBHeHHsI

x? — x + 1 = 0 MOXKHO HailTH 110 U3BECTHOH HAaM (opMy.e:

XI,QZ;:I:\/T: P \ﬁ \Qf

TouHo Tak ke MOXKHO pelIuTb /060e KBajpaTHOe ypaBHeHHe M OHO BCe-
riaa OyjleT MMeThb POBHO JiBa KOpHs. Temepb sicHO W rodemy cymma (7) Oynet
JIeAiCTBUTENIbHBIM uucyoM. [lepBblfi U3 NBYX KyOHUECKHX KOpHEH MpejcTaBJisier

i i
co60i KOMIIJIEKCHOE YHCJI0 — = + ——, a BTOPOH paBeH — = — —— (IIpOBepbLTE
SREWE poit p 5 93 (mposep

3TO BO3BejleHHeM B Ky0!). MIx cymma paBHa J1eHCTBUTENLHOMY YHCIY —3.

XoTsi KoMIJIeKCHble urcsa Oblid oTKpbIThl B X VI Beke, no-Hacrosiiemy ux
pOJib MOHSIM 3HAYNUTENBHO T03:Ke, B Havase XIX Beka. DTomy mpejliecTBoBa
psilL 3aMeuaTesIbHbIX OTKPBITHH B MateMaTke. BoT HekoTopble U3 HUX. B KoHue
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XVIII Beka laycc nan cTporoe 10Ka3aTesnbCTBO TaK HA3bIBAEMOH OCHOBHOMN TeO-
peMbl asredpbl: 8cakoe arcebpauiecKkoe ypasrHerue Crmenent 1n ¢ KOMIACKC-
HOLMU KO3 puyenmanu umeem posro n Komniekcrolx koprei'*. Norann
Bepnysn u Jleonapa ditnep oTkpbliu dopmyny
e!® = cosa +isina,

M3 KOTOPOH MpH v = T MoJlyyaeTcs yAMBUTeNbHOE COOTHOLIeHHe e!™ = —1, cBsl-
3blBalolllee UeTblpe 3HAMEHUTBIX uucaa: e, m, i U 1. HakoHell, psia mateMaTHKOB,
B TOM uucse U layce, Hauaau MpeacTaB/sATh KOMILIEKCHbIE UHMC/Ia TeoMeTpuye-
CKH, KaK TOUKH MJ0CKOCTH. [1pn 9TOM KoMmiekcHOMY uncay a + bi craButes B
COOTBETCTBHE TOUKA C KOOpAHHATaMH (a, b).

KomniekcHble umc/a MpUMeHsIIoTCS BO MHOTHX pasjiesiaXx MaTeMaTHKH, (hu-
3UKH, MeXaHHKH M T.J1. B Hauane XX Beka poccuiickuil yuéubiii YKykosckuii'?,
KOTOPOTO Ha3bIBAIOT OTLOM aBHALMH, HALIET HEKOTOPbIe BHJbI CJOXKHBIX Tpa-
eKTOpUH MoJsiéTa camoJiéra, KOTopble BIOCJEJACTBHM OblIM Ha3BaHbl (Urypamu
BbICIIero nunotaxa. OIHy U3 TaKUX (Uryp BBIMOJHUI H3BECTHBIH JETUNK [1éTp
Hukonaesuu Hecrepos. JIpyroii poccuiickuii yuénbiit Kennbiu'® (snocnenctsuu
npesuneHt Axkanemun Hayk CCCP) petns npobaemy ¢aammepa (BHe3anHasi
BUOpaLMsa caMoJ1éTa, IPUBOJSLLASA K €ro pa3pylleHHIo BO BpeMs IoJieTa) U 1po-
6aeMy wummu (paspyluenue Kosec npu rnocajake camoséra). O6a yuéHbx MoJb-
30BaJ/INCb B CBOUX pacuérax MeToJaMH KOMIIEKCHOIO aHaJ/u3a.

CucremMbl KOMITbIOTEPHOH ajreGpbl MO3BOJSIOT MPOU3BOIUTL BbIUMCJIEHHS U
C KOMIJIEKCHBIMH YncsiaMu. MHHMast eIMHUIIA [ TIPU 3TOM 3aMuchiBaeTcst Kak %1
1 BO3BOJIUTCS B KBaJpatT oObIUHbIM criocobom: %I~2= —1. Hanpumep, st Haxo-
xaenns crerenn (1 + )2 nocrarouno ma6path komanmy expand ((1+%I)~20),
B pesysbrate nosiButcst uncso —1024. [1pu peutennu anrebGpavueckux ypaBHe-
HUH C TIOMOLIbIO y»Ke HU3BECTHOH HaM (pyHKIMM solve (cM. §9 mepBoil riaBbi)
HaXoMSITCSl 8ce KOPHH, BKJiouasi KomruiekcHble. Hanpumep, HaGpaB KomaH1y
solve(x~3-1=0,x), Mbl T10JIy4dM TPH KOPHSI:

Lo VBi-l o VBt

,X = x=1
2 2
YnpaxHeHus
1. Haiijure yactHoe 2/w KOMIJIEKCHBIX ukces 2 = | +iu w =2 — i,
I V3 1 V3
2. BosBejenuem B Ky6 MpoBepbTe, UTO YUCJIa ) + l? n—g - l? SIBJSIOTCS KOPHIAMU KyOu-

yecKoro ypasHenust x> = 1.

3. C nomolibio KoMibloTepa HaiiauTe Bce Kopuu ypasHennit x* + x> — 1 =0n x4+ x> +x+1=0.

' TTosToMy roJie KOMIIEKCHBIX YHCE HA3BIBAIOT AA2e0pAUUECKU 3AMKHYMbIM.

SHukonait Eroposuu YKykosckuii (1847—1921) — poccuiickuii MaTeMaTHK, OCHOBATEb a9P0-
JIMHAMHKH.

8 Mcruesas Beerosonosuu Kemabin (1911—1978) — poccHiicKuii MeXaHuK M MaTeMaTHK.
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§ 6. Auare6pbi byas

Aure6pbl Bysisi Ha3BaHbl Tak MO UMEHH OTKPBIBILErO UX MateMaThka J[Kop-
mwka Byna!” B cepemune XIX Beka. MIX 5eKTHBHO MPUMEHAIOT B MaTeMaTH-
UecKOH JIOrHKe, TEOPHUHM BEPOSITHOCTEH M JIpYyruXx pasjenax mateMatvkd. C ux
MOMOLIBIO OMUCBLIBAIOT PAGOTy Pas/UUHBIX YMPABJSIOUINX CHCTEM — peJeHHO-
KOHTAKTHbBIX M 3JIEKTPOHHBIX CX€M, JIOTHUECKHX ceTel, cxeM (DYyHKLHOHAJIbHBIX
3JIeMeHTOB U T. M. X UCMo/b3yIOT B MaTeMaTHuecKol KubepHeTHKe — Hayke 00
yIpaBJIeHUH, co3/laHHoi B cepearte XX Beka Bunepom!®. Paccmorpum Hekoto-
pble MpocCThie 3a7auu, NpUBoAsilMe K anrebpam bByis.

[pumep 6.1. Ha aBromoGu/ibHOl Hopore ecTh 3 onacHbix yuactka, A, B u C,
KOTOpbI€E M0CJIe 10K/ MOTYT CTaTh HeMpoXoauMbIMHU (puc. 126). Kpome Toro, B
TEX MecTax uyacTo ObIBAIOT I'yCTble TyMaHbl U APyrve HEMPUATHOCTH. DTH YyUACTKU
MOKHO 0GOHTH MO APYro# 1opore, HO U TaM €CTb CTOJIb K€ OMacHble ydacTku D
u E. CBelleHUs1 0 COCTOSIHUM YKa3aHHBIX y4acTKOB CHCTEMAaTHUECKH TMOCTYNaloT
K nexkypromy AU, koTopbiit B /1060l MOMEHT JIOJKEH ObITh TOTOB OTBETHUTDH
Ha BOMPOC: MOXKHO MpoexaTb M0 Tpacce WJW HeT? 3ajauya COCTOUT B TOM, UTO-
Obl CKOHCTPYHPOBATh JIOTHUECKOE YCTPOHCTBO, KOTOPOE MOMOXKeT ObICTPO AaTb
NPaBUJIbHBIA OTBET.

X Y Z

Puc. 126

Pewenue. O603naunm uepes A coobliieHne 0 cOCTOsSIHUU yuacTka A, uepe3 B —
cooOllleHne 0 cocTosiHuK yuactka B u T. 1. CooOllieHnsi MOryT ObITh IBYX THIOB
(mpuHKMMaTh ABa 3Hauenus): M — nopora B HOPMasibHOM COCTOSI-

Tabnnua 46 uud W JI — nopora Henpoxoauma. [lyctb npoussenenne AB 060-
A B AB 3Hayaetr coobllleHHe, KOTOPOe XapaKTePU3yeT COCTOSIHUE J0POTH Ha
U U U o6oux yuactkax A u B. Ecau yuactkn A u B npoxombl, TO MPOXo-
hoJa J JIUM U cymMmapHblil yuactok XY . [Tostomy AB npuHnmaer sHaueHue
ﬁ JI/II ﬁ M Tosbko B TOM cJydae, Korjga oba coobiieHusi, A u B, npuHU-

maior 3Hauenne M. Bo Bcex octasmbHbIX cayuasx coobiieHue AB
npuHuMaer 3HadeHue JI. Kopoue roBopsi, Mbl MOxKeM OINpeae/UTh
npoussesienne AB ¢ nomolibio Tabauibl 46.

7 xopmx Byab (1815—1864) — aHramiickuii MaTeMaTHK H JIOTHK.
8HopGept Bunep (1894—1964) — amepHKaHCKHIT MaTeMaTHK.
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Hanee, o1 Y 10 Z mMoxHO 106paThes IBYMs MyTsIMH, uepe3 yuacTok C WiH
yuactok E. I[TosTomy Bompoc, KOTOpbI Hac HHTepecyeT, MOXKHO

COpMyJIHPOBATH TAK: MOXKHO JIH TPOEXaTh XOTsi Obl MO OJHOMY Tabmnua 47
13 3TUX yuacTkoB? [lyctb cymma C + E oGo3Hauaer HekoTOpoe ¢ E C4+E
cooOliieHre, KOTOPOe XapaKTePH3yeT BO3MOXKHOCTb npoe3ia or Y U WU U
no Z. Umenno, C + E npunumaer 3uauenne M (mytb oTkphiT!) B hoJ i
TOM CJlyuae, KOrJia MPUrojieH JUisi Poe3/ia XOoTst Obl OJIMH U3 yuacT- ﬁ JI/]I g

kKoB C uiu E, To ecTb oaHO U3 coobiuenndt C unu £ npuHumaer
snauenue M. Mrak, mbl onpenensieM cymmy C + E Tabvuen 47.

Mcnonb3yst 9TH MOHATHS, Mbl MOXKEM Telepb 3anucath cooblleHne S, KOTo-
poe npuHumaet 3Hauenue M, ecau npoesn ot X 1o Z Bo3MoxKeH, W 3HavyeHue JI
B MPOTUBHOM cJyiyuae. OHO MMeeT B

S = (AB + D)(C + E). 8)

JlonyeTtum, 1exypHblii oJtydns coobliieHus, ykazannble B Tabsuie 48. Torna,
MOJICTaBUB UX B (hopMyJy (8), OH C TOMOIIBIO

Tabsnua 48
TabuL 46 U 47 MOXKET BbIYMCJIUTbL 3Haye-
uue S: (M + M)+ H) = (1 + U = Coobmenne A B C D E
= U = U. llyts otkpuit. Ha camom neite, 3HaueHue M J J U U

JIeKYPHOMY BOBCe He 00513aTe/ibHO BCE Bpe-
Ms ToJib30BaThest popmydioit (8). Jlerko pea-
JIM30BaTh MpocCTelillee TeXHHUECKoe MpucrnocobeHne, Kotopoe Oyaer paboTath
apromatHueckd. [lpencraBbre cebe, uto Ha puc. 126 n3oOpakeHa 3JeKTpuue-
CKasl 1leMb, KOTOpasi MOxKeT ObITb pa3oMKHyTa Ha ydactkax A, B, C, D, E. B
0ObIYHOM peXKUMe Lielb 3aMKHYTa, 110 HeH WET TOK U B KOHEUHOH TouKe Z TOpUT
JlaMIouka. DTo 03HavaeT, uTo Mnpoesj Bo3MoxkeH. B cayuae, eciu, Hanpumep, ¢
yuactka A npuxomut curiaj JI (yuacTok HEMpoXoamm), TO aBTOMATHUECKH pas-
MblKaeTcs 1enb Ha yuactke A. Ho siamnouka rnpojo/iKaer ropeth, Tak Kak B Lenu
ecTb TOK (mpoess elié Bo3aMoxkeH). Kak ToJsibKo lamna roracjia — npoessia Her.
Ml paccMoTpesii 04eHb MPOCTOH NpuMep. B paccmaTpuBaemoli cutyauuu ne-
YKYPHBIH BIIOJIHE MOT 060HUTHCH U 6€3 CTOJIb TyGOKOT0 JJorHueckoro aHaauaa. Oji-
HaKo Nolo6HbIN aHAMN3 COBEPIIEHHO HeOOXOIMM, €CJIM Mbl HAMepeBaeMCsl yIpaB-
JISITh CJI02KHBIMH CHUCTEMaMHM, HarmpuMmep AOPOKHOH ceTblo GOJbLIOr0 ropoja.
MaremaTiyecKyo OCHOBY HAallMX PACCYXKIEHUH COCTaBJSIOT TaOJH-

bl 46 11 47, KOTOpble ONPeeSIOT OMlepaLH YMHOKEHUs! H caloKerns  1a0HLa 49
Ha MHOXecTBe 00beKTOB A, B, C, ..., KaXKIbli U3 KOTOPbIX MOXKET A A
npuHUMaTh JBa 3Hauenusi — WM uau JI. Tabanua 49 onpenensier emé U

J U

OJIHY JIOTYCTHMYIO OTIePalfio HaJ 3TUMH 00beKTaMH — OTpHUIIaHHE.
MuoxectBo B asnementoB A, B, C, ..., Ha3biBaeTcs aieebdpoti
byas, ecv KaxIbli U3 3J1eMEHTOB MOXKET NPUHUMATh JBa 3Hadenust M uiu JI, u
Ha B 3ajlaHbl onepalyi CJ0KeHUs, yMHOXKEHHUST U OTPULIAHUS, IEHCTBHE KOTOPBIX
onpenessiercs Tabauuamu 46, 47 u 49,
C anrebpamu Byasi mbl yxke ctankuBamucs. CjydatiHble COObITHSI, PACCMOT-
peHHble B L1eCTOH r1aBe, 00pasytoT anredpy Bysis oTHocHTe/NbHO BBEAEHHBIX /1151
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Ta6snua 50

O=N>=<™
== Bl

HUX Orepalui CJA0XKEHUSI U YMHOXKeHHUsl. B MaremaTHuecKoi JiorMke H3y4aioTcst
anre6pbl bysis, snemeHTaMu KOTOPBIX SIBASIOTCS BblcKa3bl8aHu. Kaxkaoe Bbl-
CKa3blBaHHE MOKeT ObITh JIMOO HCTUHHBIM (TO €CTh NPUHUMATh 3HaueHue M), ju-
60 JI02KHBIM (TO eCcTb NpUHUMAaTh 3HaueHue JI). BbickasbiBaHue, NPOTHBOMOJMOXK -
Hoe BbICKasbiBaHHIo A, o603Hauaercsa yepes A. ElIE oHAM BAaKHBLIM TPHMEPOM
SIBJISIETCS] COBOKYMTHOCTb BCEX MOJMHOXKECTB JAHHOTO MHOXKeCTBa, 06pasylolux
anre6py bByJist oTHocHTe/bHO orepalMil 06'beIMHEHHUS U ITepeceyeH st MHOXKEeCTB.

[Ipumep 6.2. Bo Bpemsi onpoca KaxK/plii 3 UETBIPEX MO03PEBAEMbIX ClIe/IAJ
CJIeZIOBATEIO TPH 3asIBJEHHUS.

Baser: «$ He BUHOBeH»; «Ty3a s He 3Hat0»; «Cepblil 3HAET, KTO 3TO CAeIa».
XBat: «Id10 cienan He si»; «C CepbIM 51 He 3HAKOM»; «ITo caenan Tyss.

Tys: «$1 He BUHOBeH»; «DT0 clienan Cepblii»; «XBaT JOKET, 3TO cesal He 5.
Cepbiii: «$1 He BUHOBeH»; «DT0 caenan Bajger»; «XBaT MOXKeT 32 MeHsI MOpY-
YUThCSI».

[1pu nepekpécTHOM a0TpOCe KaXK/bli U3 M0J103PEBAEMbIX TIPU3HAJ, UTO U3 TPEX
C/Ie/IaHHBIX UM 3asiBJICHHH [1Ba BEPHBIX U OJIHO HeBepHOoe. MoxKeT JiM c/e10BaTesb
OTpE/Ie/IUTh MPECTYNHUKA Ha OCHOBAHWH TIOJYUeHHOH MH(pOpMaInu?

Pewenue. [Tpoanasusnpyem BbicKa3biBaHHusl, CleaHHble B X0j1e gorpoca. st
3TOro opMasudyeM Hauiu paccyxkiaenus. O603HaUNM BbICKa3bIBaHUS MO03pe-
BaeMbIX By, Bo, B3, X|, X9, X3 u 1. 1. Hama uenb — ycTaHOBUTb, KaKhe U3 HUX
SIBJISIIOTCS HCTUHHBIMU, a KaKue — JIOXKHBbIMU. 3anuch X| = W, nanpumep, 6yaer
Jajiee 0603HaUYaTh, UTO MEPBOE BbiCKa3biBaHue XBaTa HCTHHHO.

[Ipexxne Bcero 3ameTuM, 4To nepBoe M TpeTbe BbicKasdbiBaHus Tysa Jiornue-
CKH CB$I3aHbl MexKjy COOOH H, MO CYyLIECTBY, NMPEACTABJAIT cOO0H OIHO H TO
JKe yTBepxKieHue «s1 He BUHoBaT». [loaTomy oHu siu60 06a MUCTUHHBI, MO0 06a
JoxkHbl. Ho Tak Kak n3 Tpéx BbicKasbiBaHuH Ty3a J102KHOE TOJIbKO OJIHO, TO OCTa-
€TCsl eIMHCTBEHHbBIH BapuHaHT: 00a BbICKa3biBaHUsI, TIEPBOE H TPEThbE, SIBJASIOTCS
ucTuHHbIMU. CJlefioBaTe/ibHO, MOXKHO 3anucatb 1) = U, To = JI, T3 = H.

Tenepb sicHo, uTO TpeTbe BbicKa3dbiBaHue XBaTa («mpecTynHuk — Ty3») siB-
Jsiercs JoxKHbIM. [losToMy ocrasnbhble aBa McTHHHBL MTak, X| = U, Xo = U,
X3 = JI. ITockosbKy BbicKasbiBanue To J103KHO, TO Cepbiil He BAHOBEH. 3HAUMT,
C; = W. Kpome Toro, BbickadbiBanue Cs JI0XKHO, Tak KakK UCTHHHO Xo. CJienoBa-
tesibHo, Co = M. Ho 310 03Hauaer, uto npectynHuk — Bager, To ectb B = JI,
By =W, By =W.

[To cyuiectBy, MoAOGHbBIf JIOTMUECKUH aHAJTU3 MPOBOJUT BCSIKHI OMBITHBIH
caenoBaresib. OnHAKO B peasibHBIX Jesiax 4yacTo OblBaeT BecbMa
60J1bLI0E UUCJIO YUACTHUKOB (CBUETEJIEH, 10103PEBAEMBIX U T. /I.) U
NPUXOJUTCS] aHAJIM3UPOBaTh 00JIblIOE UUC/O BblcKadbiBaHUH. B Ta-
KHX CJlydasix pedyJsibTaThl MPeJACTaBIsIOT B BUe TaOJHLl, 1Uarpamm,
cxeM M T.M. Tak, pe3yJsbraThl HALIUX PacCy:KIeHHH MOxKHO oop-
MUTb B BUJe TabJiuiibl 50, B KOTOPOH Mbl MOCJE10BATENbHO 3aM0J-
HUJIM TPETBIO, BTOPYIO, UETBEPTYIO M, HAKOHELL, MEPBYIO CTPOKH.

= Bl = E
O 2= w
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s ananusa 6oJbLIOrO YMca JaHHbIX OOBIYHO HUCIOJIb3YIOT KOMITBIOTEPHI,
KOTOpble CMIOCcOOHbI NepebpaTth MpakTHUECKH Jto6oe unco BapuaHToB. [Ipoueny-
pa nepe6opa OCyLIECTBJISIETCS] ¢ MOMOLIbIO GopmyJt anrebpsl byas. s kaxkno-
ro U3 BapHaHTOB MallIUHA MPOBEPSIET, BBIMOJHSIOTCS JIH 3a/laHHble CBSI3H MEXKLy
BbICKA3bIBAHUSIMH, KOTOpblE 3aMUCHIBAIOTCSl Ha si3blKe aJjrebpbl bByss. B pac-
CMOTPEHHON HaMM 3ajiaye UUCJIO Pa3JHUHbIX BAPHUAHTOB 3aMOJHEHHS TaOJHILbI
paBHO 81, a CBSI3W MeK/y BbICKA3bIBAHUSIMU TAKOBBI:

Ty = T;, X3 =T, Ty =Cy, Co = Bj.

B 3aksouenne oTMeTHM, UTO, C OJIHOH CTOPOHBI, anre6pbl ByJist npeacrassi-
10T COO0H TEOPETHUECKYIO (JIOTHUECKYI0) OCHOBY WISl pacuyéra pas3jiMuyHbIX 3JeK-
TPOHHO-BBIUUCJUTENbHBIX CXeM, TaK KakK Jiio6ast 3JeKTpuueckas Lelb MOXKET Ha-
XOJIUTbCSl B OJTHOM H3 JIByX COCTOSIHWH: JIMOO OHa MPOIYyCKaeT TOK, JIMOO HeT.
ATO ¥ MO3BOJSIET CUMTATh LIEMH djeMeHTaMu anre6pol Bynst co 3nauenusimun M
win JI. C apyroit ctopoHbl, ¢ nomolbio 9BM MoxKHO 3¢ deKTHBHO aHAIN3UPO-
BaTb pas/iMuHble CUTyalluH, MOJ0OHbIE OMHUCAHHBIM BBILLIE.

YnpaxHeHus

1. Jloxaxkurte, UCoJib3ysi NpaBUjia yMHOXKeHUsT U3 nsiTol riaBbl (ctp. 130), uto KoJHuecTBO
JIMUHBIX BapHaHTOB 3aroJiHeHus1 Tab/niel 50 paBHO 81.

pas-

2. PaccmatpuBast fesio 06 yrone aBToMoOHIs, cle/loBaTe b A0MpalliBaJ UeTbIPEX M0J103peBAEMBbIX.
Annpeit ckasan: «Ecan Cepreii He yroHsn aBroMoOuJs1, To ero yruan bBopuc». Cepreil no6aBu:
«Ecnu Bopuc He yrous, To ero yruan Annpet». JImutpuit Bo3pasus: «Ecan Bopuc He yrous, To
ero yrHas Cepreit». bopuc 3asBus: «Ecau AHjipeil He YroHsisI, TO €ro yrHaJg si». Y1aja0Ch BbISICHHTD,
yto Auapeit cosran, a bopuc ckasan npasny. [1pasauBbl jiu nokasanust Ceprest u JImutpus? Kro
yrHaJ MallHy?

3. B mnapyuienun npaBui oOMeHa BaJjlOThl MO103PEBAIOTCS ueTbipe pabGoTHuka Ganka — A, B, C
u D. M3BecTHO caenytoulee:
a) ecau A nHapywmns, To ¥ B Hapylus nmpaBu/ia o6MeHa BaJiOTHI;
6) ecau B Hapyuui, To Ju6o u C Hapyuui, au6o A He Hapyiads,
B) ecau D He Hapyums, To A Hapyumia, a C He HapyuIaJ;
r) ecau D Hapyuus, T0 i A HapywuJI.
Kro 13 nojospeBaeMbix HapyllIUJ rpaBujia o6MeHa BaJiioThl?

4. Kro us qoneit A, B, C u D urpaer, a KTo He Urpaer B LIaXMaTbl, €CJIM U3BECTHO CJEIyIOLIEe:
a) ecan A unn B urpaer, o C He urpaet; 6) ecau B He urpaer, o urpaiot C u D; B) C urpaer.
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O Teopumu
NPUHATHUS
pelleHUH

Besikoe uesneHanpaB/ieHHOe JeHCTBHE de-
JIOBEKa MpeaBapsieTcsl HEKOTOPbIM YMCTBEHHbBIM
yCUJIMEM, pa3MbllLJIEeHHEM, pPe3yJbTaTOM KOTOpPO-
ro sipjsieTcsi MpuHsiTHe pelienus. [Ipunstue pe-
LIEHUH — OJIHO W3 BaXKHEHIIMX 3aHSATHH UyesioBe-
Ka Ha NPOTSKEHWH BCEH €ro xuznu!. Kamblii
JleHb Mbl TPUHUMAeM MHOXKECTBO Pa3J/IMUHbIX pe-
LIeHHH, OT CaMbIX MPOCTHIX 10 BECbMa CJIOXKHbIX.
Kakyio Haners py6auiky? Uro Kynuth Ha oben?

§1.

B kakoii By3 moctynuth? Kakomy coTpyaHuKy
nopyuutb padoty? Takue pelieHHs] Mbl MPHHU-
MaeM Ha OCHOBAHHM JIMUHOTO OMbITA W 3IPABOTO
cMbicaa. OJHAKO B CJOMKHBIX CHTYaLHsIX 3TOTO
HELOCTAaTOYHO, U /IS TIPUHSTHSI OTBETCTBEHHBIX
pelIeHui MPUXOJUTCS MCIMOJb30BaTh CrelHalb-
Hble METO/Ibl U PACUéThI.

Maremarnueckne MeTOJbl MO3BOJISIIOT BO
MHOTHX CHUTyallMsiX HAlTH ONTHMAaJbHOE pelle-
Hue. Uucesao Takux MaTeMaTHUeCKUX METOJ0B J10-
BOJIbHO BEJIMKO, U MHOTHE U3 HHX BECbMa CJIOK-
Hbl. B 3TO# KHHre MBI TPOIEMOHCTPUPYEM JHIIIb
HEKOTOpPble M3 HHUX, MPHUEM B CaMbIX MPOCTHIX
cutyauusx. Tem He MeHee, BHUMATE/bHbIH UHTA-
TeJlb, He UMeloLMi npenybexieHuss K MaTeMa-
THKE, CMOKET MOUYEPIHYTb MHOTO MOJIE3HOr0 U
NIPUMEHHUTb 3TH METOJ/bI B CBOeH paboTe.

MartemaTuka U COBpEMEHHbIA MUP

Kyaomypoii (B 1IMPOKOM CMbICJIE) HA3bIBAIOT COBOKYMHOCTb BCEX MaTepH-
aJlbHbIX MU JIyXOBHBIX LIEHHOCTEH, HAKOMJIEHHbIX Ye/OBEUEeCTBOM 3a ONpeje/eH-
HYI0 HUCTOPHUECKYIO 310XY. [0BOPAT TakxkKe O KyJbType JAaHHOH LUMBHUJIM3ALMH:
LIyMEPCKOH, eruneTcKoi, KUTaUCKOH, rpeKo-puUMCKOH, eBporneidckol. M kakoi
6bl HCTOPUUECKUH OTPE30K Mbl HU B3s1JIH, KAKUMH Obl reorpaduuecKuMH paMKa-
MH HH OFPaHHUMJIMChL, TaM BCerja MPUCYTCTBYET MaTeMaTHKa. DTO W MOHSTHO:
JIIOJIAIM BCerjia Hajlo ObLIO CUMTATh, H3MEPSATH, TPOU3BOANUTL BCEBO3MOXKHBIE BbI-
YMCJICHHUS], UTOOBI CTPOUTb, TOProBaTh, AeJaTh KaJleHAapHble PacuéThbl, AJHUTb
ypoxkai, cobupaTb HaJjoru u T. 1. [Tostomy MaTemaTnka 3apoau/iach 3HaUUTE/b-

HO paHbllle JPYTrux Hayk.

Bblcokopa3BuTyto MaTeMaTHKy yuéHble 0OHAPYKUBAIOT B €MHIIETCKUX Manupy-
cax ¥ BaBUJIOHCKHX KJMHOMUCHBIX TEKCTaX MATUThICSUeeTHel naBHocTH. 3a 500
Jiet 1o HoBoit Dpbl Hauasics paciiBeT MaTeMaTHKK B IpeBHel [pelnu, 1aBiieid Mu-
py ITudaropa, EBkinna, Apxumena 1 MHOTHX JPYrUX 3aMeuaTeJbHbIX YUEHBIX H
dunocodon. Kuraiickue marematuku yxxe 3a 2000 et 1o HoBoit Dpbl nocturiu
YIUBUTEJbHBIX YCIIEX0B, a B UX MaTeMaThuecknx kHurax XIII Beka oGHapy:KeHbl
HEKOTOpble METOJIbl pellieHUsl YpaBHEHUH, nepeoTKpbiThie 3aTeM B XIX Beke. B
cpenHue Beka OypHO pa3Buiach WHIAMACKast U apabckasi matemartuka. Hanpu-

lHac HE UHTEPEeCyloT pe(p.ﬂeKTOprle, CIIOHTaHHbIE ﬂeﬁC’I‘BI/IH, KOTOpPbI€ YeJIOBEK MPOU3BOAUT
He pa3Mbllljisisl, HallpUMep Mpu BHE3arHOM MaJAeHWH, TMOJA BJAUFAHHEM CHJIbHBIX UyBCTB, CHJILHOTO
roJjiona, BO Bpems IlJIHTeJIbHOf[ pa60TbI Ha KOHBeﬁepe H T.I1.
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Mep, JIeCATHUHAsT TIO3UIMOHHAS CHCTeMa, KOTOPOH Mbl ceiluac moJib3yemcs JJist
3aruCcH uuces, — HU300peTeHre MHAMHCKUX MaTeMaTHKOB VI Beka.

Pa3BuTHe MaTeMaTHKH CTUMYJHMPOBAJH TMPEXK/E BCEro 3KOHOMHUECKHE (haK-
Topbl. HeM aKTHBHee YeJIOBEK BTOpraJjcsi B MPUPOJY W pa3BUBaJ MPOU3BOJCTBO,
TeM GoJiblile OH HYXKJaJcsl B MaTeMaTHKe. 3a HECKOJIbKO ThICSU JIeT MaTeMaTHKa
cleslana KoJoccCalibHbIH 1ar Brepei: OT cuéra B Mpejesax jecsTka 10 eé co-
BPEMEHHOTO COCTOSIHUSI — (PAHTACTHUECKOH CJIOKHOCTH W HEBOOOPA3UMOM pas-
BETBJIEHHOCTH. BJiaroapsi yCH/IMsiM MaTEMaTHKOB TIPEXK]Ie BCETO JBYX MOCJETHUX
CTOJIETHH TOJIbKO B COBPEMEHHOH «UMCTOH» MaTeMaTHKe Pa3jMualoT OKOJO CTa
KpYyMHeHIMX obsacTel, Kaxaas U3 KOTOPbIX MOJpa3essieTcsi Ha HECKOJIbKO Jie-
CATKOB HampasJjieHud. Kpome TOro, BO3HUKJIM HOBbIE HAIMTPaBJIeHHs: KHOepHeTHKaA,
BBIUMCJIMTENbHAST MaTeMaTHKa, HHpOpMaTHKa . . .

3a nocnennue 50 JIeT CTPEMUTENbHO Pa3BUJACh BbLIUHCJUTENbHAS TEXHH-
Ka, TMOSIBUJIUCH 3JIEKTPOHHO-BbIYHCJIUTE/bHbIE MAaIIMHBI, C TIOMOILBIO KOTOPBIX
YCIELIHO PelialT KaK MPHUKJaJHble, TaK U UUCTO MaTeMaTHUeCKHe 3ajaun. A rep-
coHaJibHble DBM HauMHAIOT 3aHUMaTh B »KM3HH COBPEMEHHOro uejioBeKa OoJiee
Ba)KHOE MECTO, UeM aBTOMOOWJIb. DJjiarojapsi Hayke, MpPOU3BOACTBO (M Mpexe
BCEro — pa3BUTHE TEXHOJIOTHH) 3a TIOCJeJHHE JIBA BeKa JOCTHUNIO HeObIBaJbIX
ycnexoB. Cefiuac HacesieHHe GOJIBIIMHCTBA CTPaH XKUBET B TakOM KOMopTe,
KOTOPOro He MOIJIH cebe Jake BOOOpPa3UTh COBpeMeHHHWKH berxoBena u [ere.
[TosToMy mocTeneHHO HayKa — a MOJL 3TUM TEPMHHOM CTaJId TIOHUMATh MPEXKIIE
BCEro TOUHble HAYKH — 3aHsiJla B yMax Jitojiel U 0011IeCTBEHHOM MHEHHH BaXKHOE
MecTo. B urore B XX Beke MpoU301I/I0 TO, Uero paHbliie He ObIO U B TTOMHHE —
rocyJlapcTBa, KOprnopaluu U Jlaxke YacTHble JiMlia cTajd (PUHAHCHPOBATh Hayu-
Hble MCCJeq0BaHusl. DTo, B OOLIEM-TO, [0JIOXKHUTEJIbHOE SIBJIEHHE, JAJ0 KOCBEH-
HbIH OTPULIATENLHBIA 3P hEKT — NpeyBeanueHrne PoJid TOUHbIX HAyK H, B MEPBYIO
ouepeJib, KOHEUHO, MaTeMaTHKH, Ha KOTOPOH BCe 3TH HayKW OCHOBaHbl. Bo3HuKII0
(naxke B cpejie crielMaJMCcToB!) MpejcTaBjeHde O BCEMOIYLIeCTBe MaTeMaTHue-
CKHX METOJIOB; a MOCKOJIbKY, BI0OABOK, MaTeMaTHUECKHUH 513bIK BeCbMa CJIOXKEH
W crielldpuueH, To B ymax oObIBaTeJieil MaTeMaTHKa CTajla acCOLMHPOBATLCS C
UyeM-TO BpOJie Maruu.

XoTs aBTOpbI 3TOH KHUIH M0 NMPodecCHd MaTeMaTHKH, OHM He pPasyieisiioT
TOUKY 3pEeHHSsI, COTJIACHO KOTOPOH «B KaxKJ0H HAayKe CTOJIbKO UCTHHBI, CKOJIbKO B
Hell MaTeMaTHKK». CyI1eCTBYIOT HayKH, YPOBEHb Pa3BUTHS KOTOPHIX €Il He 103-
BoJisieT 3EeKTUBHO MPHUMEHSAThL MaTeMaTHKy. Ho 3To He ymassieT posid apyrux,
HeMaTeMaTHYeCKMX METOJIOB, KOTOPble €CTh B KaXKJ0H HayKe, U C MOMOLIbIO KO-
TOPBIX JIOCTHrAIOTCS TPeKpacHble pedysbTaThl. Jleso He B TOM, KAKHMH MeTOJIaMH
N0JIb3yeTcst yUEHbIH, MATEMATHUECKUMH WJIH JIPYTUMH; IEHHOCTh MOJIYUEeHHbIX UM
pe3yJIbTaTOB 3aBUCHT B TIEPBYIO OUepe/ib OT ero NpoecCHoHaIN3Ma U UECTHOCTH.

JlocTaTouHO MPOYHTATh COUMHEHUS BEJIMKUX pycckux uetopukos C. B. CoJo-
BbeBa 1 B. O. KitoueBckoro, uTo6bl MOHATh, UTO UCTOPUSI — 3TO HACTOSIIIAS Ha-
yKa, X0Tsl B Hell MaTeMaTHUeCKHe METO/Ibl TOUTH He MPUMEHsIoTCs. A mjiaueBHoe
COCTOSIHHE COBETCKOH UCTOpHOrpacru BOBCE He pe3yJ/ibTaT OTCYTCTBHS B Hell Ma-
TEeMaTHUECKHX METOJIOB, a Pe3yJbTaT CEMUECSTHIIETHETO JIaBJEHHST UJIE0JOTHH.
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M ecsin coBpemMeHHOE POCCHICKOE NMPAaBO UMEET CyLIeCTBEHHbIE MPOOeJbl, TO BU-
HOBAaTbl B 3TOM He HacCTOsILME YU€Hble-NpaBOBe/bl, a Ta »Ke HICOJIOTHs, 10JIroe
3acuJie TaKuX MCeBAOYUEHbIX, KaK BBIIIMHCKUI C ero MPUHUMIIOM TPe3yMILHH
BUHOBHOCTH W JIDYTUMH «HAXOJKaMH»; K 3TOMY MOXHO JN00aBUTb ellé U «Te-
JiepoHHOE TIpaBO», JIOJT0 3aMeHsIBlIee BCe 3aKOHbI, H, HAKOHell, UCTOpHUeCcKHe
TpaJMUMHU: Bellb HAa PycHu MCIOKOH BeKy MHEHHe HadyasJbHHKa 3Hauujo GoJblile,
ueM 3aKOH.

OpnHako, BHe BCSKOrO COMHEHHS, TPAMOTHOE M aKKypaTHOe MpUMeHeHHe Ma-
TeMaTHUECKUX METOJIOB CMOCOGHO MPUHECTH MoJib3y J000H Hayke. CJIOKHOCTh
COCTOHT TpeKJie BCEro B TOM, 4ToObl CHOPMYJ/IHPOBATHL HA MATEMATHUECKOM $13bl-
Ke, TO €CTb OlUCAaTh B MaTeMaTHYeCKHX TePMHHAX Ty 3ajauy, KoTopasi HHTepecy-
et GHoJiora, TICHX0JI0Ta, SKOHOMMCTA, topHcTa, usosora. K coxanenuo, cpeiu
ryMaHuTapues ellé oueHb MaJjo CIeLMaJUCTOB, XOPOLIO BJAJACIOLIUX COBPEMEeH-
HbIMH MaTemaTHuecKuMH MeToaamu. [ToaTomy rnoctaHoBKa maTeMaTHueCcKoOH 3a-
Jlaud B HeMaTeMaTHUYeCKOH 006J1acTH — 3TO, Kak MpaBMJIO, MPOAYKT COBMECTHOH
JIeSITeJIbHOCTH JIBYX CIELMaJUCTOB, OJMH U3 KOTOPbIX — MaTeMaTuk. [Ipu sTom
9 (HEKTUBHOCTb HX COBMECTHON pabOThI CYLLECTBEHHO MOBbILIAETCS, €CJHU U JIPY-
ro# XoTsl Obl HEMHOTO 3HAKOM C MaTE€MaTHKOM.

WMuTepec K uncsam, K CUETY, K CJI0XKHBIM HTpaM, TPeOYIOLIUM HampsiKeHHs
yMa, MposiBJsieTcsl yKe ¢ JeTcTBa. MHOTUM JIeTsIM MHTeJIIeKTyalbHble 3abaBbl
JIOCTABJISIIOT CTOJIBKO K€ PaJloCTH, CKOJBKO JIpyroMy peGeHKy — Hrpa B Msu
Wi MopoxkeHoe. [lpu HajviexauleM BOCIHUTAHHM 3TOT MHTEpeC pa3BUBAeTCsl U
BO3HUKAaeT MOTPEOHOCTb B YMCTBEHHOH JIEATE/NbHOCTH, TPeOYIoLIeH JJOTHUECKOTOo
MBILLJIEHHs], TPUMEHEHHs] TOUHBIX PacuéToB, MOHCKa 3aKOHOMepHocTel. PeaJsinzo-
BaTb TaKylo MOTPeOHOCTb yMa 4YeJOBEK MOXKET B pasHbIX cepax 1esTesbHOCTH,
HO B HauboJiee YUCTOM BHJIe — B MaTeMaTHKe.

Euié B 11KoJie yueHHK MOCTENeHHO Pa3BUBAET CBOIO CIOCOOHOCTb K abCTPaKT-
HOMY MBbILLJICHHIO, TIPUYEM He TOJIbKO Ha ypokKax MaTeMaTHKH, HO W Ha YpoKax
(usuku, XumMuu, 6uosioruu. Beab dopmysupyst ouepeiHoN 3aKOH MPUPOJIbI, YUH-
TeJib KaK Obl MEPEeBOJUT yUEHHKA Ha HOBBIH ypOBeHb aOCTPAKTHOTO MbILIJIEHHSI.
Ecau yyeHMK Bcepbe3 HauMHAaeT UHTePecoBaTbCsl KAaUeCTBEHHbIM COJlep:KaHHeM
TOrO WJIM HHOTO 3aKOHA — BITOJIHE BEPOSITHO, UTO OH MOCBSITHUT CeOs1 eCTEeCTBEH-
HbIM HayKaM WJIH UX NpuioxkeHusM. Ho nMHorna yuyeHuka 3aBopaKuBaeT Marusi
urces U opMyJ, KpacoTa reoMeTPUUECKHX MOCTPOEHHH, MOIb H YHHBepCaJsb-
HOCTb MaTeMaTHYeCKHX METOJI0B, COUETaHHE B HUX U/lealbHOH UMCTOThI C Heallb-
HOH CTPOrOCTbI0O — TOT/IA OH CTAHOBUTCSI MAaTeMaTHKOM. HeBo3M0KHO KOPOTKO
OTBETHUTb Ha BOMPOC, UTO OTJIMUAET MaTeMaTHYeCKoe MbILJIeHHe WJH MaTeMma-
THYeCKHH ckjaan yma. st 3Toro Hy:KHO riiyboKO MpoaHaJu3upoBaTh MPOLECC
MaTeMaTHUeCKOro MO3HaHHUS, MOHATb, KaK MaTeMaTHK MPUXOAUT K OTKPBITHIO.
JKenaoumx nosyunTb UCUEpbIBAOLIME OTBET Mbl OTChIIAEM K 3aMedaTesbHbIM
kuuram A. [lynkape «O Hayke» u [I. [Toita « MaTemaTHuecKoe OTKPBITHEY.

CTub MbILLJIEHHS TIPEKIE BCEro XapaKTepu3yercs sI3bIKOM, KOTOPbIM MOJIb-
3yercsl Hayka. MaremaTHK MoJib3yeTcsi crelHabHbIM 5I3bIKOM — $I3bIKOM a0-
CTPAKTHBIX CUMBOJIOB. OUHllleHHbIE OT KOHKPETHOTO COJIepaKaHHusi, CHMBOJIbI CTa-
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HOBSITCSI YHUBEPCAJIbHBIMH U B 3TOM HX cuJja. Ho B aTom u ux ciadocts! Hemare-
MaTHKa, CKJIOHHOTO K KOHKPETHOMY MbILIJIEHHIO, MaTeMaTHuecKhe abCcTpakUMu U
crielalibHble 3HAKK MOBEPraloT B y2kac. B ¢cBoéM cTpaxe oH (eTHIIU3UPYET CHM-
BOJIMKY W I0JlaraeT, 4To, BbIyUHB 3HAUKH, OH MOCTHUIHET U MaTeMaTHKy. B 3Tom
KOPHM 0ObIBATENIbCKOTO CTPaxa nepej MaTeMaTHKONH W M3BECTHOTO B MEaroruke
SIBJICHUSI, HA3bIBAEMOTO «3YOPEKKOM».

MatemaTnHuecKuil CTHJIb MBILIJIEHUsS] (DOPMUPYETCS Y TOro, KTO MCIMOJb3yeT
MaTeMaTHUeCKHEe MeTOJIbl. DTOT CTHJIb OTJIHUAET JIOTHYECKAsl CTPOrOCTh, YHUBEP-
CaJIbHOCTb, COYeTaHHe HHIYKTHBHOIO H J€yKTHBHOTO M0/1X0/1a, HALLEJ€HHOCThb Ha
MIOUCK 3aKOHOMEPHOCTEH, UeTKOCTb (POPMYJIHPOBOK U OIpe/iesieHHH, HCT0/Ib30Ba-
HHE TOUHBIX KOJIMUECTBEHHbIX OLeHOK. Hall Bek 3HaMeHaTe/ieH TeM, UTo MaTeMa-
THUUECKHE METO/Ibl HAUMHAIOT MCI0Jb30BaTh B 9KOHOMHKE, 9KOJIOTHH, MEAHULIMHE,
ylpaBJeHUeCKOH JesITeNbHOCTH W TYMaHHUTApHbIX HayKax — JIMHTBUCTHKE, CO-
LUMOJIOTHH, TICHXOJIOTHH ... MaTeMaTrKy HauaJii NpernojaBaTh Ha yMaHUTaPHBIX
(hakyJibTeTax He ciyyaiHO — 0OLLeCTBO OCO3HAJO, UYTO OHA HE TOJBbKO BakKHasl
COCTaBJISIIOLIAs 001lleUeIOBEUECKON KYJbTYpbl, HO U HEOOXONUMbBIA HHCTPYMEHT
N03HaHUs B JI060H 00J1aCTH esITebHOCTH. EILE 0JHO CylleCTBEeHHOe OTJIHUHe
MaTeMaTHUYeCKOTO CTHJISI MbILIJIEHHS] COCTOMT B TOM, UTO MaTeMaTHK MbICJHT JIO-
rMUeCKUMH KaTeropusiMu, a HemateMaTuk — obpagdamu. [lonpocure, Hanpumep,
(bustosiora onpesesiuTh, UTO TakKoe MOITHUeCKHH obpas, a mMareMaTHKa — UTO
Takoe (PyHKIMs, U Bbl MOHMeTe pa3HUIly B CTHJIe MblllieHus. Hakonel, mate-
MaTHKH, KaK HUKTO JPyrod ymeioT 060011aTh CBOM HAOJIOAEHHSI — 3TO TOXKe
OTJIMUMTEJIbHAST UepTa MaTeMaTHuecKoro MbiiieHusi. [To 3Toll npuunHe MHOrHe
MaTeMaTHKH CTAHOBATCS XOpPOIIMMH (usocodamu, 160 06001EHHS U COCTaBJISI-
IOT MIpeAMET U3yueHus: puaocoduu.

OO6bIUHO OTMEUaloT, YTO MaTeMaTHKa pa3BUBAET JIOTHUECKOE MbILIJIEHHE, YTO
MamemamuKka — 3mo SUMHACMUKA YMa, YTO OHA TUCLIUIVIMHUPYET MbILlLJIeHHe
v T. 1. OJlHaKO MaTeMaTHKa COBEPLIEHCTBYET He TOoJbKO yM. Croco6 MblLIJIeHHS
(hopMHpYeT U XapakTep, MO3TOMY CMpaBeJIMBO CIPOCHTh: KaKWe YepThl Xapak-
Tepa BOCIIUTHIBAET B UeJIOBEKE 3aHSITHE MAaTeMaTHKON? 3ameuare/ibHbIH MaTeMa-
K W nefaror A. S, XuHUHH Ha3bIBAeT MpexJie BCEro UeCTHOCTh, MPaBIUBOCTD,
HACTOMYHBOCTb W My:kecTBO. HaBepHoe, Halll uutaresib, elé yuach B 11IKOJE, 3a-
METHJI, UTO HEBblyUEHHbIH YPOK 110 HCTOPHH, HAIPUMEp, OTBEUATb HAMHOTO Jierye,
yeM HeBbIyueHHbIH YpoK 1o Matematuke. C yuuTeseM HCTOPUH MOXKHO 3aBsi3aTh
JMCKYCCHIO, TIONBITATLCS YHTH OT MPSIMOr0 OTBETA, COCJaThCs Ha YeH-TO aBTOPU-
TeT, HalTH ornpasaaHue JI0OOH TouKe 3peHusi, TOTsHYTh BpeMs . . . Ho Bce 370 He
NPOHAET Ha ypOKe MaTeMaTHKH. YUuTe/]b U BCe MPHCYTCTBYIOLIHE OBICTPO MOH-
MYT, 3Haelllb Thl I0KA3aTeJAbCTBO UJIH HET, TTPABUJILHO PEIIEH pUMep UK HeT. A
€CJIM HeT — TO HMKaKHe pasroBopbl He UCIIPaBAT MoJiozKeHUs. [Totomy uto B Ma-
TeMaTuke TeopeMa JUOO BepHa, JUOO HET, cepe/iuHbl He ObIBAET, a NPABUJIbHOCTb
JloKa3aTesbcTBa obecrieunBaeTcsl He KpacHOpeureM WJH FPOMKHM TOJIOCOM Bbl-
CTYINaloLlero, a CTPOruM HelpoOTHBOPEUMBBIM paccyxKieHreM. B MaTteMaTHuecKux
JIOKa3aTeJbCTBAaX BO3MOXKHBI OLUMOKH, HO HEBO3MOKHBI CIEKYJISITUBHBIE paccy-
JKIEHUS M KyJbHHUecTBO. MaTeMaTHK, MbITalOWMACS KYJIbHHUATb, YJUUYaeTCs
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cpasy, Mo3ToMy Cpelrd MaTeMaTHKOB IPakKTHUYECKH HET lapJ/JlaTaHOB OT HayKH.
HaHpOTl/IB, B Te€X HayKax, rige npumMeHeHHhe TOUYHbIX MaTEMATHYECKHX METO/10B
I[TOKa He FBJIdeTCHA HOpMOI/UI, HCGBILOy‘-léHbIX 158 HCGBZ[OY‘-IGHI/II/UI ObiBaeT 6o0Jiee uem
JIOCTATOYHO.

Ha, Henpocto ctath MaremaTukoM. Ho He nmoTomy, 4To TPYAHO OCBOUTH €€
s13bIK, U HE MIOTOMY, UTO OHAa — JJist u36paHHbIX. [IpakTrdecku o060 HOpMAaJb-
HbIH CTYJIEHT B COCTOSIHUH OCBOUTb MaTeMaTHYeCKHUe MPEeMyIPOCTH U MPOrpaMmy
10 MaTeMaTuKe, YMCTBEHHbIX croco6HOCTEeN €My XBATHT. Ho xBatut s BOJIH, MY~
JKECTBA M HACTOMUMBOCTH? DTH UesIOBeUeCKHe KaueCTBa OUeHb XOPOLLO OTPaXkaer
M3BECTHBIH apOPHU3M: ecau 08Ym 00aM, OOUH UX KOMOPbLX — MAMEMANUK,
nopYUUMb He3HAKOMYIO um pabomy, mo mamemamux coesaem ayuuie. B
TO K€ BpeMsl HE CJECAYET, KaK Mbl y2Ke OTMedaJid, IoJiaraTb, YToO MaTeMaThKa —
naHatesi OT Bcex OeJl, ¥ UTO €€ NMpUMeHeHHe B JIaHHOH HayKe CroCcOGHO peluThb
Bce npoOJeMbl. DTO, KOHEUHO, He Tak. BosbMem, Hampumep, Takyio KUBOTpere-
IIYILyI0 COLMaIbHYI0 Npo6JeMy, Kak pocT rpecTyrnHocTH. E& pellieHre HY»KHO
UCKATb MPeXK/e BCEro Ha MyTH COBEPLUIEHCTBOBAHHUS OOLECTBEHHOTO YCTPOHUCTBA
W yJIydyll€HHs1 HPAaBCTBEHHOTO COCTOSHHUSA OGU.LGCTBa. Posib MaTemaTHKH CBOAUT-
Csl K TOMY, YTOObI JaTb, MO BO3MOXKHOCTH, ooJee TOYHYIO CTATUCTUYECKYIO OLLEH-
Ky YpPOBHA KPUMHUHOT€HHOCTH, KOJIUUECTBEHHO OUEHHUTb pa3J/iIMiHble TEHACHIIMH B
9TOM COolUMaJIbHOM $IBJIEHUH, CAeJ/1aTb AOCTOBEPHbIE MPOrHO3bl, @ HAa OCHOBE I10-
CJIEJHUX — COCTaBUTbL TporpamMmy ﬂeﬁCTBHﬁ, CIJIaHUPOBATb COOTBETCTBYIOLIHE
NpeBEHTHBHbIE ¥ NPOPUIAKTHUECKHE MEPBI.

MartemaTuka nomoraer NPUHATDb pE€lI€HUue

JlomycTuM, uTO Bbl OTBeuaeTe 3a OPraHU3alyilo paboThl HGOJBIIOTO OTAENA,
WM 3a MPOBEJICHHE ONepalyu Mo MOUMKe IpyMIbl 0co60 OMACHBIX MPECTYNHHU-
KOB. UTOOBI CIIJIaHHPOBATh TAKYIO OMEPalMio, HY?KHO MPUHSITH MHOTO OTBETCTBEH -
HbIX pELUeHUH, yuecTb MHOXKEeCTBO (haKTOPOB: ONPEIeNUTb YHCJIO COTPYAHHKOB
W TpyMI, ydacTBYIOLUMX B OMepaluH, CIJaHUpoBaTh HUX JEHCTBHs, 0OecrneunThb
CBSI3b, yUeCTb reorpaduueckue ycJjoBHsi, Norojay U Muoroe apyroe. OT npaBuJib-
HOCTH BAlIMX PellieHUH OYyIeT 3aBUCETh XKU3Hb MHOTUX JIIOJIEH, T03TOMY, [IOMUMO
MHTYHLMH U OTIbITA, Bbl JIOJKHBI HCIOJIL30BATh U TUIATE/bHbINA pacuét. Bo MHOrHX
c/ydasix 3/ecb IOMOTraroT clielHasbHble MaTeMaTHUeCKHe MeTO/lbl, MOJJIHPYIO-
LIMe Ty WJIH HHYIO CHTyalHMIoO.

Jltobasi ueseHanpasJ/ieHHasl uesoBeyeckasi 1esiTeJbHOCTb COMPOBOXKAAETCS
MPUHSTHEM pelleHHH, YUCA0 KOTOPbIX MOXKeT ObiThb oueHb OoJsiblIMM. Pelienust
MPUXOJIUTCS MPUHUMATb B HEOMNPENENEHHBIX WM KOH(JMKTHBIX CHTyaLMsIX, B
ycJIoBUSIX pucka W T. 1. [Ipexkne Bcero 370 OTHOCHTCS K TJIaHMPOBaHHIO pabo-
Thl CJIOXKHBIX CHUCTEM, KOTOpble BO3HUKAIOT B IKOHOMHKE, IKOJOTHH, COLMANb-
Hoil chepe. [IprumMepamu CJI0XKHBIX CHCTEM SIBJSIIOTCS KPYMHbIE MHyCTpUHAJbHbIE
MPOU3BOJICTBA, CUCTEMbI HALIMOHAJILHON 6€30MacHOCTH, TPAHCTIOPTHbIE CHCTEMBI,
KOCMHUECKHE [TPOrpaMMbl, CTPaxoBble KOMIIAHHH, FOCY1aPCTBEHHbIE COLMa/IbHbIe
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nporpaMmmsbl d T. 1. [[pakTHuecK BO Beex 3aj7adax, CBsI3aHHbIX C MJIAHHPOBAHHUEM,
Mbl HE MOXKEM 3apaHee TOUYHO MpeJcKa3aTh pe3yJ/bTaT U He B COCTOSIHUM ydecTb
BCe MOCJIeJCTBUS. DoJjiee TOro, 4acTto rnpakTUyecku HEBO3MOXKHO coOpaTh W re-
pepaGoTaTb BCIO HEOOXOAMMYIO MH(POPMALHIO, OCHOBBIBASICh TOJBKO Ha JIMYHOM
OmbiTe ¥ UHTYULMH. [To3TOMY npu njaHupoBaHUK HEH30EKHO MPUMEHEHHe MaTe-
MaTHueckux MeTonoB H OBM. B kaxoit ob6sact uesoBeueckoil 1esiTeNbHOCTH
BbIpabOTaHbl CBOM METO/Ibl, OMOraloulde MpUHSTh NpaBujbHoe pelnenue. Ho,
XOTSl 5KOHOMHUCTBI, IOPUCTHI, YIIPaBJICHIIbl, BOCHHbIE U T. . TIPUHUMAIOT pelleHHs
KaxK7Iblil B CBOeH cepe NesiTe/IbHOCTH, METO/Ibl U KPUTEPHH, KOTOPBIMH OHH Y-
KOBOJICTBYIOTCSI NP MPUHATHU U 0OOCHOBAHHWH pELLEHHH, 0 CYLIECTBY, OJHH H
Te 2Ke. DTH METOJIbl U COCTABJISIOT MPEAMET Meopul NPUHAMUL PetleH .

[Ipouecc npuHSATHS pellieHHsT MOXKHO YCJOBHO pa30UThb Ha 4acTH: onpeje-
JIeHHe LeJIM U KpUTepHeB, BbIOOD MPHUHLIMIA ONTHMAaJbHOCTH, MOCTPOEHHE MO-
Jiesiedl, paspaboTKa METOJ0B MOHUCKA ONMTHMAJbLHOTO pPeLIeHHsl, SKCIEepTH3a MO-
Jlesiell, NJaHUpOBaHHE, BHIOOP TPHEMJIeMbIX aJbTepPHATHUBHBIX BapHAHTOB M HX
CpaBHeHHe, HaX0XKJIeHHe JIMHUKM ONTHMAaJIbHOTO MOBe/IeHUs] B paMKax BblOpaHHO-
ro BapHaHTa, ornpejeseHHe NoTpeOHOCTEl, pacnpeae/ieHHe HHTeJIEKTyaJ bHbIX
M MaTepuaJsibHbIX pecypcoB U T.H. [lpu aHanuze TOH MM UHOHW CUTYaUMH Bbl-
OUPAIOT COOTBETCTBYIOLIMH KPUTEPUH OLIEHKH, KOTOPBIH Ha3blBAlOT noKasame-
Aem agpexmusHocmu Un yearesoll yrkyuer. ITo MOKeT ObITh, HATIpUMep,
cpenHsis NpUObLIbL MPEINPUSTHS, KOJUYECTBO COUTBIX CaMOJIETOB, BpeMsl 6e3-
OTKa3HOH paboTbl ABMrarte/si, HO TakKxKe M BEpPOSITHOCTb MOJydeHHsl 3aJaHHOH
cpenHel MpUOBIIH, BEPOSITHOCTb OOHAPYXKEHHSI CaMoJI€Ta, BEPOSITHOCTb BBHIXOJA
U3 CTPOSl JIBUTATEJsl B TE€UEHHE ONpees€HHOro NIpoMexKyTKa BpeMeHH. [ IpuH1ma-
eMoe pelleHue J10/KHO ObITh TAKOBBIM, YTOOBI TIOKa3aTe/ b 3P(PeKTUBHOCTH ObLI
KaK MOKHO JIyuLle.

[Ipu NpuHATHM pellieHHsi caMoe [JaBHOe — BbIOOp HAWJYYLIEro WJH Ofl-
THUMaJIbHOTO BapuaHTa. 3jech BecbMa 3(h(EKTHBHbI MaTeMaTHUECKHe MeTO/bl.
OnuH M3 MOAXOJ0B COCTOUT B TOM, UTO CTPOMTCSI MaTeMaTHuecKasi MOJe/b pac-
CMaTpUBAeMOH CHUTyallMd WJIM paccMaTpuBaeMoro oObekra. Martemaruueckas
MOJIe/Ib MOXKET MPEJCTaBJsATL coO0l anrebpanueckoe Uan JuddepeHiHaabHOe
ypaBHEHHe, CUCTEMY YPaBHEHHH WJIM HepPaBEHCTB, YHUCJIOBYIO TaOJHILy, rpaduk,
Habop BeposATHOCTEH KakUX-Ju60 cobbITHl U T. 1. [TlocTpoeHue monenu, ajgekBar-
HO OTpakatollled 06bEKT, — JIeJ0 HEMPOCToe U TpeOyeT creluraJbHbIX 3HAaHUH U
XOpOLLEH MaTeMaTUUECKON MOJArOTOBKH.

Hopmasbhas cutyauusi COCTOMT B TOM, UTO AUYO, NPUHUMAIOWEe peuleHlLe
(cokpautenno JIITP; 370 MoxeT ObITb PyKOBOJIUTE/b MPEANPUSTHS, KOMaHAUP
nojpasyesnennsi, 6usHecMer, HadaabHuK ¥ BJl, mpocToii rpaxnannH), BepuT B
HayKy M [OHHMaeT, UTO HY»KHO HCI10J1b30BaTb HayuHble MeTonbl. JIIIP nenaer
3aKa3 Ha MCCJIeIoBaHHe CUTYallld Tpymrne yuéHbix (aHaauTukos). OH ke ornpene-
JISIeT KPUTEPHUH OLIEHKH, KOTOPBIX MOXET ObITb HECKOJIbKO. TakuM 06pa3om, Bbl-
60p KpUTEpHEB MOXKET allpHOPHO OKasaTbesi CyObeKTHBHbIM. Bosee Toro, kpure-
pHUH MOTYT OKa3aTbCsl TPOTUBOpeurBbIMU. Hanpumep, pyKoBojuTe b Npeanpusi-
TSl MOKET OPUEHTHPOBATHCS HE TOJIBKO Ha MoJyueHHe MaKCUMaJlbHOH NPUObLIH,



§ 3. UsBaeueHue U3 Teopuu urp 275

HO M Ha COLMaJIbHBIA acreKT, paccMaTpuBasi B KauecTBe OJIHOTO U3 KPUTepHEB
yucsio pabouynx Ha MpearnpUsiTHH, YUCI0 MOJIOLIX pabouux U T.1. B rpynne aHa-
JIMTUKOB, UCCJEYIOIIMX CUTYalLMIO, BMECTE C MaTeMaTHKaMK J0JKHbl paboTaTh
ncuxodiork v topuctbl. Ecan JITTP He opueHTHpyeTcst BO BCeX TOHKOCTSX Mpollec-
ca, TO y Hero J0/LKHO ObITh HEKOe MPaBUJI0, TOMOratollee eMmy MPUHSTH pellieHHe.
Takoe npaBu/io momMoraeT BbipaboTaTh TEOPUST IPUHSITHS pellieHniH. DKCIepuMeH-
Thl M0KA3aJiM, YTO B 3ajauyax MPUHATHS pellleHUH BO3MOXKHOCTH UejioBeKa orpa-
HHUUEHbl H3-3a OrPAHUUEHHONH MKOCTH €ro KpaTKoBpeMeHHOH namsiti. [losTomy
yacTo pelleHre PUHUMAETCS Toce MPOAOJ/LKUTENBHOrO quasora Mexay dBM
1 UEJIOBEKOM.

Cosnanue uesoBEKO-MAUIMHHBIX WJH JIMAJOrOBbIX MPOLEAYP — CaMOCTOSI-
TeJIbHAs CJIOXKHASL 3ajiadya, KOTOpasi sIBJSIETCS] COCTABHON YacTblo TEOPUH TMPH-
HsiTHsl petieHuii. HoBble BosmoxkHocTH DBM no3Bosin/n co3faTh Tak HasblBa-
eMble CUCTeMbl MOJJIEPKKH MPUHSITHS PELleHHH, TO eCTb YeJOBEKO-MallMHHbIe
CHCTEMbI, TIOMOratolliie NpuHsATh petleHne. OTMETHM, UTO KauecTBO MPUHSTOrO
pelleHust 3aBUCUT OT KadecTBa oOpa3oBanus JII1P, ero ckjoHHOCTH K pUCKY, OT
KauecTB 9KCIEPTOB U aHAJUTUKOB, OT OPraHU3alluK U YCJI0BHH UX pabOThl, U T. 1.
Kpome Toro, HUUTO He MOXKET rapaHTHPOBaTh ycrex HaBeuHo. Uepes onpeneseH-
HbIH MepHOJl BpEMEHH KaKJl0€ pellleHHe HaJo MepecMaTpUBaTh.

§ 3. H3BaeueHue U3 TeOpuUU UTP

Yacro pelieHnsi nMpuxoauTcsi MPUHUMATh B KOH(JIUKTHOH CHTyallMH, Koraa
CTaJIKUBAIOTCSl HHTEpeChl JABYX /M 0oJiee CTOPOH, Mpec/elyloliuX pasHble lie-
Ju. Takue cUTyally BO3HMKAIOT OUEHb YacTO: BOEHHas cdepa, KOHKYPEeHLHs B
9KOHOMMKE, CMIOPTHBHbIE COCTsA3aHMs1, cyleOHas npoueaypa u 1. 1. Maremaruue-
CKasl Teopusi, aHAJIU3UPYIOLAs KOH(MJIMKTHBIE CUTyallul, Ha3blBaeTCs meopuell
uep. Mepoii naspiBaercs Mojiesib KOHPJIUKTHOH cutyauud. [Tokaxkem Ha MpoCThiX
npuMepax, Kak CTPOUTCsl U paboTaeT Takasi MoJlelb.

BoeHnHas urpa. [lyctb y Hac nmeercsi iBa BUIa BOOpY:KeHHsi: A| (3eHUTKH) 1
Ao (pakeTbl THMA «3eMJIsS-BO3/lyX»); Y MPOTHBHUKA — JIBa THIMA CaMOJETOB, B
1 By. X0 NPOTUBHHKA COCTOUT B TOM, UTO OH BbIOMpAeT OJMH M3 CBOMX CaAMO-
JIETOB U MochbliaeT ero 60MOUTL Haily 6asy. CJjenoBartesibHO, Y Hero 2 xojua —
By u By. Hai oTBeTHBI X0 COCTOMT B TOM, UTO Mbl BbIOMpPAEM OJMH H3 BHUIOB
BOOPY:KEHHsI W MblTaeMcsl cOUTb camoJiér. CieoBaTesibHO, y Hac Toxke 2 Xo-
na — Aj n Ag. DTy cuTyallio MOXKHO CMOJEIMPOBATb UTPOH 2 X 2, B KOTOPOH 2
urpoka — Mbl (Mrpok A) W npoTtuBHUK (Mrpok B). Ilpexkae Bcero ycraHoBUM
npaBua Urpbl. DTO O3HAUAET, UTO HYKHO HA3HAUUTb NAQMedNcU, TO eCTb yKa-
3aTh, CKOJIbKO KaK/bli UIPOK BBIMIPbIBAET WJIM TPOUIPLIBAET, CAE/IaB TOT HJH
unoit xonZ. O6BIUHO YKA3BIBAIOT BLIUTPHILIM UFPOKA A. BbIMIpbIllieM MOXKeT ObITh
KaKasi-To CyMMa JIeHer, uhcJio 0aJliioB, BEPOSITHOCTb MONaJaHus B Lesb U T. L.

2 MBI pacecmMaTpuBaeM Tak Ha3bIBAEMYIO AHMALOHUCIULECKYIO U2y, B KOTOPOi NPOUTPHILI
OJIHOTO UrPOKA PaBEeH BBIUIPbILLY APYroro.
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B Hauiem ciiyyae BO3bMEM B KauecTBe MJaTeXKel BEPOSITHOCTH MOpaXKeHusi ca-
mMosiéToB. [lycTb opyxue A| nopaxkaer camosiétol By u By ¢ BepositHocTsimu 0,5
u 0,6, a opyxxue Ay — c BepositHoctsimu 0,6 u 0,7 coorBercTBeHHO. COCTaBUM
naaméxcHyo nampuyy (tabauua 51), B KOTOPoH yKazKeM BbIUIPbI-

LI IepBOT0 UIPOKa. [MIaBHAS Mest TEOPHH HIp COCTOWT B ToM, uro  120JHla 5l

MIPOK A CUMTAEeT CBOEro NMPOTHBHKUKA He Iyyree ce6si U T0ITOMY MPH B, B,
Kask/10M CBOEM XOJle PACCUMTBLIBAET I0JIyUHTb XOTs Obl HAaUMEHbWM | 4 05 (6
BBITPbilll. Hanmenbiinii BEIMIpbILL pu nepBom Xoxe urpoka A — 4 g (7

3TO HaUMeHblllee UMCJIo B TIepBOi CTPoKe MaTpulbl, orp = 0,5. Hau-
MEHBLIUH BBIMTPHIL UrpoKa A npu BTopoM xojie OyaeT ag = 0,6, TO
€CcTb HauMeHblllee YMCJ0 BO BTOPOH CTpoKe MuaTéKHOoH MaTpuubl. Ho 3 nByx
XOJ10B UrpoK A Jo/KeH cliesiaTh TOT, PH KOTOPOM €ro HaUMEHbIIHH BbIMIPbILI
oynet 6oJblie, To ectb 0,6. O603HAUUM 3TO UMCJIO Uepe3 «.

B To »ke BpeMst BTOpOii MTPOK JI0JI2KeH JIEHCTBOBATh TaK, UTOOb! €ro HauboJIb-
IIHAH MPOUTPbILI OblT KaK MOXKHO MeHblle. Haubosblliui npourpeiil urpoka B
npu nepsom xone Oyner B; = 0,6

Ta6auua 52
(HaubGoJIbLIIEE YHCJTIO B TEPBOM CTOJO-
11e TabJLLbl 52); PH BTOPOM XO0JIe — Bi By
B2 = 0,7 (HauboJblee YUCJI0 BO BTO- A, 0,5 0,6 a; =05
pom croJbue). CienoBaTesbHO, Ur- A, 0,6 0,7 as =06 a=006
pOK B 10JIKeH cesaTh NepBbli XO7, B =06 By=0,7
TOTJIa €ro MPoUrpshIll OyzieT He GoJiee B=06
8 = 0,6.

BesmunHa « HasblBaeTCsl HUJCHEl YeHOol uepbl, UWIH MAKCUMUHOM, BeJIU-
uMHa B — 8epxHell yerou uepol, WIn murumaxcom. Yitak, onmumairvrnas
cmpameeus urpoka A — cnenarb xon Ag, a onmumanrvras cmpameeus Urpo-
Ka B — cyesiath X011 By. B 3TOM c/lyuae HauMeHbIINE BBIMIPbILI MrpoKa A Oyaer
MakcuMasibHbiM — 0,6, a HauGoJIbLIKME NPOUTPbILL UTPOKA B — MHUHHUMAJbHBIM,
10 ecTb Toxke 0,6. Jlerko npoBepuTh, UTO €CJIM OJIMH U3 UIPOKOB MPHIEPKHUBACT-
Csl CBOEH ONMTUMAaJbHOH CTPATerHu, TO U JIPYrOMYy TOXKE HEBBITOJHO OTKJIOHATHCS
oT Hee. B paccmotpenHoil urpe nosyuusoch Tak, uyto o = 3. B 3ToM cJayuae
TOBOPSIT, UTO Urpa UMEET ce0A08Yt0 MOUKY 8 wucmolx cmpameeusx (y Hac
oHa 0,6). B urpe ¢ cennoBofi TOuKoi onTUMaJsbHble CTPATErHU HIPOKOB OMMCHI-
BaloTcsl BecbMa mpocto. [Ipu 3ToM cylecTBeHHO TO, UTO MPH MOBTOPEHHH UIPbI
NPH TEX XKe YCJOBHUSIX UTPOKH JIOJLKHBI JI€NaTh Te XKe camble XO/bl.

Urpa «[lorck». [leti urpaiot B «MpecTynHuKa» U «MHUJIUIHOHEpa». Urpok A
npsiuercst, B uuer. Mrpok A umeer npa mecta, 1) u Iy, e on

MoxKeT cripsaTtatbes. Mrpok B 3Haer, rae oHM HaxoasaTes. Kaxkabii Ta6muua 53
M3 HUX MOXKET 110 CBOEMY YCMOTPEHHIO BbIOpATh TO MJM HHOE Me- B, By
cTo (0IMH — uTOObI CIpsITAThCS, JIPYrodl — uToObl HAUTH). Takum A, -1 1
006pa3oM, KaxKIplil UrPOK UMeeT 1o jBa xozaa. Jlasi urpoka A: nep- Ay 1 —1

BBl X011 (A1) — cnpsaratbes B 11, Bropoii xox (Ag) — crpsitathes
B [y. Jlnist urpoka B: nepsbiii xoa (B1) — uckartb B [1}, Bropoit xon
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(Bg) — uckatb B [1y. Tenepnb nagnaunm muatexxu. Ecan B Haumen A B nepBom
WJIH BTOpOM yOexuile, To A niatut emy | pyGuib, TO eCTb BBIMIPbILI HrpoKa A
paBen —1. Ecau B He nHaxoaut A, To o maarut emy | pybub. [lnaréxuas
MaTpHla, COCTosIIast U3 BBIUIPbIlell urpoka A, npuseaeHa B tTabJuiie H3.
Haiiném, kax u Bbilile, yncaa o v 8. [Tosydaerces Tabsuiia 54. BoaMoxXHbI JBa
MPUHLMIHAJIBHO Pa3HbIX cjyuasi. Ecsiu urpa npoBoauTesi OIMH pas, To Urpoky A
COBeplIeHHO 6e3pas3jnyHO, KaKoH

TaGmua 54 war gesaarb, Ay win Ag. B smo6om

B, Bo cJlyuae ero BBIMTPHILI He MeHblie — 1.

A -1 1 o =—1 Ilna urpoka B cutyauusi aHaJoruy-
Ay 1 -1 a=-1 a=-1 HA, 4 er0 MAaKCUMAaJIbHBIH MPOUTPHILI
Bi=1 Bo=1 He Gogblie 1. Ecan ke urpa nosTo-
g=1 psieTcst MHOTOKPATHO, TO HTPoK A He

MOZKeT Jies1aTh BCE BPEMS OJIMH U TOT
JKe XOJI, UHaue ero NPOTHBHHK pa3rajlaeT cTpaTeruto U HauHéT BuIMrpbiBaTh. CJre-
JIoBaTebHO, UTPOK A Jo/KeH uepenoBaTh cBOU Xoibl. Ho ecsu oH Oyner yepe-
JIOBaThb UX B KAKOM-TO OMpPeIeJEHHOM MOPSIIKE, TO MPOTHBHUK Uepe3 HEKOTOPoe
BpeMsl pas3rajiaeT ero TaKTHKY M OMsTh HAUHET BHIMTPLIBATh. [103TOMY Hrpok A
JIOJI2KEH BeCTH cebsl KaK MOXKHO 0oJiee HerpecKasdyeMo, TO eCTb BbIOUPaTh KaxK-
JIbIH TIOCJIEYIOUIMH X0/l KAKUM-TO CJIy4aiiHbIM 06pa3oM. DTO MOXKHO Je/1aTh, Ha-
NpUMep, ¢ MOMOLIbIO MOHEThI (Op&—peliKa) UK UrPaJbHON KOCTH (UET—HeyeT).
B sToM npumepe XoJbl KaxKI0ro Urpoka UMeEIOT OJMHAKOBYIO 11€HY, TO €CTb
paBHoTpaBHbl. CJie10BaTENIbHO, HET HUKAKMX OCHOBAHHH MPeAnouecTb OJUH X0
npyromy. FiMeHHO M03TOMY UTPOK OMpeJiesisieT CBOI0 CTPATErHIo ¢ TIOMOLIbIO MO-
HeTbl UM UrpajibHol KocTd. Cjeayiolasi urpa nokasblBaeT, Kak BhiOpaTh cTpa-
TETHIO B ellé OoJiee CI0KHON CHTyalHH.

Urpa «KommepcaHT». Kommepcant Topryer TeMHbIME OYKAMH H 30HTHKAMH,
MO3TOMY €ro ycriex 3aBUCHT OT Morojbl. B Xopotiyio noromy oH npojaaér B aeHb
1000 oukoB u 100 3oHTHKOB, B macmypHyio — 500 30HTHKOB. 3OHTHKH OH MO-
Kynaet rno 50 LEeHTOB, MPOJAET 10 OJHOMY J0J/1apy; oukH mnokynaet no 20 ueH-
T0B, npoaaér no 50 uentoB. KommepcaHTt kaxk/plil 1eHb 3aKynaeT ToBap Ha 250
JIOJIJIapOB, a Ha JIpyroél JieHb cTapaeTcsl NPoAaTh €ro MoJHOCTbIO (OCTaBLUMHCS
toBap npornaznaer). OH He 0BepsieT METEOCBOAKAM U CUMTAET, UTO TOCMOAb OOT
HagHauyaeT XOPOLUYI0 MJIH IJIOXYI0 MOrojy C MOMOLLbIO MOHEThl (Opé&i—peluka).
[Ipo6siema cOCTOUT B TOM, UTOOBI CAEJATh 3aKYIKy ONTHMAJbHbIM 06Pa30M.
OnucaHHylO CUTyallMi0 MOXKHO pacCMaTpUBaTh KaK UIpy C JBYMsl HTPOKAMH,
npuuéM BTOPLIM UTPOKOM SIBJISIETCS PUPOAA (MK TIOTo/1a). DTO urpa 2 X 2, TaKk
KaK y KaxK10ro U3 UIPOKOB €CTh JIBa BO3MOXKHbIX X0/1a. ¥ urpoka A (KommepcaH-
Ta): mepBblid X0 (A|) — 3aKynka B pacuére Ha J10XKb, BTopol xox (Ag) — 3a-
KyIKa B pacuére Ha siCHYI0 norojy. ¥ urpoka B (npupoja): nepsbiii xoa (B)) —
JI02K]b, BTOPOH X0i (B9) — sicHasi morojna. B kauecTBe muaTexel ecrecTBeH-
HO B35ITb BBIMIPBIII UTpoka A, TO ecTb NMpuObUIL KOMMepcaHTa. B pacuére Ha
J0X7b OH Ha Bce 250 nosnapoB 3akynaer ToJbko 3oHTHKM (D00 wtyk). Ecan
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OyIeT 0XKJb, TO OH MPOJACT BCE 30HTUKH M TMOJYUUT NPHObLIL 250 N0//1apoB.
Ecau e 6yner sicHas rnorojia, To eMy yaactes npojath Tojibko 100 30HTHKOB Ha
100 nosnapoB, TO e€CTh OH MoHecéT yOuiTOK B 150 nossapoB. MoXKHO cuMTaTh,
YTO B 3TOM CJlyyae ero npuoblib oTpuLaTeabHa, —150 nosnapos.

Ta6sua 55
Jlox1b Aeno
B Bo
3akynka B pacuére na goxap  A| 250 —150 ap = —150
3akynka B pacuére Ha «scHo» Ao —150 350 as = —150 a = —150
By =250 By =350
8 =250

B pacuére Ha sichyto moroay kommepcaHt 3akynaet Ha 250 nossapos 1000
nap oukoB u 100 30ouTOB. B sicHyto noroay oH Bce 310 npojact 3a 600 nosnapos,
TO ecThb noJydut 350 mosnapoB npuobLIH. Ho B noxknbp oH cymeer mpoaath U3
Bcero storo Toapa Tosbko 100 3onToB Ha 100 nosapoB, TO ecTh MOHEeCET yObl-
ToK B 150 nonnapos (uiau nosayuut — 150 nonnapos npubeiin). Marpuiia Urpbl
3azaHa Tabsauuel 55. Mbl BUIUM, UTO v # 3, TO eCThb cellJIoBOK Touku HeT. CJie-
JI0BaTesIbHO, UIPOK A He MOXKeT BbIOpaTh OMNpeesEéHHYI0 CTPATErHIO U J0JKEH
X0JIbl uepeioBaTh. Jlasee 3amMeTHM, UTO Tak KaK BCe uucaa ay, ag, O, $o pasanu-
Hbl, TO XOJIbl HepaBHOMpPaBHbl. [105TOMy BO3HHKaeT BOMpoc: B KaKOH MPONopLHH
WX COUeTaTh, YTOOBI MOJYYHTh ONTUMAJIbHYIO cTpateruto? Teopusi urp naér cJe-
Jlytolllee MPaBUJIO /ISl OnpeJiesieH|s HCKOMOH Mporopluu. PasHocTb nuatexer,
3anucaHHbIX B MepBoil cTpoke, paBHa 400; pa3HOCTb MJIaTeXKeH, 3aNMUCaHHBIX BO
BTOpPOH cTpoke, paBHa 500; oTHOLLIEHHE STUX YHCEN PaBHO 4:5, MOITOMY MepBbIN
¥ BTOPOH XOJbl CJIEyeT MPUMEHSATh B MPOMOPLUH 5:4, TO €CTh U3 KaXK/bIX Je-
BSITH XOJI0B JIOJZKHO ObITb O MepBbIX M 4 BTOpbIX. Mcrodb3ys NoHsATHE 4acTOThI,
BBEJICHHOE B TPETbeH IJ1aBe, Mbl MOXKEM CKa3aThb, UTO OTHOCHTEJbHAs 4acTo-
Ta mepBoro xojxa 5/9, a Broporo 4/9. D10 03Hauaet, YTO KOMMEPCAHT JIOJKEH
B0XUTb /9 cBoero kanurana (138,88 nosuiapa) B ToBapbl sl 0KIJIHBOTO
1Hst (TOIbKO 30HTHKH) 1 4/9 karmtagna (111,12 nosutapa) B ToBapbi aisi iCHO-
ro sHs. Cpeay MocJiefHUX, CONJIAaCHO YCJIOBHIO 3ajlaud, NaTylo yactb — 22,22
JloJ1apa — 3aHUMaloT 30HTHKH. MTak, 30HTHKOB cjeayer 3akynuTb Ha 161,1
JloJuiapa, oukoB — Ha 88,9 noJsuiapa.

UTo ke MOoJIyuuT KOMMEPCAHT B pe3dyJsbTaTe MPUMEHEHHs STOH ONTHMAaJbHOH
ctpaterun? Teopusi Urp 1aét oTBET U Ha 3TOT Borpoc. Haiiném Tak HasbiBaemyto
LIeHy UIpbl:

250 - 5/9 + (—150) - 4/9 = 72,22,

KOTopasi MnpeJjcTapJ/sieT coboi cpeHee apudMeTHUECKOe MMJaTexXel, CTOsIIMX B
nepBoM crogibiie. [Ipumensis HalileHHYIO ONTUMAJIBHYIO CTPATErHI0, KOMMEPCAHT
OyJIeT moJyyaTh YCTOHUMBYIO CPEJHION MpUOLLIL B 72,22 noJnapa.
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CrenaeM HECKOJIBKO JIOTIOJNHUTENbHBIX 3aMeuaHuH.

1. B Teopuu urp paccMaTpuBaroTCst Urphbl C JIOOLIM UMCJIOM XO/I0B, C HECKOJIb-
KHMH UTPOKAMHM, C HECKOJbKUMH MJIATEXKHBIMU MaTPULIAMH, C KOAJHULIHUSIMU UTPO-
KOB, C Pa3J/IMUHbIMH MpaBUJaMH MIPbl; CYLIECTBYIOT MHOTOLIAaroBble, JHHaAMHYe-
CKHe, HepapXuuecKue Urpbl v T. 1.

2. J111s1 HEKOTOPBIX UTP CYLIECTBYIOT (POPMYJibl, IO KOTOPbIM, 3HAS BO3MOXK-
Hble CTPATEerdd UIPOKOB M MATPHULbI MJ1aTexKel, MOXKHO HAUTH LleHY UIpbl U OIl-
TUMaJibHble CTPaTErHy JIJIsl KAXI0r0 Urpoka. B urpax ¢ 60/buiuM 06b5EMOM Bbl-
UMCJIEHUH HUCToJb3yIoT DBM.

3. CuuTaercs, UTO KaxXKJbli UFPOK He 3HAET O TJlaHax apyroro. B ciyuae,
€CJIM UTPOKH 3apaHee J0roBapUBAIOTCsl MexKJy COO0H O BBIMIpbILIe (KaK HEKOTO-
pbie pyTOOJbHBIE KIYObl), TO MPUMEHATh MaTeMaTHUECKHe METOJbI i BhIOOpa
ONTUMaJIbHON CTpaTeruu B TaKoi Urpe 6eCCMbICJEHHO.

YnpaxHeHus

1. Kak uamenurcsi ontumasibHast ctparerdsi B urpe « Kommepcant», ecsi Kommepcant GyjieT Topro-
BaTh JIPYTHMH OUYKaMH, MOKYIMaTh KOTOpble oH Oynet 1o 10 1eHToB, a npojaBath — Mo 25 LEHTOB?

2. TloJiK MO/KEH aTakoBaTh W 3aXBATHTb OJIHO U3 JBYX OOOPOHHTENbHBIX COOPYKEHHH MPOTHBHU-
ka. [IpoTUBHUK MOXKeT ycreliHo 0OO0pPOHATh JIMIIbL OJHO M3 3THX COOPYXKEeHHH, HO He oba cpaay.
M3BecTHO, UTO OJIHO M3 COOpYKeHHH B 3 pasda BaxkHee BToporo. KakoBbl onTHMaJjbHble CTpaTerku
MPOTUBHUKOB?

3. Ckynoil naccaxup pasmbllLJIsIET, KYNUTb eMy OuJeT Wad HeT. Ecau oH nokynaer GWJeT, HO
KOHTpOJIépa HeT, To OH «TepsieT» 10 pyGuaeli. B ciayuae, ecsu OH nokynaer GWJET M KOHTpoJiep
€ro TPOBepsIET, TO MOJYYaeTcsl Urpa «BHUUbIO». 3a Ge36useTHBIN Mpoe3n naccaxup naatut 100
py6Jieil nuoc CTOMMOCTb Npoe3sia. B cayuae ynaunoro npoessa 6e3 GuseTta naccaxKup CUMTaeT, 4To
nosyuns1 10 pyGaeit npubbin. HaiinuTe ontumasnbHble cTpaTerdu i naccaxKupa v KOHTPoJiépa u
LieHYy UIpbl.

§4. MeToa cOGCTBEHHOI0 BEKTOpa

MaTtemaTnueckue MeToibl M03BOJSAIOT 3(PPEKTUBHO aHAMM3UPOBATh BecbMa
CJIO’KHBIE U OOJIbIIIME CHCTEMBI, MOJIEJIM KOTOPbIX COCTOSAT U3 HECKOJBbKHX YPOB-
Heil. Hanpumep, usBectHasi moznesb MupoBo# auHamukn Poppecrepa u Menoysa
paccMaTpuBaeT pecypchl, HaceJieHHe, YPOBEHb KU3HH, KalUTaJOBJIOXKEH S, 3a-
rpsi3HeHHe cpeibl. AHa/IM3 COCTOSIHUS OKPY2KAIOLLEel Cpefibl MPUBOJUT K MOJIEJH,
YPOBHSIMH KOTOPOH MOTYT ObiTh: 1) Tunbl 3arpsisuureneil (SOq, NOy, COq, CO,
CTOKH BOJI, TBEpJIble OTXOJIbl, 3eMJis1); 2) cnocoObl OUMCTKH; 3) OUMCTHTE/bHbIE
YCTPOKUCTBA.

M3yuenue Bonpoca 06 o61ieM 671ar0COCTOSTHUU CTPaHbl 1les1ecooOpa3Ho npo-
BOJUTbH MO TaKUM ypPOBHSIM: 1) 3KOoHOMHKA, 060pOHa, 3ApaBooOXpaHeHue; 2) oT-
pacJid MPOMBILLJIEHHOCTH; 3) pecypchl; 4) nemorpadus. ¥YpoBHU pacrosaralorcst
M0 WX 3HAUMMOCTH, TO e€CThb 00pa3dyloT uepapxuto. Ananus Takux uepapxuie-
CKUX cucmem CBOJUTCS, TIPEXKIE BCETO, K TOMY, UTOObI /Il KaXJIOr0 YpOBHS
BbIOpATb MPUOPUTETHI U B COOTBETCTBMU C HUMH PACMOJOXKHUTb 0OBEKTbI 3TOTO
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ypoBHsi. OCHOBHa 11€/1b aHAJIN3a: BbISICHUTh, HACKOJILKO BJUSIOT PaKTOPbl CaMO-
IO HMU3KOTO YPOBHs Ha o0ulyto Ledb. [JoKaxkeM Ha KOHKPETHOM NpHMepe, Kak 3To
JeJIAI0T Memodom cOOCMBEHHO20 8eKMopa. JTOT METOJ MO3BOJSIET PACTONO0-
»KUTb paccMaTpHBaeMble 0OObEKThI [0 CTEMEeHH UX 3HAUUMOCTH MyTEM MONapHOro
CpaBHEHHUsI 110 Pa3JIMYHbIM HE3aBUCHMbIM TPU3HAKAM.

«KoHKypc». Ha o/mkHOCTb topHCTa KPYITHOTO MPENPHSITHST PETEHIYIOT TPOe
(o603naunm ux A, B, C). Jlupektop NpeanpusiTisi B OOJIbLIOM 3aTPYAHEHHH,
TaK Kak CPeld MPETeHJEHTOB HeT TAKOTo, KTO MPEBOCXOJAUJ Obl OCTAJbHBIX 0
BceM napamerpam. OauH uMeeT OOJbLIMI OMBIT, 3aTO JAPYrof MMeeT Jyullee
o6pa3oBaHHe 1 0MyOJMKOBAJ HECKOJbKO HayUHbIX paboT; TPETHH H3BECTEH CBOEH
UCKJIIOUMTE/IbHOM OTBETCTBEHHOCTBIO U 100POCOBECTHOCTLIO U T. 1. Kak BbIOpaTh
Hauay4uLeeo no COBOKYNHOCMU Kauecmas?

Tyt nupexkTop BCTOMHMJI, UTO B MHCTHTYTE SKOJIOTHH U TpaBa, TJie OH YuHJI-
csl, UM TperojaBaJji MaTeMaTHKY, H, B YaCTHOCTH, pacCKasblBaId O PUMeHeHHH
MaTeMaTHYeCKUX METOJIOB B T€OPUH MPUHATHS pelieHni. [lokonaBuineh B CBOUX
apxUBax, AUPEKTOP HAII&JN JIeKLHH 10 MaTeMaTHKe W PelInJl BOCTOJb30BaThCS
METOJIOM COOCTBEHHBIX BEKTOPOB, MPUMEHSEMOM TMPU M3YUeHUH MepapXHUyeCKHX
cucteM. [Ipexie Bcero oH BeIOpaJs TpU OCHOBHBIX KPUTEPHS /ISt CpaBHEHHST KaH-
JIMIATOB: MPOQeCCHOHANU3M U OTBIT (KpUTepuil K|), OTBETCTBEHHOCTb U 100PO-
coBecTHOCTb (K9), opranusatopckue crnioco6HocTd (K3). Tlo Takomy BakHomy
KPUTEPHIO KaK UECTHOCTb M MOPSA0YHOCTb MPETEHIEHTOB CPABHUThL ObLJIO HEBO3-
MOXKHO — Y BCEX TPOUX B XapaKTepPHUCTHKAX OblJIO HAMMCAHO 10 3TOMY MOBOJY
NpaKkTHUeCKH OJHO M TO ke. [lepBas 3ajaua coctosiia B TOM, 4TOObI PacroJso-
YKUTb 3TH KPUTEPUH B MOPSIIKE BAXKHOCTH, a BTOpasi — B TOM, UTOObI CPaBHHUTh
KaHJMJIATOB MKy cOOOH M0 KaxKJIOMy M3 STHX KPUTEPHEB, MPUIMUCAB KaXKJIOMY
M3 HUX omnpejeseHHbll 6ajil. Pelllenne npoBoaM/IOCh B HECKOJBKO 3TAMOB.

Iman I: cpasnenue kpumepues. Vlcxoasi U3 CBOEro »KM3HEHHOTO U MPO-
(heccHOHABHOTO OMbITA, IMPEKTOP T0Jaraj, 4YTo KpuTepuil K| BaxkHee, ueM KpH-
Tepun Ko u K3, Tpuuém, ecaud CpaBHMBAThb HX KOJHYECTBEHHO, B OaJiax, TO
Ky :Ky~5:4, K : K3 ~5:3. Ecau e cpaBHUBATD

. Ta6smua 56
nocJieIHye J[Ba KauecTBa MeXKIy CoOO0H, TO OHH TPUMEPHO
PaBHOLIEHHBI, TO €CTb MOXKHO CUMTaTh, uTo Ko @ K3 ~ 1 : 1. K, Ky Kj
Hanee nupexrop cocraBui mMatpuily K pasmepom 3x3, To Ki 1 5/4 5/3
ecTb TabJIMILy C TPeMsl CTPOKAMU U TpeMsi CTOJIOIaMH, Ky/a Ky 4/5 1 1
3aHeC OTHOILEHHUsT YKadaHHbIX GajioB (Tabsuia 56). Ky 3/5 1 1

Yucgo, crosiiiee Ha nepeceyeHnd CTPOKH C HOMEPOM i
¥ cTOJI0LA ¢ HOMEPOM j, 00bIYHO 0003HavaloT a;;. [TosTomy B Hauleli MaTpuie
ayy =1, a9 =1,a33 =1, aj9 = 5/4, aj3 = 5/3, ass = 1, u 1. 1. 3amersre,
YTO YMCJIA Q;j M aj; ABJAAIOTCA B3aUMHO 0OpaTHbIMH. JlajbHefile BbluMCIeH s
6yaeM MPOBOIUTL BMECTE C AUPEKTOPOM MPUOJIHKEHHO, OKPYTJISAS 10 COTHIX JI0-
Jieil, IpUuéM HaM MoHaNoOsTCs TOMbKO uncaa ajo = 1,25, aj3 = 1,67 u agg = 1.
[Ipexkne Bcero HaxoMM TakK Ha3blBaeMoe eAa8HOe COOCMBEHHOe YUCA0 \ MaT-



§4. Metoa co6CTBEHHOr0 BeKTOpa 281

puilbl K no gopmysie

1/3 1/3
a aga
= (13> n <1223> Ll 1)
ajodos as

Bocnosb3oBaBiinch KaJlbKYyJIITOPOM, IOJydaem:

167 \'° 1251\
A_<1,25.1> +< 1’67> +1=1,10+091+1=30l.

Hanee onpenessieM KOOPAMHATH W, wWo M w3 TaK Ha3bIBAEMOr0 2AAB8HO20
cobcmeennoeo sekmopa mampuyol K no dhopmynam:

wl:é. w2:(>\—1)a23+a13/a12. wgzw' @
D’ D ’ D )
rue
A =ajpags +ajz(A—1), (3)
H
D = ajsa9; + ajzags(A — 1) + ajz/ajp(A — 1)* = 1. “4)

[TojcraBasist ciofa Hallk 3HaueHus ao = 1,25, aj3 = 1,67, asg = 1, nocJe-
JIOBATEJIbHO MOJIydaeM:

A=125-14167-2,01=1,25+ 3,35 =4,60;
D=125+167-201+156-08-(2,01)>—1=8.99;
4,60 2,01 + 1,33 2,012 — 1
w| = 8,@; wy = 78,99 =037, ws3= 78,99
Tenepb coOGCTBEHHBIH BEKTOp & = (Wi, wo,ws3) HYXKHO HOPMUPOBAMDb, TO
€CTh KaXK/lylo KOOPJIMHATY pas3jle/uTh Ha CyMMy Bcex KoopauHat. Mmeem:

= 0,34.

w| +wo +w3 =0,51 +0,37 + 0,34 = 1,22;

w051 wy 0,37 w3 0,34

22 122 0% 105 T 100 - 90 Tog T 1o — 0%
O603Han/IM BeKTOp, KOOp[[I/IHaTaMH KOTOpOFO ABJIAIOTCA 2TH 4HCJIA, OIIATb
uepes W:

& = (0,42; 0,30; 0,28).

ITOT BeKTOP HasblBaeTcst ekmopom npuopumenos. CorjacHo TeOpUH, Kaue-
ctBa K, Ko u K3 MOXXHO pacroJioxkuth no npuoputery ¢ 6ananamu 0,42, 0,30 u
0,28 COOTBETCTBEHHO.

Iman II: cpasnerue npemendenmos no kauecmsy K. V13 nmetomxcs
JIOKYMEHTOB (XapaKTepUCTHK, PeKOMEH/alllil, OT3bIBOB, HAYUHBIX MyOJUKAIMH)
JIMPEKTOP CyMeJl CPaBHUTb MeXIy COOOH KaxKaylo mapy MpeTeHJeHTOB M0 Kaue-
ctBy K. ¥ Hero nmosyunsocb A : B ~ 1 :2 (to ectb y B 6an1 B 2 pasa Bbillle,
ueMy A), A : C ~1:3, B:C ~ 2:1. Marpuua K, nonapHbix cpaBHeHHH
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npuBejieHa B Tadsuile 57. [Tojpcrapnsisi uncna ajo = 0,5, a13 = 0,33 1 agg = 2
B opmyiibl (1)—(4), Kak U B NpeAbIAYyLIEM Cydae, HAXOJIHUM:

033\ /05.-2\"3
A_<0’5_2> +<0’33> +1=069+144+1=23,13;

A=05-2+033-2,13=1,71;
D=1+033-2-213+0,33-2-2,13% — | = 4,44;

L7 213-24033-2 493
I gaa 0,39 wp = 444 =242 bE
21321 354 . _
w3 = 144 444 =08, w4+ wo+ w3 =230
(AJI o . (AJQ - . wg -
550 =017 539 =048 555 =035

Hrak, B 3TOM cjiyuae BekTop npuoputeros Oynet J; = (0,17; 0,48; 0,35), T0
€CThb, €CJIH CPaBHUBATh MPETEH/IEHTOB MO KauecTBy K|, TO OHH MOJIyuaroT GaJiibl
0,17, 0,48 u 0,35 cOOTBETCTBEHHO.

Tabuouua 57 Ta6unia 58
A B C A B C
A 1 1/2 1/3 A 1 3/2 1
B 2 1 2 B 2/3 1 3/4
c 3 1/2 1 c 1 4/3 1

Iman I1l: cpasnenue npemendenmos no kawecmsy Ky. Kax 6b110 Bu-
HO U3 JIOKYMEHTOB, KaxK/Ible JIBO€ M3 MPeTEeHIeHTOB paboTallu HEKOTOPOE BPeMsl
B OJIHOM M TOH »Xe (upMe W BesJM NMPUMEPHO OJIMHAKOBble jena. [IpocmoTpes
MocJie/IHie H OLIEHHUB KaueCTBO MCIOJIHEHHSI, TUPEKTOP MOJYUHJ CJENYIOLIHe OT-
HoteHusi o kputeputo Ko: A : B ~3:2, A:C~1:1,B:C ~3:4
(rabmuua 58). Mmeem: ajo = 1,5; a3 = 1; asg = 0,75;

| 3 r15.075\ 3

A=15-075+1-2=3,125:
D =1,12540,75-2+0,67-2%2 — | = 4,295;

3,125 _ ) B 2-0,75 4+ 0,67 _ )
w| = 1005 0,73; w9 = 4295 0,51;
w3 = :;9; =0,70; wi+wy+w3=1,94;
wi . w2 _ . ws
1.0 = 0,38; 1.9 = 0,26; 1.04 = 0,36.

Bekrop npuopuretos 6yner oo = (0,38; 0,26; 0,36), Tak uto no kayectBy Ky
npetenieHTHl noJyvator 6asbl 0,38, 0,26 u 0,36 cOOTBETCTBEHHO.
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Iman IV: cpasuenue npemendenmos no kauwecmay Ks. Ilockosbky HU-
KTO W3 MPETEHJEHTOB Mpex/e He HAXOAWJICS Ha PYKOBOAslLeH paboTe, TO JIH-
PEKTOp, MCXOJsl M3 BeCbMa TyMaHHBIX COOOpaKeHWH M CBOEH HHTYHIMH, CMOT
TOJIBKO OLLEHHTb BEPOSITHOCTb TOTO, YTO TOT WJIM UHOU MPETEHJEHT CTaHeT XOpo-
M pykoBoaurteseM. [loayunnncs Bepositnoctu 0,8, 0,7 n 0,6 cooTBeTCTBEHHO.
PasnesnB Kakjoe M3 yKasaHHbIX uhces Ha ux cymmy 0,8 + 0,7 + 0,6 = 2,1,
HaxoIuM BekTop npuopureros: w3 = (0,38; 0,33; 0,29).

Iman V: noayuenue okonuamenronoeo pesysomama. CorjaacHo TEOPHH,
OKOHUaTeJIbHOe pacrpesiesieHne MeCT ToJyyaercs caenyonmum oopazom. Cocra-
BUM M3 BEKTOPOB |, Wo U W3 MATPHILy 3 X 3, 3aMMCaB UX KOOPAUHATHI B CTOJOLIBI:

0,17 0,38 0,38
0,48 0,26 0,33
0,35 0,36 0,29

3aTteM yMHOXKHMM 3Ty MaTpUly Ha MaTpUly-cTos0el]
0,42
0,30 ],
0,28

COCTaBJIEHHYIO M3 KOOPAMHAT BeKTopa . [1o npaBusy yMHOXKeHHSI MaTpHLL HMe-

eM:
0,17 0,38 0,38 0,42
0,48 0,26 0,33 | x| 0,30 | =
0,35 0,36 0,29 0,28

0,17-0,42 40,38 - 0,30 + 0,38 - 0,28
=1 048-0,42+0,26-0,30+0,33-0,28 | =
0,35-0,42 4+ 0,36 - 0,30 + 0,29 - 0,28

0,071 40,114 + 0,106 0,291 0,29
=1 0,202+0,07840,092 | = 0,372 | = | 0,37
0,147 4+ 0,108 + 0,081 0,336 0,34

Mrak, okoHUaTesNbHOE pacrpejiesieHde MecT cJieytoliiee: rnperenaeHT A Ha-
6pan 0,29 6asna, nperennent B — 0,37 6asna, nperenaentr C — 0,34 6anna.
Metos co6CTBEHHOTO BEKTOpa OT/AJ MPENOUTEHHE MTPETEHIEHTY 5.

[IpenynpexeHue: He nonajaite Moj TMITHOTHUECKOe BO3JeHCTBHE uuces!
HecMmoTpst Ha 06bEKTHBHOCTb MATEMATHUECKUX METOJIOB, TTOJIyYeHHbIH pe3yibTat
HeJb3sl pacCMaTpUBaTh KaK UCTHHY B MOCJeNHed MHCTaHUMH. XOTs Obl MOTOMY,
YTO BHIGOP MCXOJHOrO Marepuasa (TO ecTb UHCeN dj9, A3, U do3, BXOJSIIMX B
matpulbl Ki, Ko, K3), Obll B 3HAUUTENbHOH CTeneHu CyObeKTHBHBIM. [losTOMy
v nperenjieHT C, UMEIOIIMH PUMEPHO TaKoH ke GaJll, Kak U B, TakKe UMeeT
IaHC Ha ycrex, B 0COOEHHOCTH, eCJid OH He KYPHUT WJIM COIVIaceH Ha MeHbIUYIO
3apniaty. Bot elllé HecKOJIbKO BaXKHbIX 3aMeuaHui.
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1. OnucaHHbIM METOJIOM MOXKHO CPAaBHUBATh MPOU3BOJILHOE YHCJIO KaHIWIA-
TOB W M0 Ji0OOMY KOJIHUECTBY KPHUTEPHEB, OJHAKO MPH YBEJUUEHUH HX YHCJa
NpUAETCS M0Jb30BAThCS HECKOJIBKO H3MEHEHHBIMHU (hOpMYJIaMH.

2. C BBIYHCJUTENBHBIMHA TPYJHOCTSIMH MPH HCTOJb30BAHUH MaTeMaTHUECKHX
METOJIOB MPHUHSITHS pellieHHH MO3BOJISIeT CIPABUTCS KOMIIbIOTEP.

3. Eué pa3 otmeruM, B ueM cuJjia OMUCaHHOrO MeTona. CpaBHUTH KaxKiible
JBa 06beKTa MexKly coO0H MO 0JJHOMY KPUTEPHUIO OBOJLHO MPOCTO, U 3TO JaeT
BO3MOXKHOCTb CPABHUTEJLHO JIETKO 3alOJIHUTh MATPUILLy MOMapHbIX CPaBHEHUH.
Ho 3aTteM, ¢ MoMOllbI0 HECJOXKHBIX BbIUHUCJEHHH, Mbl HAXOJUM OTBET YyXKe Ha
JIOBOJIBHO TPYJHbIA BONPOC: KAKOW U3 pacCMaTpUBaeMbIX 0O'bEKTOB MPEBOCXOUT
OCTaJIbHBIX M0 COBOKYMHOCTH BCEX KPUTEPHUEB.

YnpaxxHeHus

1. Tlpensioxkute pasandyHble KPUTEPHH OLIEHKH KAuecTBa MPerofaBaHust yueOHbIX JUCIHUIIIHH B YHH-
Bepcutere. OLeHHTe B COOTBETCTBUM C HUMH BALLMX TIpenojaBaresell 0 onpeae/nTe Jyullero 3 Hux
C TIOMOLLbIO METO/Ia COGCTBEHHOTO BEKTOPA.

2. BriGepure TpH BakHEHIINX (C Balllell TOUKH 3PEHHsT) KPUTEPHUST XOPOILIEro My»a (XOporieH Ke-
Hbl) M C MOMOLbIO MeTOJa COOCTBEHHOrO BEKTOPA HAMIHMTE CPEH CBOMX 3HAKOMbBIX HAMJIydLIylo
KaHIUIATypy Ha 3Ty POJib.

3. TlonpoOyiiTe OLeHUTb LIAHCH BO3MOXKHBIX MPETEHAEHTOB Ha JOJ/KHOCTb M3pa Balllero ropojia,
BbIOpAB KPUTEPHH MO CBOEMY YCMOTPEHHIO.



[naBa XI

CayuaiiHble
BeJUYHUHDI

U IopUanUecKas
CTaTUCTHKA

Tepmun cmamucmuka ynorpebasiercs ua-
lie Bcero it 0603HauUeHUs1 ABYX MOHATHH. Bo-
MepBBIX, CTATHCTHKON HA3bIBAIOT HAGOP KoJHUe-
CTBEHHbBIX JIAaHHBIX O HEKOTOPOM SIBJIEHUH, CO-
BOKYMHOCTH OO0bEKTOB M T.M. IDTH JaHHble Ha-
3bIBAIOT CTATUCTHUeCKUMHU. Hanpumep, kaxayto
CTY/IeHUeCKYIO TPYTITY MOXKHO 0XapaKTepH30BaTh
Tak: B Hell BCETO /1 CTY/IEHTOB, U3 HUX @ OTJIMYHH-
KOB, b XOpOLIKUCTOB, ¢ TPOGUHUKOB, d HeycreBa-
folmx. M ypoBeHb 6/1arocoCTOSHUS TpaxKaaH
MOXKHO COOTHECTH ¢ HX jaoxoiamu. CpenHuit
MeCSIUHBIH JI0XOJL KuTeJisl ropoaa IpiokoBo —
12000 py6uet, xurenss bpiokoso — 10000 py-
6uielt, a xutens aepesHu Baciokn — 3000 py-
Os1elt U T. 1.

Bo-BTopbIX, TepMUHOM cmamucmuka 06b-
€/IMHSIIOT COBOKYITHOCTb METOJIOB HCCJIEI0BAHHUS,
OCHOBAHHbIX Ha aHaJ/iu3e CTaTUCTHUECKUX JaH-
Hblx. Hanpumep, naHHble 0 cpefHeM J0XOJe rpa-
JKJ1aH COOMPAIOT €2KEMEeCSIUHO B TeUeHHe roja, 3a-
TEM JIeJIaI0T BbIBOJL O TOM, KaK M3MEHSJICS ypo-
BEHb KM3HU PA3JHUHBIX COLMAJbHBIX, BO3PACT-
HbIX, NPOECCHOHANBHBIX U JIPYTHX TPy Hace-

§1.

JIEHHS1 B Pa3HbIX ropojax, perioHax v BO BCeH
cTpaHe B uesoM. [TpocTefiiine MeTospl CTaTHCTH-
ueckol 06pabOTKU TaHHbIX Mbl 00CYKIaJH B Tpe-
Thel IJaBe.

B kaxmoil o6nactu nesitelbHOCTH pa3pabo-
TaHbl CBOM CrelM(pUUECKHe CTaTUCTHUECKHE Me-
Tojbl. CyllecTBYeT MHOTO pa3HbIX CTATHUCTHK:
COlLIMa/IbHO-39KOHOMHUUECKas1, JieMorpaduueckas,
MEJIULIMHCKAs, opUaMUecKasl, 3BE3MHAs W Psil
japyrux. I[TockosibKy Bcsikasi cTaTHCTHKA OMepH-
pyeT ¢ uMcJaMM, TO OCHOBOH BCEX CTaTHTHUe-
CKHUX MEeTOJIOB siBJisieTcsi MaTeMaTuka. COBOKYyII-
HOCTb MaTeMaTHYEeCKUX METOI0B 06pabOTKH, CU-
cTeMaTH3allK, aHa/jM3a U MCIOJb30BaHMUSI CTa-
TUCTHUECKUX JAHHBIX COCTaBJSIeT MpeaMeT clie-
MaJbHOH HAyKH — MaTeMaTHUeCKOH CTaTHCTH-
Kd. VIMeHHO MaTeMaTHyeCcKre METOJIbl B CUJTy HX
00BEKTUBHOCTH MO3BOJISAIOT MOJNyUaTh HauboJee
3HAUMMble pe3yJbTaThl pU 06paboTKe CTATUCTH-
YyecKuX JaHHbIX. [ly6rHA W JOCTOBEPHOCTH 3THX
pe3yJIbTaToOB 3aBHCHT KaK OT MOIIHOCTH MpHMe-
HsSIEMBIX MaTeMaTHUECKHX METOJIOB, TaK U OT Mpa-
BUJIBHOCTU UX MpUMeHeHusi. Pasgymeercsi, nocro-
BEPHOCTb Pe3yJibTaTOB 3aBUCUT TaKxKe OT 106po-
KAueCTBEHHHOCTH CTAaTUCTHUECKOTO MaTepuala,
KOTOpPBII NojBepraercss o6paboTke.

Bornpoc o Tom, Kakue nmMeHHO TpeGOBaHHUS
cJieflyeT TMPUMEHATb K CTATUCTHUECKOMY MaTe-
puasy ¥ NpoBeJeHUI0 CTATUCTHUECKUX HaOJI0/1e-
HUH, oOcyKaaeTcsl B ClelMalbHbIX yueOHHKaX,
HarpuMep B yueOHHMKAX M0 OPUAMYECKOH CTa-
TUCTHKe. 3/IeCh Mbl €r0 3aTparuBath He OYJIeM.
Kpowme Toro, Mbl Bcerjga 6ynem cuutath, UTo UMe-
€M JIeJIO C JI0CTAaTOYHbIM H O0O'beKTHBHBIM CTATH-
CTHUYECKHUM MaTepHaJsIoM.

ILPICerTHble Cﬂyqaﬁﬂble BE€JHUYHUHDI

B TpeTbell ryiaBe Mbl paccMaTpUBaJIM IepeMEHHble BEJIHUHHBI, 3HaYeHUs KO-
TOPBIX 3aBUCAT OT CJAyYalHbIX MPUUMH (KOJHUYECTBO JOPOKHBIX MPOUCIIECTBUH,
YHCJIO MPABOHAPYILIEHHUH, COBEPILEHHBIX MOAPOCTKAMH, BpeMsi 06C/IeI0BaHHUS aB-
ToMOOUIISA, cpenHsst 3apnara). Takne nepemenHble BeJMUHMHBI HA3bIBAIOTCS CJy-
yailHbIMH. OHHU MOSIBJASIIOTCS B pe3yJbTaTe HabJIOJIeHUs] UM KcrepumeHTa. Pe-
3yJIbTaThl SKCIEPUMEHTa Mbl 0hOPMJISIIIN B BUJIE TaOJHMLIbl, B IEPBOH CTPOKE KOTO-
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pO¥ 3amuchiBaIM pa3auuHble HAO/I0aeMble 3HAUEHHS CJyYaHUHOH BEJHUUHBI X,
BO BTOPOH — COOTBETCTBYIOLIME OTHOCHTENbHbIE YaCTOThI. Takas Tabsnua Ha3bl-
BAETCSl IMAUPULECKUM pacnpedeseHiem CAYUailHOol seauyursl X Wi sapua-
UuoHHoiM pdom. JIis BapHalMOHHOTO Psifia Mbl HAXOUJIM CPeJiHee 3HAUeHHe X,
jqucrnepcrto D W cpejiHee KBajlpaTHUECKOe OTKJIOHeHHe S.

[TomuMo aMnupUUecKUX pacrpesiesieHHi B TEOPHUH BEPOSITHOCTEN U MaTeMaTH -
UeCKOU CTAaTHCTHKE pacCMaTpHUBAIOT TEOPETUUECKHE pacrpeseseHus CaydanHbIX
BEJIMUMH.

[Mpumep 1.1. Meicsiento noa6pocum MoHety 1 pas u GpUKCHPYeM MepeMeHHyI0

BeJIMUUHY X — YMCJIO BbiNajie- TaGuia 59

nuii opsia. CoryiacHo ornpejeJie-

HHUIO (CM. LIECTYIO F.HaBy), Be- X 1 0 b)) (CyMMa BCeX BepOHTHOCTteI)
posiTHocTh P Bbinagenus opaa £ 0,5 0,5 1

(X = 1) paBua 0,5; BeposiT-

HocTb Bbinanenus petiku (X = 0) takke paBHa 0,5. B pesysbrate nosyuaercs
Tabsauua 59, KoTopas Ha3blBaeTcsl TEOPETHUECKUM pacrpeiesieHieM HIn TabJn-
LeH pacrpeaeseHusi CaydyalHou BeJUUUHbL X .

[Mpumep 1.2. UrpanbHasi KocTb (MbicJieHHO) Gpolena oaun pas. O6o3HauuM

yepe3 X BO3MOXKHOE UHCJIO BbiNaB- Tagumia 60

KX oukoB. [lepemennasi X npuHu-

MaerT Liesible 3HAUeHHsl OT eIMHULbI 10 X I 2 3 4 5 6 X
wectH. [TockosIbKY HrpaJbHas KOCThb P 1/6 1/6 1/6 1/6 1/6 1/6 1

cjle/laHa U3 OJIHOPOJIHOTO MaTepHasia
U TpejicTaB/sieT coO0i reoMeTpUUECKH NpaBU/bHOE Teso (Ky6), TO BEPOSITHOCTb
BBIMAJIEHUsST KAXK/I0H IPAaHH OJIHA U Ta XKe, a UMeHHO, 1/6. DTo 3anuchIBaIOT TakK:

PX=1)=1/6; PX=2=1/6; ..., PX=6)=1/6.

3akoH pacrnpesesieHnst cayuyaiHoi BesnuuHbl X npesactaBien Tabganiei 60.

Janee Mbl OyieM paccMaTpUBATh TOJIBKO TEOPEeTHUECKHE pacpe/iesIeHUs] CIly-
UyalHbIX BeJUUMH. [OBOPAT, UTO 3aJaHO pacripesie/ieHde CJAyuyalHON BeJIUUHHBI,
€CJIM U3BECTHA BEPOSITHOCTb MOMAJaHHUs 3TOH BEJHUUHBI B JIIOOOH MPOMEXKYTOK,
WM 3aJ1aHO TPaBUJIO, 110 KOTOPOMY MOXKHO BBIUMCJIMTb BEPOSITHOCTb OMaaHusl
5TOH BeJIMuMHbI B Hero. CJjlyuailHas BeJIMUMHA HA3BIBACTCS HENpepul8HOLl, ect
e€ 3HaueHHUs LIeJIMKOM 3alOJIHAIOT HEKOTOPbIH 4Hc/IoBOH NpoMexxyToK. Henpe-
PBIBHBIE CJly4alHble BEJMUMHBI MBI PACCMOTPHM HECKOJIbKO TMO32KeE.

Cuayuaiinasi BeJIMUMHA Ha3blBaeTcsl OUCKpemHotl, ec/ii Bce eé 3HaUeHHsl MOK-
HO 3aHyMepoBaTh (B YACTHOCTH, €CJM OHA MPUHUMAET KOHEUHOe YHCJIO 3Haue-
Hui). JIMcKpeTHble BeJIMUMHBI 3a7al0T C MOMOLLbI0 TaOJHLbl pacrpe/eseHus, B
MEepBOH CTPOKE KOTOPOW MEPEuUCSIOTCS 3HAUEHHS CJyualHOH BeJUuuHbl X, a
BO BTOPOH — BepOSITHOCTH P 3Tux 3HaueHud (npumepnl 1 u 2). OT™MeTuMm jBa
xapakmepHolx cgolicmaa Tabaulbl pacrpeeseHnst TUCKPETHON cayuaiiHON Be-
JMUUHbL 1) Bce uMcaa BTOPOH CTPOKH TalJHLbI MOJOXKUTENbHBI, 2) UX CyMMa
paBHa eIMHHLIE.
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C nomotiibto Ta6HIIbI pacripeieseHnst MOKHO BbIUMCIUTD BEPOSITHOCTD MOMa-
JlaHUsl CJIyuallHOH BeJIMUMHBI B JIIOOOH UUCJOBOH MPOMEKYTOK MO CJEAYIolIeMy
npaBuiy (Mbl (OPMYJHpPYeM €ro Jyisi OTKPbITOrO MPOMEXKYTKa — HMHTEpBaJa):
B8EPOSAMHOCHIL NONAOAHUSL CAYUALUHOU 8eauturbl 8 unmepsan (a,b) pasua
cymme 8epOAMmMHOCmell 8cex eé 3HAUCHIL, NPUHAOACHCAUUX IMOMY UHMep-
saay. Hanpumep, mycTh Hy>KHO HAHTH BEPOSITHOCTb TOTO, UTO UMCJIO BbIMABIIHX
0UKOB GoJibllle 1, HO MeHble 5 (MpuMep 2), To eCTb HAUTH BEPOSITHOCTb COObI-
i 1 < X < 5. B unrepnan (1,5) nonanator Tpu 3HaueHUs: BesuunHbl X: 2, 3
u 4. BepositHocTh Kaxkioro u3 Hux pasHa 1/6. Vicrnosbgyst npaBusio, mosyuum:
Pl<X<b)=1/6+1/6+1/6=3/6=1/2.

Ta6miua 61 [Mpumep 1.3. Jluckpernasi ciyuyaiinasi
BesinuMHa X 3amana tabsuued 61. Haii-
X -2 0 15 4 10 X 218M BeposTHOCTL P ronajaHus 3HaueHui

p 03 01 02 015 025 1 pesMuMHbl X B nosyuHrepsan [—2;4,5).
Nmeem: P(—2 < X < 4,5) =0,3+0,1 +
+0,2+0,15=0,75.

[Ipumep 1.4. JIpa crpesika He3aBUCHMO JPYT OT JPYyra JEAIOT M0 OJHOMY Bbi-
CTpeJly B OJIHY U Ty K€ MHLIeHb. BeposiTHOCTb nmonajianus uist epBOro CTpeJska
pasHa 0,5; nast Broporo — 0,4. Cayuaiinas BennunHa X — umMc/I0 nonajaHni B
muleHb. CoctaBbTe TabJMLYy pacrpeeseHHst BeJHUUHbl X .

Pewenue. [To cmbicay 3a1auu siCHO, YTO BO3MOXKHBIMU 3HAUEHUSIMH BEJMUH-
ubl X Oynyt udcaa 0, 1 u 2. Haiiném BeposiTHocTH 3THX 3Hadenuid. st 3T0TO
BBeIEM coObiTHst A u B: A — ronajanue 1nepBoro cTpeska U B — mnonajaHie
Broporo. [To ycnosuio P(A) = 0,5 u P(B) = 0,4. DTH COOBITHSI €CTECTBEHHO CUH-
TaTh HE3aBUCHMBIMU. [1pOTHBOMOIOKHBIE UM COObITHA A U B (poMaxy nepsoro
M BTOPOTO CTpeJsiKa) ToxKe OyayT He3aBUCHMbIMH. [lo CBOHCTBY BeposiTHOCTEH
HAXOUM BEPOSATHOCTH MPOTHBOMOJIONKHBEIX coObithil: P(A) = 1 — 0,5 = 0,5,
P(B)=1-0,4=0,6.

Ecan o6a crtpesika npomMaxHyJMCh, TO YHCJIO TIONAJaHUi PaBHO HYJIO, CJie-
noBatesbho, P(X = 0) = P(AB). TTo TeopemMe yMHOMKEeHHSI BEPOSTHOCTEH JIst

Ta6uma 62 HesaBHCHMBIX cobbiTHil P(AB) = P(A)P(B) = 0,5 -

-0,6 = 0,3. Takum o6pazom, P(X = 0) = 0,3. [lns na-

X 0 1 2 )Y X0xkK/1eHus1 BepositHocTH P(X = 1) onHoro nonaganusi
p 03 05 02 1 B MHILIEHb IPUMEHUM (hOpMyJibl IIpUMepa 7.3 11ecToil

raasb: P(AB+AB) = 0,5-0,4+0,5-0,6 = 0,5. Utak,
P(X = 1) = 0,5. Hakonel, 3ameTum, uto nonajaHue o60UX CTPeJKOB 03HAua-
er, uto X = 2, nostomy P(X = 2) = P(AB) = P(A)P(B) = 0,5-0,4 = 0,2.
MroroBoe pacrnpejiesieHne coaepkut tabanua 62.

OG6paTM BHHMaHHe uuTaTesisl el pa3 Ha TO, UTO M SMIUPUUECKOE, U Teo-
peTHuecKoe pacrpejiesieHds 3aJ1al0TCsl OJIMHAKOBBIMHU 10 (hopme TabJHIIaMH, HO
OHM pa3JIMualoTCs MO CYLIECTBY: B CJyyae SMIIMPHUECKOrO pacriepejieieHust BO
BTOPOH CTPOKe TabJIHIbI CTOSIT YACTOThl HabJII0IaeMbIX 3HAUEHHI CJydyailHOi Be-
JIMUUHBI, B CJIydae TEOPETHUECKOr0 — UX BEPOSITHOCTH. HaCcTOTbI H BEPOSITHOCTH,
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B0OOIlle TOBOPSI, He coBnajaloT. Hanpumep, Mbl MbICJeHHO NMoaOpachkiBaeM MoO-
HeTy | pa3 M HaxoaMM BepOSITHOCTb TOro, YTO BbinaneT opén. OHa nosyuaetcs
paBHo# 0,5, KaK 4acTHOE OT JieJieHHsl uucaa OarornpUusiTHbIX HCXOA0B (0péJ) Ha
UUCJI0 BCEBO3MOXKHBIX UCXOJI0B (Op&J, pelKa). JKCIepUMEHT »Ke COCTOUT B pea-
JIM3alMKU 00H020 U3 3THX UcX0/10B. Kaxkpiil nexon naét cBoé 3HaueHHe yacTOTh
nosisienust opJa: 1 unn 0 COOTBETCTBEHHO.

Tabsnua 63

Homep cepun 1 2 3 4 5 6 7 8 9 10
Yucsio nosiieHHH opJia 502 511 497 529 504 476 507 528 504 528

[Iponenaem onbIT cHoBa, moabpocus mMoHery 10, 20, 30, 40, ... pa3 u noja-
CUMTaeM 4acTOTy BbiMajeHusi opja. B KaKIol cepuu OMbITOB UacTOThl GYMyT,
Bo0OI1e ToBOps, pa3ubiMu. JIxk. E. Keppux nposén 10 cepuit mo 1000 6poca-
HHUI MOHETBI U MOJICUMTAJ UUCJIO BbINMAJEHUH OpJia B KaXK10k cepun. PedysbraThl
3anucanbl B Tabauue 63. Hanpumep, B nepso#i cepun opén nosisuics 502 pasa
U, Tak Kak uucgo Bcex 6pocanuit papuo 1000, To 498 pas B 3To# cepun opén
He nosiBuiicsd. [To pesysbraTam 3TOH CepuM 3MMHUPHUECKOE pacrpesesieHHe Cy-
yalHOH BeJIMUMHBI X — 4YHCJa BbIMAJEHUH OpJia NPpH OJJHOM GPOCAHUM MOHETDI
npeacTaB/eHo Tabuuiel 64.

Tabuuua 64 Tabauia 65
X | 0 % X | 0 %
P 0,502 0,498 1 P 0,4914 0,5086 1

Jlis1 ka0l W3 JecsaTH cepuil roJsiyuaeTcsl CBOE 3MIHMpPHUECKoe pacrpejie-
JICHHE U BCE OHM, KPOME pAaCIpeLesIeHUH, COOTBETCTBYIOLIMX MATOH M ACBATOH
cepusiM, pa3nuunbl. OTaMUHS, OJTHAKO, SIBJSIIOTCS BeCbMa HeaHauMTedbHbIMU. Bo-
Jiee Toro, ecsan Mbl 06beauHuM Bee 10000 npoBeIéHHbIX 9KCIIEPUMEHTOB B OJIHY
CEpHUI0, TO YUCJIO MOSIBJICHUH opJsia OYIET paBHO

502 + 511 + 497 + 529 + 504 + 476 + 507 + 528 + 504 + 528 = 5086,

a urcso Herosiienn# opaa 10000 — 5086 = 4914. B pesyabrare nosyuaercs
pacrpezeseHue, 3aaaBaemoe Tabauuei 65. Jlyisi Hero pasHMUA YacTOT BblNaje-
Hust opJia u peuiku Ha 0,041 meHblue, uem camasi 6oJiblIAST PA3HULA B OT/IEJbHBIX
cepusix no 1000 6pocanuii. Takum 06pazom, MOXKHO MPEANOJOKUTL, UTO 1puU
yseauUeHul YiucAa HabaodeHull annupuieckoe pacnpedeierue npubauIca-
emcs K meopemuueckomy, sadannomy mabauyet 59. JToT PakT AeHCTBU-
TEJIbHO MMEET MECTO W OTpaxKaeT CoJep:KaHhe OJHOH M3 BaxKHEHIIHX TeopeM
TEOPHH BEPOSITHOCTEH, KOTOpAst Ha3bIBaeTCs MO UMeHH eé aBTopa Teopemoil bep-
HYJITH.
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To ke camoe MOXKHO cKa3aTb 00 OMbITAX C UrPaJbHON KOCTbIO: TMPH YBEJH-
UEHHH YUCJIa ONbITOB (6pocaHuil KOCTH) 4acTOThl OyIyT MPUOJIHKATHCS K BEPO-
SITHOCTSIM, TO eCTh K 1/6. [ToaToMy roBopsiT, uTO 3MIUPHUECKOE paCHpeIeseHre
npubJIKaeT TeopeTHUeCKoe, a TeopeTHUecKoe SIBJSIETCS Mpele/bHbIM IS M-
nupuyeckoro. B 6oJblIMHCTBE MpaKTHUeCKUX (MPUKJAAAHBIX) 3aaau TpebyeTcs
HaHTH TeopeTHUecKoe pacrpejeseHue cJaydalHOH BEJIHUHHBI, KOTOpPOe anpHOpH
sIBJISIETCSl Hen3BecTHbIM. Kak npaBu/io, ero 3aMeHsltoT 3MIHPHUECKHUM pacrpe-
nejieHreM. Yem GoJibllie ONbITOB MPOBEAEHO VIS OTbICKAHHSI MOCJENHEro, TeM
TOYHEe OHO OTpaxKaeT TeopeTHUeCKoe pacrpeselieHHe.

BakHOll XapaKTepUCTUKOH JMCKPETHOH CJyuallHOH BeJIMUMHbBI sBJsieTcs eé
MaTeMaTHUeCKoe OKUAaHHe.

Onpepnenenue 1.1. MaremaTHUECKHUM OXKHIAAHHEM HCKPETHON CJIydaiiHOH Be-

JIMUKHBL X, TIPUHUMAIOLIEH 3HAUYEHHUs X|, X9, X3, ... C BEPOSTHOCTAMH p|, Po,
pg, ... Ha3bIBaeTcsd 4yucJo
M(X) = x1p1 + xop2 + x3p3 + . .. (1)

Tak, B npumepe 2 umeem M(X) =1-1/6+2-1/6+3-1/6+4-1/6+5-1/6+
+6-1/6=(14+2+3+4+5+4+6)/6=21/6=23,5, B npumepe 3 M(X) = 2,8.
B nepBoM cJjiyuae okasaJsoch, UYTO MaTeMaTHUECKOE OXKMIAHHE PABHO CPEIHEMY
aprugmMeTHUeCKOMY 3HAUEHHUH CaydailHON BeJIHUMH. DTO MOJYYHIOCH TIOTOMY, UTO
BCE 3HAUEHUs CJyualHON BeJMUMHBI UMEIOT OJIMHAKOBYIO BEPOATHOCTb. B npume-
pe 3 M(X) # 2,7 =%.

MatemaTHuecKoe 0XKHJlaHHe HAa3bIBAIOT TaKkKe cpedHum arnaqeruem. Ponb
CpeHUX BEeJIMUMH Mbl Y2Ke oOcyxkna/ju B TpeTbeil riase. K 1pyrum BaxKHbIM 4u-
CJIOBBIM XapaKTepUCTHKAM CJyYalHOH BeJIMUMHBI OTHOCATCS ducnepcus v cpeo-
Hee KsadpamuuecKkoe OmKAOHEeHUe.

Onpepnenenue 1.2. /Jucnepcueii TMCKPeTHONH CaydaiiHON BesMunHbl X Ha3bi-
BAETCS UMCJIO

D(X) = (x; — m)?py + (xo — m)® pa + (x5 — m)? p3 + ..., 2)

rae m — MaTeMaThudyeCckKoe OKuJaaHue BeJIHUYHHDbI X.

Onpenenenue 1.3. Cpednum ksadpamuueckum OmMKAOHEHUEM CIyYaRHON
BeJIMUMHbL X (OT €€ MaTeMaTHueCKOro OXKHJAHHUS /71) HA3bIBAETCS UHUCJIO

S(X) = v DX). 3)
B npumepe 2 m = 3,5. Ilo dopmynam (2) u (3) nosyuaem:
DX)=(1-35%1/6+2-35%1/6+((3—-35%-1/6 +
+(4—35)2-1/64(5—135)-1/6+4(6—23,5)>-1/6=
=25+ 1,52+ 0,52+ 0,5 + 1,52+ 2,5%) /6 = 17,5/6 ~ 3,08;

S(X) = \/3,0833 ~ 1,76.
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Jlns npuMepa 3 HAXOIUM:

M(X) = —2.0,3+0-0,1+1,5-0,24+4-0,15+10-0,25 = —0,6+0,340,6+2,5 = 2,8;

D(X) = (—2—-2,8)2-0,3+(0—2,8)2-0,1 +(1,5—2,8)*-0,2+ (4 —2,8)>- 0,15 +

+(10—2,8)?-0,25 = 21,16-0,3+7,84-0,1+1,69-0,2+1,44-0,15+51,84-0,25 =
— 6,5348 + 0,784 + 0,338 4+ 0,216 + 12,96 ~ 20,84;

S(X) = 1/20,84 ~ 4,56.

@opmyabl (1)—(3) UMeIOT Takoi Ke BUJ, KaK U aHAJOTHUYHbIE POPMYJIbI TPe-
Thell riaBbl. Ho Tam Mbl BBIUHC/IAIM cpeHee apudMeTHueckoe X, aucnepcuio D
U CpejiHee KBajpaTHYeCKoe OTKJIOHEHHE S JUisl SMIIMPHUECKOrO pacrpe/lesieHus!.
MoxkHO cuuTaTh, UTO BeJMUMHbl X, D U S sBAsIOTCS MPUOJIMKEHHBIMU 3HAUEHH -
siMH i cooTBeTcTBYOIIMX BesmunH M(X), D(X) u S(X).

[Tomumo Tabuiulibl, pacrpesesneHie CayyailHOH BeJUUUHbl H300paXKaloT TaK-
Ke € MOMOLLBI0 MHO20Y20AbHUKA pacnpedeserus. JIst 3Toro Ha KOOpAMHAT-
HOH TJIOCKOCTH CTPOSIT TOUKHM C KOOpAHHATaMu (X, pi), (xo, po), (X3, p3), ... H
COEIMHSAIOT UX TMPSIMOJIMHEHHBIME OTpe3Kamu. [losryueHHylo JlomMaHylo M Hasbi-
BalOT MHOTOYTOJILHUKOM pacrpeiesienus. Ha puc. 127 Takoll MHOroyroJibHUK
MOCTPOEH [/l BEJIMUUHBI, PACCMOTPEHHOH B MpuMepe 3.

Puc. 127

YnpaxxHeHus

1. Hai’mme MaTeMaTHueCKoe OXKHuJlaHue, TUCIepCrio U cpeHee KBaJpaTHueCckKoe OTKJIOHEHHEe YrcJ/ia
nonajaHdi B MHUILIEHb M0 JAaHHLIM npumepa 4.



§ 2. BuHomMuanbHOe pacnpejaeseHue 291

2. TlocrpoiiTe MHOTOYrOJILHUK PACIIpeIe/eH sl CIydailHOlN BeIMUMHbI, PACCMOTPEHHOH B npumepe 2.
Ta6muia 66

X -2 1 0 3 5 b))
p 0,1 02 04 0,1 02 1

3. TloctpoiiTe MHOrOYroJIbHUK pacripefiesieHus IJisi CydaiiHoON BeJMUUHbI, 3aJlaHHOi Tabuuiel 66.
Haiinure BeposTHOCTb MonajaHust 3TOH CaAy4alHOH BeJMUMHBI B 0Tpe3oK [—1,4].

4. W3 necsatu naTpoHOB eBATb 60EBbIX U OJUH Xos0cTOH. CTpesloK Hayraj BbIOHpaeT TPH MaTpoHa.
JluckpeTHas ciyuyaiiHasi BesqMuMHa X — udcsio GOEBbIX NMATPOHOB, B3ATHIX cTpeskoM. CocraBbTe
TabJMLy pacnpeieseH|st BeJuunHbl X.

§ 2. buHomuMaJabHOE pacnpeneneHue

Mpumep 2.1. UssecTHo, uTo nmocJie onepauuu BbI3A0PABIMBAIOT ToAbKO 50 %
6osbhbIX. [IpooneprpoBano 6 uesoBek. Haiiure Matematnueckoe oxkujanue u
CpejiHee KBaJpaTHUeCKOe OTKJIOHEHHE UMCJIa BbI3JIOPOBEBIIUX 10C/E ONEepPaliH.

Pewenue. Ilycte X — uncsio BbinopoBeBinx naiuentos. Coyuaiinast BeJgn-
ypHa X MoxkeT npuHuMmath 3Hauenus 0, 1, 2, 3, 4, 5, 6. [TockoabKy cocTosiHHe
KaKJ10ro 60JIbHOTO He 3aBUCHT OT COCTOSIHMSA JPYrHX, TO BEPOSITHOCTH THX 3HAa-
yeHHil HalAEM Mo opMynaM BepHy/iu us mectoil raaBbl ' :

P(X = m) = Pg(m) = CI'p™q®™; m=1,2,...,6.

3/1ech p — BEpPOSITHOCTb BbI3JI0POBJIEHHUS GOJILHOIO, ¢ — BEPOSITHOCTb POTHBO-
nosoxkHoro co6bitusi. [1o yenosuio sanaun p = 0,5, ¢ = 1 — p = 0,5, nosromy
p"q®m = 0,55 = (1/2)% = 1/64. 3uauenns GUHOMHANLHLIX KO3(DHIIMEHTOB
Cg' MOXKHO B35ITb M3 11ECTOH CTPOKH TpeyrosbHuka Ilackans (cm. ctp. 172):
Cg =1, Cé = 06, Cg = 15, Cg’ = 20, Cé =15, Cg’ = 0, Cg = |. TloxpcraBJsist
MX B opMyJy, Mbl HaliIéM BEpPOSITHOCTH BO3MOXKHBIX 3HaueHHH BeanuuHbl X. B
pesyJibTaTe noJydyntesi Tabanua 67.

Ta6muua 67

x 0 1 2 3 4 5 6 2
p 1/64 6/64 15/64 20/64 15/64 6/64 1/64

—_—

MaTtemaTHueCcKOe OXKHJIaHHEe BBIYKCJIUM Mo (opmyde (1) mpenbiryiiero na-
parpaga: M(X) = 0-1/64+1-6/64 +2-15/64 +3-20/64 + 4 - 15/64 +
+5:6/64+6-1/64 = 192/64 = 3. [lnsi ynpolieHust 1abHEHAINX BIUHCAEHHI
BOCIMOJIb3yeMcsi CBOHCTBAMU OMHOMMAJILHOTO pacrpesiesieHdsi, KOTOpOe Mbl Ceil-
yac orpesesnuM.

'B §8 wecToli raaBbl Mbl 0Go3HauaeM BepositHocTH P(X = m) u P(m; < X < my) cootBer-
CTBEHHO uepe3 P,(m) u Pp(m;, ms).
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[TycThb cobbiTHe A NOSBASIETCS B OJTHOM HCIBITAHUH ¢ BeposSiTHOCTHLIO p. [1po-
BesiéM 1 ucrnbitandid. CobbiTe A MOXKET MOSIBUTbCS B OJIHOM, JBYX, ..., 1 MC-
NbITAaHUUSAX. TakuM 06pa3oM, Uucjo X HCMbITAHHH, B KOTOPBIX MOSIBJASIETCS CO-
ObiTie A, siBjsieTcsl cJydyailHO#W BeJMuMHOH. BepositHocTh Toro, uto X = m,
BhIUKCIsieTest 1o hopmyJie BepHyJuin:

PX=m)=Cl'p"g"™™", m=0,1,...,n. (4)

Pacripesiesnenue BesurHbl X HA3bIBAETCS OUHOMUALbHOIM PACNpEOeACHU-
enm ¢ napamempamu n u p. VaBectHo, uto ecsu ciyvaiinasi BeJiuunHa X umeer
OGUHOMHAJIbHOE pacrpe/ie/ieHHe ¢ NapaMeTpaMu 7 U p, TO eé MaTeMaTHUeCKoe
OXKHJaHWe, JUCTIEPCHsl U CpejiHee KBaJpaTHUeCKOe OTKJIOHEHHE BbIUHCJSIOTCS
no cjeayoum dhopmyaam:

MX) = np, DX)=npg, SX)=/npq. ()

B paccmarpuBaemom npumepe coGbiTHe A 03HauaeT BbI3AOPOBJEHHE OJHOTO
6oJsibHOTO, BesiMuMHa X HMMeeT OGHHOMHA/IbHOE pacrpejesieHne ¢ napameTpaMmu
n=6wu p =0,5. [lonaras B hopmysax (5) n =6, p =0,5, ¢ = 0,5, HaxomuM:
MX) = 3, DX) = 1,5 u S(X) = 1,2247. CooTBeTCTBYIOUIUH MHOTOYTOJbHUK
pacrpejie/sieHust oka3aH Ha puc. 128.

0,312500 +
0,234375 +
0,093750 +
0,015625
0 1 2 3 4 5 6
Puc. 128

Bepnémcs el pas K 3ajaue o NpPUCSKHbIX U3 MATON TJ1aBHl.

[Mpumep 2.2. Cyj npHCSKHBIX B COCTaBe MSITH Y€JOBEK JOJKEH BBIHECTH pe-
LieHHe 60JIbLIMHCTBOM I0J10COB. BeposiTHOCTb TOrO, UTO KaxK/Iblil OT/Ae/bHbIH 3a-
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cejlaTesib BHICKAXKETCST 3a OMpaBjaHue MojcyauMoro, pasHa 2/3. Haiinure pac-
npejiesieHue ulcsa roJlocoB, MoJaHHbIX 32 OfpaBaaHue MOACYAUMOrO.

Pewenue. [Tyctb X — umncsio rosiocos, nojanubix 3a onpasaanue. Ciyuaiinas
BesIMuMHa X MOXKeT MPUHUMAaTh 3HaueHHst OT HyJis 1o nst. [lycth coObitHe A
COCTOUT B TOM, UTO MPHUCSKHBIA NporoJjocoBaJs 3a onpasaaHde. Mbl nojydaem
NSITb UCTBITAHUH (FOJIOCOBAHHE MPUCSIKHBIX), B KaXK/IOM H3 KOTOPBIX MOXET MO-
sIBUTbCs1 coObiTHe A. Tlo yc/ioBHIO 3a71aun BEpOSITHOCTb MOsIBJIeHHsT cOObITHST A
B OJIHOM HCIbiTaHUH paBHa 2/3. [1pearnonokum, uto Bce MPUCSKHbIE 1eHCTBYIOT
He3aBucHMoO. Toraa BepoSITHOCTH 3HAUEHUH CJyyaiiHON BeJMUMHBI X HAXOJUM T10
dhopmysie bepuynau (4):

P(X =m) = CI'2/3)™(1/3)> ™, m=0,1,...,5.

M3 ckazaHHOTO BhbIlIE CJEyeT, UTO BednurHa X HUMeeT GUHOMHAJIbHOE pacrpe-
JleJieHde ¢ napamerpamu 1 =5 u p = 2/3 (tabsuua 68).

Tabauia 68

X 0 1 2 3 4 5 )
p 1/243 10/243 40/243 80/243 80/243 32/243 |

Hecnonbays dopmysbl (5), Bbiuncsaum Besuuudbl M(X), D(X) u S(X):

1
3’
I

D(X) =npq=5-2/3-1/3=10/9 = 15;

1 1 16227 ...
s<x>=mz\ﬁz“;°:3’ T 10541,

[pumep 2.3. BepositHocTh TOro, uto BpaTapb BO3bMET NeHaJsbTH, paBHa 0,3.
[TpoGuBaloT ceprio M3 YeThbipéx MNeHasbTH. TpeGyercst HAWTH MaTeMaTHUecKoe
OXKHJIAHHE UMCJIA B3STHIX TTEHAJIBTH.

MX)=np=5-2/3=10/3=3

PeweHune. Hazoém ucnbitannem npoOUTHE OJHOTO TeHaAJbTH. B pesysbrate
MCTbITAHUSI MOKET MOSIBUTLCS COObITHE A — roJi He 3a6UT. BeposiTHOCTbL p 3TOTO
cobbitus pasHa 0,3. CjayuafiHasi BesunHa X — 4YMCJIO BCeX B3SITbIX BpaTapém
NeHasbTH. DTa BeJMUHHA UMeeT OMHOMHAJbHOE pacrpejiesieHde ¢ napaMmeTpamu
n=4wup=0,3. Ilo popmyne (5) Haxomum:

MX)=np=4-0,3=1,2.
[lpumep 2.4. BepositHocTb nonajianust CTpeJika B LeJb MPH OJHOM BbICTpeJie

pasna 0,9. Hatinute maTemaTnueckoe OXKUJIaHHE U AUCIIEPCHIO YHCJa TTONaaHnH
MpH UeTbIPEX BbICTpeJiax.



294 ImaBa XI. CayuaiiHble BeJIMYMHDbI U IOpPUAMYECKAS CTAaTUCTUKA

Pewenne. Ciayuaiinast sesiurina X (X — uucJ0 monajganui B LeJib PH Y€Thi-
PEX BbICTpesiax) UMeeT OMHOMMAJILHOE pacripe/lesieHre ¢ napamerpamMu 1 = 4 u
p = 0,9. Mcnosbaysi popmydibl (5), noydaem:

M(X):ﬂp:4.0’9:3’6; D(X):npq:4.0’9.0’1:0’36.

Mpumep 2.5. CornacHo yuéTHBIM JaHHBIM, PELHAUBHCTBI cocTaBstior 20% ot
0011Iero ynuc/Ia YCTaHOBJAEHHBIX MpaBoHapyluuTeaeil. Opranbl mpaBonopsiaka 3a-
nepxanu 10 napywureneii. Hatinute pacnpenenenne ciyuaitHod BeJMunHbl X —
UhCJia PELUIMBUCTOB CPeJi 3ajlep>KaHHbIX U paccuuTaite Besuunnbl M(X), D(X)
u S(X).

PeweHue. HasoBém ucnbitanneM MpoBEPKy OJHOTO 3aepKaHHoro. B Kakiom
3 n = 10 ucnbITaHUR MOXKeT MOosSIBUTbCST cobbiTHe A, cocTosiee B TOM, UTO
3ajepxan peunauBucT. [To ycsi0BHIO BeposiTHOCTL p 3TOr0 coObiTHs paBHa 0,2.
[TosToMy uKMC/IO BCEX PELMIMBUCTOB CPEIU JIECSTH 3ajlepXKaHHbIX HMeeT GUHO-
MualsibHoe pacrnpenesnende ¢ napamerpamMud n = 10 u p = 0,2. [1o popmyJie (4)
st m ot 0 no 10 P(X =m) = ’176(0,2)”1(0,8)10_”1. Hcnoabsyst popmy.sl (5),
noaydaem: M(X) = np =10-0,2 =2; D(X) =npg =10-02-08=161u
S(X) = /1,6 ~ 1,2649.

YnpaxHeHus

1. KOHTpOJILHBIHA TECT COCTOUT M3 MSATH BOTIPOCOB, HA KaXK/AbIH M3 KOTOPBIX HY>KHO BbIOpPATh OJIHMH
13 TPEX yKazaHHbIX 0TBETOB. CTYJIEHT OTBEUaeT Ha BOMPOCH], BRIOUpasi oTBeT Hayaauy. [lyetb X —
UMCJIO MPABUJBHBIX OTBETOB (M3 nATH). CocTaBbTe TabJ/UILy pacnpenesaeHus caydaliHol BeqHMurHbl X
M HauepTUTe MHOTOyroJibHUK pacripeienenusi. Hallnure maremaTHueckoe oKuaaHHe, IUCIEPCHIO U
cpejiHee KBaJpaTHUeCKoe OTKJIOHEHHE CJy4ailHOH BeJMUKHbl X.

2. Mouera 6potiiena 6 pa3. Haiijiure matematiueckoe oxkuaaHue CaydailHON BeJUUMHbl X — uucJia
NOSIBJICHUH opJia.

3. M3BecTHO, UTO cpeu yeTaHoB/IeHHbIX npaBoHapyiuteseii 40% cocTaB/sioT LA, He HMelolLHe
nocTosiHHoro joxojaa. Hayran B3siiM aena BocbMM npaBoHapywnTeneid. Hailiure marematuueckoe
OXKMJaHHE W JIUCTIEPCHIO CayyaiiHol BesuuHbl X, rie X — UKCJIO0 JIULL U3 9THX BOCbMH, HE HMEIOLLHX
I0CTOSIHHOTO J10X0J1.

§ 3. Pacnpeaenenue [lyaccona

Pacnpenenenue Ilyaccona, kak U 6uHOMHAbHOE pacrpeesenle, BO3HUKA-
eT B 3ajlauax, CBsI3aHHBIX C MOBTOpPeHHEM OMbITOB. Mbl Mokazanu B §9 ceapmoi
IJ1aBbl, YTO OMHOMHAJIbHbIE BEPOSITHOCTH (4) MOKHO NPUOIHAKEHHO BBIUMCIISATD C
nomolibio auddeperuranbioil hyHkiud Jlannaca (dhopmysbl (36) U3 celbMoO#
raasbl), ecqd uncso ap(l — p) > 10. Ho ecsin BeposiTHOCTb p MosiBJIeHUs COObI-
THS B CEPUHM U3 N UCTIBITAHWH MaJsa, To dopmynaa (36) naér GoJbliylo morpemi-
HocTh. Korna p masio, a n Besiiko (6oJiee cta), st TPUOJIHKEHHOTO BbIUMCJIEHHS]
OUHOMHABHBIX KO3(PHULMEHTOB HCMob3YI0T Gopmyny [lyaccona ¢ A = np:

e—)\)\k

P =k) = —7= k=012... (6)
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Mpumep 3.1. V3 smw, npuB/ieyéHHBIX K OTBETCTBEHHOCTH 38 KOPPYITLHIO, CJIy-
yaiiHbiM o6pasom BbiGHpatoT 100 yesoBek. Haiiiure pacnpenenenune uucaa ta-
MOKEHHMKOB CPe/H HHX, €CJIH TAMOYKEHHHKH COCTABASAIOT 3% OT MPHBJICUEHHBIX
K OTBETCTBEHHOCTH KOPPYIIIHOHEPOB.

PeweHue. B 310ii 3amaue onbiToM sIBJISIETCSI MPOBEPKA MPOPECCHH KaXKI0r0
13 cta BblOpaHHbIX Jull. C BepostHoCTbIo 0,003 B KaXKI0M OIbITE MOXKET MO-
IBUTbCS1 coObiTHe A — mpoBepsieMblil siB/sieTcst TaMo:KeHHUKOM. Ciyuaiinasi
BeJIMunHa X — UMCJIO MOSIBAEHHH coObITHS A, TO €CTb UHCJIO TaMOXKEHHHUKOB
B BbIOpPAaHHON coTHe JiL. [10CKO/IbKY YHCJ/I0 ONBITOB JIOCTATOUYHO BEJIHKO (1 =
= 100), a BepositTHOCTb MosiBaeHUs1 coObiTust A mana (p = 0,03), To npumeHum
tdopmyny Ilyaccona (6). Haitném A = np = 100 - 0,03 = 3, u, noacrasssisi B
dopmyay (6) A = 3 u pasauuHble 3HaUeHHs1 R, MOJyudUM TabJMLYy pacrpenese-
HHUsl caydaiiHol BesnunHbl X (Tabauua 69) U MHOTOyroJibHUK €€ pacripeneseHust
(puc. 129).

Tabauua 69

X 0 1 2 3 4 ) 6 7 8 9 10 11 12 13
p 00498 0,1494 0,2240 0,2240 0,1680 0,1008 0,0504 0,0216 0,0081 0,0027 0,0008 0,0002 0,0001 0,0000

Puc. 129

Mgl ncnosibzoBanu Gopmyaty (6) a1 npUOJIHAKEHHOTO BbIUMCJICHUST BEpOST-
HocTell GMHOMHasbHOrO pacnpefenennsi. Ho okasbiaercsi, uto sta copmysa
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MMeeT BeCbMa BaXKHOE CaMOCTOsITe/IbHOE 3HaUeHHe. TeopeTHueckoe pacrpesesne-
HUe, KoTopoe 3ajaércst popmyJol (6), Ha3biBaeTcs: pacnpedeaeruen [lyacco-
Ha ¢ napamempom A. MoxKHO cunTath, uto Tabauua 69 3anaer pacnpeneseHue
[lyaccona ¢ napamerpom A = 3. OTMETHM HEKOTOpblE €ro CBOHCTBA.

1. [1pu yBesmuennu unca k BeposstHocTh P(X = k) cHauana pactér, a 3atem
yYMeHbIIIaeTCsl.

2. Caoyuaiinasi BequurHa X HMeeT J[Ba HAMBEPOSITHEHUIMX 3HAUEHHS: 2 U 3
(BEpPOSITHOCTb KaxKJ10ro M3 HUX camast 6osbuias — 0,2240).

3. MatemaTnueckoe oXKUJaHue, AUCIEPCHIO U CPe/iHee KBaapaTHuecKoe OT-
KJIOHEHHE CJydalHON BeJIMUMHBI, pacrpeneséHHoi no 3akony Ilyaccona (6), Ha-
XOJAT 1Mo hopMyJIaMm:

MX)=X DX) =X SX =V (7)

B npumepe 3.1 M(X) =3, D(X) =3 u SX) =V3~ 1,7.

4. Cymma nepBbix ueTbipéx BepositHocTel P(X = 0), PX = 1), PX =2) u
P(X = 3) pasna 0,6472. D10T pe3yJibTaT 03HAUAET, YTO C BeposiTHOCTbIO 0,6472
YUCJIO KOPPYMITMPOBAHHBIX TAMOXKEHHHKOB He MPEBOCXOAUT TPEX.

5. CymMMa BepoOSITHOCTEH TepBbIX TPUHAAUATH 3HAUEHHWH, OKPYTJIEHHBIX J10
YeThIPEX JIECATHUHBIX 3HAKOB TocJe 3ansToi, naér enunuiyy. CJenoBaTesbHO,
MPaKTHUECKH JI0CTOBEPHO cOoObITHE, cocTosillee B TOM, uTo cpeau 100 cayvaiino
0TOOpaHHBIX KOPPYMIMOHEPOB He GoJiee 12 TaMOYKEHHHUKOB.

6. Hauunass ¢ k& = 13, okpyriéHHble 3HaueHusi BeposiTHocTel P(X = k)
paBHbl Hyst0. [TosToMy Ha BbIOpAHHOM YPOBHE TOUHOCTH (YEThbIpE JECATHUHBIX
3HaKa rocJie 3amnsiToi) MOXKHO CUMTATh 3HAUEHHs CJAydalHON BeJMUHHbl X 00JIb-
111Me IBEHALATH MPAKTHUECKH HEBO3MOXKHBIMU M HE pacCMaTpUBaTh HX.

K pacnpenenenuto Ilyaccona npuBoasaT MHOrHe 3aiauu, HamnpsiMyto He CBsl-
3aHHbIE C MTOBTOpPeHHEM OMbITOB. OHO HCTOMB3YeTCs /151 BBIUUC/IEHUS] BEPOSITHO-
CTH MOSIBJICHHs] JAHHOTO YMCJ1a OTHOCHTEJIbHO PEKHX (XapaKTepu3yeMblX MaJoi
BEPOSITHOCTHIO) COOBITHI B IAHHOM yJyacTKe BpeMeHH /U rpocTpaHcTBa. Hanpu-
Mep, MOCTYIJIeHHE BbI30BOB Ha TeJieOHHYIO CTAHLIMIO HJIH 3a5IBOK B MACTEPCKYIO,
npuObITHE HA PA3TPY3Ky BArOHOB U CyJ0B, HaJMuue 1eeKTOB Ha 3aJaHHOM ydacT-
Ke MPOBOJIHOK CB$I3U, aBapUH aBTOMAIIIMH B JIAHHOM pakoHe ropoja, MosiBJeHne
O6pakoBaHHbBIX M3JIe/WH B MAPTHH TOBApa, 3aJ€p>KKH B MyTH U T. .

[Mpumep 3.2. B ussectHom onbite ¢usnka CMOJYXOBCKOrO MOACYHTHIBAETCSI
YHCJIO YaCTHI 30JI0Ta, B3BellIeHHbIX B BojJe. YHC/I0 uyacTHl B 3aJaHHOM 00b-
éMe — cayyadiHas BeJMUMHA X, pacrpelesieHde KOTOpo#, KaK YCTaHOBJIEHO Ha-
OJII0/IEHUSIMH, YIOBJETBOPSET CJEAYIOIIUM YCJIOBUSIM:

1) BeposiTHOCTb MomNajaH|si TOTO WJM WHOTO YKCJA YacTHLL B BblJIEJEHHYIO
006J1aCTb 3aBHUCHT TOJILKO OT €€ 00bEMAa;

2) BepoOSITHOCTb MONAJaHUs JIAHHOTO UMCJa YacTHIL B JaHHyl0 06JIacTh He
3aBHUCHUT OT UMCJA YACTHLL, MOMABLIUX B APYTyi0 00JIACTb;

3) nonananue 6oJiee OJHON YACTHIBI HA YUACTOK MaJoOro 0ObEéMa MpakTHYe-
CKH HEBO3MOXKHO.
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[1pu 3THX ycsoBUSX cayuaiiHas BeqnunHa X pacripesiesiena no sakony [lyaccona
C MapaMeTpoM A, MPHUEM UHCJIO A PABHO CPEJHEMY UHCJY YaCTHIL, HAXOSAIIUXCS
B BbleJIeHHOM 0OBEMeE.

[Mpumep 3.3. B recto nosioxkusn 10000 W3I0OMHH H MOJyYEHHYIO MACCy XOPOLIO
nepementasnu. M3 storo Tecra Bbinekan 1000 cnankux Oynouek. JuckperHas
cayuailHasi BesMuMHa X — 4YHCJIO HM3IOMUH B KymJieHHO# OyJiouke. Tpebyercs
HalTH pacrpeesieHre BeJHMUnHbl X .

Pewenune. CobGbitne A B 3TOi 3ajaye — TMOsIBJIeHHE H3IOMHHKH B BbIOpaH-
Hoil Oysiouke. CpeaHee UMCJI0 H3IOMUH, MPUXOAALIMXCS HA O/IHY GYJIOUKY, paBHO
10000 : 1000 = 10, HO Ko/MMUeCTBO M3IOMUH X B KaXJI0H U3 HUX MOXKET MpH-
numath 3Hauenust ot O no 10000. Tecto Xopollio nepemelnano, MO3TOMY MOYKHO
CUMTaTh, YTO pacrpeieseHne U3IOMUH YIOBJETBOPSIET ycaoBusM 1)—3), a Besu-
unHa X umMeer pacnpesenenue [lyaccona ¢ napamerpom A = 10 (tabauua 70).

Tabauua 70

X 0 1 2 3 4 ) 6 7 8 9 10 11

P 0,0000 0,0005 0,0023 0,0076 0,0189 0,0378 0,0631 0,0901 0,1126 0,1251 0,1251 0,1137

12 13 14 15 16 17 18 19 20 21 22 23 24
0,0948 0,0729 0,0521 0,0347 0,0217 0,0128 0,0071 0,0037 0,0019 0,0009 0,0004 0,0002 0,0001

B ta6usuie 70 3HaueHusi BEpOSITHOCTEH OKPYIJIEHBI JIO UETBIPEX 3HAKOB MOCJIe
3ansiTod. 3HaueHUs BeJUuUMHbl X, Gojbiive, ueM 24, B TabJMIly He BKJIIOUEHBI,
TaK Kak BeposiTHOCThb Kaxioro u3 Hux menbuie 0,0001. (ITpoBepbre, uto cymma
uhces BO BTOPOH CTpoKe paBHa emuHuue). V3 tabauupl BUaHO, uTo Hanbosee
BEPOSITHOE UMCJIO HM3IOMHUH B cjyuailHo BbiGOpaHHOH Oysiouke paBHo 9 nau 10
(BEPOSITHOCTH 3THX 3HAUEHHUH camble GOJbLINE).

Ha npakruke uaiiie Bcero UMeIOT J€J10 ¢ IMCKPETHBIMH BeJIMUHHAMH, HabJ110-
JlaeMbIMH B KaKOM-JIM00 3KcrepuMenTe. Kix Teopetnueckoe pacnpenenenue Ham
Heu3BecTHO. B TakoMm cJjydae Jjisi onucaHusi pPe3ysbTaToOB SKCHEPUMEHTa MpH-
criocabJMBalOT Kakoe-au60 H3BeCTHOE pacrpeseneHue. Ero Ha3biBaloT MOebIO
3KCMEepPUMEHTaNbHO HabJ/I0JaeMOl CyYalHON BeJUUUHbI U MOAOUPAIOT TaK, UTO-
6bl OHO JIOCTATOUHO TOUHO OTPAKaJo pe3yJibTaTbl IKCIEPUMEHTA.

[Mpumep 3.4. B nexypuyio yuactb MUC noctynaior cooOLIeHHs 0 Ype3Bbluaii-
HBIX MpouciecTBHsIX. [ToayunB coobliieHre — a 3To, Kak MpaBuJio, npocbba o
HEMeIJIEHHOH MOMOLIN — J€XKYPHBIH BbI3bIBAET OMepaTHBHYIO GpUray, KoTopasi
OTHpaBJISIeTCsl Ha MeCTO TpouciiecTBrsi. PaGora cracaresieil 3aBUCHT OT MHO-
THX 0OCTOSITEJIbCTB, B YACTHOCTH, H OT YKCJa MOCTYMHBIIMX BbI30BOB. Eciiu Gbl
MOXKHO ObIJIO TPOrHO3MPOBATH YKCJIO BbI30OBOB, TO paGoTa criacaresiei craja Obl
60J1ee 3h(HEKTHBHOM.

PeueHnue. Ynciio BbI30BOB, MOCTYMHUBIIKX B TeUEHHE OJIHOTO JIHSI, €CTh JIUCKPET-
Hasi cJydyaiHasi BesnurHa X . TeopeTHueckoe pacrpeneseHie 370l BeJHUMHbl HaM
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HEHU3BECTHO, TO €CTb Mbl HE 3HAeM BEPOATHOCTHU MOCTYIIJIEHHWSA TOr0 HJIKW HHOTO

yMcJa BbI30BOB B JeHb. Ho y TaGsmua 71

HAC €CThb Pe3yJsIbTaThl HabJI0 e~

HHIl, TO ecTb HekoTopoe smnu- X% 0 1 23 4 5 6 7 8 9 10 11
puueckoe pacnpenenenuwe. Ha- /M 1 2 2 5 5 10 10 8 7 4 3 1

npuMep, cBojJKa 3a 58 BbIXOJ-

HbIX nHel (tabmuua 71). Uucsa B mepBo# cTpoke TabJHIbI — KOJHUECTBO X;
BbI30BOB B JIeHb, BO BTOPOH — COOTBETCTBYIOLIME a0COJIOTHBIE YACTOThI, TO €CTh
KOJIMUECTBO JIHEH, B KAXKIbIH U3 KOTOPbIX ObLIO X; BbI3OBOB.

Bbi3oB cnacaTtesbHOH KOMaHJbl BCerjaa CBsid3aH C COOOLIEHHEM O HEKOTO-
POM 3KCTPaOpAHHAPHOM COOBITHH, IO3TOMY Mbl MOXKEM CUHTATh OJHOBPEMEHHOE
MOCTYMJIEHHE HECKOJIbKMX BbI30BOB MPAKTHUECKH HEBO3MOXKHbIM. Kpome Toro,
BbI30BbI MOCTYNAIOT HE3aBUCUMO JPYT OT Apyra. OTH cooOpazKeHHsl MO3BOJSIOT
NPEJNOoJ0XKUTh, YTO CJyyaiiHasi BesmuuHa X pacrpenesena 1o 3akony [lyacco-
Ha. [lapamerp A sToro pacrnpese/ieHnst MOXKHO OLEHHTb, HCTOJb3Ys IKCITEPUMEH-

o . _ m; A .
TaJibHble AaHHble. Haliném uactoTel p; = — 3HAUEHWH X; U COCTaBHUM pacuér-
n

Hylo TabJauly 72 Juis onpejesieHdsl BequuuH X, D W S, aHajornunyio tabJule
13 §4 Tperbedi rnaBbl. CymMa urces1 4eTBEPTOTo CTo/I01a TaOMHULIbl 1aET cpeHee
apudmeTnueckoe X A 6, uTo U Oy/leM CUUTATh MPUOJIMKEHHBIM 3HAUEHHEM A.

Tabsnua 72
Pi Xi pi - (&%-%° (&%—-%7°ph
0,0172 0 —5,9625 35,6574 0,6116

0,0345 0,0345 —4,9625 24,6264 0,8496
0,0345 0,0690 —3,9625 15,7014 0,5417
0,0862 0,2586 —2,9625  8,7764 0,7565
0,0862 0,3448 —1,9625  3,8514 0,3320
0,1724 0,8620 —0,9625  0,9264 0,1597
0,1724 1,0344 0,0375  0,0014 0,0002
0,1379 0,9653 1,0375 1,0764 0,1484
0,1207 0,9656 2,0375  4,1514 0,5011
0,0690 0,6210 3,0375 19,2264 0,6366
0,0517 0,5170 4,0375 16,3014 0,8428
0,0173 0,1903 5,0375 25,3764 0,4390
1 X = 5,9625 — — D =5,8192

TS © 00 No o W — O

MZIZ S © 0N U & wh— O~

Hrak, y Hac ecTb JABa pacnpeiiesieHHs: SMIHMPHUECKOe, 3aJlaHHOe TalJu-
uel 71, u Teopetnueckoe — pacrnpesnenenue [lyaccona ¢ napamerpom A = 6.
Uro6bl MPOBEPUTH, HACKOJIBKO XOPOLIO TEOPETHUECKOE pacrpesieieHHe coraacy-
eTCsl C IMIMPHUECKUM, HAlEM, NoJb3ysich Gopmysioit (6), npu A = 6 BeposiTHO-
cti P(X = i) nocTymnJ/eHusi TOTO WJIK UHOTO YHCJa BbI30BOB B JieHb. PedysibraThl
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BBIUMCJIEHHUH (C MOMOIIIbIO KAJIbKYJISTOPA WJIH KOMIBIOTEPA) 3aMUCaHbl B TPEThel
cTpoke TabJulbl 73 (1151 KpaTKOCTH BeposiTHocTH P(X = i) o6o3Hauenbl p;). Bo
BTOPOH CTPOKe 3TOM TabJHLbl 3alIHCAHbl COOTBETCTBYIOUIHE 3HAYEHHST YACTOT P);.

TaGauua 73
5% 0 1 2 3 4 ) 6 7 8 9 10 11
pi 00172 00345 0,0345 00862 00862 0,1724 0,1724 0,1379 0,1207 0,0690 0,0517 0,0173
pi 00025 00149 0,0446 00892 0,1339 0,1606 0,1606 0,1377 0,1033 0,0688 0,0413 0,0225
MatemaTuku pazpaboTasu Tak Ha3blBaeMble KPUTEPUM COTJIACHS, HA OCHO-
BAHUH KOTOPBIX MOXKHO CYIUTb O TOM, HACKOJIbKO BEJIMKO PACXOXKJEHHE MEKIy
IKCMEepUMEHTaNbHbIM pacrpesieseHieM U NpUOIHKAIOLHUM €ro TeOPeTHUECKHM
pacnpenesnenvem. [1pu HasMuuK ONpee€HHOTO OMbITA BBIHOCHTD CYXKJEHHS MO-
JOOHOTO pojJla MOXKHO M «Ha rJad». Mccnenys tabsuily 73, Mbl 3aKJ0UaeM, UTO
TeopeTHYeCcKHe BEPOSITHOCTH p; He CJHILIKOM CHJILHO OTJIMYAIOTCS OT 4acToT ;.
ATy MbIC/b MOATBEPKAAET U rpaduueckoe H3oOpazKeHHe MOJyYEHHbIX pe3yJib-
tatoB. Ha puc. 130 kpacHbiM LBeTOM M300paxK€H COOTBETCTBYIOLUUH TEOPETH-
YeCKOH MOJIeJIi MHOTOYTOJILHUK pacripejiesieHus (BeplluHbl B Toukax (X;, p;)), a
CHHMM — MHOTOYTOJIbHUK SMIHMPHUUECKOro pacrpejiesieHusi (BeplIMHbl B TOUKAX
(Xi, Pi))-
0,1724 +
0,1606 +
0,1379 L
0,1339 1
0,1207 +
0,1033 +
0,0862 +
0,0690 +
0,0517 +
0,0345 +
0,0172 T \
T T T T T
0 1 2 3 4 5 6 7 8 9 10 11

Puc. 130

Haxkownell, MOXKHO CpaBHUTb BEJIMUUMHKEI f7i; C COOTBETCTBYIOIIMMU TEOpeTHUE-
CKUMH UHCJIAMH JIHEH 1m1;, B KaXJIbll U3 KOTOPbIX MOSIBJSIETCS [ BbI30BOB. 3Ha-
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yeHust m; Hailiém no dopmyae m; = np;, Hanpumep, m; = 58 - 0,0025 ~ 0.
Tabsanua 74 nokasbiBaeT, UTo UMcJa /1; U 11; pa3jiHualoTcsl HeaHauuTesabHo. [lo-
3TOMY TEOpPETHUECKYIO MOojesb pacrnpenenenus [lyaccona ¢ mapamerpom A = 6
MOXKHO HCMOJIb30BaTh MPH TMJIAHUPOBAHUU PabOThl OTPsijia criacaTesiei.

Tabauua 74
X; 01 2 3 4 5 6 7 8 9 10 11
m; 1 2 2 5 5 10 10 8 7 4 3 1
m; 01 358 9 9 864 2 1

YnpaxHeHus

1. IlpuBenute coobpaKeHHs1 B MOJb3Y TOTO, UTO TI€pPeUUC/IeHHble HHKE CayuakiHble BeJMUMHbI pac-
npenesieHbl o 3akoHy Ilyaccona, u Haitnure /11 Kaxk10# U3 HUX NPUOMKEHHOE 3HAUEHHE TapamMeT-
pa A: a) npoBesieHo 2608 oMbITOB 10 PerucTpalyy q-4acTull, BbUIETEBIUMX W3 JAaHHOH pajOaKTHB-
HOH Macchl B TeUEHHE OJIHOTO U TOTO 2Ke TIPOMEKYTKA BpeMeHH; 06lilee UUC/I0 3apErHCTPUPOBAHHBIX
yactul, paBHo 10086, X — uucJ/10 yacTHll, 3aperMCTPUPOBAHHBIX B OJHOM OIbITe; 6) BpeaHas MJO0T-
HOCTb 60JIE3HETBOPHBIX MHKPOOOB B OJIHOM KyOOMeTpe BO3/yXa paBHa cTa, X — uKMCJI0 MHKPOOOB
B npobe Bo3ayxa oObémMoM | o’ B) B TeueHHe roJiyuaca Ha TesiehOHHYIO CTAHIMIO MOCTYIHIIO
137 BbI30BOB, X — UMCJIO BBI30OBOB, MOCTYMAIOLIMX 32 OJHY MUHYTY; ) CpPeIHEEe UMCJI0 OMevyaToK Ha
OJIHOHM CTpaHWlle TeKCTa paBHO 2, X — UKMCJIO OMeYaToK Ha CJYUYalHO OTKPBITOH CTpaHHlle TEKCTa.

2. B 2003 rony B 40 paiionax TBepcko#t o6/1acTi 3ahuKCHpPOBaHbl 24 MOMBLITKY orpabJeHust Kacc.
Bor nannble no patvionam: 1, 4, 0,2,0,1,0,0,0,1,0,0,0,2,0,1,0,0, 2, 2,0,0, 1,0, 0, 1,
0,200, 1,0 0,0,0, 1, 1, 1, 0, 0. Ucnnonb3yst pacnpenenenue [lyaccona, nocrpoiite marema-
THYECKYIO MOJesIb ISl U3YueHHsl BeJMUMHbl X, paBHON unc/y orpabJeHud B ciayuyaiiHO BbIOpaHHOM
paitone. CocTaBbTe HEOGXOUMble TAGJIULBI U TIPOBEUTE PACUEThI MOJAOOHO TOMY, KaK TO CAEJaHO
B rpumepe 3.

§ 4. HenpepbiBHble cayuyaiiHble BEJUUYUHDI

HarnomHuuMm, uTo ciyyaiiHasi BeJMUMHA Ha3blBACTCS HENpepul8Holl, ecyu eé
3HAYeHHs! LIeJHKOM 3aroJHSAT HEKOTOPbIH UMCJI0BOH MPOMEKYTOK.

[Mpumep 4.1. UssecTHo, 4TO TJIe-TO Ha MIOCCEHHOH JOPOre MPOTSKEHHOCTBIO
70 km mpousouia aprokaractpoda. KakoBa BeposiTHOCTb TOT0, UTO KatacTpoda
Npou3oLIa Ha paccTosiHuu He 6oJjee 14 xm oT Hauana noporu? Texuuueckue
XapaKTEePUCTHKH JIOPOTH Ha BCEM €€ MPOTsKEHUH OJMHAKOBBI.

Pemenune. Paccrosinne X 10 mecta kartacTpobl — cJjyuaiHasi BeJMUMHA,
KOoTOopasi MOXKeT npuHuMath Jio6oe 3Hauenne ot O mo 70 xm. CuoenoBaTesib-
HO, X — Henpepul8Has CAYyHAUHAs BeAUUUHA, YIOBJIETBOPSIOIAs YCAOBHIO
0 < X < 70. Ham Hy»XKHO HalTH BepOSTHOCTb COOBITHSI A, COCTOSIIErO B TOM,
uto 0 < X < 14. o ycnoBuio 3ajaum Bce yuacTKH JOPOTH OJIMHAKOBO OTACHbI
(Mnn GezomnacHbl) Jisi aBTOTpPAHCIOPTA. DTO O3HAUAET, UTO JOPOXKHbBIE MPOUC-
IECTBUS HA YUaCTKaX OJMHAKOBOK MPOTSIKEHHOCTH SIBJISIIOTCS PABHOBO3MOYKHbI-
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MH, a pa3 Tak, TO BEPOSITHOCTb KaTacTpodbl Ha KaKOM-HUOY/b ydacTKe MPsIMO
NponopLUroHa/bHa JJHHe 3Toro yuactka. CjenoBaTebHO, HCKOMast BEPOSITHOCTD
P(A) = 14/70 = 1/5 = 0,2. Haiiném Tenepb BepoOSITHOCTb aBTOKATACTPO(bI HA
ydyacTKe JOPOTH, Hauajo KOTOPOro OTMEUeHO KHJIOMETPOBBIM CTOJIGOM C OTMET-
KOH X|, @ KOHell — KHJIOMETPOBBIM CTOJIOOM C OTMETKOH X9. [ToCKOJBKY JuMHA
9TOTO yJacTKa paBHa X9 — X| KHJIOMETPOB, TO

opmyna (8) 3amaér pacnpenesnende BeJMuMHbl X. DTa cuayuaiiHasi BeJHUMHA
HasbIBaeTCsi pagHomepHo pacnpederéunnoii na ompeske [0,70].

Ecnu cayyaiinasi BesimurHa X paBHOMEPHO pacripejiesieHa Ha oTpeske [a, b,
TO OHAa MOXKEeT MPUHUMATh J0O0e 3HaUeHHe M3 ITOr0 OTpe3Ka, U BCe 3HAueHMs,
nornajaioline B MPOMEXKYTKH OIMHAKOBOH JIJTHHBI, SIBJSIIOTCS PABHOBO3MOKHBIMH.
dopmyay (8) B 06l1ieM c/ydae 3aMUChIBAIOT TaK:

Px; < X < x9) = % 9)

1
b—a
HOM Bbiliie Tpumepe | mioTHocTh BepositHocTH paBHa 1/70. ®opmyaa (9) umeer
MPOCTOH TEeOMETPUUYECKHH CMBIC/I: ecau seauduna X pasHomepHo pacnpede-
AéHa 8 npomexcymee [a,b], mo seposmrnocme eé nonadanus HA OMpPe3oK

Yucao k =

Ha3bIBaA€TCHA HAOMHOCHIbLIO 8ePOAMHOCITU. B pacCcMOTpeH-

[x1,Xx0] pasna naowadu S APAMOYSOAbHUKA C 8blCOMOL = k, no-

CMpoeHHo20 Ha ompeske [X|,Xo| Kak Ha ocHosaruu (puc. 131).

QF+-—————— - ————

[ 5 S S

Puc. 131

[lpumep 4.2. Paccrosinie Mexy JByMsi OCTAHOBKAMH aBTOGYC MPOXOIUT 3a
JIB€ MMHYTHI, a nemexoa — 3a 15 munyt. MiurepBasn neukennsi apro6ycoB — 25
MHHYT. Bbl MoJIXo/iuTe K OCTAHOBKE B CJlyuailHblil MOMeHT Bpemenu. Hatiaute: a)
BEPOSITHOCTb TOTO, UTO aBTOGYC MPUAETCS 0XKUJATh He GoJiee NSATH MUHYT; 6) Be-
POSITHOCTB TOTO, UTO aBTOOYC Bac OOTOHUT, €CJH Bbl PELIUTE UITH JI0 CJeaytollel
OCTaHOBKH IELIKOM.
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Peuwenue. T[Tockosibky aBTOGYC MOXKET MOSIBUTHCSI B JIOOOH MOMEHT BPEMEHH
ot 0 10 25 MHHYT ¢ HayaJia Balllero MPUXoJia Ha OCTAHOBKY, TO BPeMsl OXKHJIaHHS
aBrobyca — cJjyyailHasi BeJiduMHa X, IpUHUMaltollas Bce 3HaueHusi ot 0 1o 25.
[To cmblcsy 3a1aun Bce 3HaueHHs1 BeJIMUMHbI X PAaBHOBO3MOKHbI, CJle/10BaTe/b-
Ho, X MMeeT paBHOMepHoe pacrpenenenne Ha otpeske [0, 25]. [las oTBera Ha
MepBbIH BOTMPOC HY:KHO HalTH BeposiTHOCTb coObiTHs 0 < X < 5. [lo dopmy-
ae (9) PO X <H)=(5-0)/25=0,2.

Tenepn npencraBbTe cebe, UTO Bbl MOJOLUIK K OCTAHOBKE M, He YBHJIEB aB-
Tobyca, nown newkom. [lo ycsoBuio 3agaun Bbl 1oiinére 10 caeayiollel octa-
HOBKM 3a 15 muHyt. [locsie Baliero yxona ¢ ocTaHOBKH aBTOOYC TaM MOSIBUTCS
yepe3 X MHHYT, a [0 CJeylolleldl 0OCTaHOBKH OH JoeneT uepe3 X + 2 MUHYThI.
ABToGyC 0OTOHHUT Melexosia npu ycjaoBuu X +2 < 15, oTkyna nosyuum X < 13.
BeposiTHOCTb 3TOr0 COOLITHSI TaKxKe MOXKHO HAUTH ¢ TOMOILbIO GopMyJibl (9):
PX <13)=P0O <X < 13)=13/25=10,52.

B ciayuae, eciu HerpepbiBHOE pacrpesieieHHe He sIBJISIeTCS paBHOMEPHbIM,
OHO TaKXKe XapaKTepH3YyeTCsl HEKOTOPOH MJIOTHOCTbIO BeposTHOCTH. [laaum 06-
liee ornpeseseHue. [lromuocmoro 8eposmHocmu Henpepol8HOl CAYUALLHOL
geauuuHol X HasblBaeTCsl Takasi HeoTpulaTesbHasi QyHKUMS f(X), MHTErpasa ot
KOTOPOH JIaéT BEpOSITHOCTD TIOTaIaHusl 3TOH BEJMUHHbI B 3aJlaHHBIH OTPE30K:

Px; <X < x9) :/f(x) dx. (10)

B npumepe 1 f(x) =k =1/70:

T0 ecTb opmyana (8) caenyer uz popmy.nl (10). B mpumepe 2 f(x) = k= 1/25
¥ 110 3TOH hopmyuie:

®opmyasa (10) onucbiBaeT U pacrpeseneHre BpeMeHH OXKUJaHUSI aBToOyca: MpH
x1 =01 x9 = 13 noayuum P(0 < X < 13) =0,52.

B o61iem cayuae i/t BeJIMuMHBI X, pABHOMEPHO pacripe/ieléHHON Ha OTpe3Ke
[a, b], NJIOTHOCTb BEPOSITHOCTH coryiacHo opmyJie (9) paBHa

f(x) = ﬁ (1)
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[Tocko/IbKy BCe 3HAUEHHsI CTyualHON BEJIMUMHBI C TJIOTHOCTHIO BEPOSTHOCTH
[(x) HaxonsTcs Ha oTpeske [a, b], To cobbiTie a < X < b siBasieTcst jjocToBep-
HbIM, @ BEPOSTHOCTb JIOCTOBEPHOTO COOBITHS PaBHA €UHHIIE:

b
P(angb):/f(x)a’le. (12)

DTO paBeHCTBO UMeET CJENYIOLUIUH TreOMETPUUECKUI CMbICI: nA0Wads nod epa-
pukom pyukyuu y = f(x) pasna edurnuye.

Tenepnb Mbl mpuBenémM (GopMmysibl /i BBIUHCIEHHS MATEMAaTHUECKOTO OXKH-
JlaHUS U JUCIEPCUH CJyuyaillHOH BeJMUUHbI X, UMelollell MJIOTHOCTb BEpPOSITHO-
ctu f(x). Ecan Bce 3HaueHus1 caydyailHONW BeJIMUMHBI 3aK/IIOUEHBI B TIpe/iesiax OT
a 10 b, To MaTeMaTHUeCKoe OKHJAHHEe W JUCIEPCHIO CyuyalHOH BeJMUMHbI X
BBIUMCJISIOT 110 (hopMyJaam

b
M) = [ o) a (13)
b a
D(X) = /(x —m)?f(x)dx, tme m= M(X). (14)
a
[Tpumenum st dopmyJanl B npumepe 1. TTockosbky f(x) = 1/70, To no

dopmysie (13) nonyuaem:
70 9,70

1 1 x 1 /702 1 702 70
M(X)_/xmdx_m2o _70<2_0>_702_2_35'
0

[Tonaras B dopmyse (14) m = 35, Haiiném mucnepcuio:

70
1 1 (x —35)3
_ _ 2~ - -
D(X)_/(x BN 79 = 75 3 , 70
0

S(X) = /D(X) ~ V408 ~ 20, 1.

Jlaist cnyyaiiHol BeJIMUMHBI, PABHOMEPHO pacrpeneséHHoN Ha oTpeske [a, b],
dopmyabl (13) u (14) npuHUMAIOT CaeAyIOUIMH BUL:

70
I (35% 35
20422 ) ~ 408,
<3+3> 08

M =30, (19
e
by = 12“) (16)

M3Bsekasi kKBajpaTHbIl KOpeHb W3 JUCIEPCHH, Mbl MOJYUUM (opMyJTy st
HaXO0KIEHHS CPeIHEero KBaapaTHuecKoro OTK/JAOHEeHHs] pABHOMEPHO pacrpeie/eéH-
HOU CJIy4alHOW BEJMUMHBIL:

(17)
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[TepBasi u3 3THX opmys 3arnoMHHAETCS OCOOEHHO MPOCTO: Mamemamu-
yeckoe odxcudaHue CAYy4atHol 8eAUUtHbl, PABHOMEPHO PACNPeOeséHHOL 8
HeKOMopoM UHmepsae, ecmy cepedura 3moeo uHmepsasa. Anaaoruutple
(hopMyJIbl MoJTyyaTcsl, €CJiM BMECTO OTpe3Ka B35IThb MHTEPBAJ UJIM MOJYHHTEPBaJL.

[Ipu sKCnepUMeHTaNbHOM H3YUeHHH CJIydaHHbIX BEJMUHH Mepel UCCJ/eN0Ba-
TeJieM BCTAET BOMPOC: SIBJSIETCS JIM HCCIIe/lyeMoe pacrnpeieleHHe paBHOMEPHbIM ?
Muorna mbl 06 3TOM 3HaeM 3apaHee, U3 TEOPETHUECKUX COOOpaXKeHWH, a HHO-
14 TUIIOTe3y O PABHOMEPHOCTH pacllpe/ie/IeHHs UCC/eN0BaTeb BbIIBUTAET CaM,
aHaJIM3UPYysl CTaTUCTHUECKHE JIaHHBbIE.

[Mpumep 4.3. B cBojke npuBeaeHbl JaHHbie 0 MPHPOCTE MPOLEHTA paCKpbiBae-
MOCTH NPECTYMJIeHHH N0 JHHUK KpUMHHaAbHOH Munnumu B 2003 1. (o cpaBHe-
nuto ¢ 2002 r.) B 30 paiionax Tsepckoil obsactu: 6,5; 4,9; 3,8; 6,3; 7,4; 0; 3;
-3,5; —1,7; 6,3; 6,6; —4,6; —3; 11,2; —1,7; —0,9; 4,5; —5; 2,3; 4; 7,5; 4,3; 0;
—4,5; —3,9; 10,9; 7,9; 1,6; 5,3; 6,8. MoxHO Ji1 cuuTaTh pacrpejiesieHre 3ToH
BEJIMUMHBI PABHOMEPHbBIM ?

PeuleHune. Vsyuaemoil ciyuaiinoil BesurHod X sIBJIsieTCsl PHPOCT MPOLIEH-
Ta PacKPbIBAEMOCTH TPECTYIJIeHUH B onHOM paioHe. [IpuBenéHHbie unucaa —
HabJ0JlaeMble 3HAUeHHsl cJydyaiiHol BesiMurHbl X. COCTaBUM MO 3THM JaHHBIM
UHTEPBaJbHbIA psijl (cM. §5 TpeTbeil raBbl).

Haunmenbliiee 3Hauenne BesimunHbl X paBHO —d, a HaubOoJbliee 11,2. Caeno-
BaTeJIbHO, IMarna3oHoM HabJIIo/IeHHH siBJsieTes: oTpe3ok [—5; 11,2] ayunoit 16,2.
Pagnennm 3ToT 0Tpe3ok Ha 6 paspsiioB, Toraa AjMHa A OJHOTO pa3psiia MmoJy-
uutcst paBHoit A = 16,2/6 = 2,7. VMurepBasbhblit psif 3anucan B TabJuie 75.
Hanomuum, uto uncsia m; Ha3biBatoTCs abGCOJIFOTHBIME YacTOTaMM (UKCJIO rorna-
JlaHui BeTMunHbl X B paspsijibl MHTEPBAJIBLHOTO psifia), a ukcjaa p; = m;/n (n —
YHCJI0 HAOJIOJIeHHH) — OTHOCHTEJIbHBIMH YaCTOTaAMH.

Ta6aua 75
Paspsizibl [-5;-2,3] [-2,3;0,4] [0,4;3,1] [3,1;5,8] [5,8;8,5] [8,5;11,2] )
m; 6 5 3 6 8 2 30
Di 0,20 0,17 0,10 0,20 0,26 0,07 1

[TocTpoum rpaduueckoe n306pakeHne NoJy4eHHOr0 HHTEPBAJILHOTO psijia —
rucrorpammy. st 3Toro npeaBapuTe/bHO pacCuUTaeM BBICOThI CTOJIOUKOB MHCTO-

Di

A
h; =0,07; hy =0,06; h3=0,04; hy=0,07, hs=0,10; hs=0,02.

rpammbl o opmydiam: i; = ——. Tlosyunm caenytoie 3HaueHUsT BbICOT:

[ucrorpamma nzobpaxena Ha puc. 132.

Paccmorpenue TabJ/HLbl H THCTOrPAMMbl TPUBOMT K MBICJ/IH, UTO KOJIeOaHHs
YacToT MPH Mepexojie OT OJHOr0 pa3psiiaa K APYyromy BpsiL JIM OTPaKaloT KaKylo-
TO 3aKOHOMEPHOCTb H, CKOpee BCEro, BbI3BAHbI CJIYUailHbIMM 0OCTOSITEILCTBAMH.
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0,10+
— N .
0,06
0,04 +
0,02 +
-5,0 —-23 0,4 3,1 5,8 8,5 11,2

Puc. 132

OxkasbiBaeTcsi, utTo 1nojoOHasi KapTHHa HabJIIoJlaeTesl U B APYTrUX ropojax (3ta
TOYKA 3PEHHs] KOCBEHHO TMOJATBEPKIAETCA B yueOHUKAX MO IOPUIMUECKON CTaTH-
ctuke). [T03TOMy MO2KHO BBIIBUHYTh FMIIOTE3Y O TOM, UTO TEOPETHUECKOE pacrpe-
JleJleHre CaydaiHod BeJUuuHbl X sIBJsIeTCSl paBHOMEPHbLIM pacrpesie/ieHHeM Ha
npomexxytke [—5;11,2]. Haiiigm cooTBETCTBYIOILYIO TJIOTHOCTL BEPOSITHOCTH,

uenodbsyst gopmyay (6): f(x) = 16% ~ 0,062 npu —5 < x < 11,2. [paduk

9TOH (PYHKUMH H300paXkéH Ha puc. 132 KpacHO JUHHEN.

Takum 06pasom, Mbl IMeeM TeopeTHYeCcKoe (PaBHOMEPHOE) H IMIUPHUECKOe
(3anmanHoe TabJuuel 75) pacnpejeseHus caydadiHod BesmuuHbl X. [lpu atom
(cm. §1 Tekyulell rsaBbl) MOXKHO CUMTaTbh, UTO 3MIIMPHUECKOE pacripeseseHne
SIBJISIETCS] NPUOJIMKEHHEM TEOPEeTHYECKOro, a TEOPETHUECKOe — MOJIEJbI0 M-
nupuyeckoro. Ho Hacko/sibKO TOYHO BbIOpaHHast MOjieslb — PaBHOMepHOe pac-
npeneseHHe — OTpaxKaeT CBOHUCTBA M3ydaeMOH CJyuailHOH BesMuuHbl X ? YiKe
OTMeUaJIoCh, YTO OTBEThI HA MOJOOHBIE BOMPOCH MOJYYalOT C MOMOIIBIO KpUTe-
pueB corjiacusi. YKakeMm eul€ oauH, 6oJiee IpocToil crnocoo.

CpaBHUM UHC/IOBbIE XaPAKTEPUCTHKH TEOPETHUECKOTO U SMIHUPHUECKOro pac-
npesenenuii. I1ast nepporo us Hux no gopmynam (13) u (14) umeem:

M(X) = (=5 +11,2)/2 = 3,1;
D(X) = 16,22/12 = 262,44/12 = 21 87;  S(X) = /21,87 ~ 4,68.

st smnupuueckoro pacnpesenenusi, saganHoro tabauuer 18, pacuér Be-
JuunH X, D, u S mnpoBeném Kak B TpeTbell riaBe. CHauasa HalIEM cepeirHbl
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paspsijioB HHTEPBAJILHOTO psijia:

F = y 365 %y = ﬂ — 095 5y = 223y 75,
4= 3,1 ;5’8 = 4 45; X5 = 5’8;78’5 =7,15; Xg = w = 9,85.

OcranbHble BbluMceHust oopmiisieM B pacuéTHol TabJuue 76.

Tabsnua 76

7 pi Xi pi =% (B—nfF &—3"5H
-3,60 0,20 —-0,7300 —6,3720 40,6023 8,1246
-0,95 0,17 -0,1615 —3,6720 13,4689 22897

1,75 0,10 0,17560  —0,9720 0,9445 0,0944
445 0,20 0,8900 1,7280 29860 0,5972
7,15 0,26 1,8590 44280 19,6072 5,0979
985 0,07 0,6895 7,1280 50,8083 3,5566

— 1 x=2722 — — D =197604

Mo Ol = W N —

Oxkpyraisisi pedysibTathl, noayunm: x ~ 2,7; D ~ 19,76 u S ~ 4,44. Bu-
qum, uto M(X) =~ x, D(X) =~ D u S(X) = S. Haiiném najsee otHocuresbHble
NOTPELIHOCTH 3THX MPUOJHMKEHHBIX PABEHCTB:

MX) =% o 04 o

0 100% = 55 - 100% = 12.9%;

DX)—D . 21l o oo
e 100/0_21,87 100% = 9,6%:
S(X)— S 0,24

22 100% = -100% = 5,1%.
S(X) v 4,68 o =5.1%

[TockoJ/ibKy moJiydeHHble MOTPEIIHOCTH He OUeHb BEJIHKH, TO TeopeTHuecKoe
pacrpejiesieHle paccMaTpUBAeMON CJydalHHON BeJIMUMHBI — MPUPOCT MPOLEHTA
PacKpPbIBAEMOCTH MPECTYMIEHHH — MOXKHO CUMTATh PABHOMEPHBIM.

YnpaxHeHus

1. HMso6pasute Ha pHUCYHKe TIPSIMOYTOJBHYIO CHCTEMY KOOPAHHAT, YKAXKHUTe Ha OCH abCIHCC MHOKE-
CTBO 3HAuUeHWH CJlyuaiiHoi BeJMuuHbl U3 npumepa 1 — orpesok [0, 70]. OTMeTbTe MaTeMaTHueCKOE
OXHuJiaHue (TOuKy 35) M yKaKuTe TOUKM, ylajiéHHble OT cepeinHbl oTpeska [0, 70] meHblie, uem
Ha BeJIMUMHY CpeJHero KBajJpaTHUeCKOro OTKJIOHeHHsl. Hafiaure BeposiTHOCTb TOro, UTO 3HAUEHMSsI
BeJIMUHHBI X OTKJIOHSIIOTCS OT cpeliHero 3HaueHusi (35) MmeHblie, uem Ha 20. [locTpoiite rpaduk
MJIOTHOCTH BEPOSITHOCTH U TIPOBEPLTE CJEYIOlIee CBOHCTBO: BEPOATHOCTb MONAAaHUs BEJUUHHbI X
B MIPOMEXYTOK [X|, Xo| paBHA MJIOLIAN NPSMOYrOJbHAKA, OCHOBAHHEM KOTOPOTO SIBJSIETCS JAHHbIN
OTpe3oK, a Bhicota pasHa 1/70.

2. BuiBenute dopmydibt (15) u (16) us dopmya (13) u (14).
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3. TlonpoOyiite o60CcHOBATbH TOT (PAKT, UTO MEepPEUHUC/IEHHbIE HHXKE CJydailHble BEJUUHHBI UMEIOT
paBHOMepHoOe pacrpesesnenue. st Kaxk/10i BeUUHHBI YKaXKUTe UHTepBaJ 3HAUEHHH, MJIOTHOCTb Be-
POSITHOCTH, MaTeMaTHUeCKoe OXKHUJAHHEe W Jucrepcuio: 1) moesna B METPOTOJNUTEHE CJIEAYIOT OJHH
3a JIpyrUM C HHTEpBaJIOM 2 MUHYTbl, X — BpeMsl OxKMJaHMsl MpUxoaa OJnKaillero noesua; 2) npo-
JlaBell B3BEIIMBAET TOBAP Ha Becax, llKasa KOTOPbIX pa3MeyeHa ¢ TOUHOCTBIO 110 O 2., X — omnbKa,
JIOTylLIeHHAs! TTPY B3BEILIMBAHUM; 3) MapoM MepeBO3UT JIOAEH C 0JHOro HGepera peku Ha APYroH, pac-
cTosiHHe Mex1y Oeperamu paBHO 120 m., X — paccrosiHue OT nmapoma jo OJukaiiiero Gepera B
CJIyuaiiHbli MOMEHT BpeMeHH; 4) pe3uJeHT 0XKUAAET areHTa B YCJIOBJEHHOM MECTe B YCJOBJIEHHOE
Bpemss — ¢ 11 no 12 uacos, X — Bpewmsi BcTpeuu.

4. B yunsuwe MBJI npoBoau/ioch TeCTUPOBAHHE HHTEJIEKTYaJbHOTO YPOBHSI CTYJEHTOB ME€PBOro
kypca. Mtoru tectupoBanus (B 6asnax) 20-Tu npoBepsieMbIX oKazaauch caenyiommmu: 8, 10, 13,
13, 12,9, 7, 10, 12, 14, 13, 12, 17, 11, 8, 12,7, 12, 11, 9. CocraBbre Tab/uIly 3MIHPUUECKOTO
pacrnpesesieHust BeJMuMHbl X (BapHALMOHHBIN PsiJT), HAlAUTe AMana3oH 3HaueHui (a, b) u noctpoiite
MHOTOYTOJIbHUK pacnpeenenus. Haiimure Besnuuubl ¥, D, S u onpenesnure njaoTHOCTb BEPOATHO-
CTH TEOPETHUECKOTro pachpeiesieHusi BeJMUnHbl X, cuuTasi ero paBHOMEpPHbIM B HHTepBaJe (a,b).
Haitnure snauennss M(X), D(X), S(X) u BbluMcuTe OTHOCHTE/bHBIE TIOTPELIHOCTH TPUOIHAKEHHBIX
pasencts M(X) =X, D(X) =D, S(X) = S.

§ 5. [TlokasarenbHoe pacnpeaejeHue

[pumep 5.1. ITo yauie aBWKeTcsl MOTOK aBTOMOOUJIEH MHTEHCHBHOCTBIO 24
MalllMHbl B MUHYTY. JIBUXKeHHE §IBJISIETCS OJJHOCTOPOHHUM U B OJiMH psi. [lele-
XOJly, HaXOJsIIeMyCsl IOCTaTOYHO JajeKo oT cBertodopa, s Mepexona yJuilbl
HY»KHO D cekyH/. KakoBa BepOSITHOCTb TOTO, UTO OKa3aBILIMHCS y repexoja ue-
JIOBEK CMOKET Cpagy MepeiTH yJuiLy?

Pewenune. OueBnano, uto nepexoj yjulbl BO3MOXKEH, eCjii B OJnkKakiiie 5
CEKYHJL [10CJIe TOro, KaK TelIeXo]l OKaXKeTCs y nepexojia, MUMO Hero He npoejer
HU OJIHOTO aBTOMOOHJISi. BeposTHOCTL 3TOr0 COOBITHSI U HY»KHO HAHUTH 111 OTBe-
Ta Ha Bornpoc 3aaaud. [ToHsATHO, UTO aBTOMOOMJIM MPOe3KaOT MUMO Mepexoja
B CJyyariHble MOMEHTbI BpeMeHH. OIHAKO MOTOK aBTOMOOWJIEH YIOBIETBOPSIET
ONPEACJEHHBIM YCJIOBUAM.

1) BepositHocTh MosiBJieHHsT aBTOMAlIWHbI y Mepexojia 3a KOPOTKHH MpoMe-
JKYTOK BpeMeHH, U3MepeHHbIH B CeKyHIax, MpsMO MPONopLHOHaibHa BeJUUHHE
3TOTO MPOMEXKYTKA ¢ KOI(D(PUIHEHTOM TpornopiioHaibHocTh k = 24/60 = 0,4
(cpenHee uncsio aBTOMOOUJIEH, TPOEIKAIOLIMX 3a OJIHY CEKYH]LY).

2) BeposiTHOCTb MOSIBJIEHUsT TOTO WJIK HHOTO YHCJia aBTOMOOHJIEH B TeueHHe
onpesiesI€HHOr0 MPOMEXKYTKa BPEMEHH He 3aBUCHUT OT TOTO, CKOJIbKO aBTOMOOMU-
Jiell TIpoexasio paHblile.

3) CyliecTByeT Tako# MPOMEXYTOK BpeMeHH, MOXKeT ObiTb JIOCTATOYHO KO-
POTKHI1, B TeUEHHE KOTOPOro y nepexojia MnosiBUTCsl He 6oJiee OHON MaLIUHbI.

Paccmorpum cayuatinyto BesnuuHy X — 4nCJ/10 aBTOMOOHIIEH, TTPOe3KAIOILUX
MHMO Tlelllexosia 3a BpeMsi {. YcaoBusi 1), 2) u 3) 03HAualoT, UTO 3Ta BeJUUHHA
pacnpenienieHa no 3akony [lyaccona (cm. §3). Ilapamerp A storo pacnpenene-
HUSI paBeH CpeJHEeMy YHCJy aBTOMOOWJIEH, Mpoe3:KaloUMX MHMO Melliexoia 3a
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BpeMmst ¢. M3 ycnoBusi 1) caenyer, uto A = kf, nostomy no dopmyse Ilyacco-
Ha (6) u3 §3 nosyuaem

(k)™

m!

PX=m)=e" , m=0,1,2...

Hac unrepecyer BepositHocTb po(f) = P(X = 0) toro, uto 3a Bpemsi ot O j0 ¢
y mepexojia He MOSIBUTCS HU ojiHOTO aBToMoGuss. [loncTtaBnss B npeablayiiyio
dopmyny m = 0, noayyaem (HarnomuHaem, uto 0! = 1):

po(t) = e . (18)

[To yenoBuio 3anaun k = 0,4 u 15 nepexoa yJuipl TpebyeTcst Bpemst ¢ = 5 Cek.
HMcnonb3ys KalbKyasiTop, HAX0JUM BEPOSITHOCTD TOTO, UTO YJIHILY MOYKHO Teperi-
T cpasy: po(5) = e~ 045 = =2 x~ (,1353.

B st0i1 3ajaue Mbl BB&JH HOBYIO CJIyualiHylO BeJMUMHY Y — BpeMsi, B Te-
UyeHHe KOTOPOro y repexojia He TMOSIBUTCS HU OJHOr0 aBToMOOHJs. OueBHIHO,
BEpPOSITHOCTb TOTO, UTO BpeMsi Y GodJibliie {, €CTh B TOUHOCTH BEPOSITHOCTb TOTO,
YTO B TeueHHe BpeMeHH { He OblIo HU ofHOro aBTOMOOHJs. MHbIMH cioBamu,
P(Y > t) = po(?), rne po(f) 3anaércs dopmyaoit (18). ITo coficTBy BeposiTHO-
CTH UMeeM:

Pla<Y <b)y=PY >a)—P(Y >b)=e " — o7k

C npyroii ctopoHsl, 1o ¢opmyae HeioTona-Jlefi6uuia (cM. BoCbMyIoO TiaBy)

/ke—kt di — — ptt|" _ gka _ ykb
U3 NOoCJIEIHUX ABYX PABEHCTB BBITCKAET, UTO
Pla<Y <b)= /ke—’” dt =e k@ — kb, (19)

CoryiacHO Omnpejie/IeHHI0 MJIOTHOCTH BEPOSITHOCTH, JIAHHOMY B TIPeJIbILylIeM
naparpadge, u3 paseHctsa (19) cnaemyer, uto paccmarpuBaeMasi HaMH CJlydai-
Hasl BeJMUMHA Y HMeeT MJIOTHOCTL BeposiTHocTH f(f) = ke *!. Henpepoisroe
pacnpedeserue ¢ RAOMHOCNbIO BEPOAMHOCTU

[(t) = ke (20)

npu t > 0 Has3blB8aemcs NOKAZAMENbHLIM paACnpedeseHUeM, A BEAUUUHA
k > 0 nHaselBaemces napamempom noKkaszameavio2o pacnpedesenus. Jlerko
NPOBEPUTD, UTO (hyHKLMUS f(f) o6sianaer IByMsi XapaKTepUCTHUECKHMH CBOHCTBA-
MU TUIOTHOCTH pacrpejiesieHusi, O KOTOPbIX yIIOMHHa/MoCh B §4:

1 f(t) = 0; 2)/ke/” dt = 1.
0
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Wrak, B 3amaue o mepexojie YJWIbl BpeMsi 0XKHIaHHS aBTOMOOHJIS HMeeT
nokasarejibHOe pacnpesiesiende ¢ napamerpom k£ = 0,4. [paduk niorHocTn Be-
POSITHOCTH 3TOrO pacrpesiesielus, To ecTh rpaduk dynkuun f(f) = 0,4e 04
npejicTaBJeH Ha puc. 133.

1)

0,41

Puc. 133

N3 dopmyn (13) u (14), npusenénubix B §4, noayuatorcs cuaeaymoiire Gop-
MYJIbI JIJIS1 YHCJIOBBIX XapaKTEPUCTHK MOKA3aTeIbHOTO PacIpeieseHust:

M) =5 D=5, S0 =7 @1

[Ipu & = 0,4 nonyuaem M(Y) = 2,5 — cpenHee BpeMsi 0XKHJIaHHS aBTOMOOUJIS,
D(Y) =6,25u S(Y) = 2,5.

AHnanoruuHbiM 06pa3oM peliaeTcst J0BOJIbHO LIMPOKUH KPYT 3a/au, KOTopble
B 001lleM BHJIe MOXKHO chopmypoBaTh Tak. [lyctb cobbitne A mnosisasiercs B
cJlydaliHble MOMEHTbI BpeMeHH; MOCJe0BaTebHOE T0sIBJeHHe COObITHH BO Bpe-
MEeHH Ha3bIBAETCS NOMOKOM cOObLmuii. ECiu 3TOT MOTOK yIOBJAETBOPSIET yCJIO-
BUSIM 1)—3), TO ero HasbIBAIOT NpOCMeluum, UL NYacCOHOBCKUM, NOMOKOM
¢ unmencusrnocmoio (naomuocmeto) k. JIast Hero BesquuuHa Y, paBHasi Mpo-
MEXYTKY BpPEMEHH MEXK/y MOSIBJEHUSIMU JIBYX I0CJIE0BATE/NbHbIX COOBITHH (B
paccMOTPEHHOH 3ajlaue — BpeMsl OXKHJIaHUs aBTOMOOWJIsT), GyeT caydaiHoi Be-
JIMUUHOM, pacripeaeéHHON MO MoKa3aTeJbHOMY 3aKOHY C MapaMeTpoMm k.

[TokasaresbHOe pacrnpesiesieHHe 4acTo UCMOJb3YIOT /sl ONUCAHUST BpeMeHH
6€e30TKa3HON paboThl MPUOOPOB WKW TEXHUUECKUX CUCTEM, €CJIH UHTEHCUBHOCTh
0TKa30B BeJIMUHHA MOCTOsIHHASL. C ero MoMoLLbio MOXKHO U3yyaTh pa3/ivyHble BU-
JIbl MaccoBoro oOcayuBanus. [lokazatesbHoe pacnpenesneHine NpUMEHSIOT TaK-
’Ke B TEOPUH HAEKHOCTH, U3yUatollel ycaoBUsl 6€30TKa3HOH paboThl HEKOTOPOH
CHUCTEMbI B CJlyuae, ecJid 0TKa3bl B paboTe 06pasyloT MPOCTEHIINN MOTOK COObI-
THH. B 3Tol Teopuu BeposiTHOCTb po(f) HA3BIBAIOT yHKyuel HaAOéxcHOoCmU 1
o6osnauator H(f, k). B npaktuueckux 3agauax ycjaoBus 1) — 3) mpomepsitorcs
nyTém HaOJIIoleHnH, a 3HaueHHe k HaxousT no ¢opmysae &k = N/T, rne N —
ofllee yMca0 0TKa30B 3a Bpems T .

[pumep 5.2. B pesysbrare HabJoenuil 3a paGoToil cucteMbl B Tedende 100
yacoB 3aperucTpupoBaHo 5 oTkazoB. Haimure: 1) QyHKUMIO HAAEKHOCTH CH-
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CTeMbI; 2) BepOSTHOCTh 6e30TKa3HOoH paboThl B TeueHnue 50 uacos. [Ipu kakom

3HAUEHHH ! BEPOSITHOCTb TOTO, UTO CHCTEMa He BBIHJET 3a 5TO BPeMsi M3 CTPOs,
pasHa 0,997

Pewenune. Umeem: 7 = 100, N = 5, caenoBarenbho, k& = 0,05 u dynkius
HaséKHOCTH 3anmiercs Tak: H(¢;0,05) = e~ %05 BepositHocTh Ge3oTKasHol
pa6othl B Teuenne 50 uacos Gyxer pasna P(Y > 50) = H(50;0,05) = e~2° ~
~ (0,082. [1ns1 oTBeTa Ha NOCJEIHUE BOMPOC HYXKHO HAUTH 3HAUEHHe { U3 YCJIOBHS
H(t;0,05) = 0,99. [Tepermiuem ero B Buze e~ 0% = 0,99. [Tposorapucdmuposas
no ocHoBauuto e, noayunm 0,05¢ = —1n 0,99. O1ciona ¢ ~ 0,2 uaca.

[Tpu udyueHun peasbHbIX CUTyalllil HHOTIA YAAaETCsI, HCXO/I51 U3 OOIIUX Teope-
THUECKUX COOOpaKeHHil, MoJ0OHBIX TPUBEIEHHBIM BhIllle, 3apaHee OMpPelesUTh,
YTO paccMaTpuBaemMoe pacripejesieHue siB/IsSeTcsl MmokasaTtejabHbiM. Toraa mno pe-
3yJibTaTaM HaGJII0/IeHHH MOAOMPAIOT COOTBETCTBYIOIIEE 3HAUEHKE NapameTpa k u
HaXoJISIT KOHKPETHOE MoKasaTesibHoe pacrnpeesnende. Ho WHorna B TeopeTu-
YeCcKOro pacripejieieHusl Heu3BecTeH. B TakuX ciyuasix TIIATEJNbHO aHaJTU3upy-
10T 3KClepUMeHTaJ/bHble JaHHble. Harpumep, MOXKHO MOCTPOUTH THCTOrpamMMY,
CTJIaUTh €€ MJIaBHOW JIMHUEH U MOCMOTPETh, MOX0XKa JIM 3Ta JIMHUS Ha rpacduk
TJIOTHOCTH BEPOSITHOCTH MOKA3aTeJbHOIO pacrpe/esieHust.

[Mpumep 5.3. B knure 1. Ipanra, cocraBusiiero B 1662 romy nepsyio B HCTO-
pud TabJMIy CMEPTHOCTH, POaHANH3HPOBaHbl peadybTathl 229250 pervctpauni
cmepreit B JIonnone, npousoennx 3a 20 jet. Hafiaure 3akoH pacnpejeneHnst
BEJIMUMHBI X — MPOJOJIKHUTEIBHOCTH YKU3HH CJyuarHo BasToro jsonaonua X VII
Beka, ecaid u3 100 HOBOPOXKIEHHBIX JI0’KHBAJIO JI0

6ger — 064; 16ger — 40; 20 jer — 25
36 et — 16; 46 ger — 10; S56Jger — 6
66 er — 3; 76ger — 1; 8 jger — 0.

Peuwenue. IlepepaGoraem Hcxojmbie JaHHble, MPEICTABHB HX B BHJE HHTEP-
BaJibHOTO psijia ¢ paspsitamu 0—6, 6—16, 16—26 u T. 1., ¥ BHIUMCJIUM YaCTOThI
CMEPTHOCTH 3THX Pa3psiioB.

Tabauua 77

0-6 6-16 16-26 26—36 36—46 46—-56 56—66 66—76 76—86 z

Di 0,36 0,24 0,15 0,09 0,06 0,04 0,03 0,02 0,01 1
hi 0,060 0,024 0,015 0,009 0,006 0,004 0,003 0,002 0,001 —

Jlo Bo3pacra 6 seT noxuBaso 64 npoieHTa HOBOPOKAEHHBIX, 3HAUUT YMHU-
pano 36%, nostomy uactora nepsoro paspsiaa pasua 0,36. [Tockosbky m0 16
net poxusano 40% nereit, 10 60% K 5TOMy MOMEHTY yMHpaJio; Ipu 3ToM 36 %
M3 HUX Y2Ke OTHEeCEHO K MepBOMY paspsily, CJe/10BaTebHO, BTOPOH paspsii HMe-
et yactoty 0,24 u 1.;1. B pesysbrare moJyunMm BTOPYIO CTPOKY TaOJulbl 77.
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B TpeTbeil cTpoke 3Toil TabJiMllbl 3anKCaHbl BbICOTbl CTOJOIOB MMCTOrPAMMBL.
[TockoJibKy JJiMHA nepBoro paspsiia pasia 6, To h; = 0,36/6 = 0,06. Bce
ocTasibHble pa3psiibl UMEIOT IIHHY, paBHyto 10, mostomy he = 0,24/10 = 0,024
v T. 1. Tabauua 77 conep:HUT pe3ynbTaThl 06pab0OTKH SMITUPUUECKUX 3HAUEHHH
CJy4alHOH BeNMUYHUHbI X — MPOJIOJIKUTEbHOCTH XKU3HU (B Tojax) cJaydalHo
B3SITOTO JIOHJIOHIIA. DTa cJydaliHasi BeJHUMHa, BOOOIIle TOBOPS, SBJSIETCS HeMNpe-
PBIBHOH, XOTS1 HAa TPaKTHKEe Mbl 0ObIYHO 0OXOAMMCS HATYpasbHBIMHU YHCIaMU (T0-
BOPSAT, UTO uesoBeK rnpoxus 60 Jier, a He 59 siet, 11 mecsues, 26 aHei, 17 vacos
1 36,(6) MUHYT).

Jlo11 HaxoKIeHUs1 3aKOHa paclpeie/leHHst BeJIMUUHBI X TOCTPOMM I10 JaHHBIM
Tabsuupl 77 ructorpammy. Ha puc. 134 kpome Heé n3obparkeHa TakKe IJaBHasi
KpHBasi, CrJaXKMBaIoL1asi BEPXHIOIO MPAHUIL THCTOTPAMMbI. DTa JIMHUS TPEICTaB-
JsieT co6oi rpauK MIOTHOCTH HEKOTOPOTO HEMPEPBLIBHOTO pacrpeneaeHus, Npu-
uéM OHa BeCbMa 10X02Ka Ha rpack MJIOTHOCTH MOKA3aTeJNbHOr0 pacnpeieseHusl.
CaienoBaTesibHO, MOKHO MPENOJ0KHTb, UTO TEOPETHUECKOE pacrpe/iesieHue Ciy-
yailHoH BeJinuuHbl X Oy/leT nokasaTesbHbIM pacrnpesiesieHHeM.

0,060
0,024+
0,015
0,009}
0,006 L L | [ [
H ! 1 \F !
6 16 2 36 46 56 66 76 86

Puc. 134

Haiiném nioTHoCTb BeposiTHOCTH 3TOro pacrnpefenenus. CHavana onpeje-
JIUM 3HaueHue napamerpa k, Bxoasuiero B opmyay (20). [To dopmyne (21) & =
= 1/M(X), a matemaruueckoe oxuaanne M(X) npuGJIHKEHHO MOXKHO 3aMEHHTD
CpelHUM apu(MeTHUeCKUM X M0 AaHHbIM Tabuuibl 77. [IpoBeném BblUMCIEHUS:
X=X p1+Xpr+...+X9pg=3-036+11-0,24+21-0,154+31-0,09+41-
-0,06 +51-0,04 +61-0,03+71-0,02+81-0,01 = 18,19 (X}, %9,...,X9 —
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CepeliMHbl Pa3psiioB HHTepBaJbHOrO psina). Mrak, npubmmkénio & = 1/X =
= 1/18,19 = 0,055, 1 cOOTBETCTBYIOLIAs] TJIOTHOCTb BEPOSITHOCTH HMEET BHJL
f(x) = 0,055~ %0%5% Tpacduk 310l DyHKIMH H306paxeH Ha puc. 135, a Taban-
1a 78 collepKUT e 3HaueHHsl Ha TpaHuIaX pas3psilioB (YeTBEPTasi CTPOKA).

Tabauua 78

X 0 6 16 26 36 46 56 66 76 86
—0,055x 0 033 088 143 198 253 3,08 3,63 4,18 4,73

g —0/055x 1 0,719 0,415 0,241 0,138 0,079 0,046 0,026 0,015 0,005
f(x) 0,055 0,040 0,023 0,013 0,008 0,004 0,003 0,001 0,0008 0,0005
[(x)
0,055
O' X
Puc. 135

CpaBHuBasi 3HaueHus (PyHKUMH [ HaA TpaHHULAX Pa3psiioB C BbICOTAMH /i;
COOTBETCTBYIOLIMX CTOJIOLOB MMCTOTPaMMbl (TpeTbsi cTpoKa TabJuubl 77), Mbl
3aKJI0UaeM, uTo MoJiyyeHHOe TeOpeTHUECKoe pacrpesieseHne X0pollo coracyer-
Csl C IKCIEPUMEHTAJIbHBIMU JIAHHBIMH O MPOJIO/IPKUTEJIbHOCTH YKU3HH JIOHJIOHIIA
XVII Beka. [ToJib3ysicb MOCTPOEHHOH MOJE/bI0 — TEOpPETHUECKUM pacripejesie-
HHEM, Mbl MOXKEM HAHTH BEPOSITHOCTb CMepPTH B Bo3dpacte oT a jo b Jer. Ilo
dopmyse (19) Pla < X < b) = e Ft — p=kb = p=0.055a _ ,—0,0550

Oynkuna H(t, k) = e * | kotTopyio Mbl HasBaMH (yHKLMEH HAAEKHOCTH, B
JIAHHOM cJlydyae rpejcTaB/sieT coO00i BEpPOSITHOCTb TOTO, UTO YeJIOBEeK J0KHUBET
JIo Bo3pacta ¢ Jjiet. Hanpumep, BepOSITHOCTb 10:KUTh 10 46 JieT B 3TOH MoJesn
pasHsiercs (46;0,055) = e =253 ~ 0,079. ITo cBOICTBY BEPOSTHOCTE! IPOTHBO-
MOJIO’KHBIX COOBITHI pagHocTh | — H(Z, k) siBisieTcst BepOSTHOCTBIO TOTO, UTO BbI-
OpaHHbIf cyyaiiHbIM 00pa3oM ropoxKaHHH He NPOKUBET OoJiee £ JieT. Hanpumep,
BEPOSITHOCTb yMepeThb 0 ABaMlaTH JieT nosayuurcs pasHoit 1 — H(20;0,055) =
=1—e"x~1-0,333 =0,667.

B saksouenne 3amMeTnMm, 4To, HCMOMbL3Ys (PYHKIMIO HAAEKHOCTH, MOYKHO Te-
penucatb opmyJty (19) caenyroumm o6pasom:

Pa <X < b) = H(a, k) — H(b, k). (22)

YnpaxxHeHus

1. B KaxK10M 13 MPHUBEAEHHBIX HHXKE MPUMEPOB yKaXKHUTe MOTOK COObITHH, NMPUBEANTE COOOparXKeHHs!
B M0JIb3Y TOTO, YTO €r0 MOKHO CUMTAThb MPOCTEHIINM, OMPEACIUTEe €ro HHTEHCUBHOCTb U HAa30BHUTE



§ 6. O 3apauax maccoBoro o6cayKMBaHUS 313

BpeMsi OXKHMJIaHUs: a) phiGak yausa priby Ha o3epe U BbUIOBWJ 3a 6 uacoB 30 pbi6; 6) TaHK 06CTpe/n-
BaeT 11e/1b, U3 20 BbICTpesioB — 6 MonajaHuil; B) B rOpPOJCKOH cy/ B TeueHHe rofa noctynumao 300
3asiBJIEHHIl Ha PACCMOTPeHHe IPaKAAHCKHUX €] Pas/JHUHON HarpaBJeHHOCTH; I') IEeTCKUIl Bpau 3a
BpeMs1 1e2KypcTBa (6 yacoB) nosyyaeT B cpenHeM 10 BBI30BOB Ha JIOM; /) B TeueHHe BOCHMHUACOBOH
paboyeli cMeHbI Ha TKAlLKOM CTaHKe HCIPABJSETCS] B CPEIHEM O MOJOMOK.

2. Cpe NPUroBOPEHHBIX K JIHIIEHHIO cBoGOoAb 35% Jsmi uMeloT cpok ot 1 1o 3 Jaer, 31% — ot
3106,19% — o016 109, 10% — o1 9 510 12, 5% — ot 12 1o 15 ser. [TocTpoiiTe nokasareib-
HYIO MOJIeJIb BpeMeHU OTObIBaHWSI HakasaHusi. [1/is 3TOro Hailiute cpejiHee apUpMETHUECKOE CPOKOB
3aKJIIOUEHHST U OTIPeJle/IUTe MapaMeTp MoKasaTeJbHOro pacrnpeneierus. M3o6pasnute Ha OfHOM pH-
CYHKe THCTOrpaMMy H rpaduk MJIOTHOCTH pacrpenesennsi moiaead. C MOMOLIbI0O MOJeNH Ha#auTe
BEpOSITHOCTH TOTO, YTO CPOK JIULLIEHHsT CBOOObI CyYailHO BLIGPAHHOIO 3aKJIIOUEHHOTO: a) MeHbllle
10 net; 6) HaXooUTCs B TIpefiesiaX OT TSITH 0 CEMH JIeT.

§ 6. O 3apmauax maccoBoro o6cayKMBaHUS

[lpumep 6.1. Bpewmsi ot Bpemenu B JIpiokoBe MPOMCXOMUT OOMEH MACIOPTOB.
Kaxxnblil rpaxkaaHuH, UMEIOLIMH NacnopT cTaporo odpasaiia, J10JKeH 06paTHTbCS
B MACMOPTHBIN CTOJ 110 MECTY MPOMNUCKH, 0OPOPMHUTb HEOOXOUMbIE JTOKYMEHTbI U
yepe3 HeKOTopoe BpeMsi MoJIyuuTh HOBbIH nacrnopt. Takum oGpa3om, oOMeH nac-
MOPTOB CBsI3aH ¢ 00C/YKMBAaHHEM HOJIBLIOTO KOJMUECTBA JIOAEH U TPe/ICTaBJISET
co00H THIHUHBIA NPUMep 3ada4u Macco8020 0OCAYHUBAHUA.

[Ipo6siema cOCTOUT B cJieytolleM: CKoJibKo pa6oTHukoB POBJI no/mxHbI 3a-
HUMaTbcsl 0OMeHoM nacnoptoB? C 0JIHOH CTOPOHBI, HX JIOJI?KHO ObITb 10CTATOUHO
MHOTr0, uToObl He Obl10 GoJblINX ouepenel. C APyroil CTOPOHBI, UX HE JOJKHO
ObITb CJMLIKOM MHOTO, HHaue OHW OyayT cKyuaTb 6e3 1eJia U 3ps MoJyvyathb 3ap-
nsary.

Pewenue. Kanuran ®omun jyisi CBOEro OT/Ie/IeHUsT PELIUI 3Ty NPoGJIeMy TaK.
B cpeasem B zieHb Mo noBojy oOMeHa MacrnopToB NMPUXOAUT 28 uesoBeK, a Ha
othopmJieHre OHOTO macropra B cpeaHeM 3aTpauuBaercs 30 munyt. CioenoBa-
TeJIbHO, paccyxKaaeT kanutaH ®omuH, 3a 7 yacoB paboTsl (I yac — nepepbiB
Ha 06e1) 0JIMH PabOTHUK OOCTYKUT 14 uesoBeK, U TaKUM 06pa3oM, JBYX OyjeT
JIOCTATOUHO.

Ho oxkasasoch, uto nBa yenoBeka He crpasasitorces! [Ipakruuecku Kaxabii
JleHb BO3HHMKaeT ouepe/ib, U B KOHLe paboyero JHS HECKOJIbKHUX IpaxkiaH o06-
CJIY>KUTb He ycrneBatoT. B uem ke nesio, HenoymeBas Kanutan PoMuH, Besib Bce
pacuéTbl nposejieHbl NpaBuibHO! CyTb Jesa B TOM, 00bACHH eMy Malop 3UMHH
(npocayluaBLIMid Bo BpeMsl 00yueHHUsl Ha OpUIHUecKoM dakyJ/bTeTe Kype mare-
MaTHKH), UTO JIIOJIU IPUXOAAT HepasHOMEePHO W Ha KaxKJI0TO W3 HUX 3aTpaunBa-
eTcsl pa3Hoe BpeMsl, a He «CpelHHe» noJuaca. FMimeHHo sTa HepaBHOMepHOCTb H
SIBJISIETCS TIPUUMHON ouepesen.

Ha camom nesie Bpemst 06¢y>KMBaHHs1 OJTHOTO KJHEHTA SIBJSETCSs CalydaiHo
BesIMUMHON. Kak rnpaBu/io, NOTOK KJIHEHTOB SIBJSIETCS MPOCTEHIINM (MTyacCOHOB-
CKMM) TOTOKOM, TO €CTb JYISl HErO BBIMOJHAIOTCS YCJI0BHS, aHAJOTHUHbIE yCJI0-
Busim 1) — 3) u3 npeabiayiero naparpaga. B atom cayuae, cornacHo §5, Bpe-
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Msl MEXKJTy TIOSIBJIEHHSIMU JIBYX KJIMEHTOB TOxKe Oy/IeT c/ydailHoOH BeJUuuHOH X,
pacnpeeséHHO MO 1M0Ka3aTeJbHOMY 3aKOHY C MJIOTHOCTbIO BEPOSITHOCTH [(f) =
= ke . Hanomunm, uto 1/k — maTemaTHueckoe O<MJaHHe CJyyaiiHOl Be-
guundbl X (cm. §5). Ha npakrike B KauectBe k GepyT uHmeHcu8HoOCmMo WK
NAOMHKHOCMb TIOTOKA KJIHEHTOB, TO €CTh CPeHee UMCJI0 KJIHEHTOB, MPUXOISIINX
Ha 00CJy>KUBaHHe 3a eJIMHUILy BPeMeHH.

Teopust maccoBoro o6¢yKMBaHUs UITH, KaK €€ elllé Ha3bIBaIOT, TEOPHUs ouepe-
Jief, 1aéT OTBET Ha BOMPOC, CKOJBKO OMepaTopoB JIOJXKHbI 3aHUMAaTbCsl 0OMEHOM
nacrnopToB. [lycTh 1 — uucsio oneparopoB, / — cpeHee UMCI0 YesOBeK, KO-
TOPBIX OJIMH OrepaTop 0OCJYKHBAeT B TeueHHe yaca (UHMeHCUBHOCmb 06cay-
ocusaHus); k — Kak W Bblllle — MJIOTHOCTb MOTOKA KJAHeHTOB. [1pemnosoxum
TaKXKe, UTO U3 OUYepe]d HUKTO He YXOIUT — BCE KJIUEHTbI TEPTeJUBO XKIYT, M0-
Ka UX 06CjyKaT (cucrema ¢ 4MCThIM oxupatueMm). O6osnaunm u = k/I, Torna
BEPOSITHOCTb P(g) TOTO, UTO 3aHSATHI TOJBLKO ¢ OTEpaTOpPOB U3 11, BbIUMCJSETCS
no dopmy.Je: 1

uf n Ul e
Pay="; E% 0 An—w) @3)
BEPOSITHOCTb P(11, ) TOTO, UTO BCE 11 OMEPATOPOB 3AHSATHI M S U€JOBEK HAXOIUTCS
B ouepea — 1o (opmysie

U\S
P(n,s) = (%) P(n); (24)
CpeiHee UHUCJIO S JII0JIe, OXKUJAIOIIMX B oueped, — 1o GopmyJe
un
5=—P(n). 25

3/iech 006s13aTe/bHO JIOJKHO BBIMOJIHSATLCS yeoBre i/n < |, WHaue ouepepb
OyleT pacTH HEOrpaHWUEHHO.

[Tpumenum 3tu opMyJibl K Halleil 3anade ¢ nacrnoptamu. [lyctb n = 3,
[ =2,k =4, torna u = 2. Tlojacrapnasisi 371 3HadeHuss B dopmybl (23) u
(25), Haiiném, uto § = 8/9, TO eCTb Ouepelb, B CPEIHEM, COCTOMT U3 OJHOTO
yeJsioBeKa. BosbMeM Tenepb 11 = 4 npu Tex ke 0CTaJbHbIX JaHHbIX. Torjna u3 Tex
xe hopmyat nostyuaem S = 4/23, To ecTb ouepey MpakTHuecku HeT. Mrak, s
HOPMaJIbHOH paboThbl HEOOXOJUMO UMETh, KAK MUHUMYM, TPEX OMepaTopos, JJis
ujleajbHOH — UeThIPEX.

[Tomo6Hble 3ajaun BCTPeUaloTCsl BO MHOTHX 00J1acTsIX UeJOBEUECKOH Jiesi-
tesibHOCTH. [IpuMepamu cucmem maccosoeo 06CAYMCUBAHUSL SABJSIIOTCS: Teje-
(hoHHbIE CTaHIIMM, PEMOHTHbIE MaCTepCKHe, CrpaBouHble 6i0po, OUJIEeTHbIE Kac-
Chl, MApUKMaxepcKue, pa3jiMuHble KOHTPOJLHO-TIPOMYCKHbIE U TIPUEMHBIE MyHK-
Thl, a3POJPOMbI, TAMOXKHH, HHCTUTYThbl U T. 1. PaGoTa cucteMbl MaccoBoro 06-
CJIy?KMBaHHUSI COCTOMT B BBITIOJIHEHHH 3asiBOK, MOCTYMaloUIMX OJlHA 3a JAPYroi B
cJlyuaiiHble MOMeHThbI BpeMeHH. CucteMa 06C/y»KHBAHHSI COCTOUT U3 OTIPeJIe/IEH -
HOTO YucJ1a 06CAYKHBAIOLIMX €HHUL, — KaHaJoB 0OCIYXHUBAHHUS: JIIOJeH, MpU-
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60poB, JuHUN cBsA3u U Ap. O6CayKUBaHHE MOCTYMHUBIIEH 3asiBKU TPOJOJIKAET-
Csl HEKOTOpoe cJydyaiHoe BpeMsi, MocJje Yero KaHaj oCBOOOXKAAETCS M MOXKeT
00CJ/1yKUBaTh (BO3MOXKHO, MOCJe HEKOTOPOH May3bl) APYrylo 3asiBKy. B Teopuu
MaccoBoro o6cJy>KUBaHHSl yCTAHABJIMBAIOTCS 3aBUCHMOCTH MEXKJY XapaKTepoM
MOTOKA 3as1BOK, MPOU3BOAUTEbHOCTBIO KaHAJMOB 06C/yKUBaHNS U 9(h(hEeKTUBHO-
CTb10 0OCJY>KMBaHHSI, KOTOPbIE OMUCHIBAIOT €€ MPOTYCKHYIO COCOOHOCTD.

[IpoGJiemMbl, cBsI3aHHble C 3ajlauaMKl MacCoOBOro 0OCJ/Y:KUBaHUsI, BO3HUKAIOT
1y 10pPUCTOB. JIMHUM CBsI3U, ycTpolicTBa ajisi cbopa u rnepepaboTKu MHDOpPMAa-
LMK, cyebHble OpraHbl, IOPUIHUECKHE KOHCYJIbTALMH, CJIeACTBEHHbIE H30JITOPbI
M T.1. — BCE 3TO MOXKHO PacCMaTpHUBaThb KaK HEKOTOPblE CUCTEMbI MacCOBOTO
00cCJ/1y?KHBaHUs. PaccMOTpUM elié OJIH NpUMep CHUCTEMbl MAcCOBOIO 0OCJIYKH-
BaHUS C OXKUJIAHUEM.

[Mpumep 6.2. K npuémnoii HeBponaTosora moaxoast GoJbHbIE ¢ HHTEHCHBHO-
cTblo 4 yesoBeka B uac. Bpau 3aTpaunBaer Ha oaHoro 6ojibHoro B cpentem 10
MuHyT. TpebGyeTcsi HalTH: a) BEPOSTHOCTb TOTO, YTO MOJAOLLEALINE OOJNbHOH Cpasy
OyleT NPUHAT Bpauom; 0) BEPOSITHOCTb TOTO, UTO MOJOLIENIINH 6OJLHON OyneT
B oyepely MePBbIM; B) CpelHee YHUCJ0 OOJbHBIX, HAXOJSLIUXCS B OUEpPeH; T)
cpesiHee BpeMsi, KoTopoe G0JIbHOM 3aTpaunBaeT Ha MocelleHre Bpaya, BKJouas
1 BpeMsl 0xKHUIAHUSI.

PeuwieHne. Mbi nmeeM cucteMy OGC/YKHBAHUSI C OUEPE/bIO M C OJHHM KaHa-
Jgom obeaykuBanust (n = 1). VIHTeHCUBHOCTbL MOTOKa 3asiBOK kR = 4, cpeiHee
BpeMsi 00CJy»KHBaHHUsI OIHOM 3asiBKH | /6 uaca, cjieoBaTe/bHO, HHTEHCHBHOCTD
obcaykuBanust [ = 6.

JInsi oTBeTa Ha MOCTaBJIEHHbIE BOMPOCHI HCMOMb3yeM (opmydibl (23)—(25),
KOTOpbIe TPU 71 = | 3HAUUTEJHHO YIPOCTATCS:

PO)y=1—u, P(l)=u(l—u); (26)
P(l,s) = (1 — u); (27)

_ u2
S=1— (28)

Bepuémcesi k Haiedi 3anaue. Tak kak u = k/l = 2/3, To BepOSITHOCTb TOTO,
UTO MOJOLIEANINE cpa3y OyaeT NpuHAT BpauoM (BepositHocTh P(0)) no dopmy-
Je (26) pasua 1 — u = 1/3. BepositHOCTb TOrO, UTO TOAOUIEANIHHA OyIeT B
ouepe nepsbiM, ecTh BeposithocTh P(1,0) = u(l —u) = 2/3(1 —2/3) = 2/9.
Cpeanee uucJio Jiofeli B ouepeau Haiaém no dopmyie (28): 5 = u?/(1 — u) =
= (4/9)/(1/3) = 4/3. Hakonell, cpejiHee BpeMsl OXKHIaHHS B Ouepemd [( =
=35/k = (4/3)/4 = 1/3 uaca, o ectb 20 MuH.

B npumepax | u 2 Mbl paccMOTpesii TaK Ha3blBaeMble CHCTEMbI C OXKHIAHHEM,
B KOTOpPBIX 3asIBKa HE MOKHIAET CHCTeMY, a CTAHOBUTCSI B OU€Pe/lb U OXKHIIAET,
T0Ka He 0CBOGOJUTCS KaKok-HUOYIb KaHas. KpoMe Toro, cyliecTBylOT CHCTEMbI
06C/TyKUBAHHUS C OTKA3aMH, B KOTOPBIX, €CJIH BCE KaHAJIbI 3aHSIThI, TOCTYUBILIAS]
3asiBKa T0JyuyaeT OTKa3 M TOKHIAeT CHCTeMy HeoOC/y»KeHHOH. B atnx cayuasix
MPUMEHSTIOTCsT GoJiee CJI0XKHbIE (DOPMYJIbL.
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MMpumep 6.3. Tesedonnasi cranumst umeer 6 Ui cBsizu. Ha cranmio mocty-
[1aeT MMyaCCOHOBCKHUH MOTOK 3aiBOK MHTEHCHBHOCTBIO R = 4 BbI30BA B MHHYTY.
CpenHsisi IJIMTEJLHOCTh Pa3roBopa — BpeMsi OOCJHYKUBAHUS — log = 2MUH.
TpeGyercst HaliTH: a) BEPOSITHOCTb MPOCTOsi; 0) BEPOSTHOCTbH OTKA3a; B) MPoO-
MyCKHYIO CIOCOGHOCTb CHCTEMBI Q; T) CPe/Hee UHCIIO 3aHATbIX KaHaI0B Kp.

PeweHue. B o6uueil nocranoBke Takasi 3ajiaua Obiia peuena B 1917 roay dp-
nanrom?. ITycTb cHCTEMa UMEeT 71 KaHaJI0B 06C/IyKMBAHHS H p; — BEPOSATHOCTD
TOTO, YTO [ KaHAJOB 3aHATbI, @ OCTaJbHble CBOOOAHbBI. DTH BEPOSITHOCTH XapaK-
TEPU3YIOT CPEHIOI0 3arpy3Ky cucTeMbl. Jlyisi HUX DPJIaHT MOJYUU/ CJIeLyIOLLyIo
CHUCTEMY YPaBHEHHIL:

Ipy = kpo, 2lpa =kpy, .., 0lpy =kpy—1, po+pi+...+pa=1 (29
Pemasi 3ty cucremy, Haliiém
ki
pi = WPO,
rne i = 1,2,...,n. HanoMHum, uTo 3j1ech 1 — 4MCJIO BCeX KaHaJsoB. B Haiem

cjlyuyae n = 6, NJOTHOCTb MOTOKA R = 4, a cpeiHee KOJMUECTBO KJHEHTOB,
o6y KuBaeMbix 3a Muhyty, Oymner [ = 1/t,s. = 1/2. Tlo dopmynam Dpaanra
noJjydaem: p; = 8pg, pe = 32pg, p3 = 85,3pgy, ps = 170,7py, ps = 273,1 pg
U pe = 364,1/70.

JIJ1s1 BBIUKCJIEHHST BEJIMUHHBI P BOCITOJb3yeMCS MOC/IEIHUM YpaBHEHHEM CH-
crembl (29). Tlocse caoxenus noayunm 934,2pg = 1, oTKyna nocsaenoBaresibHO
Haxomum po = 1/934,2 = 0,0011, p; = 8/934,2 ~ 0,0086, py = 32/934,2 ~
~ 0,0343, p3 = 85,3/934,2 ~ 0,0913, p, = 170,7/934,2 ~ 0,1827, p; =
= 273,1/934,2 =~ 0,2923 u pg = 364,1/934,2 ~ 0,3897. O6parure BHHUMAHUE
Ha TO, UTO OKPYIJISITH MPH pacuyérax Hy»KHO TOJIbKO OKOHUATeNbHbIE Pe3yJbTaThl,
TaK KaK B MPOTHBHOM CJlyuae MOYKET HAKOMUTbCS 3HAUNTE/bHAS OLIMOKA.

[TockosibKy po €cTb BEepOSTHOCTb TOTO, UTO BCe KaHaJsbl CBOGOJHBI, TO po U
€CTb BEPOSITHOCTh MpocTost. Besnunna pg = 0,3897 ecTb BepoSTHOCThL TOTO, UTO
BCEe MMEIOIINecs KaHaJlbl 3aHATHI, CJIEI0BATENbHO, 3TO U €CTb BEPOSTHOCTb OT-
kaza. [IpoTHBonosoxKHoe coObITHE COCTOUT B TOM, UTO CBOOOJIEH XOTs1 Obl OJIMH
kaHaJ. Ero BeposiTHOCTb v = | — p, Ha3bIBAETCS OMHOCUMEAbHOL NPONYCK-
HOUl CNOCOOHOCMbIO cuCmembl. DTa BEPOSITHOCTb PABHA OTHOLLEHHIO CPEIHEro
ynucJia 3asiBOK, 00CJY»KEHHbIX 32 €IMHHIYy BPEMEHH, K CPeIHeMYy UMCJy 3asiBOK,
MOCTYMUBIINX 32 3T0 ke BpeMsi: v = | — pg = 0,6103. AbcostoTHas npornyck-
Hasi cocoGHOCTh () paBHA CPeHEMY UHCJY 3asiBOK, 0OCJYKEHHBIX 33 €IMHULLY
Bpemenu: @ = kv = 4-0,6103 =~ 2,4412. CpenHee uucj0 3aHATBIX KaHAJOB
paBHO MPOU3BEAEHUI0 aOCOJIOTHON MPOMYCKHON CIOCOOHOCTH Ha CpejiHee BpeMs
obcaykuBanus: Kep = Qtos, = 2,4412 -2 = 4,8824 ~ 4,9.

?A. K. Opnanr (1878—1929) — natckuii HHsKeHep, COTPYAHUK JaGopaTopuu Konenrarenckoii
TeslehOHHOH KOMIAHHH.
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YnpaxHeHus

1. K aBro3anpaBouHO# CTaHIMK TObE3XKAIOT B CPeHEM 2 MallliHbl B MUHYTY. Haitnure: a) cpennee
YKCJIO ABTOMAIIIMH, TPUOBIBIIMX HA 3alpPaBKy B TEUEHHE JIECSTH MHUHYT; 6) BEPOSTHOCTb TOTO, UTO
3a 5 MUHYT K CTaHLMHU NOJAbeAYT 8 aBTOMAIIKH.

2. Tenedonnast auHUS MpeacTaBsieT cob60H OJHOKaHANbHYIO cHCTeMy oOcayKuBaHusi. MHTeHcuB-
HOCTb NoTOKa 3aBOK — (0,5 BbI30BOB B MUHYTY. CpejiHee BpeMsi pasropopa — 2 MuUHyThl. Haitnure:
a) abCoJIIOTHYIO MPOIMYCKHYIO CMIOCOGHOCTD JIMHKUH; 6) BEPOSITHOCTb OTKA3a.

3. Horapuyca nocelaior B cpendem 3 uesioBeka B yac. Ha oxHoro mnoceturesisi Hotapuyc 3aTpa-
yMBaeT B CpeHeM NoJsuaca. Haiimure: a) cpentee BpeMmsi 0xKHAAHUS B ouepenn; 6) cpeaHee Bpems,
3aTpaueHHOe Ha MoCelleHHe HOTapUyca; B) CpeHee YHCJI0 MOCETUTENEH B OuepeH.

4. B atesbe cpouHOro peMoHTa uacoB padoTaioT 4 mactepa. Kaxkaplit U3 HUX TPaTUT Ha 0OCJyKUBA-
HHe ofiHoro nocetutes B cpeadeM 40 MuHyT. Ecaii Bce MacTepa 3aHsIThl, TO 3aKa3 He MPUHUMAETCS
Y MOCETUTENb YXOAUT. FIHTeHCHBHOCTD MOTOKA MoceTuTesell — 6 uesioBeK B yac. Haitnure: a) Bepo-
ATHOCTb TIPOCTOSI CUCTEMbI 0GC/YKUBAHUS; ) BEPOSITHOCTb OTKAa3a; B) MPOMYCKHYIO COCOGHOCTh
MacTepCKOM; T) Cpe/iHee UUCJIO 3aHATbIX MACTEPOB.

§ 7. HopmaabHoe pacnpeaeneHue

HopmasnbHoe pacnpenesieHre OblJI0 OTKPBITO «KOPOJIEM MaTeMaTHKOB» [ayc-
com B 1809 romy B pabote, MOCBALIEHHON TeOpUH JBHKeHUS] HeOecHbIX Tel. B
31Ol padore [ayce nocTpous Tak:ke Teoputo oinb6oK uamepenus. CyTh eé B ciie-
aytouieM. JlonycTuM, yTO UCTHHHOE 3HAaueHHe HeKOTOPOH BeJMUYMHbI PaBHO a,
Mbl XOTHM y3HaTh €€ 3HaueHue ¢ MoMolllbio u3MepeHuh. [TockobKy NpH Kaxaom
M3MEpPEHHH J0IMyCKaeTcsl HEKOTOPasi MOrPeLIHOCTb, TO B pe3dyJbTare 1oJydaer-
Csl YMCJIO X, KOTOpoe, Boobllle ToBopsi, oTiudaeTcsi oT a. PasHocth 6 = x — a
HagbiBaeTCs owubkol uamepenus. Pasanuator Tpu Buaa oUIMOOK: MMPOMaxH,
CUCTEMaTHUeCKHEe OLUMOKH U CJlydadHble OLIHOKH.

[Ipomaxu ABASIOTCS pe3y/ibTaToM HeOPEXKHOTO H3MEPEHHsT HJIH HEeoXKHUJIaH-
HbIX CHJIbHBIX BO3JIEHCTBUH HA MPOLLECC U3MEPEHHUS.

Cucmemamuueckue omubKU BO3HAKAIOT MOJ BJAUSHUEM HEKOTOPbIX MOCTO-
SIHHO JedcTByIoUMX (akTopoB. Hampumep, ecsau nmpuGop Mioxo OTJaaxKeH, TO
OH CUCTEMaTHUECKH 3aBbllIaeT WJIM 3aHWKaeT pesysbTatr. pyroil npumep: npu
MPOXOXKIEHUH uepe3 atMocdepy 3em/Iu Jiyd CBeTa 3Be3JIbl MPEJOMJISETCS U €ro
nyTb MCKpHBJsieTcsi. BegenctBue storo sddexra, HasbiBaeMoro pedpakiimei,
M3MepeHHasl BbICOTA CBETHJIA HAJL TOPU3OHTOM Bcerjia OyieT 6oJiblie UCTUHHOH
BbICOTbI. [T03TOMY, ec/ii He yunThIBaTh pedpaklinio, PH H3MEPEHHH BLICOTbI CBe-
T GYeT MPUCYTCTBOBAThL CHCTeMaTHuecKas oloka. CucremaTnueckue omnb-
KH HCKJIIOUAIOT TyTEéM COOTBETCTBYIOLEH KOPPEKIHH H3MEPUTENbHbBIX TPUOOPOB
WM YUUTBIBAIOT MPH aHaJsiM3e pe3yJ/bTaToB H3MEepEeHHH.

Cayuaiinole ownbKu SIBASIOTCS CAEACTBHEM GOJBUIOTO YUCAA MPUUKH, BJIU-
siHHE KOTOPbIX YUeCTh HEBO3MOXKHO. Bo3bMéM x0Ts Obl Takue 3pdeKThl, Kak co-
CTOsIHHE aTMOC(ephl, TeMrepaTypHble KoJeOaHusi, TOMUKH U COTPSICEHHs] 3eMHOH
KOpbI, U3UUECKOEe COCTOSIHHE JIHIIA, TPOBOASIIEr0 U3MEPEHHST U MHOTO€ JIPyTroe.
Kaxnbiii n3 nepeunciieHHbIx 3(ppeKToB B CBOIO ouepe/b NMOpoKAaeTes: 60bLUINM
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KOJIMUECTBOM JPYTUX MPUUHH U T.J. B uTOre MOXKeT okas3aTbCsi, 4YTO UKCJIO TMpHU-
UMH, BJMSIOLIMX HA H3MEpeHHe, sIBJISeTCS BecbMa 3HAuMTeJbHbIM, HO BJIHSIHHE
KaXXJ10# OTIEJNbHON MPUUMHBI HACTOJILKO HE3HAYMTEJBbHO, UTO €ro y4yecTb Mpak-
THUECKH HEeBO3MOKHO. CyMMapHbIM pe3yJ/ibTaToM JeHCTBHSI BCEX 3THX TMPHUMH
siBJIieTCs cayuaiiHas omnbka A.

Ananusupys cBoHcTBa cayuarHoi oln6ku, [ayce oGHapy»Kui, uto eé njior-
HOCTb BEPOSITHOCTH [(X) YIOBJETBOPSIET CJEAYIOLIEMY YCJOBHIO:! OMHOULCHUE

I'(x)

He 3asucurm on x, nmo ecrmv Aead4emcsa NOCIMOoAHHbIM. O603HaYUM 3TO

xf(x
OT]:ozueHHe uepe3 a, a pyHKIHMIO f(X), Kak o6bluHO, 6ykBOH y. Torna mosyuaer-
csi iuddepeniaibHoe ypaBHenne y' = —axy. JlokaxkeM, uTo pellieHHeM 3TOro
ypaBHeHHUs1 GyneT hyHKIHUS

y = Ce 2%, (30)
rie C — npou3BoJIbHOE JeHCTBUTENbHOE UHCyI0. B caMoM jiesie, moJib3ysich npa-
BUJIAMH (D DepeHIIMPOBaHHs], HAX0UM: ' = —Caxe " = —axy.

[Ts0THOCTD BEPOSITHOCTH siBJisieTCsl (DyHKLMEH HeOTPULATENbHOH, MO3TOMY
C > 0. Kpome T0Oro, 10/KHO BBITOJHATHCS YCAOBHE

a

[e.e]
P(—c0o < A < o0) = / Ce 2 dx = 1,

KOTOpPOE 03HauaeT, 4To cobbiTHe —oo0 < A < 00 (BeJIMUMHA OLIHOKH BCEra ecTb
HEKOTOPOE UHCJIO0) SIBJISIETCS JOCTOBEPHBIM, @ BEPOSITHOCTb JJOCTOBEPHOTO COObI-
THs paBHa eauHule. Kak otmeueHo B §4, 1nocsenHee paBeHCTBO UMeEET CJIe/lyr0-
LKA reoMeTpHUECKHH CMbICJ: MJoWAalb Mo rpadukoM QyHKUMM y = Ce™ 5’
paBHa ejMHMIe. BbIUMC/HB MHTerpas, npujeM K paseHcTBy a = 2C%7. Ilpu

Vor

CTaBJIsieT coO0H M3BeCTHYI0 HaM auddepeHuHanbHyto GyHkuuto Jlansaca

a = 1 noayuaem C = U paccMmaTpuBaemasi MJIOTHOCTb BEPOSITHOCTH Mpeji-

2
o) = =e" 7, (31)
Var
C KOTOPOH Mbl MO3HAKOMUJINCHL B §9 ceabMoil ryiaBbl.

Pacnpenenenue cayualiHol BeJIMUMHBI C TWIOTHOCTbIO BEPOSITHOCTH, 3aJaHHON
dopmyioii (31), HasbIBaeTCs cranOapmuolm HOPMAAbHOIM PACHpedereHUeM.
BeposiTHOCTb MomnajaHusi 3HAUeHWi CTaHJAPTHOW HOPMaJIbHOW BEJHUUHbI B MH-
TepBaJl (d1, 09) ONpeaessiioT no hopmyJie

39
P <A< dg) = /ga(x) dx =P(d9) — ®(dy), (32)
d

rie ®(x) — wuHrerpasbHas dynkuus Jlangaca (cm. §9 BocbMO# ryaBbl).
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[Mpumep 7.1. Cayuaiinasi omm6ka ¥MeeT CTaHIapTHOE HOpPMaJIbHOE pacrpese-
Jenne. KakoBa BeposiTHOCTh, uTo oHa Haxoautcs B uHTepBade (0,1;0,3)?

PeweHnue. C nomolibio KaJbKyJTOpPa WM € MOMOLLIBIO TabJuil U3 TTpuoxke-
Hus 2 no gopmyde (32) naxonum: P(0,1 < A < 0,3) = ¢(0,3) — ¢(0,1) ~
~ 0,1779 — 0,0398 = 0,1381.

Bhiiie Mbl paccmoTpesin peliieHue jauddeperHuyanbHoro ypasHenuss (30) B
yacTHOM cJiyuae, Korna @ = 1. B ofuiem e cayuae nosaraiot a = 1/02, rie
0 — HEKOTOpOe MOJIOXKHUTeJNbHOE UUCJIO0, Tora AJs nocTosiHHoi C noJyvaercs

1 3
oV 2w

, @ TIJIOTHOCTb BEPOSITHOCTH 3anaéres (yHkumein [aycca

3HaueHue C =

1

glx) = — e i, (33)

Uucsio o HasbiBaeTcsi cpedrell Keaopamuueckol owubKol uamepenus.
OHo, Kak MpaBuJI0, 3aBUCHT TOJLKO OT H3MEPHUTENLHOTO MPUOOPa, Mo3TOMY €ro
MOKHO CUMTaTh U3BeCcTHbIM. [1pu o # | dopmyna (32) umeer GoJiee oOLINIT BUIL:

P(61<A<62)_¢><(Z2>—CI>(51>. (34)

g

Mbl nonofiHuM eé creayiolMu GopmyJiaMH, Mo KOTOPbIM HaXOASAT BEPOST-
HOCTH OJIHOCTOPOHHUX HEPABEHCTB:

P(A>51):O,5—¢<i>, (35)
P(A<3) =0 (‘?) +0,5. (36)

[pumep 7.2. 3apsii 0XOTHHYBENO MOPOXA OTBELIMBAETCS HA BECAX, HMEIOLIMX
CPEJIHIOI KBajJpaTHuecKylo olnOKy B3BeminBaHus 150 me. HomuHasbHBIH Bec
nopoxoBoro 3apsina 2,3 e. OnpeiesnTb BEPOITHOCTb MOBPEXKIEHHS PYXKbsl, €CJIH
MaKCHMaJIbHO JIOMyCTHMBIH BeC MOPOXOBOTo 3apsiaa 2,5 e.

PeweHue. Paccmorpum cayuaiinyio on6ky BaetnBanust A. 1o ycsoBuio 3a-
JlaYU PY2Kb€ MOKET ObITb MOBPEKJIEHO, €CJ/IM 3Ta ollnOKa OyneT 6oJblile, yeM pa3-
HHUILa MEX]Ty JOMYCTHMBIM BECOM 3apsiia 2,5 e U HOMHHAJIOM 2,3 e, TO eCTh 60JIb-
e, yem 0,2 e. [TosToMy BeposiTHOCTb TMOBpexKAeHUsT PyXKbs ecTb P(A > 0,2).
[To dopmy.ie (35) npu o = 0,150 nosyuaem: P(A > 0,2) = 0,5 —®(0,2/0,15) =
=0,b—®(1,3333) =~ 0,5 — 0,4082 =~ 0, 09.

[1pu o6cy»kaeHuH 3TOH 3aaul Mbl M0Jpa3yMeBaJii, UTo rpybble poMaxu H
CHCTeMaTHueCcKHe OLIMOKH HMCKJIOUYeHbl, TO eCThb OlLIMOKA B3BEIIMBAHHUS — 3TO

STpadux dynkun (33) (komoxon [aycca) mbl ctpounn B §9 cenpMmoil riasel. Ha puc. 136
KoJioKoJ1 [aycca u3006pakéH MpH pas/nyHbIX 3HAYEHHSIX O



320

ImaBa XI. CayuaiiHble BeJIMYMHDbI U IOpPUAMYECKAS CTAaTUCTUKA

0 X
Puc. 136

TOJIbKO cJyyailHasi ownOKa. [Ipearnosoxum tenepb, UTO NPH U3MEPEHHU YUH-
ThIBAETCS TAKXKE U cUcTeMaTHuecKasi ominoka. Toraa o6uiasi ouinbKa H3mMepeHust
CKJIaJIbIBAeTCsl U3 CUCTEMATUUECKOH OLIMOKY U caydaiiHoi olinOKU. EcTecTBEHHO
NPEJNOJIOXKUTb, UTO BEJUUMHA CUCTEMATHUECKOH OLIMOKHU SIBJISIETCS OCTOSIHHOH
BesnunHoi. O603HauuM eé uepes m, a oOlLyto olIMOKY H3MepeHust uepe3 §. To-
ria d = m+A. [110THOCTb BEPOATHOCTH pacrpeeneHus CaydailHoi BeTMUHHbI §
B 3TOM cJiydae 3ajaérest pyHkurei [aycca o6uero Buaa:

1 ()cfm)2

f(x) = —=—e 22 . (37)

Pacnipenesenvie ciyuaiiHoO# BeJIMUMHBI C MJIOTHOCTBIO BEPOSITHOCTH, 3a/1aBae-
Mol opmyJioit (37), Ha3bIBAETCS HOPMAAbHOIM pacnpedeieruem ¢ napamen -
pamu m u o. Ipapuk pyHkunu (37) nNpu pa3inuHbIX 3HAUEHHUSIX 171 U OJIHOM U TOM
»Ke 3HaueHnu o u3o6paxén Ha puc. 137. [1pu m = 0 stot rpacduk coBnajaaer c
rpadukoM QyHKImH (33).

dopmyaa (37) 3aaét HopMalibHOe pacrnpesesieHde HauboJiee 061IEro BUJA.
UncoBble XapaKTePUCTHKH ITOTO pacrlipenesieH|ss — MaTeMaTHUeCKoe 0XKHa-
HHUe, IUCTIEPCHIO U CpejiHee KBajpaTHUECKOe OTKJIOHEHHE BBIUMCSIOT 110 (hopMy-

JlaM
M@®) =m, D©) =02 S©) =o. (38)

OTciola BbITEKAET B8EPOSMHOCIHbLL CMULCA NAPAMEMPOB HOPMALLHOCO
pacnpedesenus: 8eAUUUHA M eCMb Mamemamuieckoe oxuoanue caydai-
Hol owubku §, a o ecmo eé cpedrnee Ksadpamuueckoe omraoHerue. s
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-2 0 9 X

Puc. 137

CTaHJAPTHOTO HOPMaJILHOTO pacrpejiesieHus, 3aaaBaemoro gopmyJsioi (31), ma-
TeMaTHUeCKOe OXKHJIaHWe PaBHO HYJIIO, a JAUCIIEPCHSI U CpellHee KBaJpaTuueckoe
OTKJIOHEHHE PaBHbI €JIMHHIIE.

BeposiTHoCTh monanaHusi 3HaueHUH HOPMAJIbHO pacrnpeneseéHHON CayuaiHok
BeJIMUMHBI B 3aJaHHbI MHTEPBAJ HAXoAsAT Mo (OPMyJaM, KOTOpbie SIBJASIIOTCS
o606111eHreM hopmya (34)—(36):

P(51<5<52)=q><52;’">—q><51;’">, (39)
P(5>51):0,5—<1><51;’”>, (40)
P65 <) =0 (52;’”) +0,5. (41)

[lpumep 7.3. TlpuGop st onpesesieHnst CKOPOCTH JBHUKYIIETOCs 10 1I0CCe
ABTOMOGHJISI HMEET CPEJIHIO KBaJApaTHueckyio omnoky 1,5 ku/uac. Tpu uame-
PEHUH CKOPOCTH JIOMyCKaeTcsl cucTeMaTHueckasl ollnbka — 3aBblleHHe MoKa-
3aHuil Ha b Km/uac. ABTOMOGHIIb JIBUXKETCSI CO CKOPOCThIO 58 km/uac. Kakosa
BEPOSITHOCTb TOTO, UTO BOAMTENb aBTOMOOMJsI OyjeT owTpacoBaH, ec/an JA0My-

CTHMasl MakCHMaJsbHasi CKOPOCTb Ha KOHTPOJIHPYEMOM yuacTKe JOPOTH paBHa
60 xm/uac?

Pewenue. [Tyctb 6 — ommnbka uamepenust ckopoctd. OHa uMeeT HopMaJbHOEe
pacnpenenenne ¢ napamerpamu m =5 u o = 1,5. ['lo ycsioBHI0 cKOpOCTb aBTO-
MoOuJIsl paBHa 58, HO eé 3HaueHWe, MoKazaHHoe Mpudopom, 6yaer 58 + §. Eciu
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58 + 0 > 60, To npubop 3aduUKcHUpyeT TpeBbIlIeHHe CKOPOCTH. BepositHocThb
9TOT0 COOBITHS M HY»KHO HallTH. V13 rmocJie/iHero HepaBeHCTBa roJiyuaercst 6 > 2.
[To dopmyse (40) naxomum: P(0 > 2) = 0,56 — ®((2 — m)/o) = 0,5 — P(—2) =~
~ 0,564 0,4772 = 0,9772.

BaxkHoe xapakTepHoe CBOWCTBO HOPMAJIbHOTO pacripesieseHust MOXKHO oOHa-
pYXHTh, ecau B hopmyJie (39) mosioxkuth §; = m — 30 u 69 = m + 30. Torna
60y —m)/o = =3, (69 — m)/o = 3 U Mbl TIOJYUUM:

P(m —30 <8 <m+30) = ®(3) — B(—3) = 20(3) ~ 2 - 0,49865 = 0,9973.

[TosryueHHasi BeposITHOCTb OJIM3Ka K €IMHULE, CJIel0BaTe/bHO, COObITHE C Ta-
KOH BEPOSITHOCTHIO MOXKHO CUMTATh MPAKTHUECKH JocToBepHbIM. Takum o6pazom,
npakmuyecku 00OCMOBePHO, YMO 3HAUEHU HOPMANLHO PACNpPeOeséHHOl
CAYUQUHOU BCAUHUHBL OMKAOHAIOMCA ONl €€ MAmemamuiecKoeo oxcuoa-
HUs m He boaee uem Ha eaudury 3. JTO CBOHCTBO HA3bIBAIOT NPABUAOM
mpéx cuem.

[Ipumep 7.4. [luamerp BTYJIOK, H3TOTOBJEHHBIX 3aBOJIOM, MOXKHO CUMTATH HOP-
MaJibHO pacripeie/IEéHHON CyuailHON BeJIMUMHON ¢ mapamMeTpamu m = 2,51 o =
= 0,01. B Kakux rpaHuLax MOXKHO NPAKTHUECKH raPaHTHPOBATH pa3Mep AHaMeT-
pa BTYJIKH?

Pelwenue. B 3anauax, rje 310 He OrOBOPEHO ClELHAJBLHO, MOXKHO CUUTATD MTPaK-
THUECKH JIOCTOBEPHBIM COObITHE, HMelolllee BepositHocTb 0,9973, KoTopyto naér
npasuiio Tpéx curm. Torna uckomble rpanuibl O6yayT: m — 30 = 2,6 —3-0,01 =
=247um+ 30 =25+3-0,01 = 2,53. Takum o6pasom, paamep auamerpa
rapaHTupyetcs B npejesax ot 2,47 no 2,53.

YnpaxHeHus

1. Tlpu uaMepeHHH YpOBHSI 3arpsi3HEHHOCTH aTMOCHheEpbl MOJYUeHO 3HAaUeHHe HWHJIEKCa 3arpsi3HéH-
HocTH 25. KakoBa BeposITHOCTb TOTO, UTO HCTHHHOE 3HAueHHe MHJEKCA 3aK/II0UeHO B Tpefesnax oT
23 no 26, ecnu cuctemaTHueckasi oulMOKa M3MEPEHHs] paBHA HyJo, a cjydyailHas ouiMbKa umeeTr
CTaHJAapPTHOE HOPMAJIbHOE pacrpejiesieHne?

2. TlpousBeseHo u3MepeHue ypoBHsl paaualiui 6e3 cucteMaTHueckKux olln6ok. CpedHsis KBajpaTh-
yeckasi omM6ka n3Mepenust pasHa 0,5. Hafinure BeposiTHOCTb TOrO, UTO M3MepeHHE TPOBEJIEHO C
oIMOKOH, He MpeBoCXoslLel Mo abcomoTHol Beanunte 0,75.

3. OumbKa 1npu U3MEPEHHH TEMIIEPATYPbI TeJia HMEET HOPMaJIbHOE paclpesiesieHHe ¢ mapaMmeTpamu
m = —0,7u o = 0,5. Tepmomerp nokaszan 33°. KakoBa BepOSITHOCTb TOTO, UTO UCTHHHOE 3HAUEHHE
TeMreparypbl MeHbliie 34°?

4. Tlpu6op nokaszaj 3HaueHHe CHJIbI 3BYKa MPOJIETAIOLIEr0 HAJl IIKOJIOH camMosiéTa 5 16 (nermbedt).
Cucremartuueckasl omlOKa H3MepeHust paBHa —d 106, a CpelHsisi KBaJpaTHuecKast olinbKa cocTaB-
asier 1,2 n6. Hafinure BeposiTHOCTb TOTO, UTO CHMJIa 3ByKa He TMPEBBICHJIA YCTAHOBJEHHOH HOPMBI
B 60 16.
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§ 8. BepOHTHOCTHO-CTaTl/ICTl/lquKl/Ie HOpMaJbHbI€ MOJEJH

HopmasnbHoe pacnpenenenne obsagaer AByMst BaXKHBIMH [/l IPAKTHYECKOTO
NpUMEeHeHHUsT CBOHCTBAMHU. Bo-mepBbiX, MHOTHE YaCTO BCTpeuatollrecs: pacrpe-
JIeJIeHUs] C BBICOKOH CTereHbl0 TOUHOCTH MOXKHO MPUOJHKEHHO 3aMEHSITb HOp-
MaJsibHbIM. Bo-BTOpbIX, HHTerpasnbHas ¢yHkuus Jlannaca ¢ tabynupoBHa, no-
9TOMY BBINIOJIHEHHE PACUETOB MOXKHO OCYLIECTBJIATH AOCTATOYHO MPOCTO AaKe
6e3 KoMIlbloTepa.

1. HopmanbHast moaenb 6MHOMMaANbHOIO pacnpeaeneHus. Paccmor-
puM BesinuuHy X, KoTopasi uMeeT GMHOMHAJbHOE pacripesieseHre ¢ napamerpa-
MH 1 U p. Drta BesnmunHa (cM. §2) npuHMMaeT Bce lleJible HeoTpUlaTe bHble
3Hauenust oT 0 J10 77 ¢ BEPOSITHOCTSIMU

PX=my=Cp"¢g"™™, m=0,1,....n, g=1-p. (42)

Kak mbl 3Haem (cM. §9 BocbMO#l I1aBbl), BBIMOJMHSIOTCS MPUOJIMKEHHBIE pa-

BEHCTBAa
Mo —np my—np
P(m ngmg)zq)()—CI)(), (43)
1 NGz NGT,

NpUUéM TOUHOCTb MPUOJIHKEHHS TeM BhIlle, YeM O0Jiblile BeJMunHa 11 pq. Breném
o6osHauenus: @ = np, o = /npq. Torna popmy.sa (43) nepenuiercs B BUe

P(my < X < mg) ~ & <’”2“> — o (”““) . (44)

g g

C npyroit CTOPOHBI, 10 TAKOM Ke (hopMyJie BBIUUCSETCS BEPOSITHOCTb U ISt
HOPMAaJILHOTO pachnpefiesieHusi ¢ napamerpamu a U o (dopmyna (39) uz §7)).
CaienoBatesibHO, npu 60AbULUX 3HAYEHUAX N OUHOMUAAbHOE pacnpedeneHue
c napamempamu n u p MONCHO NPUOAUNCEHHO ONUCOIBANTL C NOMOUWbLIO HOD-
MAALHORO pacnpedeseHus ¢ napanempani a =np u o = \/npq.

2. Mojpeab pacnpeaeseHuss 4acToThbl. HanoMHUM MOHSITHE 4ACTOThI COObI-
tust. Ecaiv B cepun U3 n ucnbitanni cobbitie A nosipasiercst m pas, TO 4aCTOTOH
coObitusi A HasbiBaeTcst uncsio p = m/n. GopmyJa (42) 1aét BeposITHOCTD TOTO,
uTo COoOBITHE A MOSBUTCSA B CEPUM U3 1 UCTIBITAHWH M pas, TO €CTb, UTO YacTOTA
nosiyenusi coobitusi A pasha m/n. Tloatomy dopmysty (43) MOKHO Mepenucarh
B 9KBHMBaJIEHTHOH (hopme:

my m _ mo mo —np my—np
Péé)m@()—@(). (45
( n n n VAPq VIPq )
3/iech p — BEPOSITHOCTL MOSIBJIEHHSI COObITHS A B OJIHOM MCIBITAHWH, § =
m moy m-—np m/n — p
=1 — p. O6osHauum p, = —, p9 = —-, TOrla = H
n n VI pq \ /pq/n
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thopmyJty (45) MOXKHO MepenucaTh Tak:

| P2—P)_o| PP} (46)

v/ pg/n v pa/n

CpaBhenue ¢ dopmyJoil (39) mokaseiBaet, 4to pacnpedesexue 4acmomeol p
ABAACMCA HOPMAALHOIM pacnpedesesuem ¢ napamempamu a = p u o =
=/pg/n.

YacToTy COOBITHSI HCIMOJIb3YIOT B KauecTBe MPUOJIMKEHHOTO 3HAUEHHS Be-
POSITHOCTH p 3TOTO COOBLITHS, €CJIM TIOCJIeHsIS Hen3BeCTHAa. 3aKOHHOCTb Ta-
KUX JEHCTBHI HaM MOJICKAa3biBA€T MPAaKTHUeCKUH onbIT. C JIPYroil CTOPOHbI, 3TH
BBIBOJIbI MOKHO 000CHOBaTb M TeopeTHuecKd. CoryacHO MpaBuily TPEX CHUIM
(cm. §7), mpakTHUeCcKH JIOCTOBEPHO (TO ecTh ¢ BepositHocTbio 0,9973) umeer
MECTO HEPABEHCTBO |p — p| < 34/ pg/n. Vlcnosib3ysi COOTHOLIIEHHE MEXK]LY Cpei-
HAM TeOMETPHUECKUM U CPEHUM apu(pMeTHUECKUM (CM. MepBYIO TJaBy), Mojyua-

+ 1
eM \/pg < % = —, BCJIGJICTBHE Uero fnpejbliyllee HepaBeHCTBO IPUHUMAET

2
BHUJL

P(p1 < p<p)=

- pl< fﬁ (47)

[IpaBast uacTb HepaBeHCTBA yMeHbLIAeTCs ¢ yBesueHneM 1. Takum o6paszom,
npaKmuuecku 0oCmo8epHO, 4mo Npu YEeAUUeHUU 1 3HAUEHIU LACTOMbL D
bydym npubauscameca K sepoamuocmu p. BrepBbie 3T0 ObLIO 10Ka3aHO
(mpuuém BecbMa OpHUrMHaJbHBIM crioco6oM) flko6om Bepnynin B Hauane XVIII
Beka. [TosToMy roBopsiT Takxe, UTo 8eposmnocme saeaiemces npedervroin (8

cmolene bepryrau) snadenuen wacmomol®.

[Mpumep 8.1. Tposenerno 500 omnbitoB, B 327 U3 HUX MOSIBUJIOCH COObITHE A.
B KakuX rpaHuiiax MOXKHO MPAKTHUECKH rapaHTHPOBATh 3HAUEHHE BEPOSITHOCTH
cobbitust A?

PeuweHune. 3nauenne yactoThl COObITHSI A B JIaHHOH CEpPUH OMBITOB PABHO ) =
3
= 327/500 = 0,654. ITockoabky n = 500, To = ~ 0,067.
/ Y 2yn 24/500

CaienoBatesibHO, 3HauUeHHE BEPOSTHOCTH OTJIMUAETCS OT YacCTOThl MeHbIIle, UeM
Ha 0,067. [TosTomy Hckomble rpanuiibl 6yayT paBubl 0,654 — 0,067 = 0,587 u
0,654 4+ 0,067 = 0,721. Takum 06pa3oM, NpaKTHUYECKH JOCTOBEPHO, UTO BEPOSIT-
HOCTb P rosiBjieHHs1 coObITHSI A B OJIHOM OIIbITE YJIOBJIETBOPSIET HEPABEHCTBAM
0,664 < p < 0,721.

3. Moaeau pacnpeaeseHuss oIMO0K U3MepeHus. [lyctb nposeneHo n
U3MepeHHH BeJIMUKMHbBI a (HarnpuMmep, AMaMeTpa JyHbl o gororpadusiM) H rnoJy-
YyeHbl 3HAUEHUS A, do, ..., Ay. DTH UACJA MOTYT OTJIHUATHCS MeXITy CoOO0H, Tak
KaK KaxKjl0e U3MepeHHe COJePKUT HeKOTopyto olMOKy. CripalliuBaercsi: Kakoe

! Bosee Touno: Teopema BepHysu yTBEPKIALT,uTO IS JIOGOTO MOJMOKHTEIBHOTO UHCIA &
BEPOSITHOCTb HEPABEHCTBA |p — P| < € CTPEMHUTCsl K HYJIIO TIPH 11 — 0O.
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YHCJIO CJieflyeT B35iTh B KauecTBe MPHUOJMKEHHOTO 3HAUEHHS @ U KAK OLEHHTH
JIONyLIeHHYI0 NTPH 3ToM olMOKY? [lpearnosnoxKum, uyto cuctemaTtuyeckasi oln6-
Ka U3MepeHHsl paBHA HYJIO M BCe U3MePEeHHs] PABHOTOUYHBI, TO €CTb UMEIOT OJIHY
M Ty Ke CpeliHIolo KBajpaTHueckyto owln6ky o. [lpu sTuX ycsoBHSIX, KaK M3-
BecTHO (cM. §7), ommnbka u3MepeHusi paBHa cayudaiiHoil ommnboke A. [losoxum
Al=ay—a,No=ay—a, ... A,=a, —a.

Kaxnas us Besmuun Ay, Ao, ..., A, UMeeT HOpMaJbHOE pacrnpesiesieHue ¢
napamerpamu 0 u o (cm. §7). PaccmoTpum nx cpeanee apudmernueckoe A =
_ Al+Do+ ...+ A,

n
CBOLICMBOM YCMOUUUBOCMU: CYMMA HECKOAOKUX HOPMAALHO PACHpeOeséH -

HbLX 8eAUdUH maKce umeent HOpmaibHoe pacnpede/teﬂue. ITo 3TOMY CBOM-

1 BOCIIOJ/Ib3YyEMCS M3BECTHbIM B TEOPUHU BepOHTHOCTeﬁ

— o
CTBY BesinuMHa A MMeeT HOpMaJbHOe pacrpeneneHue ¢ napamerpamu 0 u 7

n
Henonb3yst npaBuiio TPEX CHUIM, Mbl MOJIYUMM MPAKTHUECKH JIOCTOBEPHOE Hepa-
BEHCTBO

A] < 3—0. (48)
vn

Beoinosinum npeo6pasosannst: A = (Aj +Ag+...+Ay)/n = (a; —a+ay—
—a+...+a,—a)/n = (a;+as+...+a,)/n—a = a—a, rje yepe3 @ 0603HAYEHO
cpenHee apucMeTHUECKOE UKces Ay, dg, ..., d,. 3aMEeHUB B HepaBeHCTBe (48)

A Ha @ — a, nosyuyaem
la —a| < 3—(7. (49)

vn

[1pn yBesuuenun n npasasi yacTb HepaBeHcTBa (49) cTpemuTCs K HYJIO, U
M03TOMY 3HAaU€HHUsI @ MPUOJHIKAIOTCS K @, TO €CTh UCMUHHOE 3HAUCHUe U3Me-
PACMOLL BEAUHIUHbL A ABALEMC NPEOeNbHbIM 3HAYEHILEM 8 cMblcae bepHyaiu
cpedreeo apugpmemuueckoeo a. CnenoparesbHO, B KaueCcTBe NMPUOJHKEHHOTO
3HAUEHHs] U3MEPSIEMOH BEJIMUKMHBI CJieyeT OpaTh cpejiHee apudMeTHueckoe pe-
3yJITATOB U3MEPEHHIl; MPAKTHUECKH JIOCTOBEPHO, UTO MOTPEIIHOCTb TAKOH OlleH-

g
KH MeHblIe, YeEM T, rape o — CpeHsisi KBaapaThuiyecKasi olMoOKa HU3MEpPEHHsI, a
n

1l — YUCJIO U3MEPEHUH.

[pumep 8.2. o dororpadusim Jlynsl nposeneno 100 usmepenuii anamerpa
JIYHHOTO JMCKa W TOJIyueHbl 3HaUeHusl ai, ao, ..., ajop. Kakoe uncso caenyer
B35ITh B KauecTBe 3HAUEHWs JHAMeTpa, ecyid CpelHss KBajpaTHueckas ouinbka
MU3MepeHHsl B HEKOTOPOM MaciiTabe paBHA elMHUILE?

PeweHnue. Hcrosb3ysi npebiayliine pacCyxKIeHHsl, Mbl MOXKEM JaTh CJIELy-
IOLMH OTBeT: NPUOJIMKEHHOE 3HAUEHHE THaMEeTPa CJelyeT MOJIOXKHTb PaBHbIM
cpenHeMy apudMeTHUeCKOMY 4uces aj, ag, ..., @100, NPH 3TOM MOTPELIHOCTb
M3MepeHHsl He TPEBOCXOAUT HAa YPOBHE TMPAKTHUECKOH NOCTOBEPHOCTH (TO eCTb

3
=0,3.
V100

¢ BepositHocThio 0,9973) BesMunHbI
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4. Moaeau pacnpeeseHust BbIOOPOUYHbIX cpeaHuX. Mccienosanns bep-
HysuH, Jlanyaca u [aycca no Teopruu BeposITHOCTEH MOJYUYUJIM asibHellllee pa3-
BUTHE B pa60TaX pOCCHﬁCKOFO MaTeMaTHuka q€6bILHEBa H €ro yUeHHKOB. B KOHILLE
XIX Beka UeObllleB OTKPbU 3AKOH OOAbUIUX YiCeA, YCTAHABINBAIOLIWH YCJI0-
BUS1, IPH KOTOPBIX CpejiHee apudMeTHuecKoe GOJbIIOro Uhcsa caydyailHbiX BeJn-
YHH TepsieT CBOH CJayualHbll XapakTep M NPUOJHKACTCA K HEKOTOPOH MOCTOSIH-
HOM Besqinunte. B HYaCTHOCTH, 3TUM YCJIOBUSAM YAOBJIETBOPAIOT HaCTOTLI U CpeAHHE
apudmMeTHuecKre pe3yJibTaTOB U3MEPEHHH.

[Tpu sKcneprMeHTaNLHOM H3YUeHHH CJydailHOH BeJIMUMHbI X Mbl MoJiydaeM
HaboOp HEKOTOPbIX €& 3HAUEHWH X|, X9, ..., Xy, KOTOPbIH HA3bIBAIOT 861O0PKOLL
u3 pacnpedenerus X ua amnupuveckum pacnpedeneruem cayuatinol ee-
aunuror X. Tlo BbIGOpKe Mbl HAXOJUM BbIOOPOUHYIO CPEHIOID X, BhIOOPOUHYIO
aucnepcuto D 1 BbIOOpOUHOE cpeliHee KBajpaTHuecKoe OTKJOHeHHe S (cM. §3
TpeTbell rnapbl). VX npubaMKEHHO MOXKHO CUNTATh 3HAUEHHSIMH UMCJOBBIX Xa-
paxtepuctuk M(X), D(X) u S(X) Teopetnueckoro pacnpenesnenust X. Hanpumep,
B §3 Tekylllell raBbl paccMaTpuBaliach cjydaiiHasi BejdurHa X — uucgo obpa-
1eHui 3a nomotipio B otnesnenne MYUC B BbixonHO# neHb. [lo cratucTnueckum
JIAHHbIM 3a D8 BLIXOJHBIX JIHEH paccuuMTaHbl 3HaueHusi ¥ = 5,96; D = 5,82
uS = 241. I9Tu uncna ObUIM UCMOJMb30BAHbI KAaK MPUOJIMKEHHBIE BEJIHUMHbI
urcsoBblx xapakrepuctuk M(X), D(X) u S(X).

BoJsiee TouHO, 3aKOH GOJILILIMX UMCE] YTBEPIKIAET, 4MO MAmemamuieckoe
odcudarnue M(X) asasemcs npedesvroim 3HaueHuem (8 cmoicae bepryriu)
cpedreeo apugmemuueckoeo x. Ilpu yBesnueHun uucsa HaOJMOAEHUH 1 TOU-
HOCTb TIpubaMXKEHHOrO paBeHcTBa M(X) = X Bo3pacraer. Takue »Ke BbIBOjIbI
cnpaBe/yiuBbl U Juist paBeHets D(X) = D u S(X) = S. Bosee Toro, okasbiBa-
eTcsl, UTO pacrpejiesieHie CpeHuX apuMeTHUeCKUX MpH OOJbLIMX 3HAYEHHSIX 1
npuo/IMzKaeTCs K HOpMaJbHOMY pacrpejiesieHuto ¢ napamerpamu m = M(X) u

D(X)
o =—+——>= Ha [paKTHKe TOYHbIC 3HAYE€HWUsA M U 0, KaK IPpaBuUJI0, HEU3BECT-
n
) _ vD
HbI, TTOTOMY HX 3aME€HAIOT HpI/I6JH/I}KeHHbIMI/I 3HAUY€HHUsAMU M = X, 0 = ——. B

n
nocsenreM npumepe D = 5,8192 u n = 58, orciona o = /5,8192/58 ~ 0,3167
u 30 = 0,9501. M3 npaBuia Tpéx curm BbiTeKaeT, uto ¢ BepositHocThio 0,9973
(TO ecTb MpaKTHUECKH NOCTOBepHO) oTKJIoHeHHe M(X) ot X = 5,9625 meHblile,
yem 0,9501.

OnucaHHasi HopMaJibHast MoJle/Ib pacrpesiesieHnsl BBIOOPOUHON cpeaHel uc-
MOJIb3yeTCsl TaKkKe /71 onpejieseHusi 00bEmMa BbIOOPKH 71, KOTOPBIH rapaHTHPyeT
3aJlaHHYy10 TOUHOCTb pacuéra matemartudeckoro oxkunanus M(X). CootBeTcTBy-
[ollKe MpUMepbl 00CYKIal0Tesl B yueOHHKAX M0 IOPUIHUECKOH CTaTHCTHKE.

3aKOHOMEPHOCTH, NPH KOTOPBIX BO3HHKAET HOPMaJIbHOE pacrpejiesieHue, Obl-
Jn uceseoBaibl UebkbieBbiM U chopMysrpoBatbl UM B 1887 romy B BHae Tak
HasbIBaeMo# yeHmparvHol npedeavroii meopemol. B 1908 roay Bbigatoumiics
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poccuiickuii Matematuk JIamyHos®, mpeactaputesn [letepOyprekoii MaTeMatiue-

CKOH 1LIKOJIbl, OCHOBAHHOU HeOblllIeBbIM, MOJYUHJ 0O1IIHE YCAOBHUS, TPU KOTOPbIX
BBITOJIHACTCS LIeHTpaJlbHast pejie/ibHask TeopeMa. YesoBus JIsamnyHoBa o3Haualor,
UTO HOpMaJIbHOE pacrpejie/ieHle BO3HHKAeT BCAKUI pas, Koraa cayyaidHasi BeJn-
UMHA 3aBUCHUT OT OOJbIIOTr0 YUC/a CAydailHbIX (DaKTOPOB, BAUSIHHE KayKIOTO M3
KOTOPBIX B OT/I&/bHOCTH Ha CyMMapHbIH Pe3yJ/ibTaT He3HAUHTENbHO. DTH YCJIOBHS
BBITIOJIHAIOTCS U1 BCEX PACCMOTPEHHBIX B 3TOM Maparpade BeJHUHH, TT03TOMY
Mbl U CTPOWJIH JJIsT HUX HOPMaJibHble MOJIEJH.

5. O6uiMe peKoOMeHAALUMHU MO HUCNOJb30BAHUI0O HOPMAJbHBIX MOJe-
Jgei. Tlpu 06paboTKe pe3yJsibTaToOB HAGJIOJCHHH MOXKHO BOCIOJIb30BATHCS HOP-
MaJIbHOH MOJeJbI0 (TO €CTh CuMTaTh, UTO HabJoJaemasi cjayyaiiHas BeJHUMHA
pacripesiesieHa M0 HOPMaJibHOMY 3aKOHY), €CJIM €CThb OCHOBAHHUSI CUMTATh, 4TO
BBIMOJIHAIOTCS YcJoBUs JIsimyHoBa. MaremaTukamu pa3paboTaH LieJbld psif crie-
LMaJIbHBIX TECTOB, C MOMOIIBIO KOTOPBIX PELIAIOT BOMPOC O NMPUMEHUMOCTH HOP-
MaJIbHOU MOJIeJIH JJisl OTTUCAHUSI UCCJIeyeMOi CiydaiHol BeJHuduHbl. Mbl npu-
Be/IEM TOJIbKO CaMble MPOCTble COOOPaKeHHsl B M0JIb3y TAKOr0 BbIOOpA.

[Ipexne, yem BbIOMpATh /ISl ONUCAHUST CTATUCTHUECKUX JAHHbIX Ty UM UHYIO
Mojiesib, UX cJelyeT o6paboTaTh MO TOMY TJaHy, KOTOPbIH paccMaTpuBajcs B
TpeTbel TIJ1aBe: MOCTPOUTb HHTEpBAJIbHBIA psijl, HAWTH 3HavyeHust X, D u S, Ha-
uepTuTh ructorpammy. [locse sToro paccMaTpuBaercsi BOrpoc, Kakoe U3 U3BECT-
HbIX pacripeyieieHuil cjeyeT BbIOpaTh B KauecTBe Mojead. BaxkHylo posib npu
TOM HMrpPaeT BUJ THCTOTPAMMbl, MO KOTOPOMY CYIST O MOBEAEHHH MJOTHOCTH
BEPOSITHOCTH. 3aKOH OOJIbILIMX YHCceJ 0O0CHOBBIBAET CJENYIOUIMH BbIBOML ecAu
coeOuHUMb NAABHOU AUHUe cepeOuHbl 8epXHUX OCHOBAHULL NPAMOY20Nb-
HUKOB, U3 KOMOPbLX COCMABACHA 2UCMO2PAMMA, MO NOAYHUEHHAL MUHUSL OY-
dem npubAUNCEHHO Npedcmasiims epagux NAOMHOCMU PacnpedeieHus.
Ecau ama aunus npubAuNCEHHO umeenm CUMMEMPUUHYIO KOAOK0A000pa3-
HY opmy, Mo 041 ONUCAHUL OAHHbLX MONCHO UCNOAL308ANb HOPMALb-
Hoe pacnpedeenued.

[lpumep 8.3.Croutbie manHbie 06 yAeJIbHOM Bece MPECTyIICHHH, COBEPIIEH-
HbIX rpymnno# Jul, no 40 paiionam Teepckoit o6mactu B 2003 roay npeacrapiieHbl
tabaunier 79 (B TpeTbel IyaBe Takylo TaGJMIY Mbl Ha3BaJH UHTEPBAJIbHBIM Psi-
nom). Haiiném no sTum naHHbIM Beanuuubl X, D u S.

Ta6suua 79
V. Bec [15,6;19,1] [19,1;22,6] [22,6;26,1] [26,1;29,6] [29,6;33,1] [33,1;36,6]
m; 4 6 9 12 6 3
Di 0,100 0,150 0,225 0,300 0,150 0,075

5 Anekcanap Muxaiitosuu Jlsinyuos (1857—1918) — poccHiicKuil MATEMATHK M MEXAHUK.

® DToT BLIBOL CJIElyeT pacCMATPHBATH TOJLKO KaK MEPBHUHYIO THIIOTE3y O BHIE IMIHpHUC-
cKoro pacnpeenennsi. He HCKJOueHo, UTO B CHJIy TeX WJIM MHBIX MPHUYHH OH (TO €CTb BBIBOJ)
MOXKeT 0Ka3aThCsl HEBEPHBIM.
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Peuwenue. [liuna kaxaoro paspsiia HHTepBaJbHOTO psiia paBha 3,5. st mmo-
CTPOEeHUsI ero rpaguueckoro U306pakeHusi — FUCTOrpaMMbl — HaHAEM MJIOTHO-

CTH 4acCTOT:
0,1 015 oo 0225
hi= g5 =008 k== =0043 hy= o = 0,064
0,3 o015 0075
hy= 3% = 0086 hs =2 =0043; hg= 5= =002
0,086-

)

0,064+ /

0,043+ / \

4
Y \
0,028/ /

0,021+ ' !

15,6 19,1 22,6 26,1 29,6 33,1 36,6

Puc. 138

CoeIMHUB MJIABHOH JIMHHEH CepeliMHbl BEPXHUX OCHOBAHWH TPSIMOYTOJbHH-
KOB, M3 KOTOPbIX COCTOMT T'HCTOTPAMMa, Mbl MOJYUYHUM KPHBYIO, MOXOXKYIO T0
topme Ha KoJsiokos Taycca (cunsisi kpuBasi Ha puc. 138). [Tostomy ecth ocHo-
BaHUSl UCMOJb30BATH JJIs1 U3YUEHHUs YIeJbHOrO Beca IPyMMoBbIX MPecTynJeHui
HOpMaJibHy10 Mojiesib. Hatiném no untepBasbHOMy psily Besnuutbl X, D u S. Jlas
3TOr0 cocTaBuM pacuétHyio Tabuuily 80 (cM. dhopMysibl U3 TpeTbeil TiaBbl). [1o
tTabsule HaxoauM, uTo X = 26,0126 ~ 26, D = 23,2674 u S = /23,2674 =
= 4,8236... ~ 4,8. 3nauenus x u S OyayT napaMmeTpamu HOPMaJLHOTO pac-

npenenenusi, m = 26, ¢ = 4,8. CooTBecTByIO1Ias1 MJIOTHOCTb pacrpeeseHus
2
1 _ (x—26)

e 2482
4 8\ 27

[TocMoTpHM, HACKOJIBKO XOPOIIO rpauk 3ToH (PYHKIMHU coryiacyeTcsi C TH-
crorpammoil. Uto6bl mocTpouTh rpaduk, HaijéM 3HaueHHs (PyHKUHUM g(x) Ha
rpaHuliaX paspsijloB, a TakKKe B TOUKe Makcumyma x = 26. [Ipu BblunceHusix
MOXKHO T0JIb30BaThCsl TabJsHLaMu A depeHanbHON dhyHKIMK Jlannaca ¢(x),

3ajaérest pynkuuen [aycca g(x) =
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Ta6auua 80
i % X pi %X (%% (% —X)p;
1 17,35 1.7350 —8,6626 75,0406 7,5041
2 20,85 3,1275 —5,1626 26,6524 3,9979
3 24,35 05,4788 —1,6626 2,7642 0,6219
4 2785 8,3550 1,8374 3,3760 1,0128
5 31,35 4,7025 05,3374 28,4878 4,2732
6 34,85 2,6138 8,8374 78,0996 5,8575
¥ —  x¥=26,0126 — — D = 23,2674
| 26 ,
TaK Kak g(x) = 1 8g0< 18 ) CocraBuMm pacuéTHyio Tabsauily 81, B KOTO-

poii mocJieoBaTebHO BhiukcsieM ¢ = (x — 26)/4,8, p(f) n g(x) = p(t)/4,8.
CoenMHUB TOYKH C KOOpJIMHATaMHU (X, g(X)) TJIaBHOH JIMHMEH, MOCTPOUM KOJIO-
kos laycca, uzo6paxk@unblil Ha puc. 138 KpacHbIM UBeTOM. Mbl BUJIMM, UTO OH
HEMNJO0XO CIVIa’KWBAET TUCTOIPAMMY, T03TOMY MpHUMeHeHHe HOPMAaJbHOH MOJEJH
He MPHUBEAET K OOJIbIUMM MOrPELIHOCTSIM MPH ONMUCAHUK CTATHCTHUECKOro MaTe-
puana’.

Ta6muua 81
X 15,6 19,1 22,6 26 26,1 29,6 33,1 36,6
x — 26 —-104 —-6,9 —-3,4 0 0,1 3,6 7,1 13,6
t -2,17 —-144 -0,71 0 0,02 0,75 1,48 2,83

(1) 0,0379 0,1415 0,3123 0,3989 10,3989 10,3011 0,1334 0,0073
g(x) 0,008 0,030 0,065 0,083 0,083 0,063 0,028 0,002

C ToMOIIbI0 TTOCTPOEHHOH MOJIEIH MOXKHO HalTH BEPOSITHOCTb TOTO, UTO
yIeNbHbIH Bec X TPyNMoBbIX NpecTyrieHuil sakmouén B npenenax ot 21,2% no
30,8%; onpesesuTh BEPOSATHOCTb TOTO, UTO B CJAyYailHO B3STOM paioHe yaeb-
HbIfi BEC IPYNNOBbIX NpecTymnenuil yner Goabiie 30 %; BbIUMCAUTL BEPOSTHOCTh
TOr0, UTO B HayraJ BbIOpAaHHOM paioHe Y/eJIbHbIH BEC TPYITOBBIX MPECTYIICHHI
He npeBocxoauT 25%. Mcnoansys dopmyant (39)—(41) us §7 Tekyuieil riasbl,
noJTyuaem:

P(21,2 < X < 30,8) = ®((30,8 — 26)/4,8) — B((21,2 — 26)/4,8) =
— B(1) — B(—1) = 2B(1) ~ 20,3413 = 0,6828;
P(X > 30) = 0,5 — ®((30 — 26)/4,8) = 0,5 — $(0,83) ~ 0,5 — 0,2967 = 0,2033;
P(X < 25) = ®((25 — 26)/4,8) + 0,5 = &(—0,21) + 0,5 ~ 0,4168.

7ﬂOCTOB€pHOCTb TUNOTE3bl O COOTBETCTBUU MOJIEJIH CTATUCTUUECKUM JAHHBIM OObIUHO poBe-
psAOT C NMOMOLULBIO KPUTEPUEB COTlJIaCHsl.
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YnpaxHeHus

1. Tlo nannbiM onpoca 60% wusGupateseil ropona GyayT rosocoBaTh 3a Kanauaata Mamuuesa.
KakoBa BeposATHOCTb TOTO, UTO U3 cJyyailHo BbiGpaHHbIX 100 nabupareseii 60Jblie MNOJOBHHBI TPO-
rojiocytoT 3a MamuueBa?

2. O6caenoBanu 200 3ak/IOUEHHBIX U 0GHAPYXKUJIH, UTO 65 GosieloT TyGepKyaésoM. UTo MOXKHO
CKa3aTb O BEPOSITHOCTH 3a00JieTh TyGepKyJIE30M B MECTaxX JIHIIEHHsT CBOGOIbI?

3. Ilposeneno 100 uaMepeHHH KOHLIEHTPALMK BPEAHOIO BELLECTBA Ha ONpee/EHHOM yuacTKe o3epa
¥ TIOJTyueHbl 3HAYEHHS X1, X2, . .., X100. KaKOe UHC/I0 cae/lyeT B35ITh B KaueCcTBe 3HaUeHHsI KOHIEHTpa-
MM U KaK OLEHHUTb TOJyUeHHYIO MOTPELIHOCTD, €C/IH CPeHss KBaJpaTHueckasi ollnOKa u3MepeHus
B HEKOTOPOM Maclutabe paBHa elMHHULe?

4. Tlpu nayuenun 1000 cyneGHbIX TPUTOBOPOB, BEIHECEHHBIX 3a YMbILLJIEHHOE YOUHCTBO, OKa3aJ10Ch,
YTO CpeliHHi CpoK HaKa3aHus X paBeH 10,5 jiet u aucnepcus D = 30,4. [1yctb cayuaiiHas BeJMuHHA
X — cpoK JiHiIeHHs1 CBOOO/IbI 32 YMBbIIIJIEHHOE YOUHCTBO. B KaKuX npejiesiax MOXKHO rapaHTHPOBAThH
BeJIMUMHY MaTeMaThuecKoro oxxuaanus M(X)?

Ta6anua 82
YnenbHblil Bec [13;16,6] [16,5;20] [20;23,5] [23,5;27] [27;30,5] [30,5;34]
m; 3 7,5 8,5 12 5,5 3,5
Di 0,0750 0,1875 0,2125 0,3000 0,1375 0,0875

5. YleJIbHbIH BeC MpeCTyNJeHUl Mo MpeBapUTeJIbHOMY CrOBOPY, COBEPLIEHHbIX B paiioHax Teep-
cKoll o6sactu U B ropojie Teepb B 2003 rony, npeacrasien tabauueil 82. [TocTpoiiTe HOpMasbHYIO
MoleJib /ISl U3YUeHUsl CJyuyailHON BeJMUMHbl X, paBHOH YIeJbHOMY Becy MpecTyJeHHH Mo npeaBa-
pUTEJILHOMY CTFOBOpPY B OIHOM paiioHe. /s 3TOro npoBeauTe NpeBapuTe/bHbIi aHaIH3 CTaTHCTHUE-
CKHX JIAHHBIX 110 CJIE/lyIOLLEMY MJIaHy: CHauaJsa HakuTe BbICOThI MPSIMOYTOJbHUKOB, COCTABJSIONINX
rUCTOrpaMMy, U n3o6pas3ute eé Ha PUCYHKe, a 3aTeM uepe3 CepelHbl BEPXHUX OCHOBAHWH MPSIMO-
YrOJIbHUKOB TIPOBEJIUTE CrJIAXKUBAIOLLYIO JIHHUIO U yOeauTech, uTo €€ opMa HaroMHHAET KOJIOKOJ
laycca. [{asiee paccunTaiiTe napameTpbl HOPMaJbLHOM MOJIEJH, JJIsl Uero HailjuTe BeJnuutbl X, D, S
Y OIpe/le/IUTe 3HAUEHUs 1M U o, CuuTasi m = X U o = S. 3arteM NOCTpoiTe rpauK MIOTHOCTH BEPO-
SITHOCTH, CPaBHHUTE €ro ¢ TMCTOrPaMMON H OTBETbTE Ha cJlelytolline Bonpockl. KakoBa BeposiTHOCTb
TOTO, UTO yJeJbHbIH Bec X TpecTymJieHHH Mo MpeABapUTEJbHOMY CrOBOPY 3aK/IOUEH B Tpejesax
ot 15% 10 25%? KakoBa BeposiTHOCTb TOTO, YTO B CJIy4ailHO B3ITOM pailoHe YAeNbHBIA BEC Mpe-
CTYIJIEHHE 10 TIpeiBapHTeIbHOMY croBopy OyaeT 6oJblie 40%? KakoBa BeposTHOCTb TOTO, UTO B
Hayraj BLIGPaHHOM pailoHe yle/bHbIi BeC paccMaTpuBaeMbX NpecTynenuii He npeBocxoaut 20 %:?

§9. ducnepcuoHHbIi aHAAU3

[Mpumep 9.1. B ycranos/ienun Jinl, COBEPIIMBIINX NPECTYIJIEHUS], TPUHUMAIOT
yuyacTHe COTPYAHHKHM Pas/HUHBIX MOJpasieseHuil MUJINLMK 0OLEeCTBEHHOH Ge3-
OMacHoCTH — mnaTtpyJabHo-noctoBoi ciy:kObl (I[111C), otnena nosnanus u FAU.
B ronoBom oTuére ykasaH yzesbHbIH BeC 3THX MoJipas/eseHnil B paboTe 1o ycra-
HOBJIEHHIO MPECTYMHUKOB B JIECSITH palioHax o6JacTh (tabauua 83). YnesabHbii
BeC MpeJicTaBisieT cOO0M MPOLEHT PACKPbITIX MPECTYNJIEHUH OTHOCHTEIBHO BCEX
3apernCcTpUPOBAHHbIX.
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TaGuia 83
[IT1C 6,3 57 56 60 35 35 I,1 23 0 84

Jo3H. 23 33 16 25 33 1,3 25 1,1 33 20
AU 48 50 48 59 59 53 45 74 47 4]

Kak BumHO M3 TabJulbl, B MEPBOM—UETBEPTOM M JECATOM padOHAX JIyullle
Bcex padorana [1I1C, B natom—neBsitom — AWM. Ho mMoxkHO /i cuuTaTh, uTo
crieliMain3alys nojpasjiesieHust CylieCTBEHHO BJIMSIET HA Pe3yJbTaTbl paboThl?

Ecau BosneiicTBue dakTopa crienuasu3alln sIBJsSETCS CYLIECTBEHHbBIM, TO
CpeliHee 3HaueHHe yJeJbHOro Beca Jyuis Kaxjoro u3 nojpasaenenut (IT11C, no-
sHanusi U [AM) nosKHBI 3aMETHO OTJIMUATLCS JPYT OT JIpyra W OT CPEJIHEro
3HAUEHHUS YIeJBbHOTO Beca Mo Bcel Bbibopke. [1poBeném pacuérhi.

[IMC: *; = (6,345,7+5,6+6,04+35+3,5+1,1+23+0+8,4)/10 = 4,24.
Hosu.: X9 =(2,34+3,34+1,6+25+33+1,34+25+1,1+3,3+2)/10 = 2,32.
AN X3 =(48+5+48+59+59+53+45+74+47+4,1)/10 =524,
O6ree cpennee: ¥ = (42,4 + 23,2 + 52,4)/30 = 3,93.

BesmuuHbl X, X9, X3 HAa3bIBAIOTCS 2PYNINOBLIMU BLOOPOUHBIMU CPEOHUMU.
Mb1 BUMM, uTO BCe BBIGOPOUHBIE CPEIHUE PA3JIMUHBI, U JIOJKHBI PEIIUTh, KaKYI0
pOJib B 3TOM chirpaJs (PakTop crelyasn3aliu: CylleCTBEHHYIO UM HECYLIEeCTBeH -
Hyto? CreneHb BO3JIeHCTBUS (DaKTOpa Crelrau3alyi OUEHHBAIOT C MOMOUIbIO

TaK HasblBAeMO# pakmoprol cymmor K6adpamos g, KOTOPYIO BLIYKC/IAIOT
CJIYIOLIMM 00pa3oM:

Qp = 10(x; — %)% + 10(x2 — X)? + 10(x3 — %)* =
= 10((4,24 — 3,93)* + (2,32 — 3,93)* + (5,24 — 3,93)%) =
= 10(0,0961 + 2,5921 + 1,7161) = 44,043.

[Tonenns 3Ty CymMy Ha UHC/IO Ry, (UMCJIO TPYTITT, yMEHbIIEHHOE Ha €IUHHILY),
MOJIyualoT Tak Ha3blBaeMylo ()akmopHyto ducnepcuio

S5 =44,043/(3 — 1) = 22,0215.

Crenenb BO3JIEHCTBUSI OCTaJbHbBIX [IPUYHUH OLEHHUBAIOT C IMOMOLIbIO Ocrma-

mouHot cymmor keadpamos Q, = Q1 + Q2 + @3, e @, Qo 1 Q3 — CyMMBbI
KBaJIpaTOB OTKJOHEHWH OT TPYNNOBOH CpelHel /sl KaxKa0i U3 rpynn. Haiiném
3HAYEHHS ITUX CYMM:

Q1 = ((6,3—4,24)” +(5,7—4,24)* + (5,6 — 4,24)” + (6 — 4,24)* + (3,5 — 4,24)*+
+(3,56 —4,24)? + (1,1 —4,24)* + (2,3 — 4,24)? + (0 — 4,24)* + (8,4 — 4,24)%) =

= (4,2436 + 2,1316 + 1,8496 + 3,0976 + 0,5476 + 0,5476 + 9,8596 + 3,7636+
+17,9776 + 17,3056) = 61,324;
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Qo = ((2,3-2,32)*+(3,3-2,32)? +(1,6 —2,32)* +(2,5—2,32)* +(3,3—2,32)*+

+(1,3-2,32)* + (2,5 - 2,32)? + (1,1 —2,32)* + (3,3 — 2,32)* + (2 — 2,32)%) =

= (0,0004 + 0,9604 + 0,5184 + 0,0324 + 0,9604 + 1,0404 + 0,0324 + 1,4884+
40,9604 + 0,1024) = 6,100;

Qs = ((4,8—5,24)% +(5—-5,24)* + (4,8 —5,24)” + (5,9 — 5,24)? + (5,9 — 5,24)*+

+(5,3—5,24)* + (4,5 — 5,24)* + (7,4 — 5,24)* + (4,7 - 5,24)* + (4,1 = 5,24)%) =

= (0,1936 + 0,0576 + 0,1936 + 0,4356 + 0,4356 + 0,0036 + 0,5476 + 4,6656 +
+0,2916 + 1,2996) = 8,124.

CaienioBatenibHo, Qo = Q1 + Qo + Q3 = 61,324 + 6,100 + 8,124 = 75,548.

Ocmamounyio ducnepcuro S2 HAXOMAT, TOJEJHB OCTATOUHYIO CyMMY KBaJl-
paToB @, Ha 4dCa0 k, = 27 (Pa3HOCTL MeXJy YHCJIOM BceX HabJIoJeHUH U
YUCJIOM TPYII):

S2 = 75,548/(30 — 3) = 2,7981.

CpaBHeHHe BeJIMUMH (DAKTOPHOH M OCTATOUHOH IUCHEPCHH MO3BOJSIET Clie-
JlaTb BBIBOJL O CYLIECTBEHHOCTH BJIMSIHMS paccMaTtpuBaeMoro cakropa. Ecin
(hakTOpHAsl AUCIEPCHST HE MPEBOCXOUT OCTATOUHYIO, TO €CTh SC% < S2, 1o BaH-
siHMe (hakTopa MPU3HAETCS HECYNIeCTBEHHBIM. B MPOTHBHOM ciiyuae MOXKHO CUM-
TaTh, YTO (PAKTOp BJMSIET HA 3PheKTUBHOCTL paboThl Moapas/eseHus. B Halem
cJlyyae BbITOJIHSIETCS] HEPABEHCTBO S(% > S2. M03TOMy Mbl MOJKEM CUHTaTh, YTO
3 ()eKTUBHOCTb PabOThl COTPYAHUKOB, YUACTBYIOLIMX B YCTAHOBJIEHUH MPeCTYI-
HHUKOB, 3aBUCHT OT CllelMa/u3allik NoApasieeH’il, B KOTOPbIX CJy»KaT 3TH CO-
TPYJHHUKH.

[Tocsiennuii BbIBOJ, MexKay TeM, TpeOyeT yTouHeHUs. [[efdCTBUTENbLHO, Mbl
MPUIIIK K HEMY TOCJe cpaBHeHUs (PaKTOPHOH W OCTAaTOYHOH NHMCIEpPCHi, ycTa-
HOBHUB, 4TO S% > 53, WJIM, 4TO TO 2Ke camoe, SC%/SE > 1. Ho stu aucnepcun
3aBUCSIT OT BbIOOPKH, a TaK KaK BbIOOpKA SIBJISIETCS CJAYYAHHOH, TO U BEJHUHHBI
Sé u S2 spasiores cayuaitibiMi. CeloBaTeIbHO, HX OTHOLIEHHe ToyKe Gyjer
c/aydarHoi BesrunHoH. [TonyunB Kakol-HUOY/Ib BbIBOJ O 3HAUEHUSIX CJyUYailHOH
BEJIMUMHBI, Mbl JIOJKHBI FAPAHTHPOBATbL €r0 JOCTOBEPHOCTb C ONPELEIEHHOH Be-
positHocTbio. HeM Gouibliie OyeT 3Ta BEPOSITHOCTb, TeM HaJ€KHee MOoJyueHHbIH
BbIBOJI. UTOOBI O11eHUBATh BEPOSITHOCTH TEX WJIM MHbIX 3HAUEHHUH CJIy4aillHOH BeJH-
UMHBI, HY?KHO 3HaTb €€ pacrnpeleseHde. B paccmaTpuBaemoli 3ajave Usyvaercst
yae/abHbIH BeC X COTPYJHMKOB, KOTOpble MPUHUMAIOT YuacTHe B YCTAHOBJEHHH
NpecTynHUKoB. PacnpeleseHne yaeabHOro Beca, Tak e, Kak U pacnpeesieHue
YacTOThl, MOXKHO MPUONHKEHHO CUMTATh HOpMaJsibHbIM. OKa3blBaeTcsi, yTO B Ta-
KOM cJlyyae MOXKHO HaWTH pacrpejiesieHde CJaydyalHol BeJHUuHbl [} = S%/Sg u
rapaHTHPOBaTb HAAEKHOCTb MOJYUYEHHBIX BBIBOJOB C BEPOSITHOCTHIO, GJIM3KOH K
e/IMHULLE.

Dra 3amaua 6bina peuena B 1925 roxy matematnkom ®umepom®. Toayuen-

8Ponanbn Aivep Ouiep (1890—1962) — aHMIHICKHIT GHOJOT, MATEMATHK H CTATHCTHK.
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HOe MM pacripe/esieHle CJaydalHOH BeJMUMHbBI [ Temepb HasblBalOT pacnpede-
aenuen Puwepa. B Haulem npumepe Mbl paccuMTasi HaOJt0aeMoe 3HaueHue
3TOH BeJMYUHBL: [} = Si/Sg = 22,0215/2,7981 = 7,8701 ... ~ 7,87.

Cuesiekop? cocTaBu/ TaGJHLbLI KPHTHUECKMX 3HAUECHHI BeJHMUMHBI Fy (CM.
[Tpunoxenue 2). Kpurnueckne snauenus Fyp 06/1a1a10T C/I€LYIOLHM CBOHCTBOM:
ecau soinoaneno ycaosue Fy > Fy,, 1o ¢ BepoatHocTbio, paBHoil 0,95, MOXKHO
YTBEpPKJaTh, UTO BO3JEHCTBHE (paKTOpa HA MPU3HAK SIBJSETCS CYIIECTBEHHBIM.
[Tosbsysich Tabmuuamu CHeleKopa, MOXHO 110 YMCJaM Rg, H R, HaiTH Besu-
UMHY KPUTHUECKOTO 3HaueHusi pacnpenesnenust Puinepa s paccmaTpuBaemMoi
curyauun: fy, = 3,4. Cnenosatenbto, yeaosue Fy > Fyp Boinosneno. [Tostomy
OKOHUATEJIbHBIH BBIBOJ 3BYUHT Tak: ¢ gepoamuocmoto 0,95 sauarnue cneyu-
aausayuu noopadderenus Ha appekmusHocms e2o pabomol NPUIHAEMC
CyuLecmeeHHolM.

Mcnosb3oBaHHbIH HAMM MeTOJ peLleHHsl HasblBaeTcst memodom ducnepcu-
0HHO20 aHaiuza. O6cyauM oblLyI0 cXeMy pellieHHst To00HbIX 3aau. [TycTb no
BbIOOPOUYHBIM JIAHHBIM TPeOyeTCsl OLIeHUTb CTeMeHb BJMSHUS HEKOTOPOTo (haKTo-
pa (B paccMOTpeHHOH 3asaue (HakTopoM siBJsIeTCs CrielManu3alys nojapasuieJe-
HHUS) HA UHTEpeCYIOlMi Hac Mpu3Hak X (B pacCMOTpPeHHOH 3ajaue — yeJbHbIN
Bec nojpasjesenus). s pelenust 3aiaul MCnoJib3yeTcsi BbIOOpKa 3HaueHHH
MpHU3HaKa, COCTOSIAS U3 HECKOJbKHMX IPYII, COOTBETCTBYIOIIMX PA3HBIM yPOB-
HAM akrtopa. [IycTb udcsio Tpynm paBHO M W YHUCJIO BHIOOPOUHBIX JIAHHBIX B
KaXK/10i rpymnre paBHO COOTBETCTBEHHO 1y, Mg, N3, ..., Ny. CyMMa 3THX uuces
paBHa 00bEMy Bcel BBIGOPKU: 11 = 1| + Mg+ ...+ My, (B pACCMOTPEHHOH 3ajiaue
m =3, n| =no =n3 =10, n = 30). [Ipennonaraercs Takxe, 4To pacrpejene-
HUE TPU3HAKA SIBJSIETCS HOPMAJIbHBIM MJIM HE CJIMLIKOM CHJIbHO OTKJIOHSIETCS OT
HOPMaJILHOTO pacrnpeieseHusl.

JInst mpoBeieHkst IMCTIEPCHOHHOTO aHa/In3a HYXKHO OTPEeIeUThb JIBE IUCTep-
cuu: paKTopHyto M ocTaTtouHyto. PakTopHasi aucrnepcusi 00ycaoBAeHa BAUSIHUEM
M3yuaemoro (pakropa, a OCTaTouyHasi — BJUSHHEM OCTAJbHBIX MPUUKUH. Pacuér
9THX BEJHUMH TPOU3BOJAT MO cieytollemMy niaHy. CHaua/ja BbIUMC/SIOT TpyIl-
noBble W 0OlIYyl0 BbIGOPOUHbIE CPeIHHE X|, X9, ..., X, H X. 3aTeM HaXOJsT
dakropHyio cymmy KBaapatoB (g 1o dopmy.ie

Qp =1 (X — %) +na(Xa — %) + ... + 1y (¥ — %)% (50)
,Z[anee onpenesadaoT Tak Ha3blBaeMoe 4UCA0 cmenenetl c80600bL
ko =m— 1. (51)

B paccmatpuBaemoii sanaue m = 3 u kg = 3 — 1 = 2. 3areM BbIUHC/SIOT
(haKTOpHYIO JUCTIEPCHIO Sc% no gopmysie

Si = Qu/ks, (52)

Txopmk Baanen Crenekop (1882 — 1974) — ameprKaHCKHii MaTeMaTHK, BHECIIHI 3HAUM-
TeJIbHBII BKJIAJ B PA3BUTHE MAaTeMaTHUECKON CTATHCTHKH.
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M HaxoJsT OCTaTOUHYIO CYMMY KBaJIpaToB. DTOT PACUéT MPOBOAUTCS OTIENbHO
JUISL KaXKJI0H TPYMIIbI, MOCJIe Yero MoJyuyeHHble Yucsa CKJabIBAIOT M MOJydyaioT
OCTaTOUHYI0 CYMMy KBaJpaToB (),. ITocsie 3TOr0 onpenessiioT BTopoe umMc/o cre-
nexel cBoGOJIbI k, 10 hopMmy.Jie

ko =n—m. (53)

Y nac k, = 30 — 3 = 27.
Jlanee BBIUMCJISIIOT OCTATOUYHYIO JAHCIEPCHIO:

S2 = Qo/ko, (54)
U HaxoddaT H86JI}OIIaeMOQ 3HaueHue pacrpenesaeHust CDHUJepa:
Fu=S3/S:. (55)

B nauem caydae 6bl10 noJsyueHo 3Hauenue Fy = 7,87.

Ecau okasvisaemcs, umo Fy < 1, mo paccmampusaemoiii haxmop He
0KQA3b18a€NT CYULCCMBEHHO20 BAUAHUA HA u3ydaemvill npudnax. Ecau e
Fy > 1, mo uccaedosarnue npodorsxcaemcs, u Mol nepexooum K caedyro-
wemy nyrnkmy. [1To Tabsulle HAXOAUM KPUTHUECKOE 3HAuyeHHe pacripeieseHust
®uiepa Fyp, HAXONSLLEECS HA NEpeceueHrt CToN0Ia ¢ HOMEPOM R¢ M CTPOKH
c HomepoMm k, B Tabmuue CHenekopa, nauHo# B [lpusoxkenun 2 (B paccmor-
peHHOH 3ajiaue Mbl HAlLJIM TaKOe 3HAUeHHe Ha NepeceueHu BTOPOro croJbua u
27-1 crpoku). Tenepb ¢ nomotibio kpumepus Puuiepa npuHAMaeTcs pelieHue
O CTeleHH BJHAHHA paccMaTpuBaeMoro (akropa Ha npusHak: ecau Fy < Fyp,
mo sAuAHUEe GaKkmopa Ha NPU3HAK HecyuecmsenHo, ecau e Fy > Fxp,
MO OHO NPUSHACMICA CYUECTBEHHbIM.

Kpurepuit @uiiepa 1aét 95-npoLeHTHYI0 rapaHTHIO MPABUJILHOCTH MOJyUeH-
HOro OTBeTa. DTO o3Hayaet, uto B cpeaHeM U3 100 3amauy, peliéHHBIX METOIOM
JIUCTIEPCHOHHOTO aHaJsn3a, B 95 cjyuasix moJiyuaercsi npaBUibHbIN BbIBOA. Kpu-
Tepuiit Puiliepa Mo3BoJISET MOJMyUaTh BBIBOJIBI M HAa GoJiee BBICOKOM YPOBHE MPaK-
THYECKOM J0CTOBEPHOCTH, Harpumep, ¢ rapantueii 99%. [y 3T0ro nosib3ayorest
OoJiee MOAPOOHBIMU TAOJULIAMH.

Tabunua 84

CeBepo—3anan 57 33 50 35 1,3 53 — — —
CeBepo—BocTok 56 16 48 1,1 25 45 84 20 4,1
[Oro—BocTok 35 33 59 23 I, 74 — — —
[Oro—3anan 6,3 2,3 48 6,0 25 59 0 33 47

Hccnenyem 1o TeM »Ke JaHHBIM BJIHSIHHE Teorpauueckoro pacriosoKeHust
pationa Ha sthdexkTuBHOCTL paboThl. Bee 10 patioHoB pasienum Ha 4 Tpymnnbl:
CeBepo-3anan (pationnl 2 u 6); CeBepo-Boctok (pafionnl 3, 7 u 10); IOro-
Bocrok (paiionbl 5 u 8); IOro-3anan (pafionsl 1, 4 u 9). Mbl ykazanu ags
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Ka)KJIOr0 perMoHa Homepa paloHOB B TIOPSIIKE MX PACTOJIOXKEHHS B HCXOIHOH
tabsuie. Tenepb cocTaBuM HOBYIO TabJuly 84, B KOTOPOH CrpyNIUpyeM JaHHbIe
no pervoHam. B 3Toil TabJiile BbIGOPKA COCTOMT U3 4eThIpEX rpynm, m = 4.
BbiGopouHble naHHble B Kax10# rpynne: n; = 6, ng = 9, n3 = 6, ng = 9; uncJo
BceX BbIOOpPOUHbIX JaHHbIX 1 = 30. [la/ibHelllline pacuéTbl MPOBOJUM 0 CXEME,
KoTopasi o6cy»KaaJgach Bhlllle.

OrnpenensieM cHavasa Cpe/iHUe BEJIUUHHBL X |, X9, ..., Xm, X
X =0,74334+50+354+1,34+5,3)/6 =24,1/6 = 4,02,
Xo=056+16+48+1,1+25+45+84+2+4,1)/9=234,6/9 = 3,84,
X3=0354+33+59+23+1,1+74)/6=235/6=3,92;

X4 =(634+234+4846+25+59+0+3,3+4,7)/9=2358/9=23098;
X = (24,1 + 34,6 + 23,5+ 35,8)/30 = 118/30 = 3,93.

Ianee onpenensem dakropHyio cymmy KpaapaToB Qg 1o dopmysae (50):
Qp = 6(4,02 — 3,93)? + 9(3,84 — 3,93)2 + 6(3,92 — 3,93)? + 9(3,98 — 3,93)% =
=6-0,0081+49-0,00814+6-0,0001 +9-0,0025 = 0,0486 + 0,0729 40,0006 +
+ 0,0225 = 0,1446. Uem nepBoe umncyio crerneHeil cBo6obl no gopmyde (51):
ke =m —1=4—1= 3 n BoiuncssieM HakTOPHYIO IUCTIEPCHIO Si no dopmy-
Je (52): S(% = Qq¢/k¢y = 0,1446/3 = 0,0482.

Jlanee HaxoauM ocTaToOYHyl0 CyMMY KBaapaToB ()g. OHa paBHA cymMMe KBajl-
pPaTOB OTKJIOHEHHUH OT FPYNIIOBOM CpelHel /Il KaXKI0W U3 YeTbIPEX IPyIIIL:

Q1 = (5,7—4,02)%+(3,3—4,02)2 + (5—4,02)% + (3,5 — 4,02)% + (1,3 — 4,02)>+
+(5,3—4,02)? = 2,8224+0,5184+0,9604+0,2704+7,3984+1,6384 = 13,6084;
Qo = (5,6—3,84)%+(1,6—3,84)>+ (4,8 —3,84)? + (1,1 —3,84)> +(2,5— 3,84) >+
+(4,5—3,84)? + (8,4 —3,84)> +(2—3,84)> + (4,1 — 3,84)> = 3,0976 + 5,01 76+
40,9216 47,5076 + 1,7956 + 0,4356 + 20,7936 -+ 3,3856 + 0,0576 = 43,0124;
Qs = (3,5—3,92)%+(3,3-3,92)> 4+ (5,9—3,92)% + (2,3—3,92)> + (1,1 — 3,92)>+
+(7,4—3,92)> = 0,1764+0,3844+3,9204+2,6244+7,9524+ 12,1104 = 27,1684;
Q4 = (6,3—3,98)% 4 (2,3 —3,98)> + (4,8 —3,98)> + (6 — 3,98)% + (2,5 — 3,98)*+
+(5,9—3,98)> +(0—3,98)> +(3,3—3,98)2 + (4,7 — 3,98)% = 5,3824 +2,8224+
40,6724 + 4,0804 + 2,1904 + 3,6864 + 15,8404 + 0,4624 + 0,5184 = 35,6556;
Qo = Q1+ Qo+ Q3+ Q4 = 13,6084+43,0124+27,1684+ 35,6556 = 119,4448.

[TpoBeném KOHTPOJIb MPABUJILHOCTH BLIUMCJIEHHH, /ISl UEro HAMAEM TMOJIHYIO
CyMMy KBaipatoB @ = Qg + Qo. Mimeem: @ = 0,1446 + 119,4448 = 119,5894.
dta cymma J0/pKHA ObITh TAaKOW »Ke, KaK M B MepBOH 3ajaue, MOCKOJIbKY OHa
He 3aBHCHT OT dakropa. [To nannbIM nepBoft 3agaun Haxomum: Q@ = 44,0430 +
+ 75,5480 = 119,5910. PagnocTb Mexjy JAByMsl HalJeHHbIMH 3HaueHUSIMH ()
HegnauuresibHa (0,0016) n BO3HHK/IA BCJIENCTBHE OKPYIJIEHUST Pe3yJbTaTOB Bbi-
yhcaeHHH. 3aMeTHM, UTO BeJHUMHY () MOXKHO HalTH TakxkKe 10 (popmyJie

Q= -0+ (e —%)>+...+ (x, — %)~ (56)
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Pacuér no atoii dopmysie naér snauenne @ = 119,5867. OHo oTyiMuaer-
Csl OT HAaWJEHHbIX paHee 3HAUYEeHHH, HO B NpPeAeJax MOTPELIHOCTH BbIUHUCJCHUH.
CaienoBatesibHO, MPOBEIEHHBIE BLIUMCJICHHUST BEPHbI.

OnpenensieM jajiee BTOPOe YUCJO CTereHel cBOOOIbI £, no dopmyse (53):
ko = 30 — 4 = 26; BblunC/IsIeM Jlajiee OCTATOUHYIO IUCIEPCHIo Mo dopmyJie (54):
Sg = 119,4448/26 = 4,5940; nHaxomum HaOJ0laeMoe 3HAaUeHHE pacrpesesie-
uust Quiepa no popmyae (55): Fy, = 0,0482/4,5940 = 0,0105. TTockosbky
Fy < 1, T0o paccmaTpuBaemblil (hakTOp He OKa3blBaeT CYLIECTBEHHOTO BJIMSIHUS
Ha U3yuyaeMblil TpusHaK. Takum 06pas3oM, 3PpheKTUBHOCTL PaGOThl — yJe/bHbIH
BEC PACKPBITHIX MPECTYMJIEHNH — He 3aBHUCHT OT reorpacHyeckoro perdoHa, B
KOTOPOM HaXOJIMUTCS paHOHHOE OT/eJeHHE MUJHLIUH.

YnpaxHeHus

1. B ra6nuue 85 mnpuBeaeHbl BBIGOPOUHbIE JIaHHbIE O CPEJHEM YHCJe JeJl, PUXOAAIMXCS Ha Ofl-
HOrO COTPYIHHKA B roj, rno 12 pafionam o6sacTu. MeTonoM AMCNepCHOHHOrO aHa/u3a ONpelesuTe,
SIBJISIETCS JIH CYLIECTBEHHBIM JIJIsl JIAHHOTO MPU3HAKa (CpelHee UMCJ/IO Jes) pas3iesieHhe BelylnuX
paccJieloBaHue JIMIL Ha cJiejloBaTesiel U J03HaBaTes el ?

Ta6amua 85

Curen. 46,3 49,8 41 455 405 528 30,3 279 42 556 46,8 32,3
JosH. 35 423 40 657 435 19 22 25 47 63 43 35

2. Byusier Jid Ha yKa3aHHbIH B MEPBOM yMpaKHEHWW MPU3HAK (PaKTOp pacCTOsiHUSI OT pailoHa J0
00JIACTHOTO LEHTpa, €CJU pailoHbl 1, 3 W D pacroJsioxkeHbl OJHXKe JAPYrHX K LEHTpPY o6JacTH, a
paiionbl 6, 7, 8 u 12 HauGoJsiee ynajeHbl OT HEro?
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N3 ncropum
MATEMATHUKHU

Mudarop Camocckuit pojiuiics B Iepuoj; ot
530 no 510 roga no HOBOW 3pbl. XOTS Mbl MPH-
BbIKJAKW cuuTtaTh [lucharopa mateMaTHKOM, s
CBOHMX COBPEMEHHHKOB OH OBl TIpEXIe BCEro
PEJIMTHO3HbIM TPOPOKOM, «BbLIAIOLIMMCST CO(HU-
CTOM», Kak Ha3blBaJl ero HCTOpPUK lepojort, a
HekoTopble nounTtaau [Iudaropa csitbiM. B 31y
3MOXy rpeyeckasi MaTeMaTHKa TOJIbKO 3apoK/a-
JlaCh, W TJIaBHbIM €€ HCTOYHHKOM YuéHble CUM-
TalOT MaTeMaTHKy JpeBHero Erunrta u Basuso-
Ha. KocBeHHO 3TOT UCTOpUUECKHI (aKT MoATBEp-
JKJIAETCsl TEM, UTO MEXKJly erMNneTCKOH, BaBUJIOH-
CKOH W rpeueckoll MaTeMaTHKOH TOro nepuoja
MUMeeTCsl MHOTO TOUYeK COMPHUKOCHOBEHMS.

[Tucharop 661 OHUM U3 MEPBBIX, GJarogapsi
KOMY JIOCTHXKEHHMSI MaTeMaTHKU MPELIeCTBYIO-
LIMX UMBWIM3ALMH MPOHUKIM B IPEBHIO0 DJlia-
ny. [Tudarop mHoro nyreiiecTBoBaJ, Npopes 22
roga B Erunte u 12 ser B BaBuJsone, riae noctu-
rajl TalHbl MATEMATHKH, My3bIKH H aCTPOHOMHH.
BepHyBlUIMCH HA pOJMHY, OH OCHOBaJ (pUI0COGD-
CKYIO LIKOJIy PEJIUTHMO3HOrO TOJIKA, 06'beJIHHUB-
iyt rpynny ¢uiocopoB-coprcToB, KOTOpPble
3aHUMaJIUChb reoMeTpuer, apuPMeTHKOH, acTpo-
HOMHMEH M My3bIKOH (Tak HasblBaeMbli Kg8adpu-
suti). ITucparopeiiiibl, Kak U npyrie ¢puiocods,
XOTeJI MOCTUTHYTb TAPMOHHUIO MUPA, TO €CTh MO-
3HaTb 3aKOoHbl npuponabl. Ho B oTsMune oT ¢u-
JlocohoB PYrUX HanpaBJeHHH, OHM [oJiaraJu,
YTO Ta JIOTHUECKAsi FapDMOHHUSI, KOTOpasi UMeeTCst
B MaTeMaTHKe, CYLIECTBYET HECMpocTa, a oTpa-
JKaeT cBolicTBa Muposnauus. [Tostomy nudaro-
perLLbl HCKaJIM 3aKOHbI TPUPO/Ibl B CBOMCTBAX UM~
ceJl U TeOMeTPUYeCKUX (PUTYp U /ISl HUX MaTeMa-
THKa MMeJa Mpexie BCero MUCTHUECKoe 3Haue-
nue. (ITo-Bumumonmy, B nyiy ITucharopa ray6oko
MPOHUKJIA TAUHCTBEHHOCTh, KOTOPOH €rUMETCKUE
JKpelbl OKpY:KaJii HayKy, peBHHBO obeperas eé
OT HeNnoCBSUIEHHbIX. )

[Tudparopeditibl cieasy Majno mMaTeMaTHue-
CKHUX OTKpPBITHH. MHOroe 3 TOoro, uto UM MNpu-
MUChIBaeTCsl, ObLIO W3BECTHO A0 HUX. B wyact-
HOCTH, U3BECTHYIO HAM TEOPEMYy O CyMMe KBaj-
paToB KAaTETOB MPSIMOYTOJILHOTO TPEYroJibHHKa
onu npunuchiBaau [lucaropy, xorsi jokasaHo,
uyTo eé 3HaJM y)Ke BaBWJIOHCKHE MaTeMaTHUKH.
HaubGoJsiee cyluecTBeHHBIM J0CTHXKEHHEM NHa-
ropefes ObII0 OTKPHITHE HPPALMOHAJIbHBIX YH-
ceJi, KOTOpble OHU MPECTABJSNN B BUJIE HECOU3-
MepHUMbIX 0Tpe3koB. Harnpumep, nuaroHajib KBaji-
paTta co CTOpPOHOH eqMHHIA paBHA KOPHIO M3
JIBYX, TO €CTb 3TH OTPE3KM — CTOPOHA W Jua-
roHajsbL — HecouamepuMbl. CKopee Bcero, nuda-
ropeiam OblJ1I0 U3BECTHO TO 10KA3aTeJbCTBO HP-
palMOoHabHOCTH YUCJia V2, KOTOpO€ NPHUBEJIEHO
Ha ctp. 13. [ludaropeitiipl Bes akTHBHYIO Tpe-
N0/1aBaTeIbCKYIO J1eATeIbHOCTh (MX yCTaB 3anpe-
utas 6paTh nyarty 3a ypoku!), 1 Bo MHorom 6Jia-
rojapst UM MaTeMaTHKa 3aHsijia BMOCJEJICTBHH B
[peuun crosb 3HauurtesbHoe Mmecto. [locseno-
BaTesid nudaropeiilleB — Heonudaropenibl —
c/lesalii yXKe 3HauuTebHble MaTeMaTHUeCKHe OT-
KPbITHSI.

EBKauA w1, Mo-BUIXMOMY, BO BpEMeEHa 11a-
ps Iltosnemes: 1. Tounble naThl ero poxKaeHus: u
cMepTH HeusBecTHbl. [Ipenrnodaraior, 4uto oH po-
JIUJICS B TIepuojL ¢ 365 1o 335 roji 10 HOBOH 3pbl,
a ymep B nepuo ¢ 300 o 275. [Trosiemeit 1 61
OIHUM U3 MoJKoBoALeB AJsekcanapa MakenoH-
CKOTO, W M0CJIe CMEPTH BEJHKOro 3aBoeBaTe/sl
noJiyuus B ynpasJgenue Eruner. [Ipenanue roa-
cut, uyto EBkua Tak otBetus Lapto Iltosemero,
nokeJiaBleMy M3yudTh reomerpuio: «K reomer-
pPUM HET LAPCKOH JOPOTH».

[peueckast uuBuIM3aLMs NpoHukiaa B Eru-
TMeT, U ero HoBasi cTosMua AJieKCaHapust cTaja
OJIHUM H3 HayuHbIX LIeHTPoB Mmupa. M3BecTHo,
uto EBKJHA Obl1 NpodeccHOHANbHBIM YUEHBIM.
Camoe H3BeCTHOE M BbLIAIOLLEECS ero IpoHu3Be-
JeHue «Hauana» cocTOMT U3 TpUHAALATH KHHUI.
B Hux EBksuj mactepcku M3J/102KUJ BCE UMEIO-
1Mecst K TOMy BpeMeHH CBeJIeHHsI 10 TeOMEeTPHH,
J106aBUB MHOIHE HENOCTalollHe TeopeMbl U J0-
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KasartenbctBa. Anpu [lyankape B cBoefl KHure
«O nayke» nuiet: «Masoxxenne EBknnna mno-
CTPOEHO B BHJIE CTPOTHX JIOTHUECKUX BbIBOJIOB
M3 CHCTeMbl OTpeJesieHHH, MOCTy/1aToB U aKCH-
OM. B nepBbIX ueTblpéx KHMrax paccmaTpHBaeT-
csl reoMeTpHusi Ha JockocTH. Mcxons us nanbo-
Jiee MPOCThIX CBOUCTB JIMHUA W YIJIOB, Mbl TPUXO-
JIUM 3J]leCb K PaBEHCTBY TPEYroJbHUKOB, paBeH-
cTBY mJowanei, treopeme Ilucaropa, nocrpoe-
HUIO KBajpaTa, paBHOBEJIHMKOTO 3aJaHHOMY Mpsi-
MOYTOJIbHHKY, K 30JI0TOMY CEUEHHI0, KPYTY U Npa-
BHJIbHBIM MHOTOYTOJIbHHKAM. . . »

Apxumen (287—212 1. 10 HOBOH 3pbl) ObL
CaMbIM BBIIAIOIIMMCST MAaTEMAaTHKOM H MeXaHH-
KoM npeBHOCTH. OH ku1 B CHpaky3ax W Obli
coBeTHUKOM Lapsi [epona. O6 Apxumene ocra-
JIOCh MHOTO CBEJIEHHH, TIPeXKie BCEro B NPOU3Be-
JleHusIX nucateselt apesHoctd — [layrapxa, [To-
Jau6ust, LHunepona, Burpysus u apyrux. Mmes B
BUJy HEOOBIUHYIO JUIsl TOTO BPEMEHH CKJIOHHOCTD
Apxumena K npaktuueckum jgesam, [layrapx mu-
wetr: «XOoTsl 9TH U300DPETEHHST 3aCJYKHUJIH eMy
penyTalMio cBepXuesloBeueCKoH MpoHULLaTeIbHO-
CTH, OH He CHM30LUeJ 10 TOro, 4ToObl OCTaBHUTbH
Kakoe-JH00 COUMHEHHe, HAMMCAHHOE 10 TaKUM
BOMPOCAM, a, CUATAsk HU3KUM H HEJIOCTOHHBIM Jie-
JIOM MeXaHUKY M HCKYCCTBO J1I06Oro pojia, eciiu
OHO MMeEET LeJIbI0 M0JIb3Y U BbIFOJY, BCe CBOH ye-
CTOJIIOOMBBIE MPUTS3aHUSI OH OCHOBBIBAJ Ha TeX
YMO3pEHHUsIX, KpacoTa U TOHKOCTb KOTOPbIX He 3a-
NATHAHBl KAKOH-JIMOO NMPUMECHIO OOLIUHBIX 2KHM-
TEUCKHUX HYKIL».

WMHrepecHoll siBAsieTC M XapaKTepUCTHKA
Apxumena, laHHAs COBpPEMeHHBIM HCTOPHKOM
M. H. Becenosckum: «Ecsu npunep:xuBaThes
thaxToB, To ApXxuMen M HauaJ CBOIO HayuHYIO
JEeATENBbHOCTb KaK MEXaHHK, U 3aKOHUMJ €€ Kak
MeXaHHK, i B MaTeMaTHUECKHUX €ro NPOU3BeJleHH -
SIX MEXaHHKa SIBJISIETCS MOTYYHM CPEICTBOM ISl
10JlyueHHsl MaTeMaTHUeCKUX pe3yJ/bTaToB, J1a H
CaMH 3TH pe3dyJsbTaTbl He ABJSATCS GECIJIONHO
BUCSALIMMH B BO3JyXe, a TPUMEHSIIOTCsS AJisi 00-
OCHOBAHHUSI MaTEMaTHUECKUX TEOPHIl».

OcHoBHble MaTeMaTHUeCKHe pe3yJbTaTbl Ap-
XUMeJa CBsI3aHbl C BbIUHCJIEHHEM IUIOLIAACH H
00beMOB pa3nuHbIX (Uryp. OH Halles ¢ oMo-
11IbI0 TIpaBUJIbHOTO 96-yrosibHUKA (1) OueHb X0po-
lree npubJKeHHe 1Jisl yncaa 7. B ero tpakrare
«O naBaoUIMX TeJaX» HaXOAUTCSl Ha3BaHHbIH

€ro UMeHeM H3BECTHbIH 3aKOH (PU3HKH O ToTepe
Beca TeJlaMM, TOrPYKEHHBIMH B 2KHUAKOCTb. Ma-
TeMaTHKaM XOpOLIO M3BeCTHa akcuoma Apxume-
J1a, TJ1acsillas, yTo OTPE30K JM0GOH JAJIHHBI MOXKHO
M3MEPHUThb CKOJIb YTOJHO MaJieHbKUM OTPE3KOM.

OJIHUM M3 CaMblX YIMBHUTEJbHBIX W 3HAUM-
TeJIbHBIX M300peTeHnil ApxuMena B acCTPOHOMUH
OblJ1 TOCTPOEHHBIH MM MJaHeTapuil. DTo Oblia
noJsiasi Bpaliamoiasicst cdepa, BHYTPH KOTOPOH
HaXOJUJICH MEXaHU3M, MPUBOASALINN B IBUKEHHE
maketbl JIyHbl, CoJiHIA W NATH MJ1aHeT. BoT cBu-
neresbeTBo LlnliepoHa, BUIEBLIEro 3TO yCTpoOii-
ctBo: «Kak Tosibko lamni npusen cdepy B nBuxKe-
HUe, CTaslo BUJHO, KaK ¢ KaxKapiM o6opoTtoM Jly-
Ha MOJIHUMaJIach HaJl 3eMHBIM FTOPH30HTOM BCJIE
3a CoJiHLEM, KaK 3TO OblBaeT KaXKIblil JieHb Ha
HebOe; a TOrJla MOXKHO OblJ10 BUIIETb, KAK 3aTMeBa-
Jock CoJiHlle, a JIyHa nonazada B TeHeBOH KOHYC
3ema, Korna CoJiHLEe KaK pa3 HalpoTHB. . . »

Ha morusbHo# minre Apxumena n3o6paxen
LMJIMHAP CO BIIUCAHHBIM B HETO LIAPOM, a 3MUTa-
¢bust ry1acUT 00 OJHOM M3 CaMbIX 3aMeuaTesIbHbIX
OTKpPBITHE ApxuMesia: 06'bEMbBI ITHX TeJl OTHOCHAT-
cs Kak 3:2.

Anoanonuii Ileprckuii (npuGIH3UTENLHO
260—170 rox no HOBO# 3pbl) OblI TPETbUM (110
cie EBkiva u Apxumesa) BeJIMKMM MaTeMaTH-
KOM 3M0XH 3JJIMHH3Ma. Ero oCHOBHOH Tpyn —
«O KoHHKax» — MpeacTaBJsieT co60i TpakTaT
13 BOCbMH KHHT O KOHMUECKHUX ceueHusix. Haro-
MHHMM, YTO 3TO 3JUIMICHI, TUNep6oJibl U napabo-
JIbL. ATIOJIJIOHHET HACTOJIBKO TIOAPOGHO HCCaEN0-
BaJl X CBOMCTBA, UTO B cieaytonye 18 BeKoB (10
Jlekapra) HUUEro CYIIECTBEHHO HOBOTO B 3TOM
HarnpasJeHUH NOJyueHo He OblLIO.

PesysibTaThl NPOBENEHHBIX UM UCCJIEI0OBAHHIT
KPHBBIX BTOPOTO MOPSi/IKA HALLIW MPUMEHEHHE B
3akoHax aBmxkeHus uianet Kensepa (XVII Bek).
AnoJutoHuit ymeJ1, HanipuMep, MPH MOMOILH TOJb-
KO LIMPKYJISl U IMHEHKH CTPOUTb OKPYXKHOCTb, Ka-
cawollytocsl TpEX 3aJaHHbIX OKPY:KHOCTEH. Ita
HenpocTas 3ajaua (OHa Tak W Ha3blBaeTCs: 3aj1a-
ua AnoJioHus) J0 CHX TMOP BXOJWT B Mporpam-
My MOJArOTOBKH CTYJEHTOB — OYAYLIMX YUUTesei
mareMaTHKu. OH BB&J TepMUHBI TUnepboJa, na-
paboJia, aCHMNTOTA, KOTOPLIMH Mbl MOJIb3yeMcsl
U ceifuac.

dparochen KupeHckuit xujn npubausu-
TesibHO B 276—194 ronax 110 HOBOH 3pbl, TO €CTh
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6611 coBpemeHHHKoM Apxumena. OH Obl1 3HA-
MEHHUT KaK MaTeMaTHK, reorpad, QpuJoJor, ucTo-
PUK U 103T. DpaTtocdeH COCTaBUIJ KapTy MUpa U
CUMTAETCSl OCHOBATEJIEM XPOHOJIOTHH, TO €CTb Ha-
YKH O TOUHOM OIpeJie/IeHHH HCTOPHUECKUX JIaT.
OH BBIUHC/IWJI HAKJIOH 3KJIUNTHKH, PACCTOSIHUS
ot 3emau a0 Cognua u JIyHbl, JJIHHY 3KBATO-
pa. CambiM GOJIbIIUM OTKpbITHEM JpaTocdeHa
B apudMeTHKe ObIO €ro 3HAMEHHTOE «PELIETO»
(petreto dpaTocena), MO3BOJSIIONIEE BbIIEISATh
npoctele yncaa (cM. ctp. 3). OH Halen Takke
MpOCTOe MeXaHWUECKOe pelleHne 3HaMEHHTOH 3a-
Jlauu JipeBHOCTH 00 yaBoeHnt Ky6a'®) To ecth o
noctpoeHud Kyba ¢ 06bEMOM B JBa pa3a 60Jb-
1Ie JaHHOTO. BoJiblIyI0 HCTOPHYECKYIO LIEHHOCTh
npeacTaB/sier coOoil Jolleaniasi 10 HaC CTHXO-
TBOpHasi anurpamMmma dparocgeHa, nocBséHHas
3ToH 3ajave. B Hell oH cpaBHMBaeT CBOE pelle-
HHE C JPYTUMHM, MPUHALJIEKAUIMMU 3HAMEHUTBIM
MaTeMaTHKaM JPeBHOCTH:

Ecuin 661, ipyr, Thl 3aMbICJIHI GOJIbIIOE U3 MAJIOTO CleJaTh,
Ky6 coTBOpHTDL /i1 JBOHHOM, HJIb TT@PECTPOUTL 0O6BEM,

ITO BO3MOXKHO — U CEHH PACLIMUPUTb, U MYy NPOCTOPHEN
Bripoelib 1 Boj0éM BJaroil HanoJIHULIL ABOHHOM.

Bot moii npr6op: MexK JMHeeK jiBe CpeiHHe cpasy OThIILEeLIb,
Mexy KpasiMi IPYTHX Thl HX OTMETHILb KOHLIBL.

Hyxbl TeGe yx He GyjieT B MpeMyapoM LusuHape Apxuta,
B konyce He st Te6s1 Bblcek Tpuaay MeHexu.

U ¢ 6oropaBHbIM EBIOKCOM H30THYTBHIX JIMHHH He HAO,
LlupKysiem BoopyzKacb, TOHKHE H3THO HaXOAHMTb.

C/BHMHYB OTBaXKHO JIMHEHKH, JIErKO MUPHaJIbl TOCTPOUTH
CpeHuX KeJJaHHBIX TBOMX, C MEHblIEeH U3 JaHHBIX Hauab.
CuactyiuB Tbl, Lapb [1Tosiemell, — Tl lasl BEUHO IOHOMY ChIHY
PapHoGaKeHHOMY Aap caaakuii ais Mys i uapeii!!.

3eBc, 6or Beenennoii!

B rpsinyiiem mycTb ¢ MHJIOCTBIO TOH 2Ke OH MPUMET
CKHMNeTp OT LapcKoil PyKH — U Jla CBEpLINTCS CHe.

ToT 2ke, KTO 2KepTBY BO XpaMe BEJMKOM YBHIHT, 1d CKaXKeT:
— Jlap sTOoT DpatocdeH J0asIM, U3MBICJIHUB, MPHHEC.

MaTtematuka yxe JTaBHO JPYXKHT C IOpHC-
npyaeHuurei. Victopusi XpaHuT MMeHa I0pUCTOB,
KOTOpPbIE COBEPLIW/IM BblIAIOLIHECS MaTeMaTH-
UeCKHe OTKPbITHsI, W HMEHAa MaTeMaTHKOB, Ha-
UaBLIMX CBOIO MPO(ECCHOHANBHYIO Kapbepy ¢
M3YUEHHs1 IOPUCIIPYAEHIMH. DTO, MpEXKIe Bce-
ro, ®pancya Buet, [Ibep Pepma, Kan Jlepon
JUAnam6ep, Cumeon Jlenu [lyaccon u Kapa
Beiteptpacc.

10 Tak nasbiBaemas nesmiickasi 3ajaua.

®pancya Buer (1540—1603) — c¢paHiy3-
CKUIl MaTeMaTHK, MpodecCHOHaNbHbIA IOPUCT,
«oTell ajnrebpbl», poauics B 1540 roay Ha iore
®panuun B HeboJblIOM ropoake PaHTeHe-Je-
Kont, Hemaneko ot Jla Pomenu, ObiBlIed B
TO BpeMs OMJIOTOM (DPaHILy3CKHX MPOTECTAHTOB-
ryrenotoB. Ero orer 661 npokypopom. ITo Tpa-
JIMUMM, CbIH BbIOpaJs mpocdeccuto oTla U cral
IOPMCTOM, OKOHUMB YyHuBepcuTeT B [lyaty. B
1571 rony Buer noctynus Ha rocynapcTBeHHYIO
c/1y>k0y, CTaB COBETHHKOM TapJiaMeHTa, a 3aTeM
coBetHHKOM kopoJsst ®panunn Tenpuxa III. B
1580 rony lenpux III nagnaunn Buera na Baxk-
HbIH FOCYIapCTBEHHBIHA TOCT peKeTMelcTepa, Ko-
TOPBII /1aBaJjl MPaBO KOHTPOJUPOBATH OT UMEHH
KOpOJIsi BHIMIOJIHEHHE PACTIOPSKEHUH W MPHOCTa-
HaBJIMBATh MPUKA3bl KPYMHbIX (HEOAAOB.

WMuTtepec kK wMaremartvke BO3HHK y DBue-
Ta BCJEACTBHE €ro YyBJedyeHHs acTPOHOMHEN.
OH ycoBepLIEHCTBOBAJ TEOPHUIO alre0panyecKux
(B yacTHOCTH, KyOMUECKUX) YpaBHEHUH, OTKPbLI
CBSI3b MEXJy KODHSIMH YPaBHEHHsl U ero Koag-
¢duurentamu. Teopema, ycTaHaBsuBarollas 3Ty
CB#I3b, Obla o6HapojaoBaHa B 1591 rony. Tenepn
OHa HOCHT UMsi Buera. Buer oaHuM 13 nepBbIxX
HauaJ/l HCMOJb30BaTh OyKBeHHble 0003HAYEHHMS.
OH BBIYHCJIUI UUCJIO T C J€BSTbIO TOUHBIMU 3HA-

KaMH, yJTydIlIuB pe3yJbTaT ApXuMena, u nokasad,
™ m ™ ™
UTO — = COS — COS — COS — COS == . ..
™ 4 8 16 32
[Ipo Buera usBectHa Takass uctopus. B
1593 rony oaun GeJbTHHCKHI MaTeMaTHK Tpes-

JIOXKHJT XKeJIaloLUM HauTH KOPHH YpaBHEHHs

1% —45x* 1 945x* 4. .. —3795x% +45x = A,
rie A — HeKoTopoe BellecTBeHHoe unc/o'?, Bu-
eT Halles 23 TMO0JIOKUTENbHbIX pPelleHUsl 3TOro
ypaBHEHHUs, 3aMETHB, UTO €r0 «CTpallHas» JeBas
YyacTh NpeacTaBJser co00i HEKOTOPYIO TPUTOHO-
METPUYECKYIO (hOpPMYJTy.

Haxonsich Ha rocynapcTBeHHOH cayk6e, Bu-
eT octaBaJicst yuéHbIM. OH NPOCTaBUIICS TEM, UTO
cyMeJ paciingpoBaTh KOJl epexBaueHHoi nepe-
NHUCKK Kopodist Micnauuu ¢ ero npencraBuTessiMu
B Hunepnaunax, 6saronapst uemy kopoJib ®pan-
UMK Obl1 MOJIHOCTBIO B Kypce JAEHCTBHH CBOHX

' 3patocden Gbi BOCTIHTATe/IeM HAC/GIHUKA TIpeCTosla — china taps [1TosiemMest 1 pyKOBOIHI
BCEMHPHO 3HAMEHHTOH AJieKcaHIpuiCcKoil GHOMMOTEKOH.
12 Takoro posia nyG/MuHble BLI3OBbI GbLIH XapaKTepHbl /I TOi SMOXH.
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npoTUBHUKOB. Koa Obl1 C/I03KHBIM, Co/iepKal 10
600 pas/MuHbIX 3HAKOB, KOTOPble MEPUOUUECKH
MeHsIIMCh. McnaHipl He MOIJIH MOBEepHThb, 4TO
ero paciuudpoBaJjii, 1 00BUHUJIN (PPaHLy3CKOTO
KOpOJIsSl B CBsI3sIX C HeuucToH cujaoh. K stomy
BpPEMEHH OTHOCSITCSI CBHJIETEIbCTBA COBPEMEHHH -
KoB Buera o ero orpomMHOH TpPyn0CnOCOOGHOCTH.
Bynyuu uem-to yBJsieueH, yuéHblii Mor padoTtaTh
no Tpoe cytok 6e3 cHa. B 1584 roxy Buera no
MOJIMTHYECKUM MOTHBAM OTCTPAHUJIH OT JOJIZKHO-
CTW W Bbicjann u3 Ilapuxka. Mmenno na stor
MepHOJL TIPUXOAUTCS THK ero TBopuectBa. Obpe-
TSl HEOXKHUAAHHBIF TOKOH U OTIbIX, YUEHBIH MOCTa-
BHJI CBOEH 11e/1bI0 CO3/1aHHe BceoObeMJIolIel Ma-
TEMaTHKH, M03BOJISIOUIeH pelaTh Jobble 3a1a-
UU. ¥ HEro CJOXKUJI0CH yOexKJIeHHe B TOM, «UTO
JIOJI2KHA CyLLecTBOBaThb 00111asi, Heu3BeCTHas! eLé
HayKa, OOHUMAalolllasi U OCTPOyMHblE H3MbILIJIe-
HUSI HOBEHLIMX aJreGpaucToB, U TJyOOKHE Teo-
MeTpHUYeCKHe U3BICKAHHS JIPEBHUX».

Buer U3/10:KUJ TporpaMmMmy CBOMX HMCCJEN0-
BaHW# B W3jaHHOM B 1591 rojpy 3HaMeHHTOM
«BBeneHnn B aHaJMTHUECKOE HMCKYCCTBO», THE
Mepeunc/ina TPAKTaThl, 00bEIMHEHHbIE OOIIUM
3aMbICJIOM W HaMuCaHHble Ha MaTeMaTHUeCKOM
s13blKe HOBOW OyKBeHHOH asreOpbl. [lepeuncie-
HHE LWI0 B TOM IMOpsIIKE, B KAaKOM 3TH Tpy-
JIbl JIOJIXKHBI ObIJIH U3JIaBaThCsl, UTOObI COCTABHTh
e/IMHOE 11eJ10e — HOBOE HaMpaBJeHHe B HayKe.
K coxaneHuto, eMHOTO LEJ0r0 He MOJYUHJIOCh.
Tpakratbl my6JMKOBasMCh B COBEPLIEHHO CJy-
YalHOM MOpSIIKE, U MHOTHE YBUJENH CBET TOJb-
Ko nocse cmeptd Buera. Onun u3 TpakraTos
BooOlIe He HaijeH. OIHAKO TJIaBHBIH 3aMbICes
y4eHOro 3ameuartesibHO Y/aJICsl: Hauajuoch npeod-
pasoBaHue ajre6pbl B MOLIHOE MaTeMaTHueCcKoe
ucurcaenve. Camo HasBaHue «aJjrebpa» Buer
B CBOMX TPYyJaX 3aMEHMJ CJIOBAMH «aHaJHTHYe-
CKO€ MCKYCCTBO».

MaTtemMaTHKOB B TeueHHe CTOJIETHH HHTepe-
coBaJjla reOMeTpHsi TPEYroJIbHUKOB, TaK Kak OHa
CHCTEMATHUeCKH TpPHMeHsIachb B aCTPOHOMHH,
apXUTeKType, reoie3ud. Y Buera stu reomerpu-
uecKHe MeTo/lbl NpHoGpesu GoJslee 3aKOHUEHHbIH
BHJI, OH TIEPBLIM SIBHO C(POPMYJHPOBAJ TEOpEMy
KocunycoB. B 1589 rony Buer BosBpartuics B
[Tapux. ITonpo6HocTH KH3HU Buera B TOT ne-
pHOJ HEHM3BECTHBI, UTO CaMO MO ce6e TOBOPHT
0 €ro »KeJaHUM OCTaBaTbCsl B CTOPOHE OT Oyp-

HbIX cOObITHH. VI3BecTHO TOJIbKO, UTO OH mepe-
mén Ha cayx6y kK [enpuxy IV, Haxoausacs npu
JiBope, OblJ1 OTBETCTBEHHBIM MPABUTE/IbCTBEHHBIM
UUHOBHHKOM H T10JIb30BaJICSl OTPOMHBIM YBarKe-
HHUEM Kak MaTeMaTHK.

B nocseanue roabl »xku3nu Buer ywén ¢ ro-
CYyJIAPCTBEHHON CJIYKObl, HO TPOJIOJKAJ UHTE-
pecoBaTbcsl HaykoH. FI3BecTHo, Hampumep, uto
OH BCTYMHJI B MOJIEMHKY MO TOBOJY BBEJICHHUS
HOBOro, TPUrOPUAHCKOro KaJjenaaps B Eporne.
W paxe xores cosnatbh cBof KajeHaapb. Bu-
€T MepBbIM cTaj 00603HAYaTb OYKBAMH HE TOJb-
KO HEeH3BeCTHble, HO U 3ajlaHHble BeJHUYHHbL. Tem
CaMbIM €My yJaJoCh BHEIPHUTb B HAyKy BeJH-
Kyl0 MBICJIb O BO3MOXKHOCTH BBITOJNHATb aJre-
Opanyeckue MpeoOpPa30BaHUSI HAJl CUMBOJIAMH,
TO €CTb BBECTH MOHATHE MaTeMaTHuecKol op-
MYyJibl. DTHM OH BHEC pellaiollinii BKJaj B CO3/la-
HHUe OyKBEHHOH asreOpbl, 4eM 3aBepllnJl pa3BH-
THE MaTeMaTHKH 310X1 Bo3poxKieHus U noaroto-
BUJI TIOUBY JI/Is1 TIOsIBJIeHHsT pesysbraTtoB Pepma,
Hekapra, HbioToHa.

[ornanackomy Jopay Haxony Henepy
(1550—1617) mbl 06s13aHBI OTKPBITHEM JOTapHh-
MoB. UucJio e Ha3Baslu HEMEpOBbIM UMCJIOM, B
00LIEeM-TO, CJAydalHoO.

Horaun Kenaep (1571-1630) — oaun u3
BesiMuaniux actponomoB XVII Beka, coBeplunB-
LIKX peBoJIioLMio B Hayke. OH BriepBble chopmy-
JIMPOBaJI 3aKOHBI ABHKEHUS TJIaHeT 0KoJio CoJiH-
11a, KoTopble MoToM o6ocHoBas HeloToH ¢ momo-
11blo cBoel Teopuu TsiroteHusi. [Ipo6embl HOBO#
ACTPOHOMHH ObIJIH CBsI3aHbl C 6OJBIUMMH BbIYHC-
JICHUSIMM, UTO 3acTaBusio Kernsepa MHOro 3aHu-
MaTbCsi MateMaTHKoH. Ero BakHeiiline matema-
THYECKHe OTKPBITHS conep:katcst B KHure «Cre-
peoMeTpusi BUHHbIX GOUYEK», B KOTOPOH OH Bbi-
uncssaa 06bEMbI Tesl BpauleHusi. [lo cyiuecTsy,
Kensiep ucrosbaoBas upeto npeaesbHOro rnepe-
X0Jla, paccMaTpuBasi, Harnpumep, MJolanb Kpy-
ra Kak cymmy mJouaned 60JbLIOro uucsaa ma-
JIEHbKHUX TPEYyroJibHUKOB C BEPLIMHAMH B 1IEHTpE
Kpyra. Kuura nosyuusa uimpokoe pacnpocrpaHe-
HHe, TaK Kak Obljla HarmucaHa Ha JOCTYIHOM JJIst
LIMPOKOTO Kpyra uurarteJsel si3bKe.

Kensiep HuKorna He CKpbIBaj, 4TO OH TpH-
BepxkeHel, uae Hukonasi Konepnuka, nosromy
KaToJIMuecKast LepKOBb €ro MOCTOSIHHO TpecJe-
noBasia. C 1600 rona Kensiep nepeexan B [pary,
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rjie BrocJ/eacTBUM umrnepatop Pynosbd Bropoit
Ha3HaYUJ €ro CBOUM MPUIBOPHBIM MATEMATHKOM.
Ato nano Kensepy Bo3MOKHOCTb CMOKOHHO pa-
60TaTh 10 CaMOH CMEpTH.

JBopsinuH 13 panily3ckoro ropoja TypeHu
Pene Hekapt (1596—1650) cayxun B apMuu
M UMeJl MHOTO BpeMeHH Ui (PUIOCO(PCKUX pas-
MBbILIJIEHUH ¥ 3aHATHI MaTeMaTHKol. CeMHama-
Thill BeK Oblll BEKOM BEJHUKHUX OTKPBITHI B ecTe-
CTBO3HAHMH, MU B 3TO BpEMsl MaTeMaTHKa, CJy-
>KUBIIAs OCHOBOH (DU3HUKM W MEXaHHKH, CTaHO-
BUTCSl CaMOW aBTOPHUTETHOW M MOUMTAaeMOH Hay-
KOH — CTaHOBMTCSl Lapuueil Hayk. Jloruyeckas
CTPOMHOCTb MaTeMaTHKH JaBaJjia MOBOJ K MOUCKY
JIOTMKH B CTpoeHHH BceseHHoM, K MOUCKY 00LLIMX
paLMoHaJbHbIX METOJ0B B Hayke. 3acJjyra le-
KapTa Kak MaTeMaTHKa MpeKJe BCero B TOM, 4TO
OH TPUMEHUJI B T€OMETPUH XOPOUIO Pa3BUThIE K
TOMY BpeMeHH ajirebpanueckde meTonbl. CBOH
unen ekapt nanoxui B Kaure «[eomerpusi», Ko-
Topasi 6b1a ony6/ankoBana B 1637 rouy.

Mbep Pepma (1601-1665) — dpaHiys-
CKUH MaTeMaTHK, OJAMH W3 co3jaTeliel reomer-
pUH M TeOpHH uHces, poauscsi Ha tore Ppau-
UMK B HeboJbLIOM ropojake bomon-ne-Jlomans,
rae ero orell — [lomuuuk ®epma — Obla1 BTO-
PbIM KOHCYJIOM, KEM-TO BPOJl€ TOMOLLHHKA M3pa.
Martb [Ibepa npoucxoanna U3 ceMbH IOPHUCTOB.
Jomunuk ®epma nan cBoeMy ChiHy Xopoliee 06-
pasoBaHue. M3BecTHo, uto Pepma mucan CTUXH
Ha JIATHHCKOM, (DPaHIy3CKOM M HCTIAHCKOM $13bl-
kax. [TosyunB B OpJsieaHe creneHb GakasaBspa,
®epma B 1630 rony nepecensiercst B TyJyasy, rie
M0JlyuaeT MEeCTO COBETHHKA B MapJ/iaMeHTe (To
ectb B cyne). CBolo paGoTy OH BBIMOJMHAM «C
60J1b1I0H 106POCOBECTHOCTLIO U TAaKUM YMEHH-
€M, UTO CJIABWJICS] KaK OJIMH M3 JIyULUHX IOPUCTOB
CBOEro BPEMEHU».

Ho renuasnbHocTs Pepma nposiBUIach B €ro
MaTeMaTHUECKUX HCCJIEIOBAHUSIX, XOTS MaTeMa-
THKa He cTaja ero mnpodeccueil. Maremarnue-
ckue pabotbl Pepma cojiepKauCh, TJIaBHbIM 06-
pa3oMm, B ero OOLIMPHOH M UPE3BbIUANHO HMHTe-
pecHoii nepenucke. B XVII Beke, Korna ewé He
ObIO crielMalbHBIX HayuHbIX »KYPHaJIOB, Mepe-
MHCKa MeXK/y YUEHbIMHM Hrpasa ocofyio poJb. B
[MCbMax CTAaBUJIMCH 3aauH, cooOLIaJoCh O Me-
TOJlaX MX pelleHHst, 06CyKIaNUCh HayuHble MPo-
6sembl. Hu onno u3 counnenuit ®epma He Obi-

Jio ony6siMKoBaHo npu ku3uu. CobpaHne coun-
HEHHUH, KOTOpPOe OH HEeOJHOKPATHO MbITaJCs Ha-
nucartb, Tak W He ObWIO UM cozfaHo. OpHako
HECKOJIbKUM TpaKTaTaM OH NpHjaJ/ BIOJHE 3a-
KOHUEHHbI BHJL, U €r0 PYKOMHUCH OblJIH H3BECTHbI
6OJbLIMHCTBY COBPEMEHHbIX eMy YuéHbIX. OHOH
13 TEePBBIX MaTeMaTHuecKux pa6oT ®epma 6b110
BOCCTAaHOBJIEHHE JIBYX YTEPSHHBIX KHUT ArmoJiio-
Hust «O MIOCKHX MeCTax».

®epma BHeC CyllleCTBEHHbIH BKJaL B Ty Ha-
YKy, KoTopasi cefyac HasblBaeTcsl MaremMaThie-
CKHM aHaJIM30M, HO 3HAMEHUTBIM OH CcTaJ 6Jaro-
Jlapsi TeopeMe, KoTopasi ceifuac HasbiBaercsi Be-
mikoil Teopemoit ®epma. E€ uctopus ynusuresb-
Ha. [Tocsie cmeptu @epma OblM HalIEHbI €T0 3a-
MeTKH Ha MOJISIX KHUIH JPEBHErpeyecKoro yueHo-
ro lnocpanta. Bo BTOpoii kKHHTe cBoel « Aprpme-
TUKH» [IMOodaHT nmocTaBu 3ajauy NpeicTaBUTh
KBaJIpaT 3aJaHHOTO palliOHAJbHOTO YHCJ/a B BH-
JIe CYMMbI KBa/1paToB JIByX PALIMOHAJbHBIX UHCelI.
Ha nossix npoTus stoii 3anauu. @epma Hanucads:
«Hao6opor, HeBO3MOXKHO pPa3JyioKUTh HH KyO Ha
JBa Ky0Oa, HM OMKBaapaTr Ha 1Ba OMKBajapaTa |
BOOOLLLEe HU B KAKYIO CTeNeHb, 00JbIIYI0 KBaApa-
Ta, Ha JIBE€ CTEMEeHU C TeM »Ke MokasatesneM. S
OTKPbII 3TOMY TOHCTHHE UyjleCHOe J0Ka3aTellb-
CTBO, HO 3TH MOJIS JI/IS1 HETO CJIMIIKOM Y3KH>».

B npouwioM Beke MOHCKM J0Ka3aTesbCTBa
ITOH TeOpeMBbl TPUBEJH K MOCTPOEHHIO TOHKHMX H
MPEKPACHBIX TEOPUH, OTHOCSILIUXCS K apUpMeTH-
Ke anrebpaunueckux uuces. [Ipocrora dopmynu-
POBKHM M 3araJiouHble CJI0Ba 0 «Uy/IleCHOM J0Ka3a-
TeJILCTBE» CJleJlaih TeopeMy HeoObluaiHo MoIy-
asipHoit. Benukasi Teopema @epma cTouT Ha nep-
BOM MeCTe MO0 UMCJy JAHHBIX €l HeBepPHBIX J0Ka-
3aTe/bCTB U 10 CHUX MOP MOOYKIAET UCCJIEN0BA-
tesieit. B 1993 rony sta Teopema 6blia, HakoHell,
JI0Ka3aHa aHTJIMUaHUHOM DHAPIO YaHh/IcoM.

Y ®epma GblJI0 MHOTO APYIHX JOCTHXKEHHUH,
1 He ToJbKO B Marematuke. OH 3aHHUMaJICSl TaK-
JKe TeopueH BeposiTHOCTeH. EMy mpHHAMIEKHUT
OTKPbITHE 3aKOHA PAaCMpOCTPaHEeHHsl CBeTa B cpe-
nax. depma HUCXOmUJ U3 MPEANONOKEHUS, UTO
CBET npoberaer MyTb OT KAKOH-JMOO TOUKH B OJ1-
HOH cpejie 10 HeKOTOPO# TOYKHU B JIPyroil cpene
B Haukparuafiiee Bpemsi. [IpumeHnB cBo# Me-
TOJL MAKCHMyMOB M MHHHMYMOB, OH OTKPBIJ 3a-
KOH rpesiomseHust ceera. [1pu stom ®Pepma Bbl-
cKasaJ cjaeaytoluid ooumid npuHuun: «IIpupo-
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Jla Bceraa aefictByeT HauboJlee KOPOTKUMH 1yTsi-
MU». OJIHO U3 TIOCJEHUX MUCEM YUEHOTo MoJy-
yua0 Ha3BaHue «3aBeulanne Pepma». Bor ero
3aKJIIOUUTEbHbIE CTPOKH: «DbITh MOXKET, MOTOM-
CTBO OyJeT PU3HATeJbHO MHE 32 TO, UTO 51 OKa-
3aJl eMy, UTO JpeBHHUE He BCE 3HAJIH, U 9TO MOXKET
MPOHUKHYTH B CO3HAHUE T€X, KOTOPbIE MPUJYT MO~
cJie MeHs ISl epeiauu hakesa CbIHOBbSM, Kak
TOBOPHUT BeJIUKUH KaHIIep AHMVIMH, CJIelysl 4yB-
CTBaM KOTOPOro, 51 100aBJl0: MHOTHE OyayT NpH-
XOJUTb M YXOJUTb, a HayKa 000raliaeTcs».

Ucaak Hproron (1643—1727) — oaun u3
BeJIMUaHLLIMX YUEHBIX B UICTOPHH UejloBeuecTBa —
ponusics B JIuHkosbHinpe (AHIIWsI) B ceMbe
3emJsieBsazenbiia. OH yuuics B Kem6pumke, rie
noa:xe craJj npoceccopom. B 1696 rony on 3a-
HslJl BECbMa BbICOKMI M OTBETCTBEHHbIH MOCT Ha-
yaJlbHMKa MOHETHOro jasopa. HblOTOH nepBbiM
OTKPBII MPOU3BOJIHBIE, HA3BAHHbIE UM (DJIIOKCH-
smu. [Tocsiennue nosiBU/IMCh B ero KHure «Ma-
TeMaTHUeCKHe MPUHLMIbBI HATYpaJibHON (uI0CcO-
(uK», TIe OH (TakyKe BIIEPBbIE) HM3J0XKHJ OT-
KpbITbI UM 3akoH Bcemuproro Tsarorenus. M3
Hero HbIOTOH BbIBeJT 3aKOHBI IBHXKEHHUST MJIAHET,
OTKpbIThie KermsiepoMm, 0ObsICHU siBJEHHE TPH-
JIMBOB, C/lesla/l psil IPYTUX BaKHbIX OTKPBITHHL.
Kpowme toro, Hetoton npuaymasn crnoco6 nputiu-
»KEHHOTO pelleHus anrebpanyeckix ypaBHEHUH U
KJ1acCH(UILHPOBAJ KPUBbIE TPETHETO MOPSIIKA HA
nyiockocT. HpioTon 6bla KpaitHe TpeHoBaTeseH
K CBOUM pe3yJibTaTaM W TyOJIMKOBaJ UX uepes
MHOTO JIET 110CJIe OTKPBITHSI.

lTorrdpun Buabreabm Jlei6uun (1646—
1716) 6bl1 Heo6bIUAHHO PAa3HOCTOPOHHUM W Ta-
JIAHTJIUBLIM YUEHbIM. JIefOHUL poruics B Jledn-
uure, GOJBUIYIO YaCTb »KM3HHW TMPOXKWUJI B [aH-
HOBEpe, UCIMOJHSIS JO/LKHOCTb GUOIMOTEKapsT U
ucToprorpada rnpu ABope raHHOBEPCKOro repLo-
ra, 1 OblJ1 OUeHb BepyloLIMM YejoBekoM. IOpuct
no o6pa3oBaHrlo, OH C GOJbIIUM YCHEXOM 3a-
HUMaJICs TakKe (UIocodHe, MaTeMaTHKOM, 1C-
TopUel, TeoJioruel, 6UOJOrHed, reoJoTue, JIMH-
IBUCTHKOH, COCTOSA/ HA JUIJIOMATHUECKOH CJTyK-
6e npu aBope Maiinickoro Kypdropcra. K To-
My ke, Jleltbuuil 6bl1 TasaHTJIMBBIM M300peTa-
TesieM. OH MpuUayMas OfHY M3 MEPBBIX CUETHBIX
MalllMH, CKOHCTPYHPOBaJ BETPSIHOH JBHratesb
JUIsl OTKauMBaHWsi BOJbl M3 wWwaxT. Ero cuérHas
MalldHA BBIMOJHSANA BCe JEHCTBUA apHdMeTH-

KH, U3BJleKaJ/la KBaJpaTHble U KyOUuecKHe KOPHH.
JIeliGHML coBepllIeHCTBOBAJ CBOIO MAlLMHY B Te-
yeHHe BCel XKU3HH, TaK UTO B HEKOTOPOM CMbICJIE
€r0 MOKHO CUMTAThb OCHOBOIOJIOXKHUKOM UH(OP-
MaTHKH.

Ho ¢ mwnauGosblielt cuyioil  cnocoGHOCTH
JlelitbHuua nposiBUNKUCH B MaTeMatuke. UyTh nos-
ke HblotoHa on oTkpbl1 auddepenumranbHoe
HCUHC/IeHHe, TIpUuéM B GoJsiee oflieid dopme
M MOUTH B COBPEMEHHOH TepMHHOJIOIHH. JIel6-
HHLL BB&J MHOrO MareMaTHUeCKHX 0003HAaueHUH
M MPUAyMaJ MHOTO HOBBIX TEPMHUHOB, KOTOPbI-
MH Mbl TOJIb3yeMcsl 10 cUX nop: dx U dy, 3HaK
UHTEerpasia, TEPMHHbI «(DYHKIHS», <KOOpAUHA-
ThI», «IH(pepeHIIaTbHOe U HHTErpasbHOe HC-
unucyIeHne», «auddepeHnanbHoe ypaBHEHHE»,
«abcurcca», «OpJMHATa», «KOOpAMHATa», «aJji-
roputM». OH 3anucajl B COBpeMeHHOH op-
Me npaBuJa auddepeHLMpoBaHusi, BBEN JorHue-
CKYIO CHMBOJIMKY H T. 1. IMeHHo JIelGHHULL OKOH-
yaTeNbHO O(OPMHJ Ty CHCTEMY KOOPAMHAT Ha
JIOCKOCTH, KOTOPYIO TeNepb Ha3blBAOT JAeKapTo-
Boil. Cam JlekapT UCIOJIb30BaJ TOJILKO MePBbIi
KBaJJPaHT M OCH KOOPAMHAT y HEro He OblIH 1ep-
NEHUKYJISIPHBI.

Jleonapa diaep (1707—1783) — Benuuaii-
wuil yuennlit XVIII Beka, ocTaBUBLUMI ApPKUH
cJle/l OUTH BO BceX 06JIacTAX MaTeMaTHKH, Me-
XaHUKH, (PU3HKH, aCTPOHOMHHU, HABUTALIUU U T. I
Ewmy npunapiexut 6ojee 850 HayuHbiX padoT,
MHOTHE H3 KOTOPbIX [OCBSILLEHbl TPYAHEHLIUM
npobJjeMaM MaTeMaTHKM W e€ npujoxkeHui. B
19-neTHeM Bo3pacTe ero npuryacuin paborath B
[TeTepOyprckyto akajaeMuio Hayk, Tie OH Mpopa-
60TaJ 6OJbIIYI0 YacTh cBOel xku3Hu. OH oKazaJ
CyLLLECTBEHHOE BJIHSIHHE HA POPMUPOBaHUE MaTe-
MaTHUYECKOH LIKOJIbl H Pa3BUTHE MaTeMaTHUeCKO-
ro obpasoBanus B Poccun. M3aBecTHo, uto Jii-
Jiep nojjep:kaj MoJojnoro JJomoHocoBa Bo Bpe-
Msl €ro KOH(JIMKTa ¢ aKaleMUKaMH.

B nocsieHue rojbl XKU3HH OT HaNpsKEHHON
paboTbl JiJiep MoTepsil 3peHue, HO IPOLOJIKaI
paboTaTh CTOJb XKe 1eJEeYCTPEMJIEHHO U TUI0JI0-
TBOPHO. 34 HECKOJIbKO JHEH 0 CMEPTH OH 3aHHU-
MaJicsl pacuéToM MoJieTa aspocTrara, KOTOpbIi B
TO BpeMsl Ka3aJicsl 4yJI1oM.

)Kan Jlepon O’Anambep (1717—1783) —
(hpaHily3cKHil MaTeMaTHK, MeXaHuK U (usocod
ponudcs B [1apuke. Y:ke B panHeM netctBe YKan
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nopakasl OKPY»KalollMX YyMOM U HabJIofaTesb-
HOCTbI0. M3yunB 10pPUCIIPYAEHLMIO, OH CTaJl aj-
BOKAaTOM. MHOro BpeMeHH yIessi MeIULMHE H
€CTECTBEHHbIM HayKaM. B ncroputio Hayku Bolles
Os1arofiapsi cepbE&3HbIM OTKPBLITHSM B (PU3HKE H
maremaTuke. Usen [Tapuxckoit, [TerepOyprekoit
W JIpyrux akagemuit Hayk. OcHOBHbIE MaTeMaTH-
yeckue uccaenopanus 1’ Anambepa oTHOCATCS K
Teopuu JuddepeHianbHbIX ypaBHenuid. B 1743
Trofly BBIILIEJ B CBeT «Tpakrar o IMHAMHKe», TJe
OblM BHepBble CHOPMYJIHPOBAHbI OOLIHE Mpa-
BHJIa cOCTaBjeHUsl AU depeHlHaNbHbIX YpaBHe-
HUH JIBHXKEHUS JIIOObIX MaTepHaJsbHbIX CHCTEM H
chopMyJIMPOBAH MPUHLMI CBEJEHUS 3ajau JuHa-
MHKM K 3ajauam cTathkd (npuHuun HanamoGe-
pa). Paborsl JI'Anam6epa, Jleonapna Jilnepa
u Hanuuna BepHysin 3a/102KH/IH OCHOBbI MaTe-
maruueckoit ¢pusuku. JI’Anambep o6ocHoBaN Te-
OpHI0 BO3MYLLIEHHS ABHUKEHHUS M1aHeT. 3a paboTy
«Paccyxennsi 06 obllieil mpuurHe BETPOB» OH
MOJTy4HJT TIpeMuio BepauHCKoi akaleMuu HayK U
craJjl eé uJeHOM.

JUAnambep pan TepBoe J0Ka3aTeJNbCTBO
OCHOBHOH TeopeMbl ajirebpbl 0 YhcJse KOpHeH aJ-
re6panuecKoro ypaBHeHHsl, MaTeMaTHKaM XOpo-
LI0 HM3BECTEH €ro MPHU3HAK CXOMMMOCTH UHCJIO-
Boro psina. OH paGoran Bmecre ¢ [Henn uapo
HaJl CO3/laHHeM « DHLMKJIOMEUU HAYK HCKYCCTB
1 pemécen». B cTaTbe « DHUMKJIONEANN» MO Ha-
3BaHueM «PasmepHocTh» JI'Anambep BbicKasal
UIEI0 O BPEMEHU KaK O UETBEPTOM H3MEPEHHH.
OH TakxKe Hamucas BCTYMHUTEJbHYIO CTaThblo K
«DHUMKJIONEMH» TI0/ Ha3BaHHeM «OuepK Mpo-
UCXOKJIEHHS! U PA3BUTHSI HAYKW», B KOTOPOH JaJl
KJaaccudukanuio Hayk. J1’Anam6ep saHuMalics u
JIUTEpaTypHOi AesiTesbHOCTbI0. OH Obl U36paH
B uJieHbl (ppaHLy3CcKOH akaieMuu, B coctaB «Co-
poka GeccMepTHBIX». EMy npuHaniexkaT paboThl
10 BOTIPOCAM MY3bIKAJbHOH TEOPUH U MY3bIKaJlb-
HOH 9CTETHKH.

Mbep Cumon Jlanaac (1749—1825) ponun-
csl B ceMbe HeboraToro 3emJsensajeiblia. OH 1no-
JIyUMJ1 oueHb Xopolllee oOpa3oBaHue, NPeKpacHo
3HaJl IpeBHHUE SI3bIKH, JIMTEPATypy H MCKYCCTBO.
Ho Mbl 3HaeM ero Kak BbIAAIOLLEroCsl MaTeMaTH-
Ka W usnka. EMy npunaaiexkar gpyHiameHTa b-
HbIC pe3yJIbTaThl B MaTEMaTHKE, MaTeMaTHUECKOH
(usnke U HeGeCHOW MexaHWKe, OH CIpaBeJIn-
BO CUMTAETCsl OJHUM H3 OCHOBOIOJIOXKHHKOB Te-

opuu BeposiTHocTel. Jlarnsac 3aHuMascsl Teopu-
el TerJIoNPOBOJHOCTH, TEOPUEH KATHUJJISIPHOCTH
1 3JIEKTPOJAMHAMUKON; 0Ka3aJ, uto KoJblo Ca-
TypHa He MOXKeT ObITb CIIJIOLIHBIM; pa3padoTal
TEOpHUI0 JBHXKeHUs1 cnyTHUKOB IOnwurepa; npen-
JIO2KMJ1 HOBBIH METOJl BBIUHCJICHHSI OPOUT Hebec-
HBIX TeJ U T. L.

JliobonbiTHO, uTo Jlamsac npugaBas maJgo
3HAYEHHs] TTIOJIMTHKE W PeJIUTHU. XOTSI OH YUHJICS
B LIKOJIE MOHALIECKOTO OpfieHa OeHEeIHKTHHLEB,
0JlHaKo GOroc/IOBHEM He 3aHUMaJICsl, a YBJIEK-
ILINCh MaTeMaTHKOH, Boobllie cras atenctoM. OH
naaua kak ¢ Hanoseonom, tak u ¢ JliogoBu-
koM XVIII, npunuMasi 3Haku yBaxKeHusi oT 060-
1x. OCHOBHbIE pe3yJbTaTbl CBOUX MCCJ/I€10BaHH
Jlansiac ony6/nkoBas B ABYX KHurax: «Hebec-
Hasi MexaHWKa» U «AHaJuTHUeCKasi TeOpUsl Be-
POSITHOCTEM ».

Kapa ®punpux lyce (1777—1855) — «ko-
pOJib MaTeMaTHKOB» — CUMTAETCS] BeJMYaHIINM
MaTeMaTHKOM BceX BpeMeH W HaponoB. OH mo-
JIyUuJ1 BblIAlOUIMECs pe3yJibTaTbl B TEOPHH UM-
ceJ1, anredpe, auddepeHualbHON U HEeBKJIML0-
BOH reOMeTpHH, aCTPOHOMHM W TeoJie3UH, 3JieK-
TPOJMHAMHKE M TEOPHH MarHetu3ma. BoT cioBa
dennkca Kiefina, ogHoro M3 cambix OOJbIIHX
3HATOKOB HayuHoro Hacsenus [aycca. «[ayce na-
NOMHHaeT MHe 06pa3 Bblcouaillieil BepLIMHbl 6a-
Bapckoro xpe6rta, Kakoil oHa MpeacTaeT nepej
rjazamu Ha0JojaTel1s, CMOTPSILLEro ¢ ceBepa.
B sToil ropHOU Lenu B HanpaBJeHHM C BOCTO-
Ka Ha 3amnajl OT/eJibHble BEPLIMHbI TTOJHUMAIOTCS
BCe BhILIE W BhILIE, JOCTHrasl NPeaeJbHON BbICO-
Tbl B MOTyUeM, BbICSLLEMCS B LIEHTPE BeJIMKaHE;
KpPYyTO 0OpbIBasiCh, 3TOT TOPHBIH HCTIOJNHH CMe-
HseTCsl HU3MEHHOCTbIO HOBOH (hopMalldM, B KO-
TOPYIO Ha MHOTO JIECATKOB KHJIOMETPOB JaJsleKO
MPOHUKAIOT €ro OTPOTH, U CTeKaloLIHe C HEero rno-
TOKHM HECYT BJIaTy W XKU3Hb.»

Kapn ®punpux Tlaycc pomuncs B bpayn-
uiBefire. Ero maremarudyeckne cnocoGHOCTH Mpo-
SIBUJIMCh Y2Ke B TPETbEM KJlacce: MPSIMO Ha ypOoKe
OH MOJCUMTAJ] CYMMYy BCEX HATypaJlbHbIX UHCel
ot 1 1o 100, ezBa TONLKO yUUTEIb KOHUMJ AUKTO-
BaTb 3Ty 3ajauy. Cam [aycc roBopui, uto oH Ha-
YUHJICS] CUMTATh paHblile, UeM roBopuThb. [1o cio-
Bam Dennkca Kaeitna, yo6oBb [aycca k cuéry
cchopmMupoBaJia ero Kak MatemaTuka: «OH Herpe-
PBIBHO CUHMTAET € TPSIMO-TaKH HernpeoGOpPHMbIM
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yIMOPCTBOM M HEYTOMHMbIM TpuJexkanueM. bua-
rojapst 3TUM MOCTOSIHHBIM YIpa*KHeHUsIM B JeH-
CTBHSIX HaJl YMCJAMH, HallpuMep HaJl IeCTHUHbI-
MH IpPOOSIMH C HEBEPOSITHBIM UHCJIOM 3HAKOB, OH
He TOJIbKO JOCTHUTAeT U3YMHUTEJbHOH BHPTYO3HO-
CTH B TEXHHMKE cueTa, KOTOPOW OH OTJIMYaeTcs
BCIO CBOIO >KM3Hb, HO €r0 NamsTh OBJIaJeBaeT Ta-
KHUM KOJIOCCAJIbHBIM UMCJIOBBIM MaTepHasioM, OH
npuobperaeTr Takoi GoraThlil OMBIT M TaKylo LIH-
pOTYy Kpyrosopa B 00J1aCTH YHCeJ, KAKHUM HaBpsL
Jiu obJ1azalg KTo-au60 10 uiu nocde Hero. ITyrem
HaO0JII0/IeHHsl HaJl CBOMMH UHCJIaMH, CTaJIO ObITb,
MHJIyKTUBHBIM, «3KCIEPUMEHTAJbHBIM>» MyTEM OH
y’Ke PaHO MOCTUraeT oOlIHe COOTHOLIEHHST U 3a-
KOHBI.»

Mbl He MOXKeM Tepeuync/uTb 3/lech Bce Ma-
TemMaThyeckue oTKpbITHs [aycca. Pacckaxewm 06
olHOM U3 HUX. E1é marematukam apeBHeil Ipe-
1y1 ObJIO W3BECTHO, UTO TPHU MOMOLIM TOJBKO
LUMPKYJIsl U TIMHEHKH MOYKHO CTPOUTh MPaBUJIbHbIE
MHOTOYTOJIbHUKH C TPEMSI, MSITbIO U MSTHAALATHIO
CTOPOHAMH, a TaKXKe TakHe, KOTopble MoJyJaioT-
C5l U3 MepeuMCc/IeHHbIX BbIlE yIBOEHHEM UYHCJIa
CTOPOH: TMpaBWJIbHbIE 1€CTUYTOJbHUKH, NECSTH-
YTOJIbHUKH, ABEHAALUATHYyroJbHUKH, U T.A4. M ¢
TeX MOp HUYero NMPUHUMMHAJILHO HOBOTO B 3TOH
o6sactu no laycca cuenano e 6buio. B 1796
rogy laycc nokasas, uTo ec/id 1 eCTb MpOCToe
uncao srga 22 + 1, To MPaBUJIbHBIA 1-yTOJBHUK
MOXKHO MOCTPOUTH C MOMOLIBIO TOJNBKO LIMPKYJIs
¥ JuHeliku. B qactHocTH, npu £ = 2 nosydaetcs
n =17, npu k = 3 — npoctoe uncsao 257.

[aycc npekpacHo 3Hasl KJlacCHUeCKHe f13bl-
KU W B MOJIOLOCTH KoJjlefaJicsl, UeM eMy 3aHsATb-
csl — MareMaTHKOW wiu cusosiorueil. Bmecre
C U3BeCTHbIM (husnkoM BeGepom onu u3o6pesiu
3JIEKTPOMarHUTHbIA Teserpacg. [ayce 3Hat o cy-
1LleCTBOBAHHH HEEBKJIMIOBOH Fe€OMETPUH elle 10
TOro, Kak mno3Hakomuscs ¢ pabortoit JloGaues-
ckoro. [aycc 6bl1 OueHb 3aMKHYTBIM UeJIOBEKOM.
Bcio cBoio xKu3Hb oH mpopaboTas B [eTTuHreH-
CKOM YyHMBepcHTeTe (B TOM CaMOM, B KOTOPOM
yuujIcs) B KauecTBe mpoceccopa M AMPeKTOpa
aCTPOHOMHMYECKOH 0OCepBaTOPHH.

Cumeon [Henu Ilyaccon (1781—-1840) —
(bpaHIly3Kuil MaTeMaTHK, (PU3UK H MEXaHUK, NPO-
teccop, uineH [1apukkoi akajeMun HayK, MOUET-
Hbiit uneH [lerepOyprekoit AkageMuH, poauscs
B [TutuBbe. B 1798 rony on nocrynua B [Tosu-

TeXHHUECKYIO 1IKOJy. 3/1eCk Ha ero CrocoGHOCTH
oOpaTH/M BHUMaHHe M3BECTHEHlIne MaTeMaTHKH
Jlannac u Jlarpan:xk. [To okoHuanuu kypca Ilyac-
COH OCTaJICsl PEMNoiaBaTh B 3TOM 3HAMEHUTOM B
TO BpeMsl yueOHoM 3aBesieHun. B 1816 roay ero
Ha3HAUMJH TTPOo(eccopoM palloHaJbHON Mexa-
HUKM yHUBepcuTeTa B CopbonHne. [lyaccon Hanu-
caJl cBbllle TPEXCOT paboT, 3HAUUTEJbHAS YACTh
KOTOPBIX ChIrpaJia BaxKHYI poJib B CTAHOBJIEHHUH
coBpeMeHHOI HaykH. B obsactu HeGecHOl Mexa-
HUKY BaxkHeiline pabotbl Ilyaccona kacatores
CMeUMaNbHbIX 3a/1a4 JIYHHOH W TJIAHETHOH Teo-
pUH, a TakKe YCTOHUMBOCTH COJIHEUHOH CHCTe-
Mbl. OH ony6JMKOBasl KypC MeXaHHKH, B KOTO-
pom pasBuJa ujeu Jlarpamxka u Jlansaca. Ilyac-
COH OCHOBaTeJ/IbHO pa3paboTajl MHOTHE pasjiesibl
MareMaTHueckol (uanku. BaxkHoe MecTo B ero
UCCIIeI0OBAHUSIX 3aHUMAIOT paboThl M0 GaJJIHCTH-
K€ W IHApOMexXaHHKe.

CyliecTBeHHOE 3HaueHHe HMeloT paboThl
[lyaccoHa, nocBsillieHHble ONpele/ieHHbIM HHTe-
rpajiaM, TEOPUU BEPOSITHOCTEH W APYrHM pasfe-
Jam matemaTuku. MHTepecHa cynp6a onHOH pa-
60tbl [lyaccona, cBs3aHHOU ¢ cyneGHON cTaTH-
ctukoil. IlyaccoH nmpoBén uccienoBaHue MPHUro-
BOPOB B yroJIOBHbIX cynax. s aToro oH paspa-
60TaJ crielMaNbHbIA MaTeMaTHYeCKHH anmnapar 1
TOJTy4HJT (POPMYJTBI /IS MPUOJIMKEHHOTO pacuéra
6HHOMHUa/IbHBIX BeposiTHOocTel. [Tpotsio Tpu yer-
BepTH Beka, npexje uem Pesepdopn u leiirep,
BIepBble HCCJ/IEN0BABLINE aJb(a-paaranuio, mo-
KazaJsu, uto dopmysibl ITyaccona umeror npume-
HEeHHe B pasJjIMUHbIX OTpacJsix Haykd. B HacTo-
silliee BpeMsl OHU MPUMEHsIIOTCsT B GHOJIOTHH, Te-
OpPHH MacCOBOro 0OCJy>KUBAHHH, BOCHHOM JleJie,
MeJIMLHHe, TICHXOJIOTHH, H T. JL.

Hukonas UBaHoBuua JloGaueBckoro
(1793—1856) anramiickuit matemaTtuk Kuud-
tdopn nHazBan «KorepHukom reomerpuu». Ileii-
CTBUTEJIbHO, OTKpbITHE Jlo6aueBCKUM HeeBKJH-
JIOBOW TEOMETPHH COBEPILHNJIO TAKYIO XK€ PEeBOJIIO-
LIMI0 B HayKe M UeJIOBEUECKOM CO3HAHHH, KaK H
otkpbiTHe Hukosniaem Konephukom (1473—1543)
reJIMOLLEHTPUYECKON cucTeMbl MUpa. C JpeBHHX
BpPeMEH JIIOM ToJlaraju, uTo 3emJisl siBJseTcst
LIEHTPOM MHPO3JaHHsl, ¥ UTO OKOJIO 3eMJIH Bpa-
watorcss 1 CoJsiHLle W Bce Ipyrue niaHersl. Ko-
MepPHUK OblJ1 MEPBbIM U3 YUEHbIX, KTO CMEJIOCTBIO
CBOEr0 TeHUsl pas3pyLUnJ 3Ty MPHUBBIUHYIO CXEMY.
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JloGaueBckuil ke Obl1 MEPBbIM, NPEOLOJIEBLIHM
CTEPEOTHIT «EBKJUI0BA MbILIJICHUS», OH MOHSLI,
UTO CYLLECTBYIOT JIpyrHe reOMeTPHH, H CyMedl J10-
Kazatb 370. C dusocodpckoil Toukn 3peHust o6a
BeJIMKMX OTKpbITHsl — Konepuuka u JloGaues-
CKOT0 — 03HAMEHOBaJIM BCTYyIIIEHHE YesoBeye-
CTBa B HOBYIO 3110XY, KOTJIa Bceobliee NMpU3HAHHE
Hauasa rnoJyyaTb Hjaest eIMHCTBA MHpA.

Jlo6aueBckuii ponuscst B 1792 rony B Hik-
nem Hosropoze. Ero npoucxoxenue 10 cux nop
SIBJISIETCS] 3arajlkol [J1sl HCTOPUKOB, HO TOUHO H3-
BecTHO, uTo B 1802 romy on nocrynua B Kasan-
CKYI0 THMHA3HI0, a uepe3 MATh JIET — B TOJbKO
yto OTKpBIThIF KasaHnckuii ynusepcuter. B sto
BpeMsl TyJla Npuexaju npodeccopa u3-3a rpaHu-
Lpl, B TOM uucje U Bapresbe, ¢ KoTopbiM Hauu-
Hasl u3yuaTb MaTeMaTukKy mosiofou laycc! Bap-
TeJIbC BCKOPE 3aMeTHJl HEOOBIKHOBEHHbIE MaTe-
MaTHueckue criocobHoctH JloGaueBcKoro u cras
€ro HayyHbIM pykoBoauTeseM. Bjaronaps coe-
My HaCTaBHHKY, >KHBOH W HeoOblYaiiHO H300peTa-
TeJILHBIN 110 YAaCTH pasJ/HuHbIX Mpokas JloGauen-
CKHI YCTIENIHO 3aKOHUHJI YHUBEPCUTET M OCTaJs-
cst B HeM nipenofaBatb. C 1816 rona JloGaues-
ckuil yxe npoceccop, a ¢ 1820 — nekan u-
3MKO-MaTeMaTHUECKOro (akyJbTeTa.

OnapenHocTb JIo6aueBCKoro NposiBUIach He
TOJIbKO B MarematHke. OH 3aHMMaJICsl MeXaHH-
KoH, (DU3WKOH, acTpOHOMHEH, MHOTO BpeMeHH
YAEJ/IsJ1 BOCIIMTAHUIO lOHOLLecTBa. Jlo6aueBCKUi
Obl1 TaJaHTJIUBBLIM nejgaroroM. B ero peun «O
Ba)KHEHLINX MpeAMeTax BOCMHTaHHS», MPOU3HE-
cénnoit B 1828 romy (uepe3 roj mocse BCTYI-
JICHHsl B JOJDKHOCTb pekropa KasaHckoro yHu-
BepcuTera), ecTb ¢/10Ba: «KHUTb — 3HAUUT uyB-
CTBOBAaTh, HACJAXKAAThCS KU3HbIO, UYBCTBOBATh
HeMpecTaHHO HOBOe, KOTopoe Obl HAloMHHAJIO,
UTO Mbl KMBEM. .. Bynem ke 10poKUTb KH3HbIO,
M0Ka OHa He TepsieT CBOEro J0CTOMHCTBA. IlycThb
MPUMEpPBI B UCTOPHH, HCTHHHBIE TTOHSITHS O UECTH,
JOOOBb K OTEUECTBY, NPOOYKAEHHASA B IOHDIX Jie-
Tax, JajyT 3apaHee To GJaropojHoe HampasJe-
HHE CTpacTSM M Ty CHJY, KOTOpasi 1I03BOJISIET HaM
TOP?KeCTBOBATh HAJl Y2KACOM CMEPTH.»

Cam JloGaueBckuii TBepHO NpUAEPKUBAJICS
TeX TIPUHLIMIIOB, KOTOpble MpornoBenoBat. Ero
UECTHOCTB M MPSIMOTA, HCKJIOUHTENBHO 106pOCco-
BECTHOE OTHOLIEHHE KO BCeMy, 3a UTO Obl OH HHU
B351JICS, CHUCKa/NU eMy abCOJIIOTHBI aBTOPUTET

cpenu mpenojaBatesell U ctyneHToB. 3a 20 Jer
PYKOBOJICTBa yHHBepcHTeTOM, JloGaueBcKUi cie-
JlaJl /151 Hero HeoObluakiHo MHoro. M ceifuac reo-
MeTpuuecKasi kosa KasaHCKoro yHuBepcHTeTa
SIBJISIETCS OJIHOH M3 CaMbIX M3BECTHBIX Y HAC B
CTpaHe U 3a py6exKoMm.

Muxaun BacuabeBuy OcTporpaackui
(1801—1862) Obl1 OHUM M3 KPYMHEHIIUX pyC-
ckux MmatemaTHkoB XIX Beka. B orinume ot
JloGaueBcKkoro, paGoTbl KOTOPOro He MOJyYHJIH
NPU3HAHUS TIPU »KU3HH UX aBTopa, uMs Octpo-
rpajcKoro 6bI0 XOPOIIO M3BECTHO HE TOJBKO B
Poccuu. On 6bl1 uzbpan akagemukom Poccuii-
ckoil, Amepukancko#, Pumckoit u TypuHCKO#
aKajeMui, ujeHoM-KoppecronaeHToM [lapuxk-
ckoii Akamemun HayK. C HecsiTH JIeT OH Meu-
TaJ CTaTh BOEHHBIM, W JIMIIb CJydailHO momnaJ
B XapbKOBCKHMH yHHUBepcUTeT. MartemMaTHiyecknh
tanant OCTporpajackoro oOHAPYKHUJICS yxKe Ha
BTOPOM Kypce, a Ha TpeTbeM OH OJiecTsllie Caall
9KCTEPHOM BbIIyCKHble 9K3aMeHbl. OJiHaKO H TO-
rlla B YHHBepcHTeTax ObIN BJHUSATEIbHbIE JIO/H,
JUIST KOTOPBIX BCSIKUH Ta/laHTJMBBIH M HE3aBUCH-
Mblil uesioBeK — 6esibMo B ryagy. OHU cymesu
JuuuTb OCTporpajicKoro AunjaoMa, OOBHHUB €ro
B BosibHOyMcTBe. C 1822 no 1828 rox Octpo-
rpajackuil yuwics B [lapmke, cayuias Jjexkunu
Awmnepa, Koum, Jlannaca, Ilyaccona, ®ypbe.
Bepnysiuuch B Poccuio, oH Hauas mpenojaaBaTh
B [naBHOM mepnaroruueckom uncruryte (Ilerep-
6ypr) u B 1830 roay noJyuns 3BaHue akajaeMuKa.

OctporpalicKuil ToJlyuus1 BblIaloLIMecs pe-
3yJIbTaTbl B MaTeMaTHKe U MeXaHHKe; 3aHUMaJICs
6a/JIMCTHKON, Teopuel BeposSITHOCTEH, pasJ/nu-
HbIMU 3ajlauaMHi MaTeMaTHUeCKOH (DU3MKH: pac-
MPOCTPAHEHHEM BOJIH Ha MOBEPXHOCTH KHJKO-
CTH, pacnpocTpaHeHHeM Terla, Teopuel yrapa,
ypaBHEHHUSIMH JIBHXKEHUs1 yripyroro Teja. Kaxuo-
My MaTeMaTHKy U (hM3UKY M3BeCTHA ToJydeHHast
UM BakHeillIasi popMysia KpaTHOrO HHTErpUpO-
BAaHHUS, C TOMOLIbIO KOTOPOH 7-KPATHLIA HMHTe-
rpaJt cBojuTcst K (1 — 1)-kpatHomy. Bbiiatotuii-
csl MaTeMaTHK M OJiecTsAlMi JekTop, OcTporpaa-
CKHUH OKa3aJl OrpOMHOE BJIMSIHME HA PAa3BUTHE Ma-
TeMaTHuecKoH 1Kosbl B Poccun, Ha npenonaBa-
HHe MaTeMaTHKH B POCCUHCKHX YHHBEPCHTETAX.

dapuct laya (1811-1832) — camas po-
MaHTHYeCKasl U camasl Tparudyeckasi JJM4YHOCTb B
rcTopru MaTeMaTHKU. OH TOrHG Ha Jy3Ji, KOorja
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emy Obu1 21 roxa. [To npenanuio, B MocJ/eaHION
HOUb MepeJl 3TUM POKOBBIM COOBITHEM OH OTKPbLJI
TO, UTO cefuac Ha3bIBAIOT Teopueil rpymm. M3 ero
pes3yJIbTaToB CJ1eJ0BaJjo, B YACTHOCTH, PeLIeHHe
OJIHOH U3 BaKHEeHIIMX MpoOJieM, a UMEeHHO, 10Ka-
3aTeJIbCTBO TOTO, UTO He CYIIECTBYET 0b111el hop-
MyJibl J/151 pelleHHsl YPABHEHHUH Bblllie YETBEPTOH
cteneHu. Tenepb 3TOT pasjies MaTeMaTHKH TaK U
Ha3bIBAIOT: Teopus laJya.

JKusHb He GasioBasia dBapucTa: OH ABAXKIbI
He MOT MOCTYNUTb B [ToJIMTEXHUUECKYIO LIKOJY,
6b yBosien M3 Hopmanbhoii wkosb'®, nocie
yuacTusi B pepoJiiotinn 1830 rona HECKONbKO Me-
csileB npocuaes B TiopbMe. CTaTbl, MOCJaHHbIE
UM B 2KypHaJl, Tponaju U He Oblik ony6JHKOBa-
Hbl. OH 3apaGaTbiBaJsl TpernojiaBaHueM Marema-
THKH, U €CTECTBEHHO, XKWJ BecbMa CKpoMHO. O
€ro 3ameuaTesibHbIX OTKPBITHSIX MAaTeMaTHUECKHi
MU y3HaJ Jiniilb B 1846 roay, Korjia BriepBbie Obl-
Ja onybJMKoBaHa ojiHa U3 ero pabdot. Ternepb BO
BcexX ydyeOHMKax [ajsya BroJIHE 3acCJ/y»KEHHO Ha-
3bIBAIOT FeHHEM, 3Be3J10H MepBOil BeiMunHbl. Kak
»KaJjlb, YTO OH »KHJI TaK HEeL0Jro!

Kapan Teopop Buabreabm Beiiepuirpacc
(1815—1897) pomuacs B OcteHdenbie. Crelu-
aJbHOrO BbICIIEro o6pa3oBaHusl He umesn. KM3y-
yaJl lOpUAMUecKre HayKu B DoHHe, HO, yBJjeK-
IIKMCh MAaTeMaTHKON, OCTaBHJ IOPUAMUYECKHUH ha-
KyabreT. B 1841 cnan sk3ameHbl Ha 3BaHKe yud-
tesst. B 1842—1855 ronax npenojapaj MateMa-
THKY B KaTOJIMUECKHX CPeHUX yueOHbIX 3aBejie-
Husix roponoB [eiu-Kponca u bBpoyn6epra. C
1856 — skcTpaopauHapHbiil, a ¢ 1865 — opau-
HapHbl# npodeccop bepauHckoro yHuBepcurera.

B 1873 rony Beiiepuirpacca uzbpann pek-
TOopoM yHHBepcuTeta. Bo BerynuTesbHOH peun
OH, B 4acTHOCTH, cKazas: «CTyJeHT He J0JKeH
paccmaTpuBaThb KaK VIaBHYIO LeJb CBOEH yue-
Obl cO0Op 3HAHHU, KOTOpble MPAKTHYECKH HyXK-
HO MPUMEHUTb HEMEeMJIEHHO WM B Oyaylluem, a
JIOJ’KEH, TIPEXKJe BCEro, HayuHTbCS YUEHHIO. ..
Yenex akaaeMHUyecKHX 3aHSITHH OCHOBBIBAETCS
60JIbllIel YacTblo HA TOM, UTO yuuTess OGecripe-
PBIBHO HAMpaBJslOT yuyallMXcsl K M3bICKAHHUSM,
HO 3TO HaJ0 OCYLIECTBJSATH HE MeaarorHuecku-
MH yKa3aHHSIMH, a, B OCHOBHOM, T€M, UTO MpH
YTEHHUH JIEKLMH 10 KAaKOH-JAHO0 JUCLHMIIMHE HU3-

JlaraTb MatepuaJg Tak, 4ToObl yualyecs moHuMa-
JIM, TI0O KAKOMY MYTH 3peJIblid U y2Ke BJaAeiolUi
MCCJIeIOBAHUEM MbICJIUTE/b 0JKEH HITH, YTOOBI
JIOCTHTHYTb HOBBIX Pe3yJ/IbTaTOB HJIH JIyulle 000C-
HOBaTh y»Ke cylllecTBylolline. Hy»KHo ykasbiBaTh
TpaHullbl HAYKH, KOTOpbIE el He MepeLi, U Te
MYHKTbI, U3 KOTOPBIX MPEACTABJSIETCS IBHKEHHE
Brepen. .. Jng Bac, jo6uMble KoJiierd, OyayT
JIOCTaTOUHBI CJIeIyollne coBeThl. .. HeT Huuero
6oJiee 6eCTJIOJHOTO 3aHUMATbCsl MHOTHM, HO HHU-
yero He M3yuaTb OCHOBATEJBHO, XapakTep Hayy-
HBIX UCCJE0BAHUH MOYKHO TOHSATh, €CJH Ty6o-
KO M JIOCKOHAJIbHO M3yuyaTb OJIH BOIMPOC.»

BosbuimnetBo pabot Beiiepuirpacca 6bl10
HareuataHo [MOCJe €ro CMEpTH, a MpPH KHU3-
HH Befieputpacca ero uied pacrnpocTpaHsifiu
MHOTOUHCJIEHHbIE CJIyLIaTes N JeKUHH U3 Pa3HbIX
CTpaH. ITH JIEKUUH MMeJH OrPOMHOe 3HaueHHe
NS pa3BuUTHsI MaTeMaTuku. [Ipumepom siBasieT-
ca mocTpoeHHass BefiepuitpaccoMm Teopusi ne-
CTBUTEJIbHBIX UMCEJI, MOCJYKUBLLIAS JIOTHIECKUM
000CHOBaHMEM MaTeMaTHuecKoro aHajausa. Mme-
HeM Befiepwirpacca Ha3BaH psii TeopeM, (yHK-
i, opmys. OH MHOTO 3aHUMaJICS TIPUJIOKE-
HUSIMH MaTeMaTHKU K MeXaHUKe W (pu3nKe, U Mo-
OUIPSJT K TAKUM HCCJIEJIOBAHUSIM CBOMX MHOTO-
UMCJIEHHBbIX YUeHUKOB. MHOIHe U3 HUX CTaJH H3-
BeCTHbIMM MaTeMaTHkaMu. Oco6o ormeTum Co-
tdbio Koanesckyto (1850—1891) — poccuiicko-
ro mMaTeMaTHKa, MUcaTesss U MyGJULMCTa, MOJy-
UMBLIYIO MHPOBOE TIPU3HAHHE.

Maduytuit JlbBoBuu YeObiwen (1821—
1894) 6w BenyuuM mMaTemaTHkoM Poccuu Bo
BTOPOH MOJIOBHHE JIeBsITHAALLATOrO cTodieTHs. OH
poruiics B cesie OkaroBe Kasykckoil ryGepHuH.
B 1841 romy okonunn MocKOBCKHMH yHHUBEPCH-
TeT U 3aTeM npernojasas B HéM o 1849 roga. C
3TOTO BPEMEHH UM JI0 KOHLA CBOeH »KU3HH Uebbi-
weB pabdotan B [letepOyprckom yHUBepCHUTETE.
YeOblleB NMpUHALIEKAN K TOMY 3aMeuaTesbHO-
My THITy YU€HbIX, KOTOpble He OTJAIOT BCIO CBOIO
JKU3Hb KaKOH-HUOYIb OHOW npobJieme, a 0CTaB-
JISIIOT SIPKUE CJIel B Pa3J/iMuHbIX 00JIacTAX Hay-
Kd. OH MoJlyuuJ1 BblaloLMecs: pe3ysbTaTbl B Te-
OpHH BEPOSITHOCTEH, CO3/1aJ TEOPHIO HAUJYULLErO
NpUOJIKEHUST PYHKLMIA MHOrOUJIeHaMH, a O ero
reHHaJ/IbHbIX BbIBOJAX B 3ajaue pacrpeieseHus

13I/ISBGCTHbIe BbICLIHE y'—le6Hble 3aBelleHrsl BO CDpaHLLI/II/I.
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MPOCTBIX UMCEN OJMH MaTeMaTHK TOr0 BPeMEHH
CKasaJl, UTo JajibHerllee MpojABHKEHHE B 3TOM
BOIpOCE CMOXKET MOJIyYHTh TOT, KTO yMHee Ye-
OblllEeBa BO CTOJIBKO Pa3, BO CKOJIbKO caM YeObl-
1ieB yMHee 0OBIKHOBEHHOTO UeJIOBeKa.

UeOblllleB M3BECTEH Kak HENpeB30HIEHHbIN
KOHCTPYKTOP Pas/IMUHbIX MEXaHH3MOB; HX OH CJie-
Jan 6oJiee COPOKa U OKOJIO BOCbMHUJIECATH YCO-
BepuieHcTBOBa . OH 1epBblil H300p&n apudmo-
MeTp HeNpepbIBHOIO AEHCTBHUS; BIEpBble, MOCJ/e
1300peTeHnsl YaTToM KPHBOLIMITHO-IIATyHHOTO
MeXaHH3Ma, NpeoOpasylolero B MapoBOH Ma-
LIMHE BpallaTeJbHOE JBHXKEHHE B MOCTYNATE/b-
Hoe, UeOblllleB MOKasas, Kak yCOBEpPLIEHCTBO-
BaTb 3TOT MexaHudM. PabGora YebObieBa «O
KpoOHKe MyaThbeB» J0 CHUX TOp siBJsieTcs: o6pas-
LIOM TTPAKTHUECKOTO MPUMEHEHUS TeOMeTpHH. A B
pabote «O MocTpoeHnH reorpaduueckux KapT»
OH pellIaeT 3ajauy O MOCTPOECHHUH KapThl ¢ Hau-
MEeHbLUMM HMCKaXKeHHeM Maclutaba, ¥ Haxo[uT,
uTO KapTy eBporelickoii uacth Poccun MoxkHO
cnenath ¢ HcKaxkenuem He Gosee 2%, a He
4—5%, KaK meaanoch B TO BpeMs.

UeobbiliieB 6bl1 H36paH UJEHOM JBYX CaMbIX
npecTH:KHbIX akanemuit — Poccuiickoit u [la-
prkcko#. OH ocTaBuJ nocJie ce0st MHOMOUHCJ/IeH-
HbIX YUEHHKOB, MHOTHE W3 KOTOPBIX CTaJjl Bbl-
JIAIOLUIMMHCS MaTeMaTHKaMH M MPUHEC]H CJIaBy
POCCHICKOH HayKe.

GPeanke KaeitH (1849—1925) wusBecren
TpexJie BCero Kak aBTop TakK Ha3blBaeMOH «Ip-
JIAHTEHCKOH TIPOrpaMMbl» — JIEKLIHH, KOTOPYIO
OH TIPOM3HEC TPH BCTYMJIEHUH B IOJZKHOCTb MPO-
theccopa IpJaHreHckoro yHuBepcurtera B 1872
rofy. KJiefiH olHUM 13 MepBBIX TOHSJ, KaKoe
BayKHOe 3HAueHWe JJis BCeH MaTeMaTHKH HMe-
€T TeOpHusl TPy, KOTopas Torjaa ToJbKo HauaJa
pasBuBatbcsi. OH TOHSJ, UTO TPYMIbl BO3HUKA-
IOT BO MHOTHX 00JIaCTSIX MaTeMaTHKH, U 3TO, C
OJIHOH CTOPOHBI, 1a€T BO3MOXKHOCTb CPaBHUBATb
passnuHble 00J1aCTH MaTEeMaTHKH MexXy COOOH,
a ¢ Jpyroil CTOpPOoHbl — OGbEJUHSET UX B OJHO
1eJioe, B €IMHYI0 MaTeMAaTHKY.

OcHoBHas1 ujiest DpJIaHreHCKOH MPorpaMMbl
KJefiHa cocTOUT B TOM, UTO IPYIIbl MOXKHO TPH-
MEHHUTb JIJIS KJacCH(UKALMH Pa3JIMUHBIX FeOMeT-
puii. Hanpumep, eBKJIMI0OBa reOMeTpHs], KaK H3-

BECTHO, M3yuaeT CBOHCTBA (PUTYP, COXPaHSIOIIM-
ecsl TIpU JBHKeHUsAX. Bce nBikeHusi o6pasytor
rpynny OTHOCUTEJbHO OMepaudd KOMITO3ULHH.
[TosTOMY €BKJIMIOBY reOMeTpHio (Ha MJIOCKOCTH)
MOXKHO OMKCaTh TaK: HA TJOCKOCTH JIeHCTByeT
rpynna JBHXKEHWH, a Te CBOHUCTBA (UTYpP, KOTO-
pble COXpaHSIOTCS NP BCEX ITHUX JBHKEHHUSIX, H
COCTABJISIIOT NPEMET U3YUEHHUs eBKJIUJ0BOH reo-
MeTpud. Ec/aM B 3TOM orpeleseHHH 3aMEHUTb
rpynny ABHXKEHHH Ha KaKylo-Ju60 APYryto rpyrn-
ny, TO MOJYYUM U JIpyTyio reoMeTpHio. Tak mosty-
yaloTCs BCE KJAacCHUeCKHe reOMeTPUH — eBKJIH-
NoBa, acduHHAas, MpoeKkTHUBHAs, reomerpus Jlo-
6aueBckoro u apyrue. Takum o6pa3om, Kaxuas
reoMeTpHsl TIOPOXKAAET CBOIO IPYyMIy, a Kaxkaas
rpynna — CBOIO IeOMETPHIO.

Kseitn npuMeHns Tpynmbl U B IPYyrUX pasje-
Jlax MaTeMaTHKH, B YaCTHOCTU B Teopuu Jaudde-
peHUHMabHBIX YpaBHeHHi. O6beauHstomas poJb
TEOPHH IPYMIT B MaTeMaTHKe cKa3aJsach U Ha MH-
poBOM MartemaTHueckoM coobuiectBe. B Tertun-
FeHCKMH YHUBEPCHUTET B TO BpeMsl Che3xKa/HcCh
y4€Hble BCEX CTpaH, OH CTaJl BEAyLMM LEHTPOM
MaTeMaTHUeCKHX MCCJIe/l0BaHUH.

Anpu INyankape (1854—1912) — Besnuaii-
LM MareMaTHK BTOpoH noJsioBuHbl XIX Beka.
Ero HayuHoe Hacsieue cocTaBasitoT 6oJiee NMsTH-
COT KHHUI' M HayUHbIX CTaTel, MOCBSLIEHHbIX pa3-
JIMUHBIM pasjielaM MaTeMaTHKH, TeOPeTHUeCKOH
(husvike, HebeCHOH MexaHuKe, UIOCODUU Hay-
k. OH paspaboTan HOBble METOMBl MpPaKTHUe-
CKM BO BCexX pasjenax marematuku. Hukro us
coBpeMeHHHKOB [lyaHkape He Mor Tak riy6oKo
MPOHUKHYTb B CTOJIb GOJIbILIOE KOJHUECTBO 00.1a-
cTell HaykH. Ero padortocrnocoGHoCTb Obliia than-
tactuueckoil. Kakablit roJi OH unTaJj JeKLU1H Mo
HOBOMY TIpeMeTy, MHcaJl MOMyJIsIpHble KHUTH T10
MaTeMaTHKe, KOTOpble HMeJH OFPOMHBIH ycrex 1

ObLIH rnepese/ieHbl Ha MHOTHe H3bIKI/Il4.

Ponuncs Tlyankape B ropome Hawcu, ero
otell Ob1 npoeccopoM MeauuuHbl. Emié oymny-
Uy yUEeHHUKOM Jiiliesi, AHpY 3aHUMAET MepBoe Me-
CTO Ha MaTeMaTHuecKuX KoHkypcax B 1872 u
1873 ronax. Oxonuu [losnTexHuYeCKylO 1LIKO-
Jy — HauboJiee MpecTHKHOE Bbicllee yueOHOe
3aBejieHde Bo PpaHUMK H FOPHBIH HHCTUTYT, OH
HaulHaeT MpernojaBaTh cHavdajsa B Kane, 3atem

"Ha pycckom sizbike em.: [Tyankape A., O nayke. — M., 1983.



348

[Mpunoxenue |

B [Tapukckom yHuBepcutete. Anpu [lyankape
Obl1 wieHoM GoJiee ueM 35 akajeMHuil MUpa, O
HéM HamucaHo MHoro KHur. Ero HayuHoe HacJe-
Iie, V€W U OTKPBITble UM MaTeMaTHYecKHe Me-
TOJBI 10 CHX TIOp MPECTABJSIOT KOJOCCATbHYIO
LEHHOCTb /ISl HAYKH.

Hasun Muasbepr (1862—1943) 6bi1 BTO-
pbiM, Hapsiay ¢ [TyaHkape, BesquafiiinM MaTema-
THKOM JIEBATHAILATOTO — JIBAIIaTOro Beka. Kak
u [lyankape, oH ocTaBuJl SIPKHH CJlell BO MHO-
rUX 00J1aCTAX MaTeMaTHKH, PELLUJ PSIL CJOKHEH -
mux 3aaad. B cBoeii 3namenuroit kuure «OcHo-
BaHUsI TEOMETPUU» OH MPOAHAJIU3HPOBAJ CHCTE-
MYy aKCHOM €BKJIMIOBOH FeOMETpPHH U, 10 Cylile-
CTBY, BIepBble ChOPMyJIHpoBaJ TpeGOBaHHS, KO-
TOPBIM JI0JDKHA YAOBJETBOPSTH Jt06ast akcuoMa-
THUecKasl cucteMa. MoxKHO ckasaThb, UTO C 9TOH
KHHTH HauaJjach HayKa, KOTopasi Ternepb HasbiBa-
eTcsl «0CHOBaHUs MaTeMaTHKK». B 1900 rony Ha
MexnayHaponHom KoHrpecce MaTeMaTUKOB [uJib-
6epT copmyanpoBan 23 3ajgauu (Tak HasblBa-
emble [Ipo6aembl [unab6epra), KoTopble cuuTas
HanboJIee BazKHBIMU JI/Is1 MaTEMaTHKH Oy/LylIEero.
Hexkoropble U3 3THX NpoOJsieM yxKe pellleHbl, B
TOM UMCJIe — M POCCHHCKUMM MaTeMaTHKaMH.

Bosbliuyto yactb cBoedt xku3nu [uaboepr npe-
nojnaBaJj B [eTTHHreHCKOM yHMBEPCHTETE, KOTO-
pblii 6s1arojiapsi ero TeHWIO W TelarorHuecKoMy
MacTepCTBY CTaJl OJHHUM M3 BeyIIMX MaTeMaTH-
yecKux LeHTpoB Mupa. OjpHa u3 KHUT [uabbep-
tTa «Harnsanas reometpusi», HanucaHHas UM B
coaBtopctBe ¢ C. Pon-Koccenom, 10 cux nop
SIBJISIETCSl OJIHMM M3 JIyULUMX YueOHHKOB IO reo-
METPHUH.

Anb6ept ditHwiteiH (1879—1955) — ca-
MbIH 3HAMEHHTBHIH yueHblH XX BeKa, poauscs B
r. Yabme (Tepmanus). OKOHUUB TOJUTEXHUKYM B
[liopuxe, oH cHauaja paboTaj yuuTeseM, 3aTeM
cayKalmM enepasbHOro naTeHTHoro 61po B
Bepue. Hauunnas ¢ 1911 ropa, D#HuuTeiin npeno-
naér B Liopuxckom, ITpaxkckom u BepianHckom
yHHUBepcuTerax, a nocje 1932 rona, BeiencTue
ycusienus Qamudma B [epmaHun, oH OblT BbIHY-
)jeH nepeexath B [Ipuncron (CILIA).

[naBHO# 3acsyroil JiiHiITelHA sBJsETCS,
KaK M3BECTHO, OTKDbITHE CHeyuarvHol u 06-
wetl meopul OMHOCUMEAbHOCMU, KOTOPast U3-
MEeHHUJ/Ia B3IJIsSIbl YUEHBIX HA MPOCTPAHCTBO, Bpe-
M U TSITOTEHHE, TIOMOTJ1a CO3/1aTh 001y KapTH-

Hy (pM3UUECKOro MHpa, CYLIeCTBEHHO MPOJABHHY-
Jla BIiepe] HayKy, MpexJe Bcero — (QU3UKY. JH-
LUTEHH MOJyYHJl BbIAIOLIHECS Pe3yJbTaThl B pas-
JIMUHBIX pa3nenax Guanku. 3a paboTel B 061aCTH
TeopeTHUeCKOH (PU3UKH U OTKPBITHE OoTO3h(eK-
ta emy npucymin B 1921 romy Hobenesckyto
npemuto. OH co3/1a/7 KBAHTOBYIO TEOPHIO CBETA,
BHEC CYILLECTBEHHBIH BKJIA B TEOPHUIO0 OPOYHOB-
CKOTO JIBU’KEHHS U T. II.

Pa6oTel DiHITeliHA UMEIOT U Tyy6oKoe (-
Jgocockoe 3HaueHre. OCMBbICTEHHE B LEJOM TOH
KapTHUHbl MHpa, KOTOPYIO JAa€T HaM TEOpUsl OT-
HOCHTEJIbHOCTH, TPOJIOJIZKAETCS 10 CHX MOop. DH-
ITelH OBl BBIAAIOLUIMMCS MALU(UCTOM, aKTHB-
HBIM YYaCTHHKOM aHTH(ALIHCTKOTO JABHIKEHHSI.

HopGept Bunep (1894—1964) — amepu-
KaHCKUH yueHblH, «oTel KHOepHEeTUKH» — OJIMH
CaMbIX HM3BECTHBIX MAaTeMAaTHKOB HAlllero BeKa.
Hcenenyst anasorun Mexy npoueccamu, mpouc-
XOJISIIMMH, C OJIHOH CTOPOHbBI, B 3JIEKTPUUECKUX
1 3JIEKTPOHBIX CUCTEMAX, a C JIPYrOi — B YKUBbIX
OpraHu3Max, OH co3Jiajl HOBYIO HayKy — HayKy
00 ynpaBJIeHUH, KOTOPYIO Ha3BaJsl KUOepHEeTHKOH
(1948). [lIupoko H3BeCTHBI €ro KHUIH «bBbIBLIM
BYHIEPKHHA», «JI — marematuk», «KubepHeru-
Ka U ob6uectBo». On 3uat 10 $13bIKOB, HO €ro
orell (Bbixosell U3 Poccnu) snan ux 30!

Anppeit HukonaeBuu Kosamoropos
(1903—1990) — BblpatOUIMICS POCCUHCKUI Ma-
TeMaTHK, BHECIUMHA BECOMbIH BKJaJ BO MHOTHE
pasziesibl MaTeMaTHKH, B 0COOEHHOCTH, B TEOPHIO
(YHKUMH ¥ Teoputo BepositHocTel. MM Hamu-
caHo 230 HayuHbIX paboT, 3HAUMTENbHAS YacThb
KOTOPBIX HOCHT MPHKJAJHOH Xapakrep (Teopus
CTpesbObl, CTATUCTHUECKHE METOJbl KOHTPOJIS
MaccoBOH MPOAYKLMH, TEOPUS Mepefaul UHpop-
Malli¥ 110 KaHaJjaMm CBsi3 U T.J.). B 32 rona
KoJsiMoropos craji 10KTOpoM (pu3uKO-MaTeMaTH-
YyecKHX Hayk, B 36 JieT — akajemukoM. Ero 3a-
CJIyTH B MaTeMaTHKe HEOJJHOKPATHO OTMEUaJIUCh
MEXKIIyHAPOJIHBIMH TIPEMUSIMH, OH HArpaXKaéH ce-
Mblo oplieHamu Jlenuna, opaeHom Kpacnoro 3Ha-
MeHu U menansimu. ¥ Kosmoroposa 66110 MHOTO
YUEHHKOB, CTaBIIUX BIOCJEJCTBUH H3BECTHbBI-
MH MaTemMaTHKaMH. OH aKTHBHO yuyacTBOBaJ B
COBEPUIEHCTBOBAHWM ULIKOJILHOTO 00pa3oBaHus
B CTpaHe, $IBJSIETCS aBTOPOM 3ameuaTesbHbIX
y4eOHUKOB [0 MaTeMaTHKe.



[Mpuaoxenue Il
CnpaBouHble

TaOJULLBI

3Hauenus auddepeHumanbHoi pyHkuuu Jlanaaca o(x) =

Vor
x o p(x) x o px) x o px) x o px)
0,00 0,3989 0,80 0,2897 1,60 0,1109 2,40 0,0224
0,10 0,3970 0,90 0,2661 1,70 0,0940 2,50 0,0175
0,20 0,3910 1,00 0,2420 1,80 0,0790 2,60 0,0136
0,30 0,3814 1,10 0,2179 1,90 0,0656 2,70 0,0104
0,40 0,3683 1,20 0,1942 2,00 0,0540 2,80 0,0079
0,50 0,3521 1,30 0,1714 2,10 0,0440 2,90 0,0060
0,60 0,3332 1,40 0,1497 2,20 0,0355 3,00 0,0044
0,70 0,3123 1,50 0,1295 2,30 0,0283 400 0,0001

3HaueHus uHTerpadbHoi pyHkuuu Jlanaaca ¢(x) =

| i 2
—— [ e 2dt
\/27r0/

X D(x) X D(x) X D(x) X D(x)
0,00 0,0000 0,80 0,2881 1,60 0,4452 2,40 0,4918
0,10 0,0398 0,90 0,3159 1,70 0,4554 2,50 0,4938
0,20 0,0793 1,00 0,3413 1,80 0,4641 2,60 0,4953
0,30 0,1179 1,10 0,3643 1,90 0,4713 2,70 0,4965
0,40 0,1554 1,20 0,3849 2,00 0,4772 2,80 0,4974
0,50 0,1915 1,30 0,4032 2,10 0,4821 2,90 0,4981
0,60 0,2257 1,40 0,4192 2,20 0,4861 3,00 0,49865
0,70 10,2580 1,50 0,4332 2,30 0,4893 4,00 0,499968
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Ta6auua CHenekopa ans ypoBHsi 3Hauumoctu P = 0,05

ko\ ky 1 2 3 4 5
1 161 200 216 225 230
2 18,1 190 192 193 193
3 10 96 93 91 90
4 77 69 66 64 63
5 66 58 54 52 5l
6 6,0 51 48 45 44
7 56 47 44 41 40
8 53 45 41 38 37
9 51 43 39 36 35
10 50 41 37 35 33
) 48 40 36 34 32
12 48 39 35 33 3
13 47 38 34 32 30
14 46 37 33 31 30
15 45 37 33 31 29
16 45 36 32 30 29
17 45 36 32 30 28
18 44 36 32 29 28
19 44 35 31 29 27
20 44 35 31 29 27
21 43 35 31 28 27
22 43 34 31 28 27
23 43 34 30 28 26
24 43 34 30 28 26
25 42 34 30 28 26
26 42 34 30 27 26
27 42 34 30 27 26
28 42 33 30 27 26
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Kpatkasa nHdpopmauus 06 aBTopax

PoranoB EBrenuit AnekcaHapoBuu — KaHauaaT U3HKO-MaTeMaTHUECKHUX
HayK, 3aBelyrolil Kadeapoil HHOOPMALMOHHBLIX CHCTEM M TexHoJoruid Moc-
KOBCKOTO MOCYJapCTBEHHOTO HHyCTPUAJLHOTO YHHBEPCHUTETA, aBTOP YyUueOGHUKOB
«OcHOBbBI MH(OPMATUKH W MTPOrpaMMHUpOBaHusi» U «IIpakTuueckasi uHdpopmatu-
ka». B MITMY nox pykoBonctBom E.A. PoraHoBa peasnusyercs crenuasbHas
nporpamma «Tpu wara K csoboaHomy [1O», npenHaszHauenHas aasi obJjerueHus
nepexojia 1KOJbHUKOB, CTY/€HTOB, yUHTeJNeH LIKOJ U MpenojaBaTesnell yHUBep-
cHuTeTa OT MPOMNPUETAPHOro MPOrpaMMHOro obecreyeHust K CBOOOIHOMY.

TuxomupoB Hukoaait BopucoBuy — kanauaat GpusaMko-maTeMaTHUECKHX
Hayk, rnpodgeccop Kadeapbl GyHKUHMOHANLHOIO aHasnu3a U reomerpuu TBepckoro
rocyfapcteeHHoro yHuBepcurera. Crienanuct B 06JaCTH MHTEPNOJHPOBAHUS,
aBTop 6osiee 80-TH HayUHBIX MyOJUKALMH U MHOTOUHCJIEHHBIX ydeOHbIX MOCOOUH,
B TOM UHcJie ¥ 1o Teopun BepositHocTel. Bmecte ¢ A. M. [llesiexoBbIM siBJIsieTCs
ABTOPOM MePBbIX yUeOHUKOB M0 MaTeMaTHKe JJIsl CTy/1eHTOB-10pUCTOB («JleKumnu
Mo MaTeMaTHKe /sl IOPUCTOB» U «MatemaTnKa: yueOHbIH Kype /sl IOPUCTOBY).

LllenexoB Anekcanap MuxaiaoBuu — J0KTOp (DM3MKO-MaTeMaTHUECKUX
Hayk, npodgeccop kadeapbl QyHKIMOHAJLHOTO aHan3a U reoMeTpun TBepcKoro
roCy/lapCTBEHHOTO YHUBepcuTeTa. ABTOp MoHOTrpaduil, yueGHUKOB, UMeeT Hoiee
CTa Hay4yHbIX paboT B 06J1acTH A hepeHLanbHOR reOMeTPHH, MHOTOYHCIEHHbIE
nyOJMUMCTHUECKHE CTaTbd MO npobseMaMm 00pa3oBaHusl U yCTOHUMBOIO pPasBU-
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