3. letikempa. “Ilucuuniansa mporpaMMupoBaHus”
IMPEONCIIOBUE PEOJAKTOPA IIEPEBOIA

IIporpammupoBanme 60raTo m MHOTOOOpa3HO. Bemb KaXKeTcs HeT TaKON Chephbl YeJOBEUYECKON MeATEIb-
HOCTH, T'Iie Hellb3si ObLIOo ObI C MOJIB30M IPUMEHUTDH BLIUUCINTENBHYIO MAIINHY OIS ONEHKW, HHGDOPMAIIMOHHO-
CIIPABOYHOIO OOCITYKUBaHUSA, IJIAHUPOBAHUS, MONEJIUPOBAHUSA U T. 1. YV 5TO MHOTOOOpasue 3amad MEPEXOmUT
B MHOroo0pasue mporpaMM, KOTOpBIE HOJIXKHBI pa3padaThiBaTh MporpaMmMucThbl. OHU TBITAIOTCS CIPABUTHCS
¢ 9TuM MHOroobpasmeM, ’3akKiIIouMB’ €ro B IPOOIIEMHO-OPUEHTUPOBAHHLIE SI3BIKYM IMIPOrPAMMUPOBAHUS. I3BIKI
BOupaioT B cebst crenuduyecKkre UepThl KOHKPETHBIX cep IPOrpaMMUPOBAHUS — XaPAKTEPHBIE CTPYKTYPHI
MaHHBIX, IPUHINANBL OPraHW3aNUKY TANAYHBIX IIPOIECCOB, COOTBETCTBYIOLIYIO TEPMUHOJIOIMIO — I TAKUM 00-
pa3oM IenaloT caM IPOIECC IporpaMmupoBaHus Gosiee yHuBepcaabHbIM. OTHOBPEMEHHO OHU OCBOGOXIAIOT
MPOrPaMMUCTOB OT HEOOXOMUMOCTHU NeTAJU3UPOBATH MPOIPAMMBI 10 YPOBHS CJIUIIIKOM MEJIKUX MAIIIMHHBIX KO-
MaHI U [a)e OT HeOOXOOMMOCTHU 3HATH OCOOEHHOCTM KOHKDETHBIX BBIUMCIUTEIBLHBIX MaIluH. bojee Toro,
OIIEPALIMOHHBIE CUCTEMBI [IPU3BAHBI IPEBPATATH BBHIUMCIUTEILHBIE MAIIMHEL U3 IPEIMETa IOCTOSHHOTO 6ecro-
KOICTBa B CyIIIeCTBa’, KOTOPBIE caMu 3a00TATCSI O IMPOrPAMMUCTE W TOTOBBI OKA3LIBATH BCAUYECKUE YCIIYTU €My
U €r0 MPOr'paMMe.

W tem He Menee, mocse TOro, Kak sobas Goilee WM MEHee CIIOXKHAs 3amada chopMyaupoBaHa (IyCTh Oaxe
B alleKBATHBIX U yIOOHBIX TEPMUHAX) U MallliHa BeIOpaHa (IIyCTh HaKe B CAMOM [IeJie TOTOBas K BCEBO3MOXKHBIM
yCIIyraM), KaXK[Iblil IPOrPAMMIECT CHOBA U CHOBA OCTAETCS ONWH HA ONWH CO CBOEWl COGCTBEHHON 3a[aueil: eMy
HYXHO COCTaBUTHL mporpamMmy! BroibpaTh, Kak MMEHHO CJIENyeT PACIOOXUTHL U CBA3aTh NaHHBIE B MAMATH,
TIOHSTH, KaKas MMEHHO IIOCIIENOBATEILHOCTDL OIEPATOPOB, — CIOCOOHBIX CHENATH BCE UTO YITOMHO U OTTOTO
OIHOBPEMEHHO U IIONATJINBHIX U OMACHBIX — BBINOJHUT IIOCTABJIEHHYO 3anady. U kak OpraHn30BaTh OIE€PATOPHI
B [UKJI, KOTOPBLIX OymeT C KaXKIbIM IIIaroM MPUOIMXKAThL MAIlMHY K HAMEUYEHHOW Ieiu. BwibpaThb, MOHSITD,
n3006peCcTr, MPOBEPUTH, YCOMHUTHCS U TIOBTOPUTH BCE CHAYAJIA.

[TokazaTeabHO, YTO XOTs B TAKUX 'BHEITHUX PAa3IeIaX MPOrPAMMUPOBAHUS, KAK SI3BIKM W TPAHCIISTOPHL,
OIEPAIMOHHBIE CUCTEMBI 1 6a3bl NAHHBIX, IIUPOKO PA3BUBAETCS U WUCIOIB3YETCs Teopus (0T MATEeMAaTHIECKOR
JIMHTBUCTUKYA U JIOTWKW JI0 CTATUCTUKA W TEOPUU MACCOBOTO OOCIIYKUBAHWS), BO BHYTPEHHUX, COGCTBEHHBIX
pasmernax MporpaMMUPOBAHUS TOCHOACTBYIOT YMEHUE W WHTYULIWS WX B JIyYIeM CJIydae TOJIe3HBIE COBETHI .
Ecrs, npaBna, HEKOTOPBIE UCCIIENOBAHNUSI, KACAIOIIINECS YK€ TOTOBBIX IIPOrPaMM, HO HET HUKAKOW TEOPUU CAMOTO
IpoIeCca IPOrPAMMUPOBAHMS.

IIpennaraemas kuura mpencrasisieT cOGOM OMUH U3 IEPBBIX IIIANOB B 9TOM HAIIPABJIEHNU. B HEN ¢ KaXXIbIM
OIIepaToOpPOM, C UX KOMOMHANWSIMUI U, B TOM THCIIE, C AKJIAME CBSI3bIBAIOTCS IPEOOPA30BAHUS IPEIUKATOB, SIBIIs-
forrecss GOpMaIbHBIM BBIPAXKEHNEM UX CBOWCTB, U OIPENEIEHIEe CBOICTB IIPOrPAMMBI B II€JIOM IIPEBPAIIAETCS
B 3aa4y JIOrudJeckoro BbiBoma. (CoGEHHO BaXKHO, UTO aBTOP OOBACHAET U NEMOHCTPHUPYET Ha MPUMEPax, Kak
1M GHOPMAIU3MOM MOXKHO TIOJIB30BATHCS I TPAKTUIECKOro mporpaMMupoBanus. [Ipu 3ToM OH, pasymeeTcs,
HE [aeT OTBETA HA BOIPOC O TOM, KaK HANNCATH JIIOOYI0 IIPOrpaMmy, — OTBETa Ha 9TOT BOIPOC BOOOIE HE
cywecrByer. OH mpemiaraeT HaM HHCTPYMEHT, IIO3BOJISIOIINIT IPOBEPSTH HAIIN TUIIOTE3BI B IPOILECCE IMPOEK-
THPOBAHUS IPOrPAMM, & MHOTA U IOACKA3BIBAIOIINI T€ WX UHBIE BAPUAHTHL PEIICHUI.

A 510 coBcem me mamno. IlpencrasbTe cebe deoBeKa, XKUBYILETO B SMOXY 3aPOXKIEHUS MATEMATHIECKOTO
aHaIm3a, KOTOPOMY HYXKHO HAaXOOUTHL HEONPEeNeSIeHHbIE MHTErPajIbl OT BEChMa IPDOMO3IKUX MOOBIHTErPDAIBLHBIX
BBIPaXKEHIHN U KOTOPBLIN 3HAET TOJIBKO OlpenesieHne IIepBoOOpa3HON QYHKINK U He 3HaeT HUKAKWUX IIPIEeMOB WH-
TerpupoBanusa. KakuMm njis Hero GbUIO0 GBI TONCTIOPLEM, eCiii OBl eMy COOBIIMIIA O TPABUIIE MHTErPUPOBAHUS 110
YaCcTsAM WU O TAKOM TIpmeMe, Kak 3aMeHa mepeMeHHbx! FEro pabora me mepecTaneT GbITH TBOPYECKON, HO Ha-
CKOJIBKO PACIIUPSTCS €r0 BO3MOXHOCTH U KAK MHOTO ITepeiaeT u3 061acTi HaXOmoK B 06IACTh TEXHUKU. 10, 4TO
OBIIIO CIIOXKHBIM, CTAHET IPOCTHIM, TO, YTO OBLIO HEMOCWIIBHBIM, CTAHET TOJIBKO CIOXKHBIM. CucrtemaTumueckoe
UCIIOJIb30BaHMe, 0000IIeHNe U PACIINPEHNE ITUX IIPUEMOB IIO3BOJINT IIOCTENEHHO NepelTu K hopMaaIn3anun, ajl-
TOPUTMU3AINN, & 3aTeM U K aBTOMATU3AINNA OTIEIbHBIX DTAIOB PEIIEHUs UJIU IOJHOTO PEIIeHUs] CIEINaIbHBIX
KJIACCOB 3a1ad

Asrop kuuru, 9. IlefikcTpa, He HyXKIaeTCsl B MIPEACTABIEHNN,— €r0 paboThl XOPOIIO U3BECTHLI COBETCKUM
nporpammucTtaM. Bwmecte ¢ Y. XoapoM OHEM HENABHO COBEPIIWJIN IMOE3NKY IO KPYIHEHIINM TOPOIaM HAIIEN
CTPAHBI, BO BPEMS KOTOPOl BHICTYIUIN C JIEKIIUSIMU [I€PEIl MHOTOUNCIIEHHBIMY Ay IUTOPUSIMUA.

O cTpyKType u CTUjie KHUTY HOCTATOYHO MOJIHO CKA3aHO B MPENUCIIOBUN aBTOpa. TaM ke OH Ipemynpexaa-
€T, UTO YATATH €ro KHUT'Y TPynHo. [IpuunHa 5TOro 3akiIouaeTcs B CIIOKHOCTH CAMUX IIPOIPAMM, TOCTY KUBIIIIX
sl Hee MaTepuaiioM. 1 xoren Gbl MOGABATH, UTO OHM CJIOXKHBI IJISI HAC TOJIBKO CEMYac, KOrIa TEOPUs IIPO-
rpaMMUPOBaHUS [ejaeT CBOM IIepBbIe waru. llpumer BpeMs, U Takue IPOrPAMMBI CMOXKET COCTABIATH (Win
BBIBOIUTD) IIPSIMO HA YPOKE KAXABIN MIKOIbHUK. VI 4To6Bl 9TO BpeMs NpubIu3nuTh, HAIO OCBAUBATE, BHEADITH
U Pa3BUBATL TEOPHUIO. A 3TOT IPOIECC JIETKO HE IIPOXOIUT.

[epeBon mpenucioBust u raas 1—7 Bemmonsen B.B. Maproaiokom, rias 821 — M.X. 3ycman, rias 22-27
— JI.B. Yxo0BbIM.
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B. Hetixempa. ”IlucuuminHa mporpaMMuapoBaHus”
IMIPEINCIIOBUE

VcTopukn Takux OpeBHUX WHTEINIEKTYAIbHbIX IUCIUILINH, KAK O3, My3bIKa, XKUBOIUCH 1 HAYKA, BBICO-
KO OIICHMBAIOT POJIb BELOAIOILINXCS IPAKTUKOB, YbI JOCTUKEHNS O0OTaTIIIN OILIT ¥ PACIINPUIIN IIPEOCTABIICHILL
TIOKJIOHHUKOB OTUX MUCIUIUINH, TPOOYAWIN U YKPETWIN TAJIAHTHI TocsenosaTeseir. To HOBoe, YTO UMU BHECE-
HO, OCHOBBLIBAETCS Ha COYETAHWMN BUPTYO3HOIO IPAKTHUYECKOTO MACTEPCTBA M IMPOHUIATEIHLHOTO OCMBICITMBAHNS
(byHIaMEHTAIBLHLIX IPUHIAIIOB. BO MHOTUX CIydasxX BAUSHUE STUX JIIONEH YCUINBAIIOCH OJIArOnaps WX BBICOKON
KyJbType, O0raTCTBY U BBIPA3UTEIHFHOCTY UX PEYN.

B »Toil kHUTEe B MPHUCYIIEM €€ aBTOPY YyTOHUYEHHOM CTUJIE MPENCTABIIEHA NPUHIUNIIAILHO HOBAasS TOYKA
3peHusl Ha CYIIECTBO NMPOrpaMMUpPOBaHUA. VICXOms m3 3TOI TOYKM 3DEHUs, aBTOP Pa3paboTall COBOKYITHOCTH
HOBBIX METOIOB IIPOTPAMMUIPOBAHUSA M CPENCTB OOO3HAUEHNs, KOTOpLIE NEMOHCTPUPYIOTCS M IPOBEPAIOTCA Ha
MHOTOUKCIIEHHBIX U3AIIHLIX U CONEPXKATEILHLIX IPUMEpPaX. DTOT TPy, HECOMHEHHO, OyIeT IPU3HAH ONHUM U3
BBIMAIOINNXCA NOCTIKEHWI B Pa3pabOTKe HOBOW MHTEIEKTYAIBHON NUCIUIINHEL — IPOrPAMMUPOBAHHS 1S
BBLIUMCIIATEILHBIX MAIINH.

Y. A. P. Xoap



3. letikempa. “Ilucuuniansa mporpaMMupoBaHus”

OT ABTOPA

Yxe maBHO MHE XOTEJIOCh HANMMWCATHL KHUTY TAKOTO Poma. Y1 3HAJ, YTO TPOrpaMMbl MOTYT OYaPOBHIBATH
INIyOMHOU CBOETO JIOTHMYECKOTO M3SIECTBA, HO MHE IIOCTOSHHO IPUXONUIIOCH YOEXIATHCS, UTO OOIBIIMHCTBO
U3 HUX TOSBIISIOTCS B BUOE, PACCYNTAHHOM HA MEXAHNYECKOE WCIIOJIHEHWE, HO COBEPIIEHHO HEIPUTOTHOM IS
YEJIOBEUECKOTO BOCIPUSITHUSL — TOE Y2K TaM IOBOPUTH 00 m3siimecTBe. MeHsI He yOOBIETBOPSIIO W TO, YTO AJILO-
PUTMBI 9acTO IIyOIMKYIOTCS B (pOpMe TOTOBBIX W3OENUH, IOUYTH Oe3 YIOMUHAHUS TeX PACCMOTPEHUU, KOTOPLIE
NIPOBONWJINICH B IIPOIlecCe Pa3pabOTKU U CIIYXKUIN OOOCHOBAHMEM IJISI OKOHUYATEILHOTO BHUIIA 3aBEPIIEHHON IIPO-
rpammbl. CHaUasIa s 3aIyMasl N3JI0KUATEH HEKOTOPOE KOJIMIECTBO M3SAIIHBIX AJITOPITMOB TAKUM CIIOCO60M, 9TOOBI
quTaTeIb CMOT IIPOYYBCTBOBATH UX KPACOTY; IJIS 3TOTO s COOMPAJICS KaxXKIBI pa3 ONUCHIBATH MCTUHHBIA MIIN
BOOOPaKaeMbIll MPOIECC MOCTPOEHUS, KOTOPBIA TPUBOAUI ObI K MOJIYUYEHUIO UCKOMOU IporpaMMbl. 91 He m3Mme-
HIWI CBOEMY IIEPBOHAYAILHOMY HAaMEPEHWIO B TOM CMEICIIE, ITO OCHOBOW 3TON MOHOT'DA(UI OCTAETCS IJIMHHAS
[TOCIIEIOBATEIFHOCTD [JIaB, B KaXIOH U3 KOTOPBIX CTABUTCS U PEILIAeTCs HOBas 3amada. leM He MeHee OKOHUA-
TeJIbHBLIN BapUAaHT KHUTH CYIIECTBEHHO OTJIMYAETCS OT €€ IePBOHAUYAIHLHOTO 3aMBbICIIa IIOCKOJIBKY BO3JIOXKEHHAS
MHOIO Ha cebs1 00SI3aHHOCTH IIPECTABIISITH PEIIEHNS B €CTECTBEHHON 1 yOenuTeIbHOM MaHepe IOBJIEKIIA 3a cOO0mn
ropasno Oosblilee, YeM sI OXKUIAJI, U ST HABCETOa COXPAHIO UyBCTBO OJIArOIapHOCTH CyIObbe 3a TO, UYTO B3sIICSI 3a
3Ty paboTy.

Korpa maunnaems nucate NOnoOHYIO KHUTY, CPa3y BO3HUKAET MPOOIeMa: KAKUM S3BIKOM IIPOIDaMMUPOBa-
Hus 0J1b30BaThesa? U 9T0 He TosbKo Bomnpoc npencrasienus! Haubosee BaxHBIM, HO B TO K€ BpeMs 1 Hanbosee
He3aMeTHBIM CBOWCTBOM JIIOOOTO MHCTPYMEHTA SIBIISIETCS €r0 BIMSHUE Ha (POpMUPOBaHUE MPUBBIUEK JIIONEH, KO-
TOpbIe UMEIOT OOBIKHOBEHUE WM TOJb30BATHCsI. Korma 3TOT MHCTPYMEHT — SI3BIK IIPOTPAMMUPOBAHUS, €T0
BIIUSHUE, HE3aBUCUMO OT HAIIIETO XKeJIAHWs, CKa3bIBAeTCsS Ha HallleM criocobe MbinuieHus. lIpoanammsupoBas B
CBETEe DTOTO BJIUSIHUS BCE M3BECTHBLIE MHE SI3BIKM IPOTDAMMUPOBAHUS, I IPUIIESI K BBIBOLY, UYTO HU OHU CaMU,
HU UX TIOOMHOXECTBa HE MOAXOAAT s Moux meseii. C mpyroit CTOPOHBI, s cuuTas ce6si HACTOIBLKO He MOATO-
TOBJIEHHBIM K CO3IAHUIO HOBOTO S3BbIKA IIPOIPAMMUPOBAHUS, YTO HAJI 3aPOK He 3aHMMATHCSI 3TUM B Omkaiiiee
IIATUJIeTNEe, 1 4 TBEPOO 3HAaK, YTO 3TOT CPOK €IIl€e HE BBIIIIC]I. (Hpem,ue, IIOMHMO BCEro IIpodyero, MHE HYXKHO
6bUTO HamUCATh 3Ty MOHOrpaduio.) ¢ MONBITAICA BBIOPATHCA U3 3TOTO TYIUKA, CO3MAB JIAIIb MOMXOMSIIAL
IS MOUIX ITeJIel MWHU-S3BIK U BKJIIOYMB B HET'O TOJIBKO T€ 3JIEMEHTHI, KOTOPBIE IIPEICTABIISIOTCS COBEPIIIEHHO
HEOOXOMMMBIMU U TOCTATOYHO OOOCHOBAHHBIMU.

Oru Mou KoyleGaHUs M CAMOOTDAHWYEHME, €CIIM UX HENPABWILHO IOHSThH, MOLYT Pa304apOBATh MHOTHX
MOTEeHINAJILHBHBIX unTaTesein. HaBepHsika pa3o4apyroTcsi BCe Te, KTO OTOXKIECTBISIET TPYOHOCTH IIPOTrDaM-
MHUPOBAHUS C TPYIHOCTBHIO M3OLIPEHHOIO KCIIOIB30BAHNUSI I'POMO3OKIX U IPUIYIJINBLIX COOPYXKEHHUI, N3BECTHBIX
07 Ha3BaHMEM ~SI3BIKM MIPOTrPAMMEIPOBAHNUS BBHICOKOIO YPOBHSI' MM — eIlle XykKe! — “cucTeMbl IporpaMMmupo-
Bauust’. Eciam oM couryT cebs 0OMaHyTBIMEU M3-33 TOTO, YTO S BOBCE HE KAaCAIOCh BCEX HTUX MOTPEMYIIEK U
CBUCTYJIEK, MOT'Y OTBETUTH UM TOJIBKO OMHO: ”A BIIOJIHE JIX BBl YBEPEHBI, UTO BCE 3TU MOTPEMYIIKA U CBUCTYIIb-
KU, BCE 5TU IIOTPSCAIOIINE BO3MOXKHOCTH BAIllNX, TAK CKa3aTh, MOIIHLIX S3BIKOB MPOrPAMMUPOBAHUS NMEIOT
OTHOIIIEHIE K TPOIECCY PEIeHus, a He K caMuM 3amadam?’ MHe ocTaeTcs Uil HANEAThCS, YTO, HECMOTPS Ha
ymorpe0bsieHre MHOIO MUHU-S3BIKA, OHU BCE XK€ MPOUTYT IPEemIaraeMblil TEKCT. 1Orma OHU, BO3MOXKHO NPU3HA-
I0T, YTO IIOMHUMO IIOTPEMYIIEK U CBUCTYJIEK MMeeTCsl OUdeHb OoraToe COmep:KaHWe W BO3HUKHET BOIPOC, CTOUIIO
Jii GOJIBIIIMHCTBO W3 HUX BOOOINE TNPUIYyMBIBATH. A BCEM UMTATENAM, MHTEPECYIOIIMMCS MPEUMYIIECTBEHHO
Pa3paboTKOR SI3BIKOB MIPOrPAMMIPOBAHUS, I MOT'Y TOJIBKO IPUHECTU M3BUHEHUS B CBSI3U C TEM, UTO €IIle He MOTY
BBICKA3aThCSA Ha ATy TeMy Oosree omperneneHHo. Tem BpemeHeMm 5Ta MOHOTpadms, BO3MOXKHO, HaBeNeT X Ha
HEKOTOPBIe Pa3MBIIIIEHNS U IOMOXKeT UM M30eXaTh OMMO0K, KOTOPble OHU MOIJIA ObI COBEPIINTD, eciu ObI He
IIPOWIN €ee.

IIporecc paboTer HaL KHUTOM, KOTOPBIH SBUJICS IJIS MEHsI HEIIPEPBIBHBIM UCTOYHUKOM VOUBIIEHNUS U BIOXHO-
BEHUsI, IPUBEJT K MOSIBIIEHUIO TEKCTA, OCHOBATEIIHLHO OTIIMIAOIIErOCs OT IePBOHAYAILHOTO 3aMbiciaa. CHavuama y
MeHs ObLJIO BIOJIHE IIOHSATHOE HaMEPEHWE TPENCTABATH IIOCTPOEHNE IIPOrPAMM C IIOMOIIIBIO alliapaTa, Iy Th 6osee
(hopMaTIBEHOTO YeM TOT, KOTOPBIA s UMeJI OOBIKHOBEHUE ICIOJIB30BATH B CBOMX BBONHBIX JIEKIIWSIX, TOE CEMaH-
TrKa OOBIYHO BBOOWJIACH MHTYUTHUBHO, & IOKA3aTEILCTBA IPABUIIEHOCTU IIPEICTABIISIIN COOOH CMeCh CTPOTHX
paccyXmeHuil, KeCTUKYIANNA 1 KpacHopeuus. PaspabarbiBas HEOOXOMMMBIE OCHOBBI IJIsi Gojiee GOPMAIILHOTO
noaxona, s O6Hapy)KI/IJI IBa HEOXKUIOAHHBIX 00CTOATEILCTBA.

IlepBas HEOXUTAHHOCTH COCTOSIIA B TOM, YTO TaK HA3BIBAEMBIE ~TIPeoOpa3oBaTen MPEAUKATOB”, BHIOpAH-
HbIE MHOIO B KQUECTBE CPENCTBA M3BSICHEHUS, TTO3BOIUIIN MPSIMO ONPENEIISITh CBI3b MEXKIY HAYAIBLHBIM U KOHEU-
HBIM COCTOSHUSIMU 0€3 KaKUX-IU00 CCHIJIOK HA ITPOMEXYTOUHBIE COCTOSIHUSI, KOTOPBIE MOT'YT BO3HUKATH BO BPEMsI
BBLIIIOJIHEHUST IPOTPaMMBI. 91 06pamoBajics TOMY, ITO 5TO IaeT BO3MOXKHOCTH IIPOBECTHU UETKOE Pa3TPaHUICHIE
IBYX OCHOBHBIX IIPOBJIEMATUK IPOrPAMMUPOBAHUA: IIPOOIEMATUKYA MATEMATHYECKON KOPPEKTHOCTHU (pedb UmeT
0 TIPOBEpKe, OIIpenesIseT JIU IIPOrpaMMa IIPABUILHOE COOTHOIIEHNE MEXKIY HAUAJIBLHLIM U KOHEYHBIM COCTOSHIUS-
M= — U IpeoOpa30oBaTeN IPeauKaToB obeciednBaloT HaM GOPMAILHOE CPEACTBO OIS TAKOTO MUCCIIENOBAHUS Oe3
PACCMOTPEHNUS BEIYUCIUTEIHLHOTO TIPOIECCa) U MHKEHEPHOU mpobieMaTuku >bdekTusHOCTH (61aromaps pasrpa-
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4 8. Jletikempa. “lucounauHa mporpaMMHUPOBAHUS”

HUYEHUIO CTAHOBUTCS OYEBUOHBIM, YTO HOCIENHAs IPOOIeMATUKa OIPEIeIeHa TOIBKO B CBSI3M C Peal3alueil).
Toxamyii, caMoe TONIe3HOe OTKPLITHE COCTOUT B TOM, UTO ONUH M TOT K€ TEKCT MPOTPAMMEI MOMyCKAeT ABe (B
M3BECTHOM CMBICTIE IOMOJHSIOMUE OPYT APYTa) nHTepnperanuu. VHTepIpeTanyus B BULe KOoa Ipeobpa3oBaTe-
JIell TIPeIMKATOB, KOTOPask MPEeNCTAaBIIIeTCs 60lee TIONXOMAIIEN [ HAC, TPOTUBOCTOUT WHTEPIPETAIUN B BUIE
KOIa IJIs BBLITIOJIHEHNUST — €€ S MPENNOYNTAI OCTABIATL MaluHam!

BTopoil HeOXUIaHHOCTBIO 0KA3aJI0Ch TO, YTO CAMble €CTECTBEHHBIE U CUCTEMATU3UPOBAHHEBIE "KOIBI IPE06-
pasoBaTenell MPequKaTOB’, KAaKWe s MOI cebe MpencTaBuTh, moTpeboBasn Obl HEOETEPMUHUPOBAHHON DeaIn3a-
WY, €CJIM PACCMaTPUBAThL UX KaK “KOMBI IJIsl BBIMOJIHEHUs . BHadase s cOmporajics OT MBICIU, YTO TIPUOETCS
BBECTH HENETEPMUHUPOBAHHOCTD YKE B OMHOIPOIPAMHOM PEXUME (CIIUIIKOM XODOIIO MHE GBIIIM M3BECTHBL CIIOXK-
HOCTY, BO3HUKAIOIIUE M3-32 9TOr0 B MyJIbTUIPOrPAMMUPOBAHNIMY); ONHAKO IIOTOM S [IOHSI, YTO MHTEPIPETAINs
TeKCTa KaK KOa MPeobpa3oBaTells NPENUKATOB NMeeT MPABO Ha He3aBucuMoe cyiecTBoBanue. (OrismblBasch
Ha3aM, MBI MOXEM OTMETUTb, YTO MHOIME IPOGJIEMBI MYJILTUIPOrPAMMUPOBAHNS, CTABUBIINE HAC IIPEXIE B
TYIUK, SIBISIOTCS BCErO JIUIIE CIIEICTBUEM AIPUOPHON TEHICHINY IPUOABATH IeTEPMUHIPOBAHHOCTH CJIUIIIKOM
GosibIIioe 3HAaUYeHUe.) B KOHIle KOHIOB s IPUIIEN K TOMY, YTO CTaJl CYATATH HEAETEDMUHUPOBAHHOCTHL €CTe-
CTBEHHOU CUTyalued, IPU 5TOM IeTEPMUHIPOBAHHOCTL CBEJIACh K JOBOJILHO OAHAJIBLHOMY YACTHOMY CJIyJalo.

YcTaHOBUB 5TH OCHOBBHI, 5 NMPUCTYIWJI, KAK M HAMEDPEBAJCs, K PEILIEHUIO JINHHOW IIOCIIENOBATEILHOCTH
3amad. JTO 3aHATUE OKA3AJIOCh HEOXKUIAHHO YBJIEKATENbHBIM. 9 ybemuscs B TOM, 4TO GOPMAJILHBIA ammapaT
MO3BOJIAET MHE YXBATHIBATH CYIIIECTBO [IEJIa MOPA3I0 YeTde, YeM paHbIle. Y moJIydus ymoBOJIbLCTBUE, OOHAPY-
JKUB, YTO SIBHAS MIOCTAHOBKA BOIPOCA O 3aBEPIIIMMOCTU MOXKET UMETDH GOJIBIIIOE 3BPUCTUYECKOE 3HAUEHUE; TYT S
IaXke HAYaJl COXKAJIETh 00 M3JINIIIHE PACIIPOCTPAHEHHON CKIIOHHOCTHU K JaCTUYHON KoppekTHocTu. Ho camoe npu-
SITHOE COCTOSIIIO B TOM, UTO OOJIBIIMHCTBO PELIEHHBIX MHOIO DAHEe 33134 TelePh YBEHYAJIOCh 00jlee M3SIIHBIMA
peltreHusAMU. 91 BOCIPUHSI 5TO KaK BeCbMa 0OOIPSIOIee CBUIETEILCTBO TOrO, UTO Pa3paboTaHHAS METOONKA U
B CaMOM [iejie YJIYUIIAIIa MOU IPOrPAMMUCTCKIE BO3MOXKHOCTH.

Kak crmenyer m3yuars sty moHOorpaduioo? Jlydimee, 9To s MOr'y IIOCOBETOBATH: IIPEPBLIBAITE UTEHUE, KAK
TOJIBKO yCBOWUTE IIOCTAHOBKY 33[1aYl, U IBITANTECH CHAYAJIA PELINTH €€ CAMOCTOSTEIIHFHO, 3aTEM IIPOMOIIKAL-
Te yreHue. [lombITKa caMOCTOSTEILHOIO PEIIEHUs 3a1a9l IPENCTABIISIETCS €NMHCTBEHHBIM CIIOCOO0M IIPOYyB-
CTBOBaTb, HACKOIBKO OHA TPYIHA; KPOME TOrO, BbI MOXETE CPABHUBATHL MOE€ DEIIEHWE C BAIIAM U IOJIYIUTh
VIOBIIETBOPEHIE, €CIN Ballle OKaXkeTcs jydire. llpemynpexnaio 3apaHee: He OropdyaiTech, KOTIa YBUANATE, UTO
9TOT TEKCT YUTAETCS OTHIOONL HE JIETKO. 1€, KTO M3yJYajii ero B PYKOIUCH, YACTO UCIHBLITHIBAIINA 3aTPYIHEHIS
(HO BHONIHE BO3HATDAXKOAIIUCH 33 5T0). BIpodeMm, KaxOblil IPU aHAIN3E UX 3aTPYLHEHUN MBI COBMECTHO yGe-
KIAINCH B TOM, YTO “BUHOBHBIM’ OKa3bIBAJICS BOBCE HE TEKCT (T. €. CIOCO0 M3JIOXKEHU:), a caM U3JIaraeMblil
MaTepuail. Mopaib 9TOro MOXkeT ObITH TOJIBKO TAKOBA: HETPUBUAJILHBIN AJITOPUTM U BIPABLY HETPUBHUAJIEH,
a ero OKOHYATeNbHAs 3alNCh HA S3bIKEe MPOrPAMMUIPOBAHUS CIIUIIKOM JIAKOHUYHA [0 CPABHEHUIO C PACCyXIe-
HUSIMU, 0OOCHOBBIBAIOIIIIIMY €r0 Pa3paboTKY; 3Ta KPATKOCTh OKOHYATEIBHOTO TEKCTA HE MOJIKHA HAC IE€30PUEH-
tupoBaTh. OOUH U3 MOMX COTPYIHUKOB BHEC NPEMJIOKEHWE (a s HOBOXKY €ro [0 BAIIETO CBENEHUS, MOCKOJIBKY
OHO MOXKET OKa3aTbCs IIOJIe3HBIM), YTOObI HeGONbLINE TPYNIBLl CTYNEHTOB M3ydayu KHuUry BMmecre. (3mech s
MoIKeH nob6aBUTH B CKOOKAX 3aMeUaHMe IO MOBOMY ~TPYIHOCTU 3TOrO TeKCTa. [lOCBITUB HEMAJIO JIET CBOEH
HAyJHOW KU3HU TOMY YTOOBI IPOSCHUTH 330adll IPOIPAMMIUCTA U COENIaTh uX 0oJiee TMOOBIACTHLIME HAIIEMY
UHTEIUIEKTY, 51 OOHADYXKUJI C yOUBICHEEM (U PA3IpakeHueM), 9YTO MOE CTPEMIICHHE BHECTHU SICHOCTH IIPUBOIAT
K CHCTEMATUYECKNM OOBUHEHWSM B TOM, YTO s 'BHEC B IporpaMmmupoBanme Tpymuoctu . Ho stm TpymmocTm®
BCerna B HeM ObLIN; U TOJIBKO CHEJIAB WX BUAUMBIMU, MBI CMOXEM HANESIThCs, UYTO HAyUUMCS Pa3pabaTbiBaTh
MPOrPaMMBI C BBICOKOW CTEIMEHBIO HAMEXKHOCTHU, & HE MPOCTO ’JeNUTh KOMAHObI', T. €. BBIIABATH TEKCTHI,
OCHOBaHHBIE HA HEYOEMUTENIHHBIX MPEIIIONOXKEHNIX, COCTOSITEILHOCTh KOTOPBIX MOXET BBIIBUTHCS IIOCIE Iep-
BOI'O e IMPOTHUBOPEYAIero nprMepa. HesadeMm u roBOpUTH, YTO HU ONHA IPOrPaMMa M3 3TONH MOHOIrpabduu He
[IPOBEPSIIACH HA MAIIWHE. )

91 momxeH OOBSICHUTD YUTATEIIO, IIOUEMY sI TOJIB3YI0OCh MUHU-SI3BIKOM, CTOJIb OTPDAHNYIEHHBIM, UTO B HEM HET
maxe mpouenyp u pekypcuu. [TockonbKy Kakmoe CIemyrollee PaclInpeHne s3bIKa T00ABIISIIO ObI K 9TON KHUTE
€ellle HECKOJIBKO IJIaB, TEM CaMBIM COOTBETCTBEHHO YBEIINMYNBAsl €€ CTOMMOCTB, OTCYTCTBUE GOIBIINHCTBA BO3-
MOXKHBIX PACIIUPEHUN (TaKuUX, KaK, HAIPIMED, MyJIbTUIPOrPAMMIPOBAHIE) HE HYXKAAeTCS B IOMOIHUTEIBHBIX
ompaBmaHusax. OmHAKO IpOLENYPHI BCEra 3aHUMANIM TaKOe BaXKHOE MECTO, a PEKYPCHUs MJIsl BEIYMCIUTEIHHON
HayKW B TAKOU CTENEHN CYNTAIACH IPU3HAKOM aKaIeMUUIECKOll pecreKTabeIbHOCTH, YTO HEKOTOPOE Pa3bsCHe-
HI€ TIPEICTABIISIETCS] HEOOXOMUMBIM.

IIpexxme Bcero sra xHUra npenHasHavueHa He IS HAYMHAIOIINX, U S PACCUNTHIBAIO, ITO MOM UNTATENN YKE
3HAKOMBI C YKA3aHHBIMU MOHSITUSIME. BO-BTOPBIX, KHUTa HE SBJISETCS BBOOHBIM TEKCTOM I10 KAKOMY-TO KOHKDET-
HOMY S3BIKY NIPOTPAMMIPOBAHUS, TAK YTO OTCYTCTBUE B HEU STUX KOHCTPYKIUN M IPUMEPOB UX YIOTPeOIIeHIs
He cieyeT OOBSICHSITH MOeil HECIOCOOHOCTHIO MJIN HEXKEJIAHWEM WMIU IIOJIB30BATHCS WX XK€ BOCIPUHUMATEL KaK
HaM€K Ha TO, 9TO BOO6H_[e JIydiie BO3OEP2KMBATHCA OT UX IIPUMEHEHUS. HpOCTO OHU HE HOTpeGOBaHHCB MHE OJIs
Pa3bsICHEHUsI MOEH TIABHOM MBICIIM O TOM, HACKOJIBKO CYILIECTBEHHO TIIATEIBLHOE pasrpaHuYeHre IPOoOIeMaTHK
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I pa3paboOTK! BCECTOPOHHE BLICOKOKAUECTBEHHBLIX IIPOTPAMM; CKPOMHBIE CPENCTBA MUHU-SI3BIKA IIPENOCTAB-
JIAI0T HaM 0ojlee 9eM OOCTATOYHBIN IIPOCTOP OJIS HETPUBHUAJIBLHBIX W B TO K€ BPEMs BIOJIHE IIPHEMJIEMBIX
pa3paboToK.

MoxHO0 060iTUCH 3TUM OOBICHEHUEM, HO OHO BCE XK€ He SIBIISICTCS MCUEPIBIBAIONINM. Sl BCe PABHO CUMTAJ
ce0s1 0OSI3aHHBIM BBECTHU IIOBTOPEHWE KaK CAMOCTOSTEIbHYIO KOHCTPYKIINIO, ITOCKOJIBLKY MHE IIPENCTABIISIOCH,
YTO 5TO CIIENOBAJIO CHEIATh yiKe HaBHO. Korma s3bIKM IPOrPaMMUPOBAHUS 3aPOXKIAIUCH, "IUHAMAYIECKAS MTPU-
poma ormepaTopa MPUCBAUBAHUS Ka3aJach HE OYEHDb MIPUCIOCOOIEHHON K “CTATHYECKON MIPUPOIE TPATUIITOHHON
MaTEMATHUKN. M3—3& OTCYTCTBUA COOTBeTCTByIOIlIefI TEOpUM MAaTEMATUKMN OINyIIaJId HEKOTOPBIE 3aTPYIHEHNI,
CBSI3AHHBIE C HTUM OIEPATOPOM, a TOCKOJBKY WMMEHHO KOHCTPYKIIUS ITOBTOPEHWUsS CO3MaeT HEOOXOMMMOCTH B
TIPUCBANBAHUIX IEPEMEHHBIM, MATEMATHUKU OLIYIIAIN 3aTPYyOHEHUs U B CBI3U C moBTopeHueM. Korma Obuim
paspaboranbl s3bIKH 6e3 mpucBamBaHUs u 0e3 moBTOpeHmit — Takwe, kKak ducThiil JIMCII,— muorme mouys-
CTBOBAJIM 3HAUUTENLHOE objeruenne. OHU CHOBa Oy TUJIM IO HOTAMU 3HAKOMYIO TIOYBY M YBUOEIN TPOBIIECK
HANEXIbl IPEBPATUTH IPOrPAMMUPOBAHNE B 3aHATHE C TBEPIO U COIMOHON MareMaTudeckoil ocHosoi. (o
CEero BPEMEHU CPENU CKIIOHHBIX K TEOPETU3NPOBAHUIO CIENUAIINCTOB TI0 MAIITNHHON MATEMATHKE BCE €Ille IITUTPOKO
PaCIpPOCTPAHEHO MHEHUE, UTO PEKyPCUBHBIE TPOTPAMMEBI “60jIee eCTECTBEHHBI”, YeM IMPOTrPAMMEBI C TIOBTOPEHUSI-

Hpyroro BeIXOmA U3 MOJIOXKEHWsSI IIyTEM HAMNEXKHOTO U MEHACTBEHHOIO MATEMaTUYeCKOro OOOCHOBAHUS IapbI
moHATHUHN "moBTopenue”’ W "IPUCBAMBAHUE MEPEMEHHON’ HaM IPEICTOSIIO XIOATh €Ie HeCSITh JIeT. A BBIXOM,
KaK TIOKA3aHO B 5TOW MOHOTpadUH, 3aKTI0YAICI B TOM, YTO CEMAHTUKY KOHCTPYKIIUU TTOBTOPEHUS] MOXKHO OIH-
CaTh C TIOMOIIIHI0 PEKYPPEHTHBLIX OTHOIICHUN MEXKOY MPEIUKATAMM, TOTIa KaK IJjIs OMUCAHUS CEMAHTUKU OOIIel
pekypcuu TpeGyIOTCsS PEKYPPEHTHBIE OTHOIIEHUS MeXIy mpeobpa3oBaTressiMu npenukaToB. OTcioma COBEpIIeH-
HO OYE€BHUOHO, MOYEMY sI CUMTAIO OOIIYIO0 PEKYypPCHUIO Ha TOPSIOK Oojiee CIIOXKHON KOHCTPYKIIWEW, YeM IIPOCTOE
TIOBTOPEHNUE; U II03TOMY MHeE OOJIBHO CMOTPETh, KaK CEMAHTHUKY KOHCTDYKIWH IIOBTOPEHUS

"while B do §”

OIPENENISIIOT KaK CEMaHTHUKY OOpalreHns

"whiledo(B, S)”

K PeKypCcuBHOI mpouenype (omucansuoi B curTakcuce s3bika AJIT'OJI 60):

procedure whiledo(ycaosue, onepamop);

begin if yciosue then begin onepamop;

whiledo(ycaosue,onepamop) end

end

HecmoTpst Ha dopManpHy0 NpaBUIBHOCTH, 9TO MHE HENPUSITHO, MOTOMY, UTO sI He JIOOI0, KOrma u3
IYIIKN CTPESIOT II0 BOPOObSM, BHE 3aBICUMOCTH OT TOT'0, HACKOJILKO d3(PDEKTUBHO IIYIIIKA CIIPABIISIETCS C TAKOUI
paboroit. lag MOKOJEHUsI TEOPETUKOB MAIINMHHON MATEMATUKU, KOTOPhIE MOOKJIFOUAJIACH K DTON TeMaTUKe
B TEYEHWE IIEeCTUNECSTHIX TONOB, MPUBENEHHOE BHIIIE DPEKYPCUBHOE OIPENEJIEHNE YaCTO SIBJISIETCS HE TOIBKO
“ecTecTBeHHBIM”, HO maxe 'caMbIM npaBmibHbIM . OmHAKO BBUAY TOro, 4TO 6€3 MOHSITHUS IOBTODEHUS MBI HE
MOXKeM Iaxke OIUCATH IIOBENEHNE MAIIWHBL TBHIOPUHTA, MPENCTABIISIETCS HEOOXOOMMBIM IIPOU3BECTU HEKOTOPOE
BOCCTAHOBIIEHIE PABHOBECUS.

IIo moBomy orcyTcTBus bubmuorpaduu si He MPEIIIAraio HU O0bICHEHWH, HU W3BUHEHUN.

BraromaprocTu. Crenyroliie JIuiia 0OKa3ajln HEIOCPENCTBEHHOE BIUSHUE Ha Pa3paboTKy 5TON KHUTH, Jub0
MIPUHSIB yYaCTHE B OOCYXKIEHUU €€ MPENNOIaraeMoro CoOepxKaHusi, Iub0 BHICKA3aB 3aMEUYaHHsI OTHOCUTEIIHLHO I0-
ToBoit pykonucu mwin ee gacreinr: K. Bpon, P. Bepcrann, Y. ®eiten, Y. Xoap, II. Kuyr, M. Pem, . Peftnonbnc,
. Pocc, K. Ilonren, I'. 3urmiomiep, H. Bupt u M. Bymxkep. 9 cunraro yectsio st ce6si BOZMOXHOCTD IIy0-
JINYHO BBIPA3UTh UM MO0 IPHU3HATENBHOCTDL 33 COTPYOHUYECTBO. Kpome Toro, s BecbMa 00s3aH KOPIOPAIIAU
Burroughs, cosnasieit Mue 6IaronpUsITHBIE YCIOBUS U MIPENOCTABUBIIE HEOOXOMUMBIE CPENCTBA, U Oilaronapes
MoeH XKeHe 3a HeM3MEHHYIO NONOePXKKy U onoOpeHue.

9. B. IleiixcTpa
Hetten
Hunepnaunet
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0 ABCTPAKIINA NCITIOJTHEHWA

AGcTpakuus UCTIONMHEHUS JIEXKUT B OCHOBE BCETO TOHATHUA ~anropuTMa’ HACTOIBKO TJIyGOKO, UTO OGLIYHO
ee CUMTalT caMo COOOUW pPa3yMEIOIIeNCcs U OCTABISAIOT Oe3 BHUMaHUsA. Fe Ha3zHaueHre B TOM, YTOOBI COITOCTAB-
JISITH MeXAy COOOH pa3iImvHble BhIUMCIEHUS. VIHade roBOpsi, OHA IPENOCTABIISIET HAM CIOCOO OCMBICIIMBAHILSI
KOHKDETHOT'O BBIUWCIIEHNS KaK 3JIeMEHTa OOJIBIIIOrO KIIAaCCa PA3JIMUIHBLIX BBIYUCIIEHHNI; MBI MOXKEM OTBIIEULCS OT
B3aUMHBIX OTJINYUN 3JIEMEHTOB TAKOT'O KJIacCa U, PYKOBOICTBYSICH OIPENeSIEHIEM KJIACcCa B LIEJIOM, BLICKA3bIBATH
YTBEPKMOEHNs, TPUMEHIMBIE K KAXKIOMY €T0 3JIEMEHTY, & CJIENOBATEIHLHO, CIPABENJINBBIC U MJIsS KOHKPETHOTO
BBIYKCIIEHNUS], KOTOPOE MBI XOTUM PACCMATPUBATD.

YUT06BI PA3bICHUTH, YTO ITOAPA3yMEBAETCS O ~BBIUUCIICHUEM , sl ONUIIY CeAYaC HEBBLIUUCIUTEIIHLHYIO KOH-
cTpykuuio "nosydenus” (s OpeIHAMEPEHHO He yHOTDeOIaio TepMuHa “BhIUUCIeHNe” ), HanpuMep, HaubobLuIero
o6rrero memmurens wucer 111 u 259. Ona cocTonT M3 MBYX KAPTOHHBIX KAPTOUEK, PACIIOIOKEHHBIX OIHA MTOBEPX
npyroii. Ha Bepxmeit kaprouke Hamucad Texer "HOII(111,259) =". Yro6sl moyuuTh OT KOHCTPYKLIUHM OTBET,
MBI TIOMHIMAEM BEPXHIOI KaPTOUKY U KJIaJEeM ee CJIeBa OT HINKHEN, Ha KOTOPON Temeph MOXHO TPOIECTh TEKCT
7377,

IIpocToTa KApTOYHON KOHCTPYKUINM SIBIISETCS OOJBIINM JOCTOMHCTBOM, HO OHA OMPAYaeTCs OBYMs HENO-
CTATKAMU — MEJIKUM U KPYIHBIM. Mekuil HemocTaToK COCTOMT B TOM, UTO XOTS 5Ty KOHCTDPYKIWIO MOXHO B
CaMOM [ieJle MCIOJIb30BATh IS IOJIyYeHHsT HambOosbIero ooero nenutens ucen 111 n 259, Ho moMmMo 3TOro
oHa MaJio Ha uTo mpuronHa. OmHAKO KPYIHBIA HEJOCTATOK B TOM, YTO, KaK ObI TIIATEILHO MBI HU IIPOBEPSIIA
YCTPONCTBO KOHCTPYKIIAM, HAIIIA BEPa B TO, UYTO OHA BHIPAOATHIBAET MPABWILHBIA OTBET, MOXKET OCHOBBIBATHCSI
TOJILKO HA HAIllEM OOBEPUM K €€ CO3MATEII0: OH MOT OIIMOUTHCS 00 MPU MPOEKTUPOBAHUYN CBOEW MAIIIWHBI,
60 TPU W3TOTOBJIEHNN HAIIETO KOHKPETHOTO SK3EMILISIPA.

YUTo6B! IPEOIosIeTh MEHbIIee 3aTPyIHEHNEe, MBI MOIJIA OBl PACCMOTPETH M300PaXKeHNEe Ha OIPOMHOM JIICTE
KapTOHA GOMIBIIOTO IPSMOYTOJIBFHOIO MACCHBA W3 CETEBBIX TOYEK C IEJIBIMA KOODOWHATAME X U Y, YIOOBIETBO-
psrormmmmu otHoreHusM 0 < & < 500 u 0 < y < 500. Ilisa KaxXmol TaKOW TOUKH (x7y) C IOJIOXUATEJILHBIMU
koopauHaTaMu (T. €. 3a UCKIIIOYeHWEM TOUEK Ha OCSAX) MBI MOXKEM BBIINACATH B COOTBETCTBYIOIIEH MO3UIIUN
suavenue HOJII(z,y); npemmaraerca neymepnas Tabmuna u3 250000 smemenTos. C TOYKM 3peHUs MOJIE3HOCTH
5TO 3HAUNTEILHOE YCOBEPIIIEHCTBOBAHNE: BMECTO KOHCTPYKIIAW, CIIOCOOHOHM BBbINAaBATh HAMOOIBIIIAN OOITUH ITe-
JINTENTb eNUHIYHON MAaphl YNCeII, Mbl IMEEM TelepPb "KOHCTPYKIIAIO, CIIOCOOHYIO BLIOABATEH HAMOOIBIIIMIA OOIIIIi
nmenuTenb 6o napsl u3 250 000 pasauyHBIX map Ymcesr. DTO MHOTO, HO OCOOEHHO PANOBATHLCSI HEYEMY, TaK
KaK yKaBaHHBIfI paHee BTOpOﬁ HEeOoCTaTOK (HO‘—IGMy MbI OOJI2KHBI BEDUTBH, 9YTO KOHCTPYKIIN BbLOAECT HpaBI/I.]'H)HI:Jﬁ
orBer?) moMHOXWICS Ha Te xke camble 250 000, u Teneps OT HAC TPeByeTCs ykKe COBCeM Ge3rpaHmvHOe IOBEpue
K ee m3roroBuTenio. [losToMy mepelimeM K pacCMOTPEHUIO NPYroit KoHCTpykunu. Ha TakoM ke mmcTe KapToHA
C CeTeBLIMU TOYKAMIU HANNCAHBLI TOJIIBKO 4mciia, npoberatorue 3aadenus oT 1 mo 500 Boons obemx oceit. Kpome
TOr0, HAYEPUEHBI CIIEAYIOIINE IPSIMbIE JIMHAN:

1) BeprukanbHbIE JUHUY (C YPABHEHUEM T = KOHKCIMAHMA);

2) ropu3OHTAILHBIE JIMHUN (C YPABHEHUEM Y = KOHCIMAHMA);

3) muaroHanu (C ypaBHEHUEM T + Y = KOHCMAHMA);

4) "nunaus orBera” ¢ ypaBHEHUEM T = Y.

Uro6bl paboTaTh Ha 3TOM MAIIWHE, MBI HOJIKHBI CIIENOBATDH CIELYIOIIAM HHCTPYKuuAM ("urpars mo cie-
myrormuyM npasmiaMm”’). Korma xoruM HaiiTy HamGonblumil obmuil genuresnsb AByX yuces X u Y, Mbl IOMeLaeM
durky — Takxke MOCTABISIEMYI0 U3TOTOBATEIEM — B CETEBYIO TOUKY ¢ koopaumuaTtamu © = X u y = Y. Komb
CKOpO GUIIKa He HAXONUTCS Ha "JuHUU OTBeTa’, PACCMATPUBAEM HAUMEHBIINA PABHOOENPEHHBIN MPSIMOYTOIIb-
HBIA TPEYTOJbHUK, ¥ KOTOPOI'O BEPIINHA MPSMOTO yIUIa COBIANAET C (UIIKOW, & ONWH U3 KOHIIOB TUIIOTEHY3HI
(nmubo Hmke Quiuky, 1ubo cieBa OT Hee) HaxoOUTCs Ha onuol u3 ocell. (IlockonbKy (uiKa HE JEKUT HA JIMHIN
OTBETa, TAKOIl IPSIMOYTONIBHBIA TPEYyTrOAbHUK OyNeT UMeTh Ha OCIX TOJIBKO OOHY BepLIMHY.) 3areM duiika
IIEPEMEIIIAETCS B CETEBYIO TOUKY, COBIIQAOIIYIO C APYTUM KOHIIOM T'MIIOTEHY3bI. T'akoe mepeMerrieHue IoBTOPsI-
€TCs 10 TeX TOp, TOKa (DUITKa He NOCTUTHET JIMHWU OTBeTa. 1lociie 3TOro r-koopaumHaTa (Wiid y-KOOPIUHATA)
OKOHYATEJILHOTO TTOJIOXKEHUsS (DUIIIKH SIBISETCS NCKOMBIM OTBETOM.

Kak mam ybemuTbcs B TOM, 94TO 5Ta MAalluHa Oy[eT BBIIABATH IPABUIIBHBIA pesynbrar! Ecmm (z,y) —
mo6ast u3 249 500 Touek He Ha auHUM oTBeTa U (2'y’) — TOUKA, B KOTOPYIO HNEPEABUHETCS (DUINKA 33 ONUH ILIAT
urper, To 60 &' = xmy = y—x, mbo ' = x—y ny’ = y. Herpynno dokazams, aro HOI(x,y) = HOLO (', /).
BaxHbII MOMEHT 3[€Ch COCTOUT B TOM, UYTO OO0HO U MO e PACCYyXKIEHUE MPUMEHSIETCS OIMHAKOBO BEPHO K
060My 13 BO3MOXKHBIX maroB! Kpome Toro, — u omstb-Taku 6e3 Tpyma — MBI MOXeM 00Ka3amb Iiist JI060o
touku (x,y) tme ¢ = y (t.e. (x,y) asugercsa omuonr m3 500 Touek Ha smHMm orTBeTa), uro HOI(z,y) =
x. W cHOBa BaXXHBLII MOMEHT B TOM, YTO 00UHAKOB0€ PACCYXKIEHWE TPUMEHUMO K 410601 u3 500 Touek Ha
JINHUK OTBETa. DB-TpeThux,— U BHOBb 3TO HE COCTABAT TPyOa — HAM HYXHO IIOKA3aTh, UYTO IPHU JIFOO0OM
ucxonuoM mosoxkenuu (X,Y) KOHeYHOE YHCIIO LIATOB B CaMOM Iejle IepeHeceT (GUIIKY Ha JIMHWIO OTBETa, U
OISITH BaXXHO OTMETHUTD, UTO OOHO U TO K€ PACCykKIIeHre ONMHAKOBO IpuMeHNMO K iobomy u3 250 000 ncxomHbIX
nosnoxernit (X,Y). Tpu mpOCTHIX pacCyKIEeHWs, TPOCTPAHHOCTH KOTOPBIX HE 3aBUCAT OT YHUCIA CETEBBIX



3. letikempa. “Ilucuuniansa mporpaMMupoBaHus”

TOYEK: 5Ta MUHUATIOPA [OKA3BIBAET, HACKOILKO BEJIMKU BO3MOXHOCTH MATEeMATHKU. Kciam 0603HAYNTEL depe3
(z,y) IpOM3BONIbHOE TOJIOXKEHUE QUINKY HA IPOTSIKEHUN UrPhI, HadaTol B mosoxernuu (X,Y'), To nepsas Haiia
TeopeMa MO3BOJISIET YTBEPKAATE, YTO BO BpeMs sroil urpsl orHomenne HOI(z, y) = HON(X,Y) 6ymer Bcerma
CIIPABEIJINBO, WX — BBIPAXKAsICh HA COOTBETCTBYIIIEM YapProHe — ’OHO COXpaHsIeT MHBapuaHTHOCTH . Ilasee,
BTOpasl TOPEMa IJIACUT, YTO MBI MOXKEM HWHTEPIPETUPOBATL L-KOOPIUHATY OKOHUYATEILHOIO IOIOXKEHUS (PUILIKT
KaK TpeBGyeMblil OTBET, a TPETbs TEOPEMa IJIACUT, YTO TAKOe OKOHUATEJILHOE IIOJIOKEHUe CyllecTByeT (T. e.
OymeT DOCTUTHYTO 33 KOHEeYHOe uuciio maros) VI sTuM 3aBepuiaeTcs aHAIu3 TOrO, YTO MBI MOIJIM Obl HA3BAaTh
“HaIeil abCTPAKTHON MAITHOMN .

Temeps HaM ocTaeTcss yOEOUTHLCSI B TOM, UTO JIUCT, MOCTYNUBIIWM OT W3TOTOBUTENISI, SIBIISIETCS HA CAMOM
Iesie TIPABUIIBHOM MOOEIbI0 abCTPAKTHON MAIuHBL. [lJIs 5TOro Hy»XHO IPOBEPUTH HYMEPAIWIO BIOJIbL 00emx
OCell, & TaK¥XKe MIPOBEPUTH, MPABWILHO JIU IIPOBEIEHBI BCE MPSMBbIE JIMHUNA. ODTO HECKOJIBKO 3aTPYIHUTEILHO, TaK
KaK TIPEICTONT MCCIIENOBATH OOBEKTHI, YACIIO KOTOPLIX Iponopruonansao N, roe N (B Hamem npumepe 500) —
ITIHA, CTOPOHBI KBAPATa, HO BCE XkKe HPeNNoITHTeIbHee, deM N2, U1uciio BO3MOMXKHBLIX BADHAHTOB BBHIUMCIICHIS.

Hpyrast mammmaa Morsa 661 paboTaTh HE C OPOMHBIM JIICTOM KapTOHA, a C OBYMs HEBITUOUTOBBIMU Pe-
TUCTPaMU, B KAXKIOM U3 KOTOPBIX MOXHO 3amoMHUTH neomgHoe umciao or 0 mo 500. IIpm sToM MBI MOram
OBl MCIIOIB30BATH ONMH PErUCTD MJIS 3aIOMUHAHUS 3HAUEHUS T-KOOPDOWHATHI, & OPYTOM — OJIs 3aIOMUHAHISI
3HAYEHUS Y-KOOPAUMHATHI, COOTBETCTBYIOIIEH ~TeKyIeMy mojoxenuto ¢uinku’. Ilepemertienne Torma cOOTBET-
CTBYET YMEHBIIIEHUIO COOEPXKUMOTO OMHOTO PETrUCTpa Ha comepkmMoe mapyroro. Mbr morsu ObI peasm3oBaTh
apudMeTHKy CaMOCTOSTEIbHO, HO, PAa3yMeeTcs, JIydllle, eCIN MAIlNHA CMOXET MeJIaTh TO 3a Hac. KEcam Mbl
3aXOTHUM II0JIATATHCS Ha MOJIyYEHHBI OTBET, TO HAM HYXXHO YMeTb yOeXIAaThCS B TOM, YTO MAIINHA IPABUILHO
BBINOJIHSIET OIEPAINN CPABHEHUs U BLIUNTAHUs. B yMeHbIIEHHOM MacIITabe MOBTOPSETCS Ta XK€ MCTOPUS: MBI
BBIBOOUM €OMHOXKIbI U Ha BCE CJIy4daM, T.€ OJIA 0601 Iapbl N-pPa3psaaHbIX OBOUYHBLIX YUCEJI, YPAaBHEHUA JIA
YCTPONCTBA MBOMYHOTO BEIYUTAHUS, & 32T€M YIOCTOBEPSIEMCS B TOM, UTO HAIlla GU3nUecKas MAINHA, TPABUIHLHO
MOOENIUPYET 3TO abCTPAKTHOE YCTPONCTBO. Eciu 3T0 yCTPORCTBO mapaaebHOTO BEIUATAHUS, TO UKUCIIO IIPOBe-
POK — IIPONOPIINOHAIILHOE YNCIIY 3JIEMEHTOB U UX B3aMMOCBsI3ell — MPOIOPIIMOHAILHO 3HadeHuio n = logy, N. B
[TOCITEIOBATEILHON MAIIIIHE COEJIAH €Ille OOUH IIar Ha IIyTU YIPOILEHNs 060Dy IOBAHMS 33 CYET PACXONA BPEMEHN.

Temeps s MONBITAIOCH, XOTH OBI MIJI CBOETO COOCTBEHHOTO TPOCBEIIICHNS, YIOBUTH OCHOBHOM CMBICI IIPUBE-
IIEHHOTO IIPUMeEpA.

BMmecTo TOro urofbl paccMaTpuBaTh OOUHOYHYIO IpobGiemy Bbruucienus HOII(111,259), mbr o6o6imin
€e U IIONOIUIM KaK K JacTHOMy cilydaro Gosiee mmpokoro kiacca npobiem Boruucienus HOI(X,Y), Crour
OTMETUTD, YTO MBI MOTJIH GBI 0606uwTEL npobeMy Beraucienus HOJII(111,259) mo-pasHoMy: MOXKHO GBIIIO GBI
paccMaTpUBATh ATY 3a7a4y KaK YACTHBIN CIydail MHOTO, 60JIee IIIMPOKOTO KIACCa 3a1a4, HAIIPUMED BBIUUCIICHUSI
HOII(111,259), HOK(111,259), 111x259, 1114259, 111/259, 111—259, 1112 masa menesm s 111-ro mas 259-
ro roma Haled 5pel U T. O. B pesymbrare Mor ObI mosiBUThCs “mipomeccop mitst 111 u 259”7, u njis Toro, 9Trobbl OH
BBIIAJI YIIOMSIHY THII BBIIIE OTBET, HAM CJIENOBaJIO ObI naTh Ha ero Bxon komauny “HOII, moxasnyiicta”. Bmecto
sroro Mbl npemtoxkuiau "HOJII-perauciuresns”’, KOTOPOMY [JIs MOJIyYEHUs 3TOr0 OTBETa HOTpebyeTcs 3amaTh Ha
Bxom mapy umces “111, 259” u 510 coBcem mpyrasi MaiuHa!

Hpyrumu cioBamu, xkorma Tpebyercs BEIpaboTaTh OOWH MIIM HECKOIBKO PE3YIILTATOB, OOBIYHAS IIPAKTUKA
COCTOUT B TOM, 4TOOBI 00600IUITH IPOOJIEMY U PacCMaTPUBATDH 3TU PE3YIILTATHL KAK JYaCTHBHIE CIIydYal HEKOETO
6omnee mmmpokoro kmiacca. OmHAKO MAJ0 PANOCTHU, €CIIM OrPAHUYUTHCS YTBEDPKIEHWEM, YTO JIF000i mpemMeT
SIBJII€TCS YaCTHBIM CJIydJaeM uero-to Oosee obiero. Ecmm MBI XOTHM cjIemoBaTh 3TOMY INIOOXONY, TO Ha HaC
BO3JIAraioTCs IBe OOSI3aHHOCTHU:

1. MBI [OMXKHBI UMETH TOJIHYIO SICHOCTH OTHOCUTENBHO Criocob6a obOOIIeHus, T. €. MOJIKHBI TIIATEIBLHO BbI-
6paTh U SBHO ONpENeIunTh 6ojiee IIMPOKUI KIIACC, IMOCKOJIBKY HAIIN PACCYXKIEHUS HOJKHBI IIPUMEHSITHCS
KO BCEMY 9TOMY KJIacCy.

2. Mer nomxsbl BHIOpaTh ("m306pecTr’, €CiM BaM YTONHO) Takoe OGOOIIEHUe, KOTOPOe OKAXKeTCs TOJIE3HBIM
M1 HAIUX IEJIEN.

B mamewm npumepe s, pasymeercs, ornaio npenmnourenne "HOII-sorauciureno”, a we "mporeccopy s 111
u 259", u cpaBHEHHE STUX ABYX KOHCTPYKIIUN HAaeT HaM HAMEK Ha TO, KAKUe XapaKTePUCTUKNU Hes1afoT 06o0Iie-
Hre "TIOJIe3HBIM U1 HAImwmX 1esein”. Marwsa, KoTopas mo KOMaHIe MOXeT BhIPa0aThIBATH B KAUECTBE OTBETA
3HaUeHUs BceX BUIOB 3abaBHBIX GyHKImi oT 111 m 259, craHoBUTCS BCce Oojiee HEYMOOHOW IJISI IPOBEPKU IIO
Mepe TOro, Kak pacteT Habop dyukiuiti. B aTom sBubil korTpacT ¢ HamuM “HOI-Berancourenem”.

HOI-Berunciuresns 6611 GBI CTOME XKe IJIOX, eCiii Obl OH MPENCTaBIIsL coboit Tabmuiy u3 250 000 3amuceir,
comepXKaIux ’3aroToBjeHHbIe” OTBETHL. Ero XxapakTepHOe OTJIMYue B TOM, YTO OH MOXKET ObITh 3amaH B (Gopme
KOMIIAKTHOTO HabOpa ’NpaBUil UIPHI’, KOTOPHINA, €CJIM UrPAThH B COOTBETCTBUAU C STUMU PABWIIAMEI, 00ECIIEUNT
BBIOAYY HYXHOTO OTBETA.

OI‘pOMHbII‘/JI BBINT'PBIINT COCTOUT B TOM, 9YTO €ONHOE PACCY22XKIOCHUE NIPUMEHUTE/IBHO K 3TUM IIDaBUJIaM II03BO-
JISIeT HAM JIOKA3bIBATH CYIIIECTBEHHBIE YTBEPKICHUS O PE3yIbTATaX JIF000r0 BAPUAHTA UTPLI. DTO NOCTUTAETCS
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meHoit Toro, 4ro mpm KaxmoM u3 250000 KOHKpeTHBIX IPUMEHEHWIl 3THUX IPABIJI MBI IOJIyYaeM OTBET ~He
cpa3y”: KaxIblil pa3 Urpa HOJKHA GbITH ChICDAHA B COOTBETCTBUU C IIPABUIIAMIU!

Tot daxT, YTO MBI B COCTOSHUU OaTh CTOIb KOMIAKTHYIO (POPMYIUPOBKY MPABUII UTPHI, KOTMIA EOUHOE
paccyXeHue MO3BOJISIET HAM BBIBOOUTH 3aKJIIOUEHUS O JIOOBIX BAPUAHTAX UTPHI, HEIOCPENCTBEHHO CBSI3aH C
cucTeMaTu3upoBaHHBIM pacnosoxenueM 250 000 y3moBbix Touek. MbI 0Oka3anuch ObI OE€CIIOMOIITHBEIMU, €CJIU OBl
JIICT KapTOHA COmepPKasl O0eCHOpPSOOYHBIN CIIyYalHBIA Pa3bpoCc TOUEK, MCKITIOUAIOINN KaKyH-In00 CUCTeMaTH-
3anuio. B Hamem cirydyae MbI MOryiu ObI pa3mesInTh CBOXO GQUIIKY HA [BE IOJIOBUHKY U JBUTATH OOHY IIOJIOBUHKY
BHI3, TIOKA OHA HE JISHKET Ha TOPU3OHTAIBLHYIO OCh, a MPYTYIO TMOJOBUHKY BJIEBO, TIOKA OHA HE JISXKET Ha BEp-
TUKAIbHYIO 0Cb. BMecTo Toro uTobbl Bocmpom3BonuTh ¢ omHol duirkoir 250 000 BO3MOXKHBIX TIOJIOXKEHUA, MbI
MOTJIM HOOUTHCS TOTO XK€ C OBYMs (PUIITKAMU, MJIS KaXKIOW U3 KOTOPBIX HYXKHO TOJBKO 500 BO3MOXKHBIX IIO-
soxeHnit, T. e. Bcero 1000 mosoxenuit B obeit croxkHocTu. Mpr 661 mocturiim Toro xe ypoeus B 250000
TIO3UITNH, HCIIOIB3YSI TO 0OCTOATENBCTBO, 9TO j1i060e m3 H00 mMOIoXKeHN OMHON IOJIOBIHKY (UINKN MOXKET KOM-
OumHUPOBATHCS C JTI0OBIM 13 500 TONIOXEHNT TPYTOY OJIOBUHKMU: YNCIIO TTOJIOXKEHN HEPA3IeJIeHHON (PUINIKYA PABHO
TMPOU3BENCHUIO YMCITa, TTOJIOKEHUT OMHON MOJIOBUHKY HA YKUCIIO TOJIOXKEHUN npyroi. Ha mpuHATOM Xaprone Mbl
roBopuM, 4T0 “006IIiee IPOCTPAHCTBO COCTOSHUI PAcCMaTPUBAETCS KaK AEKapTOBO IIPOM3BEIEHNE IPOCTPAHCTB
COCTOSIHUN TIEPEMEHHBIX T 1 1.

Bo3MoxHOCTE 3aMeHBI OMHON (UINKI C OBYMEPHOH CBOOOmOV BBIOOpA IIOJIOXKEHWs HA OBE ITOJIOBUHKH C
OIHOMEPHOI CBOOOMOM MCHOIB3YETCsI B MPEIJIOKEHHO BBIIIE NBYyXperucTpoBoil marmuie. C TOYKU 3pEHUS TeX-
HUYECKO Peajn3alln 5TO MPENCTABIAETCS BEChMa 3aMAaHUYUBBIM: TPeOyeTCs TOIBKO MOCTPOUTH PETUCTPHI,
crocobubie paszmmdarh 500 pasHbx ciaydaes ("3HaueHUN”), a 34 CYET MPOCTOTO OOBEMUHEHUS STUX IBYX PETU-
CTPOB O0IIIee YMCII0 PA3HBIX CIIyYaeB BO3ZBOOUTCA B KBaapar! DTo MepeMHOXUTEIHLHOE MIPABUIIO MO3BOJIIET HAM
pa3InYaTh IPOMATHOE UKUCIIO BO3MOXKHBIX OOIIINX COCTOSHUN C IIOMOIILIO OTPAHIMYIEHHOTO YKCIIa KOMIIOHEHTOB, Y
KaXKIO0r0 W3 KOTOPBIX TOJIBKO OrPAHIMYEHHOE YMCII0 BO3MOXKHEIX cocTosHui. 1lo Mepe mobaBrieHUs] TaKUX KOMIIO-
HEHTOB pa3Mep IPOCTPAHCTBA COCTOSHUI BO3pACTaeT SKCIOHEHIINAILHO, HO HAM CleNyeT UMeTh B BUIY, YTO 9TO
MOTIYCTUMO TOJILKO TIPU YCJIOBUM, YTO OOOCHOBAHUE HAIIIETO HOBOBBEOEHUS OCTAETCS BEChbMa, KOMIAKTHBIM; €CITH
Takoe OOOCHOBAHUE TOXKE BO3PACTAET HKCIOHEHIIMAJBLHO, TO BOOOIIE HET HUKAKOTO CMBICIA CO3ABATH TAKYIO
MAIIIHY .

3ameuanme. YO6eOUTEIbHYIO WITIOCTPALMIO K CKA3aHHOMY BBIIIIE MOXHO HANTHU B M300pETEHUM, BO3DACT
KOTOPOTO YK€ IIPEBBICUII NECSITh BEKOB: B mecaTudHoi cucreme cumcitenus! Oma obiiamaeT TeM HOMCTUHE IIjTe-
HUTEIHHBIM CBOMCTBOM, UTO YUCJIO HEOOXOMMMBIX IUGP BO3PACTAET BCETO JIUIIL MPOMOPIINOHAIBHO JOTapudMy
MaKCHUMAaJIBLHOTO U3 UKCEJI, KOTOPhIE MOJIXKHBI OBIThH NIPENCTaBIEHbl. [[BouvHAs cuCcTeMa CUMCIEHUS — 3TO TO,
YTO IOJIyYaAeTCs, KOTAa Bbl 3a0bIBAETE, UTO Ha KAXKION DYKe UMEeTCs N0 IaTu najibies. (Kower 3amevanus.)

Berte MBI 3aHEMAIICE OMHUM ACIIEKTOM MHOXXECTBEHHOCTH, & UMEHHO OOJIBIIINMM YNCJIOM HO3UNWHA (PUIIKT
(= Bo3MOXHBIX cocTosiHmiT). VMeercs ele omHa aHAIOIMYHAS MHOXKECTBEHHOCTH, a UMEHHO GOIIBLIOE UKCIIO
PA3INUHBLIX UID (= BBIUMCIEHWH ), KOTOPBIE MOTYT COCTOSTHCS B COOTBETCTBUU C HAIIMME IIPABUIIAIAME UIPbL:
TI0 OMHOI WT'Pe IJIs KAXKOOTO HAYAJIHLHOTO IOJIOXKEHUs, €CJIM TOBOPUTL TOUHee. Hallin mpaBumsia UrphHI SIBIISTIOTCS
OYEHb OOIIMMU B TOM CMBICIIE, YTO OHU IPUMEHUMEI K JTI000MY HaUaJIbHOMY HOJIokeHuio. Ho MBI HacTauBaeMm Ha
KOMITIAKTHOCTH OOOCHOBaHUS IIPABUJI UTPHI, & 3TO O3HAYAET, YTO U CAMU IIPABUIA HOIXKHLI OBITH KOMIAK THBIMI.
B mamem mpumepe 5TO MOCTUTaiioCh CIIEMYIOIIAM IPUEMOM: BMECTO IEPEUMCIIEHUS 'COesail 9TO, caeiaail To”
MBI 33[aiii IPABW/Ia UTPHL B BUIE IPABWJI IJIs BBINOJHEHNS ~I1ara’ B COYETAHUU C KPUTEPUEM TOTO, IOJIKEH
su “mar” GBITH BBINONHEH B crenyommi pa3. (Ha camom meme mar moikeH TOBTOPATHCS, TOKa HE OymeT
IOCTUTHYTO COCTOSIHUE, B KOTOPOM OH CTAHOBUTCS HEOIpenesieHHbIM. ) VHade roBops, maxe BCIO UTPy OT HAYAJIA
II0 KOHITa, MOXXHO IIPOU3BECTH C IIOMOIIIBIO MTOBTOPSIEMBIX IIPUMEHEHU OIHOTO W TOTO XK€ Tommpasmia’.

OTo ouyeHb MpONYKTUBHBIA mpueM. OnUH aArOpUTM 3aKJIIOUaeT B cebe IMPOEKT ONPENeSIeHHOTO KJIacca
BBIYNCIIEHUN, KOTOPbIE MOT'YT BBHIIOJIHITHCS IIOI €ro yIpaBieHreM; 6i1aronaps yCIOBHOMY IIOBTOPeHMIO miara’,
BBIUMCIIEHUS U3 TAKOTO KJIACCa MOTYT UMETh PA3JIMUYHBLIE MPOTSKEHHOCTH. OTUM OOBICHAETCS, KAK KOPOTKUMI
allTOPUTM MOXKET 3aHMMAaTh MAaIIUHy B TedeHUe INTebHOro Bpemenu. (C OPyrofl CTOPOHBI, B 3TOM MOXKHO
YCMOTPETh HAUAJILHLI HAMEK Ha TO, 3aYeM HaM MOTYT IOHAIOOUTHCS OCOOEHHO OBICTPBLIE MAIITHBI.

MeHns 3aBOpaKMBaET MBICIIb, YTO 3Ta IJIaBa MOIJIA MICATHCS eIlle B BpeMeHa, Korna EBKiua Mor cMOTpeTh
Ha Hee M3-3a MOEro IIjIeYa.



3. letikempa. “Ilucuuniansa mporpaMMupoBaHus”

1 Posib s3BIKOB MPOrpaMMUPOBaHMA

B rnase "AGcTpaknns ucnonnenus” g naj HeOpMaJIbHbLIE OMUCAHMA PA3JIMYHBIX 'MAIIWH, TPEOHA3HAUECH-
HBIX JIsl BBIYUCIIEHNS HAUOOIIBIIEro O6Iero NenTesls IBYX HOIOKUTENbHBIX (1 He CIIUIIKOM GOIIBIINX) YHCEIl.
Omno omucanue ObIIO BBIPAXKEHO C IIOMOIIBI0 GUINKY, MEPEIBATAEMON M0 JIUCTY KApPTOHA, NPYyroe — C IIOMO-
IITHI0 OBYX MOJIOBUHOK (PUIITKW, KaXKIas U3 KOTOPBIX ABUTAJACH BIOIL CBOEH OCHU, & TOCIEOHEe — C MOMOIIBIO
IBYX PETUCTPOB, KAXKMABIA U3 KOTOPBIX MOT COMNEPKATH IEJI0€ 4nuCio (He MPEBHIMIAOIee HEKOTOPO TDAHMNIIHI).
dusnuecku 3TU TPU "MAIIAHBL BECHMA PA3JINYHBI, OMHAKO MATEMATUIECKN OHUM OYEHb CXOMHBI: OCHOBHAS YaCTh
IOKa3aTeIbCTBA UX CIIOCOOHOCTH BBLIYHUCIISATH HAMOOJIBIINI OOIINI NeJINTesIb COBIALAET IJIS BCEX TPEX MAIIIWH.
OTO OOBSICHIETCS TEM, UTO OHU MPEICTABIISIOT BCETO JIUIID PA3JIMYHBIE BOILIOIIEHWS OMHOTO W TOTO e Habo-
pa "mpaBumil Urphl’, U 9TO UMEHHO TOT HAOOp MPABUII, KOTOPBIA CTABIISET CYIIHOCTH PEATHLHOTO M300peTEHNsI,
M3BECTHOrO Kak ~ayroputMm Epkiuna’.

B npenbimyieit ritase anroputM EBKiinma onuckiBasics CIOBECHO, He COBCeM (HOpMAaIIbHBIM 00pazom. OmHako
MBI OTMETHJIHN, YTO YKUCIIO COOTBETCTBYIOIINAX €My BO3MOXKHBIX BBIUICIIEHUN CTOJIb BEJINKO, UTO HYXKHO JOKA3aTh
€ro KOPpPEKTHOCTB. KO.HB CKOpPO aJITOPUTM OaH TOJIBKO HE q)OpMa.]'H)HO, OH HE sBJ/ILAETCA BIIOJIHE IIOOXOOAIIINIM
06BeKTOM Mt hopMaTbHOTO paccMoTpenus. s mambHelero HaM moTpebyeTcs OMUCAHNE HTOTO AJITOPUTMA,
B HEKOTOPOH yIIOOHON (hOPMAIIEHOM 3aIIUCH.

Taxas dhopmanbHas 3anUCh MOXKET 00/Ia0aTh MHOIOUNCIIEHHBIME nperMyliecTBaMu. JIr060it crocob 3amucu
IOIPAa3yMeBaeT, YTO BCSIKWUI OIMCHIBAEMBIN C €10 IOMOIIBIO IIPEIMET 3a0aeTCs KaK KOHKPETHBIN IIPENCTaBUTEID
(uacTo GECKOHEUHOTO0) Kilacca 06BEKTOB, KOTOPBIE MOTYT ObITH OMMCAHBL 5TUM crocobGoM. Harr crcob onmcanust
TOJIKEH, Pa3yMeeTcs, 00eCIeunBaTh M3SIIHOE U TOYHOE OMUCAHNE ajaropuTMma EBkanma, HO KOTma MBI 9TOTO OO-
CTUTrHEM, aJIrOpUTM EBKInna okaxeTcs B IEACTBUTEIHHOCTH 33 0aHHBIM, KaK IPEICTABATEIbL OIPOMHOTO KJ1acca
BCEX BUIOB aJIrOPUTMOB. V B ONMCAHUSAX HEKOTOPBIX U3 3THUX APYTUX AJITOPUTMOB MBI CMOXKeM HaiTu 6ojee WH-
TepeCcHbIE IPUMEHEHNs Halero crocoba 3anucu. B cnyuae anropurma EBkinna ecth OoCHOBaHUS yTBEPXKIOATH,
YTO OH HACTOJIBKO IIPOCT, YTO MOXHO O60OWTHCH ero HedopMajbHbIM omucanueM. Cusa HOpMaIbHON 3amucu
MOJIXKHA TPOABUTHCS B TAKUX MOCTUKEHUSX, KOTOPBIX 6€3 Hee MBI HUKOTA HE CMOTIIN Obl HO6UTHC!

Bropoe npemmyiriecTBo ¢opMansbHOrO crocoba 3ammcyu COCTOMT B TOM, UTO OH HAeT HAM BO3MOXKHOCTH
M3yJaTh AJTOPUTMBI KaK MaTeMaTUdIecKne OOBEKTHI; HPU 3TOM (GOPMAJIbLHOE OIMUCAHWE AJITOPUTMA CIIYKUT
OCHOBOI;,I, HO3BOHﬂIOHIeﬁ HaM MHTEJJICKTYaJIbHO OXBAaTUTH 3TOT aJITOPUTM. Bnaro,uapﬂ 9TOMY MBI CyMeeM OOKa-
3BIBATH TEOPEMBI O KJIACCaX aJTOPUTMOB, HAIPUMED MOJIB3YSICh TEM, UTO WX OMUCAHUS OOJIAMAI0T HEKOTOPBIM
0o0IIIM CTPYKTYPHBIM CBOMCTBOM.

Haxomer, Takoil cnoco6 3amucu IO3BOINT HAM ONKCHIBATH AJITOPUTMBI HACTOIBLKO TOYHO, UTO eciu OymeT
3aaH ONWCAHHBIN TAK AITOPUTM W 3a[aHBI 3HAUEHUs apryMEHTOB (BXOm), TO He OyleT HUKAKAX COMHEHUIT
OTHOCHUTENILHO TOTO, KAKMME NOJKHBI OBITH COOTBETCTBYIOIINE OTBETHI (BBIXON). 1IpM 5TOM MOXKHO CUATATH,
YTO BBIYKCIICHUE BBIIOIHAETCS aBTOMATOM, KOTODBIN, NOIy4nB ((HOPMAIILHO ONUCAHHBIN) AJTOPUTM U apryMeH-
ThI, TIOPOXKIAeT OTBETHI 0e3 MAJILHEHIIIEro BMEIIATeIbCTBA YeJOBeKa. 1akue aBTOMATHI, CIOCOOHBIE Oobecie-
YMBATH B3AUMHOE BO3NEUCTBUE AJTOPUTMA U apryMEHTa, U B CAMOM Inejie Obuin mocTpoeHbl. OHU HA3BIBAIOT-
cs1 "aBTOMATUYECKUMY BBIYUCIUTEISIMEI . AJITOPUTMBI, TPENHA3HAYEHHBIE [JIsI ABTOMATUYECKOTO BBITOJTHEHUS
TAKUMU BBIYUCIUTENSIME, HA3BIBAIOTCS "TPOrpaMMaMu’, W € KOHIA MITUOCCITHIX TONOB (POPMAIILHBIE CIIOCO-
6bl, WCTIONIb3yeMbIE IS 3aIlUCH MPOTPAaMM, HA3BIBAIOTCA ~a3blKaMu mporpammupoBanus’. (Beemenme tepmuna
"SI3bIK” TPUMEHUTENIBFHO K CII0cO0aM 3aliCl IPOrpaMM BBI3LIBAET CMeIIaHHbIe UyBCTBAa. (C OOHON CTOPOHHI,
OHO OKa3aJIoCh BECBMA IOJIE3HBIM, ITOCKOJIBKY CYILECTBYIOIAs TEOPUs JIMHTBUCTUKY OOECIeUNIa eCTECTBEHHYIO
OCHOBY ¥ YCTOsBIIyIOCs TepMmuHosoruio ("rpammaruka’, “cuarakcuc”’, “cemanTuka” U T. M.) IJIS PACCMOTPE-
HUIl IPUMEHUTEIBLHO K 5TOU HOBOM Temaruke. C OPYyroil CTOPOHBI, HEOOXOOUMO OTMETHUTH, UTO AHAJIOTUA C
(HBIHE MMEHyeMBIMU TAaK) ’€CTeCTBEHHBIMHI s3BIKAMN YaCTO OKA3bIBAJIACH NE30PMEHTUPYIOUIElN, Tak Kak IJis
€CTECTBEHHBIX S3bIKOB, He(POPMAJIBHBIX IO CYIIECTBY, MCTOYHUKOM KaK UX CIAabOCTU, TAK U UX CUJIBI SIBJISIETCS
IPUCYIIas UM HEONPENeIEHHOCTh U HETOYHOCTD ).

B mcropuueckoMm miiaHe 3TOT IOCHEOHUN ACIEKT, T. €. BO3MOXHOCTH ICIIOJIB30BAHUS SI3BIKOB IIPOrDaM-
MHUPOBAHUS B KAUECTBE CPEICTBA OOIIIEHUS C CYIIECTBYIONIIMU ABTOMATUIECKIMU BBIUUCIUTESIMEA, B TEUCHUE
[IOJITOTO BPEMEHU PACCMATPUBAJICS KaK UX Hambojiee BaXKHOE CBONCTBO. DGGEKTUBHOCTE, C KOTOPOM CYIIIECTBY-
JOIIE aBTOMATHYECKIE BBIUMCIUTEIN MOIJIM ObI BBIMOJIHSITEH IPOTPAMMEBI, 3aIICAHHbIE HA KOHKPDETHOM SI3BIKE,
CTAHOBIJIACH TJIABHBIM KPUTEPUEM KA4eCTBa DTOro s3bIKa. Kak OropumTesbHOE CIIENCTBUE MBI HEPEOKO OOHA-
PyXUBaeM, UTO AHOMAJIUU CYILIECTBYIOIUX BBIUUCIANTEILHBIX MAIINH CTAPATENIHHO BOCIIPOU3BOLSITCS B SI3BIKAX
MPOrPAMMUPOBAHMS, TPUUEM HTO MPOUCXOOUT B YIIIEPO MHTEIIEKTYAIHLHON YIPABISEMOCTH TPOTPAMM, BBIpa-
KAEMBIX HA TAaKOM s3blke (Kak OyITO NMPOrpaMMUpOBaHue U 6e3 5TUX AHOMAJIWU He ObUIO yXKe INOCTATOIHO
rpynueiM!). B paMkax Hamero momxoma MBI HOCTapaeMCs BOCCTAHOBUTH DABHOBECHE U IIOTOMY GymeM OTHO-
CUTBHCS K BO3MOXHOCTY (PAKTUIECKOTO BBIIIOJIHEHNS HAIIMX AJITOPUTMOB BBIUICINTEILHON MAIIMHONA TOIIBKO KaK
K CUACTIIUBOIL CIIyYallHOCTHU, KOTOPAs He HOJKHA 3aHIMAThH LEHTPAJILHOIO MeCTa B HaIux paccMorperusx. (B
OIIHOM HEABHO OILy OIIMKOBAHHOM y4IeGHOM TEKCTE IO IPOrpaMMupoBanmio Ha PL/1 MOXHO HaTH HACTONIMBLIIA
coBeT m3beraTh OOpaIlleHUll K IPOIENypPaM, HACKOIBKO 5TO BO3MOXKHO, 'MIOTOMY YTO OHU EJIAI0T ITPOrPAMMY
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cronb HeabdexkTusHO”. B cBere Toro, uro mpouenypsr B s3bike PL/1 ABAAIOTCS OOHUM U3 OCHOBHBIX CPEICTB
ONMCAHUS CTPYKTYPBI, STOT COBET BBIIVIAOUT yXKACHO, HACTOJIBKO YXKACHO, YTO BPsO JU MOXKHO HA3BEIBaTh
YIOMSIHYTHIT TeKCT 'yueOHbIM”. Ecim BbI yOeXIeHBI B IIOJIE3HOCTH IIOHSTUS TPOIENYPHI U COIPUKACAETECH C
NIPUJIOXKEHUSIMHU, TJie NOIOJHUTEIbHBIE 32TPATHl Ha aIllapaT IPOIELyp OOXOMSITCS CIINIIKOM IOPOro, TO IIOpPU-
nafiTe 5TU HENONXONSINNE IPUJIOKEHNUs, a He BO3BOONWTE UX HA YPOBEHb CTAaHOApPTOB. PaBHOBecme M B caMoM
IieJIe HAIJIeXKUT BOCCTAHOBUTS!)

91 paccMaTpuBaiO S3bIK IPOrPAMMUPOBAHUS IPEUMYIIIECTBEHHO KaK CPEICTBO MJIs OMUCAHUS ([IOTEHIMAIIb-
HO BeCbMa CJIOXKHBIX) abCTPAKTHBIX KOHCTpyKumit. Kak mokasaHo B riaBe "AGCTDAKIWs UCHONHEHUs”, Tep-
BEHUIIINMM JOCTOMHCTBOM aJITOPUTMAa SBJISE€TCS IOTEHINAIbHAS KOMIAKTHOCTD PACCYKIEHUH, Ha KOTOPBIX MOXET
OCHOBBLIBATLCS HAIlle IIPOHUKHOBEHUE B €r0 CYHIHOCTH. Kak TOJIBKO 3Ta KOMIIAKTHOCTH IMOTEPSHA, AJITOPUTM B
3HAYNUTENBHON Mepe TepsieT "IIPaBO Ha CYIECTBOBAHUE , U IIOITOMY MBI OyIeM CTPEMUTHCS K COXPAHEHUIO TAKOM
KoMIakTHOCTH. COOTBETCTBEHHO W HAII BHIOOD S3bIKA IPOrPAMMUPOBAHUS OyNeT MOLUWHEH TOU K€ L.
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2. COCTOAHUNUA N NX XAPAKTEPUUCTUKA

B Teuenme MHOrUX CTOJIETUIl YEJIOBEK OMEPUPYET HATYPAJbHBIMU umciamu. Mue mpemncraBisgercs, 4To B
MIONCTOPIYECKUE BPEMEHA, KOT1a Tepel] HAIIMMIY IIPEIKAMI BIEPBBIE 3a0Pe3KUII0 MIOHSITHUE JICIIa, OHU n300peTa-
JIM MHOWBUAYAJIbHBIE UMEHA MJIS KaXXIIOrO YUCia, HA KOTOPOe Y HUX OOHAPYKUBAIaCh MOTPEOHOCTH COCIIATHCS.
VM npuxonuiioch nMeTH MMEHA [Tl YACesI TOYHO TaK XK€, KAK Mbl IMEeM UMEHa ~ONUH, OBA, TPHU, YeThIPE U TaK
nasee”.

Or1o momctune "uMmeHa’ B TOM CMBICIIE, UTO IPHU MCCIEOOBAHUN IIOC/IENOBATEILHOCTHA ~'OOUH, OBa, TPU’
HUKAKOE MIPABUJIO HE TIOMOXKET HaM YMO3AKIIIOUNTh, YTO CIENYIONM uMeHeM Gyner “derwipe”. Bel, koHeUHO XKe,
TOIDKHEL 3TO 3kamb. (B ToM Bo3pacTe, KOrma s BHOJIHE yIOBIETBOPUTEIHHO YMENI CINTATh — IO-TOJUTAHICKT,—
MHE MPUIILIOCH YUUTHCS CUETY MMO-aHIJIUUCKKM M BO BPEMS YK3aMeHa CaMOe M3OIIPEeHHOe 3HAHUE CJIOB 'ceMb’ u
"meBSTH” HE CMOTJIO IIOMOYb MHE YCTAHOBUTD, KAK MICATH CJIOBO "BOCEMB ', HE TOBOPS YK O TOM, KAK IIPOM3HOCUTH
ero.)

OueBumHO, YTO TAKOE HECUCTEMATU3MPOBAHHOE DPa3HOOGpa3Me IMO3BOJISIET HAM BBINENSITh UHIUBUILYAITh-
HO TOJIBKO BECbMa OrDAHIYEHHOE KOJIUUIECTBO PA3INMUHBLIX uncesrl. UTobbl m36exkaTh IONOOHOTO OrpaHUYEHNS,
KaXIBIA SI3BIK B [UBUJIN30BAHHOM MUpe BBOAUT (6ojiee MM MeHee) CHCTEMATW3NPOBAHHOE NMEHOBAHUE HATY-
pPaIbHBIX YHCell, U O0yJYeHue CYeTy B 3HAUUTENILHON CTEIeHU CBOMUTCS K OOHADYXKEHUIO CUCTEMBI, JIeXKaIleil B
OCHOBE 3TOro nMeHoBaHus. Korma peGeHOK yUUTCS CIYUTATH OO THICSYN, €My He MPUXOOUTCS 3aydMBATH HAM3-
YCTh 9Ty TBHICAYY MMeH (B UX TOYHOM HOpsake!); OH PYKOBOLCTBYETCs ONPENEIeHHBIMU [IPABIIAME: HACTYHIAET
MOMEHT, KOrna pebeHOK y3HAeT, KaK IIePEXONUTDH OT JI000ro Ymcia K CIeLyIOIeMy, HAIPUMED OT “4eTHIPECTa
MBAOIATE OEBATH K 'UETHLIPECTA TPUOIATE .

JlerkocThb O6paIlieHnsI C YICIAMU CHIIBHO 3aBUCAT OT BBIODAHHON HAMU IJIs HUX CUCTeMaTu3anuu. 1'opasno
TpyIHEe YCTAHOBUTD, UTO

[IOXKWHA OI0OXKIH = I'POCC
ONUHHAAIATD INIIOC OBEHANNATL = ABAAIATL TPU
XLVII+1V =LI

9eM yCTaHOBUTb, 9TO

12 x 12 =144
11+12 =23
474+ 4 =51

TakK KakK IOCJEIHIE TPU OTBETA MOXKHO IMOJIYYUThH, IPUMEHUB IIPOCTON HAOOP MPaBUII, KOTOPBLIMU MOXKET PYKO-
BOIICTBOBATHLCS JII000M BOCBMUJIETHUN PEOEHOK.

IIpu MexaHUUYECKUX MAHUIYIIANUSIX HAL YUCIAMU PEUMYIIECTBA NECITUYHON CUCTEMBI CUUCIIEHUS IPOSB-
JISIFOTCS. TOpas3mo 6ojiee OTUYETINMBO. YK€ B TEUYEHHME CTOJIETHUIl MBI PACIOIATAEM MEXAHWYIECKUMUI CYMMAaTOPa-
MM, TOKa3BIBAIOIIIME OTBET B OKOIIKE, MO330M KOTOPOIO MMEETCS HECKOJIBKO KOJIEC C IECSTHIO PA3INIHBIMUI
[IOJIOXKEHUSIMU, IPUIEM KaxKI0e KOJIECO B JIF00OM CBOEM IIOJIOKEHUY IIOKA3BIBAeT ONHY mecaTuuHyko mudpy. (Te-
mephb yKe yxke He saBisiercs mpobsemont moka3arsk 000000197, mpubasuts 4 u 3aTeM moka3ats “00000023”; 66110
OBI TPOOIIEMOI — IO KPAHEHN Mepe eCiIi MOJIb30BATHCS YINCTO MEXAHIIECKIMI CPEICTBAMHI — I0Ka3aTh BMECTO
sToro “nmeBsTHanuaTh” U 'mBanUATH TPU'.)

Cy1iiecTBEHHOE CBOICTBO TAKOT'O KOJIECA COCTOUT B TOM, UTO OHO O0JIAmaeT HEeCSTHIO PA3IUIHBIMU yCTON-
YUBBIMU OJIOXKEHUSMU. Te€PMUHOJIOTUYECKN 9TO BBIPAXKAETCS PasHbIMuU cnocobamu. Hampumep, komeco Hasbl-
BAETCsI 'TIEPEMEHHOW C MECSATHIO 3HAUEHUSIMU’, W €CJIM MBI XOTUM OOJIBbIIEl TOYHOCTHU, TO HAXKe MePEednCiIsIeM
ot 3Haverus: oT 0 no 9. 3mech kaxnoe “mosoxernue” KOjeca OTOXKIECTBISIETCSA CO “3HAYEHUEM  IEePEMEHHON.
Komeco nasbiBaeTcst "mepemMeHHO”, MOTOMY YTO, XOTSI €0 TMOJIOXKEHUS W yCTOWYMBBLI, KOJIECO MOXKET IOBEP-
HYTBCS B IPYroe TIONOXKEHWE: ~3HAdeHUe MOXKET U3MEHUTHCA. (Y BBIHYXKIEH OTMETHUTH, 9TO 3TOT TEPMUH
HeyIadyeH N0 KpalHell Mepe B NBYX OTHOINEHWUSX. BO-TEPBBIX, TaKOe KOJIeCO, KOTOpoe (MOYTH) BCErma HaXo-
IOUTCS B OMHOM W3 CBOUX HECSTH HOJIOKEHWA U, CIICNOBATENILHO, (IOYTH) BCETAA IPEACTABIISET HEKOe 3HAYCHIUE,
SIBJISIETCSL LOHSTAEM, BECbMa OTJIMYHBIM OT TOrO, YTO MATEMATHKN HA3BIBAIOT ~'MEPEMEHHON’, IOCKOJIBKY, KaK
NIpaBUJIO, MaTeMaTUIECKasi TepEeMeHHass BOOOIle He IPENCTABIIsieT KaKOro-Iumbo KOHKDETHOro 3HadeHwus. Ecaun
MBI TOBOPUM, 9YTO IJIs JIFOGOTO IEJIOr0 UMCiIa 1 yTBepxkaeHne n’ > 0 MCTUHHO, TO 3MeCh 1 ABISETCS TepPeMeH-
HOIl COBCEM OPYTOro poma. Bo-BTOPBIX, B HAIlleM KOHTEKCTE MbI WCIIOIL3YEeM TEPMUH TepeMeHHas IJIsl TOrO,
YTO CYIIECTBYET BO BPEMEHU U Ub€ 3HAUEHUE, €CIU €r0 He TPOraTh, ocTaeTcs mocTosHHbiM! TepMun “usme-
HsieMasi KOHCTAHTa IIOHOINesl OBl JIydIille, HO MBI HE CTAaHEM BBOOWUTHL €r0, a OyoeM IPUOEPKUBATHCS IPOIHO
YCTAHOBUBIIEHACS TPALUIVIH. )

Hpyroit cnoco6 TepMUHOIOIUYECKH OTPAa3UTh CYLHOCTH TAKOrO Kojeca, KoTopoe (IO4YTH) BCerma Haxo-
MUTCS B OMHOM U3 MECATU PA3TUIHBIX MOJIOKEHUN MM "COCTOSHUHN , COCTOUT B TOM, YTOOBI IOCTABUTH DTOMY
KOJIECY B COOTBETCTBUE ’HIPOCTPAHCTBO COCTOSHUN U3 HECATH TOUEK’. 3Iech KaxIoe COCTOsHUE (IOTOXKEHNe)
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CBSI3BIBAETCS C "TOUKOI’, & COOpaHMe STUX TOYEK HA3BIBAETCS — B COOTBETCTBUU C MATEMATUYECKON TPAIUIIAEH
— MPOCTPAHCTBOM WUJIN, €CITH MBI XOTUM OOJIBIIIE TOYHOCTH, "TPOCTPAHCTBOM COCTOsSHUE . BMecTo TOro uTo66!
TOBOPUTB, YTO TEpeMeHHas 061anaeT (IIOUTH) BCErIa OMHAM U3 CBOMX BO3MOXKHBIX 3HAUEHUIT, MBI MOXKEM TEIEpPhb
BBIDA3UTh TO XKe, CKA3aB, UTO CUCTEMA, COCTOAIIAA U3 eIUHCTBEHHOU MEPEMEHHON, HAXOMUTCs (IOYTH) BCEeraa
B OQHOU M3 TOYEK CBOErO NPOCTPAHCTBA COCTOSHWUIA. IIpOCTPaHCTBO COCTOSHUI ONUCHLIBAET CTENEHL CBOOOMBI
cucTeMbl; OOJIBIIIE el HEKYIa IEPEXONUTh.

OTBieueMcs TemeEPsL OT OTIOEILHO B3STOIO KOJIECA U COCPENOTOYNM HAIlle BHUMAHNE Ha PETUCTPE C BOCEMBIO
TaKIMHI KOJIECaMM B CTPOKE. HOCKO.]'H)Ky KaxJoe M3 3TUX KOJIeC HaXOOUTCA B OOHOM M3 NECATU PAZJIAIHBIX
COCTOSIHU, 5TOT PETUCTP, PACCMOTPEHHBIN Kak 1ejioe, HaxonuTcs B ogaoM u3 100 000 000 BO3MOXHBIX pa3iimd-
HBIX COCTOSIHUIT, KaXKIOe U3 KOTOPBIX €CTECTBEHHO UIEHTU(MUIUPYETCA YUCIOM (8 TOYHEe, CTPOKOU U3 BOCHMIU
mudp), HOKA3LIBAEMBIM B OKOLIIKE.

Ecnu 3amaner cocTostHIS BCeX KOJIEC, TO COCTOSIHIIE PETUCTPA B IIEJIOM OTHO3HAYHO OIIPENeNIeHO; U 0OPATHO,
1o J1I000MY COCTOSIHHIO PETHCTPa B LIEJIOM ONHO3HAYHO OIpPENeIsieTCs COCTOSHUE KaXXIIOTO OTHENIBHOTO KOJle-
ca. B aToM ciygae MBI TOBOpUM (B NIpEABIAYIEH IJlaBe HAME YK€ UCIOIL30BAH OTOT TEPMUH), YTO MOJLyIaeM
(w1 cTpOUM) IPOCTPAHCTBO COCTOSHUN PETUCTPA B 1EIIOM, GOpMUpPYs "IeKapTOBO Ipou3BeneHne” MPOCTPAHCTB
COCTOSIHII BOCBMU OTHEIBHBIX Kojiec. OOIllee YMCiIo TOYEK B 3TOM IPOCTPAHCTBE COCTOSHUN SIBIISIETCS ITPOM3-
BEIEHNEM YHUCeJI TOYEK B TeX IPOCTPAHCTBAX COCTOSHUIL, U3 KOTOPBIX OHO IOCTPOEHO (MMEHHO IIOTOMY OHO
HA3LIBAETCS NEKAPTOBBIM NPOU3EEIEHUEM).

B 3aBucumocTu OT TOrO, YTO HAC MHTEPECYET B TOM HPEOMETE, MBI OO PACCMATPUBAEM TAKOH PETUCTD
KaK e[UHYIO IepeMeHHYIO ¢ 10% pasanyHBIMEI BO3MOXKHEIME 3HAYEHMSMH, U060 KAK COCTABHYIO MEPEMEHHYIO,
COCTABJICHHYIO U3 BOCHBMIU PA3JIMYHBLIX [IEPEMEHHBIX, HA3BIBAEMBIX ~'KOJIECAMU’, C HECSITHIO 3HAUYEHUsIMU. HKcim
MBI HHTEPECYEMCsI TOJIBKO IIOKA3bIBAEMBIMI 3HAYEHUSIMU, TO OymeM, MO-BUAUMOMY, PACCMATPUBATEH PECUCTD KaK
HEEINMOe TIOHSITHE, TOTOa KaK MHKEHeP-IKCIIyaTAlINOHHNK, KOTOPOMY HYKHO 3aMEHUTH KOJIECO CO CIIOMAHHBIM
3y6110M, OyneT, KOHEYHO PACCMaTPUBATh PETUCTP KaK COCTABHOU OOBEKT.

Mpgbr HabmIOMAIN OPYTOM MpUMEDP MOCTPOEHUS MPOCTPAHCTBA COCTOSHUN KaK OEKapTOBAa IPOM3BEOeHUs 00-
Jlee MEJIKUX MIPOCTPAHCTB COCTOSHUN, KOrma obcyxmaiu ajropuTM EBkimna u oOHAPYXKWIINM, YTO ITOJIOXKEHUE
UKy roe-To Ha JIMCTE MOXKHO IIOJIHOCTBIO MACHTUGUIIMPOBATE C HOMOIIBIO IBYX MOy (QUIIeK, KaXKoas U3 KO-
TOPBIX HAXOOUTCS TIE-TO HA CBOEH OCH, T. €. C TOMOIIBI0 KOMOUHAINY (& TOYHee, YIOPSAAOUEHHON Maphl) ABYX
nepemensix 2" u 7y’ (Anmes noeHTHGUKAIIN TONOKEHNST TOUYKA HA MIIOCKOCTH 3HAYEHWUAME €€ KOOPIUHAT X U
y unet oT exapra, KOTOPEI pa3paboTall aHAIUTUYIECKYIO0 T€OMETPHUIO U B YECTh KOTOPOTO HA3BaHO IEKAPTOBO
npoussenenue.) Puirka Ha sucre ObLIa BBENEHA I AEMOHCTPALUM TOTO GaKTa, YTO PA3BUBAIOLINIC BBHIYUC-
JINTEJILHBIA IPOIECC — TAaKOM, KaK BBINOIHEHNE ajropuTMma EBkimma,— MOXHO PacCMaTPUBATHL KAK CUCTEMY,
MBUXKYIITYIOCS IO CBOEMY IIPOCTPAHCTBY COCTOSIHUU. B cooTBeTCTBUE C 5TOI MeTadOpOol HAYAIHLHOE COCTOSHIE

MMEHYETCS TaKXKe "MCXOMHON TOUKOM .

B sToit xHuUre MBI 6yIEM MPEUMMYIIIECTBEHHO — a MOXET OBITh, HaXKe UCKITIOUNTEIHFHO — 3aHUMATBCS CH-
cTeMaMU, IIPOCTPAHCTBA COCTOSHUN KOTOPHIX OyOyT B KOHEYHOM UTOTE€ PACCMAaTPUBATHCS KaK HEKVE NEKAaPTOBBI
npouwsBeneHus. Pasymeercs, He CllemyeT yCMATPUBATBH B 3TOM MOe MHeHHE, 6yarTo OBl MPOCTPAHCTBA COCTO-
SIHUH, ITIOCTPOEHHBIE C IIOMOIIBIO NEKAapPTOBBIX IIPOU3BENEHUN, SABJISIOTCSA OOLIMM U OKOHYATEILHBIM peIIeHueM
BCeX HAIMX Ipo6seM; s OTJINYHO 3HAI0, UTO 3TO He TakK. VI3 majbHENIero CTaHeT OYEBUOHBLIM, IOYEMY OHUI
3aCIIyXKUBAIOT CTOJIb OOJIBIIIOrO HAIlEr0 BHUMAHUS U B TO XK€ BPEMs ITOYEMY 3TO MOHSATHUE UT'PAET CTOJIb IIABEH-
CTBYIOIIYIO POJIb BO MHOTUX $3BIKaX ITPOI'PAMMUDPOBAHUS.

IIpexne yeM TPOmOIKUTEL PACCYKIOEHUS, OTMETy ONHY IPOOJIEMY, C KOTOPOA HAM MPUIOETCS CTOIKHYTHCS.
Korma mbr o6pasyem npoCcTpaHCTBO COCTOSIHIIN, CTPOSI NEKAPTOBO [IPOU3BENEHNE, TO BOBCE HE 00sI3aTEIHHO, ITO
HaM OKAaXVTCs IIOJIE3HBIMU BCE €0 TOUYKU. THINIHBIM IPUMEPOM HTOMY SIBIISETCS XapPaKTEPUCTUKA THEN HaH-
HOTO TOfIa C TIOMOIIBIO TIaphl (MecsI, NeHb), rae "Mecsan” — nepeMeHHas ¢ 12 snadenusvu (ot “sHB” mo "nex”), a
"mens” — nepemenHast ¢ 31 snauerusamu (ot 1 mo 31). B aToM cityuae MBI 06pasyeM IPOCTPAHCTBO COCTOAHUN U3
372 Touek, TOrma Kak HUKAKO ro He conep:xkut 6osee yeM 366 mueir. UTo HaMm mesmarh, ckaxkeM, ¢ mapoi (1oH,
31)? JIuGo MbI 3amperaeM ee, BBOLS HMOHATHE "HEBO3MOXKHBIX OAT U TEM CAMbIM CO30aBas B HEKOTOPOM CMBICIIE
BO3MOXHOCTb BHYTPEHHUX IIPOTUBOPEYNI B CHCTEME, JIOO MBI Pa3pelraeM ee Kak OPYrofl BapUAHT UMEHU IS
OIHOTO U3 "MCTUHHBIX [HEN, HANpUMED, NpupaBHUBas ee K (mioi,1). DeHoOMEH "HEMCIOIB3YEMBIX TOUEK IIPO-
CTPAHCTBA COCTOSHUU BO3HUKAET BCAKUU Pa3, KOTMa UKUCIIO PA3JIUYHBIX BO3MOXKHBIX 3HAUEHUIN, KOTOPHIE MBI
JKeJIaeM pPaCIO3HABATH, OKA3BIBAETCS IIPOCTHIM UUCIIOM.

CucremaTusanusi, KOTOpas aBTOMATUYECKU BBOOUTCS, KOTIA MbI CTPOUM MPOCTPAHCTBO COCTOSHUN Kak
IEKAPTOBO NPOM3BENEHNE, IIO3BOJIsIET HAM KOCHTUGUUIUPOBATH OTIOEIHHO B3ITYIO TOUKy. Hampumep, s mory
YTBEPXKIOATH, YTO MOI IeHb poxkneHus — 5To (mait, 11). Onsaxo Graromapst IlekapTy HaM M3BECTEH TEIEpPhb U
Ipyron crocob pukcamum 3Toro GakTa: MOU NeHb POXKICHWS MPUXONUTCI HA Ty HATy (MECAI, HEHb), KOTOpas
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COOTBETCTBYET PEICHNIO yPABHEHMs "

(mecay = mat) and (dewv = 11)

IIpuBenenHoe BhIllE ypaBHEHWE MMEET TOJIBKO OIHO DPEIIEHIE I II03TOMY IIPENCTABIIIET COOON HECKOIIb-
KO YCJIOXHEHHBIN CIIOCO0 YKa3aHWUS 3TOr0 €OUHCTBEHHOrO MHsI B romy. OmHAKO MPEMMYIIECTBO UCIIOIb30BAHUS
YPaBHEHUS COCTOUT B TOM, YTO OHO IIO3BOJISIET HaM OXapaKTePU30BATH MHOXKECTBO BCEX €r0 PEIeHWH, W Ta-
KO€ MHOXKECTBO MOXET CONEPXKATh 3HAUUTESILHO OOJIbINlEe UeM ONHY TOUKY. T PpUBHAJIBLHBIM IPUMEPOM MOXKET
CIIyKUTH OIpenesieHue pOXIeCTBa:

(mecay = dex) and ((denv = 25) or (denv = 26))

Boiee OIpuMedaTeJIbHBIM IIPUMEPOM ABJIAETCS OIIpeNeieHNEe MHOXKECTBa OaT, B KOTOPBIE BBIIJIAYUBACTCI MOE
€2KEMECAYIHOE 2KaJIOBaHbE:

(denp = 23)

7 pasyMeeTcsl, 3TO ropasno 60jiee KOMIAKTHOE ONWCAHUEe, ueM Tepeuncienue suna ’(suB, 23), (des, 23), (Map,
23)” u T. &.

W3 cka3zaHHOrO BBHIIE ABCTBYET, YTO CTEMEHB JIETKOCTU, C KOTOPOU MBI UCIOJIb3yeM TaKUe YPABHEHUS IJIs
XapaKTEePUCTUKN MHOXECTB COCTOSIHUIL, 3aBUCUT OT TOIO, HACKOJIBKO MHOXECTBA, KOTOPBIE Mbl XOTUM OXapPaKTe-
pPU30BaTh, "COOTBETCTBYIOT CTPYKTYpPE MPOCTPAHCTBA COCTOSHUMA, T. €. 'COOTBETCTBYIOT’ BBEIEHHON CHCTEME
xooparuat. Hampumep, B pacCMOTpPEHHON BBIIIE CHCTEME KOOPAUHAT OBLIO ObI HECKOIBKO HEYHOOHO OXapakTe-
PHU30BATH MHOXKECTBO [IHEN, KOTOPbIe IIPUXONATCSA Ha TOT XKe NeHb Hemenu, 4to u (suB, 1). Bo MHOrIX cayuasx
MPOrPAMMUCTY IPUXOMUTCS IIPU PEIIEHUN 3324 BBOAUTH MPOCTPAHCTBA COCTOSHUI C MOOXOMSIIIUME ISl €r0
meJieil cucTeMaMy KOODAWHAT; MPUYEM IONOJHUTEIbHBIE TPeOOBAHUS YACTO BBIHYXKIAKOT €r0 BBOOUTH TAKKE
MPOCTPAHCTBA COCTOSHUN, B KOTOPBIX UMCJIO TOYEK BO MHOIO Pa3 GOJIbIIE, YeM UYMCIIO PA3IUYHBIX BO3MOXKHBIX
3HAYEHWII, KOTOPBIE OH HOJIXKEH PACIO3HABATH.

Hpyroit mpuMmep HUCHOIB30BAHUS YPABHEHUS M XAPAKTEPUCTUKNA MHOXKECTBA COCTOSHUN BCTPEUYAIICS B
HAIlleM OIMCAHUM KAPTOHHOI Mammusl s Bbrancienns HOI(X,Y), roe

r=Yy

XapakTepu3yeT BCE TOUKM TOTO, UYTO MBI HA3BAJIM ~JIMHUEN OTBETA”’; 5TO MHOXECTBO KOHEUHBIX COCTOSHMUIA, T. €.
BBIUMCJIEHUE TTPEKPAIIIAETCS TOTA U TOJIBKO TOTMA, KOTIa HJOCTUTHYTO KaKOe-HUOYOb COCTOSHUE, YIOBIETBODSI-
folllee YPABHEHUIO T = Y.

TToMuMO KOOpIUHAT MPOCTPAHCTBA COCTOAHUN, T. €. MEPEMEHHBIX, B TEPMUHAX 3HAYEHUU KOTOPBIX BhIPa-
JKAETCS XOIl BBIYUCIUTEILHOTO MPOLECCa, MBI BCTPEYAN B HAIMX yPABHEHUSAX KOHCTAHTHI (Takue, Kaxk ~"mait’
unm "23”). Kpome TOro, MOXKHO HOJIB30BATHCS TAK HA3BIBAEMBIMHA ~CBOOOMHBIMU IEPEMEHHBIMA ', KOTOPBIE MOXKHO
MpencTaBuTh cebe Kak ’HecnermupuIrnpoBaHHbIe KOHCTAHTEI . MbI IpuMeHseM UX CIeNUaIbHO IiIsi 0603HAYUEHNUSI
CBsI3eil PA3IMYHBIX COCTOSHUI, KOTOPhIE MOT'YT BCTPEYATHCS HA MOCIIENOBATEIBHBIX IIATaX 00H020 U M020 JHee
BBIUMCIIUTEIHHOrO mporecca. Hampumep, BO BpeMsi HEKOErO KOHKPETHOTO BBIOJHEHWS ajropuTMa EBkiauna c
HauasbHOI Toukoin (X,Y") Bce cocrosuus (z,y) GyoyT yOOBIETBOPATH GOpMyIe

HOI(z,y) =HON(X,Y)and0 <z < Xand0<y <Y

Bmece X m Y He SBIAIOTCS TAaKUMU MepeMeHHbIMU, Kak & u Y. OHU IpencTaBisioT coboll “MX HAaYaIbHBIE
3HaueHuss”. OTO KOHCTAHTHI ¢ TOYKM 3PEHUS KOHKPDETHOTO BBIYNCIICHWS, HO OHU HE CHENU(UIUPOBAHLI B TOM
CMBICJIe, UTO MBI MOIJX OBl 3amycTuTh ajaroputM EBknumna ¢ mo60f TOYKOW CETKH B KavdeCTBEe HAYAIBLHOTO
TIOJIOXKEHUST HAIllel (PUIrKu.

B 3akiroueHre HEKOTOpPBIE TEPMUHOJIOTHYECKUE 3aMedanus. 91 6ymoy Ha3bIBATHL Takue ypPaBHEHUS 'yCIIOBU-
avu” win "npemukaramu’. (51 MoOr 6BI, & BO3MOXHO, U HOJKEH ObI PA3JINYATH TU MOHATHUSI, 33PE3ePBUPOBAB
TepMUH “TIpenukaT’ mjs GopMasIbHOTO BhIpaxeHus, obo3Hadarorrero 'yciosue”. Torma Mbl mmenn 6bI BO3MOXK-
HOCTBb CKa3aThb, HAPUMEP, UYTO IBa PA3HBIX mpenukarTa ' = 4’ u "y = x” 0603HAYAIOT OIHO W TO XK€ yCIIOBHE.
Onnaxo, 3Has ce6s, s He HANEIOCh [IPEYCIeTh B TAKOH MaHepe M3jI0XKeHus.) 1 OGyay CUMTATh CHHOHUMUYHBIMUI
Takue BBLIPAXKEHUsI, KaK 'COCTOSHUE, i KOTOPOrO IMPENUKAT UCTUHEH’, "COCTOSHUE, KOTOPOE yIOBJIETBOPSIET
ycnoBuio”, "coCTOsIHIE, B KOTOPOM YCJIOBUE YIIOBIIETBOPSETCS”;, "COCTOSIHIE, B KOTOPOM YCJIOBUE CIIPABEIJINBO” U
1. 0. Ecnu cucrema 3aBemoMO HOCTUTHET COCTOSHUS, YIOBIETBOPSIOIIETO YCIOBUIO P, TO MbI GyeM TOBOPUTH,
9TO CHCTEMA 3aBEmOMO ~00eCHednT MCTUHHOCTL P7.

! Bnece u nanee B MaTemaTmIeckux GOpMyIax MCTOMBL3YIOTCS M1 0G03HAUEHNS JIOTUHECKIX OMEPAInil CIM-
Bostbl and (KOHBIOHKINS), Or (nu3bloHKIUs) 1 non (orpunanue).— Ilpum. mepes.
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14 O. leiikempa. “Ilucuunianaa mporpaMMUPOBAHUS”

TIpenmonaraercs, YTO BCSKWUI NPENVKAT OIPENENeH B KAXIOM TOYKE PACCMATPUBAEMOIO MPOCTPAHCTBA
COCTOSIHUI: B KaXKIOW TOYKE 3HAUECHUEM MIPEOUKATA SBIISETCS JIn00 "ucTuHa”, 1160 "I0XKb ", U MPEOUKAT CIIYKUAT
1T XaPAKTEPUCTUKA MHOXKECTBA BCEX TOUEK, I KOTOPBIX (MM B KOTOPBHIX) 3TOT NPEAUKAT NCTHUHEH.

Mpu1 Gynem HasbBaTh ABa npenukata P u ) pasabiMEu (dhopMansHo P = Q7), ecim OHE 0603HAYAIOT OIHO
U TO € YCJIOBUE, T.€ XapaKTEePU3YIOT OMHO U TO YK€ MHOXKECTBO COCTOSHUI.

IBa npenukara OyoyT urpaTh OCOOYIO POJb, M MBI pe3epBUpYyeM s Hux mMena 17 u "F”.

T —>T0 mpenukaT, KOTOPLIN UCTUHEH BO BCEX TOYKAX PACCMATPUBAEMOrO IMPOCTPAHCTBA COCTOSIHUI; €My
COOTBETCTBYET IOJIHOE MHOXKECTBO COCTOSHUI.

F — mpemukaT, KOTOPBIA JIOXKEH BO BCEX TOYKAX MPOCTPAHCTBA COCTOSHUI; OH COOTBETCTBYET ILyCTOMY
MHOXECTBY.



3. letikempa. “Ilucuuniansa mporpaMMupoBaHus”

3 XAPAKTEPUCTUNKA CEMAHTUKU

Hac mHTEpecyoT mpemMyIlieCTBEHHO TakKue CUCTEMBI, KOTOPBIE, MPUCTYIUB K paboTe B HEKOEM ~'HAUYAIIb-
HOM COCTOSHUH, 3aBEPINAT €€ B KAKOM-TO ~KOHEYHOM COCTOSHUU’, KOTOPOE, KAaK MPaBUJIO, 3aBUCUT OT BBIOOpA
HAYaJIbHOTO COCTOSHUSI. OTOT IOOXON HECKOJIBKO OTJIMYAETCS OT KOHIEIINN ABTOMATA C KOHEUHBIM UYHUCIIOM
COCTOSIHUY, KOTOPBIN, C OIHOW CTOPOHBI, BOCHPUHAMAET IOTOK BXOOHBIX CAMBOJIOB, & C OPYTOU CTOPOHBI, TIOPO-
JKIOAeT MOTOK BBIXOOHBIX CHMBOJIOB. UTOOBI IEepeBeCTH 3TO B HAIINY CXEMY, MBI HOJIXKHBI IIPENIOJIOXKUTH, ITO
3HaueHHe Bxoma (T. €. AapryMeHT) OTPaKaeTCs B BbIOOPE HAYAIBLHOTO COCTOSHUSA W UTO 3HAUEHUE BBLIXONA
(T. e. oTBer) OoTpaxkaeTcA B BLIGOPE KOHEYHOTO COCTOsHUA. Hamr momxom m3baBiseT HAC OT BCEBO3MOMKHBIX
HETIPUHITNINAIBLHBLIX CIIOXKHOCTEN.

IlepBass wacTh 5TOI IIaBBI MOCBSIIEHA MOYTH MCKIIOUYATEIBHO TAK HA3BIBAEMBIM IeTEPMUHUPOBAHHBIM
MarmHaM”, TOrna Kak BO BTOPOR YacTH (KOTOPYIO MOXHO IIPONYCTHUTH IIPU [IEPBOM YTEHWUN) PeYb UIET O TaK
Ha3BIBAEMBIX ~HENETEPMUHUPOBAHHBLIX MaIlnHAX . Pasnumume MeXOy 3TUMU OBYMS TIOHSTUSIMU COCTOUT B TOM,
4TO I JETEPMUHUPOBAHHON MAIIMHBI COOBITHE, KOTOPOE IIPOM30MIET IIOCIIE 3aILyCKa KOHCTPYKIINH, TIOTHOCTHIO
OIIpenessieTCsl ee HaYaJIbHBIM COCTOsHUEM. Kciam oHa 3amyckaeTcs OBaXKOLI B OOUHAKOBBIX HAYAJIBLHBIX COCTOS-
HUSIX, TO IPOU30UAIYT OOUHAKOBLIE COOBITHS: IOBENEHNE NeTEPMUHIPOBAHHON MAIIIWHBI ITOJTHOCTHIO BOCIIPOU3BO-
numMo. it HemeTepMUHIPOBAHHON MAIIUHBI, HAIIPOTUB, 3aIIyCK B 33IaHHOM HAYAJIBLHOM COCTOSHUN IIPUBENET K
KaKOMY-TO ONHOMY COOBITHIO M3 KJIacCa BO3MOXKHBIX COOBITHI; HadaJIbHOE COCTOSHHUE TOJIBLKO (UKCUPYET dTOT
KJIaCC B IIEJIOM.

Temeps s mpenmosaraio, 9TO TPOEKTUPOBAHNE TAKOH CUCTEMBI SIBIISIETCS IIEJIEHAIPABICHHON MNESITEIHHO-
CTBIO, T. €. MBI JKeJIaeM NOCTHAYb Yero-TO C IIOMOIIBIO DTOR cucTeMbl. Hampumep, ecim MBI XOTHM CO30ATh
MAaIlIHY, CIIOCOOHYIO BBIYHUCIISATHL HAMOOIBININN OOMINHM HOEIUTEeh, TO MOXKeM IOTPebOBaTh, UTOOBI KOHETHOE
COCTOSIHHE YIOBIIETBOPSIIO YCIIOBUIO

z = HOII(X,Y) (1)

B paccmoTpenHoil panee mamuse Mbl OymeMm umerh Takxke y = HOI(X,Y'), moromy uro urpa 3akaH4mBaeTcs
npu T = Yy, HO 9TO OTHIOAL HE YACTb HAINX TPeOOBAHUN, KOILA MBI DEIaeM NPUHITH KOHEUHOE 3HAUEHUE T B
KaJyecTBe OTBETA.

Mer nasbiBaem ycmoBue (1) (xemaembiM) “moctyciosuem” — "mOCT”, HOTOMY YTO OHO HAJIATAETCSI HA TO
COCTOSIHIE, B KOTOPOM CHCTEMa IOJKHA OKA3aThCS NOC.Ae CBOEHl paboThL. 3aMeTHM, UTO HOCTYCIIOBUE MOXKET
YOOBJIETBOPSATHCS MHOIMME BO3MOXHBIMI COCTOSIHUSIMA. B TakoM CjIydae MbI €CTECTBEHHO CUMTAEM KaXKIoe 13
HIX ONWHAKOBO YIOBJIETBOPUTEILHBIM, TAK YTO HET OCHOBAHWI TPEOOBATH, ITOOBI KOHEYHOE COCTOSHUE OBITIO
ONHOZHAYHOI (DYHKIWEH OT HAYAILHOTO cocTosHUs. (YUuTaTens yBUOUT W3 MAIBHENIIEro, YTO MMEHHO 37IeCh
[IPOSIBIISETCS IOTEHINAIBHAS TOJIE3HOCTD HEETEPMUHIPOBAHHOTO YCTPOUCTBA. )

I51st TOro 9TOGHI UCIONIB30BATE 5Ty MAIIKMHY, KOTJA Mbl XOTUM MOJIy9AThH OT Hee OTBET (HAIPUMED, XOTUM
"qT0OBI OHA HOCTUIIIA KOHEUHOTO COCTOSHUSA, YIOBIETBOPSIOIIETO OCTYCIOBHIO (1) mits 3amanHOro HaGopa 3Ha-
vernuit X u Y”), HaM XKeJIaTeNbHO 3HATH MHOXKECTBO COOTBETCTBYIOLINX HAYAJIBHBIX COCTOSIHUI, a 60slee TOYHO,
MHOX€ECTBO TaKWUX HAYAJBHBIX COCTOSHUN, IPU KOTOPBIX 3aIyCK 00S3aTEIBLHO IPUBENET K COOBITHIO IPABUIIB-
HOTO 3aBEPIIECHUS IPUYEM CUCTEMa OCTAHETCS B KOHEYHOM COCTOSIHWMW, YIOBJIETBOPSIOIIEM HOCTYCJIOBHIO. Ecmu
MBI MOXEM IPHUBECTU CUCTEMY 0€3 BBIUNCIMTEILHBIX YCUINNA B ONHO M3 TAKMX COCTOSHUN, TO MBI yXKe 3HAEeM,
KaK UCIOJIb30BATDH 9Ty CUCTEMY IJIs IIOJIyUEHUs JKeJIaeMOro oTeera. llpuBemeM mpumep Hjisi €BKJINOOBONA UTDHI
HA KaPTOHE: MbI MOXKEM FapaHTHUPOBATH KOHEUHOE COCTOSHIE, yIOBIIETBOPSIIOLIee HOCTyCioBuo (1) mist mo6oro
HAYaJILHOTO COCTOSIHUS, YIOBIETBOPSIOILIETO YCIOBUIO

HOII(z,y) = HOI(X,Y) and 0 < z < 500 and 0 < y < 500 (2)

(Bepxuue rpaHunbl 0O6ABIEHBI, YTOOLI yUECTh OMPAHUYEHHBI pasMep JIMCTa KapToHA. Eciu Mbl HAYUHAEM C
napoit (X,Y), Takoi, yro HOI(X,Y) = 713, 10 He cymecTtByeT mapsl (,y), yOOBIETBOPSIOLIEH ycaoBuio (2),
T. e. st Takux 3HadeHnit X u Y ycnosue (2) cBomuTes K mpemukary F, a 5TO 03HAUAET, UTO PACCMATPUBAEMAs
MAIIMHA HE MOXKET OBITH MCTONb30Bana myist Beraucienns HOI(X,Y) npuMeHUTENTBLHO K 9TON Tape 3HadeHnit X
nY).

IIpu muOrmx kombunanusx (X,Y') MHOrHe COCTOAHUS yOOBIETBOPAIOT yeosuio (2). B ciywae 0 < X < 500
u 0 <Y <500 mpusuasbrbim BEIGOpoM sBisercss © = X u y = Y. OTOT BBIGOP MOXKeT ObITH MpOM3BeneH 6e3
kakoro-au60 Boruucienus ¢yakunn HOJIl u maxe 6e3 yuera Toro ¢axrTa, 9TO 3TO CUMMETPUYHAS QYHKIUS OT
CBOUX apryMEHTOB.

YcioBue, XapakTepu3yIolllee MHOXKECTBO BCEX HAUAJBHBIX COCTOSHUN, IPU KOTOPHIX 3AIIyCK 00A3aTEIIHLHO
NPUBENET K COOLITUIO MPABUIBLHOTO 3aBEPIIEHUs, MPUYEM CUCTEMa OCTAHETCS B KOHEYHOM COCTOSHUU, yIO-
BJIETBOPSIOIIEM 33[IaHHOMY MOCTYCJIOBUIO, HA3BIBAETCS ~CIIabefllinM MpPenyCaOBIEeM, COOTBETCTBYIOIIIM STOMY
nocrycnosuio”. (Mbr HasbBaeM ero "ciabeiiiuM”, IOCKOIBKY, YeM ciiabee yciioBue, TeM G0JIbIe COCTOSHMIL yI0-
BJIETBOPAIOT €My, & Mbl CTPEMUMCA 30ECHh OXapPaKTEPU30BaTh BCE BO3MOXHBIE HaYaJIbHbIE€ COCTOSAHUS, KOTOPHIE
HEen36EXKHO MIPUBENYT K JKEITAEMOMY KOHEYHOMY COCTOSHUIO. )
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Ecnu cucrema (Mammna, KOHCTPYKIWs) 0003HAUAETCS depe3 S, a kKejlaeMoe IOCTYCioBue — uepe3 R, To
COOTBETCTBYIOIIIEe ciabeiiiiee IPeqyCIoBIe Mbl 0603HaATIM !

wp(S, R)

Ecmn mauansHOe cocrostHue ymosierBopsier wp(.S, R), TO KOHCTPYKIUs OOSA3aTENLHO OGECIEUnT B KOHIE
koH1oB mcTuHHOCTL R. Tlockombky wp(S, R) — 5T0 cnabeiilliee MpemyciiOBEE, MBI 3HAEM TAKXKE, 9TO €CIN
HAYAJILHOE COCTOAHUE He ymoBseTsopseT wp(S, R), To Takol rapaHTUM OATh HEIb3dA, T. €. XOI COOLITUN MOXKET
NPUBECTH K 3aBEPIIEHUIO PA0OTHI B KOHEYHOM COCTOSHNW, HE YIOBIIETBOPSIOIEM R, a MOXET Haxke W BOOOILe
[OMEIATh HOCTUXKEHNIO KAKOro Obl TO HU OBIJIO KOHEYHOTO COCTOSHUS (KaK Mbl yBUIOUM [ajlee, JubO HOTOMY,
YTO CHCTEMa OKAa3bIBAETCsI BOBJIEUEHHOH B BHINIOTHEHVE HE3aBEPIINMOIO 3amaHUs, Jrb0 MOTOMY, UTO CHCTEMA
[OmafaeT B TYNIUK).

Mpu1 cunTaeM, 4TO HAM IOCTATOUYHO XOPOIIIO M3BECTHO, KaK PAabOTaeT KOHCTPYKIIUS S, €CII MOXKeM BBIBECTHU
IULs TI060ro mocTycsoBus R coorBeTcTByIOMIee ciabeiee npenyciaosue wp(S, R), MOCKOIBKY T€M CAMBbIM MbI
yAOBUIIN, 9T 5Ta KOHCTPYKIUS CIOCOOHA CIENATh Ml HAC; 5TO HA3BIBAETCH €€ CEMAHTUKON .

3mech yMeCTHBI ABA 3aMedYaHus. BO-IepPBBIX, MHOXKECTBO BO3MOXHBIX MOCTYCJIOBUIA, BOOOIIE TOBOPSI, CTOIIb
OrPOMHO, 4YTO 3Ta WHOpMalims B TabmuuHon (opme (T. €. B Bume TAGIUNObL, TOe KAXIOMY MNOCTYCIIOBUIO
R CcOOTBETCTBYeT 3amMCh, B KOTOPOWl CONEPKUTCI COOTBETCTBYyMIOIIee mpemyciosue wp(S, R)), okazamack Obi
COBEPIIIEHHO HeOOO3pUMON, a ClemoBaTeIbHO, Oecmose3Hoi. [losToMy ompenmeneHme ceMaHTWKM TOH WM WHOW
KOHCTPYKIIIU BCEr1a OAEeTCs OPYTUM CIOCOO0M — B BHIE IPABUIIIA, OMICHIBAOILIETO, KAK MJIsI JIFO00r0 3aIaHHOrO
mocTycoBus R MOXHO BbIBecTH COOTBeTCTBYyIOLIee ciabeiiiee npenyciosue wp(S, R)). s duxkcupoBanHO
KOHCTPYKIIIE S Takoe MPaBUJIO, KOTOPOE 0 3aQaHHOMY IpenuKaTy R, 0O3HAJYAIoIeMy IIOCTYCJIOBHE, BbIpaba-
TeBaer npenukar wp(S, R), 03HaUAIOIMI COOTBETCTBYIOIee crabeliiee IPeLyClIOBre, Ha3bIBAETCs "Ipeobpa-
3oBaTesieM npenukaros”. Korma mMbr mpocuM, 4To0bI HAM COOBINIMIIA ONUCAHUE CEMAHTUKNA KOHCTPYKINMA S, TO B
CYILIIHOCTH PEYb UOET O COOTBETCTBYIOIIEM STOI KOHCTPYKINK IIPEOOpPa30BaTEsIe IPENIKATOB.

Bo-BTOpBIX,— U 5 4yBCTBYIO UCKyIlleHNEe NOOABUTL ~Giraromaps cynabbe”’ — 4acTo HAC HEe MHTEPECYeT MOJTHAS
CEeMaHTUKa KOHCTPYKLIHU. OTO OOBSICHIETCS TE€M, YTO MbI CTPEMUMCS MCIOIB30BATH KOHCTPYKINIO S TOIBLKO
IJIsT KOHKPETHOW HAMOOHOCTU, & TOYHee, HJIs TOrO, YTOOBI 06ECHeYNTh MCTUHHOCTH BEChbMa, KOHKPETHOTO IO-
cryciaoBusi R, pamm KOTOPOTO TPOM3BOOMIACH pa3paboTKa KOHCTPyKimu. WM make IPUMEHUTENHHO K HTOMY
KOHKPETHOMY IOCTYCJIOBUIO R HAC YacTo He mHTepecyeT TOUHb Bum wp(S, R); 329aCTyI0 MBI YIOBIETBODSIEMCS
60Jiee CUIILHBIM yCJIOBEEM P, T. €. TAKUM yCIIOBHEM, IJIsi KOTOPOTO MOXKHO IIOKa3aTh, YTO YTBEPKICHUE

P = wp(S,R) IJIST BCEX COCTOSIHUI (3)

cupaseqnuso. (IIpenukar "P = Q" (uuraercs "u3 P crnemyer Q") noxeH TOIBKO B TeX TOYKAX MPOCTPAH-
CTBa COCTOSHUN, rae ycioBue P cupasemiuBo, a () He COPABEIJIMBO; BO BCEX OCTAJIBHBIX TOYKAX OH MCTHUHEH.
Tpebys, arobsl yrBepxkaerue "P = wp(S, R)” GbUIO CIIPaBENIINBO [JIsl BCEX COCTOSHUN, MBI T€M CAMBIM TPeby-
eM, 4TOOBI BCakuil pa3 korma P — uctuna, yciaosue wp(S, R) Toxe 6buto mcruHoit; Torma P — moctaTodnoe
mpenycyioBue. B TeOpPeTUKO-MHOXECTBEHHON TEPMUHOJIOTUHI 5TO O3HAYAET, YTO MHOXKECTBO COCTOSHUN, Xapak-
TepusyeMoe yciaoBueM P, SBIISeTCs TOOMHOXKECTBOM TOTO MHOXECTBA COCTOSIHUN, KOTOPOE XapaKTepU3yeTcs
ycnosueMm wp(S, R).) Eciu mis 3amamseix P, S u R oTHOmeHne (3) BBIIOIHAETCS, 5TO YACTO MOXKHO IOKA3aTh,
He npuberast K TOYHON (GOPMYIUPOBKE,— WJIM, €CIIM BaM TakK GOJIbINe HPABUTCSI, "BBIUUCIEHUIO” UiIN “BBIBOMY —
npenukaTta wp(S, R). Y 310 oTpamHoe 06CTOSTENIBCTBO, MOCKOIIBKY, 38 UCKIIIOUEHUEM TPUBUAIILHBIX CILyJaesB,
CIlelyeT OXUOATh, 9TO sABHAsA GopMyIupoBKa yciaosus wp (.S, R) IpeBLICAT 10 KpaiHel Mepe Pe3epB HAIel muc-
veil GyMary, HAIIEro TEPIEHUs WM Halell (AHAJUTUYIECKO) 1306peTaTelbHOCTH (M KaKyIo-TO KOMOMHAIIO
9TUX PE3EPBOB).

Cwueict wp(S, R), T. e. ’ciabedmero mpemycsaoBUs i HAYAIBLHOTO COCTOSHUS, TPU KOTOPOM 3aIlyCK
005132 Te€TIbHO IPUBENET K COOBITUIO MPABIJILHOIO 3aBEPIIEHUS, IPUYEM CHCTEMa S OCTAHETCS B KOHEUHOM CO-
CTOSTHUY, yAOBIIETBOPSIOIIEM TMOCTYCIOBUIO R TI03BOMSET HAM yCTAHOBUTD, UTO MPeoOpa30BaTesb MPEIUKaTOR,
paccMaTpUBAEMBIN KakK (QYHKINS OT MOCTYCIIOBUs [, 06/IamaeT psAmoM OMpENeSIeHHBIX CBOUCTB.

CaorictBo 1. Hus mo6oit KOHCTPYKIUU S MBI IMEeM

wp(S,F)=F (4)

IIpenmosoxxumM, 9TO 0Ka3a/I0Ch HE TAK; IPU DTOM HAIIIOCH XOTh ONHO COCTOSHIE, YIOBIIETBOPSIOIIEE yCIIO-
Buio wp(S, F). Bo3sbMeMm Takoe cOCTOsSHZE B KaueCTBE HAYAIBLHOTO COCTOSHUS Ijis KoHCTpykumum S. Torma,
COTJIACHO HAINIEMY OIPENEJIEHUI0, 3aIlyCK IPUBENI ObI K COOBITHIO IIPABMIILHOTIO 3aBEPIIEHUS, IPUYEM CHCTEMA
ocTaiach ObI B KOHEUYHOM COCTOSIHWW, YIOBJIeTBOpsioieM npenukaty F. Ho 3meck BO3HMKaeT IPOTHBOpeYneE,

! TTo mauanpHbIM GyKBaM aHTIIMIACKIX clIoB weakest pre-condition.— ITpum. mepes.
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TaK KakK II0 OIPENEICHUIO IPennKaTa F' He CyIlIecTByeT COCTOSHI, yIOBIETBOPSIIOIINX F'; TeM caMbIM HOKA3aHO
ornouterve (4). CBoiicTBO 1 M3BECTHO TakKe IO HA3BAHMEM “3aKOH UCKIIIOYEHHOIO uyma’.
Caorictso 2. Ilis mo60it KOHCTPYKIME S U JI0OBIX mOoCTycioBuil () u R, Takux, 94To

Q=R IJIS BCEX COCTOSHUI
CIIpaBEOJINBO TAaK2Ke€ OTHOIIICHUE
wp(S, Q) = wp(S, R) IIJIZ BCEX COCTOSHUM (6)

B camom merne, mpu J1060M HAUAIBHOM COCTOSHUU, YHOBIETBOpsiomeM wp(.S, ()), COrIaCHO ONPENeNeHuio, mo
OKOHYaHUM PabOTHI CUCTEeMBI Oyner obecnedena ucTuHHOCTL (). C yuerom orHomenus (5) Tem caMbiM GymeT
obecnedena n ucTuHHOCTL R. CliemoBaTenbHO, TaHHOE HAYAILHOE COCTOSHME OYIEeT OMHOBPEMEHHO YIIOBJIETBO-
paTh u ycaosmo wp(S, R), kak sanucano B (6). CBOACTBO 2 — 3TO CBONCTBO MOHOTOHHOCTIH.

CporictBo 3. Hus mroboit kKoHCTPYKIUE S U 1Is TI00BIX mocTycioBuit () u R cipaBenimso

(wp(5, Q) and wp(S, R)) = wp(S, Q and R) (7)

B mr06011 TOUKE MPOCTPAHCTBA COCTOAHUN M3 JIEBOU YACTU OTHOLICHUs (7) JIOTWYECKU CJIENyeT €ro mpaBast
YaCTh MOTOMY, YTO IJIs JIFOOOT0 HAYAJILHOTO COCTOSHUS, yaoBieTBopsomero wp(S, ), u wp(S, R), Mbl 3HaeM B
COBOKYTIHOCTH, YTO YCTAHOBUTCS KOHEYHOE COCTOSHUE, yOOBIeTBOpsmomee u (Q, u R. Ilajee, MOCKONBKY, B CAILY
OIPENEIICHN S,

(Qand R) = Q II7IA BCEX COCTOSHUI

CBOMCTBO 2 MO3BOJIIET HAM 3aKJIIOUNTH, UTO
wp(S,Q and R) = wp(S, Q) II7IA BCEX COCTOSHMUIA

U aHAJIOTMIHO
wp(S, Q@ and R) = wp(S, R) IUISL BCEX COCTOSHMUI

Omnako m3 A = B u A = (', COracHO MCUNCIEHUIO TPEIUKATOB, MOXHO BeiBecTH, uro A = (B and ().
TlosTomy mpaBas 4acTh oTHOIIEHUS (7) JIOTUYECKU CIIEyeT U3 €ro JIEBOI YacTU B JIIOOOU TOYKE TPOCTPAHCTBA
coctosHmii. [TockombKy 00€ 9acTu BCIOMy CIIEMyIOT OPYT W3 APYTa, OHU MOJDKHBLI OBITH PABHEBI, & TE€M CAMBIM
IIOKa3aHO CBOKCTBO 3.

CaorictBo 4. Ilns mo60it KOHCTPYKIH S 1 JII06LIX mocTyciaoBuil () u R cripaBemyimso

(wp(S, Q) or wp(S, R)) = wp(S,Q or R) IUIS1 BCEX COCTOSIHUIM (8)
TTockonbKy, B CHITy OIpPENeNIeHNs,
Q= (QorR) IIJIS BCEX COCTOSHUM
CBOWCTBO 2 TMO3BOJISIET HAM MPUUATHU K 3aKIIOYEHUIO, ITO
wp(S, Q) = wp(S,Q or R) IJTSL BCEX COCTOSHUM

7 aHAJIOTUIHO
wp(S, R) = wp(S,Q or R) I BCEX COCTOSHUI

Ho, cormacuo ucuucnenuio BeickasbBanuil, u3 A = C' u B = C MoxHO 3akmounts, uto (Aor B) = C, u
9TUM IOKa3aHa CIPABEJIMBOCTEL cooTHomeHus (8). Boobie roeops, crenoBanne B 0GPATHOM HANDPABICHUN He
nMeeT MecTa. Tak Mpo XKeHIIUHY, KOTOpas XIeT peGeHKa, HEBEPHO yTBEPKIEHNE, UTO OHA POOUT 00s13aTeNIbHO
CHIHA ¥ HEBEPHO YTBEPXKIEHUE, UTO OHA POOUT OOSI3aTEIBLHO M0Yb; OMHAKO C aOCOIIOTHON YBEPEHHOCTHIO MOXKHO
YTBEPXKOAThH, UTO OHA PONUT ChIHA WK IOYb. BIpouem, MJis NeTEPMUHUPOBAHHBIX KOHCTPYKIUI CIIPABEIIINBO
ciemyioiiee, 0oslee CUIILHOE CBOMCTBO.

Caorictso 4’. st m1000# e TePMUHUPOBAHHON KOHCTPYKIUHU S U JIf00BIX mocTyciaoBuir () u R cipasemyiuso

(wp(S, Q) or wp(S, R)) = wp(S,Q or R)

HaMm Hy>KXHO IOKa3aThb, YTO CJICIOBAHUE BLIIOIHACTCI U B JIEBYIO CTOPOHY. PacCMOTPUM KaKoe-TO HadaabHoe
cocTosHme, ynosieTeopstomiee wp (.S, Qor R), 5TOMy HaYaILHOMY COCTOSIHUIO COOTBETCTBYET €0UNCIMEEHHOE KO-
HeJHOoe COCTOsHUe, yAOBIeTBopsoliee 6o (), mubo R, mubo 060MM yCIIOBUAM; ClIeIOBATEILHO, JaHHOE HAYaIh-
HO€E COCTOSIHUE IOJKHO YIOBIETBOPITE 1160 wp (.S, Q)), ma6o wp(S, R), mu60 060uM yCIIOBUSM COOTBETCTBEHHO,
T. €. OH HNOIKHO ynoBieTBopsTh (Wp(S, Q) or wp(S, R)). Y stum moxaszano cBoitcTso 4’.

17



18 0. letixempa. ”Aucounannaa mporpaMMApPOBaHUA”

B sToit kHUTE 51 6ymy — U 5TO MOXKET OKA3aThCsI OMHON U3 €€ OTJINUYNTE/ILHBIX OCOOEHHOCTE — PacCMaTpPU-
BaTb HENETEPMUHUPOBAHHOCTH KaK IPABUJIO, a IETEPMUHUPOBAHHOCTH KaK KCKIIIOUEHHE: NeTEPMUHIPOBAHHAS
MaimHa O6ymeT pacCMaTPUBATHCS KAK YaCTHBIN CIIy4Yall HENeTEPMUHUPOBAHHON, KaK KOHCTPYKIIU, OJIsI KOTOPOM
CIIPaBEmJINBO CBOUCTBO 4’ a He TOIBKO Gosee citaboe cBoitcTBO 4. Takoe pelieHme OTpaXKaeT KOPEHHOE H3Me-
HeHME B MOeM MUpPOBO33peHuu. B 1958 r. s 6bLI OOHUM U3 HEPBBLIX, KTO pa3dpadaThiBaa 6a30BOE IPOTPAMMHOE
obecriedeHre I MAIINHLL C IPEPLIBAHUSIMI BBONA-BLIBOIA, U HEBOCIIPOM3BOAMMOCTE IIOBENEHUSI TAKOW BO BCEX
OTHOIIIEHUSIX HENeTEPMUHUPOBAHHON MAIIMHBI SBUJIACH [OPECTHBHIM 06cTOsiTenbecTBOM. Korma Bmepsbie Oblia
TIPeIoKeHa UAesl MPEPHIBAHUI BBOMIA-BHIBOMA, MEHsI HACTOJBLKO IMyraja caMa MbBICITL O HeOOXOMUMOCTH pa3pa-
6aTHIBATEH HAOEXKHOE MIPOrPAMMHOE OOeCTeUeHNne IjIsi TAKOTO HEYKPOTUMOTO 3BEpS, UTO S OTTITUBAJ MIPUHITHIE
pelIeHnsT O OOIYIIEHNU TAKUX IPEPLIBAHUM IO KpalHel Mepe B TedeHme Tpex MecsueB. V maxe mocsie Toro,
KaK s cHaJics (MOe COINPOTUBIICHUE CIIOMUIIN JIECTHIO), TyBCTBOBAIL s ce0s1 BeCbMa HEYIOTHO: Belb OIIUOKA B IIPO-
rpaMMe CriocOOHA BBI3BATH HECYPA3HOE HOBENEHUE CUCTEMBI, CTOJIb CXOQHOE C HEBOCIIPOM3BOLUMBIM MAIIUHHBIM
cb6oem. Kpome Toro,— m 3T0 B TO BpeMs, KOrna Ojis JeTEPMUHUPOBAHHBIX MAIIWH MBI BCE €Ille IOJIAarajinch Ha
“oTnIanKy”’,— ¢ caMOro Havasa ObLIO COBEPIIIEHHO OYEBUIHO, UTO TECTUPOBAHNE TPOTPAMM OKA3BIBAJIOCH TEIEPh
COBCEM HEIPUTOOHBIM CPENCTBOM IJIST HOCTUKEHUS NOJIXKHOTO YPOBHS HAIEXKHOCTH.

B Teuenne MHOrUX JI€T BIIOCIIEACTBUM ST OTHOCUIICS K HEBOCIIPOU3BOMUMOCTH [IOBEICHNS HENETEPMIHIPOBAH-
HOIM MAIIIMHBI KaK K T00ABOYHOMY OCJIOXKHEHWIO, KOTOPOTO ClemyeT u3beraTh JIrobbiMu criocobamu. IIpepniBamumst
OBLIM IS MeHs He YeM WHBIM, KaK 3JIbIMU KO3HSIMUI HMHXKEHEPOB II0 aIlllapaType IPOTUB OemHBIX pa3paboTInKOB
nporpaMMmHuoro obecmeuenus. V3 3T0ro Moero crpaxa poousiach MUCIUIIMHA TAPMOHUYECKU B3aMMONEHCTBY-
IOLIMX TIOCJIENOBATEIbHBIX IporeccoB”. HecMoTpst Ha ee ycmex, MOM OMACEHUS COXPAHSIINCH, TOCKOJIBKY HAIIN
pelIeHnsT — XOTh ObI U C JOKA3aHHOM NIPABUJILHOCTBIO — IIPENCTABIIIINCH YACTHBIMU PEUICHUSMU IIPOOJIeMBbI
"ykporrerus” (IMEHHO Tak MBI 3TO BOCIPUHUMAIHU!) KOHKPETHBIX BUOOB HemeTepMUHUPOBaHHOCTH. OCHOBAHIEM
IIJIS. MOEro CTpaxa OBbLII0 OTCYyTCTBUE OOIIEN METOMNOJIOT .

C Tex mop mBa OOGCTOSTENHCTBA U3MEHWIN KapTuUHy. llepBoe BO3HMKIIO C MOHMMAHWEM TOTO, UTO HaXKe
B CJIy4ae HOJHOCTBIO IeTEPMUHUPOBAHHBIX MAIIMH MOJIE3HOCTH TECTUPOBAHUS IIPOrPAMM OKA3BIBAETCS COMHI-
TenbHOU. Kak s y»e MHOTO pa3 rOBOPWI U BO MHOTUX MECTaX MHCAJI, TECTUPOBAHNE IPOIPDAMMBI MOXKET BIIOJIHE
3D (HEKTUBHO CIIyKUTH ISl JEMOHCTPAINI HAJIMYWS B HEW OMIMOOK, HO, K COXAJIEHUIO, HEIPUTOOHO HJIS IOKa-
3aT€IBLCTBA UX OTCYTCTBUs. I[PyruM IPOSICHUBIIINMCS TE€M BPeMEHEM OOCTOSITEIIECTBOM SIBUJIOCH OOHAPYKeHUE
HEOOXOMUMOCTH TOTO, YTOOLI BCSKas MUCIUILINHA TPOEKTUPOBAHUS MOJIKHBIM 00pa3oM yuUThIBajia TOT (aKT,
YTO CAaMO MPOEKTUPOBAHUE KOHCTPYKIIUU, NMPETHAZHAYECHHON IJIsI KAKON-TO IEJIN, TOXKE HOJXKHO OLITH IeJIeHa-
MIPaBJIEHHON NeITEIBHOCTHIO. B HallleM KOHKPETHOM CIIydae 5TO 03HAYAET €CTeCTBEHHOCTD IIPEIIIOJIOKEHNUSI, ITO
OTIIPABHON TOYKOHN IJIsi IPOEKTHBIX PACCMOTPEHHUN OyIeT CIIyXWUTh 3aIaHHOE MOCTYCJIOBHE. B KakoM-TO CMBIC-
se MbI 6ynem “paboraTh BCuaTh . IlefcTBys Tak, MbI OOHAPYXWUM, UTO BEChbMa CYIIIECTBEHHBIM OKAa3bIBAETCSI
CJIeIOBAHNE U3 CBOWMCTBA 4, TOrIa KaK OT PaBEHCTBA U3 CBOMCTBA 4’ MBI MOJIYyUYNM OUYEHb MAJIO MOJIb3HI.

Kax Tompko MBI pazpaboTaan MaTeEMaTUIECKUN allapaT, MO3BOJISIOIINI TPOEKTUPOBAThL HEOETEPMUHUPO-
BaHHBIE KOHCTPYKIUN, JOCTUTAIOIINE [eJIN, HEIeTEPMUHUPOBAHHAS MAIIIMHA TIEPECTAET HAC MyraThb. Hamporus!
Mg Hay9IMMCs DaXke IEHUTH ee KaK BAXKHYIO CTEIeHb Ha IyTH Pa3paboTKM MPOEKTa B KOHEYHOM WTOTE IOJIHO-
CTBIO IeTePMUHNPOBAHHON KOHCTPYKIUH.

(TTocnenyromas 9acTh 9TON TIIABBI MOXKET OBITH IPOIYIIEHA [IPU MEePBOM UTeHWn.) PaHee MBI IOrOBOpH-
JINCh, YTO MPENCTaBisieM (QYHKIMOHUPOBAHUE KOHCTPYKIUU S MOCTATOYHO XOPOIIO, €CIU TOJBKO 3HAEM, KaK
COOTBETCTBYIOLINIT eil peobpazoBaTens npenukatoB wp(S, R) meiictByer Ham mobbiM moctyciosreM R. Ecin
HaM HM3BECTHO TaKXe, YTO HaHHAas KOHCTPYKIWS NeTEPMUHIPOBAHA, TO 3HAHUE ITOrO IIpeobpa3oBaTess IIpe-
IUKATOB IIOJIHOCTBHIO ONPENEsieT BO3MOXKHOE ITOBeIeHNe KOHCTPYKIuu. s neTepMUHIPOBAHHON KOHCTPYKIIAN
S u HEKOTOPOro MOCTYCNIOBUsI R BCAKOE HAYAIILHOE COCTOSHEE IOMANAeT B ONHO M3 TPEX HEIePEeCEKAIOITIXCs
MHOXECTB B COOTBETCTBUU CO CJIEAYIOIINMY B3aNMHO HUCKJTIOYAIONIIMYI BO3MOXHOCTIMMU:

(a) 3amyck KOHCTPyKIuM S IPUBENET K KOHEUHOMY COCTOSHUIO, YIOBJIETBOPAOIIEMy R.
(6) 3amyck KOHCTPYKIWK S IpPUBENET K KOHEYHOMY COCTOSIHUIO, YAOBJIETBOpsIomeMy non R.

() Bamyck koHCTpyKIuu S He IpPUBENET K KAKOMY Obl TO HU OBLIO KOHEUHOMY COCTOSIHUIO, T. €. paboTa He
CMOXKET 3aBEPIINTHCA NPABUILHBIM 00Pa30M.

TlepBoe MHOXKECTBO XapakTepusyercs Beipaxenuem wp(S, R), BTopoe MHOXeCTBO — BhIpaxkenueM wp(S, non R),
nx obbenunenne — oipaxerueM (wp(S, R)orwp(S,non R)) = wp(S, Rornon R) = wp(S,T') a crenoBaressHO,
TpEeThe MHOXKECTBO XapaKTepusyeTcs BbipaxenueM non wp(S, T)).

TpynHee aTh MONHYIO CEMAHTUYIECKYIO XaPAKTEPUCTUKY HEIeTePMUHINPOBAHHON cucTeMbl. 110 OTHOIIEHUIO
K JF060MY 3aIaHHOMY [IOCTYCIIOBHIO 1R MBI CHOBA MM€EM TPU BO3MOXKHBIX THIIA COOBITHI, KaK IEPEYINCIICHO BhIIIE
B nyHkTax (a), (6) u (). OnHako B CiIydae HENETEPMUHIPOBAHHON CHCTEMbI OIHO U TO XK€ HAYAIBLHOE COCTOSHIE
He 0053aTEeNIbHO IIPUBONUT K €NUHCTBEHHOMY COOBITHIO, KOTODOE IO OIPENEIEHNI0 OTHOCHIIOCH OBl K OLHOMY 13
TPpeX B3aMMHO HUCKJIIOYUAIOINIUX TUIIOB; OJIA JII000T0 HAYAJIBLHOTO COCTOSHUS BO3MOXHBIE COOBITIIS MOT'yT TeEIepb
OTHOCUTBHCS K ONHOMY, IBYM WM [aXke KO BCEM TPEM THUIIAM.
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UYTo6bI ONMUCHIBATH TAKWE CUTYAIINN, MBI MOXKEM HCIOJIb30BATEH MOHITHE ~'cBOOOMHOrO mpemycioBus’. Pamee
MBI PACCMOTPUBAJIN TAKUE IPENYCIIOBUS, IIPU KOTOPHIX FapPaHTUPOBAIACH HOCTIKIMOCTD ~TIPABUIIEHOIO PE3YJiIb-
TaTa’, T. €. KOHEUHOIO COCTOsHUS, yHoBieTBopsmoirero R. CBobomuoe MpenyciioBue sBIseTCs 6ojiee CirabbiM:
OHO TMapaHTUPYET TOJBKO, YTO CUCTEMA HE BBHIAACT HENPABUIILHOIO Pe3yJiibTaTa, T. €. He NOCTUTHET TAaKOro
KOHEYHOT'O COCTOSIHHS, KOTOPO€ He YIOBJIETBOPSUIO Obl R, OMHAKO HE WCKITIOUAETCS BO3MOXKHOCTH HE3aBepIIle-
HIA PabOTHI CUCTEMBI. AHAJOIMYHO M IJIs CBOOOMHLIX IIPEMYCAOBUN MBI MOXKEM BBECTH IOHATHE ~ciiabeiInero
cBoGomHOrO mpenycioBus’; o6o3HaunM ero uyepe3 wip(S, R), IIpu sToM IpOCTPAHCTBO HAYAIIBHBIX COCTOSHUN
MOIPA3IeIIeTCs. B IPUHIUIE Ha CEMb B3aUMHO HEMEPECEKAOIIMXCS 00JIacTell, Hu ONHA U3 KOTOPBIX HE 00s13aHa
6biTh mycron. (X ceMb, TOTOMY 9TO U3 TpeX OOBEKTOB MOXKHO CIENIATh CEMb HEIyCTHIX BBIOOPOK.) Bce oHm
JIETKO XapaKTepu3yloTcs TpeMs npemukaramu: wip(S, R), wlp(S,non R) u wp(S,T).

(a) wp(S, R) = (wlp(S, R) and wp(S,T))

Banyck obecreunT UCTUHHOCTH R.

(6) wp(S,non R) = (wlp(S,non R) and wp(S,T))
Samyck obecreunT NCTHHHOCTEL non R.

(B) wlp(S, F') = (wlp(S, R) and wlp(S, non R))
3amyck He CMOXKET NPUBECTH K IIPABWIBHO 3aBEPIIAEMOil paboTe

(ab) wp(S,T) and non wlp(S, R) and non wlp(S, non R)

SaHyCK npuBeneT K 3aBepH1aeM017I pa60Te, HO II0 HAYAJIbBHOMY CTOSAHUIO HEJIb3A OIIPENC/INTD, GyneT JIN KOHEYHOC
COCTOSAHUE YOOBJIETBOPATH YCJIOBUIO R wmm mer.

(aB) wlp(S, R) and non wp(S, T)

Ecnu 3anyck mpuBoouT X KakKOMy-TO KOHEUYHOMY COCTOSIHUIO, TAKOE KOHEUHOE COCTOSHUE OYyIeT YIOBIETBOPITH
R, HO 10 HAYAIILHOMY COCTOSIHUIO HEJIB3sI ONPENEINTh, 3aBEPIINTCS U PAbOTa CHCTEMBL.

(6B) wlp(S, non R) and non wp(S,T)

Ecnu 3amyck mpuBonuT K KaKOMy-TO KOHEYHOMY COCTOSIHUIO, TAKOE KOHEUHOE COCTOsIHUE He OyIeT yIOOBIEeTBO-
psiTh R, HO MO HAYAJIBLHOMY COCTOSIHUIO HEJIB3sl OIPENEINTD, 3aBEPIINTCS JIi paboTa CUCTEMBI.

(abB) non(wlp(S, R) or wlp(S, non R) or wp(S,T)

Tlo HAYAILHOMY COCTOSIHUIO HENTb3sl ONPENeNNTh, MPUBENET JIM 3aIlyCK K 3aBepliaeMoil paboTe, a B CiIydae
3aBEPIIAEMOCTH HEJIB3s ONPENeNTh, OyIeT Ji YIOBIETBOPATLCS ycoBue R.

Tlocnenaue 9eTHIPE BO3MOXKXHOCTH CYIIECTBYIOT TOJIBKO MJIsf HENeTePMUPOBAHHEIX MAIIIMH.

W3 ompenenenus wip(S, R) cuenyer, 4To

wip(S,T) =T

dcHo Takxke, 4TO

(wlp(S, F) and wp(S,T)) = F

Ecnu 651 651710 He Tax, TO CyIIeCTBOBAIIO ObI HAUAIILHOE COCTOSHUE, MJIS KOTOPOrO MOXKHO ObLIO ObI rapaH-
TUPOBATDH U 3aBEPIINMOCTD, U He3aBepImMocTh paborwl. Ha puc. 3.1 mano rpadudeckoe

//puc.31
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[IPEICTABIIEHNE TPOCTPAHCTBA COCTOSHUN, IPUYEM BHY TPEHHUE YACTH IPAMOYTOIBHUKOB YIOBIETBOPOT Wip(S, R),

wlp(S,non R) u wp(S,T’) cOOTBETCTBEHHO.

OTOT aHAIM3 TPUBENEH I MOJIHOTHI, a TAK¥XKe MOTOMY, UYTO Ha MPAKTUKE MOHATUE CBOOOMHOTO IMpemy-
CJIOBUSI OKa3bIBAETCsI BEChMa IOJe3HBIM. Eciu, HampmMmep, KTO-TO Peajn3yeT s3bIK NPOrPDAMMUIPOBAHIS, TO OH
He CTaHeT IOKAa3bIBaTbh, UTO IIPM 3TON pealu3anuu JjIodas NpaBWIbHAS IPOrPaMMa BBIIOIHSAETCS IPABUILHO.
OH 6bw1 OB YIOOBJIETBOPEH U CYACTIIMB, €ciau Obl TBEPHO 3HAJ, YTO HUKAKas MpPAaBUIIbHAsS IporpaMma He 6y-
IIeT BBINOJIHEHA MPABUJILHO 6€3 COOTBETCTBYIOIIETO MPENYIPEXKICHNSI, — PAa3yMeeTCs, IPU YCIIOBUU, UTO KITACC
IporpaMM, KOTOpBIE Ha CaMOM nejie OYIOyT BBINOIHATHCS IPABWILHO, JOCTATOYHO BEJIMK IJISI TOTO, YTOOLI 9Ta
peanu3anus IPencTaBIIsLIa KaKOH-TO MHTEPEC.

Onnako noka Mbl He 6yneM pacCMaTpUBATh MOHITHE CBOGOMHOIO MPEMYCIOBUS, & COCPEIOTOYNM CBOE BHIMA~
HUe Ha CIIoco0e XapaKTEePUCTHUKHU TeX HAYaJIbHBIX COCTOSHUM, KOTOPBIE FapPaHTHUPYIOT MOIyUYeHNEe IPABUIILHOTO
pe3ynbrara. Korma Takoil coco6 OymeT pa3zpaboTaH, MBI IOCMOTPHUM, KaK MOXKHO €T0 BUIOU3MEHUTH TAKUM
o6pa3oM, YTOOBLI 5TO MO3BOJIMIIO HAM PACCYKIATh O CBOOOOHBIX IIPENYCIOBUSIX B TOU Mepe, B KOTOPOW OHU HAC
WHTEPECYIOT.
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4 CEMAHTNYECKAYA XAPAKTEPUCTUKA $513bIKOB ITPOI'PAMMMWMPOBAHWSA

B mpenbimyriieiir ritaBe MbI BBIIBUHYJIN TE3UC, UYTO 3HAEM CEMAHTUKY KOHCTPYKIUU S MOCTATOYHO XOPOIIIO,
ecu 3HaeM ee 'TIpeobpa3oBaTesb MPEOUKATOB”, T. €. MPaBWIO, yKa3bIBAaIOIllee HaM, KAaK BBIBECTU IO JIFOOGOMY
mocTycnoBuio R cooTBeTCTBYMOMIEe ciabeliiee npenyciosre (KoTopoe Mbl 0603Haumn yepe3 wp(S, R)), xapak-
TepU3yIolllee Te HAYAIBHBIE COCTOSHUS, TIPU KOTOPBIX 3aIyCK MPUBEIET K COOBITUIO MPABUIHLHOTO 3aBEPIICHMUS,
puYeM CHCTEMa OCTAHETCS B KOHEYHOM COCTOSHUU, yIOBIIETBOPSIOIIEM mocTycyoBuio R. Bompoc B ToMm, xax
BoiBonuTh Wp(S, R) mist 3amannex S u R.

OcraBuMm moka Bompoc 06 ONMHOYHOW KOHKPEeTHO KoHCTpykuuu S. IIporpamma, HamucaHHas Ha XOPOIIO
OIIPENESIEHHOM SI3BIKE ITPOrPAMMUPOBAHUS, MOXET PACCMATPUBATHCS KAK HEKAs KOHCTDYKIWS, TaKas KOHCTPYK-
Usl, KOTOPYIO MBI 3HAEM MOCTATOYHO XOPOIIO, €CJIM 3HAaeM COOTBETCTBYIOIINI Mpeobpa3oBaTesb MPENUKaTOB
OMHAKO SI3BIK IPOTPAMMUPOBAHUS IOJIE3EH TOJILKO MPU TOM YCJIOBUU, UTO €r0 MOXKHO IPUMEHSTH IJIs 3allu-
CH MHOTHX PA3JIMYHBIX IIPOTPAMM, U OIS BCEX STHUX MPOTCPAMM HAM XKeJIaTeIbHO 3HATH COOTBETCTBYIOILINE MM
peobpa3oBaTeIn IPEIUKATOB.

Kaxnas Takas nporpaMma 3a1aeTcs CBOMM TEKCTOM Ha, XOPOIIO OIMPEIEIIEHHOM SI3bIKE TPOrPAMMUPOBAHUS,
U TIO3TOMY €€ TEKCT IOJKEH CIIYXKWUThH IJjIsl HAC OTIpaBHON Toukoi. Ho Temepsb mepem HAMU HEOXUIAHHO OT-
KPBIBAIOTCSI 1BA COBEPIIEHHO PA3JIMYHBIX HA3HAYEHUs TAKOTO TeKCTa mporpamMbl. C ONHOW CTOPOHBI, TEKCT
POrpaMMbl IPENHA3ZHAYEH ISl MOWUHHOT MHTEPIPETAINN, €CIIN Mbl XOTUM, YTOOBI OHA MOTJIA, BBIIOIHSITHCS
aBTOMATUYECKH, €CIIM MBI XOTUM, UTOOBI IO HEW IJjIs HAC ObLI MPOM3BENEH KAaKON-Inb0 KOHKpeTHBIN pacuer. C
IPYTOIl CTOPOHBI, XKEIATEILHO, YTOOBI TEKCT IPOrPAMMEBI TOBOPUJI HGM O TOM, KAK CTPOUTH COOTBETCTBYIOIIUN
peo6pa3oBaTeb TPEIUKATOB, KaK MPOU3BOAUTEL TPEOOPA30BAHME TPEOUKATOB, YTOOBI BHIBONUTE MIPEMYCIIOBHE
wp(S, R) mmst m:060ro DAHHOTO MOCTyCaoBUs R, KOTOpoe HAC IO4eMy-Iub0 3aMHTEPECOBAJIO. JTO 3aMedaHue
MO3BOJISIET TOHSTH, YTO MOAPA3YMEBAECTCS TOM ~XOPOIIO OMPENEIEHHBIM S3BIKOM IIPOTPAMMUPOBAHUA’ C HaULel
TOUKHM 3peHus. Korma ceMaHTHKa KOHKPETHOR KOHCTDPYKIMU (Wiu HpOFpaMMbI) 3a/1aeTcs ee mpeobpasoBaTe-
JIEM TIPENUKATOB, MBI PACCMaTPUBAEM CEMAHTUYECKYIO XaPAKTEPUCTUKY A3BIKA ITPOrPAMMUPOBAHUS KAk HAOOD
MIPaBWII, KOTOPBIE MO3BOJISIOT JIFOOON IpOrpaMMe, HAIIMCAHHON Ma 3TOM SI3BIKE, TOCTABUTH B COOTBETCTBUE IIPE-
obpasoBarent mpenukaToB. C Takoil TOUKU 3PEHUS MBI MOXKEM DACCMATPUBATL IPOrPaAMMy KakK ~"KOH~ s
COOTBETCTBYIOIIIETO MPEO6PA30BATEIIS IPEIUKATOB.

IIpu xemaHWM MOXHO HONONTH K NMPOGIEME MPOEKTUPOBAHUS S3bIKA TPOrPAMMUPOBAHUS C TAaKON IO3W-
. MOXHO PyKOBOINCTBOBATHCS (DOBOIBHO (DOPMAJIBHO) TE€M, UTO IPABWIA IIOCTPOEHUS MPeobpa3oBaTereit
MPEIUKATOB HOJIXKHBI OBITH TAKAMU, YTOOBI, IIPUMEHSIS X, HEllb3sI ObLIO TOCTPOUTEH HIUYEro APYTOro, KPOMe Kak
peobpas3oBaTess MPenuKaToB, 06JIamaioero ceoicTsaMu 1—4 m3 mpenbIoyIlell TiiaBbl. B caMom merne, ecitu
NpaBWIa HE HAIOT TAKON TapaHTHUH, TO 5TO 03HAYAET, YTO BBl HedOopMUpyeTe MPEIUKAThHl TaKuM 06pa3oM, d4To
OHU YK€ HE MOTYT WHTEPIPETUPOBATHCS KaK NOCTYCJIOBUS U COOTBETCTBYIOIIUE CIAbENIITHe IPEMLy CIOBUSI.

Cpasy HampalllnBalOTCs [Ba IPUMEPA BECHMA IIPOCTHIX Mpeobpa3oBaTesiell IPeIuKaToOB, KOTOPhIe 06J1aqatoT
TpebyeMbIMU CBONCTBAMU.

Haumem ¢ ToxmecTBEHHOTO MPeO6PA30BAHUS, T. €, C KOHCTPYKIMY S, TaKOW, UTO MJIsl JIFO60T0 TOCTYCIIOBUS
R mbr umeem wp(S,R) = R. DTy KOHCTPYKIHIO 3HAIOT U JIOOAT BCe NMPOrPAMMUCTBI: OHA M3BECTHA UM
TON Ha3BaHWEM ~MYCTOW ONepaTop”’, W B CBOMX MPOrpaMMaX OHU YACTO UCIOIL3YIOT ee, OCTaBIISAs TIPOIYCK B
TOM MeCTe€ TEKCTa, Ille CHHTAKCUYEeCKU TPeOyeTCs KaKOW-TO OMepaTop. OTO He CIIMIIKOM MOXBAJIbHBIA ITPUEM
(KOMOWITATOD MOIKEH 3HATH, YTO OH "BUAWT’ STOT ONEPATOP, HA TOM OCHOBAHWW, YTO OH HUYETO HE BUNUT, U
MOSTOMY MBI HAUM 3TOU KOHCTPYKIIUM HAVMEHOBAHUE, CKaxeM, ~‘nponycmums”’. UTak, cemanTuka omeparopa
"nponycmums”’ ompenessieTcs CISIYOIIIMM 00pa30M:

wp(nponyemump, R) = R s moboro moctycioBus R

(Kax u BCe, s Oyay MOJIb30BATHCS TEPMUHOM ~OIepaTop”’, MOCKOJBKY OH IIPOYHO BOLIEN B KaproH. Korma
Jroou coobpasmian, 4To "KoMamHma” MOriia Obl OKa3aThCs 60jiee MOMXOMSIIMM TEPMUHOM, OBIJIO yXKE CIIUIITKOM
mo3mHo! )

3amedganue. Tem, KTO cUnTaeT PACTOUNTEIIHCTBOM CAMBOJIOB BBENEHUE SIBHOTO MMEHU ~Nponycmumy’ O
IyCTOrO ONEPATOpa, KOrIa 'IyCcTO” CTOIb KPACHOPEYNMBO BHIPAXKAET €r0 CEMAHTHUKY, CJEOyeT OCO3HATDH, YTO
MECSITUYHAS CUCTEMA, CUMCIICHUS OKA3aJI1aCh BO3MOXKHON TOJIBKO Oiraromapsi BBeOeHuio cuMBojIa 07 mitst TOHSI TS
"araro”. (Kowner 3amevanus.)

TIpexxme weM HPOMOIKUTEL HAIIM DPACCYXKIEHUS, MHE XOTEJIOCH Obl HE YIYCTUTH BO3MOXHOCTH OTMETUTD,
YTO TEM BPEMEHEM MbI YK€ ONPENeNIMId HEeKUl sS3bIK mporpammupoBanus. Ocraercst mo6aBUTH TOJIBKO OIHO:
9TO OQHOOIEPATOPIIBIN S3BIK, B KOTOPOM MOXHO OIUCATH TOJILKO ONHY KOHCTPYKIIUIO, MIPUYEM eIUHCTBEHHOE,

! Tlo Tpamumum MBI MepeBOmMM aHTIIMHACKEET TepMuH “statement” (yTBepikmeHme, MpeITIOXKEHHe) TePMIHOM
“omepaTop”’, BBeIEHHBIM B mporpammupoBanue A. A. JIsnyHOBBIM, 1 TakuMm 06pa3oM, PyCCKUAl YNTATENb OKA3hI-
BaeTcs B 6ojiee BHITOMHOM TOJIOXKEHUN, 9eM aHTauicKuit.— [pum. ped.
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YTO CIIOCOOHA CHENIATH [JI HAC JAHHAs KOHCTDPYKLUs, 9TO "OCTABUTH BCe, Kak ecTh’ (wim "Hudero He nenaTs’,
HO TaKoe HeraTWBHOe yHOTpeOIeHre A3bIKa [IPEACTABIISET ONAaCHOCTb, CM. CIIeAyomuil ab3al).

Hpyroit mpocToil mpeobpa3oBaTesb MPENUKATOB IPUBOAUT K MOCTOSIHHOMY CIIa0edIeMy MPeIyCIIOBIIO, KO-
TOpPOE BOBCE He 3aBUCHUT OT mocTycioBus R. Mbr numeeM nBa npenukara-koHcTanTel, 1 u F. Koucrpykuus S,
nust koropoit wp(S, R) = T upu Bcex R, He MOXeT CyLIECTBOBATD, IOTOMY YTO OHA HAPYIUUIa OBl 32KOH MCKIIIO-
yernHoro uyna. Omuako KoHCTpyKuus S, mis koropoir wp(S, R) = F upu Bcex R, obmamaer npeoGpasoBaTeseMm
MIPEOUKATOB, YIOBIIETBOPSIOIINM BCEM HEOOXOMMMBIM CBOWCTBAM. JTOMY OIIEPATOPY MBI TOXKE IIPUCBOUM UM,
Ha30BeM ero "omkasamy’. Tak, ceMaHTUKa omnepaTopa “omxa3amb’ 3amaeTcs CIAeMyIONuM 00pa3oM:

wp(omxkazamv, R) = F s ro6oro moctyciosus R

OTOT omepaTop He MOXET Iaxe "HUYero He HejaTh’ B CMBICIIE "OCTABUTH BCE, KAK €CTh”; OH BOOOIIE HU HA YTO
He cnocober. Ecmam mbr momaraem R = T, T. e. He HaKJIaAblBaeM HA KOHEUHOE COCTOSHUE HUKAKUX MOMOJIHU-
TebHLIX TpeGoBaHuUil, KpoMe caMoro ¢hakTa ero CyIeCTBOBAHMUS, MaXKe TOTa He HARWIETCs COOTBETCTBYIOIIIETO
HAYaJILHOTO COCTOSIHUS. FECIHM 3amyCcTuTh KOHCTPYKIIUIO 110 UMEHHU ~0MKa3ams’, OHa HE CMOXKET IOCTUYL KOHEU-
HOTO COCTOSHHUSA: CaMa IOMBITKA €€ 3aIlyCKa sABJseTcsa rapantueil Heynauu. (Hac He mOMmKHO 3aHMMATH Temepb
(a Taxxe M BHOCIIENCTBHUU) TO, YTO IIO3MHEE MBI BBENEM CTPYKTYPY OIEDATOPOB, B KOTOPOW CONEPKATCSI KaK
YaCTHBIE CIIyYal CeMaHTUYeCKNe S9KBUBAJIEHTHI Wil "nponycmums” u "omkasamy”.)

Teneps MBI pacmosaraeM HeKUM (BCe eIlle BECbMa 3a4aTOYHBIM) IBYXOMNEPATOPHBIM A3bIKOM ITPOTPAMMEIPO-
BaHUsA, B KOTOPOM MOXKEM OIMCATH B€ KOHCTPYKIINU; ONHA W3 HUX HUUYETO HE MENIaeT, a BTOPas BCErIa TEPIUT
veynaugy. Co Bpemenu omyGnukoBanus 3unamenutoro "Cobrenus o6 anropurmudeckoM szbike AJIT'OJI 60”7 B
1960 r. HUKaKOI yBaXKaroIuil cebsl yIeHbIl, 3aHNMAIOIIIAICS TPOrPaMMIPOBAHIEM, He TTO3BOIAT cebe 060NTHCh
Ha 5TOM 5Tarne 6e3 (GOPMAIILHOTO OMpPENeeHNs] CHHTAKCHACA CTOJIb JAJIEKO IMPOMBUHYTOIO A3BIKA IPOrPAMMUPO-
BaHUA B cucteMe obo3HaueHuit, HassiBaemol "HPB” (cokpammenue ot "Hopmansraas dopma Bakyca”), a nmerno:

(omeparop) ::= nponycmums|omrazamo

(Yuraercsa tak: "OjeMEHT CHHTAKCHYECKON KATErOpUM, UMeHyeMol ~omepaTop”’ (AMEHHO 5TO 0603HAYAIOT 3a-
GasHble cKOOKu <" 1 7>"), onpenensercs kax (910 0bo3HauaeT 3HaK ::=") "nponycmumy” unn (910 0603HATAET
BeprukambHas gepra ’|”) "omrazamy”. Komoccamsuo! Ho He GecriokoliTech; 60omee BIEYATIIAIONNE TPIMEHEHNS
H®B B kauecTBe criocoba 3amucu MOCIEAYIOT B HAJIEKAIEE BPEMS. )

Onunu xiacc 6e3ycIoBHO 00Jiee MHTEPECHBIX Mpeobpa3oBaTesell MPeInKaTOB OCHOBBIBAETCSI HA TONCTAHOB-
Ke, T. €. Ha 3aMeHe BCEX BXOXICHWUIN HEKOEW MePEeMEHHON B (HOPMAaIBLHOM BBIPAXKEHUHN MJIS TMOCTYCHIOBUS R
Ha (omHO U TO XKe) “uro-HUGYHNL npyroe”. Ecnm B mpenwkarte R BCe BXOXIEHWS IIEPEMEHHON X 3aMEHSIOTCS
HEKOTOPHIM BhipaxenueM (F), To Mbl 0603HaAUaEM Pe3ysIbTAT 3TOr0 IpeobpasoBanus depes Rp_ x. Tenepb MbI
MOXKEM PACCMOTPETH IS 3aMaHHBIX T U F Takyio KOHCTPYKIUO, ITOOBI I JIFOOBIX IOCTYCIoBUil R mosryda-
aoce wp(S, R) = Rg_ x; 30ecb & — "KOOpAMHATHAS [epPeMeHHass” HAIIero IPOCTPAHCTBA COCTOSHUN, a F —
BBIPAaXKEHNE COOTBETCTBYIOIIETO TUIIA.

3ameuanme. Takoe mpeobpa3oBaHUe IyTEM IOICTAHOBKU YIOBJIETBOPSET CBONCTBAM 1—4 U3 mpenbiayliein
riaBel. MBI He CTAHEM MIBITATHCS OEMOHCTPHUPOBATH 5TO U MPENOCTABUM CAMOMY UATATENIO PEIIaTh B 3aBU-
CIMOCTH OT CBOErO BKycCa, OymeT /i OH OTHOCUTHCS K 3TOMY KaK K TPUBHAJIBLHOMY WM YK€ KaK K IJIyOOKOMY
MaTeMaTudeckoMy pesynbrary. (Kowen zavevanus.)

TaxuMm cioco6oM BBOOUTCS IEJIBIN KITACC Tpeobpa3oBaTesiell TPeInKaTOB, HeJIbI Ki1ace KOoHCTPpyKuuid. Ouu
0603HAYAIOTCST OMTEPATOPOM, KOTOPBIN HA3LIBAETCS ~OIEpPaTOp NMPUCBANMBAHUS’; TAKOW OIMEPATOP HOJIKEH OIIpele-
JISITH TPU BELIN:

1) HamMeHOBaHVE TIEPEMEHHON, MOJIEXKAIIIEH 3aMEHE;

2) ToT GaxKT, YTO IPABUIIO, COOTBETCTBYIOLIEE IPEOOPA30BAHNIIO IPENUKATOB, €CTh IIONCTAHOBKA,

3) BBIpaXKEHNE, KOTOPBIM [IOJIKHO 3aMEHATHCS BCAKOE BXOXKIEHUE DTOM TEPEMEHHON B TOCTYCIIOBUM.

Ecnu nepevennas & momkHa ObITh 3aMeHeHa BbipaxeHueM (F) ToO OOBIYHAS 3alUCh TAKOTO OIEPATOPA
BBIMVISIOUT CIIELYIOLIIM 00pa3oM:

z:=F
(rme Tak Ha3BIBAEMBII 3HAK NPUCBAUBAHUS :=" CJIeLyeT YUTaTh KakK 'CTAHOBUTCS).
Cka3aHHOE MOXKHO CyMMUIPOBAThH, OIPENEIINB
wp("x := E”,R) = Rp_x Has mo6oro moctycnosust R

IIpu xemaHwm 5TO MOXHO PACCMATPUBATEH KAK CEMAHTUUIECKOE OIMPENeICHNEe ONePATOPa IPUCBANBAHUS TSI
1106011 KOOPAMHATHOW MEPEMEHHOW ¥ U JII000ro BbIpaxeHus F cooTBercTBytoiero tuma. Hacmaxmasch, mo
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HaIeMy OOBIKHOBeHUIO, yroTpebnernem HOB, Mbr MoxeM pacimpuTh HaIll GOPMAIBHBIA CHHTAKCHAC, YTOOBI OH
YUTAJICS TaK:
(omepatop) ::= nponycmums|omxrasams|{onepaTop IPUCBAMBAHNS)

(oneparop npucBauBaHus) ::= (IepeMeHHas1) := (BBIPAKEHUE)

MpUYeM TOCIIENHIO CTPOUKY CIENyeT YUTAThL TakK: ~OJEMEHT CHHTAKCUYECKON KaTeropuu, MMEHYeMOHn ~ore-
paTop IpucBaumBaHUS ', OMPENEIIETCS KaK BJIEMEHT CHHTAKCUYECKON KAaTEropuu, MMEHyeMON ’epeMeHHas’, 3a
KOTOPBLIM CJIEOYIOT CHAYAJIa 3HAK IMPUCBAWBAHUA =", & 3aTeM 5JIEMEHT CHUHTAKCUUIECKON KATEropuu, MMEHYye-
mont "Beipaxkenme”. Ilepenm TeM Kak MPONOIKUTL PACCYXKIECHUE, MPEICTABIIIETCS Pa3yMHBIM yOEOUTHLCSI B TOM,
9T0 5TUM GOPMAIBLHBIM OMUCAHUEM OIEPATOpPa MPHCBAUBAHUS B CAMOM Iejle OXBATHIBAETCS HAIE WHTYUTUBHOE
MIOHUMAaHUE OIEPATOPa MPUCBANBAHUS — €CJIM OHO ¥ Hac ecTh! PaccMoTpuM mpoCcTpaHCTBO COCTOSHUN C IBYMS

LEJIBIMU KOOPAWHATHLIME nepeMenubivu a” u ”b”. Torma
wp(Pa:=T",a="7)={7T="7}

U, TIOCKOJIBKY JIOTMYECKOE BBIPAXKEHUE B IIPABON YACTHU SIBJISETCS MCTUHOW IS BCEX 3HAYEHWR a u b, T. e. mis
BCEX TOYEK IIPOCTPAHCTBA COCTOSHUM, MBI MOXKEM YIIPOIIEHHO 3aIllICaTh 3TO TaK:

wp("a :=T"a=7)=T

WNuage roBopsi, BCSIKOE HAYAIILHOE COCTOSIHUE TAPAHTUPYET, YTO IpUCBauBaHme ’q := 7° 06ecuednT UCTUHHOCTD
"a = 7”. Anamoruuso

wp(Pa:=T7",a =6) = {7 =6}

U, TOCKOJILKY 3TO JIOTMUECKOe BLIPAKEHNE SBIIAETCS JOXKDIO IS BCeX 3HAUEHUH a 1 b, MBI IOIyIaeM
wp(Pa:=T7",a=6)=F

OTO 03HAUAET, YTO HE CYIIIECTBYET HUKAKOIO HAYAJILHOIO COCTOSIHUS, IJIs KOTOPOTO MbI MOIJIN ObI TapaH-
TUPOBATh, YTO NpuUCBauBaHwe ’¢ := 7’ obecnednT UCTUHHOCTH 'a = 6. (DTO HAXOMUTCA B COOBETCTBUU C
HAIIIM IPEIBIIYIIIM PE3yILTATOM, YTO BCe HAYaIbHBIE COCTOSHUS 00eCrevYaT KOHEUHYI UCTUHHOCTE 'a = 77,
a CJIeNOBATENILHO, KOHEUHYIO JIOXKHOCTE "a # 77.) Hasee,

wp(“a :=77,b = b0) = {b = b0}

T. €. €CIU MBI XOTUM TapaHTUPOBATH, UTO MOCTE TPUCBAWBAHUSA ' := 7’ mepeMeHHas b mMeeT HEKOTOPOe
sgauenue b0, TO HyXHO, YTOOBI b UMella 5TO 3HAUEHUE €Il B HAYAIILHOM COCTOSHUU. [lpyruMu cjoBaMu, Bce
epeMeHHbBIe, 33 UCKJIIOUEHNEM ~'a” ) He M3MEHSIIOTCSI, OHU COXPAHSIOT T€ 3HAUEHUS, KOTOPBIE MMEIN PAHBIIIE; IPU-
cBamBaHHE '@ := 7’ MEPEMEIAET B MPOCTPAHCTBE COCTOSHUNA TOYKY, COOTBETCTBYIOIILYIO TEKYIIIEMY COCTOSIHITIO
CUCTEMBI, IAPAJIIENIBHO OCH @ TaK, ITO 00ECIeUNBAETCs KOHEUHOE BBHIIIOJIHEHNE DABEHCTBA 'a = 7.

BwmecTo Toro uTo6br 6paTh B KauecTBe BbIpaxKeHUsl /' KOHCTAHTY, MBI MOTJIX GBI B3ITh KaKyIO-TO (QyHKIIIIO

OT HAYaJIbLHOIO COCTOSHUL. DTO WIITIOCTPUPYETCA CJIICOAYIOIIUMU IIpUMEPpaMM:

wp(Pa:=2xb+1"a=13)={2xb+1=13} = {b =6}
wp(Pa:=a+1",a >10) = {a+1> 10} = {a > 9}
wp("a:=a—-0"a>b)={a—b>b} ={a>2xb}

BosuukaeT He60IBIIIOE OCIIOXKHEHUE, €CIN MBI Pa3pEIIaeM BBIPAXKEHUIO [ OLITH YaCTUYHO OMPENeSIEHHON
dyHKIIMEN HaYagaJIbHOTO COCTOSHUS, T. €. Takol (QYHKIWEN, ITONBITKA BBIYUCIECHUS KOTOPOW OJIs HAYAJILHOTO
COCTOSIHUSI, He BXONSIIErO B O0JIACTH OIPEeNesIeHNs, He IPUBENEeT K IIPABUJILHO 3aBeplraeMon pabore. Ecmom Mer
XOTUM NPENyCMOTPETh U 3Ty CUTYyallWio, TO HaM HYXHO yTOYHUTH HaIlle OIpelejieHNe CEMAaHTUKU OIepaTopa
IPUCBANBAVBAHUS U 3aMICATH

wp("z := E”,R) = {D(F) cand Rg_x }

3mecw npenukar D(FE) osnauaer "B obmactu onpenenenus E”; noruueckoe seipaxkenune "Bl cand B2” (Tak Ha3bl-
Baemas "yCIIOBHas KOHBIOHKINA' ) UMEET TO Xke 3HaueHue, uto u "Bl and B2”, eciiu 06a onepana ONpenesieHsr,
HO IIOMMMO 5TOTO IO OIpENeSIEHNI0 OHO MMeeT 3HaueHue JI0Xkb’, ecium B1 saBisercs ”moxbio”; mociaenHee Crpa-
BEIJINBO BHE 3aBUCUMOCTHU OT TOTO, onpeneseH ju onepann B2. O6brano ycnosue D(FE) He MOMYePKUBACTCS SIBHO
60 mOTOMY, YTO OHO=T', 6O MOTOMY, YTO MBI MCXOOUM K3 MPENIOJIOKEHUs, YTO OMEPATOp IIPUCBAVBAHUS
HUKOTOa HE 6y,t[eT 3aIlyIIIEH B HAYaJIbHBIX COCTOSHUAX, HE IIPUHAMOJIEKAIITUX OG.Ha.CTI/I OonpeneJICHus BbIPAXKEHUA

E.
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EcrecTBennbM 0606IIIeHIEM OmIEpATOPa MIPUCBAUBAHUS SIBJISETCS M3IIOOIEHHOE HEKOTOPBIMU MPOrPAMMU-
CTaMU TaK HA3bIBaeMOe 'OMHOBPEMEHHOe IprcBauBaHme’. B 9TOM ciiyuae BO3MOXHA OMHOBPDEMEHHAs 3aMEHA
IUTS. HECKOJIBKUX pa3auuhbiznepeMeHHbx. OmepaTrop OTHOBPEMEHHOTO MPUCBAMBAHUS O003HAYAETCS CIIUCKOM
PA3JIMYHBIX TIEPEMEHHBIX ), TOMJIEKAIMX 3aMeHe (3TU MEPEMEHHBIE PA3NEIIAIOTCS 3alAThIME), CJIEBa OT 3HAKA
[PUCBAMBAHUA U CTOJb YK€ MPOTSKEHHBIM CIIUCKOM BBIDAXKEHUI (TakkKe Pa3messieMbIX 3allAThIMU) CIIPaBa OT
3HakKa mpucBaumBanus. MTak, pasperaercs mucathb

xl, 22 := FE1, E2 zl,z2, 23 := F1, E2, E3

3aMmeTuM, UTO - MEPEMEHHAs M3 CIUCKA JIEBOW YaCTU MOJKHA ObITH 3aMEHEHA Ha i-€ BBIDAYKEHUE U3 CIIUCKA
MPaBOI YacTW, TaK YTO, HAIIPUMEp, Ipu 3amauubix x1, x2, K1 u E2 omepaTop

rl, 22 :=FE1, E2

CEeMAHTUYECKN 5KBUBAJIEHTEH OIEPATODY
x2,21 := E2, F1

OmHOBpEeMEHHOEe TPUCBANBAHIE TTO3BOJISIET HAM IPEIINCaTh, YTOOBI IBe TIEPEMEHHbIE & U Y OOMEHSIIINCH CBOMME
3HAQUEHUSMH C IIOMOIILIO OIIepaTopa

LY =Yy,x

B wmnoit 3anucu 3Ta omeparus BHITIsOENa ObI 607iee TPOMO3OKOHN. JIerkocTh peanmu3anuu OMHOBPEMEHHOTO IPU-
CBaAMBAHUSI W BO3MOXHOCTH C €r0 IOMOIIIBI0 M30eraTh HEKOTOPOU U3OBLITOYHOCTH 3AIUCH SBIISIOTCS TPUINHAMEI
MOITYJIIPHOCTH TAKUX OMEPATOPOB. 3aMETUM, UTO €CJIM CIUCKUA CTAHOBATCS CIUIIKOM IJIMHHLIMUI, TO IOJIydae-
Masl IporpaMMa CTAHOBUTCS BECbMa HEyIOO0ImTaeMO.

Wcrunnniit mobutens HOB pacimupur cBoit cunTakcuc, ob6ecneyns OBe pa3indHble (DOPMBI OIS OEPATOPa
TMIPUCBANBAHUSI, CIEOYIOIINM 00Pa30M:

(oneparop npucBauBaHus) ::={mnepeMeHHas) := (BbIpaXKeHUe)|

(mepemenHas), (onepaTop NPUCBAMBAHUA), (BHIDAKEHUE)

OT0 Tak Ha3bBIBaeMOe “PEKYPCUBHOE OIpeesieHne”, MOCKOIbKY OMHA U3 AJIbTEPHATUBHLIX (YOPM IJISI CUHTAKCIIe-
CKOl €NUHUIBI, UMEHYEeMOI "orepaTop npucBanBanus’ (& IMEHHO BTOpas GopMa), CONEPKUT B KAUECTBE OLHOTO
U3 CBOX KOMITOHEHTOB CHOBA 3Ty K€ CHHTAKCUIECKYIO €OUHUILY, UMEHYEeMYIO ~OIepaTop MpUCBAWMBAHUA , T. €.
Ty CaMyI0 CUHTAKCHYECKYI0 €IWHUILy, KOTOPYIO MbI onpenessiem! Ha mepBbIil B3riisn Takoe MUKIIMIECKOE OIMpe-
IIeJIEHVE BBITJIAMAT YXKACAOIIIE, HO Tocie 60jiee BHUMATEILHOTO M3YUEHUsI MBI MOXEM YOEmUTLCS B TOM, UTO,
0 KpayHeN Mepe ¢ CHHTAKCUYECKON TOYKM 3PEHUs, B 9TOM HET HIHYEro HempaBWILHOrO. Hampumep, MOCKOIBKY,
COTJIACHO TEPBOU aIbTEPHATUBE,

z2:= F1

SIBIISIETCSL IIPUMEPOM OIIEPATOPA IPUCBAMBAHUSI, TO (opMyIia
zl, 22 :=FE1, 2

nomyckaeT pa3bop Buma
x1, {oneparop npucsansanus), £2

a CJIeOBATENILHO, COTJIACHO BTOPOW AJIbTEPHATUBE, TaK¥kKe SBISIETCS omepaTropoM mpucBamBanus. OmHAKO C
CEMAHTUYECKOH TOUYKM 3PEHUS 5TO OTBPATUTEIBHO, IOTOMY UTO MOiydaeTcs, uto FE2 accomummpyercs c zl
BMECTO TOTO, UTOOBI ACCOIMUPOBATHCS C T2.

B cpaBHeHuUu ¢ nByXOmepaTOPHBIM S3BIKOM, CONEPKAIIIM TOIBKO TIPOMYCTUTL’ U "OTKA3aTh’, HAII SI3BIK C
OIIepaTOpOM TPUCBAWBAHUS BBITIISIANT 3HAUNTEILHO 0ojlee OOraThIM: ykKe HeT KaKOW Obl TO HU OBLIO BepXHEN
TPAHUIILI [JIS YMCITa PA3INYHBIX MPUMEPOB CHHTAKCHMYECKON €OUHUIILI ~omepaTop npucBamBanus’. Ho oH Bce
JKe SIBHO HEOCTATOUYEH [JIs HAIIWX Ilejlell; HaM HyKHA BO3MOXHOCTBL CTPOUTH 0Ojiee M3OIIPEHHBIE IPOrPAMMEL,
6oJtee CIIOXKHBIE KOHCTPYKIUU. JJIs MOCTPOEHMS TOTEHINAIBHO CIIOXKHBIX KOHCTPYKIIUAN MBI TIOJIB3YEMCSI CXEMOI,
KOTOPYIO MOXHO PEKYPCUBHO ONKCATH TaK:

(koHCTPYKIWsI) := (IPOCTas KOHCTPYKIUS)|

(mpaBWIIbHAS KOMIIO3UIWSL 3AIICEN BUAA: (KOHCTPYKIWS) )

It Toro 9TobB! Ta CXeMa MOTJIa TPUHECTU XOTh KAKYI-HUOYIb MOJIb3Y, HEOOXOMUMO BBIMIOJHEHUE MBYX
VCHOBUI: B HAIIEM PACHOPSKEHUU MOJIKHBI MMEThCS TIPOCThIE KOHCTPYKIUU ; 4TOOBI OBLIO C Yero HavaTh,

23
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1, KPOME TOTrO, MBI MIOJIXKHBI 3HATH, KAK CTPOUTH MPABUIbLHBIE KOMIO3UIUKN . BBemeHHbIE paHBIIIE OIEepPATOPHI
MOXHO B35ITh B KQUECTBE NMPOCTHIX KOHCTPYKIINIT; OCTABIIASICS YaCTh DTOI I'JIABBI ITOCBSIIIEHA NMEHHO IIPOIECCY
MPaBUWILHON KOMITO3UIINN HEKOEN HOBOW KOHCTPYKIIMHU U3 33JaHHBIX KOHCTPYKIN. HoBas KOHCTPYKIUSA B CBOIO
ouepenhb MOXET BBICTYIIATH B POJIU YaCTH €Ille 5OoJiee CJI0XKHOTO COCTABHOIO OOBEKTA.

ITocme Toro, kax 06BEKT OBLT 06pa30BaH KOMMIO3UIIAEN UaCTel, MBI MOXEM PACCMATPUBATL €r0 IBYMsI CIIO-
cobamu. Bo-miepBBIX, MBI MOXEM CUATATH €ro "Hepas3HelIbHBIM IIeJIBIM’, BOCIIPUHUMAS €r0 CBOINCTBA B OOJIbIIElH
WIM MEHBLIEH CTeIeHN KaK Marndeckue (WM IPUHUMAS UX HA Bepy WU Kak OCTysarTsl). Ilpn TakoMm momxome
CYIIIECTBEHHBI TOJILKO CBOWMCTBA KOHCTPYKIIMHU; HE MMEeT HUKAKOIO 3HAUEHUs, KaKuM o0pas3oM OHa o0pa3oBaHa
u3 cBoux udacteir. C Takoill TOYKM 3peHus JHOObIe MBe KOHCTPYKIUU, 06JIaJatolle ONVMHAKOBBLIMU CBOWCTBAMU,
SKBUBaJIEHTHBI. Vtu e MBI paccMaTpuBaeM KOHCTPYKINIO KaK ~'COCTABHOM O0OBEKT’, OOPa30BAHHBIA TaK, UTO
MBI MOXEM IIOHSITH, [OYeMy OHa 00s1amaeT OOBSIBICHHBIME CBOMCTBaMu. [Ipw 5TOM MBI BOCHPUHUMAEM YaCTH
Kak ’MaJiible” HepasmeibHbBIE MeJIbIe, OjIs KOTOPBIX MPUHUMAIOTCS B PACUYeT TOJIBKO MX OOIIme CBOWCTBA. BTopoit
TONXON BHOCHUT SICHOCTH B TO, UTO MBI IMIOHUMAEM MON ~Kommo3uruer”’. KoMmosumus nomKHa OnpenensaTh, Kak
CBOWICTBA IIEJIOTO CJIEAYIOT U3 CBOWCTB YaCTEN.

TTocse sTux 06X 3aMeUaHMl BEPHEMCSI K HAIIINM KOHKPETHBIM KOHCTDYKIINSIM, CBOACTBA KOTOPHIX, KAK MBI
CUNTAEM, BBIPAXKAIOTCSI UX MPeo0pa30BaTeSIMU MIPEOUKATOB. 1OdYHEe rOBOPS, €CiM 3a[AHBI [IBE KOHCTDYKITII
S1 u S2, ubn mpeoGpas3oBaTeNy NMPENVKATOB W3BECTHBI, MOXEM JII MbI MPENCTABUTHL cebe MPABUIIO BLIBOOA
HOBOTO IIpeo6pa3oBaTesis IPEIUKATOB U3 IBYX 3aMaHHbIX! Kcim ma, ToO MBI MOXEM CYNTATH Pe3yIIbTUPY IO
npeo6Gpa3oBaTelb MPEIUKATOB OMUCAHUEM CBOMCTB COCTABHOIO O0BEKTA, MOCTPOEHHOTO CIENUaIbLHBIM 06pa3oM
u3 uacreir S1 u S2.

OmHuM 13 TPOCTENIINX CIIOCOBOB MOJTY YeHUST HOBON (YYHKIINY U3 NBYX 3aIaHHBLIX SBIISIETCS TAK HA3LIBAEMAs
"(pyHKIMOHATIBbHAS KOMIIO3UIUS , T. €. IMPENOCTABICHNE 3HAYECHUS OMHON (DYHKIWHU B KAYECTBE apryMeHTa MJis
npyroit. CocTaBHOW OGBEKT, COOTBETCTBYIOIIMI TAKOMY IPeo6pa30BATEIN0 MPENUKATOB, IPUHITO 0603HAYATH
uepe3 "S1; S2”, u MBI onpenersem

wp(”S1; 52", R) = wp(S1,wp(S2, R))

YTO MPU XKEJAHUUA MOXHO PACCMaTPUBAThH KaK CEMAHTUUECKOE ONpEeNeSieHre TOYKHU C 3aIlsITON.
3ameuanue. W3 Toro akTa, uTo mpeobpasoBaTenu mpenukaToB mis S1 m S2 obmamaior cBoiicTBaMu 1-4
U3 TPENbIOyINeil TJIaBbl, MOXKHO 3aKJIIOUNThL, YTO W ONPEIEIEHHBLIN BBIIMIE Mpeobpa3soBaTeNlb MPEIUKATOB I
”S1;52” Takxke obnamaeT 3TUMU UYETBIPbMS CBOUCTBaMu. Hampumep, MOCKOabKy mis S1 um S2 cmpasemsus
3aKOH UCKJIIOUYEHHOTO UyIa:
wp(S1,F)=F u wp(S2,F)=F

MBI 3aKJII0UaeM, IOACTaBsAss F' BMecTo R B BepxHEe OIpenesieHue ITo

wp("S1; 52, F) = wp(S1,wp(S2, F))
=wp(S1, F)
=F

Yurareno OpemocTaBISETCS B KAadeCTBE YIPAXKHEHWs MPOBEPUTH, YTO OCTAJIbHBIE TPU CBOMCTBA TOXE
coxpanstiorcs. (Kower 3ameuanus.)

Tlepen TeM Kak MPOMOIIKUTL HAIIN PACCYXKICHUS, yOEIUMCS B TOM, 4TO 3TUM (POPMAILHLIM OMUCAHUEM Ce-
MAHTUKN TOYKH C 3AIATON OXBATLIBAETCS HAIIE MHTYUTUBHOE IIPENCTABJICHNE O Hell (eCiiu OHO y HacC ecTh!), T. e.
9TO cocTaBHAst KOHCTPYKIus ”S1; 527 MoxkeT 6bITh peasn30BaHa HO MPABIILY 'CHAYAA 3aIyCTUTh KOHCTPYKIIUIO
S1 u mo okoHuaHuu ee paGoTel 3amycTuTsh S2”. B camom merne, B Hammem onpeneserun wp(”S1; 527, R) Mbl npen-
craBisieM R-moCTyciioBre HJisi COCTABHOW KOHCTPYKIMM — KaK IIOCTYCIIOBUE K MPEOOPa30BATEN0 IIPEIUKATOR
mitst S2, u 3TUM 0TpaxKaeTcs TO, 4To obiast pabora KoHCTpyKmuu ~S1; 527 MOXeT 3aKOHYNTHCS C OKOHUAHUEM
paborsr S2. CoorBercrByomiee ciabeiinee npemyciaosue mist S2, T. e. wp(S2, R), IPencTaBisIeTcs KaK MOCTY-
CJIOBHE K TIPEOOPA30BATENIO MPEOUKATOB Iy S1; TeM CaMbIM MBI SIBHO OTOXIECTBIISEM HAYAIBLHOE COCTOSHUE
mist S2 ¢ koHeuHbIM cocTostHmeM it S1. OmHako mMeHHO Tak u GbiBaeT, eciu pabora S1 HemocpencTBEHHO
MIPENIIECTBYET BO BPEMEHU 3aIyCKy S2.

YTo6Bl yIOCTOBEPUTHCS B 3TOM, paccMorpuM npumep. Ilycrs ”S1; 52" npencrasisier coboit

a:=a+bb:=axb
U IyCTh HAIIUM TOCTYCIIOBUEM ABJIIETCS HEKOTODBIN npenukaT R(a,b); B TakoM citydae

wp(S2, R(a,b)) = wp("b := a xb”, R(a, b))
= R(a.c*b)
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wp(’S1;52”, R(a,b)) = wp(S1,wp(S2, R(a,b)))
wp(S1, R(a,a * b))
=wp("a:=a+ V", R(a,a*b))
= R(a+b,(a+b) *b)

T.€ MBI MOXKEM I'apAaHTUPOBATEH BHIMIOJIHEHNE OTHOIICHUS R MEXIy KOHEUHBIMU 3HAUEHUSMU ¢ U D IpU yCJIOBUMN,
YTO IEPBOHAYAIILHO TO XK€ OTHOLIEHNUE BBIIONIHAeTCs Mexny a + b u (a + b) x b coorBercTBeHHO.

W makoner, OCKOIBKY (DYHKIMOHAIIBHAS KOMITO3UIMSI 00JIAHAeT CBONCTBOM aCCOIUMATUBHOCTH, TO HE MMEET
3HaueHus, OymeM ju Mbl pasbupats "S1; S2; S3” xak ”[S1; S2|; S3” wm xe kax "S1;[S2;S3]”. Nnaue rosops, Mbr
MMeeM IIOJTHOE MPABO TPAKTOBATH TOUKY C 3aIlSITOM KAK CHMBOJI COWIEHEHWS; TIOTOMY He BO3HUKAET HUKAKOU
HEOIIPENEJIEHHOCTY, KOTIa MBI BBIMICHIBAEM OIEPATOPHBIN coucoK Buma ’St; Sa; S3; ...; S,”, u MbI Oymem Ge3
CTECHEHUs TOCTYNATh TaK, KOTA IJIsl TOTO MPEICTABATCS MOOXONAIINE CITYYal.

Yupaxueunune. IIposepbTe, 4TO KOHCTPYKIIAK

rl = FEl;22:= E2" u "z2 := E2;z1 .= E1”

CEMAHTUYECKN SKBUBAJICHTHEBI, €CiIX IepeMeHHas xrl He BCcTpedaeTcs B BbIpaxeHun F2, a mepeMeHHas T2 He
BcTpeuaercs B Boipaxenun F'1. Ha camom mere, B TakoMm ciiydae 06e 5TU KOHCTPYKIINM CEMAHTUUECKU DKBU-
BaJIEHTHBI ONHOBPeMeHHOMy mnpucBamsamio “zl,22 := F1,E2”. (Ora 5KBUBAJEHTHOCTDH SBISETCS ONHUM N3
apryMeHTOB B IOJIb3y OQHOBPEMEHHOT'O IIPUCBAMBAHUI; €€ MPUMEHEHUe IO3BOJIIeT HaM M30€XaTh M30BITOUHO-
CTU TIOCTIENOBATENILHON 3amucy, 60jiee TOro, IPU OTHOBPEMEHHOM IIPUCBAWBAHUYN CTAHOBUTCS OYEBUIHBIM, UTO
nBa Boipaxenuss F1 u E2 MOryT BBIYUCIISITHCS OQHOBPEMEHHO, U 9TO IIOCIIENHEE OOCTOSITENBCTBO IIPENCTABIISIET
WHTEPEC IPU HEKOTOPHIX MeTommkax peajm3anuu. llomMummo Toro, ObITH MOxeT, 60jlee WHTEpPECHAs BO3MOXK-
HOCTB, uTO KOHCTpyKumus ’zl,x2 := FE1, E2” He OKaXeTCs CEMaHTUYECKN SKBUBAJIEHTHON HU KOHCTPYKIIUU
"zl := E1;22 := E2”, uu xoucrpykuuu "z2 := E2;x1 := E17.) (Konmen ynpaxuenus.)

o BBemeHMS TOUKYU C 3aISITOR MBI MOTJIZ MMICATH TOJIBKO OIHOOIEPATOPHLIE IPOIPAMMEL; C IIOMOIITHI0 TOUKH
C 3aIATON MBI 06PEIH CIOCOOHOCTD MUCATH IPOrPAMMBL B Bufle cousleHeHus u3 n, (n > 0) omeparopos: "Sy; Sa;
Ss; ... S,”. Eciu MCKIIOUYMTHE MPOMEXYTOUHYIO HE3aBEPIIEHHOCTH, BBIMOIHEHNE KAXION IPOrpaMMbI BCETIa
03HAYAET BPEMEHHYIO MOCIIENOBATELHOCTD BBIMIOIHEHN N OMEPATOPOB, CHAYaIa S1, MOTOM So W TaK [ajiee 110
Sy, BrmounTenbHo. OmHAKO M3 HAIIEro MPUMEePa UIPhI Ha JINCTE KapTOHA, pealinm3yrollei ajroputMm Epkiuna,
MBI 3HAEM, UTO HOJIKHBI YMETH OIMUCHIBATHL 60JIee MIMPOKUI KITaCC "IPABUII UTPHI: BCSIKAs Urpa OyIeT COCTOSITH
13 MOCIIENOBATEILHOCTH IIEPEMEITIEHNT, Te KaXKI0e TepeMeIlieHrne nMeeT Bum aubo "r := x—y”, mubo "y := y—1z”,
HO CIIOCOO YepemoBaHUS dTUX IIEpEMEIIEHNI BO BPEMEHN U JaxKe WX OOIee 4mciio OyOyT M3MEHSTHCS OT WUI'PBI
K UI'De; OH 3aBUCHUT OT HAYAIILHOI'O IOJIOXKEHUS (UINKY, OH 3aBICUT OT HAYAJIBLHOIO COCTOSHUS cucTeMbl. Ecian
TOUYKA C 3aISTON SBIISETCS €MUHCTBEHHBIM HAIIMM CPEICTBOM IJIsI COCTABIIEHWS HOBOTO IIE€JIOTO W3 3aMAHHBIX
JacTell, TO MBI HE B COCTOSIHUU HTOTO BBIPA3UTh, U MOITOMY HAM HEOOXOOUMO MCKATH HEYTO HOBOE.

IToxa Touka ¢ 3amsaTON OCTAETCS EOUHCTBEHHBIM MMEIOIIAMCS B HAIIEM PACIOPSIXKEHUU CPEICTBOM COEIUHE-
HUS, €IUHCTBEHHBEIM OOCTOSTEIHLCTBOM, IIPX KOTOPOM IIPDOMCXOOUT 3aILyCK OTHON W3 COCTABJISIOIINX KOHCTDYK-
it S; (i > 1), ABISIOTCS IPABWIIBHOE 3aBepIeHne paboThl (JIEKCUKOrpadbuIeCcKn) IPEAIIECTBYOMEN KOHCTPYK-
muu. Y1o6bl MOGUTHCS HYXKHOU HaM THOKOCTHU, HEOOXOMMMO O0ECHedYnTh BO3MOXHOCTD 3aIyCKa TOW WJIN WHOMN
(o) KOHCTPYKIMU B 3aBUCHMOCTH OT TEKYIIIETO COCTOSHUS CUCTeMbI. I 5TOro MBI BBEIEM — B IIBa JTAla
— MOHATHE "OXPaHAEMON KOMAHIIBI , CHHTAKCUC KOTOPOI 33IaeTCs CIEMYIOIM 06pa3oM:

(OXpaHSIOINI 3aT0JIOBOK) ::= (JIOTMYECKOE BBIPAKEHUE) —
(omepaTop)
(oxpamseMas KOMaHMA) ::= (OXPAHSIOIIAN 3aT0JIOBOK ) {;

(oneparop) }

roe ¢urypuse ckobku {” u '}’ crenyer unTarh Tak: ’CONPOBOXKIAETCS JIFOOBIM YUCIOM (OBITH MOXKET, HYJIEM )
9K3EMIJISIPOB COMEPKMMOTO CKOGOK”.
(dpyroil BApMAHT CHHTAKCUCA OXPAHIEMON KOMAHIBI MOXKET BBITIIIETDH TAK:

(cimeox omepaTopoB) ::= (omepaTtop)q; (omeparop)}
(oxpanseMas koMaHOa) ::= (JIOTMYECKOe BBIPAKEHUE) —

(cnmcox onepaTopos)

OI[H&KO IO IpUYMHaM, KOTOPBI€ HE NOJI2KHBI HaC TEIIEPb MHTEPECOBATDH, A IIPpEANIOYNTAa0 CUHTAKCUC, B KOTOPOM
BBOOUTCA IOHATHE OXPaHAIOIIIECTO 3aI‘OJ'IOBKa).

25
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B sTOoM coueranum jiormueckoe BhIpaXKEHUE, MPENIIeCTBYIOIIee CTPENIKE, HA3BIBAETCS TIPENOXPAHUTEIEM .
Wnes cocTout B TOM, 94TO CIEAYIOIINT 338 CTPEJIKON CIIICOK OIEPATOPOB OYIET BBIIOIHSATHCS JIHUIIE IIPU TOM YCII0-
BUH, IYTO obecrevueHa HaYaIIbHAsI ICTUHHOCTD 3HAUYEHUST COOTBETCTBYIOIIETO TpenoxpanuTess. [Ipemoxpanunresnb
TIO3BOJIsIET HaM M30eXaTh BBIIOITHEHUS CIIICKA OIEPATOPOB IIPU TeX IEPBOHAYAJIBLHBIX 0OCTOSTEILCTBAX, KOTIA
9TO MOJHEHUE OKA3AJI0Ch Obl HEXEJATEIbHBIM WK (€C/in YIOTPEOIISIOTCS aCTUYIHO OMPENeSIeHHBIE OePALNN )
HEBO3MOXKHBIM.

WcTunnoCTS 3HAUECHNS TIPEOOXPAHUTEIS SBIIETCSI HEOOXOOUMBIM MPEIBAPUTEIHLHBIM YCIOBUEM MJIST BBITION-
HEHUs OXPaHsSeMOU KOMAaHObI KaK IIeJIOT0; ATO YCIIOBUAE, Pa3yMeeTCsl, He SBJISETCS TOCTATOYHBIM, IIOCKOJIBKY TEeM
WIN WHBIM CIHOCOOOM — € OBYMS TAKUMU CHOCOOAMU MBI BCTPETHMCS — OO HETO €eIle IOJIXKHA IOWTH IOTEH-
nmaibHas 'ouepens”’. VMeHHO mosTOMY OxXpaHseMas KOMAHOA HE PaCCMATPUBAETCSA KaK OMEpPaTop: OIepaTop
6€30rOBOPOYHO BBIIOJIHAETCS, KOTNA HACTYIAeT ero Odepenb, & OXPaHseMas KOMaHIa MOXKET MCIOJIb30BATBHCS
B KQ4UeCTBE CTPOUTEILHOrO O6JioKa HJjIs omepaTopa. Kcium roBOpUTH TOYHEE, MbI MPEMJIOXKUM OBA PA3THMIHBIX
criocoba COCTaBJIEHUS OllepaToOpa U3 HabOpa OXPaHIEMBIX KOMAHII.

ITocite HEKOTOPOrOo OCMBICIMBAHUS PACCMOTpPeHME HAOOpa OXPAaHSEMBIX KOMAHI IIPENCTABIISIETCS BIIOJIHE
ecTecTBeHHBIM. [Ipenmomoxum, 4To HaM TPe6yeTcss TOCTPOUTEH KOHCTPYKIINIO, TaKyI0, YTOOLI IPU yCIOBUM, ITO
HaYaJIbHOE COCTOSHUE YIOBIIETBOpsieT (), KOHEUHOe cocTosiHue ymnoBiieTBopsiio R. Ilpemmomoxum masiee, 9To
HaM He yIOAaeTCs HANTU eNWHBLIA CINCOK OIEPATOPOB, KOTOPHIA BBINOMHSI Obl 3Ty PaboTy B JIIOOBIX CIIyYasX.
(Eciu Gbl Takoil CIMCOK OMEPATOPOB CYLIECTBOBAJ, TO MBI MMEHHO €ro Obl M UCIOIb30BAJIA U HE BOZHUKIIO ObI
noTpeGHOCTH B OXpaHseMbIXx KoMaHnax.) OmHaKO HAM MOXKET yOaCThCS HANTU HECKOJIBKO CIIUCKOB OIIEPATOPOB,
KaXIBIA U3 KOTOPLIX OyIeT BBIIONHATH HYXKHYIO paboTy IJIS HEKOEro IIOOMHOXKECTBA BO3MOMXKHBIX HAJaJIbHBIX
coctostamili. K KaxXmoMy u3 9TUX CIOUCKOB ONEPATOPOB MBI MOXEM IPUCOCONHUTEH B KAUECTBE MPEIOXPAHUTEIIS
JIOTHYECKOE BBIPAXKEHWE, XapPaKTEePU3YIOIee TO IIOIMHOXKECTBO, IJIsI KOTOPOTO 3TOT CIHMCOK ITONXONUT, W €CIIN
Yy HAC UMEEeTCs BIIOJIHE NOCTATOYHBLIA HAOOp IMpPENOXPaHUTENeN, TaKOil, YTO M3 MCTUHHOCTU () BCerma Jiormde-
CKU CllenyeT MCTUHHOCTD 3HAUEHUS XOTs OBl OMHOIO IIPENOXPAHUTEN, TO IJIS KaXKIOr0 HaYaJIbHOIO COCTOSHUS,
YIOBIIETBOPSIOIIEro (), MBI pacmojiaraeM KOHCTPYKIUEH, KOTOpas IepeBeieT CUCTEMY B COCTOSHUE, YIOOBIETBO-
psifoitiee yciaoBuio R, mpwyeM 3TOM KOHCTPYKIIMEN CIIYKUT OOHA U3 OXPAHAEMBIX KOMAHI, Yell IPemoXPaHuTeb
UMeNl HauaJlbHOe 3HaueHune "ncTuHa’. YTOoOBI BEIPA3UTDL 5TO, OIMPENEINM CHAYAJIa,

(mabop oxpaHseMbIX KOMaHM) ::= (oxpaHsgeMas komanna){|[|](oxpamsemas komanna) }

rzae cuMBoil ”[]” BBICTYTIAET B PONTU Pa3fesuTellsl BADHAHTOB, B OCTAIBHOM He yHnopsimoueHHbIX. OnuH u3 cnoco6os
dopmupoBanus omepaTopa u3 HabOpa OXpaHIeMBIX KOMAaHI COCTOUT B TOM, UTOOBI BKJTIOUUTH TAKON HAOOp B
mapy cko6ok ”if ...fi”, mpu sTOM Hal cMHTaKCHC OIS CHHTAKCUYECKOW KaTeropuu, MMEHyeMol ~omepaTop”,
TIOTIOJTHSIETCS CIIEMYIOIIEN (POPMOIL:

(omepatop) ::= if(nabop oxpanseMbIx KoMaum)fi

Taxum 06pa3oM, MBI IOJIyYaeM BO3MOXHOCTL OOBEOMHUATEL HECKOIBKO OXPAHSIEMbIX KOMAHII B HOBYIO KOHCTDYK-
nmio. MpbI MOxeM mpencTaBuTh cebe paboTy, KOTOpas MPOU3OUOET IMOCJe 3aMyCKa 3TON KOHCTPYKIIAU, CIle-
nytoormM obpaszoMm. BoibupaeTcs omHa U3 OXPAHIEMBIX KOMAHI, Yell MPEIOXPAHUTENDb SBJISeTCS UCTUHHBIM, U
3aIIyCKaETCs ee CIUCOK OIlepaTOPOB.

[Ipexme uem MBI mepeineM K M3JI0KEHUI0 (GOPMAJIBLHOTO OMMCAHUS CEMAHTUKY HAIIE HOBOW KOHCTPYKIIUW,
YMECTHO CIeJIaTh TPU 3aMedaHUs.

1. IlpenmomaraeTcsi, 9TO BCE NMPEIOXPAHUTEIN OMPENESIEHbI; €CIM 3TO HE TaK, T. €. BBIYNCIIEHHE KAaKOTO-TO
TIPEIOXPAHUTENST MOXKET NPUUECTN K paboTe 6e3 MPAaBUIILHOTO 3aBEPIIEHUS, TO IOIMYyCKAETCS, UTO U BCS
KOHCTDYKITUS He CMOXKeT IIPABIJILHO 3aBEPIINTEL CBOIO paboTy.

2. Boobrt1ie roBopsi, HaIIa KOHCTPYKITUS IPUBEAET K HEAETEPMUHUPOBAHHOCTH TP T€X HAYAJIBLHBIX COCTOSHUSIX,
IJIs KOTOPBIX MCTUHHBI 3HAUYEHUs O0jiee 4eM ONHOIO IIPENOXPAaHUTENIS, ITIOCKOJIBKY OCTAaeTCs HEeOIpenesIeH-
HBIM, KQKOil M3 COOTBETCTBYIOIINX CIIMCKOB OIEPATOPOB OyIeT TOrma BLIOMPATLCSA MJIsA 3amycka. Hukakoit
HeIEeTEepMUHIPOBAHHOCTH He BO3HUKAET, €CJIN BCe IIPENOXPAHUTENN IIOIaPHO UCKIIIOYUAIOT OPYT OpyTa.

3. Ecnu HaganpHOE COCTOSIHIE TAaKOBO, UTO HU ONWH M3 IPEOOXPAHUTENEH He SBIIIeTCs UCTUHOM, TO MBI BCTPe-
YaeMCsl C HAYaJbHBIM COCTOSHUIEM, IJIS KOTOPOTO He IMONXOOUT HU ONWH U3 BapUAHTOB, a CIIENOBATEILHO, I
BCsI KOHCTPYKIIUS B [EJIOM. 3AIlyCK IIPU TAKOM HAYAIBLHOM COCTOSIHUU IIPUBENET K OTKAa3y.

3amedganme. Ecmu Mbl DOmycKaeM TakiKe U IIycToi HabOp OXpaHseMbIX KoMaHm, To oneparop "if-fi” ceman-
TUYECKN SKBUBAJICHTEH HAIIEMY IIPEKHEMY ornepatopy "orkasars’. (Komen samevanms.)

(B cuenyromem GopMasbHOM ONpeNeseHnn CIIaGeiiero IpenyciioBus miis koHcTpykuuu if-fi Mbr orpanm-
qUMCsL CIIy4daeM, KOTIa BCe IIPENOXPAHUTENIN SIBIISIOTCS IOJIHOCTBHIO OIpenereHHbIMU GyHKImIMu. Eciu 3To He
TakK, TO HYXKHO IIEPENNCATh BBIPAXKEHNE C MCIOIb30BAHNEM CUMBOJIa cand IpU HOMOIHUTEILHOM TPeOOBAHNI,
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9TOOBI HAUAIILHOE COCTOSIHUE IPUHAIIIEXKAIO O0IIACTH OIpeNesieHns Beex npenoxpanureneir.) O6o3naduM uepes
"IF” omepaTop 1
ifBy — SLy[|Bs — SLs[]...[|Bn — SL,fi

Torna nist moboro mocrycnosus R
wp(IF,R)=(Fj:1<j<n:Bj)and (Vj:1<j<n:Bj=wp(SL;,R))

Oty dopmyry ciaenyer untaTh Tak: wp([F, R) SBISeTCS UCTUHON IJI KAXKIOU TAKOM TOYKA B MPOCTPAH-
CTBE COCTOSHMIA, THie XOTs OBl OMHO 3HaueHme j um3 orpeska 1 < j < n, Takoe, 4To B; ABiIgeTcd UCTUHOU, 1
rze, KpoMe TOro, I BCex j m3 oTpeska 1 < j < n, taknx, uro B; — uncruna, snatenne wp(SL;, R) Takxe
SBIISIETCA MCTUHON. Mcmomb3yst cuMBOI ”. .. 7”7, Kak MBI yXke MIejaju IpU OMucaHum camoro omeparopa IF, mbr
MOXKeM IIPEeNJIOKUTh NHYI0 GOpPMY OIpeleseHus:

wp(IF,R) =(Byor Byor...or B,)and
(B1 = wp(SLy, R))and
(B2 = wp(SLz2,R)) and ... and
(Bn = WP(SLm R))

Tlonumanue sTux GopMysn He mpencrasisieT ocoboro Tpyma. 1pebGoBaHmeM, YTOOBI 3HAUEHUE XOTS ObI
OIHOTO TPEIOXPAHUTES SIBJISJIOCH UCTUHON, OTpaxaeTcs (akT OTKa3a B CIIydyae, KOTIa 3HAYEHUS IJIsl BCEX
npenoxpaHuTesnet JT0XKHbI. KpoMe Toro, Mbl TpeGyeM itk KaXIoro HAYAIBLHOTO COCTOSIHUS, YIOBIIETBOPSIOIIETO
wp(IF, R), arobst Bemonusiiock B; = wp(SLj, R) mns Beex j. s Tex 3HadeHmit j, Ipu KOTOPHIX B; — moxs,
9TO ClIefOBaHMe MCTUHHO HE3aBHCHMO OT 3HadeHus wp(SLj;, R), T. e. Ius Takux 3HAYEHHH j, pasymeeTcs,
6espasznuuso, uro OymeT menarb SLj. Ilpu mame# peanm3anmuu 3TO yYHTEIBAETCA B TOM, YTO IJIS 3aIIyCKa He
6epercs SL; c JOXKHBIM HaJaJILHBIM 3HaueHumeM npemoxpanutens B;. IIpu Tex 3HaueHmsx j, mis KOTOpBIX B
— HICTUHA, JAHHOE CJIENOBAHIE MOXKET OBITH MCTHHON TONLKO B TOM CiIydae, korna wp(SL;, R) Takxe sSBIIsETCS
uctunoit. [lockonbky Hate GopmasbHOe onpeneseHne TpebyeT UCTUHHOCTH CIIENOBAHUS MPU BCEX 3HAYEHUSIX
j, TO peamm3anus Ha CaMOM [ejile UMeeT CBOOOMY BBIGOpa, KOrma 6ojiee UeM ONUH IPENOXPAHUTEND SBIISIETCS
uctunoni. Koucrpyknus if-fi mpencrassiser coGoil TONBKO OOUH M3 OBYX BO3MOXKHBLIX CIIOCOOOB ITOCTPOEHUS
omepaTopa u3 Habopa OXpaHseMbIX KoMaH. B koncTpykuuu if-fi cocTostHue, mpu KOTOpOM BCe MPENOXPAaHUTEITN
UMEIOT JIOXKHBIE 3HAUYEHWS, BENET K OTKa3y. B Hare#l BTopoit ¢opMe MBI pa3pernaeM, 4ToObl COCTOSHUE, MPU
KOTOPOM HET HU OMHOTO TIPENOXPAHUTENS C UCTUHHLIM 3HAYEHUEM, MPUBONWIO K MPABMILHOMY 3aBEPIIEHUIO;
MIOCKOJIBKY B 9TOI CATYAaIlMK HE 3aIyCKAETCsS HUKAKOW CIIMCOK OMEPATOPOB, BIIOJIHE €CTECTBEHHO, YTO IIPU STOM
BO3HUKAET CEMAHTUYECKAs SKBUBAJIEHTHOCTH C IMyCTHIM omepaTopoM. OOHAKO 5TO pa3pelleHrne Ha TPaBUILHOE
3aBepIIIeHne, KOIJa HET HU OMHOIO MPENOXPAHUTEINs] ¢ UCTUHHLIM 3HAUYEHUEM, MOIOJIHSIeTCsS TeM, u4To pabore
HE Pa3peIaeTcs 3aBePIIAThCS, [TOKa XOTs Obl ONUH MPENOXPAHUTENb SBIIsieTcst uctunoit. Mrak, mocie 3amycka
MIPOBEPAIOTCS BCE TPENOXPAHUTENN. ECIM HET HM OMHOTO MCTUHHOTO 3HAYEHUs MPENOXPAHUTENsI, TO paboTa
3aBEPIIAETCS; €CIIU K€ MMEIOTCS MPENOXPAHUTENN C UCTUHHBIMY 3HAYEHUSIMU, TO ONWH W3 COOTBETCTBYIOIINX
CITIICKOB OIIEPATOPOB 3aIyCKAETCS, a HOCIIE €r0 3aBEPIIIEHIS PeAIN3alnsi CHOBA, HAYNHAELT OOIIIYI0 IPOBEPKY BCEX
MpefnoXpaHuTeiell. DTa BTOPas KOHCTPYKIUA 0003HAUAETCS MyTeM 3aKJIIOUEHUs CIUCKa OXPaHIEMBIX KOMAaHI B
mapy ckobok do .. od”.

dopmasibHOE orpemesieHne ciabeninero npenyciiosust miisi KOHCTPyKiuu do-od siBiisieTcst 60iee CIIOXKHBIM,
ueMm miist koucTpyknuu if-fi; menmo B Tom, wTO mepBoe BhIpaxkaeTcs depe3 BTopoe. MbI cHauasia MPUBEOEM TO
dopmasbHOE ompenernenue, a 3aTeM 00bsacHuM ero. O6o3naunm yepes "DO” onepaTop

dOBl — SLlHBQ — SLQ[] N []Bn — SLnOd

u uepe3 "IF” omepaTop, MOIyYaeMBIil IIyTeM 3aKIIIOUEHNs] TOTO Xe Habopa OXPaHseMbIX KOMAaHI| B Iapy CKOGOK
"if ... fi7. Ecim yenosus Hy(R) 3amarorcs B BUme

Ho(R)=Randnon(3j:1 < j<n:B)

nupu k >0
Hy(R) =wp(IF,H_1(R)) or Hy(R)

TO

wp(DO,R) = (3k : k > 0: Hi(R))

1 SL- a66peBuarypa mis Statement List — cnucok omeparopos. —IIpum. mepes.
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3mech naTyrTHBHO MBI oHUMaeM Hy(R) cnemyromum o6pa3oM: 3To ciabeliiiee IpenyciioBue, Takoe, ITo
koHCTpyKIus do-od 3aBepruT cBoo pabory mocie He Ooslee yeM k BBIOOPOK OXPAHSIEMBIX KOMAHI, IPUYEM
CHCTeMa OCTAHETCS B KOHEYHOM COCTOSHUU, YIOBIIETBOPSIOIIEM ITOCTYCIOBUIO .

IIpu k = 0 Tpebyercs, urobel koucTpykius do-od 3asepiiusia paboTy, He IPOU3BOI BEIGOPKU KAKOU-JT60
OXPAaHIEeMON KOMAHIIBI, T. €. HE MOIyCKAETCs CYIIIECTBOBAHUSI KAKOTO-JINOO0 TPEIOXPAHUTENS C MCTUHHBIM 3HAUe-
HEEM, UTO U BBIPAXKEHO BTOPBLIM JIOTUYECKUM COMHOXKUTENEM. 1Ipu 5ToM HavabHas UCTUHHOCTL R oueBMOHBIM
00pa3oM sIBIISIE€TCSI HEOOXOMUMBIM yCIIOBIEM HJIsi KOHEUHON NCTUHHOCTHU [, 9TO U BBIPAXKEHO IEPBHIM JIOT MIECKIM
COMHO2KUTEJIEM.

IIpu k& > 0 Ham HyXHO pas3nIuyuaTh OBa Ciydas: JubO HU ONUH U3 IPENOXPAHUTESEl He MMeeT UCTUHHOTO
3HAUEHUs, HO TOTHa MOJKHO BBINOJIHITHLCS yCaoBUe R, U 9TO MPUBOAUT HAC KO BTOPOMY JIOTMYECKOMY ClIarae-
MoMmy; aub0 XOTsI ObI ONWH NPENOXPAHUTEINb SIBISETCS UCTUHOW, W TOTHA COOBITHUS PAa3BUBAIOTCS TAaK, KAK IPU
OIHOKPATHOM 3ammycke oneparopa "IF” (B HAYaIbHOM COCTOSHUM, KOTOPOE HE MOXKET IIPUBECTU K HEMENJIEHHOMY
0TKa3y BCIIENCTBHE OTCYTCTBUS UCTUHHBIX 3HAYeHUH npenoxpanuresieil). OmHAKO MOCIE TAKOTO BBINOIHEHMUS,
[IpU KOTOPOM IIPOM3BOMUIIACH BLIOOPKA OMHON OXPaHsIEeMON KOMAHIBI, HAM HEOOXOOUMa TapaHTUs MONALAHU B
COCTOsIHTE, Takoe, 9T00bl NoTpeboBanock He Gosee ueM (k — 1) mambHeMmumx BBIGOPOK IJIA NOCTUXKEHUS 3aBEp-
reHus: paboThl B KOHEYHOM COCTOSIHUU, YIOOBIeTBOpsitomieM K. B cooTBeTcTBUM C HAIIMM OIpeneieHreM, TaKIM
nocTycoBueM i sroro oneparopa "IF” ciuyxur Hi_1(R).

Corsacuo nocrenseit crpoke, oupeneisitomweir wp(DO, R), NOIKHO CyLIeCTBOBATh TaKOe 3HadeHwe k, 4To-
661 oTpeboBaochk He 6osee WeM k BBIOOPOK I obecredeHms 3aBepIiieHus paboThl B KOHEUHOM COCTOSHUM,
YIOBJIETBOPSIOIIIEM IIOCTYCIIOBHIO R.

3ameuanme. Eciam MBI OOIMyCcKaeM TakXKe M IIyCTON HAOOP OXPAHSIEMBIX KOMAHI, TO B CHJIYy CKa3aHHOTO
oneparop "do od” cemaHTHYECKN 5KBUBAJICHTEH HAIllEMY IpPEKHEMy omeparopy ‘upomyctuts’. (Koren 3ameda-
HUAL.)
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5 IBE TEOPEMBI

B srToll riiaBe MBI BBIBOOUM MBE TEOPEMBI 00 OMEPATOPAX, KOTOPBIE CTPOSTCSA U3 HaGOPOB OXPAHSIEMBIX
koManm. IlepBas Teopema kKacaeTcss KOHCTPYKIUHU Buibopa if-fi, a Bropas — koHcTpykiumu mosTopenus: do-od. B
9TOM TJIaBe MbI OyIeM PacCMAaTpPUBATh KOHCTPYKIIUU, BEIBOMUMBIE U3 HAGOPA OXPAHIEMBIX KOMAH]]

B1 — SLlHBQ — SL2H e []Bn - SLn

Bynem o6o3suauars uepes "IF” u "DO” omepaTopthl, mojiydyaeMble 3aK/II0UEHIEM 3TOT0 HAa0Opa OXPaHsIeMbIX
)
KoMaH B mapsl cko6ok if ... fi” u ’do ... od” coorBeTcTBEeHHO. MBI 6yIeM TaKXKe MCIIOIb30BATH COKPAILIEHUE

BB=(3j:1<j<n:Bj)

Teopema. (OcHoBHas Teopema il KOHCTPYKIIMA BHIGODA)

Wcnonb3yst BBemEHHBIE TOIBKO UTO OOO3HAUEHWsI, MBI MOXKEM CHOPMYIUPOBATHL OCHOBHYIO TEOPEMY ISt
KOHCTPYKIINU BBIOOpA:

Ilyctes koucTpykius Beibopa [F u mapa npenukaToB () u R TakoBbI, 4TO

Q= BB (1)

(Vj:1<j<n:(QandB;)= wp(SL;,R)) (2)

OIHOBPEMEHHO CIIPABEIVINBLL LA BCex cocTosHmit. Torma
Q = wplIF,R) 3)
CIPABEMINBO TAKXKE IUIL BCEX COCTOAHUI. 1JOCKOIBKY, B CIULy ONPENesIeHNs,
wp(IF,R)=BBand (Vj:1<j<n:B; = wp(SL;,R))

u, cornacHo (1), u3 () TOrmYecKy CeLyeT MEPBLIN WIEH IPABON YaCcTH, TO OTHOLIEHWE (3) MOKa3BIBAETCS, €CIN
HA OCHOBAHUU (2) MBI MOXEM CIIENIATH BBIBOI, UTO

Q= (Vj:1<j<n:Bj=wp(SL;,R)) (4)

CHIIPaBEIUINBO I BCeX cOcTOosHUi. it 060ro cocTosHUs, IpU KOTOPOM () ABILETCS JIOXKbIO, OTHOLIeHe (4)
UCTUHHO B CUJIy OMPENENIEHUs JIOTMYECKOTO CienoBanus. s mo6oro coCTOsHUS, TPU KOTOPOM () SBIISIETCS
HCTHHOM, ¥ A7 J1000r0 3HAUEeHns j MBI MOXEM PasindyaTh OBa CIydas: ju60 B SBISETCS JOXbIO, HO TOTIA
B; = wp(SL;, R) ABJsg€TCSI UCTUHON B CIJIY OLPENENICHUs CIICNOBAHMs, 160 B; SBIsSeTCS UCTUHON, HO TOLLA,
cornacuo (2), wp(SL;, R) sBiseTcs UCTHHOM, a cilenoBarenbHo, B; = wp(SLj, R) Toxe sBiseTcs ncruHoil. B
pesyibTaTe MBI NOKa3ain oTHouleHue (4), a ciienoBaTensHo, u (3).

3ameyanme. B wactaOoM cityuae 6unapuoro Bei6opa (n = 2) u npu By = non B; mbl umeem BB =T, u
criabeliIiiee IpPeIyCIOBUE IPeoOpa3yeTcs TakK:

(B1 = wp(SL1, R)) and (non By = wp(SLy, R)) =
(non By or wp(SLy, R)) and (B; or wp(SLsy, R)) = (5)
(By and wp(SLy, R)) or (non B; and wp(SLs, R))

[Tocenzee mpeoGpaszoBaHme BO3MOXKHO IIOTOMY, UTO W3 UYETHIPEX IEPEKPECTHBIX Ipom3BeneHuin wien B; and
non B; = F moxer Guith orbpomeH, a wied wp(SLy, R) and wp(SLa, R) Toxe MOXeT GbITH OTODOIIEH IO
CIIEMYIONIEN IPUYMHE: B JII000M COCTOSHWUM, T'lle OH UCTUHEH, 00513aTEIbHO SIBISETCS NCTUHON KAaKOW-TO OOWH M3
IBYX WIeHOB (GopMysibl (5), ¥ MOITOMY €r0 CaMOro MOXKHO WCKIIIOUATH u3 au3bioHKmuu. Popmyna (5) mmeer
NpsIMOEe OTHOIIEHUE K IPEMJIOKEHHOMY XoapoM cmocoly ommcanus ceManTuku koncTpykuuu if-then-else us
s3pika AJIT'OJI 60. ITockombky 3mece BB = T' jorudecku ciemyer U3 9ero yrogHo, Mbl MOXKeM BhiBecTH (3) mpu
6omee c1aboOM TIPENIIOTOKEHIN:

((Q and By) = wp(SLy, R)) and ((Q and non By) = wp(SLs, R))

(Kowner 3ameganns.)
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Teopema s KOHCTPYKIIUHU BBIGOPA MPENCTABIISLET 0COOYIO0 BAXKHOCTD B CIydae, KOTMa Mapa IPeauKkaToB ()
u R moxer GpITh 3anmucana B BUIe

R=P
Q = Pand BB

B srom cityuae npenmoceiika (1) BEIIOTHSETCS aBTOMATHYIECKH, a mockonbKy (BB and B;) = Bj, npenmnoceuika
(2) cBomuTcst x BUIY
(Vj:1<j<n:(PandBj)= wp(SL;,P)) (6)

U3 Yero Mbl MOXKEM BBIBECTH, COTJIAcCHO (3),
(Pand BB) = wp(IF, P) IUISE BCEX COCTOSHMUIL (7)

OTO OTHOIIIEHNE MOCIYKUT IPEANOCHIIKON IS HAIEH CIIeMYIOIE TeOPEMEL.

Teopema. (OcHOBHas TeopeMa il KOHCTPYKIUK IIOBTOPEHIEHMSL. )

IlycTts HabOp OXpaHseMBbIX KOMAHI C MOCTPOCHHON MjIs HEro KOHCTpyKmumein Boioopa IF m mpemumkar P
TAKOBBI, YTO

(P and BB) = e8bwp(IF, P) (7)

CIIPaBEeMJINBO [JIsl BCeX cOocTosHui. Torma s COOTBETCTBYIONIE KOHCTPYKIy moBTopeHus DO MOXHO BbIBe-
CTH, YTO

(P and wp(DO, T)) = wp(DO, P and non BB) (8)

IJIs BCEX COCTOSTHUM.

OTy TeopeMy, KOTOpas M3BECTHA TAKXKe IO Ha3BaHUEM ~"OCHOBHAsI T€OPEMa MHBAPUAHTHOCTH IJIs IUKJIOB”,
HA MHTYUTUBHOM yDOBHE HE TPYIHO MOHATH. IIpenmoceuika (7) TOBOpUT HaM, 9TO eciu OpenukaT P mepBo-
HAYAJILHO MCTUHEH U OHA M3 OXPAHIEMBIX KOMAHI BBHIOMPAETCS MJis BBITIOTHEHUsS, TO IMOCIE €€ BBITIOHeHus P
COXPAHUT CBOIO UCTUHHOCTH. VHAadUe TOBOPs, TPENOXPAHUTENN TaPAHTUPYIOT, UTO BBITIOIHEHNE COOTBETCTBYIO-
X CIUCKOB ONEPaTOPOB HE HAPYIIUT MCTUHHOCTH P, ecnu HauanbHOe 3HaueHume P Gputo mctunabiM. Cremo-
BATEJIFHO, BHE 3aBUCUMOCTH OT TOr0, KaK JaCTO IIPOU3BONUTCS BEIOOPKA OXPaHSIEMON KOMAHIBI U3 MMEIOIIEr0Cs
Habopa, mpenukaT P OymeT cupaBemjinB Ipu 000 HOBO# mpoBepke mpemoxpanuTeseii. [locse 3aBepienus Beeit
KOHCTPYKIIIM IIOBTOPEHUA, KOI'la HU OOVH M3 HpenoxpaHHTeneﬁ HE ABJIA€TCsA I/ICTI/IHOfI, MBI TEM CaMBbIM 3aKOH-
uuM paboTy B KOHEYHOM COCTOSHUU, yaoBieTBopstoiieM Pandnon BB. Bomnpoc B ToM, 3aBepiiurcs jiu pabora
npaswibHO. Ha, ecnu yesosue wp(DO,T) cupaBemyiuBo 1 BHAYAE; IOCKOIIBKY JTI060€ COCTOAHUE yIOBIETBOPSI-
er T, ro wp(DO,T) 1o OIpeneseHuio aBIseTcs CIAbefIMM TPy CIOBIEM JI HAYAIbHOIO COCTOSIHUS, TaKOTO,
uTo 3amyck omepatopa DO mpuBemeT K NpaBUIIBLHO 3aBEPIIAEMOI paboTe.

DopManibHOE TOKA3aTENbCTBO OCHOBHOW TEOPEMBI IJIsi KOHCTPYKIWM IIOBTOPEHHS OCHOBBIBAETCS Ha (op-
MaJILHOM OMUCAHWA CEMAHTUKN 3TOM KOHCTPYKIWMX (CM. IPENBIIYIILYIO TJIaBY ), U3 KOTOPOTO MbI BEIBOIAUM

Hy(T) = non BB (9)

upu k> 0: Hi(T) = wp(IF, H;_1(T)) or non BB (10)

Hy(P and non BB) = P and non BB (11)

upu k > 0: Hy(P and non BB) = wp(IF, H,_1 (P and non BB)) or P and non BB (12)

HaumeMm ¢ TOro, 4To HOKaXXeM MOCPENCTBOM MATEMATUYECKOM MHIYKIWH, 9TO HPEnnochuika (7) rapanTu-
PYeT CIpaBenINBOCTD

(P and Hy(T)) = Hy(P and non BB) (13)

IIJIsL BCEX COCTOSTHUI.

B cuny ormomenuit (9) u (11) orsomenne (13) cupasemimso mpu k = 0. Msl mokaxeMm, 9TO OTHOLIEHUE
(13) moxet GeiTh mokasaso mpu k = K (K > 0) Ha ocHOBaHNM IpennosioxkeHus, uro (13) cumpasemmuso npu
k=K-1.

Pand H,(T) =Pand wp(IF,Hg_1T)) or P and non BB

= Pand BB and wp(IF,Hx_1(T)) or P and non BB
= wp(IF, P)andwp(IF, Hk_1(T)) or P and non BB
=wp(IF, P)andHy _1(T))or Pandnon BB

= wp(IF, Hg_1(PandnonBB))or Pandnon BB

= Hg (PandnonBDB)

PasencrBo B mepsoii crpoke cremyer u3 (10), paBeHCTBO BO BTOPOII CTPOKE CJIENyeT W3 TOTO, YTO BCETHA
wp(IF, R) = BB, norudeckoe CleIoBaHUe B TPETbeil CTPOKe BhITEKaeT u3 (7), PABEHCTBO B UETBEPTOI CTPOKe
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OCHOBBIBA€ETCSI HA CBOICTBE 3 IIpeobpaszoBaTesell MPeNnKaTOB, CIEIOBAHNE B IIITON CTPOKE BLITEKAET U3 CBOMCTBA
2 npeobpazoBaTesell TPEANKATOB U U3 MHAYKTUBHOTO npenmonoxkenus (13) mnsa k = K — 1, w nocienusis cTpoka
cienyer u3 (12). Wrak, mbr nokasamm (13) nns k = K, a cremoBaTensHO, 11st Beex 3HaueHun k > 0.

Haxkowner, mis mo60it TOYKE B TPOCTPAHCTBE COCTOSHUN MBI mMeeM, B cuity (13),

P and wp(DO,T) = (3k : k > 0: PandH(T))
= (3k : k > 0: Hy(P and non BB))
= wp(DO, P and non BB)

7 TeM CAMBIM IOKA3aHA OCHOBHAs TeopeMa (8) s KOHCTPYKIUU IOBTOpeHus. [[eHHOCTb OCHOBHON TE€OPEMBI MIJIs
KOHCTPYKIINH ITOBTOPEHUS OCHOBBIBAETCS Ha TOM, UYTO HU B IIPENINOCHLIKE, HA B €€ CIIEICTBUU HE yIIOMUHAETCS
(hakTIYIeCKOe YKMCIIO0 BEIOOPOK OXPaHseMOll KOMaHabl. 1109TOMYy OHA MPUMEHNMA MaXke B TeX CIIydasix, KOILa 3TO
YICJIO HE ONPENENIeTCs HaYaJIbHBIM COCTOSHUEM.
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6 O IIPOEKTUPOBAHUNMU IIPABUJILHO 3ABEPIIAEMBIX KOHCTPYKITUN

OcHoBHast TeopeMa Ik KOHCTPYKIIUU TIOBTOPEHUS] MIPUMEHUTENBHO K YCIIOBUIO P, COXpaHIeMOMy WHBAPU-
aHTHO UCTUHHBIM, yTBEPXKOAET, YTO

(P and wp(DO,T)) = (DO, P and non BB)

3mecs wien wp(DO, T') npencrasisier coboil crabeliiee IPenyciioBIe, TAKOE, YTO KOHCTPYKIMSL IOBTOPEHMUS
3aBBepunTcs. Eciau 3amana npousBonbHas KoHCTpyKuus DO, To B 061ieM cityuae O4eHb TPYIHO (& MOXeT OBITh,
HeB03MOXKHO) onpenenuts wp(DO, T). TlosToMy s Ipemaraio IpOeKTUPOBATE HAIIM KOHCTPYKIMA TOBTOPEHNS,
TIOCTOSIHHO TIOMHS O TPeOOBaHUM 3aBEPIINMOCTH, T. €. IPedjaralo UCKaTh IONXONSIIee NOKA3aTeIbCTBO 3aBEP-
IIIMOCTH U CTPOUTH IIPOT'PAMMy TAaKHAM CIOCOOOM, UTOOBI OHA yHNOBJIETBODPSIA IIPENTIOJIOXKEHUSIM, HA KOTOPBIX
OCHOBBIBAETCS 9TO HOKA3aTEILCTBO.

[Ipenmomoxum onsiTh, 9T0 P — OTHOIIEHNE, KOTOPOE COXPAHSETCS MHBAPUAHTHO NCTUHHBIM, T.€.

(P and BB) = wp(IF, P) 1T BCEX COCTOSTHUI
IIycTh t — KOHeuHAs IeJOuYMC/IeHHas (GYHKIS OT TEKYIIEro COCTOSHUS, TaKas, ITO
(Pand BB) = (t > 0) IJISL BCEX COCTOSIHII
1, KpOME TOTO, IJIA JII060TO 3HAUEHUS o U IJIL BCEX
(Pand BBandt <ty+ 1) = wp(IF,t <) (3)

Torma MBI TOKaxKeM, 4TO
P = wp(DO,T) II7IA BCEX COCTOSHUIA (4)

ConocraBus 5TOT (GAKT ¢ OCHOBHOM TEOPEMOI IUIS HMOBTODEHWS, MBI MOXKEM 3AKJIIOUUTH, 9TO HMEEM I BCeX
COCTOSHUI
P = wp(DO, P and non BB) (5)

Mer nokaxeMm 5TO, HOKA3AB CHAYAIIA METONOM MATEMATHIECKON WHIYKIAM, ITO
(Pandt < k)= Hp(T) LIS BCEX COCTOSIHUIL (6)

cupasenyueo mpu Beex k > 0. Haunem ¢ o6ocroanust uctuasoctu (6) mpu k = 0. ITockonsxy Hy(T) = non BB,
HaM TpebyeTcs MOKa3aTh, ITO

(Pandt <0)= nonBB I7IST BCEX COCTOSIHUI (M)
Onnaxo 7 — 5T0 mpocTo Apyras GopMa 3amucy BeIpaKeHus (2): 06a OHU PABHBI BLIPAXKEHUIO
non P or non BB or (¢t > 0)

u mostoMy (6) cupasemiuso npu k = 0.
IIpennosnoxum Teneps, uro (6) cupasennuso npu k = K; Torma

(Pand BBandt < K +1) = wp(IF,Pandt < K)

PandnonBBandt< K +1) = nonBB = Hy(T
= wp(IF, Hi(T)); ( B ) o)

W >Tu mBa JOTMYECKUX CIIEAOBAHUS MOXHO 00benuHnTb (13 A = B u B = D MBI MOXEM 3aKJIFOUUTH, UTO
cupasemiueo (A or B = C or D)):
(P andt < K + 1) = Wp(IF, HK(T)> or Ho(T) = HK+1(T)

u TeM caMbIM uCTUHHOCTE (6) mokasana mis Beex k > 0. Ilockonbky ¢ — orpanmdeHHas GyHKINA, Mbl IMEEM

Bk:k>0:t<k)

P= (3k:k>0:Pandt<k)
= (Fk: k> 0: H,(T))
=wp(DO,T)
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7 TeM CaMbIM IOKa3aHo (4).

WMuTyntuBaO Teopema coBepiieHHO sicHa. C OmHOM CTOPOHBI, P OoCTaHeTCsl NCTUHOM, a CiIenoBaTesbHo, t > 0
TOXE OCTAHETCSI UCTUHON; C OPYTOd CTOPOHBI, U3 OTHOLIEHWS (3) CiemyerT, 9TO KaXKnas BLIOOPKA OXPaHSEMON
KOMAaHOBI npuBeneT K >(pPekTUBHOMY yMeHbIeHHIO ¢ 1m0 KpaiiHeidl mepe Ha 1. Heorpanmuenwnoe kommdecTBO
BBIOOPOK OXpaHSIEMBIX KOMAHII YMEHBIIMIO ObI 3HaUEHNE ¢ HIKe JTI000r0 mpenenina, YTo IPUBeIo ObI K MPOTUBO-
peduro.

IIpuMeHnMOCTE 3TOI TEOPEMBI OCHOBBIBAETCSI HA BhIoHeHnn yeiosuit (2) u (3). Orromenwe (2) sBiseTcs
IOCTATOYHO MPOCTHIM, OTHOIIEHUE (3) BRINIAOUT Goslee 3amyTaHHBIM. Haia OCHOBHAs TeopeMma IJisi KOHCTPYK-
LIUY TIOBTOPEHUS IIPU

Q =(Pand BBandt <ty+1)

R=(t<t)

(mpucyTcTBUE CBOOOMHOI IEPEMEHHOIT ty B 06OMX HIPENUKATAX SBISETCSA IPUIMHON TOrO, 9TO MBI [OBODIIIU O
"mape MpennKaToB”) MO3BOJIET HAM 3aKIIOUNATD, UTO ycioBue (3) CHpaBemyinBo, eciiu

(Vj:1<j<n:(Pand Bjandt <ty+1) = wp(SL;,t < tg))

WMuage roBopsi, HAM HyXKHO IOKA3aTh MJISI BCSKOW OXPAHSIEMON KOMAHIBI, UTO BBIOODKA NpUBEmET K 3d-
(exTuBHOMY yMmenbieHuto t. IlomHS 0 TOM, 4TO t sABIseTCsS GYHKIMER OT TEKYIEr0 COCTOSHUS, MBI MOXKEM
paccMoTpeThb

OTo mpenuKaT, BKITIOYAIOIINN, TOMIMO KOOPIUHATHBIX MMEPEMEHHBIX IMPOCTPAHCTBA COCTOSHUIN, TAKXKe U CBO-
6omHyIO TIepeMeHHyIo tg. o cux mop MBI pacCMATPUBAJIN TAKON MPEIUKAT KAaK IMPENNKaT, XapaKTepPU3yOIImi
HEKOe TIOMMHOXKECTBO cocTosHmit. OmHako misg jro60ro 3aIaHHOIO COCTOSHUS MBI MOXKEM TAKXKEe PAaCCMaTpPU-
BaTh MPEOUKAT KaK yCIIoBUE, Hamaraemoe Ha tg. Ilycts ty = t,,i, TpencTasiiseT cOO0 MUHUMAIHLHOE PEIeHne
ypaBHeHus (8) OTHOCUTEIBHO lp, TOTIA Mbl MOXKEM MHTEPIPETUPOBATH 3HAUCHUE (i KAK HAMMEHBIIYIO BEPX-
HIOIO TPAHUILY OJI KOHEYHOTO 3HaueHus t. Ecium BCIOMHUTH, 4TO, MOOOOHO QYHKIUU b, Ty, TAKKE SBIISTETCS
PyHKIIMEN OT TEKYIIETO COCTOSHUS, TO MOXKHO MHTEPIPETUPOBATH IPEOUKAT

tmzngt_]-

Kak cjabeiiliee pemycioBre, IPX KOTOPOM TapaHTHUPYETCs, UTO BeIIOMHeHHe SL;, YMeHbIINT 3Ha4UeHUE ¢ IO
KpaliHelnl Mepe Ha 1.

O6o3HaYMM 5TO MPENyCIIOBUE, TOe — MBI IOBTOPSEM —apryMeHT SIBIISIETCS IEJIOUNCIICHHON QyHKIMed OT
TEKYIIIEr0 COCTOSHUS, Iepe3

wdec(SL;,t)

IIpu sTom uaBapuanTHOCTE P u 3ddekTUBHOE yMeHbIIeHNe ¢ TaPAHTUPYIOTCS, €CiIN MBI IMEEM IIPU BCEX 3Ha-
JeHUIX j

(P and Bj) = (wp(SLj, P) and wdec(SL;,t))

O6BIYHO TPAKTUIECKUH CIOCO6 OTBICKAHUS IONXOMSAIIETO IPENOXPAHUTENs [3; COCTONT B CIIEHYIOIIEM.
Ypasaenue (9) OTHOCUTCS K TUILY

(Pand Q) = R

roe (HpaKTI/I‘{eCKI/I BBI‘{I/IC.HI/IMOG!) 3Ha4YCHUEe Q HY2KHO HaTH OJId 3adaHHBbIX savenuin P u R. Mur 3aMevdaeM,
qTo

1. Q = R sBaseTCs pelieHneM.

2. @ = (Q1 and Q2) ssusercs pemennem u P = @2, To Q1 ToXe sBIseTCS peleHTEM.

3. Ecin @Q = (Q1 or Q2) ssnsiercsa pemtenvem u P = non 2, (wim, 94TO CBOOUTCSI K TOMY XKe CAMOMY,
(Pand Q2) = F), to Q1 TOXe SIBIIIETCS DELICHUEM.

4. Ecnu @ sBasercs pemerneM u Q1 = @, To Q1 ToXe SBIISIETCSI PEIICHIEM.

3ameqanne 1. Ecnu, neficTBys TakuM o6pa3oM, MBI IDIXOMUM K KaHaunaType () mns Bj, Taxoi, uro P =
non (), TO 3Ta KAHIUOATYPA MOXeT ObITH Hajee YHIPOLIeHa (B COOTBETCTBUU C IPENbLIYIIMM HaOIIOAeHueM 3,
[OCKOJIBKY TIpu J1t060M () MBI uMeeM ) = (woocvor ())) x Buny () = 409Cb; 9TO 03HAYALT, YTO PACCMATPUBACMAs
OXpaHseMass KOMaHa BBEOCHa HEYNAYHO: €€ MOXKHO HCKJIIOUYUTHL U3 Ha60pa, IIOTOMY YTO OHa HUKOI'NTa HE 6yHeT
BuIbupatses. (Konernr samevanns 1.)
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3ameyanne 2. YacTo Ha OpakTUKe PACLUEIULIOT ypaBHenue (9) Ha ABA ypABHEHUS:

(P and B;) = wp(SL;, P) (9a)
(P and B;) = wdec(SLj,t) (96)

I PacCMATPUBAIOT WX IO OTHEIBHOCTU. TeM caMbIM pasmensiorcs ase 3amadm: (9a) OTHOCHTCS K TOMY, UTO
OCTAEeTCs] MHBAPUAHTHBIM, Toraa Kak (96) OTHOCHTCS K TOMY, UTO ofecleunBaeT MpomBuxkeHue Buepen. Ecmm,
nMes [esIo ¢ ypaBHeHnmeM (9a), MBI IpUXOOMM K pelnernio Bj, rakomy, auro P = B;, To Torma ogeBumHO, UTO
9TO yC/I0BHE He OyIeT yIOOBIETBOPSTE ypaBHeHmIo (96), HOCKOJIBKY IPH TakoM B; MHBapmaHTHOCTH P mpusera
6bl K HemerepMuHupoBanHOCTH (KoHen 3ameuanns 2.)

Taxum 06pa3oM, MBI MOXKEM IOCTPOUTH KOHCTPyKImio DO, Takyio, ITo

P = wp(DO,P and non BB)

Hamm ycnoBus B; ODOMKHBI GLITH OOCTATOYHO CINIBHBIME, YTOOBI YHOBIETBOPS/INCH ciemoBanus (9); B pe-
3yJIbTaTe 3TOr0 HOBOE rapaHTupyeMoe nocrycioBue P and non BB MoxeT 0Ka3aTbCs CIUIIKOM CIIabbIM U He
obecrieunTh HAM KeJIaeMoro moctycnoBust K. B TakoMm ciydae MBI BCe-Taku He PEINMIN HAIIYy TPOOIeMy U HAM
cilenyeT pacCMOTPETH NPYTHE BO3MOXKHOCTH.
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7 IEPECMOTPEHHBIA AJITOPUTM EBKJIUIIA

Puckys HacKyunTh MOMM YMTATESISIM, 5 IOCBSILY elle ogHy riaBy amropurmy Eskmmma. Ilomararo, urto x
5TOMY BpPEMEHHI HEKOTOpBIE U3 YuTaTellell yXKe 3aKOOUPYIOT ero B BUIE

z, y:=X, Y;

dozrz#y — ifzx>y — x:=x—y
O0y>z — yi=y—=x

od;

newamamsy(x)

e IPeNoXPaHUTEIb KOHCTPYKIIY IIOBTOPEHNS TaPAHTUPYET, YTO KOHCTPYKIUS BhIOOpa HE IPUBEOET K OTKA3Y.
Hpyrue unrarenu obHAPYXKAT, ITO STOT AJITOPUTM MOXKHO 3aKOOMPOBATH 00JIee IPOCTO CIEAYIOUTIM 00Pa30M:

r,y: =X, Y;

dozx>y — z:=x—y
Oy>z - y=y—=
od;

newamamo(x)

ITopobyem Temeps 3a0BITH UIPY HA JIICTE KAPTOHA U MONBITAEMCS M300pecTy 3aHOBO asnroputMm Eskinma
IIJIsl OTHICKAHUS HanbOJIbIIEro OOIIero qeuTeNIs IBYX HOI0XKUTeIbHBIX dncer X u Y. Korma MbI crankuBaemcs
C TaKoro poma IpobiieMoll, B IPUHIINAIIE BCErIa BO3MOXKHBI 1BA IIONXONA.

IlepBeIil cocTONT B TOM, YTOOBI IEITATHCS CIENOBATH ONPENESICHIIO TPeOyeMOro OTBETa HACTOIILKO OIIM3KO,
HACKOJILKO 3TO BO3MOXHO. llo-BummmMomy, MBI MOrym 6bl cOpMUPOBATHL TAOIWIYy OEIUTeNell uucia X; dTa
Tabnuma comepkasa ObI TOJIBKO KOHEUHOE UHCJIO 3JIEMEHTOB, CPEIN KOTOPBIX MMeNINCch Obl 1 B KadecTBe Ham-
MeHbIIero u X B kadecTBe Hambosbinero snemerTa. (Ecnu X = 1, To HamMeHbUINI ¥ HAMGONBIINIT 3JIEMEHTH
COBIAIYT. 3aTeM MbI MOTJM ObI chOPMUPOBATH TAKXKe aHAJIOrMYHy0 Tabmumny menurerneir Y. W3 sTtux nByx
Tabmuil MBI MOru ObI chOPMHUPOBATH TAOJUILy UHMCEN, IPUCYTCTBYIOIMX B HuX obemx. OHa mpencrasiser
coboit Tabmury obwur menureneil unces X um Y 1 06sI3aTENBHO SIBIISETCS HEMYCTOW, TaK KaK CONEPXKUT dile-
mernT 1. CiienoBaTenbHO, U3 5TOI TpeTbell TabIMIBl MBI MOXEM BHIODATH (IIOCKOIBKY OHA TOXKE KOHEeUHas!)
MaKCUMAJIBLHBINA 3JIEMEHT, U OH OBLII ObI HaUO0AbULUM OOIITIM IEITUTEIEM.

Muorna 6mu3koe crenoBaHVe OIpenereHnio, MoNobHOe OOPUCOBAHHOMY BBIIIE, SIBJISETCS JIYUIIMM K3 TOTO,
9TO MBI MOXeM crenaTh. CyIlecTByeT, OMHAKO, U IPYTOR ITOAXOM, KOTOPBIA CTONT UCIPOGOBATD, €CIIN MBI 3HAEM
(umm MOXeM y3HATB) CBOMCTBA (DYHKIWH, MONJIEXKAINEH BLIYACIEHUIO. MOXeT OKa3aThCs, 9TO MbI 3HAEM TaK
MHOT'O CBOHCTB, YTO OHU B COBOKYITHOCTH OIPENEIISIOT 3Ty QYHKINIO, TOTIa MBI MOXKEM IONLITATHCS IOCTPOUTH
OTBET, UCIOJIb3YsI 9THU CBONCTBA.

B cnyuae mambosbiiero obIiero meiuTesisi MbI 3aMedaeM, HAIPUMeD, UTO, IOCKOIBKY NEINTeNN Jucia —I
Te XKe caMmble, 9TO U 1yt camoro uucia x, HOI(xz, y) ompenesnen Taxxke s OTPUNATENLHBIX apIyMEHTOB 1 HE
MEHSETCsI, €CII MBI M3MeHsieM 3Hak apryMmeHToB. OH ompemeseH U TOrna, KOTOa OOUH U3 apryMEHTOB DaBeH
HYJIIO; TAKOl apryMeHT obiamaeT GEeCKOHeUHOU Tabiuueil meauTesiell (1 IMOSTOMY HaM HE CJIELYeT MBITATbCS
cTpouThb 3Ty Tabnumy!), HO HOCKOIBKY BTOpOil aprymeHT (# () obramaer KOHEUHOU TabIULeR OeuTesen,
Tabnuia OOIUX MeIuTesel SBIISIETCS BCE XK€ HEIMyCTOW U KoHeuHoi. WTax, MBI MPUXOOUM K 3aKITFOUEHUIO,
uro HOI(z,y) ompenmenen mms Besxon mapsl (z,y), Takoit, uro (z,y) # (0,0). Ianee, B cuiy cuMMmeTpum
OHSATHUS "06Iuil” HanGOIBIINI OOl AeSINTENb SIBIISIETCS CUMMETPUYIHON GYHKINE CBOMX OBYX apr'yMEHTOB.
Erme ogso HEOONBINIOE YMCTBEHHOE yCHIIINE TIO3BOJINT HAM yOEOUTHCA B TOM, YTO HAMOOJIBIINI OOIINN NeINTEIh
IBYX apryMeHTOB He M3MEHSETCs, €CIM MBI 3aMeHseM OOVH M3 3TUX apUyMEHTOB UX CyYMMOH WJIM Pa3HOCTBIO.
O6benuHuB BCe 5TU Pe3yiIbTaThl, MBI MOXeM 3anucars: mis (z,y) # (0,0)

(a) HOI(z,y) = HOL(y, x).

(6) HOI(x,y) = HOI(—=z, y).

(B) HOI(z,y) = HOI(x + y,y) = HOO(x — y,y) u T. .
(r) HOI(x,y) = abs(zx), ecrm x = y.

IIpennomoxuM Oy TPOCTOTHI PACCYXKMIEHUN, UTO STUMHU UETHIPHMS CBOWCTBAME WCUEPIILIBAIOTCS HAIII
nosuanus o pyukinuu HOIl. Iocrarouno su mx? Bel BummrTe, YTO mepBble TPU OTHOIIEHUS BBHIPAXKAIOT HAW-
Gomplimit o6t mesurens uucen x u y depes HOIL mms mpyroit mapel, a MOCHEOHEe CBOWCTBO BBIPAXKAET
€ro HeroCpPeICTBEHHO uepe3 x. U B 5TOM y2Ke MPOCMATPUBAIOTCS KOHTYDPHI AJITOPUTMAa, KOTOPBHIA [JIs HAYAJIA
obecnieunBaeT UCTUHHOCTDH

P = (HO(X,Y) = HOI(z,v))
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(9T0 merko mocturaercs myTeM mpucBaumBaHus 'z, y = X,Y”), mocie vero mul "yrpaMGoBbIBaeM” mapy 3Hade-
Huit (z,y) TakuM 06pazoM, 4To6k B cooTBeTcTBHN ¢ (a), (6) mnu (B) oTHOMmEHNE P 0CTABAIIOCH NHBAPMAHTHBIM.
Ecau MBI MOXEM OPraHU30BATEH STOT MPOLECC YTPAMOOBKU TAK, YTOOBI JOCTUTHYTH COCTOSHUS, YIOBIETBOPSIO-
IEr0 & = ¥, TO, COrJIACHO (T), MBI HAXOMUM HMCKOMBIIT OTBET, B3AB aOCOIIOTHOE 3HAYEHUE L.

Tlockombky Hala KOHEUHAS 1I€JIb COCTOAT B TOM, YTOOBI 00ECIEUYNTDH MPU MHBAPUAHTHOCTU P MCTMHHOCTD
T = 1, MBI MOTJIU OBI UCIBITATH B KAYECTBE MOHOTOHHO yOBIBAIOIIEN (DYHKINU (DYHKIIUIO

t = abs(x — y).

Y06l yIPOCTUTE HAII aHAIN3 (BCEr/ia MOXBAJIbHAS IEJIh! ), MBI OTMEYaeM, UTO €CII HAYAJIbHbIE 3HAYCHUS
T U Y HEOTPULATEIbHBIE, TO HIYETO HEJIb3sI BLINTPAThH BBEIEHNEM OTPUIIATEIFHOIO 3HAUEHUS: €CIIN IIPICBAaNBa-
Hre x ;= F obecreunsio 6b1 ¢ < 0, To mpucBamBanue x := —F Hukorma He mpuseso ObI K MOIYyYeHUIO GOJIBIIEro
KOHEUHOTrO 3HaueHws t (moromy, uto y > 0). IlosToMy MBI ycmimBaeM Hallle OTHOMIEHWE P, KOTOpOe MOIIKHO
COXPaHSATHCS MHBAPUAHTHBIM:

P = (P1and P2)

opu
Pl =(HOIO(X,Y) =HOI(x,y))
u
P2=(x>0andy > 0)
OTo 03HAYAET, YTO MBI OTKA3EIBAEMCS OT BCSAKOTO MCIONL30BAHUS ONEpanuil T := —x U Y := —¥, T.e. Ipeobpa-

30BaHMI, NOMYCTUMBIX 1O cBoiicTBy (6). Ham ocrarorcs oneparmn

3 (a): z,y ==y, T

w3 (B): zi=z+yyi=y+z
T=r Yy =y —2
Ti=y—xYy=r—y

Bynem 3anuMaThest nMu 10 ouepenu u HAYHEM C PACCMOTPEHUS &, Y = Y, T:

wp("z,y ==y, x”, abs(z — y) < tp) = (abs(y — z) < tp)

HO9TOMY
tmin(z,y) = abs(y — z)
CIIELOBATEIILHO
wdec("x,y :=y,2”,abs(z — y)) = (abs(y —x) < abs(z —y)—1) = F

W 3mece — @i Tex, KTO He moBepmwil Obl 6€3 (HOPMAIBHOTO BBIBOLA,—MBI DOKA3AIU (WM, €CJIH YTORHO,
OGHAPYKUIN) € HOMOIIBIO HAIIErO MCIUCIIEHUs, YTO IPeobpasyiomias Onepanusd T,y = Y, He IPENCTABIACT
WHTEepeca, TaK KaK OHA HE MOXET MPHUBECTH K XKelaeMoMy >(PPEKTUBHOMY YMEHBIIIEHWIO BBLIOPAHHON HAMU
dysKINM §.

Cneny}omeﬁ HUCIBITBIBACTCA Oll€epalusd T :— T + Y, 1 MBI HAXOOUM, CHOBA IPUMEHAA VCUYUCJICHUE N3 IIPCObI-
OyIIX TJIaB:

wp("z :=x + y”,abs(z — y) < tp) = (abs(x) < tp)
tmin(z,y) = abs(z) = x

(MBI OTr'PaHNYINBACMCA COCTOSHUSAMU, yOOBJICTBOPSIIOIIIIMN P)

wdec("x :=x + y”,abs(z — y)) = (tmin(z,y) < t(z,y) — 1)
= (z<abs(z—y)—1)
=(z+1<abs(zx—vy))
=(@x+1<z—yorz+1<y—ux)

Tlockonbky u3 P ciemyeT oTpunaHue mepBoro wiena u k romy xe P = wp("z := x + y”, P), To ypaBHeHUEe

HaIlero IpeaoxXpaHUTesIss
(P and B;) = (wp(SL;, P) and wdec(SL;,t))
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YIOBIIETBOPSIETCS HOCIENHUM YJIEHOM, W Mbl HAIUIA HAILy [EPBYIO, & Takke (U3 COOODAKEHUIl CUMMETPUN)
HAaIIly BTOPYIO OXPaHIEMYIO0 KOMaHIy:

r+1<y—zx—z:=x+y

y+tl<r—y—y:=y+ow

AHa.HOFI/IT—IHO MBI HaXOOMIM ((pOpMaJ_H:HBIe MAHUITYJIAIINN IIPEOOCTABIIAIOTCA B KaY€CTBE YIIPAXHEHUS IIPUJIC2KHOMY
YUTATEITIO )
l1<yand3x*xy<2xx—1—ax:=x—y

u
1<zand3*xzx<2xy—1—-y:=y—=x
u
r+1<y—zr—zr=y—=x
u

y+tl<r—y—y=x-y

Paszo6pasimcs B TOM, 94ero Mbl JOCTUTIIN, MBI BBIHY XK IE€HBI TPUATH K HOCAIHOMY 3aKIJIIOUEHUIO, UTO CIOCO-
60M, HAMEYEHHBIM B KOHIIE IIPENBIAYINEd IJIaBbl, HaM HE yOAJIOCh PEIUTh CBOIO 3amady: u3 P and non BB me
cienyer, uro & = y. (Hanpuwmep, npu (z,y) = (5,7) 3HAUEHNS BCEX MPENOXPAHUTENEH OKA3HLIBAIOTCS JIOKHBIML. )
MopaJib CKa3aHHOTrO, pa3yMeeTCsl, B TOM, YTO HAIIM IIeCThb IIIaroB He Bcerma O0eCeurBalOT TAaKOW MyTh U3
HAYAIILHOTO COCTOSHUS B KOHEUHOE COCTOSHUE, IPU KOTOPOM abs(Z — y) MOHOTOHHO yMeHbIIaeTcs. llosTomy
HAM HYHO UCOBITAThL IPYTHE BO3MOXKHOCTH.

s Havama 3aMeTUM, UTO HE MOBPEOUT HECKOJIBKO YCUIUTH yCiaoBue P2:

P2=(z>0andy > 0)

TaK KaK HadaJbHble 3HAUYEHHUsS T U Y yIOOBJIETBOPSIOT TaKOMY YCJIOBHUIO, M, KDOMe TOT'O, HET HUKaKOI'0 CMBICIIA
B I'€HEpallull PAaBHOI'O HYJIIO 3HAYEHUs, IIOCKOJIBKY 3TO 3HAYEHNE MOXKET BOZHUKHYTH TOJIBKO IIPDU BBIYUTAHUN
B COCTOSIHWU, TOEe T = ¥, T.e. KOTMA yXe€ HOCTUTHYTO KOHeUHOe cocTosHme. Ho 5TO Tonmbko Manas momubu-
KaIus; OCHOBHas Monudukarms NOJIXKHa ObITH CBSI3aHA C BBeNEHMEM HOBOW (GYHKIUW {, W s Openjiaraio B3sSThb
Takyio QYHKIUIO ¢, KOTOpasl TOJILKO orpanndeHa 9de cuusy B cuiry maBapuanTHOCTH P. OueBHIHBIM IpUMEPOM
SIBJIETCSA

t=x+y

MEI BEIACHSEM, UTO IJIs ONHOBPEMEHHOTO NPICBANBANBAHI
b —— » —
wdec("z,y ==y, 2",z +y) = F

U IO3TOMY ONHOBPEMEHHOE IIPUCBaWBaHUE OTBEPraeTcs.
Mpbr HAXOMUM [JI TPUCBAUBAHUA X = X + Y

wdec("r :=x+y",x+y) = (y <0)
VICTUHHOCTD 3TOTO BLIPAXKEHHUS MCKITIOUAETCS MCTUHHOCTHIO MHBAPMAHTHOTO OTHOMIEHHS P, a CIemoBaTeNbHO,
Takoe TpucBanBaHue (HAPSMY C TPUCBAMBAHUEM Y := Y -+ T) TAK¥kKe OTBEPraeTcs.
Omuaxo 11 CIEOYIOIEro TPUCBANBAHUS T := T — Y MbI HAXOMUIM

wdec("z:=x -y, x +y) = (y > 0)

T. €. yCJIOBUE, KOTOPOe, JIOTMYECKU CJlenyeT u3 yciaoBus P ( yCHIIEHHOTO MHOIO Paay 9TOTO).
OKpBITIEHHBIE HAMIEXK IO, MBI M3y9aeM

wp(Pz =2 —y”, P) = (HOI(X,Y) = HO(x — y,y) and z —y > 0 and y > 0)

KpaﬁHHe YJIEHbI MOXKHO OT6pOCI/ITI>, IIOTOMY YTO OHHI CJIEOYIOT U3 P, n y HaC OCTaeTCAa CpeJIHI/Iﬁ YJICH: HUTaK,
MBI HaXOOUM

rT>Yy— Ti=Tr—Y
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u
Yy>xX— Yy:=y—x

W ma sTOM MBI MO GBI TPEKPATUTDH UCCIIENOBAHNE, TAK KAaK, KOTIa 3HAUEHUsI 060UX MPENOXPAHUTEE CTAHO-
BSTCsSI JIOXKHBIMU, BBITIOJTHSIETCS YKeJTaeMoe HaMU OTHOIeHue © = Y. Eciau MbI IPOOOIKUM, TO HAWOEM TPETHUN U
4eTBEPTHINI BaPUAHTHL:

r>y—x and y>r— ri=y—x

y>zr—y and z>y— y:= x—y

HO He SICHO, YTO MOXHO BBINTDATH UX BKIIOUEHUEM.
YupaxHeHuUs.
1. YMccnenytite mpu ToM xe P BeI6op t = max(z,y).
2. Uccnenyiite mpu ToM ke P BBIOOD ¢t == + 2 * y.
3. Hokaxwure, uto npu X > 0 u Y > 0 crenyroias mporpaMMa, ONepupyolas Hall YeTHIPbMsI IePEMeH-
HBIMU,
T, Y, u, U::Xa Y7 Y—a Xa
doz>y— z, vi=z—y, v+u
Oy>z — vy, u:= y—x, u+v
od;

neuvamams((x 4+ y)/2); newamamov((u + v)/2)

meyaTaeT HAWOOJIBIINA OOLIMA OeUTeNb Yucesl X W Y, a CIeOOM 33 HUM HX HaUMeHbIee O0lee KPATHOE.
(Komer ynpaxHeHui. )

Haxkower, eciu Har MaleHbKUI alIrOPUTM 3aryckaercs npu nape (X, Y'), koropas He yIOBIETBOPSET IpPeL-
nonoxernmo X > 0and Y > 0, o npousoiinyT HenpustHocTn: eciu (X,Y) = (0,0), To momyunTcs HEIPABUIIH-
HBI HYJIEBOU Pe3yJIbTaT, & €CJIM OOWH W3 apryMEHTOB OTPUIATEJIbHBIA, TO 3aIlyCK IpUBeNeT K OECKOHEeYHON
pabore. DTOro MOXKHO M30€XKATh, HAIIICAB

if X>0 and Y >0 — z,y:=XY;
doz>y— z:=2—yll y>2— y:=y—2 od; newamams(x)
fi

BxmounB TOSBKO OOWH BapumaHT B KOHCTPYKLIWIO BBIOOPA, MBI SBHO BBIPA3UJINA YCJIOBUS, IIPU KOTOPBIX
OXUIAeTCs paboTa 3TON MajeHbKON MPOrpaMMbl. B TakoOM BHIe 5TO XOPOIIO 3AIUIIEHHLIA U TOBOJILHO Ca-
MOCTOSTEILHBIN (pparMeHT, oOIafaloninil TeM IPUSTHBIM CBOMCTBOM, UTO IIONBITKA 3aIlyCKa BHE ero obi1acTu
OIIpenesieHus IIpuBeneT K HEMEOJICHHOMY OTKa3y.
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8 ®OPMAJIBHOE PACCMOTPEHME HECKOJIBKNX HEBOJIBININX ITPTMEPOB

B sToit riaBe s npoeny (GopMasibHOE IMOCTPOEHME HECKOIBKUX HEGOIBINNX MPOrPAMM IJIS PEIIEHUS IIPO-
cThIX 3ama4. He cienyeT mOHUMATDL 3Ty TIaBy KaK MPEIJIOKEHNE CTPOUTH MPOrPAMMBL TOJILKO TaK U HE WHAYE:
TaKoe MPEeIJIoKeHNe ObUIO OBl JOBOJIBHO CMEXOTBODHBIM. Y1 mOsarar, 4To MHOTMM W3 MOUX YUTATEJEN 3HAKO-
MO GOJIBIIIMHCTBO IIPUMEPOB, & €CJIU HeT, OHM, BEPOSITHO, He 3aAyMbIBAsSCh CMOTYT HAICATH JIOOYIO U3 3THUX
MIPOTPaMM.

CremoBaTesbHO, TOCTPOEHNE ITPOrPAMM IIPOBOMUTCS 3[0€Ch COBCEM IO IPYTUM MpUUYMHAM. BO-TEpPBBIX, 3TO
Gnuke TMO3HAKOMUT HAc ¢ GOPMAIIM3MOM, PA3BUTHIM B MPENLIAYIINX TJaBaX. BO-BTOpBLIX, yGEmIUT HAC B TOM,
YTO 10 KpallHeil Mepe B MPUHIUIEe, (GOPMAaI3M CIOCOGEH CHENATD SICHBIM U COBEPIIIEHHO CTPOTUM TO, UTO YACTO
OOBSCHAETCS TIPY IOMOIIN SHEPTUYHON KECTUKYIISINA. B-TpeThux, MHOTHE U3 HAC HACTOJIBKO XOPOIIO 3HAKT
5TU IPOrPaMMBI, UTO yXKe 3a0bUIN, KaKUM 00pa30M MaBHBIM-IABHO MbI YOENMINCH B UX IPABUILHOCTU: B 3TOM
OTHOIIIEHUY HACTOSIIAS IIaBa HAIIOMUHAET HAYAIBHBIE YPOKU IFIAHUMETPUN, KOTOPBIE 110 TPAMUINAN TOCBSIIIIA-
JOTCSI OKA3aTelIbCTBY OUYEBUIHOIO. B-4eTBEPTHIX, MBI MOXEM CJIyYa@HO OOHAPYXKUTb, K CBOEMY YIUBIJIEHUIO,
YTO MaJIeHbKas 3HAKOMAas 3a[1auKa He TakKas y¥Ke 3HaKoMas. HakoHell, MpoLecc MOCTPOEHUS MPOrPAMM MOXKET
NPOJIATH CBET HA OCYIIECTBUMOCTDL, TPYIHOCTHU U BO3MOXKHOCTH aBTOMATUYECKOTO COCTABIIEHUS IIPOTPAMM KIIA
HCIOIB30BAHUS MAIINHBL B IPOIECCE TPOrPAMMUPOBAHMS. DTO MOXKET OKA3aThCs BaXKHBIM, HaXKe €CJIM aBTOMa-
TUYECKOE COCTABIIEHNE IPOrPAMM HE BBI3LIBAET Y HAC HU MAJIEHIIero MHTEPECa, IIOTOMY YTO MOXKET IIOMOYbL HAM
JIy4Ilie OIEHUTh TY POJIb, KOTOPYIO MOTYT WK NO/XKHBI UT'DATh HAIIM M300PETATEBCKIAE CIIOCOOHOCTH.

B mMoux mpumepax s Gymy dopMmynmpoBaTh TpeboBaHUS 3amadn B ¢popMme "It GUKCUPOBAHHBIX T, U, ... ,
YTO SIBJISIETCS COKPAIIIEHHON 3aMUChIo GOPMBI “Iils JIIOOBIX 3HAYEHUN Zg, Yo, ... MOCTYCIIOBHE Buma * = xy and
Yy = gyo and ... IDO/KHO BBI3BIBATEL IIPENyCJIOBHME, M3 KOTOPOTO ciienyer, uTo r = xg and y = yo and ...”.
OTa CBSI3b MEXIy MOCTYCJIOBHEM U IMPENyCJIOBHEM OyIeT rapaHTUPOBAaHA TEM, YTO MbI GyIeM OTHOCUTBLCS K
TaKUM BeJIUYMHAM KaK K 'BPEMEHHBLIM KOHCTAHTaM’; OHU HE OyIyT BCTPEUYATHCS B JIEBBIX YACTAX OMEPATODPOB
NIPUCBAVBAHUS.

Ilepsorii mpumep

Nt dukcupoBaHHBIX & U Y 06€CIeYnTh UCTUHHOCTH OTHOIIEHUs R(m).

(m=zorm=y)andm >zandm >y

Isist mr06BIX 3HAYEHUN T U Y OTHOIIEHWE M = I MOXeT CTaTb MCTUHHBIM TOJIBKO B Pe3yJbTaTe IIPUCBa-
UBAHUS M := T CIENOBATENBHO, UCTUHHOCTE (M = Z Or M = y) 06eCHeUnBaeTCs TOIBKO BBIOIHEHUEM 60
m := X, mubo m := y. B Bune 6510K-cXeMbI:

Picture 8.1

Bce mesno B ToM, 4TO Ha BXOIE HYYKHO CIEJIATH NPABUILHEIA BEIOOP, KOTOPEIA 00ECIeYNT UCTUHHOCTE R(m)
TIOCJIe 3aBEPINEeHUs BRIYUCIeHui. st 5TOro Mbl "MpOTAIKUBAEM MOCTYCIOBUE Yepe3 ajlbTePHATUBLL

Picture 8.2
7 MBI noTyuwa npenoxpanurenu! Tak kax

Rz)=(zx=zorzxz=y)andx > zandz > y) = (z > y)

Ry)=((y=zory=y)andy >zandy > y) = (y > z)

MBI IIPUXOIUM K HAIIEMY DPEIIeHUO:
ife>y - m=xc Jy> 2 — m:=y fi

Tlockombky (x > yory > x) = T, orkasa Hukorma He mpousoineT (HOMYTHO MBI TOJYYMJIA IOKA3ATEb-
CTBO CYIIECTBOBAHWS: MJIs JIOOBIX 3HAYEHWN & W Y CyLIeCTByeT m, ymoierBopsiomee R(m)). Ilockombky
(x > yandy > x) # F, Haiua nporpaMMa He 00s3aTeIbHO NeTEPMUHUPOBaHA. ECin mepBoHAYaIbHO & = Y, TO
OKa3bIBAETCSI HEOIPEIEJICHHBIM, KAKOe U3 OBYX MPUCBAMBAHUM GyneT BHIGPAHO [JIsl UCIIOJHEHNS; TaKas HeneTep-
MUHUPOBAHHOCTH COBEPIIIEHHO KOPPEKTHA, TaK KaK MbI IIOKA3a/Ii, YTO BLIOOD HE MMEET 3HAUCHUS.

3ameuanme. Fcnu 6b1 cpemu MOCTYNHBIX MPUMUTUBOB UMeNIach GyHKINUS ‘max”’, MbI MOIJIN Obl HAIUCATH
mporpammy m := max(X, y), nockoiabKy R(max(z,y)) = T. (Kouen 3amedanus.)

Tlonyuennast mporpaMmMa He TPOM3BOOUT OYEHb CUJILHOTO BIEYATIIEHUS; C OPYTOW CTOPOHBI, MBI BUIUM,
YTO B IMPOIECCE BBIBONA MPOTPAMMBI U3 MOCTYCIIOBUS HA MO0 HAIIEN M300PeTATENIbHOCTH MOYTH HUYEro He
OCTAJIOCh.

Broport mpumep
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Hnst dukcuposanuoro 3uadenus n (n > 0) samana dysxuus f(i) mus 0 < ¢ < n. ObecreunTs UCTUHHOCTH

R:
O0<k<mnand (Vi:0<i<n:f(k)>f()

TTockonbKy Harra mporpamMma OOJDKHA pabOTaTh MPH JIIOO0M MOJOKUTEIBHOM 3HAYEHUN 7, TPYIHO cebe mpen-
CTaBUTb, KAK MOXKHO 00€CIeunTh NCTUHHOCTEL R, He mpuberas K MOMOIIN IWKJIA; TIO3TOMY MBI WITIEM OTHOITIECHHIE
P, xoTOpOe JIerKo MOXKHO CHeNaTh NCTUHHBIM B Hadalle IPOrpaMMBI 1 Takoe, 4To B KoHue (Pandnon BB) = R.
CrlenoBaTe bHO, OTBLICKHBaAs P, MBI WIIEM OTHOLIEHHUE, Goilee ciaboe, yeM R; mHadYe TOBOpSA, MbI XOTHM IIOITY-
quTh O0OOOIIEHNE HAIIETO KOHEYHOrO cOoCTOssHuA. CTaHmapTHLIA CIoco6 06OOIIEHNs OTHOIIEHUS — 3TO 3aMeHa
KOHCTAHTBI IIEPEMEHHOM (BO3MOXKHO, B OTDAHWYEHHOM HHTEDBAJIE), U 3IeCh MOU ONBIT MOACKA3BIBAET MHE, UTO
HyKHO 3aMEHUTDL KOHCTAHTY 7, HOBOU TEPEMEHHOI, HAIPUMED j, U B3SATh B KadyecTBe P

0<k<j<nand (Vi:0<i<j:f(k)>f(i))

rne ycnoBue j < n moGaBieHo IJis TOro, 4To6bI 0671acTh onpeneieHus GyHknun f Gbuta KoHeuHoi. Temneps,
nMest Takoe 0DOOIIeHNe, MBI JIETKO IIOJIydaeM

(Pandj=n)=R

UTo6bI MOATBEPAUTH BO3MOXKHOCTE HCIOIB30BAHUS TaKUM 06pa3oM BeIOpAHHOTO P, MBI HOMXKHBI pacrosia-
raTh JIETKUM CPEICTBOM Mjis obecreueHnss UCTUHHOCTH P B Hauase nporpaMmbl. [1oCcKOIbKY

(k=0andj=1)=P

MBI OTBaXKHBAEMCS NPEIUIOKATE CIELYIONIYI0 CTPYKTYPY IJis HAIell MporpaMMbl (KOMMEHTADWH HAIOTCA B
CKOOKax):

k,j:=0, 1 {P cramo uCTUHHBIM };
do j# n — wmekull mar Kk j =n npm mEBapuanTtHocTH P od
{R cramo mcTmHHBIM }

CHOBa MOIl ONLIT MONCKA3LIBAET MHE BLIODATH B KAUECTBE MOHOTOHHO yOBIBAIOIIEH (DYHKIMN ¢ TEKYIIETO
cocrosausa byHKImMoo t = (n — j), KOTOpas U B CAaMOM Ieje TakoBa, uTo P <« (¢ > 0). YTobbl rapaHTUPOBATH
MOHOTOHHOE YOBLIBaHUE ¢, s IpeNjIaral yBelIndnBaTh j Ha 1, IOCIe Yero MbI MOXKEM HAIUCATh

wp("j =4+ 1", P) =
0<k<j+1l<nand (Vi:0<i<j+1:f(k)>f@)=
0<k<j+1<nand (Vi:0<i<j:f(k)>f@))and f(k)> f())

Ilepsoie mBa wiena cienyior u3 P and j # n (noromy uro (j < nandj # n) = (j + 1 < n), nu umenso
[I05TOMY MBI DEIINIA YBEIUIUTH j TONbKO Ha 1). CrenoBaTennbHo,

(Pandj #nand f(k) > £(j)) = wp(’j = j + 1, P)

U MBI MOXKEM HCIIOJIB30BaTh IIOCJIEMHEE YyCJIOBUE B Ka4YeCTBE IIPEOOXPAHUTEIIA. HporpaMMa

k, ji=0,1;
doj # n— if f(k)= f(j)— j=j+1fiod

NMEeACTBUTENILHO HACT IIPABWILHLIA OTBET, €CIM OHA 3aBEPIINTCS HOpMaiibHO. OmHAKO HOPMAJILHOE 3aBEpIIeHue
He FapaHTUPOBAHO, TTOCKOIBKY KOHCTPYKIMS BLIOOPA MOXKET MPUBECTH K OTKA3y — U 9TO NEHCTBUTEIBHO TaK
u 6yner, eciu k = 0 He ynosnersopser R. Ecau sesepno, uto f(k) > f(4), MBI MOXeM CHENIATH 9TO OTHOLIECHIE
BEPHBIM TIPY TIOMOIIY IPUCBAMBAHUA k := j U MPONOJIKATH HAIIU UCCIICNOBAHU:

wp("k, j == j,j + 1", P) =
0<j<j+l<nand(Vi:0<i<j+1:f(j)>f(i))=
0<j<j+1<nand(Vi:0<i<j:f(j)> f(i))

C OI'DPOMHBIM obJIeryeHueM MbI 3aMevdaeM, 9TO

(Pandj # nand f(k) < f(j)) = wp(kj = j,j + 1", P)
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¥ ClemyIolias mporpaMma Oymer paboTarh, He MOOBEPrasiCh OMACHOCTU OTKA3a.

k, j=0,1;
do j# n— if f(k)> f(j)— j:=j+1
0 fk)< fG) — kij=jj+1fiod

Crenyer crmenaTh HECKOJIBKO IpuMedaHuil. [lepBoe: MOCKOIIBKY IPEeNoXpPaHUTENN KOHCTPYKINKA BbIOOpPaA He
0053aTeIbHO MCKJIIOYAIOT OPYTr Opyra, IporpaMMa TauT B cebe BHYTDPEHHIOI HENETEPMUHUPOBAHHOCTH TOTO
JKe THUIA, YTO U B IEPBOM IIPUMepe. JTa HEeIeTEPMUPOBAHHOCTH MOXKET MPOSBUTHCS u BHemrne. PDymkums f
MOI'JI& OKA3aThCS TAKOW, UTO KOHEYHOE 3HAYeHWe Kk HEOMHO3HAYHO; B HTOM CIIydae HAIa IPOrPaMMa MOXKET
BBIPAb0OTATD JII000E MOMyCTUMOE 3HaueHue!

Bropoe mpumedanue: TO, 4TO MBI TOCTPOWIN MPABUILHYIO IPOTPAMMY, HE O3HAYAET, UTO MBI CIIPABU-
nuck ¢ 3amadeii. IIporpaMMupoBaHre B PAaBHOW CTENEHU SIBIISETCS KAK MATEMATUUIECKOW, TAK U UHKEHEPHOMN
OUCIIUTIIMHON; MBI OOJIXKHBI 3a00TUTHCS O MPABUILHOCTU B TON XK€ Mepe, KaK CKaxeM, u 00 3)hHeKTUBHOCTU.
Wcxonst w3 mpenmnonokeHust, 9TO HA BBIUKUCIICHIE 3HAYeHUsT QYHKIUA f OJIs JAHHOTO apryMeHTa 3aTPadrBa€TCs
OTHOCHATENIEHO MHOT'O BPEMEHW, XOPOIINI WHXKEHED NOJKEeH OOpaTUTh BHAMAHWE HA TO, UTO B IIPOrpaMMe, IIO
BCell BEpOATHOCTHU, OyIeT MHOTOKPATHO BBIUMCIISATHCA [ (k) IJIs OMHOTO U TOTO Xe 3HaueHus k. B sTom ciydgae
PEKOMEHIYEeTCsS MONTU Ha CHEJIKYy U IIOXKEPTBOBATH HEKOTOPHIM O0OBEMOM IaMITH, YTOOBI COKOHOMUTH YaCTh
BpPEMeEHU, 3aTPAYNBAEMOTO Ha BhruucsaeHue. Ho mpu 5ToM Halllu yCuiiusl, HAIPaBJIeHHLIE Ha MOBBIIICHUE d(Pdek-
TUBHOCTU IIPOT'DAMMBI I YMEHBIIIEHNE 3aTPAT BPEMEHU, HU B KOEHl Mepe He INOJIXKHBI CIIY:KUTL W3BUHEHUEM 33
BHeceHue Gecropsiika B nporpammy. (OTo oueBHIHAS BEIllb, HO S XOUY HOLYEPKHYTH 5TY MBICIb, HOTOMY YTO
OUeHb YaCTO 3aIly TAHHOCTD IIPOrPAMMBI OIPABIBIBAETCS CCHLLIIKON Ha 3(dexkTuBHOCTL. OmHAKO IpHU 6IIMKaRIIeM
PacCMOTPEHNN TAKOE ONPAaBHAHNME BCETNA OKA3bIBAETCS HEOOOCHOBAHHBIM, NOJIKHO OBITH, IIOTOMY, UTO 3aIly TaH-
HOCTb NPOrPAMMBbI BCET/Ia HEONPABIAHHA.) UTOOBI AKKypaTHO pPeain30BaTh OOMEH BDEMEHU BBIYUCJICHHU Ha
maMITb, MOXHO BOCIOJIB30BATHCS METOIOM BBEIEHUS ONHON WMJIM HECKOILKUX IOMOJHUTEIbHBLIX IePEeMEHHBIX,
ube 3HAYEHNE MOXHO HCIIOIB30BATh, TaK KAK COXPAHSETCsS MHBAPUAHTHBIM HEKOTOPOE OTHOLIEeHHEe. B maHHOM
npruMepe GbLIO 3aMEYEHO, YTO BO3MOXKHBI UacThle HOoBTOpHBIe Bhruucienus f(k) mis ogaoro u Toro xe k, a 3To
HABOIWT HA MBICIb O BBENEHUU IONOJTHUTEIFHON IIEPEMEHHON, CKaXXeM Mmax, U PACIIMPEHNUN WHBAPUAHTHOTO
OTHOIIEHUS 33 CUET MOIOTHUTEIHHOTO YJIeHA

maz = f(k)

OTO OTHOIIIEHNE [IOJIXKHO CTATh UCTUHHBIM, KOra K MOIyuYnT HAYAJIbHOE 3HAUEHME, U JOJIKHO COXPAHITHCS
MHBAPUAHTHBIM (TIPU TOMOIIM SBHOTO NPUCBAWBAHUS 3HAUEHUS IEPEMEHHON Max) mocye m3MeHeHus k. Mol
IPUXOOUM K CJIEIYIOIIeH IIporpaMMe:

kajv max = Ovlvf(0)7
doj # n— if max > f(j) — ji=j+1
(0 max < f(j) — k, j, max:=j, j+1, f(j) fi od

BepositHO, 5Ta mporpamma ropasno 6osee sddexTuBHA, UeM Hallla IPeObIAyIias Bepcus, B TakoM ciydae
XOPOLINI MHXKEHeD Ha 5TOM He OCTAHOBHUTCS, IIOTOMY UTO Tellepb OH OOHApYXUT, YTO MOT OBl PacCHOpPSOUTH-
€Sl TIOBTOPHBIMU BhrumcyieHusymu f(j) mis omHoro m Toro ke j. Il 5TOro MOXKHO BBECTU OOIOJIHUTEIIBLHYIO
EPEMEHHY0, CKaXkeM h, 1 00ecreunTh NHBAPUAHTHOCTD

h = f(j)
OJIHaKO MBI HE MO2XKEM CIOeJiaTh 9TO Ha TOM 2XKe I‘J'IOGa.]'H)HOM ypOBHe7 KaK OJIsgd HaIllero npenbmymero YJICHA.
3HAUEHME j = M He UCKIIOYEeHO, a mpu 5ToM 3HadeHwe f(j) me obazarensHo ompeneseno. CremoBaTenbHO,

UCTUHHOCTH OTHOIIeHUs h = f(j) mOiKHA 3aHOBO OGECIEYMBATHCS IIOCIE KAXKIOW MPOBEPKH, ITOKA3BIBAIOLLIEI,
YTO j # M, IO 3aBEPLICHUN BHEIIHEl OXpaH’AeMOil KOMaHObI (Tak CKa3aTh, 'Kak pa3 mepen od”) Mbl mmeeMm
h = f(j —1), HO HAC TO HE MOMKHO GECIOKOUTH, U IYCTh BCE OCTAETCS TaK, KAK €CTh.

k7 j? ma':l: = 07 17 f(O);
do j# n— h:=f(j);
if max> h — j:=j5+1
[1 max < h — k, j, max:=3j, j+1, h fi od

HocnenHee IpuMedYaHE KaCaeTCda HE€ CTOJIBKO HaAIllerOo peleHud 3adavi, CKOJIBKO HAIINX COO6pa)KeHI/II7I (0]
Ioaxone K PEIIeHUIO. Mur ToOBOpUJ/IX O MaTeMaTUYECKOM IIOAXOoOe, Mbl TOBOPMJIN 00 HXEHEPHOM IIOAXOoOE U IIPO-
Be€JIX PAa3OeJIeHNEe MEXAYy 3THUMU IIOAXOOaMHM, COCPENOTOYNBAsA BHUMaHNE TO Ha OOHOM, TO Ha OPYI'OM aCIIEKTE.
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XoTsl pasmesieHne MOAXOHOB abCOMIOTHO HEOOXOMMMO, KOTIa Pedb uaeT O 6ojiee CIIOXKHBIX 3amadax, s HOJIKEH
IOAYEPKHYTh, YTO, COCPENOTOYMBAS BHUMAHUE HA OIHOM M3 ACIEKTOB, HE CIIEAYEeT MOJIHOCTHIO MTHOPUPOBATH
Ipyrue acmekThl. PaspabaThiBas MaTEMATUUYECKYIO YACTh IIPOEKTA, MbI HOJIKHbI IIOMHUTD, UTO aXKe MaTEMATH-
YECKU MPABWJILHAS MPOTPAMMa MOXKET TIOTUOHYTh, €C/IA OHA IJIOXa ¢ WHXKEHEPHOU TOUKW 3PeHus. AHAJOrmJHO,
OCYIIECTBIIASL "CIeNKy”’ MEXIYy MaMAThI0 U BPEMEHEM, Mbl MOJIXKHBI [EJaTh 9TO aKKyPATHO U CHCTEMATUUECKH,
9TOOBI TIO HEPSIIUINBOCTU HE BHECTU OMMOOK B MPOTPAMMY; KPOME TOTO, XOTS MPEIBAPUTEIHHO ObLI IIPOBENEH
MaTEeMATHYECKUN AHAJIN3, MBI OJKHBI K TOMY e IOCTATOYHO XOPOIIIO Pa3bUpaThCs B 3amade, 4TOObI CyIUTh O
TOM, IIPUBENYT JIA IIpEAIIoJIaraeMble U3MEHEHN K 3HAYNUTEIIBHOMY YJIYyUIIIEHUIO IIPOTrPDaMMBI.

3ameuanme. Jlo TOro Kax s HAYAN TOJIL30BATHCA STUMU (GOPMATBLHBIMU TOCTPOEHUSIMU, I BCETIA UCIIONhb-
30Bail ’j < n” B KauecTBe MPENOXPAHUTESIS B 3TOM KOHCTPYKIUU MOBTOPEHUS, TENEPH s MOINKEH OTYUUTHCSI OT
9TOI MPUBLIYKU, TaK KaK B CIIydae, MONOOHOM MAHHOMY, KOHEUHO, MPENIOUYTUTENIbHEe TPENOXPAHUTEeNs ) # n'.
Hss sToro uMeroTcst nBe mpuyuHbl. lIpenoxpanurens ’j # n” MO3BOISET HAM CHEJIATH BBIBOI, UTO IO 3aBEp-
LIEHUN TIPOTPAMMBI j = 7, HE CChUIASCH IPU 5TOM HA MHBAPUAHTHOE OTHOIIEHWE P; TeM CaMbIM yIIPOIIAeTCs
MUCKYCCUsI O TOM, UTO MAET HAaM BCs KOHCTPYKIIUS B 1I€JIOM IO CPABHEHUIO ¢ mpenoxpanuTeneM ”j < n”. ['opazmo
BaxKHee, OMHAKO, UTO MPENOXPAHUTENb ~j % n” CTABUT 3aBepIIEHHEe MPOTPAMMBI B 3aBUCUMOCTb OT (YacTH)
VHBAPUAHTHOTO OTHOIIEHUS, a UMEHHO j < N, W MOYTOMY €My CIIeMyeT OTOATh MPENNOYTeHWe, TaK KaK ero
WCIIOJIL30BAHUE MTPUBENET K YCUJICHUIO KOHCTPYKIUU. KECiu B pe3yibTaTe BBINOJIHEHUS j = j + 1 3HaveHwue j
TaK BO3DACTET, UYTO CTAHET CIPABENJIMBLIM OTHOIIEHIE j > N, NPENOXPAHUTENb ~j < N’ He MOOHUMET TPEBOLY,
TOr[a KaK IPenoXpaHuTens ”j # n” Mo KpaiHel Mepe He IOMyCTUT HOPMAJILHOTO 3aBepiienus. Takoit apryMeHT
MPENCTABIISIETCS BIIOJIHE BECOMBIM, MaXKe eciii He MPUHUMATH BO BHUMaHWe cOoil Marmmubl. [lycTs B mociemo-
BaTEILHOCTH Tg, L1, L2, - ..3HAUCHUE T 3a0AETCs, a 3HadeHue x; myist ¢ > 0 ompemessiercs kak x; = f(x;_1),
rae f — HekoTopas BerumcianMas Gyukuus. BymeM BHUMATEIBLHO U TOYHO CIIENUTDH 38 T€M. 4TOOBI COXPAHSIOCH
MHBapUAHTHLIM OTHomreHue X = ;. [Ipemmosoxkum, 4TO B OpOrpaMMe MMEeTCs MOHOTOHHO BO3PACTAIOIIAS
mepeMeHHast n, Takas, 4TO IJIs HEKOTOPBIX 3HAUEHWUN 71 HAC MHTEPECYIOT T,. llpum ycmoBum 94TO n > 4, MBI
BCerma MOXeM CIeJIaTh UCTUHHBIM OTHOIIeHne X = X, IPU IIOMOIIIN

doi# n — i X:=i+1, f(X) od

Ecnu xe oTHOmeHue n > ¢ He 0613aTEIHHO UMEET MeCTO (MOXKET ObITh, HOCIELYIOLNe U3MEHEHUs B IIPO-
rpaMMe IpPUBEId K TOMY, YTO B IIPOLECCe BBIYUCIIEHUI N GymeT He TOIBKO BO3PACTATH), IPUBENECHHAS BBIIIE
KOHCTPYKIWs (K CuacThiol) He MpUmeT K 3aBEPIIEHNIO, B TO BPEMsI KAK KOHCTPYKIIAS

doi<n— i X:= i+1, f(X) od

He 00eCmeunT UCTWHHOCTU OTHOWEHWss X = Z,. Mopanb 3TOl HCTOPMH TAKOBA, UTO NPK IPOYAX DPABHBIX
YCIIOBUSIX MBI HOJIKHBI BHIOUPATH HAIIN IPENOXPAHNTENN KaK MOXKHO Gosee ciabbivu. (Koren samedanus.)
Tperuit mpumep
s puxcuposansbix a(a > 0) u d(d > 0) TpeGyercs 06ecHeInTs UCTUHHOCTD R:

0<r<dandd|(a—r)

(Bmecwh BepTukambHas yepra ”|” 3aMenseT coboir cioBa "aBasgercsa menurernem’.) Wuadge roBops, HaMm TpeGyercs
BBIUUCIINTH HAMMEHDIINY HEOTPHUIIATEIbHBIN OCTATOK 1, IOy Y€HHBIN B pe3yIbTaTe mejeHus a Ha d. YTobbl 5Ta
3amava MeNCTBATEIHLHO ObLIa 3amadell, Mbl OOJIXKHBI OTPDAHUYNTDL HCIIOIIBL30BaHUE aAPUPMETUIECKUX OIepPaIni
TOIIBKO ONEPALUAMIE CJIOXKEHWs U BbluuTaHus. 1lockonbKy ycioBue d|(a — ) BBIIONHAETCS HDPU 7' = G U IIPU

5TOM, Tak Kak a > 0, BepHO, uro 0 < r, mpemaraeTcs BLIOPATH B KAYECTBE MHBAPUAHTHOTO OTHOIIEHUS P:
0<randd|(a—r)

B xauecTBe pyHKIUE t, yObIBAHWE KOTOPOHA MOJIKHO OOECIEUNTH 3aBEpINeHre PabOThI MPOTPAMMEI, MbI
BelOupaeMm camo 7. Ilockosbky m3aMeHeHme r HOIKHO OBITH TAKUM, UTOOBI HEM3MEHHO BBINOJIHSIIOCH YCJIOBUE
d|(a — ), r MOXHO U3MEHATH TOIBKO HA UUCIIO, KpaTHOe d, HampuMmep Ha camo d. Taxmm o6pazom, HaM, Kak
0Ka3aJI0Ch, IIPEIJIAraeTCsl BIYUCINTD

wp("r :==r —d”, P)and wdec(’r :=r —d",r) =0<r—dandd|(a —r+d)and d > 0

Iockombky uimen d > (0 MoxkHO 66110 ObI HO6ABUTH K MHBAPHMAHTHOMY OTHOIIeHUO0 P, o6ocHoBaHus TpebyeT
TOJILKO TEPBBLIN WIEH; MBI HaXOMUM COOTBETCTBYIOIIUN MPEOOXPAHUTENE 1 > d’ um mpobyeM COCTABUTH TAKYIO
MIPOrpaMMy:

ifa > 0 and d>0 —
ri=a;
dor > d — r==r—d od
fi
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ITo 3aBepirerny TpoOrpaMMbl CTAJIO UCTUHHBIM OTHOIeHne P and nonr > d, u3 Jero cjemyeT MCTUHHOCTD
R, u, Takum o6pazom, 3amada perreHa.

IIpenmosoxuM Temeps, 4To HaM, KPOME TOrO, MOTPe6GOBaIOCh OBl MIPUCBOUTL ¢ TAKOE 3HAUEHUE, YTOOBI IO
OKOHYAHUN TPOrPaMMBI ObIJIO ObI TaK¥Ke BEPHO, YTO

a=dxq+r

WHAYEe TOBOPsI, TPeOyeTCs HANTHU He TOJIBLKO OCTATOK, HO U JYacTHoe. IlompobyeM moGaBUTH 3TOT UiEH K HAIIEMY
MHBAPUAHTHOMY OTHOIIEHUIO. [[0CKOTBKY

(a=dxq+r)=(a=dx(g+1)+ (r—d))

MBI IIPUXOONM K IIPOrPaMMe
ifa > 0 and d>0 —

¢, =0, g
dor > d — ¢q, r:=q+1, r—d od
fi

Ha BrimonuaeHve npuBeneHHBIX BBIIIE IPOrpaMM OymeT, KOHEUHO, 3aTPAYMBATHCS OYEHb MHOI'O BPEMEHMU, €CIII
qacTHOE BesuKo. MoxkeM i MBI COKpPaTUTh 5T0 Bpemsa! (OQUeBUIHO, TOr0 MOXKHO HOGUTHCS, €CIIA YMEHBIIATE
7 Ha BEJIMYMHY, KPATHYIO 1 60/bInyio d. BBoms miist 5TOM 1€/ HOBYIO MIEPEMEHHYIO, CKaXeM dd, MBI IIOJIydaeM
YCIIOBHE, KOTOPOE MOJIXKHO HEM3MEHHO BBIIOJIHSITHCS HA MPOTSKEHUU BCell pabOTHI TPOTPAMMBL:

d|dd and dd > d
MpbI MOXeEM YCKOPUTDH HAIITY MEPBYIO MPOrPAMMY, 3aMEHUB 1 := 1 — d’ YMEHbIIIEHNEM, BO3MOXKHO TOBTOP-

HBIM, T Ha dd, TIPENOCTABIISASA B TO e BPeMsl BO3MOXKHOCTBL dd, MEPBOHAYAIILHO PABHOMY d, MOBOJIBLHO OBICTPO
BO3PaCTaTh, HAIIPUMED KaXKObIl pa3 yasauBas dd. Torma Mbl IpUXOOUM K CIEOYIOIIEH IPOrPaMMe:

ifa > 0 and d>0—

ri=a;
dor> d —

dd = d;

dor> dd— r:=r—dd; dd:=dd+dd od
od
fi

Slcuo, uro ornomenue 0 < r and d|(a — r) coxpaHseTcs MHBAPHAHTHBIM, U IIOTOMY IPOrPAMMa OOECHEYUT
UCTUHHOCTDL R, eciiu OHa 3aBEPIINTCS HOPMAJILHO, HO Tak jim 3T0? KoHeUHO, Tak, MOCKOIBKY BHYTPEHHUI UK,
KOTOpBIN 3aBeprraercs npu dd > 0, BO30yXKIaeTCsS TOIBKO NPU HAYAIBHBIX COCTOSIHIAX, VIOBJIETBOPSIOIIINX
ycioBuio 1 > dd, © MOITOMY yMEHbIIEHHUE 7 := 1 — dd BBIIOIHAETCS 10 KPaiHEN Mepe OOUH Pa3 IS KaXIoro
TIOBTOPEHUS BHEIITHETO IIHKJIA.

Ho rakoe paccyxnenue (XOTs U DOCTATOYHO yOeOUTEIbHOE!) ABIISETCA BeCbMa HE(DOPMAJILHBIM, & OCKOIIb-
Ky B 9TOH IJIaB€ MBI TOBOPUM O (POPMAIIBHOM IIOCTPOEHUN IIPOIPAMM, MBI MOXKEM IOIPO6OBATE CHOPMYIIMPOBATE
¥ OOKa3aTh TEOPeMY, KOTOPOH MHTYUTUBHO BOCIIOJIB30BAJIUCE.

Ilyctes IF, DO u BB monuMarorcst B OGBIMHOM CMBICTIE, U P — 3TO OTHOIIEHNE, COXPAHSIOIIEECS UHBAPU-
AHTHBIM, T.€.

(P and BB) = wp(IF, P) IUISL BCEX COCTOSIHUIT (1)

¥ OyCTb t — HeJoduciieHHas GyHKINs, Takas, 9TO I JI000ro 3HaYeHus g M OJIS BCEX COCTOSHUN
(Pand BBandt <ty+1) — wp(IF,t <tp) (2)

WA, 9TO TO XK€,
(P and BB) = wdec(IF,t) I7IST BCEX COCTOSIHUI (3)

Torma mis moboro 3HaYeHus to U OJIS BCEX COCTOSHUI
(Pand BB and wp(DO,T) and t < tg + 1) = wp(DO,t < ty) (4)

WJIA, 94TO TO XKe,

(P and BB and wp(DO,T)) = wdec(DO,t) (5)
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B cnoBecHolt OpMYNMpOBKe: €CIM COXPaHAEMOe MHBAPUAHTHBEIM OTHOMIEHHE P TapaHTUPYeT, YTO KaXmas
BLIOpaHHAS I MCIOJTHEHUS OXPAHAeMas KOMAH/Ia BLI3BIBAET NEHCTBATEILHOE YMEHBIIEHUE ¢, TO KOHCTPYKIIUS
MOBTOPEHNS BBI30BET OEMCTBUTEILHOE YMEHBIIIEHNE §, €ClI OHA HOPMAaJILHO 3aBEPIINTCS HMOCIIe TI0 KpaitHell Mepe
OITHOTO BBLITTOJTHEHNUS KAKOU-TMOO0 OXpaHsAeMOl KOMAaHIBI. TeopeMa HaCTOJILKO OYEBHUIIHA, UTO OBLIO OBI MOCAIHO,
eciu Obl ee NOKa3aTelbCTBO OKA3AJI0Ch TPYMHBIM, HO, K CUYACTBIO, 5TO He Tak. Mbl mokaxkem, uro u3 (1) u (2)
ClleflyeT, 9TO IJIs JTI000TO 3HAUEHUS to U IS BCEX COCTOSHIUIL

(Pand BBandH(T))and t < to+ 1) = H(t < to) (6)

s Beex k > 0. Oro cupasemmuso misa k = 0, nockonsky (BB and Hy(T)) = F, u, ucxons u3 IPeIIonoKeHns,
uro (6) cnpasemyuso miis k = K, MBI JOJKHBL TOKa3aTh, 4To (6) copasemymeo u ans k = K + 1.

(Pand BBand Hig1(T)and t < tg+ 1)
= wp(IF, P)and wp(IF, Hx (T')) and wp(IF,t < to)

=wp(IF,Pand Hig(T) and t < ty)

= wp((IF,(Pand BBand Hi(T)and ¢t <10+ 1) or (¢t < to and non BB))
= wp(IF, Hi (t < tg) or Ho(t < tg))

=wp(IF, Hg(t < tp))

= wp(IF,Hg(t < tg)) or Ho(t < tp)

= Hg1(t < to)

TlepBas nvmmnukanus crenyer u3 (1), oupenenenust Hg 1(T) u (2); paBeHCTBO B TPeThEN CTPOKE OUEBIIHO;
UMIUIMKAIWSI B 9€TBEPTOI CTPOKE BBIBOLWTCS IpuU moMolw npucoenutenus (BB or non BB) u nocienyorero
ocnabiennst 060MX WIEHOB; UMIIIMKAIWS B ISTO cTpoke crenyet u3 (6) mpu k = K u onpenenenus Hy(t < tg);
OCTAIIbHOE MOHATHO. Takum 06pa30M, MbI IOKA3AIIU CIIPaBeIUBOCTD (6) mita Becex k > 0, a 0TCIONA HEMEJIEHHO
BuiTekatoT (4) u (5).

YupaxHeHue

W3mennTe Hamry BTOPYIO mpoOrpamMmy TakuM o6pa3oM, 4TOOBI OHA BBLIYUCIISIIA TAKXKe W YaCTHOE, U HalTe
(hopMaNbHOE MOKA3aTEeNLCTBO MPABMILHOCTH Bareil nporpammel. (Komern ynpaxnenns.)

IIpenmosoxxuM Tenepb, YTO MMeeTCsS MaJIeHbKOE YHCJIO, CKaXXeM 3, Ha KOTOPOEe HaM IO3BOJIEHO YMHOXKATH
U OEeNUTh, U 9TO STU ONEPAIUN BBIIOIHIITCSA NOCTATOYHO OBLICTPO, TAK UTO UMEET CMBICI BOCIIOJIB30BATHCS
uvmu. Bynem obosmnauars npoussenerue 'm x 37 (wmm "3 * m”) u gactHOoe "m/3”; mocnentee BhIpaxkeHue OymeT
UCIIOIB30BATHCS TOJILKO [IPU yCJIOBUN, YTO II€PBOHAUAILHO cupasemiuBo 3|m. (Mol Benb paGoTaeM ¢ LeIbIMU
YyCIaMy, He TaK JIu?)

W omsare MBI TBITAaEMCA O0ECIIEYNTH UCTUHHOCTHL KEJAeMOr0 OTHOIIEHUs R mpu moMoIly KOHCTPYKIAN
MIOBTOPEHUsI, ISl KOTOPOl MHBAPUAHTHOE OTHOIIEHWE P BBIBOOUTCS IyTeM 3aMeHbI KOHCTAHTHI IEPEMEHHOM.
Samenssa koHcTauTy d mepeMeHHON dd, 4by 3HAYEeHUs GYyLyT MPENCTABIATHCI TOIBKO B Bume d * ( cTemeHsb 3),
MBI IIPUXONUM K WHBAPUAHTHOMY OTHOIIEHUIO P:

0<r<ddanddd (a—r)and (Ji:i>0:dd=dx*3")

Mpu1 o6ecrieynM UCTUHHOCTD STOrO OTHOIIEHUS U 33 T€M, 3aMEHSIs €M0 NHBAPUAHTHBIM, ITOCTAPAEMCS JOCTUYh
COCTOSIHUSA, TIpu KOTopoM d = dd.

Yrobbl 06ecnednTh UCTUHHOCTL P, HAM IIOHAIOOUTCS ellle ONHA KOHCTPYKIUS IOBTOPEHUS: CHAYAJIA MBI
06ecrneYnM UCTUHHOCTD OTHOIIEHUS

0<randdd (a—r)and (3i:i>0:dd = dx3"

a 3areMm OymeMm yBenuuuBaThb dd, ITOKA €ro 3HAUEHHE HE CTAHET AOCTATOYHO OONIBIINM M TakKuM, 4To 1 < dd.
TTonyuum crenyromyo nporpamMmmy:

ifa> 0 and d>0 —

r, dd = a, d;
do r> dd — dd:=ddx*3 od;
do dd # d— dd:=dd/3;
dor> dd— r:=r—dd od
od
fi
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YupaxHeHue

W3mennTe mpuBeneHHYIO BBIIIE IPOrPAMMy TakKuUM 06pa3oM, 4TOOBI OHA BBEIUMCIISLIA TAaKXKe U YaCTHOE, U
nmaiite GOopMaIIbHOE JOKA3aTENBCTBO IPABUILHOCTH BAIlEH IPOrPaMMBI, JTO JOKA3aTEIIHCTBO JOIKHO HATJISIHO
MOKA3bIBATD, UTO BCAKUU pa3, Korma Bbraucisgercs dd/3, mmeer mecto 3|dd. (Komen ynpakuenus.)

Is1st mpuBENEHHON BBIIIIE IPOrPAMMBI XapaKTePHA MOBOJILHO PACIPOCTPaHeHHast 0cobeHHOCTh. Ha BHemrHeM
YPOBHE OBe KOHCTDPYKIWMN [TOBTOPEHUsS PACIOJIOXKEHD HOAPSA; KOTOa ABE WU OOJIbIlle KOHCTPYKIUI IOBTOPEHILS
Ha OIHOM I TOM XK€ YPOBHE CIIEAYIOT OPYT 3a APYTOM, OXPaHseMble KOMAHILI 60Jiee MO3MHNX KOHCTPYKIIII OKa-
3BIBAIOTCS, KAK MIPABUIIO, 60JIee CIOXKHBIMU, UM KOMAHIIBI IPENbIIYINNX KOHCTPYKIWiA. (DTo sSBileHNe M3BECTHO
kak "3akoH IefikcTphl’, KOTOPBIl, OMHAKO, HE BCETa BBINONHAETCS.) IIprdunHa Takoll TEHIEHIN SICHA: KAXIas
KOHCTPYKIIUS TOBTOPeHus moGasiisieT cBoe 'and non BB” K OTHOIIEHUIO, KOTOPOE OHA COXPAHSIET WHBAPUAHT-
HBIM, U 3TO HONOJIHUTEFHOE OTHOIIEHNE CIIEMYIOIAs KOHCTPYKIUS TAaK¥XKe NO/KHA COXPAHSITH NWHBAPUAHTHBIM.
Ecnu 6br me BHyTpeHHMII IWKJI, BTOPON IUK/ ObII OB B TOYHOCTU IPOTHUBOMOJIOXKEH MEPBOMY; U (DYHKITUS
TIOIIOJTHUTEILHOTO OIIEPATOPA

dor> dd— r:= r—dd od

VMEHHO B TOM U COCTOHUT, YTOOBI BOCCTAHABINBATEH BO3MOXHO HapYIIEHHOE OTHOIIeHUE T < dd, mocTUraemoe
[IPY BBITIOJIHEHUU TIEPBOTO IUKJIA.

YerBepThbIlt mpuMeED

Htst pukcupoanubix @1, @2, Q3 u Q4 Tpebyercst obecreynTs UCTUHHOCTL R, mpudem R 3amaercs xak
R1and R2, rne

R1: nocnenoBarensHocTh 3HaueHuit (ql, q2, q3, q4) ecTs HexoTopas nepecranoBka sHauenuil (Ql, Q2, Q3,
Q)

R2: ql<q2 <qg3 <q4

Ecau Me1r BozpMeM R1 B KauecTBe COXPAHSIEMOIO NHBAPUAHTHBIM OTHOIIEHUS P, MOIydnM Taxoe BO3MOXKHOE
pelenne:

ql, q2, ¢3, q¢4:=0Q1, Q2, Q3, Q4

do q1 >q2 — ql, q2 = q2, ql
0g¢2>q¢3 — q2, g3 = g3, q2
0 g¢g3>q4 — q3, gd:=q4, ¢3
od

OueBUIHO, YTO TOCJE MEPBOTO MPUCBAMBAHUSA P CTAHOBUTCS MCTUHHLIM W HU OIHA U3 OXPAHIEMBIX KOMAHII
He HapymaeT ero ucruaHOCTU. [lo 3aBepieHun mporpaMMbl MbI uMeeM hon BB, a 310 ecTh orHomenune R2.
B Tom, uTo mporpamMma mENCTBUTEIHLHO IPUOET K 3aBEPIIEHUIO, KAaXOBIA W3 HAC yOEeXMIAeTCsl MO-PA3HOMY B
3aBUCUMOCTH OT CBOEH TPOGECCUn: MATEMATHK MOT Obl 3aMETUTH, UTO UKUCIIO MIEPECTAHOBOK YOBIBAET, MCCIIENO-
BATEIb OIepaluii 6ymeT WHTEPIPETUPOBATH 3TO KaK MakcuMum3aumio ql + 2 % g2 + 3 x q3 + 4 * g4, a s — xak
du3uK — cpasy "BHXKY”’, YTO LEHTP TSAKECTU CMEIIAETCA B ONHOM HAIPABJIEHUN (BIPABO, €CIIU GbITH TOYHBIM).
IIporpaMmma mpumedaTenbHa B TOM CMBICIE, YTO, KaKue ObI IPENOXPAHUTENN MbI HU BLIOpAJIN, HUKOTIa HE BO3-
HUKHET OINACHOCTU HapPYIIEHUsI UCTUHHOCTU P: mpemoxpaHmTesnn, NCIOIb3yeMble B HAIIIEM IIPUMEPE, SIBIISIOTCSI
YUCTBIM CJIEACTBUEM HEOOXOMUMOCTU 3aBEPIIIEHUS TPOTDAMMEL.
3ameuanme. 3aMeTbTe, YTO MBI MOTJIN ObI MOOABUTHL TAaK¥XKe U NPYTUe BAPUAHTHI, TaKUe, KaK

ql >q3 — ql, ¢3 = ¢3, ¢ql

[IPUYEM UX HeJb3s UCIOJIb30BATDH VI 3aMEHBI ONHOTO U3 TPEX, NEPEUNCIIeHHbIX B Iporpamme. (Korer sameua-
HUAL.)

OT10 XOpoIIMil IPUMEP TOrO, KAKOTO POAa SCHOCTY MOXHO NOCTUYb IPU HAIEHd HeNeTepPMUHNPOBAHHOCTH;
M3JIAIIHE TOBOPUTH ONHAKO, UTO s HE PEKOMEHIYIO COPTHPOBATE GOJIBIIOE KOIMUYECTBO 3HAUECHUN AHAJIOIMIHBIM
CIIOCOOOM.

gt npumep

Ham TpebyeTcs COCTaBUTH MPOrPaMMy ANIIPOKCUMALNK KBALPATHOTO KOPHS; 6ojiee TOYHO: AJIs (GUKCHPO-
BaxHOro n (n > 0) mporpaMma DOIKHA 0G€CIEUNTh NCTUHHOCTD

R:d*<nand(a+1)?>n

YTo6bI 0C/TabuTh 3TO OTHOIINEHWE, MOXKHO, HAIPUMEP, OTOPOCUTL OONWH W3 JIOTMYECKUX COMHOXUTEIIEN,
CKaXKeM IIOCTIENHUN, I COCPENOTOUYNTHCS Ha
P:ad’><n

O‘—IeBI/IJIHO, YTO 3TO OTHOIIECHNE BEPHO IIpU a = O7 Io5TOMY BI:I60p HAYaJIBHOT'O 3HAYCHUA HE OOJI2KCH
Hac 6ecrokouTh. Mul BUOUM, 4YTO €CJIN BTOpOfI YJIEH HE ABJIA€TCA MCTUHHBIM, TO 3TO BBI3BIBACTCA CJINIITKOM
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MAaJIEHbKUM 3HAYEHWEM ¢, MO3TOMY MBI MOTJIN ObI 0OpaTUThCS K omeparopy 'a := a + 17. PopMajabHO MBI

Oy 9aeM
wp("a:=a+1",P) = ((a+1)? < n)

Wcnonbsys sTo ycnoBue B KadecTBe (equucTBeHHOro!) mpenoxpanuTess, Mbl noinydaeM (P and non BB) =
R v mpuxoouM K cIedyloliell IporpaMMe:

ifn> 0 —

a:=0 {P cramo ucruaHBIM};

do (a+1)?< n— a:=a+1 {P ocranocs ncrurabmM} od
{R cramo mcTuHHBIM }

fi {R cramo ncrusEBIM }

IIpu cocTaBmenny TporpaMMbI MBI HCXOAMIIA U3 IPEAIOIOKEHSI, ITO OHA 3aBEPIINTCS, U 3TO IEHCTBUTENb-
HO TakK, ITIOCKOJIFKY KODEHb M3 HEOTPUIIATEILHOIO YMCIIa €CTh MOHOTOHHO BO3pacTaroiias GYHKIUS: B KaJeCTBe
t MBI MOXeM B3SITh PYyHKIIUAIO 1L — a?.

Ora mporpamMma HOBOJILHO OYEBHIHA, K TOMY XK€ OHA M He O4YeHb d(P(eKTrBHA: MPU OGOJBIINX 3HAUCHUSX
n oHa Oymer paborarh HOBOIBHO monro. Ipyroit crmocob obobienus R — 3T0 BBemeHme mpyroil mepeMeHHOR

(ckaxeM, b — ¥ CHOBa B OrDAHMYEHHOM MHTEPBAaJe N3MEHEHUs ), KOTOpas 3aMEHUT 4acTh R, Hanpumep,
P: d’ <nandb?>>nand0<a<b
Braromapst Takomy BbIGOpPY P 061amaeT TeM MPUSTHBIM CBOXCTBOM, UTO
(Pand (a+1=0b))= R

Takum 06pa3oM, MbI IPUXOAUM K IPOrPaMMe, IPEICTABIEHHO! B TaKoi (hopMe (3[eCh U najiee KOHCTPYKIWS
if n>0 —...fi omyckaercs):

a,b:=0, n+1 {P cramo ucrunHBIM};
do a+1# b — ymenbmwnThb b — a npu uaBapuantHoctu P od
{R cramo ucTuUHHEIM}

IIycTs d 6ymeT BemuunHOM, HA KOTOPYIO YMEHBIIIAETCS PA3HOCTD b—a TPU KaXKIOM BBITIOTHEHUT OXPAHIEMOR
KOMAHIIBI. Pa3HOCTH MOXKET yMEHBIIATHLCS MO0 33 CYET yMeHbIeHus b, nubo 3a cueT yBeJudeHus a, Jmbo 3a
cueT u Toro u gpyroro. He Tepss oOIIHOCTHU, MBI MOXKEM OTPAHUYUTHCSI PACCMOTPEHHEM TAKUX IIIAroB, KOTOA
u3MeHsieTcst Jubo a, Iubo b, HO He a U b OMHOBPEMEHHO: €CITH ¢ CJIMIITKOM MAaJIO U b CIIMIIIKOM BEJIUKO W HA OIHOM
11are TOJILKO YMEHBIIAEeTCSA b, TOrIa Ha CIIEAYIOIIEM Iare MOXHO YBEIMYUTHL (. DTHU COOOPaXKEHUS PUBOLAT
HAC K IporpaMMe B cienyroliei dopme:

a, b:=0, n+1 {P crajgo UCTUHHBIM};
doa+1 # b —

d:=... {d wumeer cooTBeTCTByIOIlEe 3HAUEHNE U P N0 — IpeXHEMY BBINOIHAETCS };
if ...—> a:=a+d {P ocrasock MCTHHHBLIM}
(... —» b:=b—d {P ocranocb UCTUHHBLIM }

fi {P cramo ucTuHHBIM}
od {R cramo mcTHHHBIM}

Temnepn
wp("a := a4+ d”, P) = ((a + d)* < nand b* > n)

IlockonmbKy MCTUHHOCTL BTOPOTO UEHA CEAyeT W3 MCTUHHOCTU P, MBI MOXKEM KCIOIb30BATH MEPBLIN UICH B
KaJyecTBe HAIIero IIePBOr0 IPENOXPAHUTES; aHAJIOTUYHO BBIBOOUTCS BTOPOH IIPENOXPAHUTENb, M MBI IOJIyYaeM
ouepenHyoo ¢GOpMy Halllell IpPOIrpaMMBbL:

a, b:= 0, n+1;

doa+1 # b — d:=...;
ifa+d)? < n— a=a+d
0 (b—d2>n— b= b—d
fi {P ocramocs mcTmHHBIM }

od {R cramo mcTHHHBIM }
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Ham ocraercs ewe coorBercTByIommM 06pa3oM BeiGpaTh d. Ilockonmbky Mbl B3sin b — a (Ha camoMm mere,
b—a—1) B kauecTBe Hamen GyHKIUM ¢, 5hDHEKTUBHOE YOBIBAHNE NOIKHO OBITH TAKUM, YTOOBI d yIOBIETBOPSIIO
yenosuio d > 0. Kpome Toro, mocienyroras KOHCTPYKIMS BbIOOPa He MOJKHA MPUBOAUTEL K OTKa3y, T. €. IO
KpailHell Mepe ONWH U3 MPENOXPAHUTESEN NOXKEH ObITh MCTUHHBIM. OTO 3HAYUT, YTO U3 OTPUIAHUS OIHOTO,
(a + d)? > n, nomxen cnenosaTh mpyroit, (b — d)? > n; 3To rapanTUpyeTCs, eciu

a+d<b—-d

A
2xd<b—a

Hapsny c Hmxvelln rpaHuiell Mbl YCTAHOBIUIM TAaKXKe U BEPXHIOIO rpaHuity mis d. Mser moraum Obl B3SITH
d =1, HO ueMm GosbIre d, TeM ObICTpee paboTaeT MpOrpaMMa, IMOITOMY MBI IPeIIaracM

a,b:=0,n+1;
doa+1l # b —

od

roe n <+ 2 ectb n/2, ecnm 2ln u (n — 1)/2, ecnm 2|(n — 1).
Wcnonp3oBanue neficTBus + MOOYXKIAeT HAC Pa30bpaTCs B TOM, UTO IPOM3OMIET, €CIU MBI HaBsXKeM cebe
orpannyenue Ha b — a, momaras, 9To b — @ 4ETHO mpu KaxnoM Beruuciernu d. Bsoms ¢ = (b — a) u uckimogas

b, MBI TIOSTyYae€M MHBAPUAHTHOE OTHOIIICHUE

P: a*<nand(a+c)*>nand (Ji:i>0:c=2"
u mporpaMmy (B KOTODOIL ¢ urpaet poins d)

a,c:=0, 1; do < n— c:=2x%c od;
doc # 1 — ¢ = ¢/2;
if (a + ¢)? <n — a=a+c
(1 (a—¢)* > n — nponycmums
fi
od

3amevanme. DTa mporpaMMa O4YEHb IIOXO0XKa Ha MOCIEIHIO IPOrpaMMy IS TPETHErO IIPUMEpA, IIe BbI-
YUCIISIICS OCTATOK B IIPEMIIOJIOKEHNN, UTO MBI IMEEM IIPABO YMHOXATH U HeIUTh Ha 3. B nmpuBemenHOl Bbire
nporpaMme MOXKHO ObIJIo ObI 3aMEeHUTH KOHCTPYKINIO BEIOOpa HA

do (a+c¢)? < n — a:=a+c od

Ecmu ycnoBue, KOTOPOMY HOJKEH yIOBIETBOPATH ocTarok, 0 < r < d, sammcats kak r < d and (r + d) > d,
CXOICTBO cTaHeT eme Gostee oruernusuM. (Kowern 3amevanns.)

Ilorumast, 9TO Tak MOXKHO OKOHYATEIBLHO “3aMydUTh’ 3TOT MAaJEHBKUI IPUUMED, s ObI XOTEJI TeM He MeHee
NPENJIOKUTE MOCIENHNI BAPUAHT IPeoOpa3oBaHus MporpaMMel. Mbl Hammcaan mporpaMmy, UCXOOS U3 IIPEIIIo-
JIOXKEHUsI, YTO OIEPALMd BO3BENEHUS YKMCIIA B KBAAPAT BXOOUT B COCTAB MMEOILMXCS OMEPAIMIT; HO IIPEIIIOIIo-
KM, 9TO 5TO HE TaK W YTO €NUHCTBEHHBIE OEPAIIMY THUIIA YMHOXKEHNU, IMEIOIIIECs B HAIlleM PACIOPsKEeHNIN,—
9TO yMHOXeHWe U [ejieHue Ha (Masble) cremeHu 2. Torma Halma HMOCHENHssE IPOrpaAMMa OKa3BIBAETCS HE Ta-
KO y»X XOpOIIe#l, T. €. OHa HEXOPOIA, €CJIU MbI MPENNoJIaraeM, YTO 3HAUYEeHUsI MePEMEHHBIX, ¢ KOTOPBIMUI
HEIIOCPEICTBEHHO ONEPUPYET MAIINHA, OTOXIECTBJICHBI CO 3HAYCHUSAMU IIEPEMEHHBIX 4 U ¢, KaK 3TO ObLIO Ol
npu "abCTPaKTHBIX BBIYMCIEHUSX. pyrumMu ciioBaMm, MBI MOXKEM PAaCCMATPUBATEL @ U C KaK abCTpaKTHBLIE
[lepeMeHHbIe, YbH 3HAYEHWs IIPENCTABILIOTCS (B COOTBETCTBHUU C COIJIAILIEHUEM, IIPENyCMaTPHUBAIOLMM Gosee
CIIOXKHBIE YCJIOBUSL, YEM MPOCTO TOXKIECTBEHHOCTD) 3HAUEHUSIMHU APYTUX TEPEMEHHBIX, ¢ KOTOPHIMEA B NENCTBU-
TEJILHOCTM ONEPUPYET MAIINMHA, IIPU BHIMOJIHEHAU TPOrpaMMbl. MBI MOXeM MO3BOIUTEH MalllnHe paboTaTh HE
HEIIOCPEICTBEHHO C @ U C, & C P, ¢, ', TAKAME, 4TO
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Mur BunuM, 9TO 5TO — MPeobpa3oBaHMe KOOPIWHAT, W KAXKIOW TPAEKTOPWHA B HAIIEM (a, C)-TIPOCTPAHCTEE
COOTBETCTBYET TPaeKTopusi B HammeM (p, ¢, r)-npocrpancTse. O6paTHOe He BCerna BEpHO, TAK KAK 3HAUYCHIUS
P, ¢ U T He HE3aBUCUMBI: B TEpMUHAX p, ¢ U T MBI IOIydaeM HU30LITOYHOCTD U, CIENOBATEIbHO, HOTEHINAIh-
HYI0 BO3MOXKHOCTB, ITOKEPTBOBAB HEKOTOPLIM OOBEMOM IIAMATH, HE TOJILKO BLIATPATL BPEMs BEIYUCIICHUI, HO
maxe um30aBUTHCA OT HeOOXomuMOCTU Bo3BoOUTh B KBampaT! (CoBepIIeHHO SCHO, YTO IPECIIeNOBAIACh UMEHHO
9Ta Iejb, KOILa CTPOWIOCH HPeobpa3oBaHUe, NEPeBOMsIIee TOUKY B (a, ¢)-IIPOCTPAHCTBE B TOYKY B (D, q,T)-
npocTpancTBe.) Temepb MBI MOXKEM NONBITATHCS TIEPEBECTH BCe OyJIEBBl BHIDAKEHWS U TepeMertneHus B (a, ¢)-
[IPOCTPAHCTBE B COOTBETCTBYIOIIUE OyIEBbl BHIPAKEHUS U IEpeMeIeHns B (P, ¢, ) -IpocTpancTse. Ecmu 6br HaM
YIAIIOCH CENIATh 3TO B TEPMUHAX JIOyCTUMBIX ONEpannii, Hallla 3a1ada Oblia OB yCHENHo pemnteHa. llpemara-
€Moe TIPeOOPA30BAHUE U B CAMOM [I€JI€ OTBEYACT HAIIUM TPEOOBAHUAM, U PE3YIILTATOM €r0 SBJIETCS CIIELYOIAs
nporpaMma (mepemerHas h 6BUTa BBEIEHA IUTS OY€HD JIOKAIBHON ONTUMU3AIINN):

p,q,r:=0,1,n; do ¢g< n — g:=gx*x4 od,
dog # 1— q:=q/4 h:==p+q p:=p/2 {h=2%p+q}
ifr > h - pri=p+qr—~nh
[0 r<h — nponycmume
fi

od { p nmeer sHauenwe, TpeGyemoe I a }

OTOoT nATHI npuMep ObLT BKIIOUEH GJIarofaps UCTOPUU €ro co3maHus (IpaBaa, HECKOJIBKO MPUYKDPAIIeH-
moit). Korma miameit u3 nByx Hammx cobak ObLIO BCEIO HECKOIIBKO MECSILEB, s ONHAXKIBI BEYEPOM IIOLIEN IOTy-
JIATh C HUMNI O6eI/IMI/I. Ha3aBTpa MHE IIPeOCTOAJIO YATATh JIEKIUU CTYOEHTaM, KOTOPBIE BCETO JIMIIIb HECKOJIBKO
HeNesIb Ha3al HAdaJIl 3HAKOMHUTBLCS C IPOTPAMMUPOBAHUEM, U MHE HyXHa ObLjla IpocTas 3amada, 4TOObI Ha
ee mpuMepe s MOr "MacCUpPOBaTh’ pelleHusl. B TedeHme YacOBON MPOTYJKW s MIPOLYMaJj MEPBYIO, TPETHIO U
YeTBEPTYIO IIPOrPAMMBI, IPAaBlaa, IPABWILHO BBECTU h B MOCIIEmHEd IpOrpaMMe si CMOT TOJIBKO IIPK IIOMOLIA
KapaHmalna u Oymarm, Korma BepHyJscs momoi. Ko BTOpoil mporpaMme, TOi, KOTOpas OIEPpUPYET C @ U b u
KoTopas ObliIa 3Iech IPeNCTaBlIeHa KaK IePeXONHas CTYIeHb K HallleMy TPeTbeMy PeIIeHWIO, s IIPUIIeST JINIIb
HECKOJIBKO HellesIb CIIyCTsI — U OHa ObliIa TOrOa B ropas3lo MeHee dJIEraHTHOU GopMe, UeM IIPENCTABIIEHA 31€eCh.
Bropas npuunHa 015 ee BKIIIOUEHUS B YKUCIIO MPEICTABICHHBIX MPOTPAMM — 3TO COOTHOIIIEHUE MEXIY TPEeThel
IpPOrpaMMaMU: TI0 OTHOIIEHNIO K YeTBEPTOU MPOrPaMMe TPEThs IPENCTABIISIET COOON HAIIl IEPBBIA IPUMEDP TakK
Ha3bIBAEMON "abCTPAKIIUNN IPENCTABIICHUS .

Illecror mpumep

s pukcuposanubx X (X > 1) uY (Y > 0) nporpaMma HoKHA 06€CIEUNTH NCTUHHOCTH OTHOIIEHNS

R: z=XY

[IPU OYEBUIHOM IIPEIIIOIIONKEHNN, YTO ONEPALNsI BO3BENEHNUs B CTEIEHb HE BXOOUT B HAGOD HOCTYITHBIX OMEPAIINI.
OTa 3amaya MOXeT ObIThH pellleHa [IPU MTOMOIIY ~“abCTPAKTHON MepeMeHHON”, CKaXeM h; IIpU PEeIIeHnn 3a0a4n
MBI 6yIeM IOJIB30BATHCS IUKJIOM, IJIsI KOTOPOIO MHBAPUAHTHBIM SIBJISIETCS OTHOIIIEHUE

P: hsz=XY
u Hamta (B PABHOU cTerneHy "aGCcTpakTHas”) IPOrpaMMa MOrla Obl BBILJIANETH TAK:

h,z:=XY 1 {P crano ucTuaHbIM};
do h # 1— cxumars h nmpu maBapuanTHOCTEH P od
{ R cramo mcTwHHBIM }

Tlocnennee 3akimodenue crnpaBemyiuBo, mockonbKy (P and h = 1) = R. IlpuBenmeHHas BBIIIE TpOrpamma
NPUIET K 3aBEPIIEHUIO, eCII [TOCIIe KOHEYHOrO YNC/Ia MIPUMEHEHU onepanun CxXuMaHus’ h craHeT paBHBIM 1.
TIpoGrema, KOHEUHO, B TOM, UTO MBI HE MOXEM MPEICTABUTDL 3HAUEHUE h 3HAYEHMEM KOHKPETHOU TEePEMEHHOM,
C KOTODPBIM HEMOCPEICTBEHHO OMEePUPYeT MAIMHA; eCM Obl MBI MOIVIM TaK CIOeJaTh, Mbl MOLJX ObI Cpa3sy
IPUCBOUTD z 3HadeHne X ¥ , He 3aTpynHas cebs BBemenueM h. Pokyc B TOM, UTO [JIs TIPEICTABICHUS TEKYIIErO
3HAUEHUsA h MBI MOXKEM BBECTU [BE€ — HA TOM YPOBHE KOHKDETHBbIE — IME€DEMEHHBIE, CKAXeM T U Y, U HAIle
IepBOe MIPUCBANBAHUE MIPEJIAraeT B KAYECTBE COTJIAIIEHUS 00 5TOM IPEICTABIIEHUN

h=2aY

Torma ycmoBue ”h # 17 nepexonut B ycnoBue "y # 07, u HaIa Ciaenyrolas 3agada COCTOUT B TOM, YTOOBI
MOMBICKATE BBIIOJHUMYIO oreparuio "cxuManus’. [lockonbKy mpu 3TOM onepaiuu Ipou3BeneHue h * z IOJIKHO
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0CTaBaTHCs MHBAPUAHTHBIM, MBI JO/IKHBL NEJIUTEH h HA Ty XKe BeJIMYNHY, HA KOTOPYIO yMHOXaeTcs 2. Vcxons u3
nperncraBieHus h, Hanboiee eCTECTBEHHLIM KAHIUIATOM HA HTY BEIMYWHY MOXKHO CUNTATH TEKYIllee 3HAUEHUE
z. be3 mampHEHIUX 3aTPyOHEHNN MBI IPUXOOUM K TAKOMY BUIY HAIlell abCTPAKTHOW MPOTrPAMMBI:

z,y,2:=X,Y,1 {P crano ucTuHHBIM};
doy# 0 — y,z:=y—1, zxx {P ocranocs uctuaaeiM} od
{R cramo mCcTHHHBIM}

lasins Ha 5Ty mporpamMmy, MBI IOHAMAaeM, YTO UNCIIO BHIIOITHEHU ITKIIa PABHO II€PBOHAYAILHOMY 3Ha-
YeHUWIo Y, U MOXEM 3a0aTh cebe BOMpPOC, HEJb3s JIU YCKOPUTH MpOrpamMMmy. 9ICHO, UTO 3amaduell OXpaHsIeMOm
KOMAHIIBI SIBIISIETCSI CBEMIEHNE Y K HYJTI0; HE U3MEHSIS 3HaueHUL h, MBI MOXEM MPOBEPUTH, HEJIL3S JIM U3MEHUTH
npedcmasaerte STOTO 3HAUEHNS B HAMEKIE YMEHBIINTH 3HadYeHue . llombITaeMcst BOCIONIB30BATHCSI TeM (ak-
TOM, YTO KOHKDETHOE IIPEICTABIIEHUE 3HAJYeHUs h, 3amaHHOe Kak T¥, BOBCE HE SIBIISIETCS OQHO3HAYHBIM. Kcim
4 9eTHO, MBI MOXEM DA3NeIUTh Y Ha 2 X BO3BECTU I B KBAAPAT, DU 3TOM 3HaueHUe h COBCEM HE M3MEHUT-
cs1. HemocpencTBeHHO mepen omepanuerl CXXKHMAaHIS MBI BCTaBIIsieM IpeoOpa3OBaHUe, IPUBOLIIee K Haunbosee
[IPUBIIEKATEIFHOMY IPEe00Pa30BaHuUIo h U MOIydaeM CIEMYIONIYI0 IPOrPAMMY:

x,y,z:=X,Y,1;

doy#0 — do2 | y— =z, y:= zx*xz, y/2 od;
y,z:=y—1,z*xx

od {R cramo ucTuHHEBIM }

Cy1iecTByeT TOIBKO OIHA BEJINUINHA, KOTOPYIO MOXKHO GECKOHEUHO AEIUTH HIOMOJIaM U OHA He CTAHET HedeT-
HOH, 5Ta BEJINYNHA — HYJIb; MHaUYEe T'OBOPS, BHEITHNY TPENOXPAHNTEIb MaDAHTUPYET HaM, YTO BHYTPEHHUN ITUKJI
IPUOET K 3aBEPIICHUIO.

4 BxIIFOUIIT 5TOT mpUMeEpP IO Pa3HBIM npuumHaM. MeHs mopasmiio OTKPBITHAE, YTO €CIIA IPOCTO BCTABUTH
B IIPOrPaMMy UYTO-TO, YTO Ha abCTPAKTHOM YPOBHE INEHCTBYeT KaK IIyCTOH OIEePaTOp, MOXKHO TaK M3MEHUTDH
aJITOPUTM, UTO UHUCJIO OMEPAINil, KOTOPOE PAHBIIE OBIIO TPOIOPIINOHAIBLHO Y, CTAHET MPOIOPIINOHATIBHO TOIBKO
log(Y). OT0 OTKpBITHE OBLIO MPAMBIM CJIEACTBAEM TOTO, YTO 5 3aCTABUI Ce0S MyMaTh B TEPMUHAX OTIEIHHON
abcTpakTHON nepemenHon. [IporpaMMa Bo3BemeHUs B CTENEHb, KOTOPYIO s 3HAJ, OBIIA CIICMYIOIIEH:

z,y,z2:=X,Y, 1;
do y<>0 — if non 2| y— y,z:=y—1,z%xx
(0 2ly — nponycmums fi;
T,y :=x*x,y/2
od

OTa mocsjemHss MpOrpaMMa OdYeHb XOPOIIO M3BECTHA, MHOTHME W3 HAC MPUIILIA K Hell HEe3aBUCUMO NIPYT OT
npyra. Ilockombky mociemsee BO3BeleHWE T B KBAApaT, KOTIA Y CTAJ PABHBIM HYJIIO, YK€ U3JIMAIIHE, HA 3TY
IPOrpaMMy YacTO CCHUIAJINCH KaK HA IPUMEP, HONTBEXKIAIOIINN HEOGXOMUMOCTH UMETh TO, UTO MBI HA3BAIIN ObI
"IpOMeXyTOUHHBIME Bhixomamu’. [IpuHUMAas BO BHUMAHUE HAIY MPOTPAMMY, s TMPUXOXKY K 3aKJTIOUEHUIO, 9TO
9TOT HOBOI CI1a0.

Cenpmori pumvep

Hnst ¢ukcuposanuoro suadenus n (n > 0) 3amana dysxuus f(i) mns 0 < ¢ < n. IpucBouts Gymesoi
TIEpEMEHHON ~8cewecms’ TaKOe 3HAUEH!Ee, YTOOBI B KOHEUHOM PE3yIbTaTe CTAJIO CIIPABEIIMBBIM

R: sceweemyb = (Vi : 0 <i<n: f(i) =6)

(OToT mpUMep OGHAPYKWBAET HEKOTOPOE CXOLCTBO CO BTOPHIM MPUMEPOM NAHHOI TJIABBI. 3aMETHWM, ONHAKO,
YTO B 5TOM IIPUMEPE HOMYCKAETCS PABEHCTBO 1 HYJIO. B TakoM cilyuae MHTEPBAJ BO3MOXKHBLIX 3HAUEHUN IS
kBaHTOPa "V’ MyCT U HOIKHO GBITH BEPHBIM, 9TO 6CEWECTNb = UcMuKa.) 110 aHAJIOrUU CO BTOPBIM IPUMEPOM
BBEIIeM UHBAPUAHTHOE OTHOIIIEHUE

P: gceweemb = (Vi:0<i<j:f(i)=6)and0<j<n

[IOCKOJIBKY 3TO OTHOLIEHUE JIETKO CoejaTh ucTuHHbIM npu j = 0 u ¥ Tomy xe (Pand j = n) = R . Enuncrsen-
HO€, YTO MBI NOJIXKHBI CIOENIaTh, 9TO HOHITH, KAK yBeauunBaTh j npu uaBapuanTaHocTu P. IlosTomy Gepem

wp("j =74+ 17, P) = (6cewecmb= (Vi: 0<i<j+1:f(i)=6)and0<j+1<n

CrpaBemimBOCTDb MOCIIEIHErO YieHa CileflyeT u3 cupasemuBocT Pandj # n; U B 9TOM HET HUKAKO TPOGIIEMBI,
TaK KaK MBI XK€ PeIWIN, 4TO yCJIOBUE j F* M, B3ITOE B KAUECTBE IMPENOXPAHUTENIsI, SBIISIETCS OCTATOYHO
cy1abbIM, 9TOOBI Oe/IaTh BHIBOALL O 3HAYEHUN



