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AHHOTAIMA. B pabore onmcaH NpOTOTHUII CUCTEMBI IIPOTHO3UPOBAHUS Alllla-
parabiX cboeB. IIpesamnonaraercsi, 4o 06 OTKa3e y3J/a KJIACTEPHON yCTaHOBKH
MOXKHO y3HATb 3apaHee Ha OCHOBE IIOKA3aHWI CEHCOPOB: TeMIIEpaTypa IPOIec-
Ccopa, CKOPOCTh BPAIIEHUS BEHTUJIATOPA, Hanpskenne. OMuCbIBaeTCsa MOIX0 K
IIOCTPOEHMIO MPOTHO30B M aHAJIU3Y MOKa3aHUU ceHCOpoB. OIUCHIBAETCS aJIro-
PUTM ONpPEEJICHUsl OIIACHOTO COCTOSTHUS KJIACTEPHBIX CUCTEM.

1. Beegexue

OcHoBHAasl TeH/ICHIIUSI B PA3BUTUN BHICOKOIIPOU3BOIUTE/ILHBIX TTapaJl-
JICTBHBIX KOMITLIOTEPOB COCTOUT B TOM, YTO CPEIHEE YHCII0 BHIYUCIUTE b
HBIX y3JI0B, 0Opa3yIOIMX KJIAacTep, pacTeT ovdeHb ObicTpo [1]. Omgaako ¢
pOCTOM pa3Mepa KjacTepa BO3pacTaeT W BEPOATHOCTL BLIXOJA U3 CTPOST
KOMIIOHEHTOB KJjacTepa. Jljis BbICOKOIPOM3BOAUTEILHOIO KOMIIBLIOTEPA,
BKJIIOYAIONIEro B cebsl THICSYU IIPOIECCOPOB, YKeCTKUX JUCKOB, MOJIyJIelt
HAMATH U BEHTHJISATOPOB, BEPOATHOCTH OTKA3a BO3PACTAET BO MHOTO pa3
10 CPABHEHUIO C OJJHOIPOIECCOPHOII yCTaHOBKOM. B cBsA3M ¢ 3THM 0co6oe
3HaYeHHe IPUOGPeTaeT 3a/a4a 00eCIedeHrs HAJECKHOCTH BBHIYUCIATE b
HBIX y3JI0B KJacTepa.

CyInecTByeT HEeCKOJIBLKO MOAXO0B, ¢ IIOMOMIBI0 KOTOPBIX MOXKHO JIO-
CTUTHYTb HEOOXOMMOT0 yPOBHs oTKazoycToftunpocTr. OUH U3 CrIoco6oB
COCTOUT B CO3JAHMU HU30BITOYHBIX AlAPATHBIX CPEICTB C HOIIEPKKOI
«ropa4ero» noAx/odennd. JIpyro crnocod yBeJIudnTh YPOBEHb OTKa30-
YCTOHYMBOCTH — IMPOTHO3UPOBAHKE allllapaTHBIX c00eB. DTO HepCIeKTUB-
Has KOHIICIIHs, 6Jaroaps KOTOPOil MOXKHO CHH3HTL BePOSTHOCTL BO3-
HUKHOBEHHS allllapATHBIX cO0eB, OTHOBPEMEHHO CHHU3HB 3KCILIYATAIOH-
HbIe 3aTPaThL.

*
NIpencrasaeno no temaTtuke: IIpoepammnoe obecnevwerue Ois cynepOBM.



52 A. A. ApaentoB, A. A. MockoBckuit, A. FO. IIepBun, M. B. CToukuit

Harre ucciiejoBanme HapaBjeHo Ha pa3pabOTKy MHTEJIEKTYAIbHON
Cucrembt IIporuosuposannsa Orkazos Knacrepubix YcranoBok (cokpa-
menno CIIOKY) [2], B3anmozeiicTByIomIeil ¢ pa3iIndHbIME KOMIIOHEHTA-
MU BBIYHC/IATEJIbHBIX KJIACTEPOB [3| (IaTduku HApsiKeHUsT HA MATE€PUH-
CKOI1 TIj1aTe, CEHCOPBI TEMIIEPATYPhI IIPOIECCOPA, CTATUCTUKA HUCIOJIb30-
BaHWs CeTeBOil KapThl U apyrue). Mbl cauraeMm, 4To aHAIU3UPYs JIUHA-
MUKY Pa3BUTHUsl «3J[0POBbsI» KjacTepa, HaIlle IPOrpaMMHOe obeciievdenne
OyeT crmocoOHO MPOTHO3UPOBATE allapaTHble COOU, MPeIOCTaBIATD UH-
dopmaruio o cocrosiHUN KiaacTepa. TakxKe Takas CHCTEMa JOJKHA IIpe-
JIyIPEXK/IATh O BO3MOXKHBIX HEIOJIQJIKAX B TEKyIeil paboTe KiiacTepHON
YCTaHOBKH, TAKMX KAK IEPErPEeBbl, CKAYKU HAIIPSI?KEHUST U JIP.

2. Apxutektypa CIMOKY

PazpabarpiBaemasi cucremMa IIPOrHO3MPOBAHUS COOEB MOCTPOEHA HA
npuHIune BeO-cepBucoB. s TOro 4ToObI MOANMUCATHCS HA YCIYTY MPO-
rHO3UPOBaHMs ¢O60EB, HEOOXOJAUMO YCTAHOBUTH MAKET MPOrpaMM « AreHT»
Ha 1esieBoit Kaactep u coobmuts opranu3aropam CIIOKY yuernyio un-
dopmarnuio o kiaacrepe. Pabory CIIOKY MoxkHO pazdburs Ha cjieLyionme
[IyHKTHI:

e Ilepsoril mar — usByeyenue nepsuuHoil undopmaruu. Ha kia-
crepe, MOJIIIICAHHOM Ha YCJIyTy ITPOTHO3UPOBAHUS COOEB, 3AITyC-
Kaercs cuernuaibHas nporpamma «COOpIMUK», BXOIAAIIAS B CO-
craB «ArenTay, KOTOpasi OTBEYaeT 3a MOJIydeHne MHMOPMAIUn
ot cerncopoB. CO0Op JAHHBIX MPOU3BOJUTCS MEPUOIUICCKH de-
pe3 paBHBbIE HHTEPBAJIbI BPEMEHHU, KOTOPbIE TIPU HEOOXOIMMOCTH
MOXKHO U3MEHSITh.

e Ha ciesyromem mare HaKOILUIEHHAS] CTATHCTHYECKAsT MHMOPMa-
IHsI OT CEHCOPOB TIEPEChLIACTCS BO BPEMEHHOE XPAHUJIHINE Ha
TOJIOBHOM BBIYHCJINTEIBHOM y3Je Kiacrepa. lajee jaHobie B
CXKATOM BHJIE TIEPEAIOTCS B MEHTPAJIBHOE XPAHUIIHINE JJIs O~
ciesytomneit 06paboTK.

e Tperwuii mar — xpanenue u aHaju3. Ha 5ToM mare HaKoILIeHHAST
nHOpMaIys aKKyMyJIMpyeTcs B obiee Xxpaunuiuine. /lanubie o
MTO/IMMMCAHHBIX KJIACTEPAX XPAHATCS B PA3JIMIHBIX JOKYMEHTAX
e/nHOM 0a3bl MaHHBIX. Bo m3bekaHne HeXKeJlaTeJbHBIX [OTEPh
JIAHHBIX PEryJIsipHO IMPOU3BOJIUTCS PE3epBHOE KOIMpOBaHue Ha-
3bI JIAHHBIX C IMOCJIEIYONIAM apXUBAPOBAHUEM. TakuM 0b6pa3oM
B IEHTPAJIHLHOM XPAHWJINIIE JOCTYITHA WHMOOPMAIUSI O COCTOsI-
HUU KJIACTEPa 3a BeChb MIEPUO/T MOJIUCKH.
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Puc. 1. Cxema B3anmMoIeiiCTBAS KOMIIOHEHT M IIOTOKOB
JTaHHBIX B CHUCTEME

B mameit peasimzaiiuu MCIOJIb3yeTCsS CUCTEMHBIN IJIAHUPOBIIUK 3a-
Jlad JIsl TOTO, YTOOBI MEPUOAMIECKH 3amycKaTh «COOPIUKy Ha BBIYUC-
JINTEJIbHBIX y3J1aX KJacTepa ¥ IepefaBaTh NH(OPMAIMIO OT CEHCOPOB B
nenTpaabHoe xpanmimiie. Tekymuii mpororun CITOKY crocoben mosy-
9aTh OT CEHCOPOB MHMOPMAIMIO O TEMIIEPATYPE IPOIECCOPA, HAIPIIKe-
HUHU, CKODOCTU BEHTUJISITOPOB U KOJMYECTBE OIMIHOOK Ha CETEBBIX MHTEP-
deiicax.

Berrmme nepeunciennas nHMOOpPMAIU O «3/I0POBLE» KJlacTepa Iepe-
naerca u xpanurcd B dpopmare XML [4]. Hecmorps na odeBuumnyio us-
6brrounocTs XML jyrst XpaHeHHs! CEHCOPHBIX JTAHHBIX, MBI JyMaeM, 9TO
XML CYB/I cyiecTBeHHO YyIPOCTHT CHUCTeMy B 1ejoM. Mbl Hajeemcs,
9TO, B KOHEIHOM CYeTe, HAKJIAIHBIE PACXO/IbI OKAYKYTCS HEBEJIUKU.

3. Mportxo3s
3.1. Anroputmbl nporHo3suposanua ans CMOKY

OCHOBHOE Ha3HAYEHWE CHUCTEMBI ITPOrHO3MPOBAHUS COCTOUT B TOM,
9TOOBI CTPOUTH TOYHBIN MTPOTHO3 COCTOSIHUSI y3Jia KJACTepa W BOBPEMsi
COODIIATEH O BEPOSATHON MTOJOMKE 000PY/TIOBAHUSI.

st Toro 9To6bl TOCTPOUTH MPOTHO3, IO HEKOTOPOMY ITPOMEXKYTKY
BpeMeHu (IIepUOJi OCHOBAHMs IPOTHO3a) CTPOUTCS AIIPOKCUMUPYIOIAs



54 A. A. ApaentoB, A. A. MockoBckuit, A. FO. IIepBun, M. B. CToukuit

bYHKIWS, KOTOpasi 3aTeM BBIYUCJISIETCS B JIPYTOM [IPOMEXKYTKE BPEMEHU
(mepuost ynpekjeHus IIporuo3a). B xoe uccienoBanus ObIIO PACCMOT-
PEHO HECKOJIBKO aJI'OPUTMOB IOMCKa NpubmKaronmx yaknmit. Cpean
HUX OBLJT BBIOPAH AJITOPUTM, OCHOBAHHBIN HA METOJ/I€ HAUMEHBINNX KBAJI-
PATOB, B KOTOPOM AIMTPOKCUMUPYIOMIast (hyHKIUs UIETCs B BUJIE JINHE-
HOIl KOMOWHAIINM HEKOTOPBLIX 3apaHee BBIOpAHHBIX (DYHKINN, HA3bIBae-
MbIX GasucHbiME [5]. Tak Kak 3HaYeHMsI OIEHUBAEMbBIX [IAPAMETPOB Orpa-
HUYEHBl M 3a9aCTYI0 MEPUOJAMYHBI, TO B KadecTBE OA3UCHBIX (OyHKIIMIA
ObLIN BHIOPAHBIL cos(%x), sin(i—’:x) u 1, rue a; 3a7a10T IEPUOIBI KOJie-
bannit. KoadpurmenTsl TUHEHHON KOMOUHAIINN BBIYUCSIOTCS ABTOMA-
TUYECKN JJIsi 33JAHHOI0 Habopa mapaMerpoB a,;. llosromy HeoOXOmMMO
3apaHee BBIOpDATH TAKWE @;, KOTOPBIE COOTBETCTBYIOT CE€30HHBIM HEPUO-
JlaM KojiebaHmii HADJIIOMAEeMbIX XapaKTePUCTUK. V3HaYa/lbHO 38 OCHOBY
OBLIN B3STHI TIEPUOJILI JIJIMHON B TOJI, MECSII, Heje o u cyTku. Ho atu me-
PHOJIBI XOTh U OMUCKHIBAIOT OOIILYIO TEHJIEHITUIO TIOBEJEHUsI ITPOIHO3UPYe-
MBIX BEJIMYUH, HO 3a9aCTYI0 HE JJal0T JOCTATOIHO TOYIHOI'O IIpI/I6J'II/I)KeHI/IH.
[TosToMy HpennpUHUMAIOTCS BCSYECKHE MOIBITKU JOMOJHUTD TEKYIUAN
HA0OP TEPUOJIOB @;, HAIPUMEDP YETBEPTH I'0JIa, MOJOBUHA CYTOK W T.II.
Ho unorja cucreMa cTajJKuBAeTCS ¢ TAKUME CHTYAIUSIMEA, TPH KOTOPBIX
HaJImgre JT00ABOYHBIX (DYHKIIWI JINIIb yXYIIIaeT Ka4ecTBO poruosa. 11o-
9TOMY B CHCTeME OBLT PEaM30BaH AJITOPUTM aBTOMATHIECKOTO TOI00Pa
ONTUMAJIHLHOTO TS TEKYIIei cuTyarun Habop mepnonos. Jjist 3Toro ObLIn
OIIpeJIeJIEHBI METO/IBI OIIEHKU KavIecTBa IPOrHO3a.

3.2. Mertogbl OuEHKN Ka4ecTBa NPOrHo3a

KadgectBo mporuosa onpezensiercss mapoif — TOYHOCTHIO IIPOrHO3A U
CTaHJIAPTHBIM OTKJIOHEHUEM. [Jie 1Mo/ TOYHOCTBIO MOHUMAETCS IMPOIEHT
TOYEK, MMONABIIUX B JIOBEPUTEIbHBIII HHTEPBAJI.

st TOro 9robBl BRIYUC/IATH TOYHOCTDH MPOTHO3a, HEOOXOIUMO I0-
CTPOUTD JIOBEPUTEHHBIN MHTEPBAJ ¢ HEKOTOPO (PUKCHPOBAHHON JT0CTO-
BEPHOCTDHIO IPOTHO3a, 4. JIJITMHA TOBEPUTETLHOTO HHTEPBAJIA BEIUHCIISICTCS
UCXOJIsi W3 IMEPUOJIa OCHOBAHWS IMPOTHO3a TAKAM 00pa30M, 9TOOBI Ieii-
CTBUTEJIbHOE 3HAYEHUE IOAIAJ0 B JIOBEPUTEJHHBIN HHTEPBAJ C BEPOSIT-
HOCTBIO (. IHAve TOBOPs, BRIOMpaeM TaKyiO NIMPUHY MHTEPBAJja, YTOObI
OTHOITIEHUE KOJIUYIECTBA MOMABIINX B [I0JIOCY K OOIIEMY KOJIMYECTBY 3HAa-
YCHUN PABHAJIOCH [i.
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Cranzapraoe (CpeJHEKBaJIPATUYHOE) OTKJIOHEHUE BBIYUCIIAETCS 110
n3BecTHOHN (hopMmyte

1 to+n

p—] > (@i — i)’

1=to

rie tg — HavYaJbHBIH MOMEHT BPEMEHHU, 1. — KOJMYECTBO TOYEK, T; —
3HAYEHUE CEHCOPOB B i-blii MOMEHT BPEMEHU, & Y; — COOTBETCTBYIOIIEE
3HAYEHNE ANMPOKCUMUPYIONel (MyHKIUH. 3HAYEHUs] CTAHJIAPTHOIO OT-
KJIOHEHHsI BCerja OOJIbIlle WJIM PAaBHO HYJI0. TeM caMbIM BBIYUCIISETCS
OTKJIOHEHHE JICHCTBUTEJIbHBIX 3HAYCHUII OT 3HAUEHUN AIllIPOKCUMUPYIO-
meit QyHKIWN.

Yem Oimzke K HYJTIO OTKJIOHEHUE, TeM OJIMzKe TTOKa3aHWs CEHCOPOB K
annpokcumupyomeit dyakmun. Yem 6mzke k 100% TounocTs, TeM 60J1b-
Il TOYEK IOIAJI0 B JIOBEPUTEbHBIN naTepBast. Ho T. K. JoBepUTEIbHBIN
HUHTEpPBaJI MOXKHO Oparh CKOJIb YIOJHO OOJIBIIMM, CTOIIPOIEHTHAsS TOY-
HOCTBH BCET[Ia MOXKET OBITh HOCTmKuMA. [109TOMYy HApsy C TOYHOCTHIO
CJIelyeT yIUTHIBATh JJINHY JOBEPUTEIHLHOIO UHTEPBAJIA.

3.3. Cuctema npeaynpexpaeHns BbiXxo4a 3a A0BepUTENbHbIE
MHTEpBabl

Ha ocmoBe ommcaHHBIX BBINIE METOIOB OIEHKHM KadeCTBa IMIPOrHO3a
paspaboTaHa crcTeMa IpeyIpeXK IeHNs] BBIXO/a MTOKa3aTe el JaTInKOB
3a, JOBEPUTEIHLHBIE MHTEPBAJIDI.

[lepuouiecku BBIMUCIAECTCSA alIPOKCUMUPYIONIas PYHKITUS BMECTE
C JIOBEPUTEJHHBIMI HHTEPBAJAMHU. 3aTeM KayK1as HOBAsl [TOCTYIIAOIIAs
CTaTUCTUKA IIPOBEPSIETCS] Ha HOPMAJIBHOCTD, T. €. BBIUUCIISIETCS B IIOCTY-
MUBIIEH TOYKE 3HAYEHUE ANIPOKCUMUPYIONMEH (DYHKIUN U OIEHUBACTCS
Pa3HOCTH TOTO 3HAYEHUSI C JEHCTBUTEIbHBIM (IIONAJIO JIU B JOBEPUTE/Ib-
HBIA vHTEpBaJ). B cydyae aHOPMAJLHOCTH CHCTEMA BBLICHLIACT QIMUHU-
CTPaTOPy KJIACTEPA JEKTPOHHOE MHICHMO C OIIOBEIEHUEM.

N3znavaabHoO cucTeMa pa3pabdarbiBaIach JIJisl aHAJIN3a CEHCOPHOIT cTa-
TUCTUKH, HO TAKOM TOIXOJ| MOYKeT OBbITh NPUMEHEH IIPpU aHAJU3€e Bpe-
MEHHBIX PsIZIOB JApyroro tuina. J[jas 5Toro HeobxoauMo momobparh Hy K-
woie yukimun. YTobbl 1006uThCs 0OJIee TOYHOTO MPUOJINKEHUS MOXKHO
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WCIIOJIb30BATh MOHATHE Koppessanun. Ecam HeKoTopas IOC/IeI0BATEb-
HOCTh {%;} CHJIBHO KOPDEJHpYeT ¢ HOC/Ie0BATEIbHOCTBIO, KOTOpasi 3a-
nmaHa yskimeit F', 7o F MOXKHO HCIIO/Ib30BaTh B IOCTPOEHUHU AIIIPOKCHU-
Mupyromieii yrkimu. B kagecrse F' TakzKe J0IyCTUMO OpaTh TabJIMIHbIE
dyHKIUYA, HEKOTOPHIM 00pa30M HHTEPIIOJIUPOBAHHBIE.

[Touck koadpdurmenTa Koppesauun peajn3oBan B cucreme. Hampu-
Mep, MOXKHO B KadecTBe TaOJUYIHON (DYHKIMH PAaCCMATPUBATH IIOKA3a-
HUsl TEMIIEpATyPhbl BO3/yXa B NOPOJIE, IIe PACIOJIOXKEH 00CITYKUBAEMBIN
kJyacrep. Bpumm nocunTansl KO3DOUIMEHTH MeEXKIy IOCJIEI0BATETBHO-
CTHIO TEMIIEPATYD BO3/yXa U ITOKA3ATEJSIMUA TEMIIEPATYP IIPOIIECCOPA JIJIs
kJacTepoB B ropogax Muuck u [lepeciaip-3asecckuit. [locie gero miist
kiacrepa «Ilepsenen-M» B Mucruryre IIporpammusix Cucrem PAH 6b1-
Jia, BBISIBJIEHA 3aBUCHUMOCTH MEXKJIy TEMIIEPATyPON BO3IyXa 33 OKHOM H
TeMmreparypoii nporeccopa. Ho mrs kimacrepa CKU®-K1000 8 O6bemau-
uneraroMm Wucruryre ITpobsem Nndopmaruku HAH Benapycu momo6Hoi
TEHJEHIUY He HaDJIIOIaeTCsl.

CrencTBreM 3TUX HAOIOAEHWH OBLIO BKIIIOYEHNE (DYHKIIUNHA TTOTOIHI
B aIlpoKcHMuUpYonlyto GyHKnuo. Temeps HA OCHOBE TPOTHO3a MOTOJIBI
Ha Heles0 (KOTOPBIN JIErKO MOYKHO y3HATH M3 KAKOIO-IN00 MCTOYHUKA)
MOXKHO CTPOUTH IIPOrHO3 TEMIIEPATYPHI IIPOIECCOPA.

3.4. Anroputm nogbopa Hawnyuweii KoMOMHauun 6a3ncHbIX
dbyHKuNiA

Paspaboran ajiropuT™M aBTOMATHYIECKOTO HOAO0Pa ONTUMAJIBLHOTO Ha-
6opa 6a3uCHBIX (DYHKIINI COTIACHO METO/IaM OIEHKH KateCTBa IMPOTHO3A.
s cpaBHEHMWsT TTPOTHO30B MeEK Ty cODOi Oblia BBeJeHa mTpadHasd Xa-
PaKTEPUCTUKA.

Qti = aQti—l + (1 - G)Qtw
Qy = Qo

Q:, = dS(1.1 —p)
rze t; — 9TO TEeKYIInii MOMEHT BPEeMeHMU; ty — HadaIbHBIIl MOMEHT BpeMe-
ui; o € [0, 1] napamerp, KOTOPBI ONpe/IeIsieT 3aBUCUMOCTD TEKyIero §)
oT 6oJIee CTapbIX JAHHBIX; d — IMUPUHA JIOBEPUTEJIHHOIO HHTEPBAJIA; S —
CPeHEKBaIPATUYHOE OTKJIOHEHHE, P — TOYHOCTH IporHosa. Ourumalib-
HBIM SIBJISIETCS TAKOI HAOOP Oa3uCHBIX (DYHKITUIA, JIJIsT KOTOPOT'O BEJTUYINHA,
) umeer Hanmenbinee 3uadenune. CiieyeT OTMETUTD, 9TO C POCTOM i pac-
T€T TOYHOCTH OIEHKH KAIeCTBa IPOrHO3a, YTO BJeUeT 3a coboit Oosee
aJICKBATHYIO AIMIPOKCUMUPYIONLYIO (DyHKITHIO.
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KomnuectBo koMOunarmit 6a3ucHbIX GyHKIUN 3aBUCAT SKCIIOHEHITU-
AJILHO OT UX YUCJIA, [I03TOMY AJIFOPUTM HOA00pa HAUIIY UIieil KOMOUHAIINN
6asucHbIX (YHKINH TPeOYeT MHOTO BBIUUCIUTEIBHBIX PECypcoB. UToOBI
YMEHBIINATH BpeMs pabOTHI aJIropuTMa ObLIa CO3AaHa MapauiebHas BEP-
cusl anropuTMa. B kadecTBe cpe/icTBa paclapaJisiesinBaHus Oblia BhIOpa-
Ha O6ubsmoreka Tsim 1maboHHbIX KJaccoB C++, peau3yrolast aBToOMa-
THYECKOe JUHAMHUYECKOe pacrapaJuresnBanne. TakuM o0pas3oM, cucrema
CIIocOOHA OIIPEIEJINTh ONTUMAJIBHBIN HAOOP (DyHKIHN, HAMIYyYIIIM 00-
pPa30M alIPOKCUMUPYIONNA HEJABHO IOJIYYEHHBIE JIAHHBIE OT CEHCOPOB
7 9KCTPAIOJINPOBATDL UX Ha OmKaiiiiee Oymayiee.

Asropur™m mobopa ONTUMAJIBHON KOMOMHAIME OA3UCHBIX (DYHKITHI
OBLI BCTPOEH B CUCTEMY IIOCTPOEHUS IIPOrHO30B. Pouib asropurma 3aKiiio-
9aeTCsl B TOM, 9TOOBI «OTCEMBATH» OAa3MCHBIE (DYHKINU, KOTOPHIE MMEIOT
MaJIyI0 KOPPEJISIIUIO ¢ TOKA3aHUSIMI CEHCOPOB Ha KjacTtepe. Tak Hampu-
Mep, €CJIM MBI CJIEJUM 33 KJIaCTEPOM, KOTOPBIH HAXOIUTCS B CHEIHATBHOM
[TOMEIIEHNHN, TEMIIEPATYyPa B KOTOPOM HE MEHSETCH B TEUYEHUU CYTOK U B
TEYEeHUH TOja, TO MOYKHO C YBEPEHHOCTBIO CKa3aTbh, YTO TEMIIEPATYPa
BO3/IyXa Ha yJINIE HUKAK He MOBJUSIET Ha TeMIeparypy mporeccopa. U
[IO9TOMY IIPHU IIPOTHO3MPOBAHUU MOXKHO HE yIUTHIBATH (DYHKIIAIO IIOTO-
nbl. Takske ecyu JiJist KAKOrO-TO KJIACTepa CTATUCTUKN HAKOILIEHO B Oa3e
JIAHHBIX BCETO JIUIIb 33 MECHIl, TO, IPU COCTABJIEHNHU IIPOTHO3a, HE MMEET
CMBICJIa YYUTHIBATH I'OJOBBIE MJIN HOJIyT'OJOBbIE KOJIEOAHUS.

3.5. Web—unTepdeiic

B 11060it MOMEHT MOJTH30BATENN KJIACTEPA MOT'YT IIPOAHATN3UPOBATH
CTATUCTUKY C I[OMOINBIO OIMUCAHHON paHee CUCTEMbI, HCIOJb3ys B Ka-
JecTBe MHCTpyMeHTa web-unTepdeiic. B web—unrTepdeiice HEobx0mmMO
YKa3aTh MMsl y3J1a B KJIacTepe, MPOIeccop, KAKYK XapaKTEPUCTUKY U300-
pa3uTh (TeMIiieparypa Ha IIPOIECccope, CKOPOCTh BPAIEHUsT BEHTHIISITODA,
HANPsZKEHUe U T. JI.), BIOpATh MEPUOIbI YIIPEXKIEHUA U OCHOBAHUS IIPO-
rao3a. B Web—unrepdeiice ecTb BO3MOXKHOCTH BBIOOpa HAbOpa Oa3UCHBIX
dbyHKIWIT, KOTOpbIe OY/IyT y9acTBOBATH B COCTABJICHUN ITPOIHO3A.

Nmeercst omust HOCTPOEHUST JIMHUIA, COOTBETCTBYIOIIUX JTOBEPUTEIb-
HBIM HHTEPBAJIAM, C IMOMOIIBI0 HUX MOXKHO YBHJIETh, HA CKOJBKO TOYHO
cTpouTcst MpOrHO3. TakKe BBIYUCISIIOTCS TOYHOCTH U CTAHJIAPTHOE OT-
KJIOHEHHe IIPOrHO3a B CJIYyUae, eCIM UMEeeTCsl CTATUCTHKA BHE TIEPHOJIA OC-
HOBAHUSI ITPOTHO3a, IMOMABINAs B IEPUOJl yIPEXKIEHHsT TPOrHo3a. Takum
06pa30oM, MOJIH30BATENb MOYKET CaM OIEHUBATH KAYECTBO MPOTHO3A.
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Tenperature (0}

Puc. 2. rpaduk c TemmeparypamMu Ha [IpOIECCOPE

Ha puc. 2 u puc. 3 npeacrasiensl mpuMepsl TPaAQUKOB, TOCTPOEHHBIX
¢ TOMOIIBI0 web—uHTepdeiica. Obo3HaYEHHBIE KPACHBIM IIBETOM TOYKH —
dakTuueckue 3HaYeHUst OT ceHcopoB. CpelHsisi CUHsIsSI JIMHUSI COOTBET-
CTByeT TpaduKy anmpoKCUMUPYIOIIel (DYHKIUH, 8 BEPXHsIS U HUMKHSIA —
rpadukaM arpoKCUMUPYIOIIeil GYHKIINY, CIBUHYTON Ha BEJIMIHHY JOBe-
PUTENBFHOrO nHTEepBaJia. BeprukaibHas huoIeToBast JINHAS OTOOPaKaET
[IpaByI0 TPaHUILy [MEPUOJa OCHOBaHUs IPOrHo3a. lIporne rosopsi, ciesa
oT (proJIeTOBOI JIMHUU OTOOParKEeHbI MOKA3aHUs CEHCOPOB, Ha KOTOPBIX
OCHOBBLIBAETCSI IIPOTHO3, U MX AIIIPOKCUMAIUs, a CIpaBa — IIOKA3AHULI,
KOTOpPBIE [IPOrHO3UPYEM, U CaM IIPOrHO3.

Web-unTepdeiic — sto CGI (Common Gateway Interface) mpuio-
JKeHne, HAIIMCAHHOe Ha si3blke mporpammupoBanust Perl. Tlosp3oBaresns
3amoJiHsieT (popMy umHTepdeiica u mojgydaer rpaduk, HAPUCOBAHHBIA C
TOMOIITBI0 TTporpaMMbl gnuplot. /I pucoBanust rpaduKOB UCIOTB3YET-
¢t MOZYJIb Jyist sizbika mporpammupoBanusi Perl Chart::Graph::Gnuplot.
OcHoBbIBasiCh Ha MH(MOPMAaIUU, BBEIEHHOI 0JIb30BaTeieM, Perl-ckpurrr
cocraBJigeT apryMenTsl Juis dbyukimu gnuplot(), koTopas onpeesena B
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fan speed for processor cpul of node-12 in the cluster skif.botik.ru
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Puc. 3. rpaduk co cKopocTsIMU BEHTHIIATOPA Ha [IPOIIECCOPE

mogysie Chart::Graph::Gnuplot. lajnee 6ubinorednbie (GyHKIME TeHEPH-
PYIOT CKPHIIT, B KOTOPOM yKa3aHbI BCe HEOOXOAMMBIE OIIIUA 1 TIAPaMeTPHI,
[OCJIE Yero MPOUCXOJUT BBI30B MIPOrPaMMbI gnuplot ¢ 3TUM CKPUIITOM B
KavecTBe apryMeHTa.

4. BobiBogbl

B xome uccienoBaTebckoii paboThl ObLI pa3paboTaH IPOTOTHII CHU-
CTeMBI ITPOrHO3UPOBAHMS AllllapaTHbIX cOoeB. MbI mojiaraem, 9To Halla
pa3paboTKa MOXKET IOBBICUTH HAJEKHOCTh KJIACTEPHON YCTAHOBKU JIJIsT
MMOJIb30BATENIEH U B TO K€ CaMO€ BPEMsi YMEHBINNUTH ODIILYI0 CTOUMOCTD
BJIaJIeHUs KjacTepoM. IIpoToTun ycraHOB/IEH W TECTHPYETCS Ha KJIACTe-
pax «Ilepsenen-M» B Mucruryre nporpammubix cucrem PAH, CK®-
K1000 B O6beaunenrom nacruryTe 1podsem nadopmaruku HAH Bena-
pycu, Ha KJacTepe BbraucauTebHOro komiuiekca HUBIL MI'Y, na xia-
crepe Infinity FOxxHO-Ypaabckoro rocyJapcTBeHHOrO yHuUBepcuTeTa. B
[EHTPAILHOM XPAHUJIUINE HAKOIJIEHA CTATUCTHYECKas mHpOpMaIms 00
9THUX KJIACTEPaX 38 TECTOBBIN IepUOI,.
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Hecmotps Ha TO, uTO HaIra pa3paboTKa OpHEHTHPOBAHA [TPEXKIE BCE-

T'0 Ha pa60Ty B BBICOKOIIPOU3BOAUTEJIbHBIX KJjIaCTe€paX, OAHAKO, MbI I10JIa-
raeM, 9TO CepBUC IIPOIrHO3UPOBaHUA OTKa30B MOZKET OBLITh BOCTp€6OBaH
JJIA APYTUX CUCTEM, TaKNX KaK OaHKU JaHHBIX, (I)eprI CEepPBEPOB U J[axKe
IIepCoOHaJIbHbIE€ KOMITbIOTEPDLI.

BnarogapHocTtn

Hanmast pabora 6bliIa YaCTUYIHO HOIEPKAHA W BBIOJHSAIACH B PAM-

Kax rpoekta «CpaBHUTEIHLHOE MCCIEJIOBAHNE TTAPAMETPOB U XapaKTepu-
CTUK IIEePCIHEKTUBHBIX allllapaTHO-IIPOIPAaMMHBIX apXUTEKTYD KJlacTep-
HBIX MYJIBTHIIPOIECCOPHBIX CHUCTEM>».
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ABSTRACT. This paper is devoted to research of the failure predictive analysis systems. We
consider several ways to achieve necessary level of reliability of hardware components of
compute clusters. We introduce the prototype of the cluster hardware monitoring system
for failure predictive analysis and its applications in real conditions.
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