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AJTATITUBHOE YITPABJEHUE BEIYNCJIUTEJIBHBIM
MPOLIECCOM
B YCJOBUSAX BO3JEMCTBUS CNIEII®AKTOPOB

"N.1O. Yepnsasckuii, k.T.H. 1.H. Yenunp
(mpenctaun npod. a1.1.H. E.U. boOsIp)

B crarbe npegnaraercs cnoco0 moBbiIeHHs ycTounBocTH OBM, dyHkuuno-
HUPYIOIIEH B YCIOBUSX BO3JEUCTBUSA cie(paKkTOpPOB.

OmnbIT pa3paboTku U sKciryatauuu OBM mokasbBaeT, 4To OJHON U3
HanOoJiee BaXXHBIX MPo0JIeM ABIIsIeTCsl oOecrnedeHne ycTonunBoil padotel OBM B
YCIIOBUSIX BO3JIEUCTBUSA CIIEL(DAKTOPOB.

OnuH u3 cnocoOOB MOBBIMICHUS MOMeXo3anuieHHoctTd 9BM B ycioBusix
BO3/JCHCTBUS cnen(dakTopoB 3TO YMEHbIIEHUE BPEMEHHU CKPBITOTO CYIIECTBOBa-
HUS UCKakeHHOM nHpopManuu. C 3TOH 1eblo B cOBpeMeHHbIX DBM ucnosnb3y-
eTcsl KOMOMHHUPOBAHHBIA MPOTPAMMHO - aNNapaTHbI KOHTPOJIb 32 XOJIOM BbI-
yuciurensHoro npouecca (BIT) [1, 2]. Tlpu atom anmapaTtHbiii KoHTpoJib (All)
MO3BOJISIET (PUKCUPOBATH OLIMOKY Cpasy MOcje €€ MOSBICHUS, OXBaThIBAET MpakK-
TUYECKU Bce o0opynoBaHnue DBM, KOHCTPYKTUBHO OOBEIMHEH C KOHTPOJIHUPYeE-
MbIMU OJokamu U y3namu OBM. AK mno3BosiseT onpenenutb 10CTOBEPHOCTD, T.
€. ICTHHHOCTh pe3yibTaTa padbotel 9BM B TOM ciydae, eciu y3ibl 1 610ku 9BM
(GYyHKUIMOHUPOBAIM MPaBUWIIbHO U curHan omnOku AK He Obul BbIIaH, 1100 KO-
raa 61oku u y3ibl 9BM QyHKIIMOHMPOBAIM HETIPABUIIHLHO M 3TO 3aUKCUPOBAIIN
cpenctBa AK. ITpu Bo3neiictBum crieudakropoB Ha D9BM, cpencrBa AK noasep-
raloTcsl UX BO3ACUCTBHIO TaK XK€, KaK W BCE OCTalbHbIE OJOKU U y31bl OBM
(puc. 1).

[ToMHMMO MCTUHHBIX PE3yJIbTATOB PabOTHI MPU BO3ACUCTBHM CIieL(PaKTOPOB
cpeactBa AK MOryT He oTpaxarh JeUCTBUTENbHOE cocTosiHue DBM. Bo3mMoxHbBI
CJIEAYIOIIME CITyYau:

0s10ku ¥ y3716l DBM QyHKIMOHUPYIOT HEMPAaBUIBLHO, HO CUTHAJI OIITMOKHU OT
cpexnctB AK orcyTcTBYyeT;

os0ku 1 y31el OBM paboTatoT npaBuibHO, HO cpeacTBa AK curHanusupy-
0T O HAJIMYUU OIMUOKH (JIOKHBIA CUTHAI OITHOKN).
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B nepBoMm ciywae npomyck ommOku cpencrBamu AK BbI3BaH WM HECHO-
cobHocThi0 AK 0OHapy»KHBaTh OIIMOKY BBICOKON KPaTHOCTH B OJIOKaxX W y3Jiax
OBM [5], wim u3 - 3a oTKa3a KOMIIOHEHTOB cpenctBa AK mpu Bo3neicTBuu
cnerdakTopoB. Bo BTopoM cirydae J0KHBIA CUTHAT (GOPMHUPYETCS U3 - 32 TOTO,
4TO Cpel-

Bxonnrnie
JTaHHBIC BrixoaHoit
pe3ysbTaT

Crrent bnoku u y3misl1 _
dakTo 5BM

CB |- AK

Pucynokl - CB - cucrema BoCCTaHOBIICHUSA

ctBa AK HegocTaToOuHO CTOMKHU K Bo3aeHcTBUIO creldakTopoB. JloxkHbie oOpa-
OaThIBaHUS WM HEOOHApPYKEHUsSI ONTMOOK BBICOKOW KpaTHOCTH cpeacTBamu AK
TIPUBOIAT:

K BO3MOKHOCTHU BbIJIa4M HEJIOCTOBEPHOTO pe3yibTaTa 110 Toro, kak I1K 06-
HapY>KuT ouOKy (puc. 2);

HaReaOXBIF MCFR TPOBENCHUSGBOKHBIX 1 JUTHEEA-HbI o ROQuip® B Boc-
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HUS OIIHOKYU U OoOHapyKCHUS

npormyck ee [TK omn6oku [1K

KT - KOHTPOJIBHBIC TOYKH

PucyHnok 2 - Bo3M0XXHOCTb BbIJa4¥ HETOCTOBEPHOTO PE3YJIbTaTa

[Tpu Hanuuum CKpHITHIX OoMMOOK nH(popmanuu ot cpeacts AK nms Boccra-
HoBieHus: BII ner. [loaTomy oOHapykeHHE OIIMOOK MPOBOJIUTCS TOJBKO MPO-
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IPaMMHBIM METOJIOM, 4TO Hexomyctumo ansi OBM, paboraronmx B pearbHOM
MaciiTabe BpeMEHHU, B CUCTEMax yIpPaBJIE€HUsI 00bEKTaMH MOBBIILIEHHON OnacHo-
CTH.

[ToBbIlIEHNE JOCTOBEPHOCTU pE3yibTATOB (PYyHKIMOHUpoBaHus OBM B
YCIOBUSIX BO3JCHCTBUS CIEL(PAKTOPOB U COKpAIICHHE JOXKHBIX BOCCTAHOBICHUN
BO3MOXKHO JIMOO 3a CUET BBEACHMS AOIOJHUTEIBHOW ammapaTypsl, JuU00 mpo-
rPaMMHBIX Ipoluenyp auarHoctupoBanus cpeacts AK. Pemmrts 3Ty npobiemy B
[5, 6, 7] nbITaroTcs 3a CUET HAJEKHOW 3alUTHl MCIOJIB3YEMBIX B HACTOSIIEE
BpEMSl allapaTHBIX CPEJICTB KOHTPOJISI OT BO3AeHCTBUs criel(akTopoB. JlaHHbIE
METO/IbI MO3BOJISIIOT CHU3UTH YPOBEHb BO3JCHCTBHUS CHEL(PAKTOPOB, OAHAKO HE
VCKJIFOYAOT €r0 MOJHOCTBIO.

Takum o0Opa3oMm, IpU HEBO3MOXKHOCTH OOECIEUEHUS] BBICOKOW CTOMKOCTH
JIOTIOJTHUTEIILHOM amnmapaTypbl KOHTPOJsS, JTOCTOBEPHOCTh (DYHKIHOHUPOBAHUS
OBM He nossimaercs, a npumeHenne MetofoB 11K B o0miem citydae, IpuBOAUT K
HEIIPOM3BOJIBHBIM 3aTpaTaM IMOJIE3HOro BpeMeHH OBM, 4To mpu BBICOKOW HH-
TEHCHUBHOCTH 3alIPOCOB Ha PEIICHHE 3a7a4 MOXET ObITh HEJJOITYCTUMBIM.

[ToaToMy 1715 MOBBIILIEHUSI TOCTOBEPHOCTH (yHKIIMOHUpoBaHUS DBM mpu
BO3JICUCTBUM CIEL(PAKTOPOB MpeaiaraeTcsi Crnocod MpOrHO3UPOBAHUSA TEXHHUYE-
ckoro cocrosinus cpeactB AK, y310B u 610k0B 9BM 1o paHHbIM 00 37€KTpoO-
MarHuTHoO# oOctaHoBke. [Ipu 3ToM mpencraBum OJ0ku H y3i16l OBM B kauecTBe
o0BbeKTa ajanTalum, a cucreMy BoccraHoBieHus: Bl B kauecTBe aganTupyrone-
ro ycrpoiicta. [ns storo ciayyas o0o6menHas cxema 9BM moxer ObITh npea-
CTaBJICHA B cleayrolleM Buae (puc. 3).

X biioku u y3ns1 9BM
MU ‘“
X _fenrclo| CB L | AK X
Yl X Yo

Pucynok 3 - O06001ieHHas cxema BO3AeCTBHS Criel(pakTOpOB
Ha OJy0kH u y37161 OBM

Ha puc. 3 nokasano, uto Ha 60ku 1 y31sl DBM BozaeiicTByeT cpena X, B

KOTOPOM OHH pacriojiararotcsi, ¥ ynpasJisomniee Bozaeiicteue U, renepupyemoe
cuctemoit BocctanoBieHus (CB) BeIuMCIUTENBHOTO Tpoliecca. J[Jis moBbIIeHHs
IocToBepHOCTH (GyHKIMOHUpOoBaHus DBM B ycnoBusix, koraa cpeactsa AK BbI-
JAl0T MH(OpMALMIO, HE OTPAKAIONIYI0 PEAlbHOE COCTOSIHUE OJIOKOB U Y3JIOB
OBM, npencraBisieTcss BO3MOKHBIM HCIOJIB30BAaTh JAHHBIE O COCTOSIHUM BHEIII-
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Hel cpensl X, COPMUPOBAHHON HM3MEPHUTEIBLHBIMH 3JIEMEHTAMH CPEJCTB IPO-
rHo3upoBanusi Texuudeckoro cocrosinust (CIITC). Ha ocHoBanuu naHHOW WH-
¢dopmarmu B CIITC BeIpabaThiBaeTCs MPOrHO3HAs MHpOpMaIys Y1 O TEXHHYE-
CKOM cocTosiHuu 0710k0B U y3710B DOBM u cpencts AK ans CB. Cucrtema Boccra-

HOBJICHUS] OLICHUBAET CTENEHb JOBEPHUs cpeACThipepkBaHnpaMaeT penieHue o
MyTAX MPOBEJACHUS BocCcTaHOBIEHUs. Jlanublii MeXdamsUipéeiictaBnen Ha puc. 4.
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Pucynok 4 - Anroputm nporecca NpuHSITHS PEIICHUS O BOCCTAHOBJIECHUHU

HccnenoBanus mokaszaiy, 4TO TMOJyYSHUE MPOTHO3UPYyEMOW HHGOpMAIuu

Y, 0 TeXHHUYECKOM COCTOSHMH CPEICTB KOHTPOJIS, OJIOKOB U y3510B DBM st
pa3pabotku CIITC Bo3MOXeH myTeM MPUMEHEHUs METOJIUK OLEHKU U MOJeieit
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B3aumozeiicteuss OMU u HNUW Ha BHyTpuinkadHyio anmapaTypy THIIOBBIX
yctporictB OBM [5, 6, 7]. OHM O3BOJISIIOT y4eCTh OOIBIIOE KOJUYECTBO PA3HBIX
($akTOpOB, CBA3aHHBIX C KOHCTPYKTUBHBIMU OCOOEHHOCTAMU DBM, 1 n03BOJIAIOT
MOJyYUTh PAcueTHBIC JaHHbIC TIO0 HABOJKAaM Ha BHYTPHUIIKA(QHOM MOHTaXe MpU
paznuuHbIX popmax BozaeicTBus DMU.

PazOuenue mnpocTpaHCTBa MPU3HAKOB BO3ACHCTBHM crendakTopoB Ha
KJacchl 110 3G (EKTy BO3AEUCTBUS MIPEACTABUTENEH Kilacca Ha KaKIbIM U3 TUIIO-
BBIX y3JIOB M OJOKOB MO3BOJISIET IPUMEHUTh CXEMY CUTYAlMOHHOTO YIIPaBJICHUS
BBIYMCIIMTEIIBHBIM IpoLeccoM. Peanu3anus cxeMbl IPEAIoIaracTcs almnapaTHo -
IporpaMMHBIMU cpeacTBamu OBM.

st onteHkM JocToBepHOCTH (DyHKIIMOHMpOoBaHus DBM mipu Bo3aeicTBUn
cnendakTopoB, IPEACTABUM BCE COOBITHS (KOrJa CpeacTBa KOHTPOJsS (PUKCUPY-
IOT UCTUHHBIA pe3ynbTaT padoTsl OBM u xorja cpenctBa KOHTPOJS UCTHHHBIN
pe3yNbTaT HE OTPAXKAIOT) B MOJHYIO TPYIITY COOBITHI, OMHCHIBAEMYIO BbIpaXKe-
HUEM:

Pup(t) + Po.o(t) + Pyyo(t) + Pou(t) =1, (1)
rae Pnp(t) - BEpOSITHOCTh TMpaBWIbHOW paboTel DOBM mnpu Bo3neicTBUU
crnendakTopoB;

P,.(t) - BepostHOCTS BhIaun cpeacrBamMu AK curnana ommOKH MPH IPaBUIIb-
HOI paboTe y3110B 1 6;10k0B OBM;

P, .(t) - BepostHOCTS BBITAun cpencrBaMu AK curHama ommOKu Mpu Hempa-
BUJILHOUM paboTe y370B U 6;10koB OBM (BEpOATHOCTH JIOKHOTO CHTHAJA OIIHUO-
KH);

P,..o(t) - BepositHOCTH HeBbImaun cpeacTBamu AK curnana ommOKy Mpy Henpa-
BUJIbHOU paboTe OBM (BeposATHOCTH MPOITyCKa OIIMOKU CPEACTBAMU KOHTPOJIS).

B cootBercTBUU ¢ [4] BBeAeM MoKazaTedb JOCTOBEPHOCTH (PYHKIIMOHHUPO-
BaHusg OBM B yCHOBHSIX CJI0KHOW MOMEXOBOM CHUTyallUM, TJ€ JTOCTOBEPHOCTH
dbynkunonupoBanus 9BM ecThb ycinoBHas BEpOSTHOCTh TOTo, uTo AK oTpaxaer
UCTUHHBIA pe3ynbTaT (PyHKIMOHUPOBAaHUS OJI0OKOB U y3710B OBM mnpu ycrnoBuu
npomycka omuOku AK unu Hamuyust JI0KHOTO curHasia omuoOku Ha Bbixoge AK,
py BO3JIeHCTBUN cel[(haKTOPOB.

D(t) = Pyp(t) + Po.o(t)/( Pup(t) + Poo(t) + Py o(t) + Poy(D)) 2)
VYyuteiBas (1), norydum
D(t) = Pyp(t) + P o(t) 3)
WM, UHA4Ye
D(t) =1- (Pn.o(t) + Po.n(t)) 4)

142



[Ipy ogHOBpEMEHHOM aHAIM3€ TEXHUYECKOTO COCTOSHHS OJOKOB U Y3JIOB,
kak cpeactBamu AK, tak u CIITC ngoctoBepHocTh pyHKIIMOHUpOBaHUs DBM
OyJeT onpeaensiThes:

D(t) =1- (Pn.o(t) + Po.n(t))PchCa (5)

rie Pegre - BepositHOCTE Bhimaun CIITC ommbGouHOi HHGOPMAIMH O TEXHHYE-
CKOM cOoCTOsTHUH 0710K0B U y3110B OBM. B cBs3u ¢ Tem, uto CIITC npenmnaraercs
BKJIFOUUTh B COCTaB CUCTEMBI BoccTaHOBIIEHU (CB), TO MOKHO 3HaYUTENIBHO CO-
KpaTUTh JJIMHY JUHUN CBSI3M, a 3HAYUT, U CHU3HUTHh BEPOSITHOCTH BBIAAYM OILIH-
004YHON MHPOpPMALUU O TEXHUYECKOM COCTOSTHUU 0510Kk0B U y3510B CIITC u3 - 3a
BO3ICHCTBUS HA MEXAHNU3M.

Takum o0Opazom, mpearaeTcsi cnocod MOBBIMIEHUS 10CTOBEpHOCTH DBM,
(YyHKIHMOHUPYIOIIEH B YCIOBHIX BO3AEHCTBUS criel(pakTopoB. OH MO3BOJIAET CO-
KpaTUTh YPOBEHb 3aTpaT Ha OPraHMU3alMIO 3aIUThl BBIYUCIUTEIBHOTO Mpolecca
OT Bo3aeicTBH criendakTtopoB. [Ipumenenne naHHoOro cnoco0a Mpeanoiaraer,
4TO BO3JeHCTBUE crel(aKkTOpOB Ha y3ibl U 6;10ku DBM He BBI3BIBAIOT B HUX OT-
Ka30B.
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