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PEKOMEHBIAAINOANMBHK II1 O CTAHIAOAPTHAHI3IALNONANMK

KAYECTBO CJIYXEBHON HHO®OPMAIINH

I'paduuecKHe MOJC/IH B 3aXa92X BLIABJICHHA H AHANH3A (PAKTOPOB,
BJHAIOIHAX HA TEXHOJOIHYECKHE MpoleccH nepepaboTkn cayxeOHoH RRPOpMAIMHA

Hara senennn 1999—01—-01

BBEJIEHUE

B xone Hay4yHO-TEXHMYECKOTO IIPOrpecca BCE OTYETIMBEE IIPOSBIACTCS TEHICHLHUA K MHTETpalluM
YCWINHM paiMYHbIX CrCHUAIMCTOB. st TaKkoro oObeAMHEHUST YCWINM HEOOXOOINMO FOBOPUTL Ha €AVHOM
SI3bIKE: 3HATh H IIOHUMAaTh MaTeMaTHYECKHUE MOIEIH COOTBETCTBYIOIUMX IIPOLIECCOB, IIPUMEHATh €AUHBIC
TEPMHHBL H 0003HAYCHHA U T. I. YNIOPSIAOYECHUE rpapUUeCKUX MOAEEN U pacllpeHue chephl HX IIpUMe-
HEHMUS SABIAIOTCS IIEPBBIM U OYEHBb BAXXHBIM 1IaroM K o0be AHHEHUIO CIICLIHATMCTOB Pa3IMYHOro IMpodHIsl.

I'padpuueckuie MOAEIN ABISIOTCA HAIJIIAHBIMHU, YTO 00JIer4acT NOHUMMaHNE ¥ aHAJIN3 CIOXHBIX SIBJIC-
Hul. C noMOUIblo rpa@rUiIeCKOM MOJEIH JIETKO VIIPOCTUTD X0 PACCYXACHUM, YOETHUTDh OMIIOHECHTA, IIPE/I-
CTaBUTb Cpa3y Bce SBICHUE B 1eoM. [loaToMy rpadpudyeckue MoIend UHTEHCHUBHO pa3pabaThIBalOTCA M
IIOCTENEHHO CTAHOBSTCS HEMPEMEHHBIMHU COCTABISIOILMMH JTIO00I0 HHXKEHEPHOIO OITMCAHUS IPOU3BO/I-
CTBEHHOTIO Iipoliecca. He OyneT npeyBesMueHUEM CKa3aTh, YTO rpapuyecKuii I3bIK — CAMBIA pacIpocTpa-
HEHHBIA ¥ HauOoJiee MOHATHLINA U3 MHXXKEHEPHBIX A3BIKOB.

Huxe paccMOTpeHBI HauboJIee pacipocTpaHeHHbIe Ipa@UIEeCKHUE MOIIe/IH, IIDUMEHSIEMBIC B 3a/1a4ax
BBISIBJICHUSI M aHAJIU3a (PAKTOPOB, BIHUSIOIIMX Ha TEXHOJOIMYECKHUE IMPOLIECCHI cOOpa U nepepadOTKH CIIy-
XeOHOM MHPOPMALIUH.

1 OBIIME ITOJIOXEHHUA

PexoMeHaanmu npeaHa3sHauYCHbI IS paOOTHHKOB CHCTEM cOOpa U nepepadOTKH CiIyxebHoi HHPOp-
MAalliy ¥ pacIPOCTPAHAIOTCS Ha BCE BHJBLI TEXHOJOTHYECKMX IIPOIIECCOB B 3THX CUCTEMaX.

[Tog TexHonormueckuMm mpoueccoM (TII) moHMMalOT COBOKYITHOCTL ACMCTBHM, HAIIPABJICHHBIX Ha
U3MECHEHHE COCTOSSHHUA IIPEAMETA IPOU3BOACTBA, U JEUCTBUM IO ONpeacsIcHUIO ero cocTossHUsA. T1I cocro-
UT OOBIYHO M3 €MHHUYHBIX IPOU3BOIACTBEHHBIX AKTOB — OIIEepalliii, KOTOPHIE BHIITOJIHSIOTCA B OHPECACIICH-
HOM I10CIeI0OBATEJIbBHOCTH B COOTBETCTBUM C aNIMOPUTMOM IIpolLiecca.

['padmuueckasa Monens TII mpeacrasnsgeT coboit rpadruecKyIo 3allUCh AITOPUTMA, T. €. Habopa Mpa-
BWI, OIIpEIE/AIOUINX COAEepXaHUE U pa3BUTHUE ITpoliecca. IIpyu rpadpuyecKoy 3alUCH MOAEIH AJITOPUTMA
HCIIOJIb3YETCSI HAOOp CHMBOJIOB — 3JIEMEHTOB Moaeciau. Kaxnou onepauuu TII cooTBeTCTBYeT OOMH WIH
HECKOJIBKO 3JIEMEHTOB MoAeIH. HEeKOTophie 31eMeHThI XapaKTEpHU3YIOT JUILb OCOOEHHOCTH CBS3H OIepa-
nuit. TakuMm o0pa3oM MHOXECTBO JIEMEHTOB MOAEIU HaXOAUTCHA B ONPEACICHHOM COOTHOWIEHUU ¢ MHO-
XecTBOM 31eMeHTOB TI1 (omepaumii).

Bo3MoXxHa pa3jiMyHas CTeNeHb AeTaau3auuu otoopaxesusa TII B Mogenn. O66IYHO paccMaTpHBaIOT
TTI kax cucteMy pabor (onepauuii). DnementoM TII cYUTAIOT ONIEpaLMIo; X0 paboT BHYTpH OIEpaLUH He
paccMaTpUBACTCA.

HN3panne oprnHAIBHOE
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Texnonorndeckas cucreMa (1'C) — COBOKYITHOCTD CPEICTB TEXHOJOIMYECKOr0 OCHALllCHUS , ITPCIME-
TOB ITPOM3BOICTBa U IIEPCOHANA, 00ECIIEYNBAIOINIAX OCYHICCTBIICHHE 3afaHHBIX TEXHOJIOTHYECKHMX OIiepa-
LM WM IIPOLIECCOB B 3aJJaHHBIX YCIOBHSIX. TakuM o6pa3oM TC — COBOKYIIHOCTb MaTepPHAJIBHBIX OOBEKTOB.

B Momensx mpoueccoB GyHKIIMOHUPOBAHUSA TexHomornueckux oopekToB (TO) H TC 06sdHO cTapa-
I0TCS OLIEHUTH Ka4eCTBO (PYHKIIMOHHUPOBAHUS — CTEIIEHb IPUCIIOCOOJEHHOCTH OOBEKTA WM CUCTEMBI K
BEITTOJTHEHUIO MMH CBOEro HazHaueHUs. COOTBETCTBYIOIIMIA KOTMYECTBEHHBINM ITOKA3aTe/Ib HA3bIBAIOT TIOKA-
3aTesieM KauecTBa GyHKuMoHupoBaHusa TO, TC. MHorna peuys uaer 00 ypoBHE KauecTBa PYHKIIMOHHMPOBA-
HUSI — OTHOCHUTEJIFHOM XapakTepUCTHKe KayecTBa PpyHkumoHupoBaHus TO, TC, ocHOBaHHO# Ha cpaBHE-
HUH COBOKYITHOCTH TMOKa3aTeseil KadyecTBa (PyHKIIMOHMPOBAHHMS CUCTEMBI C COOTBETCTBYIOIEH COBOKYTI-
HOCTBIO 0a30BbIX MOKA3aTeNeH.

2 CXEMBI IIPUYUHHO-CJIEACTBEHHBIX CBA3EM (cxemnl Mcukapa)

CxeMBl IPUYMHHO-CJICICTBEHHBIX CBSI3¢H IIPUMEHSIOT /IS HAIJIIAHOI'O M300paXeHUsI U CUCTEMATH -
3allMH CBSI3EU MEXIY HEKOTOPBHIM PE3YAbTATOM («XapaKTEPUCTHKON») U BIUAIOIIMMUA Ha HEro paKTopaMu
(Dpy4uHaAMM). XapaKTEpUCTUKY H300paXaloT LEHTPAIbHOM CTPEJKOH. SBneHya ((baKToOphl), IIPSIMO WIH
KOCBEHHO BJIMSIONIME HA XapaKTEpPHUCTUKY, U300paxaloT B BUIE CTPEIOK, HAIIPABJICHHEBIX OCTPHUEM K LICH-
TPaJIbHOI cTpesike. PacmonoxeHue CTPeoK, YIJIb HAKJIOHA 3Ha4eHUs He MMEIoT. BaXHa JIviib MoqYMHEH-
HOCTB (pakTOpOB. KeaTeJIbHO BO3MOXHO 0oJiee nmoapodHoe neacHue pakTopoB, UTOOB CXeMa HMeJIa BUJ
BETBUCTOrO Aepena. /s BeIsIBIIeHUS (baKTOPOB 3aIIMCBHIBAIOT MHEHHUS 8—10 3KCHepTOB U KiIaCCUPUIUPYIOT.
OnpenensaioT MaBHbIE PaKTopbl («OTLBI»), KOTOPBIE JEJAT HAa BCe 00Jiee KOHKPETHHIE («CHIHOBBS», «BHY-
K{» U T. 1.). JleeHue BBIIOIHACTCA A0 TE€X IIOP, IMoKa He OyIeT ACHO, KaKUe MEPBI HYXHO IPHHATDH IJI
U3MEHCHHUA UCCIEAYEMOHR XapaKTEPHUCTUKH.

[TpumMmep cxeMbl IPUYMHHO-CIEACTBEHHBIX CBSI3ei IIPUBEICH HA pUCYHKe 1. B cienmanbHoi Tabnuie,
[IpwiaracMoi K cxeMe, 3alIUCBhIBAIOT JOMOJHUTEIbHBIE CBEAECHHMS: YPOBEHb BAXXKHOCTH (PAKTOPOB, BIUSIHUE
(pakTOpa Ha XapaKTepUCTUKY U ap. Ilocie aHamu3a PakTOpOB COCTABIAIOT IIEPEYCHb MEPOIIPUATUNA B OTHO-
IIEHUKX HauOosee BaXHBIX U3 HUX.

TexHonorne
AaHHbie nepepaboTkn AaHHbIX
Obuem Metoanl 06paboTku
CrpykTypa W KOHTPONS
TRNA
- auua
KymynaTwne- ?grﬂﬂma .
Hocuvrenwn HOCTE MeTtoabl
3AUNTH
AAHHbIX
CornacosaHHOCTs AednunT Ownbxy B OnepartnsHOCTL
xapaxtepucTuk  BPeMEHN nporpamMmanx

YyaenosexKka #“"

MALWIVHbI Ycnosua Mporpamme
TPpyAa
2;1-6;2::'“ Hocutenu
IMOUNMK - nporpamm
HapexHoCcThb
Ncuxonornuec- HYenogex
ko€ cocronnne , Npownaso- Texunyeckne

Cpeacrsa awrenLHOCTL  ycrpoicTea

- TEXHMYEC-
Cnocobrocts [pon3BOANTENBHOCTL o0 o a.

K agantaunm eHns

PucyHok 1 — IIpuMep cxeMbl NIPUYUHHO-CIEICTBEHHBIX CBA3CH, CHCTEMATU3HUPYIO-
e OCHOBHBIE (PAKTOPHI, BIUAIOIHME HA ONIEPATUBHOCTH JAHHBIX
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3 JUATPAMMBI BUJIOB HAPYINEHUM TEXHOJIOTHYECKOI'O ITPOLIECCA
(muarpamMmsl 11apeTo)

JInarpaMMBI BHIOB HapyLIEHHH TeXHOJOIHYECKOro Ipoliecca NpUMEHSIOT IJ1s1 BBISIBJICHUSI Hanboee
BaXXHBIX 3aJa4 ITIyTEM CpaBHEHUS HECKOJBKHMX (pakTopoB. U1 3TOro CTposT rpaMk, o ropu30HTATIBHOM
OCH KOTOPOro YKa3hBalOT BHIBI HAPYILUIEHMH ITpollecca epepab®oTKU JaHHBIX (IIPOUCILIECTBANA) WIH IpE-
IOCBIIOK K HUM («BHUABI Opaka»). Moryr ObITh YKA3aHbI IPHYMHEL ITPOUCIIICCTBUM, CTAAUN TEXHOJIOTHYEC-
KOTI0 Ipoliecca, UCIIOJHUTEIM U T. II.

[IpuMep auarpaMMsl HapylIeHUH TEXHOJOrHYECKOTO Ipoliecca ImepepaboTK JaHHBIX IIPUBEICH Ha
pucyHke 2. I1o BepTMKaJIbHOM OCHM OTKJIAABIBAIOT YHCJIO ITPOHCIIECTBHM (#) WIM JOMIO IPOUCINECTBHH
oIpeic/IeHHOro Buaa (f) ¥ 4epTIaT CTOIOHUKOBYIO AuarpaMMy. [10 BepTUKaJIbHOM OCHM MOXHO OTKJIAJIbIBATh

TaKKe MaTepHaIbHEIE IIOTEPH OT IMPOUCIIECTBUH WIH

3aTpaThl BpeMCHH Ha YCTPaHCHHE HUX IOCJIECACTBHH. §_
Ha rpaduxe BHMEpYMBAIOT TAKKE KYMYISTHBHYIO “§
KPMBYIO (TOYHEE — JIOMaHYIO), IMOKA3bIBAIOIIYIO Ha- X
KOIUIEHHBIN IIPOLIEHT Xf pa3IMYHBIX BHIOB Hapylie-  w &4 %
HUIl TEXHOJIOTMYECKOro npolecca. biarogapsa coueta- 3 3
HUIO CTOJOMKOBOM JHarpaMMbl H KYMYJIATUBHOM KPH- %03 %
BOM HAarMsAAHO BUOHO, Kakue akTophi SIBISIIOTCH OC- 'E. §
HOBHBIMH B PaCCMaTPHBAEMOM SIBJICHUMU. : 07 o
Ha pucyHke 2 BUAHO, 4YTO OOJIBIIMHCTBO Hapy- 3‘?{ 2
LLIEHUU HEKOTOPOI'o MCCIIEOAYEMOTIO IIpoliecca repepa- 01 g
OOTKM IJAaHHBIX IIPOMCXOOMT IIO CICAVIOIUUM IIPUYH- S
HaM: TIOSIBJIEHUE CIIYYAaiMHbBIX OIIMOOK IIPH BBOIE JaH- .
HbIX B OBM; HecBoeBpeMEHHOE BBIIIOJIHEHHUE OIlcpa- 1 2 A 3 s S 6
w Ugslt Hapyuwlehuu
Uil cOopa U mepepabOTKM HAHHBIX, MCIOJb30BAHHE g
yCTapeBLIMX CBEACHUH. Q4EBUIHO, YTO HEOOXOANMO B O6o3HaucHUS: | — NOSABACHHE CAYYAHHBIX OLUMOOK; 2 —
[ICPBYIO OYCPCAb IMMPUHATD MCPBI 110 IMKBHUAALIMH 3THX HECBOEBPEMEHHOE BBLITIOJIHEHHME OlNepalii c6opa U mnepe-
HapVILIEHHIA. | pabOTKH JAaBHBIX; 3 — WUCNONb30BAHHUE YCTAPEBIINX CBE-
NeHUu, 4 — HECAaHKIIMOHHUPOBAHHBIH JOCTYIlI K JaH-
- HBbIM; 5 — HaMepeHHOEC HCKAXEHHUE OJAaHHBIX, 6 — IIpOYUe
4 JEPEBBA OIIACHBIX COBbLITUU HAPYILEHHS]
. PucyHok 2 — /InarpaMma HapylLIeHHH TeXHOJIOT'H-
,I[epcBbﬂ OIIaCHBIX COOBITUM MNPpUMEHAIOT B 3a14d- YeCKOro IIpolecca HepepaﬁoTKpI TaHHBIX

yax o0ecrneucHU 0€30MaCHOCTH 1)1 OIIPEACICHUS TIPU-

YUHHBIX B3aUMOCBS3EM MEXIY UCXOOTHBIMH COOBITUAMM, OTHOCALIUMUCSA K TEXHUKE, IIEPCOHANTY U OKDY-
XAIOIeH cpeae U MPUBOAANIUMU K NMOSABICHUIO OITACHBIX CUTYAIIUM.

B BepxHell 4yacTH JepeBa OMACHBIX COOBITUM MMeeTCs IJIaBHOE (Pe3yabTHUPYIOLEe, 3aBepIlaloliee)
OIIaCHOC COOBLITHE. YCJIOBHUS, IIPHU KOTOPHIX BOZHUKACT 3TO COOLITHE, CBOOAT B JIOTHUYECKYIO CXEMY, KOTO-
pyIO M300paxaloT B BUIE OPUCHTHPOBAHHOIO rpada ¢ BEeTBSIICHCS CTPYKTYPOH. DIIEMEHTAMH 3TOro rpagda
SIBJISIIOTCA JIOTHYECKUE CUMBOJIBI U CUMBOJIBI COOBITHH.

Jlornyeckyie CUMBOJIBI IIpUBEAEHBI B Tadauile 1. 1 BceX 3TUX CUMBOJIOB BXOIHBIMM COOBITHUSIMHU
ABJISIIOTCS COBBITHSA 110 CHMBOJIOM, BHIXOMHBIMH COOBITUAMU — HaA CUMBOJIOM. CHMBOJIBI COOBITHI YKa3a-
HbI B Tabimne 2. IIpocTeinyii npuMep aepeBa OMaCHBIX COOBITUM ITPUBEIEH HA PUCYHKE 3.

[losiBiieHMe WU HEIOSIBJIEHUE IJIABHOIO OINACHOTO COOBITHS ABIACTCA SIUHCTBEHHO BO3MOXHBIM
coOprTHeM. I1o3TOMY KaXIoMy epeBY OIACHBIX COOBITUM COOTBETCTBYET JEPEBO YCIIEXOB (T. €. OTCYTCTBUS
ONAaCHBIX COOBITHIN). I MoJIydeHUs AepeBa VCIIEX0B U3 iepeBa OIaCHBIX COOBITHI HEOOXOTUMO:

a) 3aMeHHUTh Bce jJornyeckue 3Haku UJIHM normueckumu 3HakamMu M1 ¥ HaoGopoT;

0) Bce COOBITHSL 3aMEHMTh COOTBETCTBYIOIIUMH JBOMCTBEHHBIMU (IOITOJHUTECIBHBIMU) COOBITUSIMHU.

B nepeBpaxX ONTacHBIX COOBITUN YYMTHIBAIOTCA HE BCE BO3MOXHBIE ITIEPBUYHBIE COOBITHSA, a JIMIID HaH-
0oJiee OnacHBIE.

2* 3
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5 TPAOUYECKHNE MOIEJIN IIPA PACYETAX HAAEXHOCTHU (BE3OTKA3ZHOCTHN)
TEXHUYECKHUX OBBEKTOB

I'papudeckie MoaeaM IpH pacyeTaxXx HAIEXHOCTH (0€30TKa3HOCTH) NPHUMEHSIOT IS HALISAHOTIO
[IPEACTABICHUA JJOTHYECKON CTPYKTYPH TEXHHYECKOro o0bekra. IIpM MHAYKTUBHOM METOIe pacueTa Ha-
JEXHOCTH IJIA COCTABJICHUS MAaTeMaTHYECKON MOJEC/IIM BHAYAJIC YCTAHABIMBAIOT BUIBI OTKA30B BCEX DJJIE-
MEHTOB, 3aT€M ONpPEAC/ISIIOT BIAAHUE OTKa3a KaXAOro 3JieMEHTa Ha paboTocrnoco6HOCTh cucTteMul. IIpn
pacyerax OoOBIMHO MOJAraloT, YT0 HHTCHCHBHOCTH OTKAa30B M BOCCTAHOBJIEHHS 3JIEMEHTOB IMOCTOSHHEI.

1 HeBoccTaHAaBIMBaeMbIX OOBEKTOB (CHCTEM) IrpadHMUYECKMMH H300paXeHHUSIMU MaTeMaTHYECKUX
MOIECNCU ABIAIOTCA JIOTHYECKME CXEMBI I pacueTa HaaexXHocTH U rpadnl cocrosaHuii. Ha mormyeckux
CXEMaX IUIA pacueTa HaleXHOCTU IEMEHTH H300paxXaloT npsiMoyroJlbHUKaMU. IIpuMeHSIOT TpU THIA CO-
CAMHECHHUM 3JIEMECHTOB:

- IOCJIEIOBATE/IbHOE («OCHOBHOE») — COCIMHEHHUE COOTBETCTBYET CjIydalo, KOTraa IIpHU OTKa3e JII000-
I'0 3JIECMEHTA OTKA3BKIBAET BCSI CUCTEMA,

- IMApAJUICJIBHOE HATPYXECHHOE€ — COEAUHEHUE COOTBETCTBYET CJIYy4al0, KOrla CHCTeMa COXpaHSET
paboTOCIIOCOOHOCTD, ITOKA paboTOCIIOCOOEH XOTA OB OIMH M3 3JIEMEHTOB, BK/IIOYEHHBIX B paboTy;

- MapaJUIeIbHOE HEHATPYXKEHHOE — COCAUHEHUE COOTBETCTBYET CIYYalO, KOrlla MPU OTKa3€e 3JIEMEHTA
BKJIIOYAETCA B padOTy OUEpPEIHOMN PE3EPBHBIA IJIEMECHT M TAKUM O00pa30M CXeMa COXpaHseT paboToCIoco0-
HOCTb. -

O003HaYeHU THUITOBBIX 3JIEMEHTOB Ha JIOTMYECCKHMX CXeMax I pacdeTa HaleXHOCTH IPHBEICHEI B

TaOauIle 3.

Taobdbnuna3 — TunoBue CTPYKTYPH Irpada COCTOSSHHMA, COOTBETCTBYIOINME THIIOBHM COEOIHHEHHNAM Ha
JIOTUYECKOH CXeMe UIA pacyeTa HANCXHOCTH

Tun coeanHeHns Fpadbi coOCTORHMA

Ha NOrNYeCcKoOn
cxeme aAnn pac-
yera HageXxHoCcTn

NPy 3NeMeHTax pasanny- npn paBsHoOHaAEXHbiX
HON HAfleXHOCTW IneMeHTax

NocnenosarennHoOe
coeanHeHue

NMapannenbHoe
HarpyxeHHoe

coeanHeHne

NapannenbHoe
HeHarpyxeHHoe
coeanHeHne
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Ha rpadax coCTosHHN KPYXKKH COOTBETCTBYIOT COCTOSSHUSAM CHUCTEMBI, CTPEJIKH XapaKTepHU3YIOT Ha-
[IpaBJACHUA MEPEXOA0B U3 OMHOIO COCTOAHUS B Apyroe. MHTCHCUBHOCTU NEepEXOA0B 0003HAYAIOT Hall CTPeEJl-
KaMH. B TabiuIte 3 HoMepa COCTOSIHUM 0003HAYEHBI KOZIOM, B KOTOPOM YUCJIO 3HAKOB PABHO YHCITY 3J1€MEH-
TOB, MECTO 3HaKa B KOJ€ COOTBETCTBYET HOMEPY dIeMEHTA; LHUPpH 0003Ha4YaloT: 1 — paboTOCHOCOOHOE
COCTOSIHHE 31meMeHTa, (0 — padboTocimocobHoe coctossHue. HepaborocriocoOHbIE COCTOSHUS CUCTEMBI BBIJIE-
JIEHBI IITPHXOBKOM.

1 BoccTaHABJIMBaeMbIX OOBEKTOB (CUCTEM) MaTeMaTUdecKasl (MapKOBCKasi) MOZEIb OOBIYHO N300-
paxaeTcss B BUAEC rpada COCTOSHHUUN, HA KOTOPOM MEXIY OOJBIIMHCTBOM COCTOSIHMM UMEIOTCA IO JIBE
CTPEJIKM, COOTBETCTBYIOIIIME OTKA3aM H BOCCTAHOBJICHHUAM 3J¢MEHTOB. MHTEHCUBHOCTH OTKAa30B A U MH-
TEHCUBHOCTH BOCCTAHOBJIEHHMA L 0003HAyaroT Han (rmox) crpeiakaMu. IlpumMep rpadpa COCTOSTHUM BOCCTA-
HaBJIMBAEMOM CHUCTEMBI IIPpUBEAEH Ha PUCYHKeE 4.

IIpn neAyKTUBHOM MeTOAE pacyeTa HaJeXXHOCTH I CO-
CTaBJICHHMS MaTeéMAaTUUYECKOM MOAESIH BBIACASIOT OJHO WIH HE-
CKOJIBKO Hau0o0Jiee OIMaCHbBIX HEPAOOTOCIIOCOOHBIX COCTOSAHUM
CUCTeMBI. [lepexon B Kaxnoe U3 3TUX COCTOSTHUIA, T. €. OITaCHBIN
OTKa3 CUCTEMBI, CYUTACTCS 3aBEPILAIOLUIUM IIaBHBIM COOBITH -
Pucynok 4 — I'pad cocrosiHmii CUCTEeMBI C €M, KOTOPOE€ BO3HHMKAET B Pe3y/IbTaTe MOSBICHUS OIpeacsieH-
HarpyXk€HHbIM PE3CPBUPDOBAHUEM IIpH HE-  HE[X COUYETAHHUM MEPBUYHBIX COOBITHI — OTKa30B OTAEJIBHBIX
OTPaHUYCHHOM BOCCTAHOBICHUHU (INMEMEHTH  5yenveHTOB, OLIMGOK JIIONEH M T. 1. YCIOBHSA, IIPH KOTOPBIX

PaBHOHATCKHE) BO3HMKAeT pacCMaTpPHUBaecMOe 3aBEpIIAoLIee COOBITHE (omac-
HBIH OTKA3 CUCTEMBI), CBOAST B JIOTHYECKYIO CXEMY, KOTOPYI0O M300paXaioT B BHIIE OPHEHTHMPOBAHHOIO
rpada ¢ BETBAILNCHCA CTPYKTYPOH — JepeBa OTKAa30B.

CHUMBOJIBI COCTOSIHUSA U JpYTUX JIEMEHTOB [IEpEBa OTKA30B aHAJIOTHYHBI CAMBOJIAM B IEPEBE OIACHBIX
COOBITHH (CM. BHILLIE).

Hapexnocts TO, TC, TI1 HpOHBJIHeTCH BO BpeMEHH UX PYHKIIMOHUPOBAHUSA. 3aJauu, B KOTOPBIX HE
YYUTBHIBAKOT HapaﬁoTKy (BpeMs) 1O BO3HMKHOBCHHMSI OTKa3a WIHM JOCTIDKECHMS KOHEYHOTO pe3yJbTaTa, K
IIpodieMe HageXHOCTU HE OTHOCATCHS.

6 TPAOUYECKME MOIEJIA ITPOLIECCOB BOSHUKHOBEHHA OTKA3OB

I'padbuyeckue Moneau MpouecCoB BOZHUKHOBEHUSI OTKA30B MPUMEHSIIOT IJI1 HATJISIAHOIO IIpeacTaB-
JICHUSI TIPOLIECCOB PAa3BUTHUS OTKA30B U BOCCTAaHOBIeHUS padorocnocodHocTH TO, TC nepepadboTky naH-
Heix. Ha pucyHke 5 n300paxeH rpaduK M3MEHECHUS I0Ka3aTeas KadecTBa PyHKIMoHUpoBaHud TO, TC
(HaripuMep, TIPOU3BOIUTECABHOCTH, ITOKa3aTeJlsd KayecTBA HAHHBIX M T. O.) w {f) C TECUEHUEM BpEMEHU
3KCIUTyaTalluHu f.

IIpn nosiBi€eHMM OTKAa30B MU U3MEHEHUM CBOUCTB

3 OTAEJABHBIX IEMEHTOB 3HAa4eHUEe w (f) u3MeHserca (Ha
f

é w(?) pucyHKe 5 ymeHbiuaetcs). Orkasy TO, TC (oTMeueH Kpe-

S _ CTUKOM) COOTBETCTBYET MOMEHT BPEMEHH BBHIXOJa 3Ha-

L)

N o wa(t YEHUH BEIWYMHBI W (f) 33 TPaHUIY JOIYCKa W, ; BOC-

5 ']_ I | CTaHOBJICHHIO pabOTOCNOCOOHOCTH (OTMEUEHO pr)l(KOM)

-E‘Wnp R "_"_‘_“:j‘—‘,""“ I — — 1epexon w (f) B oOpaTHOM HaIlpaBJICHUH.

) | '

S RN I N I'padpuk w (f) Ha pUCYHKE 5 XapaKTepH3YET U3ME-

< r A HEHHE pacrosaracMsIX (T. €. IpeeaIbHO BO3MOXKHBIX) 3HA-

Texywee Gpema 7 YeHHH IIPOU3BOIMUTEILHOCTH, 4 HE NOTPEOHBIX B JaH-

HbIH MOMeHT BpeMeHU. Ha pucyHke 5 IITPpHUX-ITYHKTH-

PucyHok 5 — Bo3MoxHbIe U3MCHEHUS 3HAYCHUH pOM ITOKa3aHbl BO3MOXHBIE H3MEHEHHS [TOTPEOHBIX 3Ha-

1I0Ka3a1c/IA kadccTba (I’]XSKHHOHHPOB&HM TO, YeHUH w_(7), IpU KOTOPHIX HEe UAET peub 00 oTKase 10,
TC.

PucyHOK 6 COOTBETCTBYET MOAEIU BOZHUKHOBEHHSA OTKa3a TC mpH JOCTIDKEHUHU peanu3alldeil Ciry-
YA HOIO IIPOLIECCa HAKOIUICHHS 00beMa BBIIOJIHCHHOM padoThl (epepabOTaHHBIX JAHHBIX U T. I1.) .5 (¢)
3aJaHHOro 3HavyeHHMs1 S, = const. CaydalHBIA Iporecc § (7) ABISIETCA MHTETPaIOM IIPoLiecca H3MEHE-
HUSA IIPOU3BOAUTEIbHOCTH.

B uneansHOM ciydae (HeT oTKa3oB 10, olIMOOK MEepcoOHaIa) UMEEM peaTM3alHIo, H300paKeHHYIO
Ha PHUCYHKE 6 INTPUXOBOM JIMHUEHN, TOUKA NMEPECEYEHNSA KOTOPOM C TOPHU3OHTAIIBIO S = const ONpeneTuT

6
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HOMWHAJIbHOE 3HAYCHWE BPEMEHH ¢ TIONYYCHMA 3a0aHHOIO o0be-
Ma BBIITOJIHEHHOM padoTHl (HAaKOIUIEHHOIo oobeMa mepepaboTaH-
HbIX JaHHEIX). IIpH oTKa3zax TO, omMOKax nepcoHana peain3aluun
S () OyayT OTKJIOHATBCS BIPABO OT LUTPUXOBOU MNMPAMOU HA pH-
CyHKe 6 H3-3a IPOCTOEB, YMEHBILIEHUSA IIPOU3BOOUTEILHOCTH U
T. II. TOYKM TIEpECEUCHUS 3THUX pealu3alliii C TOPHU3OHTAIBIO
S = const COOTBETCTBYIOT 3HAYCHHUAM CIYYaHOM BETUUUHBI 7 —

3an
BpEeMEHHU OO0 MNOABACHHA oTKaza TC. XapaKTepHCTUKHM 3TOH CITy-

53 ad

Jbvera pabamss S’

r

S

1.
v v HOM
YailHOM BEeIMYMHB! T MOXHO MCIIOb30BaTh B KaUeCTBE MOKa3aTed Texyw,ee Gpemg T

HagexHocTu TC.

B Mojensx OLEHKH «ImapaMeTpruuecKoii» HamexHocTu 1O mpu
«ITOCTENCHHBIX» 0TKA3aX TO M UX 3JIeMEeHTOB U3-3a U3HAIIIMBaHWS,
CTapeHU, pa3peryMpoBaHUs pacCMaTPHUBAIOT ITOIYCIYYaHbIE IIPO-
LHEeCChl U3MEHEHUS ompenensdioniero napamerpa n (¢). Ilpu n1octu-

PucyHok 6 — Bo3MoxHble peanu3auuu

CJAYYarHOrO Ipolecca HaKOIUIEHHUsS 00be-

Ma BBEIIIOJTHEHHOM padboTHl (repepaboraH-
HBIX JAHHBIX)

XKCHUU pealn3alusaMU 1M (f) rpaHULbl pabodedt o6i1act o (f) TO cuuTaerca HepabGOTOCIIOCOOHEIM —
[IPOUCXOIUT €ro 0TKa3. TOYKM mepeceueHUsA peam3alusaMy 1 (¢) rpaHull padboueil o0IacTU ONpenesioT
BO3MOXHBIE 3HAUCHUA CIIYYaWMHOH BEJIMYMHBI I — BPEMEHH IO ITOABJICHHUS MMapaMETPHUUECKOIO OTKasa.
XapaKTEpUCTHKHA CIyYalHON BeJAHMYMHBI T HCHONB3YIOT B KayecTBe ITOKa3aTesell IapaMeTpHuyeCKOu Ha-
NEKHOCTH.

Ha pucyHke 7 nipuBeacH npumMep rpapuuecKoil MoJIeIU BOZHUKHOBEHHUS ITapaMeTPUYECKOro oTKasa
IIPY ONHOM TPAHMLIE JOIYCKa ® = const, HECITyYaitHOM HavaJIbHOM 3HAYE€HMH 1), ¥ IIOCTOSHHBIX CKOPOCTSX
U3MEHEHUA OIIpeae/IdIoLIETro nmapaMerpa. B Momeax «rmapaMeTpudeCcKon» HaJleXXHOCTH HEOOXOOUMO YETKO

pa3auyarh ABa 3Tara pa3BUTHUSI OTKA30B, pa3IMYaIOIIAECT Maclll- ' no ¢
TaDOM BPEMEHM.! %‘u

a) B pe3y/JbTaTe CPaBHMUTEJIBHO MEIJICHHbIX HecTallMOHap- 3 &
HEIX ITPOILIECCOB M3HAIIMBAHHUA, CTApPCHUS, pa3peryIMpOBaHHUS Et
CO34AaI0TCS MPEANOCHUIKH AJIA NOABICHMS OTKA3a (MacliTad Bpe- 35
MEHN — MHOTHUE 4Yachl padOTHI, IOAbI); S © 2

0) OBICTpEIE IIPOLECCH PA3BUTUS ABapUMUHBIX CUTYALMMU,
[IPOMCXOASAIME B TEUCHUE NO/IEN CEKYH/BI, HECKOIBKMX CEKYHL. Texywee bporg t
B Mozensix pa3sButusa 0TKa3oB 1TC, YUMTHIBAIOIIUX AEATE/b-
HOCTD YEJIOBEKA-OIIepaTopa, COIIOCTABJIAIOT peaIM3alluU MPOIIEC- PucyHok Z — Bo3MoOXHBIE peanu3auuyl -
COB M (T) aBapUHMHOIO HU3MEHEHUS OIPEAC/SIONIEro mapaMerpa IOAYCIY4anHOIO Mpolecca pasperyiupoBa-
TO nocne BOZHUKHOBEHHMS OTKaza M IIpolecca KOMIIEHCAUU HUA
N, (t) onepaTopoM 3THUX U3MEHEHHH M (1). Ha pucyHke 8 n3o0paxeHa mpocreiiiias MOACAb KOMIIEHCAIIMH
nocaeactsui orkasza TO 4enoBekoM-onepatopoM. CKOPOCTH aBapHITHOTO M3MEHEHHUS 3HAYEHHSA OIIpeleid-
ourero napamerpa TO ¥ KOMIIEHCALlMK ONIEPATOPOM 3THX U3MEHEHUM IIOCTOSSHHBI U SBJISTIOTCS BO3MOXHBI -
MU 3HAYCHUSMMU CIy4yauHbIX BEIMYUH. llpu nossiaecHum B MoMeHT BpeMeHM T = 0 orKasza TO HauuHaloT

]
gm
n (t) — BO3MOXHAs peaJud3alMA IPOILleCCa U3MEHEHUA OMNpPEaCITIONIEro napaMeTpa; S, El
n(t) — KOMMEHCALHs OTepaTopoM MOCIeACTBHI OTKasa; An = 1 (1) — 1 (7); T — S
BO3MOXHO€ 3HaYeHHE BPEMeHH OOHapYXeHUS HAUIMYHUS OTKa3a 2 §
PucyHok 8 — Mogenb XoOMIIeHCAlIHH MOCAeACTBUIT oTka3a TO EE"

S

Txo
Tenywee Bpema T
U3MCHATHCS 3HAUCHUSA €ro onpeaeiisioniero napamerpa 1 (t). llpu 1 =1 3T U3MeHeHUs OOHaPYXUBAIOTCA
OIIEPATOPOM, U OH IIPUHUMAET MEPHI 10 YMEHBIIEHUIO CKOPOCTH M3MEHEHHUS N (T), NBITAETCH KOMIICHCH-
poBaTh 3TH HM3MEHECHMS, BBOJSA IPOTHBOIIOJOXHEBIE 1 (T) OTKIOHEHUA M (T) (Ha pHUCYHKE 8 ITOKa3aHHI
mTpHXOBoﬁ JIUHUEH ). OTKa3 TO He mpOU30MAET, €CJIM NMEPEXOIHBIA pouecc Ant=n (1) — N (t— 1, ) HE
BEIAICT U3 00J1aCTH JONMYCTUMBIX 3HAYEHUH.

7 MOJAEJIA COBIIAZEHUSA BPEMEHHU TEUCTBUA
NECTABUJIN3UPYIOIIIUX ®AKTOPOB

B Mozenax Tuna AepeBhEB ONACHBIX COOBITUH OTCYTCTBYET B ABHOM BMIe CHHXPOHM3AIIMS pacCMaTpH-
BacMBIX JCCTAOMIM3UPYIOILMX (PAKTOPOB I10 BpEMEHH UX MOSIBJIEHUSA U MPOJODKUTEIILHOCTH NEUCTBUA. DTO
ABJIIETCS CYLIECTBEHHBIM HEAOCTATKOM 3THX MOJZEJEH, TaK KaK OOJbILIMHCTBO OIACHBIX CUTyalluH BO3HMU-
KaeT IIPH COBMNAACHUU BPEMEHHU ICUCTBUS JECTAOIU3UPYIOINX (HaAKTOPOB: OTKA3 TEXHUKU, OLIHOKH JIIO-

e, BHECIITHAE BO3JACUCTBUA.
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JIJ1s yuera B MOJIeIISIX YCJIOBHM BOZHHKHOBEHHS OMACHBIX CHTYallMii BpEMEHHBIX XapaKTepHCTUK IEC-
TaOWIN3UPYIOIIHNX (PAKTOPOB LIENECOOOPa3HO HCIIONB30BaTh CIYYalHbIE MMITY/IbCHEIE ITOTOKU. IIpH 3TOM
[IPOLIECCHI MOABJICHUS M JEUCTBHA ACCTAOMIM3HPYIOUIVX QAKTOPOB MOXHO TIPEACTABUTb B BHIE CTALIO-
HapHBIX CJIYYaUHBIX IIOTOKOB B3aUMHO HETIEPECKPHIBAIOIIUXCA IO BPEMEHH IIPAMOYTOJIbHBIX MMITYJILCOB.

O603HayuM v, ¥ Av, =2 () — MOMEHT IOSIBJICHUS U JJIMTEJIBHOCTD i-T0 UMITyNIbca (pucyHOK 9). Hagano
v, IMIIyJIbCa COOTBCTCTBYCT MOMEHTY MOSBJICHHUS j-TO (dakTopa, IIATEIBHOCTD AV, — IIPOAOCKUTEIHHOCTH
ero JHeHCTBH. AMILIHTYIA i-T0 MMITY/Ibca A, MOXET COOTBETCTBOBATD e IMHMYHBIM IOTEPAM M3-3a IOSABJIC-

HHA j-To aKropa.

V._, 1 Av,_, — MOMEHT NOANICHU] U [TUTEJBHOCTD { — 1-ro UMIynbCa;
h, | — aMIUIMTyHa i — 1-ro MMIyisca; 0, . — JIMTEIBHOCTD Hay3bl MEX-
oy {— 1-M H i-M UMITyJIbCAMM; 0. — I[JIHTEJILHOCTB nmays3bl MEXIY i-M H

{ + 1-M umnynbcamu; T, — HHTepBan BPEMEHH MeXIYy MOMCHTAMH Vv, . H
v, TIOABJIEHMA (paKTopa

Edunuyrsle
nomepu. h

PucyHok 9 — BosMoxHasa peanmsanus x (v) CIy4alHOro IoTokKa
Tenywee bpema v X (v) NpsIMOYTOJIBHRIX MMITYJIBCOB

B npuknanHeIx 3agayax OOBIYHO pacCMATPUBAIOT HE3aBUCHUMBIE 1 OMHHAKOBO pacHpeleIcHHEBIE CITy-

YanHble BEIMYHHLL = — JIMTEIBHOCTH IIay3 MEXIy MMITyJIhcaMH; AV — UIMTENbHOCTh HMITYJIbCA;
T'=AV+ E — MHTEpBaJl BpeMEHH MEXIY CMEXHBIMH MOMEHTAaMH TOsIBIeHU hakTopa. MaTteMaTnueckue

OXUIAHUSA: 6 — CIy4aifHO! BEJIMYMHBI 2, AV — Cay4aiiHOU BEMWIMHH AV, T — CiIydaifHOM BeTMYMHEI
T paBHbBI

= Jrg(dr;
0
v = [Avy(AV)dAY;
0

5 = [05(0)d0,
0

rae g (1), y(Av), 6 () — ILTOTHOCTH pacipeleaceHUSI COOTBETCTBYIOIINX CIyYaifHEIX BEJIMYHUH, I, Av, O —
[IEPEMEHHEBIE, COOTBETCTBYIOIIHE CAIYYaMHBIM BeJaMYHHAM 7, AV, =. OObIUHO mIpeAnonaralor, YTo ciaydan-
HBIC BEJIMYUHBI UMEIOT IIOKA3aTeIbHbBIE 3aKOHBI pacIpeacieHU.

ITpH CTallMOHApHOM MOTOKE B3aMMHO HEMEPEKPhIBAIOLIUXCS MMITYJIBCOB BEPOSATHOCTH P TOro, 4to
[IPOU3BOJLHO B3ATEIIA MOMEHT BPEMEHM OKAXETCHA Ha MHTEpBayIe AeiCTBUA dpaxkTopa (T. €. B IIpeaeiax UM-

IyJIbCa Ha PUCYHKE 9) mpH v — o paBHaA @Qxh, 4vy br
o
AV _ S8s
= = = AV, 538
T E58
&
I 1 E‘EJI
e e —— &
[ie W=7 == — HHTCHCHBHOCTb IOSBICHUS §§§
XS
dbakTopa. N3 E Tenyuiee Bpema v/
LHenecoobpa3Ho paznuyaTh [BAa BHUAA MOAEJCH S | =
COBIIAZICHUS BPEMEHH ACHCTBHA JeCTaOWIN3HPYIOLINX $§
daxkTopoB: 1 — ¢ aBapUHUHBIMM CIIy4aHHBIMH ITOCJIE]I- 33
CTBHSAMH, 2 — CO CIy4ailHBIMH MOTEPAMM. DTH MOAEIH &8

pPacCMOTPEHDBI Ha IIPUMEPE COBNAIECHU ABYX ISCTA0OM - Texyuiee bpemMA v

JTA3UPYIOIHMX (hakTopoB. IIpoLiecc BOSBHUKHOBEHUS aBa-
PUITHBIX TIOCJIEACTBUIN WUTIOCTPUPYET PUCYHOK 10, rne 0, — UIMTEJBHOCTH May3bl MEXIy CMEXHBIMHM HMITYJIbCaMU
H306PaXEHBl BO3MOXHBIC PEATH3aLMK ABYX CTalpo- [0ToKa X (v); 9, = LIMTELHOCTL Nayshl MEXIY CMEXHbIMK

o MMITyJIbCAaMH TIOTOKa Y (v); A, M Ay, — aMIUTHTYAa M [UTUTENb-
HapHBIX CJIy4aifHBIX IOTOKOB X (V) M Y (v). Xapakre- HOCTb HMITYJTBCA IOTOKA X (v); A, M AV, — aMILTATYa # UTH-

PUCTHKM 3THX IIOTOKOB O003HAYCHHI AV, 6,, 1, U AV,, renprocT, MMmyIsca motoka Y (v): AV, — IVIATETEHOCTS
0,, h,. ECl IIUTEIBHOCTH AV, K Av, neperbIBaloTcsi MMITYJIbCA COBMANCHHS

XOTS Gl YACTHYHO (T. €. HMHY ABCEL COBIANAIOT), TO  Pycynok 10 — BoO3HMKHOBEHHME MMITY/IbCA COBIANE-

0bpa3yeTcsl IIOTOK MMITY/ILCOB COBNANCHHS, COOTBET- yygq B pesynsTaTe MEPEKPHITMA MMITYIBCOB ABYX CITy-
CTBYIOILIMI IOTOKY aBapMHMHBIX ITOCaeACTBHMA. I10CKOIIB- qaitHBX HOTOKOB X (V) 1 Y (V)
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KV BCSIKOE IIPOSBJIEHUE aBapUIHOro NMOCAEACTBHS CUUTAETCH HEOONYCTHMBIM, aMIUIMTYIbI UMITYJIBCOB Ha
pUcyHKe 10 MOXHO CYMTAaTh PaBHBIMM CAUHMIIE.

IIpu cTanMOHapHOCTH H HE3aBHCHUMOCTH ITIOTOKOB X (v), Y (V) U v — oo BEPOATHOCTH P, , TOrO, 4TO
IIPOM3BOJILHO B3ATBhIiA MOMEHT BpeMEHH OKaxXeTcs Ha MHTepBale MMITY/JIbCa COBMAACHUS OIpeNeasior o

dopmyne

P — - 1 - —_—
2 = AﬁAif’z(Af’l + 61) (Avg + 62)’

rme AV ¥ Av, — cpelHHe UTHTEJIBHOCTH MMITYJILCOB IOTOKOB X (V) u Y (v); 6, 1 6, — cpeaHHe

JUTATEJIBHOCTH Iay3 MeXIy UMITyJIbCaMHu NOTOKOB X (v) U Y (V).
HMHTEeHCUBHOCTD ITOTOKA aBapUWHBIX TTOCIEACTBUH |, , HAXOIAT KaK HHTECHCHBHOCTh COBIAICHUS HM-
IYJILCOB 10 POpMYJIe

K12 = R (A + AV,y),

II€ {, — MHTEHCUBHOCTD ITOSIBJICHUS MMITYJIbCOB CIy4alHOIO IOTOKA X (V); W, — HHTEHCHBHOCTH IOSBIIE-
HHUS UMITYJIBCOB CIIYYaMHOI'oO IOTOKa Y (V).

IIpu 3TOM cpegHME aBapUMMHBIC IOTEPH Aw OIIPEAECIAIOT O GopMyie
AW = ¢ 1 L 1,2,

IIe ¢, — CpelIHre CIMHUYHbIE IIOTEPH M3-32 OAHOIO COBNAJCHUS BPEMEHH NEUCTBUSA NECTAOMITM3HPYIOLIHX
(bakTOpOB.

Monenn ¢pyHKIIMOHHPOBAHHUS CHCTEM CO CAYYAMHBEIMHA NMOTEPSIMHU aHAJIOTHYHBEI MOIECISIM CHCTEM C
aBAapUUHBIMU CIIYYaHHBIMHU MMOCJACACTBUAMU, HO OTJIMYAIOTCA OT IIOCJIEAHUX TEM, UYTO MOTEPH NPOMIOPIIHO-
HaJIbHBI IPOIOJDKHUTEIbHOCTH COBIIaJcHUSA MHTEPBAIIOB JE€HMCTBUS AeCTaOMWIN3HPYIOIIUX (PAKTOPOB.

CpeaHIon UIMTETbHOCTh UMITYJILCOB ITIOTOKA COBIALEHUN AV, ; pacCUMTHIBAIOT 110 GopMyIie

. 1 1Y

= 4+ — .
2= Ay T AR
MaremMaTuyecKoe OXUIaHUE OTEPh M PaCCYUTHIBAIOT IIO (hOopMYyIie

m= Cy Av| 5 l4; 7,

IIe ¢, — CpeIHHE MOTEPH 3a CAMHHULYY BPEMEHM COBNAJACHHUSA NECTAOMIM3MPYIOUINX (PaKTOPOB.
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