OrnaBneHue

MPEAMNCTIOBUE ...
MepeyeHb YCNOBHbIX COKPALEHUM ................ccou.......
BBEOCHME ...

Pasgen 1. Teopusa cpakTopHOro napameTpu4ecKkoro
MoaenupoBaHusa 6e3onacHOCTU (ONacHOCTH)

cucTeM Bupaa «3awmrta — ob6bekT — cpegar» (30C)....

1.1. TeopeTUKO-NUHrBUCTUYECKaA hopMynMpoBKa NpobremMbl

1.2.

1.3.

1.4.

1.1.1. Pa3paboTka IOHATHITHOTO aImmapara JUIsi MOJCITUPOBAHUS
0E30MTACHOCTH U PUCKA CHCTEMBI ...c..veeuveneeneeneeenueenieeneeeeeennens

1.1.2. [IpuHIIUIIBI CHCTEMHOTO aHAJIN3a MPEANOCHUIOK U (PyHKIIHH
OTTACHOCTH «..veenetenttenteenteenteestesteesteenbeenseeneeemeeeneeentenseenseenseennens

MocTpoeHune cpakTopHOro napamerpuyeckoro 6asuca

(o2 o (=Y. |

1.2.1. ObocHOBaHWE YKBUBAICHTHOCTH CUTYaIlHOHHOTO U
MHOXE€CTBEHHO-TIAPAMETPHUYECKOTO OTIMCAaHUs ONACHOCTH B
CHCTEME ...eneientieniienteenteenteeeeesteesttesbeenteeneeenteeneeeutenbeenbeenseenneas

1.2.2. Beibop u onrcaHwe OTIOPHBIX MHOXKECTB OTTACHBIX U
BPETHBIX (DAKTOPOB......cvveereieireeiieeiieetieesieeeseeesaeeeseeensneenns

1.2.3. Onncanne HakTOPHOTO MapaMeTPUIECKOTO 0a3uca CHCTEMEI ...

nOCTpoeHVIe KOMNJieKca KputepueB AnsA BbisABIIeHUA

OyneBbIX U NapaMeTPUYeCKMX NPeAnoChIZIOK ONACHOCTHU ...

1.3.1. TIOCTAHOBKA 3aJAUM......c..eerueemreenreeerenerennenirenieenseenneenneenneennenne
1.3.2 ®opmanbHOE NOCTPOESHUE KPUTEPUEB BBISBICHUS
HPEAIOCHIIOK OMACHOCT  ..c.eeuvvenieenreenneenreennenerenneeneeneeseenens
1.3.3. IlocTpoeHe KPUTEPHUEB BISBICHHS JOTHYECKUX
TPEITIOCHIIOK ....envieurieurienrenireninenieenseenseenseenneesnesneenseenseenseennens
Knaccudmkauma ceoncrtea 6esonacHoctn CTC
Ha OCHOBe NpUMEeHEeHUA KoOMMNJiekca Kputepumes................
1.4.1. TlocTpoeHue KpUTEpHEB KiacCu(UKAIIMKA B TCPMHHAX
OTOPHBIX MOIAMHOMKECTB ....covvenvrenieenreenreenreennenerenneenseenreeneenens
1.4.2. Ouerka 3ppeKTHBHOCTH MOTyICHHOTO KOMILTIEKCa
KPHUTEPHEB .....eonveemiienrientienrenrenirenieenieenseenseenneeneesasenseenseenseennens



4 Oznasnenue

1.4.3. Pe3ynpraThl MHOKECTBEHHOM MapaMeTpU4eCcKOH
Kiaccu(uKanyuy 0e30MaCHOCTH CIIOXKHOM CHCTEMBI ..........ccuvene.
1.5. PopmynupoBka npobnembl
B MHOXECTBEHHO-NPeANKaTUBHON (POPME ...........cceeerieennnnn.
1.6. BbIBOAbI MO PA3AEIY 1 ....ooiiiiiiiiiiiiieeee e

Paspen 2. UccnepgoBaHue nornyecknx yHKLUN
onacHoOCTu B yI'IOpFIAO‘-IEHHOﬁ cuctTeme ......................
2.1. AHanus coctosiHUA Bonpoca u hopMynupoBKa Uenu...........
2.2. OnucaHue 6e3onacHoOCTU cucTeMbl B BUae
OYNEBOro BA3MCA CUCTEMDBI ...........coeeiiuiireeeiiieeeeniieaeeeieeeeeeneees
2.2.1. BBeneHne OyaeBOTO 0A3MCA CHCTEMBL........ccccueeereeeereeeeeeeneennens

2.2.2. Bei6op n3oMOpQHBIX MpeACcTaBUTENEH
B 0a3ucaX BBC H DIIB ........coooiieiiiiiiiecie e
2.3. dopmynupoBka auddepeHumanbHbIX KpUTEpUEB
BbISIBIEHUA JIOrMYeCKMX NPeAnocChIisIoOK ONACHOCTMU..............
2.4, BbiBog 6yneBou chopmbl hyHKLUN CBA3HOCTU CUCTEMBI .....

2.5. XapaKkTepucTUKMN U TeopemMbl 6€30MacHOCTU C Y4EeTOM
CBA3HOCTU NPeAnoOCbINIOK OMACHOCTM ..........coeeeviiiiiiiaeeeeeeeeenes
2.5.1. BBeieHUE U ONIpeNeIeHUe XapaKTePUCTHK OC30IacHOCTH..........
2.5.2. Jloka3atenbCcTBO OYIEBBIX TEOPEM O OE30MACHOCTH CUCTEME. ...

3.6. ®opmynupoBka npobnembl HA OCHOBe GyneBoro 6asuca
M MHOXECTBA (PYHKLIMN OMACHOCTM .....ooeeniiiieeaiiiieeeaiieee e

2.7. BbIBOAbI MO PA3JEINY 2 ... etiiieee e e e eieeee e e e e e e

Pasgen 3. OnpeneneHne BO3MOXHOCTHOM
(HeyeTKOWN) Mepbl peanusauun NPoOUCLLECTBUN

B CUCTEME.......ouuuuniieeeeeeieeiiiee e e e e e e e e ettt e e e e e e e e e eessaaaanns
3.1. DopMYNMPOBKA LIENEN PASAEIIA ......eeeveeniiieeeiiiieeeaiieeeeeaineeens

3.2. CooTHOLWIEHME Mep onpeaeneHHOCTU BO3HUKHOBEHUA
MPOMUCLUECTBUSA B CUCTEME.........euumunnnnnnnnnnnnnnnnnnnnnnnnnnnnnns

3.3. MNocTpoeHne HEHYETKOro MHOXEeCTBEHHO-
napamMmeTprU4eCcKOro 6a3mca CUCTEMDI ...........cc.cceeeeveeeeercnneennnnn.
3.3.1. DIEMEHTHI U OTICPAITUH OABHCA ...vvvenveenreenreeereereeeeeeensennsenenennnes
3.3.2. Bo3moxHOCTHast Mepa oTka3a. DopManbHbIN aCHEKT .................
3.3.3. ®usnueckuii acrekT BOZMOKHOCTHON MEPHI OTKA3A..........cc.n.....
3.3.4. Onucanue pacuIMpeHHON anreOpsl HEYSTKUX MHOXKECTB............

3.4. loka3zaTenbCcTBa TeOpeM O COOTBETCTBUU
BA3NCOB Ay, Ap, Ay oo

70



Oeznasnenue 5
3.5. AHanuTuyeckumn MeToa onpeaeneHnss BO3MOXHOCTHOMN
Mepbl peanu3aumm NpeanocChINIOK ONACHOCTU ..........ccceveeeeee. 72
3.5.1. TloctaHOBKa U OOIIMIA aJITOPUTM PEHICHHS 3a/IaUH ...........veeenee. 72
3.5.2. ®opMmanbHOE onpesiesieHue BO3MOKHOCTHON MEPHI
PEATTHBAINH OTTACHOCTH ....eevvveeereennreerreennseesseesseesnseessseeensnesnsees 74
3.5.3. Bo3MO)XXHOCTHAs Mepa pealn3aliii OJHOIapaMeTpUIeCcKOn
TIPEIITOCHIITKH «.eevvveenereenereenereesreeneneessseensseessseensseesnsessseesosesssseenns 76
3.6. MeTtop ycTaHOBNEHUSA BO3MOXXHOCTHOW Mepbl
peanusaumm npeanocbINIOK ONAacHOCTU MO HEYEeTKOW
MHMDOPMALINM O CUCTEME..........euueennnnnnnnnnnnnnianna e enes 77
3.6.1. DOPMYITHAPOBKA 3ATAUM . ......eeerenrrenreenreeneeeneeaieeseeesseenseensessresseesaees 77
3.6.2. BeIOOp 1 OTIMCAHHUE KPAECBBIX YCHOBHH. .....eeeveeieniieniianieeeeeneeennees 78
3.6.3. JletanpbHOE OMMCAHUE HEYCTKOW MOICIINA CUCTEMBHI ..................... 83
3.6.4. BeIBOI 3aBUCHIMOCTH BO3MOKHOCTHOM MEpPHI OTKa3a
B OHOMAPAMETPUUECKON CHCTEME ....eeeeuevreeeerreeeniieeeaaaeeeenneeeenns 85
3.6.4.1. Obwee pewenue 85
3.6.4.2. Onpeoenenue 803MONCHOCMHOU MePbl O UHMESPATbHOU
aooumueHo nozpewHocmu napamempog R u S. ................. 87
3.6.4.3. Yemanoenenue ananumuyeckoeo blpajicenis
B03MONCHOCMHOU Mepbl Peanu3ayu Kpumuyeckou
DYHKYUU ONACHOCTIU .......vevveneeereaereeisesieesseese e seee e s e 90
3.7. OnpepeneHne BO3MOXHOCTHOM Mepbl peanu3auumu
napameTpu4eckon NpeanocbiNkK Mo rpaHuLam
Pa3MbITOCTU N YPOBHSAM PA3NTUUUMOCTM ........ouumnnnnnnnininnnnnnnnns 92
3.7.1. TIOCTAHOBKA 3AZAUH . ....ccuveeureereereieenieeieeteeieeeeeenteenteenteenresenenanes 93
3.7.2. Pemenne 3agaqn Asl TpEX BAPHAHTOB TPAHUYHBIX YCIOBHH ...... 94
3.7.3. Bo3MOXXHOCTHAsI Mepa IIpH rayccoBoi anmpoxcumarmu OI1
TIAPAMETPOB ..vvveenvreeereeereensreesseensseessseessseessseesssessseessseesssessssessns 96
3.7.4. YcTaHOBIEHUE TIOTEHIIMAIBLHOMN MOTPEITHOCTH OTPEACTICHUS
B e e 98
3.7.5. Tlpumepsl HaxoxaeHUs BM 1 10CTH)UMOTO
YPOBHS €€ PABTIIUMMOCTH.......cenveenteanrenneensienseenseenueeneesneesieenseenseens 99
3.8. BbiBOA 3aBUCUMOCTU MHTErpanbLHOro pucka B pamMmkax
He4yeTKOro MHOXeCTBeHHO-napamMeTpuyeckoro 6asuca.......... 101
3.9. ®opmynupoBKa NpodrnemMbl B paMKax He4eTKOro
c¢hakTOpHOro NnapameTpuUeCcKoro 6asmca CUCTeMbi................. 102
3.10. BbIBOAbLI MO PA3AEITY 3 ....ooeiiiiiiiiee e ieiieie e e e e eeeieeee e e e e e e 102

Pasgen 4. AHanNUTUKO-anNropuTMmMYeckne MeToabl
M UH(OpMaLMOHHO-pacYeTHbIe cpeacTBa



6 Oeznasnenue

Ansa BO3MOXXHOCTHOM OLEeHKN PUCKa CITOXHbIX
(03 7 L o2 1> 1V
4.1. OcHOBHbI€e 3Tanbl peleHns NpoGnemMbl OLLeHKU pUcka
B YCNOBUSIX HEYETKOM UH(hOPMaLIMN O CUCTEME ....................
4.2. O6wWwumM anropuTm ycTaHOBIEHUA NoKa3aTenen p1cka .........
4.3. MNporpamma «Boamep» ansa pac4yéta BO3MOXXHOCTHOM
MePbl PUCKA CITOKHBIX CUCTEM ......covvreeeiiiniiiireeeeesannnneeeeaaeans
4.4. InanoroBas obyyvarowias noacuctema BBoaa UCXOAHbIX
AaHHbIX U pacyeTta auddepeHUnanbHbIX
M MHTErpasibHbIX BO3MOXHOCTHbBLIX MEP .........c.cevvveveeerannneeenenn
4.5. Tpe6boBaHuA K popmanusaumm, NOAroToBKe
M cOopy UCXOAHbIX AAHHbLIX O KOHKPETHOW CUCTEME.............
4.6. Anroput™ 1 nporpamMmma Busyanusauum moaenmpoBaHus
OB BEKTOB N UX CBABCM .......eeeiiiieeeeeeieeiiiieieeeee e e e senieeeeeeaeeeennees

Pasnen 5. NMpumepbl anpobauun metogonorum
MOHUTOPUHIa N BO3MOXXHOCTHOM OLleHKMAN
noKasaTteriemM CIOXKHbBIX CUCTEM .............ccccoeeriieeeannnnnns
5.1. ®aKTopHbLIN NapamMmeTpUyYeCKMn aHaNn3 U oLeHKa pucka
CUCTeMbl «npeanpusaTue C aBapVIvIHbIMM XUMUNYECKHn
onacHbIMM BelleCcTBaMU — HepernamMmeHTMpoBaHHbIe
c¢hakTOpbl — cpeAcTBa U MePONPUATUA 3AWUTBIY .................
5.1.1. Dran uHXEHEPHOH HKCIIEPTH3bI 0E30ITACHOCTH CHCTEMBI
MOATOTOBKA UCXOIHBIX JAHHBIX ...cvviuviiviniiiieiieieieinesieencesenennns
5.1.2. Ycranosnenue (hakTOPHBIX ITAPAMETPHUECKUX KPUTEPUEB
MPOUCIIECTBHS B CUCTEME .....covenenrinniiiniinienieieseesnesaeencesenne s
5.1.3. Ilpeobpa3oBanue napamMeTpuiecKux KpuTepreB B OyieBy

5.1.4. AHanuTH4eCcKOe BBIPAXKEHUE BO3ZMOKHOCTHBIX MEP
HPOUCIIECTBUH B CHCTEME ....c.uveereerenreenreenreenreennensnenreeseennesnnenns
5.1.5. Pacuer BM B oqHOnmapamMeTpu4eckoi MoAEIH MpeanoChUIOK
TIPOUCHIECTBIM] «...vveeuiieeniieeiieeiieeiteeiteeiteesbteesiteesbeeesaeessbeeenseeenne
5.1.6. AHanu3 NONMyYEHHBIX PE3YJIBTATOB OLIEHKN COOCTBEHHOM
6e3omnacHocTH M pucka npeanpusatis ¢ AXOB
5.1.7. BBIBOOBL.....cocouiiiiiiiiiiiiiiciceccie e
5.2. ®aKkTopHOEe NapamMmeTpuyeckoe moagenupoBaHue
n 060CHOBaHMe CUCTEMbI «VIMVITaLIMOHHO-TpeHa)KeprII;I
KOMMJIEKC — OonepaTop NOBLILWEHHOIO PUCKAY ......................
5.2.1. IlocTpoenue (akToOpHOTO MapaMmeTpryeckoro dasuca
CHCTEMBI «TeXHHYECKHH 00BbEeKT — paboyas cpena —
OTIEPATOPD ..nveenreenreeurenirenteereenneesresaeesueenseesseenseeanessnenseeseennesnnenaee




Oeznasnenue 7
5.2.2. OGocHOBaHHE TPUMEHEHHS 1 OLICHKA
3P PEKTUBHOCTH OOYUICHUsSI OTIEPATOPOB B CUCTEME
((I/IMI/ITaIlI/IOHHO—’I‘peHa)KeprIfI KOMIIJICKC — OIICpaTop
TIOBBIIIEHHOTO PUCK) ....vveeuvteenvreeneieateeenseesnseeenseessseeesseessseeenseesnn 132
5.2.3. BAKITEOUCHHUE «...eeeuviieniieeiieeieeenieeeniteentteesieeenbeeeseesbeeesseesnbeeenseesnne 135
5.3. UHXXeHepHasa meToauKa onpeaeneHus pyHKUumn
npeobpa3oBaHUs TENJIOBOro BO3AEeNCTBUSA
B KOHCTPYKLIMM OOBEKTA ....coceeiiiiiiiiieieeeieciiineee e e e einieeeea e 136
5.3.1. TTOCTAHOBKA BATAUM ....c.uvveeereerreenereerreenineenireeneeesseeensnesnsneensnennes 136
5.3.2. OO0uuii aIropuTM pPElIeHHs 3aJa49H U €T0 anpoOaIys ................ 137
5.4. PacyeT noka3sartenemn pucka CUCTEMbI
«4YernioBeK — XXWUIou 6NMoK — onacHble
" BpeAHble hakTopbl — CPeACTBa 3aMUTbBI» ..........uuuunnnnnnnnnn. 141
5.5. dakTopHasa napameTpuyeckas mogesnib U1 MeToauKa
BO3MOXXHOCTHOW OLIeHKM KayecTBa yCcIlyr HacerneHus
POCTOBCKOM OBMACTM .....cconviiiieiiiiiieeiiie e e 145
5.5.1. OnMcaHNe UCCITEAYEMOM CHCTEMBI.....cuveeueeeeeeienieeneeenreeeeeneeennees 145
5.5.3. TlapameTpuueckass MOJIENb OIEHKH KaueCcTBa OTIEIbHOMN
YCIyI' 1 BO3BMOXXHOCTHAs M€pa yAOBJICTBOPECHUA
TIOTPEOMTEIIS . ..o euvveenereetreeereeiteenereesseeesseeesseeensressseensnesssseenseennes 148
BAKITHOUCHME ...ttt 150
CNNCOK NTIUTEPATYPDBI ..covvnnieeeeeieeeiicee e et 152



MpeaucnoBue

B pabore ocHOBHOE BHMUMaHHE YJIEJNIEHO TEOPETHYECKOMY OOOCHOBAHHUIO
KOHIIETIIIUY ITPUEMIIEMOTO PHCKa Ha OCHOBE Pa3paOOTKH HOBOM METOHOJIOTHH
(hakTOpHOTO MapaMeTPUIECKOTO0 MOIEIUPOBAaHUS M BO3MOXKHOCTHOH (HEUeT-
KOM) OLIEHKH 0€30IacCHOCTH W PHUCKa, pacCMaTpUBaeMON KakK CHHTE3 JeTepMH-
HUPOBAHHOM M BEPOSTHOCTHOM MeToA0NOruid. IIpuBOIsSTCS OCHOBHBIE pE3Yiib-
TaThl WCCIICNOBAHWH, TONYyYEHHBIX B pamkax rpaHta POOU 03-07-90084, a
TaKKe B JUCCEPTalnU PyKOBOAUTENS. PaccMOTpeHbI BOMpoCckl 000CHOBAHUS H
HOCTPOCHHUS] YHUBEPCAIBHOTO 0a3zuca (hakTOPHBIX IMapaMeTpHYecKuX Mozesei
KOMITJIEKCHOTO CBOWMCTBA «OMACHOCTh — OE30MACHOCTBY CIIOXKHBIX CHCTEM.
Pa3paboran u omucaH MeTO BO3MOXXHOCTHOW OLICHKH PUCKa CHCTEMBI BUa
«akTopbl cpepl — CrOCOObl M CPEACTBA 3AIUTH — MOTEHIUAIBHO ONACHBIE
oObekTh», mpencrasieHHblid Ha caiite PAC IOPT'YOC, pasmen «Haykay,
http://www.rostincerv.ru/nayka.

[IpuBenensl pe3ynsrarbl pa3paboTku W anpobanuu WH(OOPMAIMOHHON
TEXHOJIOTUM MOHMTOPHHIA M pacyeTa BO3MOXKHOCTHOM Mephl pUCKa U TOKa3a-
TeJNel CHCTeMBI CepBHCa, OCHOBAaHHOH Ha mporpamme «Bosmep» (mporpamma
s OBM Ne 2006613133). TlpencraBieHHBIE pe3yIbTaThl MOTYT CIIY>KHUTH OC-
HOBOW 7151 000OCHOBAaHUS M MPOBEACHHSI MOHUTOPHHTA CIIOXKHBIX CHCTEM U KOH-
cTpyknwii, Tpant POOU 06-08-01259.

HecmoTpst Ha KaXKyIIyIOCs CIIOKHOCTb palbOThI, €€ Pe3ynbTaTsl, 0COOCHHO
MPUWIOKEHHSI, MOTYT HAaliTH IIMPOKOE IIPUMEHEHNE B PA3IMIHBIX 00IaCTIX 3Ha-
HUM, a TaKKE€ B TEXHUKE U SKOHOMUKE. B yacTHOCTH:

1) mpu yTOYHEHNHN MAcTIOPTOB OE30IMacCHOCTH U MOKa3aTelneil pucka 00bEeKTOB
Io 4G,

2) npu 0OOCHOBAHMH CTPAXOBOM NEATEIBHOCTH M TEXHOI'€HHOTO M 3KOJIOTH-
YeCKOTO ayJuTa;

3) mpu oneHke ¥ 000CHOBaHUHU CIIOCOOOB M CPEJNICTB 3AIIUTHI TIOTEHIIMAIEHO
OIIaCHBIX 0OBEKTOB U CHCTEM;

4) npu NOATOTOBKE CIIEIIMAIIMCTOB B 00JIACTH PUCK-MEHEPKMEHTA.

ITo MHEHHIO aBTOPOB, KHUI'a MOXET OBITh MOJIC3HA KaK CTYICHTAM U acCIi-
paHTaM, TaK W HOpenoJAaBaTe/isiM H HayYHbIM pa6OTHI/lKaM, 3aHUMAIIUMCA
000CHOBaHMEM IT0Ka3arenei kauecTna, 3p(HeKTUBHOCTH, OE30MIaCHOCTH U pUCKa
CIIOKHBIX OPraHM3allMOHHBIX, TEXHHYECKUX M IKOJOTHYECKUX CHCTEM C TI03H-
Ui BBIOPAHHOTO KOMIUIEKCHOTO MoKaszateis u (uin) uend. Kpome toro, npea-
JIOKCHHAsT METOIOJIOTUSI M MH(POPMALMOHHAS TEXHOJOTHS (paKTOPHOro mapa-
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METPUYESCKOTO MOJICITUPOBAHUS MOXET OBITh MCIOJIb30BaHA MPH Pa3pabOTKe U
CO3aHUU HOBBIX IKCIIEPTHBIX CHCTEM.



MNepeyeHb yCNOBHbIX COKpaLleHuM

ABIIKO — Anamu3 Bujos, HOCJ?I'CJICTBI/II\/'I u Kputnanoctu OTKa3013k__. E]
AO — akTuBHbIH oTKa3; AC! — aBapuiiHasi CUTyaIlus;

ADC — aToMHas 3nempo£%}m1;

BBC — lGyeBBIii Ga3uc CUCTEMBI;

BII —0 nepemenHasi; bd — Oynea QyHkIws;

BM — BO3MOXHOCTHasI Mepa; BO — BO3MOXXHOCTHAs OICHKA;

a0 — JIEpEeBO OTKA30B;

JIM — noruyeckas moaenb; JICO — mornueckasi cxeMa OIacHOCTH,
30C — 3ammTa — O0BEKT — Cpefa;

HO — HeperIaMEHTHPOBaHHBIC (haKTOPHI,

HM — HEYETKOE MHOXKECTBO;

OB® — OIIaCHBIE ¥ BPEAHbIE (PAKTOPEI;

oC — OKpy»Karoras cpeia (00CTaHOBKA CUTYAIIUK);

ITH — IOKa3aTeyb HaJIeKHOCTH;

10O (D) — moTeHUMaAILHO ONAaCHBIH 00BEKT (3JIEMEHT);

CAMBO — Cucrema ABroMarusupoBaHHOTo MozenupoBanusi be3OmnacHocTy;
CJICO — CTPYKTYPHO JIOTHYECKasi CXeMa ONacCHOCTH;

CM3 — CpeACTBa U MEPONPHUATHUS 3aIUTHI;

CTC — CJIOKHAs TEXHUYECKask CHCTEMa;

TO — TEXHUYECKHUH OOBEKT;

q — YeJIOBEK;

OI1b — (aKTOpHBII NapaMeTpUUeCcKuil 6a3uc;

0 — (akTopsr 0OCTAHOBKH, IPHYEM PACCMATPUBAIOTCS U HYMEPYIOTCS

CIIeIYIOIIIE MaTepHaIbHbIe (haKTOPHL:
1 — Mexanndeckuii (rpaBuTannoHHsIi) Gaxkrop (MD);
2 — TeruIoBOH (TepMOIMHAMUYEcKHe, TepMuueckuii) pakrop (TD);
3 — anexTpuueckuil (AneKTpoMarHuTHeIN) daktop (OD);
4 — xumnueckuii pakrop (XD);
5 — panuoaxtuBHbli axrop (PD);
6 — ¢oHoHOBHIH daxTop (m3myueHue ¢ sHepruer 1| KaB u 6onee) (PHD);
7 — onrtuueckuii pakrop (M3nyyenue) (OD);
8 — ouostornueckuii pakrop (bD);
AXOB  — aBapuiiHble XUMHUYECKH OIACHBIC BEIIECTRA,;


Swing
Inserted Text
 (оставить)

Swing
Inserted Text
 

Swing
Note

Swing
Note
Accepted set by Swing

Swing
Note
с новой строки

Swing
Note
булев


Iepeuens ycnosnvix cokpawenui 11

DIl — (YHKIHMS TPUHA/IIEKHOCTH;

oC — (YHKIHMS CBA3HOCTH (CBSI3aHHOCTH);

ucC — 4pe3BblYaiiHas CUTyaLUs;

PSA — Texmonorus:_Probabilistic Safety Assessment Technology —
BEPOSTHOCTHAS TEXHOJIOTH K1 0€301acCHOCTH;

Anm — anreOpa MHOXKeCTB; Ap — anredpa pemeTox;

Az — anrebpa 3ane; Asy 3n) — ajuredpa 3aje ¢ HENpPEepbIBHBIMU (JMC-
KPETHBIMH) BETMYHHAMH.

R — MHOXECTBO IIapaMeTPOB BOCIPUMMIHUBOCTH

V' — MHOXECTBO IapaMeTPOB BTOPUIHBIX BO3ICHCTBUH ((haKTOPOB);
Ve — MHOXECTBO MapaMeTPOB BHEUTHUX BO3ICUCTBHUH ((haKTOPOB);

F — MHOXECTBO OIIepaTopoB mpeodpazoBanust V — S;

S — MHOXKECTBO IapaMeTpoB (haKTOpPOB, JICHCTBYIOIINX HEHNOCPEACT-
BEHHO Ha BXonsI (KoHCTpyKIuio) [10D obbekTa;

E — OuHapHOE MHOXECTBO (pelleTKa) BHIOBOH BOCIPUUMYHBOCTH
I1OO;

X — OuHapHOE MHOXECTBO (peleTKa) MHAWKAaTOPOB IPEBBIIICHUS
3JIEMEHTOB MHOXKECTBa § HaJl JIEeMEHTaMH MHOXecTBa R;

Y — OuHapHOE MHOXECTBO (pelIeTKa) WHAMKaTOpoB 00pa3oBaHUA
muoxectsa V' B TIOO (ero "IOTEHIMAIBEHO ONACHBIMH DJIEMEHTAMH )-

M= (p,(hs)) — MHOXECTBO QYHKINI TPHHATIESKHOCTH HequKH@HqHH,
3aJaHHBIX MHOXXECTBOM — HOCHTEINEM .S

V4 — 0003HaYCHNE BOBMOKHOCTHOH (HEUETKOI) MEpHI;

Pos (...) — oIeparop BO3MOXKHOCTHOW MEpBI;

p — 0003Ha4YeHUE BEPOSTHOCTHON MEpHI;

Pro (...) — OIeparop BepOSATHOCTHON MepHI;

= (7,11) — MHO>KECTBO BO3MOYKHOCTHBIX MED;

P=Du:r) — MHOXXECTBO BEPOSITHOCTHBIX MED;

N="nr) — MHOXECTBO Mep HEOOXOIUMOCTH.
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BBeneHue

B pesynbrare HakoIuieHHs! ONbBITa pa3pabOTKU, TPOU3BOJICTBA, IKCILTyaTa-
UM U YTUIIN3AIUH TOTEHIIMAIBHO onacHbIX 00bekToB (I1I00) BBIpOCIO OHU-
MaHHE HEU30e)KHOCTH NPHUHATHS CHIpame2uu «npuemiemo20 pucka» Ha OCHOBE
GanaHca nokazarenei «3((HEeKTHBHOCTh — 0€3011aCHOCTb — CTOUMOCTBY» [1-3,
15-18, 31]. VI3 ToppKHX YPOKOB aBapuil U Ype3BBIUANHBIX MTPOUCIICCTBHHA OfI-
HUM U3 BBIBOIOB SBISETCS MPU3HAHWE HEOOXOIWMOCTH YCTAHOBIICHHS TapaH-
THPOBAaHHBIX MEp «IPENOIUIaThD» 32 BO3MOXHOCTH: 1) OIEHHTh W m30eXkaTh
MOTEHIMAIBHOTO yIiepba, MM XOTs OBl 2) OLEHUTh W OCIAOWUTh, WU 3) paH-
KHPOBATh U YUECTh €ro mpu pa3padorke u sxcruryatarmu 1100.

Kak orpaxkeHue B3IISIOB «aOCOJMIOTHOW 0€30IacHOCTH» M HEy4eTa CHUC-
TEMHOIO XapakTepa Oe30MacHOCTH M PHCKa PsJl YUEHBIX TPaKTylOT Oe3orac-
HOCTh TEXHMYECKHX OOBEKTOB «KaK COCTOSHHE 3allMIIEHHOCTH >KHU3HEHHO
Ba)XHBIX WHTEPECOB JIMYHOCTH, OOIIECTBa M rocyaapcTBay [l], MexaHWYeCKH
nepeHocst 3To onpeaencaue 3 3akona PO «O OezomacHocT» 1992 1

He npubapnser B MOHMMAaHUN COOTHOIICHUN KaTeropuil «0e30MacHOCTH
U «pUCK» OIpeesieHue, cenaHHoe koiuierned l'occranpapra PO o toMm, yto
«0e301macHOCTh — OTCYTCTBHE HEIOMYCTUMOTO PUCKA, CBSI3aHHOTO C BO3MOXK-
HOCTEIO HaHEeCEHUs ymiepoay [44].

[IpuxonuTcsi KOHCTaTHPOBaTh, YTO B Poccum 3HaYMTENBHAS YacTh OOBEK-
TOB U KOHCTPYKIMH T'PAXKAAHCKOTO M MPOMBIIUICHHOTO Ha3HAYCHUs (HH3HUECKH
ycrapenu U (WiIM) HaXO[sATCs Ha Ipejesiec HOPMaTHBHBIX CPOKOB IKCIUTyaTally.
Kpome Toro, cyiiecTByrOT peaibHble YIpO3bl IEHCTBHUS KaK TEPPOPUCTCKUX U
OKCTPEMHUCTCKUX CHII, TaK M JCHCTBUS HeperlaMEHTUPOBAaHHBIX (PaKTOPOB MpPHU
aBapuiHBIX U (WIM) Ype3BhIUANHBIX CUTyallMsax. B cBA3M ¢ 3TUM B mociegHee
BpeMsl B CTpaHE NMPUHST Psi 3aKOHOB M 3aKOHONATEIBHBIX aKTOB, HATIPABIICH-
HEIX KaK Ha JIEKJIapalyio ONACHBIX 00BEKTOB, IPOLIECCOB M YCIYT, HAlPaBJIEH-
HBIX KaK' Ha obecrieueHre ux Oe30MaCHOCTH MyTEM CepTU(HUKAINM, a TaKKe
TIPUHSATH JTHUTENBHBIX Mep [1-4, 9].

BcenencTBue orpaHHYeHHOCTH (HHAHCOBBIX M MaTepHalbHBIX PECypCOB
BeChMa aKTyaJIbHBIM SBIIIETCS BOMPOC O MIPUOPUTETE B OOCCIICICHUH CPEICTB U
METOIOB 3aIIUTHI IIOTEHIINAIFHO ONACHBIX 0OBEKTOB MO CTETIEHH U YPOBHIO MX
OMAaCHOCTHU W PHCKa. DTO HACTOSATEIBHO TpedyeT ckopeiimeil pa3paboTku MeTo-
JIOB KOJIMYECTBEHHOTO aHallM3a M OLIEHKH CBOMCTBa «0€30MacHOCTh — OIlac-
HOCTB» M PUCKA MPUMEHUTENIBHO K CUCTEMaM «4eJIOBEK — MallliHa — CPEAay.

OnHuM U3 HanboJIee BaXKHBIX HAIPABJICHUI B 00eCIieueHIH 0S30MacHOCTH
TEXHOT'€HHBIX CHCTEM SIBIISIETCSl pa3paboTka eMHO METOANKH U HA €€ OCHOBE
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MH(OPMALIMOHHON TEXHOJOTUHM OLEHKH 0e30MacHOCTH (PHCKA) CHCTEM IOBbI-
IIEHHOHM ONAaCHOCTH W NPUHATHE KOMIUIEKCAa CTaHAAPTHBIX INOKazareneil 0e30-
MacHOCTH (pHUCKa) JJIsl BCEX BUJIOB BO3IECHCTBYIOMINX (haKTOPOB IIPUMEHUTENb-
HO K (hu3nuecKu pasHOpOAHBIM oObekTaM. IIpu 3TOM HccienoBanue Oe3omac-
HOCTH JIF000H CHCTEMBI JTOCTIKHMMO TOJBKO ITyTEeM H3Y4YCHHUS €€ ONAacCHOCTH B
MIOJTHOM 00BEME U BO BCE IIyOWHE, ¢ BEISIBICHHEM MOJTHOTO HA00pa BO3MOKHO
OTIACHBIX HCTOYHHKOB, CBA3€H, IPHYMH U CIEACTBHH.

B rocynapctBenHOM MacimTabe BakHEHIeH HayqHOH 3amadeit Denepain-
HOW meneBor HayyHO-TexHH4eckoil mporpammbsl (PLIHTII) «bezomacHOCTEY
(pyxoBoguremu: akagemuk PAH K. B. ®ponoB u uien-xkoppecnonaent PAH
H. A. MaxyToB), 3aaHHO# 00BEIMHEHHBIM pelieHreM Poccuiickoil akamemMun
Hayk, MuHucTepcTBa 000pOHBI, MUHHCTEPCTBA 00pa3oBaHusi U Hayku U Mu-
HHUCTEPCTBA MO Ype3BbIYalfHBIM CUTyalusaM Ha nepuon ¢ 1997 mo 2015 rr. [1-3,
17, 52], siBnsiercst 000CHOBaHUE TEOPHHU, KPUTEPHUEB M YPOBHEH PHCKa C yYETOM
MOTEHIMAJBHBIX M peallM3yeMbIX ONAacHOCTeH M ymepOoB B IPHUPOAHO-
TEXHOT€HHOW cdepe M BEepOSATHOCTEH BO3HHUKHOBEHHWS aBapHi M KaTacTpod.
ITpn pemieHny Takoi 3amadu NMpeayCMaTpUBAETCS, YTO HEBO3MOXKHO MOJYyYHTh
MOJIHYI0 M JIOCTOBEPHYIO HCXOMHYIO HH(OpPMAINIO, OCOOEHHO A TSKENIbIX
aBapUHUHBIX U KaTaCTPOPHUIECKUX CUTYAILNH, HEOOXOAMMO ITPUHIMATh PEIICHUS
B YCIIOBHSIX HETONHOW W (WJIM) HEYeTKOH HH(pOpMAINH, aKTHBHO HCIIONB3YS
IIPU 3TOM METOABI aHAJIN3a HEKOPPEKTHBIX 0OpaTHBIX 3aaad. B Hacrosmee Bpe-
Ms B TEXHOJIOTHIO MPOEKTHPOBAaHUS CIOXKHBIX TexHHueckux cuctem (CTC)
BBEJICHBI DJIEMEHTBI TEXHOJIOTHH BEPOSTHOCTHOM OLIEHKH O€30MacCHOCTH M PHUC-
ka. [Iporenypa UxX BBIMOIHEHHS MPUOJIMIKACTCS K CTaHIAPTHOM, HO 3 (eKT oT
MX IPUMEHEHHUS HE OIHO3HA4YeH. Pa3HuIIa B pacyeTHBIX U peajlbHbIX BEJIMYMHAX
BEPOSITHOCTEN KPYIHBIX aBapuil ocTuraer ot 2 10 3 nopsaaxos [1, 2].

B 37001 cBs3M Kak HampaBlICHHS KOMIUIEKCHBIX HAay4YHBIX pa3paOOTOK BbI-
JIBHUTAroTCs: 1) co3maHue Teopuu Oe30MacHOCTH M METOJOB OLIEHKH IpHeMIIe-
MOTO pHCKa KaK HayJHOIl OCHOBBI NPEIOTBPALICHUS TEXHOTEHHBIX aBapuil n
katactpo( npu co3ganuu u 3kcrryaraun CTC; 2) pa3BUTHE HOBBIX METOIOB
MIPOTHO3UPOBAHMSA U OLICHKH OITACHOCTH BOSHUKHOBEHUS CTUXUMHBIX OEACTBHH,
CHoCO00B U KPUTEPUEB CHUKEHHS HEraTHBHBIX IOCIEICTBUI OT MPUPOIHBIX U
MIPUPOIHO-TEXHOTCHHBIX KaracTpod; 3) 000CHOBaHHE TPeOOBaHWM, HOPMATH-
BOB U CO3/I1aHNE y4yeOHO-METOIMUECKOH 0a3bl 0 00ecneueHHI0 0e30acHOCTH C
YUETOM POJIH «YEJIOBEUECKOTO (PaKTOPay.

B Hacrosiiiee Bpemst MpU3HAHO, YTO MCCIIEA0BaHUE 0E30MaCHOCTH M PHCKa
CHCTEM «YEJOBEK — MalllHA — CPEAa» MOXKET OBITh aJeKBaTHO IPOBECHO B
paMKax CHCTEMBI IOTEHIMAIbHO OIACHBIH 00BEKT — CPEACTBa U MEpHI 3alllu-
TBI — OIACHBIE M BPEAHBIE (haKTOPBI — YEJIOBEK», KOTOPYIO MOXKHO ITpEacTa-
BUTH B ciexyromem Buze (puc. B.1) [41].
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Puc. B.1. CTpykTypa cuctembl «aktopbl okpyxatwuen cpeabl (POC) (onac-
Hble 1 BpegHble dakTopbl (OB®)) — cpeactBa n meponpusaTtus 3awmtbl (CM3)
— MOTeHUMNanbLHO onacHblin 06LekT (M0O0) — uyenosek (Y)», rae 1 — dyHKumo-
HanbHbIe cBA3K; V2 — a3uTHbIe KaHanbl gna OB® V¢; 3 — HepernameHTu-
pOBaHHbIe Bosp,eﬁcm%; 4 — aBapwiiHbie Bo3gencTeus V', obpasyemMbie
MOO ans okpyxatoLen cpeabl UNU/M APYrux cucTem

B obmactu MonenmupoBaHHS W OICHKH OE30MacHOCTH (pUCKa) IMOTCHIH-
aJNbHO OMACHBIX OOBEKTOB U MPOU3BOJACTB B MUpE pa3paboTaHbl U NIPUMEHSIOT-
csl IBa MOAXOJA: JETCPMUHHUPOBAHHBIN (HYJIEBOIO PUCKA) W BEPOSTHOCTHBIN
(HEHYJIEBOTO PHCKA), KOTOPHIE CIIOCOOCTBOBAIN PACHIMPEHHUIO TPEACTABICHUHA
00 OTHOCHUTEIBHOCTH 0€30IaCHOCTH M POYKIACHUIO KOHIIEIIIMU «IIPHUEMIIEMOT0Y
pHcka. BeposTHOCTHBI MOJX0l OCHOBBIBAETCS HA YIIIyOJICHUH KOMILIEKCa 3Ha-
HUI 00 OMACHOCTSX CHCTEM M MPHUBJICUCHHH MMOCIICAHUX TOCTUKECHUI CHCTEMO-
JIOTHHM K 3aJa4aM yTmpaBieHus puckoM [9, 60, 62].
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Ha ocHOBe M3BECTHBIX METOJIOJIOTHIA OCTPOCHBI Takue MH(OPMAIIMOHHBIE
TexHonoruu, kak Cucrema AromaruszupoBaHHoro MopenupoBanus bezOnac-
Hoct (CAMBO), paspaborka MHCTHTYTa TpodiieM MammHoBeaeHus, I. CaHKT-
[MetepOypr, 1993—1998 rT. [48, 62], TEXHOJIOTHS BEPOSITHOCTHOM OLIEHKH 0€30-
nmacHoctH (Probability Safety Assessment (PSA) technology), Hemerxko-
aMepUKaHCKHHA MPoeKT (pa3zpadorka 1994 r. mu mogudukamms 1998 1) [65], mpo-
rpammHbIi Kommieke A. C. MoxaeBa u «MeToquka aBTOMAaTH3HPOBAHHOTO
CTPYKTYPHO-JIOTHYECKOTO MOJEIUPOBAHHUSA IJIsl BEPOSITHOCTHOTO aHalM3a Hu
pacdera mokaszaresnieil HaleXHOCTH U O6e3omacHoCTH» [67—68].

W3BecTHO, YTO OLIEHKa BEPOATHOCTHBIX IIOKas3areied Oe30macHOCTH
pHCKa MONy4Mia Pa3BUTHE HAa OCHOBE «YaCTOTHOTO» W «TUIOTETHYECKOTO)
nonaxonoB [9, 14, 16, 26, 34]. IIpu 5ToM B pamMKax «4aCTOTHOTO» IMOAX0J1a KOH-
cratupyercst hakTH4YecKas: peann3alys MPOUCUIECTBIH ¢ 0TOOpaKEHHEM YCIIO-
BUi WX BO3HUKHOBeHHMs [51, 52]. TIpu «runoreTuyeckom» Moaxo/ie UCHOIb3Y-
10T TUIOTE3bI 0 PYHKIUIX paclpesiesieHnsi BEpOSITHOCTH, O MapaMeTpax CHCTe-
MBI U XapaKTEpUCTHKaX CIIy4alHBIX MPOLEeccoB B Heil. ClieyeT OTMETHTh, YTO
MIPUMEHHUTENBHO K HEOCTATOYHO M3YYEHHBIM CHCTEMaM «UEJIOBEK — MAaIlliHa
— cpena» HCIOJIb30BaHUE 3THX MOAXOJOB MOXKET CONPOBOXKAATHCS METOIUYE-
CKOIl TIOTPENTHOCTBIO pacuyeTa BEPOSTHOCTH, KOTOPask MOXKET TPEBBIMIATh NCKO-
MO€ UCTUHHOE 3HaUYe€HNE Ha HECKOJILKO MOPSIKOB [ 1, 48].

Jns mpuMepa paccMOTpUM Cleayronryto 3aaady. CymecTByeT KauecTBEH-
Hast (0OCTOSITENBCTBA U YCIIOBHS) M KOJMYECTBEHHAsl (UMCIIO) XapaKTEPUCTHKA
npouciecTBuil. [lycts umeercs nHdopmanust 00 # NPOUCIIECTBUSX, TIPOU30-
HIeUIUMX B OPraHU3alMOHHO-TEXHUYECKON CUCTEME, COoAepkKalleld /N MOTeHIU-
aNbHO OMacHBIX 00bekTOB. Tpebyercss HalWTH BEPOSTHOCTh BO3HUKHOBEHHMS
MIPOMCIIECTBHS YKa3aHHOTO BHJa Ha OIHOM KOHKpeTHO B3sitoM [10O mpu: a)
COOJIONEHNH TEXHUYECKUX YCIIOBUI M 0) HECOONIONEHNH OHOW KOHKPETHOU
rpymmsl v TpeboBaHui 6€3011aCHOCTH.

[epByto wacTh 3amauu pemiaroT ciexyommm obpasom: p = n / N. Ecin
yAaeTcs MPOBECTH aHAIW3 BKJIaZa B (PaKT KOHKPETHOTO BHUA NPOMCIICCTBHA
OTAENBHON TPYIBI MPEANOCHUIOK (V), TO «9acTOTHAs» BEPOSTHOCTH C yYETOM
BKJIaJ1a MPEANOCHIIIOK onpenesiercs Kak: p, =n ./ N.

Kak BuaHO, pacueT BepOoATHOCTH U aHAJIN3 BKJIaJa MPEATIOCHIIOK B €€ 3Ha-
YEHHE TIPON3BOANTCS ITACCHBHO, T. €. TOJIBKO 110 PE3yJIbTaTaM peaTn3alliy MIpo-
WCIIECTBUS, YTO NPHMEHUTEIHHO K CHCTEMaM C BBICOKUM IIPOTHO3HPYEMBIM
3HAUCHNUEM PHCKA MM HEBO3MOXKHO, HITH SIBHO HE YIOBJIETBOPSIET TPEOOBAHUIM
MpeayIpeaUTeNbHO-TPOPMIAKTHYECKON CTpaTeruu obecredeHmst 6e30macHo-
ctu. Kpome Toro, Ha mpakTHKe 4acTO OCTAlOTCS HEW3BECTHBIMH: KOMILIEKC
(haxTOpOB, KOTOPKIN CIIOCOOCTBOBAN pealiM3allii KOHKPETHOTO MTPOUCHIECTBHS,
tekymiee cocrosuue [100, a Takxe oOpazoBaHHe 00BEKTOM BTOPUYHBIX (haKTO-
poB. Kak npaBuio, B aBapusix U karactpodax HIMEHHO 00pa3oBaHHE KOMILIEKCA
BTOPUYHBIX (DAKTOPOB M MX BO3/ICHCTBHE Ha OOBEKT OOYCIOBIMBAET KpUTHYE-
CKHE UCXOJIbI.
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O4eBHIHO, YTO MACCUBHBIHN MOAXO/ K aHAIN3Y M OLIEHKEe 0€30MacCHOCTH He
MO3BOJIUT TAaKKEe pelarh 3a/ladd 1o 0OOCHOBAHHMIO MEpOIPUSTHH M CPEACTB
0€301acHOCTH 1 3aIIUTHI AJIs TOCTIDKEHUS TPeOyeMOro 3HaueHHUs! BEPOSTHOCTH
HEBO3HMKHOBEHUs NpoucmectBus. Hanpumep, B HacTosmiee BpeMs B Poccun
axTHUECKOE 3HAUEHHE BEPOSTHOCTH T0XKApoB cocTapiseT 4- 10! moxapos B
roz [2], Torna kak TpebyeMoe 3HaueHHe yCTaHOBIeHo Kak 107°.

OTMeueHHBIE BBIIIE HEAOCTATKH YCTPAHSIOTCS ITyTEeM pa3pabOTKH U MpH-
MCHEHHs aKTHUBHBIX IOIXONOB B aHAJIM3€ M OLIEHKE OE30MacHOCTH, K KOTOPhIM
OTHOCHUTCS, B YaCTHOCTH, JIOTUKO-BEPOSITHOCTHBIH METOJ] YCTaHOBJICHHS BEpPO-
ATHOCTH MPOMCIIECTBUH. DTOT METOJ OepeT Havyalo B TPyJax OTEUECTBEHHBIX
yueHbIx, Takux Kak 1. ITopeuxuii, H. Ctpeneuxuii, B. bonorun, JI. Ilocnenos,
U. Psounun, E. Conoxennes, B. OctpelikoBCKuid.

[IpumenuTensHO K UCCIEAOBaHUIO Oe3omacHOCTH peakTopoB ADC Brep-
Bble B 1967 . 9TOT MeTOn MOMy4YMUI CBOE BhIpakeHHE B 3ajgade Dapmepa [2].
OCHOBOI1 JIOTMKO-BEPOSATHOCTHOTO METOJa pacyeTa BEpPOSTHOCTH HPOUCILIECT-
BUSI CIY)KUT COOBITUHHBIN (CHUTYallMOHHBIH) IOAXOA B MOJAEIMPOBAHUM WHH-
OUUPYIOIUX U PE3YNBTHPYIONNX CcoObITHA. OIHAKO OCHOBHOH MpOOIeMOH,
MPEISITCTBYIONMIEH MTOJTHOMY NMPUMEHEHHIO 3TOTO METOJa K aHaIN3y CIOKHBIX U
(mnn) yHUKaNBHBIX cucteM, U. PAOMHWH Ha3piBaeT mpoOieMy MCXOMHBIX JaH-
HBIX B (hopMe BEpOSITHOCTEW MHULIMHUPYIOUX coObiTHii [9]. [Ipu aTOM B pado-
tax [1, 16, 52, 61] yka3pIBaeTcs Ha TO, YTO MajoO BHUMAaHHS YIEJIEHO (DPU3UKO-
TEXHUYECKOMY M KOHCTPYKTOPCKOMY aHAlIM3y CPEICTB M MEPOIPHUSITHN 3allu-
TBI, @ TaKXe POJIM MapaMEeTPUYECKUX KPUTEPHEB B ONUCAHUM IPEANIOCHUIOK
MIPOMCILIECTBUI M OTKA30B. A Be/lb UMEHHO 3/1€Ch MOKHO MTPOM3BECTH yIITyOJIe-
HUC aHalii3a U MOJCIUpOBaHus Oe3omacHOCTH W pucka [140, 142]. Paccmor-
PHM HCIHOJNB3YyEMYIO JUIS aHAJIN3a CUCTEMBI «UYEJIOBEK — MallliHa — Cpeiay
thopmyny muddepenunansHoro pucka [9, 27]:

Ry=pxU, (B.1)

1€ BEPOSTHOCTD p €CTh (DYHKIHMS OT BO3ACHCTBUI Ha MAIIMHY, KAK CO CTOPOHBI
YeJI0BEeKa M CPeibl, TaK M COOCTBEHHO Ha «caMy ceOs»; ymepd U ecTh QyHKITHS
OT MOTEHIMATIBHBIX BO3JIEHCTBUI, KOTOpbIE CIIOCOOHA CO3/1aTh MAIlIHA Ha Cpe-
JIy ¥ 4eJIOBEKa H, 4TO 0COOEHHO Ba)XHO, Ha CUCTEMY JPYroro ypoBHs. pyrumu
cioBamMH, Oosiee KOPPEKTHBIM BHIHUTCS NPEICTABIEHHE PHCKA KaK (QYHKIHH C
paccMoTpeHueM IByx cucteM, Hanpumep Cl u C2. Ilpuuem puck HaHeceHUs
ymepba cucteme C2 co cToponsl cucteMbl Cl ecTh (yHKIIMOHAIBHAS 3aBHCH-
MOCTb BHJIA:

R(1->2)=fp1),U1 —2)). B.2)

IIpu ompeneneHny 3TON 3aBUCHUMOCTH OOS3aTEILHOM SIBISIETCS JIETaJH-
POBKa: Kakue BO3JCHCTBUSA BO3HHMKAIOT BHYTpH cUCTeMBI Cl WM TpOSBISIOTCS
MPUMEHHUTENbHO K cucTeme C2, Kakue 3HaueHUs MapamMeTpoB OHH MMEIOT, Ka-
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KOBa YYBCTBHUTEIIBHOCTH (BOCHPHMMYMBOCTb, HECYIAs CHOCOOHOCTH) 00eux
CHUCTEM K 3THM BO3JICHCTBHSAM U B KAKMX UCXOIHBIX («CTAPTOBBIX») COCTOSHUSIX
HAXOJSITCS OTH CHCTEMBI [0 OTHOIICHUIO K BHEIITHUM WHUIIMHAPYIOIINM BO3/ICH-
CTBUSIM.

W3 3TOTO ClieAyeT BBIBOI O TOM, YTO HE CIIEAYET MEXaHWIECCKH Pa3lIeNiTh
MPOIECC YCTAHOBJICHUS BEPOSTHOCTH M ymiepOda M NPUMEHSTH 3aBUCHMOCTD
(B.1) TONBKO TIO OTHOIIECHHIO K OIXHOW OTHIENBHO B3ATOU cucteme. Kpome Toro,
BaKHBIM OKa3biBaeTcs (puc. B.1):

1) ¢ mo3uIuu caMoro HeKENATeIBbHOTO UCXOA BBISIBUTH MPEAOCHUIKH H CBS-
31 MEXy HUMU;

2) omucarp 3aIlIUTHBIC U WHUIMHAPYIOIIHE CBOicTBa meMeHTOB cucteM Cl u
C2, a Taxxe B3aUMOOOYCIIOBICHHOCTh 3TUX CBOWCTB;

3) ommcarh 3TU CBOMCTBA, MPEANOCHUIKH U CBS3H B BUJE COMOCTABUMBIX I1a-
paMeTpoB U QYHKITHIA.

Ecnu ymaetcst Takoe onmcaHue, TO Mepa ONPEAETICHHOCTH BOSHUKHOBEHHUS
MIPOUCIIECTBISI MOXKET OBITh IOJTydeHa B BHJIE YETKOH Mepbl — MepHl He00XOo-
qumoctH [11, 12]. Ecnu ncxoaHele faHHBIE NPEACTABICHBI KaK CllydyailHble Be-
JIMYUHBI 1 IPOLECCCHI U ITPU 3TOM BBISBJIICH MOJIHBIN Ha60p BCEX MPEANOCHIIOK
U UX CBSI3€H, a TAKXKE BBIIIOJIHEHBI YCIOBUS HOPMUPOBKU I BCEX CIIy4aWHBIX
BEJIMYMH (YTO Ha MPAKTUKE HEJOCTHKMMO), — TO Mepa ONpPEAEIeHHOCTH BO3-
HUKHOBEHUSI NPOUCILIECTBUS MOXET OBITh IMOJyY€HAa B BHJIE BEPOSTHOCTHOU
Mepsl [26, 30]. Eciu ncxomHble maHHBIE O CHCTEMaX MMEIOT HEUETKHH U He-
TIOJHBIHN XapakTep (YTO 9acTo OBIBacT Ha MPAKTUKE), — TO Mepa OMpPeAeTICHHO-
CTH BO3HHKHOBCHHS IIPOWCIICCTBUS MOXKET OBITH IONydeHa B BHIEC HEUCTKOU
(Bo3mMoxkHOCTHOM) Meps [10—13, 18].

Kak npaBuiio, B yCIOBHSX CTOMMOCTHBIX M (MIJIM) BPEMEHHBIX OrpaHuue-
HUH Ha IoJydeHHe WHPOPMalnU MCXOAHBIC JaHHBIE O CHCTEME XapaKTepu3y-
IOTCSl KaK HedeTkne W (WJIM) HemoNHBIe. BeiencTBue 3TOTO MpUMEHEHHE H3-
BECTHBIX METOJOJOTHH IS KOJMYECTBEHHOH OIICHKH Oe301macHOCTH (pHCKa)
MOXET OBITh WJIM HEKOPPEKTHBIM, WIIM HEJOCTOBEPHBIM. JTO MOXET IPHUBECTH
WIN K HEJOOIICHKE YTPO3, WM K HEONMPaBAAHHO BBICOKHMM 3aTparaM Ha obecrie-
geHrne 0e30MmacHOCTH (IIPUEeMIIEMOTO YPOBHS PHCKa), OCOOCHHO €CIIM YHUCIIO
MPEIINOCHIIOK (TEPMOB) OMACHOCTH B CHCTEME IPEBBIIIAET CTO, a JaHHBIE O
CBOMCTBAaX KOMIIOHEHT CHUCTEMBI IIPEACTABJIEHbI HEMONHO U (1in) HedeTko. Ha
pUMepe T0XKAPHON Oe30MaCHOCTH MOKHO KOHCTATUPOBaTh ' [1] B 1ETIOM
psize ciydaeB IOTPENIHOCTh pacyeTa pPUCKa CYIIECTBYIOIIMMHU B HOCTHBI-
MH METO/IaMH TpeOyeMoro (IpUeMIIeMOro) 3HaUeHHUS! IIPEBBIIIAET ITO 3HAYCHHE
Ha TpH nopsiakal

K TpymHOCTAM M HemocrarkaM NPUMEHEHHUS IeTepMUHUPOBAHHOM M BEPO-
STHOCTHOW METOHOJIOTHH IJISi OIIEHKH PHCKA YHHKAIBHBIX CHCTEM MOXKHO OT-
HECTH CIeIyIoue, CM. Tatoke Tadn. B.1 u puc. B.2:


Swing
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. OtcyTcTBYeT CTaTUCTHKA aKTUBHBIX 0TKa30B [10D wnu naHHBIX uis 000C-

HOBAHUA XapPAKTCPUCTHUK I'MIIOTCTUYCCKUX (byHKHI/Iﬁ HX BEPOATHOCTHU.

. CymiecTByIOT CJIOXHOCTUA B OMPEAENCHUH U OMHCAHUM TOJHOW TPYIIIBI

cumyayuii B CUCTEME M, BCJIEACTBUE 3TOTO, OLCHKA IO IKCTPEMabHBIM
cUTyanusM (MaKCUMAaJbHBIM TPOCKTHBIM aBapHsIM) MOXKET OBITH HEIOJ-
HOW ¥ (WJIM) HEAOCTATOYHO JIOCTOBEPHOM.

. Ilpu3Haercst Hen30€KHOCTh HAIMYMUS NPHOIMKEHHBIX U (WJIM) HENOCTO-

BEPHBIX JaHHBIX 00 00BEKTE, HEPErIaMEHTHPOBAHHBIX (DAaKTOpax M Tpak-
TaxX MX PacnpoCTPaHEHUs U, TEM HE MEHee, OTCYTCTBYIOT METOJIBI, IT03BO-
JISFOLIHE

a) YYUTBHIBATh HEUETKYIO HHPOPMAITHIO U

0) paccUMTHIBATh IMOKAa3aTeH OE30MaCHOCTH U PUCKa.

. OtcyTcTBYIOT 00IIME MOAENH JUIsl TPYMNIBI MToKa3aTeneld «3(h(HeKTHBHOCTD

— 0e30MacHOCTh — CTOMMOCTBY C IETIbI0 ONPEACICHHUS «IIPUEMIIEMOTOY
pucka u (Wwin) 000CHOBAaHUS X ONTHMAIBHOTO OajaHca.

. HeBo3moxkHOCTE B paMKax 3THUX MMOAXOAOB HECTATUYCCKOI'O0 HAXOKICHUA

Mep OMNpeeIeHHOCTH (HEONPEIeICHHOCTH) PeallU3alii POUCILIECTBUS U
camoro HexenarensHoro ucxona (CHU) B cucreme.

Ta6nuua B.1

CpaBHUTeNbHas XxapakTepUCTUKa MeToAoMoruii oueHkn 6esonacHoCcTu
CINOXHOM TexHunyeckon cuctemnl (CTC)

1.

Merozmonorus JeTepMUHAPOBAHHON 2. Meroponorusi BEpOSITHOCTHOM OIEHKH
OLICHKH 0€30I1aCHOCTH 6e3onacuoctu (PSA, CAMBO)

(ABIIKO, «Tpanunuonsslie Mepbl»)

ITocTpoeHue MOJHOI IPyNIbI HCTOYHUKOB M NPHEMHHUKOB, (aKTOpPOB U Ka-
OIaCHOCTH

L4
. AHanm3 HemoJHO# Tpynmel o BEIOpaH- | 2. [locTpoeHne  JOTHYECKOH — Mojaenn

HBIM «OTIPEICIISIOIINM dIeMEHTaM CHU na ocuoBe JIM orkaza I1OD
(ompeaensIFoIX COOBITHIT)

. Metop skcrpemyma rokazatenel, ske- | 3. OnpezneneHue BepOSTHOCTHOW MOJENN

TPEMaJIbHBIX CUTYalul CHU no dopmaM u mpaBuiaM mepe-
xoza

. Meronpl pemieHuss Mo MakCcUMajbHOM | 4. Pacuer 3HaueHUi BEPOSTHOCTHON MEpHI

IIPOCKTHOM CUTyaLuH CHU. Omnpenenenue «3HaAYMMBIX» CBS-
3eil 1 BECOB COOBITHI (OTKa30B dJe-
MEHTOB)
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PesynbTar:
IMpoext 6e3omacuoii CTC npu BEIOpaHHBIX

JKCTPEMaJIbHBIX ~ MOKA3aTeNisiX  OTHOCH-
tenbHo CHU

Pesynbrar:

1.

IMpoexr 6e3onacHoit CTC ¢ ydetom
BBISIBJICHHBIX 3HAYCHHI CBS3EH U Be-
COB.

. YacToTHOE MJIM TUIIOTETHYECKOE 000C-

HOBaHHE PUCKAa HaHECEHHWs yuiepOa u
crparernu Gananca mokasareneit «a¢-
(exTuBHOCTP — 0€30MacHOCTh —
CTOMMOCTB»
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1. Hannuue criefylommx croco6oB MOAETMPOBAHUSI CBOWCTB CUCTEMBI (00beKTa):

—cuTyalMoOHHOE Mozeaunposanue [1, 9, 10, 12, 23];
—MOJIEeMPOBaHKe COCTOsIHMIA [23, 51, 62];

— CTpyKTypHO—Jornueckoe [4-6,12, 51];
—MHOXeCTBEHHO—TIapameTpudeckoe [12—14, 60—64].

2. PazBuTHe mpeacTaBieHni 00 OlIEHKEe Kak ITPOILIecCe U pe3yibTarte:

— IMCKpeTHasl M HerpepbiBHast [17—-19, 29, 45, 46, 53, 58];
— BEPOATHOCTHAs M BO3MOXHOCTHas [8—14, 49—52];

— obbekTUBHAs U cyobekTuBHas [10—11, 20-23, 62—64];
—KayecTBeHHast M KoiudecTBeHHast [9, 15-19];

1l

1. Onua@Hue K1accoB 6e30MacHOCTH (OMacHOCTH) M pa3paboTKa MPOCTEHIIIX
KPUTEPHEB UX UACHTU(DUKALIUMN:

— BBISIBJICHUE NIPU3HAKOB «KPUTUIHOCTH» cUCTeMBI [9, 16—19, 57-62];

—3a/laHue TOPOTOBBIX 3HAYSHMIT TTapaMeTpOB
IMOD u (1K) NapaMeTPOB HEPETTAMEHTUPOBAHHLIX (hakTopos |14, 22, 23, 25, 27].

4. Pa3paboTKa BUIOB MEp HEOMPEAETCHHOCTH CJIOKHOTO COOBITHUS &

— BeposiTHOCTHast Mepa P ((€) [5-10, 26, 30, 34];
— BO3MOXHOCTHast Mepa 7 ( € ) [10-12, 49-50, 64];
— Mmepa HeoOxonumoctu N ((€) [11-13, 26];

Il

5. Ommcanue (popMaTbHOTO MATEMaTUYECKOTO arapara B Buze anreop A
U MX CUTHATyp S"

— geTKuX MHOXectB A, , S,,[5, 7, 10, 29, 54];
—petietok Ap, Sp, Hanpumep, anrebpsl Bysst [29, 54];
—BEPOSITHOCTHBIX Mep A g,/ Sp, [5-7,12];
—HEeUYeTKUX MHOXeCTB A/, Sy, [10-12,43,64].

Puc. B.Z.X@

OTMeTHM TaKKe CyLIECTBYIOIINE OTPAHUUCHUS B IPUMEHEHUH U3BECTHBIX
JIETEPMUHUPOBAHHOM U BEPOATHOCTHOM METOAOJIOIHU AJIs pacyeTa MephI olpe-
JIeNIEHHOCTH BO3HMKHOBeHUs npouciectust (MOBII):



Swing
Note
Теоретические предпосылки для факторного параметрического моделирования и возможностной оценки свойств систем 


Bseoenue 21

l) CTOMMOCTb pacxoJ0B Ha IMOJYYCHHUE HCXOAHBIX JaHHBIX OI'paHUYCHO,
Cc< Cm(),'

2) BpeMs MOJyYEHHs HCXOAHBIX JaHHBIX OTPAHUYEHO, T < Typ;

3) BEpOSITHOCTH «MHULUHPYIOIINX» COOBITHI HEM3BECTHBI;

4) ucxoxHbIE JTaHHBIE O TAPAMETPAX CUCTEMBI HEUCTKHE;

5) Ui acCUMIITOTHYECKUX 3HAYEHUH HEM3BECTHBI 3aBUCHMOCTH MEXIy HOKa-
3arels MU «3(P(EeKTUBHOCTH — O€30ITaCHOCTh — CTOUMOCTBY» U, BCIEACT-
BHE 3TOT0, TPYAHO YCTAaHOBUTH ONTHUMAJIBHOCTh 3aTparT Ha O€30I1aCHOCTh
TIpH 33JJaHHOM YpOBHE 3(p(PeKTHBHOCTH.

HayuHo¥i nebio 1aHHO paboThI SBIISIETCS UCCIIEIOBAHUE YCIOBUH yCTa-
HOBJICHUS ACUMNMOMUYECKUX 3HAYEHULl PUCKA CIOXKHBIX CHCTEM, a TaKkKe
o0ocHOBaHME U pa3paboTka METOAOJIOTHH (PAaKTOPHOTO MapaMeTpUIECKOro Mo-
JIEINPOBaHMS U BO3MOXKHOCTHOM OLIEHKH PHCKA.

st ToCTHKEeHUsl yKa3aHHOM LENM HUCCIECNOBAHUN HayyHnas npoodnema,
KOTOpas pemraeTcs B 3TOW paboTe NPUMEHHUTENBHO K YHHKAJIbHBIM CHCTEMaM
pa3uyHON (pU3HYecKoil MPHUPOABI, eCTh npobiema pa3pabOTKU Memodorocuu
MOJICTIMPOBAHMS TMOTCHIIMAILHOW OMACHOCTH W BO3MOYKHOCTHOHW (HEYETKOM)
OLICHKU PHUCKa, TMHTBUCTHYECKas (pOpMyIMpOBKa KOTOPOH MMEET BHI: IO 3a-
JAHHON TOJHON CTPYKType CHUCTEMBI IIOTEHIMAJIbHO OIACHBIH OOBEKT —
OTacHbIe M BpeAHbIe (aKTOPbl — CPEICTBA U MEPONPHSTHS 3aIlIUTHl — Yello-
BCK» B YCJIOBUAX HECYCTKUX UCXOAHBIX JaHHBIX 06 HU3MCHAIOMINXCA BO BPEMCHU
napaMeTpax 3aliUTHBIX U MHUIHUUPYIOIUX CBOMCTB KaK KOMIIOHEHTOB CHCTE-
MBI, TaK ¥ NPUINHHO-CIIEACTBEHHBIX CBS3€H, O0YCIOBICHHBIX YUYUTHIBACMbIMU
HeperIaMEeHTHPOBaHHBIMU (DAaKTOpaMH M Napa3suTHBIMHM KaHAJIAMH B CHUCTEME,
OINpPENENUTh BO3MOXHOCTHYIO MEPY BO3HHMKHOBEHHMS IPOMCLIECTBUS KaK Hau-
GoJiee HEXENATEIFHOTO MCXO/la B3aMMOBIIHMSHHS PacCMAaTPUBAEMBIX CBOWCTB U
CBsi3e M 000CHOBATh PELICHUS IO BBIOOPY CPEACTB M MEPONPHATHHA 3alUThI
JUISL TOCTHOKEHHUS TIPHEMIIEMOTO PUCKA.

IIpennochlikaMu AJ1s1 pa3pemIeHUs TTOCTABIEHHON NPOOIEeMBbI SIBISIOTCS
CIIEIyIOIIHe MOJIoKeHH (CM. Takxke puc. B.3, B.4):

1. YTBepxnenue [locnenoBa—Knupa—IIpaga o COOTHOLIEHUH BEPOSTHOCT-
HOH M BO3MOXHOCTHOH Mep HACTYIUICHHUS CIOXKHOTO COOBITHS MM BO3-
HUKHOBeHUS mporecca [10-12].

2. Hannume craHmapTHON KiacCH(UKAIIMM BCEX BO3MOXKHBIX OITACHBIX W
BpenHbIX (pakTopos [1, 27].

3 IIpeanonoxeHue O MOJHOTE JIMHIBUCTUYECKOTO U MHOXECTBEHHO-
IapaMETPHYECKOIO OIKMCAHHS CBOMCTBA «O€30IIaCHOCTh — OINACHOCTB)
cucremsl [12-14.231%

4 Tunoreza o COO@ITBI/II/I COOBITHTHOTO W MHOXXECTBEHHO-

MapaMeTPUIECcKOT0 CIOCO00B MOJEIUPOBAHUS MPEANIOCHIIOK OMACHOCTH
[10-12, 49, 64].
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Paznensiemast
YETKas rpaHvua B
TOY u ®OC
Pa3ﬂeﬂﬂeMa}l HEYEeTKas rpaHuua o
YPOBHIO a-cpe3a rpanuiisl B TOY u @OC
Puc. B.3. caHue HeuveTkon obnactn «TOY* — HP*» BO3MOXKHLIX NMpouc-
wecTBUMN eMe Bupa «TexHu4yeckum ob6bekT u yenoBek (TOY) — cakTopbl

okpyxatowen cpeabl (POC)», rae P® — pernameHTUpoBaHHble dakTopbl, HP
— HepernaMmeHTUpoBaHHble hakTopbl


Swing
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с правкой согласен
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MHoXecTBO C Mepa HeomnpeaeaeHHOCTU
urHatypa
BO3MOXXHOCTHBIX vp HACTYIUICHUS BEPIIMHHOTO
anreOpol
Mep peau3aiuu &—Cr
HEYETKUX
MPENnoChLIOK
[10-13, 47] | 4| MHOXecTB
)

1. Bo3aMoxkHOCTHas Mepa

= (7, 18) Sum T (Cr) = fs5,(0)

2. Bo3aMoXXHOCTHO-
BEPOSITHOCTHAsS Mepa

P (Cr) = fsydP)
MHOXeCTBO L, Curnarypa
BEPOSITHOCTHBIX aJreopbl
Mep IpeanoChbLIOK BEPOSATHOCTHBIX
[9, 26, 62, 65] Mep 3. BeposiTHOCTHO-
BEPOSITHOCTHAs Mepa
p(Cr) = fsyp (P)
P:(pmtlk) SBM

4. BeposiTHOCTHAsI Mepa

P (Cr) = fspu(P)

p (Cr) < pr (Cr) < mp (Cr) = (Cr)

Puc. B.4%i

Ilocmanosxa nayunoit npoonemvi. PaccMaTpUBaOTCA CHOKHBIE CUCTEMBI
BUJla «IOTEHIUAJBHO OIACHBIH OOBEKT — OIAacHbIe W BpeIHbIC (HaKTOPhl —
CpelcTBa U MEPONPHUATHS 3aUThl — denoBek» (100 — OB® — CM3 — U).
B cucremax He HCKIIOYarOTCA BO3HUKHOBEHUSI TPOUCILECTBHM U aBapHid.

ITycte nmana cnoxxHas texHuueckas cucrema (CTC1) «I10O — OB® —
CM3 — U», c U3BECTHOI CTPYKTYpOH CBsi3el OTHOCHUTENIBHO CaMBIX HEKella-
TesbHBIX exonoB (CHU), MHOXXeCTBO KOTOPBIX 0003HauuM Cr.

WzBectHbl obnactn OB®, MHOXXECTBO MapaMeTpoB KOTOPBIX 0003HAUYUM
V¢. V3BeCTHBl XapaKTEPUCTHKHA KOHCTPYKIMH W 3alIUThI OOBEKTa, KOTOPHIE
ommmieM MHOXeCTBOM F mapameTpoB mpeoOpazoBanms. OnrcaHbl 001acTy ma-
paMeTpoB UYYBCTBHTEIBHOCTH, BOCIIPHUMYHMBOCTH W HECYIIEH CIIOCOOHOCTH
3JIEMEHTOB M YEJIOBEKa, MHO)KECTBO KOTOPHIX 0003HauuM R. YCTaHOBIIEHBI HHU-
[UMPYIONIHE CBOUCTBA MOTEHIMATBHBIX SIEMEHTOB 00BEKTA, KOTOPBIE ONUCAHBI
MHOXKECTBOM apaMeTpoB BTOPHYHBIX (akTopoB V ‘. BbISBIEHBI BO3MOXKHBIE
Mapa3suTHBIE KaHAbl PAcIpOCTPAHEHMs BHEIIHWX M BTOPUYHBIX (HAaKTOPOB B
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3) вставить знак "меньше и равно"  между "pip(Cr)   pi(Cr)" 
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cucreme. B obmem Buzie ykazaHHas McXoiHasi HH(OpPMaIHs O CUCTEME Ipea-
CTaBJISIETCSl HEUETKUMH BEIMYMHAMU ([TapaMeTpamMHu), a TOBBIIIEHHE TOYHOCTH
1 TIOJHOTHI HH(OpMAaLUK TpeOyeT JONOIHUTENBHBIX MaTepUANIbHBIX U BPEMEH-
HBIX 3aTpar.

Tpebyemca npu yCIOBUM CTOMMOCTHBIX M BPEMEHHBEIX OIpaHHYCHHH Ha
MOJy4YeHnEe W 00pabOTKy MCXOOHON WH(pOPMAIUH ONPENeIUTh WHTETPaTbHBIHA
pucK Ry cucteMbl B 000CHOBATh BBIOOP CPEACTB M MEPONPUATHH 3aIIUTHI, a
TaKKe MPABWIA U PEIICHUS ISl YNPABICHHUSI PUCKOM W JTOCTIOKCHHUS MIpHUEMIIe-
MBIX €r0 3HauUEHUM.

[Ipennonaraercs, 4To B 1000 CUCTEME TeKyIee (MCXOAHOE) COCTOSHUE &
6€301acCHOCTH OMNpEAEISIETCS] YETKOW OO0JAaCThIO HOCHUTENEH MapaMeTpoB MU
(yHKIMHA yKa3aHHBIX MHOXECTB, a BO3MOXHOCTh Bo3HuMKHOBeHuss CHU, kak
MEPEX0]] CHCTEMBI M3 COCTOSHHUA & B KPUTHUECKOE M (WIHM) HATKPHUTHIECKOE
cocrosaue Cr, & — Cr, — WX HEYETKHMHU OONaCTSIMH CYyIIECTBOBaHU, 0Opa-
3yeMbIMH IpaHunamiu 1, 2, 3 (puc. B.5).

1. 2. Buant 3. 4. Perienus u
Hesasucumbie neficTBUit Ha TeopeTHyecKne BBIBOJIBI
MPaKTH9ECKIE OCHOBC OTIBITA PE3yJIbTaThI

" — | npnvenmensn

IKCIEPpUMEHTA 0K
bHBIC KOHKPETHOI
TIPEJNIOCBLIKI
1.1 2.1 3.1
OGHapyxeH1e OGHapyxeH1e Kareropuposan
110 I10 o ornbiTy ne [10 TC
1.2 BuisiBieHue 2.2 3.2
U pa3inveHne OnpeneneHue OnpeneneHue
o (mocrpoenue) rokasareseit
nokasaresneil ITo TC
1.3 Ouenka 2.3 Ouenka 3.3 Ouenka Hopmatusst
IKCIepTaMu 3HAYEHMI 3HAYEHMI JUISL
(5C) roKasaresneii roKasareieii ONTUMU3ALIMH
Mo TC CTeneHu pucKa
1.4 Peutenue 24 3.4 Paspabotka
3KCIIEPTOB 06061IeHNIe CUCTEMBI
orbITa KOHTPOJISt 32
CHUXEHUS MO TCwu
pucka obecriedeHust
5O
1.5 2.5 u3MeHeHust 3.5 Paspaborka
WHcTpymeHTan JINarHOCTUYECK KOHKPETHBIX
bHBII IMarHo3 UX MapaMerpoB Mep U MpaBul
100 U IPU3HAKOB

Puc. B.5. Cxema KonuyecTBeHHOMN OLIEHKM Noka3saTtenen onacHoctu (MO) n aHa-
nu3a 6e3onacHoctu (BO) TexHu4veckom cucremsol (TC) [19]
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ITycTs 13 paccMaTpuBaeMoOro Kjiacca CHCTEM 3aflaHa KOHKPETHas CIOXKHAs
texHuueckast cuctema CTC1, ucxonHble JaHHBIE O KOTOPOM MPEICTABJICHbI B
dopMe COBOKyHmHOCTH HedeTkux MHOxecTB V1, F1, R1. 3amaHo MHOXeCTBO
V1€ 3nauenuii paxTopoB, XapakTepusyromux onactocts 31oit CTC1 st ok-
pyXarIei cpensl (Ipyrux CHUCTEM) W U3BECTHO, YTO BBINOJHSETCS YCIOBHE
Vlig < V14€.

Tpebyercst npu crouMocTHBIX $ < $.,, ¥ BpeMEHHBIX T < Ty, OrpaHHYCHH-
SIX Ha MPOIIeCC MOATOTOBKH U 00pabOTKH MCXOMHbIX AaHHbIX 0 cucteme CTCI
OTHOCHTENIBHO BBIOpaHHOTO ncxoma Cr maeHTHUIMPOBaTh Kiacc & Oe3omac-
HOCTH CHCTEMBI M YCTAaHOBHUTD 803MONCHOCMHYI0 Mepy Tiepexona & — Cr 3Toi
CHCTEMBI B KPHTUYIECKOE COCTOSTHHE!

Pos (& Cr) =Pos (F1 (V1) " R1 22 | V1'¢, < V17). (B.3)

Pesynpraramu penieHust HayqHO# poOJIEMBI SBIISIOTCS:

1) knaccuukamnusi ¥ pa3jinyeHne COCTOSHUN 0e30MacHOCTH (OMAaCHOCTH)
CUCTEMBI,

2) ompenesieHre aCHMNTOTHYECKOI0 3HAUCHUS! BEPOSITHOCTH BO3HHUKHOBE-
HUSI TIPOUCILIECTBUSl WM aBapuu B CHCTEME KaK OCHOBHOW KOMIIOHEHTbI
pHCKa.

[Tytn pemenus JaHHON MPOOIEMBI CBA3aHBI C PEIICHUEM CICIYIOIINX Ya-
CIHBIX 3a0a4:

1)BeiOOp W  OOOCHOBaHWs  JIMHTBUCTUYECKOH W  MHOXXECTBEHHO-
napaMeTpUIecKoil MoJieliel pUcKa CUCTEMbI «4EJIOBEK — MallliHa — Cpe-
Jlay Ha OCHOBE IPEJCTABICHUS MPENOCHIIOK (TEpPMOB) MPOHUCUIECTBUN B
Buie (OPMYJIBI: «BO3AEHCTBHE — KaHAIMPOBAHHE — OCJIa0JIeHHEe — BOC-
NPUUMYHBOCTb — WHHUIMHPOBAHUEN;

2) 0Ka3aTeIbCTBO JKBHUBAJCHTHOCTH COOBITHAHOTO M MHOXXECTBCHHO-
HapaMeTpUIEcKOro CIIocOO0B MOAEIMPOBAHUS ITPOUCIIECTBUI B CUCTEME:

3) pa3paboTKa KpUTEpUEB Ul BBISBICHHS U PAH)KMPOBAHMS HPENIOCHLIIOK
OIIACHOCTH B CHCTEME;

4) ycraHOBIIEHHE ITOJHOM Jorn4eckoil GopMbl GYHKIMU CBS3HOCTH IMPEATIO-
CBUIOK OTHOCHTEJIBHO UCXO0/a — aBapuH;

5) BBIBOA 3aBHCHUMOCTEI BO3MOXXHOCTHON MEphl peau3alii 3IEMEHTapHBIX
MPEANOCHIIIOK HCXO/O0B;

6) pa3paboTKa MeToJja YCTaHOBJIEHHSI BO3MOXXHOCTHOW Mepbl BOSHUKHOBEHUS
IPOUCIIECTBHUA (ABAPUM) B CUCTEME II0 HEYETKUM JAHHEIM €€ (haKTOpHOH
[apaMETPUYCCKOM MOJICITH CHCTEMBI

7) pa3paboTKa IMCTaHIMOHHBIX CIIOCO0 OJIy4eHHs HCXOIHBIX JIaHHBIX,
JKeJIaTeJIbHO, B CTaHAApPTHOH (opMe, XapaKTepHu3yollel, B IEpBYI0 Oue-
penb, pe3ynbTaThl M3MEPEHHs HampshKEHHO-Ie(OpMHUPOBAHHOTO COCTOS-
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HUS KOPITYCOB DJIEMEHTOB, a TAKKE IMapaMETpPOB MCXaHUYCCKUX U TCIJIO-
BBIX BO3MyIII€HPII71;

8) ycTaHOBIeHHE ¥ OOOCHOBaHME Pa3IMYMMOCTH BO3MOXKHOCTHOM Mephl Ha

YpPOBHE 1076 IIPU YPOBHSAX Pa3IudMMOCTH 107...107 HeYeTKHX HCXOXHBIX
JIAHHBIX O CUCTEME;

9) pa3paboTka TpeOOBaHHI K MPOEKTY 3KCIIPECC-3KCIEPTU3bI 0€30MaCHOCTH

(pucka) 1 MOHUTOpPUHTA pecypca MHOTO(aKTOPHOI CTPYKTYPHO-CIIOKHOU
CHUCTEMBL.

IIparmaTuyeckoi 1eJabI0 TTPOSKTA SBISETCS pa3pabOTKa HOBOW METOMIM-

Ki ¥ WHOOPMAIMOHHOW TEXHOJIOTHU OIICHKH 0€301acHOCTH (PUCKA) MOTEHIIH-
aJbHO OINACHBIX CHCTEM, YIOBJIETBOPSIOLICH CIIEIYIOUIMM TPEOOBaHUSAM (CM.
Takke puc. BS):

1.

OOBEKT OLIEHKH — MHOTO(AKTOpHASI CTPYKTYPHO CIIOXKHAsI TEXHHYECKas
CHUCTEMA C U3BCCTHBIMU NOTPEHIHOCTAMU NPEACTABIICHUA €€ TapaMETPOB.

. BI/I,Z[ " pEe3yibTaT OLUEHKU — KSHCCTBeHHO-KOHH‘IeCTBeHHBIﬁ, WHBapHUaHT-

HBIA 1S TFOOBIX Pa3HOPOIHBIX CHCTEM C YCTaHOBJICHHEM: a) Kiacca &

0€301acHOCTH CUCTEMBI; 0) Mepbl ONpPENEICHHOCTH NPOUCIIECTBUS Kak
KOJIMYECTBEHHON MEphl Mepexofa CUCTEMbI 3 Kinacca & 0e30MacHOCTH B
KPUTHYECKOE WU aBapHitHoe coctosiHue Cr, B) 3HaYeHHWU V mapaMeTpoB
(hakTopos, onpeaenstomux nepexoq & — Cr.

. I[JIH MPOBEACHUA OLICHKN CUCTEMBI IPOU3BOAUTCA ITOJHOBAPUAHTHOE MO-

JISTMPOBAHKUE BO3MOXKHBIX MPEANOCHIIOK MPOUCHIECTBUS (OTKAa30B ITOTEH-
[IMATBHO OIACHBIX JIEMEHTOB), MIPAMO U (MJIM) KOCBEHHO OIPEIEIISIFOIIIX
caMbIil HeXKeJTaTeNIbHbIN HCX0/ (TIPOUCIIIECTBHE) B CUCTEME.

. I[OJ'DKHa o0ecreYrBaTbCsi COBMECTHMOCTh U COIIACOBAHHOCTh C H3BECT-

HBIMH (JIE€TEPMUHUPOBAHHON W BEPOATHOCTHOW) METOJAMH OIIEHKH 0€30-
MACHOCTH.

. JlomkHa OBITh MPEAyCMOTpeHa aanTaus K HHPOPMALMOHHBIM TEXHOJIO-

rusm tuma CAMBO, ABITKO, PSA, FMECA [62, 65-68].



*Be3onacHOCTh OOBEKTA HHU-

KOTJ[a HE MOXET OBITh JOKa3aHa
paMkax caMoro o0bexTa

Ilo I'éoenro

PA30EN 1

Teopusa cpakTopHOro napameTpu4eckoro
MogenuvpoBaHus 6e3onacHOCTU (OnacHoOCTH)
cucTtemMm Buaa «3awmrta — oo6ekt — cpepna» (30C)

1.1. TeopeTuko-nUHrBMcTUYEeCKasa ¢popmynupoBka
npo6nemsbl

Henpro pasmena 1 sBisercs pa3paboTka (akTOPHOrO MapaMeTpUIecKOro
crocoba MOIETHPOBAaHUS PHCKA CHCTEMBI BHJIA «3aIIUTa — OOBEKT — Cpeiay
(30C), xoTopas AeTanm3upyeTcs KaKk CHCTEMa BHIA «IOTEHIMATHHO OMACHBIHA
00BEKT — CpEACTBa U MEPOTPHATHS 3alIUTHl — OMAacHBIE W BpeIHBIE (aKTo-
pe» (ITOO — CM3 — OB®). PaccmarprBaeTcsi 0Ka3aTeabCTBO €ro SKBUBA-
JICHTHOCTH COOBITHIHOMY CITIOCO0Y MOJETUpOBaHUs omnacHocTei. Kpome Toro,
BBOJSITCSL (DaKTOPHBIN MapaMeTpUuecKuii u OyieBblii 0a3uchl cuctembl. Ha ux
OCHOBE BBOJATCSI KPUTEPUH KilacCupuKanuu, AupdepeHIranur 1 paHKupoBa-
HUS COCTOSIHUI 6630HaCHOCTl/I X OIIaCHOCTHU CUCTEMBI.

1.1.1. Pa3paboTka NOHATMNUHOrO annapara
Ans MoaenupoBaHusA 6e30MacHOCTU U pUCKa CUCTEMBbI

Hccnenyem CBOMCTBO «0E30MACHOCTh — OMACHOCTHY CIOKHOW TEXHUYE-
CKOM CHCTEMBI B paMKax MnpeacTaBJICHUA 3TOM CUCTEMBI B BUJIC «IIOTCHIIMAJIBHO
OITacHBI OOBEKT — CPEJICTBA U MEPHI 3aIUTHl — OMACHEBIC W BPEAHBIC (haKTo-
peD» (puc. 1.1). s 3Toro ucmnoiap3yeM OOIUe MPUHIUIBI CHCTEMHOTO aHaJIH3a
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[1, 23]: a) xoHeyHO#l Lenu; O) €IMHCTBA; B) CBSA3HOCTH; T') MOMAYJIBHOCTH;
) nepapxui; €) QyHKIMOHAIBHOCTH; %) Pa3BUTHS; 3) HEOTIPEACIEHHOCTH.

Ve

t

Puc. 1.1XVi@

B oxpyxaromeit cpene (puc. 1.1) MOryT BO3HHKAaTh HeperlaMEHTHPOBAH-
HbIC BO3ICUCTBUsI V © pasniuuHoi QU3HMIECKOI MPUPOIBI, YTO MOKET BIHUSTH Ha
TEXHUYECKOE COCTOSIHUE 00BEKTA, BIUIOTH 0 BO3HUKHOBCHHUS aBapHu.

Bcenencteue neiictBuss OB® na 10O BO3HUKHOBEHUE aBapUHHON cHUTya-
UM 1 aBapuu odyciaenmuBawot [9, 17,27, 38, 41, 60] cnexyromue npUIUHbL:

© OTKa3 WM TMOBPEXIEHUE CPENCTB 3aIUTHI U 0€30MaCHOCTH 00BbeKTa (ec-
JIU OHH CYIIECTBYIOT);

e U3MCHEHHE CTOWKOCTH JJIEMEHTOB, yXYALIEHHE KOHCTPYKTHBHO-
TEXHUYECKHUX U (PM3MKO-XUMUYECKUX CBONCTB MaTepHAJIOB,;

® HECAHKI[HOHUPOBAHHOE CPadaThIBAHNE MOTECHIHAIBHO OMACHBIX 3JIEMEH-
toB (IIOD) B mTaTHOM M HEMITAaTHOM pEXHMax (GYHKIHOHHPOBAHUS
00BeKTa.

3neck paccMarTpHBaeTcCsl 3a/ada BEIABICHUS MOTEHIMAIBHON OIMacCHOCTH
00BeKTa MpH JIEHCTBUN HepeniaMeHTHpOoBaHHBIX (pakropoB (HD) ¢ yuetom, B
OCHOBHOM, HECAHKIMOHHPOBAaHHOTO cpabareiBanmsa [103. B cmiry BBICOKOM
HAIKHOCTH W 3alIUIICHHOCTH OOBEKTa BEPOSTHOCTh TAKOTO CpPabaTHIBAHUS
ITOD Moxer okazaThCsl He3HauMTelbHOU. OqHako u3-3a Toro, 4to [10D sBis-
IOTCd OCHOBHBIMHM HMCTOYHHUKAMH BHYTPEHHHUX W BTOPUYHBIX aBapHﬁHbIX BO3-
JIEUCTBUH, TAKOM aCUMITOTUYECKUI MOJIXO/ MOXKET 1aTh BayKHbIE PE3yJIbTATHI.

[Tycts o0wexT (puc. 1.1) comepkuT KOHCTpyKuuio 1, QyHKIHOHaIbHBIE
AIIEMEHTHI 2, SHEPTeTUYCCKUI y3eN 3 W CpeAcTBa 3aluThl (TIOCICIHIE HA PU-
CYHKe He moka3anbl). OOBEKT MpeHa3HaueH I ooecreueHust paboThl y3ia 3 B
3aJJaHHBIX YCIOBHAX OJKCIDTyaTalldd ITyTeM TpHeMa W OoOpaOOTKH IITaTHBIX
BXOIIHBIX BO3ICUCTBUIA W CHUTHAJIOB, XapaKTEePHU3yEMBIX MHOXKECTBOM ITapaMeT-
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poB Q, cpabaTsiBaHUA (QYHKIIHOHAIBHBIX 3JIEMEHTOB I10 33IaHHOMY aJTOPUTMY
n QopmupoBaHusl pabOYMX BBIXOIHBIX PEaKIMH, ONMUCHIBAEMBIX MHOKECTBOM
napamerpos 2.

OObekT OTH sl K KJIacCy OOBEKTOB TOBBIIIEHHOW OMACHOCTH U COJEP-
JKUT TOTEHIHMAIBFHO OIAaCHBIE JJIEMEHTHI, K KOTOPBIM OTHOCSITCS HEKOTOpbIE
(DYHKIMOHAIBHBIE SIEMEHTHI M DHEPreTHYeCKHui y3en 3.

[Tycts OOBEKT M €ro 3JIEMEHTHI SIBISIOTCS CIOKHBIMH MHOTO(aKTOpHO
BOCIIPUUMYHMBBIMU yCTpO#icTBaMU. B cocraBe 00beKkTa MPOHYMEPOBAHBI 10
BO3PacTaHHIO OMACHOCTH B BUjE MHOXeCTBa K MOTEHIMAIBLHO OMACHBIC 3Jie-
meHTHl, K = (1, 2, ..., kK). [lpuuem mocnegnnmM, k = kK, HymepyeTcsl caMblii
omacHbfl (kputHueckuit) [103. Ilycts kaxnpni [10D B obmem cimydae Boc-
NPUUMYKB K JIEHCTBHIO PA3IMYHBIX BUIOB (H3ndeckux (akTopos, oOpasyro-
mux MHOXKecTBO BunoB T = (1, 2, ..., tT).

[MpennonoxuM, 4TO NMpHU HECAHKIMOHWPOBAHHOM OTKase Jtodoro [103
peanu3yercsl MOTeHLUaIbHAsI OIIACHOCTh, BHICBOOOXK/IAETCSl SHEPTUsI U 00pasy-
10Tcst (pusnueckre HakTopbl HECKOJIBKHX BHIOB. Takue ¢pusnyeckue (HakTopbl
Ha30BEM 6MOPUUHBIMU.

[TycTb U3BECTHO, YTO M3 OKpY’KaroLeH cpeibl HA OOBEKT U BHYTPH O0BEK-
Ta MOTYT JeHCTBOBATh OIIACHBIE U MOpakarouiue (BpeaHsle) (hakTopsl, MO Ia-
pamMeTpaMu KOTOPBIX B JaHHOW paboTe OymeM MpencTaBisTh Mporecch (PpyHK-
UM OT BPEMEHH), KOTOpbIE B OOIIEM Cilyyae HMEIOT HEYETKHE 3HAYCHUS
(BcitecTBHE HETOYHOU W (WJIM) HEMOJTHON WH(OpMAINH) W 33Jal0TCS B BUIAE
MHOXKECTBa:

V = (v, 1), TIe v — 3aBUCSAIICEe OT BpEMEHN HEUETKOE 3HAUYCHUE TTapaMeT-
pa m Buga,™" M, xapakrepuzyemMoro (GpyHKIHEH MPUHAIICKHOCTH L , (A)
M OIIMCHIBAIO aKTop ¢ BUIa, t =1, 2, ..., ¢T, nefictByromero ot / =0, 1, 2,
..., kK ncrounnka™™

yeM [/ = 0 03HauaeT BHEIIHUH MUCTOYHUK (OKpY»Karo-
LIyIO Cpeay), a OCT IMH MCTOYHUKAMU SIBJISIFOTCS ITOTEHIUAJIBHO OIACHbIE
9JIEMEHTHI OOBEKTa.

ITycth w3BeCTHHI 3amUTHBIC (DYHKIIMU KOHCTPYKIIMH M CPENICTB Oe30Iac-
HOCTH 00BEKTa, KOTOPEIC B OOIIEM cydae eCcTh (DYHKIIUH OT BPEMEHH U OIIHCA-
HBI HEYETKO W3-32 HAIMYHS MOTPEHTHOCTEH B WX oOmpeneieHiH. MHOXECTBO
HeyeTKuX (DYHKIMN 0CIa0IeHUs! PH nepeade pa3iIuyHbIX BHIOB BO3ICHCTBHUI
OT MICTOYHHUKOB HETIOCPEACTBEHHO Ha BXONBI (Ha KOHCTPYKIHIO) Kaxkaoro [10D
3aj1aeTcs B BUJIE:

F = (f,,:11), THe f — 3aBuUCsIIee OT BPEMEHU HEYETKOe 3HaueHue Kod3(hhu-
muerta ocnabnenus, [ € [0,1], ommcanHOTO (GYHKIMEH NPHHAIICKHOCTH
u s (v)e [0,1], mapameTpa m Buja, MPEICTABIAIOLIETO ¢ BHJ MaTepHaabHOIO
(hakTopa, AEHCTBYIOIIETrO OT / NCTOYHUK xox k I10D.

[pearnonaoxum, 4To B CHCTEME BCGEjManI/IBaCMLIC MPEANOCHIIKH TPO-
MCILIECTBUI €CTh MPEINOChUIKA HECAHKIMOHMPOBAHHBIX OTKa3oB 10D u ux
MOYKHO OJTHO3HAYHO BBIPA3UTh HA OCHOBE JiuHeeUCuYecko gopmynst [38, 40]:
«BO3/ICHICTBUE — KaHAJIMPOBaHHE, OCHIa0JIeHHe WIIM UCKIIOUeHHE BUIOB (ak-
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TOPOB — BOCHPUHMYHMBOCTh JeUCTBYIomMX (akropoB 10D — nHHIMHpOBa-
HHE dJIeMEHTa — 00pa30BaHKE BTOPUYHBIX (DAKTOPOBY.

[TycTh BO3MOXXKHOCTH HECAHKIMOHHUPOBAHHOTO WHHILMHMPOBAHHUS JIIOOOTO
ITOD oObexTa onuchIBaeTCs 3aBUCSIIMMI OT BPEMEHH HEYETKUMHM I1apameTpa-
MU BOCIPUUMYHBOCTH K MHUIIMUPOBAHHIO (M3-32 HETOYHOW M HEMOIHON WH-
(opmManmu 0 HUX), BEIPAXKEHHBIMH B Pa3MEPHOCTH BO3ACHCTBYIOIINX (PaKTOPOB
M KOTOPBIC 33/1aI0TCS B BU/JIC:

R = (7,, ), TOE ¥ — B O0IIEM cily4ae 3aBHCAMIMN OT BPEMEHH HEUCTKHHA
mapaMeTp m BHIA, ONMUCBHIBAEMBIN (pyHKIMEH NMPUHAIUICKHOCTH L, (A), mpen-
CTaBJISIONINH ¢ BUJ hakTopa, KOTOPhIK BocpuHuUMaeT k [102.

Torma orHocurenbHo Jr0Ooro I[10OD 00bekTa 00BEOMHEHHE BBEICHHBIX
MHOXECTB B COBOKYITHOCTs MHOXKeCTB (CM) Bria

CM={V,F,R} (1.1)

MO3BOJIIET HA HEKOTOPOM IEPHOJE BPEMEHH IIOJHOCTBIO ONUCATh BO3MOXKHBIE
WCTOYHHKH U MPEANOCHUIKH MPOUCHISCTBUI U SIEMEHTApPHBIX OTKA30B.
HasoBeM npeanochuIki, HCTOYHHKHU H UX C6513U B CUCTEME, OITMCHIBAIOLINE
BO3MO)KHOCTH 00pa30BaHMs 3JIEMEHTAPHBIX OTKAa30B, MPUYUHAMU ULU NPEONnO-
CHLIKAM ONACHOCTUL.
HasoBeM B3anMOCBS3M NMPEANOCHUIOK OTHOCHUTEIFHO BBIOPAHHOTO MCXOIa
(aBapum nim otkaza kpurudeckoro [103) gyuxyusmu onacnocmu.

1.1.2. MpUHLUNBI CACTEMHOIro aHanu3a npeanocbISIoK
1 (pyHKLMIA onacHOCTU

Knaccudurmmpyem cucremy «II00 — OB® — CM3» Kak OTKPHITYIO
CIIOKHYIO CHCTEMY U NpOBeAeM e€ onHrcaHue Ha BeiciieM ypoBHe [14, 70], uto
OTBeyaeT TPeOOBAHMUSM MOJTHOTHI M OOIIHOCTH CHCTEMHOTO aHAIN3a.

Ha nuHreucruueckoM ypoBHe onucanusi cuctemsl [11, 14] Gosnee neranb-
HO BBIABUM npeonocwlaxku U ynkyuu onacHoctu. K npeonocwviikam otaecém:

1) Bce sneMeHTHl 00BEKTa — HMCTOYHUKH MMOTEHIIMAIHFHON ONAacHOCTH, Ha3bl-
BaeMble Jjajiee MOTEHIHAaIbHO omacHeIMU 3nmeMeHTaMu (I103), yunurteiBa-
ercs, uro [10D 00maaaT cCroCOOHOCThIO 00Pa30BBIBATH IPU HECAHKITHO-
HUPOBAaHHOM SHEPTOBBIJEJICHUN BTOPUYHbIE (DaKTOPBI, CIOCOOHBIE HAaHEC-
TH yuiepd Kak cOOCTBEHHO OOBEKTY, TaK M OKPYXKAIOLUIMM €ro CUcTeMaM
(cpene);

2) BHemnue dakropsl, aeiicrBue kotopbix Ha [I0O crocoOHO MHULIMUPOBATH
€ro AJIEMEHTHI K aKTUBHOMY OTKa3y;

3) kaHanbl Mepeadyll HEpPerIaMeHTUPOBaHHBIX (DAKTOPOB, XapaKTepu3yeMble
KaK IIapa3uTHBIE U HEYCTPAaHUMBIE.

K ¢ysKnmsam omacHOCTH OTHECEM:
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1) Bce BO3MOXHBIE CBSI3M MEXIY MPEIIOCHUIKAMH OITACHOCTH, IPHBOJISIIHE
(crocoOHBIE PUBECTH) K aKTUBHOMY OTKa3y XoTsi Obl ogHoro [103 (yun-
ThIBaeTCs U depeHnanbHbIN aceKT cBszeil);

2) cTpyKTypy (epeBo) CBsi3ell MeXIy MpPEeANOChIKAMU OTHOCHTEILHO OJHO-
ro (caMoro OnacHOro WM KPUTHYECKOTO) UCXOJa IMPOUCIIECTBUS (YUUTHI-
BAETCSl MHTETPAJILHBIN acIIeKT CBSI3eH).

J1J1s1 OLICHKHM pHCKa CUCTEMbI HEOOXOMMO BBIPA3UTh NPEONOCHLIKU U YHK-
yuu B AHAJTIUTUYCCKOM BHUAC, YTO MOXHO CACJIaTb Ha MNPUMEPE TEOPETHUKO-
MHOKECTBEHHOI'O M JIOTHYECKOI'O OIMCAHHUs aKTUBHOT'O OTKa3a B TEXHOIEHHOU
cucreme (puc. 1.1).

Touamue axkmuenoco omkasa [103. OnpenenuM akKTUBHBIA OTKa3 KakK CO-
ObITHe nepexoa 31eMeHTa (00bEKTa) B KPUTHUECKOE COCTOSHHE, IPU KOTOPOM
YaCTUYHO WIIM TMOJHOCTHIO BBEICBOOOXKIAETCS €ro MOoJHAas (MOTCHIMAJIbHAS H
(mnn) kuaeTnyeckast) sueprus [38, 41]. C Touku 3peHust 6e30MaCHOCTH CHCTe-
MBI — aKTHBHBIA OTKa3 BCETJa HEPETIAMEHTUPOBAHHOE COOBITHE (TIPOUCIIIECT-
Bre). C TOUKH 3pEeHUs MOTCHIIMAIBFHON OMACHOCTH aKTUBHBIN OTKa3 — OCHOB-
Hasi MOjeNb, MpUMeHseMas I MCCIeJOBaHUS M OIICHKH IOKa3areneil 6e3o-
MACHOCTH U OTIaCHOCTH.

OueBHIHO, YTO aKTHUBHBIN 0TKa3 (AQ) 3eMeHTa SBSIETCS 4acThio ((ppar-
MEHTOM) BCEX ITPOIIECCOB, NPOUCXOMSIINX B 00bekTe. OTKa3bl MOTYT HaKallIH-
BaThCsl M B KOHIIE KOHIIOB IPHBECTH K OTKa3y Bcero odbekra. Hampumep, npu
aKTUBHOM OTKa3¢ B BHUJIC B3pbIBa 00BEKTa, COMPOBOXKIAEMOM M3MEHEHUEM (ha-
30BOTO0 COCTOSIHMSI CaMOT0 SHEProéMKOro Marepualia 3TOro OOBEeKTa, MOTYT
MOPOXKIATECS U HAKAIUIMBATHCS AKTHBHBIC OTKa3bl €r0 3JIEMEHTOB (OTHOCH-
TEJIBHO MEJICHHBIE TETUIOBBIE, TS PMOAMHAMUYECKUE H XUMAYICCKIE PEAKIIHN).

Ha ocHoge [9, 40, 55] ycTraHOBHM, YTO HPOUCIIECTBHE B CHCTEME €CTh ) C-
JIOBHBLIL aneopumm BO3MOXKHBIX SIBJICHHUH: «BO3IeHcTBHE (PAaKTOPOB HA OOBEKT
— X KaHAIMPOBaHHE B KOHCTPYKLIMH OOBEKTAa — BOCHPHUHUMYHUBOCTEH (hakTo-
POB 3JI€MEHTAMH — WHHUIIMHPOBAHHUE 3JIEMEHTOB — 00pa30BaHHE BTOPHUYHBIX
(hakTOPOB — WX KaHAJIMPOBAHWE BHYTPH M BBIXOJ HAapyXKy — BO3IEHCTBHE HA
npyrue [103 — obOpa3oBaHue HOBBIX BTOPHUYHBIX (PAKTOPOB — BO3IEHCTBHE
BTOPUYHBIX (DAaKTOPOB Ha OKPYIKAIOIIYIO cpemy» (puc. 1.2).

Takoe orpezneneHue MPOKUCIIECTBHS MO3BOJISIET (POPMAaIM30BaTh BCE Npu-
YUHbL U NPEONOCHLIKY OTIACHOCTH, a TaKXKe MPEACTABIATh UX B MHOXXECTBEHHO-
NapaMeTpUIecKoil M B peIéryaTtod WM CTPYKTYPHO-JIOTHUYECKOH (pasmen 2)
(hopme. A Ha OCHOBE 3TOTO — OIPEAEIATH KPUTEPHU OTIACHOCTH.

Torma Momenms SBOJIOIMH aBAPUIHON CHUTyaluu (Tepexona CHCTEMBI) B
CaMBIil HeXKeNaTeITbHBIN UCXO — aBapHI0 — €CTh B 00IIEM CMBICIIE MHOXKECT-
BO (ZIepeBO) alTOPUTMOB, ONHCHIBAIOIINX KOHEYHOE YHCIIO AKTUBHBIX OTKa30B
2JIeMEHTOB 00bekTa (puc. 1.2).
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100 | KOHCTPYKLUU U 3aLLUTE OCJIa0JICHHBIX BO3ACUCTBUN U
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[
Otpasosaric Vi L anamoo Vi N Bo;ﬂeﬁCTBHe oc1abJIeHbIX
poBaHue V'Ha npyrue {10}
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O6pazoBaHue N BosneiictBue ocinabiieHbIX
BHYTPEHHMX BTopuyHbix [» KaHanupoBaHue V" _’Vi, Vii’ V12 OC u
BO3IENCTBUI Vii npyrue cucteMsl {ITOD}

Puc. 1.2. AnropuTm (gepeBo) siBreHuit, npoucxogsawmx B cucteme «V °— CM3

— NOO»

Yacmuvle npunyunsl moodenuposanusi onachocmu. Ha ocHOBe Mojeneit
aKTHBHOTO OTKa3a M IPOUCIIECTBUS B AaHHOH paboTe (GOpMYIUPYIOTCS U pa3-
pabarbIBatOTCs CIEAYIOIINE YaCTHbIE MPUHIIUIBI MOACIUPOBAHUS OTIACHOCTH B
TexHOTeHHOH cucteme [38—41, 71, 82]:

1. IpuHumn nepBonpuurHbl aBapuu. [Ipeanoceuiok K aBapuiHON cUTyaluu
Ha 00BeKTe He Oy[EeT CO3IaHo, €CIIM U3 OKPY)KAIOIIEH cpebl He BO3IEHCT-
BYIOT HEpeIJIaMEHTHPOBAHHBIE (DAKTOPHI.

2. IpuHiun yaéra mosHoro Habopa BO3MOKHOCTEH:

2.1.

2.2.

2.3.

2.4.

PaccmarpuBaercst Bech HaOOp (MHOXKECTBO) (PU3MUECKHUX (HAaKTOPOB U
MMOTEHINATBHO onacHBIX 3meMeHToB ([103), kKoTopeie MOTYT IeHcCT-
BOBaTh Ha OOBEKT M 3TH DJIEMEHTHL.

VYuuTeIBaeTCS BeCh HA0Op BTOPUYHBIX (pr3ndecKkux (HakTopoB U -
(EeKTOB, KOTOpBIE MOTYT 00pa3oBaThCsl BCICIACTBHE AKTUBHBIX OTKa-
30B OIACHBIX JIEMEHTOB.

OnuceIBaeTCsl KOHEYHOE YHCIIO BO3MOXKHBIX ITOCIIEOBAaTEILHOCTEH,
COCTABIICHHBIX M3 ()ParMeHTOB CHCTEMBl THIA: «IIOTCHIMAIBHO
omacHbIi ’meMeHT — [10D1 — koHCTpykums 00BEKTa — 3alIuTa
oObekra u 3meMeHToB — [1022—...—kputnueckuit [103 obObekra
— KOHCTPYKIH 00beKTa — OKpy’Karomias cpexa» (puc. 1.3).
AHaNMM3UPYIOTCSI M BBIOMPAIOTCS IIOJHBIE MHOXECTBA IapaMeTpoB
BO3JEHCTBHS U BOCIPHAMYHBOCTH, KOTOPBIE ONPENEISIOT (CIIOCOOHBI
OTIpeeNsATh) aKTUBHBIN oTKa3 [100.

3. IlpuHIMIT BO3MOKHOCTH aKTUBHOTO OTKa3a. /3 BHIIOB OTKaza 3JI€MEHTA:
TIOBPEXKIICHHSI, TOPKEHHS, pa3pPYIICHUS U T. II. — C TOYKH 3PEHHUS Olac-
HOCTH BBIOMPACTCS W UCCIEAYETCS BEPOSITHBIA JTHOO MAJOBEPOATHBIN, HO
BO3MO)KHBIN aKTUBHBIM OTKAa3.



Teopusi hakmoprozo napamempuiecko2o MoOerUposaHus. 33

10.

I1.

. HpMHHMH pcajin3aliii aKTUBHOI'O OTKasa. CaMbpIM MHHHUMAJIBHBIM aJIro-

PUTMOM AaKTHBHOI'O OTKa3a IPUHATA YyCJIOBHAsA MOCICAOBATCIIBHOCTL IIPO-
LHECCOB: «BO3,H€fICTBHe — KaHaJIMpOBaHUC — BOCIIPUUMYUBOCTb — HWHHU-
HUUPOBAHUC) .

. HpI/IHHI/IH napaMeTpruiICCKOro HECAaHKIMOHUPOBAHHOI'O HWHUIHWHUPOBAHUSA

I1OD. 3a xputepuil HeCaHKIMOHUPOBAHHOTO MHUIMKUpoBaHus 10D npu-
HUMAETCS yCIIOBHE INPEBBIIICHUS] BXOAHBIX 110 OTHOLICHHIO K JJIEMEHTaM
00BeKTa MapaMeTpoB § MPOLIECCOB BO3ICHCTBYIOMMX (aKTOPOB HaJ 3Ha-
YEHUSIMH TIAPAMETPOB / TIPOLIECCOB UX BOCHPHUUMYNBOCTH:

sxr—oviev?, (1.2)

rae v' u v — COOTBETCTBEHHO mapaMeTp (MPoIiecc) BTOPUYHOro Gakropa
Y €ro 3HaYeHHe, KpUTUIHOE ISl OKpYysKarotei cpeasl (coceqnux [109).

. HpI/IHI_lI/IH JOIIyHICHUS O HEHU30EKHOCTH «IIapa3uTHOr0» KaHAJIHMPOBAHUA.

Odusnueckre HaKTOpPbl MOTYT NMPOHUKATh K MOTEHIMAIBHO OMACHBIM 3J1e-
MEHTaM 4epe3 KOHCTPYKIMIO 00bekTa (Mapa3uTHO KaHAJTUpOBaTh) U U30-
JISIIMS OT HUX MM HEBO3MOXKHA, HJIH TPEOyeT Ype3MEpPHBIX 3aTpar.

. IIpuHuun MHBEPCUOHHOM poJK 31eMEHTOB. IIoTeHIManbHO ONacHbIE J1e-

meHTsl TO paccMmaTpuBaloTCsl Kak NMPUEMHHMKMA W NOTEHIHMAIbHBIE UCTOY-
HUKH (pU3HMYeCKUX (PaKkTOpoB (BTOPHYHBIX BO3/ICHCTBUIA).

. Ipunuun mHorogaxkropHocTu. McTOUHNKH, MPUEMHUKH M KaHANbI Iepe-

Jla4l B CUCTEME B OOLIEM CITydae MOTYT SIBJISITHCS MHOTO(AaKTOPHBIMH.

. Ipunnun npeponpenenéHHOCTH aBapUWHOW CHUTYAITH, KOTOPHIA (opMy-

JHUpyeTcsl CIEAYIOIMM 00pa3oM. B pamkax HM3BECTHBIX NpeNCTaBICHHH
SBOJIIOLMS aBApUIHON CUTyallud MOXKET OBITh IpPEACTaBIE€HA Kak Mocie-
J0BAaTCJIbHOCTH aKTUBHBIX OTKA30B 3JIEMEHTOB, @ C TOYKU 3PCHUSA FJ'Iy61/lH])I
0€301acCHOCTH CHUCTEMBI — KaK KOHEYHOE MHOXKECTBO OE€30IacHBIX CO-
CTOSIHUM M TIEPEeX0I0B MEXIY HUMH J0 JIOCTIPKEHUS! KpUTHYECKOro (Tpe-
JIEIIEHOTO) COCTOSIHUSL OOBEKTA.

[TpuHIMI ynpolieHus 1o nepBoMy Npou3BogHOMY dakrtopy. [IpuHuMaeT-
Csl, UTO HApsAy C BHEIIHUMH (DaKTOpaMH B SBOJIOLMH aKTHBHBIX OTKa30B
3JIEMEHTOB B 00BEKTE YHacCTBYIOT (MOTYT Y4acCTBOBATh) TOJILKO BTOPHYHEIE
(baxTopsl. BTopnuHbIe (haKTOPBI OT BTOPHYHBIX HMCTOYHHKOB (AKTHBHBINA
OTKa3 JIEMEHTA, CYMTAIOMIETOCS YK€ OTKA3aBIIMM), T. €. TPETHUHbIE (ak-
TOPHI (TPETUYHBIN 0TKA3), HE YUUTHIBAIOTCS.

[puHIMD 00BeTMHEHUS BO3ICHCTBYIOMHX (PakTopoB. OTHOCHTENBHO JIFO-
ooro [1OD BHemHWEe W BTOpHYHBIE (PAKTOPHI OOBEOMHSAIOTCS IO BUAAM
(hakTopoB u Mo BUAaM napaMeTpoB ¢akTopoB. [Ipu 3ToM B mpenenax coB-
MaJaroNNX WX BUJOB 3HAUCHUS TApaMETPOB alre0paniyecku CyMMHPYIOT-
csl.
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Puc. 1.3. CTpyKkTypa B3aumoaencTBMsi KOMMNOHEHTOB CUCTEMbI

B pesynbrare pacCMOTpPEHHBIX MPHUHIUIOB U MOHATHHA MPUMEHHUTEIBHO K
cHCTEMeE «3alnuTa — 00BEKT — cpelay AauM clieylollee onpenesieHne 0e30-
MacHOCTH.

bezonacrnocms 310 c60licmeo cUcTEMBI C ONpeeNeHHON (3aJaHHOMN) 6epo-
AMHOCMbIO HE AOMYCTUTHh WM MCKIIOYUTH BO3HUKHOBEHHE IIPOUCIIECTBUS, 32
KOTOpOE, HalpuMep, IPUHUMAETCS] aKTUBHBIA OTKa3 CaMOro KPUTHUYECKOTO I10-
TEHLIMAJILHO OMACHOTO 3JIEeMEHTa O0BEKTa.

B nanHO# paboTe Takke paccMaTPUBACTCS, YTO BOSHUKHOBEHUE NpouUciie-
CMBUsi — ITO CaMbIll HeXCelamenbHbll UCX00 CIOKUBIINXCS BHYTPH CUCTEMBI
00CTOSTENBCTB | MPEAIOCHUIOK, HAMICAIINX CBOE BRIPAXXCHUE B BUIC 3HAUCHUHA
COBOKYITHOCTH MHO)KECTB.

[Ipruem nanee OGyneM MOA WCXOAHBIM (TEKYIIMM) Kidccom O€30mMacHOCTH
MOHUMATh COCTOsSIHME O€30MaCHOCTH CHCTEMBbI, KOTOPOE MOJHOCTBIO ONPEAeIis-
€TCs UCXOAHBIMU (Sa)laHHI)IMI/I) YyemKumu 3HAa4YCHUAMU (H}IpaMl/I WJIN MareMaTtu-
YECKUMH OXXUJIAHMSMH) NapaMeTpoB M (yHKIMH (aKTOPHOTO Mapamerpuye-
ckoro 6a3uca cucremsl. Torna Kak 6eposimHocms TIEPexoia U3 UCXOIHOTO Kilac-
ca 0e30MMacCHOCTH B KPUTHYECKOE U «3aKPHUTHUECKOE» COCTOSIHUE CHUCTEMBI 10
OoutblIeil yacTH CBsI3aHa C HeuemKoCmbio N (WIN) HenoaHomoul 3HaYCHUH Tapa-
METPUYECKON MOJETH.
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1.2. MNMocTpoeHue hakTOPHOro NnapamMmeTpu4eckoro
6a3uca cuctembl

1.2.1. O60CcHOBaHMe 3KBMBaNeHTHOCTU CUTYaLMOHHOIO
M MHOXEeCTBEHHO-NapaMeTpuyeckoro onncaHusi
OMacHOCTU B cuUctTeme

Ecnu npumennTensHO K u3BeCTHOH coBokymHOCTH 10O pasnuunoit du-
3MYECKON MPUPOJIBI BEIPA3UTh M HAUTH TaKyl0 COBOKYIHOCTh MHOXKECTB, YTOOBI
Ha e€ OCHOBE C y4EeTOM JeWCTBHs (PaKTOPOB JFOOOW OKpy»Karolel cpelpl oKa-
3aJI0Ch JOCTHXXUMbBIM yHH(bHHHpOBaHHO@ OIMUCaHUC MPEAIOCHIIOK OIMMaCHOCTH,
TO 3TO IO3BOJIUT AHAJIM3UPOBATH JIOOYIO aBapHIHYIO CUTYallMIO U aBapuio B
paccmarpuBaeMoii cucreme. C 3TOH LENbIo AeTaTN3UPYeM ONHCAHUE COBOKYII-
HOCTH MHOXeCTB cuctembl (popmyna 1.1) myreM BBeneHHs ONOPHBIX MHO-
JKECTB U OyJIeBBIX ITOIMHOXKECTB €€ DIIEMEHTOB.

PaccmoTpuM m mIpoHYMepyeM OCHOBHBIE BHIBI MAaTEpUAIBHBIX ((u3nde-
ckux) (akropoB: 1 — MexaHWYeCKWi (TPaBUTAIMOHHEIN); 2 — TEIUIOBOM
(TepMOIMHAMUYECKHUH); 3 — JJIeKTpUUYECKUN (dJIEKTPOMArHUTHBIN); 4 — pa-
JIMOAKTHBHBIN (HOHU3AIHOHHO-KOPITY CKYIISIPHBIN); 5 — * (hOHOHOBBI] Tre-
HOBCKO€ U TaMMa-H3Iy4eHus); 6 — ONTUYECKHUA (BOIHBI HH(bpaKpazgé_ejj BH-
JMMOTO M YAbTPadHOIETOBOIO M3ITyYeHUs); 7 — XUMUYECKHUil (peakuuu rope-
HUsI, BOCCTAHOBJIEHHS U Jp.); 8 — Ouonornueckuil (OakTepuoNOrHuecKue,
(usnonornueckue peakuuu u Ap.); 9 — akTopsl IPyrux BUJIOB, HANpHMED,
NICUXOTPOIHBIE ¥ NICUXO(U3NOIOTHIECKHE.

O0pa3yeM OOpHOE MHOXKECTBO BUJIOB (DAKTOPOB:

OT = (o), (1.3)

e o — Jormdueckas nepemMenHsas, o = 0 v 1, t — Homep Buza dakropa, t € T,
T=(1,2, ..., tT) — MHO)XeCTBO HOMEPOB (pakTOpOB, {7 = 9 — yCTaHOBICHHOE
3[1eCh KOJINYECTBO BUIOB (haKTOPOB.

W3BECTHO, YTO KaXIbIi U3 pacCMaTpUBAEMbIX (PaKTOPOB MOXKET OBITh OIH-
CaH COBOKYITHOCTBIO BHJIOB I1apaMETPOB.

B ¢usuke npuHsaTa cTaHAApTHAS CHCTEMA SAMHUILL U3MEPEHUs (PU3UUECKUX
BesimunH (cucrema CH), ¢ MOMOIIBIO KOTOPOH BRIPaXKalOT OCHOBHBIE M MPOM3-
BOJIHbIE BUJIbI MapamMeTpoB [28, 53].

Tak, B yacTHOCTH, MexaHW4eckuil akrop (¢ = 1) onmuckeIBaeTcs Clemyro-
IIMMA OCHOBHBIMH BHIaMH mapameTpoB (emumHumamu CU): onuna, KOTOpPYIO
0003HauMM HOMEpoM n = 1; macca, 0003HAYMM HOMEPOM 1 = 2, @pems, HOMEp
n=3.

Hcnonb3oBanne cuctembl CU mo3BomisieT BhIpakaTh JOOBIE (ITPOU3BOJ-
HbIE) TapaMeTpsl JII000ro (hakTopa yepe3 OCHOBHBIC BHIBI (DM3UUYESCKHUX BEIIH-
YHH.


Swing
Note
правильно
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Tornma, Hampumep, Takue HapamMeTpsl, KaK SHEprus, MOLIHOCTb U IUIOT-
HOCTh MOIIHOCTH, SIBJISIIOIME COOOM mapameTpsl Jio0oro (akropa, IpeacTas-
JISIFOTCSL CAEAYIOLUIUMU Pa3MEPHOCTAMU:

2 2

Jok=m-kr-c % Br=wm>-kr-c;Br/M* =kr-c". (1.4)

YCI0BHO TOBOpS, B ONKMCAaHUM SHEPTUM M MOIIHOCTH JI0O0ro (akropa
YYacTBYIOT BH/IBI 0a30BBIX ITapaMeTpoB ¢ HOMepaMu 1, 2 u 3. 3Ha4uT, 1Mo coue-
TaHUIO U KOJUYCCTBCHHOMY BBIPAKCHHUIO (Pa3MEPHOCTH) HOMEPOB MapaMeTPOB
MOXHO (DOpMAJIbHO CYAMTH O COACPIKATSIBLHOCTH JIF000T0 (pakropa. AHaIOrHy-
HO MOXXHO (pOpMaM30BaTh OO0 APYroil MPOM3BOAHBIA MapaMeTp JHO0ro
(haxropa.

Ha ocuoBe MHOXecTBa dakTopoB OT u Hymepanuu 0a30BBIX ITapaMeTPOB
3THX (PaKTOPOB IMOCTPOUM OIIOPHOE MHOKECTBO BHJIOB MAPAMETPOB:

ON: (On t)n (15)

e o = 0 v 1 — morudeckas mepeMeHHasi # HOMepa OCHOBHOTO IapameTpa f
Buga dakropa,n=1,2,3,...,9;¢t=1,2,3,...,9.

Hazosem onopubie MHOecTBA OT 1 ON TOJIHBIMU, €CITU BCE UX JIOTHYE-
CKH€ DJIEMEHTHI paBHBI eAuHMIe: 0, = 1, 0,,= 1, 1pn V ¢, n.

OueBuaHO, uTO0 onopHbeie MHOKecTBa OT u ON yHnOBIETBOPSIOT CIIEAYIO-
[IEMY OTHOIICHHUIO BIIOKEHHOCTH:

OT c ON. (1.6)

PaccMoTpuM HEKOTOPYIO cpemy, B KOTOPOH NEHCTBYIOT Bce BUABI (hru3Hde-
ckux (akropoB. Ilycts mapameTpsl 3THX (DAaKTOPOB ONMCHIBAIOTCS OMOPHBIM
MHOXeCcTBOM ON. JIJIst 3THX YCIIOBUHA JOKa)XeM CIICAYIOIIYIO TEOPEMY.

Teopema o 6102CEHHOCIU ONOPHBIX MHONCECE BUOO8 NAPAMEMPOS U U0
axmopos u eé creocmaus

Teopema 1. OnopHOE MHOXKECTBO ON,| MapaMeTpoB /17060t COBOKYITHOCTH
(u3mdecKknx (GaKTopoB, AEUCTBYIOMIHUX B .17000U (GU3NUECKOU cpene, 6ce2id
671021ceHO B TIOTHOE MHOKECTBO BHIOB IapaMeTpoB ON:

ON, < ON. (1.7)

Hoxazamenvcmeo. CoriacHo Teopun pazmepHocty [28, 53] nrobyto du-
3WYECKYI0 BEJIMYHMHY JIIOOOTO (PM3MUYECKOro (hakTopa MOXKHO BBIPA3UTh uYepe3
0a3oBbIe MapaMeTphl. DTO O3HAYAET, YTO J1700Asi COBOKYITHOCTh MaTE€pHAIIbHBIX
(haxTOpOB, NEHUCTBYIOIIMNX B 17000t CpeJie, MOXKET OBITh IpEJICTAaBICHa B BUME
MHOJKecTBa apameTpoB ON; U TONBKO B BHJIE Hero. B cBoo ouepenp, Komye-
CTBO M HOMepa MapaMeTpoB MHOXecTBa ON; OIHO3HAYHO MPEICTABICHBI B
TIOJTHOM OIOPHOM MHOKecTBe ON U He BBIXOIAT 3a €ro paMku. Takum obpa-
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30M, IJId J'IIO6I)IX B34AThIX MHO>XKECTB ON[ CIIPaBCJINBO OTHOIICHUE BJIOKCHHO-
cru Buga ON; < ON.

Cneocmeue 1. JIroOyro CKOJIb YTOJHO CIIOXHYIO (PU3NYECKYIO Cpely, Haxo-
JUIIIYIOCS BOKPYT OOBEKTOB JFOOOI CIOXKHOCTH, MOXHO MPEICTaBUTh MHOXE-
cTBOM ON 06a30BbIX APAMETPOB (PH3UYECKHX (HAKTOPOB:

ON=(0,,), n=1,2,3,...,9;, t=1,2,3,...,9,
MouHocms kotoporo |ON| = 81.

Cneocmeue 2. JI100y10 CUTyaluIo, XapaKTepu3yeMylo BO3IEHCTBHEM Ha
0001 00BEKT MPOU3BOJILHOTO YHCIa PU3NIECKUX (AKTOPOB, MOKHO OIMHUCATh
B PaMKax IMOJIHOTO MHOXeCTBa 0a30BBIX MapaMeTpoB ON.

1.2.2. Bbi6op ¥ onucaHMe ONnopPHbIX MHOXECTB ONaCHbIX
M BpeaHbIx (pakTopoB

M3BecTHO, YTO MPOM3BOIHBIE MTApaMeTPhl 00pasyroTcs mo andasuty 6azo-
BbIX MMapaME€TPOB Ha OCHOBC YCTAHOBJICHHBLIX (l)I/l3I/IlleCKI/lX 3aKOHOB M 3aBHCH-
MocTell. Unciio NMpou3BOAHBIX MAapaMEeTPOB B NPHHLUIE MOXET OBITh CKONb
YroiHO OOJIBIIMM M ONpeNelIsieTCsl PUPOJO pacCMaTpuBaeMOi CUCTEMBI, CTe-
NIEHBIO €€ U3YYEHHOCTH, a TaKKe CyObeKTUBHBIMU IIPUUUHAMHU. B psine ciydaes
JUISL OTTUCAHUSI M XapaKTEePUCTHUKH TEXHOI'€HHBIX CHCTEM JO0CTAaTOYHO HCIIOIb30-
BaTh TaKkue yIOMSHYTbIE paHee NPOU3BOJHBIE TAPAMETPBI, KaK SHEpPIusi, MOLI-
HOCTh ¥ IJIOTHOCTH MOIIHOCTH ¢u3udeckoro ¢akropa. [Iponymepyem ux me-
pemenHoM m = 1, 2, 3 ¥ BBIpa3UM JIOTHYECKYIO TIEPEMEHHYIO 0, KaK 3JIEMEHT
HOBOTO MHOXecTBa OM TPOM3BOIAHBIX MapaMeTpoB (HHU3WIECKUX (HaKTOPOB,
4epes3 JIOTHUECKOe BBIPAXKEHHE Pa3sMEpHOCTH f (0,;), B KOTOPOM y4acTBYIOT JIO-
ru4eckue nepeMeHHbie MHOKeCTBa ON: 0, = f (0,).

Hanpumep, 11t 3HEprum Kak Mpou3BOIHOTO apaMeTpa ¢ HOMepoM m = 1,
MPUMEHUTENBHO K JII000MY (DakTOpy 3TO JIOTMYECKOE BBIPAKEHUE YPAaBHEHUS
pasmepHocTH (1.4) mpuHUMaeT BUI:

J(0w) =01, A0/, A0, AO3,1A03,=0p-=1n (1.8)

OTMeTnM, 9TO TIPH MOCTPOSHUH QYHKIHH f (0,,) HCHIONB3YIOTCS TOJIIBKO T
JIOTUYECKHE MEPEMEHHBIE, KOTOPhIE BBIPAXKAIOT LIEJIOe YHCIO pa3 0a3oBbIe Ia-
paMeTphl B ypaBHSHUH Pa3MEPHOCTH.

Ha ocHoBe NpoM3BOOHBIX IapaMeTpoB (GU3HUECKHX (DAKTOPOB BBELEM
MHOXECTBO MX 3HAYeHHii, KOTOpOEe IIOJHOCTBIO ONHUCHIBAET CHCTEMY «OOBEKT
— (hakTopBI OOCTAHOBKH:

w= (Wmt/k)3 (19)
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Tie W — 3HadeHue, w € 97 ', IpOM3BOIHOTO /7 BUIA MapaMeTpa ¢ Bujaa dakTopa
NIPU €r0 pacinpoCTPaHeHHUHU OT / BUJia UCTOYHMKA N0 k BHAa npueMHHKa. [Ipu-
yem [ =0, 1, ...,IL; k=1, 2, ..., kK, tne [L — KOnM4eCTBO MCTOYHUKOB BTO-
pruHbIX (akTopos, | = 0 — HOMep BHEUIHEro UCTOYHUKA (HU3MUECKHUX (HAKTO-
pOB, kK — KOJIMYECTBO MOTEHIUAILHO OITACHBIX JIEMEHTOB, KaK IPHEMHHKOB
JICUCTBYIOIIHX B ccTeME (haKTOPOB.

OtmernM, 9TO B 00IIEM CiTydae MHOXECTBO MapaMeTpOB BO3ACUCTBHHA V),
paccMaTpuBaeMbIX MpUMEHUTENhHO K cucreme «[I00 — OB® — CM3»
(puc. 1.1), 1 MHOXXECTBO MapaMeTpOB BO3ACUCTBHH .S, cM. 3aBucHMOCTh (1.11),
BJIOKEHEI B 110JIHOE MHOKecTBO W: VW, Sc W.

OnuireM ONOPHOE MHOXKECTBO IIPOM3BOAHBIX IIAPAMETPOB B  BHUJE
OM = (0,,,11), tae o = 0 v 1. Onpexnenrm, uto MHOXKecTBa OM u W xapaxTte-
PH3YIOTCS CIEAYIOIIUM OTHOIIEHHEM COOTBETCTBUS THIIA:

OM - W:ecnvi 0,;15= 0, TO Wy, 11=0; €l 0,115 = 1, TO Wy 752 0. (1.10)

OueBunHO, uto cootHoureHue (1.10) crpaBeyIMBO B paMKax TOJIBKO Of-
HOH CHUCTEMBI «O0BEKT — (DaKTOPHI OOCTAHOBKM» M IO 3HAYEHHSIM SJIEMEHTOB
MHO)kecTBa OM MOXHO CYJIUTB O IIyCTOTE WIJIM HEMYCTOTE MHOXecTBa W. 31ech
U Jlajiee MHOXKECTBA 3HAUCHHH MapaMeTpoB CUUTAIOTCS ITyCTBIMH, €CIIM 3Ha4e-
HUSI BCEX €T0 JIEMEHTOB PaBHBI HYITIO.

Takum 00pa3oM, BBeIEHHbIE MHOXKECTBO W M ONOpHBIE HMOAMHOMKECTBA
OT, ON u OM mnpencraBisitoT co00il YHUBEpCATbHBIE MHOXKECTBA HOMEPOB
BUJIOB (haKTOPOB, a TaKKe BUIIOB M 3HAYEHHH IMapameTpoB ¢akTopos. Mx mo-
CTPOEHHE CIIy)KMT OCHOBOW Ui CO3HaHMs YHUBEPCAIbHOM 0a3bl MCXOIHBIX
JIaHHBIX TPUMEHUTENFHO K CHCTEMaM JIF000M CIOKHOCTH W JII000TO (u3nde-
CKOT'O COZIepKaHHsL.

1.2.3. OnucaHune hakTOpHOro napamMeTpn4ecKoro
6asuca cucrtembl

Beeoenue dononnennoll co60KYnHOCMU MHOXMCECME ONACHOCU

Ha ocHoBe ocHOBHBIX MHOXECTB V, F; R NOTIOJIHUTEIBHO BBEAEM U OIU-
IIEM MHOYKECTBA, MO3BOJISIOLINE BBISBIATh U PAHKUPOBATH IPENNOCHUIKU
OIACHOCTH.

Beenmem MHOXKeCTBO § B 00IIeM cllyyae HEUCTKHX MMapaMeTpoB (PaKTOpOB,
HETOCPEICTBEHHO JCHCTBYIOIIMX Ha BXObI (Ha KOHCTpyKIuio) [103 oObekra,

S:(Smtlk)o THC Smt1k= Vmtk*Imelk (111)

msaVmeM, tel [ €(0,1,...,kK), keK.
Kpome Toro, BBeieM MHOKECTBO B HEYETKHX ICPECCUCHHN TapamMeTpoB
BO3ACHCTBYS U BOCIPHUMYHBOCTH, TAKOE YTO:
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B = (byuu), T0€ bysite = Swate O ot (1.12)

msa vV meM, teT,1€(0, 1, ..., kK), keK.

O6penuHNIM CcOBOKYIMHOCTh MHOXKeCTB CM (1.1) ¢ BBeIEHHBIMH TIPOU3-
BomHbIMH MHOKecTBamu (1.11), (1.12) u mpenctaBuM UX B BUAE AOMOJTHEHHOM
coBokynmHOCTH MHOXecTB (JICM) cuctemsr:

JACM = {V, E R, S, B}. (1.13)

Ecnu Ha coBokymHOCTH MHOXECTB (1.13) 3amarh omnepanuu, KOTOPBIE C IM0-
3UIUY TIPOUCIISCTBHUS ONMCHIBAIOT CBSI3M MCTOYHUKOB M UX MPEINOCHUTOK MEXK-
Iy cOOO0M, ¥ Ha3BaTh 3TO 0ObedUHeHUe GA3UCOM MHOXKECTB, TO HA OCHOBE TaKo-
ro 6a3mca JOCTIKAMO BBIPaKEHHE BCEX BO3MOXKHBIX MPHUYMH W MPEIIIOCHIIOK
onachHocmu.

Beeoenue u onucanue 6ynegvix noomMHoNiCeCms u onepayuil 0 napamem-
puyeckoeo u 6ynesoco bazucos

[Mo aHanoruu ¢ onuCaHueM OMOPHOTO MHOXKECTBA OM U €ro OTHOIICHUS C
mHOkecTBoM W, dhopmysbt (1.8)—(1.10), BBenem u onuinem ciienyroume Oyie-
BbI OIOPHBIE TIOJIMHOXKECTBA!

OV= {0V}, ov=0vI; OV&SV, npu v,y >0, ovu=1;

OF= {of,u}, of = 0vi; OFF, npu fou >0, ofwu=1;

OS= {08}, 0s = 0vi; OSS, npu Sy >0, 0Suu=1; (1.14)
OR= {or,4}, or = 0vl; ORSR, npu r,; >0, or,u=1;
OB= {0b,x}, ob = 0vi; OB<B, npu b, >0, 0b,;=1.

BBeneHHbIC TTOJMHOXKECTBA NPEAHA3HAYEHBI ISl BBISABICHHS NPUYUH H
CBsI3e IPOHCIIECTBUI B CHCTEME IO CIIEAYIOIUM MpU3HaKkaM: 1) 1o coBmage-
HHIO BUJIOB ()aKTOPOB BO3IEHCTBUS M BOCHPHUHMMYHMBOCTH; 2) MO COBIAACHHIO
BHJIOB MapaMeTPOB ATHX (aKTOPOB; 3) MO MEePECEUCHHUIO 3HAYCHHUI ITHX Tapa-
METPOB.

Yeranosum, uto Ha CM (1.1), (1.13) cnpaBenyuBbl onepauuu anreopsl
MHOXKECTB. M3 HHMX criennalibHO BBIJEIMM OIEpPAaIMi, MCHONB3yeMble Ul BbI-
SIBJICHUSI CBSI3€H MEXIY 21eMEeHMAPHbIMU NPEONOCLLIKAMY Ha OCHOBE OCHOB-
HbIX (1.1), (1.13) u nononuutensubix (1.4), (1.5), (1.17), (1.14) MHOXECTB cHC-
TEMB.

1. Onepanus nepecedeHnss MHOXKECTB:

OB = 0S N OR — 0b,,. = 0S i A O s (1.15)

B=S~R _>bmtlk: Smttk O Vipgie IPA S > 72 b =1; npu s <r: bmtlk: 0, Vm,t Lk
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2. Omnepanus anredpandeckoro yMHOKEHHs 3JIEMEHTOB MHOXECTBa S
S =F *V—Lou X Vot = Sputre (1.16)

Takum 00pa3oM, BBEICHHbIC MHOXKECTBA U ONIEPAIMU HaJl HUMH [TPEACTaB-
JSIFOT 00O BBIPAXKEHHBIE B YHHBEPCAIBLHON (hopMe ¢hakmophbiil napamempu-
yeckuti baszuc cuctemsl «I100 — CM3 — OBD»:

o=V, ER M, T L, K, Sy ), (1.17)

rae Sy — COBOKYITHOCTH Ollepalii ainreOpbl MHOXKECTB M Omepanuii Bujaa
(1.15), (1.16).

1.3. MNMocTpoeHue KOMNNeKca KputTepues
AN BbIsIBNEHNA OyneBbIX U NapamMeTpu4ecKux
npeanocbISIOK ONacHOCTU

1.3.1. MNocTaHoOBKa 3agauun

C mo3unuy BEIOPaHHOTO MPOWCIIECTBHS HA OCHOBAaHWH BBEIECHHOTO (pak-
TOPHOTO NapaMETPUIECKOro 0a3nuca MOXKHO Y4eCTh TaKHE KauecTBa paccMar-
pHUBaEMOM CHCTEMBI, KaK MHOTO()aKTOPHOCTD; HAJIMYNE BHEIIHUX W BTOPHUYHBIX
BO3JEICTBUIf; CyLLIECTBOBAaHUE NApPA3UTHON CBSI3HOCTH JIEMEHTOB IO BO3ZCH-
CTBYIOLIUM (l)aKTOpaM; HaJIMYMUEC U Ka4€CTBO CPCACTB 3allIUTBI U KOHCTPYKIUH
o0bekTa. OTO MO3BONUT (HPOPMAIN30BATh AJITOPUTM BBISIBJICHUS JIEMEHTApPHBIX
NPEANOCHIIOK OTACHOCTH B CHCTEME U MOCTPOMTH JISl TOTO KPUTEPUH PaCIIo-
3HaBaHUs € COCTOSHMI 0e30MacHOCTH U MPEIIIOCHUIOK MpouciecTBrs. B 1e-
JIOM TaKOH ITOJIXOJl OKa3bIBAaeTCs MPOAYKTHUBHBIM P MOCTPOSHUN UHTEIUICKTY-
AIBHBIX CHCTEM, MPEIHA3HAYEHHBIX IS OLIEHKH OE301TacHOCTH U PHCKA.

1.3.2. dopmanbHOe NOCTPOEHUEe KpuTepueB
BbISIBJIEHUS NPeAnOChIZIOK ONAacHOCTU

Hcnonp3yem npuHIMI Jenykuun. [IpoHymMepyeM MOoTeHIHaIbHO ONAacHBIE
3NIEMEHTHI 00BEKTa 10 HapacTaHWIO BO3MOXHOTO yiiep0a B CIydae MX aKTHB-
HOTO OTKa3a. OTMeTHM, 4TO moilydeHHoe ¢ momomipio (popmyn (1.11), (1.16)
MHOXeCTBO § B 00IIIeM BHUJIE MIPEACTaBISIET COOON MOTHBIN THIIEPKYO, KOTOPHIA
umeet pasmepHocTb mM x (T x [L x kK. Ha puc. 1.4 a 11 npocTOTH HILTIOCT-
panmu MHOXKECTBO S TIpeicTaBlIeHO ¢ ycinoBueMm, uro mM = 1. Bo Bcex y3max
MOJIHOTO THIEpKyOa 3aiatoTcs HEHYNIEBbIE 3HaYeHus mapamerpos. Ilpu omuca-
HUW HEKOTOPOW KOHKPETHOW CHCTEeMBI, HarpumMep, B Buae «[1001 — OB®D1y,
MOJy4aroT nogMHoxecTBo S1 monHoro MHoxecta § (IIpH 3TOM MOTYT OBITh
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3aHATHI HE BCE Y3JIbI TUTICPKYOa). AHAJIOTHMYHO OMUCHIBAIOTCS U JIPYTHE MOJHBIC
MHOXecTBa R, B, puc. 1.4 a, 1.4 6.

MHOXecTBO MPEeaNnoChUIOK K akTHUBHBIM oTKazaM [103D onwuiieM ¢ nmomo-
IIBI0 YCJIOBHS HEIyCTOTHl MHOXecTBa B, ¢opmyma (1.11), xak mepecedeHuns
MHOXXeCTB S U R: B=S N R #J.

1
1
1
k |
A I
1
1 L S
1
1
kK |
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1
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, e 1 t
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6)

kK

1

Puc. 1.4. UHTepnpeTauua MHOXXeCcTBa BO34eMCTBMA S B BuAe runepkyba

Hepr,Z[HO TI0Ka3aThb, YTO 3TO YCJIOBHE MOXHO IPEACTABUTH KaK «I1OCIICI0-
BaTCJIbHYIO KOHBIOHKIIUIO» YETBIPEX JICMCHTAPHBIX KPUTCPUCB:

B >1A2A3A4>
> m’Nnm"2ANE Nt =D)AL K EDIAGSm 1150 T 11:2D), (1.18)

rae kputepuu 1, 2, 3, 4 COOTBETCTBEHHO ONUCBHIBAIOT OXKUAAEMBbIE COBIANCHUS
BUJIOB T1apaMETPOB U BUIOB (PaKTOPOB, HOMEPOB HCTOUHHKOB U MPUEMHHKOB, a
TaKXKe MePeceyeHne HEYETKUX MapaMeTpoB BHYTPEHHHMX BO3JEHCTBHH M BOC-
MPUIMYHBOCTH JIEMEHTOB.

1.3.3. NocTtpoeHue kputepmes
BbISIBIEHUA JIOTMYeCKUX NpeanochbIifiok

Ha ocnoBe OyneBpIx monMHOXKeECTB, 3aBUcHMOCTH (1.14), (1.15), packpoem
conep:kanue kpurepues 1, 2, 3, mpencraBneHHbIX B popmyie (1.18). s aToro
MPE/ICTABUM YCJIOBHE BO3HMKHOBEHHS OTKa3a CaMOTO OMACHOTO (KPUTHYECKO-
ro) [1IOD kak ycinoBue Henycmoms! EpeceueHmsl MHOKECTBA Sy MapaMeTpoB
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BO3Z[€I‘/‘ICTBy}OHJ,l/IX Ha HECTO HEPCTIIaMCHTUPOBAHHBIX (l)aKTOpOB C MHOXCCTBOM
R/(K

Bix = SN Rix# O, (1.19)

e SkK :(Smstsk=kK)’ RkK :(Rm515k=kK)r my EMS’ ts ETS’ m,. EMR’
t,eTy.

IIpoBepka BeimonHeHUs ycinoBus (1.19) HaumHAeTCs ¢ BBIACHCHUS HAJH-
YHsi OJJMHAKOBBIX BHUJIOB (PAKTOPOB Cpear (PaKTOPOB BO3ICHCTBUS U BOCIPUUM-
YUBOCTH. J[pyruMu ciioBamMu, caMbIM OOIIMM YCIIOBHEM BO3HHUKHOBEHUS MPO-
HCLIECTBUS SIBISIETCS YCJIIOBUE CYLIECTBOBAHUSA HENMycTOro nepecedeHus 1 me-
KIy MHOXecTBOM Iy  HomepoB Buaos OB®, HemocpencTBeHHO

HpHUKIagbIBaeMblX K BbixogHomy I10D, u nmoamHoxecTBoM I HOMEPOB BCEX
BHIOB ()aKTOPOB, K KOTOPHIM BOCTIDHHMYHB TOT SJIEMEHT:

T'=TsnTr#Q tne T'=(t' = t,=t,), npuuem T’  T. (1.20)

VYenosue (1.20) mo3BossieT nAEHTU(UIMPOBATH T€ HOMEpPa BHIOB (haKTo-
POB, KOTOpBIE HCIONB3YIOTCA Ul JalbHedmero aHanusa BeipaxeHus (1.19).
Haszosewm yciosue (1.20) pakropubim kpurepuem (DK) BbIsIBICHUS TPUIHHHBIX
TEPMOB OIIACHOCTH B CHCTEME.

B pamkax noaMHO)XecTBa BHIOB (haKTOPOB 7; PACCMOTPHUM IIOIMHOKECTBO
M; ux mapameTpoB, CPaBHUM €0 ¢ IIOAMHOXECTBOM HOMEPOB My U onpenenum
ux nepeceuenne M, [Ipu 3ToM, ecsin nepeceuenne M' Hemycroe

M'= Mg M= &, (1.21)

rne M,=(m,=m,=m,), npuueM M; M , TO HOMEpPa m,; YKa3bIBAaIOT Te
BUJIbI TIPOU3BOAHBIX MApaMeTPOB, KOTOPhIE B AAbHENUIIEM UCHONB3YHOTCS IS
aHanm3a BeipakeHus (1.19).

Hazosem ycmosue (1.21) BumoBeiM nmapamerpudeckuM kpurepuem (BIIK)
BBISBJICHUSI OTTACHOCTH B CHCTEME.

O6o3nauum kak 7',(M,) NOAMHOXKECTBO BCEX BUIOB (JaKTOPOB, KOTOPO-

MY COOTBETCTBYET IIOJMHOKECTBO napaMeTpoB M. Torna o4eBUIHO, YTO Me-

KAy pe3ylbTaTaMu aHaJIM3a OIMACHOCTH CUCTEMBI I10 (l)aKTOpHOMy 1 BUOOBOMY
MmapaMeTpu4eCKOMY KPUTEPUAM HMEIOT MECTO CICAYIOIHNE OTHOILIEHHA BJIO-
KCHHOCTHU:

T,cT,cT, M,cM. (1.22)

W3 paccMOTPEeHHOTO BBITEKAET, YTO MPOBEPKY BhIMOMHEHN ycaoBus (1.18)
ClleqyeT UCKaTh Ha «CYXEHHBIX» noaMHoxecTBax I, M,. D10 03Ha4aeT, 4To
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JUISl QHATM3UPYEMON CHCTEMBI MOKHO C(HOPMYJIMPOBATh KOHKPETHBIH KPUTEPUIA
Hactyruienns npoucmectsus (KHIT) B cnenyromem Buze:

Bix = Six N Rux # &, (1.23)
e Sk = (S )i Rk = (R ) - (1.24)

Hcnonp30BaHNe «CY:KEHHBIX» IOIMHOKECTB 3HAYCHHUH IapamMeTpoB BO3-
JIEHCTBUH M BOCTIPUUMYHMBOCTH, ONMCAaHHBIX B BhIpaxeHun (1.24), MoxeT 3Ha-
YUTEIHHO YMEHBIINTH allPUOPHYIO pa3MEepHOCTD 3a/1adu. B cBOio odepens, 310
CHOCOOCTBYET CHMIKEHHMIO 3aTpar IpH MOUCKE U OIIEHKE «3HauUMOCTH» BCEX
BO3MOYKHBIX PUYHH M TPEIIOCHUIOK OITACHOCTH.

Takum o0pazom, B Bujae Beipakenuid (1.19)—(1.23) momyueH KOMIUIEKC
PaHXMPOBaHHBIX KPUTEPHEB, MO3BOJSIOMMK (HOpMaIN30BaTh OOIIEe BBIpaXKe-
Hue xputepus (1.18) B Bupe anroput™a u nporpammsl 00pabOTKM 3HAUCHHH
MIIB.

1.4. Knaccudmkauma ceoncrea
6e3onacHoctu CTC Ha ocHOBe
NnpUMeHeHns1 KOMMNeKca Kputepues

1.4.1. NMocTpoeHue KputepueB Knaccudpukaumm
B TEPMMHaX OMOPHbIX MOAMHOXECTB

Ha ocnoBe mocnenosarensHocTH KpuTepueB (1.19)—(1.23) B TepmunHax
OINOPHBIX MHOXECTB MOCTPOUM KPUTECPUHU JIsA ONTUMAJIBHOI'O BBIABJIICHUA Ha-
pacTaHusi ONaCHOCTH B CUCTEME.

1. IlepBbIii mIar B 5ToM — ONpenelieHne Kiacca «a0CoMoTHO Oe3omnacHas
cucrema». CioBecHast GOPMYIHPOBKA: 3TOT KJIacC OE30MaCHOCTH HMEET
MECTO TOT/Ia ¥ TOJBKO TOT/a, KOTJa O0BEKT HE CONMEPKUT HU oxHOro [103.
B TepMuHaxX OMOPHBIX MHOKECTB YCIOBUE €TO BBIABICHUS HMECT BH/I;

Vi=@3 >V

m

,=0. (1.25)

2. Cuenyroumii mar — 3TO BBISIBJICHHE OTCYTCTBHUSI B OOBEKTE€ CHCTEMBI
I103, BoCHpHMUMUYUBBEIX K AECHCTBHIO BHEIIHUX HEpErIaMEHTHPOBAHHBIX
(axropoB. COOTBETCTBYIOLIMH 3TOMY OOCTOSTENBCTBY KPUTEPHH HMEET
BUJL:

Ve+ v

m

. %0, ORNOV® =B — or,,, Aov 0,1>0. (1.26)

mtl =
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OTOT K1acc 0e30MaCHOCTH HA30BEM: «HOMEHYUAIbHO OE30NACHAsL CUCHe-
Ma».

3. Tpetuit mar 3aKiaro4aeTcs B BBIICHEHUH POJIM KOHCTPYKIIMU U 3aIIUTHI
obbekTa npu neiicteun OB®. PaccMoTpyM KOMOMHALMIO TEPMOB, KOTIa
SJE€MEHTBl BOCIPUUMYHBEL K AeHCTBHIO BO3MOXHBIX OB®, HO KOHCT-
PYKIUs ¥ 3amuTa 00beKTa MCKIIOYAET WIN MOJTHOCTHIO OCJIa0IseT 3TH
(hakTopsl.

Kputepuit nneHTHOUKAINN HMEET BHI:

npu ORNOV® =B — OF NORNOS* =SB u OFNORNOS' =&,  (1.27)
wm (UOF )NORN(UOS ) = .
! !

HazoBeM 3T0T Kitacc 0e30MacHOCTH: «OMHOCUMENbHO OE30NaCHas cuche-
may.

4. OmpenenyuM YeTBEPTHIN Kilacc Kak albTepHaTHBY Kiaccy 3. KomOunarmro
TEPMOB ONACHOCTH YCTAHOBHM CJICIYIOLINM 00pa3oM: yCIOBHS IS OTKa3a
I[TIOD cymectBytoT, HO 0TKa3 KpuTHueckoro [103 HeBo3MokeH. Bripazum
3TO ONpEe/ENICHNE B BUIE KPUTEPHUS:

(UOF )NORN(UOS )= @ ona m' ', I', k',
1 1
B=SNR =38, < (1.28)

ecnu k=kK ,10 Biy =Six MRy =9.
Ha3oBeM JaHHBI KJIACC: «NOMEHYUATbHO ONACHAS CUCTIEMAN.

5. Paccmotpum B paMkax kiacca 4 cOCTOSIHHSL 0€30TIaCHOCTH CHCTEMBI, IPH
KOTOPBIX YCIIOBHSI ISl OTKa3za Kpurudeckoro 110D cymiecTByIOT U BBIpa-
JKAIOTCS CIIEAYIOIUM KPUTEPHEM:

(UOF )NORN(UOS )= D u By + 2. (1.29)
1 1

5a. PaccmoTpuM B pamKax Kilacca 5 MOIKIIACC, XapaKTepU3YIOIIU coo-
cmeenHyto bezonactocms (onachocms) oObekTa. MHade, cymecTBy-
0T YCIIOBHSA VIS OTKa3a Kpuruyeckoro I10D oT feicTBHS BTOPUYHBIX
(aKkTOpOB, KOTOPBIE BEIPAKEHBI B BUJIE!

) (130)

Ha3zoBem 3TH Ki1acChl COOTBETCTBEHHO: «NOBbIULEHHO ONACHASL CUCIEMA» T
«COOCMBEHHO NOBLIUEHHO ONACHASL CUCTEMAY.

6) JlonoiHUTENBHO JJIsl XapaKTepUCTUKU OIACHOCTH BBEIEM PHCK Ry HaHe-

cenns ymep6a U cuctembl camoii cede, OKpYXKaroIIel cpefie WIn IpyTuM
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cucremaMm (oObekram). Ecnu 3amaHo mpeiesnbHO JOMYCTHMOE 3HaueHHE
i 1 o 19
pucka ™Ry »@omHO (OpMyYIIMpPOBATH CIIEYIONINN KPUTEPHHL:

By #DARy=Ry . (1.31)

HazoBem mocnemnuil kinacc G€30MACHOCTH: «YPe36blYAliHO ONACHASA CUC-
memay.

[Mockonbky Kiaccel 6e3omacHocTH 1-6 cucteMbl (JOPMAILHO BBIBEICHBI,
MCXOJSl M3 TaKUX €€ BHYTPEHHHMX CBOWCTB, KOTOpBIC HE 3aTparvBaroT Quznue-
CKYIO CTOPOHY CHCTEMBI, TO HX MOXKHO XapaKT€pPH30BaTh KaKk YHUBEPCAJIbHBIE, a
KPUTEpUH MX Pa3IMueHMs] CUUTATh oOmMMH. Takxke ciemyeT OTMETHTh, YTO
XOTSI 3TH KJIACCHI BBIPAXKAIOT MPUOIMKEHHE OMTACHOTO MUCcX0/a (IPOUCIIECTBUS),
TO, TEM HE MEHEe, OHH OIIPEIEIISIOT 0e30MacHOCTh (0e3aBapuitHOCTh) CHCTEMBI.

[NocnenauM 1maroM B MPOBOAMMOM aHAIN3E SIBISICTCS PACCMOTPEHHUE CO-
CTOSIHUSI CHCTEMBI ITOCIIE TIPOMCUIECTBHUSL. DTO COOBITHE Yallle BCETO BHIPAYKAIOT
ycroBueM Buaa [9, 44]:

U> U, (1.32)

rne U’ — HejonycTiMoe 3HaueHne yiepoa.

Takum 00pa3oM, NMOCTPOCHHBIH B TEPMHHAX OIOPHBIX MHOMKECTB KOM-
wieke kputepueB (1.25)—(1.32) xraccudurannu CTC nerko popmanuzyercs u
MOJKET CIIY>KMThb YHUBEPCAJIbHON OCHOBOH AJIsl KAUECTBEHHOM M KOJUYECTBEH-
HOM OIIEHKH 0€30ITaCHOCTH.

1.4.2. OueHka 3achdpeKTUBHOCTHU
Nnosly4eHHOro KoMnJsiekca KputepmeB

B 3akitouenue oreHrM 3(pPEeKTUBHOCTH pa3pabOTaHHOTO KOMILIEKCa KpH-
tepueB (1.25)—(1.32). Jlns 3TOr0 CpaBHUM YHCIO MPHYUHHBIX TEPMOB, HEOOXO-
TUMBIX JUIS aHAJIM3a [0 METOAY IOJIHOTO Iepedopa, ¢ YHCIOM TEPMOB, BBISB-
JISIEMBIX Ha OCHOBE IMOJYYECHHBIX KpuTepueB. IIycTs ampHOpPHO M3BECTHO, UTO
sup T=9,sup M=5,sup L=11,sup K= 10.

Torna MOIIHOCTH MHOXKECTBEHHO-TIApAMETPUYECKOro 0Oasmca, ormpene-
JISIOINAs YHUCIIO IPUYUH U IPEANIOCHUIOK, cocTaBuT 4950.

[Iycte B pesynbraTe npumeHeHusi kpurepueB K aHanuzy MIIb cuctemsl
noJry4eHo, uro sup 7', = 3, sup M, = 3, u BblsABJIEH OfUH KputHdeckuii [10D.
DTO 03HAYAET, YTO YHCIIO MPEAMOCHUIOK CHU3HUTCS 10 99. [Ipu 3TOM COOTBETCT-
BEHHO YMEHBIIAETCS HEOOXOIMMOE YHCIIO MCXONHBIX JAaHHBIX, IpEICTaBIIsie-
MBIX B BHJIe 3Ha4eHUH mapamerpuieckoro 6azuca (1.17). Ilpu Hamuumm crom-
MOCTHBIX M BPEMEHHBIX OrPaHMYCHHUII Ha TOJyYeHUE TaKUX HUCXOIHBIX MpUMe-
HEHHE DPa3pabOTaHHBIX KPUTEPUEB ITO3BOIIET WM HAWTH alTOPHUTMHUYECKOE
perreHre BooOIIe, WA CHU3UTD 3aTPaThl Ha PEIICHHE B YaCTHOCTH.


Swing
Note
оставить
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1.4.3. Pe3ynbraTbl MHOXX€CTBEHHOM NapamMeTpu4ecKomn
Knaccudmkaummm 6e30nacHOCTU CIIOXKHOW CUCTEMBbI

Jnst oneHku O€30MACHOCTU CIOXKHBIX CHUCTEM M pacueTa IoKa3aTenel
BO)XHOW M aKTyaJIbHOH sIBIIsIeTCS 3a/a4a KiacCu(UKalUK U JETAIBHOTO Pasiu-
YEHUsI COCTOSIHUIM 0€30MacCHOCTH CUCTEMBI.

JlanHas 3a7a4a pelieHa Ha OCHOBE pa3padOTaHHOTO KOMIUIEKCa KpUTEPHEB
(1.25)—(1.32). Pesynmbrarhl onpezeneHust KJIaccOB COCTOSHHM, XapaKTepusylo-
KX TIOCJIEIOBAaTEIbHOE HApacCTaHUE IOTEHIMAIBHON ONACHOCTH B CHCTEME
«II0OO0 — CM3 — OB®y, a Taxke KpUTEPHH UACHTU(DHUKAINN MPUBEICHHI B
tabmn. 1.1. [Ipu 3TOM moNMy4YeHO W OmHMCaHO 6 KiIaccoB 0OE30MacHOCTH, W OTHO
COCTOSIHHE IOCJIC TPOUCLISCTBUS. B COBOKYNHOCTH 3TH KJIACCHI COCTOSHHH
HOJIHOCTBIO OIMCBHIBAIOT CBOWCTBA «0O€30IIACHOCTh — OIACHOCTB» JII0OOH
CTPYKTYPHO CIIO’KHOM CHCTEMBI.

1.5. ®opmynupoBka npobnemsbl
B MHOXeCTBEHHO-NpeaAnMKaTuBHon popme

Ha ocHOBaHMM NONYyYEHHBIX KPUTEPHEB BBISIBICHHS TEPMOB ONACHOCTH
(1.18), (1.20)~(1.24) u wmaccoB OGezomacHocTH (1.25)—(1.32) meramusmpyem
NOCTAaHOBKY Hay4HOH MpoOJeMBbl M IMpPENCTaBUM €€ B CIEAYIOEM BHIE: O
sHaueHmsIM {F, F, R} MHOXECTBEHHO-TIAPAMETPUUIECKOTO 0a3rca CHUCTEMBI
mpebyemcs: 1) ycTaHOBHTH Kiacc & O€30MaCHOCTH M 2) Mepy ONpPeAeTICHHOCTH
nepexozia cucteMsl B kpurnueckoe Cr coctostaue & — Cr:

Det (£~ Cr) = Det (3 B #@) = Det (3 By 22) | T, (M) 23, M, #D. (1.33)

Jlns nanpHeHIel qeTaau3anuy OLeHKH 0e30macHoCcT cucteMbl «[100 —
CM3 — OB® — UY» HeoOXOmUMO OCYIIECTBUTh €€ aOCTpaKTHO-
anreOpanyecKoe M JIOTHYECKoe onucaHue. IIpu 3ToM HEOOXOIUMO y4YEeCTh BbI-
SIBICHHBIC B XOJIC¢ CHCTEMHOTO aHaJn3a B pasfeiie | CleAyrolme yCiaoBUS U
ITOJIOKEHUS .

1. Cucrema xapakTepu3yeTcsl Kak YHUKaJbHas CHCTEMa: WIH IMOXOOHBIX eit
HCT, WJIN e€ aHaJoru BechMa l'lpl/I6J'Il/DKeHHI>I. CTaTUCTHYECKHUX JaHHBbIX 00
AKTHBHBIX OTKa3axX WJIKW HCT, HJIM OHHU HC COIIOCTaBHUMBI.

2. AKTHBHBIE OTKa3bl B CUCTEME MPEACTABISAIOT COO0H pedkue COOBITUS, Cpe-
JI1 KOTOPBIX OTKa3 kpurtudeckoro [102 — odeHp peakoe, HO BO3MOXKHOE
coObITHE.

3. 3navyeHus mapameTpoB MHOXKECTB V; F, R ecTh neuemKue BETMIMHEI C TPO-
THO3UPYEMbIMU O6J'IaCTHMI/l HUX U3MCHCHHU.
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Ta6bnuua 1.1
Kputepun ngeHtudnkaumm knaccos 6€30nacHOCTU CUCTEMbI
Ne Kaace Kpurepuii ngen-
Onpenesenue purep !
n/n COCTOSTHHMS TUpUKATHT
1 | A6comorHo 6e30- | OObekT He conepxur [10D Vi=g
MacHas CHCTeMa
2 |I[lorenumansHO ITO3 06beKTa He BOCUPUUMYMBBL K | T} =
Oe3omacHast cuc- | peiictBuio HO )
TemMa
3 | OTHOCHUTENIBHO 103 BocnpuumuuBel kK HD, HO T, # QAT =
Oe3omacHast CHC- | KOHCTPYKIHUSI ¥ 3aIIUTA HCKIIOYAIOT SAM, =
TeMa HX JIeHCTBHE A=
4 | IToTeHuMaIbHO AJnbpTepHaTHBA KJIaccy 3: yCIOBHUS M, #DAB #O
omacHas cuctema | s otkasza [10D cymiecTByIoT, HO B o
oTka3 kpuruaeckoro [10D HeBo3- ABcr =
MOXEH
5 |IoBemuenHo omac- | [Tonkmace xmacca 4, ycioBus ais B+
Has cucreMa oTka3a kpurudeckoro I103 cymect-
BYIOT
S5a | CoOcTBEHHO TIO- IToaxiacc kiacca 5, CcylecTByOT B 20
BBIIICHHO OIacHasl | yCJIOBUSI OTKa3a Kputnaeckoro [103 KK
cucrema oT felcTBusa BTOpUYHbIX HD
6 | UpesBbruaitHo IToaxiace xiacca 5, B KOTOPOM PHCK B, #DARy=Ry
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1.6. BbiBoabl no pasgeny 1
1. TTono>keHHBIN B OCHOBY BEpOSITHOCTHON METO/IOJIOTUH OLIEHKH Oe30IacHo-

CTH CUTYaIlMOHHBIH (COOBITHIHBIN) cr10co0 MO/IEIMpPOBaHMsI HE TIO3BOJISIET
B KOMIIAKTHOH W YyHHMBEpcalbHOH (opme BBIPA3UTh NPHUYUHHO-
CIICICTBEHHBIE CBS3M THIIA «BO3IEHCTBHE — KaHAJIMPOBaHHE — oOciadie-
HHE — BOCIIPUUMYHBOCTBY». J[JIsl yCTpaHEeHHs 3TOro HejocTarka U B pas-
BUTHE YKa3aHHOTO croco0a TpoW3BeNeHBI OOOCHOBaHHWE M pa3padoTKa
(aKTOPHOTO HApPaMETPUUECKOr0 CIOCO0a MOIENUPOBAHUSA CBOMCTBA
«OMAacHOCTh — O€30IaCHOCTEY TEXHHYECKHX CHCTEM BUJA «IIOTCHIHAIIb-
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HO OITACHBIM OOBEKT — CpeacTBa U MEPONPUATHUA 3AIUTHI — OIMACHBIC U
BpeaHbIe (hPaKTOphl — YeaoBeKk». Ha 0CHOBaHMM J10Ka3aTeNbCTBA TEOPEMBI
O BJIO)KEHHOCTH OIIOPHOTO M IIOJTHOTO MHOXKECTB BHJIOB M IIapaMeTpOB
(haKTOpOB yCTaHOBJIEHa 3KBHUBAJICHTHOCTh IPEIUIONKEHHOTO criocoba cH-
TYaIlMOHHOMY CII0CO0Y MOJIETHPOBAHMSI.

. IocTpoen ¢axkTopHbIH apaMeTpUUECKUid 0a3uc, MPeaCTaBISIONNA co00i
COBOKYITHOCTh MHOYKECTB IIapaMETPOB BHEIIHWX W BTOPHYHBIX BO3JEHUCT-
BYIOIIIUX B cHUCTeMe (PaKTOPOB, MHOXKECTB (DYHKITUH OCITaOIICHHs BO3ICH-
CTBHH B 3aIIUTE M KOHCTPYKIUH OOBEKTA, MHOXECTB ITapaMEeTPOB BOC-
MPUIMYHMBOCTH JIEMEHTOB O0BEKTa, a TAKKE CHT'HATYp aiareOp MHOXECTB
u bymss. Ha ocHoBe BBenmeHHOro Ga3mca paccMoTpeH OyieBblid 6asuc. Ha
UX OCHOBE INPHUMEHHTENIFHO K JII0OOH CHCTEME MOXET OBITh JOCTHUTHYTO
KOMITaKTHOE OIHMCAaHHE BCEr0 MHOrooOpa3usi MPEAIOCHUIOK ONAaCHOCTH U
ux CBH3CI>1, a TaKiKE€ UX BBIPAKCHUC B HpeﬂHKaTHBHOﬁ MHOXKCCTBCHHO-
napameTpuyecKoi hopme.

. ChopmynnpoBaHbl KPUTEPHUHU BBISBICHUS NMPEANOCHUIOK U (QYHKIMHA orac-
HOCTM W Ha MX OCHOBE IOCTPOEH YHUBEPCAJIBbHBIH (OpMaM30BaHHBINA
KOMIIJIEKC KPUTEPHUEB, ITPpEHA3HAYEHHBIN Il yCTAaHOBIICHHUS Kilacca 0e30-
MAacCHOCTH CHCTEMBI, a TaKkXKe JUIsi CHIKEHHS 3aTpar B Ipoliecce Ioiyde-
HUS KOJINYECTBEHHOMH MEphI PUCKa.

. B MHOXecTBeHHO-TIpeIMKaTUBHON (hOpME MTPOU3BEACHO YTOYHEHUE Hayd-
HOH MPOOGIIEMBI, YTO TIO3BOJIMIIO IPUOJIM3UTECS K PEIICHHUIO TIOCTaBJICHHON
HpOOJIEMEI B IIEJIOM.



CiyyaliHbIX aBapuii He ObI-
BAET, €CTh HEYYTCHHbIC (DAKTOPBI
U CBSI3H.

bensies B. ., Boxos B. A.
VYpoxu newumammnuix cumyayuii

PA30EN 2

UccnepoBaHue nornyeckux pyHKLMM ONacHOCTHU
B ynopsifo4eHHON cucteme

2.1. AHanu3 cocTosiHMA Bornpoca
n chopmynupoBKa uenum

Bripaxenune npeanocsuiok omacHocTH (1.28)—(1.31) B Bume OyieBbIX me-
PEMEHHBIX U OTHOILICHUH IMO3BOJSIET B PSAAC CIYYaeB YIPOCTHTH HAXOXKICHHUE
MoKa3aresieil 6e30MMacHOCTH M pHCKa. Takoe «orpyOieHue» BechbMa IIOJIE3HO
MPU KONWYECTBEHHON OIEHKE CIIOKHBIX MHOTO(aKTOpHBIX cucTeM. OmHaxo,
WCTIONB3YsI MHO)KECTBEHHBIE M OyJIeBBI MMOKA3aTeNd W KPUTEPUH, BAXKHO ycCTa-
HaBJIMBATh CTENEHb UX cOOTBeTCTBUsA. Ha ocHOBaHuu Teopembl CtoyHa [29, 54]
B PACIIMPEHHBIX aIreOpax MHOXKECTB MOXKHO BBIZCIHTH ajreOphl M UX MHOXKE-
CTBa, U30MOp(HBIC WM, [0 KpaiiHel Mepe, TOMOMOpP(HBIC APYTHM, HapUMEp
OyneBbIM MHOXKeCTBaM (periérkam) [29]. YcraHOBICHHE COOTHONICHHS BBOJIU-
MBIX 0a3MCOB U aNreOp MO3BOJSACT HANTH OOIIYI0 OCHOBY TAKHM MOHSATHUAM, KaK
()YHKIUU U apTyMEHTHI anreOpsl JJOTHKH BBICKA3bIBAHUHN U MPEIHKATOB, CTPYK-
TypHBIe QYHKINUU U (PyHKIUU CBSA3HOCTH 3JIEMEHTOB OOBEKTa IO OTKa3aM, rpa-
(B B CTPYKTYPHO-JIOTUIECKHE CXeMBI (IepeBbs omacHocTH) [5, 7, 9, 10, 17, 29,
48].

OtmeTnM, 4TO B paMKax (PaKTOPHOTO MapaMeTPUYECKOTO OMHUCAHUS TeX-
HOT€HHOM CHUCTEMBI U KaK JIETEPMUHUPOBAHHOM, TaK U BEPOITHOCTHOW OLICHKHU
0€301acCHOCTH CHCTEM SIBJISIFOTCSl Ba)KHBIMH 3ajauu: a) 00 yCTaHOBJIIEHHU OT-
HOIIICHUN COOTBETCTBUS M TOPSIKA MEXKIY aHAJOTOBBIMH U OYJICBBIMHU IPE/I-
CTaBUTEISIMH (KPUTEPHSIMH, [TOKA3aTeIIIMU U T. 11.); 0) (GopMaibHOrO BhIpaXke-
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HUS CBS3HOCTH IMPUYMHHBIX TEPMOB OMAaCHOCTH. [IpMMEHHUTEIBHO K CHCTEMAaM,
pa3MepHOCTh 0a3rca KOTophix mpeBsimiaet 100, onvcaHue CBI3HOCTH MPEAIIO-
CBUIOK OMACHOCTH B aHAIUTHYECKOH [9, 16, 32], moruueckoii [9, 62], rpaduye-
ckoit [17, 33, 51] dopmax MOKET OKa3aThCsl HACTOJIBKO TPOMO3JKUM, YTO TPH-
BOIUT K HEOOXOAWMOCTH IIOMCKA ACHMOTOTHYECKOTO BBIPAKCHHS (QYHKITHA
cBszHOCTH [51, 62]. ITosTOMY O4eBHAHO, UTO (POPMATHLHOE TOYHOE BEIPAKECHHUE
MHOTO(aKTOPHOH CBA3HOCTH MPUYNH U (WJIH) MPEANOCHUIOK OITACHOCTH B TEX-
HOTEHHOM CHCTEME MPEICTaBIsET cOO0M BaXKHYIO CAMOCTOSITEIBHYIO 3a/1a4y.
IlenssMu JaHHOTO pazzerna SBISIOTCS:

1) onucanue 6a3uca OyeBBIX MHOXECTB, TOMOMOP(HOTO (pakTOpHOMY Iapa-
MeTpudeckomy 6azucy (1.17);

2) OyneBO ONHCaHWE CBS3HOCTH IPENIOCBUIOK OIMACHOCTH B TEXHOT'€HHOM
CHCTEME OTHOCHUTENIHHO BHIOPAHHOTO NMPOUCIIECTBUS (aBapuH) B CHCTEME
U OIpE/CIICHNE BBIpaKEHUS (PYHKIMH CBSI3HOCTH B BHIC, YIOOHOM IS
npeacTaBiIeHus €€ B CUTHATYpe ajdreOpbl HEYETKHX MHOXKECTB;

3) dopmynupoBka OyneBbIx quddepeHInaNIbHBIX 1 HHTETPAIbHBIX KPUTEPH-
€B OMACHOCTH H JIOKA3aTeNIbCTBO TEOPEM OE30I1aCHOCTH.

B paMKax 3TOTro pasjciia CHUuTaEM, 4TO 3alldTa OolrMCaHa U y4TCHaA.

2.2. OnucaHue 6e30MacHOCTN CUCTEMBI
B Buge 6yneBoro 6asnca cucrtemsbl

2.2.1. BeegeHue GyneBoro 6asuca cuctembl

IIpencraBuM TEXHOTECHHYIO CHCTEMY KaK COBOKYITHOCTh KOHCTPYKTHBHO
CBSI3aHHBIX 3JIEMEHTOB, OIMCHIBAEMYIO MHOXECTBOM Z; BXOIOB 3JIEMEHTOB,
MHOXXECTBOM Z, KaHAJIOB Tepefadd (MaTepuan30BaHHON B3aMMOCBSI3H dJIe-
MEHTOB) ¥ MHOXKECTBOM Z3 BBIXOJIOB 3JIEMEHTOB. BXObI MOCIIEAYIOIETO 3ie-
MeHTa-IpUEMHMKA (HU3MYECKU CBs3aHbl (MOTYT OBITH CBSI3aHBI) C BBIXOJaMH
MPEIBIAYIIEro 3JIeMEHTa-UCTOUHHKA Yepe3 KOHCTPYKIHIO 00beKTa (Yepes3 mapa-
3UTHBIC KaHaJbl). [IpyW 3TOM MITaTHBIC CBSI3M MEXKIY 3JICMEHTAMH CUHUTAIOTCS
3eCh aOCONIOTHO O€30MacHbIMH, a IMOTCHIIMAILHO OMNAaCHBIE 3JEMEHTHI II0
«IITaTHBIM» (PaKTOpaM WM CHUTHAIAM HJICaJIbHO 3aIUIICHBI U WX BIHSHUC Ha
MOTEHIMATIBHYIO OMTACHOCTh CUCTEMBI HE YIUTHIBACTCS.

Beenem mHOXecTBO E OyneBHIX apryMEHTOB, IO aHAJIOTHH C 1. 1.2 omu-
CBIBAIOIIEE BOCIPUUMYNBOCTD IO 71 BUAY MapaMeTpa k MOTEeHIHAIBHO ONacHO-
TO dJIeMeHTa 00BEeKTa K NeicTBhIO ¢ BUAa (akropa, ¢ € T, gomexmero ot / uc-
TOYHHKA, [ € L, 1o k snemenTa-npuémHnka, k € K:

E=(enir),e=0vl, (2.1)
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npuuéM ripu [ = k npuHuMaetcs, 4to e = 0.
DNeMeHT e, ,;; Ha ocHoBe dopmyn (1.12) u (1.15) onpenensiercs kax:

€ i1k = OV i1k N O kN Ofmyins L # K. (2.2)

Kak BusHO, MHOXECTBO E XapakTepu3yeT BO3MOXKHOCTh OCYIIECTBICHUS
HeperiaMeHTUPOBAHHOM mepenayn (MapasuTHbIE CBOWCTBA KOHCTPYKIHH) U
BOCHPHUATHS BHIOB (DaKTOPOB JIFOOBIM IMOTEHIMAIBHO OIACHBIM 3JIEMEHTOM
o0ObeKTA.

BBenem MHOXkeCTBO X JIOTHUECKMX aPTYMEHTOB, OIHMCHIBAIOLIMX BO3MOXK-
HOC MHHUIIMHPOBAHKE 3JICMEHTOB 00BEKTA!

X= (116, (23)

e x = 1, €CIU Sy 142 Vo4 X = 0, €CIIK MHAYE.

MmuoxectBo X mud¢epeHIIpPOBaHHO OMHCHIBAET CIIOCOOHOCTH JIFOOOTO
3NIeMEHTa 00bEKTa MHUIMUPOBATh MPU MPHIOKESHUH K HEMY OJMHOYHBIX BO3-
JIeHCTBUH (BO3IEHCTBUI OT OHOTO MCTOYHUKA 0€3 HAKOIUICHHS).

Beeném mHOXecTBO OyneBbIX ¢QyHKIHMH oTKa3a (BDPO) snmemMeHTOB 00BEK-
Ta:

Y= (ym tlk)a (24)

rmey=0vi,meM,teT leL ke K;upul=Fk,y=0.
B cooTrBercTBHM ¢ OompejelieHHeM akKTHBHOTO oTkasza (1.2) MOxHO 3aru-
carTh:

YVmelk = €melkNXmetlk (2.5)

ITocrnenHee BBIpaKEHHE MPENCTABISAET JIOTHYECKOE YMHO)KEHHE yCIOBHH
BOCHPHUUMYHUBOCTH U CHOCOOHOCTH k 3JIEMEHTa MHHUIMHPOBATh MPHU ACHCTBUH
Ha Hero (akTopoB 0e3 yuéTa X HaKOILICHHS.

Brinenum u3 mHoXkecTBa Y cienyroiye noaMHOXKECTBA:

a) TIOIMHOXKECTBO OyneBbIX (DYHKIMI OMACHOCTH 3JIEMEHTOB O0bEKTa HpHU

YCIIOBUH JGHCTBUS TOJBKO BHEUIHUX (haKTOPOB:

YI:OZ(ymtk)IZOZ(yEmtk): (26)

e y %, x — IeMeHTapHas OyieBa (yHKIHUs OTKa3a k SJIEMEHTa IIPpU JeHCTBUH
¢ BUa (pakTopa BHEIIHETO HCTOYHHKA;
6) mogmHOXecTBO BDO 31eMeHTOB 00BEKTa NPH YCIOBUH AEHCTBHUS TOJBKO
BTOPHYHBIX (DaKTOPOB:

Yl$0:(ymtk)l¢0:(yimtk)’ (27)
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€ y ' k — deMeHTapHas Oyiesa QyHKIMA OTKasa k dIeMeHTa IpH AeHcTBIM
¢t BHIA BTOPHYHBIX (DAKTOPOB, 0Opa3syeMbix (CIOCOOHBIMEH 0OPa30BATHCS
3JIEMEHTAMU-UCTOYHMKAMU OOBEKTA.

Kpome Toro, OTHOCHTENBHO K DIIEMEHTA-NPUEMHHKA BBEIEM U 0OO3HAYHUM
nonMHoxkecTBO bDO:

Yk = (ymtl) ke (28)

Hcnonb3yem curHarypy Sp anredps! pemérok [29], kotopas oObeanHseT
TaKUe OINEpaIllM, KaK JIOTHYECKOE YMHOKEHHE M, JIOTHYECKOE CIOKEHHE U,
WHBEpCUS  , TIOMJIOLIEHHE C U PaBEHCTBO = :

Sp ={NVu, ,C,=).

Ilockonbky BBenéHHble MHOXecTBa X, E, Y mpuHajexar yHUBEp-
caJIbHOMY MHOXeCTBY 1, To 1o ompenenenuto [29] Ha curnarype Sp Takoi Oa-
3UC MHOXXECTB siBsieTcsi OyneBbiM. HasoBem ero OysneBbIM 0a3McoM CHCTEMBI
(BBC):

BBEC = (X, E, ¥, Sp}. (2.9)

OTMeTHM, YTO Ha HEM CIPaBEUIUBBI OTHOIICHHS PE(IEKCHBHOCTH, CHUM-
METPUYHOCTH U TPAH3UTUBHOCTHU [29, 54]. DTH cBoiicTBa OyAyT MCIOJIB30BaHbBI
JUIsl yCTAHOBJICHUS] COOTBETCTBHS ITPEACTaBUTENeH 6a31coB OyJIeBbIX, YETKUX U
HEUETKUX MHOXKECTB.

2.2.2. Bbi6op nsomopdHbIX NpeacTtaBuTenen
B 6asucax B6C u ®Ib

Ecnu x snemenram 6asucoB BBC (2.9) u ®IIb (1.17) npuMeHATH TOJIBKO
OIlepali U3 CUTHATYpBI anreOphl PeleToK, To U3 Teopembl CTOyHaA Cllefyer,
YTO MEXIY MX 3JIEMEHTAaMH W TOIMHOXKECTBAaMHU CyIIECTByeT u3omopomsm. K
TaKUM N30MOP(]HBIM ITapaM OTHOCSTCS:

X-(R,S; E-(EV); Y-(ER,V). (2.10)

Torma B paMKax 3THX Iap MOXXHO HaWTH SKBUBAJCHTHbIE MPEICTABUTEINH,
OJIMHAKOBO OTOOpaKaroIIue aHAIM3UPYEMbIi OTKa3 (MIPOUCIIECTBHE) B CHCTE-
Me. JIpyrumu ciioBamu, COOBITHSI OTKa3a (COCTOSHHSI IIOTEHIIMAIBLHON OMacHO-
ctH) B cucteme «I100 — OB® — CM3» M0OXHO BbIpakaTh JIMOO B BUJIE 3HA-
YEeHUH IapaMeTpoB CHCTEMBI B pamkax 0azuca MHoxecTB (1.17), 1mmbo B Buze
JIOTHYECKUX 3HaueHuil B pamkax OyneBoro Oazuca cuctembl. OHAKO, BO BTO-
POM TIOZIXOZI€ K aHAINU3y CHUCTEMBI MOXKHO «OIPYOHTB» OLIEHKY O€30I1acHOCTH
CHCTEMbI 10 OyJIeBBIX OTHOIIEHWH M OyJIeBBIX BEIWYMH, YTO B PAJC CIydacB
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YIOPOIIAeT OIpeeieHue TaKUX IMOKa3aTelel, Kak CBA3HOCTb, ONM30CTH OIac-
HOCTH, TNTyOMHa 0€30I1acHOCTH.

2.3. ®opmynupoBka aucdepeHUnanbHbIX
KpUTepUeEB BbISABIIEHUSA JIOTMYECKUX
npeanoCcbISIOK ONaCHOCTU

Jns anamm3a u nudepeHIMPOBaHHOTO BRISABICHHUS NPHUYNH W MPEIIOCHI-
JIOK BO3HUKHOBEHHUs 0TKa30B B cucreme «[100 — OB® — CM3» Ha ocHOBe
BBesieHHoro BBC copmynupyem ciienyromme kpumepuu.
1. DneMeHTapHBIN KpUTEpUil BBISBICHUS IMPEINOCHEUIOK OTKa3a MPOU3BOIb-
Horo k ITIOD. Otka3 HacTynuT, eciny Ha MHO)KecTBe T CyIIECTBYeT XOTs
Obl omuH ¢ Bun (akTopa, oOpa3yemblil XOoTs OBl OMHUM / UCTOYHHKOM H3
MHOXecTBa L, Ipu 1efiCTBIM KOTOPOTO BBINOIHSAETCS YCIOBHE

Ye=(yyh=(eg Xy ) =1. (2.11)
Crneocmeue 1. Cucrema 6e30IacHa, €CIIN BHIIOTHICTCS IPEIUKAT:
VkeK—>Y,=0. (2.12)

2. Kpumepuii BRISBICHUS NPEANOCHUIKN oTka3za k [10D mpu mefictBum MHO-
xecTBa 1, BUIOB (HaKTOPOB:

A A
Yle = Kl(ytl)k = L(e” Xy ) =1. (2.13)

Cneocmeue 2. Cucrema Oe3onacHa Ha MHOXECTBE HeperlaMEHTHPOBaH-
HBIX ()aKTOPOB, €CJIM BBITIOJIHAETCS IPEAUKAT

VkeKVteT - Y (T)=2. (2.14)

3. Kpumepuii BbISIBIEHHS NPEINOCHUIKK 0TKa3a kputuueckoro 1103, k = kK,
IpH AefCTBUU Ha HETO OAMHOYHOTO UCTOUHMKA [ =/, XapaKTepU3yeMoro

MHOXecTBoM T BuIOB (hakTopoB:

YE =V V (eyxy ). =1. (2.15)
teTh 4

k=c,

Cneocmeue 3. Ioncucrema «kputnueckuit 1105 — ucrounuk / =/ He-

peraMeHTHPOBAHHBIX (aKTOPOBY OE30MaCHa, €CITH
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VieT ' - Y (TH)=0. (2.16)

4. Kpumepuii X0Ts Obl OTHOKPATHOTO MHUIIMUPOBAHUS OTKa3a KPUTHUECKOTO
I10D ot peiicTBus 1106010 / ONUHOYHOIO UCTOYHUKA U3 MHOXECTBA L; ¢

Tr00BIM 7 BusioM (hakropa u3 MHOkeCTBa 1 (hopMynupyercs B BUuje:

Y =V ¥ (e xy e, =1 (2.17)

‘r lel; telh

Cneocmsue 4. Iloncucrema «xpurudeckuit 10D — MHoxkecTBO L; uc-
TOYHHMKOB HEPEIIAMEHTHPOBAHHBIX (DAKTOPOB, 0Opa3yrOLIMX MHOXKECTBO 1) »
Oe30macHa, eCII BBIIOJIHSIETCS MPEIUKaT

VieL,VteT,' > Y (T, L)=2. (2.18)

Taxum 00pa3zoM, Ha OCHOBE OyNIeBOTO 0a3mca CHCTEMBI BBECHBI U OIICA-
Hbl KpuTepun Iu((hepeHIHpPOBaHHOTO BBIIBICHHS OTKAa30B IIOTECHLHAIBEHO
OIIacHBIX IIEMEHTOB 00bekTa. Ha ocHOBe 3THX KpuTepueB cHOpMYIHPOBAHBI
ycnoBust 6e3omacHocTH cucteMbl «I 100 — OB® — CM3».

2.4. BoiBog 6yneBoun hopMbl PyHKLUN
CBA3HOCTU CUCTEMbI

CTpyKTYpHO CJIOJKHBIE CHCTEMBI HacTO XapaKTEPH3YIOTCS MHOTO(aKTop-
HOH M MHOTOKaHaJbHOW CBSI3aHHOCTHIO CBOMX KOMIIOHEHTOB. MccnenoBanne
9TUX CBOWCTB IIO3BOJISICT YUUTHIBATh JOIIOJHUTEIbHBIE HCTOYHUKH, BOSMOYKHBIC
myTH, 0OpaTHBIE CBS3M M HeNWHEWHbIe 3(Pp(PeKTh B3aWMOAECUCTBHUS SIIEMEHTOB
00BEeKTa, KOTOphIe B IEJIOM NPEACTABIAIOT COOOH NMPUYMHBI M IPEAIIOCHUIKU
BO3HUKHOBEHHUS NIPOUCILECTBHSI.

OmnpezeuM aHATUTHYECKOE BBIpaKCHHE (YHKIMU CBA3HOCTU NPEAIOCHI-
JIOK ONacHOCTU B CHCTEME KaK 3aBUCUMOCTb OyJeBOi (pyHKIMM WHHLIUHPOBA-
HUS KpuTHdeckoro (Berxogaoro) [0 ot MHOkecTB E, X C y4eToMm BCeX BO3-

MOXHBIX (I)aKTOpOB 1 KaHAJIOB CBSI3H 3JICMCHTOB 06T)€KTa Mem;[y CO6OI>1
c —
Y, = f.(E.X).

[Ipumem crienyrolinue OrpaHHYCHUS:

1) cyuiecTByeT ymopsaodeHHas mepejada BO3ICHCTBUN OT BXOJA K BBIXOIY
00BeKTa;

2) KPUTUYECCKHM 3JIEMEHTOM SBIISICTCS BBIXOMHOW (MOCICTHHMNA MO HyMmepa-
mnn) K =Cr = N@bzx T1IOD o0Onekra;



56 Pazoen 2

3) umeeTcsl TOJBKO HANpaBJIEHHOE HAKOIUICHWE BTOPUYHBIX BO3IECHCTBUN Ha
BXOJIbI KPUTUYIECKOTO DJICMEHTA.

Kpome Toro, He Tepsisi OOIIHOCTH, OIMYCTHM OOO3Hau€HHE IMapaMeTpoB U
MPUMEM JOIYIEHUE O PABEHCTBE AIEMEHTAPHBIX (YHKIINI OTKAa30B JIEMEHTOB
MpH JCUCTBUY PA3IMIHBIX (PAaKTOPOB M3 OKPYKAIOIICH CPEIbL:

ytol:ymZ:ytos:"':yto’tCT' (219)

OTO cIpaBeITUBO, MOCKOIBKY pacCMaTPUBAETCS BECh KOMIUIEKC BO3MOXK-
HBIX BHEIIHHMX ()aKTOPOB M CUMTAETCS OJAMHAKOBOH Mepa ONpEIENIEHHOCTH UX
TIOSIBJICHHSI.

[Tpu NpHHATHIX JOMYIIEHUSX W MPAHUYHBIX YCIOBUSIX ONPENEIHM KPUTH-
4eCKy[0 (DYHKIHIO OMACHOCTH KakK (DYHKIMIO HAIPaBJICHHOTO HAKOIIJIEHUs BO3-
JIEWCTBUH OT BXOZIa K BBIXOAY OOBEKTA, B COCTABE KOTOPOTO MMEIOTCS IPOHY-
MepOBaHHbIe OT Bxoja K Beixoay 1103, puc. 2.1.

3amumrem OyneBy (GYHKIIUIO TIpeArochutkn otkaza [1031:

Vi1 = Yior€orXio1 =J 1 (€ X )y - (2.20)

C y4eroM Bcex BUIOB (haKTOPOB M3 OKPY)KAIOIIEH CpeIbl:

4l
y,:tzlyw-(ew)ml. (2.21)

Craenaem 3aMeHy NEPEMEHHBIX:
z=e-x,z=0U1,
U II0Ka OITyCTUM 0003HaueHue Bua ¢paxropa. Torna
Y1 = YoZo1 - (2.22)

Jlornueckast pyHKIMS IpeAnocsUIoK otkasza [10D2 ¢ yaeToM moIcTaHOBKH
(2.22) u cBs3ei, yka3aHHBIX Ha pUcC. 2.1, IpUHUMAET BUA:

Y2 =YoZor V¥ NZ12 = Yo (202 V Z01712) -
Coobpas3yschk ¢ puc. 2.1, nanee 3anuiieM (QyHKIIUK BBIXOIA ISl 3JIEMEHTOB
3u4:
V3 =VoZo3 YV N1Z13V Vo203 =
Yo(Zo3 V 201213 V Z0p 203 V 21212223 )- 5

Y4 =024 V 201214 V Z02Z04 NV Z03Z34 V (2.23)

VZ1Z12204 NV 201213234 N 200203234 NV VZ01Z12223734) -
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C y4eToM CyIIeCcTBOBaHHUS BCeX BHIOB (haKTOPOB BBIXOIHAsK (PYHKLHUS OT-
kaza [1054 umeer Bua:

1
ya(T)= Zl Y10 Zi0a V 201204 VY VZ012027023%134) - (3.:24)

PaccMmoTpuM MHOXKECTBO 351eMEHTOB M\ = { 0,12, 3,4} u o0paszyeMm OT He-

ro ynopsaoueHHslil Oynean Bu( M. ) Ipu yCIOBUH, YTO BCE €I0 JIEMEHTHI CO-
nmepxar Homepa 0 m 4 (T.e. comepkaT HUCTOYHHK [=0 © TpUEMHHUK
K=N, =4),cm. puc. 2.1.

B8bIX

Yo 1

}/03—)

Y,

Y02—>

Puc. 2.1

Torma smemeHTH 3TOr0 OyreaHa oOpa3yroTcs MyTéM Habopa OpHEHTHPO-
BaHHBIX COYETaHNI BHYTPEHHHX JIEMEHTOB MHOXKECTBA M !

B, =04, B, =014, B, = 023; B, = 034; (2.25)
Bs =0124; B, =0134; B, = 0234; B, = 01234,

Yucno snemenToB Oyneana Bu(M.) B 00mIeM ciydae paBHO
My =22, (2.26)

e |M*

— MOIITHOCTh MHOXECTBA M., B JaHHOM ClIy4ae paBHas 5.
[Ipencrapasis mpou3BEeACHUs NMEPEMEHHBIX Zi, -Z;4 KaK Zy,, W BBOAA
0003HAUECHUSL Zg14 = Zo; * 214 20124 = 201212224 U T. A., @ TAKXKE, COOTBETCTBEHHO,

0003HaYas UX UHACKCAMH JJIEMEHTOB Oyiicana B(4), Hampumep,
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Zog = Z(By(Ngpy =4)); Zg14 = 2(By(4)), Zg104 = 2(B5(4)),

MOJTy4aeM KOMITaKTHYIO 3anuch Gopmyisl (2.24):

ol M+|-2
Ya=yo V2B, (4)). (2.27)
Ilpu K = N,,,, no uaaykuuu u3 popmyns! (3.27) ciegyer:
2 N +1]-2
v =Y V  z(b,(Ngy)) (2.28)

6bIX m:1
C yuérom Bcex BUIOB (akropoB, ¢ =17, nomyuum Qopmyny OyneBoil
(DYHKIHUU KPUTHYECKOTO TpowuciiecTBrs kak ¢yHkuio O « (¥, E, X) Hampas-

JICHHOTO HAKOIUICHUS BO3JEHCTBUII OT BXOa K BBIXONY OOBEKTa C y4ETOM Ha-
KOIUUIEHUS] HA HEM BCEX BTOPUYHBIX BO3JIEHCTBUIA:

T 2 Nepix =1
Ouw (B EX) =yy, (N=Vyo V. zB,WN) (229
[TockonbKy HUKaKMX OrpaHUYEHHI Ha MPUPOAY OTKA30B 37€Ch HE HaKja-
IIBIBAJIOCh, (opmyna (2.29) MOXKET TakKe HCIOIB30BaThCS JUIS OINPEICIICHUS
moKazareliell Hal&KHOCTH U CTOWKOCTH 00BEKTOB, HAIIPUMEP JIsl OTIPEICIICHHUST
CTPYKTYpHOU (QYHKIUHU HAAEKHOCTH [51] mw Joruueckoil pyHKIMU CTOMKOCTH
00BeKTa K BO3MEHCTBUIO BHEITHUX (hakTopoB [1, 38].

2.5. XapaKkTepuCcTUKU U TeopeMbl 6e3onacHoCTn
C Y4eTOM CBA3HOCTU NPeAnocChINIOK ONacHOCTU

2.5.1. BBegeHune n onpeaeneHne xapakTepucTmk
be3onacHocTH

Ha ocHose nonyuenssix B 1. 2.3 u 2.4 pe3yabTaToB BBEJEM U ONpPENEIUM
HEKOTOPbIE XapaKTePHCTHKH O€30ITaCHOCTH CHCTEMBI.

CHauana gaguM cleyoLe OnpeaeIeHusl.

Onpeodenenue 1. Cuctema Ha3bIBaeTCS MOTCHINAIBEHO 0€301TacCHON ¢ BUIO-
BbIM PaHIOM ¢ , YUCJIEHHO PABHBIM KOJMUYECTBY BU/IOB (PAKTOPOB HEBOCIIPUHM-

YHBOCTH M3 TOJHOTO KostmuectBa 7', rie 7' — KONHYECTBO BCEX BO3MOKHBIX
BUJIOB BTOPUYHBIX (JaKTOPOB OOBEKTA.
W3 onpenenenust 1 cinefyer, 4To cucTeMa MaKCUMaJIbHO Oe30IacHa, eciu
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g=T", (2.30)

1 MHHHUMAJILHO COOCTBEHHO Oe3omacHa, eciu g = 0.
Onpeodenenue 2. I'myOmHON h TMOTEHIMANBHONH OE30IMACHOCTH CHUCTEMEI
OTHOCHTEJIBHO MCXOla — aKTUBHOTO OoTKaza [10D — HasbIBaeTCs MUHHMAlb-

HOE KOIIMYECTBO Hy/leil (Hy/IeBEIX y3/10B) B KpaTuaiiureM myTi (/' ) min > TOE [ !

— OnwKaliuil uCTOYHUK Bo3zaekcTBus. [Ipuuém /° Xapakrepusyer miyOUHY

6e30MACHOCTH TIPH JeHCTBHY BHEUIHUX (DAKTOPOB, h' — NpH JCHCTBUM BHYT-
PEHHUX BTOPUYHBIX (PAKTOPOB.

U3 onpenenenus 2 cleayer, 4to TIyOWHA ONpeneNnseTcs 1Mo (hopmye
CBSI3HOCTH.

Hanpumep, uist oGbexra, " puc o (opmyne ceszuoctu (2.23) mo-
JyYHM: Qi—l]

Ya = 202223234 NV 201212223234 =
=0-25,-0vzy-0-0-0,

OTKy/a miyouHa h=2.
Onpedenenue 3. Kpardaiimmum nmytém P aktuBHOTO oTKaza k I10D, ces-
3aHHOTO C [/ WCTOYHUKOM, Ha3bIBACTCS AM3BIOHKLUS B (DYHKIMH CBSI3HOCTH,

cozieprkalas MUHAMAJIbHOE KOJINYECTBO JIOTHYECKUX EPEMEHHBIX.
Kparuaiimmii myth 0603Ha4aeTcs:

P(lk —min) . (2.31)

Hanpuwmep, ecmu B ¢opmyne (3.24) 3ammcaHbl Bce ciaraeMble, TO KpaT-

qalmui myTs — 4). Ecnu xe B hopmysie (3.24) NpUCYTCTBYIOT TOJBKO
JIBa MOCIIEIHUX CJIa BIX, TO Kpardaimmid myts —P(0234).

Onpedenenue 4. DneMeHTapHBIM 3aUTHEIM y3ioM 10O Ha3piBaeTCs ero
CXeMOTEXHHYECKHUH, KOHCTPYKTUBHBIM WIIM MHOW 3JIEMEHT, HAJTMYHE KOTOPOTo B

nytu ['k, onuchIBaeMoM deMeHTapHOI (YHKIHEH CBI3HOCTH, HAPHMED:

Y =X (e(c)'x(d)ll+1 :
“e (e(c)x(d))l:N—l,K:N >
MPUBOAUT K 00pa30BaHHIO YCIOBHI BHJIA:

e(c)=0 wm x(d)=0. (2.32)
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BBenéHHble olpenencHuss U XapaKTEpUCTHKU C IMO3ULMHA BO3MOXKHOU
CBSI3HOCTH ¥ HaKOIUIEHUs] NPUYMHHBIX IPEAIIOCHUIOK OMAacHOCTH B OOBEKTE
pacIIUpSIOT U YTOUHSIOT ONPENENEeHUS U KPUTEpUU, ONUCaHHblE B M. 1.3 u
m. 2.3.

2.5.2. [lokasaTenbLCTBO OyneBbLIX TEOpPEM
0 6e30nNacHOCTU CUCTEMbI

Teopema 1. TexHOTEHHAs CUCTEMA «C HEOOXOOUMOCHbIO 6E30NACHAY, ECITH
Yy TEXHHUYECKOr0 00bEKTa MHOXXECTBO BOCIIPHUMYHBOCTH OOBEKTa Imycto, E =
Q.

[oxazamenvcmeo. Ycnosue E = J o3nauaert, uro Hu oxud 10D obObekTa
HE BOCIPUHMYKB K JCHCTBHUIO JIFOOOTO BHEIIHETO WM BHYTPEHHEro (pakropa.
CrnenmoBarensHO, HHHIMUpOBaHue Jroboro 103 HeBozmoxkHO, X = . [Tostomy
HU OJIMH IMOTCHIIUAIFHO OMACHBIHN JIEMEHT HE OTKAXKET.

Jlst Toro 9ToOBI XOTSI OBl OMWH BJIEMEHT OTKa3all, He0OXOMUMO, UTOOBI
IeficTByrome Ha Hero (pakTopsl OBUIM BOCIPHUHSTHEL. A Takoe HEOOXOOmMoe
YCIIOBHE HE BBHINOJHAETCS, MOITOMY YKa3aHHAS CHCTEMa «C HeoOXO0OUMOCHIbIO
besonacua». Yto u TpeOOBAIOCH T0KA3aTh.

Teopema 2. Ecnu anpuopHo mHOxecTBO E nycro, E = &, HO nipu nieiicT-
Bun Ha [IOO BHEmHUX (aKTOPOB MPOUCXOAUT HAPYIIEHHE 3aIIUTHl WX II0-
BpexaeHne xXoTs Ob1 omHOTO ero [10D, To Takas cucTeMa «coOCmeeHHO nOMmeH-
YUAnbHO ONACHAY.

Jokazamenvcmeo. T1o ycnoBuio aelcTBUE BHEITHUX (DAKTOPOB Ha OOBEKT
MPUBOIUT K HApyIIEHHIO €r0 3allUTHBIX CBOWCTB (yTpare HEBOCHPUUMYHUBO-
CTH) WIH K TIOBPEKICHUIO €0 IEMEHTOB KOHCTPYKIIUH, YTO MOXKET JIOMYCTUTh
MPOHUKHOBEHIE HEPETIaMEHTHPOBAHHBIX BUIOB (hakTopoB Ha [103. IIpu 3Tom
MOSIBIISICTCS. BO3MOXKHOCTH 00pa30BaHUs HEHYJICBBIX JICMEHTOB MHOXecTBa E:

en#20, teTlel ke K (2.33)

Mockonbky E # &, 10 B 001em ciryuae [10D MoryT BOoCIpHHUMATH BTO-
pruHbIe (PAKTOPBI CUCTEMBI, T. €. CyLIECTBYET BO3MOXXHOCTb BBIMIOJIHEHHUS YCIIO-
Bust X' # . Torna:

Y'=(EX)'#0. (2.34)

3TO 03HAYACT, YTO CHUCTEMA «COOCMBEHHO NOMEHYUANbHO OnacHa». Yto n
TpeOOBaJIOCh JOKA3aTh.

Cneocmeue n3 TeopeMbl 2. TO cOOCTBEHHO MOTEHIMAIBHO OIACEH, €CIN
ero mHOXecTBO E He nycro, E # .

Teopema 3. Ecim y TeXHHYECKOTO OOBEKTa almpHOPHO MHOXKeCTBO E He
nycro, E # J, a muoxectBo X nmycro, X = &, HO npu ASHCTBUU HA 3TOT OOBEKT
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BHCUIHUX (l)aKTOpOB BO3HHKACT BO3MOXHOCTb aKTUBHOI'O OTKa3a XOTA 6])1 OIHO-
ro [103, To Takasi TeXHUYECKasi CHCTeMa MTOTECHIIHAIBHO OIacHa.
Jlokazamenvcmso. VI3 ycnoBus o Bo3moxkHOocTH AO X0Ts1 OB 0tHOTO [T0D
MIpH JCHCTBUHU BHEITHUX (PAKTOPOB CIIEIYET, YTO BO3MOKHO M 00pa30BaHUE MpH
9TOM HEHYJIEBBIX DIIEMEHTOB MoaMHOkecTBa X%, T. €. X ° # .
C yuerom Toro uto E # J, nojay4uM HEMmyCcToe MOJMHOKECTBO 3HAYCHUIN
(hyHKIUH BRIXOJA OT ACHCTBUS HAa OOBEKT BHEITHUX (PAKTOPOB

Y'=(EX)'#D. (2.35)

Takum 00pa3oM, Takasi CHCTEMa NOMEHYUATLHO ORACHA.

Cneocmeue u3 teopemsl 3. Ecnm nmeficTBue (pakTopoB M3 OKpyXKaromiei
cpenst Ha TO He mpuBOAWT K 0TKa3y HU omgHoro 1103 (oTKa3 moboro [10D He-
BO3MOYKEH), TO TaKasi CHCTEMa «OTHOCHTEIILHO O€30I1acHay.

3.6. ®opmynupoBKa npobnemMbl
Ha ocHoBe OyneBoro 6asuca
M MHOXecTBa (PyHKLMA ONacHOCTU

Ha ocHoOBe onmcaHus CHCTEMBI B BUJIE MHOXKECTBEHHO-IIAPAMETPUIECKOTO
u OyneBoro 60a3ucoB MHOXecTBO ( (PyHKIMI OTTACHOCTH IPEACTABUM KaK 3aBU-
CHMOCTH BHIA:

Y=0X,YEVER)Yx=0w«X LEVER); (2.36)

rae Q u Q x — COOTBETCTBEHHO 0003HAYEHHE MHOXKECTB (DYHKIIHMIA ONMACHOCTH
BO BCEH cuCcTeMe U OTHOCUTENBHO Kputndeckoro [103.

B yacTHOCTH, 1)1 OLIEHKH 0€30IaCHOCTH BaXKHBEIMU OKAa3bIBAIOTCS HMCCIIE-
JTIOBaHUS (PYHKTOPOB, BEIPAYKEHHBIX B BUC MPEIUKATOB:

IY#B[Q (Y, E, X), ¥ V, F, R; 3V D [0 ix (V, E, X), ¥ V, F, R. (2.37)

Toraa ¢ yueToM KpUTHYECKOTO (DYHKTOpA CBS3HOCTH MOCTAHOBKA MPOOIIe-
MBI, 3aBUCUMOCTH (1.33), umeeT BuI;

Det (é— Cr) =Det 3 Bux #@ A O« (X, E, X) 20) | T, (M) #0; M, 20.  (2.38)

2.7. BbiBOAbI no pasaeny 2

1. JIns MHOTO(GAKTOPHOM CTPYKTYPHO CIIOXKHOM TEXHOTCHHOW CHCTEMBI IO-
CTpOcH OyJeBbIi 0a3UC MHOXKECTB, B paMKaX KOTOPOTO OMKCAHBI MIPECTa-
BUTEITM B BHUJC (PYHKIMIA, KPUTEPHEB U TOKa3aTelel, n3oMOop(hHBIC TIpe/-
CTaBUTEISIM (PAKTOPHOTO TMapaMmeTpudyeckoro Oasuca. Takoe omucaHue
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CHUCTEMBI B BUAC JIBYX 0a3uCcoOB II03BOJIIET paszacMTh 3aJavn BbISABJIICHUSA
MMpeaAnoOChIIOK U (I)yHKIII/Iﬁ OINIACHOCTU W BICPBLIC (bOpMaJ'II/BOBaTL O6HI€C
HX pCHICHNE NPUMCHUTECIBHO K JIF000M CHCTEME paccMarpuBacMoro Bujaa.

. B ommume ot pemenus JintBaka—YiakoBa [51] ¢ momoIiso BBEIEHHOTO

YIIOPSI0YEHHOTO OysieaHa IMOJy4E€HO TOYHOE W ITOJHOE BBIPAKEHHE KpH-
THYECKOM (YHKIIMH OMacHOCTH (3aBHCHMOCTH (2.29)), mo3Bositoliee: a)
OTIPEAEIIATh WHTErpaIbHbIE XapaKTepUCTHKNA Oe30macHOCTH (pUCKa) CHc-
TeMBI; 0) OTHOCUTEIHHO KPUTHUYECKOTO UCXOAa CTPOUTH MU PepeHIIHATH-
HbIC U MHTErPaJbHble KPUTEPHHU I WACHTH()UKALIMNA ONIACHOCTU B CHUCTe-
Me.

. CopmymupoBaHBl TeOpeMBbI 0 O€30ITaCHOCTH CHCTEMBI M Ha WX OCHOBE

MOTYy4YeHbl OTIMYUTEIbHBIE KPUTEPHH, PACHIMPSIONINE M YIIyOJISIonIne
MPE/ICTABICHUS O KJlaccax 0E30IMacHOCTH M BO3MOXKHBIX HEPEXOIAaX MEXIY
HUMH B INOTCHIMAJIBHO OIIACHBIX CHUCTEMaxX, a TaKKe CIOCOOCTBYIOIIUE
000CHOBaHHMIO U OLleHKE 3()(HEKTUBHOCTH CPEACTB U MEPONPHATHI 3aIlu-
TBL

. Ha ocHOBe nosyueHHBIX aHATMTHYECKUX BBIPAXKEHHN (DYHKIIMH CBI3HOCTH

MPEANOCHIIOK MPOUCHIECTBUSI POU3BE/ICHA IETATU3AIUsI MHO)KECTBEHHO-
MPEINKATUBHON (hOPMYITUPOBKM HAyYHOU MPOOIEMBI, 9TO CIOCOOCTBOBA-
JIO HAXOXKJICHUIO OOIIETO PEIICHHsI TPOOJICMBI B LICJIOM.



Inasroe™"! [IPEUMYIIECTB, MO-
BHIIMOMY, ﬂBM{;%nocoﬁocn Mo3ra
OnepupoBaTh HeYdTKO OUEPUCHHBIMHU [I0-
HSTUSMU.

Hopbepm Bunep. Teopey u pobom

PA30EN 3

OnpepneneHne BO3MOXHOCTHOMN (HEYETKOM)
Mepbl peanusauum NPoucLIecTBUM B CUCTEME

3.1. ®opmynupoBKa Luerneun pasgena

B naHHOM paszerne Ha OCHOBaHHMU TEOpPHH HedyeTKux MHoxkect JI. 3axe, a
TaK)Ke ee MEePCHEKTUBHOI BETBM — TEOPUU BO3MOXKHOCTeH  (possibility the-
ory) (I1. IIpax, . droOya, A. [lemncrep), BBOAUTCS U ONKCHIBacTcsl Oasuc He-
YETKHUX MHOXCCTB HENIPCPBIBHBIX U JUCKPETHBIX BEJIMYNH, YCIIOBHO Ha3BaHHBIA
31eck 6azucom 3aje.

st enuHOTO0 000CHOBAHMS U OTIPEAETICHUS YETKUX M HEUYETKHUX I0Ka3are-
Jel 6e30MacHOCTH CHCTEMBI B O0IIEM cilydae HEOOXOIMMO PacCMOTPETh yCIIO-
BUS W JOKa3aTh COOTBETCTBHE Oasmca 3aje 3TOW CHCTeMBI (DaKTOPHOMY mapa-
MeTpuYecKkoMy 0azucy U OyneBoMy Oa3ucy cHcTeMbl. [lpuyem mocraBieHHas
LeJb JTOCTHIaeTCsl ACAYKTHBHBIM IIyTEM: PacCMaTPHUBAIOTCSA YCIOBHSA M JJOKa-
3BIBAIOTCS TEOPEMBI O comomopduszme anreOpbl 3ane anredpaM MHOXKECTB U
Byns. Ilpu saTom yumteiBaercs, uto 6azuc deTkux MHOxecTB (1.17) 3amanH Ha
anrebpe Kantopa, OyneBbiii 6asuc cucremsl (2.9) — B pamkax anreOps! Byss.
Ha ocHOBaHMU Takoro oO0INEro Mmoaxoja CTaBUTCS U perraercs 3aaada [39—42] o
HaXO0XKXIACHUU HpeﬂCTaBMTeﬂeﬁ B BUAC BO3MOXHOCTHBIX MEP, SKBUBAJICHTHBLIX
(HaxomsIIMXCS B OMHUX KJIACCAaX S9KBUBAJICHTHOCTH) OTHOCHUTEIILHO BHIOPAHHBIX
COOBITHH (MCXO/IOB) ITPEACTABUTENSIM YETKHX anreOp, ONMMCaHHBIX B BUIE Na-
paMeTpUUECKUX IToKa3aTeIeH MM JIOTHIECKUX YCIIOBHH OIIAaCHOCTH.

[lonyTHO OTMETHM, YTO yCTaHOBJIEHHE Oe3pa3MepHBIX 3HAYCHHH BO3MOX-
HOCTHBIX MEpP OTKa30B B Pa3HOPOIHBIX TEXHOTCHHBIX M AKOJOTHYECKUX CHCTE-


Swing
Note
оставить


64 Pazoen 3

Max IMO3BOJISCT CpaBHUBATH OMMACHOCTb CUCTEM, PAHXKHUPOBATH OMACHOCTL CHUC-
TEMBEI 110 6J'II/I3OCTI/I, a 6e301acHOCTh — I10 FHY6I/IHC.

3.2. CooTHOLWEeHue Mmep onpeaerieHHoOCTU
BO3HUKHOBEHMUSA NMPOUCLLECTBUSA B CUCTEME

PaccmoTpuM ¢GyHZaMEHTATFHOE COOTHOLICHHE Mep omnpenesneHHocTH [11,
12] nnst coOwitust C B HEKOTOPO# cucTeMe

Nec (C) £ Pro (C) £ Pos (C), 3.D

rne Nec (C) — Mmepa HEOOXOAMMOCTH JETEPMHHHUPOBAHHOTO IPECTABICHHS
coObITHs C;

Pro (C) — BeposiTHOCTHas Mepa CitydaifHOTO IpeacTaBieHus coositus C;

Pos (C) — Bo3MOXHOCTHas Mepa HEUETKOTO TpeacTaBieHust cooprtus C.

Ecnu B xauecTBe coObTHst C B CHCTEME PACCMOTPETh CaMBbIil HEXKETIaTelb-
HBII Mcxof (TPOMCIIECTBHE), TO OKa3bIBAIOTCS AOCTHXHMBIMH CpPaBHEHHE U
MPE/ICTABICHUE PE3YIbTaTOB, B YACTHOCTH, B BU/I€ BEPOSITHOCTHON M BO3MOX-
HOCTHOI OIIEHOK 0€30IaCHOCTH U, TEM CaMbIM, HAXOXKIECHHE aCUMITOTHYECKUX
3HAUCHUI BEPOSITHOCTH MPOUCIIECTBHS.

IIpu aHanu3e, OlleHKE U MPOEKTUPOBAHUU CHCTEM PA3IMUHOTO Ha3HAYECHUS
HCTIONB3YIOTCSl MapaMeTpUdecKue MOJAEIM OTKaza BHJAA «HapamMeTp — Ioje
JIOIYCKa», «BO3/EHCTBHE — YYBCTBHTEIBLHOCTBY», KOTOPbIE 31€Ch (DOpMabHO
npencranisieM Kak [14]

d = Det (s > r) = Det (), (3.2)

IAe ¥ § — MapaMeTpbl BOCIPHUMYUBOCTH M BO3IEHCTBHUS, COOTBETCTBEHHO
XapakTepu3ylomue 00beKT M BO3NEHCTBYIOMNK Ha 0OBEKT (pakTop, d — Mepa
OTpENIeNIEHHOCTH peayIn3alliil KpUTepus oTkasa ¢ s > r, Det (- ) — omeparop,
MIPUMEHSEMBIN J1JIs1 HAXOXKAECHHS MepBI d.

B 3aBHCHUMOCTH OT TOYHOCTH, MOJHOTHI M IOCTOBEPHOCTH MH(OPMAIMH O
BO3MOYKHBIX peaslM3alusiX BEJIMUUH S U 7' B PaCCMaTpUBAaEMOl cucreme «(hakro-
pBl — 00BEKT» BenmuuuHa d MOXKeT ObITh IpezacTasieHa [10-12] kak mepa He-
obxomumoctu n = Nec (f) WM Mepa BEeposSTHOCTH p = Pro (f) wim Mepa BoO3-
MOXHOCTH 7= Pos (f).

IIpu HOpMHpOBKE Ha MHTEpBasle BelECTBEHHBIX uucen [0, 1] ams ogHOro
OTZAENBHO B3SITOTO KPUTEPHS { 3TH MEPBI HAXOIATCSA B CICIYIOIIEM OTHOIICHUU
[11,12]:

Nec (s > r) <Pro (s > r) <Pos (s > r), 3.3)
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Iae 1o S, F COOTBETCTBEHHO IIOHMMAIOTCs: B omeparope Nec —
JIeTEepMHHUPOBaHHbIE, B omneparope Pro — ciyudaiineie, B omeparope Pos —
HEYETKHE BEINIMHEI.

Ecnu cucrema «dakTopsl — 00BEKT» JIETEPMUHAPOBAHA, TO Mepa IPHHU-
MaeT oxHO u3 AByX 3HaueHmit: 0 mwimm 1. Ecmu cuctema «pakTopsl — 0OBEKT»
ciIydaifHa W W3BECTHBI TUIOTHOCTH pacIpeneNeHus fi(s) u f>(r) cirydaifHbIX Be-
JIMYYH S U ¥, TO BEPOSITHOCTD PEaM3alliy KPUTEPHUS ¢ HAXOAUTCS 110 3aBUCHMO-
ctu [14, 46]:

d=p="Pro (s> r)=//f (s) > (r) ds dr. (3.4)

s >r

Ecnu nnotHoctu pacnipenenenus fi(s), f>(r) HEU3BECTHBI, YTO XapaKTEPHO
JUIS YHUKQJIBHOW CHCTEMBI, TO aCHMIITOTUYECKOE 3HaYeHWE MEPHI 0TKa3a B Heil
MOXKeT OBITh Hal/ICHO ITyTeM OIUCAHMUS S U 7 KaK HEUETKUX BEJIMYMH U MIpHUMe-
HEHMS K HUM OIlepaluii CUTHAaTyphl He4eTKUX MHOXecCTB [11, 39, 42].

Ecnu dyHKIMM NpUHAUISKHOCTH MapaMeTpoB S, 7 U3BECTHBI, TO Mepa 7
MOXKET 6bIT]) Hai/iz[eﬂa MyTeM pEHICHHUA 3aJadd O CPABHCHHUU JABYX HCUCTKHX
uHTepsanos [11].

B GonbIIMHCTBE MPAKTUYECKUX CIYYaeB IKCIIEPTHI MOTYT MOJIYYHThH C He-
KOTOPOW CTENEHBI0 YBEPEHHOCTH MCXOJHBIE JaHHBIE O MOJENIM OTKa3a B BUJE
TPaHUII SICP ¥ HOCUTEJICH HEYETKUX BEIUYMH, HO HE O BHIC MX (HYHKIUI TpH-
HAQ/IJISKHOCTH, YTO 3aTPyOHAET MPUMEHEHHe oO0IIero noxxona. B takmx ycio-
BHSX BaXHBIM OKa3bIBaeTCsl 00OCHOBaHHME BUIOB (YHKIUI MPHHAIIC)KHOCTH
IO OTHOIICHHIO KO BCEMY AHMAaINa30Hy W3MEHECHUS NCXOMHBIX MaHHEIX [47, 50].

B cBo1o odepenp, npu OTHICKAHUU 3HAYCHHIA Mepbl oTka3a ot 0,03 u Hibke
OopIIoe 3HaYeHHE MPHUOOpETaeT Kak aHaJN3 KPAaeBhIX YCIOBHH 3aJadd, TakK H
aHaJIM3 WX BJIMAHUA Ha PE3ylbTar eé peuicHusA. HpI/IMeHI/lTeHLHO K CJIIOXKHBIM
cUcTeMaM, y KOTOPBIX NPOM3BEICHUE KOJIMYECTBA DJIEMEHTOB Ha KOJIUYECTBO
cBsi3ell Mexay HUMU npebinaetr yncio 100, Takoe «orpyoOieHue» TpeboBaHUI
K MPEACTABJICHUIO HECUCTKUX BCJIMYNH, HAITPUMEDP, TOJIBKO IO YPOBHIO O-CPE3a,
U K ONEPUPOBAHMIO C HUMHU B PAMKaX CHUTHATYpbl HEYETKUX MHOXKECTB, NA€T
MpaKTUYeCKHe MpeumyInectsa. [Ipudem IIaBHBIMA U3 MPEHMYIIECTB SBISCTCS
MOJYYCHHE KOHEYHOTO pe3yibTara MpU JaXe MajoM Ha0Ope MCXOMHBIX JIaH-
HBIX, IMEIOIIEM MECTO M3-32 CTOMMOCTHBIX W (MJIM) BPEMEHHBIX OrpaHUYeHUI
Ha MOJTyYeHHe U npeodpasoanue uapopmarmu [39].
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3.3. MNocTpoeHne HeyeTKoro
MHOXXeCTBEHHO-NapaMeTPU4ecKoro
6a3unca cuctembl

3.3.1. dnemeHTbI 1 onepauuu 6asunca

W3BectHO, uTO Teopus HeueTknx MHOXkecTB (theory of the fuzzy sets) po-
IUIIacCh Ha CTBIKE TEOPHH MHOXKECTB M TeopuH BeposTHocteit [11, 64]. Ilpu
9TOM MEpPHI HEOIPENETCHHOCTH COCTOSIHMM (COOBITHI) MOXHO OTHCHIBATH HE
TOJIBKO C MO3UIMH BEPOSTHOCTHOTO TOIXO/A, HO U C UCIIOIb30BAaHUEM METOIOB
TEOPETUKO-MHOKECTBEHHOTO aHanm3a [43, 49, 50].

Beenem B ®OI1b (1.17) u B BBC (2.9) anrebpy 3ane, a 3ateM Ha UX OCHOBE
(opmanbHO ompenenuM «06azuc 3ane» ¥ BO3MOXKHOCTHYIO MEpY pealn3aluu
MPENOCHUIOK U (DYHKIHI OMTACHOCTH TEXHOTCHHON CHCTEMBI.

B kadecTBe 251eMEeHTOB 0a3nca BBLAEINM U 0003HAYUM KJIACChl HETIPEPHIB-
HBIX A ¥ AMCKpeTHbIX () HEYETKHX MHOKECTB, ONPENENISieMbIX COOTBETCT-

BEHHO HAa MHOXecTBax-Hocutensx R' u 1 CJICAYIONIMMU MHOXECTBaMU (DyHK-
U IPUHAIIIE)KHOCTH:

M\ (A) = e tip (D)), (3.5)
Mq (@) = (e Ho (@), (3.6)

rae npu tel . meM ke N pu,(A) uo(®w) — byHKUUM NPUHAIIEKHOCTH

nepeMeHHoil A(® ), COOTBETCTBYIOIIME HEYETKOMY MHOXeCTBY A(Q)), 3a1aH-

HOMY Ha HOCHUTEJIE R1 .

[Ipu 3TOM TOA HETIPEpHIBHOM NepeMeHHOW A OyneM NMOHUMarh IapamMeT-
PBI BOCIIPUMMYUBOCTH 7, BO3NEHCTBUS s | uX nepecedenus b . [loxn muckper-
HOHN TNepeMeHHOll @ OyneMm HmoHMMarth JroOble 3MeMeHTHl anredopsl byns (pe-
weTKn) A, , GUHapHbIE JIOTHYECKHE IEPEMEHHBIC, HAIIPUMED, X, ), OF; OS U T. .

Takum 00pa3oM, B KadeCTBE IIEMEHTOB 0a3nca HEUYETKUX MHOXKECTB pac-
CMaTpUBAIOTCS YHKUUU HPUHAOIEHCHOCHU HETIPEPHIBHBIX M JUCKPETHBIX
HEYETHBIX BEJIMYHH.

M3BecTHO, UTO CUTHATypa HEUEeTKUX MHOXKeCTB uMmeeT BuJ [11]:

S, = (<, = minmax, ), (3.7)

rge C — omnepanus BkmodeHus: A € OVA, uy (4) < pg (1),
= — onepauus paBeHcTBa: A = OV A, 1y (1) = g (4);

min — onepauus nepeceyeHust HeYETKUX MHOXKECTB!
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VAt o (A) = min(uy (2) , e (A));
max — onepanus 06’])6I[I/IHCHI/IH HEYETKUX MHOXKECTB:
VA, tpoe(A) = max(uy (A) , pe (A));
— onepauust 1onoaHeHus: VA, 1y (A) =1- £ ().
Torna, ¢ yaerom dhopmyi (3.5)—(3.7), 6asuc 3ajie onpenensercs Kak:

A, =My (A1) Mq(0),S,, (3-8

B Gasuce Aj MOXHO BBIACIIUTH 0a3KChl OTHOCHUTEILHO HCPEPLIBHBIX U

JUCKPETHBIX HECUCTKUX MHOXKCCTB!

4, =(M\(1),S,), (3.9)
4,, =(Mg(@),S,). (3.10)

AHanus curHaTypsl IOKa3bpIBaeT, 4To Oasuc A, oOnazaer CBOMCTBaMH

HIAEMIIOTEHTHOCTU, KOMMYTAaTHBHOCTH, aCCOLIMATUBHOCTH H ,Z[I/ICTpI/I6yTI/IBHO-
CTH.

Huxe 6yner nokasaHo, uto 6asucsl A,,,A,, 130MOpGhHLL, eciid H30Mopd-

3H’
HBI 00pa3yroIne WX YeTKUE HelPEepHIBHBIC (MapaMeTPUIECKIe) U AUCKPETHEIC
(pemerdarsie) 6a3UCH CHCTEMEI.

3.3.2. Bo3moOxXHOCTHas Mepa oTka3a. PDopmarnbHbIN acnekT

3HaHHe Mepbl BO3MOXHOCTU /(&) CBOOMTCS K CTPEMIICHHIO JIOKAIN30-
BaTh 3HAYCHHE HETPEPHIBHOMN NIEpeMEHHON A (IUCKPETHOH MEpEeMEHHON @ ) |
BBIPa3HUTh Yepe3 HUX Ha yHUBEpCAILHOM MHOXecTBe A(Q)) Kaxmoe coObITHE
(peamm3anmto npeanoceuikn) & . [Ipu 3ToM B mmpokoMm cmeicie Mepa 17(&)
€CTh Mepa OTIpeIeIeHHOCTH HH(OpMAIHK 00 OTHOIIICHHH:

Aeé,wel. (3.1

®dopmanpHO (B y3KoM cMbiciie) o 3ane u [Ipamy [11, 64] Bo3MokHOCTHAS
Mepa — 3TO CTEeNeHb NMPUHAICKHOCTH, HAIPUMEp, 3HAYCHUH mepeMeHHon A
HEYETKOMY MHOXeCTBY A, ompexaensemas No (YHKIMH TPHHAIICKHOCTH
M (A). AHaNOrMYHO BBIPA)KAETCsI BO3MOMKHOCTHAsl Mepa 3HAUYEHUH NUCKpeT-

HOHl BEeJIMUMHBI — M0 (DYHKIMU IPUHAIIEKHOCTH Lo (@) . B 0b6enx popmymnax
MO/Ipa3yMeBaeTCsl, 4To:

e A — HeYEeTKOE MHOKECTBO Ha HocHuTee R' Ae R! N
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e () — HEYETKOE MHOXKECTBO Ha YHUBepcallbHOM Hocutene 1, =0v1.
O003HaYNB MHOXKECTBO HEUETKUX MTOMHOXXECTB YHHBEPCAIBHOTO MHOXeE-

Q
crtBa (0 Kak [0,1] , MHOXXCECTBO HCYCTKUX IMMOIMHOXCCTB YHHBCEPCAJIbLHOT'O

A
MHOXecTBa A Kak [O,/LB J , Tne nox B moxppaszymeBaercs BepxHee 3HAUEHHE

BCJIMYMHBI, ONIPEACIMM BO3MOXHOCTHYIO MEPY HOSABJICHUA JII/ICerTHOﬁ BCJIN-
YHUHBI 1 HereprBHOﬁ BCIIMYHUHBI COOTBECTCTBCHHO KaK:

vi1,3Qe[01]° Vo eQ, (o) = uy (o), (3.12)

VIT,3A e [o,bB]A VAe A, TT(A) = uy (). (3.13)

U3 dopmyn (3.12), (3.13) crenyet, 4To Uit HAXOXKICHUS BO3MOXXHOCTHON
Mepbl coObITUs ¢ NOCTATOYHO HAWTH 3HaYeHHe (YHKIMU MPUHAIIEKHOCTH B

OTHON TouKe (TpU ONpENeICHHOM 3HAYCHWH HEYETKOW BEITUYWHBI, 3a/IaHHOMH,
HaIpuMep, ¢ TO3HUIUIN aHAIN3a KPUTEPUEB OMMACHOCTH). B 3TOM oTIM4Yne Haxo-
JKICHUS BO3MOXKHOCTHOW MEPBI OT MEPBI BEPOSITHOCTH.

Korma maO)ecTBO Q(A) KOHEYHO, TO MHOXKECTBO MEp BO3MOXKHOCTH [1

MOXKHO OIIPEJCTUTh 10 €¢ 3HAYCHHWSM Ha OIHOTOYCYHBIX IOJAMHOXKECTBAX
Q(A) . Hampumep, ams Q :

(&) =sup{z(w)|w e &}, (3.14)

e 7(w) = I1({w}) — dyHkims pacupezencnus BosmoxkHoctei [11, ¢ 19].

B kadyecTBe WIUTIOCTpAIlMH HAWIEM BO3MOXKHOCTHBIC MEPBI JIMCKPETHBIX
Q,,Q,,€Q; U HenpepbIBHOM A; HEYETKUX BEJIMYUH, 3aJJaHHBIX HA HOCUTENE —

muoxectse {0,1} n Hocutene — muoxkectse [0,b, ], puc. 3.1.

Hpudem Q + pg (@) =17 Q) + tg, (0)=0,5Vw; Qi+, (0)=
={0,2npn @ =0, 0,4 npu & =1} ; Ay =y (A) =
:{lan/IOSASI,Z—AHpI/IIMSbB:2}.

Torma Ha ocHOBe 3aBHCHMOCTH (3.12) BO3MOXKHOCTHAsi Mepa MOSBICHHUS
HEYETKUX BEJINYUH 0,,Q,,Q, paBHa COOTBETCTBEHHO

H(w=1)=1 ILb(w=1)=0,5 1I(w=1)=0,4 Eciu HeueTKue BEIUYUHBI
Q,,9,,Q; ecTh NOAMHOXKECTBA MHOKECTBA () HA TOM K€ HOCHMTEJIE, TO BO3-

MOYXHOCTHAst Mepa CoObITHS £ Ha HEYCTKOM MHOXKECTBE ) OIpEnenseTcs Io



Onpeodenenue 603MONCHOCMHOL Mepbl peanu3ayuu npoucuiecmsutt. 69

¢dopmyne (3.13) u paBHa [15(&) =1. Bo3mMoxKHOCTHAs Mepa HOSIBICHUSA HEUeT-
Kol BemuuuHBl A; B Touke A =15 paBHa 11, 1=15)=0,5.

Takum o6pazoM, GpopManbHO BO3MOKHOCTHAS MEpa XapaKTepU3yeT acHM-
NTOTY MPUHAATIEKHOCTH HEUETKOM BEITMYUHBI HOCUTEITIO.

3.3.3. ®usunyeckum acnekt BO3MOXXHOCTHOW Mepbl OTKa3a

B ¢usuueckoM acmexre ompenerseHHe BO3MOKHOCTHOM MepBl TOTO WM
MHOTO COOBITHS (OTKa3a) CBA3aHO C M3YYEHHEM CHUCTEMbI OOBEKTOB (dJIeMeH-
TOB), TIPUYMH M CIEACTBHI ((aKTOPOB), B KOMIUIEKCE BIHUSIOIIUX HA JaHHBIN
ucxon. bosee neranbHbBI aHANN3 PUBOIUT K Pa30MEHHI0 OOBEKTA Ha AJIEMEH-
TBHI M K y4YETY JIEHCTBHS BCEX BO3ZMOXKHBIX BUIOB (DaKTOPOB Ha BO3MOXKHBIX 00-
JacTsIX M3MEHEHHs MX MapaMeTpoB. B 9TOM cMbIciie BOBMOXKHOCTHAsI Mepa Co-
OBITHSI — 3TO MHTETPANbHBIN MOKa3aTellb CUCTEMbl OTHOCHTEIIFHO OJJHOM LIeNn
(ucxona).

MHOXeCTBEHHO-TTapaMETPUYECKOe  OMNMCAaHNE TEXHOTCHHOW CHCTEMBI,
NPOU3BEACHHOE B paszienie 1, Mo3BOJsieT 0OOCHOBBIBATH OINPENCIICHUE TaKOW
MepEHI ITyTeM Iepedopa, mepecedeHns U 00beIMHEHUS YacTHRIX (nuddepeniu-
QIBHBIX) BO3MOXKHOCTHBIX MEp OTKa3a 3JIEMEHTOB OOBEKTa NPH OTICIbHBIX
BHEIIHNX M BTOPUYHBIX BO3IEHCTBHAX, PACIPOCTPAHSIOIIMXCSA B JIIOOBIX BO3-
MO>KHBIX ITApa3UTHBIX KaHAJIaX.

byneBo npencrapieHue yCIOBHI OTKa30B B CUCTEME C YUETOM CBSI3HOCTH
aneMeHTOB (pasnen 2) Oonee peinbe(HO MO3BOJISET BBHIPA3UTh HHTEIPATHLHYIO
BO3MOYXHOCTHYIO MEPY BO3HHKHOBEHHS HCCIIElyeMOTO MCXOJa Ha KOMILIEKCE
3JIEMEHTAPHBIX MEp C HAaKOIICHUEM TPHYHMH U MPEANOCHIIOK OMacHOCTH.

Takum 06pa3oM, Ipu pacCMOTPEHHUHN COOBITHH (peann3anuii IpearoChIOK
1 QyHKIMI onacHOCTH) B (PU3MUECKOM acleKTe W BBHIPAKEHUH UX B HEUEeMKOM
MHOJHCECBEHHO-NAPAMEMPUYECKOM BULIE CTAHOBATCS OYCBHIHBIMH METONBI U
MOJIENH ISl ONPEIeIeHNsT BOZMOXXHOCTHOW Mephl MX BO3SHHUKHOBEHHS, B (op-
MaJIbHOM IUIaHE — SICHBIMH NPaBHIIa OTIEPUPOBAHUS C HEH.

3.3.4. OnucaHue pacMpeHHON anre6pbl
He4YeTKNX MHOXeCTB

Ilycte I — MHOXXECTBO MCXOHOB BO3IEHCTBHN (HHU3NIECKUX (HaKTOPOB U3
OKpY>Karomied cpebl Ha TEXHUIECKUNA 00BEKT:

=), iel, (3.15)

rae I — MHOXECTBO HOMEPOB HUCXOJIOB.
OmnpenenrM MHOXXECTBO BO3MOKHOCTHBIX MEp HCXOJOB KaK:
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() =T\ ()i €T, (3.16)
(M) =1y(&), i€ d). 3.17)

BBonst maoxkectBa (3.15), (3.16) B anreOpy HEYETKMX MHOKECTB M OCTaB-
TS CHPABETMBBIMHU I HUX ONEPAIUH CUTHATYPHI S, MOTyYHM PacIIMpPEH-

HYIO alire0py HEeUYeTKUX MHOXKECTB BUJIA!
Ay = (A T\ (D), o (D). (3.18)

PaCCMOTpeHI/Ie TaKou anre6pbl OKa3bIBaCTCsA IIOJIC3HBIM, €CJIU CTaBUTCs
3aga4ya onTUMHU3allu CUCTEMbI IO KOMIUICKCY ToKa3aTelieh ¢ YUYE€TOM OIIaCHO-
CTHU COBOKYITHOCTHU UCXOHOB.

3.4. [lokasaTtenbLCTBa Teopem
O COOTBETCTBUMN 6A3UCOB 4,,,4,, 4.

Ha ocHoBaHMU pacCMOTpEHUs CBOUCTB 0a3UCOB MHOXKECTB A, , PEIIETOK
Ap 1 HEYETKUX MHOXKECTB A; JJOKaXKEM CIIEYIOIIHE TEOPEMBL.
Teopema 1. basucy MHOXKECTB A,,, OIpeNeNeHHOMY Kak OObelUHEHUE

(hakTopHOTO Mapamerpudeckoro Oasmca (1.17) ¢ curHaTypoil, BBEICHHOWU B
n. 1.2.3, mo kpaiineil Mepe romomopger 6azuc 3ane Ay, AT HENMPEPHIBHBIX

HEYETKUX MHOXKECTB: Ay, — Ay .

Joxazamenvcmso. Tlo onpenenenuto, 6asuc 4" romomopden 6asucy 4,
€CJIN €ro dJIEeMEeHTaM d, b, ¢ MHOXXECTB M OIepalysiM OJHO3HAYHO COOTBETCT-

BYIOT 2JIeMeHTHI a', b, ¢ MHOXeCTB 1 onieparuu 6asuca A’ W mpu SToM:
a*b=c—a'*¥b=c". (3.19)

Bribepem B Oa3uce A4), IBa JNIOOBIX AIEMEHTAa-MHOXKECTBA, HAIIpUMep S
U R, ¥ BO3bMEM Ollepaluio oobeJuHeHNs ux: S U R.
B pamkax 6asmca A, STHUM 3JI€MEHTaM W OIEpaIUsIM OOBEAMHCHHS HA

HUMH OJJHO3HAYHO COOTBETCTBYET BbIpaxkeHHe max( tis(A), i (1)), T. e. ume-

eM:

SUR — max(ug(A), (1)), S,R,A e R". (3.20)
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Ecnu paccMoTpeTh Bce onepaluu CUrHaryp S, 4 S; Hag 1:00bIMU COOT-
BETCTBYIOIIUMH JIEMEHTaMU MHOXKECTB Oazuca A,, u MHOxecTB M, (A1), To
MEXJy HUMH NPOCIIEKUBAIOTCS OTHOIIEHHs cooTBeTcTBUA THma (3.19). A 310
JOKa3bIBACT, UTO 6a3nuc A;,; romomopder 0asucy A, - Ay — Azy.

OtmeruM, 4To 0OpaTHOE HEBEPHO, IIOCKONBKY B 0asuce A,, 3amaHbl MHO-
KECTBA U Ollepalluy, KOTOPhIM HET aHAJIOTOB B 6azuce Ay .

W3 teopeMsl 1 BEITEKAET ClieAyoIas JIeMMa.

Jlemma 1. B MHOXecTBax 0a3ucoB Ay, U A, HMEIOTCA KIacchl MpescTa-
BUTENIEH, B paMKaX KOTOPBIX MOMAPHO IPYNIUPYIOTCS MapaMeTPUUECKUE MOKa-
3aTeM ¥ YaCTUYHO SKBUBANEHTHBIE MM BO3MOXKHOCTHBIE MEPhl Peaau3alin
TEPMOB U (DYHKTOPOB OIIACHOCTH.

Hoxazamenvcmeo. Ecin 6azucel A, Az, TOMOMOPGHBI ¢ HallpaBIeHHEM
Ay —> A3y, TO MEXIY MX 3€MEHTaMH (MHOXKECTBAMM M MX JJIEMEHTaMH) Cy-

IIECTBYIOT OTHOLICHUS PE(IICKCHBHOCTH, aCHMMETPHYHOCTH W TPAH3UTHBHO-
crti. Takoe codeTaHue OTHOIICHHMH XapakTepusyeTcs [29] Kak OTHOLICHHE Ha-
npaBiIeHAn " | THYHO#) 3KBUBaNEHTHOCTH. CJIeN0BATENBHO, P CYILECT-
BOBaHHH OTI—EIQHBHO BBIODAQHHBIX HCXOOB KIA4CCOB JKBHBAJICHTHBIX
HpeACTaBUTENCH 0a3UCOB A, , A3, TMapaMeTpHYECKHM IIOKa3aTeIsIM OTKa3a M3

Oasmca A4,, Bcerga HaWIeTCs SKBUBAIECHTHAs BO3MOXHOCTHAsI Mepa 3TOTO HC-
xona u3 Oasuca Ajy. UYto u TpeboBanoch mokaszarb. OOpaTHOE MOXKET OBITH

HEBEPHO.
Teopema 2. Ecmu mHOXectBaM 0Oasuca (3.10) xak smeMeHTaM anreOpsI
pewerok A, : X,Y,E onpeeneHbl MHOXeCTBA (yHKIMH IIPUHAJICKHOCTH:

My (@) = Cuipe 1 (@) My (@) = (i 11y, (),
Mg (@)= M. (@), THE X, y,6,0=0Vv], E XY 1,

TO Gasuc 3ajie /Ui BBEJEHHBIX TMCKPETHBIX HEYETKUX MHOKECTB Ajz; TOMO-
mopden Oynesomy Gasucy A, : A, = Ay .

Jloxazamenbcmeo TEOPEMBI IPOBEAEM TI0 aHAJIOTUU ¢ TeopeMoi 1. Yutem
CYIICCTBOBAaHHE COOTBETCTBUS (KpPOME BBIITOJHECHHUS 3aKOHA KOMILIEMEHTAPHO-
CTH) MEXIy CUTHaTypaMu 0a3ucoB byis u 3ane. Torna npu BEITOTHEHUU YCIIO-
B TEOPEMBI 00 OTIPEAETICHHN COOTBETCTBYIOIINX Map MHOKECTB!

XMy (@), Y My (o), EMp(w),—

MOXXHO YCTAHOBHUTH CIICAYIOIIME MPSMbIE COOTBETCTBHUS IO ONEPALMsAM, Ha-
npuMep,


Swing
Note
направленной
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XNY - min(M y (w), My (®)),

pacnpoCTpaHHB UX 3aT€M Ha BCE OIIEpaLMU CUTHATYp S; U Sg.

Takum o00pa3oM, JI0Ka3aHO, YTO CYyLIECTBYET TOMOMOP(H3M BHUIA
A4, > Ay
OTMeTHM, 4TO OOparHOE HEBEpHO, MOCKOJIbKY, HAIpPHMEp, B OIEpaluu

(min ) 3HaueHMs IepeceYeHUi (YHKUUI NPHHALIEKHOCTH MOTYT HEOIHO-
3HAYHO BBIPA)KaTh KOHBIOHKINH JIEMEHTOB!

Xtk Vo »VmMeM ,teT ke N.

Ha ocHoBanuu Teopemsl 2 chopMyanpyem JieMmy 2.
Jlemma 2. DneMeHTbl MHOXKECTB 0asucoB A, U Ag; OTHOCHTEIBHO BbI-
OpaHHOIO MCXO/la MOTYT HAaXOAWTbCA B OTHOLICHWM HANpaBJIE€HHOH SKBHMBa-

JICHTHOCTH BHUA:

y=1-pu,(w)=¢, tie & — HexoTopoe uncno, & < |[0,1].

Teopema 3. basucel Ay , A3y M3OMOPQHBL, Az, <> Ay, ecnd U30-
MOpP(HBI 00pasyIoLIie MX YCTKUE HeLPEpPbIBHbIC ), M AMCKpeTHbIC A, 06asu-
CBL T. €. eCl A, <> Ay, T0 Azy <> Ay .

[orasamenvcmso. U3 teopem 1 m 3 cumenyer, uro A, > Ay u
Ay — Az - Takkak A, <> Ay, 10 T0TMa M A3)1 > A3y

Yro u TpeboBanoCh JOKa3aTh.

3.5. AHanuTnyYecKMn MmeToa onpeaeneHus
BO3MOXXHOCTHOW Mepbl peanusauumn
npeanoCcbISIOK ONacCHOCTU

3.5.1. MocTaHoBKa 1 06K aNrOpUTM peLLueHUs 3agaduun

Paccmorpum 3amady 00 YCTaHOBJIEHHHM BO3MOXXHOCTHOW MEpBI pean3a-
I[UM TIPOUCILIECTBUI 10 KPUTEPHIO ONACHOCTU CHayaja B 00LIeM BHUJE.

ITycts mokazarens G ONMACHOCTH CHCTEMbI €CTh 3a/laHHAsi HA CUTHAType
Sy, 0a3uca MHOXECTB (PyHKIHMS OT IOAMHOXECTB, BBIPAXKAIOIIMX 4YacCTHbIE

nokazarenu Gy ,G; :



Onpeodenenue 803MONCHOCMHOU Mepbl pearu3ayuu npoucuwecmeuti 713

G =®M (G4(S,ReR"), G, (I =(0,1))), (3.21)

rae Gg(---),G;(---) — B MHOXKECTBEHHO-IIapaMeTPUUECKO (opMe BbIpaxe-
HUS KPUTEPUEB BBIBICHUS OMacHOCTH, popmynsl (1.29), m. 1.4;

R — 3amaHHas (HaiineHHas) pyHKIHS CBI3HOCTH MPEATIOCHUIOK B CHCTEME
KaK (pyHKIMA OT 4aCTHBIX IOKa3aTeNell 21eMeHToB, IpU4EM curHarypa S,, —
00II1ast U1l HETPEPBIBHBIX M JUCKPETHBIX BEINYHH.

[Tycts Ha ocHoBe mokasarenst (3.21) KpuTepuil BBISBICHUS ONACHOCTH
UMEET BUJ:

G =@ (G, G,y) £ 0. (3.22)

WHuave roBOpsi, BO3BMOXKHOCTh pEaM3allii OMACHOCTH CYLIECTBYET, €CJH

mokaszaresib G TpUHUMAeT HEHYNEBbIe (JIF0OBIE MOJOKUTENbHBIC) 3HAYCHHS
;

G)0 xxv‘:[l%snaqaeMHe kak G . [Ipu 3ToM Hanaraemble Ha 4aCTHBIE MTOKA3a-

TEJIU yC Buga Gpyy ¥ G, ;| MOXKHO CYMTATh KPACBbIMH YCIIOBUIMH 3a/1a-

YH.
[lanee, n3BECTHBI MHOXECTBA HOPMHPOBAHHBIX (DYHKIMH NMPHHAIUIEKHO-
ctu Mp(A), M, (®) nopmuoxects-nepeceueHuit Gpu G, , npudem:

My(A)=(pp (), tne i€ BM,VA, : AeR', (3.23)
M,(a)):(,ugl_(a))), rae i =BT, VQ, :0=0v], (3.24)
rne BM,BT — COOTBETCTBEHHO NOAMHOXXECTBA BUIOB MapaMEeTPOB U BUIOB

(akTOpOB, OMKMCBHIBAIOLIMX HE3ABUCHUMBIE HENPEPBIBHbIE A; U JIUCKPETHBIE
(), HeuéTKue BeIMUMHBL. TpebyeTcs OIpenenuTh BOZMOXKHOCTHYIO MEpY peau-

3allH OIIACHOCTH B CHCTEME.
Pewenue:

1. O603HaYMM BO3MOKHOCTHYIO MEPY Kak HG(% (w,1).
#

2. OmnpenenuM rpaHuuHble ycinoBus. V3 ycinoBus 3agayn M3BECTHO, YTO He-
IpepbIBHbIE HEYETKHE BEMMYMHBI A; 3aJaHbl Ha HOCHTede — o0JacTH

BEIIECTBEHHBIX YHCEJ, OMHUChIBaeMOW TepeMeHHOi A . J[uCKpeTHBIe He-

4€TKME BeMuuHbl (); 3aj1aHbl HAa HocuTene @ =0v 1.

HactHblil KpuTepHit 0nacHOCTH Gpy BBILOIHSCTCS TOIZA U TOJIBKO TOTAA,
korna A4)0, cm. (1.26), r. 1.4. TloaTOMy, IPUMEHUTEIBHO K HENPEPHIBHBIM He-
YETKUM BEJIMYMHAM MOXKHO 3aIHCaTh:


Swing
Note
G больше 0


74 Pazoen 3

Gpyo <> VA, 3A)0, (3.25)

4TO cOBHajaeT ¢ (POPMOI 3aIMCH NPETUKATOB.
Jpyro¥i 9acTHBIH KPUTEPHIA BHIITOIHACTCS TOTAA U TOJIBKO TOT/A, KOTIA!

G, ©VQaw=1. (3.26)

Takum oOpa3oM, omnpernensiolmue 3Ha4eHHE BO3MOXKHOCTHOM Mephbl Ipa-
HUYHBIE YCIOBUS UMEIOT BUJ:

1, (@ =1,2)0). (3.27)
#0

3. Ha ocHoBanuu Teopem 0 romoMopdusme Oasuca 3aae OyJIeBOMY U MHOXKe-
CTBCHHO-TIapaMeTpudeckoMy OazucaM B popmyne (3.21) mpoussenem 3a-
MEHy 3JIEMEHTOB U OIEpalid, T. €. BHIIIOJIHUM roMoMopdHBIe Ipeodpazo-
Banus. [Ipu atom ¢ yuérom dopmyn (3.23), (3.24) nonyuum BbIpaKEHHE
nokasaresisi 0e30MacHOCTH B BU/Ie PyHKIUH NPUHAICKHOCTH:

Mg =DM (M 4 (1), My (). (3.28)

4. Ucrnonp3ys NpaBWIO HAXOKAEHHS BO3MOXXHOCTHOW MeEphl 10 (YHKLIUH
NPUHAJISKHOCTH U MOJICTABIISIA IPaHUYHbIE YCIOoBHA B (3.27), BOBMOXXHO-
CTHYIO MEpY OIPEEIIUM KaK:

My (@ =140 (@ =1.2)0) = sup (Mg(@=1.4)0)). (3.29)

MB,BT

Takum oOpa3oM, B 00IIeM BHIE 3a]a4a pelieHa.

PaccmoTpum e€ npusnoxkeHrs Ha KOHKPETHBIX MpUMepax.

3.5.2. ®opmanbHoe onpeaeneHne BO3MOXHOCTHOMN
Mepbl peanu3alum onacHoOCTH

Ipumep 1. Tyctb, ¢ yuétom dopmyn s Kpurepues onacHoct (1.26),
(1.28), . 1.4, mHOXecTBeHHast opma mokazaresns onacHocTu, Gpopmyna (3.21),
MMPUHUMACT BUA:

G=BIUB=ISNIRUSNR)O, (3.30)

rae IS, IR — JOUCKpeTHbIe HEYETKHE BENMYWHBI, S, R — HempephIBHbIC He-
4E€TKIE BETMYMHEI, OTIMCHIBaEMbIe (PYHKIMSIMA PUHAICKHOCTH:

t5(@), 1 (), gy (@), 15 (), g (A), 15 (A), @ =0v1, LR
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Tornma, Ha OCHOBE BBINOJHEHHUS dTana 3 aNropuTMa 3agadd, pacCMOTPEH-
HOTO B II. 3.4.1, GYHKIMS MPUHAIIC)KHOCTH TTOKA3aTeNsl OIIACHOCTU OIpPeIes-
eTcsl Kak:

= , ﬂ, = i > ’
He Br}}%(ﬂg;(w) Hp(A)) Brﬂr}égT(rngn(uls(w) Hp (@)

min (s15 (2). gtz (). (3.31)

Brinonssis 3arem sTamel 2 u 4 AJIropuT™Ma, OKOHYaTCJIbHO IMOJYYHUM BbIpa-
KCHUC I BO3MOKHOCTHOM MEpPLI p€ain3aluu MpeaAroChbIJIKA OTTAaCHOCTU!

11y (@ =1,2)0) = sup 1 (@ = 1,4)0). (3.32)

IIpumep 2. PaccMoTpuM npumep roMoMopgHOTO mpeoOpa3oBaHus U3 Oy-
neBoro 6azmca B 0a3uc 3aje W ONpeIeNieHIsI BOSMOXHOCTHON MephI pean3a-
UM TPEIIOCHUIKH, a TaKkKe, IS CPaBHEHHs, NpeoOpa3oBaHUs U3 OyJaeBOd B
BEPOSITHOCTHYIO (POPMY PeaTi3alliy MPEANOCHUIKH.

[TycTs xpuTepuii peanu3anyy IPeaIOChUIKY 3a/1aH B BHJIE PABSHCTBA €1~
HUIIE BBIXOAHOU OyineBoit gpyrkmmu [103

¥ =x(xvx;)=1, (3.33)

I€ X,y — JIOTHYECKHE IIepeMEHHbIE, TPUHIMatoIue 3HadeHust 0 u 1.
[IpencraBum, 4To X; — AUCKPETHbIE HEUETKUE BEIMYMHBI ¢ (yHKIUAMU
HOpUHAUIEKHOCTH 4 (w), i=1,2,3.
I'pannuHbIe ycnoBuUS 3a1aud UMEIOT BUI: y =1 mpu @ =1.

Torma, BBITIONHSS dTanbl 3, 4 alrOpPUTMA, OMPEIESIUM BBIpOKEHUE 3HAYE-
Huss BM onacHocTH:

1, (@ =1) = sup(min(z (@ = 1),
max(42, (@ = 1), g5 (0 = 1)))) . (3.34)

OtmeruM, 4TO, KaK B IpuMepe 1, /UIf MOJydYeHHs UYUCIIEHHBIX 3HaYeHUI
BO3MOXXHOCTHBIX M€p HEOOXOIMMO 3HaHWE XapaKTEPUCTHK (YHKLIMH NpUHAI-
JISKHOCTH WJIW, 110 KpaiiHed Mepe, 3HaHWE MX 3Ha4€HHH B TOYKAaX, yKa3bIBae-
MBIX TPaHUYHBIMH YCIIOBUSIMH, ¥ B TOUKAX IepeceyeHus PyHKLIUHA ITpUHAIICK-
HOCTH.

ITo mpaBmnam mepexona pemeETKH K 3aMEIICHAI0 €€ BEepOSITHOCTHOU (op-
Moii [8] mpeobpa3yem BripaxkeHue (3.33) v moTyInM:

Py =0)=pp,+pps— P23 =
=pi(Py+P3—Pap3), (3.35)
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Tae py, Py, P3 — €CTh BEPOATHOCTH PABCHCTBA CAMHUIIC HC3aBHUCHUMBIX IICpC-

XXiX

MEHHBIX X|,X,,X3, T. €. p; = p(x; =1). (...) — omepaTop BEPOATHOCTH.

W3 Bepaxkenus (3.35) BUIHO, YTO Opa3oBaHUe PEUIETKH B BEPOSITHO-
CTHYI0 (pOpMY HE SABJISETCS] TOMOMOP(HBIM U COAEPIKUT BHIUUTAEMOE D Py Ps3.

D10 commacyercs ¢ yTBEPIKACHUEM O BIOXCHHOCTH MEp, MPEICTABICHHOM B
Buze Gpopmyisi (3.3).

3.5.3. BoamoxHOCTHasi Mepa peanusauum
oAHonapamMmeTpU4YecKoin NpeanochbInku

OmnpexnenriM BO3MOXHOCTHYIO MEpPY B OJHOIApaMETPHUECKON MOAETH OT-
Kaza 3JeMEHTa «BO3ICHCTBHE — BOCHPUUMYHBOCTEY» MIPH YCIOBUH, YTO (QyHK-

IIUU IPUHAUISKHOCTH L (A ), . (A), tHe r,s,A € R', 3ananbl, uMeroT 06O
o0nacTe U3MEHEHHsI HOCUTEsT A, Ha KOTOPOI HaXOmsATCS TOYKa MEepeceueHust
bynxuuit o (A), ¢, (A1) n Touka neperuda omgHOM u3 (yHKUUMH, Hampumep,
M. (A1), puc. 3.2. Torna Takas 3aadya MOXKET MHTEPIPETUPOBATHCA KAK 3a/adya
CpaBHEHUS JBYX HEUYETKMX WHTEPBAIOB C IOMOILBIO MOKa3areliei THma «Bo3-

MOXKHOCTBH HEUETKUX COOBITHI s > 7 | S)r », [11]:

Z7°5C0) ([, 4o0)) = sup min (i, (2),50p 41, (A) =
A

r<s

=sup min (u, (1), 1, (4)); (3.36)

Pos (s)r) = sup inf min(u, (1),1— s, (1)), (3.37)
A rzs

IIe § — MaKCHMAJIBHO BO3MOXXHOE 3HAYCHUE BO3ICHCTBHS, 7,7 — COOTBETCT-

BEHHO MHUHHMAJIEHOE W MaKCHMAJBHOEC BO3MOXHBIC 3HAYCHUS ITapaMeTpa BOC-

NpUUMYKBOCTH; Pos(-) — o0o3HadeHHEe onepaTopa BO3MOKHOCTHOW MEPHI.
IIpu sTomM 3HaueHue omeparopa Pos(s>r) Ha OCHOBaHHU (HOPMYJIBI

(3.36) HaxonuTcs IO TOUKE HepecedeHus QyHKIMI IpUHAUIEKHOCTH L (A) 1

M. (A), Touka 1, puc. 3.2. 3HaueHue omneparopa Pos (E > ;) (dpopmyna (3.37))
omperensercd B TOUKE IepecedeHus (QyHKIMU IPHHAUISKHOCTH g (A) ¢
¢dynxuueit Heooxonumocty 7, (A) =1— . (1), Touxa 2, puc. 3.2.

PaccMOTpeHHBIN BapUaHT NIEpeCEYeHMs] HEUETKUX IIapaMeTpoB § U 7 IpU
aHaJM3e BOSHMKHOBEHHMS OTKa3a cuuraercs oommM. OJHaKo Ha MpaKTUKE MpU


Swing
Note
=1), где 
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ACUMITOTHYCCKOM aHAJIM3€ AJOCTATOYHO OrPaHUYUTHCA HAXO0XKACHUEM MEPLI

trma Pos (E > r) , onuceiBaeMoit opmymoi (3.37).

(W) #a(x)

A A

(11 J S .

0,5 |-ommmmmmmeeeeee ;
0,2
l w X
a)
Puc. 3.1@
#=(x) /uF(x)

<V

Puc. 3.2

3.6. MeTop yctaHOBNEHUAA BO3MOXHOCTHOW
Mepbl peanusauum npeanochbIiyiIoK ONacHOCTU
no He4yeTKon nHcpopmauum o cucteme

3.6.1. ®opmynupoBKa 3agauum

W3BecTHO, YTO Ha BCEX JTAlax KU3HEHHOTO LUKJIA TEXHUIECKOH CHCTEMBI
MMEIOTCSI CBOW NPUYMHBI, pa3MbIBAIOIINE YETKUE 3HAHUS O CUCTEME.

HarmomMHUM, 9TO C TOUKH 3pEHHS aHAIN3a M OLCHKU PUCKA HEYETKOCTh MH-
(opManuu O CHCTEME 3aBHCHUT OT: |) TONHOTHI omucaHusl (yHKIMOHUPOBAHUS
00BEKTa M YCIOBHU Cpelbl; 2) MOTrPEIHOCTH ITOIyYeHUsI HHPOPMALHHU O mapa-
MeTpax Mpolecca, COCTABISIOIMMYI KOTOPOH SBIIIIOTCA: METONOJIOrHYecKas,


Swing
Note
Функции принадлежности дискретных (а) и непрерывных (б) нечетких величин

Swing
Note
К нахождению возможностной меры в однопараметрической модели "нечеткое воздействие - нечеткая восприимчивость"
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METONUYecKass W WHGOPMANMOHHAS; 3) IOCTOBEPHOCTH MOICIUPOBAHUS H
MPEJCTABJICHUS JaHHBIX B BUJC 0a3MCOB MHOXKECTB.

Chopmynupyem ¢ MO3UIMH IOTYYCHHBIX BHINIC PE3yJIbTATOB 3a7a4y 00
YCTaHOBIICHUH KOJUYECTBEHHBIX COOTHOIIICHUA MEXITy BO3MOKHOCTHOU MEpOit
peam3ay MPeAnoChUIOK W (DYHKIUH OMACHOCTH M COCTABIIAIOIINMH HEYeT-
Ko mHpopMaIun o cucreme. [Ipru 3TOM 3a 0CHOBY BO3EMEM ITapaMeTPHUIECKYTO
MOJIC]Ib OTKa3a: «HEUETKOEe BO3MeHCTBHE S — HEYETKas BOCIPUUMYHUBOCTH
R ».

B obmem Buze 3amaya 3aKIF0YaeTCs B OMPEICICHUN 3aBUCHMOCTH MEPHI
HEOIPEICICHHOCTH KOMIUICKCa SBJICHUH OTKa3a, OMUCHIBAEMBIX MHO)KECTBAMH
B, S, R, A:

Py (A > O) = F(n,H,V,D)|v — max, D — max, ¢ - max , (3.38)

e B=SNR, B,S,R,AcR',
1 — XapaKTepuCTUKU (opMbl QyHKIMI IPUHANTIEKHOCTH L, (l ) y7s (l ) ,

V — XapaKTEPUCTUKH MOTHOTHI OTMCAHUS 33]1a4H,

D — 10CTOBEpHOCTh MOJIEIH,

6 — XapaKTEPUCTHUKHU TOTPEIIHOCTH MOTy4eHHs HH)OPMAIHH.

[pu 3TOM ycnoBust v — max, D — max, € — max NpeacTaBiIsioT co0on
TpeOOBaHUSI METOJOJIOTHH BO3MOXKHOCTHOTO aHAlM3a M OLEHKU PHCKa CHUCTe-
MBI: MOJIHOT& U JOCTOBEPHOCTh MAaKCHMAJbHBI, TIPU YCIOBHH, YTO IIOTpPELI-
HOCTh O, ONHKCHIBAOIIAS HEOMPEIEIICHHOCTh pa3bpoca mapamerpoB S u R,
CUMTAETCS MaKCHMaJIbHO BO3MOKHOM.

3.6.2. BbiGop 1 onucaHue KpaeBbIX YCIIOBUM

TpeboBaHME TTOTHOTHI ONMMMCAHUS 334291 MOXKET OBITH TOCTUTHYTO aHAIH-
30M TIOJIHOTO Habopa BapHaHTOB MPUIWHHO-CIICACTBEHHBIX CBS3€H IPENIOCH-
JIOK (Mofierneit 1 peann3anuii B paMKax KaKIOH MOIEIH) OTHOCHTEIFHO HCX0a
— aKTHUBHOTO OTKa3a 00bEKTa.

Ha ocHoBe npeapIaynmx pe3ysbTaToB pa3feioB 2 U 3 IMOJHOTA ONpeess-
€TCsl IPEACTaBUTEIFHOCTRI0 MHOXECTBA MapaMeTpOB BO3IEHCTBHI Ha BXOnIax

TOTCHIHMAIBHO ONACHBIX DIEMEHTOB 00beKTa S = (s, ) M MHOXKECTBA Iapa-

METPOB BOCIIPHMMYHBOCTH JTHX 3IeMeHTOB o0bekta R =(r,, ). Ilpu stom

«METOJIOJIOTHYECKast» MOTPEIIHOCTh aHajM3a MOSBICHMS OTKa3a MOXKET OBITh
o0ycnoBiieHa BBIOOPOM M PacCMOTPEHHEM TOJBKO HapaMeTPHUYECKOW MOAEeNn
OTKa3a >JIEMEHTOB 00bekTa. HO MOCKOIBKY BO3MOXKHOCTHASI OIIEHKA CHCTEMBI
MOIPa3yMEBAET Y4ET BCEX BO3MOXKHBIX (DM3MUSCKHX (PAKTOPOB M MOJIHOE OMH-
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CaHUC BOCHPHUUMYUBOCTH 061,e1<Ta K HUM, TO OYCBHJHO, YTO «MCTOAOJIOTHUYC-
CKOI MOTPENIHOCTH B aHAIIN3E OTKa3a B CHCTEME HET.

Torma momHOTa OMHUCAHUS 337a4d MOXET OBITH CBEICHA K aHAIHU3y BO3-
MOXKHBIX BapHAHTOB COOTHOIICHHUS MapaMETPOB BO3ICHCTBHU W BOCHPUUMYH-
BOCTH B paMKaX MPHUHATON MOJIEIH.

[Mony4yenue uHGOPMAIH O TTApAMETPax MOACIH « S — R » CBsI3aHO C UX
U3MEpEeHUEM, MpeoO0pa3oBaHUEM U MPEICTABICHUEM B IPUHATON CHUCTEME JlaH-
HBIX. B CBOIO Ouepenb, U3MEpEHNE MapaMeTPOB COMPOBOKIACTCS HHCTPYMEH-
TalnbHOH O, W METOAMYECKOH O, morpemHocTsMu. MHopmammsa o mpeobpa-
30BaHHUU MapaMeTpoB (aKTOPOB HECET B ceOe OMMOKKH M HETOUHOCTH OIpelie-
JICHUSI TMapaMeTpoB INpeoOpa3oBaHusl (AKTOPOB B KOHCTPYKLUH OOBEKTa,
KOTOpbIE MOI'YT OBITh ONHUCAHbI B BUJE MOIPELUIHOCTH [ NPECTaBICHHUS MHO-

xectBa [ . IlorpemHocTH NpencTaBIeHUs ITapaMETPOB OTHOCHTENHHO OTKa3a
(u3UYecKy XapaKTepU3YIOTCS KaK IIPOCTPAHCTBEHHBIE O,, BPEMEHHbBIE O, ,
OHEPIeTUYECKHE Oy , CICKTPanbHBIC &, , YIIOBBIC Oy, KOMIIOHEHTHBIC O,

1

MOTPEIIHOCTH OMUCaHKs napamMeTpoB S U R .

JlocToBepHOCTh 3HaHUIT 0 OE30MACHOCTH CUCTEMbI 00YCIaBIMBACTCS MOJI-
HOTOH ONMCaHMs YCIOBHI 3a7aud M 3[€Ch MPEACTABISETCS B BUJE JOCTOBEP-
HOCTH YCTaHOBJIEHUS KJjlacca 6e30MmacHOCTH cucTteMsl [16, 60], B Xxome KOToporo
TpeboBaHHE MAKCUMyMa JJOCTOBEPHOCTH OLIEHKH D — max MpH JOMYIICHHH O
HAJIMYUK OIIMOKK TEPBOTO POlia CBOJUTCS K YCIOBHIO MUHUMH3ALUH (PaBeH-

CTBE HyJTI0) OIMOKH HeoGHAPyKeHHOro oTKaza A7 — min , mpu kotopom [25,
35]

D" ~1-pE — max. (3.39)

v

Puc. 3.@


Swing
Note
Иллюстрация распределений случайной величины вероятностными функциями, соответственно, 1) функцией Гаусса; 2) ступенчатой функцией; 3) линейной функцией
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BeipazuMm morpemHocTs f5 ImpeoOpa3oBaHMs [apaMeTpoB S B BHIE

MYJIBTUILUTUKATUBHON MOrPEIIHOCTH. [[OrpeiiHOCTh U3MEPEHHS U MPEACTaBIIe-
HUSL JIFOOBIX TTapaMeTPOB MOJENHN BBIPA3UM 4Yepe3 aJIUTUBHbBIC MMOTPELIHOCTH.
Kak u B [11], HEUeTKHiI mapaMeTp OMUIIEM WHTEPBAJIOM, CONEPKALTUM 2P0 U
obnacmu pazmvimocmu, puc. 3.3. Torga HeyeTKHE MapaMeTPbl MOJIEITH MOXKHO
MMpeaACTaBUTh B BUAC!

R=R+Ap, Ay =Y Op (3.40)

iel

1

S=fysStAg, Ag= X S5, fss €[l-el+e], Sp.55.6€R", e€[0,1),
el

1€l

(3.41)

rie R,§ — sapa HedeTKHX mapameTpoB S u R,

Agp,Ag — cyMMapHbIC aIJUTUBHbIC IOIPELIHOCTH MPEACTABICHHs HapaMer-
poB S u R,

Oip,0;s — COCTABJIAIONIME ANJUTHBHBIC IIOTPEIIHOCTH H3MEPEHUs U Mpel-
CTaBJICHHsI ITHX MapamerpoB, [;,/, — MHOKECTBO HOMEPOB COCTABISIOLINX

HOTPEIIHOCTH,
& — JIEUCTBUTEIIBHOE, CKOJIb YTOIHO Majoe MOJOXKUTEIbHOE YUCIIO0, MEHbIIee
€/IMHHULIBI.

CrenoBarensHo, BeipaxkeHus (3.40), (3.41) omuceiBatoT (opMasbHOE 3a-
MELICHHE «YEeTKHX» ITapaMeTpoB S M R HEYSTKUMH MHOXECTBaMH, 3aJaHHbI-
MU Ha HOCHTEJISIX:

[f?—AR ,1~€+ARJ CAIPOM B R, (3.42)
[ f55S =g, f35S+Ag | ¢ anpom s (1-)S . (3.43)

[MpenmnonoxuM, 94To B 00JIACTH SIIEP BHINOIHAETCS yCIOBHE HOPMaJIbHOCTH
Heuetknx MHoxects: (/)= (I)=1. 3a npenenamu supa Ha HOCHTeNne
(YHKIMM ~ TPUHAUIOKHOCTH  MEHBIE eIUHWIBI, HanmpuMmep uid R :
0<u,(I ) <1.

B pamkax Teopun BO3MOXHOCTEN M TEOPUH BEPOSTHOCTEN MJIs1 U3BECTHOM

CHCTEMBI MOXKHO HCIIONIB30BaTh CIICAYIOIINE paBuiia BEIOopa GOpMBI PYHKITHH
NPUHAUISKHOCTH HEYETKOW BEJTMYNHEL:

1) ecnu sIBJICHHS UCCIIENOBaHbI AKCIEPUMEHTaNbHO, To OII onpenensieTcs Ha
OCHOBE 00pabOTKH Pe3ysbTaToOB 3KCIIEPHMEHTOB;
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2) eciu sIBIEHHS HCCIEJOBaHbI IKCIIEPUMEHTAIBHO-TEOPETHYECKUMH METO-
namu, To opma @I mapameTpoB MoJIEIH ONpPEEIsIeTCsl Ha OCHOBE (YHK-
M BEPOSITHOCTH;

3) ecnu sIBJICHUS UCCIEAOBAHbl TEOPETUUECKH, HAPUMEP C MOMOIIBIO BO3-
MOKHOCTHOTO aHanu3a, To Buj @II onpenernsiercst U3 Kiacca THIIOTETHYE-
CKUX (YHKIHH.

[Ipu 3TOM M3 HecKoNbKUX runore3 o gopmax OII { (! )} 1O TIPaBUITY

CYMMHPOBaHHUS areOphl 3a1e onpeAesnseTcs oaHa:
(20 (D) =gy (1), 112 (7)...) - (3.44)

Ecmu xe umeercst @I kak camoe c1aboe CBHIACTEIBCTBO O pacrpeneie-
HUU BO3MOXHOCTH IIPOSABJICHUSA HEYETKON BCJIMYMHBI, HAIpUMEpP, A R N

tig (1), Taxoe uro:

s (D)= 10r (1), (3.45)

O3Havaromee, 4To JaHHasa HKIUA / «IIoriomacT» BCC OCTAaJIbHbBIC BapU-
s R

aHTBl pacmpezeicHus napamerpa R (Bce Apyrue ciaraeMbie B 3aBUCHMOCTH
(3.45)), TOo AN aHanMU3a IOCTATOYHO OCTAHOBUTHCS HA €€ PACCMOTPEHUH M OTI-
pEleIeHUH XapaKTePUCTUK e¢ (POPMBI.

Mpu pacemorpernn dopm PIT g 5 (/) MOryT MMeThes clemyrolme

«KpaifHue» U «CpeAHUi» BapUaHThl, WIUTIOCTPUpYEMble Ha rpumepe (puc. 3.3),
rae mudpamu ob6o3HaueHsl: | — (ynkums ["aycca, 2 — cTynendaras GyHKIu,
3 — nuHelHast QyHKIUS, IPEACTABIAIONINE (PYHKIUHA PacIpEeACIeHIN CiTydan-
HOM BEIHYHMHEI, COOTBETCTBEHHO, HOPMAJILHOIO, PABHOBEPOATHOTO U CHMIICO-
Ha.XXXl

n J{ro0ya rcnonb3oBaiu juHelHyto popmy DI HedeTKoit BennIuHbI
B Bue dopmbl Tpanenuit [11]. deiicTButensHo, GU3NYECKH BCETIa OMPaBaaHo,
YTO BO3MOXKHOCTb IOSIBJICHUS 3Ha4eHMsI R , HApUMeEp, Ha CaMOil HU)KHEH rpa-

HULE R; BeCbMa Maja M CTPEMHUTCA K HYNIO: AUp (l :RH)—>O, TOrIa Kak
BO3MOXKHOCTb TOSIBJICHUSI 3Ha4eHUst R, BOmu3m simpa ( Ry ) mpubmmxaercsa K
eqmnnne: fp (I=Ry)—>1.

AHanoru4Hele paccyKICHUsI MOKHO IPUBECTH JUIA JPYTHX BAPUAHTOB HE-
YEeTKOW BeNWYMHBl R ¥ U1 APYTHX HEYETKUX BEITHUYHUH.

Takum 00pa3oM, B NPENNONIOKEHHH O CYIIECTBOBAHHM OJHOW «IOINIO-
matomei» Gopmbl QYHKIMN MPUHAUIC)KHOCTH HEYETKOW BEIIMYHMHBI, KOTOpas
BBIPA)KAaeTCsl HOPMAIBHON Tpanenuen, [uis OAHO3HAYHOIO 3aJaHusl €€ CTOPOH
JIOCTATOYHO HANTH 3HAUEHMS I'PaHMUIL SApPa U HOCUTEIIS.


Swing
Note
представляющие распределения вероятности случайной величины, соответственно нормальным и равновероятными "законами", а также "законом" Симпсона   
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Cpsi3bIBasi MPOBEJCHHBIC pacCyaeHus ¢ 3aBucumocTsmu (3.42), (3.43),
JIETKO MOJIy4YHTh cieaytone reoperuueckue popmer OIT napamerpoB S u R
(puc. 3.4).

OpHako B MpakTHKE MapaMEeTPUYECKOro aHalnM3a OTKa3a OObeKTa dyarie
BCEro MHTEPECYeT 00JIaCTh BO3MOKHOTO MEPEKPHITHS (TIEPECCUCHMs) MapaMeT-
poB S W R. DTO MOXHO OMNNCATh NPSMOYTOJFHBIMH TpAIelUsIMH BHIA

puc. 3.5, Tie HIKHEe 3Ha4YCHHUE spa Bo3zneiicTBus paBHO S; =0, BepxHee 3Ha-
YeHHUE sipa BOCIIPUUMYHBOCTU O0OBEKTa K BO3/ICHCTBUIO PABHO MaKCHMaJIbHO-

My (U3UUECKH Pea3yeMOMy €ro 3HaUeHUIO B cucTeMe: R, =S, , U, BCIEACT-

>
BHE€ HEONPEAEICHHOCTH WH(POPMAIINH, BO3SMO)KHO TIPEBHIIICHHE BEPXHETO 3Ha-
yeHus S, IapaMeTpa BO3AeiCTBUA HaJ HIDKHMM 3HaueHUeM R, IapaMerpa

BOCIPUMMYHMBOCTH, T. €. MOTYT NepeKpbiBarbest GyHkunn £ (1) v g, (1).

1=(x)
A
—————————— T
I I
I I
I I
I I
a) | |
I I
I I
I I
I I
| | =
0 Th Th T, Ty X
#s=(x)
A
I
. l
I
0) | :
I I
! I
! I
! I
| I
I A >
0 gh s gb s X


Swing
Note
Трапецеидальные аппроксимации функций принадлежности а) восприимчивости и б) воздействия 
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() A

0

Puc. 3.5@

3.6.3. [eTanbHOe onucaHue HeYEeTKON Moaesnn CUCTEMBI

Ilepeiinem K JeTaJbHOMY ONMCAHUIO MOJENH «HEYETKOE BO3ACUCTBUE —
HEYeTKass BOCIHPUUMYMBOCTBY». IIyCTh KaXKmas COCTaBISIOIIAs 3TOH MOMAENH
MpeCTaBIeHa OTHUM TapaMeTPOM, MPUUEM ITH IMapaMeTpPhl OTHON pa3MepHO-

cry, Tak uto R,S,ieR', rie xaxmplid IapameTp €CTh pasMepHas IepeMeHHasl,
3ajaHHas Ha OOMACTH AeiicTBHTENbHBIX umcen R'. Tpaduuecku mpencTaBum
MOJENb TaK, YTOOBI pacCMOTPETh Bce (PU3NUECKN BO3MOXKHBIE BAPHAHTHI IIepe-
KPBITUS HeYeTKuX BenuduH (cM. 11. 3.3). [IpenmonoxuM, 910 00IacTH M3MEHe-
HUSI BO3AEHCTBUSI M BOCIIPUHUMYHMBOCTH (HOCHTENN HEYETKUX BEIWYHH) CIe-
aytomue: [0,S5], [Fy,fpax J» B UTO HX siApa TIPEICTABIEHBI OTPE3KAMHU:
XXXii

[0,y 1, [75.7max | (puC.3.5), rne Sy, Sp EjOOTBeTCTBCHHO BEpXHeEe 3Ha-
YeHMe S/{pa U HOCUTEN HEUETKOW BEJIMUUHbI G0~  Fy; — HIDKHEE 3HAUYCHUE HO-
CHTEIs] HEYETKOM BEIIMYMHBI 7, 77 U Iy — HIDKHEE U BEpXHee 3HaueHHs sapa
XXXiil

HEYCTKOM BEJIWYHHBI 7 %TICM Vhax = Spp , YTO O3HAa4YacT: MaKCHUMaJIbHas

BOCIIPHUMYHBOCTb OOBEKTa Ka3y BBIPAKAETCs 4epe3 3HaueHHe (Gpu3nuecku
pearn3yeMoro BO3AEHCTBHS, HEMOCPEICTBEHHO NPHUKIAIBIBAEMOIO K HEMY.
Takum 00pa3oM, HEUSTKHE BETUYUHBL S W R OMHUCAaHBI B BUAE (YHKIUH TpH-

naexuoctn 4 (1) u g, (1) v npencrasnens: Ha puc. 3.5.

TpeOoBaHHe MOTHOTH aHANHM3a B paMKaxX MPUHATOM MOZETH CBOIHWTCSA K
nepedopy CIEAYIOIINX BAPUAHTOB THIIOB H3MEHEHHS TAPAMETPOB:

0) r,s—const, 1) r—const, s —var, 1.1) s, —const, sz —var,

1.2) sy, sg—var, 2) s—const, r—var, 2.1) ry —const, 1y —var,


Swing
Note
Линейная (л) и нормальная (h) аппроксимации нечеткой параметрической модели "воздействие s - восприимчивость r" 

Swing
Note
 вп. 3.6.3 должны быть все r, s прописные

Swing
Note
не повтор
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22) rg, ry —var, 3) r,s—var, 3.1) s ,rg —const, sp,ry; —var,
3.2) sy ,rg —var, sg,ry —const, 3.3) 8,8,y —var, 1z —const,
3.4) sp,¥y,rg —var, sy —const, 3.5) Sy ,8p,7y, 75 — Var.

Berire 6bu10 TI0Ka3aHo, Gopmyiel (3.44), (3.45), 4To B paMKax BO3MOXKHO-
CTHOH OIIEHKH JOITyCTUMO HCIOJB30BaTh caMyro ooyt ¢popmy OII. [Tosromy
paccMOTPEHHE BCEX BO3MOXKHBIX BAPHAHTOB COOTHOIICHUS HEYCTKUX BEIHYUH
r 1 s (TpeboBaHME MMOTHOTH aHAIN3a) MOXKET OBITH CBEICHO K aHAJU3y BapH-

anTa 3.5, puc. 3.6. JlocToBepHOCTh D?9 ouenku GesonacHoctn OJTHOTIapaMeT-
pHYECKOro 00BEeKTa MPENCTaBisieT co00H (YHKIUIO OT BO3MOXKHOCTHOM MephbI
paboTOCIOCOOHOTO COCTOSTHHSL 0OBEKTa M BEPOSITHOCTHOM Mephl omnOok 1 u 2
pona [25, 56, 58]:

"XXiVDBozl'[(S<R)~(1—a—,B)E] (3.46)
r71€ Ha OCHOBE CBOMCTBA JOIOJHEeHNS BM
H(S<R):1—HB(AZO). (3.47)

32 1 #W)

3

A

580 SBASBOSBATH SBTHATHATHO THO TB= Swprc

Puc. 3.6@

IIpu orcyrcrBum ommbku 1 poma, o =0, npenebperas 6eckOHEYHO Ma-
JIBIMU 2 TIOpsIIKa MajiocTH, u3 (3.46), (3.47) nonydnm:

D" =1-B-T13(A20). (3.48)


Swing
Note
оставить

Swing
Note
К выводу возможностной меры по варианту 3.5
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[Ipu ogHOMapaMEeTPHUUECKOM MpencTaBicHUH BhipakeHue (3.48) cBsi3biBa-
€T TOKa3aresb JIOCTOBEPHOCTH CYILECTBOBAHHs 0E30I1aCHOTO COCTOSIHUS CHC-
TEMBI C BOSMOXHOCTHBIMH MepaMu akTuBHoro otkasa []z(A = 0)** 00-
Hapy)XKeHHOTO akTHBHOrO oTKa3a [ . Kak cienyer u3 (3.48), paCCMan%me
COOBITHST 00pa3yIOT «IICEBIOIOIHYIO» TPYIILY COOBITHH, XapaKTepHU3yeMYIo
kpasntoxkaectsom: D"’ + f+[]5(A=0)=1, uto comacyercs ¢ KpaeBbIMH

YCIIOBHSIMH PaccMaTpUBaeMON 3aadvH.

3.6.4. BbiBOA4 3aBMCUMOCTU BO3MOXHOCTHOW Mepbl OTKasa
B ogHONapamMeTpuyeckon cucteme

3.6.4.1. O0uree pemenne

W3 obuieii mocraHOBKM 3anaun, ¢opmyna (3.38), ciexyer, 4to B citydyae
OJIHOTIAPaMETPUIECKON CHCTEMBI TPeOyeTCs ONPeNeNTh 3aBUCUMOCTD:

Pb(ZZO):f(iyﬁ) (r,s—var, S — min, § — max, (3.49)

me b=rns, brsleR',
1] — XapaKTEepPHUCTHKHU MPSIMOYToJbHO-Tpanenennainbaoil ¢opmer OII mapa-
METpOB s W r, ycraHasimusaemsie jist f (1) s,.dg, mist g, (1) :ry.d,,
d,,d, — HadanpHBIA IUAaa30H HEONPEAEICHHOCTH BEIUYMH S U » (AJMHA
a0CIICChl CTOPOHBI TPANCINH L, [, ), d =Sp— S;d,= r—ry;
6 — XapaKTEepUCTUKHU COCTABJIAIOLIMX MOTPEITHOCTH MOTyueH s HH(OpMaLK
0 TmapamMeTpax s Hu 7, IpeaCcTaBIeHHBIX Gopmynamu (3.40), (3.41).
TpeboBaHne ydera MaKCHMalbHOTO 3HAYEHUs IOTPEIIHOCTEH IPEACTaB-

JICHUs] COCTAaBISIIOIIMX MOJIEIM Ha BCEM [JHaNa30He WX ONpPEIeICHUs,
6 — max , CBOAUTCS K CIIeyIOIIEeMY:

1) BbIOMpaeTCs Takas CTOPOHA TpaneluH L (l ), KoTopas oOpa3oBaHa Tepe-

HOCOM 3HaueHHs S U3-3a aJVIUTUBHOM MOIPEMHOCTH As BIIPaBo (B CTO-
POHY YBEITUYCHHUS):

Spa=Sp0 +As, (3.50)

rae Sgp, Sps — COOTBETCTBEHHO «AEHCTBUTENBHOE» U HETOYHOE, U3-3a aAlH-
TUBHO# OIIMOKY, 3HAYCHUSI BEPXHEH rpaHUIlbl mapamerpa S ,


Swing
Note
это 0
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2) apauTUBHASA MOIPELIHOCTb A, BEIUYUHBI 7 B QYHKUUH L, (l ) YYUTHIBA-

ercs IyTeM IEpeHoca CTOPOHbI Tpameruu i, (/) BieBo (B CTOpOHY

YMCHBIICHNU )
Tg =To + A, 3.5

THe Fyg, s — AEHCTBUTENBHOE M HETOYHOE 3HAYCHMS HIDKHEH TPaHUIBI Ma-
pamerpa r,
3) MyIbTUILUIMKATUBHAS MOIPEMIHOCTh [y, ( fs, ) Benuuusel s (7 ) B QyHK-

w4, (1) (4, (1)) yuuTeIBaeTCS IyTEM W3MEHCHHsS HAKIOHA CTOPOHBI

TpaIelyy, BBI3BAHHOTO IIEPEHOCOM BEpXHEH IpaHHLbl Sz (7 ) BIOPaBO
(BneBO):

sz =50 (1+&,), ry =rgo(1-¢,), (3.52)

4) mpenrmonaraercsi, 4TO aJJAUTHBHAS U MYJbTHIUIMKATUBHAS [TOTPEIIHOCTH
HE3aBHCUMBI.
OmnmcaHHBIC 3[ECh YCIOBHUS, pacKphIBarOIIKe TpeOoBaHHe 6 — max , Wi-
JOCTPUPYIOTCA Ha pHC. 3.6.
Torma ¢ yderom rpaHnuHbx ycnoBuit (3.50)—(3.52) u ycnoBus 0 TOM, 4TO
anauTuBHass A W MYJIBTUIUIMKATHBHAs M TOTPEIIHOCTH HE3aBHCHMBI, ypaB-
HeHus! PyHKUUH TPUHAJISKHOCTH UMEIOT BU:

B 1
dsn + €SB0

1
a0 (1=8u) 350 =4, ). (3.54)

u, (1) (1+&,)s50+A,—1), (3.53)

#:(1)

W3 ypasuenwuii (3.53), (3.54) BeIpazum mapamMeTpuUecKuil KPUTEPHU omac-
HOCTH | 3amac 0€30MacHOCTH CUCTEMBI. JleCTBUTENBHO, OTKA3 HE TIPOU30MIET,
€CIIN:

Spo +ESpo A <Fyo— & o —A,. (3.55)
O06o03Ha4as mapaMeTpUIECKHiA 3armac 0e30MacHOCTH Kak:
PZB =1y =530, (3.56)

u3 ycnoBus (3.55) BeIpa3uM mapaMeTpUdecKuil KpUTEPHA BOZMOKHOCTH OTKa3a
M3-32 HAJIMYUSI OIIMOOK U HEUETKOTO MPE/ICTABICHUS MHPOPMALIUK B BUJIE:
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ESpo & o+ A+ AR 2 PZB . 3.57)

Ecnu HeueTkue BeIMUYUHBI M NPUBHECEHHBIE MOTPEIIHOCTH UX MPEJCTaB-
JICHUS TaKOBBI, YTO KpUTepuit (3.57) BBHIOIHACTCS, TO BO3MOXKHO BBIITOJTHEHHE
yCIOBUAL Sz 27y, . Torma, omyckas MpOMEXYTOUYHBIE BBIKJIAJIKH, OOIIee pere-

HUE cUCTeMbI ypaBHeHui (3.53), (3.54) monyuum B BUIE:

- (& +&0)S80"H0 *+ 0580 + dsorro +(£65809r0 — 110950 +
A

T (Asdr B Ards ) + (grrHOAs B gssBOAr )
A

, (3.58)

rme A=d, +d,+&:pp +EFyp -
/ 19
Touka [° ecTb TouKa nepeceucHus GyHKumH npunamiexsoctn () u

(#,(1)) (cm. prc. 3.6), B Hell BOSMOXKHOCTHAsI MEPa OTKA3a MAKCHMAJIbHA.

B yactHOCTH, €ciM AMana3oH HEONPEIeICHHOCTH ITapaMeTpOB PaBeH HY-
mo: d, =d; =0, a aJyTUTUBHBIC U MYJIbTUIUINKATUBHBIC TIOTPEIIHOCTH PaBHBIL:

A, =A,, &5Spy =&,y , TO TouKa mepecedeHust OI1 naxomurest o dopmye:

- (gr +'9s)530”HO .

(3.59)
ESpo + € THo

B 3TOM cityyae apqUTHBHBIEC IOTPEITHOCTH APAMETPOB § M 7 KOMIICHCH-
pYeT IpyT ApyTa, IOATOMY B BBIpakeHUH (3.59) OHU OTCYTCTBYIOT.
Honcrapnsas pemrenue (3.58) wm (3.59) B 3aBucumocts @II, Hampumep

M (l) , IOJIy4YUM 3aBUCUMOCTD BO3MOXKHOCTHOM MEphbI 0TKa3a 2JIEMEHTA OT Xa-

PaKTEePUCTUK MOTPEITHOCTEN OJHONAPAMETPHYECKOrO MPEICTABICHHS BO3/ICH-
CTBUA U BOCIIPUUMYHNBOCTU:

P(1")=p (") :ﬁ((ngs)s,,o +A,-1'). (3.60)
$<s°BO

3.6.4.2. OnpeneneHue BO3MOKHOCTHOH Mepbl 10 HHTErPaJIbLHOM
aJINTUBHOM MOTPEeNIHOCTH MapaMeTpoB R u S.

HYCTI) BCC MOI'PCIIHOCTU MapaMETpOB SuR MpeACTaBJICHbI MHTCTPAJIb-
HBIMU aJJUTUBHBIMU IMOTPEIIHOCTAMHU B BU/JIC:

Ag=8z-S8; A, =r—ry, (3.61)
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rae S,I”,SB,I"H — COOTBETCTBCHHO BEPXHEC U HUIKHEC 3HAYCHUA SAACP U I'PAHULL

HEU€TKUX NapaMeTpPOB BO3AEHUCTBUS U BOCIIPUUMYHBOCTH.
[Mapamerprueckuii 3arac 6e30MacHOCTH 110 OTKa3y B JaHHON MOJENH 000-
3HAYHM!

Zb=r-S,

npuyéM, KaK U paHee, CUUTaeTcs, uTto Zb <Ag +A,.
_ Tpebyemcs ONpeAENNTS BOSMOKHOCTHYIO MEPY OTKa3a Kak (yHKUMIO Buaa
Yl = f(Ag,A,,Zb).
Pewenue. HpeI(CTa@HeqéTKHe BeNUYMHBI S U 7 (QYHKUUSIMH MIPUHA]I-
JeXHOCTH pg(A),u.(A) B Bume Tpaneuuid (puc.3.7) U pacCMOTPUM Tpe-
yronsuuku ABC, CDE, CLN, CLM.

\/

Puc. 37@

Od4eBHIHO, YTO OHM O0Pa3yIOT CIEMYIOINE Mapbl HOZOOHBIX TPEYTOIBHU-
KOB!

ABC,CLN; CDE,CLM.

O003HaYNM CTOPOHBI TPEYTONBHUKOB Kak CL =X, AB=1-x, a A/=y.
W3 nono6ust TpeyroiabHUKOB CIIEAYET: @

X STy Yot (3.62)

I-x y-S r-y

Bripaxenue (3.62) nmpeodpasyem K BUIY:


Swing
Note
поставить восклицательный знак как надстрочный индекс здесь и далее везде

Swing
Note
К выводу возможностной меры для линейной аппроксимации функций принадлежности модели

Swing
Note
оставим
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(Sp—)r=y) = =ry)y-19),
M3 KOTOPOTI'O MOIY4HM:

_Ser =ty (3.63)
Ag+A,
Bepnuémcs k BeipakeHHo (3.62) u 3anmmieM x(y —3) =(1-x)(S5 —»).

M3 nocnennero BelpakeHUs HAUIEM X :
x=(S;—y)/Ag . (3.64)

ITocne nmoacranoBku (3.63) B BeIpakeHue (3.64) m HECIOXKHBIX Mpeobdpa-
30BaHUi oyduM (HopMysTy BO3MOKHOCTHOM Mepbl 0TKa3a B BUJIE:

ﬂ./_SB_rH —

b
T Ag+A, AS+A,@

Ha ocHOBaHMM NTPOM3BENEHHOrO BBIBOJA MOXHO C(HOPMYIMPOBATH Clle-
JyIOLIUE YTBEPKIEHHS:

1. B mapamMeTpu4ecKOd MOAENU NPEANOCHUIOK ONACHOCTU «HEYETKOE BO3-
JeiicTBHE § — HedYeTKash BOCHPMUMYMBOCTD 7» MPH YCIOBUH MakCUMyMa
€€ TOJHOTHI ¥ JOCTOBEPHOCTH U € Y4ETOM BBIOOpa MAaKCHMaJIbHO HeOna-
TONPHUATHOTO BAPMAHTA COYETAHMs IOrPENIHOCTEH NpPENCTaBICHUS STHX
IapaMeTPOB BO3MOMKHOCTHAS MePa PealM3alyiy MPEIOCBUIKH €CThb OM-
HOWleHye HHTEPBAJIA NepecedeHust HEYETKUX 1apaMeTPOB BO3JIEHCTBHSA §
U BOCIPUMMYHMBOCTH 7 K CyMMAapHOil a0COJIIOTHOH NOrpemHocTH
Ag + A, UX IpEICTaBICHHS.

(3.65)

2. Bo3moxkHOCTHAsi Mepa peaiu3aluy MPeanoChbUIKA OMAaCHOCTH €CTh pas3-
HOCMb MEXIY CYMMAPHOI a0COJIOTHOM NOrPelIHOCTBIO IPECTaBICHUS
XapaKTEePU3YIOIIUX OMACHOCTh MMapaMeTPOB U MapaMETPUUYECKUM 3al1aCOM
0€30MaCHOCTH, OMmHecEéHHAs K ITOMY 3amacy.

3. [Ipu mpeacraBiieHUU HEYETKHUX MapaMeTpOB BO3JAEHCTBUS, BOCIHPUUMYU-
BOCTH W WHUIIMHPOBAHUS KaK 02PAHUYEHHLIX C8epXy MHOXKECTB pealn3a-
I{s MPEANOCHUIKE OACHOCTH HEBO3MOXKHA, CCIIM CyMMapHasi a0CoJI10T-

XXXVI1

Hasl MIOTPEIIHOCTh 3THX APaMETPOB MeHblLe ETO aMeTPHYeCcKo-
ro 3amaca 6e30macHoOCTH Ag + A, < Zb.


Swing
Note
знак "!" сделать надстрочным 

Swing
Note
убрать
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3.6.4.3. YcraHoB/IeHHEe AaHATUTHYECKOT0 BbIPAKeHNsI BO3MOKHOCTHOM
Mepbl pealu3alui KPpUTHYECKOH (PyHKINH ONIACHOCTH

Hcnons3ys momyuernyo Gopmyrny (3.65) mrst BM peannsanum srmeMmeH-
TApHOU MPEANOCHUIKH, HA OCHOBE OIEPAIUii CUTHATYPHI alreOpbl HEYSTKUX
MHOXECTB A; Ipou3BeneM romoMopdHoe mpeodpazoBaHue (QYHKLUH CBA3HO-

CTH SJIEMCHTOB OTHOCHTEJIBHO KPUTHUYECKOTO 3ieMeHTa o0bekTa (2.29) B dop-
MYIly BO3MOXKHOCTHO#M MepblI 0TKa3a o0bekTa Kak (yHkimu or BM orkasa sie-
MeHTOB. To €CTh IPH CIEAYIONMX YCIOBUSIX MPeoOpa3oBaHusL:

Pos(yy,,, (T =D =7y, (T);
Pos(y,, =1 =1, ; (3.66)

Pos(Z, =ex, =1) = ﬂ(s,,r,,Ast,Aﬂ)|e, =1

mpe6yemc;l OIIPEACIINTD 3aBUCUMOCTDb BUIA!

T\)= fs, (T 7(s.7. 05, A, )B, 1 € T}), (3.67)

7 Nprix (

rac fS3 — YCJIOBHas 3aIicCb (byHKIII/II/I CBA3HOCTH BO3MOXKXHOCTHBIX MEpP OTKa3a

3JIEMEHTOB, 3aJIJaHHOI Ha cUrHaType S, anreOps! 3aze.

Pewenue. Tlo ananorun ¢ BBHIBOAOM 3aBHCHUMOCTH (2.28) pemum 3anady
METOIIOM HWHIYKIWU. JIJis 3TOr0 MPUMEHHMM K 3aBHCHMOCTH (2.23) ycioBus
npeobpaszoBanus (3.66) v MOTYyIHUM:

Pos(y, =1) =Pos(yy =1A(---) =1) =min(7z,,7z(---)) . (3.68)
B cBoro ouepenp, 3anuiem, 4To:

() = max {z(h, )}, (3.69)

rae 1o ¢opmyne (2.24) B,, — ecTb yHOpAIOYEeHHbIN OylieaH, IpU4EM €ro aJe-
MEHTHI ¢ yuéTtoM Qopmyisl (3.65) orpenenstorcs B BUIE:
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S
7(B, =04) = ﬁ;
Ag, +A

71

Sonr SNy

7 (B, =014) = min(rz,,,7;,) = min , ;
2 01714 Ag, +A, Ag +A, (3.70)

Sy Nr S, N
Ag, +4,, Ag, +A,

7(By = 023) = min(7y,,7,3) = min

»

7(Bg = 01234) = min(7y;, 715, 793, 734)-

Hamnee, oopequasist popmynsl (3.69), (3.70), 3aBucumocts (3.68) mpencra-
BUM B BUJIC:
2N—2
7T y_g = min(z,, max (7(B,,))), (3.71)

Iie 7T, — BO3MOKHOCTHAsI Mepa AEHCTBHU Ha 00BEKT BHEIIHETO (haKTopa;
n(B;) = ﬂ(SO,Si,ASO JAg Ty ,ArN -++) — BO3MOXXHOCTHAsI Mepa CyILIeCTBOBaHUS
1

napameTpudeckon nenouku 0—i— N .
JleficTBys 10 MHAYKINH, 3aBUCUMOCTS (2.28) mpeoOpasyeM K BHIY:

ﬂ-(Nebe’TlrfS? ) = POS(YNWX (T) = 1) =

2 Newx =2 (3.72)

= maTx (min(7, , max (7,(B,)))),

1€ BO3MOXKHOCTHbIE apryMeHThl 7, (B;) packpbiBatorcs 1o dopmyinam (2.23),

(2.27), (3.70).

Takum 00pa3oM, MoTyyeHa TOUHas KOMIIAKTHas (opMyiia BOSMOKHOCTHOH
Mepbl 0TKa3a 00bekTa Kak (QyHKkuuu or BM oTka3za 3eMEeHTOB ¢ y4ETOM HX
CBSI3HOCTH.

OcymiectBuM npeodpaszoBanue Gopmysibl (3.72) st 1BYX CIIy4acs:

a) ecii B 00BEKTE CBA3HOCThH M HAKOIUICHUE 110 OTKa3aM 3JIEMEHTOB OTCYTCT-

BYIOT, TOT/Ia!

7N gy T, f5, ) = Max (min(7,0,7,(ON g, ) (3.73)
1

6) €CJIK CBA3BHOCTL U KaHAJIMPOBAHHUE B 00BeKTE OHOKpATHLBIC, BUJA:
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(O_i_NBle)’ iZI’NBle -1

TOoraa:

Npyx =l
TN 71, f5,) = max (min(z,,, max (z,(OiNg,)).  (3.74)
- iy =

®opmyna (3.73) onpenenser BM oTkaza 00beKTa TONBKO MO OTKa3y €ro
BBIXOJJHOTO (KPUTHYECKOTr0) JJIEMEHTA, MHHULIMHUPOBAHHOTO IEHCTBHEM BHEIII-
HHX (paKTOPOB, IPHHAIEKAIINX K MHOXXECTBY BHIOB 7 .

B cBoro ouepens, popmyna (3.74) onmceiBaer BM oTKa3a KPpUTHYIECKOTO
JNIEeMEHTa O0BEeKTa, WHUI[MUPOBAHHOTO OJHOKPATHBIMH JICHCTBUSIMU BTOPHY-
HBbIX (GakTopoB OT Kaxzjoro ero 10D, oTkazaBiiero mpu JSHCTBUHM BHEUTHUX
(bakTopoB, NpH YCIOBUH MPUHAUICKHOCTH BHEIIHUX M BTOPUYHBIX (PAKTOPOB K
MHOXECTBY BUJ0B T .

W, HakoHel, eciy UCKYyCCTBEHHO MPEIIIOJIOKNUTD, YTO BHENTHNE (PaKTOPHI B
cpene BO3HUKAIOT ¢ Mepoil 7,, =1,Vt e}, Torna nomy4um GopMyly BO3MOXK-
HOCTHOI Mepbl BO3HMKHOBEHHS «COOCTBEHHOTO» OTKa3a OOBEKTa IPU OIHO-
KpPaTHOM JCHUCTBHH €r0 BTOPHYHBIX (DAKTOPOB:

NBbix—1
(N Ty S5 ) = max (max (i(iNp, ).t T, (3.79)
c 1 w=

Takum oOpa3om, momyderHsle 3aBucumoctu (3.73)—(3.75) moka3siBaioT
yHuBepcanbHOCTh  (opmynsl (3.72) W TpH  ameKBaTHOM MHOKECTBEHHO-
MapaMETpUUICCKOM TMPCACTABJICHUN TEXHOTCHHBIX (3KO.HOFI/I‘ieCKI/IX) CUCTEM
OTHOCHUTEIBHO COMOCTAaBUMOIO MCXOJa aBapUilHOI (Upe3BbIYAiHON) CUTyaIH
MOTYT OBITh UCITOJIb30BaHBI JJIsl CPABHEHUS UX ONMACHOCTH (0€30IacCHOCTH).

3.7. OnpepeneHne BO3MOXXHOCTHOM Mepbl
peanusaumu napamMeTpU4ecKon npeanochIisik1
Nno rpaHuuamM pa3mMbITOCTU U YPOBHAM
pasnuynmocTun

B OOJBIIMHCTBE MPAKTUYECKUX CITyYaeB IKCHEPTHI MOTYT MOJIYYHUTH C He-
KOTOpPO CTENEHBI0 YBEPEHHOCTH MCXOJHbBIC JaHHBIC O MOJENU OTKa3a B BUJIC
TpaHUIl ep M HocuTenel HedeTkux BenwuuH [21, 47, 49], HO He 0 BUaE HX
GYHKUME TPUHAIUIEKHOCTH, YTO 3aTPyJHSET MPUMEHEHHE OOIIero Moaxona
[11]. B Takux yclOBHSX BaKHBIM OKa3bIBaeTCsd 000CHOBaHHME BHUIOB (DYyHKIUI
MPUHAJIC)KHOCTH 110 OTHOLICHHUIO KO BCEMY AHAIIa30HY U3MCHCHHA HCXOIHBIX

JaHHbIX [39, 42].
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B cBoro ouepens, mpu OTHICKaHUM 3HaUeHUN Mephl oTkaza oT 0,03 u Hibke
0oNpIIOe 3HAYCHUE TPUOOPETACT KaK aHAN3 KPAeBhIX YCIOBHH 33aJa4yd, TaK H
aHaIIN3 UX BIMSHUS HA PE3YJbTaT e€ peIIeHs.

PaccmarpuBaercs 3amaua 00 ONpeNeNicHHH YCIOBHH CYIIECTBOBAHUS pe-
IICHUS U HAXOXKIICHUH MEPHI peaji3aluy KpUTepHus OTKa3a ¢ s > r, eCIli mapa-
METPHI §, ¥ — HEYETKHE BEIUYMHBI, AIpa KOTOPHIX 3aaHbl, a TPAHUIIB HX HO-
CUTEJICH yCTaHOBIICHBI Ha YPOBHE «-cpe3a. [Iph OTCYTCTBHM CTAaTUCTHYESCKUX
JAHHBIX O TTapaMeTpax CHUCTEMBI «(PaKTOPBI — OOBEKT» OLIEHKA MEpPHI OIperie-
JICHHOCTH OTKa3a B HEH MOXET OBITh MPOM3BEICHA TONBKO IO BEIHYMHE BO3-
MoxHOCTHOH Mepsl [39]. Ilpu 3ToM OKa3pIBaeTCs BaKHBIM BBIICHEHHE YCIIO-
BHH, A1 KOTOPBIX PEIIeHHe TaKOH 3a/1aui OCYIIECTBUMO B MHTEPECYEMBbIX IS
MPaKTUKU AUana30HaX U3MEHEHUS MapaMeTPOB CHCTEMEI.

3.7.1. lNocTaHOBKa 3aga4un

PaccmarpuBaercst yaukanbHas cucrema «OB® — 10O — CM3y. Ilpo-
M3BelleM OILICHKY €€ 0e30MacHOCTH MyTeM MOCTPOSHHUS MapaMeTPUUECcKOil Mo-
JCIN «HEYCTKOC BO3I[CI>1CTBI/I€ § — HCUCTKasA YyBCTBUTCJIIBHOCTD »», HA OCHOBE
KOTOPOW YCTAaHOBHM MEPY OIPEACICHHOCTH peain3aluid KPUTCPHUS «BO3ICHCT-
BHE (haKTOpa MPEBBIIIACT YYBCTBUTECIBHOCTh O0BEKTA, £ 5 > r». CTaructuye-
CKHE JaHHBIC 0 Pa30poce HEUSTKUX MapaMeTPOB OTCYTCTBYIOT, HO SKCIIEPTHBIM
ITyTEM YCTaHOBJICHBI:

00acTH JUIA sIep HEYETKUX BEJIIMYHH S, 7', 0003HAYaEMBIX B BHJIE:

sel0,s,), 7 elry, ral;

oOmacTy Ut HOCHTeNeH STHX BEIMYMH Ha ypOBHE UX a-cpesa [11], puc. 3.8:

)
(H) pr ()
5 bs 00 w0
1,0 ps (X)
S, R,
ﬂ-ll \‘
1"7 S:
7TTL1 E X
0 .
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Puc. 3.8

Ro={xlxeX ur()= a1 n, (3.76)
Se={xlzeX us(x)=> a =0, s 5,°}. (3.77)

Ipuuem B 3aBucumMoctsx (3.76) u (3.77) mox rpanuuamu 1%, s,% HOCHTE-
neit R, , S, OyaeMm noapasymMeBaTh «HUUTOXKHO» BO3MOKHBIE 3HAUEHHs HEYET-
KUX BEJIMYMH 7 U §, KOTOPbIE KCIIEPTHI PA3IMUAIOT CO CTEINEHbIO YBEPEHHOCTH,
paBHOU | — @, TIe & — ypOBEHDb PA3IUUMMOCTH ITUX IpaHuil. OTMETHM, YTO
ANIS pElIeHUs 33/[a9¥ B PaMKaX yKa3aHHOW MOJIENH BIOJNHE JIOCTATOYHO I
«BEPXHEW» Sj, U «HWKHEN» 7, TPAHMIL ALEP 33/1aTh YCIOBHE: §; < 7.

C y4eroM anpuopHoOi HHGOPMAIMK O Pa3MbITOCTH BEJUYMH §, 7 TPEAIO-
JIOXKHM, YTO MX (PYHKLIUH MPUHAIEXHOCTU SABISIOTCA MOHOTOHHBIMH (DyHK-
LMAMU.

B 4acTHOCTH, PacCMOTPHM JHHeHHyro **Vi @ puc. 3.9) u rayccoBy
(nopmanbhyio) p(y) (puc. 3.8) dyHKuumM mpHHAN ctu. U3BecTHO, 4TO
Takue (YHKUMM TPUHALIEKHOCTH OIKCHIBAIOT BAPUAHTHI JMOO IIOJIHOIO He-
3HAaHMS XapakTepa PasMBITOCTH, JUOO «HOPMAILHON» Pa3sMBITOCTH BEIMYUH
[11,21].

Tpebyemcs HaliTH aCUMITOTHYECKOE 3HAYEHHE MEPHI ONPENETEHHOCTH OT-
Ka3a Kak QyHKUM OT 1) rpaHuil 7;, Sj auep, 2) rpanun r,% s,* HocuTenel He-
YETKUX [aPaMeTPOB 7, S, & TAKXKE OT 3) YPOBHSI (¢ PA3IMIUMOCTH 3THX TPAHHIL.

3.7.2. PeweHue 3agaum ons Tpex BapuaHToB
rpaHN4HbIX YCNOBUMN

PaccMoTrpum penienue 3a1aun Uit TPEX BapUaHTOB (YCIOBHI) COOTHOILIE-
HUSI TPAHUI] «HUYTOXKHO» BO3MOXKHBIX 3HAYE€HHH IapaMeTpoB BO3ACHCTBUS U
YyBCTBUTEIBHOCTH:

D) <s;,%2) 1% =5,%3) r>s5,% (3.78)

PaccMoTpuM mepBbIii BAPHAHT COOTHOIIEHHSI TPAHHIl M OINPEAEIUM BO3-
MOYKHOCTHYIO MEpY B JIUHeliHOU aNpOKCHUMAIUK (DYHKIUN TPUHAICHKHOCTH
HEYETKUX IIapaMeTpoB § U 7 Ha YPOBHE a-cpesa (puc.3.9).


Swing
Note
К выводу ВМ для нормальной (Гауссовой) аппроксимации функций принадлежности модели
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=
po (%)
Q B
1,0 = =
S R
2 . | R
2 / \ 2
L
o
% ¢ Xo/ | N M A X
0 - = =0 =0 - -
h W, X1 Xi W, 4]

Puc. 3.9xxxix@

i 3TOTO Cydas, Kak IoKa3aHo B 1. 3.5, BOSMOXXHOCTHAsA Mepa 7 /| OTKa-
3a €CTh OTHOLIEHWE JUIMHBI MHTEpBaNa Iepecedenus [r% , s%,] HocuTened K
CyMMe JUIHH 06iacTeii pasmbITocTu A% + A%. | B3ITHIX 110 ¢ -Cpe3y apaMeTpoB
MOJIENTH OTKa3a:

T == (5% — 1) /(A% + A%) = 1=zb /(A% + A%) =1 — zby, (3.79)

TS MJIMHBI «ITPAKTUYCCKUX) obnacrei PAa3MBITOCTU ONIPEACIIAIOTCA 110 3aBUCHU-
MOCTAM:

A% =5% — sy, A% = r—r%. (3.80)

[Mapamertpsl zb = F— spu zby, = zb/A% + A% Ha3BIBAIOTCA, COOTBETCT-
BEHHO, a0COJIIOTHBIN W NMPUBEACHHBIN MapaMETPUICCKHE «3amachl 0€30macHo-
CTHY.

U3 popmyast (3.80) craemyer, uro eciu zb, = 1, T. €. eciut 17— 55, = A% +
A% torma 7l =0.

CremoBaTenbHO, B THHEHHOM MPHUOIMKEHUHA BO3MOXKHOCTHASI Mepa OTKas3a
paBHa HYJIIO, €CIIM CyMMa 00JIaCTel PasMBITOCTH PaBHA U OOJIbILIE TIAPAMETPH-
YEeCKOTO 3amaca 0e30MaCHOCTH, a pelIeHe CYIIeCTBYeT, ecnu zb, < 1.

Kpowme toro, kak BuaHO 13 puc.3.8 u 3.9, cymecTBOBaHHE HEIOIHOM pa3-
JMYMUMOCTH IPaHUI] C ypOBHEM & > 0 00yclaBiMBaeT HaIWYME HEYyCTPAHHUMOM
MOTPEIIHOCTH B OMPEACICHUH MEpPhl OTKa3a, KOTOpas B JIMHCHHOHN ammpoKcH-
Mallii PaBHA YPOBHIO Pa3iniuMocTh: 7/, = a.


Swing
Note
Черточки сверху нужны только в записи s (подстрочная h) и r (подстрочная l) 
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C nmpyroil CTOpOHBI, €Clii OyAeT CYMTaThCs, 9To o> 0, XOTS B IEHCTBH-
TENBHOCTH MMEET MEeCTO BapuaHT 2 uiH 3 3aBucuMocTH (3.78), cMm. BeTBHU (2)
Ha puc. 3.9, TO 3T0 MOXET NPHUBECTU K «IOKHOMY PELICHUIO» — K MPUHSITHIO
Bapuanra (1) B yciosuu (3.78) 3anaun.

Ecnu OyayT BBISBICHBI «a0COJIIOTHO HEBO3MOXHBIE) BEIIMYMHBI W,y Wy, KO-
TOpPBIE COOTBETCTBYIOT YPOBHIO paziuuuMocTdH « = 0, puc. 3.8, TO moTeHIu-
ajyibHas OIIMOKA HAXOXKIACHUS 77 PaBHA (CTPEMHUTCS K) HYITIO.

HccnenyeM BIUsIHME YPOBHS (-pa3iMYMMOCTH TPAHHUI] TapaMEeTPOB MOJe-
JIM OTKa3a Ha apryMeHT zb, B NPEATONOKEHHH O TOM, YTO X (DYHKIMH IpH-
HAJUIe)KHOCTH JIMHEIHBI BIUIOTH 10 HYyIs, puc. 3.9. Brlpa3sum uiMHBI HHTEpBa-
JIOB pasmbITocTd A"y = ;((2)1 - Eh ud, = r?— ;((2)1, B3SIThIE TIO YPOBHIO & = 0
(Touka D B BeTBsIX (2) GyHKUMI MpuHAIIEKHOCTH Lis(y) M tr(y)), Uepe3 IIHHBI
unrepsanos A%, A% serseit (1), puc. 3.9, u 3Hadenue a-yposus. U3 paccMoT-
peHus 1ByX nap nogoOHsix TpeyroiabHukoB OQM, NLM u ABC, NLC Ha 00-
nactu 3HadeHui 0 < o < 0,1 MOXHO MONYYUTH CIETYIONINE COOTHOILICHHS:

A =A% /(1 —a); A, =A% /(1-a). (3.81)

[IpocymMMHpOBaB COOTBETCTBYIOIHE JICBbIE M IpaBble YacTH COOTHOLIE-
Huil (4.91) u pazgenuB ux Ha zb, B pe3yibTare HECIOXKHBIX IMpeoOpa3oBaHMiA
TOJTyYHM:

zb, = zb, (1 —Q); zby~ zb, (1 + q). (3.82)

Kak crnemyer u3 3aBucumoctu (3.82), mpuBEIEHHBIH MapaMeTpHUECKUit
3anac zb,, TMHEWHO 3aBHCUT OT YPOBHS Q.

3.7.3. Bo3moxHOCTHasA Mepa Nnpu rayccCoBon annpokcumauum
&I napameTpoB

OnpenenrM BO3MOXKHOCTHYIO MEPY IPU HOpMaabHOU (2ayccosotl) anmpok-
cuManuy QyHKLIUI PUHAUIEKHOCTH HEYETKUX apaMeTpOB § U 7:

ws () =exp (05 (x— s/ )7 ur(n) =
=exp (05((x— r)/o)?), (3.83)

rae o (0 ,) — XapaKTepUCTHKA Pa3MBITOCTH COOTBETCTBEHHO MapaMeTPOB s, 7,
CBsI3aHHAs C IIPAKTUYECKOH 00J1aCThIO pa3MBITOCTH A (A,) COOTHOIIEHHEM:

A = k*c, tne k — xoaddumeHT HopMaIbHOW Pa3MBITOCTH, KOTOPOMY TIpH k =
3; 4; 5 cooTBeTcTBYET KBaHTHIIb AoBepus 1 — v: 0,9968; 0,999968; 0,9999997
[26].
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ITo onpenenenuro [11], BO3MOXKHOCTHAsE Mepa MPEBBILIEHHSI S HAJl ¥ €CTh
3Ha4YeHUE (PyHKIMU TMPUHAICKHOCTH B MX TOYKE IepecedeHus y;. Torma, kak
BUJIHO U3 puC. 3.8:

wny = s (1) = wr (). (3:84)

IMocne moncranoBku (3.83) B (3.84), ¢ yueroM 0003HaUeHHUH B popMyIax
(3.79) u (3.80), mOMyYNM CIEAYIOMIYIO0 3aBUCHMOCTD «HOPMAIbHOU aIpOK-
CHMAalUH BO3MOXXHOCTHOH MEpHI:

ang=exp (=k (( ri— ) /(4% + A%))’) =exp (=k, zb,), (3.85)

rae k. = k/2, a 3HaueHus kodddunuenra k, = 4,5; 8; 12,5 cOOTBETCTBYIOT 3Ha-
4yeHusM kod(dunuenta k = 3; 4; 5 B popmyie (3.83).

Pe3ynbraThl YHCIEHHOTO pelleHus 3aBucuMocTu (3.85) npencraBieHsl Ha
puc.3.10. Kak BunHO 13 puc. 3.10, BnusiHue aprymeHTa zb, Ha QYHKLHMIO 77,
ciabee, Hexenn BiusHUE Kodddunuenra k,. [Ipu usmenenun k, ot 4,5 no 12,5
MPOUCXOIUT U3MEHECHHUE Tt/ HA HECKOJIBKO MOPSIKOB.

0,5 1,0 1,5 1,8

ZB

-3
N k,=4.5(v>0,003)

e

k=8 (v=310")
k,=12,5(v<10")]

lgmn,

Puc. 310@

N3 cpaBHEHHs MOMYYSHHBIX alPOKCUMAIIMI BO3MOXKHOCTHBIX Mep, (Gop-
myisl (3.79), (3.85), cienyeT, 4To OHM MMEIOT WHBAPHAHTHBIN apryMeHT. JTO
MI03BOJISIET OOBEIMHUTD pacCMOTpeHne QyHKUUH 7/, U 7 n, Ha OHON OcH adc-
mwice  zb, ¥ BBISBUTH OBACTH X IPAKTHYCCKOTO IIPUMEHCHHS.
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Kak cnenyer u3 ananusa puc. 3.8, 3.10, npumenenue dpopmyisl (3.85) mo-
3BOJISICT HAWUTH PEIICHHE BapUaHTOB (2, 3) 3a/1auu, YKa3aHHBIX B 3aBUCHMOCTH
(3.78). IlpuyeM ¢ MpaKTHYECKON TOYKH 3PEHUS TOCTATOYHO PACCMOTPETH Clie-
Jylolue 06/1acTy u3MeHeH s aprymMentos: o € [ 107,107 ,Y zb 1,2].

Takum 00pa3oM, I HAXOXKICHHUS MEPbI OMPEACICHHOCTH B@asom [0,
0,02] Heo6xomuMO BHIOMPATH HOPMATBHYIO 3aBUCUMOCTh BO3MOKHOCTHOM Me-
pbl, a Ha obnacTu zb, > 1 HEOOXOAUMO YUUTHIBATh KaK KBAHTHIIb «HEIOBEPHS)
V, TaK U YPOBEHb ¢ Pa3IMYUMOCTH TPaHUII.

JloTIOTHUTENEHO MCCIIEAyeM BIUSHHE YPOBHSA  Ha MOTCHIHAIBHYIO II0-
TPeIIHOCTh [ ; B OTPEAEICHUH BO3MOXKHOCTHON Mephl oTkaza. C yuerom ¢op-
mynsl (3.82), (3.85) mpencraBum zb,, Kak TpeOyemoe 3HaUEHHE 3amaca, a Io-
TEHIMATHHYIO IOTPEIIHOCTD [, 3alHIleM B BHJC:

I (=7nn(ib,)—rnizby)=rn(l)—zn(l + ). (3.86)

C y4eroM ammpoKCUMAIi 7 1, ¢ ko3dduruenrom k, = 4,5; 8 u3 3aBucH-
MocTH (3.86) MOXKHO MTOYUYHUTh CIICAYIOIIAE COOTHOIICHUS:

I (k=45)~0,1 o Ty(k,=8)~0,004 c. (3.87)

3.7.4. YctaHOBnNeHMe NoTeHuuanbHOM NOrpeLwHoOCcTU
onpepeneHus BM

IIprmmenum 3aBucumoctu (3.86), (3.87) ansg ycTaHOBIIGHHS MOTEHIIHATIH-
HOW MOTPEIIHOCTH B OTIPEEeIICHIH BO3MOKHOCTHOM MEpPhI 0TKa3a MPH yCIOBUH,
YTO YPOBEHb PA3IMYUMOCTH ¢ TIApaMETPOB BO3ICHCTBUSA M YyBCTBHTEIBHOCTH
ue Hiwke 0,001. [nsa storo Bo3smeM 3HaueHmst @ = 0,001; 0,01 u yurem, urto
it k, = 4,5 1 8 COOTBETCTBYIOIINE KBAHTWIH «HeZoBepus» paBHEI V= 0,003 u
0,00003. PesynbraThl pacuera NOTEHUUAIBHOM MOIrpelmHOCTH [, CBEIEM B
Tabm. 3.1, U3 aHANM3a KOTOPBIX CIIEIaeM CIIeTyOIIie BEIBOABI:

1. YToO5I OlIeHNBATh U pa3IMdaTh MEpy OTKa3a Ha ypoBHe 3HaueHui ot 0,001

U BBIIIE JOCTaTOYHO PA3JIM4aTh TPAHUIIBI HEYETKUX ITapaMeTPOB MOJEIH

otkasa Ha ypoBHe 0,01 u BoIIE.

2. YtoOBl OLIEHWBATH W Pa3NM4aTh MEpy OTKa3a Ha YPOBHE 3HAYCHHH OT

0,00001 u BBIIIE TTPH YPOBHE PA3IUINMOCTH TPAHHI] HEUYETKHUX IapameT-

poB paBHO u Beme 0,001, HEOOXOAMMO HMCTIONB30BATH MX HOPMAIBHYIO

amnnpoKCHMALMI0, XapaKTepU3yeMyl KBaHTHIEM JOBEpHS HE HUXKE
0,99997.
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Tabnuua 3.1
Ko umuuen, KBanTnian Yposenn IHorenuuanbHas
K HeJ0BepHsl, Pa3IMYUMOCTH, MOTPeNIHOCTh
¢ v a |
4,5 0,003 0,01/0,001 0,001/0,0001
8 0,00003 0,01/0,001 4-107°/4-107°

3.7.5. Mpumepbl HaxoxaeHna BM n poctmxkumoro ypoBHs
€€ pas3nMunmocTu

PaccmarpuBaeTcs yHUKaIbHAs CHCTEMa «HEpErIaMeHTHPOBAaHHEBIE (PaKToO-
PBI — TIOTEHIHATHHO OMACHBIN OOBEKT», MPEANOCHUIKH K OTKa3aM B KOTOPOit
MOYXHO BBIPA3HUTh B BHIC YHU(MUIIMPOBAHHOTO KPUTEPHUS: «ECIIH BO3ICHCTBHUE
00010 (hakTOpa MPEBBICHT 33JaHHYI0 YYBCTBHTEILHOCTh OOBEKTa, TO 3TO
MpUBEAET K HECAaHKIHOHWPOBAHHOMY CpaOaThIBAHUIO I OTKa3y OOBEKTay.
DkcrepraMu yCTaHOBJICHbI TPAHKLIBI 00JIACTH PAa3MBITOCTH HEYETKOTO BO3/IEH-
CTBUA [§), , 5,%] ¥ HEUETKOM YyBCTBUTEIBHOCTH [1,%, #(], THE 55,7, 1" — «HUUTOXK-
HO» BO3MOJKHBIE (Ha yPOBHE Pa3IMUMMOCTH () 3HAYEHUS IAPAMETPOB,

Sp, 7] — COOTBETCTBEHHO BEPXHsISl M HIDKHSS TPAHHILBI «aOCOJIOTHO» BO3-
MOXHBIX (C YBEPEHHOCTBHIO, PAaBHOI €IMHUIIE) 3HAYCHWH NapaMeTpoB s H 7.
ITycts u3BectHO, uto 534 = 10, 5,% =20, r,=15, r;=18.

Ipumep Ne 1. TpeOyeTcsi OIICHUTh ACUMIITOTUYECKOE 3HAYCHUE MEPHI OII-
PEIEIEHHOCTH BO3HHKHOBCHHS OTKAa3a, CCIIM alnpUOpHOM WHQPOpMAIMH O Xa-
pakTepe pa3MBITOCTH IMapaMeTPOB HET.

Pewenue npumepa Ne 1. TlockombKy anpruopHOi HHYOPMALIUU O XapaKTe-
P€ Pa3MBITOCTH MAapaMeTPOB S, # HET, TO ACHMIITOTUYIECKOE 3HAYCHNUE MEPHI OIl-
pEneNeHHOCTH BO3HUKHOBEHHS OTKaza d CledyeT ONpenesaTh MO JIMHEHHOU
annpOKCHMAIMK BO3MOKHOCTHO# Mepbl, popmyrna (3.79).

B pesynbrare momyunm: d = zl/=1- zb=1 —-0,6154 = 0,3846.

Ipumep Ne 2. Pemnts ipumep Ne 1 mpu ycrmoBuu, 9TO anpropHasi pa3Mbl-
TOCTB NAPAMETPOB S, ¥ XapaKTEPU3yeTCs KaK « HOpMaJlbHas.

Pewenue npumepa Ne2. AcUMITOTHYECKOE 3HAYEHHE MEPHI OIpEIeeH-
HOCTH d C Y4€TOM JIOTIOJHUTEIBHOW MH(pOPMALUY, IPUBEACHHON B yCIOBHH,
OTIpPEAEINM 110 HOPMAJIbHOI 3aBUCHMOCTH BO3MOXHOCTHOH Mepbl. OOpamasich
K popmyse (3.85) mmm k puc.3.10 u BoiOUpas k, = 4,5, KOTOPOMY COOTBETCTBYET
KBaHTHIIb «HemoBepus» v 20,003, mpu zb ,= 0,6154 momyaum:

d=rnn=exp(~k, zb,)=0,1819 (k,=4.5).
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Ilpumep ~ Ne 3. OneHuTs  3HaueHWe  INPHUBEJEHHOIO  3amaca
0e30macHOCTU zb, U YpOBEHb PA3IMUYUMOCTH ¢, 0OECICUUBAIOIINE ISl HOP-
MaJIbHO» PAa3MBLITBIX S, 7 PA3JIMUYCHHUC W OLCHKY BECJIMYMUHBI BO3MOXKHOCTHOM
MepHbI 0TKa3a B JIMana3oHe:

1)0,003 <7zn,<1; 2)0,001 <7zn,<1.

Pewenue npumepa Ne 3. Bocrionb3yeMmcst pe3yiabraTaMu, IpUBEJCHHBIMU B
tabm. 4.1 a0JIMIBI CIIEAYET, YTO ISl PeIICHHs 3aJa4u B 000X CIydasix
JIOCTaTOuH THYb YPOBHA paznuuuMmoctu rpanul o < 0,01. OxHako B mep-
BOM Cllyyae KOPPEKTHYIO OLEHKY 7 M, JOCTaTOYHO HPOBECTH C BEIMIMHOU
KBaHTWIS «HepoBepusn» v < 0,003. Torma kak aisi OUEHKU 77 K, B JUAla3oHe
0,001 <nn, <1 HeoOxoaMMO yMeHbIIAaTh V. [103TOMY AJIsL pelieHus epBoro
BapHWaHTa 3aJjadll JOCTATOYHO OOYCIIOBHUTH IpuMeHeHue (popmyinsl (3.85) ¢ xo-
s dunmenTom k, = 4,5, a 1 penieHrsi BTOPOro BapuaHTa 3a7a4u HeoOXOIMMO
YTOYHEHHE ampOKCUMAaLINH, Halpumep 110 k, = 8.

Toraa ¢ nomorukio Gopmyisl (3.85) nomyumm:

zbyay =(0,222(0,125) In (1 /7n)) **. Otkyma zb, =1,1361; zb, =0,9292.

st BeIsICHEHHST (PU3MUYECKOTO CMBICIIA TIOJTyYeHHBIX PE3y/IbTaToOB IpUMepa
Ne 3 packpoem Boipaxkenue zb ,= (7, — ;) /(4% + A%), u3 koTOpOTO CIIEAYET,
YTO ISl BBITOJTHEHHS PEIICHUH z_bl(z) HEo0X0ANMO, YTOOBI TapaMeTpUIECKUI
3anac Ge3onacHocTH (7; — s ) npeBbiman B 1,1361 (0,9292) pasa cymmy mimH
MHTEPBAJIOB PA3MBITOCTH BO3ICHCTBHS M 4yBCTBUTEIBHOCTH, Pa3In4aeMbIX Ha
ypoBHe o= 0,01.

Takum 00pa3oM, HaxOXKAEHHE ACHMIITOTHYECKOTO 3HAUCHHS MEphI BO3-
HUKHOBEHUS OTKa3a B YHUKAJIbHOI CHCTEME JIOCTIKMMO Ha OCHOBE MOCTpPOE-
HUSI MOZIENIN BHJA «HEYETKOE BO3AEHCTBUE — HEUETKAas UyBCTBUTEIBHOCTB» U
YCTAHOBJICHUS TI'PaHUL] Pa3MbITOCTH IapaMeTpoB 3Tod Monenu. Ilpu 3tom
ACHMITOTHUYECKOE 3HAYEHUE MEphl O0TKa3a MOXKHO ONPENeIHTh 1Mo (opMyinam
BO3MOXXHOCTHO# MephI (3.79), (3.85), KoTopbie MPencTaBIAOT cO00H (YyHKITUH
OT MHBapUAaHTHOIO apTyMEHTa, BEIPAKEHHOTO B BHJIE OTHOIICHMS O0JacTH Iie-
peceueHHs HOCHTENEeH K CyMMe UIMH objacTell pa3MBITOCTH, B3ATBHIX MO -
Cpe3y HeYEeTKHX ITapaMeTpOB MOJIENH OTKa3a.

YrtoObl o1IeHMBATh U pa3jiMyaTh Mepy OTKa3a Ha ypoBHe 3HaueHui ot 0,001
W BBIIIE JIOCTATOYHO PA3IN4aTh IPAHUIBI HEUSCTKUX IapaMeTpOB MOJEIH OTKa-
3a Ha ypoBHe 0,01 u Bemmie. UToOBI OLIEHMBATH W pa3IHyaTh MEpy OTKa3a Ha
yposHe 3HaueHnit oT 0,00001 u BeIIIE, IPU yPOBHE Pa3TMINMOCTH TPAHHUI] He-
YeTKHX mapameTpoB paBHO H Bhime 0,001, HEOOXOOMMO HCHONB30BaTh HOP-
MaJIbHyI0 alllpPOKCHMAIMI0 HEYETKUX MapaMeTPOB MOIENIH, XapaKTEpPU3yeMyro
KBaHTHIIEM noBepus He Hike 0,99997 (korhPHIIEeHTOM UX Pa3MBITOCTH k = 4).


Swing
Note
да, 3.1
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3.8. BbiBOA 3aBMCUMOCTM MHTErpanibHOro pUuckKka B pamkax
HeYeTKOro MHOXXeCTBEeHHO-NapamMeTp1u4yeckoro 6asuca

Juis ompeneneHust 3aBHCHMOCTH HMHTETPANBHOTO PHCKAa IOKAKEM Clie-
IYIOIYIO TEOPEMY.

Teopema. VIHTerpanbHbIi PUCK TNOTEHLHAIBHO OINACHOW CHUCTEMBI €CTh
MIPOU3BEICHNE BO3ZMOXXHOCTHON MEpHl BOSHHKHOBEHHS CaMOTO HeXKellaTeIbHO-
TO MCXO0Ja B CUCTEME Ha yIiepd OT ero BOSHUKHOBEHHS.

Jlokazamenvcmeo. Ilo onpenenenuto [60, 61] uHTErpanbHBIN PUCK:

Ru=ZXF(EUL), (3.88)
Ji h

rae j€J — MHOXXECTBO IPOUCIIECTBUH, IIPOUCXOISIIHNX (CIIOCOOHBIX MPOU30H-
TH) 3a xu3HeHHBIH UK (K1) moTeHManmpsHO OnacHOro 00bEKTa,
iel — mHOoxecTBO 31anoB XKII,
heH — MHOXeCTBO BUJIOB yiiep0Oa or (i, ) BUJa NpOUCIIECTBUS,
™ —=epositHOCTD M ymep6 ot (7, j) BHIa IPOHCIIECTBHSL.

eHss K 3aBucuMoctd (3.88) mpaBmiio roMoMop¢HOTO mepexona OT
aJreOpbl MHOXKECTB K anredpe HEUETKHX Mep, a TAKXKE YUUTHIBas COOTHOLICHHS

JUJISL Mep OTIPeIeTIEHHOCTH BOZHUKHOBEHUS TipouctnecTBust cr [11, 42]
n (cr) 2 p (cr), (3.89)
IMOJIYYHnM, 4YTO:

{Ry (1, U)} = {max max nt;;(max u ;;;)}. (3.90)
jeJ iel heH

W3BecTHO, YTO caMbIM HeXeNaTeJIbHBIM HcXonoM Cr HasbIBaeTCs MPOMC-
mectBre (aBapus, katactpoda), mpuBoAsmas (criocoOHas MPUBECTH) K MaKCH-
ManbsHOMY yiiepOy. Torma u3 aToro onpenenenus u 3aBucumoctd (3.90) cremy-
eT:

(Ru(Il,LU))=n(Cr)*U(Cr) nna ¥ j, i, h. (3.91)
IIprmenss x 3aBucumocTtH (3.91) coornomenwne (3.89), momyaum:
Ry=(Ru(P.U))<7(Cr)*U(Cr). (3.92)

Urto 1 TpeOOBANOCH TOKA3aTh.


Swing
Note
сделать их заглавными
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3.9. PopmynupoBKa npobnembli
B paMKax He4yeTKoro obakTopHoro
napameTpuyeckoro 6asmca cuctemMbl

C y4eToM HOJy4eHHBIX B paszelnie 3 pe3ysbTaToB yTOYHHM (OPMYITUPOBKY
po6IeMBl, 3aBUCUMOCTS (2.38), 1 ipeicTaBuM €€ B BUIE:

Det ({— Cr) =Pos ({— Cr) = Pos (3 Big 23 A Qi (X, E, X) #0) =
=Pos (O (¥ ks E, X)) = 150w (ID | Tyy (M) #2; M, 22, (3.93)

e Pos (Byg 20) = Iy = (T 115 - ix); Pos (B #0) = IT; ;sQ < Q. (3.99)

3.10. BbiBoabl no pasgeny 3

1. Ha ocHOBaHMHM YCTaHOBJICHHUS TOMOMOpP(H3Ma HEUETKOTO IapaMeTpuye-
CcKoro M OyneBoro 0a3MCOB CHCTEMBI OOOCHOBAaHBI M BIIEPBBIC OIHCAHBI
MpaBWjIa TEepexola OT JIOTHYECKOW K HedeTKO-TlapaMeTpHuIeckor Qopme
(hyHKIUHU CBSI3HOCTH, MONMYYCHHOU B paznene 2. [Ipu 3toM gozmoorcHocm-
Hast Mepa peanu3anun QYHKIMH ONAaCHOCTH MOXET OBbITh YCTAHOBJIEHA KaK
HedeTKass QYyHKIHS OT HEYETKUX Mep MepecedeHus] HOCUTENEeH Pa3MbIThIX
rapaMeTpoB BO3JIEHCTBHUI 1 BOCIPUUMYUBOCTH.

2. Ha mpumepe OTKa30B 3JI€MEHTOB pa3paboTaHBl HOBBIE METO/IBI YCTAHOBIIE-
HUSI BOBMOXXHOCTHOH MEpBHI peasin3aliiyl MapaMeTpUIeCKIX IMPEaroChUIOK
ONACHOCTHU B cucTeMe. BriepBbie MOydyeHo, UTO B MOZENIH «HEUYETKUH Mna-
paMeTp BO3IEHUCTBUSA — HEYETKUH ITapaMeTp BOCIPUUMYUBOCTUY IIPU JIU-
HEHHOM M raycCOBOH ammpoKCHMAIUsIX (DYHKIUH MPUHAJICHKHOCTH 603-
MOJICHOCIMHAS Mepa 0TKa3a IEMEHTA €CTh OmHouieHue YKIOHEHUs siep K
CYMMapHOW pa3MBITOCTHA HOCHUTEJICH MapaMeTPOB BO3ACHUCTBUS U BOCIIPH-
UMYHBOCTH.

3. B mHTepecax pelIcHHs aKTyaJdbHBIX 3a/lad OOOCHOBAaHUS U OOeCIICUCHUS
JIOCTHKEHUST O€30ITaCHOCTH B CIIOXHBIX TEXHHYCCKUX CHCTEMaxX Ha ypOB-
He 10° ycraHOBneHAa HOBas 3aBHCHMOCTH BO3MOMKHOCTHOH Mephl KaK
(DYHKIUHU OT XapaKTepUCTHK Pa3MBITOCTH W YPOBHEH cpe3a HEUCTKHX ITa-
paMeTpoB MHOXKECTBEHHO-TIApAMETPHUYECKOT0 0Oa3nca. YCTaHOBIEHO, YTO
JUIA OIICHKW W Pa3IMYCHHS BO3MOKHOCTHOM MEpHl OTKa3a JJIEMEHTa Ha
ypoBHe 3HaueHuil oT 0,001 ¥ BBIIIE TOCTATOYHO pa3nWYaTh TPAHUIBI He-
YEeTKHX MapaMeTpoB Mojenu oTkaza Ha ypoBHe 0,01 u Brime. YToOHwI orre-
HUBATh U pa3Inyarh Mepy OTKaza Ha ypoBHe 3HaueHui oT 0,00001 u BpIme
IIPY YPOBHE PA3IMUMMOCTH I'PAHUL] HEYETKUX IAPAMETPOB PABHO U BBIIIE
0,001, HEOOXOAMMO HCIIONIB30BaTh MX TayCCOBY alllpPOKCUMAIMIO, Xapak-
TepU3yeMyIo KBaHTWIEeM aoBepus He Hike 0,9997.



Llenenbepe: Bbel nmeere B BULY
BO3MOXKHOCTB TIPOBajia Onepanuu?

Tummnep: 1 vmero B BuIy Bech
KOMIIIEKC BO3MOXKHOTO.

FOnuan Cemenos.
Cemnaoyamo MSHOBEHULL 6ECHbL

PA30EN 4

AHanuTUKo-anropuTMmMyeckue metoabl
U MH(opMaLMOHHO-pac4eTHbIe cpeacTBa
AnNsi BO3MOXHOCTHOW OLIeHKM pUCKa
CIOXHbIX CUCTEM

4.1. OCHOBHbIe 3Tanbl peLeHusi
npoo6nembl OLEHKN PUCKa B YCIIOBUAX
HeYyeTKoM UHdoOpMaLum o cucteme

OCHOBHBIMH 9TalaMu, BbBIABJICHHBIMU JJId YCHIECHIHOTO PEHICHUSA np06ﬂe—
MbI OLICHKHU pHUCKa CIIOXKHOM CHUCTEMBI, SBJIAIOTCA CICAYIONIUC:

1) mpencraBieHue penieHus MpoodIeMbl (omeparyii, arOpUTMOB U OATOTOB-
KA WCXOMHBIX HAHHBIX) KaK JEAYKTHBHON MOPOXKIAIOIIEH CHCTEMBI, CO-
crosieit u3 [55]:

a) aJITOpUTMAa PaClO3HABAHMS KJIacCa CUCTEMbI M 0) BBIYUCIUTEIILHBIX aJl-
TOPUTMOB;

2) MOCTPOEHHUE BBHIUNCIUTENBHBIX aJITOPUTMOB!

a) OompeJeNieHns] HOMEPOB TOTEHIMAIBLHO ONACHBIX 3JIEMEHTOB — HCTOY-
HHUKOB M TIPHEMHHKOB BO3MOXXHBIX (PAaKTOPOB, JIEHCTBYIOIMX (CIIOCOOHBIX JIEii-
CTBOBaTh) B CUCTEME;

0) pacrio3HaBaHWE W BBIIBJIEHHE IPEIIIOCHUIOK OMACHOCTH B CHCTEME, a
TaKKe HICHTU(DUKAINY ¢€ KITaCCOB 0E30I1aCHOCTH;
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B) pacueT mokazareyiei HIeHTU(GUIIUPOBAHHOTO K1aCcCa CUCTEMBI;

3) IouIaroBo€ COrIaCcoBaHME€ U YyCTAHOBJICHUEC B3aMMOCBA3AaHHOCTU aJITOPUT-
MOB pacCrioO3HaBaHUA U BbIlIHCﬂeHHﬁ;

4) mpuMeHEeHHEe ONMCaHHBIX BBIMIE (CM. pasaensl 1, 3) MPUHIMITIOB MPEACTaB-
JICHHS U MCIIOJIH30BAHUS HCXOIHBIX JAHHBIX O CHCTEME:
a) PamKUPOBaHUS MO0 OOIIHOCTH; 0) HAKOIUICHUS MMPUYHH U MPEANOCHIUIOK;
B) KOHBIOHKIIMHU Pe3yJIbTaToB.

[To mpuHIMIaM mpencTaBieHus U 0OpaOOTKH MCXOJHBIX JAHHBIX M Opra-
HU3aIUHM BBIYMCICHUN MOXKHO BBIJICIUTH CIEAYIONINE CHOCOOBI MOTydYCHUS
MoKasaTeJie pucka.

Croco6 1. OmpenencHue moka3areneil piucka Ha «CY)KEHHBIX» MHOMXECT-
Bax ®IIb ¢ ucmonp30BaHUEM BUAOBBIX (DAKTOPHBIX M MapaMETPHUICCKUX KPH-
Tepues, m. 1.3.

Croco6 2. IlpuMeHeHHe alropuTMa «IOCIOHHOTO» pacdera MacCHBa
mupdepeHnnanbEeIx BM ¢ yueToM HEOOXOIMMOCTH IPHBICUSHUS JOIOIHU-
TEJIbHBIX HUCXOIHBIX JAHHBIX 00 MCTOYHHUKAX, KaHAJIAX M MPUEMHHUKAX BO3/CH-
CTBUH (Hanpumep, JaHHBIX O HaJEKHOCTH, CTOMMOCTH M IIPOJIODKHTEIHLHO-
CTH).

Croco6 3. Ilpsimoii pacueT mokaszarenieil pucka 1Mo HalJAeHHBIM (3a7aH-
HBIM) (DYHKIMSIM CBS3HOCTH 3JIEMEHTOB peuieTky (runepkyoa) OIIb.

ITo pexxnmam BBO#a 1 0OpaOOTKHM JAHHBIX MOXKHO BEIICIATE «PYyIHON» (C
mpeolIagaroIuM yJacTHeM OIeparopa), aBTOMaTH3HPOBAaHHBIN (TIPOrpaMMHO-
PYYHOI) 1 aBTOMaTHYeCKH (TIPOTPaMMHBII) PEKUMBI paOOTHI.

Heo0xonmmMo oTMETUTb, 4TO [UIsl MOBBIIIEHUS 3()()EKTUBHOCTH pPacyeToB U
CHIDKEHHSI 3aTpar IpH OLIEHKE PHCKa KOHKPETHON CHUCTEMBI MOXKET OBITh MpH-
MEHEHa KOMOMHAIMS BBIIICNIEPEYUCIEHHBIX CIIOCO00B 00pabOTKU U PEXUMOB
paboTHI.

4.2. O6wmn anroputTm
yCTaHOBJIeHUs1 NOKa3aTenen pucka

1. OtHOCHTENHHO KOMILIEKca Cr KPUTHIECKUX MPOUCIIECTBUN B «OCAX pa3-
MepHocTu» onopHoro ®IIb cuctemsr CTC1 BbIsSIBIEHHE U ONTMCAHUE BO3-
MOXHbBIX TMTPEANOCHIIOK, NCTOYHUKOB Y MIPUEMHHUKOB OITaCHOCTH.

2. Iloctpoenne moamuoxkectB (1.14) m (1.15) u «cyxeHne» MHOXECTBa
TPEANOCHUIOK Ha OCHOBE JIOTHUecKoro kputepus OB < = &.

3. IocTpoeHne CTPYKTypHOU CXeMBI (PaKTOPHBIX CBS3EH MCTOYHUKOB M TIPH-
€MHHKOB.

4. YTouHeHHE MapaMeTpUYecKuX KpurepueB BocmpuumumBoctu 110D u
WHULNAUPOBAHUA WMH BTOPHYHBIX (PaKTOPOB U oOmpeneieHue (yHKIUU
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CBSI3HOCTH NPENINOCHIIOK PACCMaTpUBAEMOM CUCTEMBI B ITapaMeTpHYECKON
u OyneBoii hopmax.

5. Ilo HCYCTKUM 3HA4YCHUAM OTO6paHHbIX JJICMEHTOB MHOXECTBaA-
nepeceuenust B, ¢popmynst (1.23), (1.24), pacuer muoxecta I7(B, Cr)
BO3MO)KHOCTHBIX MEp pealM3allid 3JIEMEHTApHBIX MPEANOChUIoK, (3.79),
(3.89).

6. IIpeoOpazoBanue GyHKIUH CBI3HOCTH (I1. 4) B HEYETKYIO0 (OpMY, MozCTa-
HOBKa B He€ pe3ysIbTaToB 1. 5 M pacyeT BO3MOXXHOCTHOW Mepbl BO3HHKHO-
BeHus ucxona Cr.

7. Tlo 3HaueHHIO OXKHUIaeMoro yiepba oT ucxoma Cr HAXOXKICHHE aCHMIITO-
TUYECKOI'0 3HAYCHNA UHTCIPAJIbHOTO pHUCKAa CUCTEMBI.

[Ipu 5TOM HcnonB3yeTcs noiay4eHHoe B 1. 3.7 cooTHomeHue (3.92):
Ry={Ry (L, U)} <7 (Cr)x U(Cr), (4.1)
e {Ry (IT, U)} ={n“,;; x U} nna ¥ j, i, h, Cr, 4.2)

npuueM j € I, j € J, h € H, Cr € Cr, cMm. 3aBucuMocTs (3.88).
Ha ocHOBe niepBOro 1 TpeThero crocoOo0B MOMyUIeHHs MOKa3aTeael prucka,
1. 4.1, JeTaJbHO pacKpoeM 3Tambl 5 1 6 00IIero aNropuTMa.
1. Amammsupyrorcs mHO)kectBa M, Ty, L, K; omopHoro 6a3uca uccienye-
Mo cucteMsl # 110 kputepusM (1.23), (1.24) BBIABISAIOTCS TOAMHOKECTBA
My, T, L 1 Ksx, XapakTepusyIone HemycThle y3Jbl PEIIETKH MHOXE-
cTBa-niepecedeHus By.
2. JIns BBISBICHHBIX «OIACHBIX» 3JIeMeHTOB MHOXecTB (1.19) sxcmepTHbIM
MyTeM IO YPOBHIO O-Cpe3a yCTaHABIMBAIOT MHOXKECTBA TPAHUI] Pa3MbITO-
CTH HOCHTEIIEH HCTOYHUKOB ¥ IPUEMHHUKOB BO3JICHCTBHN:

S a= ((§h’ Sha)mtlk)s R a ((rlay fl)mtk) | mEM!!; tET!!!’ ZEL**, ke K. (43)
3. Heuerkast ¢pyHKUUS CBI3HOCTH ONpPEEISIETCS B BUJIE!
Pos (yix (M, Ty, Lier, Kss) =1) = (4.4)

MBu
=max max (max ( 7(bu;), min (pos (My #), pos (Tu #J), pos (Lw#L),

pos (K**i@)))) IGT!!! 5 meM” , j :1,

rae, Hanpumep, pos (My =) — ecth popMmasibHOE yCiiOBHE BhIOOpA 3JIEMEH-
TOB MHOKeCTBa M.
4. Ha ocHOBe yCTaHOBJIEHHOH CTPYKTYpbl CHCTEMBI, HAIlpUMep, UMEIOIIeH

cneayronmii Buj (puc. 4.1), BM unununpoBanus kputuueckoro [103, kK
=4:
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MBu
Pos (v - 4 =1) = max max (max (7 (bu;), min (pos (My #J), pos (T
1 €fy meMy  j =1

#2)))). (4.5)

5. BO3MOXXHOCTHBIE MeEpbl peaM3alyy 3JIEMEHTAPHBIX LIEMOYEK CBS3eH
I10D, mpencTaBneHHBIX IEMEHTaMH YIOPII0YCHHOTO OyiieaHa, ycTaHaB-
JMBAIOTCA 110 CIEAYIOIIUM 3aBUCUMOCTSIM:

m(bu) = (0 —j—kK) | j=(1, Mp,=8) =  _
= (bu=04)=7"( zbo(( S s, i) meoa)s (0% 7 Dmia) = 7" (0, 4);
7t (bu, = 014) = min (n* (0, 1), n* (1, 4));
7t (bu; = 024) = min (n* (0, 2), n* (2, 4)); (4.6)

nt (bus = 01234) = min (7* (0, 1), n* (1, 2), 7 (2, 3), 7* (3, 4)).

6. Dnementapubie BM nn* (...) B Gpopmynax (4.6) onpenensrorcs Ha OCHOBa-
Huu 3aBucuMocteit (3.79), (3.85).

Jis peanu3anuyl BHIIETIEPEYHCICHHBIX CITIOCO00B 00pabOTKH M BBIYHCIIC-
HUH ToKa3aTenel pucka B TpeX pekuMmax padoTsl (1. 4.1) Opun pa3paboTaHbI
MIpOrpaMMHBIE KOMIUIEKCHI, ycIoBHO Ha3BaHHEIe MART 1.1 u «Bo3mepy.

4.3. MNMporpamma «Bo3mep» ans pacyéTta
BO3MOXXHOCTHOW Mepbl pUcKa
CNOXHbIX CUCTEM

[Iporpamma «Bo3mep» cpoeKkTHpOBaHa KaK COCTaBHAsl YacTh IPOTPaMM-
HOTO KOMIUIeKca MojenupoBanusi U oueHku pucka MART 1.1 (Modeling and
Analysis of Risk in Techical systems) u npegHasHadeHa it pac4éra BO3MOXK-
HOCTHOH MepBI PUCKaA B CIIOXKHBIX CUCTEMaX MO JaHHBIM SKCIICPTH3bI U TEKYIIe-
IO MOHUTOPHHTA.

B nporpamme peann3oBaHbl cieayronye GyHKINH:

1) mocnoiiHBIi anropuT™M pacdera MaccuBa AU((EpEeHIINPOBAHHBIX BO3MOXK-

HOCTHBIX Mep (BM);

2) npeoOpazoBanue OyneBol (yHKIUH OPHEHTHUPOBAHHOW CBS3HOCTH MCTOY-

HHKOB, NIPHEMHUKOB, BTOPUYHBIX MCTOYHHKOB M KPUTHYECKHUX MPHEMHH-

KOB B BO3MOJKHOCTHYIO (hopMy;

3) pacueT W BHIBOI MaKCHMANbHBIX 3HadeHWH BM opreHTHpOBaHHO CBS3aH-

HBIX TPEIIOCHUIOK POUCIIIECTBHIA;

4) pacdyer MHTETpaJbHOTO PUCKa MHOTO(AKTOPHOH CHCTEMBI IO 33/aHHBIM

KOMIUTEKCHOH (MHOTO(AKTOPHON) CBI3HOCTH MCTOYHUKOB H MPEIIIOCEUTIOK
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KPUTHUYECKOTO MPOUCILIECTBUSI M1 HOPMHUPOBAHHOM yIEpOe OT MX BO3HHK-
HOBCHHUSL.

CrpykTrypHo nporpamma «Bo3mep» coctout us:

1. Mopnyns BBo#a 1 00paObOTKH UCXOAHBIX JaHHBIX.

2. Monynst npeoOpazoBanus OysieBoro Buaa GpyHKIUH CBSI3HOCTH B BO3MOX-
HOCTHYIO (pOpMY.

3. PacueTHO-aHaJINTHYECKOTO MOJYIS.

4. ba3bl NaHHBIX C pe3yNbTaTaMH BHIYMCIECHUH MPEIBIIYIINX MOEIIEH.

5. Mognyns npencTaBieHUs JaHHbBIX.

Bremnuii Bua (GopMBI BBOZIA MCXOJHBIX JAHHBIX M DJIEMEHTOB IPECTaB-
JIeHUs! pe3yabTaToB IIPOrpaMMHOT0 nakera «Bo3mepy» npencrasieH Ha puc. 4.1.

©adn  McxogHele AaHHEE Moo
‘ PESQIIbTaTbI BbMMCNEHMH
V (BosedcTEua) K=0 MaxPL =0,895939260972385
L 9 8 5 1 1 1 1
DV (afc.norpewHocTs BosAEHCTENA) 0 SEETEE4ETEZE50 1 1 1
L _] 1 0.5 t 0
T 0,53536005541 900, 33256267 465660 1 1
L=
. b (BDC”:““M“”ZDC””) : 0 50490243203610, 8959392609721 0,336631 22798 5(0,001 65976131641
1 1 1 1 1
DR {a0c.norpewHOCTE BEOCIPHHMYMEDCTH)
L 1 1 1
MaxPN =0.952439331158743
k F {(ocnatneHme) v o u u
(s 03 o 0,46205195047810,00138916218810 0 0
0.4 0.3 0.2 t =0
0z o1 = 0,38327641060470,1349698761 2700 00041 569638510 0
. . N=—
01 0,33185420009410,95243932116810,1 2721 086257860,011 27604691840
o o 0 0 0
k DF {afic.norpewHocTs ocnatsneHna)
(Xl o oo
01 01 |0 \ B EEVHETG I &= e
o1 o1 [x00vx10vx214 132 el
01 \POSSOEILIW(Z) =0.134969876137067
Ferel = ey
- t—U [ | EBbxon

Puc. 4.1. BHewHun Bug cbopmMbl BBOAA UCXOAHBIX AaHHbIX U 3MIeMEHTOB npepa-
CTaBreHUA pe3ynbTaToOB NporpaMMHoro naketa «Bosmep»

CrpykTypHas cxema MporpaMmHoro mnakera «Bo3mep» mpejcrapieHa Ha
puc. 4.2.



108 Pazoen 4

Monysbs mpeoopa3zoBaHus Monyib
Gy1eBOro Buaa GyHKLUMN MPEICTABICHUS
CBSI3HOCTH B JTAHHbBIX
Monynb 06paboTKu
BO3MOXHOCTHYIO (hopmy
MICXOIHBIX JTaHHBIX

PacueTHo-
AHATUTUYECKU I
MOJYJTb

M OyJIb BBOJA JaHHBIX

\4

baza naHHbIX
3KCIIEPUMEHTOB

Puc. 4.2. CTpykTypHasi cxeMa B3aHMOCBSI3M IPOrPaAMMHBIX MOyJIeil

4.4. InanoroBsas oGy4aloLwas noacucrema
BBOAA UCXOAHbIX AaHHbIX U pacyeTa
anddepeHunanbHbIX U UHTErpanbHbIX
BO3MOXXHOCTHbIX Mep

Juanoroas oOydaromiasi IOACHCTEMA BBOJA UCXOAHBIX JaHHBIX U pacyera
muddepeHManbHBIX U WHTErpalibHbIX BO3MOXHOCTHBIX Mep (pacuera BO3-
MOKHOCTHBIX KaK 3Ha4E€HHH O3JIEMEHTApHBIX IMPEANOCHUIOK, TaK M 3HAUYCHHUH
BO3MO)KHOCTHBIX Mep (YHKIMA CBsi3HOCTH Pos(z)) peanm3oBaHa Ha OCHOBE
IIPOrpaMMHOTO naketa «Bo3mep» n BKIItouaeT B cedsl ClIeIyIOIIne Tallbl:

1. PyKOBOACTBYSICh MPHUHITUIIOM TTO3UIIMOHHOTO COOTBETCTBHS HOMEPOB HC-
TouHuKOB (/) 1 mpueMHukoB (k) BO3MEHCTBUH, a Takke HOMEPOB (f) BO3-
neiictyronmx (akropos B MaccuBax vV, DV, R, DR, F, DF, oneparop mu-
60 BpYy4YHYIO BBOJIUT IOATOTOBJICHHBIC 3apaHee 3HAueHHs MaccuBOB {V,
DV, R, DR, F, DF} | uCXOAHBIX JaHHBIX B COOTBETCTBYIOIIHE TOJSI BEKTO-
POB M MaTpHIl, JINOO 3arpy’kaeT TaKue JaHHbIC W3 (ailyia myTeM BBIOOpa
MOJMEHIO «3arpy3uTh UCXOIHBIC TaHHBICY» B MeHIO «Daitm» (cM. puc. 4.1,
JICBBIC MACCHUBBI JIAHHBIX ).

2. BpIOOpPOM COOTBETCTBYIOIIETO MOAMEHIO ONEPaTop HPOW3BOIMT 3aITyCK
MpOTpaMMEI pacdyeTa W BU3yaim3anuu 3HadeHuit MaccuBoB Ilp, TIy (cMm.
JIBa TPABBIX BEPXHUX MaccuBa puc. 4.1).

3. Ha ocHoBe pe3ysbTaToB BEIYHMCIEHUH, PYKOBOJICTBYSICH NPHUHIIUIIOM TT03H-
[MUOHHOTO COOTBETCTBUS HOMEPOB UCTOYHHKOB (/) 1 mpueMHUKOB (k) BO3-
JEHCTBUH, a TakKe HOMEPOB (f) BO3ACHUCTBYIOMHX (aKTOPOB B MAaCCHBAX
V, R, I, IIy, oneparop ¢opMupyet BUA NepenaTrouyHoi (pyHKIIMA aHATH-
3UpyeMON CHCTEMEI. B mpuBeaeHHOM mpuMepe 3To memouka: /=1 - k=4
— "~y 6=0,952439...

4. AHamM3HpyeTcs CBA3HOCTH DIIEMEHTOB, BBOAUTCS OyieBa GopMa (GyHKINU
CBSI3HOCTH z = f(X|, X2, ..., X,). BBOO M KOHTPOJH BBOIA TEPEIATOUHON
(YHKIMH OCYILIECTBISIETCS B COOTBETCTBYIOIEM HHTEP(EHCHOM drieMeHTe
B CTaH/IapTHOM (hopMare KOMOWHATOPHBIX BBIPAKEHHIA.
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5. IpousBomutcss npeoOpasoBaHue OynaeBoil (HOPMBI B BO3MOXKHOCTHYIO
(opMy n pacuer 3HaueHHUSI PyHKLIMH CBSI3HOCTH Pos (z = 1).

Pe3ynbraThl pacyera COXpaHSAIOTCS KakK 3JIEMEHTApHBIA (parMeHT (Kamp)
pacuera. [TOCKOJIIBKY YHCIIO «CIIOEBY ¢ HE OTPAHMYCHO, TO TaKas «IIOKaJIpOBasy
00paboTKa W HAKOIJICHWE JaHHBIX MO3BOJISIOT HAKAIIMBATH (PParMeHThI «TH-
nepkyoay: {T, L, K, POS} = {(Pos;, t=0,/=0...4, k=1...5); (Pos,, t =0, [ =
5...9,k=6...10); (Pos3, t=1,[=0...4, k=1...5); ...}.

4.5. TpeboBaHusa k hopmanusaumum, NOAroToBKe
M cO0py UCXOAHbIX AaHHbIX O KOHKPETHOMN
cucreme

Peanuzanus METOTUKH BO3MOKHOCTHOH (HEIETKOH) OLEHKH O€30IIaCHOCTH
CJIOHBIX CHCTEM IPEACTABISIET COOOM B3aMMOCBS3aHHBIH MPOLIECC ity ¢6o-
Py, dopmanmzanuu pazHOpomHON mH(MOpManuu 00 OOBEKTe, aHaTM3a BUAA
XapaKTEPUCTUK (PAaKTOPOB BHEIIHEH CPEbl, XapaKTEPHUCTUK BOCIIPHUMYMBOCTH
MOTEHI[AJIBHO OMACHBIX OOBEKTOB HCCIIENYEMON CHCTEMBI, ONPENEIICHHs] BO3-
MOXHOCTHOM Mepbl BO3HHKHOBEHHsI aBapuu (IPOUCILECTBUS) Ha OOBEKTE U
BKITIOYACT B Ce0sl CJICAYIOIINE OCHOBHBIC JTAllbI:

1. IlpenBapuTeIbHBIIA.

1.1. ®opMupoBaHHe TEpedHs] MOTCHIHAIBHO OMACHBIX OOBEKTOB HCCIIE-
JyeMOH CHCTEMbl Ha OCHOBAaHMU CYILIECTBYIONIEH HOMEHKIJIATypBhl
6esonacuocti n FOCT*

1.2. Onpexnenenne B3aumMopac PKEeHHUS 00BEKTOB.

1.3. Onpexnenenne crocoO0B W BUIOB B3aUMHOTO BIIUSHIS MEXKIY 00BEK-
TaMH.

1.4. ®opMupoBaHHe MEPEUHS 3HAYUMBIX BHIOB (PaKTOPOB BHEIIHEH cpe-
JBL.

2. OcHOBHOI.

2.1. ®opMupoBaHUE CTPYKTYph! (PAKTOPHBIX CBSI3€H MOTEHIMAIBHO OIac-
HBIX 00BEKTOB CUCTEMBI.

2.2. ®opMupoBaHUE YHOPSIOUCHHOTO OyiieaHa NMpearnoChUIOK BO3HUKHO-
BEHUSI COOBITHS (TIPOMCIIECTBUS) IS KaXIOTO W3 TOTCHIHAIBHO
OITacHBIX 0OBEKTOB M BUAA (PaKTOPOB.

3. PacuéTHblii.

3.1. Hopmanu3anus 3Ha4eHUI XapaKTepPUCTHK BUIOB BO3IEHCTBHUM U BOC-
TIPUUMYHBOCTH.

3.2. Onpenenenue BO3MOKHOCTHOM Mephbl MPOUCIIECTBUS UL KaXKIOrO
MOTEHIMAJILHO OITaCHOTO OOBEKTA.
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3.3. Omnpenenenue Buga (PyHKIMUA CBSI3HOCTH MPOUCIICCTBUI HA MOTCH-
LMATBHO OMACHBIX 00BEKTAX U TMOKA3aTeNIsl PUCKa * CHCTEM

3.4. OnpeneneHue 3HaUEHHUs] PUCKA MPHU PaA3THUHBIX BapuaHTi;E_lxoaa
(TIpUYMHHO-CIICICTBEHHOM [IENH MTPOUCIIIECTBHSI) B CHCTEME.

4. UTtorosbplii.

4.1. ®opMupOBaHKE IKCIIEPTHOTO 3aKITIOUCHHUS O O€30MAaCHOCTH M OIICHKE
pHUcCKa 1Ji UCCIENyEeMON CII0KHON CUCTEMBI.

4.2. BpipaboTka OpraHW3alMOHHO-TEXHUYECKUX PEKOMEHIAINN JTOJDKHO-
CTHBIM JIMIIaM OpTraHU3ally, OTBETCTBCHHBLIM 3a OKCIUIyaTalluI0 TCX-
HUYCCKUX CHUCTEM.

4.3. BeipaboTka pEeKOMEHAALNI PYKOBOIMTENIO OpraHm3anuu (OTAery
9KCILTyaTalyu) IO MOBBIMIEHNIO 0E30ITaCHOCTH IKCILTyaTalul 00bEK-
TOB U CHCTEMBI B IIEJIOM.

B cuty 3HaYUTENBHOTO 00BEMA M CIIOKHOCTH BBIYHCIUTEIBHO-PACUETHBIX
MPOLEIyp UIsl OTIEPATUBHOIO MPUMEHEHHSI METOIUKH IeJIeCO00pa3HO UCTIOINb-
30BaHHE JSKCICPTHON TPYIMIION CIENHAIN3UPOBAHHBIX PaCUETHO-aHAIUTH-
YECKHUX IIPOrpaMM Ha 3Tarnax 2—3 METOAUKH.

Hcnonp3oBaHne MpOrpaMMHBIX CPEICTB Ha dTarne (OpPMHUPOBAHHS PEKO-
MEH/IAII BO3MOYKHO JIUIIG TIPH HaJTMIUH HaOOpa TOTOBBIX PEIICHUH.

OpmHUM U3 TEePCIEKTUBHBIX HANpaBICHWH aBTOMAaTH3aIlMH IpOIecca pac-
4yéTa 3HaYCHUI O€30IIaCHOCTH CIOKHBIX CHCTEM SIBIISIETCSI CO3IaHHE TEXHOJIO-
T'Mu u l/IH(l)OpMaLU/lOHHO-MeTOZ[I/I'-leCKOFO o6ecnequI/m JUHaMHUYECKOT'O IMPOTrHO-
3UPOBaHNA PUCKA B CUCTEME 110 JJaHHBIM TCKYIIEIO MOHUTOPHHTIA.

B xauectBe Tpe6OBaHHﬁ K UCXOOHBIM OTaHHBIM Ha MPEABAPUTCIILHOM JTallc
YCTaHABJIMBAIOTCS CICIYIOIIUEC HEOOXOMUMBIE YCIOBUS:

1. Hanwuawme macniopra 6e30macHOCTH 00BEKTa.

2. 3BecTHO TOYHOE KOIMYECTBO OOBEKTOB B CTPYKTYpE paccMaTpHUBaEeMOH
CHCTEMBI.

3. M3BecTHBI mapameTpsl (KOHCTPYKTHBHO-TEXHUUECKHE U MacCOTabapuTHbIE
XapaKTePUCTHUKN) KOKIOTO U3 00BEKTOB.

st nosmyyeHnst HeoOXOMMMBIX JaHHBIX O CHCTEME IIPH peali3alii METO-
JIMKH HCIIONB3YIOTCS METOJbI 3KCIEPTHOTO OLEHMBAHMS, HMPUYEM JOIYCTHMO
NIPUMEHEHNE KaK CTPYKTYPHUPOBAaHHBIX, TaK U HECTPYKTYpPHPOBAHHBIX JKCIIEp-
tu3. ITockonbKy MHpOpMaNHs, NolyyaeMasi B pe3yJbTaTe IPOBEACHHS dKCIIep-
TH3 00OMX THIIOB, CYOBEKTHBHA, TO IIETIECOO0PAa3HO Mepen WX MPOBEACHUEM
OLICHUTH KOMIIETEHTHOCTb M MPEICTaBUTENBHOCTD SKCIIEPTOB, a B XOJE YKCIEp-
THU3 ONPENENATh COIIACOBAHHOCTh MHEHHUH HKCIEPTOB Ha OCHOBE pacuera Ko-
a¢dpunmenta konkopaanuu Kenmamna [10].
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4.6. AnropuTM ¥ nporpamMmma Busyanusauum
MoaenuMpoBaHUA OOHLEKTOB U UX CBA3ENn

C 1enbio COKpaIeHNs] BPEMEHH, 3aTPayiBaeMOT0 SKCTIEPTHOH IpyIoil Ha
(hopMupoBaHue CTPYKTYyphl (PAKTOPHBIX CBSI3€H MCCIEAyEMON CHCTEMBI, pa3pa-
60TaH MPOTPaMMHBIN AJITOPUTM MOAEIUPOBAHMS (HAKTOPHBIX CBA3€H MOTEHIM-
aJIbHO OTACHBIX 00BEKTOB «3aINTa — O0BEKT — CPEay, KOTOPBIH peaan30BaH
B BHJI€ OTAEIBHOTO IPOrPaMMHOTO MOIYJISI B COCTaBe KOMILIEKCA MOAEINPOBA-
Hus U oueHku pucka MART 1.1 (Modeling and Analysis of Risk in Technical
systems) Ha TpUMepe aHajiu3a 0e30MacHOCTH IPOU3BOACTBEHHOTO IMPEINpPH-
SITUS C aBAPUMHBIMU XUMUYECKHU onacHbIMU BemecTBaMu (AXOB).

[Iporpamma npenHazHadeHa it GOpPMHUPOBAHUS CTPYKTYPHO-TOTHIECKUX
CXEeM CBSI3W MEPBUYHBIX U BTOPUYHBIX BO3/ICHCTBUI BUIOB (DaKTOPOB MCTOUYHH-
KOB M BOCIIPHUMYHUBOCTH K BHJAaM BO3JCHCTBHH NMPHEMHUKOB ITOTEHIHAIBHO
OTIACHBIX OOBEKTOB CHCTEMBI.

[IprmeneHne 0OBEKTHO-OPUEHTHPOBAHHOTO ITOAXOa K OpraHU3aluy BH-
3yaJbHOTO MOJEIHPOBAHHA OOCCIEYMBACT HANLAHOCTE M JOCTYIIHOCTH IS
BOCHPHATHS CXEM «BO3AEHCTBHS — BOCIIPUMMYUBOCTDY, C OJHOM CTOpOHBIXM,
U HEOOXOIMMYI0 aBTOMAaTH3alHUI0 PYTHHHOTO MpOLEecca HOCTPOCHUS YIOPsI0-
YEHHOTO OyJjicaHa CBs3eH «BO3JCHCTBYIONIHMIA (PAKTOp — MOTEHIIMATIBHO OIac-
HBII 00BEKT» U ero (opMalibHOE MPECTaBICHNE

OCo0EHHOCTBIO MTPOrPAMMHOI pealin3aluu pHUTMa SIBJISIETCS BO3MOX-
HOCTh JMHAMHYECKOTO M3MEHEHHS [TapaMeTPOB CXeMBI (KOJIMYEeCTBO OOBEKTOB,
KOJIMYECTBO CBsI3el 0OBEKTOB, BUA (DaKTOPHBIX CBS3€H) M BOZMOXKHOCTD JIOTION-
HEHUs paHee pa3pabOTaHHBIX CXeM HOBBIMH 3JIEMEHTaMHU.

[Iprmep MomenupoBaHUs CXeMBI (PaKTOPHBIX CBA3eH 00beKTOB «Omeparo-
pBI-BOIUTENN  TpaHCopTépoB» — «TpaHcmoprepe» —  «XOJIOIMIBHO-
KOMIIPECCOPHBIH mex» — «llepcoHan mpeAnpus T MpeAcTaBiIeH Ha puc. 4.3.


Swing
Note
, с другой.


112 Pazoen 4

AF TIDOTDAMHA BIIYANEHOFD HOLLE RO SHHA AKTODHED CEAIEA B HOLENAN "3BT A-0hBEKT-CERA" =18 x]
Cumrd HocTytop

Mpfcress |
o|lo|e|alalo]

TPAHCNOFTER HONOAUNBHO- KOMIPEC-
COPHHI LEX

[M.T) ™mn 7l LT

Puc. 4.3. NMpumep MoaenupoBaHus haKTOPHLIX CBfi3el NMOTeHLUManbHO onac-
HbIX 0OBLEKTOB Npon3BoACTBEHHOro npeanpusaTusa ¢ AXOB

BaiBost. " Taxim 06pasom, pa3paboTaHbl AHATHTHKO-aITOPHTMHEYECKHIT
METOx U HH(bopéjOHHo—pacqemme cpencrsa Juisi (akTOPHOTO INapameTpu-
YECKOTO MOJIETUPOBAHMS U BO3MOXXHOCTHOHM OIIEHKH PHCKA CIOKHBIX CHCTEM.
Coszmansl mporpamMa «Bo3mep» it pacuéTa BO3MOXKHOCTHOH MepBI pHCKa
CJIOXHBIX CHCTEM M AMAIOroBas oOydaromas IOJACHCTEMa BBOJA HCXOTHBIX
JaHHBIX M pacdeTa IUPQPepeHIHaTbHBIX U HHTETPAIBHBIX BO3MOXKHOCTHBIX
Mmep. PazpaboraHsl n anpoOUpOBaHEI OCHOBHBIE TPEOOBAaHMA K (popMaU3aLNH,
MOJTOTOBKE M COOPY HMCXOIHBIX JaHHBIX O KOHKPETHOW cucreme. bombmoe
BHHUMAHUC YJACJICHO CO3JaHHIO aJITOpUTMa U MPpOorpaMMbl BU3yajlu3alluld MOJC-
JIUPOBAHUS OOBEKTOB U UX CBA3CH.
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B3pocisie ouens mro0aT nudpsl... Korma roBopumib
B3pOCIIBIM: «5] BUAEN KPAacUBBIM JOM M3 pPO30BOTO KMpIIHMYa,

B OKHAX Yy HETO TepaHb, a Ha KPBIIIe TOIyOn», — OHM HUKAK
HE MOTYT MPEICTaBUTh cede 3TOT JoM. VM Hajo ckazark: «S1
BUZEN JOM 3a CTO ThICSY ()PAaHKOB», — H TOTAA OHHU

BockimiaroT: «Kakas KpacoTa .

Anumyan de Cenm-Ok3ronepu

PA30EN 5

Mpumepbl anpob6aunn meTogonorum
MOHMUTOPUHra U BO3MOXXHOCTHOW OLIEHKMN
nokasaTernien CrIoXHbIX CUCTEM

B nmamHOM pasnmene mpuBOAsTCS pe3yasraTsl pabot [75-80, 86], BBIMOI-
HEHHBIX Ha OCHOBE pa3pabOTaHHOW METOMOJOrHU (PaKTOPHOTO MapameTpHuye-
CKOTO MOJICJIMPOBAHMS U BO3MOXHOCTHOM (HEUSTKOW) OICHKH PHCKA CIIOKHBIX
CHCTEM.
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5.1. ®aKkTOpHbIN NapamMeTpU4YeCKUN aHanu3 n oueHka
pUcKa cucTemMbl «npeanpusitTue ¢ aBapMmnHbIMMU
XUMUNYECKU ONaCHbIMM BelecTBaMu —
HepernameHTUpoBaHHble (hakTopbl — cpeacTBa U
MeponpUATUA 3aliUTbI»

Ha ocHoBe paccMoTrpeHHO# B pasnmenax 1-3 koHuenmu (akTopHOTO Ia-
pPaMETPHUECKOr0 MOJEIUPOBAHMS U BO3MOXKHOCTHOM OLIGHKH PHUCKA IPOBEIEM
pelIeHne 3aJauydl OLEHKH pPUCKA M COOCTBEHHOH OE30MaCHOCTH CHCTEMBI
«TIPEANPHUATHE C aBapUHHBIMUA XUMHYECKH ONAacHBIMU BenlecTBamMu (AXOB) —
HeperIaMEeHTHPOBaHHbBIE (PAKTOPBI — CPEICTBA U MEPOIPHATHS 3auThl». [Ipn
3TOM MOAPOOHOE, IOIIAr0BOE» M3JIOKEHUE XOAA PELICHUS MPECIenyeT LElb
Kak OoJsiee ETaIbHOTO PACKPBHITUSI HEOUEBHIHOTO 3Tana MHXEHEPHOM, KOHCT-
PYKTOPCKOM ¥ 3KOHOMHYECKOW 3KCIEPTH3Bbl CHUCTEMbI AJISI Ooliee IOTHOTO H
JIOCTOBEPHOTI'O IMOJYYEHHs] UCXOJHBIX JAHHBIX, TaK M 0Oy4YeHHs CHEeLUaIUCTOB
MO0 PUCK-MEHEKMEHTY.

[TpumeM cnenyromee orpaHuyeHue. BHelIHMe, MO OTHOILIEHHIO K pac-
CMarpuBaeMoii cucreme, BO3IEHCTBUsL V ¢ 31eCh He paccMaTpuBaroTCs, a Ipo-
BOJIUTCS aHAJIH3 TOJLKO BTOPUYHBIX (COGCTBEHHBIX) V' aBapHilHBIX BO3IEHCT-
Buit [10D o0bekTa 1 HeperIaMeHTHPOBaHHBIX AEHCTBUI OIIEpPaToOpOB.

5.1.1. 3Tan nHxxeHepHOM 3KCNepTU3bl 6e30MacHOCTU
CUCTeMbIl U NOoAroToBKa UCXOAHbLIX AAaHHbIX

B pesynpraTe MHXCHEPHOTO aHaHM3a MOIYYCHBI CICHYIOIINE WCXOIHBIC
JAHHBIC 0 MPEINPUATHIO ¢ ABAPUIHBIMUA XUMHUYCCKH OMACHBIMH BEIIECTBAMH
(Tabm. 5.1-5.8).

Tabnuua 5.1

O6cnyxunBaLLNA NepcoHan, BOCNPUMMYNBOCTb K AENCTBUIO (DaKTOPOB,
MHOXeCTBO R1(s)

Buna ¢akropa MMapametp 1 Mapamerp 2 |Acxon nopaxenusi,| UcTounuk
TPAaBMHUPOBAHMA | (IOKYMeHT)
MM Vaap- | U36. mai. Bo gp. | Mmmyisc
Hasg | —_ VB APg, MIla CXKart. T4, C
. JletanpHblit Hcxo [74],
0.1...04 ! (1) 4. 5, c. 287
0,01...0,02 1 Baporpasma
T. TeruoBast | IlmoTHOCTH MOZIIl- Jlnurensb- OKOr KoK [73],
panuanus HOCTH, BT/M HOCTB, C 4.2, 178
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106 1 crenens (oxor,
(1...3)-10 1...2 0,12 wm Ko%KH)
107 3 cTeneHb
(1...2)-10 1...2 (03K0r, 2 MM Ko%KH)
9. SHeFTque- Benuunna Toka, Jutens- OneKTpuYecKuit 1Y3-2002
CKUH TOK MULIHaMIIep, MA HOCTb, C yaap
10...20 1...3 2 crerneHb
80...100 1...2 4 creneHb
X. ABapuiinbie [73],
Konnenrpauus B
XUMHYECKU N Jlnurensb- 4.3.¢. 134
30HE BO3/ICUCTBUS, OtpasneHue
OIlacHBIC Be- MU HOCTB, C Mertonuka
miectBa, NHj OHJI-86
100...230 1...5 yAyLIbe
400...600 1...2 MOTEPs CO3HAHHUS
Ta6bnuua 5.2
O6cnyxunBatoLWmii nepcoHan (Bo3aencTaeme)
Mexanngeckuii pakrop, =1 VY napsl, MOJOMKH, MEXaHUYECKHUE MTOBPEKICHUS
TeruoBoi, t=2 WNuunuupoBanue UCKpbI, JIaAMEHU
XUMHUECKHUH, t=3 HepernamentupoBannsie aeficteus ¢ AXOB,

Heucrnonb3oBanue CU3

Tabnuua 5.3

TpaHcnoptep. MMO3 — rasoBbIi 6annoH ¢ nponaH-6yTaHOBOW CMEChH0
TexHunyeckown (CIMNBT), o6bem 50 n. BocnpMmMMymMBOCTb K rOpeHnto
1 B3pbIBY, MHOXeCTBO R>

Buja gaxropa IMapamerp 1 ITapamerp 2 ITapamerp 3 Hctounux
VYnap, JITUTEIIBHOCTD, [74]
MexaHndeckuii | yckopeHne 0,1-1,0 ¢
6=10"...10° [Ta
Temmepatypa Kputnueckoe | Kpurtmueckas |[73], uacts 2,
TemnoBoi BOCIUIaMEHeRns, | nasienne, MITa | mioTHoCT, Ki/M c. 187
°C
100...150 4...4,6 220...250
Crexuomerpuue- Macca T =40...50°C
CKU 14..21 k0 |Perex. = 1,31...1,4

COoCTaB CMECHU
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Tabnuua 5.4

TpaHcnopTtep. CnocobHocTb 6annoHa ¢ CMBT ocTaTo4HbIM 06bEMOM
20 n k co3gaHuio aBapuitHbIX KaKTOPOB (BTOPUYHBIX BO3AENCTBUI), MHOXECTBO

V',
TenuoBoii paxrop / {uddy3us (ocnadienue B BO3xyxe)
Tenunota cropanus, | Uurerpansuas | Temnepatypa | TemnoBoit noTok, A CT—
Q, M/Ix/kr temtora, MJ[x | ropenns, T, °C q, MZ[)K/M2
34...43 68... 86 2600... 2900 1 Mm—5,44; [73] c. 252
2m—1,34;
4m—0,34;
6mM—0,1
Mexanuueckuii pakrop / OciadieHne B Bo3ayxe
Y napHas BOJHa, Jlnurensb- CkopocTb OHeprus ock., JIx [73, 74]
MIla HOCTb, C OCK., M/C
Im—4 0,05 ... 0,6 24...250 1...70
2M— 1, 4Xllx ——
0,25 EJ
Tabnuua 5.5

XonoannbHO-KOMMNpPeCccopHbIN Lex. BocnpummumeocTts M0
K CO30aHM1I0 aBapunHbIX CUTyaumn (NoBpexaeHui, TpasneHuto rasa,
paspblBOB LIUCTEPH) — MHOXECTBO R3

IMapamerp 1 IMapamerp 2 Bun nospexaenus Hcrounnk

Mexanuueckuii paxTop
U36. naBn. APy, MIla | Umiynec cxar. T+, ¢ | Pa3pbIB mUCTEpHBI, [73]

TpyOOmpoBoaa
0,3...0,5 1,5...3
TenJioBoii paxTop
II1oTHOCTH MOIITHO- JITMTEeNbHOCTS, C Harpes. .. Tennosoit HcTtounuk
CTH TETJIOBOTO H3ITY- B3pHIB [74]
uenus, Br/m>
10°...10"7 5...20
Tabnuua 5.6

XonoannbHo-KoMNpeccopHbIi Lex. CnocobHocTk MO3 ¢ ammnakom
K CO3[1aHMI0 aBapuitHbIX ()aKTOPOB (BTOPUYHBIX BoadencTeuin) V '3 [73, 74]

Mexanuyeckuii pakTop: TpaB/ieHHe, pa3jieT 0CKOJIKOB, B3PbIB
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OtHOCUTENBHAS AbGcomoTHas KoHIeH- | M30. naBn. APy, | DHeprus B3phIBa,
KOHLEHTpaLus tpamust NH; , mr/n MIla MIx

K 00BeMy BO3IyXa
B 30HE aBapuu, %

15...28 107 ... 200 02...1,5 ~10...10*
TennoBoii pakTop: ropenue
10...12 76 ...80 q, M]x/m? WuTerpanshas
10 (1m); 8 (2m); | TemoTa,
6 (4); 2(6) 10...600 M/Ix
Xumunyeckuii ¢pakTop, 0OTpaBjieHHe MEPCOHAIA
>7 130... 160 mr/v® | |
Ta6bnuua 5.7

dyHKuUM ocnabneHusa Fi 1 nx norpelwHocTy npeactaBneHns AF
OIS KaHanoB MPOXOXAEHUS OTAENbHbIX NapaMeTpoB haKTOpoOB
OT UCTOYHMKa — [0 NpueMHuKa (Ha ocHoBe UCTOovHMKOB [3, 32, 33, 35, 73, 74, 85])

Fy

(HCTOUHMI/MpUEMHHI) TpaHcnopTep XKIJ Iepconan XKII

MO,1...1,0 [0,01...0,1 A=0,1

O6cnyxusaronmit T 0,1 ... 1,0 (1...2)-10° A=10"8
IIEpCOHAJ TpaHCIIOPpTEPaA 3

0,01...0,02 A=0,005
0,1...0,5 A=0,5

X
M 10°...10™" A=0,5 |0,001...0,5 A=0,1
Tpancnoptep T 0,01...0,1 A=0,5 10,01...0,5 A=0,5
3
X 0,01...0,1 A=0,5 [0,001...0,5 A=0,1
M 0,01...0,5 A=0,5
XKII T 0,01...0,5 A=0,5
3
X

Ta6bnuua 5.8

CBogHble AaHHblIe N0 BOCMPUMMYMBOCTU NMPUEMHUKOB (K)

(Mcrounux/IIpuemuux) | Tpancnoprep XKI Iepconan XKII,
IIK baaruka —
P-n-J1
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M4...4,6; 0,5...1,5; 6=50 (%) |0,1...0,3; 8=50 (%)
A=1 (MIIa)
T0,2...0,05; 1...10 (MB1/™?);
06y KUBAOLTHEH 0,1 (MBt/™®) | 8=50 (%)
[IepCOHAJI TpaHCHOpTepa |
X 100...230;
400...600 (mr/m’)
8=50 (%)

5.1.2. YctaHoBneHue pakTOpHbIX NapaMmeTpu4ecKmx
KpuTepueB NpoOUCLUECTBUSA B CUCTEME

Ha ocHOBaHMM aHanM3a NMOJIYYEHHBIX NAHHBIX M CBOMCTB paccMaTpUBac-
MOH CHCTEMBI ocTpouM e€ cobcTBeHHbI pon3Boublid OI1b. [{ns sToro npo-
U3BEeleM BBIOOP TMPOW3BOAHBIX MapaMeTpoB (HaKTOPOB, HCIIOIB3YEMBIX IS
JanbHeero ananmsa (tadm. 5.9).

Ta6bnuua 5.9
lMpou3BogHble napameTpbl
hakTopHOro NnapameTpuyeckoro 6asmca cucTemsl
No Bun ¢pakropa Bun napamerpos, m
| m ero kaaccudpukanus m=1 m=2 m=3
N N36bITOUHOE NaB- Wmnynsc cxxatus | DHeprus oc-
1 Mexanndeckuit
nenue APg, Mlla, T4 C KoJIKOB E, JIx
N [TnoTHOCTH MOLIHO- Temnepatypa,
2 TerutoBoi 2 B JIMMTeNnbHOCTD, € |, patyp
ctu, Br/m C
3 Xummnaeckuit Konuentpauns JmTenbHOCTS, C Krace
AXOB, Mr/m® ’ OIACHOCTH

Ha ocHoBannu pasgena 1 BeIHMIIEM M JaguM QH3MIECKYIO TPAKTOBKY OC-
HOBHEIM d51eMenTaM MHOXkeCTB DITB paccmarpusaemoii cucreMsr: V' = (v,,); R
= (Fu); = (fuar)s S = (Smar)-

1. DnemeHT v,,; — HEYETKHUI mapameTp m BHIA (akTopa f, CO3JAHHOTO HC-
TOYHUKOM [/ BH/IA.

2. DNEeMEHT 7, — HEYeTKHH mapaMeTp m BUAA, OMUCHIBAIOIINN BOCIPUUAM-
YUBOCTH k dIIEMEHTa K ASUCTBHIO (pakTopa ¢ BUIA.

3. DneMeHt f,,;; — Hedetkas QyHkims ocnadnenus (f € [0,1]) m mapamerpa
(hakTopa ¢ BUIA, pacIpoCTPaHSIOMIEerocs B 00beKTe U (WIK) cpexne oT / wc-
TOYHHKA 10 k IpUEMHHUKA.

4. DIIEMEHT S,,x — HEYeTKUH mapameTp m BUJA, BhIpaXaloIIUW JeilcTBue
(hakTOpa ¢ BHOAa MCTOYHMKA /, KOTOPBI HEMOCPEICTBEHHO, C YUETOM OC-
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nabnenusi, npukiansiBaercs K npueMHuky (110D nnm oneparopy) ¢ Home-
pom k.

[Ipruem oTMeTHM, YTO JUTS HOXYYEHHUS MMapaMeTpa «HEeIOoCPEICTBEHHOT0»
BO3ACHCTBHUS HAa MPUEMHUKHA INPUMEHSETCA X — OMNepamus aareopamdecKoro
YMHOXEHHSI:

Sntth= Sntt™ Vit 6.D

®uznyeckuid cMbici anemenToB OIIb cnenyrommii. Hanpumep, Tpancnop-
Tep, pacCMaTpUBAEMbIi KaK MCTOUYHUK aBapUUHBIX BO3AECUCTBUM, MPOHYMEPO-
BaH / = 2. [Ipu pa3priBe ero 6amrona ¢ I[IBTC obpa3yercs MexaHHIeCKHi (¢ =
1), remmoBoii (¢ = 2) u xumuueckuit (¢ = 3) paxTopsl, ONMMCHIBAEMbIEC TPUHSTHI-
MU TTPOU3BOAHBIMY MTapaMeTpaMu, MPUBEACHHBIMH B Tabm. 5.9, {m} = {I1, 2, 3}.
C npyroi CTOpOHBI, KaK MPHUEMHUK, TPAaHCHIOPTEP, K = 2, BOCTIPHUMYHB K JIeH-
CTBUIO MEXaHMYECKOTo ¢ = 1 W TemioBoro ¢ = 2 (HakropoB, TaKkKe COOTBETCT-
BEHHO BBIPA)KACMBIX IPOU3BOIHBIMU MapaMeTpamu T1abdm. 5.9, {m} = {1, 2, 3}.
IIpu 5TOM BHJIHO, YTO COBOKYITHOCTH mapaMeTpoB {m}" ' u {m}'~ pasntuuaror-
csl.

AxtuBHBIN 0TKa3 (AO) B crcTeMe MOKET OBITh MHUIIMUPOBAH OIIEPATOPOM
MyTeM CO3JaHUsl HEPErIaMEHTHPOBAHHBIX NEHCTBHH B BHJE MEXaHHYECKOTO U
TEIUIOBOTO (PaKTOPOB.

Torma mapameTpuuecKuil KpUTEepHd WHUIMHUPOBaHUS omepatopom AO B
TpaHCIIopTepe:

Sgmy112 2 7gmy12) vV (Sgmy212 = Timy22)- (5.2)

[NapameTpuyeckuil KpUTEpUil HHULIUUPOBAHKS AKTUBHBIX OTKA30B B XOJIO-
JIIbHO-KoMIipeccopHoM 1exe (XKILI)

G113 2 m13) vV Sz 27 m23) VvV Spi3 2Fms) vV Sz 27ms),  (5.3)

i€ TIepBbIE ABa JIOTHYECKHUX YCIOBHS BhIpaxaroT kpurepuil AO npu Heperna-
MEHTHPOBAaHHBIX AEHCTBHUAX OINEPATOpPa, a BTOPBIE JBA YCIOBUS — ACHCTBHA
HeperiaMEeHTUPOBAaHHBIX ()AKTOPOB TPAHCIIOPTEPA.

IlapameTpudyeCcKuil KpUTEpUNl IOPAXECHMs IEPCOHANA NPEAIPUATUS C
AXOB 3anuiiieM ciieayromum oopa3om:

(Smpr24 Z Fpmpra) VN (Sympz24 2 Fpmpaa) V| (Spmpsoa = Fimpse) v

(Sympi34 = Pympra) v/ empazs = Fimpza) v Simp334 = Vimyza). 5.4
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I'pynma A B ycioBusix (5.4) BepakaeT KPUTEPUI MEXaHUUYECKOTO MOpaKe-
HUS nepcoHana (6apoTpaBMa MM MOPa)KeHHE OCKOJIKaMu); rpynna b — temo-
BOE MOpakeHHE (O’KOTH KOXKM WM JIBIXaTeIbHBIX IMyTei); rpymnna B — xumu-
YeCcKoe IIOpaKeHNE NepCoHaIa.

ITonyTHO 3aMeTUM, 4TO €CIM AESHCTBUS HCTOYHUKOB 2 U 3 POUCXOAST OA-
HOBPEMEHHO M (WJIH) COBMECTHO, TO BRIpakeHHE (5.4) MOXKHO YIPOCTUTH IIy-
TeM anreOpanyecKoro CyMMHPOBAHHUS OHOPOIHBIX BO3AECHCTBUIA.

Hanpuwmep, B rpynme A 3t0:

(Sgmi24 + Spmy134) = Vs (5.5)

Takum 00pa3oM, Ha OCHOBE PE3yJIBTATOB IKCIIEPTHOTO aHAJIM3a CUCTEMBI
«I103 — HeperntaMeHTHPOBaHHbBIE (PAKTOPbI — MEPCOHATI» M TOCTPOSHHUS COO-
CTBEHHOT'O IPOW3BOJHOTO (PAKTOPHOTO MapamMeTpUiecKoro 6asuca 3TOH cucTe-
MBI OBIIM OOOCHOBAHBI M YCTaHOBJIECHBI ()OPMATM30BaHHBIE KPUTEPUH HEKela-
TEJIBHBIX HCXOJI0B, KOTOPHIE BO3HUKAIOT (MOTYT BOSHHUKHYTb) IIPU HEpeTIaMeH-
THUPOBAHHBIX JICHCTBHUAX ONEPATOPOB HPEIIPHATHSL.

5.1.3. MNpeobpa3oBaHue napaMeTpUUECKUX Kputepmes
B byneBy chopmy

He neranusupys moka BUJbI IAPAMETPOB, OMYCTUM 0003HAYCHHSI MHOXKE-
cTBa {m}, ucrmomnbzyemsie B popmymnax (5.2)—(5.4).

CortacHO mpaBMJIaM MMOCTPOEHUs OyineBoro Oasmca, paszgenst 1, 2 [40-42],
kputepun (5.2)—(5.4) 3anuiieM cooTBETCTBEHHO B BHJIE:

=y v x2) =1, (5.6)

Y=y (X113 v Xazv Xz v X223) = 1, (5.7)

Ya= Y1 (X124 v X4 X324 v X134V Xaza v X334) = 1, (5.8)
rae y; — QYHKIUS HHIUKAIWKA HeperTaMeHTHPOBAaHHBIX JIEHCTBUI omeparopa
TpaHCIopTepa.

YcnoBue y, = 1 03Ha4yaeT akTUBHBINA 0TKa3 (MHULIMUPOBAHKE) TPAHCIIOPTE-
pa, ycioBue y; = 1 — cosnanue aBapuu B XKII, a ycinoBue y, = 1 Bblpaxaet
BCE€ BUJbI IOPAKEHUSI IEPCOHATIA.

[Ipryem o4eBMAHO, U 3TO BUAHO M3 rpaduuecKoil cxemsl (puc. 4.3), uro
nopaxenue nepconana XKL or paccmarpuBaemoro Habopa (akTopoB Hpo-
W30UIET NMPH YCIOBHUH JIOTHYECKOTO MTPOU3BEACHUS (DYHKIMHI:

Va=VIA V2 A V3 (5.9)

OueBHIHO, YTO, eciid )= 0 ¥ HE YYUTHIBATH BO3SMOXKHBIC JCHCTBHS (ak-
TOPOB BHEIIHEH cpefbl (M. puc. 4.3), To:
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12=0;13=0;4=0. (5.10)

5.1.4. AHanuTu4eckoe BbipaxeHue
BO3MOXHOCTHbIX MEpP NPOUCLLUECTBUN B CUCTEME

CornacHo mpaBuiiaM Tepexofa oT OyneBoil K HedeTkol (Gopme (yHKIHMU
CBsA3HOCTH, pazaen 3 [40—43], mpeobpasyem dopmyiy (5.8) U, IPUHSAB YCIIOBHE
0 TOM, YTO BO3MOXXHOCTHAasi M€pa HEepEerIaMeHTHPOBaHHBIX JAEHCTBUII oreparo-
pOB KoMmanuu Oosblre Hyist, Hanpumep Pos (y=1) = &, onpenesmm BO3MOX-
HocTHyI0 Mepy (BM) mopaxenust nepconana npeanpustus ¢ AXOB B cie-
JIYIOIIEM BHJE:

Pos (y4=1) = min (max (724, T224, T304, T134, T34, T334), &), (5.11)

r7e, HarpuMep:
1) BM MexaHn4ecKoro MopakeHHsI OTIepaTopoB OT pa3pbiBa OaTIOHA TpPaHC-
noprepa u uucrepusl XKL

m14= min (max (Pos(si24 > 714), Pos(s134 > 714)), &); (5.12)
2) BM xumudeckoro orpasieHus nepcoHaia npeanpusitus ¢ AXOB:
T34= Max (w34, T334)= Min (max (Pos(s304 = 734), POS(5334 2 734), é)l@)
3) BM TermioBoro mopaxxeHus OnepaTopoB:
T24= Max (724, T234)= Min (max (Pos(sa24 = 124), POS(5234 = 724), E) 4)

Crporo roops, hopmyisr (5.10)—(5.14) cpaBeuBEI Ui OAHOTIAPAMET-
pHUYECKHX MOJEINeil U KPUTEpUEeB MpoucIiecTBUs. [IpuMeHeHHEe KOMILIEKCHBIX
MHOT'OMapaMeTPUIECKUX KPUTEPUEB ISl OMUCAHKS U BBISBICHHS MPOUCILIECT-
BUIl U MX MPEANOCHUIOK B CHCTEME JOCTIKMMO, €CIIU HaiJieHbl TpaHulibl (00-
JIACTH JIOMYCTUMbIX 3HaYEHH) KOMILIEKCHBIX [IOKa3aTelieil BOCIPUUMYHBOCTH:

s’

( )m:2tka r(*)nz:3tk}~ (515)

IIpumep HaxoKIEHHUS] TPAHUYHBIX 3HAYEHUH KOMILIEKCHOIO MOKa3aTess
BOCIIPUMMYHMBOCTH MOJIYOIPAaHUYEHHOTO Tejla K TEIIOBOMY BO3AEUCTBUIO MPU-
BEJIEH B 1. 5.3.

)

I mytk = {V( )m:1tka r

5.1.5. Pacuyetr BM B ogHOoOnapameTpuyeckon moagenum
npeanocbINOK NPOUCLLECTBUN

st onmcaHusi BO3MOXKHOCTEH NMPUMEHEHHSI KaK aHAINTHYECKOTO (SBHO-
T0), TaK ¥ HH(POPMALHOHHO-AITOPUTMHYECKOTO CIIOCOOOB pacdeTra IoKa3are-
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JIel pUCKa paccMaTpuBaeMON CUCTEMBI BOCIIONb3YEeMCs ClelyronuM (parmMeH-
TOM aJITOpUTMa Iporpammsl «Bo3mep-2.2» [78, 85, 86].

1. INoaroToBka u (MIr) BBEACHUE C KIABHATYPHl 3HAYEHUH SA€p MapaMeTpoB
6a3uca — 3Hauenuit maccuBoB: V, F, R (cm. puc. 4.1).

2. IlpenBaputensHas oOpaboTka MacCHBOB Oa3uca.
ITony4yenue maccuna:

S:F*V_) STLK:f;[k*vtl’ (5.16)

37Iech 3HaK * — 3HaK aJre0pandeckoro yMHOKEHHSI.
[omyuerne maccuso OV, OF, OR, OS, OB no npasuiy:

OR — (o1, =1 if 1, >0); (5.17)
OS — (os; =1 if s, >0); OB — (0b,, = o1y A0Sy, ). (5.18)

3. O0OpaboTKa UCXOMHBIX JAHHBIX 10 KPUTEPHAM KITaCCH(PHUKALINY.

1 mar: ecmu V = @, To mpucBanBaercs Kiacc Oe3omacHoctu 1, ¢ = 1,
end, naaue

2 mar: eciu OV m OR =@, 1o ¢l = 2, end, uHaue

3 mar: eciu OB = @, To ¢/ = 3, end, uHaue

4 mar: (OB # ©): [IpousBoguTcs 3ampoc O BBEACHUU JOIOJHHUTEIBHBIX
JJAHHBIX B BUJiE 3HaueHui MaccuBos DV=(dv, ), DF=(df,, ), DR=(dr,, ).

3ameuanue. HeobxogumocTs 1. 2, 3 oueBunHa. Eciu pesynbTarhl sSKCTep-
ti3el CTC nonyquHli opMe, MPEeMJIOKEHHOW HaMu M paccMaTpuBaeMoOi
371€Ch, «IIOIIArOBO» O TaTh MO KpuTepwsm, 1. 3, U gokazarb, uro CTC
Oe3omacHa ¢ kiaccoM 0e3omacHoCTy ¢/ < 3, TO mambHEHIIHIA aHaIN3 PUCKa CHC-
TEMbI MOXHO HEC ITPOBOAUTD.

4. BBenenne c knaBuarypsl 3HadeHnit maccusos: DV, DF, DR.

5. Obpabotka maccuBoB Oa3uca S, R ¢ yuetom DV, DF, DR u noxydenue
3HaueHuit maccusa DS o ¢popmyre:

DS = (s )= dsyp. = s *((dvy /vg)* +(fy / fp))*? . (5.19)
6. Pacuer 3HaueHwmit MaccuBa B o ¢opmymne:
B=(by) > by =y +dsy —ry +dry, . (5.20)
Pacuer 3nauenuit maccupa ZB:

ZB = (zby) = zby =1y — Sy - (5.21)
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Pacuer 3nauennii Mmaccusa DSUM:

DSUM = (dsumy;, ) = dsum,y, = dry, +ds, . (5.22)

7. Ilponomkenne oOpabOTKH MCXOMHBIX JAHHBIX MO KPHUTEPHUSAM Kiaccu]wu-
KaLl|H:
5 mar: eciiu B =0, 10 ¢/ = 4, end, unaue:
6 mar: ecmu B # @, To ¢/ = 5 u pacuer 3nauennit maccusos I1l, IIn.

8. Pacuer 3nauenmii maccuBoB IIl, IIn mo dopmymnam (23, 24), a Takxe

puc. 3.10:
Hn = (Hntlk) e d Hnﬂk = exp(_ 4,5 * (belk /dsumtlk )2) . (5.24)
IMonroroBum ucxomueie ganHble B popme npousBoguoro PIIb (Tadm. 5.9).
Bribepem ompenernstonmii mapaMeTp I KaKIOTO U3 pacCMaTpUBACMBIX (hak-
TOPOB (MEXaHWYECCKUH, TETUIOBOM M XMMHYCCKHUI) U BBITUIIEM (OpMaIbHEIC

napametpbl @IIb, cOOTBETCTBEHHO BbIpa)KacéMbl€ UEpE3 CBOM ONPEICIISIOIINM
napameTp. PesynsraTsl ceenem B Tabm. 5.10.

Ta6nuua 5.10

dopmanbHble 1 onpeaensolme napameTphbl

Homep ¢pak- Onpenensoniuii napamer
Toll))a:bt PopmaiLLIe mapamMeTpyl q)alcl")rol:)a " e:l(l) pasMEpHOCTIL
1 V12, V13, 124> S134> 135 714 U3z6bITOuHOE naBienue APy, MIla
2 V22, V235 2235 82345 1235 124 TemoBo¥ NOTOK ¢, M,Z[)K/M2
3 Vi3, 8334, F34 Konuentpamus AXOB n, Mr/m°

C y4eToM JaHHBIX KCIEPTHOTO aHAIN3a IMOTEHLIHAJIBHO ONACHOTO 00BeK-
Ta U ero macnopra Oe3omacHocTH (Tabm. 3.3-3.8), Halimem 3HAYEeHUS XapakTe-
PUCTHK HEUSTKHX (hOPMATHHBIX TApaMETPOB U cBeJeM ux B Tabm. 5.11.

Ta6nuua 5.11

3HayeHMsa xapaKTepUCTUK HEeYEeTKNX hopMarbHbIX MapameTpos,
p — paccTosiHMe OT UCTOYHUKa 40 NpUeMHMKa BO3LENCTBUN

Homep ¢ ¢pakrTopa AbconoTHas
U pa3MepHOCTh DopManbHbIe IapaMeTPbl MOrPelHoCTh (XapaKTepu-
€ro napamerpa CTHKA Pa3MbITOCTH)
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1 via (p) =4 (1 m); 1 (2m); 0,25 @4 m); |2 (1m);0,5(2m); 0,125 (4 m);
APy, MIla 0,1 (6 m); 0,75; 0,5; 0,25;
vis (p)=1,5(1m); 1 (2m); 0,5 0,28, 0,07; 0,01;
(4 m); 0,1 (6 M) 0,51;  0,35; 0,2;
S124 (p) = fi24 X vi2 (p) = 0,4; 0,1; 0,25;
0,025; 0,01; 0,2; 0,02
s134 (p) = f13¢X v13 (p) = 0,75; 0,5;
0,25; 0,05;
ri = 0,5
714 = 0,4 (JIN); 0,04 (6apoTpaBma)
2 v (p) =544 (1 m); 1,34 (2 m); 2,72; 0,67; 0,17; 0,05;
g, MILx/M? 0,34 (4 m); 0,1 (6 m); 5; 4 3 L
v (p) =10 (1 m); 8 (2 m); 6 (4 m); 04; 0,1; 03; 0,007
2 (6 m); 0,7, 0,56; 0,42; 0,14;
5223 (P) =foms X vaa (p) =0,54; 0,134;  |2,5
0,034; 0,01; 0,5;
5234 (p) = f234 X va3 (p) = 15 0,8; 0,6; 0,2;
73 =3,
V4 = 1
3 V33 = 160, 80,
n, Mr/m> §334 = f334 X v33 = 80; 56;
734 =100 (yoymse); 100;
734 =400 (moTepst coO3HAHMS) 100

[onyuennsie B TaOin. 5.11 3Ha4YeHHs MapamMeTpOB WM HMX IOTPEIIHOCTEN
MOXHO MCIOJIB30BAaTh B KAY€CTBC MCXOAHBIX JAaHHBIX JJId MIPOBCACHUSA PACUCTOB
no mporpamme «Bosmepy (MH(DOPMAMOHHO-AITOPUTMHUUYECKHI CHOCO0) MK
IMyTEM MOACTAHOBKU B aHAJIUTUYCCKHUC U Fpa(i)uqecm/le 3aBUCHUMOCTH, OIIMCaH-
HBIC B pa3zienc 3. 37eCh C IMO3UIMH MMOCTPOCHUS 00yYaroIuX MPOrpaMM pac-
CMOTPHUM aHAJIUTHUECKHH CIIOCO0 M 0OCTOATENBCTBA €TI0 TPUMEHEHHS.

JlJis IpUMEHEHMsI aHATUTHICCKUX U TpaUIeCKUX 3aBHCUMOCTEH HE00X0-
JTUMO TIOJTYYHTh TPUBENEHHBIN 3armac 0e30macHOCTH B (DYHKIIUH OT MPOCTpPaH-
CTBCHHBIX, CIICKTPAJILHBIX U (WJIM) BPEMEHHEIX KOOPJIMHAT, a TAKXKE XapaKTepH-
ctuk 3amuThl 1103, dopmynst (5.19)—(5.23). Kpome Toro, BaxkeH BBIOOP KpH-
TEepHUEB UACHTU(PHUKAIUU KIacCOB OE30MACHOCTH U BUJA KPUTEPHS BEBISBICHUS
MPEANOCHIIKH POUCIIECTBU. 3/1eCh MBI OrpaHuunMcs pacueToM BM mpenrio-
CBUIOK MPOUCIICCTBHIA B OJHOMAapaMeTpHUYeCKoi mMomenu, popmyna (5.24). Pe-
3yJIBTATHl PAcCYETOB CBeAEM B TalI. 5.12.
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Tabnuua 5.12

PesynbTaThl pacueta anddepeHumanbHbIX BO3MOXHOCTHbLIX Mep
npoucLlecTBuii (MCxonoB nopaxeHuin) B npegnpusitum ¢ AXOB

Homep ¢ax-
TOpat
U Hcxoaa

@9

IIpuBenenHblii 3anac 0e301aCHOCTH,
zb = (r — s)/(Ar + As)

3HayeHHe BO3MOKHOCTHOM
MepBbl, T,

1
1.1

zb1p3 = 0,2 (1 m); 1,27 (2 m); 1,83 (4 m);

0,998 (1 m); 9-107* (2);
4-107 (4) — mopakenmue
LUCTEPHEI TPAHCIIOPTEPOM,

1.2 |zb1p4=0 (1 m); 1,11 (2 M) — netansueid  |1,0; 0,004 — mopaxkeHue
HCXOJT orepaTopa TpaHCIoPTepa;
1.3 |zb14=0(1Mm); 0(2Mm);0(4m);02(6m) |1; 1; 1; 0,835 (6 m) —
— OapoTpaBma TpaBM. OIIEPaTOPOB TPAHCII.
i XKII;
14 |zb13:=0 (1 m); 0 (2m); 0(4m);0,63(6m)|1;1;1;0,167 (6 M) — mopa-
— GapoTpaBma skeHue oneparopoB XKI]
2
2.1 |zbyps=1,54 (4 M) 2,3 10~ — TemioBoe HHH-
nuupoBanue XKII;
2.2 |zbys=0(1 m); 1,25 (6 m) 1; 9- 10 — TemmoBoe mo-
paxenue omneparopon XKL
3
3.1 |zby34=0,128 — (yayse); 0,928 — xuMuveckoe nopa-
skeHue oneparopos XKII;
3.2 |zbyy = 2,051 — (mOTEpst CO3HAHMS) 6- 10”7 — xummueckoe 1o-

paxenue omneparopon XKL

5.1.6. AHanu3 nony4YeHHbIX Pe3yNbLTaTOB OLEeHKU
cob6cTBEHHOM 6€30NacHOCTU U pUCKa
npeanpuatua c AXOB

Jis monmydeHus MoJHOW (MIIM YCIIOBHO TIOJNIHOW B paMKaX IOCTPOCHHOTO
npousBogHoro ®I1b cucTeMbl) BEpOSITHOCTH OTACIBHOTO BUIA TIOPAKCHUS p,iB
HEOOXOIMMO 3HaYECHHUE BO3MOXKHOCTHOW MEpHI T,, crojiber 3, Tadbm. 5.12, ym-
HOXWTDH Ha TPOM3BENICHIE BEPOSTHOCTH HHUIIMIPOBAHUS & OIEpaTopoM pa3phl-
Ba Ia30BOr0 0ajylOHa TPAHCIIOPTEPa M BEPOATHOCTH TPABIEHMA Tasa pr, U3

OaJIIoHa:

pi’ (i) =m, (t, i) X & X pr,.

(5.25)
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Hanpumep, mis ctpoku (1.2) tabm. 5.12, onuckIBaroIeH JIeTaIbHBIA HCXOT
oneparopa Tpancnoprepa unu XKII, Bepxuss rpanuna BepostHocty JIM ome-
paropa HaiifieHa Kak

P’ =1, (12) < & X prpn =107 (p=1n); 4107 (p=2m).  (5.26)

IIpu 3TOM B3STHI JaHHBIE CTATHCTHYECKOTO aHAJIM3a IMPOUCIICCTBUN U OT-
Ka30B Ha OOBEKTE:

& ~10"* (ancmo HapyIIEeHUN/TON);
pro1 = 107 (BepostHOCTE AO 6anona). (5.27)

BeposiTHOCTH IPYTHX NCXOOB PACCUNUTHIBAIOTCS 110 AHAJIOTHH.

Oyenka unmezpanvbHo2o pucka cucmemvl. O0O03HAYUM MHOXKECTBO 3HaUe-
HUI BEPOATHOCTEH BCEX PACCMOTPEHHBIX HCXOJOB, PACCUMTAHHBEIX MO (hopmy-
nam (5.25), (5.26) u manHBIM Tabm. 5.12, cnemyromum obpasom: P, (T, L) =
tiB
[Toxazarenp HHTETPAIBHOTO PHCKa orpenenum 1o Gopmysme [30]:

3 I[
Ry (TTKBant-P) = 3 z( Pk -uﬁ), (5.28)
t=li=1

IJIe p,° — BEpXHss IPaHHUIA BEPOATHOCTH Hcxoza (1, 1), opmyma (5.25);

u,; — ymep0, HAHOCUMBII CHCTeMe ITPH BOZHUKHOBEHUH ucxona (4, i);

I, — nmepemeHHBI HOMEP KOJIMYECTBA PACCMOTPEHHBIX MCXOIOB IpU AEH-
CTBUH (paKTOpa ¢ HOMEPOM .

Kak crnemyer u3 ¢popmynsl (5.28), moka3arenb HHTETPAIEHOTO PHCKA 3aBH-
CHT KaK OT COMHOXHTeNeil p,° M iy, Tak W OT MOTHOTH AHANA3A CHCTEMBI
(MHOXECTBa (PaKTOPOB M MCXOIOB MOpakeHHsI). Pazymeercs, uem moiHee aHa-
JIM3 U ONHCaHHE TOCIIEIHIX, TEM TOYHEE OLIeHKa PHCKA.

st npuMepa npou3BeeM OLIEHKY MHTETPAIbHOTO PUCKA PACCMOTPEHHOU
CUCTEMBI 110 IMOJYYCHHBIM pPACUCTHBIM JaHHBIM U MPUHATBIM JOIMYHICHUAM,
Tabmn. 5.12, dopmynsr (5.26), (5.27), a Takke MO UMEIOIIUMCS CYOBECKTHBHBIM
olLleHKaM ymiep0a, onuceiBaeMoro MHoxkectBoM U; = (u,;) OTHOCHTENBHO pac-
CMOTPEHHBIX NCXOJI0B IIPOUCIIECTBHUIA.

Crenaem ciemyromye NpeInoiIoKEeHH U 3aMeJaHusl.

1. PaccmarpuBaemslii nepruos BpemMeHu — 1 rog.

2. OxxugaeMblii COBOKYITHBIN yIIepO OT OJHOTO IPOWCIIECTBUS BBIPAXKEH B
MPOT.

3. 3HaueHWe «CTOMMOCTH — YyIIep0a» COBOKYIHOIO JIETaTbHOTO HMCXOIa B
omHoM mpoucirectBur 1o ananmorun ¢ OCAI'O — 2500 MPOT, 3HaueHue
yiep6a OT MOBPEXASHMs 371aHUH M KOHCTPYKIMH paBHO MX OalaHCHOW
crouMoctu. [Ipu 3TOM OlleHOYHBIE JJaHHBIE 110 YIlepOy, BbIPaKEHHbIE B
MPOT, npuBenens B Tadm. 5.13.
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4. Vcxompl MPOUCIIECTBUM MPOSIBIASIOTCS KaK MPOCTEHWIIMNA ITyacCOHOBCKUHN
IOTOK.

Ta6bnuua 5.13

PacyeTHble 1 OLEHOYHbIE AaHHbIE MO BEPOSTHOCTU, BO3MOXHOCTH, yLiepoy,
a TaKkkKe pacyeTHble 3HaYEeHUsI BEPOSTHOCTHOIO Y BO3MOXHOCTHOIO
anddepeHUnanbHOro pucka npUMEHUTENBHO K KaXA0MY UCXOA4Y NPOMUCLIECTBUSA

Homep | 1.2 1.3 14 | 21 “‘2.% 3.1 32
Huexoaa =

pi 10°¢ 10°¢ 10°% 10° [2310"] 910 ™70.92:10°] 610"
Usiy 4 6

MpoT | 10 2500 250 250 10 2500 | 2500 250
T (4, 0) | 0,998 1,0 1,0 1,0 |2310°| 1,0 0,928 | 6107

ru(p), -2 103 104 104 105 106 103 1012
MPOT 10 2,5107 | 2,510 | 2,510 | 2,3-107 | 2,410 | 2,410 | 1,5-10

ry(m), 10°6
MPOT 9980 2500 250 250 23 2500 2400 | 1,510

B pesynbrare nonCcTaHOBKH PAacYeTHBIX M OLIEHOYHBIX JAHHBIX IO yHIepOy
B popmyny (5.28) u, ans cpaBHeHUs, B popmyny (3.92) pazgena 3 momydaem
CIIeOYIOIe 3HAYCHHS BEPOSTHOCTHOIO M BO3MOXXKHOCTHOTO HHTETPAIILHOTO
pucka:

Ry (p) = 0,017 (MPOT); Ry () = 9980 (MPOT). (5.29)

Ou4eBHIHO, TAKOE 3HAUUTEIILHOE PACXOXKAEHHE CBA3aHO C aCHUMIITOTHYE-
CKHM XapaKTepOM BO3MOXXHOCTHOM OLIEHKH, C OFHOM CTOPOHBI, U 3aHIKEHHOU
OLIEHKOM BEPOSTHOCTEN HAPYIIEHUN U OTKA30B yCTPOMCTB — € APYTOM.

5.1.7. BbiBoAabl

Ha ocHoBe naHHBIX (h)aKTOPHOTO MAPaMETPHUYECKOTO aHAIN3a M BBISBICH-
HBIX MPEANOCHIIOK IMPOUCIIECTBUII MPOM3BEICH NPUOIMIKEHHBINH pacyeT IoKa-
3areneil pucka cuctemsl «mpennpusitie ¢ AXOB — HeperiameHTHpOBaHHEIE
(hakTOPBI — CpEACTBa U MEPOIPHUATHS 3aLTUTEI.

Ha mpumepe KOHKpETHOH CHCTEMBI BIIEPBBIC BEHITIONHEH CPaBHUTEIBHBIN
aHAJIN3 BO3MOXKHOCTEH aHAIMTHYECKOTO W HH(OPMAIMOHHO-AITOPUTMHYEC-
KOTO CIIOCOOOB OIIEHKH TOKa3aTeJel pHCKa.

C ToukH 3peHHs co3qaHus 00ydaroel MporpaMMBl, 3TH CIIOCOOBI B3anM-
HO JOTNOJHSIOT APYT Ipyra U MO3BOJISIIOT, C OJHOW CTOPOHBI, BBISIBUTH POJb U
3HAYUMOCTbh UCXOJHbIX NAHHBIX Ha JTallc SKCHepTHOﬁ OLICHKHW U 3HAYUTCIIbHO
YCKOPUTB IIPOLECC BBIYMCIECHUH ITyTEM OPIaHU3ALMU YCIOBHBIX BbIUUCIUTEb-
HBIX IpOUEAyp — C APYTOM.


Swing
Note
2.2
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[Monyuennsle 3Ha4eHUs TUPPEPEHIMAITEHOTO M HHTETPAIILHOTO PUCKa HO-
CAT NPUOIIDKSHHBIA XapaKTep, OJJHAKO ITO3BOJISIOT KOJIMYECTBEHHO 000CHOBATh
MPOBEJCHUE OPraHU3AIMOHHBIX U TEXHUUECKUX MEPONPUATUN 1O MOBBIILIEHUIO
0€30IaCHOCTH B CJIOXKHOM TEXHUYECKOI CUCTEME.

5.2. PakTopHOE nNapameTpuyeckoe
MoaenupoBaHMe U 060CHOBaHUE CUCTEMbI
«MMUTALUOHHO-TPEHaXepPHbIN KOMMNIEKC —
onepartop NoBbILWEHHOro pUCKa»

Beenenne. JIM3 TEXHUYECKOH JOKYMEHTAUH Ha 00pa3Lbl TEXHHUKH, a
TAKOKe aHaJM3 n@emos (hakTopoB, AEHCTBYIOIIMX Ha ONEPaTOpOB MOBBHI-
IIEHHOTO PHUCKA, MO3BOJISIET JKCIIEPTaM BBECTH CUCTEMY BHIA «TEXHHYECKHN
00bekT — pabouas cpena — oneparop» (TOPCO) u s olieHKH U 000CHOBa-
HUSI CBOMCTB OIeparopa MPUMEHUTh METOAOJIOTHI0 (haKTOPHOTO MapameTpuye-
ckoro monenupoBanus [40—42, 85, 86].

Jns onmcanust pabodeld cpenpl, B KOTOPOH ONEpaTop BBINOJNHSET (YHK-
LHOHAJIBHYIO JIeSITEeNbHOCTh, chopmupyem mHOkectBo T = (1, 2, ..., ¢T) BUIOB
(hakTopoB: 1 — MexaHWUYECKHil; 2 — TEIUIOBOH (TEPMOAMHAMHYECKUN); 3 —
AIIEKTPUUYECKUN (IEKTPOMArHUTHBIN); 4 — pagHOaKTHBHBIN; 5 — (HOHOHOBEIA
(peHTTeHOBCKOE W raMMa-H3Iy4deHus1); 6 — onTudeckuil (BOMHBI HH(ppakpac-
HOTO, BUAUMOTO H YIBTPa(HOIETOBOrO M3IyUeHHs ); 7 — XUMHUYECKHH (peak-
UMW TOPEHMsI, BOCCTAHOBJICHHS U JIp.); 8 — Ouonoruueckuii (6akTeproIornye-
ckue, pusnonornueckue peakuuu u ap.); 9 — undopmauronusiii pakrop. Hc-
TOYHUKH BO3IEHCTBUII 3THX BHIOB (DaKTOPOB IPEACTABHM B BHUJIE MHOXECTBA
nomepoB L=(1,2, ..., IL).

B pamkax naHHOW paOOTHI IIPEIIONAraeTcsl, YTO CYIIECTBYIOT HPeOnochli-
Ku OIIMOOK OIepaTopa, NCTOYHUKU BO3AEHCTBUII M UX CBSI3H B CHCTEME, OIH-
CBIBAIOIIME BOBMOXKHOCTh 00pa30BaHMs 3JIEMEHTApHBIX OTKa30B (OLIMOOK oIe-
paropa). Ilox owuokoit onepamopa noHUMaeTCs NOSBJICHHE COCTOSHHUS IICH-
XOJIOTUYECKOTO cTpecca, 00yCIIOBICHHOTO IEPerpy3Koi CeHCOPHOI CHCTEMBI 1
(mn) nHbOPMALIMOHHOM TIeperpy3Koii. [Ipu sToM y omeparopa BpeMeHHO yTpa-
YHBAETCS CIIOCOOHOCTH OCMBICIICHHOM eATeIbHOCTH, HO COXPaHSAIOTCS MOTOD-
HbIE PEaKLUH.


Swing
Note
Заголовок сделать
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5.2.1. NocTtpoeHune pakTopHOro
napameTpu4yeckoro 6asmuca cucTembl
«TeXHUYECKMN 0OBLEKT — paboyas cpeaga — onepaTop»

AHanu3 JesTeNbHOCTH OIEpaTopoB IOBBIIIEHHOTO PHUCKA, K KOTOPBIM
MOYKHO OTHECTH, HallpUMep, aBUAIUCIIETYEPOB U ONEPaTOPOB 0OOPOHHBIX KOM-
TUIEKCOB, TO3BOJISIET MPEACTaBHUTH PSJl UX MPO(ECCHOHANBHO ICUXO(HU3HOIIO-
THYECKHUX Ka4eCTB, HEOOXOJUMBIX JUIS YCIICITHOTO BHIMOJHEHHS (yHKIMOHAIb-
HBIX 00s13aHHOCTEH, B BUJe MHOkecTBa K = (1, 2, ..., kK) cnenyromux xapak-
TEPUCTHK BOCIPUMMYUBOCTH OIEPaTopoB: 1 — mamsaTh (YpOBEHb DPA3BHTHS
JIOJITOBPEMEHHOM, OTIEPAaTUBHOW M IIPOU3BOJIEHON MTaMATH); 2 — MBIIIICHKE; 3
— BHHMaHHE; 4 — (HU3HONIOrHYecKass BEIHOCIUBOCTh CEHCOPHOW CHCTEMBIL: 5
— 3peHue; 6 — ciyX; 7 — YyBCTBUTENBHOCTD K 3amaxaM; 8§ — 4yBCTBUTEINb-
HOCTB K BKycaM; 9 — 4yBCTBUTEJILHOCTh K IPHKOCHOBEHHIO, BUOPALUN.

Bcenencteue Bo3OeHCTBUS HEraTHBHBIX (PAKTOPOB paccMaTpPHBAIOTCS Cle-
JyIOIHe BO3MOXKHBIE IPEANOCHIIKY OINOOK oIeparopa:

® COCTOSIHHE CTpecca BCIEACTBHE (PU3NUECKOTO MEPEyTOMIICHUS (UTUTEIb-
HOE TIPEBBIMICHHE (U3NICCKUX BO3ACHCTBHUI 3HAYCHUI BOCIIPHHMYHBO-
CTH CEHCOPHOW CUCTEMBI);

e nH(OpPMALIMOHHAS TIEPETPY3Ka;

® PE3KOE YXyALIEHHE CaMOTyBCTBUS;

© KOMOMHAINN 3TUX IPEIIOCHUIOK.

B KkauecTBe XapaKTEpUCTUKH BOCHPUMMYHMBOCTH OIEpaTopoM HH(popMa-
IIMOHHOTO TIOTOKAa PacCMaTPUBAIOTCS TICHUXO(MHU3HOJIOTHIECKNE IIPOSBICHUS
(v HenposiBIIEHWsI) BHUMaHMSI B CEHCOPHBIX Ipolieccax. YcTaHoBieHO [87],
YTO Ha BHUMaHHE U 3PQEeKT NeHCTBUS oreparopa MOBBIIIEHHOTO PHCKa OKa3bl-
BAalOT BIMSHHE KaK MH()OPMANMOHHBEIA (pakTop, Tak W (husmdeckue (PakTopsI
paboueit cpempl.

B kagectBe WHPOPMAITMOHHOTO (haKTOpa paccMaTPUBAETCS OOIINI MTOTOK
nHpopManuu (peneBaHTHON U MPPENIeBAHTHOW), MMOJIy4aeMblil OIepaTopoM o
CEHCOpPHBIM KaHajlaM. B kadyecTBe KONMYECTBEHHBIX XapaKTEPHCTHK IIOTOKA
MHGOPMAUK TPHHUMAIOTCA: 00IIee KOIMYEeCTBO JSIIEMEHTApPHBIX HOCHTeNeH
nH}opMaluK B CUTyalMy (KOJIMYECTBO TPaHCIAPAaHTOB Ha Ta0JI0, KOJINYECTBO
OHUT B COOOLICHUH, KOJIMUECTBO Pa3JIMYalOIIUXCS CUTHAJIOB, KOJMYECTBO 3ara-
XOB) M 4acTOTa UX CMEHbI. B paborax [86, 87] ycTaHOBJIEHO, YTO BO3JCHCTBHUE
nH(OPMALMOHHON Harpy3KH Ha OIlepaTtopa MOXKET OBITh NPENICTABICHO B BUJIE
AJJUTUBHOM COCTABIISIONICH 10 KaXKIOMy U3 KaHAJIOB CEHCOPHOM CHCTEMBI.

Amnanus pa6or [38, 41, 78, 79] nokazai, 4To BCce pacCMaTpUBACMEIC OIIN0-
K{ U NIPOHMCHIECTBHS B CHCTEME «TEXHHYECKHH 00BEKT — pabouast cpema —
OTIepaTop» MOXKHO OJHO3HAYHO BBIPA3UTHh HAa OCHOBE JIMHTBHUCTHYECKOH (op-
MYJIBI «BO3JEHCTBHE — OCJIA0NIeHNE WM HCKIIOYEHHE BHUIOB (HaKTOPOB —
BOCIIPHUMYHUBOCTH OCTaBIIUXCS BUIOB — OIINOKA OIIepaTopay.
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B pasButue 3TOro mojxojaa, Ha OCHOBE 1) M3BECTHBIX XapaKTEPUCTHUK pa-
Ooueil cpenbl, 2) MaccorabapuUTHBIX M (U3MKO-XUMHYECKHX XapaKTEPUCTHK
TEXHUYECKHX 00BEKTOB, 3) CpEIHUX 3HAYEHUH XapaKTePHCTHK BOCHPUUMYHBO-
CTH OIleparopa, MOoJydYaeMbIX IO JaHHBIM IpodeccrorpaduuecKoro uccieno-
BaHU, ObIIa MOCTPOEHA cXxeMa (PaKTOPHBIX CBS3eH MCTOYHHKOB M MPUEMHHUKOB
Bo3aeHcTBH (puc. 5.1).

[IpuBenenHas cxema WITIOCTPUPYET XapaKTep BIMSHUSA | ICTOYHUKA BO3-
neiictBus (BuIa (axkropa paboueil cpenbl) Ha j NCUXO(U3UOIOTHUECKYIO Xa-
pakTepucTuKy (Ha cxeme rpaduueckd 0003HAYAETCS MHOMKECTBO BO3MOXKHBIX
KOMOMHAIMIA BO3JeicTBUI BHIOB ()aKTOPOB Ha oreparopa) B BHIE IYT OT i
WCTOYHHWKA K j npueMHUKY. [Ipuuem B ciydyae KOMOMHMPOBAHHOTO BIWSTHUS HA
CXeMe 3TO MOXKET OTOOpaKaTbCsi B BUAE JOMOJHUTENBEHOTO TICEBIOMCTOYHHKA
BO3/IEUCTBHS, OOBEAMHSIOMIETO X; M X+, BO3AeicTBus, Hampumep X1X2,
puc. 5.1.

C ToYKM 3peHns] BO3MOXHOCTH BO3HUKHOBeHUs omnbok B TOPCO Benen-
CTBHE TIEPErpy3KH j aHAIN3aTopa CEHCOPHOW CHUCTEMBI OIepaTopa MOoJTy4YeHHAs
cXeMa TIO3BOJIIET PAaH)KUPOBATh 10 3HAYUMOCTH KXKIYI0 M3 y; KOMOWHAITHA
BO3IAEUCTBUH.

IIpu 3ToM mormdeckas hopma GyHKIIH CBSI3HOCTH OIIHUOOK Oreparopa OT
HEJIOMYCTHMBIX BO3JeHCTBUI (hakTOpPOB paboueit cpebl @T BUJ:

Y=Y1vY2vY3=XlvXIX2vX3," (5.30)
e (puc. 5.1)@
Y1=X1; Y2=X1X2; Y3=X3@
MHOXECTBO MHOXECTBO
BUIOB BUJOB
BO3IEMCTBUUA BOCIIPUUMUYUBOCTHU

NCTOYHHUK

BO3MEMCTBUSI Y3

MCUXOPU3NOJIOTUYECKAS
XAPAKTEPUCTUKA
OITEPATOPA
WMCTOYHUK
BO3AENCTBUAA Yl


Swing
Note
с учетом графической связности, рис. 5.1, 

Swing
Note
убрать

Swing
Note
убрать
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Puc. 5.1. CTpykTypHasa cxema BnuMsiHUA hakTopoB pabouer cpeabl Ha NCUXO-
chmsnonornyeckne xapakTepucTmku onepartopa

Kak nokaszan aHann3 croco0OB NpeJCTaBlIeHHs] CBOMCTB JIMYHOCTH YeJIO-
BEKa-0IepaTopa, XapakTePUCTUKN BOCIPHUAMYHUBOCTH CCHCOPHOW M TCHXO(U-
3HOJIOTHYECKON CUCTEM OIeparopa K JCHCTBUIO KaKI0To BUAa (PaKTOPOB Iieje-
co00pa3HO BBIpaKaTh B BHJE HEYETKUX MapaMeTpoB R Ha MHOKecTBE A, TIE
M. (1) — OyHKIMSA NPUHAIUISKHOCTH, a A — HOCHTEb HEYETKOI'0 MHOXKECTBA

R. Ipu s1oM [4, 5] B kauecTBe DYHKIMH IPUHANEKHOCTH BRIOHPAIOTCS DyHK-
uust [aycca, TpaneuueBuaHas Wi TPEyroibHas QyHKIHH.

Ha ocHoBe akcniepTHOrO aHaian3a MHOkecTBa K XxapakTepucTHK BOCHpH-
MMYHUBOCTH OTIepaTopa K BO3JCHCTBHIO YUUThIBaeMbIX (hakTropoB MHOKecTBa T,
(hopMupyeTCcsi MHOXKECTBO BHJIOB MPOW3BOAHBIX mapameTpoB, M = (m = 1 —
temneparypa t, °C; m = 2 — Te1oBoi oTox ¢, BT - M HT ).

B cooTBeTcTBUM C OMpeNeieHHONW CXeMOH CBsi3eil BUIOB (pakTopoB pado-
4el Cpe/ibl U XapaKTEepUCTUK BOCIIPUUMUYHUBOCTH OIEpPaTopa K MX BO3IAEHCTBUIO
dopmupyrorcs maoxkecTBa V u R (Tadmn. 5.14, 5.15) B cieayromnieM Buze:

V = (Vjy), THE Vv — 3aBUCSIIMNA OT BpEMEHH HEUYETKUH ¢ QyHKUMel npu-

Ha/IJISKHOCTH 4 , (A) TapamMeTp m BHUIA, IPEICTABILIIONHN (akTop ¢ BUAA,

JIEUCTBYIOIIETO OT / HICTOUHHKA;

R = (r4), TOE ¥ — 3aBHCAMMN OT BpeMEHH HEYETKUH ¢ (QyHKuuei mpu-

HA/IJISKHOCTH U , (1) mapaMeTp m BHUIA, PENCTABIIONMN (HaKTOp ¢ BUAA,

KOTOPBIN BOCIIPHHUMAET k BHJ| CEHCOpa OIepaTopa.

Tabnuua 5.14 Tabnuua 5.15
\% A .. L, R k .. k,
t Vi1 Vi t Ry Tk
1y Vil Vi Iy T ik

[TycTh M3BeCTHBI 3alUTHBIE (QYHKIIMKM KOHCTPYKIHMU W CPEICTB Oe3orac-
HOCTH TEXHHYECKOW CHCTEMBI, KOTOPbIE B O0ILEM CIIydae OIHMCAHbI HEYETKO M3-
3a HaJIMYMS TOTPEUIHOCTEl B MX omnpeaereHrH. MHOXECTBO HEUeTKUX (yHK-
LM ocabieHns Py nepeiade pa3IMyHbIX BUOB BO3IEHCTBUH OT HCTOYHUKOB
HEIOCPeJICTBEHHO K oreparopy 3anaercs B Bune: F = (f,,), Tne f — HeueTkoe
3HayeHue ko3 ¢uunenrta ociadbnenus, f € [0,1], onucannoro ¢yHKuMEH npu-
Hajule)kHOCTH 1, (v) €[0,1] mapamerpa m Buja, IPEICTABISIOICIO ! BUI Ma-

TepHaIbHOTO (haKTOpa, AEUCTBYIOMIETO OT /-TO MCTOYHHKA HA k BHI CEHcopa
oreparopa.
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Ha ocHoBe 00beqrHEHUS BBEJACHHBIX MHOKECTB BHJIOB BO3IeHCTBUN (hak-
TOPOB pabodell cpepl, BOCIPUIMYUBOCTH OIEparopa, XapaKTepUCTHK OcIad-
JICHUS WM YCUIICHUS BIHMSHUS (PaKTOPOB CPEIbl HAa OMEpaTopa, a TaKXkKe JIOTH-
YEeCKUX (DYHKIUH CBSI3HOCTH MOCTPOCHA MHOXKECTBEHHAS MOJICIb MPEATIOCHUIOK
BO3HUKHOBEHHSI OIIUOKK OIeparopa B BUIE (PAKMOPHO20 NAPAMEMPUUECKO20
basuca (PI1B):

@B ={V,F,R, T,L, K, M, Y}. (5.31)

5.2.2. O60oCHOBaHMe NPUMEHEHUSA U OLeHKa
3¢ heKTMBHOCTM OOYy4eHUsA onepaTopoB
B CUCTEME KMMUTALMOHHO-TPEHaXEePHbIN
KOMMJIeKC — onepaTop NOBbILWEHHOro pUcka»

Beenennsiii ®I1b (5.31) mo3BonseT NOCTaBUTh 3aady OLEHKA M 00O0CHO-
BaHUS YPPEKTUBHOCTH O0yUEHHS OIEPaTOPOB MMOBBHIIIEHHOTO PHICKAa Ha OCHOBE
MPUMEHEHHSI UMUTAIMOHHOTO TpeHakepHoro Komruiekca (UTK).

B xauectBe mapameTpoB MMHUTAaUUHU Bo3AekcTBUN Ha oneparopa B UTK
OTIpeieNieHs! cieaytomue (puc. 5.2):

1) s TeruoBoro ¢akropa — TeMIIeparypa Bo31yXa;

2) Ui ONTHUYECKOro (pakTopa — KOJIMYECTBO OJHOBPEMEHHO KOHTPOIIUpYE-
MBIX OOBCKTOB;

3) st 3BYKOBOTO (haKTOpa — 3BYKOBOC JIABJICHHE;

4) st BUOpaui — WHTEHCUBHOCTH KOJIEOAHUH, MPOJOKUTEIHHOCTD KOJe-
GaHui;

5) mast mHpOpMaIMOHHOTO (hakTopa — 00BeM HH(OPMAIMHU, MPEIbSBIISLC-
MBII ONEpPaToOpoM IMOCPENCTBOM HH(OPMAIMOHHBIX 3JIEMEHTOB 3a 1 ce-
KyHIy, TIoJIarasi, 4To Kakjoe MH(QOPMAaIOHHOE COOOIEHHE HeceT B cebe
o0beM nHdopManuy paBHbIN 1 OanTy.

B kauecTBe napamMeTpoB BOCIPUUMYHUBOCTH OIIEPATOPa MPUHSITHI:

e yCpeaHEHHbIE (U3HOJIOTMYECKHE XapaKTEPUCTHKU BOCHPUHUMYHBOCTH

CEHCOPHOI CHCTEMBI OrepaTopa K BO3JIeHCTBHIO (QU3HMUECKUX (PaKTOpPOB;

o ICUX0(M3NOIOTNYECKas XapaKTepUCTUKa BHUMAHUs OIepaTropa I10 JlaH-

HBIM NPO(eCCHOrPaMMBI.

CchopMHpoBaHO MHOXKECTBO BHJIOB IPOM3BOJIHBIX MApaMETPOB BO3IEHCT-
Buii: M = (m = 1 — temneparypa ¢, °C; m = 2 — TEIIOBOH HOTOK ¢, KBT- M2
m = 3 — ApPKOCTb 00BEKTA L, JIK; M = 4 — KOJIMYECTBO Pa3TUINMBIX OOBEKTOB
n, WT; m = 5 — 3ByKOBOE JaBJIEHHE ®, n1b; m = 6 — JUINTEIBHOCTS T, C; M =
7 — obwvem uHpopManuu V, k0; m = § — BpeMs MO3ULIHNOHUPOBaHUA T, C).

[To anamoruu ¢ paccCMOTPEHHOW BBINIE METONMKON MOCTPOEHHs OOuIen
cxeMbl (aktopubix cBsizeit B cucreme TOPCO (puc. 5.1), OTHOCHTENBHO BBI-
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OpanHbIX Tpennocsuiok omubok omneparopa B UTK nocrpoena rpaduyeckas
MOJENb BIUSHHS TIapaMeTpoB paboueil cpesibl Ha MCMXO(QHU3NOIOINIECKUE Xa-
pakrepuctuku (IIOX) cencopHoil cucremsl omeparopa (puc. 5.2). [Ipu 3Ttom
YCT@HOBJICHB! M PAaH)XXUPOBAaHBI BUIBI (PAKTOPOB M MX KOMOWHALIMH, a TaKXKe
MOJNy4YeHa JIoTH4ecKas ¢opma (YHKIUH CBSI3HOCTH MPEANOCHUIOK OIIHOKH
oreparopa OT MCTOYHHUKOB BO3JCHCTBHH M XapaKTEPUCTHK NPHEMHUKOB BO3-
NeficTBUH (CEHCOPHOI CHCTEMEI OTIepaTopa):

Y=Y1vY2vY3vY4, (5.32)
rae:

Y1=X1vXIX2vX1X3v X3X1v X1X4v XIX2X3X4 v X1X2X3 v X2X3X4;
Y2 =XIX2v X2 v X4X2 v X4X3;

Y3 =XI1X3v XIX3X4 v X3X4;

Y4 =X5v X1X5;

B pesynsrare moncranoBku pyskmmid Y1...Y4 B Beipaxenue (5.32) momy-
YUM:

Y=X1v X1X2v X1X3v X3X1v X1X4v X1X2X3X4v X1X2X3v
v X2X3X4v X1X2 v X2X4v X2v X4X3v X1X3v X1X3X4v X3X4v
v X5v X1X5. (5.33)

Juis BEIOpaHHBIX MapaMeTpoB (aKTOpoB pabodei cpensl Ha OCHOBE aHa-
Ju3a TAMOBOM mHCTpYKIuH i oneparopoB (TOU P01-00-01-96) u canutap-
HO-3THMJEMHOJIOTHYECKAX HOPM K pabouemy mecty omeparopa (CanlluH
2.2.2.542-96) nnsa pacueToB OBUIM B3AThl UX MPEIEIBHO JOMyCTUMBIE U OpUEH-
THUPOBOYHO-0€3011aCHBIE 3HAYCHUSL.
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Puc. 5.2. CtpykTypHasa cxema (haKTOPHbIX CBfi3eM y4yeTa BnUsiHUA ¢akTopoB
pabouen cpeabl Ha ncuxoduanonornyeckue xapakTepucTMKU onepartopa

ONOCNONORO:

Ha ocHOBe MpOBEIEHHOTO aHAJKM3a JIOTHKO-JIMHIBUCTUYECKON MOJICITH BU-
JIOB M XapaKTePUCTHK BO3ICHCTBUI Cpe/ibl Ha XapaKTEPUCTUKHU oreparopa Obl-
JIM TIOJTYYEHBI CIIEAYIOIIe MHOXKECTBA [TPOU3BOIHOTO (PAKTOPHOTO MapaMeTpu-
geckoro 6asuca cucteMbl «UTK — omeparop» (Tabin. 5.16):

Tabnuua 5.16

3Ha4yeHnsa MHOXeCTB NPON3BOAHOro PakToOpHOro napameTpuyeckoro 6asmca
cucrembl «MITK — onepatop»

v
| 1704 | 115035 | 6304 | 0403 | 0802 |
R
| 3106 | 4308 | 8508 | 1204 | 3508 |
F
1 1 1 I 1
0.8 1 0,5 0,5

0,8 1 1
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st BapnanTa camMoii HeOIaronpusTHOW KOMOMHAMKM ONIMOOK oreparopa
TIpHU BO3IEHCTBUU BBIOpaHHBIX (haKTOPOB paboueit cpenmsl HedeTkas Gopma Jio-
TUgeckor QyHKINH cB3HOCTH (5.33) nMmeer BUA:

n(y) = max(n(yl), n()2), ©(y3), 1(34)), (5.34)
e

n(y1) = max(x1, min(x1, x2), min(x1, x3), min(x1, x4), min(x1, x2, x3, x4),
min(x1, x2, x3), min(x2, x3, x4));

(y2) = max(min(x1, x2), x2, min(x4, x2), min(x4, x3));

n(y3) = max(min(x1, x3), min(x1, x3, x4), min(x3, x4));

n(y4) = max(x5, min(x5, x1)).

B pesynbrare moncTaHOBKM MCXOAHBIX AAaHHBIX Tabil. 5.16 B mporpammy
pacuera «Bo3mep» [2] Obl1 ipon3BesieH pacyeT BO3ZMOKHOCTHOM Mephl IIPOHC-
mectBus B UTK B 3aBUCUMOCTH OT NCUXO(MU3NOIOTHYSCKOHN Meperpy3Ku ore-
paropa.  [lomydeHHoe  3Ha4eHHE  BO3MOXKHOCTHOH  MEphl  OIIMOKH
(Pos(y) =0,013) cBumeTenbCTByeT O IOIyCTUMOCTH WMHUTAIMHA BBIOPAHHBIX
BUIOB (DaKTOPHBIX BO3/IEHCTBHH C 3alaHHBIMH XapaKTEPHCTHKAMH B UMHTAIH-
OHHOM TPEHAXXEPHOM KOMILIEKCE, MOCKOIbKY Mepa Oe30MMO0UHBIX NeHCTBUN
oreparopa

D =1 - Pos(y) = 0,987; D> Dy, =0.51. (5.35)

5.2.3. 3aknmoyeHue

Takum oOpa3om, mpoBefieHa anpodarnus MeTona (HakTOPHOTO IapaMeTpH-
YEeCKOT0 MOJEIMPOBAHMS MPEANIOCHUIOK MOSBICHHS OIIMOOK Oreparopa HOBbI-
IICHHOTO PHCKA B CUCTEME «TEXHHUYECKUIl 00beKT — padodas cpexa — onepa-
TOP» ¥ HPOAEMOHCTPUPOBAHBI BOSMOXKHOCTH HNPUMEHEHHS CHCTEMBl «HMHTA-
IIUOHHO-TPEHAXKEPHBIH KOMIUIEKC — OIIEpaTop HOBBILIEHHOTO PHCKa» UL
00y4eHns1 oTmepaTopoB C OLEHKOH ypoBHA 3¢ ¢exTuBHOCTH. [Ipn 3TOM pacuer
BO3MOXXHOCTHOW MeEpbI TMPEANOCHUIOK OIIMOOK oOlleparopa, OCHOBAaHHBIA Ha
yueTe (aKTOPHBIX CBSI3€i M CTENEHU BIUSHHS MapaMeTpoB (akTopoB padoueit
cpesbl Ha NMCHXO(H3NOJIOTUYECKUE XapaKTEPUCTUKK OIepaTropa, MOXKET ObITh
NIPOBEZIEH JaXKe B YCJIOBHSX HETOJHOTHI M HETOYHOCTH JIAHHBIX O XapakTepH-
CTHKaX KOMIIOHEHTOB CHCTEMBl «HMMHTAlMOHHO-TPEHa)KEPHBIH KOMIUIEKC —
OTIEPaTop MOBHIILICHHOTO PHCKaY.
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5.3. MHXeHepHaa MeToauKa onpeaeneHus
¢yHKUMI npeoOpa3oBaHUA TENOBOro
BO34EeNCTBUSA B KOHCTPYKLMU OOBbEKTa

5.3.1. MNocTtaHoOBKa 3agauun

1. Cooepocamenvroe onucanue onacHocmu ananuzupyemou cucmemvlt. OT-
HOCHTENBEHO caMoro HexxenarenbHoro mcxoma (CHU) aBapuiinHOl cutya-
MU — TOopeHus U B3pbiBa roprodero marepuaia IIBCT B 3amade paccmar-
puBaeTcsi 00bEKT, MPEACTABISIOINN noryoepanuuennoe meno. C no3uyn
BO3MOXXHOCTH ITOIBOJIA TETIJIOBOTO BO3JEHCTBUS OT BHEILIHETO MCTOYHHKA,
HalpuMep OT odara rnoxkapa, aHaJIM3UpyeTCsl KOHCTPYKIUS U TeIUIo3aIuTa
KaK 0OBEKTa, TaK U €ro NOTEHIMAIBLHO OMACHBIX 3J1eMeHTOB. OLeHnBaeTCs
BocripuuMurBocTh 110D u nponsBoauTcst ux Hymepauus. [Tpuuem kputh-
yeckomy IIOD mpucBauBaercss MOCIEOHUN HOMEp. AHATU3UPYHOTCS BO3-
MO)KHBIE ITapa3UTHBIE CBSI3H, KOTOPBIE MOTYT UMETh MecTo Mexay 10D B
o0bekTe. OnpenensioTcst 3HaYSHUSI KOHCTPYKTHBHBIX, TEIIOQU3HUIECKUX U
(PM3UKO-XMMHUUYECKHX MapaMETPOB BO3IEHCTBYIOINX (PakTOpPOB M ompene-
JISIFOTCS 3HAUCHMS TTapaMeTpoB BocnpuuMurBoct [100.

2. DopmanvHoe MHONCECMBEHHO-NAPAMEMPUYECKOe ONUCAHUE CUCTEMbL.

Ha ocnoBe npunsaToro (pasaen 1) MHOXECTBEHHO-IIAPAMETPHUYECKOTO Mpel-
CTaBJIEHUsI CUCTEMBbI 3aIIMChIBAIOTCSI MHOXKECTBA:

R 5 (OR®,0R'); V¢ 5 (OV®,0V°); F*
. o (5.36)
V! o (0V',0V'); OM,;0T;;0N;;

npudem OT = (¢ = 2), Tne ¢ = 2 — HOMEp TEIIOBOTO (haKTOPa;

OM,= (T, ¢, 1), rne T — temneparypa (K), ¢ — terioBoii motok (Br/m?),
T— JIUIUTENBHOCTH mpoiiecca (C);

ON; — ymopsiioueHHOe MHOXECTBO NpoHyMepoBaHHbIX [103, £k = 1, 2,
..., N ON,

rae N — Homep kputudeckoro 1103;

OV®=OR c OM, OV®=OR c OT. (5.37)

OrmerumM, yto MHOXkecTBa R, V' > OV' © OV' 10/mKHEl OBITh ONKCAHBI
BILIOTH JIO Ka)KJIOTO BBIJEJIEHHOTO IEMEHTA!

R=(¥=20); Vi:(vimtlk)- (5.38)
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3ajaya UMeeT CMBICII, €CIM M3BECTHO 3HAUYEHHE MapamMeTpa BOCIPUUMYH-
BOCTH K BHeUIHeMy, [ = 0, TerioBoMy aktopy xotst Obl 1u1st ogHoro [103, m €
OMli

{3m e OM, A3k €ON, >, 5, =det} (5.39)

Oxcnepmusa cobcmeentotl onacHocmu obvekma. B ciaydae, ecnu ycioBue
(5.39) BeIMONHSETCS, TO TMPOU3BOAUTCS (hopMabHAsl IKCIIEPTH3a COOCTBEHHOU
onacHocTu. B pesynbprare KoTopoii:

1) dopmymupyercs BBIBOI O HAIWYHU WK OTCYTCTBHUH COOCTBEHHOM OMacHo-
CTH O0BEKTA;

2) onpenenstorcs Homepa 110D — nmoTeHInaTbHBIX HCTOYHUKOB BTOPUYHBIX
(haxTOpOB, a TaK)Xe BUBI OMACHBIX (DAKTOPOB M BHIBI APAMETPOB 3TUX
(hakTopoB.

Obwaa gopmyrupoexa 3a0ayu. OTHOCUTEIHHO aKTHBHOTO OTKa3a KPHUTH-
geckoro I10D (k = N) Tpebyercst onpenenuts GyHKIMH peodpazoBanus F° (1 =
2, k = N) mapametpos, m € OM;, BHEITHETO TEIJIOBOTO (pakTOpa M HA MX OCHO-
BE OIIEHHTh KPUTHUECKHE 3HAYEHHUs napaMeTpoB T'; ¢'; 7 BHENIHETO TEIIoBOTo
BO3/ICUCTBHS.

5.3.2. O6GWMM anropuTM peLLleHus 3agaun u ero anpobauus

1. IIpowsBoaMTCS OMHUCAHUE PUIUUECKUX NPOYeCCcO8, OTPEACTIIOMNX TETII0-
BOH (hakTop, B BUIE noast memnepamyp T(7 , t) ¥ noist meniogoeo nomoxa
q(7 ,t), Tne ¥ — pannyc-BeKTOp, XapaKTepPU3YIOIUNA MPOCTPAHCTBEHHOE
pacripezienieHre TeKyIero npolecca, { — BpeMsl.

2. OcyliecTBISIETCS NPOCMPAHCIMBEHHOE ONUCAHUe CUCTEMBI «IOJS TeIlIo-
Boro Bo3neiictBus — [10D oObekTa». B 00bekTe BhIOMpacTCs U 000CHO-
BBIBACTCSl TCOMETPUYECKast MOJICIb TEILIONEPEayd U CUCTEMa KOOPIUHAT
OTHOCHUTENBHO KpuTHueckoro [103.

3. OOOCHOBBIBAIOTCS M OTIUCHIBAIOTCS Kpaegble YCa08Us 3a0a4U.

Jist oMTHOMEpHOH TeruIonepenadi KpacBbie YCIOBUS HMEIOT BH/I;

T(x, t=0)=T,, q (x=0, t) =q,, mpu t>0; (5.40)
T(x, t=0)=T, ¢q (x,t=0)=0, npu x>0,

IJe X — TPaJgueHTHAas KOOPIUHATA; 1o ¢or — TEMIIEpaTypa M TEIJIOBOI MOTOK
oyara (BHEIIHEro NCTOYHHKA).

4. OGOCHOBaHHE U ONUCAHUE Kpumepuesd uHuyuuposanus (TOmKIuTra u (1im)

B3pbIBa Matepuana) [103D obbekra. M3 m3BecTHBIX KpuTepues [14, 30, 61,

73, 74] nast OLIEHKU BBIOMpAETCS TEMIIEPaTypHbIl KpUTEPUH HHUIUHPOBaA-

Hus [30, 74], xoTopelit mmOCTpUpyercs Ha puc. 5.3. IlpuHumaercs, 4To
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npu T = T; npoucxonut BCIBILLIKA U TOpeHue Marepuana, npu T = T, —
B3pbIB roprodero (BB) [103, npuuem:

To<T\<T><T,, (5.41)

e

5. AHanmu3 @husuueckux seieHull 3a0auy W TIOCTPOCHHUE MAMeMamuyecKux
Mmooenetl.

dusndeckas KapTHHA TEIUIONEPENadn pacCMaTpHBAeTCS B MOJIENH HHEp-
nuoHHOTO ciost [35]. Ilpuuem cHavana paccMaTpuBaeTcs HENPHUHYIUTEIbHBIH,
a 3aTeM PeryJApHBIA Pa3orpeB B BUAE ABIKCHUS TEIUIOBOH BOJHBI, KOTOPBIH
IIPOUCXOIMT I10 KOOPAUHATE X, pUC 5.4.

R,

[
 E—

Pa 54—


Swing
Note
Схема действия теплового потока на ПОЭ, где 1 - защита, 2 - горючий материал (а) и температурный критерий инициирования, соответственно слева направо температуры: начальная, горения и взрыва  

Swing
Note
Эквивалентная цепь теплопередачи 
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TeMnepaTypHoe Mojie UMEET I'PaJAueHT B MHEPIMOHHOM CJIO€, B KOTOPOM
ueT NOMIOIIEHHE TEIIa, OMUChIBAEMOE OJHOMEPHBIM YPAaBHEHHEM TEILIONpPO-
BOJHOCTH:

or . oT?
Cp—=1—". 5.42
P e (5.42)

[IpuHKMaeTcs, YTO TEIUIOBAasl BOJIHA PACIIPOCTPAHSETCS MPEUMYIECTBEH-
HO TI0 KaHaJy (MaTepraity) ¢ MaKCUMAaibHOU MenionpogooHocmoio A. Jlns pac-
yera ko3 uimenTa nepeaadn K; SHEPruy TEIUIOBOTO MOTOKA, MTOJBOAUMOIO K I
YYacTKy Tela, IPUMEHSIETCS METOJI SKBUBAJICHTHBIX TEIUIOBBIX memeit [35]:

, (5.43)

AS; .
e Y, =——- — WHTerpajgbHas MPOBOAMMOCTh y4YacTKa i, Y KOTOporo A; —

K03 (HUIHEHT TEIUIONMPOBOIHOCTH, S; — IUIOIA/(h TOTIEPEYHOTO CCUCHUS, [; —
JUTMHA y4acTka (ciosi); [; — oOriee 4rcio mapajielibHbIX YYaCTKOB TEILIONe-
penadu.

B xaxio#i mapajyuieNnsHON LENW UTHTEIEHOCTh HarpeBa ONpeieiseTcs Ha
ocHOBaHMHU KputepueB bruo n @yphe Mo pacnpeneeHuto TeMIepaTypHOTO OIS
B 00BEMHOW CIOUCTOH cpele, XapaKTepU3yeMOl TeMIIepaTypOIpOBOIHOCTEHIO
yuactka uenu a;= [/(C,p;), tne C; — yaenpHas lViTeHJIOHpoeMHOCT ILIOT-
HOCTB BEIIEeCTBAa YJIacTKa. ET

MHTEeHCHBHOCTD MPOXOAMMOTO TEIUIOBOTO MOTOKA B IIEIH, COCTOSINEH U3
MOCIIEIOBATENIFHBIX YYACTKOB, OIPENENAeTCsl €€ HMHTErPaJbHONH MPOBOAMMO-

AS . . .
cThIO Y :T ¥ KOJIMYECTBOM IOIVIOIMAEMON (aKKyMyJIMPOBaHHON) TEIUIOBOH

SHEPTHH B TEKyLIeM cedeHuu ciosi g(x) = x C p AT.

B nanHOM THHE 3a/1a4 BBITOMHIETCS CIEAYIOIIEE COOTHOIICHHWE TOJIIH-
HBI O TEPMUUYECKOTO TIPOTpeBa U JJIMHBI / y4acTka: O << /.

DTO O3HAyYaeT, 4YTO TEIUIOBAs BOJNHA MOAOHAET K Kputuaeckomy 10D mo
MYTH, XapaKTepU3yeMoMy KOOPAWHATOH X; 4epe3 HEKOTOpPOEe BpeMs C Hadaia

mponecca, OUCHUBAEMOE MJIIMTCIIBHOCTBIO T]*( . Torma Ha pacCTOAHNU TOJIIINU-

HBI O TIPOTPEBa BO (PPOHTE TEIIOBOH BOIHEI CIIPABEAINBEI COOTHOIICHHUS:
*
TI:O,k = T(xk ’Tk ) 5 (544)
*
9i=0k = qnoexzi(xk Tk ) . (545)
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B npunateix pomyuieHusix 3aBucumoctu (5.44), (5.45) ompeaensor mo-
CJIE/I0BATEIbHBIN TEIIOBOH IPOIPEB YUACTKOB C YUETOM YCIOBHUS ¢romsi = Jnoric

Takum 00pa3oMm, ITpyU W3BECTHOM TEMIIEpaTYpPHOM HapaMmeTpe BOCIPUUM-
4HMBOCTH KpUTHUECKOro 110D (112 = T'¢) M IpU d0noTHUMENbHO OTPEIETIEMOM
DHEPreTHYECKOM TMOPOre MHHUIMHPOBAHMS €r0 Marepuaia, 1aBacMOM B BHJIE
BTOPOrO NapaMeTpa BOCTPHIMTHBOCTH (22 = q %), 33/19a CBOIUTCS K HAXOXK-
JICHHIO OTUMENbHOCMI T YCTAHOBJIGHUS PACIpe/Ie/IeHNs TEMIIEPaTypHOro I1o-
15t 7(x,T) ¥ TUIOTHOCTH TETJIOBOTO MOTOKa ¢(X,T) B TOYKE C KOOPAMHATOM, paB-
HOU X = Xj, C TlOCI€e008amenbHbiM (102uyeckoe npouszsedeHue) BHITIOTHEHUEM
YCIIOBUMA:

! ! *
T(x=xg,7=1 )2Tg AQ(X=Xg,T=Tk )2 qg,
1
2’— — [J1sl MOJIEJTH Y4acTKa B BUJIE MOTYOrPAHUYEHHOTO CTEPIKHS,
a.
1
T,=
FyA;
—0L s yuacTka B BUzie cdhephl,
a.
1

(5.46)"

rae Fy — uncio Pypee. ’
Takum oOpasoMm, cuctema 3aBucumocteil (5.46) B HeseHom sude Tpen-
CTaBIISICT YYHKYUU NPeodPA308aHuUs

er=2,k=1v =(fron(n.6,v), fq2N (n,&v), fran(m,6,v)) . (5.47)

Ha ocnoBanuu 3aBucumocreii (5.46), (5.47) s 0ObEKTOB ¢ MOIyOTrpaHu-
YEHHBIMHA KOHCTPYKIMSIMA THITA KIIWIHHAP — chepa — cTepkeHp (puc. 5.4) ¢
HorpemHocThio, He npesbimatomei (30...40) %, ObuIM yCTaHOBICHBI Kpumu-
yeckue 3HayeHus napamempos [35, 751:

T'=Tx=670K, ¢'=¢ x= 10" Br/™*, r'=r'x =120 c,

NPY BO3JCHCTBUM Ha TOTEHIMAIBHO OINACHBIE JIEMEHThI 00ObEKTa BHEIIHETO
WJIM BTOPUYHOTO TEIJIOBOTO (hakTopa. DTH Pe3yNbTaTbl MOTYT OBITh MCIIOJIB30-
BaHbI IIpY pacyere pucka B 1. 5.1, Tadn. 5.4, 5.10-5.13.
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5.4. PacuyeT nokasateneu pucka cucteMbl
«4enoBeK — XuUnom 6510k — onacHble
M BpeaHble pakTopbl — CpeAcTBa 3aWnTbi»

Ilocmanoska 3ad0auu. Jlana cucTeMa: «4eloBeK — KHIIOH OJOK — ormac-
HBIC ¥ BpenHBIE (pakTopbl — cpeacTia 3amute (4 — Xb — OB® — C3).

B kadecTBe MOTEHIMATHHO OMACHBIX JIEMEHTOB JKHIIOTO OJIOKAa paccMart-
PHUBAIOTCA: Ta30BBIE MAaruCTpaylb M IUINTA, DJCKTPUYECKas CeTb M OBITOBHIE
ANIEKTPONPUEMHHKH, TOPIOYHE MOKAPOOTIACHBIE BEIIECTBA U MaTepHUAIIBI TTOMe-
mieHnii. B KkadecTBe CpencTB 3amIMTHl MCTIONB3YIOTCS TEIUIOBBIE HATYWKU IIO-
JKAPHOI CHIHATM3AIMK H YCTPONHCTBA 3alUTHOTO 3aHy/IeHus " | HHMaeTcsl,
YTO DBJICKTPOIPUCMHUKU BbITIOJTHCHBI oe3 MCKporacheneﬁ H@ZMMYT&HI/H/I
ueneil (4To 4acTo BCTpedyaercsl Ha IMpakTHKe). V3BECTHBI KOHCTPYKTHUBHBIE,
MaccorabapuTHble U (U3MKO-XxUMHUYecKre xapakrepuctuku 109, uto mo3Bo-
JIACET OKCICPTHBIM IIYTEM Ha YPOBHC O-Cp€3a B BUIAC UHTCPBAJIOB YCTAHOBUTH
HEUYETKHUE MapaMeTPhbl BOCIPUUMUYUBOCTHU R ,, HHUIIMUPOBAHUS S, U OCIa0ICHUS
F, Bo3neiicTBuil. Hafe:xkHOCTh CpeACTB 3aIIUThl BBIPa3UM BEPOSATHOCTHIO OTKa-
3a 4cs.

B xome mpemBapHTENBHOTO aHANW3a YCTAHOBJICHO, YTO MAaKCHMAIIbHBIN
yiep0 ApyruM cuctemMaM (OKpY)KaIoIIeH cpelie) CrocoO0eH HAHECTH nojicap B
JKWIIoM OJoke. BcenenmcTBre 3TOTo MmoXKap B CHCTEME BBIOMPACTCS B KadeCTBE
KPUTHYECKOTO TIpoucmecTsus Cr:

YcTaHOBIIEHO, YTO MTOMEIICHHUS JKIJIOTO OJIOKa CoepKaT TBEPAbIC BEIIECT-
Ba C KJIacCOM ToprodecTH Kareropuu /I, a MaTepHaisl B MOMEIIEHUSIX COOTBET-
CTBYIOT Tpymie roprodectu I'2, KOTopble XapaKTepu3yrTcs KPUTHIECKOU IIo-
BEPXHOCTHO# ITOTHOCTHIO TerioBoro notoka (KIIITTIT) 20 < ¢ < 35 kBr- M
(I'OCT 30402-96).

Tpebyemca Oo1eHUTH UHTETPAJIBHBIN PUCK PacCMaTPUBAEMOI CHCTEMBI.

Pewenue 3a0auu.

1. ITo ypoBHIO ymiepba ymopsgoduM U IPOHYMEPYeM CIEIYIOIIHe OTSHIIN-
AIBHO OIACHBIE 3JIEMEHTHI: | — ra30BbIe MarkucTpalp U IUIATA; 2 — JJIeK-
TPUYECKas CETh M OBITOBBIC AJIEKTPOIIPUEMHHUKH; 3 — JIOKAJTBHBIA 00BEM,
rJie BO3MOXKHO MHHUIMUpOBaHue Mu(pdy3noHHOrO U (MITH) KHHETHYECKOTO
TOPEHHS Ta30BO-BO3ILYIIHON CMECH; 4 — TOPIOYHE MMOKApOOIaCHBIE BEIIe-
CTBa U MaTepualibl )KWIoro 010ka. O003HAUYMM BHEIIHKE MO OTHOILEHHUIO K
CUCTEME UCTOYHHKH W NPUCMHUKU OIACHBIX BO3ﬂeﬁCTBHﬁ (B TOM 4YHCIIC
HeperTaMeHTHPOBaHHbIC JCHCTBHS desioBeka) HomepoM 0. Bribepem ciie-
JYIOIINE BO3MOKHBIE HPOUCIIECTBUS, XapaKTepH3YIOIUEe MHTETPaIbHBINA
PHCK cHCTEMBI: 1) pa3pblB MarucTpajiy U pas3iieT OCKOJIKOB; 2) MOpaXKeHHe
YeJIoBeKa AJIEKTPUYECKUM TOKOM; 3) Tokap B skmiioM Onoke. [1o orHome-
HUIO K 3THM HcxomaM chopmupyeM MHOkecTBO BuoB OB®D: T1 = (1 = 1
— MEXaHWYECKHA; 2 — TeIUIOBOW; 3 — 3JIeKTpUUECKuil; 4 — XuMmude-
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ckuii pakrop). Ha ocHoBe aHanmm3a kputepueB BocnpuuMunBoctd [10D k
BO3JIEHCTBHIO yunThIBaeMbIX (paktopos T1, a Taxke MHUIMAPOBAHUS MU
BTOPUYHBIX (PaKTOPOB CHOPMHUPYEM MHOKECTBO BHIOB IPOU3BOAHBIX Ia-
pametpoB, M1 = (m = 1 — Hanpsbkenue o, H- M2 m =2 — TemoBoii
NOTOK ¢, KBT- M *; m = 3 — temneparypa T, K; m = 4 — konuuecTso Be-
IECTBA 1, KI'- M °; /1 = 5 — ILIOTHOCTb 3NEKTPUUECKOTO TOKA /, A - M~ ; m
= 6 — JIJIUTENILHOCTH T, C).

2. Ycranoum noamHoxectsa OV, OF, OR. B yactHOCTH, HA OCHOBE aHAJIU-
3a HCXOIHOI MH(pOpManuy noaMHOKecTBa OV ¢ u OV ' umeror Bun: OV =
1, 1,1, 1);

OVi=(k=1:1,0,0,1;k=2:0,1,0, 1;k=3:1,1,0, l; k=4: 1, 1, 0, 1).

3ameTuMm, 4T0 ¢ — 0Oo3HadaeT BHenIHKE (0) MICTOYHHUKH, | — BHYTpPEHHUE
HWCTOYHHKHY, [ = k.

[To3uuyy B MOAMHOXKECTBAX COOTBETCTBYIOT HOMEpaM (haKTOPOB.

B pesynbrare nmomy4yuM criemyromiee HOAMHOXECTBO — MepecedeHne OB:

OB(I=0-> k)= (k=1:1,1,0,0;k=2: 1,1,1,0; £ =3: 0,1,0,0; k=4: 1, 1,0, 1;
OB (I—>k)=((I=1): (k=2:0,0,0,0;k=3:0,0,0,1;k=4:1,0,0,1);  (5.48)
(1=2):(k=3:0,1,0,0; k=4: 0, 1,0, 0); (/= 3):(k=4: 1, 1, 0, 1)).

3. Ha ocHOBaHWMM NaHHBIX, UMEIOUINXCS B BBIpakeHnu (5.48), mocTpoeHa
CTPYKTYpHasi cxema (AKTOPHBIX CBsI3¢i HCTOYHHUKOB M IPUEMHUKOB
(puc. 5.5), tne HOMepaMH MOKa3aHbl BHIbI (PAKTOPOB, COOTBETCTBYIOIINE
eIVHHIIAM B TOAMHOXeCTBE OB.

4. Pesynprarel aHanmu3a ycrnoBuil mHUImupoBaHus 103, obpa3oBaHus BTO-

pUUHBIX (paxkTopoB U mpeacTaBieHus nx B Gopme OIIB1 li"npe/:[CTaBI/IM
Buze tabm. 5.17. C%]

OTMeTHM, YTO ITpUBECHHBIE B Ta0. 5.17 pe3ynbTarsl YCIOBHO BEIPayKaroT
3IIEMEHTHI MHOXKECTBA — Iepeceuenns B, BBISBIEHHBIE IO KPHTEPHIO HEITyC-
TOTHI (1.19) 1 KOHKpPETHBIX ero pe3yasraToB (1.23), moyYeHHBIX IS paccMar-
PUBaEMO CUCTEMBI.
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1,2

1,2,4

Puc. 5.5. ®akTopHas CBA3HOCTb

Tabnuua 5.17

PesynbraThl aHanusa ycrnosui nHmunmnposanms NO3

YcaoBusi HHULIMUPOBAHUSA:

Pesy.m,TaT HHUIUUPO-

I: (UO 2 O-Tpem.) \4 (TO >T pazp) \4
(U: (0p £ Gy« | (medexT pyKosATKH-pETyIL.)));
20 (s 1101 27 111) V (83200 2 7321) V(S 4401 2 7 441)

Howep 1 — B pu3HYecKNX POU3BOTHBIX MAPaMETPAX; BAHMS 1 [pecTas.e-
11 (0C] 2— B dopme 111)a amei oB MI'I[)BI P e BTOPHYHBIX dak-
P P P TopoB B (popme MIIB1

o031 TpaBJICHHUE Ta3a, pa3pbl-

BBI, pa3iieT 3JIEMECHTOB:
t=14: o1, 7 > v
Vi

((Fq=qs™) A (fn=n ™))
2: (s 22

2 F444) V (S4a14 2 ¥aaa) V (S4434 2 Faa4))

A((S6404 = T644)V(S6a14 2 Foaa) V (S6234 2 Faa4))

Vv ((53204C3 0D > . 324) A (S6204 2 T'624)) V

M (33224C3(6eBC3) 2 r324) A (S6204 = T'624)

0s 2O > o YV (52033 = 7204)) A ((Sad04

1032 1: (Bce KOMMYTAHH)V (Op 2 Os ys) V 00pa3oBaHHE HCKPBL,
((T0> T yusns) A (% s > T s o) TeHHOBLTI[eHeHI/IeZ g, T
20 (s1102 2 7112) V (53202 2 7322) A (S6202 2 Fo22) 277V v
HO33 | 12 (f T2 T3) A (B = Toen) A (F120 2 13)) nubdysnonHOE rope-
2t (53203 O 2 1333) v (53203 2 133)) A Hue: g3 T35 B35 13 (npo-
(53223 2 raa3) A (86423 2 7'643) st rop) >
V2235 V3235 V6235 V4435 V643
11054 L (T2 T4" ™) A (G > %™")) Vv Cam. moj. moxap:

445 T4 5 T4 5Ny (IIPOAYKTHI
rop.) > Or.s. = V2235 V3235
V6235 V4435 Vo643
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5 OObenMHHMM BBINIOJIHEHHE JTalloB 5 W 6 alropuTMa pelieHHs 3ajadu,

m. 4.2.

IIpeobpasyem ycioBust wHunmupoBanus [103 B  ¢opme MIIB1
(Tabn. 5.17) COOTBETCTBEHHO B JIOTMYECKYIO M «HEYETKO-TIapaMeTPHUYECKYIO»
tdopmy. Jlorndeckyio GopMy (QYHKIHH CBS3HOCTH HpPUBEAEM U KPAaTKOCTH
tonbKo 1yt [1094:

Y4 = (V2204 V ¥2234) V4408V Vaara V Vaa3a)Veaos V Veara V Ve234)
V V3204 V6204 V V3234 V6204- (5.49)

OHyCTI/IB TIPOMEXYTOUHBIC BBIKIIAJAKH, 3aIIAIIEM!

11} = max (1101, 3201, Tado1); 11 2 = Max (3302, Ti102, MiN (3202, T6202));
3 : : c3 . c3
117" = min ((1- qc3), min(I1}, 74413 "), min (I, Tea23 ),
: c3 . c3
max (min(Tly, 73203 ), min(Tly, 73203 ). (5.50)

I1,°° @ = min (min(I7 1, 7t4a13), min (I, Tea3), max (min (77, T30),
min(/15, T3203))). 1)

I1,=Pos (Y4 = 1) = max (min (I1y, 73204, Te204), Min (I1 o, I15, 3234, T6204),

min(max (min (1o, T5204), min (173, T2234)), max (min ({7;, Ta414),
min (173, Tg34), min (7o, Ta404)), max (min (I7,, Te414),
min (173, Te434), min (11, Tea04))))-

ITo MCXOMHBIM TaHHBIM, TIPEACTABICHHBIM B Ta0J. 5.17, ¢ TOMOIIBIO MPO-
rpammsl «Bo3mep» paccunTaeM 3Ha4EHUS] BOSMOXHOCTHBIX (HEYETKUX) Mep.

IIpu ypoBmsix pazmmaumoctu oo = 0,01; 0,001 momy4yeHsI pacyeTHBIE 3Ha-
yeHms 3amaca Oe30MACHOCTH zb,. BBuay rpomMo3gKoCTH MaccuBa JaHHBIX
mpuBeAeM ero 3HadeHus Toibko st 11093, a = 0,01, ynpomenno 0603Ha4HB
3/1ECh «3aracy» MepeMeHHOM z.

C y4eroM cpeliCTB 3alUThl (MPU HACTPOMKE TEIIOBBIX JAaTYMKOB HA TEM-
neparypy cpabarsiBanus Tty = (353 + 20) K 1 BeposTHOCTH HX OTKa3a ¢ =
0,001) 3HaueHus 3amaca paBHBIL:

Zaa3 = 1,703; zg43 = 1,621; ZC33203 =1,580; ZC33223 =1,810.

Be3 cpencTs 3amuThl: 23503 = 0,640; 2353 = 0,535.
[IpuBenemM OKOHYATEIbHBIC PE3YIIBTATHI PACUETOB:

17, =0,08 / 0,03 (cooTBeTCTBEHHO /s YpoBHS pazmmuumoctu o = 0,01/0,001);
I1,=0,13/0,07; I, =3-10"*/ 10" IT; = 0,4/0,095;
I1,°=4,6-107/10"; I1,= 0,087/0,008. (5.52)



Tpumeper anpobayuu memooonocuu MOHUMOpUHea 145

Takum 00pa3oMm, IoTyueHbl 3HaYE€HHUs HEUeTKOW (BO3MOXKHOCTHOM) Mephl
BO3HUKHOBEHUS] KPUTUYECKOIO MPOUCIIECTBUS B BUJIE MOXKApa B CUCTEME: «Ue-
JIOBEK — JKWJION OJIOK — OmnacHbIe ¥ BpenHble (PaKTOPbl — CPEACTBA 3aLIUTHD)
C y4eToM (HM3MKO-XUMHYECKUX CBOMCTB BOCIPMMMYHUBOCTH M WHULIMHPOBAHUS
MOTEHIMAJIBHO OMACHBIX 3JIEMEHTOB 00BEKTa, HEUETKUX 3HAYCHHH MapamMeTpoB
OTIACHBIX M BPEAHBIX (DaKTOPOB, HEUETKHUX 3HAUCHUH (PpyHKIMI nmpeobpa3oBaHus
BO3ACUCTBUMA B KOHKDETHOH CHCTEME, a TaKK€ HaJEKHOCTH IMPHUMEHSIEMBIX
CPEICTB 3alIMThl WK C YY4ETOM HMX OTCYTCTBUA. BBUIY NEMOHCTPAllMOHHOTO
XapakTepa MOJEIBbHBIX PacuyeTOB IOJydeHa TOJBKO OJHA (XOTA M BaXKHEHIIas)
COCTABJIAIOINAs MHTETPAILHOTO PUCKA.

IIpu ycnoBuM HamU4Uus CTAaTUCTUKU O BO3AECHCTBHM YUHUTHIBAEMBIX BHEIII-
HUX (DAKTOPOB B PAMKAX PACCMATPHBAEMOil CHCTEMBI, Harpumep 1/roa™ a-
uenns ymep6a, sanpumep Ug, = 10° MPOT, momyueHHbIe pe3y/ibTaTh 2)
MOKHO NPEJICTaBUTh B IPUHATOMN (pOpME MHTETPaIbHOTO PHCKA!

Ry ©=0,46/10° (MPOT/ron); Ry = 870/80 (MPOT/rox). (5.53)

Takum 00pa3om, Ha NMpPUMEpe KOHKPETHOW CHCTEMbI BHA «4YEIOBEK —
YKWJION OJIOK — OTacHbIe ¥ BpeAHble (PaKTOPhl — CPEACTBA 3alUTHD) alpoOu-
POBaH HOBBI CIIOCOO MHOXKECTBEHHO-IIAPAMETPUUECKOTO MOJICTUPOBAHHUS, & HA
€ro OCHOBE NOCTABJICHA M PELIeHa 3aJia4a OLIEHKH WHTErpajbHOTO PUCKA CHUC-
TeMbl. [l0 CpaBHEHHIO C HM3BECTHBIMU CIIOCOOAMHM, MpEJaracMbIil IMOIXO
aJlalTHPOBAH K CTAaHAAPTHBIM MOKa3areasiM (TpeOoBaHUSIM) OE30MacHOCTH,
MPUMEHSICMBIM TP MPOSKTUPOBAHUHU, CTPOUTEIBCTBE U IKCILTyaTal[UH IMOTCH-
[IUATHO ONACHBIX OOBEKTOB, K CTAHJAPTHBIM BUAaM (DaKTOPOB M XapaKTepH-
CTHKaM CPEJICTB ¥ Mep 3allUThI, K CTAHJAPTHBIM TPEOOBAHUSIM, 33/]aBaEMbIM B
TEXHUYECKHUX YCIIOBUSAX HA OOBEKTHI (CHCTEMbI) MPOMBIIIICHHOIO W COLUAIb-
HOTO Ha3HAYEHHMs, a TAKXKE K TPEOOBAHHSAM M TOKA3aTelsIM MO YPE3BbIYAHBIM
CHUTYaIHSM.

5.5. PaKkTopHaa napameTpuyeckasa moaesb
M MeToAMKa BO3MOXHOCTHOM OLIeHKN KavyecTBa
ycnyr HaceneHusi PoctoBckon obnactu

5.5.1. OnucaHune uccnegyemom CUCTEMbI

[IpumennTensHO K paliony (PocTtoBckoil o6macTi) paccMaTpuBaeTcst Cuc-
Tema cepBuca Buia «morpeourenu yciayr (I1IY) — myHKTBI 0OcCiy>KHBaHHS
(I10) — kmaccel u BuaAB! ycrryr». Ilon noTpeOuTenamMu ycIyr OHUMAETCS MHO-
xectBo L = {/} mmaresxecrnocobHbIX monei (CeMbH, uemoBeka™ nepe-
MEHHas [/, MMEIOIasi CMBICI HOMEpa OTAEIBHOTO HOTpe6HTeHﬂ,%ﬁH/IMaCT
3Ha4eHus oT Hyns 1o /L, [ = 0.... /L, [L — KONW94eCcTBO IUIATEKECIOCOOHBIX
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Jroneil B paiioHe. MHOXXeCTBO MyHKTOB 00cCtyxuBaHus obo3nauaetcs K = {k},
e kK — mepeMeHHas, IMEIOIas CMBICT HOMepa MyHKTa, IPUHIMACT 3HAYCHHUS
ot Hymst 10 kK, k=1 ... kK, kK — xonudecTBO mpeAnpustuii OBITOBOrO 00-
CIIy’)KUBAHUS U YYaCTKOB CepBHCa B paiioHe. MHOXECTBO KJIACCOB YCIIYT B CO-
orBercTBrH ¢ OKYH o0603naunm N, N ={n}, n =1 ... nN, nN = 17 — xonuue-
CTBO KJIaCCOB (HOMEpOB) yciyr. MHOXKECTBO HOMEPOB BHJIOB YCIIyT B PaMKax
omHoro Kiacca obo3HaumM M = {m}, m =1 ... mM, mM — KOTUYECTBO BHUIIOB
yeayr. [lox Bupamu yciyr, HarpuMmep, IpH CEPBHUCE PAJANOIIEKTPOHHON TEXHU-
KH (aBTOCEpPBHCE) TIOHUMAETCS TapaHTHHHOE 00CTy)KHBaHUE WM PEMOHT arlia-
parypsl (aBTOMOOMIIEH), a IPH OOCITY>)KUBAHUN B APUKMAXEPCKUX — CTPIIKKA
BOJIOC y MYKUYUH, CO3/laHUE MOJEJIM NIPUYECKH Y JKEHIIMH U T. A. Bunsl ycayr B
paMKax CTaHJApTHBIX KIAcCOB yCIyr yHH(UUMpOBaHbL [103TOMY BBenEHHBIE
MHOXCECTBAa MOKXHO HAa3BaTb ONOpHbIMU MHOXCCTBAMU JId ONMCAHUA CUCTEMbI
CepBHCa, a UX COBOKYITHOCTH Ha30BeM 0a3rcoM omopHbIX MHOkecTB (BOM):

BOM = {L, K, N, M} = {{/}, {k}, {n}, {m}}. (5.54)

Hanuune nubo oTCyTCTBUE NEPEMEHHBIX B PACCMATPUBAEMbBIX MHOXKECT-
Bax (5.54) ymoOHO MpEenCTaBIATh MO3UIMOHHO C IIOMOIIBIO OYJIEBBIX ITOIMHO-
KECTB «CBOMX» MHOXECTB TaK, 4TO:

OL= {ol} > L={l}, (5.55)

rae ol — no3unuoHHas OyieBa IepeMeHHast, Ul KOTOPOil yclIoBHE PaBeHCTBA

emuHULE ol = 1 MHIUIUPYET O HAIWYUM 3asBKU OT HOTPEOHTENS MOA HOMe-

poM /. AHarorn4HO BBeZeHHI OyneBsl nogMHOkecTBa OK, ON, OM.
JlexapToBo Npou3BeneHHE OyIeBbIX TOAMHOXKECTB

OL x OK x ON x OM (5.56)

OIMCHIBAET Pa3MEPHOCTH 0a3uca CHCTEMBI.

B obuiem ciyuae mpruHUMAETCS, YTO JIIOOOH MOTPEOUTENH MOXKET HEOJHO-
KpaTHO oOparuarbesi B 000 MyHKT, KOTOPBIH COOTBETCTBEHHO 00JIaaeT BO3-
MOXXKHOCTSIMH peajM3aluy TpeOyeMbIX KiIaccoB ycnyl. OIHAKO YYUTHIBaeTCS,
410 NpH (HOPMUPOBAHUM 3asBKH NOTPEOHMTEIb PYKOBOIACTBYETCS MPOCTPAHCT-
BEHHO-BPEMEHHBIME yCIoBUAMH (O0mm30cThI0 [10), CTOMMOCTHBIMU OTpaHUYe-
HUAMH U COOCTBEHHOH HMH(OPMHPOBAHHOCTBIO O IPEIIIOJIAaraéMoOM KadecTBe
ycryr (MHEHHEM cocefield). YKa3aHHBIE OOCTOSATENBCTBA OMPEACTSAIOT 3a/1ady
OLICHKM KauyecTBa YCJIYI B PaccMaTpHBAaeMON CHUCTEME Kak 3aJady MHOXKECT-
BEHHOTO (h)aKTOPHOTO ITapaMETPHUYECKOr0 OIMCAHMS YCIIYT M HAXOXKIEHHS MEPbhI
BO3MOKHOCTHU YAOBJIETBOPCHUA HOTpe6l/ITeJ'DI IIpU KPpAaCBbIX YCIOBUAX IO CTOU-
MOCTH U BPEMEHH YCJIyI, a TaK)Ke IUIATeXECIOCOOHOCTH U UH()OPMHUPOBAHHO-
CTH TIOTpeOuTENEH.
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5.5.2. ®akTopHasa napameTpuyeckasi Mogenb ycnyr

BBenem nmapaMeTp KauecTBa yCIyTM B BHJE OLCHKH 7, IPUHUMAIOLIEH IO
NATHOAIUTBHOM 1IKaJle CeAyIolue 3HaueHus: | — OTCYTCTBHE TaKO# yCIyru u
COOTBETCTBEHHO 2 — «IUIOXash», 3 — «yAOBJIETBOPHUTEIbHANY», 4 — «XOpOoIIas»
n 5 — «oTnuuHasg» ycayra. 1IponoinKuTeNnbHOCTh U CTOUMOCTh KOHKPETHOM
YCIIyT'l COOTBETCTBEHHO 00O3HAaYMM INapaMeTpaMH T U ¢, 00JacTH M3MEHEHHS
KOTOPBIX BBIPA3UM B BHJIC HHTEPBAIOB: [Tmin, Tmaxl; [Cmin» Cmax]>» THC JIS OOIb-
IIMHCTBA YCIIYT BEJUYUHBI Ty U Cpin NPEACTABISIIOT JIOTOBOPHBIE MM TapHd-
HBIE 3HAYEHHUS, A Tyyx U Cryax — MAKCHMAJIBHO JOITyCTUMBIE BEIMUHHBIL.

OueBHUIHO, YTO y MOTPEONUTENEH TOJIHOE YIOBIETBOPEHHE HACTYIIALT, €CIIN
BBITIOJTHSAETCS KOMIUIEKC (IIepeceueHne) TpeOoBaHuil, BBIPaXKEHHBIX B BUJIE:

y=1:0=5 N @< tm) N (¢ < cmin)- (5.57)

Torna xak 1OJHOE HEYAOBIETBOPEHUE MOXKET HACTYNIUTh, €CIIU PEAIU3YET-
Cs1 XOTSI OBI OZIHO M3 YCIIOBHI U3 OOBEANHCHHUS

y=0:(r=1 U (r2 7 U (€= couan)- (5.58)

Ha ocHoBanmMu paccMOTpeHHBIX Bbllle MHOXECTB (5.54), (5.55) noctpoum
ClIeqyIOIe MHOXECTBa mapaMeTpoB kadectBa R, mpomomkurensHoctedd T n
croumocreii C ycuyr:

R:(rmnkl)aT:(Tmnkl)ncz(cmnkl)s (559)

7€, HalpUMep, ePEMEHHAS 7,,,;; 0003HaUaeT OICHKY, TaHHYIO /[ moTpeOuTeIeM
0 m BUJY 1 KJIacca YCIyTH, MPOU3BEICHHON HA k IyHKTE 00CTyKUBAHUSL.
BBenem Takxke OyineBbl MOIMHOKECTBA MHOXECTB (5.59) B Buze:

OR = (Orm nk/)» oT = (OTm nk/)» oC = (Ocm nkl)a (560)

7€ COOTBETCTBEHHO 07, 0T M 0C — OYIIeBHI IEpEMEHHEIE.

ByneBo mogmuoxectBo (5.60), Hanpumep mommHOkecTBo OR, HazoBeMm
MIOJIHBIM, €CITH BCE€ €ro mepeMeHHbIe paBHbI 1 (or = 1 amsa moboro m, n, k, [).
[TonmuoxkectBo OR Ha30BeM MyCThIM, €CJIU BCE €T0 MepeMeHHbIe paBHbI 0 (or
= 0 ms arodoro m, n, k, [):

OR=1;0R=0. (5.61)

ITonnoe mHoxkectBo OR = 1 onMchIBaeT yciloBUE MPUCYTCTBUS Bcero L
MHOKECTBa MoTpedureneii Ha MHO)kecTBe K IMyHKTOB 00CITy>KHMBaHUS 110 MHO-
xecTBy N kiaccoB 1 M BUIIOB yCIIyL

[Tyctoe mHO)ecTBO OR = @ omuchIBaeT ycIOBHE MOJHOTO OTCYTCTBHS
YCIIYT.

VYenoBus (5.61) npeacTaBisioT YacTh KpPaeBbIX YCIOBHU 3a/1a4H.
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Taxoke BBeJIeM MHOXKECTBA:
LNM = LxNxM, KNM = KxXNxM, KM =K x M, (5.62)
OLNM =OL x ON x OM, OKNM = OK x ON x OM, OKM = OKxOM,(5.63)

KOTOpPBIE, COOTBETCTBEHHO, OIKCHIBAIOT MOTCHIMAIBHBIC €MKOCTh HJIH HAJTHIUC
crpoca ¥ pa3Mep WM HAIMYKe MPEJIOKEHHBIX YCIYT B KOHKPETHOW CHCTeMe
(patione).

5.5.3. MNapameTpuuyeckasa mogesnb OLEHKN KayecTBa
OoTAEeNbHOW YCIyrn 1 BO3MOXHOCTHasi Mepa
yaoBneTBOpeHUsi noTpeburtens

Jiist KOJMYECTBEHHOIO0 OIMCAHUS MEPbl YAOBIETBOPEHUSI MOTpeOUTENeH
UCTIONB3yeM ammapar Teopun Bo3MmoxkHoctelt [11, 13]. OgeBumgHO, 9TO Tapa-
METpPbI Ka4eCTBa 7, T U ¢ OTACIBHON YCIyTH MOTYT OBITh TOJy4eHbI OTpeOuTe-
JIeM MHTYHTUBHO MCXOJS U3 JIMYHOTO OIBITA, T. €. CyObekTHBHO. [IpH 3TOM TI0-
TpeOuTeNlb BBICTYIAET B POJM dKcrepra. Vnm 3TH mapaMeTpbl MOTYT Ompejie-
JISITBCS C IOMOIIBIO CPEJICTB U3MEPEHUS U KOHTPOJISL, T. €. MHCTPYMEHTaJIbHO. B
00oux citydasix UHGOPMALUS O KaYeCTBE YCIYI MOXKET SIBISATHCS HEYemKou, a
pacrpezienieHle UX BBINOJHEHHs Ha TpeOyeMOM MHTEpBase, KaK MpaBUIIO, He-
n3BECTHO. BcnencTBue 3TOr0 MOXKHO IPUHSTH JIMHEWHYIO alMpOKCHMAaLUIo
(yHKIMH TPUHAIUIE)KHOCTH Ha ONHMCAHHBIX B I1. 2 00J1aCTSIX M3MEHEHHS HEueT-
KHX HapaMeTpoB 7, T, ¢, IPEJCTABUB 3T (YHKLIUH B CIIEITYIOLIEM BHIE:

w,(r=025r-1),r=1,2,3,4,5; (5.64)
,u T(T) = 075 (3 Tmin — T): T € [Tmin s Tmax]a Tmax — 3 Tmin » (565)
,uc (C) = 0;5 (3 Cmin — C)’ Cc e [Cmin: Cmax]’ Cmax — 3 Cmin » (566)

rae B popmynax (5.65), (5.66) uucno 3 umeet cMmbich koddduireHTa u o3Hava-
€T YCIIOBHO NMPUHSTHIA B JaHHOM MOJIENN «JIOIYyCK» B pa3bpoce kayecTBa. Tak
YMEHbIIEHNE 3TOr0 Ko3((HUIMEHTa O3HAYaeT y)KEeCToueHHne TpeOOBaHMH K Ka-
YECTBY YCIYT, a yBEIN4YeHHE — OcJallieHne TaKuX TpeOOBaHUH.

Kak BumHO U3 (5.64)—(5.66), dyHKIHNS L, (r) — BO3pacTaromias, Toraa Kak
dyskuun y, () 1 . (¢) — yosBaromue. To ecTs IPUHATO, YTO OLEHKA ¥ = 5
COOTBETCTBYET MEpE YIOBIETBOPEHHS, PAaBHOH 1, a BBIIIOIHEHUE YCIIYTH C IIPO-
JOJDKUTENILHOCTBIO U (MJIM) CTOMMOCTBIO, TPEBBIMIAONIMMH MaKCHMAJIbHO J0-
MTyCTUMBIE 3HAYEHUS, XapaKTEepHU3yeTcs Mepod yaoBieTBOpeHus, paBHoi 0. B
psize ciydaeB yBEIWYEHHE MTPOJOIDKUTEILHOCTH YCIyT IPUBETCTBYETCS IOTpE-
Oourensimu (yciayrn OaHu, HarmpuMep) U 3TO JIETKO Y4YECTh IyTeM BBEICHUS
JIByXCTOPOHHET0 TOJIsi JOMycka M MoxuduKanued o0llacT AONMYCTUMBIX 3Ha-
yeHuit B popmynax (5.65), (5.66).
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B oOuem ciyuae BO3MOXHOCTHAs Mepa 7 OMpPEAeNsAeTcst Mo (yHKIUH
MPUHAIIICKHOCTU TTAPAMETPOB 7, T U ¢, 3aBUCHMOCTH (5.64)—(5.66), ¢ yueTom
TpeOyeMBbIX WM MHBIM 00pa30oM 3aJaHHBIX 3HAYCHHI 3THUX MapamerpoB, 000-
3HAYaeMbIX KaK 7| , 7| ¥ Cy:

m=p,(r=n)r.=p (t=n)m=u.(c=c). (5.67)

merw,=1,ecmmr>r =5 7y =1, ecmu 7 (¢) < Tyin (Cmin) = 71(c1) 1
TToc) = 0: CClIn T (C) 2 Tmax (cmax) =70 (cl)'

IockonbKy mapaMeTpbl KadecTBa, MPOLODKUTEIBHOCTH U CTOMMOCTH 00-
CILy)KUBAaHHS CUMTAIOTCS HE3aBHCHMBIMH U PaBHO 3HAYMMBIMH, TO o0lee Kade-
CTBO OJHOH (OTHENBHO B3ATOW) YCIyTH ONpPENENSeTCs KaK MepecevyeHne dTUX
napameTrpoB. Toraa BO3MOKHOCTHAsI Mepa MHTETPAJIbHOTO KauecTBa OTAEIbHON
YCIYr' €CTh MHUHHMAJIBbHOE 3HAaYeHUE U3 PacCUUTaHHbIX 110 (Gopmyinam (5.67)
3HAYEHUH

7= min (z,, 7., 7). (5.68)

Hanpumep, npu 71 =4, 1, =1, UC 1 =C ), T 2= min (7,= 0,66, 7.= 0,5, 7.
=0,5)=0,5.

IIpu 7, =5, 71 = Toin ¥ €1 = Cinins 7= min (Z=Ln=1,nm=1)=1.

Mpur =3, 11=1,0¢c1 =3 Cmin, @ 2= min (z,=0,33, z,=0,5, 7.=0)=0.

Ha ocHoBanuu 3aBucumoctu (5.68) HaxomsaT MHOXeCTBO IU(depeHIy-
anpHbIX (10 KoopauHAaTaM m, 1, k, [) BOBMOXKHOCTHBIX MEp KayecTBa peaju3a-
LMK yCIIyT B cucTeMe cepBuca «morpedbutenu yciayr (ITY) — nyHKTHI 00ciy-
skuBaHus (I10) — kiacchl ¥ BUABL yCITy»:

m= {nzmnkl}- (569)

Hcnons3ys MHOXKECTBO (5.69), CTPOST MOAMHOMKECTBA MEp OTHOCHUTEIHFHO
OJIHOM WITH HECKOJIBKO B3SITHIX MEPEMEHHBIX (Pa3MEPHOCTEN) MHOXKECTBA U yUH-
TBIBAXOT MCTOYHUKHU, HOTpe6I/ITeﬂeﬂ U UX CBA3H, 4 TAKXC 3HAUUMOCTb OTACIIb-
HBIX BUJIOB [TapaMETPOB U KJIACCOB YCIIyT.



3aknoyeHue

B nanno#t pabore mpeacTaBieHa U M3YUYCHUS HOBAs METOMOJIOTHS KOJIH-
YECTBEHHOHW BO3MO)KHOCTHOM (HEUETKOH) OIEHKH CBOMCTB CIIOKHBIX CHCTEM,
SBJISTIOIIAss CO0OM CHMHTE3 JAETePMUHHPOBAHHOW M BEPOSTHOCTHOH METOJOJIO-
ruid. B HaydHOM acriekTe MpoeKT COAEPIKUT CUCTEMY MOJENEi, METOIOB, 0Ka-
3aTebCTB W TOHATHH, NMpeJHa3HaYCHHYIO JUII 00OCHOBaHUS HOBOM METOZIOJIO-
rud. B mo3HaBaresbHOM M IPHKIIAHOM IIJIaHE W3JI0KEHNE OCHOBHBIX PE3YJIbTa-
TOB PabOTHI MPEX/E BCEr0 HANPABIEHO HA M3Y4EHHE BOIIPOCOB IOITOTOBKH H
obocHoBaHMA (HOPM U TPeOOBaHUII K COAEPIKAHMIO MPEINCTaBICHHS HEYETKUX
UCXOIHBIX IAHHBIX, KOTOPBIE IOJy4atoT (MOTYT OBITH MOIYHYEHBI) C MpUEMIIE-
MBIMHU 3aTparaMi U MOTrpCIIHOCTBIO B XO/€ zlam)Hei/'uuero aHaJIm3a KOHerTHOﬁ
cucteMbl. ArnpoOanusi pe3yabraroB padoThl 3aKIOYAeTCsl B JIEMOHCTpPALMU
peanu3yeMocTH pa3paboTaHHBIX METOIOB, METOAMK U MPOrpaMM pacyeTa MoKa-
3atesnell Oe3omacHOCTH (PUCKa) IO MPEACTaBICHHBIM B 3aJaHHON Qopme uc-
XOIHBIM JIaHHBIM 00 MHTEpecyeMoii cucteme. [lokazaHo, 4TO mporecc noiyde-
HUS ITOKa3areneil 0e30MmacHOCTH (pHUCKa) CBsI3aH C JIOTIOJIHUTEIBHBIM M JI0CTa-
TOYHO CJIOXHBIM MHKCHEPHBIM aHAJIN30M KOHKPETHON CHCTEMBI U MPEACTaBICH
Ha KOHKPETHHIX mpuMmepax. OOmacTp MPUMEHEHHUS TaHHOW PabOTHI CBS3aHA C
n3ydeHneM © 00OCHOBaHHMEM O€30MacHOCTH (pHCKa) CHCTEM BHOA
«TIOTEHLMAIbHO ONACHBIM OOBEKT — CPEACTBA M MEPONPUSTHS 3aALIUTHl —
(hakTOpBI OKpYyKaromieil cpeapl — YEIOBEK» Ha OCHOBE OanaHca IoKasaTenei
«3hdexTuBHOCTH 0e30macHOCTh —  CTOMMOCTBY». Kpome  ToOrO,
paccMarpuBacMbI€ MOJACIIU U METOABI NMPUMCHUMBI Ha J3Tale O6OCHOBaHl/IH u
(unu) 3a7aHMs TEXHUYECKUX TPEOOBAHUM K TaKUM CHUCTEMaM M CTpaTerui
NPUMEHEHHsI MX OOBEKTOB, a TAaKXXe MpPU IPOBEJCHUHM NpeIBapUTEIbHON
9KCITIEPTH3HI € MO3UNNHU 00001eHHoTo prcka. [1o cpaBHEeHNIO ¢ MeTOOIOTHEH
JIOTHKO-BEPOSITHOCTHOTO MOJICJIMPOBAaHMS ¥ OLEHKH pHUCKAa pa3zpaboTaHHas
METOZOJIOTHS UMEET CJISIYIONINE OTIAMYUTENbHbIE IPU3HAKY M JIOCTOMHCTBA!

1) ocyiecTBUMO YCTaHOBJIGHHE SIBHOM 3aBUCHMOCTH TapaMeTPUYECKHX U
BO3MO)KHOCTBIX (HEYETKMX) IOKa3aresied pHCKa M, BCIEACTBHUE 3TOTO,
oOJierueHue yMpaBliCHUs Pa3BUTHEM M TNPUMEHCHHEM TEXHHUYCCKUX U
SKOJOTMYECKUX CHCTEM C TO3WIUH  OOSCHeYCHHs  IPUEMIICMOMN
0e30MacHOCTH;

2) OpUMEHMMa JUISI  WCCIICIOBAHUS WKAIBHBIX ~ CHCTEM, KOTOPEIC
XapaKTEPU3YIOTCS KaK CIIOXKHEIC Ej:oroq)amopﬂme, MpPUYEM YHCIIO
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Baxaouenue 151

aHAJIM3MPYEMBIX NPENNOChUIOK U (YHKIMI CBA3HOCTH 00 OIACHOCTH HE
OTPaHUYEHO;

3) MOCTHXXMMO YCTAaHOBJICHHE KA4eCTBEHHOro (Kjiacca OE30MacHOCTH) U
KOJIMYECTBEHHOTO (BO3MOXXHOCTHOM MeEphl MPOUCIIECTBUS) IMOKa3arenei
pHcKa;

4) nocruraercsi METOIUYECKOE ycTpaHeHne (MUHUMU3AIHs1) OIUOKHA BTOPOTO
pona;

5) iyHEBepCaTBHOCTE METON
K wnmeromumes CHO)I(HOC’?‘EE%JB peanu3anyu TaKoro IOAX0[a MOXKHO

OTHECTH:

1) HeOOXOOMMOCTh IIOJHOTO aHaJiM3a BCEX KOMIIOHEHTOB CHCTEMBI, 4YTO
TpebyeT OOoNBIIOro 00beMa IMOATOTOBUTEIILHBIX OIIEpalii;

2) 3aBUCUMOCTh OT CYOBEKTHBHBIX OIICHOK OKCIIEPTOB MO 00JacTd |
XapakTepy pa3MbITOCTH HEYETKHX MapaMeTpoB 0a3rca CHCTEMBI;

3) Hen30EXKHOCTh HaNM4Ms OMIMOKM IIEPBOTO poOja, 4TO OO0yCIIaBINBaeT
3aBBIIIEHHYIO OLIEHKY 3HaU€HHUH pHCKa.

B unenom jnaHHas pabora mpeiaHazHadeHa Uil HAy4YHbIX pPaOOTHHKOB, a
TaK)Ke aCHUPAHTOB M CTYIEHTOB, 3aHUMAIOIIMXCSI B OONACTH SKCIEPTU3bI H

Xiii

OIICHKH CBOI‘/'ICTB1 @KHHX TEXHUYCCKUX U SKOJOTHYCCKHUX CHCTCM.
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