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Beenenue

JlanHHoe y4yeOHO-METOJUYEeCKOe MOCOOME OIMUPAETCS Ha paHee HU3JaHHBIC
paboThl aBTOPOB W MPEIACTABISIET COOOM MOMBITKY C WHYKEHEPHBIX MO3WLUN
W3JIOKUTh U PACKPBITh Ha MPUMEpaAx MOPANOK M IMOCIEIOBATEIbHOCTh NEHCTBUI
DKCHEPTA MO MOCTPOEHUIO JIOTUYECKUX MOJENIEW M MapaMeTPUYECKHX YCIOBUU
BO3HMKHOBEHHUSI MPOUCHIECTBUM M MX NPEANOCBUIOK MNPEUMYIIECTBEHHO C
MOMOIIBIO  MMAapaMETPUYECKOM  MOJENH  «BO3JEHCTBUE — ocialbieHue —
BOCIIPUMMYHMBOCTB». PacCMOTpEHHE MOCTABIEHHBIX B KHUTE 3a/1a4 OCHOBAaHO KakK
Ha OPUTHMHAJILHON (popMau3aliiyi UCXOIHBIX JaHHBIX U TpeOoBaHMii K HUM. bbina
BBIMIOJIHEHA CYUIECTBEHHAsl J0pa0O0TKa TEOPETUYECKOro Marepuana KHUTH
«MOHUTOPHUHT U OIIEHKa PUCKa CHUCTEM ‘‘3aluTa — 00BEeKT — cpena’» [Ecumos,
CamconoB, Yepemucun, 2007] ¢ LeIb0 YOPOILIEHUS PEIICHUS MPAKTHUYECKUX
3a/lay 3KCHEPTH3bl TEXHUYECKUX M HKOJOTMYECKHMX CHCTeM. B jomonHeHue
JIOTUKO-BEPOSITHOCTHOMY [MaxyTtoB, PsaOunun, MoxaeB] gaxe 1jisi aBTOHOMHOTO
sKcrepra (0€3 MPUMEHEHMsI Ha MEPBOM ATale 3KCIEPTU3bl MHTEIUIEKTYaIbHOU
CHCTEMBI)  anmpoOWMpPOBaH  JIOTMKO-BO3MOXXHOCTHBIH  CHOCOO  OmpeecHUs
nokasaresnei 0e30MacHOCTH M pUCKa MHOTO(AKTOPHBIX U MHOTOCBSI3HBIX CHCTEM
Pa3JIMYHON ITPUPOJIBL.

[lepBocTeneHHBIMM 3aJja4aMH, KOTOpbIE IOCTABJIEHbl W JIOJKHBI OBIThH
pelleHbI B IIPeACTaBIsieMOM paboTe, SABIIIOTCS:

1) pa3paboTka aqropuTMOB M METOJIMK pacueTa Mmokaszareyie 0e30macHOCTH
U pUCKa Ha OCHOBE NOJIOTOBKM HMCXOJHBIX JAHHBIX O BHJaX (HAKTOpOB U
WHTEpBajax 3Ha4YE€HUN MapaMeTpOB BO3ACHCTBUSA U BOCIPUUMYUBOCTH B IITATHBIX
Y aBapUIHBIX YCIOBUAX CUCTEMBI;

2) NOCTPOEHUE W HAKOIUIEHWE THIIOBBIX JIOTUYECKUX U IMapaMeTPUYECKUX
Mo/ieJiel BEpUIMHHBIX UCXO00B (MPOUCIIECTBUIN WM aBapuid);

3) pa3pabotka u amnpoOauus MOpaBuid BepudUKaMKM HA OCHOBE
CPAaBHUTEJIBHOTO  aHaJIM3a  pe3yJbTaTOB  pacyeTa  BEPOSTHOCTHBIX U

BO3MO)KHOCTHBIX TIOKa3aTeleil 0e30MacHOCTH U PUCKA.



Ha ocHoBaHuu pelieHust yKa3aHHBIX 3a/1a4 MOXKET ObITh 000CHOBAH MOAXO,
KOTOPBIN MO3BOJISIET XOTS Obl MPUOIMKEHHO, HO YHUDHUIIUPOBAHO, OLICHUTH YIIEpO
3IOPOBBIO YEJIOBEKa WJIM KadyecTBy oOObekTa. Mnu BelnyuMHy CyMMapHOIO
(MHTErpaJIbHOTO) PUCKA AJIsI HEKOTOPOl COBOKYIMHOCTH Pa3HOPOAHBIX cuCcTeM. Bcé
3TO TO3BOJIIET HAa YPOBHE JIOCTUTHYTOM MNPUOJMKEHHOCTH IMPOBOJIUTH
CpPaBHUTEJbHBIA aHaIW3 OE30MaCHOCTH WM YCTAHABIMBaThb OTHOCHUTEJIBHYIO
OPUEMIIEMOCTh PHUCKA CHCTEM [0 MNPUHUUIY «IIYyCTh HNPHOJMKEHHO, HO
OJTHOOOPa3HO»!

JIOMOTHUTENBHOW — LENBI0  padOThl  ABIAETCS  TakXKe JEMOHCTpPALIMS
BO3MOXKHOCTH  TIOJIyY€HHS]  “MaTepUalbHOW® M “CTOMMOCTHON”  (popm
MHTErPAJIbHOTO PUCKA I JAJBHEWUIIEro MPOBEICHUS CPABHUTEJIBHOIO aHAIM3a
PA3HOPOJHBIX CIIOKHBIX U (MJIM) YHUKAIBHBIX TEXHUYECKUX CHCTEM, 00OOCHOBaHUS
CrIoco00B M MEp 3aLUTBI U OXpaHbl TPYJa, a TaKkke 00OCHOBAHHUS PELICHUS 3a/1a4
CTPaxOBaHUs, B YACTHOCTH HAa3HAYEHHS KOMIIPOMMCCHBIX CTPAXOBBIX B3HOCOB IS

CTPaxoBaTENEN U CTPAXOBIIUKOB.



1. TeopeTnueckne OCHOBBI pacyeTa noka3areJsieii 0€30aCHOCTH CHCTEMbI

1.1. OcHOBHBIE NOHATHS U ONpe/aeeHnsl 0€30MACHOCTH CHCTEMBI

PaccmarpuBaeTrcsi TexHuueckash cucremMa «OOBEKT — 3alura — cpeia —
4esoBek (pabOTHUK, OpUrama)y.

OmnpenenuM 0€30MaCHOCTh KaK CBOMCTBO TEXHUYECKON CUCTEMBI C 3aJJaHHOM
BEPOSTHOCTHIO HE JOMYCTUTh WM UCKIIFOYUTH BOSHUKHOBEHUE MTPOUCIIIECTBUM.

C mo3unuu OUEHKH U OOOCHOBAHMS OE30MAaCHOCTH TEXHHMUYECKas CHUCTEeMa
paccMaTpuUBaeTCAd B CICAYIOIIEM BHUJIE: «IOTEHIHUAIBHO OMACHBIM OOBEKT Kak
KOHCTPYKIIMSL M (YHKIMOHAIBbHOE YCTPOMCTBO COJEpIKaliee COBOKYIHOCTb
MOTEHIIMAIBHO OMACHBIX 3JIEMEHTOB Pa3IUYHON (PU3MKO-XUMUYECKON MPHUPOIBI —
BHEIIHUE W BHYTpPEHHUE (BTOPUYHBIE) ONAcHble W (WJIKM) BpeAaHble (PaKTOpbl —
MPaBOBBIC, OPraHU3AlMOHHBIC, TEXHUYECKUE M KOHCTPYKTHUBHBIE CIOCOOBI U
CpeJICTBA 3aIIUThl — UCTIOTHUTENH (PpaOOTHUK, OpUTaa).

Kak mnpaBuimo, K MPOUCHIECTBUSIM OTHOCATCS CIIEAYIOIIHUE CJIOKHbBIC
COOBITHS

1) HecuacTHbIN cityyait; 2) nmpodeccuonanbHoe 3a0oeBanue; 3) aBapus; 4)
Karactpoda; 5) akTUBHBIA OTKAa3 CaMOTr0 KPUTHYECKOTO MOTECHIIMAIBHO OMAacHOTO
aneMeHTa o0bekTa. lIpenmochuikamMu KOHKPETHOTO MPOWCIHIECTBUS Ha3bIBAIOT
J00bIe BO3MOXKHBIE MPOCTHIE COOBITHS, SIBJCHUS U (WJIM) UX CBS3HU, JIOTMYECKU
MPENONPENCIIAIOT WIH PeATU3yIoT (CIIOCOOHBIE peaTn30BaTh) 3TO MPOUCIIECTBUE B
JTAHHOM CHCTEME.

[TocTpoeHne nOrMYECKOW MOAEIA OCHOBAHO HA HWCIIOJIb30BAHUU U
dopManu3alii  CIIOBECHOTO  ONpejaeieHHus  (JTMHTBUCTHYCCKOW  MOJICIIH)
MIPOUCIIECTBHUS.

PaccmoTpum crneayromme NpoOMCIIECTBUA: 1) HecuacTHBIA ciydail; 2)
npodeccruonansHoe 3a0o0eBanue; 3) aBapusi; 4) katactpoda.

HecuacTHbIH ciydyal 3TO — NPOMCHIECTBUE, CBSI3aHHOE, KaK MPaBUIIO, C

KPAaTKOBPEMEHHBIM M OJHOKPATHBIM BO3JCHCTBHEM HA HCTIOJHUTENS (YETOBEKA)



OTAaCHBIX U (WJIK) BpeIHBIX (PAKTOPOB, COCOOHBIX Ja)K€ B YCIOBUSAX MPUMEHEHUS
KOHKPETHOH 3alllUThl IPUBECTU K TPABME, YBEUBIO WJIH JIETAJILHOMY UCXOJY.

IIpodeccuonanbHoe 3a00/1eBaHNe STO — MPOUCILIECTBHE, CBS3aHHOE, KaK
IpaBWiIO, C JUIMTEIIbHBIM W MHOTOKPATHBIM BO3JECMCTBUEM HA HCIIOJIHHUTEI
(uermoBeKa) OMacHBIX M (WMJIK) BPEAHBIX (haKTOPOB, CIIOCOOHBIX JaXKe€ B YCIOBHSAX
NPUMEHEHUsI KOHKPETHOW 3allUThl MPUBECTU K YXYAIICHUIO 3]I0POBbS U
TPYJAOCHOCOOHOCTH WJIU JIETATBHOMY HCXOAY MCIIOJTHUTEIIEH.

ABapusi 3TO — TMPOUCHIECTBUE, CBS3aHHOE C TMOBpPEXKACHUEM U (WUJIN)
OTKa30M MOTEHIIMAJIBHO OMAaCHOr0 OOBEKTa M BO3HUKHOBEHHEM OMNACHBIX U (WJIN)
BpEAHBIX (PAKTOPOB, ACHCTBUE KOTOPBIX CIIOCOOHO JaXe B YCIOBUSIX MPUMEHEHUS
KOHKPETHOM 3alllUThI IPUBECTU K TPABME, YBEUBIO UCIIOTHUTEIICH.

KaracTpoda 510 — mpoucuiecTBre, CBSI3aHHOE C MOBPEKIACHUEM U (WJIM)
OTKa30M MOTEHIMAJIBHO OMACHOTO0 OOBEKTa U BOSHUKHOBEHMEM ONACHBIX M (WJIH)
BpEAHBIX (AKTOPOB, JEHCTBUE KOTOPHIX CIOCOOHO JaXke B YCIOBHSIX MPUMEHEHUS
KOHKPETHOH 3alllUThl IPUBECTU K THOENIM UCTIOJHUTENEH U MOJTHOMY pa3pyLICHUIO
00BEKTOB 1 CPEACTB TPY/a.

[IpuBeneHHbIE  JIMHTBUCTUYECKHME  MOJEIHM  MO3BOJSIOT  MOCTPOMTH
CJIEIYIOLIME JIOTUHYECKNE MOJIEIIN ATUX BUJIOB ITPOUCIIECTBUM.

Ha ocHoBe mpuHIMNA MpeAONpPeAeICeHHOCTH  (QopMaabHO  JH000E
MIPOUCILIECTBUE, KAK CIOXKHOE COOBITUE, MPOUCXOAsIIee (CIOCOOHOE TPOU30UTH) B
paccMaTpUBaEMOIl CHCTEME, MOYKHO HA3BaTh «BEPIIMHHBIM HCXOJAO0MY pealn3alun
MPEANOCHUIOK, BBISBICHHBIX C TOMOLIBIO aHAIW3a WM 3KcnepTtusbl. [lpuuem
BApUAHThl  pealv3alii  [POMCIIECTBHS  COCTABJISIOT  MOJHYHO  CPYIILY
HECOBMECTHBIX MCXOHO0B. B pamkax 3TOW IpymIibl HOHATHE «BEPIIMHHBIA UCXOMI»
O3HA4YaeT HauXyJIIMi (camblii OMACHBIMA, BPEOHBIM M «YLIEPOHBIN») BapUaHT
pa3BUTHSL.

BeposATHOCTh HACTYIIJIEHUSI BEPIIMHHOTO UCXO/a ONPEAEIIAETCS Ha OCHOBE:!

1) ycTaHOBIIEHHS S3KCHEPTOM WM CTAaHAAPTHOM MNPOUEAYpPOMl JTOTMYECKOn

CBA3HU IMPCAIIOCBIIOK OTHOCHUTCIIBHO 3TOI'0 BEPIIMHHOI'O MCXO04a,



2) HaXOXJEHUS 3HAYEHUW TEOPETUYECKOW (TMIMOTETUYECKOW) BEPOSTHOCTU
WIN €€ CTAaTUCTUYECKOW OLIEHKU WM €€ aCUMITOTHI B BUAE MEpPbI CYOBEKTUBHOMN
BEPOSITHOCTH, HAa3bIBAEMON «BO3MOXKHOCTHOI» WIN «HEYETKOW» MEPOMA.

Takum oOpa3om, Ui KOJUYECTBEHHOTO BBIPAKECHHS OE€30MacHOCTH Ha
OCHOBE (POPMYIHMPOBOK JIMHTBUCTUYECKMX MOJENEH IMPOUCHIECTBUM B CUCTEME
BBEJICHbl TaKHE IOHATHS KaK «BEPIIMHHBIM HCXOI» U «OOBEKTUBHAS» WIIU
«CyOBEKTHUBHAS» BEPOSATHOCTH €ro HacTyruieHus. Kak mpaBumiio, MpH SKCIEepTH3E
0€30M1aCHOCTH CUCTEMBI OTHOCUTENIBHO KaXKIOTO OTHEJIBHO B35TOTO BEPIIMHHOTO
UCXO0Jla Ha OCHOBE WHXEHEPHOIO aHalIM3a IOJY4aroT IOJHBIE U JOCTOBEPHBIE

JJOTUMYCCKHUEC MOJCIIN.

1.2. Anaau3 cnoco0oB pacyera mnoka3aTejieil 0e30MacHOCTH U (WJIHM) pHCKa

CHCTEMBI

AHanu3 crnoco0oB pacyeTa BEpOSTHOCTH HACTYIUICHUS] BEPIITMHHOTO UCXOAa
B TEXHUYECKOM CHCTEME MOXHO CBeCTH K creaywomeMmy. W3 o0mmx
IIPEJICTABJICHUMN BCIEACTBUE HEIMOIHOTHI, HEJOCTOBEPHOCTH U HEJOCTATKA CPEACTB
JIUIS  aHajau3a Oe30IMacHOCTH TEXHHYECKOHW MM TEXHOJOTHYCCKOM, WIIH
HKOJIOTUYECKON CHUCTEMBI BEPOSITHOCTh HACTYIUIEHUs BepimuHHOTO Hcxona (BU)
KJIACCU(DHUIMPYIOT KaK «OOBEKTUBHYIO» WU «CYOBEKTUBHYIO» MEPY.
«OOBEKTUBHAs»  BEPOATHOCTh  COOBITHS, Mpolecca WIA  HCX0Ja
MIPEACTABIAET COOOM MEpy ONPENETICHHOCTH, KOTOPYI0 HAaXOMST KIACCHYECKUMU
METOJJaMd B paMKax CHUTHATYphl (COBOKYMHOCTM MaTE€MaTUYECKUX OIepaliuii)
TEOpUH BEPOATHOCTEH, MPUMEHsIEMON B OyJieBOM anreOpe WiM B alredpe 4eTKUX
MHOeCTB. [Ipu BbIOOpE MpOCTEHIero BapuaHTa 3TOW CUTHATYPHl NMPHUHUMAIOT
CJIEAYIOIINE TTOJOKEHHUS:
1) paccmaTpuBaeTCs MOJIHAs TPYINa HECOBMECTHBIX COOBITHI (ITPOIECCOB HIIH
HCXOJIOB), DJIEMEHTapHBIM NPUMEPOM KOTOPOW SIBISETCS ClEAyIoIIast
JTU3BIOHKIIMSA OYyJIEBBIX TEPEMEHHBIX: JIOTMYECKas CyMMa JIOTHYECKHUX

IICPCMCHHBIX «HKC» WU «HC HUKC)» paBHA CAMHHUIIC,
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2) neiictByet anredpa BEpOSTHOCTHBIX MEp, B PaMKax KOTOPOU BEIOUPAIOT:

a) mpaBUJIa CJIOXKCHUS U YMHOXCHHS BEPOSTHOCTEMH,

0) mpaBuIIa JONOJHCHUS,

B) MMpaBUJIa HHBEPCUH U OTPHUIIAHUSL.

C ydeTroM Takoro mpe/cTaBlIeHUs «OOBEKTUBHYI0» BEPOSITHOCTh COOBITHSA,
MPOIIECCA WM MCXOJIA UILYT U HAXOJAT Ha OCHOBE CIEAYIOLINX METOJI0B, MOJIENIEH
Y TIPABUIL.

1.1 Ha ocHOBe JIOTMKO-BEPOSATHOCTHOTO METO/1a MIPH YCIOBUU:

1.1.1 HanUuMs UCXOHBIX TAHHBIX O BEPOSITHOCTHU WJIU

1.1.2 0 vacToTe peanu3anuu COOBITHIA — MPEATIOCHLUTOK.

1.2 Ha ocHOBe BEpOSTHOCTHON MOJENH «CIy4allHBIA TapameTp BO3JCHCTBUA —
CIIy4ailHbI MapaMeTp BOCHPHUUMYHUBOCTH» KaK OCHOBA JUJISl pacuera BEpOSITHOCTH
(1.1.1) npu ycrnoBuu Hanuuusi (IPUHATHS TUNOTE3bl 0) (QYHKIMI pacrpeneacHus
BEPOSITHOCTH [TapaMETPOB BO3ACUCTBUSA U BOCIPUMMYHUBOCTH.

1.3 Ha ocHoBe BeposTHOCTHOW (yHKumMu cBsizHOCTH BU, momydeHHoil myTem
npeodpa3oBaHus U3 JIOTHYECKOW Mojenu 3toro BU, u moacTaHOBKOM B KayecTBE
aprymeHToB naHHbIX (1.1.2) 0 yacToTax peanuzanuu COObITUIA — IPEANOCHUIOK.

B omimmuue OT JOrMKO-BEpOSTHOCTHOIO TaK HAa3bIBAEMbIM (IOTMKO-
BO3MOXKHOCTHBII» CIIOCOO HaXOXKJIEHUS M pacdeTa «CyObEeKTHBHOW» BEPOSTHOCTU
kak acumntoThl (Ilocnienos, Kiup, [Ipaa) «0ObEKTUBHOM» BEPOSITHOCTU COOBITHUSI,
IIPOLIECCa NN UCXOJa BKIIFOYAET CIIEYIOLIUE ITAIIBI.

2.1 Tloctpoenue mormueckorr momenu BU m e€ mpeoOpa3oBaHME HEUETKYIO
(GYHKUIHU CBS3HOCTH C MOACTAHOBKOM B KQU€CTBE apryMEHTOB JAHHBIX O HEYETKUX
(BOBMOYKHOCTHBIX) Mepax pealu3alid COOBITUH — MPEANOChUIOK, KOTOpBIE
PaCCYUTHIBAIOT C TIOMOUIBIO:

2.2.1 mapaMeTpuYecKol MOJeIN BHUAA «HECUETKHM IMapaMeTp BO3JCHCTBUS —
HEYETKUI MTapaMeTp BOCIIPUUMUYNBOCTHY WU

2.2.2 myTeM MOJCTaHOBKH HETOJHBIX U (MJIM) HEJOCTOBEPHBIX TAHHBIX O YaCTOTaX

peanuzaiyu COOBITHI — IPEANOCHIIOK «Thmay (1.1.2).
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Takum o6pa3oM, mpUMEHEHHE PACCMOTPEHHBIX CIOCOOOB HAXOXKICHUS U
pacuera BEpOSITHOCTH COOBITHS WJIM HMCXOJa TO3BOJSIOT HUX MPUMEHSITH IS
pelieHusl 3HAYUTEIBLHOTO Kpyra 3ajiad Mo OlEHKe M OOOCHOBAHMIO IMOKa3zaTelen
0€30MacCHOCTH U PUCKA CIOKHBIX TEXHUYECKUX U IKOJOTHYECKUX CHCTEM.

[IpumeHeHue nmpegnaraeMoil B KHUI€ METOAOJOTMM I  OLEHKHU
noKasaTelield pucka CUCTEM BUA ‘‘3alIuTa — OOBEKT — Cpelia — YeJIOBEK BKIIIOYAET
MOJATOTOBUTENIBHBIM W OCHOBHOM JTambl. Kak cieayer w3 Ha3BaHuUsA, Ha
MOATOTOBUTEIIBHOM 3Tan€ BEAETCA TOUCK, BBIBICHUE U BBINOJHACTCS, IO
BO3MOYKHOCTH, IIOJHAasi M JOCTOBEpPHAas MOATOTOBKAa HCXOJHBIX JAHHBIX II0
YCTaHOBJICHHBIM (hopmam. PazymeeTcs, 4To 3TOT 3Tal MpeanoJiaraeT TBOPUYECKYIO
paboTy Ui SKCIIEPTOB.

Ornepanny OCHOBHOTO 3Tana CBOJATCS K CIEAYIOMIEMY:

1) pamwXupylOT 1O 3HAaYUMOCTH U YCTaHABJIMBAIOT CBSI3HOCTh BO3MOXKHBIX
IIPOUCIIECTBUN U UX MPEANOCHIIOK;

2) npou3BOAAT (DAKTOPHOE IMAPAMETPUUYECKOE ONUCAHUE MPOUCHIECTBUM, HX
IIPEANIOCHUIOK U MTOCJIEICTBHIA;

3) OTHOCHUTENIbHO BBIOPAHHBIX MCXOJOB ONPEACHSAIOT (PYHKIUU CBSI3HOCTH
MPEANOCHUIOK IPOUCIIECTBUN;

4) Ha OCHOBE MCXOJHBIX JAHHBIX B (pOpMe mapaMeTpoB JIMHTBUCTUUYECKONH MOJENIN
BUIA “BO3JECMCTBHE — KaHAJMPOBAHWE — BOCHPUMMYMBOCTD — OTKA3 WIH
VHULMAPOBAHUE BTOPUYHBIX BO3ACUCTBUI~ pPAaCCUUTHIBAIOT BO3MOKHOCTHYIO H
(1J11) BEPOSITHOCTHYIO MEPhI HACTYIUIEHUS] IPOUCLIECTBU;

5) mo pe3yabTaTaM pacyeToB, YTOUHEHHS! MCXOJHBIX M MPOMEKYTOUHBIX JAHHBIX
BBIYUCIISIIOT — MOKa3aTelin  Oe30MacHOCTH, a Takke auddepeHnnanbHple U
MHTErpalibHbIE MOKAa3aTeIN pUCKa KOHKPETHO B3ATON CUCTEMBI;

6) BBIIIOJIHAIOT CPAaBHUTENIBHBIN aHAIN3 PA3HOPOIHBIX TEXHUUECKUX CUCTEM;

7) Ha OCHOBaHMM TMOJYYEHHBIX pE3YyJbTaTOB pEHIAIOT 3aJaud OOOCHOBAHUS

3alIUTHBIX MCpOHpI/ISITI/If/'I, ITOBBLIIIEHHST 0€3011aCHOCTH HIIU CTpaxOBaHM.
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1.3. AaropuT™ pacyeTa mokasarejieil 0€30MaCHOCTH H PUCKA CHCTEMbI

JIis KOHKPETHOM TEXHUYECKOW CHCTEMbl «OOBEKT — 3alliuTa — cpeia —

yesioBek (Opuraaa)» aaropuT™M pacdera Tokasaresied 0e30MacHOCTH COCTOMUT U3

CIICAYIOIIUX 3TAIlOB HUJIN 3aaa4:

1.

BbIOpATh BEPUIMHHBINA UCXO,

. YCTAHOBHUTDH €T0 IIPCAIIOCBLIKH,

2
3.
4

IMOCTPOUTD JIMHI'BUCTUYCCKYIO MOACIIb pCain3alluy BEPIIMHHOTO UCXO0/Jia,

. IIOCTPOUTL JIOTHYCCKYIO MOJCIbL C Y4YCTOM, II0 BO3MOJKHOCTH, IIOJIHOI'O

Habopa cBsI3ei NPeAnoChUIOK,

I8 KaXJIOW NPEANOCHUIKM TOCTPOUTh MNapaMETPUYECKYH0 MOJENb €€
peanu3allid Ha OCHOBE MOJIENM «BO3AEHCTBHE — ociabieHue —
BOCTIPUUMYHBOCTDY,

Ha OCHOBE BbIOOpa (0OOCHOBaHUS) Uil HEE MPOU3BOAHBIX MAPAMETPOB, C
YU4E€TOM TPOBEICHUS HWHXXEHEPHOM OSKCHEPTU3bl KOHKPETHO B3ATOU
texHuueckoit cuctembl TC1 B pamkax (TepMHUHAX) MOJEIN «BO3JICUCTBUE —
ocnabieHne — BOCIPUUMYHUBOCTDY) COCTABUTH TAOJMIbI 3HAUEHUHN «siaep» U
WHTEPBAJIOB «Pa3MBITOCTH,

paccuuTaTh BO3MOXKHOCTHBIE Mepbl (BM) peanmzamum s1eMeHTapHBIX
IPEINOChUIOK,

MOCTPOUTH BO3MOXKHOCTHYIO (hopMy GYHKIIMH peanu3alfiii BEPIIMHHOTO
ucxozja,

MOJCTaBUTh B HEE BO3MOXKHOCTHBIE MEphl pealM3allM 3JIEMEHTAPHBIX

MPENOCHIIOK U

10. momyduTh WTOTOBBIA pE3ylbTaT B BHUIE 3HaUYeHHS BM BO3HUKHOBEHUS

BEPILIMHHOIO UCX0J1a B KOHKpeTHO paccMmarpuBaeMoi TCl.

Kaxk npaBuno, 3amaun 1, 2 u 3 HOCAT HCCIIENOBATENBCKAN XapaAKTEP U MOTYT

OBITh pEIIEHBl HKCIEPTOM WM HWCKYCCTBEHHOW WHTEIUIEKTYaIbHOM CHUCTEMOMU

(MNC) na oOCHOBE NOJHONO W TOYHOTO aHAJIN3a KOHKPETHOW TEXHHYECKOMN
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CHUCTEMBbl C TMO3UIMU €€ TMOTCHIMAIbHOW OMacHOCTH caMoi cebe, Apyrum
IOJICUCTEMAM WJIM HAJICUCTEMAM, HII OKPYKAIOLIEH Cpefe.

[locne mpoBeneHuss HSTUX 3TANoOB  Jajiee TEXHUYECKas  CHUCTEMa
paccMaTpHUBAaEeTCs B CIEAYIOIIEM BHJIE: «IOTEHLHUAIBHO OIMACHBIA OOBEKT Kak
KOHCTPYKUHUSI U (PyHKIHMOHAJIBHOE YCTPOMCTBO COJAEpIKAIlEe COBOKYIHOCTb
HNOTEHLIUAIBHO OMACHBIX JIEMEHTOB Pa3IMYHON (PU3MKO-XMMHUYECKON IPUPOJIBI —
BHEIIHHE M BHYTPECHHHE (BTOPUYHBIE) ONacHble W (WJIM) BpeaHbIe (PAKTOpBI —
IIPABOBBIC, OPTraHMU3ALMOHHBIC, TEXHUYECKUE W KOHCTPYKTUBHBIE CIOCOOBI U

cpeacTtBa 3alliUThl — UCITIOJIHUTCIIN).

1.4. [IpaBusIa NOCTPOEHMS JIOTHYECKOH MO/1eJI BEPIIUHHOTO UCX01a

PaccmoTpum srieMeHTapHbIC JTOTUUECKHE MOJCIIM Ha OCHOBE OECITOBTOPHBIX
OyneBbIX (DYHKIUA U UX JIUIBIOHKTUBHOM M KOHBIOHKTHBHON (opM. Omnwuiiem
ayieMeHTapHbie (GOopMBbI Jorudeckoit Mojenu (JIM) BepIInHHOTO UCXO/a.

MunumanbsHas qu3bloHKTHBHAS opma (MIAD): y=X; v X, .

MunumManbHas KoHbIOHKTUBHAS popma (MKD): y=X; A X;.

OnumeM npuBeaeHue gorndeckux mojaeneit kK MJII® u MK® na npumepax.

[Ipumep npusenenus JIM k J1D:

Y=XIVXoAXs =XV (Xo A X3) =XV 2, (1.1)

rJic BBEICHA MPOMEXKYTOUYHAs MepeMeHHas Z = (X A X3) .

ITpumep npusenenus JIM k KO:

Y=X1VXoAX3 = (X1 VX2 ) AX3) =ZA Xz, (1.2)
rJIc BBEICHA MPOMEXYTOUYHAs MepeMeHHas Z = (X; Vv Xp).

[Tpumep nonyuyenus 1P u3 npousBosbHON OecrioBTOpHOM JIM.

[TycTh mana cnemyroniast mpousBoJibHas 6ecrioBTopHas JIM

Y = (Xt AX2) vV (X3A Xq) V (X5 A Xg) A X7. (1.3)
[Ipusenem e€ xk M1 D:
Y =Z1VZIyVZa, (1.4)
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TI€ MPOMEKYTOYHBIE IEPEMEHHBIE
Z1 SXiAX2Z2 =SX3AXalZ3 = X5 A Xg A X7
[Tpumep nonyuenus K@ u3 nponsBosibHON OecrioBTOpHOM JIM.
Jlana cneyronias npou3BosibHas 6ecrioBTopHas JIM

Y = (X1 VX2 ) A (XA Xg) A (X5 Xg) A X7. (1.5)
[TpuBenem e€ k MK® cneayronium o6pa3zom.
Y = (Xt VX2 ) A (XA Xg) A (XsV Xg) A X7 =
= (X1 VX)) A (X5V Xg) AX3A XgA X7 =

=21 AZy AXaA XaA Xy, (1.6)

rI€ MMPOMEKYTOUYHBIC IEPEMEHHBIE Z 1 = X1V X2, Z 2= X5V Xg.

1.5. Onmnpenenenue Mep BepPOSITHOCTH W BO3MOKHOCTH BO3HHKHOBEHHUSA

NMPOUCIIECTBUI

1.5.1. IlpaBua onpeneseHusi BEPOSITHOCTH W BO3MOKHOCTH IO JIOTHYECKOM

MOJI€CJIU MPpOUCIIECTBUSA

[IpeoOpazoBanue nornyeckoi (0yneBoit) pyukiuu npouctiectsus (JIMII),

y = f (X;, X2,... X;), B BEpOSATHOCTHYIO M BO3MOXKHOCTHYIO (HEYETKYIO)
dbopMBbI pouciecTBUs (KOTOPBIE MPEICTABUM, COOTBETCTBEHHO, aO0OpeBUaTypamMu
— B®II u HOII) BbImoaHUM CleAyIOmuUM 00pa3oMm.

BepositHocTHyto  (popmy (dyHKIMM mpouciiecTBHS (KaK BBIIOJHEHHE
CJIEAYIOIIETO JJOTUUECKOTO YCIOBUS: Y = 1) MpeacTaBuM B BUJIE

Pro (y =1) = Fs (p1, P2.... P, (1.7)

rae Pro (- ) — omepatop BepositHoctu (probability);

byukuus Fpz ( - ) ectb anreOpamdeckas (opma (YHKIIMH BEPOSTHOCTH,
3aJlaHHass Ha MHOXXECTBE {Pj } BEIICCTBEHHBIX IMEPEMEHHBIX — BEPOSITHOCTEU

HICXO0JI0B

Pro (xi=1) =i, (1.8)
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moydaemasi Kak pe3yslbTaT MPUMEHEHUS OJEMEHTapHBIX  TPABUI
npeoOpa3oBaHusl OT JJOTHUYECKON B BEPOATHOCTHYIO MOJIETb.

Heuerkyto (Bo3moxHOcTHYIO) (opmy (H®D) ¢GyHKIMH OpOUCIIECTBHS,
KOTOpPOE TaK)Ke MPEICTaBUM KaK BBITOJTHCHHUE YCIOBHS, Y = 1, 3amuIieM B BUC

Pos(y=1)=Fy(m, m,... m), (2.9

rae Pos (- ) — omeparop Bo3moxkuoctu (possibility);

Fyz () — 3agaHHas Ha «HEYETKOM» CUTHATYpe HedeTKas (BO3MOXKHOCTHAsS)
dopma (H®) dynkmum peanmsanmun BU oT MHOkecTBa {7 | BEIIECTBEHHBIX
IIEPEMEHHBIX — BO3MOXKHOCTHBIX (HeuéTkmx) Mep mcxomoB Pos (X = 1) = 75,

KOTOpasd SCTb PC3yJIbTAT IIPUMCHCHUA 3JICMCHTAPHBIX IIPAaBUJI Hp606paSOBaHI/IH oT

JIM B HD.

1.5.2. DneMeHTapHbIe NMpaBWJAa NMPeodpPa3oBaHHUs OT JIOTHYecKoil (0yseBoil)

MOJI€JIU B BEPOSATHOCTHYIO MOJA€/Ib

DneMeHTapHble TIpaBUiia MpeoOpa3oBaHUs OT Jiorudyeckoi (OyreBoit)

MOACIHU B BEPOATHOCTHYIO MOJACIIb UMCIOT CJIG}_'[y}OH_II/Iﬁ BH.

1) ByneBbl mepeMeHHble Y U Xj , NpuHUMatoume 3Hadyenus: 0 v (wm) 1,
3aMEHSIOT TMepeMeHHbIMH P u p; , koTopble 3amansl Ha wuHTepBasie [0, 1]
BEILIECTBEHHbIX uucell. I[Ipuyem ormeTum, uto 3HaueHue P; = 0 o3Hayvaer, 4TO
BBINIOJIHEHHE YCTIOBUS Xj = 1 HEBO3MOMXHO MJIM HEBBIMIOJHUMO. TOr/1a KaKk ycloBUe
pi = 1 o3HavaeT, 4yTo ycioBue Xj = 1 JOCTOBEPHO.

2) Onepanuio JIOTHYECKOro CIOXKEHUS (IU3BIOHKIINIO) IBYX MEPEMEHHBIX X3
V Xz 3aMEHSI0T Ha OCHOBE NMpeoOpa3oBaHMsl BUA:

y=XivXx; —»P=1-(1-py) (1-py). (1.10)

3) Omnepaiuio JOTHYECKOTO YMHOXKEHHUS (KOHBIOHKIMIO) JIBYX MEPEMEHHBIX
X1 A X2 3aMEHSIIOT OIepanen BUaa:

Y=X1AXy — P =ps-po (1.11)

16



4) Omnepaiuio OTpUIIAHUS «HE Xp» (mpuuem X; Vv (wiam) «He Xp» = 1)
3aMEHAIOT MPeoOpa3oBaHUEM BUIA:

y=HeX; —>P=1-p;. (1.12)

1.5.3. DjeMeHTapHbIe NMPAaBUJIA NMPeo0pPa30BaHMs OT Jorudeckou (0yJeBoil)

MO/IeJIM B HEYETKYIO (BO3MOKHOCTHYI0) MO E/Ib

1) byneBbl nepemeHHble Y U X; , npuHUMaromue 3HadueHus:: 0 v (wim) 1,
3aMEHAIOT MEePEMEHHBIMU, Jajee Ha3bIBAEMbIMU BO3MO>KHOCTHBIMHU (HEYETKUMM)
Mepamu, [/ u 7 , KOTOpbIE 3a1aHbl Ha nHTEepBase [0, 1] BEIIECTBEHHBIX YHCEIL.
[Ipuuem 3HaueHue 7; = 0 03HAYAET, YTO BHINOJHEHUE YCIOBHS Xj = | HE BO3MOXKHO
C YBEPEHHOCThIO 1 — o, T/Ie 00 — YPOBEHb PA3IMUYMMOCTH HEYETKUX MapaMeTPOB, C
MIOMOIIBI0O KOTOPBIX OMHUCBHIBAIOT ycioBUE Xj = |. PU3MYECKHN CMBICI 3TOMY
NOSICHAETCA  IPU  ONpPENENEHUHM  BO3MOXKHOCTHOM  MEpbl Ha  OCHOBE
MapaMeTpUYECKON MOJENIM MPOUCIIECTBUSL «BO3JACHCTBHE — BOCIHPUUMYHUBOCTHY
(em. 1m1.1.7)

2) IlpeoOpa3zoBaHue JOTMYECKOM (QPYHKIMM MPOUCIIECTBHS B €€
BO3MOXKHOCTHYIO ~ ()OpMy  OCHOBAaHO Ha  HCIOJb30BAHUMU  CIEAYIOIINX
AJIEMEHTAPHBIX ONEepalnuii — 3aMEIICHUN:

2.1. OyneBa mepeMeHHas Xj 3aMEIIaeTCsl COOTBETCTBYIOLIEH BO3ZMOKHOCTHOM
Mepou 7 :

Xi = 74, (1.13)

2.2. omepaiusi «Jorudeckoe u» (A) 3amelnaeTcs ormnepamuerr (min) wus3
CUTHATYPbl YETKUX U HEUETKUX MHOKECTB:

A — min; (1.14)

2.3. omepanusa «JIoruueckoe win» (V) 3aMmemiaercs omnepanuend (max) us
CUTHATYPbl YETKUX U HEUETKUX MHOKECTB:

vV — max. (1.15)
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1.54. TumnoBble npuUMepbl MNOCTPOCHUSI BEPOATHOCTHON  (PYHKUIMHU

nponucmeCcTBUs

PaCCMOTpI/IM CIICOAYIONINC 3JICMCHTAPHBIC TUIIOBBLIC JIOTHYCCKHUC ®YHKHHH, C
IIOMOIIbKO KOTOPBIX MOXHO QAHAJIMU3HUPOBATL W YUYUTHIBATDH 6CCHOBTOpHBIC

MMpCAINOCBUIKU ITPOUCHICCTBUA.

1)y=X1vXy; —>Pro(y=1)=P=1-q1-¢2=1-(1-p)(1-pp) =

=P1+ P2—P1-P2. (1.16)
2)y:X1/\X2;—>PI'O (y: 1): P:pl P2. (1171)
Y=X1 A X2 A Xz, Pro (y = 1) =pP= P1 P2 -P3 (1172)

3) Y= XiV Xo - Xg = Xy v Zy; — P = py+ Py -Ps— Pr- Pa Ps. (1.18)
4)y=(Xg Vv X2) Xg=12Z1 X3. = P =p1-ps + P2 -ps — Pr- P2 -ps. (1.19.1)
5)Y= X1 VX VX3 =P =py+p2+Ps — PP —PrPs— PrPs + Pr- P2 -Ps(1.19.2)

BeposTtHOCTH Pj IPEANOCHIIOK IPOUCIIECTBUS HAXOAAT CTATUCTUYECKH, YTO
HanOoJiee JOCTOBEPHO, HO, KaK MPABUIIO, HA MPAKTUKE 3TO TPYJIHO TOCTUKUMO.

BeposaTHOCTHBIE MEPBI TaK)KE€ PACCUUTHIBAIOT HA OCHOBAHWM IIOCTPOCHUS U
IIPUMEHEHUS CIEAYIONIUX MOJEIICH.

1) I'mnoreTnuecknx MoJeNne O pachpele’eHUH CIy4ailHbIX HapameTpoB
BO3/ICICTBUSL M BOCHPUHUMYHMBOCTU (C HCIIOJIB30BAHUEM MOJENH TPEBbIIICHUS
BO3JICHCTBHSI HAJl BOCIIPUUMYHUBOCTBIO).

2) Teoperudyeckux MoOAENEH C PACCMOTPEHUEM HMHTEHCUBHOCTEU
MPEANOCHUIOK MTPOUCHIECTBUS, MTPOCTEUIIIEN U YaCTO NMPUMEHAEMOM U3 KOTOPBIX
ABJISIETCA ~ DKCIIOHCHLMAJIbHAS  3aBHCUMOCTb  BEPOSTHOCTH  BO3HUKHOBEHUS
IPEANOCHUIKH (QHAJIOT «3KCIIOHEHIMAIBHOTO 3aKOHa» HaJexHocTH). [Ipu s3Tom
MPOIIECC ~ BO3HHUKHOBEHMSI  MPOUCHIECTBHM  pPAacCMATpUBAIOT  KaK  WIIHK

KBa3UCTAIlMOHAPHBIN WM KaK dPTroAUYECKUM Mpolecc.
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1.5.5. TumoBble mnpuMepbl MNOCTPOCHUSI BO3MOKHOCTHOH  (QyHKUIMH

nponucmeCcTBUs

Ecnu ucxonHble JaHHBIE O BEPOSTHOCTH MPEANOCHUIOK MPOMCIIECTBUIMA
OTCYTCTBYIOT, PAacCMAaTPUBAEMbIC CHCTEMbI CUMTAIOTCS YHUKAJIbHBIMU WJIU
HETUTIOBBIMH.

JIist 27IeMEHTapHBIX JIOTHYECKUX (GYHKIMNA, 1.2, Ha OCHOBaHUU NPABUII

n.1.5.3 moctpouM cleaylomue WX BO3MOXHOCTHBIE (opmbl  QyHKIHK

IIPONUCHICCTBHUA.

DYy=X;VvXy; = Pos(y=1)=IT1=max (m, m). (1.20)
2)Y=X1 AXy; = Pos(y=1)=II=min (m, m). (1.22)
3)Yy=X1 VX AXz3— Pos (y=1) =I1=max (mm, min (m, m). (1.22)
4)y= (X1 VX)) AXs— Pos (y=1)=I1=min (m, max (m, m ). (1.23)

Bo3moxHOCTHEBIE MCPBI 77 MPCAINIOCBUIOK IIPOUCIICCTBUS HaﬁﬂeM Ha
OCHOBAaHHMHU NPCACTABICHUA IIapaMCTPOB BO3HCﬁCTBHH S U BOCIIPUMMYMBOCTH [,

KaK HeueTKue BennuuHbl. Hanpumep, 1uis ycnosus (13) nomyyum:

m = Pos (x, =1) =Pos (s >r). (1.24)

1.6. YcraHoB/ieHHe Mepbl ONpeleTeHHOCTH BEPHIMHHOIO HCXO0Ja HAa OCHOBE

MapaMeTpUIECCKOIro Kpurepus ((B03l[eﬁCTBHe — 00JIb11IE BOCIIPUMMYIHUBOCTH»

B 3aBucuMoCTH OT TOYHOCTH, TOJHOTHI U JOCTOBEPHOCTH HH(POPMAIIUH O
BO3MOYKHBIX peall3allusaX BEIMYMH S U ' B pacCMaTpUBaEMOU cucTeMe «(haKTOphI
— 00BEKT», MEpa OMPEICTCHHOCTH PeaIu3aI[ii BEPITUHHOTO UCXO0/1a WA yCIOBUS
(24) moxet OBIThH MpencTaBiIeHa Kak Mepa HeoOxomumocTr N = Nec (t) uau mepa
BeposTHocTH P =Pro (t) wiu mepa Bo3amoxxnoctu 77 =P0s (t). [Ipu HOpMHPOBKE Ha
MHTEpBaJie BelleCcTBEHHbIX uncen [0,1] misg oJHOro OTIENbHO B3SITOTO KPUTEPHUSA

9TH MEPbI HAXOATCS B CIIEAYIOIEM OTHOIIeHUH [1]:
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Nec(s>r) < Pro(s>r) < Pos(s>r), (1.25)

rae moax S , I COOTBETCTBEHHO IOHMUMarTcs: B oneparope Nec -
JeTEpPMUHUPOBAHHBIE, B orieparope Pro - ciydaiinble, B oneparope POS - HeueTkue
BENMYMHBI (MapaMeTphbl) MapaMeTpPUUEeCKOW MOJENM peau3aliil BEPIIMHHOTO
UCXO/a.

NnmocTpaTUBHO COOTHOIIIEHUE MEpP ONPENENIEHHOCTH pealu3alii HUcxojia

MPEJICTABJICHO HA PUCYHKE 1.

Mepa HeOUpeIEICHHOCTH

THTHATYDA
Muo#xecTBO C - P HACTYILIEHHA BEPLUIHHHOTO
BOIMOKHOCTHRIX alrebpsl ECr
Mep peaTH3aHH » HEHCTRAX
| muomecTs
. BoamoskHocTHARR Mepa
— ‘ mCr) = . (1)
1= ':”m ti .lr} 'E'.r.r.w  Srng
N 2. BosmomHOCTHO-
BEPOATHOCTHAA MEpa
nmp(Cry=7. (F
p(CP) = £, (P)
MuoxecTBo N Curnatypa
BEPOSTHOCTHRIX MEp aIrctphl
NMPEINOChITOK BEPOATHOCTHBIX )
Mep 3. BepostHocTHO-
b > BEPORTHOCTHAA MEPA
pri{Cr) —_,i"_',:.'.__lr{P:I
F= L ,r} 'Sl.ln'.‘.i‘

4, BeposTHocTHAR Mepa
f—i'[ (_',r:'| =-‘r}‘-nr{F}

plCr) = pn(Cr) = mp{ Cr) = m(Cr)

Pucynoxk 1.1 — Anre6pa Mep ¥ COOTHOILIEHHE BEPOSITHOCTHOM U BO3MOXHOCTHOM

Mep pean3ali UCXO0B.
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Ecnu cuctema «daktopbl — 00BEKT» IETEPMUHAPOBAHA, TO ME€pa TPUHUMACT
OJIHO U3 JIBYX 3HaueHui: 0 umum 1.

Ecmu cucrema «daktopbl — 0OBEKT» CiaydaliHa W W3BECTHBI TUIOTHOCTH
pacnpenenenus BeposITHOCTH ¢ (S) m ¢ (F) cay4alHBIX BEIWYMH S W I, TO
BEPOSITHOCTh PEAM3alMU YCIOBUA (S = ) HAXOIIT Ha OCHOBAaHUHU TOCTPOCHHS
BEPOSITHOCTHOM TNapamMeTpUueCKOd MOJENU «BO3JEHCTBHUE S — BOCIPUUMUYUBOCTH
r» (c  HCHOJBb30BAHMEM  MOJICTM  MPEBBIIMICHUS  BO3JCUCTBUS  Haj
BOCIIPUMMYHMBOCTBIO), PUCYHOK 2. [Ipu 3TOM Ha pucyHKe 2 Ipe/ICTaBlIEHbI YEThIPE
OCHOBHBIX BapHaHTa COOTHOIIEHUSI JTUX BEJIMYUH. BepxXHss «IMHEHKa»
JIEMOHCTPUPYET BapUaHT: BO3JCHCTBUE HAMHOI'O MEHBIIE BOCHPUUMYUBOCTU U
nepecedeHue KpuBbiX @ (S) U @ (r) HEBO3MOXHO, BEPOSITHOCTh BO3HUKHOBCHHS
HEKEJATEIIbHOTO UCX0/1a, TO €CTh pealn3allii MPOUCIIECTBUS, paBHa Hy0, P=0.

Crnenyromas «mHeika (p>0)» AeMOHCTPUPYET BapUAHT «IIPUOIMKEHIUS
CHU3Y» BEPOSITHBIX 3HAUEHUI MapamMeTpa BO3JCHUCTBUS S K BEPOATHBIM 3HAUCHUSIM
napameTpa BocnpuuMUMBOCTH I. TpeTha «mHerika P=0.5» omnmchIBaeT ciydai
PAaBEHCTBA MATEMATUYECKUX OKUJAHUM BO3JAEHUCTBUS Mg U BOCIPUUMYHUBOCTH M.
[lomyTHO 37€ch  CIEQyeT 3aMETUTh, CPEAHEKBAAPATUYECKHE OTKJIOHEHUS
BO3JICUCTBUSI S U BOCIIPUUMYMBOCTU I MOTYT HE COBMaaaTh. M HaKOHel, HWKHSS
JIMHEWKA OMHUCHIBAET CIy4yan, KOTJla MATEMATHUECKOE OKUIAHUE BO3AECUCTBUS Mg U
HAMHOTO OOJIbIIIE MAaTEeMAaTHYECKOrO OXHMJIAHUS BOCHPUUMYUBOCTA M, U MpHU
JOOBIX 3HAYEHUSX CPETHEKBAIPATUYECKUX OTKIOHEHUW BO3JCUCTBUS S W
BOCIIPUMMYHUBOCTH I TiepecedeHrue KpuBbIX ¢@ (S) u ¢ (r) HEBO3MOXKHO.
PaccmoTpeHHbIe  BapuaHThl  COOTHOIIEHUS  MMapaMeTpPOB  BO3JCUCTBUS U
BOCIIPUUMYHMBOCTH TMO3BOJISIIOT HArJISIAHO U YCKOPEHHO OLIEHMBATh BEPOSITHOCTH

peanu3alury napaMeTpuuecKoi NpeAnoChUIKY JH000ro BEPIIMHHOIO UCXO0/A.
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o(1)

>
>
>
>
my mg
PI/ICYHOK 1.2 - I/IJ'IJ'IIOCTpaI_II/I}I OCHOBHBIX BAapHAHTOB COOTHOIICHUA

MapaMeTPOB BO3JACUCTBUS U BOCIPUUMYHUBOCTHU

3amaua. Ha ocHOBe paccMoTpeHHON Ha pucyHke 1.2 mapaMeTpu4ecKou
MOJICIA U YCJIOBHSI TPEBBIIICHUS BO3JCUCTBHUS S HaJ BOCIHPUUMYUBOCTBIO I
ONPEAECIUM BEPOATHOCTh pEAIU3aLMU BEPIIMHHOIO HCXO0Ja X = 1 B
npoucmectBun Pro (x = 1) = Pro (s > r) cineayrommm o0pazom.

BBoauM HOBYIO IEPEMEHHYIO Z = S — I, KOTOpas TaKke pacrpeaeseHa mno
HOPMAJIBHOMY 3aKOHY C MAaTEMATHYECKUM OXKHUJIAHUEM M, = M — M .

[IpeoOpazyem 3amauy K BUAY

Pro (3 -r> 0) = j_mm @ (Tj [j_sm @ (S] dS]dT’ (126)

Cuauana paccMoTpuM Bapuant (1): ms<m, - m, =m—m, <0,

CM. BTOPYIO JIMHEWKY Ha pUcyHke 1.2.
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Beenem (yHKIMIO pacrpenesieHus] BEPOSTHOCTH ¢ , (Z) 1 HA OCHOBaHHUHU
Ta0ynupoBaHHOTO wWHTerpaysia BepositHoctew @ (X) [KopH, cmpaBOYHHK TIO

MateMmaTuke] /i1 BapuaHTa 1 Beipaxkenue (1.26) npeacrtaBum B BHUJIC
p1(U) =Pro(z>0)=05-® ((M,—m)/ (o> +0%s) ") =05-D (u), (1.27)

rae mapamerp U = (M ,—m ) / (6 ; + o2 §) %° mpencraBmser coboit
BEPOSITHOCTHBIN «IIPUBEACHHBIN MapaMeTpuueckuit 3anac 6ezonacHoctny (I11136),
KaK OTHOIIEHHE Pa3HOCTHM MAaTEeMaTUYECKUX OXUJAHUWA BO3ACUCTBUS U
BOCIIPUUMYHMBOCTH K UX CYMMapHOMY CPEAHEKBAAPATUIECKOMY OTKJIOHEHHUIO.
s BapuanTa (2): ms>m, - m; =mg—m, >0 Beipaxenue (1.26) noxyyum B

BUJIE

P2(U) =Pro(z>0)=05+® ((Ms—m,)/(c?,+02s) *%) =05+ D (u). (1.28)

Bamernm, uto (Ms— M)/ (02 +062) % = —(M,—ms)/ (0> +062) " =—u.

[TocTaBneHHy0 3a/1auy peuIuM YUCIeHHO. J[J1 3TOro u3 Tabiuilbl 3HAYCHHMA
uHTerpana BeposTHocTed (pyHkiuu Jlammaca) —mociaenoBaTeIbHO BBIOMpaeM
3HAYCHUS NMPHUBEACHHOTO TTapaMeTpuuecKoro 3amaca 6e3omacHoctu U = 0; 1; 2; 3;
4; 5, 3atem HaxoauMm 3HaueHus P (X = u), kortopsie cBeaeMm B Tabmuiy 1. B
Tabnmune 1 mnpencraBiaeHbl pe3ylbTaThl pacueTa 3HAYCHUN BEPOSTHOCTU
pealiu3alyi BEepIIMHHOrO Mcxoma Pro (S > r) B QyHKOMH OT NPUBEICHHOTO
napamMeTpuuecKkoro 3armaca 0e30macHOCTH U 1O JBYX Pa3IHyYarolIuXxcs
BAPUAHTOB  COOTHOILIEHWM  MAaTEMAaTUYECKUX  OXKHUJAHUM  BO3IECUCTBUA U

BocnpuumuuBocT (1): (M > mg) u (2): (M s> m ). 3agaya perieHa.
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Tabmuna 1.1 BeposTHOCTB peanu3aliiy BEpIIMHHOTO ucxoma Pro (s >r)

u p1 (WI(M>ms) p2 (W)|(ms>my)
0 0.5 0.5

1 0.15866 0.84134

2 0.02275 0.97725

3 0.00145 0.99865

4 0.0000317 0.999683

5 0.0000001867 0.9999997133

Ha ocHoBanun Tabmuubl 1.1 myTeM HMHTEpHONSLMH JIETKO MOJYYHTb
YHCJICHHbIE OLEHKU II0Ka3arejeil Oe30MacHOCTH Ha NPAKTHUUECKU 3HAYMMOMN
o0nacTh aHanM3a: MaTeMAaTUYECKOE OXHUIAHWE BO3JCHCTBUS «MEHBIIE» WIIH
«HAMHOTO MEHBIIE» BOCIPUHUMYUBOCTH, a «pa3dpOCy 3HAYEHUN MPHUBEAECHHOTO
napaMeTpuueckoro 3amaca OesomacHoctTd U > 1. IlpuMeHeHue pe3ynbTaToB
BapuaHTa (2): BO3JIeCTBUE «OOJIBIIIE» UM «HAMHOTO OOJIBIIIE» BOCIPUUMYUBOCTU
MOJIE3HO JIJIsl TPOBEACHHUS MPOrHO3a CHUCTEMBI C YYETOM HKCTPEMaJbHBIX
BO3/ICCTBHM.

BeposiTHOCTh peanu3anuy  BEPIIMHHOTO HCXO0Ja MOXET OBITh TOYHO
paccuMTaHa, €CJId H3BECTHbl 3HAYEHHA XapaKTEPUCTUK (MaTEeMaTHYECKOE
OKUJIAHUE U CPETHEKBAAPATUYECKOE OTKIOHEHHWE) IJIOTHOCTEH pachpeneneHus
BEPOSITHOCTH MMapaMeTPOB BO3ACUCTBUS U BOCIPUUMYHUBOCTH.

OpHako yaiie BCEro 3KCHepTu3a 0e30MacHOCTH MPOBOJUTCS B YCIOBHUSX
OTCYTCTBUS TOYHOM U (WJM) TOJHOM HHPOpMALMKU O MPEANOChUIKAX
BO3HHUKHOBEHUS MPOUCIIECTBUN B TEXHUUYECKOM cucteme. [1oCcKonbKy «mapamerp
BO3JICHCTBHS» — 3TO XapaKTEPUCTUKA «CPEABD», TO 3KCIEPT JUIsl €r0 HAXOKIACHUS
UCIIOJIB3YEeT  pacyeTHO-aHAJIUTHUecKue crnocoObl. Torma Kak — «mapamerp
BOCIIPUMMYHMBOCTH» — BBIpa&)KE€HHasd B TEPMHUHAX M BEIUYMHAX MapaMeTPOB

BO3JICMCTBUSI  XapaKTEPUCTHUKA CIOCOOHOCTHM o0O0ObeKkTa (Wiau CyObeKTa) K
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BO3HMKHOBEHHIO B CHCTEME NIPOWCIIECTBUSA (BEpIIMHHOTO wucxoma). [Ipuyuem
napameTpbl BOCHIPUAUMYHUBOCTH YCTAaHABIMBAIOT, KaK MPABUJIO, YKCIIEPUMEHTAIBHO.
B kadecTBe mpumepa 1moj mapaMmeTpaMyd BOCIIPHMMYHUBOCTH 3KCTIEPTHI MPUHUMAIOT
CJIEIYIONTHE TTOKA3aTeIu:

1) mpenenbHO MOMyCTHMAsi KOHIGHTPALMS BPEAHOTO Tasa (r/M°) mimd 103a
uzinydenus (Jx/kr) unu (PeHTren) uim npoaoJbKUTENIbHOCTE MpeObIBaHus (C) Uin
(4ac);

2) MATUACCITHIIPOIICHTHBIN KPUTHISCKUH TIOPOT BO3ACHCTBHS (pPa3MEPHOCTh
10 AaHAJIOTHH C TIPEABITYIIUMH ITOKA3aTEISIMU );

3) cpennee pUOPMILIALIMOHHOE 3HAUEHUE TOKA (MA);

4) HanpsbKeHUEe Havalla TeKy4ecTH MaTepuaiia Teeporo tena (I1a).

Crnenyer 3aMeTHTh, 4YTO, KaK MPABHIO, DKCIEPT CIIOCOOCH YCTAaHOBHTH
TaKoro pojia MapameTpbl BO3JCUCTBUS U BOCIPUUMYMBOCTH B BHUJE HEUETKHUX

HHTCPBAJIOB C YKA3aHUCM YPOBH:A PA3JIMYUMOCTH.

1.7. PacyeT BO3MOKHOCTHOI Mepbl BEPIIMHHOIO UCX0/a B MO/IeJIH «HEYeTKOe

BO3HeﬁCTBHe — HEUYECTKad BOCIPUUMYHNBOCTDL»

[Tpu UCIIOJIb30BaHUU (byHIaMEHTAIHLHOTO COOTHOIIEHUSI Mep
OTIPEJICTICHHOCTH IS HEKOTOPOTO0 COOBITUS B paccMaTpuBaeMON CHUCTEME,
OKa3bIBAIOTCS JOCTIKMUMBIMU CPaBHEHHE M MPEICTABICHUE PE3YIbTATOB OIEHKHU
pUCKa YHUKAJIBHBIX CHCTEM Ha OCHOBE HAXO0XICHUS BEPXHHUX IPaHUIl 3HAYEHUU
BEPOSITHOCTA MPOUCIIECTBUA (BepIIMHHOrO ucxona) [1, 2]. Jns ycTaHOBIEHUS
BO3MOXHOCTHOM MeEphI peaju3alii MapaMeTPUUeCKuX MPEANOChUIOK B CHUCTEME
Oblja MoCTaBJeHa 3a/1ada 00 OMpenesieHnH YCJIOBUM CYIIECTBOBAHUS PCUICHUS U
HaxXO0XXJICHUU MEpbl peaju3alliyd BEPIIMHHOTO MCXOJa, €CIU MmapameTpbl S , I' —
HEUETKHE BEJIWYWHBI, SApa KOTOPBIX 3aJaHbl, a TPaHMIBI HMX HOCUTEJEH
YCTaHOBJICHBI HA ypoBHE « — cpe3a [[ro0bya, [Ipan, Ecunos].

Cuuraercs, 4TO CTATUCTUYECKUE JIAaHHBIE O Pa30poce HEYETKUX MapaMeTpOB

OTCYTCTBYIOT, HO 3KCIICPTHBIM IIYTEM YCTAHOBJICHLI 00J1acTH A AAC€P HCUYCTKUX
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se[0,5,] Teln,m]

BEJIMYUH S , I, 0003HaYaeMEBIX B BUJIC , 4 TAKXKC oOnacTu JJIA

HOCHUTEJIEH ITUX BEJIMYUH HA YPOBHE UX & — CPEe3a, CM. PUCYHOK 1.3:
Ry=MIreX, pyA)za:ry, 1), i}
Sy =M AeX, ugM)>a: § =0, §,, Sy} (1.29)

Iy, S

ITon rpanumnamu ah mpocureneit R , , S , moapasymeBaroTCs

«HHUYTOXHO» BO3MOXKHBIC 3HAUYCHUS HCUCTKHUX BCIIMYHH I' U S, KOTOPBIC 3KCIECPTHI

pa3IMyaloT CO CTENEHBIO YBEPEHHOCTH, paBHOW (I — @), Tle @ — ypOBEHb

Sh

Pa3IMIUMOCTH OTHX TI'pPaHHUII. B paMKax ATOM MOACIIN, IJIA «BCpXHGI?I» )51

() rl . §h S r_-l
«HIDKHEW IpaHMI] sifep ObUIO 3aJaHO YCIOBHE:

U PpaccMOTpeHa
rayccoBa (YHKIUU MPUHAICIKHOCTH £ (A).
Ecmu dyHkuuy npuHaaiexKHOCTH TapaMmeTpoB S, I' U3BECTHBI, TO Mepa 7

MOKET OBIThH HafmeHa IMyTEM PCHICHHA 3aJlaivd O CPABHCHHMH ABYX HCYCTKHX

WHTEPBAJIOB.

9 )
3

TNo

Pucynok 1.3 — BeipakeHre Moieli «BO3JICHCTBHE — BOCTIPUUMYHBOCTD) Uepe3

GyHKIIUY TPUHAIIICKHOCTH

A S=S -5, A_r=r_,—n o
Beenem mapamerper ¢ eh” Chr St Tlal T g raoke aGcomroTHBbIH
«amac  OesomacHocTH» ZD W NIPUBENEHHBIM MApaMETPUYECKMH  «3aIlac

6e3omacHocTn» Zh,:

zb
o h,=———
b=n -5, A, S+ALY (1.30)
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OnpenenvM BO3MOXXHOCTHYIO MEPY MpU HOPMaJbHOM  (TayccoBOi)
anmpoKCUMaIUi (PYHKIMA MPUHATIC)KHOCTH HEUYETKUX MapaMeTpoB S | I :
2 2
_(h=sp) _(=n)

2 2 2
MS(K):e Os 1 Ml’(k):e ZGr (131)

rne 6 s (o r) — XapakTepUCTHKA Pa3MBITOCTH COOTBETCTBEHHO MapaMeTpoB S , I,
CBsI3aHHAsI C IPAKTUIECKON 00JIACTBIO Pa3MBITOCTH A (A ) COOTHOIICHUEM:

A = k*c, rne K — xoa¢hhuimerT HopMaIbHOM Pa3MBITOCTH, KoTopoMy Tipu K = 3; 4;
5 cooTBeTCTBYET KBaHTWIb JoBepus 1 — v: 0,9968; 0,999968; 0,9999997 [Ecunos,
YepemucuH].

[lo ompeneneHuto, BO3MOXKHOCTHAasi Mepa NPEBBINICHUS S Hal I €cCTh
3HaueHue (DYHKIMN MPUHAJISKHOCTH B UX TOYKe nepeceuenus A ;. Torma, kak
BUJTHO U3 PUCYHKa 3!

g, = s (M) =pr (Aq) (1.32)

[Tocne moacranoBku (1.29) B (1.30), ¢ yuerom (1.28), mosrydum clieyronryro
AHATMTHYECKYI0 3aBHCHMOCTh «HOPMAJILHOMY aMMpPOKCHMAIMH BO3MOKHOCTHOM
MEpBI:

M —Sh ’
L ‘{AaHAarj _ Kk, (2hy)?
TNy =€ =& (1.33)
rne K ¢ = k /2, a 3nayenus koapdunmenta K o = 4,5; 8; 12,5 COOTBETCTBYIOT
3HayeHuAM Kodpdunmenta K =3;4; 5 B QyHKIMM OMINOOK.

PesynbTaTel unciaeHHoro peuieHust 3aBucumoctu (1.33) mpeacrtaBieHbl Ha
pucyHke 1.5.

OueBuIHO, YTO BIMSHUE aprymMeHTa zb, Ha dyHKIMIO 7N, ciaadee, HEXKETH
Biusaue koddouimenta K .. [Ipu usmenenun K o ot 4,5 no 12,5 npoucxoaur
W3MEHEHHE TN, Ha HECKOJIBKO MOPSIIKOB.

C mpakTU4YeCKOW TOYKH 3pPEHHsI JTOCTATOYHO PACCMOTPETh CIEAYIOIINE

oGnactu u3MeHeHus aprymentos: @ € [ 10 °,10 '],zb, €[1,2].
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Pucynok 1. 4 — Pacuernas 3aBucumocts BM mn, (K ¢ , zb, ) ot mpuBenenHoro
3amaca NOpyd  HOPMAJIbHOM  alMpPOKCMMAlMd MapaMeTpOB  BO3ACHUCTBUA W

BOCIIPUUMYHUBOCTHU

CrnenoBarenbHO, B MOJIETIN «HEUETKUN MapameTp BO3ACUCTBUS — HEUETKUU
napamMeTp BOCHPUUMYHBOCTH» TIPU TayCCOBOM  amnmpOKCHMAIuU  (PYHKIUH
MPUHAJIJICKHOCTH, BO3MOXKHOCTHASI Me€pa MPEANOChUIKH BEPIIMHHOTO UCX0J1a €CTh
GYHKIHST OT OTHOIICHUS! YKIIOHEHUS S/Iep K CyMMapHOM Pa3MBITOCTH HOCUTEINEH
napaMeTpoB BO3JICUCTBUS U BOCIPUMMYHUBOCTU. B CBOIO ouepesib, Mpy OTHICKAaHUU
3HaueHu Mepwl oTkaza ot 0,03 u Hke OOJbIIOE 3HAYCHHE TPHOOpETaeT Kak
aHaJIu3 KpPaeBBbIX YCIOBHUM 3aJaud, TaK U aHAJIN3 UX BIUSHUS HAa PE3YJIbTaT €€
pemienusi. [I[pUMEHUTEIBHO K CIIOKHBIM CHCTEMaM, Y KOTOPBIX MPOU3BEIICHUE
KOJIMYECTBA 3JIEMEHTOB Ha KOJIMYECTBO CBS3EH MEXK]Y HUMH MPEBBIIIACT YHCIIO

100, takoe «orpyOsieHHe» TpeOOBaHUN K MPEICTABICHUIO HEYETKUX BEIUYMH,
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HaIlpUMeEp, TOJIBKO 10 YPOBHIO O — CPe€3a, U K ONEPUPOBAHMIO C HUMM B paMKax
CUTHATYPBl HEYETKMX MHOXKECTB, NaeT IpakTHYecKue npeumyniectsa. [Ipuuem
IJIABHBIM U3 MPEUMYILECTB SBIACTCS NOJIYYEHNE KOHEUYHOIO pe3yJibTaTa Ipu J1axKe
MajoM Ha0Ope UCXOAHBIX JaHHbBIX, UMEIOLIEM MECTO M3-3a CTOUMOCTHBIX U (WJIH)
BPEMEHHBIX OIPaHWYCHUI Ha MONTydeHne u ipeodpazoBanne uHpopmanui [1,4].

B nepBomM mpuOJMKEHWH, NpU JONYIIEHHWH O JHMHEHHOW amnmpoKCHUMAaluu
HEYETKUX IapaMmeTpoB (B HauMeHee MHMOPMATHUBHOM BApUAHTE UX IOJY4YECHHUS)

CIpaBelJIuBa 3aBUCUMOCTS [ 1,4]:

n5=1- zb, (1.34)
roe, cM. ¢opmyny (1.30), zb — mpHBeHCHHBIH MapaMeTPHYCCKU 3arac
0€30MacHOCTH:

zb=(r— s (A +A), (1.35)
B KOTOPOM [ H S — COOTBETCTBEHHO, <SAPa» HEYCTKAX I1aPaMETPOB

BOCIIPUMMYHBOCTH I' U BOSHGﬁCTBHH S;a Ar )51 As — «HMHTCpPBAJIBI Pa3MbITOCTH»

HEYCTKHX ITapaMETPOB BOCIIPUMMYHUBOCTH I' U BOBHGﬁCTBHH S, CM. pUCYHOK 6.

n(s) p(r)
A

| L(s/111B) W(r/11aB)

>
S/I1AB, 1/I11B

Pucynox 1.5 - Jlunelinas anmpokcumarusi (QyHKIUNA MPUHAIICKHOCTH
BO3/ICUCTBUS ¥ BOCIIPUUMUUBOCTHU L(S) U p(r)
Onumem BBeaeHHble Ha pucyHke 1.5 obGo3znauenus: r , S u A, Ag

COOTBETCTBEHHO — Si/[pa M HEUETKHE WHTEPBaIbl mapaMeTpoB S, I, p(s=s/I1JIB) u
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w(r=r/I1AB) COOTBETCTBEHHO byHKIIIN IIPUHAIEKHOCTU HEUYETKUX
HOPMHPOBAHHBIX mapameTpoB BozaehcTBus S/I1/IB m BocmpummuuBoctu I/11/1B,
rae BenuuuHa [I/IB 0000mieHHO TpencTaBisieT MPeAesbHYIO JOMYCTUMYIO
BOCIPUUMYHMBOCTh YEJIOBEKAa K JCUCTBHUIO (akTopa JI0O00W IMPHUPOJIbI, HAIPUMED
[IJK, kak XapakTepUCTUKa YyBCTBUTEJIBHOCTHM 4YEJIOBEKAa K JEHCTBUIO
OTpaBJISIIOIINX ra30B. [1o aHanoruu ¢ pucyHkom 1.2, pucyHoK 1.5 mpuMeHSIOT 1is
WUTIOCTPALIMM OCHOBHBIX BapHAHTOB COOTHOIICHMS MAapaMETPOB BO3JIEUCTBUS U
BOCIIPUUMYMBOCTH, a BMecTe ¢ 3aBucuMocTsamu (1.34, 1.35) npumeHsroT nis

YCKOPEHHOM JKCITPecc OLEHKH ToKa3areneld 0e30MacHOCTH CUCTEMBI.

1.8. Pacyer BO3MOXHOCTHOM Mepbl 1O TNAapaMeTPUYECKOMY 3amacy

0e30macHoOCTH

B OonpmmHCTBE 3a37a4 OUEHKH O€30IaCHOCTH CHCTEM IPUBEICHHBIN
napaMeTpuuecKuil 3amac 0€30MacHOCTH MOKET BapbUpoBaTh B mpenenax ot —2,0
no +2,0. Ilpm sToM paccmaTpuBaeTcsi JIMHEWHAs W HopMalbHas (rayccoBa)
annpoKCUManusl NapaMeTpoOB BO3JIEHCTBHS M BOCHPUUMYMBOCTH. IIpm 3TOM
HEOOXOJMMO COIOCTaBJIATh 3HAYEHHUS] BO3MOXKHOCTHOM MEphI C TMIIOTETUYECKU
TOYHOM BEPOSITHOCTHOM MEpPOM BO3HUKHOBEHUS IPOUCIIECTBUS. Pe3ynbrarsl
pacueTa 3HAuCHHI 3TUX Mep Ha OcHOBaHuMHU 3aBHcumocteit (1.26, 1.28, 1.33)

npejacTaBiieHbl B Ta0mute 1.2.

Tabnunua 1.2 - PacueTHble 3HaYCHUsT BO3MOXKHOCTHOM Mephl POS (S > r), mpu
muHeiiHoM (m ) M HOPMAIbHOH (mN,)  ANMNPOKCHMALHMAX B byHKIUA OT

rapaMeTpUIecKoro 3amnaca 6e3onacHocTH b

b ; 0 0,5 0,6 0,7 0,9 1,0 1,2 1,5 2,0

mh 1.0 050 |04 0.3 0.1 0 0 0 0

i, 1,0 050 [0417 [0,14 [0,06 [003 [002 [0,002 [10°
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1.9. MH3ydyeHuHe OCHOBHBIX BAPHAHTOB pacyera BePOATHOCTHOM H

BO3MOKHOCTHOM Mep

1.9.1. Iu3boHKTHBHAA (popMa BEePIIMHHOI0 UCXO0/a

1. Jlana jgorudeckast Mozelb — qu3bloHKTHBHAsS Gopma JJd BU, (cm. -y 4):
Yy =Z21VZIyVis,
/i€ MPOMEXYTOYHBIC TTIEPEMEHHBIC
Z1 =X AXol Zo =XsAXa, Z3 =X A Xg A X7
ITo mpaBunam mpeoOpazoBanus (1m.1.5.2 u 1m.1.5.4) momydnM CIeayrONIyIO
BEPOSITHOCTHYIO (DYHKITUIO peain3aliui BEPIIMHHOTO UCXO0/1A’
Yy=21VvZyvzZg—P=pyr+p;+ps— prrP2 —PrP3— PrPs+ Pr P2 Ps, (1.36)
Toe Pr =y Ady; P =azAdy;Ps =asAdgAdy, a =Pro(zi =1).
[lo npaswiam mpeoOpazoBanus (1m.1.5.3 u 1m.1.5.5) BO3MOKHOCTHYIO
GYHKIAIO peau3aliy BEPITHHHOTO UCX0/1a TIOJYYUM B CICTYIOIIEM BUJIC!
Yy=21vVvZ,vzz— Pos(y=1)=11=max (nzy, nz,, nZ3) =
=max {min (7, m ), min (7, =3 ), min (7, 7, 77)}. (1.37)
3HauYeHUS] HEUETKUX MEP 77 .../ ONPEACISIOT WA CTaTUCTUYECKU, WITH C
UCITIOJIb30BAHUEM TMTapaMEeTPUUECKOM MOJIEIH, TT0 3aBUCUMOCTSIM (22 — 25), a Takxke

C IOMOIIIBIO PUCYHKa 4.

1.9.2. KonbloHKkTHBHASA ()OPMA BEePIIMHHOIO UCXO0/1a

Jlana ymoruueckast Moziesib — KOHbIOHKTUBHAs (popma KO BU, (cM. 3aBUCHUMOCTD
6):
Y =21 AZyAXaAXgA X7,
/i€ IPOMEKYTOUYHBIE IEPEMEHHBIE Z 1 = X1 V X2,Z 2= X5V Xg.
[To mpaBunam mpeoOpazoBanus (1m.1.5.2 u 1m.1.5.4) monydumM CleayrONIyo

BEPOSITHOCTHYIO (DYHKITUIO peaii3alii BEPIIMHHOIO UCX0/1a
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P =pzy- pz; *Ps -+ Pa ~P7 ,
PZ1=P1 + P2 — P1 ~P2; PZo=Ps + Ps— Ps *Ps , rae Pi = Pro (x; = 1). (1.38)
[To mnpawram mpeobOpazoBanus (m.1.5.3 wu m.1.5.5) momydmm, d9TO
BO3MOXKHOCTHAsI YHKIIHS peau3allii BEPIIMHHOTO UCXO01a:
Pos(y=1)=II=min(nz,, nZ,, 73, m, m)=min(max(m,m), max(m,mw), 7, 7, 7s)
(1.39)
3HaYeHUS HEUETKUX MEP 77 .../ OMPEICIAIOT CTATUCTHYCCKUMH METOIaMU
WIA C WUCIOJh30BAaHUEM IMMapaMETPUUYECKON MOpend, mo 3aBucuMocTsM (1.26 —

1.35) unu ¢ MOMOIIBIO pUCYHKa 4.

1.9.3. Pacuer mep omnpenenenHoctu BU 1no 3HayeHusiM mnpUBeIEHHOIO

mapaMmeTpu4eCcKoro 3amaca 0€301MaCHOCTH

Jlana cienyromas sorudeckast moaens BU:
Y=X1V X2 A Xz, (1.40)
[To 3HaYeHUSIM MPHUBEICHHOTO MapaMeTPHUYECKOro 3amaca zh | peajau3anuu
NEPEMEHHBIX Xj , CM. Ta0NUIy 4, pacCUUTaTh BEPOSATHOCTHYIO U BO3MOKHOCTHYIO
Mephl pealiM3ali BEepUIMHHOroO ucxona Yy = 1 B paMmkax JMHEHHOW M rayccoBoi

AIIIIPOKCUMAIINH I1apaMCTPOB BO3HeﬁCTBHH H BOCIIPUMMYHNBOCTH.

Tabmuma 1.3 - VcxomgHbie qaHHBIE W PE3YNIbTAThl pacueTra Mep OINPEACIICHHOCTH

peanuzaiyu GYHKIHUU Y = X1 V X2 A X3 = 1 u e€ aprymenToB Pro (zb ;) u Pos (zb ;)

1(2)
zb Pro (zb i) = pui Pos (zb ;) 1=m Pos (zb ) .=m
1 0,5 0,25 0,50 0,50
2 0,9 0,10 0,06 0,10
3 1.2 0,05 0,02 0,0
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Pemenue.
[IpeoOpa3zyeM JOTHYECKYIO MOJZI€NIb B CJIEAYIOIIUME BEPOATHOCTHYIO U
BO3MOKHOCTHYIO (PYHKIIMU pean3aluu IPOUCIIECCTBUS:
Yy=X1V X AXg; —=Pro(y=1) =P = (py+pz—p1-P2)Ps (1.41)
Y=X1V Xo A X3 —Pos (y =1) =717=max (7, min (m, m3)) (1.42)
[TonctaBuM  3HAYE€HHS BEPOSTHOCTA W BO3MOXXHOCTH  pealiu3allvd
npeanocbuiok B ¢opmynbl (141 w 1.42) W TONyddM HWTOTOBBIC 3HAYCHUS
BEPOSTHOCTHOW U BO3MOKHOCTHOM MEpP MPOUCIIECTBUS B CIECIYIOLIEM BU/IE:
Pro(y=1) =P=(0,5+0,1-0,05)-0,05=0,0275.
Pos (y =1) = I7=max (0,5; min (0,06;0,02))=0,5.
Crnenyer 3aMETHTh, YTO PaMKaxX TaKOro MOJIX0/a 3HAYEHUE BO3MOKHOCTHOU
Mepbl BEPIIMHHOTO MCXO0Jla OMPEACNISIIOT ¢ OMMOKaMU MEPBOr0 U BTOPOTO PO/Ia,
KOTOpBIE TMPEICTABIAIOT COOOM BEPOSITHOCTU JIOKHOTO M HEOOHAPYKEHHOTO

IIPONUCHICCTBHUA.

BoiBoabl k pazaeny 1

1. BeimongHeH aHaaM3 W CHCTEMAaTHU3WPOBAHBI OCHOBHBIE CITOCOOBI pacuera
nokasatesieid 6€30MacHOCTH U (KJTM) pUCKa CUCTEMbI Ha OCHOBE BEPOSTHOCTHU
WM BO3MOYKHOCTH KaK «OOBEKTUBHON» MIIH KaK «CYOBEKTUBHOW» MeEP.

2. CucreMatu3upoBaHbl DJIIEMEHTApHbIE JIOTHYECKHUE MOJIETH, KOTOPBIC
MOJIYYalOT HAa  OCHOBAaHWM  aHaliM3a  JIMHTBUCTUYECKUX  MOJEieH
MIPOUCIIIECTBUIA B KOHKPETHBIX CHCTEMaX BHUA «3alluTa — O0BEKT — cpena —
YEIIOBEK.

3. CoOpanbl  mpaBwia  mpeoOpa3oBaHWs ~ JIOTHYECKMX  MOJEIe B
BEPOSATHOCTHYIO M B BO3MOXKHOCTHYIO (HEYETKYI0) (DYHKIIMH BEPITMHHBIX
UCXOJIOB W TMPEJCTaBJICHBI THIOBBIC BApPHUAHTHI pacyeTa IoKaszarenein
CHUCTEMBI.

4. Pa3paboTanbl W  WUIIOCTPUPOBAHBI  IMAPAMETPUYECKUE  MOJIEIH,

MMO3BOJAIOINE PACCUHUTHEIBATL BCPOATHOCTHBIC U (I/IJ'II/I) BO3MOXXHOCTHBIC
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MCPbI BCPHIMHHBIX HCXO/I0B B CJIO)KHON CcHCTEMe IMPAaKTHYCCKN Ha BCEM

JIAANa30He 3HAYEHUN MapaMeTpOB BO3ACHUCTBUS U BOCIIPUUMYUBOCTH.

5. llonyyen wu ampoOupoBaH OOBEIMHEHHBIM BapUAHT pacyeTa Mep

BEPOSTHOCTU Y BO3MOXXHOCTH [0 TPUBEICHHOMY IapaMEeTPUUECKOMY
3amacy 0€30MacHOCTH CHCTEMbl C HCIIOJIb30BAHUEM JOMOJIHUTEIbHOU
byHKuuM OmMMOOK W  TOJYYEHHBIX AaHAJIUTHYECKOM W pacueTHOMU

3aBUCUMOCTEN BO3MOKHOCTHOM (DYHKLIMH BEPUIMHHBIX UCXOJIOB.

Cuucok ureparypsl K pasgeny 1.

1. Ecunos 10.B., CamconoB ®@.A., Yepemucun A.Ml. MOHUTOPUHT U OIICHKA

pHUCKa cUCTeM «3amuTa — o0bekT — cpegayn. M.: Uza. JIKU — YPCC. 3 u3n.,
2013. 138 c.

.H. A. MaxyroB, JI. O. Pesnuko, B. II. IlerpoB, B. M. Kykcona

HOpMaTI/IBHBIC Ioaxoabl K 00€eCITIEYCHHUTO 3aIMIICHHOCTH KPUTHYCCKH

BaXHBIX 00beKTOB / besonmacHocTh B TexHOochepe, Ne 4 (Mroib—aBrycr),

2011, c. 5-12

3. Ps6unnn 1. A. HagexxHOCTh B 6€30MaCHOCTh CTPYKTYPHO-CIIOKHBIX CUCTEM.

4

CIIO.: ITonutexuuka, 2000. 248 c.

.HMwoya JI., Ilpan A. Teopus Bo3MoxHocTed. IIpunoxeHuss

IpeICTaBICHUIO 3HaHul B uHPopMmatuke — M.: Mup, 1989, - 286 c.

5. IlocenoB JI. A. Jlormueckue MeTOABI aHajlv3a M CHHTE3a cXeM. M.:

Oneprus, 1964. 508 c.

6. PsObunun U. A. Ilocnenos [[. A. CuTyanmoHHOE yIpaBJCHHE: TEOPHUS H

npaktuka. M.: Hayka, 1986. 288 c.

. CaBenbeB JI. A. KomOunaropuka u BeposiTHocTh. HoBocmOupck.: Hayka,

CO, 1975. 420 c.

8. BoctokoB B.FO. 15 nexuuii mo aHanu3y pucka 4Ype3BbIYAMHBIX CUTYyaIUH:

yueOHoe nocobue. - M.: MOTH, 2010. - 289 c.

.Pabunna  UN.A., UYepkecoB ['.M. JIOruko-BepOSITHOCTHBIE  METO/IbI

HCCJIEIOBAHUS HAJEKHOCTH CTPYKTYPHO-CIIOKHBIX cuctemM. — M., Panno u

cBs3b. 1981. 263 c.
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10.Bumnsxos S./1., Pagaes H.H. O6mas teopust puckoB. 2-¢ u3f., ucmop. - M.:
2008. - 368 c.

11.Ecunos 1O.B., Jlancaps A.Il. Pa3paboTka MeTOja CHCTEMHOTO aHaJIM3a
MOTCHIIMAIPHOW  OMACHOCTH  KOMIUIEKCA «TEXHUYECKUHA OOBEKT —
HeperjiaMeHTUpOBaHHbIE (PAKTOPHI OKpy:kartoueh cpenp» // HagexHocTs u
KOHTpOJIb KauecTBa. M.: Nel1. 1997

12.EcunoB 1O.B. TlocTtaHoBka W myTH pelIeHUs MNpoOJIeMbl OICHKH pHUCKa
CJIOHBIX TEXHOTEHHBIX cucteM // Ynpasienue puckoM. M.: Nel, 2003

13.Ecuno 10.B., T'opmkora }0.B., Hlumkua P.M. MonenupoBanune u
BU3yaJIM3allisl 30H PUCKA CUCTEMbl HA OCHOBE KPHUTEPHUS «BO3JCHCTBUE —
BOCIIpUUMYHBOCTHY» // BecTHuk FOxxHoro Hayunoro nenrpa. 2010. T.6., B.3,
c. 21-28.

14.}10.B. EcunoB 3amaya HaXOXICHUS BO3MOXKHOCTHOM MeEpbl aBapuu B
YHUKaJIbHON TeXHOTeHHOW cucteme // IIpoOiembl MalIMHOCTPOCHUS U
aBTomMaTuzanu, (2003), 1, 40-44

15.Ecuno 10.B. Kosnreniys BO3MOXHOCTHOM OIIEHKH PHCKAa TEXHOTCHHBIX
cuctem // ABromatuka u Tenemexanuka. Ne 7. 2003. C. 5 — 12

16.A.T'. ®enmoperr O HOPMATUBHOM PETYJIUPOBAHWU U CTAHIAPTU3AIMU B
oxpaHne Tpyaa / be3zomacHocTs Tpyma. besomacHocTs B TexHochepe, Ne 4
(uronpb—agrycr), 2011. C. 24-30

17.Ecunos 10.B. Metoa BO3MOXHOCTHON (HEUETKOM) OIIEHKU PUCKA CIOKHBIX
TEXHHYECKUX cucTeM (TiaBa 6 B MoHorpadum) / besomacHocts Poccum.
AHanu3 pucka u npobsem 6e3zonacHoctd. B 4-x yactsax. /Bopooses FO.JL.,
JlaBepoB H.II., MaxytoB H.A., Ocunos B.1., ®anees M.U., ®ponos K.B.,
[Moiiry C.K. Y.1-2. MI'® «3nanuey». 2006. ¢.278-291. ISBN 5-87633-074-
4,

18.MypaBreBa E.B., Pomanosckuii B.JI. Tlpuknamnas texnochepHas
PHUCKOJIOTHS. DKOJIOTMYECKHUE aceKThl .- Kazansb, 2007. 355 c.

19.1lonomunikuit A.I'. Teopus pucka. BeiGop mnpu HeonpeaenéHHOCTH U

MojienupoBanue pucka. M.: U3narensckuii nom ['Y BIIID, 2005. 400 c.
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20.AmunOB A.E. Puckonorus. M.: ®unmnpowm, 2006. 280 c.

21.bysnoB B.II., KupcanoB K.A., MuxaitnoB JI.A. YmpaBrneHue puckamu
(puckonorus) / YdeObHoe mocobue. BTopoe wu3maHue, HCIpaBICHHOE H
nononHenHoe. M.: U3ngarenscTBo «OKk3ameny, 2002. 384 c.

22 Ilepenenunia B.A., IlomoBa E.B. Marematuueckue MOJEId U METOMIBI
OLICHKM PUCKOB 3KOHOMHUYECKHX, COLIMAIBHBIX W arpapHbIX MpPOIECCOB.
Pocros-na-/lony:  UM3pmarensctBO ~ POCTOBCKOTO  roCyIapCTBEHHOTO
yHuBepcureta, 2002. 202 c.

23.Buntuzenko W.I'., UepkacoB A.A. Pomp Heompenen€HHOCTH M PHCKa B
COBpPEMEHHOW HKOHOMUKE // [lonmuTemMaTHuecKuil CEeTeBOW 3IEKTPOHHBIN
HayuHbId KypHal KyOGaHCKOro TrocymapCTBEHHOTO arpapHoOro YyHHUBED.

[DnexTponHBI pecypc]. - Kpacnogap: KyoI'AY, Ne 64 (10) 2010 roza.

2. Pacuer moka3artesieii 0€30IIaCHOCTH M PHCKAa KOHKPETHBIX TEXHMYECKHX

CUCTEM

2.1. XumMuko-(pu3nyecKuii aHAJN3 U OLlEeHKA BO3MOKHOCTH I0Kapa B cUCTeMe

«KOTeJIbHAsA — (PAKTOPBI — 3aLIUTA — PA0OTHUKH»

AHanu3 ycJIoBHM ropeHusi ra3oBO3JIYIIHON CMecH B COCTaBe IpolaHa B
KOTEJIbHOH BBINOJIHUM CJIEIYIOIIMM 00pa3oM.

W3BecTHO, uTO XuMHUUIeckas popmyna npomana - C3Hg.

Jng 1kr mpomaHa W BO3[yxa Ha3blBaeMas KaK TEIUIOBBLACISIONIAs CMECh
(TBC), xummnueckasi peakuys ropeHust UMEeT CIeAYIOIINA BU:

C3Hg+50,+5:3,76N;, = 4H,0+3C0O,+18,8N, + 46,3 (M/Ix/kr) (2.1)

Kak BunrO 13 dopmyist (2.1), 06beM roproueii cMecu coctaBisier 24,8 a°, a
MPOLYKTOB cropanus 25,8 a°.

N3BecTtHO, YTO CKOpOCTh pacmpocTpaneHusi ¢ponTta roperuss TBC
HaxoauTcs B nipeaenax ot 0,3 qo 500 wm/c .

OnuuieM ycnoBusi TOPEHUS Fa30BO3IYIIIHON CMECH B KOTEJIbHOM Ha MpUMepe

npornaHa.
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Ilepsoe ycnosue. Ilponan, B oTauuue oT KOHAEHCUpoBaHHbIX BB (TpoTunna),
MOXET TOpeTh TOJBKO B MPUCYTCTBUU OKUCIUTENA. OKUCIUTENEM SIBISETCS
KHCJIOPOJ, COoJAepKamuics B Bo3ayxe. IlpuyeM ropeHue mnpomaHa BO3MOKHO
TOJIBKO IIPU €T0 KOHUEHTPALMK B BO3AYyXE, HAXOIALIEMCS B Iipeaenax ot 2 1o 9,5
% O0OBEMHBIX J0J€l. DTU Tpenenbl Ha3bIBAIOT HUKHUM KOHIIEHTPALMOHHBIM
npenenom BociameHenus (HKIIB) u BepXHUM KOHIEHTPAIMOHHBIM TMPEIEIOM
Bocrutamenenus (BKIIB) [1].

BbIpasuM 3T0 yciioBHE TOBBIIICHUS 32 BpeMs T KOHILEHTpaiuu N(z) rasa B
o0beMe KOTEIBHON MNpH €ro HECAaHKIMOHWPOBAHHOM TPABJICHHHM Ha Ta30BOM
MarucTpaad U  TPEBBIIIEHUS  HUXKHETO0  KOHIICHTPAIIMOHHOTO  Mpejena
BOCIUIAMEHEHUS C IOMOUIBIO JIOTUYECKON 3aBUCUMOCTH Y1

y: =1 — n(t) > HKIIB. (2.2)

Bmopoe ycnosue. Hannure nHuIMaTopa BOCINIaMEHEHUSI (MCTOYHHUKA OTHS)
WM UCKPBl OT KOMMYTAIlUU AJIEMEHTOB (BBIKJIIOYATENIEH, KOMMYTaTOPOB U T.1.)
anekTpuueckux cered. Creayer OTMETUTb, YTO dHaile Bcero (C CyOheKTHUBHOM
yBepeHHOCThIO (.95) TONBKO KaXIbId JBAaAATHIA TMPUMEHSEMBIA DJIEMEHT
CHa0XeH yCTPOUCTBOM UCKpPOTaIICHUS.

YcnoBue MOABIEHUS DIEKTPUUYECKOM HCKPHl IPU KOMMYTAllUd B
JIEKTPUUECKOM CETH TIPEACTaBUM CJCAYIONIEH JIOTHYeCKoW (yHKIMEH OT
JIOTUYECKUX apTyMEHTOB

Y2 = X1 X2 =1, (2.3)
rje: peanu3aiusi KOHTAKTHOM KOMMYTalMu (Pa3HOro HaMpsDKEHUs OMUIIEM
ycioBueM - X ; = 1. Hanpumep, 3T0 ycioBue 03Ha4aeT BKIIOUCHUE OCBETUTEIIHLHOM
JaMIIbl HACTEHHBIM BBIKIIFOUaTesieM. [Ipu 3ToM, eciii 3To coObITHE HE TTPOUCXOJIUT,
TO OHO (pOpMaJIbHO OMHUCHIBaeTCs ycyioBueM: X1 = 0.

Hanmvuue wim OTCYTCTBHE CpEICTBA TAlllEHUSI HUCKPhl B BBIKIIOUYATEIAX
BOOOIIE OMHICHIBAECTCSI COOTBETCTBEHHO 3HAYEHUSMH JIOTUYECKUX TIEPEMEHHBIX

XZZOI/IX2=1. (24)

[Ipu ycrmoBUM, YTO OCHOBHOM 3JEMEHT CUCTEMbI 3aIlUTHI OT IMOXKapa 3TO

CEHCOp (aTYMK KOHUEHTpAIMK) MPOIaHa, C MOMOIIbI0 KOTOPOTO PErUCTPUPYIOT
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TEKYIIyI0 KOHIEHTpanuioo N(r) mnponmaHa Ha o0OBEKTe, TOrjaa YCIOBUE HE
OOHapy>KeHHsI CEHCOPOM (paKTa TPaBJICHHs raza 3a BpeMs 71 INPEICTaBUM B BUJC:
ys=1—o1 >1;,. (2.5)
YcaoBue MOIETMpOBaHUS YTEUKHU (TPaBIEHUS) Ta3a cO CKOPOCThIO V (T/C) B
KOTEJIBHYIO ¢ 00beMoM V (M ° ) 1 06pasoBaHue «TeKyliei» KoHreHTpamun TBC
3aIuIleM B BUJIC:
n(t) =v-t/V (r - momb /m°). (2.6)
Takum 00pa3oMm, ¢ y4eTOM HaJMYUsl 3allUTHI Jiorudeckas mozaens (JIM)
HacTyIUieHus BepimnmHHOTO ucxoaa (BN): «necankuuonuposannoe ropenue TBC u
no>kap Ha 00BEKTe» MOTy4YeHA B CICAYIOIIEM BHUIE:
Y =Yy1Y2Ys. (2.7)
[IpeoOpazyeM 3Ty JOTMYECKYIO MOJIEIh B BO3MOKHOCTHYIO (HEYETKYIO)
(GYHKIHUIO BOZHUKHOBEHUS MPOMCIIECTBUS — TMOXKapa B KOTEJIBHOU CIEIYIOIIETO
BUJIA!
Pos (Y =1)=min (n 1, ® 2, 73), (2.8)
rae 7 1=Pos (y,=1) =min (nX;, ©X, ), ©X; = Pos (x1=1), mx, = Pos (x,=0),
7 2= Pos (y,= 1) = Pos (n(t) > HKIIB), m3=Pos (y3=1) =Pos (t >11).
Takum o6pa3om, mocTpoeHa JOruveckas (PYHKIUS BEPIIMHHOTO HCXOJa:
HECAaHKIMOHUPOBAHHOE TOPEHHWE TPOMaH BO3AYIIHON CMECH TIpH YCIOBUHU
TpaBjeHHUs TipormaHa. B oOmeM Buae TMOJIy4yeHO BBIpAKEHUE IS pacuera

BO3MOXKHOCTHOW MEpHI MOkKapa Ha 0OBEKTE.

2.2 OueHka BO3MOKHOCTHOW Mepbl MoOKapa NpH YCJIOBHH TPaBJIeHUSA

NpoNaHa

B nononnenue ycnoBusiM 3amauu (1m.2.1) mpeamnosioxkuM, YTO CKOPOCTb V
TpaBienus cocrasmsier 1,0 + 0.1 (rMomb /c). B momemennn ¢ o6bemom 100 m°
koHueHTpanus ['BC pacTer nuHeiHO 10 3aBUCUMOCTH:

n(t)= (0.01 £0.001) - T (r - Mosb /M°).
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VuurteBast, yro HKIIB = 2 r - moap /M 3, TO BpeMs OCTHKECHHUS
«MpUOJIMKEHHO PABHOBECHOTO 3HAYEHUS» ATOM KOHIICHTPAIMM B TOMEIICHUU
coctaBuT T = 200 £ 2 cexyHa.

JIns  pacyera BO3MOXXHOCTHOM MEpBI HCHOJIB3yeM €€ JIMHEHHYIO

AIIIIPOKCUMAIINIO, KOTOPYIO ITPCACTABUM B CJIICAYIOIICM BHIC!:

nh=1- zb, (2.9)
b= ( r— s)I(A+A). (2.10)
ToxcraBum B hopmyiry (2.10) creayromye 3HaUCHAS TapaMeTPOB (I"MOJIB/M °):
r=2, s=n(t), A=0.2, (2.11)
As=0.01y x n(1) ®, (2.12)
i€ : Y — KJIaCC TOYHOCTHU JaTYMKa, BhIpaKeHHbIN B (%),
n(z) ® — mpemen mKambl M3MEpeHMs KOHLEGHTPAIMM JAHHOTO H3MEPUTEIBHOIO
npuodopa.

[IpumeM, uTO KJIacC TOYHOCTM JaTyuka Tpormana paBeH 10 (yto
COOTBETCTBYET TMpPAKTUKE TMPOCTPAHCTBEHHBIX H3MepeHuil raza). llpu sToM
BHIOEpEM CIIEIYIOIIHIT IPe/IeN KAl M3MEPEHHs KOHIIEHTPAILMK npomnaHa N(t)°=5
(r - MoTb /M °).

Torza ¢ yaerom dopmyisl (2.12) momyanm, 4to Ag= 0.5 T * Mo /M °.

B MomenTsr Bpemenu ¢ Havana mporiecca tpaiaenus t = 0, 100, 200, 300
CEKyH]I U3MEPEHHOE 3HaYeHHE KOHIIEHTPAILIUY TIPONaHa COOTBETCTBEHHO PAaBHO:
s=n(t)=0,1,2,3 (r- momb /m°).

[ToncraBnsist momydenable gaHHbIe B popmynsl (2.9) u (2.10) momyuum
TaONMIly PACYETHBIX 3HAYCHWH IMPHUBEICHHOTO 3amaca Oe3omacHocTH zh

9 L 9
BO3MOKHOCTHOM MEPHI T~ BOZHUKHOBEHUS TI0’Kapa B KOTEIbHOM, Tabnuia 2.1.
Tabnuma 2.1 - Mepa onpeneneHHOCTH BOZHUKHOBEHUSI U PA3BUTUS TOPEHUS

B KOTEIIbHOH BO BPEMEHM Pa3BUTHS MpoIlecca TpaBJeHHUS 0€3 €ro OCTaHOBKHU B

YCIIOBUSIX €0 HE OOHAPYKEHMUS.
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T, CEK 0 100 |130 |150 (180 |200
zb 3amac 6e30macHOCTH 3 1.4 1 0.7 0.3 0

L
T~ BO3MOXXHOCTHas Mepa, 0 0 0 03 |07 |1
JInaennag armnmpoKCUManus

HCYCTKUX ITapaMCTPOB

' BO3MOKHOCTHAS Mepa, 0 0 0,11 |0,31 0,871 0,991

rayccosa AIlIpoOKCUMal s

HCUCTKUX IIapaMCTPOB

BriBosibI O pe3ynbTaTaM pemieHus 3aaad B m.2.1 u m.2.2.

Ha ocHOBaHuM MpOBEACHHOTO aHAlW3a TUIOBBIX CIIEHAPHEB BO3MOYKHBIX
aBapuil Ha TPOU3BOJCTBEHHON COCTaBIISIONIEW — CHCTEMa Ta30CHA0KEHUs
KOTEJIbHOM, MOKHO C/I€NIaTh BBIBOJ, YTO HanOOJIee OMACHBIM SBIISCTCS CIETYIOIINNA
cueHapuii (C2): pa3pblB pa3BOASILErO Tra30BOT0 KOJUJIEKTOpa — HCTEUEHUE
OPUPOJHOTO Ta3a — O00pa3oBaHHWE Ta30BO3AYIIHOM CMECH B 3aKphITOM
MIPOCTPAHCTBE TJIABHOTO KOPITyCa KOTEIBHON — MCTOYHUK MJIAMEHH — O00BEMHBIN
B3pbIB — TEPMHUECKOE OPAKEHUE JIIOJIEH, pa3pyllieHue U30bITOYHBIM JaBICHUEM
TEIUIOTEXHUYECKOTO 000PYI0OBAaHUS M COOPYKEHHUS TJIABHOTO KOpITyca KOTEIhHOU
— TOpaXCHHE HaceJeHUs OJIM3NIekKaIIUX YIUL BTOPUYHBIMU IMOPAXKAIOUIUMHU
dakTopamu.

Haubonee onTuManbHBIM BapHaHTOM I TPEIOTBPAILCHUS PAa3BUTHS
JAHHOTO CIEHapus SBJISETCS YCTAaHOBKA CHCTEMbl MOHUTOPHHIA yTEUKU Ta3a Ha
OCHOBE KOMOWHAIIMU PE3UCTUBHBIX MOTYMPOBOJHUKOBBIX, CETHETOIICKTPUIECKUX
U ONTHYECKHX BOJHOBOIHBIX CEHCOPOB IMpomaH OyTaHOBOM cMech (Ta30BBIX

CEHCOpOB).
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2.3. Pa3paGorka Jioruveckoii u (pakTOpHOIl NapamMeTpHyecKoll MoJeaH

BEPIIMHHOI'0 UCX0da: «BOCIVIAMCHCHHE M TI0Kap B 3aJ1€ noceTuTeaen» 6apa

HcxonHbie yclioBUs, MPUHUMAEMble MPU MOJEIUPOBAHUM BEPIIMHHOTO
UCXOJa: «BOCIVIAMEHEHUE U MOXKap B 3aJie MOCeTUTeNei» 6apa, ObUTH CIeIyIOIIHe:
1) ycTaHOBJICHa CHCTEMa CHTHAHM3AIMH, TICPBUYHBIC W KOJICKTUBHBIC CPEIICTBA
MOXKAPOTYIIEHUS.

2) BBIABJICHBI W OBLIM TPECEYCHBI CIICAYIOIINAE MPEAMOCHIIKN I0Kapa, KOTOPHIC
UMEITM MECTO 3a Bech Iepuoja (PyHKIMOHMpOBaHUA o0ObekTa. I[lpu sTOM
MOCETUTEII 3aHOCUJIH:

a) u1akoHbI U OAJIOHYMKH C IMOKAPOOTACHBIMH CMECSIMU U PACTIBUIMTEIISIMH;

0) (aifeprl 1 ycTpoHCcTBa JIJIsl CO3AAHUS «XOJIOTHOTO (herepBepKay.

3) B HOMEIIEHUH HMEIOT MECTO TBEP/IbIC TOPIOYNE MaTepUaJIbI.

4) mo TpeOOBaHUAM TIOYKAPHOH 0€30MTaCHOCTH 3aJ1 OBLT OTHECEH K KaTerOpuu 2
(9>0q1= 1400 Br/m 2.

5) sameuanu ciay4aum 0Opa30BaHHWE HCKPHI M OTKPBITOIO OTHS OT 3a)KUTaJIKH
IIOCETUTEIIEH.

6) oTmeuanoch WM OTCYTCTBHE, WM cOOi B paboTe CHCTEMBbI TOXApPHOM
CUTHAJTM3AIIIH.

OTU TPENnoChUIKM W Pe3yJdbTaThl HX JIOTUYECKOTO0 U (PaKTOPHOTO
napaMeTprUIecKoro MoICTUPOBaHuUs CBeICHHI B Ta0mmiy 2.2,

JIMHTBUCTHYECKAsT MOJENb COOBITHS: «BOCIUIAMEHEHHE M TOXap B 3aje
MOCETUTENICH» BKJIIOYAET IMOJHOE OMHUCAHME BO3MOXHBIX TOPIOYMX MaTEPHUAIIOB,
OKUCJIUTENII W HMCTOYHUKOB WHHUIIMUPOBAHHWS B KOHKPETHOM OOBEKTE. OTH
IPEANOCHIIKH IIPeacTaBiIeHbI B cTooe 1 Tabmuisr 2.2.

Cornacuo Merony JIB omnenku [4] B cTosiOlie 2 BBINKMCAHBI MOCTPOEHHBIE
JIOTUYECKHUE MOJIENH, IEPEMEHHBIC, a TAKXKE YCIOBHE OMMCAHUE TPEAIOCHUIKH TI0

3HA4YCHHUIO.
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Torga normueckas MOJENb BEPIIMHHOIO MCXOAA, YYUTHIBAIOIIAs JBa
BapuaHTa o0pa30oBaHus UCKPHI (X ;= 1) u (X3 = 1), a Takke coBMecTHOE U (WJIH)
BPEMEHHOE MPOSBICHUE NPEANOCHUIOK 1, 2, 5 1 6 umeeT BUL:

Y=y1/\ (Xz\/Xg)/\yz A X5A Xg (213)

[IpeoOpazyem JIM BepHIMHHOTO HCXOJla B BO3MOXKHOCTHYIO (HEUETKYIO)
byaknuo (B®) BO3HUKHOBEHHS TIPOUCIIECTBUS — TOXapa U IMOJIYIUM
CJIEAYIOIIYIO 3aBUCUMOCTb:

Pos (Y=1)=min{POS (yl =1),H2, s, e, maX(7Z'2, T3, 72'32)}, (214)
r71€ 3aBUCUMOCTH JIsI BO3MOYKHOCTHBIX MEpP MPEANOCHUIOK [IaHbl B IMOCIETHEM
ctosoie Tadmuner 2.2.

Jlo mpoBeneHUs pacueToB MO 3aBUCUMOCTU (2.14) sKkcmepT aHamu3UpyeT
MMEIOIIMECS JaHHBIE O CTAaTUCTUKE MPEANOChUIOK (cTojoer 4), KOTOpble BEIET
CHEUAINCT MO O€30MacCHOCTH W OXpaHe TpyJda Uil YTOYHEHUs U (WJIM)
3anonHeHus [lacropra 6e3onacHocTH Oapa-MUBOBApHHU.

[lockonbKy AaHHBIE OOHOBIISIFOTCS HE 4Yalle, YeM pa3 3a OJHUH TIoJ, a
aHATM3UPYEMYIO CUCTEMY KJIACCU(MUIHUPYIOT KaK «HETUIIOBYIO», TO PacueThl Mep
OINPENENICHHOCTH PeAIN3aUU IPEANIOCHUIOK YIa€TCsl POBECTH, UCIIOJIB3YS TOJIBKO
bopmyny (2.14). Ilpu >ToM OBLIM TPUHATHI CIEAYIOIIME JIOMOTHUTEIbHBIC
YTOUYHEHUS U JOMYIICHUS B 3HAYEHUSAX NTapaMeTPOB.

[Ipennoceuikn 1, 2, 3 aHAIM3UPOBAIUCH HA OCHOBE CTATHUCTUYECKUX
naHHbeiX. Jlmg  aHanm3a mOpennochUik 4 MOTpeOOBAIOCh  MOCTPOCHHE U
obocHoBanue @Il monenn «Bo3neWCTBHE — OCIIA0JICHHE — BOCHPHUUMYHBOCTDHY.
AHanu3 mpeamockulok 5 w6, kak U pacuer BM, Obul OCHOBaH Ha
HKCIIOHEHITUATBFHON 3aBUCUMOCTH HAJACKHOCTH (YHKIIMOHUPOBAHUS CHUCTEM
CUTHAJIM3AaMK U TymeHus. [lpu 3ToM crnocoOoM «Imo aHanorum» ObUIA B3SITHI
CIIe/IyOIIIE 3HAYCHHUST HHTEHCHBHOCTH OTKa30B: As = 2:10 ® m Ag = 10 ~° (a 1),
[Tpo1oKUTETFHOCTh (PYHKITMOHUPOBAHMS CHCTEM ObLTa B3ATa PaBHOW 2 rojaam,

yto cocTtaBisieT t1 = 17520 gac.

ps =0.19, p’s= 0.035.
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[Toy4yeHHbIE pe3yNbTaThl pacueTa ObUTH CBeNeHbI B Ta0nuily 3 ¥ MO/ICTaBIICHHI B
3aBUCUMOCTH (2.15).
Pos (Y =1)=min{Pos (y, =1),11,, 75, rs, Max (7, w31, T3)} =

min {0.03, 0.002, 0.19, 0.035, 0.01} = 0.002. (2.15)
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Ta6J'II/IHa 2.2 PGSYJ'ILTaTLI JOTNYCCKOI'O U q)aKTOpHOFO MapaMCTpUICCKOro MOACINPOBAHUS IIPCAIIOCBIIOK, YCTAHOBJICHHBIX

CTATUCTUYECKUX JIAHHBIX 00 VX peain3aIiiy, a TAKKe CBOJIKA (POPpMYIT ISl pacueTa BOSMOKHOCTHBIX MEP MPEATIOCHIIOK

No | IIpennoceuika Jlornueckue byHKIIIT u | PakTopHas Cratuctu- | Bo3aMoxHocTHas mepa

n/ MepEMEHHBIE, u yCJIOBHE | TapaMeTPH- gyeckast

i ONMCaHWE  TPEANOCBUIKH  TIO | YeCKas MOJIENIb | 4acToTa

3HAYCHUIO

1 Hanuune x=1) |y =(fx)u v (fx)v (s, p: 11 Pos (fx) 12 = min (7Z'f11, 7*1);
HECAHKI[MOHUPOBAHHBIN (x1i=1) P 12 Pos (fx) 12=min (712, 7°0);
sasoc (f=1) 1) roprounx | (f;=1) P 13 POS (fx) 13= min (713, 713);
MaTepuasos, 2) 7', =Pos (fi=1),
a’p030JIbHBIX (IIAKOHOB, 3) 7%= Pos (X 11 = 1).
0aJIIOHOB

2 noKor ¢eiepBepka X2 P2 2=Pos (x,=1)

(x2=1) *
3 | UCKpa WU OTKPBITHIN OTOHB | X371 V X32 P 31 731= P0s (x31=1)
(x3i =1) P 32 732= Pos (x32=1)

4 | HanuuMe B 3al€ TOPIOYETO | Vo= X41 V X42 Q2 >0"2|pa IT 2= min {Pos (92 > q"2),
00opyI0BaHUs 1| (X4 =1) (BT/MZ) Pos (T2 > T"2)}
MaTepHaoB T2i>T", p* 2

@Y

5 |He  pabotaer cucTema | Xs P s 75=P0s (X5=1) > exp(— As't1)
MOKapHOW CUTHATM3AIUN (x5=1)

6 |He  paboraeTr  cucTema | Xg P 6 m6=Pos (Xg=1)>exp(—As't1)
TYILIEHUS MoXKapa (xe =1)
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Tabmuma 2.3 - Pe3ynprarthl pacuera BEpPOSTHOCTH, YaCTOTHI W BO3MOXKHOCTHOU

MCPBI IPCAIIOCBIIIOK JIJIA BU: «BocnnameHeHue u IIOKap B 3aJIC MMOCETUTEIICH

Ne [Ipennoceuika Bo3moxHocTHas mepa Craructuue
CKas 9yacToTa
1 |Hammume  (x=1)  u|Pos (fx) 1= min (71, 770); p 11=0.02
HECaHKIHOHUPOBAHHEIN | Pos (fx) 1, = min ( 7' T0); p 1,=0.03
samoc  (f=1)0 1) | pos (fx) ;= min (', 7%5); | P 13=0.01
TOPIOMHX  MATEPHANoB, | ,f = pog (f,, = 1),
2) aOPO3OIBHBIX | x _ pog (X11=1).
(b1akoHOB u 3)
OaJIJIOHOB
2 | moxor ¢eriepBepka m2=P0s (Xx,=1) p , =0.002
3 |HMCKpa WM OTKPBITBIA | 773,= P0OS (X3; = 1) p 31 =0.01
Or'OHb 7T 3= P0OS (X3 = 1) p 3 =0.005
4 | manuuue B sane | I1 ,= min {Pos (g2 >q ™), p 4 =0.1
TOPIOYEro Pos (T, >T",)}
obopymoBaHUs u p 4 =0.01
MaTepuasoB
5 | He paboraer cucrema | 5= P0os (X5=1)>exp(—Asty) ps=0.19
MTOYKapHOU
CUTHAJIU3AIUH
6 |He paboraer cucreMa | 5= P0S (Xg=1)>exp(—Agty) ps= 0.035
TYIIECHUS TI0XkKapa
[TockobKy HE YUYMTHIBAIMCH 3alllUTHBIE MEpPhI [0 CUTHAIU3AlWU, a
aHATM3UPOBAJICA TepHox — | Tom, TO pacyeTHOe (U3NYECKOE BBIPAKCHHE
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moKasaTeliss pucka cormacHo 3aBucumoctu (2.15) cocrapmwio R = 0.002

(ToxapoB/ron).

2.4. Pa3paGoTka mnpeasIoKeHUIl M CNOCOO0B MNOBBILIEHUS MOKAPHOI

0€3011aCHOCTH KOHKPETHOI0 00beKTa

Ha ocHoBaHMU TONYyYEHHBIX PACUYETHBIX pe3yJbTaToB, (Gopmyibl (2.14 —
2.15) umxeHep Mo TEXHUYECKOM U MOKapHOI 0€30MaCHOCTH BBISIBUI U MPEATIONKUT
CHOCOOBI JTOMOJIHUTEIBLHOTO CHUYKEHUSI BEPOSITHOCTH pealIn3allii IpeanoChUlKH 4
U 5, KaK OINpeessIone OCHOBHOM BKJaJ B 0Opa30BaHME BEPILIMHHOTO HUCXOJa:
no’kapa B 3aJie.

IIpeanocbuika 3. HeCaHKIIMOHMPOBAHHOE CO3JaHUE B 3aJ€ HUCKPbHI WIH
OTKPBITOTO OTHSI.

[Ipeanoceuika 4. Hanuuue B 3ajie TOPIOYEro maTepuaia, oO0OpyAOBaHUS U
MaTepHaoB.

[Ipeanoceuika 5. He paboTtaeT cuctema nokapHoil CUrHaIU3aluu.

OneHka MOTEHUMAIBHOTO YPOBHS IIOKapHOTO pHUCKAa C IMPUMEHEHUEM
CUCTEMBI paHHET0 OOHAPYKEHUS MPEITOCHUTOK MOXKapa

[IpousBeneM OLEHKY 3HAUYECHUS BEPOATHOCTH BOZHUKHOBEHUS Moxkapa Q,, Ha
KOHKPETHO B35ITOM OOBEKTE, B COCTaB KOTOPOIO MPEIBAPUTEIILHO YCTAaHOBJIEHA U
HEMpepbIBHO  (YHKUMOHUPYET U3MEpUTENbHAs HH(OpMalMOHHAs CUCTEMaA
panHero oOHapyxenus mnpenanocsuiok moxapa (CPOIIIl) nHa ocHOBe TpEX
Pa3HOPOJHBIX KaHAJIOB CIIEKEHHUS: CETHETONIEKTPUYECKUX CEHCOPOB BUIMMOIO U
MH(PAKPACHOTO ONTUYECKOTO U3TYYEHUS U XUMHYECKOTO (CTEXHOMETPUYECKOTO)
cocraBa roprounx BemlectB. OcHoBHOM  QyHkuueir CPOIIl  sBasercs
oOHapykeHHe O00pa30BaHUSl OTKPBHITOTO OTHA W (MJM) YTEYKHM W TpaBICHUS
rOPIOYMX ra30B B MOMEIIECHUAX Oapa-NMUBOBAPHHU.

PaccmarpuBaroTCsl TEXHHYECKHE MPEIJIOKEHUS IO CUCTEME PAaHHErO

OOHapy)XeHMsI IPEANOCBHIIOK MOXapa Ha OCHOBE IOXAapHBIX CEHCOPOB
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CJIIEIYIOLIEr0 BUJA: CETHETOXJIEKTPUYECKOIO CeHcopa TemioBoro [l; m3mydeHwus,
uHPaKpPacCHOTO OTITHYECKOTO 5 U3ITy9CHUS u XUMUYIECKOTO
(cTexumomeTpHuvecKkoro) cocrana /J s.

CornacHo Teopuu npuHsTHA perieHui [1,4] mo pesynbraTram u3MepeHUit
MOXHO  MPEJICTAaBUTh  BEPOSITHOCTHYIO  JIAKOHHYHYIO  (OpMY  YETBIPEX
NbTEPHATUBHBIX HCXOJIOB, YAOBJIECTBOPSIONICH YCIOBUIO TIOJHOM TPYIIIbI
HECOBMECTHBIX HCXOJIOB:

Bep(I10) + Bep(ITHO) + Bep(Omur 1 poaa) + Bep(Om 2 pona) = 1 (2.16)
rae Bep(-) — onepatop BepositHoctH, [I0 — mpaBuiibHOE OOHApYyKEHUE, TO €CTh
peaqbHOE HajJu4yue MPEeANoChUIOK Moxkapa (roprodee u okuciautens), [THO —
paBUJIbHOE HE OOHApY>KEHUE, TO €CTh OTCYTCTBHE MPEANOCHUIOK moxapa, Omr 1
pora — ommMOKa MEPBOro poja: JOKHOE OOHapYyKEHHE MPEANOCHUIOK MOXKapa,
KOTOpPbIE COBMECTHO OTCYTCTBYIOT, Omr 2 poma — ommuOKa BTOpPOro poja: He
OoOHapy>KEHHE COBMECTHOT'O MOSBJICHUS MIPEANOCHUIOK MMOXKapa.

BBoast mupoko mpuMeHsieMbIe TSI 3TUX CJIaraeMbIX 0003HAYCHHSI
Bep (ITO) = p, Bep(ITHO) = ¢, Bep(Om1 1 poxa) = a, Bep(Om 2 pona) = f3,
3aBUCUMOCTH (2.16) mpencraBuM B BUE:

p+gtat+p=1. (2.17)

C mnosunuu oOecrieueHus KECTKUX TPEeOOBAaHUN K CHCTEMaM IOXKapHOU
0e30macHOCTH [2] yalie BCEro MPUMEHSIOT TaKMe YaCTHBIE TTOKa3aTeu Kak
p — Bep(I1O) u a — Bep(Om 1 pona).

B kauectBe TpeOoBaHUI K pa3pabOTKE CHCTEMbl PAaHHETO OOHAPYKEHUS
MIPEANOCHUTOK TOkKapa OB MIPUHSTHI CIACAYIOIINE TTOJI0KEHUS.

[Tonoxenue 1. JlocroBepHoe ob6Hapyxkenue ([10) dakra moxkapa ocHOBaHO
Ha OJTHOBpPEMEHHOM cpabaThIBaHUH BCEX TPEX CEHCOPOB.

JIMHTBUCTUYECKOE OMMCAHUE ATOTO TIOJIOKCHHS UMEET BU:

HO = yu [u /3 .
Ha ocnoBe anroput™a u B TepmuHosioruu PsOunnna M. A. kak JOTHYECKYIO

U BEPOSITHOCTHYIO (DYHKIIMU, TaK W YCIIOBHE TapaHTHPOBAHHOTO OOHAPYKCHUS
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mojkapa ¢ TMOMOIIBI0 TPEX PA3HOPOAHBIX JATYUKOB TMPEICTABUM CIICIYIONTUM
oOpazom:
Y3 =X Xo* X3 — Bep(IIO) = P3=p1-p2-Ps3, (2.18)
IJie Pi - BEpOSATHOCTH O€30TKa3HOM paboThI | ceHcopa, | =1, 2, 3.
O003HauMM (; - BEpOSTHOCTh OTKa3a i ceHcopa, mpudem p;+ (; = 1.
Beimonuum B dhopmyne (13) moacranoBry pi=1—(;.
Jyist yrpolieHys aHaau3a MPeAoa0oKUM, YTO BCE CEHCOPBI PaBHO HAJIC)KHBI:
d:=02=03= Q. (2.19)
[Tpu moxacranoBke (2.19) B (2.18) mosiyduM CJCAYIONIYIO 3aBUCHUMOCTD
BEPOSTHOCTH JTOCTOBEPHOTO OOHApPYKCHHUS TMOKapa Ha OOBEKTE OT BEPOSTHOCTH
OTKa3a JI000T0 JaTunKa:
P;=1-3q+2¢°—q°. (2.20)
[Tposepka 3aBucumoctu (2.20). IlycThb BEpOSTHOCTh OTKa3a JHOOOTO
JlaTYUKa MPUHUMAET 0JHO U3 3HaueHui: ( = 0.1 unau 0.01.
Torga nomyunm, yto P3=0.72 unu 0.972.
[Tonoxenue 2. dakT cpabaThiBaHUS JIBYX U3 TPEX CEHCOPOB CO CTEMEHBIO
JIOBEpHUSI € TPUHUMAETCS 32 J0kHYI0 TpeBory (JIT).
Tak Ha3bIBaIOT B TEOPUU M MPAKTHKE HEMPEPHIBHOTO KOHTPOJIA OIMMOKY 1
poJia CUCTEMbI OOHAPYKEHUS MoXKapa.
JIMHTBUCTHUYECKOE YCIOBUE ITOTO MOJOKCHUS:

JIT = (Hun M) nma (Jpu ) wm ([ u [13). (2.21)
Jlornyeckass (QyHKUUS STOTO YCIOBUS U pe3ynbTarT €€ mnpeoOpa3oBaHusl B
BEPOSITHOCTHYIO (popmy 1o PsaOununy (cm. m.1.5.2 u 1.5.4) umeer Bua:

Yousz3 =X1 " Xo VX X3V Xz Xp —
—P;3=1-(1-01) (1-g2)(1-0s), (2.22)
rac 91=P1- P2, 92=P1-P3; 2= P2-Ps3.
C yyerom BbITIONHEHUs yciaoBud (2.21) wu (2.22) wu, omyckas
MPOMEKYTOUHBIE BBIKIQNKH, TMOIYyduM (HOpPMYTy Il BEPOSTHOCTH JIOKHOM

TPEBOTH, BHIPAKEHHYIO Kak U B (2.20) uepe3 BeposITHOCTb OTKa3a
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CEHCOPOB(Q = (1= (2 = Q3, HOJYyYHUM:

Bep (JIT) =P 5,,; = 1-30¢°+3q"—q°. (2.23)

[Ipu sKcmmyaTanuu CHCTEMbI OOHApYy)KEHHUsS TMOoXapa CaMbIMU Ba)KHBIMHU
SIBIISIIOTCS BBITIOJTHEHUS IBYX TpeOOBaHUM:

1) BeposITHOCTH OOHAPYKEHUS OXKapa He MeHbIIe TpeOyemoro 3HaueHus P> Py,
2) BepOsATHOCTH J0KHOM TpeBoru Bep (JIT) He GoJibliie 3a1aHHOTO 3HAYCHUS.

Broimonnenne mnepBoro TpeOoOBaHHS O3HAYAET BBHIMOJIHEHHE TpeOOBaHUS
3akona o [loxapHoii 6e3omacHocTr. BeITOTHEHHE BTOPOTO TPeOOBAHUS TIO3BOJISET
OTCeATh W CHU3UTh KOJUYECTBO JIOKHOW uWH(MOpManuM, KOTOpas dYacTo
Oo0yCNaBIMBAET OKCIUIyaTUPYIOLIME U  JACKypHble CyOBEKTHI  COBEpIIATh
Tparnueckue MPOCTYIKH, CBA3aHHBIE C YMBIIUJICHHBIM OTKIIOYEHUEM CHCTEMbI
CPOIIIL

[IpousBeneM OLIEHKY «CBEPXY» BEPOSATHOCTHU JIOKHOU TPEBOTH.

[Ipu TakoM MOJXOJIe MOJArarOT, YTO B BBIPAKEHHUH IOJHON BEPOSTHOCTH
aIbTePHATUBHBIX pemieHnui (2.16) ommbka mepBoro poga o 3HAYUTEIBHO OOJbIIE
OIMOKHU BTOpOTO poja [3:

p+g+ta+p=1— a>p. (2.24)

C y4eroMm 3TOro mpakTHYE€CKH Ba)KHBIM OKa3bIBA€TCSI COOTHOIICHHUE MEXIY

Bep(I1O) u 1 — Bep(JIT), koTOpoe mpeacTaBuM B BUJI€ HEPABEHCTBA

Ps+oa+e < Py, (2.25)
I7ie &€ — KBaHTWIb JOBEPUs, IPUHUMAIOIINI 3HaYEHHUS MPU TIpaBUIIe JOBEpUS «TPEX
curm»: € = 0.003; mpu mpasuite «mectu curm»: € = 0.000006.

Torma ¢ mOMOIIBIO TIOCIEAHET0 BhIpaKEeHUs U 3aBucuMocTeit (2.20), (2.23)
MOJTYYHM:

at+tée < P, — Ps=3qp. (2.26)

Ha oGnactu 3HaueHuii BEpOATHOCTH HE OOHAPYKEHHUS TOXKapa WiIu OTKasa (
< 0.01 npu BBHINOJHEHUM TMpaBuUiIa MPEJCTABICHUS «TPEX CUTM» IO MapaMeTpam
BO3JICUCTBHUSI M BOCHPUUMYMBOCTH C omuOkoid He Oonee & = 0.003 MoxHO

3aIuCaTh.
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a < P 2uz3 — P3 = 3q(1 - q) (227)

[TpoBepka 3aBucuMocTH (2.27) Ha mpUMepe.

IIpumep 2. Ilycth BeposATHOCTH oOTKaza mgroboro gatumka ¢ = 0.01.
[ToncraBuB 3710 3HaueHue B (opmyny (2.27) MOIYyYUM BEPOATHOCTH JIO)KHOTO
otkaza o + & < 0.028. Ilpu »ToM Ha ocHOBaHMM 3aBUCUMOCTH (2.20) pacueTHas
BEPOSTHOCTh FrapaHTUPOBAHHOTO oOHapykeHus rmoxapa 0.970299.

Torma kak mpu yuere cpabaThbIBaHMS TOJIBKO OJHOTO JaT4HMKa IoXapa
BEpOSITHOCTH OOHAPYXKEeHMs Moxkapa paBHa Pro(y =1)=1-10"°.

Cuwuras, uro ¢ = 0.003, moBEpUTENBLHOE 3HAUYECHUS BEPOATHOCTH JIOKHOTO
OTKa3a (To ecTh cpabaThIBaHUs JIBYX U3 TPEX CEHCOPOB U (DOPMUPOBAHUE KOMAH/IBI
«rmoXxap Ha oO0BeKTe») He mpeBbicUT 3HaueHue a = (.025. dakTuyecku 3TO
O3HAYAET, YTO OJMH M3 COPOKa CUTHaJOB O moxape oT cucrtembl CPOIIII moxer
OBIThH JIOKHBIM.

Torma mpu HaIMYMM CHUCTEMBbl ABTOHOMHOIO MOKAPOTYIIEHUS C TPEMS
HE3aBHUCHUMBIMHU YCTPOMCTBAMHU IIPU BEPOSATHOCTH MX oTKa3a = 0.01 BeposTHOCTH
TYIIEHUS MOYXKapa HaXOAUTCs B MHTepBaie 3HaueHu ot 0.999999 no 0.970299.

[Ipu 5TOM, Kak BHIHO, BEpXHSS TPaHUIIA BEPOSATHOCTU OOHAPYKEHUS
IIPHU3HAKOB TI0XKapa JOCTHraeT Tpebyemoro 3nauenus: (1 — 10 °).

Takum o00pa3om, eciau MPEeanoJIOKUTh, YTO BEPOSTHOCTh CpabaThIBAHUS
YCTAHOBOK aBTOMATHYECKOTO TOXApOTYIICHUS paBHAa TaKOW Ke BeJIUYUHE
(0.999999), T0o TpeGOBaHME NOCTHKEHHS HOPMBI MHANBHIYalIbHOTO pucka Qg
MOXET OBITh BBINOJIHEHO. OTO TMO3BOJSIET M0 BEPOATHOCTU MPABUILHOTO
OOHapyXEeHUsI KaXIbIM JaTYMKOM, MUMEIOIIUM KJIacC TOYHOCTU | Mpu yCIOBUU
peanu3aiuy dTUX CEHCOPOB B KOMOMHAITUHU JIOTHYECKOTO CYMMHPOBAHUS JOCTUYb

TpeOyeMyI0 BepOSITHOCTb [IOKAPHOH Ge30macHocTH Ha yposHe 10 ~°
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2.5. OuneHka mnoka3atesjeid pucka NpodecCHOHAIBHBIX 3a00/1eBaHUI

pPadOTHUKOB

I[ToMumo maTojiOrMM IIYMOBOM M BHOpallMOHHOW Oo0Je3HeW Hambosee
4acThIMH  3a00JIeBaHUSIMH ~ pPAaOOTHUKOB  TOPHOTO  IMepepadaThIBAIOIIETO
OPEINPUITUS SIBIISIIOTCS OPOHXUT U MHEBMOKOHHO3. BPOHXHUTHI BO3HUKAIOT MpHU
3aJilepKKe KPYMHBIX yacTull (0osiee 5 MKM) B BEPXHHUX JbIXaTEIbHBIX MYTHX,
ITHEBMOKOHHMO3bl - 3a00J€BaHUS OPraHoOB [bIXaHHUS C HW3MEHEHHEM TKaHU -
BO3ZHMKAIOT B PE3yJIbTaTE IEUCTBUS NI PA3MEPOM YACTHUIl MEHEE 5 MKM.

[TosToMy 17151 KOJIMYECTBEHHOM OLIEHKU YCJIOBHI Tpy/la HA MNPEANPUITHH 10
NOKa3aTesIIM MHAWBUYAIIBHOIO PUCKa ObUIM BBIOpPAHBI CIEIYIOLIME BEPIIUHHBIE
UCXOJIBI.

BU-1: mymoBas u BuOpaunoHHasi 00JI€3Hb,
BH-2: 6ose3H1 OpraHoB JAbIXaHus: OPOHXUT U (MJIM) THEBMOKOHHUO3.

[Tpu MoaenupoBaHuM 6€30MaCHOCTH HEOOXOAUMO YUUTHIBaTh, KaK HAJIUYHE,
TaK U BO3MOKHOE OTCYTCTBHE CPEJICTB KOJJIEKTUBHOW M MHIUBUAYATbHOM 3aLIUTHI
OT JIEHCTBUS ITUX BPEIHBIX (PAKTOPOB.

Jlns moctpoenust joruueckort moxaenu BU-1 Obuin BBEIEHBI W OMUCAHBI
CJIeIyIOLIME TapaMETPUUECKHUE YCIOBHS U JIOTHUYECKUE TIEPEMEHHBIE.

K mapameTrpuueckum ycioBUsSM ObLIIM OTHECEHBI CIIETYIOIIE:

1) ycnoBue pa3BuTHsSI IIyMOBOW OOJIE3HU B BUJIC MPEBBIIICHUS OTHOCHTEIBHOM
uHTEeHCHUBHOCTH IyMa |, (1b) Hay caHuTapHO-TOMYCTUMBIM TTOPOTOM:
| >1 s —> X11= 1, (228)
2) yCcIOBHE pPa3BUTHS BUOpAIMOHHOW OOJIG3HW B BHJEC IPCBBIIICHUS
JEUCTBYIONIETO BUOPOYCKOPEHUS &, (M'C ) Hax CaHUTAPHO-J0MYCTUMBIM
MIOPOTOM:
azapg, > Xp=1 (2.29)
B kauectBe JIOTMYECKUX  YCIIOBHM, OMNHUCHIBAIOIIMX MPEINOCHUIKA

ocyabyeHust win ycrpanenus ucxoaa BU-1, Obutn NpUHATHL CAEAYIOINE:
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Z 11 = 1, - npuMeHeHNEe HAYNIHUKOB I 3aIUTHl OT IIyMa W OOecCredeHue
BBITIOJTHEHUS YCIOBHS X31 = 0]
Z 1, =1, - npuMeHeHUe MEpPYaATOK IS 3alUThl OT BUOpaluu U oOecrieyeHue
BBITIOJTHEHUS YCIIOBHS Xpp = 0.
Jlns moctpoeHus joruueckor mojaenu BU-2 Obuin BBEIEHBI W OINMKCAHBI
CIEAYIOIINE TapaMETPUUYECKUE YCIOBHS U JIOTUYECKUE TIEPEMEHHBIE.
K mapameTrpudeckuM yCIIOBUSIM OBLITH OTHECEHBI CIICTYIOIIHE:
yCIIOBUE DPa3BUTHS OpPOHXHUTA, OIMUCHIBAEMOE IApaMETpOM —  TEeKYyIIeH
KOHIleHTpareir N ; (t) (mr/mM®) wactun meutm ¢ jguametrpoM d > 5 MKM H
MpeBbIIIEHNE €€ 3HAUCHUs HaJl MOPOTOBbIM Nyy; !
na(t) =Np (2.30)
YCJIIOBUE Pa3BUTUS IMHEBMOKOHMO3a, OIKCBHIBAEMOE IapaMEeTpOM — TEKYIleH
KOHIeHTpanueir N , (f) (Mr/m®) wactur mbu ¢ auameTpoM d < 5 MKM |
MpeBbIIICHUE €€ 3HAaUCHUS HaJl TOpOoroBeiM N !
N2 ()= N (2.31)
B kauecTBe JIOTMYECKUX YCIIOBHM, OMNHUCBHIBAIOIIMX MPEANOCHUIKA
ocyabyieHust WM yctpanenus ucxoaa BU-2, Oputn MpUHATHI CAEAYIOIINE:
Z 1 =1, - npuMeHeHHe pecrnuparopa — GUIbTPa YacTUI] MUK ¢ AuaMetpom d > 5
MKM,
Z » =1, - npuMeHeHne pecuparopa — QUIbTPa YacTHUIl MUK ¢ auameTpom d <5
MKM.
C yyeroM TMpPHUHATHIX O00O03HAYEHUN JIOTMUECKHWE MOJIETU BEPIIMHHBIX
MCXOJ0B UMEIOT CIEAYIOIINI BU/I.
BH-1:
Y1= Z1 X1 VZi X (2.32)
Jlornueckas moaens BU-2:
Y2o= 1220 "XaV Z2 X2 . (2.33)
CornacHo anroputMmy TmpeoOpazoBanus, 1.1.5.5, ObUIM MOJyYEHBI

cdlIeayromme 3aBUCUMOCTHU BO3MOKHOCTHOM MCPBbI BCPIIMHHBIX UCXOO0B
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I[T;=Pos(y.=1) =max{min (nz 11, T 1), Min (72 1o, T 12 )}, (2.36)
IT, =Pos (y,=1) =max {min (nz 51, ® > ), Min (12 55, T2 )}. (2.37)
B 3aBHCMMOCTSIX NEpPEMEHHBIC THUIIA 7Z MPEACTABISIOT BO3MOMXKHOCTHYIO
Mepy pealin3alliy JIOTHYECKUX YCIOBUH THUIIA:
nZ 11 = Pos (X1 =1). (2.38)
Torma Kak mepeMEeHHbIE TUIA T 17 MPEICTABISIIOT BO3MOXKHOCTHYIO MEpY
peanu3anuu JOTUYECKUX YCIOBUN THIA!
11 = Pos(nq(t) >Ny ). (2.39)
Omnpenenenue 3HAYEHUM TEPEMEHHBIX THNA TZ  HAXOAAT  IIyTEM
CTaTHCTHYECKO OLCHKH BUaa P = Pro (Xy, = 1).
Torma xak 3Ha4eHUS MEPEMEHHBIX THUIIA T 17 PACCUUTHIBAIOT C IIOMOILBIO
napaMeTpuyecKou MOJIEIN «HEYETKOE BO3JICCTBUE — HeueTKas

BOCIIPUUMYHUBOCTD).

BoiBoabl K pa3aeny 2.

1. JIns KOHKPETHBIX TEXHUYECKUX CHUCTEM BBIOpaHBI BEPIIUHHBIE HCXOJIBI,
MOCTPOCHBI WX  JIOTMYECKHE MOJEIH, BBIOpaHBI M OOOCHOBAHBI
MApaMETPUUECKNE MOJCIHN PeaTu3alu KaKJI0W KOHKPETHOW MPEANOCHUIKA
UCXOJIOB CUCTEM.

2. Ha ocHOBanmm mpaBwi TmpeoOpa3zoBanus (pasgen 1) u  BBIOpaHHBIX
HUCXOJHBIX JAHHBIX PAcCUMTaHbl BO3MOXKHOCTHBIE MEpBI peaau3aluu
BEPIIMHHBIX HMCXOJ0B (TOKapa, OTpPaBJICHHUS])) B  PacCMAaTPUBAEMBIX
YHUKQJIBHBIX CUCTEMaX.

3. Ha ocHOBaHWM MPOBEJECHHOTO aHAIM3a TUIOBBIX CIEHAPHEB BO3MOMKHBIX
aBapuil Ha NPOW3BOJCTBEHHOW COCTABISIOIIEH — CHCTEMa ra30CHA0KEHUS
KOTEJIbHOM, MOXKHO CJIeJIaTh BBIBOJI, UTO HauOOJee OMACHBIM SBIISETCS
cinenyromuil cueHapuii (C2): pa3pblB pa3BoJIAILIETO Fa30BOr0 KOJUIEKTOpa —

UCTCUCHHE MPHUPOJHOTO Taza — o00pa30BaHUE Ta30BO3IYIIHONH CMECH B
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3aKpBITOM IPOCTPAHCTBE IJIABHOIO KOpIyca KOTEJIbHOM — WCTOYHHK
IUIaMEHU — OOBEMHBIM B3pBIB — TEPMHUYECKOE IOPAKEHUE JIFOJEH,
paspylieHre U30BITOYHBIM JABJIEHUEM TEIJIOTEXHUYECKOTO 000pYI0BaHUs
U COOPYKEHHs TJIaBHOTO KOpPIyca KOTEIbHOM — MOpaX€HUE HACEICHHS
OJIM3JIeKAITUX YIIUI] BTOPUYHBIMH MOPaXKAOMIUMU (haKTOpamu.

4. Haubonee onNTUMaIbHBIM BapUaHTOM IS TNPEJOTBPAILICHUS Pa3BUTHUSA
JAHHOT'O CLEHApHs SABJSETCS YCTAHOBKA CUCTEMbl MOHUTOPUHIA YTEUKH ra3a
Ha  OCHOBE KOMOMHAIMK  PE3UCTUBHBIX MOJIyIIPOBOTHUKOBBIX,
CErHETOANEKTPUUYECKMX W ONTUYECKUX BOJHOBOJHBIX CEHCOPOB IMPOIaH
OyTaHOBOM cMmecH (Tra30BbIX CEHCOPOB).

5. BeposTHOCTh BO3HMKHOBEHUS MoXapa Q, Ha KOHKPETHO B3SITOM OOBEKTE
OLICHMBAIOT C IPUEMIIEMON JJOCTOBEPHOCTHIO HA OCHOBE METO/1a (PaKTOPHOTO
[IapaMETPUYECKOTO0 MOJEIUPOBAHUS M BO3MOYKHOCTHOM OLIEHKH PHCKA.
MoHUTOpPUHT  O0BEKTa MPOM3BOAAT C IOMOIIbIO  M3MEPUTEIBHOU
WH()OPMAIMOHHOW CHUCTEMBl Ha OCHOBE: 1) CErHEeTORNIEKTPUYECKHX
CEHCOPOB BUIUMOTO M 2) MH(PPAKPACHOTO OMNTHYECKOTO M3ITy4CHHUS U 3)
XUMHUYECKOTO (CTEXMOMETPUUECKOT0) COCTaBa FOPHOYMX BEUIECTB, KOTOpas
MO3BOJISIET OOHApY)KMBAaTh M  YOPABISTH  BKIIOUYEHUEM  YCTAaHOBOK
ABTOMATUYECKOI0  IMOXApPOTYLIEHHWS C  IIOCIEAYIOIIEH  JIOKaJbHOU
JMKBUJAIHAEN MPEANOCHIIOK IoXKapa.

6. Ilpu »ToM mpuMeHeHHE croco0a 2 OCHOBAHO Ha JIBYX MOJIOKEHUSX. 1.
HoctoBepnoe oOHapyxenue (JIO) ¢akra mnoxkapa OCHOBAaHO Ha
OJTHOBPEMEHHOM  cpalaTblBaHMM BceX Tpex ceHcopoB. 2. Dakt
cpabaTbiBaHUsl JIBYX U3 TpEX CEHCOPOB CO CTENEHbIO JOBEpUS ¢&
npuHUMaeTcs 3a JIoxkHYI0 TpeBory (JIT). [Ilpumenenue 3Toi u3MepuTeIbHON
MH(POPMAITMOHHON CHCTEMBI IMO3BOJISET JIOCTOBEPHO (C BEPOSATHOCTBIO 0
0.970299) oOHapykuBaTh BO3HHKHOBEHHE MPEINOCHIIOK TOXKapa MyTeM
NpPUMEHEHUsT KOMOMHAIMN U3 2 WM 3 CEHCOPOB NPHU HUX OJHOBPEMEHHOM

cpabareiBanuu. Cuurtas, uyto & = 0.003, nmoBepuTeNbHOE 3HAYCHUS

54



BEPOSITHOCTH JIO)KHOTO OTKaza (TO ecTh cpabaTbiBaHUS JBYX H3 TPEX
CEHCOPOB U (OPMUPOBAHUE KOMAHJbl «IOXKApP Ha OOBEKTE») HE MPEBBICUT
3Hauenne a = (.025. dakTuyecku 3TO O3HAYAET, YTO OJAMH U3 COpPOKa
CUTHAJIOB 0 Tokape ot m3meputenbHoi cucteMbl CPOIIIl moxer ObITh
J0HbIM. [Ipy HanMuUUKU CUCTEMBbI aBTOHOMHOTO MOXAPOTYIICHUS C TPEMS
HE3aBUCUMBIMH YCTPOMCTBAMH, C BEpOSTHOCThIO MX oTkaza ( = 0.01,
OlICHUBaeMasi BEPOSITHOCTh TYIICHUSI TMOXKapa HAXOAUTCS B HWHTEpBAJIC
3HadeHur ot 0.970299 no 0.999999. Ilpu 3TOM, Kak BHJHO, BEPXHsA
rpaHulla BEPOATHOCTH OOHAPYXEHUSI TPU3HAKOB TMOXKapa JOCTUTAeT

Tpebyemoro 3uadenns: (1 — 10 °).

Cnucok JuTepaTypsl K pasjeiy 2

1. be3onacHoCTh KU3HEACATEILHOCTU: Y4eOHUK s By3oB / C.B.
benos, A.B. Unbauikas, A.®. Ko3bsikoB u ap.; [lox oo pea. C.B. benosa. 9-¢
u31. uctp. u gom. — M.: Beicu. k., 2009. 606 c.

2. Pycak O.H., Manasu K.P., 3amsbko H.I'. be3omacHoctb
KU3HEICATEIbHOCTH: YueOHoe nocodue. 7-¢ usn., crep. / [lox pea. O.H. Pycaka. —
CII6.: Uzn. «Jlanby. 2009 — 448 c.

3. 3otoB A.U., KypmtomoB B.C. be3onmacHOCTh XKW3HEIESITEILHOCTH.
VYyeOnuk. — Komoc. 2009. 2 uzn. 484 c.

4, Ecunos 1O.B., CamconoB ®.A., Uepemucun A.1l. MoHUTOpPUHT U
OIICHKA pHCKa CHUCTEM «3ammuTa — 00beKT — cpena». M.: Uzn. JIKU — YPCC. 3
u3n., 2013. 138 c.
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3. Pacyer koJM4YecTBEHHOII Mepbl BEPUIMHHBIX MCXO/I0B JJ TeCT-00beKTa —

KPbICHI IPHN [leﬁCTBHH HAaHOPa3MEPHOI'o TMOKCHAA TUTAHaA

3.1. BBenenue

HanotexHonoruu, B KauyecTBe IBHXKYILIEH CUIIBI COBPEMEHHOW 3KOHOMHKHU,
WHULIMUPYIOT PEBOJIIOLIMOHHBIE HaIlpaBJICHUS OMOTEXHOJIOTUYECKOM,
bapmareBTUIeCKOu, MEIUIUHCKOU, XUMHYECKOM, MYJIbTUMEIUNHOM,
a’POKOCMHUYECKOW, U KOMIIBIOTEPHOW MHIIYCTPUH, a TAKKE MHOTHE APYTUE HOBBIE
MEpPCIeKTUBHBIE OypHO  pa3BUBAIOIIMECS MNpUIoXKeHUs. HaHoTexHonoruu
SBJISIIOTCS] OJHUM M3 TJIABHBIX MPUOPUTETOB B CTPATETMH PA3BUTHS HAYKU BO BCEM
mupe. O6acTi NPUIOKEHUST HAHOTEXHOJIOTUH MPOJO0KAIOT OBICTPO pacTH. ITO
MPUBOJUT K YBEIUYEHUIO B OWocdepe HaHOPA3MEPHBIX YACTUI] U TJI00aTbHOMY
HKOJIOTHYECKOMY PUCKY ISl OKPYXKAIOIIEH Cpelibl, ¢ MOCIEAYIOIUM HETATUBHBIM
BO3JICIICTBUEM Ha pa3iu4Hble SKocucTeMmbl. MccnenoBanus nokaszanu [1-2], 4to
BBICBOOOXKJaE€MbIe HAaHOOOBEKTHI MOTYT MOBJIHUATH Ha OMOJIOTMYECKUE MPOLECCHI
Ha KJIETOYHOM, CyOKJIETOYHOM M OENKOBBIX YpPOBHSX. boiiee TOro, HEKOTOpbIE
HAHOYACTHUIIBl JIETKO MUTPUPYIOT O BCEMY Teily, HAKaIUIMBAIOTCS B OpraHax-
MUIIEHSAX, TPOHUKAIOT dYepe3 KICTOYHble MeMOpaHbl, HAKaIIUBAIOTCS B
MUTOXOHJAPHUSIX, U MOTYT BBI3bIBaTh BPEAHBIE BO3JAECHUCTBUS PA3HOIO YPOBHS.
[lopToMy HeoOxoauma OILIEHKa TakKoro poja pucka ISl Haaiexalen
poUIIaKTUKY U pa3paboTKu KOHTpMEpP. B CBsI3U ¢ ATUM UCCieIoBaHus B 00JIaCTH
HKOJIOTUYECKOTO PHUCKA B CUCTEME «HAHOOOBEKT — >KMBOM OpPraHu3M — 3alluTa
IpHBJICKAIOT Bce Ooubiiee BHMMaHue [1-4]. Ilenb cocrosuia B MPEaIOKEHUU U
anpoOaIuu MOPOTOBOM KOHIICTIIIMM OIEHKH BEpPOSITHOCTH 3a0osieBaHus U (WJIN)
ruben KOHKPETHOro OWOBHMJIa Ha OCHOBE MeToja (HaKTOpPHOrO aHaiu3a

mapamMCcTpOB CUCTEMBI U BO3MO>KHOCTHOM OLOCHKH PHCKA.
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3.2. MeToauka 3KCiepuMeHTa

JUIsL OLEHKH 3KOJIOTUYECKOIO0 PHUCKA CHUCTEMBl «HAHOOOBEKTBI — IKUBOU
OpraHW3M — 3aluTa» Yalle BCEr0 HCHOJIb3YETCS KJIACCUYECKUH IMOIXO]I,
OCHOBaHHBIH Ha OWOTECTUPOBAHMM BOAHBIX cpel. B kauecTBe TecT-0OBEKTOB
UCIIONIB3YIOTCSl Camble Pa3HOOOpa3HbIE JKMBBIE OPraHU3MbI, MPUOPUTETHOCTH
WCIIOJIb30BaHUsl KOTOPBIX TMOKA HE OMpezeseHa. B CBsI3M ¢ 3TUM HE CYIIECTBYET
€IMHOr0 TMOJAXO0/a K OLEHKE pPHUCKA M, COOTBETCTBEHHO, HET BO3MOYKHOCTH
CPaBHUTEIIBHOTO aHAJIN3a PE3yJIbTaTOB TAKUX OLICHOK. [ WiuTrocTpauy JaHHOTO
BOIIPOCA PACCMOTPUM Pe3yJbTaThl OMOTECTHPOBAHUS HAHOPA3MEPHOTO JTUOKCHIA
TUTAHAa Ha pA3IMYHBIX TpPYIIax TecT-00bEKTOB. B KauecTBe HAHOOOBEKTA,
WHTEHCUBHO 3arpsi3HSIONIEro 0uocdepy, BbIOpaH TUOKCU] TUTaHa, MOCKOJIbKY OH
HIUPOKO MCIIOJB3YETCS B PA3JIMUHBIX 00JIACTSIX HAYKU U TEXHUKHU: B MPOU3BOACTBE
CUHTETUYECKOTO BOJIOKHa, B KOCMETHYECKHX CpEACTBaX, B  MUIIEBOU
MPOMBIIIUICHHOCTH, B Mojurpaduu, TMpd OYKHCTKE BO3AyXa M BOABI OT
OpraHUYECKHUX 3arpsa3HeHui (OTOKATAIH3OM JIp.

N3BecTHBI TOKCHMYECKHE CBOMCTBA W (DU3HMOJIOTHYECKOE JICHCTBHE
KpucTaJuaeckoro auokcuaa tTutana (Ti0,) - ITKp.3. - 10 mr/m3 [5, 6]. OnHako B
HACTOSIEE BpPEMS YK€ MMEETCS MHOTO JKCIEPUMEHTAJbHBIX JaHHBIX 10
TOKCUYHOCTH HaHopazmepHoro TiO, B ropazgo 0ojiee HU3KUX KOHIICHTPAIMSIX.
Tak, HanpuMmep, UCCIeI0BAHO BO3/EHCTBHE adpo3osist HaHO- 110, Ha caMIlOB KpbIC
yepe3 HOC B TeueHue 6 yacos [7]. ITokazano, uto yactuiisl ¢ pazmepamu 10 100 um
JaNd LHTOTOKCHYeCKHH d(QeKkT B OPOHXaX HpH KOHLIEHTpAUHH 2 Mr/M°, a
yactuubl ¢ pazmepamu oT 100 no 200 HM M KOHUEHTpauuu 7 mr/m® - OCTPBIN
BOoCTIaUTENbHBIN A dexT. [Ipu Bo3aeicTBUU a’p030s1s Ha MBIIIeH 3aUKCUPOBAHO
3HAYUTEIHbHOE CHIXKEHHUE PENPOIYKTUBHON (DYHKIIMHM BO BTOPOM MOKOJIEHUH [§].

Bynyun xumudecku nHepTHBIM, TiO, OTHOCST K MajOOIMaCHBIM BEIIECTBAM,

OIHAKO YCTAaHOBJICHO €TO IPAMOC TOKCHYICCKOC I[GIZCTBHG Ha BOAHBIC OPraHM3MEI,
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st kotopbix — [IJIK=1,0 mr/m [9,10]. OcoGenHo omaceH AMOKCHUA THUTaHA IS
TUAPOOMOHTOB B HAHOPA3MEPHOM COCTOSTHHH.

Hanpumep, octpbie OMOTECTBI, IPOBEJICHHBIC Ha JMOHHBIX padkax Hyalella
Azteca, mpoaeMOHCTpPHpPOBAIM (POTOTOKCHYHOCTh HaHO- 10, mox acicTBHEM
COJIHEYHOTO M3JIy4YeHHUs, KOTopas yBeauuuBaeTcs B 21 pa3 1o CpPaBHEHUIO C
KOHTPOJIbHBIMU 0Opa3niamu. OTMeueHa Takxke arnomepanus TiO, Ha MOBEpXHOCTH
PAYKOB, YTO MPUBOAMWIIO K MOSIBJICHUIO SI3B U CMEPTENbHBIM ucxoaam [11].

PakooOpasubie poma Artemia ganu Tokcudeckue 3¢ dextsl Hano-TIO, B
oOmiem nuamnazoHe koHueHtpauuit (0,5-100 mr/m). Wrnokoxkue uMend aHOMalluu
pPa3BUTHS HAa PAaHHHUX 3Talax >KU3HU. Y MOPCKHX pbIO 3(()EKTOB CMEPTHOCTH HE
BBISIBICHO, HO 3a(UKCUPOBAHO yMEHbIIEHHWE BpeMeHHu BoiBeAeHUs Ti0,,
W3MCHCHHUE IIJIaBaTCIbHOW AaKTHMBHOCTH W PA3JMYHBIE TOPOKH Pa3BUTHSA Y
AMOPUOHOB. Y  KUTOOOpa3HbIX  MCCIENOBAIU  JICHKOUMUTHI  JeIb(UHOB
(buomapkepsi), Koropble Tmokazanu mnoBpexaeHus JIHK wu  cHmwkenue
YKU3HECTIOCOOHOCTH JIEUKOIUTOB [12].

B coBmecTHO# paboTe amMepuUKaHCKUX M KUTAaHCKUX ydeHbIX [13] mokazan
cuHepreTnyeckuii 3Qp¢pekT Ha TecToBbIX opraHuzmax (Daphnia) - B mpucyTcTBUUM
JlaKe OUCHb HU3KUX KOHIEHTpaIui HaHo-T10,, TokcuaHOCTh As (V) 3HAYUTEIIBHO
YBEITMYHUBACTCSI.

Ecnu »Tu mnonydeHHble pe3yiabTaThl MPEJCTABIATh, KaK IMapaMeTpbl
BOCITPUUMYHMBOCTH OMOBUJIOB K JCHCTBHIO HAHOPA3MEPHOTO JAMOKCHIA TUTAHA U
omnucaTh 00JIaCTH BO3MOKHOTO BaphbUPOBAHUSI KOHIIEHTPALIMKM JUOKCUA TUTAHA B
cpene obutanus OMOBUIOB (TO €CTh, 3a4aTh MAPAMETPhl «BO3JAEHUCTBUS»), TO Ha
OCHOBE METO/Ia BO3MOXHOCTHOW (HeueTkol) ouenku [14, 15] okasbiBaeTcs
JOCTHUXKUM pacyeT aCHUMITOTHYECKHX 3HAYCHUN BEPOSTHOCTH 3a00JICBaHUS U
(nnn) THOENM KOHKPETHBIX OMOBHAOB. B KadecTBe mpumepa B HacTOSIIEH paboTe
PacCMOTPEH aJTOPUTM MOATOTOBKH MCXOJIHBIX JIAHHBIX M pacyeTa BO3MOXHOCTHOM
Mepbl 3a00JICBaHUS W JICTAIBHOTO KMCXOJa Y KPBIC MPHU BO3ACHCTBHM HAa HUX

HaHOPasMCPHOI'0O AIMOKCHIa TUTAaHA.
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3.3. [locTaHOBKA U pe3yJIbTATHI pellIeHUsI 321241

W3BecTHO, YTO (PakTOpHBIA MapaMeTpPUUYECKUN aHalu3 pUCKAa OCHOBAH Ha
MOJICNIA «BO3JACHCTBUE — BOCHPUUMYMBOCTBH» [16, 17] ¢ mnpenBapuTeabHBIM
OMMMCAaHWEM BHJA W O00JacTM W3MEHEHHWs TapaMmeTrpa (WIM) TOKa3aTems
BOCIIPUUMYHMBOCTH TECT-O0BEKTa K JICUCTBUIO JUOKCHAA TUTaHa (C Y4YE€TOM
BIIMSIHUSI COMTYTCTBYIOIIUX a0MOTHYECKHUX U (MJIH) OMOTHYECKUX (DaKTOPOB).

B pamkax »sToii Mozenu Oblia pacCMOTpeHa 3ajada O pacyeTe MeEphI
OTIPEJICTICHHOCTH (BO3MOXHOCTH) 3a001eBaHus U (W) TUOEIM KOHKPETHOTO WUITU
no/100HOTO OHOBHUAA.

AJNTOPUTM pacueTa BKIIOYAJ CIAETYIOUINE Tallbl.

1. Onucanue (HanpuMmep, B BUJAE MapaMeTpa M Pa3MEPHOCTH KOHIICHTPAILMHU N)
WHTEpBaJIa MapaMeTpa BOCIPUUMYUBOCTHU:

- HIDKHEE «PA3JIMYAMOE)» 3HAYCHHE KOHUECHTPAUU (Mr/M°), HadHHAS C KOTOpOTO C
BEPOSITHOCTHIO (KBAaHTWJIEM J0OBepus), 00bIyHO 3TO 3HadeHue — 0.003, BO3MOKHO

HAYANo THOEIH: T — Ar

- BepXHee 3HAYCHHE KOHICHTPALMH (MI/M°), [IPH KOTOPOM THOEIb TOCTOBEpHA: I
(B TEpMHHAX HEYETKUX BEJIMYMH 9TO 3HAYCHUE HA3BIBAIOT «SIIPOM»).

2. 3amanme (B pa3sMEpHOCTH KOHIICHTPAIMK) OXuaaemMoro (Tpedyemoro)
WHTEpBaja mapaMeTpa BO3JeHCTBUS C TPAHUIIAMHU:

1) siapa ( s )u

2) BepXHEro 3Ha4eHUs S + As.

[IprueM oTMeTHM, YTO BO3JACHCTBHE (KaK BHEIIHHA HE3aBUCHUMBIA (akTop) 0 (1
Ha YpPOBHE) sJipa JIOCTOBEPHO (BEPOATHOCTH MPOSIBJICHUS paBHA 1), a yxke Ha
YpPOBHE BEPXHETO 3HAYECHHUS BEPOSTHOCTH MPOSBICHUS BO3JCHCTBUS MEHBIIE WU

paBHa ypoBHS o cpe3a (00bryHO 5T0 3HaueHue — 0.003, TO ecTb HCXOAAT W3

JOMYUIEHUS TPEX CUTM).

59



Tak, mampumep, B cucTeMe «OHMOBHA-KphICA — 3alIUTa — cpeaa (adpo30iu
JTUOKCUJA TUTAaHA)» JCUCTBYIOT «HaHOpa3MepHbIe» asposonu TiO; ¢ pasmepammu
1o 100 HM B UHTEpBaAJIe 3HAYCHUI KOHIIEHTpauuu ot 1 mo 20 (MF/M3) [5]. MoxHO
paccumTaTh BO3MOXKHOCTHYIO Mepy (BM) 3aboneBanuss m rubenu KpbICHI, €CIIA
YCTaHOBJICHO, YTO €ro mnapameTpbl BoclpuuMuuBOCTH cienytomme: [IJJK = 2
(mr/™M%), Lsss = K-IIIK = 15-ITIK = 30 (Mr/m°). [IpHHAMAETCS, 9TO HOTPELIHOCTD
OTIpeJICJICHHS TapaMeTPOB BOCIPUUMYHUBOCTU cocTaBisieT & = 50%.

Pe3ynbrathl 1 ux 00CyXaAEeHHUE.

1. CHauana paccMaTpuBajicsi UCX0] — 3a00JieBaHUE. 3aNUIIIEM UCXO/IHbIE JaHHbIE B
aGCOMIOTHBIX SAMHHUIAX (MI/M"):
s =1, s +A; =20;
WHTEPBaJ pa3MBITOCTH Bo3zeicTBUA AS = 19;
SLAPO BOCIIPHIMYHBOCTH K 3a60JICBAHHIO [ = 2;
MHTEPBA Pa3MBITOCTH A, =&« I = 1;
HIDKHSISL TPAHHLA BOCIIPHIMYHMBOCTH K 33007 1eBaHui0 [ — A, = 1;
3amac 6e30macHoCTH — S = 1
CYMMapHBIH UHTEPBAI Pa3MbITOCTH A, +As = 20;
pUBECHHBI 3amac GesomacHoctn zb = 0.05.
Torma 3nauenme BM 3abosieBaHus B JHUHEHWHOM MOJIENN aIlPOKCHUMAIIAN
onpeesnsiach Kak:
nli=1— zb =1-(r—s )/ (A, +As) = 0.95,
B rayccoBoii Mojenu anmnpokcumaliuu 3HaueHue BM 3a0oneBanust:
mNe= exp (- 4.5 zb,? ) = exp (- 0.0125) = 0.986.
B utore BM 3a0oiieBanus KpbICchl cocTaBiisia 3HadeHue BOm3u k 1 (~ 100%).
2. Paccmotpum ucxon — rubenb. 3amuiieM HCXOJHBIE NaHHbIE B aOCOIMIOTHBIX
equHAAxX (MI/M):
s=1, s +A =20
WHTEPBAJI Pa3MBITOCTH BO3AeHCTBHSA Ag = 19;
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SJIPO BOCIIPUUMYHBOCTH K THOCIH r= 30;

MHTEpPBAJ PasMBITOCTH A, =& « I = 15;

HYDKHSIS TPaHMIA BOCIIPHHMYMBOCTH K rHbemn [ — A, = 15;
3anac 6e30MacHOCTH [ — S = 29;

CyMMapHbIi HHTEpPBaJl Pa3MbITOCTH A, +As = 34;
MIPUBEICHHBIN 3arac 0€30MacHOCTH zb = 29/34 = 0.852.
3nayenrne BM rubenu B TMHEHHON MOIENIN alMpOKCUMAIINH:
nLi=1- zb =1-( r— s )/(A, +As) = 0.148,

B rayccoBoii Mogenu anipoKCUMaIuu:

TNe= exp(— 45 zb .2 )=exp (- 0.098)=0.161.

BoiBoabl K pa3aeny 3

1. Hamu BmepBble MOKa3aHO, YTO Ha KJIETOYHOM, CYOKJIETOUHOM U OEIKOBBIX
YPOBHSIX JJISI OLIEHKH PUCKA CUCTEMBbI «HAHOOOBEKT — YKMBOU OPraHU3M —
3aIrTa» MOXXHO d(PPEKTUBHO MPUMEHSTh TOPOTOBYIO KOHIEHIUIO OLICHKU
BEPOSTHOCTU 3a00jieBaHus U (WJIK) TMOETM KOHKPETHOro OMOBHAA, OCHOBY
KOTOPOM COCTaBJIIET METOJ (PAKTOPHOTO aHajau3a CJIOXKHOM CHCTEMBI U
BO3MO>XHOCTHOM OILIEHKH pPHCKAa. OITO CBHIETEIBCTBYET O HAy4YHOU
3HQUMMOCTH  TIOJIYYEHHBIX  pPE3yJIbTaTOB, KOTOPbIE MOXHO  OyjAeT
WCIIOJIB30BATh JIJIS HaJJIeKaIIeld MPOPMIAKTUKY U pa3pabOTKH KOHTPMED.

2. K mnparmaTtudeckuM pesyibTaTaM OTHOCUTCS aJTOPUTM  MOATOTOBKU
HCXOJHBIX JAHHBIX M pacuyeTa BO3MOKHOCTHOW MEpbI, IPUUYEM Ha MPUMEPE
BO3/ICMCTBUSI HAHOPA3MEPHOIO IHUOKCHJA TUTAHA HA KPBIC YCTAHOBJIEHO, YTO
BEPOSITHOCTh  JIETAILHOTO HCXOJa JAaHHOro OWOBHJAa HEBENHKa, a

BEPOSITHOCTh 3a00JeBaHus npakTuuecku pasusiercs 100%.
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4. JIornko-B0O3MOKHOCTHOE 000CHOBAHME CTPAXOBBIX B3HOCOB

4.1. OueHka CTOMMOCTM HHTEIrpPaJbLHOr0 PHCKa (BO3MOXKHBLIX NOTEpPb) B

CUCTEME «CITOPTCMEH — COPEBHOBATE/IbHAA U TPEHUPOBOYHAsI CpeEaa»

JuddepeHnraabHpIM PUCKOM HAa3bIBACTCS BEPOSATHBIM yIIepd B cHUcTEeMe
(IT0OO — OB® — CM3 — Y), paccMarpuBaeMblii OTHOCHUTEIHLHO BBIOPAHHOTO
MHOKECTBA HEXKEJIATEeITbHBIX UCXO0I0B U (MJIH) KOMIIOHEHT 3TON CUCTEMBI.

TTos MHTETpaTBHBIM PHCKOM ITOHMMAETCS 3aBHCUMOCTH Brya [1, 2]:
R, :ZZ pji(zuhji), (4.1)
T h

rae J € J - MHOXKECTBO MPOHUCIICCTBHMA, TPOUCXOAIINX (CIOCOOHBIX MPOU30NTH)
3a sxu3HeHHBIM MUK ( K1 ) moTeHIMaaIpHO ONaCHOTO 00BEKTA,

I € | - MHOXecTBO 3TanoB JXKII,

h € H - mHOXecTBO BHI0OB yiepOa ot ( I, | ) BHJIa MPOUCIIECTBUS,

P, U — BEpPOSTHOCTH U ymiepO oT ( 1, | ) BHIa MPOUCIIECTBUSI.

[Tpuyem puck BeipaxkaeTcs B hopme:

1) KomuYecTBa MPOUCIIESCTBHIA (HECYACTHBIX CIIy4aeB, JCTATBHBIX MCXOIOB,
aBapuil M T. J.), OTHECCHHBIX K YHCIIy aHAJIM3HPYEMBIX OOBEKTOB, JIFOJCH WIIH
CUCTEM 32 BBIOPAHHBIN TIEPHO] BpEMEHH, HAIPUMeEp, KaJIeHJapHbBIN TO/T;

2) CTOMMOCTH YIIepOOB, HAlpUMEp, B MUHUMAIBHBIX pa3Mepax OIJIaThI
tpyna (MPOT), kotopbie HeCyT (CTIOCOOHBI HECTH) MPOUCIIECTBUS, OTHECEHHOE K
COBOKYITHOCTH OOBEKTOB 3a KaJleHIapHBIN TO/I.

B pamMkax Teopun J0ruko-Bo3MoKHOCTHOM otieHku (JIBO) [3] mpu ycinoBuu
pPacCMOTpEHUS:

1) TOJIbKO HECOBMECTHBIX,

2) TOJHOCTBIO COBMECTHBIX TPYII MPOUCIICCTBHHA, CTOMMOCTh pHCKa
CUCTEMBbI ONIPEACIISIETCS C TIOMOIIBIO CJIEYIONIETO BhIpakeHUH [4].

Jlns muoxectBa {N} nmpouciiecTBuii ¢ 0JHUM PaOOTHUKOM
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Ry ({N3) = max{ (m-U)1, ... (-UWn=n F=Max { 1y, ..., o ..., I 3=Ry Y (N) (4.2)

Jist maoxkectBa {N} mpouciiectBuii ¢ MHOkecTBOM {M} paGoTHUKOB

Ru({N, M}) =R, =max { min (w-u)y, ... (m-u) } =max {ry, ... rc }, (4.3)
rae T, U u I = m-U — COOTBETCTBEHHO, BO3MOKHOCTHAsI MEpa HACTYIUICHUS CIydas
— TMPOUCHICCTBUSA, CTOMMOCTh yIepOa M PUCK OT MPOMCIISCTBUS;, K — HMHICKC
MIPOUCIIECTBUS B CUCTEME.

OcraHoBuMcs Ha 3aBUCUMOCTH (3) GoJiee moapoOHO.

PaccmarpuBaercs MHOXkecTBO M = {M} «poHYMEepOBaHHBIX» paOOTHHKOB, M = 1,
m=2,... m=MlIl, rne M1 — uucno pabotaukoB. C KaxJbIM 13 paOOTHUKOB B
TEYEHUE paccMaTpUBAeMOro IMepuoAa (3a OJUH KaJeHIApHBIA TOJ) MOXKET
MPOU30UTH OJHOKPATHOE TMPOUCIIECTBUE BHUJIA: HECUACTHBIM ClIyyad, MPUCBOUM
HOMep N = 1, unm 3aboneBaHue, MPUCBOMM HOMEp N = 2.

B oOmeit mocTaHOBKE MOXHO paccMaTpuBaThb MHOMKECTBO  BHUJIOB
omunokpatubix N = {n}=1, 2, 3, ... nN mnpowucurectBuii: TpaBMa, N = 1, yBeube, N
= 2, JIeTaJbHbIN ucxol, N = 3, npodeccnoHaibHOe 3a00J€BaHUE OPTaHOB 3PEHUS,
n = 4, npodeccuonaabHoe 3a00JieBaHNE OpraHoB ciyxa, N = 5. [Ipudem yucino NN
pa3iinuyaeMbIX TPOUCIIECTBUM YCTaHABIMBAET IKCIIEPT.

[IpunuMaetcs, yTo 000 Cilydail IPOUCIIECTBUS C JIFOOBIM PAOOTHUKOM
MOKET NPOU30MTH TOJIBKO OJWH Pa3 B roJ C BO3MOXKXHOCTHOU MEPOU Ty, -

[Totepu (ymep0d KoMmaHWM) OT TpEKpalieHus Tpyaa pabOTHHKA M
BCJICJICTBUE HACTYIUICHUS MPOUCIIECTBUS N BBIPA3UM KakK U p .

B mpocrteiiinieM BapuaHTe TOTEPU MOTYT OBITh BBIp@XEHBI Yepe3
JUTUTEIIBHOCTh TIPOCTOS (TPYAOTIOTEPD) T y PAOOTHHKA TIOJT HOMEPOM M.

C yderoM NPUHATHIX YCIOBUU U BbIpaxeHUs (3) OTHOCHUTEIBHO JIH0OOOT0

paboTHUKA CyMMAapHBIN PUCK MOTEPh OMPEACIISIETCS KaK:

N
R, = max { (m-u)y, ... (mun}= R™) m, (4.4)
n=1
Torma cymMMmapHbIE MOTEPHM OT MHOMKECTBA CIydaeB — TMPOUCIHICCTBUN C

MHOXCCTBOM pa60THI/IKOB 3aluileM B BULC.
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M N
RIN,M) = 3 (max (m-U)my). (4.5)
m=1 n=1
[Ipenmonoxxum, 4TO NOTEPH M PaCXoAbl OT NPOUCIIECTBUHA B CHUCTEME

BbipakatoTcss B MPOT wnu jeHexHbIX eauHuiax (py0.) W ompenensiorcs Kak
CyMMa JIByX OCHOBHBIX COCTaBIISFOIIHX:
1) cToumocTH TPYJIOBOH MOTEPH:
Cimn (T) = Kem* T 2(mM,N) (4.6)
BCJIeICTBHE 3a00JieBaHus paboTHHKA (M) Ha Bpems T 1(M,N) (CyTOK),
rae K;n - OCYTOYHAsl CTaBKa OILIATBI ATOr0 paOOTHHKA,
2) CTOMMOCTH 3aTpar:
Camn (T) = Comn* T 2(M,N) (4.7)
Ha JICUCHUE U peaduIuTaInio paboTHUKA (M) B TCUCHHE BPEMEHHU T 7, (CYTOK),
rae Cymn — CTOUMOCTh MOCYTOYHBIX PACXOJO0B Ha JiedyeHUe U (Un) peaObuIuTaIuio
9TOr0 pabOTHHKA, C KOTOPHIM CIIYYHUJIOCH IpoHciiecTBHE BUaa (N).

OueBUIHO, YTO TapaMeTpbl K.y U Comp 3aBHCAT OT BUAA (N) MPOUCIICCTBUS,
crtaTyca paboTHUKa (M) U CTENMEHHU TSKECTU 3a00JE€BaHUSI WM HECUACTHOTO
ciydasi. 3HAYCHHUS JTUX IMapaMETPOB YCTAaHABIMBAIOT 3apaHee C IMPHUBJICYCHHEM
HPKOHOMHCTOB, YIIPABJICHIICB U MEAUITMHCKUAX IKCITEPTOB.

[Toacransst Beipaxkenuss (6) u (7) B (5), MONyYHUM aHAIUTUYECKYIO
3aBUCUMOCTh CTOMMOCTHOU (hOPMBI HHTETPAIIBHOTO PUCKA (BO3MOXKHBIX MTOTEPH) B
CUCTeME «pabOTHMK — TPOM3BOJACTBEHHAs cpena — paboTojmaTenb» TpuU

BO3HMKHOBEHHWH B Hel MHOecTBa npouciiectsuii {N, M}

M N
RC (N,M) = X2 (max (x mn-(k: (m,n) -t 1(M,n) + Comn - T 2(M,N)))) (pyd./T07) (4.8)
m=1 n=1

rae 7 ma-K. (M,N) — Bo3MokHas MOCYTOYHASE CTOMMOCTD TIOTEPh OT MPOMCIICCTBHS
N BUJa ¢ paOOTHUKOM OJI HOMEPOM M .

Ha ocHoBanuu paccmoTtpeHHoil mozaenu (8) u anroputMma (5-7) paccuutaem
CTOMMOCTb MHTETPAIBHOTO pucKa B TexHuyeckon cucreme TCl, skcneprusa

KOTOPOM BBISIBWIA CIEAYIOLINE MAPAMETPHI U XapaKTEPUCTHUKHU.
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[Tpumep. [Jana rpynna cnoprcmenoB ['Cl, ucxonHsle JaHHBIE O KOTOPOMl U
IPOMEXKYTOUHBIE pacueTHBIC pe3yabTaThl MpuBeaAeHbl B Tabmuiax 4.1 — 4.3.
B pesynbrare, mociae moacTaHOBKHM TaOJIMUYHBIX 3HAaYCHHH B dopmyiy (4.8)

MOJIyYMM 3HAYEHUE UHTErPAIbHOrO prcKa (py0.) CUCTEMBI CIIOPTCMEHOB

3

2. (1800+400+2100) = 4300 py6.
m=1
PacueTtHoe 3HaucHUE HHTCTPAJIBHOIO pPHUCKAa CHCTCMBI

RC (N,M) =

IIPEICTABIISACT
OKUJAEMbI WU TPOTHO3UPYEMBIH yIIepd OT OJHOKPAaTHOM peanu3aliiu
BEPIIMHHBIX HCXOAOB (BO3MOXHBIX IPOMCIIECTBUH) CO CHOPTCMEHaMH 3a

KaJICHAApHbBIN roj. Eciu npuHATh cpeiHeMecsuHyto cTunenanio pasHoit 400 pyoO.,

TO NOTEPU MPUMEPHO PABHBI T'OJOBOM CTUNIEHAUMN CIIOPTCMEHA.

Tabnuna 4.1 - BeposITHOCTb T i n BEPIIMHHOTO UCX0/1a

m/n | cmopTcMmeH | TpaBMa, N =1 | yBeuwe, N =2 | 3a0oneBanue, N =3
1 metatenb | 0.9 0.1 0

2 IPBITYH 0 0.2 0.8

3 oeryH 0 0.7 0.3

Tabnuna 4.2 - [IpogomkuTensHoCTh T 1(M,N), CYTKH U CTOUMOCTD TPYIOTIOTEPH K, *

71 (py0.)

m/n CIIOPTCMEH TpaBMa, yBeube, | 3a0oseBaHue, | maxnk-t
n=1 n =2 n =3

1 | merarens, k, =10 | 10x10=100 | 20x10=200 | 0x10=0 90

2 npbiryH, K, =5 0x5=0 30x5=150 |20x5=100 80

3 | Geryn, k,=15 0x15=0 40x15=600 | 30x15=450 | 420
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Tabmuna 4.3 - [IpomomKUTenbHOCTh T 2(M,N), CYyT. X CTOMMOCTH JCUEHHUS Comn

(py0.), MakcUMyM

m/ n | cnopTcMmeH | TpaBMma, N =1 | yBeube, N =2 | 3a0oseBanne, N =3 | maxnk-t
1 meratenb | 20x20=400 | 40x50=2000 | 0x10=0 1800

2 IPBITYH 0x10=0 40x50=2000 | 10x20=200 400

3 OeryH 0x10=0 50x60=3000 | 20x20=400 2100

4.2. Jloruko-B0O3MOKHOCTHAS OILICHKA ypOBHeﬁ CTpaxoBbIX B3HOCOB B

HETHITMYHBIX CUCTEMAX

BBenenue. B Teopun cTpaxoBaHHA HETUIUYHBIX W CTATHCTHYECKH C1abo
U3YYEHHBIX CHCTEM aKTyaJlbHOM Hay4yHOU 3ajauell sBiseTcs OOOCHOBaHUE
YPOBHEN CTPAaXOBBIX B3HOCOB Ha OCHOBE OLICHKH CTOMMOCTH CTPaxyeMOI'O PHUCKa
[1-4]. TIpu 2TOM HETTO-CTaBKa CTpPaxOBaHUs, Kak OOBCKTHBHAS W 3aBHCAIIAS
TOJIBKO OT «IPUPOJIbD» KOMIIOHEHTA CTPAXOBOT'0 B3HOCA, MOXKET OBITh YCTAHOBJICHA
B paMKax METOJO0JIOTMH (PAKTOPHOrO NapamMeTpUYecKOro MOJIEIUPOBAHUS U
BO3MOYKHOCTHOW (HEYETKOW) OLIEHKM pUCKA CHUCTEM BHJA «3alllUTa — OOBEKT —

cpena» [5,6].

IHocranoBka 3agaum. PaccmarpuBaeTcs CTpaxoBOW KiacTep BHUAA «OJHA
CTpaxoBasi KOMIIAHHMsSI — MHOXECTBO CTpaxoBareieli o0bekToB». (CTpaxoBas
KoMmaHus (Janee, KOMIIaHMUs) Ha MEepHoJ (CPOK CTpaxoBaHMs) [; 3aKiaroyaeT
CTpaxoBbIE JJOTOBOPA CO MHOXECTBOM cTpaxoBaTeieit oobekToB O = {0, } , rae n
— WHACKC codeTaHui o0bekToB M3 MHOXKectBa N , n € N. Ilpuaumaercs, 4To

MHOJKECTBY CTpaxoBaTejieil COOTBETCTBYET MHOXeCTBO N CTaTHCTHYECKH Ci1abo
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n3ydeHHbIx cucteM (CCUC) Buma «0OBEKT CTpaxOBaHUS — 3allUTa — BHEITHUE U
BHYTPCHHHE HETaTUBHBIC (DAKTOPHI.

B pamkax kaxmoro 3BeHa KiacTepa «KOMIIAHHUS — N CTpaxoBaTelby
dbopMynupyercs 3a7ava 0 IPUHATUN CyOBEKTUBHOTO PEIICHUS TPOTUBOMOIOKHBIX
CTOPOH, KaK HUIPOKOB “TIPOTHUB MPHUPOJbI’, TO OLEHKE CTOMMOCTHOW (OpPMBI
CTpaxyemMoro pucka mnojacuctembl. Ilpu 53ToM ¢ m1O3UIUM  “UTPOKOB —
cTpaxoBaresieil” HeoO0XOAMMO YCTaHOBUTh MHHHUMAIBHO BO3MOXKHBIE YPOBHH
CTPaxOBBIX B3HOCOB JIJII KOMIIGHCAlMM ¥  BO3MEIIEHUs yliepbda mpu
BO3HUKHOBEHUN CTPAaxOBBIX CIIy4aeB, a C IMO3ULUUU “UI'pOKa — KOMIAHUW
HEO0OXOIMMO HAalTH YPOBHU, YJIOBJIETBOPSIOIINE YCIOBUIO HEYOBITOYHOCTH.
Tpebdyercst 1151 KaXI0r0 3BEHA KjacTepa «KOMIIAHUSA — CTPAXOBATEINb» OLICHUTH
3HAYEHUE HETTO-CTABKU CTPaXOBAHMUS.

TeopeTuko-MHOKeCTBEHHAN M JUHTBUCTHYECKasi GopMaIu3anus 3a1a4H.

B oOmem ciyyae, cTpaxoBoW KjacTep MOXKET ObITh MNPEACTaBIICH

CJIEIYIOLIMMU MTOKa3aTeNISIMU, K KOTOPBIM OTHECEM:

1) ctpaxoBbie B3HOCHI (insurance payments) (muosxxecto IP = {ip » });

2) ctpaxoBble ciydau (insurance events) (mpowucmectusi) (MaoxkectBo |E={ieyy, },
rae K ¥ M — UHAEKCHI CTPaxOBbIX CIIyYaeB U MX BHJIOB);

3) crpaxoBbie BhITLIATHI (INSurance repayments) (muoxectso IR = {ir ,});

4) xonmmuectBO N; JOrOBOPOB CTPaxOBAHUS;

5) muoxectBo crommocter C = {C, } u oOmas crommocts (Sum cost) SC1
3aCTPaxXOBAHHBIX 0OBHEKTOB;

6) cymmapHbIii TOJ0BOM cTpaxoBoii B3HOC SIP1l crpaxoBateieid, kak 00OpOTHAas
Y4acTh CTPAxOBOTO (OHAA KOMIIAaHUH;

7) anpuopHO Hew3BecTHas BenmnurHa SIR CyMMbI r0TIOBBIX BO3MEIICHHI KOMITAHUN
B aJIpec CTpaxoBaTeseil MPU HACTYIUICHUU JOTOBOPHBIX CTPAXOBBIX CIIy4aeB.

Ha ocHoBe meTona (hakTOPHOTO MOAEIMPOBAHUS U BO3MOKHOCTHOM OLICHKHU
[5,6] ponb u BIOUsSHHUE CHOCOOOB, CPEACTB W MEPONPHUATUH 3aUIUTHI 1O

HCKIIIOYCHHUIO 1 (I/IJ'II/I) 0C1a0JIEHUIO I[GﬁCTBHH HCTAaTHBHBIX BHCITHHUX M BTOPHUYHBIX

69



(aKTOPOB yUTEM C MOMOIIBIO YCTAHOBIICHUS JIOTUYECKOM CBSI3HOCTH MPEANIOCHIIIOK
CTPAaxOBBIX CIy4yaeB BHYTPU KaXJIOro 3BeHa kiacrepa. llpu 3ToM ucxoaHble
JTaHHBIE 3aJladyd BbIOepeM B BHje: 1) 3HAYEHUN CTOMMOCTHBIX, KOHCTPYKTHBHO-
TEXHUYECKUX U (PUBUKO-XMMHUYECKHX XapPAKTEPUCTUK U MapaMETPOB OOBEKTOB U
CIIOCOOOB 3alIMUTHI; 2) BO3MOXKHBIX 3HAYECHUHN MapaMeTPOB HETaTUBHBIX (DAKTOPOB,
nercTBytonme (CrnocoOHble AecTBOBaTh) Ha OOBEKTHI, KaK M3 OKpYXKarollen
Cpellbl, TAK U BHYTPU CUCTEMBI [6,9].

B kauectBe Hambosee 0KUAAEMBIX BUIOB CTPAXOBBIX CIIy4aeB PACCMOTPUM:
1) aBapum Ha OOBEKTAaX BCIEICTBUE JCHCTBUS HETATHBHBIX JKCTPEMAaJbHBIX
dakTopoB (HO®D) (“akTuBHBIE” MPOUCIIECTBUS) U 2) MOBPEKICHUS U OTKa3bl B

o0BekTe (“maccuBHbBIC” TPOUCILIECTBUS).

Pe3yabTaThl pelneHus 3a1a4u.

Ha ocHoBaHMM mnpuHLMIA SKBHUBAJIECHTHOCTH CTpaxoBaHus [2,3] HeTrTO-
cTaBKa cTpaxoBaHus G, NMPUHUMAETCS PAaBHOW CTOMMOCTH CTPAaxXyeMoro pucka R,
CHCTEMBI:

G, =Ry. (4.9)

B pamkax teopum J0ruko-Bo3MoxkHOCTHOU oueHku (JIBO) [6, 8, 9] mpu
YCIIOBHH pacCMOTpeHus: 1) TOJIBKO HECOBMECTHBIX WM 2) IOJHOCTHIO
COBMECTHBIX TPYIN CTPaXxOBBIX CIy4aeB, - CTPAXyeMbId PHUCK CHUCTEMBbI

OIIpCACIIACTCA C IIOMOIIBIO BI:Ipa)KeHI/Iﬁ BUA.

Ry =max { (m-u)y, ... (mu) }=max {ry,...rn}, (4.10)
Ry =max {min (m-u)y, ... (mu)y }=max {rq, ... rc }, (4.12)
rne w, U ¥ I = mU — COOTBCTCTBCHHO, BO3MOKXHOCTHAaA MCpa HACTYILIICHUA

CTPaxOBOTO CIIy4asi, CTOMMOCTh YIIepOa U PUCK OT CTPAXOBOTO ciiydasi; K — MHIEKC
CTPaxOBOT0 CiIy4asi B CUCTEME.
[Ipu oTHOM CTPaxOBOM ClIy4yae B CUCTEME:

Gn =R, =mU. (4.12)
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[Tpu ycioBuM y4eTa IBYX pa3IUYarOIINXCs CTPAXOBBIX ciiydaeB, K =1, 2, ¢
paccuuTaHHBIMM TlapameTrpaMu (7y, Up) U (T, Up ) , T Ty >> M, a Uy < Uy,
COTJIACHO BbIpaxeHuto (4.11) MoKHO 3amucath:

Ru = To-Uq . (413)

B pamkax Teopuu NMpUHATHS PEUICHUHN MTPU yCIIOBUA MUHUMU3AINHA OITHOKA
HEe OOHapyXeHHsS CTpaxoBoro ciydas (omuOku 2 popxa) [6] MOIydyeHO, YTO
BO3MOXKHOCTHasi T M BEpPOSTHOCTHAas (YacCTOTHas) [P MeEpbl HACTYIUICHUSA
CTPaxOBOTO ClIy4asi HaXOISATCS B CIEAYIOIIEM COOTHOIICHUU

Txp+a, (4.14)
rie o - OmHOKa <JIOKHOTO» PEHICHUS O BO3HUKHOBEHHUU CTPAXOBOTO CiIydas
(ommbka 1 pona).

VYuyer (4.14) o3navaer, 4to pacyeT 1Mo 3aBUCHMOCTIM (4.9-4.11) mMoxer
NPUBECTH K TPUHITHIO 3aBBINICHHBIX 3HAYEHUW HETTO-CTaBKU CTPaxOBaHUS
OTHOCHUTEJIbHO €€ UCTUHHOIO 3HaYeHUs1. OAHAKO C MO3UIMU CTPAXOBIIHUKA JTaHHOE
00CTOATENILCTBO MOXET OBITh PACIICHEHO KaK MOJOKUTEIBHOE JIJII BO3MOXXHOCTH
MOBBINICHUS YCTOWYMBOCTH CTpaxoBoro (ouma kmacrepa. O4eBUIHO, YTO TPHU
MOBBIIIIEHUH TIOJIHOTHI U JIOCTOBEPHOCTH JIOTMKO-BO3MO>KHOCTHOT'O —aHaJu3a,
BO3MOXXHOCTHAsi M€pa 7T aCUMMOTOTHUYECKU MPUOIMKACTCS CBEPXY K BEPOSTHOCTU
P CTpaxoBOro ciyyasl.

Pemienue 3a1ayu Ha npuMepe. J[aHa HEeTUNMUYHAS U CTATUCTHYECKH CJIa00
m3yueHHass cucrema CCHUC 1, B KOTOpOWM paccMaTpUBAIOTCA CIEAYIOLINE
CTpaxoBbI€ ciiydan: 1) moxap Ha 00BEKTE; 2) XUMUYECKOE OTPABIIEHUE MTEPCOHAIA.
Ha ocnoBanuu wmetoma JIBO Obumn momywensl cienyromue BM  crpaxoBbix
ciaydaeB 7; = 10 -4 m,=3-10 ’ B JIONONHEHHE K STUM pe3yabTaTam «Io METOly
aHajoruii» [2,4] mNONy4YEHBl CIENYIOIIHNE PE3YIbTAThl OLEHKUA BEPOSITHOCTH
BOBHHKHOBEHHS CTPAaXOBBIX CIydacB B cucreme: Py = 10 °; p, =10 °. Crpaxosas
CyMMa [UTSl KaXIOTO CIIydasi OblLia IIPHHSTA COOTBETCTBEHHO PaBHOI Uy = 10 7 U,

4 o
=10 ". Onpenenutb HETTO-CTABKY CTPaXOBaHUS JIJISl pACCMATPUBAEMON CUCTEMBI.
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Pesynomamul pewenus.
1,2: r;=1000; r,=300; Ry (1,2) =max { ry, r, } = 1000.
1,2:100; 100. ITpuuem R, (1,2) = 200.

Ry (n) = m-u, mms k

Ry (p) =p-u, mmsk

BoiBoabl k pa3aeny 4.

1. BblnosiHEHa TEOPETUKO-MHOKECTBEHHAS U JIMHIBUCTHYECKasA (popmanuzanus
34141 OLICHKH YPOBHEU CTPAXOBBIX B3HOCOB B CTATUCTUYECKU HETUITUYHBIX
CUCTEMAX.

2. Ha ocHOBaHMM MpUHIMIA YKBUBAJIEHTHOCTH CTPaxOBaHUS B paMKax TEOPUU
JIOTUKO-BO3MOKHOCTHOM  OLEHKM  CTPAaxyeMOro  pHUCKa  ITOJYYEHBI
3aBUCUMOCTH HETTO-CTaBKM CTpPaxoOBaHUsA I IPOCTEHIIUX BapuaHTOB
CTPaxOBBbIX CIIy4aeB.

3. IlpoBeneH yd4eT WM aHaNU3 BIWSHUSA OIIUOKHA «IOKHOTO» PEIIEHUS O
BO3HUKHOBEHUHU CTPAXOBOI'O CIIydas IIPU HCIIOJIb30BAHUHU BO3MOXKHOCTHOM
MEpBI B pacyeTax HETTO-CTABKH CTPAXOBAHMS.

4. Tlonmy4yeHHbIE pe3yabTaThl MOTYT OBITh MOJIE3HBI AJIs pa3pabOTKU METOIUKH,
KOTOpasi, C OJHOH CTOPOHBI, MOET OBbITh HCIIOJIB30BaHA CTPAXOBOU
KOMITaHHEW KaK KOMIIPOMMCCHBIA MHCTPYMEHT (POpMUpOBaHUS TpeOOBaHUMI
K CTPAaxoBaTeJsIM IIPU KOJMYECTBEHHOM aHAJIM3€ M OLEHKE PUCKA, TaK U, C
JIPYTrOM CTOPOHBI, KaK CPEICTBO OLEHKU W YIIPABIICHHS KAYECTBOM 3AILMTHI
OOBEKTOB CTpPaxOBaHUsS C TMO3UIUU MHUHUMHU3ALMK CTPAaXOBBIX B3HOCOB

CTpaxoBaTeisl.

Cnucok qureparypsl K pasaery 4

1. besomacHocth Poccun. Ananus pucka u npobiem OezomacHocTH. B 4-x

yacTsax. / Bopo6wser FO.JI., JlaBepos H.II., MaxyroB H.A., Ocunor B.U.,
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3akJIoueHue

1. Ha ocHOBaHMHU JOTHYECKUX MOJIEICH U MpaBWUJ UX IpeoOpa3oBaHUs B MEPhI
onpeneneHHoCcTr (pa3fen 1) u3ydeHsl U penieHbl akTyaJbHbIE TEXHUYECKHE U
HKOJIOTHYECKHUE 3a/1a4u M0 pacyeTy rokazaTreneil 6e3omacHocTy (pa3aensl 2 u
3) B BHIC BO3MOXHOCTHBIX MeEp IIOKapa M OTPaBJICHUS PAOOTHUKOB.
[TockoNbKYy pPacCMOTPEHBl «YHUKAIBHBIE» CUCTEMBI, MCXOJHBIE JaHHBIE O
KOTOPBIX  OTHOCAT K MPUOJMKEHHbIM (HEUETKMM) BEJIMYMHAM, TO
OpUMEHSEMbI  «(dopmanu3M» Kak  COYETAaHHE  CTATUCTUYECKOTO U
BO3MOYKHOCTHOTO METOJOB OLIEHKH, IO CYTH, SBISIETCA €IUHCTBEHHO
BO3MOYKHBIM,  IO3BOJSIIOIIMM  IIOJIy4aTb  KOJIMYECTBEHHBIE  3HAUYCHUS
nokasareiieid 0€30aCHOCTH.

2. Ecnu npeacTaBisiTh paCCMOTPEHHBIE CHUCTEMBbl M BEPUIMHHBIE MCXOJbl B HUX
KAaK CTpaxyeMble CUCTEMBI MU Cllydad, TO, KaK NPEICTaBICHO B pasznene 4,
OKa3bIBAETCA JOCTHKMMBIMU PEIICHHS 337a4 KOMIUIEKCHOTO HHXKEHEPHOTrO
00OCHOBaHUSI M pacyeTa CTOMMOCTHOW ()OpMbI M 3HAUEHUS HHTETPATbHOTO
pucka, koropas mno cytu (K. Mapkc, A. IllaxoB) mpencraBisieT «HETTO»
CTpaxOBbI€ B3HOCHI CTpaxoBaTesield B CTpaxoBo (hOHJ CTpaxoBIIHKa. Takoii
NOJIXOJT SIBJIIETCSI HOBBIM M aKTYyaJbHBIM. A €ro pacnpoCTPaHEHHE IO3BOJIUT
ONTUMH3UPOBATH ESATEIbHOCTD LEION OTPACIH.

3. TlokazaHo, YTO B3aM€H JIOTMKO-BEPOSATHOCTHOIO MeETOJa Uil aBTOHOMHOM
DKCIEPTU3Bl MOXET OBITh MNPUMEHEH JIOTMKO-BO3MOKHOCTHBIM  Croco0
ONpejieNieHus] ToKa3zarejaell 0e30MacHOCTM M PUCKA CHCTEM  Pa3InyHOU
MIPUPOABI, TO3BOJISIIOIIMMI TTOIYy4aTh PE3YJbTaThl C MPUEMIIEMOM IMOJHOTOM U
JIOCTOBEPHOCTBIO.

4. TlpencraBieHbl pe3ysibTaThl pelICHUs 3a7auyd a) pa3padOTKH aIrOpUTMOB U
METOJIMK pacyeTa Mokasareseil 6e30MacHOCTH U pUCKa Ha OCHOBE MOJATOTOBKHU
MCXOJIHBIX JAaHHBIX O BHAAX ()aKTOPOB M MHTEpBajax 3HAUYECHHUH MMapaMeTpoB

BO3I[CI>1CTBH$I H BOCIPHUUMYHUBOCTH B INTATHBIX H aBapHﬁHBIX YCIIOBUAX
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CUCTEMBI, O)IOCTPOCHHS W  HAKOIUICHUS  THUMOBBIX  JIOTHYECKHX W
nmapaMeTPUIECKUX MOJIENe BEPIIMHHBIX WCXOAOB (MPOUCIICCTBUN WM
aBapuii); B)pa3paOOTKM U ampoOamuu MpaBuil BepUHUKAIMA Ha OCHOBE
CPaBHUTEIHHOTO  aHalW3a pe3yJbTAaTOB  pacueTa BEPOSTHOCTHBIX M

BO3MOKHOCTHBIX ITOKa3aTeieil 0e30IMacHOCTH U PHUCKA.

75



5. Metoanka BbINOJHEHUS KOHTPOJIbHBIX padoT

KonTponbHas paboTta mpencraBisieT coO00i MOArOTOBKY UCXOIHBIX JaHHBIX JJIS
HKCIEPTU3bl OE30IACHOCTH M3YUYEHHOM paHee TEXHUYECKOM WM SKOJIOTMYECKON
CUCTEMBl W BBINOJHEHUWE TECTOBOIO 3aJaHusl (IMMCbMEHHBIE OTBETHI Ha
TEOPETUYECKUM, METOAUYECKUM M DKCIEPTHBIM BOIPOCHI M PELIEHUE PACUECTHOU
3ajaun). PaboTra BBINONHSETCA O BapUaHTy, HOMEP KOTOPOrO BBIOMpAaeTcs U3
TaOJIUIBI 1 ¥ COBMAAET ¢ MOCIEAHEN U peanocneaHel nudpoit yueoHoro mudpa
CTYZEHTa, a BapMaHT B paMKax KaKJOW 3a7auu BBIOMpAETCs 10 MocieqHel nudpe
yueOHoro mm@pa. HeoOxonumble NaHHbIE NMPUBEIEHBI B TaONMIAX K KaXaA0U
3aaye. B kauecTBe «BXOAHOIO WM PELIAIOIIETO TECTa» MOXKET ObITh MPUMEHEH
IPUHIUI «MUHUMYM — MUHUMOPYM», IIYHKT 5 TecToBOro 3agaHusl.

Eciu pabora mojy4ywsia MHOJOXKUTEIBbHYIO OLEHKY, CTYIEHT JOIyCKaeTcsi K
claye sK3aMeHa Mo Kypcy. OcHOBHas 3ajqadya KOHTPOJbHOW paboOThl - OKa3aHUE
MOMOILM CTYJEHTY IpPH CaMOCTOSITEJIbHOM H3Y4eHUMM ydeOHOro marepuana. B
pPELEH3UH Ha KOHTPOJIbHYIO pabOTy MpenojaBareib yKa3blBa€T CTYJAEHTY, Ha YTO
HY’KHO OOpaTHTh BHMMAaHHE. ODK3aMEH MPUHHMAETCA y CTYJEHTa IMpH YCIOBUU
IpEJICTaBICHUsST KOHTPOJIbHOM pabOThl M PELEH3MM Ha HEE C MOJIOKHUTEIbHOU
OIICHKOM, a TaK)Ke 3a4eTa Mo JIabopaTOpPHBIM paboTaMm.

OdopmiieHHast KOHTPOJIbHAS padOTa COACPKUT CTAHAAPTHBIM TUTYJIBHBIN JIUCT
JAI'TY ¢ ykazanuem Ha3BaHWs Y4Ye€OHOW JUCUMIUIMHBI, JAHHBIX CTYJIEHTAa U
OCHOBHYIO 4aCTb, BKJIIOYAIOIIYIO [TMCbMEHHBIE OTBETHI HA TPU BOIIPOCA U PELICHUS
OJTHOM 3amauu. Pemenus 3aagad U OTBETHI HA BOIPOCHI JOJDKHBI CONPOBOXKIATHCS
CCBbUIKAMU Ha JINTEpaTypHbIE UCTOUYHUKH. B cilyuae HEOOXOAMMOCTH TEKCT MOXKET
ObITh JIOMOJIHEH JCKW3aMU WM PUCYHKAMH, BBINIOJHEHHBIMU KapaHIalloM B
COOTBETCTBUM C MpPaBHJIAMH TEXHUYECKOIO 4YepueHUs U pucoBaHusa. Ha kaxmoi

CTpaHHUILIC OCTABJIAIOTCA IIOJIA AJIA 3aMeUYaHuM PCUOCH3CHTA.
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Tabnuma 5.1 — Vicxonublie naHHble A7 BEIOOpa BapuaHTa pabovero 3a1aHus

TeopemuquKue, MmemooudecKkue u IKCNeEPmMHble 60NPOCHL

Bapuant 1 2 3 4 5 6 7 8 9 0

1 1-1, 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 10,
2-1, 2-2, 2-3, 2-4, 2-5, 2-6, 2-7, 2-8, 2-9, 30,
3-10 3-1 3-3 3-4 3-5 3-6 3-7 3-8 3-9 50

2 1-1, 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 18, 19, 20,
3-1, 3-2, 3-3, 3-4, 3-5, 3-6, 3-7, 38, 39, 40,
2-2 2-2 2-3 2-4 2-5 2-6 3-7 58 59 60

3 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-3, 1-4, 1-2, 1-9,
1-3, 2-9, 3-10, 31, 3-3, 2-2, 2-1, 3-3, 2-6, 2-1,
3-6 3-8 2-1 42 2-5 3-2 3-4 2-6 3-7 3-7

4 1-10, 1-9, 1-8, 1-7, 1-6, 1-5, 1-4, 1-3, 1-2, 2-1,
2-10, 2-9, 2-8, 2-7, 2-6, 2-5, 2-4, 2-3, 3-2, 3-5,
3-10 3-9 3-8 3-7 3-6 3-5 3-4 3-7 3-8 1-4

5 1-6, 1-5, 1-1, 1-10, 1-1, 1-3, 1-4, 1-9, 1-5, 1-6,
2-5, 2-10, 2-6, 2-2, 2-9, 3-1, 3-2 2-5 3-9, 2-1,
3-6 3-5 3-5 3-6 3-8 2-8 2-9 3-2 2-10 3-7

6 1-6, 1-7, 1-8, 1-9, 1-10, 1-1, 1-2, 1-3, 1-4, 1-5,
2-1, 2-3, 2-4, 2-6, 2-7, 2-1, 2-8, 2-9, 2-10, 2-1,
3-8 3-9 3-10 3-4 3-5 3-6 3-5 3-8 3-9 3-10

7 1-7, 1-2, 1-10, 1-3, 1-4, 1-1, 1-2, 1-3, 1-4, 1-5,
2-3, 3-4, 3-9, 2-9, 3-6, 2-8, 2-9, 2-10, 3-1, 3-2,
3-5 2-8 2-5 3-9 2-4 3-6 3-7 3-8 2-9 2-1

8 1-1, 1-3, 1-4, 1-5, 1-2, 1-5, 1-6, 1-7, 1-8, 1-9,
2-2, 2-1, 3-3, 2-3, 2-7, 2-3, 2-9, 2-9, 3-1, 2-5,
3-10 3-4 2-1 3-3 3-7 3-6 3-8 3-10 2-2 3-8

9 1-5, 1-4, 1-3,2- | 1-2, 1-8, 1-10, 1-9, 1-8, 1-7, 1-6,
2-5, 2-4, 3, 3-2, 3-5, 2-10, 2-9, 2-8, 2-1, 2-6,
3-5 3-4 3-7 2-8 3-4 3-10 3-9 3-8 3-7 3-6
10 1-3, 1-10, 1-1, 1-3, 1-6, 1-5, 1-3, 1-4, 1-9, 1-10,

2-6, 2-2, 2-3, 2-4, 2-5, 2-1, 2-6, 3-2 2-2 2-10,
3-9 3-9 3-8 3-9 3-6 3-10 3-9 310 3-2 3-9

Pacuernnie 3aga4uun

Bapuant 1 2 3 4 5 6 7 8 9 0
1 1 2 3 4 5 6 7 8 9 10
2 2 3 4 5 6 7 8 9 1 3
3 4 5 6 7 8 9 2 10 3 5
4 7 9 2 4 6 8 1 9 8 7
5 6 5 4 3 2 1 9 10 4 6
6 5 4 3 2 10 8 7 6 7 1
7 2 6 9 6 7 3 5 4 2 1
8 1 2 3 4 5 6 7 8 9 10
9 2 4 6 8 10 3 5 7 9 1

10 1 4 7 9 8 6 5 3 2 10

Ilpumeuanue. 1{udppbl B TOPHU30HTAIHHOM PSSOy COOTBETCTBYIOT TOCHEIHEH NU(pe 3a4eTHOM KHIKKH, a B
BEPTHKAIBHOM — Tipefanocnennel nudpe. Homep BapmaHTa COOTBETCTBEHHO BBIOMpPAETCS MO KOMOWHAIIMU JBYX
MOCJICTHUX IUQP.
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TECTOBOE 3AJIAHUE

OG6y4aemble MUCHMEHHO O(POPMIIAIOT OTBETHI Ha BOMPOCHI U3 yacTen 5.1 —
5.4 TecToBOro 3agaHmsi COTJIACHO BapuaHTy, omnpexaensiemoro mo Tabmure 5.1.
[Ipu >TOM YyYUTHIBAIOTCS 3HAHUS, MOTYYEHHBIE PU U3YUYCHUH 3apaHee BHIOpaHHON
oOydaeMbIM (WJIM 33JJaHHOM MpernojaBaTesieM) TEXHUYECKOW WM IKOJIOTHYECKOM
CHUCTEMBI.

B pamkax ogHOro BapuaHTa BBIMIOJIHEHHE MYHKTOB 5.1 — 5.4 jorudecku
CBSI3aHO U 3a/IaHUE SBISETCS KOMIUIEKCHBIM.

Tpebyercss mocnenoBaTenbHO pa3paboTaTh W TMOJYYHUTH  CICAYIOIIUE
Pe3yJIbTaThI:
1) B pamkax 3aJaHHOTO TIPOWCINECTBHS BHIOpATh BEPIIUHHBIA HCXON |
HOJIFOTOBUTH (PU3UKO-TEXHUUYECKHUE JAaHHBIE O BO3MOXKHOW €ro peaanu3aluy;
2) BBIABUTH JIOTHYECKHE M (DAKTOpHBIC MMapaMETPUUYCCKHE NPEANOChUIKUH U
MOCTPOUTD JIOTHUECKYIO MOJIETTh BEPITUHHOTO NCXO/Ia;
3) TOCTpOUTH KOHKPETHYIO IapaMETPUYCCKYI0 MOJENb «BO3ICHCTBUE —
ocnabieHne — BOCIPUUMYHUBOCTE» U OMUCATh YCIOBUE (KPUTEPUiA) MPEBBIIICHHUS
BO3JICUCTBUS HaJl BOCIIPUUMYHUBOCTBIO, KaK TJIABHOM MPEINOCHUIKUA ISl pacuera
MeEpBbI OINPEAEIEHHOCTH peaan3alii BePIIMHHOIO UCXO0a;
4) BBIOpaTh HWHTEPBAJbI, IMPOM3BECTH OLEHKY W (WJIM) TPOrHO3 oOyacTei
W3MEHEHHS TapaMeTpPOB BO3JEHCTBYIONUX (HaKTOpOB, (YHKIMHA OCIA0JICHUS U
BOCITPUMMYHMBOCTH YeoBeKa (OMOBHIA);
5) ycraHOBHTH (paccUMTaTh) 3HAUCHUS TPUBEACHHOTO MMapaMETPUYECKOTO 3araca
0e3011aCHOCTH;
6 )paccuuTaTh BEpPOSTHOCTHYIO WJIM BO3MOXXHOCTHYIO MEpYy peaju3aluu
BEPILIMHHOTO MCXO/a;
7) TONrOTOBUTH TPEMJIOKECHUS © JIaTh KOJIWYECTBCHHOE OOOCHOBaHHE

3 PEKTUBHOCTH TPUMEHIEMBIX CIIOCOO0B U (WUJIK) CPEACTB 3allUThl pAOOTHUKA.
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5.1. Teopernuyeckune BONpPOCHI

1. Ol'[peI[eJICHI/IC 0C30IaCHOCTH TEXHUYECKOM CHCTEMBbI «OOBEKT — jamura —

bakTopsl — YenmoBek (Opuraaa)»

2. Anroput™ pacueta rnokasaresueil 0e30MacCHOCTH TEXHUYECKOW CUCTEMBI

3. AnropuTM pacuera nokasaresel pucka TEXHUYECKOW CHCTEMBbI

4. [TocTpoeHne nOTHYECKOW MOJETH Ha OCHOBE JIMHIBUCTHUECKOH (HOPMYIIBI
IIPOUCIIECTBUS

S. JIN3BIOHKTUBHBIE U KOHBIOHKTHBHBIE OyJeBbl ()OPMBI MPOUCIIECTBUS B

TEXHUYECKON CHCTEME

6. [IpaBmma ompeneneHus: BEPOSTHOCTH MPOUCIICCTBUS 1O  OyJIEBBIM
(GYHKIUSM BEPIIMHHBIX UCXOJ0B

7. [TpaBuita HaXOXKIEHNUS BO3MOYKHOCTHOM (HEYETKOM) MEpPhI IIPOUCIIIECTBUS 110

OyseBbIM (YHKIIUSIM BEPIIMHHBIX UCXOJ/I0B

8. [locTaHOBKa M 3Tambl pEeLIEHUS 3a/la4d O pacyeTe MEpbl OMPENEIECHHOCTH
IIPOUCILIECTBHUS
Q. OmnpeneneHrue BEPOSITHOCTH NPOUCLIECTBUS B MapaMETPUYECKOW MOAENU

«BO3JICHCTBUE — BOCIPUAMYHUBOCTD)
10. Ormpenenenre BO3MOXXHOCTHOW (HEYETKOM) MEphl TMPOUCIIECTBUS B

HEUYETKOMW MapamMeTpUIEeCKON MOJIEIIH «BO3JICCTBUE — BOCIIPUUMYUBOCTH)»

5.2. IlocTpoeHue TOru4ecKoi Moe 11 NPOUCIIeCTBUS

1. [To nuHrBHUCTHYECKOW QopMyse (ONMpeneseHN0) HECYACTHOTO CIIydast
TIOCTPOUTH JIOTHUECKYFO Moiesb Bua Yy = f; (X)

2. [To muarBucruueckoir Gopmyne (ompeaenennio) MnpodhecCuoHATHLHOTO
3a00JICBaHUs TTOCTPOUTD JJOTMUYECKYI0 MOieib Buaa 'y = f, (X)

3. [To nuarBuctuueckoi popmyse (ompeaeneHuto) aBapuu Ha MPOU3BOJICTBE

MIOCTPOHUTH JIOTHUECKYIO MOie/b Bua Y = f3 (X)
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4. [lo nuHrBucTHYeckor Qopmyne (ompeaeneHUIo) KaracTpodbl Ha
IIPOU3BOJICTBE MOCTPOUTH JIOTHUYECKYIO MOJIeNb Bujia Y = f4 (X)

5. [To nuHrBucTHYeckor Qopmyse (OmpeAcieHUI0) ToXkapa Ha OOBEKTe
IIOCTPOUTH JIOTHYECKYI0 Mojielb Buaa Y = f5 (X)

6. [To nunrBucTHyeckoi ¢opmylse (ONpeesieHHI0) OTpaBJICHUsI dYeIoBEKa
IIOCTPOUTD JIOTHYECKYI0 Mojelb Buaa Y = fg (X)

1. [To nmuHTBUCTHYECKOU (GopMyIe (OMpeaeseHUI0) MOBPEX)ACHUS pabOTHUKA
IIOCTPOUTD JIOTHYECKYI0 Mojielb Buaa Y = f7 (X)

8. [To nunrBuctuyeckoir ¢dopmyse (ONpeneseHUI0) MOpaXeHus pabOTHHUKA
IIEKTPUIECKUM TOKOM TIOCTPOUTH JIOTHUECKYIO MoJieib Bua Y = fg (X)

Q. [To nuHrBHUCTHYECKON QopMylie (ONMpeeTeHHI0) TEeIJIOBOro yaapa WK
o’kora pabOTHHKA ITOCTPOUTH JIOTHIECKYIO MOeNb Buaa Y = fgq (X)

10. Ilo nuHrBUCTHYECKON (opMmyie (ompeneneHn0) oOMOpoxKeHUs pabOTHUKA
HOCTPOUTH JIOTHUYECKYI0 MOJiesb Bua Y = fig (X)

[Ipy BBIMOTHEHUH PYKOBOACTBOBAThCA MaTepuasioM pazaena 1 (m.1.4 -1.5) u

puMepaMH, MPUBEACHHBIMU B noapaszaenax 2.3 u 4.1

Kparkue meTonnueckue yka3aHusl 1715 BBIIIOJTHEHUS 1.5.2

OCHOBOI1 JIOTMYECKOTO0 MOJEIUPOBAHUS SIBISETCA aHalIM3 BepOabHBIX
OTIpeICICHU  (JIMHTBUCTUYECKUX MOJENIel) TMPOUCIIECTBUM, TPUHATHIX B
HOPMATUBHO-TEXHUYECKOMN JTOKYMEHTALIHH.

[IpeanonoxuM yNpoIIeHHO, YTO 3aJlaHHO€ MHOXECTBO MPOMCIIECTBUM
OMUCHIBAETCS JIOTUUECKOM MOJIEbI0 BUAA (cM. pa3aen 1, 3aBucumocts (1.5)):

y=Ff(X) =Xz vX2) A (XsAXg) A (XsV Xe) A X7, (B.1)

B 3aBucumoctu (5.1) OyneBbl TEpEeMEHHBIE X; M X, COOTBETCTBEHHO

ONMUCHIBAIOT OTCYTCTBHE (X = 1) mnu Hanuuue (X = 0) uHIAUBHAYANbHOU (X1) WK

KOJUIEKTUBHOM (KOHCTPYKTUBHOW) (X2) CpPEICTB 3alllUThl. 3aMETUM, UYTO TAKUM
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o0pa3oM MOJEIUPYIOTCS MPEANOCHUIKM BEPIIMHHBIX (KaK HEOIaronpusTHBIX)
MCXOJIOB TIPOUCITICCTBUS.

byneBbl mnepeMeHHbIE X3 U X4 COOTBETCTBEHHO OIUCHIBAIOT YPOBHH
MOATOTOBKM PAa0OTHHKA, KOTOpPHIE B OOIIEM Clydae BBIPAXKAIOT OTCYTCTBHUE
aTTectanuu (X3 = 1) U HE MPOBEJICHUE CUCTEMbl MHCTPpYKTaxel (X4 = 1) o mepam u
npaBuiamM 0€30MacHOCTH.

ByneBbl mepeMeHHBIC X5 U Xg COOTBETCTBEHHO NMPUMEHSIOT JJISI ONHCAHUS
BO3MOYKHOTO HHUIIMUPOBaHUA (X5 = 1) BTOPUYHBIX HETaTUBHBIX (AKTOPOB B
CHUCTEME W WX MPOXOXKICHUS (Xg = 1) "epe3 KOHCTPYKIHMIO W JOTIOJHUTEIHHYIO
3aIIUTY 0OBEKTA.

byneBa mepeMeHHass X; BBICTyHaeT KaK WHAUKATOP YCJIOBHS MPEBBIMICHUS
napameTpa Bo3aeicTBus S = f*v Hax mapamMeTpoM BOCIIPUHUMYUBOCTH I': eClid S 2 T,
TO X7 = 1.

JUist mpuMepa paccMOTPUM YIPOILIEHHBIM COCO0 pacyeTra CTaTUCTUYECKOM
OIICHKH HEMPUMEHEHHSI PaGOTHHKAMH CPEACTB 3amuThl P = Pro (X, = 1). s
ATOTO TMPOBOAAT MPOBEPKY W 00paboTKy 3ammceid B JKypHame perucrparuu
ucrnoas3opanus MC3 cnemyrommm ob6pa3om:

P 1 “=n,/N , TIe =N ; - KoauyecTBo 3anucet o He npuMmeHenun MC3, N —
00I1Ie€e YHCII0 YE€TTOBEKO-THEH.

[To aHamoruM CTATUCTHUYECKYIO OIIEHKY HE MPOBEACHHUS C PaOOTHUKAMHU
WHCTPYKTAXKEM:

ps =Pro(x,=1) =(1- m4/ M),
rae =M 4 - KOJMYECTBO MPOBEACHHBIX MHCTPYKTAXKEH,

M — TpebyeMoe YHnCiI0 HHCTPYKTaXEH.
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5.3. IlocrpoeHue ¢akTOopHOH mNapaMeTpPUYecKOd MoJeJM W  pacyer

mapaMmeTpu4eCcKkoro 3amaca 0e30MacCHOCTH

1. [TocTpouTh (haKTOPHYIO MAPaMETPUIECKYIO MOJIEIb U PACCUYUTATh 3HAUCHHEC
napamMeTpUuecKoro 3amaca 0e30MacHOCTH JUIsl BEPIIMHHOTO MCXOJla: HECUACTHBIN
ciay4Jau

2. [TocTpouTh (haKTOPHYIO MAPaMETPUIECKYIO MOJIEIb U PACCUYUTATh 3HAUCHHE
napamMeTpuueckoro  3amaca  0€30MacHOCTM  JJisi  BEPIIMHHOTO  HCXOJa:
npodeccuoHaIbHOE 3a00JIeBaHNE

3. [TocTpouTh (haKTOPHYIO MApaMETPUICCKYIO MOJIEIb U PACCUYUTATh 3HAUCHHEC
napamMeTpuuecKoro 3amaca Oe30MacHOCTH JJIS BEPUIMHHOTO MCXOJa: aBapusl Ha
TIPOU3BOJICTBE

4, [TocTpouTh akTOpHYIO MAPaMETPUUECKYIO MOJICNIb U PACCUUTATh 3HAUCHHE
napamMeTpuuecKoro 3amaca 0e30MacHOCTU JJIsl BEPIIMHHOIO MCXOja: KaTacTpoda
Ha TIPOU3BOJICTBE

5. [TocTpouTh (akTOPHYIO MAPaMETPUUIECKYIO MOJIECNIb U pACCUUTATh 3HAUCHHE
napaMeTPUUIECKOro 3amaca Oe30MacHOCTH IS BEPIIMHHOTO HWCXOJa: IMOoXKap Ha
00BeKTe

6. [TocTpouTh (akTOPHYIO MAPaMETPUUYECKYIO MOJICNIb U PACCUUTATh 3HAUCHHE
napamMeTpUIecKoro 3amaca 0e30MacHOCTH JUIsl BEPIIMHHOTO HCXOJIa: OTPaBJICHHUE
YyeJioBeKa

7. [TocTpouTh (aKTOPHYIO MAPaMETPUICCKYIO MOJIEIb U PACCUUTATh 3HAUCHHC
napamMeTPUUIECKOro 3amaca 0€30MacHOCTH JIJIsl BEPIIMHHOTO UCX0/1a: TTOBPEKICHNE
paboTHUKA

8. [TocTpouTh (aKTOPHYIO MApaMETPUUICCKYIO MOJIEIb U PACCUYUTATh 3HAUCHUC
napamMeTpUUecKoro 3armnaca 0e30MacHOCTH JUIsl BEPIIMHHOTO HMCXOJa: MOpaKeHWe

pa60THI/IKa QICKTPUICCKUM TOKOM
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9.  Tloctpouts pakTOpHYIO MapaMETPUUECKYIO MOJIEbh M PACCUMTATH 3HAUCHHE
napaMeTPUIecKOro 3amaca Oe30MacHOCTH IS BEPIIMHHOTO HCXOMa: TEIJIOBOM
yJlap WIA 0KOT pabOTHHUKA
10. TMoctpouTth (hakTOPHYIO MApaMETPUIECKYIO MOJACIh U PACCUUTATh 3HAUYCHUE
napaMeTpUIeCcKOro 3anaca 0e30MacHOCTH 7Sl BEPIIMHHOTO UCX0/a: 0OMOpOKEHHUE
paboTHUKA
Pe3ynbTaToM BBITOTHEHHS JAHHOTO ITYHKTA 3aJIaHUS SBIISIETCSI:

1) pa3paboTka KOHKPETHOH MapaMeTpUueCKON MOACIH MPEIITOCHUIKA BEPITHHHOTO
MCXO0J1a Ha OCHOBE MOJICIN «BO3/ICHCTBUE — OCIIA0JICHUE — BOCIIPUUMYHBOCTbY;
2) BBIOOp WMHTEPBAIOB, OLIEHKA WJIM MPOTHO3 00JIACTel M3MEHEHHs IMapamMeTpoOB
BO3ACUCTBYIOIUX (AKTOpPOB, (YHKIUA ociaableHuss U BOCHPUUMYHUBOCTH
yejoBeKa (0noBuaa);
3) ycraHoBieHUE (pacyeT) 3HAYCHUI MPUBEACHHOTO MapaMETPHYECKOTo 3araca
0€30I1aCHOCTH.

[Tpu BBIMOTHEHNH PYKOBOJICTBOBATHCS MaTepraiioM mojpasneios (1.6 — 1.9)

U IIpUMEepaMH, PUBEACHHBIMU B nojpa3aenax 2.1, 2.5 u paznena 3.

5.4. PacueTrHas 3a1aua
C yuerom 3apaHee BbIOpaHHOW  oOydaemMbiM (MJIHM  3aJaHHOU
MIperoIaBaTesieM) TEXHUYSCKON MM DKOJIOTMYECKOW CHUCTEMBI M Ha OCHOBaHUH
MOJYYEHHBIX PE3yJIbTATOB MO NPEABIAYIINM 3aaaHusMm 5.1, 5.2 u 5.3
TpedyeTrcss  paccuuTaTh MeEpy  OMNPEAeICHHOCTH  (BO3MOXXHOCTHYHO  WJIU
BEPOSTHOCTHYIO MEPY) pealu3alliy BEPIIMHHOTO UCX0/Ia B TEXHUYECKOW CUCTEME
Ha ypoBHe pasmmaumoct o 10 2, (<10 ~*). IIpu 3TOM 06I1aCTh IPHBEICHHOTO
napaMeTPUIECKOTo 3armaca paccMaTpuBaercs B npeaenax: zb, € [0,2].
Vkazanue A) Yposenb «3.0». ITo rpaduueckoit 3aBucumoctu ntn, (K¢ , zb,,),
CM. PUCYHOK 1.5, yCTaHOBUTH TpaHuUIlbl 3HaUeHH K ¢ , ZD, mpu KOTOPHIX OyayT

BBITIOJTHEHBI TPeOOBaHUS 3a/1a4UH.

83



Vkazanne b) TpeOyercs paccuutath WIM  BEPOATHOCTHYIO  WIU

BO3MOXXHOCTHYIO MEpY peau3alii MPOUCIIECTBUS B CUCTEME 0 JTU3bIOHKTUBHOU

WM KOHBIOHKTUBHOM (1)OpM€ JIOTUYECKOM MOACIN BCPUIMHHOI'O UCXOOa.

HOJ'Iy‘—IeHHBIC pe3yiibTaTtbl NPEACTABUTL B TaOJIMIHOM BUAC MW JaTb HX

aHaJIN3 C ITO3UIUHU IIPUMCHCHUA CIT0CO0OB U CpCaCTB 3allIUTHI.

5.5. I[OHOJIHI(ITeJIle)Ie BOIIPOCHI M 3aa4YM NJIsl CAMOKOHTPOJISA

1.
2.

3HaueHUe BO3MOKHOCTHOM MephI IOCTOBEPHOTO coObITUs paBHo: 0, 1, 0.5.
Ecim HocuTenw W (QYHKIMH TPHHAUICKHOCTH HEYCTKHX ITapaMeTpOB
BO3JICHCTBUS M BOCIPUUMYHUBOCTH ITOJIHOCTHIO COBIQJIAIOT, TO 3HAYCHHE
BO3MOKHOCTHOW MEphI MPEBBIMICHUS BO3ICHCTBUS HAJl BOCIIPUUMYHBOCTHIO
pasHo: 0, 1, 0.5.

3amucath BEPOSITHOCTHYIO M BO3MOKHOCTHYIO (hopmbl pyHKIIMM Y ¥ HAWTH
3HAYEHUE BEPOSTHOCTH M BO3MOYKHOCTH JIJIS CIICTYFOIIUX BapPUAHTOB:
Y1=X1AX, Y2=X1V Xy, ecma Pr=1, po=0;m=1,m =0.

Paccuntarh BO3MOXHOCTHYIO MEpPY HECYACTHOTO Ciydas Mo (QYHKIUU
BepimHHOTO Mcxoga P = Pos (y 1= 1) = Pos(y 1= X1 V X2 A X3 ), HCTIOJIB3YS
cleayromue ucxoaupie nanubie: Pos (X, =1)=7,=0.1; 7,=0.4; 73=0.6.
PaccuntaTh BO3MOXXHOCTHYIO Mepy MpodeCCHOHAIBHOTO 3a00JIEBaHUS 10
cienyrommei GyHKIuu BepmuHHoro ucexona P = Pos (Y= 1) = Pos(y .= (xy A
X2 ) v (X3 A X4)), KCTIOJIB3YS CIIEAYIONINE UCXOAHBIC qaHHbIe: POS (X; = 1) =7
1=02; 7,=0.3; 73=0.7; 74=0.5.

Paccuntarh BO3MOXXHOCTHYIO MEpy aBapuu 10 cleayromed (QyHkmmun
BepmHHOr0 Mcxoaa P = Pos (Y 3= 1) = Pos(y 3= (X1 A X2 ) vV (X3 A Xg) V (X5 A
Xg) A X7), UCIIONB3YS CICAYIONIME UCXOMHbIE naHHbie: POS (X, = 1) = 71 =

0.05; 7,=0.2; 73=0.17; 74=0.25; 75=0.35; 7= 0.46; 74;,=0.6.
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