Ecunos 10.B.
OCHOBBI pacyeTa Mep BEPOSITHOCTH H BO3MOKHOCTH BOBHUKHOBEHHSI MPOUCIIECTBHI U
NpUMepPHI CHCTEM

1. l'[paBm]a onpeaeaeHusi BEpOATHOCTH H BO3MOKHOCTH
0 JIOTHYECKOH Mo/e/ NpPoUCIHIeCTBUSA

Ipeobpa3oBanue noruueckoit (OymneBoit) pynxnuu npoucnrectsus (JIMII),
y=1f (X1, X2,... X|), B BEPOSITHOCTHYIO U BO3MOKHOCTHYIO (HEYETKYI0) (POPMBI IIPOKCIIECTBUS (KOTOPBIE HPEACTABMM, COOTBETCTBEHHO,

ab6pesuatypamu — BOIT u HOIT) BbIonHUM crieayrommm o0pa3oMm.
BeposiTHOCTHYIO (hopMy (PyHKIMH IPOHCIIECTBUS (KaK BEIIOIHEHHE JIOTHIECKOr0 YCIOBHS, Y = 1) IpeAcTaBUM B BUsie

Pro (y =1) = Fz (p1, p2,... P1), @

rae Pro (- ) — oneparop BepositHocT (probability);

dyukuwst Fp (- ) ects anreObpanueckas Gpopma GYHKIMH BEPOSITHOCTH, 3ajaHHAsl HA MHOXKECTBE {Pj } BELLIECTBEHHBIX IEPEMEHHBIX —
BeposTHOCTEil Hcxomo0B Pro (X = 1) = p;, moiydaemast Kak pe3yJbTaT HPUMEHECHHS JJIeMeHTapHBIX NpaBui npeobpaszosanus ot JIM B BM.

Bo3moxHOCTHYIO (HeueTKyto) GpopMy (QyHKIHM POUCLIECTBHUS, KOTOPOE TAKXKE IPEICTABUM KaK BBITIOJHEHUE YCIIOBHS, Y = 1,
3aluIIeM B BUIE

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

rae Pos (- ) — omepatop BepositHocTH (POsSibility);

Fu () —3anaHHas Ha «HEYETKOI» CUrHATYpe HedeTKast (popMa (GyHKIHSI OT MHOKECTBA {7; } BEILIECTBEHHbIX IIEPEMEHHBIX —
BO3MOKHOCTHBIX (HEUETKMX) Mep UcxooB Pos (x; = 1) = 73, KOTOpast eCTh pe3yabTaT IIPUMEHEHHUS JJIeMEHTAPHBIX IPABHII IPeOOPa30BaHUsI OT
JIM 8 HM.

1.1. Snemenmapnvie npasuna npeodpasoeanus om 102uuecKoii (6y1e60i) mooenu 6 6epOAMHOCHHYIO MOOeNb

1) ByineBsI niepeMeHHBIC Y | X;, IpHHUMAaroIie 3HaueHus: 0 v (win) 1, 3aMEHsII0T epeMeHHBIME P 11 Pj, KOTOpBIC 3a1aHbI Ha
unTepBaie [0, 1] BemecTBeHHBIX uncen. [Ipraem orMeTnM, 9To 3HaueHue Pi = 0 03HaYaeT, 4TO BBINOIHEHHUE YCIOBUS Xi = 1 HE BO3MOXKHO MITH

HEBBINOIHUMO. Toraa kak yciaoBue P = 1 03Hayaer, 4To ycyioBue X; = 1 J0CTOBEpPHO.
2) Omepaluio JOrHYeCKOro CI0XKEHUS (IU3bIOHKIINIO) IBYX EPEMEHHBIX X1 V X2 3aMEHSIOT Ha OCHOBE IIpe00pa3oBaHus BUAA!

y=xivxe ->P=1-(1-py) (1-p2) (©)

3) Omnepanyio JOrH4ecKoro yMHOXKEHHUs (KOHBIOHKIHIO) IBYX TMIEPEMEHHBIX X1 A X2 3aMEHSIOT ONepalieil Buaa:
Y=X1AXy — P=psypa 4)

4) Omnepanyio OTpHLAHUS «HE X1» (TIpHYeM X; V «He X1» = 1) 3aMeHsI0T npeoOpa3oBaHueM BHUA:

y:HeX1—>P:17p1. (5)

1.2. Dnemenmapnule npaguna npeoodpazo06anus om n02uyeckoii (0yneeoii) mooenu 6 HeUEMKYIO (603MONCHOCHIHYIO) MOOEb

1) ByneBsl nepeMeHHbIE Y U X; , IpUHUMAatoMIKe 3HaueHus: 0 v (1im) 1, 3aMeHsII0T IepeMEeHHbIMY, Jajiee Ha3bIBaeMbIMU
BO3MO)KHOCTHBIMH (HEUETKUMU) MepamH, /] ¥ 7; , KOTOpBIe 3a1aHbl Ha HHTepBate [0, 1] BemecTBeHHbIX yncen. [Ipudaem 3Hauenne 7z =0
03HAYaeT, YTO BLINOIHEHHE YCJIOBHA Xj = 1 He BO3MOXKHO C YBEPEHHOCTBIO 1 — @, TJie 0. — ypOBEHb Pa3IMYMMOCTU HEUETKHUX IIapaMeTpoB, ¢
TTOMOIIBIO KOTOPBIX ONUCHIBAIOT yCJIOBUE X; = 1. DHU3HUECKHil CMBICI 3TOMY TIOSICHSETCS TIPH OTIPEJIENICHHH BO3MOKHOCTHON MEPBI Ha OCHOBE
TTapaMeTPHYeCcKOil MOJIENN ITPOUCIIECTBHS «BO3CHCTBHE — BOCIIPHIMYHBOCTEY (CM. 11.3)

2) Ipeobpa3zoBanue TOrudecKoil PYHKINN POUCIIECTBUS B €€ BO3MOXKHOCTHYIO ()OpMY OCHOBAaHO Ha HCIIOJIB30BaHUH CIICAYIOMINX
3JIEMEHTAPHBIX Olepanuii — 3aMeleHuit:

2.1. OyneBa mepeMeHHas X; 3aMelaeTcsi COOTBETCTBYIOMIEH BO3MOXKHOCTHOIH MEpOH 77

Xi = 7m; (6)

2.2. omeparyis «JIOTHIECKOe i» (A) 3aMeraercs omneparueit (Min) U3 CHrHATYPbI Y€TKUX W HEYETKHX MHOYKECTB:

A — min; (@]

2.3. onepanust «JIoruueckoe win» (V) 3aMenaercs onepanued (Max) u3 CUrHATypbl YETKUX M HEYETKUX MHOXKECTB:

Vv — max. 8)

2. TunoBple NPUMepPHI IOCTPOEHUSI BEPOSITHOCTHOI (DYHKIIMH NPOUCILECTBHS

PaccMoTpuM ciieyroniye JeMeHTapHbIe THIIOBBIE JIOTHYECKUE (YHKIIMH, ¢ TIOMOIIBIO KOTOPBIX MOXKHO aHAJIM3UPOBATh U YIUTHIBATH
6eCTIOBTOPHBIE MPEANOCHUIKH IIPOUCIIECTBHS.

1) y=XivXs—>Pro(y=1)=P=1-01-2=1-(1-p)(1-p2)=ps+p2—p:s-p (9
2)Yy=X1AXz; > Pro(y=1) =P =p; -pa (10)

3)Y=X1VXo- X3 = X1V Z3; — P = p1+ P2 -ps—p1 P2 -Pa. (11)
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4)y=(X1VXz) X3 =21 X3. — P = pr-ps + P2 -P3— P1- P2 -Ps. (12)

BeposTHOCTH Pj NpPEIIOChUIOK MPOUCIIECTBUS HAXOAT CTATUCTHYECKH, YTO HanOoJIee JOCTOBEPHO, HO, KaK HPABHIIO, B PUCKOIOTHUH
HE JJOCTIKUMO. BelieicTBHE TOTO, 4TO paccMaTpUBaeMble CHCTEMbI SABIISIOTCS YHUKAIbHBIMU UM HETUIIOBBIMH.

Ecnu 570 He yaercs, To Ha OCHOBaHHH [OCTPOSHUS ¥ IPHUMEHEHHS CIISTYIONINX MOJENICH.

1) l'unorernueckux Mojienelt o pacnpeaereH!y ClIy4aiiHbIX TapaMeTpoB BO3AECHCTBUS U BOCIIPUMMYHUBOCTH (C MCIIOJIb30BAHUEM
MO/ICITH TIPEBBIICHNS BO3ICHCTBHUS U BOCIPHUMYHBOCTBIO).

2) TeopeTnueckux Mofelnelt ¢ pacCMOTPEHHEM HHTEHCUBHOCTEH MPEAIOCHUIOK IIPOUCIIECTBHS, IPOCTEHINeH U 4acTO IPUMEHIeMOU
U3 KOTOPBIX SBIISIETCS SKCIOHCHIIUANIbHAS 3aBUCUMOCTb BEPOSATHOCTH BO3HUKHOBEHHS MPEANIOCHUIKH (AHAJIOT «IKCHOHEHIIHAIBHOTO 3aKOHA)
HAJEXKHOCTH).

3. TunoBble NpHMepbI MOCTPOEHHSI BO3MOKHOCTHOI (PYHKIUH NPOUCILECTBHS

JUi1st SeMEHTapHBIX JIOTHYECKUX (ByHKIHIA, 1.2, HA OCHOBAHHH HPABHII I1.1.2 TOCTPOUM CIIEAYIOLIHE HX BO3MOKHOCTHBIE (HOPMBI
(YHKLUH TPOUCIIECCTBHSL.

1) y=x1 v Xg; — Pos (y=1) =1 =max (m, m ). (13)
2)y=X1 AXp; — Pos (y=1)=II=min (m, m ). (14)
3)Y=X1V X2 A Xg— Pos (y = 1) = IT=max (m, min (m, = ). (15)
4)y=(X1V X2) A Xg— Pos (y =1) = [T =min (7, max (m, m ). (16)

B03MOXHOCTHBIE MEpEI 7 IIPEIIIOCHUIOK IPOUCIIECTBYS HalIeM Ha OCHOBAHHH NPE/ICTABIICHNUS IIapaMeTPOB BO3CHCTBHSA S U
BOCIPUMMYUBOCTH I, KaK HeueTKkue BennuuHbl. Hanpumep, s yenosus (13) noxyunm

m =Pos (x;=1) =Pos (s >r). 17)
4. ITocTpoenue GaKTOPHOro NAPAMETPHYECKOr0 6a31ca KOHKPETHON TeXHUYECKOH CHCTEMBbI

Buobl MaTepyalnbHbIX (aKmopos:
1 — MexaHMYecKuii (rpaBUTALlMOHHBIN);
2 — TemIoBoH (TepMOIHHAMHIECKHIT);
3 — 2JIeKTpUYecKUi (3JIEKTPOMATrHUTHBIH);
4 — paI0aKTUBHBIN (MOHU3ALOHHO-KOPITYCKYJISPHBIiA);
5 — (oHOHOBBII (PEHTTEHOBCKOE M raMMa-U3ITy4eHNs);
6 — onTrdeckuii (BOJIHBI HH(PAKPACHOTO, BUANMOTO U YIBTPa(QUOIETOBOTO H3TydEHH);
7 — XUMUYECKUH (peakyy ropeHus, BOCCTAHOBIICHUS U 1Ip.);
8 — buonornyeckuii (bakTeproIOrHIecKue, PU3HOIOTHIECCKHE PEAKIHH U [IP.);
9 — (hakTOpEI IPYTHX BUJIOB

Onucanue Kaxa0ro ¢pakmopa COBOKYITHOCTBIO TapaMeTPoOB

B ¢usnke npuHsTa cTAaHAApTHAS CUCTEMA eJMHAIl M3MepeHns pusndeckux BennanH (cuctemMa CH), ¢ oMOIIBI0 KOTOPOH BEIPaXKarOT OCHOBHBIE
Y IPOU3BO/IHBIC BUJIBI ITAPAMETPOB.

Tak, B yacTHOCTH, MeXaHH4YecKuid akTop (t = 1) omuckIBaeTCs CleAyOUMHI OCHOBHBIMU BUAaMu lapametpoB (eaununamu CU): onuna,
KOTOpYyro 0003HaunM HOMepoM N =1; macca, 0603HaYNM HOMEPOM n=2 ;eépemsa, HOMEp N =3.

OcHoBHbIe BennuuHbI (mapamerpsl) CU
Juuna, |, metp, M
Macca, m, kunorpamm, xe
Bpewms, t, cexynna, ¢
Cuita 2J1€KTpHYEcKOro TokKa, |, ammep, A
TepMmonuHaMudeckas Temnepatypa, T, Kemseun, K= T — 273,15
KonnuecTBo BemecTsa, N, MOJIb
Cuna cBeta, |, kannena
JlononHuTEeNbHbIC BETUYHHBI (TapaMeTpPhl)

1.  TIlnockuit yrom, a, pan

2. TenecHsblii yrou, Q, crepaguan

Hcnonb3oBanue cucteMbl CH m0o3BONISIET BBIPaXkKaTh JIIOObIE (1POU3800HbIE) TAPAMETPHI JTIOO0TO (haKTOpa 4epe3 OCHOBHBIC BUIBI
(DU3MYECKUX BEITHYHH.

Takue mapaMeTphl Kak IHepeus, MOWHOCIb U NAOMHOCHb MOWHOCHU, SBILIOIINE cO00H mapaMeTpsl iro6oro daxropa,
HPECTaBISIIOTCS CIACAYIOIINMH Pa3MEPHOCTSIMH:

Tax=wm2-kr-c%Br = M®-xr-c®;Br/m? = xr-¢?

Y CI10BHO rOBOpSI, B ONMCAHUN SHEPTHU U MOIIHOCTH JIFO00T0 (hakTopa yUacTBYIOT BUJIBI 6@306b1X IApaMETPOB ¢ Homepamu 1,2 u 3.
3HAYUT, 110 COYCTAHHIO M KOIIMYECTBEHHOMY BBIPAXXCHHIO (Pa3MEPHOCTH) HOMEPOB ITapaMeTPOB MOXHO (POPMAIIBHO CYIUTH O COACPKATEIBHOCTH
moboro dakropa.

AHaJIOTYHO MOXHO (pOpMaITH30BaTh JII000i Ipyroi Mpor3BOIHBII TapamMeTp J60oro daxropa.

Nook,rwnpE

YHuBepcaJbHbIIi H IPOU3BOAHBIN (hakTOpHBIN MapameTpuyeckuii 6asuc (PIIB) cucremsl

BBezieHHbIE MHOXKECTBA U ONEpaIliy HaJl HUMHU MTPEICTABISIOT CO00il BRIpaXKEHHBIE B yHuUGepcanbhol GpopMe (paKTOPHBII MapaMeTpHYecKH i
6a3uc cuctems “ 1100 — CM3 — OBD™:

yYoIlb = (V,F,R,M, T,L, K, SM )}, (18)

rme SM — COBOKYITHOCTD OIEpariiii anreOpbl MHOKECTB U OIePaIHit

OB = (V% FL R, My, T, L, K, SM) (19)

5. Onpe);le.neﬂne BEPOSATHOCTH U BO3MO’KHOCTH (He‘leTKOﬁ Mele) Ha OCHOBE napaMeTp}mecxoi’l MOJIeJIN «BO3/elicTBHE —
BOCIIPUUMYHBOCTD»
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5.1. Beposmuocmuas moodens "'eo30eiicmeue s - éocnpuumyueocms r'

HopmansHoe pacnpenenenue, Takxke Ha3bIBaeMoe pacipesienenueM I'aycca —pacnpesneneHie BepoSTHOCTEH, KOTOpOe B OHOMEPHOM CITydae
3amaercs (yHKIHEH ITIOTHOCTH BEPOSTHOCTH, COBNaaromei ¢ gpynkuueii ['aycca:

_(z—p)®
flo) = s e ot

rJie napamerp [ — MaTeMaTH4ecKoe OxuiaHue(CpeiHee 3HaYeHNe), MeIMaHa U MOJIa PacHpEaeICHUs,

(20)

a mapameTp ¢ — CTaHJapTHOE OTKIIOHEeHHE (62 — JUCIIEPCHs) PaCpeIeCHHS.
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'H’IOTHOCTB‘BCPOKIHOC’TH' L pel
3e/leHas THHHA COOTBETCTRYET CTaHAaPTHOMY PacIIpe IeIeHHIO
Pucynok 1. I'paduk mioTHOCTH U HYHKLIMH HOPMATBHOTO PACTIPEIeICHUS BEPOSTHOCTH CIy4ailHOW BETHYHHBI

BepOSITHOCTI) BBITIOJIHCHU A I)J'IGMCHTapHOf/’I TpEANOCHIIIKN (X = 1) OIPEACIIACTCA HA OCHOBE BEPOATHOCTH BBITIOJIHCHUS YCJIIOBUS MPEBBILICHUS
BO3JICHCTBUS S HAJl BOCIIPUUMYHMBOCTBIO I
Pro(x=1)=Pro(s>r)=1-® (u) = 0.5 erfc (u) (21)

l.l=(]J.r*}/ls)/(0'zr"'0'25)0'5 (22)

JlonosnutenbHas GpyHKIUsA omndoK, oGo3Havaemas erfc (u)

(Hasee mpejmonaraercst 3aMeHa IepeMeHHbIX: X Ha U).

2 T 2
— [ e " dt
/T / ‘

erfcx =1 —erfx

(23)

1 L
-3 -z -1 o T z 3
X

Pucynok 2. I'pauk pononHuTensHOM GyHKuuu ommbok erfc (u)

5.2. Bosmoscnocmuasn (Heuemkas) mooens "6o3deiicmeue s - 6ocnpuumuugocms r'’

(x) 4

Pucynok 3. Jluneitnas (1) u HopManpHas (h) anmpokCHManiK HeYeTKOH MapaMeTpruueckoil MOIeNH "BO3ACHCTBUE S - BOCIPHUMYHUBOCTS I


https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D1%83%D1%81%D1%81,_%D0%9A%D0%B0%D1%80%D0%BB_%D0%A4%D1%80%D0%B8%D0%B4%D1%80%D0%B8%D1%85
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%BE%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B8
https://ru.wikipedia.org/wiki/%D0%93%D0%B0%D1%83%D1%81%D1%81%D0%BE%D0%B2%D0%B0_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BE%D0%B6%D0%B8%D0%B4%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B4%D0%B8%D0%B0%D0%BD%D0%B0_(%D1%81%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D0%BD%D0%B4%D0%B0%D1%80%D1%82%D0%BD%D0%BE%D0%B5_%D0%BE%D1%82%D0%BA%D0%BB%D0%BE%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D0%BF%D0%B5%D1%80%D1%81%D0%B8%D1%8F_%D1%81%D0%BB%D1%83%D1%87%D0%B0%D0%B9%D0%BD%D0%BE%D0%B9_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D1%8B

o0macTi pinas: | H,E[ep HECUCTKHX BCIHYHH 5, 7. 0003HaYACMBIX B BHIE:
sel0, sl 7 elr ryl:

00/IacTH 1711 HOCHTENel STHX BETHYHH Ha YPOBHE HX o~cpe3a [11]. pHc. 3.8:

(A)
. (X)

o,
h By (X o)

1,0 s g X

A\ - T

S, w, ' W,

Pucynok 4. K BbiBoty BM 1511 TMHENHOM M HOPMaJIbHOM anmnpoKcUMaruii "Bo3IeHCTBUE S - BOCHPUMMYUBOCTS 1"

BosmoskHocTHBIE Mepbl (BM) 7 mpeanochuiok NpoucIiecTBIs HaliieM Ha OCHOBaHUH NPEICTABIICHUS IapaMETPOB BO3JICHCTBUS S U
BOCIIPHHUMYHMBOCTH I, KaK HeueTKHe BesmanHbl. Harpumep, st yesaoBust (X, = 1) nomydnm

m =Pos (x1=1)=Pos(s>r). (24)

Ha ocnoBannu [Ecuno, CamcoHOB, UepeMHCHH], IPHHIMAs JOITYIIEHNE O IMHEHHON aNIIpOKCHMAIN HEUETKHX ITapaMeTpoB (B Haumenee
MH(OPMATHBHOM BapUAHTE UX ITOTyIEHHUS) 3allUIIeM

nh=1- zb, (25)
e Zb — Ha3bIBaeMBbIit «IPUBEJCHHBIH 3anacy 0€30NacHOCTH
b=(r-s (A+A), (26)

B KOTOPOM I' U S — COOTBETCTBEHHO, «s1JIpa)» HECYCTKUX IMapaMETPOB BOCIIPMUMYMUBOCTH I' 1 B03HeﬁCTBHH S;a Ar u AS -
«HUHTEpPBaJIbl pa3MbITOCTH)» HEYSTKHUX IMapaMETPOB BOCIIPMUMYUBOCTU ' U B03llef/’ICTBI/ISI S.

ITpu rayccoBoit ampoKCHMAIMK HEYeTKHX MapaMeTpoB BM mpouciecTBist MOXHO HaifTH 1o popmyie
N — h 2
N = exp(—ke- zb?), (27)

e ke KoahdHIMEHT «HOPMAIBHOIY Pa3MBITOCTH, CO 3HaUYeHHAMU 4,5; 8; 12,5, KOTOPBIM COOTBETCTBYET YPOBEHb (KBAHTHUIIb)
nosepust 1 —v: 0,9968; 0,999968; 0,9999997.
KpoMe Toro, 3Hauenue 1 N MOKHO MOTydYUTh M0 rpaduKy, PUCYHOK 5.

0, 1,0 1,5 1,8

W

ZB

@

k, =45 (v>0,003)

k,=8(v=310")
k,=125@w<10")]

lgmn,,

PHCyHOKAS PacdeTHbIe 3aBUCIMOCTH BO3MOYKHOCTHOM MEPBI T N B (byHKHI/H/I OT IIPUBEACHHOI0 3araca Oe3omacuoctd zb u YpOBHA
PasInIUMOCTH IIpH rayccoaoﬁ alMpoOKCUMaIllii HEYECTKUX IMapaMeTpPOB

6. Ipunoxkenne pacCMOTPEHHBIX MPABUJ U MOJeJIeil K 3a/1a4aM YCTAHOBJ/ICHHSI KOJIHYECTBEHHbIX NOKa3aTeieil 6e30macHocTH
U PHCKA TEXHUYECKUX CHCTEM

6.1. AIrOpUTM OIpe/iesIeHus oKa3aTenei 0e30MacCHOCTH TEXHHIECKOH CHCTEMbI

J1J1s1 KOHKPETHOW TEXHUYECKOM CHCTEMBI «OOBEKT — 3alUTa — CPe/ia — YENOBEK» BBIOPATh BEPIUIMHHbINA HCXOJI, YCTAHOBUTH €0
MIPEANOCHUIKU, MOCTPOUTH JIMHIBUCTUYECKYEO MOZIENb PeaM3alliK BEPIIMHHOTO UCX0/1a, TOCTPOUTD JIOTHIECKYIO MOJIENb C YUETOM, IO
BO3MOXKHOCTH, [IOJIHOTO Habopa CBsI3ei MPEANOCHIIOK, s KaKI0H NPEeAIOChUIKH IOCTPOUTh apaMETPUIECKYI0 MOZICIb e¢ peann3alii Ha
OCHOBE MOJICITH «BO3/CHCTBUE — OCIabIeHNne — BOCIPUUMYHBOCTEY U HAa OCHOBE BEIOOpa (000CHOBaHHMs) ISl He€ MPOU3BOAHBIX APaMETPOB, C
YUYETOM TPOBEICHUS] MH)XEHEPHOU SKCIEPTH3bI B3ATON TexHn4yeckor cucteMbl TC1 B paMkax (TepMUHAX) MOJEIH «BO3JCUCTBUE — OCTIa0JICHUE —
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BOCTIPUHMYHBOCTE) COCTABUTH TAOIMIIEI 3HAUCHUH «SIIep» U HHTEPBAIIOB «PAa3MBITOCTH», PACCUUTATh BOZMOKHOCTHBIC MEpBI pealH3allui
3JIEMEHTaPHBIX MPENOCHUIOK, TOCTPOUTh BO3MOXKHOCTHYIO (hopMy (DYHKIIMH pean3alii BEPITMHHOIO ncxoa (QyHKIMIO CBA3HOCTH
JJIEMEHTAPHBIX MIPEIIOCHUIOK), TIOJCTABUTH B HEE BO3MOXKHOCTHBIE MEPHI Pealn3alliy dIeMEHTAPHBIX IIPEIIIOCHUIOK U ITOIYYHTh HTOTOBBIH
pe3ybTaT B BUAE 3HaueHHUs: BM BO3HHKHOBEHHMS BEPIIMHHOTO HCX0/Ja B KOHKPETHO paccMaTpuBaemoit TC1.

6.2. PaccmoTpeHue 3a/1auil Ha KOHKPETHOM IIpUMeEpeE.

IIpumep.
1. KomnuiekcHbIii aHAJIU3 YCI0BHii TPy/1a B cenapaTopHo—poJukoBoM nexe (CPII)
CemnapartopHo — posukoBsiii nex (CPLI) npeacTaBisier co00i moMeIeHHe ¢ OETOHHBIM IOKPHITHEM, €CTECTBEHHBIM U HCKYCCTBEHHBIM
OCBEIICHUEM, PHCYHOK 1.
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Pucynox 6. Yuacmok useomoenenus cenapamopos
13 ananm3a xapT aTTecTaliy JaHHBIE U1 KOMIUIEKCHON OIIEHKH (JaKTHYECKOTO COCTOSHUS YCIOBHH Tpy/ja Ha pad0odIMX MecTax Iexa, pUCYHOK 1,
cBenieM B Tabnuiy 1. Ha ydyacTke M3roTOBIICHUS CemapaTopoB (akTOPOM MOBBIIICHUS PaOOTOCIIOCOOHOCTH SIBISETCS COOMIOACHHE

000CHOBaHHOTO peXuMa Tpyaa U oOTablXa, corcpameHm,n‘/'I pa6o‘mﬁ JAC€Hb, TOIIOJIHUTEIIBHBIC IEPEPBIBLI.

Tabnuua 1
TTapameTps! IPOU3BOJICTBEHHEIX (PAKTOPOB yIaCTKa N3TOTOBIICHHS CENapaTopoB

HaunmenoBanue npousBozcteeHHoro ¢daxropa 1Y, nonmyctumsiii ypoBenb ®Paktuueckuit OTHOCHUT.

YPOBEHB YPOBEHD
Temmneparypa, T °© C 15-21 15.4 <1
OTHOCHUTENbHASI BIAKHOCTH, (@ % 15-75 68 <1
CkopocTb Bo31yXa, V, M/c 0.4 0.15 <1
OcBeleHHocTs, E, nx 200 34 35
VYposens myma, |, 16 60 75 1.25
TIIOTHOCTH MOITHOCTH 1 3 3
SMM, P MU, BT/M2
Joza N, D , Mx38 15 12 <1
TIpon3BoaCTBEHHAS TBLIb, 1 16 16
Np, mr/m3
KoHueHTpanus okcuia

5 6 1.2
yrinepona Nco , Mr-Moib/m?
Konuenrparms nuokcuga 02 04 2
asora Nno , Mr-MOJIB/M?
TerutoBoe u3nyueHwue, 140 300 21

P TH » Bt/ m?

Tabmuna 2 Pe3ynbraTel U3MepeHHs U pacueTa MHTEHCUBHOCTH mIyma Ha ydyactke PCL{

1000 I'ig 2000 I'rg
Ly, nb 85 82
Lo, b 88 84
Ls, 1b 86 82
Leyw, 1B 92 87

Lon, 1B 80 78
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AL, nb 12 9

Kax cnegyer n3 Tabmuus! 2, 3Ha4eHHs yPOBHS IIyMa NpeBBIIAaloT gomyctuMsie Ha 30 — 40 nb.

2. Pacuer noka3areis dgexTa cyMMaun

W3 Tabmuupt 1 «Ilapamerpbl IpON3BOACTBEHHBIX (JAKTOPOB YYACTKA M3rOTOBJICHHS CEIAPATOPOBY» BbIOEPEM Te HoMepa | (HaKTopoB,
OTHOCHUTENbHBIH ypoBeHs (N / OBYB); kotopbix Goblie exuHULbl. B pesynpraTe chopmupyem Tabnuiy 3, mo3Boisironyio audhepeHIHpoBaHHO
[POBECTH PACUET CIaraeMbIX M Pe3ybTHPYIOLIee 3HaUYeHHe ToKasaTelst 3hdekTa CyMMalny UIsl y9acTKa H3TOTOBJICHHS CENapaTopoB.

Tabumua 3 VicxoHble JaHHBIE U1 KOMIUIEKCHOM OLIEHKHM YCJIOBHI TPY/la HA yYacTKe CenapaTopHO-POIMKOBOIO 1ieXa

Ne paktopa  HammenoBanue nponsBoactBenHoro pakropa  I[1J1Y, nomyctumsiit ypoBens  ®aktudeckuit  OTHOCHTENBHBIN

YpOBEHb YPOBEHb HJIN
I5C
1 OcBelIeHHOCTh, E, 1K 200 34 35
2 VYpogens myma, I, 1b 60 75 1.25
3 [TI0THOCTH MOIITHOCTH 1 3 3
BMI/I, P MU, BT/M2
4 TIpou3BoACTBEHHAS ITBLIb,
NS, NS 1 16 16
5 Konuenrpanus okcuaa 5 6 12
yriaepona Nco , Mr-Moub/m? ’
6 KoHueHTpauus Anokcuaa
asora Nno , Mr-Mois/M? 0.2 0.4 2
7 ”Igermo]g;)/e I\I/;IZ3J'IleCHl/IC, 140 300 21
™,
| Komruieke pakropos 1 >1 I9C 3 +
1={1...7} I9C vk =
7.75+6.9 = 14.6

Kax cnexyer u3 Tabmuup! 3, npu pacyere pe3yabTUPYIOIIET0 3HaUCHUs oKa3aTenst 3 eKTa CyMMaI{ BbISBIICHBI 1B TPYIIIbI BPEIHBIX
(hakTopoB, a UMEHHO (AKTOPbI H3IYYCHHI 1 MUKPOKIHMAaTa. Pa3enbHblil pacuer mokasareneii addexra CyMMannn st TUX TPYII Jal
CIIEAYIONINH pe3ynbTar:

I9C yzn =7.75, I13C vk = 6.9, IIDC | = 14.6.

3. [Ipumep KOMIJIEKCHOI olleHKH 3200 1eBaHmii paboTHHKOB Ha yyacTke CPLl Ha ocHOBe BO3MOKHOCTHOM Mep NMPeInochlIoOK

JlocToBepHBIii TPOrHO3 3a00eBaHnil pAOOTHUKOB OCHOBaH Ha 1) mpumeHeHnn 3(hPEKTUBHBIX CIIOCOOOB U CPENCTB 3aIUTHI (KOUICKTHBHBIX U
WHIVBUYaJbHBIX) U 2) Ha CTATHCTHYECKHX JAHHBIX O MPOITyCKax pabounx JHEH 1o 00Ie3HN.

IIpu 5TOM MMeeTcs creyrolee IPOTHBOPEYHE.

Kaxp1it paboTHUK meper 3a001eBaHneM HaXOAWIICS B KOMILIEKce (pakTOpoB pabounX M BPEIAHBIX YCIOBHIA.

Bpau craBut quarHos o 3a001eBaHNHN MO HHTETpanbHOMY nokasatemo: OP3, npodeccrnonanpHast 60NE3Hb | T. 1.

CanurapHo-ruruennyeckue HopMsl 1 [1J1Y (BbpaxkeHHbIC 3HAYCHNUSIMH NTapaMeTPOB (HaKTOPOB) 3a1aHbI HA OCHOBE HCCIICJOBAHUN 1

g depeHInpOBaHHBIX OLIEHOK NMapaMeTPOB BOCIIPUUMYHMBOCTH JIIOJICH K IEHCTBUIO OTAENBHBIX ()aKTOPOB paboueii cpesbl.

Kak cnezsctBre, NMEIOT MECTO OIMOKH B TIPUHATHHI PENIeHNH 00 000CHOBaHNN OpraHNU3aIIMOHHO-TEXHMYECKIX Mep 0€30MacHOCTH 1 0 BhIOOpE
CTI0CO0O0B ¥ CPEJICTB 3AIUTHl PAOOTHUKOB KOHKPETHO B3STBIX PON3BOJICTBEHHBIX YJaCTKOB.

31ech npeanaraeTcs CICAYONNi BapHaHT yueTa BINSHUS KOMIUIEKca (h)akTOPOB Ha 310pPOBbE PaOOTHHKOB.

1) IMocTpoerne hakTopHBIX AUDPEPEHINANBHBIX 1 HHTErPATbHBIX KPUTEPHEB TIPE/IIOCHIIOK 3a00IeBaHNIl HA OCHOBE TTapaMeTpUUYEcKOi Mojienn
«BO3ZIEICTBHE - BOCTIPHIMYHBOCTE).

2) ITocTpoenue NOruyeckor (yHKIUH CBSI3HOCTH MPEINOCHUIOK 3a00IeBaHUH.

3) Pacuer kxak quddepeHnmanbHbIX, TaK ¥ HHTETPAIBHBIX BO3MOXHOCTHBIX MEp TIPEITOCHITOK 3a00IeBaHIHA.

4) Pacuer BM TtunoBsix 3a6onesannii (OP3, npodeccronanbHast 60JE3Hb 1 T. J1.) O pacueTHBIM JupdepeHImaabHbIM I HHTerpanbHbiM BM
MIPEANOCHUIOK 3200JIEBAHMH.

5) CpaBHUTENBHEIIT aHATHN3 TTOTYYEHHBIX OLEHOK M ()OPMHUPOBAHME TITaHA TIPETYTIPENTENBHBIX MEPOTIPHATHH.

Ta6muua 4. JlanHbIe pacuera BO3MOXKHOCTHOU Mephl AU((epeHInaIbHOM MPeINOChUIKY 3a00JIeBaHUi paOOTHHKOB Ha y4acTKe

Ne HaumenoBanue 1Y, nomycTUMblil ypOBeHb dakTuueckuit 3amnac 6e3omacHocTH/
(akTopa MIPOM3BOJICTBEHHOTO (pakTOpa napaMeTp BOCIPUUMUYUBOCTH YPOBEHb WJIM TTapamMeTp BM B nuneiinoi
BO3JEIHCTBHS aNmMpoOKCHMAIUK
1 OcBeleHHocTs, E, nk 200-350, A=150 130, A=100 0.28/0.72
2 Yposens mryma, |, 1b 60, A=10 75, A=20 0.5/0.5
3 T110THOCTE MOITHOCTH
OMIU, P oy, kBT 1,A=3 3,A=1 0.5/0.5
4 Ep(’ffr‘j;’;fTBeHHa" fIeLIbs 1,As5 1.6, A=3 0.075/0.925
15
5 Konuenrparms okcuga _ _
yriepogia Neo , MI-MOTB/AE 5,A=5 6, A=5 0.1/0.9
6 Konnenrpanust auokcuaa _ _
23072 Nuo, , MEMOTE/M 0.2, A=0.2 0.4, A=0.2 0.5/0.5
! poIMIon0e Y eHie, 140, A=100 180, A=10 0.36/064
™,

| Kommnekc daxropos

1={1...7}
C TOUKHM 3pEHHUsI OPTaHU3AIMOHHO-TEXHUYECKNX Mep 6Ee30MacHOCTH U IPU BHIOOPE COCOOOB U CPEICTB 3alUTHI TAKOH U epeHIINPOBAHHbBINH
HOZIXOJ OKa3aJIcsl YKOHOMUYECKH 3((PeKTUBHEIM. PaznenbHo MoxKeT OBITh IPOU3BEICH PacueT U MOTyT OBITh MOAU(DUINPOBAHBI CICAYIONINE
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CHCTEMBI 3aIIUTHL, K KOTOPBIM OTHOCSATCSI CHCTEMBL: 1) OCBEIICHNS; 2) SKpaHUPOBAHHS IITyMa U BUOpanuy; 3) BEHTHINPOBAHUS; 4)
TETUIOU30JISLIHH.
4.0nucaHue U KOJHYeCTBEHHAS] HHTEPBAJIbHAs OIIEHKA ITapaMeTPOB YCJI0BHil TPyJa, KaKk MapaMeTPOB BO3/leiicTBUS Ha

padoTHHKOB
Tabmuma 5

Oy/neBo | mapameTpudecKoe | IpPUBEACHHBIH 3amac, BO3MOXKHOCTHAsI Mepa,
i | ycunosue | yciosue b=(r-s)A+A) | nh=1- zb;

1% =exp(—ke- 7b2)

1 Z1 1 Nmor= HI[K r
2 | z,=1 N o2 >15%
3| 2z3=1 g > 1 kBrm 2
4] 24=1 T> 70°C

4.1. YcraHOBIICHUE U KOJIMYECTBEHHAS! MHTEPBaJIbHAS OLICHKA apaMeTPOB 3a00JICBaHHS JIbIXaTeIbHBIX OPraHOB PaOOTHHKOA C
HCXOJaMH: YIyIlIbe; BOCIAJEHUE OPIaHOB JAbIXaHUs

4.2. TlocTpoeHue CTPYKTYPHO-JIOTHYECKON MOJIENH BEPIIMHHOIO HeXoa ((pyHKIUH CBI3HOCTH MPEANOCHIIOK) C YYETOM ABYX
MIPEANOCHUIOK 3200JI€BaHUS

Y=YivYo, Y1=Z1V iy, Yo=1I3AN1ls = Y=Z1VIV1I3-1Ly4
7 ¢ =Pos (y =1) = max(ny 1, my2) = Max(m;1, T2, Min (73, T 4))

4.3. PacyeT BO3MOXKHOCTHBIX MEp MPE/NOCHUIOK OTPABICHUS U JIUTEILHOCTH NIPeObIBAaHHS HA OCHOBAHUM HEYETKOI
rapaMeTpHYECKON MOJIENH «BO3IEHCTBUE — BOCIIPUUMYHUBOCTD.

y1=Zl\/Zz\/1

Y2=23-24-0
Y3=21VvZoVv(Z1-235-24V Z))
Y=Z2Z1ViIyVviz-ly

Kommiekcnoe 3aganue mo aucuunauaam CA TIT u AAK

IIpu anami3e ycnoBuii Tpya pabOTHHKOB SKCIIEPT OPEENII YeThIpe pa3JenbHOro JeHCTBHS ONAaCHBIX U BPEIHBIX (hakTopa: MeXaHHYeCKHH — 1;
TEIUIOBOM — 2; XUMHIECKHUiT — 3, GU3NUeCKHil — 4 U ONTHYECKUI — 5, a TaKKe KOMILUICKCHBIH TPOU3BOACTBEHHBIN (PAKTOP, BHIPAKACMBbIii
Tokazarenem Dddexra Cymmanuu (I13C), cm. Tabmuy 1.

Ta6mmra 1. CozgHast TabNMIIA HCXOAHBIX JAHHBIX U IPOMEXKYTOUHBIX Pe3yTbTaTOB OLEHKHM MoKa3arenelt (Juist pacuera BM snemenTapHbIx
Hpeanockok T k)

Ne ni/m IpousBoanslii paxTop IMapamerp 3anac Ge3onacnocTu Bo3mozkHocTHAsS
(xi) BOCIPHUMYHBOCTH b Mepa
(110poroBoe 3HAUEHNE) nhi
1 OcCBeNIeHHOCTS, E, Jik 15
2 VYpogens myma, I, b 13
3 JluHaMHUYIeCKHi yaap OCKOJIKOB OT 2
MEXaHH4YECKOro 000py/10BaHuUs,
sHeprust A, JIx.
4 IInotaocts MomHOcTH DMU, P 5Mmp, 2.1
Bt/m?
5 IMpon3sBoncTBenHast mbltb, Ny, Mr/m? 1.7
6 Konuenrpanus oxcuzaa yraepoaa Neo , 1.4
MT-MOJIB/M?
7 Konuenrpanus guokcuna asora Nyo 1.9
MT-MOJIB/M?
8 Tennosoe n3nyuyenue, Py, BT/ M? 2
9 KomrutekcHbli Tpor3BOAHBIN (hakTop <3 15
112C
10 CkopocTb BO3/yXa, V, M/c 3

VYueGubie BapranThI 1 ... 10 COCTaBIEHHBIX IKCIIEPTOM JIOTHYECKHX Mozeneit { Y1, Y 10 } 3aboneBanust (MPOUCIIECTBUS) OT BBISIBICHHBIX UM
HPEANOCBUIOK X i , TIEpBasi KOJIOHKA TAaOJIHIBl | MMEIOT CIle Ay oNuit BUA:

Y1=XiV X AXss Ya=(XaVXs) AXe; Y3 =XV XgAXo; Ya=(XaV Xs) A Xuo;
Ys=(X1VX2)AXe; Y6 =Xa VXA Xes Y7 = (XoV X7 )AX10; Y 8 = X1V (X2 A X3) A Xa;
ygz(X5VX6)A(X7/\Xg); y10=(X9VXz)/\X1o

TpebyeTcs 11t 3a1aHHOTO BapHaHTa 110 3HAYECHUIO BO3MOKHOCTHOMH Mephl 3200/1eBaHNsI pa00THHKA OLICHUTH (DaKTHYECKHH yPOBEHb
0€30MacHOCTH WIIM BPEIHOCTH (OMACHOCTH) YCIIOBHM Tpy/Aa U pa3padoTaTh MPEUIOKEHHS O CO3IaHUI0 YCIOBHI TPYy/la, COOTBETCTBYIOLINM 2

K1accy.




YK 620.179; 531.7
MOJEJIMPOBAHUE Y BU3YAJIM3AIINA 30H PUCKA CJIOKHOW CUCTEMBI HA OCHOBE KPUTEPHS «BO3JIEVICTBUE
- BOCIIPUUMYHUBOCTb»

MODELLING AND VISUALIZATION OF ZONES OF RISK OF SOPHISTICATED SYSTEM ON THE BASIS OF CRITERION
«INFLUENCE - THE SUSCEPTIBILITY»

Ecunos 10.B., 'opuikosa 10.B., Illumkux P.1.

Vupexnenue Poccuiickoit akagemuu Hayk FOxHblid Hayunblid neHTp PAH
Pa6ota npoBoaunacs B paMkax rpantoB POOU 06-08-01259a u 09-08-00437a

Beenenne. Konnenuust pakTopHOro mapaMeTpHIecKoro MOACIHPOBAHHS U BO3MOYKHOCTHOTO (HEUETKOr0) OLICHUBAHMUs [IOKa3aTenei prcka [1,2]
3aKJII0YAeTCs B IOCTPOSHUN (JOPMATIEHOTO MHOXKECTBEHHOTO 0a3nca ¢ HeUeTKOH anreOpoil i HeYeTKUMU MHOXKeCTBaMH (h)akTOPOB U ITapaMeTPOB
BO37IeicTBHS, Ipe0Opa3oBaHus (0cnabIeH:s) U BOCIPUUMUINBOCTH [3,4]. KimtoueBoli MozeIbio, Ha OCHOBE KOTOPOH OIPEeNeNIIOTCs KaK
KaueCTBEHHBIE IIPEANOCHIIKY IIPOUCIIECTBUH, TaK U KOJMYECTBEHHbIE IIOKa3aTeNl (MEPhI ONPEEeNeHHOCTH) peali3allu IPOUCLIECTBHUH B
cucTeMe (II0Ka3aTell PUCKa CHCTEMBI), SBJISETCS ITapaMeTpHUIecKas MOJIENb [IPEBHIIICHUS BO3ACHCTBHUS (HATPY>KEHHsI) Hal BOCIIPHUMUYHBOCTBIO
(Hecymel criocoOHOCTHI0). B Teopun sKHBY4eCcTH U CTOMKOCTH TaKyIo TapaMeTPHIECKyI0 MOJIENb Ha3bIBAIOT «(PU3HIECKIM 3aKOHOM
nopaxeHus» [5-7]. B koHuenuu oueHku pucka [1,2] B kayecTBe napaMeTpoB BO3ACHCTBUS U BOCIIPUUMYHMBOCTH IIPUHUMAIOTCSI OCHOBHBIE U
MPOU3BOJIHEIE €AMHUIBI cHcTeMbl Gu3udeckux BennunH CU. Ecii npuMeHHTh N3BECTHBIE METOABI IIPe0OPa30oBaHuUs U3 «(PH3UUECKOTO 3aKOHA B
«KOOPIMHATHBIN 3aKOH NOpaXkeHHsD [5,7] U BEIPa3UTh MPOLIECCHI BO3IEHCTBHS H BOCHPHUMYHUBOCTH BHYTPH CHCTEMBI HE B KAUECTBE OT/CIBHBIX
(u3nUecKkux Benu4rH, a B hopme pakTopHOro mapamerpudeckoro 6asuca [2,3], ToO MOTYT OBITh PELICHBI 3a1aUH: a) CHIJKCHHS Pa3MEPHOCTH
MoJielH 0€30IaCHOCTH CHCTEMBI; 0) BU3yallM3alluy 30H PHUCKa; B) YIPOIICHHS IIPEACTaBICHHs «THIepKyOa» omacHocTH [1,2] kak
reomerpuueckoit mogenu PIIb cucremsl.

ITocTaHoBKa 3a1a4H.

B camom 061ieM Brjie npsiMoe U 00paTHOe Npeodpa3oBaHus U3 NapaMeTpuueckoi, Hanpumep fs(p), B mpocTpancTBeHHy 0 s (I) GopMy, MOKHO
OITICaTh 3aBHCHMOCTSIMU

s=f (p), r =1 (p); (1)
p=0s(s), p=or (1), 2

rie S U I — COOTBETCTBEHHO MapaMeTpbl BO3ACHCTBHS U BOCIPUUMYUBOCTH [1,2],

p — IOJISAPHBIHA paJuyc B HWIHHAPHIECKOH CHCTEMe KOOPIHHAT.

B Teopuu o1eHKH CTORKOCTU (3KUBYYECTH) TUIIUYHBIM IIPUMEPOM 3aBUCUMOCTH S = fs (p) SBIISIETCS 3aBUCUMOCTD M30BITOYHOTO JIABIECHUS BO
(ponTe ynapHoi BosHbl APy, 0T paccrostaust Mexty ncrounukoM (1) B3peiBa u o6bextoMm (K) mopaxeHus mpu e€ pacnpocTpaHeHHH B
npocrtpasctse (Ha MectHOCTH). C pyroii CTOPOHBI, B 9TOM NMPUMEPE 3aBHCUMOCTS I = f, (p) OmMChIBaeT 3aBUCUMOCTD MOKA3aTesi CTONKOCTH
AP, ipuemunka K (06bexTa mopaeHus) OT paccTOSHHUSA 10 HCTodHHKa .

TIpu 5TOM aHATUTHYECKYIO 3aBUCHMOCTD BEPOSITHOCTH ITOPaXKCHHUS

p=Pro (AP > AP"?) 3)
Ha3bIBAOT ((CI)I/ISI/I‘-ICCKI/IM 3aKOHOM MOPaXCHUA», a 3aBUCUMOCThb
p=Pro (p (APs)> p (APo™)) @

— «KOOPAUHATHBIM 3aKOHOM IIOPKEHUS».

IIpeanonoxum, uto npeodpazoBanus (1,2) MpoOU3BOIATCS MO KAKIOMY U3 BUJOB BO3ACHCTBYIOIIETO (hakTopa (MEXaHHYECKOMY, TETUIOBOMY,
XHMHYECKOMY H T. ]I.), BXOAAIINX B cOocTaB (hakTOpHOTO mapamerpuaeckoro 6asuca ®IIb [1,2].

Tpebyertcsi, 0 U3BECTHOMY (PaKTOPHOMY MapaMeTpryeckoMy Gasucy KoHkpeTHo# cucteMsl (PIIB1) mocTpouTs €€ mpOCTpaHCTBEHHBIH
(axTopHblit 6a3uc (IIOB1) u Ha ero 0ocHOBE PEelIUTh 3a/1a4y O MOJICTMPOBAHUH U BU3YaIN3alMU 30H PUCKA CHCTEMBI «3aliTa (KaHaJbI
pacrpocTpaHeHus U 0CabIeHus) — 00BEKT (KOHCTPYKIIMS U TIOTEHIIMAIBHO OTIaCHbIE JIEMEHTHI) — Cpefia (MCTOYHNKU BHEIITHHUX
BO3JIEHCTBYIOMNX (HaKTOPOB)».

Pemenue. /1151 ycTaHOBIEHUS MEPhI BO3BMOXHOCTH T BOSHUKHOBEHMS IPOHCIIECTBUS B KOHKPETHOH CUCTeMe IIPOM3BOIAT IOCTPOCHUE e
(axropHoro nmapamerpudeckoro 6asuca (OI161) 1 ncronb3yl0T HapaMeTpuIecKyro Mozenb Bua [ 1,2] «HeueTkoe BO3IeHCTBHE S — HEUETKast
BOCIIPMAMYHBOCTB I, T MHOKECTBA — HOCHTENH S, M Ry 9THX HEUETKHX NapaMeTpOB BBIPAXKAIOT Yepe3 sapa S, [ M Ipeiessl
Pa3MBITOCTH S, *, I'|“ Ha YpOBHE 0. — Cpe3a, PUCYHOK 1:

Re={xlyxeX, ur(py)= a:r*, r, r_h}; (5)
Se={xl xeX, us(y)= a: s1=0, Sp, sh?}h (6)
se[0,sn], T e[r, ral. )

l'Ipu 9TOM BO3MOXHOCTHYIO MEPY T BO3SHUKHOBEHHUS IIPOUCHIECTBUS B 3TOM cHucTeMe B OGI_HCM BU/€ YCTAaHABJIMBAIOT HA OCHOBAaHUHN
KpHTCpY/IaJTBHOﬁ 3aBUCHMOCTH

m = Pos (S, >R.), ®)

rae Pos (-) — ot anri. possibility, oneparop HeweTkoii (BO3MOXHOCTHOM) MEpBI.
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Pucynox 1. Mozens «He4eTkoe Bo3JelCTBHE S — HeUeTKast BOCHPHUMUIHUBOCTD
B nuneiinon annpoxcumanuy GpyHKIMIT OPHHAIICKHOCTH HEYSTKUX IAPaMeTPOB S M I Ha YPOBHE « - Cpe3a, BO3MOXKHOCTHAS Mepa 7,

[POMCLIECTBHS €CTh OTHOLICHHUE [VINHBI HHTEpBaa IepecedeHus [ %, $%] Hocutenei k cymme miuH obnacteit pasmbrroctr (A4 %+A4 %) [2,
tdopmyna (3.79)]:

= (S —ra) (A% +A4%)=1-2b/ (4% + A% ) =1 - zb,, ©)

IJie JUIMHBI (IPAKTHYECKUX» 001acTell pa3sMBITOCTH ONPEEIAIOTCS 110 3aBUCHMOCTSAM:

A% = S% — Sh, A% =Tr1—-19 (10)

IMapamerpst zb = ri— shu zb,=1zb/ A% s+ A% Ha3bIBAIOTCS, COOTBETCTBEHHO, A0COIIOTHBIN U IIPUBEACHHBINA MApaMETPHYECKHE «3amachl
6e30IacHOCTIY.

PaccmoTpuM penreHne 3a1a4uy B INIOCKOH reOMeTpHIECKOi Moenu, pucyHok 2. ITycTs Ha ocHOBaHMH 3aBUcHMOCTei (1,2) Yepe3 MoJsIpHbIi
panuyc p, Kak HeYeTKUI YHUBEPCAJIbHBIN MapaMeTp, MOXKHO BBIPA3UTh spa U obsact pasmbiToctH (7,10) mapamerpoB Bo3aeicTBYS U
BOCIIPUHMYHBOCTHU CJIELYIOLIUM 00pa3oM:

(s—=p), (1 —=p%) (4% = N), (4% — A), (11)
Ie pk ¥ p | — COOTBETCTBEHHO, sIPa HEUSTKUX MOIAPHBIX KOOPIMHAT (PaHyCOB IIOPAKEHHs), Yepe3 KOTOPhIE BHIPAXKAEM BOCIPHUMUIHBOCTD
npuemnrKa K i Bo3zieiicTBHe HCTOUHHMKA |;

Ax ¥ A| — IOTPEIIHOCTH MPECTABICHHUS TapaMETPOB BOCIIPHUMUYKMBOCTH U BO3/ICHCTBHUS (MHTEPBAI PAa3IMYMMOCTH HOCHTEISI HEYETKOTO
HapaMeTpa 1o ypoBHIO PAa3IMYUMOCTH (), OLPEEIIEMbIE CICAYIOIMM 00pa3oM:

A= pd— ps A= p“— pl (12)

()1 | n>0 Ok

Pucynok 2. [Tapamerprdeckas MOZIETb «HEUYETKOE BO3ACHCTBHE S OT HcTouHuKa (|) — HeyeTkast BOCIIpUUMYHBOCTS I mpreMHuKka (K)» B
LWIHHPHYECKHX KoopauHaTax, rae O u Ok, COOTBETCTBEHHO KOOPAMHATHI HCTOYHHUKA U IPUEMHHKA

O603raunM d — paccTosIHIE MEXTY MPHEMHHKOM W HCTOYHHKOM BO3CHCTBHSI,
d= |O| Okl (13)

Ecimu B (9) npoussecty 3aMeHy nepeMeHHbIX: I = (px—d) u S = pj, Toraa ¢ yuerom (11,12) monyunm 3aBUCHMOCTb BO3MOXKHOCTHOM MepbI TIpH
JIMHEWHON annpoKCHMAalUU HEYETKUX MapaMeTpoB py U P

n=1-(d-px—p)(A+ A) (14)

Tlonyuennoe Boipakenue (14) ectb pe3ynbTar npeodpazoBaHus «PU3NIECKOI MOAECINY MPOUCIIECTBUS B «KKOOPMHATHYIO», TJIe HEYETKUE
IapaMeTpsl BOCIIPUMMUYHBOCTU 1 BO3JEHCTBHS B IPOCTPAHCTBEHHOM (h)aKTOPHOM HMapaMeTpUIECcKOM Oasuce BBIpaXKEeHBI Yepes sapa U
pa3IHYNMBIEC PaTUyChl 30H BOCHPUIMYHUBOCTU U BO3/CHCTBUS.

IIpumenenue 3aBucuMocTH (14) HO3BOIIET CHU3UTH Pa3MEPHOCTD 3aa4 aHAIH3a ONACHOCTH CUCTEMBI U YIIPOCTUTD BU3YaIH3allUIO 30H PUCKA.
Kpome Toro, st HarmsAIHOCTH Ha IUIaHe (KapTe) MECTHOCTH CHCTEMBI BCE MPE/NOCHUIKH K HPOUCIIECTBHIO B BUJIE MIepeceyeHust 00acTei
BO3/IEHCTBHS U BOCTIPHIMYHBOCTH MOYKHO OBLIO BBIIEIHUTH CICAYIOIIUM 00pa3oM:

A) m = 0 — mpeaIoChUIKY K IIPOUCIIECTBHIO HET, IEPECEUCHUsI MHOXKECTB p¢* H p|* HET;
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B) 1 < 0,5 — umeroTcst NpeAnOChUIKY K IPOHCIIECTBUIO, OHU T€OMETPHIECKH HHTEPIIPETUPYIOTCS IIePeceueHIeM MHOXKECTB pi* U pi’,
BO3MOYKHOCTHAsl Mepa peaM3aliii KOToporo oueHuBaercs B uHTepsaie ot 0 1o 50 (%),;

B) > 0,5 — reomeTprueckast HHTEpIIpETays B BUJIE IIePECeUCHHs] MHOXKECTB p* H pi*, TIPH KOTOPHIX Mepa BO3MOXKHOCTH BO3HUKHOBEHUSI
IPEIOCHUIKH K IPOUCIIECTBUIO OLICHUBAETCs BhIIe oT 50% .

PaccmoTpeHne MOJTy4eHHBIX Pe3yJbTATOB Ha MpHMepax.

Ipumep 1. PaccMOTpUM cuCTeMY, COJEPIKAIIYI0 OJMH HCTOYHHK M OAUH NPUEMHUK Bo3zeiicTBus. ITycTh mpocTpaHCTBEHHBIE TApaMeTPhl MOJETN
[POMCLIECTBHS CBSI3aHBI MEX/Ly c000it ciemyromumu otHoteHusiMu: Aj=4-A,=0.4d ; p71=0.5d ; p=0.2d . Tpebyercs onpenenuts
BO3MOKHOCTHYIO MEPY BOSHHKHOBEHHSI [IPOUCLICCTBHUS C OJJHOBPEMEHHOW BU3yallM3allleil ero Ha IJIaHe CHCTEMBI.

INToncTaByB HCXOHEIE JAHHBIC 3a/1aud B 3aBHCUMOCTH (12) 1 (14), COOTBETCTBEHHO IOIYYHM:

¢ =03d, p*=0.9d;m=1-(d—0.2d-0.5d)/(0.5d) = 0.4, Bapuant (b).

Ipumep 2. Paccmotpum 3anagHyio MPOMBILUICHHYIO 30HY B coctaBe 1) Hedrebassl «PoctoB-Tepmunam» u 2) PoctoBckoii—Ha—/loHy
«["a30HaNOpHO# cTaHIMIy». PaccTosiHne MeX Iy EHTpaMu IByX 00bekToB coctaBisier d = 800 m. ITomydeHsl Cliefyromue pe3yIbTaThl
IpeIBAPUTENBHON YKCIEPTH3BI 3THX 00BEKTOB (1, 2) 10 TEeII0BOMY M MEeXaHHYEeCKOMY (hakTopaM B BHJE OLIEHOK IIapaMeTpOB BO3ICHCTBHS,
BO3HHUKAIOLIETO P HHULMIPOBAHHHU KaXJI0r0 00bEKTa, U MapaMeTPOB MX BOCIIPUUMYHUBOCTH:

A1=807 M, p1 =55 m; A=60M, p,=25m.

TpebyeTcst OLCHUTH U BU3YaIU3HPOBATH OIIACHOCTH BO3HUKHOBEHUS II0XKapa B CUCTEME.

Pewenue npumepa 2. VI3 ananmsa 3KCIEPTHBIX JAHHbIX CIEAYET, UTO B 3TOH CHCTEME pealn3alus IPOUCILIECTBH BO3MOXKHA, ecii 00beKT (1) —
HCTOYHHK, @ 00BEKT (2) — IPUEMHHK [1apaMETPOB BO3ICHCTBHIA, IIOCKOIBKY TONBKO Aj+ p1 >d . [ToacTaBiiss HCXOAHBIC JaHHBIC B 3aBUCHMOCTH
(12) u (14) momyuum

Pt =862 M, p*=85m; m=1-(800—55-25)/(867) = 0.17, Bapuant (B).

Taxum 00pa3oM, HHHIIMMPOBAHKE MIOJKapa B Ta30HAIIOPHON CTaHIMK BO3MOXKHO ¢ Mepoii 0.17, IpH ycioBUH BO3HUKHOBEHHUS MIOJKapa Ha
He(Tebaze «PocroB-TepmuHam». [t yBeanueHUs: 0€30IIaCHOCTH PACCMaTPHBAEMOM CHCTEMBI TPEOYEeTCsl CHU3UTH MEPY ONPEIEIeHHOCTH T°y
BO3HUKHOBEHUS Moxapa Ha HepTedasze «PoctoB-TepMuHam» ¢ y4eToM JIeHCTBHS BHEIIHUX (€), HE PACCMOTPEHHBIX B IAHHOH 3aJa4e,
HETaTUBHBIX (hakTopoB. [I09TOMy ¢ y4ETOM COOTHOIICHUS T M Ty BO3MOJKHBI CIEMYIONIHE BapHAHTHI IIPH OLEHKE BO3MOXXHOCTHOH MEpHI Trc
MPOHCIIECTBUS B CHCTEME:

1) mrc =, eciu 1%, > T

2) Tre = 7.

Hanpumep, Bo BTopoM BapuanTe 1pu iy = 10 4= 1trc.

3akmouenne. Ha ocHoOBaHMM Pa3BUTHS (PU3HMUIECKUX M KOOPAWHATHBIX MPEICTABICHUI MOpaXKEHUs pa3paboTaHa MpOCTPAHCTBEHHAs
napaMeTpHIecKast MOZIelb ¥ KpUTEPHH IS OIIpelelIeHHs] BO3MO)KHOCTHON MephI pean3aniy IIPeIIOChUIOK IPOUCIIECTBHH, KOTOPHIE
HO3BOJISIIOT HAaILTHO AEMOHCTPHPOBATh CTENIEHb ONACHOCTH (O€30IIaCHOCTH) CIIOXKHOI CHCTEMBI B COCTaBe HECKOJIIBKHX 00BEKTOB. PaccMoTpeHBI
YIPOLIEHHbIE U BU3yalbHbIE MOIX0/bI K KOJHYECTBEHHOMY BBIPaXKCHHIO OITACHOCTH CIIOKHOMN TEXHUYECKON CHCTEMBI.
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MO/JIEJTUPOBAHME U BU3YAJIM3ALIUSA 30H PUCKA CJIO)KHOM CUCTEMBI HA OCHOBE KPUTEPHUS «BO3JAENCTBUE
— BOCITPUMMYUBOCTb»

Ecwunos 10.B., I'opuikosa 0.B., Humkun P.1.

IOxnp1ii Hayunslii nenTp PAH

AHHOTanus

Ha ocnoBe pa3BuTHs HU3HUECKOTr0 U KOOPANHATHOTO MPEACTABICHUH TOPaXKeH!sI 00BEKTOB pa3paboTaHa MPOCTPAHCTBEHHAS apaMeTpHIecKast
MO/ICINTb OTIPE/ICTICHUs BO3MOXKHOCTHOI MEephI pealli3allii NPEAITOChUIOK IPOUCIIECTBHH, KOTOpas MO3BOJIAET HATIISHO IEMOHCTPUPOBATH
CTeIeHb ONacHOCTH (0€30IacHOCTH) cHCTeMBbl. Pa3paboTan BU3yaibHBINH HOAXOM K KOJTHIECTBEHHOMY BBIPAXKEHHIO ONTACHOCTH TeXHUYECKO#
CHCTEMBI.

MODELLING AND VISUALIZATION OF ZONES OF RISK OF SOPHISTICATED SYSTEM ON THE BASIS OF CRITERION
«INFLUENCE - THE SUSCEPTIBILITY»

Esipov Yuriy Veniaminovich, Gorshkova Yliya Viktorovna, Shishkin Roman Igorevich
Southern centre of science of the Russian Academy of Sciences

Abstract.

In basis of development of physical and coordinate representations the space parametrical model for definition of possibility measure of
precondition incident realization are offered. This approach allow evident to demonstrate of dangerous (safety) degree system. The visual
approach in quantitative expression of technical system risk are considered.

HOHHI/ICI/I K pUCYHKaM:

PI/ICyHOK 1. MOHGJ’IB «HCYCTKOC BOSI[eﬁCTBPIC S — HEUCTKasi BOCIIPMUMYUBOCTD I

Pucynok 2. [lapamerpudeckas MOZIETb HEUETKOE BO3ACHCTBHE S OT ncTouHuKa (|) — HeyeTkast BocIpuuMYHBOCTS I mpreMHnKa (K)» B
IUIAHIPHIECKHX KoopauHaTtax, rae O u Oy, COOTBETCTBEHHO KOOPAMHATHI HCTOYHHKA U IPHEMHHUKA
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PA3PABOTKA ITAPAMETPUYECKOI'O KOMIIJIEKCHOI'O

KPUTEPUS ITPOUCILIECTBUII HA IIPUMEPE CUCTEMBI

«'A30OBO3AYIIHAS CMECH — ®AKTOPHI UHULIMPOBAHU S»
10.B. Ecunos, }0.C. MumienbkrHa
Pabora BrimonHeHa npu ¢uHancoBoit mognepxkke POOU, rpant 06-08-01259

IpencraBieHbl  Pe3yJbTaThl ONMKMCAHHS KOMIUIGKCHOTO XapakTepa BO3HMKHOBCHHS IPOMCLIECTBHH M pa3pabOTKH MapaMeTpHYEcKOro
KOMIUIEKCHOTO KPUTEpPHsi HHULMUPOBAHUS ra30BO-BO3YIIHOI CpPeibl B ra30BOil KOMMYHHKALHMOHHON cucteme. Ha mprmepax aHanm3upyroTcs
BO3MOXKHBIC OLIMOKH B OLICHKE IOKa3aTesiell OC30IaCHOCTH M PHCKA MOTCHIHAIBHO OMACHOH CHCTEMbI NMPH MOJEIHPOBAHUM OJHOMEPHBIX M
KOMIUIEKCHBIX [PEAIIOCBUIOK OIIACHOCTH.

Kniouesvie cnosa. be3onacHOCTb, MPEAIOCHUIKY M0XKapa, KPUTEPUH OLICHKH PHCKA.

Bseoenue. B HacTosimee BpeMsl B NPOLECC MPOSKTHPOBAHUS M aHAIM3a CIOXKHBIX TEXHUYECKUX CHCTEM BBEICHBI JJIEMEHTHI BEPOSTHOCTHOI
oleHKH Ge3omacHoctH M pucka [1-4]. OgHAKO MOJHOLEHHOE IPUMEHEHHE JIOTHKO-BEPOSTHOCTHOIO METOZA 3aTPYIHEHO H3-3a MHonbopa
HCXOIHBIX JaHHBIX B (hOpMe BEpOSTHOCTEH MHHUIMHPYIOIINX cOoObITHI [2]. BeiemcTBue 3Toro, mprMEHEHHE H3BECTHBIX METOMOJOTHH i
KOJIMYECTBEHHO! OLCHKH 0€30MacHOCTH MOXET NIPUBECTH WIIH K HEJZOOLCHKE YTPO3, MM K HEOIPaBJaHHO BBEICOKHM 3aTpaTaM Ha oOecIIeucHue
6e3onacHoct. KpoMe Toro, xak mpaBujio, Bce pa3paboTaHHbIE METOIMKH HOCAT OAHONAapaMeTpu4ecKuid xapakrep. [Ipousomenias HeaaBHO B
Poccun cepust aBapuil M B3pBIBOB Ha Ta30BbIX KOMMYHHUKAIMAX XHJIBIX JOMOB M OOCIIY)KMBAIOIIMX HPEANPUATHH yKa3aau Ha claldyro
90 PeKTUBHOCTE NPODIIAKTHIECKON U MIPOTHOCTHYECKOH AESTENBHOCTH, KaK CIEIHAIICTOB, TaK U pabovero mepcoHana.

Bcenencrsue 3T0ro, Kak B METOJMYECKOM, TaK M HMPAKTUYECKOM ACMEKTaX, 3ajada pa3pabOTKH METOMOB KOJMYECTBEHHOIO aHAIM3a U OLCHKH
CBOifcTBa «0E30MACHOCT — OMACHOCTB» M PUCKA CIOKHBIX TexHH4YeckuX cucteM (CTC) Buaa «ra3oBble KOMMYHHUKAIMH — HETaTUBHBIE (HaKTOPBI
— CPEJICTBA ¥ MEPOIIPHATHS 3aIlIUTHI — YEJIOBEK — OKPYXKAOIIas Cpe/ia» B HACTOAIIEE BPEMs HE PElICHA U SIBIAETCS aKTyalbHOM.

B ycnoBusx, Kak MpaBHIIO, MaJOH CTATHCTUKH U CJIIO)KHOCTH CBSI3¢il OTHOCHTEIBHO BBIBICHHBIX NPEIIIOCHUIOK IIPOUCIIECTBHII B TEXHHIECKOH
CHCTEME, TaKas CHCTEMa MOXET PaCCMATPUBATBCS KaK «yHHKaJIbHas» U s He€ IoKa3aTean 6e30MacHOCTH MOTYT OBITh ONPE/ICICHBI HA OCHOBE
MeTozia (haKTOPHOTO MapaMeTPHIECKOro MOJSIHPOBAHUS U BO3ZMOXKHOCTHOH OIeHKH [5,6]. MI3BeCTHO, YTO MOBBIMIEHHE JOCTOBEPHOCTH OLIEHKU
0€30IIaCHOCTH CBSI3aHO C HM3YYEHHEM KOMIUICKCHOTO XapaKTepa YyCJIOBHH BO3HMKHOBEHHS IIPOHMCIIECTBHH ¥ ITIOCTPOEHHEM KOMILIEKCHBIX
napaMeTpHUYeCKuX KPUTEPHUEB BBISBIECHUS NPEANOCHUIOK npouciuectsuid [1,3,6]. Takoi moaxox 1mo3BossieT MUHUMU3UPOBATh OLIMOKY IPOITyCKa
MHUIUHPOBAHHUS IPONCIIECTBHUS (OMMOKY BTOPOTO PoJia), 4TO BaXKHO JJISI CUCTEM IIOBBIIICHHON ONAaCHOCTH.

Tocmanoeka 3aoauu. VI3BectHo [1,2,8], uTo B HacTosimee BpeMs I1OKa3aTelIN PHCKA, KaK MPABUIIO, OMPEEISIIOTCS 0 OJHOIApaMeTPHIECKUM
MOZENSAM U KpUTEpUsiM. PaccMOTpUM yCIOBHS MHULIMHPOBAHUS ra30-Bo3ayliHOW (MeraHoBoi) cmecu (I'BC), omuchiBaeMoi cieayrOLMMu
nmapamerpamu: Temmeparypoii 7 u koHmentpamueii n I'CB mpu BHeceHMM B Hee HCTOYHHMKA HWHHIIMMPOBAHHS (HAIPHMeEpP, HCKPHI),
NCHCTBYIOLIET0 B TEYCHHE BPEMEHH T M C YYETOM JIUTEPATypPHBIX MCTOYHHKOB [2,3,7] mpou3BeneM MX Ka4eCTBEHHBIH (DH3UKO-XHMHYECKHI
aHanu3. VI3 Takoro aHanMsa CieiyeT, YTO MPH ONPECICHHONW JUIMTEIIBHOCTH 7 = 73 MHULMHPOBAHUE B TOUKE A, PUCYHOK 1, MIPOU30UIET, eciin

cr cr
(n > nl AT > Tl npu ycioeuu, uto T = 79 . Eciu e JUmMTenbHOCTh HHULMMPOBAHHNS OKA3bIBACTCSl MEHbIIE, HAIPUMED, T2 < T3,

cr cr
TO MHUIUUPOBAHHE MOXKET IMPOU3OUTH TIPH Tropa3ao GOJBIINX TeMIepaTypax (pUCYHOK 1, Touka B): (n > nl )/\ (T > T2 ) Kax BuzHo,

KpUBBIE 71, 7» Ha PHCYHKe | TpPEICTaBIAIOT cOOOH KpHTepHalbHBIE KpUBEIE, pasaenstomme obmacts (N, T) Ha Mog00IacTH YCTOWYHBOTO
. cr cr
PaBHOBECHS U YCTOIUMBOro HHHLMKpoBauus. [1pu oToM cienyer 3ametnts, uto 17 > 0«T™ >0.

PaccMoTpuM Temeph 3aBUCHMOCTH [T KOHIEHTPAIMM M TemmepaTypbl. Kak u B mepBoM ciydae, 3TH 3aBUCHMOCTH MOXHO BBIPa3HTh depe3
kpurepuanshbie kpussie N = f (7, T) u T = f (7, n), pucyrnok 2. Kax BuaHo u3 pucyHka 2.a, oonacts (7, 7) yCTOHYHBOTO paBHOBECHS CyXkKaeTcs
[pH BO3pAacTaHWU KOHUEHTpanuu raza (N, > n;) B [BC. Torma kak u3 pucyHka 2.0 cleayer, 4To o0nacth ycToiuuBoro pasHosecus (N, T )
yMeHbIIaercss mpu BospacTanumu Temneparypsl I'BC (7> > Ti). IlpuBeneHHBIE KaueCTBEHHBIE KPUBBIC HATANHO JIEMOHCTPHPYIOT
B3aUMO3aBUCHUMOCTb apaMeTpoB (T, N, 7) OTHOCUTENbHO HaYajaa MHUIIMHUPOBAHHUSI.

Taxum 06pa3om, Ipy pacCMOTPEHNHN 3aBUCHMOCTH BO3HUKHOBEHHS MPOKCHIECTBUS TOJNBKO OT OJHOTO, B JAHHOM PACCMOTPEHUH, XMMHYECKOTO
BuJa akrtopa, ycinosue nunuuuposanus 'BC nomkHo 3a1aBaThCs CeIyIOIMM KOMIIEKCOM YCTOBHIA

TZTcr)/\(nZHCIr Ale>7"), o)

rae T, N, 7 — COOTBETCTBEHHO BBIPAXKAIOT IapaMeTphl BO3eiicTBYsA, opMann3yemble B paMKax (h)aKTOPHOTO NapamMeTpudeckoro Oasmca Kak
s{m}t: 4 3 T n®, £ — napameTpbl BOCNIPUUMYNBOCTH K nHULMUpoBanuio I'BC, Gopmanusyembie kak r{m}t: 4 > TAe M, t— HOMepa BUJIOB

napaMeTpoB u (pakTOPOB B pacCMaTpUBAEMOU cucteme, t = 4 — HoMmep XxuMuueckoro ¢paxropa [5,6], cM. Takke npumep 1.
IIprMeHeHne KOMIUIEKCHBIX MHOTONAPAMETPUYECKUX KPUTEPUEB IJIs OMMCAHUS U BBIIBJICHUS MPOUCIIECTBHH M UX MPEANOCBUIOK B CHCTEME
JOCTIDKHUMO [6,8], ecin HaiiieHsl rpaHuIlbl (00IaCTH TOMYCTHMBIX 3HAYEeHH 1) KOMIUIEKCHBIX IT0Ka3aTeleil BOCTIPUIMYHBOCTH

r(){m}tk :{r()m:uk,r()m:zxk,r()mzaxk}- )
Toraa ¢parMeHT KOMIUIEKCHOTO MapaMeTPHYECKOr0 KpUTEpUs MHHULUHPOBAHUS B TEPMHUHOJNOTMU (aKTOPHOTO IMapaMEeTPUUECKOro

MOZENUpoBanus [5,6] uMeer BUL

(Smyr12 > Mmy12) V' (Sgmparz > Fmpz2)- 3)

Ecnmu peiictBust 0gHOPOAHBIX (PaKTOPOB MCTOYHUKOB C HOMEpaMH, HanmpuMep 2 U 3, MPOUCXOIAT OJAHOBPEMEHHO U (HJHM) COBMECTHO, TO MX
00BbeIHEHNE eCTh WM Aredpandeckoe CyMMHUPOBAHHE, WK BEIPQKEHHE HOPMBI 9THX BO3/eiicTBHil. B nepBoMm BapuaHTe:

(Sgmyr24 + Sgmyr34) = Fmp1a - (4)

Ecmu mpenctaBUTh mapaMeTpbl BO3AEHCTBHS M BOCIPHHUMYHMBOCTH KaK HEYETKHME BEJIMYUHBI, TO MEPa ONpEICICHHOCTH BO3HMKHOBECHHS
MHUNUHPOBAHUS IPOUCIIECTBUS (TI0XKapa) HaXOAUTCS B BUJIE BO3MOXKHOCTHOH MepsI [9]
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7= Pos((T >T%:n>n® ](rz < )) . ®)

Taxum obpa3oM, Ha mpuMepe onucanust nHUIMUpoBaHus ['BC pazpaboTaH KOMIUICKCHBIH KPUTEPHH BBIBICHHS NPENOCHUIOK MPOHCIIECTBHUM,
ydeT KOTOPOTO MPOSIBILETCS KaK B 3aJaHHU MHOXKECTBA 3HAUCHHH BOCIIPHUMYHBOCTH JIEMEHTOB R, hopMmyna (2), OTINYHBIX OT OZHOMEpPHBIX,
TaK U B YTOYHEHHHU XapaKTepa U 3HaYeHUH Bo3/eliCTBUIl OTHOCHTENBHO BBIBICHHBIX IOTEHIIMAIBLHO ONACHBIX JIEMEHTOB CUCTEMBI.

[
Ananuz nonyyemnvix pesyibmamos. 3aJaHHe B KadyecTBE IOPOrOB Havala HHHUIMUPOBAHUS, HaIpUMeED, (Tl , nl ) (mo ycmoBHAM

CTAallUOHAPHOCTH, T.€. IIOCTOSTHHOT'O HeﬁCTBHH MHUOUHUPYIOUIETO (baKTopa) NIPpUBOAUT K 3HAYUTCIBHOMY YXKXECTOUYCHUIO Tpe60BaHHﬁ

6e3onacHocty. Kak BuiHO U3 aHanu3a pucyHka 1, Ha caMOM Jiejie MHULIMUPOBAHKE NTPOM30MIET pu (T2 , nl ), Te T2 > Tl .

AHAJIOTMYHO, IIPU yueTe ToJIbKO 3aBucuMocty (7, 7) uiu (N, 7), TO €CTh TOJILKO TEMIEPATYPhI (MJIM KOHLIEHTPALMH), UCIIOIb30BaHUE TAaOINUHBIX
3HaUCHHH WHUIMHUpoBaHUS [3,4] mpHBOAMT K ommOKaM IpoIycka IpouciiecTBus. Hampumep, m3 pucyHkoB 2.a u 2.0 BHIHO, 4TO IpHU

. cr cr cr
OIMHAKOBOH JUINTeNbHOCTH T () MHULMMPOBAHUE BO3HUKACT HA MCHBLINX TEMIICPATYPax (T2 < T1 ), ecmu N g > nl

CrnenoBaTesIbHO, KOMIUIEKCHBIE KPUTEPHH BBISBICHHUS HPEAIOCHUIOK NMPOMCLIECTBUH MO3BOJIAIOT 00JICe TOYHO U MOJIHO OHPEAESIUTh ITOKA3aTEeI
06e301acHOCTH (OITACHOCTH) CUCTEMBI.

Tpumepvr anpobayuu nonyuerHvix pesynomamos. Ha ocHOBe mocTpoeHHs (akTOpHOro mnapamerpudeckoro 6asuca cucremst [5, 10] u
PACCMOTPEHHOTO 37IeCh KOMIUICKCHOTO KPHTEpHs pa3paboTaH aJrOpUTM pacyeTa KaK BO3SMOXHOCTHOH Mepbl, TAK M HMHTErPabHOIO PUCKA
CHCTEMBl, pealu3allis KOTOpPOro MpeACTaBlIeHAa B CICAYIOIMX IpUMepax. B mepBoM mpumepe paccMaTpuBaeTcsi —IOACHCTEMA
«razopacrpe/ielIuTeNbHble KOMMYHHKAlUM — HeraTHBHbIE (aKTOph» ¥ aHAIM3UPYIOTCsS ©€ II0Ka3aTeN Oe30lacHOCTH Ha OCHOBE
OJIHONIaPaMETPUYECKOTr0 1 KOMIUIEKCHOTo KpuTepueB. [lomydeHsl 3Ha4eHNUsT MHTErPAIbHOTO PUCKA B 000HX CITydasX.

Bropoii mpumep npuBOAMTCS IS CPABHUTEIBHOIO aHalW3a IPEUIOKEHHOTO MeToja (HaKTOPHOTO MapaMeTpUYEecKOro MOJCIHPOBAHUSA C
U3BECTHBIM JIOTHKO-BEPOSTHOCTHBIM MeTonoM [2]. PemieHue 1mo HaxoXIEHHIO BO3MOXKHOCTHOI Mephl OTKa3za KPHTHYECKOTO ITOTCHIIHAIBHO
OIACHOT0 IEMEHTA CHCTEMBbI Hai{ZICHO 110 OJJHONAPAMETPUYECKOMY H KOMIUIEKCHOMY KPUTEPHUIO, C y4ETOM OJHOPOIHBIX BO3JCHCTBUH.

Ilpumep 1. TIpousBeneM BO3MOXHOCTHYIO OLICHKY PUCKAa HOJCHCTEMBI «Ia30paclpe/e/UTe/IbHbIe KOMMYHUKAILIMH — HEraTUBHbIE (HaKTOPhDY,
IpeJCTaBICHHYIO Ha PHCYHKeE 3.

Ilo ypoBHI0 yuiep6a B cucTeMe YIOpsA0UeHbI CIEAYIOLIME OTEHIHAIbHO onacHbie aeMeHThl (I103), (MHoxecTBO K): 1) KOHIEHCATOCOOPHHUK;
2) knanad npuemHo-3anopHoit kommyrtauuu (I13K); 3) dunbtp; 4) perynsrop naBiieHus rasa; 5) 3JeKTpOHpUOOpbI; 6) JIOKAIBHBIA 00BbEM
MIOMEIIEHHS, IJe BO3MOXKHO HHHUIIUUPOBAHHE TOPEHHSI METAaHOBOH I'a30-BO3YIIHOH CMECH.

B kauectBe kputnueckoro Cr mpoucuiecTBust BbIOupaercs moxap B cucteme. CHopMupyeM MHOKECTBO BHAOB OMACHBIX M BPEIHBIX (haKTOPOB
T1 u MHOXXECTBO IIPOU3BOAHBIX TapamerpoB M1:

T1 = {t = 1 — mexanuuecknii; t = 2 — reruroBoii; t = 3 — anexktpuueckuii; t = 4 — xumMudeckuii GakTopsl}.

M1 = {m = 1 — HanpspkeHue, o, M = 2 — naBieHue, p; M = 3 — temuneparypa, 7, M = 4 — KonM4ecTBO BemiecTsa, N; M = 5 — mIOTHOCTH
3JIEKTPUYECKOTO TOKA, j; M = 6 — JUIMTENBHOCTD, T}.

Tloctpoum ¢axtopHblii apamerpudeckuii 6asuc (PIIB) mannoii cucremsl [10]. B pesynprate nmomyunm mnoamuoxkectBo OB, Ha ocHoOBaHMH
KOTOPOTO MIOCTPOCHA CTPYKTYpPHAst cXxeMa (paKTOPHBIX CBsI3€i NCTOYHUKOB M MPHEMHUKOB — MOTCHIINAIBHO OITACHBIX 3JIEMEHTOB, PUCYHOK 4.

JU1s CpaBHMTENBHOTO aHaiM3a KOMIUIGKCHOTO M OJHOMEPHOTO KPHUTEPHEB BBIIMIIEM YCIOBHS WHHUIHHMPOBAHUS IOTEHIMAIFHO OMNACHBIX
JJIEMEHTOB U 00pa30BaHMs BTOPHYHBIX (PAaKTOPOB B (popMe MPOM3BOJHOTO (HaKTOPHOTO IapaMeTpUIEcKOro Oasuca B OIHONApaMeTPHIECKOH 1
KOMIUIEKCHOH (hopme, Kak ¢ yderom, Tak U 0e3 yueta cpeacts 3amuthl (C3). JlaHHBIE MOATOTOBUTENIBHOIO ATamNa, A8 KPaTKOCTH, MPUBEAEM
TONBKO 10 3rmeMeHTaM [109-2 u I[103-6, Tabmuma 1.

Tabmuua | — YciioBys. HHHIIMHIPOBAHHMS IOTEHINAIHHO OACHBIX 3JIEMEHTOB

Ycnosust unnimuposanus [100

Ne 1- B pM3MYECKUX MPOU3BOJIHBIX MapaMeTpax;
oo 2 — B opme mapamerpos npoussoaHoro OI1b;
3 — ¢ y4eTOoM KOMILIEKCHOTO KPUTEPUst

C3(6e3C C3 6e3C.
L (G Gmnap V( (6eaC3 = Po J (T T ) ( (6eaC9 > npawj (T 2 TSC’[))
C3(6e3C3) C3(6e3C3)
2| 2 (syy0p 2y )V ((3 Z Iy ) (Saa32 = T3 ) A (5 Z Ty )/\ (Seazz = Foaz ))

2432 4432

_ C3(6e5C3) C3(663C3) ) )
3 (Spa00 2 1o )V(( Sou32 242) (53432 M3 )/\( > Ty (Seaz2 > Toa)

((r=To)alr20)v (2 o)Al 27D ((( 3D 5 I

AT > 1) a (A= 2 (T2 To) A (e 2 1))

2:
N(aacNQ

6 ((3{3,6}256 2 I3 6306 )V (S{s,e}ssa 2 I5 6336 ))/\ ((3{2,3,4,6}426 2 r{2,3,4,5}46)\/

NQ(aacRiQ NG(a8eNQ
= ':{2,3,4,6}46)\/ (5{3,6}206 2 36326 ))'

. ((seyoms = riaeyos )V (s e3386 = Tis oy )~ (( Sos i > Ir246) ( S > f34e)

Vv <5{2,3,4,6}436 = r{2,3,4,6}46)v (3{2,3,4,6}446

v (344{2,3,4}6 > T4 )V (5{3,6}206 2 1136326 ))

Bripakenus (2:) u (3:) B crpokax Tabmuiel 1 mpencTaBisioT KOMIUIEKCHbIE KPUTEPHU MHUIMMPOBAHUS, KOTOPBIE MPOSBISIOTCS B 33/IaHUU
NIPYTUX 3HAYEHUU MTapaMeTPOB BOCIIPUHUMYHUBOCTH R¢r, OTIMYHBIX OT OJJHOMEPHBIX. [103TOMY NpH KPUTHYECKUX 3HAYCHUSIX T <To; NPpcu
< Npaey  JEHCTBHUTENBHOE 3HAYEHHE BO3MOKHOCTHOM MEpbl BO3HUKHOBEHHMS I0XKapa B Ia30BOM KOMMYHHUKAI[MOHHOM CHCTEME OKa3bIBaeTCs
Oonbplre OIEHKH, OITYy4aeMOH IPH NPUMEHEHHH OJHOMEPHBIX KPUTEPHEB HHUIIMHIPOBAHUS (PHCYHOK 1).

Bosemem u3 [3,7] 3Ha4UCHHUST KPUTHYECKOHN TEMIIEPATYpPHI X KOHIICHTPALMHN 1 BBIPA3UM HX Yepe3 3HAYCHHS OJHOMEPHBIX MOKasartesel B Buae 7 93
=0.88 T5; n “ 3= 0.91 n3. B npeamnonoxeHny 0 AIUTEIBHOCTH IIPOLECCAa HHUIMUPOBAHUS (T = T 4, ), 110 pa3paboTaHHOMY amroputmy [5, 10]
HPOU3BEEM pacdeT BO3MOKHOCTHOH Mepbl HHUIIMKPOBaHUs Becex 110D ra3oBoil KOMMYHHKallMOHHOMH CHCTEMBI.
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TlocTponm sorudeckyio 1 HeUeTKyIo (hopMy (YHKIHU CBSI3HOCTU CHCTEMbI OTHOCHTENHFHO KpUTHIecKoro snemenTta [103-6:

Y6= ((X3256 A X6256) V (Xs356 A Xeas6)) A ((Xa208 A Xe208) V (X2a26 A X3a26 A Xaazs A Xea26) V (X2436 A X3436 A Xa436 A Xeazs) V' (Xoaas A Xaaas A Xaaas A Xeass)); (6)

1T 5”36'3=_POS (Y6=1) %> = min(max(min(mszse, Te2s6), MiN(7s3s6, Teass)), MaX(MiN(az0s, Te206), MIN(T2426, 3426, Taszs, Toaze), MIN(Taa3s, Taa36, Tasze,
T6a36), MIN(T2446, 3446, Taas, Teas6))); 7

HG 3= min(qG’ 176683(:3). (8)

Ha ocHoBanuu 3aBucumocreii (7) u (8) npousBeneM pacyeT BO3MOKHOCTHOM Mepbl BOSHUKHOBEHUSI KPUTHYECKOTO MPOUCILECTBHS B CUCTEME C
y4eToM, KaK KOMIUIEKCHOTO, TaK U OJHOMEPHOTO KPHTEPHEB, a TaKXKe C ydeToM (M Oe3 ydera) CpeAcTB 3amuThl. [Ipy 9TOM OBLIN MOTyYeHEI
CIICYIOLINE PE3YIIbTaThI:

IT 6 607 < = 0,05613, T 59" =0,05034, I1 6 = 0,0001. 9)

BblpasuM UMHTErpasibHbIi PUCK paccMaTpuBaeMoil cucrteMbl [5,6] Kak NpoOM3BEJEHHE BO3MOXHOCTHOM Mepbl BO3HHUKHOBEHHUS CaMoOro
HEXXENATeIbHOTO MCXOJa B CHCTEME Ha yIiepd OT ero BO3HHKHOBEHWs. IIpH HalMYMM CTATUCTHKH O BO3IEHCTBHM YYMTHIBAEMBIX BHELIHHX
(akTOpOB B paMKax paccMaTpUBaeMoii cucteMmbl, Hampumep, 0,2 (1/ron), u 3Hadenuu ymep6a, Hanpumep, U c = 10 * MPOT, nomyuennble
pe3yabTathl (9) MOXKHO MPEICTAaBUTh B IPHHATOI (hOpME HHTErPaIbHOTO PHCKa:
ROK)u **=561,3 (MPOT/ron), R(k) u ** = 503,4 (MPOT/rop), (10)
Ru©=1(MPOT/ron).

CrneoBaTeIbHO, PACCYUTAHHOE 110 KOMIUIGKCHOMY KPUTEPHUIO 3HAYCHHE HHTETPAIBHOIO PUCKA MEHBIIEC €r0 3HAYCHHs, MOy4EHHOIO Ha OCHOBE
OJJHOMEPHOTO TIPEACTABIICHHS YCIOBHI HHULMHPOBAHUS.

Ilpumep 2. TlpousBeneM KOJIMYECTBEHHYIO OLEHKY OE€30IaCHOCTH CHCTEMBI, NPEACTABICHHOH Ha pUCyHKe 5. Bo3aMoXHOCTHas Mepa OTKasza
kputuueckoro 103 HalizeHa MO KOMIUIEKCHOMY M OJHOMEPHOMY KpuUTepHsiM. [Ipy 3TOM ¢ NOMOILBIO JIOTHKO-BEPOATHOCTHOTO MeToza [2,12]
ObLiIa IPOU3BE/ICHA OLICHKA BEPOSTHOCTHON MEPHI KaK IPEIIOChIIOK, TaK M WHULMHPOBAHHS KPUTHYECKOro anemenTa ([103-4).

Kak crmenyer u3 rpadudeckoil CXeMbl OMACHOCTH CHCTEMBI, PUCYHOK 5, aKTHBHbIA oTKa3 (nHuuumpoBanue) [10D-4 Bo3moXkeH B ciydae
MHUILMUPOBAHHS TPETHETO U IIEPBOrO MM TPETHEIO H BTOPOTO IEMEHTOB. B TepMuUHOIOrHH (paKTOPHOrO MapaMeTpuyecKoro MOAEIUPOBAHHS
JTAHHOW CHCTEMBI 3alliIIeM

V1= ypaes, Y2 = Yi61223.43 Y3 = V(233234 (11)

IIpenBapuTeNIbHO IOATOTOBICHHBIC HCXOHBIC JaHHBIC O PACCMAaTPUBAEMOI CHCTeMe IpecTaBuM B Buae TaOuuist 2.
Tabmuua 2. dopMain30BaHHBIE B PaMKaxX MOJENU «BO3JEHCTBHE S - BOCHPHUMMYHMBOCTH I» MCXOIHBIE JAHHBIE W pPE3yJbTaThl pacyera
BO3MOYKHOCTHBIX Mep (ypoBeHb paznuuumoctd 1 —a = 0,997)

X2234 X3234 X1214 X2214 X3224 X1224 Xe224
R ) 4 45 5 4 4,5 4
Ar 1,6 0,9 0,7 1,6 0,9 0,7 0,8
S 2,3 2,1 2,2 2,2 2,2 2,1 2,5
As 0,55 0,6 1,1 0,3 0,7 1.2 0,9
zb, 1,2558 1,2666 1,2777 1,4736 1,1250 1,2631 0,8823
TN, 0,00083 0,00073 0,00064 0,00005 0,00336 0,00076 0,0301

Ha ocHoBaHuu rpaduyeckoro npeacraBieHus, pUCYHOK S5, u 3aBucuMmoctd (11) Bbipasum OyneBy (12), moruyeckyto (13) u neuerkyro (14)
(hopMBI GYHKIMHN CBSI3HOCTHU MPOHCIIECTBUS B CHCTEME

Ya= (vy2)Aps, (12)
V4= (X2230/X3238) A ((X1214AX2214) V (X3224AX1224AX6224)), (13)
14 =min(mMin(mzzs4, Ts23a), MAX(MIN(T1214, T2214), MIN(TT3224, T1228, Te224)))- (14)

C y4eToM MOACTAHOBKH MTaHHBIX Tabmuipl 2, MOCIeqHssT CTPoKa, B GopMyny (14), momydnm ciemyioiiee 3HAUYCHHE BO3MOXKHOCTHOW MEpBI
MHULMMPOBaHHs kputdeckoro [10D-4 6e3 yuera kommnexcHocTH: 114 6, = 7,32-10,

Paccuntaem BO3MOXXHOCTHYIO Mepy uHHIMHpoBaHus [10D-4 ¢ y4eToM KOMIUIEKCHOTO Kputepust. [l 5TOro CpaBHUM OyJIEBbI IIEPEMEHHBIC: X234
W X324, X1214 WM X1224 , @ TAKIKE  Xop34 M Xpp14 . BBIOEpEM JuIs HUX 3HAauCHMS KOMIUIEKCHON BOCTIPHMMYHBOCTH, (popmyna (2), ¥ Mpou3BeneM
CYMMHPOBaHHE TI0 HOPME NaPaMETPOB OIHOPOAHEIX (HaKTOpOB, AeiicTByromux Ha [10D, popmyna (4). B pesynsrare nomyqum: 114 = 4,99-102,

W3 cpaBHEHHs TOTy4eHHBIX PE3yNbTaToOB ClEAyeT, BO3MOXKHOCTHas mepa II4 . Oomee 4yeM Ha MOpAOK OonbIe BO3SMOXKHOCTHOH MepHI
BO3HMKHOBEHHs MPOHCIIECTBHUS, NMOTYyYEHHOH 10 OAHOMEPHBIM KPUTEpHUsIM. DTO JEMOHCTPHUpPYET, YTO NPHMEHEHHE KOMILIEKCHOTO KPUTEpHs
TO3BOJIIET YMEHBIIIATh MEPY OMMOKH MPOITyCKa MPOMCIIECTBUS (OITHOKY «BTOPOTO POJIA»).

B pamkax J0ruKo-BeposiTHOCTHOrO Metoaa [2,12] s penieHus JaHHOH 3a1a4 UMEIOTCS CIEIYIOINe BAPHAHTBI MOATOTOBKH M UCTIONb30BAHUS
HCXOJHBIX JaHHBIX: 1) M3BECTHBI BEPOSATHOCTH MHUIMHMPOBaHMs 31eMeHToB I10D-1, T1I0D-2 u I103-3 (4To 3aTpyAHEHO I yHHKAJIbHBIX
cHCTEM); 2) W3BECTHBI BEPOATHOCTH THUIOTE3 O (YHKIHMAX pPACIPEACNCHUS BEPOSTHOCTH W HMX XapaKTePUCTHK JUIS HCIIONb30BAHHSA
napaMeTpHYecKOd MOJENN  «BO3/EiCTBHE — BOCIIPUMMYMBOCTB» [13]; 3) B KauecTBe Mep ompeaeneHHocTH [9,14] Mcmonb30BaTh 3HAYCHUS
BO3MOKHOCTHBIX MEp HHHUIIMHPOBAHHMS JIEMEHTOB, CM. TIpumep 1.

Paccmotpum nepssiii BapuanT. Ha ocHoBannn npaswuit iepexoza [2] nmpeobpa3syem OyneBy opmy (12) B BeposTHOCTHYIO (hOpMy BOSHHKHOBEHHS
TPOMCHIECTBHSA B CHCTEME H TIOTyYHM:

Pro (ya=1) = ps(1 - (1 —p1) (1 - p2)) = ps (1 + P2 — P1p2), (15)

A€ P3= P2234 ‘P323a; P1 = P1214a - P221a ;. P2 = P3224 - P122sa - Pe22a - (16)
Ecmm P1P2 << p1+p2, TO

Pro (ya=1) = pa(p: + p2). (17

Paccunraem BEPOATHOCTH BO3HUKHOBCHUS NPOUCHICCTBUS, QJopMyna (]5), B IIPEATIONOXKEHUAX O paBHOﬁ BEPOSITHOCTU €ro INPEAINIOCHUIOK H
BBITNTOJITHCHU M 3KCITOHCHIIUATIBHOTO pACIPEACICHUA BEPOATHOCTH UX MOCTYTUICHUA:

P=p1=p2=ps=1-exp (- hr1), (18)

rae 7\,1 — MHTCHCUBHOCTb BO3BHUKHOBCHHUS NPEANOCHITIOK HpOHCLHCCTBI/Iﬁ; T1 — JJIMTEJIBHOCTh HaOJIIOACHHS.



14

Ha ocHoBe craTHCTHYeCcKUX JaHHBIX HAOMIOAEHMII 3a pealbHBIMH Ta30BHIMH KOMMYHHKAIIMOHHBIMH CHCTEMAaMH 3a 5 JeT OSKCILTyaTallUuH
oTMe4aeTcss OT 2 10 5 HPEANOCHUIOK (MHIMAEHTOB) HA 3JIEMECHTaX TAKUX CHCTEM. B IpeanonoxeHWH O CTal[MOHAPHOCTH HPOLECCOB
BO3JIEHCTBHII B paMKaxX pacCMaTpHBaeMON CHCTEMBI BEPOSITHOCTh pealli3alliyl MPEIIIOCHUIKH B TeUeHHe CyToK cocTaBisier p = 0,0011 ...0,0027.
A MCcKOMasi BEPOSITHOCTh IPOKCILIECTBHSI HAXOIUTCA B auanasone: Pro (y,= 1) = 2p?=(1,21...7,29) -10 5.
Kak BugHO, HOMyYeHHbIE DPA3NHYHBIMM METOJAMH OLIEHKH MOKa3aTeneld 0e30MacHOCTH pa3iuyaloTcs Oosiee yeM Ha Tpu mopsaka. s
BBICOKOHA/ISKHBIX CHCTEM TaKasi pa3HHIIA B OL[CHKe IT0Ka3aTelneii 0e30IacHOCTU U PHCKa He mpuemiieMa [2,8].
3axnouenue. Ilpu uccnenoBaHNK 0€30IACHOCTU CHCTEMBI C IIOMOIIBIO KOMIIIEKCHOTO KPHTEPHS MOXHO IONYYUTh yTOUHEHHE YCIOBHU U
HPEANOCHUIOK BBIABICHUS IpoUcIIecTBUA. MoJeIMpoBaHHe KOMIUIEKCHOCTH MHHI[MHPOBAHHS HMPOMCLICCTBHS B CHCTEME OCHOBAaHO Ha ydeTe
COBMECTHOCTH JEHCTBHS OJJHO M MHOTONAapaMeTPUYECKHX (haKTOPOB B MPOCTPAHCTBE M BO BPEMEHH, NMOCTYMAIOIINX OT Pa3HBIX HCTOYHHKOB Ha
OJMH MM HECKOJIbKO NpHeMHHKOB. C IO3MIMH MHHUMH3AIMH OIMMOKU MHpoIycKa W (WIM) He OOHapyXKeHHS IPOHCIIECTBHS HPHMEHEHHE
KOMIUIEKCHOTO KPHUTEPHs CIIOCOOCTBYET 3HAUMTEIBHOMY HOBBIIICHHIO JIOCTOBEPHOCTH OLCHKM PHCKA, a TAK)XKE ONTHMH3ALMU CPEICTB U Mep
3aIIUTHI, CHIDKEHHIO NIOTEPh, a 3HAYUT, U IOBBIIICHHUIO 0€30MIACHOCTH CHCTEMBI B IIEJIOM.

Pa6ota BeimonHena npu ¢puHaHCOBOH noanepxke POOU, rpant 06-08-01259

ABTOpBI:
10. Ecumnos
0. Mumenskuna
Ioamucu x pucyHkam u tabnuiam B cratbe F0.B. Ecunosa, 10.C. MumeHbkHHOM
«Pa3pabotka [Tapamerpuueckoro Kommiexcuoro Kpurepust IIpoucmectsuii B I'azoBoit KommyHnukanuonsoit Cuctemey
Pucynok 1 — Kpurepunansusie kpussie (N, T)
Pucynok 2 — Kpurepunansusie kpussie (7, 7) u (N, 7)
PucyHok 3 — YnpolueHHas CTpyKTypHas CXeMa ra30pacipeieuTeIbHON CeTH
Pucynok 4 — CTpyKTypHasi cxema CHCTEMBI C IPSMbIMU (paKTOPHBIMU CBSI3SIMU
Pucynoxk 5 — CTpyKTypHO-JIOrHYecKasi CXeMa OIaCHOCTH CUCTEMBI
Tabnuua 1 — YcioBus MHHUIMUIPOBAHUS IOTEHIUAIBLHO OMACHBIX 3J€MEHTOB

Tabmuna 2 — @opmann3oBaHHbEIE B paMKaX MOJIEIH «BO3JCHCTBHE S - BOCIIPUUMYUBOCTD I HCXOMHBIE JAHHbIE U Pe3yNIbTaThl pacyeTa
BO3MOYKHOCTHBIX Mep (ypoBeHb paznuuumoctd 1 —a=0,997)
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