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OYKUUOHHbIX npasurnax, onpedenseMbix 3KCnepmHbIM nymem. 10pomM makol mexHomoauu Si8isemces Ucnosb30-
gaHue memodos Soft Computing 0nia udeHmubukayuu 8peMeHu pacnpocmpaHeHus U Nymu 02HS, a makxe on-
mumMu3ayuu napamempos coomeemcmeaytouiux 3agucumocmeli. PaccMompeHb! acnekmb! peweHus ykasaHHoU
3a0aqu ¢ NOMOWbHO HelpoHeYemKoU cemu U 380THUYUOHHBIX MeMOA08.

Knroyeenie crosa: 380110ULIOHHOE MOdenUpogaHUe, NoXapbl, 0060 onacHble 06bEKMbI.

BBepeHue

CoBpeMeHHbIEe 1CCNefoBaHus MPOLECCOB NOXAPOTYLLEHUS METOAaMW MaTeMaTUYeCKoro MOLen1poBaHmus B OC-
HOBHOM MOCBSILLEHbI UCCMESOBAHNIO TUMOBLIX CUTYaLMi. B YaCTHOCTM - MOXAPOTYLUEHMIO B JKWMOM CEKTOPE,
pPacnpoCTpaHEHMI0 NOXapOB B NMECHbIX MaccuBax, paspaboTke adEKTUBHBIX TEXHUYECKIX CPEACTB NOXApOTY-
LWeHus. B T0 ke Bpems UCCNenoBaHNI0 AUHAMMUKM NOXapoB Ha 0060 onacHbIX 0GbekTax He YAENseTcs LOMKHO-
r0 BHUMaHWsl, HECMOTPS Ha TO, YTO B MOCreaHee BPeMS MPOMbILLMIEHHbIA POCT COMPOBOXAAETCS YBENMYEHUEM
KONMYeCTBa SKONMOTUYECKUX M MPOMBILLIIEHHbIX KaTacTpod W aBapuit. Takoe COCTOSIHUE MOXHO OBBACHUTL WC-
KIIOYMTENbHBIM XapaKTepoM YpesBblyaliHbIX MPOUCLUECTBMIA, CTOMMOCTbI0 MOLENMPOBAHMUS YHUKambHbIX CUTYa-
LiWiA, HeoMpaBaHHOI YBEPEHHOCTbIO PYKOBOACTBA M NEepcoHana npeanpusiTuii B ux 6eonacHocty. BaxHo 3ame-
TUTb, YTO BO3MOXHbIE MOTEPN OT BO3HUKHOBEHMS KDUTUYECKIX aBapUIHBIX CUTYaLMA MHOTOKPATHO MPEBLILLAKT
CTOMMOCTb MH(hOPMALMOHHO-aHANUTUYECKMX CUCTEM, C MOMOLLBIO KOTOPBIX MOXHO OCYLLECTBIISITb MPOTHO3MPO-
BaHWe AMHAMWKW Pa3BUTUSI MOXapOB U OGBLEKTUBM3MPOBATL MPOLECCHI MPUHATUS PELIeHNi, 6asupysich Ha aHa-
nmn3e CyObEKTUBHBIX CY)XOEHWUA SKCNEPTOB.

OnpenenexHble pe3ynbTaThl B ykasaHHOM HanpasneHny 6binn nonyyeHsl B pabotax [bolueHko, 2006], [CHuTIOK,
2006]. Tak, B ctatbe [BbiyeHko, 2006] NpeAnoxeH NepsbIv War peanusaumn MHPOPMaLMOHHO-aHANUTUYECKON
TEXHONOMK, 3aKniyarowuincs B paspaboTke npoueaypsl (OPMUPOBAHNS MOLENM BPEMEHU PacnpoCTpaHeHus
noxapa, ¢ MOMOLLbK KOTOPON MOXHO MakcuMansHO Brin3ko MOAEnMpoBaThb NPOLECC NPUHATUS PELUEHWA Yero-
BEKOM. BbINonHeHa CTpyKkTypHas naoeHTUduKaLms n tHULManmusaums Moaenu BpeMeH pacnpocTpaHeHns noxa-
pa. B pabote [CHuTiok, 2006] npeanoxeH NoAxo4 K hopMUPOBAHMIO yka3aHHOW Mogeni, BasupyroLwmincs Ha uc-
nomnb30BaHUM HeYeTKnX 6a3 3HaHWA M COOTBETCTBYIOLLMX METOAOB W HAMPaBIEHHbIN HA peanu3aumio MHgopma-
LIMOHHO-KOHCYIbTaTUBHON reOMH(OPMALMOHHON CUCTEMBI, KOTOpas NO3BOMUT OCYLLECTBNSATL NPOrHO3UPOBaHWE
npoLiecca passuTIS noxapa B NPOCTPAHCTBEHHO-BPEMEHHOM CUCTEME KOOPAWHAT.

OyeBunaHo, YTO MOLLHOCTL BaHKka Mogenei npouecca pacnpocTpaHeHus noxapa npesbIaeT eauHuLy. Popmu-
poBaHWe, UCCNeAoBaHWe 1 UCMONb30BaHNE MOAENW OMpedenseTcs ABYMS rMaBHbIMU (hakTopamu: COOTBETCT-
BYIOLLMM KpUTEPUEM €€ ONTUMANbHOCTU U OCOBEHHOCTAMM BHELUHEN Cpefbl. 3aMeTUM, YTO Takoi KpUTepnin Ho-
CUT CyOBEKTUBHBIN XapaKTep W onpeaenseTcs akenepTHbIM NyTem 6o NNLOM, NpuHUMaloLLMM pelueue (J1P).

MocTtaHoBKa 3agaym

XUMUYECKME MPOMBILLIEHHBIE NPEANPUATUS U NPEANPUSTUS SHEPTETUKA UMEKT Ha CBOel TeppuTopun 0cobo
ornacHble 0ObEKTbI, BOHUKHOBEHIE MOXapa Ha KOTOPbIX UK JOCTUXKEHIE UX OTHEM NPUBELET K TEXHOreHHbIM I
aKonornyeckum katactpodam. MockonbKy NpoLEecc pasBuTIS Noxapa A0CTATOMHO CTPEMMUTENEH, TO MPOTHO3M-
pOBaHe ero NyTi U BPEMEH! SBNSETCS aKTyanbHON Hay4YHOI 3afayeid, NOCKOrbKy ee pelleHne no3BonseT Bbi-
MONMHUTL ONTUMANbHOE PasMeLLiEHNe CUM 1 CPEACTB NOXapOTYLUEHUS U NPefoTBPaTUTL KaTacTpody. Tpaauum-
OHHO Takasl 3a4a4a PeLlaeTcsl HavyanbHUKOM NOXAPHOrO pacyeTa, UCXoAs U3 NMUYHOTO OMbiTa W UHTYULMK, BO3-
MOXHO C MCTONb30BAHNEM KOHCYNbTATMBHON MOMOLLM NOAYMHEHHbIX. TaKoi CyGbekTMBM3M 3a4acTyio NPUBOANUT
K HEnpaBUMbHbIM, HE MOAKPENNEHHbIM pacyeTaMu 1 MHOPMALMOHHO-aHANUTUYECKAM COMPOBOXAEHNEM peLle-
HUSIM W, CrieaoBaTenbHO, K YENOBEYECKUM XepTBaM W APYruM HeraTuBHbIM NOCHEeACTBUAM.
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dopmarnbHO NocTaHoBKa 3adaduv onpeaeneHns Hanbonee BOIMOXHOIO MyTU U BPEMEHMU pa3BUTUS NoXapa SBns-
eTcs Takow. [peanonoxum, YTo NPeanpuUsTUE, UMEILLEee OnacHoe NPOU3BOACTBO, HAXOAUTCS B HEKOTOPOW CUC-
Teme koopanHat XY. Tlyctb (X,,Y,) — TOuKa BO3HMKHOBEHMS noxapa, (X,y)— KoopauHaTbl 0cobO OnacHoro
obbekTa. Torga BO3HUKAET HECKOMBKO 3afay, B YaCTHOCTW HEOOXO4MMO OnpeaenuTb:

= MUHUMAnbHO BO3MOXHOE BPEMS U COOTBETCTBYIOLMA NYTb JOCTWXKEHUS MOXapPOM TOYKU (X, Y);

- Hanboree BO3MOXHbIiA MyTb U COOTBETCTBYIOLLIEE BPEMS AOCTVXKEHMS NOXapOM TouKMA (X, );
- CpefiHee BO3MOXHOE BPeMs N COOTBETCTBYHOLLME MyTH JOCTWXEHUS MOXAPOM TOYKW (X, V).

/AcxoaHbIMM JaHHBIMU SBMAKOTCS 3aKMIOYeHns m 9KCNepToB, B COOTBETCTBMU C NOXenaHUAMU KOTOPbIX BbINOI-
HeHa AUCKpeTn3auuna KOOp,EI,VIHaTHOIZ CeTKW. ﬂpe,u,nonox(MM, YTO NYTb OrHA MOXET I'IpOIZTI/I no oAHOMY U3 p Mmap-

LWPYTOB: {S,,S,,...,S, }. Kaxablit u3 MapLUPYTOB MOXET COCTOSATL U3 PA3HOTO KONMYECTBA Y4aCTKOB. Tak,

k k. k,
S ={8.8,..,8"}, S, =1{8,87,..,87},....,S, = {5,,5,,....5,’ }, (1)

rae s/ - j-it y4actok i —ro maplupyTa, k.- KONMMYECTBO y4acTKoB i —To MapLupyTa, i = 1, p. O4eBMaHO, YTO Bpe-
M$l PacrnpoCTPaHEHUs Noxapa OT TOYKK (X,,Y,) K TO4Ke (X,)) ABNSETCA CYMMON BPEMEH MPOXOXKAEHUS OTHEM
yKa3aHHbIX y4acTKOB. 3aMeTUM, YTO Y4acTku B BOMbLIMHCTBE CRyYaeB SBNSAIOTCS OTPe3kaMu NPSIMOM, HO NOHS-

TWe yyacTka MapLupyTa BKItoYaeT B cebsi Takke TEXHOMOMYeCkie NPOEMbI, ABEPH, OKHA U NOA0GHbIE KOHCTPYK-
Lmu.

Y4uTblBas HOPMATUBHYIO MHCHOPMALMIO, CNPaBOYHbIE MaTepUasbl, OMbIT U UHTYULIMIO, SKCMEPT yKa3blBaeT Bpems
pacnpoCTpaHEHNs OrHS N0 ONpefeneHHOMY Y4acTKy B BuAe (PYHKLMM npuHaanexHocTy. B 6onblumHcTBe cnyya-
€B, €CNN JKCMEPT UMEET HaUBOMbLLYIO YBEPEHHOCTb B HEKOTOPOM OAHOM 3HaYeHUM apryMeHTa, TO OH onpeaens-
€T BpeMs Yepes TpeyronbHyto yHKUMI0 npuHagnexHocty (O), umetowwyto gsa napametpa [3ryposckuit, 1990];
€CIN1 MHAOPMALIMOHHAs SHTPOMWA ABNAETCH MUHUMAnbHOW, Gl MOXeT UMeTb KonokoioobpasHyto opmy [Kpyr-
nos, 2001]. Ecnu y akcnepToB HET YBEPEHHOCTW B TOYEYHOM 3HAYEHUM BPEMEHU PAcnpPOCTPAHEHUN OrHSA U OT-
CYTCTBYIOT AaHHble 0 Nofo6HbIX MoXapax, To AN pelleHns Hallen 3agadun pauuoHarnsHO 1enonb3oBaTh Tpane-
uuenogobHble ®I1, nockonbky Takvwe Gl NO3BONAIOT UCMONbL30BaTh MHTEPBANbHOE NpeAcTasnexne. Tpaneume-
nopobHas ®I1 [[iobya, 1990] onpeaensetcs naTblo napameTpamn (m,m,a, 3,h), rae m - HUKHEE MoAarnbHoe

3HauyeHue, m - BepxHee MOAANbHOE 3HaYeHe, « — NeBbIil KOIPMULNEHT CKOLLEHHOCTH, [ — NpaBblit KOIPu-

LMEHT CKOLEHHOCTH, h - BbicoTa. MoCKonbKy B 9BOMOLMOHHOM MOLENMPOBAHUM WUCMOMb3YITCH HEMPOHHbIE
CeTH, TO 4115 UCNONb30BaHWS 4N UX 0BYYEHNs rpaaneHTHbIX MeToLOoB HeobxoanuMo 1cnonb3oBath rnagkue e,
Takumu hyHKLMSMM SBNSIKOTCA KonokonoobpasHble (rayccosckue) Ol ¢ AByms napameTpamu.

I'Ipo,quuMOHHble npeactaBneHns BpeMeHU pa3BUTuA noxapa

[ns npeacTaBneHMs SKCNEPTHBIX CY)XAEHUI 1cnonb3yeM NpoayKUMoHHble npasuna [Paccen, 2005], [Dxapparta-
Ho, 2007]. PaccmoTpum faBa cnocoba ux 3anucu. B nepBom cnyvae aKCnepT AenaeT 3aknueHne o Haubonee
BO3MOXHOM C €r0 TOYKW 3pEHWs NyTW pacrnpocTpaHeHus orHs. [pyron cnocob Gonee emkuit u Basnpyetcs Ha
CYXOEHNSIX KCMEPTOB O BO3MOXHBIX MyTSX Pa3BUTIS Noxapa. 3amMmeTuM, 4To B NePBOM BapuaHTe nyTu pacnpo-
CTPaHEHWs OrHSi, yKa3aHHble BCEMW dKCnepTamu LOMKHbI COBNaaaTh, B MPOTUBHOM Cryyae 3ajada CBOAWTCA K
APYromMy BapuaHTy W 9KCMepTy npeanaraeTcs OLeHWBaTh BapuaHThbl, NPELOXeHHbIe ApyriMu akcneptamu. Ta-
kum 0Bpa3om, Ans Hanbonee BO3MOXHOTO MyTH Pa3BUTMS NoXapa UMEEM NIOTUYECKYHO CXEMY:

Ift eA &t eA &...&t €Al then T B, with weigthw, V
Ift e A &t, eA &...&t, €A’ then T e B, with weigth w, V 2
IfteA &t,e A &...&t €A then T B, with weigth w,
rie f- BXOJHbIE BEMMUMHLI, YKA3bIBAIOLIME Ha BPEMS MPOXOXMIEHNS OTHEM i -0 yuactka nyt, i=1,n; n-
KONMYECTBO Y4acTKoB MyTw; A/ = (OYHKLMS NPUHALMEXHOCTH, ONpEeneHHast j-M 3KCTIepTOM Af1st BpemeHm

j=1,m; m- KonuyecTBO 3KCnepToB; T — BPEMsSI MPOXOXAEHUSI OTHEM OT TOYKM BO3HWUKHOBEHMS MoXapa
(Xo5Y,) BO TOYKM (X,Y); B,— (hyHKUMSI MPUHAZANEXHOCTW, onpedeneHHas j-M 3KCTepToM AN BpemeHu
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T; W, - BECOBblE KOG(*)(*)MLLMGHTbI, onpeaendawlmMe KOMNETEHTHOCTb SKCNEPTOB.

MHyiO (bopMy npencrasneHus MMeeT cuctema I'IpOLlyKLl'I/IIZ Ana BapuMaHTa OLEeHKM BCEMW SKCnepTaMn BCEX npea-
JIOXXEHHbIX BaPUaHTOB:

IfteA &t ehA) &..&t, €Al thenT B/ V
ift: e A &t e A &...&t,f2 eAki] then T, B V

iftf A" &t e Al &...&t, €A then T, B with weigth w,
or

Ifti e A? &t) € A &...&t,ll eA,ll2 then T, eB) V

ifti e A” &t e A &...&t,f2 eA,ff then T, e B2 V

iF e A? &t2 e AP &...&t] < A7 then T, < BY with weigth w, (%)

or

or
IfticA" &t,e A" & .. &t e A" then T B, V
iftie A" &t e A" & .. &t; e A" then T, eB; V

it € AT &t? € A & ... &t] < A" then T, < BY, with weigth w,,.

B BblpaxeHuu (3) t' - Bpems NpOXOXaEHIs OTHEM | -0 y4acTka B j -BapuaHTe passuTis noxapa, i = 1, ks Kk, =
KONMMYECTBO Y4aCTKOB PaCMpOCTPaHeHWe OTHsl B ( -BapuaHTe passuTUs noxapa, q =ﬁ; A¥ = chyHKums npu-
HAZNEXHOCTU OnpeaeneHHas k -M 3KCmepToM A7s BpemeHn t/, k =1,m; T, = BPEMs NPOXOXAEHUsi OTHeM OT
TOYKM (X,,Y,) [0 TOYKM (X,y) MpU G -M BapuaHTe pa3suTus noxapa; B/ - PyHKLUMS NpUHaSNEXHOCTM onpe-
JeneHHas Kk -M SKCMepToOM NS  -ro BapuaHTa passuTus noxapa.

OnpeneneHMe KOMNEeTeHTHOCTU IKCNepToB Ha 0aze aKCMOMbI HECMELLEHHOCTH

KoMneTeHTHOCTb 9KCMEPTOB, BbIpaXeHHas B BECOBbIX KO3 ULIMEHTAX WX CyxaeHui, Ans JINP Ha MOMEHT npo-
BEAEHUS JKCMEPTU3bI U MOJENUPOBaHUS MOXET OblTb HEM3BECTHA. BO3MOXHO, YTO BO3HWMKHET HEOBXOAMMOCTb
NPOBEPKM KOMMETEHTHOCTW U NOATBEPXAEHUS UMK onpoBepxeHns oueHku JTTP. MNpeanonoxum, YTo anpuopHas
WHopMaLms 06 YpoBHE KOMMNETEHTHOCTU SKCMEPTOB OTCYTCTBYET. Torda pauyoHanbHO BOCMONb30BaTLCA NPO-
Leaypon ee onpegeneHus, paspabotaHHoi B ctatbe [CHuTiok, 2000]. Takas npoueaypa basupyeTcs Ha akcuome
HecmeLleHHocTn [MaTeeesckui, 1987], CyLWHOCTb KOTOPOW 3aKMioyaeTcsl B TOM, YTO CyxgeHue GOonbLUMHCTBA
komneTeHTHO. CrnefcTBUEM W3 Hee eCTb YTBEPXKAEHWE O TOM, YTO Hanbonee KOMNETEHTHbIM ABMSIETCH TOT 3KC-
NepT, CY)XAEHUs KOTOPOro MaKkCMMasbHO COBMaZatoT C CYXOEHUAMM APYruX SKCMEpToB, T.€.

ZZW,-,u(Q,}.,Q,k)
_ _ i=1 j=1
ymax - mkax yk =max n. m (4)

k ZZZ W, p(€2;,€2,)

i=1 j=1 p>j

roe y, — KOMNETEHTHOCTU SKCNEepPTOB, k= 1,m; W, = BECOBbIE KOSCbeMLLMGHTbI, yKa3blBaloLlne Ha BaXHOCTb BO-

npoca, i =1,n; wu(Q;,Q, ) - Mepa 6nM30CTM OTBETOB | -f0 U K -ro 9KCMEPTOB Ha i -1 BOMpOC.

ij >

[ins onpegenexns Mepbl 6M30CTY CyxaeHU akenepToB npeanoxeH anroputm [Crutiok, 2000], 6asupytowymics
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Ha UX aHKETUPOBAHWUH, KJ'IaCCMCbMKaLLMM BOMNPOCOB aHKETbI B 3aBUCMMOCTKU OT TUMNa OTBETOB, COOTBETCTBYHOLLMX
MoAeNAxX U UX KOMNo3nyuu. HOJ'Iy‘-IeHHbIe 3Ha4YeHnA KOMNETEHTHOCTM 3KCNEPTOB UCNOMb3YKTCA B Ka4eCTBe UC-
XOOHbIX AaHHbIX MOAENNPOBaHUA.

OBONIOLMUOHHAA VI,D,EHTM(*)VIKaLIVIﬂ BpeMeHu pacnpocTpaHeHUs noxapa

3akrnoyeHus akenepToB B hopme (2)-(3) MMEOT HETOUHBIN XapaKTep, BbIPAKEHHBIN 3HAYEHWSIMU COOTBETCTBY!O-
WX napameTpoB (yHKLUWA NPUHAANEXHOCTU. VX HAacTpoiika U ONTUMM3aLUs SBASKOTCS HEOBXOAUMBIM YCMOBU-
€M MONyYyeHnss MaTeMaTMYeckux Mogenen 1 fanbHeLwero UCromnb3oBaHns B NpakTMyeckux 3agadax. Paccmor-
pWUM METOZbI NOMyYEeHNs NapaMeTpoB (2).

Helipocemesoe modenuposaHue. be3 orpaHnieHns obLLHOCTY B kayecTBe Mogenu Bbibepem HeitpoceTb TSK
(Takagi, Sugeno, Kang'a) [Takagi, 1985]. Peanu3oBaHHas B Heil cucTemMa nNpasui aHanormyHa (2) u uMeet Bug;

n —
IT,: ecnu (x, € Al & X, e Ak &K & x, € AY), T0 y =p,, + D p,X,, rae k=1,m.
j=1
HeipoHHas ceTb, peanusytoLlas COOTBETCTBYIOLLMI BbIBOA, 306paxeHa Ha puc. 1.

(%)

X1

X

X2

Puc. 1. CTpykTypa HeuyeTkoln HeMpoHHoM ceTn TSK

B nepBoMm Liape HeMPOHOB BLINOMHSETCS (ha33nduKaLns BXOAHBIX 3HAYEHWA, T. €. ANS KaKOO0r0 3HAYEHUs Kax-
[0/ NepemMeHHON 1 KaX[oro 3Ha4eH!s TEpPM-MHOXECTBA HaxodsT 3Hauenus O u, (x;), k=1,m, j=1,n.
]

Konuyectso HeﬁpOHOB BTOPOro Luapa CoOOTBETCTBYET KONMNYECTBY BXOOO0B CETU. B Hux BbINOMHSETCS arperaums
Ol oTaenbHbIX nepemMeHHbIX U And KaKaoro npasuna pacCyuUTbiBaeTCA

Wk = mm{,uAk (x,.)}, k=1,m.
i=1,n i

B HelpoHax TpeTbero Liapa paccynTbIBaOTCS, COBCTBEHHO, 3HaYeHMs hyHKUMIA TSK, KOTOpbIE YMHOXAKTCA Ha
BbIXO4bl HEMPOHOB NpeablAyLLero Wwapa, T.e.

g, = Wi '(pio +Zpljxj)'
j=l1
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OueBnaHO, YTO KONMYECTBO HENPOHOB COBMAAAET C KONMMYECTBOM HEMPOHOB MpeblAyLLEro Lwapa. YeTeepThiit Wwap

n n
obpa3syloT ABa HeipoHa. B nepBoM 13 HUX paccynTbIBaETCS CyMma cyma f = Zgi, BO BTOPOM - f, = Zw’. Pe-

i=1 i=1

3YNbTUPYIOLLMIA €QMHCTBEHHBIN HEAPOH NATOTO LWapa BbINOMHSET AeneHue Y = f—‘
2
Obuiee BbipaxeHue q)yHKuMOHMpOBaHMﬂ cetn TSK eCTb Takum:

yox) = ——— Z(mem,X,) H#AK(X) (6)

HﬂAK(X) =
k=1 j=1

MpeAnonoXmM, YTo HEYETKON HEMPOCETLIO peannayeTcs HeM3BeCTHOE 0ToGpaXeHMe
T=F(X). (7)

CywwecrsyeT yyebHas Bblbopka {(x',t'),K,(x”,t")}. 3aMeTiM, YTO BEKTOpbl X', i =1,n ABMAKOTCH AENCTBU-

TenbHO3HauHbIMK. Llenesas dyHKumsa ans k -ro obpasa Gyget Takou:

(8)
ne Z*(y)- paccuntanHble 3HaYeHMs BbIxofja HelpoceTi, Z¥ - aHaueHns, 3anaHHble TabnuuHo. OByyeHne cetu
OCYLLECTBNSIETCS N0 rpagneHTHoMy MeTtogy. Pa3audimkaLys BXoAoB HeipoceT ocyluecTansetcs O

E, =§<ﬁ<y)—2“)2,k=1,n,

1 . .
’uA,/ (Xi):—1+eb/(x,—a{) , 1= Ln, /= Lm,

rae m — KOnMYecTBO npaswil. Todi BEKTOP napameTpoB HEMPOCETH, KOTOPbIE NoAnexar ontumusauun, byget
TaKuM:
1 1 2 1
= (a),by,a7,b K ,a],b{,a,,0,,K ,a;, b, K a5, 07,0105 P15 Pz K 1K s Prgs Pt Pz oK 5 P )-
lpvBeaem OCHOBHbIE BbipaxeHus Ans obyyenns mogenm TSK:

E J—
al(t+)=al(t)- '7 0 =1,p, p-KonuyecTso oby4aroLux 06pa3os;

’(t)
OE,  0E, 0By Ouy(X) £ ) 1
al 6?(( ) 6 (X) oa’ =( k(V)—Z) R e
| 7)oy | )3 § ZALCD
j=1 =1
HﬂAJ(Xi)
m n ;:1 ’ bf . eb/(x,—a,f)
X(pjo"'zpjixi)H,uA/(xi)_ m ln Z(p/o""z i X;) H,L‘A/(X) 1+ b a2
T QIlu ey 7 - ver )
j=1 i=1
OE,
b’ t+1 b’ t , k=1,p.
(D =B 00t k=T

B atom Clny4yae BblpaxeHue Onsa Bbl4UCIEHUA I'IpOI/ISBOLlHOI/I oTnn4yaeTcAa OT npeablayLlero TonbkKo nocnegHnm
MHOXUTENEM:

ayA’/ (x,) (al - Xi)'eb,fu,—a,f)
ablj (1+ebrj(xrfayj))2

[ins coBOKyNHOCTM NapameTpoB p;,j = 1,m, i =0,n KOPPEKUs OCYLLECTBNAETCA TaK:

Bulgaria, Varna. Proc. XlII-th Int. Conf. Knowledge-dialogue-Solution”, 2007 (June). — Pp. 247-254



ChuTiok B.E. BbiueHko A.A. SBONIOLMOHHOE MOAENMPOBAHKE NPpOLiecca pacnpocTpaHeHus noxapa

p;(t+1)=p;(t)— n£

op;
6Ek 6Ek 6?(7) (ﬁ( ) Zk) M
apﬂ aﬁ(y) 6p’ ZH,”A/ (X)

j=1 i=1

H,UA/(X)
- S (B2
’% STk, 0

j=1 i=1

OyeBnaHO, YTO KONMYECTBO NapamMeTPOB B 3aBUCUMOCTU (6) SBRSETCSH 04eHb BonbLUMM N5 afekBaTHOro U Hbl-
cTporo oby4eHus HerpoceTn. CyLuecTByoT METOAbI YCKOPEHUs npoLiecca 0by4veHns, basupytoLmecs Ha pasae-
NEeHU COBOKYMHOCTU NapameTpoB Ha ABe rpynnbl. [lapameTpbl NepBoi rpynnbl BLIYUCASIOTCA B pesynbTaTe pe-
LIEHUS CUCTEMbI YPABHEHWUA UM CYUTAKOTCS NOCTOSHHBIMU BENNYMHAMW, NapameTpbl BTOPOW rpynmbl NOMyYaT
B npoLiecce 0by4eHns HeHeTKoM CeTu.

JeontoyuoHHoe modenuposaHue. A3BeCTHO, YTO IBOMIOLIMOHHOE MOLENMPOBAHNE MCMOMb3YETCs NpenuMyLLe-
CTBEHHO ANS ONTUMU3ALMM OUCKPETHO3HAYHBIX (OYHKLWA. JBOMOLMOHHbBIE METOABI UMEIOT Pa3nnyus, Ho 0BLLMM
SBNAETCH Hanuuue LeneBoil yHKLMM unu yHKuMKM npucnocobrenHocTn. B Hawein 3apade Takoi (yHKUnen
fBngeTcsd cymma yHkumin (8). lMoTeHumanbHble pelleHus npeAcTaBnstoT CobOW 3MeMeHTbl Bektopa .

CywecTBytloT ABa noaxoAa K MpeACcTaBNEHWI0 NOTEeHUManbHbIX PeLleHni. B nepeom cryvae Takue peLueHus
NPEACTaBNSOT KaK reHOTUMbI, T.€. COOTBETCTBYHOLME BUHAPHBIE XPOMOCOMBI, MOCKOMbKY M3BECTHO, YTO TaKoe
npeacTaBsneHne obnagaeT MakcMManbHOM MHAOPMALMOHHOM HaCkILLEHHOCTLH. BTopoi nogxon 6asupyeTcsa Ha
(hEHOTUNMYECKOM NPEACTABNEHNN, NPY KOTOPOM PELLEHNS UMEIOT LECATUYHBIN BUA. AN HEro XxapakTepHo nony-
YeHMe HOBbIX PELLEHUIA C UCMIONb30BAHMEM HOPManbHO pacrpeaeneHHbIX CMELLEHNA 1 6e3 pekoMOMHaLMIA.

Y HeipoceTeBbIX MOAENE N BOMIOLMOHHBIX METOLOB ECTb Kak NMpeuMyLiecTBa, Tak W HepgocTaTtku. B nonbay
9BOSIOLMOHHOTO MOAENUPOBaHMS CBUAETENbCTBYET OTCYTCTBME TpebOoBaHWMiA K LieneBbiM (yHKUMAM W npeay-
CMOTpPEHHAs BHYTPM anropuTMOB onepaLumst MyTaLym, NO3BONSIOLAs MUHAMM3MPOBATL PUCK MONYYEHUs NoKanb-
HbIX ONTUMYMOB. [MPenMyLLECTBOM HEMPOCETEBbIX TEXHOMOMMN SBNSETCA ONpeLensieMoe anropUuTMaMm MOHO-
TOHHOE CTPEMIIEHWE LIeNeBoi (hyHKLMN K YOOBNETBOPUTENBHOMY 3HAYeHM0. IhEKTUBHOCTL MCMONb30BaHNS
TOW UMW OPYroi TEXHOMOMK 3aBMCUT OT KONIMYECTBA Y4aCTKOB NPOXOXAEHMUS noxapa, KONM4ecTBa JKCnepToB M
npoLeaypbl MCMONb30BaHWS 0By4atoLLen 1 KOHTPONBHOM NOCNef0BaTENBHOCTEN.

OcobeHHOCTH KpMTepMaanOﬁ OUEeHKU noNny4YeHHbIX pe3ynbTaToB

Ha npepblayLuem Lware nosy4eHbl OLeHK NapaMeTpoB, UCMOMNb30BaHKe 1 YHeT KOTOPbIX HanpaBneHbl Ha 0Bbek-
TUBM3aLMIO CyObEKTUBHBIX CyxaeHun. BmecTe ¢ Tem, npobnema npuHATAS ONTUManNbHOMO MK JONYCTUMOTO pe-
LeHus ocTaeTcs. PelleHve 3agaun naeHTUKaLum BpeMeH noxapa B Cryvae yyeta npoayKUMOHHBIX NpaBus
(2) v panbHenLWwero NPUHATUS PeLLeHnit He NPeAcTaBnseT TPYAHOCTH, NOCKONbKY MNyTb PacnpoCTPaHEHUs WaeH-
TU(ULMPOBAH, @ BPEMS ABNSETCSH HEKOTOPLIM CPeHEB3BELLEHHBIM SKCMEPTHLIM NoKasaTeneM.

WHasa cuTyaumus uMmeet MecTo, eCnin JKCMepTbl yKasbiBAKT MHOXECTBO NyTeln pacnpoCTpaHeHUs noxapa oT uc-
XOAHOW [0 KOHEYHON TOYKU. HeonpeaeneHHOCTb, Bbi3BaHHasA HEeOMHCTBEHHOCTbI0 0COBO OnacHbIX 0GbEKTOB Ha
BO3MOXHOM MyTW PacnpoCTPaHEHNS OTHS, U Pa3nnyHble MaclTabbl BOIMOXHbIX kKaTacTpod onpeaensitoT Kpute-
pUK NPUHATMSA peLleHnit. O4eBrUaHO, YTO B PONKW TaKMX KPUTEPUEB MOTYT ObITh:

- Hanboree BO3MOXHbII NYTb PacNpOCTPaHEHUs OrHA U pa3paboTka COOTBETCTBYIOLIEN NPOLEAYpL! onpeaere-
HWS BPEMEHM PacnpOoCTPaHEHNs OTHS N0 3TOMY MyTH;

- NyTb, BPEMS PacnpOCTPaHEHNS OTHS MO KOTOPOMY SBMISIETCS MUHUMAIbHBLIM, U pa3paboTka npoLeaypb! onpe-
[EeneHns Takoro NyTu N3 MHOXECTBA BO3MOXHbIX;

- MNyTb, BPEMS PacnpoCTpaHeHUs N0 KOTOPOMY SBASETCSH CPEAHUM, U pa3paboTka COOTBETCTBYIOLLEN NpoLeaypbl
€ro onpegeneHus.

Takvie KpuTepUM SBNAKOTCS aHarnoramm U3BeCTHbIX kputepues Casumxa u MN'ypauua [Taxa, 2005]. Mpeaycnosuem
BbIbOpa peLUeHms, UCX0asa U3 NEPEYUCIIEHHBIX KPUTEPUEB, SBMISIETCA NOCTPOEHUE W UCMONb30BaHNe KCNEPTHOMN
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cucTeMbl, 6asunpyroLencs Ha HeyeTkon 6ase 3HaHWI ¢ NpaBunamn Tuna (2) unm (3) 1 oNTUMU3MPOBAHHBLIMU Na-
pameTpamu.

HepemeHHble 3ajayn n nepcneKkTuBbl nccnefoBaHUN

OcyLLecTBrsis MOAEnMpoBaHue M ONpeaenss NyTb U BPEMSI PacipoCTpaHEHUs Noxapa OT TOYKM ero BO3HUKHO-
BEHMS O 0cO00 OnmacHoro obbekTa HeoBXOAUMO 3HaTb O MOCNEACTBUSIX, aBapusix, katactpodax, K KOTOpbIM
MOXET MPUBECTU JOCTUKEHUE €ro OrHeM. TakuMm 06pa3oM, BO3HUKAET 3afava UaeHTUdMKaLuM yHKLMN YobIT-
KOB OT MOCNEACTBUN Noxapa. 3HaHWe ee 3HauYeHMil SBNSIETCS HEOOXOAMMBIM YCIIOBUEM MPUHSITUS PELLEHMIA B
KPUTUYECKUX YCTIOBUSIX.

MpUMeHeHWe 3BOMIOLMOHHOTO MOAENMPOBaHNUS 0BOCHOBLIBAETCS 3HAYUTENBHON CYGHEKTUBHOCTBIO MCXOAHOM
WHGhOpMaLK, OTCYTCTBUEM E€OMHCTBEHHO MAaTeMaTU4Yeckon MOLENM W COOTBETCTBYIOLUMX MaTeMaTU4YeCKuX
METOZ0B. B T0 xe Bpemsi pa3paboTka SKCNEePTHbIX CUCTEM ANS peLueHnst NofobHbIX 3afay Ha 6ase peanusaLmm
reoMHOPMALMOHHBIX TEXHONOMMIA CTankMBaeTCsl ¢ Maccoit Npobriem, paspelleHe KOTOpbIX B YCHOBUSIX pe-
CypcHoro aedmumuta HeBo3MOXHO. OfHaKO BO3pacTalOLLME PUCKW, CBSA3AHHbIE C Pa3BUTMEM OMacHbIX MPOM3-
BOZACTB, PaHbLLe UIi No3xe MPUBEAYT K CO3AAHMI0 U UCMONb30BaHNI0 NOA0GHBIX TEXHOMOMIA.
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