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B. B. [lJeemsipes — CTyfeHT kachepbl KOMMLIOTEPHON MaTEMATUKK WU NPOrpamMM1MpoBaHMs
M. . Monsik — Hay4HbI PYKOBOAUTESb

METOR UMUTALIUM OTXXUIA B 3A0AYAX NAPAMETPUYECKON ONTUMU3ALIUK

B cOBpeMEHHOM Hay4yHOM MUpe CYLLECTBYET MHOXECTBO 3aJay, CBOASALUMXCA K MOWUCKY rnobanbHoro
ONTUMYMa HeKOTOPON (PYHKLMKU. OOHAKO 13-3a CNOXHOCTU HaXOXAEHWS rnobanbHOr0 MUHUMYMa (MK MaKcu-
MyMa), PeLLeHre 3afa4un Noucka CBOANUTCS K HAXOXAEHWUIO NOKANbHbIX SKCTPEMYMOB, YTO 3a4acTyl0 Henpuem-
NeMO B pamKax, Hanaraemblx Ha aHanm3npyemyt cuctemy orpaHudeHnin. CerogHs BO3MOXHO UCMOSb30BaHNe
coBpeMeHHbIX OBM ans paciumpeHnst BO3MOXHOCTEN peLleHns 3a4ad No HaxoxaeHWo rnobarbHbIX 3KCTpe-
MyMOB. Ha CErofHsWHNA AeHb METOA OTXKUra AN HAXOXAEHUS rMobanbHOr0 MUHUMYMa LUIMPOKO NPUMEHSET-
CSl BO MHOTUX ONTUMU3ALMOHHBIX 3afa4ax — PUHAHCOBbIX, TENEKOMMYHUKALMOHHBIX CETSX, a TaKke Ans oby-
YEeHWS HEMPOHHBIX CeTen.

MeTog oTxura B (huanke U METaNyprum — Bug TePMUYECKON 0BpaboTkn METanoB 1 CnnaBoB, Npu KO-
TOPOM NPOU3BOANTCS HAarpeBaHue, a 3aTeM MeAneHHoe oXNaxaeHue meTana. Becneacrane aToro NpoucxoauT
nepexop CTPYKTYPbI KPUCTANINYECKON peLLeTkn B boree paBHOBECHOE (YNOPSA0YEHHOE) COCTOSHME.

MeTog MMWTALMK OTXUra — 3TO TEXHWKA ONTUMW3ALMM, MUCMONb3YOLWas YNOpsLoYEHHbIR CryYanHbIn
MOUCK HA OCHOBE aHaroruu ¢ npoLeccom 0bpa3oBaHUs B BELLECTBE KPUCTamNMYECKON CTPYKTYPbl C MUHU-
MarbHON SHepren npu OXnaxaeHu.

B npouecce npoekTupoBaHns 06bIYHO BO3HWKAET 3adadva OnpedeneHns Haumnyylwmnx 3HaYeHnin napa-
MeTpoB obbekTa. Takas 3afjaya HasblBaeTCs ONTUMM3ALMOHHOW. Ecnn onTumu3aumus cBfidaHa C pacyeToM
ONTUManbHbIX 3HAYEHUI NapamMeTpoB NpU 3adaHHON CTPYKTYpe 06bekTa, TO OHA Ha3blBaeTCA napameTpuye-
cKom onTumusauuei [1].

CraHpapTHas maTtemaTuyeckas 3agada onTuMusaumu opmynupyetcs cregytowmm obpasom. Cpeau
9NeMEeHTOB X, 06pa3ytoLLMX MHOXECTBO X , HATU TaKoW 3NeMEHT X', KOTOPbIA JOCTaBMSET MUHUMASbHOE
3HaveHne f(x") 3apaHHoi dyHkumm f(X). [ns Toro, 4ToObI KOPPEKTHO NOCTaBUTL 3adadvy ONTUMU3ALWK
HeobxoaMmo 3a4aTh:

—  [0MyCTUMOE MHOXECTBO — MHOXECTBO X ;

—  LeneBylo (yHKLMIO;

—  KpUTEpMM noucka (min unu max).

Ot knacca peliaeMoit 3agaum 3aBUCMT BbIOOP KOHKPETHOrO Metoga OnTuMM3auuu. 3agaunm MOXHO
KnaccueuumpoBaTh Mo BUAY Leneson gyHKLMM 1 obnactu JONyCTUMBIX PELLEHW, KoTopas 3afaéTes cucTe-
MOW PaBEHCTB W HEPABEHCTB M Bosiee CNOXHBLIM anropuTMoM.

MeTozbl ONTUMM3aLMKM KNaccuULMPYIOT B COOTBETCTBUM C 3a4adamit ONTUMU3ALNK:

- NnoKanbHble METOObI CXOAATCA K KaKOMy-HM6y,D,b JIOKalibHOMY 3KCTPEMYMY LleJ'IeBOIZ beHKU'I/II/I;

—  rnoGanbHble METOAbI UIMEKT AEn0 C MHOrO3KCTPEMarbHbLIMM LIENEBbIMU (YHKLMAMM,
CyLuecTBytoLMe B HACTOSILLEE BPEMSI METOAbI MOUCKa MOXHO pasbuTb Ha Tpu Bonblune rpynnbl;

—  [BETEPMUHUPOBAHHbIE;
—  CnyyaiHble (CTOXacTu4eckue);

- KOM6I/1HaT0prIe.
anBeﬂeM npuMepbl anropuTMoB A4 Kaxxgow n3 rpynn anroputMmoB.
Cpep,m JeTePMNUHNUPOBAHHbLIX METOJOB MOXHO OTMETUTD:!

— metoqg ®nboHauuu;

- TpOG‘-IHbII?I MOWUCK.
Cpe;wl CTOXaCTU4eCKnX MeToA0B MOXHO BbIAEITUTD:

— meTog MoHTe-Kapno;
— METOA UMUTALMM OTXUra;



—  3BOMIOLMOHHbIE anNropUTMb;

— TeHeTUYecKe anropuTmbl;

— AndepeHumanbHas 3BONIOLUNS;
—  MypaBbWHbI anropuTm,;

— METOZ pos YacTuu.

B rpynne koMBUHATOPHBLIX METOZ0B YaCTO paccMaTpuBatoT METOL, BETBEMN U rPaHNL,.

PaccmoTpum 3agady HaxoxaeHusi rmobanbHOro MUHUMYMa C UCMONb30BaHWEM anropuTMa UMUTaLUm
OTXKMUra Anst HekoTopomn oyHKUMKM f (X), Ha MHOXECTBE X Ha HEKOTOPOM MPOCTPAHCTBE S . ONEMEHTbI MHO-

KECTBa S NpeACcTaBnsT cobOI COCTOSHNE (DU3NYECKON CUCTEMDI, 3HAYEHME GyHKUMM f MHTEpnpeTupyeT-
CA Kak aHeprust cuctembl B Todke E = f(X). AnNroputm umutaumm omkura nogpasymeBaeT, 4Tto cucTema B

Kaxabl MOMEHT BpeMeHW JoMmkHa 0b6naaath kakoi-To Temnepatypoit T . Kak npaBuro, ¢ Te4EHMEM BPEMEHN
TemnepaTypa yMeHbLUuaeTcs. [pu nonagaHuu B COCTOSIHME X Mpu Temnepatype T, cnefylolee CoCTosHWE
CMCTEMbI BbIOMPAETCA B COOTBETCTBME C 3aAaHHbIM NOPOXAAIOLMM CEMENCTBOM BEPOSATHOCTHBIX pacnpeae-
neHun ¢(x,T) . OTO CeMencTBO Npu (MKCUPOBaHHbIX T W X 3aAaeT cnydvanHblil anemeHT G(x,T) co 3Ha-

YeHneM B npoctpaHcTee S . locne reHepauun HoBoro cocTosHus X' = G(x,T), cuctema ¢ BepOSTHOCTHHO
h(AE,T) nepexoauT Kk cnegytoLiemy Lary ¢ COCTOsH1eM X', B MPOTMBHOM Cryyae reHepaums X' noBTops-
eTca. 3pecb AE o6o3Havaet npupaiieHue dyHkumm aHeprum f (x') — f(x). BenmunHa h(AE,T) HasbiBa-

€TCS BEPOSATHOCTBIO MPUHATUS HOBOMO COCTOSHUSA (CM. [2]).
B kauectBe dyHkumn h(AE,T) Gyaem ucnonb3osarts:

1
1+exp(AE/T)’
PaccmoTpum OCHOBHbIE aTanbl paboThl anroputMa:
1) CnyvaitHbiM 06pa3om BbIOMPaEeTCs HavarbHas Touka X = X,, X, € S. Tekyllee 3Ha4eHne aHep-
mn E ycraHasnusaetcs B 3HaueHne f(X,).

2) k-5 uTepauums OCHOBHOIO LMKMa COCTOUT U3 CeaYHLMX LLIaroB:
a. CpaBHWTb 3Hepruto cuctemMbl E B COCTOSHUM X C HaWOEHHbIM Ha TeKyLIMA MOMEHT rro-
BanbHbIM MUHUMYMOM. Ecnn E = f (X) MeHbLUe, TO U3MEHUTL 3HaYeHWe rnobanbHOro MUHUMYMA.

b. CreHepupoBaTb HOBYt TOUKy X' =G(X,T).

C. Bbluucnutb 3HaveHne dyHkumm B Hem E' = f(x').

d. CreHepupoBaTb cnyyainHoe yicno « u3 uHtepsana [0; 1].

e. Ecnm a <h(E'—E,T(K)), To ycraHoBute X = X', E =E’ 1 nepeit K crneaytoLen ute-
pauuu. MiHave — noTopuTh C LWwara (b), noka He ByaeT HalaeHa noaxoasiyas Touka X' .

lNepengem K pacCMOTPEHWO CxeMbl BonbLMaHOBCKOrO omkura. [ns bonbLMaHOBCKOro OTXura usme-
HeHve TemnepaTypbl 3a4aeTca creaytoLen (opMynoi:

T(k)=

h(AE,T) =

(1)

Ty
In(1+Kk)

CewmelicTBO pacnpegenenuin ¢(X,T) BblbupaeTcs kak CeMenCTBO HOPMasbHbIX pacnpeseneHni ¢ Ma-
TEMATUYECKUM OXWUOAHWEM X U aucnepcuen T, TO eCTb 3aAaeTCs NNOTHOCTLIO BEPOSTHOCTM

> 0. (2)

—X'—XZJ
5 |
g(xX;x,T)=(2T) 2e' * /, 3)
raoe D — pasMepHOCTb MPOCTPAHCTBA COCTOSHUM.
PaccmoTpum 3agady noucka MUHUMyMa OyHKLMK BUAa:
05+(x+4)(x+D(x-1)(x-3)
f(x)= .
14
[ins aT0ro BOCNONb3yeMcs METOAOM UMUTALMW OTXMra Npu HavanbHon Temnepatype T =10.
padhmk pyHKUMM (4) n306paKEH Ha PUCYHKE.

(4)



Mpachuk yHKLmM (4)

OueHuB rpadmk yHKUMM MOXHO ONPEAENUTb, YTO MUHUMYM (DYHKLMM HAXOAMTCS NPUONM3UTENBHO B
TOYKe -3. TaKkKe OTMETUM, YTO (DYHKLMSA UMEET [1Ba MUHUMYMA: B TOUKE —3 1 B TOUKe 2,3.

MpuMeHuB anroput™ bosbLMaHOBCKOTO OTXMra, NosyyYum cregyrowme pesynotatbl. MUHUMYM (OyHK-
LUnn paseH -2,89981. Mpu aTom TemnepaTypa Obina cHKeHa 40 3HaveHns Bnmskoro K 1, nocne 22027 utepa-
LUui. Mpu AaHHbIX HavarbHbIX NapameTpax peLleHns 3agayun noucka rrnobanbHOro MMHUMYMa SOCTUraeTes B
70% cnyyasx. 310 00YCNOBMEHO TEM, YTO METOA OTXKWUra SBMSETCA CTOXaCTUYECKUM METOZOM Moucka rro-
6arnbHOr0 MUHUMYMa.

[ins BorbLMaHOBCKOW CXxembl Mpu AOCTaTOMHO bonblunx T, 1 KonuyecTse utepauyuin K, Bbibop Tako-

ro cemeiicTBa pacnpeeneHunil rapaHTUpyeT HaXoKaeH e rmobanbHoro MAHUMYMA.

OCHOBHbIM HEA0CTATKOM BOMbLIMAHOBCKOTO OTXMUra SBNSETCS 04eHb MEeANEeHHoe YBbiBaHWe Temnepa-
Typbl. Hanpumep, Ans Toro, utobbl MOHM3UTL UCXOOHYl0 Temnepatypy B 40 pas, TpebyeTcsi MpUMepHO
e’ ~ 2.35*10" urepauuit.
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