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METO/10B rJI00aJLHOH ONTUMHU3ANNA

Opasiackas U.B. (myller@orc.ru)

MI'Y, pakyasrer BMuK

1. BeedeHue

OnTumu3anus B IIUPOKOM CMBICIE CIOBa HaXOAWT NMPUMEHEHHWE B HayKe, TEXHUKE U B
mo00l  pyroi oO0JacTH YEJIOBEYECKOM NEATeTbHOCTH. JTO MOTYT OBITh 3amadyu
MPOEKTUPOBAHMS, 3a/aydl paclpelesieHUs] OrpaHUYCHHBIX PEeCcypcoB, 3aJadyd pacuera
TPAaeKTOpUU TOJeTa pakeTbl W T.M. llogoOHBIE 3agayM dYacTO BCTPEYAIOTCS B psfe
MPUKIAIHBIX 00JacCTe MpU MOAECTUPOBAHUU PEANbHBIX MPOILIECCOB: TEOPUHU yIpPaBICHUS,
MOJICIIUPOBAaHUH (U3NYECKUX SIBJICHUH, aHATW3€ NAaHHBIX W JPYrHX OOIACTSAX, CIOBOM,
Be3Jie, I/Ie HEOOXOIUMO MONYYUTh HAWITYUIINKA pe3yibTaT eJIeBOM (GYHKIIMN Ha MHOMKECTBE
HEKOTOPBIX OTPaHUYCHUM.

bes OrpaHH4YCHUA O6H.[HOCTI/I, paccMOTpHUM 3adavqy ro00aIbLHON MHWHUMU3AIIHUHN

F(x) — min,
xeX

IJIe MHOTO3KCTpeManbHas QyHKuus e F(-) sBiseTcs HEBBITYKION M IS Pa3IM4HbIX
aIrOPUTMOB MMeeT pas3iudHble cBoiicTBa rmaakoctn, X C R, — momycrumoe muOKecTBO

JlauH, — k-mepHO€e EBKIMI0BO IIPOCTPAHCTBO.
sanaun, R, —k-meproe E OBO ITPOCTPAHCTBO

MmuoxecTBa

X% = Argmin F(x),

xeX
X ={xe X|3e>0:F(x)<F(x'),Vx'e B,(x) " X }

MHOXECTBO OIITUMAJIBHBIX peHIGHI/Iﬁ U MHOXCECTBO JIOKAJBbHO-OIITHUMAJBbHBIX peHIeHI/II\/'I

cooTBeTCTBeHHO U B, (X) = {x'e R, |‘x'—x‘ < 6‘}. Takum 0Opasom, 3aja4a rI06aIbHOM

opt
OIITUMHU3AIIUM COCTOUT B OTBICKAHHUU TOYKHN XEX P . HpI/I‘-IeM B Cﬂyqae, Koraga
lopt opt
XP = X

B cuny mupoThl Kj1acca MHOTO3KCTpEMalIbHBIX (DYHKLUH 3a7aua ri100anbHON ONTUMH3ANN
B O0I1IEM ClTydae SIBJIETCS] HEPA3pEILIUMO, T.€. HelIb3s TapaHTUPOBATh, YTO PEIICHHUE 3a1a4un
OyZeT MoJy4YeHO 32 KOHEYHOE YMCIIO IaroB. Jlaxke HEeKOTOphIe U3 pa3pelIMMbIX 3a7ad MOTYT
[IONAaCTh B KJIACC HEpa3pelIMMbIX, T.K. YHMCIO IIaroB, HEOOXOOUMBIX JUIsl MOJXy4dEeHHUs
pelIeHHsI, MOXKET OBbITh Upe3MepHO OonbIIMM. Il TOro yToOBl PEHIMThH 337ady, TOMUMO
HENpepbIBHOCTH (QYHKIMU LIETH, HEOOXOIUMBI HEKOTOpPbIE JONOJIHMUTENbHBIE YCIOBUS €€
rnaakocti. Takum oOpaszom, crienuduka 3a1aun TI00aTbHON ONTUMH3ALNN 3aKITI0YAeTCs B
MHOT'09KCTPEMaJIBHOCTU (DYHKIIMHU 1€ U HEPA3pEeIIMMOCTH B 00LIEM CiIydae.
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CymecTByeT /Ba HampaBJeHUs B paboTe ¢ HepaspemuMbIMu 3aadamu. [lepBblii ciocod —
Koraa (OpMyYJIMPYIOTCS a priori M3BECTHBIC YCIIOBHS, HAJOXKCHHBIE Ha (QYHKIUIO IETH U
JIONyCTUMOE MHO>KECTBO 3aJ1a4M, KOTOpbIE NMPUBOAIT MCXOJIHYIO 3a1ady K pa3perirMoMy
BHJy WM, IIO KpallHEHd Mepe, NAl0T BO3MOYKHOCTB C YBEPEHHOCTBIO TOBOPHUTB O TOM, 4YTO
TOYHOE pelieHue OyJeT HaiiieHo. DTO CyXkKaeT paccMaTpUBaeMblil Kiacce GpyHKuu. Bropoii
MOJXO/ MO3BOJISIET paccMaTpuBaTh 0ojiee MIMPOKHUM Kiace (QYyHKIMHA LENU: OTKa3bIBasCh OT
TpeOOBaHUS PA3PEIIMMOCTH 33Jjaul, HEOOXOIUMO MOIYUYUTh OLICHKY INI00ATBHOTO peIIeHus.
[Ipu TakoM mnonaxode KelaTeabHO HMETh TAaK)K€ HEKOTOPBIA KPHUTEPHUl MPUEMIIEMOCTH
IIOJIyYEHHOM OLICHKHU.

B HacTosmelt paboTe OCHOBHOE BHHMaHHUE YJENSIeTCS «CYHIECTBEHHO» 0e3yCIOBHBIM
3ajladaM riiobaneHOW omrtmMmsarmu (essentially unconstrained global optimization
problems), T.e. 3amayaM, B KOTOPBIX TJIOOQJIBHOE PEIICHHE TOCTHUTAETCS BO BHYTPEHHEH
TOYKE JomycTuMoro MHoxectBa [20], [36], [41], [46], [S0]. B cBs3u ¢ »TuM nipeanonaraercs

MpocTasi CTPYKTypa JOMyCTUMOTO MHOXKECTBA, OOBIYHO ATO MHOTOMEPHBIA KyO, 03
k

orpanuyenus obmuoctyu, ennandnbii X = ®[0,1].
n=l

JIns TOJy4eHWs TOYHOTO pEIICHHS «CYLIECTBEHHO» OE3YCIOBHBIX 3agad TI00albHON
ONITUMH3AIHHU OBITO MPEIOKEHO MHOXKECTBO METOAOB. TOYHBIE METOJIBI JINOO TOJIAratoTCs
Ha anpHOpHYI0 HH(POPMAIMIO O TOM, HACKOJIBKO OBICTPO H3MEHsieTCsl (QYHKIHs (T.e.
HeoOxoauMa uHGopmanus o KoHcTanTe Jlummuna GyHKIwm), 1160 TpeOyIoT aHATUTHIECKU
copmyiarpoBaTh (YHKIHMIO LeTd (HampuMep, B MeToje HHTepBasoB). CraTHCTHYECKHE
METOJIbI, KaK TPaBUIIO, UCTIOIB3YIOT TEXHUKY pa30MeHNs1, 9TOOBI Pa3IeIUTh O0JIACTh MONCKA,
HO TaKHe€ METOABl TaKXKE TIIOJNB3YIOTCS AamnpHOPHOW WHQOpMAIMEHd WM HEKOTOPHIMHU
MPEIOI0KEHUSIMH O TOM, KaK (PyHKIHUS IIeT MOXeT OBbITh ImpomozaenrpoBana. OCHOBHOE
NPEANONIOKEHUE 3aKIIOYaeTCss B TOM, 4YTO KaKAas KOHKpPETHas IieieBas (yHKIUS
MPUHAISKUT KJIAcCy (YHKIUH, KOTOPbIEe IPOMOACITUPOBAHBI KOHKPETHOW CTOXAaCTHYECKON
¢bynkiuen. Mudopmanus u3 mnpeaplAynieil BHIOOPKU 1eleBod (YHKIUHM MOXKET ObITh
WCTONB30BaHA IS OLEHKM  MapaMeTpOB  CTOXacTHYeCKOW  (yHKIMHM, W  3Ta
YCOBEPIIEHCTBOBAHHASI MOJEb BIOCIIEACTBHH MOXKET OBITh HCIOJB30BaHA Ul CMEICHHS
npu 0TOOpE TOYEK B MCCIeTyeMOoil 00IacTu.

Pa3zButne MeTon0B IiI00aNbHONM ONTHUMM3ALUU CTUMYJIUPYETCS HE TOJNBKO AKTYaJIbHOCTBIO
WIM CIIOXHOCTBIO 3THX 33J1a4, HO W Pa3BUTHEM AIIEKTPOHHO-BBIUMCIUTEIBHBIX CpPeICTB. B
HACTOAIIEE BpeMs NapaJlICNIbHBIE U BEKTOPHBIE CYNEPKOMIIBIOTEPHI PACCMATPUBAOTCS KaK
OJIMH U3 OCHOBHBIX HHCTPYMEHTOB JUIsl IPOBEACHUS UCCIIEN0BAHUI B PA3JINYHBIX HAYUHBIX U
IPUKIAJHBIX JUCHMIUIMHAX. Bcero JMmp HECKOJNBKO JIET Hasajl —MapalIeIn3M
paccMaTpuBaics Kak peIKas W 3K30THYecKas O0JIAaCTh BBIUMCIICHHM, MHTEpecHas, HO He
IIpEIHA3HAYEHHas: Ul «IIPOCTBIX» IONb30BaTeNed. AHanu3 TEHICHIMM pPa3BUTHS
IIPUKJIAIHBIX MPUJIOKEHNUH, apXUTEKTYP BBIYMCIUTENIBHBIX CUCTEM, CETEH MOKa3bIBAET, UTO
3Ta TOYKa 3peHMs yKe HeBepHa. [lapasuienbHble KOMIBIOTEPHI NIEPECTaln ObITh PEIKOCTHIO,
U TOCJEIHUE MCCIEAOBaHUS B ONTUMHU3ALUU NPUHUMAIOT BO BHUMAHUE apXUTEKTypPHBIE
0COOEHHOCTH COBPEMEHHBIX KOMIIBIOTEPOB, HAa KOTOPBIX 3TH AJTOPUTMBI IPEINONaraeTcs
peanu3oBath. IIpobnemaMm mapayulenbHBIX — BBIYMCICHMH B 3a3jJadax  IJI0OANbHOM
ONTHMHU3ALMKA, & TaKKe PA3NUYHBIM MOAXOAAM K PACNapaJICIIMBAHUIO AJITOPUTMOB
r100ambHONM ONTUMU3AIMU B HACTOSIIIIEE BpeMsl MpuaaeTcs Oomnpioe 3HaueHue [6], [8], [18],
[28], [29], [39], [40], [48].

OAHOBPEMEHHO C BO3HHUKAIONIMMH 33Ja4aMH U MOTPEOHOCTSAMH B MX PEUICHUH BEIyTCS
paboThl MO pa3pabOTKEe HOBBIX M YCOBEPIICHCTBOBAHUIO CYHIECTBYIOIIMX CHEIHATIbHBIX
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WHCTPYMEHTOB, IMO3BOJISIFOIINX PEIIATh ATH MPOOJIEMBI, UCIIONIB3YS BECh HAKOTJICHHBIN OTIBIT
U COBPEMCHHBIC BBIYHCIHTENBHBIC cpencTBa. [IpoOieMam TI00abHONW ONTHMHU3AIUH,
pa3paboTKe HOBBIX METOJOB M JAPYTUM BaXXHBIM HCCIEAOBAHHUSAM B TI00aTbHOU
ONITUMH3AIMU TIOCBSIIEHO HeMano paboT. BoT HekoTopwie cBeleHHs O MyOIHMKANUAX IO
rI100anpHOM ONTHMH3AIMK: TIepBbie MOHOTpaduu omyonukoBansl B [25], [38], [32], [41];
nepBbie KHUTH co ctathsiMu — [11], [12]; ¢ 1991 Beixoaut cobcTBeHHBIN KypHan Journal of
Global Optimization; moapo6Hoe pykoBoactso — [20], [30], [40], [42]; MuTepHET-CcaliT TIO
npoOaeMaM r1o0anpHOM onTuMu3aluu — http://www.mat.univie.ac.at/~neum/glopt.html.

2. Ceolicmea memodoe 2/106asbHOU onmumu3sayuu

[Ipouenypy (wnu anroput™m) penieHHs 3aJaddl ONTHUMH3AIUN MOKHO MPEICTaBUTh B BUIE
WUTEpPaTUBHOTO IPOlLiecca, KOTOPbIM MOPOXKIAET MOCIIEI0BATEILHOCTh TOYEK B COOTBETCTBUHI
C MpEeANUCaHHBIM HAOOPOM MpaBUJI, BKIIIOUYAIOLIUM KpUTEpHil okoH4YaHUs cyeTa. OObIUHO,
ro0anpHOE pelIeHHe 3aJavyd ONTUMHU3ALMK TpesiaracTcs HailTh, mepedpaB Bce ee
JIOKaJIbHBIE pemieHus. Takas 3ajgaya, Kak IpaBWIIO, OKa3bIBaeTCA TpyAOeMKou. Jlpyroi
moaxonda — nepe6paTL YHacCThb JIOKAJIbHBIX pellIeHI/Iﬁ K MMoKa3aTb, YTO OCTABHIMECCA JIOKAJIBHBIC
MUHUMYMBl HE BIIMAIOT Ha TOYHOCTh pemieHus. TakuMm o0Opa3oMm, Haess BCEX METOJ0B
100aIbHON ONTUMH3ALMK — OLIEHUTH 3HAYeHHs leneBoi (Qpynkuun F(1) Ha HEKOTOPOM

MHOXecTBe Touek X;,K ,Xx, wu3 gomycrmmoro MHOXecTBa X, M pasiddMe METOJOB
3aKITI0YAeTCs B CIIOCO0axX BHIOOPA ITHX TOYEK.
[Tockonbky MBI HE 3HAaeM, Tje¢ UMEHHO B X MOXXHO HaWTH TJI00abHbIE MUHUMYMBI, TO

HEOOXOMMO TIPUMEHUTh HEKOTOPYIO CTPATErHio, 4TOOBI «pa30pocaTh» ATH TOYKH TIO
MHOkecTBY X. JItoOyro Takyio CTpaTervio Ha3bIBalOT Ino0OanbHOW TexHukou (global

technique). /[lanee, BIOJHE BO3MOXHO, YTO B OKPECTHOCTH BBIODAHHOM TOYKH X,

cyliecTByer Jiyuiuee 3Hauenue GyHkuun uend F(+), uem F(x, ). Jlns nomydeHus Ty qiero

sHaueHus QyHkuun F() K MONYYEeHHON TOYKE X, NPUMEHSIOT AITOPUTM JIOKAIBHOIO

crycka. MeTron, OCYLIECTBISIIOIIMM TAaKOM JIOKAJbHBIA CIIYCK, Ha3bIBAIOT JOKAJIBLHOU
rexaukoi (local technique). ITourn Bce METOIBI TIIO00ANTBHON ONTHMH3AIMK HCIIOIB3YIOT
METOJIbl JIOKAIbHON ONTHMHU3ALMU, TIO KpalHell mepe, OIS TOro YTOOBI YIyYIIUTh YXKE
HaWJEHHYIO OIICHKY TIJIOOQJIBHOTO PEIICHHS, TMO3TOMY HE3aBHUCHMO OT TMPUMEHIEMOM
r100anbHOM TEXHUKH, HCIOJB30BAHHE JOKAJIBHOM TEXHHKH SBISETCS BaXKHOH YacThIO
JII000r0 METOoAa IrI100aIbHON OITUMHU3ALINH.

JlpyruM  BaXXHbIM  CBOWCTBOM  QJIrOpUTMa  ONTUMHU3ALUU  SBISETCS  CXOAMMOCTH
TeHEPUPYEMOM MM TOCIIE0BATEIILHOCTH TOYEK K TJI00aJIbHOMY ONTUMAIBHOMY PELICHHIO.
Opnako B OONBUIMHCTBE CIydyaeB IMOJIy4YarOTCsl MEHEE OJaronpusiTHble pe3yJIbTaThl:
HEBBIMYKJIOCTh (YHKIMH, OoJblIas pasMEpHOCTh 3aJaud WM JAPYyTrue TPYAHOCTH
BBIHY’KJAIOT ~OCTAHaBIMBAaTh aJTOPUTM, €CIU [OJIydeHa TOYKa, MpHHAJJIeKaIas
HEKOTOPOMY MHOXKECTBY MpPHOMKEHHBIX pelleHui. [pyrumu cioBamu, Ui J1000TO
YHCJIEHHOTO aJrOpUTMa HEOOXOIMMBbI YCIOBUSI OCTAHOBKH. DTO KIIIOUEBOM MOMEHT, T.K. 06€3
KaKOH-TM00 JONOJHUTENBHOM MH(OpMAIMK WM NPEINOI0KEHUH O 3a7ade HEBO3MOXKHO
C/IeNaTh BBIBOJBI O TOUHOCTU PEUICHHS, TOJYUYEHHOTO 32 HEKOTOPOe (PMKCUPOBAHHOE YHCIIO
1aroB anropurMa. TakuM o0pa3oMm, Ui YETKOTO ONpeAETeHHUS YCIOBUH OCTaHOBKU
anroputTMa HeoOXoAuMa JOMOJHHUTENbHAs WHGOpMalUs WIM MPEANOIOKEHHUS, WU XKe
YCIIOBHUS OCTAHOBKH JIOJDKHBI OBITH 3BPUCTHUECKUMH. DTO IMOATBEPXKAAET BBICKA3aHHBIN
panee dakxt, 4yTO 3a7a4ya TJIOOATBPHONW ONTHMM3AIMU B OOIIEM cllydae Hepaspelmma, U Mbl
JOJDKHBl  OBITH TOTOBBl NPUHATH TOJIyYEHHOE C TOMOUIBIO YHUCIEHHOTO METo/a
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npuOJIMKEeHUE 3a pereHue 3a1a4i. TakuM 00pa3oM, NOTYYUTh YUCIEHHOE PELICHHUE 3a1aun

TI106ALHOM ONTUMHU3AIMH 03HAYAET TIOJYYHTh HEKYIO TOUKY
opt _ _ :
xeX (8)—{X€X|F()€)SFopt +8}, rie F,, _IQI)PF(X)’ a BeIMuYMHA &

HCU3BCCTHA.

JIro0oii 4uCIEHHBII METOJl MMEET CBOM IPEUMYLIECTBA M HEIOCTAaTKH, B CBSI3U C UYEM
BO3HHUKAET BOIPOC O CPABHEHUH pa3IMuHbIX MeT0/10B. CyliecTByeT psij (pakTopoB, KOTOpbIE
CIIEyeT YYHTHIBaTh TPU OlEeHKE 3()()EKTHBHOCTH aNTOPUTMOB W HMX CpaBHEHHMHU. Tak,
YHUBEPCAIbHOCTh aJIrOPUTMa ONPEACIACTCS TEM KIIACCOM 3a1ad, JJIs PELICHHUs KOTOPBIX OH
npeJHa3HaueH, a TaKkKe paMKaMH TPeOOBaHMIA, MPEIBSBISIEMBIX AITOPHTMOM K 3aJadyaM
JAHHOTO Kiacca. JIpyruMu BaXHBIMM XapaKTEPUCTUKAMH aJIrOpUTMa SBIISICTCS  €r0
HAJEKHOCTb (MM YCTOMUYMUBOCTb), TOUHOCTb, YyBCTBUTEIBHOCTh K ITapaMeTpaM U UCXOIHBIM
JAHHBIM, 3aTpaThl Ha MIPEIBAPUTEIIbHYIO 00paOOTKY U BBIYMCIICHHUS.

Kpome TOroO, C mosiBIEHHEM MapauIeIbHBIX BBIUMCIUTEIFHBIX CHCTEM BO3HHUKAET APYTOU
MHTEPECHBIA BONPOC: KaK CPAaBHUBATD MapaJICIbHBIA U MOCIEA0BATEIbHBINA aropuTMbl. He
BBI3BIBAET COMHEHHS (DAKT, YTO CpaBHUBATH IMapauICIbHBIC aJTOPUTMBI HEOOXOAWMO IIO-
ceoemy [6]. [Jns oneHkn >(QEeKTUBHOCTH TMapauIeNbHBIX AITOPUTMOB HCIHOJIB3YIOT
pa3NuYHbIe TOJXOMbI, HanOoJee paclpOCTPaHEHHBIM U3 KOTOPBIX SBIISETCS IIOKA3aTelb
yckopeHust (speedup). Yckopenue (speedup), mosyyaemoe mpu paboTe ajropurMa Ha p
IpoLeccopax — 3TO OTHOILIEHHE BPEMEHH PabOTHI alIrOpUTMa HAa OJHOM IPOLECCOpe KO
BpeMeHH paboThl TOTO K€ ajiropuTMa Ha p mpoueccopax. JluHeiiHoe yckopenue (linear
speedup) HabrOMAeTCs, KOTJa MapaIeIbHBIA alrOPUTM Ha p IIPoIeccopax padoTaeT B p pa3
ObicTpee, yeM Ha oaHoM mnpoueccope. CyOnuHeiiHoe yckopeHue (sub-linear speedup)
JOCTUTAeTCs, KOT/la YIydIleHne B CKOPOCTH cdeTa MeHblIe p. CynepanHeHOe YCKOPEHHE
(super-linear speedup) nocTUraeTcs, Koraa yiaydlleHHe B CKOPOCTH cdeTa OoJiblie p. 3aKOH
Awmpana [5] mo3BOISET BBIYMCIUTD BEPXHIOK TPAHUILY YCKOPEHHS, KOTOPOE MOKHO OKUIATh
OT MapajuIeIbHON peaan3aluy alropuTMa.

3. MemoOsI 2nobanbHoOl onmumu3sayuu

K coxanenuto, g pemeHus 3aJadyd  T700albHOW ONTHUMM3AIMM HE CYIIECTBYET
YHHMBEPCAIBLHOTO 0 3P PeKTUBHOCTH anropuTMa. [loaTromy npu pazpaboTke creruduyeckux
METOIOB TJIOOQJIBHOW ONTHMH3AIMU B TIEPBYIO O4YEpEb YUYUTHIBAIOT CBOMCTBA IIEJICBOM
dynkmun F'(-) u momyctumoro MuoXkecTBa X paccMaTpUBaEMOro Kiacca 3aiad, JJis

KOTOPBIX pa3pabaThIBaE€TCsi METOI.

Bce u3BecTtHbie MeTOBI TTI00ATBHONW ONTUMHU3ALMKA MOXHO Pa3fefuTh Ha JIBE KaTErOpHH:
nerepMuHupoBanHbie [44] u croxactudeckue [3], [26], [35]. JerepMUHHPOBAHHbBIE METO]IbI
MOJIy4aloT TJ00ajdbHOE pelIeHHe IOCPEACTBOM HCYEPIIBIBAIOLIETO IIOMCKAa Ha BCEM
JOIyCTUMOM MHOecTBe. [109ToMy OONBIIMHCTBO ACTEPMUHHPOBAHHBIX METOJOB TEPSIOT
3¢ (PEeKTUBHOCTh M HAJEKHOCTh C BO3pAaCTaHHUEM Pa3MEPHOCTH 3ajavd. boriee Toro, 4ToObI
rapaHTUpOBaTh yCNHeX, TaKhe MEeTOAbl TpPeOYIOT BBINMOJHEHUS JOMOJTHHUTEIHHBIX
MPENIOJIOKEHUH, HANOKEHHBIX Ha (QYHKUIUIO Ienu. JleTepMUHUpPOBAaHHBIE METOIBI HE
HCTONB3YIOT CTOXACTHKH.

CroxacTudeckre aJIropuTMbl TO3BOJSIOT yUTH OT mpoOsieM J1eTepPMHHUPOBAHHBIX
JITOPUTMOB. 3/1€Ch CTOXAaCTHYECKUH MOAXOJ HMPUCYTCTBYET HE TOJBKO B pa3paboTke U
aHaJIM3e alropuTMa, HO W HCIOJB3YETCS B pEeHIeHUH 0a30BBbIX MPOOJIeM, HalpuMep, MpH
OINIPEAEICHUN YCIIOBUS OCTAHOBKH. BOJBIIMHCTBO CTOXaCTHMYECKUX METOJOB OLICHUBAIOT
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3Ha4YeHHe (YHKIMU LENU B CIIy4alHBIX TOYKAX JIOIMyCTHMOTO MHOXKECTBA C MOCIEAYIOIeH
00paboTkoii BEIOOpKH. Kak crencTBre, CTOXaCTUUECKUE METOJIBI HE TAPAHTUPYIOT YCIIEX.

Hwxe npuBeieHb! HEKOTOPbIE MPUMEPBI COBPEMEHHBIX METOJIOB TJI00aTbHON OMTUMHU3AIUH.
Onucanue METOJOB ONTHMH3AIMM Takke MoxkHO Hawtu B [7], [12], [13], [14], [21], [22],
[30], [31], [33], [36], [41], [43], [44], [46], [48], [49], [50].

Hcropudecku mepBbIM METOIOM TJI00AILHON ONTUMM3AIUHU sBJsieTcss MeTon MonTte-Kapio,
Ha 0a3e KOTOporo ObUI CO3MaH MeToja MyibTHcTapta (multistart method) [35]. B metone
MyJIBTHUCTApTa U3 MHOXKeCTBa X CIy4ailHO WM JETEPMHHUPOBAHO BHIOMPAETCS HEKOTOPOE
MOAMHOXeCTBO M3 N Touek. llocnenoBaTenbHO M3 KaXKIOW TOYKHM 3aIyCKAETCS aJrOPUTM
JIOKaJBHOTO CIyCKa, W W3 TOJYYEHHOTO MHOXECTBA JIOKAJIBHBIX PEIICHUN BBIOMpACTCS
Hawity4iiee. B uncToMm BHIe METOA MyJIBTHCTAPTA HE SIBISETCA dP(PEKTUBHBIM, T.K. OJHO U
TO JXK€ JIOKAJIbHOE pelIeHHWE MOXKET OBITh HAWJACHO HEe OAWH pa3. MyJbTHUCTAPT — 3TO
0000IIeHHBI 1MOAX0/: OONBIIMHCTBO 3(P(PEKTUBHBIX METOIOB TJOOAIBHOW ONTUMH3ALNU
OCHOBAHO Ha HJIE€ METOJAa MYJbTUCTAPTA — 3aIMYCKa CTAHIAPTHBIX JOKAJIbHBIX AJITOPUTMOB
W3 MHOXECTBa TOYEK, PAaBHOMEPHO pacIpeleleHHbIX Ha MHoOkecTBe X. Takum o0Opazowm,
METOJl MyJIbTHCTapTa MOKHO Ha3BaTh MPOTOTUIIOM TaKMX METOOB.

MeTtonsl rpynnupoBok (clustering methods) [38] siBistiroTcst oqHOM U3 MOAMUKAIIMI METOA
MYJBTHCTApTa. 31eCh MPEANPHHATA TIOMBITKA YCTPAHEHWS TJABHOTO HEJIOCTATKa
MYJIBTACTapTa MyTEM TINATEILHOTO OTOOpa TOYEK, W3 KOTOPBIX 3aIyCKaeTCsl JIOKAIbHBIN
nouck. PaccMaTpuBaeTcsi HEKOTOpas BBIOOpKAa TOYEK, HANpUMEp, PaBHOMEPHO
pacmpeneneHHbIx Ha X. 3aTeMm, MOKa HE BBIOJHUTCS HEKOTOPOE YCJIOBHE OCTAHOBKH,
MOCJICIOBATEIBHO BBHITIOIHSIOTCS CIICAYIONIUE TPH 11ara:

1. ¥3 KaXJIOW TOYKHU 3aITyCKaeTCs ajJrOpUTM JIOKAJILHOTO CITyCKa, B pe3ysbraTe Oyjaer
MIOJIy4eH HaOOp JIOKAJIBbHBIX PELICHUH;

2. WCHOJb3YS CHELMAIBHYIO TEXHUKY TPYNIUPOBKH, ONPEAEISAIOTCS TPYNIIbl TOYEK;

B KauecTBe HOBOW BBIOOPKM TOYEK paccMaTpUBAacTCAd KaKAas m-Tas TOYKA H3
IPYIIIBL, U OCYIIECTBIISIETCS NIEPEXO K IEPBOMY IIATY.

Takum oOpa3om, pelieHuss HaXOASTCS IMOCPEICTBOM JIOKAJIbHBIX aJITOPUTMOB CIyCKa W3
HaWJTy4IlIUX TOYEK KaXKJI0W IPYIIIIbL.

CymiecTByI0T — pa3jiu4Hble  MOJU(PHUKAUM ~ OPUTHHAIBHOTO  METOJa TIPYNIHPOBOK,
pa3zpaboTaHHble MHOTUMHU aBTOpaMu. OpHAa HW3 TakuX MOAUPUKAIWN, TIE HAWTYYIIAN
AJIEMEHT TPYIIIBI ONPEACIISICTCS] HEMOCPEACTBEHHO, 0€3 MPUMEHEHHUSI TEXHUKH TPYTITHUPOBKH,
HOCUT Ha3BaHHe Tomorpadguueckoro merona (topographical method) [39], [40]. Unes
Tonmorpauueckoro MeToja COCTOUT M3 TPeX KOHIENTyalbHBIX maroB. Ha mepBom miare
paccMaTpuBaeTCsi MPOW3BOJIbHAS BHIOOpKA TOUYEK, DPABHOMEPHO pacClpeleleHHBIX Ha
nomycTUMOM MHOkecTBe X. Ha BTOopom miare HeoOXOAUMO ONpPENeTuTh HEKOTOpOe
MHOECTBO S IOMYCTUMBIX TOUYEK. DTO JIETAETCS C MOMOIIbIO MOCTPOCHUS TaK HAa3bIBAEMOI
tonorpaduu. Tomorpadusi mpencTaBisier co00il HampaBiICHHBIM Tpad M3 TOYEK BBHIOOPKH
MEepPBOro Iara, B BEPIIMHAX KOTOPOTO XpaHUTCS WHGOpManus O IeNeBOd (yHKIUU B
naHHoM Touke. Kaxmas BepmmHa Tpada COCOUHSACTCS HAMpaBICHHBIMH JyraMu C
COCETHUMU BEpIIMHAMHY, B KOTOPBIX 3HAUCHUS IeJIeBOM (PYHKIMH Jyuiie. MUHUMYMEI, T.€.
BEpIINHBI, U3 KOTOPHIX HE BBIXOAWT HU OJHON IyrH, B Trpade oOpa3yroT MHOXKECTBO S.
Tperuil mar omnpenensieT JOKalbHbe MUHUMYMBI, MPEACTABICHHBIE MHOKECTBOM S: U3
KaXJ0M TOYKM OTOTO0 MHOMKECTBA 3aIlyCKAaeTCAd JIOKAIbHBIM anroputMm. Hawmydmias
MOJy4eHHas TOYka OyJeT pellleHueM HCXOIHOM 3amaun. Vcmonb3yemas Tomorpadusi naet
BO3MOXXHOCTh pEaH3aIK TOMOTpaUIeCKOro aaropuT™Ma Ha MalluHaX C IMapaieIbHON
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apXUTEeKTypoil. PesynbraTel pabOTBl MOCIEIOBATENBHBIX U MapajUIeTIbHBIX BEpPCHUI
TonorpaduuecKoro MeTojia mpeacTaBieHsl B [39].

Metonetl menenus momonam (bisection methods) u meTonsl uHTEepBanoB (interval methods)
[13], [19], [27], [28], [34] rapaHTuUpYIOT, YTO pEIICHHE OyAET IOJY4YeHO C 3aJlaHHON
TOYHOCTBIO. DTH METOJIbI B TJIOOATBHONW ONTHUMH3AIMH TAKXKE HOCSAT Ha3BAaHUE METOJIOB
noKpbITU (covering methods) nnm MeTon0B BeTBel U rpanul (branch-and-bound methods).
Ilena mpeanmaraeMoii METOJaMH TapaHTHH — HEKOTOpas a priori u3BecTHas MH(GOpPMAIHS O
¢bynkuuu nenu. Tak, Ui Merona AENEHUS IMOMOJiaM HEOOXOAMMO 3HAaHWE KOHCTAHTHI
Jlunmmna GyHKIuH ey, a 1 MeToAa MHTEPBaIoB QYHKIUS eI 00s3aHa ObITh TBAXKIbI
HenpeprlBHO U depeHpyemMoil, U mepBas U BTOpas MPOU3BOJAHBIE JOKHBI HUMETh
KOHEYHOE YHUCJIO HYJIel. BONBIIMHCTBO METOJOB HMHTEPBAIOB HCIIONB3YIOT CTPATErHIO
BeTBeil u rpanuil (branch-and-bound strategy) [28]. Takue anropuTMbl pa3aensoT 001acTh
MOKCKa Ha HAa0Op MHOTOMEPHBIX KyOWKOB, Ha KOTOPBIX HIDKHSS TpaHUlla (QYyHKIUH LN
BBIYHCIISIETCS C TOMOIIbIO HHTEPBANBLHOM TeXHUKHU. VICrONnb3ys HHTEPBAIbHYIO apU(PMETHKY
HAa KaXJOM Iare, MojiydaeM HaOOp TOCIEIOBATEIbHO YMEHBIIAOIIUXCS WHTEPBAJIOB,
KOTOPBIN COACPKUT TJI00aTbHOE PEIICHUE MCXOAHOW 3a7a4r. AJITOPUTM OCTaHABIIMBACTCH,
KOrja pa3Mep HHTEpBAJOB JOCTUTAeT 3apaHee 3aJaHHOro 3HadeHus [27]. Metonbl
WHTEPBAJIOB TPEOYIOT, 4TOObI (PyHKIMs Ienu ObUia 3ajaHa SBHO, T.K. 9TO BBIpaXCHHE
UCIIOJIb3YETCSl MHTEPBALHOW TEXHUKOM JJIsI BBIYMCICHUS TPaHUll. MeTOIbl, HCTIONB3YIONTUE
TEXHUKY BETBEH M TpaHUL, B CHIYy JAPEBOBUAHON CTPYKTYphI SBISIOTCS OOBEKTOM
UCCIICIOBAaHN B KOHTEKCTE TMapaulelbHBIX BBIYMCICHUNA. HekoTopsle pa3paboTku
MapajjieabHbIX AJITOPUTMOB BETBEW M IpaHUI] NpUBOAATCA B [28].

Kaxnpii mar meronma tyHHened (tunneling method) [15] coctoutr w3 aByx ¢a3z: dasa
MUHHMH3ALWN YIIyYIIaeT 3HAYCHUE TEKYIIero pexopiaa; ¢a3a TyHHEIHMPOBAHUS HAXOIHT
TOYKY W3 JOMyCTUMOI'O MHOXECTBA, OTIMYHYIO OT TOCJEIHEH, T/Ie HalJeHO 3HAYCHHE
MuHuMyMa. [TomyueHHas Ha (aze TYHHETUPOBAHHS TOYKA PACCMATPUBACTCS KaK CTapTOBas
JUTSL OYePEAHOTO UKIIA. [ TaBHBINM HEOCTATOK ATOTO aIrOPUTMa — HEOOXOAMMOCTh PEIICHUS
CIIO’KHBIX HEJTMHEHHBIX TU(PepeHIaTbHBIX YPaBHEHHIA.

OcHoBHas ujaes Metrona MojenupoBaHus obxkwura (simulated annealing) [1], [4], [23], [18]
UCXOIUT U3 (PU3MKH Ipoliecca 3aMep3aHusl KUAKOCTEH WM PEKPUCTAIIIN3AUU METaIOB B
nporecce oOxkwura. LlemeBas (QyHKIMS 31eCh  SABIAETCS  aHAJIOIOM  PaBHOBECHUS
TEPMOJUHAMUYECKON CHCTEMbI U BUIOM3MEHSETCS IMyTeM J00aBICHHSI CIIy4YailHbIX BEJIMYHH
(ycnoBuii TemmiepatypHoro pexuma) [23]. Ilpouecc moBTopsieTcst TOCTAaTOYHOE YUCIO pa3
JUISL KaKJIOM TeMIlepaTypbl, IIOCIIE YEro TeMIeparypa IOHMKAETCS W BECh MPOLECC
NPOMCXOTUT CHOBAa JO COCTOSIHMA TIOJIHOW 3amMopo3ku. M30eranume momagaHus B
HE3HAYUTENbHbIE JIOKAaJbHbIE MHUHHUMYMBI (3aMep3aHHME) 3aBUCUT OT «CXEMBbI OOXKHUTay,
BbIOOpa HAuYaIbHOM TEMIIEpaTyphl, KOJIMYECTBA WTEPALU A KaXIOM TeMIepaTypsl U
HAaCKOJIBKO YMEHBIIIAETCS TEMIIEpATypa Ha KaKI0M LIare Mpouecca «OXJIAKIACHUD).

DBOJIOIMOHHBIC _aNropuTMBl _(evolutionary algorithms) [24] SBASIOTCS MOUCKOBBIMH
METOJAMH, OCHOBHAas MJes KOTOpPBIX 3alMMCTBOBaHa M3 OMOJOTMYECKOro Ipolecca
€CTeCTBEHHOTO OTOOpa M TMpollecca BbDKMBAHHs. Takue aaropuTMbl OTIMYAIOTCS OT
TPaZULMOHHBIX METOJOB ONTHMMM3ALMM TEM, YTO IOUCK MPOU3BOAMUTCA W3 IOILYJISLIVM
pelieHnii, a He U3 ogHOoW Touku. Kaxkaas urepanust MeToAa MPOU3BOJIUT «ECTECTBEHHBIN
0TOOp», KOTOPBII OTCENBAET HEMOAXOIAIINE pelIeHHs. Pelenns ¢ BbICOKOW MPUT0JHOCTBIO
(«6uosornyeckol peaxiyed Ha €eCTECTBEHHBIM OTOOp») «CKPEUIMBAIOTCA» C JPYTMMHU
pelieHusaMHu IyTeM oOMeHa dYacTed OJHMX pelleHudl Ha japyrue. PemeHus Moryt
«MYyTHpOBATh)» H3-32 HEOOJBIIMX 3aMEH OJHOro 3jieMeHTa pemeHus. CKpeluBaHUs U
MyTallUld FE€HEPUPYIOT HOBBIE PEIIECHUS, KOTOPbIE «TE€HETHYECKW» HACTPOEHBI Ha 00JIacTH
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JOMYCTUMOTO MHOXECTBA, IS KOTOPBIX YK€ OBUIO OOHApYKEHO XOpoIliee pEIICHHUE.
CyIiecTByeT HECKOJBKO PA3JIMYHBIX THUIIOB JBOJIONUOHHBIX TOWCKOBBIX aJlTOPHUTMOB:
AJCOPUTMBI T€HETHYECKOI0 IPOrpaMMHMPOBaHHsA _(genetic  programming); aJarOpUTMBL
SBOJIFOIIMOHHOI'O IIPOrPaMMHUPOBAHUSI (evolutionary  programming); AJITOPUTMBI
DBOJIIOLIMOHHBIX CcTpareruii (evolutionary strategies); IeHETHYECKHE aITOPUTMEI (genetic
algorithms). DBoOJIOIIMOHHBIE AJTOPUTMBI 00IaTAl0T C1a00H CXOIUMOCTHIO K TJI00ATFHOMY
peILIECHHIO, HO BMECTE C TE€M, XOpOIIOo 00padaThIBAlOT CHIIBHO 3alllyMJICHHbIE (DYHKIUH C
OOJIBIIIAM YHUCIIOM HE3HAYHMTEIBHBIX JIOKATBHBIX PEIICHHM, HE IIPUIHAIAIOT» K JTOKATbHBIM
HKCTPEMYMaM U CIIOCOOHBI MOJTyYUTh IN100aIbHOE pEIeHHE.

AJITOPUTM KOHTPOJIUPYEMOTO ciaydaiiHoro moucka (controlled random search algorithm) [32]
SIBIISICTCSI METOJIOM TMIPSIMOTO TOKMCKA. AJITOPUTM HAYMHAET PadOTy HAa MHOXKECTBE S HaYaIbHBIX
TOYEK, PAaBHOMEPHO pacCHpe/eNiCHHBIX Ha JOIMyCTHMOM MHOXXECTBE 3ajJa4d. MHOTOKpaTHO
00pa3yroTcs HOBBIE HCIIBITHIBAEMBIC TOYKH, KOTOPBIE 3aMEIIAI0T MOJMHOXKECTBO W XymImMx
TOYEK M3 MHOXKECTBa S B CiIydae, €CIM OHHM JIydllle. AJITOPUTM OCTAaHABJIMBACTCS, KOTJa BCE
MOJTYYCHHBIC 3HAYEHUsI PYHKIIUH T0CcTaTouHO Oym3ku. CyIecTByeT MHOKECTBO MOTUBUKAIIAN
OPUTUHAIBHOTO METO/A: PA3JIMYMS 3aKJIIOYAIOTCS B CIIOCOOE BHIOOPA MCIBITHIBAEMBIX TOUYCK M
WCTIOJIb30BaHUM JIOKAIbHOW MuHUMH3anuH. [locnennue wmomudukamuu sl TeHeparuu
HCIIBITBIBAEMBIX TOUYEK HCHOJB3YIOT KBAJAPATHUHYIO AMMPOKCHMAIIAI0 BMECTO CHMILIEKCHOTO
Merona [2]. XOTS @IrOpuTMbl MpPSMOrO IIOMCKAa SBJISIOTCS YCTOWYMBBIMM K IIOMEXaMm
Pa3IMYHOTO POjia, OHU TPEOYIOT HAMHOTO OOJIbIIEe BBIYUCICHUH (DYHKIIMH, YEM aJTOPUTMBI,
UCTIONB3YIONINE TPaAUeHT. MeToapl MPSMOro MOMCKa XOPOIIO MOAXOAST ISl apaliedbHbBIX
BBIUKCJICHUH [8].

Tpaekropubie Meronbl (trajectory methods) [9], [10], [37], [42] u, B YacTHOCTH, METOX
npoao/bkeHus (continuation method) [45], [47] 3aHUMAarOT Ba)XKHOE MECTO B TI00AIBHOM
onTtuMu3anuu. TpaeKTOpHBIE METOIbI Ha TOITYCTUMOM MHOXKECTBE MCXOIHON 3a/1a4l CTPOSIT
MHOXECTBO KPHBBIX (TpaekTopuii). OCHOBHAs Wes TPACKTOPHBIX METOIOB 3aKIOYACTCS B
TOM, YTO BCE PEIICHUS HMCXOTHOW 3amadyd a priori Jie)kar Ha ITUX KPHUBBIX. Bo MHOTHX
cllydasXx  3TH  TPAacKTOPHH  SIBJISIFOTCS ~ PEIICHHEM  CHUCTeM  OOBIKHOBEHHBIX
muddepeHnranbHbIX YpaBHEHUH TIEpBOro WM BTOoporo mnopsinka. IlogpoOHee ocTraHOBUMCS
Ha METO/IE TIPOIOJKCHUSI.

4. MemoO0 npodosnKkeHust

Hexkotopsie pe3ynbTaThl pa3paboTKH METOIOB MPOAODKeHHS Oblu mpemnoxkensl Guddat u
Jongen (cm.[16], [17]). OnHako B yKa3aHHBIX pabOTax alTOPUTM MPOJOJKEHHS CTPOUTCS
JUIs IIAPOKOro Kiacca 3ajJay, 4YTO, €CTECTBEHHO, OTPHUIATENIbHO CKa3bIBAaeTCs Ha
3¢ PEKTUBHOCTH TOCTPOCHHBIX alropuTMOB. B pabote [47] paccmaTtpuBaercs BecbMa y3KHUI
KJIacC 3a/1a4 I100albHOM ONTUMU3ALMH U CTPOUTCS aJTOPUTM MPOJOJKEHUS, CYIIECTBEHHO
UCTIOJNIB3YIONUH crienn(UKy paccMaTpuBaeMoOro Kiacca 3aad.

PaccmarpuBaeTcs cienyromuii Kiiace 3a1a4 1J1o00aabHOM ONTUMHU3AINH:

P: F(x)—)mi)r(l,

rae F () mpeanonaraercs aBax bl HENPEPBHIBHO MU dEepeHIMpyEMOii Ha X,

k
X=1"% ={x=(x.K,x,)eR, |[0<x, <1,n=1K ,k}=Q[0,1].

n=l
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MeTOI[ HpOI[OJDKeHI/IH HpeﬂﬂaraeT CTpOI/ITB KBA3U-OIITUMAJIBHBIC TpaeKTOpHH, COCOHUHSA BCEC
JIOKaJIbHblE MMHUMYMBI (DyHKIMH 1IEJIH, HE YIIycKas HU OJHOrO U3 HUX. IIpu onpeieaeHHbIX
YCIIOBUSIX, HAJOXKEHHBIX Ha (yHKIMIO 1enu, MHOKecTBO KyHa-Takkepa 3amaum P umeer
HPOCTYIO TOMOJOTHYECKYIO CTPYKTYpYy. MeTo MpOJO/KEHHsT OCHOBAH HA MCIIOJb30BAHUH
rno0adbHBIX  CBOWCTB  CTPYKTyphl MHOXecTB KyHna-Takkepa w® 3akimodaeTcs B
HOC/IE/I0BATENLHOM — pELIEHMM pAja 3aad  ONTUMHU3AlMM  PasMEpHOCTH n,  JUIS
n=12K ,k —1 no crexyromeii cxeme:

Ilar 1. ITycts 7 = 1. Pemmaercs ogHoMepHast 3a1a4a JOKaILHON MUHUMU3ALAN:

P0): F(x,0,K,0)— min,

OSXISI
nonyyaercst S, = {xl Ko xg } -- MHOXECTBO JIOKaIbHbIX petuenuii 3anaun B (0).

Mar2. n=n+1.

Ilar 3. U3 kax[0il TOYKH IONYYCHHOro paHee MHoxectBa S, | ={x,,1<i<s, ,} s
IIOCTPOCHHsST KBa3H-ONTHMaIbHBIX Tpaekropuit X, ,(¢), te€[0,l] samyckaercs

aJITOPUTM IPOJIOJDKEHHS. B 3aBHCHMOCTH OT YCIIOBHIA, HaJO)KEHHBIX HAa (QYHKIUIO
HUEeM, W OT JOCTYIHBIX BBIYHCIUTEIBHBIX PECYpPCOB MOXKHO HCIOJIB30BaTh
pa3NuyYHBIE MOAXOABl TPH TOCTPOCHWH  KBAa3HM-ONTHMAJIBHBIX  TPACKTOPHH
(HampuMep, peleHHe CUCTeM OOBIKHOBEHHBIX IU(PEepeHINaIbHbIX YpaBHEHHUH
BTOPOTO TOPSA/KA, MCIOIb30BAHUE PA3HOCTHBIX CXEM, HCIOJIB30BAHUE PA3THMYHBIX
METOJIOB JIOKAJIBHOIO CITycKa). KBa3u-onTUManbHbIEe TPACKTOpUH O0O0JNaaaroT
chaemyrommM cBokictBom: mis kaxmoro 3Hadenus ¢ €[0,1] coorsercrByromas

n
TOYKa Tpaekropun X, , (¢) € 1" sBnsiercs T0KANBHBIM pellleHHEM 3a1a4u

F(x,K,x,,t,0,K ,0) > min

xelI™ | 0<<1

Hanee, ecu 1 < k — 1, To npoucxoauT nepexo K mary 4, iHa4e — K 1mary 5.

Hlar 4. 115 Bcex TpaeKTOpHIL pelaeTcsi BCoMorareiibHas 3aa4a ONTUMHU3aN

F(x,,(1),,0,K ,0) = min,

0<r<1

nomygaercs S n = {xl K > X } -- MHO>KECTBO JIOKAJbHBIX PEIICHUHN 3TOW 3a7a4u U
n
OCYIIIECTBIIAETCS NMEPEXO K mary 2.

Ilar S. /Ins Bcex TpaeKTOpUH pelaeTcs BCIIOMoraTenbHas 3a/1a4a ONTUMHU3aLuN

F(x ,_(t),t) > min,
( l,k—l() ) 0<<1

. k
¥ U3 BCEX PEIeHUM BRIOMpaeTcs Hauaydniee — X™* € e, [Mony4ennas Touka X *
ABJIIETCS PEIICHUEM 3a1auu P. AITOPUTM OCTaHABIUBAECTCS.

B mpennokeHHOM anropuTMe IMPOJODKEHMs JIETKO BHJETh, YTO HA 3Tanax I[OCTPOCHUS
KBa3U-ONTUMAJIbHBIX TPACKTOPHI U MOUCKA JOKAJIbHBIX MUHUMYMOB Ha HUX, IPOUCXOJST
UJCHTUYHBIE AeicTBUs. OYEBUAHO, YTO pacyeThl TAKUX TPACKTOPUN MOYKHO BBIIOJIHATH
napajuiesIbHO, 1 MOXKHO PacCUMTHIBaTh HA HEKOTOpoe yckopeHue cyera. OMH U3 MOAX0I0B
K pacnapajjieIMBaHUIO aJITOPUTMa MPOJODKEHUS ObLI peajn30BaH M MPOTECTHPOBAH HA
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MamuHe ¢ napamiensHoi apxutekrypoit PARSYTEC (T805) GC-1/64 B BIl PAH [29].
KntoueBbIMM  MOMEHTaMHM B pealu3allMd MapajUIebHOIO  aJrOpuTMa  SIBISIOTCA
HCIOJIb30BaHUE BUPTyalnbHOM Tomosorun «koipo» OS PARIX wu He3zaBHCHMOCTH
aJITOpUTMa OT KOJIMYECTBA JOCTYMHBIX TpaHCIbIOTEpoB. Haumyuiiee yckopeHue airopurma
MIPOIOJDKEHUS TOCTUTAETCS Ha 3a7auyax HeOOJBIION pasMEPHOCTH C OOJIBIINM KOJIMYECTBOM
KBa3H-ONTUMAJIbHBIX TPAEKTOPHH.

5. 3aknroyeHue

3anaya pa3pabOTKM HOBBIX U yCOBEPIICHCTBOBAHUS CYIIECTBYIOUIMX METOAOB I100albHOM
ONTUMM3AIMK OCTaeTCs OTKPBITOW. [ pemeHus 3agauu rio0aabHOM ONTHMHU3ALUU HE
CYIIECTBYET yHUBEPCAIBHOTO MO 3(PHEeKTUBHOCTH ainroput™ma. I[loatomy mpu paspaboTke
ceun(UYecKux METOJIOB II0OaTbHOM ONTHUMHU3AIMM B MEPBYIO OYepeAb YUYUTHIBAIOT
CBOMCTBa KOHKpPETHOTO KJjacca 3ajad, Jid KOTOpBIX pa3pabaThiBaeTcs MeTol. Meroaam
r7100abHOM ONTUMU3AIMH MOCBSILIEHO MHOTO paboT. B HacTosmiel cratbe paccMOTpPEHBI
COBpEMEHHBIE METOJbl INI00ATBbHON ONTUMHU3ALMK WU, B YaCTHOCTH, METOJ TMPOJOJIKEHHUS.
Metox mNpoOOODKEHUS SABISETCS TOYHBIM  METOJOM IJIOOAIbHOM ONTUMH3AlMU U
rapaHTHPYET TII00aTbHOE TPUOIMIKEHNE K PEIICHUIO 3a/1auH.

B nHacrosmiee BpeMs pa3paboTka METOIOB ONITUMHU3AIIMU BEJIETCSI HE TOJIBKO B COOTBETCTBUU
C CYIIECTBYIOIIMMH TMOTPEOHOCTSIMU B PEIICHWH KOHKPETHBIX 3aJad, HO M YYHUTHIBACTCSA
COBPEMEHHOE COCTOSIHUE BBIYUCIUTEIBHOW TeXHHUKU. [lapanienbHble  BbIYUCICHUS
MPEACTABIISIIOT COOOM MOIIHOE CPEACTBO I TMPOBEJACHUS HAYYHBIX SKCIEPHUMEHTOB.
PaccmaTpuBaembiii METOJ MPOJOHKEHHUS — ITO HE TOJBKO €Ile OJMH CIOCO0 pelieHUs
3a/1a4u 17100aIbHON ONTHUMH3AIIMH, 3TO €IIe ¥ BO3MOXKHOCThH YCOBEPIIICHCTBOBAHUSI METOIOB
rJ100aTbHOM ONTHMH3AINH B MTAPAJUIEIBHBIX KOMITBIOTEPHBIX Cpefax.
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