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PaccmarpuBaeTcs opuriHaibHas BepCHs alrOpUTMa MMUTALMOHHONW HOPMalTU3aLUK JUIs PELIeHHs
CHCTEM JMHEHHBIX anredpandeckux ypaBHEHHH. OCHOBHOE BHMMAHHE YJEISETCS HCCIIEI0BAHUIO
anmropurMa. MeToJjaMi  BBIYMCIMTENIBHOTO SKCIEPUMEHTa BBIOMpAIOTCS IapaMeTpbl arOpUTMa,
JTAIOLLUE «XOPOIINE PEIICHUSL.

Eirikh S.N. The investigation of simulative normalization by the exampe of

solving a system of linear algebraic equations.

The article deals with the original version of simulation normalization algorithm to solve the system
of linear algebraic equations. The main attention is paid to the investigation of the algorithm. The methods
of computer-oriented experiment are the parameters, which give «good» solutions.

Pemienue psifa 3a1a4 MareMaTnyeckoi (PU3UKH (3a/1a4u THIPOra30IMHAMUKY, paciyeTa
AIIEKTPOMArHUTHBIX ToJiel, ypaBHeHus: Makcseiia, HaBbe-CToKkCca U 1p.) mMeTtomaMu
koHeuHbIX aneMeHToB (FEM) m  koHeunsix o0beMoB (FVM) — ocobeHHO Ha
HECTPYKTYPUPOBAHHBIX CETKAX — MPUBOJUT K CHUCTEMaM JIMHEHWHBIX aireOpandecKux
ypaBHenuii (CJIAY) ¢ pazpeskeHHBIMUA MaTpUIIaMH OOJIBIIION pa3MEPHOCTH, KOTOPHIE, KakK
MIPABUJIO, SIBISIFOTCS HECUMMETPUYHBIMU [ 1].

Lenbto Hacrosied paOOTHI SBISIIOTCSI MCCIENOBAHUE M pead3alus aaropurma
MMUTAIMOHHON HOPMAIU3AlMHU, UCTIONB3YIOMIET0 METOA 000OIIEHHBIX MUHUMAIBHBIX
HeBs130K GMRES [2] 1t BIYMCIIEHNST OLICHKH PEIICHHMS.

O6ocHOBaHMEM BBIOOpAa HMMHTAIMOHHOW HOPMAIM3ALMN CIIY>KUJIM  CIIEAYIOIIHE
COOOpaKeHUS: AITOPUTM HAJIGKEH M MOKET TPUMEHSThCS TOYTH IS BCeX 3ajad
KOMOMHATOPHOM ONTUMU3ALMK; OJarogaps CTOXaCTUYECKOMY KPHUTEPHIO MPUHATHS
pEIIeHU U HEeHYJIEBOM BEPOSTHOCTU MPUHATHS YXYIIICHHBIX PEIICHUN aJlfOPUTM HE
MIOTAIaeT B JIOKAJIbHBIE OITUMYMBI.

OCHOBHBIMU  CJIO)KHOCTSIMU TPUMEHEHUS HUMUTAIMOHHOW HOpPMAIM3AIMK IS
peIlieHUs] paccMaTpUBAaEMOW 3aJa4ydl SIBJSIETCS BBIOOP TMApaMETPOB: OKPECTHOCTH,
OTHOIIIEHUE COTPENETBHOCTH, TpaduK oxaxkaeHus (HyHKIIMA Ha4aIbHON TeMIIEpaTyphl
1 OCTaHOBA).

OcHOBHO# paccMaTprBaeMoil 3a1aueit OyeT ABIAThCs nonyueHue pemenus CJIIAY
AX = b, tme A — HEeBBIPOXKACHHAS MaTpHIlAa Pa3MEPHOCTH M X N, a X U D — BEKTOPEI
pazmepHocTd N X 1, cocTaBieHHbIe U3 AEUCTBUTENBHBIX KO (UIIUEHTOB.

B cuity HEBBIPOKIEHHOCTH MaTPHULIbl A CYIIECTBYET HEKOTOPOE TOYHOE PELICHUE X*
=A" b. 3amaua nony4enns pemenns CJIAY cBOAUTCSA K HAXOKAEHUIO X« . Hepsaskoi [3],



COOTBETCTBYIOILICH BEKTOPY X, Oy/eM Ha3bIBaTh BeKTOp Ax= b — A X = A(Xx — X), rae (X
— X) ecTh omubka perienus [3].

Ha navanbHOM 3Tane uccieqoBaHui, JIETIIUX B OCHOBY HACTOSIIEH padOThI, ObLIH
00O0OIIICHbI COBPEMEHHbIE 3HAaHUSI 00 MMHTAIMOHHOW Hopmanm3anuu. Jlanee Obuin
MIPOBEICHBI MPAKTHYECKUE MCCIICIOBAHMS, HAMPABICHHBIC HA PEATM3AIAI0 AITOPUTMA
MMUTALMOHHON HOPMAJIM3alK U €ro HacTpoiiKy Ha penieHne CJIAY. Tak xe Ha A3bIke
C++ ObL1a pa3padborana mporpamma i pemeHust CJIAY Gombmmx pa3sMepHOCTEH.

TepMuH WMHTAIIMOHHAS HOpMam3aius (B aHTIMCKON mreparype «Simulated
annealing») B pycckoil JMTepaType 4YacTo NPUMEHSCTCS B JAPYIMX BapHaHTaX —
OMYJSIUS  OTXKUTa», «METOJl ODKHUray, «UMHUTALUs OTKHUray, «CUMYJISIUS
BOCCTaHOBJICHUs». [[priMeHeHne TepMuHa «MMHUTAIIMOHHAS HOPMAJIU3ALIMsD) TIPaBUIIbHEE
C TOYKHU 3peHUsl HPUBUKH.

AJITOPUTM MOKHO MPEACTABUTh CIEAYIONMICH cxeMoM [4]:

1. 3a0ame nauwanvhoe koppexmuoe pewenue X° u cuumamso e2o mexyuum (X=X°).

2. 3adamb nauanvuyro memnepamypy To u cuumamo eé mexywet (T=Ty).

3. Ilpumenums onepayuro mymayuu peuieHus K mexkyujemy peuieHuro X u noayyumso
HObILL KOppeKmblil apuanm peuienus X .

4. Haiimu uzmenenue yenesoui pynkyuu Af = f(X')—f(X):

— ecnu Af <0 (peuieHue YIYYUUIOCh), MO HOEbLl 6aPUAHM PeuleHUs CYUMams
mexyuum (X=X), k n.5;

—Af

— ecnu Af >0(pewienue yxyouiuniocy), mo HPUHAmMb C 6EPOSIIMHOCMbIO p=e’ 8

Kauecmee meKyue20 peuenis Hoeblil apuanm pewenus X , K n.5.

5. Buizeamo ¢hyHkyuu usmenenus mexyuerl memnepamypbi.

6. Ecnu He 6blnosiner Kpumepuili OCmMaHosea, mo nepeumu K n.3.

OCHOBHBIM Pe3yJIbTATOM PaOOTHI MOKHO CUMTATh UCCIIEIOBAHMUS, C/ICTIAHHBIE B XOJIC
HACTPOWKH aJITOPUTMa Ha OCOOCHHOCTH 3a7auu. Ha mepBom 1iare ajaroputma petieHus
3a7]aI0TC TPOU3BOJBLHO, HO C YCJIOBHEM TOTO, 4YTO ODJIEMEHTHl HE IMPEBBHIIIAIOT
MaKCUMAaJILHOTO TI0 MOJTYJTFO JIEMEHTA MAaTPHIIBI A U BEKTOpa b, T.e. 2JIIEMEHTHI BEKTOpa
pemieHus BeIOMparotes u3 naTepBaia (-max(A, b); max(A, b)). OBpuctuka orpaHnYeHUS
BeIOOpa pa3zpaboTaHa W peau3oBaHa JJISl TOTO, YTOOBI MOBBICUTH BBIYUCIUTEIHHYIO
MOIITHOCTh QJITOPUTMAa W OOECTIEUUTh OBICTPYIO CXOAMMOCTh. Ha Tperhem miare
aITOPUTMa MYTHPYET MPOU3BOJIBHBIN AJIEMEHT DPEIICHHs, €r0 3HAYCHHE BBIOMpacTCs
TaKe DBPUCTUKOW OrpaHWucHHsi BbIOOpa. [[ns BbIOOpa HAYaIbHOW TeMIIEpaTyphl
CHauasia BhIOMpaeTcs mpou3BoiibHas [. [lanee, mocie BHIOOpa HEKOTOPOTO COCEIHETO
coctosHusl X', yBeNIM4YMBaeM | TakuM 00pa3zoMm, uToObl X' MOXKHO OBUIO MPHUHATH C
BepoATHOCTBIO 1. [lenas tak, nyst S00 nepBbIx maros noixyyaem npuemiiemoe 7o. Ilocne
KaxapIx 0 = N maroB 3HayeHue T ymHOXKaeTcs Ha ¢ = 0,87, T.e. rpaduk oxymaxaeHus
Ti := r - Tia1. [lapameTpsl BEIOpaHBI HA OCHOBE MCCIIEIOBAHMUS, KOTOPOE MPOBOIMIOCH
METOJIOM MPOO.

[Io mertomy OOOOIIEHHBIX MHMHHMMAJBHBIX HEBSI30K TMOJyYaeM (DYHKUIUIO 7S
BBIUMCIICHUS KOA(D(DUIIMEHTOB OMUOKH PEIICHUH B CIIETYIOMIEM BUJIC:

n m
F(x) :Z Zau *X; —b | = min |
i=1|j=1
Wtak, yuyuThiBas NOJYYEHHbIE pE3YJIbTaTbl, MOXHO 3aKIIIOYUThb, YTO H3y4€HUE
anroputMa, B yacTHOcTH pemieHne CJIAY, MOMHOCTBIO HE 3aBEPIIEHO, HO HAYaTO

ycnemHo. JlaHHas pa0Gora paccuuTaHa Ha TPOJODKCHUE HCCICIOBAHUH B OTOM



HaITpaBJICHUH, LCIbIO KOTOPLIX SBJIACTCA IIOCTPOCHUC Bq)q)eKTI/IBHLIX OBPUCTUYCCKHX
AJITOPUTMOB U 3a1a4 KOM6HH8.TOpHOI>i OIITUMMH3AlIH
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