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Barepuit Hasrosun Hoavun, don-
mop  husuro-samemamuuecruy
nayr, npoheccop, erasnviit Ha-

yunnit compydnur Huemumyma
GWUUCAUMETHHOU  MAM e ML
W MAmeMamuieckoil  eeoginu
CO PAH. Ofaaems nayunsy
UHMepecos —  auuieaume v
MamesMamukda,  ungopymamuna,

Mamesamueckoe  Modeauposa-
hue. Asmop oogee 250 nayunsiy
cmamert u deeamu sonozpagbul
{uaemv uz nux nanueana 6 co-
aagmopenee ).

...[lMosepun
H anrebpoi rapmMoHuio
A.C.MNywKnH

BBEOEHWE: UCTOPKUSA, NMPEAMNOCHIIKA
W MNMPOBEMBI

3agaya YUCNEHHOT0 PeLIeHUs CUCTEM
NUHerHbIX anrebpanyeckux ypaBHEHWUIR
(CIAY) wnmeeT HeazanamsaTHYIO WCTOPUIO,
Knaccuyeckuin MeTon, UCKNIOYEeHUsl, aKkTUB-
HO pasBuBaeMblil WU K3y4aeMblii gaxe B
HawwW oHK, Bbin oTkpeIT K.Fayccom B 1849
r. OpHako ewe 3a 2000 ner mo atoro B
ApeeHem Kutae uspaHbl “[leBaTb KHUr O
MaTemMaTtuyeckoM WCKYyccTBe”, raoe aToT
anropuTM yxKe W3NOXEH B XapakTepHon as
CBOEro BpemMeHun “HaTypanbHoii” dopme, HO
hakT4eckn ¢ MCNonb3oBaHNEM MaTPUYHBIX
npeobpasosaHuii,

Brnnote Ao Havana XX B. anrebpa
ocTaeanacb “HaykoW O pelleHun ypasHe-
HWIA", Mocne 4Yero NPOW30LWNOo ee pasadene-
HWe Ha BbiCWylo anrebpy (onepauun ¢
abCTpakTHLIMK 0GLEKTAMK PA3NUYHOI Mpw-
poAbl) W NWHEHYID, OCHOBA KOTOPOA —
MaTpu4yHOe WCHUCNEHUE.

CTaHOBNEHUE COBPEMEHHbLIX BbIYWC-
NNTENbHBIX METOLO0B MWHEHON anreGpbl
MOXHO CHMTaTb COCTOSIBLUMMCS MOCHE Bbi-
xopa B 1960 r. kHurn O.K. u B.H.®appe-
€BblX C OOHOMMEHHLIM Ha3BaHWEM, MO KO-
TOPOI Y4USIOCb HE OAHO MOKOJIEHWE POoC-
CUIACKMUX W 3apybeXxHbiXx mMaTemaTuKOoB.
HeobxogymMo nogyepkHyTh, YTO aKTyanbHble
npo6aemel BeMUCIUTENBHOK anrebpbl ume-
10T PYyHOAMEHTaNbHBIN XapaKkTep He TONbKO
NOTOMY, 4YTO TEKyLIas KOMMbloTEepUsauus
pasnuyHbix o6nacTei 3HaHWIA B 3HA4YUTENb-
HOW CTEneHW CBOAWTCH K BEKTOPHO-Mar-
puyHbIM npouedypam. MayvyeHue matpuu,
ABNAIOWMXCA OonepaTopamMu B NPOCTEnLuX
KOHEYHOMEPHbIX MPOCTPaHCTBAaX, MO3BONSA-
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eT obHapyxuTk Hanbonee rnybokne u TOH-
KWe CBOWCTBA MaTemMaTM4yecKux 0OBLEKTOB,
MMEIOLMX CBOE 3Ha4yeHue Ans QyHKUWo-
HanbHOro aHanusa, Teopuu annpokcuma-
umn, gnddepeHumanbHbix ypaBHeHuA 1 T.4.
MocnegHue OECATUNETUS O3HaMEHO-
BaHbl OYpHbIM Pa3BUTUEM YUCMNEHHBIX Me-
TOO0B, Halefwux OTPpaXeHWe B KHWUrax
-1.Mapuyka, A.A.Camapckoro, C.K.logyHo-
Ba, Ox.lonyba, O.AkcenbcoHa u ap. B
pamMmkax uTepaumoHHbIX METOO0B pelleHWnA
CJ1AY 3HauyuTenbHble NPOABMXEHUA A0CTUr-
HYTbl B TakMx COBPEMEHHbIX HarnpaBneHu-
AX, Kak anropuTMbl COMPSKEHHbIX Hanpae-
NeHWin, nocnegoBaTefibHOM U CUMMETPUY-
HOW BepxHei penakcauun, HEsBHbIE
anropuTMbl NEPeMeHHbIX HanpaeAeHuin n
MeTObl HEernonHoW dgakTopuaauumn.
HecMmoTpsa Ha MMelwMecs B 3TOWN
obnactu TeopeTudHeckne OOCTUXEeHUs, a
Takke Ha BYpHLIA POCT MUPOBLIX BbIYUCIN-
TenbHbIX MOLHOCTel, npobnema KOHCTPY-
MpoBaHMst U UCCNefoBaHUA HOBbIX ObICT-
pbiX anroputMmoB pelseHust CITAY He Teps-
€T CBOEeih axkTyanbHOCTW, W NOTOK
nybnukauui No 3Toih TemMaTuke TONLKO yBe-
nuumuBaeTca. Jeno ob6bAcCHRETCH Tem, 4TOo
BO3HMKAIOWME NPaKTUYECKNE 3a8a4u Haps-
Oy C YCNOXHEHWEM BbIMMCNUTENBbHLIX MPO-
ueayp TpebyloT 0T METOAOB PeLUeHus Bce
fonblUeil TOYHOCTU W HagexHocTu. Kak
roBOPWTCSH, anneTuT NPUXOAUT BO Bpems
efbl, 1 C 9TUM CBA3aH TOT YHUKanNbHbIM
deHoOMEH, 4TO, HEB3Wpas Ha MosiBNeHne
BCE HOBbIX nokoneHun IBM, 3a nocnegHwe
50 net peweHue “Gonblumx” (Ha TEKyLLMIA
MOMEHT) 3afa4y BCerga 3aHmmano rnpumep-
HO OOWHAKOBOE ACTPOHOMWYECKOE BPEMS.
O6pasHo roeops, MOXHO chopmynn-
poBaTb TEOPEMY O CYLLUECTBOBaHWW repma-
HEHTHOro geduunta MallMHHLIX Pecypcoe,
CTUMYNUPYIOLLIEr0 Kak aanbHeillee Hapa-
LMBAHME KOMMbIOTEPHbLIX MOLUHOCTEN, Tak
M pasBUTUE HOBLIX CYMNepanropuTMoB.
[MaBHbI MCTOYHUK cBEpPXxBonbLUMX
CNAY — ceTouyHble MeToObl (KOHEeYHbIX
pa3HOCTeM, KOHEYHbIX 0OLEMOB W KOHEY-
HbIX SJ'IE!MEHTOB] pelweHns MHOroMepHbIX
KpaeBbIX 3a4a4, BO3HMKAOWMUX Npu Moae-
NVMPOBaHUKU MPOLIECCOB WNK ABneHwid. [ns
OUEHKM NOTPeBHOCTEN BLIMUCNUTENBHBIX
PEecypcoOB PACCMOTPUM CETOYHYIO TPexmep-
HYl0 pacyeTHylo obnacte B dpopme napan-

B.IM.Wnsin

nenenunena, o6pasoBaHHyD KOOPAWHATHBI-
MU JTMHWUAMMW

x=x, Bl y=y, Nl EERRS  c A o IF

Ecnu Mbl pewaem ogHo auddepeH-
uMansHOe ypaBHeHWe BTOPOro nopsaka
ANUNTUYECKOrO TUMa (Hanpumep, ypasHe-
HWe cTauuoHapHoi guddysnn 1Uu Tenno-
NpoBOAHOCTK), TO B pes3ynbrare ero npo-
cTerwein annpokcuMauuMn [nsa Kaxaooro
yana (i,j,k) nony4aeTcs ypaBHeHWe BWAa

(Au)r'.j,k = pﬂur'.j.k = ptul—-r.j,k =
X pﬁur‘.j—r.k = pauief.;,k = Pl —
- piui,j.k—f ad psua.j.k-ﬂ' = fr'.},k' (1)

rae Koah@UUVEHTbl P, BbipaXatoTcs Hepes
Laru CeTku M napameTpbl NCXOAHOW 3ana-
yn. Takoil cucTeme ypaBHEHWIA oTBevaeT
KBagpaTtHas mMatpuua A nopsoka WK ¢
YUCNOM HEHYNEBLIX Q/IEMEHTOB Ha KaxOoW
CcTpoke He Gonee 7.

MycTb pagu npocToThl I=J=K>>1. Tor-
[a Ons peanvsauynm MeToda WCKIHHeHWA
laycca TpeGyeTca BbIMOMHUTL MPUMEPHO
Q=K7 apudmernyecknx onepaumini n 3a-
nomMHUTL P=K° npomexyTo4Hblix 4ucen. Ha
CerogHs 3ajaye cpefHeil CnoXHOCTW CO-
oTtBeTcTByeT K=100, 4TO NpMBOAWUT K 3Ha-
yeHuam Q=10" u P=10". Ha oBuxogHOM
f3bIKe 9TO 03Ha4YaeT OKOMO TPex 4acos
paboTbl kKomnbloTepa beicTpogeicTenemM 10
ruragnon, T.e. 10'° “pnon” — apudmertu-
Yyeckux onepaunn Hag “HopmanbHbiMW
BELLECTBEHHbIMW YMCNaMu B CEKyHAy, Mpu
HanuuuKu onepaTtuBHON namatu okono 10
rurabaiit, 9T0 HaAMHOro nNpPeBOCXOauT pe-
CYpCbl NEpcoHanbHbIX KOMMbIOTEPOB U pa-
G0oYMX CTaHUWIA, HO HA MWPOBOM pbIHKE
Takan 3BM — cpepHero knacca. OpgHako
ecnu nepeitu K “OonbWwon” 3apave C
K=1000, TO OHa y>Xe OKa3blBaeTCA KPernkum
OpeLIKOM [axe ONS PeKOPOHOro Cynepkom-
nblOTEPA CO CKOPOCTLIO B OAWH Tepadnon
(10") 1 namaATLIO B OOWH Tepabaidr.

LOBymMepHbIe 3ajadyn ropasgo nerye.
OpHako 1 oHW TpebyloT OrpoMHbIX pecyp-
COB, €CNA HYXHO HaxoOuTb ONTUMAalbHbIE
napameTpbl UCKOMBIX peleHunii (4Tobbl
YOOBNETBOPUTE MOCTaBNEHHBIM OrpaHuye-
HUSAM M BblIOpaHHBIM KPUTEPUAM Ka4ecTsa),
paccyMThiBaTb AJIMTENBHBIE MO BPEeMeHU
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nnu, HaoBopoT, BLICTPOMEHAIOLWIMECA NPO-
LLeCChbl, YYUTLIBATL CWIbHOHENUHEHbIE
addekTbl. 3TO NPUMBOAUT K MHOroOKpaTHO-
MY PeLlleHW0 MPOMEXYTOYHBIX NNMHENHbIX
cucTeM. BaxHO OTMETUTbL, 4TO 3TO — Hau-
Gonee TpyooemMKas 4acTb KpPynHOMAacLUTaG6-
HOrO BLIYUCNUTENBHOTO 3KCNEpPUMEHTAa, Tak
Kak ocTasnbHble pacyeTHble aTansl TPebyloT
ofbema apudmMeTMyeckux AeiCTBUl, npo-
MOpPUMOHANbHOro O6LLEMY KONUYeCTBY y3-
JIOB CETKMW.

KapguHansbHoe cpeacTso MoBbILLEHWS
NPOW3BOANTENBHOCTA KOMMLIOTEPOB (Mo
npodgeccruoHanbHeIM NPorHo3amMm — 4o ne-
TadnonHoro GeicTpogeicTeusa, T.e. go 10'8
onepaumii B cekyHay k 2015 r.) — cospna-
HWE MHOrOMNPOLECCOPHLIX BbIYUCTUTENBHBIX
cuctem (oo 10° wnmu 10° npoueccopos).
Otciona oaHol 13 NepBbIX N0 akTyanbHOC-
TM Npobnem B BbMMCAUTENbHON anrebpe
CTaHOBUTCH pacnapannenveaHne anropur-
MOB W WX OTOOpaxeHMe Ha apXuTekTypy
MHOronpoueccopHbix 3BM. HacyuiHocTb
9TOro BOMPOCA, B TOM YMCAE MPU peLueHnr
CIAY, npoucTekaeT U3 Toro oBLUEN3BECT-
HOro ¢akTa, 4To apdEeKTUBHOCTb 3arpy3ku
BCEX YCTPOWCTB — aT0o BONbHOE MEecTo
PasnnyHbLIX CYNepkoMnbIOTEPOoB, M peanu-
3auus anroputmoB 6es yyeTa, Hanpumep,
KOMMYHWKALMOHHBIX NOTEPb MOXET CHU3UTh
dakTu4eckylo NPoUsBoaAUTENBHOCTE MHOIO-
NMPOLIECCOPHOW CUCTEMBbI [0 HECKONLKMX
NPOLEHTOB OT €€ NacnopTHbLIX AAHHbIX.

OOuH 13 cambix aPbEKTUBHBLIX MEeTO-
AoB pewerus CJIAY BbICOKOro ropsgka
6aanpyeTcs Ha UTEPALMOHHBIX aNropUTMAax
HEMnonHoW dakTopusauuun, NOAYYUBLLNX
ceivac camoe LUMPOKOE pacnpocTpaHeHue
B MUPOBOWN BbIYMCNUTENBHOM MpakTuke!.
HaHHas cTaThsi npencTaeBnseT nocnegHvie
pe3ynLTatkl aBTopa, Kacalolmecs HOBbIX,
NepcnekTMBHbIX noaxonoe: obobuieHHoro
npuUHUMNa KoMneHcauun B npubnmxeHHoi
MaTpu4HON dakTopusaumumn, aganTUBHbLIX
UTEPaUMOHHbLIX METOA0B C ONTUMANLHbLIMK
YNopsAoYeHHOCTAMIW U, HakoHel, npobne-
Mbl pacnapannenveaHnua anroputMoB Ha
OCHOBe [Oekomnosuumm obnacTtei.

' 11'in VP Iterative incomplete factorization methods.
Singapore, 1992; UnbuH B.M. MeToasl Henonkoi dak-
TOpW3aunMn ana peleHus anreBpauyeckux cuctem. M.,
1995.

COBCEM HE ANMEBEPAWMYECKAS,
HO O4YEHb NNOAOTBOPHAA WAOEA

MNoes meTopa HenonHoli dakTopu-
3auuu ana peweHus anrebGpaunyeckoi
CUCTEMBbI

Au=f (2)

3akno4aeTcsd B NOCTPOEHUM Takon matpu-
upl B, HasbiBaemol npepobycnosnuBaio-
wew, koTopasi nerko 6Gbl oBpawanack u
Obina 66l 61M3KOI K MCXOAHOI MaTpuue A
B TOM CMbIC/Ie, 4TO COOCTBEHHbIE 4ucna
MaTpuupbl-npounssegeHns B-'A He CWAbHO
pasnuyaiotca mexay coboir. Torna nocne-
AoBatenbHbie NPUBANXKEHNA U " GTPOSATCH C
MOMOLLIbI0O UTEPaLMOHHOrO MNpoLecca, Ko-
TOPbIA B KAHOHWMYECKOW 3anucu umeeT
crnenyoLwinia Bua;

Blu" - u"-") = o (f-Au"-".  (3)

3aechk ®  — Bbl4UCASEMbIE Napamer-
Pbl, @ YMCNo UTepauuii n(e) ong OoCTUXe-
HUA Tpebyemoi ToyHocTM e<<1 3asumcuT
OT OTHOLUEHUS

xk =max| A |/min| A |,

Ha3blBAEMOro 4UCAOM OOYCNOBNEHHOCTH
matpuubl B -'A. 3Ta Benu4YMHa K okasbiBa-
eTCA Marn4yeckMm Y1CnoM B NIMHEHON an-
rebpe, xapakTepuays rnaBHble BbIYUCU-
TenbHble kavyectsa NGO MaTpuULLl, B TOM
4ucne YyBCTBUTENLHOCTb K MOrPeLuHOCTSIM
OKPYINeHWA.

Beopgs o6o3HayeHus v =y-uyn,
r'=f — Au™ pna BEKTOPOB KOppekuun W
HEBA3KW, COOTHOLLEHME (3) MOXHO pa3buTs
Ha nBa:

i G e T

N3 KOTOPbIX BUOHO, 4YTO Havbonee Tpyno-
eMKasn npoleaypa Ha Kaxnow urepauum —
pelleHve BCNOMOraTesisHoOW CUCTeMbl ¢
martpuuein B (KoHe4YHOo, ec/iu NOCNeaHas He
CAVWKOM TpuUBManbHa).
MepBOOTKpLIBATENL METOO0B HEMNos-
HoI dakTopusauuu H.U.Bynees npeanoxun
(cepeauHa 50-x ropoB, 3akpbiThlii snEp-
Hblid UeHTp B r.OBHUHCKEe) uckaTb B kak
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NPUGNVKEHHYIO (HENONHY) dhakTopuzaumio
MCX0OHOM mMaTpuubl A:

B=LU=A, (4)

roe L, U — nerko sbldMcnsemble (HamHoOro
npoule, 4em B TOYHOW daxkTopusaumum) u
nerko oBpaThMble HUXKHASA W BEPXHAA Tpe-
YronbHble MaTpWubl.

[eHWanLHoe BCE NpPOCTO: NOMUMO
KOHCTPYKTMBHOMO MOCTPOEHWS MHOXUTENEN
L, U, Byneee npeanoxun B Ka4ectese Kpu-
Tepua 6nuzoctn MaTpul, TpebGosaHue

Be = Ae, (5)

roe € — BeKTOpP C MNOCTOAHHbIMK (eguHuy-
HbIMW) KOMMOHEHTaMW; OH HasBan ero
MPUHUMMIOM KOMMEHcauun. OTa COBCEM He
anrebpavyeckan wmpea ucxoouna M3 Tex
CEepPMSKHBIX cOooBpaxeHwnid, yto B 3apavyax
mMaTdU3nKN peLleHns B OCHOBHOM rnagkue,
a Torga npu ycnosuu (5) Ha kaxaoi ute-
pauun “nuiiHue” 4neHel (0BycnoBneHHsble
HEeTOYHOCTbLI0 dakTopusaumu (4)) Byayr
B3aMMHO KOMMEHCWMPOBaTbLCA.

Hoeble MeToAbl HA MHOMMX MNPaKkTu-
yeckux 3afadax obHapyxuBanu noTpacaio-
liee BbICTpoOencTBMe, HO BpemMeHamu He
sce OblNno rMagko. DTo roeopuno o Heob-
xogumocTtu Bonee rnybokoro uaydeHua
HOBOrO Kjlacca anropuTMoB, TEOPUK KOTO-
pbIX TOroa He Obino.

Ho, Kak W3BecTHO, HeT npopoka B
CBOEM OTE4YecTBe — Befayllue crneumanunc-
7ol 8 CCCP wnpelo HenonHoil daktopu3aa-
UMM He NopxeaTunu, NPOAOKAA YBNEYEH-
HO pasBuWBaTh Apyrve (npuvwegwmne wus-sa
pybexa) mMoOHble HanpasneHus.

Ha 3anape e wmetoobl bByneesa
OblNIN HECKOMBLKO Pas NMepeoTKpbiThl U cTa-
N1 akTMBHO ycoBeplleHcTBoBaTbed. B vac-
THOCTW, 3BPUCTUYECKOE ycnosue (5), KoTo-
poe Ha anrebpavy4eckoM s3bLIKE He 4TO
WHOE, Kak MPWHLMMN cornacosaHua CTpoY-
HbIX cymMM mMaTtpul B 1 A, 6bino o6bsicHeHo
n ahdEeKTMBHO WCMONL30BaHO B coYeTa-
HAW C YCKOpPEHWEM UTepauuii yHuBepcasb-
HbIMW METOOAMW COMPSKEHHLIX rPagueH-
ToB. lNopasuTensHoe coBrnageHune, HO npak-
TU4EeCKU oJHOoBpemeHHO (B 1983 ) wu
HesaBucKMO B paboTax asTopa ¢ O.AKcenb-
coHom (lonnaHgma) n Ox.fonyba (CLUA) ¢

B.M. UnsuH

Konneramu BbIMU NPennoXeHbl HesiBHble
(6noyHble) MeToabl HenonHoi dakTopuaa-
LMK, B KOTOPbLIX MATPUYHBIE MHOXUTENU L,
U — cyTb BNoYHO-TPEYrofibHble MaTpuLibl,
npuyem AuaroHanbHble GIOKM — NEHTOoY-
Hble MaTpuubl, HEHYNEBbIE 3NEMEHTbI KO-
TOpbIX COCPefoToYeHbl TOMBKO B OKPecT-
HOCTW NEHTbl 3a0aHHOW WKUPWHBLI d OKONOo
rnaBHOW OuaroHanu. Takue anropuTMbl
Mo3BONMNN YTOUYHWUTL Camy NPUBAVKEHHYIO
dakTopusaumio N 3HAYNTENBHO COKPATUTH
yucno utepaumii. OgHako 30eck BO3HMKNA
HOBasA HeTpaguuMoHHasa 3agada BblYUCNK-
TenbHoM anrebpbl: HANTU NEHTOUYHYIO YacTb
marpuubl, o6paTHOM K NEeHTOYHOI Xe mart-
puue. Ona 910 3a4a4yM yOanoCb HaWTK
N35LLHOE pelleHune (eCTeCTBEeHHO, TPyao-
eMKOCTb Mpoueaypbl yBenMyinsaeTcsa C¢ po-
CTOM LWMPWUHbLI NeHTbl d).

B aTtoMm mMecTe 3anoxeHa MpUHLUMMKU-
anbHas meTogonorudyeckaa npobnema,
oXMaawllas oo cux Nop CBOEro peLleHus.
MycTtb, Hanpumep, C — HEBLIPOXLAEHHASA
MaTtpuua. Ecam Mbl BblYUCIAEM NEHTOYHYIO
YacTb WMPKUHLI d>1 OT 0BpaTHON MaTPULLbI
— obosHa4yum ee yepes (C ') — 70
HaxoouM B OnNpeneneHHoM CMbicne npu-
6nmxeHne k obpatHon matpuue C ' (Ko-
Topas B 00llem cnyd4ae nfoTHas, T.e. He
cooepXuT Hynen). OeAcTBUTENbHO, €Cnun
d yBenuyuBaeTca BNNOTe A0 NOpsaka maT-
puusl N, To (C') - C-'. Mpu d=N mar-
py4Has annpokcumaumAa CTAaHOBWTCA TO4Y-
HO U meTop, peweHus CIIAY ua utepauu-
OHHOrO MpeBpaLlaeTcs B NPAMOIA, OaloWuiA
TOYHOE pelLleHne 3a KOHe4yHOe YMCno Aein-
cTBUil, DakTUYecKn B 9TOM Clydae MeTop,
npubnnxeHHoN dakToprusaLmu NepexoanT
B 6no4Hblii MeTopn laycca, KOToOpbid and
CETOYHbIX CUCTEM YPaBHEHWI CNULLIKOM O0-
por. 30ecb M BO3HWKAET BOMPOC: KakoBa
ontumMansHas wupuHa 1 < d £ N neHrtou-
HOM annpokcumauumu oBpaTHOW MaTpuubl
(C- "), yTobbl 0GecneynTs UTOroByio ad-
GEeKTUBHOCTL WTEpaunoHHOro metopa?
Wnw, gpyrumu cnoBamu, OOCTU4YbL 3anaH-
HOA TOYHOCTM 33 MUHUMANLHOE YUCOo
apupmeTrnHeckux neincTenin? MoHATHO, 4TO
nyywlee — Bpar XOpowero, v B MNOJHOM
obbeme pellieHne npobnemsl ONTUMK3A-
UMM anroputMOB — 9TO HEOOoCTUXUMAZR
ronyGas me4Ta, K KOTOPOA Haao CTPEMUTb-
CA, HO TONbKO APOGHLIMW lWaramu, pac-
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LUMPAS XNSHEHHOE NMPOCTPAHCTBO KOHKPET-
HbIMW pesynsTataMmu AA8 OTOENbHBIX TU-
MOB CUCTEM.

OT NWHEAHOWN HE3ABWMCWUMOCTW
BEKTOPOB —
K HE3ABUCUMOCTW CUIIbHOM

OpaHa 13 reHepanbHbIX NMHWA passu-
TUA UTEPaLMOHHLIX METOLOB 3aknoyaeTcs
B 0606LWWeHn1 Byneesckoro NPUHLMMNA KOM-
neHcauuu (5) Ha ocHoBe nepexopa K cuc-
TemMe Tak HasbiBaemblX NPOBHLIX BEKTOPOB
Yy ANs KOTOPbIX AOMKHLI BLINOMHATHCS
paBeHCcTBa

By,=Ay, q=1,..m. (6)

30eck pesynsTaTbl MNOAy4YeHsl ANs
YHVKaNbLHOro Kjlacca BellecTBeHHbIXx 6a04-
HO-TpexauaroHanbHbiX MaTPUL, — CTUNTbE-
COBbIX, KOTOPbIE, C O4HOWN CTOPOHbI, Nexar
B OCHOBE peLueHus LUIMPOKOro Krnacca rnpak-
TWYECKUX 3agady, a ¢ apyroii — obBnagaioT
CBOWCTBaMU, MONE3HLIMU MPU UCCNEnoBa-
HWW OCHOBAHHBIX HAa HWUX anropMTMOB. [MaBe-
Hble 13 3TUX CBOWNCTB — CUMMETPUYHOCTb,
MONOXUTENBHOCTE COOCTBEHHLIX 4ucen W
MOHOTOHHOCTL (oBpaTtHas martpuua A~
UMEeeT HeoTpuuaTesbHbIe 3M1EeMEHTh).

MaHa4anbHblil BONpoc 3geck: ans ka-
Kux Habopos NpPobHLIX BEKTOPOB ¥, Boo6LLE
paspelMMa 3agada o BbMUCIEHVMM npep-
obycnosnusatoLLeli MaTpuLbl B paccmatpu-
BaeMoro ¢akropusosaHHoro suga? WMayve-
Hue npobGnemMbl NPUBENO aBTopa K HOBOMY
MOHATUIO B NIMHENHON anrebpe — CUNLHOMN
HEe3aBUCUMOCTM BeKTOpoB. Ecnn B matpuue
pasMepoM m x N, COCTaBNeHHO 13 m Bek-
TopoB y, nopsagka N>m, kaxaslii MUHOP
m-ro nopsaka HeHyneeoW, TO TakmMe BeKTO-
pbl HA30BEM CW/ILHO He3asucumbiMU. [Moa-
YepkHeM, 4TO OOLIYHOIR, NUHEHON, He3aBuU-
CMMOCTN BEKTOPOB (Korga xoTa Obl OAuWH
MWHOP HEHyNeBoil) HeJoCTaTOYHO Ana pas-
pewwumoct 3aga4n (6).

Hanee cnenyioT o6biuHbIE ANS BbIYUC-
NNTENLHOIN MaTemaTuki BOMPOCh!, Ha KO-
TOPbIE YAanock NoAy4MThL rnepebie obHaae-
XuUBaloLLMe OTBETHI: Kak KOHCTPYKTMBHO
NOCTPOUTL BKOHOMMUYHbLIA anropuTM Mo
ycnosuio (6)? Kakoea ero 4yBcTBUTENb-
HOCTb M YCTOWYMBOCTb K MOrpeLHoCTAM

OKPYIEHUIA MalUMHHLIX onepauuii? Mpu
Kakux Npo6HeIX BeKTopax npenobycnosnum-
Balollan marpuua B Gyoet cuMmMeTpu4Hon
W MNONOXWUTENLHO OnpeaeneHHon (4To He-
obxopmumo, ecnu Tpebyetcs wvccnenosaTh
camn MeToabl HenosHol dakTopusalmm)?
CKONBKO M Kakux NPOBHLIX BEKTOPOB Hano
6patb, 4T0Obl 3PDEKTUBHOCTE anroputMa
Oblla Mo BO3MOXHOCTW BbICOKOM (Mbl CO-
aHatensHO He ynoTtpebnsem cnosa “Haum-
Bbiclueln”)? KakoBa 6yaer CKOpOCThb CXOAu-
MOCTW uTepaumnii? Mouck pelleHnii — Ho-
BOE HanpaeneHue, BbIXOOsSLWEe 3a paMKu
TEOPUM TONBKO UTEPaLIMOHHLIX anropuTMOB.
YpaBHeHus (6) MOXHO UHTEpnpeTu-
poeatk kak oBpaTtHylo 06o6uleHHyio 3ana-
4y Ha cobBCTBEeHHbIE 3HAYeHWs: ONA 3anaH-
HbIX COBCTBEHHbIX BEKTOPOB Y, v matpuubi
A HaiiTu maTpuuy B (cpeaw paccmartpusa-
eMOro Krnacca JIeHTOYHbLIX MaTpuL), KOTO-
pas CooTBETCTBYET eAMHUYHOMY 0006LLEH-
HoMmy cobcTBeHHoMy uucny. Takas Hetpa-
ANUVOHHas 3aaadva NuHelHon anrebpsl, ans
KOTOPOW yxXe HallaeHbl HeKoTopble 4acT-
Hble pelleHns, HaBepHska HalgeT CBOK
HULLY B Pasnu4yHbIX NPUIOKEHWAX.,
Apyroii acnekT npuHumna o6o6LweH-
HOM KOMMeHcaumMm UMeeT nNpsmoe OTHoLe-
HUe K Teopuu npubnuxeHuii. Ecnn Havans-
HYIO OLLUMBKY UTEpaLmii NpeacTaBuTb B BUOE
NIMHENHON KOMBUHAUMW NPOGHLIX BEKTOPOB:!

u-u=cyt.tcy,, (7)

TO NepBoe uUTepaunoHHoe npubnuxeHue
u' B (3) Nnpn =1 yxe GygeT ToYHbIM pe-
weHunem. Cnpasegnmeo 1 6onee cunbHoe
YTBEPXOEHWE: CPEean CUCTEM CWUJIBHO He-
3aBUCUMBbIX NPOGHLIX BEKTOPOB ONTUMaNb-
Ha Ta, KoTopas Hawny4wum obpaszom npu-
6nuxaetT wnckomoe pelweHne u (npu
u®=0). A nouck Takux NPUBAMXKEHWNIA yxe
MOXHO MPOBOAWTL C MNOMOLLBID anpviop-
HbIX OULEHOK Ana auddepeHunanbHbIX
KpaeBbIX 3amau.

M HakoHeL, TpeTuil BaXHbI MOMEHT,
ymcTo anrebpandeckuii: cooTHoweHue (7)
NMo3BONAET WUCCNenoBaTe UTEPaALMOHHLIE
npouecchl BuMaa (3) B NoanpocTpaHCcTBe,
HaTAHYTOM Ha BEKTOPbI Y,,...y,, — 4TO
TOXE ABNAETCHA akTyanbHOW 3apadvei ce-
PbE3HOr0 TEOPEeTUHEeCKOro W MpakTU4ec-
KOro 3Ha4yeHus.
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YXYOLWEHWE ANTTEBPAMYECKKX
CBOWCTB CWUCTEMBI
MOXHO OBPATWUTb BO BNATO

OpgHa u3 o6wmX COoBpPEeMEHHbIX Npo-
bnem BLIHUCNUTENBHON MaremaTukKkm —
nocTpoeHue aganTUBHbIX anropuTMOB, Mog-
CTpauBaloLUMXCa nof, CBOWCTBA peLlaemMoii
3afayqn 1 MNOoBbIWALKMX MPU 3TOM CBOIO
8 PeKTUBHOCTb HA OCHOBE aHanmaa anpu-
OpHOW W/unu anocTepuopHol WHdopmMa-
unn. Hanbonbulee sHaveHue Takoe Kaue-
CTBO MMEEeT Mnpu PpeLleHnun TPYA0eMKUX
3apa4y. B matematnyeckoi ¢pusuke K Tako-
BbIM OTHOCATCH “XECTKMe” ypaBHeHua C
O4eHb PEe3KO MEHSIOLWMMWUCH CBOWCTBAMMU
pewleHnit. B kadyecTBe npumepa MOXHO
NPUBECTN aHM3OTPOMHOE YpasHeHue cTa-
LUMoHapHON anddyaun (Mnu TennonpoBoa-
HOCTH)

d du ¢

A R
- Cereta e e R X, "
% dx dy dy :

B KOTOPOM KO3(PULMEHTLI @,b MOFYT Cunk-
HO W3MEeHATLCS (paXe Ha HEeCKONbKO Mo-
pPAOKOB BEIUUYUHLI) U UMETb B TOM 4ucne
Bonblune paspbiBbl. Y Kpaesblx 3amad no-
nobHoro popa oveHs “rninoxve” pelueHus,
KOTOpbIe MNOPOXOAlT rnasHbie Npobnemel
C Ka4ecTBOM annpokcumauuu, npaspa,
3[1eCb OHM BONHYIOT HAac B MeHblUel cre-
neHn. Opyraa ocoBGeHHOCTL Takol 3anaqn
3akno4yaeTcd B KatacTpodUuuecku nnoxon
obycnoeneHHocT anrebpanyeckoli cucre-
Mbl, MONy4aeMolr nocne puckpetTusauuu.
MNMomMumo noTepu BLINUCAUTENBHOW YCTOM-
YMBOCTK, 3TO NPUBOAWMT, Kak Mpasuno, K
3HAYMTENBHOMY YBENMYEHWIO KONWYecTBa
utepauuit n(e). B pabotax aBTopa ¢ 5.Ken-
norom (CLUA) Ha npumepe npocTeiiwero
uTepaunoHHOro metopa 3eigens, no-su-
OUMOMY, BriepBsble ObIIO 3aMe4YeHo, 4TO
€CNU BbIYUCNEHUA KaXKAO0r0 Chneaylowero
NpUBAMKEHNA NPOBOAUTL MOCNenoBaTeb-
HO MO yanam, YnopsifOYEHHLIM C Y4EeTOM
HanpasneHusa N3MeHeHWn Ko3PDULMEHTOB
MCXOOHbIX YPaBHEHWIA, TO Hanu4ue nx 60nb-
LWNX rpagueHTos MoXHO obpaTtuTs B CBOIO
e nonb3y. llonyyaeTtcss napagokcanbHbIN
Ha nepebii B3MaL (GeHoMeH: yxyaleHue
anrebpan4yecknx CBOWNCTB CUCTEMBI MPUBO-

B.N.UnbuH

OUT K YAy4LWEeHWIO WTEpauVoHHOro anro-
PUTMa, eCnn OH HYXXHbIM oBpasom aganTu-
poBaH.

OTOT pesynkTaT yaanock nepeHecTu u
Ha Takue “upeonorm4eckn” cnoxHele anro-
PUTMbI, KaKk METOLbI HenonHoi dakropuaa-
umn. JlokasaH npuHUMNManbHelid GakT yeko-
PeHUA CXOOMMOCTK afanTUBHbIX anropuTMoB
npU MOHOTOHHOM M3MeHeHUn KoabduumeH-
TOB WCXOQHOI cucTembl. BbiBegeHHble Teo-
peTnyeckue OLEHKW HarnsgHo noaTeepkaoa-
HOTCA YMCNEHHLIMK 3KCrnepumeHTamu. B osyx
CNOBax, MOMYYEHHbIE YTBEPXKOEHUS MOXHO
06BLSACHUTL crieaytolLmmM obpasom. Mpw agan-
TMBHOM MOCTPOEHUW NpenobycnosnMeatoLLas
mMatpuua B “HacnegyeTr” U KOMMEHcUpyet
MJIOXMEe CBOWCTBA WCXOOHON MaTpuusl A, B
pesynbrate Yero KkayecTsO MTOrOBOro anro-
puTMa TOMBKO YAy4llaeTcs.

AHanorudHelin addekr Habnoaaercs
W B CNy4ae 04eHb CWIbHOW aHu3oTponuu
(Hanpumep, a>>b), naxe ecnu KoadbULW-
EHTbl MOCTOAHHLI, XOTHA NPy 9TOM 06YyCcnoB-
NEHHOCTbL WCXOAHOW CUCTEMbl TOXE YXyM-
LiaeTcs, B onpeneneHHoM CMbicne 3anaqa
npubnmkaeTcs K OQHOMEPHOW, U NMpU Co-
OTBETCTBYIOWEM BA04HOM YNoOpaaoYeHUn
HEW3BECTHbIX WTEPAaLMOHHbIA anropuTm
cBOAUTCS K Ge3blTepauroHHOMY.

BaxHo oTMeTUThL, 4TO ajanTUBHbLIE
KayecTtea WTepauMOHHbLIX anropuTMOB Or-
penenslTcsa HenocpeacTBEHHO CBOWCTBA-
MW anreGpaunyeckoil cuctemsl. A ee ane-
MEHTbl 3aBMCAT Kak OT MoBeAeHus Koad-
$puumnerHToB auddepeHuMansHoOl 3aaayuu,
Tak n OT Wwaroe cetku. MNoatomMy paccmar-
puBaemble BbIYUCNUTESIbHLIE ABNEHUS MO-
ryt ObiTb BbI3BaHbl He “dusamnyeckumu”, a
4YACTO ONCKPETM3auMOHHLIMKU adddekTamn:
€Cnn ceTka CHULIKOM HepaeBHoMepHas (a
nNpyU CcuUnbHOW pasHomacluTabHocTW geTa-
Neit pacyeTHoW 06nacTu waru MoryT OTau-
4aTbCA B COTHWU W ThICAYM pas), TOo oGyc-
NOBNEHHOCTb Martpuubsl A CUNbHO yxynlua-
€TCA, HO nyTeM COOTBETCTBYIOLLEro
YNOpsaaoyHeHUs Y3noB MOXHO CXOOUMOCTb
uTepauunin, HaoGopoT, YNYHLWMUTb.

MccneposaHne 1M NOCTpoOEHME Takmx
a4anTUBHbLIX anropUTMOB CUNBHO YCNOXHS-
I0TCA, ecnu KoaddUUNEHTbl YpPaBHEHWA
OMUCLIBAIOTCH HEMOHOTOHHLIMU  YHKLWS-
MW C MHOMOYMCNEeHHbIMK AKCTpemManbHbIMIK
Toukamu. Mmelowmiica onbLiT Mo uccnepo-
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BaHWIO TpocTenwero metona 3eipens B
Takux CUTyauusx NosBoNIAeT HaoesaThcs, YTo
nNpobnemsl 34eCb YUCTO TEXHWYECKOrO Xa-
pakTepa: BO-MepBblXx, B aBTOMaTWM3aLUK
onpegeneHusa “xnTtpbix” nocnegosaTensHO-
CTeid C MOHOTOHHbLIMK CBOWCTBAMU W, BO-
BTOPbIX, B OGHapyxXeHUu HeoBXOAUMbIX
CBOWCTB MaTpuL, ¢ Bonee cnoxHeIMKU 6GROY-
HBIMU CTPYKTYpamu,

OTMEeTUM, YTO PaCcCMOTPEHHBLIN aaan-
TWBHbIA MNoAxon BbinagaeT u3 6GOMbLIONA
cepun paBoT W3BECTHLIX ABTOPOB. ITu
paboTbl NOCBALLEHBI 0GOCHOBAHWIO Pa3ny-
HbIX WUTEPaLMOHHbLIX anropuTMOB, Y KOTO-
PbIX CKOPOCTb CXOAMMOCTWU HE 3aBUCUT OT
BENNYMHbBI pasbpoca UCXOAHBIX KOBhDULIM-
eHtoB. OgHako NpOTMBOpEYMs 34eck Ha
caMOM pene HeT, Tak Kak NocTpoeHue
ananTyBHBbIX anropuTMOB — 3TO WUCMOAb-
30BaHne AONONHUTENBHOW WHOPMAaLWK O
BHYTPEHHUX CBOWCTBax 3agaqu.

YBSA3ATb HECOBMECTUMOE

OcHoBHasi MeTodoMorUA peannaaumm
BbIYMCIMTENbHBIX NPOLECCOB HA MHOMOMPO-
LLECCOPHbIX KOMMbIOTEPHbLIX CUCTEMAX —
9TO BbISIBIEHWE TAKWUX CHETHbIX dparmeH-
TOB anroputma, KOTOpble MOXHO BbINON-
HWUTb OOHOBPEMEHHO Ha PasnuyHbIX apud-
MEeTUYECKUX YCTPONCTBAX MPU MUHUMAL-
HbIX WHGOPMaUNOHHBLIX 0BMeHax mexny
HAMU. 3TO OOBLACHABTCH YMCTO TEXHWUYEC-
KuMu aetansmu: BpeMs obmeHa maccuBoB
M3 M 4ucen mexay OBYMS COCenHUMM!
npoueccopamu, KOTOpble WMMEKT Henoc-
PEOCTBEHHYI0 (U3NYECKYI0 CBSA3b, MOXHO
Bblpa3uTe Kak T = t,+mT, rae T, ectb
ONWTeNbHOCTL nepeaayn ogHoro vucna, a
T, — BPEMSA CTapTOBOW KOMMYHWKALMOH-
HOW 3agepxku. Ecnu yepes T, 0603HauYnThL
yCpeAHEeHHOEe BpeMs BLINONHEHUS OOHOWM
apndmMeTU4eckoin onepaumm, To 06bIYHO
nmeem  T.>> 1.>> T, A8 KOHKpeTHbIe
COOTHOLUEHUA BPEMEH MOTYT MEHSITLCS, HO
B [MaBHOM 3TW HEPaBEHCTBA COXPaHAIOTCS.

Ecnn He BpaBsatkcs B rny6okue TOH-
KOCTU OTOOPaXeHns anroputMOB Ha apxu-
TEKTYPY BbIYMCIUTENLHOW CUCTEMbI, 3h-
GEeKTUBHOCTL pacnapannenveaHus MOXHO
BbIPa3UTb KOJIMHECTBEHHO OBYMS OCHOBHbI-
MU XapakTepuctukaMmm — koapbuLmeHTa-
MU YCKOPEHWS 1N 3arpy3ku MNpoLLEecCOopoB:

R = -

= —L
Tﬁ

rne T, , T, — WHTEpBa/bi BpeMeHU Bbinon-
HEHWUA anroputMa (Mnu 3agayn) Ha OOHOM
“ p npoueccopax, npuiem T oueHuBaeTcs
C Y4eTOM KOMMYHUKAUMOHHLIX NOTepb.

Hapo noayepkHyTb, 4TO yckopeHue
anroput™Ma M 3apgadqm MoryT 6biTb pasHbl-
MW, MOCKONbKY O/ peLlieHns nocnenHei
MOXET OkasaTbCH LenecoobpasHbiM Bbi6-
paTte MeTon, KOTopbiA Tpebyet 6Gonbluero
o0bema BblMMCAEeHUI, HO Ny4lle pacnapan-
nenvBaeTtcH.

Ecnu paccmatpueate npoGnemy pac-
napannenueaHus peleHnin MHOroMepHbIX
KpaeBbiX 3aga4y B8 LENOM, TO peleHue
CIAY Taikxe ooMH U3 rnaBHbIX aTanoe, Tak
Kak gpyrve pacyeTtHble cTagum — auckpe-
TM3auusa obnactu, annpokcumauuvs gudde-
PeHUManbHbLIX ypaBHeHuidn u obpaboTtka
pes3ynsTatoB — pacnapannennsBaloTcs ro-
paspo nerde. TpueBuanbHO pacnapannenu-
BalOTCH W NPOCTeMLIne UTepauuoHHbLIe an-
FOPUTMbI, HO OHW UMEIOT CIULLIKOM MIOXYIO
CKOpPOCTL cxoauMocTh. TpyaHocTM B pea-
nuzauumn Havbonee BLICTPLIX METOO0B 3aK-
NO4aKTCA B TOM, YTO OHW OCHOBAHLI Ha
BbINONHEHWUM PA3NUYHbIX PEKYPPEHTHbIX
COOTHOLUEHWH, aBnswowmMxea cyrybo noc-
neposartesibHbIMK  onepaLvsaIMi.

HanbBonee nepcnekTusHbIA noaxom, K
pacnapannenveaHuio KpaeBbiX 3a4a4 3ak-
NoYyaeTca B [EKOMMO3UUMU PaCHETHBIX
obnacTtelt Ha nogo6nacth ¢ BO3MOXHO
OOVHAKOBLIM KOMWYECTBOM Y3M0B B KaX-
noi. Mpu atom obLas 3apaya pasbusaer-
CA Ha noAsafayn, Kaxpas W3 KoTopbiX
pelwaeTcsa Ha CBOeM npoLeccope, ¢ opra-
HUZaumnen nepruoanyeckmux MHOOPMAaLMOH-
HbIX WHTEpdencos mexay Humu. Ecnn
pewaetca CJIAY, To B kaxaoi nonobnactu
UTEPUPYETCH COOTBETCTBYIOWAS NOoACcUcTe-
Ma, 4TO MPUBOAWT B MTOre K [BOMHOMY
UTEpPaLUOHHOMY MPOLECCY.

Ha npumepe pexkomnosuumm Tpex-
MEepHbIX 3aja4 MOXHO npocneguTe pPag,
BaXKHbIX METOA0NOrMYecKuX BOMNpocoB, TEC-
HO CBfI3@HHbLIX C YMCTO apPXUTEKTYPHbLIMMK
KOMMBIOTEPHLIMK  acnekTamu. Bbeiymncnun-
TeNnbHasi CeTb MOXeT NpeacTasnaTe coboi
OAHOMEPHYIO CeTKy, [OBYMEPHYID NPsAMO-



18

YrONbHYIO UMK TPEXMEPHYIO Napannenenu-
neoovaansHy, Koraa Kaxaplii npoueccop
¢puranyeckn cea3aH COOTBETCTBEHHO C ABY-
MSsl, YeTbIpbMSl UM LUECTbIO TONONOrMyec-
KW coceaHMMW npoueccopamMu (Mbl He By-
[EeM paccMaTpuBaTh Apyrue aK30TUYeckue
n Gonee goporue cetw Tuna runepkyd m
“kaxablit ¢ KaxkaeiM”), Tenepb, ecnu y Hac
ecTb TPEXMepHaa pacyeTHas ceToyHasn ob-
nacte ¢ uucnom yanoe N=K?32, mMHOro
BonblKMM KONMYecTea NPOLLECCOpPOoB P, TO
Kak nydwe ee pa3butb Ha nogobnactu c
TOYKW 3peHus ONTUMAanbHOCTU pacnapan-
nenveBaHus?

OTBeT 3aBUCUT OT COOTHOLLEHWS Bpe-
MeH T, 1 T, 38aTpaimBaemMbiX Takvimm BbiHNC-
NNTENBHBIMW CUCTEMaMM COOTBETCTBEHHO Ha
BbINONHEHWE apudMeTUHECKX ornepaumii 1
obMeH paHHbIMKM MeXay npoueccopamu. A
3T0 CBA3AHO C YUCTO TEOMEeTPUYECKUMMN
taktopamu. BenvduHa T, npu BbIMUCHEHUM
OAHOW uTepauuy nponopumoHansHa obule-
My uucny y3noe nopgobnactv K3/ p, Te. ee
obbemy, a 3HadeHve T MPOMNOPLMOHANBHO
KONMWYECTBY rPaHW4HbIX Y310B, CMEXHbIX C
cocegHuMK nopgobnactamu, MNpy Menons3o-
BaHWU OOHOMEPHOW BbIYMCIIUTENBHOW CeTu
obnacte pasbuBaetcs Ha “nnactuHb” C
NAoLWaaLI OBYX CMEXHbIX rpaHein (4mcnom
rpaHuYHbIX Y3N0B), paBHoi 2K?2 B cnyyae
“OByMEPHON” pgekomnosvuym — Ha “cton-
BUKK”, NAOLaaL CMEXHbIX rpaHei KoTopbIX
4K?2/~ p (3peck npeanonaraeTcsi KOMMbIo-
TepHas CeTb C YMCOM MPOLEccopoB \ p B
Ka>kOoOM M3 OBYX U3MepeHuin), HakoHeu, npu
onpegeneHun nogobnacreih B Buae “Kybu-
KOB C ywmHON pebGpa Kp ~'°” BenuduHa T,
nponopunoHansHa 6K °p -2, Takum ob6pa-
30M, Npu p>>1 € TOYKW 3PEHUA KOMMYHN-
KaUMOHHBLIX MnoTepb “ogHOMepHas” Oekom-
Mo3uLMsl OKa3bIBAETCH Hauxymlleld, a Tpex-
MEepHas — Hawny4Lien.

Pasymeetcs, 34eck “3a kagpom” oc-
TaeTcs MHOro APYrux BONpocoB 1 BO3MOX-
HOCTEli: COBMELLEHME BO BpemeHu obme-
HOB NpoLieccopa G HeCKONbKUMW COCenHN-
MW, OQHOBPEMEHHOE BbINONHEHWE 0BMeHoB
W BbIYMCNEHUI, NCNONb30BaHNE CBepXObIC-
TPOW KaLW-NamsaTK, KOHBENepusauua apnd-
MEeTWNYEeCKMX onepaunii B OTAENLHOM Npo-
Leccope, ec/ivM OH COOEPXWT, Hanpumep,
HECKOJIbKO CYMMAaTOPOB W MHOXWTENbHbIX
YCTPOWCTB.

B.M.Unbun

OddekTnBHas peanuaauua napan-
NenbHblX anropuTMOB npeprnonaraer rpa-
MOTHOE MCMONL30BaHWE apXUTEKTYPbl KOM-
neoTepa 1M cuctem nporpaMmmMupoBaHns,
4YTO 3HaAYUTENbHO NOBLILWAET MNNaHKy Tpe-
6oBaHMiA K KBanudbwukauuyu NPUKNAaHOIo
marematuka-nporpammucTta. C nparmaru-
YECKOWN TOYKM 3PEHWMA 3TO, KOHEYHO, Kpyn-
HbLI HEOOCTATOK, 1 Ha NpeojoneHne Takux
HakNagHbIX PacxofoB OPUEHTMPOBaHLI Cy-
LecTBylOLLNWE W pasBMBaeMble cpencTea
aBToMaTM3auMK pacnapannenueaHuns, KoTo-
pble B uaeane OOMXHbLI NOMHOCTEIO CKPLITh
OT NONb30BaTENs BHYTPEHHIOW TEXHONOoru-
HECKYH "KYXHIO", Npy COXpaHeHUn BbICOKMX
koapduumeHtoe R n E.

3AKMOYEHUE: KAMO TPAOELLN?

PazymeeTcs, Mbl HE MO UCHEpPnaTb
0bunmMa MHTEepPecHenLWnx BOMNpoCcoB Aaxe B
pamKax MeTOAOB HenonHon dakropuaauuu.
B nepsyio ouyepeas — npobnemel pacrpo-
CTpaHEeHWUS MOJIy4eHHbIX PesynsLTaToB Ha
Bonee obwume 3apaqn: HeperynapHole ceT-
KW, Marpuubl C MEHee CWUIbHbIMW CBOMA-
cTBaMn WU YCNOXHEHHbLIMW CTPYKTYpPammu,
KpaeBble 3amadn ons cuctem anmdodepeH-
UManbHblX ypaBHEHWA W T.A,.

Kpome TOro, obcyxpaBlimecs anro-
PUTMbl pPasBUBAIOTCHA OOHOBPEMEHHO C
ApYruMK  NepcrnekTUBHbIMU  HanpasneHus-
MW, Cpegu KOTOPbIX — MHOrOCeTOYHLIEe
MeTOoAbl, anbTepHUpPYOLWWe onepaTtopHbie
MPUHUWNBI, MHOTOYPOBHEBLIE Mepapxmnyec-
Kne wutepaumn. M apechb, KpoMe 3400POBOIA
KOHKYPEHUUN, — Heu3bexHo B3aumHoe
oborawieHmue ¢ MNPOHMKHOBEHWEM WOen wn
KOHCTPYKTUBHLIX Nnogxonos. Mpn cylecTsy-
IOULEeM POCTe Hay4HbIX LUKON 1 BypHoMm mo-
TOKE MCCnepoBaHuili TPYOHO 3aragblBaTh WX
TEHOEHUMM [aXe Ha He O4YeHb Janekoe
OyayLlee, HO TeKyLLMIA nepuog MoxXHO Ges
fpeyBenuyeHnss HasBaTb 30/0TbiIM BEKOM
BbIYNCUTENBHOW anrebpbl.

Crarbsl HanMcaHa No pesynLTaTtam uccne-
OOBaHWi, NogaepXaHHbix rpaHitom PODU
95-01-01770 “MeToabl pelleHUs CUCTEM
NIUHEeNHbIX anrebpavuyeckux ypaBHEHWW
BbICOKOro nopspkKka C paspexeHHbIMU
MaTpudamMmm”.



