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OO6cyxmaercss BO3MOXKHBIN B3I HAa TO, KAKAME OYIyT IPUHIMITHAIEHO HOBBIE KOMITBIOTEPHBIC YCTPOHCTBA U
CHUCTEMBI, B OCHOBE KOTOPOTO TMPEJCTABJICHHEC HOBOTO KOMIBIOTEpPA KaK YCTPOMCTBA, COCTOAIIErO W3 Habopa
ACHHXPOHHBIX JIMHAMHYCCKUX Mopeier ((QpyHKIMOHATBHBIX 3JeMEeHTOB). (OCHOBHBIC YEPThI: CTOXAaCTHYHOCTH,
FI/I6pI/I]1HOCTB, aCI/IHXpOHHOCTB, OTCyTCTBI/Ie )I(GCTKOﬁ HCHTpaHI/IBaHI/II/I, JUHAMHU4YCCKaAa KHaCTepI/BaHI/IfI Ha KJIAaCChbI
CBSI3aHHBIX MOJICIICH.

H3MeHeHne mapagurMbl BbIYMCJIeHHIA. 32 IeCTh NECATHICTHI Pa3BUTHS CPEICTB BRIYUCIUTEIEHON TEXHIKH
NPOWZEH TYTh OT JIAMI, Yepe3 TPAH3HCTOPbl, HHTETPaJbHBIE MHKPOCXEMBI K CBEpXOONBIIMM HHTETPAIbHBIM
MuKpocxeMaM. Uto Oyner ganpuie? OCHOBHOH BOIIPOC HACTOSIIIIETO BPEMEHH YK€ HE CBOAUTCS IPOCTO K HApaIINBaHUIO
MOIIIHOCTH BBIYMCIHMTENBHBIX YCTPOHCTB — OH TpaHchopmupoBaics K Bompocy: «Kak 3(¢peKTHBHO HCIONIB30BaTh
MMEIOLINECs] MOLITHOCTH JUIs cOopa, 00pabOTKH 1 MCHOJIb30BaHHS JAHHBIX ?»

HoBeie morpebHOCTH, II00anu3aius 3ajad, SKCIIOHEHIIMAIBHOE BO3PACTaHHE CIOKHOCTH BBIYMCIMTETBHBIX
CUCTEM U HaAMETUBLIAACA B IMMOCICAHEC BPpEM TCHACHIUA 110 MPECOAOJICHNIO OTCTaBaHU A OTE€UYECTBCHHOM I/IT-OTpaCHI/I B
pa3BuTHH cynepkoMnbioTepHbIX BbraucneHui (T-Ilmarpopmer, CKU®-ABpopa u Apyrue mpoeKTHl) 3aCTaBISIIOT YKe B
MPaKTHYECKOM IUTaHE 3adyMaTbCsi O MEPCIEKTHBAX M BO3MOXKHOM cMeHe mnapaamrmel: «UTo Takoe mporece
BeIuKCIIeHNH?» OOBEKTHBHBIC CETOJHALIHME TEHJCHIMH — MHWHHUATIOpU3alus M TOBBIIICHHE NPOWU3BOANUTEIHHOCTH
MPOLIECCOPOB, KaK 3TO0 M OBUIO MpencKa3aHo 3aKOHOM Mypa — TPHBOAAT TEXHOJIOTMH K IIOPOTY Ppa3BUTHS
TPaJMLMOHHBIX BBIYHCIUTEIBHBIX yCTPOUCTB. OT NMPHUOPHUTETOB OECKOHEYHOrO HapalliBaHHS TAKTOBOW YacTOTHI U
MOIIIHOCTH OJJHOTO TIpOIieccopa ITPOU3BOJUTEINH MEPEXOAAT K MHOTOSIIEPHOCTH, apaJUIEIN3My H T. II.

Ha npomenmreit B centsiope 2010 roga B Abpay-/opco Beepoccuiickoit Hayunoit koHdpepeHnnn «Hayussri
cepBUC B ceTH MHTEpHET: CyNnepKOMIIBIOTEpPHbIE LIEHTPBI U 3aa4M» BO MHOTHX JOKIJIaaX CTaBWICS Borpoc: «Yro
OymeT mpu Tepexoie OT CETONHSIIHWX MPOM3BOAUTENBHOCTEH cymepkommbioTepoB B «TeraFlops» k ciemyromemy
MmacmTalby «ExaFlops»? Bn.B. BoeBonuu rosopmir: «Ilepexon k «ExaScale», ecTecTBeHHO, HJOIDKEH OyHET 3aTPOHYTHh
TaKkue BAXHEHINNE ACTIEKTHI BBIYMCIUTENBHBIX IIPOLECCOB, KAK: MOOeNU NPOSPAMMUPOBAHUS, CMENeHb U YPOGHU
napaienbHOCmu, HeoOHOPOOHOCHb NPOSPAMMHBIX U ANAAPAMHBIX CUCMEM, CIONCHOCMb UEpapXuu namsmu u
mpyoHoCmu 00HOBPEMEHH020 OOCMYNA K Hell 8 pAcnpedeNeHHbIX GblHUCTEHUAX, CTNeK CUCIeMH020 U npukiaonozo 110,
HA0eiCHOCmb, IHepeonompebieHue, C8epXnapauilebHulil 6600/6vb1600 ... »[1]. Bce 3T0 Hen30eKHO MPUBEAET K CMEHE
nmapagurMbl BBICOKOITPOU3BOAUTCIIBHBIX BBIYMCIICHUH!

Ceiiuac HECKOJIbKO siiep B MpPOLECCOPE MEPEeHOCHOTO KOMIIBIOTEpa YK€ HOpMa, B Ipoleccopax
CYIEPKOMITBIOTEPOB SIAEP BO MHOTO pa3 Oosbie. «JKHH yXKe BBITYIICH U3 OYTBUIKM» — MPOWIET COBCEM HEMHOTO
BPEMCHH U SIIEP CTAHET HECKOJIBKO JIECSITKOB, a TIOTOM M COTEH ThIcs 4! [10sBATCA COBEPIICHHO APYTHE apXUTEKTYpHI,
saapa OyayT oObeAMHSTHCS B CIOXHBIE KOMITO3MTHBIE ONOKH. K ITaHHBIM MOXHO OymeT mojiydarb HapajulelbHBIN
OIIHOBPEMEHHBIH OCTYN Pa3HBIM BBIYHCIHMTEIBHBIM OJIOKaM, «OOIIEHHE» BBIYMCIUTENBHBIX OJIOKOB MEXIy coOoi
OyzeT MporCXOANTH Yepe3 OOLLYIO MamsITh. B nelicTBUTENBHOCTH, M3MEHSATCSI MHOTHE aclieKThl apaaurmMbel: «To Takoe
BBIYHCIIUTEIIBHOE YCTPONUCTBO M YTO TaKO€ BBIYMCIHUTENBHBIN mpouecc». M3MeHsITCs TpaaulnOHHbIE PEICTaBICHHS O
TOM, KaK YCTPOCH KOMIIBIOTEP, YTO TAKOC€ BBIYUCIUTEIbHAA CUCTEMA. Ot IMPOUECCHI MPUHECYT U3BMECHCHUA U B CTHUJIb
MPOrpaMMHUPOBAHUSL, ¥ B TO, KaK OYAYT HUCIIOJIb30BaThCs BEIYUCIUTENbHbIE YCTPOUCTBA.

ITepexon x HOBOH mMapagWrMe BBIYMCICHWH NPHUBEAET, BUAUMO, K TOMY, YTO apXHTEKTypa BBIYMCIMTEIBHBIX
YCTPOWCTB  «CIOBHUHETCA» B CTOPOHY «HAOOpA  OOHOBPEMEHHO  pabomaowjux  dACUHXPOHHBIX — MoOlenell
83aUMOOEUCMBYIOUUX OUHAMUYECKUX CcUcmem (QyHKYuoHaibhwix diemenmog)y. Cpead HOBBIX XapaKTEpPHBIX YepT
Oynymielt mapagurmel Bce 00jiee OTUYETIMBO MPOCTYIAIOT CIEAYIONINE: CTOXaCTHYHOCTh, THOPUAHOCTh, ACHHXPOHHOCTb,
KJIaCTEPHOCTD (OTCYTCTBHE )KECTKOW IIEHTPANN3alMK M JUHAMHUYECKas! KIacTepru3alus Ha KJIAcChl CBSI3aHHBIX MOJIENEH)
[2].

Cmoxacmuynocms. C OTHON CTOPOHBI, XOPOILIO M3BECTHO, YTO KOMITBIOTEPHI CTAHOBATCS BCE MUHUATIOPHEE U
MUHHATIOPHEE, pa3Mep 3JIEMEHTAPHOIO BBIYMCIMTEIBHOTO 3JIEMEHTA (BSHTHIISA) HMPUOIMIKACTCS K pa3Mepy MOJICKYIIbI
WM Jaxke aromMa. Ha TakoM ypoBHE 3aKOHBI KITaCCHUYECKON (PM3MKH IIEPECTaloT padoTaTh M HAYMHAIOT JIEHCTBOBAaTh
KBaHTOBBIC 3aKOHBI, KOTOPbIE B CHIy IPUHIOMIA HEONpPEAEICHHOCTH [eii3eHOepra MPUHIMINAIBLHO HE AT TOYHBIX
oTBeTOB O coctossHUU. C Npyroil CTOPOHBI, CTOXAaCTUYHOCTh — 3TO M3BECTHOE CBOWCTBO CIIOKHBIX AWHAMHUYECKUX
CHCTEM, COCTOSAIINX U3 OTPOMHOTO YKCIIa KOMIIOHEHT.

Ion eubpuoHocmvio OyAyMIUX TPOLECCOB BBIYMCICHUH MOXKHO IOHUMAaTh HEOOXOIMMOCTH PacCMOTpPEHHS
KOMOMHAIMK HENPEPbIBHBIX M AUCKPETHBIX IIPOLECCOB, T. €. YUET HEeNPEPHIBHOM SBONIONUM NPOTEKaHUS (PU3NYECKUX
MPOLIECCOB MPH paboTe TOW MM MHOM MOJIENN U CKaYK000pa3HOe MEePeKIIYeHIEe C OJHOM MOJIENIN Ha JIPYTYIO.

YBenuueHue ObICTPOAEHCTBHS BBIYUCIUTENBHBIX YCTPOMCTB U yMEHBIIEHHE UX Pa3MEpPOB C HEM30EKHOCTHIO
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MPUBOIUT K HEOOXOAMMOCTH OIEpaluii C «IEPEeXOAHBIMUY» IPOLIECCaMH, CEphE3HBIM OTPAHUYCHHUEM KIACCHUYECKOM
MOJIENIN BBIYKMCIICHUH SIBISIETCSl pa3OMeHHe MaMsTH Ha M30JIMPOBAaHHbIE OMTHI, IOTOMY Kak, BO-TIEPBBIX, COKpalleHHE
JUIMHBI TakTa M PAacCTOSHUH MEXIy OWTaMH C OMNPEICICHHOTO YPOBHS JENacT HEBO3MOXXHBIM paccMaTpuBaTh WX
M30JIMPOBAHHO B CHITY 3aKOHOB KBaHTOBOM MEXaHMKH. BMECTO MPUMHTHBHBIX ONEpaLUil ¢ KIACCHIECKUMH OWTaMH B
OynymieM ObUTO OBl €CTECTBEHHO MEPEHTH OlepanyusiM, 3a/laBaeMbIMH TEMH WM MHBIMH JUHAMHYECKUMU MOAEISIMHU
MHKpPOMHpa, ONEPUPYIOIMMHU ¢ HaOOpaMH B3aMMOCBS3aHHBIX «OMTOB» [3-6]. IIpn 3TOM mpoCTEHIIMMHU «MOAEIAMU
MOT'YT OCTaThCsl KJIACCHUECKHUE Olepalyy ¢ OUTaMu.

Acunxponnocms. OTKa3 0T yHU(GHUINPOBAHHBIX MPOCTHIX BBHIUYUCIUTENIBHBIX JIEMEHTOB HEM30€KHO MPHBOIMUT
K OTKa3y OT CHHXPOHHU3AIMHU PabOThl Pa3IMYHBIX KOMIIOHEHT, HMEIOIUX CYNIECTBEHHO OTJIMYaroIiuecs (pU3nuecKue
XapaKTePUCTUKUA M CBOM [UIMTENIBHOCTH «TAaKTOB». B pamKax KIacCHUecKOH TEOpHH MHOKECTB NPOTHBOPEUMBHIH
CMBICI TIOHSTHSI CIMHOTO «TaKTa» BBIPAXKAETCS B paMKax HEPa3pEeUIIMMOCTH IPOOIEMBI KOHTHHYyMa B paMKax
akcuomaruku Openkens-Liepmerno.

Knacmeprnocms. OHAM U3 HEOXKUIAHHBIX PE3YJABTAaTOB MHOTOYMCIICHHBIX MOMBITOK B pa3paboTkax (co31aHuy,
a/ICKBaTHOM ONMCAaHWW TOBEICHHS W YIPABICHHWH) CIOXKHBIX CTOXACTHYECKHX CHCTEM OKa3aJlaCh NEPCHEKTUBHOCTH
MOJIENIN MYJBTHAr€HTHBIX CHUCTEM, B KOTOPOI TOIOJIOTHS CBSI3€i areHToB Mexay coOoi MeHsercsi co BpemeneM. [Ipu
9TOM IOHSITHIO areéHTa MOXKET COOTBETCTBOBATh KaK HEKOTOpasi JMHAMHYECKash MOeNb (KOMIIOHEHT CHCTEMBI), TaK U
ompeneNieHHbI Habop Mopesch. [Ipi OTCYTCTBUM KECTKOM IEHTPAIM3alUd TaKUe CUCTEMBI CIIOCOOHBI 3(PPEKTUBHO
peliarh JOCTaTOYHO CIOXKHbIE 33ja4u, pa30MBasi UX HA YacTH U aBTOHOMHO Iepepacipesieisisi pecypchl Ha “HUKHeM
ypoBHE, 3 (HEeKTHBHOCTH YaCTO MOBBIIIAETCS 33 CYET CAMOOPTaHM3AINH areHTOB M TUHAMHYCCKON KJIacTepu3alys Ha
KJIaCCHI CBA3aHHBIX MOJEIIEH.

B HexoTOpoM cMEICiE Iepexon K pa3paboTKe W CO3JaHUIO MOJIENICH CIIOMKHBIX BBIYMCICHWH 3aKOHOMEPHBIN
JTan  pa3BUTHSA MHKpOIIporpaMMupoBanus. IloHMMaHHe BO3MOXKHBIX MPEHMYIIECTB pAOOTHI yCTPOWCTB ¢
3 ]eKTHBHBIM MHKpPOKOAOM OTMedajoch emie B 50-e rr. mpomwioro Beka. Bo Bropom psimy cepun EC OBM B
KOHCTPYKIIMIO OblIa 3aJIO)kKeHa BO3MOXKHOCTH JTMHAMHUYECKOTO MHKPOIPOIPAaMMHUPOBaHHS. XOPOIIO W3BECTEH LENbIN
pin OBM — or «Mup-1» mo «3np0pyca», HCTIONB3YIONINX S3bIKH BhIcokoro ypoBHsS (HLL) xak mamumHHBIC. B
HACTOSIILIEE BPEMS MEXHONO2UU MUKPONPOSPAMMUPOGAHUS eCIMEeCHEEHHbLIM 00pa3oM cOBUSAIOMCA 6 CHIOPOHY
@usuneckux npoyeccos.

O0o0menne kaaccnyeckoii cxembl Mammubl Teropunra. O.H.I'pannune npeanoxmt 1 000CHOBANI HOBYIO
a0CTPaKINIO BEIYUCIUTEFHOTO YCTPOHCTBA, 0000IIAIONIYIO CXeMY KIIACCHYECKON MamuHbI Thropuara [6, 7]. B pamMkax
HOBOI MOJIENIU NEPEOCMBICIUBAIOTCS CTaBIINE TPAJAUIIUOHHBIMU MOHSITUS «TaKT», «IIAMAThY, «JIEHTBI», «IIPOrpaMMBbI»
U «cocTrosiHUs». Ecim B KnaccuueckoM IOAXonAe SYEHKHM @aMsITH HCIONIB3YIOTCA U XPaHEHUs JAUCKPETHOU
uH}poOpMaIUM ¥ X U3MEHEHHE BO3MOXKHO TOJIbKO B TeX CIIydyasx, KOIZa yKas3aTejb JICHThI IOKa3bIBae€T Ha Hee, TO B
HOBOW KOHLIENIINH «sI4YeiKa MaMsTh» MpPEICTaBiIseT cO0OM MOCTOSHHO (PyHKIMOHHPYIOLIYIO MOJENb JTUHAMHYECKOM
CHCTEMBI (BO3MOXKHO M JIOCTaTOYHO CJIIOXKHOI), a «JICHTa» — MOAMHOKECTBO B OOIIEM NMPOCTPAHCTBE COCTOSHHH, MpH
JOCTHKEHUH KOTOPOTO 3aKaHYMBACTCSl OYEPEAHON «TaKT» M IMIPOUCXOAUT BKIIIOUCHUE «IIPOTPAMMBI» — CKauKooOpa3HOe
MepeKIIIOUCHNE ¢ OAHUX Mojenel Ha apyrue. EcrecTBeHHO, 4TO Kitaccudeckas siaeika MmaMsITh JUIS XpaHeHHs «OuTay
SIBJISIETCS YACTHBIM CITy94aeM TaKoro 0000IIeHUs.

B m100BIX COBpEMEHHBIX BBIYMCIUTENBHBIX YCTPOHCTBAX XpaHEeHHe HH(POPMAIUK OCHOBAHO Ha TEX MJIM MHBIX
(bm3MUECKUX MPUHIMIAX, TOJHKO SBOJIOLUS COCTOSHHUS SMEHKHM BO BpeMs XpaHEHHUs OoJsiee MmpocTasi — COXpaHseTcs
MOCTOSIHHOW Kakas-To (u3uueckas XapakTepUCTHKa. J[pyruMu ClIOBaMH, TPaIUIMOHHYIO WH(POPMATHKY MOXHO
CPaBHUTH C apu(PMETHKOM, OHa orepupyer IudpamMu — 3HAYCHUAMHE STUCCK MaMATH (HIH, 00Jiee TOYHO — apHUPMETHKON
KOHEYHBIX ABOMYHBIX ApobOeit). Ilpennaraemas HOBas MOAETH BBIYMCICHUI IO3BOIMT NEPEHTH B MH(OPMATHKE OT
«@apu(pMeTHKN» K «(GYHKIMOHAIBHOMY aHAIN3Y», HCCICIYIOMEMY IPOLECCHl IBOMIONNH HH(OpMAIMu BHYTPH HOBBIX
«14yeex» (onepanuy ¢ GyHKIUSIMHA).

Jpyrum o6001ieHreM MOXKeT OBbITh BEPOSITHOCTHOE 3a/laHie OTOOPa)KEHHWH 3BOJIOLMH M HPOrpaMM, UYTO
MO3BOJIUT PEAM30BHIBATH C TOMOIIIBIO HOBOW MOJIENN AWHAMUYECKUE CUCTEMBI, CTOXaCTUYECKUE THOPUIHBIE CHCTEMBI,
BEPOSITHOCTHBIE ABTOMATBI, CHUCTEMBI CO CTOXaCTHYECKUM yOpaBl€HHEM U T. 1., HE OIUCHIBaEMbIE
JIETEPMUHUPOBAHHBIMHA 3aKkoHaMu. Jlnsi opraHm3anuu pabOThI TaKOW CHCTEMbI, HaBepHOE, IenecooOpazHo Oyaer
HCTIOJIb30BaTh PaHIOMU3AINIO, TIO3BOJISIONIYI0 YACTUYHO yCTPAHUTH BIMSHUE Ha pabOTy CHCTEMBI CHCTEMAaTHUECKHX
MOTPENTHOCTEH, KOTOPBIE MPAKTHUECKH HEM30EKHBI ITPU M3MEHSIOMIEHCS CO BPEMEHEM MOAEIN TUHAMUYECKON CHCTEMBI
[8].

IIpennoxenHas HoOBas MOJAENb BBIUUCICHHM IIO3BOJIIET ONMCHIBATH €CIM HE BCE, TO MOJABISIOLIEE
OOJIBIIMHCTBO IIPOLECCOB pPEAJbHOTO MHpa, a Takke paboTy BCEBO3MOXHBIX CYIIECTBYIOIIMX M OymaymIux
BBIYHCIIUTENBHBIX YCTPOWUCTB, BKIIOYAst aHAIIOTOBBIC U OMOKOMITBIOTEPHI, HEHPOKOMIIBIOTEPHI, KBAHTOBBIE KOMIIBIOTEPHI
U T. 1. OCOOEGHHOCTBIO MPEAIaraeMoro IOAX0/a SIBISETCS OTKa3 OT PEAYKLUH CIOKHOCTH B IPOLECCE BBIYMCICHUS.
CHOXHOCTh BBIYHCIUMOIO 00BEKTa JIOJDKHA OBITh SKBHBAJCHTHA CIOKHOCTH BBIUMCIAEMOro. JpyrMMHU ciloBamH,
MOHATHE BBIYUCIUTEIBHON CIIOKHOCTH MpPaBUJIbHEE pacCMaTpHBAaTh OTHOCHTENBHO BBIOPAHHON CHUCTEMBI 0a3HCHBIX
SBOJIOIOHHBIX TIPUMHTHBOB, a HE OTHOCHUTEIHHO TPATUIIMOHHO PacCMaTpPUBAaeMBIX OMTOBHBIX mpeobpa3osanuii {0; 1}.
KBaHTOBBIE M HEHPOKOMIBIOTEPHI OOCIIAIOT CHJIBHO H3MEHUTH IPEICTABICHHS O BBIYMCIUTEIBHOH MOIIHOCTH
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COBPEMEHHBIX BBIYUCIHUTEIIbHBIX yCTpOﬁCTB. VBenuueHue BBIUMCIUTEILHOM MOIIHOCTH, BO3MOXHOC 3a CYCT
HCIIOJIB30BAHUA  HOBBIX MOI[CHeﬁ BLIHHCHCHHﬁ, OCHOBBIBAKOIIUXCSA Ha (1)I/I3I/ILICCKI/IX SIBJICHUAX, II03BOJIACT
MIPEANONOXKNUTh, YTO B OyIylIeM HOBBIE KOMIIBIOTEPHI CMOTYT pEIIaTh 3a/Jadl, HEBBIIONHUMBIC IJISI OOBIYHBIX
KOMITBIOTEPOB.

HckycecTBeHHBIH HMHTeIEKT. YenoBeuecTBO HAaKOMMIO OONBIION MAaccHB 3ajad, KOTOPHIC KOMITBIOTEPHI
yMeIoT 3(GQEKTUBHO pemars. MOXHO NOCHaTh pPaKeTy B OMNPENENCHHYI0 TOYKY, MOXKHO OBICTPO BBIYHCIHUTH
npeodpazoBanne ypbe, MOXKHO OBICTPO HAMTH pelIeHHe KaKoro-HUOY/Ib BaKHOTO YPaBHEHUS! M MHOT'O-MHOTO APYTHX.
Ho kak HaMm MOCTYNHTB, €CIIM MBI XOTHM COOparh YHUBEPCAIbHBINH BBIYUCINTENb, KOTOPBIHA CIIOCOOEH OJIMH BBHIIOIHHUTH
ux Bce? [IpeanoaokuM, 9To Mbl e/laeM HE BBIYHCIHTEb, OBICTPO PEHIAIOIINI YPaBHCHHUS, a HAIllA [IEJIb CeNIaTh Y4TO-
TO TOXOXKE€e Ha HAC, Ha JIIOHEH («HCKYCCTBEHHOE MBICIIAIIEE CYIIECTBO»), KOTOPOE B YCIOBHSX HEOINPEICIEHHOCTEH
CIOCOOHO paclo3HaTh PeaIbHYI0 CHTYaluIio, BEIOpaTh aJeKBaTHYIO €i 3ajady M pemuTh ee. Hampumep, cpeam Bcero
peann30BaHHOTO Habopa 3afad MPUHUMAET PELIeHHE O BhIOOpe OJ0Ka, OTBETCTBEHHOIO 33 PELIEHUE OIpENeICHHON
3aj71auu, KOTOPBI «roBOpHT: [la, 3Ty CHTyanuio s KOHTPOJIMPYIO, 3TO MO 1Iejb, ITopa e€ Mopa3uTh, WM BUXKY yrpo3y,
ropa yoerars u T. IL.».

Takue cucrempl, KOTOpble pabOTAOT B CHUTYyalMsX, ONMUCHIBAEMBIX B TEPMHHAX HEUETKOW JIOTHKH, IIJIOXO
«BITUCHIBAIOTCS» B TPAJUIMOHHYIO KOHIEINIHUIO apXUTEKTypbl KOMIIBIOTEpPa, B KOTOPOW OIEpauud OOBIYHO
BBITIOJIHAKOTCA TOCJICA0BATCIIBHO, JAHHBIC 3arpyXaroTCA MMOCICA0BATCIIbHO, IJIA BBIITOJHCHHUNA TOTO UJIKX MHOTO }IeﬁCTBI/Iﬂ
HAJIO MOCJIeIOBATENbHO MPOMTH HekoTopble mward A, b, B u 1. 1., kak-To ux nepedparb. Ho noka Mbl ux nepedupaem,
3a4acTyro perraemas 3a/1ada epecTaeT ObITh aKTyaTbHOH.

Yro MoxHO X#aTh B mepcrektuse? IIpocroe pemreHne coOpaTh BCE BBIYHCIUTENBHBIE ONOKH BMECTE U
HapalmyBaTh X BBIYMCIUTEIHHYIO MOIIHOCTh B CETOAHSIIHUX YCIOBHSAX YK€ HaTAKUBACTCSI HAa CEPhE3HBIE MTPOOIEMBI
OTBOZIa TEIUIa, OHOBPEMEHHON JOCTaBKM OIPOMHBIX 00BEMOB MH(OPMANNH, BEIOOPA «BEAYIIET0» OJ0Ka ¥ MHOTUMH
npyruMu. HaBepHoe, KOrma-To MbI CMOXeM coOparb OJOKM (MHKPOCXEMBI), pellarollie BHIOpaHHBIE HAMH 33/1a4M
(>xenmareNbHO BCe) B «KIIyOOK» 3aKpydeHHOW cnmpaiy, kak B Moiekynax JIHK B kierkax OHonormyeckoro opraHusma,
KOTOPBIC PEIIAIOT OTPOMHOE KOJIMIECTBO 3a1a4 ((QyHKIIUI).

Kak MOIr'yT pe€marbCsad BaXXHBIC I YHHUBCPCAJIBHOI'O BBIYMCIWTEIA 3aJadyd C JOCTYIIOM K IaMATH, C
MapajuleNnn3MoM, IaHHBIMH? [HMIIOTETHYECKH MOXHO TMPEACTaBUTh, YTO XHMHYECKOE WM 3JIEKTPOMArHUTHOE
BO3/ICHCTBHE (HAIIPHMeED, Ty CBETA) HA TAKOH «KIyOOK» MOXKET OJHOBPEMEHHO BO3/ICHCTBOBATh Cpa3y Ha BCE OJIOKU U
KOXIBI M3 HUX OAHOBPEMEHHO C JIPYTHMMH «IIPHMEpSET» IMOCTYMAONIyl0 MH(pOpPMaNnio «Ha ceOs». TpagunnoHHas
aNbTepHATHBA MapajuleNn3My — IepeOuparb 10 O4epeAr M CMOTPETh, KOMY M YTO Jydlle HoxxoauT. B Tom Oioke,
KOTOPBIA pacro3Hall aeKBaTHOCTh TEKyIleH MH(OpPMaIMU €ro 3ajade U KOTOPOMY MH(OpMaIHsl «IOIOLUIa» JydIlle
OCTaJIbHBIX, MOYKHO COITOCTaBUTh BOSHUKHOBEHUE COCTOSIHUSI HEKOTOPOTO UHDOPMAYUOHHOZO PE3OHANCA.

PaccMoTpuM mpumep HWHTEIUIEKTYaJIbHOM CHUCTeMbI, paboTaromieil Ha MEepeYMCICHHBIX BBIINIC MPUHITUIIAX.
[MpencraBum cebe poboTa, B3aUMOJECHCTBYIOLIETO C PeajbHBIM MHUPOM 4Yepe3 CTaHIapTHBIE YCTPOICTBA — JAaT4UKH,
BU/I€O U (hOTOKaMepbl, MUKPO(OHBI, PaaHOIOKaTOPhI, CEPBOMEXaHN3MBI. L{eHTpaIbHBINH KOMIIBIOTEpP pOOOTa COCTOUT U3
TBICAY YCTPOHCTB (O110KM U3 «Mozeneii»), 00padaThIBAOIINX OJHH U TE )K€ TaHHBIE, TOCTYIIAIONIIE U3 BHEIITHETO MHPA,
M CO3JAIOIINX BHYTPEHHEE IpeCTaBIeHNE (OTpaKEHHE) pealbHOTO MHpa B «MO3Ty» poboTa. DTO IpeCTaBIeHHE 110
OYEBUAHBIM IIPHYMHAM OyZIET CO37aBaThCsl C IOMEXaMH U JIOJDKHO MTOCTOSTHHO KOPPEKTUPOBATHCS.

LleHTpanbHBIN KOMIBIOTEP MCHONB3YET CO3JaHHOE MPECTaBICHHE MUpa Ul pacuera 0a3uCHOW CTpareru U
ONTHUMAIBHBIX TPACKTOPHH MepeMEIeHH s, TI03BOJISIOIINX N30€XKaTh OMaCHOCTEH U BHINOJIHUTH TOCTABICHHOE 3aJaHueE.
OyHKIMOHUPOBaHHE pOOOTa B MOAOOHBIX YCIOBUSIX MOXHO MPEICTaBUTh KaK OJHOBPEMEHHOE BBINOJIHEHHE
COBOKYITHOCTHU MapauICIbHBIX 3aJa4, KOHTPOJHUPYEMBIX pPa3HbIMU yCTpOfICTBaMPI B HEHTPAJIbHOM KOMIIBIOTEPEC.
CrnemyeT OTMETHTh, YTO €CITH PE30HAHCHBIE YCTPOWCTBA HE KOHKYPHUPYIOT 3a oOmmid pecypc (BHIOCOKaMepy,
HCTIOJIHUTEIHOE YCTPOUCTBO H T. 11.), TO HET HEOOXOANMOCTH BBIOMPATh U3 HUX IVIaBHOE.

Pabora Bcex ycTpoiicTB pobOoTa (B TOM YHCI€ W BBIYHUCIUTENBHBIX) PETYINPYETCS BEKTOPOM HapaMeTpoB,
pa3MepHOCTh KOTOPOTO MOXET OBITh O4eHb OoubIIoN. [IOMCK ONTHMMANIbHBIX 3HAYEHUH 3THUX MapaMeTpoB BO3MOXKECH
TOJIKO TIOCJIEe TIOCTaHOBKM 3a/1aud, BKJIIOYalolled B ceOs ompezeneHHe (yHKIMOHANA KayecTBa. B jaHHOM ciydae
(yHKIIMOHAN KayecTBa Oyl€T OLIEHMBATHCS LIEHTPAIBHBIM KOMITbIOTEpOM. OCHOBHBIE BO3MOXHBIE KPUTEPHU —
COOTBETCTBHE BHYTPEHHEW KapTUHBI MHpa pEaJbHbIM YCIOBHSIM (YHCIO KOPPEKIHi), YHCIO M KaueCTBO
MH(OPMAIMOHHBIX PE30HAHCOB U T. JI. HacTpoiiky mapameTpa ¢ BBICOKOW pa3MEpHOCTBIO ylI00HEee BCEro MpOU3BOJHUTH
PaHIOMH3HUPOBAHHBIM AJITOPUTMOM CTOXaCTHYECKOH ONTHMHU3AINH, KOTOPBIH XOPOLIO JIOKUTCSA Ha JIOTUKY KBAHTOBBIX
BBIYHMCIINTENBHBIX YCTPOHCTB M 10 MHOTMM IIapaMeTpaM IIPEANIOYTHTENbHEE IPYTHX MOZOOHBIX aNTOPUTMOB LIS
ONTUMU3ALMY CHCTEM B pEaIbHOM BpeMeHH [5,8].

Bonee konkpernsnii npumep. Ilpenmonoxnm, 9To y Hac €CThb HabOp yCTPOMCTB, CIOCOOHBIX paclio3HABAaTh
oTpezieIeHHbIE BU/IbI U300paKeHUH (KaXK/10e U3 YCTPOMCTB HACTPOEHO HA KaKOW-IIMOO KOHKPETHHIH 00BbeKT). Bee atn
yCTpOiicTBa NOJIY4alOT B PEAJLHOM BPEMEHM H300pakeHHe C HEKOTOpod HM(pPOBOH Kamepbl. B kaxablii MOMEHT
BpEMEHHU TOJILKO OJHO M3 YCTPOWCTB, OOBSBUBINEE ceOsl TIIABHBIM, MOXKET YMpaBisITh kKamepoil. CyIlecTByeT Takxke
OITHO YCTPOWCTBO, YIpPABISIONIEe KaMepol B CiydasX, KOTJAa HHUKTO He OOBsABUI ceds miaBHBIM. OHO MOXET
JIEWCTBOBATh MO KaKOMY-HHOYJb MPOCTOMY JITOPUTMYy — HalpHMEp, OCMAaTPHUBAThCS WIM CKAaHHUPOBATh HEKOTOPBII
B)XHBII y4acTOK, B KOTOPOM OXKHJAETCsl MOSBIICHNE 00BEKTOB. KapTHHKA C KaMephl MOCTOSHHO IONAETCsl Ha BXOZBI
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BCEX PAaCIIO3HaBaTeNIe, U T€ B CBOIO OdYepelb IIBITAIOTCS PAclO3HaTh B HeEil CBOM 00BeKT. Pesymbrarom mx paGoThI
SIBJISIETCS CTEINIeHb COBIAJICHUsI B TPOLEHTaX (Harpumep, OOBEKT SIBISETCS JKUBOTHBIM C BEPOSTHOCTBIO 75%). Ilon
MH()OPMAIMOHHBIM PE30HAHCOM E€CTECTBEHHO IOHMMATh IPEBBIIICHUE «CTETEHH IOCTOBEPHOCTH» Yy KakKOro-TO U3
YCTpOMCTB 3apaHee yCTaHOBIEHHOTO nopora (Hampumep, 90%), B pe3yabrare 3TO YCTPOHCTBO OOBABIAET ceOs IIIaBHBIM
n Oepet Ha ceOsl yrpaBiIeHHe KaMepou Jiis Ooliee eTaNbHOTO N3y9YeHHUsI 00bEKTa WITH CIIEKEHHS 32 HUM.

Pestomupyst ckazaHHOE BBIIIE, MOXXHO 3aKJIIOYUTH, YTO POCT MOIIHOCTH BBIYMCINTEIBHBIX YCTPOWCTB H
MOCTOSIHHOE PACIIMpPEHHE KIIacCOB HAYYHBIX M MPUKIAIAHBIX 3a/1ad, MpoOJieMbl ¢ BBOJOM M O0OpabOTKOM JaHHBIX B
CYIEpPKOMITBIOTEpaX ¢ HEM30EKHOCTHIO IPUBEAYT K CMEHE MapaJuTrMbl BHIYUCICHUH.
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