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MOJAEJINMPOBAHUVE HA CYIIEPBM JMHAMUKU ITJIASMEHHBIX 9JIEKTPOHOB
B JIOBYIIKE C THBEPCHBIMU MATHUTHBIMU ITPOBKAMMN
n MYJIBTUITIOJIBHBIMUY MATHUTHBIMU CTEHKAMN

E. A. Bepengeen!, A. B. Usanos?, I.I. JIazapesa®, A. B. CubiTHukos?

PaccmoTpeHa 3aa4a MogennmpoBaHua AUHAMUKM NNAa3MEHHbIX 3/IEKTPOHOB B /IOBYLLIKE C MHBEPCHbLIMM
MarHUTHbIMY NPO6KaMn Y MyNbTUMNO/bHBIMU MarHUTHbIMW CTeHKamn. Mogenb NocTpoeHa Ha OCHO-
Be MOAM(IMLMPOBAHHOIO MeToda vacTul B Avelikax. CNoXKHbI xapaKTep ucciedyeMblX MpPOLECCOB
N Heobxo4Mmas BbICOKasi TOYHOCTb NOTPeboBanv pa3paboTKN NapaiienbHOro anropuTMa, no3soss-
HOLLEro 3a pasyMHOe BPeMS pacCUUTbIBaTb TPAEKTOPUU MWINNAPLOB YacTuy,. 19 paBHOMEPHON 1
MOMIHOW 3arpy3Ky BbIYUC/INTEbHBLIX Y3/10B BbIMOSIHEHA CMeLUaHHasi 3//1epoBO-narpaH>keBa 4eKoM-
no3numsa ¢ y4eToM AMHAMUYECKOrO Luara Mo BpemMeHW. Takoii nogxos Mo3BonseT AOCTMUb BbICOKOM
MacLLTabrpyemMocTn NapassieslbHOro anropuTMa u CyLecTBEHHO YCKOPUTL Bbluuc/ieHns. Pa6boTa Bbl-
nonHeHa npv nogaepkke WHTterpaunoHHoro npoekta CO PAH Ne 105 n rpaHtoB PPPU (Kogbl
11-01-00178, 11-01-00249, 12-07-00065). CTaTbs pekoMeHAoBaHa K nybnukauuy NporpamMmmHbIM
KOMUTETOM Me>XKayHapoaHOW Hay4yHol KoHdepeHuun “TapasninenbHble BbIYUCAUTEbHbIE TEXHO/IO-
run” (MaBT-2013; http://agora.guru.ru/pavt2013).

KuroueBbie ciioBa: METOA YacTUL, B siuelikax, napasiiesibHoe NporpaMm1MpoBaHie, MoAeIMpoBaHue nam-
UECKMX MPOLIeCCcoB, r3nKa Niasmbl.

1. Beenenne. Hanbonee ahheKTUBHBIM METOAOM MOTYYEHWNS] MOLLHBIX HEMTPa/ibHbIX MYyYKOB A/ YCTaHo-
BOK YMpaB/isieMOro TeEPMOSIIEPHONO CUHTE3a SABMSIETCA HelTpanusaums NyykoB OTPULATENbHbIX MOHOB B Mas-
MEHHOI NoBYyLUKe-MuLWeHN. B NHcTUTyT agepHoi husmkn CO PAH (MAP CO PAH) npegnoxkeHa nvHeliHas
OCECMMMETPUYHANA /I0BYLLKA C MHBEPCHbIMU NPo6Kamy (C 06paTHbIM MarHUTHbLIM MOMEM) A/1S1 HelATpanM3aumm
nyyka oTpuLaTeNbHbIX MOHOB [1]; ANs NPOBEAEHNS 3KCTMEPUMEHTA/IbHBIX UCCNeA0oBaHNiA co3faHa NoByLLKa M-
LLUEHHOW M1a3mbl AsMHoM 130 cm ¢ anepTypoit 10 cM. MpoeKT Hanpas/ieH Ha peLleHne NPo6aeMbl MUHUMU3ALMN
noTepb Nna3mbl B LUMPOKO anepTypHble NMPOXOAHble OTBEPCTUSI B TOpLUAX, B KOTOPbIX HaxoAATCs MHBEPCHbIE
MarHUTHble NPOGKK, a TaKXKe Yepe3 LUINHAPUYECKNE MYSIbTUMO/bHbIE MAarHWTHbIE CTEHKW NOBYLUKMW Ha ee Ba-
KYYMHYO KaMepy.

MoNHOLEHHOE UccefoBaHMe (HM3NYECKMX MPOLIECCOB B Na3Me MOXKET 6bITb MPOBELEHO TOSIbKO MPY KOM-
NIEKCHOM MOAXOAE, COYeTaloLWEM KaK 3KCMepMMEHTa/IbHble UCCNeA0BaHNS, TaK U UCC/eA0BaHNSA C MOMOLLbHO
BbIYMCUTENbHbIX METO0B, aIeKBaTHO OMMUCbIBAOLMX 3TW NMpouecchl. 158 TOro 4Ytobbl M36exkaTb YNpPOLLEHNI
N NONYYNTb KaueCTBEHHO MPaBW/IbHYI (IM3NYECKYH) KapTUHY, HE06XOAMMO MOCTPOUTb MaKCUMasibHO MOSHYH
MaTeMaTMYECKYO MOAE/b.

OOLWENPUHATO, YTO XOPOLLIEN UCXOAHON MOAE/bIO MOTHOCTLIO MOHM3MPOBAHHONW M1a3Mbl SIBASIETCS cCUCTEMA
YpaBHEeHWIA, cocTosLasn 13 ypaBHeHMs1 BonbuMaHa anst hyHKUMIA pacnpefeneHns MOHOB U 3/1eKTPOHOB [2]:
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N CUCTEMbI ypaBHeHMVI MakcBenna ¢ camocor/1iacoBaHHbIMWN 3N1eKTPOMarHUTHLIMW MONAMMN:
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3[ecb MHAEKCOM O 0603Ha4aeTcst COPT YacTuy (MOHbl U 3NeKTPOHbI); To(r,v,t) — QyHKUMA pacnpegeneHns
yacTuL, copTa O; (g — 3apsg YacTuubl; j — NAOTHOCTbL TOKA; p — MIOTHOCTL 3apsga; E — HanpshkeHHOCTb
3/1EKTPMYECKOro Nons; H — Hanpsi>KeHHOCTb MarHuTHoro nons; Ho — marHmTHoe nmone nosywku; St{fy) —
thyHKUMSA, onMcbiBatoWas crefytolime usnyeckune nNpoLecehbl:

— MOHU3aUMA aToma BoLopoAa,

— MOHM3aumMs 1 guccoumaums Mmonekynbl Hy,

— AuccoupaTMBHOE BO36YXKAEHME 1 AMCCOLMATMBHAA peKoMbuHaumusa H2*,

— AuccoupaTmBHan pekombuHauusa D2,

— nepe3apsjKa NPOTOHOB Ha aTomax Bogopoga.

Hanb6onee yHVBepCa/ibHbIM 1 LUMPOKO MPUMEHSIEMbIM METOLOM [A/151 PeLUeHMs 3TUX YPaBHEHWIA SBNSETCH
MeTOA yacTul B Adeikax [3]. Obwas cxema 3TOro MeTo4a CoCTOMT B TOM, YTO Mia3ma npegcraBnsieTcs Habo-
POM A0CTATOYHO 60MBLIONO YMC/Ia MOLEbHBLIX HYacTuL, ABVKYLUMXCA B COOTBETCTBUM C 3aKOHAMU K/1aCCUYECKOiA
MEXaHVMKMN B CamMOCOr/1acoBaHHOM 3/1EKTPOMarHMTHOM nosie. Kaxkgas mogensHasa yactuua XxapakTepusyeT [4Bu-
YKEHWE MHOTMX peasibHbIX YacTuL, U CTAHOBMTCA HOCUTE/NIEM HEKOTOPOro Habopa XapaKTepucTuK cpedbl, Takmx
Kak 3apsif, Macca, UMNynbC, KMHeTUYecKas aHeprus n ap. [ TOYHOro onvcaHus qim3nyeckmx 3hheKToB,
MNPOUCXOAALLMX BO BCEA NOBYLLKE, HEO6X0AMMO MCMOMb30BaTh 40 109102 MogenbHbIX vacTul, 1 108-10° y3nos
ceTKM (B ABYMEPHOM C/lyyae). HecMOTps Ha BHYTPEHHWIA napanienin3M MeToga 4acTuL, COCTOSLWMIA B TOM, UTO
TPaeKTOPMUN MOAE/IbHbIX YacTuL, MOTYT ObITb BbIYMC/IEHbI HE3ABMCUMO APYT OT Apyra, NOCTPOeHUe napaienb-
HOro mMacLTabmpyemoro airoputma npeactaBnseT cob60i HETPUBMABHYHO 3adady M 3aBUCUT OT OCOBEHHOCTEN
paccMaTpuBaeMbIX PM3NYeCcKMX npoteccos [4].
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Puc. 1. l'eomeTpusa MarHWTHOW CUCTEMbI MIa3MeHHOM NOBYLWWKN-MULLEHN N CUNOBbIE IMHNN MarHUTHOIo nossd

OfHO 13 TaKuxX 0COBEHHOCTEN SABNISETCA COXKHASA KOH(UIypaLmsa MarHMTHOro noss B noByLwke. Ha puc. 1
NnokasaHa reoOMeTpus KOJIbLIEBbIX MArHUTOB C >Ke/le3HbIMU 3KpaHaMn C MarHUTHbIM MOJieM, NpeACcTaBNSAoLMNX
c0o60Ii NOBYLUKY MWLLEHHOI Mia3Mbl. MarHMTHOE MoJe SIOBYLLKK B OTAE/bHbIX 06/1aCTAX MEHSETCA B npegenax
50 I'c-7 «lc.

Takoe pa3nMuue B BeIMYMHE MarHMTHOIO Nons (40 ABYX NOPSIAKOB) CYLLECTBEHHO BAMSIET HA TaPMOPOBCKWA
paguyc 4acTul, Y4To, B CBOK 04epedb, MPUBOAMT K YMEHbLUEHUIO BPEMEHHOM0 wara npu BblUUCIEHUN TPaeKTo-
puii. B HacTosiWel cTaTbe paccMaTpuBaeTcsl Takke npobsema afanTUBHOIO Liara no BPeEMeHU ANs 4vacTul,
Haxo4ALWMXCA B Pas/IMYHbIX 061acTSAX NIOBYLUKU, C YH4ETOM pacnpefesieHnss 4acTuL, Ha BblYMCIUTENbHbIE S4pa.

2. Pertenne OCHOBHBIX ypaBHeHUi. B 0CECUMMETPUYHOW NIOBYLLKE C KOJIbLEBLIM MarHUTHbLIM MOIEM
OTCYTCTBYET a3UMyTa/lbHblii KOMMOHEHT MOJIA M CTauMOHapHOe asuMyTasibHOe 3fleKTpuyeckoe none. CooTeeT-
CTBEHHO, B TaKOI /IOBYLUKE He MOXXET BO3HMKaTb HOPMasibHbIA K CTEHKaM CTalMOHapHbIA Apelid nnasmbl B
CKpeLLeHHbIX Nonsix. BcneacTBue 3TOro Hambosiee ONTUMalbHON SIBASIETCA [ABYMepHasi MOCTaHOBKa 3ajayv B
LUMAMHAPUYECKNX R—-Z KoopAmHaTax C y4eTOM BCEX TPEX KOMMOHEHT CKOPOCTEl M MMMY/bCOB YacTul,
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2.1. Pemtenne ypaBuenusi Bosbipmana. VIcnonb3oBaHve mMeTofa pacLuernsieHns rno3sossieT CBeCTU pe-

of
LueHUe ypaBHeHns BonbLMaHa K peLleHnio ypaBHeHna Bnacosa —— +V —— + F g —— = 0 1 KOPPEKTUPOB-

ot or ap
Ke TPaeKTopWiA YacTuL, ¢ y4eTOM MPOLECCOB MOHM3aUMM 1N gUccUnaumMm Ha ocHoBe meTogoB MoHTe-Kapno [5]:
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B cebsa camocorsiacoBaHHOe MarHUTHOE nosie YyacTuy 1N BHELLHee NoJie JIOBYLLUKN.

[lna Toro yTo6bl M36eXaTb 0COGEHHOCTEN Y OCK CUMMETPUMW, B HACTOALLE pa6oTe MCMOMb3yeTcA Cxema
Bopuca [6] — pelLieHne ypaBHeHUs BriacoBa B eKapTOBbIX KOOPAMHATAX C MOC/EAYIOLLMM NIOKaIbHLIM Npeo6pa-
30BaHMEM PELLEHUA B LMMMHAPUYECKME KOOPAMHATLI. B aTOM criyyae Ana onpefeneHus TPaeKTopun YacTul, B
JleKapToBbIX KOOPAMHATAX MOXKHO WCMO/b30BaThb CNEAYIOLLYH CXEMY:
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HEHNA ONUCbIBalOT ABMXKEHUA MOAE/IbHbIX LI¢’;ICTI/ILI')Z = V. 3,[],er H BkoYaeT
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34ecb T — Lar no BPeMeHW; BEPXHUI HAEKC YKa3blBAeT HA MOMEHT BPEMEHM, B KOTOPbIN BbIUYMC/IAETCA NCKOMAs
hyHKUMSA; MHAEKC | YKa3biBaET Ha HOMEpP YacTuLpl, AN51 KOTOPOI NPOM3BOAATCS BbIYUCIEHNS.

2.2. Pemnenne ypasaenuii MakcBesia. YpaBHeHVUs1 MaKkcBesia pellatoTcsl B 31AN1epoBbIX NMepPeMEHHbIX.
Heobxogvmble ons UX peLleHns N/ HEETI}-3aPAAa M, NIOTHOCT - FOKaPbIYUCNAIOTES, MO CKOPOCTAM 1 KOOPAUHA-
Tam OTAeNbHbIX YacTuy: p(r,t) = iR r,rjt) , j(r, v = gj V()R r,r;(t) . 3pecb gj — 3apag vacTuLbl

) O ] i
C HomepoM J; doyHKumA R 1, rj(t) (dyHKuus aapa) xapakTepusyeT opmMy, pasMep HacTuLbl U pacnpegesieHne
B Heli 3apsja.

B HacTosLLen paboTe MI0THOCTY TOKa M MIOTHOCTY 3apsfa BbIMUCAATCA Mo hopMynam, aHaiornyHbIm [7],
HO afanTUPOBaHHbIM 415 LMAVHAPUYECKON CUCTEMbI KOOPAMHAT. Npy TakoM NoAxoAe pa3HOCTHBIN aHanor ypas-
HeHus (1) BbINOMHSAETCA aBTOMATUYECKM, YTO MO3BOJISAET CYLLECTBEHHO YCKOPUTDL BbIYUCIIEHUS.

[Na HaxoXKAeHUs: 3NeKTPUYECKMX Y MarHWTHbIX MOSe UCNOMb3YeTCa cxema, npefnoxkeHHas JI3HT4OHOM
n JlasvHckmum B 1976 1. [8], B KOTOPOI MOSA ONPEeAenstoTcs M3 PasHOCTHbIX aHa/loroB 3aKOHOB COXPaHeHus
dapagesa 1 Amnepa:
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Taknm 06pas3om, cxema peLleHVs 3adayun pasbusaeTca Ha Tpy aTana. Ha nepsom (narpaH>keBom) aTare o
cxeme (2) BbIMUCASKOTCA CKOPOCTU U KOOPAMHATBI YacTUL, a Tak>Ke OnpeaenstoTC KOMMOHEHTbI NI0THOCTY TOoKa
™2 1 nnoTHocTy 3apsga p™+1. Ha BTOPOM aTane NpOMCXOAMUT KOPPEKTUPOBKa TPaeKTopuii YacTul, Ao6as-
NAKTCA M YAansloTCcs YacTuubl C YYETOM NPOLECCOB UOHM3AaUMU 1 guccunaumm 1 ¢ UCrosb30BaHeM MeTOLOB
MoHTe-Kapso, a Takoke yaansaTca YacTulbl, NOKMHYBLUME NOBYLLKY. Ha TpeTbeM (3ii1epoBom) aTarne fno cxe-
Mme (3), (4) peluaioTca ypaBHeHNs MakcBenna, T.e. oNpeaensioTca 3Hauerns dyHkumii H™* /2 y EM*1 g y3nax
CETKWU. 3HaYeHMs1 3/1EKTPUYECKUX U MarHWUTHbIX MOJER, AeMCTBYHOWMX Ha KaXKAYH 4YacTuly, BbIYUCAAKTCA C
MOMOLLbI0 BUTMHEHON MHTEPNOAALMN.

2.3. AnanTuBHOE M3MeHeHMEe Macc dacTuil. [10CKO/IbKY Ha KaXKAOM Luare BO3MOXKHO KaK podKieHue
HOBbIX YacTwuL, TaK 1 yaaseHne YacTuLl, NOKUHYBLUUX NI0BYLLKY, HEO6X04MMO KOHTPO/IMPOBATh /IOKa/IbHOE U3Me-
HeHWe NMMIOTHOCTM B KaXK ol Adeiike. MNpobriema 3akni04aeTcs B TOM, HTO PEKOMOVMHUPYIOWUX peasibHbIX YacTuy,
CYLLECTBEHHO MeHbLLE, YeM peasibHbIX YacTuL, COOTBETCTBYHOLLUMX OAHOM MOAENbHOW YacTuLe, No3ToOMy yaaseHve
nnn fobasfieHVe OLHON MOAENbHOW YacTuLbl MOXKET NPUBECTU K CYLLECTBEHHOMY He(PU3NYECKOMY WU3MEHEHUIO
MIOTHOCTU B SAYeiike CeTKWU. [ins TOro 4tobbl M36eXkaTb MOA0OHLIX HeXKenaTesbHbIX SBMIEHWIA, B HACTOSILLEN
pa6oTe NpefnoXKeHa MOAUMKALMA METOAA YacTuUL, OCHOBAHHASA Ha afanTUBHOM M3MEHEHUM Macchbl.

[ANa Kaxkaoro copta yacTul, BBOAUTCA KOHCTaHTa S = a — OTHOLLeHue 3apsja K macce Yactuubl. Yactuua

XPaHWT 3apsif, NPONOPLMOHabHbI MIOTHOCTY BeLeCTBa B AaHHOW sueiike. Co3faHne YyacTul, NPOUCXoANUT Mo
cnegytoulemy anroputmy [9]:
— BbIYUC/ISIETCA MOMHAS Macca B SYeiiKe;
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— BbIYMC/ISIETCA CPEeAHSISt CKOPOCTb;

— [06aBNATCSA HOBble YaCTULbl C HEOOXOAMMbIM Pa3bPOCOM M0 CKOPOCTSIM (CPefHsst CKOPOCTb paBHa Hy-
no);

— BbIYUCASIETCA Macca 04HOM YacTuLbl NyTeM feNleHWsl MOIHOW MacChbl Ha NOJIHOE YMC/IOo YacTu, (M CTapbIX,
N HOBbIX); 3Ta Macca NpUcBamMBaeTCa KaXKAO0M YacTuLe B siUeiike;

— K C/ly4YaliHbIM CKOPOCTSIM HOBbIX YacTuL, 406aBNSIETCA CPefHSIS CKOPOCTb YacTuL, B siUeiike.

YaanatoTcs YacTulbl aHaslorMyHbIM 06pasom.

3. IapastesnbHas peanusanus aaropurma. Kakgbiii BpeMEHHO war paboTbl NporpaMmbl COCTOMT U3
cneayoLmx AeACTBIIA:

— pacyeT 3/IEKTPUYECKOr0 M MarHUTHOro Nons;

— pacyeT ABWXKEHUA MOAENbHbIX YacTul,

— BbIYNC/IEHME HOBbIX 3HAYEHMWI NAOTHOCTU TOKa M 3apsja, BbIYMC/IEHNE UHTErpasia CTONIKHOBEHMWIA;

— W3MEeHeHMe Macc YacTul.

Bpems paboTbl Bcex 3TUX Mpoueayp 6bl710 U3MEPEHO C MOMOLLbIO NMpodmnnpoBLimKa gprof. PesynbTathl
NpPoUIMPOBKU NPeACTaB/eHbl Ha puc. 2.
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TOKa Makcsenna
Puc. 2. Bpems paboTbl OCHOBHbIX MPOLEAYP NPOrpamMm. Puc. 3. 3itnepoBo-narpaH>esa
CeTka 128 x 128, 200 yacTuL B siueiike [eKoMno3nyms obnactum

M3 puc. 2 BUAHO, YTO OCHOBHOE BPeMs paboThbl MporpaMmbl 3aHUMAaIOT OMnepauun ¢ YyacTuLamy — pacyeT
[BV>KEHMS YacTuL, a TaKXKe BbIUMC/IEHWE NIOTHOCTM TOKa A1 KaXKA0i YacTuubl. Mcxoasa us 3Toro MoXXHo npeg-
NOXKWUTb HECKO/IbKO CXEM pacnapasifie/IMBaHns: paBHOMEPHOe pacnpeeneHne YacTuu, o npoweccopam; aiineposa
[eKoMMNo3nuumsa 0651acTu 1 pacnpeaeneHne YacTul, No nNpoLeccopaM B 3aBUCMMOCTM OT UX MOMOXKEHUSI; CMeLLIaH-
Hasl 3lif1epoBO-N1arpaH>keBa AeKOMMO3MLMA U pacnpeaesieHne YacTul, B 3aBUCUMOCTYU OT BPEMEHM pacyeTa 04HOro
Liara Ha Ka>koMm mpoLeccope.

B pa6oTe [4] noKa3aHO NPeEUMYLLIECTBO 3i/1ePOBO-NarpaH>XeBoil gekomnoanyun obnactu (puc. 3) B cnyyae
MOCTOSIHHOTO Liara no BpeMeHW. ObnacTb pelleHns pasbuTa BAOb KOOPAMHATbI Y Ha HeCKOJIbKO nofobnacTei,
YacTuMUbl KaXKaol nofo61acTy paBHOMEPHO pacnpegesieHbl MeXXay NpoLeccopamu 0TAeNbHON Fpynmbl He3aBUCH-
MO OT KOOpAMHaTbl. PasnnyHble CUMBO/bI, 0603HaYaloLLMe YacTuLbl — KPYr, KBagpar, TPeyroibH1K, pom6, —
03HaYatoT NPUHAAIEXKHOCTb YacTULL K Ppa3HbIM Fpynnam NpoLeccopoB, LBeT hurypbl BbligenseT NPUHaANeXXHOCTb
K pa3HbIM npoLieccopam B rpynne. B gaHHOM npumepe Mcnofb3yeTcs 16 NpoLeccopos.

OpHaKo NOCTOSIHHbIA BPeMeHHOM wwar 6yaeT 06yc/ioBfeH MaKCUMasibHOW BEIMUUHOA MarHWTHOrO noss B
noByLlKe. MocKo/bKy pa3Huua B BENMYMHE MarHMTHOIO MO/ B pPasHbIX 061acTsX NIOBYLLKA MOXET COCTaBNSATh
[0 102, To 3T0 BeAET K CYLLECTBEHHOMY 3aMe/l/IeHNI0 PaboThbl NPOrpaMmMbl — MPUXOANTCSA BbIUCISATL M/aBHbIE
TPaeKTOPMU YacTuL, B 06/1aCTSIX Masioli BEIMUNHBI MarHUTHOFO MO C MESIKUM LLAroMm.

B HacTosLen paboTe npeasaraeTcs MCMO/Ib30BaTb AMHAMUYECKMWIA LIar sl pasHbIX 06nacTeid /IOBYLUKM.
3TO peLLeHVe HaKNaabIBaeT CriefytoLiee OrpaHNYeHre Ha pacnpeaesieHne YacTuu, Mo NpoueccopaM — Ha KadKablii

MPOLLECCOp NPUXOANUTCSA MopsiaKa
1 B ®)

roe Nj — umcno yactuy, B sdeiike i, ti — BpPeMs pacyeTa TPaeKTopUM OAHOW YacTuupl B A4yelike i (ognHaKo-
BOe A/11 BCeX 4acTuL, faHHoi adelikn), N, — obLLee umcno npoLeccopos. Takoe pacrpejesieHne COOTBETCTBYET
pacnpefeneHnio “no BpeMeHn” (haKTuUyecKu, AMHaMMUecKas alinepoBa AeKoMNo3uums 061acTu), onMcaHHOMY
A.H. AngpnaHoBbiM 1 K. H. EhumkuHbiM (VIHCTUTYT NpuknagHoi matematuku um. M. B. Kengeiwa) B pabo-
Te [10], HO C y4eTOM AMHAMMWYECKOro Liara rno BpemMeHu. MNpeAcTaBuB 06LLee YMCI0 NPOLECCOPOB N3 POPMYIbI
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(5) B BuAe nponssedeHns yncna rpynn Ng NpoLeccopoB Ha YMCI0 NPoLeccopoB Npg B FPyMne, MOXHO MosyunTb
CnefyloLLiee YMCNO YacTul, Ha rpynny npoLeccopos: Ni t—' .
9 1

PacnpenenvB 4acTuubl BHYTPU FPynnbl PpaBHOMEPHO, MOXHO MOMYYUTb 31i/1epOBO-NlarpPaH>KeBy AeKOMMOo-
3uumMio 06/1acTU. ITO MO3BOSIAET M36eXKaTb CUTyauuW, KOrfa Ha OTAe/NbHbIA MPOLEeccop MpUXoanTcs TOMbKO
HECKOJIbKO S1YEeEK M HauMHaloT npeobnafaTb MEXKMPOLECCOPHbIE KOMMYHUKALMN.

lMocKoNbKy BeNMYMHA MArHUTHOMO MOMSA NOBYLUKW CYLIECTBEHHO MPEBOCXOAUT BE/IMUMHY MarHUTHOro rno-
Ns1, CO34aBaeMOro YacTmuamm npy ABVKEHNU, AEeKOMMNO3ULMIO 06/1aCTU MOXKHO MOYUYUTh 3KCMEPUMEHTaSIbHbIM
nyTem.

4. BoluncanTesibHBIA 9KcIiepuMeHT. [10CKOIbKY AeKOMMNOo3nuns 06nactu 6bina noslydeHa ucxogsa m3
BbIYUCANTENbHBIX 3KCMEPUMEHTOB, HEOOX0AMMO NPOBEPUTHL MacLUTabupyemMocTb MOJTyHEHHON peannsauuy anro-
puTma. PacyeTbl NpoBOAMAUCE Ha cyrnepkomnbioTepe “STomoHocos” (MITY).

Ha puc. 4 npeacTasiieHo YcKope-

HUE MPU WCMOMb30BaHWUWN Pa3NNUHO- YcKopeHue

9.
ro KO/In4yecTtBa I'IpOLLECCOprIX Fl,ﬂ'ep. 8_ - OTHOCMTeﬂbHO 128 ﬂp'ep /?
B cBAN C 6OI'IbLUl/IUM o6beMom Tpeby- ;| [ ] OtHocuTensHo 1024 saep
eMoif onepaTUBHOM NamsTh MacwTa- ¢ | ... VgeansHoe yeKopeHue
6UPYEMOCTb  PaccMaTpuBaeTcsl [a/is -
5' ¢¢'
cny4vaes 128 n 1024 npoLeccopHbIX i
Anep. Vcnonb3oBaHme MeHbLUIEro Ko- 3]
NINYeCTBa MPOLIECCOPHBIX SiAep He g e
NPeACTABNSET MHTEPECA C TOUKN 3pe- 2| 1 e
HUA S
peasibHbIX 3a4au. 1.81 3.56 7.05
MapameTpbl safau: > 128 1024 256 2048 512 1024 8192
— yucno y3nos 1024 x 1024, pe- 4096
KOMMO3WLMA 06/1acTV BAOMb HANpaB- ObLuee umMCnI0 NpoLECCOpoB
neHust Y Ha 64 nogo6nacty, Puc. 4. MofyyeHHoe YCKOpeHMe 0THOCUTENbHO 128 1
— 4YMUCNo 4Yactuy B A4Yeuke 1024 npoveccopHbIX Aaep

[ANA TeCTUPOBaHUA MacLLuTabupyemo-
CTW OTHOCUTENbHO 128 npoueccopHbIx saep (Bcero 1310720000 vacTuy),

— YMC/IO0 YacTuL, B AYeiike 4151 TECTMPOBAHUS MacLITabrpyemMoCcT 0THOCUTeNbHO 1024 NpoLeccopHbIX Saep
(Bcero 5242880 000 yacTuu).

Kak BMAHO M3 puc. 4, NoflyveHHbIi airopuTmM XOopoLlo MacliTabupyetcs Ao 8192 npoueccopHbIX S4ep.
OfHaKo npv NpoBefeHNN CepyUM PacHeTOB Ha TakKOM KOJIMYECTBE MPOLECCOPHbIX A4ep KPUTUYECKUM (DaKTOpPOM
CTaHOBMTCH 0TKa30yCTONYMBOCTb — M3-3a CNeLndMKIN CynepkoMnboTepa “JIOMOHOCOB” 0TKa3 UM CyLLLECTBEHHOE
3amef/1eHre MeXKMPOLECCOPHbIX KOMMYHUKALWA O4HOMO BbIYUC/IUTENBHOIO Y313, CBA3aHHble C 0COBEHHOCTAMY
thusmyeckoin opraHusaLmm cynepKoMnbioTepa, NPUBOAAT K NPeKpalLleHnto paboTbl BCeli NporpaMmbl. MockonbKy
B pacueTax ucnosnb3yetcsa nopsgka 0.5-1.5 T6 onepaTVBHON NamsaTn, cOXpaHeHWe MHOpMaLMU Ha >KECTKWI
OVCK B BMAE “KOHTPO/bHBLIX Todek” (Kak oTMe4yeHo B [10]) He mpeAcTaBnsieTcs BO3MOXKHbIM. B JanbHeliwwem
NAaHNpyeTca NPOBeAEHVE UCMbITAHUIA Ha APYrvMX CynepKOMMblOTepax, a TakXKe UCNosib3oBaHue rpatmyeckmx
YCKOPUTENEN AN CHATUA YacTU HArpy3Ku C YHUBEPCA/IbHbIX BbIYMCAUTENbHBIX A4EP.

5. PesysbTaThl pacyeToB TPAEKTOPHUil 3JIEKTPOHOB B JIOBYIIKe. PacueT TpaeKTopuii MogefbHbIX
yacTuL, MPOV3BOAWJICA MPU CNEAYIOLLNX PU3NYECKMX N MOAE/BbHBIX MapaMeTpax:

— TemnepaTypa nnasmbl 5 3B,

— pa3mep obnactu 61 cm x 12 cm,

— M/I0THOCTb 3/IEKTPOHOB (MOHOB) 2 % 1013 cm~3,

— ceTka 4096 < 128 y3nos,

— o6ulee uncio moaesbHbIX YacTul 5242 880 000.

PacueTbl NnpoBoAMINCE Ha cynepKomnbioTepe “J/TOMOHOCOB” € UCNOJIb30BaHWEM A0 8192 nNpoueccopHbIX Aaep.
CpepHee Bpemsi pacueTa ogHoro wara — 0.326 ceKyHf, cpefHee BpeMsi pacyeTa BCeli 3agaum — 24 yaca.

Ha puc. 5 npesacTaBfieHbl TPAEKTOPUM HEKOTOPbLIX 3/IEKTPOHOB MN1a3Mbl 6e3 yyeTa BAUSHUSA MOHU3aUUMN U
avcevnaumn. N3 pucyHkKa BUAHO, YTO MHBEPCHbIE MarHWTHbIE MPO6KM Ha TOpuax AOCTAaTOYHO XOpOLOo YyAaep-
>KMBAIOT NNasmy B NIOBYLUKE, B TO K& BPEMS MPUCYTCTBYIOT MOTepU MasMbl HA CTEHKaX JIOBYLLKW W rpaHuLe
MNHBEPCHbIX MPO6OK. [/ KO/IMYECTBEHHOTO ONUCAHWA NOTepb Nas3Mbl B AasibHelillem OyAeT YUTeHO BMSHUWE
paccestHUA 3/1EKTPOHOB M1a3Mmbl.

6. 3akiroyenune. B paboTe nokasaHo, YTO MCNOMb30BaHME COBPEMEHHbIX cynep3BM no3BonseT ycneww-
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Puc. 5. TpaeKTopUn ABVMXKEHWNSI 3/IEKTPOHOB MULLEHHOW Nia3mbl N0A, BO3AENCTBMEM MAarHUTHOrO Nons

HO pewwnTb NOCTaBMEHHYIO (IM3NYECKYH0 3aaa4y. MOCTPOeHHbIN NapanienbHblli anropuT™ AOCTATOYHO XOPOLUO
MacLUTabupyeTcs [0 LecATKa ThICAY BbIYUCAUTENbHBIX AAEP U YUUTbIBAET 6aslaHC Harpy3ku Ha npoLeccopbl.
HecMoTpsA Ha TO UTO JaXke B ABYMEPHOM C/lyyae Heo6X04MMbl OFPOMHbIE BbIUUCINTENbHbIE 3aTPaThl 415 pacye-
TOB TPaeKTOpWn MUINNAPA0B MOAE/bHbLIX YacTu, YAanoCh KaYeCTBEHHO OLEHWTb MOTepu NiasMbl Ha CTEHKaX
NOBYLLKV W FpaHnLe UHBEPCHbIX NMPO6OK. B BbIMMCANTENBHOM 3KCNEPUMEHTE 6blna pacCMOTPeHa YMeHbLUEeHHas
MOZie/lb IKCMEPUMEHTANbHOW MIOBYLUKN C COOTHOLLEHWEM CTOPOH 1:5. B panbHeiwemM, nNpu yBeSIMYEHUU YWC-
J1a UCMoJIb3yeMbIX MPOLECCOpHbIX A4ep fo 100 000 1 ncnonb3oBaHMmM rpaddnyecknx YCKOpPUTENed, naaHupyeTcs
paccmaTpuBaTh Y>Ke BCHO 3KCMEPUMEHTAa/IbHYIO NIOBYLLKY.

10.
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