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IIpencraBienbl  pe3yabTATHI

HUCCJIeaJ0BaHUA BO3MOXKHOCTE CO3JaHudA TMPpOrpaMMHO-

aNmapaTHbIX KOMIIJIEKCOB Ha 0a3e BBIYUCIUTEIbHBIX CHCTEM, HHTEIPUPYIOIMIUX MPOIECCOPHI
apxuTeKTypbl X806 u apudmMeTrndeckue yCKOPUTEH, MPEIHA3SHAYEHHBIX I MOIETUPOBAHUS
meronom MonTe-Kapsio u MerogoM MOJIEKyIsIpHON AMHAMUKY MPU PEIIeHUuN CIEIUATbHBIX

KJIaCCOB 3aJa4 ATOMHOM 9HEPIreTUKH.

Karuesvie ca06a: THOPUIHBIE BHIYUCIUTEIBHBIE CUCTEMBI, apU(MMETHIECKNE YCKOPUTEIIH,
Meron Monre-Kapio, MeTon MOTeKyasapHOil TUHAMUKH.

BBenenue

OJHUM W3 COBPEMEHHBIX HAIPABJICHUNA DPa3BU-
TUS CPEJICTB MATEMATHYECKOTO MOJETUPOBAHUS STB-
JIIeTCS TIPUMEHEHNEe BBIYMCIUTENbHBIX CHCTEM C
apudmermueckumu yckopureaavu (ApY), HazpiBa-
eMbIX Takke rubpuaHbiMu cucremamu [1]. Bemes-
CTBHUE KOHCTPYKTUBHBIX ocobenHocTeit ApY stu cu-
CTEMBI TI0 CPABHEHWIO ¢ OOBIYHBIMU YHUBEPCATHHbI-
MH MHKPOTIPOIECCOPAMHU TIO3BOJIAIOT CYIECTBEHHO
YCKOPUTD BBLIUUCTUTEIBHBIN TPOIIECC Ha ONpe IeIeH-
HBIX Kjaccax 3agad. TakuMum 3aja9amMu, B 9acT-
HOCTH, SBJSIIOTCS PacueT HeATPOHHO-(PU3MIECKUX
XapaKTePUCTHUK SJIEPHBIX SHEPreTUIECKUX YCTAHO-
Bok Merozom Monre-Kapsio [2] u mozesmposanme
CBOICTB $JIEPHOTO TOILTMBA U KOHCTPYKITMOHHBIX
MaTEPUATIOB PEAKTOPOB, & TAK¥Ke TPAHCIOPTHBIX
YTMAKOBOYHBIX KOMILJIEKTOB METOJAMM MOJIEKYJIsAP-
HOf (HAHOYPOBEHB) M KJIACTEPHOi (MUKPOYPOBEHB )
JuHamMuKK [3].

B nmanmoit paboTe mpejcTaBaeHbl pe3yIbTaThl UC-
CJIEJIOBAHUS BO3MOKHOCTE CO3aHIsA TIPOTPAMMHO-
ANMapaTHBIX KOMILIEKCOB Ha 0a3e BBIYMCINTEb-
HBIX CHCTEM, MHTETPUPYIOMIUX MPOIECCOPhI ApXU-
TeKTYpbl X86 u ApY, npegHazHAYEHHBIX:

— myia pacuera metogom Monrte-Kapsio kpurnte-

CKUX MapaMeTpoOB aKTUBHBIX 30H SAEPHBIX Pe-

AKTOPOB, MECT XPAHEHWS sJIEPHOI'0 TOILINBA,
TPAHCIIOPTHO-YIAKOBOYHBIX KOMILIEKTOB JIJIs
[IePEBO3KM TOIINBA U JAPYTUX CPEJCTB Obpare-
Hus ¢ rormmBoM Ha ADC, a TakKe TPOeKTUPO-
BaHUS TEXHUYECKUX OOBLEKTOB aTOMHON SHEp-
[eTUKU;

— IS MOJEJMPOBAaHUs CBOWCTB MaTE€pUasIOB Me-
TOAOM MOJIEKY/ISIPHON TUHAMUKY IIPK PEITeHNN
CIENMAIbLHBIX KJIACCOB 3aJad aTOMHON dHEp-
PETUKU U JIPYTUX HAYKOEMKUX OTpacjeil mpo-
MBIIILJIEHHOCTH.

I3BeCTHBIE OTEYECTBEHHBIE MPOTPAMMBI, IPEJ-
HA3HAYEHHbIE JIJIs  PeIeHns YKa3aHHBIX 3aJad
merogom Monre-Kapno, — TIPU3MA (P®SIII-
BHUUT®) [4] # MCU (PHII "KypwaroBckuii nu-
cruryr") [5] — peasmzoBaHbI JIHIIL ISt YHUBED-
CaJIbHBIX MTPOTECCOPOB. [lanubie 0 peamm3anmu mpo-
rpammbl MCNP (JIoc-Asmamocckast HanmoHATbHAS
naboparopusi, CIITA) [6] aynst rubGpuaHbIX BbIYWC-
JINTEJIBHBIX CHCTEM OTCYTCTBYIOT.

3apy0OeKHbIM ~ AHAJOTOM  KOMILIEKCA  MOJIe-
KyJSIDHON ~ JMHAMWKHU  SIBJISIETCS  TIPOrPaMMa
Lammps (Camgniickast HarpoHaJbHasg JabopaTo-
pusi, CIIIA) [7]. Ee amanraums mas ApY sminb
AHOHCUPOBAHA.
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BeraucauresibHbie cuctembr ¢ ApY

CrpyKTypa THUOPHUOHOI BBIYUCIUTEIHHOI
CHUCTEMBbI U OLEHKU yCKOPEHUSI BbIYMCJICEHUIA.
I'nbpugHast BeIYUCANTEILHAS CHCTEMA, TaKyKe MMe-
HyeMas [jid KPATKOCTA THOPUIHBIM BBIYUC/TUTE-
JIeM, COJIEPYKUT ¢ YHUBEPCATBLHBIX TIPOIIECCOPOB, Pe-
aymaytorux MIMD-eeraucienust, u r ApY, kax-
JIbIii U3 KOTOPBIX BbIMOHSAET SIMD-BhrumcieHust.
CTpyKTypa rubpuIHOTO BEIUYUCIUTE TSI TOKA3aHA HA
puc. 1.

['uOpuAHbIl BBIYNCANTEND, COMEPXKAIMMA OHO
SITTPO ¥ OFWH ApY, HA30BEM 3JIEMEHTAPHBIM THOPHUI-
HBIM BBIYUCIUTEIEM.

JmMTeTbHOCTh BRIYUCIUTETHHOTO TTPOIIECCa, BBI-
MOJTHSIEMOTO TUOPUIHBIM BBIYUCIUTEIEM, 3aBUCHAT
OT COOTHOIIEHWUS [JINTEILHOCTEH MPOIECCOB, BbI-
noasgeMblx MIMD- u SIMD-koMmmonenTaMm.

[Iycts masa pemrenus 3aa9u OJHUM YHUBEPCAIb-
HBIM TIPOIECCOPOM TpPeOyeTCsT BPEMEHHO WHTepPBaJ
mmurenbHocThio 17, Ilosmaraem, WrTo mporecc pe-
[IEHUsT ITOW K€ 3379’ DJIEMEHTAPHBIM TUOPHUI-
HBIM BBIYUCIUTEIEM 3aHUMAET WHTEPBAJ JIUTETh-
HOCTBIO

Ty =Tu +Ts, (1)

e Ty = Tip — AINTETHHOCTDL BBIYUCTEHUH, BbHI-
MOJTHSIEMBIX YHUBEPCAJIbHBIM Tmporeccopom, 0 <
< ¢ <1 — 1079 3TUX BBIYUCTEHNI OT BCETO BBIUMC-
qureasHoro mporecca (momst MIMD-dbparmenta);
Ts = (1 —¢)T1/p — NTEIBHOCTH BHIYKUC/ICHHI,

Puc. 1. Crpykrypa rubpugHOTO BBIYUCIATEIIS

BBITIOJTHAEMBIX ApY, p > 1 — K03 PuImenT ycko-
peHUsI TI0 CPABHEHWIO C YHUBEPCAJIBHBIM MPOIECCO-
pom, mocruraembrii mpuvenennem ApY (ma SIMD-
dparmvenre).

Suadennst KO3MOUIMEHTOB YCKOPEHUsI, JOCTHUTA-
eMbIX THOPUIHBIMU BBIYUCIUTEIAMY 10 CPABHEHUIO
C OJTHUM TIPOTIECCOPOM B PEKUMaX JIeJIEHUS U yMHO-
JKEHUST BBIYUCIUTETLHOTO Porecca (3akon Ammana
u 3akoH ['ycradcona), nmpusenenst B [8]; ux dop-
MyJIbHBIE TTPEJICTaBIeHnsT TafoTcsa B Tabi. 1.

OTMeTnM MIEHTHIHOCTH ITUX KOIDPUIMEHTOB
JUisT 0DOMX PEXWMOB TpPU OJMHAKOBBIX KOJIHUe-
CTBEHHOM ¥ KaueCTBEHHOM COCTaBaX BBIUMC/INTE-
seit.  IlesrecooOpa3HOCTh yBEIUUEHUS KOJUYIECTBA
siep b0 yCKOpUTeseil 3aBUCUT OT TapaMeTpPOB
BBIUUCINTEHHOTO TIporecca. Kak [ist pexxnma jie-
JIEHUsI, TaK U JJIs PEeKUMa YMHOXKEHUsI Ieeco00-
Pa3HO YBEJUYUBATH KOJUYECTBO HAN€p, €Cau p >
> (1 -¢)/e

Bribop Tex miu WHBIX 3HAYEHWI ¢ U T OIpeJie-
JISTETCSI CBOMCTBAMU BBIYUCIUTEIHHOTO TPOIECCa, B
YACTHOCTH, OCODEHHOCTSIMU IPOIECCOB MOIETHPO-
Banug MetomoM Monte-Kapio m meTomoMm MoJteKy-
JAPHOU JTUHAMUKUA.

Tabauua 1
Kosddbunmento: yckopeHnnss K B pe>KnMe BbBIMOJI-
HEHUsl YMHOX€eHUsI / JeJIeHus

CocTaB BbIYHCIUTENS Kospdumnuent yckopenns

Ky = ———0,
’ q
e+ (l—¢)-
q aaep, 1 yckopuresnb p
lim Ky, = ——
g—oo 7 1—¢p
r
Kl,r = — 5
pr+ ——
1 smpo, r yckopuresei
1
lim K, =—
r—00 (P
= _ H
q A7ep, T YCKOpUTeJiei, Ky, = 7
e+ (1—¢)=
_q p
q>r, 4= — —1eaoe
r
q A1ep, © YCKOpUTeJiei, Ky, = ,ul —
r op+ —
r>gq, p=— — Iejuoe
q
. q
q a71ep, q yCKopuTesei Kqq= T
-
o+ —=
p
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ITapamerpbl 3KCHEpPUMEHTAJBHBIX 00pa3-
OB BblUucauTe bHbIX cucrem (D0OBC) c
ApY. B coorBercTBUE ¢ TPEOOBAHUAMU, TIPETHIB-
JITEMBIMUA TTPOTPAMMHBIMHU  KOMTLTEKCAME  MOJIE/TH-
posanust Mmerogom Monre-Kapso u meromom mote-
Kyagpuoit quaamuku, cozgansl DOBC ¢ ApY asyx
THTIOB.

90BC mepsoro tumna comepxur ApY Tesla
C2050 pupmer NVIDIA; mukoBast Mpon3BOIATETH-
HOCTH dKCITepUMeHTaIhHOro obpasna 1,588 Tdorc
(646ur), MakcuManabHasi MoTpebssieMasi  MOII-
mocth 1,3 kBT

90BC Broporo tuma comep:xkur ApY ATI
Radeon HD 5970 ¢pupmbr AMD; mukoBast mpou3Bo-
quTensHOCTh obpasna 1,904 Tdronce (64 6ur), max-
ciMaIbHast moTpedisiemast MorrHocTh 1,0 kBT

[Mpeumymecrsamu ApY ¢upmer NVIDIA asms-
IOTCSL APXUTEKTYPHbIE OCOOEHHOCTH (MeHbBIee KO-
JIMIECTBO TIOTOKOBBIX TPOIIECCOPOB, OOJBITEe KO-
JINYECTBO PETUCTPOB U T. M.), GOJIBINAs €MKOCTb
OIIEPATUBHON NaMATU, PA3BUTHIA MHCTPYMEHTAPU
pazpaboTKM TPUKJIAIHOTO TPOTPAMMHOTO obectie-
venns. [Ipenmyrectsa ApY dupmsr AMD — cpag-
HUTEJIbHO MaJible 3HAYEeHUs! YIAeJbHOW CTOMMOCTH
OTIepaIuu U MOTPEOISIEMON MOIITHOCTH.

B Tab. 2 mpuBemeHbl 3HAUEHNS TAPAMETPOB CO-
saanbabix DOBC ¢ ApY NVIDIA u AMD wu anaJo-

TUYHBIX CHCTEM POCCUUCKUX U 3apyOeKHBIX (hUpM.

BazoBoe cucremmoe mporpamMvmuoe obecrevueHne

(BCIIO) 90BC ¢ NVIDIA skitouaer Habop ciie-
JYIOIINX CPEJICTB!

— onepammnonnyio cucremy (OC) Windows 2003
Server / Scientific Linux 5.3 [9] ¢ szapowm
2.6.27.38;

— CUCTEMY NTPOTrPaMMUPOBAHUA Ha A3BIKAX BbI-
cokoro ypoeHa Fortran, C, C++ INTEL
v10.1.018 [10];

— KOMMYHWKAIMOHHYIO OUOIMOTEKy € peasin3a-
nueit MPI-MPICH 1.2.5 [11];

— JpaiiBep W CpeACTBa pa3pabOTUYMKA IS UC-
mostHennst iporpamm Ha ApY: g NVIDIA —
CUDA v.2.3 [12], gz AMD — ATI Stream
SDK [13].

BCIIO obecmeunBaeT BO3MOXKHOCTE IIOIKIIOUE-
HUYG BHEITHUX HNCTOYHUKOB U HOCUTeJIeH JAHHBIX
(Ethernet, USB). /st 5TOTO B €ro cOCTaB BXOJAT
OC u nmpaitBepbl TOAKTIOYAEMBIX YCTPOCTB.

Pazpaborantbie 0b6pa3ipl He yCTYTAOT aHOHCH-
POBAHHBIM JIPYTUMHU TPOU3BOAUTENAMUA.  YJIETb-
Had HTEeHa €IUHUIBI TTPON3BOANTEIHEHOCTH FI/I6pI/IrD;—
HOI CHCTE€MBI W MOIIHOCTH, Tpebyemas s 3TOit
eJINHUIIBI, TPUMEPHO HA TOPSIOK MEHBIIE TI0 CPaB-
HEHUIO C YHUBEPCAJIBHBIMU aHAJIOTAMMU. HOKaBaTe-
JIU TIUKOBO# MPOU3BOIUTETHHOCTH, TOTPEOIIeMOit
MOTITHOCTH ¥ TIE€HBI JJIs TUOPUIHBIX BBITUCIUTETh-

Tabauya 2
ITapamMeTpbl BHIYUCIATEIBHBIX CUCTEM C yCKOPUTEISIMU
TMaparerp 90BC, 90BC, Arbyte SC, Supermicro, Colfax,
NVIDIA AMD Poccus CIIA CIIA

Tun yauBepcaabHOTO Intel 17920, AMD Intel Xeon 5500 Intel Xeon 5500 Intel Xeon 5500
IIPOTIECCOPA 4 anpa

KonauduecTro mporteccopon 1 1 2 2 2

Tun ApY Tesla C2050 AMD Tesla C2050 Tesla C2050 Tesla C2050

Radeon HD
5970

Konuaectso ApY 3 2 3 4 8
Teoperndeckast MUKOBas

MPOU3BOIUTETHHOCTD,

T'daonc/c (64 paspsina) 1565 1904 1625 2220 4280
OneparuBHas TaMsTh

YHUBEPCATHHOTO

nporeccopa, ['6aiit 24 8 24 96 144
OnepaTrnBHasT TAMSATH

ApY, I'Gaitr 9 4 9 12 24
Makc. morpebasgemas

MOIIHOCTD, BT 1300 1000 1300 1500 2400
Cucrema oXJIaKIeHAA ZKuaKocTHO-BO3 Ay IITHAS Bozmymmuas Bosmymmuas Bozaymras
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HBIX CHCTeM JIydllle 0 CPaBHEHUIO C YHUBEPCAJIb-
HBIMW aHAJIOTaMH.

ITapameTpsi
HPOrpaMMHO-ANIIaPATHOIO KOMILIEKCA
moaenupoBanusa merogom MouTte-KapJiio

Meron Monte-Kapio spiasercs ogHuMm u3 OC-
HOBHBIX METONOB [JIsT onpeneaeHns 3PQPeKTUBHO-
1o K03 PUIMeHTa pa3sMHOKEHNA HEHTPOHOB aKTHB-
HBIX 30H SIIEPHBIX PEAKTOPOB, OOOCHOBAHWS PaJIv-
AIMMOHHON M sIIepHO HE30TMACHOCTH TPAHCIIOPTHBIX
YHIAKOBOUHBIX KOMILJIEKTOB [IJIsT TIEPEBO3KU U JI0JI-
TOBPEMEHHOTO XPaHEHUs OTPAbOTAHHOTO $IJIEPHOTO
rommea ADC.

B cozmamHOM  9SKCIIEpUMEHTAJBLHOM — 00pasiie
MPOTPaMMHO-ANIAPaTHOrO0  KOMIIeKca  MoHTe-
Kapno zageiicrBoBanbt ApY Tesla C2050 dbupmbr
NVIDIA. IIporpammuoe obecriedyeHue OpHEHTH-
pPOBAHO Ha TPEXMEpPHOe TOTBIJIHLHOE OIMUCAHNE
AKTUBHBIX 30H PEAKTOPOB.

B mporiecce cozmanmst KoMILIEKCa € IEIbI0 00ec-
meveHns ero 3P EeKTUBHOCTH:

— MOJIyUYeHbl €eMKOCTH OINEPATUBHON MaMsaTu
ApY, Tpebyemble JJIsI pEIIEHUST METOIOM
Monte-KapJsio 3amad ¢ pa3andHoil pa3MepHo-
CTHIO;

— TOpOBEAEH aHaJIn3 JJIUTEJIBbHOCTU BBITTIOJIHE-
HUST PA3JIMIHBIX (PPATMEHTOB BBIUUCIUTETHHO-
r0 TIPOTIECCA JIJIA OTIPEJIeJIEHNUS 11eIeCO00PA3HO-
cru 3azeiicreoBanus ApY Ha TMX dparmen-
Tax;

— MOKA3aHO, YTO YCKOPEHUE BBIUUCIUTETLHOTO
MIPOIECCA BO3PACTAET C YyBEIWYEHWEM pa3Mepa
3a1a4u;

— pa3paboTaHbl COOTBETCTBYIOIINE AJTOPUTMEI,
HAIMCAHBl U OTJIAYKEHBI TPOrPaMMBI Jiist ApY,
peamu3yonme 3T aJrOPUTMBL.

[TogpobmHoe wm3/i0KeHWE TTEPEUNCIEHHBIX aCIeK-
TOB MIPUBEJIEHO B JOKIaze [14] u Gymer omy6amko-
BaHO B CJIEAYIOIIEM BBITYCKE YKYPHAJIA.

[IpoBemeHb TECTOBBIE pACYETHl MOIEJINPOBAHUS
TeIJIOBBIAETAIOIIEN CUCTeMbl U AKTUBHOU 30HBI pe-
akTopa BB3P-1000. Pacderbl BBINOJIHSIUCHL HA
97IeMEHTAPHOM THOPUIHON BBHIYUCIUTEILHON CUCTe-
Me, COIepzKAaIleil OIHO SApO YHUBEPCAJIHHOTO IIPO-
neccopa u omguH ApY. AKTuBHas 30HA peakTOpa
PaCCUUTHIBAJIACH C YYETOM €€ MPOCTPAHCTBEHHOIM
CUMMETpPUNn. O,Z[Ha ImreCrad 4YaCTh 30HBI BKJIIO-
qaeT 28 TEMIOBBIIESIONNX CUCTEM 7 Pa3INTHBIX
TUMOB ¢ 331 TB3JIOM B KarK/J0#l TEIJI0BBIAEJISIONIE

cucreme. Pe3yabTarThl pacueToB COBIAJAIT C 9Ta-
JIOHHBIMU.

,)__LHI/ITQ.HEHOCTB BBIYUCJIUTEJIHBHOTO TIPOIfeCCa, BbI-
MOJTHAEMOTO 3JIEMEHTAPHON TUOPUIHON CHUCTEMOiH,
I OTPEIEEHHOTO pPa3Mepa 3aJadd  MEHBITe
JUTATETHHOCTH  BBIYUCJUTEIBHOTO MPOIECCa, BBI-
MOJTHAEMOTO SITPOM YHUBEPCAJIBLHOTO IPOIECCOpa,
B 3—4,4 paza gmast pacdera 3(HEHEKTUBHOTO KO3D-
durmenTa pazmuoxkenus netirponos TBC u B 2,7—
3,7 paza gyst pacuera 3P PeKTUBHOTO K03 dnImen-
Ta PA3MHOXKEHUA HEHTPOHOB aKTUBHOU 30HBI PEKTO-
pa BB2P-1000.

Honomanrenpubie  (noka He3aeiicTBOBAHHBIE)
BO3MOYKHOCTH YCKOPEHUS BBIYUCJIEHU 0OyCI0BIIE-
HBI MOJIEpHU3AIINENl COPTUPOBKU JAHHBIX U JIEKOM-
MO3UIMEN BBIYUCIUTEIBHOTO TPOIIECCA.

HoBuzma pe3y/ibTaToB OMpeIe/isieTcss OTCYTCTBU-
€M OTEUYEeCTBEHHBIX MPOTPAMM JIjisi THOPUIHBIX BbI-
YUCJIUTEBHBIX CHCTEM, MO3BOJISIONINX MOIEINPO-
BaTh MetomoMm MonTe-Kapmo mapamMerpsl aaepHBIX
PEaKTOPOB M APYTUX OOBEKTOB aTOMHOII IHEpre-
TUKW, I KOTOPBIX XapaKTepHa CJA0XKHAs ITOCTa-
HOBKa pacueToB. B wacTHOCTH, K YHCIYy OCOOEH-
HOCTEl pa3paboTaHHOW TPOrPAMMBI CJIEIYeT OTHE-
CTU BO3MOXKHOCTH MOJIETUPOBAHUS B BECHMa CJIOXK-
HBIX TPEXMEPHBIX T€OMETPUSIX, BKIIOUAIOIIIX O0Thb-
II10€ KOJIMIECTBO HEOIHOPOIHBIX M0 COCTaBY (busn-
TeCKUX 00J1acTeil.

ITapameTpsbl ITPOrpaMMHO-aNNapPaATHOTO
KOMIIJIEKCA MOJeJINPOBAHUSA
MEeTOA0M MOJIEKYJISAPHOI JUHAMUKA

OJHUM "3 OCHOBHBIX WHCTPYMEHTOB W3YYEHWST
MPOIIECCOB YIPYTOTIACTUKY ¥ TIOBEIEHUS] MaTepHua-
JIOB, HAXOJISIIINXCS B YCJTOBUAX PATHAIIIOHHOTO BO3-
JefcTBUA, ABJIAETCA MOJAEIUPOBAHUE METOIOM MO-
JIeKyasapHOit muaavuku. llpwmenenne 3TOr0 MeTo-
J1a TpebyeT BLIUUCICHNS 3HAYEHUH TMApHBIX U MHO-
TOYaCTUYHBIX IIOTCHIIUAJIOB.

OKCIIEPUMEHTAIbHBIN ~ 0Opa3er;  MpOTPaMMHO-
AIMAPATHOTO KOMITIJIEKCA MOJIEKYISIPHON THHAMUKT
co3zaH Ha 0aze BBIYNCAWTENHHON CHCTEMBI C
ApY Tesla C2050 dpupmbr NVIDIA. B mpomecce
Pa3pabOTKU IIPOTPAMMHOTO 00ECIIeYEHNUSI:

— TOpOBEAEH aHaJIn3 JJIUTEJIBbHOCTU BBITTIOJIHE-

HUS PA3JIUYHBIX (DPATMEHTOB BBIYUCIUTETHHO-
TO TIPOTIECCA;

— ONTUMU3UPOBAHBI JTUCIUILINHA OOPAIEeHns K

maMaTu ApY ¥ MacCUBBI JTaHHBIX;

— MOKa3aHO, YTO YCKOPEHUE BbBIYHUCJIUTEIHBHOTO

MPOITecca BO3PaCTaeT C YBEIWIEHNEM pa3Mepa
3aJIAYH;
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— pa3paboTaHbl COOTBETCTBYIOIINE AJTOPUTMEI,
HAIMCAHBl U OTJIAYKEHBI TPOrPaMMBI Jiist ApY,
peaiu3yIole 3T aJrOPUTMBI.

OcobennocTn peanu3anuy MTPOTPAMMHOTO 0bec-
neveHnst ObLIM M3JI0XKEHBI B J0KJIaze [15] u Gymyr
OTyOJIMKOBAHBI B CJIEAYIOIIEM BBIMTYCKE KYPHAJIA.

[IpoBejieHbr TECTOBBIE PACUETHI TPOTIECCOB PA3BU-
THS PAJUAIMOHHBIX KACKAOB C MAPHBIMU W MHOTO-
YACTUIHBIMYU MOTEHITHAIAME, TPeTHAZHAYCHHBIMY
JIJTST MOJIEKYJISTPHO- THHAMUIECKOTO MO/IETUPOBAHUS
CBOMCTB MAaTEpPUAJIOB TEIIOBBIISIIIONINX DIeMEH-
TOB. Pacuers! BBITIOMHSINCH HA 3JIEMEHTAPHON TU-
OpMIHON BBIYMCJINTEIHHON cucteme. Pe3yabrars
pPacYeToB COBIAIAIOT C STATOHHBIMU.

JLTUTeTbHOCTD BHIYUCIUTETHHOTO MPOIIECCa, BhI-
MOJTHSIEMOTO DJIEMEHTAPHON THUOPUIHON CHCTEMOI,
B 9—15 pa3 menbie (B 3aBUCHUMOCTH OT pa3Mepa
3a/1a4K) 10 CPABHEHUIO C JTUTEBLHOCTBIO MPOIec-
Ca, BBITIOJIHSIEMOrO SIIPOM YHUBEPCAJIHHOTO ITPOITEC-
copa.

HoBusnua pe3ynbpTaToB Ompemesisercs TeM, dUTO
I TUOPUIHBIX BBIYUCAATEIBHBIX CHCTEM Pa3-
paboranbl 3hHEKTUBHBIE AJTOPUTMBI MOIETUPOBA-
HUST METOIOM MOJIEKYJIAPHON JTUHAMUKHI [TPOIECCOB,
OTIPEIEISIIONINX CBOMCTBA KOHCTPYKITMOHHBIX MaTe-
PUAJIOB, TIO/IBEPTAIONINXCSI UHTEHCUBHBIM pPaIUalld-
OHHBIM BO3/ICHCTBUSAM.

3akJroyeHmue

ObsacTh PEKOMEHIYeMOTO BHEIPEHWUST OTHCAH-
HBIX B JIAHHOW CTaThe IPOTPAMMHO-AIIaPATHBIX
kommiekcoB — HUU n KB, 3ammnmarommecs mpo-
eKTUPOBAHNEM OOBLEKTOB aTOMHOIl DHEPreTWKH, B
YACTHOCTU, PACUETHBIM OOOCHOBAHUEM DEKUMOB
paboThl PEAKTOPOB (BKJIIOUAST ABAPUITHBIE PEKUMBI)
U perenreM mpob/eM CO3IaHUsT KOMITO3UTHBIX Ma-
TepuajoB. llepcriekTuBbI BHEIPEHUS TPOTPAMMHO-
aIMmapaTHBIX KOMILIEKCOB OTPEJIE/ISTIOTCST BBICOKOI
MPOM3BOAUTEILHOCTHIO, HUBKUMU 3HEPronoTpeb.re-
HUEM U TIEHOM, BO3MOXKHOCTBIO SKCILIYATAIINA B Pa-
60qu IIOMEIIICHU 663 TTPpUMEHEHNA CIIeInaJIbHBIX
CHUCTEM JJICKTPOTINTAHUA N MUKPOKJINMATA. Pa3pa—
OaTbIBaeMble CPEJICTBA XapaKTepU3yITCs HOBU3HOMN
" YHUKAJIBHOCTBIO.

Ob6s1acTbi0 IPUMEHEHUsT CO3/]ABAEMBIX TPOTPAM-
MHO-aIMAaPATHBIX KOMIIJIEKCOB SIBJISIETCS PENIeHue
331497 MATEeMaTHIECKOTO MOJETNPOBAHNSA 0OHEKTOB
ATOMHO# 3HEPreTUKU, B YACTHOCTU, PACUYET KPHU-
TUYECKUX TTapaMeTPOB aKTUBHBIX 30H PEaKTOPOB C
HCIIOJIB30BAHIEM TPEXMEPHOTO MOTB3IFHOTO OMUCA-
HUsI UX TEOMETPHUH, a TaK¥Ke OMUCAHNE CBOWCTB Ma-

TePHUAJIOB, HAXOMAIINXCA B YCIOBHAAX MOIIHOTO Pa-
IWAIMOHHOTO BO3JIENCTBUS.

OroHOMUUECKast IPMEKTUBHOCTL PE3YIHTATOBR
IOTBEP:K/IAETCSI HE TOJHKO TEXHUYECKHUMHU Iapa-
Merpamu (MTPOM3BOANTEIBHOCT, MOIIHOCTE), KOH-
KyPEHTOCITOCOOHO# TeHON CO3/1aBAEMbIX BBIUUC/IU-
TEJILHBIX CUCTEM, He TPeOYIONUX CIenuaabHo 00y-
CTPOEHHBIX CHCTEM XKW3HEODecledenus, HO W CO-
3IaHNEM KOMILIEKCHBIX MPOTPAMMHO-AIIAPATHBIX
CPEJICTB MOJIE/IUPOBAHUS CJAOKHBIX (DUITICCKUX
mporeccoB. VX mpuMeHeHne MO3BOINT 0DECTIEINThH
CHIYKEHIE CPOKOB Pa3pabOTKM M IIPOEKTHPOBAHIS
SITEPHBIX YHEPTETUIECKUX YCTAHOBOK.
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