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[Tpencrapmennst apxuTeKTypa 1 (DYHKIIMOHAIbHAS CTPYKTYPA MaCIITabupyemMoii mpo-
CTPAHCTBEHHO-PACTIPEIEJIEHHON MYIBTHKIACTEPHON BEIYHCTUTETHHON CUCTEMBI, CO3/IaH-
HO#l n passuBaemoii MucruryroMm duzuku moaynposogankoB uM. A.B. Pixkamosa CO
PAH, comectro ¢ llerTpom mapaaieqbHBIX BEIYUCIAUTENBHBIX TexHomornit Cubnpceko-
T'0 TOCYAAPCTBEHHOIO YHUBEPCUTETA TEMIEKOMMYHUKaNmit u nadopMaruku. [Ipusemeno
OIMCAaHUE TTPOrPaMMHOr0 ObeclevueHus CUCTeMbl, BKJIIOUAIOIIEe CPEJCTBA, CO3/aHHBIE
KOJUTEKTHBOM BEIIYITEH HAYTHOM IITKOJIBI [0 PACTPEIEIEHHBIM BEIYUCIUTEIBHBIM CHCTE-

mam (HII-5176.2010.9).

1. BBenenue

CoBpeMeHHBI 9Tall Pa3BUTUS BBIYHCIUTENHHON TEXHUKH M TEJTeKOMMYHHUKAITTMOHHBIX TEXHO-
JIOTH XapaKTepu3yeTcd TMOCTPOEHWEM MTPOCTPAHCTBEHHO-PACTIPEIETeHHBIX MYJIbTUKJIACTED-
ubIX Beraucaurenbusx cucrem (BC) [1, 2|. B apxurexryprom miane takue BC npencrasiis-
eTCsI KaK MHOYKECTBO KJIACTEPOB, B3ANMOIEHCTBHE MEXK/y KOTOPBIMI OCYIIECTBISETCS depe3
TeJIEKOMMY HHKAIMOHHY 0 ceTh (B obmmem ciaydae - cerb Uureprer). Kazxaprit kaacrep, B CBOIO
odepe b, IBJILeTCA IPOCTPAHCTBEHHO-COCPeI0TOUYeHHO pacnpenenénnoit BC, cocrosmeit us
MHOZKECTBA BBIUUCIUTENBHBIX Y3JI0B, B3AUMOJEHCTBYIONINX Yepe3 CBOIO TeTeKOMMYHUKAIIH-
onnyio nojcucremy. Koudurypanus BoIYUCIUTETHHOTO Y3J1a J0IYCKACT BADbUPOBAHUE B IIIH-
POKHX TIPEJIEIAX - OT OAHOMPOIECCOPHOTO JI0 KOMIIO3UIUH U3 MHOTOSIZIEPHBIX IIPOIECCOPOB 1
CrennaIn3upoOBaHHBIX yeckopuTeseii (wampumep, GPU).

JlabopaTopueil BBIYUCIUTEIHLHBIX CUCTEM yupezaenus Poccuiickoit akagemun nayk IMu-
crutyra dusnkn nomaynposogHnkos uM. A.B. Pikanoa Cubnpckoro ormenennst PAH (UPTT
CO PAH) coBmectHO ¢ LleHTpoM HapaJlIe bHBIX BBIYHCIUTENbHBIX TexHosoruii (LIIIBT)
locymapcTBeHHOTO 0OPA30BATEIBHOTO YIPEKIEHWS BBICIIETO TPOdecCHOHATIBHOIO 00pa3oBa-
uust "Cubupckuii rocy1apcTBeHHbIH yHUBEpCUTET TejieKoMMyHuKanuii u uadopmaruku (FOY
BITO "CubI'YTU") coznana u pasBuBaeTCst MPOCTPAHCTBEHHO-PACIIPE/IeeHHAs MYIbTHKIa-
crTepHasi BLIYHCIUTEAbHAst cucreMa (http://cpct.sibsutis.ru).

*PaboTa BBITIOIHEHA B paMKax MexaucnuranaapHoro mpoekta Ne 113 CO PAH u npu nognepxke POOU
(rpant Ne 09-07-00095) u Cosera 110 rpantam Ilpesunenra P® (Beaymas nayunas mkosa HIT-5176.2010.9).
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2. ApxuTeKTypa IPOCTPAHCTBEHHO-PACIIPEAEICHHON MYJIbTUKJIACTED-
uoit BC

JleiicTBytomas KOH(MUrypalus IPOCTPAHCTBEHHO-pACIpeaeTéHHOM My aIbTuKIacTeproii BC
(GRID-mozesb) B cBOit cocraB Br/Iodaer 6osee 120 MPONECCOPHBIX siIEp U UMeeT ITHKOBYIO
npousBofuTebHOCTh HeckobKO TFLOPS. Cucrema (puc. 1) o0beaunsier 9 mpocTpaHcTBEH-
HO-pacHpee/IeHHBIX KaacTepon, mpudeM Kiaactepbl A-G pacnonoxens B LITIBT T'OY BITO
"Cubl'YTU" (nentp r. Hoocubupcka), a knacrepst H, I - B JTaGopaTopun BBIYHCIUTETbHBIX
cucrem NOIT CO PAH (Axagemropomnok, CO PAH). Knacreper A, B, C u H sBasitorcs
kjgacrepamu padbouunx craunmuii. [Ipudem kinacrepsr A, B u C npeacranisiior co00it KOMIbIO-
TepHbIE KJACCHI, pacrojaramliiecsd B yuebubix jiaboparopusax Kadeapbl BoIYAC/IHTEIHHBIX
cucrem ['OY BITO "Cubl'VTU a H - coBoKymHOCTH mepCOHATBLHBIX KOMIBIOTEPOB Jlabopa-
topun BerancaunTenbabix cucreMm MPII CO PAH. Krnacrepn D, E, F, G u I paborator B
KPYTJIOCYTOYHOM peKHME.
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Puc. 1: Koudurypamus npocrpaHCTBEHHO-pACIPEIEIeHHON MYJIbTUKJIACTEPHON BHIYHUCIHU-
TeJIbHON CUCTEMBI

Kaxkaplit K7acTep YKOMILIEKTOBAH: BBIYUCIUTETBHBIME Y3JIaMHU, YIPABISIONIAM Y3JI0M,
JIBYMSI TEJIEKOMMY HUKAITMOHHBIMU CHCTEMAMU (BBIYHCINTENbHOI U CePBUCHOIT ), & TAKIKe Cpe/-
crBamu Gecrepeboiinoro anekrponnrtanus. Kiaacrep D (Xeonl6) o6benuusier 4 Borauc/m-
TEJILHBIX Y3/1a, Ha KazK/IOM U3 KOTOPBIX Pa3MeIeHo Mo ABa ABYXbsIePHBIX mporeccopa Intel
Xeon 5150 (Woodcrest) ¢ TakToBoii wactoroii 2,66 GHz. [lnkoBas mpon3BoauTeIbHOCTD KJla-
crepa D - 166 GFLOPS. Kanacrep E (Xeon32) cocrout u3 4-X BBIYUCIUTENBHBIX Y3J0B HA
6aze aByx mporeccopoB Intel Quad Xeon E5345 ¢ takToBoit vactoroit 2,33 GHz. IlukoBas
npoussogurensuocts kiaacrepa E 298 GFLOPS. Kuacrep F (Xeon80) o6beauusier 10 BbI-
YUCIUTETBHBIX Y3708 ¢ AByMst mporeccopavu Intel Quad Xeon E5420 ¢ TakToBoit 1acToroit
2.5 GHz. IlukoBag nmpomspoaurenbrocTh Kiactepa E - 800 GFLOPS. Knacrep I - 5 BhI-
YUCTUTETBHBIX Y3JI0B ¢ jaByMs nporeccopamu AMD Opteron 248 - 252 (Sledgehammer) ¢
TakTOBOI yactoToit 2,2 - 2,6 GHz. [IukoBas npousBoauTenbHocTh Kiaacrepa - 47 GFLOPS.

B 2009 roxy HIIBT I'OY BIIO "Cubl'YTHU"cTan y4acTHEKOM ITPOrpaMMbl 'Y HUBEPCH-
TeTCKUil KJIacTep B paMKax Kortoporo komnanumeit Hewlett Packard npemocraBien kiacrep
(G), ykomiutekroBauHbIi 4 BhramcanTesbabiMu y3aamu HP ProLiant BL220c, na koropsix
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pa3MeIeHo jiBa deTwbipexsiiepabrx npoieccopa Intel Xeon E5410 ¢ takToBoit vacroroit 2,33
GHz. Tlukosast mpouzBoguTeabHOCTH Kaactepa G - 298 GFLOPS.

JI1060it U3 KiaacTepoB crnocobeH GpyHKIMOHHPOBATH KaK aBTOHOMHO, TAK M B COCTaBe MPO-
CTPAHCTBEHHO-PACIIPEIETEHHOM MYyIbTUKIacTepHO# pacnpenenennoin BC. TemekoMmMyHnKa-
[IOHHBIE CHCTEMBI KJIACTEPOB MOCTPOeHbI Ha Oaze Texnosoruit Gigabit u Fast Ethernet. s
0ObeIMHEHNsI KJIaCTEPOB UCIONb3yercs ceTh Internet (texuomorust VPN). Mynbrukiiacrep-
Hasg BC gomyckaer mMacmrabupoBaHme mMyTeM OPTaHU3AINY B3aUMOIEHCTBUS ¢ MHOXKECTBOM
JIPYTUX KJIACTEPOB.

3. IIporpamMHOe obecrieueHUne

[TpocTpancrBenHO-pacnpeeeHHas MyabTuKIacTepuas BC yKOMIIEKTOBaHA CHCTEMHBIM TTPO-
IrpaMMHBIM obecliedeHreM, BKIIOYAIONUM HHCTPYMEHTapUil apa/iieIbHOTO MYJILTUIIPOTIPAM-
muposanust (puc. 2). THCTpyMeHTApHil - 9TO MOJEH, METO/bl U IIPOrPAMMHOE 00eCIedeHne
opraHm3anuu (pyHKIHOHUpOBaHUA pacupeneaeHHbIXx BC, mpu pelleHnr MHOXKECTBA 3a7ad,
NpeACTABJIEHHBIX MaPaJIebHBIMI IPOIPAMMAMH.

CpepcTea paspaboTkk napannenbsHbIX nporpamm

MPI: MPICH2, OpenMPI, TopoMPI

PGAS: Unified Parallel C

OpenMP: GNU GCC, Intel Compilers, Oracle Compilers

CpeacTtea aHanw3a napannenbHbix nporpamm: mpistat, otfstat, VampirTrace

CpeacTtea opraHu3aumn pacnpefeneHHon ovepeau 3agad
(Gbroker, dqueued, GridWay)

nO,ElCMCTGMﬂ napanneneHoro MynsTunporpaMmMmmpoeaHna
(TORQUE, MAUI, mpiexec)

MoacucTema caMoOKOHTpONs, camopgnarHoctukn BC v opraHu3auuu
OTKaSOYCTOﬁ‘-IHBOFO BbINONMHEHWA NapannenbHbIX NporpamMmm
(DMTCP - Distributed MultiThreaded CheckPaointing)

YaaneHHbli gOcTyn U MOHUTOPWHIT
(SSH, Globus Toolkit, Ganglia)

OnepauuoHHas cuctema GNU/Linux

|:| MogcucTema napannensHoro My kTUNPOrpaMMUpoOBaHUs

Puc. 2: IIporpammuoe obecriedenne 1npocTpaHCTBEHHO-PACIIPE/ICIEHHONR MYJIbTUKJIACTEPHOM
BBIYNCJIUTENbHON CHCTEMBI

CTaH,ZLapTHbIG KOMIIOHEHTBI CUCTEMHOI'O IIPOI'PpaMMHOIO obecrieueHns IIpeacTaBJICHbL:

e cereBoii oneparnnonHoii cucremoit GNU/Linux (quctpubyrus CentOS 5.5, Bepcust siipa
2.6.18);

e cpeIcTBaMHM pa3pabOTKH, OTIAJKM W aHAJIM3a ITOCJIEIOBATEIbHBIX H IapalIebHBIX
IPOTPAMM:
— xomnuaropsl: GCC, Oracle, Intel;

— marematudeckue 6ubmmorexkn: GNU Scientific Library, AMD Core Math Library,
Intel Math Kernel Library;



4 B.I'" Xopomesckuii, M.I'. Kyprocos, C.H. Mawmoiiienko

— OubIMOTEKN Tepeaadn COODIEHNH MeXKy BETBAMHU MapPaJLIeTbHBIX TPOTPAMM:

x pacrpegenénnnie npuiaoxkenus: - MPI: MPICH2, OpenMPI, IntelMPI;

% TmapaJuiesibabie nporpammel - OpenMP: gee, sun, intel;

— CpeJICTBAMU OTJIJIKU M aHam3a nporpamm: gdb, vampire, gprof u ..

® IPOrpaMMHBIM OOecIievdeHreM OPTraHn3allni B3anMOAeHCTBIS TPOCTPAHCTBEHHO-PACIIPe-
nenéHHbIX KjgacrepHblx BC u gucnerdepusanuu moJsb3oBareabckux 3aganmii: Globus

Toolkit, GridWay.

MucTtpymerTapuii mapaae bHOTO MYJIbTATIPOTPAMMUPOBAHNS BKIIOYAET:
® CpeJICTBa CAMOKOHTPOJIS U CaMOIHATrHOCTUKH;

e 1o/cHcTeMy opranm3ainun GyHKinorupoBanus BC B MyJIbTHIPOrpaMMHBIX PEXKHMAX,
BKJIIOYAIONLYIO CPEJ/ICTBA BJIOYKEHUS MMAPAJIEIbHLIX IpOrpaMm u peaju3anun 3pdek-
TUBHBIX I'PYHIOBBIX OOMEHOB MEKJIY BETBSAMU MAPAJIEILHBIX IPOrPAMM;

® CpeJICTBA OPTaHM3AIUN PACTpeIeeHHON oUepen 3a/1aY U JUCIeTIep MOJb30BaATE -
CKHX 3alPOCOB;

® [IOACHCTEMY aHaJIn3a IIapPaJlJIeJIbHBIX IIPOrpaMM;

® CpeJCTBa MOHUTOPHUHIA M OPTaHMU3aIUU YIAJCHHOrO JocTyIa K pecypcam BC.

3.1. BioxxeHue mapaJjjieIbHBIX IIPOTPAMM B MEepPapXMYeCKUX CHUCTEeMaX

KomMmyHnukanuonsubie cpeibl COBpEMEHHBIX pacnpeaenéHabrx BC HCIOAb3yI0T HEOTHOPOI-
Hble KaHAJIbl CBA3U MeXKIy pecypcamu. Bosee Toro, B (Mysbru)kinacrepabix u GRID cucre-
MaX KOMMYHHKAIIMOHHBIE CPEIbl HMEIOT MePAPXUIECKYI0 OPraHU3aIUio, B KOTOPHIX IEPBHIM
VPOBHEM SIBJISIETCSI CeTh CBSI3M MEXKIY KJIacTepaMH, BTOPBIM YPOBHEM - CETh CBSI3H BHYTPH
KJIACTEPOB, TPETHUM YPOBHEM - CPeJia JOCTYIA MPOIECCOPOB (MM S1eD) BBIYUCIUTETLHOTO
y371a K obmeit mamaru. CkopocTr nepegadn WHMOPMAINA HA PA3JIUIHBIX YPOBHAX TAKUX
KOMMYHUKAIIMOHHBIX CPeJT CYIEeCTBEHHO pas3audHbl. [0 3Toif mpuawnHe BpeMsi BBITIOJTHEHU ST
napaJieTbHbIX HporpamMM Ha BC B HeMaJ1o0it cTeneHn 3aBHCUT OT TOTO KaK OHH ''BJIOKeHBI'"B
cucreMy (Ha Kakue s/[pa HA3HAYEHBl BETBU U Yepe3 KAKHe KAHAJBI CBSI3H OHHM B3aMMOJIEii-
CTBYIOT).

Ha ocuose merasspucruxu uvmuranun orzxura (Simulated Annealing) cosmamst |3, 4| cro-
XaCTHYECKUE TOC/TIeI0BATEIbHBIN U MAPAJLIETbHBIN aJTOPUTMBI CYOOIITUMAIBHOTO BIIOKEHWS
B pacnpesenéansie BC mapasiebHBIX TPOTPAMM C TEeJIb0 MUHUMU3AINNA BPEMEHU WX BbI-
HOJIHeHNs. B Xoje BBINOJTHEHHS HapaJsiIebHBIX IIPOrPaMM BeTBH, OOMEHHBAIOIINIECS 00JIb-
MUMH 00beMaMH JAaHHBIX, PACIPEIeIsOTCs Ha OJUH BBIYMCJINTEIbHBIA y3e, TIe OHU B3a-
UMOJIEHCTBYIOT Uepe3 ero o0Iyo naMarh. Ilocnennee obecrmedmBaeT COKpaIleHNe BpEeMeHH
peain3amuu MeKIIPOIEeCCOPHBIX 0OMEHOB U, KaK CJIeJICTBHE, COKPAIIEHNe BPEMEHH BBIIOTHE-
HUSl TTApPAJLIeTBHON TPOrpaMMbl. AJITOPUTMBI PEAJTM30BAHBI KaK JOTOJTHUTE/THHBIH (DYHKITH-
OHAJILHBIN MOJY/Ib K CYIIECTBYIOIIUM CPeJICTBAM 3aIlyCKa MapaslIebHBIX mporpamM. [Ipose-
JIeHBI 9KCIIEPUMEHTHI 110 BJIOXKeHUI0 napasieababix MPI-mporpamm u3 makeroB NAS Parallel
Benchmarks n High-Performance Linpack B aeficTByiorue BbIYHCIUTEIbHBIE KJIACTEPHI HA
6a3e MHOTOsIIEpHBIX TporeccopoB Kommanuii Intel w AMD. B cpemanem, Bpemsi BbITIOTHEHA ST
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rectoBbix MPI-niporpamMm ¢ BioxkenueMm nupeioxkenubivu agropurmamu Ha 30-40% menn-
e BPEeMeHW BHITIOJHEHUsI MPOrpaMM ¢ BioKeHneM cpencreamu 6ubimorek MPI (MPICH2
1 OpenMPI). IIpeniokeHHbIe AITOPUTMBI XapAKTEPUIYIOTCST OJTHOMUATIBHON TPYI0eMKO-
CTBHIO U TTOJIEPXKUBAIOT BJIOYKEHWE MapaslleJJbHBIX MPOrpaMM ¢ KOJIUIecTBOM BeTBeit 1o 106.

3.2. /IlucuneTuyepumsanus 3a71a4 B IIPOCTPAHCTBEHHO-pacnpeaeieHHbix BC

Jlng opranmzanyun (pyHKIHOHUPOBAHUA INpocTpaHcTBenHo-pacitpeaenenabix BC u GRID-
CHUCTEM B MYJBTHIPOIPAMMHOM pe:KHuMe OOC/IYKUBAHUS IMOTOKA 3a/1a4 pa3padoTaHbl JIeleH-
TpaJIM30BaHHbBIE AJITOPUTMBI U CPEJICTBA JAUCIIeTUYepu3aIuy 3aaannii. Ha Kkaxkmoit mogcucreme
npocTpancTBeHHO-pactpeaenénnoil BC dyHKImorupyer nucuerydep, KOTOPIi MO1IepAKBa-
er JIOKaIbHYI0 ([UIg KjiacTepa) ouepesnb 3ajgad. [Ipu MOCTYIUIEHHH 3ajadu JUCTETIEp 3a-
NpaNIMBaeT y AUCIETYEPOB U3 JIOKAJBHOW OKPECTHOCTH KOJIUYECTBO 337349 B UX OUePesaX H
OIICHKY BPEMEHH, depe3 KOTOpOoe IMOCTYIUBIIAs 3a/1a9a MOKET HadYaTh pellaThbCsd MPH Iepe-
Jade eé B COOTBETCTBYIONIYIO ouepens. Jlaee, qucieTdep, HCIOIb3YsI CHCTEMY MOHUTOPUHTA,
olpe/e/ideT HPOIYyCKHYIO CIIOCOOHOCTh KAHAJIOB CBA3M MexK /1y Kjacrepamu. [locje 3Toro on
BBIOMpAET KJIACTED, B KOTOPOM (C y4eToM mepefadn caMoii 3aa9u B 09epe/ib 1 €€ TaHHbIX B
KJ1acTep) OBICTpee BCEro HaTHET BBIMOJIHATHCS 3ajada. BaKHO OTMETHTh, YTO TIPH Mepeiade
3372491 B 04epe b BLIOPAHHOM MOJICUCTEMBI, JIjId Heé, aHAJOTUIHBIM 00Pa30M, MIEPHOINICCKH
OVIEeT OCYIIEeCTBJIATHCS MOUCK PECYPCOB. DTO 0OECIeYUBAECT AJANTAIMIO JUCIETIEPOB IO
JIMHAMUYECKH U3MEHSIONLYIOCs 3arPy3Ky PECypPCoB HPOCTpaHCTBeHHO-pacupereaéaabix BC.

[IpenaoxkeHubIT anropuT™ peaan3oBad B nporpamMvuom nakere GBroker [5]. TTaker nmeer
pacCIIuPsAEMYIO apXUTEKTYPY W JOMYCKAeT WHTErPANNI0 ¢ CHCTEMaMH MaKeTHON 00paboTKH
sajannii. B nmaker (puc. 3) Bxogar gucierdep gbroker, KIHEHTCKOe Npuyioxkenue gelient

M CPEJCTBO MOHHUTODHMHIA HPOM3BOIUTEIBHOCTH KAHAJOB CBA3M Netmon Ha ypPOBHE CTeKa
nporokosos TCP/IP.

e BeluncnurensHan cuctema 1 A ermucnuTeanan cucrema N )

gbroker

Cucrema
YNPaBneHus

Cwctema
ynpaBneHna

{TORQUE,

(TORQUE,
Sun GridEngine, idEngi

Sun

nap)

——
ClnterneD
e

Nonb3oBarens 1 Nonb3oBatens K

gclient gclient

3apava
(JSDL)

Puc. 3: ®yuknmonanpHas cTpykrypa nakera GBroker

Mopaynn gbroker ycranaBamBaercss B KazKJI0M KJjiacTepe u obecniednBaeT Ha wHTepdeiic ¢
JIOKaJIbHO} cHCTEeMOl makeTHo! o6paborku 3amanuii (ma mamneiii Moment TORQUE). Mo-
JyJIb netmon ycranapiuBaeTcs BMecTe ¢ gbroker. CepBrchl netmon cobupaior uHGOPMAIIKIO
0 TIPOU3BOJAUTEIHLHOCTH KAHAJIOB CBSI3M MexKAy KJaacTtepamu. Moayab gelient obeceunBaer
uaTepdeiic MeXK Iy MOb30BATEIeM U CHCTEMO.
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A MUHECTPATOP HACTPANBAET JOKAJIhHBIE OKPECTHOCTH JIUCIIeTYepOB ghroker, yKa3biBas,
KaK#e JUCHeTdephl ¢ KAaKUMU MOTYT OOMEHUBATHCSA MPOTPAMMaMU W3 CBOUX odepejeil, u
HACTPaMBaET CEepBUC netmon.

[Tonb3oBarens dopMUpyeT 3ajaHue, cocTosdinee U3 mapaJsaenbroin MPI mporpammbr u
HacIopTa Ha si3bIKe pecypcHbIx 3anpocoB JSDL, u ornpasiser ero cpejacrsamu gelient Jiro-
oomy u3 qucnerdepos ghroker. /Tucnerdep B COOTBETCTBUM C ONUCAHHBIM BBIIIE aJTOPUTMOM
BBIOMPAET MOJICUCTEMY, HA KOTOPOIT 3aTeM BhITIOJTHAETCS mporpamMa. Ha pecypcax mpocrpan-
CTBEHHO-pacIpeie/I6HHON MyabTuKaacTepuoit BC mposeieno ucciegoBanue cCO3JIaHHBIX aJl-
roput™moB 1 nmakera GBroker. B KadecTBe TecTOBBIX 3a/1a4 HCIIOJB30BaCh MPI-iporpaMmmbl
u3 nmakera NAS Parallel Benchmarks, a Takzke nporpamMmbl, peau3yolie napajiebHble
BEPCHH Pa3JUYHbIX YHUCJICHHBIX MeTo10B. Moje/impoBanne MOKa3aJ0, 9TO CpejiHee BpeMs
00CJTy)KUBAHUS 331449 TIPU JIEIEHTPAJIU30BAHHON JUCIIeTYEPUBAIUN COTIOCTABUMO C IEHTPa-
JIL30BaHHO#l qucnerdepusanueit. Bmecte ¢ TeM obecriednBaeTcd OTKa30yCTONYUBOCTD HPO-
CTPAHCTBEHHO-PACIpeIeJéHHON MyabTuKIacTepuoit BC B ciiyyae BBIXOJA M3 CTPOS OTIEb-
HBIX KJIACTEepOB. Bpems aucrnerdepu3alui JOCTATOYHO MAJIO MO CPABHEHUIO CO BpeMeHeM
BBITIOJTHEHHST ITPOTPAMM.

4. 3akJjrodeHne

CozanHas MpOCTPAHCTBEHHO-PACIPEIeIEHHAST MYIBTUK/IACTEPHAST BEIYUCTUTEIbHAS CHCTE-
Ma HUCIOJb3yeTcsd KaK WHCTPYMEHTAJIbHOE CPEJICTBO /I MPOBEeHUs UCCIeTOBAHUN U IO~
TOTOBKHW CIIEIUAJIUCTOB B 00JACTH MapaslIeTbHBIX BBIYUCIUTEIbHBIX TexHogorwi. [lepemex-
TUBBI HUCIOJIb30BAHNS CO3JAHHOTO MHCTPYMEHTApPUA MapajieTbHOTO MYJIbTUIPOTPAMMUPO-
BaHUsd B IIPOMBIILJIEHHOCTH MOATBEPKIAAIOTCH PACTYIIUMH MOTPEOHOCTAMHU B HPUMEHEHUU
pactpeaenenubix BeraucautTebabix 1 GRID cucrem B obsractsax, riae TpebGyOTCs BBICOKO-
HaJleKHble (KUBYYHE) BBIYUCTUTETbHBIE CPEJICTBA, T PEIIAIOTCS CYNEePCIOKHBIE 3a/Ia9u U’
MOJIEJTUPYIOTCS COBPEMEHHBbIE TeXHOJIOTTYeCKre MPOIEeCChl U TPUPO/IHBIE SIBJIEHUSI.
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