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1. BBE,lJ;EHHE 

nOCne.l(HHe .l(eClITb neT HCCne.l(OBaHHH H .l(OCTHxeHHH B 06naCTH MeTaKOMnblOTHHra H ce

TeBbIX TeXHonomH C03.l(allH OIIpe.l(eneHHYIO 6aly ,lJ)'UI m06aJlbHoro om.e.l(HHeHIDI Bb[qHClleHHH 

H BbICOKOCKOPOCTHbIX ceTeH CBil3H. Ha OCHOBe Bcex HMelOlllHXCiI .l(OCTHxeHHH B cereBblX H 

HHcpopMaUHOHHO-BbIl:IHCnHTenbHblX TexHonorIDIx, a TaKXe C yqeTOM TeH.IleHUHH pOCTa IIO

Tpe6HoCTeH B KOMIIblOTepHbIx pecypcax BO BceM MHpe 6bIJla CCPOPMYllHpOBaHa KOHuenuIDI 

GRID [1]. B paMKax .l(aHHOH pa60TbI MbI .l(enaeM nOllblTKY B Ol:leHb cxaToH cpopMe OTpalHTh 

Cyrb .l(aHHOH KOHuenUHH H npOHllJllOCTHpOBaTb ee Ha HeCKOllbKHX KOHKpeTHblx IIpHMepax 

yxe peallH3yeMblx B MHpe npoeKToB, a TaKXe OCBeTHTh BonpocbI OpraHH3aIlHH KOMnblOTHHra 

.IUUI nnaHHpyeMbIx sKcnepHMeHTOB CPH3HKH BblCOKHX sHepmH B KOHTeKCTe npHMeHeHIDI grid

TeXHOnomH. 

GRID no 3apO)K.l(aIOlllMCiI HHcppacTpYKrypa, KOTOPM MoxeT Kap.l(HHallbHO H3MeHHTb 

HaIIIH npHBbIl:IHbIe npe.l(CTaBlleHIDI 0 KOMnbIOTHHre. npe.l(nOnaraeTCiI, lITO grid-CTPYKrypbI 

CMOryr om.e.l(HHHTb pemOHallbHbIe H HauHOHallbHbIe Bb[qHCllHTeJlbHbIe KOMnblOTepHble HH

cppaCTpYKrypbI .IUUI C03.l(aHIDI Bce06111ero pecypca Bb[qHCllHTenbHOH MOIUHOCTH. 

CaMO HalBaHHe "grid" 6blJlO BbI6paHO IIO aHallOmH C sneKTpHl:IeCKHMH CeTilMH (power 

grid), B KOTOPblX o6eCnel:lHBaeTCiI Bce06111HH .l(OCTyrr K sneKTplflIecKoH MOlllHOCTH H KOTopble 

OKalallH orpOMHoe BllIDIHHe Ha l:IenOBel:leCKHe B03MOXHOCTH H 06111eCTBo. KaK H B sneKTPH

l:IeCKHX CeTilX, IIpe.l(llOnaraeTciI HHTerpHpoBaTb 60llbllOH 06:beM reorpacpHl:IeCKH y.n;alleHHbIX 

peCYPCOB. EcnH .l(ocTyrr K Bb[qHCllHTenbHblM grid-CTpYKrypaM 6y.n;eT Bceo6111HM, Ha.n;eJKHbIM, 

IIOCTOilHHbIM H COmaCOBaHHblM, a TaKXe He.l(opOmM, TO npe.l(llonaraeTCiI, lITO HX BllIDIHHe 

Ha palBHTHe KOMIIblOTHHra H, B KOHellHOM HTore, Ha 06111eCTBeHHoe palBHTHe 6y.n;eT peBonlO

UHOHHbIM. MOXHO oIIpe.l(eJlHTh GRID KaK KOMIIblOTepHYJO HHcppaCTyKTYPy 6YAYlllero H KaK 

OCHOBHOH cpYH.IlaMeHT B C03.l(aHHH m06allbHoro HHCPOPMaIlHOHHOro 06111eCTBa XXI BeD. 

3BOJllOUHOHHble H3MeHeHIDI B TeXHonornH HHTerpauHH CBepXBblCOKoro YPOBHiI (VLSI) H 

MHKpOIIpoueccopHOH apXHTeKrype npHBe.Ilyr, KaK no npom03HpyeTciI, K yBeJllflIeHHIO BbIl:IH

CllHTenbHbIX MOlllHOCTeH B 10 pal B 6nHJKaHllHe 5 neT H B 100 pal B nOClle.IlYIOlllHe 10 neT. 

Yxe cero.IlHil B ClIlA B03MOXHOCTH p.s,u;OBbIX nOJlb3OBaTeJleH, nO.l(KJllOl:IeHHblX K UHCPPOBbIM 

KaHallaM CBil3H C npe.l(oCTaBlleHHeM KOMnneKCHbIX ycnyr, CpaBHHMbI C TeMH B03MOJKHOCTilMH, 

KOTOPbIMH 06na.n;allH aMepHKaHCKHe cyrrepKoMIIblOTepHbIe uempbI 10 - 15 neT Hala.n;. 

TeXHOllOml:lecKoe 060CHOBaHHe C03.l(aHIDI BbrqHCnHTeJlbHbIX grid-HHcppaCTPYKryp 6alH

pyeTciI Ha yxe cymeCTBYIOlllHx XOPOllO palBHThIX BonOKOHHO-OllTHl:IeCKHX ceTiIX, MHKpO

npoueccopax C BbICOKHM 6bICTpO.l(eilcTBHeM, napanneJlbHbIX KOMIlLlOTepHblx apXHTeKrypax, 

npOToKonax CBil3H, MaTeMaTlflIeCKOM 06eCIIel:leHHH pacnpe.l(eJleHHbIX CTPYKTYP. MeXaHH3Max 

6e30IIacHoCTH H MeTO.l(ax sneKTpOHHOH KOMMepUHH. BonnollleHHe BbIl:lHCllHTeJlbHbIX grid

CTPYKryp B JKH3Hb nOTpe6yeT cep:oe3HbIX Hccne.l(OBaHHH H palpa6OTOK BO BceX nepelJHcneH

HblX BLIme OTpaCJlilx BLrqHCJlHTeJlbHOH TeXHHKH. 
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2. C4lEPLI npHlVIEHEHIDI U B03MO)KHLIE TunLI 
GRID-CTPYKTYP 

B HaCTO.8mHH MOMeHT CneUHaJIHCThI no BhlqHCJ1HTeJIhHOH TeXHHKe CIlIA BhUleJI.8IOT He

CKOJIhKO KaTeropHH nOTeHUHaJIhHhIX nOJIh30BaTeJIeH grid-HHcppacTpYKTyp. 31'0 H cneUH

aJIHCThI no BhlqHCJIHTeJIhHOH TeXHHKe, H yqeHble-3KcnepHMeHTaTophl, H HayqHble aCCOUHa

UHH, H npOMbIIIDIeHHhle KopnopauHH. Grid He06xo.llHM ,!J;JI.8 rJI06aJIhHOro peIlleHH.8 np06JIeMhI 

OXpaHhl oKpyxaIOmeH Cpe,llbI, ,!J;JI.8 UeJIeH 06yqeHH.8 H 06Pa30BaHH.8. HeH36eiKHhIM BH.llHTC.8 

cKopoe npoHHKHoBeHHe grid H3 HayqHo-HCCJ1e.lloBaTeJIhCKOH ccpephI B 6hITOByro, ~o nocJIy

XHT B KOHeqHOM HTore OCHOBOH rJI06aJIhHOro HHCPOPMauHoHHoro 06meCTBa XXI BeKa 

KaK OCHOBHhle HanpaBJIeHH.8 grid Ha .llaHHhIH MOMeHT MOiKHO BhUleJIHTh: 

• 	 pacnpe.lleJIeHHhIH cynepKoMnhIOTHHr (Distributed Computing) - OqeHh KpynHhIe npo

6JIeMhI, Tpe6yromHe OrpOMHOro KOJIHqeCTBa npoueccopHoro BpeMeHH, naM.8TH H T • .ll.; 

• 	 reXHOJIOrHIO 3cpcpeKTHBHoro HCnOJIh30BaHH.8 pecypcoB ,!J;JI.8 He60JIhIllHX 3a,llaq (High
Throughput Computing) - "BhlcoKOnOTOqHble" BhlqHCJ1eHH.8, KOr.lla HCnOJIh3yroTC.8 

npOCTaHBaIOmHe KOMnhIOTepHhIe pecypcbl; 

• 	 BhPiHCJ1eHH.8 "no Tpe60BaHHIO" (On-Demand Computing) - KpynHble paCqeTbl, HOC.8

IUHe "pa30BhIH" xapaKrep; 

• 	 BhPiHCJIeHH.8 C npHBJIeqeHHeM 60JIhIllHX 06'beMOB pacnpe.lleJIeHHhIX .llaHHhIX (Data
Intensive Computing) (HanpHMep, B MereOpOJIOrHH, aCTpoHoMHH, cpH3HKe BhICOKHX 

3HeprHH) H 

• 	 KOJIJIeKTHBHhle npHJIOiKeHH.8 (Collaborative Computing). 

MOXHO TaKXe BhUleJIHTh HeCKOJIhKO THnOB 6YJIYIUHX grid-cTpYKTYP: 

• 	 HauHOHaJIhHhle grid - KaK CTparerHqeCKHe cepBHcbl Ha rocyrlapCTBeHHoM ypoBHe, He3a

MeHHMble B nepHO.ll KPH3HCOB H CTHXHHHblX 6e.llCTBHH, a TaKiKe nOJIe3Hble ,llJI.8 peIlleHH.8 

np06JIeM HauHOHaJIhHOH 6e30nacHoCTH, .llOJIroBpeMeHHhIx roCyrlapCTBeHHhlX nporpaMM 

H rocyrlapcTBeHHoro llJIaHHpOBaHH.8; 

• 	 qaCTHhIe grid - KaK MeHee KpynHble CTPYKTYPhI B OT.lleJIbHOH npHKlIa,llHOH 06JIaCTH, 

HanpHMep, B Me.n:HUHHe; 

• 	 BHpTyaJIbHhIe grid, HanpaBJIeHHble Ha peaJIH3auHIO KpynHblX HayqHblx npoeKToB H xa

paKTepH3yromHeC.8 HaH60JIhIlleH reorpacpHqeCKOH pa306meHHoCThIO, .n:HHaMHqHOCTbIO 

qneHCTBa H He.n:OCTaTKOM ueHTpaJIH30BaHHOrO llJIaHHPOBaHH.8, H 

• 	 ny6JIHqHhIe grid, OTHOC.8mHeC.8 K 06JIaCTH PbIHOqHOH 3KOHOMHKH H OTBeqaIOmHe Hy

x.n:aM KaK OT.n:eJIbHhIX nOTpe6HTeJIeH, TaK H npOH3BOL(HTeJIeH npo.llYKUHH, a TaKiKe no

Tpe6HOCT.8M 6aHKOBCKOH CcpePbl. 

MOXHO .n:OBOJIbHO onpe.n:eJIeHHO Pa3rpaHHqHTb KJIaCChI nOJIb30BaTeJIeH grid-CTpYKTYP: OT 

KOHeqHblX c06CTBeHHo nOJIh30BaTeJIeH H CHCTeMHhIX a,llMHHHcTpaTopoB grid-pecypcoB .n:o Pa3

HOro YPOBIDl pa3pa6OTQHKOB, opraHH3yromHx caMY 6a30Byro CTpYKTYPY H grid-cepBHcbI, a 

TaKiKe C03.n:aIOmHX Ha60PbI HHCTp)'MeHTaJIbHbIX Cpe.n:CTB H grid-npHJIoiKeHIDl. 
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Onpe,lleneHHe BblqHCnHTenbHOH grid-HH£ppaCTpYKTypbl KaK paCnpe,lleneHHOH npOrpaMMHO

annapaTHOH KOMnblOTepHOH Cpe,llbl, B KOTOPOH OpraHH30BaH «PYHKUHOHanbHO-HaJIe)f(HbIH, CO

rnaCOBaHHblH, YCTOHqHBblH H He,llOporoH ,llOCTyn K KOHeqHblM BblqHCnHTenbHblM pecypCaM, 

Cne,llyeT paCKpbITb 60nee nO,llp06HO: 

• 	 llo,ll 9YHKnHOHaJlbHOH H~eJKHOCTblO nOHHMaeTCSl npe,llOCTasneHHe rapaHTHH nOnb30

BaTenlO B TOM, qTO OH 6Y,lleT HMen JlnHTenbHblH npe,llCKaJyeMblH ,llOCTyn K peCypCaM 

BCeX KOMnOHeHT, cOCTasnSllOmHX grid. T.e. KOHeqHbIH nonb30BaTenb ,llOn)f(eH HMeTb 

nonHYIO HH«p0pMaUHIO 0 Bcex XapaKTepHcTHKax npoH3BO,llHTenbHOCTH grid-cHCTeMbl , 

BKnlOqrul nonocy nponYCKaHHSl KaHana CBSl3H, BpeMeHa 3a,nep)f(eK, HCKaJKeHHSl, npOH3

BO,llHTenbHOCTb KOMnbIOTepOB, cepBHCbI MaTeMaTHqeCKOrO 06eCneqeHHSl, 6e30naCHOCTb 

H H<me)f(HOCTb CHCTeMbI. 

• 	 ComaCOBaHHOCTb grid-cepBHCOB npe,llnOnaraeT CTaH,IlapTH3aUHIO Bcex cepBHCOB, HH

Tep«peHCOB, a TaK)f(e cnoc060B pa60TbI nonb30BaTeneH. 

• 	 YCTOH'IHBOCTb ,llOcTyna KaK B03MO)f(HOCTb HMeTb nOCTOSlHHblH ,llOCTyn K pecypcaM He 

03HaqaeT HeKHH YHHBepcanbHbIH ,llOCTyn. lloCTyn 6Y,lleT B03MO)f(eH nHWb B cnyqae He

Koero «popManbHoro nO,llKnlOqeHHSl K grid-cepBHcaM C nocne,llYlOmeH onnaTOH ycnyr 

(nO,ll06HO Hcnonb30BaHHIO ycnyr 3neKTpHqeCKHX CeTeH). 

• 	 HeJloporoii JlOC'fYIl K grid-HH«ppaCTYKTypaM 6y.ueT B03MO)f(eH nHWb B TOM cnyqae, ecnH 

grid 06peTeT .ueHcTBHTenbHo wHpoKoe npH3HaHHe, pacnpocTpaHeHHe H Hcnonb30BaHHe. 

3TOT acneKT SlBnSleTCSl OqeHb cymeCTBeHHblM: ,llOCTaTOqHO BCnOMHHTb B03HHKHOBeHHe 

H paJBHTHe INTERNET, paJpa60TaHHoro,llnSl ceTH ARPA B CliiA B Haqane 70-x ro.uOB 

B BoeHHblX uenSlX H nonyqHBwero BceMHpHoe pacnpocTpaHeHHe TonbKO B 90-x ro.uax, 

Kor.ua ero Hcnonb30BaHHe CTano KOMMepqeCKH-Bblro.uHbIM. 

3. MO)1;EJ1H npOrPAMMHPOBAHIDI 

KaK nOTeHUHanbHble Mo.uenH nporpaMMHpOBaHHSl MO)f(HO ynOMSlHYTb 

• 	 .ueHTorpaMMHoe H nOTOKOBoe B3aHMo.ueHCTBHe, 

• 	 paJ.ueneHHe naMSlTH, 

• 	 MHorOnOTOqHOCTb, 

• 	 napannenH3M .uaHHbIX, 

• 	 nepeJlaqy co06meHHH, 

• 	 o6'beKTHo-opHeHTHpoBaHHble npHnO)f(eHH.sJ, 

• 	 y,llaneHHble BbI30Bbl npOueJlyp, 

• 	 3«P«t>eKTHBHoe HCnOnbJOBaHHe pecypC08, 

• 	 ynpasneHHe rpynnaMH npoueCCOB 
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• H rrpOrpaMMbI-areHTbI. 

OpraHH3auIDI MOneJIeH BBOnalBbIBOna, yrrpaBneHIDI peCypCaMH H 06eCrreqeHIDI 6e30rraCHO

CTH 6yneT pa3JIWlHa )lJl.sI palHbIX ypOBHeH grid-apxHTeKTypbI, a HMeHHO: YPOBH.sI KOHeqHOH 

CHCTeMbI, KJIaCTepHoro YPOBIDI H ypoBHeH Intranet H Internet. 

BaJlmeHWeH KOMrrOHeHTOH rrpH C03naHHH grid CTaHOBHTC.sI middleware (rrporpaMMHOe 

06eCrreqeHHe rrpOMe)KyrOqHoro CJIO.sI; rrpOMe)KyrOqHOe rrporpaMMHoe 06eCrreqeHHe), KOTopoe 

6yneT 06eCrreqHBaTb 6e30rracHbIH nocTyII K naHHblM 60JIbworo o60eMa B yHHBepCaJIbHOM 

rrpOCTPaHCTBe HMeH, rrepeMemaTb H THpa)KHpOBaTb (perrnHUHpOBaTb) naHHbIe C BbICOKOH 

CKOPOCTbIO H3 onHOro reorpa(jmqeCKH ynaJIeHHOrO yma (CaHTa) Ha npyroH H opraHH30BbIBaTb 

CHHxpoHH3aUHIO ynaJIeHHbIX KorrHH. 

ApxHTeKTYPa grid C TOqKH 3peHIDI rrporpaMMHoro 06eCrreqeHIDI rrpenCTaBJIeHa Ha pHC. 1. 

4. GRID H fl)H3HKA BLICOKHX 3HEPrH:R 

<t>H3HKa qaCTHU Bcema crrOC06CTBOBaJIa 3HaqmenbHOMY rrporpeccy KOMrrbIOTepHbIX Tex

HonorHH. llpHMepoM TOMY MO)KeT CJIJ)KHTb BCeMHpHa.sI rrayrHHa - WWW, C03naHHa.sI HMeHHO 

B CERN. llponon)Ka.sI m:y Tp3.llHUHIO, cpH3HKa qaCTHU CKOPO rrpenOCTaBHT wHpoKHe B03

MOXHOCTH JlJI.sI HCrrbITaHHH grid-cHCTeM - MOmHbIX yrrpaBJI.sIeMbIX pacrrpeneneHHbIx CHCTeM 

HHcpopMaUHH. 

Ha YCKopHTeJIe LHC [2] B CERN Ha qeTbIpeX IIJIaHHpyeMbIx ~KcrrepHMeHTaJIbHbIX YCTa

HOBKax (CMS, ATLAS, ALICE H LHCb) rrocne 3arrycKa YCKOPHTeJI.sI H YCTaHoBoK (T.e. rro

cne 2005 rona) exeronHO 6ynyr rronyqaTb OrpoMHble 060eMbI naHHblX - rrop.sIJlKa HeCKOJIbKHX 

lleTa6aiiT (1 lleTa6aHT paBeH 1015 6aHT), a nepeqHCneHHble BbIwe ~KcrrepHMeHTbI paCCqH

TaHbl Ha rrepHon 15-20 neT. nOCKonbKY 06pa60TKa naHHblX TaKOro MacwTa6a .sIBJI.sIeTC.sI 

rrOKa 6ecrrpeueneHTHOH, Tpe6YJOTc.sI CrreUHaJIbHbIe YCHJIIDI JlJI.sI C03naHIDI cpenCTB opraHH3a

UHH xpaHeHIDI naHHbIX H rrocnenYIOmero nOCTyrra K HHM C uenbIO aHaJIH3a H 06pa60TKH 

naHHbiX. 

Monenb JlJI.sI opraHH3aUHH HccnenOBaHHH rron06Horo pona COqeTaeT B ce6e nBa acrreKTa 

COBpeMeHHOH grid-TexHononm: BbNHCnHTeJIbHoro H HHcpopMaUHoHHoro (Computational Grid 

H Data Grid). 

.IlruI OpraHH3aUHH KOMrrbIOTHHra JlJI.sI LHC Me)KJlyHapofrHbIM rrpoeKToM MONARC [3] 
(Models Of Networked Analysis at Regional Centres for LHC Experiments) 6bma rrpen

noxeHa HeKOTOpa.sI HepapXHqeCKa.sI grid-cTpYKTYPa BbIqHCJIHTeJIbHbIX ueHTpoB, BKJIIOqaIOma.sI 

B ce6.sI BbIqHCnHTeJIbHbIe ueHTpbI II.sITH ypoBHeH, Ka)KJlbIH C palHblM 06'beMOM pecypcoB H 

Pa3JIHqHbIMH B03MOJKHOCT.sIMH • 

.!I.ruI rrpaKTHqeCKOH peaJIH3aUHH TaKHX pacrrpeneJIeHHblx ueHTpoB K HaCTO.sImeMY BpeMeHH 

B MHpe opraHH30BaHo HeCKOJIbKO KpyrrHbIX rrpoeKToB, HarrpaBJIeHHblX Ha C03naHHe grid

CTPYKTYP, 0pHeHTHpOBaHHblx Ha opraHmaUHIO KOMrrbIOTHHra JlJI.sI LHC. 

TaK, HarrpHMep, B 2(x)() rony rronyqHJI qmHaHCHpOBaHHe EBporreHcKoro co06mecTBa eBpo

rreHcKHH rrpoeKT EU Data Grid [4] JlJI.sI CPH3HKH BbICOKHX ~HeprHH, 6HOHHcpopMaTHKH H CH

CTeMbI Ha6nIOneHHH 3a 3eMJIeH. 06mHM BO Bcex m:HX HCCnenOBaHIDIX .sIBJI.sIeTC.sI palneneHHe 

naHHblX C TOqKH 3peHIDI HHCPOpMauHH H 6al naHHbIX, pacrrpeneneHHblx no EBporre H HHblM 

KOHTHHeHTaM; OCHOBHOH UeJIbIO .sIBJI.sIeTC.sI ynyqIIIeHHe ~CP<PeKTHBHOCTH H CKOPOCTH aHaJIH3a 

naHHblX rrocpenCTBoM HHTerpaUHH rn06aJIbHO-pacrrpeneJIeHHblx rrpoueccopHoH MOmHOCTH H 

CHCTeM xpaHeHIDI naHHblX, nocTyrr K KOTOPbIM 6yneT XapaKTepH30BaTbC.sI nHHaMHqeCKHM pac

npeneJIeHHeM naHHblX rro grid-HHQ:>paCTYKType, qTO rrpenrronaraeT yrrpaBJIeHHe peIIJIHKauHeH 

H K~WHpOBaHHeM. 
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EBponeHcKHH npoeKT Data Grid .sIBJUleTC.sI KOMIIJIeKCHblM npOeKTOM, B KOTOPblH BOBJIe

qeHO MHO)KeCTBO OPraHH3aIJ,HH, CneUHaTlHCTOB no nporpaMMHoMy 06eCneqeHHIO H yqeHblx. 

ApxHTeKrypa c03)laBaeMOH grid-HHcppaCTPYKTypbl )lon)KHa 6bITb )lOCTaTOqHO npoCToH, m6

KOH, MacWTa6HpyeMoH, npe)lI1onararoIlleH 6blCTPOe C03)laHHe npoTOTHIIOB H, KOHeqHO, OT

BeqaroIlleH Tpe60BaHIDIM paCIIpe)leneHHOro CPYHKQHOHHPOBaHIDI. npoeKT BKnIOqaeT B ce6.sI 

HeCKonbKO pa60q~ naKeTOB: 

• 	 C03)laHHe npHnO)KeHHH Jl,1UI Bcex oTpacneH (cpH3HKH BblCOKHX ::mepmH, 6HonomH H 

Ha6nIO)leHIDI 3eMnH) no ocymeCTBJIeHHIO np03paqHoro )lOCTYIla K pacnpe)leneHHbIM 

)laHHblM H IIpe)lOCTaBJIeHHIO BbICOKOIIPOH3BO)lHTenbHblX BblqHCnHTenbHbIX pecypcoB; 

• 	 YIlpaBJIeHHe pa60qeH 3arpY3KOH (pacnpe)leneHHOe IIJIaHHpOBaHHe H YIlpaBJIeHHe pecyp

caMH); 

• 	 YIlpaBJIeHHe )laHHblMH (c03)laHHe HHTerpHpOBaHHoro HHCTPYMeHTapH.sI H HHcppaCTPYK

rypbl npOMe)KYTOqHOrO cno.sI )lJI.sI comaCOBaHHoro YIlpasneHIDI H pa3JleneHH.sI Om.eMOB 

HHCPOpMaIJ,HH neTa6ooHoro nop.sIJlKa B grid-cpeJle C 3CP«PeKTHBHbIM HCIIonb30BaHHeM 

pecypcoB); 

• 	 MOHHTOPHHr (KaK )locTyII K CTaTycHoH HHCPOPMaIJ,HH H HHcpopMaUHH 06 oWH6Kax B 

grid-cpe)le); 

• 	 YIlpaBJIeHHe BbNHCllHTellbHbIMH CTPYKTYPaMH Ha KnaCTepaX, COCTO.sIIllHX H3 TbIC.sJq Bbl

qHCllHTeJIbHblX yJJIOB; 

• 	 C03)laHHe BHpryaJ1bHOH qaCTHOH CeTH, om.e)lHH.sIIOIlleH BblqHCJlHTenbHble pecypcbI H 

pecypCbI )laHHbIX, yqaCTBYJOIllHe B OTnaroce grid-HHcppaCTYKTypbI; 

• 	 YIlpaBJIeHHe MaCCOBOH naM.sITbIO (C03JlaHHe m06aJ1bHoro grid-HHTep«PeHca K cymeCTBy

IOIllHM CHCTeMaM YIIpaBJIeHIDI MaCCOBOH IIaM.sIThIO (Mass Storage Management Systems 

- MSMS)). 

3a OCHOBY IIpOMe~OqHoro IIpOrpaMMHOro 06eCIIeqeHIDI (middleware) Bbl6paH Ha60p 

HHCTpYMeHTaTlLHbIX CpeJlCTB Globus [5J. 
B KaqeCTBe JlPyroro npHMepa XOTenOCb 6bl OCTaHOBHTbC.sI Ha aMepHKaHcKoM npoeKTe 

GryPhiN (Grid Physics Network) [6], KOTOPbIH TaK)Ke nonyqHJl CPHHaHCHpOBaHHe B 2000 

rony. B paMKax 3TOro IIpoeKTa B CIlIA HaMeqeHO nOCTeneHHoe C03JlaHHe TaK Ha3b1BaeMblX 

pemOHaJ1bHbIX ueHTpoB 2-ro YPOBH.sI (comacHo KnaCcHcpHKaIJ,HH, IIpe)lJlO)KeHHOH npoeKToM 

MONARC) Jl,1UI HeCKOJIbKHX HayqHblx 3KcnepHMeHTOB: SDSS, LIGO, CMS H A 1LAS. 3TH 

3KcnepHMeHTbl CIIpaBe)lJlHBO Ha3b1BaIOT HayqHblMH 3KCIIepHMeHTaMH HOBOro IIOKOJIeHIDI, no

CKonbKY B 3THX 3KCIIepHMeHTax Ha HOBOM ypOBHe CnO)KHOCTH 6YJlYT HCCne)lOBaTbC.sI CPYH

)laMeHTaJ1bHbIe CHJlbI IIPHpO)lbl H CTpynypa BceneHHoH. B reqeHHe JlByx )leC.sITHJleTHH Ha 

YCKOpHTene LHC Ha HeCKonbKHX OT)lellbHbIX KPYIIHbIX cpH3HqeCKHX YCTaHOBKax (CMS, AT

LAS, ALICE H LHCb) 6y.u;eT IIPOBO)lHTbC.sI HCcne)lOBaHHe B3aHMO)leHCTBIDI qaCTHU C uenbIO 

IIOHCKa HOBblX cpH3HQeCKHX .sIBJIeHHH H qaCTHU. npHMepHo CTonbKO )Ke JIeT Ha LIGO 6y.u;YT 

pemCTpHpOBaTbC.sI H aHaTlH3HpOBanC.sI KOCMHQeCKHe rpaBHTaIJ,HoHHble BonHbI BblcoK03Hep

remQeCKHX npHpOJlHbIX Om.eKTOB. npoeKT SDSS npeJlnonaraeT KPYIlHoMaClIITa6HYJO KOC

MHQecKYJO CDeMKY Jl,1UI C03)laHH.sI HaHIIO)lp06HeHwero KaTaTlOra aCTpOHOMHQeCKHX JlaHHblX. 

Bce nepeQHClleHHbIe 3KcIIepHMeHTbI XapaKTepH3YJOTC.sI WHpOQaHWeH reorpacpHQeCKOH pa306

IlleHHOCTbIO HeCKonbKHX TblC.sIQ yqaCTHHKoB 3THX npoeKToB. 3auaQH, KOTopble TIOCTaBJIeHbI B 
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WHX 3KCnepHMeHTax, ~.8JUIIOTC~ 6eCnpeueJleHTHblMH B HCTOPHH HaYKH H 06wecTBa C T01.JKH 

3peH~ HX npaKTHqeCKOH peaJIH3auHH, nOCKOJIhKY nOTpe6yeTc~; 

• 	 OTJleJIflh OqeHh MaJIble nOJIe3Hhle CHrnaJIhI OT KOJIOCCaJIhHblX <pOHOB; 

• 	 06eCneqHBaTb 6blCTPhlH H np03pa~lHhlH JlOCTyn K HayqHhlM JlaHHblM, HaxO.lUlWHMC~ B 

OrpOMHhlX XpaHHlIHWax (OT 100 Tepa6aHT Ha HaqaJIhHOM wane JlO 100 neTa6aHT B 

nOCJIeJlYlOWHe JleC~Th JIeT); 

• 	 06eCneqHBaTb np03paqHblH JlOCTyn TaK)I{e H K pacnpeJleJIeHHblM npouecCOpHblM pecyp

caM (OT Tepaq:monOB CeHqaC H JlO neTaq:monOB K 2010 roJlY) H 

• 	 opraHH30BbiBaTb BeCh npouecc JlOcTyna K JlaHHhlM H HX aHaJIH3a H3 pa.3,TlHqHhIX TOqeK 

3eMHoro wapa no ceTeBblM KaHaJIaM BhlCOKOH nponycKHoH cnoc06HoCTH. 

Tpe60BaHmI no BblqHCJIHTeJIbHhlM H apxHBHhlM pecypcaM .lI)UI 3THX Tpex 3KcnepHMeHTOB 

Pa.3JlHqHbI. HaH60JIhWHe npoueccOpHhle 3aTpaTbI He06xoJlHMbl .lI)UI LIGO (ypOB~ neTa

q:monOB). 06'beMbl JlaHHhlX LHC 6YJlYT 3HaqHTeJIhHO 60JIhWe, qeM y LIGO, a y LIGO 

3HaqHTeJIbHO 60JIhWe, qeM y SDSS. npoeKT SDSS }'iKe HaxOJlHTC~ B pa60QeH CTaJlHH, a B 

npoeKTe LIGO C'beM JlaHHhlX HaqHeTC~ C 2002 roJla. YCKopHTeJIb LHC H <pH3HQeCKHe YCTa

HOBKH yCKOpHTe~ 6YJlYT 3anymeHhl nOCJIe 2005 roJla. MO)l{HO CKa3aTb, QTO npoeKT XOPOlllO 

npOJlYMaH C TOQKH 3peHH~ MacwTa6HOCTH Tpe60BmmH K KOMnblOTHHry B paMKaX Ka)KJloro 

3KcnepHMeHTa, T.e. C03JlaHHe pernOHaJIhHblX ueHTpOB 6YJleT ocymeCT.8JUIThC~ C nOCTeneHHblM 

HapacTaHHeM CJIO)l{HOCTH. 

AB'roPbl npoeKTa GriPhyN xopowo OTJlalOT ce6e OTQeT B TOM, QTO peaJIH3au~ HX npoeKTa 

B03MO)l{Ha B CHlIY Toro, ~O }'iKe pa3pa60TaHO H anp06HpOBaHO 3HaQHTeJIbHOe QHCJIO npHJIO

)l{eHHH, opHeHTHpOBaHHhIX Ha HCnOJIh30BaHHe B pacnpeJleJIeHHblX CHCTeMax. B paMKax npo

eKTa PPDG [7] ycnewHo TeCTHpOBaJIHCb npHlIO)l{eH~ .lI)UI HCnOJIb30BaHHSl pacnpeJleJIeHHblX 

6a3 JlaHHhlX B <pH3HKe BhlCOKHX 3HepmH. B npoeKTe China Clipper [8] C03JlalOTCSl MOJleJIH 

aHaJIH3a JlaHHhlX B pacnpeJleJIeHHblX cHcTeMax. npoeKToM Globus [5] pa3pa60TaH ueJIblH 

KOMnneKC MaTeMaTHQeCKOrO 06eCneQeHH~ npoMe)l{YTOQHOrO ypOBH~ (middleware). npoeKT 

MONARC, KaK }'iKe 6blJI0 yno~HYTO Bhlwe, npoJleJIaJI MOJleJIHpOBaHHe KOMnOHeHTOB grid H 

HX B3aHMOJleHCTBHe. npoeKTaMH Nile [9] H Condor (10] C03JlaHbi CHCTeMbl YJlaJIeHHOH 06pa

60TKH 3aJlaHHH. B npoeKTe GIOD (11] HCCJIeJlOBaJIHCh MaCCOBbIe nepeMeweH~ 06'beKTHblx 

JlaHHhlX Me)l(JlY YJlaJIeHHblMH caHTaMH. 

6. 3AKJIIOQEHHE 

<l>aKTHQeCKH B ClllA H BO MHomx CTPaHax EBponbl CeHQaC HJleT C03JlaHHe UaUHOUaJIhHbIX 

grid-cefMeHToB. C03JlaH~ grid-cTPYKTPYP Tpe6Y1OT MHO me OTpaCJIH HaYKH: 3TO H npoeKT 

no HCCJIeJlOBaHHIO rOJIOBHoro M03ra QeJIOBeKa, H H3yqeHHe reHOMa QeJIOBeKa, H npoeKThl no 

omeJlJmeHHIO }'iKe HaKOnneHHhlX H JlaJIhHeHweMY c60py aCTpo<pH3HQeCKHX H reorpa<pHQe

CKHX JlaHHbIX, H MeTeOpOJIOrnQeCKHH aHaJIH3 cnYTI-IHKOBhlX JlaHHbIX, H pa60TbI no C03JlaHHlo 

fJI06aJIbHOH HH<pOPMauHOHHOH CHCTeMhl, COJlep)l{ameH JlaHHbIe Ha6JI1oJleHHSl 3a 3eMJIeH (3 
neTa6aHTa JlaHHblX }'iKe K 2001 roJlY). 3TO JlaJIeKO lie nOJIllblH nepeQeIIh 3anJIaHHpOBaHIIoro 

(H B OCHOBHOM no~penneHHoro <pHHaHCHpOBaHHeM) HaMepeHHSl peaJIH3aUHH KOHuenUHH 

grid B ClllA H EBpone. 
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IlpHHHMruI BO BHHMaHHe TOT Q:>aKT, qTO B POCCHH BellyrC.sI HaY':lHLIe HCCJIeLlOBaHH.sI npaK
TJ{qeCKH BO BCeX nepeqHCJleHHbIX BbIllie 06JlaCT.sIX, a TaIOKe He 3a6bIBrui 06 06IIleH MHPOBOH 
TeH.!leHUHH C0311aHH.sI rJI06aIlbHoro HHQ:>OPMauHoHHoro 06IIleCTBa XXI, CJleLlYeT He3aMeJUlH
TeJlbHO CTaBHTb Bonpoc 0 HacYIIlHoH He06xoLlHMOCTH C0311aHH.sI JlOKaIlbHOro grid-cerMeHTa B 
POCCHH Ha ypOBHe Me)Kl{HCUHTVIHHapHOH roCYJlapCTBeHHOH nporpaMMbI, H60 B03MO)J(Hoe OT
CTaBaHHe POCCHH B 06JlaCTH HHQ:>opMaUHOHHo-ceTeBbIX TeXHOJlOrnH MO)J(eT KpaHHe HeraTHBHO 
CKaJaTbC.sI Ha MHornx CTOPOHax )J(H3HH. A HMeHHO Q:>H3HKa BbICOKHX 3HeprnH Ha llaHHLIH 
MOMeHT llaeT YHHKaIlbHbIH lIIaHC npH06IIlHTbC.sI K HOBbIM H nporpeccHBHbIM TeXHOJl0rn.slM. 
IlOJlHoueHHoe yqacTHe POCCHHCKHX Q:>H3HKOB B 3KcnepHMeHTax Ha LHC Ha pa60qeH CTa.!lHH 
YCTaHOBOK 6YJleT B03MO)J(HO TOJlbKO npH Ha./l.Ile)J(aIIleH opraHH3auHH KOMnblOTHHra JUl.sI 3THX 
3KcnepHMeHToB HenOCpeLlCTBeHHO B POCCHH. C KOHua 1999 roLla B POCCHH ~e npeLlnpH
H.sITbI lIIarH no OpraHH3aUHH pernOHaIlbHOrO HHQ:>0pMaUHoHHO-BbIqHCJlHTeJlbHoro ueHTpa JUl.sI 

LHC B POCCHH: Be.!lYIIlHe POCcHHcKHe .sI.!lepHo-Q:>H3HqeCKHe HHCTHTyrLI C03LlaIlH 06'bellHHeH
HbIH npoeKT JUl.sI pelIIeHH.sI LlaHHOH np06JleMbI, H ~e npOLleJlaHa 60JIblIIruI KOHKpeTHrui pa60Ta 
B TVIaHe opraHH3auHH npOTomna TaKOro ueHTpa B POCCHH [12]. IlpOLlOJI)J(eHHe 3THX pa60T 
HeH36e)J(Ho npeLlnOJlaraeT OCBoeHHe H npHMeHeHHe grid-TeXHOJlOrHH H HeCJIyqaHHo, qTO HHH
UHaTHBa no C03.!laHHIO POCCHHCKOro grid-CefMeHTa HCXOLlHT Ha llaHHbIH MOMeHT HMeHHO OT 
POCCHHCKoro .sI.!lepHo-qm3HqeCKOrO co06IIleCTBa [12-14]. 
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KopeHbKOB B.B'J MHUbIH B.B'J THXOHeHKO E.A. PIl-2001-58 
KOHuenUIDl GRID: 

Ha nyrH K fJIo6aJIbHOMY HHrpopMaUHoHHoMY o6mecTBY XXI BeKa 

B pa60Te OCBemeHbI OCHOBHble acneKTbI HOBOro HHrpOPMauHoHHo-ceTeBoro 
HanpaBJIeHH.R - KOHuenUHH GRID - H OCHOBHble Me)f(Jl;YHapO.llHbIe npoeKTbI

J 

B KOTOPbIX B HaCTO.RmHH MOMeHT peaJIH3yeTC.R KOHuenUIDl GRID. PaccMoTpeHbI 
TaK)Ke npHJ10)KeHIDl GRID-TexHoJIomH.llJ1j1 OpraHH3aUHH KOMIIblOTHHra 3KCIIepH
MeHTOB rpH3HKH BbICOKHX 3HepmH. 

Pa60Ta BblIIOJIHeHa B JIa6opaTopHH HH<P0PMauHOHHbIX TeXHOJIOmH OlUIH. 

Coo6weHHe Om.enHHeHHoro HHCTHTYfa SlJ,epHblX HccnenOBaHHH. lly6Ha, 2001 
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