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OEII(MI XAPAKTEPHCTHKA PAEOThl 

AKTyaJihHOCTh TeMhI 

Pa3BIITIIe IIccne,n:oBaHIIH B cpII3IIKe BbICOKIIX 3HeprII:H, acTpocpII3IIKe, 

6Honorm1, HayKax 0 3eMJie II .n:pyrIIx HaytIHbIX OTpacmIX Tpe6yeT COBMeCTHOH 

pa60Tbl MHOI'IIX opraHII3a:IJ;IIH no o6pa60TKe 60JiblllOro o6neMa ,n:aHHbIX B 

OTHOCIITeJibHO KOpOTKIIe cpOKII. ,I(mI 3Toro Heo6XO):(IIMbl reorpacpw:1eCKII 

pacrrpe.n:eneHHble BbiqIIcJIIITeJibHbie cIIcTeMbI, crroco6Hbie nepe.n:aBaTb II 

npIIHIIMaTb ,n:aHHbie nop5I,n:Ka COTeH Tepa6a:HT B CJTKII, O,Il;HOBpeMeHHO 

o6pa6aTbIBaTb COTHII TbICJiq 3a.n:aq II .n:onroBpeMeHHO xpaHIITb COTHII neTa6aHT 

):(aHHbIX. 

fpII.n: - reorpacl_JIIqecK:rr pacnpe,n:eneHHa5I IIHc}JpacTpJKTypa, 06ne):(IIHmon_i:a51 

MHO:>K.eCTBO pecypcoB pa3HbIX TIInOB (npm_i:eccopbl, .n:onroBpeMeHHa5I . H 

onepaTIIBHa5I rraM5ITb, xpaHIIJIIIID;a H 6a3bl .n:aHHhIX, ceTH), ,Il;OCTJIT K KOTOpbIM 

nOJib30BaTeJib MO:>K.eT nonyqIITb H3 mo6o:H TOqKII, He3aBIICIIMO OT MeCTa IIX 

pacrrono:>K.eHH5I. fpII.n: npe.n:rronaraeT KonneKTIIBHbIH pa3,n:en5IeMbIH pe)KIIM .n:ocryrra 

K pecypcaM II K CB5I3aHHbIM c HHMH ycnyraM B paMKax rno6aJibHO 

pacrrpe.n:eneHHhIX BIIpTyaJibHbIX opraHII~aIJ;IIH, COCT05IIIJ;IIX II3 rrpe.n:rrpII5ITIIH H 

OT):(eJibHhIX crreu:IIaJIIICTOB, COBMeCTHO IICIIOJib3YIOIIJ:IIX o6n_i:J1e pecypchI. B 
Ka:>K.,n:o:H BIIpzyaJihHOH opraHI13aUHH IIMeeTC5I CB05I co6CTBeHHa5I IIOJIIITIIKa 
noBe,n:eHII5I ee yqacTHJIKOB, KOTOpbie ):(OJI)KHbl co6mo,n:aTb ycTaHOBJieHHbie 

rrpaBHJia. 

CoBpeMeHHbie rpII,n:-:rrHc}JpacTpJKTYPbI o6ecrreqIIBaIOT HHTerpai..i:nro 

annapaTHhIX II rrporpaMMHbIX pecypcoB, HaX0):(5IIIJ:IIXC5I B pa3HbIX opraiunai..i:1rnx B 

MaCrnTa6ax CTpaH, perHOHOB, KOHTHHeHTOB B e):(HHJIO BbiqHCJIIITeJibHYIO cpe.n:y, 

II03BOJI5IIOIIJ:YIO pernaTb 3a,n:aq:rr no o6pa60TKe CBepx6oJiblllIIX o6neMOB .n:aHHhIX, 
qero B HaCT05IIIJ;ee BpeM5I HeB03MO)KH0 ,[(OCTHqb B JIOKaJihHbIX BhJqHCJIIITeJihHhIX 

i..i:eHTpax. HaII6onee BneqaTJI5IIOIIJ;IIe pe3yJihTaThI no opraHH3aIJ;HII rJio6aJihHOH 

IIHcppacTpJKTYPhI pacnpe.n:eneHHbIX BbP.IIICJieHIIH rronyqeHhI B rrpoeKTe WLCG 
(Worldwide LHC Computing Grid HJIII BceMIIpHhIH rpII,n: ,n:n5I EoJibllloro 

a.n:poHHoro KOJina:H.n:epa) B EsponeilcKo:H opraHII3ai..i::rr:rr 51.n:epHbIX ttccne,n:oBaHHH 

(UEPH) rrp:rr o6pa6oTKe .n:aHHhIX c 3KcrrepIIMeHTOB Ha LHC (Large Hadron 
Collider) HJIH EAK (EOJihllIOH a.n:poHHhIH Konna:H.n:ep). Ha ceMHHape 4 IIIOJI5I 2012 
ro.n:a, rrocBHIIJ;eHHOM Ha6n10.n:emuo qacTHIJ:hI, noxo)KeH Ha 6o30H XIIrrca, .n:IIpeKTop 

UEPH P.Xo:Hep ,D;an BbICOKJIO oi..i:eHKY rpII,n:-TexHonorIIHM H IIX 3HaqHMOCTH ,n:n5I 

MHpOBOH HayKII. fpII):(-IIHc}JpacTpyKTypa Ha LHC IT03BOJIIIJia o6pa6aThIBaTh :rr 
xpaHHTh KOJIOCCaJihHhIH o6neM .n:aHHhIX, IIOCTJilaIOIIJ;IIX OT 3KCnepIIMeHTOB Ha 

KOJIJia:H,n:epe, H, cne.n:oBaTeJibHO, COBeprnaTh HaytIHbie OTKpbITII5I. B HaCT05In_i:ee 

BpeM5I HM O,[(HH KpyrrHbIH HaytIHhIH rrpoeKT He ocymecTBIIM 6e3 IICIIOJib30BaHII5I 

pacrrpe.n:eneHHOll IIHc}JpaCTPYKTYPhI ,[(JI5I o6pa60TKH II xpaHeHH5I .n:aHHhIX. 
B 2003 ro.n:y poccIIHCKIIe IIHCTHTyrhI II OI15II1 BKJIIOqIIJIIICb B pa6ozy no 

npoeKzy WLCG. B 2004 ro.n:y HaqancH MaCllITa6HhIH eBporre:HcKIIH rrpoeKT 



4 

co3.n;aHH5I rno6arroHOH Ha~HOM rpH.U- HmppacTpJKTYPbI - EGEE (Enabling Grids 
for E-science in Europe). ,I(mr o6ecrretJeHH5I rronHoMacnJTa6Horo yqacTH5I PoccHH 

B 3TOM rrpoeKTe 6nrn o6pa3oBaH KOHCOpU:HYM P,I(I1f (PoccHMCKHM fpH.U .UJI5I 
HHTeHCHBHbIX orrepau;Hli c .uaHHhIMH - Russian Data Intensive Grid, RDIG), 

KOTOpbIH opraHH30Ba.JI BbIITOJIHem1e pa6oT no 3TOMY rrpoeKry Il crroco6cTBOBaJI 

pa3BHTHIO poccHMCKoro cerMeHTa rpH.n;-HmppacTpJK'fYPbI EGEE. 
EorrnIIIYID ponh B 3THX rrpoeKTax nrparoT HH<j)opMal(HOHHO-

BbitJHCJIHTeJibHbie KOMIIJieKCbI IlHCTH'fYTOB lI YHHBepCHTeTOB pa3HbIX CTpaH, 

KOTOpbie 5IBJ15IIOTC5I pecypcHhIMil u;eHTpaMH (rpH.u-caM:TaMH) rrro6aJibHOM CilCTeMbI 

pacrrpe.ueneHHhIX BbllJHCJieHHM. 

PecypcHhIM u;eHTp 06ne.UHHeHHoro HHCTHTYTa 5!,UepHbIX Hccrre.uosaHHM 
(OI15H1) 5IBJI5IeTC5I KpyrrHeMIIIHM B PoccHH (P,I(I1f) u;eHTpoM B cocTaBe 

rno6arrhHOM HH<j)pacTpJKTYPhI WLCG .UJI5I o6pa6oTKH, xpaHeHH5I FI aHaJIH3a 

.uaHHbIX .UJI5I LHC. 

KpoMe LHC COTPY.UHHKH OI15II1 yqacTBYIOT B 3KcrrepttMeHTax Ha 6a30BbIX 

ycTaHOBKax OI15II1 H B .upyrHx HaYtJHbIX u;eHTpax Mttpa. IlorrHbIM xo.uoM H.UeT 

rro.uroTOBKa rrpoeKTa co3.n;aHH5I ycKopttTerr:nHoro KOMrrneKca HIIKA. 

Bee BbIIIIerrepe11ncneHHbie HarrpaBJieHH5I nccne.uoBaHHM Tpe6yroT 

opraHH3a1(Ilil KOMIIhIOTHHra .UJI5I IIOJIHOI(eHHOro ~aCTil5I crreu:1rnJIHCTOB HHCTHTYTa 

n .upyrttx cTpaH B cpH3Hl.JeCKHX 3KcrrepnMeHTax OI15II1 H Me)K.uYHapo.n;HhIX 

KOJIJia6opau;H5IX. Ilo.u KOMIIb.IOTHHrOM IIOHHMaeTC5I rrpHMeHeHHe cpe,UCTB 

BhllJHCJIHTeJihHOM TeXHHKH H TeJieKOMMyttHKal(HM .umr u:erreM: HaYtJHbIX 

HCCJie,UOBaHHM. 

<l>yttKU:IlOHaJibHbie Tpe6oBamrn K BhllJilCJIHTeJibHOMY KOMIIJieKcy 

OTJIWiaIOTC5I. .UJI5I pa3HbIX 3KCIIepHMeHTOB Il rpyrrrr IIOJib30BaTerreM: B CHJIY 

pa3JIIllJH5I MO,UeJieM KOMIIhIOTHHra, IIOTpe6HOCTeM B pecypcax, crreu:n<j)HKH 

peIIIaeMhIX 3a.n;aq, crreu;naJIH3a1(HH rrporpaMMHoro 06ecrre11eHH5I H T . .IJ;. 

AnropHTMhI IIJiaHHpOBaHH5I Il yrrpaBJieHH5I IIOTOKOM 3a,Ual.J Il .uaHHbIX .UJI5I 

pa3HhIX rpyrrrr rrorr:n3oBaTeneM: OTJIHtJaIOTC5I. MeTO.UbI ou;eHKH 3<i_)<i_)eKTHBHOCTH FI 

Ha,Ue)KHOCTH cJ?YHKU:HOHHpOBaHH5I pecypcHbIX u;eHTpOB B COCTaBe rrro6aJibHOM 

rpH.U-HHcppacTpYKTYPbI rroKa He.uocTaTOl.JHO rrpopa6oTaHhI. B cym;ecTByroll(ett 
Mo.uenn KOMTihIOTHHra LHC nocT05IHHO pacTyr rroTOKH nepe.uaBaeMbIX .uaHHbIX FI 
KOJIHl.JeCTBO 3a,UaHIIM IIOJih30BaTeJieM, 1.JTO rrpHBO.UHT K 3aMe.urreHHIO aHaJIH3a 
.uaHHbIX. LlT06bI peIIIHTb 3TH rrpo6neMhI, He06XO.UHMO COBepIIIeHCTBOBaTb MO,UeJib 

KOMTihIOTHHra B cooTBeTCTBHH c Tpe6oBaHH5IMH co cTopoHhI noJib30BaTeneM: LHC. 

,I(m1 HOBbIX KpyrrHhIX Ha~HbIX rrpoeKTOB Heo6xo,UHMO cosepIIIeHCTBOBaTb MO,UeJIH 

KOMilbIOTHHra rrpH rrpoeKTilpOBaHHH pacrrpe.uerreHHOH KOMilhIOTepHOH 

HHcppaCTPYKTYPbI (HarrpHMep, )J;JI5I 3KCIIepHMeHTOB Ha ycKOpHTeJibHOM KOMTIJieKce 

HI1KA). 
TaKHM o6pa3oM, rrpH pa3BHTHH pecypcHhIX u;eHTpoB mo6aJihHOM rpII.U

HHcppacTpyinypbI B03HHKaeT aKTyaJibHa5I npo6neMa, CB513aHHa5I c 

Heo6xo,UHMOCThIO IlOBhIIIIeHil5I 3<i_)<j)eKTIIBHOCTH HX <PYHKI(IIOHHpOBaHH51 rrpII 

IIOCT05IHHOM yseJIIIl.JeHHH IIOTOKOB 3a.n;aq H .uaHHhIX. 
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QeJJb ,Ll,HCCepTaU:HOHHOro HCCJie,LJ,OBaHHH 

~eJZblO .[(HCCepTaIJJIOHHOH pa60TbI 5IBJUieTC5I pa3pa60TKa MeTO)J,OJIOfllll 

pa3BHTH51 Hayg:Horo HHcpopMa:U:HOHHO - BbI"CJHCJIHTeJibHOfO KOMIIIleKca B COCTaBe 

rno6aJibHOH rpH.[(-HHcppacTp)'KT)'PbI .[(JI5I IIOBbIIIIeHll5I 3cpcpeKTllBHOCTll ll 

Ha,nmKHOCTll ero cpyHKU:llOHHposaHH5I c yqeTOM Tpe6osaHHH rrpoeKTOB, CB5I3aHHbIX 

c o6pa60TKOH H xpaHeHHeM 60JibllIHX H CBepx60JibllIHX o6oeMOB HHcpopMa:U:Hll. 

OcHOBHbIMH 3a,LJ,aqaMH, peIIIaeMbIMH B pa6oTe, 5IBJI5IIOTC5I: 

1. 06oCHOBaHHe KOH:u:erru:nH opraHH3a:U:Hll Hay-qHO-llCCJie,n:oBaTeJibCKOfO 

HHcpopMa:U:HOHHO-BbI"llllCJIHTeJibHOfO KOMTIJieKca B COCTase rno6aJibHOH rpn.n

HHcppacTpJ'KTYPbI. 

2. Pa3pa6oTKa apxnTeKTypbI, CTPYKTYPHOH cxeMbI nocTpoeHH5I 

KpynHoro HHcpopMa:U:HOHHO-BbI"llllCJIHTeJibHOfO KOMIIJieKca, 5IBJI5IIOIIJ:ero 

pecypcHbIM u:eHTpOM rno6aJibHOH rpn,n-HHcppacTp)'KTYPbI. 

3. Pa3BHTHe Mo,n:errn KOMTibIOTHHra KpynHhIX HaycIHbIX npoeKTOB, 

CB5I3aHHbIX c xpaHeHHeM ll o6pa60TKOH 6oJibllIHX o6oeMOB HHcpopMa:U:Hll. 

4. Pa3pa6oTKa HHTerpanbHOH ou:eHKH 3cpcpeKTHBHOCTH 

<PYHKU:llOHllpOBaHH5I pecypcHoro u:eHTpa B COCTaBe rno6aJibHOH rpn.n-

HHcppacTpyKrypbl c yqeTOM OCHOBHbIX TIOKa3aTene:H: Ka"CJeCTBa pa60TbI. 

5. Pa3pa6oTKa JHHBepcanbHOH apxnTeKzypbI cncTeMbI MOHHTOpnHra n 

CTaTHCTH"l!eCKOro yqeTa pecypcoB, cepBHCOB, 3a,n:aq, BllpTyaJibHbIX opraHH3a:U:HH, 

TIOJib30BaTene:H: .IJ:JI5I IIOBbIIIIeHH5I 3cpcpeKTllBHOCTll H Ha.[(e)KHOCTll 

<PYHKU:llOHllpOBaHIUI rno6aJibHOH rpn,n-HHcppacTp)'KTYPbI ll pecypcHbIX u:eHTpOB. 

HayqHaH HOBH3Ha paooThI 

1. Pa3pa6oTaHa KOH:u:erru:nH, apxnTeKT)'Pa, CTPYKTypHaJI cxeMa Hayg:Ho-

nccne,n:oBaTeJihcKoro BbICOKOI1pOH3BO.IJ:HTeJibHOfO BbI"llllCJIHTeJibHOfO KOMTIJieKca, 

KOTOpbIH 5IBJI5IeTC51 pecypcHbIM u:eHTpOM rno6aJibHOH rpn,n:-HHcppacTpyKTYPbI ll 

CO"CJeTaeT HOBbie B03MO)KH0CTll .IJ:JI5I JIOKaJibHbIX IIOJib30BaTene:H: ll IIOJib30BaTene:H: 

BHpzyanhHbIX opraHH3a:U:HH pa3Jill"l!HbIX rpn.n-cpe.n. 

2. Pa3pa6oTaHa HOBa5I MO.IJ:eJib KOMTibIOTHHra .IJ:JI5I nOJihIIIOfO a,npOHHOrO 

KOJIJia:H:.nepa, BKJIIOqaIOm:a5I HHcppacTpJKTYPHbIH CJIOH Tier3, KOTOpa5I paCIIIllp5IeT 

B03MO)KHOCTll .IJ:JI5I aHaJIH3a ,naHHbIX IIOJib30BaTeJI5IMH KpynHbIX KOJIJia6opau:HiI. 

3. Co3,naHa 6a3oBa5I Mo,n:enb KOMIIbIOTHHra 3KcnepnMeHTOB Ha 

Konrra:H:,n:epe HIIKA, no3BOJI5IIOIIJ:a5I ocym:ecTBJUITh pa3nnqHbie cTpaTernn 

yrrpasneHH5I IIOTOKaMH ,naHHbIX ll 3a,n:a"CJ. 

4. Pa3pa6oTaHa HHTerpanbHaJI ou:eHKa 3cpcpeKTllBHOCTll 

<PYHKU:llOHllpOBaHH5I pecypcHoro u:eHTpa B COCTaBe rno6arrhHOH rpn.n-

HHcppacTpyKTypbI. 

5. Brrepsbie pa3pa6oTaHa MHoroyposHeBa5I cncTeMa rpn,n-MOHHTopnHra 

pecypcoB, cepBHCOB, 3a,n:aLJ:, BllpTyaJibHbIX opraHH3a:U:HH, TIOJib30BaTeJieH, 

rrpe,n:cTaBJUIIOIIJ:a5I HHCTpYMeHTaJibHbie cpe,n:CTBa .IJ:JI5I TIOBbIIIleHH5I 3cpcpeKTHBHOCTll, 

KaLJ:eCTBa ll Ha,n:e)KHOCTll pacrrpe.neneHHbIX CllCTeM. 
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3a:m;n:m;aeMhie noJio)KeHHH 

1. Pa3pa6oTaHHhie KOH:o;err:u;rr5I, apxrrTeKrypa, CTPYKTYPHa5f cxeMa 
Haycrnoro BhitilICJIHTeJihHOro KOMIIJieKca CHHMaIOT rrpOTlIBOpeq1rn B Tpe6oBamrnx 

pa3HhIX rpyrrrr IIOJib30BaTenell:, ynyqIIIaIOT CPYHKUHOHaJihHhie xapaKTepHCTHKH 

KOMIIJieKca. 

2. Pa3BHTa5I MO,neJih KOMIIbIOTHHra nOJihIIIOro a,npOHHOro KOJIJiall:,nepa c 

BBe,neHHeM HOBoro IIHc]:>pacTpJKTypHoro CJI05f Tier3 IIOBhIIIIaeT 3cpc]:>eKTHBHOCTh lI 

KatieCTBO aHaJIH3a ,naHHbIX 3KCIIeprrMeHTOB 

3. Ea3oBa5f Mo,nenh KOMIIbIOTHHra rrpoeKTa HHKA rro3BOJI5feT 

BhIIIOJIHlITh aHaJIH3 pa3JililIHhIX Cl(eHaprreB lI BbI6paTh Harr6oJiee 3c]:>cpeKTHBHOe 

peIIIeHrre IJ:JI5I IIOCTpoeHH5I pacrrpe,neJieHHOH CHCTeMhI o6pa60TKH H xpaHeHH5I 

HHcpopMal(HH 3KcrreprrMeHTOB Ha KOJIJiall:,nepe HMKA. 

4. Pa3pa6oTaHHa5I HHTerprrpoBaHHa5I oueHKa 3c]:>cpeKTHBHOCTH 

4>YHKI(HOHHpOBaHH5I pecypcHoro :o;eHTpa B COCTaBe rJio6aJihHOH rp11.n-

HHc]:>pacTpJKTYPDI I103BOJI5feT ITOBhICHTh o6beKTHBHOCTh rrprrm:ITH5I peIIIeHHH no 

ycTpaHeHHIO He,nocTaTKOB B pa6oTe pecypcHoro ueHTpa rr ero pa3BHTHIO. 

5. Pa3pa6oTaHHa5f apXHTeKTypa H C03,naHHa5f Ha ee OCHOBe KOMIIJieKCHa5I 

CHCTeMa rpH,U:-MOHlITOpHHra (pecypcoB, cepBHCOB, 3a,na11, BHpTyaJihHhIX 

opraHH3aI.J;HH, IIOJih30BaTenell:) ITOBhIIIIaIOT 3cpcpeKTlIBHOCTh lI Ha)J;e)l(HOCTh 

cpyHKI(HOHHpOBaHH5I rprr,n:-HHc]:>pacTpJKTYP H CJI~HT OCHOBOH )J;JI5I 

rrporH03HpOBaHH5I lIX pa3BlITH5I. 

IlpaKTHqecKa» 3HaqHMOCTh 

1. Ha OCHOBe pa3pa6oTaHHOH B .n:11ccepTal(HH KOHI(eITI(HH, 

apx11TeKT)'phI, CTPYKTYPHOH cxeMhI HayqHo-11ccne,noBaTeJihCKoro 

BhICOKOI1pOH3BOIJ:HTeJihHOro BhllIHCJIHTeJihHOI'O KOMIIJieKca C03)J;aH pecypCHhIH 

l(eHTp B COCTaBe rpHJJ:-HHcppacTpJKTYPhI aKTHBHO BOCTpe6oBaHHhIH 

rroJih30BaTeJI5IMH rpn.n:: TOJihKO 3a 8 MeC5Il(eB 2012 ro.na B OH.5IH 6hrno BbIIIOJIHeHo 

6onee 5 MHJIJIHOHOB 3a,na11, a rroTpe6neHrre rrpoueccopHoro BpeMeHH np11 3TOM 

cocTaBHJIO 6onee 100 MHJIJIHOHOB 11acoB B e,n:HHHI(ax HEPSpec06. 

2. Pa3BHTa.5I Mo,neJih KOMIThIOTHHra LHC rrcrroJih30BaHa B OI15IH rrp11 

C03,naHHH rrporpaMMHO-arrrrapaTHOH cpe,n:hI ,UJI5I IIOJih30BaTeJieH 3KcrrepHMeHTOB 

ATLAS, CMS rr ALICE, lITO 06ecrreqm10 YtiaCTHe crreu11anrrcTOB B pa6oTax rro 

MaCCOBOMY MO,n:errnpoBaHHIO cprr3rrqeCKHX co6bITHH, o6pa60TKe H aHaJIH3Y 

peaJibHbIX ,naHHbIX c ,n:ettCTBYIOII(HX ycTaHOBOK LHC. 

3. Ha 6a3e pa3pa6oTaHHOM apx11TeKTypb1 co3,naH KOMmieKc crrcTeM 

rpH,n-MOHlITOpHHra H CTaTHCTHlleCKOI'O YlleTa (pecypCOB, cepBHCOB, 3a,na11, 

BHpTyaJibHhIX opraHH3al(HH, IIOJib30BaTeJiett), BKJIIOllaIOII(HH: 

• MOHHTop11Hr rr YtieT poccrrll:cKoll: rpII,n:-HHcppacTpJKTYPhI P,nMr; 

• MOHrrToprrHr cepsrrca rrepe,naqJI cpall:noB (FTS); 

• MOHrrToprrHr BhFIHCJIHTeJibHOro KOMTIJieKca Ol15IH; 
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• MOHHToprrnr cl>YHKU:HOHHpoBaHH5I rno6aJihHOH HHcppacTp)'KryphI WLCG 
B peaJihHOM l'viaCIIITa6e BpeMeHH c npnMeHeHHeM HHTepcpe:H:ca Google 

Earth; 

• MOHHTOpHHr H yqeT HaU:HOHaJihHOH HaHOTeXHOJIOrnqecKOH ceTH 

fpHL(HHC; 

• MOHHTOpIIHr pecypCOB rrpoeKTa «CKHC!>-fPH,lI;»; 

• MOHIITOpIIHr u:eHTpOB aHaJIH3a nmpopMaU:HH ypoBH5I Tier3 B MOL(eJIH 

KOMIIbIOTHHra LHC. 

PeaJiu3a~m1 pe3yJihTaTOB pa6oThl 

Pe3yJihTaTbI ,II;HccepTaU:HH 6hrnH rronyqeHhI IIOL( pyKOBOL(CTBOM H nnqHoM 
yqacTHH concKaTem:r B cneL(yroiu:nx Me)K,II;)'Hapo,n:HhIX rrpoeKTax: EDG (rrpoeKT 

eBporreiicKoii DataGrid-nHcppaczyKTYPhI), WLCG: rrpoeKT rpn,n: L(JI5I EoJibIIIoro 

a,n:poHHoro Korr11aiiL(epa (Worldwide LHC Computing Grid), EGEE: 

pa3BepThIBaHne rpn,n:-cHcTeM .[(JI5I HayqHhIX ncc11e,n:oBaHHH (The Enabling Grids for 

E-sciencE), SKIP-Grid (nporpaMMa pa3BHTH5I BhICOKonpon3BOL(HTeJihHhIX 

BhiqncneHHH coI03Horo rocy,n:apcTBa Poccn5I - Ee11apycn), EGI-InSPARE (npoeKT 

pa3BHTH5I eBporreiiCKOH rp11,n:-11HcppaCTPYKTYPhI). 
ABTOp ,n:HccepTau;1111 BHec orrpe,n:eJIHIOiu;HH BKJia,n: npn BhITIOJIHeHHH pH,n:a 

HaU:HOHaJihHhIX poCCHHCKHX npoeKTOB, H3 KOTOphIX KaK Ha116011ee 3Haq11TeJihHhie 

MO)KHO BhI,[(eJIHTh: «Pa3pa60TKa KOMIIhIOTHHrOBOH CHCTeMhI L(JI5I pa3BIITII5I fpH,n:

KOMTIJieKca RuTier2/P,II;Hr L(JI5I npoBeL(eHH5I pOCCHHCKIIMII HHCTIIryTaMH 

pacnpe.n:eneHHoro aHaJIH3a ,n:aHHhIX 3KcnepnMeHTOB Ha EoJihIIIOM a,n:poHHOM 

KoJrnaii,n:epe I(EPH B cocTaBe rno6aJihHOH fpIIL(-CIICTeMhI WLCG/EGEE» (HHP), 

«C03L(aHHe nporonma u:eHTpa 6a30BbIX fpII,n:-cepBHCOB HOBoro IlOKOJieHH5I ,[(JI5I 

IIHTeHCHBHhIX orrepau;IIii c pacrrpe.n:eneHHhIMH ,n:aHHhIMII B cpe.i:i:epaJihHOM 

MaCIIITa6e» (OKP), «fpn,n:HHC - IIHcppacTp)'KTypa perIIOHaJihHhIX u:eHTpOB 

nporpaMMhI pa3BHTH5I HaHOTeXHOJIOI'HM II HaHOIIH,n:ycTpHH» (OKP). 

OcHOBHhie HarrpasneHH5I pa6oT no co3,n:aH11IO H pa3BHTIIIO nmpopMaU:IIOHHO
BhiqHcJIHTeJihHOro KOMTIJieKca Ol15IH H rno6aJibHOH CHCTeMhI pacnpe.n:eneHHbIX 
BhlqHcJieHHH 6bIJIII IIOL(,n:ep)KaHhI B rrepIIO,[( c 199 5 ro,n:a ITO 2012 roL( 

,n:eBHTHa,n:u;aThIO rpaHTaMH P<l><l> H. B HaCTOHiu;ee BpeMH asTop 5IBJI5IeTC5I 

p)'KOBO.D:IITeJieM ,n:syx Me)K.[(yHapo,n:HhIX rrpoeKTOB PC!>C!>H: «fJio6aJihHa5I CIICTeMa 
MOHHTOpHHra nepe,n:aqII ,n:aHHhIX B IIHcppacTpyKType rrpoeKTa WLCG» 11 

«06pa6oTKa ,n:aHHbIX B T2-u;eHTpax JIHT OIUIH H HHI( XC!>TH rpn.n:
IIHcppacTp)'Kzyp11 3KcrrepnMeHTa CMS B ycnoBH5IX 6hICTporo ysennqeHH5I 

cseTHMOCTH Eonhrnoro aL(pOHHoro KOJIJiaii,n:epa». 

Ea3osa5I MOL(eJih KOMIIhIOTHHra HHKA peann3yeTc5I s rrpoeKTe «Mo,n:eJih 

pacrrpe,n:eJieHHOH CIICTeMhI KOJIJieKTIIBHOro IIOJib30BaHH5I ,[(JI5I c6opa, rrepe,n:aqn H 

o6pa60TKH csepx60JibIIIHX o6oeMOB IIHCpopMaU:HH Ha OCHOBe TeXHOJIOI'HII fpHL( 

.[(JI5I ycKopnTeJihHOro KOMIIJieKca HHKA», a pa3BIITHe Mo,n:eJIII KOMIIbIOTHHra .[(JI5I 

3KcrrepHMeHTOB Ha LHC - B rrpoeKTe «C03L(aHne asToMaTH3IIposaHHoii CIICTeMbI 

o6pa6oTKH ,n:aHHbIX 3KcrrepnMeHTOB Ha EoJihIIIOM a,n:poHHOM KOJIJiaii,n:epe (LHC) 
ypoBH5I Tierl H o6ecrreqeHH5I rpH,n:-cepBHCOB ,n:AA pacrrpe,n:eneHHoro aHaJIH3a 3THX 
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,n;aHHhIX». 06a rrpoeKTa peam:I3YJOTC5I B paMKax cpe,n;epanhHOH u:eneso:H: 
rrporpaMMI>I (<l>~Il) MnHHCTepcTBa o6pa3oBaHH5I 11 HayKn P<l> "I1ccne,n;oBaHH5I H 

pa3pa60TKH ITO npnopHTeTHhIM HanpaBJieHI:I5IM pa3BHTH5I HayqHO

TeXHOJIOrHI:IeCKOro KOMnJieKca Poccnn Ha 2007-2013 ro,n;I>1 11
, npnqeM aBTOp 

,n;11ccepTau:1111 5IBmreTC5I pyKoBO,[(HTeneM B nepBOM npoeKTe 11 Koop,n;nHaTopoM OT 

OH5II1 BO BTOpOM. 

Pe3yJinTaTbl ,[(HCCepTaU:HH HCIIOJib3YJOTC5I npn peaJIH3aU:HH COBMeCTHbIX 

npoeKTOB OI15IM c opraHM3au:mrMH cTpaH-yqacTHHU:. 

Anpo6au;1rn: )J;HccepTao;uH: 

Pe3yJII>TaTI>I pa6oTI>I 5IBJI5IIOTC5l HToroM 6onee 1leM 20-neTHeil HayqHoii 11 

opraHH3aU:HOHHOH ,n;eJITeJihHOCTH coHcKaTeJI5I. OcHOBHI>Ie pe3yJinTaTI>I 

,[(MCCepTaU:HH ,[(OKJia,[(I>IBaJIHCh JI o6CpK,[(aJIHCb Ha HayqHI>IX ceMJIHapax JIBTA 

(JIHT) JI ,n;pyrttx no,n;pa3,n;enem1i1 OI15II1, JHHBepcJITeTa «,I.l;y6Ha», Ha 

Me)K,[(JHapo,n;HhIX cosemaHH5IX JI KOHcpepeHU:H5IX B HayqHI>Ix u:eHTpax JI 

JHHBepcJITeTax PoccJIH, ApMeHHJI, Eerrapyctt, Eo11rapnH, BeHrpJIJI, HcnaHHH, 

HTaJIJIJI, Ka3axcTaHa, Mo11,n;oBI>I, MoHrOJIJIJI, IloJihIIJH, PYMI>IHHJI, C110BaKJIJI, 

YKpaJIHhI, Y36eKHCTaHa, <l>paHIJ;JIJI, <l>Pf, 1IexJIJI, lliBeH:u:apJIJI, B TOM 11JICJie: 

- Me)K.[()'Hapo,n;HI>Ie KoH<PepeH1IJIJI "Computing in High Energy Physics» 

(CHEP): 1997 (EepJIJIH, <l>Pf), 2004 (llHTeprraKeH, lliBeH1IapH5I), 2009 

(Ilpara, 1IeXJI5I) 

- Me)K,[(JHapo,n;Hhie KOH<!>epeHU:JIJI "MaTeMaTJIKa. KoMnhIOTep. 06pa3oBaHJie", 

,I.J;y6Ha:2000,2002,2004,2006,2008,2010,2012 
- Me)K,[(JHapo,n;Hhie KoHcpepeHU:JIH "Modern Trends in Computational 

Physics", ,I.J;y6Ha (2000, 2009 ), CnosaKJI5I (2011) 

- Bcepoccni1cKa5I KOH<!>epeHU:JI5I "HayqHI>IH cepBJIC B ceTJI HHTEPHET", 

HoBopoccJIHCK,2000,2002 

- BcepoccttiicKa5I KOH<!>epeHU:H5I "BhICOKonpoH3BO,[(JITeJII>HI>Ie Bhl11JICJieHM5I JI 

JIX npJIJIO)KeHH5I 11
' 1IepHOrOJIOBKa, 2000 

- Me)K,[(JHapo,n;Ha5I KoH<PepeHU:M5I "PeIIJeHJI5I no ynpasneHHIO ,n;aHHhIMJI B 

HayqHI>IX HCCJie,[(OBaHM5IX 11
' ,I.J;y6Ha, 2001 

- Me)K,n;yHapo,n;HhIH KOHrpecc no MaTeMaTJI11ecK0My Mo,n;ennpoBaHJIIO, ,I.J;y6Ha, 

2002 

- Me)K,[(JHapo,n;Ha5I KOH<!>epeH1IH5I «Advanced computing and analysis 

techniques in physics research» (ACAT-2002), MocKBa, 2002 

- BcepoccIIHCKJie KOHcpepeH1IHH "3neKTpOHHI>Ie 6JI6nJioTeKJI: 

nepcneKTHBHble MeTO,[(hI M TeXHOJIOrHH, ::meKTpOHHbie KOJIJieKIJJIH" (RCDL), 

,I.l;y6Ha:2002,2008,2Q12 
- CeccJI5l oT,n;eneHJIH nH<PopMaTMKH H MaTeMaTJIKJI PAH, MocKsa, 2003 

- Me)K,n;JHapo,n;HI>Ie KoH<PepeH1IJIII RDMS CMS: ,I.l;y6Ha (2003), MJIHCK, 

Eenapych (2004), BapHa, Eo11rapH5I (2006), ,I.l;y6Ha (2009), BapHa, Eonrapmr 

(2010) 
- Kom]?epeH1III5I «TeneMaTHKa-2006», CaHKT-I1eTep6ypr, 2006 
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- Me)K.IJ:yirnpo.IJ:HaJI KOH(j_)epeHIJJrn «GRID Activities within Large Scale 
International Collaborations», CIIHaJI, P)'MhIHIIJI, 2006 

- Me)K.[()'Hapo.[(HaJI Kompepem:i;IIJI Open Grid Forum II EGEE User Forum, 

MaH-ciecTep,AHrJIHJI,2007 
- Me)K.[()'Hapo.IJ:HOe coBern;amrn "Physics and Computing at ATLAS", L(y6Ha, 

2008 
- Me)K.[()'Hapo.[(HaJI KOHcpepeHIJ;II5.£ "Distributed Computing before and during 

LHC data-taking", MocKBa, 2008 
- Me)K.[()'Hapo.[(HaJI KOHcpepeHIJ;II5.£ « YKpanHCKIIH aKa.[(eMII-ciecKIIH rpH.IJ:» (YAf -

2009), KneB, 2009 
- Me)K.[()'Hapo.[(HaJI KOHcpepeHIJ;II5.£ «Annual Meeting of the Romanian LCG 

Federation», EyxapecT, P)'MhIHII5.£: 2009, 2010 
Me)K.[()'Hapo.[(Ha5I KOHcpepeHIJ;II5.£ "Telecommunications, Electronics and 
Informatics" (ICTEI 2010), KIIIIIIIHeB, Mon.[(oBa, 2010 

- Me)K.[()'HapO.[(HOe COBeIIJ;aHIIe no KOMnhIOTHHry KOJIJia6opaIJ;IIII 
3KCITepnMeHTa ATLAS, ,[(y6Ha, 2011 

- Me)K.[(yHapo.[(Hoe coBeIIJ;aHne "Perspectives on Physics on CMS at Very 
High Luminosity, HL-LHC", ArryrnTa, 2012 

CoIIcKaTeJih 5IBJI5IJIC5.£ coITpe.[(Ce.[(aTeneM oprKOMIITeTa · rnecTII 
Me)K.[()'Hapo.[(HhIX CIIMIT03II)'MOB ITO 5.£.[(epHOH 3JieKTpOHIIKe II KOMnhIOTIIHry 
(BapHa, EonrapII5.r) B 2001, 2003, 2005, 2007, 2009 II 2011 ro.[(y, 3aM. 
ITpe.[(Ce.[(aTeJI5.£ IT5ITII Me)K.[()'HapO.[(HhIX KOHcpepeHIJ;IIH «PacITpe.[(eJieHHhie 
BhJqIIcrremrn II fPHL(-TeXHOJIOrIIII B Ha)'I(e H o6pa30BaHIIII» (L(y6Ha) B 2004, 2006, 
2008' 2010 II 2012 ro.[(y, Ha KOTOphIX TaK)Ke ITpe.[(CTaBJI5IJIIICh pe3)'JihTaThl 
HaCT05IIl(eH .[(IICCepTaIJ;HII. 

Ily6JIHKa.QIIH H JIJlqffhJH BKJiaA aBTOpa 

l13JIO)KeHHhie B .[(IICCepTaIJ;IIII pe3)'JihTaThl ITOJI~eHhl COIICKaTerreM B 
pe3)'JihTaTe ero MHOroneTHeH Ha~HOH II opraHH3aIJ;IIOHHOH pa6oThl no pa3BIITIIIO 
II COBeprneHCTBOBaHIIIO HHcpopMaIJ;IIOHHO-BhJqIICJIIITeJihHOro KOMITJieKca OI15II1 II 

BHe.[(peHIIIO COBpeMeHHhIX apXIITeKzypHhIX IIHcppacTp)'KTYPHhIX pemeHIIH B 
MacrnTa6e PoccIIII H cTpaH-yqacTHIIIJ; OI15Il1. 

Bee IICCJie.[(OBaTeJihCKIIe pa60ThI II pa3pa60TKII ITO TeMe .[(IICCepTaIJ;IIII - OT 
ITOCTaHOBKII 3a.[(aqII II BhI6opa MeTO.[(IIKII .[(O non~emur pe3)'JihTaTOB - 6bIJIII 

BhIIIOJIHeHhI ITO.[( Henocpe.[(CTBeHHhIM PYKOBO.[(CTBOM COIICKaTeJI5.£, II ero BKJia.[( 
5.£BJI5.£eTC5.£ OITpe.[(eJI5IIOII(HM. 

HeMarroBa)l(HhIM rrpII npIIH5ITIIII perneHnn o pa3BIITIIII IIHcpopMaIJ;IIOHHO
BhI"CJIICJIIITeJihHoro KOMnrreKca OI15II1 KaK 6a3oBoro cerMeHTa rrro6arrhHOH 
CIICTeMhI pacrrpe.[(eJieHHhIX BhJq11crreHIIH 5IBJI5IJIOCh aKTIIBHOe yqacTIIe COIICKaTeJI5.[ 
B pa6oTe p5I.[(a Me)K.[()'HapO.[(HhIX H pocCIIHCKIIX KOMIITeTOB II pa6o"CJHX rpyITIT, 
3aHIIMaIOIIJ;IIXC5I Bhipa60TKOH KOHIJ;errTyarrhHhIX perneHIIH B ccpepe 
Bhl"CJIICJIIITeJihHOH TeXHHKII II ceTeBhIX KOMM)'HHKaIJ;IIH. 

Ilo TeMe .[(IICCepTaIJ;IIII aBTOpOM orry6rrIIKOBaHO CBhIIIIe 80 ITe-ciaTHhIX pa6oT, 
B TOM qIIcrre ITO OCHOBHhIM pe3)'JibTaTaM - 41 pa6oTa (II3 HIIX 13 pa6oT B II3.[(aHII5IX 



10 

M3 nepeqHH Be,n:yr.u:Mx peu:eH3MpyeMbIX HayrIHbIX M3,z::t:aHMH, peKOMeH,z::t:OBaHHOro 

BAK P<I> ,z::t:JI5I ny6mrKaU:MM ocHOBHbIX pe3yJibTaToB ,n:ttccepTau:ttH:). TaK:IKe 

pe3yJibTaTbI pa6oThI ony6JIMKOBaHbI B OTLieTax no pJKOBO,z::t:MMbIM aBTopoM 

MH<jJpaCTPYKTYPHbIM npoeKTaM B paMKax <l>e,I(epaJibHbIX u:eJieBbIX nporpaMM M 

rrpoeKTaM, no,n:,I(ep:1KaHHhIX P<I><I>H. CnttcoK ocHOBHhIX rry6JIMKaU:MH rrpttBe,I(eH B 

KOHU:e aBTOpecpepaTa 

CTpyKTypa H o6neM ;:i:HccepTaIJ,HH 

,[(ttccepTau:m1 COCTOMT JI3 BBe,I(eHJI5£, Il5£TJI rJiaB, 3aKJIIO-Y:eHM5I, CIIJICKa 

JIJITepazypbI JI3 202 HaJIMeHoBaHJIH; TIOJIHbIH o6oeM pa60Tbl COCTaBJI5£eT 260 
CTpaHJIU:. 

KPATKOE CO,IJ;EP)KAHIIE PAJiOThl 

Bo BBe,i:i:eHHH o6ocHoBaHa aKzyaJibHOCTb TeMbI, ccpopMyJIJipoBaHhI u:eJib JI 

OCHOBHbie 3a,n:a11JI pa60ThI, OIIJICaHbI pe3yJihTaTbI, TIOKa3aHa JIX Hay-q:Ha.H HOBJI3Ha JI 

rrpaKTJI-Y:eCKa.H 3HaqMMOCTb, rrpJIBe,z::t:eHhI TIOJIO:IKeHJI5£, BhIHOCJIMbie Ha 3aIUJITY. 

B nepBoii rJiaBe ,n:MccepTau:m1 pa3pa60TaHa KoHu:erru:JI5£, apxJITeKzypa, 

CTPJKTypHa.H cxeMa HayqHoro BhI-Y:JICJIHTeJihHOro KOMTIJieKca, yrIJITbIBaIOIIJJie 

Tpe6oBaHJI.H pa3HbIX rpynn TIOJib30BaTeJieH. 

IlpJIBe,z::t:eH KpaTKJIH o63op 3TaTIOB pa3BJITJI5[ pacnpe,n:eJieHHOro 

BbILIJICJIJITeJibHoro KOMTIJieKca OH5IH. ,[(JIH Ka)K,z::t:oro 3Tana BhITIOJIH.HJIC5I aHaJIM3 

Tpe6oBaHJIH TIOJib30BaTeJieH JI KJiaCCOB pernaeMhIX 3a,n:aq c yqeTOM TeH,I(eHU:MH 

pa3BJITJI51 BhI-Y:HCJIJITeJihHOH TeXHMKH, ceTeBoro o6opy,n:oBaHJI5£, apxMTeKzypHbIX 

perneHJIH. 

Ha OCHOBe 3TOro aHaJIJI3a 6bIJIJI ccpopMynJipoBaHbl OCHOBHhie Tpe6oBamrn K 

COBpeMeHHOMY BhICOKOTipOM3BO,I(JITeJibHOMY HayqHOMY BhI-Y:JICJIMTeJihHOMY 

KOMTIJieKcy: 

- MHOrOcpJHKU:JIOHaJibHOCTb, 

- BhICOKa.H npOJI3BO,z::t:JITeJihHOCTh, 

- pa3BJITa5£ CMCTeMa xpaHeHM5£ ,n:aHHhIX, 

- BbICOKa5£ Ha,z::t:e:IKHOCTb JI ,z::t:OCTJTIHOCTh, 

- JIHcpOpMaU:JIOHHa51 6e3onaCHOCTh, 

- MaCII1Ta6npyeMOCTb, 

- pa3BJITa5£ rrporpaMMHa51 cpe,I(a ,I(JI.H pa3JIM-Y:HhIX rpyrrn noJih30BaTene:H:. 

B pa3Hhie nepJIO,I(bI pa3BJITJI51 KOMTihIOTepHoil HH<jJpacTpJKTyphI rrpoBO,I(JIJIC5£ 

aHaJIJI3 KJiaCCOB 3a,I(aq IIOJih30BaTeJieH, LJT06bI MaKCHMaJibHO COOTBeTCTBOBaTh JIX 

Tpe6oBaHJI5IM. TaK, HarrpMMep, B cepe,I(JIHe ,I(CB5IHOCTbIX ro,I(OB 6brno crre,I(YJOIUee 

pacnpe,I(eJieHJie 3a,I(aLI, pernaeMhIX Ha BhI-Y:HCJIJITeJihHOM KOMITJieKce OHJUI: 
- 3a,I(a-Y:JI MO,I(eJIJipOBaHM5£, o6pa60TKJI JI aHaJIJI3a JIH<jJopMaU:JIJI B tPJI3JIKe 

BbICOKJIX 3HeprJIH COCTaBJI5[JIJI OKOJIO 70%; 
- 3a,I(aqJI TeopeTH-Y:eCKOH JI MaTeMaTHqecKOH tPM3MKJI, Tpe6YJOIUMe 6oJibII1MX 

BhiqJICJIJITeJibHhIX pecypCOB JI JICTIOJib3YIOIUJie rrapaJIJieJibHbie Bbl-Y:MCJieHM51 

(KBaHTOBa51 xpoMO,I(MHaMJIKa Ha perneTKax, pac-Y:eT MarHMTHbIX rroneil, 

MOJieKyJI5IpHa.H ,I(JIHaMJIKa JI ,I(p.) - 15%; 
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- 3a;::i:aq11 51;:.:i:epHOM cp11311Kl1, Hl13Kl1X 11 rrpoMe)l(yroqHbIX 3Hepr11M, He 

11CIIOJib3)'10rn:11e rrapaJIJieJibHhIX Bb1q11c11eHIIM - 8 % ; 
- ;::i:pyr11e 3a;::i:aqn (aHarr11T11qecKHe rrpeo6pa3oBaHH5I, pa3pa6oTKa qncJieHHhIX 

MeTO)J;OB, rraKeTOB H T . .JJ:.) - 7%; 
Co BpeMeHeM 3TO pacrrpe;::i:e11eHHe rro KJiaccaM 3a;::i:aq Mem1eTc5I B cTopoHy 

yBem1qeHH5I )J;OJIH 3a.n:aL1 B cpH3HKe BbICOKIIX 3HeprHM. 3Ta TeH)J;eHIJ;II5I pa3BIIBaJiaCb 

B CB5I3H c aKTIIBHhIM yqacTIIeM cpH3HKOB OH5.IH B 3KcrrepHMeHTax Ha LHC. TaKHM 

o6pa30M, rrpH pa3pa60TKe KOHIJ;eIIU:HH II apx1ITeKrypbl KOMIIbIOTepHoro KOMIIJieKca 

Heo6xo;::i:IIMO yqIITbIBaTb B rrepByIO oqepe.n:h Tpe6osaHH5I 3a;::i:aq cpII3HKH BbICOKHX 

3HeprHM, KOTOpa5I 5IBJI5IeTC5I IIHOHepoM B o6JiaCTII rrpIIMeHeHII5I KOMIIbIOTMHra B 

3KCIIepHMeHTaJihHbIX IICCJie,IJ;OBaHH5IX. 

Oco6eHHOCTb 3a;::i:aq B cpII3HKe BbICOKIIX 3HeprIIM COCTOHT B CJie;::i:yIOrn;eM: 

- HCCJ1e)J;OBaHH5I rrpoBO)J;5ITC5I B 60JihlIIHX Me)l()J;yHapo;::i:HhIX KOJIJieKTIIBax 

(KOJIJia6opan1rn c qIICJIOM yqacTHMKOB 6011ee 1000); 

orpOMHbie o6beMbl 3KCIIepHMeHTaJibHhIX II CMO)J;eJIIIpOBaHHhIX .n:aHHhIX, 

KOTOpbie O)J;IIH pa3 cpopMIIPYIOTC5I II MHOI'O pa3 IICIIOJib3YIOTC5I )J;JI5I 

o6pa6oTKII H aHamBa; 

- 11CIIOJib30BaHIIe CJIO)l(HOI'O I1Q )J;JI5I o6pa60TKII 11 aHaJil13a )J;aHHbIX, KOTOpoe 

pa3pa6an,rnaeTC5I 60JibIIIIIMH KOJIJieKTHBaMII II 110CT05IHHO 

COBepIIIeHCTByeTc5I; 

- Heo6xo;::i:IIMOCTb IlOBTOpHOM o6pa6oTKII .n:aHHbIX IlOCJie yroqHeHIUI ycJIOBHM 

pa60Tbl ,n:eTeKTOpOB II ycKOpHTeJI5I H/HJIH rrpoBe)J;eHII5I KaJIII6poBKH KaHaJIOB 

cq11TbIBaHII5I; 

- MO)J;eJIIIpOBaHHe ycJIOBl1M pa60Tbl COBpeMeHHbIX ycTaHOBOK II cpH3IIqecKIIX 

rrponeccoB, o,n:HOBpeMeHHO c Ha6opoM H o6pa60TKOH «peaJibHhIX» .n:aHHhIX; 

- Ha OCHOBHhIX 3Tarrax o6pa60TKII II aHaJIH3a HeT Heo6xo.n;IIMOCTH 

rrpHMeHeHII5I rrapaJIJieJibHbIX anropHTMOB, TaK KaK MO)l(HO o6pa6aTbIBaTb 

rrapaJIJieJihHO He3aBHCIIMbie ,n:aHHbie ( co6bITII5I). 

C11e;::i:oBaTeJihHO, ,L(JI5I peIIIeHH5I 3a,n:aq B 06nacT11 cpII3IIKII BhICOKl1X 3HeprIIM 

MO)l(HO HCIIOJib30BaTb JII06b1e BblqHCJIHTeJihHbie pecypcbI, KOTOpbie IIMeIOT 

3cpcpeKTHBHhIH ,L(OCTyrr K CHCTeMaM xpaHeHII5I 3KCrrepHMeHTaJihHbIX H 

Mo;::i:enHpoBaHH:OIX .n:aHHhIX. Oco6eHHOCTh 3Toro KJiacca 3a,n:aq ;::i:e11aeT 

He3cpcpeKTHBHbIM rrpHMeHeHIIe KJiaCCIIqeCKIIX cyrrepKOMilbIOTepoB, TaK KaK 

BhIIIOJIH5IeTC5I orpOMHhIH IIOTOK He3aBHCHMbIX 3a;::i:aq, Ka)l(,L(a5I H3 KOTOpbIX 

He3aBHCHMO o6pa6aTbIBaeT co6hITII5I, pacrrOJIO)l(eHHbie B CIICTeMax 

pacrrpe;::i:eneHHOfO xpaHeHII5I. IlpH 3TOM BbICOKOCKOpOCTHa5I KOMMYHIIKa.IJ;HOHHa5I 

cpe;::i:a cyrrepKOMIIhIOTepoB, CB5I3hrna10rn;a51 BhiqHcnIITeJibHhie y3JihI rrpaKTIIqecKH 

He IICI10Jih3yeTC5I. Ilo3TOMY HaH6011ee 3cpc]:>eKTIIBHbIM peIIIeHHeM ,L(JI5I 3Toro KJiacca 

3a,n:aq 5IBJI5IeTC5I o6'be,L(HHeHIIe CJia6ocB5I3aHHbIX KJiaCTepOB c 

BbICOKOIIpOH3BO,Il;IITeJibHhIMII pacrrpe;::i:eJieHHbIMII CIICTeMaMII xpaHeHII5I 60JibIIIIIX II 

CBepx60JiblIIIIX 06'.beMOB .n:aHHbIX. 

B cepe;::i:IIHe 90-x ro,n:oB rro,n: pyKOBO,L(CTBOM aBTopa ;::i:IIccepTaU:HII 6brna 

pa3pa6oTaHa KOHIJ;eIIIJ;II5I II rrpoeKT pa3BIITII5I ceTeBOH II HHCpOpMaIJ;HOHHO-
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BhPU1CJIHTeJibHOH 11mppacTpyKTYPhI OI15U1 (npoeKT CONET), KOTOpbIH CbirpaJI 

Ba'.>KH)'IO pOJib B CMCTeMHOM pa3,n:eJieHMM pa6oT no CJie.n:yromMM HanpaBJieHM5IM: 

CMCTeMbI TeJieKOMMyttMKauni1, BKJIEoqaH pa3BIITIIe BHeIIIHMX KaHaJIOB CB513II 

II BhICOKOCKopocTHOH onopHOH ceTII OI15IM (Backbone); 

CMCTeMbI MOIIl;HbIX BbJqIICJieHIIH II MaCCOBOH o6pa60TKM ,z:i:aHHbIX; 

CIICTeMbI onepaTMBHOro xpaHeHII5I ,n:aHHbIX M apXllBHOH MaCCOBOH naM5ITII; 

CIICTeMbI nporpaMMHOI'O, IIHcpOpMaUIIOHHOro o6ecne1:IeHII51 II 

BM3yaJIII3aUIIII. 

BbICOKOCRopocTHa51, 

MHcppacTpyKTypa C03,UaeT 

Ha,n:e)l(Hmr, xoporno 

np01:IHbIH cpytt,z:i:aMeHT 

3arn;Hrn;eHHa5I ceTeBa51 

)l:JI51 pa3BHTII51 HaYlJHOro 

BbJqfICJIHTeJibHOI'O KOMnJieKca, KOTOpbIM 51BJI5IeTC51 pecypCHbIM UeHTPOM CHCTeMbI 

pacnpe,z:i:eJieHHhIX BbJqIIcneHIIH. 

0,n:Hoi1 ll3 3Ha1:IHMhIX pa6oT 6hrno pa3BepTbIBaHne B OM.JIM CHCTeMbI 

pacnpe,n:eJieHHbIX BbilJHCJieHIIH Ha OCHOBe naKeTa Condor, B KOTopoi1 

npoueccopHoe BpeM51 H ,z:i:pyrIIe pecypcbI cepBepoB H pa6o1:IMX cTaHUHH, 

pacnoJIO)l(eHHbIX no BCeMy MIIpy, npe.n:ocTaBJI5IIOTC51 BCeM YlJaCTHHKaM B Te 

MOMeHTbl, Kor.n:a 3TM pecypCbl JIOKaJibHO He IICnOJib3YIOTC51 MJIII HCnOJib3)'IOTC51 

He3HaqIITeJihHO. IlpM 3TOM a,n:MllHMCTpaTop Ka)l(,Uoro ll3 KOMnbIOTepOB MO)l(eT 

ccpopMyJIHpOBaTb CBOe co6CTBeHHOe noHMMaHIIe «3arp)')KeHHOCTII». B pe3yJI:oTaTe 

YlJaCTHIIKII 3TOH .IJ:HHaMIIqecKII pa3BMBaiomei1c51 CHCTeMbI rrpIIo6peTaIOT 

B03MO)l(HOCTb pe3KO ycKOpIITb o6pa60TKY CBOIIX 3a,n:aHIIH 6e3 paCIIIIIpeHM5I CBOIIX 

JIOKaJibHbIX pecypcoB. 

B 1994 ro,z:i:y nyn M3 Tpex SUN SPARC-cTaHUIIH OI15IM 6brn BKJIIOqeH B 

eBponeHCKMH rryJI pecypcoB c ueHTpOM a,z:i:MMHIICTpIIpoBaHM51 B AMcTep,n:aMe 

(fOJIJiaH)l:II51). 3TOT nyn, B CBOIO oqepe,n:h, 6bIJI COCTaBHOH qacTbIO o6ne.IJ:IIHeHHOI'O 

nyna c ueHTpOM a,z:i:MIIHIICTpMpOBaHII51 B )'HIIBepCMTeTe IIITaTa BIICKOHCMH (CillA). 

B pe3yJihTaTe co3,z:i:aHII5I He6on:oIIIoro co6cTBeHHoro rryna M BKJII01:IeHM51 ero B 

rno6aJibHYIO CIICTeMy noJib30BaTeJIII OI15IM IIOJIYlJIIJill .n:ocryrr K 250 pa6o1:IIIM 

cTaHUII5IM B CllIA M EBpone, KOTop:oie MCIIOJih3oBaJIIICb .D:JI5I pac"l!eTOB B cpII3HKe 

BhICOKIIX 3Hepr11H. 3To 6nrn nepBbIH B Pocc11II OIIhIT YlJaCTII51 B KpynHoM 

Me)l(,n:yHapo,n:HOM npoeKTe, KOTOpbIH npo,z:i:eMOHCTpIIpOBaJI HOBbIH apXIITeKrypHbIH 

no.n:xo.n: K peaJIII3aUMM rno6aJibHOH CIICTeMbl pacnpe.n:eneHHbIX Bbl"l!IICJieHMH Ha 

HeBbI,n:eneHHhIX pecypcax. 

B 1998 ro.n:y 6brna pa3pa6oTaHa M peaJIM30BaHa apxIITeKTypa KOMnJieKca, 

COCT05Iru;ero II3 MaCCIIBHo-napaJIJieJibHOH BbPIIICJIIITeJibHOH CIICTeMbI S-KJiacca 

cpIIpMbI Hewlett Packard (HP) SPP2000 c 8 npoueccopaMM ( 06rn;a51 n11K0Ba5I 

npOII3BO.D:HTeJibHOCTb 6,4 GFLops), <Pai1noBoro cepBep D-KJiacca M CMCTeMbI 

Maccosoi1 naM5ITII Ha ocHoBe aBTOMaTM3IIpoBaHHOH JieHToqHoi1 6II6JIIIOTeKII ATL-

2640 eMKOCTbIO .n:o 10 Tepa6ai1T. CIICTeMa MaccoBoi1 naM5ITM .n:orrycKaJia ,n:Be 

TexHonorII"l!eCKIIe cxeMbI 11cnoJib30BaHII51: c noMOIIl;hIO nporpaMMHhIX cpe.n:cTB HP 
OmniBack (aBTOMaTwiecKoe pe3epBHoe KOnIIpoBaHMe MHCTMTYTCKHX 

KOMnhIOTepoB) II HP OmniStorage (yrrpaBJieHIIe MIIrpIIpy10mell: cpai1noBoi1 

CMCTeMOH). fl:JI5I IIHTerpaUMII 3THX 3JieMeHTOB M OIITMMll3aUMM pa60Tbl KOMIIJieKca 
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6hIJIO rrpoBe,n:eHO HCCJie,n:oBaHHe c u:eJihIO orrpe,n:eJieHH5I Ha;::t:e)KHOCTH 

<PYHKU:HOHHpoBaHH5I H BhI6opa KOHqmrypaU:HH c MaKCIIMaJihHOM CKOpOCTbIO 

BbIIIOJIHeHH5I pe3epBHOro KOIIHposamrn. bbIJia BbIIIOJIHeHa IIHTerpaU:H5I pa3JIHt.IHbIX 

3JieMeHTOB KOMIIbIOTepHoro KOMIIJieKca H KJiaCTepoB B e,n:IIHYIO CHCTeMy MaCCOBOM 

rraM5ITH Ha 6a3e HP OmniStorage. 

Hat.I11Ha5I c 2000 ro.n;a, pa3BHTIIe Bbit.IHCJIHTeJibHoro KOMIIJieKca OI15IM 
rrpo,n:OJI)KHJIOCh Ha 6a3e KJiaCTepoB H KOMIIhIOTepHbIX cpepM o6rn;ero H 

crreu;narrbHoro Ha3Hat.IeHH5I. TaK KaK Tpe6osaHH5I pa3JIIIt.IHbIX rpyrrrr 

IIOJib30BaTerre:H: OTJIIIt.IaJIIICh, 6brna pa3pa6oTaHa apxHTeKzypa pacrrpe,n:erreHHoro 

KJiaCTepa, COCT05Irn;ero H3 t.IeTbipex OT,D:eJibHbIX B3aIIMOCB5I3aHHbIX KOMIIOHeHT 

pa3JIHt.IHOM arrrrapaTHOH CTPYKTYPbI II cpyttKU:HOHarrbHoro Ha3Hat.IeHII5I. OH 

BKJIIOt.IaJI B ce65I KOMIIJieKC HHTepaKTIIBHbIX cepBepoB, Ha KOTOpbIX 6bIJIO 

ycTaHoBrreHo 6a3oBoe H crreu;narrII3ttpoBaHHOe ITO, Heo6xo,n:IIMoe ,n:rr5I 

cptt3Mt.IeCKIIX 3KcrrepttMeHTOB. B cocTaB KJiacTepa Bxo,n:IIrrH 3 
crreu;IIaJIII3HpoBaHHbie Bblt.IHCJIIITeJibHbie cpepMhI: cpepMa o6rn;ero Ha3Hat.IeHII5I, 

cpepMa .n;rr5I 3KcrrepIIMeHTOB LHC M cpepMa rrapanneJibHhIX BbI"l!HcrreHHM. Bee 3TH 

cpepMbl COCT05IJIII H3 2-rrpou;eccopHbIX rrepcoHaJibHbIX KOMIIbIOTepoB (IIK), 
o6ne,n:HHeHHbIX Ha 6a3e ceTeso:H: TexHorrorMH Ethernet, a Y3ITbI B cpepMe 

rraparrJieJibHbIX Bblt.IIICJieHHM 6bIJIH coe,n:MHeHhI KOMMyttIIKaIJ;HOHHOM cpe,n:o:il 

Myrinet-2000. 

B 2004 ro,n:y 6brna BhIIIOJIHeHa pa6oTa no HacTpo:H:Ke rptt,n:-cepm:Icos II 

BKJIIOt.IeHIIIO BbILIIICJIIITeJihHoro KOMrrrreKca OM511I B cocTaB rrro6arrbHOM rpII,n:

HHcppacTpYKTYPhI. qT06bI COOTBeTCTBOBaTb Tpe6oBaHII5IM rrro6aJibHbIX rpII,n:

rrpoeKTOB, Tpe6osarrocb o6ecrre"l!HTh Heo6xo,n:HMbIM ypoBeHb scex cocTaBJI5IIOIIl;IIX 

HHcppaCTPYKTYPbI, BKJIIOt.Ia5I nrnpOKOIIOJIOCHbie KaHaJibI CB5I3II, Ha,n:e)KHyIO 

BhICOKOCKOpOCTHyIO JIOKaJibHyIO ceTb, pa3BHTyIO CHCTeMy yrrpaBJI5IIOIIl;IIX 

c'epsepoB, MOIIl;HyIO CIICTeMy o6pa60TKII II xpaHeHII.5I ,n:aHHbIX, ycTaHOBKY 

rrporpaMMHoro o6ecrret.IeHH5I rpH,n:-cpe,n:bI II rro,n:.n;ep)KIIBaeMbIX BIIpTyaJibHbIX 

opraHII3aU:MM. 

Ha 3TOM 3Tarre rpn.n;-ca:H:T OH5IM <PYHKIJ;HOHIIposan TOJibKO LJ:1I5I 

IIOJib30BaTerre:iI BIIpryaJibHhIX opraHH3aIJ;HM, a JIOKaJibHbie IIOJib30BaTeJIH II 

IIOJib30BaTeJIH rrapaJIJieJibHbIX Bblt.IHCJieHHM pa6oTaJIH crreu;MaJihHbIX 

Bblt.IHCJIHTeJibHbIX cpepMax. IlpII 3TOM perneHHH Ka)KLJ:a5I cpepMa o6CJIY)KIIBaJia 

pa3Hbie rpyrrrrhI IIOJib30BaTeJieM (JIOKaJibHbie, rrapamieJibHbie, rptt,n:) c pa31IHt.IHbIMH 

aJiropHTMaMII rrrraH11poBaHH5I 3a,n:aq H pacrrpe,n:eJieHII5I pecypcos. 

IloLJeMy ,n:mr pa3HbIX rpyrrrr IIOJib30BaTerre:iI HCIIOJib3YeTC5I pa3JIHt.IHbie 

aJiropHTMbI rrrraHIIpOBaHH5I 3a.n;aHHM? ,I(JI5I JIOKaJibHbIX IIOJib30BaTerre:iI Hatt6orree 

rrpHeMJieMa5I CTpaTenrn: HCIIOJib30BaHIIe rrpIIOpHTeTHOro rrrraHIIpoBaHH5I (LieM 

rrporn;e H Kopo-qe 3a,n:aqa, TeM Bbirue rrpIIopHTeT) .n;rr5I MIIHIIMII3aU:HII cpe.n;Hero 

BpeMeHH BbIIIOJIHeHH5I 3a.n;aHIIM. ,I(JI5I rrapamieJibHhIX 3a,n:a-q cyrn;ecTsyeT MHOfO 

CTpaTerIIM pacrrpe,n:erreHH5I pecypcoB II IIJiaHHpOBaHH5I 3a,n:aHHM, KOTOpbie 

HarrpaBJieHbI Ha HaXO)K)];eHIIe KOMIIpOMIICCa Me)K,n:y cpe.n;HIIM BpeMeHeM 

BhIIIOJIHeHH5I 3a,n:aHIIM H 3cpcpeKTHBHOM 3arpy3KOM Bblt.IHCJIIITeJibHbIX pecypcos. 

IlpII 60JibllIOM IlOTOKe rrapaJIJieJibHbIX 3a,n:aHIIM HeKOTOpbie pecypcoeMKHe 3a.n;aHH5I 
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Moryr CT051Tb B oqepe,n:M Ha BhIIIOJIHeHMe Herrpe,n:CKa3yeMO ,n:orrro. Ilo3TOMY 

cyrn:ecTBYIOT arrropMTMhI, orpaHif!:UIBaIO:ru;Me MaKCMMaJihHOe BpeM51 HaxmK,n:eHM51 

3a,n:aHM51 B oi:repe,n:M, ITOHM)Ka51 3arpy3KY BhJqMCJIMTeJihHhIX pecypcoB. ,[(mI 3a)];a11, 

3arryrn:eHHhIX IIOJih30BaTeJI5IMM BMpTyarrhHhIX opraHM3aUM:IT B paMKax rpMJJ:

rrpoeKTOB, o6hIIIHO npttMemIIOTC51 JJ:pyrtte cTpaTerMM rrrraHMpoBaHM51. KaK 

rrpaBMJIO, Me)K,L(y BMpzyarrhHhIMM opraHM3aUM51MM M pecypcHhIMM ueHTpaMM 

IIOJJ:IIMChIBaIOTC51 corrrameHM51 06 ypoBHe o6crr~MBaHM51 (Service Level 

Agreement, SLA), B KOTopoM YKa3aHhI rrpe,n:ocTaBrr51eMhie pecypchI, B TOM i:rttcrre 

BhIIIMCJIMTeJihHhie. MmKHO rroczyrrttTh rrpocTo - 3aKperrMTh BhIIIMCJIMTeJihHhie 

pecypchI 3a orrpe)];eJieHHhIMM BMpzyarrhHhIMM opraHM3aUM51MM, KOTOphie TOJihKO 

OHM Moryr MCIIOJih30BaTh. EcrrM B KaKOM-TO rrepMO,L( BpeMeHM OT KaKOM-TO 

BMpzyarrhHOM opraHM3aUMM HeT 3a)];aHMM, TO BhI)];eJieHHhie )];JI51 Hee pecypchI 

rrpocTaMBaIOT. KaK TOJihKO 3a,n:aHM5.C 3Toii BMpzyarrhHOii opraHM3aUMM II051BJI51IOTC51 

B oi:repe)];M, OHM cpa3y 6e3 3a,n:ep)KKM HaqMHaIOT BhIIIOJIH51ThC51. 3zy CTpaTerMIO 

rrerKO peaJIM30BaTh, OHa ycTpaMBaeT BMpzyaJihHhie opraHM3au1rn, HO MO)KeT 

rrpMBeCTM K He3cpcpeKTMBHOMY MCIIOJih30BaHMIO BhJqMCJIMTeJihHhIX pecypcoB. 

Hatt6orree pa3YMHa51 CTpaTenrn COCTOMT B TOM, qyo6hI 3aKpemITh 3a BMpTyarrhHOM 

opraHM3autteii rrpoueHT BhJqMcJIMTeJihHhIX pecypcoB, YKa3aHHhIX B corrrameHMM M 

o6ecrreqMTh 3TOT rrpoueHT 3a orrpe)];erreHHhIM cpoK. 3Ta cTpaTerM51 He 

rrpe,n:rrorraraeT 3aKpenrremrn pecypcoB, II03TOMY OHM Moryr MCIIOJih30BaThC51 

3a)];aHirnMM pa3HhIX BMpTyarrhHhIX opraHM3aUMH, II03TOMY BhiqMCJIMTeJibHbie 

pecypChl MCIIOJih3YIOTC51 3cpcpeKTMBHO. 

B Tei:reHMe HeCKOJihKHX rreT 3TOT KOMIIJieKC, COCT051:W:MH M3 Tpex 

BhlqMCJIHTeJibHhIX cpepM, pa3BHBaJIC51, HO 6bIJIM oqeBH)];Hhie He)];OCTaTKM 3TOH 

apXMTeKzyphI, KOTOphie Bbipa)KaJIMCb B HepaBHOMepHOCTH 3arpy3KM pa3HbIX 

BhIIIMCJIHTeJibHhIX cpepM KOMIIJieKCa, 11TO rrpHBO)];MJIO K rrpOCT05IM O)];HHX M 

rreperpy3KaM ,n:pyrMx cpepM. 

bhIJIM rrpoBe)J;eHbI HCCJie,n:oBaHM5I c HCIIOJib30BaHMeM rraKeTa 

HMHTaUMOHHOro Mo,n:errnpoBaHI-rn: )];JI51 oueHKH rrapaMeTpOB KJiacTepa rrpM 

061~eJJ:MHeH11M BhIIIMCJIIITerrhHhIX cpepM. PaccMaTpIIBaJIIICh TPII BapttaHTa: 

1) CrreuIIaJIII3MpoBaHHbie cpepMhI, T.e. JJ:JI51 Ka)K,n:oii cpepMhI cBoii rroTOK 

3a,n:aHIIH. 

2) YHIIBepcaJihHhie cpepMbI, T.e. 3a,n:aHM51 M3 o6m:ero IIOTOKa Moryr 

BbIIIOJIH51TbC51 Ha rrro6oii cpepMe ( o6ne,L(MHeHIIe BbI-Y:MCJIMTeJihHhIX cpepM). 

3) KoMIIpOMMCCHhIH BapIIaHT, KOr)];a IIOTOK napamieJibHbIX 3a)];aHIIM MO)KeT 

BbIIIOJIH51ThC51 TOJihKO Ha BbIIIIICJIMTeJI.bHOH cpepMe ,UJI51 rraparrrreJI.bHhIX 

BbIIIIICJieHIIH, a OCTaJibHbie IIOTOKM 3a)];aHMH Moryr BhIIIOJIH51TbC51 Ha 

JII06oii BbI-Y:IICJIMTeJibHOH cpepMe. 

B pa6oTe rrpIIBe,n:eHnI rrapaMeTpbI M pacrrpe,n:erreHH51 Tpex rroTOKOB 3a,n:aHIIM 

,UJI51 pa3HbIX ,L(MCUIIIIJIMH rrrraHHpOBaHM51 c 3a,n:aHHhIMM xapaKTepIICTIIKaMII Tpex 

BbI-Y:IICJIIITeJibHhIX cpepM. bbIJIM rrorryi:reHbl pe3yJI.bTaThl ,L(J151 Ka)K,L(Oro II3 Tpex 

sapttaHTOB: o6m:ee BpeM51 rrpoxo)K,n:eHII51 3a,n:aHIIM, pa3Mep oi:repe,n:II 3a,n:aHIIii, 

3arpy3Ka KJiacTepoB. Pe3ynhTaT.bI Mo,n:errIIpoBaHII51 rroKa3aJIII, IITO rrpII 3a,n:aHHhIX 

napaMeTpax IIOTOKOB 3a,n:aHMM o6mee BpeM51 BhIIIOJIHeHH51 3a)];aHMH YMeHhmaeTC51 



15 

Ha 30%, a cpe,n:HJIJI 3arpy3Ka KOMrmeKca ysem1q1rnaeTC5I Ha 20% B TpeTheM 

sapIIaHTe no cpaBHeHIHO c nepBbIM sapI-IaHTOM. 

B pe3yJihTaTe 6hrna pa3pa6oTaHa apxttTeKrypa Bhrqwc1mTeJihHoro 

KOMnJieKca, KOTOphIH opramI30BaH KaK e,n:MHbIH Bhl"CJMCJIIITeJibHbIH pecypc ,n:JIJI 

scex rpyrm noJih30BaTeneii II BIIpzyanhHhIX opraHtt3aQMH c onpe.n:e11eHHOH 

cnen:ttaJIII3aQMeiI BHYTPM KJiacTepa ,n:JIJI napanneJihHhIX BhFmcrreHttH. Pa3pa6oTaHa 

CTPYKTYpHaJI cxeMa, B paMKax KOTopoii BhI-cittcrrttTerrhHhie pecypchr II pecypchr 

xpaHeHH5I ,n:aHHbIX ynpaBJI5IIOTC5I 6a30BhIM nporpaMMHhIM 06ecne-cieH11eM (EIIO), 
n03BOJI5IIOill,llM HCnOJih30BaTb pecypCbI KaK B Me)K.n:yHapo,n:HhIX rrpoeKT<iX 

pacnpe,n:erreHHbIX Bbl"CJIICJieHIIH, npe,n:ocTaBJI515I ,n:OCTYII BHpTyaJibHbIM 

opraHtt3aUH5IM, TaK ll JIOKaJihHbIM IIOJib30BaTeJI5IM. 

,[(rr5I o6ocHOBaHH5I KOHQenQHH BhI"CJIICJIHTeJibHOfO KOMnJieKca ll ero 

apXIITeKryphI 6oIJIII ttccrre,n:osaHbI pacnpe,n:erreHH5I nOTOKOB 3a,n:aq II ,n:aHHbIX, 

nOCTJIIaIOill,MX Ha o6pa60TKy. I1MeIOTC5I crre,n:yrollJ,tte noTOKII 3a,n:aHHH: 

- 3a,n:aHH5I JIOKaJibHbIX nOJih30BaTerreli, KOTOpbie xapaKTeptt3yeTC5I 60JihllIIIM 

pa3Hoo6pa3tteM no speMeHII BhinorrHemrn, no 3anpaIIIIIBaeMhIM pecypcaM; 

- 3a,n:aHII5I, KOTOpbie 3arrpaIIIIIBaIOT 6orree 1 npon:eccopa ,n:;rn: csoero 

BhinorrHeHttJI (napannerrhHhie 3a,n:a-cin); 

- 3a,n:aHH5I, 3anycKaeMbie nOJib30BaTeJI5IMII BIIpTyaJibHbIX opraHM3aUIIH qepe3 

rpH,n:-MHCppaCTPYKTYPY. 3TII 3a,n:aHM5I 5IBJI5IIOTC5I OCHOBHbIMM M cpe,n:II HMX 

JibBMHYIO ,n:OJIIO 3aHHMaIOT 3a,n:a-ciM MO,n:errttposaHM5I, o6pa60TKII H aHaJIM3a 

,n:aHHhIX 3KcnepttMeHTOB LHC. Tpe6osaHII5I y 3a,IJ;aHIIH 3Toro Krracca o-cieHh 

BhICOKIIe: BhICOKOCKOpOCTHbie KaHaJibI CB5I3II ,IJ;JI5I nepe,n:a-citt ,n:aHHbIX, 

6hICTpbIH ,n:ocryrr K pacnpe.n:erreHHhIM CMCTeMaM xpaHeHM5I ,n:aHHhIX M ,n:p. 

,[(rr5I peIIIeHH5I 3a,n:a-ci MO,IJ;errttpoBaHM5I, o6pa60TKM M aHaJIM3a ,n:aHHhIX 

3KcnepIIMeHTOB LHC Heo6xo,z:i;IIMO o6ecne-cinTh crre.n:yIOill,IIe noTOKH ,n:aHHbIX: 

- nepe,n:aqa cpaHJIOB II3 n:eHTpOB xpaHeHH5I M MX 3anMCb B JIOKaJibHYIO CMCTeMy 

xpaHeHttJI; 

- nepe,n:a-cia cpaiirros M3 JIOKaJibHOH CHCTeMbI xpaHeHM5I B ueHTpbI xpaHeHII5I 

HHcpOpMaUttH; 
- o6pa60TKa cpaHJIOB, HaXO,U5IllJ,MXC5I B JIOKaJibHOH CMCTeMe xpaHeHM5I. 

B pa3pa6aThrnaeMoiI apxttTCKTYPe M CTPYKTYPHOH cxeMe Heo6xo,n;HMO 6bIJIO 

o6ecnetfMTh KOMnpOMMCCHYK> CTpaTerMIO nrraHIIpOBaHM5I 3a,IJ;aHHH, "l:IT06bI yqeCTh 

npOTMBOpetfHBhie Tpe6oBaHM5I pa3HbIX rpyrrn IIOJih30BaTene:H: B coqeTaHIIII c 

BhICOKOll 3arpy3KOH BbJqJICJIMTeJibHhIX pecypcos M rro.n:,n:epTh:KOH HatI6onee 

yttttsepcarrhHhIX n 3allJ,ttllJ,eHHhIX MeTo,n:os .n:ocryrra K xpaHMJIMill,aM ,n:aHHhIX. 

Pacrrpe,n:erreHIIe tt yqeT BhPmcrrttTeJihHhIX pecypcos pearrII30BaH Ha ocHose 

CMCTeMbI naKeTHOH o6pa60TKM torque M rrrraHHpOBIIJ,MKa pecypcoB maui. 

ArrropttTM nrraHnposaHM5I 3a,n;aHMH HacTpaIIsaeTc5I s cooTBeTCTBMM c 

o6JI3aTeJibCTBaMM nepe.n: BttpzyaJibHhIMM opraHM3aQH5IMM, c O,UHOH CTOpOHbI, M 
o6ecneqeHH5I BbICOKOro ypoBH5I noKa3aTeJI5I 3arpy3KII BhPIIICJIHTeJihHOro 

KOMnJieKca c .n:pyroiI CTOpOHbI. 
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,I(mr Ha,Ue)l(HOH H 3cpcpeKTHBHOH pa60TbI Haytrnoro BbPIHCJIHTeJibHOro 

KOMIIJieKca Heo6xo,z:i:HMO: 

- o6ecrreqJITb Ha,Ue)l(HYIO lIH)l(eHepHyIO HHCppaCTPYKTYPY (CMCTeMa 

6ecrrepe6o:H:Horo IIHTaHH5I, KJIIIMaT-KOHTpOJib H T.,z:i:.) H 

HHcppacTp)'Krypy; 

- rrpOBO):(HTb TII.J;aTeJibHbIH BhI6op rrp1106peTaeMoro o6opy,z:i:oBaHH5I. bbIJIH 

pa3pa6oTaHbI CTeH;:t;bl H MeTO):(IIKa TeCTHpOBaHH5I BbJqifCJIHTeJibHbIX 

cepsepos, yrrpaBrr5I10m;11x cepBepos 11 c11cTeM xpaHeHMJI. IIpoBe,z:i:eH11e 

rrpe,nBapIITeJibHOro TeCTHpOBaHH5I oco6eHHO Ba)l(HO, Kor.n:a MO,z:i:epHI13aU:H5I H 

pa3BHTHe KOMIIJieKCa rrpOHCXO):(IIT IIOCT05IHHO M HOBOe o6opy,n:oBaHMe 

):(OJI)l(HO 6DITb 3cpcpeKTMBHO BKJIIOqeHO B pa60Ta10iu:yro CHCTeMy 6e3 

OCTaHOBKH ee ii:>YHKU:HOHMpOBaHII5I. 

- BhIIIOJIH5ITb o6ocHOBaHHbIH BbI6op rrporpaMMHoro o6ecrre"tfeHH5I M 

asToMaTII3HposaTh rrpou:ecc rrepexo,z:i:a Ha HOBbie sepc1111 B pa60Ta10m;e:H: 

CHCTeMe; 

- pa3BHBaTb MHOroypOBHeByro CMCTeMy MOHMTOpHHra, KOTOpa5I BbIIIOJIH5IeT 

cpyHKQHH c6opa, xpaHeHH5I, aHaJIH3a MHcpopMau:m1 06 HH)l(eHepHOH H 

ceTeBo:H 11mppacTpyKType, arrrrapaTHbIX 11 rrporpaMMHbIX pecypcax, 

cepBHcax II IIOJib30BaTeJI5IX, BHpryaJibHbIX opraHH3aU:H5IX M rrpMJIO:lKeHM5IX c 

peaJI113a:o;11eil orrepaTMBHOH o6paTHOH CB5I3H. 

- IIOCT05IHHO rrpoBO,ll;HTb aHaJIH3 IIOTOKOB 3a,z:i:aq H ,z:i:aHHbIX ;:t;JI5I yqeTa 

Tpe6oBaHHH pa3HbIX rpyrm IIOJib30BaTeJie:H M a,n:arrTaI(MH K HMM 

apXHTeKzypbI, arrropMTMa IIJiaHHpOBaHH5I 3a,[(aHHH cxeMbI 

cpyHKI(HOHHpOBamrn BbI"tfMCJIHTeJibHOro KOMIIJieKCa. 

3cpcpeKTHBHOCTb rrpe;:t;JIO:lKeHHbIX MeTO):(OB H IIO;:t;XO):(OB K pa3pa60TKe 

apXHTeKT)'pbl BblqJicmITeJibHOro KOMIIJieKca, BbI6opa rrporpaMMHo-arrrrapaTHhIX 

cpe,z:i:cTB MO)l(HO rrpoaHaJIH3HpOBaTb Ha rrpMMepe BbPIHCJIMTeJibHOrO KOMIIJieKca 

Oll5II1. 

,I(JI5I BDI6opa CHCTeMbl xpaHeHH5I 60JibllIHX o6'beMOB HHcpOpMaI(HH 6bIJI 

COCTaBJieH CIIHCOK Tpe6oBaHHH H KpIITepHeB, cpe.n:H KOTOpbIX OTMeTHM 

cJie,n:yroiu:ne: 

• llhipOKHe cpyHKU:HOHaJI:OHbie B03MO)l(HOCTH, r116KOCTb, MaCIIITa611pyeMOCTb. 

• Bo3MO)l(HOCTb pa6oTbI c rrpoToKonaMH dcap, SRM2, gsiFTP, xrootd. 

• I1HTeporrepa6eJibHOCTb c ,z:i:pyrHMH CHCTeMaMH xpaHeHH5I. 

IIpose,z:i:eH aHaJIH3 pa3mPIHbIX CHCTeM H o60CHOBaH BhI6op CHCTeMhI 

xpaHeHH5I dCache, KOTopa5I HaH6onee rroJIHO y,z:i:osneTBOp5IeT ccpopMynHpoBaHHbIM 

Kp1nepH5IM. 

Ba)l(HeiIIIIeH 3a,n;aqe:H: 5IBJI5IeTC5I o6ecrre"tfeHHe Ha,n;e:lKHOH H 3cpcpeKTiiBHOH 

pa6oThI CHCTeMbI ):(HCKOBbIX MaCCHBOB c yqeTOM 6aJiaHCHpOBKH Harpy3KH Ha 

):(HCKOBbie IIYJibI. ,I(JI5I 3TOH u:enn C03):(aHbI cpe,z:i:CTBa MOHHTOpHHra II aHaJIH3a 
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Harpy30K Ha .IJ:HCKOBbie IIYJihI, KOTOpbie II03BOJI5IIOT peIIIaTb 3a,n:aqy paBHOMepHoro 

pacrrpe.n:enemrn Harpy30K Ha CIICTeMy .IJ:IICKOBbIX MaCCIIBOB. 

bOJihlllYIO pOJib B 3<P<PeKTIIBHOCTII tPYHKU:IIOHIIpOBaHII5I BblqIICJIIITeJibHOro 

KOMIIJieKca IIrpaeT rrpaBIIJibHO opraHII30BaHHa5I ceTeBa5I IIH<PpaCTPYKTYpa, 

coe,n:IIH5IIOIIJ;a5I yrrpaBJI5IIOIIJ;IIe cepBepbI, BhlqIIcmneJibHYIO CIICTeMy II CIICTeMy 

xpaHeHII5I IIHcpopMaU:IIII. B OH5IH u:eHTpaJihHhIH MapmpyrII3aTop ceTII 

pecypcHoro u:eHTpa coe,n:IIHeH c OCHOBHhIM rpaHIIqHhIM MapmpyrII3aTOpOM CeTII 

OI15IH Ha cKopocTII 10 fIIra6IIT Ethernet. ,[(JI5I o6ecrreqeHII5I BhICOKOH 

rrporrycKHOH crroco6HOCTII JIOKaJihHOH cenI II MIIHIIMaJibHOro BpeMeHII .IJ:OCTyrra K 

,n:aHHhIM II cpaH:JiaM rrpIIMeH5IeTC5I arperIIpOBaHIIe HeCKOJihKIIX coe.n:irneHIIH 

1 fIIra6IIT Ethernet B e,n:IIHhIH BIIpryaJihHhIH KaHan (TRUNK) c yBeJIIIqeHHOH 

rrporryCKHOH crroco6HOCTblO OT 4 .n:o 8 fIIra6IIT Ethernet. 

Ha pIIc. 1 rrpIIBe,n:eHa apxIITeKrypa BhiqIICJIIITeJibHoro KOMIIJieKca OH5III II 
o6IIJ;a5I cxeMa B3aIIMO,[(eMCTBII5I ypOBHeH, pecypcoB, cepBIICOB. 

B HacTmnu:ee BpeM5I BhJqIICJIIITeJihHhIM KOMIIJieKc OH5IH cocTOIIT II3 2582 
64-x 6IITHhIX rrpou:eccopoB II CIICTeMbI xpaHeHII5I ,n:aHHhIX o6IIJ;eii eMKOCTblO 6onee 

1800 T6aH:T. 

B KaqecTse rrpaKTIIqecKoro pe3yJihTaTa MO)KHO rrpe,n:cTaBIITh crre.n:yIOiu:IIe 

aprYMeHThI: 

I1oKa3aTeJIII Ha,n:e)KHOCTII II .n:ocTyrrHOCTII pecypcHoro u:eHTpa OI15III 
COCTaBJI5IIOT B 2012 ro.n:y 99%, a 3a 8 MeC5IU:eB 2012 ro,n:a 6bIJIO BhIIIOJIHeHO 6onee 

5 MIIJIJIIIOHOB 3a,n:aHIIH IIOJih30BaTeneH:. Eonee rro,n:po6HhIH aHaJIII3 rrpose,n:eH B 

cne.n:YJOIIJ:IIX rnasax. 

nOJlb30BATEJ1V1 
{ ~ h-rrt•r«tf>1'Hm~ 1.1 l! ,.v'M.-r;m) 

' ' 

PHc. 1. CTpy1uypHa5I cxeMa B1rc:mcmuenI>Horo KOMrrneKca OH5IH. 

Pe3yJihTaThI rrepBo:H: rnaBhI rro,n:TBep)K.IJ:aIOT nepeoe 3GUfUUJae;vtoe 
noJZo;JfCeHue: 

Paspa6omaHHbze KOHif entfUR, apxumeKmypa, cmpyKmypHaR cxeMa Hay1.mo20 
Bbzt.tucJZumeJZbH020 KOJHnJZeKca cHuMmom npomueopettuJl e mpe6oeammx pa3HbZX 
zpynn no.JZb3oeameJZeu, yJZyttutwom rjJyHKlJUOHaJZbHbze xapaKmepucmuKu KOMnJZeKca. 



18 

BTopaH rJJaBa )JJICcepTau:ruI IIOCB5IIIJ;eHa yqacnuo B pa6oTax ITO pa3BIITIUO 

KOMnbIOTepHOH IIHcppacTpyKTYPbI ,[(JI5I o6pa60TKII, xpaHeHII5I, aHaJIII3a ,n:aHHbIX 

3KCnepIIMeHTOB Ha bOJibIIIOM a,n:pOHHOM KOJIJiaii,n:epe. 

,I.(rr5I Mo,n:errIIpoBamrn pacnpe,n:erreHHOH BbiqIIcmITeJibHOii IImppacTpy:t\TypoI 

ueHTpoB .[(JI5I LHC B 1998 ro,n:y 6orn co3,n:aH cne11;IIaJibHbIH Me)K,r:t:yHapo,n:HbIH 

rrpoeKT MONARC (Models of Networked Analysis at Regional Centres for LHC 

Experiments). 3a,n:aqa opraHH3aUIIII KOMnbIOTIIHra 6orna oqeHb CJIO)KHOH, 

IIOCKOJibKY Tpe6oBaJIOCb: 

- o6ecrre1lMTb 6oICTpbIH ,n:ocryn K MaCCIIBaM ,n:aHHbIX KOJIOCCaJibHOro o6oeMa; 

- o6ecrre1lttTb npo3pa1lHbIH ,n:ocTy:II K reorpaqm-qecKII pacrrpe,n:erreHHbIM 

pecypcaM; 

- C03.[(aTb rrpOT5I)KeHHy:tO Ha,r:t:e)KHy:tO ceTeBy:io IIHcppaCTPYKTYPY B 

reTeporeHHOH cpe,n:e. 

B paMKax rrpoeKTa MONARC 6brna pa3pa6oTaHa 6a3oBa5I Mo,n:errb 

KOMnbIOTIIHra ,n:mr 3KcrrepIIMeHTOB LHC KaK Hepapxw-recKa5I 11;eHTparrtt30BaHHa5I 

CTpy:KTypa perttoHaJibHbIX 11;eHTpOB, BKJII01laIOIUa5I B ce65I IJ;eHTpbI HeCKOJibKIIX 

ypoBHeii. Cy:Tb pacnpe,n:erreHHOH MO,r:t:eJIII apXIITeKTy:pbI KOMIIbIOTepHOH CHCTeMbI 

cocTOIIT B TOM, 1lTO Beeb ofr&eM IIHcpopMaUHM c ,n:eTeKTopoB LHC nocne 

o6pa60TKII B peaJibHOM BpeMeHII lI rrepBIIqHOH peKOHCTpy:KIJ;IIH ,[(OJI:lKeH 

HanpaBJI5ITbC5I ,UJI5I ,n:arrhHeiirneiI o6pa6oTKII II aHarrH3a B perIIoHaJihHbie ueHTpbI. 

MeTo,n:oM IIMHTaQHOHHoro Mo,n:errIIpoBaHII5I 6bm o6ocHoBaH IIepapxII1leCKIIH 

rrpIIHIJ;IIII opraHII3aUIIII HHcpopMaUMOHHO-Bhil:JHCJIIITeJibHOH cIIcTeMbI LHC, 

rrpe,n:rrorrararoiueii co3,n:aHHe 11;eHTpOB pa3HbIX ypoBHeii IIJIII 5Ipycos (Tier's): TierO 
(CERN) ---+ Tierl ---+ Tier2 ---+ Tier3 ---+ KOMIIbIOTepor norrb30BaTerreiI. 

YpoBHII pa3rrtt1laIOTC5I no MacrnTa6y pecypcos ( ceTeBbie, Bbil:JHCJIMTerrbHbie, 

,[(HCKOBbie, apxIIBHbie) H no BbIITOJIH5IeMbIM cpyHKIJ;H5IM: 

TierO 

(U:EPH) 

I rrepBII1lHa5I peKOHCTPYK:O:II5I co6oITHH, KarrII6posKa, xpaHeHHe 
KOnIIiI norrHhIX 6a3 ,n:aHHhIX 

IIOJIHa5I peKOHCTpy:KIJ;H5I co6bITHH, xpaHeHHe aKzyarrbHbIX 6a3 
Tierl ! ,n:aHHbIX rro co6bITII5IM, co3,n:aHHe II xpaHeHIIe Ha6opos 

••••••••••••••••••••••••••••••••••••••••••••••• •••••••••••••••••••••••ww•••••••••••l•••O~•!"I.<:.1.:l!.~~~py~~•I;>~~••(?.9§.I.>~!~.~•?.•0•0~•9•~•~•!!~P9 .. ~.~•~~•~•'-•••••~~-~.!!~.?. ••••••••• •••• •• ••••••••••••••••••••••••••••••••••••••••••• 
Tier2 I THpa)KHposaHIIe II xpaHeHIIe Ha6opos aHaJIII3HpyeMbIX co6hITIIH, 

.. .. . . . . .. J. ~<?~.~H~PQ~.9:!!~~1 .... 9:!!~!!~?. .. .. ... ... ..... .. . ... .. .. 
Tier3 I KrracTepbI oT,n:errbHbIX Hccrre,n:osarerrocKIIX rpynrr 

B paMKax 3Toro rrpoeKTa 6birrH rrpopa6oTaHbI Tpe6osaHH5I K pecypcaM II 

cpyHKIJ;IIII perIIoHarrhHbIX 11;eHTpos ypoBHeii TierO, Tierl, Tier2. Pa3pa6oTaHHa51 

MO,[(eJib 6bma peaJIII30BaHa II ycrreIIIHO cpyHKI.J;IIOHIIpyeT c MOMeHTa 3anycKa 

Eorrornoro a,n:poHHoro Korrnaii,n:epa B 2009 ro,n:y. E:lKero,n:Ho co6IIparoTC5I II 
o6pa6aTbIBaIOTC5I ,n:aHHbie o6oeMOM B ,n:eC5ITKII II ,n:a:lKe COTHII rreTa6aiiT. 3Ta 

:o;eHTparrII30BaHHa5I MO,[(eJib KOMnbIOTIIHra xopomo 3apeKOMeH.[(OBarra ce65I B 
nepBbie ro,n:bI pa6oTbI 3KcnepIIMeHTOB Ha LHC, o,n:HaKo Ha6rrro,n:aeTC5I TeH,n:eH:o;II5I K 
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,n:eu:eHTpamI3aU:MJI cepBIICOB II nepeHocy aKu;eHTOB c MaCCOBOH o6pa60TKII 

,n:aHHbIX Ha o6ecne-qemrn IIH.Il:IIBH,n:yanhHOro aHaJIH3a. IIpoHcxo,n:HT 3BOJIIOU:H5I 

HHcppacTpJKTYPhI H Mo,n:eJIH KOMnhIOTHHra 3KcnepHMeHTOB Ha LHC: 

- nepexo,n: OT HepapxwrecKOH CTPYKTYPhI K ceTeBOH, a B H,n:eane K noJIHO

CB5I3HOH, r,n:e B03MO)KHhI CB5I3H Me)K,n:y u:eHTpaMH Bcex ypOBHeli; 

- pa3BHTHe cpe,n:cTB pacnpe,n:eneHHoro ynpaBJieHH5I ,n:aHHhIMH, no,n:,n:ep)l(Ka 

OLJeHh BhICOKHX CKOpocTeH nepe,n:aqH orpOMHhIX MaCCHBOB ,n:aHHhIX; 

- co3,n:aHHe HHcppaCTPYKTYPhI u:eHTpOB ypoBH5I Tier3 ,n:JI5I HH,n:HBH,n:yan:oHoro 

aHaJIH3a ,n:aHHhIX; 

- . pa3BHTHe H npHMeHeHHe cpe,n:CTB BHpTyaJIH3aU:HH H o6na"l!HhIX BhI"l!HCJieHIIH 

(npoeKT «Helix Nebula - HayqHoe o6JiaKO» ). 

IIo,n: PYKOBO.IJ:CTBOM aBTopa ,n:HcCepTaU:HH pa60T:o1 no opraHH3aU:HH 

KOMnhIOTI-rnra ,n:JI5I 3KcnepHMeHTOB Ha LHC B OI15IH Ha11aJIHCh ern:e B 1996 ro,n:y c 

co3,n:aHH5I HHcpopMaU:HOHHoro WWW-cepBepa ,n:JI5I KOJIJia6opau;HH CMS. B 1997 
ro,n:y B OH5IH 6:orn co3,n:aH KJiacTep H3 Tpex SunSparc cTaHU:HH. IIporpaMMHOe 

OKpJ)KeHHe KJiaCTepa IIOJIHOCThIO COOTBeTCTBOBaJIO rrporpaMMHOMY OKpJ)KeHHIO 

Ha U:EPH-KnacTepe cms.cem.ch. Ha KnacTepe B OI15IH rrpoBo,n:Hnac:o o6pa6oTKa 

,n:aHHhIX c npoTOTHnOB ,n:eTeKTopoB CMS, ocyru:ecTBJI5IJiac:o rrocTaHOBKa 

aKTyan:oHhIX BepcHH cneu:IIaJIH3HpoBaHHoro rrporpaMMHoro naKeTa CMS, BeJIHCh 

pa6oThI no Mo,n:enHpoBaHHIO cpH3H1IeCKHX npou:eccoB H rro,n:cHcTeM ,n:eTeKTopa. B 
2000 ro,n:y B OH5IH 6:orna co3,n:aHa BhJqHcJIHTeJihHa5I cpepMa ,n:n5I 3KcnepIIMeHTOB 

Ha LHC, KOTopa5I Bxo,n:Hna B cocTaB BhiqHcJIHTeJihHOro KOMnJieKca OI15IH. 3TH 

pecypc:o1 HCnOJih30BaJIHCh ,n:JI5I TeKyrn:e:i1: pa6oThI crreu:HaJIHCTOB OI15IH II 

rrpoBe,n:eHH5I MoHTe-Kapno Mo,n:eJIHpoBaHH5I cpH3H1IeCKHX co6:oITHH B paMKax 

ceaHcoB MaccoBoro Mo,n:enHpoBaHH5I, ocyru:ecTBmreMoro Konna6opau:Heli CMS. B 
2004 ro,n:y 6hrn opraHH30BaH pecypcHhIH u:eHTp ypoBH5I Tier2, HHTerpnpoBaHHhIH 

B rno6anhHYIO rpII,n:-IImppacTpyKrypy rrpoeKTa WLCG. Tier2 u:eHTp OI15IH HMeeT 

nOJIHhIH Ha6op Heo6xo,n:HMhIX rpH,n:-cepBHCOB H OTBe11aeT BCeM Tpe6oBaHII5IM no 

TeXHII1IeCKOMY II nporpaMMHOMY 06ecne11eHIIIO, Heo6xo,n:IIMhIM L(JI5I ycnenrnoro 

cpJHKU:HOHHpoBaHH5I BIIpTyan:oHhIX opraHH3aU:HM CMS, ATLAS, ALICE. 3a 

nepHo,n: CBoero cpyHKU:HOHHpOBaHII5I c 2004 ro,n:a no HaCT05Irn:ee BpeM5I pecypcHhIM 

u:eHTp ypoBH5I Tier2 B OI15IH no CBOHM noKa3aTeJI5IM Ha,n:e)KHOCTH II .n:ocTyrrHOCTII 

pa60ThI 5IBJI5IeTC5I o,n:HHM H3 JiyqIIIHX cpe,n:H BCex pecypCHhIX u:eHTpOB ypoBH5I 

Tier2. 

IIocne 3anycKa B 3KcnnyaTaU:HIO LHC B 3KcnepIIMeHTe ATLAS B03HHKJia 

cepbe3Ha5I npo6neMa c 06ecne11eHHeM u:enocTHOCTH pacnpe,n:eneHHoro xpaHeHH5I 

HHcpopMaU:HH. 3To Bbipa)KaJIOCh B TOM, qTo 60JihIIIOH rrpou:eHT y,n:an5IeMbIX cpaHJIOB 

H3 rJio6aJihHOro KaTaJiora OCTaBaJIC5I B JIOKaJihHhIX KaTanorax CHCTeM xpaHeHII5I 

,n:aHHhIX pecypcHhIX u:eHTpOB. 1lTo6hI peIIIHTh 3TY cepbe3HYIO rrpo6JieMy, no,n: 

PYKOBO.IJ:CTBOM aBTopa )lIIccepTaU:IIH 6:orna pa3pa6oTaHa apxHTeKrypa H 

crrpoeKTHpoBaHa nO.[(CHCTeMa 06ecne11eHH5I u:eJIOCTHOCTH pacnpe,n:eJieHHOro 

xpaHeHH5I HHcpopMaU:IIH JJ:JI5I 3KcrrepHMeHTa ATLAS. B paMKax 3TOH rro,n:cHcTeM:oI 

6:orn peaJIH30BaH O.[(IIH II3 u:eHTpaJihHhIX cepBHCOB CIICTeMhI yrrpaBJieHH5I .n:aHHbIMH 
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3KcrrepHMeHTa ATLAS - cepmrca y.uaJieHH5I .naHHhIX (Deletion Service), KOTOpbIH 

rrpe.uHa:maqeH )];JUI u;eHTpaJHI30BaHHOro y.uanemrn HCH)T)KHbIX .uaHHhIX 

3KcrrepHMCHTa ATLAS Ha call:Tax TierO, Tierl H Tier2. 

OcHOBHbie cpyttKQHH cepBHca y.uaJieHH5I .uaHHhIX: 

• o6CJI)T)KHBaeT 3aIIpOCbI Ha y.uaJieHHe, 

• opraHH3yeT 6aJiaHCHpOBKY Harpy3KH, 

• o6ecrreqHBaeT MaCIIITa6HpyeMOCTb H OTKa3oycToliqHBOCTb ClICTCMhI, 

• BbIIIOJIH5IeT KoppeKTH)'ID o6pa60TKY HCKJIIoqeHHH, B03HHKaIOIU;HX B. 

rrpou;ecce pa6oThI, 

• peaJIH3yeT CTpaTermo IIOBTOpeHH51 orrepau;Hli B CJiyqae B03HIIKHOBCHH51 

OTKa30B. 

,I.(aHHhie 3KcrrepIIMeHTa ATLAS pacrrpe.ueJieHbI 6onee, qeM Ha 100 rpH.U

call:Tax c o6ru;HM o6beMOM .UIICKOBoro rrpocTpaHCTBa 6onee 150 rreTa6all:T, B 

KOTOpoM xpaH5ITC5I COTHH MHJIJIHOHOB cpall:JIOB. He,n:eJibHblll o6beM y.uaJI5ICMbIX 

.uaHHbIX COCTaBJI5IeT OKOJIO 2 IIeTa6all:TOB (20 MJIH. cpall:JIOB). 

Co3.uaHHhIH cepBIIC o6ecrreqJIBaeT u;eJioCTHOCTh xpaHeHH5I HHcpopMau;HH B 

reorpacpHqecK11 pacrrpe.neneHHoli cpe.ue. 

OrrhIT BhIIIOJIHCHH5I aHaJIH3a .uaHHhIX c HCIIOJih30BaHHeM u;eHTpoB ypoBH5I 

Tier2 rroKa3aJI, qTo 3Tl1 u;eHTphI He Bcer.ua orrepaTHBHo pernaIOT 3a.uaq11 aHaJIH3a, 

TaK KaK 3arp)T)KCHbI MHOrHMII .upyrHMH Ba:)KHbIMII 3a.n;aqaMH, B TOM qHCJie 

MO,I(CJIHpoBaHHeM co6bITl1ll, H LiaCTO no.u.uep)KHBaIOT HeCKOJibKO BHpryaJibHbIX 

opraHH3au;Hli. Ilo3ToMy 3a.uaqH aHaJIH3a .uaHHhIX LHC Moryr .uocTaToqHo .n;onro 

Haxo.n;HThC5I B oLiepe.uII Ha BhIIIOJIHeHHe. Bcne,n:cTBHe BhIIIIenepe-qncneHHhIX 

o6CT05ITCJibCTB, MHOrHe rpyrrrrhI IIOJib30BaTeJiell: B pa3HbIX CTpaHax .UJI5I aHaJIH3a 

3KCrrepHMCHTaJibHhIX .uaHHhIX CTaJIH lICIIOJib30BaTbC5I .UOIIOJIHHTCJihHbie 

pa3HOo6pa3Hbie BbP.IlICJIHTCJihHbie pecypcbI ( cepBepbl, KJiaCTephI, 

cyrrepKOMIIbIOTepbI), KOTOpbie HaXO.U5ITC5I BHe n;eHTpaJIH30BaHHOro yrrpaBJieHH5I H 

IIJiaHHpOBaHH5I, Ha KOTOphIC He pacrrpocTpaH5IIOTC51 KaKHe-JIH6o e)l;IIHhie 

Tpe6oBaHH5I, KacaIOID;HCC5I TeXHIILieCKHX peIIIeHHH. ,I.(JI5I 3THX IJ;CHTpOB xapaKTepHo 

6oJibIIIOe pa3H006pa3He CIICTCM aHaJIH3a .uaHHbIX, CHCTCM xpaHCHH5I .n;aHHbIX lI 

rraKeTHoll: o6pa6oTKH 3a.n;aq (PBS, OGE, CONDOR, Lustre, xROOTd, PROOF M 

.n:p.). IIpaKTHqecKH, 3TH I(CHTpbI COCTaBHJIH HOBhIH 1rncppaCTPYKTYPHbIH ypoBCHb 

(Tier3) B Mo.uen11 KOMIIbIOTHHra 3KcrrepHMeHTOB LHC, KOTophIH BHOCHT 

cyru;ecTBCHHhlll BKJia,I( B qm3HLICCKHH aHaJIH3 3KCrrepHMCHTaJibHbIX .n;aHHbIX. 

B paMKax pa3BHTII5I Mo.n;enH KOMITbIOTHHra 3KcrrepHMCHTOB Ha LHC B 

,UHccepTaI(HH rrpose.n;eHDI Hccne.uoBaHH5I I(CHTpoB ypoBH.51 Tier3, IIX 

CHCTeMaTH3aQHH H IIHTerpaI(IIH c u;eHTpaMH Tier2. Ehrno rrpoBe.UeHo 

aHKCTHpoBaHHe cyru;eCTBYIOIU;llX D;CHTpOB lI llX KJiaCCHcpHKau;H5I, BhI6paHhI 

Hatt6onee pacnpocTpaHeHHhie KoHcpttrypaI(HM, rrpoaHaJIH3HpoBaHbI pa3JmqHhie 

CXCMhI B3aHMO.UCHCTBM5I MC)K.IJ:Y ypoBH5IMH. B pa6oTe CHCTeMaTII3MpOBaHhI 

pa3JilIL!HhIC KOHcpttrypau;HH MCIIOJib3YCMbIX CllCTCM lI Bbl,ll;CJICHhl Ha116onee 

pacrrpocTpaHCHHbie H3 HMX. 

,I.(n5I MCCJIC)J;OBaHmI n;eHTpOB ypoBH.51 Tier3 H CMCTeMaTH3aI(HlI 

Hcrronh3yeMbIX cpe.ucTB o6ecrreqeHH5I HHTerpau;HII c u;eHTpaMH ypoBH5I Tier2 B 
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OHJIH 6orna pa3pa6oTaHa apxIITeKrypa TeCTOBOH IIHtjJpaCTPYKTYPhI, KOTopa5I 
II03BOJI5IeT C03)J;aBaTb rrpOTOTMIIbI pa3mfqHbIX KOHtjJMrypaU:MH u:eHTpOB ypoBH5I 

Tier3. C rrpMMeHeHIIeM TexHorrorMH BIIpryamnau:IIII TaKa5I MHtjJpacTpyKTypa 6orna 

peaJIII30BaHa Ha 6a3e BIIpryaJibHbIX KJiaCTepoB, LITO II03BOJIIIJIO pa3pa6oTaTh )J;JI5I 

Ka)l()J;Oro BapIIaHTa KOHtjJIIrypaU:IIM )J;OKYMeHTau:mo, HaCTpOIITb IIJIII pa3pa6oTaTb 

cpe,n;CTBa JIOKaJibHOro MOHIITOpMHra, Bbipa6oTaTb IIOJIHbie peKOMeH.n;aU:IIM no 

CllCTeMe c6opa IIH<PopMaU:MM ,[(JI5I rrro6arrbHOro MOHIITOpIIHra u:eHTpOB ypOBH5I 

Tier3. 

Pa3pa6oTaHHa5I cIIcTeMa rrro6arrbHoro MOHMTOpMHra u:eHTpoB ypoBH5I Tier3 

rrpe,z:i;ocTaBJI5IeT o6o6:rn;eHHyro IIH<PopMau:mo o pecypcax, rrorrym1pHoCTII 

aHaJIII3MpyeMbIX .n;aHHbIX, LITO MMeeT 60JibIIIOe 3HaLiem1e ,[(JI5I KOOp,D;IIHau:1-m pa6oT 

B paMKaX BIIpryarrbHOH opraHII3aU:IIII, TaK KaK o6ecrreLIHBaeTC~ BCeCTOpOHHIIll 

B3rJI5I,D; Ha BKrra.n; Tier3 cailTOB B BbILIIICJIIITeJibHbIH rrpou:ecc. 

Tier3 site 

,--S_um_m_a_ry_d_a_ta ______ 8 

MSG 

Publishing 
agent 

Global monitoring 

Pttc. 2. CxeMa <PYHKU:MOHHpoBaHM5I ocHOBHhIX BapttaHTOB Tier3 u;eHTpoB M MX B3aHMo.n:eiicTBrre 

c CMCTeMOH rrro6anhHOro MOHHTOpHHra. 

B .n;IIccepTaU:MM rrpe,z:i:cTaBJieHa Mo,n;errb rrro6arrbHoro MOHIITOpHHra Tier3 

u:eHTpOB (T3mon), KOTOpblll BbIIIOJIH~eT 3a,IJ:aLIH c6opa HHtjJOpMaU:MM OT CIICTeM 

rroKaJibHoro MOHIITOpHHra Tier3 u:eHTpoB, opraHM3aU:HH xpaHeHM5I 3TOH 

HHtjJopMaU:IIH .n;n~ rrpe,z:i;ocTaBrreHII5I H~HOH IIH<PopMaU:IIH a,n;MMHIICTpaTopaM Tier3 

caliTOB, IIOJib30BaTeJI5IM BHpzyarrbHbIX opraHII3aU:MII. CxeMa <PYHKU:IIOHIIposaHII5I 
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OCHOBHbIX BapnaHTOB Tier3 u:eHTpOB H HX B3aHMO,IJ;eHCTBHe c CHCTeMOll 

rno6aJibHOrO MOHHTOpHHra rrpe,IJ;CTaBJieHbI Ha pnc. 2. 

Pe3yJioTaTbI BTopoiI rnaBbI IIO.IJ:TBep)l()J;aIOT 6mopoe 3GUfUUfaeMoe 

noJZo:JICeHue: 

Pa36UmaR MOOeJZb KOMnb10muH2a EoJZb'lU020 aopoHH020 KOJZJZauoepa c 

66eoemteM H06020 uHppacmpyKmypH020 CJZ05t Tier3 paciuup5tem 603MOJICHocmu 

dJZ5l GHGJZU3a OGHHblX nOJZb306ameJZ5lJHU KpynHblX KOJZJZa6opalfUU 

B TpeTheii rJiaBe o6Cj')K,IJ;aIOTC5I BOIIpOCbI C03,IJ;aHH5I HMHTaU:HOHHOll MO,IJ;eJIH 

,IJ;JI5I HCCJie,IJ;OBaHH5I TIJiaHnpyeMOll apxnTeKTJPbI pacrrpe,IJ;eJieHHOro KOMIIJieKca 

xpaHeHH5I, o6pa60TKH If aHaJIH3a ,IJ;aHHbIX 3KCrrepnMeHTOB Ha rrpoeKTHpyeMOM 

ycKopnTeJibHOM KOMIIJieKce HllKA. 

Mo,IJ;ennpoBaHne cncTeMbI off-line o6pa6oTKH n xpaHeHH5I ,IJ;aHHhIX 

3KCrrepnMeHTOB ,IJ;OJI)KHO ,IJ;aTb OTBeT Ha CJie,IJ;ymII(He BOIIpOCbI: 

• KaKne Bbl1IHCJIHTeJibHbie pecyPCbI Tpe6ymTC5I ,IJ;JI5I o6pa60TKH ,IJ;aHHbIX, 

qTo6bI rrorryqHTb pe3yJioTaT B 3a,IJ;aHHOe BpeM5I; 

• KaK ,IJ;OJI)KHbI 6oITb CB5I3aHbI Me)l()J;y co6oiI u:eHTpbI o6pa60TKH; 

• KaKoe ,IJ;OJl)KHO 6bITb pa3,IJ;eJieHHe cpJHKU:Hll Me)l()J;y u:eHTpaMH; 

• KaK opramnoBaTb pa6ory rroJib30BaTerreiI; 

• KaKa5I cTpaTenrn 3anycKa 3a,IJ;aHniI ,IJ;om1rna npnMeH5ITbc5I; 

• KaKOll o6oeM ,IJ;HCKOBbIX MaCCHBOB Heo6xo,IJ;HMO BbI,IJ;eJII-ITb ,IJ;JI5I 

o6ecrreqemrn Ha,IJ;e)lrnoro xpaHeHH5I nmpopMau:nn. 

Co3,IJ;aBaeMa5I HMHTaU:HOHHa5I MO,IJ;eJib ,IJ;OJI)KHa HCIIOJib30BaTbC5I ,IJ;JIHTeJibHOe 

BpeM5I Ha pa3HbIX 3Tarrax C03,IJ;aHH5I ycKOpHTeJibHOro KOMTIJieKca: OT TexHnqecKoro 

rrpoeKTa ,IJ;O C03,IJ;aHH5I CHCTeMbI o6pa60TKH If xpaHeHH5I ,IJ;aHHbIX. 

Mo,IJ;errb ,IJ;OJI)KHa BKJIIOqaTo: 

Bl HHTepcpeiic IIOJib30BaTeJI5I, 

Bl 51,IJ;po MO,IJ;eJIHpoBaHH5I, 

Bl CHCTeMy BH3yaJIH3aU:HH pe3yJioTaTOB MO,IJ;eJIHpOBaHH5I. 

5I,IJ;po MO,IJ;eJIHpOBaHH5I o6pa6aTbIBaeT BXO,IJ;Hbie ,IJ;aHHbie ( cu:eHapniI 

o6pa60TKH, CTPYKTypa H rrapaMeTpbI KOMIIJieKca, xapaKTepHCTHKH IIOTOKa 3a,IJ;aHHll 

n ,n:p.) n orrpe,IJ;err5IeT rrapaMeTpbI rrpoXO)K,IJ;eHH5I 3ap:aHniI. Heo6xo,IJ;HMO TaK)Ke 

CMO,IJ;eJIHpOBaTb OCHOBHbie tPYHKU:HH If cepBHCbI rpnp:, KOTOpbie Han6orree 

cyru:ecTBeHHO BJIH5IIOT Ha rrpoxo)l()J;eHHe 3a,IJ;aHHH H nepep:aqy ,IJ;aHHbIX. 

,arr5I perneHH5I 3TOH 3ap:aqn Heo6xo,IJ;HMO BbI6paTb naKeT HMHTa:U:HOHHOro 

MO,IJ;errnpoBaHH5I, HCXO,IJ;5I H3 ccpopMyJIHpOBaHHbIX Tpe6oBaHHll. 

B pe3yrroTaTe cpaBHHTerroHoro aHaJIH3a 3a ocHoBy ,IJ;JI5I MO,IJ;ennposaHH5I 6orn 

B35IT naKeT GridSim, KOTopoiiI HMeeT crre,n:ymrn;ne rrpeHMyru:ecTBa: 

• Mo,n:errnpoBaHHe reTeporeHHbIX THIIOB pecypcoB; 

• B03MO)KHOCTb MO,IJ;eJIHpoBaHH5I rrpHJIO)KeHHll c pa3JIHqHbIMH CTpaTerH5IMH 

rrapanrreJibHbIX Bb1qncneHniI; 

• OTCJTCTBHe orpaHH1IeHHH Ha KOJIJiqecTBO 3a,IJ;aHHll, KOTOpbie Moryr 6bITb 

OTIIpaBJieHbI Ha o6pa60TKY B pecypCHblll u:eHTp; 
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• B03MO)KHOCTb 3a,n;amur rrporrycKHOii crroco6HocTM ceTM Me)K,n;y pecypcaMM; 

• rro,n;,n;ep)l(Ka MO,n;e1111poBaHM5I CTaTMqecKMX M ,Il;MHaMMqeCKMX 

IIJiaHMpOBil1;MKOB3a,n;aHMii; 

• r116K11e B03MO)KHOCTM pearr113au:mr pa3JIMqH&IX CTPaTer11ii yrrpasrreHM5I 

,n;aHHbIMM; 

• B03MO)KHOCTb perMCTpaU:MM CTaTMCTMKM Bcex MJIM BbI6paHHbIX onepaU:MH. 

Mo,n;errb Ha ocHose rraKeTa GridSirn cTpOMTC5I M3 6a30BbIX 6noKoB, KOTOpbie 

peamI3)'IOT cne,n;yiom;Me KJiaCCbI MO,n;emipyeMbIX o6'beKTOB: Ilorrb30BaTeJib, 

Pecypc, HmpopMaU:MOHHbIH ceps11c rpII,n;, BBo,n;/somo,n;, CeTb M ,n;p. (PIIc. 3.). 
norIIqeCKM IIX MO)KHO o6oe,n;MHIITb B ,n;Be rpyrrrrbI: onIICaHMe CTPYKTYPbI CIICTeMbI 

II onMCaHIIe IIOTOKa 3a,n;aHMH. 

Karan or 

Pnc. 3. ,U:narpaMMa OCHOBHhlX 6JIOKOB 6a30BOH MO,r:i:eJIII, TIOTOKOB ,r:i:aHHhlX H 3a,r:i:atI B GridSim. 

,lJ,aeTC5I OITIICaHIIe II xapaKTepIICTIIKII 6onee CJIO)l(HbIX o6'beKTOB MO)J;eJIII: 

KHIIra cu:eHapIIeB, Ta6rrttu:a pecypcoB, cMecb 3a,n;aq cu:eHap115I, ,n;IICKOBbIH rryn, 

JieHTOqHa5I no,n;CMCTeMa, 3a,n;ai:ra, nOJib30BaTeJib, KaTarror q:>aHJIOB II penJIIIK II 

,n;pyrIIe o6oeKTbI. 

Mo.n;errb paccqIITbIBaeT 8 napaMeTpoB, orrpe.n;err5IeMbIX KaK rrpo:o;eHT, MITH 

a6coJIIOTHOe 3HaqeHMe: 

• Cpe,n;H5I5I 3arpy3Ka ceTM no ,D;H5IM [ % ] 
• KonIIqecTBO aKTIIBHbIX /o)KII,n;a10ru;Mx 3a,n;aHIIH 

• KonIIqecTBO 3anporneHHbIX II IICITOJih3yeMbIX npou:eccopoB 

• HcnoJib30BaHIIe rp11,n;-CTPYKTYPbI no qacaM [%] B ,n;eHb 

• HcnoJib30BaHMe pecypcoB xpaHeHM5I ,n;aHHbIX [%] 
• Ilpou:eHT OTKa3aBrnIIx npou:eccopoB no ,D;H5IM [%] 
• 06oeM nepe,n;aHHbIX ,n;aHHbIX B qac 

• 3arpy3Ka KrracTepoB [%] 
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).:(aHHbIM Ha6op rrapaMeTpOB .IJ:OCTaToqeH .IJ:JUI ou;eHKM 3cpcpeKTMBHOCTM 

TOIIOJIOrmI pacrrpe,n:eJieHHOro BblqMCJIMTeJibHOro KOMIIJieKca, ou;eHKM 

TeXHMqecKMX xapaKTepHCTHK pecypCHbIX u;eHTpOB, 3cpcpeKTMBHOCTM anropHTMOB 

pacrrpe,n:eneHM5I 3a.n;aHMM H rrepe,n:aq11 ,n:aHHhIX Me)K)J;y pecypcHbIMM u;eHTpaMM. 

Pa3pa6oTaHHa5I Mo,n:errb o6o6rn;aeT orrhIT KOMIIhIOTMHra Ha LHC, KOTOpbIM 

IIOKa3aJI, LJ:TO ):(JI5I BbI6opa apXHTeKrypbI pacrrpe,n:eJieHHOM CMCTeMbI o6pa60TKH M 

xpaHeHM5I HHcpOpMaIJ;MM Heo6xo,n:MMO pa3pa6oTaTb 6a30ByIO MO,n:eJib, yrrpaBJieHMe 

rrapaMeTpaMM KOTOpo:H: II03BOJI5IeT MCCJie,n:oBaTb pa3JIMLJ:Hbie apXHTeKrypbI 

CMCTeMbI, cu;eHapHH o6pa6oTKM M xpaHeHM5I ,n:aHHbIX, B 3aBMCMMOCTM OT 

MHTeHCMBHOCTM IIOTOKOB 3a,n:aq II ,n:aHHbIX M ,n:pyr11x cpaKTOpOB. 

IIrraH11pyeTC5I ,II;JIMTeJibHOe MCIIOJib30BaHMe C03.IJ:aHHOM MO)J;eJIM B rrpou;ecce 

pa3pa6oTKM TexH11qecKoro rrpoeKTa, rrocrre,n:yrorn;ero co3.n;aHM5I c11cTeMbl 

o6pa60TKM M xpaHeHM5I .n;aHHbIX II BCero )KH3HeHHOro IJ;MKJia cpyttKIJ;MOHHpOBaHM5I 

CHCTeMbI. ).:(JI5I 3TOM u:eJIM C03):(aHa 6a3a .n;aHHbIX cu;eHapHeB, MCXO)J;HbIX ,n:aHHbIX, 

pe3yJibTaTOB MO,II;eJIHpOBaHM.5!, KOTOpbie MO)KHO HCIIOJib30BaTb Ha Bcex 3Tarrax 

rrpoeKTa. 

CcpopMyrrMpoBaHhI pe3yn1>TaThI no co3,n:aHMIO 6a3oBo:H: Mo,n:errn o6pa6oTKH 

3KcrrepIIMeHTaJII>HhIX .n;aHHI>IX ycKopMTeJibHoro KOMIIJieKca HilKA: 

• n1>rna pa3pa6oTaHa HMMTaIJ;MOHHa5I Mo,n:errh; 

• BM,n:erreHhI KJIIOLJ:eBble rrapaMeTpbI ou;eHKH Mo,n:errM; 

• Co3,n:aHbI cpe,n:cTBa BH3yann3aIJ;MH pe3yrrhTaToB; 

• ilMHTaIJ;MOHHa5I MO,n:errh rrponrna OTJia,n:Ky M BepncpHKaIJ;MIO; 

• Pe3yJihTaTbI Mo,n:emrpoBaHM5I rro3BOJI5IIOT ccpopMyrr11poBaTh Tpe6oBaHM5I K 

apXHTeKzype ClICTeMbI o6pa60TKM. 

• HMeeTc5I B03MO)KHOCTh co3,n:aBaTb pa3JIMLJ:Hhie cu;eHapHH o6pa6oTKH 

HHcpopMau;nn, CTPYKTYP H rrapaMeTpoB cMcTeMbI o6pa6oTKH, ,n:rr5I Bhr6opa 

apXIITeKrypbI lI TeXHIILJ:eCKMX perneHMM B COOTBeTCTBMM c KpHTepH5IMM, 

KOTOpbIMM PYKOBO.IJ:CTByeTc.5! rrpoeKTnpoBrn;MK. 

Pe3yJihTaTbI TpeTI>e:H: rrraBhI rro,n:TBep)K,n:aIOT mpembe 3aUJuiqaeMoe 
n01w:J1CeHue: 

Ea3o6aR MooeJZb KOJvtnb10muH2a npoeKma HHKA no360JZRem 6blnOJZHUmb 
aHaJZU3 pa3JZUt.tHbZX c11eHapue6 u 6bZ6pamb Hau6o;zee :xppeKmU6Hoe peuteHue OJZR 
nocmpoemtR pacnpeOe!leHHOU cucme;vtbl o6pa6omKu u xpaHemm uHcjJopMalfUU 
3KcnepuMeHmoe Ha KOJlJZauiJepe HHKA. 

B qeTBepToiI rJiaBe pa3pa6oTaHa HHTerpaJibHa.5! ou;eHKH 3cpcpeKTHBHOCTH 

rpH,n:-caMTOB B COCTaBe pacnpe,n:erreHHOM HHcppacTpyKTYPbI. 0TMeTHM, LJ:TO 

o6rn;errpHH5ITOM ou;eHKH 3cpcpeKTHBHOCTM rpH,n:-caMTOB Ha ,n:aHHOM MOMeHT He 

cyrn;ecTByeT. 

1IHTerpaJibHa5I ou;eHKa pa3pa6aTbIBanacb Ha rrpnMepe rrpoeKTa WLCG. 3ToT 

npoeKT HMeeT Ha116onee pa3BHTYIO HHcppaCTPYKTYPY c 60JibllIMM KOJIHLJ:eCTBOM 

pecypcHbIX u;eHTpOB pa3HOro ypoBH5I, a TaK)Ke cpe,n:CTBa MOHMTOpHHra M y-qeTa 

pecypcoB, cepBHCOB 11 norrh30BaTerre:H: mrpzyarrhHbIX opraHH3au;11:H:. B HaCT05IIIl;HM 
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MOMeHT Ka)K)l:bIM MeC5IU: B npoeKTe WLCG ny6rr11KyeTC5I 11ncpopMau:m1 o 
.II:OCTJTIHOCTWHa.n:e)KHOCTH rp11.n:-caMTOB B npou:eHTax, qTo 5IBJI5IeTC5I Ba:JKHbIM 
TIOKa3aTeJieM <l>YHKU:HOHHpOBaHmi: pecypcHbIX u:eHTpOB. 

3n1 TIOKa3aTeJIH BblqHCJI5IeTC5I no pe3yJibTaTaM nep110,z:i:11qecKHX TeCTOB H 
crre.n:yiorn:ttM cpopMyrraM: 

,[(oCTJTIHOCTb = Tp I (To - TcH) 
Ha.n:e)KHOCTb = Tp I (To - T3n - Ten), 
r.n:e Tp - BpeM5I pa6oTbI, To - o6rn:ee BpeM5I, TcH - speM5I, B Teqenue 

KOTOporo CTazyc 6bIJI HeH3BeCTeH, T3IT - BpeM5I 3anrraHHpOBaHHOro rrpocT05I. 
BpeM5I pa6oTbI (Tp) orrpe,n:eJI5IeTC5I crre.n:yrorn:HM o6pmoM: Ka)K.IJ:bIM qac Ha 

rpu.n:-caMT aBTOMaTHqecKH 3arrycKaIOTC5I TeCTbI, qT06bI rrpoBepHTb 
pa60Tocrroco6HocTb Bcex cepBHCOB. Ecrr11 xoT5I 6bI o,n:HH TecT 3aBepIIIHJIC5I 
Hey,z:i:aqHo, cq11TaeTC5I, qTo rp11.n:-caH:T 3TOT qac 6brn nepa6oTocrroco6eH (Ti=O). 
EcrrH see TeCTbI BhIIIOJIHHJIHCb ycrreIIIHO, TO rpu.n:-caH:T 3TOT qac 6brn 
pa6oTocnoco6eH (Ti=l). Tp onpe.n:err5IeTC5I KaK CYMMa Ti 3a rrepuo.n: To. Ha p11c. 4 
npHBe,n:eHa cpe,z:i:H5I5I Ha.n:e)KHOCTh ITO ro.n:aM c 2009 ITO 2011 rpu.n:-caH:Ta OIUIH H 
pocculicKHX rpH,n:-caMTOB P,[(Hf. 

% 

75 +·-··········································································r·--···-········································-,·····················-················• 

2010 2011 

95,9 97,8 97.A 

84 92,7 85 

PIIc 4. IloKa3aTeJIII Ha,n:e)l(HOCTII poccIIHCKIIX rpII,n:-cail:ToB P,Il}If II OIUIII c 2009 no 2011. 

Ba)l(Ha5I HHcpopMau:m1 .II:JI5I ou:eHKH pa60TbI rptt.n:-caMTOB cocpe.n:oToqeHa na 
rropTarre cTaTHCTHqecKoro yqeTa pa6oThI rptt.n:-caMTOB (EGI Accounting Portal; 
http://accounting.egi.eu/egi.php ): 

- KOJIHqeCTBO BhIIIOJIHCHHbIX 3a,n:aq; 
- KOJmqecTBO qacoB, BhI.II:aHHbIX ITOJih30BaTeJI5IM, B pa3JmqHhIX e,z:i:HHHU:aX 

H3MepeHH5I (rrpou:eccopnoe BpeM5I, acTpOHOMHqecKoe speM5I, 
HOpMaJIH30BaHHOe BpeM5I B e,z:i:HHHU:ax HEPSpec06); 
cpe,z:i:H5I5I 3cpcpeKTHBHOCTb HCIIOJih30BaHmI ITpou:eccopoB ( OTHOIIIeHHe 
npou:eccopnoro BpeMeHH K acTpOHOMWieCKOMY BpeMeHH). 
frraBHbie ITOKa3aTem1 pa6oTbI rpH.n:-caMTOB, ITpHH5ITbie B ITpoeKTe WLCG, 

crre.n:yIOrn:ue: 
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- Ha,Ue:JKHOCTb rpn.u-caMTOB B npou;eHTax, 

- KOJIHt.IeCTBO HOpMaJIH30BaHHbIX t.IaCOB rrpou;eccopHoro BpeMeHH B e,UHHHQax 

HEPSpec06, BbI.UaHHhIX rrorrb30BaTeJI5IM BHpryarrhHbIX opraHH3aQHM. 

Ka:JK,UbIM II3 3THX IIOKa3aTerre:H: Ot.IeHb Ba:JKeH, HO Bcer.ua B03HHKaeT BOIIpoc, 

KaKOM H3 rpH.u-ca:H:TOB 6orree 3<}l<}leKTHBeH, a .UJI5I 3TOro HY:JKHO HMeTb 

HHTerpHpOBaHHYIO ou;eHKY 3cp<}leKTIIBHOCTH rpH.n;-caMTOB. 

ABTopoM .unccepTaQIIH npe.urro:JKeH 6a30BbIM BapHaHT HHTerpHpoBaHHOM 

ou;eHKH 3cpcpeKTHBHOCTII rpn.u-ca:H:ToB HHcppacTpYKTYPhI WLCG, B KOTOpyIO 

BXO.U5IT OCHOBHbie ll o6ru;e.uocryrrHbie IIOKa3aTeJIH. 

Ea3oBa5I ou;eHKa 3cp<}leKTIIBHOCTH (E03) rpH.n;-ca:H:Tos: 

E03 = KH* C3II*IIB/K5I*(IIB/OIIB) 

KH - K03<}lcpHu;neHT Ha,Ue:JKHOCTH 3a YKa3aHHbIM rrepHO.IJ: BpeMeHH, 

C3II - cpe,n:H5I5I 3cpcpeKTHBHOCTb HCIIOJib30BaHH5I rrpou;eccopoB, KaK 

OTHOIIIeHHe rrpou;eccopHoro BpeMeHH K acTpOHOMHt.IeCKOMY BpeMeHH, 

IIB - KOJIHt.IeCTBO HOpMaJIH30BaHHhIX t.IacoB rrpou;eccopHoro BpeMeHH, 

BbI.IJ:aHHhIX rrorrh30BaTeJI5IM BHpryarrbHbIX opraHH3au;HH: LHC (WLCG) Ha rpH,n:

ca:H:Te 3a YKa3aHHhIM nepHo,n:, 

OIIB - KOJIHt.IeCTBO HOpMarrH30BaHHbIX t.IacoB rrpou;eccopHoro BpeMeHH, 
i ~ ~ 

BbI.IJ;aHHbIX IIOJib30BaTeJI5IM BCex BHpryarrbHbIX opraHH3aQHH Ha rpH,n:-caHTe 3a 

YKa3aHHbIM rrepHo,n:, 

K5I - KOJIHt.IeCTBO Bbll.JHCJIIITeJibHbIX 51,n:ep, BX0,[(5IIQHX B COCTaB rpH,n:-ca:H:Ta. 

HarrprrMep, ,n:rr.H rpH.u-ca:H:Ta OI15IH 3a HIOJib-aBrycT 6brno BbI.IJ:aHo 

rrorrb30BaTeJI5IM 30,371,000 t.IacoB B HEPSpec06 (H3 HHX IIOJib30BaTeJI5IM LHC -

30,046,224 ). 

Ha,n:e:JKHOCTb 3a 3TOT rrep:rm.n: cocTaBHrra 100%, II03TOMY KH=l. 

C3II=0.894. 

K5I - 2582 (KOJIHt.IeCTBO rrpou;eccopHbIX 51,n:ep). 

TaKHM o6pa30M, 6a3oBa5I ou;eHKa 3cpcpeKTHBHOCTH rpH,n:-ca:H:Ta OH5IH 3a 

HIOJib-aBrycT 2012 ro.n:a cocTaBmreT 10.52. 

Ehrn rrpoBe,n:eH aHaJIH3 HaH6orree rrpoH3BO.UHTeJibHbIX rpH,n:-ca:H:TOB ypoBH5I 

Tier2 IIHcppaCTPYKTYPhI WLCG, T.e. Tex u;eHTpoB, KOTOpbie 3a 3TOT rrepHo,n: 

rrpe.uocTaBHJIH rrorrh30BaTerr5IM BHpryarrbHbIX opraHH3aQHM LHC Han6orrhIIIee 

KOJIHt.IecTBO qacoB rrpou;eccopHoro BpeMeHH B e,UHHHu;ax HEPSpec06. 

IIorrYt.JeHHbie pe3yrrhTaTbI rrpe,n:craBrreHbI B Ta6rrHu;e 1. 
Ta6mm:a 1. 

Ea30B1re ou:eHKH 3cpcpeKTHBHOCTH rpn.n:-caiiToB ypoBH5I Tier2 HHcppacTpYKTYP:hI WLCG. 

fpn.n:-caiiT IIB OIIB K5I C3II KH E03 
MWT2 (ClllA) 59312824 59312824 4504 .881 0.995 11.54 
GRIF (cDpaHU:H5I) 58766864 65639928 6289 .829 1.0 8.65 
DESY-HH (cDPf) 46775568 61261172 6355 .908 0.99 8.67 
WT2 (ClllA) 45210192 45210192 7292 .883 0.985 5.39 
IN2P3-CC-T2 37374520 37375044 3244 .822 0.99 9.38 
(cDpaHU:H5I) 
AGLT2 (ClllA) 33825440 33825440 4452 .822 0.975 6.09 
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INFN-LNL-2 30830072 30965604 2416 .833 1.0 10.68 
(Iframur) 
JINR-LCG2 30046224 30371000 2582 .894 1.0 10.52 
CYFRONET 28059368 29248312 10656 .895 0.975 2.40 
(Ilorrhnrn) 
UKI-LT2-IC-HEP 27701236 30477856 3084 .86 0.995 8.46 
(Bemmo6pIITaHIUI) 
UFlorida (C11IA) 23980912 23980912 2496 .877 1.0 8.43 
SiGNET 22969032 23033152 4416 .915 0.985 4.70 
(CrroBemrn:) 
INFN-BARI 22524940 23726584 4626 .758 0.84 3.27 
(lfrarrmi:) 
praguelcg2 22390428 23462516 3860 .757 0.925 4.26 
(1Iexmr) 
UKI- 21032132 22906928 2872 .899 0.955 6.85 
SOUTH GRID-
RALPP 
(BerrIIKo6pIITaHII5I) 
UKI- 19890948 23624760 2592 .89 0.9 7.30 
NORTHGRID-
MAN-HEP(B) 
TOKYO-LCG2 17981292 17981372 3712 .88 0.99 4.22 
(5IrroHII5I) 
UKI-LT2-QMUL 16764776 16929052 3496 .844 0.965 3.94 
(BerrIIK06pIITaHII5I) 
UKI-SCOTGRID- 15913660 16076612 3880 .838 0.95 3.30 
GLASGOW 
(BerrIIKo6pIITaHII5I) 
SFU-LCG2 15661156 15661212 4448 .907 0.99 3.16 
(KaHa.na) 

Hcxo,[(5! H3 6a3oBoH: o:u:eHKM 3cpcpeKTHBHOCTH, MO)KHO c,L(enaTh BbIBO,L(, qTo 

rptt,L(-caH:T OH5IH HMeeT BhICOKMH rroKa3aTeJib H BXO,L(HT B qttcno MHpOBhIX 

JIH,L(epoB no 3cpcpeKTHBHOCTH. 3Ta Ol(CHKa Morna 6bITh ern;e BhIIIIe, eCJIH 

yrIHThIBaTh TOT cpaKT, qTo qacTh rrpo:u:eccopHhIX pecypcoB HCIIOJ1h3YCTC5I Ha 

perneHHe 3a,L(a"tl JIOKaJihHbIX IIOJ1h30BaTene:H, B TOM 1Il1CJie rrapanneJihHhIX 

IIpHJIO)KCHHH. 

IIpe,L(JIO)KeHHa51 o:u:eHKa yqIIThrnaeT ocHOBHbie noKa3aTentt 3cpcpeKTIIBHOCTII 

rpH,L(-CaHTOB, HO cyrn;eCTBYIOT MHOro IIOKa3aTerre:H, KOTOphie TaK)Ke OKa3hIBaIOT 

BJIH51HIIe Ha 3cpcpeKTIIBHOCTh. 

HarrpttMep, HMeeT CMhICJI BBecnI K03cpcpIIQIIeHT CJIO)KHOCTII rpII,L(-caH:Ta, 

KOTOpbIH 3aBIICIIT OT KOJIIIqecTBa 51,L(ep, KOJIIIqecTBa IIO,L(,L(Cp)KIIBaeMhIX 

BHpTyanhHhIX opraHII3al(IIH, KOJiffl:IeCTBa 3a,L(aq II T.,L(. 

qeM 60JihIIIe 51,L(ep, TeM CJIO)KHee o6ecnet.JIITb IIX 3cpcpeKTIIBHYIO 3arpy3Ky. 

qeM 60JibIIIe 3a,L(aq, TeM 60Jibllie HaKJia,L(HhlX paCXO,L(OB Ha IIX IIO,L(,L(ep)KKy. 

qeM 60JihIIIee pa3H006pa3IIe KJiaCCOB 3a,L(a"tl II IIO,L(,L(ep)KIIBaeMhIX 

BHpTyaJibHhIX opraHII3aI(lIH, TCM HIDKe 3cpcpeKTIIBHOCTh. 
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3TOT K03cpcp:m.JJieHT CJIO)KHOCTII 5IBJI51eTC5I cp)'HKIJ;IIeiI HeCKOJibKIIX 

ITepeMeHHbIX. 

KpoMe CHCTeMbI BbPIIICJieHIIM B Ka)K,n:OM pecypcHOM u;eHTpe eCTb CIICTeMa 

xpaHeHII51, KOTOpa5I TO)Ke BJIH5IeT Ha o6:w:yro 3cpcpeKTIIBHOCTb rpII,n:-call:Ta. ,I(JI5I 

ou;eHKII 3cpcpeKTIIBHOCTII CIICTeMbI xpaHeHII5I (3CX) ITpe,n:JIO)KeHO )"IIITbIBaTb 

cne,n:yro:w;IIe ITOKa3aTenn: 

3CX = HCX+CTI<D 

HCX - Harpy3Ka Ha cttcTeMy xpaHeHII5I ( cpe,n:Hee Konw1ecTBO o6MeHOB B 

e,n:IIHIIU:Y BpeMeHII) 

CII<D - cpe,n:Hee KOJIH11ecTBO ITepe,n:aHHnIX c/Ha rpII,n:-caiIT cpall:noB IIJIII 

,n:aHHbIX B e,n:IIHIIU:Y BpeMeHII ( cpe,n:HIIM TeMIT ITepe,n:aqII ,n:aHHbIX). 

B HaCT05I:W:IIM MOMeHT B ITOJIHOM Mepe IIHcpopMaIJ;II5I 0 ITapaMeTpax II 

Harpy3Ke Ha CIICTeMy xpaHeHII51 rpII,n:-caMTOB ITOKa He ITy6JIIIKyeTC5I, KpOMe 

IIHcpopMaU:IIII o ITepe,n:aq11 cpall:noB c/Ha rpII,n:-caiIT. B HacTo5I:w;ee BpeM5I Be,n:eTc5I 

pa6oTa ITO ITpOeKTy, B KOTOpOM He,n:ocTaro:w;a5I IIHcpopMaIJ;II5I 0 Harpy3Ke Ha 

cIIcTeMy xpaHeHH5I H ITepe,n:a11II ,n:aHHbIX 6y,n:eT ITy6nIIKOBaTbC5I. KaK TOJinKO 

IIHcpOpMaIJ;II51 HaqHeT ITy6JIHKOBaTbC51, TO B cpopMyJie 3cpcpeKTIIBHOCTII rpII,n:-caiITa 

6y.n:yr yqTeHbI ITOKa3aTeJIII 3cpcpeKTIIBHOCTII CIICTeMbI xpaHeHII5I. 

AHaJIII3 IIHTerpIIpoBaHHOM ou;eHKII 3cpcpeKTIIBHOCTII pa6oTbI pecypcHoro 

u;eHTpa 3a pa3JIIILJ:Hbie ITepIIO.[(bI (a TaK)Ke cpaBHeHIIe c aHaJIOfIIqHbIMII ou;eHKaMII 

.[(JI5I .n:pyrIIX rpII.n:-caiITOB) .n:aeT B03MO)KHOCTb BbI,[(eJIHTb ITOKa3aTemf, ITO KOTOpnIM 

MO)KHO OITpe.n:emITb ITPHLJ:IIHbl He3cpcpeKTIIBHOM pa60TbI rpII.n:-caiITa. 

Pe3yJihTaTbI 3TOM rnaBbI ITO.D:TBep)K.D:aIOT lfemBepmoe 3aUfUUfaeJVLoe 
noJZo:J1Ce7-tue: 

Pa3pa6omaHHaR zmme2pupoBaHHaR 04eJ1Ka :x/xjJeKmUBHocmu 
pyHK'lfUOHupoBaHuR pecypcH020 4eHmpa B cocmaBe 2Jlo6aJZbHou 2puo-
uHppacmpyKmypbz no3BOJZRem noebzcumb o6oeKmueHocmb npuHflmuR peUteHuu no 
ycmpa7-teHu10 HeoocmamKOB e pa6ome pecypcH020 Lf eHmpa u ezo pa3Bumu10. 

B IIHToii: rJiaBe pa3pa6oTaHnI apxIITeKrypHbie ITpIIHU:IIITbI, MeTO.IJ:bI II 

cpe.[(CTBa .D:JI5I peaJIII3aU:IIII MOHIITOpIIHra pacITpe.n:eneHHbIX BbILJ:IICJIHTeJibHbIX 

CIICTeM. 

Knro11eBbIM 3JieMeHTOM B o6ecITeLJ:eHHII 6ecITepe6oll:HoiI II Ha,n:e)KHOM 

pa60Thl rno6aJibHbIX CIICTeM pacnpe.n:eneHHhIX BbILJ:IICJieHIIM II BX0.[(5I:W:IIX B IIX 

COCTaB pecypCHbIX u;eHTpOB 5.lBJI51IOTC5I KaLJ:eCTBeHHbie CIICTeMbI MOHHTOpIIHra, 

CBOeBpeMeHHO OITOBeru:aro:w;He 0 c605IX, IT03BOJI5IIOIIJ;IIe ITpOBO.D:IITb KOMITJieKCHhIM 

aHaJIII3 pa60ThI CIICTeMbI, .n:aro:w:IIe no.n:po6Hyro KapTIIHY cpyHKU:IIOHIIpOBaHII5I II 

ITpOII3BO.[(IITeJibHOCTII OT,n:eJibHbIX 3JieMeHTOB - o6oeKTOB MOHIITOpIIHra. 

MoHIITopirnr ITpe.n:ocTaBJI5IeT KaK o6:w:yro IIHcpopMaU:IIIO o 

cpyHKU:HOHIIpOBaHIIII HHcppacTpyKTYPbI, CIICTeM, cepBIICOB, ITOJib30BaTenell:, TaK H 

IIHcpopMaIJ;IIIO 06 onrn6Kax, HeCTaH.n:apTHbIX CIIryau;II5IX II «Y3KIIX MeCTaX». 

0cHOBHa5I u;eJib MOHIITOpIIHra 3aKJIIOLJ:aeTC5I B CJie)KeHIIII 3a COCT05IHHeM II 

pa6oTOCITOC06HOCThIO CIICTeMbl B u;eJIOM II Bcex ee 3JieMeHTOB B peaJibHOM 

BpeMeHII, a TaK)Ke HaKOITJieHHe H ITpe.[(CTaBJieHHe CTaTHCTHqeCKHX .[(aHHhIX .[(JI5I 

aHaJIH3a tPYHKU:HOHHpOBaHH5I CHCTeMbI. 
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Hap5I.z:t:Y c IIOH5ITI:IeM «MOHMTOpMHr>> IIOBCeMeCTHO I:ICIIOJih3yeTC5I TepMI:IH 

«aKKayHTMHr» (Accounting), T.e. CTaTIICTiflieCKI:IH yqeT MCI10Jih30BaHI:I5I pecypcoB. 

OcHOBHOH u:enhIO yqeTa pecypcoB B pacrrpe,n:eneHHhIX BhPUICJIMTeJihHhIX CI:ICTeMax 

5IBJI5IeTC5I OTCJie)KMBaHI:Ie If c6op CTaTMCTMKM MCITOJib30BaHM5I pecypcoB, TaKMX KaK 

.IJ:MCKOBa5I rraM5ITh M rrpou:eccopHoe BpeM5I, a TaK)Ke ,n:aHHbIX 0 KOJiffl:IeCTBe 3a,z:i:aq, 

BhIITOJIHeHHhIX Ha 3TI:IX pecypcax OT,n:eJibHhIMI:I ITOJih30BaTeJI5IMI:I If u:enhIMM 

BI:IpTyaJibHhIMM opraHI:I3aU:M5IMI:I. 

CI:IcTeMa MOHI:ITopI:IHra ,n:om1rna 6oITh Macnna6I:IpyeMOH, pacmHp5IeMott, 

rrepeHOCHMOH, .IJ:OCTYIJHOH, He3aBMCHMOH OT MO,n:eJIM .IJ:OCTaBKM ,n:aHHhIX, MMeTb 

pa3BI:ITYIO KJII:IeHTCKYIO qacTb H o6ecrreqMBaTb aHaJIH3 co6paHHOH I:IHcpopMaU:I:II:I. 

I1cxo,n:5I H3 3THX Tpe6oBaHMH, pa3pa6oTaHa apx1neKrypa M OCHOBHbie COCTaBHble 

qacTM CHCTeMbl MOHI:ITOpMHra (pnc.5): 

• IIo.IJ:CMCTeMa c6opa ,IJ:aHHhIX - ocyru;ecTBJI5IeT c 3a,IJ:aHHOH peryn5IpHOCThIO 

orrpoc 061:,eKTOB, IIO,IJ:Jie)KaIIJ;HX MOHMTOpI:IHry, ,IJ:JI5I rronyqeHI:I5I 

I:ICCJie,n:yeMhIX 3Ha1IeHMH napaMeTpoB cI:IcTeMhI. Mo)KeT TaK)Ke BKJII01IaTh B 

ce65I aHaJIM3 nonyqeHHhIX ,n:aHHbIX c u:eJihIO pearI:IpOBaHM5I Ha KpI:ITM1IeCKI:Ie 

CMryaU:HM. 

• IIo,IJ:CI:ICTeMa OIIOBern;eHM5I - OTBe11aeT 3a yBe,IJ:OMJieHI:Ie JII:IU:, OTBeTCTBeHHhIX 

3a cpyttKU:MOHI:IpOBamrn nposep5IeMbIX o6oeKTOB 0 HemTaTHhIX CMryau:m1x If 

HHhIX 3Ha1II:IMhIX co6bITI:I5IX, B03HMKaIOIIJ;I:IX B CMCTeMe. 

• IIo,IJ:cI:IcTeMa xpaHeHI:I5I OTBeqaeT 3a HaKorrneHMe, xpaHeHI:Ie, 

apxMBI:IpoBaHI:Ie ,n:aHHhIX o pe3yJII>TaTax rrpoBepoK. Mo)KeT BKJII01IaTh B 

ce65I, HarrpI:IMep, KOMIIOHeHTbl .IJ:J15I pa60ThI c 6a30H ,n:aHHhIX (E,lJ), 
nporpaMMHbie cpe,n:CTBa .IJ:JI5I ycpe,n:HeHM5I 3HaqeHHH 3a HeKOTOpbIH 0Tpe30K 

BpeMeHI:I .IJ:JI5I YMeHI>meHH5I o6'beMa xpaHI:IMOH MHc}:>opMaU:MH M T.rr. 

• IIo,IJ:CMcTeMa aHaJIM3a ,n:aHHbIX - BKJIJOqaeT KOMITOHeHTbI, rrpoM3BO.IJ:5IIIJ;He 

MCCJie,IJ:OBaHI:I5I ,n:aHHhIX, rronyqaeMbIX CI:ICTeMOH, IIOHCK 3aKOHOMepHOCTeH, 

c6op cTaTMCTHKI:I II TOMY no,n:o6HI>Ie orrepau:nn. 

• IIo,IJ:cI:IcTeMa Bhrno,n:a - OTBeqaeT 3a rrpe,n:cTaBneHI:Ie HHcpopMau:m1 o pa6oTe 

CMCTeMbI H pe3yJioTaTOB npoBepoK B BM,IJ:e, y,n:o6HOM ,n:mI BOCI1pM5ITH5I 

rroJih30BaTeJieM. 

• IIo,IJ:cMcTeMa KoppeKU:MH B TOM cnyqae, ecnM npe,n:ycMoTpeHa 

B03MO)KHOCTb BbIITOJIHeHM5I CMCTeMOH HeKOTOpbIX ,n:eHCTBHH .IJ:JI5I 

ycTpaHeHM5I B03HI:IKIIIMX HeIIITaTHhIX CMryaU:HH, ,n:aHHa5I ITO,llCHCTeMa 6y,IJ:eT 

BKJII01IaTb KOMIIOHeHThI wrn BhI6opa M ocyru;eCTBJieHM5I IIO.D:XO,ll5IIIJ;MX 

,n:eiiCTBMH B COOTBeTCTBMM c TMITOM rrpo6JieMbI M ,n:pyrMMM rrapaMeTpaMH. 

Cc}:>opMynMpoBaHHhie Tpe6osamrn M npe,n:Jio)KeHHa5I CTPYKTYPa CHCTeMhI 

MOHMTOpMHra pacrrpe,z:i:eneHHbIX BhI1IMCJIHTeJihHblX CMCTeM MMeIOT YflMBepcaJihHhIH 

xapaKTep H MOfYT 6hITh rrpHMeHMMhI K pa3JIH1IHhIM apXHTeKTypaM (KJiaCTepbI, 

cyrrepKOMIThIOTepbl, rpH.z:t:-HHc}:>pacTpYKTYPbI, o6Jia1IHbie BbI1IHCJieHH5I H T.,n.). 
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CHCT8Ma MOHHTO PMH ra 

P11c 5. CTpyi<Typa CHCTeMhl MOHHTOpHHra 

•' 1, 

naJlb30· 

llO!TeJl~ 

Pacrrpe.n;eneHHhie BbI'l!HCJIIITeJibHhie cncTeMhI - o'l!eHh CJIO)KHbIM o6oeKT, 

KOTOpbIM COCTOIIT H3 6om~rnoro 1:IIICJia KOMITOHeHT, pa3.IJ;eJieHHbIX Ha HeCKOJibKO 

ypoBHeli. HarrpttMep, ecnII paccMaTpIIBaTb rno6aJibHYJO rpII.IJ:-IIHcppacTpJKTypy, 

ocym;ecTBJ151IOIIJ;YJO CKOOp.IJ;IIHIIpOBaHHOe B3aHMO.IJ;eMCTBIIe MHO)KeCTBa 

reorpaqmqecKH pacrrpe.n;erreHHhIX rptt.n;-caliToB (pecypcHbIX ueHTpos), To MbI 

MO)KeM BbI.IJ;eJIIITb HeCKOJlbKO ypoBHeM MOHHTOpIIHra: 

rno6aJibHbIH MOHIITOpHHr c OTo6pa)KeHIIeM COCT051HHM cepBIICOB, 

B3aIIMO.IJ;eMCTBH51 pecypcHbIX ueHTpOB H aKTIIBHOCTII I10Jlb30BaTeJieM B 

peaJibHOM Macrnra6e BpeMeHII; 

MOHHTOpHHr BIIpryaJihHOH opraHH3aQHII KaK .IJ;IIHaMH'l!HOro o6oe)J;HHeHII51 

IIOJib30BaTeJieM, pecypcoB II cepBHCOB: KOHTpOJib H HHcpopMaQH51 0 3a.IJ;aHH51X 

rroJib30BaTeneli, HX pacrrpe.n;eneHHII Me)K.n;y rptt.n;-caliraMII, o 

B3aHMOOTHOIIIeHH51X OTIIpaBHTeJieM H IICIIOJIHHTerreli, 0 pacrrpe.n:eneHIIII H 

IICI10Jib30BaHHH CHCTeM xpaHeHH51 .n;aHHbIX, a TaK)Ke CJie)KeHHe H KOHTpOJib 

rrepe.n:aqn HHcpopMaUIIII Me)K.n:y rptt.n;-caliTaMII H T . .n;.; 

JIOKaJibHbIH MOHIITOpIIHr c OTo6pa)KeHIIeM COCT051HHM HHcppaCTPYKTYPhI, 

pecypcos, cepBIICOB, IIOJih30BaTeneii Ka)K.IJ:oro rptt.n:-caliTa (HJIII pecypcHoro 

ueHTpa), BXO.IJ;51rn;ero B rpII.IJ;-IIHcppacTpYK'fYPY· 

B rno6aJibHOM pacrrpe.n;eJieHHOM CHCTeMe MO)KHO BbI.[(eJIHTb cne.n;yrorn;He 

ypoBHII MOHHTOpHHra: 

CHCTeMa MOHHTOpHHra pecypcHbIX ueHTpOB, IIJIII rpII.[(-CaMTOB; 

CIICTeMa MOHHTOpHHra rno6aJibHbIX rpn.n;-cepBHCOB; 

CHCTeMa MOHHTOpIIHra BIIpTyaJibHbIX opraHII3aQHM, rrpHJIO)KeHIIM H 

IIOJib30BaTeJieM ( c B03MO)KHOCTbIO MOHHTOpIIHra BbIIIOJIHeHH51 3a.[(a'l!). 

Ea30BbIM 3JieMeHTOM rpII)J;-IIHcppacTpyKTyphr 51BJI51eTC51 rptt.n;-caliT, IIJIII 

pecypCHbIM ueHTp, KOTOpbIM rrpe.n;cTaBJI51eT co6oli CJIO)l(HbIM rrporpaMMHO

arrrrapaTHbIM KOMIIJieKC, II03TOMY CIICTeMa MOHIITOpHHra pecypcHoro ueHTpa 

IIMeeT HeCKOJibKO ypOBHeli: 

• AnrrapaTHbIH, KOTOphIM BbIIIOJIH51eT MOHIITOpIIHr HHcppacTpyr<TypHbIX 

IIH)KeHepHhIX cttcTeM ( cttcTeMa o6ecrreL£emrn 6ecrrepe6oi1Horo IIIITaHH51, 
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CHCTeMa KJIHMaT - KOHTpomI H ,[(pyr11e ), arrrrapaTHOro KOMIIJieKca ( cepBepbI, 

Bbll:JHCJIHTeJibHbie Y3Jibl, CHCTeMbl xpaHeHmI IIHcpOpMaIJ;HH, ceTeBoe 

06opy,[(0BaH11e 11 T.,[(.). 

• CeTeBOH ypoBeHb BbIIIOJIH5leT MOHHTOpHHr pa60Tbl KOMIIbIOTepHOH cenI 

pecypcHoro u;eHTpa, ocyrn:ecTBJI5IeT rrocT05IHHOe Ha6JIIO,[(eHHe 3a ceTbIO, 

ceTeBDIM.II 3JieMeHTaMII, IIOpTaM.II B IIO.IICKax c6oeB, HapymeHIIH pa60TbI 

HJIH rreperpy3KH ceT.II HJIII OT,[(eJibHbIX ee 3JieMeHTOB ,[(JI5I orrepaT.IIBHOro HX 

ycTpaHeHII5I. 

• CepBHCHbIH yposeHb BbIITOJIH5IeT MOH.IITop.IIHr .IICIIOJib30BaHH5I pecypcoB 

rpII,[(-CaHTa (KOJiffLJ:eCTBO aKTHBHbIX 3a,[(al:J, ,[(JIHHa oi:iepe,[(H 3a,[(al:J, 

BbI,[(eJieHHbie H HCIIOJib30BaHHbie ,[(HCKOBbie pecypCbI, KOJIHi:ieCTBO o6MeHOB 

c ,[(HCKaMII, 3arpy3Ka rrpou;eccopoB H ,[(pyrIIe IIOKa3aTeJIH), MOHHTOpHHr II 

y-qeT IIOJib30BaTeJieH, BIIpTyaJibHbIX opraHH3aJ:J;HH, cepBHCOB H rrpHJIO)KeHHH. 

Bee 3TH ypoBHH MOHHTop11Hra ,[(OJI)KHbI <PYHKQHOHIIposaTb Ha 06:rn;11x 

rrpHHIJ;HIIax, HCIIOJib30BaTb e,[(HHYIO IIJiaTcpOpMy, e,[(HHbIH perr03HTOpIIH ,[(JI5I 

orrepaTHBHOro II 3cpcpeKTIIBHOro KOHTpOJI5I pa60TOCIIOC06HOCTH pecypcHoro 

u;eHTpa, orrepaTHBHO pearHpOBaTb Ha BbI5IBJieHHbie rrpo6JieMbl. 

ABTopoM ,[(HccepTaUIIM pa3pa6oTaHbI MeTO,[(HKa 11 cpe,[(CTBa ,[(JI5I 

rrpoeKTHpOBaHmI MHOroypoBHeBOH CHCTeMbI MOHHTOpHHra, y,[(OBJieTBOp5IIOlll;eH 

rrepei:i11cJieHHbIM BbIIIIe Tpe6oBaHH5IM. 

Eonbmoe 3Hai:ieHHe .IIMeeT pa3pa6oTKa cooTBeTCTByro:rn;11x MeTO,[(OB 

o6Hap~eHH5I II JIOKaJIH3aIJ;HII c6oes OT,[(eJibHbIX cepBIICOB, KOMIIOHeHTOB II 

,[(pyr11x o6neKTOB pacnpe,[(eJieHHOH CHCTeMbI, a TaK)Ke BbI5IBJieHH5I B3aHMOCB513eH 

Me)K,[(y 'B03HHKaIO:rn;HMH rrpo6JieMaMII ,[(JI5I HX rrporH03HpOBaHH5I H CKOpe:Hmero 

ycTpaHeHH5I. 

B 3TOH rnase ,[(HccepTaIJ;IIII aBTopoM c11cTeMaT11311poBaHbI cy:rn:ecTByro:rn;11e 11 

o6ocHOBaHbI MeTO,[(bI H MexaHH3MbI c6opa ,[(aHHbIX 06 o6neKTax MOHHTOpHHra, 

crroco6bI opraHII3aIJ;HH xpaHeHH5I 3THX ,[(aHHbIX, anropHTMbI II MeTO,[(bI aHaJIH3a 

rrony-qeHHbIX ,[(aHHbIX ,[(JI5I rrporH03HpOBaHH5I IIOBe,[(eHH5I CHCTeMbI, a TaK)Ke 

cpe,[(CTBa BH3yaJIH3aIJ;HH pe3yJinTaTOB MOHHTOpHHra. 

Ilo,[( PYKOBO,[(CTBOM aBTopa ,[(HccepTaUHII pa3pa6oTaHbI c11cTeMbI 

MOHHTOpHHra Ha OCHOBe KOHIJ;eIIUIIH, apXHTeKTypbI, MeTO,[(OB H cpe,[(CTB, 

rrpe,[(CTaBJieHHbIX B ,[(MCcepTaIJ;.II.II: 

• Co3,[(aHa CMCTeMa MOH.IITop1rnra 11 c6opa CTaTHCTIIKII ,[(JI5I PoccHHCKoro 

rpH,[(-cerMeHTa P,I(Hr rno6aJibHOH HHcppacTpyKTyp:or WLCG. ,I(aHHa5I 

CHCTeMa OTCJie)KHBaeT COCT05IHHe rpH,[(-HHcppacTpyKTYPbI P,I(Hr no 

MHO)KeCTBY rrapaMeTpOB, a TaK)Ke II03BOJI5IeT rrony-qaTb CTaTHCTHl:JeCKYIO 

HHcpopMaIJ;HIO c 60JibIIIOH CTerreHbIO ,[(eTaJIH3aIJ;HH B HarJI5I,[(HOH cpopMe. 

• Pa3pa6oTaHa H cpyHKUIIOHHpyeT CHCTeMa JIOKaJibHOro MOHHTOpHHra rpH,[(

caHTa OII5III, KOTOpa5I 06ecrrei:i11BaeT KOppeKTHYIO H Ha,[(e)KHYIO pa6ozy 

Bbll:JHCJIHTeJibHOrO KOMIIJieKca II rrpe,[(OCTaBJI5leT aKTyaJibHYIO orrepaTHBHYIO 

HHcpOpMaIJ;MIO 0 ero pa6oTe Ha 6onee BbICOKMe ypoBHH MOHMTOpIIHra. 

,I(aHHbie, rrpe,[(OCTaBJI5ICMbie ,[(aHHOH CIICTeMOM, HMeIOT 6oJibIIIOe 3Hai:ieHHe 

KaK ,[(JI5I ceTeBbIX a,[(MHHIICTpaTOpOB, OTBeTCTBeHHbIX 3a rrpe,[(OCTaBJieHHe 
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o6opy.ri;oBaHJ:UI H KaHaJIOB, TaK H ,[t;JUI pa3pa6oTqHKOB H IIOJib30BaTeneii rpH,l:t;

cepBHCOB. 

• CymeCTBeHHbIH BKJia,[t; BHeCeH B pa3BHTHe CHCTeMbI MOHHTOpHHra ,[t;JI51 

BHpTyanbHbIX opraHH3aU:HH LHC, pa3pa6aTbIBaeMoli H rro.i:i;.i:i;ep)l(HBaeMoii B 

OT,[t;eJieHHH HHcpopMaU:HOHHbIX TeXHOJIOfHH B L(EPH (CHCTeMa Dashboard) B 

paMKax COBMeCTHOfO rrpoeKTa P<l><I>ll-L(EPH 'TpH.ri; MOHHTOpHHr ,[t;JI51 

3cpcpeKTHBHOfO cpyttKU:HOHHpoBaHH51 BHpryaJibHbIX opraHH3aU:HH". 

HarrpHMep, pa3pa6oTaHa cucTeMa BIByanH3aU:HH .i:i;1151 .[t;HHaMHqecKoro 

MOHHTOpHHra B peaJibHOM BpeMeHH cpyttKU:HOHHpoBaHH51 rpH,l:t;

HHcppacTpyr<TypbI Ha rrnaTc]?opMe Google Earth. 

• Pa3pa6oTaHa cHcTeMa MOHHTOpHHra cepBHCa FTS .i:i;n51 KOHTpon51 KaqecTBa 

rrepe.i:i;aqH cpaiinoB B rpH.ri;-cpe.i:i;e. 

• Pa3pa6oTaHa CHCTeMa MOHHTOpHHra rpH,l:t;-HHcppacTpyr<zypbI c Be6-

HHTepcpelicoM .i:i;n51 rrpoeKTa CKH <I>-fpH.ri;. 

• Co3,IJ;aHa CHCTeMa MOHHTOpimra II yqeTa pecypCOB rpH,l:t;-HHcppacTpyr<TypbI 

HaU:HOHaJibHOH HaHOTeXHOJIOfHqecKOH CeTH fpH.ri;HHC. 

• Pa3pa6oTaHa CHCTeMa CTaTHCTHqecKoro yqeTa ,IJ;J151 aHaJIH3a HCIIOJib30BaHH51 

CHCTeMbI xpaHeHH51 HHcpOpMaU:HH dCache. 

• Pa3pa6oTaHa CHCTeMa MOHHTOpHHra HOBOfO HHcppacTpyr<TypHoro ypoBH51 

Tier3-u:eHTpOB ,IJ;JI51 aHaJIH3a .ri;aHHhIX 3KcrrepHMeHTOB LHC. 

• Pa3pa6oTaHa CHCTeMa MOHHTOpHHra H yqeTa pecypcoB PoccHiicKoii rpH.ri;

ceTH (PfC). 

• Pa3pa6oTaH, B paMKax COBMeCTHoro rrpoeKTa P<l><l>H-L(EPH «fno6anhHa51 

CHCTeMa MOHHTOpHHra rrepe.i:i;aqH .ri;aHHbIX B HHcppacTpyr<Type rrpoeKTa 

WLCG», rrpoTOTHrr yHHBepcaJibHOH cHcTeMhI MOHHToprmra, crroco6Hoii 

co6HpaTb IIO,D;po6HyIO HHcpopMaU:HIO 0 Ka)l(,[t;Oll rrepe.i:i;aqe c]?aiiJIOB, 

He3aBHCHMO OT MeTo.ri;a ocymecTBJieHH51 rrepe.i:i;aqH, cTaryca pecypcHoro 

u:eHTpa B MHOro51pycHOH HepapXHH (Tier-O,Tier-1,Tier-2,Tier-3) H 

rrpHHa,[t;Jie)l(HOCTH ,IJ;aHHhIX orrpe.i:i;eneHHOH BHpTyaJibHOH opraHH3aUHH. 

Pe3yJihTaTbI 3TOH rnaBbI rro.ri;TBep)l(.[t;aIOT n.Hmoe 3ffU/UUf aeMoe noJZoJ/CeHue: 

Pa3pa6omaHHa5l apxumeKmypa u co3oaHHa5l Ha ee OCHOBe KOMnJZeKcHa5l 
cucmeMa 2puo-M0Humopzm2a (pecypcoe, cepeucoe, 3aoall, eupmyaJZbHbZX 
op2aHu3a4uu, noJZb3oeame;zeu) noebzuta10m 3r}HpeKmuBHocmb u HaoeJ1CHocmb 
rjJyHKZ4UOHUpOBQHU5l 2puo-uHrjJpacmpyKmyp u CllJJICUm OCHOBOU 0Jl5l 
np02H03UpOBQHU5l ux pa36UmU5l. 

B 3aKJiroqeHHH ccpopMyJIHpOBaHbI OCHOBHbie BbIBO,[t;bI H pe3yJibTaTbI 

.i:i;uccepTau:im. 

Ha OCHOBe pa3pa6oTaHHOH B ,[t;HCcepTaU:HH KOHU:eIIU:HH, apxHTeKrypbI, 

cTpyKTypHoii cxeMbI HayqHo-Hccne.ri;oBaTenbcKoro BhICOKorrpoH3BO,l:t;HTeJibHoro 

BbJqHCJIHTeJibHOfO KOMIIJieKCa C03,[t;aH pecypcHhIH u:eHTp B COCTaBe rpH,l:t;

HHcppacTpyr<TyphI, HMeIO~Hll BbICOKHH MHpOBOH peHTHHf no IIOKa3aTeJI5IM 
rrpOH3BO,[t;HTeJibHOCTH H Ha,[t;e)l(HOCTH, aKTHBHO BOCTpe6oBaHHbIH IIOJib30BaTeJI5IMH 

rpH.ri;: TOJibKO 3a 8 MeC51UeB 2012 ro.i:i;a B OM5IM 6brno BbIIIOJIHeHo 6onee 5 
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MMJIJIMOHOB 3a,n;aLJ, a IIOTpe6JieH:ae rrpou;eccopHoro speMeHH rrp:a 3TOM COCTaBHJIO 
6onee 100 MHJIJIHOHOB LJacos B e,n;:aH:au;ax HEPSpec06. 

OcHOBHhie pe3yJihTaTbI, BhIBO)J;bI :a peKoMeH,n;au;:a:a, rrony-qeHHhie B 
,n;:accepTau;:a:a, MCIIOJib3YIOTC5I rrp:a peaJIH3aIJ;MM KpyrrHbIX Hau;:aoHaJibHbIX M 
Me)K.nYHapo,n;HblX rrpoeKTOB ( C03,LJ;aH:ae poCCMHCKOll Hau;:aoHaJibHOll 
HaHOTeXHOrrorw:1ecKOll rp:a,n;-ceTM, C03,LJ;aH:ae aBTOMaTM3HposaHHOll CMCTeMbI 
o6pa6oTKH ,n;aHHbIX 3Kcrrep:aMeHTOB Ha LHC ypoBH5I Tierl :a o6ecrreLieHH5I rp:a.n;
ceps:acos .n;m1 pacrrpe,n;eneHHoro aHarr:a3a 3THX ,n;aHHbIX :a .n;p.). 

CITHCOK OCHOBHhIX ITYEJIHKAIJ;HH ABTOPA no TEME 
):(HCCEPTAIJ;HH 

Pa6ombz u3 nepettHR eeoyUJuX peif eH3upyeMbZX HayttHbZX U30aHuii, 
peKoMeHooeaHHbZX BAK Pc/J OJZR ny6nuKaifUU ocHOBHbZX pe3ynbmamoB 
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