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06mas xapaKTepHCTHKa pa60Tbl 

AK'fYaJlbHOCTb TeMbl 

YqacTtte B conpeMem,rx cptt3HqecKttX' 3KcrrepttMettrnx rrpeJJ.nonaraeT aKTHB­

ttoe HCIIOilh30BaHHe nporpaMMHbIX cpeJJ.CTB H rrpttMeHeHHe pamnqHI,IX MaTe­

MaTHqecKHX MeTOJJ.OB B qJHJHqecKHX ttccneJJ,OBaHH5IX . .IJ:aHHM JJ.HCcepTau~ 

IIOCB5Imetta rrpo6neMe C03JJ.aHH51 H nccneJJ,oBaHH51 CBOHCTB HncpopMaUHOHHO 

- BI,IqttcnttTenhHOH cpeJJ,hI JJ,n5I ueneii qJH3HqecKHX 3KCrrepHMeHTOB KaK npo-

6neMHO - optteHTHponaHHOH nporpaMMHOii cpeJJ,hI H nonpocaM C03JJ.3H~ H 

HCIIOilb30BaHH51 KOMrrneKCOB rrporpaMM JJ,n5I npaKTHqecKoro npttMeHeH~ B 

cpH3nqecKHX ttccneJJ,onau~x. 

CoTpyJJ.HHKH O6oeJJ,HHeHHOro HHCTHTyr~ Mepm,IX nccne,nonaHH5IX (OH51H) 

yqacrny:roT BO MHOillX KpynHbIX Me)KJJ.yttapOJJ.HbIX qJif3HqecKHX 3KCnepHMeH­

TaX (B qacTHOCTH, n 3KcrrepttMeHTax CMS, ATLAS n ALICE Ha cTpo~eMc51 

n U:EPH (Illneiiuap~) KpynueiirneM ycKopHTene 3apIDKe11n1,rx qacrm~ Eon&­

IIIoii AJJ,po11111,1ii KonnaHJJ,ep (Large Hadron Collider, LHC)), qTo Tpe6yer 

C03JJ,aH~ HHcpopMaUHOHHO-BI,IqncnHTenl>HOH cpeJJ,bI JJ,n5I 3THX 3KCIIepHMeH­

TOB n OH51H M51 Toro, qTo6br cneunanttcTbI OH51H HMenn B03MO)KHOCTb 

IlOilHOUeHHO COTPYJJ.HHqaTI, co CBOHMH Konna6opm~H5IMH, naxo,!(51Cb JJ,nHTenb­

HOe npeM51 B OH51H. Tpe6onan~ K KOMIIbIOTttmy1 KpynttbIX cpmnqecKHX 

3KCnepttMeHTOB oqem, pa3ID1TC51 B cnny Y3KOH crreunantt3aUHH nporpaMMHOro 

o6ecneqeu~ JJ.Il5I nccneJJ,onattnii n paMKax 3TIIx 3KcnepnMeHToB, ueo6xoJJ,H­

MocTH noJJ.JJ,ep)KKH woro nporpaMMnoro o6ecneqeH~ B cpeJJ.e coorneTcrnyro­

mnx orrepaUHOHHbIX CHCTeM, a TaK)Ke BcneJJ,CTBHe pawnq~ IlOTpe6HOCTeii n 

1T.e. K np11MeHem110 nporpaMMHbIX cpel(CTB U cpel(CTB BLl'lUCJIUTeJlbHOH TeXHUKU JIJllI QeJieii qm-

311'!eCKUX. 3~cnepuMeHTOB 

·---
1 

itnici;..>r ;-.,.~di \; •• ~~:-rt I 
9q,'.idX B{;;.1::i;~;.,d 

6~5.ifvtOTEHf.\ -~ ........... 



BI,{qJICJUITeJibHbIX, .UIICKOBbIX, apXIIBHbIX II ceTeBbIX pecypcax, qTo OITpC.UeJI51-

eTC51 CITeumplIKOM pernaeMbIX Ha KOHKpeTHbIX 3KCITep1IMeHTaX 3a,uaq, 

Buq1IcJI1ITeJibH0-1IHcpopMaUJIOHHa51 HHcppacTpJKTypa OH5111 B 6on1,rnoii 

cTeITeHH op1IeHTHpoBaHa Ha IIJiaTcpopMy UNIX. 3To xoporno cornacyeTc51 c 

o6IUHMH TeHneHUH51Mll opraHH3aUHH KOMITblOTHHra )1)151 !plI3HqecKIIX 3KCITe­

pHMeIITOB BO BCeM MHpe. O.UHaKO llCITOJib30BaHHe MHO)KeCTBa OITepaUHOIIHblX 

c11cTeM UNIX-IIJianpopMbI (ConvexOS, HP-UX, SPP-UX, Solaris, Linux) 

Tpe6yeT He TOJihKO ananrnu1111 cITeu11an11311ponanHor9 ITporpaMMnoro o6ecITe­

qeuM51 !pll3HqecKIIX 3KCITepHMeHTOB, HO II yttll!pHKaUHH ITOJib30BaTeJihCKOfO 

HHTepcpeiica ITPH pa6oTe co CITe11:i1a;i11311ponaHHbIM MaTeMaT1:fqCCKHM 06ec­

ITeqe1meM BO BCeM CITeKTpe HCITOJih3yeMbIX B OH5111 OITepclUHOHHbIX CHCTeM. 

MHoroo6pa3He apXIITeKTYP KOMITbIOTepoB, BXOMIUHX B COCTaB cyITepKOMITbIO­

TepHOfO ueHTpa OH5111 (CKU OH5111), ITPHBO.UHT K ueo6xon11MocT11 uccne­

nonaHH51, KaKHM o6pa30M OITTHMH3HpoBaTb BbIIIOJIHeHHe TeX IIJIH llHbIX 3a,uaq, 
-~ • ; • ; • ' ' j .,. ' ' ' ~ " - ~ 

pernaeMblX B paMKaX cp1I3HqecKHX 3KCITepHMeHTOB. 
, ' ., ,, 

Ilo _Mepe IT051BJieHH51 B CKU OH5111 HOBhIX 3BM Heo6:,~o,u11Mo 61,mo ocBa-

1rnaTb oco6eHHOCTH pa6oTbl Ha 3TIIX KOMITbIOTepax llJl5I Toro, qT061,1 ITOJII,30-
. ,. . ·- ;. . 

BaTeJIH .UeHTpa MOfJIH pernaTb CBOH 3a,uaq11 HaJI6onee. 3<pcpeKTHBHbIM o6pa30M. 
,- ·., ·,.. 1 

TaK, JiaITpHMep, llJl5I 1Iccnen0Banm1 BeKTopHo-napaJIJieJibHoii 3BM Convex-

220 61,ma Bb16pana 3a,uaqa ITOCTpoen1151 reHepaTopa cnyqaiinux q1Icen na 6a3e 
• i • . 

KJieToqnoro aBTOMaTa. 3m 3a,uaqa HHTepecu_a KaK C ToqKlf 3peHH51 ITOilblTKH 

C03,UaHII51 renepaTopa, COOTBeTCTBYIOIUero Tpe6oBaHH51M, ITpe.In,51BJI51eMbIM K 

renepaTOpaM cnyqattHblX queen, TaK ll C TOqKH 3peHII51 peaJIH3aUHH renepa­

Topa, ITpOH3BOMIUero BeKTop cnyqaiiHblX BeJillqlfH, Ha KOMilbIOTepe BeKTOp­

HOH apXHTeKTyp1,1, 

,Qrrn IICCJie,UoBaHH51 B03MO)KHOCTeii ITapanneJIH3aUHH Ha cynepKOMITbIOTepe 

SPP-2000 61,ma n1,16pana 3a,uaqa MHHHMH3auuu qiyi1KU1Ionana np11 ITocTpoe­

HHH OITTIIMaJibHOH nepe,uaToqnoiI <pyttKUIIII )1)151 HaJI6oJiee Toquoro BOCCTaHO-
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BJICHH51 KoopnmiaTbl 3ap51)KCIIHOH qacTHUbl ITPII o6pa60TKC 3KCITepuMeHTaJib­

HblX .UaJIIlbIX C ITP0TOTJIITa TopueBoro l\f!OOHHOfO neTeKTOpa ycrnHOBKH CMS. 

CnenyeT oTMCTHTb, qTo ITpo6neMa MHHHMH3auuu qiyi1KUHOHaJIOB ITO napa­

MeTpaM ITpncyuia umpoKOMY Kpyry 3a,uaq o6pa60TKH 3KCITepHMCIITaJ!bHblX 

,UaJlllbIX, rne B03HIIKaCT Heo6xonuMOCTb nonyqeHH51 OITTHMaJibHblX OUCIIOK 

IlO,UfOHKH ITapaMeTpon. 

Eonee .UCTaJibHOe 031-IaKOMJICHHC co CITeIUiaJIH3HpOBaHHblM MaTeMaT11qe­

CKHM 06ecITe'le1111eM llJl5I 3KCITepHMCHTa CMS ITp11neno K 11ccnenonaHH51M, CB51-

3aHHhlM C ycoBepmCHCTBOBaillleM anropHTMa BOCCTaHOBJieJ!ll51 TpeK-cerMeHTOB 

B Toprienux MI001111ux KaMepax ycTaHOBKH CMS • 

TaKHM o6pa30M OCIIOBHble acneKTbl aK'l)'aJlbHOCTH paoOTbl MO)KHO OITpe­

.UeJIHTh CJIC.UYJ0il(IIM o6pa30M: 

• IIocKOJihKY OH5111 yqacrnyeT B ITpoeK!llPOBa111111, H3fOTOBJICHHH H Bnone 

B 3KCITJiyarnumo TOpUCBbIX anpoHilblX KaJIOpHMCTpOB ll ITepenueii MI0-

OHHOH crnHUHH MEI/I llJl5I ycranoBKH CMS, ITPHHHMaeT yqacTne n 

pa6oTaX ITO C03,UaHHIO npe)J)JHBHeBoro .UCTCKTOpa II ITporpaMM !pH3H­

qecKOfO aHaJIH3a 3KCITepHMCHTaJibllblX ,uaHl!bIX 3KCilCpHMCl!Ta CMS, a 

ITepe'IHCJiel!l!bIC BbIUJe pa60Tbl Tpe6yioT, B TOM qucJIC, ITpHBJIC'ICJUrn 

H HCITOJlh30BaHH51 6oJihlliOfO CITeKTpa CITeI(HaJIH3Hponammro MaTCMa­

TIIqecKoro o6ecITeqeHH51, TO )1)151 C03,UaHH51 ycJIOBHH ITOJIIIOUCIIIIOfO co­

TPY.UHH'lecrna cne)lHaJIHCTOB OH5111 n paMKax CMS 6una nocrnBJic11a 

3a,uaqa C03,UaHH51 HH!pOpMaUHOIIHO - BblqHcJIHTCJll,IIOH cpC,Ubl )lJJ51 ::>KC­

nepHMel!Ta CMS n OH5111. 

.IJ:an1,ueiimec yqacTHC CITCUHaJIHCTOB OH5111 n cTpoml(HXC5I 11a LHC 

::>KcnepuMel!Tax (ATLAS, CMS n ALICE), B oco6c1111ocTH 11a )leii­

crnyiotl(CH cpa3C ycKOpHTCJl5I H ycTall0BOK, Tpc6ycT C03)].amrn B PoCCHll 

perno11aJI1,11oro 11mpopMa11Homm- nwrncn11Tcm,11oro ne,rrpa llJI5I LHC. 

B ::>TOM K0IITCKCTC C03,UaJIHC HmpopMaIUIOJIIIO- Bb[qlfcJIHTCJil,JIOli cpe,Ubl 
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J.1/rn: 3KcnepuMeHrn CMS B OH5IH B 311aqwrem,11oii cTene1rn nocny­

)KHJio. ocHoBoii wrn: yqacTH51 OH5IH B o6mcpoccuiicKoM npoeKTe co-

3.ll.~HJrn B PocCHH pacnpeJJ.eJieHJIOfO pernoHaJibH0ro umpopMaUHOHHO-

BbJ'.:JHCJIHTeJibH0r:o ueHTpa wrn: LHC. 

• Co3JJ.aHHa5I JJ.JI51 tieiieii: cpH3HqecKHX . 3KcnepuMeHTOB m1cpopMaUHOHHO -

BhlqHcJIHTeJibHa5I cpeJJ.a Ha UBK OH5IH Tpe6oBana H3yqeHH51 ee CBOHCTB. 

B K0HTeKcTe 3Toro Ha HaqanbH0M 3Tane 3Kcnnyarnuuu 3BM Convex-

220 H SPP-2000 6b!JiH nocrnBJICHbl 3aJJ.aqu H3yqeHH51 oco6eHHOCTeii: 

pa60Tbl Ha 3THX 3BM. C T0qKlf 3pCHH51 B03MO)KHOCTeii: BCKT0pH3aUHH H 

napaJIJieJIH3aUHH Ha K0HKpeTHblX npaKTHqecKHX 3aJJ.aqax. 

• Co3JJ.aHHe HHcTpyMe11rnpu51, uuaqe roBop51, npoMe)KyroqHoro c11051 cne­

UHaJIH3HpoBaHHoro nporpaMMH0ro o6ecneqeHH51 KaK cpCJJ.CTB npo6JieMHO 

- opHeHTHp0BaHJ-IOii: nporpaMMHOH cpCJJ.bl ).l,frn: peweHH51 qJH3HqecKHX 3a­

JJ.atJ 51BJI5leTc51 Ba)l(Hoii: H aKTYaJibHoii 3aJJ.aqeii:. 

~ pa3pa6onrn nporpaMMHoro o6ecneqeHH51 B 3KcnepuMeHTaJibHOii: H 

TeopeTuqecKoii: cpH3HKe Ba)KH0 uanuque 6blcTporo u HaJJ.C)KH0ro reHepa­

Topa c.riyqaii:HbIX queen. OnbIT rrpeJJ.bUJ:}'lllHX ycHJIHii: B 3T0M nanpaBJie­

HHH. noKa3bJBaeT 6e3yc110BHoe npeuMyw.ecrno reHepaTopoB c11yqaii:11b1x 

queen, pa6orniow.ux B pe)KHMe rpynnoBoii reHepauuu. TaKHM o6pa3oM, 

6bma nocrnBJiena JaJJ.aqa· C03JJ.aliH51 ~HepaTOpa cnyqaii:Hb!X BeKTopoB 11a 

6a3e KJieToquoro aBT0MaTa KaK HeK0Toporo HHCTpJMeHTaJibH0fO cpeJJ.­

CTBa. 

• C03JJ.aHHe nporpaMMHblX npHJIO)KeHHH ).l,frn: K0HKpeTHbIX rrpaKTHtJeCKHX 

0611acTeii: 51BJI5ICTC51 HC0TbeMJIHMOH qaCTblO C03JJ.aHH5I m1cpopMaUHOHHO 

- BblqHCJIHTCJibHOH cpeJJ.bl. 

B03pacra10w.ue Tpe6oBaHH51 K BbICOKOH 3cpcpeKTHBHOCTH peK0HCTpyK­

UHH TpaeKTOpHii: 3ap51)1(eHHJ,IX qacTHU B K00pJJ.HHaTHhlX JJ.eTeKT0pax H 
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noBbllIJCHHI0 Toq110CTH B0CCTaH0BJICHH51 napaMeTp0B TpeK0B B ycJI0BH5IX 

CHJlbH0fO 3aIUJMJICHH5I JJ.aHHblX npHB0JJ.5IT K BblB0JJ.Y, 'ITO TPaJJ.HUH0H­

Hbie MeT0.ll.bl oueH0K napaMeTp0B TpCK0B (uanpHMCp, o6w.errpHH5ITblH 

MeT0JJ. HaHMeHblllHX KBaJJ.paTOB) TCp51IOT CB0H 0IITHMaJibHbie CBOHCTBa. 

Ilo3TOMY crnH0BHTC51 aKTYaJibHOii: JaJJ.atJa pa3pa6oTKH H0Boro MaTeMa­

TuqecKoro H anropHTMHqecKoro annaparn wrn: onTHMaJibHOH II0JJ.fOHKH 

napaMeTp0B TpeK0B B TTOJJ.06Hb!X ycJI0BH51X H, HaKoneu, C03,!l,aHH5I co6-

CTBeHH0 rrporpaMMH0fO npHJI0)KeHH51 ).l,frn: npaKTHqecKoro HCII0Jib30Ba­

HH51. 

QeJih pa60Thl 

B JJ.HCceprnuHH pacCMOTpCH H peIUeH p51JJ. B0npocoB, CB513aHHbIX C C03JJ.a­

HHeM H HCCJieJJ.0BaHHeM CBOHCTB HHcpopMaUHOHHO-BbltJHCJIHTeJibHOH cpeJJ.bl 

).l,frn: cpHJHqecKHX 3KcnepHMeHT0B, a TaK)Ke C peIUeHHeM K0HKpeTHbIX rrpaKTH­

qecKHX 3ll.lJ.atJ M0JJ.eJIHp0BaHH51 H o6pa60TKH ,11,aHHbIX .ll.Jl51 cpH3HtJeCKHX 3KCIIe­

pHMeHT0B: 

• C03JJ.aHHe HHcpopMaUHOHHO-BbltJHCJIHTeJibHOH cpe,!l;I,I .ll.Jl51 3KCrrepHMeHTa 

CMS JJ.JI51 o6ecrretJeHH5I B03MO)KH0CTH npoBeJJ.eHH5I B OH5IH ueo6xo­

JJ.HMbIX pa6oT no JJ.aHH0MY 3KcnepHMeHry, Tpe6yIOW.HX rrpHBJICtJeHH5I 

nporpaMMHI,IX cpe,11,cTB, Ha CTll.lJ.HH CTp0HTeJibCTBa JJ.IDIHOH ycTaH0BKH 

H KaK 0CH0BI,I wrn: yqacTH51 0115.[H B opraumaUHH pem0HaJibH0fO 

uucpopMaL{HOHHO-BbitJHCJIHTen1,uoro ueHTpa wrn: LHC B Poccuu Ha JJ.eii­

CTBYJOW.eii cpa3e ycKopHTeJI51 LHC H cpH3HtJeCKHX ycTaH0B0K (rrocne 

2005 r.); 

• HCCJieJJ.0BaHHe B03MO)KHOCTeii: n0BI,IlIJeHH5I 3cpcpeKTHBHOCTH peIUeHH51 

cpmuqecKHx Jll.lJ.atJ noJib3oBaTeneii: B rrpo6neMHo - opneHTHpoBmrnoii 

rrporpaMMHoii: cpeJJ.e Ha 3BM CKU OH5IH BeKTopHoii H napaJIJien1,-
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HOH apx1neKTypbI II 0Ka3aIIIIC MCTO,!]JfqecKOH n0)]JJ,Cp)KKII n0Jib30BaTC­

lliIM CKU OIDII1: 

C03,!l.aIIIIC aJiroplITMa II nporpaMMbI ,!J.lliI peaJIII3aUIIII re11eparnpa 

nCCB,!J.OCJI}"IaHHbIX BCKT0p0B Ha 6a3e 61IHapHoro ,!J.B)'MCpHoro KJIC­

ToqHoro aBT0Marn Ha 3BM Convex-220 II 1IccJie,1J.0BaH1Ie cTan1-

CT1IqeK1IX CBOHCTB ,!J.aHH0ro reuepaTopa; 

napaJIJICJibHllil peaJIII3aUmI Ha 3BM SPP-2000 3a,1J.aq1I MIIHIIMII3a­

UIIII !pyttKUIIOHaJia nplI o6pa6oTKe 3KcnepIIMCHTaJibHblX ,!J.aHHbIX C 

npoToT1Ina MI00HHbIX TopuenbIX KaMep 3Kcnep1IMCHTa CMS; 

• pa3pa6oTKa, nporpaMMHa5I peaJIII3aUII5I II TeCTIIponmme po6acnwro no,1J.­

xo,1J.a ,!J.lliI HaX0)K,!J.CHII5I onTIIMaJibHbIX napaMCTp0B TpCK-cerMCHT0B B 

MIO0HHbIX KaT0,!J.H0-CTplin0BbIX KaMepax 3Kcnep1IMCHTa CMS II 0UCHKII 

npocTpaHCTBCHH0ro pa3pCIIICHII5l B HllX • 

HayqHa11 HOBH3Ha 

HayqHllil H0BII3Ha ll3JJ0)KCHHbIX pC3YJJbTaT0B C0CT0IIT B CJJC,!l.YffilQCM: 

• OIDII1 CTaJI nepBbIM iI ocrnna.nc51 · C,!J.IIHCTBCHHbIM c 1996 ro,1J.a ,!J.O 2090 

m,!J.a B Poccnn H3 IIHCTIITYT0B-yqacTHIIK0B 3Kcnep1IMCHTa CMS, me 

· 6bma C03,!J.ana nn<popMaUIIOHHo - n1:,1qncmiTeJibHllil cpe,!1.a )J,Tl5l 3Kcnep1I­

MCHTa CMS ,!J.lliI CTa,!J.IIII K0HCTpynponanH5I ycrnnoBKH, n, TCM caMbIM, 

6bma no,!J.roT0BJJCHa 0CH0BaTCJJbHllil 6a3a ,!J.lliI yqaCTII5I y<ICHbIX OIDII1 B 

6y,1J.ymeii pa6oTe Ha ,11,eiiCTBYIOlQCH ycrnttonKe CMS. 

• BnepBbIC 6bm pCaJIII30Ban reueparnp cnyqattHbIX qlICCJJ Ha 6a3C ,11,ByMep­

uoro 6irnapnoro KJICToqnoro aBT0MaTa, Bbl,!J.aIOlQIIH ua Ka)K,!J.0M TaKTC 

nocJJC,!J.0BaTCJibH0CTb CJiyqaiiHbIX BCKT0p0B. 

• Pa3pa6ornu MaTCMaTIIqecKHH n0,!J.X0,!J., aJirDPIITM II nporpaMMHllil pea­

JJII3aUII5I po6acnIOro qJHTIIpOBaHII5I TpCK0B B KaT0,!J.II0-cTpIIn0BblX Ka-
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Mepax, BnepBblC Il03B0lliII0lUIIC nonyqHTb onTIIMaJibHbIC 0UCHKII napa­

MCTp0B TpCK0B B 3TIIX KaMcpax, HCCM0Tp5I Ha CIIJJbH0C 3arp513HCHIIC 

,UaHHblX. 

IlpaKTHqecKall UCHHOCTL 

llpaKTIIqccKa5I 3HaqHM0CTh ,UIICCCpTaUIIOHHOH pa6oTbl M0)KCT 6b!Tb onpe­

,!J.CJJCHa CJJC,!J.YIOll~IIM o6pa30M: 

• B co3,!J.aHHOH B OIDII1 1IH<popMa111101mo - BblqIIcJJIITCJJbHOH cpe,!1.e ,!J.lliI 

npone,1J.eH1I5I pa6oT no TCMaTIIKC CMS cO'rpymmKaMII JII1T 11 JICIJq 

OIDII1 B Teqe1me nocJIC,!J.HIIX 6 JJCT npoB0,UIIJJaCh o6pa6oTKa ,!J.aHHblX 

c npoT0TIInon ,!J.CTeKTopon CMS H Benach pa6orn no M0.UCIIHpona11mo 

!plI3HqecKIIX npoueccoB H ycTaH0BKH, aKTHBH0 IICn0JJh30BaJIIICh B03-

M0)KH0CTII apX1IBHpoBaHH5I )J,Tl5l 3JJCKTp011HbIX II MCXmmqccKHX pa3pa-

6oToK. KoJI1IqeCTBO nOJih30BaTCJIH C03,!J.aJUIOH IIH!pOpMaUHOHIIO - Bbl­

qlICJJIITCJJbHOH cpe,!1.bI - oKono I 00 coTpy,!1.HIIK0B OIDII1, yqacrnyIOlQIIX 

B 3Kcnep1IMCHTC CMS. l1H<popMaUIIOHHllil noMCP)KKa KoJJJia6opau1IH 

RDMS (Russia and Dubna Member States) CMS cpe,!1.CTBaMII www 

cnoco6cTBOBaJia K00p,11,IIHal{IIII B pa60TC IIIICTIITyron, yqacTByIOU{HX B 

npoeKTC. 

3aJio)KCH onpe,!1.CJICHHbIH <py1maMCHT ,!J.lliI yqacnrn OIDII1 n cm,uamm 

pemouaJibHoro 1IH<popMau1rnm10-nb1qJicJJIITCJ1hHoro 11cuTpa )J,Tl5I LHC. 

• PcaJIII30BaHHbIH HOBbIH reuepaTop cnyqattllbIX BCKTopon ua 6a:ic 6u­

Hapnoro ,!l.B)'Mepnoro KJieToqnoro anToMaTa ycncnmo Hcnom,1onctnc51 B 

npaKTJiqecKoii :ia,uatJe SU(2) KaJIII6ponoqnoii Tcop1m 11a pcmcTKC. 

• llpe)J,TIO)KCHHbIH BMCCTO MCT0,!J.a 11aHMCHhim1x Kna.upaTon po6acTHbIH 

no,!J.X0,!l. nmB0JJIIJI TI0JJ}"IIITh ,!J.0CT0BCpllbIC 0HCIIKH napaMcTp0B TpCK0B 
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B KaTO,UHO-CTpttnOBblX KaMepax B ycJJOBH51X CHJlbHOfO 3arp513}IeHH51 ,n:aJI­

HbIX, y,n:oBnernop51JOIIJ,He Tpe60BaHH51M ::>KcnepttMeHTa CMS. TTpn 3TOM 

no npocToTe peamnaunn npe,UJJaraeMbitt no,n:xo.u npn6nmKaeTC51 K Me­

To.n:y HaHMeHbUIHX KBa,upaTOB, 'ITO TaK)Ke npe,n:CTaBJl5IeT ero npaKTH'le­

CKYJO ueHHOCTb. 

Pa3pa6oTaHHbill MeTO,U HCnOJlb3yeTC51 Ha npaKTHKe ,UJl5I ueneii MO,Ue­

JJHpoBaHH51 H o6pa60TKH 3KcnepHMeHTaJJbHbIX .uamibIX C npoTOTHna 

KaTO,UHO-CTpttnOBOll KaMepbI. 

Anpo6an:IDI pa6oThl 

OcHOBHbie pe3yJJbTaTbI ,UHCCCpTal_(HH ,UOKJla,[lb!BaJJHCb Ha uayqHbIX ceMmrn­

pax: no MeTo,n:aM BbI'IHCJlttTeJJbHOH H npttKJJa,uuoii MaTeMaTHKH JIBT A(J111T) 

0115111, no BbI'IHCJJHTeJJbHOH cptt3ttKe Jil1T 0115111, no npttMeHeumo BbI'IH­

CJJHTeJJbHoii TeXHHKH B HayqHbIX ttccne,n:oBaHH51X JIBTA(J111T) 0115111, tta 

RMOS CMS ceMttuapax B JI<IJq 0115111, Ha 06ne,n:m1eHHOM ceMttHape JI<1Jq­

JIB3 0115111, Ha nayqno-Mern,n:tt'lecKoM ceMttHape .llilTT 0115111, a TaIOKe Ha 

cne.n:yJOIIJ,HX COBeIQaHH51X, UIKOJlaX H KOHcpepeHUH5IX: 

1. Convex Metacomputing. 

Oilllli, ,Ify6Ha, 24-26 Masi 1994 r. 

2. Computing Centre of the Next Century. 

Krakow, Poland, October 18-21, 1994 

3. European Convex Users Conference. 

Brussels, Belgium, October 25-27, 1995 

4. IV International Workshop on Software Ingineering and Artificial In­

telligence For High Energy and Nuclear Physics. 

Pisa, Italy, April 3-8, 1995. 
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5. 10th Summer School on Computing Techniques in Phisics "High Per­

formance Computing in Science". 

Skalsky dvur, Czech Respublic, September 5-14, 1995. 

6. Second Annual ROMS CMS Collaboration Meeting. 

CERN, Geneva, Switzerland, December 16-17, 1996 

7. Third Annual ROMS CMS Collaboration Meeting. 

CERN, Geneva, Switzerland, December 16-17, 1997 

8. Me)KJJ:yHapo,n:ua51 neTH5151 IIIKona COMPASS'97. 

fipara, qexIBI, 16-24 amycra 1997 r. 

9. Modern Trends in Computational Physics. 

OIDIM, ,lfy6Ha, 15-20 moIDI 1998 r. 

10. Conference on Computational Physics. 

Granada, Spain, September 2-5, 1998. 

11. High Performance Computing on Hewlett-Packard Systems. 

Zurich, Switzerland, October 14-16, 1998 

12. Computing in High Energy Physics. 

Padova, Italy, Febrary 7-11, 2000. 

13. CMS Heavy Ion Meeting. 

St.Petersburg, PNPI, June 11-14, 2000. 

14. Modern Trends in Computational Physics. 

Oilllli, ,Ify6Ha, 24-29 IIIO.IDI 2000 r. 

15. HayqHhiii cepBttc B cern HHTEPHET. 

HoaopoccnficK, 18-23 ceHrn6pH 2000 r. 

9. 



I 6. The XVIII JINR International Symposium On Nuclear Electronics and 

Computing. 

Varna, Bulgaria, September 12-18, 2001. 

17. Sixth Annual ROMS CMS Collaboration Meeting. 

HHIDIII> MIY, MocKBa, 19-21 AeKa6p.sI 2001 r. 

CTPYK1YP3 u o6'LeM ~uccePTan:uu 

,!(wcceprnumr 061,eMOM 98 CTpaHHUhI COCTOHT H3 BBe)leHmI, Tpex maB H 

3aJ(JJJOqeHmI. Co)lep2KHT 2 Ta6JIHUhl, 25 pHCYffKOB lI cnHCOK JIHTeparypbI H3 

9 I CChIJIOK. 

Ily6JIHK3U:HH 

Ilo MaTepHaJiaM )lHCcepTaUHH ony6JIHKOBaHO 15 pa60T, B TOM qwcne B 

2Kyp1-ranax "cf>tt3HKa 3JieMeHTapHhlX qacTHU H aTOMHOfO Mpa (3qA5f)", "Ma­

TeMaTHqecKoe MO)lenwpoBaHtte", "Computer Physics Commumications",:IIT3. 

Co,11;ep1Kauue ,11;uccepTan:uu 

Bo BBe)leHHH o6oCHOBhJBaeTCSI aKTYaJihHOCTh TeMhI H npHBO)lHTCSI KpaTKOe 

CO)lep2Kairne )lHCcepTaUHH. 

IIepBaSI maBa, HanwcaHHaSI no MaTepwanaM pa6oT [I, 2, 3, 4, 5], nocBSI­

II{eHa BonpocaM C03)laHHSI B OH5IH wmpopMauwoHHO-BhNHCJIHTeJihHOH cpe)lhl 

.u.mr yqacTHSI OH5IH B npoeKTax Ha LHC. 

B pa3JJ,ene Ll H3Jio2KeHa 3a)laqa C03)laHHSI wmpopMaUHOHHO - Bh1qwcnw­

TCJih11oii cpe)lhI J.J,JHI 3KcnepttMe11rn CMS B OH5IH B 061,eMe, Heo6xo)lHMOM 

MSI ocyiuecrnnenHSI B OH5IH pa6oT no coTpy)].HHqecTBy B paMKax CMS . 
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B pa3)lCJIC .Ll w111araeTcS1, KaKHM 06pa10M 61,111a B Ol15IH C03)lana 

m1cpopMaUHOJIHO-BbllJHCJ1HTCJihlla51 cpc)la ,rum 3KCnepHMCHTa CMS Ha CTa)lllll 

CTp0HTCJlhCTBa ycTaIIOBKH. 

B pa3)lCJie 11 04Cp4CH Kpyr npo6J1CM, K0TOpbIC noTpe6yeTCSI peumTh .ll,J1SI 

yqacTHSI Ol15IH B C03)laHHH pemoHaJihHOfO HHcpopMaUHOHHO-Bbl4HCJ1HTCJ1hHOro 

11etnpa .ll,J1SI LHC B Pocc1m B KOHTCKCTC Y2KC co1JJ,amrnii MSI 3Toro OCHOBhI B 

OH5IH. 

BrnpaS1 mana, Hanttcam1aS1 no Ma-repttaiiaM pa6oT [6, 7, 8, 9, 10, 11], 

nocBmQena nonpocaM Hccne)loBaHHSI H pa3BHTHSI cmna1rnoii Ha UBK Ol15IH 

npo6JICMHO - opHCHTHponaHIIOH nporpaMMHOH cpCJ.lh( MSI QeJICH qJH3ll4C­

CKHX ::>KcnepHMCHTOB, nonpocaM Il0BhlUJCHHSI 3cpcpeKTHBHOCTH HCnOJ1h30Ba­

HHSI 3BM CKU OH5IH MSI pememrn rpH3H4CCKHX 3a)laq, a TaK)KC npo6ncMe 

oKaJaHHSI MCTO)lH4CCKOH noMOJI\H noJ1h30Baicm1M CKU Ol15IH. 

B pa1ne11e li H3naraeTcSI neKTopHaSI ·pcaJIHJaQHSI reuepaTopa nceB.uocny~ 

qai1HhIX 4HCCJ1 Ha 6a1e J.lBYMCPHOro 6irnapnoro KJICT04Horo aBT0MaTa Ha 3BM 

Convex-220. Onttca111,1 )lBa npaBHJla IlOBC)lCHH51 KJICT04Ilb1X aBT0MaT0B, K0-

T0pbie BbI6paHhI MSI reHepal\llll cnyqaHHbIX 4HCCJI. 

B nonpa3)lCJJe 2.1.1 onwcaHhl aJiropHTM npeMaraCM0fO reHeparnpa H CTa­

THCTlllJCCKHC TeCTbI .ll,J1SI nponepKH YJl0BJJCTB0pHTCJII,II0CTH KalJCCTBa reuepa­

Topa. 

B Il0)lpa3)leJJe 2.1.2 0ilHCaH MCTO)l M0)KCHllhlX )lHarpaMM .ll,J1SI nponepKH 

MH0fOMCpHhIX cnyqaiiHhIX IlOCJIC)lOBaTeJJhllOCTCH, KOTOphlH 6blJ1 HCil0J1h30BaH 

noMHM0 CTall)lapTHhIX TCCT0B nponepKH KalJCCTBa reuepaTopa. 

B nonpa3)lCJ1C 2.1.3 C0J.lCp)KaTCSI CBC)lCIIHSI O pC3YJJhTaTaX TCCT0BbIX HC­

nUTaI-IHH nporpaMMbl, peaJIH3YIOll(CH npCJl)IO)KCHIIhIH rcnepaTop, B TOM 4HCJJC 

B 3a)la4e SU(2) KaJitt6ponoqHoH TeopHH 11a pemeTKe, a TaK2Ke o oco6cHII0-

crnx BCKTOpHOH peaJIH3aI{llll aJiropHTMa rc11cpaTopa Ha Sl3b!KC Fortran 77 C 

HCTT0Jib30BaHHCM BCTp0CllllbIX B 11cm oncpaTopoB Fortran 90. 
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B pa3JJ.eJie 2.2 om1caua ITapaJIJieJibHIDI peamnaumI Ha 3BM SPP-2000 3a­

JJ.aqJl MHHHMH3aUHH cpyHKUHOHaJia ITPH o6pa6oTKe )l.aHHbIX C MIO0!Ulb!X rnp­

ueBbIX KaMep ycrnHOBKH CMS. 

B ITOJJ.pa:mene 2.2.1 COJJ.ep)KHTC51 ITOCTall0BKa 3a)l.aqH MHHHMH3aUHH cpyttK­

UHOHaJia ITPH o6pa60TKe 3KCITepHMeHTaJibHb!X )l.aHJU,!X C ITpOTOTHITa MIOOHHbIX 

rnpuem,1x KaMep ::>KcITepHMeHTa CMS. 

B ITOJJ.pa3)1.eJie 2.2.2 ll3JIO)KeHa ITporpaMMHIDI peanH3aUH51 3a)l.aqH MHHHMH-

3aUHII cpyttKUHOHaJia Ha 3BM SPP-2000, a TaK)Ke cpaBHHTeJihHbie pe3yJihTaThI 

cqern )l.aHHOH ITporpaMMhI B paMKax oITepaUHOHHhIX cHcTeM SPP-UX 5.2.1 H 

Solaris 2.5.1. 

B pa3,n;ene 2.3 H3JlaraeTc51, KaKHM o6pa3oM ocymecTBJI51Jlach MeTOJJ.HqecKIDI 

ITOJJ.JJ.ep)KKa pa6oThI ITOJih3oBaTe.rreii Ha 3BM CKU OIUIH. 

TpeTb5! maBa, HaITHCaHHIDI ITO MaTepHaJiaM pa6oT [12, 13, 14, 15], ITOCB51-

rn.etta perneHHIO 3a)l.aqJl U0BbIII1eHH5! 3cpcpeKTHBHOCTH BOCCTaHOBJieHH51 MIO­

OHHI,IX TpeKOB C ITOMOlll.bIO po6aCTHOro ITO)l.XO)l.a, IT03BOJI51IOIUero ITOJiyqHTb 

OITTHMaJibHbie oueHKH ITapaMeTpOB TpeK-cerneHT0B B MIOOHHbIX KaTOJJ.HO­

CTpHIIOBbIX KaMepax ycrnH0BKH CMS. 

B pa3,n;ene ll cTaBHTC51 3aJJ.aqa BoccrnHoBJieHH51 MIOOHHhIX TpeKoB B i:51-

)KeJibIX !pOHOBblX ycJIOBH51X H 09ocHOBbIBaeTC5! Heo6xo)l.HMOCTI, ITPHBJieqeHH51 

po6acTHoro MeTOJJ.a JJ.JI51 perneHH51 ,n;aHHoii 3a)l.aqu. 

B pa3)1.eJie 3.2 OIIHChIBaeTC51 MaTeMaTHqecKHH IIOJJ.XO)l., pa3pa6oTaHHbIH JJ.Il5I 

perneHH51 3a)l.aqu IIOJiyqemu, 0IITHMaJII,HI,IX rrapaMeTpoB rrpH BOCCTaH0BJieHHH 

MIOOHHblX TpeKOB. 

B pa3)1.eJie 3.3 rrpHBe)l.eH cpaBHHTeJibHhIH aHaJIH3 pe3yJihTaTOB, rroJiyqeH­

HbIX c HcrroJib3oBaHHeM TpaJJ.HUHOHHoro MHK H po6acTnoro MeToJJ.a. IIo­

IIyqenHbie pe3yJihTaTI,I 0ITpeJJ.eJieHHO JJ.OKa3bIBaIOT Heo6XO)l.HMOCTI, HCIIOJlb30-

BaHH5! po6acrnoro IIO)l.XO)l.a JJ.Il5I !pHTHpoBaHH51 TpeKOB u JJ.OCTOBepnoii ouenKH 

ITpOcTpaHCTBeHHOro pa3perneHH51 MIO0HHI,IX KaTO)l.HO - CTpHIIOBblX KaMep ycra-
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H0BKH CMS. 

B 3aKI!_J_QqenHJ:! ITpHBe)l.eHbI OCHOBI-lbie pe3yJihTaTbl pa6oTbI. 

Pe3yJI1>TaT1>1, BLIHOCHMLie Ha 3amHTY 

B JJ.HCCepTaUHH H3JIO)KeHbI pe3yJihTaTbI HCCJie)l.OBaIIHH, BI,IIIOJIHeHHbIX B 

Jla6oparnpHH HH!pOpMaUHOHHI,IX TeXHOJiorni1: O6be)l.HHeHHOfO HHCTHTYTa 51)1.ep· 

HbIX Hcc,1e)l.0BaHHH B ITepHOJJ. c 1994 ro,n;a ITO 200 I ro,n;. OcHOBHbIMH pe3yn1,­

TaTaMH JJ.HCCePTaUHH 51BJI51IOTC51: 

I. CmJJ.aI!He B O61,eJJ.HHeHHOM HHCTHTyre 51)1.epHbIX HCCJie,D;OBaHHH HH!pOp­

MaUHOHHO - BbiqHCJiiITeJibHOII cpe,D;bI JJ.Il5I Kpyrruoro Me)KJJ.yttapOJJ.HOro 

cpH3HqecKoro 3KcITepHMeHTa CMS. Co3JJ.aHHIDI 11ttcpopMauu01rno - BbI­

qucJIHTeJibHIDI cpeJJ.a IIOJIHOCTI,IO COOTBeTCTBYeT Tpe6oBaHIUIM ,n;aHHOro 

3KcITep11MeHTa. Cm,n;an e,UHHbIH rroJib3oBaTeJibCKHH HHTepcpeiic rrpu pa-

6oTe B :;irnii .. cpe,n;e BO Bcex orrepau.110HHhIX c11cTeMax UNIX-IIJiaTcpopMbI 

(ConvexOS: HP-UX, SPP-UX, Solaris, Linux), rroMep)KHBaeMbIX Ha 

CKU: OIUIH. Co3JJ.aH 11HcpopMau.110HHbIH WWW-cepBep JJ.Il5I ocBern.e­

HH51 yqacTH51 poccHHCKHX HHCTHTYTOB H CTpan..:yqaCTHHIJ, OIUIH B 3KC­

ITepHMeHTe CMS. Ha HHcpopMau11onnoM WWW-cepBepe peanmoBatt 

yJJ.o6HhIH rroJib30BaTe.rri,ci<:11ii m-uepcpeiic JJ.JI51 ,n;ocTyrra K HmKenepnoii II 

KOHCTPYKTopcKoii JJ.OKYMeHrnu,1111. · 

Co3)1.aHHe HH!pOpMaIJ,HOHHO-BI,IqHcJIHTeJlbHOH cpe,n;bI JJ.Il5I 3KCITepIIMeHTa 

CMS CTaJIO ocnoBoii JJ.JI51 yqaCTH51 OIUIH B pocc11iicKOM rrpoeKTe no op­

ramnau.11n pernoHaJibHOfO HH!pOpMaIJ,HOHHO-BI,IqHcJIHTeJibHOfO u,eHTpa 

,11;uI LHC B Pocc1m. 

2. Pa3pa6ornH HOBbIH retteparnp ITCeB)l.ocnyqairnux BeKTopoB Ha 6a3e JJ.BY­

MepHoro. KJieTOqJ-IOfO aBTOMaTa, HMeIOW.HH YJJ.OBJieTBOpIITeJihHbie CTan1-
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CTU'leCKHe KatieCTBa. Ilpnne,ueHbl pe3yJihTaTbl HCilbITaHHH reHepaTopa 

Ha 6a3e CTaH,uapTHhIX CTaTHCTII'leCKIIX TeCT0B (TeC'ra na M0H0T0HH0CTb, 

Teem IIHTepnaJion), nponepKe Ha Koppemi:umo II nponepKe 11a ,u.rmuy 

nepIIo,ua, a TaIOKe C Il0M0I.UbIO MeTo,ua BJI0)KeHHblX rncTorpaMM. re­

nepaTop ycnenrno IICil0Jib30BaJIC51 B 3a,uaqe Bbl'IIICJICHII51 TenJioeMK0CTII 

B T0'IKe Kpocconepa JJ.JI51 SU(2) KaJIII6ponotIHOH TeopnII Ha peweTKe, 

'ITO npo,ueMOHCTpIIpOBaJIO, B 'laCTH0CTII, OTCYTCTBIIe KoppemIUIIH Bbl­

COKOro nop51,uKa. C03,UaHHa51 nporpaMMa reHepaTopa 51BmICTC51 HOBbIM 

IIHCTpyMeHTaJibHhIM cpe,UCTBOM npo6JieMHO - opIIeHTIIponamIOH cpe,ubl, 

c03,uan1-1oi1 1-1a UBK OH51H .umi: ueJieH <pII3II'leCKIIX IICCJie,uonaHIIH. 

3. ITapaJIJieJihHa51 peaJIII3aUII51 ua 3BM SPP-2000 3a,uatIII MIIHIIMII3aUIIH 

'PYHKUIIOHaJia npu o6pa60TKe 3KcnepnMeHTaJihHbIX ,uaHHbIX C npoTO­

TIUia MIOOHHbIX TopuenbIX KaMep ycrnHOBKII CMS ue TOJihK0 no3BOJIIIJia 

pewaTh 6oJiee 3<p<peKTHBHO 3TY pecypcoeMKYJ0 3a,uaqy, Ho TaIOKe II3Y­

'IIITh OIITIIMH3HpymW:IIe B03M0)KH0CTH TpaHCmITOpa Exemplar Fortran 

77, 'ITO nMeJio Ba)KHOe MeTO.UIItiecKoe 3HatieHIIe. 

4. Pa3pa6ornn II rrpoTCCTHpOBaH po6acTHblH M,eTo,U .umi: naxo)KJJ.eHII51 OIITII­

MaJihHblX rrapaMeTpOB TpeK-CerMeHTOB B MIO0HHbIX KaTO)lHO-CTpIIIIOBbIX 

KaMepax 3KcrrepnMeHrn CMS u oueHKII npocTpaHcTnemwro pa3pewe­

HII51 KaMep B ycJI0BII51X CHJibHOro 3arnyMJieHH51 ,uaHHhIX. Pe3yJihTaThI 

cpaBHIITeJibHOro aHaJIII3a pe3yJihTaT0B, noJiyqaeMblX C II0MOI.Ub!O Tpa­

.UHUIIOHHOro MeTO)la HaIIMeHblllIIX KBa,upaTOB H npe,uJiaraeMoro po6acT­

H0ro MeTo,ua orrpe,ueJiemm )l0Ka3bIBaIOT 11eo6xo,UIIMOCTb IICil0Jib30BaHH51 

po6acTHoro no,uxo,ua M51 peweHH51 .ummoi-i 3a,uatIII. 

ITporpaMMIIa51 peaJIII3aUII51 rrpe,uJIO)KeHH0ro MCT0JI.a IICil0Jih3YeTC51 KaK 

npaKTII'ICCKOe nporpaMMI-IOe npIIJIO)KeHIIC IIH<popMaUIIOIIHO - Bbl'IIICJIII­

TCJihHOH cpe.UhI JJ.JI51 ::lKcnepIIMeHrn CMS KaK JJ.JI51 L(eJieH M0JI.CJIHpona-
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HII51, TaK H .um1 o6pa6oTKH ::lKcnepHMCIITaJibHhIX JJalIHhIX C ny6HCHCKOro 

IlOJIIIOMacurra611oro npoTonma Ka'fO)..llI0 - CTpHilOBOH KaMCpbI. IlpH 

:;)TOM Y.UaJI0CI, Il0BbICHTb T0'III0CTI, 0UCIIKJI napaMeTp0B B 1. 7 pa3a H no­

BblCJITb mp<peKTHBIIOCTb peK0HCTPYKUHH TpCKOB Ha 3 %, lj'f() Il03Bommo 

Y.U0BJICTB0pIITb TCXHH'ICCKIIM Tpc6onamrnM M51 .uamiblX KaMcp. 

Pa60TbI, IlOJIO)KeHHbie B OCHOBY Jl:HCcepT3:UHH 

I. I.Golutvin, V.Korcnkov, A.Lavrent'cv, R.Pose, E.Tikhoncnko. CMS 

Computing Support at JINR. Communication of the JINR, D11-98-122, 
.. 

Dubna: JINR, 1998, 10 p . 

2. B.B.KopenbKOB, B.B.MHUbIH, E.A.TIIXOJielIKo. Ytiacrne OH51H B op­

ramnm(HH pernoHaJibH0ro HII<popMaUHOIIIIO- BbllJHCJIHTCJiblI0ro HCHTpa 

M51 LHC B PoccHn. Coo6u1e11ue OHJJH, Pll-2001-24, .D:y6Ha: OH51H, 

2001, 8 c.,, 

3. B.B.KopCHhKOB, B.B.MHtlhIH, E.A.TnxoHCIIKO. Kmmcmurn GRID: 11a 

TTYTH K mo6aJibHOMY HH<popMaHHOHHoMy 06u1ccrny XXI BCKa. Coo6-

u1e1me OHJJH, Pll-2001-58, LJ:y611a: OH51H, 2001, IO c. 

4. B.B.KopCHhKOB, E.A.TttxoHeHKo. OpraHH3aIUrn BbI'IHCJICHHii B 11ayq­

HhIX OTpacmi:x.// OTKpbITbIC CHCTCMbl, N.2, 2001, c. 30-35. 

5. B.B.KopcHbKOB, E.A.Tnxm1c11Ko. Kom(CilllH51 GRID H K0Mm,10Tcp11b1c 

TCXII0JI0rHH B apy LHC. // cIJH3HKa ::lJICMCHTapllbIX lJaCTHU H aT0MII0f0 

51.Upa (3qAf1), 2001, T.32, Bhm.6, c. 1458-1493. 

6. r.A.OcocKoB, E.A.Tuxo11c11Ko "HonuH rc11cparnp cJiyYait111,1x lJHCCJI 

!Ia 6a3e .UBYMCPII0ro KJICT0lJIIoro aBTOMaTa.// MaTCMantlJCCKOC M0)..lCJIH-
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