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NpuMeHeHHe BbICOKONPOU3BOAUTEJIbHBIX
BbIYUCJIUTEJIbHBIX CUCTEM ANSA MOAE/NIMPOBaHUA
YAAPHOIro BO34EUCTBUSA HA NJIUTY NEPEKPbITUSA

Creupanmctel komnanum «T-Cepeucbly CMOOENUMPOBANU
HO CynepkOMMbloTEPE MNPOLECC NAAEHMS MHOTOTOHHOIO
61nOKa HO NEpPeKpbITUE MOA3EMHOrO STAXA CTPOSLLEroCs
3namus. Pacuetsl nossonunu 6e3 fononHUTENbHBIX CyLle-
CTBEHHbIX BPEMEHHbIX U GUHAHCOBbLIX 3ATPAT ONPEnENUTh
NPUrOAHOCTb OBBEKTA K AAQNBHENLIEN SKCMNYATALMM.
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Komnanusa «T-Cepsuchi», Bxoasuias 8 coctas xonauHra «I-Inatdopmbi», 3aHUMa-
€TCA BHEAPEHMEM BbICOKOMPOMI3IBOANTEIbHbBIX BbIYMCIIEHUI HQ COBPEMEHHbBIX CynepKOom-
NbIOTEPAX ANng peleHna NPpUKNAaaHbIX 30444 B PA3NMYHBIX OTPACNAX MPOOMBbBILLUNEHHOCTH.

MCl'lOJ'Ib3OBOHMe BbICOKOMNPOUI3BOANTENbHbIX KOMMbIOTEPHbIX TEXHONOMUM BbIBOOUT
HQ KQYECTBEHHO HOBbIM YPOBEHb BOSMOXHOCTM UMCIIEHHOTO MOAENUPOBAHUA TEPMOME-
XAHNYECKMX NMpoLecCcos.

[lnsi BBICOKOHENUHENHBIX 30404 MEXAHWUKM C M3MEHSEMON rTEOMETPHEN U CBOMCTBO-
MM MATEPUANOB TPEOOBAHMA K MPOWM3BOAMTENBHOCTM BHIYMCIIEHUI BO3PACTAIOT B COT-
Hu pas. Ona BbicTpOTeKyLMX MPOLECCOB, TAKMX, KOK MOAEIMPOBOHME CTONKHOBEHMS
QBTOMOBMNEN, BHELITATHBIX CUTYAUMIA B MPOMBILLIEHHOCTM M HA TPAHCMOPTE, 30AQ4
0BOPOHHOTO HAMPABAEHUS, TAEe NPUXOAMTCA OTCIEXMBATL NPOMABMXEHWME GPOHTA BOIMH
HANPAXEHWMA, NPUXOAMTCA PELLATH CUCTEMbI YPABHEHMUI BONbLIMX PASMEPHOCTENR ThICAUM
pa3. MaTpuuHas CTPYKTYypa 3TUX YPOBHEHWM, BRM3KAs K AMATOHANBHOM, NO3BOAAET 3b-
Cl)eKTMBHO MCNOJIb3OBATL pACNAPANIENIEHHbIE BbIYMCNEHNMA HO MHOTOA4E€PHbIX MpoLeCcCo-
POX M CyLWECTBEHHO COKPALLATh BPEMS PACYETOB.

Mcnonb3oBaHMe CynepKOMMLIOTEPOB MPEAOCTOBAAET BO3MOXHOCTb 3bhEKTUBHOTO
YUCNIEHHOTO MOAENUPOBAHMS TAKMX MPOLECCOB, KAK:

¢ 06paboTKa METANNOB AGBAEHUEM;

* CEeNCMMYEecKMe BO3OENCTBUS;

* BO3[EWCTBMS B3PbIBHBIX BOMH HO KOHCTPYKLMIO;

* B3QMMOAENCTBMA XMIAKOCTU C SMEMEHTAMM KOHCTRYKLMM;
* npobueaHue;

* AHANKU3 NOBPEXAEHNH;

* PO3BUTME TPELLMH.

Ina MHOMMX 30104 CTATUYECKOM M AMHAMMYECKOM MPOYHOCTH YBENIUYEHUE TOYHO-
CTM PACHETOB BO3MOXHO JULLb C YHETOM BCEX OCOBEHHOCTEN FEOMETPMMU KOHCTPYKLIMU,
TO €CTb MPU MOMHOM MOAENUPOBAHMM MEXAHMYECKMX CUCTEM, KOK OHM eCTb. VneansHoit
NPEACTABNAETCA BO3MOXHOCTb CO3[AHMA PACHETHBIX MOAENEHN, YYMTHIBAIOLIMX OCODEH-
HOCTM PABOTHI KOHCTPYKLMM M BCEX KOHLEHTPATOPOB Hanpsxeruit. [1pu sTom ncuesaert
HEOBXOAMMOCTb MCMONL3OBAHMSA CyNEP3NEMEHTOB, YNPOLWEHUH, 6anouHo-060I04eYHOI
uaeanusaumn 1 opaboTok, Tpebylowmx BObLIMX 30TPAT BPEMEHM BbICOKOKBAMMMMLM-
POBAHHBIX CreuManmncTos. Ho 3T acnekTsl NPMBOAST K YBEMMYEHMIO PA3MEPHOCTHM 30AAY
1 HEOBXOAMMOCTH MCMOMB30BAHUSA BCE DONEE MOLLHBIX BbIYMCIIUTENBHBIX CUCTEM.

[MpUMEPOM MCMONb3OBAHUS BbICOKOMPOW3BOAMTENbBHbIX BbIYUCIEHMIA MOXET Crly-
XWUTb PACYET OCTATOYHOM HECYLLEH CMOCOBHOCTH YHOCTKA NEPEKPLITUA NOA3EMHOrO 3TA-
XA 3ACHMS NOCNE NAAEeHUs Ha Hero 6eTOHHOro 6510KA, BHINOMHEHHBIA COTPYAHUKAMM
komnanun «T-Cepsucoi».
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Ha nepekpbiTue nop3eMHOro 3Taxa CTPOALLErocs 3AAHMA MPU MOHTOXE MOAbEM-
HOTO KPQHQ C BOMbLION BLICOTHI YNAN MHOTOTOHHbIM Brok npoTtusosecos. CeoboaHOMy
nageHuio 6roka NPensTCTBOBAN TPOC nebeakn M OnNpefenuTs CKOPOCTb MOAEHMS He
NPEeaCTaBAsNOCs BO3MOXHbIM. Brok npogenan BOPOHKY HO MOBEPXHOCTW FPYHTA W Bbl-
380N 06PA30BAHME TPELWMH B MEPEKPLITMM NOA3EMHOrO 3Taxa. [ns panbHeiwen skc-
nayaTaummn 3aaHus TpebGoBANACh OLUEHKA OCTATOYHOM HECyLlen CNOCOBHOCTM MOBPEX-
AEHHOrO Y4aCTKa NepekpbiTus 6e3 BCkpbiTus rpyHTa. [aTh 3Ty oueHky 6bino HEo6XoaMMO
B MPEeAenbHO CKATbIe CPOKM.

Mepen cneunanctamm komnanun «T-Cepeuchi» BCTANG 304040 CMOAENMPOBATH
npouecc ynapa 6noka no NepekpbiTMiO, 3ACHINAHHOMY TPYHTOM, M MO PEe3ynsTaTam
YUCNEHHOTO MOAENMPOBAHMS IATh OLEHKY OCTATOYHOM HECYLLEH CMOCOBHOCTU NOBPEX-
AEHHOrO y4acTKa.

PacueTsl NpOBOAMAUCE METOAOM KOHEUYHbIX SMEMEHTOB HA CynepKoMMbloTepPe, Mo-
cTpoeHHom komnanmeit «T-IMnatdbpmei» Ha 6ase blade-cepsepos cobereeHHol paspa-
60Tk1. Boiumncnutenshas cuctema noctpoeHa Ha 6ase npoueccopos 2xIntel(R) Xeon(R)
CPU E5410© 2.33 GHz v coctout uz 10 aByxnpoueccopHbix nessuit, 06beamHEHHbIX B
EIMHYIO CUCTEMY MOCPENCTBOM KOMMyHMKALMOHHOM cpeasbl InfiniBand DDR.

PacueTHas TpexmepHas KOHEUHOINEMEHTHAS MOAEMb YHACTKA NEPEKPLITUS C MME-
IOLLMMMCS CIIOSIMM, APMATYPOM M FPYy30M NMOKA3aHa Ha puc. 1.

Puc. 1.
Mopgenb nepekpbITHA 1 CXxema apMr1poBaHNA

POC‘-IGT BbINOMAHANCA C Yy4ETOM HENMMHENHOM 3ABMCUMOCTHU MEXAY HAMPAXEeHUIMU
n nebopmaumamn B8 GeTOHE, APMATYPHOM CTAMM, Mecke, TEXHOMIACTE M yTennuTerne.
[na Hecywmx KOHCTPyKUmiA BbNG MCMONb30OBAHA TPEXIMHENHAS AMArPAMMA COCTOAHMA
oxatoro 6etora. [Nocne ncuepnarHmus NAACTUUHOCTM BETOH CKATOM 30HbI CUMTANCSA PA3-
,El.pO6J'IeHHbIM C NPAKTUYECKN HYNEeBbIM COMPOTUBIEHNEM CABUTY U NEPBOHAYASNIbHbIM CO-
NPOTUBNEHWEM BCeCTOpoHHeMy cxaTuio. CocTosiHue pacTaHyToro 6eTOHA OMUCHIBANOCH
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FIMHENHOM 30BMCUMMOCTBIO A0 MOMEHTA AOCTVKEHMS MPELebHOrO HOPMATMBHOIO pPac-
TATMBQIOLLETO HAMPSHKEHMS, NOCE YEro PACTATMBAIOLLME HANPAXEHNUS B SNIEMEHTE OOHY-
NATIUCL U SMIEMEHT CYUTANCS PA3PYLUEHHBIM. [Marpamma coCTosHUA apMATypHOM CTamM
OMUCHIBANACH BUNMHENHBIM 30KOHOM YNPOYHEHMS.

Pacuer nposoauncsa B Tpu 3tana. Ha nepsom 3tane paccuuTbiBanoch HAYANbHOE
HAMNPAKEHHO-AeDOPMUPOBAHHOE COCTOSIHUE YY4ACTKA MEePEKpPLITHS NoA AEeHCTBUEM COB-
CTBEHHOIoO BE€CA HECYyLUMX KOHCprKLIMlZ M CNnoeB 3KCryaTAUMOHHOIO NMOKPbLITUA.

Ha sTopom aTane pewanack KOHTAKTHAS 3GAAYA MAAEHMS TPy3d C HAYQSbHOV
CKOPOCTBIO HA NEPEKPLITUE B SMULEHTP, BHIABIEHHbIM B PE3YyNbTATE NPOBEAEHHOTO O6-
cnenosaHus. B ycnosusix oTCyTCTBUS LAHHBIX O HAYABHOM CKOPOCTH TPY3a MOXHO Me-
TOLOM MOAGOPA B YMCIEHHOM SKCMEPMMEHTE M3BlEYb HELOCTAIOLLYIO MHPOPMALMIO,
NOSb3ysiCb M3BECTHLIMM MO PE3yNbTATaM 0BCNEefoBAHMS pasmepamu 1 bopMon 0b-
NACTEN PaspyleHrs BETOHA NepPeKPbITUA, AOPOXHbLIX MIUT, HEHECYLLMX MEPEropoaoK,
LOCTyMHbIX Ans obcneposanua. B pesynbTaTte nposeneHus cepun TECTOBBIX PACYETOB
ObINO MOMYYEHO, YTO PACHYETHBIE U U3MEPEHHBIE Pa3Mepsl 06nacTH paspylueHus 6eToHa
NEPEKPbITMA COMMACyIOTCA NPU CKOPOCTH NaaeHus 6noka, pasHoin 2 m/c.

Ha tpetbem 3Tane yuacTok nepekpbiTHs B SMUUEHTPE MALEHUS rPY3a HATPYXXANCS
KBA3MCTATUYECKM POABHOMEPHO PACMPEAEneHHbIM MO miowaam aasnennem. asnenue
JIMHENHO HAPACTANO BO BPEMEHM 0O MOMEHTA MPOACBIMBAHMA NepekpbiTs. B pesyns-
TATE NPOBEAEHHBIX PACYETOB BbINO MOMYYEHO, YTO PasMep OBNACTM PA3PYLUEHMSs, MOny-
YEHHOM MPM PELLEHUU AMHAMMYECKON KOHTOKTHOM 30[4a4M C NAAAIOWMM TPY3OM pUc. 2,
CornacyeTcs ¢ PAsMepom obnacT PaspyLLEHUs pUC. 3, MONYYEHHON NPK PeLLeHU KBA-
3MCTATMYECKON 3GAAYM B Cllyyde, KOTAd yCUnue KBA3UCTATUYECKOTO HATPY>KEHWs CPaB-
HUMO C MOKCMMOIbHBIM KOHTOKTHBIM YCHUIMEM. BEnuumHa 3Toro ycunums no pesynbTatam
obownx pacyetos cocrasuna 600—800 Tc.

HekoTtopoe Hecootsetctene no dopme obnacten paspylieHus obbacHaeTCs
BIMSHUEM OMHAMMKM HATPYXEHMA B CIy40€ PELIEeHMs KOHTAKTHOM 3aaaun. Y7o kacaetcs
HANPAKEHHO-0EPOPMMPOBAHHOTO COCTOSIHMS APMATYPLI, TO 06A NOAXOAA, AMHAMMUYECKMI
M KBA3UCTATUYECKMIA, 0ANU OIMHOKOBLIM Pe3ynbTaT. B pesynbtate pelienus KOHTAKTHOV
AMHOMMYECKOM 30A04YM O NAKEHUM PY3A C HOYANBHOM CKOPOCTbIO 2 M/C U peLueHus 3a-
AQ4YM O KBA3UCTATUHECKOM HArPYXEHMM NEPEKPLITUSA NMOSTYHEHO, HTO OCEBbIE HAMPAXEHMS
B BepxHen paboyent apmatype 6anok u nepekpoitus coctasunu 200 MIMa 1 100 MlMa
COOTBETCTBEHHO, Y4TO HE MPEBLILAET NPEAENa TEKYYECTU APMATYPHOM CTANM.
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Puc. 2. Puc. 3.
PacuyeTHoe none noBpexaeHHOCTM be- PacueTHoe nosne noBpexaeHHOCTY 6eToHa
TOHa (anHammKa). Bupibl CHU3Y 1 cBepxy (kBasmcTaTrKa). Buabl CHM3y 1 cBepxy

Hanpskenus B BepxHel 30He BETOHA IOKAMLHO MPEBLICUITM HANPSIXEHUS, NPEAEbHbIE
NO PACTSHKEHUIO, YTO rOBOPHT 06 OBPA3OBAHMM TPELLMH B 30HE, KOTOPAS B HOPMQJb-
HbIX YCNOBMSAX HOXOZMTCS B CKATOM COCTOSIHMM. 3HQAS OCEBblE PACYETHBIE HAMPSIXe-
HUS B BEpPXHeN paboyelt apMaType, MOXHO PACCYMTATH LUMPUHY PACKPLITUS TPELUMH B
BepxHem (HeJoCTynHOM ans OBCNenoBaHMs) APMUPOBAHHOM cnoe GeToHa. PacyetHas
LUMPUHA PACKPBITUS TPELLUMH B BEPXHEM APMWPOBAHHOWM 30HE MOL AEWCTBMEM KpPOT-
KOBPEMEHHOW HArPy3ku OT YMABLUETO rPy3d HE MPEBLILLAET AOMYCTUMBIX MPERENOB U
OCTATOYHAS HECYLLAA CMOCOBHOCTL MEPEKPLITUA ABMAETCA JOCTATOYHON AN AANbHENLLEN
3KCMNyaTALMU 3AAHUS.

ﬂ,(]HHbIlji pacyeT NOKA3bIBAET, YTO UCNOJIb3OBAHME BbICOKOMPOU3BOAUTENbHbBIX Cy-
NEePKOMIMLIOTEPOB AENAET BO3MOXHbBIM PELUEHME 30AAY MO YUCIIEHHOMY MOAENUPOBA-
HUIO TAKWMX MPOLECCOB, UCCNEROBAHME KOTOPbLIX APYTMMU METOLAMM HEBO3MOXHO MM
TpebyeT pacxofoBAHMA 3HAUUTENLHO BOMbLIMX CPEACTB M BPEMEHU.





