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NpumeHeHHe cynepKOMMbIOTEPOB

ANA MOAENUPOBAHUSA TEMNEpPaTyPHbIX

U BO3AYLHbIX PEXXWMOB BHYTPU NOMeELLEeHUH
Gonbwnux o6vLeMoB

Komnarusa 3AO «T-Cepeucely, Bxogsias B coctae xonpuHra «T-lnatdopmsiy,
CNELManM3npyeTcs HA NPOBEAEHNM PECYPCOEMKMX PACYETOB U MOLENMPOBAHMSA B PA3-
JIMYHBIX OTPACANAX WM MCMOMb3YET A STUX LEenei COBPEMEHHbIE BbICOKOMPOWU3BOANTEMb-
Hole cuctembl. OpHum 13 HaMbonee YaCTbIX KNACCOB 3AAAY, C KOTOPLIMU CTANKMBAIOTCA

Pacuetbl Ha cynepkomnbioTepe MnO3BONWMAKM CO3AATH
YHUKQIbHbLIA KIIMMAT CHEXHOM 30HblI nepsoro B Poccuu
BCECE30HHOro ropHonbixHoro komnnekca CHEX.KOM.
[TpencraBneHsl pe3ynbTaThl KOMMABIOTEPHOTO MOLENMPO-
BAHMWSA NMPOCTPAHCTBEHHbLIX NONEN TEMNEPATYPLI M AABE-
HUSA KOK BHYTPW MOMELLLEHUS FTOPHOJBIKHOIO Crycka, TaK
M BHYTPM BHELWHEH 0O0NOUKM KOHCTPYKUMM AN YCIOBMIA
cepenmHbl Mions mecsua B ropoge Mockee.[lpumenermne
CYNEepPKOMNMbIOTEPOB AN AHANMM3A TEMMNEPATYPHOro pe-
XUMQA, CUCTEMBI OXNOXLEHUA M BEHTUNALMM PEANbHOTO
CMOPTUBHOTO COOPYXEHWUA [ENaeT BO3MOXHbIM KAYye-
CTBEHHbIA MEPExXon OT YPOBHS GYHAAMEHTAMbHBIX U MO-
OENbHbIX MCCNEfOBAHMIU HAO YPOBEHb PELLEHMSA PEASbHbIX
NPUKNALHBIX M MPOMBILLAEHHBIX 3040M.

H.A. BnagumupoBa — pyKOBOAMTE/Nb OTAENA aHanu3a rMApora3ofiMHaMUYEcKUX MPOLECCOB U
TennomacconepeHoca LleHTpa BbIUMCIUTENBHOW 3KCMEPTU3bl, KaHh. (PU3.-MaT. HayK, [LOLEHT,
3A0 «T-Cepsucbi», xonauHr «T-Mnatopmbi», e-mail: natalia.vliadimirova@t-services.ru

0.3. MefibHUK — HayuHblW pyKOBOAWTEND LIeHTpa BbluMCAUTENIbHOW IKCNEepTHU3bl, JOKT. (hU3.-MaT.
Hayk, un.-kopp. PAH, 3A0 «T-Cepsucbi», xonguHr «T-lMnatdopmbi»,

e-mail: Oleg. Melnik@t-services.ru

CNeunanmcTbl KOMNAHUKU, ABNAIOTCA TMAPOraA30AMHAMUYECKHNE PACHEThI.

OcrHoebiBaAch Ha coBCTBEHHOM NpakTUKe, cneumanmcTsl «T-CepBucsi» oTMeuaioT,
YTO NPUMEHUTENTBHO K HAYYHbIM, MPUKNAAHBIM U MPOOMbILLIIEHHBIM 300A4YAM TMAPOTA304U-
HOMMKM, BBIMIPBILL OT MCNOMb30BAHMA CYyNEePKOMMbIOTEPA GOMbLION NPOU3BOANTENLHOCTH
MOXHO PACCMATPMBATL B HECKOJbKMX ACNEKTAX:

* CYLLECTBEHHOE COKPALLEHME BPEMEHM PACYETA OJHOTO BAPUAHTA 304a4M (Mpu 30-
AGHHOM Habope NapameTpos);

* YBENNYEHME KONMYECTBA PACCYUTLIBAEMbIX BOPUAHTOB 30ACYM 34 PEAnbHOE (uK-
CMPOBAHHOE BPEMA. DTO O4EHb BAXKHO 41 30A0Y ONTUMM3ALMM, KOTAA B PACYETAX
BAPLMPYETCA BOMbLIOE YNCIIO NEPEMEHHBIX U MAPAMETPOB;

* BO3MOXHOCTb BOCTMXEHMA CYLLECTBEHHO OOMbLUEN TOYHOCTH PACYETA 3a MPEexXHee
BPEMs CHeTq;

* BO3MOXHOCTb CYLLECTBEHHOTO YBENMYEHUA POSMEPHOCTH PACYETHOM CETKU U CTene-
HU AMCKPETM3ALMM MPOCTPAHCTBA, YTO NO3BOMMT AETANM3MPOBATL 3A[AYY U BHISBUTL
cneundmyeckme NoKanbHbie 0COBEHHOCTY TEYEHMIT KUAKOCTENR U ra308.

C nosBneHMem M PA3BUTUEM BBICOKOMPOW3BOAMTENbHBIX MHOFONPOLECCOPHBIX
BIYMCITUTENBHBIX CUCTEM CTANIO BO3MOXHbBIM MPOBOAMTL BMPTYQNbHOE MOAENMPOBAHUE
TEYEHUN M MEPEMELLMBAHMA BO3AYXQA BHYTPM 3AQHMHA M OObEKTOB Gomblimx 06bEMOB
(cTammoHbl, BaccerHsl, TeaTpsl, TOProBble UEHTPb M T.M.) C y4eTOM CTPATUbMKALMM
M TEXHUYECKUX NMAPAMETPOB CUCTEM BEHTUMSLMM U KOHAMLMOHWUPOBAHMS, BO3LYXOBOLOB,
BEHTUNSTOPOB, PAAMATOPOB; C Y4ETOM TEMIOBOrO M3MyYeHWsl MATEPUANA CTEH M nepe-
FOPOAOK; C Y4ETOM COMHEYHOM TEMIOBON PAAMALMM, NMPOHUKOIOWEN Yepes 3aCTeKeH-
Hble OKHQ WM Kymona, M T.n. BbicokonpoussoauTensHble pacyeTsl NO3BONAIOT NOMYYATH
[OCTATOYHO NOAPOBHbIE, TOYHBIE U NOMHBIE NPOCTPAHCTBEHHbIE PACNPEAENEHU NOneil
TEMNEPATYPbl, AABNEHUA, CKOPOCTU BO3MYXA, PACCUMTHIBATL M BU3YQIIM3UPOBATL JIMHMM
TOKQ BO34yXA W TPAEKTOPMM YACTHL MblU U MPUMECEI.

B kauectsBe npumepa yCnewHoro npuMeHeHus CynepKoMMLIOTEPOB ANst 30AAY NPo-
EKTMPOBAHMS U QHANM3A CUCTEM XM3HEOOECNEUEHMS, KTMMAT-KOHTPONS PEQbHBIX MPOMBILLI-
NEHHBIX M CMOPTMBHBIX COOPYXEHWI B CTATbE NPEACTABNEHb PE3YNbTATh KOMMbIOTEPHOTO
MOAENMPOBAHMA NPOCTPAHCTBEHHbIX MONENH TEMNEPATYPbl M AABAEHUS BHYTPU NOMELLEHMNS
ropHonbixHoro cnycka CHEX KOM (HyTpeHHUI  kOHTYP) M BHYTPM BHELWHeN 060nouku
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KOHCTPYKLMMU (HAPYXHbIN KOHTYP) Ans yCnoBui cepeamHbl uions B r. Mockee.

Bce pacuetsl mposommnmce Ha cynepkomnbioTepe Ha 6ase  blade-nnatdopmsl
T-Blade, paspabotanHon komnanmen «T-Inatpopmsi». BeicokonponssoamtensHas mHoro-
NPOLECCOPHAs cMCTeMa nocTpoera Ha 6ase npoueccopos Intel® Xeon® E5410 ¢ yacro-
Torn 2,33 GHz u coctout uz 10 aByxnpoueccopHbix NE3BUH, OObEAMHEHHBIX B EAUHYIO
cnctemy KommyHukaumonHoi cpepoit InfiniBand DDR. Pacuet oaHoro pexmma Ha 3Toi
KOHPUIypaLMM 3QHUMAET BCErO HECKOMBbKO Y4ACOB, B TO BPEMA KAK [AXE HA BbICOKOMPO-
M3BOIMNTENBHOM MEPCOHONBHOM KOMMbIOTEPE NOAOBHbIE pacyeTsl NnoTpeboBanu Gbl AHK

HeLenm.
O6uwmit Bua BCcecesoHHoro ropHonbixHoro kommnekca CHEX.KOM wu ero kow-
CTPYKTMBHAA CXEMA NPEACTaBAeHbl HA puc. 1.

Puc. 1.
TopHonbIXHbIN Komnnekc CHEXX.KOM B Mockse

OcHoBHbIE XAPAKTEPUCTMKM 06bekTa: anmMHa — 363 M, wrpuHa — 60 m, Bbico-
Ta — 12 M, nepenag BLICOT cocTaenseT = 67 M. BHellHee nNoKpbITUE BLINOMHEHO M3 Me-
TAJUIMYECKUX NTUCTOB. HpﬂMOyFOJ’IbeIﬁ KOHTYP TPACCHI BbINOJIHEH M3 TENNOU3ONALMOHHbBIX
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NAHENEN TUNA «CIHABMYY. [TOMELLEHMS MEXIY IMCTOBbIM BHELLHUM MOKPLITUEM M OrPaX-
AQIOLLMMM KOHCTPYKLUMSIMU KOHTYPA HE OTAMIMBAIOTCA.

Mepen cneumanmctamm 3AO «T-Cepsucoi» Gbinn NOCTABAEHBI 304U CO3AAHUS
TBEPLOTENLHOM MOLENM TOPHOSBIKHOTO CKIIOHA, TEHEPALMM KOHEYHO-OOBLEMHOM CeTOu-
HOM MOAENWU W MPOBELEHUS PACHETOB C LEMbIO NMOMYYEHUS M AHANW3A MNONEN AABNEHUNM,
TEMMNEPATYP U BO3AYLLUHbIX MOTOKOB.

TeepaoTensHas MoAeb PACYETHON OBACTU FOPHOMBIXHOMO CKIOHA, BKIKOYAHO-
was B cebst BHYTPEHHUI KOHTYP MPAMOYTONBHOTO NPOGMIS U BHELWHUI KOHTYP (IMCTO-
BOS KPbILLIA 31IMNcoobpasHoro npoduns ¢ 6okoBMHAMM) 63 yUeTa HANUUMA CKBO3HbIX
NPOEMOB MEXAY HUMM, O TAKXE YKPENIsiowmx Oanok Mexay KPbILLEH M MOTOMKOM BHY-
TPEHHEero KOoHTypa, ctpounack B cpege crangaptHoro CAD-naketa.

B pamkax cospaHusa kOHEYHO-O0B6BbEMHOM CETOUHOM MofenH BbINO PEANM3OBAHO He-
CKOMbKO €€ BAPMAHTOB (C MPM3MATUYECKMMM MPUCTEHOUYHBIMM CrIosMu U 6e3 Hux). B utore
PA3MEP KOHEYHO-OOBEMHOM CETOYHOM MOAENM PACYETHOM OBNACTM BHYTPEHHEO M BHELL-
HErO KOHTYPA C MPM3MATUYECKMMM MPUCTEHOUYHBIMU CMIOSMM COCTaBMA 4,2 MIH aueek.

Co3naHue pacyeTHOM MOLENM 3AKMOYANOCh B 3040HUM GUIUUYECKMX NAPAMETPOB
Cpefbl, @ TAKXEe MPAHMYHBIX YCIIOBMIM HA CTEHKAX KOHTYPOB. B Kauectse cpenpl Gbin B3sT
BO34yX C MEPEMEHHOM MO BbICOTE MIOTHOCTLIO. TeMNepaTypa HA CTEHKOX BHYTPEHHEro
M BHELLHEro KOHTYPOB 3GACBANACH MO AAHHLIM TEMIOBU3OPHBIX USMEPEHUHA.

POC‘-IeTbI BO3AYLLHbIX MOTOKOB U TEMNEPATYPHbIX Nnonen BbiNMONHEHbLI B cTaumno-
HOPHOM MOCTAHOBKE C YY4ETOM TEMNIOMACCONEPEHOCA BO34yXA 30 CYET PA3HOCTM TEM-
nepatyp u 6aPOMETPHUYECKMX AABAEHUHA MO BLICOTE CMyCKA. BHyTpEHHWA KOHTYp Tpaccs!
M BHELUHMI KOHTYP MOA KPbILLIEN CHMTANMCH 3AMKHYTBIMKW, €CTECTBEHHAS BEHTUNAUMS OT
NMPOHUKHOBEHMS BO3A4YyXA C YNWLUbl HE yuuTbiBaNAack. B pesynbtate pacuetos nonyuexa
YCTAHOBMBLUAACS KAPTMHA TEMIOBOM KOHBEKLMM — TEMMEPATYPHbLIX NONei, nonei Aas-
NIEHMSt U CKOPOCTU BO3MYXA B PA3NUUYHBIX CEYEHMAX MO BLICOTE M NO OBbEMY BHYTPEHHETO
v BHELHEro KoHTypoB cnycka. CoOTBETCTBYIOLLME NPUMEPLI M UINIOCTPALMM MPHUBELEHDI
Ha puc. 2—3.
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Puc. 2.

PacueTHble Nosis TemnepaTypbl U CKOPOCTW B MOMEPEUHOM CEUEHN HAPYKHOFO KOHTYPA FOPHOSbIXKHOTO
cnycka
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Pnc. 3.
PacueTHble nona TemnepaTtypbl U CKOPOCTY B MOMEPEYHOM CeYeHUN BHYTPEHHEro KOHTYpa FOPHOJbIXKHO-
ro cnycka

Mo pesynbTaTam PACYETOB NOCTPOEHbB TPAPUUECKME 3ABUCMMOCTM PA3HULLI 6a-
POMETPHUUECKOrO ACBAEHUS MEXIY ABYMS KOHTYPAMM B COOTBETCTBYIOLUMX APYr APYyry
ceuenmsx (puc. 4).

Haunbonee cyliectseHHbiM PE3ynbTATOM NPOBEAEHHOrO KOMMLIOTEPHOrO MOLENN-
POBOHMS ABNAETCA BLIBNEHHBIM AOCTATOUHO 6OMLLION Nepenan 6apOMETPUYECKUX AaB-
neruit (100 — 235 la) no ob6e cTOpOHbI OrpaXACIOLMX KOHCTPYKLMIA, HTO B 3HAYUTESb-
HOM Mepe AOMKHO MHTEHCMBUUMPOBATL MPOLECCH MEPEHOCA M KOHAEHCALUMM BOAAHBIX
NAPOB B CTbIKAX OTPCKACIOLLMX MAHENEN MEXAY BHELUHMM W BHYTPEHHUM KOHTYPOMM
COOPYXEHUSA TOPHOMBIKHOTO CMYCKA.

OueBnaHo, 4TO NPUMEHEHNE CYMEPKOMMLIOTEPOB A AHAMM3A TEMNEPATYPHOTO
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PEXMMA M CMCTEMbI OXTIOKAEHMS M BEHTUASLMM PECNBHOTO CMOPTUBHOMO COOPYXEHMS
noenaeT BO3MOXHbIM KQYECTBEHHbIM nepexon OoT ypOBHA (‘byH,EI,OMeHTOJ'IbeIX M MOLeEJIbHbIX
UCCNEROBAHMI HO YPOBEHb PELLUEHWUS PEASbHbIX MPUKIALHbIX M MPOMBILLIEHHbIX 3040Y.
BosmoxHocTs pacueTta 60mbworo Gpusmnieckoro 06bemMa C BbICOKMM YPOBHEM AMCKPETH-
30UMM NO3BONMIA BbIABUTb OCOBEHHOCTM TEUEHMS, CBA3ATL MX C KOHCTPYKTUBHBIMK 3re-
MEHTAOMM COOPYXEHMS U C NPOUCXOAALLMMK DUBUUYECKMMI MPOLECCAMM U CHOPMYNHPO-
BATb PAA PEKOMEHAAUMM AN UBMEHEHUS U YIYULLEHWUS BNArO-TEMNEPATYPHOrO pexmnma
U KIIMMOT-KOHTPOJISE BCECE3OHHOTO FOPHOJBIKHOTO CryCKd.
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Puc. 4.
PacnpepfeneHune pasHuLbl 6apoMeTpUUecKoro faBfieHna Mexy CTeHKaM1 BHELUHEro 1 BHYTPEHHEro KOHTY-
POB (Ha BblCOTe 2 MeTpa OT Nona) No AJIMHe CKIoHa



