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WHCTUTYT TEOPETUYECKOWU N MATEMATUYECKON ®U3UKU (UTMD)

OcCHOBHbIM HarnpaBneHuem
peatenbHoctn UTM® POALI-
BHUNO® saensetca cospaHue
COBpPEMEHHON pacyeTHOo-Teope-
Tn4eckon 6asbl MogenMpoBaHus
CINOXHbIX (PU3NYECKUX MPOLIECCOB
B 3aja4yax MexaHVKWN CIIOLUHbIX
cpeqd 1 (OU3MKM BbICOKMX MITOTHO-
CTEeN 3Heprnn, a TaKke B APYrux
3afjavax, BXoOswWwmx B TeMaTuky
peatensHoctn BHUNIO®.

B 2010 rogy akTMBHO pa3sBu-
Banucb mMaTtemMaTuyeckne MeTo-
OVKM N anropuTMbl ANs MNoBbiLLe-
HUA TOYHOCTU N 3PP EKTUBHO-
CTU YNCNEHHOro MOAENMpOBaHNSA
CINOXHbIX (PU3NYECKMX NPOLLECCOB
B 3aja4yax MeXaHWKu CMIOLIHbIX
cpen. Ona KOHeYHO-Pa3HOCTHbIX
CXeM narpaHXeBoW rasoBon gu-
HaMWKK, NOCTPOEHHbIX Nocneao-
BaTeflbHbIM BapuauMoOHHbIM Me-
TOOOM, [OKa3aHO coxpaHeHue
¢a3oBoro obbemMa U KaHOHUYHO-
CTW (raMUNBLTOHOBOCTU).

C uenbio nosblweHUs adpdek-
TUBHOCTU MHOrONpPoLEeCcCOpPHO-
ro cyeTa B KOMMIEKce nporpamm
JIONAK-3D peanusoBaH anna-
paT guHamuveckon GanaHcupoB-
KN BbIMUCIIUTENBHOW Harpy3ku Ha
npoLeccopbl BO BpeMda cyeTa 3a-
Jayn, nepepacnpenensatowmmn
CUETHbIE TOYKM C npoueccopa Ha
npoueccop. PaHee peanusoBaH-

Has cTaTudeckas GanaHcuMpoBKa
He B MOJSIHOW Mepe y4uTbiBana He-
OOHOPOAHOCTM PaccYUTbIBAEMbIX
CUCTEM MO BbIMUCMUTENbHOW Ha-
rpy3ke u nepemelieHne BblYnc-
NUTENbHOWM Harpysku no cucteme
B NMpoLiecce NpoBeAeHUsi pacye-
Ta. B ocHoBe auHamuyeckon Ga-
NaHCUPOBKN NEXUT peannsoBaH-
HbI paHee annapaT 3aceyek Bpe-
MEHW BbIMOMHEHNS, KOTOPbIA Ha
Ka)kgom npoLieccope NoAacynThIBa-
€T BpeMmsi MosiesHoro cyeta u Bpe-
MS HaknagHbIX pacxodoB Ha obe-
creYyeHne MHOronpoLecCopHOCTU
(Bpemsi, 3aTpayeHHOe Ha MeXnpo-
LLleccopHble obmeHbl, cbop n pas-
0op bydepoB 0OMEHOB, OXMaaHne
B TOYKaX CUHXPOHM3ALUKN U T. 4.).
Pabota gnHamudeckon GanaHcu-
pPOBKM Mpou3BOAUTCSA B [Ba 9Ta-
na. MNepBbIn — aHanNU3 TekyLlero
COCTOSIHUSI pacyeTa u onpenene-
HVMe HeobXxoaMMOCTU nepepacnpe-
OEereHnsl CHETHbIX TOYeK Mexay
npoueccopamn. Bropoli — no He-
obxoaMmMocTn — pearnbHoe ne-
pepacnpegeneHme CYeTHbIX To-
Yek mexay npoueccopamu. B ka-
yecTBe npumepa paboTbl gMHa-
MMUYECKON GanaHCMpPOBKM MOXKHO
NMPVBECTM pacyeT, B KOTOPOM 3dp-
PeKTMBHOCTb pacnapanennsa-
HWUSI nocne rnepBoHavanbHoW cTa-
TU4Yeckorn 6anaHcMpoBKKU Obina

28 %, a nocrne HecKOnbKux Lua-
roB guMHamudeckon G6anaHcmMpoB-
Kn gocturna 72 % (4awe Bce-
ro apPEeKTUBHOCTbL MNOBbILLAET-
cqa Ha 10-20 eaunHuy). MNpu aTom
3aTpaTbl Ha gMHaMu4eckyto ba-
NMaHCUPOBKY COCTaBNSAT A0MNN
npoLeHTa OT BPEMEHU MONE3HOo-
ro cyeta.

B pamkax nporpammMHOro Kom-
nnekca JISFAK-3D 6bino npose-
[EeHO YUCNeHHOoe MoaennpoBaHme
npeacTosaWnX 3KCNEPUMEHTOB
Mo KOMMaKTUPOBAHWUIO LMIUHAPU-
Yyeckux KkaHanos B ypaHe. Pacuet-
HOMY aHanuay noaBepranocb UC-
cnepoBaHve BIUSIHUSA BBEOEHMSs
rasognMHaMnU4ecKoro crnosa Mex-
Oy yOapHUKOM U MULLEHbto, 6o-
KOBbIX TPEXMEPHbIX Pa3rpy3ok,
pPasfnyYHOro pacrorioXeHns Ka-
HanoB OTHOCUTENbHO APYr Apy-
ra. B pamkax HacTosiieln paboThl
norny4eHbl NpeaBapuTenbHble pe-
3ynbTaThbl NIaHUPYEMbIX OMbITOB.
Mopo6Hoe yncneHHoe mopenu-
poBaHue NpencTosALWMnX IKcnepu-
MEHTOB B TPEXMEPHON MOCTaHOB-
Ke BbINOMHEHO BMEpPBbIE.

lNpyMeHeHne 3TOro KoOMMnek-
ca No3BoNuII0 NPOMOAENMPOBaTh
ONnbITbl NO MCCNeaoBaHUIO npe-
JenbHon aedopmMauun paspylue-
HUA pasneTarLUnNXCcsa YpaHOBbIX

a

6

YHucneHHoe modenuposaHue 3KCrepuMeHmMos o KOMNaKkmupo8aHUIo YUMUHOPUYECKUX KaHalo8 8 ypaHe.
PacrnipedeneHue dasneHus 8 obpa3yax Ha MoMeHm spemeHu 1,5 MKC: a — 80 8cex uccnedyembix
8 aKcrepumeHme obpa3syax; 6 — 8 obpasyax ¢ 0OUHOYHbIMU KaHanamu
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obonouek. Pesynbratbl pacyeTtoB
rokasasnu, 4To y4eT paspyLieHus
ypaHa no mMofenu Xpynkoro OTKo-
na Ha yposHe P_ = -1 ITla nosso-
NAET KOPPEKTHO OMnmMcaTh OMbITHbIE
AaHHble. [lokasaHo, YTo Mcrosb-
30BaHVe CEKTOPHOro Bblpesa He
OKasblBaeT BIIMSHWA Ha PerncTpu-
pyemyto B OMbiTe PEHTIeHOBCKYHO
KapTuHY pacrnpeaeneHns TPEeLnH.
Kpome Toro, nokasaHo, 4to pe-
rMcTpupyemasi B 9KCnepvmMeHTe
PeHTreHoBCKaa KapTuHa pacrpe-
AEneHVst TPELMH Ha CTeHke 06o-
NOYKM He noaBepKeHa BUSAHUIO
TPEXMEPHBbIX Pasrpy3oK OT CEeKTop-
HOro Bblpesa.

3HaunTtenbHoe BHUMaHME
B NporpaMmme uccnegoBaHun no
nHepumanbHOMY CUHTE3Y ObIno
yoeneHo pa3paboTke 4ncreH-
HbIX MEeTOAUK, MNO3BOMSOLLNX
onuncbiBaTb TPEXMEPHLIN nepe-
HOC Na3epHOro U PeHTreHOBCKO-
ro U3nyvYeHun BHyTpmn BGOKCOB-
KOHBEPTOPOB NasepHbIX MuLLe-
Hen. Co3paHHaa B UTMO® B co-
TpyaHudectBe ¢ UNOU yncneH-
Has metoaumka CHO-NTMPA paet
BO3MOXHOCTb Ha OCHOBE CEKTOp-
HOro NpPMBNMXeHuss B Tpexmep-

HOM NOCTAHOBKE CKBO3HbIM 006-
pa3oM paccuuTbiBaTb pacnpo-
CTpaHeHue n nornouieHne na-
3€pHOro MU3nNy4yeHus, a Takxe re-
Hepauu 1 NepeHoc cnekTparnb-
HOro PeHTreHOBCKOro uanyde-
HUA BO BHYTpeHHeM obbeme
6okca-koHBepTopa. 1o nporpam-
me CHO-JIMPA npoBegeHo 4yuc-
NeHHOe MoaenupoBaHue AuHa-
MWKK nonen usnyveHua (nasep-
HOrMO N PEHTreHOBCKOro) B 3KC-
nepnMeHTax co cepuyeckumm
©okcamMmu npu Ucnonb3oBaHUKN MNo-
KPbITUMA W3 pasnnUyHbIX MaTepua-
NOB, HAHECEHHbIX Ha UX BHYTPEH-
HIOKO MOBEPXHOCTbL: CrodA 30510-
Ta TOMWWHOM ~1 MKM, crnost meau
TOMLLUMHOM ~2 MKM 1 CIOSt MarHusi
TonuwmHon ~4 mkm. Bo Bcex pac-
yeTax 3Heprust nasepHoro mnany-
yeHus cocTasnsana £ = 2,45 k[x
npu AnNUTenbHOCTU UMNyrbCa,
M3MEPEHHOW Ha ero nonysbICO-
Te, 1., = 0,6 HC. pun yKkasaHHbIX
TOSMLWMHAX CNoun 3TUX BELLECTB
B NpoLecce nasepHoro Harpesa
HE MporoparwT U Ha CNEeKTP PEeHT-
reHOBCKOro U3Ny4YeHus BHYTpU
6okca maTepuarn OoCHOBaHUS, Ha
KOTOpOEe HaHOCUTCHA MOKpbITUE,
HE BNUSIET.

YHucneHHoe ModenuposaHue 3KcrnepuMeHmos o uccredosaHuto rnpedesibHou
deghopmayuu paspyweHuUs: pasremarouuxcs ypaHosbix 060104eK.
Pasnem ypaHogoz2o yunuHopa

Cxema nasepHoli oceeuwjeHHocmu
8HYMpeHHeUl ogepxHocmu
cghepuyeckozo bokca
8 aKcCrepumeHmax Ha emopou
2apMOHUKe UOOHO20 f1a3epa
A = 0,657 Mkm
(pe3ko 8bIdesnsiromcsi 30HbI MSIMeH
rnepguyHoU 1a3epHOU 3aceemku)

Mo 4uncneHHoM wmeToauke
CHIO-NTIMPA npoBegeHa cepua
pacuyeToB Ans ABYX 3HAYEeHUN
KoapurumneHTa f B orpaHuye-
HMWN NOTOKa 3NEKTPOHHOM Tenno-
nposogHoctn (q = fkT v, roe
T, — Temnepartypa 3/1€KTPOHOB,
k — noctosiHHas bonbumana, v, —
TennoBasi CKOPOCTb AMEKTPOHOB):
f=0,1 nf=0,03. B yncneHHbix
pacyeTax onpenensnncb ycrno-
BMA MOrMoLWeHNsa Na3epHoro na-
Nny4YyeHNs Ha cTeHkax bGokca, Ha-
XOAUNUNCb CNEeKTpbl HEPaBHOBEC-
HOro PEHTreHOBCKOro U3MnyyeHus,
reHepupyemoro B ctepunyeckom
Ookce, a Takke paccyMTbiBaNuChb
cnekTparnbHble HEOQHOPOOHOCTU
PEHTreHOBCKOW OCBELLEHHOCTU
Kancynel ¢ TepMoagepHbIM TO-
nnueom. C ymMeHbLLUEeHNEM aTOM-
HOro Homepa Z BellecTBa Nokpbl-
TUS CTEHOK BOKCa CHUXaeTCsl KO-
A PULMEHT MOrMoLLeHns nasep-
HOW SHEpPrun n NPOUCXoanT nage-
HUe adhhekTUBHON TemnepaTypsbl
PEHTreHOBCKOro uanyyeHus. Yuc-
NeHHble uccnegoBaHMa nokasanu
CUMNbHYIO 3aBUCUMOCTb pe3yrb-
TaToB OT KoadhduumeHTa f. Tak,
Onsi ctaHgapTHoro 6okca ¢ 30-
JNOTbIM MOKPbLITUEM MPU CHUXKE-
Hun f ¢ 0,1 go 0,03 koadphuun-

WHCTUTYT TEOPETMYECKOU U MATEMATUYECKOU ®U3UKU (UTM®D)
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€HT MOornoweHns B NsaTHax nep-
BWYHOW Na3epHOW 3aCBETKU CHU-
xaetca ¢ 0,83 go 0,50, a makcu-
ManbHas TemnepaTtypa peHTre-
HOBCKOrO M3ny4eHuns B Gokce na-
paet ¢ 170 po 150 3B. CpegHe-
KBagpaTtniHas HeO4HOPOAHOCTb
PEHTreHOBCKOW OCBELLEHHOCTU
Kancynbl ¢ TepMosaepHbIM TO-
nrvBOM B 3TUX pacyeTax COCTaB-
nana 1-3 %. B akcnepumeHTax
C MULLEHAMU HenpsiMoro oobny-
YeHUd, BbIMOMHEHHbIX Ha nasep-
HoW ycTaHoBke «Vckpa-5» Ha BTO-
poW rapmMoHMKe MoOHOro nasepa
(A = 0,65 mMKkM), HangeHa 3aBuUCK-
MOCTb (CKENIMHI) adheKTUBHON
TemnepaTtypbl T PEHTTEHOBCKOro
nanyyeHusi B 6okce OT UHTEHCUB-
HOCTM NnasepHOro nanyyexus. lNo-
nyyeHHas B pacyeTte apPeKTUB-
Has Temneparypa UsnyydyeHusa ans
nyctoro cchepudeckoro 6okca (6e3
Kancyrnbl) ¢ 30510TbIM MOKPbITUEM
BHYTpPEHHEN NOBEPXHOCTN COCTaB-
nset 143 aB npu f= 0,03 n 159 aB
npu f = 0,1, a akcnepumeHTanb-
HbIA CKEWNUHI C y4eTOM noTepu
493 [k na3epHOW 3Heprum B OT-
BepcTuax gaet 139 sB. CpaBHe-
HWe pacyeTHbIX AaHHbIX C adhdek-
TUBHOW TemrniepaTtypon B Bokce

Nno 3KCMepuUMeEHTarbHOMY CKel-
NNHTY NoKa3blBaET, YTO pe3ynbTa-
Tbl UBMEPEHUIA BOCNPON3BOAATCS
npyu YUCNEHHOM MOAENMPOBaHUK
Cc K09 DULUMEHTOM OrpaHmnye-
Hua f=0,03. B nasepHbIx MuLle-
HAX HenpsiMoro obnyyeHus cxa-
TWe 1 Harpes BellecTBa Kamncy-
nbl 40 YCMNOBWI, KOrga npoTekatoT
MHTEHCUBHbIE peakuun TepMOo-
SAEPHOro ropeHunst, NponucxoaaTt
noa BO3LENCTBMEM KBa3npaBHO-
BECHOIO PEHTIFEHOBCKOIo U3ny4e-
HUS, TEHEePUPYIOLLErocsl Ha CTEH-
Kax OoKca-KkoOHBepTOpa Bcnen-
CTBUE MOTTIOLEHNSA U3NYyYeHUsI
nasepHoro gpavisepa. AkTyarnb-
HOCTb NpoBeAeHHON paboTkbl co-
CTOWUT B TOM, YTO MyTEM CpaBHe-
HUS1 3KCNepUMeEHTarnbHbIX U pac-
YeTHbIX AaHHbIX yaaeTcs onpeae-
NUTb KOIPPULNEHT fB orpaHmnye-
HUW NOTOKa 3MEKTPOHHOM Tenmo-
NPOBOAHOCTU, YTO OYEHb BaXHO
OISl KOPPEKTHOIO OMMcaHus npo-
LleccoB nepeHoca Tenna arnek-
TpoHamu B o6beMe obpasyoLen-
Csl NPUCTEHOYHOW Nnasmbl Npu
MOEenMpoBaHUN YCIoOBUIA B3au-
MOLENCTBUSA MHTEHCUBHOIO na-
3€pHOro U3Ny4YeHns HaHOCEeKyHA-
HOWM ONNTENBHOCTU.

t, HC

Basucumocms aghghekmusHol memnepamypbl PEHM2EHOB8CKO20 U3/TyYeHUsT
om epemeHu ripu f= 0,1 (ceemsbie mapkepsbi) u f = 0,03 (memMHbie MapKepbl)
0ns1 cgpepuyeckoeo 6oKca ¢ NMoKpbimueM U3 30110ma, Medu unu MazHusl,
8HYMPU KOMOPO20 pacrosioxeHa Karcyrna ¢ mepmosiOepHbIM MOMIUEoM:
m,0-Au A, A—Cu; %, % — Mg

AKTUBHO pasBuBasnacb MeTo-
OWKa YMCNEHHOro MOLENMPOBaHUS
ANEeKTPOMAarHUTHOroO U3ry4veHus
(OBMW). MNposeneH aHanua ypas-
HEHUN TMOPOAMHAMUYECKON MO-
Jenu noHocoepbl C Lenbio nony-
YEeHUs OLEHKM HarpeBa 3reKTpo-
HOB Ha HayanbHOW CTaguu B3au-
MOOENCTBUS 3NEKTPOMArHUTHOro
MMNyrnbca NpU3eMHOro saepHoro
B3pbiBa (AB) ¢ noHocdepHon nnas-
Mon (Ha BpemeHax 1-5 mkc). Caoe-
naHa rnocTtaHoBKa NpeacTaBuUTESNb-
HOW OAHOMEpPHOWN MOAENbHOW 3a-
[aum o pacnpocTtpaHeHun M AB
B MOHOCepHon nnasme. lNpose-
OEeHOo aHanuTMyeckoe paccMoTpe-
HUe BNUSIHUSI NPOCTPaHCTBEHHOM
Jucnepcum Ha pexunm pacnpocTtpa-
HEHMA MMnNyrnbca B MoHocdepe
B NPeanoOnoOXeHUn, YTO UMNynbC
cnabo MeHsaeT napamMmeTpbl Nnas-
Mbl MOoHOCepbl. PaspaboTaHbl
pa3HOCTHblE CXeMbl ONs peLle-
HUS1 ypaBHEHUA OOHOMEPHOW MO-
aenn pacnpoctpaHeHns MU AB
B WOHOCEpHON nnasmMme c corna-
COBaHUEM YUCIIEHHbIX CXeM pe-
weHus ypaBsHeHun Makceenna u
ypPaBHEHUN rMapoANHaMUYECKON
Moaenu nnasmbl. BeinonHeHa ce-
pva pacyeToB NO 3TON MOOENU.
PaspaboTtaHbl pekomeHgaumm no
BbIOOPY CYETHBIX NapamMeTpoB Ang
OBYX MPaKTUYECKN BaXKHbIX CUTY-
auun: npeobnagaroLLero BAUSHUA
AMEKTPOHHOM Aucnepcumn Ha pac-
npocTtpaHeHne SMW AB u npeob-
najaroLlero BAMSHUS NPoBOAMMO-
CTW Nnasmbl HA B3aMMOOENCTBME
OMW mowHoro AB ¢ noHocdepon.

Ha 3apadye o uncneHHom moae-
NUPOBaHUN B3aMMOAENCTBUS KO-
POTKOMMMYNbCHOrO nasepHoro us-
nyyeHunsa ¢ 6eCCToNKHOBUTENbHON
nnasmon npoBefeHO U3yyeHune
BO3MOXXHOCTEN MaTeMaTU4ecKomn
MOLENW, coaepKallen B pacyeT-
HOM obGnacTn rpaHuU4HbIE MOrno-
watowme cnowu. MNpn aTOM UCNOrMb-
30BaHa Tak HasblBaeMas Modenb
naeanbHO-COrnacoBaHHOMO Crios.
NokasaHo, 4YTO M3MeHeHne rpa-
HUL, pacyeTHoM obnacTtu npu Ha-
nuyum BOGNU3M HUX NOrMOLLAKLLINX
CNOEB He MpMBOAMUT K 3HAYUTENb-
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HOMY M3MEHEHUIO UHTEerpanbHbIX
XapaKTepuUCTUK B3aUMOOENCTBUS,
TaKUX Kak MOSHblE KMHETUYECKMEe
3HEeprum KOMMOHEHT nnasMbl U KO-
3 PULNEHT MOrMoLLeHns nasep-
HOW SHEPIrnn, ecnn Npu Ux noacye-
Te y4yecCTb BKMaj 4yacTtul, Bblllea-
LMxX 3a rpaHuubl obnacTtu. B 1o xe
BpeMs CyLlecTBeHHoe npubnu-
XEeHWe rpaHuy, pacyeTHon obna-
CTWU K Ha4anbHbIM rpaHMuam obna-
CTW, 3aHMMaEMON NNa3mMomn, MoXeT
KayeCTBEHHO MOBMUSATbL Ha Crek-
TPpbl BbICOKOSHEPreTUYHbIX YacTuL
(c aHepruaMmn B HECKOMbKO OecAT-
KOB MErasneKkTPOHBOSLT).

Bbonblasa pabota npoBeneHa
Nno yCOBEPLUEHCTBOBaHUIO Mofe-
nen ypaBHeHun coctosHusa (YPC)
BeLLeCcTB U NpoberoB nanyyeHust
B BeLleCcTBax C Lenblo paclumpe-
HMA nx obrnacTn NPUMEHMMOCTM
M NOBbILLEHNA TOYHOCTU onuca-
HUS PU3MKM NPOUCXOOALLMX NPO-
uecco. C nMcnonb3oBaHNEM CO3-
[aHHOW paHee MoAenu LMPOKO-
AnanasoHHOro nonyamnupu4ecko-
ro YPC metannos, B KOTOpon ag-
(PEKTMBHO y4YUTbIBAETCH BUAHUE
NpOoLIECCOB NOHM3aUUN Ha TepMo-
OvHamuyeckue yHKLUK, paspa-
6otaHbl YPC Bonbtpama, TaHTa-
na, éepunnma 1 antoMnHMA. I3Tn
YPC onucbiBalOT Kak COCTOSAHUA
B 3KCMepuMeHTaribHO nccnego-
BaHHOW 0bnacTu, Tak U COCTOSIHUS
B obnactn CBEPXBbLICOKMX AaBne-
HUI 1 TemnepaTyp, paccumTbiBa-
eMble N0 TEOPETUYECKMM CTaTu-
CTMYECKMM Mogensm Tuna Toma-
ca — ®epmun. [Ina ceoen obnactu
npumeHumocTtn YPC cogepxar oT-
HOCUTENbLHO HEDOoMNbLLIOE YNCNO
cBoboaHbIX napameTpos, 60sb-
LUMHCTBO U3 KOTOPbIX UMEET n3un-
YEeCKMI CMbICH.

CosgaHa HoBasi Bepcusi npo-
rpammbl THERMOS gna pacyeta
cnekTpanbHbIX KO3hPULMEHTOB
nornoLeHnss oToHOB Ha OCHOBE
MOANULMPOBAHHOIO Npubnuxe-
HMAa [Oupaka — XapTpu — Poka —
Cnatepa ¢ nocrnenosaTtenbHbIM
y4eTOM OOHO3MEKTPOHHbIX pernsi-
TUBUCTCKUX adoheKToB (peanu-
30BaHa apdekTnBHaa metoau-

ka — 6e3 nepebopa kKoHdurypa-
umn). NpoBeneHo cpaBHeHWE psiaa
XapakTepUCTUK (BOSTHOBbIE (DYHK-
LUMn, CUnbl OCLUINATOPOB U Ap.)
C aHanNUTUYECKNMN BblpaXeHns-
MU, a TaKkkKe CpaBHEHWe CreKkTpoB
C pesynsratamu pacyeToB Mo Co-
BpeMeHHon Bepcumn (6.4gamma)
nporpammsl THERMOS.

lNpoBeneHa pabota no pacna-
pannenuBaHuio BblYUCIIEHUI NPO-
©eroB hOTOHOB B BeLLECTBE B MPo-
rpamme MNMEPCT gns ucnonb3oBa-
Hus ee Ha ABM ¢ apudmeTnyeckm-
MK yckoputenammn. B nporpamme
MEPCT paccunTtbiBaloTCA CeYeHUst
TOPMO3HOrO MOrMoLWeHns, OTOo-
NOrMoOLLEeHUs, NOrMNOLEHNS B JIUHK-
X 1 paccesiHus. Pacuet potoce-
YeHW npeacTasnseT HanbonbLune
BblYMCIUTENbHbIE TPYOAHOCTU MO
3aTpataM Kak KaneHgapHoro Bpe-
MEHU, TaK N BPEMEHW LieHTpanb-
Horo npoueccopa. Pacyet ceue-
HUI ANS BCEX MOHOB U NPU KAXKA0M
3HaYeHUN YacTOTbl BbIMOMHAETCA
He3aBucumbiM obpasom. [MoaTo-
MYy Ha MHoOronpoLeccopHbix 3BM
yaanocb pacnapannenutb nepe-
©60p KOHpurypauum noHoB, a npu
Hanuyuu rpagouyeckux apmgme-
TUYECKUX YyCKOpUTENnen A0MNOSHU-
TENbHO pacnapannennTb pacye-
Tbl HA YACTOTHOM ceTKe. Takne pe-
XUMbI pacnapannenvBaHuga pea-
NU30BaHbl Ha YCKOPUTENSAX C UC-
none3oBaHmemM TexHonornn CUDA
n OpenCL. OnnTensHOCTb BbINOM-
HEeHWNs nporpamMmmbl NPY NUCNOMb30-
BaHUM apudMeTUYecKnx yckopu-
Tenen cokpatunace B 10—-15 pas.

CosgaHa 6asa akcnepumMeH-
TanbHbIX AaHHbLIX MHTEPaKTUB-
HOW crnpaBoYHOW cucTeMbl (6asa
30NCC) naketa YPC-O®, npegn-
Ha3Ha4yeHHas Ans ynopsiio4YeHHo-
ro XpaHeHusi, NpocMoTpa, penak-
TUPOBAHWSI U KOMUPOBaHMWS 3KCre-
pUMEHTarnbHbIX AaHHbLIX, UCMOSb-
3yembIx npu pa3paboTke n Tectu-
poBaHun YPC. VHTepakTnBHas
obonoyka ans paboTbl ¢ 6ason pe-
anusoBaHa kak web-cant. bnaro-
naps atomy 6asza 3OUNCC npeno-
CTaBnsieT nonb3oBaTensiM criegy-
toLLIMEe BO3MOXHOCTM:

— pabota ¢ nboro KommnblTe-
pa NokanbHOW BbIYNUCITNTENBHOMN
cetTn 6e3 1UCMorb30BaHUS Kakoro-
nnbo cneumnanbHOro NPUMNOXEHS,

— OOAHOBPEMEHHbIV  [OCTyn
kK 6ase ntoboro konu4yecTsa norb-
30BaTeneun cety;

— aBTOMaTU4ECKOE Mory4vyeHne
obHoBneHunn 6asbl AANCC,;

— yganeHHoe agMUHUCTPUPO-
BaHVe 1 3alumTa 6asbl AaHHbIX.

baza SANCC umeeT paspelun-
TENbHY CUCTEMY C onpeaereHu-
€M YpOBHel JocTyna nosb3oBare-
nen N aBTOMaTU4YECKMM BbIMNOSHE-
HMem aBTopu3auun. basa nmeet
YOOOHbBIA MHTEPAKTUBHBIA UHTEP-
denc onga noucka, npegocrasne-
HUS 1 3KcropTa MHAdOPMaLUK, Co-
OEepPXUT cpeacTea ANsl BHECEHUSs
HOBbIX JaHHbIX, KOPPEKTUPOBKMU
W yOaneHust yxxe CyLLEeCTBYIOLLUX.

B cooTBeTCTBMU C MPOEKTOM
pasBuTUS CynepKoOMMnbOTEPOB
POAU-BHNNO® paspabaTtbiBa-
€T OTeYEeCTBEHHYIO NMporpamMmm-
HYIO NnaTtgopMy Ans BbICOKO-
npPon3BOAUTENbHbIX BblYUCIie-
HUN, OCHOBAHHYIO Ha pasBUTUU
cosgaHHoro B POAL-BHNNOD
n cBobOOOHO pacnpocTpaHsaemo-
ro CUCTEMHOro NPoOrpamMmMHOro
obecneveHus (MO). Uenbto aB-
nsetca paspaboTka NONHOMYHK-
LMOHaNbHOIro COBPEMEHHOIO Cu-
ctemHoro O ana agdeKkTnBHoO-
ro UCNONb30BaHNSA PECYpPCOB LIN-
POKOro cnekTpa BbICOKONPOU3BO-
OVTeNbHbIX BbIYNUCNUTENBHbBIX CU-
CTeM: KOMMNakTHble cynep3BM,
yHUBepcanbHble 1 rmbpugHble;
MoOLLHble cynep3OBM u HeoaHo-
pOAHblE MHOrOMalLUWUHHbIE KOM-
nnekcol. [0 gaHHOMY Hanpasne-
HUIO BedeTcs paspaboTka yHU-
KanbHbIX 6a30BbIX KOMMNOHEHTOB
cucteMmHoro MO u HoBbLIX Npo-
rPaMMHbIX TEXHOMOMMNA.

OcHogHble pesyniratel 2010 roga:

— PaspabotaHo NO ynpasne-
HUS nepapxmyecknm XpaHeHnem
JaHHbIX NS BbICOKOMNPOU3BOAM-
TENbHbIX MapannernbHbIX BblYUC-
nuTenbHbIX cUcTeM, obecrneyn-
BaloLLlee BbICOKOCKOPOCTHOM [O-
CTYN K Aa@HHBIM 1 HaJEeXHOCTb Xpa-
HeHus. O cuctembl XpaHeHus
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1 0OCTyna COCTOUT U3 CrieayoLLmx
OCHOBHbIX KOMMOHEHTOB:

* NapannenbHaga annosasa cu-
cTema;

* cMcTeMa aBTOMaTU4YEeCKON MU-
rpaumMm AaHHbIX Mexay YPOBHSMM
XpaHEeHWs;

° apXMB AaHHbLIX MPOM3BOA-
CTBEHHbIX 3ajav;

* nogcucTemMa pesepBHOro Ko-
NMpPoBaHUs.

— PeanunsoBaHa eguHas odve-
peab 3ajaHuin Ha nepemelleHne
OaHHbIX MeXay YPOBHAMU Xpa-
HeHus1, No3BonsLLasa LeHTpanu-
30BaHHO ynpasndaTb pacnpene-
JNEHHbLIMU onepauusiMm U onTu-
MU3MpOBaTb MUCMNOMNb30BaHue 06o-
pyooBaHus. B pamkax cospaH-
HOro rpadguyeckoro nHTepdgen-
ca npenocTaBnsalTCA cpeacTesa
ONs aAMUHUCTPUPOBAHWS, MOHU-
TOpUHra, aHanusa cratucTuye-
CKOW MHopMauMn n HaBuUraumun
Mo pasfnuUYHbIM YPOBHSIM XpaHe-
Huga. MacwTabupyemocts MO cu-
CTeMbl XpaHeHust 1 goctyna obe-
crnednBaeTcs Mmaclutabupyemo-
CTbIO OTAEMbHBIX KOMMOHEHTOB,
BXOOSLLUUX B €e COCTaB.

— PeanusoBaHa napannensHas
onepauuoHHas cpefa ans BblCOKO-
NPON3BOANTENbHbIX NapanmenbHbIX
BbIYUCTIUTESNBHBIX CUCTEM HOBOTO
nokoneHus. B coctas pa3spaboran-
HbIX KOMMOHEHTOB MPOrpamMMHOro
obecrneveHnsa napannensLHon one-
pauVoHHOW Cpeabl BXOOAT:

» BbesguckoBasa onepaunoHHasi
cuctema (OC), onTMMM3NPOBaH-
Hasi Anga BbICOKONPOU3BOAUTENb-
HbIX BbIMUCTIEHUIA;

* KOMMYHUKaLMOHHOE CUCTEM-
Hoe [1O;

e cucTemMa ynpasreHus 3agaHu-
MU U pecypcamu;

e CUCTEMA MOHUTOPUHra anna-
paTHbIX U NPOrpamMMHbIX KOMMO-
HEHTOB.

— PeanunsoBaHbl cuctema ce-
TEBOW 3arpy3ku 1 TEXHONOrns Co3-
naHua O3Y-pesngeHtHon OC.
Cuctema ceteBon 3arpy3kun OC
NO3BOMSIET OTKa3aTbCsl OT UCMOSb-
30BaHUSA ANCKOB Ha y3nax BblYUC-
nutensHoro nons u 3arpyxate OC
no cetu Ethernet nnu BbiCcOKO-
CKOPOCTHOW KOMMYHMWKaLNOHHOM

cetun InfiniBand. Co3paHa cne-
unannanpoBaHHasi KOMMNakTHas
O3Y-pe3ngeHTHaa OC ana Bbl-
YNCIUTENBHbIX Y35I0B Ha OCHO-
BEe MOJSTHOLIEHHOro AuCTpubyTmBa,
6asupytoterocs Ha agpe Linux,
ONTMMU3NPOBAHHAas Ansl BbICOKO-
NPOV3BOAUTENBHbLIX BbIMUCIEHUIA.
OCHOBHbIM KOMIMOHEHTOM CUCTE-
Mbl yNipaBneHns 3agaHusmMm n pe-
cypcamu sIBNsieTca rnokanbHasa
cucTtema nakeTHOro 3anycka na-
pannensHbIX npunoxeHun (JAM).
B JAM peanusoBaHbl Hanbonee
nonesHole yHKUMN ee aHarno-
roB (PBS, LoadLeveler, SLURM,
Condor 1 T. 4.), U OHa OpPUEHTU-
poBaHa Ha MOSHOLEHHbIN y4eT
cneundumkn 3BM u cyeta Ha HUX
3apgad. JAM nopaepxmnBaet no-
cnepoBarernbHble, NnapannenbHble
n OpenMP 3apaHusa. B cucteme
peanu3oBaH 3(PEKTUBHbBIA anro-
pPUTM NNaHnpoBaHust — meToa go-
HoBoro 3anonHeHuns Backfill.

B cucteme MmoHuTOpUHra anna-
paTHO-NPOrPaMMHbIX KOMMOHEH-
TOB OCHOBHOE BHMMaHWe ygene-
HO anropyTMam yHKLUOHUPOBa-
HUSI ¥ NPOrPaMMHbIM PELLEHNSAM
peanusauuu, brnarogaps KoTopbim
JocTurarTcs MacltabupyemocTb
1 dyHKUMOHaNbHas pacnpege-
NeHHOCTb cucTembl, obecneynsa-
IoLne MOHUTOPUPOBAHUE Takoro
ymucna obopyooBaHUS U METPUK,
KOTOpPOEe COOTBETCTBYET COBpe-
MEHHbIM cynep3BM.

Mony4deHsbl criegytowme ceuge-
TenbCTBa O rocyAapCTBEHHOMW pe-
rmcTpauumn nporpamm ans IBM:

* TecToBas nogcucrema 6ubnu-
oTeku pewarenen LParSol;

* Visual Sparse Tools ana uc-
cnefoBaHUst CBOWCTB CUCTEM Nu-
HenHbIX anrebpanyecknux ypaBHe-
HWUIA 1 Ans obydveHnst paboTsbl ¢ 6u-
onnotekon LParSol;

* TecToBas nogcucrema 6mubnu-
oTeku pewarenen LParSol;

e OTNaguuK napannenbHbIX
npunoxenui (PDB);

* cucTemMa nakeTHom obpaboTkm
3agaHun Java Maui (CINO JAM);

* cucTemMa ans AMarHoCTUKKU Co-
CTOSIHUSA CUCTEMHbIX KOMMNOHEHTOB
MYMbTUMPOLECCOPHbIX BbIYUCIIN-
TenbHbIX cnucteM (MonDiag2009).

BaxHoe MecTo B AeATensHOCTU
cneunanmctoB MTM® B nocnen-
HMe roabl 3aHMMaeT pa3paboTka
metogoB un MO gna vMuTauuoH-
HOro0 MOAENMPOBaHUA Ha MHOrO-
npoueccopHbix BM npaktuyeckmnx
3aa4 HayKOeMKUX oTpacrien npo-
MbILLUIIEHHOCTM, TakMX Kak aToMHas
3HepreTuka, aBnacTpoeHue, aBTo-
MobunecTpoeHme n apyrux. At pa-
60Tbl BeOyTCs B pamMkax npoekTta
«PasBuTne cynepkoMnboTEPOB U
rPVO-TEXHOMOINN», MPUHSITOrO K pe-
annsaunn Komunccnen npu MNpesu-
neHte Poccunckon degepaumm no
MoOepHM3aUMN N TEXHONOMMYECKO-
My pPasBUTUIO SKOHOMUKN PD. [o-
NOBHbIM UCTIONHUTENEM YKa3aHHOro
npoekta ytBepxaeH Oryr «POALL-
BHUN3®». B 2010 rogy paboTbl no
NPOEKTY BbINM pa3BepHyTbI N0 TPEM
OCHOBHbIM HarnpaeneHusiM:

1. Co3paHne oTeyeCcTBEHHOro
KOoHKypeHTocnocobHoro MO ans
KOMMMAEKCHOro UMUTALMOHHOIO
3D mopenupoBaHua Ha cynep-
3BM c maccoBbiM napannenns-
MOM B MHTepecax NpoeKkTupoBa-
HUSA 1 co3aaHnsi HAYyKOEMKOW npo-
OyKuun BegyLmnx oTpacren otede-
CTBEHHOW MPOMBbILLIIEHHOCTW.

2. BHegpeHue cosgaHHoro 10
B BbICOKOTEXHOMOMMYHbIE OTpacnu
NMPOMBbILLIIEHHOCTU B LIENsiX Mnpo-
€KTUPOBaHUS N pa3paboTKM KOH-
KypeHTOCnocobHbIX 06pasLoB Co-
BPEMEHHOW TEXHUKMN.

3. Paspabotka 6GasoBoro psiga
cynep3BM, BkntovatoLLero B cebs:

— BbICOKOMNPON3BOAUTENbHbIN
BbIYMCIUTENBHBLINA KOMMIEKC HOBO-
ro NOKONeHus Ans peLleHust cTpa-
Termyeckmx 3agad HaykoeMKux oT-
pacnen;

— KOoMnakTHble cynepOBM Te-
padnoncHoro knacca ang mMacco-
BOro NMPUMEHEHUS Ha npeanpusi-
TUSIX NPOMBbILUNIEHHOCTU, B HaykKe
n obpasoBaHuu.

YunTbiBasg BaXKHOCTb N 60sb-
won obbemM pellaembix 3agad,
paboTa no peanusauyuu npoekTta
B 2010 roay Benach B LUMPOKOW KO-
onepauun ¢ opraHudauuamm oc-
kopnopauuun «Pocatomy», MUHoGp-
Hayku, PAH, npombILIneHHbIMY
npegnpuaTusMmu. CoBmecTHas pa-
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boTa BegeTcs B pamkax 38 KOHTp-
areHTCKMX OOroBOpOB C COUCMOS-
HuTenamu npoekta. B 2010 roay
YMCIO NPeanpuUaTUn U opraHu3a-
LU, UMELWNX yaaneHHbI JoCTyn
K BblYMCIIMTENBHBLIM pecypcam Cy-
nepKkoMnbOTEPHOro ueHTpa Oryrl
«POAL-BHUNID», yBennuunoch
C LWecTu OO ABeHaauaTtu.

Mo nepBomMy HanpaBneHuo
paboT BaXHbIM pe3ynsTatom
2010 roga crana cgada B 9KCnny-
aTtauunto nepBbiX BEpCcUn otede-
CTBEHHbIX MakeToB nporpamm J10-
rocC, NArak-gK, 0AHKO + le-
MNAPL, HAIM®A, npegHa3HayeH-
HbIX Ans nMmutaumoHHoro 3D mo-
aenuposaHusi Ha cynep3BM
C MaccoBbIM Napannennu3mom.
Pe3ynsratoMm MMpOBOro YpOBHSI
SABNSAETCA TO, YTO CO34aHHble nep-
Bble BEPCUM OTEYECTBEHHbIX Nake-
TOB MporpamMmM Mo3BOorsiOT NPOBO-
ONTb pacyeTbl C UCMOSb30BaHNEM
no 1000 npoueccopoB. OTO B He-
CKOINbKO COTEH pa3 ycKopsieT Bpe-
Msi NpOBeAEHUsT OTAENbHOro pac-
yeTa M pacLumMpsieT BO3MOXHOCTHU
MHOrOBapUaHTHbIX PACYETOB.

B pamkax paboT no BTopomMy Ha-
npasnenuio B 2010 rogy BepcnsamMm
OTeYeCTBEHHbIX 6a30BbIX NAKETOB
nporpamMmm mMmmtaumoHHoro 3D mo-
aenuposaHust Ha cynep3BM ¢ mac-
COBbIM MapannenuamomMm paspabor-
kn U TM® Oryn «POAL-BHANSD»
ObINno ocHalleHo okorno 140 pabo-
YMX MECT Ha NPeanpUATUSIX BbICOKO-
TEXHOMOMMYHbIX OTpacnen NPoMbILL-
neHHoctn. Cpean HUx OAO «KA-
MA3», OKB «Cyxon», HIMNO «Ca-
TypH». Ha 6asze UTM® nposeneHo
CeMb CEMUHAPOB Mo 0By4eHuto cne-
LManucToB NPennpuUsiTUin - BbICOKO-
TEXHOMOMMYHbIX OTpacnen NPoMbILL-
neHHocTn paboTte ¢ nepBbIMKU BEp-
CUSIMM OTeYeCcTBEHHbIX 6a30BbIX Na-
KETOB Mporpamm ummtaumoHHoro 3D
mogenupoBaHus. B 2010 rogy oby-
YeHVe Ha 3TUX CeEMMHapax NpoLUnn
140 cneuyunanuctoB 13 12 opraHu-
3aumnm 'K «Pocatomy», ®KA «Poc-
KOCMOC», aBUaLMOHHON U aBTOMO-
OMnbHOW NpoMmbILLneHHocTU. oa-
roToBKa cCrneumnanmcToB NpPOMbILL-
NEHHbIX NPeanpusTUn 1 ocHalle-
Hue paboyumx MeCT OTeYeCTBEHHbI-
MW NakeTamu nporpamMm MMmTaum-

OHHoro 3D mMogenvpoBaHUsA No3Bo-
NN MPUCTYNUTb K COBMECTHbLIM
pabotam no Bepudukaumn n ea-
nnpaumm MO 1 ero npakTn4eckomy
NPUMEHEHUIO MPU pacyeTHON oTpa-
©0TKe OTAENbHbIX 3NEMEHTOB KOH-
CTPYKUUIA CrOXHbIX 06pasLoB Tex-
HUKK. B xoae npoBeneHust aTux pa-
00T OCTUTHYT psf, BaXKHbIX pe3yrb-
TatoB. B Tom uucne:

a) B OKB «Cyxon» mopenupy-
€eTcs TOonnMBHas cucrtema ucTpe-
outena Cy-35, BegyTcst paboTbl No
pelleHuto npobnembl 6e3onacHo-
CTW HOBOrO pernoHarnbHoro nacca-
Xupckoro camoneta Superjet-100
B YCMNOBUSIX aBapUNHON NMOCaaKku
C HEBbIMNYLLEHHLIMU UNN YaCTUYHO
BbINyLLEHHbIMM LLIACCH;

©6) B HINO «CaTtypH» uccne-
[OBaH Oo0pbIB fonaTku BEHTUIS-
Topa rasotypbuHHOro asuratens
[30_Krl-bypnak B Lensax 6esonac-
HOCTW ero aKcnnyarauum B nonet-
HbIX YCINOBUSIX;

B) B OKBEM «AcbpurkaHTOB» Npo-
BefeHO 0BOCHOBaHWe rmapoauHa-
MUYECKNX N NMPOYHOCTHbIX Xapak-
TEPUCTUK psiia aneMeHToB 0bopy-
AoBaHuna kopabenbHbix AJY;

r) ana «KAMA3a» obocHoBaHa
B3PbIBOCTOMKOCTb BpOHEaBTOMO-
ouna KAMAB3-43269; paccunTtaHbl
aspognHamMuyeckme xapakrepu-
CTUKM THrada ¢ npuLernomM Ha npu-
mepe mogenu KAMAS3-5308; npo-
BeZleH NPOYHOCTHbIV aHanM3 pambl
KAMA3-5308.

B 2010 rogy B UTM® ycnewwu-
HO npoBoaunacb pabota no pas-
BUTUIO BasoBoro psga cynepdBM.
Tak, B pamkax co3gaHusi BbICO-
KOMPOW3BOOUTESNBHOMO BbIYUCIIN-
TeNbHOro KOMMsiekca HOBOMO MOKO-
neHusi, cnocobHoro pellartb cTpa-
Termyeckne 3agaqum npeanpusTui
BbICOKOTEXHOJTOMMYHbLIX OTpacnen
NPOMBILLNIEHHOCTU:

— paspaboTaHbl TEXHUYEecKme
NPEeanoXeHns Ha BblYUCIIUTENb-
HbI KOMTMSIEKC HOBOTO MOKONEHUS,
KOTopble yTBEP)KAEHbI rocygap-
CTBEHHOW KoMuccuen n ogobpe-
Hbl MEXOTpacneBon 3KCNepTMU3on
¢ yyactnem PAH;

— paspaboTaH 1 yTBepXKAEeH Tex-
HWUYECKUIA MPOEKT Ha BbICOKOMPO-

N3BOAMUTENBHbIA BbIYNCTIUTEMNBHBIN
KOMMMEKC HOBOTO MOKOMEHWS;

— co3AaHbl UHXEHepPHbIe CUCTe-
Mbl XX13HeobecneveHus;

— BeayTcsa paboTkbl No co3aa-
Huto cuctemHoro MO n ero TecTu-
pPOBaHUIo.

OCHOBHbIM pesynsTatoM Mo
[aHHOMY HanpaBreHuo SBNAETCS
BBOZ B 3Kcrnnyataumio B gekabpe
2010 roga doparmeHTa BbICOKOMNPO-
N3BOAUTENBHOMO BbIYUCAUTENBbHO-
ro komnnekca cynep3BM MTI1-1P.
B nepBom kBaptane 2011 roaa,
C onepexeHnemM Ha OeBATb Me-
csiLueB, BbICOKOMNPOU3BOAUTENb-
HbI BbIMUCIIUTENbBHbLIA KOMMMEKC
HOBOro nokoneHus éyaet BeBeaeH
B 9Kcnyataumio B NOfHOM O6b-
eme. dparmMeHT 3TOro KOMMsek-
ca B obbeme 300 Tcoronc 6yaet
npenocTaBneH ang yaaneHHbIX
pacyeToB CTOPOHHUM Npeanpu-
ATUAM U opraHusaumsm. Napan-
nenbHO C CO34aHWEM BbICOKOMPO-
N3BOAUTENBHOMO BbIYUCAUTENBbHO-
ro KOMMmeKkca HOBOro NMOKOSeHns
B UTM® npopomxkanacb pabota
Nno COBEPLLEHCTBOBAHUIO ABYX TU-
NnoB KOMMakTHbIX cynep3BM. Pas-
pabotaHHast B U'TM® yHuBepcanb-
Haa komMnakTHasa cynepdBM Te-
pacdhnoncHoro kracca B coctaBe
annapaTtHO-NPOrpaMMHOro Kom-
nnekca AlK-1 8 2010 rogy Obina
npeacrtaeneHa ocygapcTtBeHHOM
komuccuu. Mo mntoram pabotsl lNo-
cyOapCTBeHHasi KOMUCCUSA PEKO-
MeHgoBana komnnekc AlNK-1 k ce-
PUAHOMY MPOU3BOACTBY U OTMeE-
Tuna, 4to AlMNK-1 asnaetca yHu-
KanbHOM pa3paboTkon n no co-
BOKYMHOCTW NapamMeTpoB sIBMsSieT-
cs nugepom B Poccun cpeam ceo-
nx aHanoroB. KOMnakTHbIA MHOro-
NpOLECCOPHbIN BbICOKOMPOU3BO-
OUTENbHbIN BbIYNCIIUTENbHBIN KOM-
nnekc AlNK-1 nukoBowr npousBo-
outensHocTblo 1,1 Tcononc npea-
Ha3HayYeH Ana MHOMBMAOYyanbHO-
ro U KONMNeKTUBHOrO UCMonb3oBa-
HUSA KOHCTPYKTOpaMu, Uccrneno-
BaTensaMmn, matematukamu B pa-
6ounx komMHaTax u nabopatopu-
X, Tak Kak He TpebyeT oTaenb-
HbIX MOMELLEHUI, OCHALLEHHbIX
crneunanbHbIMU  MHXEHEPHbIMUN
cucTeMamu xmsHeobecneveHus.

WHCTUTYT TEOPETUYECKOU N MATEMATUYECKOU ®U3UKU (UTMD)
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AlK-1 obecneumBaeT npoBeae-
HUe pacyeToB, TpebyroLmx 6orb-
LINX BbIYUCINTENBHbLIX PECYPCOB,
ocHalleH 6a3oBbiM cuctemHbiM MO
1 npuknagHeim MO paspaboTku
UTM® POAL-BHUN3®, opreHTn-
POBaHHbIM Ha peLleHne KOHKPEeT-
HbIX 3a4a4y TPEXMEPHOro nmmuTaLm-
OHHOI0 MOAENUPOBaHUA C Lenbio
NOBbILLEHNST TOYHOCTU U YMEHbLLIE-
HUS CPOKOB MHXXEHEPHbIX pacyeToB
npu NPOEKTUPOBAHUN U CO3AaHUN
HOBbIX 06pas3sLLOB TEXHUKN Ha Npea-
NPUATUSAX BbICOKOTEXHOMOMMYHbIX
obnactent. B 2010 rogy AlK-1 6bin
C ycnexoMm npeacTaBrieH Ha 9 Mex-
OyHapoaHbIX BbiCTaBkax U cdopy-
Max (Atomakc u XIV MexayHapoga-
HbIN NeTepbyprckum SKOHOMUYe-
ckun chopym (CaHkT-leTepbypr);
Bbicokue texHonornn-2010, Ceasb-
3kcnokom-2010, Atomakcno-2010,
HedTerasz-2010 (Mockea); Ap-
Mapka aTOMHOro MalUMHOCTpoe-
Hua n Poccusa egnHas-2010 (Hwx-
Hun Hosropopa), HHonpom-2010
(EkatepuHbypr)). B cooTBeTCTBUM
C rocygapcTBEHHbIM KOHTPAKTOM
B8 2010 rogy B U'TM® 661110 nsrotos-

neHo 15 ak3emnnspos AlNK-1, koTo-
pble nepenaHsbl B 11 opraHusauun-
coucnonHutenen npoekta «Pas-
BUTME CYMEPKOMMbIOTEPOB U rpua-
TexHonoruny. LecTb ak3emnnapos
AlK-1 peanusoBaHbl Ha KOMMep-
YeCKoW OCHOBE.

Hapsioy ¢ yHuBepcanbHbIMU
KoMmnakTHbIMK cynep3BM B UTM®
Obinn paspaboTaHbl aKCNEpUMEH-
TanbHble 0bpasLbl NporpamMmMmHo-
annaparHbIX KOMMekcoB Ha base
cneyvanm3npoBaHHbIX KOMMaKT-
HbIX cynep3OBM. O3Tta pabota
BbINOMNHANACL B paMKax peanusa-
UMW rOCYAapCTBEHHOIO KOHTpaK-
Ta ¢ ®enepanbHbIM areHTCTBOM
no Hayke u MHHoBauuam. lNMpume-
HEeHne NporpamMmMHo-anmnapaTHbIX
KOMMSIEKCOB Mo3BonsdeT bornee
YyeM Ha NopsaoK COoKpaTUTb Anu-
TENbHOCTb pelueHust 3agady ma-
TeMaTU4ecKkoro MoaenvpoBaHus
OBGBLEKTOB aTOMHOW SHEPreTuKku,
B YAaCTHOCTM pacyeT KPUTUYECKNX
napamMeTpOB aKTMBHbIX 30H peak-
TOPOB, C UCMOMNb30BaHUEM TpeEX-
MEepPHOro NOTB3fIbHOrO ONUcaHus
X reoMeTpun, a Takke onncaHus

CBOMCTB MaTepuarnoB, Haxoas-
LLIMXCS B YCNOBUSIX MOLLHOTO paau-
aLUMOHHOro BO3AEeNCTBUA.

B 2010 rogy B UITM® aktuBHO
BENUCb pacyeTHO-TeopeTUndeckme
paboTkl, CBA3aHHbIE C MOATOTOBKOW
1 0DOCHOBaHMEM 3KCNEpPUMEHTarb-
HbIX UCCreaoBaHUM, NPOBOANMbIX
Bo BHAN3®. BbinonHeHbl «Cum-
METPU3aLMOHHbIE» pacyeTbl nam-
HEepHOro NOHAEPOMOTOPHOIO y3na
(MY) ansa akcnepumMeHToB C AUC-
koBbiM BMI™ no yckopeHuto Tokom
~60 MA nariHepa-yoapHuka mac-
comn ~20 r/cm go ckopoctu 20 km/c.
Lenb akcnepMmeHToB — Uamepe-
HWe yoapHbIX agnabaTt matepuanos
npuv gaeneHnsx ~10 Mbap. PacueTbl
nposoaunucb no metoamkam TUIM-
201 v MW[. Yoanocb nogobpatb
dopmy TOpLEBbLIX Cu-3neMeHTOB
Y, koTopasa obecneuynBaeT yao-
BMNETBOPUTENBHYIO (DOPMY BHYTPEH-
Hen nosepxHocTu Al-nanHepa ne-
pen coyaapeHvem ¢ MULLIEHBLIO Ana-
METPOM 2 CM (Ha HapY»XHOW NoBEpPX-
HOCTUK nanHepa Obiny 3agaHbl Cry-
YalHble HavanbHble BO3MYLLEHMS).

p, rlcm®

+ I . ';
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YHueepcanbHasi KomnakmHasi cyrnep3BM

mepagpriorcHo20 Kracca 8 cocmase
arnnapamHo-rpogpammHo20 Komriekca AllK-1

05 0 05 1

- 0,67203
15 2 25

0,001

Z, cMm

U3onuHuu nnomHocmu natHepHo20 1Y do Hayana
U 8 KOHUe umrnio3uu (pacyem o memoduke MWL)
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B POAL-BHUNO® nnaHunpyeT-
Csl CTPOUTENBLCTBO MEPCNEKTUBHOM
nasepHou yctaHoBku YOI ¢ aHepru-
en B umnynece o 2 Mx. C uensto
NOArOTOBKX Mporpammbl NpeacTos-
LLIMX 9KCNEPUMEHTOB U BbIMNOMHEHNS
CpaBHUTENBLHOTO aHannsa napame-
TPOB U3My4YEHWS B pasfnyHbIX Bapu-
aHTax yCTaHOBKW NPOBOAUIIUCH pac-
YeTHble OLEHKM NapameTpoOB PEHT-
FEHOBCKOIO U3Iy4YeHUsi, reHepupy-
€MOro B UMIMHAPUYECKON MULLEHU

TMna «inntomuHaTtopy. [BymepHbie
pacyeTbl no nporpammam ®OMUM
1n MIMMK nokasanu, 4to npu BBe-
[EHUM BHYTPb MULLIEHU fa3epHOMn
aHeprmn 300 k>x B MMnynbce anu-
TEMNbHOCTBIO 3 HC MOXHO Ha BTOPON
rapmoHuike (anvHa BorHbl 0,52 MKm)
B bokce AMameTpoM 6 MM 1 ANMHOWN
6 MM JocTnub adhpekTUBHON TeM-
nepatypbl nsnyyexHmsa 230 aB n Ha
TpeTbeN rapMoHUKe (OnmMHa BOs-
Hbl 0,35 MKM) B Bokce AnameTpom
4 mm n gnvHon 4 mm — 300 aB.

PeHmeeH

MuweHb «UnnomuHamopy: 1 — depxxamerib; 2 — 1a3epHbIe MyYKuU;
3 — 8bIX00HO€ OKHO; 4 — Kopr1yC
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Ha nasepHon yctaHoBke «Wc-
Kpa-5» NpoBOAATCS 3KCMEPUMEHTDI
no reHepaLun yaapHbIX BOIH B pas-
NYHBIX MaTepuanax npy HenpsiMom
(peHTreHoBCKOM) OBMyYeHUn B Mu-
weHsx Tuna «nniommHatopy. Bbl-
MOSIHEHO pacYeTHOe MOoAEenMpoBa-
HWE OMbITOB C PacrofioXXeHMeEM UC-
cnegyemoro martepuana (antoMuHuiA
OBYX TOMNLMH) Ha TopLie MuLleHn. Pe-
3ynbTraThl ABYMEPHbLIX PacyeToB Mo
nporpamme POMUM c npoberamm
N3MyYeHusi, pacCYMTaHHbIMK MO Mpo-
rpammam MNMEPCT n THERMOS, oka-
3anMcb JoCTaTodHO Bnuskumn. [Ona
nasepHoro nMMnynbca BTOPOW rapMo-
HUKM (anmHa BonHbl A = 0,66 MKM)
AnUTENbHOCTBIO T, = 0,5 HC 1 3Hep-
rver 900 [Ix nonyyeHa makcumarb-
Has Temneparypa U3nyyYeH1s Ha BHY-
TPEHHeN NOBEPXHOCTM Cros arnto-
MUHUA ~191 3B, ckopoCTb yaapHoWM
BOIMHbI B 6@30BOM Crloe antoMmHUS
TonwmHom 20 Mkm ~32 KM/C, B CTy-
neHbke TonwmHon 10 mkm ~49 kwv/c.
MakcumansHoe aaeneHve 3a poH-
TOM yAapHOM BOSMHbI B antOMUHUN CO-
craensiet ~50 M6ap. B aHanornyHbIx
onbiTax CO CBUHLOBLIM CIoemM Ao-
CTUrHyTbl AaBneHuns ~90 Mbap.
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lMpocmpaHcmeeHHoe pacripedeneHuUe memnepamypbl 3MEKMPOHO8 (a) u udnydyeHusi (6)
Ha MOMeHm cepeOuUHbI NTa3ePHO20 UMIIy/ibca 8 pacdeme 01 8mOpoU 2apMOHUKU
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lMpocmpaHcmeeHHoe pacrnpedesieHUe memrnepamypbl 37IEKMPOHO8 (a) u usrnyqeHusi (6)
Ha MOMeHm cepeOUHbI 1Ta3ePHO20 UMIy/bca 8 pacdeme O mpembel 2apMOHUKU

WHCTUTYT TEOPETMYECKOU U MATEMATUYECKOU ®U3UKU (UTM®D)
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CkopocmHolu
XpOoHoepach

LHuazHocmuka
PU

lpuHyunuanbHas cxema 3KCrepuMeHmos o 2eHepayuu yoapHbIX 80JIH: 1 — aHMUGIUKO8bIU IKpaH;
2 — obpasey uccnedyemo2o Mamepuarsna; 3 — 8bIXOOHOe OKHO O71s1 peaucmpayuu nomoka PU; 4 — unnromuHamop
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WHCTUTYT TEOPETMYECKOW U MATEMATUYECKOU ®UIUKU (UTM®D)
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lMpocmpaHcmeeHHoe pacripedesieHue nnomHocmu (a) u aeneHusi (6) Ha MOMeHmM
8bIxo0a ydapHoUi 8071HbI U3 6a308020 C/1051 afIFOMUHUST MOAWUHOU 20 MKM
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lpocbunu daeneHus e antoMuHUe8oM crioe u3 pacyema MIMMK

B 2010 rogy npoBegeHo uc-
crnegoBaHne (U3NYecKnx mexa-
HM3MOB MHULMNPOBAHUS AETOHa-
UMM 1 3aBEpPLLUEHO CO3OaHME MO-
Oenun ygapHo-BOJTHOBOW YyBCTBU-
TEeNbHOCTWN TBEPAbIX reTeporeH-
Hbix BB. KoHuenuusa ropaymx To-
yek (M) n oyaroBbI MEXAHU3M
MHULNNPOBAHUA OeToHauum
0as3oBble NpencTaBfeHNs coBpe-
MEHHON bn3nKn B3pbiBa. Baanmo-
OencTBne ygapHoun BOSHbI C Oe-
deKkTaMmn CTPYKTypbl TBEPObIX re-
TeporeHHbix BB npuBoguTt Kk He-
0QHOPOOHOCTM AedhopmaLmnmn cxa-
Toro oobema BB, nokanusauumn
W guccunauumn 3Heprum B OTAENb-
HbIX odarax [T, B KOTOpbIX Ha-
UMHAETCs1 NPOLECC pasroXeHus
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BB. Nx panbHenwee passutune
NPUBOAUT K MaKpOCKONUYECKOMY
B3pbIBY. Bpema nHaykumm getoHa-
UMM onpegensieTcsl XapakTepHbIM
BpEMEHeM BTOpPOro atana — po-
cta 'T 4o nx conpmKoCHOBEHMUS.
Mpn xapakTepHbIX pasMmepax rpa-
Hyn BB ~100 MKkM 1 xapakTepHOM
BPEMEHU MHAYKUUU AeTOoHaumnn
~1 MKC ckopocTb pocta ['T gornx-
Ha ObITb He MeHee 50-100 m/c.
370 Ha Tpu nopsiaka Bbille CKO-
pPOCTM OBbLIYHOrO MOCMOMHOIO ro-
peHna BB. Onpegenawowmm me-
XaHM3MOM MNepeHoca 3Heprun sie-
NAeTcs BUXPEBOW XapaKkTep Te-
YyeHust — TypOyNeHTHOCTb, KOTO-
pasi BO3HUKAET n3-3a MHOromep-
HOCTM npouecca ropeHus n pocra
I'T n BCcneacTBme rasognHammnye-
CKOW CABUIOBOW HEYyCTONMYMBOCTU
Ha dpoHTe ropeHusi. bnarogapsa
OO0mnbLION MHTEHCUBHOCTU TypOy-
NEHTHOro nepemMelLMBaHns Takme
TeyeHns obnagaroT NOBbILLEHHOMN
CNOCOBHOCTLIO K Nepenave Tenno-
Thl, YCKOPEHHOMY pacnpocTpaHe-
HUIO XMMUYECKNX peakLmnii, B HacT-
HOoCTW ropeHus. [NMonyyeHHaa ny-
TEM YNCIEHHOro MOAENMPOBaHUA

ckopocTb pocta ['T 6onee 100 m/c
noaTBepXaaeT rmnotesy o Typoby-
NEHTHOM MexaHu3Me nepeHoca
3Heprum B npouecce pocta I'T npwm
MHULMNPOBaHUK AeToHauun. dun-
3uMyeckasl KapTuHa BbIrMaauT Tak:
noa OencTBMeM yoapHOW BOSHbI
1 B pesynbrate BUXPEBOro Teue-
HUA KpynHOMacLTabHble YyacTu-
Ubl 4pobATca 40 Menkux pasme-
poB 1 nepemewmnsarotrcad. OCHOB-
HOW npoLecc aHepronepeHoca
B NMPOCTPAHCTBE MPOUCXOOUT Typ-
OyneHTHO, Npn 3TOM 3a CYET pas-
BUTOW NOBEPXHOCTU KOHTakTa BB
1 npoaykToB B3pbiBa BB ycnesa-
eT nporpeBaTbCa NOCPEeaCTBOM
MOIEKyNApHOWN TensonpoBOaHO-
CcTu (Nnepepaya aHeprun ot npo-
OYKTOB B3pbiBa) M NpOAOImKaeTcs
MHTEHCMBHAsA peakumns pasnoxe-
HUS (ropeHne C TennonpoBOLHO-
CTblO C NOBEPXHOCTU MENKUX Ya-
cTuy). YCNOBHO KapTUHY WMHULUK-
pOBaHUs reTeporeHHbIXx BB MoxHO
npeacTaBUTb NOSTAMHO:

1) ®opmuposanue I'T — ctagus
OT MOMeHTa cxatus BB ynapHom
BOSIHOM [0 Hadana XUMu4eckon
peakuuy B NOKarnbHbIX oyarax.

2) Poct ropaudero ouvara (I'T) —
pasBuUTME peakuun pasnoXeHust
B OKpyxatoLiem BB.

3) BsaumoperictBue un Obl-
CcTpoe cnuaHue oyaroB — Obl-
CTpoe 3aBeplueHne peakuuu npu
BbICOKOW Temrnepartype 1 faBne-
HMM B MOMEHT, Korga pearumpyto-
Wure obnacTn HauyMHaKT CNMBaTb-
c4, 4YTO U obecneymBaeT GbICTPbIN
nepexon K camonogaepxuBato-
LiemMycs cTalMoOHapHOMY AeTOHa-
LMOHHOMY npoLeccy (cobcTBeH-
HO B3pbIB).

Ha ocHoBe aTux npeacrasne-
HWUIA co3aaHa Mofernb KUHETUKM ae-
ToHauuun TBepabix BB — mopenb
MK, koTopasi BBeaeHa B OCHOB-
Hble MaTeMaTu4eckne MeToauKu
NTM®. Mogenb npoluna Tectupo-
BaHMe Ha LUMPOKOM Habope akc-
NEPUMEHTOB C PasfnyHbIM UHU-
LMVPYIOLWMM BO3OENCTBUEM Ha
BB B ogHOMEpHbIX, ABYMEpPHbIX
N TpexmMepHbIx pacyetax. Monyye-
Hbl Habopbl NapameTpoB MoZenu
Onsi BOCbMU COCTaBOB Ha OCHOBE
TATBE, okToreHa, rekcoreHa, TOHa.
Mopgenb ncnone3yeTrcsa B Npous-
BOACTBEHHbIX pacyeTax.

WHCTUTYT SKCMEPUMEHTANBbHOW rA30AUHAMUKN
N ®U3NKU B3PbIBA (UDB)

BriepBble nosy4yeHbl aKcnepu-
MeHTarnbHble JaHHbIE O CXUMa-
€MOCTU OenTepusa npu gaBreHu-
ax go 2000 IMla. Hactosawwme wnc-
CcnenoBaHus SIBUNUCh NMOMMYECKUM
NPOOOIMKEHNEM U3MEPEHUIN CXU-
MaemMoCT/! BOAOPOAA, BbIMOSTHEH-
Hbix B0 BHAN3S® B 1970-e rogbl
rpynnon C. b. Kopmepa, B ana-
na3oHe gaenexHun go 1300 [MTla.
B3pbiBHOE 0bGXaTue aentepust ocy-
LLeCTBNSANOCL CUCTEMON chepu-
YECKM CXOOSLLUMXCS yOapHbIX BOJTH,
LMPKYNUpyoWmux B obbeme rasa,
1 nog OencTBMem ctanbHoW obo-
JNOYKK, CXoasdLlenca K LeHTpy. Te-
HeBOe M300paxxeHue rpaHuy o0bo-
JIOYKM, CXKMMatOLLEN ra3000pa3HbIN
OenTepuin, nony4yeHo ¢ ogHoBpe-
MEHHbIM UCMOSIb30BaHNEM TOPMO3-
HOTrO U3Ny4YeHUs1 TPEX MOLLHbIX Oe-

TaATPOHOB, YTO MO3BOMMIIO 3@ OA4WH
3KCMEPUMEHT 3aperncTpupoBaTtb
AeBATb a3 ABmkeHUa 0b6omnoykn
W NpocneavTb 3a AMHAMWKOW Mpo-
uecca cxartua. [Npyn HavyanbHOM
AaBneHun fentepus P = 267 atm
u temneparype T = 10,5 °C (nnot-
HOCTb ra3oobpasHoro gentepus
p, = 0,04 r/cm®) namepeHa cpea-
HAS MAOTHOCTb CXaToro rasa
p=0 p, =4,3%0,7 r/cm®. 3gech
0 =(R/R,, ) rae R, — paauyc BHy-
TPEHHEN rpaHuLbl cdhepuryeckon
000MoYKN B UCXOOHOM COCTOSIHUW;
p, — Ha4anbHas nnoTHOCTb rasa,
R ., — paguyc nonioctn B MOMEHT
«OCTaHOBKM» obornoykn. [aene-
HWe B AeNTEPUEBON Nnasme onpe-
JenseTcs u3 radogmHamMmnyecKkmnx
pacyeToB C YY4ETOM peasibHbIX Tep-
MOLMHAMUYECKMX N MPOYHOCTHbIX

CBOWCTB 3M1IEMEHTOB 3KCNepumeH-
TanbHOro yCTPOMCTBA.

[ns nccnegoBaHna BO3MOXHO-
CTW NONyYeHUs SKCnepumMeHTanb-
HbIX AaHHbIX O KBA3MU33HTPOMU-
YEeCKOM CXMMaeMOCTU U30TOMoB
BOAOpOAA M renus npu AaBneHnsax
0o 3000 NMa npoBeaeHbl akcne-
PUMEHTbI C MCMOMb30BaAHNEM Cre-
uManbHO pa3paboTaHHbIX cepu-
YeCKMX ABYXKacKaAHbIX B3PbIBHbIX
YCTPOWCTB C rasoBoM CUMMETPU-
3ayuven. OCHOBHOW TPYOQHOCTbIO
B NpoBegeHnn nogobHbIX aKcne-
pumeHTOB sBnsieTcs obecneveHne
CUMMETPUM CXaTus NONoCcTu C ra-
30M. OTKMNOHeHUs1 oT cpepude-
CKOW CUMMETPUN MPUBOLSAT K po-
CTy MOrpeLHoCcT! onpeaenenms
CpedHuX MIoTHOCTEN CXaTbIX ra-
30B. AHanun3 pesynbraToB JKCre-

WHCTUTYT SKCNEPUMEHTANbHOW FTA3OOWHAMUKN U ®U3UKN B3PbIBA (U®B)





