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OCHOBHbIM HanpasneHvem fe-
arensHoct UTM® gaensetcs cos-
JaHne COBPEMEHHOM pacyeTHO-
TeopeTuyeckon 6asbl mMogenu-
pPOBaHUSI CNOXHbIX OU3NYECKUX
NPOLIeCCOB B 3agavax MexaHUKu
CNNoLHON cpeabl U PU3NKnN Bbl-
COKUX MNOTHOCTEWN 3HEpPruum, BXO-
OAWNX B OCHOBHYK TEMaTuky Ae-
arenbHocTn BHUNI®. KnioueBbim
MOMEHTOM pPa3BUTUSA pPaCHETHO-
TeopeTuyeckon 6a3bl sABNSAET-
cs paspaboTka HOBbIX (PU3UNKO-
MaTeMaTudecknx mMoaernemn, BHe-
OpeHne nx B paHee co3gaHHble
KOMMMeKcbl NporpaMmm, Ux Bepu-
ukaLmsa 1 Banugaums.

[ns yncneHHoro mogenvposa-
HUS1 CUNbHBIX B3PbLIBOB Ha Oornb-
LIMX BblcOTax pasdpaboTaHa meTo-
OuKa, OCHOBaHHasa Ha npuobnuxe-
HUM MHOrONOTOKOBOW MarHUTHOW
rasoguHamMmukn. B pamkax pgaH-
HOro nNoaxoda BCe YacTuubl pas-
0endaiTCs Ha HEeCKOIbKO COPTOB
(«MOTOKOBY»), U OBMXEHUE KaX-
[0ro noToka onucbiBaeTcd raso-
ONHAMUYECKUM  NPUBNNKEHU-
eM, npuyem noTokM MoryTt ob-
MEHMBATbCA MacCCOW, UMMyMb-
COM U 9Heprmuen. MHOronoToko-
Basg MOAENb COAEPXUT LWeCTb Mno-
TOKOB 4acTul. B pasHble noToku
BbIAENSOTCS NPOAYKTbI B3pbiBa
M BelecTBO atMocdepsbl, a Tak-
e HenTpanbHble U 3apsKeHHbIE,
ObICTpblEe U MeAneHHble YacTu-
ubl. [JononHUTENbHO BBOAUTCS
©e3maccoBbI MOTOK 3MEKTPOHOB,
OBWXEHME KOTOPOro onpegensier-
CH YCNOBMEM 3NeKTpoHenTpanb-
HoCTU. BaxkHon 0COBEHHOCTLIO
Moaenun siBnsdeTcs yvyeT B3auMo-
OeNCTBUSA MOTOKOB MNria3Mbl, CBA-
3aHHOro C NapMOPOBCKUM Bpa-
LieHMEM WOHOB B MarHUTHOM
none. LllectunotokoBas meTtoau-
Ka peanu3oBaHa B KOMMIIEKce
nporpamm TUM n npegHasHaue-
Ha Ons pacyeTa HeCcTauMOHapPHbIX
3aa4 MexaHuKX CrroLWHON cpe-
Obl HA HECTPYKTYPMPOBaHHbIX Nna-
rPaHXeBbIX CEeTKax B ABYMEPHOM
N TPEXMEPHOM MPUBNNKEHUN.

YHucneHHoe modenuposaHUe 8bICOMHbLIX 83PbIGOS.
PacnpedeneHue mazHUmMHo20 daesrieHusi Ha esicome 400 Km

Mpn paboTte KOHCTPYKUUIA, Noa-
BEPraLLnxXcs B NpoOLEeCcce IKChmy-
ataumm BO3AENCTBUIO UHTEHCUB-
HbIX MMMYMNbCHbBIX Harpy3ok, akTy-
anbHbIM SIBNSETCA BOMPOC paspy-
weHwus. MNMpn guHamuMyeckom ge-
dopMUpOBaHMM ynpyronmactmye-
CKUX MaTtepuanoB MOXeT obpaso-
BblBaTbCSA BOMbLLOE YNCIO MUKPO-
JedeKkToB pasfnuyHoro Tuna. Yumc-
NIEHHOE OMMCaHne KaXKgoro MUKpO-
aedekta B OTAENbHOCTW Npu pac-
CMOTPEHUM NMMNYIIbCHBIX BO34EWN-
CTBUWM Ha pearibHble MoriHoMac-
wTabHble KOHCTPYKUUN ABNSIET-
CSl JOCTATOYHO CINOXHOW 3adaden.
Onsa yyeta noBpexgeHHOCTU ma-
TepmnaroB B YCIOBUSIX MMMYrbC-
HbIX BO3OEeNCTBUIA paspaboTaHa
heHoMeHonorn4yeckas Moaernb Ku-
HETUKN OUHAMWYECKOro paspyLue-
HUS mMaTtepmanoB. B pamkax atomn
MoOenn y4YnTbiBaeTCs KMHETUKA
obpasoBaHus, pasBuUTUS U CNus-
HUS NOp MpV OEeNCTBUW pacTaru-
BalOLLUX HaNpshKeHUn, NoBpeX-
OEHHOCTb Martepuarna Ha COBuro-
BbIX NacTUYeCKMX gedopmaumsx,
a Takke ymMeHblUeHue mepbl Mno-
BPEXAEHHOCTM MaTepuanos npu
OENCTBUN CXMMAIOLLMX Hanpshke-
HUIA (BNMOTb 0 UX aHHUTUIIALUN).
B paccmatpuBaemon mogenu no-

naraeTtcs, 4YTO poCT U B3amMoaen-
CTBME PasfNYHbIX MUKPOMOBPEX-
OEeHHOCTEeN mMaTepuarna B KOHeu-
HOM MTOre MOryT NPUBOAMUTL B J10-
KanbHOM oBriacTn kK Makpopaspy-
WweHunto Teepgoro matepuana. Ku-
HeTu4yeckass MOAENb TaKXKe BKIHO-
YyaeT B cebs BO3MOXHOCTb KOM-
NaKTMPOBaHWST Pa3pyLUEHHOro Ma-
Tepvana nog OeNCTBUEM CXUMa-
IOLMX HanpsbkeHnn. Ha passutue
MPOLIECCOB pa3pyLLUEHMS 1 KOMMaK-
TUPOBaHUSI BIUAET TeMnepaTypa
MaTepuarnoB, KOTopasi Takke y4Te-
Ha B paccMaTpvBaeMOM KMHETHUKE.
Mopgenb peanusoBaHa B pamMkax
meToaukn TUM, npegHasHaveH-
HOW Ons pacyeTa HecTauuoHap-
HbIX 3a4a4 MEXaHWKU CMMOLLIHOMN
cpenbl Ha HECTPYKTYPUPOBAHHbIX
narpaHXeBbIX CEeTKax, U LUMPOKO
NCcnosb3yeTcs Npu MoaenupoBa-
HUM pPaboTbl KOHCTPYKLMA B yCrO-
BUSIX YOAPHO-BOSTHOBbLIX BO3AEN-
cTBuin. Bannpauus mogenu npo-
BEEHa Ha Lenom psiae sKkcnepu-
MEHTarnbHbIX JAaHHbIX. Pe3ynsraThl
pacyeToB MOKa3bIBalOT, YTO KMHE-
TM4eckasa MoAenb paspyLLeHns Ka-
YEeCTBEHHO BEPHO nepeaaeT Kap-
TUHY 3apOXAEHUSI U Pas3BUTUSA OT-
KOMbHbIX paspyLUeHUn B 3KCnepu-
MEHTax.
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19,5 2,7 9,0 1,0

19,3 2,43 7,6 0,9

19,1 2,16 6,2 0,8

18,9 1,89 4,8 0,7

18,7 162 3,4 0,6

18,5 1,35 2,0 0,5

18,3 1,08 0,6 0.4

18,1 0,81 -0,8 0,3

17,9 054 -2,2 0,2

17,7 0,27 -3,6 0,1

17,5 0,0 -5,0 0,0

PacnpedeneHue PacnpedeneHue UHOukayusi kpumepues PacnpedeneHue mepbi
rnnomHocmu 8 obpasye UHMeHcusHoCcMuU rospexoeHHocmu rnospexxoeHHocmu

c08U208bIX HANPsHXKeHUU 8 obpasue Ha c08u208bIX
Oechopmayusix

HucneHHoe MmodenuposaHue nospexx0eHHoCmu Mamepuarsna rnpu UHMeHCUBHOM yOapHO-80JITHOBOM HazgpyKeHUU.

B pamkax nporpammMHOro Kom-
nnekca JIOIAK-3D npoBeaeHo unc-
neHHoe MoJenvpoBaHue npouecca
dopMMpPOBaHUSA KOMMAKTHOIO Mo-
paxatoLero anemeHta ([13) cHa-

t=6mkc t=12mkc

Memoduka TUM-2D

psifodopMUpYIOLLErO 3apsiaa ans
PaKeTHOW CUCTEMbI 3a5NOBOrO OrHS
«YparaH». B pacyertax nccnenosa-
NOCb BMUSIHUE COCTaBHOW LUALLKM
N3 OBYX PasfuyHbIX B3PbIBYATHIX

t=16MmKC t=18mkc

BellecTB Ha opmy MO n3 Tax-
Tana. NonyyeHo xopoluee kaye-
CTBEHHOE COBMafeHNEe YUCIEHHbIX
pe3ynsratoB C pesynsrataMmu npo-
BeaeHHbIX B IOB ncnbiTaHui.

t=20mkc t=24,5mkc

JHuHamuka chopmuposaHus 13 us maHmarna, nony4eHHasi 8 pacdeme ro rnpoepammam JIOTAK-3D
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MpoBegeHo asymepHoe MI-
MOAENMPOBaHWE KOHTaKTHbIX CO-
eAViHeHnn namHepa BO B3PbIBO-
MarHMTHOM aKcnepumeHTe «Me-
rabap-1», rge nnaHupyeTcsa paso-
rHaTb Al-nanHep maccon ~20r/cm
Tokom 60—70 MA (MarHuTHOE none
4—-5MIlc) po ckopoctn ~20km/c
M NonyYnTb yOapHO-BOSIHOBOE
nasnenne ~1TlMNa. HagexHocTb
3NEKTPOKOHTAKTHOIO COeqUHEHNS
nanHepa c npunerawwmmm maTte-
puanamun obecneymBaeTca ygap-
HOW BOJSTHOM, KOTOpasi pacxoamTcs
OT TaKoro coeAnHeHus, NPon3BO-
08 «CBapKy» nanHepa ¢ aTuMmn ma-
Tepuanamu.

Onsa peweHns npobnembl obe-
creyeHnsi CTOMKOCTU MarucTparnb-
Hbix rasonposogos (MI7) k pacnpo-
CTPaHEHUIO TPELLUVH NpOoBOAST-
CSA MHTEHCUBHbIE UCCeaoBaHus
C Lenblo BblpaboTKM KpUTEpUEB
OLIEHKM CNOCOBHOCTM MeTanna Tpy-
Obl ocTaHaenMBaTb MPOTSXKEHHOEe
paspyleHue. B nocnegHue roabl,
Hapsigy C UCMbITaHUSIMK CTaH4apT-
HbIX 0Opa3suoB mMartepumana Tpyo,
NPOBOASATCS HATYpPHbIE UCTIbITAHUS,
UMUTUPYIOLLNE pearibHble YCroBuS
paboTbl n 0Tka3oB MI, KoTopble MO-
ryT AaTb MOMHOLUEHHYO MHdopma-
L0 O MPOYHOCTU TPYObl Kak KOH-
cTpykumm. NMpn atom obsizaTens-
HO YYMTLIBAIOTCHA XapaKTEPUCTUKK
NMPOYHOCTM, BA3KOCTM U NIacTUYHO-
ctm metanna Tpy6. Mogenvposa-
HM1e B3PbIBHOIO Harpy>keHnsi oopas-
LoB Tpy6 NMpPOBOAMIIOCH C MCMOSb-
30BaHWEM [ABYMEPHOrO Nnporpamm-
Horo koga OVAA-2D B npeanono-
XeHUn HegedopMUpPyeMocTn CTEH-
Ku TpyObl; Npy aTOM onpegensnacb
rasoguMHamMumyeckas Harpyska, pe-
anusyemMas npu B3pblBe 3apsiga
BB. [danee c ncnonb3oBaHMeM Mo-
Nny4YeHHOW rasogMHamMmn4ecKkon Ha-
rPY3K1 B KAYeCTBE MCXOAHbIX OaH-
HbIX C MOMOLLbIO TPEXMEPHOIO MPOo-
rpammHoro koga JAHKO nposo-
OVUNUCb pacyeTbl AMHaMUYeCcKom
peakuun Tpybbl Ha B3PbIBHYIO Ha-
rpy3ky. OgHom 13 3agad B xoge
MOZENMPOBaHNSA NoBeaeHUs1 Tpy-
Obl NPW B3PLIBHOM Harpy>KeHun sie-
nanochb MccnegoBaHve BNUSIHUS
CBapHOro LWBa Ha Hanps>XeHHO-
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PacnpedeneHue nnomHocmu e d8ymepHom Ml [J-pacdeme KOoHMaKmMHo2o
coeduHeHusi Al-natiHepa (1) ¢ o6pamHbim Cu-mokornpogodom (2)
u mopuyesbim Cu-351eMeHmMoM € MOMOWbI0 KOHMaKkmHoeo Al-konbya (3).
HayvanbHoe cocmosiHue (a); yepe3 ~ 10 MKc nocre 0oCmuXeHUst
nukogozo moka ~66 MA (6). 4 — eaKkyyMHbIe 3a30pbl

nedopMMpoBaHHOE COCTOSAHME
BCEW KOHCTPyKuuu B Lenom. MNpu
3TOM B pacyeTax y4uTbiBanochb
pasnuyMe B CBOWCTBaX CBapHOro
wBa 1 ocHoBHoro metanna. O6-
Lee KONMMYEeCTBO KOHEYHbIX ane-
MeHTOoB coctaBuno 3,5 mnH. Cne-
OyeT OTMETUTb, YTO B YNCIIEHHOM

MOZENMpoBaHMM yoanochb onucatb
adhpeKT pasBeTBfeHnsa TpeLu-
Hbl, KOTOPbIN 4OCTATOYHO 4YacTo
HabntogaeTca npyu nNHeBMaTuye-
CKUX UcnblTaHusAX Tpyb Oonsa ouex-
KM MUX CMOCOBHOCTU MPOTUBOCTO-
ATb PACNPOCTPAHEHMIO MPOTAXKEH-
HOro paspyLUeHusl.

Obpasey, mpybbl, Mo020moeneHHbIU K 83pbIBHOMY UCMbIMaHUo, 8 08yx sudax
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157 108

120 411

98
1131

403 290

3BoHa pa3pyweHus (pa3mepsbl ykasaHbl 8 MM)

CocmosiHue mpybebl rnocrie ornbima

B pamkax Bepudukaumm n Ba-
nMpgaunm Mogenm KMHeTUKW ae-
ToHaumn MK no nporpamMmmMmHomy
komnnekcy JIOTAK-3D nposege-
HO YMCIEHHOEe MogenupoBaHue
akcnepumeHToB N®B no pacnpo-
CTpaHeHuo AeToHauun B KonbLe-
BbIX LUALLKaX A4S cocTaBa B3pbIB-
yaToro BewectBa TATBE. Pesynb-
TaTbl pacyeToB Mokasanu Xopo-
wee cornacue ¢ gaHHblMu, No-
NyYEeHHbIMW B Xo4e MpoBeAeHus
3KCMNEPUMEHTOB Ha MMMYMbCHOM
PEHTIFEHOBCKOMN YCTaHOBKE «3pu-
OaH» C MATKMM CMNEeKTpoOM M3ny-
YEHNA U 3aperncTpupoBaHHbIMU
C MOMOLLbI LMEPOBbLIX OCLUNIIO-

Ha nasepHown yctaHoBke «Wc-
Kpa-5» B Te4EHMEe MHOrMX feT npo-
BOAATCS 9KCMEepUMEHTbI Mo obny-
YEHUIO MULLEHelr pasfnyHbIX TU-
MOB C LEerblo 3KCnepumMeHTarb-
HOro nccnegoBaHUsa CBOWCTB Be-
LecTBa M U3Ny4YeHust Npu BbICO-
Knx Temneparypax. 1o ymcneHHom
metoamke CHO-JIMPA B Tpexwmep-
HOW MOCTaHOBKE BbIMOSIHEHO YMC-
NeHHoe uccregoBaHue gnHamu-
K1 Monen mnsnyyeHus (nasepHoro
N PEHTFEHOBCKOro) B 3KCMEepPUMEH-
Tax ¢ ynnuHapuyeckummn 6okcamm-
KOHBepTopamu (unniomMmHaTopa-
MM1), NPOBEAEHHbIX paHee Ha na-
3epHon yctaHoBke «Wckpa-5»
Ha anuHe BonHbl A=0,66 MkM (BTO-
pasi rapMOHMKa NOZHOro riasepa).
B aTux akcnepumeHTax Temnepa-
Typa PEHTreHOBCKOro U3ryveHusi
B OOKce onpegensnacb nocpeg-
CTBOM U3MEpPEHNs CKOPOCTU yaap-
HOW BOIHbI, FTEHepupyemMon B Uc-
criegyemom obpasue, pacnosno-
YKEHHOM Ha Topue uuMnuHapude-
CKOro unnomMuHaTtopa. B pacuyetax
no nporpammve CHO-JIMPA npo-
BE4EHO CKBO3HOE YMCMEeHHOE MO-
AenvpoBaHue, yyuTbiBaloLlee no-
rMOLLEHNe U3NyYyeHns nasepHoro
JpanBepa Ha cTeHkax 6okca, re-
Hepauuio KBa3uMTEnmnoBoro Many-
yeHusi, a Takke oopMupoBaHme
N pacnpocTpaHeHve yaapHou Bor-
Hbl B uccregyemom obpasue. Pac-
CMOTPEHbI BapuaHTbl fla3epHon
3acBeTku unnomuHartopa 2, 4, 6

rpacpos Tuna TDS. PacrnpocmpaHeHue demoHayuu 6 Konbuesol watuke. [lone nnomHocmu:
aKkcriepumeHm (cripasa); pac4yem ro npozpammam JIOITAK-3D (crnesa)
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n 8 nasepHbIMM My4ykamu, BBOAU-
MbIMW BO BHYTPEHHUIN 06beM GOok-
ca 4yepes OTBEPCTUS Ha ero no-
BEPXHOCTU. AHanNmn3 aKkcnepuMeH-
TOB MO3BONSAET ONpeaennTb Koad-
(PULMEHT OrpaHUYEHUST SIEKTPOH-
HOWM TeNNonpoBOAHOCTU, Npu Bo-
ree CUNbHOM OrpaHUYeHUN Briek-
TPOHHOro TennonepeHoca yaaeT-
csl cornacoBaTth JaHHble 3Kcnepu-
MEHTarnbHOro CKennuHra anst Tem-
nepaTypbl PEHTFEHOBCKOIO U3ny-
YyeHus1 B Bokce C pacyeTHbIMU AaH-
HbiMW. [MonyyYeHHble B pacyeTax
CKOPOCTU ydapHOW BOSHbI Takke
cornacyrTcsi ¢ pesynsrataMm aKc-
NepuMEeHTOB.

KoHcmpykyus muweHu: 1 — 60kc-
KOHB8epmop; 2 — Hazgpy»xaemblU
obpasey,; 3 — ceemozaujumHail

9KpaH; 4 — na3epHbie rny4Ku
(mokasaH eapuaHm 3aceemku
6 nasepHbIMU MyYyKamu,
8800UMbLIMU Yepe3 mopuesoe
omeepcmue (2 ny4ka)
u 6okosble omeepcmusi (4 ry4ka))

MNpumeHuTenbHO K 3agadve o
YMCMEHHOM MOAENMPOBaHUM B3a-
MMOOENCTBUA KOPOTKOUMIMYIbC-
HOrMO NasepHOro M3ny4YeHusa c
6eCcCcTONKHOBUTENBHOW MNN1a3Momn
Ons cucTembl ypaBHeHun Bnaco-
Ba — Makceenna ccopmynmnposa-
Hbl YpaBHEHNSA BbICOKOYACTOTHO-
ro (BY) npubnuxenus. Ona atnx
ypaBHEHW BbINONHEHA MaTemMaTtu-
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yeckas nocTaHoBKa OAHOMEPHOM
3ajayun, cornacoBaHHas ¢ nocrta-
HOBKOW OBYMEPHOW 3aJa4vn O B3a-
UMOOENCTBUM JTa3epPHOro usnyye-
HMA C MNNasmMon MNpu ero HaKI1oH-
HOM MageHUM Ha MrasMeHHbIN
crnon. lNpoBeaeHbl pacyeTbl pac-
cmaTpuBaemMon ogHOMepHOW 3aaa-
UM «HA CXOOUMOCTb» C LiErnblo UC-
CnefoBaHUA BIUSAHMS Ha nonyvae-
Mble pe3yrnbTaTbl CHETHLIX Napame-
TPOB, TAKMX KaK MPOCTPaHCTBEHHO-
BPEMEHHbIE Llarun, Ha4yasnbHOe Ync-
N0 MOAENbHbIX YacTuL B siyenkax
MpocTpaHCTBEHHON ceTkn. Kpo-
Me TOro, UccrieoBaHoO BIMSAHME
Ha pesynbTaTbl CNOCcOB0B BblYMC-
NEeHVA KOMMOHEHTbI E_3neKkTpu-
YecKoro nornsi, MHTepnonALMn nNpu
BbIYMCIEHMN CPEOHUNX XapaKTepu-
CTUK nMnas3Mbl B y3nax npocTpaH-
CTBEHHOW CEeTKM 1 cunbl JlopeHua,
OEenCTBYOLWEN Ha MoferbHble Ya-
cTuubl. YncneHHble uccnengosa-
HUA nokasanu, 4YTo Hambonee cy-
LLIECTBEHHOE BIUSIHNE Ha pPe3ysib-
TaTbl MOAENMPOBaHWS B 3a4a4ax O
B3aMMOLENCTBUN Na3epHOro nsny-
YeHUs C MnasMon oKasbiBaeT Luar
Nno NPOCTPAHCTBEHHbLIM NEPEMEH-
HbIM. AHaNUTUYECKN N YNCIIEH-
HO YCTaHOBIEHO, YTO BbIGOP 3TOrO
Lara AomkeH ObITb yBSI3aH € napa-
meTpom O=[3%/w? roe B, w— Ges-
pasMepHble amnnTyga u yactora
nasepHoro nong. Mpu 8>>1 pac-
YeTbl «Ha CXOOAMMOCTb» CTaHOBAT-
cs1 npobrnemaTuyHbIMN.

BbinonHeH aHanua pesynbsra-
TOB YMCIIEHHOIO MOAENMPOBAHUSA
B3aMMOAENCTBUS NTa3epHOro mnsny-
YyeHnsa ¢ nnasmMomn, NpoBeaeHHOro
no nporpamme HFP, ncnonbayto-
Lwen ypaBHeHns BY-npubnmkeHns,
n nporpamme PLASMA-2 onsa pe-
LEeHNsa NOMHOW OBYMEPHOW cucTte-
Mbl ypaBHeHnn Bnacosa — Mak-
cBenna. AHanma nokasars, 4To
Ha HavyanbHOW CTagun B3anmoaemn-
CTBUS UMEETCS BPEMEHHOW NHTEP-
Basn, Ha KOTOPOM pe3ynbTaTtbl OA-
HOMEPHBIX U OBYMEPHbIX pacye-
TOB B cepeauHe nnasMeHHOn Mu-
LLEHN XOPOLLO COrnacyrTcs Mex-
Oy cobon. [paHunLbl 3TOro BPEMEH-
HOro MHTEpBasna 3aBUCAT OT ONTU-
YEeCKOW TOMLWMHbI Nf1Ia3MEHHON MU-

LeHn, pa3aMmepoB obnactn ogHo-
POAHOCTU Nla3epHOro uMmnynbca
(B ceyeHunn, nepneHguKynsapHoOM K
HanpaBreHno ero pacnpocTpaHe-
HWUK) U yrna, No4 KOTOPbIM MMMYbC
nagaet Ha muweHb. Takum obpa-
30M, BbICOKOYacTOTHOE npubnu-
XEHME MOXeT OblTb MCNOMNb30BaHO
01151 OLL€HKM TOYHOCTU OBYMEPHOIrO
MOAENUPOBaHUS Ha4varbHOW cTa-
Onn B3anMoencTBus nasepHo-
ro U3nyyeHus c nrnasmon u Bbipa-
BOOTKM pekoMeHaaunn no BblIGopy
CYETHbIX NMapameTpoB Mpu NpoBe-
OeHnn OByMepHbIX pacdeToB. Kpo-
Me TOro, Ans fasepHbIX UMMYmb-
COB C ONUTENBbHOCTbLIO, MEHbLLEN
ONVHBI XapaKTepHOro BPEMEHHO-
ro uHTepeana, aTo npmbnmxeHne
MOXET ObITb MCNONb30BaHO B Ka-
YyecTBe He3aBUCMMOW Mogenu ans
nccnegoBaHnst B3anMoaencTBust
KOPOTKOMMMYSNbCHOIO J1a3epHOro
n3nyyeHuns ¢ 6eCccTonKHOBUTENb-
HOW Ny1IasMon.

MpoBogunace pabota no yco-
BEpLUEHCTBOBAHMIO MOAEren ypas-
HeHun coctosiHna (YPC) BellecTs
1N NpoberoB nanyyeHus B BelLle-
CTBax C LeNblo paclumpeHnst nx ob-
nactu npumeHmmocTu. C nucnonb-
30BaHMEM CO3[aHHOW paHee Mo-
Aenun LWMpPOKOAMAaNa3oHHOro Mony-
amnupuyeckoro YPC meTannos,
B KOTOpPOW 3(P(PEKTUBHO YyUUTbI-
BaeTCcs BAMAHME NpoLeccoB NO-
HM3auUM Ha TepMoguHaMuYeckue
dyHKUmMKM, paspaboTtaHbl YPC kag-
Musi 1 ceuHUa. 3tn YPC onucbiBa-
tOT KaK COCTOSIHMSI B SKCMEPUMEH-
TanbHO MccregoBaHHOW obnacTw,
TaK U COCTOAHMA B obractu ceepx-
BbICOKUX JaBMNeHWi 1 Temneparyp,
paccyMTbiBaeMble MO TeopeTuye-
CKMM CTaTUCTUYECKUM MOLENSIM
Tvna Tomaca — ®epmu. [nsa ceo-
en obnactu npumeHnmoctn YPC
copepxxat OTHOCUMTENbHO Heborb-
Lwoe 4ncno ceBobodHbIX Napame-
TPOB, OOMbLUMHCTBO U3 KOTOPbIX
nmeeT Pm3nyecknii CMbIcn.

lNpoBegeHoO cpaBHEHME Crek-
TPOB MNPOMyCcKaHuA OnA antoMu-
HUA U MarHna npu pasHbiX TeMne-
patypax v nioTHOCTHAX, MOosyyYeH-
HbIX B 9KCMEpUMeEHTax BO ppaH-



2011

Lly3CKOM SiAEPHOM LeHTpe, 1 pe-
3ynbTaToOB pacyeToB CHEKTPOB
MOrMOLWEeHNs Mo nporpamMmmam
THERMOS 6.4y n TH_BASE (c uc-
nonb3oBaHnem 6a3 gaHHbIX, No-
NyYeHHbIX Mo nNporpaMmmam aTom-
Hbix pacdyetoB GRASP n FAC).
CpaBHeHMe nokasano, 4YTo pesynb-
TaTbl pacyeToB B LIENOM Henmo-
X0 nepeparoT dKcrnepumMeHTanb-
Hble CMeKTpbl nNponyckaHus. Hau-
nydulee cornacue pesyrnsraTtoB
pacyeToB C 3KCNEepMMEHTarnbHbIMU
OaHHbIMW NOMyYeHO Mpu UCMOoMb-
3oBaHuu nporpammbl TH_BASE
¢ 6ason gaHHbIx FAC. 3ameuen-
HOE OTNuYMe Mexagy pacvetTamu
no THERMOS 6.4y n TH_BASE
(FAC) B nonoxeHUsx NUHWIA Normno-
LweHnss obycrioBneHo, B NepByto
ovepenb, MOrpeLlHOCTb0 B Oonpe-
OeneHnm aHeprum nepexogos Mo
nporpamme THERMOS.

MNepepaboTtaH psag anropuT-
MOB, Ha OCHOBE KOTOpbIX pacna-
panneneHa (Ha MPI) nporpamma
THERMOS pac4eTta cnektparnb-
HbIX KO3(ULMEHTOB normoLye-
HuA. B pesynbrate addektns-
HOCTb pacyeToB 3HAYUTENBHO yBe-
nu4yeHa, B 4acTHOCTWU, NPOBeAEH
TECTOBbIV pacyeT CNeKTpoB MNo-
rMOLWeHns B O4HOM ToYKe C nepe-
6opom 6,5-10"? koHdurypaumin.
B crapoit Bepcum nporpammel pac-
yeT ¢ Nnepebopom Takoro Kosmum-
yecTBa KOHurypauum notpedo-
Ban Obl BpeMeHn Ha ABa nopsiaka
fonble (Ha AByxcTax npouecco-
pax). C pocTom 4ncna npouecco-
POB BbIUMPbILL MO BPEMEHW YBENU-
yMBaeTcs.

B 2011 rogy B UTM® npogon-
Xanucb paboTbl No npoekty «Pas-
BUTWE CYNEepPKOMMbIOTEPOB U rPUA-
TEXHOMNOMNN», NPUHATOrO K peanu-
3auun Komuccuen npu lMpesngeH-
Te Poccuiickon ®egepauum no mMo-
OEepHM3aLMM U TEXHONOTMYECKOMY
pPa3BUTUIO SKOHOMUKM.

PaboTbl npoBoaMnMcb No Tpem
OCHOBHbIM HanpaBneHUsM:

1. Co3pgaHmne oTeyecTBEHHO-
ro KOHKYPEHTOCNOCOBOHOro npo-
rpammHoro obecnedyenus (I0O)
Onst KOMMEKCHOTO UMMUTALMOHHO-

ro 3D mogenupoBaHus Ha cynep-
OBM c maccoBbiM napannenms-
MOM B MHTepecax NnpoeKkTMpoBa-
HWUSt U CO3[aHNS HayKOeMKOW npo-
OyKuMmn BegyLmx oTpacnemn oteve-
CTBEHHOW NPOMbILLIIEHHOCTMU.

2. BHegpeHue atoro O B BbI-
COKOTEXHOMOrM4YHbIe OTpacnu npo-
MbILLITEHHOCTM B LIEeNsiX NPOeKTu-
poBaHWs 1 pa3paboTKN KOHKYPEH-
TOCNOCOBOHbIX 06pa3LoB coBpe-
MEHHOW TEXHUKN.

3. PaspaboTtka 6asoBoro psga
cynep3dBM, kyaa BxogsT:

— KpynHenwun B Poccum BbICO-
KOMPOWU3BOANTENbHbIN BbIYMUCIN-
TenbHbIA KOMMMEKC HOBOrO MOKO-
neHus Ons pelleHus cTparernye-
CKUX 3afay HayKOeMKMX oTpacnewu;

— KOoMnakTHble cynepOBM Te-
pacnoncHoro knacca Ans Macco-
BOrO NPYMEHEHUS Ha MPOMBbILLIEH-
HbIX NPEANPUATUSX, B HAayKe 1 00-
pa3oBaHuW.

PaboTa, kak 1 B npeabiaywme
rogbl, NpoOBOAMNAacCh B LUMPOKON
Koonepauun ¢ opraHmsaumsamm o-
ckopnopauun «Pocatom», opra-
Hu3aumsamm MuHobpHaykm, PAH
W NPOMbILLNEHHbIMU Npeanpus-
TUAMM.

CyulecTBeHHOe pasBuTuE B
2011 rogy nonyymnu oTe4YecTBEH-
Hble nakeTbl nporpamm JIOFOC
(TenniomaccoobMeH 1 MPOYHOCTL),
OAHKO + F'ENAPL n HAM®A nmu-
TaynoHHoro 3D mogenunpoBaHua
AN BbICOKONMPOU3BOAUTENBHbIX
BbIYMCMMTENBHbBIX KOMMIEKCOB (Cy-
nep3BM) ¢ maccoBbiM napanne-
nu3moM, BKNovatwLwime B cebs b6a-
30Bble MOAENV U MeToAbI 4518 UMU-
TaLMOHHOIO MOAENVPOBAHNS LLUN-
pOKOro crnekTpa manyeckux npo-
LLeCCOoB, XapaKTepHbIX NS Npak-
TUYECKMX 3aay NPOMbILLNEHHbIX
npeanpuaTui. B koHue 2011 roga,
Mo 3aBepLUeHNM BTOPOro aTana Be-
pudvKaLmm 1 Banuaaummn, aganTu-
pOBaHHbIE N YCOBEPLLUEHCTBOBAH-
Hble nakeTbl nporpamm JIOIOC,
OAHKO + F'EMAPO 1 HAM®A
ObINM cAaHbl B OMbITHYO 3KCNnya-
Taumio. B HacToswee Bpems roto-
BUTCS UX cepTudpmkaums.

CerogHsa naket nporpamm J10-
MOC (TtennomaccoobmeH) no-

3BONSeT MogenuposaTb npolec-
Cbl @3po-, r’MApPo- 1 ra3ognHamu-
Kn, TypOyneHTHOro nepemeLumn-
BaHWs, pacnpocTpaHeHns Tenna
B TBEpPOOM Tesie, TeNSI0OBOM KOH-
BEKUUU, NepeHoca N3ny4vyeHus,
TeYeHus B MOpUCTON cpeae. IToT
nakeT nporpamMm Mnosyynn Yetbl-
pe ceugetenscTea PegepanbHom
crnyX0bl N0 MHTeNnneKkTyanbHON
COBCTBEHHOCTU, NateHTaMm U TO-
BapHbIM 3Hakam (PUMC). B na-
KeTe peann3oBaHoO 26 un3nko-
MaTeMaTu4yecknx moaenen ans
pacyeTa ykasaHHbIX NPOLEeCcCoB.
MacwTab pacnapannenmBaHusi
naketa coctaenset 10000 npo-
LeccopoB npu 3pPEKTUBHOCTU
pacnapannenueaHus 50-90 %.
MNopoBHbIM dyHKUMOHaNoM 06-
nagarwT eguMHUYHbIE KOMMepYe-
ckve naketbl. OnbITHAA 3Kcnny-
artauuns nposogutca B 16 opra-
HM3auMAaAX HayKoeMKUx oTpac-
nen npowmsbliwneHHocTn Ha 80 pa-
B6oumnx mectax. C npumeHeHnem
naketa B 2011 rogy BbIMNOJSIHEHO
3000 pacueTos.

Maket nporpamm JIOMAK-OK
(JTOIrOC-npoyHoCTL) No3BonsaeT
MoaenupoBaTb Mpouecchl cTaTu-
YeCKOro U AMHaMUYEeCKoro ynpy-
ronfiactmdeckoro gedopmMmpo-
BaHUWs, rasogMHamMuKku, paspylue-
HUSA, KOHTaAKTHOro B3ammoaeun-
CTBWSI, TEMSIONPOBOAHOCTU, KUHE-
MaTuKK, aHanmsa 4acTtoT U opm
konebaHun. OTOT mnakeT npo-
rpaMm Mnonyyun Tpu cBuaeTenb-
ctBa ®UMMC. B nakete peanuso-
BaHO 30 pn3nKo-maTeMaATUIECKNX
Mofernen Ona pacdyerta ykasaH-
HbIX npoueccoB. MacwTab pac-
napannenveaHns naketa cocTaBs-
naet 10000 npoueccopoB npwu
3P PEKTUBHOCTN pacnapannenu-
BaHus 50—60 %. OnbITHaga akc-
nnyatauus nposoguTtca B 13 op-
raHn3aumsix HaykoeMKux oTpac-
new npomsbliwneHHocTn Ha 105 pa-
Bounx mectax. C npuMeHeHnem
naketa B 2011 rogy BbIMNOMHEHO
1600 pacueTos.

Maket nporpamm HVM®A no-
3BOMsEeT MogenupoBaTb HecTauu-
OHapHY HacbILLEHHO-HEHACHI-
LWEHHY0 unbTpaLmo XnaKocTu
M rasa, HeCTauMOHapHY OBYX-
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dasHyto dunsTpaumio 6e3 yye-
Ta KanunnsapHbIX 3 deKToB, MHO-
rOKOMMOHEHTHbLIW  Macconepe-
HOC NMpuUMecen C y4eTOM MOJIEKY-
nspHon guddysnm 1 gucnepcun.
Maket nporpamm HAM®A nony-
yun Tpu ceugetennctea PUTC.
B nakete HUM®A Takke pea-
nn3oBaHoO 60rMbLIOE KONMYECTBO
dU3nKo-MaTemMaTn4eckmx moge-
nen. JOCTUTHYT BbICOKUIA YPOBEHb
pacnapanrnenMBaHus BbluMcne-
HUI Npu pacyeTe 3agad dunb-
Tpaumm n macconepeHoca (6onee
10000 npoueccopoB ¢ achdekTns-
HOCTbIO 65 %). MNMakeT HanonHsieTcA
HOBbIMW MOLENSAMW, HanpasreH-
HbIMM Ha pacliMpeHue kpyra pe-
LaembIX 3agaq.

Maket nporpamm JAHKO +
FEMAPLO nosesonsietr moaenmpo-
BaTb ynpyronnactudyeckoe nose-
OeHue maTepuana, KOHTakTHoe
B3anmopgencTane o6beKToB C yye-
TOM TPEHUs, paspyLleHns, Kea-
3ucTaTudeckme n AnHamumyeckmne
Harpy>eHusi, HecTayMoHapHYHo
TennonpoBoAHOCTb. akeT npo-
rpamm nony4ymn vetbipe cBue-
TenbcTBa OUMC.

CymmapHo B 6a30BbIX BEPCUSIX
yeTblpex paspaboTtaHHbix B UTM®
MMMOpPTO3aMeLLaloLLNX NakeToB
nporpamm mmutaymoHHoro 3D
MOAEeNMpoBaHMA B HacTosLee
Bpems peanuaoBaHbl 72 dU3nNKo-
mMaremaTtudeckune mogenu, nony-
yeHo 28 cupetenbctB PUMC, Ha
nx ocHose B 2011 rogy BbIMNOsHe-
Ho 6onee 4500 pacyeTtoB. Takum
obpasom, co3gaHHble B UTM® 6Ga-
30Bble BEPCUUN NaKeToOB Nporpamm
cTanu Cepbe3HbIM LLIarom Ha nyTu
obecneyeHns KOHKypPEeHTOCnoco6-
HOCTM OTEYECTBEHHOro npuknag-
Horo IMO.

MapannenbHo ¢ pa3BuTnEM OTe-
YeCTBEHHbIX MakeToB nporpamMm
nmmtaumoHHoro 3D mogenuposa-
Hus onsa cynepOBM B UTM® 6bin
BbINOSIHEH GonbLion ob6bem pa-
OOTbl MO CO34aHNI0 «MNPENOCTNPO-
ueccopay. MNMaket JIOTOC B okTa-
ope 2011 roga 6bIn npegcTaBneH
B MockBe Ha Bcepoccuiickon Bbl-
ctaBke «Softool-2011», B pamkax
KOTOpow nop armgon Poccumnckon

OCHOBHbIE JOCTUXEHUA POAL-BHUNIO D

OTeyecTBEHHbIE

Mopenvpyemble npouecchbl

3ameLaembie 3apyGexHbie
nakeTbl Nporpamm:

naketb! nporpamm NG ULEILE ANSYS
(72 couanko-matemarnsieckie ekl LN ULEIITE] STAR-CD
mogaenm) 'mapoaHamumka LS-DYNA
<IOrOC *TypGyneHTHOe NepemeluMBaHue FLOW-3D
< NOFAK-OK *[lpo4yHOCTb 1 pa3pyLueHne GMS
« IAHKO+TEMAPI *TennomacconepeHoc ECLIPSE
“HAM®A *MHoroca3Hasti MHOrOKOMNOHEeHTHasi
cdunbTpaums

BbicTponpoTeKkarowme u crtatuyeckume

OmeyecmeeHHbIe nakema! rpoepamMmm

akagemuu Hayk MpoBOAMIICSA HaLUu-
OHanbHbIA KOHKYPC «Jlydlwimm npo-
aykt roga-2011». Mo utoram KoH-
kypca naket JIOIOC 3aHsn BTopoe
MecCTo B HOMUHauun «Cynepkom-
NbHOTEPDIY.

BBegeHHbIMU B OMbITHYH 3KC-
nnyataumio OoTe4eCTBEHHbIMMU
naketamum nporpamMm no utoram
2011 roga ocHauleHo 157 pabo-
YMX MECT Ha NpeanpuaTUAX Bbl-
COKOTEXHOMOMMYHbIX OoTpacnemn
MPOMBILLUSIEHHOCTN, B TOM 4MC-
ne B OAO OKB «Cyxoro», OAO
«Kamas», HIMNO «CatypH» n ap.
MomoLb B OCBOEHUM Nporpamm
okasbiBanu cneunannctel UTM®.
Mo ntoram 2011 roga oOyue-
Hue npownu 209 cneymanmcToB
n3 14 opraHuzauum K «Poc-
atom», ®KA «Pockocmoc», aBna-
LMOHHOW M aBTOMOOUNBbHON Mpo-
MbILLUSIEHHOCTU.

B pamkax coBmecTHbIX paboT
BbIMOSTHEHbI:

MakeT nporpamm

noroc-
TennomaccoobmeH

PacuetHas ceTka: 34 MIH sveek

Konunyectso npoueccopos > 1000

Bpems cyeta ~ 200 yacoB

SddbekTUBHOCTL

pacnapannenueaHus:
50 %

— pacyeT aspoANHaAMMUYECKMNX
XapaktepucTuk 6oeBoro camoneTa
Cy-30MKWM (OAO OKB «Cyxoro»);

— MOZENMPOBaHMe TeYeHUs Te-
NOHOCUTENHA B HANoOpHOW KaMepe
peakTopHon yctaHoBkun PUTM-200
(OAO «OKBM AdbpukaHTOBY);

— MoZenvMpoBaHue XeCcTKOW Mo-
cagkm (6e3 waccu) oTeyecTBeH-
HOro narHepa HOBOroO MOKOSIEHNA
SSJ-100 (OAO «KomnaHusa Cyxo-
ro», OAO «[paxgaHckue camone-
Tbl Cyxoro», OO0 «CUHL»);

— 1ccnegoBaHme NMPOYHOCTHBIX
CBOWCTB yCTponcTBa pacrnnasa ASC
¢ BB3P-1000 npu cencmmyeckom
BosgencTaum (OAO «CI6A3M»).

B 2011 rogy B UTM® ycnew-
HO npoBogunack paborta no pas-
BUTUIO GasoBoro paaa cynep3BM
KaK B HanpaeleHnn OOCTUXeHUA
peKopAHOW NPOU3BOAUTENTbHOCTMH,
TaK " B HanpaeBleHnn yMmeHbLUeHNA
pa3mepoB.

Yuecno Maxa - 0,75

Pacyem aspoduHamuyecKux xapakmepucmuk
6oesozo camonema Cy-30MKU



2011

MakeT nporpamm

noroc-
TennomaccoobmeH

PacuetHas ceTka: 20 MIIH 4Yeek

[ KonunuectBo npoueccopos 500 ]

[ Bpems pacuyeta ~ 200 yacoB J

Llenb pelueHus 3apaun: MogenvpoBaHue TypOyNneHTHOro CMeLIeHus
HEen30TepMMUYECKUX MOTOKOB B HanopHon kamepe PY PUTM 200

npu cneuuduyeckom pexmme aKcnnyarauum o6opyaosanus PY,
06YCrOBNEHHOM OTKITIOYEHMEM CeKLMM NnaporeHepaTopa

ModenuposaHue meyeHuss menoHOcUMersi 8 HaropPHOU Kamepe

peakmopHoli ycmaHosku PUTM-200

MakeT nporpamm

Jioroc-
NPOYHOCTbL

PacueTHas cetka: 12 mMniH siueek

[ Konuyectso npoueccopo 3600 ]

[ Bpems pacyeta ~ 200 yacoB }

Lenb pelleHun 3agavn: COKpaTuTb KONMYeCTBO IKCNEepUMEHTaNnbHbIX pa601'

ModenuposaHue xecmkoli nocadku omedYyecmeeHHo20 nalHepa

Pacuet Ha [T9BM HeBO3MOXeH

H08020 nokosieHusi SSJ-100

MakeT nporpamm
OAHKO

PacuyetHas ceTka: 6 MIH s4eek

(

KonuyectBo npoueccopos 1000 ]

[

Bpewms pacueta 2 yaca
Pacuet Ha [13BM 2 mecsiua

Llenb peweHus 3agaumn: o6ocHoBaHue 6esonacHoctn ASC
B YCIOBMSIX TMNOTETUYHECKON TSXKENoW aBapuu

UccrnedosaHue npo4yHOCMHbIX ceolicma ycmpolicmaa pacrinaga ASC
¢ BB3OP-1000 nipu ceticmuyeckom gosdelicmauu

SdrdheKkTMBHOCTL
pacnapannenvBaHus:

80 %

Cneunanuctamm NTM® pelue-
Ha 3ajaya rocygapCTBEHHOIo Mac-
wraba No co3gaHuo BbICOKOMPO-
N3BOAUTENbHOIO BbIYUCITUTENbHO-
ro komnnekca (BBK) HoBoro noko-
nenuns. C onepexeHneM Ha 9 me-
caues, 21 depansa 2011 roaga,
BBK ycnelwHo npotien npvemou-
Hbl€ UCMbITAHUS U NO PELUEHUIO
[ocynapcTBeHHOM KOMUCCUWN BBe-
OeH B akcnnyaTtauuto. CosgaH-
Hbin BBK 6a3npyetcsa Ha nepe-
[OBbIX TEXHUYECKNX U apXUTEK-
TYpHbIX peweHusax. OH ocHalleH
cucteMmHbim NO, OCHOBHbIE KOM-
NMOHEHTbI KOTOPOro paspaboTaHbl
Unu aganTMpoBaHbl crneumanucTa-
M1 UTM®. B npouecce BbINosHe-
HUS paboT Npu onTUMarbHbIX 3a-
Tpatax JOCTUIHYTbl BbICOKME MO-
Kasatenm rno npon3BOAUTENbHO-
CTUN, 3PFPEKTUBHOCTU U HALEXKHO-
CTW BbIYUCIUTENBHbBIX CUCTEM.

3HauuTenbHasa 4acTb BblYUC-
nuteneHblx pecypcos BBK Bbige-
neHa npegnpuaTUaM BbICOKOTEX-
HOJTOMMYHbIX OTpacrnel NPOMbILL-
TNIEHHOCTU ONs1 HAayYKOEMKMX pac-
YeTOB B yAaneHHOM 3aliULLeH-
HOM pexume. NpakTuka nokasbl-
BaeT, YTO 3Ta ycryra O4YeHb BOC-
TpebosaHa. Ecnu B 2010 rogy eto
Bocnonb3oBanuck okono 20 npea-
NPUATUA N OpraHmM3aunn, To ce-
rogHs ux yxe 6onee 30.

B 2011 rogy B UTM® passuBa-
TNNCb 1 PacLUNPATIUC BO3MOXXHOCTM
cneumanmna3npoBaHHbIX N YHUBEpP-
carnbHbIX KOMMNAaKTHbIX cynepOBM.
Tak, Ans cneumannampoBaHHom (ru-
OpvaHas apxuTekTypa, apudmeTu-
YecKMe yCKOpUTENnn) KOMMaKTHOM
cynepdBM wu cosgaHHoro Ha ee
OCHOBE MNporpamMmMHo-anmnapaTHoro
komnnekca [MAK-1 B gonosnHe-
HUE K MMEIOLLIMMCSI BO3MOXXHOCTSIM
pelieHns 3agad MeTogoMm Morie-
KyNSpHOM ANHAMWKN U METOLOM
MoHTe-Kapno cosgaHa rmbpua-
Hasi Bepcusi NMPOrpaMMHOro Kom-
nrnekca MoDyS. lNpoBegeHa ce-
pus pac4yeToB MO MOAENMPOBAHMUIO
OTKOIbHbIX SBMIEHUN U TypOyneHT-
Horo nepemewumBaHus. MNprumeHe-
Hue apumeTn4ecKknx yckopure-
el NOBbICUIIO CKOPOCTb MoAae-
nupoBaHuna B 8—15 pas, a napan-

o

o
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HUTU

CocHosebll 6op

OAO
«HUKUST»
OKI1
«HUL| PKIT»
lNepeceem OKB Cyxozo

ludponpecc

OCHOBHbIE JOCTUXEHUA POAL-BHUNIO D

Cr16A3IT

CaHkm-lNemepbype

OAO
«Tecuc»

UT®

UBPAS PAH OAO
«Tecuc»

HHIY

Mockea PRl
lNodonbck . Hmn
HuxHuli Hogzopod EprelaecmHuK
BopoHex Capos HabepexHbie Kama3
YernHbl
OAO «KBXA» ﬂlwumpoeepad KazaHb
Ka3® MCL| PAH
HUWAP
Camapa

LICKBE —
lMpoepecc

OpaaHusauuu, ucrnonb3yruwue 8blHucriumersibHble pecypcCbl BBK

nenbHast 6anaHcMpoBka rmopua-
HOW BEpCUM KOMMJSIeKCa COBMECT-
HO C apnMETUYECKMMMN yCKopUTe-
NsiMY MOBbICWIA CKOPOCTb pacye-
ToB B 1,2—1,5 pasa. Pa3spaboTaHa
nporpamma CMK-Y pacueta ad-
dekTnBHOro KoadpuumeHTa pas-
MHOXEHUSA 1 NepeHoca HENTPOHOB
Ans oboCcHoBaHusA sigepHon 6eso-
MacHOCTU aKTUBHbIX 30H PeaKTo-
poB, GacCenHOB BbIOEPXKKN N MECT
XpaHEHUs1 CBEXEro n oTpaboTaH-
HOro TonnMBa, TPaHCMOPTHbIX yna-
KOBOYHbIX KOMMIIEKTOB O11S nepe-
BO3KM TOMMMBa M Opyrnx cpencts
obpawenunsa ¢ Tonnmeom Ha ASC.
MopgenupoBaHve 3agady yganocb
yckopuTb B 10—14 pa3 oTHOCK-
TEeNbHO CTaHAAPTHOW NpOorpaMmbl
CMK, paboTtatoLiern Ha yHuBep-
canbHom npoueccope. Nporpam-
ma TOMCC gna pacyeta 3agad
3anTbl SOEPHbIX YCTAHOBOK Ha
cynep3BM rubpugHonm apxmTtek-
Typbl C UCMOMNb30BaHNEM apud-
METUYECKMX yCKopuTenemn nepe-
JaHa napTHepaM-nonb3oBaTensm

B maponpecc (r. NMogonbcek),
CaHkT-lMeTepbyprckun (CMOAIIM)
n Mockockun (MocA3I1) Atom-
OHeprollpoekT, PU3NKO-3HEPreTUn-
yeckuit UHCTUTYT (PAU, . OBHMHCK).

PasBnBanacb nvHerka yHmBep-
carnbHbIX KOMMakKTHbIX cynepOBM.
CoszgaHHbin B 2011 rogy AlNK-1M
(MOOEepPHU3NPOBAHHbBIN BapuaHT
paspaboTtaHHoro paHee B MTM®
annapaTHO-NMpPorpamMmMHOr0 KOM-
nnekca AllK-1), B OCHOBe KOTO-
pOro MNEXWT yHMBepcarbHasi KOM-
nakTHasi cynep3@BM Tepadnonc-
HOro knacca, B okta6pe 2011 roga
Takke Obin npeactaeneH B Mo-
ckBe Ha Bcepoccurickon BbiCcTas-
ke «Softool-2011», rae nposoawun-
CSl HaUUWOHambHbIA KOHKYpC «Jlyy-
wnin npogykt roga-2011». Mo uto-
ram koHkypca AlK-1M 3aHsan nep-
BO€ MeCTO B HOMMHaumm «Cynep-
KomnbtoTepbl». AMNK-1M 6onee Ha-
OEeXeH, TEXHOMNOMMYEeH N KoMMak-
TEH, YeM ero npegLlecTBEHHUK.
OH npegHasHayeH Ang MHAMBMUAY-

anbHOro M KONNEeKTUBHOMO MCMofb-
30BaHMs KOHCTPYKTOpaMu, uccrie-
JosarensiMuM, MaTeMaTnkaMu B pa-
BGounx KoOMHaTax u naboparopusix,
He OCHaLLEeHHbIX cneumanbHbIMK
NHXXEHEPHbIMU CUCTEMAMMU KN3HE-
obecnevenus. AMK-1M obecneuun-
BaeT NpoBeAEeHNe pacyeToB, Tpe-
OyoLmMx 6oNbLUMX BbIYUCIUTESb-
HbIX PECYpPCOB, OCHalleH 6a30BbIM
CUCTEMHbBIM U MpUKNagHbIM Npo-
rpammMHbIM obecneyeHnem paspa-
60Tk UTM®, opneHTMpOoBaHHbIM
Ha pelleHMe KOHKPETHbIX 3agad
nmutaumoHHoro 3D mogenuposa-
HUS C LeNblo MOBLILIEHUS] TOYHO-
CTU MU YMEHbLUEHUSI CPOKOB MHKe-
HEepHbIX pacyeToB MNpu NPOEKTUPO-
BaHUM N CO34aHUN HOBbIX Obpas-
LIOB TEXHUKN Ha NPeanpusaTUsX Bbl-
COKOTEXHOMOIMMYHbIX obrnacren.

B 2011 rogy B U'TM® paspabo-
TaHa KOHCTPYKTOpPCKasi AOKYMEH-
TauMsa 1M cosgaH onbITHbIM obpa-
3el, yHuBepcarnbHOW KOMMNaKTHOM
cynepdBM AlK-3 ¢ npoussoau-
TenbHocTblo 3 Tdnon/c. locy-
AapCTBEHHas KOMUCCUS NPUCBO-

OCHOBHBbIE
XAPAKTEPUCTUKMW:
NpoOn3BOAUTENBHOCTb —

1,1 Tconon/c

MakcumMmarnbHas notpebnsemas
MOLLHOCTb — He Gonee 2,0 kBT
rabaputbl — 700 x 600 x 320 mm
KONMYECTBO MPOLIECCOPHbIX
aoep — 128

onepaTvBHasi NaMsiTb —

no 1024 Mocanrt

YHueepcarnbHas KoMmnakmHasi
cynep3BM AlIK-1M
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Haepadbl 8 HOMUHayuu
«Jlyqwuti npodykm 2o00a-2011»
Ha Bcepocculickol ebicmaske
«Softool-2011»

mna PK[ komnnekca AlK-3 nn-
Tepy «O1» n pekomeHgoBarna ero
K cepumHoMy npousBoacTtey. C
ceHTa6ps 2011 roga B UITM® Ha-
yaTo MEeIikoCepumHoe Npou3Boa-
cTtBo AlK-3 .

OCHOBHBIE
XAPAKTEPUCTUKMU:
NpPOn3BOAUTENBHOCTb —

3,3 Tdhnon/c

rabaputbl — 520 x 826 x 760 mMm
KONM4ecTBO

NpPOLIECCOPHbIX 9aep — 284
onepaTvBHasi NaMaTb —

po 3072 Mcant

YHueepcarnbHas KomnakmHasi
cynepd3BM AlIK-3

B cooTBeTCcTBUM C MPOEKTOM
pasBUTUA CyNnepPKOMMbIOTEPHbIX
TexHonoru B UTM® npogorka-
nacb paspaboTka nporpamMmHoun
nnaTtgopMbl ANs BbICOKONPOU3-
BOAWTENbHBLIX BbIYMUCIEHUIA, OCHO-
BaHHOW Ha co3gaHHbiXx B POALL-
BHAN3O® komnoHeHTax cuctem-
HOro nmporpammHoro obecneveHus
(CMO) n ceobogHo pacnpocTpa-
HSIEMbIX NPOrpaMMHbIX NPOAYK-
Tax C OTKpbITbIM kogoMm. Co3gax-
Hoe nonHogyHkuMoHaneHoe CI10
OOIMKHO 9(PHEKTMBHO MCMOMb30-
BaTb pPecypchbl LUMPOKOro CnekTpa
BbICOKOMPON3BOAUTENbHbIX Bbl-
YNCNUTENbHBIX CUCTEM: KOMMAKT-
Hble cynep3BM, MoLLHbIE yHUBEP-
canbHble n rmbpugHele cynepOBM
N HEOAHOPOAHblE MHOrOMaLUNH-
Hble komnnekcol. B 2011 rogy Be-
nicb paboTbl MO CO30aHUI0 CU-
CTEMbI MHCTaNMAUUM U HAaCTPOMKM
CINO mMHOoronpoueccopHbIX BblYNC-
nuTtenbHbix cuctem (MBC) CIPYT,
a Takke paboTbl MO co3gaHuto anc-
Tpubytmea 6asosoro CMO MHoro-
NPOLIECCOPHbIX BbIMUCIUTENbBHbIX
cuctemM netacpnoncHoro knacca.
B coctaB auctpmbyTtmsa BXogAaTt
crnegytoLme KOMMOHEHTbI:

» basoBas onepauunoHHasi cu-
ctema Ha ocHoBe GNU Linux;

* cucTeMa MHCTanmIauumM U Ha-
ctpovikn CIMO mHoronpoueccop-
HbIX BbIYUCIUTENbHbIX CUCTEM
CNPYT;

» CMNO pgns mHoronpoLeccop-
HbIX BbIYUCITUTENbHbIX CUCTEM,
pa3paboTaHHoe crneumanMcTamm
POAL-BHNNI .

Mpun cosgaHum CIrO POALL-
BHUNO® ncnonb3oBanuck cneay-
oLme paspaboTku:

* EanHas cuctema ynpasneHus
3aJaHUaAMM HEOOHOPOOHOrO Bbl-
YUCMUTENBHOIO KOMMIEKCa MHOrO-
npoueccopHbix cuctem ECY3.

* Cuctema nakeTHOro 3anycka
napannenbHbix npunoxeHuin JAM.

* IHCTpymMeHTaneHoe cpeacTBo
cbopa 1 aHanusa CTaTUcTUYECKON
MHdopMaunmM cyeTa nporpamm
nonb3oBatenen STK.

* NapannenbHasa vepapxmye-
ckas dhannoBas cucrtema.

» bubnuotekn eguHoro danrno-
BOro paspesa EOP.

» Bubnmoteka nocnegoBaTenbHbIX
1 napannensHbIx pewatenen PMLP.

* IHCTpyMeHTanbHbIE Ccpea-
CTBa UccrneaoBaHust HecTabunbHO-
CTU MYNBTUNPOLIECCOPHBIX CUCTEM
Noise Measurement Suite.

* ABTOMaTtuyeckasa cuctema te-
ctupoBanust ACT.

» CepBUCHbIE KOMMYHUKaLOH-
Hble nogcuctembl SMAD n MCSM.

* Cuctema ceteBOMn 3arpysku
ornepaunoHHON CUCTEMBI.

* lHCTpyMeHTanbHble cpeacTea
oTnagkv napanneneHbix MPI-npu-
noxeHun ParallelDB.

* IlHTennekTyanbHaa aBToMa-
TM3MPOBaHHas cuctema MHTerpa-
LM NPOrpaMMHbIX MaKeTOB B eau-
HbI pacyeTHbIN Komnneke PSS.

* YHMBepcanbHoe cpeacTso na-
pannenbHon 3D Bu3yanusaumm
ParaViz.

* EguHas cuctema ynpaene-
HUA U MOHUTOPWHIa annapaTHo-
NPOrpamMMHbIX KOMMOHEHTOB MYJb-
TUMPOLLECCOPHbIX BbIYUCIIUTENb-
HbIX CUCTEM.

Onctpmnbytne n wmnHCcTannsa-
Top CIO npegHasHayeH gnst uc-
Morib30BaHNA Ha rnepeHocumon
dnaw-namatu. NonyyeHo ceuge-
TEeNbCTBO O roCy4apCTBEHHON pe-
rmcTpauum nporpamm gna 3BM
«Egunbin guctpmnbytmns CIO gns
BbICOKOMPON3BOAUTENbHbIX Bbl-
YUCIUTENBHbBIX CUCTEMY.

CotpygHukn UTM® npuHsa-
N HenocpeacTBEHHOE yvacTue
B MOAroToBKE MpoeKkTa KoHLen-
LMK NO CO3A4aHWI0 OTEYECTBEHHbIX
TEXHOSOMNI BbICOKOMPOU3BOAM-
TEmNbHbIX BblYMCIIEHMI Ha Ga3e cy-
nepOBM akcadpnoncHoro knacca
(2012—-2020 rogbl), KOTOPbLIV BbIn
opobpeH Ha 3acegaHum Mexse-
OOMCTBEHHOWM paboyen rpynnbl Mo
pasBUTUIO MHOYCTPUU CYNepKOM-
netotepoB B Poccurickon dege-
pauun U UX NPUMEHEHUIO B Mpo-
MbILLFIEHHOCTU. B npoekTte mnano-
XKEHbl aKTyanbHble 3a4a4n U3 pas-
JNIMYHbIX obrnacTten MMUTaLUNOH-
HOro MOAENIMPOBaHNSA U OLIEHKN
Npon3BOAMTENBHOCTKN, TpebyemMon
ans mnx pewenunsa. Cdhopmynupo-
BaHbl HanpaBneHust oyHaaMeH-
TanbHbIX UccnegoBaHui B obna-

WHCTUTYT TEOPETUYECKOU U MATEMATUYECKOU ®UIUKU (UTM®D)
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CTU YNCINEeHHbIX MEeTOAO0B U BblYUC-
JINTenbHbIX CPpeacTB, KOTOpble He-
06XO,EI,I/IMO BbINOJTHUTb A1 OOCTU-
XKEHUS M OCBOEHUS 3KCcaddTONCHON
npowunssoguTensHocTn. Onpegene-
Hbl OCHOBHbIE HanpaslieHunAa pa-
60T no cosganuto cynepdBM akca-
¢rnoncHorm NpPoM3BOAUTENBHOCTH
N ee KOMMNOHEHTOB, BKIOYas Cpo-
KN U TPpaHU4YHble 3Ha4YeHUA napa-
mMeTpoB. M3noxeHbl MeponpuaTus
no NoAroToBKE KaapoB B obractu
BbIHUCITUTENTIBHOIO MogenuvpoBa-
HUA 1 pas3paboTkn BblYUCTIUTENb-
HbIX cpencTB. PaccmarpuBatoTcs
3KOHOMMYECKME NMapamMeTpbl KOH-
uenumun, ykasaHbl HanpaslieHus,
3agadn n MeponpudaTna, a TaKkke
CpOKM 1 TpygosaTpaTsl, Heobxoau-
Mble Ona Ux peanusauuin. |_|pVIBe-
OeHo obocHoBaHMe Lenecoobpas-
HOCTW CO3aHusi cneumannanpo-
BaHHbIX CermMeHToB cynep3BM Ha
OTEYECTBEHHOWN 3reMeHTHoN base.

BbinonHeHsbl mncenegoBsaHmAa
NepCcneKkTUBHbIX FI/I6pI/I,D,HbIX Bbl-
YNCIIUTENbHbIX apXUTEKTYp, pea-
JIN3YyRLWKX NpUHUMNManbHO HOBbIE
OVcUMNNnHbI BbluncneHun. Mpea-
NOXeEH ¥ 3anaTeHTOBaH B KA4eCcTBe
n3obpeteHns «Cnocob onpepene-
HWUSI CTPYKTYPbl TMOpMAHON BblYKC-
NNTENbLHOM CUCTEMBIY.

CospaHa nonHoTekcToBasa 6asa
JaHHbIX pe3ynbLTaTtoB MHTENSEK-
TyanbHon gesatenbHocTn POALL-
BHUNO® (BO PWA), npenHasHa-
YeHHasi Ans HaKoMSeHusl, coxpa-
HEHWS, UCMNOSIb30BaHNA U nepe-
Jayn 3HaHWN O Hay4HOW, uccrie-
[JoBaTenbCkon U MHHOBALMOHHOW
OEATENbHOCTU MHCTUTYTA, peLue-
HUSI MHPOPMALIMOHHBLIX U aHanu-
TUYECKUX 3adad, OLEHKU pesyrb-
TaTUBHOCTU AOEATENbHOCTU Ha-
YYHOWM opraHmsauumn, BbIMOMHA-
Len Hay4YHo-uccrnegoBaTenbCckme,
OMbITHO-KOHCTPYKTOPCKUE N TEXHO-
norndeckue pabortsl. [poaHanunsu-
pOBaH apxvB OOKYMEHTUPOBAHHOM
NHOPMALIMM MHCTUTYTA, NOMyYMB-
LIen paspeLLeHne Ha uHdopmaum-
OHHbIN 06meH B 2002-2010 rogax
[ OKYMEHTbI, HE MMEBLUNE SNEK-
TPOHHbIX BEPCU, OLMGPOBaHbI.
Kaxxabl JOKYMEHT COOep>XUT Nos-

OCHOBHbIE JOCTUXEHUA POAL-BHUNI D

HbIA TEKCT, pedepaT u MeTagaH-
Hble, BKNIOYaKLWmMe NHopMaLmo
006 aBTOpax, TUN AOKyMeHTa, TeMa-
TUYEeCKoe HanpaeneHve u gpyrue
napametpbl. [lna cuctemartmsa-
UMM apxmBa OOKYMEHTOB MCMOSb-
sytorca 30 TemaTudecknx Hanpas-
NEeHUN OeATenbHOCTU UHCTUTYTA.
B PWL pasmellieHa Ha oTaenb-
HOM cepBepe C onepauVioHHON
cuctemon ALT Linux 5.0. B kave-
cTBe 6a3bl AaHHbIX, XPaHALLEN UH-
dopmaumnio 060 Bcex AOKYMEHTax
cepBepa, ucnonbadyerca MySQL-
cepBep. PaspabotaH Beb-cant
publ.vniief.ru, npegocTaBnsOWMN
nonb3oBaTensMm AOCTYN K pasge-
nam «Hay4dHble ctatbu», «[okna-
aply, «lybnukauuny, «TemaTtuye-
Ckui ykasartenb». Pasgen «[llownc-
KOBble 3anpochl» MO3BOSSET Npo-
BOAWUTb MOSIHOTEKCTOBLIA N aHa-
NUTUYECKMI MOUCK MO BCEM [OKY-
MeHTaM cepBepa, obecneunBaTtb
NPOCMOTP BblIOpaHHbIX OaHHbIX.
B HacTtoswee Bpema b PN co-
nepxnt 4300 4OKYMEHTOB MOYTU
4000 aBTOpOB. Begetcs noarotos-
kKa n obpaboTtka no paHee paspa-
OOTaHHbIM MEeToAMKaM OOKYMEH-
ToB 2011 roga Ans UHTerpaumm mnx
B 6a3y AaHHbIX.

Ha 6a3y gaHHbIX OTKPbITbIX My-
onukaumin «POAL-BHUNI®» no-
fny4YeHo CBMOETENbCTBO O rocyaap-
CTBEHHOW perncrpauuu.

PaspaboTtaHbl nporpamMmmHoO-
TEXHUYEeCKMe cpencTea 3aluThbl
nHpopmaumm (TC3W) — koHTpOR-
nepbl 3aWmMTbl ANl BbICOKOCKO-
POCTHbIX BOJIOKOHHO-OMTUYECKUX
cMCTEM nepefadn AaHHblX, pabo-
Tallme Ha CKOpoCTsax nepeaa-
ym ot 100 M6ut/c go 100 6uT/C.
OnbITHbIE 06pa3upbl KOHTPONIIEPOB
3aWmThl anpobupoBaHbl B COCTa-
BE 3aLUMLLEHHBIX CUCTEM Ha CKO-
poctax 100 M6ut/c, 1 n 10 GuTt/c.
Mo HekoTOpbIM NapameTpam (Tou-
HOCTb KOHTpoOns, rabapuTbl, mac-
ca) paspabotaHHble TC3U npe-
BOCXOAAT 3apybexHble aHanoru.

PaspaboTtaHo 1 cgaHo B OMbIT-
Hyl 9KcnnyaTtauuw (nepepa-
HO B CTpPaxoBOW (pOoHA nMporpamm
UTM®) MO cuctembl yyeta u KOH-

Tponsa <SAepHbIX MaTepuanos
(CYuK AM) ons TmnoBoro xpaHu-
nuwa AM ¢ pasHbIMKu npaBamu go-
CTyna nonb3oBarenen K nigopma-
unn. Ha ocHoBe cepTudmumpoBaH-
Horo aapa ACCORD-2005 cospa-
Ha HoBas Bepcus 10 cuctembl ons
XpaHunuia genswmxca matepuma-
nos MO «Masik».

B 2011 rogy npogomkanucb co-
BMeCTHble paboTbl C KoMUccapma-
TOM MO aToMHOW 3HepreTuke CEA/
DAM (®paHums) B pamkax Corna-
LUEHMS O HAYy4YHO-TEXHUYECKOM CO-
TpyaHu4ecTBe B obnactu Gesonac-
HOCTM SAEPHOrO OPYXXKUsi, 3aKIto-
YEHHOrO MeXay NpaBUTENbCTBaAMM
®paHuumn n Poccurckon denepa-
umn. OgHMM 13 HanpaeneHun pa-
60T ObINo N3y4eHne TOHHOCTU U 3d-
PEKTMBHOCTN MeToAAa KOHLEHTpa-
LMIA B YNpyronnacTuyeckmx cpegax.
B cBs3M ¢ 3TUM BbINOMHEHO MOAe-
nMpoBaHve psiga 3agay no Bepudm-
KaLmu YMCIEHHbIX anropuTMOB:

* pacnpocTpaHeHue MNyoCKomn
yAapHOW BOSHbI B ynpyronnacTtu-
Yyeckou cpefe,

* pacnpocTpaHeHne CABUrOBbIX
BOJTH B YNpyrow cpeae,

* C)XaTue TOHKOCTEHHON Gepun-
nMeBov 060MOYKM,

* pa3BuTME OOQHOMOZOBbIX BO3-
MYLLIEHUI B yNpYyromn cpeae.

MocTaHoBKa nepBbIX Tpex 3a-
Jad npefoctaeneHa paHuys-
CKOW CTOPOHOW, NnocriegHasa 3aga-
ya npegnoxeHa UTM®. Opyrum
HanpasneHvem paboT sBnsnach
pa3paboTka anroputMoB M Npo-
rpamMm Ong reHepauum Havarnb-
HbIX HECTPYKTYPUPOBAHHbIX TPEX-
MEpPHbIX CETOK ANSA UHXEHEPHO-
ro aHanusa TepMOHanpsKeHHO-
0edopMUPOBAHHOIO COCTOSHUSA
KOHCTPYKUU (MpOYHOCTb, Aedop-
Mauusi, pacnpocTpaHeHue Tenna,
TeYeHue Xuakoctm u T.4.). B npo-
Liecce BbINoOMHeHns paboT paccmo-
TPEHblI HEKOTOPbIE aNropUTMbI MO-
CTPOEHUS MHOTOYTrOSbHbIX U MHO-
rorpaHHbIX CETOK B 06nacTsx, onu-
CblBaeMbIX aHanuTu4yeckn. JaHbl
OLIEHKM CKOPOCTU MOCTPOEHUS, Ka-
4YecTBa U CUMMETPUM MNonyYaembix
OBYMEPHbIX U TPEXMEPHbIX MpOo-
CTPaHCTBEHHbIX CETOK.
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B pamkax pasButus meTo-
OOB 1 MporpaMmm MOJSEeKyIsipHO-
OMHaAMNYECKOro MOAENTMPOBaHUS
npoBeAeHbl pacyeTbl OTKOMbHbIX
SABMEHUN B MOHOKpUcCTasnne meau
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Harpy3kax. PesynbraTtbl pacue-
TOB CpaBHMBanuCb C aHarormny-
HbIMW pe3ynsTataMu, NomnyYeHHbl-
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pun (CLUA). 3a uncknoveHnem ot-
OernbHbIX MOMEHTOB MOMY4YEeHO XO-
poLuee cornacue.
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lNpouecc paszsumusi omkosna u su3yasniu3ayus Yacmuy

WHCTUTYT 3KCNEPUMEHTANIbHOU FA3OOUHAMUKMU
N ®U3NUKN B3PbIBA (UDB)

B N®B B uenax uccregosa-
HMA 1 obecneyeHns 6e3onacHo-
CTU siiepHbIX peakTopoB paspa-
BoTaHa ycTaHOBKa Ans NonyvyeHns
N yoepxaHusi kopuyma — pacnna-
Ba aKTMBHOWN 30HbI SAEPHOrO peak-
Topa. lNMpoToTunHbIN pacnnae 0b6-
pasyeTcs B pesynbrate peakuuu
2Fe,0,+32Zr=3Zr0,+4Fe +2840 KIDx/kr
B BGETOHHOW €MKOCTU 06beMOM

~6-102 m3. B xoge akcnepuMeH-
Ta nocne MHULUUMPOBaHUS peak-
UMM B XUMUYECKM aKTUBHOM CO-
ctaBe (XAC) maccon 50 kr B no-
NnyYeHHbIN pacnnae ¢ MHTepBa-
nom 5-10 c cbpacbiBanu 6puke-
Tbl 13 T0ro xe XAC maccown 0,72 kr
N NNOTHOCTbIO 3,05 r/cm® Kaxabln.
C ucnonb3oBaHMeM TepMomnapHOM
N NUPOMETPUYECKON METOAUK Mo-

KasaHo, YTO CO34aHHbIA pacnnas
maccon ~100 Kr, UMeLnn Tem-
nepatypy 2700-3200 K, obecne-
YMBaET TEMNIOBbIE MOTOKU B CTEHKU
1 KO AHY BETOHHOM eMKOCTM B npe-
aenax 100-150 kB1/m? Ha npoTs-
eHun ~10 MuH. ABnsumst CTEHOK
OEeToOHHOM eMKOCTU cocTaBuna B
KOHLIe 3KCrneprMeHTa 2,5-3 cm.

WHCTUTYT SKCNEPUMEHTANbHOW FA3OAWHAMUKU N ®U3NKU B3PbIBA (U®B)





