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OCHOBHbIE JOCTUXEHUA POAL-BHUNI D

WHCTUTYT TEOPETUYECKON N MATEMATUYECKOU ®U3UKU (UTMD)

Cneumanuctel U'TM® B 2008 ro-
4y [oBunuck 3HavmTenbHbIX ycne-
X0B B paspaboTke nporpamMmHbIX
KOMMJIEKCOB HOBOIO MOKOSIEHUS,
KOTOpble JOMKHbI 0b6ecnevnTb ag-
deKkTMBHOE KOMMbIOTEPHOE MO-
AenupoBaHve Ha MHoronpoLec-
copHbix OBM ¢ maccoBbliM napan-
nennuamMomMm C MCMNOSIb30BaHUEM
YCOBEPLUEHCTBOBAHHbIX (OU3UKO-
MaTemaTMyecknx Mogenen.

PaspaboTtaHa HoBas meToauka
KOPOHA v cosgaH KoMmnnekc npo-
rpamm [Ons pacyeTta OBYMEPHbIX
3a4a4 rasoBon AMHaAMUKU U Te-
NNonpoBOAHOCTM C y4eToM Typby-
neHTHoro nepemewmnsanna (TT1).
OcobeHHOCTbI0 JaHHON MEeTOAUKM
SABNSAETCH NPUMEHEHne nepemMex-
HOro no pasmepy pPasHOCTHOro
wabnoHa npu annpokcumaumn
YypaBHEHUN ra3oBOW AMHAMWKMU
M TENNONPOBOAHOCTU, YTO MNO-
3BONSET CyLLECTBEHHO MOBbLICUTL
TOYHOCTb pacyeToB. [BmkeHue
KOHTaKTHbIX FpaHuL, mexay Be-
wecTBaMn paccymTbiBaeTcs na-
rpaHxeBbIM METOOOM BAOOfMb BCEX
NPOCTPAHCTBEHHbIX HanpasreHun.
Ona pacyeta TypOYyneHTHOro

N

750 mke

-

833 MKc

nepeMeLluMBaHns MNpUMeHsaeTcs
mogens B. B. Hukudgoposa, pas-
pabotaHHasa B POALI-BHNNIO®.
PesyneraTthl TECTMPOBaHWS JaHHON
nporpamMmbl Ha 6onbLUOK cepun 3a-
Aad, UMeLLNX TOYHOE peLUeHue,
a Takke B pasnuUyHbIX r3NYeCKNX
3KCNEepMMEHTax rnokasanu, 4YTo
nporpamma KOPOHA o6ecneun-
BaET XOPOLLYI TOYHOCTb PacyeToB
N NpyY U3MerbYeHUN pacHeTHOMN
CETKN YUCMEHHOE pelleHne 3agad
CXOONTCS K UX TOYHOMY PELLEHUIO.

PaspaboTtaHa nepsasi odepenb
MeTOAMKM pacyeTa n caMmon npo-
rpamMmbl Afis1 peLleHns MeTogom
MoHTe-Kapno 3agay coBMecTHOro
nepeHoca HEWTPOHOB U Y-KBaHTOB
B TPEXMEPHBIX CUCTEMAX C UCMOrb-
30BaHMEM CheKTparnbHbIX (C Mo-
TOYEYHbIM 3aJjaHVEM MO SHEeprun)
W rpynnoBbIX 61bnmotek HeMTPOH-
HbIX KOHCTaHT, a Takke bubnmnorek
KOHCTaHT y-obpasoBaHus 1 y-npo-
xoxgeHust. NporpamMmma MoXeT BbITb
ncnonb3oBaHa s pacyeTa adek-
TUBHOTO KO3(pdumumeHTa pasmHo-
XKEHWNs HEUTPOHOB, peLleHns 3aaad
pagvauuoHHOM 3alunTbl, 3agad
sanepHon 6e3onacHOCTK, LUMPOKOTo

750 mkc

833 MKc

CpasHeHue nonoxeHusi 30H Tl Ha KOHMaKMHbIX 2paHuyax MpexcriolHbIX
2a308bIx cucmem 8 08yX Orbimax rocse nPOxoxoeHus yo0apHOU B0JIHbI.
Cniesa — pacyem no komrnekcy KOPOHA; cripasa — akcriepumeHm

Kriacca peakTopHbIX 3agad. Bax-
HbIMW OCOBEHHOCTAMW MPOorpaMmbl
ABNATCS y4eT POTOHENTPOHHbIX
MPOLIECCOB 1 BO3MOXHOCTb pacyeTa
aKTUBALMOHHOTO Y-U3nyyenus. Ons
3agaHus MHdopmMaumm o reome-
TpWK, coCTaBax, MCTOMHMKE peLlae-
MOW 3aauu, a Takke 0 pesynsrartax
BbIYUCNEHUIA U UCMOMb3YEMbIX Me-
ToAax NoBbILLEHUS 3PDEKTUBHOCTH
cyeTa UCnonb3yeTcs cneunanbHbIv
BXxoAHoM A3blk. OH No3BonseT ao-
CTaToO4YHO MNPOCTO, B CBODOAHOM
dopmare, 3agaBatb 3Ty UHGOpMa-
LMIO C NOMOLLIbIO MOBOro TEKCTOBO-
ro pegakropa. Pacuetbl 3agay no
JaHHOW nporpamMmmMe nNpoBOOSTCH
Ha BOonbLLIOM YKMcrie NPOoLEeccopoB
MHOronpoLeccopHbIX IBM.

CosgaHbl HOBble BEPCUN NPO-
rPaMMHbIX KOMMIIEKCOB, OCHOBaH-
HbIX Ha CBS3W ra3oguHamMu4eckon
metoankn PAM3EC-KIT ¢ metoaun-
KaMu pacyeTa nepeHoca yactuy,
N N3NyYeHUsi Kak pasHOCTHbLIMU
mMeTodamu, Tak u metogoMm MoHTe-
Kapno, 4To no3sonumno pacwmputb
Knacc pelaemMbix 3agau.

MNepBas ovepenb (ogHoMpar-
MEHTHbIV BapuaHT) MeTOAUKM
OlAK-3D nos3BonseT paccymTbiBaTh
TPexXmepHble yaapHO-BOSHOBbIE
rasogMHammnyeckmne TedeHus ¢ yye-
TOM NPOYHOCTM CPpeAbl U AeTOHaLNN
BB Ha aganTMBHO BCTpavBaeMblX
ApOBHbIX ceTkax. TekyLlas Bepcus
MeToaMK BKMo4YaeT B cebs npo-
rpamMMbl pacyeTa Ha perynspHbIxX
ceTkax. [MporpamMmMHbIN KOMMNIEKC
CAaH B ONbITHYIO 3KCNyaTauumio.

MNpoporkeHo pasBuTne npo-
rpammHoro komnnekca J1IOMOC-2
ONs pacyeTa Ha MHoronpoLleccop-
Hbix OBM 3agad Tennomacconepe-
HOCa M aHanu3a HanpsbkeHHo-Ae-
hopmmposaHHoro coctosHus (HOC).

B 2008 rogy:

* [peobasneHa kK cpade B
OMbITHYIO 3KCnrlyaTauuo nepsas
oyepedb KOMMeKca Ans pacdye-
Ta Tennounsnyeckmx npoLeccoB
(ooHodasHble TeveHusa) u HOC.
MpoBoaunucb TecTUpoBaHue,
Bepudmkaums 1 Banvaauus Kom-
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Feomempusi nemamersibHO20 annapama u gppacMeHm MnoeepxHOCMHOU pacyemHol cemku.
Pacuyemmnas modernb codepxxum 31 mrH siveek. Pacuem nposodurics Ha 500 npoyeccopax

nrnekca B napansenbHOM pexume
Ha MOAEeNbHbIX, TECTOBbIX M MPOU3-
BOOCTBEHHbIX pacyeTax.

» C pacnapannenvBaHnemM Bbl-
YNCNEHMIN HA YUCIIO MPOLLECCOPOB
0o 1000 npoBogunnChb pacyeThbl:

— rMapaBfinNyecKNX TevYeHUNn
1 TennoobmMeHa B 3HEPreTU4eCcKux
yCTaHOBKaXx;

— a9poanHaMMYECKNX XapakTe-
PUCTVK NeTaTenbHbIX annapaTos.

» PaspaboTtaHa n nporpammHo
peanu3oBaHa MeToAuKa peLleHus
TpexMepHbIX ypaBHeHu bpuHkma-
Ha — dopxrenmepa, ONNCbIBaOLLINX
WHEPLMOHHbIE (bUNbTPaLVOHHbIE
TeveHuss. MeTognka OCHOBaHa Ha
METOAE KOHEYHbIX ANTEMEHTOB.

» PaspaboTtaHa koHuenuus
rpadunyeckort o60I04KN MNorb-
3oBaTena komnnekca JIOIOC-2,
onucaHbl HeobxoguMble yHKLMNO-
HanbHble BO3MOXHOCTU 060MOYKM
M npegnosnaraemMsin nHTepdenc
nonb3oBaTensl.

ANOMUHWA

Kananw BB

Mognoxka BB
a

» PaspaboTaHbl anroputMbl
pacyeTa HEeNUHENHbIX 3agad
aHanusa HOC mMeToooM KOHEYHbIX
anemeHToB. Co3aaHbl NepBble Ba-
puaHTbl Nporpamm.

Ha ocHoBe meToankn CHJ cos-
JaHa HoBasi metoauka CHOMA
(MonekynapHo-aToMapHas),
npegHasHavyeHHas ons pacyeta
TEeYEeHUN nanyyarllen HepaBHO-
BECHOM MOJIeKynsapHOWN Nnasmbl.
Metoanka CHIOMA ocHoBaHa
Ha ypaBHEHUSX OOHOMEPHON ra-
30BOV AMHaAMMUKN, 3anncaHHbIX
B NlarpaH>XXeBbiX MaCCOBbIX KOOp-
OvHaTax, ypaBHEHUAX KUHETUKM
XUMUYECKUX, WNOHUI3ALUNOHHBbIX
n coTopeakumni, ypaBHeHU1 nepe-
HOCa HEpPaBHOBECHOMO U3My4YeHNs
1 B3aUMOOENCTBUSA U3NyYeHUst
C BELLECTBOM. YUnUTbIBAeTCH pas-
HOCTb TemnepaTyp 9NeKTPOHOB
N TSXKEnbIX YacTul.

MNpn mogenupoBaHMM NpoLec-
COB [IETOHaLMM 0coboe BHUMaHWe

Briropaxue

55N

6

yoensieTcs apdekTy, cBA3aHHOMY
c romoreHunsaumen BB 1 notepen
€ro 4yBCTBUTENBbHOCTU (OeceH-
cubunusaums) BcneacTeme ero
npenBapuUTENbHOIO HarpyXeHust.
dusmyecknn adpdeKT 3artyxaHma
AeToHaUuKn npu pacnpocTpaHeHum
[JEeTOHaLNOHHOW BOMHbI B KaHanax
Habniogancd, HanpuMmep, B Tak
Ha3blBaeMbIX JETOHALMOHHbIX IO-
MYECKMX ANEMEHTaXxX Ha YrmoBbIX
rpaHuuax. No metoauke [ Bnep-
Bble Oblf1 YNCITEHHO NPOMOAENNPO-
BaH adhdeKT npekpalleHns OeTo-
HauMn nNpv B3aMOLENCTBMM ABYX
[JETOHALUMNOHHbLIX BOSH Ha nNpumMepe
MoaenbHo cbopkn. PacyeTHbIM
nyTemM GbINO NOMy4YeHo, YTO cTaum-
OHapHasl oeToHaums C OaBneHnem
Ha ppoHTe = 30 Tla, pacnpocTpa-
HASICb NO HeBo3MYyLLeHHoMY BB,
3aTyxaeT Npu BbIXOOE Ha y4acToK
npenBapuTENbHO CXKaToro, HO He
noaBeprHyToro pasnoxeHuio BB,
TO ecTb JeToHauusi Bcreacteune

Pesynbmambl YucrieHHoz0o MO@eﬂUpOSaHUFI rpekKkpaweHus demoHauuu BB: a — HaYanbHasi ceomempus;
6 — HavyanbHasi cmadusi; 8 — rpocmpaHCcmeeHHoe pacriosioxXxeHue KaHasioe u nonepequﬁ ydapHoﬁ B80J1HbI
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AeceHcnbunmnsaumm BB npekpalua-
€TCsl, YTO MOSTHOCTbBIO cornacyercs
C pesynbTatamm 3KCnepumeHTa.

B HacTtosiee Bpemsi 6a3oBbIM
MEXaHU3MOM MHULIMMPOBaHUSA ae-
TOHaUMKN B TBEPAbIX r€TEPOreHHbIX
BB gaBnseTca KOHUENUUsa «ropsymx
Toyek» (I'T mnu HS — hot spots).
BsanmopgencTBre yaapHON BOSHbI
Cc gedektamn CTPYKTypbl TBEP-
ObIX reteporeHHbix BB npusoant
K HEOAHOPOOHOCTU Aedopmanmun
cxaTtoro obbema BB, nokanusa-
UMM M guccunaumm 3Heprumn B oT-
JOernbHbIX o4arax, B KOTOPbIX Hauu-
HaeTcsa peakuus pasnoxeHusi BB.
PasBuBasicb B ganbHeunwem, OHM
NpMBOOAT K MaKpOCKOMMYEeCKOMY
B3pbIBYy. B metoanke OIAK-3D
BriepBble ObiNO NpoBeAeHo nps-
MO€ YMCNEHHOEe MOAEenMpoBaHue
obpasoBaHua u pocta ['T 3a xa-
pakTepHble BpeMeHa MHAOYKLUU
aetoHauun. MNpu aTOM Moagennpo-
Banocb pacnpocTpaHeHue ygap-
HOW BOSHbI NO reTeporeHHomy BB,
MMeIoLLIEMY ra30Bble BKITHOYEHUS B
MeCTax CONPUKOCHOBEHWS rpaHyr.
B pacuertax 3agaBanuck fBa raso-
BbIX BKMIOYEHUSA M NPOBOAUNOCH
npsiMOe YMCNeHHoe MoOenmpo-
BaHMe HeyCTOM4YMBOCTU Ha rpa-
Huuax BB/npogykTel B3pbiBa (IM1B)
C Y4ETOM KMHETUKMN BbIropaHus u
TennonpoBogHOCTU. Pusnyeckas
KapTuHa BbIrMAAUT Tak: OYeHb
ObICTPO MpPOMCXOANT 3anofnHeHne
rasoBoro BkntoveHus B, 3atem
B pes3yrbraTte BUXPEBOro tedye-
HMS KpynHOMacLUTabHble YacTuLbl
nepemMeLunBatoTca U gpobarcs oo
MarnbiX pasmMepoB, NMpu KOTOPbIX
3a CYeT pas3BUTOW NOBEPXHOCTU
koHTakta BB wn lNB ycneaet
npousonTu nporpes BB (nepe-
pada aHeprun ot B). Peakuns
pasnoxeHna addEKTUBHO Npo-
porkaetca. NMonyyeHa ckopocTb
pocTta oyara cbiwe 100 m/c, 4To
Ha ABa nopsifka NpeBbIlaeT CKo-
pPOCTb rOPeHUst NPy NamrnHapHOM
TeyeHun. PacuyeTbl BnepBble Mnpo-
OEeMOHCTPMPOBanu BaXHY posb
TypOyneHTHOCTU B AEeTOHaLNOH-
HbIX MpoLeccax.

MeTtoguka COJTAPUC, npea-
Ha3HadYeHHasa AN YUCIIEHHOro
pelleHna Ha MHoronpoLeccop-

OCHOBHbIE JOCTUXEHUA POAL-BHUNI D

Hbix OBM TpexmepHbIX 3agad
nepeHoca U3nyyeHua n Tenmno-
NPOBOAHOCTU B MPOU3BOJSIbHbIX
obnacTtsax ¢ BakyyMHbIMW MOJiO-
CTAMU C y4eToM rasoguHamu-
YecKoro ABWXXEHUs BellecTBa
B ONTUYECKU MIMOTHbIX CHOSAX

n opyrux dumsanyeckmux npouec-
COB, COMPOBOXAAKLLNX 3TN ABNe-
HUSA, NpeTepnena CyweCcTBEHHYIO
MOAEPHMU3aLUMIO:

* K MeToauKe MnoakmntoveHa
nporpamMmmMa ogHOMEPHOW rasoaun-
HaMMKW,

Cxema 2a308020 8K/IHOYEHUS (a) U HavyarbHasi ghopma 00HO20 U3 2a308bIX
eKrmoyeHul 8 pacyeme (6): A, — nogsepxHocmb 2opsYel moyku; d, — monuuHa
30HbI peakyuu, ebi36aHHoOl ydapom,; D, — xapakmepHas OnuHa 2opsyell moyKu
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KapmuHa ¢hopmuposaHusi u pocma 2opsHe20 oyaza
Ha mpu rnocrnedosameribHbIX MoMeHma spemeHu: 10, 30 u 50 He
(koHueHmpauyus 1B 100 %)



2008

* paspaboTaH 1 peanusoBaH an-
rOPUTM CBSI3W LIEMOYKM CEKTOPOB,

* peanv3oBaH anropuTtm y4yeta
OBWXEHNSA BellecTBa Ha OCHOBEe
OAHOMEPHbIX ra3oguHaMN4eCcKnX
pacyeTos,

* BBEjeHa BO3MOXHOCTb pacye-
Ta Ny4YncTon TennonpoBOAHOCTMH,

* YCOBEpPLUEHCTBOBaH pacyeTt
KoahhmumneHToB BUAMMOCTU N4
TpexmepHowm reomeTpumn. Bpems
pacyeTa Takmx KoapduumneHToB
05191 0CeCMMMETPUYHOM reomMeTpum
CTano CpaBHNMO C BPEMEHEM pac-
yeTa KO3(DULMEHTOB BUANMOCTHU
ONa BYMEpHOW reoMeTpun.

YcoBepLLUEHCTBOBaHbLI MOAEN
ypaBHeHun coctosaHus (YPC) se-
LEeCTB C Lenblo paclumpeHusi 0b-
nactn nx NpMMEHMMOCTM U NOBbI-
LIEHNS TOYHOCTWN OMNUCaHUsA 3Kcne-
pYMeHTanbHbIX aHHbIX. [ns aToro
Ha OCHOBE METOOUKM MOCTPOEHMS
LUMpOKOAMaNa3oOHHbIX TEPMOAU-
Hamuyeckn cornacoBaHHbix YPC
C MCnomnb30BaHWeM MOAENN CMecu
paspabortaH YPC antomunusa. [na
CLUMBKN BblBpaHbl nmeromecs
B 6ubnmnoteke YPC-O® YPC tuna
POCA-M un YPC, peanuayloLinni
mogernb TOMNK (Tomaca — Pepmu
c nonpasBkamu). ClunBka 3TUX
ypaBHEHNIN MNO3BOSIAET paccyu-
TbiBaTb TepMoguHamunyeckmne
YHKUMM anioMUHNS B AnanasoHe
N3MEHEHNs1 COCTOAHMI OT Brnakmnx
K HOpMarnbHbIM 4O COOTBETCTBYIO-
LMX CBEPXBbICOKUM KOHLIEHTpa-
LUUAM SHEPrUun.

Kpome Toro, paspabotaH Ba-
pnanHt mogenn YPC POCA-M
C 9(P(PEKTMBHBIM Yy4ETOM MOHU3A-
LK, B KOTOPOM AN y4YeTa BKraga
B AaBIiEHNE N SHEPTUI0 TepMuye-
CKM1 BO3OYXXOEHHbIX 9NEKTPOHOB
BBeeHa BO3MOXHOCTb a(hdeKTmB-
HOro y4yeTa BNSHUS MOHU3aLMmM Ha
nosegeHne TepMognHaMU4eCcKnx
dyHKUMN. BPPEKTUBHOCTL MO-
andmumpoBaHHon mogenu npo-
OEeMOHCTpUpoBaHa Ha npumepe
onmncaHna aKkcnepmuMeHTarnbHbIX
AaHHbIX 1 pacdeToB no YPC TOTIK
B 00nacTn CBEPXBbICOKNX AaBre-
HUW 1 TeMnepaTyp AN antoMUHKA
n apyrmx matepuanos. [poBegeHo
TakKe CpaBHeHMe C pacyeTamu no
apyrum mogenam YPC. lNMokasaHo,

4YTO B AQHHOM Kriacce mogernen (He
YUMTbIBAKOLMX MraBrieHne 1 no-
numopdHble a3oBble nepexodbl)
MogmnduympoBaHHass Moaerb
POCA-M nosBonseT onucbiBaTb
KaK aKcnepumeHTarnbHble OaHHbIe,
Tak U pacyeTbl N0 TEOPETUYECKON
moaenn YPC TOTK.

MNposepgeHbl paboTbl No pac-
napannenmeBaHunio BblYUCIIEHNN
npoberoB )OTOHOB B BeLLeCTBe
B nporpamme NEPCT. B napan-
NenbHOM peXuMe BbIYUCHISHOTCS
BKMNadbl B KO MLUMEHTbI normno-
LEeHWs OTAEMNbHbIX 3MEKTPOHHbIX
KOHourypaumm. 3T1o pacnaparn-
nenvBaHve gaeT BO3MOXHOCTb
BbIMOSHATb BblYMCEHNs npoberos
dotoHoB B nporpamme MNEPCT
C BbICOKON 3PEKTUBHOCTBIO Ha
HECKOMbKNX COTHSIX NPOLECCOPOB.

3aBepLUeHO uccnegoBaHmne
3hPEKTUBHOCTN anropuTmMa pac-
napannenmeBaHusa BblHUCIIEHUN
npu pelleHun OBYMEPHbIX ypaB-
HeHnn Makceenna B 2d3p-npo-
rraMmme pacyeTta B3auMopaemn-
CTBUS Na3epHOro MUsnyvyeHus c
©eCCTONKHOBUTENBHON MAa3mMoMn.
lNony4yeHbl OUeHKM 3remMeHTap-
HbIX 3aTpaT Ha OTAEenNbHbIX 3Ta-
nax BblYUCIEHUA N yCTaHOBIEHA
dopmyna ans apHeKTUBHOCTH
anropuTmMa pacnapannenMBaHus
nporpammbl (kog 2d3p). MNokasa-
HO, YTO MPU NUMEILLNXCH OLLEHKax
anemeHTapHbIX 3aTpat 6onee Bbl-
rogHbIM SIBNSIETCS anropuTMm, B KO-
TOpOM pacnapannerneHbl TONbKO
BbIYMCMEHUST TPAEKTOPUI YacTul,
a ypaBHeHuna MakcBenna pelia-
IOTCHA Ha KaxgoM mnpoueccope
ONS MOSHbIX CETOYHbIX MacCcuBOB
KOMMOHEHT Mnonewn.

3aBepLUeHbl BaXKHble 3Tarbl
paboT Mo co3gaHuo eguHbIX Ons
BCEX MHOTOMEPHbIX METOAMK
M NporpaMMHbIX KOMMJIEKCOB
cpencTB rpadpuyeckoro 3agaHus
HavanbHbIX AaHHbIX A5S pacyeToB
n 06paboTKn pe3ynbTaTtoB cyeTa.
PeanusoBaH nNpoToTMn CUCTEMBI
noctobpaboTku ScientificView,
npegHasHadyeHHon Ans rpadpuye-
CKOroO M YMUCNEHHOro aHanmusa
pacyeTHbIX AaHHbIX 6G0nbLIOro
obbema. MNpoToTUN MOMTHOCTHLIO
co3gaH curamum  COTPYAHUKOB

MaTeMaTUYECKOro OTAeNeHus
MNTM® u nossondeT npoBoAUTb
B MapannenbHoOM pexume aHanms
TPEXMEPHbIX PErynsapHbIX CETOY-
HbIX Oa@HHbIX C YNCIIOM fYeek [0
1 mnpa. JaHHas paboTta He nveet
aHaroroB Ha NpeanpusaTUaX atoM-
HOW MpOMbILWIIEHHOCT Poccun.
[Ons 6onee To4YHOro aHanusa BO3-
MOXHbI criegytowme npuMeHeHus
anropuTMOB YMCIIEHHOrO aHanuaa:
NPOCMOTP AaHHbIX MO BbIGpaHHLIM
MbILLbO OBGBbEKTaM; MOUCK 3KC-
TPEMYMOB, MHTErpasnoB, CpegHUxX
3HavyeHun; BbIBOA 0bLen nHdop-
Mauum O 3agade; UHTepnonaums
BenuuuH. BcTpoeHHble cpeactea
NOCTPOeHUs rpadoMKoB NO3BONSAOT
NPOBOAUTL BbIYMCIEHUS 3aBUCU-
MOCTEN BENUYUH U OoTObpakeHne
NOMNy4YeHHbIX Pe3ynbTatoB BMECTe
C pacyeTHbIMM SaHHbIMMU.

B npowusBoacTBEHHYH 3KC-
nnyatauuio cgaHbl rpadunveckmi
penakTop AOBYMEPHbIX reome-
Tpun Solid Editor n nporpamma
2D-PH[ onsa 3apgaHusa n pacde-
Ta CETOK U Ha4darnbHbIX AaHHbIX
OBYMepHbIX 3agad. padumyeckun
pepakTop Solid Editor no3sonsaet
B MHTEPAKTUBHOM pexXume 3a-
JaBaTb reoOMeTpuio U HavanbHble
OaHHble OBYMEpPHbIX 3adad, pe-
WwaeMblx Mo BOMbLUMHCTBY METO-
OVK MaTteMaTnu4ecKkoro oTaeneHus
UTM®. lMepexon meToauk Ha pe-
paktop Solid Editor nosonser
yHucurymposatb OU3NYECKYIO
NMOCTaHOBKY U cAoenaTtb ee eguHOMn
Ons Bcex MeToauk. TeMm cambiM
YMEHbLLAIOTCS KONMMYECTBO OLUU-
OOK 1 TpygosaTtpaThl Ha 3agaHue
dusmnyeckon mogenm, a Ha ee
OCHOBe yckopsieTca hopMUpoBa-
HWE YUCNEeHHON MaTeMaTU4eCcKomn
moaenu. EanHasa ana 6onblunH-
CTBa METOAMK MaTeMaTM4eCKoro
otaenexHnsa UTM® nporpamma
2D-PH[ paccuynTbiBaeT ceTku
N HavanbHble JaHHbIE ABYMEPHbIX
3aja4y Ha OCHOBE MHdopMaumu,
3aJaHHoON B rpadhnyeckoM pepak-
Tope Solid Editor. 3To no3BonseT
OAHY WU Ty e ABYMEPHYIO 3agavy
paccunTbiBaTb MO pa3HbIM YuKC-
NEHHbIM MeToAuKaM.

PeannsoBaHa BO3MOXHOCTb
pacyeTa HaydarnbHbIX JaHHbIX s
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lpumep su3syanusayuu pe3ybmamoas pacyemos C Ucrosib308aHueM rnakema rnpoepamm ScientificView

3afa4y TpexmMepHOro YNcrneHHoro
MOAEeNMpoBaHns pU3nN4ecKnx npo-
LLeCCOB B CMeLUaHHOM NOCTaHOB-
K€ C MCMONb30BaHMEM CETOYHbIX
n BecceTouHbIX Moaenen. dan-
Hasg BO3MOXHOCTb peanu3oBaHa
B komnriekce nporpamm 3D-PH[
M npegHasHa4vyeHa Ons MCnosb3o-
BaHus B metoamke IAIAK-KO ansa
COBMECTHbIX TPEXMEPHbIX pacye-

TOB 3a4ad KrnacTepHOW OMHAMUKK
N razognHaAMMUYECKUX TEHEHUN.
PaspaboTka BbICOKOMPOU3BO-
ONTEerNbHbIX MHOIMOMPOLECCOPHbIX
OBM, nx cucteMHoro nporpamm-
Horo obecnedyeHust U BbIYUCIU-
TeNnbHbIX CETEN ABNSETCA OAHUM
M3 OCHOBHbIX HanpaBneHun ge-
arenbHocTn UTM®. B 2008 roaoy
B UTM® cosgaHa BbluMCUTENbHAs

cuctema nNpousBOaUTENBHOCTbLIO
20 Tepadnon ans paboT no rpax-
JaHCKoW TemaTuke, B TOM 4ucne
N B pexume OOCTyna K Hel apy-
X NpegnpusaTMi U opraHmM3aunn,
B nepsyto odepeab OAO OKBM
«AdpukaHToB» I. H. HoBropog,
UTO® r. Mocksa, PHL, «Kypuatos-
CKMN MHCTUTYT» I. MockBa. OBM
BOLUMa B COCTaB cO3daBaeMoro
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lpumep su3syanusayuu Ha4anbHbIx OaHHbIX 3a0adu KracmepHoU OUHaMUKU.
YHucno yacmuy, — 10 MiIH., 8pemMsi pacyema HaqasibHbIX OaHHbIX 2 4

npn POALU-BHUNO® Bblumncnu-
TENbHOro LEHTPa KOMIEKTUBHOIO
nonb3oBanus (BLIKI). Pexum yaa-
NeHHOoro OocTyna npegycMarpu-
BaeT BO3MOXHOCTb creumanucram
pasfiNyHbIX OpraHu3aumn npouns-
BOAUTbL pacyeTHOe MoaenupoBa-
HWe C MCnonb3oBaHUEM PecypcoB
BLIKI HenocpeacTBeHHO CO CBOUX
pabo4mx MecT.

Cneunanuctamn UTMP co-
BMECTHO ¢ koMmnaHusammn TPOHWK,
OATA TexHonornn n CapoBckue
CynepKOMIMbIOTEPHbIE TEXHONOrMn
co30aH 1 BBEAEH B aKCnnyartaumio
cynepkomnbloTep B [NepmckoMm rocy-
[apCTBEHHOM TEXHUYECKOM YHUBEP-
cutete. CynepkommnbioTep peanuso-
BaH Ha COBpPEMEHHOW nnardgopme
AMD Barcelona, napannenbHomn
hannoson cucreme U cucrteme
[OONrOBPEMEHHOIO XpaHeHud. B no-
cnegHem cnvcke TOPSO0 (9-a penak-
UmMs) caMbixX MOLHbIX OBM cTpaH
CHI" oH 3aHumaeT 21 nosunuuto.
Hawwnmun cneuyanmnctamm cnpoek-
TMPOBaH Knacrtep, paspaboTaH KOM-
NAEKT PacYeTHO-KOHCTPYKTOPCKOM
JOKyMeHTaLUumK1, OCyLLeCTBEeH KOM-
NreKkc nyckKo-HanagoYHbIX paboT
N oKasaHa MoMOLLb YHUBEPCUTETY
B €ro OCBOEHUWN. YHUKaNbHOCTb
NPEeANOXeHHOro PeLLeHNa COCTOUT
B TOM, 4YTO Griarogapsi onTMMarnbHO
npoayMaHHOW apXUTEKType BO3-
MOXHa ooHoBpeMeHHasi paboTa
C pasnn4yHbIMK onepauyoOHHbIMA

cuctemMamMmmu, YTO MO3BOSSIET pas-
NUYHBIM NPUITOXEHNSAM OYHKLMO-
HUpOBaTb Ha eduHOW arnnapaTtHOM
nnargopme.

B UTM® BepnyTca TeopeTu-
Yeckue 1 aKcnepuMeHTanbHble
nccnegoBaHUss BO3MOXHOCTEN
npUMeHeHns apuMeTU4ecKnx
yckoputernen (APY) B Mynstunpo-
LeccopHbIx cuctemax. B 2008 rogy
BbINONHEHbI UCCNEAOBaHUSA NPOU3-
BOOUTENBHOCTU TMOPUAHBLIX CUCTEM
Ha MporpaMMHbIX KOMMsiekcax
MO (monekynspHas AnHamuka)
n MoHTe-Kapno, nony4deHo cyuie-
CTBEHHOe yckopeHue. BenyTes pa-
60Tkl N0 aganTauum CTPyKTyp Npo-
rpamMm v AaHHbIX AN BbIYUCNEHNI
Ha rmbpuaHbIX cuctemax c APY,
BblpabatbiBaloTCA MeTogudeckne
pekomMeHOauun ansi paspaboT-
YMKOB MporpamMmHoro obecneve-
Hus (MO). 3annaHnpoBaHbl 3KC-
neprvMeHTbl MO opraHM3auumn cyeTa
Ha rMbpMaHbLIX cUCTEMax U OpYrnx
NpPorpaMMHbIX KOMMIiekcax maTte-
MaTU4EeCKON (OUUKMN.

BbinonHeH Gonblion obbem
paboT No pasBUTUIO U CO3OAaHUI0
cuctemHoro MO ans adpdekTmB-
HOro UCMoOsIb30BaHUSI PeECYpPCcoB
MHOronpoLeCcCOpPHbIX BbIYUCIU-
TENbHbIX KOMMIIEKCOB C HEOOHO-
poAHbIM annapaTHbIM 1 NporpaMm-
HbIM 0becnevYeHnem:

* B paMKax cCMCTeMbI ANg uccre-
[OBaHNA 1 aHanu3a 3 PEKTUBHO-

CTWU BbIMOMHEHUsT NapannernbHbIX
npunoxeHunn STK peanusoBaHa
nogaep>kka MynsTunoTodHbiX MPI
3afad v napannenbHbIX NpUnoxe-
HWIA, NCNOMb3YOLLNX AUHAMUYECKM
noarpyxaemble 6udnuorekn MPI,
BbIMOMHEHa UHTerpaumsi ¢ eanHom
CUCTEMOW ynpaBneHns 3a0aHNsIMK
(ECYS3), obecneyeHbl cbop n obpa-
0oTKa paclUMpPEHHON cTaTUCTUYe-
CKOW MHdOpMauuK, NoBbillaroLwme
MHopMaTMBHOCTb NpeacTaere-
HUS AaHHbIX;

* Ha napannernbHbIX BblYUCAN-
TenbHbIX KOMMIIEKCax BHeapeHa
B 9KCMnyaTtaumio MmacLutabupye-
Masi cuctema ynpasreHuns 3aga-
Huamu JAM (paspaboTtka UTMO),
obecneuvmBatoLlas aBTomMaTusa-
LIM0 MacCOBbIX PACYETOB C Y4ETOM
cneundrkn ynpasneHnsi CHETOM,
ocobeHHocTen apxutekTypbl OBM
N CTPYKTYpbl OEKOMMO3MLMM Na-
pannenbHbIX 3aay;

* ycoBepleHcTBoBaHa ECY3
B MYINbTUKNACTEPHOM BbIYUC-
nutenbHoMm komnnekce HBK
(HEOOHOPOOHBIN BbIYUCIUTENb-
HbI KOMMNIEKC), paclumpeH Habop
noaaep>XxmBaeMblX COBPEMEHHbIX
cucTtem naketHon obpaboTku 3a-
OaHun, paclumpeHa bubnuoTteka
APIl, peanunsoBaHa nnaHoOBO-
OloaxkeTHas noacuctema, gobas-
neHbl 4ONONHUTENbHbIE CpeacTBa
anst otobpaxeHus n aHanusa
naHHbix STK;
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* pacLUMpeHbl yHKLMOHATb-
Hble BO3MOXHOCTU naketa Noise
Measurement Suite anst usmepeHunsa
HEOAHOPOAHOCTEN U HecTabunb-
HocTen (wyma) B paboTe MHOro-
npoueccopHbix IBM n noBbIweHUS
3 (PEKTUBHOCTN MUCMONBb30BaHNA
BbIYUCIUTENbHBIX PECYPCOB;

* peanu3oBaHo yrnpaensioLlee
MO ans BbICOKONPOM3BOAUTENMb-
HbIX KOMMYHWKaLMOHHbIX Cpea,
nosponsowee 06beanHUTL Hesa-
BMCMMblE MOACETU B rnobanbHyto
BbIYMCIIUTENBHYO CETb HA OCHOBE
NOrMYeckon knacrtepusaumu;

* peanun3oBaH MacluTabupye-
MbIA BbICOKOCKOPOCTHON MEXaHN3M
yrnpaBneHns ctaHaapTHbIM MOTO-
KOM BBOAa-BbiBOAA MapasnsesnbHbIX
NPUNOXEHWIA 1 3arpy3Kn UCTOSHSsIe-
MOrO KOZla 3aaHusi Ha NPOLLECCOopbI
Ha 6a3e paspabotaHHoro B UTM®
TPaHCMOPTHOrO NPOTOKONa;

* peann3oBaHa oubnunoTeka
anst 06paboTKM NCKMIOYMTENbHBIX

OCHOBHbIE JOCTUXEHUA POAL-BHUNI D

cobbITMN B nMpoLecce BbIMNOSHe-
HWS NapansenbHOro NPUIOXeHUs,
no3eornsLwas onepaTtmeHo obHa-
PYyXXnBaTb KPUTUYECKNE YHaACTKM
nporpaMmel;

* peanusoBaH napannesibHbIn
BapuaHT CUCTeMbl aBTOMaTU4ye-
CKOW Murpaumm cannos.

CyLliecTBeHHOe passuTue
B 2008 rogy B UTM® nonyyunu
paboTbl B MHTEpecax pasnmyHbIX
oTpacnen MnpOMbILLISIEHHOCTHU
Poccuinckon denepauum, B nep-
BYIO ouepedb B MHTepecax aToM-
Hon aHepreTukn. Ocoboe mecTo
B 9TOM HanpasieHUM 3aHMMatoT
coBmecTHble paboTtel ¢ OAO OKBM
«AdppukaHToB», I. H. HoBropog, no
pasBUTUIO METOOOB CKBO3HOIO KOM-
NbOTEPHOIO MOAENVPOBAHUS Ha
BblCOKOMNpou3BoauTenbHbix O9BM B
nHTEepecax obocHoBaHUA paspaba-
TbiBaeMbix B OKBM NpoeKkTHbIX pe-
LIEHU SIAEPHbBIX SHEPreTUYecKnx
YCTaHOBOK (AJY) manon v cpeaHen

LOCAL Mx= 6.808
LOCAL MN= 0.0000

MOLLIHOCTK. B pamkax coBmMeCTHOM
paboTbl cneynanuctel UTMO:

» Pagpabortanu n cosganu MHo-
ronpoveccopHyto 3BM npownssogu-
TenbHOCTbI0 20 Tepadpron, koTopas
Bowna B coctaB BLIKI n Hapsay
c gpyrummn OBM ncnonb3oBanach
NS NPOBEAEHNS PACYETHOMO Moae-
nuposanus 3agad OKBEM.

» Co3ganu BbICOKOCKOPOCTHOWN
KaHan cBA3W ANns yoarneHHoro ao-
ctyna cneumanmctoB OKBEM k Bbl-
ymcnuTenbHbIM pecypcam BLIKI.
Cneunannctel OKBM co cBounx
pabounx mMecT npooaunu Ha OBM
pacyeTbl psaa 3agad (3agaym npoy-
HOCTM M TenyiomacconepeHoca),
peLLeHNe KOTOPbIX HEBO3MOXHO Ha
BbluMcnuTenbHbix pecypcax OKBM.

« Co3ganu Bepcuto naketa npo-
rpamm PACHAP-2 paspaboTku
OKBM pgns pacyerta Tennorvapas-
NINYECKMX MPOLIECCOB B aKTUBHOW
30He AJY B napannensHoOM pexu-
M€ Ha MHOronpoLeccopHbix IBM.

UccnedosaHue 2udpoduHaMuKu U cesgzaHHo20 mernnoobmeHa ycmaHosku PUTM-200 (JIOFOC-2, 36 MrH. moyek):
a — (hpaemeHmMbI pac4emHoU cemku ycmaHoeKu; 6 — memrnepamypa Ha 8HeWHel CMeHKe;
8 — M/IDMHOCMb MEeMI0HOCUMEsTsi 8 MPUCMEHOYHOM C/10€
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BBeneHve napannenvama B naket
PACHAP-2 no3BonsieT cyLLeCTBeH-
HO COKpaTUTb KaneHaapHbIE CPOKU
npoBeneHunst pacyetoB. [locne
CO3[1aHNs MOMHOCTLI0 Maparnnenb-
HOW BEpCUMN NporpamMmmbl (aKTUBHas
30Ha M BCe r'MapoanHaMn4eckme
KOHTYpbI 1 anemeHThl) B 2009 rogy
MOXHO OyaeT NPOBOAUTL pacyeThbl

Ha OOonbLUIOM YMCre NpPoLEeCCOPOB
B pexume on-line.

* BegyTt pabotkl No ycoBepLUeH-
CTBOBaHMIO CO3[aHHbIX MaKeToB
nporpamMm Onsa pacyeta 3agad
TPEXMEPHOTO MHXEHEPHOro aHanm-
3a B nHTepecax OKBM. [ns npo-
rpammHbix naketoB JAHKO (pac-
YyeT 3aa4 NMPOYHOCTU KOHCTPYKLNIA)

n JNIOIOC-3 (3agaum Tennomac-
conepeHoca n HOC) 3aBepLueHbl
BaXKHble 3Tanbl pa3paboTok.

* BoinonHunun 6onbuon o6b-
€M pacyeTHbIX MCCregoBaHUM Mno
nporpaMmHbiM naketam JIOTOC-2
n JAHKO B uHtepecax OKBEM Ha
MHoronpoLeccopHbix 9BM (ycrta-
HoBku PUTM-200, BB3P-300).

UccnedosaHue 2udpoduHaMuKu U ces3aHHo20 mernnoobmeHa ycmaHosku BB3OP-300 (/TOFOC-2, 21 MiH moYek):
a — peakmopHbIl 6ok ycmaHosku BBOP-300; 6 — 0asneHue 8 Hacoce; 8 — OagrieHue Ha 8xo0e 8 Kombueagol 3a30p;
2 — CKopocmb 8 Hacoce; 0 — CKOpoCMb Ha 8X00€e 8 KObUeaoU 3a30p
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Harpyaka npu [I'ill,'lc}:lllﬂ oy
camouteta Bownr 707-320

KoHcmpykuyusi u cxema pacdema QuHaMu4ecKux Hagpy30K Ha KoHmetHMeHm ASC
npu nadeHuuu Ha He2o camoriema (nakem ripoepamm JAHKO)

Kak npasuno, gna moaoenupo-
BaHMS Kakoro-nmbéo domanyeckoro
npowecca Ucnornb3yeTcs crneum-
anbHas nporpamma. Mogenuposa-
Hue paboTbl CNOXHbIX TEXHUYECKNX
cuctem TpebyeT COBMECTHOrO cye-
Ta nporpaMmm, MOENUPYOLLNX pas-
NUYHbIE NPOLECCHI, C B3aUMHbIM
obmeHOM aaHHbIMU. [1pn 3TOM Npo-
rpammbl MOryT 6bITb pa3paboTaHbl
pasHbIMX KOMNeKkTMBamu aBTOPOB,
a Takke MMeTb CBOU COBCTBEH-
Hble dopmMaThbl NpeacTaBreHus
pacyeTHbIX AaHHbIX. [puBeneHne
OaHHbIX K eguHoMy dhopmarty ny-
TEeM KOHBEPTUPOBAHUSA SBNAeTcs
OOHOW M3 OCHOBHbIX MNpobrnem
npu CBA3bIBAHUM Pa3fnUYHbIX Mpo-
rpamm. [pyroi He MeHee BaXXHOW
npobnemomn ABNAETCA COXpaHeHne
3aKpbITOCTM NporpamMmmbl Kak MH-
TennekTyansHoM cobCTBEHHOCTN.
B pamkax coBMeCTHOro npoekrta
cneuynanmuctamm NTMOD POAL]-
BHUN3O® n PHL «KypuatoBckui
WHCTUTYT» pa3paboTaHa nunoTHasa
BepCuUsl UHTENNEKTyanbHON cpe-
Obl pacnpeneneHHon 6ubnuote-
KM NPUKNagHOro nporpamMmmMHoro
obecneveHus (UC PBIIO). Pas-
pabotaHa TexHonorusi obbeanHe-
HMUS HE3aBUCUMbIX NPOrpamMmHbIX
NPOAYKTOB AN MOLENUPOBAHUSA
CINOXHbIX TEXHUYECKUX CUCTEM

Ha MHoronpoueccopHbix OBM
C COXpaHeHMeM He3aBMCUMOCTHU
N 3aKpbITOCTU CaMuX KogoB. Tex-
Honorunst obecnevmBaet:

* rMbKocTb Npu obbeguHe-
HUM HE3aBUCUMBbIX NPOrpamMMHbIX
NpPOAYKTOB Af1si COBMECTHbIX Bbl-
YNCINEHUN;

* COXpaHeHme 3aKpbITOCTM KOAOB,
mMogenen n opMaToB OaHHbIX;

* MMHUMM3aLMIO 3aTpaT paspa-
0OTUMKa NO BHECEHUIO U3MEHEHUI
B NporpaMMHble NPOAYKTbl Ans
NOAKITIOYEHUA UX K CUCTEME CO-
BMECTHbIX pacyeToB;

* NOAAEPXKY PasnUYHbIX A3bl-
KOB NporpamMmMupoBaHus;

* pac4yeTbl Ha MHOronpoLieccop-
HbiXx OBM ¢ yoaneHHbiM guHamu-
YECKUM KOHTPOMeM;

* UCMOSib30BaHMe BonbLINX
obbemMoB faHHbIX (bnarogaps ae-
LeHTpann3oBaHHOW opraHm3auun);

* pacyeTbl Ha BbIYUCINTENbHbIX
3neMeHTax pasHbIX apXUTEKTYp
noa ynpasneHnem pasnuyHbix OC
(Windows, Linux).

Ha annepoBLix ceTkax nposeae-
Hbl MITD-pacueTbl cxaTna nanHep-
HbIX CMCTEeM Npu BONbLUMX TOKax
(8o 60 MA), MarHUTHbIX Nonsx (8o
5 MI'c) n ckopocTsix nanHepa (8o
24 km/c). 3TM cuctembl npegcras-
NSAT MHTEpeC ANngd 9KCNepuMeHToB

Nno U3MepeHuo yaapHbix agnabar
KOHOEHCMPOBaHHbIX MaTepuarnos
npu gaeneHusx go 3000 Ma. Yuu-
TbiBanacb NPO4YHOCTb artoMUHUS
U Meau no ynpyronracTuyeckomn
MOAENN, 1 UCMONb30BaNnChb LUMPO-
KogmanasoHHble YPC v npoBogu-
MOCTb AN antoMuHus. B otnuune
OT aHarorMyHoM narHepHON cu-
ctembl ALT-1, ons kotopon 6binm
npoBeaeHbl 3KCNEPUMEHTbLI Npu
BOBOE MEHbLLUMX TOKaX, MarHuUT-
HbIX MOMSIX U CKOPOCTAX NnanHepa,
34ecb B3auModencTBue nanHepa
C TOpPLEBLIMX MeOHbLIMU CTEHKaMK
NpMBOOMIIO K HapaCcTaHUO BO3MY-
LeHun nanHepa. MNMogbupasa dop-
MYy Me[OHbIX CTEHOK, B pacyeTtax
yAanoch nofiyuymTb AOCTATOYHO
Marnble BO3MYLLEHNSA BHYTPEHHEN
NOBEPXHOCTU, YTO BaXXHO ANs UC-
nonb30BaHUs fanHepa B KayecTse
yAapHUKa.

C nomotubto nporpammel AFAK
n3yyanucb OAByMepHble TeYeHUst
B OrpaHunyeHHonm obnactu, 4To
MMEET CyLLeCTBEHHOe 3Ha4dyeHue
ONsi aHanu3a noBefeHusi Te4eHns
nnasmbl B kamepe MAIO. Hanuune
MarHUTHOro Nons NPUBOAUT K TOMY,
yto MId-TeyeHne octaetcs ABy-
MEpPHbLIM M ero MOXHO OMucCbIBaTb
C NOMOLLIbIO 0ObIYHOW rMapoanHa-
Mukn. Bbina paccmoTpeHa 9Borto-
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BeraucauTeabLHbIH HeHTp
POA-BHUMD D
(r. Capos)

Ucnonb3osaHue UC PBIIIO Onsa ces3aHHbIX pacyemos (HelimpoHHO-mepMoaudpasudeckuli pacyem H3Y)

U3onuHuu nmomHocmu u npedena mekydyecmu [[Tla] (cnpasa u criesa)
8 Hayarne (a) u 8 koHue (6) cxxamus natHepa u3 MIr/J-pacuema
u3ameHeHHoul cucmembl ALT-1, mok ~60 MA

LMS KPYroBOro BUXpPs1 B KBagpaTHOM
obnacTu: koHdurypauus, kotopas
SABNSAETCA HEYCTOMYMBOM 1 JOIMKHA
NPUBOAUTL K TypOyrneHTHOMY Te-
yeHuto. PacyeTbl nokasanu, 4To co
BpeMeHeM Te4yeHue npuobpetaet
CNOXHbIA TypOyneHTHbIM BUA, oa-
HaKo B AanbHeWLLIEM BO3BpaLLaeT-
Csl K KOHUrypawmm ogHoro Buxps
N COXpaHSIET KBa3UCTaLMOHAPHYO
dopMy C HEGONBLUMMU UCKAKEHW-
amun. Takaa dpopma coxpaHsaeTcs
CKOMb YrogHoO OOMro, U Bpemsi ee
CcylulecTBOBaHUSA onpeaensieTcs
BpeEMeHEM crnaga KMHEeTU4ecKom
3HEepruu, BbI3BaHHOIO BA3KOCTLIHO.
BbinonHeH 0630p pe3ynsraToB
3KCNEPUMEHTOB Ha Na3epHOM ycTa-
HoBKe «l/ckpa-5» no reHepauum
NIMHENYaToro CrnekTpa pPeHTreHoB-
ckoro mnsny4veHus (PW) B xecTkon
yactu cnektpa. B akcnepumeHTax
no oBny4YeHno NOCKUX MULLEHEN
ncnonb3oBancs oAuH U3 KaHaros
yctaHoBkM «Mckpa-5». JlazepHoe
nanydexue (JIM) dokycuposanoch
Ha NMOCKYK MULLEHb, Pacrono-
XKEHHYI0 BHYTPU BakyyMHOW Kame-
pbl. B akcnepMmeHTax MHTEHCUB-
HOCTb 00Ony4YeHusi BapbMpoBanach
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OCHOBHbIE JOCTUXEHUA POAL-BHUNI D
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lMpocmpaHcmeeHHoe pacrpedenieHUe MOy IS CKOPOCMU, MOJTy4YEHHOE 8 pacyeme 380TI0UUU KPY208020 8UXPS
Ha MoMeHmMbI epemeHu: a—t=1;,6—-t=80;8—t=110; 2—t =500

B AnanasoHe 3-10'“—2-10"® Bt/cm?.
B 6onblUunHCTBE OMNbITOB 06ny4a-
nacbk nnockas 3onotas (Au) mMu-
weHb. [NpeaBapuTenbHbI aHanus
pe3ynsraTtoB perucrpayum noka-
3an, 4yTo Hanbornee ApkuMe cnek-
TpanbHble KOMMOHEHTbLI MO MOSIo-
XKEHUI0 Ha criekTporpaMmmax 6nmskm
K JIMHUAM L0(1,2 [ LB1’2 XONOAHOro
Au, obrny4yaemMoro rnoTokOM YCKO-
PEHHbIX anekTpoHoB. OCHOBHasi
COCTaBnsoLLas NIMHeNYaTon YacTu
cnekTpa PU onpegensieTca ceeve-
HMEeM BHeLUHero (Mo OTHOLLEHUIO
K HanpaeneHuo obnyyeHnst MuyLle-
HUK) Crod XONo4HOro 3oriota nog
0EeNCTBUEM FOpsAYMX SNEKTPOHOB,
reHepmpyemMbiX MHTEHCUMBHBLIM MO-
Tokom JIN. Vcxops vs amnunpu-
YEeCKor MHdopMauMn O crnekTpe
N UHTEHCUBHOCTU MOTOKa ropsiumnx
3MNEeKTPOHOB fla3epHON nnasmbl,
noryyeHa pacyeTHasi UHTEHCUB-
HOCTb CBeuyeHuda xornogHoro Au B

nHMKM 9,7 k3B ~5-10° kBaHT/47TT Npu
notoke ~10'® Br/cm? JIM nepeom
rapMOHUKN. JKCNepuMeHTanbHbIN
notok P B aton obnactu aHep-
rmm coctaensieT ~ 3:10" kBaHT/4 .

YuntbiBas JKCnepnmeHTaribHble
norpelwHoOCTn " peasribHyr TO4Y-
HOCTb pacyeToB, MOXHO CHUTATb
TakKoe cornacue ynosnersopu-
TEIbHbIM.

o 9,73 K38

Led 9713 k3B
23 + -

Lo2 9,628 k3B -

K< »Eauo« n
9,658 kaB

03 ‘E .........
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Criekmpoepamma ceeyveHuUsi Au ¢ nMpussi3kol K IHepeemuyeckol wkane
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CrniekmparnbHoe pacrnpedeneHue PU ripu obry4yeHuuU nomoKkom

20ps4UX 371eKMPOHO8 ¢ aHepauel 15 kaB (——) u 6,5 k3B (-

MopwucTble MaTepuansl LWMPOKO
NCMOrb3YTCHA B MCCNegoBaHNAX
rasogMHaMuU4ecKnx CBOWCTB Be-
LecTB, B TOM YUCIE U B UHTEpe-
cax npuknagHbIX HarnpasneHun
pabot Pocatoma. Mcnonb3oBaHue
WOHHbIX My4YKOB OTKPbIBAET HOBbIE
NMepCneKkTnBbl B TaKNX UCCreno-
BaHUsX Grarogapsi o6beMHOMY
XapaKkTepy SHEpProBblAeNeHnst npu
TOPMOXXEHMN NOHOB B BELLECTBE U
BO3MOXXHOCTW MONyYEeHUS Maroro
(10—100 MKM) ceYeHMst My4Ka MOHOB
Ons uccrnegoBaHss MUKPOCTPYK-
Typbl BelwecTBa. TeopeTndeckumn
aHanm3 npouecca B3aumMoaencTansi
MOHHOIO MOTOKa C MOPUCTBIMU
CTPYKTYpamMy MOKa3bIBAET, YTO Npu
HMU3KOW MNSIOTHOCTU cpeabl hopma
KPWBOW yAenbHbIX NOTEPb 3HEPrn
dE/dx 3ameTHO gedopmumpyeTtcs,
MakcumyM Oparr-nuka cmeLlaeTcs

)

B 06nacTb MEHbLUMX PacCTOSHUN
n B pacnpegenennn dE/dx nosens-
€TCs ONUHHBIA «XBOCT», BbI3BaH-
HbI YaCTbl MOTOKa MOHOB, MpPO-
XOAALWMX Yepes Criov C MeHbLUEN
MacCOBOW TOJSILLMHON BELLECTBA.
B akcneprmMeHTax Ha ycKopUTensx
arM-10 (BHAN3®) n Unilac (GSI,
HDapwmwTagr, Nepmanns) sHepreTu-
Yyeckoe pacnpegerneHue notoka no-
HOB (CTpAarTINHI) NPY NPOXOXOEHNN
MOPUCTON MULLEHN N3 MONN3TUIIEHA
CYLLECTBEHHO YLUMPSANOCH C TOMNLWK-
HOW MuLLeHn. Nocrne npoxoxaeHus
Crosi NAIOTHOTO BeLlecTBa (Monua-
TUIeHa) CTparfiMHr 3aMEeTHO MEHb-
we. B namepeHusx Ha yckoputene
TBH-UTO® n paHee Ha yckopuTe-
ne SIS18 (GSI) sapeructpmpoBa-
Ha cyllecTBeHHas gedopmauus
dopMbl Oparr-nNMka B KOHLUE NyTK
TOPMOXEHNSA MOHOB MULLEHEN U3

nopucton meam u rpacdputa. Kak
rnokasasi TeopeTU4eCcKUn aHanus
3KCNEPUMEHTarbHbIX AaHHbIX, 3TK
0COBEHHOCTM BbI3BaHbI HEYNOPSAA0-
YEHHOW CTPYKTYPOW MOPUCTOro Be-
wecTtea. Takum obpasom, Bapbupys
NNOTHOCTb U CTPYKTYPY MOPUCTOro
BeLLleCTBa, MOXHO MEHSATb 3aBUCU-
MOCTb dE/dX MuLIEHK, YTO pacLum-
psieT BO3MOXHOCTM UCCregoBaHum
Ha HOBbIX MOLLHbIX UMMYMbCHbIX
yCKOpUTENsX MOHOB. B HacTosiwee
Bpems B psife MccrnenoBaTenbCkux
ueHTpoB (O PAH, BHUN3®, GSI)
nadyyaetcsa Bosgenictame JIN n PU
Ha nopucTble BellecTBa. briokn
pacyeTa COBMECTHOIo BO34eNCTBUSA
nasepHbIX Y MOHHBIX NMOTOKOB, pea-
NN30BaHHbIE B ra3ofMHaMNYECKmX
nporpammax BHUNI®, nossonstoT
NPOBOAUTL MPSIMOE YMCIIEHHOE
MogenvpoBaHne 3pdEKTOB TaKkoro
Bo3gencTeus. Mpumepom siensieTcs
OBYMEpPHbIN pacyeT BO3OeNCTBUA
notoka J1/ Ha nopuCTyLo CTPYKTYPY,
npeacraenstowyo cobom Habop
TOHKMX (10 MkM) crnoeB neHonna-
cta. PacyeTbl BbINOMHEHbI MO Me-
Toay MonTte-Kapno. B npouecce
Bo3gencTeust umnynoca Ji atun
Crouv pasneTarTcs, UX NNOTHOCTb
CTaHOBUTCSI HWXE KPUTUYECKOMN
n JIN nocnenoBaTtenbHO MPOHMKAET
K cnegyrowmm cnosm. Baytpu mu-
LWeHn bopMUpyoTCa razoguHamu-
Yeckne TeYeHUsi CroeB, pacyeTHble
napameTpbl KOTOPbIX OTNIMYaTCA
OT NapameTpoB, Moy4yaeMbIX B pac-
yeTax B NpubnmxeHnn ogHoOpogHo-
ro pacnpegeneHns BeLecTsa.
Pabota BbinonHseTcs B pam-
kax goroBopa ¢ Pocatomom (Tema
«CuHTE3») C yyactmem NTIOD.

Mukpocmpykmypa «neHbi»,
p = 1072 a/cm®

lpecc-mamepuan u3 MmedHOU MPOBOJIOKU (a) U MUuWeHU Ha e2o ocHose (6)

v

o

WHCTUTYT TEOPETMYECKOU U MATEMATUYECKOU ®UIUKU (UTMOD)

ctp. 13



WHCTUTYT TEOPETUYECKOW U MATEMATUYECKOU ®UIUKU (UTMOD)

ctp. 14

OCHOBHbIE JOCTUXEHUA POAL-BHUNI D
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——Xa0TW4YHOE pacnpedeneHue

PacuemHsbIti npoghursib 3Hep208bI0eIeHUsI NPU MOPMOXEHUU
UOHO8 8 cpede C 8bICOKOU MOpUCMOCMbIO0
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Crekmpb! MPOMOHO8 10C/1e MPOXOXOEHUST MI0MHbIX
croes [TMMA-1( ® ) u [IMMA-2 (e ), a makxe
rnopucmol MuweHu ¢ nnomHocmsto ~ 0,01 2/cm? (0O )
o pe3ynbmamam usmepeHuli Ha yckopumerne 3ITI1-10
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Basucumocmpb dE/dx 8 MulweHsix u3 npoeosIoYHO20 Mamepuara pasiudHol
ropucmocmu o pesyrnbmamam uadmepeHul Ha yckopumesne TBH-UTO®
om maccogol MosiUHbI MUWeHU

PacnpedeneHue nnom+Hocmu & nopucmoti cpede
00 8030elicmausi 1a3epHO20 U3/y4YeHus (a)
U 8 HEKOMOPAbIU MPOMEXYMOYHbIU MOMeHM epemMeHU (6)

WccneposaHne napameTpoB
B3aMMOLENCTBMSA MOHHbBIX MOTOKOB
C ropsider nnasmon ABnsieTcs oa-
HUAM M3 BaXXHEWLLMX HanpaBneHuin
3KCMEPUMEHTANbHbLIX U TEOPETU-
YeckMx paboT pasnuyHbIX Nabopa-
Topun Mmmnpa. Cneuvanuctsl GSI
1 JapMLwiTagcKkoro yHMBepcuteTa
. XodpbdmaHnH, M. Por, P. LUTéKN
NPeanoXunn B 3KCNepuMeHTax
Ha Nla3epHO-YCKOPUTENbHOM KOM-
nnekce nhelix+Unilac pasorpesatb
chonbry notokom JIN ¢ aHepruen
B umnynbce ~50 k. Cneunanu-
cTbl BHUMIO® npoBogaT pac4yeTsl
COCTOSIHUSI MULLIEHN B pesynbrate
obny4veHunsa notokom JIM 1 notepu
3HeprMm nNagaroLlero Ha MULLEHb
noToKa MOHOB A0 W Mocne Bo3gen-
ctus JIN. CkBosb nnasmy, o6paso-
BaHHYI0 B pe3ynbrate BO3OenCTBus
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JIM Ha mMuweHb, nponyckaeTcs
noTok noHos yckoputens Unilac
(noTtok noHoB **Ar*'® ¢ HayanbHoMn

aHeprven 1440 MaB) n nsmeps- 10%
IOTCA MOTEPU 3HEPrMn MOHOB B
pesyrnbsrate ux B3aMMoOencTBus C 1022
BELLECTBOM MuLLeHn. 3 cpaBHe-

HYS1 NapaMeTPOB NOTOKa MOHOB A0 U 1021
nocne Bo3gencTaus J1IN Ha MULLEHb ®
Jenaertcs 3akrnioyeHne o xapaktepe = 1020
B3aMMOAENCTBUA NOTOKa MOHOB C =
MULLEHBIO. Q(PPEKTUBHOCTL TOP- 1019

MOXXEHWs1 B ropsiyelt nnasme npesbl-
LwaeT 3 PEKTUBHOCTE TOPMOXKEHNS
MOHOB B XOMNOAHOM BELLECTBE Ha 1078
~40% no mogenn Mo3seca u Ha

1HC
2He
| |=—23HC
4He
SHe
6He
——— THe
8He
9He
—{0HC
| |=——11HC
—12Hc

~90% no mopgenu bBacko. Pacuyet-
HO€ BNUSIHNE MOHM3aLMX NIiasMbl
Ha TOPMO3HYK CMNOCOBHOCTL CO-
rnacyeTcs ¢ 9KCnepuMeHTasnbHbIMU
AdaHHbIMn. PaboTbl npoBoasTcs
B pamkax npoekta MHTL #2264.

lnockasi muweHb
(nnexka uz C monwjuHol 0,5 — 1 MKm)

JlazepHbili
ny4yok

—

NoHHBIU my4oK

Cxema aKcriepuMeHmos o uccriedo8aHuro
83aumodelicmeusi Momoka UOHO8 C sla3epHoU rnna3mol
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BpemeHHas 3agucumMocmeb 3HepauU UOHHO20 My4YKa,
noanomuswetcs 8 MuweHuU monuwuHot 0,5 Mkm.
Pacyembi ¢ memnepamypHoU 3a8UCUMOCMbIO («20P»)

U Hagsi3aHHbIM XOI00HbIM MOPMOXEHUEM UOHO8 («X0J1»)
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PacnpedeneHue nnomHocmu 371eKmpoHO8 1o MOowuHe
MUWeHU Ha pas3Jiud4Hble MOMeHMbl epemMeHuU

1 9EL

|

| g w02
Bz
(T h Y
(T
nmear
msem
nresn
e
Bim
BrIM
(e

g
s

| By
| G

| (LT

| ™ azion

| vt

lNpocmpaHcmeeHHoe pacrnpedesnieHUe 3/1eKMPOHHOU

memrepamypbl Ha MOMEHM CepedUHb! ITa3epHO20 UMITYIIbCa

[Modz2omoska akcriepumeHma
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