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WHCTUTYT TEOPETUYECKOWN U MATEMATUYECKOWU ®U3UKUN (UTMD)

OCHOBHbIM HanpasneHnem
OEATENbHOCTU TEOPETUYECKUX U
MaTeMaTMyecKoro nogpasaeneHun
UTM® POAL-BHUNID asnsetca
CO3[jaHMe COBPEMEHHON pac4yeT-
HO-TeopeTnyeckon Gasbl Mogenu-
pOBaHUS  CMNOXHbIX  PUINYECKNX
NpoLeccoB B 3ajayax MexXaHWKu
CNIoWHON cpedbl, U3NKN BbICO-
KMX NNOTHOCTEN 3HEPTUN U ApYrux
3afjadax, BXOOAWMUX B TeMaTuky
JedatenbHOCTM  Hawero  dege-
panbHOro sigepHoro ueHTtpa. Ha-
KOMMEHHbIA MHOTONMETHUA  ONbIT,
OypHoe pasBuTMEe MEeTOAOoB Mare-
MaTMYECKOro MOAENUPoBaHUS U
CTPEMUTENBHBIN MPOrpecc BblYUC-
NNTENbHOM TEXHUKU YXxe cenyac
OalT  BO3MOXHOCTb  YYeHbIM U
cneumanuctam  POAL-BHAND O
NPUCTYNUTb K PELLUEHMIO TEX 3a4au,
KOTOpble paHee He nogaaBanvcb
norHomacwTabHOMy YMCREHHOMY
MOZENMPOBaHMIO, U MO3TOMY NpwU-
XOAWMNOCb OrpaHUYMBaTbCA NULLb
NPUONMKEHHBIMM  OLlEHKaMK  UIu
MCMnonb30BaThb NOCTAHOBKY 3afay ¢
YNPOLLEHHbIM OnNncaHnem guaunde-
CKUX MPOLEeCCoB.

OcHoBHble ycunua matema-
Tmkoe UWTMO® cocpenoToudeHbl
Ha pas3paboTke w© cos3gaHun
MaTtemMaTuyeckux METOAUK U
NPOrpamMMHbIX KOMMIIEKCOB Ans
3P PEKTUBHOMO KOMMBIOTEPHOrO
MOAEenMpoBaHUs 3agay B MHOrO-
MEpHOW NOCTaHOBKE Ha MHOrOo-
npoueccopHbix 3BM ¢ MaccoBbIiM
napannennsmoM, MCNonb3oBa-
Huem YCOBEpPLLUEHCTBOBAHHbIX
hU3nKo-maTeMaTMyecknx Mope-
nen v rapaHTUPOBAHHON «Ma-
TEeMaTM4YeCKON» TOYHOCTbIO pe-
synerata. CosgaBanncbe eaunHble
ONa MaTtemMaTUyYeCcKUX METOAUK U
nporpamMm MHTEpaKTUBHAsA NOArO-
TOBKA BXOAHbIX [aHHbIX, COMNpPO-
BOXAeHue pacyeToB, obpaboTka
N XpaHeHwe pesynbTaToB pac-
4yeToB, OUEHKa 3hEeKTUBHOCTU
YUCMEHHBIX pacyeToB U Hagex-
HOoCTM paboTbl HEeo4HOPOOHOro
BbIYMCNUTENbHOIO Komnekca
(HBK) UTM®.

B 2006 rogy nony4eHbl nep-
Bble pe3ynbraTbl B CO34aHuKu
METOAUKN, NpeaHa3Ha4YeHHoW Ans
npoBeaeHNss MHOTOMEpPHbIX pac-
YeToB 3ajad rasoBOW AWHAMUKM
W  TennonpoBOOHOCTW, Kak Ha
PerynsipHbIX CTPYKTYPUPOBAHHbIX,
Tak M Ha HECTPYKTYPUPOBAHHbIX
NPOCTPaAHCTBEHHbLIX CeTKax [Ans
pasHbIX usnyecknx obnacrten
paccuuMTbiBaeMon cuctembl. B
YaCTHOCTH:

— paspaboTtaHa n nporpamm-
HO peanu3oBaHa HOBasi MeToauka
KOPOHA uucneHHoro pelueHus
OBYMEPHbIX YpaBHEHUI rasoBoW
OWHAMUKM C TENMONPOBOAHOCTLIO,
OCHOBaHHasi Ha WCMOMb30BaHUK
nepemMeHHoro no pasmepy pas-
HOCTHOro wabnoHa. PesynsraTbl
TECTMPOBaHUS METOOMKU MNoKasa-
NN, 4YTO OHa NO3BOMMIa NOBLICUTb
TOYHOCTb pacyeToB M Aana BO3-
MOXHOCTb CYLLECTBEHHO pacLun-
pUTb KNnacc peLlaembix 3agay;

— CO3[aHbl OCHOBHbIE CHETHbIE
MOOYyNM  YCOBEPLUEHCTBOBAHHOM
metoamkn OMK-2005, npegHasHa-
YEeHHOW Onsi pacyeTa LBYMEPHbIX
3a[a4 MexaHuKKN CNOLLUHOM cpeabl
Ha HECTPYKTYPUPOBAHHbLIX MHOrO-
YFONbHbIX NarpaHXeBbIX CeTKax C
NMPOU3BOSIbHBLIM KONMYECTBOM CBSI-
3ei B y3nax. B pesyneraTte 6bina
CYLLIECTBEHHO MOBbILLIEHA TOYHOCTb
1 6€3aBOCTHOCTb PacyeToB;

— paspaboTtaHa MeToavKa
pacdeTa [OBYMEpPHbIX 3agad Ha
CMMMETPU30BaHHOM wabnoHe,
no3BonmBLLaa  CyLLEeCTBEHHO Mo-
BbICUTb CUMMETPUIO PELUEHUI MO
metoanke MELOY3A-I1 ona ocHoB.-
HbIX KraccoB 3ajau;

— CcO34aH eanHbIn nHTepdenc
ONs NPOBEeAEeHNs ABYMEPHbIX pac-
YETOB MO BbILLENEPEYNCTIEHHBIM
perynspHbIM U HeperynsipHeiM Me-
ToOVKaM B MnapansfienbHOM pexu-
M€ Ha BbICOKOMPOM3BOANTENBHbIX
MHoronpoLeccopHbix 3BM,;

— CO3[aH CBA3aHHbIA Mpor-
pamMMHbIN KOMMMEKC Ans pacyeta
OBYMEPHbIX  ra3ofMHaMUYecKnx
npoueccos no metoauke JIOTAK

OOHOBPEMEHHO C pacyeToM Me-
ToopoM MoHTe-Kapno nepeHoca
HEeWTPOHOB W  raMMa-KBaHTOB,
N3MEHEHNs1 3Heprum cucTembl C
MCMONb30BaHWEM  CreKTpanbHbIX
A0ePHO-(PU3NYECKNX OaHHbIX.

+ Bowna B cTpon BTOpas
ovepedb NPOrpaMMHOrO KOMMIeK-
ca JIONAK-3D, npegHasHayeHHOro
ANS  MoAenuposaHus B naparn-
NenbLHOM PexXnMe CIOXHbIX HecTa-
LUMOHaPHbIX ra304MHAMNYECKUX Te-
YEeHWI B ABYMEPHOMN N TPEXMEPHOW
reomeTpusax. lNpu pacnapannenu-
BaHUM WCMNONb3yeTcs ABYyMepHas
N TpexmepHasi NPOCTpaHCTBEHHas
OEKOMMNO3NUUNSA AaHHbIX.

*  Matematuyeckas mMe-
TOOMKA PpeLleHUss TPexmMepHoro
MHOFOrpynmnoBOro  KUHETUYECKOro
YpaBHEHNS nepeHoca HENTPOHOB,
NpOrpaMMHO  peannsoBaHHas B
komnnekce CATYPH, ob6ob6weHa
Ha pelleHue TpexmepHbIX 3agad
nepeHoca W3nyyYyeHUss B MHOrMO-
rpynnoBOM KUHETUYECKOM npu-
6nvxeHun. Nporpamma nossonut
YMCNEHHO MoAenupoBaTb 3adadu
Nas3epHOro MHepLManbHOro CUHTe-
3a B 3D reomeTpumn.

e B uensax noBbllUeHUs
3PPEKTUBHOCTN  pacyeToB B
napannenbHOM pexume Tpex-
MepHbIX 3ajad, Tpebywwmx uc-
NMonb30BaHUSA OrPOMHOMO Konu4e-
CTBa MPOCTPaAHCTBEHHbLIX TOYEK,
B metoamke CATYPH paspaboTtaH
M NporpaMMHO peanu3oBaH anro-
pUTM pacnapannenueaHus pelue-
HUS MHOTOMEPHOTr0 KMHETU4eCKOo-
ro ypaBHEHWS MepeHoca 4YacTtuy,
C MCnonb3oBaHMEM TpeXMepHOn
MaTPUYHON JeKkoMno3uuun. 3TO
no3BonuT 3dEKTUBHO pellaTb
MHOrOMepHOE KUHETMYECKOe ypaB-
HeHWe nepeHoca C UCNoNb3oBa-
Hnem 6GONbLIOrO pecypca MHOro-
NPOLIECCOPHbIX BbIYNCTIUTENBHbIX
cucTem.

* B rasoguHamnyeckon me-
Toanke PAMBEC-KIT peanusoBaH
METOL CKBO3HbIX MPOrOHOK, MOo-
3BOMMBLUMIA  3HAYUTENbHO  YNyu-
WNTb 6e3aBOCTHOCTb M COKPATUTb
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KaneHgapHble CpOKVM MpoBedeHus
pacyeToB MHOroobrnacTtHbiXx [OBY-
MEPHbIX U TPEeXMEpPHbIX 3adad Ha
MHOronpoLeccopHbix 3BM.

*  C ncnonb3oBaHWEM OMbiTa
OTEYECTBEHHbIX M 3apybexHbIX Ha-
YYHbIX KOMNMNEKTUBOB YCMELUHO Be-
aetcsa pa3paboTka napannenbHoro
KoQa pacyeTa npoueccoB rmapoau-
HaMWKK, TenrnomacconepeHoca u
Hanps>KeHHO-AeOopPMUPOBAHHOIO
cocTosiHMA matepuanos. [pu cos-
OaHuM  KOMMIekca npuMeHsieTcs
00BbEeKTHO-OpMEeHTUPOBAHHAA
TexHororuda. K Hactosiwemy Mo-
MEHTY peanusoBaHbl criegyloLime
TpexmepHble napannenbHble npo-
rpaMmmbi;

— pacyeTa CTauMOHapHbIX U
HecTauMOHapHbIX namMuHapHbIX
TeyeHuMn BA3KOro rasa. B ocHosy
MeToAa NOMNOXEHbI LUMPOKO U3BECT-
Hbole anroputmbl SIMPLE n PISO
ONS YNCMNEHHOIO WMHTErpypoBaHWA
CUCTEMbI ypaBHeHUn HaBbe — CTOK-
ca. [lporpamma cnocobHa BecTu
pacyeTbl Ha NPOM3BOIbHbLIX HEOPTO-
FOHanbHbIX HECTPYKTYPUPOBaHHbIX
ceTkax;

— pacyeTa npoueccoB nepe-
HOCa Tenna B TBepdblX Tenax me-
TOAOM KOHEYHOro oobema;

— pelleHns 3agady aHanusa
Hanps»KeHHO-4edOopMMPOBaHHO-
r0 COCTOSIHAS B KBa3UIIMHENHOM
NpUBNMXKEHNN METOAOM KOHEYHbIX
3MNEeMEeHTOB;

PacyemHoe rone 0aeneHus Ons mevyeHUs ea3a 8 KaHare CrioXHOU ¢hopMbI

— MogenupoBaHua Te4veHusa
rasa B M30TPOMHOW MOPUCTON Cpe-
ae.

B komnnekce npegycmoTpeHa
BO3MOXHOCTb OBMeHa CYEeTHbIMU
paspesamu C psgoM 3apybexHbIX
nporpaMMm W WMHXEHEepHbIX nake-
ToB. ObnacTb NPUMEHEHUSA HOBOIO
KOMMMeKca: pacyeT TeYyeHun rasa,
TennoobMeHa W HanpsHKeHHO-
0eOopPMNPOBAHHOIO  COCTOSIHUS
KOHCTPYKUNIA, NPUMEHSIEMbIX B Ma-
LLUNHOCTPOEHNN, aBVIaLI,I/IOHHOI7I
n paKeTHOVI TexXHUKe, An0epHbIX
OHepreTn4ecknx ycCtaHOBKax. Pa-
B60TOCNOCOBHOCTL KOMMIEKca npo-
OEeMOHCTpUpoBaHa Ha psge npo-
M3BOACTBEHHbLIX U MeToONYeCKnxX
pacyeToB.

*  Bnakete nporpamm HAM®A
ONs YACMEHHOro  MOoZEenvpoBa-
HUS TEYEHWN B MOPUCTBIX Cpedax
peanusoBaHa Mogenb AByxdas-
HOTO TEeYeHUs Pa3HOMMIOTHOCTHBIX
XKVMOKOCTEN B MOME CUMbl TSHKECTU.
[ByxdasHble TeyeHus 6e3 y4era
KanumnsapHbIX CWI  OMUChIBAOTCS
Ha ocHoBe 00606LLEHHOro 3akoHa
Hapcun. Mogenb peanusoBaHa ans
crny4vas TpexMmepHon aHU30TPOMHON
nopucton cpegbl. [Ona pewleHus
HENVHENHOro ypaBHEHNsI NepeHoca
MOCTpOEHa pasHOCTHas cxema Ha
OCHOBE aHanmMTU4YecKoro peLUeHns
3aja4n o pacnage npov3BOSbHOIO
paspbiBa. BeegeHve B nakeT npo-
rpamm HAM®A aByxdpasHon mope-
N CyLLECTBEHHO pacLUMPSIET Kracc
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pewaemMbix 3agad. [losBunach
BO3MOXHOCTb  YMCIIEHHOIO Mofe-
NMPOBaHMA aBapuUMHBLIX CUTyauui
npu  XpaHeHUN  pPaaMoaKTUBHBLIX
OTXOOOB B COMSHbIX U BEYHOMEP3-
neix nnactax. C ucnonb3oBaHWeM
peanu3oBaHHON B NakeTe Mopenu
BO3MOXXHO YMCINEHHOE MOOENNPOBa-
HMEe NpOCaYMBaHMs MOPCKOW BOAbI
B NPEecHble rOpU30HTbI NMPUMOPCKMX
ropodoB nNpu OTKadke MNUTHEBOWA
BOAbl, 3arpsi3HEHWS] MPECHbIX BO[
rmyGUHHBIMU COMSHBIMK pacconamMm
npu HedbTeaobbive 1 T. 4.

* CepbesHoe pasButne no-
ny4ymn NporpamMMmHbIA  KOMMIEKC
"ENAPL, no3sonsawLwmnin NpoOBOAUTL
OBYX- U TPEXMepHOEe YUCIEHHOE
MOZENMpPoBaHNe CBA3aHHbIX 3adau
rMAPOAMHAMUKA W YNPYTronnacTyKu.
Komnnekc ocHoBaH Ha opraHu3a-
UMM CBSI3W MexXdy KOoMMrekcamm
OlAK n JPAKOH (ans aBymepHbIxX
pacyetoB), TP3K n OPAKOH (ana
TpexXMepHbIX pacyeToB). Kowmn-
nekcol AFTAK 1 TP3K nossonstoT
NpoBOAWTbL YWUCMEHHOE MOAENUpPOo-
BaHWe ra3ognHaMUYeCKUX TEYEHUN
MHOFOKOMMOHEHTHOWN cpefpbl C yye-
TOM COMNyTCTBYHOLUMX MPOLIECCOB:
ynpyronnactuku, getoHaumm BB u
ap., a APAKOH npeagHasHadeH gns
pacyeTa XapakTepUCTUK HanpsikeH-
HO-AedOPMMPOBAHHOIO COCTOSIHNS
obornoyek. OBbeanHeHHbIM npor-
pPaMMHbIA  KOMMAEKC MNo3Bonser
MpoBOOWUTb pacyeTbl TEYEHWA C
YY4ETOM YKasaHHbIX Bbilwe usn-
YeCKnX MpPoLEeCcCOoB C OQHOBPEMEH-
HbIM MOZENMpPOBaHVEM NPOLECCOB
necdopmupoBaHnss  obornovek. B
HacTosiLlee Bpems Mo KOMMIeKcy
FEMAPL npoBegeHoO HECKONbKO
Cepun pacyetoB, B TOM u4ucne
3-mepHOe ModenupoBaHue Mo BO3-
OENCTBUIO NOABOAHOMO B3pbiBa Ha
Kopnyc Tpybonposoaa, HaaBOAHOMO
Kopabns n NogBOLHOW FNOAKM.

* PaspabotaHa maremartu-
Yyeckast Mogenb Ans onpeaeneHns
3MEKTPOMarHUTHbIX MOMEN, reHe-
pYpyeMbIX MpU  HU3KOBBLICOTHBIX
si0epHbIX B3pbiBax (BbiCOTa B3pbiBa
H<5km). Obnactb, B KOTOpOM
BbIYUCMIAOTCA MOMsl, COCTOUT U3
Tpex nogobnacren — BO3aAyX, rPyHT,
noHocdpepa. YpaBHeHUs Mogenm
3anucaHbl B crieumanbHoW opTo-
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lNone HacbiweHHOCMU Ha epaHuue Mexdy paccorioMm u 8000U Ha
pasnuyHble MOMEHMbI 8PEMEHU. a — HadarlbHbIl (8epmukKaribHasi
epaHuya); 6 — 50 cymok

rOHanbHOM CuUCTEME KOOpAWHAT,
Mo3BOMSAIOLEN MNPU  YUCIIEHHOM
MOOENUPOBAHUN  Y4uTbIBaTb  Xa-
pakTepHble 0COGEHHOCTU peLLeHNs
3TUX ypaBHeHun. [ocTpoeHa pas-
HOCTHasi cxema Ans YUCMEHHOro
peleHns  ypaBHEHWA  Mogenu,
3aBepluaetcs pabota Hag ee npo-
rpaMMHOM peanusauuen.

+ 3aBepweHa paspaboTka
2d3v-nporpammbl  pacyeta B3au-
MOAEWCTBUS NTA3epPHOro M3nyyeHus
¢ 6eccTONKHOBUTENBbHON MNa3mon
(B KMHETUYECKNX YpaBHEHMWAX Ans
KOMMOHEHT Nria3Mbl OCTaBIEHbI ABE
MPOCTPaHCTBEHHbIE U TPU CKOPOCT-
Hble KoopauHaTbl). BbINoNHeHbI
pacyeTbl N0 ee TecTUpoBaHuo. Ha
OCHOBE METOOMYECKUX pacyeToB
nonyyeHbl pekomeHaauuy ansi Bbl-
6opa cYeTHbIX NapameTpoB (4ncna
MOAEMbHBIX 4acTuy B  sYenke,

lwara nPOCTPaHCTBEHHOW CETKW)
Onsa 3agad MogenvpoBaHUSA B3au-
MOOEWNCTBUSA MOLLHOIO Na3epHOro
n3nyyeHns pemMToceKyHaHON Onn-
TENbHOCTU C nna3mon. BeinonHeHo
pacnapannenueadve  2d3v-npor-
pammbl. [NpoBedeH psig metoau-
YECKMX pacyeToB, MO3BOMMBLUNX
OLEHUTb HeobxoaMmoe 4Yucro Mo-
OenbHbIX 4acTul, MNPUXOASALLMXCS
Ha OaMH mnpoueccop, Ans [ocTu-
XKEHMST BbICOKOM 3(PEKTMBHOCTM
napansnenbHbIX BbIYUCIIEHWIA.

* PaspabortaHa TpexmepHas
MeToAMKa W HanucaHa nporpam-
Ma pacyeTa pacrnpocTpaHeHus
wmpokononocHoro AMU B napa-
bornuyeckom wusnydarene c me-
TannMyeckon MMNacTMHOMW Ha Ocwu
cuMmmeTpun. NpoBeaeHbl TeCTOBbIE
N MeToaMYecKkne pacdeTbl, Moka-
3aBLUME MPUFOOHOCTL MpPOrpammbl
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lMone nnacmuyeckux 0eghopmayuli cmasnsHol mpy6bi

0.0 0.5 1.0

lMone dasneHusi (amm) 8 800e 80Kpye Kopryca Kopabrs

PacnpedeneHue uHmeHcusHocmu deghopmayuli
a51emMeHmos Kopryca Kopabnsi

ONS YMCMEHHOro pelleHusl 3ajad
AaHHOoro knacca.

* PaspabotaHa martemaru-
yeckas MeToaMka M cosgaHa
nporpamma Ansi NpoBeAeHust pac-
YETHOro aHanu3a B MHTepecax KOoH-
CTPYMpPOBaHMS MUKPOMULLEHEN NS
YCTAHOBKN WNOHHO-TSKENONOHHOIO
cuHTesa (UTUC). Otn paboTtbl Be-
OyTCs B MHTepecax uccrenoBaHus
BO3MOXHOCTW CO3[aHus ynpaensie-
MOro TEpMOSIAEPHOro cMHTe3a. Pa-
borta GasupyeTca Ha o6beanHeHUn
AByx dakTopos (6e3ygapHoOro cxa-
TMS U KYMYNsiLMM SHEprum B Crow-
CTbIX cucTemax) npPUMEHUTENLHO
K paspaboTke TepmosgepHbIX Mu-
LeHen. MNonydeHbl aHanUTU4eckme
BblpaXXeHWs1 AN onpeaeneHns Ky-
MynUpyemMon 3Heprum B CrOUCTOM
cucteme obornodek. B pesynbrate
YNUCMNEHHBIX WCCrefoBaHWU BbiBe-
[€EH 3aKOH 3HEeproBrioXeHUsl B OAWH
N3 BHYTPEHHNX CNOEB CIONCTON CU-
CTEMbl — LEeHTparbHbIN CON 3TON
CUCTEMbI CxXUMaeTcsi 6esyaapHbIM
obpasom. [lokasaHo, Kak MCMosb-
3oBaTb mael 6esygapHoOro cxarus
NSt KOHCTPYMPOBAHMS MUKPOMMLLIE-
Hel. MocTpoeHHble aHanUTU4eckme
Mogenu Ans oueHku paboTocno-
COBHOCTN MULLIEHUN UrPatOT BaXHYHO
pornb Ha CTaguu npeaBapuUTesibHo-
ro MPOEKTUPOBaHWUS, MO3BOMSIOT
BbISIBUTb AManasoH [OONyCTUMbIX
napameTpoB W NPOBOAUTL Mocre-
ayolwne, getanbHble pacyeTbl Ans
rmoucka ONTUManbHbIX pPeLueHnI
TOMbKO B 3TOM Auana3oHe.

3HaunTenbHoe BHUMaHue yae-
NSETCs COBEPLUEHCTBOBAHUIO U
pa3paboTke HOBbIX (PU3UKO-MaTE-
MaTU4YecKux mogenen, ux aganrta-
UMM M BHEOPEHWU0 B CYLLECTBYIO-
lwMe matemMaTudeckme MeTOAUKM,
a TakKke CpaBHEHMI pacHeTHbIX
pe3ynsTaToB MO TEM WU WHbIM
dU3nKo-MaTeEMaATUYECKUM  MOfe-
NSIM C 3KCNepUMeHTarnbHbIMKN AaH-
HbIMW, T. €. Ux Banupauuun. Tak,
pa3paboTaHbl U peanu3oBaHbl B
psae MaTeMaTuyeckux MeTOoauK
deHomeHorornyeckas  Mogenb
BbICOKOCKOPOCTHOIO  MriacTuyec-
Koro edopMnpoBaHus MeTannos
(®MTI1, paspabaTbiBaemas B Teve-
Hue psiga net B UOB) n ee moan-
dukauum, KoTopble ycnewHo npu-
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CpasHumenbHbIl aHanu3 pacyembix U IKCrepuMeHmarnbHbIX
0aHHbIX ceudemenibcmeyem 0 KOPPEeKMHOM OnucaHuU MoOesbo
c08U2080U MPOYHOCMU OrbIMHbIX OaHHbIX KaK Ofsi
ycmoliqueoeo (A, = 0,07 mMMm), mak u Ons Heycmou4ueo2o
(A, = 0,11 Mm) pexuma pasgumus 803myweHul

MEHS0TCS ANsi oNUcaHUs CBOWCTB
Al n ero cnnaeos, Cu, Fe n gpyrunx
MeTannoB, MOOBEPTrHYTbIX BO3-
JencTBuio  ygapHblx BonH. [lo
nporpammam komnnekcoB JIOTAK
n OPAKOH c wucnonb3oBaHueMm
deHOMEHONOrM4yeckon  Moaenu
BbIMOMHEHbI pacyeTbl MO MCcre-
JOBaHUI0 pocTa BO3MYLLEHUSA Ha
NOBEPXHOCTN YPaAHOBOTO NnanHepa,
YCKOpPSIEMOro NpoAyKTamMu B3pbiBa
xumundeckoro BB B 6GesypnapHom
pexume.

Bonbuwoe BHMMaHue B UTMO
yaensetrca npobrnemMe MHULMMPO-
BaHMSA B3pblBYaTbIX NPeBpaLLeHni
B TBepaom BB npu HM3KoCckopocCT-

HbIX BO3gencTBusx. [JaHHas npo-
Gnema TecHO cBsi3aHa C BOMNpo-
camu obecneyeHnst 6e3onacHoCcTU
npu obpaweHun ¢ BB n Hagex-
HOCTM paboThbl CUCTEM, NMEILLNX
B cBoeMm cocTtaBe BB. [loatomy
cyuwiectByeT 6Oonbwas noTpeb-
HOCTb B MOAENW, OMNUcbIBaloLLIEN
WHULMMpPOBaHNE B3pbIBYATLIX Npe-
BpaLLlEeHNA NPU HU3KOCKOPOCTHbIX
Bo3aencTBusx. PaspaboTtaHa Mo-
Aenb UHULUMMPOBAHUSA OeTOHaLUK
BB npu HU3KOCKOPOCTHbIX Harpy-
xenusx. MNMpu cosgaHum mopenu
OblIM  pacCMOTPEHbl MNPOLECCHI,
NnpoucxoasiiMe Ha MUKPOCKOMU-
YecKoM YpPOBHe npu aedopmMupo-
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BaHUN TBEpPOOro reTeporeHHoro
BelwecTBa. Mogenb BHeapeHa B
mMaTemaTtmyeckylo MeTtoauky J13-
F'AK. C ucnonb3oBaHnem moaenu
KMHETMKN HU3KOCKOPOCTHOIO Ha-
rPYy>XeHUs1 ONUCaHbl CEpUN IKCne-
PUMEHTOB MO HW3KOCKOPOCTHOMY
HarpyxeHuo BB, B TOM u4ncne
«Stiven test». YucneHHoe mo-
OenupoBaHne  Mokasano, 4To
MOMyYeHHbIN MHCTPYMEHT MOXET
ncnonbL3oBaTbCs ANs  OnucaHus
HWU3KOCKOPOCTHOIMO  BO3ENCTBUSA
Ha BB n ganbHenwero nccneno-
BaHWsI TakMX NPOLIECCOB.

B nporpammHOM  KOMMnek-
ce HoBoro nokonexHuss MWLM,
obbeguHsaloLLIEM BO3MOXXHOCTU
OBYX ra3oguMHaMU4ecKknx MeToamk
MWUMOS3A n [l ansa pacyeTa Wwmpo-
KOro krnacca ABYX- N TPEXMEPHbIX
3ajay MexaHWKW CMSIOWHOW cpe-
Obl, peanun3oBaHa GU3NKo-maTe-
MaTudeckas Mogefnb OonucaHus
KnHeTukn ropeHus BB (mogenb
MK), 4TO fano BO3MOXHOCTb Mpo-
BEAEHUNS YMCMEHHOrO MOAENUPO-
BaHUS CYLLECTBEHHO-TPEXMEPHbIX
3agad, B KOTOPbIX MCCregytTcs
BOMpPOCHI BO30OYXAEHNA U pasBu-
TNa geToHaummn B pasnuyHbix BB.
[aHHble pacyeTbl TpebytoT 3HaAYN-
TEINbHbIX BbIYUCIIUTENbHbIX PECYp-
COB (Tak kak macwTtab pacyeTHoW
CETKM UCHUCIIAETCA MUNIIMOHaMM
TOYeKk, a B 0COObIX cryyasax u
Munnuapgamm), u nNpoBefeHue
MX BO3MOXHO TOSIbKO Ha MHOrO-
npoueccopHbix OBM, unmetowmnx

HayuanbHas eseomempusi mpexmepHo2o pacyema ghpasmeHma 0O7isi YUC/TIEHHO20 MOOeupo8aHuUs rpouyecca
UHUYUUpo8aHusi chrneemamu3upoeaHHo20 BB anemeHnmamu (wawkamu) u3 4yecmeumernnbHo20 BB
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lMone dasneHul (cnesa) u nose KoHUeHmMpauuti BB (cripasea) npu 803HUKHOBEHUU OemoHayuu

8 hrieamamu3suposaHHoM BB e okpecmHocmu 00HO20 U3 Yemsbipex UHUyuUpyruwux arnemMeHmos
8 [1J7TOCKOCMUu Ce4YeHUH, I'IpOXOdFILL{te yepes cepeOUHy wawku

[OCTaToYHble  BblMUCMUTESbHbIE
MOLLHOCTW.

B WHcTuTyTEe bM3uKn B3pbiBa
(MPB) 6bINM NpoBedeHbl razoau-
HaMW4YecKkne SKCMepUMEHTbl Mo
uccnefoBaHuio nepefadn Manbix
BO3MYLUEHMI MO METANNIMYECKUM
arfeMeHTaMm KpenmeHnsi B CITOXHbIX
cucTemax, Kotopble B TpaauLMOH-
HbIX pPacyeTHbIX Mogensix obblYHO
He yuuTbiBalOTCsA. Hanuuve B
KOHCTPYKLMM paccyuTbiBaEMON
CUCTEMbl  MeTannuMyecknx ane-
MeHTOB TpebyeT npuBneyeHust B

Heebizopeswee gprneemamu3suposaHHoe BB
(t=3 mke, 17,7 % Hesblzopeswezo BB)
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PacyemHsie rone sewiecms (a), pacrnpedeneHue ninomHocmu (6) u peHmeeHoepamMma orbima (8)
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YUCMEHHBIX pacyeTax ynpyronna-
cTuyeckmx mogenen. Mo komnnek-
cy nporpamm JIOIAK-2D ¢ ucnonb-
30BaHMEM (PEHOMEHOOrMYECKON
mMogenu npoyHocTn Mmywaka 6bina
onucaHa cepus onbitoB N®B ¢

pasnnyHbiIMK  SNeMeHTaMun Kpe-
nneHus.
CoBeplueHcTBOBaNocbL  Mpo-

rpammHoe obecneveHne Bcex 6a3s
AaHHbix UTM®. Tak, 3aBeplueHa
pabota no BBOAY B WHTEpak-
TMBHYIO  CMpPaBOYHYKD  CUCTEMY
naketa YPC-O® (eguHbii naket
YPaBHEHU COCTOSIHUSI BELLEeCTB U
npoberos hOTOHOB) MHOPMALMK
no Hanbonee LWMNPOKO MUCMONb3ye-
MbIM B NPUKMagHbIX nporpammax
YPaBHEHUSIM COCTOSIHUSI BELLECTB.
IOns naketa YPC-O® co3gaH kowm-
Mnnekc TeCcTUMPYHLLMX MporpamMm
C Bwu3yanusaumen pesynsraToB
pacdeToB. B nporpamme-tectepe
peanusoBaHa npoBepKa BbINOS-
HEHMs1 yCroBusi TepMoguHaMmye-
CKOrO paBHOBECMSI; NMPaBUiIbHOCTH
pacyeTa NPOu3BOAHbIX; HEMPEpPbIB-
HOCTW TEPMOAMHAMUYECKNX (DYHK-
umn (TOP); pacdetos TOAP npu
CMEHe CUCTEMbl eMHULL; Cornaco-
BaAHHOCTW pe3yrbTaToB pacyeTos,
MOMyYeHHbIX C WCMNONb30BaHUEM
pa3sHbIX BXOAHbLIX NEepeMeHHbIX.
3HaunTenbHble ycnexu 3a
npoLleawnin rog [OCTUTHYTbl B
paspaboTke u co3gaHuM Mpo-
rpamm obuiero cepsuca, no3Bo-
naAWux eauHbiM obpasom 3aga-
BaTb FEOMETPUID MHOFOMEPHbIX
3ajad, paccynTbiBaTb HaYanbHble
AaHHble 4ns Bcex MeToauk 1 npo-
rpaMMHbIX KOMMSIEKCOB, Mpea-
CTaBNsATb pe3ynbraThl pacyeTa, a
Takke obpabaTbiBaTb U BU3yanu-
3MpoBaTh 3T AaHHble. BonbLWH-
CTBO nporpamm obLuiero cepsuca
Ba3npyloTCa Ha yHMBEpCanbHOM
dopmaTe npeacTaBneHus aBy-
MEPHbIX U TPEXMEPHbIX CETOYHbIX
OaHHbIX, OPWEeHTUMPOBAHHOM Ha
cxemy pasgenbHOro cyeta no ma-
Tematundeckum obnactam. [aH-
Hble MOryT ObITb onpeaeneHbl Kak
Ha perynsipHon, Tak U Ha Hepe-
rynsapHONW TOMOMOrMU pacyeTHOWN
ceTkn. MHoroobpasune CTpykTyp
M  TUMOB pacyeTHbIX [OaHHbIX
MakcumarnbHO opManuM3oBaHo

OCHOBHbIE JOCTUXXEHUA PPSALI-BHUNID
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lNowaeoeasi o6pabomka eeomempuu e ParaView (crnoxHas punbmpayusi):
a — UCX00Hasi eeoMempusi, ycmaHo8Ka ceKywel rninocKkocmu;
6 — cedyeHue; 8 — U30/IUHUU, TOCMPOEHHbIE 8 CEYEHUU;
e — aucmoepamma, NMoCcmMpOeHHasi 8 Ce4eHUU

N CUCTEMATU3NPOBAHO, paspa-
60TaHbl MeToAbl NPSMOro AO0CTY-
na, nossonswwme obpallarbes
K MpOM3BOSIbHOMY parMeHTy
OaHHbIX Ha aAncke 6e3 HaknaaHbIX
pacxogoB Ha OydepHylo npo-
Kayky MPOMEXYTOUYHbIX OAHHbIX.
Pa3paboTtaHbl anropuTMbl U METO-
Obl pacnpefeneHHoro XxpaHeHus
OaHHbIX Ans paboTbl HA MHOro-
npoueccopHbIX Komnrekcax. Bce
3T MeToAbl WMHTErpupoBaHbl B
e[VHyl0  KpoccnnaTtopMEHHYIO
6ubnuoteky EOP (eguHbin dhan-
NoBbLIN paspes), KoTopas nonor-
HeHa eauHbIM ans A3blkoB C++
n doptpaH90 unHTepdencom,
obrneryawwum nonb3oBaHve. B
2006 rogy 6ubnuoteka E®PP 6bina
cOaHa B OMbITHYK 3KCnyaTauuio
N BHegpeHa B OONbLIMHCTBO Mpo-
rPamMMHbIX KOMMJEKCOB.

Ha ocHoBe 6Gubnuotekn EPP
paspaboTaHbl rpaduyeckne npu-
NOXeHus, no3BoMsOWME nNpea-

CTaBInATb pacyeTHble JaHHblE KaK B
TabnuyHoM BMAE C BO3MOXHOCTbIO

penaktupoBaHuA, nNpopeXnBaHUA
M BblaeneHnAa npakTn4eckmn nodbIX
MHTEpecCyrLwnx ocobeHHocTelN

BNIIOTb A0 MOCTPOEHUS rpaduKoB
3aBMCMMOCTEN, TaK N B BUAE pac-
TPOBOW [BYMEPHOW U Tpexmep-
HOM BM3yanusaumm c OonbLIMMM
BO3MOXXHOCTAMU MO  hunbTpaLmm
OaHHbIX Ha PerynsipHbIX 1 Hepery-
NSAPHBIX CETKax.

Ona Bu3yanusaumm AaHHbIX
E®P cBepxbonbLioro oobema npo-
BefeHa paboTta no agantauum nog
noTpebHOCTU METOANK U NPOrpamMm
NTM® cuctembl napannenbHom
Busyanusaumm ParaView, sasnga-
lOLLIECSt OTKPLITON 3apybexxHOoMN
pa3paboTkon. Ha gaHHbIN MOMEHT
cuctema ParaView ¢ nogaepkkon
dopmata EPP  dyHKUMOHUPYET
KaK Ha nepcoHanbHbix IBM, Tak un
Ha cneuunanuanpoBaHHOM rpacdu-
YecKOM KnacTepe.
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[namogenmpoBaHus reomeTpum
OBYMEPHBIX M TPEXMEPHbIX 3agad
paspabotaH rpadmyeckuii pegak-
Top SolidEditor, 6Gasupytowmiica Ha
oTKpbITOM Bubnuorteke OpenCasca-
de. Ha gaHHbIi MOMEHT nporpamMma
SolidEditor nommnmo cpeacte moae-
NMPOBaHNS rEOMETPUM BKITHOHYAET B
cebs mMogynb 3adaHus OBYMEPHbIX
Ha4yanbHbIX AaHHbIX SE-RND. WH-
Tepdoenc ¢ nonb3osatenem SE-RND
MaKkcMmanbHO  YHU(UUMPOBAH C
YXKe CyLLEeCTBYHOLLMM MHTEpencom
komnnekca nporpamm  3D-PH[,
npegHasHayeHHbIM Ans 3agaHns u
pacyeTa TpEXMEPHbIX HayarnbHbIX
OaHHbIX.

B uensx noBbieHMs KavyecTBa
pa3pabaTtbiBaeMoro nporpaMmMHoOro
obecrneyeHuns, CKOpoCTuK ero paspa-
BOTKN, CHWXKEHWsT 3aTpaT PYyYHOro
Tpy4a, MOBbIWEHUS KOHTpONs 3a
COCTOSIHMEM MPOEKTa 1 yryyLleHns
B3aVMOOEeNCTBMSA pa3paboTymKoB U
TECTUPOBLLMKOB paspaboTaHa Tex-
HOnorust 4OKYMEHTUPOBAHHOW MoA-
FOTOBKM K HE3ABUCMMOMY (BHELLIHE-
MYy) TECTMPOBAHMWIO MPOrpPaMMHbIX
NPOdYKTOB C MOMOLLBIO aBToMaTu-
3MPOBAHHON CUCTEMbI YNpPaBneHust
nporpammamu. Llenb BHegpeHus
OaHHOW TEXHONOrMN — Ha NpuMmepe
nporpammbl 3D-PH[ obecneuntb
BO3MOXHOCTb  OTYYXXOEHWUSI  Mpo-
rpamMmbl OT pa3paboTunkoB U B
nepcnektuee — cepTudukaums
NporpaMMHbIX MPOAYKTOB 06LLEro
HasHayeHus. Takasi TexHomnorus
OOKYMEHTUpOBaHNs paboT Ha Bcex
cTagusix pa3paboTku NporpaMMHbIX
NPOEKTOB ABNAETCS OBLLENPUHATON
Nno MeXayHapoaHbIM CTaHZapTam
cepun ISO-9000 4n1a KOMMEPYECKMX
NporpaMMHbIX MPOAYKTOB 1 CUCTEM.
TexHonorms pekomeHAoBaHa AONd
NpUMEHeHNs K paspabaTbiBaeMbIM
nporpaMmmMHbIM cpegcTeam obLiero
Ha3Ha4eHus, a Takke Afs UCNOorb-
30BaHMsA B npouecce pa3paboTtku
OPYrMx NporpamMM 1 NporpammMHbIX
komnnekcos UTM®.

Ewe ogHum HanpaBneHuem
paboT nO co3gaHuMIo  CPeacTB
oblero cepsuca anga Bcex mare-
MaTU4eCKMX METOAUK SABMsieTcs
paspaboTtka eaguHonm GUBNMOTEKM
peluatenen cUCTeEM NUHENHbIX an-
rebpanyecknx ypasHeHun PMLP/
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lMpumep 3adaHusi mpexmepHol eeomempuu 8 pedakmope SolidEditor

Parsol B napannenbHoM pexume
Ha MHOronpoueccopHbix OBM.
PaspaboTtaHbl M peanv3oBaHbl
HOBble MapannenbHble peluaTenm
paspexXeHHbIX JIMHENHbIX CUCTEM,
OPWEHTUPOBaHHbIE Ha pacnaparn-
nenueaHme Ha oOwWen namaTn
(open MP), ansa pacyeta anddy-
31K marHuTHoro nons. lNpogonxa-
focb BHefpeHue napannenbHbIX
peluaTtenen B pasnnyHble METOAN-
KM s MICNorb30BaHWs B pacdeTax

YPaBHEHUI  TEMOMNPOBOAHOCTMU.
PeanusoBaHbl 1 BHegpeHbl na-
pannenbHble  pewarenu  Ans

UCMNOMb30BaHMA Ha TpexmepHowm
OEKOMMNO3MLUMM pacyeTHOM CeTKM,
OpUEHTUPOBaHHbIE 4518 paboThl Ha
©0nbLIOM YMcne NpoLEeccopoB.
[na HeogHOpPOOHOrO BbIYKC-
nutenbHoro  komnnekca (HBK)
NUTM® paspaboTaHbl 1 BHEOPEHDI
WHCTPYMeHTarnbHble cpeacTea
uccrnegoBaHnss 3 dPEeKTUBHOCTH
BbINOMHEHNs napannenbHbIX 3a-
fay — statistics tool kit (STK).
CpeactBa STK npegHasHauveHbl
A58 MCnonb30BaHWs kak pa3paboT-
YMKaMM NPOrpaMMHbIX KOMMSIEKCOB
C uenblo ynyyleHns apeKkTMBHO-
CTM pacnapannenueaHusa 3agad,
Tak u agMmuHuctpaumen UTMO
ana  aHanmsa  3dPeKTUBHOCTM

NCNONb30BaHMSA BbIYUCIUTENBHbIX
pPecypcoB  MHOrOMPOLECCOPHbIX
OBM gnsa pelweHua napannernb-
HbIX 3aja4y, a Takke cnyxbamu
yrnpaBneHns MNpoM3BOACTBEHHbBIM
cyeToM ans Gonee paunoHanbHo-
ro MCMonb30BaHUSA KOMMOHEHTOB
HBK.

3akoH4yeHbl paboTbl No pas-
BuTUO cpeacte STK ans pac-
LUMPEHHOIO  aHanuMsa  BIUSIHUSA
dyHkumn MPI (npoTokon nepegayn
coolLeHnn) n BBOAA-BbIBOOA Ha
3ahPeKTUBHOCTL cyeTa Napan-
nenbHbIX 3aga4 u BHegpeHuto STK
B aBTOMaTU3NPOBAHHYIO CUCTEMY
ynpaenenunsa cyetom 3agady UTMo,

MpumeHeHne STK nossonumno
ONTUMM3NPOBaTb APPEKTUBHOCTL
BCEX MaTeMaTUYECKUX NporpamMm-
HbiX komnnekcoB UTM®. Bbinn
BbISIBNEHbl LOCTOMHCTBA M Heao-
cTaTku METOOOB pacrnapannenu-
BaHWNS NPOrPaMMHbIX KOMMIIEKCOB
Ha pPasfnYHbIX BbIYUCINTENBHbIX
cuctemax. Takaa onTuMmsauus
nossonuna ©6onee 9KOHOMWYHO
ncnonb3oBatb  AOpOrocrosiiiee
obopynoBaHvne, nNpUMeEHsIEMOe B
pacyeTax 3agau.

B 1962 rogy B onepauum
«Mopckass 3Besga» Ha BbIcOTe
400 kM Hapg ocTpoBOM [PKOHCTOH

WHCTUTYT TEOPETUYECKOU U MATEMATUYECKOU ®UIUKU (UTMOD)
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OCHOBHbIE AOCTUXXEHUA PPSALI-BHUNID

(8 Tuxom okeaHe) Gbin npowusse-
OEeH S0epHbI B3pblB MOLLHOCTbLHO
1400 kT. 3TOT B3pbIB BbI3BAN PSAA
CUMbHbIX 3P(EKTOB B BEPXHUX
cnosix atmocaepsbl, noHocdepe u
reomarHutHom none. OH paccma-
TPUBAETCS Kak KpynHomacLuTabHas
OEMOHCTpaunst MHOMMX sBMEeHUn
reopusnkm n usnkn nnasmol. B
pa3BUTMU 3TOTO B3PbIBa OTYETNINBO
NposIBMIMCL Takme 3deKTbl, Kak
KMHETMYECKUA xapakTtep obpa-
30BaHNS U OBWXKEHMS nnasmbl, a
TaKKe ee B3aMMOAENCTBue C reo-
MarHWTHbIM nonem. [ns usyyeHus

6

PacyemHoe usobpaxxeHue ceemsiuelicsi obnacmu e3pbiea ornepayuu
«Mopckas 3ee30a» Ha momeHm 10 ¢ 8 MIOCKOCMU MagHUMHO20
mepuduaHa, npoxodsiuieli Yepe3 moyKy 83pbiea, Haxo0sUWyroCcs

8 Havasie KoopOuHam (a) u 8 rmIockocmu
MagHUmHoU wupomsi (6) (paccmosiHusi Ha OCsIX — 8 KM;

yposeHb ceemumocmu — 8 MBm/km?)

Ulomow el
 romiy E

U=

Cxema ucmoy4Huka PU Onsi oOHoKkaHabHO20 eapuaHma
aKcriepuMeHmoe Ha ycmaHoske J1YY

aTnx adypektoB noTpeboBanach
paspaboTka COOTBETCTBYHOLLIEN
dum3nyeckorn Mogenu m Tpexmep-
HOWM YNCMNEHHOWN METOOUNKN.

B 2006 rogy Ha nasepHou ycTa-
HoBke J1YY — mogyne nonHomac-
wTabHon yctaHoBKN «lMckpa-6» —
HayaTbl 3KCMepUMEHTbl MO reHe-
pauumn peHTreHOBCKOTO U3MNy4eHus
(PW) npun BO3aencTBnmM nasepHoro
N3ny4YyeHnst yctaHoBku. B HacTosi-
LLiee BpeMsi MOTOK a3epHoro nany-
YEHUs1 OQHOro KaHana YCTaHOBKM
JIYY coctaenset npumepHo 1 k[x
npu AnWMTENbHOCTM UMMynbca [0
2 Hc. lNMepBbI aTan — paspaboTka
NCcToYHuKa PN — ananora muiieHun
«UnniomuHaTop», B Te4EHNE MHO-
TMX NEeT NPUMEHSIBLUENCS B pasnny-
HbIX 3KCMepPUMEHTaxX Ha YCTaHOBKe
«Mckpa-5». B «UnniomuHaTope»
yctaHoBkn «Wckpa-5» nasepHble
ny4n BBOAATCHA 4Yepes creuuanbs-
Hble OTBEepCTUS Ha OOKOBOW Mo-
BepxHocTu gnametpom 0,3 mm. Ha
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PacnpedeneHue memnepamypbl 371€KMPOHO8 8HYmMpuU
muweHu «UnmomuHamop» duamempom 0,6 Mm
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yctaHoBke J1IYY oguH nasepHbin
ny4 BBOAWTCS Yepes OTBEpCTME Ha
TOpLE MULLIEHN 1 OBrnyyaeT NneHKy
n3 Au+CH Ha gpyrom TopLe.

[Ona npoBegeHUs CKBO3HbIX
6©e3aBOCTHbIX pPacyeToOB MULLEHEN
B komnnekce MMMO3A H[] otpa-
faTbiBanacb MeToAMKa pacyeToB
Ha HenoaBwHOW ceTke. Bpewms
pacyeToB Mpu 3TOM CYLLECTBEHHO
yBEMNVYNBAETCA MO CPABHEHMWIO C
pacyetamu B narpaHxeBoW Mo-
CTaHOBKe, 4TO KOMMNEHcupyetcs
COKpaLLEHNEeM «PY4HbIX» BMeLLa-
TenbCTB B NpoBedeHune cyeta. [ng
pacyeToB nasepHbIX  MULIEHEN
C [OBYMEPHbIM  (TPEXMEPHbIM)
XapakTepoM TeYEeHUN 3TO MOXKET
oKasaTbCA CyLUEeCTBEHHbIM Mpe-
umyLlectsom. [1poBeaeHsbl nepsbie
pacyeTbl AUHAMUKN MULLEHU U Te-
Hepauun PW B KoHBepTepe npwu
Bapuauum napaMmeTpoB MULLEHN.

Y] Crexrp rat =418
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Qo 0.5 1.0 1.5 20 25 0 x

Cnekmp eeHepupyemoeo nomoka PU (kpacHas nuHusi — criekmp
rnomoka PU 6 cmopoHy 0CHOBHOU MUWEHU, CUHSIS —
criekmp nomoka PU yepe3 exoOHoe omeepcmue)

MapameTpbl cXaTU MULEHU C BHEWHWM paguycom 1,4 Mm

MHTEHCUBHOCTb MakcumanbHas MakcumanbHas [TnoTHOCTb MonHas aHeprus
WNOHHOTO NCTOYHUKA, MMoTHOCTb 238U, Temneparypa, k3B rasa, r/cm® nyJka, kx
VOHOB/C r/cm®
1078 26,7 0,0041 1,8 0,658
101 30,5 0,0092 1,5 3,49
19 Y]
10"° (paBHOMEpHIit 36,02 0,0094 4,0 3,49
pasorpes)
102 32,8 0,025 1,1 18,74

Bo BHUMN3® nposogdatca
nccnegoBaHWs  MpoLECcCOB  B3a-
WMOLENCTBUSE  MNOHHBIX  MOTOKOB
c BelwlectBoM. KoHeyHast uenb
paboTbl — BbIMNOMHWUTE 3aMKHYTbIN
KOMMNJIEKC WCCNENOBAHMIA CUCTEM
MHEpLUManbHOro  TEPMOSiAEPHOro
CMHTE3a C TSPKENOWOHHBIM Apan-
BepoM. bBnmxkanwas KOHKpeTHas
3afaya — noaroToBUTLCA K Mpea-
cToswmMm paboTaMm Ha MOLLHbIX
TSDKENTOMOHHBIX YCKOPUTENSX, CO-
opyxaemblx B UTO® (TBH) n B GSI
(FAIR, Oapmwrtanr, [epmaHus).
BHUNNO® yyacTByeT B npoBeaeHuu
3KCNepUMeEHTarnbHbIX N TeopeTuye-
CKnx paboT no B3aUMOLENCTBUIO
MOHHBbIX MYy4YKOB C BELLECTBOM Ha

!

MOHHBIM Fosarn
NOTOK
q
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leomempus pacyemHol 3adayu: R, . — paduyc ryyka uoHos (1,5 mm);
R,.— paduyc nonocmu, HaronHeHHou 2asom (0,8 mm);

R, — eHewHul paduyc cgepsi (eapbuposanca 1, 1,2, 1,4 mm)
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PacnipedeneHue sHep208bIOesieHUs1 8 060/104Ke
MuweHU om fomoka UOHO8
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PacnpedeneHue rJsIomHocmu eeuwjecmea 8 MmuweHu
Ha MOMeHm MakcumMyma cxxamus
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PacnpedeneHue memnepamypsl eeliecmsa
8 MOMEHM MaKcuMyma cxamusi

OCHOBE MeTofa «TOJICTbIX MuLLe-
Heny. PacyeTbl BO3OEeNCTBUSA MOH-
HbIX MOTOKOB Ha LMIMHAPUYECKME
MULLEHM MOKasanu, 4to cdepuye-
ckoe cxatume bonee adEKTUBHO,
HO MpPW OQHOCTOPOHHEM OBNyYeHUN
WOHHbBIM MOTOKOM BO3HUKaET Heod-
HOPOAHOCTb B BbIAENEHUN 3HEPIU
no yrny. Cneunanvctamm BHUNIO P
ObINo paccMOTPEHO cxaTne cepu-
Yeckor 000noYKM Npy BO3OENCTBUN
WMOHHOIO MoTOKa C napameTpamu,
MPOrHO3MPYEMbIMU AN YCKOpUTE-
nst TBH (noHbl Co, aHeprusi MOHOB
200400 MaB/A, aHeprusa nydka
50-100 k[x npy onUTENBHOCTU 0

100 Hc). UccneposaHusa nokasbiea-
lOT, YTO, ONTUMM3NPYS NapameTpbl
ny4yka ¥ MULLEHWN, MOXHO MONYYUTb
BbICOKYKO CTEMeHb CXaTusi Kak Be-
wectea 060noYKkn, Tak U BHYTPEH-
Heln rasoson obractu npu pearb-
HbIX NapamMeTpax MOHHOTO Mny4Kka.
Bo BHWUMN3® npeanoxeHa
CXeMa MULLEHM U MOCTaHOBKA 3KC-
NepMMEHTOB MO WCCNeaoBaHMWIO
B3aUMOAENCTBUSI WOHHbIX MOTO-
KOB C ropsiyer nnoTHOW NrasMon.
MuweHb cocTouT M3 KOHBEpPTEpa,
B KOTOPOM reHepupyeTcsl MNOTOK
msarkoro PU, n ocHoBHOro obbema.
OcHoBHOM 06bEM 3anonHseTcs

ManonfoTHbIM BeLecTBOM, KOTO-
poe pasorpeBaeTtcsi notokom PU
N3 KOHBepTepa A0 TemnepaTypbl
50-100 3B. Yepes obGpasytoLuy-
locA Mna3my MponyckaeTcs nyyok
noHoB yckoputensa Unilac n ns-
MepsieTCs UX dHeprus 4o v nocne
npoxoxaeHus muienn. Llenb uc-
crnefoBaHuMM — MoOnyYnTb Hagex-
Hble 3KCrnepuMMeHTarnbHble AaHHbIe
n paspaboTtatb METOAMKY pacyeTa
NoTEePb SHEPTUN TSKENbIX NOHOB B
nnasme ons pacyeTta KOHBEPTEPOB
B MULLEHSAX TSXKENIOMOHHOMO MHEp-
LManbHOro cnHTe3sa. 9Tn uccneno-
BaHWSA HayaTbl B COTPYAHUYECTBE
C eBponenckummu (nNpexae BCero,
HEMELIKMMW) Hay4YHbIMU LeHTpamu
n cneumanuctamm NTIP B pamkax
paboT B obnacTtu om3ankm BbICOKUX
NAOTHOCTEN 3HEPrUM u TsKeno-
MOHHOTO WHepLManbHOro TepMo-
A0EPHOro cnHTe3a. OKCNeprMeHTbI
Mo B3anMOJENCTBMIO MOHHBIX NOTO-
KOB C nnasmon 6yayT npoBOANTLCS
Ha 6a3e nasepHO-yCKOPUTEMbHOIO
komnnekca  Phelix(nhelix)-Unilac
(GSI, T'epmanus) ¢ yyactnem cne-
unanuctoe T3P, [Mpu aHeprum
nasepHoro notoka Phelix 0,5-1 k[x
3a Bpems ~2 HC BEeLLECTBO BHYTpM
MULLEHN pa3orpeBaeTcs OO Temne-
patypbl 50-70 3B npu nnoTtHocTM
~102' 1/cm3. uHamuka npoueccoB
BHYTPW MULLIEHWN PacCYMTbIBAETCS B
OBYX- U TPEXMEPHbIX NOCTaHOBKAX.
OOHMM 13 BaXHbIX Hanpas-
NEHUA  3KCMEpPUMMEHTAsbHbIX  ©
pacyeTHO-TEOPETMYECKMX  UCChe-
OOBaHWA, MpOBOAMMbBIX Ha na-
3epHbIX ycTaHoBkax «Wckpa-5» u
JIYY, saBnsetca mopenupoBaHue
rasoguMHaMn4Yecknx U TepMOAUHa-
MUYECKUX MPOLECCOB B MMOTHOM
BbICOKOTEMMNEPATYPHOM Mnasme.
Pesynbrarthl, nornyyaemble
B 9KCMEpMMEHTaxX Ha mna3epHbIX
yCTaHOBKax, UCMOMb3yTCA Kakans
TECTMPOBAHUS NMPOU3BOACTBEHHbIX
MaTeMaTU4YeCckux Nporpamm, Tak u
HenocpeacTBEHHO Afsi paCYeTHOro
nccnegosaHns yHOaMeHTanbHbIX
cBoncTB nnasmbl. C 3TOM Uenbio B
COOTBETCTBYIOLLME MPOrpaMMHble
KOMMneKcbl BBOAATCA OGrnoku pac-
yeTa npoueccoB B3aMMOOeNCTBUS
nasepHOronsny4yeHns cnnasmon. B
2006 rogy 3aBepLUEH BaXHbIV 3Tan
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Cxema MuweHu Orisi 0rbImos 1o
uccnedosaHuro 83aumoodelicmausi
UOHO8 ¢ nna3mou
Ha ycmaHoseke Phelix-Unilac

HoHb

Cxema muweHu, 8 Komopou
pearnusyemcsi KoH8epCUsl J1la3epPHO20
U3rly4eHusi 8 PEHM2eH08CKoe

sMlnnoMuHaTOp»

HavaneHan
cTanua

(-2,5 He)

i ]

t-SHe

JuHamuka npoueccoe eseHepayuu nomoka P
U ¢hopMUpOBaHUS Mna3mMbl 8 KaHase MuweHu
(pacnpedeneHue nnomHocmMu ria3mb|

1o 06beMy MULWEHU)

SkcnepumeHmarnbHas gpopma
«MsIMHa» 11a3epHo20 Nomoka

aTon paboTbl: B NPOM3BOACTBEH-
Hble nporpammbl @OMUM 1 MM
MK BBeaeHbl 6r1oKu NornoLweHns n
paccesiHUs nasepHoro nU3anyyeHus,
napameTpbl nnasmbl Ans yCrnosum
BO3JENCTBUSA NasepHOro uany4ye-
HWUsi, OOMEHHbIE YMEHbl, CTENEHb
MoHM3aumMmM nnasmbl U T. 4. OAng
TecTupoBaHus Obin BbIOpaH akcne-
PUMEHT C 0bry4YyeHneM nasepHbIM
N3ny4yeHneM ycTtaHoBkm «Vickpa-5»
NSIOCKOW 30/10TOM honbru.

2t3
Eld

":"EIE'J""
Eaizand

EH

i [

JlasepHasi ycmaHoska nhelix (GSI)
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Cxema aKcriepumeHma rno
0by4eHuro rnnockoeo crosi Au + CH
Ha ycmaHoske «Vickpa-5»

Mpsamon pacyetr metogom MoH-
Te-Kapno (MMM MK) nornolueHust
NasepHOro M3nyyeHusl, reHepauum
PW 1 ero nepeHoca B cnekTpanbHon
MOCTaHOBKE W ra3ogvHaMMYECKMX
TEYEHUN B OBYMEPHOM KOMISEKCE
MMUMO3A BbINONMHEH C  UCMOMb-
3oBaHMem 3000 cnekTpanbHbIX
WHTEpBarioB B Auana3oHe 3Heprun
ksaHTOB 30 3B — 20 kaB. Pacyet no
nporpamme POMKM BbINONHEH CO
120 cnekTpanbHbIMK MHTEPBaNamu.

MpoBeaeHbl nepBble ABYMEp-
Hble pacyeTbl pocTa BO3MYLLEHMWN
MeHbIX (MK ypaHOBbIX) NanHepoB
B UMIMHOPUYECKON rasognHamu-
yeckon cucteme Al-H,-Cu(U)-H, c
pasvepamu R=5,2-4,6-2,6-2,4 cm
npu aasneHun P_ = 25 MMa(H,).
Orta cuctema B ycTpovictee ¢ OBMI
obecneunBaeT npu  TOPMOXEHUN
navHepoB BOMM3M OCKU KX KBa3w-
SHTPOMUYECKOE  HarpyXeHne o

OCHOBHbIE AOCTUXXEHUA PPSALI-BHUNID
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Amnnumyodsi o3amyweHuti A(t) eHympeHHel epaHuubl Cu-natHepa (o) u
U-naliHepa (m) u3 pacyemos ro penakcayuoHHoU u yrnpyeaonaacmuyeckol
(nyHkmup) modernsam npoYHocmu mMedu U ypaHa

~2000Tla. Ho okasanocb, 4TO
BO3MOXHbIE HETOYHOCTU YpPaBHEHUS
COCTOSIHVS UccreayemblX Marepua-
1NIOB MOIYT CYLLECTBEHHO BMUATH Ha
KpmByto 3aBucumocTn A(f). lMNMokasa-
HO, Hanpumep, YTo nNpuHsToe B YPC
nporpammHoro  komnnekca OCA
npeHebpeXxXeHne HadanbHOW 3Hep-
rme Heobxo4uMOo KOPPEKTMPOBaTh B
pacyeTax AMHaMU4YeCKON MPOYHOCTM
mMaTtepuanos, YToObl He BbIno cyLue-
CTBEHHOTO 3aBbILLIEHNS MPOYHOCTA U
COOTBETCTBEHHO 3aHWDKEHWUS aMMNiun-
Tyabl A(f) BO3MyLLEHWI (MO OLEHKaM,
ana meam — B 1,5-2 pasa).

B 2006 rogy npopgomxanocb
nccriegoBaHne OPMUPOBaHUSA U
OVNHaMUKN NNas3MeHHbIX TOKOBbIX
obornoyek B kamepax MAIO n nnas-
MeHHoro cpokyca. MogenvpoBaHue
3TMX MPOLECCOB NPOM3BOAUTCHA B
pamkax gsymepHoro MId-npmbnu-
XKEeHUs ons OByX TUMOB reoMeTpun

(r,z)wn (r, ¢). B mogenax paccuu-
ThbIBaIOTCS:

— CTaHgapTHble rasogvHamu-
Yeckne BenuUMHbl C Y4ETOM OfHOW
KOMMOHEHTbI  MarHMTHOroO  Mons
(H¢ )- noHHas cKopoCTb, MNOTHOCT,
MOHHAa W 3MEeKTPOHHAas 3SHepruu,
CTeneHb 1oHu3aLuu;

— 3MEeKTPOHHAas U NOHHaA Te-

nmaonpoBOAHOCTb;
— NpoBOAMMOCTb MJia3Mbl,
pacnpegeneHne MarHMTHoro wu

3MNEKTPUYECKOrO Monew;

—MNOTEPU SHEPTN HA U3TTyHEHNE
npy HAaNVYMK B Nnasme NpUmecew;

— WHTEHCUBHOCTb HENTPOHHO-
ro Bbixoaa.

[nsa nccnepgoBaHmsa npolecca
obpasoBaHuA 1 pasBuUTUSA a3u-
MyTanbHOW CTPYKTYpbl TOKOBbIX
obonoyek B kamepax MAIO wu
nnasmeHHoro dokyca mnpoBeae-
Hbl ABymepHble MI-pacyeTbl B

PacnipedeneHue mazHUMHOR20 0715 8 pacdeme be3 yuema aghgpekma Xonna (a), ¢ agpgbekmom Xornna, ko2da
ueHmparsbHbIl 31ekmpo0 senssemcss aHodom (6), ¢ aghgpekmom Xosnna ¢ 0bpamHou MonsPHOCMbIO 371eKMPooos (8)
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(r, ®) reometpumn. Okasanoco, 4To
NPy HEKOTOPLIX pexmnmax padoThbl
WUCTOYHMKA Toka pAana obpaso-
BaHUS BOJTOKHUCTOW CTPYKTYpbI
TOKOBOW 0OOMOYKM [A0CTATOYHO
HeoaQHOPOAHOCTWN HavanbHOWM cTe-
NeHn WMoHM3aLuMM rasa B Kamepe.

B pacuetax nokasaHo, 4TO npeg-
BapuTeNbHO BBEAEHHOE B kKamepy
MAIO marHuTHOe none B 3Ha4vu-
TENnbHOM cTeneHun crabunuampyet
pas3BuTME a3uMyTanbHbIX HEOOHO-
pogHocten npu opMmnpoBaHun
paspsaa.

lNonyyeHHas 8 akcriepumeHme gpomozpagusi niasmeHHolU 0b60104Ku
80 8peMsi ee 08UXXEHUST 800/1b OCU KaMepbl 8 MEX3IEKMPOOHOM
3a3ope (a) u pacdiemHoe pacripedesnieHUe 3reKmpoHHoU memnepamypsbi (6)

4

-1

UWmeHcusHocmb HelimpOHHO20 8bix00a 8 OMHOCUMESIbHbIX €OUHUYAX,
KpacHbIU ygem — 3KCrepuMeHm, CUHUU — pacdem

-
b

|]r

[nsa pa3psgoB B kamepe nnas-
MeHHOro poKyca c HavanbHbIM AaB-
neHvem rasa 6onbwe 1 MM pT. CT.
pacyeTHas AMHaMMKa NnasMeHHoM
060MoYKM HAXOAMTCS B XOPOLLEM
COrnacum ¢ aKCrnepuMeHTarnbHbIMM
AaHHbIMK. [Ins pacyeTHOro mope-
NMpoBaHUS  3KCMEePUMEHTaNbHbIX
pe3ynbTaToB C MEHbLUUMW AaBne-
HUSMW MPUXOOUTCA Y4UTbIBaTh B
pacyeTax addekT Xonna.

[ns oLeHkv BKNaja ycKopuUTerb-
HOro MexaHu3ma B OOLMIA HEUTPOH-
HbIi BbIXOQ B pacyeTax nrasmeH-
Horo dhokyca npuMeHeHa Mogernb
«YCKOPEHHbIX WOHOBY», PacYeTHbIV
HENTPOHHbINA BbIXO4, C YYETOM 3TON
MOZEenM OTNNYaETCS OT SKCNEePUMEH-
TanbHOro He Goree Yem B ABa pasa.

B ogHoOM u3 Takux kamep npu
nasneHumn [0-raza 18 mm pT. CT. 1
3apagHOM  HanpshkeHun Gatapeu
25 kB (MakcMmanbHbIn TOK B KOH-
Type 0,5 MA) HEMTPOHHLIN BbIXOA,
Nony4YeHHbIN B pa3psae, CocTaBun
2:10°.

B pacueTe HENTPOHHbIV BbIXOL,
1,7-10° no BPEMEHWN HEWTPOHHOro
BbIXxO4a MOMy4YeHO YOOBMETBOPU-
TENbHOE Ccornacue ¢ 9KCNepuMeH-
TOM. MaKCcMMyM  yCKOpPUTEMbHbIX
HEWTPOHOB B 7,5 pasa BbilWe
TepmosaepHbix. B uenom B pac-
yeTe TepMOosiAePHbIE HENTPOHbI CO-
ctaBnsoT 1/15 ot obuiero Bbixoaa.
Taknm obpasom, BrepBble paspa-
GoTaHa Mopenb «yCKOPUTENbHOro
MexaHu3Ma» reHepaumMn HenTpo-
HOB, MNO3BOMSAOLLASA ONUCbIBaTL B
YMCINEHHBIX pacdeTax HEUTPOHHbIN
BbIXOZ B NIa3MEHHOM (hOKyCe.

lMpocmpaHcmeeHHoe
pacnpederneHue
HelmpOoHHO20 8bix00a:
a — ycKopumeribHble
HeUmpOoHbI;
6 — mepmosiOepHbie
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PacyemHasi kKapmuHa 0mMKOJ/108 8 MOHOKPUCMaI/Iu4€CKOM

U Mosiukpucmarsiu4eckom obpasyax
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lMod6op nomeHyuana esaumodeticmsusi no YPC mamepuana:
a — 3aeucuMOoCMb MIOMHOCMU aflroMUHUSI O0m memrepamypbl
u QaerneHus (CrIowHbIe MUHUU — Pe3yribmaimal pac4yemos
C 8bI6paHHbIM MomeHyuanom; cumeosisl — 3HadeHusi 0nsi YPC OCA);
6 — 3asucumMocmb IOMHOCMU anrMUHUS O0m memepamypbl
rpu HopmasibHoM 0aeneHuu (CpasHeHUe pe3yrbmamos pacyemos

C 8bI6paHHbBIM MOMEHUUanoM U cripagoyHbIX OaHHbIX)

PaspabotaH MmeTon pacdeta
koadpchmumeHTa audbdysum  Bogo-
pooa B Metannax. OH nossonsier
NpoM3BOaNTL KBAHTOBO-XMMUYECKUI
pacyeT NoTeHuManoB B3aMMoAen-
CTBUS  aTOMOB;  annpoKCMMaLmio
paccYMTaHHbIX MOTEHLManos; Mo-
NeKynspHO-AuHaMmM4eckoe mogenu-
poBaHune konebaHu COBCTBEHHBbIX
N NPUMECHBIX aTOMOB B CTPYKType
MeTanna; aHanua 4actoT konebaHun
aToOMOB B PELLETKE; KBAHTOBO-XUMM-
Yeckue pacyeTbl SHEPrum akTuBaLum
anddysun; pacdeT koadpuumeHTa
anddysun. Kpome Toro, HasBaHHbIN
METOO MOXET HaWTW NpUMeHeHue
Ans MOAENUPOBaHNS NOBEAEHWS BO-
Aopoaa v ero M3oToroB B KOHCTPYK-
LUMOHHBIX Matepuanax; npoLeccoB
XpaHeHuss Bodopoga B pelleTke
MeTanmnoBs unn amopdHbIX crna-
BOB; MPOLIECCOB OYMCTKM Bogopoaa
M ero W30TOMOB OT pPadUOreHHbIX
npumvecen; anpdysnm B CRNOXHbIX
cucTemMax — aMopdHbIX crnaeax U
HaHOKPUCTaNNM4YecKkmX BeLlecTBax.

Ons  mogenupoBaHus  npo-
LeccoB paspylleHus matepua-
noB Mofyu4un pasBUTUE MeTon
KnactepHon auHamukn.  Metoq
MO3BOMNSET MNPOU3BOAUTL 3aMeHy
YPaBHEHUA MEXaHWUKMA  CNIOLLHOW
cpedbl Ha YypaBHEHUS OBWXEeHUs
BblJENeHHbIX CTPYKTYPHbIX ane-
MEHTOB (KnacTepoB); OnNMUcCbIBaTb
OBWXKEeHne  B3anMOQENCTBYIOLLMX
KnacTepoB; BblbypaTb noTeHuunansl
B3aVMOAENCTBUSA, UCXOAA U3 ypaB-
HEHWU COCTOSIHUSA MOZENMPYEMOro
maTtepuana. MeTog MOXeT HanTu
npUMeHeHve ons:

— MOAEeNnMpoBaHusa AUHAMUKK
paspyLleHns, OonucaHusa Kymyns-
TUBHbLIX 3(pdeKkToB, MNpPOLECCOB
npobuTtns nperpag, MbiNeHus |
ANCneprupoBaHus;

— MOOENupoBaHWS  aHu3o-
TPOMHLIX CBOWCTB TBEPAbIX Ten u
nnacTuyecknx sIBNEHUn npu Ha-
FPY>KEHUW; OnuUcCaHns AUHAMUKK
¢a3oBbIX NEPEXOAOB,;

— OnUCaHWs MEXaHU4ecKmnx
CBOWCTB METAasOB C HAHOCTPYKTY-
poW, MOAEnUpPOoBaHUs, MEXaHOCHH-
Tesa 1 NpeccoBaHus;

—  pelweHns  NpUKNagHbIX
3ajay MexaHWKM OUCMEPCHbIX Ae-
dhopmMmpyembIx cpea.



