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WHCTUTYT TEOPETUMECKOU U MATEMATUYECKOU ®U3UKU (MTM®D)

HacTtoswee Bpems xapakTtepu-
3yeTcs CTpeMuTenbHbIM Nporpec-
COM BbIYUCITUTENTbHON TEXHUKW,
C OQHOW CTOPOHbI, 1 BypHbIM pas-
BUTUEM METOOOB MaTemartunde-
CKOro MoAenupoBaHus, T. €. Ync-
FNIEHHOro 3KCNepuMmeHTa, C Apyron
CTOPOHbI. YUeHble 1 cneumanucTbl
B pasnn4yHbIX 06nacTsax 3HaHWUN
CMOIMU NPUCTYMUTb K PELUEHUIO
TaKux 3agad, KoTopble He nogaasa-
nncb paHee nonHomacTabHomy
KOMMbIOTEPHOMY MOLENMPOBAHUIO
n TpeboBanu ob6sa3aTenbHOro aKC-
nepuMeHTarnbHOro UCCNeaoBaHus.

MmaBHbIM HanpaBneHnem paboT
TEOPETUYECKNX N MaTemaTnyecko-
ro nogpasgeneHmn ATM® B no-
crnegHue rodbl ABNSETCH co3gaHne
KayeCTBEHHO HOBOW pacYeTHO-TEO-
peTuyeckon 6a3bl MOgENMpPOBaHNS
hm3myeckmx NpoLEeccoB B 3agavax
MEeXaHMKM CMIOLWHbIX cped, duan-
KN BbICOKMX MITOTHOCTEWN 3HEPIvm
n gpyrux obnacTtsax, BXOAAWMNX B
TemaTuKy OCHOBHOW OeATEeNbHOCTH
WHcTuTyTA.

Cneumanuctamu MTM® pgoctur-
HYT 3Ha4MTENbHbIA yCnex B co3ga-
HUWM MPOrPaMM HOBOIO MOKONEHWS
Ansa noriHomMacwTabHOro MHoro-
MEPHOro ModenvMpoBaHusa paboThbl
SO0EepHOro opyxus, paspaboTke
HOBbIX (PU3NKO-MaTemMaTUYeCKmNX
MoZenen v pasButTumM maremaTtunye-
CKUX METOAMK W KOMIIIEKCOB MpOo-
rpamMm Afis YUCNIEHHOIO MOAENMPO-
BaHWS (PU3NYECKNX MPOLIECCOB Kak
MO OCHOBHOW TeMaTuke MHCTUTYTA,
TaKk U N0 MUPHOW UIN «KOHBEPCU-
OHHoM» TemaTtuke. Ocoboe BHUMA-
HVe B MocreaHue rogpl yaensnocb
pa3paboTke BbiCOKOMapanenbHbIX
KOMMMEKCOB MPOrpamm, CrocobHbIX
NpPOBOANTbL MHOTOMEPHbIE pacyeThl
Ha 60MbLIOM YKuCre NPOLIECCOPOB
C BbICOKOW cTeneHbo adhdeKTmB-
HOCTU. VIHTEHCMBHOMY pPa3BUTUIO
M BHEOPEeHMIO napanmenbHbIX
METOOMK B MNPOM3BOACTBEHHbIE
pacyeTbl cnocobcTBoBan BBOA B
akcnnyataumto B POAL-BHAND D
psiga BbICOKOMPOU3BOAUTENBHbBIX
BbIYUCITUTENBHBIX CUCTEM.

B 2007 rogy nony4yeHbl 3Ha4n-
Mble pe3yrnbratbl B pa3pabotke me-
TOAMK M MPOrpaMMHbIX KOMMIIEKCOB
HOBOrO NMOKOMEHWS Arsi NPOBeAeHNs
BbICOKOTOYHOIO KOMIMbIOTEPHOTO
MOZENMPOBaHNSA CITOXKHbIX (hnsmn-
yeckux npoueccosB. B yacTHocTw,
3aBeplueHa pa3paboTka maTema-
Tnyeckon metoankn KOPOHA ans
pacuyeTa OBYMepHbIX 3agadvy usn-
KN BbICOKMX MIOTHOCTEN 3HEPruu
(rasoBasi AuHamMuvka, TenmnonpoBo-
OHOCTb U aeTtoHaums BB). Meto-
OVKa N NPOrpaMMHbIA KOMMNEKC
COaHbl B OMbITHYKO 3KCMIyatauumio.
Metoanka KOPOHA ocHoBaHa Ha
HesIBHbIX Pa3HOCTHbIX CXemMax u
NCMOMb30BaHUN NepPeMEHHOro no
pa3mepy pa3HOCTHOro LwabrnoHa
Npy NOMNy4YEeHUN KOHEYHO-Pa3HOCT-
HbIX YPaBHEHWI KaK s ypaBHEHWIA
rasoBoOW AMHaMUKK, TaK U ONs ypas-
HEHWs TENNMONPOBOAHOCTMU.

OCHOBHbIE XapaKTepUCTUKU
METOAMKM N KOMMIIEKCa Nporpamm
KOPOHA:

* NosBonseT narpaHXeBbiM
METOAOM OTCreXuBaTb KOHTaKT-
Hyl0 TpaHuLy Mexgy BellecTBamm
BOOMb BCEX MPOCTPAHCTBEHHbIX
HanpaBneHun.

» ObecneymBaeT XOpOLLYH TOY-
HOCTb pacyeToB 3a CHET MCMOMb30-
BaHWs MEPEMEHHOro Mo pasmepy
pa3HOCTHOrO LWabnoHa.

* [lo3BonseT paccunTbiBaTh 3a-
a4y BbICOKMX NNIOTHOCTEN SHEpPIrun
pasnnyHbIX BELLECTB, 3a4ayn co
CITOXHBIMW ra3ogMHaMU4eCcKUMU
TEYEHNAMU, B TOM YUCIIE CUITbHbIE
BUXPEBbIE N CTPYWHbIE TEYEeHUs,
packoMnakTaumio n obpaTHyo
KOMMakTauuio obnacren BeLecTB.

* Obecne4ynBaeT  BbICOKMN
YpPOBEHb «0e3aBOCTHOCTU» pac-
YETOB 3a CYET NCMONb30BaHUS CO-
BPEMEHHbIX METOAOB U Mporpamm
aBTOMaTUYECKOro nogaepxaHus
Ka4yeCTBEHHOW pacyeTHOM CETKM.

* [No3BonseT NpoBOAUTbL MHOTO-
MepHble pacyeTbl B NapanienbHOM
pexxuMe Ha MHOronpoLEeCCOPHbIX
OBM, 4T0 cyuwecTBeHHO CoKpalla-
€T KaneHgapHble CPOKMN pacyeToB.

PaspaboTtaHa metoguka TVIM-2D
n Ha ee base co3gaH KOMMIIEKC
nporpaMm And pacyeta ABymep-
HbIX 3aday rasoBOW OMHAMUKW,
yApyronnactmyHoCTn, AETOHaUWW,
TEennonpoBOgHOCTU, MarHUTHOM
rmgpoanHamukn (M) c ydetom
anpysmm MmarHuTHOro nons B MHO-
roobnacTtHon NOCTaHOBKE Ha Hepe-
NYNSpHbIX CeTKax C NMPOW3BOSIbHbIM
KOnmn4yecTBOM cBA3er B yanax. [Ana
pacLuMpeHust Knacca 3agad no mar-
HUTHOW rMapoAMHamMuke paspabo-
TaHbl 4OMOMNHUTENbHbIE METOAVKMN U
nporpamMmbl Mo PacyeTy MarHUTHbIX
noren B Tpex npuonmkeHusx. Kom-
nreKkc NporpaMMm rno3BorsieT NPOBO-
OWTb pacyeThbl B OCNeqoBaTenbHOM
M napannenbHOM pexumax cyera.
B metognke TUM-2D npenycmo-
TPEHO TpexXypoBHEBOE pacrnaparn-
nenveaHue. Ha nepeBomM (BepxHeEM)
YPOBHE pacnapansenveaHue ocy-
LLIECTBIISIETCH NO MaTeMaTnyeCKum
obnactam. Ha BTopom ypoBHE — Mo
napaobrnactam BHyTpU matematu-
Yyeckon obractu (Menko3epHUCToe
pacnapannenueaHve). Ha nepBbix
OBYX YPOBHSIX MUCMOMb3yeTcs MO-
Jenb pacnpeneneHHon namaTm m
NHTEepdenc nepegaym cooodLeHni
MPI. Ha TpeTbem (HWKHEM) ypOBHE
pacnapanienuealoTcs ntepauumn
CYETHbIX UMKIOB B Mogenu obLien
namaT C UCMOSIb30BaHNEM WH-
Tepderica OpenMP. Tpu ypoBHsA
pacnapansfenuBaHmsa MOryT umc-
Nonb30BaTbCHA MO OTAENbHOCTY,
MOMapHO B PasfMYHbIX COYMETAHUSAX
1 BCe BMECTE MNPV peLleHn OgHON
1 TOM e 3agaun. [Ina pacyeta cBs-
3aHHbIX 3agad MIL paspaboTaHbl
anropuTMbl 1 CO3A4aHbl NPOrpamMmbl
CBSI3X C METOAMKaMN MOOENMpPOBa-
HWUS1 MPOLIECCOB MepeHoca YacTuy,
n nany4veHusa C-95 (metog MoHTe-
Kapno). PassuBanncb MeToOuKM 1
komnnekc nporpamm TUM ans pac-
yeTa TpexMepHbIX 3adad ra3oBou
OVHaMWKKW, ynpyronsiactM4yHoCTu,
AeToHauun, TennonpoBOAHOCTH,
MarHUTHOM TMAPOAVHAMUKMN C yye-
TOM Anddy3nn MarHMTHOrO Nosis
B MHOroo6s1acTHOM MNOCTaHOBKE
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Ha HeperynspHbIX ceTkax C npo-
N3BOJSTbHBbIM KONMMYECTBOM CBS3EN
B y3nax. Ana metoankn TUM pea-
NM30BaHO pacnapannenvBaHue B
mMogenu obLen namsaT ¢ UCMnorb-
30BaHueM uHTepgerica OpenMP.
[na nocTpoeHns pacyeTHbIX CETOK
peanunsoBaHa nporpamma TUM-
PHA. B nporpamme TUM-PH[,
pa3paboTaHo U peanns3oBaHO Tpu
MeToda NOCTPOEHUST Heperynsp-
HbIX MHOFOrpaHHbIX ceTok. MeToabl
Oa3npyloTcst Ha NOSIMCTOBOM MO-
CTPOEHUM Ha OCHOBE OBYMEPHOWN
CETKMN, NOCSIONHOM MOCTPOEHUN
Ha OCHOBE MOBEPXHOCTHOWN CETKM,
NMOCTPOEHMM CETKM anarpammel Bo-
poHOro. Vcnonb3oBaHne OaHHbIX
METO0B MO3BOMSAET CTPOUTbL CETKU
ONSA TPEXMEPHbIX TEN CO CIOXHbI-
MKn reomeTpusimu. [ns pacderta
npoLeccoB ABYXMOTOKOBOW ra3o-
BOW AMHAMMWKK peanv3oBaHO pac-
napannenvesaHve B MOAENSAX CMme-
LAaHHOW NamATn, pacnpeaeneHHon
namaTn ¢ ucnonssosaHvem MPI n
obLLen NnaMmaTu ¢ MCNofb30BaHUEM
OpenMP.

CpaH B 3kcrnnyatauuto npo-
rPaMMHbIN KOMMSIEKC, OCHOBaHHbIN
Ha cBa3n metoank CATYPH-2005
(peweHne MHOrorpynnoBoro Ku-
HETUYECKOIo yYpaBHEHUS NepeHo-
ca yactuy, N n3nydYeHusi B OByX-
U TPEXMEPHBIX r€OMEeTPUAx) u
PAM3EC-KI1 (peLueHne ypaBHEHWI
rasoBoW AWHaMUKU N Tenronpo-
BOQHOCTU B MHOFOMEpPHOWN reome-
Tpun), ANsi pac4eToB Ha MHOrONPo-
ueccopHbix OBM. NpoBeaeHsbl nep-
Bble OBYX- N TPEXMEPHbIE pacyeThl
HOBBbIX KIacCoB 3afay MO OCHOBHOM
Tematuke BHANI .

CpaH B aKkcnnyataumio npo-
rPaMMHBIA KOMMIEKC AN pacyeToB
B MNapansierisHoOM pexume OBy-
MEPHbIX ra30AMHaMNYECKUX Mpo-
LLleCCOB OHOBPEMEHHO C pacyeToM
metogom MoHTe-Kapno nepeHoca
HENTPOHOB 1 raMMa-KBaHTOB, N3me-
HEHWs1 SHEPTUN CUCTEMbBI C UCTMOMb-
30BaHWEM PasfMYHbIX CreKTparb-
HbIX S0EePHO-PU3NYECKMX AaHHbIX.
Mpu pacyeTe npouecca nepeHoca
YYNTbIBAETCS rasognHamMmyeckasi
CKOPOCTb ABWXEHUS s4ep cpenbl
N ux Tennoeoe apwmxeHue. Moge-
NnvpoBaHue nepeHoca OCyLlecCT-

BNAETCA Ha chepuyeckon unu um-
NMHOPUYECKON MHTEPMOMALMOHHbIX
ceTkax MoHTte-Kaprno. B komnnekce
NMPYMEHEH OpUrMHasbHbIN cnocob
pacLiennieHus n pacnapannenuea-
HKS CBA3aHHbIX (ra3ognHamuKa + ne-
pEeHOC YacTuL) 3agau.
PaspaboraHa metogmka CONA-
PUC wn cosgaH nporpamMmmMHbIn
KOMMJIEKC ONS peLIeHns MHOro-
MEpHbIX 3aga4y nepeHoca many4ye-
HWS M TEMMONPOBOAHOCTU C Y4ETOM
rasogvHaMU4ecKoro ABWXEHUS
BellecTBa U Apyrnx omanyeckmnx
nMpoLeccoB Ha MHOronpoLeccop-
Hbix OBM. MeTtoguka COJIAPUNC
npegHasHayeHa Ans YNCIIEHHOro
peLleHns Ha MHOIOMPOLLECCOPHbIX
OBM TpexmepHbIX 3agad nepeHo-
ca M3ny4yeHus1 U TeNnonpoBOgHO-
CTV B MPOM3BOSbHbLIX 06racTsx ¢
BaKyyMHbIMW MOMOCTAMU C YY4ETOM
rasogvHaMU4ecKoro ABWXEHUS
BeLLeCTBa B OMNTUYECKN MIOTHbIX
CNnosiX U Apyrmx u3nyecKkmx npo-
LIecCcOB, COMPOBOXAAKLLMX 3TU
saBnenus. lNocTtaBneHHble 3agayn

KOMMIEKC MOXET peluaTb Kak ca-
MOCTOSITESTbHO, TaK U COBMECTHO
C OpYrMMU ra3ognHaMunyeckumm
MeToAMKaMu U NporpaMmmamu.

CpoaH B akcnryaTtaymio npo-
rPaMMHbIN KOMMMEKC NS pacyeTa
3aJauy ra3oBowvi AUHAMWKK, MEPEHO-
ca 4acTuy 1 U3nydyeHus B O4HOMEp-
Hon reomeTpun. OCOBEHHOCTLIO
KOMMekca ABnsieTcs ToT dakT,
YTO OH 0ObEeANHSET BO3MOXHOCTHU
NPakTU4EeCKN BCEX OOHOMEPHbIX
METOAMK, SKCMNIyaTupyembix B Ma-
TemaTtmnyeckom otgeneHun ATMO.
Komnnekc ocHaleH eguHbiM gns
BCEX METOAMK rpapuyeckum uH-
Tepdencom ansa 3agaHusi BXo4HOM
nHdOpMaLMM K pacdeTam, UHaMu-
YEeCKOro CONpoOBOXAEHUS pacyeToB
M MOCTNpoLeccopHon obpaboTkm
pesynbratoB cyeTa. COBPEMEHHBIN
WHTYUTUBHO MOHSATHBIA MONb30Ba-
TENbLCKNN UHTEPdENC NO3BOSIAET
NpoBOANTL MAacCOBblE€ pacyeThl
3agad cneumanuctaMmn g4epHoro
ueHTpa 6e3 yyacTusa paspabortum-
KOB KOMMIieKca.
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TpagnunoHHo B UTM® 3Haum-
TenbHOEe BHUMaHWe yaensieTcs co-
BEPLUEHCTBOBaHMIO 1 pa3paboTtke
HOBbIX (PU3VKO-MaTEMaTUYECKNX
Mogernemn, ux agantaumm n BHe-
OPEeHUI0 B MaTeMaTnyeckne Meto-
OVIKW, a TaKKe pasBUTUIO N COBep-
LEHCTBOBaHMIO MaTeMaTU4eCKNX
METOAMK, KOMMIEKCOB Nporpamm u
nX CBSI3e Ansi COBMECTHOrO yyeTa
pasnu4yHbIX PU3NYECKNX npouec-
COB MpPU YUCINIEHHOM MOAENUPO-
BaHUN pasnunyYHbIX NPUKNagHbIX
3agady. B 2007 rogy no aTtomy Ha-
MpaBfiEHUIO MOJTyYEHbl BaXKHble
pesynbraTbl.

COBMECTHBIMM YCUITUAMMN Te-
opeTukoB, marematmkos MTM®
n akcnepumeHTatopoB NPB nc-
cnefoBaHbl HEKOTOPbIE acneKThl
npouecca KymMynsTUBHOW HEYyCTOMN-
YMBOCTU CBOOOAHOW MOBEPXHOCTU
KOHOEHCMPOBaHHbLIX MaTepuanosB
npv BbIXOA4Ee Ha 3Ty MOBEPXHOCTb
yOapHbIx BoOnH. B pamkax metogu-
kn JIBMAK ycoBepLueHCTBOBaHbI
pacyeTHblE MOAENN, MO3BOMNA-
lMe yumTbiBaTb BNUSIHME Ha pas-
BUTME NMPOLECCOB PEONIOMMYECKUX
CBOWCTB Martepuarnos, nogsepra-
€MbIX YOapHO-BOSTHOBOMY Harpy-
»XeHnto. B yacTHoCcTK, nocTpoeHa
dusnko-matemaTnyeckass Mogenb
pa3BUTUSA JTIOKalTbHbIX BO3MYyLLE-
HUIA Ha CBODOOAHONM MOBEPXHOCTU
B HEHbIOTOHOBBIX >KUOKOCTSIX.
OTa Mogernb nossonuna onucatb
3KCNepuMeHTarnbHO 3aukcmnpo-
BaHHYO HEMOHOTOHHOCTb 3aBU-
CUMOCTM CKOPOCTM HapacTaHus
BO3MYLLEHUN OT reOMEeTPUYECKNX
napameTpoB Ha4dasibHbIX BO3MYy-
weHun. B pacyetax no metoaunke
JIGTAK onucaHbl onbIThl, B KOTOPbIX
NOMMMO BO3MYLLEHMI Ha cBoboa-
HOW NMOBEPXHOCTUN NPUCYTCTBOBANU
BO3MYLLEHMS Ha PPOHTE yaapHOW
BOJSTHbI (roppupoBKa ppoHTa).

B metoauke NNOTAK 6b1nn no-
gobpaHbl napameTpbl Mogenu
knHetukn MK ona BB Ha ocHoBe
OKTOreHa u BOCMpOu3BedeHa ABY-
MepHas kapTuHa, NosiyYeHHas B
peHTreHorpadm4ecknx onbiTax,
npoeegeHHbix B NPB. B akcnepu-
MeHTax nccrnegoBanocb U3MeHe-
HVUe ydapHO-BOJSTHOBOW YyBCTBU-
TENMbHOCTM MpY B3anMOOENCTBUN

OCHOBHbIE AOCTUXEHUA POAL-BHNNI®

Pacuen

®opma 803MyuUeHUl, Ha pa3gumue KOmophbiX OKa3bleaem eusiHuUe
20gbpuposka chpoHmMa ydapHoU 80r1HbI. Ha akcnepumeHmanbHoM obpasue
BUOHbI 30HbI C Pa3nu4yarUUMUCS HavyasibHbIMU 803MYLWEHUSIMU:
a — amnnumyda goamywerul A= 0,18 mm, 6 — A = 0,35 mm

yAapHbIX U AETOHALMOHHbIX BOSH
B Takmx BB. 3apeructpupoBaHbl
0COBEHHOCTU NHULMMPOBAHUA
yyBcTBUTENLHOrOo BB Ha ocHoBe
OKTOreHa Mno CpaBHEHUIO C He-
YYBCTBUTENbHBLIMW COCTaBaMu Ha
ocHoBe TATBE.

PaspaboTtaHa MeToaunka
YNCMNEHHOIO peLleHns Tpex-
MepHbIX ypaBHeHu Makceenna,
onucbliBalLWKNX pacnpocTpaHe-
HUE LUMPOKOMONOCHOrO 3neKkTpo-
MarHMTHOro MMMyrbca B MOSIOM
napabonmyeckom manydarerne.

a ;WY

HucneHHoe modenuposaHue rossi miomHocmu (a)
u peHmeaeHozpacgpus (6) (MUHUSAMU OMMEYEHO r0/1I0XXeHUe ¢hpOHMO8
yOapHbIX U 0emOHaUUOHHbIX 80S1H)
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CosgaHa nporpamMmma, peanuay-
owas 3Ty MeToauKy, NpoBeaeH
PS4 pacyeToB NpeacTaBUTENbHbIX
TECTOBbIX 3afay C Lernblo mayye-
HUS anMnpOKCMMMUPYHOLLUX CBOWCTB
Pa3HOCTHOW CXEMbl, NMOSTIOXKEHHOW
B OCHOBY meToauku. [poBoguTcs
anpobaums nporpaMmMbl Ha pacye-
Tax 3agay c napameTpamu, xapak-
TEPU3yLWMMN ONbITHBIM 0b6pa3sey
nanydarens.

C wvcnonb3oBaHMeM MeToda
YacTmy N KOHEYHO-Pa3HOCTHOIO
MeToAda pewenHus 1d2p-pensatu-
BUCTCKOro ypaBHeHus Brniacosa
npoBeAeHbl CpaBHUTENbHbIE
pac4eTbl 4N 3agayn O pasBuTUK
HeycTonumMBocTK Belibens n 3aga-
YM B3aMMOOENCTBUSA KOPOTKOUM-
NyNIbCHOMO JTAa3epPHOro M3ry4eHuns
C nnasmon. OTn pac4yeTbl Nokasa-
N1 BO3MOXHOCTb pellatb OByMS
YUCMEHHBIMX MeTogamMu onpeae-
fNeHHble Knaccbl 3agay gMHaMUKN
nnasmbl, YTO MNOBbILLIAET JOCTOBEP-
HOCTb pe3ynbTaToB.

Ha npumepe mogenbHon 3a-
Jayv pacyeTa areKkTpoMarHuUTHO-
ro uMmnynbca sigepHoOro B3pbiBa
nccriegoBaHa TOYHOCTb BbICOKO-
YaCTOTHOro NPUBAMXEHUsa Ons
ypaBHeHun MakcBenna c uenbto
BO3MOXXHOIO pacLUMpEHUs BpEMEH-
How obnacTn ero NPUMEHUMOCTMW.
YCTaHOBMEHO, YTO COXpaHeHWe B

ypaBHeHusax MakcBernna npousso-
OHbIX MO YrNOBbIM NMEPEMEHHbIM
CYLLIECTBEHHO yBENUYNBAET WH-
TepBan no BPEMEHMU, Ha KOTOPOM
pelleHne ypaBHEHUN BbICOKOYa-
CTOTHOMO MPUBNMXEHUS XOPOLLO
cornacyeTcd C pelleHMeM uc-
XOOHbIX YPaBHEHUI.

[Npogonmxanocb MHTEHCUMBHOE
pasBuTME METOAUK MONEKynsap-
HO-OAWHaMWYEeCKOro MOAenMpoBa-
Huna ML:

» OTpaboTtaHa TexHosorus
M[O-moaennpoBaHus 1 npoBedeHa
cepus pac4eToB B napanferibHOM
pexnme «bomnblMx» 3agad pas-
BUTUS paguauuoHHbIX Kackados
B rpaHeLeHTpUpoBaHHON Kybu-
yeckon (MUK) pewsetke meaun c
obpaboTkon pe3ynbratoB Mo
pacno3HaBaHWIO 1 BU3yanu3auum
TOYEYHBbIX N 06BbEMHBIX AedEKTOB
KpMCTanIn4eckonm CTpyKTypbl.

» OTpaboTaHa TexHonorus m
OCBOEHbI pacyeTbl 3agad paspy-
LUEeHNs1 MaTepuanoB METOAOM Kna-
cTepHou anHamuku. lNpoBegeHa
cepusa pacyeToB 3ajaudn BbIXxoga
yOapHOW BOJSHbI Ha npodunu-
pOBaHHYI MOBEPXHOCTb C ob6pa-
©oTKOM pe3ynbTaToB pPacyeToB C
Bblaayen cnektpa (no pasmepam)
yacTtuy, Nbinu, obpasyulenicsa B
npouecce BbixoAa yaapHOW BOSHbI
Ha cBOOOAHYI MOBEPXHOCTD.

lnom+oynakoeaHHasi cmpyKkmypa Kinacmepos amomos
(1 knacmep — 19 mkm). ~ 4 000 000 knacmepos.

Q@usudeckoe spems pacdema — 6 MKC

ModenupoeaHue 8bixoda y0apHoU 80JIHbI Ha MPOUIUPOBAaHHYH MO8EPXHOCMb
anMuHUesol niacmuHbl MemodoM KnacmepHol OUHaMUKU

B nporpamme nccnegosaHuii no
WHepUnanbHOMy CMHTE3y 6oMbLLoe
BHMMaHue ygensietca paspaboTke
YNCMEHHbIX METOAWK, MO3BONS-
IOLLIMX ONUCbIBaTb TPEXMEPHbIN
nepeHoC Na3epHOro U PeHTreHoB-
CKOrO M3Mny4eHuIn BHYTPU BGOKCOB-
KOHBEPTOPOB Na3epHbIX MULLEHEN.
CosgaHHasa B UTM® B coTpya-
HuyectBe ¢ UJIPOU uucneHHas
metoauka CHO-JIMPA nossonsiet
NpoBOAUTb B CEKTOPHOM Npubnu-
XKEHUW CreKTparnbHble pacyeThbl Ha
Gase cepuv OQHOMEPHbIX PaCcyYeTOB
Nno OQHOMEpPHOMY KOMMIEKCY Npo-
rpamMm pagmaumoHHOW N ra3oBomn
anHamukn CHA. OaHHbI noaxon
JaeT BO3MOXHOCTb NMpPOBOAUTH
BbIYMCIIEHUS C YY4ETOM HEpPaBHO-
BECHOTO XapakTepa U TPEXMEPHbIX
ocobeHHoOCTeNn pacrnpegeneHusi
nonen narnydeHus, nccnegoBatb
peanbHble KOHCTPYKLUUN MULLEHEN
(B TOM 4ncne KOHCTPYKLUUK, He 06-
nagaroLine oceBoW CUMMETPUEN).
lMpoBegeHbl pacyeTbl cnekTpanb-
HOW TPeXMepHON HEOOHOPOLHOCTH
PEHTreHoOBCKOro obrny4eHus kar-
Cynbl B 3KCMEepUMEHTax Nno UHep-
UManbHOMY CMHTE3y Ha yCTaHOBKE
«Wckpa-5». PesynbraThbl pacyeTos
MOKa3bIBalOT, YTO B IKCMEPUMEH-
Tax co cdepuyeckumm Bokcamm
(A = 1,315 MKkm) cpeaoHekBagpa-
TMYHasi HeOOQHOPOA4HOCTL obnyye-
Hus kancynbl coctaenseT ~ 3 %.
B obractu aHeprum xecTknx KBaH-
TOoB E| = 2,5-3 k3B npucytctayet
pe3knM MUK HEOOHOPOAHOCTU OC-
BELLEHHOCTU Kamncyrbl Ha YPOBHE
15-30 %. 310 06CTOATENBCTBO
MOXET CYLLIECTBEHHO CKa3blBaTbCS
Ha paboTe psiga KOHCTPYKUWNA, B
YaCTHOCTU, MULLIEHEN C KackagHbIM
ycurnieHmem. OgHako B TUMWYHbIX
3KCNepUMeEHTax CO CTEKNAHHbIMU
ra3oHanosIHeEHHbIMM 060oTo4YKamMm
TonuwuHom 3 — 5 MKM ero Bnusa-
HWe HecyulecTBeHHo. lNepeBog
ycTtaHoBKu «Wckpa-5» Ha BTOpylO
rapmMoHuky (A = 0,657 Mkm), Kak
MOKas3bIBalOT pe3ynbraTbl YMCMEH-
HOrO MOAENMPOBaHUA, NpuBen
K MU3MEHEHMUIO YCITOBUN 0bny4ye-
HUA MULLEHEN U1, Kak cneacreve,
K YBENNYEHUIO HEOQHOPOOHOCTU
PEHTreHoOBCKOro obrny4eHus kar-
cynbl 0o ypoBHS 5 %. C nomoubto

WHCTUTYT TEOPETUYECKOU N MATEMATUYECKOWU ®USUKKU (UITM®D)
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yncneHHon metoankn CHO-TTAPA
npoBefeHbl pacyeTbl ANHAMUKN
nonem n3ny4YeHus (PEHTreHOBCKOro
N Na3epHoro) B LUMIMHAPUYECKNX
6okcax-koHBepTOopax. HeopHo-
poaHOCTb obry4eHus Kancynbl ¢

3KCI'IepUMeHm C peHmeeHOB8CKUMU MUWeHaMU

OCHOBHbIE AOCTUXEHUA POAL-BHNNI®

TEPMOSAEPHBIM TOMSIMBOM B 3TUX
3KCMepUMEHTax OKa3sblBaeTCs Cy-
LLIeCTBEHHO BbILLE.

Kak n paHee, 6onblloe BHUMa-
Hne B 2007 rogy B UTM® POALL-
BHUNO® yoensinocb paboTtawm,

co cghepuyeckumu boKcamu-KoH8epmopamu
Ha ycmaHoske «Vckpa-5»: 12 na3epHbix ny4yKkos

(1) s800simcs 80 8HympeHHUl 06beM cghepuveckoz0
bokca (2) yepe3 6 omeepcmuli u Hazpesarm
8HYMPEHHIOI NMo8epxHocmb bokca; eeHepupyroueecs
8 boKce peHmaeHo8CcKoe u3y4yeHue go3delicmeyem
Ha kancyny (3), 3arnonHeHHyr [-T cmecbto

- 2
E
a 6

CBsI3aHHbIM C COBEpPLUEHCTBOBA-
Hnem 6as ssgepHo-pU3nNYecKnx
OaHHbIX, AaHHbIX MO YPaBHEHUSIM
COCTOsIHMA BeLecTB U npoberam
nanyyeHunsi. Tak, B UHTepecax
YCOBEPLUEHCTBOBAHNA Moaenen

I, B0 i

PacnpedeneHue UHMeHcusHocmu
roaoueHuUs 1a3epHo20 U3JTy4YeHUs Ha HYmMpeHHel
nosepxHocmMu cghepuyeckoz2o bokca
8 Mode IbHOM pacyeme ¢ KO3ghguUUeHmMom
noanoweHus k, = 0,5 cos’y

JlazepHas oceeweHHOCMb YunuHOpu4Yecko2o boKca: a — KOHCMPYKUUS MUWEHU U cXxema 8800a /1a3ePHbIX My4Ko8
(1 — yunuHApuyeckuli 6okc, 2 — omeepcmusi, 3 — n1a3epHbie ryyku); 6 — pacrnpedeneHue UHMeHcU8HOCMuU
102/10WEeHHO020 /1a3epHO20 U3/TyHeHUs Ha 8HympeHHel nosepxHocmu 6okca 8 MoOeslbHOM pacyeme
¢ KoaghghuyueHmom rnoanoweHusi k, = 0,5 cos®y (1 — omeepcmus, 2 — NepeuUYHbIe 1a3epHble NamHa,

3 — HanpaeneHue uaMeHeHUs MomoKa pPeHM2eHO8CKO20 U3/TyHEHUS)
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YPaBHEHUN COCTOSIHUS BELLECTB
C Uenbi pacwmpeHunsa obnactum
UX MPUMEHNMOCTMN U MOBbLILIEHMNS
TOYHOCTM OMUCaHUs IKCMEPUMEH-
TanbHbIX AAHHbIX:

» 3aBepuweHa paspaboTka Ha
ocHoBe YPC POCA-M u mopenu
TOIK (Tomaca — dPepmu ¢ no-
npaBKamu) LUIMPOKOANANA30HHOIo
ypaBHeHus coctosHua Pu-a gnd
pacyeToB TEPMOONHAMUYECKUX
CBONCTB 3TOro BelljecTBa BO
BCEW peannsyemMon B npuknag-
HbIX pacyeTax obnacTtu 3Hade-
HUW TemnepaTyp M NNOTHOCTEMN.
OT0 ypaBHeHMe NoJroTOBMAEHO U
BBegeHo B naket YPC-O® ansa
MCMONb30BaHUSA B NPUKNagHbIX
nporpammMax.

» 3aBeplueHa pabota no no-
cTpoeHuto cnnanH-YPC pagnsa
psga MeTansioB Mo AaHHbIM, MO-
MyYeHHbIM Ha OCHOBE MoAenu
MBLB KonbiweBa — MeagseaeBa
(MoandvumpoBaHHaa Mogenb

Crpancreas Cegm msgta YPC-08

W Sl

BaH-gep-Baanbca). BbinonHeHbl
nacnoptusaums atnx YPC un BBopg
nx B 6ubnumoteky YPC-O®. BeayT-
CS NPOU3BOACTBEHHbIE pacyeThI
C VX MCMOSb30BaHNEM.

BeinonHeHbl cnegywowime pa-
00TbI, HanpaBreHHbIe Ha YCOBeEp-
LUEHCTBOBaHME cepBuCa NakeTta
YPC-O®:

» 3aBepLueHa pabora no co3ga-
Huto 6asbl JaHHbLIX U pa3paboTke
WEB-cTpaHuubl gns npocmoTtpa
N KOMMPOBaHUSA 3KCNeprMeHTasb-
HbIX JaHHbIX, MCMONb3yeMbIX MpU
CO3[aHUN YpaBHEHWI COCTOSAHWSI.
PaspaboTtaHbl nporpammbl BU3y-
anusaummn gna WEB-cTpanuubl
©a3bl 9kcnepMMeHTanbHbIX gaH-
HbIX, MOMYyYEHHbIX C UCMOMb30Ba-
HMEM yOapHbIX BOSH.

* [lpoBeaeH aHann3 BapuaHToB
peanusauun eanHon omnbnmnotekm
MoZenen ynpyronnactu4eckoro
nedopmupoBaHus. PaspaboTtaH
NMPOEKT COOTBETCTBYIOLLErO pas-
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gena naketa YPC-O®. B coctaB
ONBNMOTEKM BKIIOYEHbI: MOAENU ¢
N30TPONMHbLIM YMNPOYHEHUEM, YNpPY-
roBsi3KOMmacTu4yeckne Moaenm,
penakcauuoHHble MoAenn Mak-
CBENIOBCKOW BA3KOCTU, Moaenu
C AWUCNOKALUMOHHOWN KMHETUKOWN
nnactu4eckoro gecpopmMmnpoBaHns.
lMpoBegeHo aBTOHOMHOE TECTUPO-
BaHne 61UonMoTeKu.

* 3HauNTENBLHO YBENMYEH 00b-
€M CnpaBo4YHOM MHGOpMauuKn ons
nonb3oBaTtensa. B tabnuuax 6asbl
OaHHbIX COAePXnTCs MHopMaLms
0 MOZEenNsiX ypaBHEHUN COCTOSIHUS
M CMEHHbIX Habopax KOHCTaHT K
HUM; MoZensx cpeaHnx npoberos
(POTOHOB M CMEHHbIX Habopax
KOHCTaHT K HUM; MHOIOrpynmoBbIX
M crnekTpanbHbIX KO3 duymeH-
Tax MOrMoLweHns1, NOyYeHHbIX MO
nporpamme THERMOS; mogensix
ONs pacyeTa ynpyronnacTnyeckux
CBOWCTB BELLUECTB; nutepatype no
TemaTtuke naketa YPC-O9®.

lpumep pabomel ¢ epachuyeckol cripagoyHol cucmemoti nakema YPC-O®

WHCTUTYT TEOPETUYECKOU N MATEMATUYECKOWU ®USUKKU (UITM®D)
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3aBepLUeHbl BaXHble 3Tarbl
B paboTax no co3gaHuio eauHbIX
07151 BCeX MHOrOMEpPHbIX METOAUK
M MpOrpaMMHbIX KOMIMMEKCOB
cpencTB rpaduyeckoro 3agaHus
HayanbHbIX AaHHbIX A5l PaCcyYETOB,
06palboTkmn pes3ynsTaTtoB cyeTa u
CO3[aHUI0 eauHbIX BrbnuoTtek pe-
LwaTeneim:

* B pamkax pasBuTmns TEXHO-
norvm NOAroTOBKU HaYaribHbIX
JaHHbIX TpexXMepHbIX 3agad B
nporpamve 3D-PH[] pa3spaboTaHbl
HOBbIE anropuTMbl 06paboTKN MC-
XOOHbIX rEOMETPUIA, peanm3oBaHo
NMOCTPOEHUE HOBBLIX TUMOB CETOK
(cocTaBHbIX perynsipHbIX, Hepe-
rynApHbIX METOAOM OTCEYEHUS),
peanu3oBaHbl HOBbIE anrOpPUTMbI
duneTpaumm n rpacunyeckon o6-
paboTKM OaHHbIX, B TOM 4yucne B
napannenbHoMm pexunme. Hosble
BO3MOXHOCTM MO3BOSIMAN NpoOBe-
CTM NOATOTOBKY TPEXMEPHOW 3aa-
4 ¢ 1 MUIInapaom a4eek CHETHOMN
ceTku. [ponsBegeHa KoMmnnekcHas
OoTfiagka B3auMOAEWNCTBUS METO-
ankn KOPOHA n nporpammsl rno-
SanbHOro nepecyetTa CETOYHbIX
BEJTNYUH.

* BHeapeHbl yCOBEPLUEHCTBO-
BaHMA B NapanrenbHbi BU3ya-
nusatop ParaView ¢ OTKpbITbIMUK
Kogamu, noBbillalOLne ero mac-
WTabupyemocTb B YacTu YTEHUS
JaHHbIX, BbIOOpa onTMManbHbIX
PEXMMOB B3aUMOOENCTBUA cep-
BEpPHOM 4YacTu Ha Bu3yanusauu-
OHHOM KrnacTepe C KITMEeHTCKOMN
yacTblo Ha paboyen cTaHuum
norib3oBaTtensi, paclWupeHbl 4o-
nycTumMble popmathbl S4EEK CETKM
M y4TeHbl CBOWCTBA s4eek, cogep-
Xalux CMeCb BeLLECTB.

* [loBbllleHa MacwTadbupy-
€MOCTb COBCTBEHHON npobrem-
HO-OPUEHTUPOBAHHOW (Ha CETKMN)
onbnuotekn EOP (eanHbin dann-
pas3pes) BBOAA-BbIBOAA OAHHbIX
napannenbHbIX 3agay.

* B cobcTtBeHHOM BubnuoTeke
pewatenen paspexeHHbIX fn-
HemHbIX cuctem anrebpanyecknx
ypaBHeHun PMLP/ParSol yco-
BEPLUEHCTBOBaHbI peluatenu ans
MHOFOMEPHOM AEeKOMMNo3nuun,
peanu3oBaHbl peliatenu ans
MHOTOMPOLECCOPHBbIX Y3II0B C 00-

OCHOBHbIE AOCTUXEHUA POAL-BHNNI®

Len namsiTblo, oTnaxeHa paborta
OnonnoTekn Ha GonbLIOM Yucne
MpOLIECCOPOB.

PaboTbl MO COBEpPLUEHCTBO-
BaHWIO pacYeTHO-TEOPETUYECKOM
0a3bl, pa3paboTke HOBLIX U yCO-
BEpPLLUEHCTBOBAHMUIO CYLLECTBYHO-
Wnx pu3rKo-maTtemMmaTnveckmx
Mogernemn, MeTogmk u nporpamm-
HbIX KOMMNINEKCOB HEOTAENUMbI OT
paboT Mo COBEPLUEHCTBOBAHUIO
BblYUCIIMTENBHON 6a3bl MHCTUTYTA.
NoaTtomy, HaunHas c cepeguHbl
90-x rogos, 3TOMY yaensaeTtcs
ocoboe BHMMaHuMe. K HacTosiLemy
BPEMEHW CO34aHa BblYUCIUTENb-
Hasi 6a3a COBPEMEHHOIO YPOBHS,
cocpenoTodeHHass B HOBOM Bbl-
yncnuternibHom ueHTpe POALL-
BHUN3O®.

B 2007 rogy npoBeAeHa peKkoH-
cTpykuusi BL], obecneunsatoias
pasMelleHMe BbICOKOMNPOU3BO-
OUTENbHbIX BbIMUCINTENbHbIX CU-
cTeM Ha nnowagu okono 3000 m?,
HagexHoe oriekTponuTaHne u
oxJlaxkaeHne 3SHeproeMKux Bbl-
YMCIUTENbHbLIX YCTAHOBOK Ha 6ase
NEPBUYHOIO 3N1EKTPOCHabXEHUSs
MOLLHOCTbIO 00 9 MBT.

B Hauane 2007 roga B POAL-
BHUNO® coana B akcnnyaTtauumio
pa3paboTaHHasl cneymanmcTamm
VMHCTUTYTa BblYMCIUTENBbHAs CU-
cTeMa pekopaHon Npon3BoauTenb-
HOCTW, Ha KOTOPOW B KPYrrocy-
TOYHOM PEXMME OCYLLECTBMSTCA
pacyeTbl 3aga4y MaremaTudeckomn
(OU3KNKN B OBYMEPHON N Tpexmep-
HOW MOCTaHOBKaxX MO OCHOBHOM
TeMaTuKe MHCTUTYTa 1 UccregoBa-
HUIO psiga u3nyeckux npobnem.
KOHCTpYKUMA BbIMUCIIUTESNBHOMN
cucTemMbl npucnocobreHa Kk ad-
PEKTMBHOMY BLINOSTHEHMIO 3a4ad
Mo MporpamMMHbIM KOMIJIeKCam
HOBOIO MOKOMNEHUSA, CNOCOOHbIM
acphekTUBHO 3arpyxarb bGonbLuoe
ymncno npoueccopoB. B HacToswee
BpeMsi 3aKaH4MBaeTcs pa3paboT-
Ka U co3gaHne BbIYUCITUTENbHOMN
cucTembl elle Gonblien Nnponseo-
OVUTENBbHOCTN, KOTOpas BOMAET B
Heo4HOPOAHbIA BbIMUCIINTENBHbLIN
komnnekc (HBK) ¢ obwmmn ans
Bcex OBM nogcuctemamm Ha 6ase
o6beanHsIoLLEN BbICOKOCKOPOCT-
HOM KOMMYHMKALMOHHON Marm-

CcTpanu, BbIXOOSALWEN Ha NOACETb
n3 6onee 700 paboumx cTtaHUUIn
nonb3oBaTenem COTPYOHWKOB
NTMO.

B 2007 rogy pasBuTbl nogcu-
ctembl HBK: BbICOKOMpomasoau-
TernbHaa cmctema rpadmyeckon
06paboTkn pes3ynbraToB YUCIIEH-
HOro MogenMpoBaHus 60rbLIoro
obbemMa 1 BbICOKOCKOPOCTHasi ve-
papxuyeckasi pannosasa cumcrema
fonbLwon emkoctu, obecnednsa-
loLLas X JOMNroBpEMEHHOEe XpaHe-
Hune. Vx paboTy MOXHO oxapakTe-
pun3oBaTh CriegyroLmMMm Luudpamm:
B CUCTEMY [ONTrOBPEMEHHOIO
XpaHEeHUs1 exxegHeBHO nepeme-
waetca bonee 1 tepabanTta gaH-
HbIX; BbIYUCIUTENbBHbBIA KnacTep
cucTtembl rpadmdeckon ob6paboTku
MO3BONWI BM3yanuanpoBaTtb Mors
paccyMTaHHbIX OU3NYECKMX BEMNU-
YMH Ha ceTkax go 1 munnuapga
TPEXMEPHbIX AYEEK.

Becb komnnekc BblYUCIIN-
TenbHbIX cpeacTB obbeanHeH B
aTTeCTOBAHHYO 3aKpbITYHO Bbl-
umucnmtenbHyto cetb (3J/1BC) BL,
koTopaa B 2007 rogy Takke yco-
BepLLUEeHCTBOBasiacb. 3akoH4YeHa
pa3paboTka yHMKanbHOW CUCTe-
Mbl LleHTpanM3oBaHHON ne4yatu
M BBOOA-BbiBO4A SMNEKTPOHHOW
MHdpopmaumm (CLUBBW) B/M3
3JIBC Bcemu nonb3oBaTtensmu; B
aonornHeHne k cermeHTty 3J1BC,
OPUEHTUPOBAHHOMY Ha pacyeTHbIe
nccregoBaHns, CoO3aH COMPSKEH-
HbIA CErMEHT AN TEOPETUYECKNX
nccrneagoBaHUn.

HacyuwHor Heob6xoaMMOoCTbio
ABMSAETCS BO3MOXHOCTb UCMONb30-
BaHWS1 BbICOKOMPON3BOANTENBHOIO
BL| OnbITHO-KOHCTPYKTOPCKNMU
nogpasgeneHnamm  BHUNDO.
Ons pelweHus aton 3agayun yBe-
NivdeHa MNpon3BOAUTENBHOCTb
aTTecTOBaHHOW TEPPUTOPUAnbHO
pacnpegeneHHon aBToMatusmpo-
BaHHOW CMCTEMbI B 3aLLULLEHHOM
ucnonHenmn (PAC3U) Ha Oase
KPUNTOCUCTEM, PacLUMPEHO YnC-
J10 nonb3oBaTenemn, NoBbILWEHbI
yaobcTBa nx pabotbl. 3To — YacTb
HWP no co3pgaHuto cnctembl 3a-
LMLLIEHHOIO OCTyNa K BbIYUCIIU-
TenbHbIM pecypcam BLL BHAND®
Opyrux npeanpuaTni,
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PaspaboTka BbicOkonpou3Boau-
TenbHbIXx OBM, BblMMCANTENBHBIX
KOMMMEKCOB U BbIYUCINTENBHbIX
ceTen conpoBoXgarnacb pasBuUTu-
em B POAL-BHUNID nx cucrem-
HOro NporpamMmmHoro obecneveHus.
B 2007 rogy

* YcoBepLleHCTBOBaHa noa-
cmcrteMa MOHUTOpPUHra agdoek-
TUBHOCTU pacnapannenuBaHus
npunoxeHnn STK npu cyete Ha
MHoronpougeccopHon 3BM, 4yto
MO3NTMBHO BMMSET Ha 3arpysky
BbIYMCINTENBHON CUCTEMBI.

* YcoBepLleHCTBOBaHa eguHasi
cucTema ynpasreHus 3agaHusmMu
ECY3 B MynbTUKIacTepHOM Bbl-
ymucnuTenbHoMm komnnekce HBK,
YTO MO3BOMSET OnepaTuUBHO OT-
CIieXXvBaTb N yNpaBnaTb XOO40M
pacuerta.

* YcoBepLUEeHCTBOBaH KOMMNIIEKC
nporpamm yrnpaereHusi nepeme-
LieHnem BblpabaTbiBaeMon 3a-
JadyaMmu  MHdopMauunm Mexay
napannesibHbiMn  annoBbiMm
cuctemamu OBM mn gonroBpemen-
HbIM XPaHWIMLLEM, YTO NOBbILLIAET
napannenmam obpaboTkm U Cco3-
AaeT ygobHble BO3MOXHOCTU YHU-
YTOXEHWS YCTapeBLUNX AAHHBIX.

* BHegpeHa noacuctema cete-
Bon 3arpy3km OC Ha 6e3guckoBoe
BbIYMCMNTENBHOE NOME MHOIONpPo-
ueccopHor IBM, yckopsioLast UH-
CTannsAunIio U CMEHY CUCTEMHOIO
nporpaMmHoro obecnevyeHus, 4to
0cobeHHO UeHHO anga 6onbLumx
BbIYMCIUTENBHBIX CUCTEM.

B 2007 rogy Bo BHUN3® pas-
paboTaHbl:

— Macwrtabupyemas cucrtema
ynpasneHusa 3aganHmamm JAM B
MHoronpoueccopHon 3BM, obe-
crneyvBaloLlas aBToMaTusaumio
MacCCOBbIX PACYETOB C y4ETOM Cre-
UMOUKN  yNpaBneHusi CHEeToM,
0cobeHHoCTEN CTpYKTypbl 3BM
W CTPYKTYpbl O€KOMMNO3VumMn na-
pannenbHbIX 3agady (npoxoaunT
OMbITHYIO 3KCMyaTauuio);

— aBTOMaTu3npoBaHHas
cucTtemMa TeCTUpOBaHUS MHOIO-
npoueccopHbix cuctem ACT,
obecneynBatoLas 3anyck TecToB
NMPVKIIagHOro YPOBHS, COXpaHe-
Hue pesynbratoB B 6a3e JaHHbIX
N 1nx nocnegytowyo obpaboTky, n

Habop nporpamm Noise Suit gns
M3MepPEHUs HEOOHOPOOAHOCTEN U
HecTabunbHocTen (wyma) B pabo-
T€ MHOIonpoLEeCCOpHbIX IBM.

B 2007 rogy Ha HeCKOSIbKMX
npeanpusatTusax Pocatoma, B TOM
uncne n BHUNNO®, BHeopeHa
pa3paboTtaHHasi Bo BHANI® npo-
rpamMMHasi cuctemMa KOHTPOIs u
yyeTa sgepHbix matepuanos Ac-
cord-2005 ¢ yny4JweHHbIMN CBOW-
ctBamu. NpoBogdatcsa paboTbl no
cepTidukaumm gaHHOW CUCTEMBI
Ha 6bonee BLICOKUI Knacc 3alyum-
LLIEHHOCTM C pasrpaHnyeHeM npas
poctyna. basa gaHHoOW cuctemsl
No3BONsieT aganTMpoBaTbh €ee U K
ApyrmM noTpebHOCTAM y4veTa u
KOHTpons. Tak, Bo BHAN3® B
2007 rogy Ha ©a3e 3TOM CUCTEMDI
paspaboTaHa U yCOBEpPLUEHCTBO-
BaHa cuctema COUNHKC, obecne-
ymBarLlasi HabnogeHne 3a Hapy-
LWeHMsaMN pexnma 6e3onacHoCTu
B 3J/IBC BLY BHUN3®.

Mpun pacyeTe KUHETUKM XMUYe-
CKUX UMW TEPMOSOEPHbIX peakuni
HeobXxogMMO 3HaTb Temneparypy
M KOHLIEHTpaLUUIO pearnpyroLmx
BeLlecTB, MNepeMellaHHbIX Ha
MOMEKYINSAPHOM UM aTOMapHOM
ypoBHe. Ha 0ase BuxpeBon nog-
CETOYHOW MOZenu nocTpoeHa
KUHETUKa U3MErNbYEeHNS BUXPEN
[0 pa3MepoB OEUCTBUA MOJSeKy-
napHon anddyaun. NokasaHo, 4To
BpeMS BblpaBHMBaHWSA TeMnepary-
pbl U KOHLEHTPAaLWA B CMELLaHHbIX
A4enkax onpegenaeTca Bpeme-
HEeM m3mernbveHus YacTtuy. 1o
NMO3BOMSET co3gaTb anropuTMbl
yCpeOHeHns1 KOHLEeHTpauun, Tem-
nepaTtyp v ypaBHEHWE COCTOSAHMS
cMmecun. Takum obpasom, 3anor-

MOYKe ypaBHEHWI, OMUCHLIBAOLLNX
TypOyneHTHOe nepemelLmBaHne C
nepexoaoM B FOMOreHHOe.
lNpoBeneHbl TeCTOBbIE pacye-
Tbl C UCMOJSIb30BaHNEM BUXPEBOW
NMOACETOYHON Mogenu TypbyneHT-
HocTu no metoamke MEY3A-I1 no
pPa3BUTMIO BO3MYLLEHWI HA LUITNH-
OpVYEeCKON rpaHuLe, YCKOpAeMOomn
cxogsulencs ygapHow BOJSTHOMN
(o6cueT onbitoB NPB Ha ygapHomn
Tpy6e). PesynbraTbl pacyeToB yao-
BNETBOPUTENBHO COrNacylTcs C
onbiToM. K coxaneHuto, Ha kaye-
CTBO 3KCMNEPUMEHTOB MoBNusina
nreHka, pasgensooLwas rassl, u
acumMmeTpus cxoxgeHuna YB B
onbite. Kpome TOro, NpoBOAMIUCH
YTOYHEHHbIE pacyeTbl Mo obTeka-
HUIO NMErkKMM ra3omMm «TSHKENoro»
yrna (onbiTbl HAa yaapHon Tpyobe
B ®B). PesynbraTbl pacyeTtoB
ONn3KNM K aKCNepMMeHTarbHbIM
JaHHbIM. Ha pucyHke obrnactb
1 — kaHan ygapHon TpyObl 3anos-
HeH Bo3ayxoM (p =1,205-1073 r/cm?,
y=1,4), obnacTb 2 3anonHeHa ra-
30M cpeoH-12 (p = 5,13-103 r/lcm®,
y = 1,139). HayanbHoe gaBneHue
B obnactsx 1 u 2 paBHo 1 atm. Ha
npaeoWn rpaHuue obnactu 1 3agaHo
MOCTOAHHOE AaerieHue 2,26 aTm.
Pasmepbl obnactn 1 — 49x%12 cwm,
obnactn 2 — 9%6 cm. B onbiTe uc-
crnepyeTtcsi obTeKaHMe «TSHKenoro»
yrna — TedeHue ABYyX pasHonmoT-
HbIX ra3oB C NepeMeLunBaHnEM.
3KcrnepyMeHTarnbHble TEHEBbIE
doTorpadun npegcTaensitoT cobomn
BMA obnactn gecdopmupoBaHns 1
nepemMeLlInBaHnNs rasoB «Ha Mpo-
cBeT». B pacyetax no ctaHgapTHON
cxeme 6e3 yyeTa nepemeLlnBaHns
LUMpUHA NepeMeLlaHHON 30Hbl He

HeHO HeaocTawllee 3BeHO B ue- BOCMNpoOmn3BoOAUTCA.
Ui
-
B
Pgwoom Y, Lt L i
Uk, 2

Cxema sKcriepumeHma o obmeKaHur «msKennoz2o» yana

WHCTUTYT TEOPETUYECKOU N MATEMATUYECKOWU ®USUKKU (UITM®D)



OCHOBHbIE AOCTUXEHUA POAL-BHNNI®

Ha ocHoBaHWUM Ka4yeCTBEHHOIO
aHanusa 3KcnepuMeHTanbHbIX
JaHHbIX N aHaNUTUYECKNX OLIEHOK
nocTpoeHa dpeHoMeHonorn4eckas

WHCTUTYT TEOPETUYECKOU N MATEMATUYECKOWU ®USUKKU (UITM®D)

MoZenb ynpyronnacTu4eckoro Te-
YEHWs1 U COBWUIOBOIO paspyLUeHnst
npu cnabbix yaapax. Harpesom B
yAapHbIX BOMHax npeHebperaeT-
cs. B ocHoBy mMogenu nonoxeHo
oyaroBoe rnpegcraBrieHne o 3a-
POXOEHUN U POCTE NNACTUYHOCTML.
TeueHne B oyarax Buxpesoe. Ha
3TO yKasblBalOT COBPEMEHHbIE
3KCrnepuMeHTanbHble OaHHbIE.
MVCTOYHMKOM BUMXPEBOIrO Te4e-
F=93 sy HWS ABMAOTCA FPYMMbl NIIOCKOCTEN
— — ' CKOJNBbXXEHUS Ha PELLETOYHOM YPOB-
[ He. OHM xe KOMMEHCUPYIOT BA3KME
[ i cunbl. B pesynbrate kapTvHa aBu-
[ )KeHUs oyaroB B TBEpAOM Tene Ka-
YeCTBEHHO Brm3Ka K Te4eHuto nge-
arnbHOW XnakocTu. Ha ocHoBaHMn
3TUX NpeacTaBneHUn nosyyeHbl
NpocTble ypaBHEHUS ynpyronna-
CTUYECKOro TeYeHus, rge cpeda
npeacTaBnsaeTcs B BUAE YNpyron
MaTpuLbl C HaXOASALWUMUCS B HEN
r ' oyaramu nnactmyHoctu. CTpyk-
[ Typa nonocbl agnadaTnyeckoro
cABuUra BugHa u3 pucyHka. BHyTtpu
nornockl BUAHa MenkogucnepcHas
CTPYKTypa, obpa3oBaBLlasics B
npouecce BUXPEBOIO ABMXXEHUS.
Ha kpasx nmonocbl BUAOHbI BbITS-
HyTble CTPYKTYypbl, COOTBETCTBY-
fowme nepexogHon 30He (BA3KUM
MOACIMOWN), B KOTOPbIX NMPOVUCXOAUT
WHTEHCMBHAas guccunauusi aHep-
r=132 mic riv npu caeure. Pesynbtartsbl MOryT
ObITb MCNOMNb30BaHbl B MOAENM-
[ poBaHUn nHMuumMpoBaHus BB npu
[ HM3KOCKOPOCTHOM BO3[AENCTBUM, a
[ Takke AN MOAENUPOBaHWS yrpy-
14 ronnacTM4ecKNx TEYEHUN MHepT-
HbIX MarepuanoB Mpu BbICOKUX

[ CKOpOCTAX AedhopMMpPOBaHMS.
[ [ PeLueHbl ypaBHEHMS, B KOTOPbIX
| npouecc AeToHauMm paccmarpu-
. BaeTcsa Kak da3oBbivi nepexoa.
§= 144 mamc | HanpgeH kputepun otbopa cra-
LMOHAPHOIO pexnma geToHauuu
KaKk npouecca ¢ MUHMMAarbHbIM
NPOV3BOACTBOM SHTpOnuu (Teo-
pema maacgopda — lMpuroxm-

=112 see

ObmekaHue «msixeso20» yena: criega — 3KcriepumeHm;

8 yeHmpe — pacyem no MEY3E ¢ mModenbto Ha). MMony4eHo ypaBHeHVe Ans
myp6yneHmHocmu (nosie KoHUeHmpayuti gppeoHa e cMecu); HaxoXxgeHusi CTalMOHapHOro npo-
crpasa — rorse riomHoOCMU 8 pacyeme duna gasneHus. NpumeHeHne

6e3 mypbyneHmMHOCMU Ha pa3Hble MOMEHMbI 8PEMEHU ycnosusa YenmveHa — >Kyre nosso-
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lMonockl aduabamuyeckozo cosuza (IMAC). Ckopocmb 08uxeHusi seujecmea 8 kaHane 70 m/c

ngeT onpegenuTb NOMOXeHWe Ha
aTtom npodoune Touku XKyre B Buge
OBYX HE3aBUCUMbIX NapameTpoB
{A,, P}— BblropaHua B To4ke
>Kyre n gaBneHus B 3TON TOYKeE.
BbiropaHne B Touke Xyre moxet
ObITb MeHbLie 1,0, Torga Yactb BB
BblropaeT 3a Toykom XKyre, n ata
YyacTb onpeernseTr nepemMeHHyro
OOnto BblAerneHns aHeprum, 3a-
BUCSILLYIO OT BHELUHUX MPaHWUYHbIX
YCNOBUN B 3KCrnepumMmeHTe. ITOT
hakT 06bACHAET Tak Ha3biBaeMoe
HenpgeanbHoe noseaeHvne BB, oa-
HUM U3 TUMUYHbIX NpeacTaBMTenen
KoTopbix sBnsietca TATB.

C nomoubo metoamk 3MAK m
TPOK nccnepoBanock passutune
TypOyneHTHOro nepemeLuBaHnsa
N pEerynisipHoro rfiokanbHOro BO3-
mMyLienms (J1B) Ha rpaHuue pas-
Aena Bo3ayx-SF.. Yucno Maxa
pacnpocTpaHsaLWenca B yaapHom
Tpy6e BonHbl B SF, ot 1,7 go 9,1.
PaccmoTtpeHbl cnyyan ¢ J1B pas-
Nn4HOM POpMbI: B BUAE TPEYrOrb-
HOW «KaHaBKW» W nonyuunuHapa.
PacueTbl npoBOAMIMCH C NOMOLLbIO
npsimoro 2D n 3D 4ncneHHoro mo-
aenvpoBanus. [Nony4yeHo:

— pesynbratel 3D- n 2D-pacye-
TOB B LiernioM Gnusku apyr K apyry;

— Bapuauus cetkn B 3D-pac-
yeTax B LENIOM He MEHSIET peLlue-
HUS, ogHaKoO B pacdeTe Ha Gonee
rpybon ceTke nmeetcsi bonee npo-
TSDKEHHAs Mo ANUTENbHOCTU CTa-
OVA, Ha KOTOPOW 3aMeTHa porib
cxeMHou BaskocTu. OHa nposiBns-
€TCA B PerynsipHbIX BO3MYLLEHUSIX
Ha obpasylolien kaHaBke. Yucno
rapMOHMK BO3MYLLEHUS YMEHbLLUa-
eTCs CO BPEMEHEM B cornacum ¢
TEOPETUYECKMMU OLEHKAMU;

— TypOyneHTHOCTb B 30HEe
nepemewmnsanus (3TI1) 3atyxaet
CO BpeMeHeM B cormnacum ¢ npo-
CTbIMM TEOPETUYECKMMU OLLEHKaMM
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CmauuorapHoe pewerue 0nsi npogurnsi 0asneHusi Py(A) (Ila) e 3asucumocmu om ebieopaHusi A us ypasHeHust
C MUHUMaJIbHbIM fpou3godcmeom sHmponuu s BB muna TATE (kpacHasi nuHusi). YepHbil myHKmup —
JNIUHUS1 moyek XKyee 0nsi «3amMopoxxeHHoU» ckopocmu 38yka (3C3). CuHsisi moyka — OassieHuUe U 8bleopaHue 8 moyke
XKyee ¢ 3C3 (A, ~ 0,97; P, ~ 26,5 [Tla). KopuyHeshbili wmpux-nyHKmup — peweHue 071 moyek XKyae ¢ npuMeHeHuem
«He3aMopoXeHHOU» ckopocmu 38yka (A, ~ 0,60; P, ~ 30,0 [Tla). PeanbHoe ebizopaHue 8 moyke Xyze
npu AJ = 0,60 - 0,97 u daeneHuu P, = 26,5 - 30,0 [T]a
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WHCTUTYT TEOPETUYECKOU U MATEMATUYECKOU ®U3NKKU (UTMOD)
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ansa wupuHel 3TT n TypOyneHTHON
CKOPOCTU;

— aHu3oTponua nynbcayun
ckopocTtu B 3Tl ymeHbluaeTca
CO BpEMEHeM, OCTaBasiCb 3Ha4u-
TenbHOW;

— MPW HECYLLECTBEHHbIX KO-
TNINYECTBEHHBIX OTNIMYMAX B LIENIOM
cornacme pacyeToB And YeTbipex
OMbITOB C 9KCMNEPUMEHTaNbHbIMU
AuarpamMmmamMm OoCTaTto4yHO yao-
BneTBoputenbHoe. B pacyeTtax,
KaK 1 B onbITax, Npy Marom yucre
Maxa wupunHa 3Tl cTtaHoBUTCS
Masnion Mo CPaBHEHWUIO C MPOTSKEH-
HocTbto JIB, a oHO Mano no cpas-
HEHMI0 C paccTosiHMeM A0 PpoHTa

OCHOBHbIE OCTUXEHUA POAL-BHUNID

yOapHOW BOMHbI NPU €e OBXEHUN
no SF,. Mpu uicne M, = 2,6 -2,7
yKasaHHble 3Ha4YeHUs1 CPaBHMMBI,
a npu M, = 6,1 nepeaHne KPOMKM
3Tl n JIB npakTnyeckun cnuaroTcs
c (bpoHTOM yaapHow BonHbl. Cka-
3aHHOE OTHOCMUTCS K KOHKPETHOM
noctaHoBke onbiTa. Ecnn npots-
XeHHocTb obnactn SF, caenatb
[OCTaTto4yHO 6onbLuon, LWnpuHa
3T wn npotsikeHHocTb JIB 6yayT
CTPEMUTBCS K HYIHO MO CPaBHEHUIO
C paccTtosiHuem o poHTa yagap-
HOW BOJIHbI;

— KapTuHbl pa3sutus J1IB n 3TT1
B LilenoM 6nmsku ans obomx BuaoB
HavanbHoro J1B.

Kak nseectHo, cuctema MAIO
paboTtaeT B ABa 3Tana. BHavane
C nomMoLblo cnvpaneHoro BMIT B
Nnyia3MeHHON Kamepe NnpoucxoauT
3amMarHM4MBaHue n Harpee nnasmbl
no Temnepatypsbl ~ 0,3 — 0,5 kaB.
Ha BTOpOM 3Tane nnasma cxumaeT-
cs1 0DOSIOYKON, Pa3roHAEMON C Mo-
MoLLbo 6oree MOLLIHOMO AVUCKOBOro
BMI. Ong ymeHbLUEeHUA BpeaHOro
BNuAHNA npumecen B [-T-nnasme
Heobxoanmo, YTOObI MOBEPXHOCTb
CTEHOK Kamepbl Oblria NoKpbITa Be-
LLIECTBOM, COCTOSILLIUM U3 NErknx
XUMUYECKNX anemeHToB. Pacue-
Tbl NMokasanu, 4to 6epunnuesoe
NOKpbITUE CTEHOK kamepbl MAIO

t=2.2

M3onosepxHocmu KoHueHmpayuu SF, 8 3D-pacyeme ¢ JIB muna «kaHaeka»

1.3

Q o1 o2 o3 .4

t

0.5 9.6 0.7
a

Basucumocmu om epemeHu wupurbl 3Tl (a); mypbyneHmHoul ckopocmu (6):
— — 2D-pacyem; —— — meopemuyecKkasi OUeHKa
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MO3BOMSIET CHU3WUTb MOTEPU 3HEP-
MK, CBA3aHHbIE C Hann4Mem npu-
MeCel, U yBEMMYNTb BPEMS KU3HU
nna3mbl o ~ 10 mkc. NosaensieTcs
BO3MOXHOCTb CYLLECTBEHHOIO
yBENMYEHWST HEMTPOHHOIO BbIXoAda
(oo ~10'® —10"°) npn o6LEMHOM
cxkatum nnasmbl ~ 108, 4To COOT-
BETCTBYET Kputepuio JloycoHa —
TepmosiaepHas 3Heprusa nopsigka
Tennoson aHeprimn -T-nnasmebl.

B Hay4HbIX M MpUKNagHbix uccre-
[OBaHMAX PasrMyHbIX NPOLIECCOB
MPW BbICOKMX MIIOTHOCTSIX SHEPIrU
BO MHOIMX Cy4yasiX UCMOrb3yHTCA
narHepbl, pasroHsieMble 0O BbICO-
Knx ckopocTen. BaxkHon xapakTtepu-
CTMKOW NTanHepoB, UCMOSb3yeMON B
NPUNOXeHUsX, SBMSETCA poBHas
dopma BHYTpPEHHEN NOBEPXHOCTU
NPV COXpPaHeHUU flanHepa B KOH-
OEHCUPOBaHHOM COCTOSHMM. [By-
MEpHbIE pacyeTbl MOKa3bIBAKOT, YTO
Npu pasroHe NanHepoB C MOMOLLBIO
cnupanebHoro BMIT oo ckopocTten
~ 8 Km/c, HECMOTpSI Ha CUITbHOE UC-
Ka)KeHMe Hapy>XHOW MOBEPXHOCTU
nanHepa ms-3a pasBuUTUS panemn-
TENSTOPOBCKON HEYCTOMYMBOCTH,
BHYTPEHHSASA NMOBEPXHOCTb MOXET
OCTaBaTbCs AOCTAaTOMHO POBHOWM.
Takvne namHepbl MOXHO MCMOSb30-
BaTb B pPasnNU4HbIX MNPUIOXEHUAX
(nccnepoBaHve AvHaMMYECKON
MPOYHOCTU, YPaBHEHUIN COCTOSHMSA
BELWECTBUT. 4.).

lMNpooosmkeHo pasBuTmMe npo-
rpammMHoro komnnekca J1IOIOC-2
Ons pacyeTa 3agady TensioMacco-
nepeHoca 1 aHanu3a HarnpspkeH-
HO-0edPOPMMPOBAHHOIO COCTOSIHMS
(HOC). B komnnekce JNNOIMOC-2 pe-
anu3oBaHa BO3MOXHOCTb Mpo-
BeOEHWST COMPSPKEHHOro aHanuaa
XapaKTePUCTUK rasoaMHaMNYECKMX
YCTaHOBOK, KaHaroB CNoXHoun ¢op-
Mbl 1 JieTaTeribHbIX annapaTtoB C
Y4ETOM B3aUMHOIO BIUSAHWS ABYX
npoueccoB. C 0OHOW CTOPOHbI, MO-
BEPXHOCTU KaHaroB 1 0b6TekaembIix
Ten nogBepXeHbl BO3OEeNCTBUIO
OaBrneHus OBWKYLLErocs rasa, 4to
MOXET MPUBECTY K UX CYLLLIECTBEHHON
nedopmauum. C apyro CTOPOHbI,
Jedopmaumst noBepxHocTen, orpa-
HUYMBAIOLLMX TEYEHME XKUOKOCTU
VN rasa, Hem30eXXHO Bbi3biBaeT
N3MEHEHME KapTUHbI CamMoro Teye-
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B3asucumocmb UHMeHcUBHOCMU HelimpOHHO20 8bixoda (dN/dt) om epemeru
8 2D-pacyeme Onsi kamepbl ¢ 6epunIuesbiM NoKpbimuemM Ha cmaduu
npedsapumeribHO20 Hazgpesa (cs1eea) U cxamusi co ckopocmabto ~ 10 kKm/c
(cripasa), d, — ob6bemHoe cxxamue, Hayao cxamus — 5 MKC
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U3onuHuu nnomHocmu Al natiHepa, pa32oHAEeMO20 C MOMOUbIO MOKO8
criupanbHo2o BMIT ~ 19 MA, norny4eHHble 8 pacyeme Ha MOMEHMbI 8PEMEHU,
coomeemcmeyrujue rosioXXeHUsIM 8HympeHHeU rnosepxHocmu natHepa
R, =3 u 1 cM (HadYasnkHbIl paduyc 4 cm)

HusA. CBs3b Mexagy nporpaMmmammu
rasoavHamukn n aHanmsa HOC obe-
cnednBaeTcsi creumnann3npoBaH-
HbIM MOZYIEM, KOTOPbIV BbIMNOMHSET
OOMEH rPaHUYHBIMU YCNOBUSIMU
1 MopdUHr (aedopmauuio) pac-
YeTHoW ceTkn. PabotocnocobHOCTb
MOoZyrsi NPOAEMOHCTPMPOBaHa Ha
NnprMMepe CKBO3HbIX pacyeToB 3aday
a3pOoyMpyrocTh B KBAa3NCTaTUYECKOM
NPUOMKEHUMN.
YcoBepLUeHCTBOBaH psd anro-
pPUTMOB 1 MOAYIEN KoMMrekca:

 PaspaboTtaH n BHegpeH MeTos
peweHna ypaBHeHun HaBbe —
CTtoKkca Ha ceTkax, COCTosLLMX U3
MHOFOrPaHHUKOB C NMPOU3BOJTbHBLIM
YUCMOM rpaHen.

*B mMogynb rasognHamMuku
nobaeneHa BO3MOXHOCTbL y4deTa
3 PHEKTOB CKMMAEMOCTN B OKO-
JI03BYKOBbLIX U TPaHC3BYKOBbIX
TEeYEeHUsX.

« B moaynb aHanusza HOC
BBEeLEH y4eT TemrnepaTypHOro
Harpy>xeHus.

WHCTUTYT TEOPETUYECKOW U MATEMATUYECKOU ®UIUKU (UTMOD)
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OCHOBHbIE AOCTUXEHUA POAL-BHNNI®

Pacuemnas cemka e obrnacmu pa6o'-leeo KoJieca Hacoca

lMone dasneHus 8 obrnacmu paboyezo Koneca Hacoca (a)
u Ha nosepxHocmu sionamxu paboyezo koneca (6)

B 1962 rogy Ha BbicoTe 400 km
(Hag ocTpoBOM [>KOHCTOH B TXOM
oKeaHe) amMepuKaHubl NMpou3Be-
NV SiAEPHbIN B3PbIB MOLLHOCTBIO
1400 kT (onepauus «Starfish»).
B ny6nukayusix, onmcbiBaloLLmx
3TOT B3pbIB, COOBLLANOCh, YTO B Ce-
BEPHON MarHUTOCOMPSPKEHHOW 06-
nacTtu B MOMEHT BpemeHn t = 60 mc
3aperncTpmpoBaHO 3HaYnTENbHOE
yBenuyeHne Toka 3SIEKTPOHOB U
3TOT pesyrnbTaT TpakToBasncs Kak
npuxod B JaHHy0 obractb noTo-
Ka OOTOSMNEKTPOHOB, BO3HUKLLMX
B atmMocdepe npv MOrMoLeHn B
HEN PEHTIFEHOBCKOrO U3Nny4eHus
A0EepHOro B3pbiBa.

Bonpoc 0 BO3MOXHOCTU U yCo-
BUAX yxoga (POTO3MNEKTPOHOB Ha
pPaccTosiHUSA, 3aMeTHO 6onbLUne,
YeM xapakTepHble pa3mepbl 06-
nactu nx obpasoBaHus, MHTEPECEH
KaK C MPUKITagHON, Tak U C YUCTO
Hay4YHOM TOYKM 3peHus (pusmka
BeEpXHen artmocdoepbl), OgHakKo
Onsa ero peweHusa TpebyeTca ca-
MOCOITIaCOBaHHOE PacCMOTPEHnE
TPEXMEPHOW 3adaun O AOBuXKe-
HUN OOTOINEKTPOHOB, ANEKTPO-
HOB MPOBOAMMOCTU U BO3HUKalO-
LWMX SIEKTPOMarHUTHbIX MOMsX.
B UTM® paccMoTpeHbl HEKOTOpPbIE
KayeCTBEHHblE 3aKOHOMEPHOCTH
peweHus gaHHon 3agayn. Llenb
paboTbl cocTosifia B TOM, YTOObI
OTBETUTb Ha BOMPOCHI: KaKOBbI
ycnosusi yxoga (OTO3MEKTPOHOB;
KaK 3aBMCUT JOrNs yxogdawmx oTto-
3rIEKTPOHOB OT NMapamMeTpoB 3a-
Aaun (BbiCOTa, MOLUHOCTb B3pbIBa,
NPOBOAMMOCTb MoHocdepsbl). Ons
peLueHus 3aga4m 6bir UICNoNb30BaH
PS4 YNPOLLEHWIN, OCHOBHbIE U3 HUX
cnegywowme. [ins onpegenexHus go-
CTaTOYHOrO YCIOBUS «3anvpaHus»
(POTO3NEKTPOHOB peLuarnach aHanm-
TMYECKM CaMocornacoBaHHas 3a-
Jada 06 ogHOMEpPHOM ABWXXEHUN
(POTO3NEKTPOHOB B MOHOChEpE Npun
YyCrOBMM Marioro, No CpaBHEHUIO
C HayarnbHOW, N3MEHEHWSI NINOTHO-
CTN (POTOINEKTPOHOB. DTN YCIOBUSA
MOryT peann3oBaTbCs Ha JOCTaTou-
HO MarblX PacCTOSIHUSIX OT UCTOY-
HuKa. [na onncaHnsa TpaekTopumn
(POTOINEKTPOHOB, OXMOAKLLNXCS
Ha OO0MbLUMX PACCTOAHUSAX OT TOYKM
POXOEHWS, BMMSHWEM 3IEeKTpOCTa-
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TMYECKOrO MOMs Ha MX OBWXKEHune
npeHebperanocb. CymMtanoch, 4To
POTO3MEKTPOHBI ABUXKYTCS BOOIMb
CUMNOBbIX NIMHUN F€EOMarHUTHOIoO
nons. B obownx cnyyasx asuxeHve
POTO3MNEKTPOHOB cuynTanochb bec-
CTONKHOBUTESbHBIM. [ToKasaHo,
YTO BO3MOXXHOCTb POTOISEKTPO-
Ham ynTu na obnactm sgepHoro
B3pbiBa 3aBUCUT OT CKOPOCTU
cBeTa, NPOBOAMMOCTU MOHOCe-

pbl, HA4anbLHOM CKOPOCTU GPOTO-
3IIEKTPOHOB, KOOPAWHATbLI TOYKM
poxaeHna oTo3anNeKkTpoHa, pagu-
yca MOMHOW MOHM3aLuMu BO3adyxa
BbIXOOSALLUM PEHTIEHOBCKUM U3y~
YeHueM, YacToThl JleHrmiopa B 06-
nactu nonHown uoHunsaumm r< R,
Ha pucyHkax npvBeneHbl HeKo-
TOpble pe3ynbTaTbl pac4yeToB Ang
napameTpoB PEHTIEHOBCKOIO N3ny-
YeHUs, KOTopble peann3oBanmchb B
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onepauumn «Starfish». B obnactu |
(POTOSMEKTPOHDbI «3annparTca» U
MOKNHYTb €e He MOryT; u3 obna-
ctu lll ynayT Bce OOTOSMNEKTPOHDI;
n3 obnactu Il MOXeT yATM TONbKO
YyacTb anekTpoHoB. Kak BngHo u3
PUCYHKOB, BCE (POTOINMEKTPOHBI
MOTYT NMOKNHYTb 0BnacTb SAEpPHOro
B3pbiBa Npu B3pbIBE Ha BbICOTE
H> 200 km (OHeBHOe BpeMmsl)
n H> 220 kM (HOYHOE Bpemsi).
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XapakmepHble obnacmu 3adayu; a — OHeEBHOEe 8epeMs 8651u3u MaKcumyma UuKiia COJIHeYHbIX IN5IMeH; 6 — Ho4YHoe
8epeMs 86nusu MUHUMYMa UUKI1a COJTHeYHbIX NMAMmeH; H — ebicoma moyYKu 83pklea; r — KoopOUHama mo4Ku pO)KaeHUFI
¢bomoanekmpoHa, RO — paduyc rosIHoU UoHU3auuu eosdyxa 8bIX00AUUM PEeHmeeHOo8CKUM u3rty4eHuem

WHCTUTYT 3KCNEPUMEHTAJIbHOU FA3OOUHAMUKMU
n ®U3NKN B3PbIBA (UDB)

BBegeH B akcnnyaTtauuio
peHTreHorpadon4ecknin KOMMNeKc
Prk-b, cocrtoawmn wus Tpex
PEHTrEeHOBCKNX YCTaHOBOK HOBO-
ro nokonenmnsa bMM234.3000 un
MHOroKaHanbHOW MHOroKagpoBOW
3MEKTPOHHOW CUCTEMBI perncrpa-
LN PEHTIEHOBCKOIO M306paXxkeHUs
CyOMMKPOCEKYHAHOro guanasoHa.
HoBbI KOMMIEKC NO3BONUT perun-
CTpMpOBaThL ObICTpONpOTEKAKOLLNE
npouecchbl B TPeX HarpaBlieHUsIX.
370 pacTt BO3MOXHOCTb Matema-
TUYECKMMU METOAAMM BOCCO3OaTb
TPEXMEPHYIO KapTUHY oObekTa uc-
CcrnegoBaHust B pasHble MOMEHTDI
BpemMmeHu. Komnnekc pacwumput
BO3MOXHOCTU uUccnenoBaTtenen u
NO3BONIUT UM peLlaTb NPaKTUYECKN
BECb CMEKTpP 3adady, MOCTaBMNEHHbIX
nepea razoagnHaMmkamu.

PernmeeHoepagbuyeckuti komnnekc PIK-b. LleHmparbHbIl 3an
C mpeMsi peHmaeHo8cKUMU ycmaHoskamu bM234.3000

WHCTUTYT SKCNEPUMEHTANIBHOW FA3SOAWHAMUKN U ®U3UKN B3PbIBA (M®B)





