TexHONOrnA YTOYHEHHUA rNY6HHHO-CKOPOCTHON MOAENYN HEOAHO-
POAHOHA 3EMHOM CPpeAbl W NONYYEHNE BbICOKO-PA3PELLIEHHOro
n300paXeHns No CeiCMUYECKNM aHHbIM C NPUMEHEHHEM
cynepkomnbloTepa «JIoMOHOCOB>.
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AHHOTaUWA

OnHoM M3 OCHOBHLIX Npobnem, ¢ KOTO-
poi BCTpeyaeTca reodusnk npu obpabor-
K€ [OaHHbIX CencmopasBenkn, ABNAeTCH
yCTPAHEHME  MCKaxawwero BAUAHUA
NOKPbIBAIOWEN CNOXHO-NOCTPOEHHOMW reo-
NOrMYECKOW Cpeabl Ha Hwkenexawwue
CENCMUYECKNE TOPU3OHTbI. BaxHbiMKn
NPpUMEpPaMU ABNSIOTCH CONAHO-KYNONbHasA
TeKTOHWKa B 06NacTy NpUKacnMNCKoX Bna-
OWHblI UNWM HAABUIOBas TEKTOHWKA B YCNO-
BusAx TumaHo-Mevopckoro HegpTera3aoHoc-
Horo Gaccenna. O6wumm ycnosvem B
oboux cny4asx fBNAETCHA 3HaA4YMTeNbHas
natepanbHas W3MEHYMBOCTb CKOpPOCTew
pacnpOoCTPaHeHNs BOMH B MOKPLIBAOLLEN
cpene. OCHOBHbIM CNOCOBOM y4yeTa Takux
uckaxeHun sasnsetca 3-D rnybuHHasn
cencMmu4eckas Murpaums oo cymmmposa-
HusA. NpyMeHeHne OAHHOM TEeXHONOormu
CBsI3aHO C ABYMS OCNOXHSAIOWUMKN HaKTO-
pamMu - Heob6x0AMMOCTbIO MOCTPOEHUSN
agekBaTHOM MOLEN WHTEPBasbHbLIX CKO-
pocTe# B rnybuHHOM obnacTtu Ans BbINoOAN-
HEHWS MUrPaunK, a Takke 3HAYUTESIbHbIM
BPEMEHEM pacyeTa MUrpUpPOBaHHbIX CENC-
Morpamm obLen Touku oTpaxenus (OTO).
YcrnewHoe peweHue 3Tnx npobnem ceasa-
HO CO 3Ha4YuTeNbHbIM, HA HECKOJ/IbKO
NOPAAKOB, MOBLILLEHVNEM BbIMUCTUTENBbHBIX
MOLLHOCTEN ANA MOCTPOeHus Mogenun
MHTEPBA/IbHLIX CKOPOCTENn N COBCTBEHHO
mybuHHOM Murpauuu A0 CYMMUPOBAHNA.
JarHasi cTaTes NOCBALLEHA OAHOK M3 BO3-
MOXHbIX TEXHONMOMMK NOCTPOEHN MOAeNH
WHTEepBasibHbIX CKOPOCTEN W NMPUMEHEHUIO
rMyOGuHHON MUrpauum 00 CYMMWPOBaHWSA
[aHHbIX ceicmopassegkn 3-D, nony4veH-
HbIX B YC/OBUSAX COMSIHO-KYNONLHON TEKTO-
HWUKM NPUKACNUACKOW BMNagwWHbl, C Npume-
HEHVWEM KpynHeWhnwero OoTe4ecTBEeHHOro
cynepkomnbioTepa “Jlomonocos” (HMBL
MIY). 3-D rnybuHHaa murpauua oo Cym-
MWPOBAHWA BbINOMHANACLE C NOMOLLbLIO
0Te4YeCTBeHHOW NPOorpaMMHO-anropuTMKn-
yeckon pa3spabotkn «CeilcmoCkaH»,
ncnone3ylowen anroputm Knpxroga.

BeepeHwne

OCHOBHbLIM METOA0M NOCTPOEHWA CENC-
MWYECKOro un30bpaxeHnss B YCNOBUAX
CNOXHO-MOCTPOBHHbIX CPeA N 3HAYNTeIb-
HbiX naTtepanbHbIx Bapuaunin CKOPOCTBN

aBnAeTcA rNybuHHAA MUrpaums go CyMmMu-
poBaHua. MeToguyecku, o8 KOPPEKTHOMo
BbINONHEHWUSA TNYBUHHON MuUrpauun Ao
CyMMUpOBaHMA HeobxoavMo 3a4aTe aaek-
BaTHYIO MOAENb UHTEPBANbHbIX CKOPOCTEeWn
B rybnHHomM wmacwrtabe. WVCTOYHUKOM
nHpopmaumm ansi OUEHKW CKOpOoCTen
ABNAIOTCA KAK CaMW Ha3eMHble CencMunye-
cKkue AaHHble, Tak 1 gaHHele BCI, a Takke
apyras 40CTynHasa reonoruyeckasi U cksa-
XuHHaa nHpopmaums. B npocTbix cnyvasx,
C TOYKW 3pEeHust pacnpeneneHns CKopo-
cTel, NPUMEHNM MEeTof, OCHOBaHHbIA Ha
dopmyne Aukca [3], C TOMOLLLKO KOTOPOTO
M0 CKOPOCTSIM CymmupoBaHms O'T MOXHO
NOCNIOMHO paccyMTaTb MHTEPBa/IbHbIE CKO-
poctu. OgHako OaHHbIA METOA NPUMEHUM
TONLKO 018 CYOropn3oHTasIbHO-CNOUCTbLIX
cpegn. Mpu MCNonNb30BaHWUM ero B crny4ae
3HAYUTENbHOWM naTepansHOW Bapwvauum
CKOpOCTE BO3HUKAIOT 3HAYUTE/bHbIE
NorpeLLHOCTU B oNnpeaeneHn nHTepeans-
HbIX CKOPOCTEN.

Onsa cnoXHO-NOCTPOEHHLIX cpen Hawu-
f6onee pacnpocTpaHeH noaxomd, C Nocnon-
HbiIM OnpegeneHnem CKOPOCTeRn WAKN Tak
Ha3blBaeMas korepeHTHas uHesepcus [4].
JaHHbliA Noaxon OCHOBaH Ha Koppensauuu
OCHOBHBIX OTpaXxalwwnii roOpU30OHTOB
(obbiMHO, 4-5). Mocne 4ero, Ha OCHOBE
rOPU30OHTaNbHbIX CNEKTPOB CKOPOCTER,
pacc4yuTaHHbiXx No cencmorpammam OCT,
ONPEdEnaIOTCA MHTEPBa/bHbIE CKOPOCTU
Ons BepxHero ropuaoHta. C nonyd4eHHoON
CKOPOCTbIO BbINOAHAETCH MUTPauUms ropum-
30HTa B rybuHHylo obnactb. YuuTbiBan
CKOpPOCTb U rnybuHy nepsBoro ropu3oHTa,
MOXHO PaccyuTaTb CNEKTP MHTEepPBaNbHbIX
CKOpOCTEN 4ns BTOPOro ropu3oHTa, nony-
YEeHHbIX C Y4€TOM NPENOMNEHUA HA Bblle-
nexawem ropusoHte. Takum o6pa3som,
NOCNONHO ONpPeaenalTCaA CKOPOCTU AN
BCEX OCTallbHbIX FOPU3OHTOB. 3HA4YeHWs
CKOPOCTEWN Mexay ropu3oHTamn 3a30aKTCK
nMBo NOCTOAHHLIM  3HaYeHuem, nubo
COrnacHo KakoMy-nnbo CKOPOCTHOMY
3aKOHyY, Yauie BCcero NUHernHOW 3aBWCK-
MOCTbIO OT rybuHbl. nsn 3-D aaHHbIX NPO-
Leaypa BbINONHAGTCA NO CETKe BepPTU-
KasnbHbIX CPEe3oB (Hanpumep uveped 10
VHNANHOB).

Hy>XHO OTM@TUTL, HTO AAHHbIA NOAXOA

MPUBOPLI n CUCTEMbI PA3SBEQNOYHOU FTEODUN3NK  Ne02(40)/2012

OGWEPOCCUACKUUA HAYHHO TEXHANECKAN EREKDAPTANBHBIN WVYPHAN

q
m
O
©
S
W
s
-
m
O
A
s
m

=
m
v
m
b o
L
o
o
=
L
o
A~




A

S s
T |\
2 1O
~ihr
-
"5‘9
=is
[ -

1y

Al.‘.

WMeeT pan orpaHuyenuin. Mpu Mcnonb3o-
BaHWM HeckoNbkWx rOpU3OHTOB Ka4eCcTBO
NONy4YeHHbIX CNeKTPOB 3HAYNTENLHO YXYA-
waerca nna 6onee rnybokmx ropu3oOHTOB
(06bIYHO 3-5-i1 ropuaonTsl). BecneacTteve
3TOro onpeneneHne ckopocTen CTaHOBUT-
CS HEe HaAEeXHbIM, 1 BO3HWKAIOT 3HAYNTENb-
Hble NnorpewHocTn. Tak xe, B cny4ae Npu-
CYTCTBUA CKOPOCTHOM HEoAHOPOAHOCTU
CPaBHUMOW No pasmepam C ANMHON NpuU-
€MHOIN paccTaHoBKM (CpegHe-nepuoaHas
aHOManus), cnekTpbl ckopocTen 6yayT
UMETb UCKaXeHHbIn BWUa, COCTOAWMNM M3
HECKONbKMUX MAKCUMYyMOB U MWHUMYMOB
[4]. DanHas ocobeHHOCTb sBAsIETCA
HEYCTPaHUMbIM OrpaHUYeHMeM MeToaa, B
pe3ynbraTte Yero npuxoauTca rNPonyckKaTb
aHOManbHblE Y4aCTKW, BCNeaACTBUE 4ero
NnafnaeT TO4YHOCTb MNOCTPOEHUs Moaenu
CkopocTten. Cnegywowumm warom obbiy-
HO ABNAETCA YTOYHEHWE NONYYEHHON
Moaenn. Hamnbonee pacnpocTpaHeHHbIN
COBpPeMeHHbIn nopxod — ceTo4dHas 3-D
TomMorpaousa. [aHHbii MeTon OCHOBaH Ha
OLEHKax OCTaTO4HbIX KPUBU3H roaorpados
OTPaxeHHbIx BOMH ceincmorpamm OTO
nocne rny6uHHON Murpaumm O CyMMMUPO-
BaHusa. Ecnm mogens nogo6paHa koppekT-
HO, rogorpacd obnagaeT Hyl1eBo ocTaTou-
HOM KPMBW3HOW, e€cnn Moaens umeeTr
owmnbku, rogorpad MMeeT OCTaTO4YHYIO
KPUBM3HY 1 MOXET annpoKCUMMNPOBAaTLCA
napabonoi. Nony4as kyd ocTaTo4HbIX KPU-
BM3H, a TaK >XXe UCMOob3ysl UCXOAHbIN KyD
CKOpPOCTER, MOXHO Ha OCHOBe ToMOrpa-
dunyeckoro nopxoaa TaK U3IMEHWUTL
Mogens, 4HTo6bl MUHUMMU3UPOBANacsL None
OCTaTO4YHbIX KPpMBN3H. OTMEeTUM, 4TO OaH-
HbIA METOA MMEET CBOW OFPaHNYeHUs N He
cnocobeH y4ecTb oLmbkM CKOpoCTel npe-
Boiwatowme 20% [2].

Hanbonee HaaeXHbIM WCTOYHMUKOM
nHPOpMaLLM O CKOPOCTAX PacrpocTpaHe-
HWS YNPYrux BOSH ABASETCS UX N3MepeHne
HenocpeacTBEHHO B CKBaXXWUHe, 4TO agena-
eTCca C noMoLblo aaHHbIX BCI v akycTuye-
ckoro kapotaxa. JaHHbie BCM npepnou-
TUTEeNbHEee B CUfly TOro, 4TO N3MEpPEeHUs
NPOU3BOAATCA Ha TEeX Xe 4acToTax YTo u
npyn Ha3emMHoW ceincmopasBegke. Kak
NokasbiBaeT OnbIT, MEeHbLUAA AeTaNnbHOCTb
BCI1 oTHOCUTENbHO aKyCTM4YECKOro Kapo-
Taxa He BaxHa npu NoCTpoeHUn CKOPOCT-
HOWV Moadenu cpegs! ANns BoiNOAHEHUA MUIr -
paumn. OCHOBHbIM HEOOCTaTKOM 3TOro
noaxoaa siBAAeTcs To, 4To uHpopmaums o
CKOPOCTAX AOCTYNHa TONbkKO B obBnactu
OKOJ/IOCKBa>XWHHOrO rNpoCcTpaHcTaa.

Apyroin TpyaHon npobnemomn, ¢ korto-
PO  NPUXOAUTCS  CTankMBaTbLCA nNpwu
BbinonHeHnu 3-D rnybuHHon cercMmunye-
CKOW Murpauumm A0 CyMMUpoBaHUS

o ™
-

ABNAETCA 3HAYNTENbHOE Bpgy,.
cencmorpamm OTO npu 3anany, ey
ckopocTein. Bpemsa cuyerg 35, Aen,
HecKobkux ¢akTopos u Moxe . T oy
BapbNPOBaTLCH. Kak npasung, [, ““Mbig
MaKCUMansHO KOPPEKTHOro . "1\/'4@#“4@
murpauunm, Tpebyer BbIGOpa Taég,/anaTa
MEeTPOB MUIPAUMN, KOTOPkIe Mz, apa.
NoBbLIWAKT Bpems BblHUCNEHK K Nbyg
napaMeTpaM OTHOCATCS, npexpe BTamM
aneptypa MUrpauvn u war KBaTg Cerg.
no rmybuHe. Kpome Toro, CV“iecTaeBaH”
aKTOPOM, BAMSIOLUAM Ha ckopogr,
ABNACTCA KONMYECTBO Tpace ng Bxon,
BbIXOoAe npoueaypbobl MUrpauun, Bhe aﬂe "
CUMOCTW OT TUNA anropuTma. d8n-
KvaK npaswnno, ownbkuy g MOdeny ¢y, ‘
cTen TPebyIoT HEOQHOKPaTHOrg Bbing
HWS ry6UHHOM MUrpauun o CVMMMane'
HUSA MO CeTke npodunen ¢ Lenbio ko gza.
UMM MOAENN, YTO 3HAYUTENBbHO yBeﬂW‘”aK'
et obluee Bpems 06PabOTkM Aakkyy ﬂﬁ
WANIOCTPALUMM CKAa3aHHOTO Ha pug 1 rlp.:
BegeHa o6obuwieHHas avarpammg BbiNon
HEHWs! MONHOrO rpada 06PaBbOTKN cejicy,.
YeCKWX AaHHbIX Ha 32-si0epHom SMP-cgp.
Bepe. Kak BUOHO, OCHOBHYI0 nonio Bpeme-
HU  BLIMONHEHUS NPOEKTa  3aHumae:
MOCTPOEHNE MOAENN CKOPOCTEN 1 rnyGyy.
Hasi MUrpaums 0 CYMMNPOBaHus (go 70%
MPOLEHTOB), NO3TOMY reopunsunky-o6pa-
60T4MKY HEOOXOAUMO UMETL MHCTPYMeHT
KOTOPbLIN MO3BOSINT 3HAYUTENLHO Cokpa-
TUTb 3aTpadvyeHHoOe BpeMsA. EcTecTBeHHbM
BbIXOAOM SIB/IAETCSH 3HA4YUTENbHOE yee-
NIN4eHne BbIYUCNUTENbHbLIX MOLLHOCTEN.
OOoHMM N3 BO3MOXHbIX CPEACTB SBNSETCs
npuvBneYeHne COBPEMEHHbIX CYMNepKoM-
nbloTepoB. Kpome yCkOpeHNs BbiNOIHEHWS
CaMoii npouegypsbl MUrpaLmmn, UCnons3o-
BaHMe CYNepKOMMbIOTEPOB MNO3BONRET
NPUMEHNTb HOBbIE, paHee HenOoCTYMHbIE
TEXHOMIOTMN M YCKOPUTb MPOLECC NOATo-
TOBKW MOAENN MHTEPBa/IbHBLIX CKOPOCTEN.
TexHonorns NOCTPOEHUS WU YTOYHE-
HUA MoAenu CKOpPOoCTen C ucnonb-
3osaHuem CK “JlomoHoCOB”.

blM
b Cyery

Hble
X npoue‘
a3gesk
32- npo-

Picture 1 - OtHocuTenbHbie BpemeH
3aTpatbl Ha nNposegeHwe pasnu4Hbl
ayp o6pa6oTkn aaHHbIX 3L cevcMop
C MCnonb3oBaHWem CTaHaapTHOroO

LIeCCOPHOro knacrepa. I
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PaccMOTpMM noOCTpoeHne mMoaenu m
BbIMO/IHEHUE NYBUHHOW Murpaumm oo
CYMMWPOBAHUA Ha NpUMEpe cencmuye-
CKMX AAHHbIX 3-D B ycnoeuax consHoky-
nOSIbHON TEKTOHUKW Ha ceBepe Npukac-
MWINCKOMN CMHEKNN3bI. Kak n3BecTHO, B AaH-
HbIX YCNOBURAX UENEeBLIMW OpPU30HTaMn
ABNAOTCS KapboHaTHbIE KOMNNEKCHI, pac-
nonaralowmecs Ha rnybuHe nopsaka Skm;
VX NEepeKkpbIBAeT MOLLHbLIE COMAHbLIE Tena
CNnoxHon OpPMbI, MeXAY KOTOPbIMW pac-
NONOXEHbI NECYaHO-FMMHNCTbLIE 0Cankn
(mynbaa). Cxematuyecku nocTpoeHne
MOOENN B Takux yCNOBWAX MOXHO paspae-
nmTb Ha 3 3Ttana [1]:

1) OnpeneneHve CKOPOCTEN B MEec4aHo-

MWHNCTON TONLWe
2) OnpepeneHne reoMeTpun CONSIHOro

Tena
3) OnpeaenexHne reomeTpuu n CKOpocTen

NOACONEBbLIX OTNOXEHMNA

CTOUT OTMETUTb, 4TO AN HaWUNyHLIEN
$dOKYCMPOBKM MOACONIEBLIX OTPaXeHun
KPUTMYECKM BaKHbI MEPBLIE ABA MYHKTA.

TpagMUMOHHBIA NyTb 3akno4aeTcs B
OMUCaHHOM BbiWE MOoaxode Ha OCHOBE
NOrOpU30HTHOrO0 aHann3a, NOCTPOEHUs
HayanbHOW Moaenu, rny6MHHOW MUrpaummn
¥ nocneayrwmMMmn ntepaunsaMm ToMorpa-
duvmn 1 murpaummn. aHHein noaxoa 4acTo
TpebyeT Kak 3HAYUTENbHbLIX BLIYNCANTENL-
HbIX 3aTpar, TaKk U MOCTOAHHOrO y4acTtuvs
reodusunka B Npouecce BbiNONHEHNA BCEX
cTtagun paboTbl.

B npoBeaeHHOM 3KCNepuMeHTe asTopbl

pPeWwnn OTONTU OT TPAAULMOHHOWN CXEMbI
N MCNONL30BANW CNEeayIoWNA TEXHONONN-
4Yeckui Noaxon y4erta narepanbHoro n3me-
HeHusa ckopocTten B mynbae. Mo aaHHbIM
BCM B ckeaxunHe, npobypeHHon B Mynbae,
ObINn OLUEHEHbI CpeaHue CKOPOCTU No nep-
8bIM BCTynneHuam BonH. lony4yeHHble
cpefHMe CKOpOCTU nepecquTbiBanviCob B
nHTEepBanbHbie. Ha puc.2 npueeaeH nony-
YEHHbIN rpacduk MHTEPBAbHbIX CKOPOCTEw
B 3aBMCUMOCTW OT AOBOMHOrO BEpPTUKaNb-
Horo BpemMeHn. Kak BWaHo AaHHasa 3aBucu-
MOCTb B 061aCTV Mynib4bl XOPOLWO anmnpok-
CUMUMPYETCS IMHENHOW C KOIPPUUMEHTOM
koppensiummn 0,99. Mo-smaumomy, Takas
XOopoLlas 3aBUCUMOCTb HABAsieTCA cnef-
CTBMEM TOro, 4TO B TEPPUrEeHHbIX Nopoaax
onpeaensiowuM GakTopoM, BIMAIOWNM
Ha CKOPOCTb PAcCMpOCTPaHeHWs ynpyrux
BOSH, siBNsSeTCA rnybuHa 3aneraHns nopoa
1 KaK cneacTBue Bpems pacnpocTpaHeHus
BonH. OOHako, nMpy UCMNO/Ib30BaHUN OaH-
HOro MOAX0Aa He Yy4MTbIBAeTCHA BO3MOXHOE
narepanbHoe M3MEHEHWE CKOPOCTEN.
Ona yd4eta natepasibHOro uameHeHwst
ckopocTen 6bin BbIOpaH cneaylowuin cno-
cob6, YYUTbIBAIOWMIA OTMEYEHHOE JIMHEN-
HOe noseneHue ckopoctein. Mcnonb3ys
npennonoxeHne o TOM, 4YTO OCHOBHbIM
$pakTopoM U3MeHeHWUs CKOPOCTEN B MYJlb-
e SiBNAETCA BPEMS, eCTeCTBEeHHO Npeano-
narartb, 4TO JIMHEMHLIN 32KOH U3MEHEHUs
ckopoctei a*c+b byneT coxpaHaTbCs no
nnowaan, ToNbKO, BOSMOXHO, C APYyrMMun
koadpduumeHtammn a n b. Ha ocHosaHun
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Picture 2 - 3aBUCUMOCTb MHTEPBA/bHBIX CKOPOCTeA OT BpeMeHW No AaHHbM BCI
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Ta6bnuuya 1. Mony4yeHHble 3aKOHbI U3MEHEHUA CKopocTen B necuauo-rn“u"c (

FpaaneHT\VO 1700 mM\c 1821 m\c 190, Mag
1.6 m\mc2 V=1.6*t+1700 (v1) V=1.6*t+1821 (v2) V=16, gt
1.7 m\mc2 V=1.7*t+1700 (v4) V=1.7*t+1821 (v5) V=174, ]’j%:nl
1.8 M\mc2 V=1.8*t+1700 (v7) V=1.8*t+1821 (v8) V=181 14, v6)

AaHHoro nNpeanooXeHns
Gbinn cospaHbl 9-Tb CKOPOCT-
HbIX 3aBUCUMOCTEN Ha OCHOBE
KOMOWHauun a+Aa wn b*Ab.
Bennunna A BwiGupanace -
MCXOOA W3 Teonornyecku-|
O060CHOBAHHbIX BENWYMH CKO- | 4
pPocTen B TeppureHHon Tonwe | s
COrnacoBaHHbIX C KAPOTaXHbl- | vz
MU faHHbIMK. B Tabnnue npu-| Wi
BE€AeHbl NONy4EeHHbIE CKOPOCT-
Hble 3aBncumocTn. Boamox-
HOM NpPWYMHON naTepanbHo | Tabnuua 2. McTorpamma pacnpegeneHus kon
Bapraunun ckopocTeit sBRsieT- | 30BaHUA pa3nnyHbIX MOAENEN B 06beamuHeHH
CA OCOBEHHOCTL CTpoeHUs
TONWM M NPOUEHTHOE COOTHOLWEHUE
MeXAay Nec4aHom u MMHNCTOM COCTaBNSAIO-
WUMN.

BTopbiM  knoYeBbIM  3Tanom npw
MOCTPOEHUN MOoAeNn SBNAETCHA OKOHTYPU-
BaHwe kpoenu consHoro Tena. Ons cpensl
B NPOCTpaHCTBE Mexay ypoBHEM npuse-
AEHWA 1 KpoBnei CoONAHOro Tena UCMOb-
30BannCb CKOPOCTU B MyNbAe; CKOPOCTL B
CONAHOM Tene BblbUpanack NOCTOAHHON U
pasHOM 4500 mM/c. OCHOBHOM CAOXHOCTLIO
Ha NaHHOM 3Tane sABNsSeTCs Koppensuvs
Kpoenwn conun. NCTOYHMKOM ans nepeoHa-
HaNbHOW KOPPensuMu KPoBAW CONWN Gbin
CeACMUYecKUn ky6 nocne BbINOMHEHUS
DMO u BpemeHHoM MUrpaunu nocne cym-
MUpoOBaHuA. TpeTbMM 3Tanom aABAseTcs
KOppensaunsa noaconesbix kapboHATHLIX
KOMMnekcos. CKOPOCTbL B HUX, BbIBUpanach
paBHon 6200 m/c.

Ha ocHoBaHWM BbINONHEHHBIX nocrpoe-
HWIA O6bINO cHOpMUPOBaHO 9-Tb Pa3NUYHBIX
MYy6MHHO-CKOPOCTHbIX Moaenen, oTnu-
HaIOLMXCH CKOPOCTHLIM 3aKOHOM B MyJib-
Ae. Ha pucyHke 3 npepcrasnena nony4ex-
Has CKOpPOCTHas mModenb No ogHomy ua
BapuaHToB. C MonyYeHHbIMU Moaensimm,
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Gbina sbinonHena 3-D myBuHHAs Celficmu. 0 2
HECKas MUrpauMs 40 CyMMMPOBaHWs no T i Iy
ceTke Npopunen: GbiNn PacCcHNTaHb! Kax- N L S— ? ;

ApiA 10-% MHNaMH 1 kaxawlii 10-i Kpocc- g ”’JE‘"

navH. o nonyyYyeHHsIMm 9-Tn Habopam I

ceiicmorpamm OTO nposoauncs ananus Nt

OCTaTO4YHbIX KMHEMAaTU4ECKUX CABUroB. ! 3

Mocne nposenexHoro ananuaa oueHusa-
MCb CPEAHWNE 3HAYSHUS BENMYUHLI Mopy- } s
/19 OCTATO4HOIO KMHeMaTU4eCcKoro casura Picture 3 - Mpumepsl ceyeHwii xyﬁq CK| Em-
Hepe3 kaxaple 10 «MHNanHoB» u «kpoce- CTei: BepTukanbHoe «HnanH» - (a); :;:HOB
nanHos» B obBnacTtu, CooTBETCTBYIOW ) KanbHoe «kpoccnaiih» — (6), ropu3oHT
MyNbAe. BbiNO NPUHATO, Y4TO MUHumym | C84€HME Ha yposHe 4000M - (8)
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cpedHero 3HAYeHWs KUHEeMaTUYeckoro
caBura B OTBEYAIOWEM €My npocTpaH-
CTBEHHOM MECTOMO/I0XEHUN COOTBETCTRY-
eT Hambonee KOpPPEKTHOW CKOPOCTHOM
MOJENN  OKPYXaloWwero npocTpaHCTBa.
TakuM 006pa3om, cTpounack kaprta pac-
npeneneHns no nnowaan KoadpduumeH-
T0B @ U b. Ha ocHoBanum nony4enHom
KapTbl CTPOMNAcb HOBas CKOPOCTHasd
MOLENb, Y4uUTbiBAOWAS naTtepanbHoe
n3MeHeHne ckopocten. B tabn.2 npwse-
JeHa rwuctorpamMma  pacnpeaeneHuvs
4acTOTbl NOSIBNEHMS Pa3HbIX BapWaHTOB
CKOPOCTHOW Moaenn u3 9-Tu Mcnonb3o-
BaHHbIX.

C BONPOCOM TEXHOMOMMN NOCTPOEHUA K
YTO4HEHUA CKOPOCTHOW MOAENN TECHO
CBSA3aH BONPOC BpeMeHn, Tpebyemoro ans
nocTpoenus moaenu. Kak yxe 6bino cka-
3aHO, MHOrAA 3TO MOXET ObITb KNOYEBLIM
dakTopoM. PaccmoTpum npumep murpa-
uMnm Ha 32-NnpoueccopHOM cepBepe.
BbinonHeHne murpaumm Ha Hux ang 9-tm
pPasnuyHbIX MOAENEN BO3MOXHO NUWb B
nocnenoBaTeslbHOM pexume B cuny
OrpaHV4YeHniA Mo BbIMUCANTENbHBLIM MOLLL-
HOCTAM M namaTy. CuTyauma MeHseTca B
cnyyae BbINOMIHEHUSI MUIPaLMK Ha cynep-

Buicrpee 5 IS pas

—rarnroRapHTaE BIT

Picture 4 - CpaBHeHMe BPEMEHHbIX 3aTpaTt Ha
nposeaeHve ryonHHOM MUrpaLmn A0 CyMMU-
pPOBaHWA C WUCMOMb30BaHMEM CTaHAAPTHOro
32-npoueccopHoro knactepa u CK «/lomoHo-
COB» NPWU MUrPaumMmn AaHHbix Ha ceTke 10x10
NVHWIA € 9-10 Pa3nnYHbIMK MOAENAMU

Picture 5 - CpaBHeHne BpeMeHHbIX 3aTpaTt Ha
npoBeaeH1e rMyouHHOM MUTpaunmn A0 CyMMU-
POBaHWA C MCMO/Mb30BaHMEM CTaHAAPTHOro
32-npoueccopHoro knactepa u CK «/l1oMoHO-
COB» NPU MUrPaLMm NoNHOro 06bLema AaHHbIX
C OKOH4aTe/IbHO MOAENbIo

KomnblotTepe. Mo 1Mcnonb30BaHHOW aBTO-
pamMn TexHonormm ectb BO3MOXHOCTbL
3anycTute Murpauym ansa 9-u mopenen
napannencHo, 410 3HAYUMTENbHO YCKOPWUT
npoLecc NOCTPOEHMA YTOYHEHHOW MOaENn
no NpeanoxeHHoMy anroputmy. B npeano-
XEHHOM Mnoaxoae OCHOBHbIM, Hambonee
TPYOOEMKUM SIBNSI@TCH BbIMNOSIHEHUE MUr-
pauuun. PacyeT ocTaTOYHbIX KPUBWN3H, KaK B
Py4HOM, Tak 1 B aBTOMATUYECKOM PEXMU-
Max He SIBNSIETCS BPEMSIEMKOW npoueay-
pow.

BoinonHeHue 3-D rnyGMHHOK Murpa-
UMM 00 CYMMMPOBAHWA Ha cynep-
KoMnbloTepe «JIoMOHOCOB».

3D rnybnHHas ceicMuyeckas Murpaums
0o cymmuposaHuss (3D PSDM) 6bina
BbIMOJIHEHA C MOMOLLbIO COBMECTHO pa3-
paboTtaHHoro crieunanvictamm OAO L3 m
UMM uvm. M.B.Kengbiwa komnnekca npo-
rpamm «CeincMmoCkaH».

AnroputM nporpamMmbl OCHOBaH Ha
mMeTone rinybuHHOM BOTHOBOW 3KCTPANons-
UMM 1 NpubIMXKEHHOM pelleHnn ncesao-
omddepeHumnanbHoro ypasHeHus ¢ AByMs
kopHsmn (DSR-equation) ¢ ucnons3osa-
HUem reomeTpo-ny4esoro (WKB) npubnm-
XeHUs BONHOBOM ¢yHKUuMKM TpuHa [5].
Takve npeacTaBneHns NPUBOOAT K UHTEr-
pansHon Gopmyne peann3auum CencMu-
yeckon murpauum ceicmorpamm OfB,
HanOMMHAIOWEN TPAAULMOHHYIO MuUrpa-

umio Kupxroda:
N cos(e_,n,)cos(e ,n ) )
fr) ‘J.I A(r,g)Alr,s,) Wk, Vo),

U] (8,5,,7(r,8) +1(r,5,))dg

roe f{r) - nickomas pyHkumsa, nepepaio-
was n3obpaxeHue W3y4aemoir HeoaHO-
POAHON Cpeabl, OTBEYAIoLLAsi C TOYHOCTLIO
[0 MOCTOSAHHOrO MHOXWUTENA NOKabHOMY
K09 PUUMEHTY OTpaXeHUs Ha rpaHuLe
pasgena cpeg; v(r) - NoOKaslbHas Benn4mMHa
ckopocTu npobera BONH B M3y4aemou
cpege; (r.g) + (rs) - aNKoHan, nnn cym-
MapHoe Bpemsi npobera cencMmnyeckown
BOJSIHbLI OT NPOU3BONBHOrO PUKCUPOBAHHO-
rO UCTOYHUKA S, A0 TOYKM N30OpaxKeHus ru
OT TOYKM F 00 NpUeMHuKa g, A(r.g)+A(r,s) -
npou3seneHne reoMeTpo-Ny4eBbiX am-
NAWTYO CEeACMUYeckux BONH (oBpaTHbie
BeNNYMHbI PYHKLUWIA FeoMeTpuy4eckoro
pacxoxaeHuns); u,(g.s,.r) - N(pPON3BOAHAA NO
BPEMEHW NONs OAHOKPATHO-OTPaXEHHbIX
VAN PAcCesHHbIX BONH CENCMOrpaMmbl
ONB; cos(e,,n, )cos(e,,n,)- NPON3BEAEHNE
KOCUHYCOB YrNOB NafeHUs HUCXOAALWEN U
BOCXOSALLEN BOJIH B TOYKAxX NpuemMa v BO3-
ByxaeHusi ANA 3aJaHHOM TOUKKN n3obpaxe-
HWA r OTHOCWUTENbLHO BEPTMKANBLHOW OCH
rnybuns 0Z. MNpueegeHHas wHTErpanbHas
¢$opMyna MUrpaummn y4uTbiIBaeT OCHOBHbIE

MPUEOPHI n CUCTEMbI PASBEAOYHON FEO®U3NKM  N202(40)/2012
OBWEPOCCUACKUN HAYYHO TEXHUWYECKAR EXEKBAPTANbHbBIM XYPHAN
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3aKOHb! 1 OCOBEHHOCTH PAacnNpOCTPaHeHNs
CEMCMUYECKNX BOMH B HEOAHOPOAHOW
cpene, W wncnonb3dyet cnenyloumne
QONYLWEHNS N OTPAHNNEHNS.

BONHbLI PACNPOCTPAHADTCA B HeoAHO-
oi cpeae C Manbimu

KO3PPHUNEHTAMKN oTpaxeHus, 41O
noO3BONKeT KUCcNonL308aTtb 6opHOBCKOE
npubnnxeHne ONHOKPATHOro
PACCERHWNA;
UCNONbL3YyeTCH reomeTpo-ny4esoe
(WKB) npubnmxeHne GyHkun MpuHa B
HeoaHOpOAHOW Cpeae.
Yyka3aHHble npubnnxeHus ABHO nnun
HESIBHO WWPOKO MCMONL3YIOTCH NpY obpa-

pPOAHOWN AKyCTHUHECK

« AEKOHBONMOUWMIO. Man,
ONTUMAanNLHOE Cxartpe
CUrHanoB 1 KOMNewcy
$opMbl 13-3a NCKaxay,

pe3K0 HeoaHOPOAHLx 1

ycnoBun BO30Yxnenyg

MUYECKNX BONH:

+ pacLyeT v BBOA B DaAHHRe
BaHHbIX CTaTU4eCkyx rHH.l.‘
NEHCUPYIOWNX BNWAHMe [
DOD«HO"{ B CKODOCTHOM
aerHeulﬁ 4acTtwm Pa3peas 8]
BCe cencmMmunyeckue OaHHy,

J
Pag

€N

PDexy,,

r),.

HEGQ

Wa

FOPWU3OHTANbHLIN ypogey,, o e
3]

- nonbop wnBBOA B Cencmorp,
Hero MblOTUHra, OTCEKEIKJ[_U':
i

6OTKE W MHTEepnpeTaunn CernCMUHECKUX .
naHHbIX. OBWNPHBLIN NPaKTUHECKWUIA ONbIT NX CUBHbLIE BONHbLI NEPBLIX BCty Mre,
NPUMEHEHUR, @ Take COBPEeMEHHan npax- uenbto mnibexarts MHTEpe Mnew,,, :
Thka 3D rnyGuHHOW CEencMMUYEeCcKon Murpa- NONE3HLIMN OTPAXEHHbIMmy F;@Hum. ‘
UMK A0 CYMMMPOBaHNA NO3BONNIN co3natb 4TO MOXEeT npuBecTu g uc.(a%a"'-'
BbICOKOTEXHONOMMYHLIA  KOMNNexkc npo- peweHns. KeHug,,
rpamm, nNpeaHas3HaveHHbIn ans rnyGuHHOM Takum 06pa3om, Ha exop noor
MurpauuMm o CymMmMupoBaHWs Gonbwmx  OblNM NOAAHbI cemcqueomeaawb?aw”
06bLEMOB CEMCMMYECKMX AaHHbIX C COXpa- wenwmne BCe OCHOBHbIe ”DOueuypb,eﬁn:”*
HEHNEM OTHOCHUTENbHbIX a3c-
amnnuTya,. e
B komnnexce nporpaMm
«CencmoCkaH» peanu3oBaH

pacyeT BpemMeH npobera u

amMnnuTyn BONH ANA MOAENn-

pOBaHUSA BONHOBbIX YHKUWIA

MpvHa, OCHOBAHHbLIA Ha pas-

HOCTHOM CETOYHOM MeToae

pewerusa 3D ypaBHEHWU 3UKO-

Hana W ypaBHEHWW NepeHoca

ans reoMeTpo-ny4eBbIX

amMnAuTya BONH. 3T1a 0cobeH-

HOCTb BblAENSET A3aHHYI0 NpPO-

rpaMMy cpeau ee M3BECTHbIX

3apybexHbIX aHanoros, nos-

BONSAS NONy4aTb pe3ynbraTthbl

Honee BbICOKOrO Ka4yecTBa.

Ha Bxoa Nporpammbl Gbinm
nogaHbl AaHHble 40 CYMMUPO-
BaHWsA, OTCOPTUPOBAHHbLIE MO
ceicmorpammam OCT wm npo-
weawue crtaHaapTHylo obpa-
60TKy BO BpeMeHHon obnactu,
BK/IIOYAIOLWYD  cheaylowwme
OCHOBHbIE NMpOoUeAaypbL:

- nNpucBOeHWe reoMeTpuun
HabnmoaeHnn AaHHbIM N KNX
nocneaywuwee BuHnposa-
HUe;

- CuUrHanbHyio 06paboTky,
BKIKOHAIOLLYIO PerynnupoBky
amnNnuTya W NONOCOBYIO
GUNLTPaUMIo, HanpasNeH-
HYK0O Ha noaasneHne pas-
NIN4HbIX MOMEX (B8 4ACTHOCTK
- WHTEHCWBHbLIX NOBEepPx-
HOCTHbIX BONH);
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Picture 6 - BepTukanbHoe cenenne Ky0a BPEMERIT L, oy
nocne CyMmUpoBaHus - (a), kyoa rm pa 0!

MUPOBAHMS, NPEACTABNOHHOrO BO BPEMEHHOM -

|
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Bon o06paboTkn, wncknw4as
DMO-npeobpa3oBaHue v
BBOJ B [aHHbLIE KWHEMaTU4e-
CKWUX NONPaBOK.

Ha puc.4 npuveegeHa ava-
rpamMma OUEHKW BpEMEeHW nep-
BOro pacyeta no nNpoCcTpaH-
CTBEHHbIM ceTkam (9 mope-
nen) co cneaylowmumMu napa-
MeTpaMu:

- cetka: 10 MHnanHos x Ha 10
KpoccnanHos
- makc. mybuia = 10000M
- war no rnybuHe = 10M
- anepTypa = 10000m
®dakTnyeckas NPoOAOIIKU-
TeNbLHOCTb pacyeTa BCex Aess-
TM CeTOK OAHOBPEMEHHO
(BKNKOYAS pacyeT rnosnen Bpe-
MEH W T[eoMeTpo-NyyeBblX
aMnnuTya) cocrtasuna OKOMo
40 yacos, npv 3TOM 04HOBpPE-
MEHHO WCNONb30BanoCb [0
720 spep; obLiee KoM4ecTso
"YyncToro” BpEMEHU Ha pacyeT
9 cetok — oxkono 20 000 npo-

tiiitrrre bR

MBS T e

Picture 7 - [0pM3OHTaNbHOE CeueHme kyGa BpemMeHHOM Murpa- | Leccop/4ac. Bpems cyeta He
UMM Nocne CyMMUpOBaHws (a), Kyba rybuHHOW MWrpaummn Ao | BKNlo4aeT Tpyaoemkue npo-
CyMMVPOBaHWSA, NPEACTABNEHHOrO BO BPEMEHHOM macLuTabe

Leaypbl, CBA3aHHbIE C TPaHC-

Picture 8 - O6nbemHoe uaobpaxerue kyba
BPEMEHHOI MUrpaumum nocne CyMM1poBaHWA
- (a), ky6a rny6uHHOM MUrpaLmm 40 CyMMAPO-
BaHWA, NPeacTaBNeHHoro BO BPEMEHHOM
macwrabe - (6)

NOPTOM, COPTUPOBKOA AAHHbIX
W T.N. NOArOTOBUTENbHBIMX ONepaunsMu -
KaKk C WCXOAHbIMW [AHHbLIMK, Tak U C
pesynstatamu Murpaumu. OCHOBHas 4acTb
3TUX Onepauuii BbINOMHAETCHA aBTOHOMHO
(BHe knacTepa).

Ha puc.5 npueeaeHa guarpaMma OLEeH-
K BPEMEHMW MOMHOrO pacyeTra C OKOH4Ya-
TENbHON CKOPOCTHOM Mogenbio. Ucnonb-
30BUICb Cnegylowmne napameTpbl:
- certka: Bce MHnaiHbl u KpoccnaiHbl
- makc. mybuHa = 12000m
- war no rnybvHe = 5m
- nonHas aneptypa = 10000m

dakTryeckas  NPOAOMXKUTENBHOCTb
NOSIHOrO cyeTa (BK/OYAs pacyeT nonewn
BPEMEH U reOMETPO-/ly4eBbIX amnanTyn
BOSH) cocTaBmna okono 16 4acos (3ana4u
BXOOVNW Ha CYET He OOHOBPEMEHHO), NpU
3TOM OQHOBPEMEHHO MCMONL30BANOCL A0
3450 agep; obuiee KOIMYecTBO "4nMcToro”
BpemeHu coctasuno okono 20 000 npo-
Lueccop/4ac.

06cyxaeHue pe3ynsraTtos

Wcnonb3oBaHMe cynepkoMnbloTepa wu
NPUMEHEHHas TeXHONOrMA  YTOUHEHUN
MOZENW MNO3BOMUNM B pasbl COKPATUTb
BpeMA Ha NOCTPOEHWE OKOH4YAaTeNbHOW
MOOEMM WHTEPBaNbHbIX CKOPOCTEN ANS
BbINONHEHMA rNYOUHHOW Murpauvn Ao
CyMMUpoBaHua. IPHexTUBHO CNONL3O-
BAHW@ COTEH W TbICAY AOCTYNHbIX NPOUEC-
COpHbIX AAep cynepkoMneiotepa «J/1oMo-

NPUBOPbLI n CUCTEMbI PA3BEAOYHOW FEODU3NKM  Ne02(40)/2012
0BWEPOCCUACKUN HAYSHO TEXHAYECKUUN EXEKBAPTANBHBIN XYPHAN
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HOCOB» NO3BONMMNKU Takxe 34
camoe  kopoTkoe  BPEMS
BbINONHUTL  3asepuaiume
Pacyersl ¢ ncnonb3aoBaHnem
ONTUManbHbLIX napamerpoas,
BKMOvan nonnylo aneptypy 10
KM,

Ona anannza kavectsa un
KOPPEKTHOCTN  NONYHEHHbIX
pe3ynbratos nposeneHo cpa-
BHEHME nonyyeHHbLIX pe3ynb-
Taros ¢ n3secTHbIMM 3apybex-
HbIMW aHanoramn. Kak BnaHO
13 puc. 6-9 B cnyvae cpasHe-
HWUA pe3ynbratoB rMyobuHHOW M
BPE@MEeHHON Murpaumn kaue-
CTBO U300paxeHWa CONAHbIX 1
NOACONAHLIX TeNn 3HAYNTENbHO
Bbile B cnyvae wmcnonb3osa-
HUn  rnybuHHon mMurpaumn.
CpasHenne oteyectBeHHOW 1
3apyOexHON rMyBUHHBLIX MUr-
Pauui nokasbiBaeT cxoxwue
pPe3ynsraTthl, oTnnyalowwecs B8
AeTansax. IT0 CBNAETEeNLCTBY-
€T O KOPPEKTHOCTN U BLICOKOM
Ka4eCTBe NoNy4YeHHbIX pesynb-
TaroB C UICNONL3OBAHMEM OTe-
H4eCTBEHHON npPorpamMmHo-
anroputmuyeckoli paspabor-
kn «CencmMoCkaH» Ha cynep-
KOomMnbloTepe «JIOMOHOCOB». ‘

anMeHeHme CynepKoMm- Picture 9 - BepTMKaﬂI:HHe Ce4YeHns cemrcmuyeckux ky6os no
NbIOTEPOB MO3BONSET 3HAYU- peaysbratam rnyGuHHO MUrpaLm no CYMMMPOBaHUS: peayns-
TENIbHO  COKPaTUTL  Bpems | TaT «CericMoCkaH» - (a), U3BECTHbIN 3apyGexHii aHanor - (6| |
06paboTkn gaHHbIX ans nony-
HYeHUA cencmMmmnyeckoro n3obpaxeHus
nccneayemoii cpeabi. Ha puc.10 npusene-
Ha anarpamma BpeMeHHbix 3aTpar npu
npoBeaeHun o6paboTkn COBpPEMEeHHbIX
AaHHbIX 3[] cecMopa3zBeakm ¢ ncnonb3o-
BaHWeM cynepkoMnbioTepa «JIOMOHOCORS.
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