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O6epHeHHs roporpada B 2D IocTaHOBIIi, SKe OTPUMaHO CKiH4YeHHO-Pi3HUIIeBUM PO3B'I3aHHAM
eMKOHaAy, 3AIMCHEeHO MeTOAOM iMiTaril «Biallaay» B 3apadi KOMOIHATOPHOI ONTUMi3aliil AAS He-
TAQAKUX i ITepepuBUYaCTUX (DYHKIIIN. SK IIABOBY (DYHKIIIFO BUKOPHUCTAHO roporpadu ceMcMivHUX
pocaipkens 'C3 TepuTopii Ykpainu (mpodirk DOBRE-)S). [lIBuaKicHy (OYHKIIiIO cepepOBHIlia Bia-
HOBAIOBAAM 3@ ABOBUMIPDHUMHU OITyOAIKOBAHUMHU MOAEASIMU IITBUAKOCTEN IOIIMPEeHHs P-XBUAB. Ae-
TaABHO ITOKa3aHO TOHKOIIL OITUMaABHOTO (DYHKITIOHYBaHHS aATOPUTMY iMiTallil «Biallary» i pesxuMu
diabTparii BuxiaAHOI MYHKIII B Ipolleci MiHiMizaIllii (pyHKIII BapTOCTi BTpar.

KarouoBi caroBa: imiTallis «Biplaay», piBHSIHHS eMKOHAAY, CKiHUeHHO-Pi3HUIleBa OLiHKa, MiHi-
Mi3zanig (OyHKIIl BTpaT, KoMOiHaTOpHA ONTHMIi3allis, BCTYII ITIOB3AOBJKHIX XBUAB, PO3B'sI30K NIPSIMOL
3apaui, 'C3, dyHKIIig BapTOCTi BTpAT, iTepallist, o6epHeHHs roporpady.

Khaccuueckas 3apaua CeMCMUYECKOU TOMO-
rpacdun [Hoaer, 1999] paccmaTpuBaeT cCpepy B
BUAE CETOUYHOM 00AACTH, (pOpMUPYyeMYIO TUelKa-
MU C IOCTOSTHHON CKOPOCTBHIO (MEAAEHHOCTHIO),
Y OTPaHNUYEeHHOT0 YhCAa HAOAIOAEHHBIX TOAOTPa-
(oB. 3aBUCUMOCTb MeKAY BEKTOPOM BpeMeH IIPo-
Oera t 1 MEeAAEHHOCTBIO S MOJKeT OBITh 3alrcaHa
B MaTPUYHOM (hopme:

As=t (1)

rae A— mXn MaTpulla, SAeMeHTHl KOTOPOl — cer-
MEHTBI CEICMUYECKOI'O AYYa; Aij — M\IMHA CerMeH-
Ta i-TO AyYa B j-U sTYEMKe; m- BeKTOp t; o003HauaeT
BpeMs IIpobera i-Iro Ay4a UAU OTAUYHE 3TOTO Bpe-
MeHHU OT TAKOBOTO B HEKOTOPOU UAEaAN3UPOBaH-
HOWM cpepe. AAd peaAbHBIX CUCTEM B IIPAaBOU YaCTH
cucrteMsl (1) BeKTOp t 3aMeHsIeT ero 3allyMA€HHBIN
ananort, c KOTOPBIM CHUCTeMa YpaBHeHUH (pas-
pe’keHHas, IepeopeAeAeHHast, HeCOBMeCTUMast)
He MMeeT TOYHOI'O pellleHNs, HO BCeTrAa CyIIeCTBY-
€T pellleHUe B CMBICA€ HAaUMEHBIINX KBaAPaTOB,
AASI KOTOPOTO “As -t “ MHUHUMAaABHO, a UTepalju-
OHHBIM IIpOIlecC MHUHHUMHU3AIUK (PYHKIIMOHAAQ
(1), maumHas ¢ HEKOTOPOTO pedepeHIi-IabroHa
MEAACHHOCTH CPEAEL S, OCYIIIeCTBASIET BHECEHHE
IIOIIPABOK, 00eCIeYNBAIOIINX 3Ty MUHUMM3AIIHIO,
KakK B 3HAaUYeHUsI MEAAEHHOCTH Yy siueeK Ha IIyTU
Ay4Ya, TaK U TPAeKTOPUIO CaMOT0 AyYa.

B reTeporeHHbIX cpepax He BCeraa OAHO3Hau-
HO OIIpepeAsieTcs MUHUMaAbHoe BpeMs Impobera
BOAHBI BAOAB MHOYKECTBA IIyTeN, COEAUHSIONINX
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ABe Touku [Rawlinson et al., 2007], He roBOpS y>Ke
O 30HaX TeHH, rAe TakKoM BEIOOP, OyAb OH IIPOU3-
BeAEH, MOJKET OIIPEAEAATHCS AOKAABHBIM OIITUMY-
MoM. Bocmoab3zyemcs OPMYyAMPOBKOM 3aAauy,
HUCKAIOYAIOIIeN Ay4eBOM ITOAXOA,

F(s)=t, (2)

a obparieHue roporpada t, moAydeHHOro KOHEeYHO-
Pa3HOCTHBIM pelleHHeM ypaBHEeHUS 3JMKOHaAa
[Vidale, 1988], ocyIiecTBUM METOAOM UMUTAIINU
or>xura [Metropolis et al., 1953] B 3apaue MHOTO-
MepHOM ONTUMU3AIUN:

F(s)-t=3t, 3)

MOAEAUPYIOIIUM MUHUMHU3AIHMI0 (PYHKIIUM II0-
Teph Ot yMeHbIIeHneM dHEePTUU IIPU OCTHIBAHUH
mertaana [Kirkpatric et al.,1983; Cerny, 1985].

Takum oO6pa3oM, 3apaua oOpaiiieHus roporpada
B HacToguei 2D ToCTaHOBKE COCTOUT U3 CAEAYIO-
IINX 9AEMEHTOB: 1) «OpraHn3anusa»HaOAIOAEHHOTO
roporpada B KauecTBe IJeAeBOU (PYHKIJUU OIITH-
Mu3anuy; 2) pelieHue IpaMoOU 3aAauu PacIpo-
CTPaHEeHUSs MPOAOABHOM CeMCMUYECKOM BOAHBI B
cpepe, TPEACTABAEHHOM CETOYHOM OOAACThBIO, C
33AQHHBIMY 3HAYEHUSIMU MEANEHHOCTH B KaJKAOU
KBaAPaTHOM Auelike; 3) MUHUMU3aIuel HeBA3KU
Me>KAY IIeAeBOM (DYHKIIMEH U pellleHUueM IPSMOU
3apaum.

KoneuHO-pa3HOCTHas OlleHKa IePBbIX BCTYII-
AeHm. Bpemena mpo6era ympyTrux BOAH B KOPOT-
KOBOAHOBOM IIPUOAVIKEHUN YAOBAETBOPSIOT pe-
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LIIeHUIO YpaBHeHUs diKoHaAa [baduy u Ap., 1972;
Nowack, 1992 ], cBg3bIBarolleMy I'paAleHT BpeMe-
HU PacIpOCTpaHeHUsT BOAHBI C MEAAEHHOCTBIO B
cpeae pacopoCTpaHeHuss, KOHEYHO-Pa3HOCTHBIM
IPUOAVIKEHVEM ypaBHEeHUs SUKOHAAQ, UCTIOAB3YS
IIpsiMOe BBIYHCAEHUE BpeMeH Impobera IMAOCKUX 1/
A cepudecKkux (PpoOHTOB, METOABI OCYIIECT-
BAEHUSI KOTOPOTO ITPEANOSKEHBI BO MHOTUX ITyOAM-
Kanmax [Van Trier, Symes, 1991; Kim, 1992; Cao,
Greenhalgh, 1994; Mo, Harris, 2002; Qian, Symes,
2002; Levievre et al., 2011]. AAg BEIYHCAEHUS TIEp-
BBIX BCTYIIAEHUN CEMCMUYECKUX BOAH BOCITOAB-
3yeMCsl CXeMOM «PaCIIUPSIONIEerocss KBaapara»
[Vidale, 1988] penienus AByMepHOTro ypaBHEHUS
SUKOHAAQ:

() +(r.) =5 (x.2), (5)

rae s*(x, z) TIPEACTaBASIET ABYMEDPHYIO CETOUHYIO
00AaCTb MEAAEHHOCTH, IOACTPOUHBIE MHAEKCHI —
YacTHbIe TPOU3BOAHBIE 10 KOOPAMHATHBIM OCSAM
X W z COOTBETCTBEHHO.

Charaemble A€BOM 4aCTU ypaBHeHUd (5) Mo-
I'yT OBITH IIPEACTABAEHBI B KOHEUHO-PA3HOCTHOU
dopMe 110 cxeMe AN UCTOUYHUKAE, IPUBEAEHHOI'O
Ha puc. 1:

I, = %[(ti,j +ti+1,j)_(tiaj+1 i )]
N (5))
t;= i[(%,;’ i jn ) - (tHl,j i o )] - @

'tl,Z fl 3 t

G

ty 4 f3, f34

£

1

Puc. 1. CxeMa yuacTKa CeTOYHOM 00AACTH, COAEPIKAIIlero uc-
TOYHUMK KOAeOaHUM, (PPOHTHI AOKAABHBIX IIAOCKOM U cepu-
YeCKOM’ BOAH.
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[MToacTaBuB ypaBHeHuda (6) u (7) B (9), HOAY-
YUM OIIeHKY BpeMeHU IIpuxoaa PPoHTa IAOCKOMN
BOAHEI K Y3AY #33, AMOO, UCIIOAB3YSI OUEBUAHYIO
IIepecTaHOBKY, K AT0OOMY M3 YTAOBBIX Y3AOB CO-
TAQCHO puc. 1:

L2
livjn :ti,j+l:2(hs)2_(ti+l,j+ti,j+l) } . (8

rae, coraacHo [Quin et al., 1992], B 0603HaUeHUIX
puc. 1

1
S= Z(Si,j T8 01 TS,y t S ) . 9

B obaactax, rae dpopma BOAHOBOIO (PpoOHTa
O’KUAQETCS OTANYAIOIIENCs OT IAOCKOTO, 0COO€EH-
HO B OKPECTHOCTSIX UCTOYHUKA, PACCMATPUBAEMO-
I'o KaK I[JeHTP KPUBU3HBI (PPOHTA C KOOPAUHATAMA
X(: Zo U BDEMEHEM £, B Y3AaX, UCIIOAB30BABILIMXCsI
B puc. 1 B mpuMepe € INOCKUM (PPOHTOM, BpeMs
3aMMCHIBAETCA KaK

=ty +s(x )", (10)
2 2 1/2
ba=tobs| (o +h) 42|
Iy P 1/2
b =t0+[x0 +(zo+h) J , (12)

a BpeMs B Y3Ae 1‘33 OIIPEACANTCsI YPaBHEeHUEM

P P 1/2
ti+1’j+1:to+s[(x0+h) +(zp+1) J . (13)

B KOTOPOM HEWM3BECTHBIC X, [j Z; IOAYYAIOTCS
pellleHreM pa3pe’keHHOMN CUCTeMBl yPaBHEHUI:

Xo fo Zy
1
2 2 2 2.2
hs® bt 0 E(ti”*l 1}, = ’s’)
2 2 1 2 2 (14)
hs bijol — i —hs E(ti,ju - ti+1,j)
1
2 2 2 2.2
0 livj i hs E(tiﬂ,j_ti,j_h s )

B mporecce BBIUMCAEHUSI BpeMeH INIPHUXOAA
BOAHBI K OUepeAHOM fTueliKe B ypaBHeHUH (8) mop,
KOpPHEM MOKeT C(hOPMUPOBATHCS OTPUTIATEALHOE
3HayeHune AnOo cucrema (14) Mo>KeT OKa3aTbCs
HECOBMECTUMOMU. DTO MMPOUCXOAUT B 0OAACTH 3a-
KPUTUYECKUX OTPA’KEeHNH, KOTAA TOAOBHAS BOAHA
BXOAUT B TIEPBBLIE BCTYIIAEHUSI U BpEMSI ee TIpH-
XOAQ BBIUMCASETCS 110 OAHOMEepPHOU cxeMe [Mo,
Harris, 2002]:

livijn = (ti,j+1’ ti+l,j)+ hS i+ (15)
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IA€ MEAACHHOCTD S .. BBIOMPAETCs MUHUMAAb-
HOM U3 3HAUeHUU MEAAEHHOCTH B COIIPEAEABHBIX
sTYeKaxX UAY [IPY BO3HUKHOBEHUU AU PAKIIMOH-
HOM BOAHBL. TOrpa BpeMs NPUXOAA IIOCAEAHEU B
y3en onpepeAauTcd Tak [Podvin et al., 1991]:

liv,j1 =1 +2hs . (16)

MuHuMu3anus HeBSI3KU MeKAY HaOAIOAEH-
HbBIM U oOpamaeMbIM roporpagamu. 3apaua
MUHUMU3AUN (PyHKIMOHAAA (2) OTHOCHUTCH K
KAQCCUYECKUM 3apadaM KOMOMHATOPHOU OIITH-
Mmusanuu [[Tanapumutpy, Cratiraua, 1985] — no-
MCKa M3 KOHEYHOT'O MHOYKECTBAa PelleHnH ONTH-
MaAbHOIO. B Hamlel IIOCTaHOBKE YAEHBI TAKOI'O
MHO’KECTBa pellleHNN TeHepUPYIOTCS PellleHueM
npsAMOM 3apaud (5), @ BEIOOP M3 UX MHOJKECTBa
ONITIMAaABHOTO OCYIIIECTBASIETCSI C TIOMOIIIBIO Be-
POSITHOCTHOTO aATOPUTMA, OCHOBAHHOTO Ha TeX-
HUKe MoHTe-KapAao ¥ MOAYYMBIIErO Ha3BaHUE
umumayuu omuxura [Metropolis et al., 1953]. Aa-
TOPUTM UMHUTHPYET (PU3UIECKHE ITPOILECCH, IIPO-
HMCXOASIIIHE TIPU MEAAEHHOM OCTBIBAHUY PACIIAQ-
Ba — OTKUTE M 3aKaHIMBAIOIINECS AOCTHKEHNEM
TEPMHYECKOTI'O0 PABHOBECHS IPU HYAEBOU TeMIIe-
patype. M toasko [Kirkpatrik et al., 1983], ucroas-
3ysI @HAAOTUIO MEXKAY MEAAEHHBIM OCTBIBAHUEM
MeTaAAa ¥ MUHUMHU3aluel QyHKIIUA CTOUMOCTHA
IIOTEPh, pACCMaTPUBast IIOCAEAHIOIO KaK S9HEPIHIO,
IIPUMEHUA 9TOT AATOPUTM B 3aAa9aX KOMOWHATOP-
HOM ONITUMM3AIINY, B TOM YHCAE AAST HETAQAKHUX U
NIPEePLIBUCTBIX (DYHKIIUH.

[TycTb E/(s) — HEBsA3Ka MEXAY LIEACBLIM BEK-
TOPOM U peanrusanueil PyHKIUM (2) B pe3yAbTaTe
CAY4YaMHOU - MOAM(DUKAIIUN HEKOTOPOTO I1apa-
MeTpa QyHKIUU F(s):

1 *
£y Xt-t)

N

(17)

rae t — 1meneBol (HaOAIOAEHHBIN) roporpad; t:
— roporpad, IOAy4YeHHBIU B PEe3YAbTATE i-U CAY-
YallHOU MOAM(UKAIIUM pelleHUsd NIPAMOU 3aAa-
un; N — KOAUYECTBO OIIPEAEAEHUM BPEMEHH, UC-
ITOAB30BaBIIIEECsT AAST TIOCTPOEHMs roporpada u
paBHoe card(t). BepoaTHOCTEL TOTO, TPUHUMAETCS
AV BeAWYMHA IlapaMeTpa, M3MeHeHHas! B Pe3yAb-
TaTe MOAM(PUKAIIUY, UAU OCTAETCS ITPEABIAYITEH,
OIIPEAEASIETCSI B COOTBETCTBUHU C PaCIIpeAeAeHIuEeM
I'n66ca [bazapos u Ap., 1986]:

1, ecn E, <E,_|,
P = E.—E. (18)
" lexp| ———L |,ecm E; > E, |,
G
IA€ ¢; — ODAEMEHT IIPOM3BOALHO YOBLIBAIOIIEH,
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CXOAMIIENCS K HYAIO IIOCAEAOBATEABHOCTH, UMU-
TUPYIOIIeN ITapeHUe TeMIlepaTyphl B pacliAaBe,
U IPEACTaBASIONINM COOOM YIIPaBASIONIUN IIa-
pameTp. Pacnpepenenue (18) He rapaHTupyer
HaXO>XAEHUS FA0OAABHOTO MUHUMYMaQ, HO, IIPU-
HUMasl C TOAOKUTEABHOUN BEPOSITHOCTBIO Al00blE
BEAMYUHBI HEBA3KM, YMeHbIIaeT ONaCHOCThH 3a-
CTPeBaHUS aATOPUTMA B AOKAABHBIX OIITUMYyMax.
WTtak, paccMaTpuBaeTcss HeKas reOAOrmYecKast
CcpeAa B AByMEPHOM (X, z) CETOUHOM IIPUOAV>KEHNN
C IIOCTOSIHHBEIM 3HaY€HHeM MeANEHHOCTH s,  (00-
paTHOM BEeAWYNHE CKOPOCTH) B KaKAOU siueiike,
npudeM gradv,>0, a gradv,=0. Takas ckopocTHas
apPXUTEKTypa CpeAbl KOHCTPYHPYeETCS 3aAaHUeM
BEKTOpAa-CTOADOIIa CKOPOCTHU V,f , TPaHCOpMUpye-
MOTO B BEKTOP MEAAEHHOCTH S, =1/V,, :
, n=1,card(z),

Sn:(sl,s2,s3,...)r (19)

rae T— MHAEKC TPAHCIIOHUPOBAHUS, KOANYECTBO
KOMIIOHEHT KOTOPOT'O OIIPEAEAseTCs TpeOyeMou
rAYOMHOU CpeABl U pa3dMepoM guerku. Caepyer
3aMeTUTh, 4YTO pasMep A4erku TpedyeT 0coO0oro
BHHUMAaHUS, TaK KaK KOPOTKOBOAHOBOE IIPUOAM-
>KeHme (O) HanaraeT )KeCcTKue TpeOOBaHWs Ha CO-
OTHOIIIEHNE AAWH BOAH U Pa3MepoOB SAEMEHTOB,
BXOASIINX B PACCMAaTPHUBAEMBIN MaKeT MOAEAU-
pyemolu cpeps! [Alford et al., 1974].

KaxxapIli CcAy4allHO BBIODAHHBIM 3AEMEHT
S| W3 mocAepoBaTeAbHOCTH (19) moaBepraeTcst
k-KpaTHOM MoAr(pUKaIuu

S, =S, +I, (20)

YA€HaMM1 MHO>XeCTBa

rk:(rl,rz,rz,,...), k:I,_K, (21)

dopMUPYEMOTro U3 CAYYaUHBIX BEAUYUH, PABHO-
MEPHO paclpepAeAeHHBIX B UHTEPBaAe [—a; + a] .

AAST KaKAOU k-TI MOAW(DUKALMU IIyTEM pe-
LIeHUs IPSIMOM 3apauM (2) pacCUMTHIBAETCS TO-
porpad, oneHuBaeTrcs, coraacHo (17), HeBg3Ka
U POPMUPYETCST MHOXKECTBO HEBI30K E,k  TAC

| — MHAEKC I11ara IPUHSTHU OIleHKY HeBsI3KY, a K
3apaeTcst ormeparopom. B caydae E;_; >min (El-]c )
BeAMYMHA MOAMMDUKAIINYA MEAACHHOCTH S, TIPH-
HUMAaETCs, B IPOTUBHOM CAyYae IPUHSTHE pellie-
HUS OCHOBLIBAETCS Ha BTOPOM CTPOKE YPaBHEHMS
(18). 3pecyr MopmUKANUSA CUYUTAETCS COCTOSB-
1ITeNCs TPY BBITTOAHEHUHW YCAOBUS

min (Eik -E_, )

exp| — >q, (22)

l’lcmfl
TA€ ¢ — PABHOMEPHO pacClipepAeAeHHas1 B UHTEP-
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Baae [0;1] cayuariHasg BeAUUMHA, m — HOMEDP Te-
Kyllel uTepaluy, | — TAODAABHBIN ITapaMeTp,
obecrednBaloUi CKOPOCTh YOLIBAHUS YIIPaB-
ASIIOIIETO TITapaMeTpa C.

'paHuIlbl ¢ UHTEpPBara paBHOMEPHO paclipe-
AEAEHHBIX CAYYaWHBIX BEAMYMH, U3 KOTOPBIX
(hopMupyeTCs MHOKECTBO SIA€MEHTOB 7, HCIIOAL-
3yeMBIX AAS MOAU(UKAIINY YAEHOB MHOXKECTBa
S, BBIOMPAAKCh METOAOM IIPOO U OIIMOOK II0 Xa-
pakTepy noBepeHUsd HeBa3KuU E (17) npu yMeHb-
IIEHUU B TIPOIIECCEe «OTKUTa» YIPABASIONIETO
IIPOM3BEACHUS UC,, |.

OnTuMarbHOE (PYHKIIMOHUPOBAHUE aATOPUT-
Ma MMUTAIIUYM OTKUTA AASI PEIIeHUsT YaCTHOU 3a-
AQuU TpeOyeT 3BPUCTHIECKOTO BLIOOPa BEAMYUHEI
CTapTOBOTO 3HAUEHUS YIIPABASIIOIIIETO [TapaMeTpa
¢, 06eCTIeYnBaIOIIero AOCTaTOYHBIM AMATIa30H I10-
MCKa TAOOAABHOTO MUHMMYMa CUCTEMBI. Kpome
TOro, Tpebyercs 3apaHUe CKOPOCTU [ YMEeHb-
IIeHHUsl IIapaMeTpa ¢, MOIJHOCTH MHOJKeCTBa I
(21), a Tak>Ke YCAOBUU MOAM(PUKAIUYN 3HAUEHUSI
MEAMEHHOCTH S;. Vicxopst u3 TpeGoBaHUM Mano-
T'O BO3MYIIIEHUS MOAUDUITUPYEMBIX ITapaMeTpOB
AMalla30Ha CKOPOCTEeM A0 WHTEepPecYIOmMnX Hac
TAyOWH, BEIOMparach BeAWYMHA MapaMeTrpa a U
BBOAMAOCE OrpaHudenue s;>0, obecreunsaionjee
ITOAOKUTEABHOCTb 3HaUEHMsI CKOPOCTH TIPU AFO-
OBIX MOAM(DUKAIIUSIX.

Tak Kak aATOPUTMBI KOMOMHATOPHOM OTITUMMU-
3aIiuy He AQIOT rapaHTUX HaXOXKAEHUST TAOOaAD-
HOTO MWHMMYMQ, TO PACcCMaTPUBAIOTCS OI[€HKH
«ONTUMAaABHOCTU» TIOCAEAHEro Ha (hOHe HEOAHO-
KPaTHBIX TOBTOPHBIX 3aITyCKOB aATOPUTMA C pa3-
AWYHBIMHA 3HAUYEHUSMU YIIPABASIONIETO IlapaMe-
Tpa ¢, obecrieynBaroyie pa3AndHble CTapTOBLIE
ITO3UIIMHY Ha ITOBEPXHOCTH (PYHKITUM ITOTeph. Mc-
TTOAB3YIOTCSI HEITIOBTOpSsieMble HauyaAbHbIE TOUKH
TeHepaTOPOB CAYYaWHBIX YHUCEA AAST BEAMYWH

IIOCAEAOBATEALHOCTEH a, I, q. B KauecTse pua-
THOCTUYECKOT'O TIpreMa IpU OIleHKe AOCTHIKe-
HUS MMHUMYMaQ, & TaK>Ke AAS OTpaHUYeHUs Be-
AWYWHBI TIOMCKOBOT'O IIPOCTPAHCTBA IIapaMeTpOB,
CAY4YaMHO BBIOVMPAEMbIX aATOPUTMOM Ha YYaCTKaxX
MEAANEHHO WM3MEHSIONINXCS 3HAaYeHWN HEeKOTO-
pPBIX IIEpEMEeHHBIX (Ha TaK Ha3bIBaeMBIX IIAATO),
IIPOITEeCC MOUCKA AAST APYTHX IIepeMeHHBIX (TIpHu
HU3KUX 3HAUEHUSIX YIIPABASIONIETO ITapaMmeTpa)
MO>KeT GAOKMPOBATHCS.

AeMoHCTparys IpoIeAyphl U3A0KEHHOTO pe-
LIeHUsT TIPEANATAETCSI AASI CKOPOCTHOT'O pa3pesa
U (pyHKIUM BpeMeHH IpoOera (ppoHTa caMOU
OBICTPOY BOAHBI, TIOAYYEHHBIX II0 MaTepharaM
DOBRE-5.

Ha puc. 2 npuBeaeH BUA CKOPOCTHOM (PYHK-
VY U TIPEAEAB] ee CYIIeCTBOBaHMS, a TakKKe pe-
3yABTAT pelleHUsI A Hee IIPSIMOM 3apauu (8) —
BOAHOBOM (DPOHT B CETOYHOU OOAACTU C HIaroM
KBaAppaTHOU siueriku 1 kM. Pedepenii-roporpad
CTPOUACS TI0 3aITUCSIM BCTYTIAEHUHN CEMCMUYECKIX
BoAH Ha npodure DOBRE-5 na nukerax 54—91,
BO30Y>KAEHHBIX Ha IIyHKTe B3pbiBa 2. CKOPOCT-
Hag PYHKIIUS BOCCTaHaBAUBaAACH 110 2D rpadu-
YeCKOMY MaKeTy CKOpocTel P-BOAH [Starostenko
et al., Fig. 5, 2015], npeapcTaBAeHa Ha PUCYHKeE B
BUAE TAOAMIIBI U AAST AOCTHDKEHUS TpebyeMoro
CEeTOYHOU apXUTEKTypPOU CpeAbl paBHOMEPHOTI'O
11ara 1o rAyOrHe B IIpepeAax KpalHNUX 3HaUYeHU U
CKOPOCTH ITOABEPTaAaCh MHTEPIIOASITUN METOAOM
KyOMYeCKHUX CIIAAUHOB.

AAST CMSATYEHWST MTHTEPIIOASITITMOHHOM OITMOKHA
B 3aKOHTYPHBIX Y3AaX CETOYHOU OOAACTU UCTOY-
HUK yCTaHaBAUBAACS B KOOPAMHATHI x=4, z=4, Tpur-
yeM MEAAEHHOCTE B CAOSIX C KOOPAMHATaAMU X, z<4
IIPUHUMaAaCh OAVMHAKOBOW U PaBHOM TaKOBOMU B
«HYAEBOM» CAO€, KOTOPBIA pacCMaTPUBAACST KaK
BUPTYaAbHAasI 3eMHasi TOBEPXHOCTD.
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Puc. 2. CKOpOCTh IPOAOABHOM BOAHBI B UHTEePBaAe TAYOUH 0—65 KM U TeHepupyeMoe AASL 3TOTO CKOPOCTHOTO pa3pesa IIOAO-
JKeHUe BO BpeMeHU (PpOHTA BCTYIIA€HUSA CaMOU ObICTPOI BOAHBL.
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AASI CKOPOCTHOTO pa3pesa, MPUBEASHHOIO Ha
puc. 2 u 3, mokKa3aHbl HAOATOAEHHBIU (ITeAE€BOM)
¥ CreHepUpOBaHHBIN roporpadnl. Takoe pa3au-
yre 3TUX TOAOTPadOB MOKET OBITH BHI3BAHO KaK
HEeaAeKBaTHOCTBIO BOCCTAHOBAEHHOM CKOPOCTHOM
(PYHKIMU apXUTEKType CPeAbl, TaK U OTAUYUIO
TIOCAEAHEN OT MCIIOAB3YIOIelcsa HaMu, 0OAaAa-
[OIlel HYAEBBIM TOPU30HTAABHBIM T'DAAVEHTOM
CKOPOCTH.

[MapameTp a AAST MHTEpBaAa CAYYaWHBIX BEAU-
YUH B ypaBHeHUU (21) IpUHUMAACS paBHBIM 1073,
F'roGanbHBIN TapaMeTp BLIOMPAACS IO TPAAUITNU
oueHb OAU3KUM K 1 1 cocTaBasia u=0,9993, mpuuem
LKA MOAUUKAIIMH BCEro BeKTOPa S, pacCMaTpu-
BaACs KaK OAHA UTepalus — OAWH 3Tall paboThI
aATOpUTMA IIPU OAHOM (m-M) 3HAUEHUU [IC.

[Tpu BLIGOpE AAST YAaCTHOM 3aAaY¥ BEAWYMHEI
HAYaABHOTO 3HAUEHWUST YIIPABASIIOIIEro TapamMmeTpa

tc
20

15
10

20 40 60

80 KM

Puc. 3. l'oporpadrl Ha Tpacce B 88 KM: IyHKTHPOM ITOKa3aH
roporpad, reHepupyeMblil IepBUYHOM CKOPOCTHOU (DYyHKIIU-
el pucC. 2, CIIAOIIHOM AMHUEN — HaOAIOAEHHBIN pedepeHil-
roporpad, TOYKaMU — «OTOXKJKEHHBIM» roporpad mocae
10 ThICSY UTEepaIUi.

]
8 8,5

3
910

Puc. 4. IToBepeHUe cpepHero 3HaYeHUs (PyHKIUU IOTEPh 3a
OAHY WTepAIHIo Ha MHTePBaAe OT 8 A0 9 TEICAY HUTepaIuii.

B, xM

¢, CKOPOCTH ero yObIBaHUS |I, FPAHUI] Aarla3oHa
a CAYYaWHBIX BEAMYUH, BHOCSIIUX UCKa>XKeHU,
ONIPEAENSIONINMU SIBASIETCSI OlleHKa MUHUMYMa,
AOCTUTHYTOTO aATOPUTMOM, U BpeMsl ero AOCTHU-
>KeHMSs, OlleHNBaeMoe KOAMYeCTBOM 3aTpadeHHbIX
ureparui.

Ha puc. 4 npuBepeHO NOBeAeHME HEBIA3KU E B
WHTepBaAe THICSUYM UTepaluii B puanazoHe 4—9
TBICSY UTepaluil. XapaKkTep KpUBOU CBUAETEABCT-
ByeT O CAOJKHOM IIOBEPXHOCTU OIINOOK, U300U-
AyIOIIeN AOKAABHBIMM MUHUMYMaMU, yCIEITHO
IIPEOAOAEBAEMBIX AaATOPUTMOM, U AOCTH KEeHHUEeM
HEKOI'0 y4aCTKa IIOBEPXHOCTH OIINOO0K, KOTOPHIN
MOJKEeT OKa3aThCd KaK TAOOaABHBIM MUHHUMYMOM,
TaK U IPOTSKEHHBIM yIleAbeM AM00 OOIIUPHBIM
IIAQTO.

[Tpsamoe cpaBHeHUE B pa3yMHOM MaclITade ro-
AorpadoB HaOAIOAEHHOI'O U MOAEAUPYEMOTO MaAO-
UHMOPMATUBHO, YTO BUAHO II0 PHUC. 3, HO pa3HUIla
roporpadoB AOCTAaTOUYHO BhIpa3uTeAbHa (puc. J).

O1nnbKa MOAEAUPOBAHUS B OCHOBHOM «TEAEe»
roporpada aexxut B mHTepBare +0,02¢, opHAKO
OTKAOHeHUd ITocae 80 KM IIpeBHINIAIOT 3TU 3Ha-
YeHHUs B HECKOABKO pa3. XOTs 3THU OTKAOHEHUS
B HECKOABKO COTBIX CEKYHA BIIOAHE IIPHEMAEMBI
IIPY MOAEAUPOBAHNH, OAHAKO BEITIAAAIOT 13 0011le-
r'o XapaKTepa [I0BeAeHUS Pa3HOCTHBIX 3HAaUYeHU U
U MOTYT OBITH OOBSICHEHBI BOAHOBBIM IIOAEM, T10-
Ka3aHHBIM Ha pHUC. 6.

0 20 40 60

80 EKMm

Puc. 5. Paznuiia MmexAy pedepeHIi-roporpaom u MopeAupye-
MBIM 11ocAe 8, 9 1 10 ThICAY UTepaIui.
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! 16,09 """"“'---...lsl 146 _________....-/:'/
60 A7 S S 16.002 16,002 17, 17086 18.07 ~
0 20 40 60 80 EKm
Puc. 6. MakeT (ppOHTOB IIPOAOABHBIX BOAH TTOCAe 10 ThICAY UTeparnuii paboThl MOAEAH.
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KM/ C

-
G-

10
11

10-11-12

0 20 40 60

0 20 40 60 A, KM

Puc. 7. OyHKIIHS CKOPOCTHU: CIIAOITHAS — Ha BEIXOAE aATOPHUTMA IIOCAE OKOHUYAHUS UTepalyi, TOYKA — (PUALTP omm6oK ['yappa,
IYHKTUAP — alIPOKCHUMAalKA IOAUHOMOM 5-U CTelleHHU, IITPUX-ITYHKTUP — (POPMa HaYaAbHOM CKOPOCTHOM KPUBOU.

P
0,44

0,28
0,12

-0,04 ===
-0,2

0 20 40 60

Puc. 8. VickaxeHust BpeMeH Ipobera (PpOHTOB ITPOAOABHBIX
BOAH, BbI3BaHHBIE (DUABTPaLel (DYHKIUUA CKOPOCTH, IIOAY-
geHHoU ntocae 9, 10, 11 u 12 ThiCSY UTEepalui.

B npaBoii BepxHel 4acTy MaKeTa pa3pe3a BOA-
HOBOTO IIOASI MOJKHO HaOAIOAATE Y4aCTOK (DPOHTA
BOAHBI C IIOBBIIIIEHHOM CKOPOCTBIO, OIIPeAeAsie-
MOM IO KOPpPEeAupyeMBIM MHHMMyMaM BpeMeH
BCTyIAEHUSI PPOHTA BOAHBI, KOTOPast BHIXOAUT B
nepBble BCTynAeHUs B paiioHe 80 kM. Takoe 00b-
siCHeHUe BBIOpoca, PUKCUPYeMOoro Ha PHUC. 5, Ka-
>KeTCsl HaM BIIOAHE IIPaBAOIIOAOOHBIM.

PaGoTra arroput™Ma B pexume (pUABTPALUU
(PYHKIIMH CKOPOCTH. VIMUTanug OT>KUra sBAIeT-
Cs1 HeAUHEWHOU IIPOILIeAYPOU ONTUMU3AIUU, UC-
IIOAB3YIOIIEN CAYUYaWHBIN [IOUCK AAS €€ Pearn3a-
MY ¥ TPUHUMAIOI el IPON3BOAbHEIE BEAMUNHEBI
CAY4YalHBIX BO3MYILLEHUH, YTO MOJKET IIPUBECTU K
IIOSIBA€HMIO HepeaAbHbIX 3HaUeHUY HapsAy C Cy-
II[eCTBEHHBIM YAyUIlIeHHeM II0UCKa TA0DAABHOTO
muHuMyMa [Goffe et al.,1994], T. e. npuxopuTcs
0’KHUAQTH BEIXOAHYIO (DYHKIIUIO C BLICOKUM YPOB-
HeM IIyMa. AAd CMATYeHUs TaKOU CUTyalluu UC-
IIOAB3YIOTCSI Pa3AMYHBIE TIOAXOABL. Tak, B paboTe
[Ammon, Vidale, 1993] ucmoab3oBarcs (PUABTP
BBICOKUX YaCTOT CO CAYYalHOWU B IIPOIeCcCe BhI-
YUCAEHUYU BapHabeAbHOCTHIO TOAOCHL (PUABTPA-
1IMH, TO3BOASIIOIIUM YAEPKUBATE MAaKCUMAABHYIO
aMIIAUTYAY AFOOOTO BO3MYyILeHUs B Ipeaperax 1%
(POHOBBIX 3HAYEHUU.

AAST BXOAHBIX BO3MYIIIEHUM OBIAO MCIIOAB30-
BAHO OYeBMAHOe orpanmuenue ;>0 (20), a Ars
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Puc. 9. HeBs3ka MexXkAy pedepeHI]-roporpadoM U MOAEAU-
pyeMeiM ntocae 10, 11 u 12 ThIcAY uTepanui.
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Puc. 10. PaboTta aaropuTMa B peskuMe (pUAbTPaluu PyHKIIUT
CKOPOCTH ITIOCA€ Ka’KAOW THICIYN UTepauid. AIIPOKCUMAIIA
yHKIUH CKOPOCTU OCAe 10 THICSY UTepalyii: CIAOLIHAS —
Ha BBIXOAE aATOPUTMA IIOCAe OKOHYaHUS UTePaluil, TOUKH —
pUABTp OMMOOK, MyHKTUP — aNIPOKCUMAINS ITOAMHOMOM
5-1i cTeneHN, IITPUX-ITYHKTUP — (popMa HadyaAbHOU (DYHKIIUHU
CKOPOCTH.

CKOPOCTHOM (PYHKIIMM Ha BBEIXOAE AATOPUTMA
npuMeHsAC (PUABTP omnook [Guerra, Tapia,
1974]. KpomMe TOTO, OCYIIIeCTBASIAOCH OTpaHuue-
HHe IIOMCKOBOTO IPOCTPAHCTBA IIyTeM BBIOOPA
CTAapPTOBBIX 3HAUEHMU YIPABASIOIIEro Ilapame-
Tpa U OTpaHUYeHHEeM MOAUMUIUPYEMBIX IIapa-
MeTpOB, a TaK)Ke ITyTeM 3allpeTa PocTa Ka*kKAo0-
TO Ha BeAMUUHY % OT CTapTOBOTrO 3HaueHwus. Ha
puc. 7 IpUBeAEHBI PE3YABTATHI AIIIPOKCUMAIINU U
CrA@KeHHBbIe 3HaueHUs (DYHKIIUU CKOPOCTHU ITOCAE
10 TBICAY UTepalui U 3TU Ke CpeAHNEe 3HaUeHU]
pe3yabTaToB 10, 11 u 12 ThIca4 UTepanui.

Bein ompoGoBaH ¥ APYTOM PEKHMM aIlpOoK-
CHMalliM, COCTOAIINN B IIPOBEACHUU TPOMEKY-
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KM/C
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a 7 B

Puc. 11. Pe3yAbTaT IpUMEHEHHs aKTOB (DUABTPAINN (PYHKIIMU CKOPOCTH IIOCAE KaXKAOU TOCAEAYIOIEH 1-1 THICSYU NTepaliuii.
CraolrHast KpUBasi — CpeAHee Pe3yAbTaToB allllpoKcuManuu ckopoctu nocae 10 (a), 11 (6) u 12 toicsau urepanuii (B). Touku

— nepBUYHAas (DYHKIUS CKOPOCTH.

TOUHBIX aKTOB (PUABTPALMU (PYHKIIUM CKOPOCTH
IIOCAE Ka’KAOU IIOCAEAYIOLeH ThICAYU UTePALi.
O1leHKa IpUeMAEMBIX HCKaKeHuN roaporpada,
BBI3bIBAEMBIX TaKUM (PUABTPAIIMOHHBIM PE’KU-
MOM Pe3YAbTATOB OIleHKU (PYHKIMUU CKOPOCTH,
noKasaHa Ha puc. 8—10. 'paduky ocpepHeHHBIX
3HAUEeHUM allpoOKCUMaluU (PyHKIIUU CKOPOCTU
nocAe 10 TeICSY UTepaluil mpuBeAeH Ha puc. 11.

Pedepenn-roporpag Arst BCTpeuyHOro npodu-
ASI IIO OTHOIIIEHUIO K paHee pacCMaTpUBaeMOMY
MUHOM 187 KM CTPOMACS AASL IYHKTA B3pBIBA 7
Ha nukeTax 170—82 B mpeaperax A=35,98+33,61°.
Tak Kak pazMephbl CETOYHOMN O0OAACTHU OIIPEAEAsi-
IOTCSI TAYOUHOM, U3BECTHOU AL AQHHOTO OAOKa
CKOPOCTHOM (DYHKIIMU WU AAMHOU roporpada, To
AMASI paccMaTpUBaeMoro roporpada HU>KHsS 'paHn-
11a CeTOUYHOM 0OAACTU Ha TAYOHHe 65 KM (caMmoMy
TAyOOKOMY AOCTYITHOMY HaM 3HaUeHUIO0 CKOPOCTH)
MOJKeT reHepupoBaTh (hbaHTOMHBIE (pa3bl BOAH, UTO

NIPUBEAET K [IOCTPOEHUIO 3K30TUUECKOMN CTPYKTY-
PBI pacipepeAeHus: CKopocTel. YToOb! n36ekaTh
UAH, 110 KpaliHel Mepe, yMeHBIIUTh BO3MOKHOCTh
TaKOI'o CIleHapHus, IIocAe 65 KM TAyOMHBI (DYHK-
11151 CKOPOCTH UCKYCCTBEHHO IIPOAAEHA AO 95 KM C
yBeAndeHueM 3HaueHuH 10 0,1 KM/c AAST KaJKAOTO
TIOCAEAYIOIIIero MUHTepBaaAa B 5 KM, UTO ITIOKa3aHO B
TabOAuIle pUc. 12 HU>Ke IyHKTUPHON AMHUU.
PaboTa aaropuTMa OT’KHIa AASL BCTPEYHOI'O
HallpaBAEHUsS PAaCIPOCTPaAHEHUS CeHCMUUEeCKUX
BOAH B OOIIIUX YepTaxX HaCAeAyeT XapaKTep Iipe-
ABIAYIIIETO IIPHUMepPa, HO MMeeT HEKOTOPhIe 0CO-
OeHHOCTH, OOBSICHSIEeMbIe, 110 HallleMy MHEHUIO,
B IIEPBYIO OUYEpPeAb Pa3AMUYHMeM CTapTOBBIX CKO-
POCTHBIX (DYHKIIUM, XOTS U IIOAOOHBIX, HO OTAU-
YaIOIUXCS AeTaAsIMH, B YaCTHOCTU CBSI3aHHBIMU
C AOCTQTOYHO YMO3PHUTEABHBIM IIPOAOAKEHUEM
(PYHKIIMK CKOPOCTH Ha I'AyOMHY. ANNIPOKCHMa-
LU AATOPUTMOM CTAPTOBOM CKOPOCTHOM (PYHK-

H, &MV, km/d] EM/€

1z {65 "

15 [6,0 41

40 7:3 5,5 Bt T 10.68 J 7&
R A SRS SN T NS
65 8:4 6,9 37,6 / / } { ’ ] \ \ \ \\\\\

70 | 8,5 7.6 56,4 [ [{ { { [ K\ \\\\ \\

75 8,6 75,2 25 221128 lgxﬁj ———1.0.888
R 8'3 94_3&@0\ 21\97720,435 171604 °16,22144,070~~| 12249
95 (8.0 0 20 40 60 80k KM KM 155 124 93 62 31 0

Puc. 12. TabAuria 3Ha4eHUY CKOPOCTU IPOAOABHBIX BOAH, CHSITOM C MaKeTa CKOPOCTHOTO pa3pesa BAOAL Tpodunst DOBRE-5,
aNIpOKCUMalus 3TUX 3HaUeHUN KyOMUeCKUMHU CIIAaWHaMU € IIarOM UCIIOAB3YyeMOH ceTKH (1 KM) 1 IoAe BpeMeH BCTYIACHUST
bpoHTa caMo} OBLICTPON BOAHBI AAST 9TOM (CTapTOBOM) CKOPOCTHOM (DYHKITUH.
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1y mocae 10 ThicSY mTeparnuii AeMOHCTPUPYET
Xopollne pe3yAbTaThl (puc. 13).

B macrosimeMm mnpuMepe (OUABTPAMOHHOE
CTrA@KUBaHUE BEIXOAHOU (DYHKITUYM CKOPOCTH I10-
CA€ KayKAOTO OAOKA B THICSIUY UTepariuii OKa3biBa-

c
30

20 ~

10
0

KM 150 100 50 0

Puc. 13. Coopka roporpacdos npodursg pauHon 187 KM: IIyH-
KTHP — roporpad cTapToBOM CKOPOCTHOM (DYHKIJUH, CIIAOIII-
Hag — pedepeHIi-roporpad, Touku — roporpad nocae 10 ToI-
CsY UTepanui.

€T OTHOCUTEABHO CUABHOE BAUSIHIE Ha TeKyIINNU
Ppe3yAbTaT allllPOKCUMAIIUN, 0COOEHHO AAST DOAB-
IMX 3HAUYEHUM UTepalyii, YTo BUAHO 110 TIOBeAe-
HUIO PYHKIWUYM HEBSI30K Ha IpUMepe NHTePBaAOB
7—8 u 8—9 Tricsiu utepanu (puc. 14). Ho aaro-
PUTM oueHb 3(p(PEeKTUBHO AMKBHUAUPYET TaKHe UC-
Ka’KeHud, IIoKa3aHHble Ha puc. 15, a, popmupysa
HeBA3KY C pedepeHIl-roporpadoM B MHTEpPBaAe
0,25 ¢, 9TO MOKHO CUMTATDH IIPUEMAEMOU OIITUO-
KOU anmporcumaliuu (puc. 15, 6).

Ha puc. 16, npepcTaBA€HHOM HUXKe, ITIOKa3aHbl
Pe3yAbTATHI pellleHud IPSMOY 3aAauy IIPY 3HaUe-
HUMHU yIpaBAsiolero napamerpa c=0,25.

Puc. 17 peMOHCTPUPYET PE3YABTATHL MOAEAU-
poBaHUus (PYHKIUU CKOPOCTH ITOCAE 8 THICSY UTe-
panui AAS paccMaTpUBaeMbIX IMKETOB TPOMUAT
DOBRE-5.

E ' E E '
0,04 7]
0,035 - 0,035 .
0,03 I 0.03 5 0,03 : e
3 3 3
5 5.5 6-10 7 7.5 810 8 8,5 9:10

Puc. 14. TToBepeHHe cpepHero 3HaUeHUsT (DYHKITUN HeBA30K (17) B UHTepBare OAHOM THLICSIUU UTePaIlui.
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Puc. 15. BeKTOpBI HEBSA30K IOAOTPA(OB: @ — HEBSA3KM, BhI3BaHHBIE (DUABTPALMEN (PYHKIIUU CKOPOCTU AAS TBICSY UTEPAllUH,
IIOKa3aHHLBIX B OBaAax; 0 — HeBA3KHU pedepeHI-roporpada ¢ TaKOBLIM, IOAYUEHHBIM B Pe3yAbTaTe OTSKUTa AAS KOAUYECTBa

UTepalul, IPUBEACHHLIX B OBaAe.
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AR e TS
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Puc. 16. MakeT pa3pe3a ()pOHTOB BCTyIIA€HUSA IPOAOABHBIX BOAH BAOAB ITpoduas 187 KM, chOpMUPOBAHHEIN B pe3yabTare 10
TBICAY UTEPAIUN IPU CTAaPTOBOM yIIpaBAsdioleM napamerpe 0,25.
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KM/C

0 25 50 75 0 25 50 75
a 7}

0 25 50 75 0
B

Puc. 17. «OTOX>KeHHass» cKOpocTHas pyHKIUs 1nocae 8 (a), 9 (0) u 10 Thicsu uTepaluil (B); CIAOCIIHON AMHUEH (B;) IIOKa3aH

BBIXOA CKOPOCTHOH (PYHKITUH PUCYHKA B (TOYKA — KPHUBas).

AAST OIIEHKH MOAEAWPOBAHUS CKOPOCTHOM
dyHKIIUM puc. 12 OBIA IPOU3BEAEH 3aITyCK aAro-
PUTMa OT>KHUTa C PA3AMYHBIMU CTAPTOBBIMU 3Ha-
YeHHUSIMHU yIIpaBadromiero napamerpa c (18). Pe-
3YABTATHI PEIIEHUS TPSIMOU 3aAaUH ITPY Pa3HBIX
3HQUEHMSX YIIPaBASIONIEro IapaMeTpa IMoKa3aHbl
Ha puc. 18.

Ha puc. 19 moka3zaHbl BEKTOPHI HEBSI30K MOAE-
AUPYEeMBIX TOAOTPadoB ¢ pedpepeHIl-roporpadoM

IIPM CTAPTOBBIX YIIPABASIOMIMX IapameTpax c¢=0,5 u
c=1,0, a Tak>Ke paboTa aATOPUTMA B pe’KUMe (PUAB-
Tpanuy PYHKITUM CKOPOCTH B IIPOIlecCe MUHUMU-
3arU¥ (PyHKIIUM CTOUMOCTY IIOTEPb.
Habaroparoiieecss 3peCh yBeAndeHUe OMINO-
KM MOAEAWPOBaHUSA Ha paccrogHum 150 kM B
IpoIiecce anmmpoKCUMaIuy (QyHKIIUU CKOPOCTH
IIOCAE HEKOTOPBIX ITOCAEAYIOIIMX THICIY WTe-
panuii Mo>KeT ObITh OOBSICHEHO HapylleHHeM

VAV SVAVAPRAN NSNS NS
T T I 7T N N——
NN NN NN NN A
75,2 /_/ / \\\\\\\ :;3-732———
04 27,44, Z:S.éo 24417 22,}_;3;_?__;2}_;;591 20,875 }_B:?lu\-l i
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37,6 /\_"’/ ) / / / / / F 7 w\\‘\\\_
wid T /B N AN AN NN
wod /L NN NN T
04 25,422 Iz@,é_og 2;/33:0 21./257 2&821 1},_296 }\.730 \\“*\

7]

Puc. 18. Maket pa3pe3a (OpOHTOB BCTYIIAEHUS IPOAOABHBIX BOAH BAOAB ITpoduAs 187 KM, c)OpMUPOBAHHEBIN B pe3yAbTaTe 9
TBEICSTY UTEPAIIUH IPU CTapTOBOM yIIpaBasioiieM nmapamerpe 0,5 (a), 1,0 (0).
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Puc. 19. HeBa3ku roporpadoB AAS IIUKAOB PA3AMYHBIX CTAPTOBBIX YIIPABASIOUIUX IIapaMeTpPOB, BbI3BAHHBIE (PUABTpaLUen
(PyHKIMH CKOPOCTH Ha TPaHuIle GAOKOB B THICAUYY UTEPAIlU, He IIOABEPTaBIINXCS (DUABTPAIIAN.
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Puc. 20. To ke, uTo u puc. 15, a, HO IPU APYTUX CTAPTOBLIX 3HAUEHUSIX yIIPABASIIOLIEro apamMerpa c.

I'PaHUI] IOUCKOBOT'O IPOCTPAHCTBA TAOOAABHOTO
MMHMMYyMa Ha CAOKHOM ITIOBEPXHOCTU (DYHKITUU
oTepb Elk , UTO TpeOyeT KOPPEKIUN BEANYNHBI
CTApTOBOTO 3HAYEHUSA YIIPABASAIONIETO IIapaMeTpa
¢ U TAOODAABHBIX KOHCTAHT OT’KHUTa — CKOPOCTH
ero yObIBaHU4 ||, TPAHUL] AMANIa30Ha a CAYYaNHBIX
BEAWYMH, MOITHOCTA MHOJKECTBA I'j. 3aMeTuM, 4TO
AAS PACCMOTPEHHBIX BHIIIIE BEAUYHUH CTAPTOBOTO
napaMeTrpa ¢, OTBETCTBEHHOI'O 3a AOCTATOYHBINU
AMAIAa30H IIOMCKA I'AOOAABHOIO MHUHUMyMa CH-
CTEMBI, AQKe IIPU 3HAUYUTEABHOM «pas3dpoce»
paboTBl aATOpUTMA OIIUOKA MOAEAUPOBAHUSA
roporpada UCUUCALIIOTCI CEKyHAAMU. DTOMY CO-
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Correction of velocity profile by the method
of imitation of annealing

© [M. A. Lazarenko|, O. A. Gerasimenko, 2016

Reversal of hodograph in 2D formulation, obtained by finite-difference solution of eikonal has
been put into practice by the method of imitation of «annealing» in the problem of combinatorial
optimization for uneven and interrupted functions. Hodographs of seismic studies of DSS of the
territory of Ukraine (profile DOBRE-5) have been used as a target function. Velocity function of
the medium was restored by two-dimensional published models of P-waves velocities. Refinements
of optimal functioning of the algorithm of «annealing» imitation and of regime of initial function
filtration during the process of minimization of the function of losses value are presented in details.

Key words: method of imitation of annealing, «eikonal» equation, finite-difference valuation,
minimization of function of losses, combinatorial optimization, arrivals of longitudinal waves, solu-
tion of direct problem, DSS, function of the losses value, iteration, hodograph.
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