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Abstract: Seismic inversion allows to estimate the elastic medium
properties. Simultaneous seismic inversion provides a detailed model

of the elastic medium properties using the results of prestack seismic

data processing in the time domain. The relationship of reflection
coefficients with elastic properties is given by the Zoeppritz equations.
Classic simultaneous inversion approaches are based on the approximations
of the Zoeppritz equations exact solution, which are valid for small
contrasts of properties in the medium and for small angles of
incidence of the wave. In this paper we propose an algorithm for
simultaneous inversion based on the exact solution of the Zoeppritz
equations. The proposed algorithm is compared with classic simultaneous
inversion algorithms using realistic synthetic models.
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1 Bsenenue

CeiicMuyecKast HHBEPCHUsI MIPEJICTABIISIET COOON MHCTPYMEHT JIJIsT OIIpeie-
JIEHUsI KOJIJIEKTOPCKUX CBOMCTB TOPHBIX TOPOJI. DTa IPOIE/Lypa MUPOKO Pac-
IIpOCTpaHeHa Ha IPaKTUKe, TaK KaK OHa II03BOJISET IOJYYUTH JeTAJIbHYIO
MOJIEJIb YIIPYTUX CBOMCTB MCCJIEAYEMOI0 Ie0JIOTMIECKOr0 00bEKTa 0 PE3YIb-
TaTaM BPEMEHHON 00paboTKM CeiCMUYeCKUX MaHHbIX. CHHXPOHHAs ceficMu-
qecKasli MHBEPCUS JIa€T BO3MOXKHOCTH MOCTPOUTH MOJEb CPENBI 110 Pe3yJ/ib-
TaTaM 00PAbOTKU CEeCMUYECKNX TaHHBIX BO BPEMEHHON 00/1aCTU 10 CYMMU-
poanus [1]. AsropurMmbl ceficMuueckoii HHBEPCUU OCHOBAHBI HA OJIHOMED-
HOIT CBEPTOUHOI MoJesn ceficmuueckoii Tpacesl |2, 3]. B rakoii nmocranoeke
IIpeJrosiaraeTcsl, YTo celicMruYecKas Tpacca SBJISETCS PEe3YAbTATOM CBEPTKHI
CelCMMYECKOr0 UMIIYJIbCa C TPaccoii KoaPUIMEeHTOB oTpaxkeHusl. B ciydae
CUHXPOHHON MHBEPCUU 3aBUCHUMOCTHL KO3(MPUIMEHTA OTPAXKEHHUsI OT YIIPY-
I'UX CBOHCTB cpebl Jaércs cucreMoil ypasuenunii [lgnnpuria. Yrobbl ympo-
CTUTH pabOTy C pEIIeHHeM 3TUX YpPaBHEHHI, Ha IPAKTUKE HCIOJIb3YIOTCs
pa3JIngHble AIPOKCUMAIMU ToYHOro pemenust |4, 7|. Ha ocHoBe maHHBIX
alllIPOKCUMAIM B HACTOMIEe BPpeMs PeaJu30BAHO MHOXKECTBO aJrOPUTMOB
CUHXPOHHOU WHBEPCHUU, HAIEINX CBOE IIPUMEHEHNe B KOMMEPUECKOM ITPO-
rpaMMHOM obecitedeHnn. 1IpenMyInecTBOM AIIPOKCUMAIMI TOTHOTO perrre-
HUA FBJIACTCA BO3MOXKHOCTD JIMHEAPU3AIIUN OllepaTopa MPAMON 3aJa4u, 94TO
obJrerdaeT mpoIece ONTUMU3AIINHN [1eJ1eBoi (byHKIMH Ipu perneHnn o0paTHO
zagaqan. K HegocTaTKaM almpoKCHMAIINi MOXKHO OTHECTH UX ITPUMEHUMOCTH
JUIE HEOOJIBIMX YIJIOB HaJeHusi BOJIHBI (Kak mpasuio, 10 30°) u HebOJIb-
X KOHTPACTOB YIPYTUX CBOMCTB, & TaK»Ke HeOOXOINMOCTH JIOMOJTHUATE b=
HOI aIIpHOpHON MHMOPMAINN, TAKOW KaK TJIAIKNI HU3KOYACTOTHBIN TpPEH.T
YOPYTAX CBOWCTB CpeAbl NN OICHKA BEJWYWHBI OTHOIICHUA CKOPOCTH IIPO-
JIOJIBHBIX BOJIH K CKOPOCTH TIOTIePedIHbIX BOJIH. [lorpermHocts pacaéra 3nade-
Huit Ko3(PUITHEHTOB OTPAXKEHUS B MPAMOI 3a/1a9e OKA3bIBAET BJIUSIHUE HA
pe3yabTar perieHust obparHoit 3agadn. OTMeTHM, UTO JaxKe IPU BBIIOJIHE-
HUM BCEX YCJIOBUI, 00ECIIeINBAIONINX CIIPABEJINBOCTD AIIIPOKCUMAIIH, OHI
[TO-TIPEXKHEMY OCTAIOTCH MPUMEHUMBI JJIsi CPABHUTE/IHLHO HEDOJIBIINX YIJIOB
MaJIeHnsl, OTHAKO OOJIbINas J10Jisi MHMOPMAIUN O PACIPEIEJCHUN YIIPYTUX
CBOICTB CpeJIbl COJIEPXKUTCSA B CEHCMUYECKHX TpaccaX, COOTBETCTBYIOIINX
GosbIM yryiaM najieHus [5).

B nmannoit pabore paccMaTpuBaeTCs aJropuTM CHHXPOHHOM ceficMuvIecKoit
WHBEPCUU, OCHOBAHHBIN HA TOYHOM DPEIIEHUN CUCTEeMbI ypaBHeHuit Lénmpur-
na. Perynapuszarus Tuxonosa mo3BOJIAET YIECTb allPUOPHYIO NHMOPMAITUIO
JIIST BOCCTaHOBJIeHNs (pusmvaecku 0OOCHOBAHHOTO perteHus. Jjas MuHuM#-
3aIUn 1eJIeBoit (DYHKIMKM CUHXPOHHON WHBEPCUU UCIIO/Ib3YeTCsl KBA3UHBIOTO-
HOBCKMi1 MeTOI, TpeOyIommii BeraucaeHus rpaguenTa. Jduddepenimpobanme
K03 puImenTa OTparKeHns 110 mapaMeTpaM MOJEIN IPOU3BOAUTCs 10 POop-
MyJie IIPOU3BOIHON HeABHON (DYHKIINM, YTO JAET BO3MOXKHOCTL paboTaThb C
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yIOOHBIMU ODO3PUMBIME BBIPAXKEHUSIMU U U30€KATH JOIMOJTHUTE/HHBIX [TPE/I-
nosoxkenunii. [IpeozKeHHbIl aJIrTOPUTM CPABHUBAETCS C KJIACCUIECKUMU aJI-
POPUTMAMHU CHUHXPOHHOH cefiCMUYeCKONt NHBEPCUU Ha NPUMepax pealucTHY-
HBIX CHHTeTHYIecKux Mmojeseil. Vcciemyercss BausHue napaMeTpU3aIun MO-
JIeJIA TIPU ODPAICHNH.

2 CuHXpoHHasi UHBEPCUs HA OCHOBE TOYHOTO PEIIeHUs
cuctembl ypaBHeHnii Iennpuriia

CBéprouHasi MOJEIb CEHCMUIECKON Tpacchl MOYKET OBITH IIPeJICTaBJIEHA
YpaBHEHUEM BUIa

W(tv eip) * Rpp(m7 eip) = S(tv 9ip)7 (1)

rie 9,-p —YyTOJI ITaJIeHNs TJTOCKO# BOTHBI, W — celicMIYecKnit IMITYJIbC, Rpp —
K03 PUIMEHT OTparkKeHusl MPOIOJIbLHON BOJJIHBI, 171 — MOJIE/b YIIPYTOil cpe-
eI, S — ceficMudecKast Tpacca. B kadecTBe Mome/ i yIPYTUX CBONCTB CPEIbI
m OOBIYHO BBICTyITaeT HabOP (vp,vs, p) CKODOCTH IPOJIOJIBHBIX BOJIH, CKO-
POCTH TIOTIEPEYIHBIX BOJIH U IIOTHOCTH COOTBETCTBEHHO. B cMHXpOHHO# nH-
BepCUu UMeeTCs Habop YIJIOB MaJeHUsI, KayKJIOMY U3 KOTOPBIX COOTBETCTBY-
€T CBOH CefCMUYeCKHMil MMITyJIbC M CBOsI celicMmdeckasi Tpacca. Tpedyercs
OIPEJIESINTh TAKYIO MOJIE/Ib CPEJIbl, KOTopas Obl obecrieanBajia BBITOJTHEHNE
paBeHcTB Bugia (1) s Bcex umeroruxcst yriios najenusi. Ot yparenuii (1)
[IepexoIAT K 3aaue MUHIMUBAINN 11eJIeBOr0 (DYHKIIMOHAIA BUIA

N M
F(m) =W Ryp(m, 6;,) = S(O},)[13+ D cwli(m), (2)
i=1 k=1

riae Na — KOJIMYIE€CTBO YIVIOB ITaJCHUA, /I KOTOPBIX NMEIOTCHA celicMuyecKne
Tpaccel, af > 0 — mapamerpbl peryssipusarun, (2 (m) — crabuamsaropsl
sajaun. Mojiesib m, J0CTaB/ISONAs MUHIMYM T1eJ1eBOMy (hyHKImoHaty (2),
OyJjleT ABJIATHCA perieHneM obpaTHoit 3ajga4dn. CTabuanzaTropbl Jal0T BO3-
MOYKHOCTH Y4€CTh HEOOXOIUMYIO AllPUOPHYIO HH(MOPMAIMIO O PEIICHUN U 110~
BBICUTDH yCTOMYMBOCTH OOPAIEHUS].

PaccMoTpuM cpefly, COCTOSINYIO M3 JIBYX CJIOSB M IOPU30HTAJILHON Ipa-
HUILI MEXK1y HAMK. BepxHuii cjoil onmcbiBaeTcs HabOpOM YIPYTHX CBOMCTB
(Up1, Vs1, p), & HIKHAIT — HAGOPOM (Vp2, Us2, p) coorBercTBeHHO. [TycTs mioc-
Kas IPOAOJIbHAA BOJIHA PACIPOCTPAHACTCS B BEPXHEM CJIOE U IIAJAECT Ha Ipa-
HUIy MeXKJy CJIOSIMH 1107 yriioM 6,. B obmem cirydae obpasyercs deTbipe
BOJIHBL — IPOJOJIbHAS OTPasKEHHAS, HMPOJOJIbHASA HMPEJIOMIICHHAS, a TAKXKE
JIBe OOMEHHBIE BOJIHBI, TO €CTh IIOIEPEeYHasd OTPayKEHHAS U IMOIIepedHAas Ipe-
somnénnasi. CoorBercTByIoniue KoM OUIUEHTHI OTPAKEHUS U IIPEJTOMIIEHUS
CBsI3aHBI C YIPYTUMH CBOMCTBaMH CJIOEB cucTeMoill ypaBHenwuit [[énmpuria,
B napamerpusaiuu (vp, s, p) EMeIomieil B

Z(m)R = y(m), (3)
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rie
— sin 6, —cos 0,5 sin 0y, cos B¢
cos 0, —sinO,.4 cos Oy, — sin Oy
Z(m) =] —p1rvp1cos20.s prus1sin20.s  pavp2 cos 20 —pavso sin 20

p1v2 sin 260;,, pav2, sin 204,

P1Vs1 COS 20, P2Vs2 COS 204

Upl Up2
sin Hip
gpp cos O;p
R = P51, y(m) = | prvp1cos20,s
Tpp 2 sin 20;
T p1v5; sin 20;,

=
@

vpl
(4)

VYribt OTpazK€eHHsd 1 IIPpEJIOMJICHUA CBA3aHbI 3aKOHOM CHGJIJH/Iy(Za, B B €

sinf;, sinf,, sinf, sinb

=T T Tw (5)

Upl Us1 Up2 Vs2

rje 0.5 — yroj oTpazkKeHus OOMEHHOl IIONepevYHON BOJIHBI, 0y, — yroJ mpe-
JIOMJIEHHS TIPOIOJIBHON BOJIHEIL, s — yToJI IpeoMiIeHns OOMEHHOI Imoreped-
HOit BosiHbl. Takum obpasom, cucrema ypasHenwuii (3) 3amaér kKoaddumment
orpazkennd Ry, Kax HedBHyIO (DYHKIINIO, 3aBUCHIILYIO OT IIECTH yIPYTUX Ia-
PaMETPOB CPEJIbI.

Paspemast cucremy ypasaeHwuii (3), MOYKHO MOy IUTH ABHYIO (DOPMYJIY 3a-
BUCHMOCTH KO3 duimenTa orpazkenns Iy, oT yupyrux napaMeTpos CpeJibl.
[TockosbKy siBHasT (pOpMyJIa MPOMO3/IKA U CJIOXKHA IJisI AaJibHeleil paboThl,
OBLTN pa3pabOTaHBl PA3IUIHBIE AMIPOKCUMAIINY 1T KO3 hUImenTa oTpa-
sxernst. OIHOI U3 caMbIX PACIPOCTPAHEHHBIX AIMIPOKCUMAIIAN SBJISIETCS all-
npokcumarus [lye, mmerorast BU

Ryp(0ip) = Rypo + Gsin 0, + F(tg? 0;, — sin® 0;,,), (6)
rie
1 /Av Ap
R 0= 3 (P + > )
pp 9 ,Up P)
1A 2 /A Awv,
G:%—2%<p+2 U), (7)
2 vy vs \ P Vg
o LA
2 v,

B nanmoit armmpokcuManum JByXCJIOMHAST MOJIE/Ib PACCMATPUBAETCA KaK CyM-
Ma TVIaJKOI'0 TPEH/Ia U KOHTPAcTa CBOHCTB Ha I'PaHUIE B BHUJIE

v — Up2 + Up1 v. = Vs2 + Us1 _ P2+ p1
P 2 9 S 2 9 2 ) (8)
Avp =vp2 —vp1,  Avs =vs2 —vs1, Ap=p2—p1.

)
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B pamkax anmpokcuManuii TOYHOrO PelleHus CucTeMbl ypasuenuit Lemmpur-
I[a IpeJIIoyIaraeTcs, YTO yroJl naJeHus 0;, 1 KOHTPACThl yIPYTUX CBOHCTB
cpeabl MEXKJ1y CJIOAMU MAaJIbl.

Cucrema ypasuennit Lénmpuriia MoxkeT OBITH TIeperncana B paMKax HHOI
napaMeTpusalu, HallpUMep, UCIOJb3yd UMIICAAHCHI IIPOAOJILHON U IIole-
peunoit BosiH BMecTO ckopocteii. [Tomumo anmpokcumaruu Ilye, cymiecTBy-
0T U JIpyTHe, HAIIPUMED, ampokcuManus boprduiia uin amnmpokcuMaus
QarTr B TepMUHAX HUMIIEaHCOB U wioTHocTu. Cucrema ypapaenwit Lémn-
IPUTIA 3aJaéT 3aBHCHMOCTb KO3(bdUIeHTa oTpaxkenus IR, OT yIpyrux
TapaMeTpoOB CPeIbl B BHJIE HESIBHOW W HEJIWHEHHON (DYyHKIINM, OJHAKO TOU-
HOe pelleHne cucTeMbl LlénmpuTiia cripaBeAInBO I8 BCeX JOKPUTHIECKUIX
YTJIOB TIaIeHUsT BOJTHBI U JIJIsT JTIOOBIX KOHTPACTOB CBONCTB Cpeibl. ATIIIPOKCH-
Mallid TOYHOI'O PEIIeHUd 3a/1al0T 9Ty 3aBUCUMOCTDb KaK ABHYIO U JIMHEHHYIO,
OJIHAKO IIPU ITOM JIJIsi AIIPOKCUMAIIUN TPeOyeTCs JIONOJHATEeIbHAS nHPOD-
Malus, Takas Kak [VIQJIKAi TPEH/] 1apaMeTPOB CPEJIbl, a TaKKe coOJII0/IeHne
[IPEJIIIOJIOXKEHNT O MAJIOCTU yIJia MaJIeHusl U KOHTpacToB cBoiicTB. [Ipu Ha-
PYIIEHUN 3TUX IIPEITOIOKEHNH KOI(PDUIIMEHT OTPAXKEHUsI, BHITUC/ISIEMbIi
COTJIACHO AIIIPOKCUMAITUSIM TOYHOTO PEIeHUsI, MOXKET COMEPKAThH DOJIBITYIO
IIOTPEITHOCTD, TO €CTh IPsIMas 33/1a9a CBEPTOYHOT'O MOJIETMPOBAHMS JIJIsI PaC-
96Ta CUHTETUIECKON cefiCMUIeCcKOi Tpacchl OyIeT PeImaThbes ¢ OMUOKOi, ITO
OTPUIATEILHO CKA3bIBAETCS Ha KayecTBe Pe3yJibTaTa pellleHnsi 0bpaTHOil 3a-
Ja4du.

Tounoe pemtenne cucrembl ypasHenuit [énmpurina MoxkeT ObITb HCIOJb-
30BaHO 6e3 JIONOJHUTEIBHOM MH(MOPMAIUU B BUJIE IVIAJKUX TPEHJIOB Iapa-
METPOB CPEeJIbl U IIPUMEHUMO JIJIsi OOJILIIUX YIJIOB TaJeHUsT U KOHTPACTOB
CBOMCTB, OJIHAKO sIBHasA (POpPMYyJIa CJAUIIKOM IPOMO3JIKA U HEYJ00HA JIJIsi pa-
6orbl. Bosiee Toro, mist moucka MuHUMYMa (DYHKIOHAJIA (2) XOPOIIO IO/
XOIAT TPaJUEeHTHBIE METOBI, HO TOI/a BO3HUKAET HEOOXOAMMOCTH pacuéTa
MPOM3BOAHBIX KO3 dUIMEHTa OTPaykKeHus: 10 YIPYTUM MapaMeTpaM CPeJIbl.
B nmannoii pabore js pacdéra MpOM3BOIHBIX MPEIIAraeTCsl UCIOIL30BAThH
dopmymy npomssopHoit mesiBHOH dyukimu. [Iycts mj; — oaun u3 mecru
YIIPYTUX ITAPAMETPORB, ONPEIEIAIONINX 3HaTeHIe KoM MUIUEnTa OTparKeHnst
R,,(m). duddepenimpys kazkioe ypaBHeHne (3), HOIydaeM ypaBHEHH

0Z(m) OR  9dy(m)
ijR%—Z(m)%—Wj. (9)
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Broipaxkasi BeKTOp IPOU3BOAHBLIX KOI(MDPUIMEHTOB OTParKeHUsI U IIPEJIOMJIE-
HUS, TTOJIydaeM (hopMyIry

3mj amj 8771]'

IJle IIPOU3BOJIHBIE OT MaTpulibl Z(m) u BeKTOpa 1pasoii yactu y(m) noHuma-
FOTCsT TIO9JIEMEHTHO, a BEKTOP K03 DUIMEHTOB OoTpaskeHnsI 1 BBIparkaeTcst
Kak

R = Z"Y(m)y(m). (11)
Takum 06pazoMm, Jjist BEITUCIEHUsT MTPON3BOIHBIX KO MUIMEHTa OTPaKEHUsT
R, 110 IEpeMeHnBIM 1M j, OIPEJIeIIAIONIM MOJIe/Ib YIPYTOii cpeJibl, TpebyerT-
csi obpamaTh OfHY U Ty Ke MATPUIly Z(m) ¢ pasiundHbIME OPaBBIMHU Ya-
CTSIMH, TIO9TOMY IPU pacdéTre T'PaJMeHTa IeaIeBoro (yHKIIMOHAIA BBHITOIHO
HCIOJIb30BaTh MPSIMOIT MeTos, obpalneHns MaTpuibl. s obparmennst MaT-
PHIT MAJIOTO pa3Mepa CYIEeCTBYIOT BLIYUCIUTE/IHHO 3D deKTuBHbIE (DOPMYJIBI
BBIYUCJIEHNST OOPATHOW MATPHUIIBI HAIIPSIMYIO. UUC/IEHHBIE SKCIIEPIMEHTHI 10~
KAa3bIBAIOT, ITO JJIsi JAHHOHM 3a/1a9l STOT MOIXOJ SIBJIAETCA HanboJiee ObICT-
PBIM U YHCJIEHHO YCTOWIHBBIM.

Jst yaéra amnpuopHoil mHGOPMAIME O PEIMIEHNH MOYKHO HCIIOJIb30BATH
peryasipusaito. OnuimeM, KaK BBITJISIIUT IeJIeBOi (pyHKITMOHA CHHXPOHHOMN
VHBEPCUU HA OCHOBE TOYHOTO perieHus ypasHenuit [{énmpuria.

B mpemmonoxkenun 0 TOM, 9TO Cpea COCTOUT U3 KOHEYHOT'O UUC/Ia, CJIOEB
C OJHOPOIHBIMU CBOHCTBAMU, BBOJATCS CTAOMIM3ATOPDLI, 0DECIIETUBAIOIINE
Pa3peKeHHbIN BUJ TPacChl KOIMAMUINEHTOB OTPAXKEHUS U OJIOIHYIO CTPYK-
TYpy pelleHus B BUJE

Ng,
Qr(m) = | Ryp(m, 02,1, (12)
=1

Qv (m) = [[Vuplls + [[Vos[ls + [Vl

[Ipu BBIOOpPE HOpMBI L1 B pe3dysbrare oOpalleHus Oy/IeT MOJydaTbCs Hau-
boJiee pasperxkeHHasT Tpacca KodpPUIIMEHTOB OTPayKeHnsT U Hanbojee paspe-
JKEHHBbIE TPACChl TPAINEHTOB MOJEJBHBIX IIapaMeTpPoB, TO €CTh MOJEJb, IO-
JIyUJaIoIasicsi B pesyabrare oOpalleHus, OyaeT UMeTh OJIOTHYIO CTPYKTYPY.
B ducnenmnoit peanusanum UCIOIbL3yeTCs TPUOIUKEHTE

|z| = Va2 + 62, (13)

rie 6 ~ 1075 — wmasmiit mapaMerp. DTo o6ecHeUHBACT TMIAJIKOCTD Ie/IEBOIl
GYHKIMY U TO3BOJISIET COXPAHUTH OJIOTHYIO CTPYKTYPY MOJIEIH.
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B ceficmuueckux Tpaccax orcyTCTByeT MH(MOPMAIUS O TVIAJKON HI3KOYA-
CTOTHOI COCTaBJISIIONIEN MOJIe/IN, U JJId y4€Ta TPEH/1a MOJEJIbHbBIX ITapaMeT-
POB B IIPOIIECCE UHBEPCUU UCIIOJIB3YETCs CTAOUIN3aTOD BUJIA

Qg (m) = llvp = vpoll3 + lvs = vs0ll3 + llp = poll3, (14)

rae (Up,0,Vs,0,P0) — 3aJaHHbIE IVIAJKNE TPEH/IBI yIPYIHX IIapaMerpos. Bei-
60p HOpMBI Lo B 9TOM CTAOM/IM3aTOPE MO3BOJISIET UTOTOBOMY PEIIEHUIO OT-
KJIOHATBCA OT 3aJaHHOIO TPEHIa, ODecrevdnBasi JOCTATOYHO CBOOOJBI JIJIst
y4a€Ta KOHTPACTHBIX I'DAHUII, BOBJIEKAsl IIPU TOM 3aJIaHHBIN TPEH] MOJIEJIN
B pellleHne.

14

IlockombKy B OCHOBe ceficMUYeCKOM MHBEPCUU JIEYKUT OJTHOMEPHAs CBEP-
TOYHAS MOJEJIb CEHCMUIECKON TPacChl, TO IpU OOpAIEHIT HEOOXOMMO VI~
TBIBATH UHPOPMAIIUIO O COCEJIHUX TPACCAX JJIsi 00ECIIeUeHUs IIPOCTPAHCTBEH-
HO¥ cBsA3HOCTH penteHus. JIjisg 9Toro paccMaTpuBaeTcst CTabUIn3aTop BUIA

Qn(m) = [lop — pl13 + [|vs — 0[5 + llp — plI3, (15)
rae (Op, Us, p) — pellleHne, IOy YeHHOe [T COCEIHEN TPACCHI MOIEIIH.
Takum 06pazoM, UTOTOBLIN 1e/IEBOH (DYHKIIMOHA CUHXPOHHON MHBEPCUHU
Ha OCHOBE TOYHOIO pereHus ypapHennii Llénmpuria nmeer Bu
Na

f(m) =" Wy Ryp(m,0},) = S(03,)I13
i—1 g (16)

+ a1 (m) + Qv (m) + @z, (M) + sy (m).

B kadecTBe napaMeTpu3anuy MOJe I 1M BEIOpaH Habop HapaMeTpos (Up, Us, p).
JLisi MCIOIb30BaHMS JIPYTON MapaMeTpU3aIuu HeoOXOMUMO COOTBETCTBYIO-
muM  00pa3oM MOIU(PUIIMPOBATH BHUJ CTAOMJIM3aTOPOB, a CIIOCOO pacuéra
IPOU3BOJIHBIX KO3 (DUIIMEHTA OTPAXKEHUsI 110 apaMeTpPaM MOJEH OCTaéT-
cs1 pexkHuM. JIj1s1 9rC/IeHHON OTITUMU3AINE UCTIOIB3YETCA KBA3UHBIOTOHOB-
ckuit MmeTost BFGS, koTopblii Tpebyer BEIYUC/IeH s TPaueHTa IeIeBoi (hyHK-
IUH.

Yupyrast cpefa MOXKeT OBbITh ONMCAHA PA3TUIHBIMUA HaGOpaMU MapaMeT-
POB, M BCE 3TU HADOPBI CBA3AHBI JAPYT ¢ ApyroM. Tak, HampuMep, Momy/IsipHa
apaMeTpPU3aIus ¢ HOMOIIBIO CKOPOCTeil U IIoTHOCTH (vp, Us, p). Hapsmy c
Hell MOYKHO PacCMOTPETH TMapaMeTpPU3aIIio depe3 UMIIEIaHChl U TJI0THOCTh
B Buge (Ip, I, p). Onnu mapaMeTper MOIYyT OBITH II€pECUYUTAHBI B APYIUe 110
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u3BeCTHBIM popMysiaM. VIMIitetaHChl, KAK U3BECTHO U3 JIUTEPATYPHI, BOCCTA~
HaBMBaOTCs Hambosee ycroitunso [6]. CHHXpOHHAsI MHBEPCUSI HA OCHOBE
TOYHOTO pelteHusi ypapHeruit Lénupuria MoxkeT ObITh chOpMyIUPOBaHA B
moboit napamerpusaiuu. Hanpumep, st napamerpusarnuu (I, I, p) cucre-
Ma ypasHenuni llénnpurna npumer Bui

—sin;, —cos B, sin 0y, cos Oy
cos 0, —sin 0,4 cos Oy — sin Oy
Z(m) = —Iy1co820,s Ig1sin20., Ippcos20ys —Isosin20i |,
12, sin 26; 12, sin 20
L5151 2Yip I41 cos 20, L5281 2Y1p I5 cos 20,
I Ipo (17)
sin gip
cos O,
y(m)=| Iprcos20.s |,
I2, sin 20;,,
I
a 3akoH CHeJlInyca 3aluIIeTcs B BUJIE
p1sin 6, _Mm sin 0,5 _ P sin 0y, _ P sin 06 (18)

Ipl Isl Ip2 IS2

JIy1st BBIMMCIIEHHs] TPaJMenTa HeJeBoro (byHKIMOHAIA IPOU3BOAHAS KO-
unuenra orpazkenust o napamerpaM (Ip, Is, p) MOKeT OBITH BBIMHCIIEHA 110
dopmyse (10), kak u s 11060i IPyroii mapaMeTpu3aIin.

3 CpaBHeHUe c CHHXPOHHOII MHBepPCHell Ha OCHOBE
armpoKCUMaIiui

Kax mpapuiio, B CHHXpOHHOI MHBEPCUN B KAUECTBE OIIEPaTOpa MPsIMOif 3a-
JaYu BBICTYIIAIOT AIMIPOKCUMAIINN TOYHOIO perenus ypasuenuit [{énmpuria,
MIPEJICTABISIONIAE COOOW JIMHEHHBIE OIEPATOPhl OTHOCUTEILHO KOHTPACTOB
CBOMCTB MOJIe/IN Ha I'PaHUIaX. PacCMOTpUM CHHXPOHHYIO CEHCMUTIECKYTO MH-
Bepcuio Ha ocHoBe ammnpokcumarinu Illye. Pacaér koadduimerTos orparke-
Hust 110 popmysie (6) MOKHO IIPEJICTABUTH B MATPUIHO-BEKTOPHOM BHUJIE KAaK

Rpp(mu 92'17) = Geipm7 (19)

rie (ip,, — MaTpuna, yIUTHIBAIOMAA B cebe IIajKuii TPeH | MOJIe U yToJ
maJenust Bosnbl, a m = (Awv,, Avg, Ap) — napamerpusarus Mmozpesn. st
obecrieuennsi GJI0IHOM CTPYKTYPbI MOJEJIN HCHOIL3YIOTCS CTabUIM3aTOPHI,
anajiornunble crabminzaropam (12). ITocsie Toro, Kak B pesy/brare UHBED-
CHH OIpeJieJIeHbl KOHTPACTEI CBOCTB (Avy,, Avs, Ap), 1o dopmysam (8) Boc-
CTAHABJIHBAETCA MOJIE/Ib YIPYTHX CBOHCTB Cpelsl (Up, Vs, ).

PaccMoTpuM Ha IpuMepe, Kak By T cebs alllipOKCHMAIIE 1 TOTHOE Pellle-
HUe JIJIs pa3JIndHbIX cpej. Ha pucynke 1 npejcrasieno nosejerue Koahdu-
IEHTa OTPAXKEHMsl, PACCIMTAHHOTO COIVIACHO TOYHOMY PEIIEHUIO CHCTEMBI
ypasrenuii Ilénnpuria 1 paccCauTanHOro coryiacHo annpokcuMalmsam [lye u
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Boprdunga. Ha pucynkax la u 16 KOHTpacT yHIpyrux CBOHCTB MEXKJTy JBY-
Ms CJIOSIMU MaJl, U alllIPOKCUMAIINHU CIIPABEJJINBBI Ha JIOCTATOYHO IMIMPOKOM
jguanazone yrioB. OyiHako Ha pucyHKax 1B m 1 KOHTpPAcCT CBOMCTB Cpejibl
BBIOpDAH JOCTATOYHO OOJIBIIAM, U AIITPOKCUMAINNA OTJIMIAIOTCS OT TOYHOTO
pelleHust Jaxe Jiisl HeOOJIBINX YIJIOB NajeHus BotHbL. [Ipu pabore ¢ Mmome-

V1 = 3.00 km/c, Vg = 1.80 km/c, p1 = 2.20 r/cm?
a) Vjp = 3.10 km/c, Via = 1.90 km/c, ps = 2.25 r/em® 6) Vo = 2.90 km/c, Vi = 1.70 km/c, p» = 2.15 r/cm?
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Puc. 1. Kosdpdurment orparkenuss mo TOIYHOMY PEIIEHUIO
cucreMbl ypaBHenuii [Iénnpuria u mo annpokcumanusm [lye
u Boprdusna qisi ciiaboKoHTpacTHBIX (&, 6) 1 KOHTPACTHBIX
(B, 1) cpen

JISIMU, B KOTOPBIX UMeeTCs OOJIBLINION KOHTPACT YIPYTUX CBOMCTB, aJITOPUTMbI
CUHXPOHHOH ceficMUYeCKON NHBEPCUHU, OCHOBAHHBIE HA alllIPOKCUMAITUIX, Oy-
JYT MPOUTPBIBATH B TOYHOCTU B CUJIy TOTO, YTO MPUOJIMKEHHBIN OIepaTop
psIMOit 33J1a4u TTPU OOJILINTUX KOHTPACTAX YIPYTUX CBOMCTB MOXKET 3HAYU-
TEJBbHO OTJIMYATHCS OT MUCTUHHOTO. Tak»Ke s alrpoKCUMAIUi HEeoOXO M
DJIAJIKAN TPEHJT YIPYTUX [apaMeTPOB CPEeJIbl, KOTOPbI OYJIeT BJIUATh HA UTO-
roBOE peIleHre U Ha KOHKPETHBLIA BUJI JUHEAHOrO olleparopa, COOTBETCTBY-
OIIETO AITPOKCUMAIIUN KOIDDUITMEHTA OTPaYKEHHUSI.

CpaBHEM pe3yJIbTATBI CHHXPOHHOW MHBEPCHH HA OCHOBE AITPOKCUMAIIHIA
U HA OCHOBE TOYHOT'O PEIIeHUs Ha IMPOCTBIX TPEXCIONHBIX MOJeNaX. B Kade-
CTBE JIAHHBLIX PAaCCMOTPUM CUHTETUYECKUE CefiCMUYEeCKHEe TPACChI, II0JIYYeH-
HbIE CBEPTKOI TPACCHI KOIMMUITMEHTOB OTPAXKEHU ST, PACCIUTAHHBIX COTJIACHO
cucreMme ypapaenuii [lénupurna, ¢ uMmmnyrbcoM Pukkepa ¢ ritaBHOM 9acTOTOM!
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30 I'. Ha pucyHke 2 1moka3aHbBI Pe3y/IbTaThl UHBEPCUH [IJIsi CJIADOKOHTPACT-
HOW TPEXCJIONHON cpeibl. AJITOPUTMBI MHBEPCUU Ha OCHOBE AITPOKCUMAITUI
1 Ha OCHOBE TOYHOI'O PENIeHUs TO3BOJIUJIM BOCCTAHOBUTH KOPPEKTHBIE 3HAYE-
HUsl YIPYTUX CBOUCTB CPEbl. DTOTO YIAETCs JOCTUYDb 38 CIET TOrO, ITO IIPU
MaJIbIX KOHTPaCTaX YIPYIUX CBOHCTB CpeJbl JIMHEUHBIN ollepaTop NpsMOit
3aJa4v1 HA OCHOBE AlllTPOKCUMAIINI TOCTATOYHO TOYHO OMUCHIBAET MCXOITHBIN
HeJITHEIHBIN onlepaTop Ha OCHOBE TOYHOIO perteHus ypasHennit Llémmpuria.
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Puc. 2. Pesyabrar wasepcun ¢ annpokcuMarueit [lye u c
TOYHBIM perieHreM ypasHeHuil [lgnmnpurma s ciiabokoH-
TPACTHON CpeJibl

PaccmarpuBas cpefly co 3HaUNTENIHFHBIME KOHTPACTAMU YIIPYTUX CBOMCTB,
MOKEM 3aMETUTh, YTO UHBEPCHUS Ha OCHOBE AIlITPOKCUMAIINIT yCTyIIaeT HHBEP-
CHU Ha OCHOBE TOYHOI'O PEINeHUsl, KAK 9TO MMOKa3aHO Ha pucyHke 3. Omubku
B IIPSIMOM MOJIEJIMPOBAHUN, BOSHUKAIOIINE B CUJIYy JIMHEAPUIAIMU UCXOITHOMN
3aJIa9M, CKA3bIBAIOTCS HA pe3ysbTare perieHus obparHoit 3agaun. OpHAKO
CUHXPOHHAas WHBEPCHUS HA OCHOBE TOYHOI'O PEIIeHUs B Cllydae KOHTPACTHOM
cpezipl MO3BOJIFET MOJIYYUTh JOCTATOYHO TOYHOE PENIeHUe, B TO BpeMs KakK
WHBEPCHUs Ha OCHOBE AIIIPOKCUMAIINiT BBIXOJUT 38 PAMKHU IIPUMEHUMOCTH.

Taxum 06pa3zoM, CHHXpOHHAS UHBEPCUsI HA OCHOBE TOYHOI'O PEIIEHUsT YPaB-
wenuit [[énmpuria criocobHa KOPPEKTHO BOCCTAHABIUBATH MOJIE/b YIIPYTUX
CBOHMCTB Cpe/bl IIPU HAJUYUU OOJIBIINX KOHTPACTOB CBOWCTB, B TO BpeMs
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Puc. 3. Pesyabrar wasepcun ¢ annpokcumarueit [llye u c
TOYHBIM pelenreM ypasHeHuit [lénnpuTriia 1189 KOHTPaCcTHOMN
cpesl

KaK MHBEPCHUsl HA OCHOBE AIIPOKCUMAIMI XOPOIIO CIIPABJISAETCS CO CJaabo-
KOHTPACTHBIME CpeJlaMU. BbluucnTe/ibHbIe 3aTPAThl [IPU WHBEPCUU HA OC-
HOBE TOYHOI'O PEIEHUsI MOT'YT IPEBBIIIATH TAKOBBIE JJIsi HHBEPCUHU HA, OCHO-
Be aIlllpOKCUMAIUil B 2-3 pas3a, UTO sIBJISETCs IIPUEMJIEMbIM U JIOCTUTAETCS
3a CYET MCIIOJIB30BAHMS BLIYUCIUTEIHHO 3(PPEeKTUBHBIX (POPMYJT OOpaIeH!sT
MaTpuri MaJjoro pazmepa. ObracTb IPUMEHIMOCTH HHBEPCUU HA OCHOBE TOU-
HOTO PEIeHNs IITIpe, YeM Y WHBEPCUH HA OCHOBE AIllTPOKCUMAITAIT, TOCKOIBKY
OHa, CTIOCOOHA KOPPEKTHO BOCCTAHABINBATD YIIPYTHe CBONCTBA TPU HAJTUIUN
OOJTBITIX KOHTPACTOB MEXKTY CJIOSIMH.

4 BoccTaHoBJieHUe paciipeeJieHusd yrpyrumx CBOIiCTB cpedbl

PaccmoTrpum Tpaccy peamuctuanoit Mogean Marmousi, B KOTopoit mmeeT-
cd TJIaJIKAH TPEeH/T YIIPYTUX [1apaMeTPOB, a TaKKe 3HAYUTE/IbHbIe KOHTPACThI
cBolicTB. Pe3ysnbraT mprMeHeHnsl CHHXPOHHOW WHBEPCUU HA OCHOBE TOYHOTO
pemennst ypasuennit [lgnnpurina B mapamerpusanun (I, s, p) HoKasaH Ha
pucynke 4. Vimnesanc npoJioyibHoit BOJIHBI I, BOCCTAHOBJIEH € JOCTaTOYHOI
TOYHOCTBIO, OJTHAKO 0Jiarojilapsi TOMy, YTO CUHXPOHHAsI MHBepCUsl paboTaeT
C JAHHBIMU JI0 CYMMUPOBaHU, B CEICMUYECKUX TPaCCax, COOTBETCTBYIOIINX
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HEHYJIEBBIM yIJIaM TaJIEHUs] BOJIHBI, COJIEPKUTCs wHpOopMaliusi 00 mMIe aH-
ce momnepevHoil BOJHLI g, KOTOPBIN TaKXKe BOCCTAHABJIUBAETCA C XOPOIIEit
TOYHOCTBIO. V3BeCTHO, UTO IPU CHMHXPOHHON MHBEPCUU B KJIACCUYECKOH Ta-
pamerpusanuu (vp, vs, p) HanbosIee TPYIHO OIPEIEIsIEMbIM IaPAMETPOM B~
JITeTCs TIOTHOCTD Cpelnl p. [l1g mapaMeTpu3anun qepe3 UMIEeJAHChI U ILJIOT-
HOCTB 3TOT 3P HEKT CTAHOBUTCs €IIé Oojiee BhIpakeHHbIM. B mapamerpusa-
tuu (I, I, p) npakTudeckn Bcst nHGOpMaIus 06 OTparKkaloIliX CBOHCTBaX
CpeJIbl 3aJI02KeHa B UMIeJIaHChl [, u Iy, 1 0 HaJAEKHOM OIpeJIeIeHUH ILJI0T-
HOCTH CPeNIbl TOBOPUTH He MPUXOIAUTCA. [[71s1 MHBepCrn ¢ anmpoKciuMarier
[MIye mmIteranc momepedaHoi BOIHBI I BOCCTAHABINBAETCS HE BITOJIHE KOP-
PEKTHO, OCOOEHHO Ha TPAHNIAX C OOJIBITUMI KOHTPACTAMU CBOHCTB, TTOCKOIh-
Ky alrnpokcuMaliusi ¢chopMyInpoOBaHa B TEPMUHAX CKOPOCTEH W IIJIOTHOCTH.
mnenanc npoiosbHoil Bosnbl [, mocse unsepeun ¢ annpoxcumMarueii [lye
BOCCTAHOBUJICS YIOBIETBOPUTEIHLHO B CJIAO0OKOHTPACTHBIX 00IACTAX MOJEIN
1 MeHee TOIHO B 00/1aCTsAX ¢ OOJIBITUME KOHTPACTaAMU YIPYTUX CBOMCTB.
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Puc. 4. Pesyaprar mHBepCcHU C TOYHBIM pEIIEHHEM YpaB-
vennit Ilémupuria B mapaMeTpusaldd 4Yepe3 MMITEIaHChI
(Ip,Is,p) n uHBepcun ¢ anmnpokcumanmein [llye mast Tpaccer
Mojtesim Marmousi

CuHXpOHHAsI MHBEPCUS Ha OCHOBE TOYHOI'O PEIEHUsI CUCTEMbl yPABHEHMI
Hénmnpuriia 1mo3BoJiseT U3BJA€Yb M3 CEHCMUYECKUX Tpacc HHMOPMAIUo He



156 A.K. IMUTPAYKOB, M.1. ITIPOTACOB

TOJIBKO 00 MMIIeJIaHCe IIPOJIOJILHOI BOIHBI [, HO 1 00 MMIIeJaHCe IoIepe-
Ho#t BostHBI I, CrietoBaTeIbHO, TIPU CHHXPOHHOM WHBEPCUU TTOSIBJISETCS BO3-
MOKHOCTB OIIEHHTD TaKoOii IlapaMeTp, KaK COOTHOIIEHHE CKopocTeil vy, /vs. Ha
pHUCYHKe Ha IMOKa3aH UMIIEJIAHC ITPOJIOJILHON BOJIHBI, ITOJIYIEHHBIH B Pe3y/ib-
Tare aKyCTUIEeCKOHl MHBEPCHH, & Ha PHUCYHKe 50 — HMIIEIAHC IIPOIOJIbLHOM
BOJIHBI, ITOJIYYEHHBIN B pE3y/IbTaTe CHHXPOHHON MHBEPCUH HA OCHOBE TOYHOI'O
pemenusa ypasaenuit Henmpurna. Otimana mexkiay nmnenancamn I, MoryT
OBITH 00YCJIOBJIEHBI TEM, YTO B IPOTPAMMHOI pean3alii CUHXPOHHON MH-
BepCHUU He NCIIOJIb30BAJIACh HOPMaJIN3alis JaHHBIX, I CeiCMUYeCKIe TPACCHI,
COOTBETCTBYIOIIUE HYJIEBOMY yIJIY ITa€HNsT BOJIHBI, UMEIOT MEHBITYIO AMILIN-
TYJy, 9eM OCTaJIbHbIE, U, CJIeI0BATEIbHO, MEHBINI BKJIa/ B OOIILYIO HEBA3KY
110 BceM yryiaMm. TeM He MeHee, IIPU CHHXPOHHON MHBEPCUU JOIIOJIHATEIHHO
MOKeT OBITH OIpPeesIéH MMIIEIAHC MTOIMEePEeIHON BOJIHBI, KaK 9TO ITOKA3AHO
Ha PUCYHKe DB, a HCIIOJIb3Yys UMIeJancel I, n I mosBisgerca BO3MOXKHOCTD
OIIEHUTBH COOTHOIIEHNE CKOPOCTell v/ Vs, N300pazkénHoe Ha pucyHke Sr. Ilpu
aHAJIM3€ COOTHOIIEHMSI CKOPOCTEN BBIACISICTCS AHOMAJINAS, PACIIOIOKEHHAS
O0KOJIO = 3 KM 110 Jjarepajun u okojgo t = 1500 mc mo Bpemenu. Taxmm
00pa30M, CHHXPOHHAs WHBEPCHUST TIO3BOJIAET MOJIyIaTh OOJIbIe HMOPMAINT
O T'eOJIOTUIECKOI Cpejle, UCIOIb3Ys JaHHbIE 10 CyMMupoBanusd. [Ipumenenne
TOYHOTrO perieHus ypasuenuii [[énnpuria npum CUHXPOHHON WHBEPCHU Ia-
6T BO3MOXKHOCTD YCIEITHOTO €€ IPUMEHEHUS JJIsi CJIO?KHBIX U KOHTPACTHBIX
cpe/.

PaccmoTpum npumep mpuMeEHEHUsI CHHXPOHHOW MHBEPCUU HA, OCHOBE TOU-
HOro perienus ypaBuenunii [{énmpuriia B KJ1accutueckoit mapaMeTpus3aIun uae-
PEe3 CKOPOCTH U IJIOTHOCTD K peauctuanoi mogean Marmousi. Ha pucynke 6
ITOKa3aHbl HAYaJIbHASI, UICTUHHAS U BOCCTAHOBJIEHHASI CKOPOCTHBIE MOJIEJIH, a
TakzKe OJHA Tpacca npu £ = 3 KM. B pe3yibTrare CHHXPOHHOW MHBEPCUU TI0-
JIydaeTcs JleTaabHas MOJIeIb CKOPOCTU IIPOJIOJILHOM BOJHBI Uy, Ha KOTOPOIt
XOPOIIIO ITPOCJIEZKUBAIOTCS BHICOKIE KOHTPACTBI CBONCTB U I'PAHUIIBI CJIOEB UC-
TUHHOM Mojiesiu. Vcrob30BaHne aKyCTUYIECKO HHBEPCHH B JIAHHOM IIPUMEPe
ITO3BOJIMJIO OBI OIPEIE/INTh JeTaIbHYI0 MOJEIb aKyCTUIECKOrO MMIIEIAHCA,
OJTHAKO CUHXPOHHAsI HHBEPCHS TIO3BOJISIET OIPEJIETUTH CKOPOCTH TIPOI0IbHOMN
BOJIHBI Up OTJEJILHO OT IJIOTHOCTU. BOZMOXKHOCTH PEKOHCTPYKIIUM CKOPOCT-
HOW MOJIEJIA CPEJIbI MTO3BOJISET UCIIOJIB30BaTh CHHXPOHHYIO MHBEPCUIO B Ka-
YeCTBE MHCTPYMEHTa YTOUHEHHS CKOPOCTHOM MOJIE/IN C IebIo JaIbHERIero
[IPUMEHEHUsT IIPOIEIyP MUTDAIUN.

5 3akJrouyeHue

IIpensoxkeHHbIil aIrOPUTM CUHXPOHHON MHBEPCUU HA OCHOBE TOYHOT'O pe-
IIIEeHUs CUCTeMbI ypaBHenuit [I€nnpuTiia mo3sosisieT pacimpuTsb 00JaCTb IPU-
MEHUMOCTH CUHXPOHHOI mHBepcuu. Kitaccuyeckne MeTOAbI CHHXPOHHON MH-
BEPCHUU HA OCHOBE AIITPOKCUMAIIAI TOYHOrO pelienus ypapaenuit [lénmpuria
CII0COOHBI KOPPEKTHO BOCCTAHABJIUBATH yIPYTHE CBOUCTBA B Caydae caabo-
KOHTPACTHBIX CPEJl, B TO BPeMs KaK IPEJJIOKEHHBII aJI'OPUTM CHUHXPOHHOMI
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a) I, akyctuyeckas uHsepcus 6) I, cuHxpoHHas uHBepcus
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Puc. 5. a) Ummnenanc I, BOCCTAHOBIICHHDIH aKyCTHYECKOIL
unsepcueif, 6) umneganc I, BOCCTAHOBIEHHBIl CHHXPOHHON
uHBepcueil, B) uMneganc [s, BOCCTAHOBIEHHbIH CHHXPOHHOM
HHBepcHueii, T) OTHOILIEHNE CKOPOCTEH vy, /Us, CHHXPOHHAST HH-
BepCust

MHBEPCHUU Ha OCHOBE TOYHOT'O peHICHUsA IIPUMEHNUM K CpeJlaM C 60.HI)I_HI/IM KOH-
TPAcCTOM YIIPYI'MX CBONCTB.

BanuceiBas cucreMy ypasaenuii Llénmpuriia B napaMerpusanuu 4epes3 uM-
II€/IQHChI, UCIIOJIb30BaHNEe JAHHBIX 10 CYMMHUPOBAHUA B CUHXPOHHOHW MHBEP-
CHUH TIO3BOJISIET U3BJIEUDb U3 CEICMUYIECKIX TPACC HE TOJBKO HHMOPMAIUIO 00
UMIIeJIAHCe IPOJIOIBHOM BOJIHBI [}, HO 1 00 NMIIeJaHCe oIepedHOil BOJIHEL .
Taxum 06pazoM, IPU CHHXPOHHOW WHBEPCUH UMEETCS BO3MOXKHOCTD OIEHUTH
OTHOIIIEHHE CKOPOCTER Vp/Vs, KOTOPOE SIBJIAETCS BayKHBIM HIAPAMETPOM JIJIsT
JaJibHeiIeil nureprpeTranmuu.

CeiicMudeckasi HHBEPCUST MOXKET HUCIIOJb30BATbCS KAK WHCTPYMEHT JIJIst
YTOYHEHUS CKOPOCTHOU MOJEJIN CPEJIbl IIPU COBMECTHOM IIPUMEHCHUU C TUIy-
O6uHHON Murpalueil. B ommane ot akycTrudeckoit ”HBEpcUu, Kotopas padora-
eT C UMIIEeJIAHCOM IIPOJIOJILHON BOJIHBI [},, CHHXPOHHAsI NHBEPCUsI IIO3BOJIACT
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4.0 (.5 - === BoccTaHoeneHHas
= HauyanbHas
3.5 1.04
o
30 < g 1.5
x g
2.5 m
2.04
2.0
2.5
1.5
3.0
2 3 4 2 4
Paccrostue, km Ckopocte V), km/c

8) Wcrunnas V), r) Boccranosnenas V,

0.0 45 0.0 45
0.5 4.0 4.0
1.0 3.5 3.5
o (8]
$15 3A0§ g 3A0§
g £ g <
) 25 o 2.5
2.0
2.0 2.0
2.5
e 1.5 1.5
3.0 ~ o 3
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Pacctosiine, km Paccrosiine, km

Puc. 6. a) HagasbHasi ckopocTHasi MOjiesib, 6) Tpacca mpu
Z = 3 KM, B) MCTUHHAsl CKOPOCTHasl MOJIEJIb, I') BOCCTAHOB-
JIEHHAsl CHHXPOHHOM MHBEPCUEN HA OCHOBE TOYHOI'O PEIICHUS
ypaBHenuii Llénmpuriia cKopocTHas MOJIENb

OTJE/IUTh CKOPOCTb IIPOJIOJIBHOI BOJIHBI ¥ OT ILIOTHOCTU p. PexoHcTpyk-
I1sl CKOPOCTHOI MOJIEJIN CPEJIbl BMECTO MOJIEJIN MMIIEIAHCOB JIAET BO3MOXK-
HOCTh IIPUMEHEHUSI CUHXPOHHON MHBEPCHU B KavyeCTBE MHCTPYMEHTa yTOY-
HEHHUsI CKOPOCTHOW MOJIEJIN C IIeJIbIO JTAJbHEHNIero NpuMeHeHus POy
MUTPAIAH.
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