BEKTOPHAA MUT'PALINA TAHHBIX BCII
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1. IlocTaHOBKA 3aa4u

1.1. BBemenme. MeTon MHUTpallMM CEHCMHYECKUX BOJIHOBBIX ITOJIEH SIBIISIETCS OJHUM W3
OCHOBHBIX HHCTPYMEHTOB MHTEPIPETAIIMH JAHHBIX CEHCMOpa3BEAKU. DTOT METOJ SBIISICTCS, 11O
CYIIECTBY, CIEAYIOIIEeH ABYXdTalmHOW mpoueaypoid. BHauane mnpousBOAUTCS MPOAOIKEHUE
3apETUCTPUPOBAHHBIX TMPUEMHUKAMU CEHCMHUYECKUX TIOJIell B TIEOJIOTHYECKYI0 Cpeny,
OMKCHIBAEMYIO OMOPHOW MOJENBI0, a 3aTeM — HMHBEPCUS BOJHOBBIX IOJE€H BO BHYTPEHHHX
TOYKAaX CPEIbI.

[Tpoueaypsl MHUrpamuy BOJHOBOTO IOJII MOTYT BBINOJHITHCS HA OCHOBE JIY4eBOIO MOIXOJa
00 TMPOJODKCHHEM CEHCMHUYECKOTO IOJISI C IMOMOIIbI0 METOJa KOHEUHBIX pasHocTel. B
MOCJIETHEM Clly4ae NPUXOAUTCS pellaTh HECTAalMOHApHbIE 3aJaud MPOAODKEHHUS Iojiell C
oOpatHbpIM BpemeHeM. llpu 3agaHMM HCXOMHBIX NaHHBIX Ui Takux 3amad B meroge BCII
BO3HUKAIOT TPYAHOCTH, CBS3aHHBIE C TIPUBICYCHHUEM JOMOJHUTENbHON HHpOpMaAK B
OKOJIOCKBaKUHHOM IPOCTPAHCTBE.

Pe3ynpTaToM ONMCAaHHONM MHIpanuu SIBJISETCS BOJHOBOE I0JIE, MEPBOHAYAIBHO 3a/laHHOE B
TOYKaxX MpUEMa, a 3aT€M NPOJOJIKEHHOE B T'€OJIOTHUYECKYI0 cpeay. MUrpupoBaHHOE BOJIHOBOE
MOJIE KAayeCTBEHHO OTPaXaeT M3y4aeMblil T€OJOTMUECKHil pa3pe3 B TOM CMBICIE, YTO
HauOoJblllee W3MEHEHHE TMOJII COOTBETCTBYET HMCKOMBIM PACCEHBAIOIIMM HEOIHOPOIHOCTSIM
Cpe/ibl, TAKUM KaK TPAHMIIBI CIIOEB, HAPYIIIEHUS TPAHMUIL U T. [I.

BropeiM sTanmom mpoleAypsl MHTPAIMH  SBISETCS MOCTPOCHHE HM300pakKeHUsS Cpelbl IO
MUTPUPOBAHHOMY TIOJII0, TO €CTh, MO CYTH, pEIlIeHHE 3afaud HHBepcuH. lIpakTuuecku Bce
W3BECTHBIC MOJXOMABI B 3TON 001acTH OCHOBaHBI HA ABPUCTHUYECKOM TOJOXKEHHUH, BHICKA3aHHOM
J. Claerbout B mepBsix paborax mo murpammu [1]. CyTh €ro coCTOMT B TOM, 4TO KO3 duiueHt

OTpAXXCHUSA PABCH OTHOMICHUIO aMIUIMTYJd MUIPUPOBAHHOIO U IMCPBUYHO MAAAOUICTO ITO0JIA.



SIcHO, 4TO TakoM MOAXOJ HENPUMEHHUM IIPM MHBEPCUU BEKTOPHBIX MOJEH YIPYTHX CMELIECHUUN
JUISL  OTIPEICNICHUSI BEKTOPHOTO KOX(P(UIMEHTa OTPAXKEHHUS, TO €CThb KOIPPHUINCHTA,
COOTBETCTBYIOILIEIO HAIPABJIEHUIO BIOJIb HOPMAJIM K OoTpaxkarolel rpanuie. Kpome Ttoro, aToT
NOJAXO/A TpeAroyiaraeT Hajduyue WHPoOpManud 00 HCTOYHHUKE CEWCMUYECKHX BOJIH, YTO
IIPEJICTABIISIET CAMOCTOSTENBHYIO ITPOOIIEMY.

B 3agauax murpanuu ganHbix BCII Bo3HHMKaeT emie ojHa AOINOJHUTENIbHAs TPYIHOCTH IO
CpaBHEHHIO ¢ Ha3eMHOM cericmukoil. Kak n3BectHo [2], mponeaypa Murpamuu Tpedyer 3a1aHus
B KaUECTBE MCXOJHBIX JAHHBIX HE TOJBKO IOJIEH CMEIIEHUN (WM CKOPOCTEH CMEIIEHMI), HO U
UX IPOCTPAHCTBEHHBIX IPOM3BOJAHBIX. /[l HAa3eMHOM CEHCMHKM TakKoe€ JOIOJIHUTEIBHOE
YCIIOBHE BO3HUKAET €CTECTBEHHO B CHJTy HAJIMYHsI CBOOOJHON JTHEBHOM MOBEPXHOCTH. B MeTome
BCII curyauusi npyHIMIINAIBHO U3MEHSETCS, U TaKOrO JONOJHUTEIBHOIO yciioBus HeT. Kpome
TOT0, Ha3eMHasl CECMUKA TEOPETUUYECKU CIIOCOOHA 00eCeYUTh MOJHYIO allepTypy perucTpauu
nosiei, Torna kak B meroge BCII ameprypa orpanuueHa riryOMHOW ckBakuHBI. [lociemnee
00CTOSITENECTBO JI€JIaeT NPUMEHEHUE MPOIEeNyp MUTpPALMH, OCHOBAHHBIX Ha MPOJOJIKEHUU
noJie ¢ ucrons3zoBanueM popmyn Kupxrodda u I'puHa, TeopeTHYECKr HECOCTOSITEIBHBIM.

1.2. Onucanme mnoaxomaa. B pabore mnpemnaraercs MeETOJ MUTpPAllMH, OCHOBAaHHBIA Ha
ONTUMM3AILIMOHHOM  IMOCTaHOBKE. B  KauecTBe  HMCXOAHBIX  JAHHBIX  HCIOJIb3YIOTCS
TPEXKOMIIOHEHTHbIE (BekTopHble) Tpacchl BCII B cxeme ¢ NOBEpXHOCTHBIM HMCTOYHHUKOM.
IIpeanonaraercs,, 4To ampuOpPHO 3aJaBaeMasl OMOPHAs MOJENb CPeAbl MPABUIBHO OTPAXKAET
OCHOBHBIE CKOpPOCTHBIE MapaMmeTpsl paszpeza. @Dopma HMIyIbca MCTOYHHMKA CUHMTAETCS
HEN3BECTHOM.

[Ipexxne ueM nepexoauTh K MaTeMaTHMYeCKON IMOCTAaHOBKE 3aJaud, JaJuM KaueCTBEHHOE
ONMCaHUE MpeJularaeMoro nojaxoja. [lepBIM OCHOBHBIM MOMEHTOM METO/a SIBJISIETCSI TO, YTO
3apEruCTPUPOBAHHOE HA CKBAKMHE BOJHOBOE IIOJIE UCIOJIB3YETCS HE KAK KpPaeBOE YCIIOBHE, a

KaK HWCTOYHMK BOJH B 3ajJade MPOJODKCHHS C OOpaTHBIM BpeMEHeM. Takol TMOoIXo.



TEOPETUYECKH CHUMAET MpoOIeMy 3aJaHus UCXOJHOW MHGOPMAIIUH MPU HETIOJIHOH anepType u
3HAHUS BBIBOSIINX TPOU3BOIHBIX.

BTopoii OCHOBHOM 4YepTOM NpEeIaraéMoro METOJA SIBISETCS YETKOE pas3leleHUuE 3STaroB
MUTpAllMy U NHBEPCUM BEKTOPHBIX IosIel. [les1o B TOM, 4TO IPOAOIKEHNE CEHCMUYECKOTO OIS
CO CKBAXXMHBI B OIIOPHYIO CpeAy SBIISIETCS JIMHEWHOW 3a1aueii. HecMoTps Ha To, 4To 3Ta 3a1ada
HEKOPPEKTHA, YAAaeTcsd IOCTPOUTh YCTOWYMBBIM METOJl €€ pelleHMs. 3ajada I[OCTPOCHUS
M300paXEHUs CPelibl, TO €CTh UHBEPCUS IPOAOKEHHOTO OIS, SBJISETCS HEITMHENHON U TakkKe
HEKOppeKTHOM. IlOCKOIBKY Ui pemeHus 3TOM 3aJadd MOXKHO IIPUBJIEYH CYIIECTBEHHYIO
anpUOPHYIO0 MH(OPMALIMIO O CPElle, TO TaKOe pa3/ielIeHNe MUTPALlMU U UHBEPCHUU OKa3bIBAETCS
HanOosnee YppexTuBHBIM. Kpome TOro, mpy TakoMm MOoX0/1e MPOJ0IHKEHHOE MOJIe TTOBEPraeTcs
o0paboTke B pexume crangaptHor uHTepnperanuu maHHbiX BCII Ha ckBaxkuue. Takas
CKBaXHMHA SBIISIETCS, OYEBUIHO, BOOOpakaeMOW, a caM TPOILECC IMOCTPOSHHS H300paKeHHS
Cpelbl OKa3bIBA€TCsl TMpOLEIypOll HHBEPCMM B KaXIOM U3 CEYEHMH, Kak MpaBuio,
BEPTUKAIBHOM.

1.3. ®opmyaupoBka 3agaum. [lycTe pacmpocTpaHeHHe yNpyrux BOJH B paccMaTpUBaeMOM

obnactu (2 onuckIBaeTCA ypaBHEHUEM

raoe u(r,t) — Bektop cmemienuii, L — omeparop Jlam» B HeomHopomHoi cpeme, F(rt) —
UCTOYHHK Kosebanuii Takou, uyto F(r,t) = 0 BHe Qo Q wmu ipu t € [0,T]. OnepaTtop ynpyroctu
L cooTBeTCTByeT HEH3BECTHOH cpele ¢ aKycThueckoil skectkocteio ¢ = K), koropoi
COOTBETCTBYET BEKTOPHBIH Koo drmment otpaxerns K(r) = — (21) V..

3amaHue OMOPHOW MOJENU CpeAbl C JKECTKOCTBIO Iy, COOTBETCTBYIOIIEH KOIPPUIUEHTY

orpaxenns Ko, onpenensier L° takoii, 4to

— + ~ 0 = e Q e -
u L'v Rk F, r .ot [t LT, (1.1)



IZ€ R — TEH30P PaCCEsAHMs, BEIPAKAIOIIUNICS Yepe3 TCH30P HAPSKEHUM 6 (v '), "k k  k , U
— perenne (1.1) mpn k = K.

Ha rpanune oGmactu ) 3a7ar0TCsl TUCCHIIATUBHBIE YCIOBHUS, COOTBETCTBYIOIIME OTCYTCTBHUIO
OTpaKeHHbIX BOJH. HauanbHble ycCOBUS IojlararoTcsi HyJeBbIMH. B KkadecTBe MCXOIHOM
UHpOpPMALUU 7S POLEAYPbl MUIPALIMK 3a/1a€TC BEKTOPHOE I0JI€ CMEIIEHUH Ha CKBAXKUHE —
MHOXecTBe Q1 < Q:

dry ury, % 0T

OxoHuaTenbHOM 3ajauell sBJIAETCS IOCTPOCHHE M300paXKEHHUsS CpeAbl € aKyCTHYECKUM

umnenancom (K) u onpenencnue BekropHoro kodddummenta K(r) B kaxmoi Touke I o0iacTu

Q\Qp.

2. Ilpono.rkeHne BOJTHOBOIO MOJIS
2.1. BapuauuonHasi NOCTaHOBKa. byaeM WCKaTh MNPOJODKEHHE BOJHOBOTO MMOMSL u  C
MHOecTBa (21 Ha () Kak Takoe Iojie, KOTOPOe, C OJHOI CTOPOHBI, HANMEHEE YKIIOHSETCS OT u
Ha (1, a ¢ IPYrO#, ABJISETCS BOIHOBBIM MoJieM B obnactu Q\Q. [IpomomkeHHOe TakiuM 00pa3oM

nojie U(r,t) sBisieTcst pereHrneM CreIyroniei BapualiMoOHHOMN 3a/1a4u ¢ OrpaHHYCHHSIMH:
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drdt_) m in (21)

TIpU YCTIOBUH, UTO
u L'y o, r ot 0,71, (2.2)

Y BBITIOJTHSFOTCS JUCCUTIATUBHBIE TPAHUYHBIC YCIIOBHS.
Jnst pemieHus 3TOM BapUAIMOHHOM 3aJa4d BOCIIOJIB3YyEeMCSl METOJ0M MHOXxuTener Jlarpanxa.
Mmuoxwurens Jlarpamka U(r,t) siBiseTcst pelieHneM CleAyloliell HavaabHO-KpaeBOM 3am1auw,

Ha3bIBAEMOM CONPSIHKEHHOM:

U L’u Yy u T u o, .t 0.7, (2.3)



rae (1) — xapakrepucrtudeckast GyHkuus MHOkecTBa Q1. s pyrkimm U cTaBsitcs HyleBbIe
HavanbHble ycioBus npu t = T u jauccumartuBHbIe KpaeBbie ycioBuss mpu t e [0,T].
[TocTaBneHHas TakuM 00pa30M 3a7ava SIBISIETCS 3a/1a4eii C 0OOpaTHBIM BPEMEHEM.

2.2. Ilpomosxenue nmoJsi. M3 eTaibHOrO pacCMOTPEHMS BapHAIlMOHHOMN 3a7a4M CJIEAYET, 4TO
grad J(u) U, . 3HaHHe rpagueHTa (yHKuuoHana J(U) MO3BOJSIET MOCTPOUTH MPOIOIDKCHHOES
10JI€ HA OCHOBE UTEPAIMOHHOIO METO/Ia MUHUMU3AIMH. [IpakThKa mokas3bpIBaeT, 4YTo YK€ NepBast
UTEpalrs JaeT JOCTaTOUYHO XOpoliee MpUOIKeHne K MPOJOHKEHHOMY MOJII0. DTO 00BACHIETCS
TEM, YTO IepBas UTEPAIUs IMOJTHOCTHIO COJAEPKUT MHGOPMAIMIO 00 OJHOKPATHO OTPAKEHHBIX
BOJIHAX.

Jns nHauvama mnpouenypbl MHHHUMH3AIMH TpeOyeTcs 3agaTh HadajdbHOE MPUOIMKECHHE u®.
3ajaiuM ero Kak perieHue ypaBHeHUs

u 7LOU:Z(Q)U7I;, reQ, te[O,T]y (24)
C HYJIEBBIMU HaYaJIbHBIMH YCJIOBUSIMHU NP t = T ¥ TUCCUTIATUBHBIMUA TPAHUYHBIMHU YCIIOBUSIMH.

Comnocrasnsis (2.3) u (2.4) 3akmodaemM, 4to v’ o' . M3 3TOrO Cleayer, 4To, COrIaCHO METOMY

CITyCKa IJId 1ara ogp

- - (S
u Lu 0, r , ot [0,T 1,

TO CCTb OIIOpHAas MOJECJIb CPEAbI TOYHO COOTBCTCTBYCT 3apCTrUCTPUPOBAHHOMY I1OJIHO.

3. NHBepcusi Npoa0KEHHOT O MOJIA
3.1. BapuauuoHHasi MOCTAHOBKA. 3a7ayy MOCTPOCHUS U300paKEHUS CPebl 10 BEKTOPHOMY
MOJII0, 3apETUCTPHUPOBAHHOMY Ha CKBaXKHHE, copMmymupyem cieayrommm obpazom. Haiitu

takoi ko3ddunueHt orpaxenus K(r) B obmactu €2, 4To0bI COOTBETCTBYIOIICE €My MoJie U = Uy



HavMEHee YKJIOHSIOCh oT v Ha Q; mpu t € [0,T]. Takas mocraHOBKA MPHUBOIUT K 3ajadc

MHHAME3AIUH 110 K GyHKIIHOHAA

2drdt (31)

u

q}(k)“||u~

0 1

IIPU YCIOBUU
u Lu 0, r , t < [0,T 1.

O4eBHIHO, UTO pEIICHUE ATOW 3aJauM MPUBOJAUT K TAKOMY XK€ pe3ylbTary, YTO U HHBEpPCUS
nponomkeHHoro moyst. OnmHako (ynknuoHan (2.1), ompemensionuii MpOAOHKEHHOE TIOJIe,
ABJIIETCS KBaJApaTU4HbIM, a (3.1) HeT, moaTOMy pemieHue 3aaauu (2.1) npennoururensuee. [lpu
TOM HEJIMHEMHOCTh NPOLEAYPbl MUIPALMU IPOSABISAETCS TOJBKO B IPOLIECCE WHBEPCUU
IPOJODKEHHOro moJisd. Iy pelieHus nociegHed 3ajaud aBTOpaMM pa3paboTaH yCTOMUYMBBIN
AJITOPUTM, PACCMOTPEHHBIN HIDKE.

Cnenyer 3ameruthb, 4Tto (yHkiumoHan (3.1) oOnamaer cClenyOUMM BaXHBIM CBONCTBOM,
BBITCKAIONIMUM M3 TPUPOJBI paccMaTpuBaeMoi 3amaun. Eciau o 3amano TouHo, 1o (3.1) umeer
€MHCTBEHHYIO TOUYKY MHHHUMYMA, B KOTOPOH Dpin = 0.

3.2. IlocTtpoenue wu3o00paxkeHusl. AHaIU3 MPOAOHKEHHOTO TIOJISA TOKAa3bIBAET, 4YTO €ro
OCOOEHHOCTH OTPaKalOT HAJWYHE pacceuBareiiell B omopHoM cpeae. i ux ompeneneHus
MOCTPOUM TPOIEAYPY MUHUMM3AIMK (pyHKIHoHama (3.1) ¢ MOMOIIBIO METOJa TPaTUEHTHOTO
cinycka. Ilpu moctpoennn rtpamumenta P(K) ucmonb3yem Meron MHOXHUTeeH Jlarpamxa.
Oxka3spiBaercsi, uTo MHOXUTeNb Jlarpamka U(r,t) ymoBnerBopsieT Toil ke 3amade ¢ 0OpaTHBIM
BPEMEHEM, YTO U JJISl IPOJOJIKEHHOTO TOJIS.

W13 neranpHOrO paccMoTpenus 3anaun munummsanuu O(K) cienyer, uto

e ]

i (k)

0

D
grad (k) 6(u )U dt.

k k

0 o
Takum 00pa3oM, METO/I TPaIUCHTHOTO CITyCKa B TOYKe K~ 1aeT clieyronuii pe3yabTar:



6 (u )u'dt, (3.2)

®opmyna (3.2) mokas3plBaeT, 4TO MPOJODKEHHOE BOJHOBOE I10JI€ OJHO3HAYHO OMpeesiserT
BEKTOPHBINH KOd(pdunueHT orpaxkeHus. Ilpu uuciennHom wmoaenupoBaHuu, Hapsay c (3.2),
KCIIOJIb30BAJICA U IPYTOM aJrOpUTM, UCIIONIb3YIomui cenekiuio Tpacc BCII o ckopocTsm.

3aMeTuM, 4TO B OJJHOMEPHOM CKaJIipHOM Bapuante ¢opmyina (3.2) qaet ciaeayrouuil pe3ynbrar:

0

2

) T ek ul(x, )| dt, (3.3)
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rie BeIMYHMHA C(kO) sbdextuBHo omnpexnensercsa. llociaennsas ¢opmyna mokazana Xopoiee
COBIIAJICHUE C TApAMETPAMH MOJENIH MPU MIPOBEACHUN BBIUUCIUTEIbHBIX SKCIIEPUMEHTOB [5].
3.3. JlyyeBass uHBepcHusi. PacCMOTpUM aJIbTEpHATUBHBIN MOAXOJ K ONPEAEIEHUI0 BEKTOPHOIO
Kod(UIIMeHTa OTpPaKEeHHUs, OCHOBAHHBIM HAa HCIIOJNB30BAHMM HMH(OPMAIMM O COOTHOIICHUU
pa3IMYHBIX TUIIOB BOJIH B TOW WJIM WHOW TOYKE cpensl. B yacTHOCTH, Takylo MHpOpMaIuio (B
BU/JIE BEKTOPHBIX TPAcC OJHOKPATHBIX OTPAKEHMIT) MOKHO TMOJIYYUTh B Pe3yabTaTe CTaHIAPTHOM
00paboTku TpexxommoHeHTHBIX JaHHBIX BCIL. B cooTBeTcTBHM C TpeaiaraéMbIM METO/OM,
BHAYaJIE W3 YCIOBHUS HENPEPBIBHOCTUM IIOJHOTO BEKTOPA CMEIIEHUN  ONPEAEIISIIOTCS
KMHEMAaTUYEeCKUE XapaKTePUCTUKHU CPeIbl (OTHOIICHHS CKOPOCTEH) U HampaBiIeHHEe HOPMAUd K
MpEAIonaracMoi rpasuie. BekTop cMeleHuld B KaXI0M TOYKE CpEeAbl CKIAABIBAETCA U3
BEKTOPOB IMPSIMOM, OTPAKEHHOM NPOJOJIBHOM, OTPaXEHHOM MONEPEYHOM U NIPEIOMIICHHOU
MONEPEYHON BOJH. 3aTeM, C UCIOJb30BAHUEM YCJIOBHUSI HENPEPBIBHOCTU HAINPSIKEHUH,
BOCCTAHABJIMBAETCS BEJIMUMHA COOTHOLIEHHUS IUIOTHOCTEN. M, HAKOHEI], HA OCHOBE ITOJyYE€HHBIX
BEJIMYMH MOTYT OBITh MOMyYEHBI 3HAUEHUS KOIPPUIIMEHTOB OTPaKEeHUS, KaK sl IPOIOJIHHBIX,
TaK ¥ JUIsl TONEPEYHBIX BOJIH.

dopManabHO, TOCTABUM 3aj[ady CIEAYIOIIUM 00pa3oM: AJIsi IPOU3BOIBHOM Ta Kol BHYTpeHHEH

r=o na- Lr 1
TPaHULBI U BEKTOPOB n A1 n



1) Pemenne 3agaynm MHHUMH3AaIUMU 1[0 KUHEMAaTHYECKUM  MapaMeTpaM  Cpe.bl:

[(gradu)l]r 0 n, d {d}

2) Pemienue 3amaud  MUHMMH3AlMH 1O  IUIOTHOCTHBIM — XapaKTEPUCTHKAM  CPEIIbI:

= = p:p*/p’

=d 1 7 = d 3 7 d 2
3) Omnpenenenne BenuuMH KOI(QPUINEHTOB OTPaXKEHHUS: k K, P
d d d
1 3 2
BekTophble K09)QUIUMEHTEI OTPAKEHHS PABHBL k | k n Mk,  k_n .

4. YucjieHHOE MOJIeIMPOBAHUE

4.1. Tpamas 3agaya. J[ns ompoOoBaHusi pPa3pabOTAHHOTO METOJAa BEKTOPHON MHTpaldd
CelICMHUECKHUX BOJHOBBIX IOJIEN OB IPOBEJEH CIEAYIOINN BBIUNCIUTENbHBIN dKCTIEpUMEHT. B
cpene ¢ JAByMsl TpaHUIaMU pazzena (TOpU3OHTaIbHAs M HAKJIOHHAsA) Ui HWCTOYHMKA
IPOJOJBHBIX BOJIH, PAcIONOkKEHHOM Ha ynajieHuu 500 M OT BepTHKaIbHON CKBa)KUHBI (puc.l)
ObL10 paccunTaHo BekTopHOe BonHOBoe nosne BCII B unrepBane riyoun 10-2990 m (puc. 2,
cieBa). CKOpOCTH TIPOJIOJIBHBIX BOJIH B TUTACTAaX PaBHBI, COOTBETCTBeHHO, 2500 M/c, 3000 M/c u
6000 m/c, CKOPOCTH TIOTIEPEUHBIX BOJH B3STHI BJIBO€ MEHBIIIMMH, TJIOTHOCTH IMOCTOSTHHA BO BCEH
0GIIaCTH 1 B3sTa PABHOM 2 r/cM”.

Pemennie ypaBHEHUS pacHpOCTpaHEHHUs YHOPYIHMX KoJieOaHHM OCYIIECTBISIIOCH METOA0M
KOHEYHBIX Pa3HOCTEH ¢ MpUMEHEHHMEM KOHCEpBAaTMBHOM pa3HOCTHOW CXEeMbl, OMHMCAHHOH B [3].
Pasmep mpocTpaHCTBEHHON SYEHKHM MPH MOACTUPOBAHUU TIO OOEUM KOOpPJMHATAM IOJOKEH
paBHBIM 2 M, IIAr AUCKPETHU3AIMH MO BPEMEHH B COOTBETCTBUU C YCIOBHEM YCTOWYMBOCTHU JJIS
Pa3HOCTHBIX cXeM B3AT paBHBIM (.2 mc. JIJIsl MCKIIFOUSHUS BIMSHUS TPAHUI] pacueTHOW 00J1acTh
Ha pe3yJbTaT MOJETUPOBaHUs ObUIN MCIIONIH30BaHbl HEOTPAKAIOIINE KPaeBble YCIOBUS BTOPOTO

nopsiika [4] (kpoMme BepxXHEH TpaHMIIbl, KOTOpas CYUTAIaCh CBOOOHOM TTOBEPXHOCTHIO).



4.2. KoHe4Ho-pa3HOCTHasi Murpanms. lcxonHoe BOJHOBOE TMojie OBLJIO TMPOJODKEHO B
00paTHOM BPEMEHHU CO CKBaKMHBI BO BHYTPEHHHE TOYKHM CpEIbl B HAINPABICHUU HCTOYHHKA.
MurpupoBansblie nojis Ha paccrosHuu 100 M u 300 M OT CKBaXHMHBI B COIIOCTAaBJIIEHUH C
MCXOJIHBIM BOJIHOBBIM IIOJIEM NPHUBEIEHBI HA PUC. 2 (X-KOMITOHEHTa). MOXXHO OTMETHUTb, YTO BCE
TUIBL  BOJIH, OOpa3oBaHHBIE MPSMOW BOJHOM MW paccesHHEM Ha TPaHULAX, XOPOIIO
c(OKyCHpPOBaHbI HA COOTBETCTBYIOLINX BpeMEHaX.

Pe3ynbraThl MHBEpCHH B COOTBETCTBUH ¢ dopmyiaamu (3.2)-(3.3) OblIv paccMOTpEHBI B paboTe
[5]. 3mech MBI OCTAaHOBHMCSI Ha ONPOOOBAHWU aNTOPUTMa Jy4eBOM mHBepcHH. s 3TOoro OblLia
nmpoBefieHa 00pabdoTKa MCXOAHOTO TOJIS M IOJIs, PpoAobKeHHOTo Ha 100 M: BBIIEICHHE BCEX
TUIIOB BOJIH Ha o0O0euxX TIpaHULaX, [EKOHBOJIOLMS, pacueT TPEXKOMIOHEHTHBIX Tpacc
OJTHOKpATHBIX OTpakeHWi. [lo moidydeHHBIM TpaccaM OJHOKPATHBIX OTPAKEHUH C TOMOIIBIO
IpOIEeyphl JTYy4eBOH BEKTOPHOW WMHBEPCHHU OBUIM BOCCTAaHOBJICHBI 3HaueHUs Ko3(duuueHToB
OTpPaKEHHWH TI0 HOpPMalH K rpaHune (kak mist P-, Tak u mist S-BOJH), a TakKe YIiIbl HAKIIOHA
rpanul (cM. puc. 3, 4, 5). OTmMeTuM, 4YTO paccuuTaHHble KOAP(UIMEHTHl OTPAXKEHUS HAa 000X
npoUIsiX COOTBETCTBYIOT 3@JI0KEHHBIM 3Ha4YeHHsIM. [J1yOMHa OTpakeHHUs OT BTOpPOH
ceiicMMUeCKOM TpaHUIBl COOTBETCTBYET €€ HaKJIOHY. YTJbl HakJIoHa TMpu oO0paboTke
MUTPUPOBAHHOTO IOJSI BOCCTAHOBUJIUCH C 3aMETHOM MOTPEIIHOCThIO, YTO OOBSICHSETCS OoJee
BHICOKUM YpPOBHEM IIYMOB B TMpPOAODKEHHOM rmosie. [lyHKTHpHas nmHUS Ha rpadurax
3aBHCHUMOCTH YIJIOB HaKJIOHA TPaHUIl OT INIyOMHBI COOTBETCTBYET OJAHOPOJHBIM ILIacTaM, rie
OTCYTCTBYIOT OTPa)K€HHBIE BOJHBI, U IO3TOMY 3HAU€HHE YIja B 3TOM ciyyae (haKTHUECKU
SIBIISICTCSL YTIJIOM ITOJIX0/Ia TPSIMOM BOJTHBI B TAHHYIO TOUKY.

OdyeBHIHO, YTO TOCIE TPOBEAEHUS AaHAIOTMYHOW O0OpabOTKM MPOJOIKEHHOTO IoJIs Ha
HECKOJIbKUX NMPOQUIIAX MOJy4eHHbIEe pacrpeseneHuss KodhOUIUeHTOB oTpakeHus (popMHUpPYIOT
n300pakeHune cpenbl (1Mo MPOIOIBHBIM U TI0 MOMEepeYHbIM BosHAM). [Ipu 3ToM aMIumMTyasl Ha
M300paXEHUH COOTBETCTBYIOT peaJbHbIM KOd(DPHUIIMEHTaM OTPaKCHHUS BAOJIb HOPMAIH K

TpaHHIIE.



5. BuIBOABI

Takum oOpa3om, pa3paboTaH NPUHLUUIHUAIBHO HOBBIM MOAXOA K MUTPAIUU BEKTOPHBIX
BOJIHOBBIX mosied. B pesynbrare murpauuu QopmMupyercs BEKTOPHOE H300pa)KeHHE Cpebl,
KOTOPOE MOXKET MHTEPIPETUPOBATHCA KAaK BEKTOPHBIN KOIPPHUIMEHT OTpaxKeHHs WIM Kak
MOZyJIb KOd((UIIMEHTa OTpaXEHHUsS MO0 HOPMalld K TpaHUIle. DTOT pe3ysibTaT MOATBEPKICH
BBIUMCIUTENBHBIM JKCIepuMeHTOM. Kpome TOro, BO3MOXHO TMOJY4YEHHE AaHaJOTUYHOTO

n300paxeHus s ko3 PuireHTa oTpaxkeHus Ui MOTePEYHbIX BOJH.
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Cnucox wuirocTpanui

1.

Cxema MOJIEIbHOTO IKCIIEPUMEHTA.

Murpamusi MOAETBFHOTO BOJIHOBOTO MoJis (X-KoMmoHeHTa). CieBa HarmpaBo: MCXOAHOE
noje, MurpupoBanHoe nojie B 100 M oT ckBaxuHbl, MurpupoBannoe noiie B 300 m ot
CKB)KUHBI.

KoadduimenTs! oTpaxkenust 11si MPOI0JIbHBIX BOJIH.

KoadduimenTs! oTpaxkeHust 11 IONEPEYHBIX BOJH.

YTl HaKJIOHA TIJIACTOB.



