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npeancjiOßHe k pyccKOMy mjiamno

HeMHoro hctophh

CeHCMopa3Be/i;HHKH, npHMeHsnomHe mctoa OTpa^ceHHbix bojih,
nojiynaiOT H3o6pa^ceHHa 3eMHbix Heap. B 60-x roaax 3to aejiajiocb
ot cjiynaH k cjiynaio. Meymjiy 1968 h 1972 rr. a npe,qjio)KHji h
onpo6oßaji Ha nojießbix MaTepnajiax hobmh MeToa nojiyneHHa
H3O6pa^CeHHH, OCHOBaHHMH HenocpeACTßeHHO Ha HCnOJIb3OBaHHH
4>H3HHecKoro bojihoboto ypaBHeHHH. PaHee bojihoboc ypaßHe-
HHe Hcnojib3oßajiH jinn npejJCKa3aHHa pe3ynbTaToß Ha6jno/ie-
hhh, npnneM 3a HcxoaHbie 6pajiH ynpomeHHbie rnnoTeTHHec-
KHe MoaeuH. Ero He npHMeHanH npn o6biHHOH o6pa6oTKe aaH-
HblX. MOH MeTOA H3O6pa)KeHHSI, OCHOBaHHbIH Ha HCnOJIb3OBaHHH
KOHeHHbix pa3HOCTeH, BCKope cTaji HinpoKO npHMeHHTbca npn
noHCKax h pa3Be/nce He(J)TH h npHpo/nioro ra3a. MeTO^OM
3aHHTepecoßajiHCb apyrne Hccjie/joßaTejiH, cynjecTßeHHO ero yco-
BepmeHCTBOBaBiHHe. PaHee npHMeHHBHiHeca cnoco6bi H3o6pa»ceHHH
6biJin nepecMOTpeHbi h Toace ycoßepuieHCTßOßaHbi b CBeTe bojiho-

boh TeopHH.
,TJ,JISI pa3pa6OTKH HOBbIX MeTO,HOB B CT3H(J)OpjICKOM yHH-

BepcHTeTe 6bijia o6pa3oßaHa noAflep^aHHaji npoMbiiujieHHbi-
mh KOMnaHHfIMH rpynna, H3BecTHa» KaK Ct3H(|)op,hckhh pa3-
BeaoHHbiH npoeKT (CPIT). MHorne H3 52 opramoanHH-yHacr-
hhkob H3 13 crpaH pacnojiaraiOT co6cTBeHHbiMH KpynHbiMH
HayHHo-HccjieaoßaTejibCKHMH OT^ejiaMH. lIosTOMy aejio jTßviyKQT-
ca Bnepea 6bicTpbiMH TeMnaMH. R OTo6paji jiirn khhth hckoto-
pbie pe3yjibTaTbi HCCJieaoBaHHH, nojiyneHHbie b nocjienHee aeca-
THJieTHe.

PaHee mhoio HanncaHa KHHra «Ochobw o6pa6oTKH reo(J)H3H-
necKOH HH(|)opMaHHH». OHa HMeeT 6onee TeopeTHnecKHH xapaK-
Tep, . neM aaHHaa KHHra, KOTopaa 6ojibuie noAxoAHT ajih ca-
MOCToaTejibHoro oGyneHHa h jljix hobhhkob. B Hen cozjepacHT-
ch 0630p nponecca o6pa6oTKH /jaHHbix ceiicMopa3Be,zncH npn
pa3BeAKe Ha HeoVrb h npnpoAHbin ra3. OHa npeacTaßJiaeT co-
6oh ocHOBHoe nocoGne no pa3BeaoHHOH reo(f)H3HKe b Ctsh-
4>opacKOM yHHBepcHTeTe. B to ace BpeMa a He npeTennyio Ha
to, hto6h CHHTaTb ee CBoero po^a 3HnHKjioneaneH. HeKO-
Topbie BaacHbie npone/xypbi o6pa6oTKH, TaKHe KaK ackohbojiio-
hhji h pacneT CTaTHnecKHx nonpaßOK, onncaHbi cxeMaTHHHO.
To ace caMoe mo»cho CKa3aTb h o npaKTHHecKOM npHMeHeHHH
TOMorpa(J)HH, jiyneßbix MeTOAax h TaK Ha3bißaeMbix mqtojislx
KHpxrooba.
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Opi aninaumi \iai( piia.ia

npn nojiyneHKH cencMHHecKoro H3o6paaceHHH cpeAbi ncnojib-

3ybOTca MHorne n^en, noHßjiHioiHHecH b MaTeMaTHKe n.(pH3HKe ojxua
3a apyrofi. H peuinji no/jaTb MaTepnaji b HacTOHinen KHnre b
jiorHHecKon nocjiejjoßaTejibHOCTH. TaKaH opramoanHH yjiofSna. ajih
hobhhkob, acejiaboniHX noHHTb co/jepacaHHe. *lTo6bi
yß33aTb coxtepacaHne c npaKTHnecKHMH 3a/tanaMn, KOTopbie npn
jiio6oh jioranecKon opraHH3annn MaTepnajia OKa3braaK>TCfl He-
CKOJibKO pa36pocaHHbiMH, npnjiaraiOTca .neTajibHbiH npe^MeTHbin
yKa3aTejib h cnncoK jnrrepaTypbi, coAepacainnn 6ojiee cothh
Ha3BaHHH.

TaKace nonwrajiCH y^OßJieTßopnTb Tex HHTaTejien, koto-
pbie acejiaiOT noiimb cyrb HBjieHHH (ero (pH3HKy), He B/iaßa-
HCb rjiy6oKO b MaTeMaTHKy. B OT,nejibHbix pa3/iejiax nepe/i
MaTeMaTHHecKHM aHajiH3OM npHBO/iaTCJi npaKTHHecKne npn-
Mepbi n Bo3MoacHo nojiHoe hx o6cyac,n,eHHe. CaMH rjiaßbi op-
raHH3oßaHbi TaKHM ace o6pa3oM. IlosTOMy, HanpHMep, jxohjw
jxo cepe/nfflbi tji. 1, Moaaio nepeHTH k H3yHeHHK> tji. 2. OKa-
3bIBaeTCH, HTO (pH3HKy BOJIHOBbIX HBJieHHH MOaCHO nOHHTb H
He npn6eran k MaTeMaranecKOMy aHanH3y. H Bee
ace nepea HTeHneM HacTOHinen KHHra bm no3naKOMHTb-
Cfl C /JH(|)(pepeHnHaJlbHblM H HHTerpaJIbHbIM

HCHHCJieHHHMH,

KOMn-
jieKCHbiMH 3KcnoHeHnHajibHbiMH obyHKnHHMH n npeo6pa3oßaHHeM
Oypbe.

B aaHHOH KHnre a nacro yKa3bißaio Ha pacxoayjeHHH MeacAy
Teopneii n npon3BoacTßeHHon npaKTHKOH. HoBHHKy HHoraa Ka-
aceTca, hto npnHHHa pacxoacaeHHH 3aKjnoHaeTCH b HenocTaTOHHOH
TuiaTejibHOCTH npaKTHHecKoro BonjiomeHnn. Ho b TeopnH MoryT
co/jepacaTbCH cKpbiTbie npejrnojioaceHHH. B HacTonmeHKHHre, KpoMe
(paKTOB, H3JiaraiOTCH n HeKOTopwe moh coo6paaceHHH no noßoiry
H3o6paaceHHH CTpoeHHH 3eMHbix nejjjp.

Bjiaro^apHocTH

fl b jiojiry nepeA mhothmh KOJiJieraMH 3a OKa3aHHyio hmh
noMouib. 91 TaKace 6jiarojjapeH 3a KOMnbK>TepH3oßaHHyio no^ro-
TOBKy pyKOnHCH K H3AaHHK). OHa nO3BOJIHJia BHeCTH MHoacecTßO
H3MeHeHHn b co,a,epacaHHe 6e3 .nonojmnTejibHbix ohih6ok. il caM
noaroTOBHJi Bxo^Hbie AaHHbie Ha aHrjiHHCKOM H3biKe h cHHTaio, hto
TaKoii cnoco6 CO3fIaHHH khht 6ojiee yzjoßjieTßopHTejibHbiH, neM

1paaHHHOHHbIH.

<I>n.ioeo(pCKiie ochobli khhth



JIHHHoe nocianne k ko.i.ici

a\i,

roßopnuuiM Ha pyccKOM shmkc

Bcex HHTaTejien Moen KHHra Ha pyccKOM H3biKe npnrjiamaio
noceTHTb mok) jia6opaTopnio b Ct3H(|)opzickom ynHßepcnTeTe.
Bo3MoacHO, hto mw BCTpeTHMCH TaKace n Ha o^hom H3 Meacrj,y-
HapoAHbix reo(pH3HHecKnx cHMno3nyMOB. FlocKOJibKy b HeconHa-
jiHCTHHecKOM MHpe reo(pH3HHecKafl aenTejibHOCTb ocyniecTßjiHeTCH
npH6jiH3HTejibHo 500 He3aBHCHMbiMH

KOMnaHHHMH,

MeacayHapoa-
Hbie reo(pH3HHecKne CHMno3nyMbi hbjihiotch cymecTBeHHOH nacTbio
Hamen pa6oTM. fl co cbohmh CTy^eHTaMH noceinaio eacero/jHbie
KOH(pepeHnHH 06mecTBa reo(J)H3HKOB-pa3Bejj,HHKOB, ycTpaHßaeMbie b
3ana^HOM nojiymapnH. HeKOTopbie H3 Hac npncyTCTßyioT Ha
eacero/THbix co6paHH»x EBponencKoro o6m,ecTßa reo(pH3HKOB-pa3-
bcjthhkob, a ohhh H3 Hac ynacTßOßaji b MeaqryHapoAHOM
reo(pH3HHecKOM CHMno3HyMe connajiHCTHHecKHx cTpaH. Ha npoTH-
aceHHH Been CBoen acH3HH h mhoto HHTaji o BameH CTpaHe, a b
1985 r. HMeji ynpBOJibCTBHe no6bißaTb Ha Mockobckom CHMno-
3nyMe. Hajjeiocb, mm cMoaceM BCTpeTHTbcn CHOBa.

/JacoH O. Kjiaep6oyT
CT3H<I)OpaCKHH yHHBepCHTeT
Oeßpajib 1987 r.
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BBe^eHHe k pyccKOMy H3#aHHK)

«Hufu ucmuny e gsaKmax»—/],3H CaonHH

noHCKH HecpTH h npHpozmoro ra3a HannHaiOT c npoßejjeHHH
ceHCMopa3Bej^KH. C noMombio KOMnbioTepoß OTpaaceHHbie bojihm

npeo6pa3yioTCH b H3o6paaceHHH, bo mhotom npoflCHHroinne hcto-
pHio reojioranecKoro pa3BHTHH nccjieuyeMOH TeppHTopnn. Bo BceM
Mnpe Ha cencMopa3BeaKy OTpaaceHHMMH BOjmaMH n nocjie/iyioiHee
nocTpoeHne H3o6paaceHnn TpaTHTCH okojio 4 Mjip^. jjojiji. b toj\.

Cmmci, cojcp'/KaimiHCH b ii3Mepenwi\

06"beM, 3aHHMaeMMH ropHMMH nopo^aMH, HaMHoro npeßocxo-
jjyiT o6i>eM yrjießOJiopozioß, nosTOMy Hajinnne HeqVra n npnpo^Horo
ra3a b hhx noHTH He OKa3MBaeT npHMoro bjihhhhhHa cencMnnecKHe
OTpaaceHHbie bojihm. O/iriaKO OTpaaceHHH xopomo yBH3MBabOTc» c
rpaHHnaMH pa3,u,ejia nopoa pa3JiHHHoro Tnna. B nopncTbix nopo/jax
yrneßOAopo^M MoryT cbo6oaho nepeMemaTbca. )Khjj,kocth hmcrdt
Teujxemiyno no/nrHMaTbca BBepx. no (popMe rpaHnn pa3,nejia
ropHbix nopoA MoacHo cyznrTb o tom, r^e MoryT HaKanjiHßaTbCH

yrjießo/jopo/jM. B KanecTße npHMepa oneHb ycneuiHoro npnMeHeHHH
ceHCMOpa3Be^KH MeTO^OM oTpaaceHHbix bojih (MOB) MoacHo
cocjiaTbCH Ha OTKpMTne 3ajieacen HetpTH n ra3a b cpe^HHHon nacTH
aKßaTopnn CeßepHoro Mopn. B nponecce 6ypeHHH nepßbix noncKO-
bmx

CKBaacHH,

3ajioaceHHbix no aaHHMM cencMopasße^KH MOB,
neßo3MoacHo 6mjio CKa3aTb c onpe/jejieHHocTbio, jxaJiyT Jin ohh
HeoVrb. Ho cymecTßOßana Gojibinan yßepeHHocTb b tom, hto, ecjin h
cyac/jeHO HanTH HeabTb rjje-jin6o no,n, ,hhom CeßepHoro Mopn, to
hmchho b MecTax, onpeAejieHHbix no jxannbiM MOB h 6jiaro-
npHHTHbix jinn 6ypeHHH. H, KaK h3bcctho, BCKope HeabTb 6buia
Han^eHa.

nocjie 6ypeHH» cKßaacnHbi n npoßeneHHH b Hen KapoTaaca
cencMnnecKHe H3o6paaceHHH npno6peTaioT eme 6ojibuiyio neHHocTb,
TaK KaK b stom cjiynae h3bcctho, KaKoro THna nopo^bi cootbctct-
ByioT Kaac^OMy H3 OTpaacaionrHx ropn3OHTOB. C noMombio
cencMopa3Be,zncH o6mhho yaaeTCH y/nrßHTejibHO tohho KaprapoßaTb
Tnnbi nopoA Ha HeKOTopoM paccTOHHHH ot CKBaacnHbi. Oco6eHHo
neHHo 3HaTb, b KaKOM HanpaßjieHHH nopo/ibi H3ra6aioTCH BBepx h
tjxq cjioh HapyineHM pa3pbmaMH. CeHCMopa3Be/i,Ka aaeT TaKyio
HH(popMannio npn 3HaHHTejibHO MeHbuinx 3aTpaTax, neM 6ypeHHe.
Kor/ia noncKH h pa3Be,HKa Ha He(pTb n ra3 nepeHOCHTca Ha Mope,
3aTpaTM Ha ceHCMopa3Be£Ky yMeHbinaioTCfl Ha nopnzioK, a 3aTpaTM
Ha 6ypeHne HacTOJibKO ace Bo3pacraioT.
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B<)ciipoH3B(un\iocri» nao.ik) ieumi

/JaHHbie ceHCMopa3Be^KH MOB xapaKTepn3ybOTCH GojibinnMH
o6beMaMH. Ohh OTHbo^b He noxoacn Ha KapaH/iaiHHMe 3aMeTKH Ha
jiHCTe 6yMarn. 3to — 6ecHHCJieHHbie pnjxu MaranTHbix jienr c
3anHCbK) BMCOKOH njIOTHOCTH. MHOTHe CeHCMOrpaMMM nOHHTHM c
nepßoro B3rjiH,na, ho MHorne He no/maiOTCH pacuincppoßKe,
oco6eHHO c nepBOH nonbiTKH. Xoth MHorne Ha6jno^eHHH HenoHHT-
hm h KaacyTCH cjiynanHMMH h OTHromeHHMMH noMexaMH, npHMe-

HaTeJIbHO,

HTO HX MOaCHO BOCnpOH3BeCTH B nOJieBMX yCJIOBHHX.
06HapyacHBaeTca TaKace, hto, pa6oTan c TaKHMH aaHHMMH, mm
y3HaeM Bee 6ojibme h 6ojibuie, n BO3HHKaeT CTHMyji k npoziojiace-
HHK) 06pa60TKH. B KHHTe OCHOBHOe BHHMaHHe KOHneHTpHpyeTCH Ha
cxeMe Ha6jiboaeHHH no o/hthohhmm pa3BenpHHMM npoubnjiHM c
06bIHHMMH npHnOBepXHOCTHMMH HCTOHHHKaMH H npneMHHKaMH.
OAHaKO, yHHTMBan /jocrHacemiH b o6jiacTH o6beMHon cencMOpa3-
BejjKH, h paccMOTpeji h cjiynan o6pa6oTKn TpexMepHOH hh-
(popMannH.

KoMnbioTepbi KaK inoGpaacaiouHie vcrpoiicißa

B HacTOHUien KHnre b KanecTße H3o6paacaK>innx ycTpoiicTß,
npeo6pa3yioui,HX cencMnnecKHe OTpaaceHHH, Hcnojib3yiOTCH kom-
nbiOTepbi. B KanecTße H3o6paacaiom,ero ycrponcTßa KOMnbioTep bo
MHorax OTHomeHHHX H/jeaneH. Bo3MoacHOCTH TenecKona, Hanpn-
Mep, orpaHHHeHM KanecTßOM cocTaßjiHioiHHx ero aeTajien. Co3^a-
BaeMoe ace KOMnbK>TepoM H3o6paaceHHe 6ojibuie orpaHnneHo
liaHIHM nOHHMaHHCM MaTeMaTHKH, (pH3HKH H

CTaTHCTHKH,

neM
npncyuxHMH caMOMy KOMnbiOTepy orpaHnneHKHMH. npaKTHKa
noKa3ajia, hto cencMnnecKHe AaHHbie hmcbdt MaKCHMajibHbin o6beM
HHobopManHH, o6pa6oTKa KOToporo Bo3MoacHa TOJibKo Ha coßpe-
MeHHbix 3BM.

FCoMnbioiepbi h KHHOcencivfHKa

B KHnre noMemeHo HecKOJibKo MauiHHHbix nporpaMM. Ohh
ncnojib3ybOTCH b KanecTße nnjibocTpannn h ynpaacHemrii, ho MoryT
6biTb nojie3HMMH n b KanecTße cnpaßOHHoro MaTepnajia. Tpy/nro
jxarb KaKne-TO rapaHTHH, ho y mchh nporpaMMbi pa6oTajin npn
CO3/i;aHHH MHorax pncyHKOB, noMenieHHbix b KHnre, nosTOMy
aojiacHM pa6oTaTb n y Bac. Bm 3aMeTHTe, hto ohh cocraßJieHM
Ha H3MKe, noxoaceM Ha OOPTPAH. >I3mk onncaH b Hanane pa3-
Xiejia 1.7. y Bcex cboh BO3MoacHOCTH rpacpoßMßoaa, noaTOMy,
hto6m Bocnojib3oßaTbCH sthmh nporpaMMaMH, BaM npnaeTCH
H3yHHTb HX XOpOUIO, TaK, HTO6bI BM CMOTJIH CO-
rjiacoßaTb Bbixo/nryio HH(popMannio c BauiHMH rpacpHnecKHMH
yCTpOHCTBaMH.
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C noMoinwo coßpeMeHHbix 3BM MoacHo nojiyHHTb KHHocpHjibM,
KOTOpbIH (paKTHHeCKH npe^CTaBJIHeT CO6OH Ha6op KapTHHOK.
BHyTpn 3BM —sto npocTO TpexMepHan MaTpnna nnceji b
(popMaTe c miaßaioineH 3annTon, KOTopbie KaKHM-TO o6pa3oM
cjiQjryQT npeo6pa3oßaTb b ypoBHH HpKocTH. K MOMenry 3a-
BepmeHHH HanncaHHH jjaHHon KHHra jinnib HecKOJibKO 3BM 6mjih
o6opy,noßaHM h npHcnoco6jieHM ajih HenocpejjCTßeHHoro npeo6-
-pa3OBaHHH TpexMepHoii MaTpnnbi b BH/ieo(pHjibM. B TeneHHe
npoMeacyTKa BpeMeHH, noTpaneHHoro Ha nepeßoa, npon3Be,neHM
AeCHTKH TMCHH HaCTOJIbHMX KOMnbbOTepOB, CnOCO6HMX BbinOJIHHTb
yKa3aHHyio onepanHio.

Bo3MoacHocTb nojiyneHHa KHHOcencMnnecKHx H3o6paaceHHH
oneHb BaacHa. KnHOcencMHKa yrjiy6jineT Haine noHHMaHne cencMO-
pa3Be^oHHbix MaTepnajiOß h mcto/iob o6pa6oTKH. CTy^eHTM
3aMeTHO BOOAyineßjiHioTCH, bhjjh, KaK hx ycHJiHH *no nporpaMMH-
poßamno cpa3y ace npeßpauiaioTCH b KHHoabnjibM, JierKo 3anncbi-
BaeMbin Ha BH,n,eoKacceTy.

By^eT jih pa6oTa?

OcHOBHoe npHMeHeHHe mcto^ nocTpoeHHH ceHCMHnecKHX H306-
-paaceHHH no OTpaaceHHMM BOjmaM uaxojxwr b He(pTepa3Be,znce.
B OTJIHHHe OT H^epHOH SHepTHH, yrjießO£OpO,n,M HBJIHK3TCH npaKTH-
necKH HCBO3o6HOBjiHeMMM pecypcoM 3HepraH. KpoMe Toro, ecTb
npe^nojioaceHHe, hto b TeneHHe acH3HH MOJiojjoro noKOJieHHH
Ao6bina HecpTH n npnpo/iHoro ra3a /jojiacHa ynacTb. 03HanaeT jih

3TO,

HTO MOJIO^Bie JIbOJIH He /{OJiaCHM H3ynaTb reo(pH3HKy? Si
AyMaio, hto jiojiacHM. B nepcneKTHße, ynHTMBan npn stom
pocT HacejieHHH 3eMjin, TpyAHO BOo6pa3HTb TaKHx jnoaen, KOTopbie
6m noTepHjin HHTepec k H3yHeHHK> 3cmhoh Kopbi. MoacHo
npe^nojioacHTb, hto no Mepe yMeHbuieHHH otkpmtmx 3anacoß
HetpTH h ra3a ycnjinn, HanpaßjieHHbie Ha hx noncKH, 6yjxyT pacTH.
PaGoTHHKH HyacHM h cero/iHH, TaK KaK eme He H3o6pejin caMOJieTOB
c ABHraTejiHMH, pa6oTaioiHHMH Ha KaMeHHOM yrjie hjih Ha H^epHOM
TonjiHße. B jibd6om cjiynae pa3pa6aTMßaeMbie b KHnre HaBMKH n
yMeHHH, cnoco6bi BonjiomeHHH Ha 3BM (pH3HHecKnx KOHuenmiH
Bceraa 6yjxyr HaxojTHTb Bceo6mee npnMeHeHne.

IlyTeßoaHTejib no KHnre

B tji. 1 h 3 H3JiaraiOTCH ochobhmc noHHTHH nocTpoeHHH
H3o6paaceHHH reojioranecKon cpe^M no AaHHMM ceHCMopa3Ben,KH
MOB. Tji. 2 n 4 nocßHineHM MamHHHMM cnoco6aM aHajin3a
Ha6jiboaeHHbix bojihobmx nojien. B CT3H(popacKOM ymißepCHTeTe
tji. I—31 —3 npenoaaioTCH cryaeHTaM, roTOBHnniMCH k CTeneHH Ma-
rncTpa. Ohh npeno^abOTCH b Bnue Kypca, paccHHTaHHoro Ha ohhh
ceMecTp. 3th CTy^eHTM H3ynaK)T TaKace h HeKOTOpbie rjiaßM H3



Moen npe;i,M,n,yiHeH khhth jih6o nepe/i H3yneHHeM HacTonmen
khhth, jih6o nocjie.

Ecjih bm He acejiaeTe BHHKaTb b MeTO/innecKHe Bonpocbi,
nonpoGynre nponecTb Jinmb tji. 1 n 3, ho tji. 2, 6jiaro;iapH ee
KOHKpeTHOCTH h coaepacamnMCH b Hen npnMepaM, noMoaceT BaM
jiynme noHHTb MaTepnaji. Tji. 4 npe,mia3HaHeHa MacTepaM o6pa-
60TKH, KOTOpbie XOTHT 3HaTb, HTO CKpblBaeTCH 3a BMCOKOKa-
necTBeHHMM BonjiomeHneM nzjeH, hjih ace HCKjnonnTejibHO KBajm-

(pnnHpoßaHHMM HHTepnpeTaTopaM, acejiaioiHHM pa3o6paTbcn b
BO3HHKaK)mnx pacxoac/ieHHHx npn o6pa6oTKe pa3HMMH cnoco6aMn.
B rn. 5 onncaHM HOBbie KOHnennHH nocTpoeHHH cencMHnecKHx
H3o6paaceHHn, KOTopbie KaacyTCH npaBHJibHMMH b npnHHHne, ho no
pa3JIHHHMM npHHHHaM (MHOrne H3 KOTOpbIX MHe He H3BeCTHbI) He
Hamjm mnpoKoro npaKTnnecKoro npHMeHeHHH. HHTepnpeTaTopbi,
KOTopbie xopomo Bjia^eioT TeMaTHKon, MoryT oneHHTb tji. 5, TaK
KaK b Hen AejiaeTCH nonbiTKa o6i>HCHHTb, KaK n noneMy nojiynaeTCH
TaK, KaK sto Ha6jno,naeTCH Ha npaKTHKe. Ho tji. 5 6ojn>me Bcero
aojiacHa 3aHHTepecoßaTb Tex, kto xotch 6m co3^aTb HOByio
MeTO^HKy nocTpoeHHH H3o6paaceHHH 3eMHbix Heap no cencMHnec-
khm oTpaaceHHMM BOjmaM.

/JacoH <&. Kjiaep6oyT
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Tjiaea 1
BBE/JEHME B CEHCMHMECKOE M3OEPA2KEHME

1.1. M3JiyHaiomHe oipawaiomHe i puumu.i

OcHOßiian annapaTypa jxnn npoßeaeHHH cencMopa3Be,nKH MeTO-
AOM OTpaaceHHbix bojih coctoht H3 HCTOHHHKa Bo36yac^eHHH reo(po-
Ha (ycTponcTßa, HanoMHHaicmero MHKpocpOH) h MHoroKaHajibHon

CHCTeMM BH3yaJIbHOTO BOCnpOH3BeAeHHH BOJIHOBMX HMnyjIbCOB.
CencMopa3BenoHHMH npoqbnjib pacnojiaraeTCH Ha noBepxHOCTH 3eM-
jih. Oh MoaceT coßna^aTb c KypcoM Kopa6jiH n b stom cjiynae npn-
eMHHK cencMnnecKHx KOJie6aHHH Ha3MBaiOT raApo(poHOM. Hctoh-
hhk 3ByKa h npneMHHK npaKTHHecKH He o6jia^aK)T peryjinpyeMon
HanpaßjieHHocTbK), TaK KaK

nacTOTM,

npoHH3MßaioiHHe 3eMHbie
He/ma, xapaKTepH3yiOTCH BOjmaMH, /yiHHa KOTOpbix npeßbimaeT
pa3Mep Kopnyca cy/ma. B pe3yjibTaTe, b omiH n tot ace momcht
BpeMeHH MoryT nojrxojjynb OTpaaceHHH c HecKOJibKHx HanpaßjieHHH.
HcTOJiKOBaHne nojiynaeMbix aaHHbix hbjihctch 3aAanen n reo(pH3H-
kob n reojioroß. reocpH3HKH H3ynaK)T KOJinnecTßeHHyK), (pH3HHec-
Kybo n CTaTHCTHHecKyK) ctopohm stoh 3a/iaHH. Ohh npeoneAyioT
nejib, coßna^aiomyK) c ochobhoh nejibio camion khhth,— co3jx&-
BaTb no Ha6jiK>AaeMMM OTpaaceHHHM xopomne KapTHHM BHyTpen-
Hero CTpoemiH 3eMHbix Heap.

HeKOTopbie anajoniH

Ha pnc. 1 H3o6paaceHM jjpa BapnaHTa pacnpocTpaHeHHH bojih.

nepßbm BapnaHT npejJCTaßJiaeT co6on npaKTHHecKH peajin3yeMbin
cnoco6 Ha6jnoAeHnn. BTopon —TeopeTHnecKnii sKcnepnMenr, npea-
nonararoinnn, hto OTpaacaiomne rpaHHHbi b cpene BHe3anHO
B3pbißaioTCH. Bojihm, Bo3HHKaK>nine npn TaKOM rnnoTeTHnecKOM
B3pMße, pacnpocTpaHHKDTCH BBepx jxo noBepxHOCTH 3eMjm, rae n
Ha6jiK3/iaK)TCH c noMombio Boo6paacaeMon paccTaHOBKH cencMO-
npHeMHHKOB.

Otmcthm oco6eHHOCTb pncyHKa, 3aKjiK)HaiomyK)CH b tom, hto
TpaeKTopnn jiynen b nepBOM BapnaHTe KaacyTca TaKHMH ace, KaK n
BO BTOpOM. B BO3MOaCHOCTH npemiOJIOaCHTb, HTO JTB3. ynOMHHyTMX
bojihobmx nojiH—Ha6jno,neHHoe n ranoTeTHnecKoe —b caMOM aene
npe^CTaßjiHioT co6on ojxro n to ace, 3aKjnoHaeTCH orpoMHoe
KOHnenTyajibHoe npenMymecTßO. Ecjih ohh o/nrHaKOBM, to MoacHo
npeHeGpenb TeM oGcTOHTejibCTBOM, hto b aencTBHTejibHOCTH
BbinojiHHJinCb MHorne tmchhh Ha6jnoaeHHH, h cocpeaoTOHHTb
BHHMaHHe Ha aaHHOM e/nmcTBeHHOM rnnoTeTHnecKOM SKcnepn-
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PMC. 1. OTpaaceHHa, perHCTpnpyeMbie coßMeineHHbiMH hctohhhkom h npneMHHKOM,
KOTopbie nepeMemaiOTCH no noBepxHOCTH 3eMJin (cneßa), n KOHnenTyaabHaa Monejib

«H3JiyHaK>mnx» rpaHnn (cnpaßa)

MeHTe. O^ho H3 oneßn/iHMx pa3jiHHHH Meac/iy yKa3aHHMMH
cjiynaHMH coctoht b tom, hto b cootbctctbhh co cxeMaMH
noneßbix Ha6jiK>aeHHH bojihm /jojiacHM CHanana pacnpocTpaHHTbcn
bhh3 h 3aTeM Bo3BpamaTbCH no TeM ace TpaeKTopHHM, a b
rnnoTeTHnecKOM 3KcnepHMeHTe ohh flßnacyTCH TOJibKO BBepx.
BpeMH npo6era npn nojießOM 3KcnepHMenre MoacHo pa3,nejiHTb
nonojiaM.

BTopHHHbiii TOHeHHbiii hctohhhk rioiireHca

OKeaHHHecKne bojihm hmcbot .ujihhm, cpaßHHMbie c /mnHaMH
bojih, KOTopbie Hcnojib3yioTCH b ceHCMopa3Be/i,Ke (15—500 m), ho
ohh /jßnacyTCH cTOJib Me/uieHHO, hto no/maioTCH Ha6jiboaeHHK>.
npeACTaBHM ce6e npoTHaceHHbin moji raBaHH, napajuiejibHbiH
6eperoßOH jihhhh h hmcioihhh He6ojibmon npoMeacyTOK /jjih
npoxo^a cy/ioB (pnc 2). na^aboman Ha TaKon moji H3 OTKpMToro
Mopn njiocKan Bojina nopo/niT BOJiHy, nponie/nnyio nepe3 stot
npOMeacyroK. BHyTpn raBaHH 6y/ieT Ha6jno,n,aTbCH bojihoboh cppoHT
b BH,ne OKpyaCHOCTH c neHTpoM b MecTe pa3pMßa MOJia.

JInHeHHOCTb HBjineTCH cbohctbom Bcex MajioaMnjiHTy/mbix
bojih, 3a HCKJiboneHHeM neHHCTbix, npn6oHHbix bojih, o6pa3yio-
mnxcH Bo3Jie 6epera. OTCbo^a cjienyeT, hto msa pa3pbma b MOJiy,
orpaHHHHßabomeM

raßaHb,

o6pa3ybOT ABa bojihobmx aSpoHra b BHAe
nojiyoKpyacHocTen. TaM, ryje OKpyaCHOCTH nepeceKabOTCH, bmcotm
bojih 6y^yT cKjia/iMBaTbCH no npocTOMy jiHHeHHOMy 3aKOHy.
HHTepecHO BOo6pa3HTb moji co mhothmh pa3pbißaMH. B npe^ejib-
hom cjiynae npn oneHb 6ojibmoM nncjie pa3pbißOß moji ncne3aeT,
npeßpaTHßmncb nonpocry b nocjieAOßaTejibHOCTb pa3pbißOß. nojiy-
Kpyroßbie bojihobmc (ppoHTM oG^czhthhiotch b nanabomyio njioc-

Kybo Bojmy. B cjiynae ranep6ojiHHecKHx (pponroß nojiynaeM to
ace caMoe. Ha pnc. 3 H3o6paaceHM ranepGojibi, njiOTiiocTb pac-
nojioaceHHH kotopmx pacTeT cjießa HanpaßO. Bee bojihm, na-

Ha Gapbep nojx kocmmh yrjiaMn, KaKHM-TO o6pa3oM
HHTepqpepnpybOT MeacAy co6on n HHnero KpoMe hjiockoh bojihm He
ocTaeTCH.
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PHC. 2. OpoHT

BOJiHbi,

npoxonainen nepe3 pa3pbiß b 6apbepe, HMeeT nna
nojiyoKpyacHOCTH
1—njiH*; 2—raßaHb; 3—BoaHope3; 4—otkpmtmh

oxeaH;

5—btophhhmhtohchhmh hctohhhk
fioareHca; 6— naaaiomaa BoaHa

HajioacHM Ha noßepxHocTb OKeaHa AeKapTOßy CHCTeMy Koop-
AHHaT, HanpaßHß ocb x bjiojib 6epera, a ocb z BAOJib paccTOHHHH j\o
Hero. Ecjih npoßecTH aHajioraio c mctoaom OTpaaceHHbix cencMH-
necKHx bojih, to

OKaaceTCH,

hto jiioah HaxoAHTcn Ha 6epery (Ha
nOBepXHOCTH 3eMJIH) H npOH3BOAHT H3MepeHHH BMCOTM BOJIH B
3aBHCHMOCTH OT X H /. PaCnOJiaraH TaKHMH Ha6jHOAeHHHMH, OHH
MoryT c^ejiaTb bmboam OTHOCHTeJIbHO cymecTBOBaHHH pa3pbißOß b
cnjiomHOM MOJie Ha hjiockocth (x, z). Ha pnc. 4 H3o6paaceHM
BpeMeHa npnxoAa k 6epery bojihm, npoineAnieH nepe3 pa3pbm co
CTopoHM OKeaHa. HanMeHbmne BpeMeHa HaGnioAaiOTCH b oKpecT-
hocth pa3pbma B MOJie.

Bojihm npencTaßjinbOT co6on pacinnpHboinnecH OKpyacnocTH.
YpaßHeHHe OKpyaCHOCTH, pacmnpHbomencH co CKopocTbbo v otho-
CHTeJIbHO tohkh c KoopAHHaTaMH (x3 , z3 ), HMeeT BHA

(x-x3 )2 +(z-z3 )2 = v 2t 2 . (1)
nOJIOaCHB t nOCTOHHHOH BeJIHHHHOH, T. C CACJiaB MrHOBeHHMH
chhmok, HaxoAHM, hto ypaßHeHHe (1) ecTb ypaßHeHHe OKpyaCHOCTH.
nojioacHß nocTOHHHOH z, nojiynaeM ypaßHeHHe ranep6ojibi Ha
njiocKOCTH (x, /). B npocTpaHCTße (/, x, z) ypaßHeHHe (1) npeßpa-
maeTCH b ypaßHeHHe KOHHnecKon noBepxHOCTH. CeneHHH npn
pa3JiHHHbix 3HaneHHHx / AabOT OKpyaCHOCTH pa3JiHHHoro pa3Mepa.
CeneHHH KoimnecKon noBepxHOCTH npn pa3JiHHHbix 3HaneHHHx z
AabOT Ha6op rnnep6oji. Ha pnc. 4 H3o6paaceHM neTbipe rnnep6ojibi.
nepßan cooTBeTCTByeT Ha6jnoAeHHio, CAejiaHHOMy Ha 6epery, t. e.
npn zo =0. BTopan H3o6paacaeT rnnoTeTHnecKybo nocjieAOßaTejib-
HOCTb Ha6jIK)AeHHH, npOH3BCAeHHMX Ha HeKOTOpOM paCCTOHHHH zx
ot 6epera b CTopoHy Mopn. TpeTbH nocjieAOßaTejibHOCTb Ha6jiK>-
AeHHii npon3BeAeHa Ha eme GojibineM paccTOHHHH z2
ot 6epera. Ha paccTOHHHH z3 nonTH coßnaAaeT c mojiom,
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PHC. 3. Bapbep c

MHoacecTßOM

oTßepcTnn (a) n bojihw, HaGjnonaeMbie 3a 6apb-
epoM (6)

Tjxe ranep6ojia BbipoacAaeTCH b TOHKy. Bee 3th ranep6ojibi
npnHaAJieacaT HeKOTopoMy ceMencTßy, npn stom KaacAOH H3
rnnep6oji cooTBeTCTByeT OAHa n Ta ace acHMnTOTa. AcnMnTOTa
onncbißaeT Bojmy, KOTopan pa3BopannßaeTCH y pa3pbma nonra Ha
90° h ABHaceTCH nonra napajuiejibHO 6eperoßOH jihhhh co
CKopocTbbo dx/dt. (B onncbißaeMon aHajioran c bojihoh Ha
noBepxHOCTH boam npeAnojiaraeTCH, xoth h HenpaßOMepHO, hto ee
CKOpOCTb nOCTOHHHa H He 3aBHCHT OT TOJimHHM CJIOH BOAM.)

Ecjih ncxoAHan naAaboman Bojma npeACTaßjineT co6on nojio-
acHTejibHbin HMnyjibc, to btophhhmh hctohhhk rionreHca AOJiaceH
Bo36yacAaTb HMnyjibc c npoTHßonojioacHMMH nojinpHOCTHMH, TaK
KaK TOJibKO b stom cnynae b pe3yjibTaTe HHTep(pepeHnHH yHnn-
ToacaTCH Bee bojihm, KpoMe njiocKon. TaKHM o6pa3oM, BOJiHa
TbOHreHca o6jiaAaeT (pa3OBMM cabhtom. B cjieAybomeM pa3Aejie
6yAyT npnßeAeHM MaTeMaTHnecKne BbipaaceHHH, onncbißabomHe
BTOpHHHMH HCTOHHHK TbOHreHCa. JIbOAHM, njIMBymHM B JIOAKe,
xopomo 3HaKOMO HBjieHne, cocTonmee b tom, hto Han6ojibmHe

PHC. 4. roaorpacJ)bi Ha6jnojaeHnn Ha pa3JiHHHOM paccTOHHnn ot 6epera (no
roH3aaecy)
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PHC. 5. Cynepno3nnna roao-
rpacpOß, H3o6paaceHHbix Ha
pnc. 4, 6e3 BpeMeHHoro cjibh-

ra (a) h co cannroM (6) [no
foH3ajiecy ]

aMnjinTyAM Ha nojiyoKpyacHOCTH TbonreHca Ha6jnoAaioTCH b Henoc-
peACTBeHHOM HanpaßjieHHH k 6epery. AMnjiHTyAa bojih, pacnpocr-
paHHbomHxcH napajuiejibHO 6epery, naAaeT ao Hyjin. B onTHKe
yKa3aHHoe y6bmaHHe aMnjiHTyAM b 3aBHCHMOCTH ot yrjia naAeHHH
Ha3MBaeTCH CpaKTOpOM HaKJIOHHOCTH.

OnpeAeJieHne vim paiuui

B cjiOßapnx npnBOAHTCH MHoacecTßO 3HaneHHH cjiOßa run. Ohh
pOACTBeHHM, ho neTKO pa3jmnaK)TCH MeacAy co6oh. AHajioranHO
3TOMy b reo(pH3HnecKOH pa3BeAKe cjiobo migration HMeeT okojio

neTbipex pOACTBeHHbix MeacAy co6on, ho pasjinnabomnxcn 3Hane-
HHH. CaMMM npOCTMM H3 HHX HBJIHCTCH 3HaneHHe, CXOAHOe CO
cjiobom «ABHraTbCH». KorAa HeKOTopbin o6mjkt, pacnojioaceHHMH b
KaKOH-TO TOHKe njiocKOCTH {x, z), HeKOTopoe BpeMH cnycTH
o6HapyacHßaeTCH b hhom MecTe, mm tobophm, hto oh ABHaceTCH.
Tohho TaK ace, KorAa HeKOTopoe BCTynjieHHe bojihm (nacTO
Ha3MßaeMoe «co6biTneM»), pacnojioaceHHoe tac-to Ha hjiockocth

(x, t) reo(pH3nHecKHx Ha6jnoAeHHH, o6HapyacHßaeTCH b hhoh tohkc
jihhhh Ha6jiK>AeHHH, pacnojiaraioiHeHCH Ha 6ojibmeH rny6HHe z,
roBopHT, hto oho MHrpnpyeT.

Mto6m jiynme ycBOHTb

CKa3aHHoe,

BOo6pa3HM, hto neTbipe
nacTH pnc. 4 B3HTM H3 KHHo4)njibMa. B nponecce KHHOcbeMKH
rjiyGnHa z mchhctch ot Gepera (noBepxHOCTH 3eMjm) k BOjmope3y.
Ha pnc. 5, a yKa3aHHbie KHHOKaApti coBMemeHM Apyr c ApyroM.
TjiaßHoe, hto nponcxoAHT b AaHHOM KHHO(pnjibMe — BOjma Mnrpn-
pyeT BBepx, b Hanpaßjiemin ?= 0. MtoGm ycTpaHHTb yKa3aHHbm
AOMHHnpyioiHHH sqbcpeKT BepTHKajibHoro nepeMemeHHn, cobmccthm
KaApM no-HHOMy, noMecTHB Bee BepmHHM ranep6oji b oahom h
tom ace MecTe. C MaTeMaTHnecKOH tohkh 3peHHH 3Ta onepannn
CBOAHTCH K TOMy, HTO OCb BpeMeHH / 3aMeHHCTCH Ha TaK
Ha3bmaeMyK) ocb 3aAepacaHHoro BpeMeHH t' —t+z/v, H3o6pa-
aceHHybo Ha pnc. 5,t5. BTopoe, 6ojiee tohhoc onpeAejieHHe MHrpa-
nnn 03HanaeT nepeMeincHHe co6mthh b (x, /^-npocTpaHCTße no
Mepe H3MeHeHHH z. nocjie ycTpaHeHHH BepTHKajibHoro CMemeHHH
ocTaTOHHoe nepeMemeHHe b ochobhom npeACTaßjineT co6oh H3Me-
HeHne (popMM. B cooTBeTCTBHH c sthm onpeAeJieHHeM, Bepmn-
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hm ranep6oji, t. e. ropH3oHTajibHbie cjioh, He npeTepneßaioT
MHrpannn.

H3o6paaceHHbie Ha pnc. 5 ranep6ojibi b AencTBHTenbHOC-
TH npocTHpabOTCH ao 6ecKOHenHOCTH, ho Ha pncymce Bee
ohh o6pbißaK>TCH Ha BpeMeHH b yj2 pasa 6ojibmeM MHHHManb-
Horo. CjieAOßaTejibHO, ranep6ojibi rpaubnnecKH H3o6paacaioT
TOJIbKO Te JiyHH, KOTOpbie OTKJIOHHbOTCH OT BepTHKaJIH Ha 45°.
He cneAyeT 3a6breaTb, hto OTHomeHne BpeMeHH nepßoro BCTyn-
jieHHH KaKon-jin6o ranep6ojibi k jiboGoMy ApyroMy onpeAe-
jineT BejiHHHiiy KocnHyca yrna pacnpocTpaHeHHH. KoHen Kaac-
AOH ranep6ojibi cooTBeTCTByeT nyny, HaKnoHeHHOMy noA
45° k BepTHKann. 3aMeTHM, hto kohhm ranep6oji Ha stom
pncyHKe MoacHo coeAHHHTb npHMoii. Otmcthm TaKace, hto Ha-
kjioh rnnep6oji Ha KOHuax nx OAHHaKOB. Jlio6oh cpponr boji-

hm b (pH3nnecKOM npocTpaHCTße o6pa3yeT yron Q = dx/dz. Y jird-

6oh ceHCMnnecKon ocn CHH(pa3HocTH TaHreHC yrjia ee HaKnoHa
vdt/dx paßeH sinO, b neM nerKO y6eAHTbcn, paccMOTpeß boh-
HOBOH (|>pOHT, nOAXOAHmHH K nOBepXHOCTH 3eMHH noA yrjiOM 9.
TaKHM o6pa3oM, 3Hepran, pacnpocTpaHHbomaHCH no npnMon b
(pH3HHecKOM npocTpaHCTße (x, z), MHrpnpyeT b npocTpaHCT-
Be Ha6jiK>AeHHH (x, /) TaKace no npnMOH. C yßennneHHeM z SHep-
rnn, pacnpocTpaHHbomancn noA pa3HHHHMMH yrnaMH, cxoahtch b
(poKyce, KOTOpbin n HBnneTcn B3pbißabomencn (H3nynaioineH)
rpaHHHeH. 3tot cpoKyc n ecTb pa3pMß b 6apbepe. TpeTbe
onpeAeneHne MHrpannn nosTOMy rnacHT: MHrpannn— nponecc,
KOTopbiH onpeAeneHHMM cnoco6oM nepeMemaeT Ha6jibOAeHHbie
AaHHbie, t. e. 3aBHCHMOCTb bmcotm BonHbi ot x h

/,

ot 6epera k
BonHope3y. TpeTbHM onpeAeneHHeM noAnepKHßaeTcn He CTonbKO
caMo ABnacenne, CKonbKO npeo6pa3oßaHHe ot HananbHOH tohkh k
KOHeHHOH.

Mto6m npoAßHHyTbcn b naineM o6bncHeHHH Aanbme, Heo6xo-
Ahmo paccMOTpeTb 6ojiee o6ihhh no cpaßHemno c BonHope3oM
npHMep. B npHMepe c BonHope3oM Hamn BO3MoacHOCTH orpaHH-
neHM 4)opMnpoßaHneM hctohhhkob TbonreHca nnmb Ha 3aAaHHon
rny6nHe z, a BO3MoacHM hctohhhkh h Ha Apyrax rny6HHax.
nosTOMy ncnonb3yn nponecc bohhoboh 3KCTpanonnnHH, KOTopbiH
no3BonneT nepeMemaTb Ha6nioAeHHH Ha Bee 6onbmne rny6nHM z,
nocTpoHM H3o6paaceHHn H3nynaioiHHx OTpaacabomnx rpaHnn c
noMombbo paBeHCTBa BHAa

H3o6paaceHHe (x, z) = Bomia (? =0, x, z). (2)
HeTßepToe onpeAeneHneMHrpannn BKnbonaeT b ce6n h onpeAeneHne
AHqbpaKnHH KaK nponecca, npoTHßononoacHoro MnrpaHHH (pnc. 6).
/^HubpaKnnbo HHorAa paccMaTpHßabOT KaK TaKon ecTecTßeHHbin
nponecc, KOTopbin co3AaeT h yAnHHneT rnnepGononAM. MnrpanHH
npeACTaßnneT co6oh TaKOH BMHHcnnTenbHMH nponecc, KOTopbiH
BbinonHneT o6paTHybo onepannio.
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Ha6/iK>AeHHSi MoAe/ifa
ITI M^_pau_H_^ r-—

Q
Bcet jMcppaKU_Ma_ Bcez

PHC. 6.

Eme oahh acneKT ncnonb3oßaHHH cnoßa MHrpannn BCTpenaeTcn
b rn. 3, tjjp b KanecTße ropn3oHTanbHOH KoopAHHaTM Hcnonb3yeTcn
jih6o y —cpeAHHH TOHKa Meacny nB h nn, nn6o yAaneHHe nyHKTa
B3pbma ot nyHKTa npneMa h. iHnep6onoHAM MoacHo npoAonacaTb
bhh3 b nnocKOCTHX [y, t) h (h, t). Ecnn AaHHbin nponecc
coßepinaeTcn b nnocKocTH (y, t), to ero Ha3MBabOT Mnrpannen
hhh cencMnnecKHM H3o6paaceHneM, ecnn ace oh nponcxo-
Aht Ha nnocKocTH (/?, t), to Ha3MßaeTcn (poKycnpoßKOH hjih

CKOpOCTHMM aHaJIH3OM.

Ha6jnoAaeMbie HMnyjibcoHAM

npn AH(ppaKnnn no TbonreHcy b npocTpaHCTße (x, z) GepeTcn
OAHHOHHan HMnynbCHan (pyHKunn (AenbTa-cpyHKHHn) h npeßpainaeT-
cn b ranep6ony b KoopAHHaTax (x, t) npn z= 0. OGpaTHoe
npeo6pa3oßaHne HannHabOT c AenbTa-cpyHKUHH b npocTpaHCTße
(x, t) npn z=0. Oho cooTBeTCTByeT TaKon mctoahkc cencMopa3BeA-
kh, KorAa OTpaaceHHH peracTpnpybOTcn b oahoh onpeAeneHHon
TOHKe, npnneM n b Hen perncTpnpyeTCH Bcero nnmb oaho
OTpaaceHne. KaKan MOAenb 3Cmhoh cpeAM AonacHa cornacoßM-
BaTbcn c noAo6HMMH Ha6nK>AeHHHMH? KaK cnenyeT H3 pnc. 7, 3Ta
MOAenb AonacHa BbirnnneTb KaK cabepHnecKoe 3epKano, neHTp
KOToporo HaxoAHTcn b stoh anoManbHon TOHKe HaGnboneHnn.

BeponTHOCTb Toro, hto b pe3ynbTaTe ecTecTBeHHO pa3BHßabo-
ihhxch nponeccoß b HeApax 3eMnn 6yAyT o6pa3oßMßaTbcn MHoro-
nncneHHbie ccpepHnecKne 3epKana, paßHa Hynbo. Ho H3ynan o6pa-
GoTaHHbie reo(pH3HHecKne MaTepnanbi, nacTO MoacHo Ha6nbOAaTb
ccpepHnecKne 3epKana. CTaHOBHTcn ohcbhahmm, hto bo bxoahmx
AaHHbix coAepacaTcn TaKHe HMnynbcoHAM, KOTopbie He cornacyioTCH
c H3noaceHHOH Bbime Teopnen pacnpocTpaHemm bohh. 3to
o6cTOHTenbCTBO o6bncHneT, noneMy He(j)Tepa3BeAHHKH BbmyacAeHM
H3ynaTb Bonpocbi o6pa6oTKH Ha6nbOAeHnn no MeTOAy OTpaaceHHbix
ceHCMHnecKHX bohh, xoth hhhho ohh n He co6npabOTcn cocTaßnnTb
o6pa6aTMßabomHe nporpaMMbi. noneßbie cencMorpaMMbi cnnmKOM
cnoacHM nnn nx ocMbicnnßaHnn. 06pa6oTaHHbie MaTepnanbi naioT
ocHOBaHHe AJin nocTpoeHHH oahoh H3 MOAenen rny6nHHoro
reonornnecKoro CTpoeHHH 3eMnn, ho oneHHTb ee HaneacHocTb
TpyAHO. BnonHe

BO3MoacHO,

hto BaM HHKorna He noHaAo6HTcn
co6npaTb aßTOMo6nnb, ho ecnn bm HanpaßnneTecb b onnHOHKy b
rny6b nycTbmn, BaM npocTO hco6xoahmo 3HaTb KaK MoacHo
Gonbine 06 ycTponcTße aBTOMo6Hnn.
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PHC. 7. OTpaaceHne Bo3BpamaeTca k cenc
MonpneMHHKy, coBMemeHHOMy, c hctohhh

kom, TOJibKO Tor^a,

Korjxa hctohhhk pacno
jioaceH b neHTpe ccpepnnecKoro 3epKajia

r pa(pnHecKan miii paumi

no cencMnnecKOMy co6mthk) b tohkc (x0 , /0 ) h c yrnoBMM
Ko3(p(pHnneHToM p = dt/dx onpeAennM ero nonoacemie (xM

, /M )
nocne MHrpannn. J\j\n stoto BO3bMeM nnocKHH bohhoboh (pponr,
o6pa3ybomnn yron 0 c noßepxHOCTbbo 3eMnn h npoxoAnuniH
paccTOHHHe dx 3a BpeMH dt. npn 3HaneHHH ckopocth v nonynnM
yron Bbixona nepe3 H3MepneMbie BenHHHHbi:

sinQ —vdt/dx=pv. (3)
nyTb npo6era no BepTHKann MeHbme, neM no HaKnoHHOMy nyny Ha
BennnHHy

3Han BpeMH npo6era t0 h ropn3oHTanbHyio KOMnoHeHTy ckopocth
ysinO, nonynaeM ropH3oHTanbHyio KoopAHHaTy nocne MHrpannn:

H3 paccMOTpeHHH ranep6onbi, MHrpnpyioineH k CBoen Bepmn-
He, CTaHOBHTcn noHHTHMM, noneMy b cpopMyjie (46) ctoht 3HaK
MHHyc. ypaBHeHHH (4a) h (46) — ochobhmc ypaBHeHHH AJin
rpao)HnecKOH MHrpannn AaHHbix MeTOAa OTpaaceHHbix cencMH-
necKHx BonH. Ohh noKa3MBabOT KyAa MnrpnpyeT 3aAaHHan toh-
Ka, ho HHnero He roßopnT o tom, KaK H3MeHneTcn yrnoßon
KO3(p(pHnHeHT p.

> BcniMeime yrna iiaK.iona OTpaacajomeii rpaHHHbi

PaccMOTpHM BepTHKanbHybo CTeHKy, t. e. npeAenbHMH cnynan
HaKnoHHO 3anerabomero nnacTa. OTpaaceHHH ot Hee, t. e. acHMnro-
tm HeKOTOpon ranep6onbi, He 6yAyT BepTHKanbHMMH. OTCiona
cnenyeT, hto Mnrpannn yßennnnßaeT Kaacyinynocn KpyTH3Hy naAaio-
mnx noa yrnoM nnacTOß. Abtop Bocnonb3oßajicn BbipaaceHHeM
«Kaacymancn KpyTH3Ha», TaK KaK yrnoßon Ko3(p(pnnHeHT Ha
nnocKocTH (x, /) Bo3poc. Pe3ynbTaT MHrpannn b AencTBHTenbHOCTH
BbipaacaeTcn b z, ho npn nocTpoemrn MHrpnpoßaHHoro
BpeMeHHoro pa3pe3a nacTO Ha t HaKnaAMsabOT z/v. KorAa
roßopnT, hto rnnep6ona MHrpnpyeT k CBoen BepmnHe, kohchho ace
HMebOT b BHAy MnrpHpOßaHHbin BpeMeHHOH pa3pe3. Bblpa3HM pocT
KpyTH3HM KaK (pymcnnbo yrjia.

tM =t0 cos 0= t0 yj\-p2v 2 . (4a)

xM =x0 -to vsinQ= x0 -topv2 . (46)
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Bo3bMeM TOHKy (xo+ , to+ )=xo+ A, to +pA, HaxoAHmyK)cn no
coceACTBy c hcxoahoh (x0 , t0 ). B cootbctctbhh c ypaßHemiHMH (4)
coceAHHH TOHKa MnrpnpyeT b TOHKy c KoopAHHaTaMH

xM+ =x0 +A-(to +pA)pv2. (56)
Tenepb HaHAeM BennnnHy cHoca MHrpHpoßaHHoro co6mthh

PM = {pJI-p2v 2)/(l-p2v 2 )=p/yf\-p2v 2 = tgQ/v. (6)
HTaK, yrnoßbie KoscpcpHnneHTM Ha MHrpnpoßaHHOM BpeMeHHOM
pa3pe3e, KaK h Ha AeKapTOßon nnocKocTH, nponopnHOHanbHM
TaHreHcaM yrnoß HaKnoHa. B to ace BpeMH yrnoßbie Ko3(p(pHnneHTM
Ha BpeMeHHbix pa3pe3ax 6e3 MHrpannn nponopnHOHanbHM ch-
HycaM.

MoaceT noKa3aTbcn napanoKcajibHMM tot (paKT, hto b pe3ynb-
TaTe MHrpannn HaKnoHHO 3anerabomne nnacTM mchhrdt cboh
yrnoßon KO3(p(pHHHeHT, a b nponecce npoAonaceHHn bhh3 HaKnoH
Kpbinbeß ranep6on He H3MeHneTcn. OnHa H3 npHHHH coctoht b tom,
hto Mnrpannn npeACTaßnneT co6on npoAonaceHHe nonn bhh3 nnboc
H3o6paaceHHe (npnHHMan t = 0). /Jpyran npHHHHa 3aKnbonaeTcn b
tom, hto rnnep6ona — sto oco6oro BHAa roAorpacp, nonynaio-
ihhhch npn oahhohhom HCTOHHHKe Ha 3aAamiOH rny6HHe, B TO
BpeMH KaK 3aneraboinHH HaKnoHHO nnacT MoacHo paccMaTpHßaTb
KaK cynepno3HHHbo TonenHbix hctohhhkob, pacnonoaceHHbix Ha
pa3nHHHbix rny6nHax. Ha pnc. 8 noKa3aHO, KaKHM o6pa3oM tohkh,
o6pa3yK>inne nHHeimyio OTpaacabomyno rpaHnny, nnobparapyioT b
nHHenHoe OTpaaceHne, a tohkh, o6pa3yioiHHe nHHeiiHoe OTpaaceHne,
MnrpHpybOT b nnHeiiHybo OTpaacabomyn) rpaHnny. Cneßa Ha
pncymce noKa3aHa cynepno3Hnnn MHoacecTßa ranep6on. BepmHHa
KaacAOH rnnep6onbi neacHT Ha npHMoii. npnMan noAo6Ha OTpa-
acabomen rpamme, ho He HenpepMßHa, a npeACTaßnneT co6on
nocneAOßaTenbHOCTb ToneK. B pe3ynbTaTe HHTepubepeHnnn Kaacy-
meecn OTpaaceHne CMemaeTcn b CTopoHy. Cnpaßa H3o6paaceHa
cynepno3nnnn nonyoKpyacHocTen. Hh3 KaacAOH nonyoKpyacHOcrn
neacHT Ha hkhkh, KOTopan MoaceT 6biTb nnHHen Ha6nbOAaeMOH
nnocKon BonHbi. Bmccto stoto nnocKan BonHa pa36HTa Ha
TonenHbie BCTynneHHH, Kaacnoe H3 kotopmx MoacHo HCTonKOBaTb
KaK npnxoAninee ot 3epKana b BHAe nonyoKpyacHOCTH. CnoacHß
TaKne 3epKana, nonynaeM 6onee KpyTO HaKnoHeHHybo OTpaacabo-
myK» rpaHnny.

Oi pammeHHH, npucyiiuie KOHiieniiini h jnyHaioimix OTpaacaiouinx
rpaiiHH

,H,nH nnn, 3aHHTbix TonbKO HHTepnpeTanneH AaHHbix, a He
hx o6pa6oTKOH, noHHTHe H3nynabomHx OTpaacabomnx rpaHHn —

'm+ ={to +pA)y/l-p2v 2, (sa)

pM = dtM + / dxM + = (dtM +/dA ) / (dx M +/ dA ),
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PHC. 8. Cynepno3HUHH TonenHbix

hctohhhkob,

pacnojioaceHHbix Ha pa3Hbix
rjiy6nHax

oneHb BaacHO. Ho no mhchhio Tex, kto 3aHHMaeTcn o6pa6oTKoii
ceHCMopa3BeAOHHbix AaHHbix, noHHTHe 06 H3nynabomHx OTpaacaio-
uthx rpaHHnax HMeeT cepbe3Hbiii HenocTaTOK.

HnKOMy eme He yAanocb noraAaTbcn, KaK pacnpocTpamiTb ero
Ha Ha6nbOAeHHn, perncTpHpyeMbie npn HeHyneßbix ynaneHnnx ot
nyHKTa Bo36yacAeHnn. llpeo6naAaioinaH ace nacTb MaTepnanoß
peracTpnpyeTCH npn AOBonbHO 6onbmnx paccTOHHnnx ot hctoh-
HHKa.

TaK, b MopcKon ceHCMopa3BeAKe ncnonb3yioTCH He ennHnnbi, a
cothh rnApo(|)OHOB, pa3MemeHHbix b umaHre, KOTopbin 6yKCH-
pyeTcn cyAHOM. PaccraHOßKa ceHCMonpHeMHHKOB o6mhho HMeeT
AnHHy b 2—3 km. BypeHHe CKBaacnH MoaceT npoH3BOAHTbcn Ha
rny6HHy OKono 3 km. ITosTOMy BCTpenabomnecH b npaKTHKe pa6oT
yrnbi Bbixona BenHKH. C sthm CBH3aHM h HOBbie TpyAHOCTH, h
HOBbie BO3MoacHOCTH, npnneM hh Te, hh Apyrae He 6yAyT
paccMaTpnßaTbcn ao rn. 3.

Bonee toto, c KonHnecTBeHHOH tohkh 3peHnn naace npn
HyneßOM yAaneHHH tohkh Ha6nioAeHHH ot HCTOHHHKa KOHnennnn
H3nynabomeH OTpaacabomen rpaHHnbi OKa3bmaeTcn HenpaßnnbHOH.
noKa OTMeTHM Tpn ee ohcbhahmx HeAOCTaTKa. 80-nepßbix, Ha
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PHC. 9. JJfl-d nyna, He
nporHo3npyeMbie mo-
nenbio H3JiyHaK>innx rpa-
Hnn:
1— CKopocTHaa jiHH3a; 2—ot-
pa?Kaiomaa rpamiua

pnc. 9 H3o6paaceHM nynn, KOTopbie He noAAabOTcn npeACKa3aHHbo c
noMombbo MOAenn H3nynabomHx OTpaacabomnx rpaHnn. TaKne nynn
6ynyT npncyTCTBOBaTb Ha pa3pe3ax, cocTaßneHHbix H3 Tpacc,
peracTpnpyeMbix Ha Hyneßbix yAaneHnnx ot HCTOHHHKa. J\nn
o6bncHeHHH noAo6Hbix CHTyanHH cnenyeT npennonaraTb Hannnne
ropn3oHTanbHoro rpanneHTa CKopocTen.

80-BTOpbix, KOHnennnn H3nynaboinen OTpaacabomen rpaHHHbi He
cpa6aTMßaeT n b cnynae KpaTHbix OTpaaceHHH. npn nnocKOM
MopcKOM AHe, BpeMH OTpaaceHHH ot KOToporo paBHO ty , KpaTHbie
OTpaaceHHH npeACKa3MßabOTcn Ha BpeMeHax 2/ 1? 3? 1? 4tx ht. a-
CornacHO . reoMeTpnnecKHM cooTHomeHHHM, xapaKTepHMM ajih
MOAenn H3nynaiomHx rpaHHn, nepßoe KpaTHoe OTpaaceHne abh-
aceTcn ot rpaHnnbi ao noBepxHOCTH Ha6nioAeHHH, 3aTeM ot
noBepxHOCTH ao rpaHHHbi h nocne —ot rpaHnnbi ao noBepxHOCTH,
3aTpanHßan Ha Becb nyTb BpeMH 3?x . nocneAybomne KpaTHbie
OTpaaceHHH noHBnnbOTCH Ha BpeMeHax 5t ti 7t1 ht. a- hto
KpaTHbie OTpaaceHHH, npncyTCTßybomne Ha pa3pe3e npn Hyneßbix
yAaneHnnx, OTnHnabOTcn ot KpaTHbix, xapaKTepHbix AJin MOAenn
H3nynabomHx rpaHnn.

TpeTHH HenocTaTOK MOAenn H3nynabomHX OTpaacabomnx rpaHHn
npoHßnneTcn TorAa, KorAa HMeeTcn Bo3MoacHocTb Ha6nK»AaTb
BonHbi, naAabomne Ha rpaHnny c o6enx ctopoh. CornacHO
MOAenn H3nynabomHx OTpaacabomnx rpaHnn, BonHbi, ncnycKaeMbie
o6eHMH cTopoHaMH rpaHnnbi, HMebOT OAHy h Ty ace nonnpHOCTb.
C (J)H3HHeCKOH ace TOHKH 3peHHH KO3(p(pHH,HeHTM OTpaaceHHH OT
npoTHßononoacHbix ctopoh rpaHnnbi Aonacmn HMeTb npOTHßono-
noacHbie nonnpHocTH.

Hpuviep H3yneiiHH paißirnni ilthioboh tcktohhkh

CornacHO Teopnn TeKTOHHKH nnnT, OKeaHnnecKoe aho cnoaceHo
tohkhmh nnnTaMH, o6pa3yboni,HMHCH b Henpax BynKaHnnecKHx
xpe6TOB, pacnonoaceHHbix npnMepHO nocpeAHHe OKeaHa. 3th
nnnTM nepeMemabOTcn b CTopoHy npora6oß, KOTopbie pacnonara-
bOTcn b caMbix rny6oKHx nacTnx OKeaHOB. CaMMM y6eAHTenbHMM
noATBepacAeHHeM AaHHOH TeopHH HBnneTcn oTcyTCTBHe ApeßHHx
nopoA Ha AHe 3eMHbix OKeaHOB. B o6meM KOHTHHeHTM npeACTaß-
nnbOT co6on MaccHßM 6onee ApeßHnx nopoA, Ha KOTOpbie
HaAßnrabOTcn OKeaHHnecKne nnnTM, cnoaceHHbie 6onee mohoammh
ropHMMH nopOAaMH. 06pa30BaHne nnnT non BO3AencTBHeM Byn-
KaHHnecKHx nponeccoß b npeAenax cpenHHHbix xpe6TOB MoacHo
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PHC. 10. CencMnnecKHe pa3pe3bi, nojiyneHHbie b npe^eaax ilnoHCKoro >Keao6a

Ha6niOAaTb pa3nHHHMMH cnoco6aMH. nponecc ace norpyaceHnn
nnnT b aceno6ax He noAAaeTcn CTonb ace npocTOMy Ha6nbOAeHHbo.
CymecTßOßaHne 3Toro nponecca noATßepacAaeTcn pacnonoaceHneM
snnneHTpoß 3eMneTpnceHHH n AaHHMMn MeTOAa OTpaaceHHbix
cencMHnecKHx BonH. Ha pnc. 10 H3o6paaceHM cencMnnecKHe pa3-
pe3bi, nonyneHHbie b npenenax .HnoHCKoro aceno6a. Ha hhx
AOMHHHpybOT ABa OTpaacaiomnx ropn3oHTa: aho Mopn h rny6nH-
hmh cnon, nanabomnn cnpaßa Haneßo. nocneAHHii npeAnonoacn-
TenbHO CBH3aH c BepxHen nacTbbo nnHTM, KOTopan HannHaeT
norpyacaTbcn. O norpyaceHnn nnHTM MoacHo TaKace cynnTb no
Hannnnbo TpemHHOBaTOCTH b6hh3h ee noBepxHOCTH. (CaMbin
BepxHHii cnon Ha pa3pe3e cnoaceH pbixnbiMH MonoAMMH mopckhmh

OTnoaceHHHMH,

KOTopbie cna6o CBH3aHM c caMoii nnHTon).
3aMeTHM, hto Bepx pncyHKa He coßnaAaeT c HyneßMM

MOMeHTOM. no och BpeMeH AeMOHCTpnpyeMMH HHTepßan pa3pe3a
cooTBeTCTByeT 9,5— 11,0 c. J\o BpeMeHH 9,5 c OTpaaceHHH OTcyTCT-
ByioT, TaK KaK 3a stot npoMeacyTOK BpeMeHH BonHa npo6eraeT
paccTOHHHe Meacny cyAHOM n ahom OKeaHa. B HHTepßane npotpnnn
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PHC. 11. CencMHHecKHH pa3pe3, nojiyneHHbin b npnGpeacHon nacTH uit. Texac,
CUIA

ot 1 ao 3 km ranep6onHnecKHe roAorpacpbi OTpaaceHHH b pe3ynb-
TaTe MHrpannn CTnraßabOTcn h o6pa3ybOT HHTepecHbie «6noKOßbie»
CTpyKTypHbie (popMM. 06paTHTe BHHMaHHe Ha penbeqb MopcKoro
AHa b panoHe 8 km h Ha pa3nHnne Meacny MHrpnpoBaHHMM h
HeMHrpnpoBaHHMM pa3pe3aMn. nocne MHrpannn rnnep6onbi j\u-
-4>parapoßaHHbix Ha mopckom Ane bohh yxoAHT b CTopoHy
OTpaaceHHH ot nnnT (neTBepTMH khhomctp). Bonee pe3KO Bbipn-
coßMßaioTCH pa3noMM (oco6eHHO pa3noM Ha 6,2 km). HaKOHen,
cyAn no npeACTaBneHHMM AaHHMM, He ohcbhaho, hto nnnTa
H3rn6aeTcn bhh3. Pemnib Bonpoc 06 H3rn6aHHH nnHTM MoacHo
nnmb nocne npoßeneHHH 6onee AeTanbHoro aHanH3a H3MeHeHHii
ceiiCMnnecKOH ckopocth b ropH3OHTanbHOM HanpaßneHHH.

npHMep H3 ceiiCMopa3BeAKn Ha HecpTb h ra3 npeACTaßneH Ha
pnc. 1 1. CencMHHecKHH pa3pe3 nonyneH b npenenax npH6peacHon
nacTH mTaTa Texac. B Tex MecTax, rAe peKH BnaAabOT b
MeKCHKaHCKHH 3ajiHß, ocaAOHHbie nopOAM npora6abOTcn. Jlouon-
HHTenbHan Harpy3Ka npnBOAHT k pe3KHM onycKaHHHM BAonb
KpyTonaAabomnx nnocKOCTen pa3pMBOB. nocne CTpaTHrpatpHnecKOH
npHBH3KH no CKBaacHHaM cnon npoHHnaeMbix necnaHHKOB MoacHo
no pa3pe3aM, aHanornnHMM npHBeneHHOMy Ha pnc. 11, npoTpac-
cnpoßaTb OTpaacemie ot stoto cjioh BBepx no BOCCTamno ao
6nnacaHmero pa3pbißHoro HapymeHHH. CaMO pa3pbißHoe Hapyme-
Hne no Bcefi BeponTHOCTH HenpoHHnaeMO n cnyacHT 3KpaHOM AJin
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PHC. 12

nepeMeuiaiorHHxcHBBepx no KonneKTopy yrneßOAopoAOß. Ha TaKHX
rny6nHax necnaHHK MoaceT HMeTb nopHCTOCTb npHMepHO 25%.
/JonycTHM, hto CKopocTb ceHCMHnecKHX bohh paßHa 2,2 km/c.
HanAHTe nepeBOAHOH KO3(p(pHnHeHT MeacAy (pH3nnecKHM o6beMOM
h AaHHMMH Ha pnc. 11. ConoeraßHß BenHHHHy o6beMa He(pTH c
pa3MepoM Toro ace o6r>eMa Ha pnc. 11, MoacHo y6eAHTbcn b
BaacHOCTH nocTpoeHHH xopomnx H3o6paaceHHH.

YnpaacHeHHH
1. TeopeMy nncparopa, t. e. to, hto iuiHHa rnnoTeHy3bi vt

npaMoyrojibHoro TpeyrojibHHKa ynoßjieTßopaeT cooTHomeHHbo BHjj;a x2+ z =v2t2.
npHMHTe bo BHHMaHne cjienyioLnHe reoMeTpHnecKne coo6paaceHna (pnc. 12).

2. HanjTHTe yrjibi pacnpocTpaHeHHH .ztjih Kpbijibeß rnnep6ojibi, H3o6pa»ceHHOH
Ha pnc. 10.

3. Hcnojib3oßaß pe3yjibTaT, nojiyHeHHbiii b ynp. 2, onpeneaHTe yroa norpy-
aceHna njinTbi.

4. KaKOBa rjiyGnHa aceao6a, ecjin npHHHTb CKopocTb cencMHnecKHx

BOJIH

B

BOne

paBHOH 1,5km/c.
5. OneHHB pa3pe3bi, nojiyneHHbie Ha no6epeacbe MeKCHKaHCKoro 3ajinßa,

onpenejiHre, b KaKon CTopoHe pacnonoaceHo Mope. noneMy?

1.2. BojiHOßan 3KCTpanojinqHH KaK
4>HJibTp

OAHa H3 rnaßHbix hack, 3anoaceHHbix b (pypbe-aHanH3e, coctoht
b tom, hto nbo6ybo HMnynbc-
Hybo obyHKnHbo (AenbTa-qbyHK-
HHbo) Moacno npeACTaBHTb b
BHAe cynepno3HHHH CHHycoHA
hhh KOMnneKCHbix 3KcnoHeHnna-
nbHbix 4>yHKHHH. npn H3yneHHH
BpeMeHHbix phaob 3Ta HAen hc-
nonb3yeTcn jxjih nocTpoemm
HMnynbCHOH peaßnnn cpH-
nbTpa. npn H3yneHHH npocrpaH-
CTBeHHMX (pyHKHHH OHa HCnOHb-

PHC. 13. nanaioinnn jiyn (/) h bojiho-

boh cppoHT (2)
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3yeTcn ajih co3AaHnn (pH3nnecKoro TonenHoro HCTOHHHKa.npn coBMecTHOM paccMOTpeHHH BpeMeHHOH h npocTpaHCTBeH-
HOH KoopAHHaT (pypbe-KOMnoHeHTM MoacHo HHTepnpeTnpoßaTb KaK
MOHoxpoMaTHnecKne nnocKne BonHbi. B stom cnynae cfnoHHecKaH
onTHKa, a c Hen n MOB pacmnpnbOT Teopnbo cpnnbTpoß. B
HacTonincM pa3Aene mm 3anMeMcn H3yneHneM MaTeMarnnecKoro
BHAa hctohhhkob rioHreHca b npocTpaHCTße cDypbe. B cnynae
npocTpaHCTBeHHOH SKCTpanonnnnH bohhobmx nonen ohh npencTaß-
nnbOT co6on AByxMepHbie cpnnbTpbi.

JTyHH H (ppOHTbl

Ha pnc. 13 H3o6paaceH nyn, ABnacymHHcn bhh3 noA yrnoM 0 k
BepTHKann. nepneHAHKynnp k nyny 6yneT (pponroM BonHbi.
Mcxoah H3 sneMeHTapHbix reoMeTpHnecKnx coothoihchhh, Haxo-
Ahm, hto yron Meacny (ppOHTOM BonHbi n noßepxHocTbbo 3eMnn
Toace paßeH 0. Jlmma. nyna yßenHHHßaeTcn co CKopocTbbo v.
Ha6nbOAaeMan Ha noBepxHOCTH 3eMnn CKopocTb paßHa ckopocth
nepeMemeHHn BAonb stoh noBepxHOCTH tohkh nepecenemiH c Hen
(ppoHTa BonHbi. Kaacymancn CKopocTb, t. e. BennnnHa v/sinQ,
6onbme v. AHanoranHO, CKopocTb nepeMemeHHn tohkh nepeceneHHH
(ppoHTa BonHbi c BepTHKanbbo paßHa u/coso. YpaßHeHHe npnMon,
onncbißabomen nnocKHH BonHOBOH (pponr, Ha pnc. 13 HMeeT bha

B nocneAHeM BbipaaceHHH z0 —KoopAHHaTa tohkh nepeceneHHH
BonHOßoro (ppoHTa c BepTHKanbHoii ocbbo. 3aMeHHM ee Ha
npoH3BeAeHne BpeMeHH Ha cooTßeTCTßytouryio CKopocTb AJin
HaxoacAeHHn MecTa nonoaceHHn tohkh bhh3 no BepTHKann:

PemHß nocneAHee ypaßHeHHe OTHocnTenbHo BpeMeHHOH KoopAHHa-
tm, nonynnM

/ (x, z ) = (z/ v )cos 0+(xjv ) sin 0. (9)
YpaßHeHHe (9) onpenenneT momcht BpeMeHH npoxoacAeHHH (ppoH-
tom BonHbi 3aAaHHon tohkh (x, z). BbipaaceHne AJin CMemeHHoro
HMnynbcoHAa npon3BonbHoii 4>opMbi HMeeT Bujif(t— 10 ). Ecnn jljix
onpeAeneHHH BpeMeHHoro CABHra Bocnonb3yeMcn BbipaaceHneM (9),
to nonynnM ypaßHeHHe BonHOßoro nonn ajih HeKOTOporo hm-
nynbcoHna, nepeMeinaioinerocH BAonb nyna:

Cnoco6oM cynepno3nnnH CHHycoHA MoacHo cpopMnpoßaTb (pyHK-
HHH npoH3BonbHoro BHAa. CnHycoHAM n KOMnneKCHbie SKcHOHeH-
nnanbHbie (pyHKnHH BCTpenabOTcn nacTO. OnHa H3 npHHHH nocnen-

z = zo-xtgo. (7)

z= v(t/cosd)-xtgQ. (8)

ABHacymeecn BonHOßoe none=/[/ — (xjv) sin o— (z/v) cos o]. (10)

Bojihm b npocTpaHCTße <Dypbe
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Hero coctoht b tom, hto ohh cyTb pemeHHH nHHeHHMX AH(p-
(pepeHnnanbHbix ypaBHeHHH b nacTHbix npoH3BOAHbix c nocTOHH-
HMMH KO3(J)(pHnHeHTaMH. BonbmHHCTBO (j)H3HHeCKHX 3aKOHOB Bbipa-
acaeTcn nepe3 nnHeHHbie AncpubepeHnnanbHbie ypaBHeHHH b nacTHbix
npOH3BOAHMX.

npHMeHHB k BpeMeHHMM (pymcnnnM HHTerpan Oypbe, nonynaeM
TaK Ha3MßaeMoe na p o Oypbe BHAa exp( — im ). Ecnn nonoacnrb,
HTO npOH3BOnbHO B3HTaH (pyHKHHH b ypaBHeHHH (10) HBnneTcn
BemecTßeHHon nacTbbo (pymcnnn BHAa exp[ — /oo(r —t

O

J], to MoacHo
nonynHTb, hto

(11)

Htoom HMeTb Bo3MoacHocTb nonb3oßaTbCH HHTerpanaMH Oypbe Ha
npocTpaHCTBeHHOH och x, Heo6xoAHMO onpeAennTb npocrpaHCTßeH-
Hybo yrnoßybo nacTOTy. nocKonbKy b 6yAymeM HaM npnAeTcn
HMeTb Aeno co mhothmh npocTpaHCTBeHHMMn ochmh (Tpn AJin
nyHKTa B3pbrea, Tpn AJin ceHCMonpneMmnca, a TaKace ocn cpeAHen
tohkh h ynaneHKH ot HCTOHHHKa), ycnoßHMcn, hto CHMBon k 6yneM
CHa6acaTb HnacHHM hhackcom, cooTßeTCTßyboumM och, no KOTopon
coßepmaeTcn npeo6pa3oßaHne Oypbe. TaKHM o6pa3oM, nepe3 kxo6o3HanaeTcn yrnoßan npocTpaHCTßeHHan nacTOTa Ha och x, a
nepe3 Qxp(ikxx)—HApo npeo6pa3oßaHHn Oypbe. Bo3mncaeT Bon-
poc, c KaKHM 3HaKOM cneAyeT ncnonb3oßaTb i Ha Kaacnon H3 ocen n
jXiin KaacAoro H3 HAep Oypbe. 3Aecb mm 6yAeM nonb3oßaTbcn
TaKHM 3HaKOBMM cornaineHHeM, KOTopoe npHMeHneTcn b 6onb-
niHHCTße pa6oT no (pH3HKe, a hmchho TeM, KOTopoe cornacy-
eTcn c ypaBHeHHeM (11). /Joboam b nonb3y stoto npHßeneHM
b pa3Aene 1.6. C yneTOM npnHHToro cornameHnn nonoacHTenb-
Hoe HanpaßneHHe ABnacemiH bohhm coßnanaeT c nonoacHTenb-
hmm HanpaßneHneM npocTpaHCTBeHHOH och. CnenoßaTenbHo, b
npocTpaHCTße (x, z, /)

nyTeM npnpaßHHßaHHn ypaBHeHHH (11) k BemecTßeHHon nacTH
ypaBHeHHH (12) mm coothochm (pH3nnecKHe yrnbi h ckopocth c
cocTaßnnboiHHMH Oypbe. 3th cooTHomeHHn cnenyeT 3anoMHHTb!

noACTaBHM onpeAeneHHH yrnoß b 3HaKOMoe HaM cooTHomeHHe:
sin2 0 + cos 2 0= 1. B pe3ynbTaTe nonynHM oaho H3 HaH6onee
BaacHbix cooTHomeHHn, H3BecTHoe KaK AncnepcnoHHoe coot-
HomeHHe CKannpHoro bojihoboto ypaBHeHHH

ABHacyinancH KOCHHycHan BonHa= cos co( -sin0+-coso
\V V

-)}■

hapo Oypbe= e'Ve'Ve i<ot= exp[i(kxx+k zz-d)t)]. (12)

sind = vkx/(a; coso = vkJ(D. (13)

k 2
x+k 2 = oy2/v 2. (14)
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cooTHomeHHn n CKannpHoe BonHOßoe ypaßHeHHe
HaM BcrpeTHTCH no3ace. 3HaneHHe ypaBHeHHH (14) 3aKnbonaeTcn b
tom, hto oho no3BonneT npoBOAHTb pa3nHHHe MeacAy npoH3-
BOHbHOH (pyHKHHeH H HCKOTOpOH

XaOTHHeCKOH,

KOTOpOH (paKTH-
necKH n BbipaacaeTcn BonHOßoe none. Bo3bMeM nio6yio cpyHKnnio
BHAa p(t, x, z). HaHAeM ee cpypbe-npeo6pa3oßaHHe P(co, kx , k z).
OTbimeM b o6r>eMe (co, kx, k z ) Bee Hencne3aioinne 3HaneHHH
cpyHKnHn P. Bm 6yAeTe HMeTb Aeno c BonHOBMM noneM TorAa h
TonbKO Torna, KorAa y Bcex Hencnesabomnx P KoopAHHaTM 6yAyT
yAOßneTßopnTb cooTHomeHHbo (14). Bonee toto, Ha npaKTHKe
3aBHCHMOCTb b KoopAHHaTax (x, /) npn z= 0 o6mhho 6bißaeT
H3BeCTHa, a 3aBHCHMOCTb OT KOOpAHHaTM Z HeH3BeCTHa. B TaKOM
cnynae MoacHo HaHTH 3aßncnMOCTb ot z, npeAnonoacHß, hto
P— BonHOßoe none. CnenoßaTenbHo, 3aBHCHMOCTb ot z bmboahtch
H3 ypaBHeHHH (14).

MnrpaiiHH yjiynuiaeT pa3peuieHHOCTb no ropH3oHTajin

B npnHHHne, MHrpannn npeo6pa3yeT ranep6onbi b tohkh. Ha
npaKTHKe ranep6onbi He CTnraßabOTcn b tohkh, ohh CTnraßabOTcn b
cpoKycbi. OoKyc HMeeT KOHenHbie pa3Mepbi, noAAabomnecn H3-
MepeHHbo. Pe3ynbTaT MHrpannn cnnTaeTcn «xopomnM», TaK KaK oh
yßennnHßaeT npocTpaHCTßeHHybo pa3pemeHHOCTb. Mnrpannn cacn-
MaeT AJmHHybo rnnep6onHnecKybo ocb CHH(pa3HOCTH b KpomenHbrn
cpoKyc. Mto6m oneHHTb CTeneHb ynynmeHHH ceHCMHnecKHX pa3pe-
-308 b pe3ynbTaTe MHrpannn c KonnnecTßeHHOH ctopohm, HyacHO
onpenenHTb pa3Mepbi rnnep6on h cpoKycoß. Ha pnc. 14 noKa3aHM
pa3nnHHbie cnoco6bi H3MepeHHH pa3Mepa ranep6onbi.

Bnonb ranep6onbi crpynnnpoßaHM HMnynbconAM, npnHaAne-
acamHe oahoh bohhc nosTOMy mnpHHa nonocbi no co TaKoir
ranep6onbi rpy6o 3anaeTcn mnpHHOH rnaßHoro 3KCTpeMyMa no
BpeMeHHOH och. B KanecTße THnnnHoro 3HaneHnn aBTop Ha3Ban 6m
50 Tn, xoth bm MoaceTe BCTpeTHTb 3HaneHHH pa3a b neTbipe
6onbme nnn MeHbme. Ot 3HamiH cencMHnecKHx CKopocren 3aBHCHT
CTeneHb pa3pemeHHOCTH no rny6HHe. npennarabo Bocnonb3oßaTbcn
3HaneHneM ckopocth, paBHMM 3 km/c, xoth onnTb ace bm MoaceTe
BCTpeTHTb 3HaneHHH pa3a b neTbipe 6onbmne h MeHbrnne npeAJio-
aceHHoro aBTopoM. npnHHB yKa3aHHbie 3HaneHnn, nonynaeM AJiHHy
ceHCMHnecKoii BonHbi, paßHybo v/f= 60 m. Ho scpcpeKTHßHan AnHHa
cencMnnecKOH BonHbi paßHa nonoßHHe cpaKTHnecKon. «nonoßHHa»
o6"bHCHneTCH TeM, hto npn pacneTax Ha ocHOBe MOAenn H3nynabo-
m«x rpaHHn 3HaneHHH ckopocth AennTcn nononaM, nnn ace TeM,
hto AnHHa cencMnnecKOH BonHbi acjihtch Ha paßHbie naAawmyio h
BocxoAnmyio nacTH. KaK o6mhho, pa3pemaiomaH cnoco6HOCTb
npHHHMaeTcn paBHOH npn6nH3HTejibHO nonoßHHe scpcpeKTHßHoii
AnHHM BonHbi, t. e. okojio 15 m. (Bonpoc o tom, paßHa nn
cencMHnecKan pa3peinaioHian cnoco6HOCTb nonoßHHe scpc^eKTHBHOH
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PHC. 14. H3MepeHne napaMeTpoß rnnep6ojibi

AnHHM BonHbi nnn ace MeHbmeii ee none, pemaeTCH c yneTOM
OTHomeHHH cnraan/noMexa, a sto HaxoAHTcn 3a paMKaMH Hamero
nccneAOßaHHn).

J\\ji% onpeAeneHHH ropH3oHTanbHon pa3pemabomen cnoco6HOCTH
HyacHM oneHKH mnpHHM rnnep6onbi h cpOKyca. Ha pnc. 14
H3o6paaceHM Tpn BapnaHTa mnpHHM ranep6onbi. CaMoe 6onbmoe
3HaneHHe mnpHHM Axx conepacHT b ce6e okoho Tpex neTßepTen
SHeprnn rnnep6onbi. Cnenyboman no BennnnHe mnpHHa Ax2
Ha3bmaeTCH 30hoh OpeHenn. OHa cooTBeTCTByeT TOMy momch-
Ty BpeMeHH, Korna nepßoe BCTynneHne H3MeHneT cbokd nonnpHOCTb.
TpeTbn, HaHMeHbman mnpHHa npnxoAHTcn Ha yAaneHHbie ot
neHTpanbHon nacTH bctbh ranep6onbi. 3Aecb pacnonarabOTcn
caMbie Manbie H3 ajihh bohh no ropH3oHTann. Pa3pemaboman
cnoco6HOCTb onpeAenneTcn pa3MepoM norpemHOCTH, ho HeT
oco6oro CMbicna b tom, hto6m tohho 3HaTb omn6Ky caMon
norpemHOCTH. TnaßHoe to, hto AxI >Ax2 >Ax3 . lIInpHHa npocr-
paHCTßeHHoro cneKTpa kx npH6nn3HTenbHO paßHa 1/Ax3 . Ha-
CKonbKO ManbiM MoaceT OKa3aTbcn cpoKyc b pe3ynbTaTe MHrpannn?
OrpaHHneHHH HaKnaAMßabOTcn cpaKTHnecKon mnpHHoii cneKTpa kx.
Pa3Mep cpOKyca 6yAeT nonTH TaKHM ace, KaK Ax3 .

Ha pnc. 15 H3o6paaceHM reoMeTpHnecKne cooTHomeHHn AJin
3ohm OpeHenn. 3oHa OpeHenn npeACTaßnneT co6oh mccto nepe-
ceneHHH ccpepHnecKOH BonHbi c nnocKOCTbbo. CaMO nepeceneHHe
onpeAenneTcn TorAa, KorAa cqbepnnecKaH BonHa npoxonnn nepe3
nnocKocTb Ha rny6nHy, paßHybo nonoßHHe CBoen ajhthm. B neM
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PHC. 15. reoMeTpnaecKne cooTHomeHHa 30Hbi OpeHeaa

CMbicn mHpHHM 30HM OpeHenn Ax2? npencTaßbTe, hto bm ctohtc
nepeA ctchoh c OTBepCTHeM n o6parnaeTecb k Apyry, HaxoAn-
meMycn 3a ctchoh. KaKHM o6pa3oM rpoMKOCTb 3ByKa 6yAeT
3aßHceTb ot pa3Mepa OTBepernn Ax? Otbct He oneBHAeH, ho H3
Teopnn h npaKTHKH xopomo H3BecTHO, hto OTBepcTHH, pa3Mep
KOTopbix 6onbme 30hm OpeHenn, bhocht He6onbinoe 3aTyxaHne,
ecnn ace ohh MeHbme Hee, to npennTCTßybOT npoxoacAeHHK) 3ByKa
nponopnHOHanbHO cbohm pa3MepaM.

nponecc pacnpocTpaHeHHH BonHbi npeACTaßnneT co6on cpnnbTp
CBepTKH, KOTopbiH cMemHßaeT HHcpopManHbo, coAepacamyiocn Ha
HHTepßane Ax2 BAonb OTpaacabomen rpaHnnbi (nnn ace Ha
HHTepßane Axx pa3pe3a), n nepeHOCHT ee k tohkc Ha6nioAeHHH Ha
noBepxHOCTH 3eMnn. nponecc MHrpannn o6paTeH nponeccy pac-
npocTpaHeHHH bohh n nosTOMy npeACTaßnneT co6on onepannbo
AeKOHBonbOHHH. MaKCHManbHan CTeneHb pa3pemeHHOCTH no ro-
pn3oHTanH orpaHHHHßaeTcn urnpHHon nonocbi npocTpaHCTßeHHbix
nacTOT Ha6nbOAeHHbix AaHHbix.

MnrpanHbo MoacHo npHMeHHTb h b Tex cnynanx, Korna
OTpaacabortme rpaHHHbi 3anerabOT ropH3oHTanbHo. Ecnn HyacHO
Bbi6paTb TOHKy 3anoaceHHH rny6oKOH CKBaacnHbi c norpemHOCTbbo,
He npeßbimabomen Ax2 , to HHTepnpeTaTopy npnxoAHTcn H3ynaTb
Manenmne H3MeHeHHn aMnnnTyAM n cpopMM 3anncH BAonb
OTpaacabomen rpaHnnbi. B pe3ynbTaTe MHrpannn sth Bapnannn
aMnnnTyAM n cpopMM 3anncH npeTepneßabOT H3MeHeHHn h CMenia-
bOTcn BAonb oTpaacaiomnx rpaHnn. nepeMemeHHn no ropn3oH-
TanbHOH KOopAHHaTe npH6nH3HrenbHo paBHM mnpHHe 30HM
OpeHenn.

OcHOßononarabonrHM cpaKTOM ceHCMopa3BenKH HBnneTcn orpa-
HHneHHe pa3pemabomeii cnoco6HOCTH, o6ycnoßneHHoe Bo3pacTa-
HneM cencMnnecKOH ckopocth h yMeHbmeHneM nacTOTM c rny-
6hhoh. 3to npoHcxoAHT no toh npnnHHe, hto no Mepe npoHHK-
HOBeHHn BonH b rny6b cpenM nx npocTpaHCTßeHHbie ajihhm pacTyT.
Mto KacaeTcn pa3pemeHHOCTH no BepTHKann, to 3Aecb Bee
npocTO — neM nnnHHee BonHbi, tcm HHace pa3pemaboman cnoco6-
HOCTb. To ace caMoe nponcxoAHT h b cnynae pa3pemabomen
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PHC. 16. Tojiorpacpbi bojih, pacceaHHbix Ha Heo/XHopo/jHocTax

cnoco6HOCTH no ropH3oHTann. CKa3aHHoe noncHneTcn pnc. 16. Ha
HeM H3o6paaceHM rnnep6onnnecKHe ronorpacpbi bohh, paccenHHbix
Ha HeoAHopoAHOCTHx, 3anerabomnx Ha pa3nHHHbix rny6HHax.
y ranep6onbi, cooTßeTCTßybomeii Herny6oKO 3anerabomeMy pac-

cenßaTenbo,

BepmHHM peracTpnpybOTcn paHbme, a acnMnTOTM
6onee KpyTbie. Achmhtotm c MeHbmen KpyTH3HOH xapaKTepn-
3ybOTcn 6onbniHMH nnHHaMH bohh no ropH3oHTann. TaKHM
o6pa3oM, c rny6nHOH naTepanbHan pa3pemeHHOCTb yxyAmaeTcn.
Ha3BaHHan Bbime npnnnHa yMeHbinemiH pa3peinaioiHeH cnoco6-
hocth ycyry6nneTcn nornorueHHeM BbicoKonacTOTHon SHeprnn Ha
6onbmnx BpeMeHax.

npeo6pa3oßaHHe Oypbe

npeacne neM nepeiiTH k cneAybomen TeMe, HanoMHHM ochob-
Hbie MOMeHTM, Kacabomnecn AByxMepHoro npeo6pa3oßaHHn Oypbe.
B BMHHcnHTenbHOH ManiHHe AByxMepHybo cpyHKnHbo npeACTaßnn-
bOT b BHAe HHcneHHon MaTpHnbi. OnnoMepHoe cpypbe-npeo6pa3o-
BaHne c noMomr>K) 3BM npeACTaßnneT co6on onepannbo HaA
BeKTopoM. /],ByxMepHoe npeo6pa3oßaHne Oypbe MoacHo no-
nynHTb KaK pe3ynbTaT BbinonHeHHn HeKOTopon nocnenoßaTenb-
hocth OAHOMepHbix cpypbe-npeo6pa3oßaHHH. B nepßybo one-
peAb MoacHo npeo6pa3oßMßaTb KaacAMH BeKTop-CTon6en MaTpn-
HM, a 3aTeM —Kaacnybo BeKTOp-CTpoKy. H Hao6opoT, MoacHo
CHanana npeo6pa3oßMßaTb cTpoKn, a 3aTeM CTon6nbi. CKa3aH-
Hoe MoacHo H3o6pa3HTb rpacpnnecKH cneAyiomnM o6pa3oM
(pnc. 17):
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P(t,x) P<W TpyAHocTH, Bo3HHKabomHe c H3o6paace-
1 HHeM

CHMBOnOB,

o6bHCHHbOTCH TeM, HTO
OKa3bmaeTCH HeBO3MoacHMM npHAepacHßaTbcn

r\r\T TTiTtr\m

A^AiTTniioniin

miiiiniapiriiv nanuTTTiTT

P(u),x)

Oypbe— nponncHMMH, TaK KaK b stom cny-
nae HencHO, KaK o6o3HanaTb cMemaHHbie

BenHHHHM Tnna P(t, kx ) n jP(co, x). Bmccto Toro, hto6m H3O-
-6peTaTb HOBbie o6o3HaneHHH, MHe KaaceTcn, nynme npeAOCTaBHTb
HHTaTenbo Bo3MoacHocTb pemaTb AaHHybo npo6neMy c noMoinbio
KOHTeKCTa. ApryMeHTM cpyHKnnH AonacHM noMoraTb b noncKe ee
Ha3BaHHH.

Ha pnc. 18 noKa3aH npHMep ncnonb3oßaHHn ynoMHHyTbix Bbime
npeo6pa3oßaHHH Ha MaTepnanax, nonyneHHbix b THmnmbix ycno-
BHnx rny6oKOBOAHoro 6acceima. B ycnoßHnx rny6oKOBOAHoro
OKeaHa o6pa3ybOTcn Tomco3epHHCTbie ocaAKH, MeAneHHO OTna-
raiomHecH b bhac pobhmx perynnpHbix ropn3oHTanbHbix cnoeß.
OTcyTCTBHe xopomo npoHnnaeMbix nopon Tnna necnamiKOß ch-
nbHO yMeHbmaeT nepcneKTHßM npoMbimneHHOH HecpTera3oHOCHOc-
th aKBaTopHH rny6oKOßOAHbix Mopen. ToHKO3epHHCTbie rnn-
HHCTbie cnaHnbi nepeKpbißabOT HepoßHybo noßepxHOCTb H3Bep-
aceHHbix nopoA, cnarabonnrx cpyHAaMeHT. Ha rpacpnKe cpyHKnnH
P(t, kx) naTepanbHan HenpepbißHOCTb OTnoaceHnii noATßepac-
AaeTcn HannnneM cnnbHoro cneKTpa npn hh3khx 3HaneHHnx kx .
H3BepaceHHbie nopoAM AabOT cneKTp, npocTHpabournHCH ao CTonb
6onbmnx kx , hto BO3HHKaeT onacHOCTb HCKaaceHHH rny6o-
khx OTpaaceHHH H3-3a HeAOCTaTOHHO nnoTHOH npocTpaHCTBeH-
HOH AHCKpeTH3annH (KorAa tohkh Ha6nbOAeHHH pacnonarabOT-
cn cnnmKOM AaneKO OAHa ot Apyron). TpacpnK P(co, x) no-
Ka3bmaeT, hto b Ha6nbOAeHHbix AaHHbix He coAepacHTcn HH3-
KonacTOTHan SHeprnn. Ylpu 6onbmnx co SHeprnn 3aTyxaeT
He HacTonbKO 6bicTpo, KaK stoto cneAOßano 6m oacnAaTb,
hto yKa3MBaeT Ha HCKaaceHHH BpeMeHHbix nacTOT 3a cneT
HeAOCTaTOHHO nacTOH AHCKpeTH3annH. noAo6Hbie HCKaaceHHH
bhahm h Ha rpacpmce p(t, x), npnneM ohh BbipaacabOTcn Ha
cencMnnecKOM pa3pe3e b BHAe CTyneHnaTbix OTpaaceHHH ot
MopcKoro Ana. HaKnoH MopcKoro AHa npoHßnneTcn Ha rpacpHKe
(co, kx ) b BHAe SHeprnn, nepeceKaioineH Hanano KoopAHHaT noA
yrnoM.

/],ByxMepHoe npeo6pa3oßaHHe Oypbe rpynnbi cencMorpaMM
3aHHMaeT Bcero b 2 pa3a 6onbme BbinncnHTenbHoro BpeMeHH, neM
OAHOMepHoe cpypbe-npeo6pa3oßaHne KaacAOH H3 cencMorpaMM b
OTAenbHOCTH. 3to MoacHo cnHTaTb yAanen. BbinnmeM HecKonbKO
ypaBHeHHH, hto6m y6eAHTbcn, hto yKa3aHHan nponeAypa achctbh-
TenbHo BbinonHneT AByxMepHoe npeo6pa3oßamie Oypbe. nonoacHM
CHanana, hto nio6ybo cpyHKnnbo ot x h t MoacHo npeACTaBHTb b
BHAe cynepno3Hn.HH cnHycoHAanbHbix:

.

\

o6binHoro o6o3HaneHHH cpH3HnecKnx BennnHH
' CTpoHHMMH 6yKBaMH, a hx npeo6pa3oßaHHii

PHC 17 Oypbe—nponncHMMH, TaK KaK b stom cny-



PHC. 18. CencMopa3Be,noHHbie

a'annhie,

nojiyneHHbie b ycnoßnax rjiyGoKOßonba
p (t, x) n

BemecTßeHHaa

nacTb pa3JinHHbix nx cJ)ypbe-npeo6pa3oßaHHH

p(t, x) = JJe-'<nt+I'M JP(co, kx )dadkx . (15)
(Hcnonb3yeMoe npn npeo6pa3oßaHHnx Oypbe cornameHHe o 3HaKax
pa3r>ncHeHo b pa3nene 1.6). ftjypo npHßeAeHHoro Bbime o6paTHO-
ro npeo6pa3oßaHHn Oypbe HMeeT bha BonHbi, ABHacymencn b
nonoacHTenbHOM HanpaßneHHH och x. npn npnMOM cpypbe-npe-
o6pa3oßaHHH 3HaKH o6enx SKcnoHeHnnanbHbix cpyHKnHn H3Me-

HHbOTcn,

ho nnpo npeo6pa3oßaHHn npeACTaßnneT co6on BonHy,
ABHacymyK)cn b nonoacHTenbHOM HanpaßneHHH. Becoßon koscJ)-
cpnnneHT h 6ecKOHenHbie npenenbi onymeHM npocTO paAH yno6cT-
Ba. /Jbohhoh HHTerpan MoacHo 3anncaTb TaK, hto6m noA^epK-
HyTb, hto CHanana BbinonHHbOTcn BpeMeHHbie (BHyTpeHHne) npe-
o6pa3oßaHHn:

p (t, x)=} e*** [ je

"

i(otP (co, kx)d(x)]dkx = $eik
*xp(t, kx )dkx .
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B KBaApaTHbix CKo6Kax ctoht cpypbe-npeo6pa3oßaHHe no co, Bbinon-
HneMoe AJin KaacAoro 3HaneHHnkx . C Apyrofi ctopohm, MoacHo 3ann-
caTb TaKoii BnoaceHHMH HHTerpan, y KOToporo BHyTpn 6yAeT HHTer-
pan no kx. 3to 03HanaeT, hto CHanana npeo6pa3ybOTcn CTpoKH, a
He CTon6nbi (h Hao6opoT). BbinncneHnH nonynabOTcn npocTMMH h
HeAoporocTonmnMH hmchho H3-3a Bo3MoacHocTH pa3AeneHHH cpyHK-
nnn exp( — i(dt+ ikxx) Ha npon3BeAeHne noKa3aTenbHbix.

CooTHomeHHe MeacAy bxoaom h bmxojom

OcHOBy nponecca MHrpannn cocTaßnneT onepannn npoAonace-
HHn Ha6nbOAeHHbix AaHHbix b HnacHee nonynpocTpaHCTßO. Pacno-
naran bxoahmmh AaHHMMH, nonyneHHMMH Ha nnocKon 3cmhoh
noBepxHOCTH npn z=0, HyacHO ccpopMnpoßaTb TaKHe Ha6nbOAeHnn,
KOTopbie AonacHM 6binn 6m peracTpnpoßaTbcn Ha rny6HHe z. TaKan
onepannn coßepmaeTcn Han6ojiee npocTO b cpypbe-o6nacTH. no3ace
mm y6eAHMcn, hto npoAonaceHHe nonn b HHacHee nonynpocTpaHCT-
ßO 3aKmonaeTcn npocTO b yMHoaceHHH Ha KOMnneKCHybo noKa-
3aTenbHybo cpyHKnnbo:

P(co, kx , z)= P((o, kx, o)exp [ikz(a, kx )z]. (16)
nocKonbKy AaHHan onepannn HBnneTcn yMHoaceHneM b cpypbe-
npeACTaßneHHH, ee Moamo H3o6pa3HTb b BHAe sneKTpoTexHHnecKon
AHarpaMMM (pnc. 19):

Bxo,/], Bbixoa,
P(u),kx,z)P(u),kx ,O)

PHC. 19.

npoAonaceHHe b HnacHee nonynpocTpaHCTßO npeACTaßnneT
co6oh npoH3BeAeHne KaK b co-, TaK h b KaK
BbirnnAHT cpHnbTpbi bo BpeMeHHOM n npocTpaHCTBeHHOM npeACTaß-
neHHnx? Ohh OKa3MßabOTcn noxoacnMH Ha KOHyc, nnn ace Ha
HMnynbCHybo cpymcnrno BHAa x2 +z2 —v 2t 2. TonHee ohh npeACTaß-
nnbOT CO6OH HCTOHHHK BTOpHHHMX BOHH TbOHreHCa, npHMepOM
KOToporo MoryT cnyacHTb oKeaHHnecKne BonHbi, npoxoAnmHe nepe3
pa3pbm b BonHope3e. CnoaceHHe MHoacecTßa otkhhkob b BonHope3e
aHanornnHO CBepTKe no x. Cynepno3Hnnn MHoacecTßa Ha6erabom,Hx
OKeaHHnecKHx bohh aHanorHHHa CBepTKe no /.

Tenepb noKaaceM, noneMy cpnnbTp npoAonaceHHn b HHac-
Hee nonynpocTpaHCTßO BbipaacaeTcn MaTeMaTnnecKH hmchho b
TaKOM bhac KaacAan TOHKa Ha nnocKocTH c KoopAHHaTaMH
(co, kx) cooTBeTCTByeT cHHyconAanbHon nnocKon BonHe. H3MeHeHHe
c rny6nHon 6yAeT TaKace CHHyconAanbHMM, a hmchho, BHAa
exp(/^zz). 3HaneHHe kz AJin nnocKon BonHbi MoacHo Hairm, npocTO
pemnß ypaßHeHHe (14):

■^HJIbTp
iy/Dz/v z-kl

x z
e
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k=±(®2 /v2-k2
xyi2 , (17a)

Ecnn B3HTb 3HaK nnioc, to exp( —iwt +ikzz) 6yAeT naAabonien
BonHon, TaK KaK ecnn z pacTeT c poctom t, to cpa3a ocTaeTcn
nOCTOHHHOH. EcnH ace B3HTb 3HaK MHHyC, TO BOHHa CTaHOBHTCH
BoexoAnmen. B MOAenn H3nynabomHx OTpaacabonrnx rpaHHn
Hcnonb3ybOTcn BocxoAnmne BonHbi, nosTOMy nonTH BcerAa ncnonb-
3yeTcn 3HaK MHHyc KaK npn MHrpannn, TaK h npn MOAenHpOBaHHH.

OnnbTp BHAa e'°, noMemeHHMH MeacAy bxoaom h bmxoaom,
OKa3MßaeTcn cpa3oCAßnrabomnM, He BnHHbomnM Ha aMnnnTyAy. Oh
xopomo BnncMßaeTCH b Hamn npeACTaBneHHH o AeKOHBonbonHH.
3to 3HannT, hto npn BbinonHeHHH MHrpannn BjinnHne oTHomeHHn
cnraan/noMexa He 6yneT nrpaTb CTOJib BaacHyio ponb, KaK npn
o6mhhoh cpnnbTpanHH.

Viipa/KiiciiHsi

1. npeztnojioacHM, hto bm Ha6jno,ziaeTe nonepeHHbie bojihw Ha o6biHHbix

ceHCMHnecKHX nacTOTax.

EyneT jihb 3tom cnynae npocTpaHCTßeHHaa pa3pemeHHOCTb
jiynme, TaKon »ce hjih xy»ce, neM o6mhho? noneMy?

2. HannnTe b yneGHHKe rnnep6ojiHHecKHe och CHHcpa3HocTH Ha

noneßbix

MaTepnanax n H3MepbTe no hhm niHpnHy 30hm OpeHena. npn oTcyTCTBHn 3annceH
Ha HyjießOM ynajieHnn ot

HCTOHHHKa

xopomne pe3yjibTaTbi nojiynabOTca npn
H3MepeHHH Ajt2 no

HaKJIOHHOH

JIHHHH.
3. OGbacHHTe Ha6jnoaaeMyK»ropn3oHTajibHyio «cjioncTOCTb» Ha pnc. 18 Ha rpa-

cpHKe Pico, x). Ot nero

3aBHCHT

pa3,oejieHHe cnoeß? Hto onpenenaeT HaKJioH «cnoa»?
4. Sbojuohhs

BonHOßoro

nojia bo BpeMeHH

onncbißaeTca

ypaBHeHHeM

nycTb P(kx, kz, 0)—

nocTOHHHaa

BejinnnHa, hto o6o3HanaeT ToneHHbiH

hctohhhk,

pacnojiosKeHHbin b Hanane KoopnHHaT Ha njiocKOCTH (jc, z). nycTb t oneHb BejiHKO,
t. e. cpa3a 0 =[—w(kx , k2 )+kx\x/t)+kz(z/t)~\ t npn HHTerpnpoßaHHH

nacTO

H3MeHa-
eTca Ha o6paTHyio npn H3MeHeHHH kx h kz. llpejinojiOECHM, hto

enHHCTBeHHbiH

3HanHMbin BKjiaa b BejiHHHHy HHTerpana bhochtch

TOJibKO

npn CTannoHapHon cpa3e,
t. e., Korjja n dQ>/dkx n d<f>/dkz oGpamaiOTCH b Hyjib. Tae 6y^eT

HaxonnTbCH BOHHa

b

npocTpaHCTße c KoopAHHaTaMH (jc,

z,

t )?
5. nponojiaceHHe HeKOTopofi BonHbi b HHacHee nonynpocTpaHCTßO

onncbißaeTca

ypaBHeHHeM BHna

nycTb P(kx, 0, co) —

nocTOHHHaa

BejiHHHHa, t. e. ToneHHbiH hctohhhk HaxonnTCH b
Hanaae KoopnHHaT Ha nnocKocTH (jc, t). Tae 6y.neT HaxoflHTbca

BOJiHa

b

npocTpaHCTße (x,

z,

/)?

1.3. MeTwpe MeTo^a Miirpaunii npn 6o.ibiun\
y/jajieHHHX

Bee neTbipe MeTOAa MHrpannn AaHHbix MOB, paccMaTpHßaeMbie
b HacTonmeM pa3Aene, HaxoAHT nmpoKoe npaKTHnecKoe npHMe-

kz=±^(\-v2k 2
x /«>2yi 2, (176)

k z =±((o/v)cosQ. (17b)

p(x,

z,

t)=H\P(kx ,kz, t^O)e-ia,(k^k^]eik^ +ik^dkxdkz.

p(x,

z,

t) = tf[P(kx , z=o, (x))eik^

a,

'k- )z]e-ia't+ik-x d(odkx .
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HeHne. B3HTbie b nenoM,ohh nerKOnpeo6pa3oßMßabOTnynn, OTpaaceH-
Hbie noA6onbmHMH yrnaMH, ho OKa3MßabOTcn MeHee scpcpeKTHBHMMH
npn HannnHH Bapnannn cchcmhhcckhx CKopocTen no ropH3oHTann.

r.i>6iiHa, Bbipa/Kciuiaii bo BpeMeHH npoocra

Pe3ynbTaTOM achctbhh nbo6on nporpaMMbi MHrpannn HBnneTcn
KaKan-TO KapTHHa Ha nnocKocTH (x, z). Ha npaKTHKe no BepTHKanb-
Hon och nonTH HHKorna He OTKnanMßaioT KoopAHHaTy rny6HHM z,
b noAaBnHboiHCM 6onbmHHCTBe cnynaeß sto ocb BpeMeHH
npo6era no BepTHKann t. B cpene c hoctohhhoh CKopocTbbo
KOOpAHHaTM BpeMeHH H my6HHM CBH3aHM npOCTMM nepeBOAHMM
KOSCpcpnuHeHTOM. Oh nonßnHeTcn no toh npnnHHe, hto no
cpaßHeHHbo c nnocKOCTbbo (x, z) nnocKocTb (x, x) xapaKTepH3yeTcn
3aßbimeHHMM MacniTa6oM no BepTHKann. npn npoBeAeHHH peKor-
HocnHpoßOHHbix pa6oT MacmTa6 no BepTHKann nacTO OKa3MßaeTcn
3aßbimeHHMM npn6nH3HTenbHO b 5 pa3. K TOMy BpeMeHH, Korna
ynacTKH pa6oT CTaHOBHTcn H3yneHHMMH b CTeneHH, AOCTaTOHHon
JIJIK Bbl6opa TOHKH 3anOaceHHH nOHCKOBOH

CKBaaCHHM,

KOSCpcpHnneHT
HCKaaceHHH MacmTa6a no BepTHKanbHon ocn npn6nHacaeTCH k cahhh-
ne, t. e. pa3pe3bi ctpohtch 6e3 HCKaaceHHH no ochm.

BpeMH npo6era x o6mhho coctoht H3 BpeMeH npo6era
naAabomen h BoexoAnmen bohh. Pa3pe3M npn HyneßOM yAaneHHH
nB —nn o6mhho HHTepnpeTnpybOTcn KaK BonHOßbie nonn H3ny-
nabomux rpaHnn. ilto6m BMAepacaTb yKa3aHHoe cootbctctbhc, npn
bohhobom aHanH3e 3HaneHHn ckopocth b noponax AennT nononaM:

nepßan3aAana HHTepnpeTannHcencMopa3BeAOHHbixAaHHbixcoc-
toht b pacneTe npH6nHaceHHoro nncneHHoro 3HaneHHH yKa3aHHoro
HCKaaceHHH BepTHKanbHon och. Ero, cKopee Bcero, He 6yneT b 3aro-
noßKe cencMorpaMMbi, TaK KaK b AencTBHTenbHOCTH cencMnnecKan
CKopocTb He 6bißaeT H3BecTHa. Bonee toto, CKopocTb o6mhho
Bo3pacTaeT c rny6nHOH, hto BeneT k H3MeHeHHbo MacuiTa6a no
BepTHKanbHon ocn. OopMyna nepecneTa BpeMeHH b rny6nHy ajhi
cnynan cpeA co chohctmm pacnpeAeneHHeM CKopocTen HMeeT bha

Cnocoobi cyMMHpoBaHHH no imiepoo.ie h cynepno3muin
no nojiyoKpya«HOCTH

yKa3aHHbie b 3aronoßKe cnoco6bi MHrpannn HBnnbOTcn Han6o-
nee H3bccthmmh H3 Bcex. Bo3bMeM ypaßHeHHe KOHnnecKoro
ceneHHH, t. e. OKpyacHOcra b nnocKocTH (x, z) nnn ranep6onbi b
nnocKocTH (x, /). nepennn k KOopAHHaTe rny6nHM, BbipaaceHHOH

ma^z/vm. (18)

z

T(z)=fA EflH ±-±. (19)
] v\z) dz v

0
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PHC. 20. HjunocTpanHH
cnoco6a cynepno3nnnn no
nojiyoKpyacHocTH:
/—hctohhhk; 2— npneMHHK;
3—reoMeTpHHecKoe MecTO
paßHbix BpeMeH npo6era; 4—
BxoaHaa Tpacca

bo BpeMeHH npo6era, hhh,
nceßAorny6HHM x, nonynaeM:

JIJIH KpaTKOCTH, K KOopAHHaTe

(20a)

Ha pnc. 20 noncHneTcn cnoco6 cynepno3Hn,HH no nonyoKpyac-
HOCTH (pHCyHOK 3aHMCTBOBaH H3 KnaCCHHCCKOH CTaTbH B. UlHan-
Aepa [123]). npeAnonoacHß, hto b noneßbix Ha6nioneHHHx conep-
acaTcn HecKonbKO HMnynbCHbix cpyHKnnn, nonynaeM, hto bmxoahoh
cnraan AonaceH npeACTaßnnTb co6oii cynepno3Hnrno cooTßeTCTßyio-
mnx nonyoKpyacHOCTen. KaacAan H3 nonyoKpyacHOCTen HBnneTcn
MOAenbbo cpeAM, npeACTaßneHHon ccpepnnecKOH OTpaacabomen
rpammeH, KOTopon cooTBeTCTByeT HeKOTopoe MHoacecTßO AaHHbix c
oahhohhmm HMnynbcoM. B cnynae, ecnn none AaHHbix coctoht H3
tmchhh cencMOTpacc, KaacAan H3 kotopmx coAepacHT Tbicnny
otchctob, bmxoahoh cnraan 6yneT npeACTaßnnTb co6oii cynepno-
3HHHbo MHnnnoHa nonyoKpyacHOCTen. nocKonbKy cencMOTpacca
coAepacHT h nonoacHTenbHbie h OTpnnaTenbHbie SKCTpeMyMM,
nonynaeTcn, hto npH6nH3HTenbHO nonoßHHa nonyoKpyacHOCTen
6yneT HanoaceHa c o6paTHOH nonnpHOCTbbo. Pe3ynbTaT cynepno3H-
Hhh MoaceT 6biTb noxoac Ha hto yroAHO. B caMOM nene,
nonyoKpyacHOCTH MoryT B3anMHO yHHHToacHTbcn Be3Ae, 3a HCKnbo-
neHHeM oahoto eAHHCTBeHHoro HMnynbca Ha nnocKocTH (x, x).
Ecnn TaKoe cnynHTcn, bm HMeeTe nonHoe npaßO cnHTaTb, hto
bxoahoh ceHCMnnecKHH pa3pe3 Ha nnocKocTH (x, t) HBnneTcn
BTOpHHHMM HCTOHHHKOM TbOHTeHCa, T. C SHepTHeH, CKOHneHTpHpO-
BaHHOH BAonb HeKOTopon ranep6onbi. nocneAHee npnBOAHT k
MeTOAy cyMMHpoBaHHH no rnnep6onaM.

Bo3Bpamancb k pnc. 20, 3aMeTHM, hto MHrpannoHHoe npeo6pa-
30BaHHe Moamo onncbißaTb MHornMH nyTHMn. J\b2l H3 hhx, BecbMa
npocTbie h b paßHon Mepe cnpaßeAnHßbie, npeACTaBneHM Ha pnc. 20
h 21. Ha pnc. 20 nponecc MHrpannn pa3bncHneTcn nyTeM noKa3a
Toro, hto cnynaeTcn c eAHHCTBemioH bxoahoh Tpaccoii, H3o6paaceH-
hoh nocpeAHHe MeacAy hctohhhkom h npneMHHKOM b BHAe cpyHKnnH
rny6HHM (BO3MoacHO ncnonb3oßaHHe n BpeMeHH). KaacAoe 3HaneHHe
AaHHOH Tpaccbi OTo6paacaeTcn b AeTanb cpeAM nyTeM cyMMnpo-

x2 +z2 = v 2t 2 ,
x2/v 2 +x2 = t2 . (206)
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PHC. 21. MHrpannoHHoe npeo6-
-pa3oßaHHe nyTeM cyMMHpoBaHHa
no ranep6ojiaM:
1—BxoaHbie Tpaccbi; 2—BbixoaHaa
Tpacca

BaHHH no kphboh, HBnnbomeHcn reoMeTpHHecKHM MecTOM ToneK,
jxjih KOTopbix BpeMH npo6era ot HCTOHHHKa ao tohkh OTpaaceHHH h
o6paTHO k npneMHHKy ecTb BennnnHa nocTOHHHan. B cnynae
nocTOHHCTBa ckopocth noAo6Hbie Kpnßbie HBnnbOTcn snnnncaMH,
cpoKycbi KOTopbix pacnonoaceHM b hctohhhkc h npHeMHHKe.
flonynaeMan b pe3ynbTaTe KapTHHa cooTBeTCTByeT npocTO cpponry
BonHbi, MOAynnpoßaHHOMy aMnnnTyAHon xapaKTepHCTHKOH cenc-
MOTpaccbi. J3cho, hto caMo no ce6e noAo6Hoe H3o6paaceHne
6ecnone3HO, ho KorAa oho coßMemaeTcn c nonyneHHMMH no
coceAHHM TpaccaM (n TpaccaM OTT npn pa3nHHHbix yAaneHnnx ot
HCTOHHHKa), TO B pe3ynbTaTe KOHCTpyKTHBHOH H ACCTpyKTHBHOH
HHTepcpepeHnnH MeacAy cpponraMH bohh, b cootbctctbhh c
KnaccnnecKHMH hachmh TbonreHca BO3HHKabOT none3Hbie H3o6paace-
hhh rny6HHHoro reonoranecKoro pa3pe3a. HanpHMep, cppoHTM
bohh coceAHHx Tpacc nepeceKyTcn Ha y3ne AHCppaKnHH h b
pe3ynbTaTe CHH(pa3Horo cnoaceHHn bo3hhkhct o6pa3 Ancpparnpybo-
mero sneMeHTa cpeAM b BHAe pa3pacTaHHn aMnnnTyAM, pa3pemeH-
HocTb KOTopon Ha nnocKocTH (z, x) onpeAenneTcn mnpHHOH
HMnynbca h ropH3OHTanbHMMH pa3MepaMH npneMHOH paccTa-
hobkh, 3aperacTpHpOßaßmen cnoaceHHbie cencMOTpaccbi. B to ace
BpeMH, ecnn MOAenb cpeAM npeACTaßneHa OTpaacabomen noßepx-
HocTbbo, to cppoHTM bohh Ha coceAHHx Tpaccax 6yAyT KacaTenbHM
K STOH nOBepXHOCTH H AaAyT B pe3ynbTaTe KOHCTpyKTHBHOH
HHTepcpepeHnnH nepeKpMßabomHxcn nacTen coceACTßybomnx bohho-
bmx cppoHTOB o6pa3 OTpaacabomen rpaHHHbi. B Tex MecTax, rAe
HCcneAyeMan cpeAa He coAepacHT oTpaacabomnx hhh paccenßabomnx
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Ten, b pe3ynbTaTe cnoacerom no cnynanHOMy 3aKOHy cppoHTM
BOnHM CTpeMHTCH K B3aHMHOMy yHHHTOaceHHbO.

Cnoco6 MnrpannoHHoronpeo6pa3oßamiH nyTeM cyMMHpoBaHHH
no rnnep6onaM H3o6paaceH Ha pnc. 21. HAen cnoco6a 3aKnbonaeTcn
b nocneAOßaTenbHOM nocTpoeHHH oahoh tohkh b npocrpaHCTße
(x, x). 3thm AaHHbin cnoco6 OTnHnaeTcn ot cnoco6a nonyoKpyac-

HOCTen,

KorAa KaacAan H3 ToneK Ha nnocKocTH (x, x) ctpohtch no
nacTHM, no Mepe Toro, KaK nonyoKpyacHOCTH HaKnanbißabOTcn Apyr
Ha Apyra. Mto6m nocTpoHTb OAHy cpnKCHpoßaHHybo TOHKy b
bmxoahom npocTpaHCTße (x, x), Boo6pa3HM, hto rnnep6ona,
onHCbmaeMan ypaBHeHHeM (206), noMemeHa CBoen BepiHHHon b
cooTßeTCTßybomyio TOHKy nnocKocTH (x, /) . Bee 3HaneHHn Tpacc,
nonaAabomne Ha ranep6onHnecKyio KpHßyio, CKnaAMßabOTcn h b
HTore nonynaeTcn HeKOTopoe bmxoahoc 3HaneHHe b cooTßeTCTßybo-
meM MecTe Ha nnocKocTH (x, x). OnHcaHHMM cnoco6oM 3anon-
HHbOTcn Bee ocTanbHbie tohkh nnocKocTH (x, x). MoacHo 3aAaTb
Bonpoc, paBHO3HanHM nn ynoMHHyTbie cnoco6bi MHrpannn nnn ace
KaKOH-TO H3 hhx nynme.

Ha pnc. 21 HnmocTpnpyeTcn cnoco6 MnrpannoHHoro npeo6pa-
30BaHHH cencMHnecKHx MaTepnanoß nyTeM cyMMHpoBaHHH no
ranep6one. BbixoAHan Tpacca nonynaeTcn no aHcaM6nio bxoahmx,
npnneM nocneAHne H3o6paaceHM b bhac cencMorpaMM OTT b
BepxHen nacTH pncyHKa. Ha HnacHen nonoßHHe pncyHKa

noKa3aHO,

hto KaacAoe 3HaneHHe aMnnnTyAM bmxoahoh Tpaccbi Ha nnocKocTH
(x, z) nonynaeTcn nyTeM cyMMHpoBaHHH bxoahmx aMmiHTyA,
nonaßmnx Ha ranep6ony, cooTßeTCTßybomyio roAorpacpy Ancppara-
poßaHHon BonHbi. Ecnn b cpene b yKa3amioH bmxoahoh tohkc
HaxoAHTcn neHTp AHCppaKnHH, to nonyHHTCH 6onbman aMnnnTyAa.
OnncaHHMH nponecc cpa6aTbmaeT n b cnynae OTpaacaboinnx rpaHHn
b pa3pe3e, TaK KaK oTpaacaboinyio rpaHnny MoacHo paccMaTpnßaTb
b KanecTße HenpepbißHoro pnAa AHCpparapyioinnx

sneMeHTOB,

caMOCTOHTenbHbie H3o6paaceHHH kotopmx cnHßabOTcn b rnaAKybo
HenpepMßHybo rpaHnny.

3aHHTHeM, npoTHßononoacHMM o6pa6oTKe AaHHbix hhh no-
CTpoeHHbo no hhm MOAeneii rny6HHHoro CTpoeHHH cpeAM, HBnneTcn
pacneT CHHTeTHnecKnx cencMorpaMM no 3aAaHHMM MOAennM.
nocne He6onbniHx BHAOH3MeHeHHH yKa3aHHbie Bbime ABe o6pa6a-
TMBabomHe nporpaMMbiMoacHo npeßpaTHTb b nporpaMMbi MOAenn-
poßaHHH. Reno cboahtch k TOMy, hto bmccto cyMMnpoßamm no
rnnep6onaM nnn cynepno3HHHH no nonyoKpyacHOCTHM Bbinon-
HneTcn cynepno3HUHH no rnnep6onaM nnn cyMMHpoBaHHe no
nonyoKpyacHOCTHM.

MoacHo TaKace 3aAaTbcn BonpocoM, AencTßHTenbHO nn npo-
rpaMMbi o6pa6oTKH o6paTHM nporpaMMaM MOAennpoßaHnn. Cne-
AyeT paccMOTpeTb HecKonbKO c^aKTopoß, cpeAH KOTOpbIX MOaCHO
Ha3BaTb TaKHe, KaK 3aßncnMoCTb aMnnnTyAM HMnynbconAa TbOH-
reHca ot yrna BbixoAa BonHbi, hhh naAeHHH ee Ha rpaHnny,



40

ccpepHnecKoe pacxoacAemie SHepran, cpa3OBMH cabht HMnynbcoHAa
TbOHreHca. OKa3MßaercH, hto pe3ynbTaTM MHrpannn nonynabOTcn
AOCTaTOHHO xopomnMH, Aaace ecnn npeHe6penb yKa3aHHMMH Bbime
OCJIOaCHHbOmHMH cpaKTopaMH.no Mepe pa3pa6orKH hobmx cnoco6oß MHrpannn CTaHOßHnncb
6onee noHHTHMMH HCAOCTaTKH npeacHnx mctoaob, KOTopbie OKa3a-
nncb BnonHe noAAabomnMHcn ncnpaßneHHbo nyTeM TUiaTenbHoro
BbinonHeHHn caMoro npeo6pa3oßaHHH. Oahhm H3 npeHMymecTß
6onee no3AHnx cnoco6oß MHrpannn HBnneTcn to, hto b hhx
BonnoineHM no-HacTonmeMy mHpoKononocHbie cpnnbTpbi. nosTOMy
b pe3ynbTaTe npnMeHeHHn TaKnx cnoco6oß MHrpannn coxpaHneTcn
HeH3MeHHMM o6uTHH BHA CaMHX Ha6nbOAeHHH. 3TO 06CT0HTenbCTB0
yKa3bmaeT Ha Bo3MoacHocTb BoccTaHOßJieHnn bmcokhx nacTOT,
KOTopbie noAaßnnbOTcn npn HHTerpHpoBaHHH no ranep6onHnecKHM
3aKOHaM. Pa6oTM TpopH [145] n XnnTepMaHa [76] c Hcnom>3o-
BaHneM HHTerpana Knpxrocpa npHßenn k co3AaHHbo coßepmeHHbix
nporpaMM pemeHHH npnMon cencMnnecKOH 3aAann. B kohchhom
cneTe sth pa6oTM Aann KonnnecTßeHHMH cnoco6 cornacoßaHHH
mctoaob MHrpannn nyTeM cyMMHpoBaHHH no rnnep6onaM c
ApyraMH MeTOAaMH, no MeHbrnen Mepe AJin cnynan oahopoahoh
cpeAM [124]. B cooTBeTCTBHH c coBpeMeHHMM neKCHKOHOM nbo6on
cnoco6 MHrpannn, ocHOBaHHMH Ha cyMMHpoBaHHH no ranep6onH-
necKHM 3aKOHaM nnn no nonyoKpyacHOCTHM, Ha3MßaeTcn cennac
mctoaom Knpxrocpa, xoth, CTporo roßOpn, HHTerpan Knpxrocpa
npHMeHHM TonbKO b ycnoßnnx oahopoahoh cpeAM.

HCKaaceHHH, Bo3miKaK)inne npn npocTpaiicTßcinioii
hickpeiHjamm

HCKaaceHHH npH npOCTpaHCJBeHHOH AHCKpeTH3anHH BO3HHKabOT
npn HeAOCTaTOHHOH nacTOTe Bbi6opKH AaHHbix BAonb npocTpaH-
CTBeHHOH och. 3to 3aTpyAHenHe hocht CTonb o6mHH xapaKTep, hto
ero cneAyeT ynHTbrnaTb bo Bcex cnoco6ax MHrpauHOHHoro npeo6-
-pa3OBaHHH.

Ha6jibOAeHHH HyacHO AHCKpeTH3npoBaTb c TaKHM pacneTOM,
hto6m Ha AJiHHe BonHbi HaxoAnnocb 6onee AByx otchctob.
B npoTHBHOM cnynae CTaHOBHTcn HeoAHO3HanHMM onpeAeneHne
HanpaßneHHH nonxoAa Bonm>i. Ha pnc. 22 H3o6paaceHM cHHre3npo-
BaHHbie cencMorpaMMbi, AHCKpeTH3npoßaHHbie no ocn x c hcao-
CTaTOHHon nnoTHOCTbbo. JierKo y6eAHTbcn, hto

HCKaaceHHH,

cbh-
3aHHbie c AHCKpeTH3anHeH, oco6eHHO 3aMeTHM Ha bmcokhx
nacTOTax h npn KpyTbix HaKnoHax ocen CHHCpa3HOCTH.

He cyinecTßyeT o6menpn3HaHHoro aBTOMaTH3HpoBaHHoro cno-
co6a MHrpannn AaHHbix, ncKaaceHHbix b pe3ynbTaTe HeAOCTaTOHHO
nnoTHOH hx AHCKpeTH3annH no npocTpaHCTBeHHOH KOopAHHaTe.
B noAo6Hbix CHTyannnx nenoßeK BbinonHneT MHrpannoHHoe npe-
o6pa3oßaHHe HaMHoro nynme, neM nbo6an ManiHHa, TaK KaK onbiT
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PHC. 22. npHMep HenpcTaroHHo hiiot-

HOH

npocTpaHCTBeHHOH JIHCKpeTH3anHH:
a H 6— COOTBCTCTBeHHO HH3KO- H BbICOKO-
HaCTOTHbie aHCKpeTH3aHHH

PHC. 23. npn HHTerpnpoßaHHH hh3ko-
CKopocTHbix rnnep6oji Tpe6yeTca 6onee
ojTHoro

OTcneTa

Ha KaHan

no3BonneT eMy HaxoAHTb hcthhhmc HanpaßneHHH ocen CHH(pa3-
hocth. Ecnn ace hcxoahmc MaTepnanbi AncKpeTH3HpoBaHM HaAne-
acamHM o6pa3oM, to MannmHan Mnrpannn, ocHOBaHHan Ha
bohhobom ypaBHeHHH, AaeT pe3ynbTaTM, nynmne no cpaßHeHHbo c
pynHMMH MeTOAaMH. B HacTonmee BpeMH, KaK npaßnno, o6ecnenH-
BaeTcn Heo6xoAHMan nnoTHOCTb Ha6nbOAeHHH no cencMHnecKHM
npocpnnnM h TpyAHOCTH BO3HHKabOT nnmb npn AHCKpeTH3annH b
nepneHAHKynnpHbix k hhm HanpaßneHnnx.npn ncnonb3oßaHHH MHrpannoHHbix npeo6pa3oßaHHH, ocHOßaH-
hmx Ha cyMMHpoBaHHH no rnnep6onaM, BO3HHKaeT onacHOCTb
Toro, hto caM onepaTop Mnrpannn MoaceT OKa3aTbcn non-
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BepaceHHMM HCKaaceHHHM, BbBBaHHMM HeAOCTaTOHHO nnOTHOH ahc-
KpeTH3anHen. yKa3amryio onacHOCTb cnenyeT H36eraTb nyTeM raia-
TenbHoro npoßeneHnH caMOH MHrpannn. ITepßoe, hto cneAyeT ync-
HHTb, 3aKnbonaeTcn b tom, hto HHTerpnpoßaHHe AonacHO npoH3Bo-
AHTbcn no ranep6onnnecKOH TpaeKTopHH. npocToe cnoaceHne eAH-
hhhhmx OTcneTOB c KaacAOH Tpaccbi HBnneTcn BecbMa nnoxnM npn-
6nnaceHneM k HopManbHOMy nponeccy MHrpannoHHoro npeo6pa3o-
BaHHH. Jiynme BKnbonaTb b cyMMy 6onbmee nncno otchctob
(pnc. 23). BepoHTHOCTb toto, hto onepaTop OKaaceTcn ncKaaceHHMM
HeAOCTaTOHHO nnoTHOH AHCKpeTH3anneH no npocTpaHCTBeHHOH ocn,
Bo3pacTaeT Ha Tex ynacraax roAorpacpa, rAe ero ranep6ona KpyTO
HaKnoHeHa. npn o6pa6oTKe MaTepnanoß MopcKon cencMopa3BeAKH
onepaTop Mnrpannn nacro He o6ecnennßaeT HaAneacanryio npocT-
paHCTßeHHybo AHCKpeTH3anHbo b HHTepßane OTpaaceHHH ot noßepx-
hocth Mopn ao MopcKoro Ana n 3Aecb BO3HHKabOT cnenncpHnecKHe
noMexn, BM3BaHHbie TeM, hto Kpyro HaKnoHeHHan rnnep6ona
nepeceKaeT aho Mopn, xoth caMo aho MoaceT 6biTb h nnocKHM.

MeTOA CABHra

npeAnoaceHHbin E. Ta3AaroM mctoa cpa3oßoro CABHra npeAy-
CMaipHßaeT HenocpeACTßeHHybo SKCTpanonnnHbo nonn bhh3 c
noMomtio npeo6pa3oßaHHn exp (ikzz), KOTopan o6ecnennßaeT Ha-
xoacAeHne 3HaneHHH BonHOßoro nonn b momcht BpeMeHH t = 0 (t. e.
b MOMeHT BpeMeHH, KorAa OTpaacaboume rpaHnnbi «B3pbißabOTcn»).
H3 Bcex cnoco6oß MHrpannn AaHHbix, peracTpnpyeMbix Ha
6onbHinx yAaneHnnx ot HCTOHHHKa, oh Han6onee npocTO ynnTMßa-
eT H3MeHeHHH ckopocth c rny6HHOH. npaßHnbHo h aßTOMaranecKH
ynnTMBabOTCH cpa3OBMH yron h 3aBHCHMocTb KoscpcpnnneHTa OTpa-
aceHHH ot yrna naAeHHH Ha rpaHnny. B OTHnnne ot mctoaob
Knpxrocpa b MeTOAe cpa3oßoro CABnra OTcyTCTByeT onacHOCTb
HCKaaceHHH onepaTopa MnrpannoHHoro npeo6pa3oßaHHH HeAOCTa-
TOHHO nnOTHOH AHCKpeTH3aHneH.

MnrpannoHHoe npeo6pa3oßaHHe no MeTOAy cpa3oßoro CABHra
HanHHaeTcn c AByxMepHoro cpypbe-npeo6pa3oßaHHn Maccnßa AaH-
Hbix. (3aMeTHM, hto HeKOTopbie npaKTnnecKHe neTann nponecca
AByxMepHoro cpypbe-npeo6pa3oßaHHn onncaHM b pa3Aene 1.7).
nocne SToro npeo6pa3oßamiMe 3HaneHHH AaHHbix, HaxoAnmnecn Ha
nnocKocTH (co, kx), npononacabOTcn bhh3 Ha rny6HHy Az nyTeM
yMHoaceHHn hx Ha *

06mhho HHTepßan AHCKpeTH3annH no BpeMeHH Ax bmxoahoto
MHrpnpoßaHHoro pa3pe3a Bbi6npaeTcn paBHMM HHTepßany AHCKpe-
TH3annH no BpeMeHH bxoahmx AaHHbix, name Bcero 4 mc. HTaK,
npn mare no rny6nHe Az= yAx onepaTop npoAonaceHHn bhh3 aji»
oahoh eAHHHnbi BpeMeHH npnHHMaeT bha

e^Az =exp{-/co/i;[l-(t;A: :c/co)2] 1/2 Az}. (21)
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C = exp{-/coAx[l-(uA:x/co) 2] 1/2}. (22)
Ha6nbOAeHHbie AaHHbie 6yAyT MHoroKpaTHO yMHoacaTbcn Ha C h,
TaKHM o6pa3oM, npoAonacaTbcn bhh3 c maroM Ax.

3aTeM BO3HHKaeT 3anana nonynemiH H3o6paaceHHn. J\\iin Kaac-
Aoro 3HaneHHn rny6nHM 3a o6paTHMM cpypbe-npeo6pa3oßaHHeM
cneAyeT onpeAeneHne ero 3HaneHHH npn /= 0, TaK KaK OTpaacabomne
rpaHHHbi «B3pbißaioTCH» b momcht BpeMeHH t= 0. K cnacTbbo,
Heo6xoAHMO BbinonHHTb cpypbe-npeo6pa3oßaHHe nnmb b oahoh
TOHKe, t. e. npn t— 0, h k STOMy cboahtch Bee BbinncneHHH. CaMH
BMHHcneHHH HCKnbOHHTenbHO npocTM, nocKonbKy 3HaneHne b
MOMeHT BpeMeHH /=0 npeACTaßnneT co6on cyMMy Bcex nacTOTHbix
KOMnoHeHT co. B nocneAHeM MoacHo y6eAHTbcn, ecnn noACTaBHTb
/= 0 b o6paTHbin HHTerpan Oypbe. H

HaKOHen,

coßepmaeTcn
o6paTHoe cpypbe-npeo6pa3oßaHne kx b x. MnrpannoHHoe npeo6pa-
30BaHHe, t. e. BbinncneHne H3o6paaceHHn no BoexoAnmen BonHe u,
MoacHo KpaTKO npeACTaBHTb b BHAe cnenybomeH cxeMbi:

U(<o, kx)=FT[u(t, jc)]
npn t=Ax, 2Ax, ..., KOHen ocn BpeMeHH Ha Tpacce {

/J,jih Bcex 3HaneHHH kx {
M3o6paoKenue(kx , x) =0.
Ana Bcex 3HaneHHH co {

C=exp( — /'coAt y/\ —v2k x/a)2)
U(<»,kx)=U{<*,,kx)*C
H3o6paMceHue(kx, x)= M3o6pa^ceHue[kx, t)+c7(co, kx)

}
}

M3o6paotceHue(x, x) =FT \H3o6paxceHue(kx, x)]

06paTHoe MHrpaHHOHHoe npeo6pa3oßaHne (MOAennpoßaHHe)
coßepmaeTcn nonTH TaK ace. B3hb Bocxonnmyio BonHy, paßHybo
Hynbo Ha 6onbmnx rny6nHax, npoAßHraeM ee mar 3a maroM nyTeM
yMHoaceHHH Ha exp(ikxAz). K BoexoAnmen BonHe npn6aßnnioT
OTpaaceHHH, cooTßeTCTßybomne KaacAOMy ypoßHbo H3nynabomHx
OTpaacabomnx rpaHHn. flporpaMMa MOAennpoßamiH BoexoAnmen
bohhm u HMeeT bha:

H3o6paotcenue{kx, z) —FTaotceHue[x, z)]

/J,Jia

Bcex 3HaHeHHH co n k xU((o,kx) =0.
/J.JIH

BCeX

3HaHeHHH

CO

{
JXjih Bcex 3HaHeHHH kx {
/Ana z= zm!iX , zmax-Az, zmax -2Az, ..., 0 {

nojioacHTenbHMH 3HaK y KOMnneKCHOH noKa3aTenbHon cpyHKnnH
HBnneTcn KOM6HHanneH AByx OTpHnaTenbHbix, t. e. bocxoahhich
BonHbi h SKCTpanonnnnH BBepx. Tpn yKa3aHHbie nHKna no co, kx

r-v

"

max' "max

«-*"*

"max

""", "

(

C=exp( +/Azco y/v'2 —k 2 /(o2)
t/(co, A;J= [/(co, kx)*C +H3o6paxcenue(kx, z)

u{t, x)=FT[U(o3, kx)]
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n z B3anMo3aMeHneMM. KorAa CKopocTb He 3aBHCHT ot rny6HHM,
nporpaMMy MoacHo ycKOpHTb, nepeMecTHß pacneT KOMnneKCHOH
noKa3aTenbHOH cpyHKnnH C H3 BHyTpeHHero nmcna no z.

TonHbie 3HaneHHH ckopocth noHTH BcerAa He H3BecTHbi,
nosTOMy CKopocTHoe pacnpeAeneHHe no rny6HHe nacTO annpoK-
CHMnpybOT cnoHCTMM c nocTOHHHMMH 3HaHeHHHMH b npeAenax
OTAenbHbix

cnoeß,

xoth b AencTBHTenbHOCTH CKopocTb MoaceT He-
npepMßHO Bo3pacTaTb c my6nHOH. ,/J,octohhctbom TaKOH annpoK-
CHMannn HBnneTcn ee skohomkhhoctb. nocne BMHHcneHHH kophh
KBaApaTHoro, cnHycoß n KOCHHycoB, coAepacanrnxcH b ypaBHeHHH
(22), caM cnoacHMH MHoacHTenb (22) MoacHo Hcnonb3oßaTb mhoto-
KpaTHo. npn mare AHCKpeTH3annH 3anncH b 4 mc h mouthocth
cnon b 200 mc stot MHoacnrenb ncnonb3yeTcn 50 pa3 npeacne, neM
CTaHOBHTcn HeHyacHMM.

MeTOA CTOJiTa

Peann3oßaHHMH Ha 6onbmHHCTBe THnoB 3BM mctoa Mnrpa-
nnoHHoro npeo6pa3oßaHHn CTonTa HBnneTcn caMMM 6biCTponeH-
CTßybomnM, npnneM c 6onbmnM 3anacoM. npn pemeHHH mhothx
npHKnaAHbix 3aAan 6bicTpoAencTßHe oKa3MßaeTcn Han6onee Baac-
hmm cbohctbom stoto MeTOAa MnrpanHH. B cnynae oahopoahoh
cpeAßi oh coßepmeHHO npaßnnbHO ynHTbrnaeT bohhoboh hctohhhk
TbonreHca. KaK n npyrae mctoam Mnrpannn, oh AonycKaeT
o6pameHHe n,

cnenoßaTenbHo,

MoaceT 6biTb npeßpameH b npo-
rpaMMy MonennpOßaHHH. Oahh npHHnHnnanbHMH HenocTaTOK
3aKnbonaeTcn b tom, hto b MeTone CTonTa He ynnTMßabOTcn
H3MeHeHHH CKOpOCTH c rny6HHOH. Ha npaKTHKe STO nonHOCTbbO
KOMneHcnpyeTcn BBeAeHHeM npn6nHaceHHOH nonpaßKH, npn pacneTe
KOTopon Hcnonb3yeTcn nponeAypa pacTnacemiH och (cm. pa3-
jxqr 4.5). nepnoAHHHOCTb Bcex npeo6pa3oßaHnn Oypbe CO3AaeT
cnoacHOCTH npn BbinHcneHHnx Ha npaKTHKe. B npHHnnne sth
TpyAHOCTn npeoAoneßabOT, no6aßnnn k o6ohm KOHnaM nocnenoßa-
TenbHocTH OTcneTOB AaHHbix HyacHoe KonnnecTßO Hyneßbix 3Ha-
neHHH.

MeTOA CronTa MoacHo H3o6pa3HTb b bhac cnenyiorneH nenonKn:

noHHTb, noneMy oh pa6oTaeT, paccMOTpHM CHanana
cooTHomeHHe Meacny bxoaom h bmxoaom AJin cnynan SKCTpanonn-
nnH BonHOßoro nonn bhh3:

P(co, kx, z)= eik*zP (co, kx, z =0). (23)

BbinonHHM AByxMepHoe o6paTHoe npeo6pa3oßaHne Oypbe:

p(x, t)-+P(kx, ©)->/"(*„ kz = yJ(D2/v2 -k2)->P(x, z).

p(t, x, z)=\^x~ i(at+ik^P((a, kx, O)d(odkx.
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Hcnonb3yeM npeACTaßneHHe o tom, hto H3o6paaceHne b tohkc (x, z)
HBnneTcn bohhoh, lonynaeMon OTpaacabomen rpaHHnen b momcht
BpeMeHH /=0:

YpaßHeHHe (24) onHCMBaeT oKOHnaTenbHoe cencMHnecKoe H3O-
-6paaceHHe, ho oho cnoacHO, nocKonbKyHaKaacAOM H3 z-ypoßHen Aonac-
ho BbinonHHTbcn AByxMepHoe HHTerpHpoßamie. nponenypa CTonna
3aMeHneT Tpe6yeMbie cornacHO cooTHomeHHbo (24) TpexMepHbie
BbinncneHKH eAHHCTBeHHMM AByxMepHMM cpypbe-npeo6pa3oßaHHeM.

J\o chx nop HHnero He 6bino cAenaHO jxnn onpeAeneHHH
BoexoAnmen BonHbi. HanpaßneHHe pacnpocTpaHeHHH BonHbi Haxo-
AHTcn H3 COOTHOHieHHH MeaCAy Z H t, COXpaHHbOIHCrO nOCTOHHCTBO
cpa3M b BbipaaceHHH exp( —mt-±-ikzz). Ecnn 6m co 6bina BcerAa

nonoacHTenbHOH,

to +/cz BcerAa OTHoennocb 6m k naAabomen
BonHe, a —kz —k BoexoAmnen. J\\j\k onncaHHH Tex bohh, KOTopbie
HMebOT BemecTßeHHbie, a He KOMnneKCHbie, 3HaneHHn, HyacHM KaK
nonoacHTejibHbie, TaK h OTpHnaTenbHbie nacTOTM co. nosTOMy
caMMM noAxoAnmHM npH3HaKOM naAaboinen BonHbi HBnneTcn
OAHHaKOBOCTb 3HaKOB npH CO H kz, a AJin BOCXOAHHICH BOHHM OHH
pa3Hbie. C yneTOM cAenaHHoro pa3bncHeHHn H3MeHHM nepeMeHHyio
HHTerpHpoBaHHH b ypaBHeHHH (24) c co Ha kz.

d(£>/dkz =-v\kz\/yfkl+k 2 . (25b)
noACTaBHM cooTHomeHHn (25) b ypaßHeHHe (24) n Ao6aBHM 3HaK
MHHyc, hto6m HHTerpnpoßaHne no k z npoH3BOAHnocb ot —oo ao
+ 00, t. e. TaK, KaK sto Aenanocb npn HHTerpnpoßaHHH no co.

YpaßHeHHe (26) noATßepacAaeT tot cpaKT, hto pe3yjibTaT MHrpa-
nnoHHoro npeo6pa3oßaHHH no CTonTy ecTb He hto HHoe, KaK
AByxMepHoe o6paTHoe npeo6pa3oßamie Oypbe. MeTOA MHrpannn
CTonTa HBnneTcn npnMMM BonnomeHneM ypaBHeHHH (26). Ero
anropHTM coctoht H3 cnenybomnx sTanoß:

1) ABOHHoro cpypbe-npeo6pa3oßaHHH hcxoahmx Ha6moAeHHH H3
p(t, x, 0) b P(co, kx, 0);

2) HHTepnonnnnH P Ha HOBybo pacneTHybo ceTKy, TaK hto6m
yKa3aHHoe npeo6pa3oßaHHe crano cpyHKnneH KoopAHHaT kx h k z, n
yMHoaceHHn P Ha bccoboh MHoacnrenb, paBHMH, HanpHMep, cos0;

3) o6paTHoro cpypbe-npeo6pa3oßaHnn b npocTpaHCTßo (x, z).
ripHMepbi MnrpannoHHoro npeo6pa3oßaHnn HMnynbcoHAOß no

MeTOAy CTonTa npHBeAeHM Ha pnc. 24. KaK n oacnnanocb,
Ha6nbOAabOTcn nonyoKpyacHocTH, BbirayTbie BBepx h bhh3. CaMan

06pas (x, z)= \$e ik*xe ik* {(»>k*)zP(a, kx, o)dadkx. (24)

co = -sgn (kz) vyjkl+k 2 , (25a)
d(o/dkz = — sgn (kz) vkz/yjkl+k 2, (256)

da/dkz = -v\k z\/yjk2
x +k 2

z . (25b)

CencMHHecKHH o6pa3 (x, z) =
jje'V-^jpfco^,fcj, kxi O]-o£^dkzdkx. (26)
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PHC. 24. MnrpanHOHHoe npeo6pa3oßaHHe HMnyjibconnoß no MeTo/xy CTOJiTa.
HMnyjibcoHabi: a—oahh, 6— HecKoabKO

6onbinan H3 hhx cooTBeTCTByeT Han6onee rny6oKO pacnonoaceH-
HOMy HMnynbcoHAy. 3th nonyoKpyacHOCTH HMebOT cboh neHTpbi He
TonbKO Ha noBepxHOCTH 3eMnn z=0, ho h Ha noAomße moacjih
z — zmax . H3BecTHO, hto BbirayTbie Kffloy nonyoKpyacHOCTH MoacHo
noAaBHTb nyTeM 6onee CKpynyne3Hon HHTepnonnnnH. HHTepnonn-
nHH HBnneTcn cnoco6oM nepexoAa ot paßHOMepHon ceTKH no co k
TaKon ace ceTKe no k z. MoacHo, CKaaceM, HHTepnonnpOßaTb c
noMombbo cnennanbHon HHTepnonnpybomen cpyHKHHH sine bmccto
nHHeimon (cm. pa3nen 4.5) hhh 3aAaTb Hyneßbie 3HaneHHH b HH3ax
MOAenn.

Mto6m ocTaTbcn b npenenax pa3yMHbix Tpe6oBaHHH k o6beMaM
MamnHHOH naMHTH, npnBeAeHHMH Bbime anropHTM MoacHo peopra-
HH3OBaTb TaK, KaK noKa3aHO b oahom H3 ynpaacHeHHH. Ectcct-
BeHHo, hto Hannnne nepnoAHHHOCTH no x BbmyacAaeT Ao6aßnnTb n
cbOAa Hyneßbie 3HaneHHH.

YcoßepuieHCTßOßaHHe cnocooa cyMMHpoBaHHH no i iinepoonaM
b MeTOA Mnrpannn Knpxrocpa
lIlHaHAep [124] npeAnoacnn cneAybomee aHanHTHnecKoe Bbipa-

aceHHe AJin BTopHHHoro HMnynbcoHAa TbonreHca:

Tj\e r=x2 +(z — z0)2 — paccTOHHHe MeacAy hctohhhkom (b BHAe
H3nynaiomeH rpaHnnbi) n npHeMHHKOM. OyHKnnn (27) coAepacHT
nonioc n npoH3BOAHybo CTyneHnaTon cpyHKnnH. TaK KaK OHa
npHHHMaeT 6ecKOHenHo 6onbmne 3HaneHHH, ee Henb3n H3o6pa3HTb
rpacpnnecKH, ho no MaTeMaranecKOMy BbipaaceHHbo MoacHo cpa3y

jgy-lfeiMY—* d stepfr-r/i?)
1 J ndz0y/t2 -r2/v 2 '
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AoraAaTbcn, hto Bo3MymeHHe cocpeAOToneHO b npeAenax oacHAae-
Moro KOHyca. Hannnne npoH3BOAHon CTyneHnaTon cpyHKnnH
npHBOAHT k noHßneHHbo Ha KOHyce nonoacnTenbHoro HMnynbconna.
npoH3BOAHan ot KBaApaTHoro kophh npHAaeT HMnynbconAy
mnencp OTpnnaTenbHoii nonnpHOCTH, 3aTyxaioiH,HH nponopHHOHanb-
ho CTeneHH —3/2. KocHHycHan 3aBHCHMOCTb aMnnnTyAM ot yrna
naAeHHH Bo3mncaeT no toh npnHHHe, hto npon3BOAHan 6epeTcn ot
z, a He no r.

YpaßHeHHe (27) onncbißaeT AByx-, a He TpexMepHMH hm-
nynbcoHA TbOHreHca. nocneAHHH oTnnnaeTcn hckotopmmh Men-
khmh AeTannMH. Xoth BonHbi, H3nynaeMbie TonenHbiMH hctoh-
HHKaMH, no npenMymecTßy ccpepnnecKHe, cpoKycnpoßKa H3orayTbix
cnoeß npeACTaßnneT co6oh b ochobhom AByxMepHbiii nponecc.
,/J,pyraMH cnoBaMH, H3orayTbie cnon 6onbiue noxonnT Ha nnnHHA-
pbi, neM Ha ccpepbi.

MoacHo 3aAaTbcn BonpocoM: noneMy, pacnonaran tohhmm
o6paTHMM npeo6pa3oßaHHeM (27), Bee npeAnonHTabOT Bce-TaKH
nonb3oßaTbcn npH6nnaceHHnMH. TpacpHHecKoe nocTpoeHHe 3aßHcn-
mocth (27) Ha npaKTHKe 3aTpyAHeHO H3-3a Bo3HHKabomen Heo6xo-
AHMOCTH ee CBepTMBaHHH C Ha6nbOACHHMMH AaHHMMH. Hmchho
nosTOMy nepßbie pe3ynbTaTM MHrpannn no Knpxrocpy o6mhho
xapaKTepH3oßanncb noMexaMH b ycnoßHnx ropn3oHTanbHoro Mopc-
Koro Ana. TnaßM 2 n 4 nocßHincHM b ochobhom ycoßepmeHCTßO-
BaHHMM BapHanraM npeo6pa3oßaHHn (27), KOTopbie AencTßyioT b

ycnoßnnx nepeMeHHon ckopocth nnn ace HBnnbOTcn ynynmeHHMMH
BapnaHTaMH npeACTaBneHHH Ha ceTKe AaHHbix.

nocne npeo6pa3oßaHHH no Oypbe cpyHKnnn BTopnnHoro hctoh-
HHKa TboiireHca npHHHMaeT npocroii h crnaaceHHbin bha. Bmhhc-
neHHe TaKoii cpyHKnnH no npnMoyronbHOH ceTKe h ee o6paTHoe
npeo6pa3oßaHHe c noMomtbo nporpaMM, npHßeAeHHbix b pa3-
jxejiQ 1.7, BbinonHHbOTcn BecbMa npocTO. Ha pnc. 25 H3o6paaceH
pe3ynbTaT npeo6pa3oßaHHH, nonynemiMH no ceTKe pa3MepoM
256 x 64. Ha npaKTHKe o6mhho npHMeHHbOTcn cctkh pa3MepoM
npn6nH3HTenbHO 1024x256, ho Hcnonb3oßaHHan b HacTonmeM
npHMepe 6onee rpy6an ceTKa Bce-TaKH o6ecnenHna rpacpHnecKne
nocTpoeHHH AOCTaTOHHOH CTeneHH AeTanbHOCTH. H3-3a TpyAHOCTen,
CBH3aHHbix c nocTpoeHHeM cpyHKnnn, noxoacHx Ha HMnynbCHMH
Ay6neT, b HHacHen nacTH pnc. 25 AaeTcn Apyroe rpac^nnecKoe
H3o6paaceHne HHTerpana, Ha stot pa3 c HecKonbKO orpammeHHOH
nonocon nacTOT.

HyBCTBHTCJibHOCTb iiponeeca MiirpamiH k oimiOKaM
b onpene.ieiiHH ckopocth

Ha pnc 26

noKa3aHO,

KaK nponecc Mnrpannn 3aßncnT ot
ckopocth. BcnoMHHM, hto pe3ynbTaTM MHrpannoHHbix npeo6pa3o-
BaHHH o6mhho H3o6paacabOTCH b BHAe BpeMeHHbix pa3pe3oß.
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PHC. 25. HMnynbconn, rionreHca (BBepxy) n crjiaaceHHbiH BpeMeHHOH HHTerpan
(BHH3y)

B ycnoßHnx ropH3oHTanbHon chohctocth cpeAM ouih6kh onpeAene-
HHH ckopocth He nrpabOT HHKaKoii ponn.

Pa3Hbie HccneAOßaTenn nonb3yioTcn pa3nHHHMMH KpHTepHHMH
tohhocth. Oahh H3 pa3yMHbix KpHTepneß coctoht b tom, hto6m
omn6Ka b onpeAeneHHH MeerononoaceHHH SHepran b npeAenax
nonyoKpyacHOCTH He npeßbimana nonoBHHM ajihhm BonHbi. B tom
cnynae, Korna paccMaTpHßaeTcn BonHa, ABHacymancn b ropn3oH-
TanbHOM HanpaßneHHH, omn6Ka onpeAeneHHH ee MecTononoaceHHH
npocTO CBH3MBaeTcn c npeo6naAaiomHM nepnoAOM AT h BpeMeHeM
npo6era T. H3 onbma h3bcctho, hto OTHomeHne T/AT penKO
npeßbimaeT 100. nosTOMy nncno 100 OKa3MßaeTcn cpyHAaMeHTanb-
hmm npaKTHnecKHM napaMeTpoM npn pa6oTax mctoaom OTpaaceH-
hmx BonH b ycnoßnnx ocanoHHbix 6accenHOß. BO3MOaCHO, HTO
TeopeTHnecKH oh CBH3MBaeTcn c noKa3aTeneM ao6pothocth ocaAon-
hmx nopoA Q nnn ace c o6pa3oßamieM xaonnnecKHX BHyTpeHHHX
MHoroKpaTHbix OTpaaceHHH. 3HaneHHn yKa3aHHoro napaMeTpa,
npeßMinabonrne 100, Ha6nbOAabOTcn b Tex cnynanx, Korna 66nbman
nacTb nyTH BonHbi npnxoAHTCH Ha BOAy, nn6o ace KorAa BpeMeHa
npo6era npeßbimabOT 4c. Ha pnc. 27 npHßeAemn pe3ynbTaTM,
nonyneHHbie c ncnonb3oßaHHeM AByx 6hh3khx no 3HaneHHHM
CKopocTeii MnrpanHH. Pa3AeneHne kphbmx Meacny co6on ynyn-
maeTcn c yßennneHHeM yrna HaKnoHa rpaHHn. MTO6M npn yrne
naAeHHH rpaHnnbi 90° paccTOHHHe MeacAy kphbmmh 6bino MeHbme
AHHHM

BOnHM,

OIHH6Ka B 3HaneHHH CKOpOCTH AOHaCHa 6blTb
MeHbme 1%. npn yrne naneHnn 45° BennnnHa norpemHOCTH b

3aAaHHH MnrpanHOHHoii ckopocth MoaceT 6biTb yßennneHa b yJ2
pa3. 3HaneHHn CKopocTen peAKO 6bißabOT H3BecTHM c yKa3aH-
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PHC. 26. HyBCTBHTejIbHOCTb K OUIH6Ke B CKOpOCTH
Bo3pacTaeT c poctom yrna ao 90°. Mnrpanna
Ha6jnoneHHoro HMnyjibconna b

3aBHCHMOCTH

ot
ckopocth:
a— Ha6jiioaeHHbie aaHHbie; 6— Moaeab; e —MHrpnpoßaH
HbiH BpeMeHHOH pa3pe3

PHC. 27. OuinGKa bo BpeMeHH (a) H3-3a ncnojib

30BaHHfl

HenpaßHjibHon ckopocth pacTeT c yßejin
neHHeM yrjia

hoh Bbime TOHHocTbbo. nosTOMy MoacHo nocTaBHTb noa Bonpoc
3HanHMOCTb MnrpanHOHHbix npeo6pa3oßamiH cencMOTpacc, Ha-
6nbonaeMbix npn 6onbmnx yAaneHnnx ot HCTOHHHKa ceHCMHnecKHX
BonH.

Cy6beKTHßHbie epaßiieHiie h oneiiKa mctoaob MiirpaiiHH

B Ta6n. 1 conocTaßneHM Tpn ochobhmc MeTona MHrpanHOHHbix
npeo6pa3oßaHHH, paccMOTpeHHbie b HacTonmeM pa3Aene. H3noaceH-
Hoe b nocneAyboinnx rnaßax no3BonneT BMCKa3aTb 3aMenaHHH o
KanecTßenHOH CTopoHe mctoaob MHrpannn npn 6onbmnx yAane-
Hnnx npneMHHKa ot HCTOHHHKa. CaMoe yn3BHMoe Mecro sthx
mctoaob— 6onbmHe cnoacHOCTH npn hx ncnonb3oßaHHH b ycno-
Bnnx ropH3oHTanbHoro rpaAHeHTa CKopocTen. CaMan cnnbHan nx
CTopoHa —scpcpeKTHBHOCTb MHrpannn npn 6onbmHx yAaneHnnx OT
HCTOHHHKa—ocna6nneTCH HecoßepmeHCTßaMH b npyrnx 3BeHbnx
nenoHKH, o6pa3yeMon peracTpanneH n o6pa6oTKOH Ha6nbOAeHHH.

1. PaccTOHHHH MeacAy hctohhhkom h npHeMHHKaMH 3anacTybo
BennKH, ho sto o6cTOHTenbCTBo He yHHTMBaeTcn. Pa3pe3 OTT He
HBnneTcn pa3pe3oM npn Hyneßbix ynaneHnnx.

2. 3aneM o6pa6aTMßaTb Tpaccbi, peracTpnpyeMbie Ha ca-
mmx 6onbmnx yAaneHnnx ot HCTonmnca no nnHHH npocpHnn, ec-
nn He npHHHMabOTCH BO BHHMaHHe 60K0Bbie BOHHM, nOAXOAH-
mne k noBepxHOCTH Ha6nbOAeHHH Aaace noA caMMMH ManbiMH
yrnaMH?

3. npHeMHbie rpynnbi nacTO pacnonarabOTcn no npocpnnbo c
nacTOTon HenocTaTOHHOH AJin npeACTaBneHHH KpyTbix ocen chh-
Cpa3HOCTH 6e3 HCKaaceHHH npOCTpaHCTBCHHOH AHCKpeTH3aHHH.

4. CTpeMneHHe k noßbimeHHio tohhocth onpeAeneHHH CKOpo-
CTeii peAKO onpaßAMßaeT MHrpannoHHoe npeo6pa3oßaHne cencMo-
Tpacc, yAaneHHbix Ha 6ojibmne paccTOHHHH ot HCTOHHHKa.



50

Tao.iiina 1
Cy6'bCKTHßnoe cpaßHCiine rpex mctotob MHipaiaiii npn 6o.

|

ibinn\ y/tajieiiHHx ot

5. noMexn b KOHne kohhob HanHHabOT npeo6naAaTb HaA
none3HMMH oTpaaceHHHMH h sto o6cTOHTenbCTBO TaKace ycTaHaßnn-
BaeT npenenbHo AonycTHMbie yAaneHHH npneMHHKOB ot HCTOHHHKa.
HanpHMep, ecnn 3aneacn HecpTH HaxoAHTcn Ha nceßAorny6HHe b 2 c,
a AnHTenbHOCTb 3anncH paßHa 4 c, to npenenbHMH yron BbixoAa
BonHbi cocTaßnneT 60°.

>'npa'/KHCiiiiH
1. CxeMa nporpaMMbi MonejinpoßaHna bojih npennojiaraeT, hto H3JiyHaionTHe

rpaHnnbi npencraßjiaioT co6oh HMnynbCHbie cpyHKnnH BpeMeHH. BnjiOH3MeHHTe
cxeMy nporpaMMbi

BonHOßoro

MOJjejiHpoßaHHa TaKHM o6pa3oM, hto6m

OHa

yHHTbißana h HMnyjibconn, HCTOHHHKa s[t).

CyMMHpoBaHHe no
rnnepGojie hjih

cynepno3HUHa no
nojiyoKpyacHOCTH

MeTon 4>a3oßoro

cflßHra

MeToa CTOJiTa

H3MeHeHHe CKOpOCTH
c rjiyGnHOH

PacneT jiynen JlerKO npnGnnsceHHO, ny-
TeM pacTaaceHHa
ocen

Bonbuine yuajiemifl

OT HCTOHHHKa

YneT ouih6ok jxhc- YneT ouih6ok anc- YneT ouih6ok jxac-
KpeTH3aiJ,HH
h onepaTopa

KpeTH3aUHH JX3M-
HblX

KpeTH3annH Ha-
6jno^eHHbix

,naH-

HblX

YMeT 4>a3 h

3aßHcn-

mocth aMnjiHTy^bi

OT

yrjia OTpaaceHiia

Bo3MoaceH c

HeKO-

TOpbIMH

CJIOKHOCTfI-

mh b cnynae ojxao-
poflHoft cpe^bi

ripocT npn JIK)6oH

3aBHCHMOCTH CKO-

pOCTH OT rjiy6HHbi

B cjiynae o#Hopo/i-
-hoh cpenu

ITepHo/iHHecKHe
Kaaceraa

HC-

OTCyTCTByiOT no och x. Cnoco6 110

OCH

X.

QIOCoG

yMeHbiueHHfl no-
Mex no t

H3JTO»ceH

b pa3aejre 4.5

yMeHbmeHHH noMex
no (t, z)

H3JIO>KeH

b pa3flejie 4.5

H3MeHeHHe CKOpOCTH
no ropH3OHTanH

riporpaMMbi o6pa-
6otkh coAepacaT
cepbe3Hbie He^oc-
TaTKH

npH6jiHaceHHO,
nyTeM HTepaifflH n
HHTepnojiaaHH

riporpaMMbi o6pa-
6otkh Hen3BecTHbi

BoKOßbie rpaHHi^bi n
HepaßHOMepHbiii mar

Otjihhho rijioxo rinoxo

biCTpo^encTßHe Me^JieHHoe Cpczmee OneHb BbicoKoe

»praHH3aiiHa naMHTH HeyaoOHaa Xopomaa Xopomaa
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2. CxeMa nporpaMMbi Mnrpannn nonycKaeT H3MeHeHHe ckopocth c rjiy6nHon,
ho ee 6biCTpojiencTßHe MoaceT 6biTb

3HanHTenbHO noßbimeHO

b cnynae oahopoahoh
cpeAbi. noKaacHTe, KaK 3to MoacHo CAenaTb.

3. CocTaßbTe cxeMy nporpaMMbi BbinncjieHHii no anropnTMy, o6paTHOMy
anropHTMy

CTOJiTa,

t. e. nporpaMMy CHHTe3HpoBaHHa HaGjnoneHHH no 3aAaHHon

MOAenn

cpeAbi.
4. AjiropnTM CTOJiTa MoacHo nepeAenaTb TaKHM o6pa3oM, HTo6bi yMeHbniHTb

noTpeGHOCTb b

MainnHHOH

naMHTH AJia co3AaHH» no ocn BpeMeHH 6ycpepa H3
Hyneßbix3HaneHHH. /J,jih 3Toro HyacHO

CHaaana

HaHTH cpypbe-npeo6pa3oßaHnex b kx,
3aTeM oTbicKaTb cpeAH Ha6jiK>AeHHH Ha nnocKocTH (t, kx) BeKTopbi c nocToaHHbiMH
kx. KaacAbin H3 TaKHx BeKTopoß MoacHo nepeMecTHTb b npocTpaHCTßo HeKoero

AJiHHHoro BeKTopa, 3aTeM CHaGnHTb ero HyacHbiM hhchom Hyjieii n nponHTepnojinpo-
BaTb. HapncyHTe cxeMy nojiynnßuienca nporpaMMbi.

5. Ecnn AJinTenbHocTb cencMorpaMM paßHa 4c, to

KaKOBa

MaKCHMajibHaa

nceßAorjiyGnHa (rny6HHa no BpeMeHn), c KOTopon nynn 6yAyT noAxoAHTb noA
yrnoM 80°?

1.4. OH3HHeCKHe OCHOBbI

B npeAMAymnx pa3Aenax paccMOTpeHM reoMeTpHnecKHe
acneKTM nponecca pacnpocTpaHeHHn bohh h to, KaKHM o6pa-
30M ohh CBH3am>i c npo6neMOH nocTpoeHHH cencMHnecKoro
H3o6paacenHH. Tenepb o6paTHMcn k cbh3h cencMHnecKHx H3O-
-6paaceHHH c cpH3nnecKHMH napaMeTpaMH. Cpena, b KOTopon
pacnpocTpaHHbOTcn BonHbi, o6naAaeT MaccoßOH nnoTHOCTbbo h
cacHMaeMOCTbbo. BonHbi xapaKTepH3ybOTcn MaTepnanbHMM BeK-
TOpOM ycKOpeHHn h rpaAHCHTOM AaBneHHH. CTaTHnecKne AecpopMa-
nnn, noßepxHOCTHbie BonHbi — noMexn, cAßHroßbie HanpHaceHHn,

acecTKOCTb,

nponeccbi paccenHHH, o6pa3oßaHHe ocaAOHHbix nopoA—
KaKHM o6pa3oM Bee sto cBH3MBaeTcn c 3aAaneii nocTpoeHHH
ceHCMHnecKHX H3o6paaceHHH?

H3-3a cnoacHOCTH CTpoeHHH ocanonHoro nexna He cymecTßyeT
OTHocnTenbHo npneMneMoro MaTeMaTHnecKoro onncaHnn MOAenn.
Mto6m noMOHb BaM noHHTb npeAenbi npHMeHHMOCTH Teopnn,
paccMOTpnM HecKonbKO npHMepoß pacxoacAeHHH MeacAy TeopeTH-
HeCKHMH npeACTaBneHHHMH H COBpeMeHHOH npOH3BOACTBCHHOH
npaKTHKOH.

Pa3pe3, npeACTaßjieHHbiH rpy6oo6jiOMOHHMMH nopoAaMH

Boo6me roßopn, 6onbmHHCTBO nopoA-KonneKTopoß yrneBOAO-
Poaob npeACTaBneHO necnaHHKaMH. CaMH ace necnaHHKH name
Bcero o6pa3ybOTcn H3 necKa, OTnarabomerocn B6nn3H ycTbeß peK,
t. e. TaM, rAe CKopocTb TeneHHn boam yace HeAOCTaTOHHO BenHKa,
hto6m nepeMemaTb necnnHKH. necKH oTnarabOTcn BAonb kpomok
necnaHbix 6apoß, o6pa3ybomnxcn b ycTbnx peK, Ha noßepxHOCTnx,
HaKnoHeHHbix noA yrnoM b 25° hhh okoho stoto (pnc. 28). Xoth
necKH OTnarabOTcn Ha HaKnoHHbix noßepxHOCTnx, Ha 6onee no3AHHX
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PHC. 28. necKH

ocaacnaiOTca

Ha ao-

BOJibHo

KpyTbix CKjiOHax b MecTax Bna-
AeHna peK b

OKeaH:

66
z a— ocaaKH; 6— peica; e— TeneHHe; — oxeaH;

1— 4—KaHHO(j)opMHbie ocaaKH

STanax MoryT ccpopMHpoßaTbcn n ropH3OHTanbHO 3anerabomne
cnon.

rnnHM npeACTaßnnbOT co6on 6onee TOHKO3epHHCTMH MaTepnan
(rpn3b), KOTopbiH nepeHOCHTcn b 6onee rny6oKOßOAHbie nacTH
ocaAOHHoro 6accenHa, npeacAe neM ocecTb n npeßpaTHTbcn b
rnHHHCTbin cnaHen. OTnoacemiH rnHHHCTbix cnaHneß xapaKTepn-
3ybOTcn ropH3oHTanbHon cnoHCTOCTbbo b 3HanHTenbHO 6onbiuen
CTeneHH, Heacenn necnaHHKH. KoHKpeTHbie MecTa oTnoacemm necKOB
MeHHbOTcn b 3aBHCHMOCTH ot npomeAniHx mTOpMOB HJIH BpeMeHH
roAa, b pe3ynbTaTe nero nopOAa npno6peTaeT xapaKTepHyio
ApeBOBHAHO-3epHHCTybo TeKCTypy.

H caMa penHan nenbTa npeACTaßnneT co6on cnoacHyio, nocTOHH-
ho MeHHbomyiocn coBOKynHOCTb KaHanoß h 6apoß, nepeMemaio-
nnrxcH BAonb 6eperoßOH nHHHH. B nponecce o6pa3oßamiH ocaAKOB
KaaceTcn, hto nenbTa ABHaceTcn b CTopoHy Mopn, ho no3ace b
pe3ynbTaTe ocaacAeHHn, ynnoTHeHnn nopoA, nnn ace noAHHTnn
ypoBHH Mopn AenbTa HanHHaeT ABHraTbcn b CTopoHy cymn.

Hannnne necnaHHKOB b pa3pe3e BecbMa BaacHo, TaK KaK
6naroAapn hx nopncTOCTH HecpTb MoaceT HaKannHßaTbcn, a
6naroAapn npoHHHaeMOCTH — nepeMeuraTbcn b CTopoHy CKBaacnHbi.
3HaneHHe rnnHHCTbix cnaHneß o6T>ncHneTCH TeM, hto b hhx
COXpaHHbOTCH npOAyKTM aCH3HeAeHTenbHOCTH ApeBHHX OpraHH3MOB
Ha 3eMne, H3 kotopmx, b cboio onepenb, BO3HHKabOT yrneßO-
AopoAM. nocneAHne BbiacHMabOTcn b HaxoAHinnecH no coceACTBy
necnaHHKH, npnneM nacTO He b CTopoHy noBepxHOCTH 3eMnn, TaK
KaK necnaHHKH MoryT nepeKpMßaTbcn HenpoHnnaeMMMH rnHHaMH.
AKycTHnecKHe CBOHCTBa necnaHHKOB h rnnH nacTO coßnaAabOT
MeacAy co6oh, xoth b o6meM ckopocth b rnnHax HecKonbKO Hnace
CKopocTen b necnaHHKax. TeocpH3HKH, HaxoAncb Ha noBepxHOCTH
3eMnn, Ha6nbOAabOT c noMombbo cencMHnecKHx bohh ajihhoh okoho
30 m STy OKOHnaTenbHO cnoacnßmybocn H3 nepecnaHßaHHH necnaHH-
KOB h rnnHHCTbix cnaHneß TpexMepHybo cpeny.

CMecH necnaHHKOB h rnnH Ha3MBaK)T o6noMonHMMH noponaMH.
Ohh o6pa3ybOTcn H3 o6noMKOB KpHCTannnnecKHx. BonbmHHCTBO
ocaAOHHbix nopoA othochtch k Tnny o6noMOHHbix. Bonbman nacTb
pa3BeAaHHbix 3anacoß HecpTH coAepacHTcn b o6noMOHHbix noponax,
ho MHoro HecpTH HaxoAHTcn TaKace n b Kap6oHaTHbix nopoAaxTHna
H3BecTHHKa. Kap6oHaTHbie nopoAM o6pa3ybOTcn b ycnoßnnx
MenKOBOAbH H3 mopckhx opraHH3MOB. Bo MHorax Kap6oHaTHbix
(h o6noMOHHbix) nopoAax coAepacHTcn HecpTb, KOTopybo Henb3n
H3Bnenb H3-3a OTcyTCTBHn npoHHHaeMOCTH. ripoHnnaeMocTb b Kap-
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6oHaTHbix nopoAax o6pa3yeTcn b pe3ynbTaTe HecKonbKHx He
BnonHe ncHbix npoHeccoß. CeHCMopa3BeAHHKaM Kap6oHaTHbie nopo-
AM H3BecTHM KaK nopoAM, CKopocTb pacnpocTpaHeHHH BOHH B
KOTopbix Bbime, neM b o6noMOHHbix. 06mhho CKopocTb bohh b
Kap6oHaTHbix nopoAax Ha 20—50% Bbiuie, neM b o6noMOHHbix.
HHorna b o6noMOHHon nopoAe coAepacHTcn h3bccthhk h TorAa OHa
Ha3MßaeTcn MepreneM.

XpoHOCTpaTHrpacpHH

KaK hh CTpaHHO, ao chx nop He cymecTßyeT cornacnn
OTHocnTenbHo npnpoAM cencMHnecKHx OTpaaceHHH. Oh3hkh ckhoh-
hm CHHTaTb, hto OTpaaceHHH BO3HHKabOT Ha rpaHHnax pa3nena
nopoA pa3nHHHoro Tnna, HanpnMep, Ha KOHTaKTe nnacTOß necna-
HHKa h rnHHM. Cna6biM momchtom TaKOH tohkh 3pemiH HBnneTcn
to, hto necnaHHKH h rnHHM b pa3pe3e nepecnanßabOTcn cnoacHMM
o6pa3oM, npnneM moihhocth nepecnanßabomnxcn cnoeß MoryT
6biTb KaK 6onbme, TaK h MeHbme ajihhm cencMnnecKOH BonHbi.
MHorae reonorn, oco6eHHo rpynna TaK Ha3MßaeMbix ceiicMOCTpa-
THrpacpoß, npHAepacHßabOTcn hhoh KOHnennnH. (Cm. MeMyap JVq 26
AMepnKaHCKon acconnanHH reonoroß-HecpTHHHKOB non Ha3BaHHeM
«CeHCMOCTpaTnrpacpHH b npnMeHeHHH k noncKaM 3aneacen yrneßO-
AopoAOB»). Hmh H3yneHM tmchhh KHnoMeTpoß cencMHnecKHx
pa3pe3oß MOB h 6onbmoe KonnnecTßO AaHHbix THC rny6oKHx
noncKOßbix CKBaacHH. Ohh cnHTaioT, hto OTpaaceHne CBH3MBaeTcn c
ropn3OHTOM, HMebomnM OAHHaKOBMH reonoranecKHH Bo3pacT. Ohh
yTßepacnabOT TaKace, hto npoTnacemiMH HenpepbißHMH OTpaacabo-
IJTHH TOpH3OHT BnOHHe MOaceT CBH3MBaTbCH B pa3nnnHbix CBOHX
nacTHx c pa3nHHHMMH THnaMH ocaAOHHbix nopoA ot TeppnreHHbix
Ao mopckhx. HHTepnpeTannH cencMHnecKHx Ha6nbOAeHHH, 6a3H-
pybomancn Ha Taorx npeACTaßneHnnx, Ha3MßaeTcn xpoHOCTpa-
Tnrpacpnen. TonKa 3peHnn cencMOCTpaTHrpacpOß KaaceTcn ao-
BonbHO o6ocHOBaHHOH AJin Tex panoHOß, rAe ocaAOHHbin nexon
nonHocTbbo cnoaceH o6noMOHHMMH nopoAaMH, ho KorAa b pa3pe3e
npncyTCTßybOT Kap6oHaTHbie h HHbie nopoAM, 6onee o6ocHOBaHHOH
npeACTaßnneTcn TOHKa 3peHHH cJ)H3hkob. J\ji% 6onee rny6oKoro
3HaKOMCTBa c AaHHMM BonpocoM MoacHo peKOMeHAOBaTb pa6oTy
lUepncpcpa [130].

TpyAHOCTH na6nioneiiiiH ooMeHHbix nonepeHHbix bojih

B cencMonoran n npn na6opaTopHbix H3MepeHnnx hctko
pa3nHnabOTcn ABa ypoBHH CKopocTen pacnpocTpaHeHHH ynpyrnx
bohh. Bonee bmcokhc 3HaneHHH ckopocth cooTBeTCTBybOT BonHe
cacaTHH (P-BonHe), a 6onee HH3KHe —bohhc CABHra (S-BonHe).
eJlonepenHaH BonHa MoaceT 6biTb nonnpn3oßaHa b ropraoHTanbHOH
(SH) hhh b BepTHKanbHon (SV) nnocKOCTHx. Teopnn, noneßbie
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Ha6nbOAeHHn h na6opaTopHbie H3MepeHHH cornacybOTcn MeacAy
co6on. YcnemHbie onbiTHbie pa6oTM no Hcnonb3oßaHHbo nonepen-
hmx bohh b cencMopa3BeAKe onncaHM b pa6oTax [24, 49].

npHMenaTeneH tot cpaKT, hto CBbinie 99% cencMOpa3BeAOHHbix
pa6oT Ha HecpTb h ra3 npoBOAHTcn 6e3 npHßneneHHH nonepenHbix
bohh. C MaTeMaTHnecKOH tohkh 3peHHH 3eMHybo cpeny paccMaTpn-
BabOT b KanecTße nn6o

acHAKOCTH,

nn6o ra3a. B onbiTax c
nonepenHMMH BonHaMH AJin Bo36yacAeHHn n peracTpanHH Bn6pa-
nnn, opHeHTHpoßaHHbix nonepeK ceHCMnnecKoro npocpnnn, t. e.
SH-BonH, Hcnonb3oßanncb cnennanbHbie ycTaHOBKH. KapTHHa
CTpoeHHH 3eMHbix HeAp, nonynaeMan c noMombio nonepenHbix
bohh, nacTO OKa3MßaeTcn ncnopneHHon H3-3a He6naronpHHTHoro
BnHHHHH CaMMX BepXHHX

CHOCB,

HHOTAa ace OHa 6blßaeT HCHOH H

noraHHon. YAHBHTenbHO, ho pe3ynbTaTM o6pa6oTKH SH-bohh Aaace
xopomero KanecTßa nacTO TpyAHO yBH3MBabOTcn c pa3pe3aMH no
P-BonHaM. no AaHHMM npoßeAeHHbix SKcnepHMeHTOB, BCbOAy no
pa3pe3y 3a HCKnboneHneM BMP CKopocTb pacnpocTpaHeHHH none-
penHbix bohh npn6nH3HTenbHo BABoe MeHbme ckopocth npOAonb:
hmx. B BepxHen nacTH pa3pe3a ckopocth nonepenHbixbohh 6bißabOT
HaMHoro HHace h xapaKTepn3ybOTcn pe3Kon H3MeHHHBocTbbo.
MacTOTa Ha6nbOAaeMbix b none nonepenHbix bohh o6mhho Hnace
nacTOTM npoAonbHbix. nonepenHan Bonna BABoe MeHbmeii nacTOTM
h ckopocth no cpaßHeHHbo c npoAonbHOH HMeeT OAHHaKOBybo c Hen
AnHHy h, cnenoßaTenbHo, TaKybo ace pa3pemabomyK) cnoco6HOCTb.
/I,eHCTBHTenbHo, noneßbie Ha6nbOAeHnn noKa3ann, hto nonepenHbie
BonHbi o6nanabOT nonTH TaKon ace npocTpaHCTBeHHOH pa3pemeH-
HOCTbbo, KaK n npoAonbHbie. noAaßnnioman nacTb ceHCMOpa3Be-
AOhhmx MaTepnanoß, peracTpHpyeMbix Ha cyme, xapaKTepH3yeT
nnmb BepTHKanbHybo cocTaßnniomyio ABnaceHHn ceHCMonpHeMHHKa,
a npn MopcKOH ceHCMopa3BeAKe Bee cencMorpaMMbi npeACTaßnnbOT
co6oh 3anncH AaßneHnn. nosTOMy, npnMeHHn TpaAHnnoHHbie
cxeMM Ha6nbOAeHHH, b HAeajibHOM cnynae mm He AonacHM
Ha6nbOAaTb SH-BonHM. TonHee roßopn, SH-BonHM AonacHM 6biTb
cna6biMH, BO3HHKabomHMH TonbKO b Tex cnynanx, KorAa CTpoeHne
3eMHbix HeAp OTHHnaeTCH ot npocToro nepecnaHßaHHn.

B MeTone OTpaaceHHbix ceHCMHnecKHX bohh cymecTßyeT 3ara-
AOHHMH

MOMeHT,

CBH3aHHMH C nonepeHHMMH BOHHaMH. Oh 3aKHbO-
naeTcn b tom, hto, npnMeHHn cTaHAapTHybo MeTOAHKy Ha6nbOAe-
hhh, He yAaeTcn peracTpnpoßaTb o6MenHbie PS-BonHM o6mhhmm
nopnAKOM. CornacHO TeopeTHnecKHM nporao3aM, npoAonbHbie
BonHbi, naAaboinrre Ha rpaHnny noA yrnoM, AonacHM nacTHHHO
npeßpamaTbcn b nonepenHbie. Bonee Toro, npH yrnax naneHnn
30—60°,

HTO,

KCTaTH, HMeeT MeCTO

nOCTOHHHO,

o6MeHHbie BOnHM
no aMnnHTyAe AonacHM 6biTb coH3MepHMMMH c OTpaaceHHMMH
npoAonbHMMH.

06mhho npHMeHneMbie craHAapTHbie cxeMM Ha6nbOAeHHn h
o6pa6oTKH AaHHbix He npHMemiMM b nonHon Mepe AJin o6MeHHbix
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PHC. 29. CencMHHecKHH pa3pe3 Hyneßbix yAaneHnn, coAepacanniH KpaTHbie OTpaace-
HHa (BocTOHHaa Acppmca)

nonepenHbix bohh. Ho ohh ace He6naronpHHTHM h AJin MHoroKpaT-
hmx OTpaaceHHH (npnneM MexamoM bo3achctbhh oneHb noxoac Ha
npeAfciAymHH), KOTopbie Ha6nbOAabOTcn nocTOHHHO. Bonee Toro,
cpopMa 3anncn o6mchhmx bohh AonacHa noxonnTb Ha cpopMy
3anncn KpaTHbix OTpaaceHHH, ho ohh hctko pa3nHnabOTcn. 06mch-
Hbie bojihm AonacHM nocTOHHHO Ha6nbOAaTbcn npn H3yneHHH
CKopocTen (cm. rn. 3). Ha pnc. 29 H3o6paaceH ceiicMHHecKHH pa3pe3
npn Hyneßbix yAanennnx, ocnoacHeHHMH KpaTHMMH OTpaaceHnnMH.
KpaTHoe OTpaaceHne pacno3HaeTcn no noßTopemibo hm oco6eH-
HocTen penbecpa 6onee bmcoko 3anerabomnx toph3ohtob. 06mch-
Hbie BonHbi TaKace noßTopnbOT penbecp, ho BpeMeHHOH MacmTa6
6yneT paßeH npn6nH3HTenbHO 3/2, a He tohho 4/2. B cnynae
AOCTaTOHHo cnoacHoro CTpoeHHH OTpaacabomen noBepxHOCTH, KaK
HanpHMep Ha pnc. 29, BeponTHOCTb toto, hto o6MeHHan BonHa
6yAen no omn6Ke npnnnTa 3a eme OAHy OAHOKpaTHo OTpaaceHHybo
BonHy, Mana.

B ceiicMopa3BeAKe o6MeHHbie BonHbi AonacHM xopomo Anarao-
CTnpoßaTbcn. BMecTe c TeM BeponTHOCTb o6HapyaceHHn o6mchhmx
nonepenHbix bohh Ha TpaAHnnoHHbix ceiicMo3anHCHx KaaceTcn
HacTonbKO HHHToacHOH, hto 6onbmHHCTBO HHTepnpeTaTopoß npe-
KpaTnno hx noHCKH. noneMy ace o6MenHbie BonHbi He 3aMeTHM Ha
TpaAHHHOHHbix ceHCMO3anncHX? MoacHo npeAnoacHTb HecKonbKO
06bHCHeHHH, TpH H3 KOTOpMX npHBCACHM HHaCC

1. npn pa6oTax Ha Mope, bhahmo, coßepmaeTcn eme oahh
o6mch Ha npoAonbHbm THn npn npoxoacAeHHH BonHbi nepe3 Tonmy
boam.

Tn i '.

'
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2. npn pa6oTax Ha cyme cneAyeT ynHTMBaTb, hto caMan
BepxHHH nacTb pa3pe3a oco6chho xopomo nornomaeT CABnroßbie
HanpnaceHHH. , -3. BepTHKanbHbie cencMonpHeMHHKH b ochobhom pearnpybOT Ha
npoAonbHbie cocTaßnHbomne BonHOßoro nonn. nocneAHeMy 6naro-
npnnTCTßyeT h to o6cTOHTenbCTBO, hto nynn b npHnoßepxHOCTHon
nacTH pa3pe3a npHHHMabOT nonTH BepTHKanbHoe HanpaßneHHe.

Hh oaho H3 npHßeAeHHbix Bbime o6bncHeHHH Toro, noneMy
o6MeHHbie nonepenHbie BonHbi o6n3aTenbHo AonacHM 6biTb cna6ee
npoAonbHbix, He HBnneTcn y6eAHTenbHMM. B pa3Hoo6pa3Hbix
ceHCMoreonornnecKHX ycnoßHnx perncTpHpybOTcn BonHbi caMon
pa3nnHHon aMnjiHTyAM. HepeAKO Ha6nbOAeHHH BH3yann3HpybOT
nocne aBTOMaTHnecKOH perynnpoßKH aMnnnTyn (APY). no-BHAH-
MOMy, ocna6neHne aMnnnryA Henb3n cnHTaTb AOCTaTOHHon npnnH-
hoh Heynan, HcnbiTMßaeMbix npn Ha6nbOAeHnnx o6mchhmx bohh.
HyacHO npononacaTb hx HCKaTb. 06mchhmx bohh HaßepHHKa
HaMHoro 6onbiue, npocTO mm hx He MoaceM 3aMeTHTb. KcTaTH,
aBTop caM hh pa3y He BMAennn o6MeHHybo BonHy Ha o6mhhmx
cencMorpaMMax.

nosTOMy, HecMOTpn Ha to, hto o6MeHHbie nonepenHbie Bonm>i
6ynyT, BO3MoacHO, nrpaTb 3aMeTHyio ponb b cencMopa3BeAKe
OTpaaceHHMMn BonHaMH, BepHeMca k hachm no noBOAy toto, hto
HyacHO AenaTb, hto6m scpcpeKTHßHo o6pamaTbcn c HHCpopMannen,
nonynaeMon npn pa6oTe no o6menpHHHTOH mctoahkc jxjik
npoAonbHbix BonH.

Haie/KHocib mo icvuipoßaumi pesepGepauHH

B nHTepaType no cencMonoran b H3o6nnHH npeACTaBneHM
TeopeTnnecKHe onHcamw noBeAeHHn ceiicMHHecKnx bohh b cnonc-
tmx cpenax. Oahhm H3 BaacHbix acneKTOB cencMnnecKOH pa3BenKH
HBnneTcn OTHonieHHe k BHyTpncnoHHon peßep6epannH. npn OTpa-
aceHHH BonHbi ot rpaHnnbi pa3Aena cnoeß ee SHeprnn cocTaßnneT
He6onbmybo, KaK npaßnno, MeHbme 10%, nonbo SHeprnn nanabomen
cencMnnecKOH BonHbi. B stoh KHnre mm paccMaTpnßaeM b ochob-
hom OTpaaceHHbie oAHOKpaTHbie BonHbi, ho oTpaaceHHan BonHa
MoaceT 6biTb h MHoroKpaTHoii. npn He6onbmHx mouthocthx cnoeß
noAo6Hbix OTpaaceHHH MoaceT 6biTb oneHb mhoto. HecKonbKO
noApo6Hee Bonpoc o KpaTHbix BonHax ocßemaeTcn b pa3Aene 5.5.

CnTyannn ynpomaeTcn npn Hannnnn cencMOKapoTaacHbix MaTe-
pnanoß, ho naace b stom cnynae 3aTpynHemiH no yneTy KpaTHbix
bohh BecbMa cepbe3HM.

HeyAana c m>H)roHOßoii BHiKocibio

npeACTaßnneTcn npHMenaTenbHOH HeyAana, nocTHrman ochob-
Hbie noco6nn no cencMonoran b hx nonbiTKe o6bncHHTb Ha6nbonae-
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Mybo AncnepCHbo cencMnnecKHx napaMeTpoß b 3aBncnMOCTH ot
nacTOTM. npocTenmnH nonxoA k TeopeTHnecKOMy pemeHHbo
npo6neMM Ancnepcnn Q 3aKmonaeTcn bo BBeAeHnn b 3aKOH TyKa,
CBn3Mßabomnii HanpnaceHHn h AecpopMannn, AononmrrenbHoro
nneHa c KoscpcpnnneHTOM AecpopMannn. B stom cnynae nonynaeTcn,
hto OTHOCHTenbHoe paccenHHe SHepran Ha bmcokhx naeroTax
npeßbimaeT paccenHHe Ha hh3khx. Ha6nioAaeMoe ace SKcnepHMeH-
TanbHo OTHOCHTejibHoe paccenHHe coxpaHneTcn npH6nH3HTenbHO
nocTOHHHMM b nonoce nacTOT, paßHoii mhothm necnTKaM repn.
CornacHO npyrHM ynpomeHHMM HbbOTOHOBCKHM TeopnnM, oTHome-
Hne HanpnaceHHn k AecpopMannn npeACTaßnneTcn nepe3 nonHHOMH-
anbHbie OTHomeHHH no — z'co. B yKa3aHHbix TeopHnx cpnrypnpybOT
MacmTa6Hbie ajihhm h xapaKrepncTHnecKne nacTOTM. CornacHO hm,
napaMeTp Q He MoaceT 6biTb nocTOHHHMM. Oahh H3 noAxoAOB k
npo6neMe o6bncHeHHH AHcnepcHH 3aKnbonaeTcn b npeAnonoacemiH
reTeporeHHOCTH ocanonHoro nexna npn Bcex MacmTa6ax (cm.
pa3Aen 4.6)

Oii.iococpiiH peineiiHH oGpanibix 3aAan

OH3nnecKne nponeccbi nacTO HMHTHpybOT c noMombbo KOMnbbo-
TepOß. naMHTb MamHHM Hcnonb3yeTcn b KanecTße OTo6paaceHnn
cpH3nnecKoro npocTpaHCTßa, a caMH BbinncneHnn npon3BOAnTcn b
tom ace BpeMeHHOM Macnrra6e, kotopmh xapaKTepeH jljw hmhth-
pyeMoro Mnpa. nonoacHTenbHan oco6eHHocTb TaKoro cnoco6a
pemeHHH 3anan 3aKnbonaeTcn b tom, hto HHKorna He BO3HHKaeT
Bonpocoß OTHocnTenbHo eAHHCTBeHHocTH nonynaeMoro pemeHHH.
Omn6KH b hcxoahmx AaHHbix h norpemHOCTH AHCKpeTH3aHHn
MOAenn He BenyT k KaTacTpocpnnecKHM nocneACTBHHM. Ho reocpH3n-
KaM-pa3BeAHHKaM, k coacanemno, peAKO npnxoAHTcn pemaTb
3aAann noAo6Horo Tnna. Bmccto toto, hto6m noMeiuaTb b

3anoMHHabomee ycTpoficTßO npocTpaHCTßo (x, z) h HMHTHpoBaTb
nponecc b ecTecTBeHHOM BpeMeHH t, b naMHTb 3anHCbmabOT
npocTpaHCTßo (jc, /) n npoH3BOAHT sKCTpanonnnHbo no KOopAHHaTe
z. B stom h 3aKJibOHaeTcn Hania pa6oTa — peracTpnpoßaTb
HHCpopManHbo (Ha6nioneHHH) Ha noBepxHOCTH 3eMnn h nbiTaTbcn
SKCTpanonnpoßaTb ee Ha rny6nHy. EcTecTßeHHoe ycToiinHßoe
TeneHHe BpeMeHH eme He o6ecnenHßaeT «AOKa3aTenbCTßa cymecTßO-
BaHHn» toto, hto u,Qim, npecneAyeMbie SKcrpanonnnHeH, o6ocho-
BaHM, yCTOHHHBM HHH npOCTO BO3MOaCHM.

3ananH, CBH3aHHbie c pacneTOM BpeMeH bohh nacTO Ha3MBabOT
npnMMMH 3aAanaMH, a 3ananH SKCTpanonnnnH Ha my6HHy —
o6paTHMMH. npn pemeHHH, HanpHMep, 3ananH o pacnpocTpaHe-
HHH aKycTnnecKHx bohh, hcho, hto HyacHO n hto MoacHo nonyHHTb.
HyacHO Hairm pacnpeAeneHHe 3HaneHHH nnoTHocTH p(x, z) n
HecacHMaeMOCTH K(x, z), a TaKace 3HaTb hctohhhk HananbHoro
BO3MymeHHH. Pacnonaran yKa3aHHon HHCpopManneH, MoacHo pac-
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CHHTaTb 3HaneHHH BonHOßoro nonn jijih nocneAyioinHx momchtob
BpeMeHH b nbo6oH TOHKe npocTpaHCTßa, ho o6mhho HHTepecybOTcn
nnmb ero 3HaneHHHMH Ha noBepxHOCTH 3eMnn, hto6m HMeTb bo3-
MoacHocTb conocTaßHTb nx c HMeiomnMHCH Ha6nbOAeHHnMH. npn
pemeHHH o6paTHOH 3aAann Ha6nioAaeMbie Ha noBepxHOCTH 3eMnn
BonHbi 6epyT b KanecTße bxoahmx AaHHbix h crapaioTCH onpene-
nnTb cpH3nnecKHe CBoncTßa cpeAM p(x, z) h K(x,z). OnbiT
noKa3an, hto pnAOßbie noneßbie Ha6nioneHHH He o6ecnennßabOT
nonyneHHH o6ocHOßaHHbix h npneMneMbix oneHOK H3o6paaceHHH,
nnn OTo6paaceHHH, 3HanemiH napaMeTpoß p h K.

Hto MoacHo H3BJieHb H3 AaHHbix MOB

K cnacTbbo, 6bino o6HapyaceHO, hto HeKOTopbie cpyHKnnH
napaMeTpoß p n K MoacHo HaneacHo onpeAennTb h oTo6paacaTb.
3HaneHHH ckopocth v h aKycTnnecKoro HMneAaHca R onpeAennioTcn
no cpopMynaM

R = yJKp. (286)
06paTHoe pemeHne ypaBHeHHH (28) HaxoAHTcn oneHb npocTo:

npaKTHHecKH pemeHHe ypaBHeHHH (29) He HMeeT oco6oh neHHocra,
TaK KaK napaMeTpbi v u R Ha6nbOAabOTcn nepe3 HenepeKpMßabo-
mnecn cneKTpanbHbie oKHa. AKycTnnecKHH HMnenaHC R npocMaTpn-
BaeTcn nepe3 cneKTpanbHoe okho c thhhhhoh nonocon 10— 100 Tn
npn xopomeM KanecTße MaTepnanoß MOB. TaK KaK moKonacTOT-
Han nacTb cneKTpa OTcyTCTByeT, o6mhho roßopnT, hto b stom
cnynae Ha6nbonaeTcn He

HMneAaHC,

a rpaAneHTHan cpyHKnnn
OTpaacaTenbHon choco6hocth, o6o3HanaeMan nepe3 c (x, z)
h paßHan Vlog(i?).

CKopocTb v Ha6nbOAaeTcn nepe3 ropa3AO MeHbinee okho. Ee
onpeAenenne CBH3aHO c H3yneHneM 3aBHCHMOCTH BpeMeHH npo6era
BOnHbl OT paCCTOHHHH MeaCAy CeHCMOnpHCMHHKOM H HCTOHHHKOM H
6yneT H3noaceHO b rn. 3. C noMombio BToporo H3 yKa3aHHbix okoh
TpyAHO nonynnTb 16 He3aßHCHMbix onpeAeneHHH ckopocth no
ceiicMorpaMMe AnHTenbHOCTbbo 4 c. nosTOMy, KaK noKa3aHO Ha
pnc. 30, AaHHoe okho hmcct nonocy ot 0 ao &2 Tn.

Otmcthm, hto b HHTepßane 2— lo Tn pacnonaraeTcn HHCpopMa-
nnoHHMH npoßan. /^aace ecnn npeAnonoacHTb, hto cpH3HKa ropHbix
nopoA b coctohhhh AaTb HaM 3aBHCHMOCTb MeacAy p n K,
yKa3aHHbin Bbime npoßan cepbe3HO yMeHbmaeT cnoco6HOCTb
ceHCMopa3BeAHHKOB nporHo3npoßaTb pa3pe3 ao toto, KaK npo6y-
peHa CKBaacHHa. CeHCMopa3BeAHHKH MoryT c HeKOTopon CTeneHbbo

v = jK^, (28a)
R = yjKp. (286)

K=vß, (29a)
p =R/v. (296)
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PHC. 30. HaneacHOCTb hh-
cJ)opMannH, nonynaeMon
npn

Ha3eMHOH

cencMopa3-
BeAKe MOB:
1 TOHHOCTb; 2— CKOpOCTb;
3— OTpaxcaTejibHaa cnoco6-
HOCTb

. vk.
2 10 too

onpeneneHHOCTH nporHo3npOßaTb nnmb OTcpHnbTpoßamryio Kapo-
TaacHybo KpHßybo.

OnncaHHoe Bbime nonoaceHHe jxqji c noneBMMH Ha6nbOAeHHHMH
3acTaßHno cencMopa3BennHKOß, pa6oTabomnx c OTpaacemiMMH
BonHaMH, ynoTpe6nnTb chobo «CKopocTb» b 6onee kohkpcthom
CMbicne. J\jm hhx TepMHH CKopocTb o3HanaeT HH3KonacTOTHyio
no npocTpaHCTBeHHOH nacTOTe nacTb «AencTßHTenbHoii ckopocth».
BbicoKonacTOTHybo nacTb nocnenHen He Ha3MBabOT CKopocTbbo,
ee Ha3MBabOT OTpaacaTenbHOH cnoco6HOCTbbo. nnoTHOCTb,
KaK npaßnno, He npHHHMabOT bo BHHMaHHe, TaK KaK OHa
npaKTHHecKH He noAAaeTcn H3MepeHHbo cpeACTBaMH Ha3eMHOH
ceHCMopa3BeAKH MOB.

MaTeMaTHHecKHe oGpanibie 3aAann

B MaTeMaTHKe pemeHHe o6paTHoii 3aAann CTano 03HanaTb
«onpeneneHne» cpH3nnecKHX cbohctb cpeAM no bohhobmm nonnM.
3to AOCTHraeTcn name Bcero nocpeACTBOM HeKoen «cxoAnmencn
nocneAOßaTenbHocTH». TeocpH3HKH MeHee CTporn (nnn ace 6onee
nH6epanbHbi) OTHocnTenbHo toto, hto noHHMaTb non TepMHHOM
«onpeAeneHHe». B rn. 1 h 2 naHHOH khhth OTpaacabomne rpaHnnbi
«onpeAeneHM» c noMorubbo noHHTHn 06 H3nynabomeM OTpaaceHHH.
B rn. 3 bboahtch KoopAHHaTa yAaneHHH B3pMB — npneM, a
cpyHKnnH OTpaacaTenbHOH choco6hocth c (x, z) h ckopocth v (z)
«onpeAennbOTcn» c noMomtio hohhthh rny6nHHoro Ha6nbOAeHHH.
B rn. 5 pa3BHßaeTcn KOHnennHH nonaßneHnn KpaTHbix OTpaaceHHH h
HaxoacAeHHH «hcthhhmx» aMnnnTyA OTpaaceHHH nyTeM o6HyneHnn
Bocxonnmnx bohh ao MOMeHTa BCTynneHHH nanabomen. CxeMM
o6pa6oTKH, KOTopbie hohbhtch b 6yAymeM, BeponTHO, npHBeAyT k
nonßneHHbo hobmx hohhthh, CBH3aHHbix c nocTpoeHneM H3o6paace-
hhh. MoacHo 6bino 6m noKa3aTb, hto HeKOTopbie Hamn «onpeAene-
HHH» COBnaAabOT C npHMCHHeMMMH

MaTCMaTHKaMH,

HO MM BOBCe
He npecnenyeM TaKybo nenb.

Bmboa aKycTHnecKoro bo.ihoboi o ypaBHeHHH

AKycTnnecKoe BonHOßoe ypaßHeHHe onncbmaeT noBeAeHHe 3By-
kobmx bohh b acHAKOCTHx nnn ra3ax. JlpyTOQ, 6onee cnoacHoe
MHoacecTßO ypaBHeHHH onncbißaeT noßeneHHe ynpyrax bohh b
TBepAbix Tenax nnn b cnnouiHbix cpeAax. PaccMOTpHM CHanana
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aKycTnnecKHH cnynan. 06o3HanHM nepe3 p MaccyeAHHHHHoro o6beMa
cpnbOHAa, nepe3 u —ckopocthoh noTOK cpnbOHAa b HanpaßneHHH och
KoopAHHaT x, nepe3 w— ckopocthoh noTOK cpnioHna b HanpaßneHHH
och KoopAHHaT h Hepe3 P— naßneHHe BHyTpn cpmonna. CornacHO
3aKOHy coxpaHeHHH KonnnecTßa ABHaceHHn HbbOTOHa, noA bo3achct-
BneM npnnoaceHHon chhm He6onbmoii o6bcm b ra3oßon cpene
6yAeT ycKopnTbcn. Cnna BO3HHKaeT H3-3a pa3HOCTn AaBneHHH Ha
npoTHßononoacHbix rpaHnx paccMaTpnßaeMoro He6onbmoro 06b-
eMa. 3aKOH HbbOTOHa MoacHo Bbipa3HTb b Bnne cnoßecHOH
cpopMynbi: Macca x ycKopemie = cnna = —rpaAHeHT AaBneHHH

JIpyTHM cpH3nnecKHM nponeccoM HBnneTcn HaKannnßaHHe SHep-
rnn nyTeM cacaran h H3MeHeHHH o6i?eMa. Ecnn BeKTop ckopocth u b
TOHKe x+Ax 6onbme cooTßeTCTßybomero BeKTopa b tohkcx, to tobo-
pnT, hto noTOK AHBeprnpyeT. XlpyraMH cnoBaMH, He6onbmoii o6T>eM
Meacny TOHKaMH x n x+ Ax pacmHpneTcn. PacmnpeHne nonaoio
npHBOAHTb k naAeHHbo AaBneHHH. BennnnHa naAeHHH AaBneHHH
nponopnnoHanbHanapaMeTpy cpnbOHAa, Ha3MBaeMOMy HecacnMae-
MOCTbbo K. B OAHOMepHOM BapnaHTe ypaßHeHHe HMeeT bha:
naAeHHe AaBneHHH = (HecacnMaeMocTb) x (AHBeprcHHHH ckopocth)

-dP/dt=K(du/dx). (31a)
B AByxMepHOM BapnaHTe oho npnHHMaeT bha:

-dP/dt=K(du/dx + dw/dz). (316)
Mto6m npHHTH K OAHOMepHOMy BOHHOBOMy ypaBHeHHbO, BO3bMeM
3a ncxoAHbie cooTHomeHHn (30a) h (31a), CHanana pa3AenHM
ypaßHeHHe (30a) Ha p n BO3bMeM ero npon3BOAHybo no x:

3aTeM HanAeM npoH3BOAHyio no BpeMeHH ot ypaBHeHHH (31). B
HayKax o TBepAOH o6ononKe 3eMnn nonb3ybOTcn TeM cnacTnHBMM
o6cTOHTenbCTBOM, hto HccneAyeMoe BemecTßo He H3MeHneT cbohx
cbohctb bo BpeMH npoBeAeHHH SKcnepnMeHTa. 3to 3HaHHT, HTO K
nocTOHHHa bo BpeMeHn:

nocne noACTaHOBKH (32) b (33) nonynaeTcn OAHOMepHoe CKannpHoe
BonHOßoe ypaßHeHHe BHAa

B TOHHOM BapnaHTe C AByMH npOCTpaHCTBeHHMMH KoopAHHaTaMH
aKycTHnecKoe CKannpHoe bohhoboc ypaßHeHne npnHHMaeT bha

du dP

,„*

v

P^-=--r , (30a)
dt dx

p a7=-&- (305)

0 0 0 1 OP ,--.—u=—— -— . (32)
dx dt ox p ox

o 2P „.d d— =-K-—u. (33)dt dt ox

d2p „a idp . ,
TY =K-- — . (34a)Sr dxp dx
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(346)
ot \dx pdx oz pozJ

BaM nacTO 6yneT BCTpenaTbcn CKannpHoe BonHOßoe ypaßHemie b
ynpomeHHOM BHAe, npn ycnoBHH, hto p He 3aBHCHT ot x n z.
noAo6Hoe ynpomeHHe onpaßAMßaeTcn cneAyiomHMH abvmh aobo-
AaMH. 80-nepßbix, o6mhho no caMHM Ha6nbOAeHHHM onpeAenHTb
nnoTHocTH 6bißaeT Heßo3MoacHO, nosTOMy c OAHHaKOBMM ycnexoM
HX MOaCHO nonOaCHTb nOCTOHHHMMH. 80-BTopbix, BCKope MM
y6eAHMcn, hto pemeHne MeTOAaMH Oypbe He nonynaeTcn b cnynae
nepeMeHHbix npocTpaHCTßeHHbix KoscpcpnnneHTOß. npeacAe neM
HccneAOßaTb cnpaßeAnnßOCTb nocneAHero ynpomeHHH, paccMOTpHM
cneACTBHn H3 Hero. YKa3aHHoe ynpomeHne npHBOAHT (346) k
o6biHHOMy cKannpHOMy BonHOBOMy ypaßHeHHbo

*I=k(*-+*l\p (35)dt2 o\dx 2^dz2) K }

4"to6m y6eAHTbcn b tom, hto nocneAHee ypaßHeHHe npeACTaß-
nneT co6on MaTeMaTHnecKoe Bbipaacemie Tex reoMeTpHnecKHX
KOHnennnii, KOTopbie 6mhh H3noaceHM b upeAMAymnx pa3Aenax,
noACTaBHM b Hero npo6Hoe pemeHHe BHAa

P— exp(— mt-\-ikxx+ ikzz). (36)
B pe3ynbTaTe nonynaeM AncnepcnoHHoe cooTHomeHHe AByxMep-
Horo CKannpHoro BonHOßoro ypaBHeHHH

(o2 /(K/p) =k 2
x +k2 . (37)

PaHee [cm. pa3Aen 1.2, ypaßHeHHe (14)] ypaßHeHHe noAo6Hoe
(37) 6bino nonyneHo npn paccMOTpeHHH nnmb reoMeTpnnecKO-
ro noBeAeHHH bohh. B tom bmboac Ha MecTe OTHomeHnn
K/p, croHinero b ypaBHeHHH (37), OKa3ancn KBaApaT cKopoc-
TH BOnHM. nOSTOMy H CpH3HHCCKHH H TeOMeTpHHCCKHH nOAXO-
AM MoacHo cornacoßaTb MeacAy co6on. ecnn Bocnonb3oßaTbcn
cooTHomeHHeM

v 2 =K/p. (38)
H, HaKOHen, nocMOTpnM, noneMy npHMeHeHHe mctoaob Oypbe He
npnHOCHT yAann b Tex cnynanx, Korna CKopocTb CTaHOBHTcn
nepeMeHHOH no npocTpaHCTBeHHOH KOopAHHaTe. nycTb co, kx h kz
He 3aBHCHT ot npocTpaHCTBeHHOH KoopAHHaTM. noACTaBHB ypaßHe-
HHe (36) b cooTHomeHHe (35), npnxoAHM k npoTHßopennbo,
3aKnbonabomeMycn b tom, hto co, kx n k z AonacHM 6biTb
nepeMeHHMMH no npocTpaHCTßy b cnynae 3aBHCHMOCTH ckopocth
OT npOCTpaHCTBeHHOH KOOpAHHaTM.

BbicTpo3aTyxaiomHe h noßepxHOCTHbie BonHbi

3aßepniHß cpH3nnecKHH bmboa AncnepcnoHHoro cooTHomeHHn

k2
x+k 2

z =®2 /v 2 , (39)(39)
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PHC. 31. Beepbi OTpaaceHHon SHeprnn
|coI > v(z) Ikx |

CTaHOBHTca

yace c poctom
CKOpOCTH H rjiy6nHbi. noßepxHocTHbie Bon-
hm npencTaßnaioT co6on 3HeprHio, pacnpo-
CTpaHaiomyioca b6jih3h noBepxHOCTH h
6wcTpo 3aTyxaiomyio c rjiy6nHOH:
/— OTpaaceHHa; 2— noßepxHocTHbie

BoaHbi;

3—6biCTpo3aTyxaiomafl aHeprna

MoacHo no-HOBOMy B3rnnHyTb Ha Hero. Oho coAepacnr b ce6e
6onbine

CMbicna,

neM MoacHo 6bino oacHAaTb ot

BMBOAa,

CAenaH-
Horo c reoMeTpHnecKHx no3nn,HH. /JncnepcHOHHoe cooTHomeHHe
nepßOHananbHO paccMaTpHßanocb npocTO b KanecTße ypaBHeHHH
THna sin2 0+ cos 2 0= 1, npnneM smQ— vkx/d). CneAOßaTenbHO, b

3HaneHHHx sinO, 6onbmnx 1, nnn vkx, 6onbmnx co, CMbicna He
6bino. Tenepb ace oh ecTb. B AByx H3 yKa3aHHbix Bbime mctoaob
MHrpannn coAepacanacb cKpbiTan HeoAHO3HanHOCTb: nocKonbKy
Ha6nbOAeHHbie AaHHbie MoryT 6biTb cpymcnHeH npon3BonbHoro BHAa
Ha nnocKocTH (t, x), nx cpypbe-npeo6pa3oßaHHe MoaceT 6biTb
npoH3BonbHoii cpyHKnneH Ha nnocKocTH (co, kx), hto noncHneTcn
pnc. 31.

B tom cnynae, KorAa vkx npeßocxoAHT no cßoeii BennnHHe co,
H3BecTHoe HaM Bbipaacemie uponeAypM SKCTpanonnnnH bhh3 nynme
npencTaßHTb b bhac cooTHomeHHn

Oho 03HanaeT, hto 3aßncnMocTb (JnonnecKoro pemeHHH ot
rny6HHM npeACTaßnneT co6on Bo3pacTabomyio Hnn y6bißabomyio
noKa3aTenbHybo cpyHKnnbo. 3th pemeHHH Ha3MßabOTcn 6bicTpo-
3aTyxabomnMH BonHaMH. B npeAenbHOM cnynae co = 0 BonHOßoe
HHcno kx BeinccTßeHHO, akz= ± ikx. /Jjih cnynan ynpyrnx BonH sto
MoaceT npeACTaßnnTb co6oh, HanpHMep, AecpopMannio rpyHTa noA
CTonmnM caMoneTOM. BonHa 6yneT H3nynaTbcn bhh3 TonbKO b tom
cnynae, ecnn caMoneT 6yneT ABHraTbcn no noBepxHOCTH 3eMnn co
CBepx3ByKOBOH CKopocTbbo. Ecnn ace caMoneT ABnaceTcn c AO3ByKo-
BOH CKOpOCTbbO, TaKybO AeCpOpManHbO Ha3MBabOT KBa3HCTaTH-
necKon.

MoaceT 6biTb, 6onee noAxoAnmHM cpH3HnecKHM onncaHneM
AaHHoro HBneHHn 6yneT SKcnepHMeHT c CHHycoHAanbHO pncpneHMM
hhctom. noAo6Hbie pHcpneHbie MeTannHnecKHe mHTM HHorAa
ncnonb3ybOT b KanecTße KpoßenbHoro MaTepnana nnn ABepen AJin
rapaaca. Jlimua BonHbi pncpneHHn onpeAenneT 3HaneHHe kx. Ecnn
ABnraTb TaKOH hhct Bo3ne yxa co CKopocTbbo v, to MoacHo
ycnbimaTb rapMOHHKy Kone6aHHH c nacTOTon vkx, npnneM 6e3-

Q±is/a>2 /v 2-k2xz_ Q± s/kx-(d2 /v 2z mq\
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--pa3nHHHo, 6yneT nn v 6onbme mm MeHbme ckopocth 3ByKa b
Bo3nyxe. Ho cnna 3ByKa 6yneT ocna6jiHTbcn no SKcnoHeHTe c
Poctom paccTOHHHH MeacAy yxoM h hhctom, ecnn TonbKO CKopocTb
nepeMemeHHn nncTa He 6yneT cnnrnKOM 6onbinoii, t. e. KorAa
V>v. B stom cnynae ABHacyinniicH pncpneHbin hhct 6yAeT H3nynaTb
3ByK Ha 6onbmoe paccTOHHHe. Hmchho no stoh npnHHHe
CBepx3ByKOßbie caMonenbi pacxonyiOT TaK mhoto TonnHßa.

Mto AonacHa AenaTb nporpaMMa Mnrpannn c SHepraen,
ABHacymencn co CKopocTbbo, MeHbineii ckopocth 3ByKa? C TeopeTH-
necKon tohkh 3peHHH TaKan SHeprnn AonacHa SKcnoHeHnnanbHO
3aTyxaTb b HanpaßneHHH ot HCTOHmnca. B KonHnecTBeHHOM
OTHomeHHH 3aTyxaHHe b Kpaeßbix o6nacTnx npocTpaHCTßa (co, kx)
nponcxoAHT HCKnbOHHTenbHo 6biCTpo. nosTOMy, cornacHO npocTon
TeopnH H3nynabomnx OTpaacabonrnx rpaHHn, npn CTonb hh3khx
ckopocthx AonacHa 6biTb oneHb He3HanHTenbHan SHeprnn.

B AencTBHTenbHOCTH ace, b o6nacTH cymecTBOBaHHH 6biCTpo-
3aTyxabomnx BonH npocTpaHCTßa (co, kx) Ha6nbOAabOTcn AOBonb-
ho 6onbniHe KonnnecTßa SHepran. 3to eme oaho oneHb cna6oe
MecTO KOHnennHH H3nynabomnx oTpaacabomnx rpaHnn. OTMeneHHoe
ocnoacHeHne AOCTHraeT Kpainrnx npeAenoß npn Ha6nbOAemiHX Ha
cyme. BonHbi, KOTopbie 6biCTpo 3aTyxabOT b 3anerabOHnrx Ha
rny6HHe bmcokockopocthmx nopoAax, MoryT pacnpocTpaHHTbcn Ha
6onbmne paccTonimn b hh3kockopocthom npnnoBepxHOCTHOM
cnoe. TaKybo SHeprabo Ha3bmabOT noßepxHocTHon bojihoh.

npHMep ee npHBeAeH Ha pnc. 32. CaMan BepxHnn nacTb pa3pe3a,
KOHTponnpyboman o6pa3oßaHHe noßepxHOCTHbix bohh, cnnbHo
H3MeHHHBa h CBoen H3MeHHHBocTbbo HanoMHHaeT noBeAeHHe
pejibecpa 3eMnn. nosTOMy, xoTb pnc. 32 n HBnneT co6oh npeKpac-

PHC. 32. CencMorpaMMa, nojiyneHHaa b ycnoßHax MejiKOßOAba y 6eperoß OnopnAw,
xapaKTepH3yeTca noBepxHOCTHbiMH BonHaMH n

nacTOTHOH

Ancnepcnen
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iimh npHMep, Ha jj,qjiq He cymecTßyeT npHMepa, kotopmh MoacHo
6bino 6m Ha3BaTb THnnnHMM. Ha pncyHKe H3o6paaceH He pa3pe3
npn Hyneßbix ynaneHnnx, a o6biKHOBeHHan cencMorpaMMa OTB,
npnneM nyHKT B3pbißa pacnonoaceH cneßa, a cencMOTpaccbi
3aperncTpHpoßaHbi Ha nocnenoßaTenbHO yßenHHHßaboinnxcH pac-
CTonHHnx ot nB. npnMan onpeAenneT CKopocTb pacnpocTpaHeHHH
b Bone. Bonee KpyTbie och CHH(pa3HocTH cooTBeTCTBybOT noßepx-
hocthoh BonHe. Ha pncymce npncyTCTßyioT ABa THna noßepx-
hocthmx bohh— oahh co CKopocTbbo pacnpocTpaHeHHH, npn6nn3H-
TenbHO b 2 pa3a MeHbineii, neM CKopocTb b Bone, h Apyron, 6onee
cnnbHbin no SHeprnn, co CKopocTbbo, paBHOH neTBepTH ckopocth b
boahom cnoe. IlocneAHHH, 6onee cnnbHan BonHa neMOHCTpHpyeT
HHTepecHoe cbohctbo, H3BecTHoe KaK nacTOTHan Ancnepcnn.
Ecnn nocMOTpeTb Ha ceiicMorpaMMy, to MoacHo 3aMeTHTb, hto
BbicoKonacTOTHbie BonHbi BCTynabOT paHbme HH3KonacTOTHbix.

noßepxHocTHbie BonHbi HBnnbOTcn HeacenaTenbHMMH noMexaMH,
TaK KaK H3-3a sKcnoHeHnnanbHoro 3aTyxaHHn c my6nHon npaKTH-
necKH He pearapybOT Ha HHTepecybonnie Hac rny6HHHbie o6beKTM.
nosTOMy cencMHnecKybo sHeprnbo, pacnonoaceHHybo b KpaeßOH
o6nacTH npocTpaHCTßa (co, kx), cnenyeT noAaßnnTb. Cynn no
MaTeMaTnnecKOMy onncaHHbo, cnoacHoe OTo6paaceHHe MOAenbHoro
npocTpaHCTßa b ceHCMnnecKoe n o6paTHO HBnneTcn He ToacAecTßeH-
hmm, a HAeMnoTeHTHMM npeo6pa3oßaHHeM.

OTpaaceHHH h BbicoKonacTOTiibiH npeAen

H3BecTHO, Hto Hannnne KOHTaKTa Meacny pa3nHHHMMH Be-
mecTßaMH MoaceT npnßecTH k nonßneHHio aKycTnnecKHx cbohctb.
KoHTaKTOM Ha3MßaeTcn TaKoe

MecTO,

Tjxe nn6o K, nn6o p
H3MeHHbOTcn cKaHKOM b npocTpaHCTße. B OAHOMepHOM cnynae nn6o
dK/dx, nn6o dp/dx, nn6o o6e npon3BOAHbie MoryT oKa3aTbcn
6ecKOHenHMMH b TOHKe h no nbo6oH H3 yKa3aHHbix npHHHH MoaceT
BO3HHKHyTb OTpaaceHne. nosTOMy MoaceT 6biTb BbirnnAHT HeMHoro
CTpaHHMM TO o6CTOHTenbCTBO, HTO B ypaBHeHHH (346) npoH3BOA-
Han nnoTHocTH conepacHTcn b hbhom BHAe, a npoH3BOAHan
HecacHMaeMOCTH— b hchbhom. nocneAHee 03HanaeT, hto HCKnbone-
HHe H3 ypaBHeHHH (346) rpanHeHTa nnoTHocTH He npHßeneT k
nHKBHAannn Bcex Bo3MoacHbix OTpaaceHHH. HcKnboneHne yKa3amrbix
nneHOB ypaBHeHHH, OAHaKO, HecKonbKO ynpomaeT AanbHenmnH
aHann3 h, nocKonbKy cnynan nocTOHHHOH nnoTHocTH BnonHe
AonycTHM, sth nneHM 3anacTybo onycKabOTcn.

CymecTßybOT H3BecTHbie MaTeMaTHnecKHe ycnoBHH, npn co6nio-
AeHHH KOTopbix MoacHo npeHe6peraTb nneHaMH nepßoro nopnAKa.
CoCpeAOTOHHM BHHMaHHe Ha BOnHe, ABHacymeHCH B HCKOTOpOM
HanpaßneHHH. B stom cnynae BennnnHM co, kx h kz 6ynyT
onpeAeneHHMM o6pa3oM B3anMOCBH3aHM Meacny co6on. B npenenb-
hom cnynae, Korna nacTOTa Bo3pacTaeT ao 6ecKOHenHocTH, nneHM
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nocToaHHaa,

a Y= l/^/p(z)K(z), b

KanecTße

npo6Horo peuieHHa ojjHOMepHo-
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ypaBHeHHH (35) P tt, Pxx h Pzz 6yAyT cTpeMHTbcn k 6ecKOHenHOCTH b
KBanpaTe. TlycTb ABe cpeAM nocTeneHHO nepexoAHT Apyr b Apyra,
t. e. npoH3BOAHan dp/dx MeHbme 6ecKOHenHOCTH. MneHM, koto-
Pmmh mm npeHe6pernH npn nepexone ot ypaBHeHHH (346) k
ypaßHeHHbo (35), hmciot bha PXPX h pzPz . npn crpeMnemrH
nacTOTM k 6ecKOHenHOCTH ohh crpeMHTcn k 6ecKOHenHOCTH nnmb b
nepßon

CTeneHH,

a cnenoßaTenbHo nx MoacHo OT6pocHTb.
YKa3aHHbie Bbime nneHM ypaBHeHHH o6mhho ynnTbrnabOTCH b

Tex pa3Aejiax TeopeTHnecKon cencMonoran, KOTopbie nocßnmeHM
pacneTy CHHTeTnnecKHx cencMOTpacc. Ho KorAa nenb coctoht b co-
3AaHHH MOAeneii rny6nHHoro CTpoeHnn 3eMnn no noneBMM cencMO-
pa3BeAOHHMM Ha6nbOAeHHHM, KOTopybo co6cTBeHHo, npecneAyeT n
HacTonman KHHra — hmh o6mhho npeHe6peraiOT. nocTpoeHHe cenc-
MHnecKHx H3o6paaceHHHrny6nHHoro CTpoeHHH 3cmhmx HeAp — 6onee
cnoacHan 3anana, neM pacneT CHHTeTnnecKOH cencMOTpaccbi. Ho nac-
to sthmh nneHaMH npeHe6perabOT nnmb noTOMy, hto xotht yMeHb-
mHTb KnaTTep, nnn KorepeHTHyio HHTepcpepeHnnio. Hmh MoacHo npe-
He6peraTb h no toh ace npnnHHe, no KOTopon ypaBHeHHH nacTO 3anncbi-
BaioT He b TpexMepHOM, a b AByxMepHOM BapnaHTe—TpexMepHoe
pacninpeHHe o6mhho BO3MoacHO, ho peAKO hco6xoahmo. KpoMe to-
to, sth nneHM nacTO OT6pacbißabOT AJin o6nerneHHn cnoco6oß peme-
HHH, ocHOßaHHbix Ha cpypbe-npeo6pa3oßaHHHx. MoryT BO3HHKHyTb
h TaKne npaKTnnecKHecnTyannn, npn KOTopbix hxcnenyeT npHHHMaTb
bo BHHMaHne. B cnynae npnMeHeHHH cnoco6a kohchhmx pa3HOCTen
(cm. pa3Aen 2.2) yneT sthx nneHOB He npeACTaßnneT 3aTpynHeHHH.
Ho KaacAMH pa3, KorAa npeAnpHHHMabOTcn nonbiTKH ynHTMBaTb hx
npn o6pa6oTKe Ha6nbOAeHHbix AaHHbix, cnenyeT TaKace npHHHMaTb
b pacneT h Apyrne cpaKTopbi, nrpaboinne paßHo3HanHyio ponb, KaK,
HanpHMep, npeAnonoaceHne o tom, hto aKycTHnecKoe ypaßHeHHe
yAOBneTBopHTenbHO annpoKCHMnpyeT MHp ynpyrnx AecpopMannn.

Ylipa'/KHCIIHH
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noACTaBbTe npo6Hoe pemeHne (41) b

BonHOßoe

ypaßHeHHe (42). HanAHTe
onTHMajibHoe cooTHomeHHe Meacny H3MeHeHneM BemecTßeHHbix cbohctb h cnpaßeA-

nHßocTbio

naHHoro pemeHHH npn pa3HHHHbix AJinHax Bonn.

1.5. ITapaKCMa.ibiioe bojihoboc ypaßHeHHe

B OTnHnne ot ypaBHeHHH Oypbe, CKannpHoe BonHOßoe ypaßHe-
HHe AonycKaeT npoH3BonbHbie Bapnannn htiothocth h ckopocth no
npocTpaHCTßy. flosTOMy MoacHo 6bino 6m oacHAaTb, hto oho
toahtch AJin npHMoro nocrpoemiH MHrpnpoßaHHbix pa3pe3oß. Ho
jxjih MHrpannoHHbix npeo6pa3oßaHHH oho npaKTHHecKH hc HaxoAHT
npnMeHeHHH. nonpo6yeM CHanana pa3o6paTbcn b neM TyT neno, a
3aTeM no3HaKOMHMcn c napaKcnanbHMM BonHOBMM ypaßHe-
HHeM, neacaiHHM b ochobc 6onbniHHCTßa cnoco6oß MHrpannn,
npHMeHneMbix npn o6pa6oTKe ceHCMopa3BeAOHHbix MaTepnanoß.

C cpnnococpcKOH tohkh 3peHHH napaKcnanbHoe BonHOßoe ypaß-
HeHHe 3aHHMaeT mccto rne-TO nocpeAHHe MeacAy npocTMMH
noHHTHHMH nyneßOH TeopHH h TeopHH nnocKnx bohh, c oahoh
ctopohm, h 6onee rny6oKHMH KOHHenuirHMH, BonnomeHHMMH b
bohhobom ypaBHeHHH, c Apyron ctopohm. (3aMeTHM, hto napaK-
cnanbHoe BonHOßoe ypaßHeHHe Ha3MBabOT TaKace ypaBHeHHeM c
oahhm KBaApaTHMM KopHeM. B rn. 2 nacTHMH ero cnynan
Ha3BaH napa6onHnecKHM BonHOBMM ypaBHeHHeM). Bmboa
napa6onnnecKoro BonHOßoro ypaBHeHHH HanHHaeTcn He c npocTbix
nOHHTHH KnaCCHHeCKOH CpH3HKH, a HAeT cnoacHMMH nyTHMH,
HanoMHHaiomHMH bmboa ypaBHeHHH IllpeAHHrepa KBanroßOH cpH-
3hkh. Tpe6yeTcn HeKOTopoe BpeMH, hto6m noHHTb, j\jm nero HyacHO
TaKoe ypaßHeHHe. Korna b 1970 r. n Bnepßbie BBen napa6onHnecKoe
BonHOßoe ypaßHeHHe b ceHCMopa3BeAOHHbie BbiHncnHTenbHbie npo-
neAypM, k HeMy oTHecnncb c 3aMeTHMM HeoAo6peHneM. K cnacTbbo
jijih Bac, HHTaTenn, toam pa6oTM c hhm Haynnnn mchh AOCTynHo
06bHCHHTb CMMCn H Heo6xOAHMOCTb stoto ypaBHeHHH. K cnacTbbo
jijih MeHH caMoro, oho 3aHnno AOMHHnpyiomee nonoacemie b ccpepe
o6pa6oTKH cencMopa3BeAOHHbix MaTepnanoß, hto nonacHO no6y-
AHTb Bac k cepbe3HOMy ero H3yneHHbo.

Bm no3HaKOMHTecb c napaKcnanbHMM ypaBHeHHeM nepe3
MeTOAM Oypbe. nocneAHne HecoBMecTHMM c KoscpcpnuneHTaMH,
nepeMeHHMMH no npocTpaHCTBeHHOH KOopAHHaTe. nocKonbKy
acenaTenbHO ynnTbrnaTb npocTpaHCTßeHHbie BapHaunn ckopocth,
yKa3aHHoe orpaHnneHne cnenyeT, b kohchhom cneTe, CHHTb.
nosTOMy nocne nepeßona napaKcnanbHoro ypaBHeHHH b o6nacTb
Oypbe BennnHHa ik z 3aMeHneTcn Ha d/dz, a ikx —Ha d/dx. Tenepb
CKopocTb MoaceT 6biTb nepeMeHHOH no npocTpaHCTBeHHOH koopah-
HaTe. B HTore nonynaeM AHCpcpepeHnnanbHoe ypaßHeHHe b nacTHbix
npoH3BOAHbix, KOTopoe nacTO pemaeTCH MeTOAaMH kohchhmx
pa3HOCTeH. OnncaHHan Bbime nponenypa BMBOAa OKa3MßaeTcn

AencTBHTenbHOH,

ho nnna, H3ynabomHe MHrpaHHOHHoe npeo6pa3o-
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BaHne, no BnonHe hohhthmm npnnHHaM othochtch k Hen c
HenoßepneM. nosTOMy b KOHne HacTonmero pa3Aena khhth naeTcn
bmboa napaKcnanbHoro ypaBHeHHH 6e3 ncnonb3oßaHnn mctoaob
aHann3a Oypbe.

lloneMy CKanapiioe bojihoboc ypaßHeHHe peAKO Hcnojib3yeTCH ajih
MHrpanuH

}Kn3Hb 6bina 6m 3HanHTenbHO npome, ecnn 6m MHrpannoHHoe
npeo6pa3oßaHHe MoacHo 6bino AenaTb c noMombbo CKannpHoro, a
He napaKcnanbHoroBonHOßoro ypaBHeHHH. /JencTßHTenbHO, MHrpa-
HHOHHbie npeo6pa3oßaHHH MoacHo BbinonHHTb c noMoinrno CKannp-
Horo BonHOßoro ypaBHeHHH h y stoto cnoco6a hmciotch hckoto-
pbie noTeHHHanbHbie nocTOHHCTBa [74, 88]. TeM He MeHee 6onee
99% coßpeMeHHbix cnoco6oß MHrpaHHOHHoro npeo6pa3oßaHnn
ceHCMopa3BeAOHHbix Marepnanoß ocHOBMBabOTcn Ha napaKcnanb-
hom ypaBHeHHH.

TnaßHan TpyAHOCTb co CKannpHMM BonHOBMM ypaBHeHHeM
coctoht b tom, hto npn ero pemeHHH Heßo3MoacHO H36eacaTb
Heo6xoAHMOCTH yneTa KpaTHbix OTpaaceHHH. KoHHemmH ace H3ny-
naiomnx oTpaacaiomnx rpaHnn He npenycMaTpHßaeT pacneTa
MHoroKpaTHbixOTpaaceHHH. Jlqjio b tom, hto nepßHHHbie (oAHOKpaT-
Hbie) OTpaaceHHH MoacHo MOAennpoßaTb c noMornMO TonbKO
bocxoahhihx bohh, ho nnn pacneTa KpaTHbix Tpe6ybOTcn n
BocxoAnmne h naAabornne. KpaTHbie OTpaaceHHH, Ha6nbOAaeMbie b

AencTBHTenbHOCTH,

coßepmeHHO OTnnnabOTcn ot nporao3HpyeMbix
b cooTBeTCTBHH c KOHnennneH H3nynabomHx OTpaacaiomnx rpaHnn.
B cnynae KpaTHoro OTpaaceHHH ot MopcKoro AHa npn BpeMeHH
OTpaaceHHH ot Hero, paBHOM t

O

, KpaTHbie OTpaaceHHH Ha6nbOAabOTcn
Ha BpeMeHax 2t0 , 3t0 , 4t0 , .... B KOHnenryanbHOH Monenn
H3nynabomnx rpaHnn npn BpeMeHH npo6era BonHbi ao AHa, paBHOM
t

O

, KpaTHbie OTpaaceHHH 6yAyT Ha6moAaTbcn Ha BpeMeHax 3/0 , 5t 0 ,
npn KOHCTpyHpoBaHHH TenecKona, MHKpocKona nnn cpoToanna-

paTa ero co3naTenb npnHHMaeT Mepbi AJin noAaBneHHH OTpaaceHHO-
ro b o6paTHOM HanpaßneHHH

CBeTa,

TaK KaK nocneAHHH co3AaeT Ha
H3o6paaceHHH cpoH noMex. no aHanoran co cKa3aHHMM, npn
co3AaHHH nporpaMMbi MnrpannoHHoro npeo6pa3oßamiH mm He
ynHTMBaeM sHeprnio, He ynacTßybomyio b cpopMnpoßamni H3o6pa-
aceHHH. CKannpHoe ace BonHOßoe ypaßHeHHe c nepeMeHHMMH b
npocTpaHCTße KoscpcpHnneHTaMH 6yneT reHepnpoßaTb TaKyns SHep-
rmo, KOTopan oco6eHHO BpeAHa, ecnn o6nanaeT KorepeHTHOCTbbo h
MnrpnpyeT Ha Te 3HaneHHH BpeMeHH, Ha KOTopbix OAHOKpaTHbie
OTpaaceHHH cna6bi. OHa co3Aacr TaKon ace scpcpeKT, hto h

OTpaaceHne ot npKo ocßemeHHoro

OKHa,

nanaiomee Ha SKpaH
TeneßH3opa. nosTOMy, ecnn bm Bce-TaKH nonbiTaeTecb BbinonHHTb
MHrpannoHHoe npeo6pa3oßamie c noMomtbo CKannpHoro BonHOßO-
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ro ypaBHeHHH, to nocTapaiiTecb CAenaTb CKopocTHybo cpyHKnnbo KaK
MoacHo 6onee rnaAKon.

Eme OAHa TpyAHOCTb nocTpoeHHH cencMHnecKHx H3o6paaceHHH c
noMombbo CKannpHoro BonHOßoro ypaBHeHHH BO3HHKaeT H3-3a
6bicTpo3aTyxaiomHx BonH. 3th BonHbi SKcnoHeHnnanbHo Bo3pacra-
bOT nnn 3aTyxabOT c rny6HHon. npnpona SKCTpanonnpyeT BonHbi b

npnMOM HanpaßneHHH bo BpeMeHH, a mm SKCTpanonnpyeM hx no
rny6nHHOH KOopAHHaTe.

TpeTbn TpyAHOCTb nocTpoeHHH cencMnnecKoro H3o6paaceHHH c
noMombio CKannpHoro BonHOßoro ypaBHeHHH CBH3aHa c HananbHM-
hh ycnoBHHMH. CKannpHoe BonHOßoe ypaßHeHHe conepacHT b ce6e
BTopyio npoH3BOAHyio no rny6HHe z. 3to 03HanaeT, hto Ha och z
HyacHO 3anaTb ABa rpaHHHHbix ycnoBHH. nocKonbKy Ha6nbOAeHnn
npoH3BOAHTcn Ha noBepxHOCTH 3eMnH (z =0), KaaceTCH ecTecTBeH-
HMM, HTO STHMH rpaHHHHMMH ycnOBHHMH AOHaCHM 6blTb BenHHHHM
P h dP/dz npn z=0. Ho npoH3BOAHan dP/dz He peracTpnpyeTcn.

K cnacTbbo, npn BOCCTaHOBneHHH H3o6paaceHHn npn noMOiun
3BM mm ncnonb3yeM napaKcnanbHoe BonHOßoe ypaßHeHHe.

Bmboa napaKcna.ii.noio bojihoboto ypaBHeHHH cpypbe-MeTonoM

Bo3bMeM AHcnepcnoHHoe cooTHomeHHe CKannpHoro BonHOßoro
ypaBHeHHH

llto6m OCTaBHTb TOHbKO BOCXOAHmHe BOnHM, HyaCHO npOCTO B3HTb
3HaK MHHyc b cpopMyne (44). YpaßHeHHe (43) npeACTaßnneT co6oh
TpexMepHoe cpypbe-npeo6pa3oßaHHe CKannpHoro BonHOßoro ypaß-
HeHHH. Ecnn cnenaeM o6paTHoe npeo6pa3oßaHHe ypaBHeHHH (44),
to nonynnM ypaßHeHHe TonbKO AJin oahoto THna bohh— bocxoah-
mnx rhh naAabomnx. 06paTHoe cpypbe-npeo6pa3oßaHHe no oahoh
H3 KOOpAHHaT COCTOHT MIIIL B Bbl6ope OAHOH HHH 6onee H3
cnenybomnx noACTaHOBOK:

nocne o6paTHoro npeo6pa3oßaHHn no z nonynaeM AHCpcpepeH-
nnanbHoe ypaßHeHHe OTHocnTenbHo z, b kotopom MoacHo ncnonb-
30BaTb nepeMeHHybo no z CKopocTb. To ace caMoe HMeeM n no
KOopAHHaTe x. Jlbo6oe H3 ypaBHeHHH, nonynabomeecn nocne nbo6on
H3 noACTaHOBOK (45) b ypaßHeHHe (44), Ha3MßaeTcn napaKcnanb-

k 2
x +k 2 =co 2/v 2 . (43)

H3BneneM KBanpaTHbin KopeHb:

k z =±Jn2/v2 -k 2. (44)

d/dt= - /co, (45a)

d/dx= ikx, (456)

d/dz= ikz. (45b)
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PHC. 33. BbicTpo jieTamnn caMoneT H3ny-
naeT b 3eMHyio cpeny 3ByKOßyio Bojmy:
1 h 2—rpaHHHbi pa3aeaa cpea

PHC. 34. OpoHTbi n nynn naAaiomen boji-
hw b

cnoHCTon

cpeAe. OpoHTbi BonH
nepeHOCHTca b ropn3oHTanbHOM Hanpaßjie-
HHH napannenbHO caMH ce6e:
I— 6oaee paHHHH cjipoHT; 2—c})poHT bojihm;
3—

nya

hmm. noApo6Ho napaKCHanbHbie ypaBHeHHH 6ynyT paccMOTpeHM b
rn. 2. Ho nepeA AeTanbHOH HHTepnpeTanneH napaKcnajibHoe
BonHOßoe ypaßHeHHe 6yneT nonyneHo 6e3 Hcnonb3oßaHHH npeo6pa-
30BaHHH Oypbe. TaKon cnoco6 BMBona napaKcnanbHoro ypaBHeHHH
He TonbKO yKa3bmaeT hchmh nyTb k ocHOBHOMy ypaßHeHHbo
MnrpannoHHoro npeo6pa3oßaHHn cencMnnecKOH 3anncH, ho h AaeT
nynmee npeACTaßnniHe o peanbHbix BO3MoacHOCTnx naHHoro
ypaBHeHHH MHrpannn n ero OTnHHHH ot CKannpHoro BonHOßoro
ypaBHeHHH.

Bojihm CHejiJinyca

H3yneHHe BonH ecTecTBeHHO HanHHaTb c ypaBHeHHH, KOTopbie
onncbißabOT noBeAeHHe nnocKnx BonH b oahopoahohcpeAe. OAHaKO
Ann cencMopa3BeAKH OTpaaceHHMMH BonHaMH rannnHa cnTyannn,
Korna cpeAHne ckopocth j\o rny6oKnx oTpaacabomnx ropn3OHTOB
6onee neM b 2 pa3a Bbime cpenHnx CKopocTen ao caMbix MenKHx
ropH3OHTOB. nosTOMy npn aHanH3e noneßbix Ha6nbOAeHnn nonTH
Bcerna ynHTMßaeTcn H3MeHeHHe ckopocth c rny6HHOH. B TeopHH
CeHCMOpa3BCAKH npHXOAHTCH

CHHTaTb,

HTO BOnHM BO BceM HanOMH-
HabOT nnocKHe 3a ncKmoneHneM toto, hto TpaeKTopHn hx
pacnpocTpaHeHHH HCKpnßnnbOTcn b cootbctctbhh c pacnpeAeneHH-
eM CKOpocTHbix cnoeß no pa3pe3y v(z). CKa3aHHoe nnnbocTpnpyeT-
cn cxeMaTHnecKH Ha pnc. 33 AJin cnynan bohh, H3nynaeMbix
ropn3oHTanbHO neTHinnM CBepx3ByKOBMM caMoneTOM.



70

CaMoneT neTHT ropn3oHTanbHO c nocTOHHHOH CKopocTbbo. Oh
nepeMemaeTcn ot tohkh x= — oo ao x= + 00. nycTb 3eMHan cpeAa
ropn3oHTanbHO cnoncTa. Y TaKon Monenn hct Hnnero, hto Morno
6m OTnnnnTb OAHy TOHKy Ha och x ot Apyron. CencMHnecKan
CKopocTb ace MeHneTcn ot cnon k cnons. MoryT BO3HHKaTb npocrae
OTpaaceHHbie,

ronoßHbie,

nonepenHbie h KpaTHO-OTpaaceHHbie boh-
hm. KaKan 6m BonHOßan KapTHHa hh BO3HHKna, OHa 6yneT
nepeMemaTbcn BMecTe c caMoneTOM. BMecTe c hhm ABHaceTcn
KapTHHa BOHHOBbIX CppOHTOB, BO3HHKabOmHX B6nH3H OT CaMOHCTa.
BepxHHn n HHacHnn nacTH KapTHHM BonHOßbix cppoHTOB nepeMema-
bOTCH B ropH3OHTanbHOM HanpaßneHHH C OAHHaKOBOH CKOpOCTbbO,
HecMOTpn Ha to, hto CKopocTb b cpeAe c my6nHoii Bo3pacraeT.
Ecnn 6m ckopocth 6mhh pa3Hbie, KapTHHa HCKa3nnacb 6m, bohah b
npOTHßOpenne c npeAnonoaceHneM o chmmctphh nepeHoca. Cko-
pocTb ropnsoHTanbHoro nepeMerncHHH, nnn,

TOHHee,

o6paTHan eft
BenHHHHa HMeeT HecKonbKO Ha3BaHHH. B npaKTHnecKon pa6oTe
ee Ha3MßaioT rpanneHTOM BpeMeHH, a b TeopeTHnecKnx Tpy-
Aax—n yneßMM napaMeTpoM.OneHb BaacHO nonnepKHyTb, hto
dt/dx He MenneTcn c rny6HHOH, HecMOTpn naace Ha to, hto
ceHCMnnecKan CKopocTb nepeMeHHa no rny6nHe. B oahopoahoh
cpeAe HanpaßneHHe pacnpocTpaHeHHH BonHbi c rny6nHon He
H3MeHneTcn. B chohctoh cpeAe nyneßOH napaMeTp dt/dx He 3aBHCHT
OT KOOpAHHaTM my6HHM.

Ha pnc. 34 noKa3am>i cooTHomeHHn AHCpcpepemnranbHOH reo-
MeTpHH AJin STOH BOnHbl. H3 HHX CneAyeT, HTO

nocneAHne paBeHCTBa onpenenHbOT ABa Bapnanra ckopocth (o6paT-
hoh). nepBMH BapnaHT —ropH3oHTanbHan CKopocTb, H3MepneMan
BAonb noBepxHOCTH 3eMnn h Ha3MßaeMan ropH3oHTanbHon
cpa3oßon CKopocTbbo. BTopoii BapnaHT — CKopocTb no BepTH-
Kann, H3MepneTcn OHa b CKBaacnHax n Ha3MßaeTcn BepTHKanb-
Hon cpa3oßon CKopocTbbo. 3aMeTHM, hto o6e Ha3BaHHbie
ckopocth npeßbimaioT CKopocTb pacnpocTpaHeHHH BonHbi b cpene
v. npoeKnnn BonHOßbix cppoHTOB Ha KOopAHHaTHbie och AabOT
3HaneHHH ckopocth 66nbmne, a npoeßnnn nynen —MeHbinne v.
BenHHHHa, o6paTHan cpa3oßoii ckopocth, Ha3bmaeTcn BpeMeH-
hmm rpaAHeHTOM nnn MeajieHHocTbio.

3aKOH CHennnyca CBH3MBaeT yrnbi naneHnn h npenoMnemiH
BOHHM B KOHTaKTHpybOmHX CHOHX. HoCTOHHCTBO COOTHOmeHHH
(46a) npn H3MeHeHHH rny6HHM BbipaacaeT npocTO-HanpocTO 3aKOH
CHennnyca. Bee BonHbi, Hcnonb3yeMbie b cencMopa3BeAKe, pac-
npocTpaHHbOTcn b cpeAax, cnoHCTbix b ckopocthom OTHomeHHH.
nosTOMy hx Henb3n Ha3MßaTb nnocKHMH. BMecTe c TeM HyacHO
KaK-TO Ha3MßaTb Te BonHbi, KOTopbie no cbohm xapaKTepncTHKaM

dt/dx = (sinQ/v), (46a)
dt/dz=(cos Q/v). (466)
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6hh3kh k nnocKHM. Hon bojihoh CHejuiHyca 6yneM noApa3y-
MeßaTb o6o6meHHe nnocKon BonHbi Ha cnynan chohctoh no
ckopocthm cpeAM, onncbraaeMon pacnpeAeneHneM v(z).

/JpyraMH cnoBaMH, nnocKan BonHa, Bomenman b cpeAy c nepe-
mchhoh no rny6nHe CKopocTbbo v(z), npeßpamaeTcn b BonHy CHen-
nnyca. Bmccto yrna naAeHHH, xapaKTepH3ybomero nnocKybo BonHy,
b cnynae BonHbi CHennnyca HMeeM napaMeTp CHennnyca p = dt/dx.

CnenyeT noAnepKHyTb, hto napaMeTp CHennnyca MoacHo Ha6nio-
AaTb HenocpeACTßeHHO Ha noBepxHOCTH 3eMnn, h b to ace BpeMH hh
v, hh 0 He noAAabOTcn npnMOMy H3MepeHHbo. nocKonbKy p = dt/dx
He TonbKO noAAaeTcn H3MepeHHbo, ho h hoctohhch c rny6nHOH, ero
o6mhho Hcnonb3ybOT AJin HCKmoneHKH yrna 0 H3 ypaßHennn (46):

npn ycnoBHH, hto b HananbHbin MOMenr BpeMeHH BonHa
CHennnyca npoxoAHT nepe3 Hanano KoopAHHaT, BbipaaceHne AJin
BpeMeHH BCTynneHHH BonHbi CHennnyca b npOH3BonbHyio o6nacTb
npocTpaHCTßa npnHHMaeT bha

(48a)

CnpaßeAnnßOCTb ypaBHeHHH (486) nenco npOßepnrb, HaiiAH dt/dx h
dt/dz n cpaBHHB ero c ypaBHeHHeM (47).

BonHa CHennnyca MoaceT nepeHocnTbbohhobohHMuyjihcf(t )npo-
H3BonbHoii cpopMM. Bocnonb3yeMcn BbipaaceHHeM (48) Ann toto, hto-
-6m onpenenHTb BpeMH 3ana3AMßaHnn t0 BonHbi f[t— to (x, z)] b
TOHKe (x, z): r /. /

>.

1/2 -v

BonHa CHennnyca (/, x, z)=f<t—px — \\-j-\j~P2 ) dz >. (49)
YpaBHeHHH BpeMeHHoro CABHra °
BaacHoii 3aAanen HBnneTcn npeACKa3aHHe no 3aAamioH Ha

noBepxHOCTH 3eMnn BonHe BonHOßoro nonn BHyTpn cpeAM.
B cnynae nanaiomeH nnocKoii BonHbi STa 3anana pemaeTCH c
noMomtbo cAßHraioinero bo BpeMeHH AHCpcpepeHnnanbHoro ypaßHe-
HHH B HaCTHMX npOH3BOAHMX

dP{t,z)^

"

\dp{t,z)
dz v dt

hto cpa3y ace npoßepneTcn nyTeM noncTaHOBKH npo6Horo pemeHHH
BHAa

dt/dx= (smQ)/v=p, (47a)
dt/dz= (cosQ)/v = (l/v(z^ 2 -p2 )112 . (476)

»
/ x sin 6 cosO ,

t[x, z) = x+ dz
V J V

0

(7 i V'2t(x,z)=px+ i^y-p2 ] dz. (486)

0

P(t, Z)=f(t—zjv) CUJIfI O^HOpOAHOH cpe^w) (51)
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HHH z

YKa3aHHan Bbime 3anana pemaeTCH h b cnynae HeßepTHKanbHoro
naneHKH bohh. /Jnn stoto ncnonb3yeTcn AHCpcpepeHnnanbHoe
ypaßHeHHe b nacTHbix npoH3BOAHbix BHAa

(53)

pemeHneM KOToporo 6yAeT cpyHKnnn

npH HCTOHKOBaHHH paBCHCTB (53) H (54) CneAyeT nOMHHTb, HTO
BenHHHHa 1/(dt/dz) npeACTaßnneT co6on Kaacymyiocn CKopocTb
BAonb CTBona CKBaacnHbi. MacraaH npon3BOAHan BonHOßoro nonn
P(t, x, z) no rny6HHHon KOopAHHaTe z 6epeTcn npn hoctohhhom
3HaneHHH x, hto 03HanaeT SKCTpanonnnnbo BonHbi bhh3 no
CKBaacHHe. Mbicnb o tom, hto SKCTpanonnnnbo bhh3 MoacHo
ocymecTßjiHTb npocTMM cabhtom bo BpeMeHH, cnpaßeAnnßa TonbKO
b tom cnynae, Korna Hannno oAHHOHHan BonHa CHennnyca. 3to
3HanHT, hto b mo6oH TOHKe npocTpaHCTßa AonacHa Ha6monaTbCH
OAHa h Ta ace npoH3BOAHan cpyHKnnH BpeMeHH.

noACTaHOBKa BHAa (47) no3BonneT TaKace 3anncaTb ypaßHeHHe
(53) b pa3nHHHbix BapnaHTax:

dp{t,

x,

z) J fdt\ 2 J'2 dp{t,x,z)
dz \v{z)2 \dx) \ dt

"

K }

YpaßHeHHe (55) npeACTaßnneT co6oii napaKcnanbHoe BonHOßoe
ypaßHeHHe. nocKonbKy dt/dx—p noAAaeTcn H3MepeHHio Ha noßepx-
hocth 3eMnn, MoaceT nOKa3aTbCH, hto c nOMOIUbK) ypaBHeHHH (55b)
BMeCTe C npHHHTMM CKOpOCTHMM 3aKOHOM V (z ) H Ha6nbOAeHHMMH
AaHHMMH P(t, x, z= 0) MoacHo 6yAeT onpeAennTb dP/dz, hto
HBnneTcn nepBMM o6n3aTenbHMM maroM npn npoAonaceHHn nonn
bhh3. Ho paHee 6bino cnenaHo npeAnono^ceHne o tom, hto cymecT-
ByeT eAHHCTBeHHan BonHa CHennnyca, a He cynepno3HH,HH HecKonbKHx.
B cnynaecynepno3nnnH bohh, cnenybomnxpa3nnnHMMHcHennnycoßM-
mh nyTHMH, b pa3nHHHbix MecTax AonacHM Ha6nbOAaTbcn HeoAHHa-
KOBbie BpeMeHHbie cpyHKnnH. TorAa npocTMM BpeMeHHMM cabhtom
He yAanocb 6m nonynaTb npoAonaceHHenonn bhh3. K cnacTbbo, cnoac-
Hoe BonHOßoe none, H3MeHHbomeecn ot tohkh k tohkc, noAAaeTcn
pa3noaceHHio Ha MHoacecTßO bohh CHennnyca, Kaacnybo H3 KOTopbix
MoacHo SKCTpanonnpoßaTb bhh3 c noMoumio AHCpcpepeHnnanbHoro

P(t,z)=f(t- AJ (nnn cnynan v(z)). (52)

dP(t,

x,

z) dt dP(t,

x,

z)
dz dz dt

P(t, x, z)=fl t-px- jdz j. (54)

dp (t,

x,

z) cosO dp(t,

x,

z) /cc \—5 = i: ' (jja)dz v dt

SliiL-( ' _^)^iil, (556)
oz \v

\

z) J vt

dp(t,x,z) J fdt\ 2 J'2 dp(t,x,z)
dz \v{z)2 \dx) J dt

"

l
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ypaBHeHHH (55) hjih ero pemeHHH (54). Oahhm H3 cnoco6oß pa3no-
acemiH cnoacHoro BonHOßoro nonn HBnneTcn cpypbe-aHann3.

Pa3JioaceHHe Oypbe

/Jnn ocymecTßneHHn cpypbe-aHann3a cpyHKUHH f(x, t, z = 0),
Ha6nbOAaeMOH Ha noBepxHOCTH 3eMnn, Tpe6yeTcn nnpo npeo6pa3o-
BaHHn Oypbe BHAa exp ( —mt+ikxx). IlepeMemancb, Ha noßepx-
hocth 3eMnn c o6paTHon CKopocTbbo dtfdx=kx/&, cpa3a nnpa
Oypbe, n,

cnenoßaTenbHo,

caMO nnpo ocTaioTcn nocTOHHHMMH.
TonbKO Te CHHyconAanbHbie

cocTaßnnbomne,

KOTopbie nepeMerua-
bOTcn co CKopocTbbo BonHbi CHennnyca, MoryT HMeTb c hapom
HeHyneßybo Koppennnnio. nosTOMy ecnn Bo3MymeHHe npencTaßne-
ho oahhohhoh bohhoh CHennnyca, to Bee cpypbe-cocTaßnnioHrHe 3a
HCKnboneHHeM yAOßneTßopHbomnx paBeHCTBy p =kx/a) o6paTHTcn b
Hynb. HyacHO 3anoMHHTb cneAybomne ochobhmc cooTHomeHHn:

dt/dx= sinQ/v=p=kx/<£. (56)
B TeopeTHnecKHx HccneAOßaHHnx nacTO nonb3ybOTcn cpyHKHHeii c
KBanpaTHMM KopHeM, KOTopan nonynaeTcn, ecnn Bbipa3HTb KOCHHyc
nepe3 cooTHomeHHe (56).

nonb3yncb cpypbe-npeACTaBneHHeM napaMeTpa CHennnyca p,
MoacHo 3anncaTb ypaßHeHHe c KBanpaTHMM KopHeM (55) b eme
6onee npaKTHHHon cpopMe. Ho j\ym stoto HyacHO CHanana HaHTH
BbipaaceHne c KBaApaTHMM KopHeM b cpypbe-o6nacTH. nocneAHee
AenaeTcn nyTeM 3aMeHM onepaTopa d/dt b ypaBHeHHH (55) Ha — /co.
B pe3ynbTaTe HMeeM

dP((a, kx, z)/dz=+ /co (\/v(z)2 -k 2
x /co 2 ) 1/2P(co, kx, z). (57)

Ha naHHOM STane 6e3pa3nnnHO, hto onpenennTb—AHCpcpepeH-
nnanbHoe ypaßHeHHe (57), nn6o ero pemeHHe (54) c noMonrbio / b
KanecTße KOMnneKCHOH noKa3aTenbHOH cpyHKnnH:

no3AHee, npn yneTe naTepanbHbix BapnanHH ckopocth v(x) peme-
Hne (58) CTaHOBHTcn HenpaßnnbHMM. B to ace BpeMH AHCpcpepeH-
nnanbHoe ypaßHeHHe (55b) ocTaeTcn nonHonemiMM onncaHneM
nbo6oro noKanbHoro noßeneHnn nnocKon BonHbi. Ho npeacne neM
npncTynnTb k paccMOTpeHHio naTepanbHbix rpanHeHTOB ckopocth,
cnenyeT 6onee BHHMaTenbHo H3ynHTb BepTHKanbHbie rpanneHTM.

TpaAHeHTbi CKOpOCTH

noACTaBHB BbipaaceHne AJin BonHOßoro nonn CHennnyca b
CKannpHoe BonHOßoe ypaßHeHHe, o6HapyacHßaeM, hto Hanie onpeAe-
neHne BonHbi CHennnyca eMy He yAOßneTßopneT. YKa3aHHoe
pacxoacneHHe BO3HHKaeT nnmb b npHcyTCTBHH rpanneHTOß cKopo-
cth. /^pyraMH cnoBaMH, ecnn KaKHe-TO BepxHHH h HHacHHH cnon
XapaKTepH3ybOTCH,

COOTBeTCTBeHHO,

nOCTOHHHMMH 3HaneHHHMH CKO-
POCTH vl h v2, to BonHOßoe ypaßHeHHe 6yneT yAOßneTßopnTbcn

P(co, kx, z)e- iat= exp{iGis(\/v(z)2 -k2
x /(»2 yi2 dz}. (58)

o
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Be3Ae, 3a ncKmoneHneM toh o6nacTH, rne v 1 H3MeHneTcn Ha v2 .
H3-3a BnHHHHH KOSCpCpHHHCHTOB npOXOaCACHHH B pemeHHHX CKaHHp-
Horo BonHOßoro ypaBHeHHH nonacHM H3MeHHTbcn aMnnHTyAHbie
3HaneHHH npn nepexone nepe3 rpaHnny pa3nena ckopocthmx cnoeß.
CornacHO HameMy onpeAeneHHbo, BonHa CHennnyca He mchhct
aMnnHTyny c rny6nHon. napaKcnanbHoe ypaßHeHHe MoacHo bhaoh3-
MCHHTb TaKHM o6pa3oM, HTO6bI OHO yHHTMBanO BO3AeHCTBHe
KoscpcpHnneHTa npoxoacAeHnn. Ha jj,cjic oho peAKO MOAncpHnnpyeTcn
h, BO3MoacHO, no toh ace npnnHHe, no KOTopoii nacTO npeHe6pera-
iot rpanneHTaMH nnoTHocTH.

/Jaace ecnn MOAncpHnnpoßaTb napaKcnanbHoe BonHOßoe ypaßHe-
HHe TaK, hto6m oho ynHTMBano BnnnHne KOScpcpHnneHTOß npoxoac-
AeHnn, Bee paBHO ero pemeHne He 6yAeT ynoßneTßopnTb CKannpHo-
My ypaßHeHHio H3-3a OTcyTCTBnn OTpaacemioH BonHbi. Ho hmchho
sto h xopomo, TaK KaK Ann nenen o6pa6oTKH Ha6nbOAeHHH
acenaTenbHo pacnonaraTb hmchho napaKcnanbHMM ypaBHeHHeM.

ynpaacHeHHH
1. HanAHTe MaTeMaTHHecKoe BbipaaceHne Ana nnoacon

BonHbi,

KOTopaa
npencTaßnaeT co6oh HMnynbCHyio 4>yHKnHio BpeMeHH, pacnpocTpaHHiomyiocH non
yrjiOM 15° k BepTHKann b HanpaßjieHHH

nonoacHTenbHOH

och z. Bbipa3HTe
nonyHeHHbiH pe3ynbTaT b cneAyioniHx KoopAHHaTax:

a) (t,

x,

z); 6) (co,

x,

z); b) (co, kx, z); r) (co, p, z).
2. HanAHTe TaKyio aMnnnTyAHyio c^ymcnHK) A (z), KOTopaa, 6ynynn yMHoaceH-

hoh Ha/ H3 ypaßHeHna (54), nacT npnGnnaceHHoe pemeHne CKannpHoro

BonHOßoro

ypaßHeHna Ana cnynaa chohctoh cpenw v(z). npn p —Q pemeHne AonacHO

CBecTHCb

k
pemeHHio H3 ynp. 2, pa3Aena 1.4.

1.6. McKyccTßO /jeyxMepHbix
npeo6pa3oßaHHH Oypbe
Hnace nabOTcn HecKonbKO none3Hbix cobctob ajih Tex, kto 6yAeT

3aHHMaTbcn npaKTHnecKHM BonnomeHneM mctoaob MnrpannoHHoro
npeo6pa3oßaHHH.

3naKH h Becoßbie KoxpcpmoieH i bi b cpypbe-iipeo6pa3oßaHHHx
npn cpypbe-npeo6pa3oßaHHHx KoopAHHaT

/,

x, z AJin KaacAoii H3
hhx HyacHO ycnoßHTbcn o 3HaKax. HHaceHepbi-sneKTpoHumKH
Bbi6pann oaho cornamenne, a cpH3HKH —Apyroe. Xoth h Te, h
Apyrne y6eAHTenbHO o6ocHOBMBabOT cboh Bbi6op, Hamn ycnoBHH
6nnace k ycnoBHHM pa6oTM c])H3hkob, nosTOMy 6yneM nonb3o-
BaTbcn hx cornameHHeM. B cnynae o6paTHoro cpypbe-npeo6pa3oßa-
HHH OHO HMeeT BHA

B cnynae npnMoro cpypbe-npeo6pa3oßaHHn npocTpaHCTßeHHbie
nepeMeHHbie hmchst OTpHHaTenbHMH 3HaK, a BpeMH —nonoacHrenb-
hmh. npenenbi HHTerpnpoßaHHH n bccoboh KoscpcpnuneHT b cnynae

p(t, x, z) = -^+ + lVp(co, kx, kz )d(£>dkxdkz. (59)



75

HenpepbißHbix cpyHKnnH OTnnnabOTcn ot cooTßeTCTßybournx napa-
MeTpoß AJin AHCKpeTHoro cnynan. B nbo6oM cnynae npeo6pa3oßa-
hhh peAKO npoH3BOAHTcn aHanHTHnecKHM cnoco6oM. nocKonbKy
AononHHTenbHbie 3HanKH, Tpe6ybomHecn AJin o6o3HaneHHH npene-
noß HHTerpnpoßaHHn n bccobmx KoscpcpnnneHTOß, cKopee 3aTeMHH-
bOT, a He nponcHHbOT o6cyacAeHne KaKoro-nn6o Bonpoca, Bnpenb
ohh 6yAyT BOBce onycKaTbcn 3a HCKmoneHneM Tex cnynaeß, Korna
ohh nrpabOT AencTßHTenbHO none3Hyio ponb.

CornameHne o 3HaKax HMeeT 6onbmoe 3HaneHne. H3-3a o6nnHH
pa3Hoo6pa3Hbix npocTpaHCTßeHHbix ocen (HHace 6ynyT bbcachm h
npeo6pa3oßMßaTbcn TaKne npocTpaHCTßeHHbie KoopAHHaTM, KaK
cpeAHHH TOHKa n yAaneHHe B3pMB —npneM) HMeeT cmmch pa3pa6o-
TaTb xopomee cornameHHe o 3HaKax. Tot, kto pennrr npn6erayTb k
noAxoAy Tnna «mchhh 3HaKn ao Tex nop, noKa cncTeMa He
3apa6oTaeT», CKopee Bcero npnAyT b 3aMemaTenbCTßO ot nncna
Bo3MoacHbix nepecTaHOBOK. CornameHne o 3HaKax, pa3pa6oTaHHoe
cpH3HKaMH, y6eAHTenbHO o6ocHOBaHo, a nocKonbKy o6ocHOBaHHe
H3BecTHO, caMo cornameHHe nerKo 3anoMHHTb.

no cornameHHbo, BonHbi AonacHM pacnpocTpaHHTbcn b nonoacH-
TenbHOM HanpaßneHHH npocTpaHCTBeHHOH och. 3to oco6chho hcho,
Korna b KanecTße npocTpaHCTBeHHOH och Hcnonb3yeTcn pannyc.
Atomm, KaK n reocpH3HnecKHe hctohhhkh, Bcerna H3nynabOT ot
HeKOTOpoii tohkh b 6ecKOHeHHocTb, a He Hao6opoT. nosTOMy
ycnoßHMcn, hto BonHbi Bcerna ABHacyTcn b nonoacHTenbHOM
HanpaßneHHH BAonb mo6on npocTpaHCTBeHHOH och. npnMeHHrenb-
ho k ypaßHeHHio (59) sto ycnoßne 03HanaeT, hto 3HaKH npocT-
paHCTßeHHbix nacTOT AonacHM 6biTb npoTHßononoacHM 3HaKy
BpeMeHHOH nacTOTM. /Jamioe yTßepacneHne HMeeT cnny KaK jinx
npnMoro, TaK n Ann o6paTHoro npeo6pa3oßaHnn.

nocneAHee o6cTOHTenbCTBO ocTaßnneT cßo6ony Bbi6opa otho-
CHTenbHO Toro, KaKHM H3 ocen— BpeMeHHOH nnn npoerpaHCTßeH-
hmm —npncßOHTb nonoacHTenbHMH 3HaK. npocTpaHCTßeHHbix ocen
mhoto, a BpeMeHHan nnmb oAHa. Ecnn, HanpHMep, nonoacnTb, hto
npocTpaHCTßeHHbin rpanneHT d/dx, d/dz n t. a- CBH3aH c nonoacn-
TenbHMM t. e. c ikx, ikz n t. a-, to KonnnecTßO
OTpnnaTenbHbix 3HaKOB n nncno nepeMeH 3HaKa 6yneT MHHHManb-
hmm. Pa3yMeeTcn, b stom cnynae npon3BOAHan no BpeMeHH
ocTaHeTcn c MHoacHTeneM — /co.

noAo6Hoe 3HaKOBoe cornameHHe npoTHßopenHT npaKTHKe hh-
aceHepoß-sneKTpoHmnKOß, peAKO HMeiomnM Aeno c npocTpaHCTBeH-
HMMH OCHMH H nOSTOMy BnonHe eCTeCTBCHHO OCTaHOBHBmHX CBOH
Bbl6op Ha CBH3H npOH3BOAHOH d/dt C + /CO. EAHHCTBeHHMH
H3BecTHbin MHe pa3yMHMH aoboa b nonb3y stoto Bbi6opa COCTOHT
B TOM, HTO HaiHH BMHHCneHHH npOH3BOAHTCH C nOMOIIlbK)
MaTpnnHoro cnennponeccopa, pa3pa6oTaHHoro h 3anporpaMMnpo-
BaHHoro HHaceHepaMn-sneKTpoHHKaMH,a ohh, pa3yMeeTcn, nonb3o-
Banncb npn stom cbohm npnBMHHMM cornameHneM o 3HaKax. Bha
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cornameHHH 6e3pa3nnneH AJin nporpaMM npeo6pa3oßaHnn kom-
nneKCHbix cpyHKnnn BpeMeHH b KOMnneKCHbie cpyHKnnH

nacTOTM,

TaK KaK b stom cnynae cornameHHe o 3HaKax KOHTponnpyeTCH
nonb3oßaTeneM. Ho oh He 6e3pa3nHneH AJin nporpaMM npeo6pa3o-
BaHHH BemecTßeHHbix cpyHKnnn BpeMeHH b KOMnneKCHbie cpyHKnnn
nacTOTM. Eahhctbchhmh cnoco6 cymecTßOßaHnn b o6ohx MHpax
3aKmonaeTCH b tom, hto6m npocTO noMHHTb, hto HaiiAeH-
Hbie nporpaMMOH nacTOTM H3MeHnbOTcn He b AHana3oHe ot 0
Ao +7T, KaK yKa3aHO b tckctc nporpaMMbi, a ot 0 ao —n.
npaßAa, Bo3MoaceH h hhoh nyTb —HaHTH KOMnneKCHyio conpn-
acemiyio npeo6pa3oßaHnn, npn BbIHHCJieHHH KOTopon 3HaK ocn co
MeHneTcn Ha o6paTHbm. B anropnTMe CTonTa o6mhho nepBOH
npeo6pa3yeTcn npocTpaHCTßeHHan KoopAHHaTa. B stom cnynae
cornameHHe, 3anoaceHHoe b MaTpHHHOM nponeccope, oKa3MßaeTcn
HamnM.

KaKHM o6pa3oM TpaHcnopTHpoßaTb Sojibiuyio MaTpHHy

CnenyeT cnnTaTb KpynHoii yAanen to, hto 6onbmne MaTpnnM
MoacHo nerKo TpaHcnopTHpoßaTb. Hmchho sto o6cTOHTenbCTBO
no3BonneT ocymecTßnnTb o6pa6oTKy cencMopa3BeAOHHbix MaTepna-
noß c ncnonb3oßaHHeM BonHOßoro ypaBHeHHH Ha He6onbmnx
MHHHKOMnbbOTepax. noA oneHb 6onbinoH MaTpnnen nonpa3yMeßa-
eTcn TaKan MaTpnna, AJin KOTopon o6beM MauiHHHon naMHTH c
npoH3BonbHMM AOCTynoM OKa3MßaeTcn HeAociaTOHHMM. Ecnn ace
ABe Konnn AaHHbix MoryT pa3MecTHTbcn b naMHTH c npoH3Bonb-
hmm AOCTynoM, to TpaHcnoHHpoßaHHe npeACTaßnneT co6oii npocTO
onepannbo KonnpoßaHHn: T(/, j)= M(j, /).

AnropHTM TpaHcnoHHpoßaHHH oneHb 6onbmnx MaTpnn npocT,
HO C XHTpOCTHMH. HoSTOMy HaHHCM C OnHCaHHH KapTOHHOTO
cpOKyca. Y MeHH b pyKax Konona KapT, H3 Koiopoii BbmyTM
AeBHTKH, AecHTKH h Bee KapTHHKH. 06o3HaHHM nepe3 a, b, c n d
nepßH, nHKH, Tpecpbi h 6y6HM, cootbctctbchho. KpoMe toto,
pacnonoacHM KapTM b cnenybomeM nopnAKe (eAHHHnen o6o3HanHM
Ty3):

\a \b \c \d 2a 2b 2c 2d 3a. ..8d
Tenepb cnaAHM KapTM nnneßOH CTopoHoii BBepx nonepeMeHHO
OAHy b CTomcy A, ojmy b CTonKy B. HMeeM:

CTonKa A: \a \c 2a 2c 3a 3c .... 8a 8c
CTonKa B: \b \d 2b 2d 3b 3d .... 8b 8d

3aTeM nonoacnM CTonKy A Ha cromcy B n cHOBa cnaAHM
nonepeMeHHO Ha ABe cTomcn A' h B'\

CTonKa A': \a 2a 3a. ..8a \b 2b ...8b
CTonKa B'\ \c 2c 3c... 8c \d 2d...8d
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Tenepb nonoacHM CTonKy A' Ha CTonKy B'. HTaK, b Hanane cpOKyca
b Konone niJiH BMecTe Bee Ty3M, Bee abohkh h t. jl., a cennac KapTM
oKa3anncb crpynnnpoßaHHMMH no MacTHM. TaKHM o6pa3oM, nerKo
y6eAHTbcn, hto Bcero 3a nse CAann npon3omno TpaHcnoHnpoßaHne
KonoAM KapT. npn stom KapTM He pa36pacbmanncb no CTony, TaK
KaK k hhm He HyacHO 6bino ocymecTßnnTb TaK Ha3MBaeMMH
npOH3BonbHbin AOCTyn. Onepannn TpaHcnoHHpoßaHHH TaKHM o6pa-
30M BbinonHeHa nyTeM nocneAOßaTenbHoro pacKnana kohoam KapT.
B npnHnnne, AJin TpaHcnoHHpoßaHHH MaTpnnbi no yKa3aHHOMy
anropHTMy Tpe6ybOTcn neTbipe MaraHTHbie neHTM h CHMBonnnecKne
o6beMM onepaTHBHOH naMHTH.

Tenepb nonbrraeMcn CAenaTb o6paTHoe TpaHcnoHnpoßaHne.
3aMeTHM, hto npn stom noTpe6oßanocb cnaTb KapTM 3 pa3a, a He
2, KaK npn nepBOM TpaHcnoHHpoßaHHH. 3tot cpaKT o6bncHneTcn
TeM, hto b Konone HaxoAHTcn 22 = 4 MacTH h 23 = 8 nncen.
Boo6me-TO cymecTßyeT npyron anropnTM, KOTopbiH no3BonneT
BbinonHHTb o6paTHoe TpaHcnoHHpoßaHHe Bcero 3a ABe cnann.
npocTO cnenaeM Bee b o6paTHon nocneAOBaTenbHOCTH. HanHeM co
CTonoK A' h B'. 06pa3yeM CTonKy A, Bbi6npan nonepeMeHHO no
KapTe H3 CTonoK A' n B'. AHanornnHO nocTynnM h npn
cpopMnpoßaHHH CTomcH B. 3aTeM yKa3aHHan nponenypa noßTopneT-
cn. nepBMH anropnTM Ha3MßaeTcn anropHTMOM copTHpOBKH, a
BTopon —anropHTMOM o6beAHHeHHH. C noMombio yKa3aHHbix AByx
anropnTMOß MoacHo BbinonHHTb onepannbo TpaHcnoHnpoßamm
MaTpnnbi pa3MepOM 2"x2m 3a MeHbiuee H3 AByx nncen —n nnn
m —nncno onepannn Han hcxoahmmh AamiMMH.

Bo3MoacHM pa3Hoo6pa3Hbie o6o6meHHH. npn HannnHH neTbipex
KonoA KapT MoacHo pa3pa6oTaTb cxeMM TpaHcnoHHpoßaHHH MaT-
pnn pa3MepoM 4". npn stom yMeHbinaeTcn nncno onepannn, ho
pacTeT nncno Tpe6yeMbix MarmiTocpoHOß.

TaKHM o6pa3oM, MHHHMH3annH HHcna onepannn Han cencMO-
pa3BeAOHHMMH MaTepnanaMH o6opannßaeTcn MaKCHMH3anneH hhc-
na MarHHTHbix neHT. Ha npaKTHKe BaM He npnAeTcn nonb3oßaTbcn
npn TpaHcnoHHpoßaHHH caMHMH neHTaMH. Bmccto stoto onepanHH
c MarHHTHMMH neHTaMH HMHTHpybOTcn Ha 6onbmoii ahckoboh
naMHTH. npn stom Bbi6HpaeMoe nncno «MaraHTHbix neHT»
onpeAenneTcn oTHomeHHeM ckopocth cnynaimbix nepeHocoß k
ckopocth nocneAOßaTenbHbix nepeHocoß.

, i,Bv\\iepnoe cpypbe-npeoopajoßaime 6e.j TpaiicnomipoßanHH

CaMMM npnMMM mctoaom AByxMepHoro npeo6pa3oßaHHn
Oypbe c noMOinbbo KOMnbbOTepa HBnneTcn mctoa noßTopHoro
npHMeHeHHn oAHOMepHoro npeo6pa3oßaHnn. CaMoe nerKoe—bm6-
paTb «6biCTpoe» HanpaßneHHe BbinHcneHHH, t. e. b cnynae xpaHeHnn
MaTpnnbi AaHHbix CTon6naMH —KaK sto HMeeT mccto npn ynoTpe6-
neHHH OOPTPAHa— npeo6pa3oßamie CTon6noß cboahtch k Tpn-
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BHanbHOMy noßTopemno OAHOMepHon nporpaMMbi. Tenepb pac-
CMOTpnM cnynan 3anncn MaTpnnbi AaHHbix CTpoKaMH. Ecnn
MaTpnna noMemaeTcn b naMHTb c npoH3BonbHMM AOCTynoM, to
Bee nponcxoAHT npocTo: MoacHo KonnpoßaTb CTpoKy 3a CTpOKon,
npeßpaman hx b hckhh BeKTop, nocneAHHH npeo6pa3yeTcn no
Oypbe h KonnpyeTcn o6paTHo b CTpoKy MaTpnnbi. Bonee
THnHHHMM HBnneTcn cnynan, Korna MaTpnna AaHHbix He noMemaeT-
cn b onepaTHßHyio naMHTb c npon3BonbHMM AOCTynoM, ho 3aTO
BnonHe cooTBeTCTByeT o6beMy TaK Ha3bmaeMOH «BnpTyanbHOH»
naMHTH. nocneAHee 03HanaeT, hto nporpaMMHCT MoaceT 3anncaTb
paBeHCTBO T(i, j)— M(j, /), ho nporpaMMa 6yneT pa6oTaTb hcao-
nycTHMO MeAneHHO, TaK KaK, hto6m OTMCKaTb OAHO-eAHHCTBeHHoe
nncno, c nncKa AonacHa cnnTMßaTbcn onHa nonHan CTpaHHna
BnpTyanbHon naMHTH.

C KOHnenTyanbHon tohkh 3peHnn oahh H3 npocTbix nyTen
npeo6pa3oßaHHn no crpoKaM 3aKnbonaeTcn b TpaHcnoHHpoßaHHH
MaTpnnbi, nocnenybomeM npeo6pa3oßaHHH KaacAoro H3 CTon6noß n
o6paTHOM TpaHcnoHHpoßaHHH npeo6pa3oßaHHon MaTpnnbi.
O. PoKKa npennoacHn 6onee 6mctpmh h npocTOH cnoco6 npe-
o6pa3oßaHHH Oypbe no ctpohhmm HHAeKcaM. B ochobhoh npo-
rpaMMe npeo6pa3oßaHHH Oypbe npeAycMOTpeHM AononHHTenbHbie
BMHHcneHHH, HanpHMep, pacneT nnn noncK 3HaneHHH CHHycoB n
KOCHHycoB. 06mhho TaKHe BMHHcneHHH noßTopnbOTcn bchkhh pa3,
Korna AenaeTcn npeo6pa3oßaHne Oypbe. CornacHO MeTOAy Pokkh
BcnoMoraTenbHbie BMHHcneHHH npon3BOAHTcn nnmb pa3 n Bee
CTpoKH noAßeprabOTcn cpypbe-npeo6pa3oßaHHbo. nosTOMy oh Aen-
CTByeT 6biCTpee, neM naace npnMoe npeo6pa3oßaHHe. Hnace AaeTcn
ero onncaHne.

MaTpnny AaHHbix MoacHo paccMaTpHßaTb b KanecTße BeKTOpa-
ctpokh, sneMeHTaMH KOTopoii HBnnbOTcn CTon6nbi. Ecnn 3acTaßHTb
«6mctpmh» hhackc npo6eraTb bhh3 no CTon6ny, to CTon6nbi
MoacHo 6yneT noAßepraTb OAHOMepHOMy npeo6pa3oßaHHbo nn6o
ao, nn6o nocne BbinonHeHHH nocTponHbix onepannn. B cbobo
onepenb, ajih BbinonHeHHH onepannn Han crpoKaMH HyacHO nnmb
H3MeHHTb o6biKHOßeHHybo nporpaMMy OAHOMepHoro cpypbe-npeo6-
-pa3oßaHHn, 3aMeHHB onepanHH CKannpHoro cnoaceHnn hhh yMHoace-
hhh Ha Te ace caMbie onepannn, npoH3BOAHMbie HaA KaacAMM H3
sneMeHTOB cooTßeTCTßyiomero CTon6na.

H3noaceHHbin Bbime nopnnoK AOCTyna k AaHHMM AenaeT
CTponHMH anropnTM Pokkh scpcpeKTHBHMM npn pa6oTe c BHpTyanb-
hoh naMHTbbo. J\o nonßneHHn BnpTyanbHon naMHTH ctpohhmh
anropHTM Pokkh ocymecTßnnncn nyTeM CHHTMBaHnn h 3anncn
BOKpyr BHyTpeHHnx nHKnoB.

JJ^jir nnniocTpaHHH pa6oTM MeTona Pokkh 6bina cocTaßneHa
nporpaMMa CTponHoro cpypbe-npeo6pa3oßaHHH, 6a3npybomancn Ha
HMeboiHCHCH [53] nporpaMMe OAHOMepHoro npeo6pa3oßaHnn
Oypbe. OHa npnBOAHTcn b cnenybomeM pa3Aene. 3Ta nporpaMMa
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PHC. 35. OpraHH3anna

MamnHHOH

naMHTH b nporpaMMax OAHOMepHoro npeo6pa3o-
BaHHH Oypbe:
a— jnoaa; 6—3BM

npeo6pa3yeT KOMnneKCHbie cpyHKnnH BpeMeHH b KOMnneKCHbie
cpyHKnnH nacTOTM. Ecnn ace BaM npnAeTcn cocTaßnnTb nporpaMMy
cpypbe-npeo6pa3oßaHHH BemecTßeHHbix cpyHKnnii b KOMnneKCHbie,
noMHHTe, hto no npeAnonoaceHHboBemecTßeHHbie n mhhmmc nacTH
cpyHKnHn AonacHM 3aHOCHTbcn b naMHTb b CMeacHbie hhchkh.
YKa3aHHoe npeAnonoaceHHe AencTßHTenbHO jljih CTon6noßoro, ho
He CTponHoro, HHAeKca.

1.7. llpiiMepbi nporpaMM

C noMonibio noMemeHHbix b AaHHOM pa3Aene nporpaMM
nonyneHM MHorne npnMepbi, BKnboneHHbie b HacTonmybO KHHry.
Ohh cocTaßneHM c ynopoM Ha neTKOCTb h KpaTKOCTb n othkhho
npncnoco6neHM k pa3nnnHoro pona SKcnepnMeHTaM. Xopomne
nporpaMMbi npoH3BOACTBeHHon o6pa6oTKH AaHHbix cencMopa3BeA-
kh o6nanabOT b 3—4 pa3a 6onbmnM 6bicTpOAeiicTßneM. YBennnHTb
6biCTpoAencTßHe MoacHo, ncnonbsyn cnennanbHbie npneMM npo-
rpaMMnpoßaHHH. HanpHMep, Ha6nbOAeHHbie AaHHbie

BemecTßeHHM,

ho npn cocTaBneHHH npHßeAeHHbix Hnace yne6Hbix nporpaMM
npeAnonaranocb, hto ohh KOMnneKCHM.

PaHHOHajibHbiii OOPTPAH-PAEIOOP
HaH6onee yHHßepcanbHMM BMHHcnnTenbHMM h3mkom b HacTon-

mee BpeMH CHHTaeTcn caMbin npocTOH —OOPTPAH. Ho oh
npaKTHHecKH He toahtch Ann yne6Horo H3yneHHH xapaKTepncTHK
anropnTMOß. HAeanbHMM yne6HMM h3mkom nporpaMMnpoßa-
hhh HBnneTcn PAU,OOP (a66peßHaTypa chob «pannoHanbHMH
OOPTPAH», t. e. a6conbOTHo hhctmh). flpn noMomn TpaHcnnTopa
nporpaMMbi Ha Pancpope 6biCTpo npeßpamabOTcn b o6mhhmc
cpopTpaHOßCKne.

Ecnn BaM yace 3HaKOM OOPTPAH nnn mo6on Apyroii H3MK
nporpaMMHpoßaHHn, BaM 6yAeT HecnoacHO H3ynHTb h3mk Pancpop.
OnepaTopbi b CTpoKe MoacHo pa3AennTb 3HaKOM «;». Hx MoacHo
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o6beAHHHTb c noMombio cpHrypHbix cko6ok { }. B DO-nnKnax He
HyacHO yKa3MBaTb HOMepa onepaTopoß, TaK KaK cpnrypHbie cko6kh
{ } yace onpeAenniOT Anana3oH achctbhh. npn ycnoBHH, hto «if( )»
hcthhho, BbinonHHbOTcn onepaTopbi, 3aKnboneHHbie b cnenybo-
innx cpHrypHbix cKo6Kax. OnepaTop «Else{ }» BbinonHneT 3a-
AaHHyio BaMH onepannbo. Pa3pbißM npnMeHnioT AJin o6nerneHHn
HTeHHH nporpaMM. nnmHTe cbohm co6ctbchhmm

CTHneM,

moh
OKa3ancn CBepxcacaTMM. Bee, hto cnenyeT 3a 3HaKOM #, npeA-
CTaßnneT co6oh KOMMeHTapHH. Oahhohhmc onepaTopbi MoacHo
He 3aKnbonaTb b cpnrypHbie cko6kh. Chobo «Break» BM3M-
BaeT AOcponHyio ocTaHOBKy onepannn b CKo6Kax. KoMaHAa
«Break 2» no3BonneT bmhth H3 abohhmx cko6ok. no KOMaH-
Ae «While( ){ }» onepaTopbi b cpnrypHbix cKo6Kax noßTopnbOTcn
j\o Tex nop, noKa ycnoßne ( ) AencTßHTenbHO. OnepaTop «Re-
peat{ jyHTHn ( )» npeACTaßnneT co6oh uhkh, ocyinecTßnnio-
mnii npOßepKy b KOHne. OnepaTop nnKna 6onee o6mero xapaKTepa,
neM «ao», HMeeT bha «for (initialize; condition; reinitialize)
{ }». KoMaHAa «Next» BbßbraaeT nepexoA b kohch nbo6oro nnK-
na n noßTopHyio npoßepKy KOHTponbHoro ycnoBHH. OopTpaHOB-
CKHe pennnnoHribie onepaTopbi Tnna .gt., .ge., .nc, n t. a-
MoacHo 3anncbißaTb KaK > , >= , != , n t. a. JloranecKne onepa-
Topbi .and. n .or. MoacHo 3anncbißaTb, KaK & n |. Bee, hto He
HMeeT CMbicna AJin pancpopoßCKoro npenponeccopa, HanpHMep,
cpopTpaHOBCKHH bxoa—bmxoa, nponycKaeTcn 6e3 KaKHx-nn6o
H3MeHeHHH.

/J,ByxMepHoe npeoGpa JOBaHiie Oypbe

npeo6pa3oßaHHH Oypbe 6a3npyioTcn Ha OAHOMep-
hom. HcKnbonHTenbHo 6biCTpMM ctioco6om pacneTa OAHOMepHoro
npeo6pa3oßaHHH Oypbe HBnneTcn anropnTM Kynn — TbbOKH
nnn 6bicTpoe npeo6pa3oßaHHe Oypbe [BIIO]. npeAnona-
raeTcn, hto Bee cpyHKnnH nepnoAHnecKHe, nosTOMy cpH3HnecKne
3aTyxabomHe cpyHKnnH AonacHM . paccMaTpHßaTbcn b KanecTße
cpymcHHH, o6nanabomnx oneHb 6ojibmnM nepnonoM. 06mhho
HaKnaAMßaeTcn eme oaho orpaHnneHne— nepnon AonaceH paßHHTb-
cn tohho 2N oTcneTaM AHCKpeTH3npoßaHiioH cpyHKnnH, npnneM
N— nenoe nncno. Mto6m ycBOHTb npnHnnn achctbhh BnO, HyacHO
3arnnHyTb b pa6oTy [53] hjih b nio6oH yne6HHK no sneKTpoTexHH-
kc Hto6m cocTaßnnTb h nonb3oßaTbcn nporpaMMaMH AByxMepHO-
ro npeo6pa3oßaHnn Oypbe, hco6xoahmo 3HaTb nnmb OAHOMepHoe
onpeAeneHne bxoahmx h bmxoahmx AaHHbix. Ha pnc. 35 HarnnnHO
H3o6paaceHa CBH3b BpeMeHHoro h nacTOTHoro npeACTaBneHHH
AaHHbix npn pacnonoacemiH t= 0 h co = 0 nocpeAHHe och. B to ace
BpeMH b CTannapTHbix nporpaMMax OAHOMepHoro cpypbe-npeo6pa-
30BaHHn Hanana cooTßeTCTßybomnx KoopAHHaT pa3MemabOTcn Ha
OAHOM H3 KOHHOB BCKTOpa.
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Bo3bMeM OAHOMepHoe npeo6pa3oßaHHe Oypbe BocbMHOTcneT-
hoh BpeMeHHOH cpymcnHH. Ha BbixoAe b nepBOM sneMeHTe BeKTopa
HaxoAHTcn Hyneßan nacTOTa. HanKßHcroßa nacTOTa n, caMan
BbicoKan

nacTOTa,

KOTopyio MoacHo npeACTaBHTb Ha ceTKe, a
HMeHHo, cpyHKnnn BHAa +1, — 1, +1, — 1,..., HaxoAHTcn b nnTOM
sneMeHTe BocbMHTonenHOH cpyHKnnH h 3a Hen cneAyeT nocneAOßa-
TenbHocTb OTpnnaTenbHbix nacTOT. HanMeHbman H3 HeHyneßbix
OTpnnaTenbHbix nacTOT HaxoAHTcn b BOCbMOM sneMeHTe BeKTopa.
Ecnn 6m HMencn acbhtmh sjicmcht, to b cnny nepHOAHHHOCTH oh
paßHnncn 6m nepßOMy. CaMan o6biHHan omn6Ka HanHHabomero—
oh o6HapyacHßaeT, hto pe3ynbTaT Mnrpannn He HBnneTcn BeinecT-
BeHHMM. KaK n cnenoßano oacHAaTb, MHHMan nacTb AonacHa
cocTaBHHTb npnMepHO 10~ 6 ot BemecTßeHHon. Ecnn MHHMan nacTb
HaMHoro 6onbme, 6ynynn npn stom nponopnHOHanbHoii Apo6n
\/N, rAe N—AJiHTenbHocTb BeKTopa, to sto yKa3bmaeT Ha omn6Ky
b nporpaMMe.

Hnace npHBOAHTcn tckct AJin nporpaMMbi AByxMepHoro npeo6-
-pa3OBaHHH. KoMaHAa «write» — MecTHan cpopTpaHOßCKan, a He
pancpopoßCKan. npeo6pa3yeMan cpymcnHH HH3KonacTOTHa no ocn
BpeMeH n BecbMa ronKonacTOTHa no och paccTOHHHH.
#TecT nna nporpaMMbi AByxMepHoro npeo6pa3oßamia Oypbe
integer it, nt, ix, nx; complex cp(64, 64), cwork(64)
open(4, file ='plotfile', status= 'new', access='direct', form=

'unformatted',

recl=l)

npHßeneM Han6onee sneMeHTapHybo nporpaMMy AByxMepHoro
npeo6pa3oßaHHn Oypbe:
#AByxMepHoe npeo6pa3oßaHHe Oypbe c noMombio OAHOMepHoro
subroutine ft2d(nl, n2, cp, signl, sign2, cwork)
complex cp(nl, n2), cwork(n2)
integer nl, n2
real signl, sign2
do i2 =1 , n2 # transform over the fast dimension

call fork(nl, cp(l, i2), signl) #one-dimensional Fourier transform
do il= 1, n 1 { # transform over the slow dimension

doi2=l, n2
cwork(i2)= cp(il, i2)

call fork(n2, cwork, sign2) #one-dimensional Fourier transform
do i2=l, n2

H HaKOHen, ecTb nporpaMMa 6biCTporo OAHOMepHoro npeo6pa-

nx= 64; nt =64;
do it=l, nt

do ix =1, nx
cp(it, ix)=0.

cp(l6, 3)=1.; cp(l6, 4) =4.; cp(l6, 5) = 6.; cp(l6, 6)=4.; cp(l6, 7)=l.
cp(l7, 3)=1.; cp(l7, 4)=4.; cp(l7, 5)= 6.; cp(l7, 6)=4.; cp(l7, 7)=l.
call ft2d(nt, nx, cp, +1., +1., cwork)
write(4, rec=l) ((real(cp)it, ix)), it=1 , nt), ix=l, nx)
stop; end

cp(il, i2)=cwork(i2)
return; end
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30BaHHH Oypbe. OHa npeACTaßnneT co6on pancpopoßCKybo Bepcmo
cpopTpaHOBCKOH «BHnKH», noMeinemioH Ha CTp. 12 b pa6oTe [53].
KaK Bcerna, nepe3 Lx o6o3HaneH noKa3aTenb CTeneHH 2, BbixoAHan
BenHHHHa cx(l) npeACTaßnneT co6oh Hyneßybo nacTOTy, cx(Lx/2+
-f-1)— TaK Ha3MßaeMan nacTOTa HairKßHcra, a cx(Lx) —HaHMeHb-
man OTpHnaTenbHan nacTOTa. AnropnTM KpaTOK, ho c cpoKycaMH,
nosTOMy He ctoht nbiTaTbcn nponecTb nporpaMMy, He npoKOHcynb-
THpOßaßmncb b npyrax noco6nHX no nporpaMMHpOßaHHbo.

#BbicTpoe OAHOMepHoe npeo6pa3oßaHne Oypbe
subroutine fork(lx, ex, signi)
complex cx(lx), carg, cexp, cw, ct
j= l; k= l; sc =sqrt(l./lx)
do i=l, lx{

if(i<=j) {ct=cx(j)*sc; cx(j) =cx(i)*sc; cx(i) =ct}
m= lx/2
while(j>m) {j=j — m; m =

m/2;

if(m<l) break}
j=i+ m
1

repeat {
istep=2*k
do m= l, k{

carg=(0., l.)*(3.l4ls926s*signi*(m— l))/k; cw= cexp(carg)
do i= m, lx, istep

(ct=cw*cx(i +k); cx(i +k)=cx(i)— ct; cx(i)=cx(i)+ ct}
k = istep
} until(k>=lx)

return; end

Oypbe-npeo6pa3oßaHHH coctoht H3 BemecTßeHHon h mhhmoh
nacTeii. HHorna o6e ohh bmboahtch Ha rpacponocTpoHrenb. Macro
ace mhhmoh nacTbio npeHe6perabOT. nocneAHee o6i>HCHneTCH TeM,
HTO 6onbUIHHCTBO BpeMeHHMX CpyHKUHH, C KOTOpbIMH MM HMeeM
Aeno, paHee MOMenra BpeMeHH /= 0 paBHM Hynio. nosTOMy hx
cpypbe-npeo6pa3oßaHHH AonacHM ynoßneTßopnTb onpeAeneHHMM
ycnoBHHM, a hmchho, BemecTßeHHan h MHHMan nacTH nonacHM
6biTb CBH3aHM Meacny co6on npeo6pa3oßaHneM rnnb6epTa. B
HameM cnynae OAHa H3 nacTen nacTO noxoaca Ha KocHHycHyio
cpyHKnnbo, a Apyran—Ha CHHycHybo. nosTOMy no BHemHeMy BHAy
BeuiecTßeHHOH nacTH nacTO 6bißaeT nerKo npencraßHTb, KaK
BbirnnAHT MHHMan. Ha pnc. 36 H3o6paaceH pe3ynbTaT Ha Bbixone
TecTOßoii nporpaMMbi.

MnrpaHHOHHoe npeo6pa3oßanne CTOJiTa

B npHBOAHMOH HHace nporpaMMe Mnrpannn no MeTOAy CTonTa
Jinn npeßpameHHn och co b ocb k z ncnonb3oßaHa nHHeHHan
HHTepnonnnnH. B3BemnßaHHe nocpeACTBOM dkz/d(£> cKa3MßaeTcn
Mano, nosTOMy pann coKpameHnn TeKCTa nporpaMMbi oho
onymeHO. (KpoMe Toro, hto-to HyacHO ocTaBHTb h AJin ynpaacHe-
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PHC. 36. Pe3ynbTaT Ha Bbi-
xone

TecTOBOH

nporpaMMbi
AByxMepHoro npeo6pa3oßaHHa
Oypbe

hhh). B KanecTße TecTOßoro npHMepa b3hto nocTpoeHne nonyoK
pyacHOCTen H3 HMnynbcoß.

#TecT AJia MHrpauHOHHoro npeo6pa3oßaHH« Ctohth
integer it, nt, ix, nx; real vdtodx; complex cp(256, 64)
open(4, file= 'plotfile', status='new', access= 'direct', form=

'unformatted',

recl=l)
nx =64; nt =256; vdtodx=1./4. #vdtodx= v dt/dx
do it =1 , nt

do ix =1, nx
cp(it, ix) =0.

cp(32, 9)=1.; cp(64, 17)= 1.; cp(l2B, 33)= 1.
call stolt(nt, nx, cp, vdtodx)
write(4, rec=l) ((real(cp(it, ix)), it =1 , nt), ix=l, nx)
stop; end

# nonnporpaMMa MHrpannn CTonTa 6e3 KocnHycHoro B3BemHBaHHa
subroutine stolt(nt, nx, cp, vdtodx)
integer ikx, nx, nt, nth, iktau, iom
real om, vkx, wl, wh, aktau, pi, pionth, vdtodx
complex cp(nt, nx), cbf(lo2s)
pi=3. 14159265; nth=

nt/2;

pionth= pi/nth;
call ft2d(nt, nx, cp, 1., -1., cbf)
do ikx=l, nx {

vkx=(ikx— l)*2.*pi*vdtodx/nx
if (ikx>nx/2) vkx =2.*pi*vdtodx— vkx #OTpnnaTenbHbie kx

#pa6oHHfi Gycbep

cbf(iom) =cp(iom, ikx)
cp(l, ikx) =0.
do iktau=2, nth+l{

aktau+(iktau— I.ol)*pionth

#HcmnoHeHne B3BemHBaHHH
#

HCKmoneHHe

HyneßOH

aacTOTbi

#pacTarnßaHne

om=sqrt(aktau*aktau+ vkx*vkx); iom= 1 +om/pionth
if^iom<nth) {

wl= iom— om/pionth; wh=l.— wl
cp(iktau, ikx) = wl*cbf(iom) +wh*cbf(iom+ l)
cp(nt — iktau+2, ikx) =wl*cbf(nt — iom+ 2)+wh*cbf(nt— iom + 1)

else

cbf(l) = 0.; cbf(nt+l) =0.
do iom=l, nt
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PHC. 37. nepnoAHHHOCTb pe3ym>TaTa nporpaMMbi MnrpannoHHoro npeo6pa3oßaHna
CTOHTa

Pe3ynbTaT npHMeHeHnn naHHon tcctoboh nporpaMMbi npHBO-
Ahtch b pa3Aene 1.3. llto6m noAnepKHyTb nepHOAnnecKybo npnpony
SToro pemeHHH, Bee nonyoKpyacHOCTH, KpoMe oahoh, y6paHM, a
pe3ynbTaT BMBeneH c npnMeHeHHeM HenHHeHHoii perynnpoßKH
ycnneHHH. Ha pnc. 37 noMeineHM pnnoM neTbipe onnHaKOßbix
rpacpHKa.

Oypbe-npeo6pa3oßaHHe CTpoK viaipnubi

Oypbe-npeo6pa3oßaHne no CTpoKaM MaTpnnbi, Bnepßbie npeAno-
aceHHoe O. Pokkoh, o6nanaeT HecKonbKO 66nbmnM 6biCTpoAeiicT-
BneM no cpaßHeHHbo c sneMenrapHOH nporpaMMon, nocKonbKy

cp(iktau, ikx) =0.

}
}

call ft2d(nt, nx, cp, -1., 1., cbf)
return; end
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MHHHManbHO Heo6xoAHMbie BcnoMoraTenbHbie BbinHcneHnn nporo-
BOAnTcn oahh pa3, b to BpeMH KaK cpypbe-npeo6pa3oßaHHbo
noAßepraeTcn KaacAan CTpoKa MaTpnnbi. Ho rnaßHoe npeHMymecT-
bo MeTona Pokkh HaA sneMeHTapHMM nonxoAOM 3aKnbonaeTcn b
tom, hto ncxoAHbie AaHHbie He HyacHO TpaHcnoHHpoßaTb n
nporpaMMa pa6oTaeT scpcpeKTHBHO b nio6oM peacHMe.

#nocTpoHHoe (hypbe-npeo6pa3oßaHne Pokkh
# sign2 should be+l. or— l. it is the sign of i.
subroutine rowcc (nl, n2, ex, sign2, scale)
complex cx(nl, n2), cmplx, cw, cdel
do il =l, nl

cx(il, i2)= cx(il, i2)*scale

do i=l, n2 {
if(i<=j) call twidl(nl, cx(l, i), cx(l, j))
m= n 2/2
while (j >m) {J =J— m

;

m=

m/2;

if (m<l) break}
j=j+m}

Istep = 1
repeat {

istep= 2*lstep; cw=1 .
arg=5ign2*3.14159265/lstep; cdel =cmplx(cos(arg), sin(arg))
do m= 1, Istep {

do i=m, n2, istep
call twid2(nl, cw, cx(l, i), cx(l, i + Istep))

cw=cw*cdel
Lstep= istep
~ until(lstep>=n2)

return; " end
subroutine twidl(n, ex, cy)
complex cx(n), cy(n), ct
do i= l, n {ct =cx(i); cx(i) =cy(i); cy(i) =ct}
return; end

#Ecnn xoTHTe onTHMH3npoBaTb, AenanTe 3to 3Aecb
subroutine twid2(n, cw, ex, cy)
complex cx(n), cy(n), ctemp, cw
do i= l,n{ctemp =cw*cy(i); cy(i)=cx(i)— ctemp; cx(i) =cx(i)+ctemp}
return; end

Yiipa/KficuiiH

1. BojibmnHCTßo cpyHKnnn BpeMeHH

BemecTßeHHO,

hx MHHMaa nacTb paßHa
Hyjno. noKaacHTe, hto b

TaKOM

cnynae F((o, k) moxho onpenenaTb no F( — co, —k).
2. noATBepAHTe Ha

CBoeM

KOMnbioTepe n nnoTTepe, hto pnc. 36 nonyneH c
noMombio npennoaceHHon b yne6HHKe nporpaMMbi.

3. BemecTßeHHyio nacTb cpypbe-npeo6pa3oßaHna, nonyneHHoro b npenbiAymeM
ynpaacHeHHn, cjio>kho HHTepnpeTnpoßaTb, TaK KaK OTpnnaTenbHbie

aacTOTbi

h

BonHOßbie

HHcna pacnonoaceHbi HeynoGno. BnAOH3MeHHTe nporpaMMy

TaK,

htoGh
k) HMena Hanano KoopAHHaT b neHTpani.Hoii tohkc (33,33) BbiaepneHHOH ceTKH.

BHAOH3Memrre cpyHKnmo/(r, x) nepen

TeM,

KaK BbinonHaTb npeo6pa3oßaHne Oypbe,
b cbh3h c neM BcnoMHHTe TeopeMy o

CABnre.

3annmHTe f(t, x) h HOByio, 6onee
npocTO HHTepnpeTHpyeMypo cpyHKnnio F(co, k). 06o3HaabTe ocn.

4. B pe3ynbTaTe ToneaHoro B3pbißa Ha noBepxHOCTH 3eMnn b

TOHKe

x= 32 h b

MOMeHT

BpeMeHH r= 0 nonyaeHbi

CHHTeTnaecKne

cencMorpaMMbi Ha nnocKocTH

do 12=1, n2
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(/, x), H3o6pa»ceHHbie Ha pnc. 38 BHH3y

cneßa.

Cnpaßa H3o6paaceHbi MarHHTynbi
AByxMepHoro npeo6pa3oßaHna Oypbe Ha nnocKocTH (co, kx ). Hanana KoopAHHaT y
Ka^Aoro H3 rpacpHKOß HaxonaTca b BepxHeM neBOM yrny. KaK 6ynyT BbirnaAeTb 3th
rpacpHKH npn HaGnioAeHHH Ha noBepxHOCTH cpeAbi, CKopocTb pacnpocTpaHeHHa
ynpyrnx BonH b KOTopon HanonoßHHy HH«e?

5. BHecHTe b nporpaMMy MnrpannoHHoro npeo6pa3oßaHHa CTonTa nonxoAa-
myio

3aBHCHMOCTb

aMnnnTynbi ot KOCHHyca yrna naneHHa. npoTecTHpOßaß,
y6enHTecb, hto pa3nnHHe He6onbmoe, ecnn He npHHHMaTb bo BHHMaHne HeKOToporo
H3MeHeHna hhtchchbhocth b

3aBHCHMOCTH

ot yrjia pacnpocTpaHeHHa BonHbi.
6. HannmHTe nporpaMMy pacneTa AHCpparnpoßamiOH BonHbi

MeTOAOM CronTa,

t. e. paccHHTaiiTe cooTßeTCTßyiomHe rnnepGonbi nna 3anaHHbix BHyTpn cpenbi
TonenHbix y3noß nncppaKmiH.

7. Ecnn bh BBOAHTe b nporpaMMy nncppaKUHH CTonTa Becoßyio cpynKnmo,
o6paTHyio KocnHycHOH, to He 3a6bißaHTe o

nonioce,

pacnono^ceHHOM b Kpaeßofi
o6nacTH cymecTßOßaHHa 6biCTpo3aTyxaiomHx bohh. Korna nynme BbinonHHTb
pacTaaceHne: ao B3BemHBaHHH hhh nocne? noneMy?

8. Omn6Ky HHTepnonannH b nporpaMMe CTOHTa mo>kho yMeHbmnTb nyTeM
yMeHbineHHa ckopocth ocunnnanHH 4>ynKUHH i3(co) b

3aBncnMOCTH

ot cd. npn stom

noMHHTe,

hto npn oTpnuaTenbHbix t cpyiiKUHH p (?) o6panjaeTca b Hynb. IlosTOMy
nepen HHTepnonanneH HyacHO yMHoacHTb P{<£>) Ha exp( — /cox) n

TonbKO

nocne 3Toro
AenHTb. KaKHM aohmcho 6biTb 3HaneHne

nocToaHHOH x,

Hcnonb3yeMoe b ashhoh
nporpaMMe?
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Tjiaea 2
nOHEMY HMEHHO nPOCTPAHCTBO H BPEMfI?

B npQjxbijxyuxem rnaße Mbi HayHHJiHCb 3KCTpanojiHpoßaTb bojtho-

Bbie nojia bhh3, BHyTpb cpeaw. CaM no ce6e nponecc npocT, TaK
KaK oh npeacTaßJiaeT co6oh Bcero jiHnib yMHO^ceHHe Ha exp [ikz (co,
kx )z] b nacTOTHOH o6nacTH. B AaJibHeHHieM mm y6e,zjHMCJi, hto
KOHeHHo-pa3HocTHbie MeTo^bi cno^cHbi. Mx npHMeHeHHe CBjnaHO c
HOBbIMH npH6jIH»(eHHaMH H HOBbIMH JIOByHJKaMH flJlfl HeOCTOposK-
hhx. TaK 3aneM hx H3ynaTb? Otbct Ha stot Bonpoc coctoht,
npeac/ie Bcero, b tom, hto MHorne Haxo^aT KOHeHHO-pa3HOCTHbie
MeTO^bi 6onee aocTynHbiMH jjjih noHHMaHHJi h ycßoeHHa. B npocT-
paHCTße (t, x, z) HeT hh KOMnneKCHbix HHcen, hh KOMnneKCHbix
noKa3aTenbHbix cpyHKUHH, hh MarnnecKoro aminca, Ha3breaeMoro
6bicTpbiM npeo6pa3oßaHHeM Oypbe.

CHTyanna aHanornHHa CHTyauHH npn o6mhhoh nacTOT-
HOH (pHJIbTpanHH. HaCTOTHybO f|)HJIbTpaHHK) MOJKHO BbinOJIHJITb
jih6o nepeMHO^ceHneM b nacTOTHOH o6jiacTH, jih6o CBepTKOH bo
BpeMeHHOH. npn bojihoboh SKCTpanojianHH onepanHH yMHoaceHHa
BbinojiHHioTCH KaK no BpeMeHHOH co, TaK h no npOCTpaHCTBeHHOH kx
nacTOTe. Hobmm MOMeHTOM HBJiaeTCfl AByxMepHoe npocTpaHCTBO
(co, kx), KOTOpoe npnuiJio Ha CMeHy CTapoMy, o^HOMepHOMy co.
3aaaHHbiH Bbiuie Bonpoc: «3aneM Hy^cHbi KOHenHbie pa3HOCTH?»
npe/icTaßjiaeT co6oh pa3HOBH^HOCTb CTaporo Bonpoca: «Koro
aoji)KHa 6ecnoKOHTD cpHJibTpamia bo BpeMeHHOM npeACTaBjieHHH
cennac, Kor^a h3bcctho 6biCTpoe npeo6pa3oßaHHe <J)ypbe?»

3tot Bonpoc 6y^eT 3aAaßaTbca MHoro pa3 h npn pa3JiHHHbix
o6cTOHTejibCTßax. no3/mee b H3JioSKeHHH noaßflTca KOop/nmaTa
yAaneHHH nyHKTa BO36y>K,neHHH ot nyHKTa npneMa h KOop/nmaTa
cpeaHen tohkh MOK/jy hhmh. M CHOBa Hy)KHO 6y^eT flenaTb Bbi6op
Me^cAy cnoco6oM KOHenHbix pa3HOCTen h npeo6pa3oßaHHeM <J>ypi>e
npn npeo6pa3oßaHH«x no pa3HbiM ochm.

Otbct Ha Ham Bonpoc, TaK 5Ke KaK h 3a^aHH, cToanme nepea
reocpH3HKOH, MHoronjianoßbiH. BojibuiHHCTßO KpHTepneß, jioKamnx

b ocHOBe oTBeTa Ha stot Bonpoc, y»ce 3HaKOMbi no o6biKHOBeHHOH
TeopHH cpHJibTpoß. MHJKeHepbi-sjieKTpoHHiHKH h cneHHanHCTbi no
CTapblM MeTO^aM JteKOHBOJIbOHHH, KOTOpbie 3aHHJIHCb o6pa6oTKOH
bojih, He npeACTaßjiajiH ce6e, hto hx 3HaHHSi Haxo^HT npHMeHeHHeb
CTOJIb MHOrOHHCJieHHbIX o6jiacTHx.

Ha pnc. 39 noKa3aHO pa3JiHHHe Me:ac,ny BbiHHCJieHHHMH b nacTOT-
hom (cpypbe-njiocKOCTH) h BpeMeHHOM npeACTaßjieHHHx. KapTHHa,
H3o6pa^ceHHaa Ha pncyHKe, 6buia paccHHTaHa c noMombio ceTKH
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PMC. 39. rnnep6ojia b

nacroTHOM

(BBepxy) h BpeMeHHOM (BHH3y) npe/jCTaßjieHHax

pa3MepoM 256x 64. OHa npe/i,Ha3HaHeHa jum HarnaaHOH /jeMOHCT-
paHHH TeX Tpy^HOCTeH, KOTOpbie BO3HHKaK)T b KaayjoH H3
o6jiacTeH. KaK npaßHjio, pacneTbi no Oypbe 6bißabOT oTaromeHbi
nepHo/THHecKHMH noMexaMH, a bo BpeMeHHOM npe/iCTaBJieHHH —
AHcnepcneH nacTOT (cm. pa3.ne.Ji 4.3). («BpeMeHHan rHnep6ojia»,'
H3o6pa)KeHHasi Ha pnc. 39, b nencTBHTejibHOCTH CMOflejiHpOßaHa b
nacTOTHOH o6jiacTH c nejibbo y/jo6cTßa ee paccMOTpeHHa). B
HacTOJimeH maße Mbi no3HaKOMHMca c mctoahkoh pacneTOß bo
BpeMeHHOM npe/iCTaBJieHHH. Bonee conocTaßjieHne

o6ohx npe^cTaßJieHHH 6yaeT #aHO b tji. 4.
J\sl7kq ecjin MHrpannoHHoenpeo6pa3oßaHne Bceraa BbinormjieTca

B HaCTOTHOH o6jiaCTH, CTOHT H3yHHTb MeTO/Jbl MHrpaHHH BO
BpeMeHHOM npe^CTaßjieHHH. 3to noMo^ceT ocMbicjieHHo Bbi6npaTb
napaMeTpbi, oGecneHHßaioiHHe KanecTßeHHbie pe3yjibTaTbi bo Bpe-
MeHHOH o6jiacTH. HanpHMep, o6e nacra pnc. 39 nojiyneHbi b
HaCTOTHOH 06jiaCTH, HO O,H,Ha H3 HHX HMHTHpOBaJia BbIHHCJieHHH BO
BpeMeHHOM npeacTaßjieHHH.

M JMeneiiHH no ropinoni a."

B 06bIKH0BeHH0H TeopHH JIHHeHHOH (|)HJIbTpaHHH ,HX)Ka3blßaeTCfl,
hto (pHjibTp mo)kho caenaTb nepeMeHHbiM bo BpeMeHH. 3to
o6cTOHTejibCTBO npe/jcTaßjuieTCfl none3HbiM b ceHCMopa3Be/rKe
OTpa»:eHHbiMH

BOJiHaMH,

TaK KaK nacTOTHbiH cocTaß OTpa^ceHHH
MeHseTCH co BpeMeHeM. HenpnaTHOH oco6eHHocTbio nepeMemibix
fib BpeMeHH cpHJibTpoß HBjiaeTCJi to, hto hx Hejib3H 3a,n,aßaTb B
nacTOTHOM npeACTaBjieHHH b BHjte npocToro npoH3Be^eHHH.
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noaTOMy, npHMeHHa nepeMeHHbie bo BpeMeHH (pruibTpbi, npHxo/THT-
ch noKH^aTb nacTOTHyio o6jiacTb, hjih )Ke npn6eraTb k pa3JiHHHoro
poiia yxHmpeHHHM (HanpHMep, k pacTJDKeHHio BpeMeHHOH och),
nejib KOTOpbix c/jejiaTb TaK, HTo6bi Bee Bbirjumejio He3aBHCHMbiM
OT BpeMeHHOH KOOp^HHaTbl.

Bee BbicKa3aHHbie coo6pa>KeHHsi KacaiOTCH h ropH3OHTajibHOH
npocTpaHCTBeHHOH och x. Oco6oh 3a6oTbi Ha npocTpaHCTßeHHbix
ocflx Tpe6yeT ceHCMHHecKaa CKopocTb v. Ecjih OHa nepeMeHHa no
npocTpaHCTBeHHOH Koop^HHaTe, CKa^ceM, HMeeT bvlr v (x), to
onepanHio 3KCTpanojismHH BOJiHOBbix nojieft BBepx h bhh3 y)Ke
Hejib3a Bbipa^caTb nepe3 npoH3Be,neHHe b o6jiacTH kx . npone-
jrypbi bojihoboh 3KCTpanojisinHH cjie^yeT nepeMecTHTb H3 o6jiacTH
npocTpaHCTBeHHOH nacTOTbi b o6jiacTb, r^e Hcnojib3yiOTCsi KOHen-
Hbie pa3HOCTH. MHane CHOBa npn^eTCJi npn6erHyTb k pa3Horo po-
m yxHiupeHHHM THna pacTa^ceHHa och

x,

htoGw nonbiTaTbca
c^ejiaTb Bee BejiHHHHbi He3aBHCHMbiMH ot npocTpaHCTBeHHOH
KOOp/fflHaTbl.

B cjiynae JTByx h 6ojiee H3MepeHHH, npone^ypa pacTaaceHHH
CTaHOBHTCH 6ojiee cjio>khoh h #aeT MeHee yjJOßJieTßopHTejibHbie
pe3yjibTaTbi.

Bonee npo*CTOH CHTyanHen, Korjja npHMeHeHHe KOHeHHbix
pa3HOCTen npe^noHTHTejibHee mctojiob Oypbe, ABJiaeTca CHTyanna
c Heperyji^pHbiM pacnojio^emieM npneMHbix KaHajioß. Ecjih no
KaKHM-To npHHHHaM ceHCMonpHeMHHKH pacnpe^ejiHjiH no npo4)Hjno
HepaßHOMepHo, t. e. paccToaHHe Ax MOK/ry cencMoperHCTpHpyio-
IHHMH KaHaJiaMH 3aBHCHT OT X, TO MO)KHO Jffl6o nOBTOpHO
jTHCKpeTH3HpoBaTb Ha6jibOjjeHHa, co6.moiiaji paßHOMepHbin mar
KaHajioß, h 3aTeM caejiaTb cpypbe-npeo6pa3oßaHHsi, jih6o »ce
Henocpe^cTßeHHo npncTynHTb k o6pa6oTKe c noMombio KOHeHHbix
pa3HOCTen.

TTpnpameHHe BpeMeHH no ro/jorpa(j)y

MHoroe b ceHCMopa3Be/TKe cboahtch k H3MepeHHK> BpeMeHHbix
cjjßHroß. Ylor npHpameHHeM BpeMeHH no ro^orpacJ)y no-
HHMaeTca H3MeHeHHe BpeMeHH npo6era bojihw c H3MeHeHneM tohkh
Ha6jiiojaeHHH. BbiHHCJieHHa b nacTOTHOH o6jiacTH o6mhho 3aßepma-
K)T nepexojjoM bo BpeMeHHyio, JiJia Toro hto6h HMeTb bo3mo)k-

HOCTb Ha6jiK>aaTb boohhio 3th npHpanteHHa. npeHMymecTßo
BbIHHCJieHHH BO BpeMeHHOH o6jiaCTH 3aKJIbOHaeTCH B TOM, HTO
BpeMeHHbie c/jßHra MOK/ry bojihobwmh naKeTaMH mo>kho H3MepsiTb
b nponecce BbIHHCJieHHH. B nacTOTHOH o6jiacTH He cocTaßJiaeT
Tpy^a COOTHeCTHCb C OJXHHM-eJTHHCTBCHHbIM MOMeHTOM BpeMeHH,
hjih )Ke oneHHTb BpeMeHHOH cjjbht, npncymnH Been BpeMeHHOH
cpymcuHH b HejioM. Ho o6ecnenHTb #ocTyn k OTjjejibHbiM HMnyjib-
coH^aM hjih BOJiHOBbiM naKeTaM, He Bo3Bpamasicb bo BpeMemioe
npejjCTaßJieHHe, HenerKo.
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OnjibTp 3KCTpanojisiH,HH BOJiHOBoro noun b BepxHee H B HH)KHee

nojiynpocTpaHCTßa BHJia exp [ik z (cd, kx)z] no CBoen cyTH HBJiaeTCfl
uiHpoKonojiocHbiM. TaKOH cpHjibTp nepeMemaeT ceHCMHHecKyio
3HeprHbo no KpyroßbiM TpaeKTopnaM 6e3 KaKoro-jinGo ee ycnjieHHH
HJIH OCJia6jieHH3. >I CHHTabO, HTO HMeHHO nosTOMy MHrpaHHOHHaa
cpHjibTpanHH 6ojiee HHTepecHa, neM MHHHMajibHO-cj)a3oßasi. Mnrpa-
UHOHHbie CpHJlbTpbl Co6HpaboT 3HeprHbO CO BCeX CTOpOH H
noMemabOT ee b HajjjioKamee MecTO, a MHHHMajibHO-cpa3oßbie
HHnero He nepeMeniabOT —ohh npocTo o/nin nacTOTbi ycnjiHßabOT, a
JTpyrHe ocjiaGjunoT. Jlk>6oh (J)HjibTp thiiu exp [/O (co) ] HBJiaeTCJi
UiHpoKonojiocHbiM. KaKOßbi nKe orpaHHHHßabontHe bhjx cpymcnHH
O (co) ycjioßHH, KOTopbie AeJiabOT BpeMeHHoe npencTaßjiemie cpymc-
HHH exp (/O) npHHHHHbIM?

OKa3bißaeTca, hto npnHHHHbie mnpoKonojiocHbie cpHJibTpbi
o6jia^aioT BecbMa nojie3HbiM cbohctbom —BO3MOSKHOCTbK> npejj-
CTaßjieHHa nepe3 Z-npeo6pa3oßaHHa, a hmchho: Z nA (\/Z)/A(Z).
Jlnna, 3HaKOMbie c TeopneH cfmjibTpoß, jjora^abOTCH, hto .nejiemie
Ha A (Z) nojTHHMaeT uejibiH pan HOBbix Bonpocoß — oGpaTHaa
CBH3b, 3KOHOMHHHOCTb napaMCTpH3aHHH H BO3MO)KHaSI HeyCTOHHH-
BocTb. 3aMeTHM, hto Z-npeo6pa3oßaHHH paccMaTpHBaiOTCH b
pa3j^ejie 4.6. Bee nepeHHCJieHHbie Bbime Bonpocw BO3HHKHyT npn
HCnOJIb3OBaHHH KOHeHHbix pa3HOCTCH JJJUI 3KCTpanOJISinHH BOJIHO-
Bbix nojien b HH>KHee nojiynpocTpaHCTßO. nocjie/THHH nponecc
HBJiaeTCJi nponeccoM c o6paraoH CB*i3bio, KOTopbiH OTjinnaeTca

3KOHOMHHHOCTbbO. ECJIH BO3bMCM, HanpHMep, A (Z) =1 +dtZ++a2Z 2 , to yBH/THM, hto HMeboiuHxcH b HajiHHHH j\Byx peryjmpye-
Mbix KoscpcpHHHeHTOß BnojiHe AOCTaTOHHO jj,jih Bbi6opa HaCTOTbI H
uiHpHHbi nojiocbi nponycKaHHH, o6ecneHHßaioiHHx H36HpaTejibHybo
3a/iep^Ky. Skohomhhhoctb napaMeTpH3anHH 03HanaeT TaK^e h
3KOHOMHHecKybo scpcpeKTHßHocTb npaKTHHecKoro BonjiomeHHH. 3to
xopomo. Xopomo TaK)Ke, Kor/ia H3 caMOH cpopMbi cf)yHKn,HH
BbiTeKaeT ee npHHHHHOcTb. B to hkq BpeMa 3KOHOMHnecKHe
npenMyntecTßa conpoßOK/iaiOTCfl h HcaocTaTKaMH. H HaKOHen
Hy>KHO H3yHHTb HCKOTOpbie nOJIO^CeHHH TeOpHH yCTOHHHBOCTH H
nOJIb3OBaTbCH HMH. OyHKUHJI A (Z) AOJI>KHa 6blTb MHHHMaJIbHO-
CJ)a3OBOH.

CpaeHeHne HacTOTHoii h Bpevieiiiioii oSjiacTeii

MeTOJjbi Oypbe hocht rjio6ajibHbiH xapaKTep. 3to 3HaHHT, hto
nepea HanajioM o6pa6oTKH no,n pyKaMH jiojdkho Haxo/THTbCJi
nojiHoe MHO)KecTBO Ha6jibo/i,eHHbix /raHHbix. OTJjajieHHbie norpeui-
hocth h yceneHHH /jaHHbix MoryT npHBOiTHTb k cepbe3HbiM
JIOKaJIbHbIM 3CpCpeKTaM. KOHeHHO-pa3HOCTHbie MeTOAbI, HanpoTHß,
jioKajibHbi no CBoen npHpojje. OTcneTbi iiaHHbix npaMo CBsoaHbi
jiHuib c cocejjHHMH. OTJjajieHHbie norpeuiHocTH pacnpocTpaHSbOTca
Me/i-neHHO. npHße/ry JTBa npnMepa jioßyuieK, b KOTopbie mo^cho
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yrojJHTb npn pa6oTe b nacTOTHOH o6jiacTH. 06a npnMepa B3HTbi H3
o/moMepHoro aHajiH3a BpeMeHHbix pa/iOB.npn pa6oTe b nacTOTHOM npe^cTaßJieHHH (JmjibTpbi c KpyTbiMH
cpe3aMH, HanpHMep, HMeioiHHe a6cojibOTHO npaMoyrojibHyio nojio-

cy nponycKaHna b /THana3oHe B—Bo8 —80 Tn, 3a/iaK)TCSi jierKo. Ho bo
BpeMeHHOH o6jiacTH 3a^aHHe nojjo6Hbix cfwjibTpoß CBjnaHo c
onpe/iejieHHbiMH npo6jieMaMH. TaKne cpHjibTpw OKa3bißabOTca He-
npHHHHHbiMH, t. e. co3jjaK>nj,HMH HeKOTopbiH otkjihk eme ao Toro,
KaK 3HeprHH nocTynnjia Ha bxojx. Eme oziHa hx KpaHHe HenpHHTHaa
oco6eHHOCTb 3aKJibonaeTCsi b tom, hto BpeMeHHaa peaKUHJi yGbmaeT
jiHuib o6paTHO nponopnHOHajibHO /. rjiyGHHHbie OTpa^KeHHH,
aMnjiHTy^a KOTopbix y6bißaeT o6paTHo nponopnHOHajibHo KBa^pa-
Ty BpeMeHH, OKa3bIBabOTCJI nOTepJIHHbIMH B JIJIHTeJIbHOH peaKHHH
(J)HjibTpa Ha paHHHe BCTynjieHHH.

Hame BO3HHKabOT TpyjJHOCTH C pe^CeKTOpHbIMH CpHJIbTpaMH,
paCCHHTaHHbIMH Ha nOAaBJieHHe HaBOJJOK OT CHJIOBbIX JIHHHH (50
HJIH 60 Tn). OHH HMdOTCH y 60JIbHIHHCTBa THnOB cencMOperHCTpH-
pybonien annapaTypbi. Onjib rpbi-npo6KH JierKo KOHCTpynpoßaTb b
o6nacTH Z-npeo6pa3oßaHHH. HaHHeM c Hyjia, pacnojioaceHHoro Ha
e^HHHHHOH OKpy)KHOCTH tohho Ha 60 Yn. TaKOH c|)HjibTp no,n;aßJuieT
noMexy (Haßo^Ky), ho TaK>Ke HCKa^caeT nojiocy nponycKamifl h Ha
jxpyrux nacTOTax. nosTOMy noMecTHM nojiboc Ha KpouieHHOM
paccTOHHHH ot Hyjifl 3a npe^ejiaMH e/THHHHHoro Kpyra. PaccTOHHHe
Me^cay nojibocoM h HyjieM onpe/tejiHT nojiocy nponycKaHHa
cpHJibTpa-npo6KH. Ecjih CMOTpeTb Ha 3Ty napy c HeKOToporo
paCCTOHHHJI, nOJIbOC CBOHM BO3JJ,eHCTBHeM nOHTH yHHHTO)KaeT
BjiHHHHe Hyjia. TaKHM o6pa3oM, nojiynaeTCM H^eajibHO nnocKHH
cneKTp BHe 30Hbi noflaßjiemiH. nonpo6yeM 3aperHCTpnpoßaTb
Ha6jibo^eHHH c BKjibOHeHHbiM pe^ceKTOpHbiM cpHJibTpoM. no3AHHe
BCTynjieHHH bojih cjia6ee paHHHx, nosTOMy b nporpaMMe rpacJ)Oßbi-
80,n,a npe^ycMOTpeHO Bo3pacTaHHe ycnjieHHa co BpeMeHeM. flocjie
ycTaHOBKH b cencMOCTaHnHbo cpHjibTpoß, paccHHTaHHbix Ha nojjaß-

jieHHe mbo/jok ot chjiobhx sjieKTpojiHHHH, o6HapysKHßaeTca, HTO
ohh ycHJiHJiH HaBOAKH BMecTO Toro, hto6m hx ocjia6HTb. none-
My? 3to o6bHCHaeTC» TeM, hto Bbi noMecTHJiH nojnoc cjihih-

KOM 6JIH3KO K CZHTHHHHOH OKpy>KHOCTH. BBe/jeHHe 3KCnOHeHHHaJIb-
hoh peryjinpoßKH ycnjieHHJi cpaKTHnecKH npHßejio k y/jajieHHio e/iH-
hhhhoh OKpyamocTH ot HyjiH b HanpaßjieHHH k nojiiocy. nojiboc Mor
Boo6me OKa3aTbca Ha caMOH e/THHHHHOH OKpy>KHOCTH! Ecjih ace no-
MecTHTb nojiboc Aajibme otHyjia, to nonyHHTca 6ojieemnpoKonojioc-
Haa npo6Ka h3arpaacjiaK)iH,HH (|)HJibTp Tenepb6yj\QT pa6oTaTb c nepe-
MeHHbIM BO BpeMeHH KOSCpCpHHHeHTOM yCHJieHHfI 6oJiee 3(J)CI)eKTHBHO.

/JoSaßjieHne Hyjieii

C BHe^peHHeM b npaKTHKy 6biCTporo npeo6pa3oßaHHa Oypbe
ojjhhm H3 ero nepßbix npHMeHeHHH CTana CBepTKa. Ecjih cpHJibTp
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coctoht 6ojiee, neM H3 50 otchctob, to ero npHMeHeHHe
OKa3bißaeTca scpcpeKTHßHee b nacTOTHOH o6jiacTH. nojiynae-
MbiH npn stom pe3yjibTaT 6yjjeT bo BceM nueHTHHeH cßepTKe,
ecjin k KOHnaM pa^oß Ha6jibOAeHHbix jjaHHbix h cf)HjibTpa Jio6a-
BHTb Heo6xojjHMoe kojihhcctbo Hyjien. Ohh /jejiaioT hcbh-
.UHMbiM nepnoAHHecKHH xapaKTep jrncKpeTHoro npeo6pa3o-
BaHHH Oypbe. npH CpHJIbTpaHHH BpeMeHHblX (jtyHKHKH JIJIHTe-
jibHOCTbbo npn6jiH3HTejibHo b Tbicany otchctob 6ojibuiaa sko-
homhh MauiHHHoro BpeMeHH jjocTHraeTCH 3a cneT He3HanHTe-
jibHoro yßejiHneHHH jjonojmHTejibHbix o6beMOB naMHTH. Cenc-
MHHecKHe pa3pe3bi nacTO coctoht H3 HecKOJibKHx tmcjih Tpacc.
npn MHrpaHHOHHOM npeo6pa3oßaHHH HyjiH aoji^chh jjoGaßjia-
TbCfl OJ^HOBpeMeHHO Ha npOCTpaHCTBeHHOH H BpeMeHHOH
ocax. Hn^ce noKa3aHbi Te Tpn MecTa, rjj,e MoryT noTpe6oßaTbcn
Hyjin:

j^aHHbie 0
0 0

B pa3jiejie 4.5 coAep^caTca npejjjioaceHHH no npeo/iojieHHio
TpyjjnocTeH, conyTCTßybOHiHx npnMeHeHHbo MHrpannoHHbix npeoG-
pa3oßaHHH b cp-ypbe-npeflCTaßjieHHH.

3arjifl^Mßan Bnepe/j

TojibKo hto 6biji /jaH KpaTKHH 0630p HeKOTopbix npo6jieM,
CB33aHHbix c npeo6pa3OBaHHHMH b nacTOTHOH o6jiacTH. npo6jieMbi,
CBH3aHHbie c npeo6pa3OBaHHHMH b npocTpaHCTBeHHOM npe^CTaßjie-
hhh, 6yjjyT paccMOTpeHbi b tji. 2 h 4. 06pa6oTKa ceHCMopa3Be/TOH-
hmx MaTepnanoß npe^CTaßJiaeT co6ofi MHoroMepHybo 3a/iaHy, npn
peuieHHH KOTopoft pa3JiHHHbie H3MepeHHH 3anacTyio o6pa6aTbißa-
K3TCH pa3HbiMH nyTHMH. Ho ecjin bm cHHTaeTe, hto cpypbe-o6jiacTb
nojiHOCTbio y/ioßJieTßopjieT Bac, Mo^ceTe H3 HacToameH rjiaßbi

MHoroe nponycTHTb h nepeHTH cpa3y )Ke k tji. 3. B Heii bm
nO3HaKOMHTeCb C KOOp/THHaTOH paCCTOHHHH B3pblß — npHeM, cyM-
MHpoBaHHeM OCT h MnrpaHHOHHbiM npeo6pa3oßaHHeM #o cyMMH-
pOBaHHH.

2.1. YpaßtieHiiu bojihoboh jkcipano.iHiuiii

YpaßHeHHe bojihoboh SKCTpanojiHHHH npe/jCTaßJiiieT co6oh
Bbipa>KeHHe ajih npoH3BO/iHOH BOJiHOBoro nojia, KaK npaßHjio, no
KOopjj;HHaTe rjiy6HHbi z. Korjja H3BecTHbi bojihoboc nojie h ero
npoH3BOAHaa, 3KCTpanojiHHHio mo>kho ocymecTßjurTb nocpejJCTBOM
pa3JiHHHbix HHCJieHHbix npe^CTaBJieHHH (JDyHKHHH P(z+ Az)=
= P(z) +AzdP/dz. CjieaoßaTejibHo, Heo6xo/THMO HaHTH Bbipa-
»eHHe jjjih npoH3BOJXHOH dP/dz. CymecTßybOT m*a TeopeTHHecKHx
MeTOJia Haxo^cj^eHHfl npoH3BOJTHOH dP/dz: noaBHBHiHHCH nepßbiM
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vieTOTj npeo6pa3oßaHHH h 6ojiee no3/nTHH— /jncnepcHOH-
HblX COOTHOUieHHH.

BcTpena c napaSojinnecKHM bojihobum ypaiiiieinieM

B Te BpeMeHa, Kor/ia napaGojinnecKoe ypaßHeHHe 6mjio BBe/jeHo
b npaKTHKy ceHCMopa3Be/JKH Ha HecJ)Tb (1969 r.), uinpoKO 6buio
pacnpocTpaHeHO MHeHHe, hto «BOJiHOBaa Teopna He pa6oTaeT».
Tor^a ceHCMopa3BeAHHKH nojib3oßajiHCb jiyneßbiM npe/jcTaßjieHHeM.
BojiHOßoe ypaßHeHHe He Hcnojib3oßajiocb Ha npaKTHKe, oho
HHTepeCOBaJIO TOJIbKO yHHBepCHTeTCKHX TeopeTHKOB. (OaKTHHeCKH
)Ke BOJiHOBaa Teopna npHMeHjmacb npn H3yneHHH noßepxHOCTHbix

BOJIH,

BO3HHKaiOIHHX npH MOIHHbIX 3eMJieTpfICeHHSIX, T. e.

SBJieHKH,

MaciHTa6 KOTopbix b 1000 pa3 npeßbiuiaeT ceHCMopa3Be,zjOHHbie.)
Ho

m^Q

no MHemno yHHBepCHTeTCKHX HaynHbix pa6oTHHKOB
KOHeHHO-pa3HocTHbie pemeHHH BOjiHOßoro ypaBHeHHH 6biJiH He-
/TOCTaTOHHO XOpOHIHMH. HpH TOI7I,aiHHHX BbIHHCJIHTCJIbHbIX MaiHH-
Hax pemeHHH 6onbme noxojJHJiH Ha «BH6panHH MarHHTHbix
ronoBOK Ha 6apa6aHe», neM Ha «cencMHHecKHe BOJiHbi b 3cmhoh
cpe/j;e». napa6ojiHHecKoe ypaßHeHHe 6bijio nepßOHanajibHO npe,zma3-
HaneHO jjjih ycKopeHHH nponecca MoaejinpoßaHHH bojih kohchho-
pa3HOCTHblM MeTOJJOM.

HenpeojjojiHMaa jio 1969 r. Tpy/iHOCTb Bo3HHKajia H3 Henpa-
BHjibHoro npeanojioaceHHH, 3aHHMaßmero ueHTpajibHoe MecTO bo
Been cymecTßOßaßmen b to BpeMa TeopHH cencMHHecKHx bojih h
rjiacHßiuero, hto reojiorHHecKaa cpe/ja ropH3oHTajibHO-cjiOHCTa.
EiTHHCTBeHHbiH nyTb OTKa3a ot TaKoro npejJTiojiojKeHHs 3aKjnoHaji-

ch b jiyneßOH TeopHH, ho pacneT TpaeKTopHH jiynen HHKaK He 6bm
CB^3aH c Mo/jejinpoßaHHeM c})opMbi BOJiHOBbix HMnyjibcoß. B cenc-
Mopa3BeAKe Ha HecJ)Tb h ra3 noHTH Bee nccjieAOßaHHa no bojihoboh

TeopHH cocpeaoTOHHjmcb BnocjieACTBHH Ha cjiynae BepTHKajibHoro
najieHH». nyTb k ycnexy jie^caji b HanpaßjieHHH pacmnpeHHH 30Hbi
HccjieAOßaHHH b npejiejiax onpeAejieHHoro yrjioßoro Jinana-
-3 OHa H B OTKa3e OT 60JIbmeH HaCTH H3BeCTHOH b to BpeMH
TH^CeJIOBeCHOH TeopHH CeHCMOpa3BeJTKH.

BepTHKajibHO naztabomaa njiocKaa BOJiHa MaTeMaTHHecKH onn-
cbißaeTca ypaBHeHHeM bvijxsl

B HeM P0 a6cojibOTHO nocToaHHa. CMoaejmpoßaTb He6ojibinoe
OTKJioHeHHe ot BepTHKajibHoro na/ieHHa mo"o nyTeM 3aMeHbi
nocTOHHHOH P0 Ha HeHTO, He CTporo nocTOHHHoe, a Me/yieHHO
MeHHbomeeca, CKaaceM Ha Q(x, z):

P(t, x, z)= Q(x, z)e'iult "xtP) . (61)

nofICTaBHB Bbipa^ceHHe (61) b CKanapHoe BOJiHOBoe ypaßHeHHe
Pxx +Pzz= Ptt/V , no JiyHHM

P(t, x, z)= PO

Q-

i(o(t~ zlv\ (60)
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2">2

ox
d SflICO + Q

V
(62)

B HTore, BOJiHOBoe ypaßHeHHe OKa3ajiocb Bbipa^ceHHbiM nepe3
(J)yHKnHio Q (x, z). JXo chx nop He aenajiocb HHKaKHx annpoKCHMa-
hhh. Ecjih noTpe6oßaTb, htoGh BOjmoßoe none ocTaßajiocb

6JIH3KHM K nOJIbO njIOCKOH

BOJIHbI,

TO CpyHKHHfI Q (X, z) /KUDKHa
6blTb nOHTH nOCTOHHHOH BeJIHHHHOH. Ho/IXOJIfIIHHM Cpe^CTBOM J\o-
CTHaceHHfl noAo6HOH nejiH HBJiaeTCH npHpaßHHßaHne Bbicmen npo-
h3boahoh cJ3yHKHHH Qno rny6HHe, t. e. Qzz, k HyjHO. B pe-
3yjibTaTe nojiynaeTCJi napa6ojiHHecKoe bojihoboc ypaß-
HeHHe

dz —2/0) ox

Korjia ero Bnepßbie Hanajm Hcnojib3oßaTb b ceHCMOpa3BeiTKe,
caMbiM Ba^cHbiM cbohctbom 3Toro ypaßHemui CHHTajiH cjie^ybomee:
nocKOJibKy BTopaa npoH3Bo,zmasi BOJiHOBoro nojia, 6jiH3Koro k BepTH-
KajibHo na/iaiomeH njiocKOH Bojme, no KoopmrHaTe x Majia, to 6y-

J\QT

MaJIOH H npOH3BO/THaSI no Z. CjieAOBaTeJIbHO, KOHeHHO-pa3HOCT-
Hbm MeTOA BbIHHCJieHHH aojdkch AonycKaTb Hcnojib3oßaHHe Gojibmnx
npHpameHHH no rjiy6nHe Az, t. e. 6biTb b coctohhhh pa6oTaTb c
MOAejiHMH, 6jih3khmh k peajibHbiM reojiorHHecKHM cpe/iaM.

BcKOpe CTajio oneßHiTHbiM, hto napaGojinnecKoe bojihoboc

ypaßHeHHe—hmchho to, KOTopoe Heo6xo/jHMo zm» nocTpoeHHH
ceHCMHnecKHx H3o6pa»ceHHH, t. e. ABjiJieTCH ypaBHeHHeM bojihoboh

SKCTpanojiauHH.
Jlbo6onbiTHo, hto ypaßHeHHe (63) paBHO3HaHHO ypaßHeHHio

lllpe^HHrepa H3 KBaHTOBOH MexamiKH.
H3Jio^ceHHbm Bbime no/rxo/J— ocHOßaHHbin Ha npeo6pa3oßa-

HHsix— 6bui h ocTaeTca nojie3HbiM h 3CpcJ)eKTHBHbiM. Ho Bee ace
BCKope oh 6bui 3aMeHeH no^xojJOM, ocHOBaHHbiM Ha JTHcnepcHOH-
hom ypaBHeHHH, TaK KaK nocjiemTHH no3BOJiaeT nojiynaTb ypaßHe-
hhh /yui 3KCTpanojiHHHH bojih, perHCTpHpyeMbix Ha 6ojibmnx
yjjajieHHHx ot HCTOHHHKa, t. e. npn 6ojibmnx yrjiax naAeHHfl bojihm

Ha rpaHHny.

Pa3Jio»ceHHe KBaijpaTHoro Kopusi cnocoSoM Mionpa

npH nOJIb3OBaHHH nOCJie^HHM MeTOJJOM BOJIHOBbIX 3KCTpanOJIH-
UHH npHXOAHTCH HCKaTb pa3JIHHHbie npH6jIH)KeHHJI K ITHCnepCHOHHO-
My cooTHomeHHbo, coAepacaiueMy KBa/rpaTHbiH KopeHb. 3aTeM
npH6jmaceHHoe jjncnepcHOHHoe cooTHomeHHe npeo6pa3yeTca 06-
--paTHo b /THcpcpepeHHHajibHoe ypaßHeHHe. Bjiaro/iapa b ocho^uom

d2 Q , 2iadQ , d2Q A—— + —+ —— =0.
dx2 v dz dz2
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ycHjmaM OpeHcnca Mbonpa, co BpeMeHH Bbixojja b cbct KHHrn [53]
JTHcnepcHOHHbm no^xoA nojiynnji 3HaHHTejibHoe pa3BHTHe.

B pe3yjibTaTe no^CTaHOBKH hjiockoh bojihw exp (—mt+ikxx++ikzz) b AByxMepHoe cKajiapHoe bojihoboc ypaßHeHHe nojiynaeTca
JXHcnepcHOHHoe cooTHomeHHe

Bbi^enHß H3 Hero k z npn nojioacHTejibHOM KBa/rpaTHOM KopHe, t. e.
b3hb b AaHHOM cjiynae naztabomne bojihw, nojiyHHM

14t06w coßepmHTb o6paTHoe npeo6pa3oßaHne och z, aocTaTOH-
HO npH3HaTb, HTO ikz COOTHOCHTCH C npOH3BOJJHOH 3/Bz. B
pe3yjibTaTe nojiyHHM BwpaaceHHe jjjia SKCTpanojumHH BOJiHOBoro
nojia

ulto6w nepeßecTH ypaßHeHHe (656) b npocTpaHCTßeHHybo
o6jiacTb, HejiocTaTOHHO 3aMeHHTb kx BTOpon npoH3BO/i,HOH no X.
Tpy/XHOCTb CBH3aHa C OTCyTCTBHeM HeTKOrO nOHJITHJI KOpHfl
KBaapaTHoro onepaTopa. KBampaTHOMy Kop-
hk) H3 onepaTopa He aaeTca onpenejieHHa b
yne6HHKax no .zmcp^epeHnHajibHOMy HCHHCJieHHK) j\jin CTapmnx
Kypcoß yHHBepcHTeTOB, He cymecTßyeT h ero npocToro npejJCTaßjie-
HHJI Hepe3 KOHeHHbie pa3HOCTH. KBaapaTHbiH KOpeHb, O KOTOpOM
HreT penb, npno6peTaeT cmwcji jinmb b tom cjiynae, Kor^a oh
npejjcTaßjieH HeKOTopbiM yceneHHbiM psmpM. B pa3jj,ejie 4.6 6y^eT
noKa3aHO, hto pHjj; Tenjiopa jj,ji% 3THx nejien He ro/nrrcji. O. Mbonp
noKa3aji, hto npe/jjioaceHHwe paHee 15- h 45-rpa,aycHWH MeTO/xw
npeACTaßjiaioT co6oh npocTO-HanpocTo yceneHHH pa3JioaceHHH b
HenpepbißHybo ,/jpo6b. *ito6w b stom y6e/jHTbCfI, onpe^ejiHM X h P,
3anncaß ypaßHeHHe (65a) b BH^ie

HcKOMoe oTHomeHne MHoronjieHOß nopa/pca n o6o3HaHHM nepe3
Rn , KOTOpoe 6yjiQM naxojxvnh c noMomtbo peKyppeHTHOH cpopMyjiw

t-Ito6w yßH^eTb, k neMy cxojthtch aaHHaa nocjieflOßaTejibHOCTb,
ecjm OHa BOo6me cxo/nrrca, nojioacHM b cpopMyjie (67) n= oo h
Han/ieM

KBa^paTHbiH KopeHb H3 ypaBHeHHH (68) /jaeT Tpe6yeMoe Bwpa)Ke-
HHe (66). TeoMeTpHHecKoe HCTOjncoßaHHe ypaßHemui (68) cbojjhtch

k TOMy, hto KBaApaT KocHHyca yrjia na/jeHHJi bojihw paßeH cnnnHne
MHHyc KBa/xpaT ero CHHyca. yceneHHe pa3Jio>KeHHsi npHBO^HT

k 2 +k 2 = (D2/v 2. (64)

kz =((D/v)J\-v 2k 2/co2 . (65a)

dp/dz= i((o/v)y/\ - (v 2k 2/& 2 ) P. (656)

kz= (co/t;) sf\-X 2 = (co/t?) 7?. (66)

R n + 1 = \-X 2l(\+R„). (67)

RK = 1 -X2l(\ + Rm), Rx (1 +RX)= 1 +Rm -X2 , R 2 = \ -X2 . (68)
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TaSjiHua 2
Ilepßbie Mcn.ipc yccMoiuia pa j.iovkchhh b HenpepußHyio ipotib

5

15

45

60

k noHßjiemno omn6oK b onpe^ejieHHH yrjia. OaKTHHecKH ncnojib3y-
bOTca jmmb HjieHw HH3mnx nopa^KOß jjamioro pa3JiO)KeHHJi.
3ajiaßiHHCb Ro =l, nojiynaeM BwpaaceHHa, CBe^eHHwe b Ta6ji. 2.

HcTopHHecKH nojiyHHjiocb TaK, hto npHße/jeHHwe b Ta6ji. 2
ypaßHemui nacTo Ha3WBaK)T cootbctctbchho 5-, 15- h 45-rpa/TycHW-
mh, npHHeM caMH Ha3BaHHH aabOT npneMjieMybo KanecTßeHHybo (ho
njioxybo KOJiHHecTBeHHybo) OHemcy Toro jj[Hana3oHa yrjioß naAemui
bojihw, KOTopwH no/maeTca a/ieKBaTHOH o6pa6oTKe. H3 coo6pa»ce-
HHH OnTHMajIbHOCTH KOMnpOMHCCa MOKJjy CTeneHbK) CJIOSKHOCTH
o6pa6oTKH h TOHHOCTbbo nojiynaeMwx pe3yjibTaTOß npHxo/THTCH
name nonb3oßaTbCsi 45-rpaaycHWM ypaßHemieM. 3aTeM o6Hapy»CH-
BaeTca, hto npneMjieMaa o6pa6oTKa o6ecneHHßaeTca jjjih nyTb
6onee mnpoKoro /THana3oHa yrjioß, ecjin HanaTb peKypcHbo,
HanpHMep, co 3HaneHHsi i?o = cos4s°. /l,Jia noßwmeHHa tohhocth
MO>KHO B33Tb B KaHCCTBe Ro (|)yHKHHK) CKOpOCTH, npOCTpaHCTBCH-
HWX KOOpAHHaT, JIH6O HaCTOTW.

/liiciiepcnomibie coornouieimu

no^CTaBKB Ta6ji. 2 b ypaßHeHHe (66), nojiyHHM
AHcnepcHOHHwe cooTHomeHHH, KOTopwe mo>kho CpaBHHTb C TOH-
hwm ero BwpaaceHHeM (65a). nocjieAHHe npHße^eHw b Ta6ji. 3.

KaK noKa3aHO Ha pnc. 40 h b Ta6ji. 3, /mcnepcHOHHwe
cooTHomeHHa onncwßabOT nojiyoKpy)KHOCTb.

IlepeMeHHaH no rjiy6nHe CKopocTb

OToacaecTßjieHHe ikz c npOH3BO,zmoH no rjiy6nHe d/dz npeßpa-
maeT AncnepcHOHHwe cooTHomeHHa H3 Ta6ji. 3 b /nicj^epeHnHajib-
Hwe ypaBHeHHA, npHßcaeHHwe b Ta6ji. 4.

i?o=l
X2

Ri = \
2

X2

2
2

X2

*3=l 5-7-X2

X2

2 2
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Tad.nma 3
,lncnepciionni>ie cooiikhiichmh i.ih pa3-
JIHHHbIX VCCMCHHii

laSjiima 4

PHC. 40. TpacpHKH AHcnepcHOHHoro co-

OTHOineHHa,

nocTpoeHHbie b

cooTßeT-

ctbhh c cpopMyjiaMH (65a) h Ta6ji. 3.
KpHßaa, noMeneHHaa 45+, nocTpoeHa
npn 7?0 =cos4s° h tohho coßnaAaeT npn
0 h 45°:
a— TOHHaa KpHßaa

VpaBHeHHH jKcipauo.iHUHH ;i.ih cjiynafl, KOl ,ia CKOpOCTb
jaBHCHI

TOJIbKO OT

I .IVOHHbI

5 dP /co\

15

45°

,H,Hcpcj)epeHHHajibHwe ypaßHeHHa H3 Ta6ji. 4 ocHOBaHw Ha jthc-

nepCHOHHOM cooTHomeHHH, KOTopoe HamjiH, hcxoah H3 npemiojio-
)KeHHsi 06 oaHopojj,HOH cpe/je. no3TOMy ohh He 6yrryT CTporo
co6jiK>JiaTbCH h aaace He 6y^yT nojie3HWMH b cjiynaax ckopocth,
nepeMeHHOH no rjiy6HHHOH Koop/THHaTe v = v(z). OaKTHnecKH
OrpaHHHeHHe HX BO3MO)KHOCTeH 3aKJIbOHaeTCJI b tom, hto ohh
Hecnoco6Hw caMocTOHTejibHO onncbmaTb oTpa>KeHHwe bojihw.

MeTo^w MHrpanHOHHoro npeo6pa3oßaHH», 6a3HpybomnecH Ha
ypaBHeHHH (656) hjih >Ke Ha Ta6ji. 4, Ha3WßaK>Tca MeTO/iaMH
(})a30Boro cflßHra.

3ana3/ibißaHHe b nacTOTHOM npeACTaejieHMH

MacTO 6wßaeT y/j,06H0 TaK opramooßaTb pacneT bojihw, hto6w
npn stom CHHMajica scpcpeKT o6mero nepeMemeHHa h Bojma
Ka3ajiacb KaK 6w «CTosnueH Ha MecTe». 3tot Bonpoc—3a,nep>KH-

co k 2

£— z
v co vk 2

2 -v 2co

d_P = /co_vkl\
dz \v 2co J

dz \v co vk 2 J
v 2co
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TaGjiHija 5
3a.u'pvKaniibic ypaßHemui cpasoßoi o c ibhi a

5 8Q

15

45

06mee

BaHHe bojihw— 6yjj;eT paccMOTpeH 6ojiee AeTajibHo b pa3Aejie 2.6.
A MOK/jy TeM jjoBOJibHO JierKo bbccth noHHTHe BpeMeHHoro c/ißHra
t0 bojihw, pacnpocTpaHaioineHCfl no BepTHKajiH b Boo6pa»caeMOH
cpejj;e, xapaKTepH3ybomeHCJi ckopocthwm pacnpejjejieHHeM BH/ia
v (z), t. e.

(69)

BBejjeHHe BpeMeHHOH 3a/j;epSKKH t0 bo BpeMeHHOM npejj,CTaßJieHHH
COOTBeTCTByeT yMHO)KeHHK> Ha exp (/C0?0 ) B HaCTOTHOM. CjieAOßa-
TejibHO, cpaKTHHecKoe bojihoboc nojie P CB«3aHo co c^BHHyTWM no
BpeMeHH noneM Q paBeHCTBOM

3aMeTHM, hto ypaßHeHHe (70) aencTßHTejibHO KaK no x, TaK h no kx
KoopAHHaTaM. npojj;H(|)cpepeHHHpoßaß no z, nojiynaeM

z z
dP dQ ( . fdz\ , _ , x /co /. f dz\-=—exp he) =— )+Q(z, co =—exp zco =—* dz \ )v(z)J y f v(z) \ }v(z)J

0 0

(706)

+ /co(--=— )Q
\ v v{z)J

8Q .vk 2

—= —/ Qdz 2co + iJ--J-)Q
dQ . k 2 ;J\ 1 \
02

2--—
V y (z)^

v 2co

— =AHCppaKHHadz +

TOHKaa

jiHH3a

z

r>

dz
J v(z)
0

z

P (z, co) = Q (z, co) exp ( zco \--r J. (70a)
o

HJIH
z

—= ex (m [—\ (— +■* \ O
o
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HaKOHen, noacTaßHß ypaBHeHHH (70) b Ta6ji. 4, nojiyHHM 3a^ep)KaH-
Hwe ypaBHeHHH, npHßeueHHwe b Ta6ji. 5.

rOpiuoiiiaibiibiH rpa/nieHT CKopocTeii

AnnpoKCHMHpoBaB KBajrpaTHWH KopeHb OTHomeHHeM MHoro-
HJieHOB, mo^cho BbinojiHHTb o6paTHwe npeo6pa3oßaHH» Ta6ji. 4 h 5
H3 o6jiacTH ropH3oHTanbHoro BOjmoßoro HHCJia kx b o6jiacTb
ropH3OHTajibHOH npocTpaHCTBeHHOH KOop/HTHaTw x nyTeM nojtcTa-
hobkh (ikx)2 = d2/dx 2 . KaK h npe)K,zie, pe3yjibTaT HMeeT cnjiy b
mnpoKOM pacnpeAejieHHH v=v (x, z), xoth bwbojjBpojie
6w npenjiTCTßyeT 3TOMy. 06whho 3aBHCHMOCTb i7(z) npe#CTaßJiHeT
co6oh HeKOTopoe ycpezmeHHe no ropH3OHTajibHOH KoopTpmaTe
pacnpeaejieHHH v(x, z). Ecjih )Ke JionycTHTb, hto6w v 3aßHcejia ot
x, to noaBHTCH MHoro hobwx

HJieHOB,

KOTopwe OHeHb Heyiio6-
ho yHHTbmaTb, a npeHe6pe»ceHHe hmh npHBo/nrr k bo3hhk-
HOBeHHbo HeH3BecTHoro xapaKTepa ocjiojkhchhh. nosTOMy o6wh-
ho nojiarabOT, hto BejiHHHHa ¥ 3aBHCHT tojibko ot z.

PacmenjieHHe

pemeHHH ypaBHeHHH, coaepacamnxcHb Ta6n. 4 h 5 h
npeo6pa3oßaHHwx b x-o6jiacTb, o6whho HinyT nyTeM pacmenjieHHJi.
nocjie^Hee 03HanaeT, hto npoAßH^ceHne Bnepejj ocyinecTßjiaioT
He6ojibuiHMH maraMH Az, nonepeMeHHo npHMemui #Ba cjie/ryiomHx
3KCTpanojiaTopa:

dQ/dz = jiHH3OBoe cjiaraeMoe, (71a)
dQ/dz= iTHCppaKniiOHHoe cjiaraeMoe. (716)
06ocHOBaHHe nponecca pacmenjiemui moxcho Hairm b pa3^ejie

2.4. nepßoe H3 yKa3aHHwx Bbime ypaBHeHHH na3WBaeTCH jihh3o-
bwm h pemaeTca aHajiHTHnecKH:

(72)

MeTO/mi MHrpanHH, Hcnojib3yioiHHe jihh3oboc ypaßHeime, Ha3w-
BabOTca rjiy6HHHWMH. B Tex cjiynaax, Kor/ja v(x) Tpy/mo
onpeAejiHTb, jmH3oßoe cjiaraeMoe nacTo onycKabOT h raKPie
cnoco6w MHrpannoHHoro npeo6pa3oßaHHH Ha3WBaiOT BpeMeH-
H W MH.

OTMeTHM, HTO IJHCppaKHHOHHbie HaCTH Ta6jl. 4H 5 coßepmeHHo OJJH-
HaKOBw. Bocnojib3yeMCH hmh h ypaBHeHHeM (716) jijis Toro, hto6w
cocTaBHTb Ta6jinny iiHcppaKHHOHHwx ypaBHeHHH. 3aMeHaa ikx Ha d/dx
h H3BJieKaH onepaTopw d/dx H3 3HaMeHaTejien, nojiyHHM Ta6ji. 6.

Z2

e(z2 )= 2(Zl )exp[/co j(-ji-j - iLj*.
z.
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TafiTuua 6
J,H(ppaKiuioHHbic ypaBHeHHH #jih cjiynaa h3mchmhbi>i\ no ropH3oHTajiH cpea

oQ
5

dQj(x,z)d2 Q
dz — 2/co dx215

45

BpeivieHHoe npe^cTaßJieHne

Mto6w nepeßecTH nocjie^HHe ypaBHeHHH bo BpeMeHHyio
o6jiacTb, Hy^cHo jinmb nepeMecTHTb © b HHCJiHTenb h 3aTeM
3aMeHHTb —i© Ha d/dt. HanpHMep, 15-rpa/rycHoe 3aaep»caHHoe
ypaßHeHHe H3 Ta6ji. 6 ajih cjiynan u—W npHHHMaeT cjie/ryio-
ihhh bhjj,:

HcTOjiKOBaHHe BpeMeHH

/,

BxojjHinero b Bwpa^ceHHe nepeMemiOH
3a^ep^aHHoro BpeMeHH Q, Hy^cjjaeTCH b jionojiHHTejibHwx pa3bnc-
Hemiflx, KOTopwe h 6y,a,yT JiaHw b pa3/i;ejie 2.6.

Bocxo niiime bojihw

Bee npHßeAeHHwe Bwme ypaBHeHHH onncwßabOT na^awmne
bojihw. nOJiyHHTb ypaBHeHHH BOCXO.ZJHIHHX BOJIH, Hy^c-
ho jinmb noMeHHTb 3HaKH y z h d/dz. 06o3HaHHB nepe3 D
najjaboinee BOJiHOBoe nojie h nepe3 U Bocxo/jfliuee none, Han-
j\<zm, hto ypaßHeHHe (73), HanpHMep, npeo6pa3yeTcn b ypaßHe-
HHH naaaiomnx h bocxo,h,hihhx /nic^parHpoßaHHbix bojih bo
BpeMeHHOM npe/JCTaBJieHHH c 3ana3JjbißaHHeM h 1 5-rpa/rycHOH
annpoKCHManHen

dzdt 2 dx1

npn Hcnojib3QßaHHH KOHuenmrH H3JiyHaK>mnx OTpa^caromnx
rpamm b nporpaMMax MHrpauHH h jjHcppaKn.HH cojjepacHTCH
HMeHHO ypaßHeHHe bocxo/jhihch bojihw.

~
t (v{x,z)\ 2 d2 ldQ=

v(x,z)d2 Q
\ — 2/co y dx2 _ dz —2/co dx2

£e=i^e- to

dzdt 2 dx'-
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YnpaacHeHHe

Bo3bMeM HaKJiOHHyio npaMyio, icaca-
TejibHyio k oKpyacHocTH. Bocnojib3yeMca

eK>,

KaK ncxoziHbiM ycjioßHeM npn pa3-
jioaceHHH KBaapaTHoro KOpHa no MeTo/ry
Mionpa. CocTaßbTe ypaßHeHHa h

H3O-

-6pa3HTe hx rpacpHHecKH ( — 2^X^+2)
/ijia cjieayiomnx jjßyx npnSjiHaceHHH
Mionpa.

PHC. 41.

2.2. MeTO^ KOHeHHbix pa3HOCTen

Ochobhwm mcto/jom pemeHHH aHCJDcpepeHnHajibHwx ypaBHeHHH c
noMonibK) 3BM HBjineTCH mctojj; kohchhwx pa3HOCTei
OcHOBHoe npeHMymecTßO MeTO^a b tom, hto oh no3BOJineT
aHajiH3HpOßaTb o6beKTW npaKTHHecKH jik>6oh (j)opMw, 6y,n;b to
pejibecj) 3eMHOH noBepxHOCTH hjih reojiorHHecKan CTpyKTypa.
06whho 3a^aHH mcto/jom KOHeHHbix pa3HOCTen pemabOTCH npocTO.
TjiaBHWH ero HejiocTaTOK cBH3aH c npo6jieMOH HeycTOHHHBocTH
pemeHHH. M^acTO cjiynaeTCH TaK, hto KaacymnncH pa3yMHWM noirxon
k pemeHHbo KoppeKTHOH cJ)H3HHecKOH 3a#aHH npHBO^HT k Heonpe/je-
jieHHWM pe3yjibTaTaM. K cnacTbbo, cymecTßyeT orpami-
neHHWH Ha6op jreHCTBeHHwx h JierKo ocßaHßaeMwx npneMOß, c
noMombio KOTopwx 6ojibiHHHCTBo npo6jieM ycTOHHHBOCTH peinaeT-
CH nOJIO)KHTeJIbHO.

Ha BTopoM njiaHe Haxo^HTCH coo6pa^ceHHH ctohmocth o6pa-
6otkh h TOHHOCTH nojiyHaeMwx pe3yjibTaTOß. Hx cjie/ryeT paccMaT-
pHßaTb

BMeCTe,

nOCKOJIbKy nOBWCHTb TOHHOCTb MO)KHO npocTWM
yßejiHneHHeM 3aTpaT Ha BbIHHCJieHHH no 6ojiee rycTOH ceTKe. Xoth
H3naraeMwe Ha cjie/jytomnx cTpaHHHax mctoaw OTo6paHw He no
npH3HaKy HX TOHHOCTH H 3Cpcf)eKTHBHOCTH, OKa3aJIOCb, HTO OHH
npeßocxoAHW h b stom OTHomeHHH. B caMOM /jene, HacKOJibKo MHe
H3BecTHO, HeKOTopwe H3 hhx y)Ke coßepmeHHw, a jrpyrne MoryT
6biTb yjiynmeHw jiHinb He3HaHHTejibHO. Tloj\ He3HaHHTejibHWM

yjiynmeHneM h noHHMaio noßbimeHHe skohomhhcckoh scpcpeKTHß-
hocth b 5 pa3 hjih MeHbiue. nojj;o6Hoe yjiynmeHHe He HMeeT
oco6oro 3HaHeHHH npn npoße^eHHH HayHHO-Hcane/jOßaTejibCKHx hjih

onwTHwx pa6oT, ho ero 3HanHMOcTb npn npoH3BOJJCTBeHHOH
o6pa6oTKe Bnojme onpaß/xbißaeT H3yneHHe cooTßeTCTßybomen Hayn-
hoh jiHTepaTypw, Bbixo/jHiueH jjaneKO 3a paMKH cjieiryioinero miace
H3JIOSKCHHH.

YpaßHeHHe .imishi

Pa3JiHHHwe onepaTopw bojihoboh 3KCTpanojiHnHH mo^kho pac-
menjiHTb Ha rbq nacTH — cjio^KHybo, Ha3WßaeMybo /mcjjpaKHHOHHOH
hjih MHrpaHHOHHOH, h npocTyK) no CTpoeHHbo, Ha3WßaeMyio
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'JIHH3OH. JIHH3OBOe ypaßHeHHe BHOCHT BpeMeHHOH CJTBHr, KOTOpbIH,
b cbok) onepe/ib, HBjineTCH c^yHKHHeii x. Oho nojiynnjio TaKoe
Ha3BaHHe, TaK KaK AeftcTßyeT no/jo6Ho tohkoh onranecKOH jiHH3e,
Ha KOTopybo nynoK CBeTa na/jaer BJiojib onTHHecKOH och (b HameM
cjiynae, BepTHKajibHo). nonpaßKH 3a HanpaßjieHHe na/jemiH, otjihh-

Hoe ot BepTHKajibHoro, h 3a TOJiumHy jihh3w KaKHM-TO o6pa3oM
cnpHTaHw b AH(J)paKnHOHHOH HacTH onepaTopa. JThh3oboc ypaßHe-
HHe HMeeT anajiHTHHecKoe pemeHne BH,na exp [i(oto.(x)]. Jlynine
nojib3oßaTbCH aHajiHTHHecKHM, a He KOHeHHO-pa3HocTHWM peme-
HHeM, TaK KaK oho 6ojiee ycTOHHHBO. EAHHCTBeHHan npHHHHa, no
KOTopofi ypaßHeHHe jihh3w BOo6me ynoMHHaeTcn b rjiaße, nocBH-
meHHOH MeTO/ty kohchhwx pa3HocTen, 3aKjnoHaeTCH b tom, hto
conyTCTßybomee eMy ypaßHeHHe JTH(f)paKnHH jjojdkho npHMeHHTbcn
coBMecTHO c jihh3obwm, a nosTOMy yKa3aHHwe aHajiHTHnecKne

pemeHHH ocymecTßjiHbOT nocjieAOßaTejibHO Ha Ka^c^OM mare
3KCTpanOJIHHHH.

Hbiimh cuocoo Haxo/KieiiiiH nepßbix npoinßojnwx

nponecc HHcpjiHHHH jJteHer q co CKopocTbbo 10% mo^cho onncaTb
pa3HOCTHWM ypaBHeHHeM BH/ia

3tH OAHOMepHbie BbIHHCJieHHH MO)KHO Bbipa3HTb B BH^e
pa3HOCTHOH MaTpnnw h Ta6jiHHw /jaHHwx, nrpabomnx ponb
npoTOTHna npn opraHH3anHH bwhhcjichhh b cjiynae AByxMepHwx
JTHCpcpepeHHHajibHwx ypaBHeHHH b nacTHwx npoH3BOJiHwx. PaccMOT-
pHM rnDKecjie/rybomee:

Pa3HOCTHaa MaTpnua Ta6jiHna aaHHbix
2,000 BpeMa (IS}

-1,1 2,200 | '

nOCKOJIbKy HHCJia B Ta6jlHHe JiaHHWX y/JOBJieTBOpHbOT pa3HOCT-
HOMy ypaßHeHHbo (74), pa3HOCTHyio Maipnny mo*cho noMecTHTb
noßepx Ta6jiHHW, HHCJia b MaTpnne nepeMHoacHTb Ha cootbctct-
Byboume HHCJia Ta6jiHHW h Tor/ia cyMMa nojiyHeHHbix B3aHMHbix
npoH3Be;jeHHH MO^ceT oKa3aTbcn paBHOH Hyjibo. C jxpyron ctopohw,
ecjin 6w b Ta6jiHne jjaHHwx Bee nncjia, KpoMe o^Horo (HanajibHoro
yCJIOBHH) OTCyTCTBOBaJIH, TO OCTaJlbHbie HHCJia MO)KHO 6bIJIO 6w
3anojiHHTb nocjie^oßaTenbHO o/mo 3a /jpyrHM nyTeM nepeMemeHHH
MaTpnnw BJiojib Ta6jiHnw, npHHHMan npn 3tom pa3HOCTHoe
ypaßHeHHe 3a hcthhhoc h Haxojjn HeH3BecTHoe 3HaneHHe Ha Ka^cjiOM

3Tane BbIHHCJieHHH.

qt+i-qt= OAOqt , (74a)
(l,o)ft + 1+ (-1,1)^ = 0. (746)

+ 1,0 2,420
2,662
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Ecjih hhcjiobvto KOHcraHTy 0,10 3aMeHHM Ha KOMnneKCHoe

HHCJIO,

TO nOJiyHHM He CTOJIb TpHßHaJlbHbie npHMepbl HCnOJlb3oßa-
hhh toh mq caMoii jrncpcpepeHHHpyioiHeH MaTpHHW, KOTopwe
xapaKTepH3ybOTCH KOJie6aTejibHWM npoueccoM c pa3pacTamieM h
3aTyxaHHeM aMnjiHTyji.

HeflßHblH CIIOCOO BbIHHCJieHHH liepßblV lipOH 380 JHbIX

PemHM ypaßHeHHe

HHCJieHHWMH MeTO^aMH. 3aMeTHM, hto ypaßHeHHe hhcJ)jihhhh aeHer
(74) Mo^ceT cjiy^cHTb npH6jiH3KeHHeM, npHneM 2r= 0,1. KpoMe toto,
3aMeTHM, HTO B ypaBHeHHH HH(f)JIHHHH /jeHer Bbipa>KeHHe npOH3BOJJ-
HOH dq/dt CHMMeTpHHHO OTHOCHTeJIbHO TOHKH /+ 1/2, npHHeM
Bbipa»ceHHe caMOH BejiHHHHW q npHxo/THTCH Ha momcht BpeMeHH t.
HeT HHKaKHx npenHTCTBHH TOMy, hto6w q b npaBOH nacTH
ypaBHeHHH (76) Hejib3H 6wjio 6w ycpe/mHTb no MOMeHTaM BpeMeHH
t h t+\, c^ejiaß, TaKHM o6pa3oM, Bee ypaßHeHHe chmmctphhhwm
OTHOCHTeJIbHO TOHKH /+ 1/2. B

HaCTHOCTH,

HeHTpHpoßaHHoe npn-
6jiH»eHHe ypaBHeHHH (76) HMeeT bhjj;

nojio^cHß b nocjie/meM paBeHCTBe a=rAt, nojiyHHM paBeHCTBO

(\-a)qt +l -(l +a)qt =0, (776)
KOTOpoe MOSKHO npCHCTaBHTb B BHJJ[e pa3HOCTHOH 3Be3io:w

npn cpHKcnpoBaHHOM mare At no;io6HaH 3Be3iia o6ecnenHßaeT
6ojiee TOHHoe pemeHHe ;nicf)cf)epeHHHajibHoro ypaBHeHHH (76), neM
3Be3^a ajih cjiynan ypaBHeHHH hhc|)jihhhh.

YpaßHeHHe ren.ioßOi o noTOKa b hbhom bii je

YpaßHeHHe TenjiOßoro noTOKa onncwßaeT ancpc|)y3Hbo Tenna.
Oho HBJineTCH npoTOTHnoM MHrpannoHHoro npeo6pa3oßaHHH.
YpaßHeHHe 15-rpa/rycHOH MHrpauHH npcucTaßjineT co6oh ypaßHe-
HHe TenjiOßoro noTOKa c mhhmoh hoctohhhoh TenjionpoßO/mocTH.
(B ypaßHeHHe MHrpanHH hbjihctch ypaBHeHHeM
lllpeAHHrepa, onncwßabornHM JTHcf)c])y3Hio BepoHTHOCTH pacnpeAejie-
hhh aTOMHbix HacTHH,). Hojio^chb a

nocTOHHHOH,

nojiynaeM

/Jjih pemeHHH ypaBHeHHH (78) c noMonrbio 3BM Tpe6ybOTCH
pa3HocTHwe npn6jiH>KeHHH nacTHwx npoH3Bo/j,Hwx. CaMbiM ohcbhzj-

dq/dt= 2rq (76)

qt +i-qt = 2rAt(qt + 1+qt )/2. (77a)

t( -1 — Qt\i( + i -J- (778)

dq/dt=(o/C)(d 2qldx 2). (78)
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hwm (ho He ejJHHCTBeHHWM) H3 hhx 6y/j;eT ocHOBHoe onpcaejieHHe
3jieMeHTapHoro Kypca JXH(})4)epeHHHajibHoro hchhcjichhh. B cjiynae
npoH3BO/j,HOH no BpeMeHH pa3HOCTHoe npH6nH»ceHHe HMeeT biiix

dq/dt*[q (t+At) -q(/)]/A t. (79a)

Y^o6ho nOJIb3OBaTbCH HH)KHHMH

HH^eKCaMH,

HTO nO3BOJIHCT
coKpaTHTb 3anncb Bwpa)KeHHH (79a) jjo

dq/dt*(qt+1 -qt )/At. (796)

B TaKOH 3anncH t+At coKpamaeTCH jj;o /+ 1 , hto oneHb y#o6HO
npn 3anncH 6ojiee rpoMo3/TKHx ypaBHeHHH. OopMyjiy jijih BTopon
npoH3BOAHOH mo)kho nojiyHHTb, HaHiiH nepßybo npOH3BOAHybO
/XBaac/xw. B pe3yjibTaTe nojiynaeM: qt +2 — 2qt+l +qt . nocjie/Tmoio
(J)opMyjiy o6whho Hcnojib3ybOT b chmmctphhhom BapnaHTe, npHMe-
hhb cubht Ha o/thh mar: qt + I—2qt1 —2qt +qt- l . 06a BapnaHTa cpopMyjiw
CTaHOBHTCH paBHO3HaHHWMH npn CTpeMjieHHH At k Hyjibo, ho npn
At, He paBHOM Hyjno, chmmctphhhwh BapnaHT 6y^eT /jaßaTb 6ojiee
TOHHbie pe3yjlbTaTW. BOCnOJIb3OBaBHIHCb BepXHHMH HHJJ[eKCaMH JJJTH
OnHCaHHH 3aBHCHMOCTH OT X, nOJiyHaeM KOHeHHO-pa3HOCTHOe
npH6jnr)KeHHe BTopon npoH3BOJjHOH no npocTpaHCTBeHHOH KO-
opAHHaTe

nocjie noACTaHOBKH j\Byx nocjie/HTHx ypaBHeHHH b ypaßHeHHe
renjiOßoro noTOKa (h Bocnojib3oßaßmHCb 3HaKOM = jijih o6o3Hane-
hhh npH6jiH)KeHHoro paBeHCTBa) nojiynaeM

Ecjih nojio»CHTb oc = aA//(CAx2), to ypaßHeHHe (81) mojkho

3anncaTb b cjieziyiomeM BH/re:

TeoMeTpHHecKH ypaßHeHHe (82) mojkho npcucTaßHTb b BH,ne bw-
HHCJiHTejibHOH MaTpHHw Ha hjiockocth (x, t) (pnc. 42). nepeMemaH
MaTpnny no Ta6nHne .zjaHHbix,3aMenaeM,hto ee mokho pacnono^cHTb
TaKHM o6pa3oM, HTO6bIKa^CAWH pa3 Ha HeH3BeCTHWH 3JieMeHT Ta6jiH-
Hw HaKJiajjbmajiocb TOJibKo ojj;ho hhcjio (e/THHHHa). 3to jjejiaeT bo3-
mojkhwm nocjieaoßaTejibHWH pacneT ctpok, HanHHan c BepxHefi.
TeM caMWM mw pemaeM ypaßHeHHe b nacTHbix npoH3Bo/j;Hwx kohch-
HO-pa3HOCTHWM MeTOfIOM. Bo3mo>khw h HHwe opraHH3au,HH Hanajib-

hwx h 6okobwx ycjioßHH, HanpHMep, Hyjießwe 6oKOßwe ycjioßHH.
Wwkq npHßejjeHW MamHHHan nporpaMMa h tcctobwh npHMep.

d2q/dx 2 x(qx + 1 -2qx+ qx - 1)IAx2 . (80)

q

t

x+i-q

t

x _v q? + 1 -2qt
x + qt

x J ,fin—c (A^p—:; (81)

qt\ 1-q t
x-oi(qr l -2q?+qr l ) =0. (82)
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PHC. 42. OnepaTop BbinncjieHHa nocjie;ioßaTejibHbix pa3HocreH h Ta6jinna aaHHbix

/iJia

cjiynaa pemeHna o/XHOMepHoro ypaßHeHna TenjiOßoro

noTOKa:

a— TaGjiHua /jaHHbix, 6— onepaTop

#YpaßHeHHe TenjiOßoro

noTOKa

b

aBHOM

BH/j;e

real q(12), qp(l2)
nx= 12
do ia=l,2{ #ycTOHHHBWH h HeycTOHHHßbin npHMepw

alpha =ia*.3333; write(6, '(/"alpha=", f4.2)')alpha
do ix=l, 6; q(ix)=0. #HanajibHbiH TeMnepaTypHbra rnar
do ix=7, 12; q(ix)=l.
do it=l, 6 {

write(6, '(20f5.2)')(q(ix), ix=l, nx)
do ix=2, nx— l

}
stop; end

qp(ix)= q(ix)+alpha*(q(ix— 1)— 2.*q(ix)+ q(ix+ 1))
qp( 1 )=qp(2); qp(nx)= qp(nx -1)
do ix=l, nx

q(ix)= qp(ix)

ajib(ba =0,33
0,00 0,00 0,00 0,00 0,00 0,00 1,00 1,00 1,00 1,00 1,00 1,00
0,00 0,00 0,00 0,00 0,00 0,33 0,67 1,00 1,00 1,00 1,00 1,00
0,00 0,00 0,00 0,00 0,11 0,33 0,67 0,89 1,00 1,00 1,00 1,00
0,00 0,00 0,00 0,04 0,15 0,37 0,63 0,85 0,96 1,00 1,00 1,00
0,00 0,00 0,01 0,06 0,19 0,38 0,62 0,81 0,94 0,99 1,00 1,00
0,00 0,00 0,02 0,09 0,21 0,40 0,60 0,79 0,91 0,98 1,00 1,00
ajibcpa=0,67
0,00 0,00 0,00 0,00 0,00 0,00 1,00 1,00 1,00 1,00 1,00 1,00
0,00 0,00 0,00 0,00 0,00 0,67 0,33 1,00 1,00 1,00 1,00 1,00
0,00 0,00 0,00 0,00 0,44 0,00 1,00 0,56 1,00 1,00 1,00 1,00
0,00 0,00 0,00 0,30 -0,15 0,96 0,04 1,15 0,70 1,00 1,00 1,00
0,00 0,00 0,20 -0,20 0,89 -0,39 1,39 0,11 1,20 0,80 1,00 1,00
0,13 0,13 -0,20 0,79 -0,69 1,65 -0,65 1,69 0,21 1,20 0,87 0,87
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MeToa CKaHKa

TpyjjHOCTb npHMeHeHHH npHBe^eHHOH Bbiine nporpaMMbi bwhhc-
jieHHH 3aKJibonaeTCH b tom, hto OHa pa6oTaeT He npn Bcex
bo3mo:>khwx hhcjiobwx 3HaneHHHx napaMeTpa a. HanpHMep, Korjja

oc nepecnyp BejiHKa (t. e., Korjia mar Ax cjinmKOM Maji), pemeHHe
bo BHyTpeHHen o6jiacTH Ta6jmnw aaHHwx 6yjj;eT HMeTb Bo3pacTaio-
mne 3HaneHHH. nocjie^Hee o6bHCHneTCH TeM, hto moKOHacTOTHan
nacTb pemeHHH Be/jeT ce6n (noKa) HopMajibHO, a BwcoKOHacTOTHan
pacxojjHTCH. BwHßjieHHe tohhoh npHHHHw pacxo^cjjeHHH Tpe6yeT
MaTeMaTHHecKoro aHajiH3a, KOTOpwn 6yjjeT npHßej^eH b pa3,nejie
2.8. npn jjjiHHax bojih, cpaßHHMbix c Ax hjih At, mw Bnpaße
Ha^enTbCH Ha to, hto pa3HOCTHoe npn6jiH»:eHHe 6y^eT coßnajiaTb c
hcthhhwm ypaßHemieM TenjiOßoro

noTOKa,

crjia^KHßan Heperyjinp-
hocth b noßejj;eHHH TeMnepaTypw. npn kopotkhx JiJiHHax bojih

HaJIHHHe Hpe3BWHaHHO CHJIbHWX OCHHJIJIHHHH pemeHHH CBHJjeTeJIbCT-
ByeT o tom, hto pa3HOCTHoe ypaßHeHHe MO)KeT bccth ce6n noHTH
npHMO npoTHßonojiO}KHO TOMy, KaK jjpjijkho BecTH ce6n jjH(f)c|)epeH-
HHajibHoe ypaßHeHHe. Pacxo»cAeHHe pemeHHH Ha kopotkhx BOJiHax
06bHCHHeTCH TeM, HTO pa3HOCTHbie OnepaTOpbl paBHO3HaHHW
AHChcpepeHHHaJIbHWM TOJIbKO Ha lIJIHHHWX BOJIHaX. PaCXOAHMOCTb
pemeHHH npejjCTaßJineT co6oh npHHHHnnajibHoe 3aTpyjxHeHHe, TaK
KaK BO3HHKabOLHHe npH 3TOM oihh6kh OKpyrjieHHH B KOHHe KOHH.OB
HapymaT h pemeHHH Ha hh3khx nacTOTax.

npeJJTIOJIO)KHB, HTO HeyCTOHHHBOCTb pemeHHH BO3HHKaeT H3-3a
Toro, hto npOH3BOAHan no BpeMeHH neHTpnpoßaHa Ha BpeMeHH
/+ 1 /2, KOTopoe HeMHoro OTJinnaeTCH ot BpeMeHH / HenrpoßKH
BTOpOH npOH3BOJJHOH, npHXOJTHM K TaK Ha3WBaeMOMy MeTOJ^y CKa-
HKa, corjiacHO KOTopoMy npoH3BO#HaH no BpeMeHH 6epeTCH b BHjj;e
pa3HocTH MOKiry 3HaneHHHMH b MOMeHTw BpeMeHH t—\ h f+l:

dqldt^qt+i-qt-^/lAt. (83)
nojiynabomaHCH b pe3yjibTaTe MaTpnna jijih BbIHHCJieHHH pa3HOCTen
BwrjiH^HT cjie/ryiomHM o6pa3oM (pnc. 43):

B jiaHHOM cjiynae pe3yjibTaT nojiynnjiCH eme xy^ce. nocjie/JtybouniH
aHanH3 noKa3aji, hto Tenepb pemeHHe pacxo/mTCH npn Bcex
BemecTßeHHwx hhcjiobwx 3HaneHHHx a. Xoth H^en OTHeHTpnpOBaTb
o6e npoH3BO/jHwe 6wjia h xopoma, ho oKa3ajiocb, hto HJj;eH
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Bwpa3HTb nepßybo npoH3BOJTHyio no 6ojibmeMy nncjiy y3JioB cctkh
HenpaßHjibHa. YBejiHHeHHWH onepaTop HMeeT cpa3y /ma pemeHHH
BMecTO o/moro H3BecTHoro. HncjieHHoe pemeHHe npejiCTaßJineT
co6oh cyMMy /myx TeopeTHHecKHx, ojjho H3 KOTOpwx, k coacajie-

hhk), KaK b paccMaTpHßaeMOM cjiynae, pacTeT h KOJie6jieTCH npn
Bcex BemecTßeHHbix 3HaneHHHX bcjikhkhw a. Hto6w H36e»caTb
yKa3aHHwe 3aTpy,nHeHHH (h 3ao^Ho nojiynHTb 6ojiee TOHHwe
OTBeTw), o6paTHM BHHMamie Ha 6onee cjio^cHwe mctojiw pemeHHH,
H3BecTHwe no/j Ha3BaHHeM HenßHwx.

MeTO^ Kp3HKa — HnKOJibcoHa

MeToa KpsHKa — HnKOJibcoHa pemaeT 3aaany tohhocth h
ycTOHHHBOCTH. PaHee ypaßHeHHe TenjiOßoro noTOKa (796) 3anncw-
Bajiocb, KaK qx

+1—qx = a(q x+ 1 —2q x+qx~ 1 ).
YcpeaHHM npaßyio nacTb ypaBHeHHH no MOMeHTaM / h /+ 1 :

YpaßHeHHe (85a) npe/jCTaBjiHeT co6oh 3anncb onepaTopa
MeTO^a KpsHKa — HnKOJibcoHa. Hojio^khb a— a/2, nojiynaeM pa3-
hocthwh onepaTop (MaTpnuy) b BH/ie pnc. 44.

(856)

PHC. 44.

npn pa3MemeHHH Aamioro onepaTopa noßepx Ta6jiHnw jjaHHwx
MOSKHO 3aMeTHTb, HTO, KaK npaBHJIO, C HeH3BeCTHWMH HHeHKaMH
coßna/jaiOT cpa3y TpH 3JieMeHTa. nepeMecTHM Bee hjichw ypaßHe-
HHH (85a) c HH/i,eKCOM /+1 b jießybo nacTb, a c hhzjckcom /—b

npaßyio, b pe3yjibTaTe nero nojiyHHM

nycTb Bee 3HaneHHH c hhzjckcom /+ 1 He H3BecTHW, a
Bee 3HaneHHH c hhuckcom / h3bccthw, Tor^a npaßan nacTb
ypaBHeHHH (86a) 6yaeT h3bccthoh bcjihhhhoh (o6o3HanHM
ee, HanpHMep, dx), a jießan—chctcmoh ypaBHeHHH jjjih

onpcuejieHHH HeH3BecTHOH qt+ 1. /JpyrHMH cjiOBaMH, ypaßHeHHe
(86a) He aaeT HaM Ka^ayio H3 HeH3BecTHbix qx

+l b hbhom bhuc
Ohh 3a;iaK)TCH b hchbhom BHjje nepe3 pemeHHe chctcmw ypaßHe-
HHH. Ecjih Ha och x HaxojJHTCH Bcero nHTb tohck, to CHCTeMa
BWiTJIHIIHT, KaK

qt+ i-qr=\\_(qr l -2qx+qr')+ (tf+Y-^-n + 1)]- (85a)

-a#+Y +(1+ 2a) qx+ 1 -(iq x+ 1 = atqt
x+ 1 +(1 -2a) qf+a^* 1.

(86a)
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qhi
qhi
qh\
qt+\
qt

s+i5
+i

dt
x

d2

dt
3

d?
dt

5

(866)

3HaneHHH etf h ert mo)kho no,n,6HpaTb c yneTOM rpaHHHHwx
ycjioßHH. BaacHO OTMeTHTb, hto MaTpHHa TpexjJHaroHajibHaH, t. e.
3a HCKjiboneHHeM Tpex HeHTpajibHwx .zmaroHajieH Bee ocTajibHwe

sjieMeHTw MaTpnnw (866) paßHw Hyjibo. PemeHHe TaKOH chctcmw
ypaBHeHHH mo)kho nojiyHHTb skohomhhhwm nyTeM. OKa3bmaeTCH,
hto 3aTpaTw Bo3pacTabOT Jinmb b 2 pa3a no cpaßHemno c
pemeHHeM b hbhom BH/j;e (82). Ha /jejie onncaHHWH Bwme hchbhwh
MeTOJj OKa3WBaeTCH jjemeßJie, nocKOJibKy noßbimeHHan TOHHOCTb
pemeHHH ypaBHeHHH (86a) no cpaßHeHHbo c TOHHOCTbbo pemeHHH
ypaBHeHHH (82) no3BOJineT nojib3oßaTbcn ropa3Jio 6ojibmHMH
HHCJieHHWMH 3HaHeHHHMH mara At. Hn^ce npHßOznTrcH nporpaMMa,
aeMOHCTpHpyboman ycTOHHHBOcTb MeTOAa aaace npn 6ojibmnx At.
B Hen Hcnojib3yeTCH no/jriporpaMMa pemeHHH Tpexjj;HaroHajibHOH
chctcmw ypaBHeHHH, o6bHCHHeMan hh^cc

#YpaßHeHHe TenjiOßoro

noTOKa

b

HeaBHOM

BH^e
real q(12), d(12), e(12), f(12)
nx=l2; a =8.; write(6, '(/"a="» f4.2)')a; alpha=.s*a
do ix=l, 6; q(ix)=0. # Initial temperature step
do ix =7, 12; q(ix)=l.
do it=l, 4 {

write(6, '(20f5.2)') (q(ix), ix=l, nx)
d(l)= 0.; d(nx)=0.
do ix=2, nx— l

d(ix)=q(ix)+ alpha*(q(ix—1 )—2.*q(ix)+ q(ix+ 1 ))
call rtris(nx, alpha, —alpha, (l. + 2.*alpha), —alpha, alpha, d, q, e, 1)

stop; end

#FlporpaMMa pemeHHa

BemecTßeHHoro

TpexjinaroHajibHoro ypaßHeHHa
subroutine rtris(n, endl, a, b, c, endr, d, q, e, 1)
real q(n), d(n), e(n), a, b, c, den, endl, endr
e( 1 )= -

a/endl;

f( 1 )=d( 1 )/endl
do i=2, n— l {

den=b +c*e(i-l); e(i)= -a/den; f(i) =(d(i)-c*f(i- l))/den }
q(n)=(d(n) - c*f(n- 1 ))/(endr+c*e(n- 1))
do i =n-l, 1, -1

q(i) =e(i)*q(i+l) +f(i)
return; end
a= 8,00
0,00 0,00 0,00 0,00 0,00 0,00 1,00 1,00 1,00 1,00 1,00 1,00
0,17 0,17 0,21 0,30 0,47 0,76 0,24 0,53 0,70 0,79 0,83 0,83
0,40 0,40 0,42 0,43 0,40 0,24 0,76 0,60 0,57 0,58 0,60 0,60
0,44 0,44 0,44 0,44 0,48 0,68 0,32 0,52 0,56 0,56 0,56 0,56

elf —a
— a l+2a — a 0 0

— a l+2a — a 0
0 — a l+2a — a
0 0 — a ert
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PemeHHe rpex uiaronaibnoii chctcmw ypaBHeHHH

Bojibman nacTb MamHHHoro BpeMeHH 3BM 3aTpaHHBaeTCH Ha
pemeHHe Tpex,n,HaroHajibHwx chctcm ypaBHeHHH. cnpaßOK h
nojiHOTW H3jio>KeHHH .zjaHHoro Bonpoca 3#ecb npHBO/niTCH auro-
pHTM pemeHHH.

3annmeM CHCTeMy ypaBHeHHH b BHJje pa3HOCTHoro ypaBHeHHH

°j qj+i+ bi qj +cjq/- 1 =d> (87)
BBe/i,eM BMecTe c ypaBHeHHeM h HOBwe HeH3BecTHwe e^ h ff.

qj=ejqj+i+fr (88)
3annmeM ypaßHeHHe (88) co cMemeHHWM hhjjckcom:

qS-i-ej-i.qj+fj-i- - (89)
nojJCTaBHM ypaßHeHHe (89) b (87):

Tenepb TaK npeo6pa3yeM cooTHomeHHe (90), hto6w oho CTajio

noxo^cHM Ha (88):

(91)

H3 conocTaßjieHHH ypaBHeHHH (91) h (88) Haxo/niM peKyppeHT-
Hwe (hopMyjiw jjjih onpe,zjejieHHH hobwx HeH3BecTHbix e-} h ff

(92a)

(926)

npe^cAe Bcero cjie/ryeT ccpopMyjnipoßaTb rpaHHHHoe ycjioßHe
fIJIH JieBOH HaCTH ypaBHeHHH. OHO MO3KCT COCTOHTb H3 o/mon HJIH
JTByx ToneK. Han6ojiee o6mnM rpaHHHHWM ycjiOßHeM hbjihctch
jiHHeHHaH 3aBHCHMOCTb THna (88) npn 7—0, t. e. qo= eoqi+fo-
TaKHM o6pa3oM, b rpaHHHHOM ycjioßHH aojdkhw coAepacaTbCH h eO ,
h/0 - npn HajiHHHH e 0 h Bcex cij, bj, Cj jijihpacneTa Bcex 3HaneHHH e3
mo^cho Bocnojib3oßaTbCH ypaBHeHHeM (92a).

TpaHKHHoe ycjioßHe Heo6xo,n,HMO h Ha npaßon rpaHHne. 06mee
rpaHHHHoe ycjioßHe HMeeT bha

B ypaBHeHHH (93) KaK nacTHwe cjiynan coaep^caTCH rpaHHHHwe
ycjioßHH c HyjießWM 3HaneHHeM h c HyjießWM yrjioßWM KoscpcpHHH-
eHTOM. PaBeHCTBo (93) mokho cpaBHHTb c npaBOH nacTbio
paBeHCTBa (89)

ajqj + i+bjqj+ Cj(ej- 1 qj+fj- 1 )=dj. (90)

—a\ i ";' — c

iJ'\-\

q\— —^/+i+ -——— "bj +Cjej-! bj+ CjCj-!

el— — Jbj+cjej- l

r dj— Cjjj-i

Cn-iqn-i+ert qn= dn- (93)

qn-i=en -iqn+fn -i- (94)
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H qn, h qn- 1 HeH3BecTHw, ho nocKOJibKy mw pacnojiaraeM jmyMH
ypaBHeHHHMH—(93) h (94) — pemeHHe Haxo/nrrcH npocTO. Ha
nocjie/meM 3Tane pacneTOß 6epeM 3HaneHHe qn h nyTeM ero
noACTaHOBKH b (89) Haxo^HM q„-i, q„-2 , qn-3 h T- A-

Mto6w nojiyHHTb ot cßoero KOMnbbOTepa MaKCHMajibHyio
OTjjany, Heo6xojj,HMo ynecTb cjie,nyioiHHe oco6chhocth paccMOT-
peHHoro ajiropHTMa. 80-nepßwx, BWHHCJieHHe ej 3aBHCHT ot cpczjw
nepe3 nocpejjCTßo napaMeTpoß a} , bj, Cj, ho He 3aBHCHT ot pemeHHH
qj (fla>Ke nepe3 nocpejjCTßo df). 3to 03HanaeT, hto mokho
coxpaHHTb ej h noBTopHO Hcnojib3oßaTb ero. 80-BTopwx, MHorne
3BM BwnojiHHbOT /j;ejieHHe ropa3Jio Me/memiee, neM yMHosKemie.
nosTOMy AejiHTejib b cpopMyjiax (92a, 6) mo^kho BWHHCJiHTb h
3anOMHHTb ZJJIH nOBTOpHOrO HCnOJIb3OBaHHH.

ripoH3Bo.maH TpeTbero nopwjKa

45-rpajjycHoe ypaßHeHHe /uicppaKHHH OTjinnaeTCH ot 1 5-rpa,a,yc-
Horo HanHHHeM b HeM npoH3BoiTHOH BHjja d 3/dx2 dz. K cnacTbbo,
OHa BnHCbmaeTCH b mecTHToneHHWH pa3HOCTHWH onepaTop BH/j,a

nosTOMy ee BWHHCJieHHe He Tpe6yeT jjonojiHHTejibHwx ycnjiHH,
KpOMe H3MeHeHHH mecTH KO3c})4)HHHeHTOB onepaTopa.

3a i py nieiniH, BCTpeHaKjnmecfl npn oo.ibuitM Hiic.ie paiMepnocreii

J\o chx nop mw He BCTpenajm oco6wx 3aTpy/j;HeHHH b
pa3pa6oTKe Hcropornx, Haae^cHwx h tohhwx pa3HOCTHbix mctohob
pemeHHH /md)d)epemi,HajibHbix ypaBHeHHH b nacTHbix npoH3BOJTHwx.
H3Jio^ceHHWH Bwme hchbhwh mctoa OTBenaeT BceM Tpe6oBaHHHM.
Ho npn pa6oTe c 6ojiee neM ojthoh npocTpaHCTBeHHOH KoopAHHa-
TOH HCHBHWH MeTOA HenpHCMJieM, TaK KaK CTaHOBHTCH AOpOTHM.
npHHHHy 3Toro noKa^ceM Ha npHMepe 3a/jaHH reHepajiH3anHH
BTopon npoH3BOAHOH d2/dx2 £0 d 2/dx2 + d2/dy 2 . npocreHiHHM
cjiynaeM hbjihctch ypaßHeHHe TenjiOßoro

noTOKa,

jjjih KOTOporo
MeToaoM Kp3HKa — HnKOJibcoHa 6wjio nojiyneHO pemeHHe (86a).
Ecjih bbccth coKpameHHe BH/ia bxx q =qx + 1 —2qx+ q x~ 1 , to cootho-
meHne (86a) npeBpaTHTCH b

Bwpa^eHHe b CKo6Kax b jicboh nacTH npcucTaßjineT co6oh
TpexanaroHajibHybo MaTpnny. Kphthhcckhh momcht CBH3aH c
pemeHHeM Tpex/THaroHajibHOH chctcmw ypaBHeHHH OTHOCHTeJIbHO
BeKTopa HeH3BecTHwx Qt+i- K cnacTbbo, cymecTßyeT cnennajibHWH
auropHTM ee pemeHHH, npHHeM 3aTpaTw ManiHHHoro BpeMeHH
pacTyT nponopnHOHajibHO pa3Mepy MaTpnnw jiHHib no jnmeHHOMy

id -i -))

(^- x̂x)Qt+l =(\+ x̂x)Qt . (96)
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3aKOHy. Tenepb nepeH^eM ot o/JHOMepHoro tJ)H3HHecKoro npocTpaH-
CTßa KoopAHHaTw x k AByxMepHOMy (x, y). 06o3HanHB nepe3 a
HHCJieHHybo nocTOHHHybo b Bwpa^KeHHH (96), nojiyHHM ypaßHeHHe
jijih npoABH^ceHHH Bnepea

Hen3BecTHwe Qt+i npe/jCTaBjiHioT co6oh /jßyxMepHyio chymc-
HHK> KOOpAHHaT X H y, KOTOpybO MOSKHO o6o3HaHHTb MaTpHHeH.
Tenepb Aa/niM TOJiKOBaHHe 3aKjibOHeHHOMy b CKo6Kax Bwpa^ceHHbo
b jieBOH nacTH ypaBHeHHH. Oho OKa3ajiocb neTwpexMepHOH
MaTpHnen!

Hro6w noHCHHTb cmwcji 3toh MaTpnnw, BwnojiHHM OTo6pa)Ke-
HHe /myx H3MepeHHH Ha o/mo. nycTb TeMnepaTypa Q onpe/j,ejieHa
Ha ceTKe pa3MepoM 4x4. EcrecrßeHHWH cnoco6 ohhc])pobkh y3JioB
CeTKH BbirjIHJTHT, KaK

11 12 13 14
21 22 23 24

31 32 33 34
41 42 43 44

(98)

/Jjih BbinojmeHHH ajire6paHnecKHx onepamiH Ha/j hhmh npHße-
AeHHwe Bwme 16 hhccji mo^cho OTo6pa3HTb b oahh BeKTop ojxhhm

H3 cnoco6oß. Bonee npocron coctoht b cooTHecemiH y3JiOB cctkh
(98) c cocraßJiHioinHMH BeKTopa c noMombbo npHße/ieHHOH Hn^ce
rpynnnpoßKH no CTOJi6naM

1 5 9 13
2 6 10 14

3 7 11 15
4 8 12 16

(99)

OnepaTop BbIHHCJieHHH pa3HocreH BToporo nopH/nca Ha njioc-

kocth (x, y) HMeeT bha cjieAybomen MaTpHnw (pnc. 45):

(100)

PHC. 45.

[l-a(8«+B,J|& +1 =[l+a(s„ +8,y )]&. (97)
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Tao.nma 7
, ißyxMcpnan Murpima KOJCpcpHUHeHTOB onepaTopa Jlanjiaca

nojio)KHM 3Ty (Jmrypy Ha njiocKOCTb (x, y) MaTpnnw (99) h
6y^eM ee nepeMeinaTb. K co^cajieHHbo, npn HajiHHHH Bcero 16
3JieMeHTOB 6ojibinaH nacTb pe3yjibTaTOß nepeMHO^ceHHH noAßep-
aceHa bjihhhhk) Kpaeß h yrjioß. Onpo6yHTe Bee nojioacemiH

onepaTopa, npn KOTOpwx ero neHTpanbHoe 3HaneHHe —4 HaKjiaAw-
BaeTCH Ha OAHy H3 16 ToneK. He o6pamaHTe BHHMaHHH Ha to, hto
eAHHHnw 6yAyT BwxoAHTb 3a npeAejiw MaTpnnw . HaHHHTe c
coBMemeHHH —4 onepaTopa (100) c 1 b BepxHeM jicbom yrjiy
MaTpHHw (99). Eahhhhw onepaTopa cobmccthtch c nncjiaMH 2 h 5
MaTpHHW. nOMeCTHTe 3TH eAHHHnbI B BepXHbOK) CTpoKy Ta6ji. 7, BO
btopoh h nHTWH CTOJi6nw. 3aTeM coBMecTHTe —4 onepaTopa (100)
c hhcjiom 2 MaTpHuw (99). Eakhhaw onepaTopa coßnaAyT c
nncjiaMH 1, 3 h 6 MaTpHnw. HoMecTHTe eAHHHnw b cjieAybomyK)
CTpoKy Ta6ji. 7. 3aTeM cobmccthtc —4c hhcjiom 3. EAHHHnw
nonaAyT Ha 2, 4 h 7. npOAOJiacaHTe BbIHHCJieHHH onncaHHWM
cnoco6oM. B pe3yjibTaTe nojiynHTCH KBaApaTHan MaTpnna pa3Me-
poM 16x16, npHßeAeHHan Bwme.

nOCJie nOCTpoeHHH Ta6jl. 7 MOSKHO BepHyTbCH K HCTOJIKOBaHHbO
ypaBHeHHH (97). MaTpHna HeH3BecTHwx bcjihhhh Qt+l OTo6pa3H-
jiacb cHanajia b 16-3JieMeHTHWH BeKTop-CTOJi6en, a BwpaaceHHe b
CKo6Kax, yMHO^caeMoe Ha Qt +1 , 3aTeM 6wjio oTo6pa»ceHO b

MaTpnny pa3MepOM 16x16. hto b stoh MaTpnne bmccto
ToneK Ta6n. 8 ctoht Hyjm. BnaronpHHTeH tot cpaKT, hto b Ta6jinne

-41.. 1
1-4 1 1. 1 -4 1 1. 1 -4 1

1 -4 1 1
1 1 -4 1 1

1 1 -4 1 1
1 1 -4 1

1 -4 1 1
1 1 -4 1 1

1 1 -4 1 1
1 1 -4 1

1 -4 1
1 1 -4 1

1 1 -4 1
1 1 -4



113
8-955

MHoro Hyjien, h BO3HHKaeT HaAOKAa Ha 6wcTpoe pemeHHe AaHHOH
CHCTCMW ypaBHCHHH. Ho pa3OHapOBWBaeT TO o6cTOHTeJIbCTBO, HTO
xoponiHH MeTOA pemeHHH ee ao chx nop He HanAeH. CaMwe
jiynmne H3 h3bccthwx Tpe6ybOT 3aTpaT MamnHHoro BpeMeHH,
nponopnHOHajibHwx N3, ryje N b HaineM cjiynae paBHO 4. Te H3
Hac, kto 3aHHMajicH 3toh npo6jieMon, ocHOßbißancb Ha onwTe
pa6oTw c oahhm H3MepemieM, HaAenjiHCb oTwcKaTb mctoa
pemeHHH, Tpe6yioiHHH 3aTpaT, nponopnHOHajibHwx N2, t. e.
cpaßHHMbm no 3aTpaTaM MamnHHoro BpeMeHH c mctoaom HBHoro
pemeHHH, KorAa Bee 3aTpaTw cboahtch no cyinecTßy k 3aTpaTaM Ha
BWHHCJieHHe npaBOH nacTH paBeHCTBa (89). Bee 6jiaronpHHTHwe
oco6eHHocTH h CBoiicTßa HeHßHwx mctoaob He onpaßAWßaioT
yBejiHHeHHH ctohmocth BbIHHCJieHHH b N pa3. CjieAyrornHM no
schqbeKTHBHOCTH HBjineTCH mctoa pacmenjieHHH.

YIipaJKHeHHH

1. HcTOJiKyiiTe ypaßHeHHe AeHe^cHoil HHCpnauHH npn npoueHTHon

cTaBKe,

paBHOH MHHMOMy HHCJiy //10.
2. 3annmHTe 45-rpaaycHoe ypaßHeHHe AHcppaicnHH nepe3 icoopjTHHaTbi (x, z) npn

cuHKCHpoBaHHon co b BH^e onepaTopa (85 6).

2.3. MoHoxpoMaTHHecKHe BOJiHOBbie nporpaMMbi

Y CTaporo npoqbeccopa 6wjia eAHHCTBeHHan TeMa KaacAOH ero
jickhhh: «Jlk>ah ynaTCH Ha pemeHHH 3aAan. PemeHHe 3aAan—eAHH-
CTBeHHwncnoco6 o6yneHHH ... ht.a. h t. n.». Bee, hto oh KorAa-Jin-
6oAeJiaji, 3to HHTaji jickhhh, ho HHKorAa He nocTaßHji hh oahoh
npo6jieMw.

Anajno nporpaMMbi nojiyneHHH (jnuibMonuKJia
t-Ito6w qbnjibMonHKji HMen KaKOH-TO cmwcji rim 3Phtcjih,

npeAMCT cpHjibMa AOjraeH 6wTb nepnoAHnecKHM h opraHH3oßaH
TaKHM o6pa3oM, hto6w nocjieAHHH KaAP ecTecTBeHHO nepexoAHJi b
nepBWH. B nporpaMMe jxna nojiyneHHH (jjnjibMa ecTb napaMeTp
JIHM6Aa, KOHTpOJIHpybOmHH OCHOBHybO HaCTOTy nOBTOpeHHH BOJl-
hobwx HMnyjibcoß, nocwjiaeMbix CBepxy Ha 3Kpam KaK tojibko

HMnyjibcoHA npo6eraeT neTßepTb nyTH bhh3 no KaApy, nocwjiaeTCH

cjieAybomnn. CKa3amioe onpeAejineTCH crpoKOH

HMnyjibcoHAw npeACTaBJiniOT co6on cynepno3HHHbo chhvcoha, hhc-
jio KOTopwx paBHO wo, a nacTOTW o6pa3ybOT nocjieAOßaTejibHOCTb
Aco, 2Aco, . . ., nwAco. /JjiHHa bojihw HaHMeHbmen nacTOTW dw= Aco
paßHa BejiHHHHe, o6paTHOH jihm6ac OTCbOAa cjieAyeT onpeAejieHHe

X= nz*dz/4= NzAz/4.

dw=v*pi2 jX= 2nv jX.
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HaKOHen, AJinTejibHOCTb (JmjibMonHKJia AOJi^KHa paßHHTbcn
nepnoAy cHHycoHAW c HanMeHbrnen nacTOTOH, t. e.

nocjieAHee paBeHCTBo onpeAejineT BpeMeHHOH HHTepßan Ha
npHMOH

nporpaMMa pemaeT cjieAybomee Ancj^epeHnnajibHoe ypaßHeHHe:
dP ito ~ 1 v d2P ,'«t\

Ha Ka^cAOM mare Az BbIHHCJieHHH npoH3BOAHTcn AByMH
STanaMH. Ha nepBOM 3Tane pemaeTCH ypaßHeHHe

£--L-££ (102)
dz —i(o2 dx

nocjie npnMeHeHHH MeTOAa Kpsmca — HnKOJibcoHa nojiynaeM
qx+i-qx _ v fq x+l-2qx+ q x~ i qxtl-2qx

+l + qx+l \
Az ~-/co2V 2Ax2 2Ax2 J'

qx
+1 -qx = OL[(qx + l -2qx+qx - 1)+ {qxtl-2qx

z+1 +qx^l)
nepeHeceM HeH3BecTHwe b jießybo nacTb ypaBHeHHH:

-aqx
zt{+(\+2a.)qx

z + 1-(xq x
+ l = OLqx+I +(\-2a)qx

z + oiqx 1.(104)
Ha btopom 3Tane pemaeTCH ypaßHeHHe

B nporpaMMe CTporo co6jibOAaeTCH HyMepannn, npHHHTan b
ypaBHeHHHx (103), (104) h (106).

Bojihoboh HMnyjibc cpopMnpyioT, CKjiaAWßan nacTOTHwe cocraß-
jiHiomne. B nporpaMMe Hcnojib3yiOTCH TOJibKo ABe nacTOTW, t. e.
nw= 2. Ecjih B3HTb OAHy nacroTy, t. e. nw= 1, pemeHHe craHOBHTCH
MeHee hchwm. Bojihw, OTpa)KeHHwe ot 6okobwx rpaHnn (cm.
oco6eHHo ynp. 2), 6onee noxoA^T Ha CTonnne. Ecjih ace
Hcnojib3oßaTb 6ojibme nacroT, to nporpaMMa 6yAeT pa6oTaTb
AOJibine, ho KHHO(J)HjibM 6yAeT 6ojiee HarjiHAHWM.

(I>a JOBwii cabht

CorjiacHo TeopeTHnecKHM npeACTaßjiemiHM, b AByxMepHOM
cjiynae bojihw, npoxoAH nepe3 c})OKyc, aoji^chw npeTepneßaTb
cpa3OBWH cAßnr Ha 90°. 3to 03HanaeT, hto Ha cJDOKyc naAaeT

NtAt = 2n/A®.

dt = pi2/(nt*dw).

-^=^~p+-^—2 - 001)oz v(x, z) — z'co2 dx

06beAHHHB Bee nocTOHHHwe b OAHy
a= *;Az/(-/co4Ax2), (103)

nojiyHHM
qx

z+l -qx = Oi[(qx + l -2qx+ qx - 1)+ {q xtl-2qx
+l +q^l)l

dQfdz=(i®/v)Q (105)
aHajiHTHHecKHM nyTeM nojiynaeM

Q(z+Az) = Q(z)e i(m/v)Az. (106)
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CHMMeTpHHHWH HMnyjIbCOHA, a BWXOAHT H3 Hero aCHMMeTpHHHWH.
(3to HBJieHHe jiynme Bcero Ha6jibOAaeTCH Ha pnc. 50, ho HarjiHUHee
oho b KHHOcJ)HJibMe). npn MHrpanHOHHOM npeo6pa3oßaHHH BOJIHW
Aoxoaht TOJibKo ao cj)OKyca, ho He npoxoAHT nepe3 Hero. no3TOMy
HMnyjibCHan peaKnnn Mnrpannn b AByxMepHOM BapnaHTe HeceT b
ce6e cJ)a3OBWH CABHr b 45°. HecMOTpn Ha to, hto b peajibHocrn Bee
nponcxoAHT b Tpex H3MepeHHHx, AByxMepHan peaKnnn Bnojme

noAxoAHT j\jik MHrpannoHHoro npeo6pa3oßaHHH cencMHHecKHx
pa3pe3oß, Ha KOTopwx, KaK npeAnojiaraeTCH, cpoKycnpoßKa co3Aa-
eTCH He cc|)epHHecKHMH, a hhjihhaphhcckhmh OTpaacabomHMH
rpaHnnaMH.

Jlaiepa.ibiibie H3MencHHH cKopocTen

/JaHHan nporpaMMa He yHHTbrnaeT H3MeHeHHH ckopocth no
ropH3oHTajm v = v(x), ho sto HeTpyAHO CAejiaTb, Hcnojib3yn
ypaßHeHHe (106). Ecjih Ha6jnoAeHHwe AaHHwe TaKOBw, hto kx
HacTOJibKO Majio, hto hm mokho npeHe6peHb, to ypaßHeHHe (106)
ocTaeTCH eAHHCTBeHHWM, rAe yneT JiaTepajibHwx H3MeHeHHH cko-
Pocth Heo6xoAnM.

Ana.in j Gokobwx rpaHim

B reoc|)H3HKe sKejiaTejibHo Boo6me He paccMaTpHßaTb Bonpoc o
6okobwx rpaHHnax n BO3HHKaeT oh TorAa, KorAa cencMHHecKHH
npoc|)HJib orpaHHHeH no CBoen npOTH^ceHHocTH. Ecjih Bee )Ke

Heo6xoAHMo yHHTWBaTb BjiHHHne 6okobwx rpaHHn, to cneAyeT
npoAyMaTb, KaK jiynme sto CAejiaTb. B nporpaMMy BRjiboneHw

rpaHHHHwe ycjioßHH b bhac Hyjießwx yrjioßwx KO3(|)c})HnHeHTOB.
3tot THn rpaHHHHwx ycjioßHH nojiyHHJiCH b pe3yjibTaTe toto, hto
6wjio npeAnojiO)KeHo:

a b onepaTOpe BW3OBa KOMaHAw «ctris» npHHHjm

endl= —a; endr= —c.
Oahh H3 6wcTpwx nyTen nojiyneHHH Hyjießwx ycnoBHH Ha 6okobwx
rpaHHnax coctoht b tom, hto6w npHHHTb:

M3jiosKeHHbm Bwme noAxoA Tpe6yeT Hcnojib3oßaHHH 6ojibmoH
MamHHHOH naMHTH, hto HCKJibonaeTCH npn KOAnpoBaHHH rpamiH-
hwx ycjioßHH MeTOAOM J\. XeHJia:

call ctris (nx,endl,a,b,c,endr,cd,q,ce,cf)

d(l)=0.; d(nx)= 0.,

endl = endr = 1030^oo.

qO=bl*q(l); qnxpl=br*q (nx)
cd (1) =aa*q(2) +(1 . —2.*aa)*q(1) + aa*qO
cd(nx)= aa*q (nx — 1) +(1.—2.*aa)*q(nx)+ aa*qnxpl
endl=c*bl +b;
endr=a*br+ b
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2

PMC. 46. FlepßbiH Ka/ip cpHJibMa, paccnnTaHHoro no nporpaMMe, npnße/ieHHOH Ha
pnc. 37 (a) h pemeHHe ynp. 1 (6)

PHC. 47. PemeHHe ynp. 2 b

BH^e

pacxo/jaiHenca ccpepHHecKOH bojihw (a), Taxoe ace
pemeHHe ynp. 3, ho c HyjießbiM 3HaneHHeM pacxoacAeHHa (6)

3aMeTHM, hto ajih rpaHnn c HyjießWMH 3HaneHHHMH bl = br =0, a
AJih rpaHHn c HyjießWM yrjiOBWM KoscJDCJmnHeHTOM bl =br= 1 .
norjiomabomne 6oKOßwe rpaHHnw, BBeAeHHwe b pa3Aejie 4.4,
nojiynabOTCH b cjiynae, earn bl h br —KOMnjieKCHwe BejmHHHw.

Bapnanrw nporpaMMbi $HJibMOHHKJia
npn BwnojmeHHH cjieAybomnx ynpa^cHeHHH cfrnKcnpyHTe cboh

ycnexn. 3to noMo^ceT BaM npn noAroTOBKe k BbinycKHWM
3K3aMeHaM. H, cnycTH toaw, bw 6yAeTe b coctohhhh ocBOKaTb b
naMHTH 3th Bonpocw.
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iiuumunHE

;

PI4C. 48. 45-rpa/xycHbiH HjieH ynpaßjieHHa H3 ynp. 4 (a), jiaTepajibHbie H3MeHeHHa
ckopocth, npHHaTbie b ynp. 5 (6)

PHC. 49. BbiHHCJiHTenbHbie

HCicaaceHHa

HCKyccTßeHHoro nponcxoacaeHHa b cjiynae
ToneHHoro

HCTOHHHKa

H3 ynp. 6 (a); ynp. 7 Ha norjiomaiomyio rpaHHny (6)

3aBeAHTe cmHßaTejib c TpeMH KOJibnaMH. 06pe>KbTe Bee rpa-
4>hkh h jiHCTHHrn nporpaMMbi no jiHcry pa3MepoM 216x279 mm,
npoKOJiHTe hx TpexAwpnaTWM AbipoKOJiOM. Ecjih Tpe6yeTCH ajire6-
paHnecKHH aHajiH3, AeJiaiiTe ero Ha jmcTax Toro )Ke pa3Mepa. He
ocTaßjiHHTe Ba^Hwx nacTen aHajin3a Ha KJiOHKax 6yMarn. JTh6o
xpaHHTe 3th MaTepnajiw BMecTe c 3anncHMH jieKmrii, jih6o
3aBeAHTe OTAejibHybo TeTpaAb aji» Jia6opaTopHwx 3aHHTHH, BcerAa
noMenan AaTy hx npoBeAeHHH.
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/Jjih Ka)KAoro H3 cjieAybomnx ynpa:>KHeHHH HyacHO noAroTOBHTb
jiHCTHHr nporpaMMbi h rpacpHHecKoe H3o6pa>KeHHe nepßoro KaApa.

>'IipaVKHCHIIH

1. Onpe^ejiHTe Te H3MeHeHHa b nporpaMMe, KOTopbie o6ecnenaT pacneT
hcxoahoh njiocKon bojihm, pacnpocTpaHaiomeHca bhh3 noA yrjioM 15° cnpaßa ot
BepTHKajm. (PemeHHe ynpaacHeHna cm. Ha pnc. 46).

2. Ecjih 3a;raHa o6jiacTb

BbIHHCJieHHH:

o<x<=xMax h

o<z^zMax,

to KaK
HyacHO H3MeHHTb HanajibHbie ycnoßHa npn z= 0, hto6m HMHTHpoBaTb ToneHHbiH
hctohhhk b

TOHKe

(x, z)=(x

Max/3,

— zMax/2)? IlpoßepbTe cboh

OTBeT

(pnc. 47).
3. H3MeHHTe nporpaMMy

TaK,

htoGm 6oKOßbie rpaHHHbi c HyjießbiM yrjiOßbiM
KO3CpcpHHHeHTOM noMeHajiHCb Ha 6oKOßbie rpaHHHbi c HyjießbiMH 3HaaeHHaMH (otbct
cm. Ha pnc. 47).

4. BKJiioHHTe b nporpaMMy 45-rpaAycHyio KOMnoHeHTy dxxz juin cnynaa

KOJiJianca

cc})epHHecKOH bojihw. I4cnojib3yHTe 6oKOßbie rpaHHHbi c HyjießbiM yrjiOßbiM
KO3C})Cj)HHHeHTOM.

5. BHecHTe b nporpaMMy AencTßHe

KOMnoHeHTbi

tohkoh jihh3m c ropH3oHTajib-
HbIMH H3MeHeHHaMH CKOpOCTH B 40% Ha HIHpHHe KaApa, KOTOpbie CO3AaK)TCa
nocToaHHbiM rpa/iHeHTOM «MeAJieHHOCTH». BbiaßHTe Hacrn nporpaMMbi, Ha KOTopbie
BjinaiOT jiaTepajibHbie BapHaHHH ckopocth (pnc. 48). BbiaßJieHHbie nacra BHAOH3Me-
HaTb He HyacHO. IloHeMy ohh aojdkhm 6biTb npaKTnnecKH HeH3MeHHbiMH?

6. nyTeM TecTHpoßaHHa nporpaMMbi h nojib3yacb npn stom TonenHbiM

HCTOHHHKOM,

paCnOJIWKCHHbIM B (x, z)=(x Max/2,0), HaHAHTe H

OnHmHTe BbIHHCJIH-

TejibHbie

HCKaaceHHa

HCKyccTßeHHoro nponcxwKAeHHa. TaKOH hctohhhk o6orameH

BbICOKHMH

npOCTpaHCTBeHHbIMH

HaCTOTaMH,

B npHCyTCTBHH KOTOpbIX pa3HOCTHbie
ypaßHeHHa yace He MoryT HMHTHpoBaTb AHc})(f)epeHHHajibHbie (pnc. 49).

7. B pa3Aejie 4.4

o6bacHeHO,

KaKHM o6pa3oM HyacHO norjiomaTb 3Heprmo Ha
6okobwx rpammax. BHecHTe b nporpaMMy Heo6xoAHMbie AJia 3Toro H3MeHeHHa.

8. TOHHOCTb

BbIHHCJieHHa

npOH3BOAHOH no X MO)KHO

nOBbICHTb MeTOAOM,

KOTopbm npoaHajiH3HpoßaH b pa3Aejie 4.3. BKpaTne ero cmhcji coctoht b tom, hto

BMecTO

npeAcraßjieHHa k 2 Ax c noMombio TpexAHaroHajibHOH MaTpnubi T, y
KOTopon Ha rjiaBHOH AHaroHajiH HaxoAHTca (—l, 2, —1), nojib3yioTca KOMGHHanneH
BHAa T/(l—T/6). BnAOH3MeHHTe sKCTpanojiaHHOHHbm aHajm3 nyTeM ckbo3hoto
nepeMHoaceHna Ha 3HaMeHaTeJib. CAenaHTe HeoSxoAHMbie H3MeHeHna b 45-rpaAycHoii
nporpaMMe

crarnßaHHa

bojih b TOHKy (pnc. 50).

IlporpaMMa Miirpamm b o6jiacTH (co, x, z)

3Ta nporpaMMa MHrpanHomioro npeo6pa3oßaHHH, npeAJio^ceH-
Han KbnpTaHCcoHOM h 4 3̂KO^COM5 noAo6Ha nporpaMMe cfrnjibMO-
HHKJia, ho HMebOTCH h HeKOTOpwe pa3JiHHHH. B nporpaMMe
4>HjibMonHKJia KOMaHAa "do loops" 3aKjiboneHa b neTwpex CKo6Kax.
OHa AaeT pe3yjibTaTw ajih MHornx 3HaneHHH /. MnrpannoHHOMy )Ke

npeo6pa3oßamno HyacHo jinmb oaho 3HaneHHe b momcht BpeMeHH
t=0. rioSTOMy 3KOHOMHTCH OAHH HHKJI, a 3TO 3HaHHT, HTO 3a TO HKQ
KOJIHHeCTBO MamHHHOrO BpeMeHH MO3CHO 06pa60TaTb 60JIbHIHH
o6beM HHqbopManHH. K co^ajiemno, noTepn OAHoro nHKjia
03HanaeT h noTepio cj)HjibMa. npn MHrpannn b o6jiacTH co HHTepec-
HW AJI3 Ha6jIbOAeHHH TOJIbKO BXOAHbie H BWXOAHbie AaHHwe.

Bxoahwmh AaHHWMH ajih paccMaTpHßaeMoro nponecca, Bepo-
htho, 6yAyT cjiy^cHTb nojießwe Ha6jiK>AeHHH h nosTOMy b otjihhhc

ot KHHocencMHKH b o6jiacTH co He 6yAeT aHajiHTHHecKoro

npeACTaBJieHHH.
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PMC. 50. Ynp. 8, BbinojmeHHoe:

BxoAHbie MaTepnajiw 6yAyT npeACTaBJieHW bo BpeMeHHOH
o6jiacTH h aojdkhw 6yAyT noAsepraTbcn cpypbe-npeo6pa3oßaHmo.npn cocTaßjieHHn nporpaMMbi onpeAejiHbOTCH HMnyjibcoHAw, hmh-
THpybomne bojihobwc HMnyjibcw, Ha6jibOAaeMwe b nojie. Ohh
pacniHpeHw h aojdkhw MnrpnpoßaTb k npn6jiH^ceHHWM nojiy-
OKpy^CHOCTHM. ToHHbie HMnyjIbCOHAW He npHMeHHbOTCH, TaK KaK
H3-3a pa3JIHHHH Me^CAy pa3HOCTHWMH H AHCJ)4)epeHnHaJIbHbIMH
onepaTopaMH BO3HHKabOT pa3Hoo6pa3Hwe noMexn.

3aTeM nporpaMMa ocymecTßjiHCT cJ3ypbe-npeo6pa3oßaHHe sthx
nceBAOAaHHwx H3 BpeMeHHOH o6jiacTH b nacTOTHybo.

Ha cjieAybomeM 3Tane npoH3BOAHTCH npoAOJDKeHne bhh3
Ka)KAOH H3 nacTOT. 3Ta nacTb nporpaMMbi npeACTaßJineT co6oh
nHKJiw no rjiy6nHe z h nacTOTe co. Jlk>6oh H3 Ha3BaHHwx hhkjiob
MO)KeT HaXOAHTbCH BHyTpH. KOHKpeTHWH Bbl6op npOH3BOAHTCH C
yHeTOM 3(})C])eKTHBHOCTH pa6OTW MaiHHHW.

/Jjih BbinojmeHHH MHrpanHH Tpe6yeTCH ypaßHeHHe bocxoahhthx
bojih, a He naAaboinen bojihw, KaK b cjiynae nporpaMMbi
CpHJIbMOUHKJia. H3MCHHM 3HaK OCH Z B ypaBHeHHH (101), HTO
noßjinneT Ha 3HaK npn aa h qba3e onepaTopa cshift.

Eme oaho OTjiHHHe nporpaMMbi bwhhcjichhh cpHJibMonHKjia co-
CTOHT B TOM, HTO Tenepb BXOAHbie AaHHbie 3aBHCHT ot BpeMeHH, a
BwxoAHwe npoAOJi^cabOT 3aßHceTb ot rjiy6HHw. Yao6ho TaK npeo6-
-pa3oßaTb

BbIHHCJieHHH,

hto6w rjiy6HHW OTKJiaAWBajiHCb bo BpeMe-
Hax npo6era (hjih nceßAorjiy6HHax), a BepTHKanbHwe och Ha bxoac
H BWXOAe 6bIJIH OAHHaKOBWMH. YHHTWBaH, HTO X = z/v, HJIH HTO TO
we caMoe dx/dz=\/v, c noMonmio nenHoro npaßnjia nojiynaeM

a— 6e3 yneta (1/6) X, 6—c yneTOM (1/6)1

A =?i= I-L. (107)
dz dz dx vdx
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noACTaHOBKa (107) b ypaßHeHHe (101) npHBOAHT k cooTHomeHHbo

B nporpaMMe npeAycMOTpeHO, hto HHTepßajiw Bw6opKH otchc-
tob no BpeMeHH d{ —At h no nceßAorjiy6HHe dtau=Ax paBHW
eAHHHne, no3TOMy MaKCHMajibHOH 6yAeT HaHKBHCTOBa nacTOTa.
3aMeTHM, hto hhkji no nacTOTe AencTßyeT TOJibKO b npeAenax och
nojio>KHTejibHwx nacTOT. OTpHnaTejibHwe nacTOTW cjiyacaT jmmb

AJIH COXpaHeHHH BemeCTBeHHOH BpeMeHHOH CpyHKHHH.
Pe3yjibTaT Ha bwxoac AaHHOH nporpaMMbiH3o6pa»ceH Ha pnc. 51.

npeHMymecTßeHHo bhahwannpoKCHManHH b bhac nojiyoKpy^cHocTen.
Ha 6ojibmnx BpeMeHax Ha6jnoAaioTCH h noMexn HCKyccTßeHHoro
npOHCXO^CAeHHH, KOTOpbie MOiyr BbBWBaTbCH nepHOAHHHOCTbK) B
nacTOTHOM npeACTaBjieHHH. Ohcbhaho, hto HMnyjibcoHAW Ha BxoAe
6wjih AOCTaTOHHO mHpoKonojiocHWMH no KaacymnMCH CKOpOCTHM,
TaK KaK nojiyKpyroßoe npH6jmaceHHe cf)aKTHHecKH npeACTaßJineT
co6oh 3jumnc, npoxoAHinnH nepe3 Hanajio KOopAHHaT.

OTMeTHM TO 06CT0HTeJIbCTB0, HTO HCXOAHbie HMnyjIbCOHAW
HMejIH BHA CHMMeTpHHHWX CJtyHKnHH BpeMeHH, a nOJiyOKpy)KHOCTH
06pa30BaHW TaKHMH HMnyjIbCOHAaMH, KOTOpbie He HBJIHbOTCH hh
CHMMeTpHHHWMH, HH aHTHCHMMCTpHHHWMH, a npeACTaBJIHbOT CO6OH
HMnyjibcoHAW, CABHHyTbie no 4>a3e Ha 45°. Bojihw ot ToneHHoro
HCTOHHHKa B TpeXMepHOM npOCTpaHCTBe AOJDKHW 6bIJIH 6bl HMeTb
qba3OBWH

CABHr,

paBHWH 90°. Bojihw, H3jiynaeMbie AByxMepHOH
OTpa^cabomen rpaHHneH b TpexMepHOM npocTpaHCTße, hmciot
c|)a3OBWH CABHr, paßHwii 45°.

2.4. Pacmemiemie h iiojihoc pa3#ejieHHe
J\bsl nponecca A h B, o6whho AeftcTßyioiHHe OAHOBpeMeH-

ho, MoryT (hjih He MOiyr) 6wTb B3aHMOCBH3aHHWMH. Cjiynan,

PHC. 51. Pe3yjibTaT MHrpaHHomioro npe-
o6pa3oßaHHa b oGjiacTH (co,

x,

z)

d±= -ivP-jL% (108)
dx —i(o2dx
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KorAa ohh He3aBHCHMw oahh ot Apyroro, Ha3WBaeTCH nojiHWM

pa3AejieHHeM. B TaKOM cjiynae nacTo OKa3bmaeTCH nojie3HWM —
KaK npH 06AyMWBaHHH, TaK H BWHHCJieHHHX

CHHTaTb,

HTO
nponecc A 3aßepmaeTCH ao Toro, KaK Hanajicn nponecc B. B Tex tkq

cjiynanx, KorAa nponeccw B3aHMocBH3aHw, mojkho Ha kopotkhh
nepnoA peajm3oßaTb nponecc A, 3aTeM nepeHTH k npOHeccy B h
Hao6opoT. nonepeMeHHbm peacHM Ha3WBaeTCH pacmenjieHHeM.

YpaßHeHHe TenjiOßoro noTOKa

YpaBHeHHH AnqopaKHHH hjih MHrpauHH mo>kho Ha3WßaTb ypaß-
HeHHHMH «3ajreHHBaHHH» (JipoHTa bojihw. Ohh CTJia>KHBaK)T Bee
jiaTepajibHwe pa3pwßw b bojihobom 4)poHre, KOTOpwe MoryT
BbOWBaTbCH HaHajIbHWMH yCJIOBHHMH HJIH 7KC BJIHHHHCM JIHH3OBOH
cuaraeMOH. YpaßHeHHe 15-rpaAycnon Mnrpannn HMeeT tot tkq bha,
hto h ypaßHeHHe TennonpoBOAHOCTH. Ho b nocjieAHeM Bee HHCJia
BemecTßeHHwe h hx 4>H3HHecKHH cMwcji 6ojiee AOCTyneH noHHMa-
hhk). nosTOMy npeAJiaraeMoeBameMy BHHMaHHbo OTCTynjieHHe ot
TeMW BnojiHe onpaßAaHO. Hn>Ke npnßeAeHW Asa npeAnojio^ceHHH,
Ha KOTopwx ocHOBaH bwboa ypaBHeHHH TenjionpoßOAHOCTH. nep-
BOe H3 HHX TJiaCHT, HTO TenjIOBOH nOTOK Hx b HanpaßjieHHH X
paßeH OTpnnaTejibHOMy rpaAneHTy —d/dx TeMnepaTypw T, yMHO-

Ha KosqbcpHnHeHT TennonpoBOAHOCTH a. Bo btopom
yT^ep^AaeTCH, hto noHH»ceHHe TeMnepaTypw —dT/dt nponopnno-
HajibHO AHBepreHnHH TenjiOßoro noTOKa dHx/dx, acjichhoh Ha
TenjioeMKocTb BemecTßa C. YHHTbraan 06a npeAnojioKeHHH,
nepexoAH k AByM pa3MepHOCTHM h nojiaran a

nocTOHHHOH,

a C=l,
nojiynaeM ypaßHeHHe TenjionpoßOAHOCTH b bhac

pemeHHe ypaBHeHHH TenjiOßoro noTOKa mctoaom
pacmenjieHHH coctoht b 3aMeHe AByxMepHoro ypaBHeHHH Tenno-
npoßOAHocTH AByMH oAHOMepHWMH, Ka)KAoe H3 Koropwx npHMe-
hhctch nonepeMeHHO bo BpeMeHH:

B ypaBHeHHH (110a) KoscjxJnmneHT TenjionpoßOAHOCTH yAßan-
BaeTCH ajih noTOKa b HanpaßjieHHH x h npHpaBHHBaeTCH k Hyjibo
AJih noTOKa b HanpaßjieHHH y. /^jih ypaBHeHHH (1106) cnpaBeAJiHBO
o6paTHoe cooTHomeHHe. B HeneTHbie momchtw BpeMeHH Tenjio

TeneT b cootbctctbhh c ypaBHeHHeM (110a), a b neTHwe —cornacHO
ypaßHeHHbo (1106). Mo>kho AOKa3aTb aHajiHTHnecKH, hto pemeHHe
nyTeM nonepeMemioro Hcnojib3oßaHHH ypaBHeHHH (110a) h (1106)

dT/dt= a(d2/dx2+ d2/dy 2)T. (109)
PacmenjieHne

dT/dt = 2v(d2T/dx 2) (Bee y), (110a)
dT/dt = 2o(d2T/dy 2) (bcc x). (1106)
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cboahtch k peinemno ypaBHeHHH (109) c norpenmocTbio nopnAKa
At. CjieAOßaTejibHO, omn6Ka CTpeMHTCH k Hyjibo npn CTpeMjiemrH k
Hyjibo At. npHMeHeHHe MeTOAa pacmenjieHHH onpaBAWBaeTCH TeM,
hto HenßHwe MHoroMepHwe MeTOAw pemeHHH npaKTHHecKH He
ocyinecTßHMW (cm. KOHen pa3Aena 2.2).

ITojiHoe pa3AejieHHe

MeTOA pacmenjieHHH mokct oKa3aTbcn HaMHoro TOHHee, neM
mw AyxiaeM, a bo mhoitix cjiynanx noTepn b tohhocth Boo6me HeT,
n CjieAOßaTejibHO ero mojkho npHMeHHTb b caMbix Kpanmix
cjiynanx. npoAyMairre TaKOH paAHKajibHWH noAxoA k peniemno
ypaBHeHHH (110a h 6), npn kotopom bmccto o6pameHHH k hhm
nonepeMeHHo b cjieAybomne Apyr 3a ApyroM momchtw BpeMeHH
mo^cho Hcnojib3oßaTb CHanajia TOJibKo ypaßHeHHe (110a). nojiyneH-
hwh npoMe^cyTOHHWH pe3yjibTaT BO3bMeM b KanecTße HanajibHoro

ycjioßHH a-hh ypaBHeHHH (1106), KOTopoe Hcnojib3yeTCH Ha Ka^cAOM
mare BbIHHCJieHHH A-hh nojiyneHKH OKOHnaTejibHoro pe3yjibTaTa.
Mo>KeT nOKa3aTbCH yAHBHTejIbHWM, HTO TaKOH paAHKajibHWH
MeTOA MO^ceT AaßaTb npaßHjibHoe pemeHHe ypaBHeHHH (109). Ho
ecjin o He 3aBHCHT ot x h y, to nocjieAHee yTBepSKAeHHe hcthhho.
H3Jio»:eHHWH Bwme nponecc H3o6pa^ceH Ha pnc. 52 rjix cjiynan
HMnyjibCHoro HanajibHoro BO3MymeHHH. Ecjih onHcamiwM Bwme
paAHKajibHWM MeTOAOM mo>kho nojiyHHTb npaßHjibHoe pemeHHe, to
roBopHT, hto Anc^qbepeHnnajibHoe ypaßHeHHe THna (109) noAAaeTCH
nojiHOMy pa3AejieHHK>. He ctoht yAHBJiHTbcn TOMy, hto nojiHoe

pa3AejieHne CTaHOBHTCH BO3MO>KHbiM Jinmb npn ycjioßHH nocTOHH-
CTBa a, TaK KaK b stom cjiynae hohbjihctch BO3Mo»HOCTb
npHMeHHTb (J)ypbe-npeo6pa3oßaHHe, b pe3yjibTaTe nero AByxMepHoe
pemeHHe exp [ — +k 2)^ OKa3WBaeTCH paBHWM nocjieAOßaTejib-
hocth OAHOMepHwx exp ( — ak^t) xexp( — ok 2 1). KaK 6yAeT noKa-
3aHO mme, ycjioßHe npnMenHMOCTH nojiHoro pa3AejieHHH onpe-
AejIHeTCH BO3MO>KHOCTbIO nepeCTaHOBKH MeCTaMH npOH3BOAHWX
od2/dx2 h od2/dy2 , t. e. aojdkho 6wTb Bee paBHO, b KaKOM
nopHAKe BwnojiHHTb AHc|)(J)epeHnHpoßaHHe. CymecTßyeT TaK)Ke

Tpe6oßaHHe TexHHHecKoro nopnAKa, CBH3aHHoe c rpaHHHHWMH
ycjioBHHMH, ho oho He co3AaeT 3aTpyAHeHHH b tom cjiynae, KorAa
Bo3MymeHHe 3aTyxaeT npe)KAe, neM AOCTHraeT rpaHHnw.

PHC. 52. PacnpeAeJieHHe TeMnepaTyp Ha njiocKOCTH (x, y), HanHHaa c AeJibTa-
c})yHKUHH (cjießa). no3BOJiHB Tenny Tenb

CHanana

b HanpaßjieHHH x (b HeHTpe), a
3aTeM —y, nojiynaeM CHMMeTpHHHbin rayccoß pe3yjibTaT rjw cjiynaa OAHOBpeMeH-
hoto pacnpocTpaHeHHa no HanpaßJieHHaM x h y (cnpaßa)
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YAHBHTejibHO, ho bo MHorax yne6HHKax no HHCJieHHOMy
aHajm3y HeT HHKaKHx ynoMHHaHHH o bo3mo>khocth nojmoro

pa3AeJieHHH. Mo>KeT 6blTb, 3TO 06bHCHHeTCH TeM, HTO He3aBHCHMO
ot Toro, KaKHM cnoco6oM HaxoAHTCH pemeHHe—pacmenjieHneM
hjih )Ke nojiHWM pa3AejieHHeM— o6in.ee hhcjio onepannn cjio^cchhh

h yMHo^ceHHH ocTaeTCH oahhm h TeM >Ke. Ho Ha npaKTHKe
CTOHMOCTb pemeHHH rpoMO3AKHx 3aAan He pacTeT npocTO nponop-
HHOHajibHO HHCJiy onepanHH yMHoaceHHH. KorAa 6a3a AaHHwx He
BMemaeTCH nojmocTbbo b naMHTb c npoH3BOJibHWM AOCTynoM —a
3to cjiynaeTCH noHTH BcerAa npn pemeHHH 6ojibniHx 3aAan —to
npn KaacAOM mare pemeHHH mctoaom pacmenjieHHH npnxoAHTcn
TpaHcnoHHpoßaTb 6a3y AaHHwx, CKajKeM, nopnAOK 3anncH b naMHTb
(x, y) 3aMeHHTb Ha (y, x). /Jjih TpaHcnoHHpoßaHHH He HyacHo AejiaTb
yMHOxeHHH, ho bo MHorax CHTyanHHx onepannn TpaHcnoHHpoßa-
hhh OKa3WBaeTCH caMon AoporocTOHmen nacTbbo Bcero bwhhcjih-
TejibHoro nponecca. nosTOMy, ecjin TpaHcnoHHpoßaHHH Hejib3H

H36e)KaTb, to cjieAyeT CTpeMHTbcn k TOMy, hto6w Ha npaKTHKe ero
o6beMw 6wjih CBeAeHW ao npneMjieMoro MHHHMyMa.

BbmabOT o6cTOHTejibCTBa, KOTopwe 3acTaBJiHbOT Bw6npaTb
cpeAHHH nyTb Me>KAy pacmenjieHneM h nojiHWM pa3AejieHHeM.
ilpHMepoM cjiy^KHT CHTyanHH, KorAa a npeACTaßjineT co6oh
MeAJieHHO MeHHbomybocH cpyHKnnbo x hjih y. B TaKOM cjiynae

OKa3WBaeTCH,

hto ad2/dx AOCTaTOHHO CTporo npeo6pa3yeTCH b
od2/dy 2, no3TOMy npe^Ae neM TpaHcnoHHpoßaTb AaHHwe h
nepeKJibonaTbCH Ha ypaßHeHHe (1 106), mo>kho coßepmHTb HeKOTOpoe
hhcjio BpeMeHHbix maroß c ypaBHeHHeM (110a). 06cTOHTejibCTBa,
noAo6Hwe onHcaHHWM h npeACTaßjiHbomne aji» reocj)H3HKOB 6ojib-
mon HHTepec, BO3HHKabOT npn pa6oTe c ypaBHeHHeM bojihoboh

SKcrpanojinnnH, KOTopoe paccMaTpHßaeTCH rnDKe. 3HaneHHe KOHnen-
Hhh pacmenjieHHH h nojiHoro pa3AejieHHH ajia ceHCMOJionm 6wjio
Bnepßwe noAnepKHyTO b pa6oTe [21].

CjiyHaii .uiTepa iwiwx n jMenemiH CKopocTH

YpaßHeHHe jxjih Anc|)4)epeHnHajibHbix onepaTopoß HMeeT npoc-
toh c|)H3HHecKHH cmwcji h npeACTaßjineT co6oh TaK Ha3WßaeMoe
MOHOxpoMaTHHecKoe 15-rpaAycHoe ypaßHeHHe bojihoboh SKcrpano-
JIHHHH B HeOAHOpOAHWX CpeAaX. npH yCJIOBHH VttV oho HMeeT bha

M3yHeHHe BHemHero BHAa ypaBHeHHH (111) noKa3WBaeT, hto
mo>kho MeHHTb MecTaMH HjieH, onHCWBaioiHHH 3ana3AbißaHHe, H
cnaraeMwe tohkoh jihh3w h AncJipaKnHH b cbo6oahom npocrpaH-
ctbc Ho cjiaraeMbie tohkoh jihh3wh AncppaKHHH HeKOMMyTaTHBHW

dtt f/© , . 1 1 viz) d2 )TT—= i—r~^m —i ; — —tt Tlf"55

dz I (z) r(x, z) p (z) 2/co ox J
= (3ana3AbißaHHe + TOHKan jiHH3a+Ancj)paKnHH). (Ill)
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MOKHy co6oh. C npaKTHHecKOH tohkh 3peHHH, Ka)KeTCH, jiynme Bce-
ro npHMeHHTb mctoa pacmenjieHHH, npnneM nacTb, npeACTaßjinio-
mybo co6oh TOHKybo jiHH3y, peuiaTb aHajiHTHHecKH, a Anc})paKHHOH-
Hybo —MeTOAOM Kpsmca — HnKOJibcoHa. B TaKOM cjiynae ycTOHHH-
BocTb rapaHTnpyeTCH, TaK KaK h3bcctho, hto Ka)KAaH H3 3aAan b
OTAeJIbHOCTH yCTOHHHBa. npHBJieKaTeJIbHa TaK^Ce H TOHHOCTb,
KOTopybo o6ecneHHßaeT pemeHHe aHajiHTHHecKHM nyTeM. Tenepb
BO3HHKaeT Bonpoc 0 CTeneHHKOMMyTaTHBHOCTH sthx cjiaraeMbix.

3Ta npo6jieMa b tohhocth coßnaAaeT c 3aAanen cpOKycnpOBKH
cpHJibMOCKona. PeryjinpoßKa (JioKyca c noMombio pyKOHTKH anna-
paTa no cymecTßy aHajiorHHHa nepeMemeHHio cjiaraeMoro tohkoh
jihh3wOTHOCHTeJIbHO cjiaraeMoro AH(|)paKnHH b cbo6oahom npocr-
paHCTße. CymecTßyeT He6ojibmoH HHTepßaji nepeMemeHHH pyKO-
htkh, b npeAejiax KOToporo hcbo3mo)kho 3aMeTHTb KaKHe-jiH6o
H3MeHeHHH, h HecKOJibKo 6ojibmHH HHTepßaji, b npeAejiax KOToporo
pac(J)OKycHpOBKa npaKTnnecKH He3aMeTHa npn Ha6jiK>AeHHH H3 3aA-
Hero pHAa AeMOHcrpanHOHHoro 3ajia. MHoroe b o6pa6oTKe reocpH-
3HHecKHx AaHHwx cboahtchk hx SKcrpanojinnHH bhh3. JlaTepajibHbie
Bapnannnckopocth, HaxoAnmnecH b jhhbobomcjiaraeMOM, 6wßaioT
H3BecTHW jmmbc orpaHHHeHHonTOHHOCTbbo. 06jiacTbbo npHMeHe-
hhh jmH3oßoro cjiaraeMoro MO^ceT CTaTb onpeAejieHne c^yHKnHH
v(x) c noMombbo nponeAypw 3KCTpanojinnHH.

B cjiynae 6ojibmnx jiaTepajibHwx npocTpaHCTßeHHbix ajihh bojih

AonycKaeTCH nepecraHOßKa cjiaraeMbix ypaBHeHHH (111). TorAa
AHc|)paKnHio mo»cho ocymecTßjiHTb h 6e3 3HaHHH JiaTepajibHwx
BapnanHH CKOpOCTH.

Cjiynaii TpexMepHoro npoAOJi^ceHHH b hhvkhcc nojiynpocTpaHCTßO

OnepaTop MHrpannoHHoro npeo6pa3oßaHHH AaHHwx MOB npn
Hyjießwx yAajieHHHx b TpexMepHOM npocrpaHCTße mo^cho pa3Jio-
»cHTb Ha HjieHW BToporo nopnAKa c noMombio pHAa Tenjiopa TaK
Ha3WßaeMoro 1 5-rpaAycHoro npn6jiH)KeHHH:

HaH6ojiee nacro BCTpenaeTCH cjiynan, KorAa v mchhctch MeAJieHHo
hjih Boo6me He 3aBHCHT ot x h y. TorAa BwnojiHHioTcn ycjioßHH
nojmoro pa3AejieHHH. 3to xopomo, TaK KaK npn TpexMepHofi
3KCTpanojinnHH mo^cho nojib3oßaTbCH nporpaMMaMH AByxMepHOH
bojihoboh SKCTpanojinnHH, BwnojiHHH npeo6pa3oßaHHH npOAOJIbHWX
h HenpoAOJibHwx Ha6jibOAeHHH b jik>6oh nocjieAOßaTejibHocTH.
TpyAHOCTH noHBJiHbOTCH npn nonwTKax noßwcHTb TOHHOCTb. Ecjih
coxpaHHTb b pnAe Tenjiopa 6ojibmee hhcjio hjichob, to He
3aMeAJiHT noHBHTbca hjich BHAa d4'/cx 2dy 2 . npn HajmHHH noAo6-
hoto HJieHa pa3Jio)KeHHH Hejib3H ocyinecTßHTb hh pacmenjieHHH, hh
nojiHoro pa3AejieHHH. CxeMw Ha6jibOAeHHH, npHMeHHeMwe b Ha-

( — /co)2 d2 d2 —ko.vd2 v d2
n T-n

v 2 dx2 dy2 v —2kodx2 — 2/co dy 2 '



125

CTOHiuee BpeMH b mopckoh ceHCMopa3BeAKe, TpyAHO KOHTpOJIHpO-
BaTb b nonepeHHOM k npocpnuno HanpaßjieHHH, nosTOMy HeT
BeCOMWX OCHOBaHHH AJIH o6pa6oTKH 3THX Ha6jIK>AeHHH C HCnOJIb3O-
BaHHeM hhwx ypaBHeHHH, KpoMe 15-rpaAycHoro. Y O. Mbonpa
BO3HHKJia xopoman hach npeACTaBHTb Kopem, KBaApaTHWH b
cjieAybomeM bhac:

npn o6pa6oTKe Ha6jibOAeHHH Ha cyme mo)kho onpaßAaTb
npHMeHeHHe Jiynmnx npH6jiH)KeHHH. Oypbe-npeo6pa3oßaHHe no
MeHbmen Mepe oahoh H3 AByx npocTpaHCTßeHHwx oceft pemaeT
BWHHCJIHTejIbHbie TpyAHOCTH. TaKOH nOAXOA MO^CeT OKa3aTbCH
npneMjieMWM h b tom cnynae, KorAa CKopocTb b cpeAe H3MeHHeTCH
no jiaTepajm He crojib pe3KO, hto6w HCKjibOHHTb npHMeHeHHe
cpypbe-npeo6pa3oßaHHH.

O6ocnoßaime bo3Moskhocth pa3AeJieHHH TpexMepiioii MiirpamiH

C onepannoHHOH tohkh 3peHHH TpexMepHwe npeo6pa3oßaHHH
HaMHoro cjio^Hee AByxMepHbix. IIo3TOMy nejiecoo6pa3HO npeAno-
JIO)KHTb, HTO TpeXMepHybO MHTpanHK) MOSKHO ocymecTßHTb, BbinOJl-
hhb ABa^cAbi AByxMepHybo: oahh pa3 no HanpaßjieHHbo x,
Apyron—no HanpaßJiemno y. CyAH no H3Jio>KeHHOMy b npeAWAy-
meM pa3Aejie, noAo6HWH noAxoA AOJiaceH npnBOAHTb k 3HanHTejib-

HOMy cHH^ceHHbo tohhocth pe3yjibTaTOß. B AencTBHTejibHOCTH »ce
CHTyanHH HaMHoro Jiynme, neM mo>kho npeAnojio^cHTb.

06bHCHneTCH sto TeM, hto MHrpannoHHoe npeo6pa3oßamie —
HeHTO 6ojibmee, neM npocTO npoAOJi^ceHHe b HnacHee nojiynpo-
CTpaHCTBO. CoCTaBHOH HaCTbbO B Hero BXOAHT H CeHCMHHeCKOe H3O-
-6pa»ceHHe, t. e. cejieKHHH AaHHwx b momcht BpeMeHH / = 0. no ochob-
hoh cxeMe CHanajia 3aßepmaeTCH SKCTpanojinnHH bhh3, npHneM no
o6ohm HanpaßjieHHHM—x h y. nocjie Hee npHMeHneTCH nponeAypa
H3o6pa>KeHHH. U,ejiecoo6pa3HWH tkq nponecc coctoht H3 neTwpex
craAHH: npoAOJDKemiH bhh3 no x, H3o6pa»ceHHH, npoAOjraeHHH bhh3
no y h, HaKOHen, BTOporo H3o6pa>KeHHH. TaKOH nponecc npHBOAHT
k npaBHJibHOMy pe3yjibTaTy, hto o6bHCHHeTCH cjieAybomnM.

fIoACTaBjiHH ypaßHeHHe (114) b (115) nojiynaeM ypaßHeHHe
(116), npnneM

YpaßHeHHe (116) onpeAenneT BpeMH npo6era ao npoH3BOJibHoro
TonenHoro pacceHßaTenn (hjih tohkh AncppaKUHH). B cjiynae
AfiyxMepHwx Ha6jibOAeHHH no och y, t. e. npn nocTOHHHOM x,

"(-/co)2 d2 _ g2 T/2 r(-/co)2 _ d2 ! 112 v d2

v2 dx2 dy 2 v 2 dx2 —2/co dy 2

t\ = tmx-x0)2/v2 , (114)
t2 =tl +(y-y0)2 /v 2 , (115)
t2 = t 2

0 +(x-x0)2/v 2 +(y-y0)2 /v 2 . (116)
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ypaßHeHHe (115) npeACTaßjineT co6on ypaßHeHHe roAorpac|)a.
roAorpa(J)w no npoAOJibHWM HanpaßjieHHHM He OTjmnabOTCH ot
rHnep6ojmnecKHx roAorpacpoß b nonepenHOM k npocfmjno Hanpaß-
jieHHH. B pe3yjibTaTe AByxMepHoro MHrpannoHHoro npeo6pa3oßa-
hhh c noMombbo ypaBHeHHH (115) 3Heprnn nepeMemaeTcn BBepx ao
tv nocjieAyioman MHrpannn b ApyroM HanpaßjieHHH c noMombbo
Bwpa»:eHHn (114) nepeMemaeT 3HeprHbo BBepx no ocTaßmeMycn
OTpe3Ky nyTH ao t

O

. TaKOH 3Ke pe3yjibTaT nojiynaeTcn n c
noMombio 6ojiee AoporocToninen nponeAypw TpexMepHOH MHrpa-
nnn, peajiH3yeMOH no cooTHomeHHbo (116).

06ocHOBaHHe, cAenaHHoe #Ky6oßHneM, 6ojiee MaTeMaTHnecKoe,
HO ero MO)KHO H3JIO)KHTb CJieAybOIUHM o6pa3oM. 3aMeTHM, HTO B
pe3yjibTaTe noACTaHOBKH ypaBHeHHH (117) b (118) nojiynaeM
ypaßHeHHe (119):

k 2 = a2 -v2k 2
x, (117)

(119)

/^ByxMepHybo MHrpannbo CTOJiTa no x moxho paccMaTpHßaTb,
KaK npeo6pa3oßaHne— nepexoA ot rjiy6HHw bo BpeMH npo6era / k
nceßAorjiy6HHe x c noMombbo ypaBHeHHH (117). BTopyio AByxMep-
Hybo MHrpanmo no y mo>kho cnHTaTb nepexoAOM ot nceßAomy-
-6hhw t k hcthhhoh rjiy6nHe z c noMombbo ypaBHeHHH (118). Hx
KOM6HHanHH paBHO3HaHHa ypaßHemno (119), onpeAennbomeMy
TpexMepHoe MHrpannoHHoe npeo6pa3oßaHHe.

Bwboaw >IKy6oBHHa HaxoAHT mnpoKoe npHMeHeHHe. npHßWK-
ihhh pa6oTaTb b AByxMepHOM npocTpaHCTße reo(j)H3HK mo)kct

MHrpnpoßaTb bojihoboc none h b ycjioßHnx hhwx cencMnnecKHx
chocob, KpoMe Hyjießoro. (B tji. 3 MHrpannoHHwe npeo6pa3oßaHHn
coßepmaioTcn HaA Ha6jiK>AeHHHMH c HyjießWMH cHocaMn). Ecjih
npeo6pa3oßaHne CAenaHo ao6potho, bch OTpa^eHHan SHeprnn
nepeMecTHTcn BBepx k BepmnHe rHnep6ojranecKoro roAorpacJia,
HMebomero HyjießOH cchcmkhcckhh choc. Ecjih ace npeo6pa3ybOTcn
roAorpacpw c HyjießWM chocom, to bo3mo)kho npeo6pa3oßaHHe b
nonepenHOH hjiockocth. TaKHM o6pa3oM, Hajinnne CHOca BepmHHw
rHnep6ojiw He npeACTaßjineT npo6jieMW. Ho mo)kho jih ao6potho
nepeMecTHTb bck> 3Heprnio roAorpacpa b BepmHHy THnep6ojiw,
xapaKTepH3ybomeHcn HyjießWM cencMnnecKHM chocom?

B cjiynae 3aBHCHMOCTH ckopocth b cpeAe ot rjiy6HHW, hto
o6whho HMeeT MecTO, BO3HHKabOT ocjio^KHeHHH. TorAa AOKa3aTejib-
ctbo ilKy6oßHna He cpa6aTbmaeT, to >Ke caMoe mo>kho CKa3aTb h o
nejiecoo6pa3HOCTH TpexMepHoro MeTOAa. npn o6pa6oTKe cencMO-
pa3BeAOHHwx MaTepnajiOß, nojiyneHHwx Ha jihhchhwx npocjm-
jihx, npo6jieMa 3aKjibonaeTcn b tom, hto MHrpanHomrwe ckopocth b
6okobwx nnocKOCTHx OTJinnabOTcn ot TaKOßwx j\jm BepTHKanbHOH

k 2 = 2, (118)

k 2 = —-k2 -k2
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iijiockocth npocf)HJiH. Bojihw, pacnpocTpaHHbomnecn b cropOHw ot
npocpruin Ha6jibOAeHHH, AOCTHraioT rjiy6HHHbix bwcokockopocthwx
cnoeß 3a 6ojibmne npoMeacyTKH BpeMeHH. nosTOMy jxjih MHrpannn60-
--kobwx bojih o6whho Tpe6ybOTCH nomofceHHwe ckopocth. Ecjih BaM
AencTßHTejibHO xohctch BbinojiHHTbTpexMepHybo MHrpannboc noMo-
mbK) pacnpeAejieHHH v (z), to cneAyeT 3a6biTb o pa3AejieHHH h hath
TpyAHWM nyTeM. Ho nocKOJibKy mw Haynnjincb TpaHcnoHHpoßaTb (cm.
pa3Aeji 1.6), TpyAHwn nyTb OKa3WBaeTCH He CTOJib yac h TpyAHWM.

BojMO/KiiocTb pa3AeJieHHH no ropH3OHTajibHOH woop nmaic

PerncTpannH oTpaaceHHwx cencMHHecKHx bojih npoH3BOAHTCH Ha
noBepxHOCTH 3eMjm. Mo>kho Boo6pa3HTb, KaK 6yAyT BwrjiHAeTb
cencMHHecKHe AaHHwe npn Bo36ysKAeroiH h perHCTpannn Ha
HeKOTopoH rjiy6HHe, t. e. npn norpyacemiwx HCTOHHHKax h
npHeMHHKax. Ha6jibOAeHHH npn norpyaceHHbix HCTOHHHKax h
npneMHHKax mo>kho CHHTe3npoßaTb no Ha3eMHWM cjieAybomnM
cnoco6oM. CHanajia Hy»mo SKcrpanojinpoßaTb bhh3 ceHCMonpneM-
hhkh, 3aTeM, Bocnojib3oßaßmHCb npnHnnnoM B3aHMHOCTH, noMe-
HHTb MeCTaMH HCTOHHHKH H npHCMHHKH H,

HaKOHen,

3KCTpanOJIHpO-
BaTb bhh3 Ha3eMHwe hctohhhkh (cTaßmne Tenepb npneMHHKaMH).

paBHO3HaHHWM nOAXOAOM MO»:eT 6blTb npOABHSKeHHe BHH3
mar 3a niaroM, npn stom hctohhhkh h npHeMHHKH aojixchw
nepeAOBaTbCH. nocjieAHHH noAxoA pa3pa6oTaH b tji. 3, a pe3yjibTaT
BwpaacaeTCH npocTo b bhac

M3 paBHO3HaHHOCTH yKa3aHHbix noAxoAOB BWTeKaeT cjieAybomee
MaTeMaTnnecKoe coo6pa>KeHHe.KoopAHHaTW HCTOHHHKa s h cchcmo-
npneMHHKag hbjihkdtch He3aBHCHMWMH nepeMeHHWMH, nosTOMy ao-
nycKaeTCH B3anMHan nepecTaHOßKa coAepacamnxcH b ypaBHeHHH (120)
AByxKBaApaTHbixKopHen. TaKHM o6pa3oM, nyTeM pacmenjieHHH nojiy-
naeTCH TaKoe ace pemeHHe, KaK h b cjiynae nojmoro pa3AejieHHH.

Cnpaßei.iHßOCTb Konncninin pacmen. lemni 11 110.111010 pa3.ie. icmiH

Ecjih cpypbe-npeo6pa3oßaHHe

bo3mo*cho,

to onepaTopw 3Kcrpa-
nojiHHHH npeACTaBjiHbOT co6oh KOMnjieKCHwe HHCJia BHAa e lfczZ . H3
TeOpHH KOMHJieKCHWX HHCeJI H3BCCTHO, HTO, eCJIH a H b — KOMHJieKC-
Hwe

HHCJia,

to o6H3aTejibHo ab — ba. B TaKOM cjiynae pacmenjieHHe
h nojmoe pa3AejieHHe BcerAa bo3moskhw, ho AOKa3aTejibCTßo 3Toro
yTBepacAeHHH 6yAeT AaHO jinuib rjik 6ojiee o6mero cjiynan.

npeAnojioacHM, hto cpypbe-npeo6pa3oßaHHe He CAenaHo hjih He
Morjio 6biTb CAejiaHO H3-3a Hajmnnn KaKHx-To npocTpaHCTßeHHwx
BapnanHH cbohctb BemecTßa. B TaKOM cjiynae onepaTopw 3KCTpa-
nOJIHHHH (J)OpMHpybOTCH nyTCM o6beAHHeHHH KOHeHHO-pa3HOCTHWX

{-^-fT+\{^f^'2}u. (120)dz [I v(s)2 ds2] |_ v(gf dg2\ J
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onepaTopoß THna onHcaHHbix b npeAWAymnx pa3Aenax. 06o3HaHHM
nepe3 A h B ABa TaKHx onepaTopa. OnepaTop A, HanpHMep, MoaceT
6biTb MaTpnneH, BKjnonaioineH b cc6h onepaTop bwhhcjichhh

pa3HocTen BToporo nopnAKa no x. B MaTpHHHOH 3anncH rpaHHHHwe
ycjioßHH AHCpc|)epeHnHajibHoro onepaTopa HaxoAHTcn b yrnax.
HnacmiH jihhhh cooTBeTCTByeT paBeHCTBy AB= BA, nosTOMy hcho,
HTO AaHHWH BOnpOC CBH3aH KaK C rpaHHHHWMH yCJIOBHHMH, TaK H C
An4>cJ)epeHnHajibHWMH onepaTopaMH.

3KCTpanojinnHK) BnepeA Ha He6ojibinoe paccTOHHHe MoacHO
ocymecTßHTb c noMOinbio onepaTopa BHAa (I-fAAz). B AByxMep-
hwx 3aAanax A hbjihctch neTwpexMepHOH MaTpnneH, b neM mw
MorjiH y6eAHTbcn paHee. B nejinx yAo6cTBa HjieHw neTbipexMepHon
MaTpnnw mo>kho neperpynnnpoßaTb b 6ojibmyK> o6wKHOBeHHybo
AByxMepHybo. B pe3yjibTaTe BbIHHCJieHHH KOHeHHbix pa3HOCTen b
HenBHOM BHAe 6wjih nojiyneHw onepaTopw SKCTpanojinuHH BHAa
(I+ AAz)/(l— AAz). 06o3HaHHM nepe3 p BeKTop, komhohchtw
KOToporo onpeAeJiHbOT bojihoboc nojie b pa3JiHHHbix TOHKax. KaK
6wjio noKa3aHo, 3th tohkh He o6n3aTejibHO AOJiacHw HaxoAHTbcn
Ha och x, ohh MoryT pacnpeAejiHTbCH h no njiocKOCTH (x, y). M3
HHCJieHHoro aHajiH3a BO3bMeM TaKon MaTpHHHwii onepaTop A,
KOTOpwn no3BOJineT ocymecTßjiHTb nporpeccHßHoe npoennpoßaHHe:

Hh)khhh HHAeKc y A o6o3HanaeT tot cpaKT, hto onepaTop
MoaceT H3MeHHTbCH c rjiy6HHOH z. Hto6w CAejiaTb cjieAybomnn mar,
CHOBa BO3AeHCTByioT onepaTopoM

C onepannoHHOH tohkh 3pemiH MaTpnna A HHKorAa He bo3boahtch
b KBaApaT, ho c aHajiHTHHecKOH OHa OKa3WBaeTCH Ha Aene
BO3BeAeHHOH b KBaApaT:

llto6w npoABHHyTbCH Ha HeKOTOpoe paccTOHHHe bhh3 no och z,
yKa3aHHWH onepaTop npHMeHHbOT HecKOjibKo pa3. Bo3bMeM HHTep-
Baji zl —z

O

, KOTopwH pa3o6beM Ha A^ noAWHTepßajioß. nocKOJibKy
hhcjio HHTepßajioß N, b KaacAOM noAWHTepßajie 6yAeT HaKanjiHßa-

TbCH omn6Ka, nponopnnoHajibHaH \/N, h ko BpeMeHH AOCTHaceHHH
rjiy6nHw zx OHa BwpacTeT ao HeAonycTHMoro ypoBHH. C Apyrofi cto-
Pohw, omn6Ka, nponopnHOHajibHaH 1 /N2 , MoaceT HaKonHTbcn TOJib-
ko ao ypoBHH nojiHOH omH6KH, nponopnHOHajibHOH \/N. TaKan
omn6Ka no Mepe pocTa HHCJia noAbiHTepßajioß AOJiacHa Hcne3aTb.

Mto6w AOKa3aTb cnpaßeAJiHßocTb onepannn pacmenjieHHH,
BO3bMeM Az= (z 1 —z0 )/N. Yhtcm, hto onepaTop (1+ AAz)(I+BAzj
OTjinnaeTCH ot I+(A+ B)Az Ha BejmHHHy, nponopnnoHajibHyK) Az
hjih \/N2 . nosTOMy npn oneHb 6ojibmoM nncjie noAWHTepßajioß
omn6Ka Hcne3aeT.

p(z+ Az) =Axp(z).

p(z+ 2Az)=A2 [A lP(z)].

A2 [A Ip(z)] = (A 2A 1)p(z).
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HaMHoro npoine AOKa3aTb cnpaBeAJiHBOCTb KOHnennHH nojmoro

pa3AejieHHH. Cbohctbo KOMMyTaTHBHocTH BwpaacaeTCH paBeHCTBOM
AB= BA. Cbohctbo KOMMyTaTHBHocTH BcerAa co6jnoAaeTCH j\j\n
CKaJIHpHWX BeJIHHHH. npH BbIHHCJieHHH KOHCHHWX pa3HOCTeH BO3HH-
KaeT Bonpoc o KOMMyTaTHBHocTH 3thx MaTpnn. Ecjih nojioacHTb,
hto A h B —AHCpcpepeHnnajibHwe onepaTopw, cbohctbo KOMMyTa-
THBHocTH MoacHo onpeAejiHTb c noMonmio ceMeficTßa Bcex Bo3Moac-
hwx bojihobwxnojien P. B stom cjiynae MaTpnnw A h B KOMMyTa-
thbhw npn ycjioßHH co6jibOAeHHH paBeHCTBa ABP = BAP.

/iHCJ^epeHHHajibHWH onepaTop dP/dz npnHHMaeTCH paBHWM
A+B. npocTenmaH cxeMa HHCJieHHoro HHTerpHpoBaHHH, Hcnojib-

3yiomaH MeTOA pacmenjieHHH, HMeeT bha
P(z0 + Az)=(l+ AAz)(I+BAz)P(z0). (121)

B pe3yjibTaTe MHoroKpaTHoro npHMeneHHH cxeMw (121) nojiynaeM
npoH3BeAemie 6ojibmero nncjia onepaTopoß. OnepaTopw A h B
HMebOT HHaCHHH

HUJXQKC

j, o6o3HaHaKJUHIH BO3MOaCHOCTb H3MCHeHHH
hx c rjiy6HHOH z:

Ecjih A h B KOMMyTaTHBHw, to KoscpcfmnHeHTw b (122) MoacHo nepe-
rpynnnpoßbißaTb no acejiaHHbo. HanpHMep, onepaTop A MoacHo nc-
nojib3oßaTb bo Been ero nojiHOTe nepeA npHMeHeHHeM onepaTopa B:

HTaK, mw y6eAHJiHCb, hto KOHnennnn nojmoro pa3AejieHHH 3aBHCHT
ot KOMMyTaTHBHocTH onepaTopoß.

> IipaVKHCHIIH

1. ITpH6erHyß k MeTOAy pacmenneHHa, b pa6oTe [97] noKa3ajin, hto nyTeM no-
cjieAOßaTenbHoro npnMeHeHHa ypaßHeHHa, aHanorHHHoro 45-rpaAycHOMy, momcho ocy-
mecTßjiaTb MHrpanHK) Tpacc, perHCTpnpyeMbix Ha oneHb Gojibinnx yAajieHHax. 3tot
nyTb

no3BOJiaeT

H36eraTb pemeHHa jichtohhux MaTpnn,

CBOHCTBeHHbix

pa3Jioace-
HHaM MlOHpa

BbICOKHX

nOpaAKOB. KOHKpeTHO

3TO

CBOAHTC3 K TOMy,

HTO

noA6HpaK>Tca KO3-cf>(f)HHHeHTbi a} h bj b npH6jiHacaK>meH KBaApaTHbin KopeHb
4>yHKHHH BHAa

06mHH cjiynan n-ro nopaAKa cjioxHee, no3TOMy BaM HyacHO npocTO HanTH als a2, b 1
h b2 , o6ecneHHßaiomHe corjiacoßaHHe MOKAy annpoKCHMnpyiomeH cJiyHKHHeii h
45-rpaAycHbiM ypaBHeHHeM.

2. OcymecTßHTe MHrpaHHOHHoe npeo6pa3oßaHHe AByxMepHoro

MHoacecTßa

AaHHbix,

Hcnojib3ya CKopocTb pt . 3aTeM npoBeAHTe MHrpaHHK) nojiyneHHoro

MHoxecTßa

AaHHbix npn noMonni ckopocth v2 . O. PoKKa otmcthji, hto noAo6Hoe
ABOHHoe MHrpHpoßaHHe HMHTHpyeT MHrpaHHOHHoe npeo6pa3oßaHHe c HeKOTopon
TpeTben CKopocTbio v3. Bocnojib3oßaßiHHCb MeTOAOM paccy»AeHHH, aHajiorHHHbiM

Hcnojib3oßaHHOMy HKy6oBHHeM npn BbißOAe ypaBHeHHH (117), (118) h (119),
Bbipa3HTe v3 nepe3 v x h v2.

p (zi)= II [(I+ AjAz)(l+B,Az)] P(z0). (122)

P(z,)= fl(l + BAz) Ef^+ AAz) P(*o). (123)
_j=i JU=i

n-1

**=* Z kxbj/(-i(o +ajikx).
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3. PaccMOTpHTe MHrpaHHOHHoe npeo6pa3oßaHHe Ha6jnoAeHHH c HyneßbiMH
yAajieHHaMH, t. e. P(x,

v,

/), 3aperHCTpHpoßaHHbix Ha HeKOTopoM ynacTKe njiocKOH

3eMHOH

noBepxHOCTH. ITpeAnojioacHM, hto b BameM pacnopaaceHHH HaxoAHTca 3BM
c AOCTaTOHHo

eMKOH

naMaTbio c npoH3BOJibHbiM AOCTynoM, Morymen BMecTHTb
AaHHbie no

HecKOJibKHM

npocJmjiaM npoH3BOJibHOH opneHTamiH, BbiGpaHHbiM H3
o6beMa Ha6jnoAeHHH. (Becb o6beM Ha6jnoAeHHH HaxoAHTca b MeAJieHHOAencTßyio-
mnx 3anoMHHaiomHx ycTpoMcTßax.) OnpeAenHTe auropHTM MHrpaHHOHHoro npeo6-
-pa3oßaHHa h nporpaMMy (noAo6Hyio npHBeAeHHOH b pa3Aejie 1.3). Bam mctoa
AOJiaceH AonycKaTb H3MeHeHHe ckopocth c rjiy6nHOH.

2.5. PeKypcHßHbie (|)hjii>t|)i»i Kamymiixcsi cKopocTeii
PeKypcHßHan (J)HjibTpanHH npeACTaßjineT co6on TaKOH bha

(JDHjibTpanHH, npn KOTopofi cnrHaji c BbixoAa (J)HjibTpa noAaeTcn
CHOBa Ha ero bxoa. 3thm AOCTHraeTcn AJmTejibHan HMnyjibCHan
peaKnnn npn coßepmeHHO He3HanHTejibHwx o6beMax bwhhcjichhh.

OHa oco6eHHO 3Cpcj)eKTHBHa npn BbIHHCJieHHH TeKymen cpeAHen.
TeKymyio cpeAHbObo MoacHo ocymecTßHTb b bhac HH3KonacTOTHoro
c|)HJibTpa b nacTOTHOH o6jiacTH, ho

oKa3WßaeTcn,

hto ropa3AO
jiynme H36eraTb nepexoAa b npeo6pa3oßaHHoe npocrpaHCT-
bo. Pa6oTa b cpH3nnecKOM npocrpaHCTße Tpe6yeT MeHbmnx 3a-
TpaT, no3BOJineT H3MeHHTb Ko3cp4)HnHeHTw n 6ojiee th6ko 06-
-pamaTbcn c rpaHnnaMn. MHoacecTßa reoc|)H3HHecKHx AaHHwx peA-
ko ocraioTCH CTannoHapHWMH Ha 6ojibmHx HHTepßajiax, 6e3-
-pa3JiHHHO, npocTpaHCTßeHHbix hjih BpeMeHHwx, nosTOMy peKyp-
CHBHan 4)HjibTpannn oco6chho scpcpeKTHßHa npn OTWCKaHHH CTaTHC-
THnecKHx oneHOK.

Ha3HaneHHe 6ojibmHHCTßa THnoB cJ)HjibTpoß coctoht b o6ecne-
HeHHH BO3MOaCHOCTH BWHBJieHHH 3HaHHMWX, HO CJia6blX, CCHCMH-
HCCKHX CO6bITHH Ha CCHCMOrpaMMaX, 3aMaCKHpOBaHHWX CpOHOM
CHjibHwx noMex. OAHOMepHwe c})HjibTpw MoryT pemaTb 3Ty 3aAany
TOJibKO nyTeM cejieKHHH hjih noAaBjieHHH nacTOTHwx cocTaß-
jinbomnx. B AByxMepHOM BapnaHTe Bo3MoacHo Hcnojib3oßaHHe

HHoro KpHTepnn, a hmchho, KpHTepnn cejieKnHH no Kaacymencn
CKOpOCTH BOJIHW, HJIH no HaKJIOHy OCH CHHCpa3HOCTH.nponecc cpHJibTpannn no Kaacymencn ckopocth BW3bmaeT
AaBHHH h ycTOHHHBWH HHTepec y reOC|)H3HKOB [47]. KpyTO
HaKJIOHeHHbie OCH CHHCJ3a3HOCTH HaCTO CBH3aHW C nOBepXHOCTHWMH
BOjmaMH. ropH3oHTajibHwe och TaKace MoryT cooTBeTCTBOBaTb
noMexaM. HanpHMep, cjia6we, AncpparnpoßaHHwe Ha pa3pwßHbix
HapymeHHHX bojihw HecyT b ce6e neHHyio HH^opManHbo, ho ohh
3anacTybo hcbhahmw H3-3a AOMHHHpybomero cpoHa oTpaaceHnft ot
nojioro 3ajierabomnx cuoeß.

ilto6w BwnojiHHTb o6wHHyio cpnjibTpanHbo no KaacymnMcn
ckopocthm (BeepHybo cpHjibTpannbo), HyacHO npocTO npeo6pa3oßaTb
AaHHbie b npocTpaHCTBO (co, k), yMHoacHTb pe3yjibTaT Ha jibo6ybo
cpymcmrio napaMeTpak/(o n coßepmnTb o6paTHoe npeo6pa3oßaHne.
TaKHM o6pa3oM, BeepHwe (|)HJibTpw no3BOJinioT ocymecTßjiHTb
nojmwH KOHTpojib HaA xapaKTepHCTHKOH c|)HjibTpa b npocTpaHCTße
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KaacynmxcH CKopocreH /c/co. Xoth peKypcHßHwe cJ)HjibTpw He
noAAabOTcn CTOJib npocron peryjmpoßKe no KaacymnMcn cko-
pocTHM, ohh OTBenabOT TeM ace Tpe6oBaHHHM, hto h BeepHwe.
KpoMe Toro, ohh hmciot TaKHe AonojiHHTejibHwe AOCTOHHCTBa, KaK
nepeMeHHocTb bo BpeMeHH h b npocTpaHCTße, npHHHHHocTb,
npocTOTa peajiH3anHH h Ha nopHAOK 66jibman 3KOHOMHHHOCTb no
cpaßHeHHbo c cpHJibTpaMH b npeAcraßJieHHH nepe3 (co, k).

Cbohctbo npHHHHHOCTH AaeT BO3MoacHOCTb Rim ee peajiH3anHH
b nponecce perncTpannH Ha6jiK>AeHHH. B perHCTpnpyioinyK) anna-
paTypy, noMemeHHybo b coBpeMeHHOH MopcKOH ceiicMOKOce, MoacHo
BMOHTHpOBaTb CpHJIbTpW, KOTOpbie 6yAyT nOAaBJIHTb

BOJIHW,

pacnpocTpaHHbomnecH b boac

Onpeicieiine peKypciißHoro (JmjibTpa Kaacymnxcn cKopocTen

06o3HanHM nepe3 P nepßHHHwe, Heo6pa6oTaHHwe AaHHbie, a
nepe3 Q— pe3yjibTaT hx cpruibTpanHH. KorAa ceHCMHnecKHe Ha6jno-

AeHHn KBa3HMOHOxpoMaTHHHw, cJMJibTpannio no KaacymnMcn CKO-
POCTHM MOaCHO ocymecTßJiHTb c noMombbo npOCTpaHCTBeHHO-
nacTOTHwx cJ)HjibTpoß. Hnace npnßeAeHw xapaKTepncTHKH (J)HjibTpoß
Kaacymnxcn CKopocTen c peryjmpyeMWM napaMeTpoM cpe3a a jinx
MOHOxpoMaTHnecKHx Ha6jiK)AeHHH (co =const).

Hto6w Hcnojib3oßaTb yKa3aHHwe cpHJibTpw b npocTpaHCTBeHHOH
o6jiacTH, Heo6xoAHMO Mint paccMaTpHßaTb k 2 b
TpexAnaroHajibHOH MaTpnnw T c BeKTOpoM (—l, 2, — 1),
pacnojiaraiomnMCH Ha rnaBHOH AnaroHajm. B

nacTHOCTH,

aji»
CO3AaHHH HH3KOHaCTOTHOrO CJDHJIbTpa Heo6xOAHMO peiHHTb CHCTeMy
TpexAHaroHajibHwx ypaBHeHHH THna

(ocl+T)q = ap, (124)
B KOTOpOM q H p npeACTaBJIHbOT CO6OH BeKTOpbI-CTOJI6nbI, HbH
3jieMeHTw o6o3HanaK)T pa3JiHHHwe tohkh na och x. AHajiorHHHan
onepannn npon3BOAHJiacb n paHee npn pemeHHH ypaBHeHHH
TennonpoBOAHOCTH. Hto6w CAejiaTb cJ)HJibTp nepeMeHHWM no
npocTpaHCTBeHHOH KoopAHHaTe, MoacHo nocraßHTb napaMeTp a b
3aBHCHMOCTb ot x. B stom cjiynae npoH3BeAemie al 3aMeHneTCH Ha
AnaroHajibHybo MaTpnny npoH3BOJibHoro BHAa. He HMeeT 3HaneHHH,
b KaKOM H3 npeACTaBJieHHH —co hjih / —BwpaaceHw p h q.

nepeKJIIOHHM BHHMaHHe C y3KOHOJIOCHWX Ha6jHOAeHHH Ha
AaHHbie c 6ojiee mnpoKHM cneKTpoM n paccMOTpHM (fmjibTpw
Kaacymnxcn CKopocTeii b cjiynae Ha6jnoAeHHH c yMepeHHO mnpoKHM
cneKTpoM (Aco):

lIjIH HH3KHX HaCTOT Q= =■P\* a+/r 2

k 2

AJIH BWCOKHX HaCTOT Q= -=P.
a+k2
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AJIH HH3KHX HaCTOT Q = ls
p>

a + — /co
k

AJIH BWCOKHX HaCTOT Q— rP.
oc+ —/co

ECTeCTBCHHO, HTO nOCJieAHHe CpHJlbTpbl MOaCHO HCnOJIb3OBaTb
npn o6pa6oTKe Ha6jnoAeHHH, HMebomnx cneKTpw jik>6oh mnpHHW.
Ho ohh cooTBeTCTBybOT CBoeMy Ha3BaHHbo jinmb b npeAejiax
nOJIOCW HaCTOT AOBOJIbHO CKpOMHOH mHpHHW.

IJto6w noHHTb npHHnnn achctbhh yKa3aHHwx Bwme cfmjibTpoß,
HyacHO H3yHHTb noBeAeHHe h3ojihhhh nocTOHHHoro OTHomeHHH
k /co, H3o6paaceHHwx Ha njiocKOCTH (co, k), t. e. hsojihhhh, ajih
KOTopwx co6jibOAaeTCH npH6jmaceHHoe paBeHCTBO (d&k 2 . 3th
hsojihhhh, npHMepw KOTopwx MoacHo BHAeTb Ha pnc. 53, npeACTaB-
JIHbOT co6oh KpHßbie nOCTOHHHOrO OCJia6jieHHH H nOCTOHHHOrO
4>a3oßoro CABHra. Y HH3KOCKopocTHoro cpnjibTpa b 30He nponycKa-
hhh HeT cpa3oßoro CABHra, ho cymecTßyeT BpeMeHHan AncficpepeH-
nnannH b 30He ocjia6jieHHH. 3th oco6eHHOCTH 3aMeTHW h b
onpeAejiHbomeM cpnjibTp ypaBHeHHH. Bwcokockopocthoh cpHJibTp He
HMeeT (J)a30Boro CABHra b o6jiacTH nojiocw nponycKaHHH, ho b 30He
ocjia6jieHHH Ha6jibOAaeTCH BpeMeHHoe HHTerpnpoßaHHe.

HHTepecHOH oco6eHHOCTbbo yKa3aHHbix cpruibTpoß Kaacymnxcn
CKOpOCTeH HBJineTCH TO, HTO B CyMMe HH3KOCKOpOCTHOH H
BWCOKOCKOpOCTHOH (})HJIbTpW AabOT eAHHHny. Ho3TOMy, ecjm

MHoacecTßO AaHHwx pa3AeJineTcn hmh Ha ABe nacTH, to Hnnero He
TepneTcn. MoacHo cjioacnTb BbicoKOCKOpocTHybo nacTb c HH3KOCKO-
Pocthoh h BOCCTaHOBHTb HcxoAHoe MHoacecTßO. KpoMe Toro, npn
HajiHHHH cHTHana Ha BwxoAe HH3KOCKopocTHoro cJ)HJibTpa HaMHoro
npon;e paccHHTaTb cnrHaji Ha bwxoac BbicoKocKopocTHoro (JiHjibT-
pa, TaK KaK oh 6yAeT paßeH pa3HocTH MeacAy bxoahwm cnrHanoM h
CHraajiOM, npomeAmHM nepe3 hh3kockopocthoh cpnjibTp.

PHC. 53. H3OJIHHHH nocToaHHoro
ocjiaGjieHHa AJia cJ)HjibTpoß Ka)Ky-
imrxca CKopocTefl. B nojioce ceiicMH-
necKHx

nacTOT

3th napa6ojibi yAOß-
jieTßopHTejibHO npn6jiH»caK)Tca k
AHaroHajibHbiM npaMbiM. 3ohm npo-
nycKaHHa h noAaßjieHHa noKa3aHbi
AJia HH3KOCKOpOCTHOrO (J)HJIbTpa:
1 —nojioca nponycKaHHfl; 2—nojioca

CeHCMHTOCKHX HaCTOT; 3 —HfleajlbHblH
{J)HiibTp Ka»cymHxcfl cKopocTefi; 4—no-
jioca noaaBJieHHH
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lIpaKTHHecKaH peajnnannn peKypcHßHoro cjiii.ii, i pa Kaacymnxcn
CKopocTen

PeajiH3annn cpruibTpoß Kaacymnxcn CKopocren, HMebomnx yMe-
peHHyK) mnpHHy nojiocw nponycKaHnn,— AOBOJibHO npocToe actio.
HanpHMep, H36aßHßmncb ot Apo6en, nojiynaeM hh3kockopocthoh
CpHJIbTp BHAa

TjiaBHWH c|)OKyc 3aKjibonaeTcn b oco3HaHHH Toro cf)aKTa, hto
AHcJ)(|)epeHnHpoßaHHe (yMHoaceHne Ha — /co) BwnojiHneTcn b CMbicjie

Kpsmca — HnKOJibcoHa, t. e. HeAHC^epemrHpyeMbie njieHW Haxo-
Ahtch nyTeM ycpeAHeHHH no coccahhm 3HaneHHHM:

(126)

nepeHecn Hen3BecTHwe b jießyio nacTb ypaBHeHHH, nojiynaeM

(127)

YpaßHeHHe (127) npeACTaßjineT co6oh TpexAHaroHajibHyio CHCTeMy
ypaBHeHHH OTHOCHTeJIbHO HeH3BecTHwx q,+1 . CncTeMy MoacHo
pemnTb peKypcHBHWM cnoco6oM aji» nocjieAOßaTejibHbix 3HaneHHH
BpeMeHH t.

napaMeTp oc onpeAenneTrpaHHHHwn cpe3 xapaKTepncTHKHcpnjibT-
pa. Oh MoaceT 6wTb jik>6oh c^ymcnneH BpeMeHH h npocTpaHCTßa. Ho
ecjm mw npeAnojioacHM, hto cpyHßnnn AonacHa H3MeHHTbcn onem.
6wcTpo, to 6yAeM BbmyacAeHw npn6erHyTb k aHajiH3y ycTOHHHBOc-
th pemeHHH, KOTopwH 6yAeT AaH b oahoh H3 cneAybomnx rnaß.

EoKOßbie rpaHHHbi

06whho reocj)H3HKOB ycTpaHßaeT, KorAa 6oKOßbie bojihw ot
6jih3khx rpaHHn oTcyTCTByioT, hjih ace ohh HaxoAHTcn b 6ecKOHen-
HOCTH. ECTb ABa BHAa 60KOBWX yCJIOBHH, O KOTOpbIX CTOHT
nopa3MwcjiHTb, a hmchho, ycjioßHH no x n no k.

BoKOßwe ycjioßHH no x nacTO HanjiynmnM o6pa3oM annpoKCH-
MHpybOTcn ycjioBHHMH Hyjießoro yrnoßoro Ko34)cpHnHeHTa. Moamo
Bocnojib3oßaTbcn h 6ojiee o6mHMH 6okobwmh ycjioBHHMH, TaK KaK
paHee mw y3Hajm, KaK pemaTb Jibo6yio TpexAHaroHajibHyio CHCTeMy
ypaBHeHHH.

BOKOBbie yCJIOBHH B npOCTpaHCTBe k CBH3aHW C HaHMeHbmHMH
no BejiHHHHe KaacymnMHcn ckopocthmh. Oahh H3 cnoco6oß
cpHjibTpanHH ocen CHH(pa3HOCTH c TaKHMH yrjiOBWMH KoscpcpHnneH-
TaMH coctoht b Hcnojib3oßaHHH cooTHomeHHH T/(I — 0T) j\j\9l Toro,
hto6w Bwpa3HTb k 2 . 3tot npneM CBH3aH c BBeAemieM eme OAHoro

( -/cocci+T)Q=-/coocP. (125)

l£(q, + 1-q,) +T^£(P,+ 1 -P,).

{^yA T̂)«'+^~n
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peryjinpyeMoro napaMeTpa (3, KOTopwH AOJiaceH ocTaßaTbcn Mem>-
iiihm 1/4. Bojiee AeTanbHO stot Bonpoc ocßemaeTcn b pa3Acne 4.3.

Beepnan (JMibTpannn

Bnojme

ecTecTBeHHO,

hto Hac MoryT 6ojibme ycrpaHßaTb
HCTHHHwe 4>HJibTpw Kaacymnxcn CKopocTen, t. e. (J)yHKn,HH OT
fc/co, a He ot &2/co, o KOTopwx roßopnjiocb Bwme. Ha 3to
MoacHo Bo3pa3HTb, hto 3aMeHa b npHßeAeHHwx Bwme BwpaaceHHnx
OTHOmeHHH A:2/© Ha /c 2/C0 2 npHBOAHT K HeyCTOHHHBOCTH
peKypcHH.

Bonee ocTpwe BeepHbie (pruibTpw, t. e. cpnnbTpw, xapaKTepncTH-
kh KOTopwx 6ojiee CTporo noxoA»T Ha npnMoyrojibHyio cJjyHKHHK)
ot k/v), MoacHo 3aAaßaTb pa3JiHHHWMH cnoco6aMH annpoKCHMannn
[70]. B o6ineM cjiynae \k\ MoacHo pa3JioacHTb b creneHHon pnA no
d2/dx2 . Ecjih annpoKCHMannn \k\ rapaHTHpOBaHO nojioaarrejib-

Han, to MoacHo HaAenTbcn Ha ycTOHHHBOCTb peKypcnn, KOTopan
npeACTaßjineT OTHOinemie |£|//co.

Bojiee npocTOH cjiynan BO3HHKaeT npn cpypbe-npeo6pa3oßaHHH
OAHOH H3 KOOpAHHaT —BpeMeHHOH HJIH npOCTpaHCTBeHHOH. Ho
Henpeo6pa3yeMOH KoopAHHaTe Tpe6yeMOH onepannen 6yAeT bwco-
ko- hjih HH3KOCKopocTHan cpHJibTpamiH. nocjieAHHH JierKo peajin-
3yeTcn HecKOJibKHMH cnoco6aMH, HanpHMep, b BHAe cfmjibTpa
BaTTepyopTa.

Eojibmee hhcjio H3MepeHHH

EcrecTßeHHO npeACTaBHTb ce6e peKypCHBHWH TpexMepHWH
({)HJIbTp HH3KHX KaacymHXCH CKOpOCTeH B BHAe (jtyHKHHH

(128)

Ho noAo6Hwe paccyacAeHHH npHBOAHT k Hepa3penniMOH cnTya-
HHH Kpsmca — HmcojibcoHa. MHoroMepHan HH3KOCKopocTHan
(J)HJibTpanHn Bo3MoacHa nocpeACTBOM cp-ymcnHH THna

(129)

2.6. 3ana3;ibißaK)mne hioopiiiiiaibi

llto6w H3ynHTb bojihw b ABHaceHHH, caMoe Jiynmee—ne-
peMemaTbcn BMecTe c hhmh. nosTOMy, jijih onncaHKH bojihw,
pacnpocTpaHHioineHCH b rjiy6b 3Cmjih, 3aMeHHM KoopAHHaTw (x, z)
ABHacymHMHcn KOopAHHaTaMH (x, z'), rAe z'= z-\-tv.

a
<x+(k2+k2)/(-i(o)'

f *x \ ( *y \
\OLx+kl/{-i(o)J \CLy +k2 l(-i®)J'
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AiibTepHaTHBOH cncTeMe ABHacymnxcn KoopAHHaT HBjineTcn

nepexoA k 3ana3AMßaioinnM KoopAHHaTaM {x, z, t'), tjxq
t'=t— z/v. KjiaccnnecKHM npHMepoM 3ana3AWßabomnx KoopAHHaT
HBjineTcn cojmenHoe BpeMH. BpeMH KaaceTcn noKonmnMcn othoch-
TejibHO caMOJieTa, KOTopwn jictht Ha 3anaA co CKopocTbbo
nepeMemeHHn cojiHna.

nponecc MHrpannoHHoro npeo6pa3oßaHHH HanoMHHaeT MOAe-
jmpoßaHHe nponecca pacnpocrpaHemin bojihw jih6o b ABHacyrneHcn,
jih6o b 3ana3AbißabomeH cncTeMe KoopAHHaT. 3ana3AWßaioinHe
KoopAHHaTw ropa3AO 6ojiee nonyjinpHw, neM ABHacynrnecH. nponc-
XOAHT 3TO no CJieAybOineH npHHHHe. KaK H3BeCTHO H3 (f)H3HKH
TBepAOH 3eMjm, cKopocTb MoaceT 3aBHCeTb KaK OT X, TaK H OT Z, HO
b nponecce cencMHnecKHx Ha6jibOAeHHH 3eMHan cpeAa He H3MeHneT
CBOH CBOHCTBa CO BpeMeHCM /. B ABHacymeHCH KOOpAHHaTHOH
CHCTeMe--CKopocTb MoaceT 3aßHceTb ot bccx Tpex nepeMeHHwx
cpa3y, hto BeAeT k H3JinmHeMy ycjioacHeHHbo pacneTOß. cpypbe-
npeo6pa3oßaHHe— nonyjinpHWH cnoco6 pemeHHH bojihobwx ypaß-
HeHHH, ho b cjiynae HenocTOHHCTBa KO3(J)cj)HnHeHTOB oh bo MHoroM
TepHeT CBObO SCp^eKTHBHOCTb.

Onpe jejienne iiesaßiicHMbix nepcMeniibix

Macro caMO 3ana3AWßaHHe 6a3HpyeTcn Ha npeACTaBjieHHH o
Boo6paacaeMwx jiynax, ABHacymnxcn otbccho bhh3 co CKopocTbbo
v(z). OnpeAeneHHe noAo6Hwx KoopAHHaT HMeeT cmwcji h b
3aAanax, AonycKabomnx H3MeHeHHe ckopocth b cpeAe no jiaTepajin,
t. e. v (x, z), Aaace b tom cjiynae, KorAa Jiynn, HAymne npnMO bhh3,
OTcyTCTBybOT. B npHmnrne, AJia onncaHnn jird6oh o6craHOBKH
MOaCHO BOCnOJIb3OBaTbCH JIK)6OH KOOpAHHaTHOH CHCTeMOH, HO
nojie3HOCTb chctcmw 3ana3AWßabomnx KoopAHHaT yMeHbmaeTcn no
Mepe Toro, KaK onpeAennbomee ee ceMeftcTßo jiynen Bee 6ojibme h
6ojibme OTKjiOHneTcn ot (J>aKTHHecKoro.

OnpeAejiHM CHCTeMy 3ana3AWßabomnx KoopAHHaT (/', x', z')
nepe3 o6wKHOBeHHwe AeKapTOßw (/, x, z) c noMoinbio cjieAybomen
CHCTeMw ypaBHeHHH

(130a)

Ha3HaneHHe HHTerpana coctoht b HaKanjiHßaHHH BpeMeHH
npo6era ot noBepxHOCTH 3eMjm ao rjiy6nHW z. KoopAHHaTw (jc', z')
onpeAennbOTCH Rim Toro, hto6w, 80-nepßwx, H36eacaTb nyTammw
npn HaxoacAeHHH nacTHwx npoH3BOAHbix h, 80-BTOpwx, AJia

z

■

t' = t'(t,x,z) = t- Jv{z)
0

x'= x'(t, x, z)= x, (1306)
z'=z'(t, x, z) =z. (130b)
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noAroTOBKH k CHTyannnM, npn KOTopwx ceMencTßO jiynen HMeeT
6ojiee o6o6meHHbm xapaKTep.

OnpeAeJieHHe 3aBHCHMbix nepeMenHWx

CymecTßybOT ABa BHAa 3aBHCHMwx nepeMeHHwx: oahh H3 hhx
xapaKTepn3yeT cpeAy, Apyron— caMn bojihw. CpeAa xapaKTepH3y-
eTcn CKopocTbbo pacnpocTpaHeHHH bojih b Hen v h OTpaacaTejib-
HOH CnOCo6HOCTbbO C. BOJIHW pa3AeJIHK)TCH Ha BOCXOAHIUHe U, H

naAabomne—D. KpoMe 3Toro paccMOTpHM AaßjieHne P h MOAyJiH-
pOBaHHybo cJ)opMy AaBJieHHH Q. nycTb P(t, x, z)— MaTeMaTHnecKoe
BwpaaceHne AaBJieHHH b 3aAaHHOH tohkc (/, x, z), a P'{t', x', z')—
to ace caMoe b tohkc (t', x', z'). YTBepacAeHHe, hto ABe MaTeMara-
necKne cjtyHKnnH P h P' othochtch k oahoh h toh ace cf)H3HHecKOH
nepeMeHHon, HMeeT cjieAybomnn bha:

OneBHAHO, hto cymecTßybOT aHajiornnHwe BwpaaceHHH h AJia
Apyrnx 3aBHCHMwx nepeMeHHwx h napaMeTpoß cpeAw, HanpHMep,
CKOpOCTH v[x, z).

Uennoe npaßHJio h BbicoKOHacTornwii npe ie.i

B npocTpaHCTße (t, x, z) Ha noMonm npnxoAHT H3BecTHwe
AHc])(})epeHnHajibHwe ypaBHeHHH b nacTHwx npoH3BOAHbix MaTeMa-
THHeCKOH (J)H3HKH. C nOMOmbK) HaXOaCACHHH HaCTHWX npOH3BOAHWX
nepeßeAeM nx b npocTpaHCTßo (/', x', z'). HanpHMep, b pe3yjibTaTe
Ancpc})epeHnHpoßaHHH (131) no z nojiynaeM

Bocnojib3oßaßinncb ypaBHeHHeM (I3l) ajih oneHKH npoH3BOA-
hwx no KOopAHHaTaM, nojiynnM

d _ \ c d
dz v dt' dz'

(133)

rAe b jießon nacTH HaxoAHTcn onepannn HaA cpyHKnnnMH,
3aBHCHIHHMH OT (/, X, z), 2l B npaBOH— HaA (J)yHKHHHMH, 3aBHCH-
mnMH ot (t' , x', z ). npOAHc|)CpepeHnHpoßaß (133) ABaacAw, nonynHM

(134)

P(t, x, z)=P'[t'(t, x, z), x'(t,x,z), z'(t,x,zj], (131)
P(t, x, z)=P'(t', x', z'\

dP dP' dt' , dP' dx' dP' dz' /I^.
,

!T =l^ir+~ir+ ( 132a)
oz dt oz ox dz dz dz

£—-£+£■ < 1326>dz p 5/ dz
MoacHo TaKace 3anncaTb

d2 _(-\ d e \ (-\ o d\
dz2 y v dt' dz'J y v dt' dz'J '
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BOCnOJIb3OBaBLUHCb TeM CJDaKTOM, HTO CKOpOCTb He 3aBHCHT OT
BpeMeHH, nojiynnM

*v_L_*_2 S_+£iJt_*)t (135)
dz2 v 2 dt'2 v dtdz' dz'1 \f dz') dt'' y J

Ecjih He o6pamaTb BHHMaHHH Ha nepBWH njieHb CKo6Kax, to Moac-
ho

CKa3aTb,

hto «Bo3BeAeHne b KBaApaT» onepaTopa (133) AaeT bto-
pybo npOH3BOAHybo. npn o6pa6oTKe ceHCMopa3BeAOHHbix MaTepna-
jiob nocjieAHHM hjichom nonTH BcerAa npeHe6peraiOT. 3to o6bnc-
HneTcn TeM, hto ero Bjinsmne noxoace Ha BjiHHHHe Apyrnx hjichob c
nepBWMH npOH3BOAHWMH H BemeCTBCHHWMH rpaAHCHTaMH BMeCTO
KO3(|)CpHnHeHTOB. KaK noKa3aHO b pa3Aejie 1.5, Hajmnne TaKHx
njieHOß ypaBHeHHH 3acTaßjineT 6ojiee tohho BbinncjinTb aMnjiHTyAW.

(I>ypbe-iipeo6pa2oßaiiiffl b iaiiauwßaioiinix koop u"iaia\

3aAaßmncb nojieM AaBJieHHH P[t, x, z), MoacHo ero npeo6pa3o-
BaTb no Oypbe OTHOCHTeJIbHO jik>6oh hjih Bcex He3aBHCHMwx
nepeMeHHwx (/, x, z). AHanornnHO, ecjm nojie AaBJieHHH onpeAe-
jieHO b 3ana3AWßabomnx KoopAHHaTax, MoacHo BwnojiHHTb c|)ypbe-
npeo6pa3oßaHHe OTHOCHTeJIbHO (/', x', z'). nocKOJibKy (J)ypbe-aHa-
jioroM nepeMeHHwx (/, x, z) hbjihiotch KoopAnnaTW (co, k , k z),
pa3yMHO npeAnojioacHTb, hto cpypbe-aHanoroM KoopAHHaT (/', x',
z') AOJiacHW 6wTb KoopAHHaTw (co', k'x, k'z). Tenepb BO3HHKaeT
Bonpoc, KaKHM o6pa3oM KoopAHHaTw (co', kx, k'z) MoryT 6biTb
CBH3aHW c KoopAnHaTaMH (co, kx, k zf? Otbct coAepacHTcn b
OTwcKaHHH nacTHwx npoH3BOAHbix. Jlbo6oe BwpaaceHHe HanoAo6ne

npHHHMaeT bha

(137)

Bwhhcjihb Bee ocTajibHwe npoH3BOAHwe, nojiynnM cjieAybomee
npeo6pa3oßamie:

K=K+j. (138b)

06paTHMcn k AncnepcnoHHOMy cooTHomeHHio ajih CKannpHoro
BOJiHOBoro ypaBHeHHH:

A=-lA+A (136)dz v dt' dz'
nocjie <E>ypbe-npeo6pa3oßaHHn

ikz= — ——\-ik'z .
V

co=co', (138a)
K =K,

■

(1386)

4=k 2
x+k 2

z . (139)
vl
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PHC. 54. /],HcnepcHOHHoe cooTHome-
HHe

BOJIHOBOrO

ypaBHeHHH b o6mh-
Hbix KoopjjHHaTax (cjießa) h b Koop-
AHHaTax 3ana3Abißaiomero BpeMeHH
(cnpaßa)

noACTaBHB cooTHomeHHe (138) b ypaßHeHHe (139), nojiynnM
BbipaaceHne CKajinpHoro BOjmoßoro ypaBHeHHH b 3ana3AWßabomeM
BpeMeHH BHAa

nocjieAHHe Asa AncnepcHOHHbix cooTHomeHHH H3o6paaceHW Ha
pnc. 54, rAe

noKa3aHO,

hto 3ana3AWßaHHe MoaceT CHHacaTb 3aTpaTW
Ha KOHenHo-pa3HocTHwe BbIHHCJieHHH. Bojihw, pacnpocrpaHHK)-
mnecn npnMO bhh3, pacnojiarabOTCH Bo3jie BepmHHW AncnepcHOH-
HOH KpHBOH (OKpyaCHOCTH). 3cpcf)eKT 3ana3AWBaHHH npOH3BOAHTCH
nyTeM cMemeHHH BepmHHW OKpyaCHOCTH bhh3 ao Hanajia Koop-
AHHaT. ,/J,HCKpeTH3anHH OCCH X H Z npHBOAHT K nOHBJieHHbO Ha HHX
HCKaaceHHH npocTpaHCTBeHHOH nacTOTW. MeM Bwme nacTOTa co, TeM
6ojibme OKpyacHOCTb. hto BepmHHa CMeineHHOH OKpyaCHOCTH
HaxoAHTca Aajibme ot nopora bo3hhkhobchhh HajioaceHHH nacTOT.
C Apyrofi cTopoHW, AJia skohomhh 3aTpaT MamnHHoro BpeMeHH
mar BbIHHCJieHHH Az MoaceT 6wTb yßejinneH, npeacAe neM k'z
npeBWCHT nacTOTy HaHKBHCTa n/Az.

McTOJiKOBaHHe CMbiejia ricpc\iennoH mo iv inpoßaniioio
AaBJieHHH Q
PaHee nepeMeHHaa Q 6wjia onpeAejieHa nepe3 Aaßjiemie P c

noMombbo ypaBHeHHH

(141)

B npaBOH nacTH ctoht npoH3BeAeHHe AByx c^ymcnHH nacTOTW co.npn nocTOHHHOH ckopocth ypaßHeHHe (141) BwpaacaeTca cjieAybo-
niHM o6pa3oM:

P(co) = Q (&)e i(OZ/v = Q(co) e

/atf

°. (142)
Bo BpeMeHHOM npeACTaBjieHHH exp(/co/0) npeßpamaeTca b AejibTa-
cpyHKHHio 6(t—t0). PaBeHCTBO (142) npeACTaßjineT co6oh npoH3Be-
AeHHe b nacTOTHOM npeACTaBjieHHH, nosTOMy bo BpeMeHHOH
o6jiacTH oho 6yAeT CBepcTKOH

faY=tf+(i;+|Y, (140)

— c ~

P (co) = Q(co) exp /co ~ .L P(ZL
o
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p(t) = q(t)*b(t-z/v)=q(t-z/v)= q(t'). (143)
AHajm3 paBeHCTB (141)—(143) roßopnr o tom, hto onpeAene-

HHe 3aBHCHMOH nepeMemiOH Q paBHO3HanHO BBeAeHHbo 3ana3Abi-
Babomero BpeMeHH /'.

Cnenna.ibnaii TeopHH OTHOCHTejibHOCTH 3nimrrenna

O npHMeHeHHH cnennajibHOH TeopHH OTHOCHTejibHOCTH 3hh-
mTeHHa npn nocTpoeHHH cencMnnecKHx H3o6paacemiH HHnero He
H3BecTHO, xoth HeKOTopwe MaTeMaTHHecKHe MeTOAbi en poA-
CTBeHHW. 06paTHMCH K 3TOH 3HaMeHHTOH TCOpHH.

B 1887r. b pe3yjibTaTe onwTOB Ha HHTepcj)epoMeTpe, BwnojmeH-

hwx MafiKejibcoHOM n Mopjm, 6wjio ycTaHOßjieHo c bwcokoh
CTeneHbbo tohhocth, hto cbct pacnpocTpaHneTcn no BceM Hanpaß-
JieHHHM C OAHHaKOBOH CKOpOCTbbO, AHeM H HOHbbO, 3HMOH H JieTOM.
Mw ace y6eAHjmcb, hto AncnepcnoHHoe cooTHomeHHe CKannpHoro
BOJiHOBoro ypaBHeHHH npeACTaßjineT co6oh oKpyacHocTb c neHipoM
b Hanajie KoopAHHaT. liocjieAHee 03HanaeT, hto bojihw no BceM
HanpaßjieHHHM ABHacyTcn c oahoh h toh ace CKopocTbK). Ho ecjm

KoopAnHaTHan cncTeMa ABHaceTcn OTHOCHTeJIbHO cpeAw, to ahc-
nepcnoHHoe cooTHomeHHe TepneT cboio chmmctphk) no Hanpaßjie-
HHHM pacnpocTpaHeHHH bojih. KorAa cbct pacnpocTpaHneTcn b

BaKyyMe KOCMnnecKoro npocTpaHCTßa, ecTecTßeHHan 6a3HCHan
cncTeMa KoopAHHaT BpoAe 6w OTcyTCTByeT. Ecjih npeAnojioacHTb,
hto JieTOM 3eMjin ctoht Ha MecTe, to 3hmoh OHa 6yAeT ABHraTbCH
BOKpyr Cojmna b npoTHßononoacHOM HanpaßjieHHH. JIeTHHe Koop-
AHHaTW CBH3aHW C 3HMHHMH npHMepHWM paBCHCTBOM x' =X — 2v3 t.
AHajiH3 3KcnepHMeHTa MaHKejibcoHa —Mopjm npnBOAHT k BWBOAy
o tom, hto noAo6Hoe ABnaceHne AOJiacHO HMeTb H3MepHMybo
acHMMeTpHbo, ho Ha6jibOAeHHn

noKa3WßaioT,

hto npeACKa3WßaeMan
acHMMeTpnn OTcyTCTByeT. noneMy? Oaho H3 o6bncHeHHH AaeTcn
THnoTe3OH <oc|)Hpa». 3(J)np — Boo6paacaeMan cy6cTaHnnn, KOTopan
o6bHCHneT napaAOKC onwTa MaHKejibcoHa — Mopjm. npeAnona-
raeTCH, HTO OH HMeeT HHHTOaCHybO nJIOTHOCTb H BH3KOCTb n
KaKHM-TO o6pa3oM yßJieKaeTcn 3eMjien bo Bpainemie, npnneM
nojiynaeTcn, hto 3eMHwe Ha6jiK)AaTejm BcerAa ABHacyTcn c toh ace
CKopocTbbo, hto h 3(J)Hp. /IpyrHe onwTW TaKace npoTHßopenaT rn-
noTe3e o cymecTBOBaHHH 3snpa. HanpHMep, npncyTCTßHe scfinpa b
aTMOccpepe aojdkho BW3BaTb noAAaiomyiocn H3MepeHHio pecppaK-
nnio 3Be3AHoro CBeTa, ho HHnero noxoacero He Ha6jibOAaeTcn.

06i>HCHeHHe ynoMHHyTbix Bwme onwTOB, AaHHoe3HHmTeHHOM, oc-
HOBWBaeTcn Ha MaTeMaTHnecKHx pacneTax,KOTopwe bw MoaceTe JierKo
npoßepnTb. OnpeAejiHM KOopAHHaTHyio cncieMy cjieAyiomnM o6pa3oM:

z^z-v—^ , (144a)
J\-v2lc 2y/\-V 2 lc 2

x'=x, (1446)
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t jZct'= (144b)
1-i;2 /c2

nopa3HTejibHoecbohctbo nocneAHeronpeo6pa3oßaHHn,KOTopoe
JierKo npoßepneTcn, coctoht b tom, hto oho npeßpanjaeT ypaßHeHHe

npeo6pa3oßaHHoe bojihoboc ypaßHeHHe He 3aBHCHT ot ckopocth
v, hto h npHßejio 3iiHmTeHHa k ero TeopHH.

2.7. BbiHHCJiemie kohchhmx pa3iiocTeii
b npocTpaHCTee (t9 x, z)

Bojibman, ecjm He 66jibuian, nacTb ceHCMopa3BeAOHHwx Ha6jno-
AeHHH noAßepraeTcn MnrpannoHHWM npeo6pa3oßaHHHM b npo-
CTpaHCTBe c KoopAHHaTaMH (/, x, z). llto6w H36eacaTb cjioacHocTH

TpexMepHoronpocTpaHCTßa, no3HaKOMHMcn CHanana c TeM, KaK bw-
nojiHneTcn MHrpannn b npocTpaHCTße (z, /) npn cpHKcnpoBaHHOM kx.

MnrpauHH b npocTpaHCTße c KoopAHHaTaMH (z, t)
Mnrpanmo h chhtc3 cencMnnecKHx Ha6jnoAeHHH b npo-

cTpaHCTße (z', /') MoacHo HarjiHAHO npeACTaBHTb b BHAe rpac|)HKa,
H3o6paacabomero BocxoAnmyio BOjmy U (pnc. 55):

_^ „ (145)
c z B Hen BocxoAnman

BOJiHa,

perncT-
fL pnpyeMan Ha noBepxHOCTH 3eMjm

u c z' =0, o6o3HaneHa chmbojiom Ut .
Pa3pe3, nojiyneHHWH b pe3yjibTaTe mh-
rpannoHHoro npeo6pa3oßaHHH n 060-
-3HaneHHWH 6yKBOH ct, H3o6paaceH no
AHaroHajibHWM KBaApaTHKaM, TaK KaK
ycjioßHe ceHCMHnecKoro H3o6paace-

c4 hhh H3Jiynabomnx rpaHHn b momcht
BpeMeHH /= 0 BwpaacaeTcn b npocT-

-0 ° paHCTBe 3ana3AWßabomnx KoopAHHaT,
KaK

HanjiynmHM o6pa3oM ccpOKycnpoßaHHWH pe3yjibTaT MHrpa-
HHOHHoro npeo6pa3oßaHHH He o6n3aH coßnaAaTb c jthhhch,
HaKjioHeiiHOH noA yrjioM 45°, KaK sto bwfjihaht Ha rpacJ)HKe (145).
Oh MoaceT HaxoAHTbcn Ha jik)6oh npnMOH hjihkphboh, nojioaceHne

P P =r~ 2IP n P 4- P =r~2 P* xxx zz v I± tt D A x'x'<* z'z' L -* t't''

PHC. 55.
z'=z, (146a)
t'=t+z/v (+ ajih cjiynan ABHaceHHn BBepx), (1466)
0 = t = t'-z'/v. (147)
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kotopoh onpeAejineTcn pacnpeAeneHHeM CKopocren b cpeAe. TaKan
KpHßan, b cbok) onepeAb, o6pa3yeT ocHOBy AJia onpeAejieHnn
CKOpocreH (cm. pa3Aeji 3.5). B nacTOTHOM npeACTaBjieHHH onpe-
AeJIHTb CKOpOCTH nOAo6HWM 06pa30M HCBO3MOaCHO.

CornacHo pa3Aejiy 2.1, ypaßHeHHe bocxoahiuhx bojih U b
3ana3AWßaioinHx KOopAHHaTax (/', x' , z') HMeeT bha

npOBeAeM (J)ypbe-npeo6pa3oßaHHe no och x. npn 3tom
npeAnojiaraeTcn, hto v He 3aBHCHT ot x, a 3aBHCHMOCTb U ot x
npeACTaßjineT co6oh cHHycoHAaiibHybo c^ymamio BHAa exp(ikxx).
CjieAOßaTejibHO,

Tenepb AHCKpeTH3HpyeM nocneAHee AncpcpepeHmiajibHoe ypaß-
HeHHe b nacTHwx npoH3BOAHwx no /' h z'. ByAeM nojib3oßaTbcn

MaTpHHHOH 3anncbbo, xoth caMa 3anncb He HMeeT HHKaKoro OTHome-
hhh k ajire6pe MaTpnn. Hcnojib3yeMwe HHace MaTpnnw o6o3Hana-
iot pa3HOCTHwe onepaTopw, KOTopwe MoacHo HanaraTb Ha nnoc-
KOCTb C KOOpAHHaTaMH (/', z') THna (145). 0603HaHHM 3HaHKOM *CBepTKy b npocTpaHCTße (z, /). nocneAOßaTejibHocTb npoH3BOAHbix
npeACTaßjineT co6oh b AencTßHTejibHocTH onepanmo CBepTKH,
no3TOMy paBeHCTBO (d/dz)(d/dt) = (d2 /dzft BwpaacaeTcn nepe3

[-1 +I>[ J=[_ 1 j] (150)

TaKHM o6pa3oM, KOHenHO-pa3HOCTHan cpopMa ypaBHeHHH (149)
HMeeT bha

B nocjieAHee ypaßHeHHe MHoacHTejib 1/4 bxoaht Ha tom

ocHOBaHHH,

hto cpeAHee 3HaneHHe bojihw U onpeAejineTcn no
neTbipeM nneiiKaM BbinncjiHTejibHon cctkh.

CyMMy AByx onepaTopoß |tb|^|^| Bwpa3HM cneAybomnM 06
pa3OM:

/I,jih 3anojiHeHHn rpac})HKa (145) 3HaneHHHMH U 6yAeT ncnojib-

30BaTbcn pa3HOCTHWH onepaTop H3 BwpaaceHHn (152).
npn HajiHHHH Tpex 3HaneHHH U b

KJieTOHKax,

oTcyTCTßybomee
3HaneHHe M MoacHo onpeAeJiHTb c noMombio jikd6oh H3 Asyx
cjieAybomnx HHace onepannn (pnc. 56).

d2 U vd2 U /1/icn

e7e?= -2^- (l48)

0 = (£jfc2-JIW. (149)
\2 dz'dt'J v '

/W ji n_r i -n\

0= ' b *U. (152)
_b s_
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(153 a, 6)

PHC. 56.

OKa3WßaeTcn, hto nocKOJibKy |Z>|^|j|, cneAybomne 3anojiHHbo-

mne onepannn (pnc. 57) 6yAyT HeycTOHHHBWMH:

(154)

PHC. 57.

OneBHAHO, hto npn s = 0 BO3HHKaeT npo6jieMa AeJieHnn Ha Hyjib
h HeTpyAHo npoßecTH aHajiH3 ycronnHBOCTH, KOTopwn noKaaceT,
hto ycjiOßne (154) BbowßaeT Bo3pacTaHHe no 3KcnoHeHTe He6ojib-
ihhx BO3MymeHHH.

nojie3HO BwnojiHHTb cneAybomee ynpaacHeHne. npeAnojioacHM,
hto yrjiOBOH KOSCJDCpHnHeHT kx paßeH Hyjibo h BOcnojib3yeMcn
hhcjiobwmh 3HaneHHHMH H3 onepaTopa ypaBHeHHH (152) jxjih
3anojiHeHHH sjicmchtob rpacjnnca (145). B pe3yjibTaTe yBHAHM,
hto 3HaneHHn ut nepeMemabOTcn no och z b rpacf)HKe He H3MeHH-
ncb, hto noATßepacAaeT nporHo3 ct = ut . MeAJieHHoe H3MeHeHne
no z yKa3WBaeT Ha to, hto ocb z AHCKpeTH3HpoBaHa co cjihih-

kom ManwM maroM. Ha npaKTHKe MoacHo Ao6nTbcn skoho-
MHH BWHHCJIHTeJIbHWX

MOIUHOCTeH,

eCJIH HaCTOTy AHCKpeTH3aHHH
no z yMeHbuiHTb no cpaßHeHHbo c nacTOTOH AHCKpeTH3anHH no
OCH /.

IlporpaMMa 15-rpaAycHoii nicjipaKiniH b npocrpaiicTse {t, x, z)

CaMbm npocTOH nyTb H3yneHHH 15-rpaAycHoii MHrpannn b
npocTpaHCTße c KoopAHHaTaMH (/, x, z) —HanaTb c MnrpannoHHoro
npeo6pa3oßaHHH b npocTpaHCTße c KoopAHHaTaMH (z, t). BMecro
CKaJIHpHOH (J)yHKnHH U(kx) BOCnOJIb3yeMCH BCKTOpOM U, COCTaBJIHbO-
mne KOToporo Uj paBHW AaßJieHHio b TOHKax x=jAx. npeACTaBHM
k 2 b BHAe TpexAnaroHajibHOH MaTpnnw T, y KOTOpon (—l, 2, —1)
HaxoAHTCH Ha rjiaßHon AnaroHajm. 3aMeTHM, hto BejiHHHHa k x
nojioacHTejibHaa, h hto MaTpnna T— nojioacHTejibHaa, onpeAejieH-
Han c nojioacHTejibHWM sjicmchtom Ha rjiaßHon AnaroHajm.
Bo3bMeM ypaßHeHHe (151) h o6o3HanHM nocTOHHHybo npn jieBOH

MaTpnne nepe3 oc. B pe3yjibTaTe nojiyHHM

(155)

MJIM

0 = <al — >*u= *u.1 L 1 !J L- 1 ijj LaT+ x aT-lJ
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PaccMOTpHM nporpaMMy MOAejmpoßaHHH. OHa HanHHaeTcn c
SKCTpanojiHUHH bhh3 c noMoinbK) pa3HOCTHoro onepaTopa (1536).
PemHß (155) OTHOcnrejibHo HeH3BecTHOH u , j , h onycTHß Bee
mTpnxH, nojiyHHM

CHanajia oneHHM Bwpaacemie b npaßon nacTH. Jleßaa nacTb
npeACTaßjineT co6oh TpexAHaroHajibHybo CHCTeMy, KOTopyio HyacHO
pemaTb OTHOCHTeJIbHO HeH3BecTHon u j . nocneAOßaTejibHocTb
pemeHHH ypaBHeHHH (156) 3aBHCHT ot J3a3HocrHoro onepaTopa
(1536).

YnHTbißan CAenaHHoe paHee 3aMenaHne o tom, hto npn HajmnHH
bojih c He6ojibmHMH 3HaneHHHMH Kaacymnxcn CKopocTen ocb z' He
HyacHO AHCKpeTH3HpoBaTb c toh ace nacTOTOH, hto h ocb t',
npoH3BeAeM bwhhcjichhh, nponycKan KaacAWH BTopon ypoßem> no
z'. KoHKpeTHWH nopnAOK ypoßHeii, npnHHTWH b Hamen nporpaMMe
yKa3aH nncppaMH b cneAyiomeM rpacpnKe (pnc. 58):

HeH36eacHoe npaKTHnecKoe
3aTpyAHeHHe, noKa3aHHoe Ha
rpacpmce (157) aji» cjiynan, Kor-
Aa hhcjio OTcneTOB no och /' He
paBHO TOHHO HHCJiy OTCHCTOB no
OCH z', COCTOHT B TOM, HTO
cencMHnecKoe H3o6paaceHHe cpe-
Aw AOJiacHO HHTepnojinpo-
BaTbcn BAOJib AnaroHajiH pac-
neTHOH ceTKH. Ta rpy6an HHTep-
nojinnHH, KOTopan npoH3BeAeHa
b (157), HjijnocTpHpyeT npeA-
nojioaceHHe o tom, hto bojiho-

boc none 6wcTpo MeHneTcn no / ',PHC. 58.

ho MeAJieHHo no z', t. e. npeAnojioaceHHe o Jiynax, 6jih3khx k
BepTHKajIbHWM.

Ha pnc. 59 H3o6paaceH nocjieAHHH KaAp cpHJibMa, nojiyneHHoro c
noMomtbo onwTHOH nporpaMMbi. nocne BHeceHHbix HeKOTopwx
H3MeHeHHH OHa npeßpaTHJiacb b caMocTOHTejibHyio nporpaMMy
MHrpannoHHoro npeo6pa3oßaHHH c noMombbo BOJiHOBoro ypaßHe-
HHH, npeAJioacemioro b pa6oTax [30] h [44].

BO3MOaCHOCTb BHeceHHH Bpe.MeHHWX CABHrOB

MoaceT BO3HHKHyTb Heo6xoAHMOCTb b MHrpannoHHOM npe-
o6pa3oßaHHH b npocTpaHCTße c KoopAHHaTaMH (x, z, t) npn
HajmnHH JiaTepajibHwx BapnanHH CKopocTen (pnc. 60). B TaKOM
cjiynae 3Tan tohkoh jihh3w 6yAeT ocymecTßJinTbcn nyTeM CABHra
bo BpeMeHH, a He c noMonmio yMHoaceHnn Ha exp (/co [y (x, z)~ 1 —

(156)
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PHC. 59. AH4)P arHP oBaHHbie Bo.nibi
npn npo/JOJiKeHHH b HHacHee nojiy-
npOCTpaHCTßO

PHC. 60. PacneT chhtcthhcckhx AaH-
Hbix no ycjioacHeHHOH MO/jeJiH c
noMOLHbio nporpaMMbi pacneTa npo-
necca MHrpanHH bo BpeMeHHOH
o6jiacTH. Ha KpaiiHeM jieBOM KaHajie
Kaacjioro KU/rpa

OTMeneHa

rjiy6HHa, k
KOTOpOH

OTHOCHTCH

COOTBeTCTBVK)-

HJHH Ka^P

—v (z)" 1] Az). CABHr bo BpeMeHH hbjihctch oneHb npocTOH
onepannen b tom cjiynae, KorAa HyacHO cMecTHTb Ha6jibOAeHHH Ha
nejioe hhcjio HHTepßajioß AHCKpeTH3anHH. OAHaKo, HeoAHOKpaTHwe
CMemeHHH bo BpeMeHH Ha Apo6Hoe hhcjio maroß AHCKpeTH3anHH
npeßpamabOTCH b TpyAoeMKHH nponecc. /Jjih hx peajiH3annH
Tpe6ybOTca MHoroToneHHwe onepaTopw HHTepnojinnHH. H Aaace b
stom cjiynae HMnyjibcoHAW ctpcmhtch AncneprnpoßaTb. nosTOMy,
MoaceT 6biTb, jiynme ocTaßjiHTb jihh3obwh hjich MHrpannoHHoro
ypaBHeHHH b nacTOTHOH o6jiacTH.

45-rpaAycHoe ypaßHeHHe b npocTpaHCTße (/, x, z)
45-rpaAycHan Mnrpannn BwnojiHHeTCH HeMHoro cjioacHee, neM

15-rpaAycHaa, TaK KaK bo BpeMeHHOH o6jiacTH onepaTop HMeeT
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6ojiee bwcokhh nopHAOK, ho npneMW Mnrpannn aHajiorHHHW

Hcnojib3yeMWM b 15-rpaAycHOM ypaBHeHHH h npn peKypCHBHOH
4)HjibTpannH no KaacyinnMCH ckopocthm. CaMWH npocTOH h
HenocpeACTBeHHWH noAxoA 3aKjibonaeTCH b nocjieAOßaTejibHOM
onpeAejieHHH pa3HOCTHbix onepaTopoß. KorAa aBTop ncnojib3oßaji

stot noAxoA, to o6HapyacHji, hto caMoe npocToe— 3to Bocnojib-

30BaTbCH npneMOM, ocHOBaHHWM Ha Z-npeo6pa3oßaHHH, h bmccto
l/(—/coA/) npHMeHHTb 6HjiHHeHHoe npeo6pa3oßaHHe BHAa
(1/2) [(1 +Z)/(1—Z)]. CymecTßybOT pa3JiHHHwe cnoco6w pacneTOß,
oahh H3 KOTopwx 3aKjiK)HaeTCH b nepeHoce Bcex creneHeH b
HHCJiHTejib h hx o6beAHHeHHH. /Jpyroii, noA Ha3BaHHeM KOMnjieKC-

Horo, coctoht b coxpaHemiH y HeKOTopwx HjieHOß Apo6en BHAa
1/(1—Z). coAepacamne Apo6b 1/(1—Z), npeACTaBJieHW b
MamHHe 6ycf)epaMH, b KOTopwx xpaHHTca cyMMa 3a npoMeacyTOK
BpeMeHH ot 6ecKOHeHHOCTH ao MOMenra /. Hoaxoa, ocHOBaHHWH
Ha Z-npeo6pa3oßaHHH, AeTajibHO paccMaTpHßaeTca b pa3Aejie 4.6.
Ero AencTßHTejibHoe aoctohhctbo 3aKJiK)HaeTCH b tom, hto oh
BHOCHT CHCTeMaTHHHOCTb B aHaJIH3 yCTOHHHBOCTH.

Vnpa/KHC'HHe
Bo3bMHTe nporpaMMy 45-rpa/j;ycHOH MHrpannn b npocTpaHCTße c KoopAHHa-

TaMH (z, /, kx ). HaH^HTe KosclxfjHHHeHTbi iuecTH3jieMeHTHoro pa3HOCTHoro onepaTo-
pa, Tpn ajieMeHTa KOToporo pacnojioaceHbi no och BpeMeHH, a iißa—no och rjiy-
6hh. Jinn npocTOTbi nono>KHTe p= l, At— l, Az—l. npeanoJio»CHM, hto yica3aH-
Hbift aHajiH3 nepeßeaeH b o6nacTb x(Ax=\) nyTeM 3aMeHbi k 2 Ha T. KaKo-
ro BHAa CHCTeMy TpexaHaroHajibHbix ypaBHeHHH npHmjiocb 6bi npn stom pe-
maTb?

2.8. BeeaeHHe b npo6jieMy ycxoHHHBOCTH

OnwT noKa3WBaeT, hto npn paccMOTpeHHH CHTyanHH, 3HaHH-
TejibHO OTjiHHabomeHCH ot onncaHHwx b yne6HHKe, b ochobhom
BO3HHKaeT npo6jieMa yCTOHHHBOCTH pemeHHH, a He ero tohhocth.
HaJIHHHe HJIH OTCyTCTBHe yCTOHHHBOCTH OnpeACJIHbOT AOCTHaCH-
MOCTb nejin BOo6me, a CTeneHb tohhocth — npocTO neHy ee
AOCTHaceHHH. PaCCMOTpHM npo6jieMy yCTOHHHBOCTH ypaBHeHHH
TenjionpoßOAHOCTH npn BemecTBeHHOM h mhhmom Ko3c|)c])HnHeHTax
TenjionpoßOAHOCTH. FlocKOJibKy nocjieAHHH cjiynan cooTBeTCTByeT
ceHCMHHecKOH MHrpannn, 3Aecb noHBJineTCH xopoman ocHOBa AJia
aHaJIH3a yCTOHHHBOCTH.

AHajiH3 yCTOHHHBOCTH 6a3HpyeTCH Ha npeo6pa3oßaHHH <^ypbe.
npome roßopn, nccjieAybOTCH npo6Hwe pemeHHH b bhac oahhohhoh
CHHyCOHAW H KOMHJieKCHOH 3KCnOHeHnHaJIbHOH c|)yHKnHH. ECJIH
KaKOH-TO MeTOA CTaHOBHTCH HeyCTOHHHBWM Ha KaKOH-TO

HaCTOTe,

to oh 6yAeT HeyCTOHHHBWM h b jik)6om peajibHOM cjiynae, TaK KaK
cf)H3HHecKHe cpyHKnnn npeACTaBjiHbOT co6oh npocTO KOM6nHannH
BCeBO3MOaCHWX HaCTOT.

Bo3bMeM CHHycoHAajibHybo 4>yHKnnbo BHAa
P(x) = P0Q ikx. (158)
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BTOpaH npOH3BOAHaH 3TOH (JDyHKHHH
d2P/dx2 =-k 2P. (159)

CneAybomee BwpaaceHHe, aHajjorHHHoe onepaTopy BTopwx pa3HOC-
Ten, onpeAejiaeT BejiHHHHy k:

b 2P/bx2 =-k 2P. (1606)
B HAeajie k AOJiacHO paßHHTbcn k. nocjie noACTaHOBKH komhjickc-

hoh 3KcnoHemi,HajibHOH cpyHKnnH (158) b (160a) nojiyHHM Bwpaace-
HHe AJia k:

PaBeHCTBO (161a) hjih KOpeHb KBaApaTHWH H3 Hero jienco

H3o6pa3HTb rpacpnnecKH. C yneTOM TpnroHOMeTpHHecKoro Toac-
AecTßa AJia nojioßHHHoro yrjia HaxoAHM, hto KopeHb KBaApaTHWH
H3 (1616) paßeH

£Ax= 2sin(&A;t/2). (161b)
Pa3JioaceHHe b paA noKa3bmaeT, hto k xopomo comacyeTCH c k Ha
HH3KHX npOCTpaHCTBCHHWX HaCTOTaX. Ha HaCTOTe HaHKBHCTa,'
paBHOH kAx =n, 3HaneHHe £Ax= 2 6yAeT njioxnM npH6jmaceHHeM k
HHCJiy n. KaK n npn jik>6om c|)ypbe-npeo6pa3oßaHHH b ahckpcthom
npeACTaBjieHHH, Ha nacTOTax Bwme HaiiKBHCTOBOH k npeACTaßjineT
co6on nepHOAHnecKybo (J)yHKnHK) ot k. Xoth k H3MeHneTCH b
Anana3oHe ot —oo ao +00, cjtyHKHHH k 2 OKa3WBaeTCH cacaTOH b
AHana3oH ot 0 ao 4. (HeycTOHHHBOCTb nacTO BO3HHKaeT Ha oahom
H3 ero kohhob).

YpaßHeHHe TenjiOßoro noTOKa b hbhom BHAe
HanHeM c ypaBHeHHH TenjiOßoro noTOKa h cpypbe-npeo6pa3oßa-

hhh no npocTpaHCTßy. B stom cjiynae npoH3BOAHan d2/dx2

npeßpamaeTCH npocTO b —k 2 , a

B pe3yjibTaTe BbIHHCJieHHH KOHeHHbix pa3HOCTen b hbhom BHAe no
BpeMeHHOH KoopAHHaTe nojiynaeM ypaßHeHHe, HAeHTHHHoe no BHAy
ypaßHeHHbo HHc|)jiHnHH AeHer:

qt+l =(\-(uAt/c)k2)qt . (1636)
/^jih yCTOHHHBOCTH pemeHHH BejiHHHHa qt+l AOJiacHa 6biTb MeHbme
hjih paßHa BejiHHHHe qt . ,/J,jih 3Toro Tpe6yeTCH, hto6w MHoacHTejib b
CKo6Kax 6wji MeHbme hjih paßeH eAHHnne. OnacHWM hbjihctch tot

§2P/8x2 = [P(x+Ax)-2P(x)+P(x-Ax)]/Ax2, (160a)

_jc 2p^Poreik(x+Ax)_2eikx+e ik(x-Axn (161a)
Ax L J

(kAx)2 =2 [1 -cos(^Ax)]. (1616)

!=--**?" (162)

Ot

C

{qt + i-q,)/At=-(a/c)k 2qt , (163a)
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cjiynan, KorAa 3tot MHoacnTejib MeHbme —1 . HeycTOHHHBOcrb
BO3HHKaeT, KorAa k 2 >2c/(aAt). 3to 03HanaeT, hto bwco-
KHe nacTOTW H3MeHabOTca bo BpeMeHH. B cjiynae kopotkhx bojih

onpeACJieHne kohchhwx pa3Hocren b hbhom BHAe Ha BpeMeHHOH
OCH npaKTHHeCKH

HeBO3MOaCHO,

OAHaKO MOaCHO nojiyHHTb npn-
eMjieMWH pe3yjibTaT, ecjm BbIHHCJieHHH kohchhwx pa3HocreH no
npocTpaHCTBeHHOH och ocymecTßjiHTb AOBOJibHO rpy6o. BTopan
npocTpaHCTßeHHan npon3BOAHaH b o6jiacTH cpypbe-npeo6pa3oßaHHH
paßHa —k2 . ByAynn AHCKpeTH3HpoBaHHOH, ocb x npeßpamaeT-
ch b —k 2 . nosTOMy, hto6w AHCKpeTH3Hp_OBaTb BwpaaceHHH (162)
h (163), HyacHp npocTO 3aMeHHTb k Ha k. H3 ypaBHeHHH (161b)
cjieAyeT, hto k 2 HMeeT BepxHHH npeAeji, paßHbrii 4/Ax2 , Ha nac-
TOTe HanKBHCTa kAx =n. HaKOHen, MHoacnTejib b (1636) 6yAeT
MeHbme eAHHHnw, t. e. 6yAeT o6ecneHHßaTbca CTa6njibHOCTb, npn
yCJIOBHH, HTO

P = 4/Ax2^2c/aA/. (164)
MoacHo H36eraTb HeycTOHHHBOCTH pemeHnii nyTeM 6ojiee hjiothoh

AHCKpeTH3anHH BpeMeHHOH KOOpAHHaTW nO CpaBHCHHK) c npocT-
paHCTBeHHOH. OAHaKO, KorAa 3HaneHHa Ko3(])c])HnHeHTa Tenjionpo-
BOAHOCTH ct(x) HaxoAHTCH b mnpoKOM Anana3oHe, noAo6Hoe
pemeHne npo6jieM yCTOHHHBOCTH craHOBHTCH cjmmKOM AoporHM.
B cjiynae 3aAan c oahoh npocrpaHCTßeHHon KOopAHHaTofi bwxoa
HaxoAHT b Hcnojib3oßaHHH hchbhwx mctoaob. npn pemeHHH 3aAan
b npocTpaHCTßax c 6ojibmHM hhcjiom KoopAHHaT AOJiacHW Hcnojib-

30BaTbca aßHbie mctoaw.

YpaßHeHHe 15-rpa.ivcHon Miirpannn b hbhom BHAe

B pa3Aejie 2.1 6wjio noKa3aHO, hto ypaßHeHHe 3ana3AWßabomeH
15-rpaAycHOH bojihoboh sKCTpanojiannH noAo6HO ypaßHeHHbo
TenjiOßoro noTOKa, TOJibKo KO3(J)cpHnHeHT TenjionpoßOAHOCTH a
HyacHO 3aMeHHTb Ha mhhmoc hhcjio /. Kosc^cpHnneHT yCHJieHHH
(3HaHeHHe MHoacHTejia b Kpyrnwx CKo6Kax ypaBHeHHH (1636)
paßeH Tenepb KBaApaTHOMy Kopmo H3 cyMMW KBaApaTOB Be-
mecTBeHHOH h mhhmoh HacTeH. nocKOJibKy BemecTßeHHaH nacTb
yace paßHa eAHHHne, Ko3(|)c|)HnHeHT ycnjieHHa npeßwmaeT eAH-
HHny npn Bcex HeHyjießwx 3HaHeHnax k 2 . Bo3HHKabomaH
b pe3yjibTaTe HeycTOHHHBOCTb npoHßjineTCH b BHAe Bo3pacTa-
HHH c])OHa njIOCKHX BOJIH C HaKJIOHHWMH OCHMH CHH(J)a3HOCTH. HeM
6ojibine yrjioßoii Ko3c])(|)HnHeHT oceii, TeM 6wcrpee pacTeT hh-
TeHCHBHocTb cJ)OHa. Bojiee Toro, AHCKpeTH3anHH och x npo6jieMW
He pemaeT.

YpaBHeHHH B lICHBIIOM BHAe
BcnOMHHM, HTO ypaßHeHHe HHC])JIHnHH
qt+i-qt=rqt ( 165)
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HBjineTCH npocTO pe3yjibTaTOM BbIHHCJieHHH kohchhwx pa3Hocren b
hbhom BHAe AH(|)(|)epeHnHajibHoro ypaBHeHHH dq/dt^q. H BcnoM-
hhm TaKace, hto oaho H3 Jiynmnx npH6jinaceHHH k AncpqbepeH-
nnajibHOMy ypaBHeHHK) 3aAaeTca ypaBHeHHeM Kpsmca — Hhkojib-
coHa

qt+i-qt=r(qt+i+qt)/2 > ( 166a)

KOTOpoe c noMonmio rpynnnpoßKH MoacHo npHBecTH k BHAy

BejiHHHHa KO3(J)4)HnHeHTa ycHJieHHH (166b) MeHbme eAHHHnw AJia
Bcex OTpnnaTejibHwx 3HaneHHH r, Aaace AJia r= — 00. BcnoMHHM,
hto ypaßHeHHe TenjiOßoro noTOKa cooTBeTCTByeT BbipaaceHHK)

rAe nepe3 k o6o3HaHeHa npocTpaHCTßeHHaa nacTOTa. nocKOJib-
Ky ypaßHeHHe (166b) toahtch AJia Bcex oTpHnaTejibHwx r,
ypaßHeHHe TenjiOßoro noTOKa b hchbhwx kohchhwx pa3HOCTHx
no BpeMeHH npHroAHO AJia Bcex npocTpaHCTßeHHbix nacTOT
k. YpaßHeHHe TenjiOßoro noTOKa ycronnHßo b jik>6om cjiy-
nae —AHCKpeTH3HpOBaHa npocTpaHCTßeHHan ocb hjih hct (tot-
Aa k^k ) h He3aBHCHMO ot pa3Mepoß HHTepßanoß AHCKpe-
TH3anHH At H Ax. Bojiee

TOrO,

6e3yCJIOBHO yCTOHHHBWM HBJIH-
eTcn h 15-rpaAycHoe ypaßHeHHe bojihoboh SKCTpanojinnnn. 3tot
BWBOA CJieAyeT H3 TOrO o6CTOHTeJIbCTBa, HTO r B (166b) B3H-
TO HHCTO MHHMWM. B TaKOM CJiynae KO3Cp(J)HnHeHT yCHJieHHH
(166b) npnHHMaeT bha KOMnneKCHoro nncjia l+r/2, AeJieHHO-
ro Ha ero KOMnjieKCHO-conpnaceHHoe. Ecjih Bwpa3HTb KOMnneKC-
HOe HHCJIO B nOJIHpHWX KOOpAHHaTaX, TO CTaHeT HCHWM, HTO
MOAynb ero paßeH eAHHnne. M cHOBa Hajmno 6e3ycjioßHan
yCTOHHHBOCTb.

B 3tom MecTe yAo6Ho CAejiaTb 3aMenaHHe HCTopHnecKoro
xapaKTepa. KorAa BHeApnnacb KOHenHO-pa3HOCTHan MHrpannn,
MHorne Bo3paacajm Ha tom

ocHOßaroiH,

hto 6wjih HenpHBWHHW
TeopeTHnecKHe npeAnocwjiKH. BonpeKH BceM Bo3paaceHHHM KOHen-
HO-pa3HocTHan MHrpannn 6wcTpo 3aßoeßajia nonyjinpHocTb. npn-
HHHa ee nonyjinpHOCTH, bhahmo, o6bncHnjiacb TeM, hto no
CpaBHeHHK) C ApyrHMH MeTOAaMH, H3BeCTHWMH B TO BpeMH, OHa
onepnpoßajia c hcxoahwmh AaHHWMH MnrKO. HarjiHAHwn npn-
Mep— nocKOJibKy BwpaaceHHe (166b) paBHO eAHHHne, cneKTp (co, k)
Ha BwxoAe 6yAeT tohho TaKHM ace, KaK h Ha bxoac M3 3Toro
c])aKTa MoacHo, noacanyn, CAejiaTb 6ojiee rjiy6oKHH bwboa, a
HMeHHo: jibo6on, Bo3AeHCTßybomnn Ha noneßwe Ha6jibOAeHHH
nponecc o6pa6oTKn, AonaceH KaK MoacHo MeHbme H3MeHHTb hx.

'(l-r/2)qt + I=(l+r/2)qt1 =(l+r/2)qt (1666)
HJIH

qt+l /qt =(l+r/2)/(l-r/2). (166b)

r=-(aAt/c)k 2 , (167)



149

YpaBHeHHH CKanKa

BWHHCJieHHe KOHenHwx pa3HOCTen mctoaom CKanKa CBH3aHO c
HaxoacAeHHeM npoH3BOAHbix no BpeMeHH, cooTßeTCTßyiomnx AByM
coceAHHM MOMeHTaM BpeMeHH,HTO no3BOJineT coxpaHHTb neHipw
onepaTopoß BbIHHCJieHHH KonenHwx pa3HOCTen Ha oahom h tom ace
MecTe. B cjiynae ypaßHeHHa TenjiOßoro

noTOKa,

noAßeprHyToro
cpypbe-npeo6pa3oßaHHK) no npocrpaHCTBeHHOH KoopAHHaTe, HMeeM

{qt+l -q t- l )/2At=-{o/c)k 2qt . (168)
AHajiH3HpOßaTb nocjieAHee ypaßHeHHe— 3aHHTHe He H3 npHHTHwx,
TaK KaK oho pacnpocTpaHneTcn Ha BpeMeHa /— 1 , /n/+ 1 n Tpe6yeT
npHMeHeHHn 6ojiee cjioacHwx aHajiHTHnecKHX npneMOß. nosTOMy,
bhahmo, ctoht CHanajia o6bHBHTb pe3yjibTaTw. B cnynae ypaßHe-
HHH TenjiOßoro noTOKa pemeHne BcerAa pacxoAHTcn. B cjiynae
ypaBHeHHH bojihoboh sKCTpanojinnnH pe3yjibTaT ropa3AO 6ojiee
6jiaronpHHTHWH— ycroHHHBOCTb Ha6jnoAaeTcn npn BwnojmeHHH

onpeAejieHHwx orpaHHneHHH OTHOCHTeJIbHO pa3Mepoß ceTKH, a
hmchho, mar Az AOJiaceH 6wTb MeHbme, neM Ax2 , yMHoaceHHWH Ha
HeKOTopbm KO3(J)4)HnHeHT. nocjieAHHH pe3yjibTaT He npeACTaßjineT
co6oh HHnero oco6eHHoro npn oahoh npocTpaHCTBeHHOH koopah-
HaTe (t. e. KorAa HenßHwe mctoaw OKa3WBaioTCH HAeajibHO
noAxoAamnMn), ho npn pa6oTe c MHoroKoopAHHaTHWM npocT-
paHCTBOM, HanpnMep, npn o6pa6oTKe MaTepnajioß TaK Ha3WBaeMOH
TpexMepHoii ceHCMopa3BeAKH, MoacHo Jinmb 6jiaroAapnTb cyAb6y
3a to, hto cyinecTßyeT mctoa CKanKa.

HanjiynrnHM cnoco6oM aHajnna ypaBHeHHH rana (168), pac-
npocTpaHHbomnxcn Ha Tpn h 6ojiee BpeMeHHwx ypoBHH, HBjineTcn

TeopHH. cpHJibTpanHH, ocHOBaHHan Ha Z-npeo6pa3oßaHHH. Ha H3WKe
Z-npeo6pa3oßaHHH Bonpoc 06 yCTOHHHBOCTH ypaßH'eHHn (168)
CBOAHTCH K BOnpOCy O

TOM,

HMeeT JIH (J)HJIbTp HyjlH BHyTpH (HJIH
BHe) eAHHHHHoro Kpyra. AHajiH3 yCTOHHHBOCTH c npHßJieneHneM
Z-npeo6pa3oßaHHH H3JioaceH b pa3Aejie 4.6. Hoao6hwh aHajiH3

Heo6xoAHMO npoßecTH AJia Bcex Bo3MoacHwx HHCjieHHbix 3HaneHHH
4>yHKnHH k 2 . B pe3yjibTaTe npHAeM k BWBOAy, hto ecjm k 2

H3MeHneTcn ot HyjiH ao 6ecKOHeHHOCTH, to BcerAa MoacHo oacHAaTb
HeyCTOHHHBOCTH. Ho npH HCnOJIb3OBaHHH ypaBHeHHH BOJIHOBOH
SKCTpanojinnnn HeyCTOHHHBOCTH MoacHo H36eacaTb, ecjin onpeAe-
jieHHWM o6pa3oM orpaHHHHTb napaMeTpw ceTKH, TaK KaK (A:Ax)2
jieacHT MeacAy HyjieM h neTbipbMn.

PemeHHe TpexAHaroHajibHbix ypaBHeHHH

TpexAHaroHajibHWH anropHTM ycTOHHHB AJia Bcex nojioacH-

TejibHO onpeAejieHHwx MaTpnn. Ecjih ace BO3HHKabOT npo6jieMW
npn pemeHHH TpexAHaroHajibHbix ypaBHeHHH, cueAyeT nocTaBHTb
noA coMHeHne npaßnjibHOCTb nocTaHOBKH caMOH 3aAann, KaK,
HanpHMep, b cnynae, KorAa BpoAe 6w Tpe6yeTcn ACJieHne Ha Hyjib.
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Tjiaßa 3
EIIJE O/JHO M3MEPEHHE—y^A^IEHHE OT

HCTOHHMKA

npn H3JioaceHHH MaTepnana npeAWAymnx rjiaß npeAnojiara-
JlOCb, HTO HCTOHHHK H npHCMHHK pacnOJiarabOTCH B OAHOM H TOM
ace MecTe. B AencTBHTejibHOCTH ace paccTOHHHe no ropH3oHTajm
MeacAy hhmh nacTO AOCTHraeT 3 km. YAajiemie b 3km yace
cpaBHHMo c rjiy6HHOH 3ajieraHHH mhothx 3ajieaceH Hec])TH h ra3a.

B aHajiH3e Ha6jibOAeHHbix AaHHbix yAanemie nn ot nB
npeACTaßjineT co6on eme oaho H3MepeHHe. B HacTonmee BpeMH 3Ta
KoopAHHaTa nacTO npeACTaßjineTcn 48 cencMoperHCTpnpyioinHMH
KaHanaMH. OAHaKO hhkto, KaaceTcn, He cnHTaeT, hto 48 KaHajioß

AOCTaTOHHO. BxoAaT b ynoTpe6jieHHe ceHCMoperncTpHpyioinHe
chctcmw c hhcjiom KaHajioß, AOCTHrabomnM 1024.

KoopAHHaTa yAajieHHn npneMHHKa ot HCTOHHHKa bhocht Tpn
BaacHwx acneKTa b mctoa OTpaaceHHwx cencMnnecKHx bojih.

80-nepßwx, OHa no3BOJineT npoH3BOAHTb Maccoßwe onpeAejiemm
CKopocTen pacnpocTpaHeHHn cencMHnecKHx bojih b ropHwx nopo-
Aax. B npeAinecTßyioinHx rjiaßax HacronineH KHHrn ckopocth
npeAnojiarajiHCb H3BecTHWMH. 80-BTOpwx, OHa o6ecnennßaeT H3-
6bITOHHOCTb Ha6jIK>AeHHH H TeM CaMWM BO3MOaCHOCTb HC3aBHCH-
Moro onpeAejieHHH oahhx h Tex ace BejinnHH. Cynepno3HUHH
He3aBHCHMwx H3MepeHHH (cyMMHpoBaHHe OCT) npeAOCTaßjineT
Bo3MoacHocTb ycHjieHHH nojie3Hwx CHmajiOß 3a cneT AecTpyKTHBHOH
HHTepcpepeHnnn BOjm-noMex. B-TpeTbnx, nocKOJibKy KoopAHHaTa
yAajieHHn HeHyjießan, nponeAypw MHrpannoHHoronpeo6pa3oßaHnn
yCJIOaCHHbOTCH, HTO HBJIHeTCH HeAOCTaTKOM MeTOAa. K KOHny
AaHHOH rjiaßW mw nonwTaeMcn npn o6pa6oTKe ynHTbrnaTb Bee Tpn
ocjioacHHbomnx cfiaKTopa —Kaacymnecn ckopocth, yAaneHne h na-
TepaJlbHbie H3MeHeHHH CKOpOCTH —OAHOBpeMeHHO.

TeopeTHnecKH npeACTaßjineTcn, hto ropH3oHTajibHan KoopAH-
HaTa AOJiacHa AaßaTb Bo3MoacHocrb pacno3HaßaTb xapaKTepHCTHKH
ropHwx nopoA nyTeM H3yneHHH 3aBHCHMOCTH Ko3c])cj)HnHeHTa
OTpaaceHHH ot yrjia naAeHHn, npnneM KaK no npOAOJibHWM, TaK n
no o6MeHHWM BOJiHaM. Ho b AencTßHTejibHocTH

OKa3WßaeTcn,

hto
hh oaho H3 yKa3aHHbix H3MepeHHH He MoaceT 6wTb cAenaHo

HaAeacHO,

a HHorAa oho BOo6ine HeßwnojiHHMO. B pa3Aene 1.4
o6MeHHbie bojihw paccMOTpeHW 6ojiee nojiHO. CaMH no ce6e ohh
npeACTaßjinbOT HHTepecHWH o6beKT ajih HaynHbix nccjieAOßaHHH,
o6jiaAabomnn 6ojibmHMH noTeHnnajibHWMH BO3MoacHOCTHMH b
CMwcjie hx reojiorHnecKOH scpcpeKTHBHOCTH [104, 140]. OAHaKO
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nccjieAOßaHne npHHHH BO3HHKHOBeHHH TpyAHOCTen npn npOBeAeHHH
H3MepeHHH reoc|)H3HHecKHx BejmHHH h nyTen nx npeoAOJieHHH
bwxoaht 3a paMKH HacTOHinen KHHrn. Ee nejib— HayHHTb scJDCpxK-
thbho Hcnojib3oßaTb h o6pa6aTbmaTb to, hto Ha6jiK>AaeTCH b
COOTBeTCTBHH C H3BCCTHWMH MCTOAHKaMH.

Bapnanrw cyMMiipoßamiH

OnpeAejmM KOOpAHHaTy cpeAHen tohkh MeacAy hctohhhkom h
npneMHHKOM y, a TaKace KoopAHHaTy nojiOBHHW paccroaHHa no
ropH3oHTajin MeacAy hctohhhkom h npneMHHKOM h:

npHHHHa Hcnojib3oßaHHa nojiOBHHW paccTOHHHH MeacAy HCTOH-
HHKOM h cencMonpneMHHKOM b nocjieAHHx cooTHomeHnax 3aKjno-

naeTCH b acejiaHHH ynpocTHTb h CAejiaTb CHMMeTpHHHWMH MHorne
H3 nocjieAybomnx ypaBHeHHH. CaMO yAaneHHe ot HCTOHHHKa
onpeAejiaeTca hmchho KaK g—s, a He s—g, hto6w nojioacHTejibHWM

yAajieHHHM cooTBeTCTBOBajin bojihw, ABHacymneca b nojioacHTejib-

hom HanpaßjieHHH och x. B cjiynae MopcKOH ceHCMopa3BeAKH sto
3HaHHT, hto cyAHO AOJiacHO njibiTb no npocJmjHO b OTpnnaTejibHOM
HanpaßjieHHH och x. Ha Aejie cyAHO MoaceT njibiTb b jibo6yK>
CTopoHy, t. e. npn OTpa6oTKe npocpHjia nHKeTw Bo36yacAemiH
MoryT jih6o Bo3pacTaTb, jih6o y6wßaTb no cbohm HOMepaM. B
HeKOTopwx cHTyannax cyTb Aejia nponcHHeTCH, ecjra CAejiaTb
HOMepa nHKeTOB Bo36yacAeHHa OTpnnaTejibHWMH.

Ha npaKTHKe noneßwe Ha6jiK>AeHHH onpeAejiHbOTCH b npocT-
paHCTße c KoopAHHaTaMH (s, g). C noMombbo paBeHCTBa (169)
yKa3aHHwe KoopAHHaTw nepeBOAHTCH b npocTpaHCTßo c pa3Mep-
hocthmh (y, h ). KoopAHHaTw cpeAHen tohkh MeacAy npneMHHKOM h
hctohhhkom, a TaKace nojiOBHHW paccTOHHHH MeacAy npneMHHKOM h
hctohhhkom oco6eHHO nojie3HW AJia nejien HHTepnpeTannH h
o6pa6oTKH Ha6jnoAeHHH. nocKOJibKy Ha6jibOAeHHwe AaHHbie npcu-
CTaBJiHbOT co6oh TaKace h c^ymcnHbo BpeMeHH npo6era bojih

/,

nojiynaeTca, hto nojmoe MHoacecTßO AaHHwx o6pa3yeT hckhh
o6beM. TaK KaK CAejiaTb yAOßjieTßOpHTejibHoe rpacfmnecKoe H306-
-paaceHne noAo6Horo o6beMa AaHHwx BecbMa 3aTpyAHHTejibHO,
o6mhho orpaHHHHBaioTCH BH3yajiH3anneH ceneHHH. HaHMeHOBaHHH
ceneHHH b pa3Hwx reoc])H3HHecKHx KOMnaHHHx HecKOJibKo otjih-

nabOTCH Apyr ot Apyra.
HHace npHBOAHTca nepeneHb Ha3BaHHH, KOTopwe AOJiacHW 6wTb

mnpOKO pacnpocTpaHeHw n noHHTHw:
(y, h= 0, t) — pa3pe3 npn Hyjießwx yAajieHHHx (nn n nB
coßMemeHw)

y ={g+ s)/2, (169a)

h =(g-s)/2. (1696)
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PHC. 61. CxeMa perHCTpannn mopckhx ceiicMorpaMM {a) h '/jHarpaMMa cyMMHpo-
BaHHH (6):
1 —nojießaa ceficMorpaMMa hjih ceficMorpaMMa oGmen tohkh B3pbißa; 2— ceficMorpaMMa
o6mefi cpcaHefi

tohkh;

3— cencMorpaMMa o6meH tohkh npneMa; 4—pa3pe3 nocTOHHHbix
yjjajieHHH

(y, h =hmin , t) — pa3pe3 6jiHacaHHiHx Tpacc
{y, h =const, /) —pa3pe3 npn nocroHHHbix yAaneHnnx
{y, h =hmax, t) —pa3pe3 AajibHnx Tpacc
iy= const, h, t) —ceftcMorpaMMa o6ineH cpeAHen tohkh (OCT).
(s= const, g, t) —nojießan ceftcMorpaMMa (hjih cencMorpaMMa
o6men tohkh Bo36yacAeHHa — OTB)
(s, g= const, /) —cencMorpaMMa o6men tohkh npneMa (OTn)
(s, g, t = const)—BpeMeHHoe ceneHHe
(h, y, t =const) —BpeMemioe ceneiiHe

nepeHHCJieHHbix Bwme ceneHHH npnßeAeHa Ha
pnc. 61. Ha pnc. 62 npnßeAeHw Tpn ceneHnn o6beMa AaHHbix
ceHCMHnecKHx Ha6jiK)AeHHH. nepßbm cnoco6 H3o6paaceHHH Ha3w-
BaeTcn «TexHnnecKHM nepTeacoM» (cneßa). BTOpon —H3o6paaceHneM
Ha rpaHnx Ky6a (cnpaßa). CneAyeT noMHHTb, hto H3o6paacaeMwe
ceneHHH othochtch k BHyTpeHHHM nacTHM Ky6a, xoth h BwrjiHAHT
ohh b BHAe rpaHen. Ha cpe3ax noKa3aHW jihhhh hx B3aHMHoro
nepeceneHHn.

B npaKTHnecKon cencMopa3BeAKe noA cencMorpaMMaMH o6men
rjiy6HHHOH tohkh (OTT) h o6men cpeAHen tohkh (OCT) noHH-
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PHC. 62. CeneHHa Ky6a /jaHHbix (paifoH rpsH/i-EsHKc)

MaeTcn oaho n to ace. Ho 3Aecb MeacAy hhmh 6yAeT npoßOAHTbcn
pa3JiHHHe. noA cencMorpaMMOH OrT 6yAeT noHHMaTbcn TaKan
cencMorpaMMa OCT, BpeMeHHan ocb KOTopon pacTHHyTa b
COOTBeTCTBHH C HeKOTOpOH CKOpOCTHOH MOAeJIbK), T. C MOaCHO

3anncaTb, hto (y — const, h, t 2 — 4h 2/v 2) — cencMorpaMMa o6men
rjiy6nHHOH tohkh. YKa3aHHoe Bwme, 3aßHcnmee ot KoopAHHaTw
yAajieHHn, pacTnaceHHe npnBOAHT k TOMy, hto BpeMeHHan ocb
cencMorpaMMW OFT CTaHOBHTcn 6ojiee noxoacen Ha rjiy6HHHyio
(tcm caMWM onpaßAWßaeTcn npncyTCTßHe 6yKßw T b a66peßHaType
OTT).

TaKoe pacTnaceHHe Ha3WßaeTcn HopMajibHOH KHHeMam-
necKOH nonpaßKOH. noAnepKHeM, hto no Mepe Bo3pacTaHHn
3c])4)eKTHBHOH ckopocth ao 6ecKOHeHHOCTH BejiHHHHa pacTnaceHHn
CTpeMHTCH K HyjlbO.

B npaKTHnecKOH ceiicMopa3BeAKe noneßwe Ha6jiK>AeHHH He
npHHHTO H3o6paacaTb b BHAe cencMorpaMM OrT, bmccto 3Toro
KaacAybo cencMorpaMMy OTT cyMMHpybOT no ropH3OHTajibHOH
KOopAHHaTe. B pe3yjibTaTe nonynaioT OAHy Tpaccy. J\jih KaacAon
cpeAHen tohkh MoacHo nocTponTb TaKybo cencMorpaMMy. Cobo-
KynHOCTb nocjieAOßaTejibHO pacnojioaceHHwx cyMMapHwx Tpacc,
t. e. cjjyHKmia cpeAHen tohkh h BpeMeHH, Ha3WßaeTcn pa3pe3oM
OTT. MoacHo CKa3aTb, hto pa3pe3 OTT noAo6eH pa3pe3y npn
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PHC. 63. noneßbie cencMorpaMMbi, nojiyneHHbie npn Hccne/ioßaHHax:
a— Ha3eMHbix (hit. Texac), 6—mopckhx (AjieyTCKHe o-Ba),

HyjießOM yAajieHHH nn ot nB, ho OTjinnaeTcn MeHbmHM ypoBHeM
(J)OHa noMex.

,/J,jih nocTpoeHHH pa3pe3a OTT Tpe6yeTcn Bw6paTb KOHKpeTHybo
CKOpOCTHybO

3aBHCHMOCTb,

no KOTOpOH 6yAyT paCCHHTWBaTbCH
KHHeMaTHnecKne nonpaßKH. 3Ta 3aBHCHMOCTb Ha3bmaeTcn pac-
npeAeneHHeM CKopocTen cyMMnpoBaHHH OTT no pa3pe3y. B
KanecTße Hero MoacHo npocTO b3htb KaKHe-To anpnopHbie AaHHbie,
KOTOpwe 3aTeM yTOHHHbOTcn nyTeM nocrpoemiH pa3pe3oß OTT c
npo6HWMH CKOpOCTHWMH 3aKOHaMH. OCTaHaBJIHBabOTCH o6whho Ha
TaKOM ckopocthom 3aKOHe, KOTopwH o6ecneHHßaeT nocTpoeHne
Han6ojiee AHHaMHnecKH BwpaaceHHwx pa3pe3oß OTT c HaHMeHb-
iuhm cJdohom noMex. Bonee noApo6HO o cyMMHpoßamiH OrT 6yAeT
CKa3aHo b pa3Aejie 3.5.

Ha pnc. 63 noKa3aHW THnnnHwe cencMorpaMMbi (cencMorpaM-
mw o6inen tohkh Bo36yacAeHHn), nojiyneHHbie npn Ha3eMHbix h
mopckhx pa6oTax. npn pa6oTax Ha cyme ceHCMonpHeMHHKH
pacnojiarajmcb no o6e ctopohw ot nB. H3o6paaceHHan cencMo-
rpaMMa xapaKTepH3yeT HecHMMeTpnnHybo neHTpajibHyio
cxeMy Ha6jiK>AeHHH. B KanecTße HCTonmnca cencMHHecKOH SHeprnn
Hcnojib3oßajicn Bn6paTop. Ha MopcKOH ceiicMorpaMMe npeBOC-
XOAHO BHAHW ABe HJIH TpH TOJIOBHWe BOJIHW (CM. pa3ACJIW 3.5 H
5.2). npn pa6oTax Ha Mope b KanecTße KCTOHHHKa npHMeHnjiacb
nHeßMonymKa. KaacAaa H3 npnßeAeHHwx Ha pncyHKe cencMorpaMM
3aperHCTpnpOßaHa c noMomtio npH6jiH3HTejibHo 120 cchcmo-
npHeMHHKOß.
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Hto TaKoe «HeKaHecTßeHHbie» natUHuenHH?

06mnpHwe paiioHW MHpa HMebOT xopomne nepcneKTHßw Ha
o6HapyaceHHe MecTopoacAemiH Hec|)TH h npnpoAHoro ra3a, ho nx
TpyAHO pa3BeAbißaTb H3-3a cjioacHocreH, CBH3aHHwx c nojiyneHHeM
MaTepnajioß MOB xopomero KanecTßa. Hto ace 3to TaKoe — «He-
KanecTßeHHwe» Ha6jiK)AeHHH? C tohkh 3peHnn 3KcnepHMeHTaTOpa
noHTH Bee ceHCMHnecKHe Ha6jiK>AeHHn xopomn b tom cMwcne, hto
ohh noßTopneMW. npo6jieMa BO3HHKaeT b tom cnynae, KorAa H3
nojießwx Ha6jibOAeHHH Heßo3MoacHo H3BJienb HHKaKOH nojie3HOH
reojiornnecKOH HHc])opManHH.

B KanecTße moacjih cpeAw BO3bMeM cjiynanHoe pacnpeAe-
jieHHe TonenHwx oTpaacaTejien. CooTßeTCTßyroinnH TaKOH moacjih
MnrpHpoBaHHWH pa3pe3 Tpacc c HyjießbiM yAaneHHeM nn ot nB
Toace 6yAeT BwrjiaAeTb cjiynaHHWM. C vhctom cpaKTa noBTO-
pneMOCTH nojießwx Ha6jiK)AeHHH no onynaHHOMv BHAy hx Moac-
ho CAejiaTb 3aKJiboneHHe o xaoTHnecKOM pacnpeAejieHHH to-
neK OTpaaceHHH BHyTpn cpeAw. Pacnonaran Jinmb pa3pe3oM
npn Hyjießwx yAaneHnnx, TpyAHO CKa3aTb 6ojibinee. Ho ecjin

b HameM pacnopnaceHHH 6yAyx HaxoAHTbcn Ha6jibOAeHHH b noji-

hom Anana3oHe yAaneHHH npneMHHKa ot

HCTonmnca,

to Moac-
ho nonwTaTbcn npoßecTH 6ojiee BAyMHHBwn aHajiH3 CHTyannn.
B HacTonmen maße o6bncHHbOTcn HeKOTopwe npneMW TaKoro
aHajm3a.

HHTepecHOH MOAejibbo 3cmhoh cpeAw HBjineTcn cjiynanHoe
pacnpeAejieHne TonenHwx OTpaacaTejien b oahopoahom npocTpaHCT-
Be. B 3tom cjiynae Ha6jiK>AeHHH 6yAyT npeACTaßJinTb co6oh
cjiynaHHybo c])yHKnHK> BpeMeHH h ropH3OHTajibHOH KoopAHHaTw
tohkh, pacnojioaceHHOH nocpeAHHe MeacAy hctohhhkom h npneM-
HHKOM. nocne HaAJieacamen o6pa6oTKH TaKHx Ha6jiK)AeHHH b
KaacAOH H3 cpeAHHx ToneK AOJiacHw nonynaTbcn HAeajibHwe
rHnep6ojiHnecKHe 3aBHCHMOCTH ot paccTOHHHH MeacAy hctohhhkom
H npHCMHHKOM. OHH OnpeACJIHbOT TOHHOe 3HaHCHHe CKOpOCTH B
3eMHOH cpeAe Aaace b cnynae npoH3BOJibHoro pacnpeAeneHHn
OTpaacaTenen b TpexMepHOM o6beMe n Ha6jibOAeHHH jihuib no
OAHOMy npocjinjibo, pacnojioaceHHOMy Ha noBepxHOCTH.

YKa3aHHan MOAenb MoaceT h He o6bncHHTb toto, hto noHH-
MaeTcn noA «cencMorpaMMaMH nnoxoro KanecTßa». MoacHo 6wno
6w onpo6oßaTb HHwe moacjih, HanpHMep, npoaHajiH3npoßaTb
BJiHHHHe cnynanHwx BapHannn ckopocth b npnnoBepxHOCTHOH
nacTH pa3pe3a hjih Kparawx OTpaaceHHH. noMexn b cencMopa3-
BeAKe o6whho MOacHO cnHTaTb pe3yjibTaTOM HeyAanHoro aHann-
3a, a He (f)aKTopoM, 3arpn3HHbomnM Ha6nbOAeHHH. Hmchho
KoopAHHaTa yAajieHHn npneMHHKa ot HCTOHHHKa o6ecnenHßa-
eT H36bITOHHOCTb HH(])OpManHH, B KOTOpOH MW HCnblTWBaeM
HyacAy, nwTaacb pacmnqbpoßaTb to, hto nponcxoAHT b achctbh-
TeJIbHOCTH.
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TeKCTypa ropM3onra.ibno cjiohctoh cpeAw no

;iaHHw\i

MopcKoii ceiicMopa3Be ikh

Cnjia TnacecTH OKa3WBaeT 6ojibmoe bjihhhhc Ha o6pa3oßaHne
cnoeß ropHwx nopoA, nosTOMy bo MHorax MecTax Mnpa MoacHo
Ha6nbOAaTb ropraoHTajibHo cjioncTwe cpeAw. Ho Aaace b HAeajib-
HeHmnx ycnoßHnx ocaAKOHaKonjieHHH He o6pa3ybOTcn 3epKajibHO
rjiaAKHe cjioh—roßopnT, hto cjioncTan cpeAa o6naAaeT HeKOTopon
TeKCTypon. Mw HanHeM H3yneHHe KoopAHHaTw yAaneHnn no
CHHTeTHnecKHM MaTepnajiaM, HMHTHpybomnM HAeajibHenmne ycno-
bhh ocaAKOo6pa3oßamiH. TaKHe ycjioßHH nonTH HaßepHHKa xapaK-
Tepn3yioT MopcKHe 6accenHw, rAe OTjioacemie ocaAKOB MoaceT
nponcxoAHTb MeAJieHHO n oahopoaho. nojioacHM CKopocTb pac-
npocTpaHeHHa bojih nocroHHHOH, t. e. bojihw 6yAyT OTpaacaTbCH
KaK 6w ot ropH3oHTajibHO neacamnx 3epKan. MaTeMaTnnecKH
TeKCTypa ynHTWßaeTcn TeM, hto AonycKaeTcn JiaTepajibHan H3MeH-
HHBOCTb KoscpcJjHnneHTa OTpaaceHHH ot cjioh. XapaKTep jiaTepajib-
hoh H3MeHHHBocTH Ko3(])c|)HnHeHTa oTpaaceHHa npeAnojiaraeTca
cjiynanHbiM, ho He o6n3aTejibHO ero onncwßaTb 6ejiwM myMOM.
H3yHHM BHemHHH bha nojiynaioinHXCH b 3thx ycjiOßHHx nojießwx

CCHCMOipaMM.
CjiynanHWH xapaKTep cpeAw bboahtch c noMombio cjiynaHHon

CpyHKHHH KOOpAHHaT MeaCAy npHeMHHKOM H HCTOHHHKOM TOHKH y H
rjiy6nHw z. CjiynaHHOCTb 3aKjibOHeHa b caMOM xapaKTepe Hanjiac-

TOBaHHH,

KOTOpWH MOaCHO 6bIJIO 6bl Bbipa3HTb B BHAe HeKOTOpOH
reojiornnecKOH (JjyHKnnH rjiy6nHw z. B npocTpaHCTße c KoopAH-
HaTaMH yAajieHHn ot HCTOHmnca h h BpeMeHeM npo6era / KaacAOH
TOHKe npocTpaHCTßa c KoopAHHaTaMH (y, z) AOJiacHa cootbctctbo-
BaTb rnnep6ojia cooTßeTCTßybomen cjiynaiiHOH aMnjinTyAW.

KaK BbHJIHAHT npOCTpaHCTBO OKOHHaTeJIbHWX AaHHWX? B 3TOM
Bonpoce Majio CMwcjia ao Tex nop, noKa mw He peniHM, KaKHM
o6pa3oM BH3yajiH3npoßaTb o6beM TpexMepHwx AaHHwx. Pac-
cmotphm 6ojiee BHHMaTejibHo cencMorpaMMbi b tom BHAe, b
kotopom ohh nojiynabOTCH b nojie. C KaacAWM nyHKTOM Bo36yac-
AeHHH CBH3aHa CHCTeMa KOOpAHHaT, BepTHKaJIbHOH OCbbO KOTOpOH
cjiyacHT BpeMH npo6era bojih, a ropH3OHTajibHOH — paccTOHHHe ot
cyAHa ao cencMonpHeMHHKOB b kocc. OrpaHHHeHHan sthmh
KoopAHHaTaMH cencMorpaMMao6pa3yeT KaK 6w KaAp KHHocpHJibMa.
CjieAyiomnn nyHKT Bo36yacAeHna AaeT HaM cneAybomnn KaAp.
nocjieAOßaTejibHOCTb KaApoß o6pa3yeT (J)HjibM. Mto ace acmohct-
pnpyeTCH B 3TOM KHHO(])HJIbMe?

Ha oahhohhwx KaApax bhahw rnnep6ojiw c HajioaceHHOH Ha
hhx TeKCTypon. KnHocpHjibM AeMOHCTpHpyeT, KaK TeKCTypa nepe-
MemaeTCH BAOJib KaacAOH H3 rnnep6oji b CTopoHy Bo3pacTaHna
KoopAHHaTw yAajieHHn. (CnHTabo, hto mncaKan nocjieAOßaTejib-
HOCTb HenoAßHacHwx KapTHHOK He MoaceT co3Aa-Tb Taicoe BnenaT-
JieHHe, KOTOpOe npOH3BOAHT KHHOC})HJIbM). B AeHCTBHTCJIbHOCTH
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nepeMemaeTCH cyAHO, a TeKCTypa reojiorHHecKOH cpeAbi noA hhm
OCTaeTCH CTanHOHapHOH. HMeHHO TaK BbirjIHAHT 60JIbmHHCTB0
MOpCKHX CCHCMOipaMM H COOTBCTCTBybOmaH nporpaMMa BbIHHCJie-
HHH. CpaBHHB CHHTeTHHeCKHe MaTepHaJIW C KHHO(f)HJIbMaMH,
CMOHTnpoBaHHWMH no peaJIbHWM MOpCKHM ceHCMorpaMMaM, aBTop
nopa3HJicH TOMy orpoMHOMy KOJinnecTßy H3MeHemiH no jihhhh

Ha6jibOAeHHH, KOTopwe npHinjiocb ynecTb npn MOAejmpoßaHHH,
HTO6bI AO6HTbCH HX CXOACTBa C nOJieBWMH Ha6jIbOAeHHHMH.
CTeneHb cjiyHaimocTH KaaceTca cjihhikom 6ojibinon, hto6w o6bnc-
HHTbCH TOJIbKO JIHTOJIOrHHeCKHMH H3MeHeHHHMH. Ho-BHAHMOMy,
3TO pe3yjibTaT nero-TO He yHTeHHoro npn MOAejinpoßamiH. MoaceT
6wTb, 3to nponcxoAHT H3-3a HeAOCTaTOHHoro noHHMaHHa Mexa-
HH3Ma oTpaaceHHa ot KBa3HCJiyHanHOH cpeAbi. A MoaceT 6wTb,
3TO 3(|)CpeKT HaCTHHHOH <j)OKyCHpOBKH BOJIH HCKOTOpoe BpeMH
cnycTH nocjie hx OTpaaceHHH ot HC3HaHHTejibHwx HeoAHopoAHOCTen
pejibecpa rpaHnn pa3Aena cnoeß. llto6w AaTb HCHepnwßabomee
o6bHCHeHHe, hco6xoahmo npoßecTH AonojiHHTejibHwe nccjieAOßa-
HHH.

B.niHHue Bepxiieii nacTH pa3pe3a (BHP) Ha AaHHbie
ccncMopa3BejKH Ha cyme

PeracTpHpyeMwe Ha cyme OTpaaceHHwe ceHCMnnecKHe bojihw

nacTO HMebOT cjiynaHHWH xapaKTep H3-3a HeoAHopoAHoro CTpoeHHH
BMP. HepeAKO 3anncb OKa3WBaeTCH HacTOJibKo npepwBHCTOH, hto
hctohhhkh ceHCMHHecKOH 3HeprHH npHxoAHTCH pa3MemaTb Ha
6ojibniHx rjiy6nHax (Aejian npn stom 6ojibinHe 3aTpaTbi). Hto ace
KacaeTca ceHCMonpneMHHKOB, to b perncTpHpyiomeH paccTaHOßKe
nx o6whho cjinmKOM MHoro, hto6w MoacHo 6wjio 3arny6HTb h hx.
Ha 6ojibiHHHCTBe cyxonyTHbix cencMorpaMM MOB BOJiHOBaa
KapTHHa b 6ojibmeH Mepe onpeAejieHa cjioacHocrbio CTpoeHHH BMP,
neM rjiy6HHHWM CTpoeHHeM cpeAw.

HTO6W npoHCHHTb xoa HauiHx Mbicjien, npeAJioacHM cjieAyio-
myio HAeajibHybo MaTeMaTHHecKybo MOAejib. ITycTb oTpaacabomne
CJIOH HJIOCKHe h OAHopoAHwe, a b ceiicMonpHeMHHKH BBeAeHW
cjiynaHHO pacnpcAejieHHwe BpeMeHHwe 3aAepacKH bcjihhhhoh b
HeCKOJIbKO HHTepBaJIOB AHCKpeTH3anHH, Ha3WßaeMwe CTaTHHeC-
khmh nonpaßKaMH. npeAnojioacHM, hto mohi;hocth hctohhh-
kob pacnpeAejieHw no cjiynanHOMy 3aKOHy. KaApaMH paccMaTpn-
BaeMoro KHHOcj)HjibMa cjiyacaT ceHCMorpaMMw o6men
cpeAnen tohkh (OCT), ApyrHMH cjioßaMH, KaacAoii cj)HK-
CHpoBaHHOH TOHKe y cooTBeTCTByeT KaAp, npeACTaßjiflbomnH co6on
MHoacecTßO ceficMOTpacc c KoopAHHaTaMH (h, t). CjieAybomne Apyr
3a ApyroM KaApbi 6yAyT AeMOHcrpnpoßaTb nocjieAOßaTejibHwe
OCT. Ha pnc. 61 bw bhahtc, hto cBH3aHHwe c ceHCMonpHeMHH-
KaMH HeperyjinpHOCTH bo BpeMeHax npo6era AOJiacHw nepeMe-
maTbCH BJießo, a CBH3aHHwe c HCTOHHHKaMH aMnjiHTyAHwe Hepe-
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ryjinpHOCTH 6yAyT nepeMemaTbcn Bnpaßo. B peajibHOCTH c
HCTOHHHKaMH h npHeMHHKaMH 6wßaioT cBH3aHw 06a THna aHO-
Majmii— aMnjiHTyAHbie h BpeMeHHwe.

Ylipa/KHCHIffI

1. 3aMeTHM, hto pnc. 61 cooTBeTCTByeT cjiynaio, Koraa B3pbißHoii HHTepßaji As
paßeH nojiOßHHe paccTOHHna MOK/ry ceHCMonpneMHHKaMH Ag. HapHcyirre aHano-
rHHHyio jjnarpaMMy AJia cnynaa As =Ag. Tenepb cencMorpaMMbi o6men cpeAHen
tohkh 6y/ryT Jißyx

Tnnoß.

npe/jnoacHTe ABa Bo3MoacHbix onpeaejieHHfl AJia pa3pe3a
«6jih>khhx Tpacc».

2. CocTaßbTe nporpaMMy

TaK,

hto6m

OHa

paccnnTbißajia KHHocpHjibM chhtc-
THnecKHx cencMorpaMM cpeAHen tohkh co cjiynaHHbiM pacnpeAejieHHeM
aMnjiHTya hctohhhkob h BpeMeHHbix 3a/iepaceK b ceHCMonpneMHHKH. npocMaTpHßaa
nojiyneHHbiH KHHocpHjibM, bm omyTHTe TpyAHOCTH npn nonbiTKe OAHOBpeMeHHoro
Ha6jnoAeHHa 3a ABHaceHnaMH

BJieBO

h Bnpaßo. nonbiTaHTecb TaK OTperyjinpoßaTb
BejIHHHHbI aHOMajIHH, HToGbl

BJieBO

H BnpaßO KapTHHbl 6bIJIH BH/JHMbIMH. Bbl

HaCTO

6yAeTe HaGjnoAaTb TOjibKO OAHy KapTHHy, MbicjieHHO HCKjiionaa /jpyryio, h sto
6yaeT noxoace Ha cnocoG npeACTaßJieHna TpexMepHoro Ky6a no ero AByxMepHbiM
npoeKnnaM rpaHeM (pnc. 64).

3. OnpcaejiHTe peKvpcnßHbie cpnubTpbi Kaacyinnxca CKopocTen, nponycKaromHe
h no/iaßjiaioinHe pa3JiHHHbie bojihw,

CBa3aHHbie

c

hctohhhkom,

npneMHHKOM h
cpeAHen tohkoh.

3.1. llorjioineHHe h HeMHoro o <|)OKyciipoßKe

HHorAa cjioh ocaAOHHoro nexjia 3ajieraioT ropH3oHTajibHO c
He3HaHHTejibHWMH HeoAHopoAHOCTHMH. B 3tom cjiynae MOaCHO
npeHe6penb 3(|)c})eKTaMH MHrpannn. CencMHHecKHe jiynn AOJiacHW
YAOBJieTBOpHTb npocTOH MOAejiH c 6ojibmHMH yrJiaMH OTpaaceHHH,
Ha6jnoAaeMWMH npn 6ojibmHx yAajieHHax ot HCTOHHHKa. noAo6-
Hwe ceHCMopa3BeAOHHwe MaTepnanw AOJiacHW 6wTb HAeajibHWMH
AJia H3MepeHHH Kosc^cprrnHeHTOß OTpaaceHHH b 3aBHCHMOCTH ot yrjia
naAeHHH bojihw hjih ace ajih onpeAejieHHH cpyHKUHH aKycTHnecKOH
norjiomaeMocTH 3cmhoh cpeAw l/Q. B CBoen aoktopckoh Anccep-
Tannn 3. KbnpTaHccoH AOJioacHji o TaKOM HccjieAOßaHHH. nojiyneH-
Hwe hm pe3yjibTaTw OKa3ajmcb HacTOJibKO noyHHTejibHWMH, hto
3to HccjieAOßaHHe 6yAeT 3Aecb noApo6HO H3JioaceHO. R He 3Haio,
HacKOJibKO ra3oßoe MecropoacAeHHe Tpsha-Ahji [108] thhhhho AJia
ocTajibHwx He(|)Tera3oHOCHWx npoBHHUHH MHpa, ho oho npeACTaß-
jineT co6on HAeanbHoe Mecro AJia H3yneHnn 3HaneHHH, KOTopoe
HMeeT paccTOHHHe MeacAy hctohhhkom h npneMHHKOM.

Ta3oßoe MecTopoa«AeHHe Tpsha-Ahji KaK KjiaccHnecKHH

npiiMep npoHBjieHHH «npKoro n»THa»

3. KbnpTaHccoH H3ynHJi AaHHbie no cencMnnecKOMy npocpruno,
nepeceKabomeMy ra3oßoe MecTopoacAeHHe Tpsha-Ahji, pacnono-
aceHHoe b npeAejiax npn6peacHOH mejibc|)OßOH nacTH iiit. JlyH3naHa.
CencMKnecKne MaTCpnajiw no HeMy 6wjih npeAOCTaßjieHw KOMna-
HneH «rajicj) Ohji». B hhx coAepacaTcn KJiaccnnecKHe npHMepw
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«npKHx nnTeH» (cHJibHwx OTpaaceHHH), BWAenne-
mwx b ycjioßHnx cpaßHHTejibHO nojiororo, Hdia-
pymeHHoro 3aneraHnn cnoeß nopoA. MHTepec
npeACTaßjinbOT jiaTepajibHwe BapnanHH aMnnn-
TyAW OTpaaceHHH Ha BpeMeHax okojio 2,3 c (cm.
pnc. 67). MHorne CHHraiOT, hto noAo6Hwe «np-
KHe nnTHa» BbßWßabOTcn Herjiy6oKO 3ajieraio-

hihmh ra3OHacwmeHHWMH necnaHHKaMH. pHC 64ComacHo TeopeTHnecKHM npeACTaBjieHHHM,
KO3(|)cJ)HnHeHT OTpaaceHHH AOJiaceH 6wTb HeKOTopon (JiyHKHHen yrjia
naAeHHH. B aHOMajibHon 4)H3hhcckoh CHTyannn —ra3oHacwineHHwe
necKH —yKa3aHHan 3aBHCHMOCTb AOJiama nponßjinTbcn hctko.
CBHAeTenbCTBO TOMy cneAyeT HCKaTb Ha cencMorpaMMax OCT,
Tnna H3o6paaceHHwx Ha pnc. 65. Bpocnß b3tjiha Ha jno6yio H3
npeACTaßjieHHwx Ha pncyHKe cencMorpaMM, bw 3aMeTHTe, hto
3aBHCHMOCTb aMnjiHTyAw OTpaaceHHH ot yAajieHHn npneMHHK— hc-
tohhhk KaaceTcn rjiaAKOH, ocmwcjichhoh cpyHKnneH, ohcbhaho
noAAabomencn H3MepeHHK>. OAHaKO c noMoinbio TeopHH cjiohctwx

cpeA 6wjio

AOKa3aHo,

hto TOJibKo HeßeponTHo 3K3oTHnecKan cpeAa
MoaceT xapaKTepH3oßaTbcn CTOJib npKO BwpaaceHHWMH BapnannnMH
BennnHHW Koscj^HnneHTa OTpaaceHHH b 3aBHCHMOCTH ot yrjia,
oco6eHHo npn Manwx ymax naAeHHH bojih. (Yroji OTpaaceHHH
ceHCMHnecKOH SHeprnn, perncTpHpyeMOH Ha AaJibHnx Tpaccax Ha
BpeMeHH 2,5 c, He othochtch k 6ojibniHM yrnaM. B oahopoahoh
cpeAe BejiHHHHa arccos (2, 3/2, 6) = 28°). 3araAKa ycjioacHaeTCH TeM,
hto Ha KaacAOH H3 cencMorpaMM OCT Ha6jiK)AaeTCH OTJiHHHaH ot
Apyrnx rjiaAKan ocMwcjieHHan H3MepHMan (J)yHKnHH. Bojiee toto,
cpeAHHe tohkh, o KOTopwx hact peHb, pacnojioaceHW 6jih3ko OAHa
OT ApyrOH, Ha paCCTOHHHH B 10 B3PWBHWX HHTepBaJIOB, T. C 250 M.

KbHpraiiccoiiOßa MOAejib .iaTepa.ii.iiwx invieneinin aMnjiHTyAw

Ha6jiK>AeHHH b paiioHe MecTOpoacAeHHH Tpsha-Ahji Hejib3H

nOHHTb,

eCJIH HCXOAHTb H3 MOACJIH, OCHOBaHHOH Ha TeopHH
cjiohctwx cpeA- nosTOMy 3. KbnpTaHccoH npeAJioacHji cbow
MOAejib. Ha pnc. 66 H3o6paaceHw TpaeKTopnn jiynen b BHAe
npHMWX, HCXOAHIHHX H3

HCTOHHHKa,

AOCTHTabOmHX njIOCKOH TO-
pH3OHTajibHOH OTpaacabomeft rpaHnnw n 3aTeM oTpaacabomnxca k
npneMHHKaM. EAHHCTBeHHwe ocjioacHeHHH b cpeAe hmcrdt bha
BKJibOHeHHH KaKoro-To BemecTßa. Ohh, no npeAnojioacemno, AOJiac-
hw npnßecTH k aHOMajibHOMy xoAy cencMHHecKHx jiynen. J\ji%
Hanajia MoacHo BOo6pa3HTb, hto 3th BKJibOHeHHH norjiomabOT
BOJIHOBybO 3HeprHK>. (B KOHUe H3JIOaceHHH TaK H OCTaHeTCH
HencHWM ot nero hmchho nponcxoAHT noMexn—to jih ot
4)OKycnpoßKH, to jih ot norjiomeHHH 3HeprHH).

BRjiboneHHe A HaxoAHTca b6jih3h ot noßepxHOcrn Ha6jibOAeHHH.
CeHCMHHecKHe Ha6jibOAeHHH noAßepraiOTCH ero bjihhhhk)ABaacAw:
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PHC. 65. HcxoAHbie nojießbie cencMorpaMMbi c peryjinpOßKon ycnjieHna Ha

BbißOAe,

nponopuHOHajibHOH BpeMeHH:
a—nB 220; 6—nß 230; e 118 305; z— UB 315

oahh pa3, KorAa BKjnoHeHHe nepeccKaeTca hctohhhkom, h BTopon
pa3, KorAa oho nepeceKaeTCH npHeMHHKOM. BKJibOHeHne C Haxo-
Ahtch b6jih3h ot oTpaacabomen rpaHHnw h 3axßaTWßaeT ee
He6ojibinoH OTpe3OK. BRjiboneHne C He omymaeTca Ha Bcex
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PHC. 66. MoAejib KbapTaHecoHa. AHOManbHbie

BKJHOHeHna

i, jS h C (a) mohcho
o6HapyacHTb no hx BJiHaHHK) Ha OTpaaceHHa ot noACTHJiaroinero cnoa (6)

yAajieHHHx h, KpoMe oahoh cpeAHen tohkh v^. B BepxHen nacTH
pnc. 66 H3o6paaceH jiyn, Ha KOTOpwii oKa3WBabOT CBoe BO3AeHCTBHe
Bee yKa3aHHwe Bwme BKJibOHeHHH HHopoAHoro MaTepnana. EMy
cooTBeTCTByeT cpeAHHH TOHKa y0 h caMoe 6ojibmoe yAajieHHe ot
HCTOHHHKa /zmax. HaHAHTe 3tot jiyn b HHacHeH nacTH pnc. 66.

BKJiboneHHe B HaxoAHTca HecKOJibKo b cTopoHe, MeacAy A h C.
3HaneHHe yrjioßoro KoscJxfmnneHTa HapymeHHbix tohck b njiocKOCTH

(y, h) HaxoAHTca tac-to MeacAy yrjioBWMH KoscJxJiHnHeHTaMH
BKJibOHeHHH A H C.

Ha pnc. 67 npHBeAeH pa3pe3 npn hoctohhhom yAanemm,
nepeceKabomHH ra3oßoe MecTopoacAeHne. Ha pa3pe3e H3o6paaceHW
naTwe Tpaccw ot 6jmacaHmen k nB, t. e. Tpaccw, yAajieHHwe Ha
320 m ot HCTOHHHKa. Yhthtc, hto Mope B 3TOM MecTe 6bIJIO
Herjiy6oKHM. nepßoe BCTynjieHHe npn6jiH3HTejibHO Ha 0,33 c
npeACTaßjineT co6oh Bojmy, naAabomybo noA 6ojibmHM yrjiOM.

Bwna paccHHTaHa BennnHHa 3HeprHH KaacAOH Tpaccw b HHTep-
Bane 1,5—3,0 c. 3HaneHHH SHeprnn H3o6paaceHW Ha pnc. 68 b BHAe
cpynKnHH cpeAHen tohkh h yAajieHHn. Otmcthm nonocw SHeprnn,
ceKymne nnocKOCTb (y, h) noA yrjiOM npn6nH3HTenbHO 45°. CaMan
HHTeHCHBHan nonoca nepeceKaeT rpacJ)HK tohho noA yrjiOM 45° h
npoxoAHT nepe3 6jmacHee yAaneHHe Ha nB 170. OHa cooTBeTCTByeT
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nponymeHHOMy Ha6nxoAeHHK>, hto hcho bhaho H3 pnc. 67. Tenepb
noAyMaeM o ra3oHacwineHHbix necKax, onHcaHHwx b moacjih b
KanecTße BKjiboneHHn C. Jlk>6oh scpcjieKT ra3oHacwmeHHoro necKa
6yAeT nponßjiHTbcn Ha Ha6moAeHHwx AaHHwx b BHAe nojiocw,
nepeceKabomen Bee yAajieHHn b cpeAHen tohkc ra3oHacwmeHHoro
necKa, t. e. opneHTHpoBaHHOH ropH3oHTanbHo, nonepeK CTpammw.
Ha pnc. 68, a TaKHx nojioc He bhaho. BHHMaTejibHoe H3yneHHe
pncyHKa noKa3WBaeT, hto ocTanbmae H3 MHoacecTßa hctko
bhahmwx nojioc ceKyT nnocKocTb noA ymoM 3aMeTHO MeHbniHM
±45°. TaKan BejinnnHa yraa HaKjiOHa nojioc Ha pncymce o6bncHH-
eTcn TeM, hto ohh noxoacH Ha aHOMajibHyio 30Hy B. Ohh
HaxoAHTcn rAe-TO MeacAy noßepxHOCTbbo Ha6nioAeHHH h OTpa-
acabomen rpamineH. Yroji onpeAenneT rjiy6nny 3ajieraHHH 30HW.
Ecjih oh 6jmace k 45°, a He k o°, to 3HannT, hto aHOManbHwe 30hw
pacnojiarabOTcn 6jinace k noßepxHocTH, neM k OTpaacabomen
rpaHHne.

Ha pnc. 68, 6 H3o6paaceHa BpeMeHHan aHOMajmn b tom ace BHAe,
KaK Ha pnc. 68, a —aMnjinTyAHaa. Bwji nocTpoeH pa3pe3 OTT h
npoßeAeHO conocTaßjieHHe c hhm KaacAOH noneßon Tpaccw.
OnpeAeneH ocTaTOHHWH BpeMeHHOH cabht no KaacAOH H3 Tpacc h
ero BejinnnHa BbmeceHa Ha pnc. 68,(5. OcraTOHHwe BpeMeHa AJia
oahoh H3 cencMorpaMM o6ineH cpeAHen tohkh noKa3aHw Ha
pnc. 69.

nojiyneHHwe b pe3yjibTaTe MaTepnajiw HanoMHnaiOT aMn-
jiHTyAw 3a TeM HCKjnoneHHeM, hto ohh oTnromeHw noMexaMH
b Tex cnynanx, KorAa aMnjiHTyAw Manw, nnn ace KorAa «nepe-
xoa Ha c|)a3y» HCKaacaeT H3MepeHHH. H3 pnc. 68, 6 hctko bha-
ho, hto Bo3MymaK>mee bjihhhhc Ha BpeMeHHyio xapaKTepHCTH-
Ky nponcxoAHT Ha toh ace rjiy6HHe, tjxq HCKaacabOTcn n aMnnn-
TyAw.nponecc o6paTHoro HanpaßjieHHoro cyMMnpoßa-
hhh, KOTopwii 6yAcr onHcaH b pa3Aene 5,2, no3BOJineT onpeAennTb
pacnpeAeneHHe aHOMajibHwx 3oh no rny6HHe. TaKoe pacnpeAejieHHe
H3o6paaceHO Ha pnc. 68, e,

3axopoHeHHbie ajuinraTopbi

OcaAKH, nepeHocHMwe peKOH MnccncHnH, OTnarabOTcn b Aenb-
Te. B AenbTe o6pa3ybOTcn necnaHwe 6apbepw, TonenHwe 6apw,
3aHjieHHwe CTapnnw, BeTßnmnecn 3aHeceHHwe necKOM npoTOKH, a
MeacAy hhmh — 6ojiothctwc 3ajiHßHwe paBHHHw, KOTopwe 3anon-
HeHw pa3JiarabomnMcn opraHnnecKHM MaTepnanoM. JlaHAma(|)T,

oneBHAHO,

H3MeHneTcn no naTepann, h oh b KOHne kohhob
onycTHTcn noA co6ctbchhoh TnacecTbbo, a TaKace noA BO3AencTBHeM
KOHceAHMeHTanHOHHwx pa3pwßHwx HapymeHHH h Beca no3AHeHmnx
OTjioaceHHH. nocne toto, KaK bch 3Ta MecTHOCTb norpy3HTca,
OTMeneHHan jiaTepajibHan H3MeHHHBOCTb coxpaHHTcn b BHAe aHO-
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PHC. 69. CencMorpaMMa oGuien cpeAHen tohkh
220 (toh ace, hto h Ha pnc. 65 e) nocjie BBOAa
KHHeMaTHHecKHX nonpaßOK. noKa3aH HHTepßaji
mnpHHOH b 1 c c neHrpoM Ha 2,3 c. KnHeMaTH-
necKne nonpaßKH paccnHTaHbi AJia ckopocth
2100 m/c (no KbapTaHccoHy)

ManbHwx 30H, KOTopwe 6yAyT H3ynaTb ceHCMopa3BeAHHKH 6y-
Aymero. Ohh, bo3mo)kho, yBHAHT KapxHHy, noAo6Hyio npnßeAeH-
hoh Ha pnc. 70, Ha kotopom H3o6paaceHw AaHHbie TpexMepHon
ceHCMopa3BeAKH, t. e. Ha6jibOAeHHn no MHoacecTßy napannenbHwx
npocpHJien, OTCTonmnx oahh ot Apyroro npH6jiH3HTejibHO Ha 70 m.
BepxHHH njiocKocTb—cpe3 npn nocTOHHHOM 3HaneHHH BpeMeHH—
AaeT KapTHny pacnpocTpaHeHnn 3axopoHeHHbix penHbix MeaHApoß.
Ha6nbOAeHHH, npnßeAeHHwe Ha pnc. 70, 6onee nonHO onncaHW b
pa6oTe [39].

OoKycnpoßKa hjih norjiomeHHe?

CnjibHo norjiomabomne nopoAw o6whho xapaKTepH3ybOTCsi
HH3KHMH CKOpOCTHMH. HoCJie npOXOaCAeHHH aHOMaJIbHO HH3KO-
ckopocthoh 30HW bojihw AOJiacHW ocjia6nTbCH b pe3ynbTaTe
nomomeHHH. B to ace BpeMH ohh AOJiacHW ycHjinTbcn b pe3yjibTaTe
cpoKycnpOßKH. KaKOH H3 Ha3BaHHwx 3cp(J)eKTOB npeo6jiaAaeT?
KaKHM o6pa3oM 3to HBneHne 3aBHCHT ot npocTpaHCTBeHHOH ajihhw
bojihw? OcTaeTcn nojmocTbbo Bocco3AaTb 4)H3nnecKybo MOAejib.
MoaceT 6biTb, BaM yAacTcn ee paccnHTaTb, 3Han, hto Tejvmwe MecTa
Ha pnc. 68,e cooTBeTCTBybOT MajibiM aMnjiHTyAaM, hjih BwcoKOMy
norjiomeHHbo, a ohh ace Ha pnc. 68,2— hh3khm ckopocthm.

yiipavKHCHHC

Bo3bMHTe bojihw, o6MeHaßuine cboh THn c npoAOJibHoro P Ha nonepenHbifi S.
npeAnojioacHTe, hto CKopocTb pacnpocTpaHeHHa bojihw S paßHa npn6jiH3HTejibHO
nojioßHHe ckopocth bojihm P. KaK 6yAeT BbirjiaAeTb pnc. 66 b cnynae oGMeHHbix
bojih?

3.2. BBe^emie b Ka>Kymyiocsi CKopocTb

H3yneHne 3aBHCHMOCTH BpeMeHH npo6era ceHCMHnecKHx bojih

ot paccTOHHHH MeacAy hctohhhkom h npneMHHKaMH HannHaeTcn c
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PHC. 70. TpexMepHbie ceficMHHecKHe

AaHHbie,

nojiyneHHbie b TanjiaHACKOM 3ajiHße

BbIHHCJieHHH BpeMeH npo6era no jiyneßWM HanpaßjieHHHM ajih
HeKOTOpwx HAeanbHwx cnTyannn.

Pa3pe3bi h cencMorpaMMbi ajih ejiynan ii.iockhx
OTpaacaiomHx nosepxHOCTeif

CaMWM npocTWM cnynaeM b MeTOAe OTpaaceHHbix bojih

HBnneTcn OAHHOHHan ropH3oHranbHan OTpaacaboman rpaHHna pa3-
Aena, H3o6paaceHHan Ha pnc. 71. KaK h oacnAajiocb, pa3pe3 npn
Hyjießwx yAajieHHHx HMHTHpyeT MOAenb cpeAw. CencMorpaMMa
OCT npeACTaßnneT co6oh rnnep6ojiy, acHMnroTw KOTopon —
npHMbie C ymOBWMH KO3Cp4)HnHeHTaMH, paBHWMH BeJIHHHHe,
o6paTHOH ckopocth vv CaMWM cymecTBeHHWM cnoco6oM o6pa-
6otkh nepßHHHwx cencMopa3BeAOHHbix AaHHwx HBnneTcn cyMMH-
poßaHne no MeTOAy o6inen rjiy6nHHOH tohkh, hjih cyMMnpoßaHHe
OTT. npn cyMMnpoBaHHH no cnoco6y OTT bcc Tpaccw ceiicMO-
rpaMMw cMemabOTcn bo BpeMeHH TaKHM o6pa3oM, hto6w och
CHHqba3HocTH OTpaaceHHH o6pa3oßWßajiH ropn3oHTajibHwe npHMbie,
h 3aTeM cKjiaAWßabOTcn BMecTe. B pe3ynbTaTe nojiynaeTcn hmh-
Tannn cencMOTpaccw, Ha6jiK)AaeMOH Ha HyneßOM yAanemm npn-
eMHHKOB ot HCTOHHHKa. CoBOKynHOCTb noAo6Hwx Tpacc Ha3W-
BaeTcn pa3pe3oM, OTcyMMHpoBaHHWM no OTT, nnn
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npocTO pa3pe3oM OTT. Ha npaKTHKe OTcyMMHpoBaHHwe no
OTT pa3pe3w nacTO npHHHMabOTcn 3a pa3pe3w npn Hyneßwx
yAajieHHHx n MHrpnpybOTcn, KaK TaKOßwe. B Aamion rnaße mw
HaynHMcn H36eraTb 3Toro nonyjinpHoro, nepecnyp ynpomabomero
peanbHOCTb npeAnojioaceHHn.

CneAyboman npocTenman cnTyannn BO3HHKaeT npn Hannnnn
nnocKOH OTpaacabomen rpammw, opneHTHpoßanHOH BepTHKanbHO.
OHa HeTHnHHHa, ho paccMaTpHßaeTcn 3Aecb no toh npHHHHe, hto
BnHHHHe HaKjiOHHbix rpaHHn b cpeAe CTaHOBHTcn 6onee noHHTHWM
npn H3yneHHH KaKoro-jm6o KpaiiHero cjiynan. B paccMaTpHßaeMOM
cnynae BOJiHa pacnpocTpaHneTcn BAonb rpaHHnw pa3Aena 3eM-
jih—Bo3Ayx. Mto6w H36eacaTb nyTaHHnw, OTpaacaioinyio rpaHHny
MoacHo cnerKa naKjioHHTb k BepTHKann, KaK Ha pnc. 72.

Ha pnc. 72 AeMOHCTpnpyeTcn, hto BpeMH npo6era OTpaaceHHOH
BonHW He MeHneTcn c H3MeHeHHeM paccTOHHHH no ropH3oHrann.
MoaceT noKa3aTbcn napaAOKcanbHWM tot cf)aKT, hto BpeMH npo-
6era bojihw He pacTeT c yßenHneHHeM paccTOHHHH MeacAy tohkoh
BO36yacAeHHH h tohkoh npneMa. 06bncHeHHe 3Toro napaAOKca
3aKnbonaeTcn b tom, hto coxpaHneTcn nocTOHHHWM MecTononoace-
HHe cpeAHen tohkh, a He nyHKTa ,BO36yacAeHHH. no Mepe
yBenHneHHH paccTOHHHH MeacAy nn h TIB nHKeT HCTOHHHKa
yAanneTcn ot OTpaacabomen rpaHnnw, a npneMHHK npn6jmacaeTcn k
Hen. BpeMH, TepneMoe Ha npoxoacAeHHe oahoh nacTH nyTH,
3KOHOMHTCH Ha ApyrOH.

nnocKan OTpaacaioinan rpaHnna b ocaAOHHOM nexne MoaceT
3aHHMaTb jibo6oe nojioaceHne MeacAy ropH3oHranbHWM h BepTH-
KanbHWM. 3HanHT cencMorpaMMa o6men cpeAHen tohkh 6yAeT
HMeTb nbo6on bha, npoMeacyTOHHWH MeacAy H3o6paaceHHWMH Ha
pnc. 71 h 72. Pa3pe3 npn Hyjießwx yAaneHHnx (cm. pnc. 72),
npeACTaßnneT co6oh npHMyio nnHHbo, KOTopan OKa3WßaeTcn
acHMnTOTOH HeKOToporo ceMencTßa rnnepoon. Yrnoßon kosc})-
(fmnneHT stoh acHMnTOTW paßeH BejinnnHe, o6paTHOH ckopoc-
th vl .

HaKJiOHHO 3ajieraioinHH cjioh

Xoth roAorpac|)w b cnynae HaKnoHHO 3anerabomnx nnacTOß
BwrnnAHT npocTWMH, nonynHTb hx aHajiHTHnecKHe BwpaaceHHH
OTHbOAb He npocTO. npeacAe neM BWBOAHTb c|)opMyny roAorpac|)a,
coo6mnM pe3ynbTaT: b cnynae OTpaacabomen rpaHnnw, HaKnoHeH-
hoh noA ymoM a k ropH3oHTann, ypaßHeHHe roAorpacpa HMeeT bha

? V= 4(>>-ig2 sin2 a +4/z2 cos 2 a. (170)
npn a= 45° ypaßHeHHe (170) HBnneTcn h3bccthwm KoiiycoM
nncparopa, t. e. HMeeT bha t 2 = z2 -\-x2 . Ylpm nponnx 3HaneHHnx a
ypaßHeHHe Bee eme ocTaeicn KOHycoM, ho MeHee npHBWHHWM H3-3a
pacTnaceHHfl ocen.
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PHC. 71. npocTenmaa MOAejib 3eMHon cpeAti:
a—ropH3oHTajn>HO-cnoHCTaa Moaejib; 6— cencMorpaMMa o6meH cpe/iHeH tohkh y0 ; e — pa3pe3
nocToaHHbix yaajieHHH h0

B cnynae cencMorpaMMbi o6inen cpeAHen tohkh AJia y=y 1 Ha
nnocKOCTH (h, t) ypaßHeHHe (170) npHHHMaeT bha t 2 = t%-\-4h 2 /v\.
TaKHM o6pa3oM, He3aBHCHMO ot yrna HaKnoHa rpamm b cpeAe na
cencMorpaMMe o6in,eH cpeAHen tohkh Ha6nK>AaeTcn TOHHan rnnep-
6ona. BnHHHHe yrna HaKnoHa nponßnneTcn b H3MeHeHHH acHMnro-
tw rnnep6onw, t. e. b H3MeHeHHH BennnHHw Kaacymencn ckopocth.
nonyneHHWH pe3ynbTaT nrpaeT 6onbinyio pojib b npaKTHnecKon
cencMopa3BeAKe h h3bcctch KaK nonpaßKa 3a HaKnoH JleBHHa [91]:

(Cy. TaKace pa6oTy [133].) Kopone roßopn, HaKnoH OTpaacaiomnx
TpaHKH npHBOAHT K yBenHHCHHbO CKOpOCTH CyMMHpOBaHHH OTT.

Ha pnc. 73 H3o6paaceHw HeKOTOpwe TpaeKTopHH nynen, coot-
BeTCTßybomne TpaccaM cencMorpaMMbi o6men cpeAHeii tohkh.
3aMeTHM, hto KaacAWH nyn naAaeT Ha HaKnoHHwn nnacT b
pa3nHHHwx TOHKax. nosTOMy cencMorpaMMa o6inen cpeAHen tohkh
He paßHo3HanHa cencMorpaMMe o6men rjiy6nHHOH tohkh. 11to6w
noHHTb noneMy TOHKa OTpaaceHHH nepeMemaeTcn no OTpaacabomen

PHC. 72. MoAejibHbie nccjieAOßaHHa b ycjioßHax BepTHKajibHoro

KOHTaKTa:

a— MO/jejib cpejjbi c iiohth BepTHKajibHbiM KOHTaKTOM; 6— ceficMorpaMMa o6mefi cpeaHeii
tohkh y0

;

e— pa3pe3 Hyjießbix y^ajieHHH

vk= v/cos(ol). (171)
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PHC. 73. TpaeKTopHH jiynen, coot-
BeTCTßyiomne cencMorpaMMe o6men
cpeAHen tohkh

PHC. 74. BpeMa npo6era bojihw ot

MHHMOrO HCTOHHHKa

B

TOHKe

s' AO
ceHCMonpneMHHKa, HaxoAameroca b

TOHKe

g, MO)KHO Bblpa3HTb

C

nOMOLUbK)

3KpaHa KOCHHyCOB

rpaHnne, BcnoMHHM tot cpaKT, hto 6ncceKTpHca yrna b Tpeyronb-
HHKe b o6meM cnynae He AenHT npoTHßononoacHybo CTopoHy
nononaM. TonKa OTpaaceHHH npn yBenHneHHH paccTOHHHH MeacAy
nB n nn nepeMemaeTcn BBepx no BOCCTaHHbo rpaHnnw.

H,

HaKOHen,

AOKaaceM ypaßHeHHe (170). Ha pnc. 74 H3o6paaceHw
Heo6xoAHMwe AJia 3Toro reoMeTpHnecKHe cooTHomeHHn BMecTe c
mhhmwm hctohhhkom, pacnonoaceHHWM Ha Apyroft OTpaacabomen
rpamine, HMebomen b 2 pa3a 6onbniHH yron HaKnoHa. PaAH
yAo6cTBa npHHHTO, hto rpaHHna nepeceKaeT noßepxHocTb Ha6nio-
AeHHn b TOHKe yo =0. /IAHHa npHMoii s'g Ha pnc. 74 onpeAenneTcnc
noMombbo 3aKOHa KoenHycoß H3 TpnroHOMeTpHH n paßHa

a nocneAHee Bwpaacemie npeACTaßnneT co6on ypaßHeHHe (170).
Eme oaho cbohctbo ypaBHeHHH (170) 3aKnbonaeTcn b tom, hto

oho onncwßaeT pa3pe3 npn hoctohhhom yAaneHHH.

Otkjihk orpa'Aaiomeii tohkh

Eme oahhm npocTWM reoMeTpnnecKHM TenoM HBnneTcn OTpa-
acaboinan

TOHKa,

pacnonoaceHHan BHyTpn cpeAbi. BonHa, naAaboman
Ha TOHKy c nbo6oro HanpaßneHnn, oTpaacaeTcn bo Bcex Hanpaßne-
hhhx. YKa3aHHan reoMeTpHn HMeeT oco6o BaacHoe 3HaneHne no toh
npHHHHe, hto nbo6ybo MOAenb MoacHo npeACTaBHTb b BHAe
cynepno3HnHH TonenHbix pacceHßaTenen. Ha pnc. 75 npHBeAeH oahh
H3 npnMepoß, KorAa roAorpac})w HMebOT nponycKH no tcm ace
npHHHHaM, no KOTopwM HeKOTopwe H3 roAorpacJDOß Ha pnc. 71 n 72
npeACTaßnnbOT co6oh HenpepwßHwe npHMbie nHHHH.

TeoMeTpHnecKne cooTHomeHHn AJia cnynan TonenHoro paccen-
BaTenn, pacnonoaceHHoro b (x, z), noKa3aHW Ha pnc. 76. YpaßHeHHe

t 2v2 = s2 +g 2 -2sgcos2oL= (y-h)2 +(y+h)2 -
-2(y-h)(y+h)cos2a. = 2(y2 + h 2)-2(y2 -h 2)(cos2 a-sin2oc) =
=Ay2 sin2 a+ 4/z 2 cos 2 a,
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PHC. 75. Bojihm npn AByx TonenHbix
pacceHßaTejiax:
a— Moaejib cpe^bi c fIByMH tohchhhmh pac-
ceHßaTejiHMH; 6— ceficMorpaMMa o6mefi
cpeaHefi tohkh y 0; e— pa3pe3 nocToaHHbix
yjiajieHHH h0

PHC. 76. TeoMeTpHHecKHecooTHomeHna
npn oahom

ToneHHOM

pacceHßaTene

BpeMeHH npo6era t npeAcraßnaeT co6oh cyMMy AByx nyTen
npo6era BonHbi:

(172)

rinpaMHAa Xeonca

BBHAy BaacHocTH MOAenn TonenHoro pacceHßaTenn He noacaneeM
ycnnHH Ha to, hto6w BH3yanH3npOßaTb cpymcnnoHanbHyio 3aBHCH-
MOCTb MeacAy

/,

z, x, s h g b ypaBHeHHH (172). nonynHTcn pncyHOK
6onee cnoacnwH, neM KOHHnecKoe ceneHHe b cnynae reoMeTpHH
H3nynabomnx rpaHHn.

J\j\% Hanana npeAnonoacHM, hto nepBWH KBaApaTHWH KopeHb b
ypaBHeHHH (172) nocTOHHeH no toh npnnHHe, hto bcc BennnnHw b

noAKopeHHOM BwpaaceHHH coxpaHHbOTcn nocTOHHHWMH. B pe3ynb-
TaTe nonynaeTcn 3HaKOMan rnnep6ona Ha nnocKocTH c KoopAH-
HaTaMH (g, t), OTnHnabomancn nnnib tcm, hto k BpeMeHH
npn6aßneHa HeKOTopan nocTOHHHan. Tenepb npeAnonoacHM, hto
nocTOHHeH ApyroH KBaApaTHwii KopeHb. H CHOBa nonynHM
rnnep6ony Ha nnocKocTH c KoopAHHaTaMH (s, t). Ha nnocKOCTH (s,
g) BpeMH npo6era OKa3WßaeTcn cyMMoii cpyHKUTm ot s h ot g. Tlyrh
BonHbi b 3tom cnynae MoacHo npeACTaBHTb b BHAe BemanKH AJia

nanbTO,

opneHTnpoßaHHOH napannenbHO och s, KOTopan bhcht Ha
ApyroH BemanKe, opneHTHpoBaHHOH napannenbHO och g.

Bha na BepmHHy, o6pa3oßaHHybo BpeMeHaMH npo6era n
Bo3BwmaiomyK)CH HaA nnocKOCTHMH (s, g) Hnn (y, h), noKa3aH Ha
pnc. 77, a. 3aMeTHM, hto ceneHHe stoh «ropw» AJia 6onbmnx
3HaneHHH / npeACTaßnneT co6oii KBaApaT co crnaaceHHWMH yrnaMH.

tv = Jz2 +(s-x)2 + jz2 +(g-x)2.
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PHC. 77. noßepxHOCTHbin roAorpatJ),

onncbißaeMbin

ypaBHeHHeM (172) npn 4>hkch
poßaHHbix x n z (a)
(acapHbiMH jihhhhmh noKa3aHO nojio>KeHHe pa3pe3oß nocroaHHbix yaajieHHii) h pa3pe3 nepe3
noBepxHOCTHbiH roflorpaij) npn 6onbmoM

/

hjih ManoM z (6) (no Ottojihhh)

npn nocTOHHHOM 3HaneHHH / nonynaeTcn KBaApaT Ha nnocKocTH
(s, g), hto h H3o6paaceHo Ha pnc. 77, 6. C anre6paHnecKOH tohkh
3peHHH KBaApaTHOCTb CTaHOBHTcn ohcbhahoh b Tex cjiynanx, KorAa
TonenHwe OTpaacaTenn pacnonarabOTcn B6nn3H ot noBepxHOCTH
Ha6niOAeHHH, t. e. npn z->O. TorAa ypaßHeHHe (172) npHHHMaeT
BHA

U,eHTp KBaApaTa pacnonoaceH b tohkc (s, g) = (x, x). npn Bo3pacTa-
hhh BpeMeHH npo6era / b HanpaßneHHH bhh3 ot ropH3OHTanbHOH
nnocKocTH c KoopAHHaTaMH (s, g) KOHTyp KBaApaTa HanoMHHaeT
cpe3 nepe3 nnpaMHAy ernneTCKoro c])apaoHa Xeonca. npoxaacn-
BaTbcn BOKpyr nnpaMHAW Ha hoctohhhoh BbicoTe 3HanHT npoxa-
acHßaTbcn no KBaApaTy. H Hao6opoT, H3MeHeHHe anbTHTyAw
MapmpyTa no KOopAHHaTe g npn nocTOHHHOH s paBHO npocTO
cyMMe HeKOTopoH nocTOHHHOH h a6conbOTHoro 3HaneHHH 4>yHKnHH.
To ace caMoe Ha6nbOAaeTcn h npn MapmpyTe no KOopAHHaTe s npn
nOCTOHHHOH g.

Bonee HHTepecHWMH h MeHee oneBHAHWMH HBnnbOTcn ronorpa-
c])bi Ha ceiicMorpaMMax o6meH cpeAHen tohkh h Ha och
CHHCpa3HOCTH Ha pa3pe3ax npn nocTOHHHOM yAaneHHH nB— nn.
BcnoMHHM, hto KoopAHHaTa cpeAHen tohkh MeacAy hctohhhkom h
npneMHHKOM o6o3HanaeTcn nepe3 y. BcnoMHHM TaKace, hto h
o6o3HanaeT nonoßHHy ropH3oHTanbHoro paccTOHHHH MeacAy hc-
tohhhkom h npneMHHKOM:

y = (g+ s)/2,..f (174a)
h = (gs)/2. (1746)

vt= \s-x\+ \g-x\. (173)
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PHC. 78. Pa3pe3 nocToaHHbix yAajieHHn HaA cjiynanHO pacnpeAeneHHbiMH Tonen
hhmh paccenßaTejiaMH

MapmpyT y npn hoctohhhom paccTOHHHH h noKa3aH Ha pnc. 77.
/JocTHrnyß na stom MapmpyTe MaKCHManbHon bwcotw, bw
CTynaeTe Ha nnocKybo ropH3oHTanbHybo cTyneHb, HanoMHHabomybo
rHnep6onoHAW c hjiockhmhBepmnHaMH, H3o6paaceHHwe Ha pnc. 75.
CnerKa crnaAHß BepmnHy n pe6pa nnpaMHAw, nonynaeM mo jigjib
rjm cnynan HeHyneßon my6HHw 3aneraHnn OTpaacabomen rpaHnnw.

B cnynae nynen, 6nH3Knx k BepTHKann, roAorpac])w HaxoAHTcn
AaneKO ot acHMnTOT rHnep6onw. Ceftnac KBaApaTHbie kophh
ypaBHeHHH (172) MoacHo pa3naraTb b pnA Tennopa, c nonynemieM
napa6onw BpameHHH. nocneAHee o6bncHneT cpe3aHHe nHKa nn-
paMHAW.

CjiynaHHO pacnpeAeJieHHbie TonenHbie pacceHßaTejiH

Ha pnc. 78 H3o6paaceH cnHTeTHnecKHH pa3pe3 npn nocTOHHHOM
yAaneHHH (PnY), paccnnTaHHWH no MOAenn cpeAw, coAepacamen
OKono 50 cnynanHO pacnpeAeneHHwx TonenHbix pacceHßaTenen.
Bonee no3AHne roAorpac[)w noxoacn Ha rnnep6onw. Y roAorpac|)Oß
Ha Manwx BpeMeHax BepmnHw BbinonoaceHW. MHHHManbHoe BpeMH
BCTynneHHn cooTBeTCTByeT npo6ery no nyny, HanpaßnemioMy
ropn3oHTanbHO ot HCTOHHHKa k npneMHHKy.

Ha pnc. 79 H3o6paaceHa CHHTe3HpoBaHHan noneßan cencMo-
rpaMMa o6mefi tohkh BO36yacAeHHH (cencMorpaMMa OTB), pac-
CHHTaHHan AJia toh ace MOAenn cpeAbi co cnynaimo pacnpeneneH-
hwmh TonenHWMH pacceHßaTennMH. Ot KaacAoro pacceHßaTenn
nonynaeTcn cboh rHnep6onHnecKan ocb cnH(})a3HOCTH. THnep6onw
He CHMMeTpHHHw OTHocHTenbHo neHTpanbHOH tohkh, hx pacnono-
aceHHe TaKace cnynanHO. Ho ohh Bee pacnonarabOTcn noA nHHHHMH
\g—s\ — vt. KaK Ha 6onbmnx, TaK h Ha Manwx BpeMeHax MoacHo
HaHTH rnnep6onw c ocTpwMH BepmnHaMH. OcTpoßepmHHHwe
roAorpac])w, cooTßeTCTßybomne Herny6oKO 3anerabomnM paccenßa-
TennM B6nH3H ot ceHCMonpHeMHHKa, pacnonarabOTcn Bo3ne npn-
MWX \g—s\=Vt.

Ha pnc. 80, a H3o6paaceHa cnHTeTHnecKan ceiicMorpaMMa OCT,
paccHHTaHHan no moacjih cpeAw, coAepacamen BHyTpn OKono
50 cnynanHO pacnpeAeneHHwx TonenHbix pacceHßaTenen. ITocKonbKy
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PHC. 79. CencMorpaMMa o6men tohkh
BO36y>KAeHHa npn Ha6jiiOAeHHax HaA
cjiynaHHO pacnpeAeneHHbiMH pacceHßa-
TejiaMH

PHC. 80. CencMorpaMMa o6men cpeA-
Hen tohkh AJia cpeAbi c cjiynaHHO
pacnpeAeJieHHbiMH TonenHbiMH paccen-
BaTejiaMH (a),

OHa

ace nocne BBOAa
KHHeMaTHHecKHx nonpaßOK (6)

3to cencMorpaMMa o6ineH cpeAHen tohkh, roAorpacf)w chmmct-
pnnHw OTHOCHTenbHO HyneßOH KoopAHHaTw yAaneHHH npneMHHKa
ot HCTOHHHKa. (noneßwe cencMorpaMMbi noHTH HHKorAa He
H3o6paacabOTcn AJia oTpnnaTenbHwx yAaneHHH.) HeKOTopwe och
CHH(])a3HOCTH HMebOT ynnomeHHwe BepmHHW. 3to 3HanHT, hto
cooTßeTCTßybomne pacceHßaTenn pacnonarabOTcn b CTopoHe ot
BepTHKann, npoxoAamen nepe3 cpeAHbObo TOHKy.

BBeAeHne HopManbHoii KHHeMaTHnecKOH nonpaßKH (HKn)
cboahtch k pacTnaceHHbo noneßwx cencMorpaMM no BpeMeHHOH och
c nenbbo BwnpnMneHHH rHnep6ojmnecKHx ocen cHH(pa3HOCTH.
HopManbHan KHHeMaTHnecKan nonpaßKa bboahtch b npeAnonoace-
hhh, hto cnon 3anerabOT ropH3OHTanbHO, ho OHa toahtch h AJia
cnynan, KorAa TonenHwe pacceHßaTenn HaxoAHTcn npnMO noA cpeA-
Hen tohkoh. Ha pnc. 80,5,

noKa3aHO,

hto nonynaeTcn, KorAa Hop-
ManbHwe KHHeMaTHnecKne nonpaßKH bboahtch b ycnoßnnx MOAenn
co cnynanHO pacnpeAeneHHWMH pacceHßaTennMn: oahh och cHHCpa3-
hocth BwnonaacHßabOTcn, Apyrne OKa3bmabOTCH nepecnpnMneHHWMH.

PaccenHHe b npviMOM h oopaTHOM nanpaß.iennnx —
nojiocbi . lapnepa

B HeKOTopwx paiioHax noßepxHocTHwe BonHbi npeo6naAaK)T
HaA none3HWMH OTpaaceHHHMH ot rny6oKO 3anerabomnx rpaHHn,
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PHC. 81. Pa3pe3 OrT c noMexaMH noßepxHOCTHoro nponcxoacAeHna (npojiHß
lllejiexoßa, AjiacKa) [no JlapHepy h AP- ]

npeACTaßnnbomnx reonornnecKHH HHTepec. Bo3HHKabomne npn stom
TpyAHOCTH OCnOaCHHbOTCH TeM o6CTOHTenbCTBOM, HTO noBepxHOCT-
Hwe BonHbi, KaK npaßHno, HeperynnpHw, TaK KaK BepxHnn nacTb
pa3pe3a 6onee H3MeHHHBa no cpaßHeHHbo c HHacHen. Ilpn pa6oTax
Ha cyme BonHw-noMexn noßepxHOCTHoro Tnna HHorAa Ha3WBaK>T
«pacKanKOH rpyHTa», a npn pa6oTax Ha Mope— boahwmh BonHaMH
(He nyTaTb c BonHeHneM boahoh noBepxHOCTH).

B KanecTße

MOAenn,

reHepnpyioineH noßepxHOCTHbie BonHbi-
noMexn, MoacHo B3HTb BepTHKanbHybo OTpaacabomybo CTeHKy Ha
pnc. 72. B TaKon MOAenn BonHbi ocTabOTca B6nH3H ot noBepxHOCTH
Ha6nbOAeHHH. Ecnn B3HTb moAenb co cnynanHO pacnpeAeneHHWMH
BepTHKanbHWMH CTeHKaMH, to MoacHo nonynnTb pa3pe3 npn
HyneßOM yAaneHHH, KOTopwn 6yAeT noxoac na peanbHWH ceHCMH-
necKHH, H3o6paaceHHwn Ha pnc. 81. B KanecTße ApyroH, MeHee
3KCTpeManbHOH MOAenn noßepxHOCTHwx BonH-noMex MoacHo npn-
HHTb roAorpacJiw c htockhmh BepmHHaMH, o6pa3ybomnecn Ann
MOAenn co cnynanHO pacnpeAeneHHWMH TonenHbiMH pacceHßa-
TennMH.

B paccMOTpeHHOH Bwme MOAenn co cnynaimo pacnpeAeneHHW-
MH TonenHbiMH pacceHßaTennMH CKopocTb npeAnonaranacb nocTO-
hhhoh. B peanbHwx reonornnecKHx ycnoßHnx ckopocth noßepxHOCT-
hwx BonH o6whho HMebOT noHHaceHHwe 3HaneHHH, a OTpaaceHHH ot
rny6oKHx rpamm —cpaBHHTenbHO noßwmeHHwe. nocneAHee o6cro-
HTenbCTBO CO3AaeT ycnoßnn AJia HeoacHAaHHoro ycnneHKH noMex.

Onepannn cyMMnpoBaHHH no cnoco6y OTT ycnnHßaeT och
CHH(J)a3HOCTH, COOTBCTCTBybOmne CKOpOCTH CyMMHpOBaHHH (CKO-
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pocTH OTT) n noAaßnaeT och CHHcJ)a3HOCTH c hhwmh ckopocthmh.
nosTOMy MoacHo oacHAaTb, hto cyMMnpoßaHne OrT c 6onee
bwcokhmh, rny6HHHWMH ckopocthmh 6yAeT ocna6nnTb hh3ko-
CKopocTHbie noßepxHOCTHwe BonHbi. noMexn noßepxHOCTHoro
THna He HBnnbOTcn oTpaaceHHHMH ot ropH3OHTanbHO 3anerabo-
nmx cnoeß — ohh 6onbme noxonnT Ha OTpaaceHHH ot BepTH-
KanbHwx hth KpyTO naAaiomnx cnoeß. Ho H3 ypaBHeHHH (171)
cneAyeT, hto HaKnoH rpaHnn npnBOAHT k Bo3pacTaHHbo Kaacy-
mnxcn CKopocTen. nosTOMy h He yAHBHTenbHO, hto b pe3ynb-
TaTe CyMMHpOBaHHH OTT c bwcokhmh ckopocthmh, cootbct-
CTBybomnMH rny6oKHM nacTHM reonornnecKoro pa3pe3a, mo-
ryT ycnnHßaTbcn noMexn noßepxHOCTHoro nponcxoacAeHnn. npaK-
THnecKHe npHMepw nponßneHHH yKa3aHHbix ocnoacHeHHH npe-
KpacHO o6bncHeHw n nponnnbocTpHpOßaHW b CTaTbe JlapHepa
[89].

CKOpOCTH 60KOBWX BOJIH

B ycnoßHHx MenKOBOAbn noMexn MoryT o6pa3oßWßaTbcn b
pe3ynbTaTe paccenmiH BonH Ha 3aTOHyBmeM cyAHe hhh ace npn
OTpaaceHHH ot oKpaHH ocTpoßa nnn anc6epra, pacnonarabomnxcn b
HecKonbKHx KnnoMeTpax b CTopoHe ot cencMHnecKoro npocpnnH.
npeACTaßbTe ce6e, hto no Any MenKOBOAHoro Mopn pa36pocaHW
BanyHw n ohh neacaT He TonbKo no Kypcy Kopa6nn, ho h b CTopoHe
ot Hero. ToAorpacJDW OTpaaceHHH ot BanyHOß 6yAyT npeKpacHO
cornacoßWßaTbCH c MOAenbbo cnynanHO pacnpeAeneHHwx TonenHwx
paccenßaTenen. H3-3a 6onbiunx ajihh cencMHnecKnx BonH HMeio-
nmecn b HanieM pacnopnaceHHH hctohhhkh h npneMHwe cncTeMbi He
no3BonnbOT OTnnnaTb BonHbi, pacnpocTpaHnbomnecn b BepTHKanb-
hoh nnocKocTH npocpnnn Ha6nbOAeHHii, ot BonH, noAxoAnmnx c
60KOBWX HanpaßneHHH.

nycTb b HecKonbKHx KnnoMeTpax c6oKy ot cyAHa HaxoAHTcn
oahh Herny6oKO 3aneraiomHH pacceHßaTenb. TonHee, nycTb no-
Ao6hwh pacceHßaTenb 3aneraeT Ha noBepxHOCTH 3eMnn nepneH-
AHKynnpHO k nHHHH Ha6nbOAeHHH b tohkc, pacnonoaceHHOH
nocepeAHHe MeacAy nyHKTaMH BO36yacAeHHH h npneMa. B 3tom
cnynae cencMorpaMMa OCT 6yAeT npeACTaßnnTb co6oh HAeanbHyro
rnnep6ony, noxoacyio Ha roAorpac]) OTpaaceHHH ot rny6oKOH
rpaHnnw THna H3o6paaceHHOH Ha pnc. 79. nocKonbKy 3Ta rnnep-
6onHnecKan ocb CHH(|)a3HocTH 6yAeT xapaKTepn3oßaTbcn 6onee
HH3KOH CKOpOCTbbO COOTBCTCTBybOmeH CKOpOCTH BOnHW B BOAe,
yKa3aHHan noMexa paccenHHoro THna AonacHa noAaßHTbcn b
pe3ynbTaTe cyMMHpoBaHHn OrT c 6onee bwcokoh CKopocTbbo,
cooTßeTCTßybomeH rny6oKo 3anerabomnM nnacTaM. CneAOßaTenb-
ho, ynoMHHyTwe Bwme «o6pa3ybomne nonocnaTOCTb» pacceHßaTenn
He HaxoAHTcn c6oKy. Ohh AonacHw pacnonaraTbca BAonb npocpnnn
Ha6nbOAeHHH, a He b CTopoHe ot Hero.
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MnrpannoinibiH j.i.ihiic

Eme oaho 3aMenaHHe no noBOAy ypaBHeHHH (172): cnHTaTb
KOopAHHaTy nonoßHHw paccTOHHHH MeacAy hctohhhkom h npneM-
HHKOM h h nonHoe BpeMH npo6era / c])HKCHpoBaHHWMH nocTOHH-
hwmh. TorAa OKaaceTcn, hto reoMeTpHnecKoe mccto Bo3MoacHwx
ToneK OTpaaceHHH 6yneT onncwßaTbcn snnnncoM Ha nnocKocTH c

PHC. 82. MHrpanHOHHbiM 3jumnc

KoopAHHaTaMH (y—y0, z). noneMy hmchho snnnncoM — cneAyeT H3
ero reoMeTpHnecKoro onpeAeneHnn. HapncyeM snnnnc, noMecTHM
nrny b TOHKy s (cm. pnc. 76), a Apyryio b TOHKy g. Cocahhhm nrnw
HHTbbo ajihhoh AOCTaTOHHOH AJia Toro, hto6w OHa npoxoAHna
nepe3 TOHKy (y0, z). 3nnnnc, npoxoAnmnn nepe3 (y0, z), MoacHo
nocTpoHTb c noMonrbbo KapaHAama, CKonb3nmero no hhth,
HaxoAnmeHcn noA HaTHaceHneM. HnTb coxpamieT nonHoe paccTon-
Hne tv nocTOHHHWM (pnc. 82).

BcnoMHHM H3 pa3Aena 1.3, hto oahh H3 mctoaob MHrpannn
pa3pe3oß npn Hyneßwx yAaneminx nn ot nB 3aKnbonaeTcn b tom,
hto KaacAWH OTcneT AaHHbix Ha nnocKocTH c KoopAHHaTaMH (y, t)
Hcnonb3yeTca Ana cynepno3nnHH noAxoAnmen nonyoKpyacHocTH Ha
nnocKOCTb (y, z). Run cnynan HeHyneßwx yAaneHHH OKpyacHocrb
npeßpamaeTca b snnnnc (cm. pnc. 20).

HenpocTO noKa3aTb, hto ypaßHeHHe (172) onncwßaeT snnnnc,
ho 3to BaacHO ajih nocneAybomero aHanH3a.

YpaßHeHHe (172) b npocTpaHCTße (y, h) HMeeT bha

llto6w coKpaTHTb BWKnaAKH, onpeAenHM HOBybo nepeMemiyio y,
KaK paßHybo cTapon, ho CABHHyTybo Ha y

O

. Bbcacm TaKace
cneAybomne o6o3HaneHnn:

tv= y/z2 +(y-y0 -h)2+ 2 +(y-y0 +h) 2. (175)

tv= 2d=2tv, (176a)
a=z2 +(y+h) 2, (1766)
b=z2 +(y-h)2 , (176b)
a-b = 4yh. (176r)

B pe3yjibTaTe ypaßHemie (175) npHHHMaeT bh#

2d=J~a+sfb. (177)
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Bo3BeAeM nocneAHee b KBaApaT h nonynHM HOBoe ypaßHeHHe Mint
C OAHHM KBaApaTHWM KOpHCM!

CHOBa BO3BeAeM o6e nacTH b KBaApaT, hto6w HCKnbonHTb h
nocneAHHH KBaApaTHWH KopeHb:

Hcnonb3yeM onpeAeneHnn AJia a u b

nepeHeceM nneHW c y h z b npaßybo CTopoHy:

M,

HaKOHen,

c yneTOM Bcex
nonynaeM

paHee CAenaHHwx onpeAenemiH

(182)

npn (J)HKCHpOBaHHOM t ypaßHeHHe (182) npeACTaßnneT co6oh
ypaßHeHHe OKpyaCHOCTH, c pacTHHyron ocbbo z. BwnonHeHHwe HaMH
anre6paHnecKHe npeo6pa3oßaHHH noATßepAnnn bwboa o tom, hto
onpeAeneHHH snnnnca c noMonrbio «nronKH c hhtkoh» h «pacTH-
HyToii OKpyacHOCTH» coßnaAabOT (pnc. 83). 3nnnnc MOAennpyeT
cpeAy npn ycnoBHH, hto Ha pa3pe3e npn nocTOHHHOM yAaneHHH
Ha6nbOAaeTcn HMnynbcoHA.

3.3. OuycKaiiue nao.iK) xeHnii (npcuojiaccHHe nojin biiiu) c
HOMOIUbK) ypaBHeHHH C KBa^paTHblMH KOpiIHMH

3aMeHHM cnoco6 H3o6paaceHHH c Hcnonb3oßaHneM H3nynabomnx
rpaHHn 6onee mnpoKHM noAxoAOM — H3o6paaceHHeM no MeTOAy
onycKaHHH Ha6nK>AeHHH. BbmeAeM HOBoe ypaßHeHHe, Ha3w-
BaeMoe ypaBHeHHeM c AByMn KBaApaTHWMn kophhmh (/JKK) h
npeAHa3HaneHHoe jxjisi nonyneHHH H3o6paaceHHH mctoaom onycKa-
hhh Ha6nioAeHHH. Ha3HaneHne ypaBHeHHH /JKK coctoht b
npoAonaceHHH b HHacHee nonynpocrpaHCTßO Bcero ceHCMHnecKoro
Ha6nbOAeHHH nennKOM, h He TonbKO oahhx npneMHHKOB, ho h
hctohhhkob. nocne BWBOAa /IKK-ypaßHemiH ocTanbHan nacTb

4d2 -{a+b)= 2j~ajl). (178)

16d4

-$d

2(a+b) +(a+b)2= 4ab, (179a)
I6d4 -8d2 (a +b)+ (a-b)2 =0. (1796)

16 4̂ -8d2 (2z2 +2j; 2+ 2/*2 )+16y 2/* 2 =0. (180)

d*-d2h 2 = d2 (z 2+y 2 )-y2h 2 , (181a)
d2 (d2 -h2 ) = d2z2 +(d2-h 2 )y2, (1816)

d2 =A?+y2 - ( 181»)

t2v2 =^Hy-yo)2

t2 v2
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PHC. 83. AaHHbie cencMHHecKoro 30HAHpoBaHHa. CKopocTb 3ByKa b BOAe paßHa
1500 m/c. HAeHTHtpHHHpynTe bojihw, noMeneHHbie 6yKBaMH A, B u C. Mto
3to—cencMorpaMMa OTB hjih OCT?

rnaßW 6yAeT nocßnmeHa pa3bHCHeHHbo MnrpannoHHoro npeo6pa-
30BaHHH, cyMMnpoBaHHH OTT, MHrpannn ao cyMMnpoßaHnn OTT,
CKopocTHoro aHanH3a n nonpaßOK 3a naTepanbHwe H3MeHeHnn
CKopocTen Ha H3WKe ypaBHeHHH c AByMH KBaApaTHWMH kophhmh.

TaKHM ypaBHeHHeM HBnneTcn ypaßHeHHe (191). 3Aecb oahh
KopeHb KBaApaTHWH BwpaacaeT KOCHHyc yrna noAxoAa BonHbi,
ApyroH — yron BwxoAa BonHbi H3 HCTOHHHKa. Oahh H3 KOCHHycoB
BwpaacaeTcn nepe3 cpypbe-cocTaßnHboinyio no och cencMonpneMHH-
kob b npocTpaHCTße (s, g, t), t. e. nepe3 k

g

. /Jpyron, coAepacamnn
ks , npeACTaßnaeT co6on cpypbe-cocTaßnHbomybo no och hctohhhkob.

noneßbie cencMOTpaccw HaxoAHTcn b nnocKocTH (s, g). MTO6W
nepenTH b [y, h) — nnocKocTb, Bw6paHHybo cencMO-
pa3BeAHHKaMH-HHTepnpeTaTopaMH— HyacHO coßepmHTb npocTOH
noßopoT. HanpHMep, Ha6nK>AeHHbie AaHHbie MoacHo npeo6pa3oßaTb
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no Oypbe OTHocnTenbHo KoopAHHaT y n h. nocneAybomee
npoAonaceHHe bhh3 6yAeT BwnonHHTbcn c noMombbo ypaBHeHHH
(199), a He (191). CnpaßeAnHßocTb /JKK-ypaßHemiH 3aBHCHT' ot
BbinonHeHHH npnHnnna B3anMHocTH, c paccMOTpeHHH KOToporo mw
h HanHeM.

CeiicMHHecKaH b janvmocib

npHHnnn B3anMHocTH rnacHT, hto ecnn noMeHHTb MecTaMH
hctohhhk h cencMonpneMHHK, to AonacHa nonynnTbCH Ta ace caMan
cencMOTpacca. C c])H3HHecKOH tohkh 3peHHH co6nK>AeHHe B3aHM-
HOCTH COCTOHT B TOM, HTO KaKHMH 6bl CnOaCHWMH HH 6binH CXfeMa
Ha6nK>AeHHH h reoMeTpnnecKHe TpaeKTopnH pacnpocTpaHeHHn
BonH, CKopocTb 3ByKa no nyny OAHHaKOBa no bccm HanpaßneHHHM.

C MaTeMaTHnecKon tohkh 3peHnn npHHnnn B3aHMHocTH o6ocho-
BWBaeTcn TeM, hto 4>H3HHecKHe ypaBHeHHH ynpyrocTH caMoconpn-
aceHw. CMwcn TepMHHa caMoconpaaceHHWH noacHaeTcn b
pa6oTe [53 ], rAe noKa3aHo, hto AHCKpeTH3HpoBaHHwe aKycTnnecKHe
ypaBHeHHH npnBOAHT k cHMMeTpnnHOH MaTpnne Aaace b Tex
cnynanx, KorAa nnoTHOCTb h cacHMaeMOCTb nepeMeHHw no npocT-
paHCTBeHHOH KOopAHHaTe. MaTpnna, o6paTHan nbo6on chmmc't-
Phhhoh, TaKace 6yAeT chmmctphhhoh (oHa Ha3WßaeTcn MaTpnneH
HMnynbCHOH peaKniTH). 3neMeHTw, pacnonoaceHHwe Ha AnaroHarin
MaTpnnw, paßHw MeacAy co6oh. KaacAWH H3 sneMemroß mo6on
napw npeACTaßnneT co6oh OTKnnK Ha HMnynbCHoe Bo3AencTßHe.

OAHa H3 cnoacHocTen co6nbOAeHnn npnHnnna B3anMHOCTH
CBH3aHa c TeM, KaKHM o6pa3oM cneAyeT o6pamaTbcn c HHTepcj)e-
peHnnoHHWMH cncTeMaMH. HanpnMep, y oAHHOHHoro BepTHKanb-
Horo ceHCMonpHeMHHKa HMeeTcn ecTecTßeHHan xapaKTepHCTHKa
HanpaBneHHOCTH. Oh He pearnpyeT Ha pacnpocTpaHnbomnecn no
ropH3OHTanH npoAonbHwe nnn ace no BepTHKann nonepenHwe
BonHbi. /J,nn Toro, hto6w co6nbOAancn npHmmn

B3aHMHOCTH,

xapaKTepncTHKH HanpaBneHHOCTH, onpeAenneMwe cpeAon, He Aonac-
hw H3MeHHTbcn npn nepeMeHe MecTaMH HCTOHHHKa h npneMHHKa.

Abtop OTwcKan b cbohx apxnßax MarHHTorpaMMw, nonyneHHwe
c noMomtio neHTpanbHoii paccTaHOBKH cencMonpHeMHHKOB b

Ha3eMHwx ycnoßHHx, KOTopwe Mornn 6w npoHnnbocTpnpoßaTb
co6moAeHne npnHnnna B3anMHOCTH b noneßwx ycnoßHnx. Pa3pe3
npn nocTOHHHOM yAaneHHH, H3o6paaceHHwn Ha pnc. 84, nonyneH c
npHMeHeHneM BepTHKanbHwx Bn6paTopoß n BepTHKanbHwx ace
ceHCMonpneMHHKOB. CaMH pa6oTw He 6wnn HanpaßneHW Ha
npoßepKy npHHnnna B3aHMHOCTH, nosTOMy BnonHe BeponTHo, hto
nymcTW pacnonoaceHHn hctohhhkob Mornn OKa3aTbcn HecKonbKO
CMemeHHWMH OTHocnTenbHo nyHKTOB npneMa. Bo3MoacHo TaKace h
to, hto reoMeTpnnecKHe napaMeTpw rpynn Ha BO36yacAeHHH h
npneMe cnerKa pasnnnanncb. Yrnw naAeHHH OTpaacabomnx rpaHHn
b cpeAe AJia cnynaa, H3o6paaceHHoro Ha pnc. 84, OKa3anncb oneHb
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PHC. 84. Pa3pe3 nocToaHHbix yAajieHHn (LJeHTpajibHaa

AOJiHHa,

KajincpopHna) [no
llleßpoHy]

PHC. 85. HajioaceHHbie OAHa Ha Apyryio B3aHMHbie cencMOTpaccw

He6onbmnMH, xoth h3bcctho, hto b AaHHOM panoHe ckopocth
MoryT cymecTßeHHO H3MeHHTbcn no naTepann.
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Ha pnc. 85 npnßeAeHw Tpn B3aHMHwe ceHCMOTpaccw. napw
Bw6paHW AJia Manoro, cpeAHero h 6onbmoro yAanemm. MoacHo
y6eAHTbCH, HTO B3aHMHbie CeHCMOTpaCCW o6bIHHO HMebOT OAHHa-
KOBybo nonnpHOCTb, a 3anacTybo h nonTH OAHHaKOBwe aMnnHTyAW.
(noKa3aH nynmnn H3 Tpex noAroTOßneHHbix mhoh pncyHKOB).

Ha KaacAOM H3 cpe3oß npn nocTOHHHOM BpeMeHH (pnc. 86)
MoacHo BHAeTb co6nK>AeHHe npHHnnna B3anMHOCTH AJia MHorax
nap cencMOTpacc. CpeAnan TOHKa nepeMemaeTcn no ropH3oHTann
Ha tom ace HHTepßane, hto h Ha pnc. 84. ropH3oHTanbHan
KoopAHHaTa paccTOHHHH MeacAy nB h nn OTnoaceHa no BepTH-
Kann. B6nH3H ot Bn6paTopoß perHCTpannn He npon3BOAnnacb,
no3TOMy b cepeAHHe o6pa3oßancn pa3pbm. C nenbio CBeAeHHH k
MHHHMyMy BapnanHH, He OTHoenmnxen k AaHHOMy Bonpocy, nepeA
nocTpoeHneM BpeMeHHbix cpe3oß 6wnn BBeAeHw KHHeMaTHnecKne
nonpaßKH. (B neßoft nacTH pncyHKa HaxoAHTcn nponymeHHWH
nyHKT BO36yacAeHHH.) npn npocMOTpe KHHOCpnnbMa, cocTaßneHHoro
H3 KaApoß, aHanorHHHwx pnc. 86, MoacHo y6eAHTbcn, hto AByx-
ctopohhhh cHMMeTpHn, Ha6nbOAaeMan Ha oTAenbHwx KaApax,
xapaKTepHa AJia Bcex BpeMem Otmcthm, OAHaKO, hto Ha6nbOAaeTcn
3HanHTenbHoe OTKnoHeHHe ot npHHnnna B3anMHOCTH Ha cpe3e,
cooTßeTCTßybomeM 1 c (panoH cpeAHen tohkh N° 120).

B na6opaTOpHwx ycnoßnnx npnHnnn B3anMHOCTH noATßepacAa-
eTcn b npeAenax norpemHocTH H3Mepemffl. TonHOCTb co6nioAeHHH
MoaceT 6biTb npocTO npeßoexoAHOH (cm. npnMep YaiiTa b pa6oTe
[53 ]). B noneßwx ycnoßnnx cnpaßeAnnßOCTb npHHnnna B3anMHOCTH
3aBHCHT ot cTeneHH co6nbOAeHHn hco6xoahmwx ycnoBHH. MopCKofi
nHeBMOHCTOHHHK AOnaceH 6blTb B3aHMHWM C MOpCKHM CeHCMO-
npneMHHKOM. npHMeHneMWH npn pa6oTax Ha cyme hctohhhk
yAapHoro Tnna AonaceH 6wTb B3aHMeH c BepTHKanbHWM cencMO-
npneMHHKOM. B pa6oTe [52] npnßeAeHw CBeAeHHH o co6nbOAeHHH

PHC. 86. Cpe3bi Ha BpeMeHax 1 (a) n 2,5 c (6)
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npHHnnna B3anMHOCTH b pa3nHHHbix cencMoreonorHHecKHx ycno-
Bnnx. OKa3WßaeTcn, hto He6onbmHe norpenmocTH b Mecronono-
aceHHH hctohhhkob h npneMHHKOB nerKO MoryT npnßecTH k

pacxoacAeHHHM, npeßwmabomnM bhahmwc eciecTßeHHwe OTKnoHe-
hhh ot npnHnnna B3anMHOCTH. npHBOAHTcn TaKace npnMepw toto,
HTO B3aHMHbie C TeopeTHHeCKOH TOHKH 3peHHH Ha6nbOAeHHH B
AeHCTBHTenbHOCTH OKa3WßabOTcn MeHee B3aHMHWMH, neM 3aBeAOMo
He yAOßneTßopnbomne npHmmny B3aHMHOCTH.

reoMeTpnnecKan cnoacHocTb CTpoeHHH cpenbi He yMeHbuiaer
CTeneHH npHMeHHMOCTH npnHnnna nHHeHHOCTH. no aHanornn c
nocneAHHM yTßepacAeHneM, reoMeTpnnecKan cnoacHocTb CTpoeHHH
cpeAbi He yMeHbmaeT MacmTa6oß npHMeHeHHH npHHnnna B3anM-
HOCTH. npHHnnn B3aHMHOCTH He npHMCHHM K 3ByKOBWM BOnHaM
npn HanHHHH BeTpa. 3ByK pacnpocTpaHnefcn npoTHB BeTpa
MeAneHHee, neM no BeTpy. Ho noAo6Hoe BnnnHHe BeTpa nacro
BCTpenaeTcn npn noneßwx pa6oTax. nocne ecTecTßeHHoro ocna6-
neHHH OTpaaceHHH co BpeMeHeM HanHHabOT npeo6naAaTb noMexn,
KOTopwe He noAHHHHbOTcn npnHnnny B3anMHOCTH. npn AanbHen-
meM H3noaceHHH 6yAeM cnHTaTb, hto npHHHHn B3anMHOCTH b
o6meM npHMeHHM k aHann3y AaHHwx MeTOAa OTpaaceHHbix
ceHCMHnecKHX BonH.

KoHiiennHH onvckainiH Hao.iFoiemrii

KoHnennnn H3nynabomnx rpaHHn no3BonneT cBH3aTb cencMH-
necKne BonHbi, Ha6nK>AaeMwe npn Hyneßwx yAaneHnnx c BonHaMH
Ha yAaneHnnx, BO3HHKabomnMH b pe3ynbTaTe ycnoßHoro B3pbma
OTpaacabomen rpaHnnw. AHanorna c H3nynabomeH rpaHnnen o6na-
AaeT HeKOTopwMH orpaHnneHHHMH, CBH3aHHWMH c naTepanbHWMH
H3MeHCHHHMH CKOpOCTH H MHOrOKpaTHWMH OTpaaceHHaMH, H OAHHM
oneHb cepbe3HWM—KOHnemrnn H3nynabomnx rpaHHn He AaeT otbc-
Ta Ha Bonpoc o tom, okhm o6pa3oM cneAyeT MHrpnpoßaTb cchcmo-
pa3BeAOHHwe MaTepnanw, nonyneHHwe npn HeHyneßwx yAanennnx
npneMHHKa ot HCTOHHHKa. HcnwTWßaeTcn HyacAa b 6onee mnpoKOH
KOHnennHH nocTpoeHHH ceHCMHnecKHX H3o6paaceHHH.

Bo3bMeM AJia Hanana noneßwe cencMorpaMMbi no npocpTMio,
opneHTnpoßaHHOMy BAonb och x. npeAnonoacnM, hto hhcjio

Ha6nbOAeHHH 6ecKOHenHo, npnneM KaacAoe H3 hhx 3aKnbonanocb b
pa3MemeHHH TonenHoro HCTOHHHKa b tohkc s Ha och x h
perncTpanHH OTpaaceHHH c noMombio ceHCMonpHeMHHKOB, pacno-
noaceHHbix bo Bcex Bo3MoacHwx TOHKax g toh ace och. CneAO-
BaTenbHo, b KanecTße Ha6nbOAeHHwx AaHHwx HMeeM BocxoAamyio
BonHy, t. e. AByxMepHybo cJiyHKnHbo KoopAHHaT s h g, HanpHMep,
P(s, g, t). (Kacabomnecn paccMaTpHßaeMoro Bonpoca npaKTHnecKHe
coo6paaceHHn o cpaKTnnecKHx paccronHHHX MeacAy hctohhhkom h
npneMHHKaMH, a TaKace AJinHax paccTaHOBOK, 6yAyT paccMOTpeHw
no3ace b pa3Aenax 3.6 h 4.3.)
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B npeAbiAynmx rnaßax 6wno noKa3aHo, KaKHM o6pa3oM HyacHO
npoAonacaTb bhh3 BOCxoAHinyEO BonHy. npoAonaceHHe b HHacHee
nonynpocTpaHCTßO BoexoAmnen BonHbi no cymecTßy to ace caMoe,
hto n npoAonaceHHe bhh3 ceHCMonpneMHHKOB. Jinn onepannn
npoAonaceHna 6e3pa3nHHHO, rAe BO3HHKabOT BonHbi. Ohh MoryT
HanaTbcn nn6o Ha H3nynabomeH rpaHnne, nn6o Ha noBepxHOCTH
Ha6nioAeHHH, a 3aTeM pacnpocTpaHHTbcn bhh3 h oTpa3HTbcn BBepx.

Mto6w npHMeHHTb KOHnennnbo nocTpoeHHn H3o6paaceHHH no
MeTOAy onycKaHHH Ha6nioAeHHH, HyacHO npoAonacHTb b HnacHee
nonynpocTpaHCTßO KaK hctohhhkh, TaK h npHeMHHKH. HaM yace
H3BecTHO, KaK HyacHO npoAonacaTb bhh3 cencMonpneMHHKH. no-
CKonbKy npnHnnn B3anMHOCTH pa3pemaeT MeHHTb MecTaMH npHeM-
HHKH h hctohhhkh, nonynaeTCH, hto HaM (J)aKTHHecKH H3Becrao,
KaKHM o6pa3oM HyacHO npononacaTb bhh3 h hctohhhkh.

Hctohhhkh h npneMHHKH MoacHo npoAonacaTb bhh3 Ha pa3-
nHHHwe ypoBHH h b nponecce npoAonaceHnaohh MoryT HaxoAHTbca
Ha pa3Hwx ypoßHax, ho b momcht nonyneHnn OKOHnaTenbHoro
pe3ynbTaTa Tpe6yeTcn, hto6w ohh 6wnn Ha oahom h tom ace
ypOBHe. cnoBaMH, ecnn zs—rny6nHa HaxoacAemia HC-
TOHHHKa, a z

g

—rny6HHa HaxoacAeHHa ceHCMonpneMHHKa, to npn
npoAonaceHHH Ha6nK>AeHHH bhh3 Tpe6yeTcn, hto6w Ha Bcex
ypoßHnx z= zs = zg .

no onpeAenemno, H3o6paaceHHeM OTpaacabomen rpaHnnw b
TOHKe (x, z) HBnnbOTcn npaßHnbHoe OTo6paaceHHe hcthhhwx 3Ha-
neHHH HHTeHCHBHOCTH h nonnpHocTH OTpaaceHHa, perncTpHpyeMoro
c noMonibbo 6nnacaHmen napw hctohhhk— npneMHHK. B npeAene
TaKoii napon 6yAyT hctohhhk h npHeMHHK, pacnonoaceHHwe b
oahoh TOHKe Ha OTpaacabomen rpaHnne. BpeMH npo6era y TaKoro
OTpaaceHHH 6yAeT paBHO Hynio. KoHnennrno nocTpoeHnn H3o6pa-
aceHHn MeTOAOM onycKaHHH Ha6nioAeHHH MoacHo KpaTKO Bwpa3HTb
b BHAe paBeHCTBa:

npn HanHHHH AOCTOBepHwx AaHHwx, t. e. yAOßneTßopmonmx
ycnoBHHM, 3anoaceHHWM b mctoa npoAonaceHna b HHacHee nony-
npocTpaHCTßO, npn HyneßOM BpeMeHH npo6era SHeprnn AonacHa
MHrpnpoßaTb b TOHKy c HyneßWM paccToaHHeM MeacAy hctohhhkom
h npneMHHKOM. H3yneHne toh SHeprnn, KOTopan He noAAaeTcn
MHrpannn onHcaHHWM Bwme o6pa3oM, AonacHo cnoco6cTßOßaTb
coBepmeHCTBOBaHHK) MOAenn. YcoßepmeHCTßOßaHne MOAenn cpeAw
o6whho CBOAHTca k yTOHHeHHbo npocTpaHCTßeHHoro pacnpeAenemin
CKopocTen.

KpaTKoe onncanne napaKciia.ibtioro bojihoboto ypaBHeHHH

B pa3Aene 1.5 6wno nonyneHO ypaßHeHHe ajih napaKcnanbHwx
BonH. npeAnonoaceHHe o eAHHCTBeHHOCTH nnocKOH BonHbi 03Ha-

06pa3 (x, z)= BonHa (s =x, g=x, z, t = 0). (183)
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naeT, hto BpeMH BCTynneHHn BonHbi 3aAaHo c noMombbo oahoto
HHcna t(x, z). Ha nnocKocTH c hoctohhhwm 3HaneHHeM z,
HanpHMep Ha noBepxHOCTH 3eMnn, napaMeTp CHennnyca p nojx-
AaeTcn H3MepeHHbo. Oh paßeH

npn pa6oTax b CKBaacHHax AencTßyeT ycnoßHe, cornacHO KOTopoMy
H3MepeHHH AonacHw npoH3BOAHTbca npn nocTOHHHOH x, a 3HaneHHe
H3MepeHHH no BocxoAHinen BonHe HMeeT bha

df__cos9_"_r 1 _( 8t\ 2 l 112

dz v v2 \dx J (1846)

Bocnonb3yeMcn cMemabomnMcn no BpeMeHH Ancpc^epeHnnanbHbiM
ypaBHeHHeM b nacTHbix npoH3BOAHwx n ero pemeHHeM U b BHAe
npOH3BOnbHOH C^yHKHHOHanbHOH 3aBHCHMOCTH:

dU dtdU
¥—&*" (185a)

(1856)

HacTHbie npoH3BOAHwe b ypaBHeHHH (185a) 6epyTcn npn nocronH-
hoh KOopAHHaTe x, t. e. tohho TaK ace, KaK n b ypaBHeHHH (1846).
nocne noACTaHOBKH (1846) b (185a) nonynaeM

dv[ l fdtVl^du
dz _v2 \dx) _ dt ' (186a)

npn (J)ypbe-npeo6pa3oßaHHH BonHOßoro nonn no (x, t) npoH3BOA-
Han d/dt 3aMeHneTcn Ha — zco. no aHanornn c sthm y ABHacymencH
Bojmbi c hapom C>ypbe BHAa exp( —mt+ikxx) nocTOHHCTBo cpa3w
03HanaeT, hto dt/dx —kx/(o. C yneTOM nocneAHero ypaßHeHHe
(186a) npeßpainaeTcn b

du . (\ k 2
x V'2

T7

dz \v 2 co2 /
(1866)

PemeHHH ypaBHeHHH (1866) cornacybotch c pemeHHHMH CKannpHoro
BonHOßoro ypaBHeHHH ao Tex nop, noKa v He craHeT cpyHKnneH z h
b stom cnynae y CKannpHoro BonHOßoro ypaBHeHHH 6yAeT ABa
pemeHHH b BHAe BocxoAamen h naAabomen Bonm B to ace BpeMH
(1866) HMeeT TonbKO BoexoAnmne pemeHHH. B tji. 2 mw Haynnnncb
nepexoAHTb b o6nacTb naTepanbHwx KoopAHHaT nyTeM 3aMeHw ikx
Ha d/dx. nonynabomeecn b pe3ynbTaTe ypaßHeHHe npHMeHneTcn AJia
cynepno3Hn,HH MHoronHcneHHwx noKanbHO-nnocKnx BonH n AJia
yneTa naTepanbHwx BapnanHH CKopocTen v(x).

dt/dx = sir\Q/v=p. (184a)

X

0
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YpaßHeHHe c .tbymh KBaipa nibiMH kopimvm b
npocTpaHCTße hctohhhk — npneMiniK

nycTb cencMonpneMHHKH onymeHW Ha paccTOHHHe dz

g

BHyTpb
3eMHOH cpeAw. H3MeHeHHe BpeMeHH npo6era Ha6nioAaeMOH bocxo-
AHineH BonHbi noAHHHneTCH paBeHCTBy

dt__ n _(dt\ 2 l 112

dzg lv 2 \dg) _ (187a)

hto hctohhhkh 6buiH HHHnHHpoBaHw Ha rny6HHe dzs
BMecTO z=0. TorAa no aHanornn c npeAWAyinHM nonynHM

dt__ [i_/^yi

i/2

dzs lv 2 \ds) (1876)

npn ypaßHeHHnx (187a) h (1876) AonaceH 6biTb OTpnnaTenbHWH
3HaK, TaK KaK npn nepeMemeHHH npHeMHHKOB mm hctohhhkob bhh3
BpeMH npo6era yMeHbmaeTcn.

OnyCTHM HCTOHHHKH H npHCMHHKH OAHOBpeMCHHO BHH3 Ha
OAHHaKOByK) rny6nHy no BepTHKann dz =dz =dzs . H3MeHe-
HHe BpeMeHH npo6era paBHO cyMMe (187a) h (1876), t. e.

(188)

nnn

(189)

nocneAHee BwpaaceHHe npoH3BOAHOH dt/dz MoacHo noACTaBHTb b
ypaßHeHHe (185a):

(190)

TpexMepHoe npeo6pa3oßaHHe <Dypbe npeßpamaeT BocxoAnmyio
BonHy u(t, s, g) b cpymcnnio BHAa t7(co, ks , k

g

). Bwpa3Hß ypaßHeHHe
(190) b KoopAHHaTax <I>ypbe, nonynHM

(191)

BepHeMcn k ypaßHeHHio (191), oahh H3 KBaApaTHbix KopHen
KOToporo npeACTaßnneT co6oii KOCHHyc yrna noAXOAa BonHbi k
ceHCMonpneMHHKaM, AeneHHWH Ha CKopocTb b tohkc npneMa, a
ApyroH —KOCHHyc yrna BwxoAa BonHw H3 HCTOHHHKa, AeneHHWH Ha
CKopocTb b panoHe nHKeTa BO36yacAeHHH. H3 npeAbiAymnx rnaß
HaM

H3BecTHO,

KaK cneAyeT nepexoAHTb b o6nacTb naTepanbHwx
npocTpaHCTßeHHwx KoopAHHaT nyTeM 3aMem>i ikg Ha d/dg h iks Ha

d,=£t

dz-+^dzH^,+Q dz

di= if'i-/—VT^ifl f-YT2laz- {[i;2 \sg/ _ L^2 v^/ _ J

dz
~ lU2 \ft) _ U2 \ Bs ) J i^r

"=-»4H»T+[H;)T>
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d/ds. t4to6w ynecTb H3MeHeHHn ckopocth no naTepann v(x),
cnenyeT pa3nnnaTb CKopocTb b panoHe HCTOHHHKa h CKopocTb b
panoHe npneMHHKOB. TorAa

(192)

YpaßHeHHe (192) h3bcctho KaK ypaßHeHHe c AsyMH KBaApaT-
HWMH KOpHHMH B npOCTpaHCTBe HCTOHHHK npHCMHHK. MoaceT
6wTb, HMeeT 6onbme CMwcna Ha3bmaTb ero ypaBHeHHeM onycKaHHH
Ha6nbOAeHHH, TaK KaK oho KaK 6w onycKaeT bhh3 OAHOBpeMeHHO
hctohhhkh h npHeMHHKH. BcnoMHHB pa3jieii yne6HHKa, nocßHineH-
hwh pacmenneHHbo h nonHOMy pa3AeneHHbo (pa3Aen 2.4), 3aMe-
naeM, hto onepaTopw c AByMH KBaApaTHWMH kophhmh o6naAaioT
KOMMyTaTHBHWM CBOHCTBOM, BbipaacabOmHMCa B TOM, HTO v(s)
nepecTaHaßnnßaeTcn c d/dg. nosTOMy coßepmeHHO 6e3pa3nHHHo,
pa3AenbHo nnn BMecTe npononacaTb bhh3 hctohhhkh h npneMHHKH.

YpaßHeHHe e AByMH KBajpaTHbiMii kophhmh b npocTpaHCTße
«cpeAHHH TOHKa —yAaJieHHO)

npeo6pa3oßaß /JKK-ypaßHemie k BHAy, cooTßeTCTßybomeMy
npocTpaHCTßy c KoopAHHaTaMH «cpeAHnn TOHKa — paccTOHHHe
MeacAy hctohhhkom h npneMHHKOM)), MoacHo BbinennTb H3 Hero
3HaKOMyio HaM nacTb, onncwßabomybo MHrpannoHHoe npeo6pa-
30BaHHe npn HyneßOM yAaneHHH, a TaKace nonpaßKH 3a yAanemie ot
HCTOHHHKa. npeo6pa3oßamie napaMeTpoß Ha6nK)AeHHH (g, s) b
napaMeTpw HHTepnpeTannH [y, h) npon3BOAHTcn c noMombio
COOTHOmeHHH

h =(g-s)/2. (1936)
BpeMH npo6era BonHbi t MoacHo napaMeTpH3oßaTb b npocTpaHCT-
Bax (g, s) nn6o (y, h). B stom cnynae Anc^cpepeHnnanbHwe
cooTHomeHHn nonynabOTcn c noMombbo nenHoro npaßHna BWHHcne-
HHH npOH3BOAHWX:

dt _dt dy dt dh _\ fdt dt\
dg dy dg dh dg 2\dy dh/'
dt _dt dy dt dh _1 /dt dt\
ds dy ds dh ds 2\dy dh)'

(194a)

(1946)

no3HaKOMHBiHHCb c TeM, KaK npeo6pa3ybOTCH npnpameHHH H3
npocTpaHCTßa «hctohhhk — npneMHHK)) b npocTpaHCTBO c KoopAH-
HaTaMH «cpeAHHH TOHKa— paccTOHHHe MeacAy npneMHHKOM h
hctohhhkom)), y6eAHMCH, hto npocTpaHCTßeHHwe nacTOTW npeo6-
pa3ybOTcn b ochobhom TaKHM ace nyTeM. Jlcho, hto ceficMnnecKHe

du-ft(-i(oY . d2 ~\ i > 2 r/-i<o\ 2 d 2 ~\

i/2

}

y= (g+ s)/2, (193a)
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Ha6nbOAeHHH MoacHo nepeBOAHTb H3 npocTpaHCTßa (s, g) b npocr-
paHCTßO (y, h) c noMombio paBeHCTB (193) h b npocrpaHCTßo\ky , kh ) nocpeACTBOM cpypbe-npeo6pa3oßaHHH. Bo3HHKaeT Bonpoc o
tom, KaKOH bha npHMeT ypaßHeHHe C AByMH KBanpaTHbiMH
kophhmh (191), ecnn ero Bwpa3HTb nepe3 npocTpaHCTßeHHwe
nacTOTW [ky , kh ). OnpeAennM noneßwe cencMopa3BeAOHHwe AaHHbie
B 06eHX KOOpAHHaTHWX

CHCTeMax,

KaK

U{s,g)=U'{y,h). (195)
B pe3ynbTaTe 6yAeT BBeAeHa HOBan MaTeMaTHnecKan cpyHKUHH U' c
TeM ace cjnoHnecKHM cmwojiom, hto h U, ho c 6onee yAo6HOH
Bo3MoacHOCTbbo MamnHHoro pacneTa 3HaneHHH (y, h ), neM (s, g).
npHMeHHB nenHoe npaßHno OTWCKaHnn nacTHwx npoH3BOAHwx k
ypaßHeHHbo (195), nonynHM

dU_cydU' dhdU' ,

Q

ds ds dy ds dh

dU_dy dU' dh dU'
dg dg dy dg dh (1966)

C yneTOM cooTHoinemiH (193) ypaßHeHHe (196) 3annmeTcn KaK

dU _\fdU' _dU'\
ds 2\ dy dh J''
dU _\fdU' dU'\
~dg~~2\~cy~ !)h)'

(197a)

(1976)

B o6nacTH cpypbe-npeo6pa3oßaHHH, rAe d/dx nepexoAHT b ikx,
nocjie coKpameHHH in U=U' ypaßHeHHe (197) npnmiMaeT bha

K=\{ky-Kl (198a)

YpaßHeHHe (198) npeACTaßnneT co6oh c])ypbe-npeo6pa3oßaHHe
ypaBHeHHH (197). noACTaBHB (198) b (191), nonynnM ypaßHeHHe
MHrpaunoHHoro npeo6pa3oßaHHn c AByMH KBaApaTHWMH kophhmh
b KoopAHHaTax «cpeAHHH TOHKa— yAaneHHO):

(Bwboa 3Toro ypaBHeHHH HBnnncn ochobhoh nenbboAaHHoro pa3Aena.)
YpaßHeHHe (199) nrpaeT ponb OTnpaßHoro AJia MHorax bhaob

aHanH3a ceiicMorpaMM o6meii cpeAHen tohkh. HHace AaioTcn
HeKOTopwe yAo6Hwe onpeAeneHnn, ynpoinabourne ero BHemHHH bha:

k

g

= \(ky+kh ). (1986)

= _;»|l_(^) 2 J\[l-.(^)2 J'2}[/. (199)
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G = vkg/(a, (200a)

B tji. 1 6wno noKa3aHO, hto BennnHHy vkx/(o MoacHo nponHrep-
npeTHpoßaTb KaK yron BbixoAa BonHbi. CneAOßaTenbHO, cornacHO
hobwm onpeAeneHHHM, S u G HBnnbOTcn CHHycaMH yrnoß Bwxona h
noAXOAa nyna. KorAa cnHycw AOCTHrabOT cbohx npeAenbHwx 3Hane-
hhh + 1, ohh cooTBeTCTBybOT Han6onbmHM HaKnoHaM b KoopAHHa-
Tax (s, t) h (g, t). no aHanornn, cpyHKnino Y Moamo HCTonKOBaTb
KaK yrnoßOH Ko3cf)c])HnHeHT ropH3OHTOB, Ha6nbOAaeMwx Ha cchcmh-
necKHx pa3pe3ax.BennnHHa H paßHa npHparnemno BpeMeHH, Ha6nbo-
AaeMOMy Ha cencMorpaMMeo6men cpeAHen tohkh. C yncroM nocneA-
hhx onpeAeneHHH ypaßHeHHe (199) CTaHOBHTcn MeHee tpomo3akhm:

BonbmHHCTBO coßpeMeHHwx nponeAyp MHrpanHOHHoro npeo6-
-pa3oßaHHn ao cyMMHpoBaHHH no OTT MoacHo npoHHTepnpeTHpo-
BaTb c noMomtK) ypaBHeHHH (201). npn ero nocneAyioineM aHann3e
mw o6bncHHM orpaHnneHHH, npHcymne TpaAHnHOHHWM cnoco6aM
o6pa6oTKH, h npeAnoacHM Mepw no hx coßepnieHCTßOßamno.

> npa'/KMCHne

npeo6pa3ynTe ypaßHeHHe (199) TaKHM o6pa3oM, hto6w oho ynHTbißajio
pa3HHHHe b cKopocTax okojio

HCTOHHHKa

h npneMHHKa.

3.4. Cmucji ypaBHeHHH c ;ibvmh Kea^paTHbi\in kophhmh
YpaßHeHHe c AByMH KBaAparawMH kophhmh, nonynemioe b

npenwAymeM pa3Aene, HenerKO noHHTb, TaK KaK oho npeACTaßnneT
co6on onepaTop, AeHCTßybomnn b neTwpexMepHOM npocTpaHCTße
(z, s, g, t). Mw 6yAeM H3ynaTb ero npaKTnnecKH, npeAnonaran, hto
naTepanbHwe BapnanHH ckopocth oTcyTCTBybOT. B KanecTße hcxoa-
HWX BO3bM6M ypaBHeHHH

Oahh H3 cnoco6oß orpaHHnemiH ypaBHeHHH (2026) coctoht b
tom, hto6w nonoacHTb //=O. TorAa o6a KBaApaTHbix KopHH CTaHyT

S=vka/(D, (2006)
Y=vky /2m, (200b)
H=vkh/2(o. (200r)

%=~[>/l-(Y+H)2+y/l-(Y-H )2 ~\U. (201)

+ >/T^F)c/, (202a)

dfz =^U^-(Y+HY+J\-(Y-Hf)U. (2026)

Miii'paiiiin npn iiyicbom yAaneHHH (^=o)
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oAHHaKOBWMH h hx MoacHo 6yAeT o6bacHHTb, nonynHß 3HaKOMOe
napaKcnanbHoe ypaßHeHHe

(203)

B o6ohx nacTHx ypaBHeHHH (203), TAe noHBnneTCH CKopocTb
cencMHHecKOH BonHbi b nopOAe, OHa AenHTcn Ha 2. KaK h3bcctho,
CKopocTb b noponax HyacHO AennTb nononaM ajih Toro, hto6w
noneßwe Ha6nK>AeHHH cooTBeTCTBOBann MOAenn H3nynabomnx
rpaHHn. nosTOMy, nonaran H=o, npnxoAHM k TOMy ace ypaßHe-
HHbo MHrpannoHHoronpeo6pa3oßaHHH, KOTopoe ncnonb3oßanocb b
rn. 1. /^pyrHMH cnoBaMH, npnpaßHHßaH H k Hynbo, mw OToacAecT-
BnneM KOHnennnio onycKaHHH Ha6nK>AeHHH n KOHnennnbo H3ny-
nabomnx rpaHHn.

KorAa mw HMeeM Aeno c KOopAHHaTOH yAaneHHH h, o6whho
AenaeM npeAnonoaceHHe o tom, hto cpeAa ropn3oHTanbHO cno-
HCTaa, h nosTOMy pe3ynbTaTW noneßwx Ha6nK>AeHHH He AonacHw
3aßHceTb ot KoopAHHaTw cpeAHen tohkh y. B cnynae ropH3OH-
TanbHo cnoHCTOH MOAenn cpeAw cpypbe-npeo6pa3oßaHHe Bcex
Ha6nK>AeHHwx AaHHwx no KOopAHHaTe y o6painaeTcn b Hynb
BcerAa, 3a ncKmonemieM ky =0, nnn, ApyrHMH cnoBaMH, y= 0.
H cHOBa o6a KBaAparawx KopHH b ypaBHeHHH (202) craHOBHTcn

OAHHaKOBWMH,

a pe3ynbTHpybomee ypaßHeHHe—napaKcnanbHWM:

(204)

Bocnonb3oßaßmHCb nocneAHHM ypaBHeHHeM AJia npoAonaceHHn
rnnep6onnnecKHx ocen CHH(J)a3HOCTH bhh3 c noBepxHOCTH 3eMnn,
o6HapyacHßaeM, hto ohh c rny6HHOH coKpamabOTca ao Tex nop,
noKa He 6yAeT AOCTHmyTa HaAneacaman rny6HHa, Ha kotopoh
(J)OKycHpOBKa oKa3WßaeTca HaHnynmen. CKa3aHHoe AeMOHCTpnpyeT-
ch pnc. 87.

Hannynman cJ)OKycHpoBKa BonH AOCTHraeTcn npn HyneßOM
yAaneHHH npneMHHKa ot HCTonmnca. <E>oKyc npeACTaßnneT co6oh
npoAonaceHHoe bhh3 ao OTpaacabomen rpaHnnw Ha6nioneHHe.
OTpaaceHHe HMeeT Han6onbmybo aMnnHTyAy npn HyneßOM 3Hane-
hhh BpeMeHH npo6era, t. e. KorAa hctohhhk h npHeMHHK
coßMecTHnncb Ha OTpaacabomen rpannne. Oahh H3 cnoco6oß
noAaBneHHH noMex— onpeneneHne 3HaneHHH aMnnHTyAW npn Hyne-
BOM yAaneHHH b momcht t=0, 6e3 yneTa Apyrnx yAaneHHH.
(OaKTHHecKH sto oahh H3 cnoco6oß onpeAeneHHH noMexn.)
B nepBOM npH6nnaceHHH yKa3aHHbm nponecc cboahtch k TpaAH-
nnoHHOH nponeAype cyMMHpOBaHnn no rHnep6onnnecKHM TpaeKTO-

dU .2 L v2k2
T— = —/co- / 1 f C/.az nv 4co2

CyMMuposaHHe npn HyneßOM HaKJiOHe (Y—o)

dU . 2 v2k 2

—= -jco- / 1 -U.
dz v v 4a>2
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PHC. 87. CencMorpaMMbi OCT .zjjia TpexcjioHHOH Moaejin. Ha Ka/ipax noKa3aHbi
pe3yjibTaTbi npoziojiaceHHa bhh3 Ha nocJie/joßaTejibHbie rjiy6nHbi, Ha KOTopwx
aocTHraeTca Hanjiynmaa (J)OKycHpoßKa OTpaaceHHH npn z =vt 1 (a), z=vt2 (6), z =vt3
(b); t' =t + z/v

pHHM, BbinonHHeMOH no HCXOAHWM AaHHWM. ECTeCTBeHHO, HTO
pe3ynbTaT cyMMHpoBaHHH 6yAeT HannynrnHM b tom cnynae, KorAa
Hcnonb3yeMan npn npoAonaceHHH bhh3 CKopocTb coßnaAaeT co
CKopocTbbo b cpeAe. Hnace AJia onpeAeneHHH CKopocren: 6yAyT
Hcnonb3oßaTbcn ynaneHHwe Ha6nbOAeHHH.

Tpa.tininoniiaH o6pa6oTKa KaK pai icibnan ainipoKcnMainia

OnpeAennM onepaTop c AByMH KBaApaTHWMH kophhmh (AKK-
onepaTop) KaK onepaTop, 3aKnboneHHWH b cko6kh b ypaBHeHHH
(2026):

B npocTpaHCTße Oypbe npoAonaceHHe bhh3 npon3BOAHTcn c
noMombbo onepaTopa exp(/coi;~ 1/I,KKz).npn pa6oTe c TaKHM onepaTopoM BO3HHKaeT cepbe3Hoe
3aTpyAHeHne —oh lie AenHTcn Ha cnaraeMwe-onepaTopw, oahh H3
KOTopwx 6wn 6w onepaTopoM b npocTpaHCTße ynaneHnn, a
Apyron — b npocTpaHCTße cpeAHnx ToneK. B AaHHOM kohtckctc
noHHTne «HeAennMOCTH» o3HanaeT, hto b pa3noaceHHH b pan
Tennopa cpyHKnHH (205) conepacaTca nneHw Bnna Y2H2 . TaKHe
nneHW pnna Henb3H Bbipa3HTb b BHAe cyMMW c|)yHKnHH ot Y h
ot H. Cbohctbo HeAennMOCTH HenpneMneMo ajih o6pa6oTKH
cencMopa3BeAOHHwx MaTepnanoß n 03HanaeT, hto nponeAypw
MHrpaunoHHoro npeo6pa3oßaHHn n cyMMHpoBaHHH OTT AonacHW
BwnonHHTbcn OAHOBpeMeHHO, a He nocneAOßaTenbHO. Eahhctbch-

AKK(r, H) = yJ\-(Y-H)2 +y/\-(Y+H)2 . (205)
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hwm nyTeM BoccTaHOßneHHn a6coniOTHOH pa3noacHMOCTH onepaTo-
pa (205) Ha cnaraeMbie HBnneTcn Bo3BpaT b npocTpaHCTßo c
KOOpAHHaTaMH S H G. (nOCJTCAHee CBH3aHO C OTXOAOM OT
TpaAHnnoHHWx noAxoAOB k o6pa6oTKe. no3ace mw BepHeMcn k
3TOMy.)

PaccMOTpnM BKpaTne o6mne Bonpocw npo6neMW pa3AeneHHH
onepaTopoß Ha cnaraeMbie. Ohcbhaho, aocthhb pa3AenbHOH an-
npoKCHMannn onepaTopa \—X2—Y2 MoacHo, pa3naran ero b
pnA Tennopa c nocneAyboiniTM OT6pacwßaHHeM Bcex B3anMHwx
nneHOB. Bonee xHTpoyMHWM npn6nHaceHHeM cnenyeT cnHTaTb
pa3noaceHHe BHAa yjf 1—X2 4-^/1 —Y2—1, KOTopoe tohho coßna-

AaeT co bccmh 3HaneHHHMH Y, KorAa X=o, n co bccmh 3HaneHHHMH
X, KorAa Y=Q. npnMeHHB CKa3aHHoe k /JKK-onepaTOpy, nonynaeM

3Aecb a66peßHaTypon PAO o6o3HaneHa «pa3AenbHan annpoKCHMa-
nnn onepaTopa». 3aMeTHM, hto npn H=o ypaßHeHHe (206)
npeßpaniaeTcn b onepaTop c AByMH KBanpaTHWMH kophhmh. npn
Y— 0 oho TaKace npeßpamaeTcn b ,/J,KK-onepaTOp. Jliniib Korna H n
Y He paßHw Hynbo, ypaßHeHHe (206) oTnHnaeTcn ot ypaBHeHHH
(205).

Pa3AeneHne ypaBHeHHH (206) Ha cyMMy Tpex onepaTopoß
o6naAaeT npeHMymecTßOM, aHanornnHbiM TOMy, KOTopoe o6ecne-
HHBaeTcn AByxMepHWM hapom Oypbe BHAa exp(ikyy+ ikhh), HMe-
bOmHM cf)a3OBWH CneKTp, KOTOpWH MoacHo npeACTaBHTb B BHAe
cyMMW AByx nacTen. nocnenHee o3HanaeT, hto noA HHTerpanoM
Oypbe MoryT 6biTb nn6o y, nn6o h. nosTOMy npoAonaceHHe bhh3 c
noMombio ypaBHeHHH (206) MoacHo npoH3BOAHTb b o6nacTH c
KoopAHHaTaMH (kh , ky ), hto cneAyeT H3 (2026), nn6o ace MoacHo
o6paTHTbcn k npeo6pa3oßaHHbo Oypbe b o6nacTH c KoopAHHaTaMH
(h, ky ) (kh , y) nnn (y, h), npn6erHyß k cooTBeTCTByioinHM «Bno-
aceHHWM onepannnM».

Yao6ho AaTb yace H3BecTHwe HaHMeHOBaHna BceM TpeM
cnaraeMWM ypaBHeHHH (2066). nepßoe CBH3aHO c npeo6pa3oßaHHeM
BpeMeH b my6nHw (BT), BTopoe c Mnrpannefi (MHT) h TpeTbe— c
BBeAeHHeM HopManbHwx KHHeMaTHnecKnx nonpaßOK (KMH):

AnnpoKCHMannbo (206) MoacHo HCTonKOBaTb KaK «CTaHAapT-
Hybo o6pa6oTKy». nepBWM 3TanoM npn craHAapTHon o6pa6oTKe
ceHCMopa3BeAOHHbix AaHHwx HBnneTcn bboa HopManbHwx KHHeMa-
THnecKHx nonpaßOK. CoAepacanmHCH b (206) onepaTop BBOAa
KHHeMaTHnecKHx nonpaßOK npoAonacaeT b HnacHee nonynpocT-
paHCTßO Bee 3HaneHHH yAaneHHH Ha noBepxHOCTH 3eMnn ao Bcex

PAO(F, H) =2+ [RKK(Y, 0)-2] + [ZJKK (0, H)-2], (206a)
PAO(F, H) = 2[l^(y/l-Y2-l)+ (y/l-H 2-l). (2066)

PAO (Y, i/) =Br+MHr(F)+KHH(//). (206b)
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3HaneHHH yAaneHHH Ha rny6HHe. Bw6op Hyneßoro yAaneHHH
cboahtch k oT6pacwßaHHio bccx npoHHx yAaneHHH. KaK h b cnynae
cyMMHpoBaHHH OTT no yAaneHHHM, Bw6op Hyneßoro yAaneHHH
yMeHbmaeT o6beM paccMaTpHßaeMwx AaHHbix.

KaK npaßHno, OT6pomeHHwe yAaneHHH He noAßeprabOTCH
MHTpannoHHOMy npeo6pa3oßaHHbo. (KaK BapnaHT, coßepmeHHan
nponeAypa H3MeHemiH CKopocTen cyMMHpoBaHHH OTT nocne
MHrpanHH CBH3aHa c MHrpanneH HecKonbKHx yAaneHHH, 6nH3KHX k
HyneßOMy.)

nocKonbKy Bee cnaraeMbie b PAO-onepaTope MoacHo MeHHTb
MecTaMH, 6wno 6w hcskohomho nonb3oßaTbcn hm AJia MHrpannn
Bcex yAaneHHH nepeA cyMMnpoßaHneM OTT. nojiynabomnncH npn
3tom pe3ynbTaT AonaceH 6wTb hachthhhwm pe3ynbTaTy MHrpa-
HHOHHoro npeo6pa3oßaHHH nocne cyMMHpoBaHHH OTT.

BcnoMHHM pa3nHHHwe bhaw onepaTopa npnpameHnn 2H/v:
pacneT nyneßOH TpaeKTopHH dt/dh; Oypbe kh /(o; An4) 4)ePeHimajll>Hoe

ypaßHeHHe b nacTHwx npoH3BOAHbix dl
h — dt—.

oc
H3 npHHnHna B3aHMHocTH cneAyeT, hto BpeMH npo6era

OTpaaceHHOH BonHbi HBnneTcn chmmctphhhoh (J)yHKnHeH yAaneHHH h
nosTOMy npoH3BOAHan dt/dh o6pamaefcn b Hynb b TOHKe h=0.
B AaHHOM KOHTeKCTe KaaceTca BnonHe yMecTHWM npHMeHHTb
ypaßHeHHe (203) k pa3pe3aM npn Hyneßwx yAaneHnnx. TonHee
roßopn, nyneßoe BwpaaceHne dt/dh CTporo npHMemiMO TonbKO npn
HanHHHH OAHHOHHOH nnOCKOH BOnHW. C(J)epHHeCKHe CJ)pOHTW BonH
o6pa3ybOTca nyTeM cynepno3HnHH nnocKnx Bonm B stom cnynae
c|)ypbe-HHTepnpeTanHH BennnHHw H cTaHOBHTcn 6onee noAxoAHinen.
Ecjih nonoacnTb co =0, to 3to 6yAeT paBHO3HanHO Bw6opy
cocTaßnabomen c Hyneßon nacTOTon, t. e npocToro HHTerpana
ceHCMHnecKOH Tpaccw. Ecnn nonoacnTb kh =0, to 3to 6yAeT
paBHO3HanHo Bw6opy cocTaßnabomen c Hyneßofi npocTpaHCTBeHHOH

nacTOTon,

t. e. HHTerpana no yAaneHHHM. TpaAnunoHHoe cyMMH-
pOBaHne OTT MoacHo onpeAennTb KaK HHTerpnpoßaHHe (nnn
cyMMnpoßaHne) no yAaneHHHM BAonb rnnep6onHHecKOH och chh-
(J)a3HOCTH. npocToe npHpaBHHBaHHe kh = Q npeACTaßnneT co6on
Bw6op ropH3OHTanbHOH rnnep6onHHecKOH och CHHCpa3HOCTH, t. e.
roAorpacpa c 6ecKOHenHO 6onbmon CKopocTbbo. npn TaKOM
HHTerpnpoßaHHH ochobhoh BKnaA bhocht BepmHHHan nacTb rn-
nep6onnnecKoro roAorpacpa Ha6nbOAeHHwx AaHHbix, t. e. Ta ero
nacTb, Tj\e och CHHCpa3HocTH Ha6nbOAeHHH KacabOTcn ropH3oHTanb-
hoh nHHHH HHTerpHpoBaHHH. (HcTopHHecKH nonyHHnocb TaK, HTO
noAo6Hybo cyMMy AaHHwx nacTO Ha3WBabOT BepTHKanbHOH.) Bonb-

Pa3JiHHHbie 3HaneHHH ycjiobhh H=o
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PHC. 88. CencMorpaMMa, nojiyneHHaa npn Ha3eMHbix pa6oTax (a) h cooTBeTCTByio
inaa eii 30Ha OpeHejia (6)

man nacrb nonHoro HHTerpana onpeAenneT neHTpanbHybo 30Hy
OpeHenn, noHHTne o KOTopon naHO b pa3Aene 1.2. Ha pnc. 88
H3o6paaceHa 30Ha OpeHenn, H3BneneHHan H3 Ha3eMHon noneßon
cencMorpaMMbi. Cyna no pnc. 88, b HHTepßane OKono 1 c
Ha6nbOAabOTcn HecKonbKo nacTOT. B HHTepßane Meacny /=l,oc h
/=l,l c Ha6nbOAabOTcn ABa nepnoAa HH3KonacTOTHwx Kone6aHHH n
OKono nnTH BwcoKonacTOTHwx. CaMwe bwcokhc nacTOTW onpe-
AennbOT npeAen cencMnnecKon pa3pemabomeH choco6hocth. B
HHTepßane Meacny Oh lc Ha6nbOAabOTca OKono 100 nonynepnonoß
BwcoKonacTOTHbix Kone6aHHH, xapaKTepH3ybomnx oAHOceKyHAHbie
nepnoAw ceHCMHnecKHX Kone6aHHH. 3to 3HanHT, hto Ha nbo6oM
BpeMeHH HaHßwcman rapMomnca, HMeboman 3HannMybo npocT-
paHCTßeHHybo KOppennpyeMOCTb, HMeeT nonynepnon, paBHWH npn-
6nn3HTenbHO 1/100 nonHoro BpeMeHH npo6era. MoacHo

CKa3aTb,

HTO KO3(J)4)HnHeHT AO6pOTHOCTH OCaAOHHOrO Hexna 3CMHOH Kopw Q
nacTO npHHHMaeT 3HaneHHa, 6nH3Kne k 100. no3TOMy yron, o
kotopom mw ynoMHHann Bwme, paBCH cos 8°= 0,99.

C TeopeTHnecKOH tohkh 3peHHH rnaBHWMH pa3nnHHHMH Meacny
pa3pe3oM npn Hyneßwx ynaneHHax n BepTHKanbHOH cyMMOH
HBnnbOTcn aMnnnTyAHwe n He6onbmon (J)a3OBWH cAßnr. Manoße-

POhtho,

hto Ha npaKTHKe pe3ynbTaTW hx MHrpannn 6ynyT 3aMeTHO
pa3nHnaTbcn. Bwno 6w npeKpacHO, ecnn 6w HaM yAanocb oTwcKaTb
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ypaßHeHHe AJia npoAonaceHHH bhh3 TaKnx AaHHbix, KOTopwe
OTCyMMHpOBaHW CO

CKOPOCTHMH,

OTnHHabOIJTHMHCH OT 6eCKO-
HenHon.

npnpaßHHßaHHe H=o npn pa6oTe c AHcfK^epeHnnanbHWMH
ypaBHeHHHMH B HaCTHWX npOH3BOAHWX HAeHTHHHO ycnoßHbo He3a-
BHCHMOCTH CKOpOCTH OT ropH3OHTanbHOH KOOpAHHaTW npH pa6oTe
b o6nacTH Oypbe. B hhwx cnynanx Ancp^epemmanbHwe ypaBHeHHH
b nacTHwx npoH3BOAHbix o6ecnenHßaK)T HecKonbKo 6onee o6ihhh
noAxoA. KoHKpeTH3npyn paccMaTpHßaeMwn Bonpoc, ho H36eran
npn 3tom KorepeHTHon HHTepcpepeHnnH, ypaßHeHHe (202) MoacHo
Bwpa3HTb b BHAe 15-rpaAycHoro MHrpamioHHoro npeo6pa3oßaHHn
b 3ana3AWßabomnx npocTpaHCTßeHHbix KOopAHHaTax:

g . i (a 2
i. d2 X] Tr-o

dz -m\dy2 dh2 ]] (207)

npoHHTerpHpyeM nocneAHee ypaßHeHHe no KOopAHHaTe yAane-
HHH h. HHTerpan KOMMyTaTHBeH c AncjicpepeHnHanbHWMH onepa-
TopaMH. Yhtcm, hto HHTerpan npoH3BOAHOH paßeH pa3HOCTH
3HaneHHH c^yHKnnH npn BepxHeM h HHacHeM npeAenax, n nonynHM

(208a)

BonHa nonacHa o6paTHTbca b Hynb Ha 6ecKOHenHOM
yAaneHHH. B Hynb o6paTHTcn h ee npon3BOAHan no ropH3OH-
TanbHOMy yAaneHHbo. HTaK, nocneAHHH nneH b (208a) AonaceH
o6paTHTbca b Hynb. CneAOßaTenbHO, ycnoßne //=0 03HanaeT, hto

3aTpyAHeHHe npn BWBOAe ypaBHeHHH (2086) 3aKnbonanocb b tom,
hto ABaacAW npeAnonaranacb He3aBHCHMOCTb ckopocth ot Koop-
AHHaTw yAaneHHH —nepBWH pa3, KorAa H3 ypaBHeHHH (207) 6wn
HCKnboneH nneH tohkoh nHH3w h BTopofi, KorAa onepaTop HHTerpn-
poßaHHH no KOopAHHaTe yAaneHHH 6wn 3aMeHeH Ha onepannbo
yMHOaceHHH Ha CKOpOCTb. EcnH CKOpOCTb 3aBHCHT ot ropn3oHTanb-
HOH KOOpAHHaTW X, 3HaHHT OHa o6n3aTenbHO 3aBHCHT OT KOOpAH-
HaT cpeAHen tohkh h nonoBHHW paccTOHHHH Meacny npneMHHKOM h
hctohhhkom. B 3aKnbOHeHHe cKaaceM, hto ecnH b npeAenax 30hw
OpeHena CKopocTb mchhctch

MeAJieHHO,

to ycnoßne H=o o6ecne-
HHBaeT npnMeHHMOCTb ypaBHeHHH AJia npoAonaceHna b HnacHee
nonynpocTpaHCTßO BepTHKanbHo OTcyMMHpoßaHHbix Ha6nK>AeHHH.

KocHHYCHbie nonpaßKH KnenioHa

CymecTßyeT TeHAeHnna CBH3WBaTb cnHyc yrna HaKnoHa OTpa-
acabomen rpaHnnw c KOopAHHaTOH y, a CHHyc yrna naAeHHH

\dz -m%dy2 )yi ' -fog £*»._.

(napaKcnanbHbm onepaTop) (BepTHKanbHan cyMMa) =0. (2086)
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PHC. 89. TeoMeTpHHecKHecooTHouieHHa
AJia cjiynaa HaKjioHHoro njiacTa. OrMe-

thm,

hto 6ncceKTpHca yrjia 20 He
npoxoAHT nepe3 cpcmnoio Meac/jy g n s
TOHKy

npneMHHKa ot HCTOHHHKa— c KoopAHHaTOH H. HecMOTpn Ha to,
hto cKa3aHHoe b o6meM cnpaßeAnnßO, ecTb Heo6xoAHMocTb b
cymecTßeHHon nonpaßKe. PaccMOTpnM HaKnoHHybo OTpaacaboinyK)
rpaHHny (pnc. 89). Yron ee naAeHHH o6o3HanHM nepe3 a, a
yAaneHHe npneMHHKa ot HCTOHHHKa Bwpa3HM nepe3 TaK Ha3bi-
BaeMwii yron yAaneHHH p. KneHTOH noKa3an, n sto 6yAeT AOKa3aHo
Hnace, HTO

npn Manwx nonoacnTenbHwx nnn OTpnnaTenbHwx yrnax 3Ha-
neHHHMH KOCHHycoB MoacHo npeHe6penb n TorAa MoacHo CBH3WBaTb
CHHyc yrna naAeHHH rpaHHn c Y, a cHHyc yrna yAaneHHH c H. npn
yrnax yMepeHHOH BennnHHw hco6xoahmo bhochtb KociraycHyio
nonpaßKy. npn yrnax, npeßwinaboniHx 45°, nyBCTBHTenbHOCTH
MeHHbOTcn Ha o6paTHwe h TpaAHnnoHHwe npeACTaßneHnn CTaHO-
bhtch npHMO npoTHßononoacHWMH hcthhc MnTaTenb AonaceH
ocTeperaTbca Tex Hec|)opManbHbix paccyacneHHH, KOTopwe npocTO
CBH3WBabOT Y c yrnoM naAeHHH rpaHnnw, a H—co CKopocTbbo.«nonocw JlapHepa», AeMOHcrpHpoßaßniHecH b pa3Aene 3.2, hb-
nnbOTcn npHMepOM CMemeHnn 3(J)cJ)eKTOB ot yrna naKnona rpaHnnw
h yAaneHHH npneMHHKa ot HCTOHHHKa. B caMOM Aene, npn
6onbmnx yrnax HaKnoHa rpaHHn o6wHHyio nponeAypy onpeAeneHHn
CKopocTen no H cneAyeT KaKHM-TO o6pa3oM H3MemiTb, hto6w
ncnonb3oßaTb AJia 3thx nenefi Y.

/],OKaaceM cnpaßeAnnßOCTb cooTHomeHHn (209). Yron BbixoAa
BonHbi H3 HCTOHHHKa o6o3HaHHM Hepe3 js , a yron naAeHHH BonHbi
Ha ceHCMonpHeMHHK nepe3 y

g

. CHanana CBnaceM ys hy

g

coc n p.
CnoacHß yrnw MeHbmero H3 nocTpoeHHwx TpeyronbHHKOß, no-
nynaeM

(7u/2-ys-a)+ p +7c/2 =7i, Ys = P-a. (210a)
CnoacHß yrnw 6onbmero TpeyronbHHKa, nonynHM

Hto6w npaßnnbHO CBH3aTb yrnw b cpeAe a n P c rpaAHeiiTaMH
BpeMeHH Ha noBepxHOCTH 3eMnn dt/ds n dt/dg, Hyacno ocTopoacHO

7=sinoccosP, (209a)
//=sinpcosoc. (2096)

Y, = P +ol (2106)
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o6painaTbca co 3HaKaMH, noMHH, hto BpeMH npo6era bohhw pacTeT
npn nepeMeineHHH cencMonpneMHHKa Bnpaßo n yMeHbmaeTcn npn
nepeMemeHHH Bnpaßo nyHKTOB Bo36yacAeHna. C yneTOM ypaBHeHHH
(198) h (200) H3 pa3Aena 3.3 h onpeAeneHnn Kaacymnxcn yrnoß Y
n H, nonynnM

CnoacHß nocneAHne cooTHomeHHn h 3aTeM bwhth oaho H3 Apyroro,
a TaKace Bocnonb3oßaßinncb cpopMynon AJia cyMMw yrnoß H3
TpHroHOMeTpHH, nonynnM BwpaaceHne j\jy^. KOCHHycHwx nonpaßOK
KnenTOHa (209):

CvMMiipoßaiuie bojih CHejiJinyca n nanpaßJieiiHoe
CYMMiipoßanne OCT

Ecnn npnpaßHHTb k Hynbo yron BbixoAa BonHbi H3 HCTOHHHKa,
to ypaßHeHHe c AByMH KBaApaTHWMn kophhmh npeßpaTHTcn b
ypaßHeHHe c oahhm KBaApaTHWM KopHeM. CMbicn ycnoBHH S=o
coctoht b tom, hto ks =0, Hnn, hto to ace caMoe, cencMO-
pa3BeAOHHwe AaHHbie hco6xoahmo npocyMMHpoßaTb no nymcTaM
B3pbma s, ho 6e3 CMeinemin bo BpeMeHH. TaKoe cyMMHpOBaHHe
HMHTnpyeT naAabomybo nnocKybo BonHy. Oho ocHOBaHO Ha
cnenybomeM npnHnnne cencMHHecKoro H3o6paaceHHa: Ha6nbonaTb
BoexoAnmybo BonHy HyacHO b momcht BCTynneHHa nanabomen (cm.
pa3Aen 5.7). KaK 6yneT o6bncHeHo b pa3nenax 5.2 n 5.3, c nenbbo
HMHTannn nanabomen BonHbi CHennnyca HyacHO S nonoacnTb
paBHOH HCKOTOpOH nOCTOHHHOH.

BonHa CHennnyca HBnneTcn o6o6meHneM pacnpocTpaHHioineHCH
bhh3 nnocKon BonHbi npn kocom naAeHHH. B3pwßW npon3BOAHTcn
He OAHOBpeMeHHO, a nocnenoßaTenbHO c HHTepßanoM dt/ds = S/v. Ee
MoacHo HMHTHpoBaTb h nyTeM cyMMHpoBaHHH noneßwx CeHCMO-
rpaMM Ha nnocKocTH [t, s) no HanpaßneHHHM c yrnoBWM ko3(J)-
cpHnneHTOM, paBHWM dt/ds. Ecnn npnpaßHHTb S HeKOTopon
nocTOHHHOH, HanpHMep, nonoacnTb S=vdt/ds, to ypaßHeHHe c
AByMa KBaApaTHWMn KopHaMH 6yAeT cbcacho k napaKcnanbHOMy
BonHOBOMy, t. e. hmchho k TaKOMy, KOTopoe HyacHO jxim npo-
AonaceHna b HHacHee nonynpocTpaHCTßO nanabomen BonHbi CHen-

Y-H=S=
v-^=v-= -sinys = sin(a-p),
co ds v ;

Y+H=G= vl^ = v-= + siny =sin(oc+ P).
co dg y v '

7= - sin (a +p) +-sin (a— p)= sin a cos p,

H= - sin(a+p) —-sin (a —p) = sin p cos a.
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nnyca. BonHbi CHennnyca MoacHo paccnnTaTb Ann pa3nHHHbix
3HaneHHH nyneßoro napaMeTpa p = dt/ds. Kaacnyio H3 hhx MoacHo
3aTeM noAßepmyTb MnrpannoHHOMy npeo6pa3oßaHHbo n H3o6pa-
3HTb, a H3o6paaceHHH npocyMMnpoßaTb no napaMeTpy p. noAo6-
Hwe HAen BO3HHKann eme ao nonBneHHH ypaBHeHHH c AByMH
KBaApaTHWMn kophhmh, ho TaK h He o6penn nonynnpHOCTH.

TpyAHOCTH, cBH3aHHwe c MOAennpoßaHneM BonH CHennnyca,
3aKnbonabOTcn b tom, hto BonHOßoe none o6whho AHCKpeTH3H-
pyeTcn npneMHon paccTaHOßKon c 6onbmnM HHTepßanoM nncKpe-
TH3annH, npnneM nnnHa paccTaHOBKH cencMonpHeMHHKOB HHKorAa
He 6wßaeT cpaBHHMOH c paccTOHHHHMH, Ha KOTopwe pacnpocrpa-
HHbOTcn BonHbi. H3ompeHHwe cnoco6w HHTepnonnnnH n 3KCTpa-
nonnnnH Ha6nbOAeHHbix AaHHwx noTepnenn Heynany no toh
npocTon npHHHHe, hto Ha cencMorpaMMe o6men tohkh npneMa
ropH3oHTanbHan KoopAHHaTa BepuiHHW rnnep6onnnecKOH och
CHHCpa3HOCTH He o6H3aTenbHo AonacHa 6wTb HyneßOH. B cnynae
HaKnoHHbix cnoeß MHHHManbHwe BpeMeHa perncTpannn oTpaaceH-
hoh BonHbi nacTO Ha6moAaK>TCH 3a npeAenaMH npneMHon pac-
CTaHOBKH. nOSTOMy HaAeaCHOCTb 06pa60TKH AaHHWX B CHHbHOH
CTeneHH 3aBHCHT ot OTcyTCTByboniHX Ha6nbOACHHH.

YKa3aHHwe Bwme ocnoacHeHna naiOT BO3MoacHOCTb npOBOAHTb
HanpaßneHHoe cyMMnpoßaHne no cnoco6y cpeAHen tohkh, t. e. npn
co6nbOAeHnn ycnoBHH H=pv. (Bonee nonHoe H3noaceHHe cnoco6a
HanpaßneHHoro cyMMHpoBaHHH AaeTcn b pa3Aene 5.2.) Ha cencMO-
rpaMMe o6inen cpennen tohkh nrnep6onHHecKHe ocn CHH(pa3-
hocth npoxoAHT Hepe3 tohkh c HyneBWMH KoopAHHaTaMH yAa-
neHHH, HMen Hyneßwe yrnoßwe Ko3cj)cpHnHeHTw. OTCopTnpoßaHHwe
yKa3aHHWM cnoco6oM cencMOTpaccw CTaHOBHTcn 6onee yAo6HWMH
Ann HHTepnonnnnH h SKCTpanonnnnn, BwnonHeHHe KOTopwx
Heo6xoAHMO npn HHTerpHpoBaHHH no pa3nnnHWM HanpaßneHHHM.
nonoacHß H=pv, nonynnM

YKa3aHHaa noncTaHOßKa He CBena /JKK-ypaßHeHHe k napaKcnanb-
HOMy, ho ynpocTnna 3anany ao BHAa, KOTopwn yace noAAaeTcn
pemeHHbo h3bccthwmh npneMaMH, HanpnMep, MeTonaMH CTonTa
nnn cpa3oßoro CABnra. HccneAOßaHne nocneAHero noAxoAa MoacHo
HanTH b pa6oTe [107].

O npoAOJiaceHHH nojw bhh3 b npocTpaHCTße
c KoopAHHaTaMH (S, G)

Ecnn 6w ckopocthoh pa3pe3 6wn H3BecTeH h eAHHCTBeHHan
3aAana cocTonna 6w b MnrpannoHHOM npeo6pa3oßaHHH, to He
cymecTßOßano 6w cepbe3Hwx npHHHH, npennTCTßybomnx nponon-
aceHHbo bhh3 b npocTpaHCTße (S, G). B AeficTBHTenbHOCTH ace

K=-^\-(Y+pv)2 +J\-(Y-pv)2\ (211)
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CKOpOCTH 6bIBabOT H3BCCTHW HeAOCTaTOHHO TOHHO. MyBCTBHTenb-
HOCTb MnrpannoHHoro npeo6pa3oßaHHH k norpeumocTHM b 3Ha-
neHHnx CKopocTen 6wcipo pacTeT c poctom yrna, a yrnoßan
TOHHOCTb h ecTb to caMoe npennonaraeMoeaoctohhctbo npocT-
paHCTßa c KoopAHHaTaMH (S, G). Bonee Toro, KOHenHan npoTH-
aceHHOCTb npneMHOH paccTaHOBKH h TeHAeHnna k BO3HHKHOBeHHbo

HCKaaceHHH,

CBa3aHHbix c HeAOCTaTOHHO nacTon AHCKpeTH3anneH no
ropn3oHTanbHOH KOopAHHaTe, co3AabOT npn MHrpannn b npocT-
paHCTße (S, G) Te ace npo6neMW, KOTopwe npHxoAHTcn npeoAO-
neßaTb npn nonyneimn cyMM Cnennnyca. He BHacy o6ocHOßaHHwx
npHHHH, no KOTOpbiM MHrpanna b npocTpaHCTße (S, G) Aonama
6wTb b neM-TO nynme HanpaßneHHoro cyMMHpoBaHHH OCT, a
nonoaceHHe jxqji c HCKaaceHHHMn AncKpeTH3annH n orpaHnneH-
HOCTbbo noneßbix Ha6nioneHHH BwrnnAHT xyace. Hnace b AaHHon
rnaße 6yAyT H3noaceHW MeHee aM6Hnno3Hwe n 6onee npaKTHHHwe
noAxoAbi k pemeHHbo 3aAann MnrpannoHHoro npeo6pa3oßaHHn
Ha6nbOAeHHH, nonyneHHwx Ha 6onbiHHx yAaneHnnx ot HCTOHHHKa.

B to ace BpeMH Hannnne naTepanbHwx BapnannH CKopocTen
MoaceT cAenaTb Heo6xoAHMWM npHMeHeHHe MHrpannn b npocT-
paHCTße c KoopAHHaTaMH (s, g).

H erne oahh aoboa b nonb3y nepexona b npocTpaHCTBO
HCTOHHHK npHeMHHK COCTOHT B

TOM,

HTO B3pbIBW npOH3BOAHTCSI
Ha 6ojibmnx paccTOHHHnx Apyr ot Apyra. B TaKOM cnynae AaHHbie
6yAyT ncKaaceHW H3-3a HeonTHManbHocTH nacTOTW AHCKpeTH3annH
KaK no npocTpaHCTßy cpeAHen tohkh, TaK h no npocTpaHCTßy
yAaneHHH (cm. pa3Aen 5.7).

3.5. CyMMHpoBaHHe OrT h chopocniOH anann

CyMMHpOBaHHe OTT no KOopAHHaTe yAaneHHH no rnnep6o-
nnnecKOMy 3aKOHy npeACTaßnneT co6on, MoaceT 6wTb, caMbin
BaacHbm nponecc MamnHHOH o6pa6oTKH, npHMenaeMbm b cencMO-
pa3BeAKe. Oh 6onee BaaceH, neM MHrpannoHHoe npeo6pa3oßamie,
TaK KaK nepeBOAHT 6a3y AaHHwx H3 o6beMa c KoopAHHaTaMH
(5, g, t) Ha nnocKocTb c KoopAHHaTaMH (y, t). B Hacroainee BpeMH
Mano kto H3 cencMopa3BeAHHKOB-HHTepnpeTaTopoß HMeeT b cbocm
pacnopnaceHHH noneßwe cencMo3anHCH nnn paccnHTaHHwe Ha
KOMnbbOTepe MaTepnanw khhocchcmhkh, nosTOMy 6onbmnHCTßo
BbmyacAeHO pa6oTaTb c pa3pe3aMn OTT. MnrpannoHHoe npeo6pa-
30BaHHe npocTO nepeBOAHT OAHy nnocKocTb b Apyryro. Bonee Toro,
oho HMeeT tot

HeAOCTaTOK,

hto HHorAa ocnoacHaeT BonHOßybo
KapTHHy H3-3a HeAoyneTa naTepanbHwx H3MeHeHHH ckopocth b
BMP n MHoroKpaTHwx OTpaaceHHH. CyMMHpoßamie OTT Toace
MoaceT npnßecTH k ycnoacHeHHbo BonHOßon KapTHHw, ho b panoHax
c nnoxHM KanecTßOM noneßbix MaTepnanoß Boo6me Hnnero Henb3a
yßHneTb ao Tex nop, noKa nocneAHHe He 6yAyT OTcyMMHpoBaHw no
OTT. B AononHeHHe k ApyrHM npeHMymecTßaM, cyMMnpoßaHne
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OTT naeT b KanecTße no6onHoro npoAyKTa oneHKH 3HaneHHH
CKopocTen pacnpocTpaHeHHH ceHCMHnecKHX BonH b ropHwx no-
pOAax.

CyMMnpoßaHne OTT BwnonHnnocb h npoAonacaeT BwnonHHTbcn
Ha ocHOBe nyneßOH TeopHH nonTH noßceMecTHO. B to ace BpeMa
MHrpannoHHoe npeo6pa3oßaHHe name BwnonHaeTCH

MeTOAaMH,

ocHOBaHHWMH Ha BonHOBOM ypaBHeHHH, t. e. MeTOAaMH cpypbe-npe-
o6pa3oßaHHH h KOHeHHbix pa3HOCTen. H MHrpannoHHoe npeo6pa-
30BaHHe, h cyMMHpoßaHne OFT HBnnbOTcn nponeccaMH pacno3Ha-
BaHHH ranep6onHnecKHx ocen CHH(pa3HocTH Ha none cencMorpaM-
mw. npenMymecTßa mctoaob MHrpannn, ocHOßaHHbix Ha BonHOBOM
ypaBHeHHH, MHoronncneHHW. He nonacHw nn sth npenMymecTßa
npoHßnnTbcn TaKace n npn cyMMHpoBaHHH OrT? TaK BpoAe 6w
AonacHO n 6wTb, ho bch coßpeMeHHan npaKTHKa cencMopa3BeAKH He
noATßepacAaeT 3Toro npeAnonoacemiH. npnHHHW noKa He hchw.
no3TOMy 3aKnbOHHTenbHan nacTb naHHoro pa3Aena 6wna 6w
6onbme k MecTy b HaynHon MOHorpacpnn c myTnHBWM Ha3BaHneM:
«TeopHH, KOTopan CKOpo 6yAeT pa3pa6oTaHa». CoßpeMeHHwe hack
onpeAeneHHH CKopocTen H3noaceHw b pa3nenax 5.0—5.4. MeTOAw
cyMMHpoBaHHH OTT h onpeAeneHHH CKopocTen, b ochobc KOTopwx
neacHT BonHOßoe ypaßHeHHe, BecbMa xHTpoyMHW. Bo3MoacHO, ohh
eme He npomnn AOcraTOHHoro onpo6oßaHHH, nnn ace npocTO
anropHTM cyMMHpoBaHHH HecoßepmeHeH. BoneH CTpoHTb
Ha stot cneT co6cTßeHHwe AoraAKH, a BpeMH paccyAHT.

OAHa H3 Bo3MoacHwx npHHHH Toro, hto MHorne TeopeTHnecKne
pa3pa6oTKH He HaxoAHT nocTonmioro npHMeHeHHH b npaKTHKe
cencMopa3BeAKH, coctoht b tom, hto cyMMHpoßaHne OTT c nenbbo
ycTpaHeHHH h36wtohhocth, MoaceT 6wTb, 6onee npaßHnbHO pac-
CMaTpnßaTb KaK CTaTHCTnnecKybo, a He (J)H3HHecKyK) 3anany. Mto6w
ynecTb h TaKOH noBOpOT Aena, aBTop yAennn BHHMaHne h TaK
Ha3WBaeMOH «KHHeMaTHKe BonHOßoro ypaBHeHHH», t. e. OAHOMy H3
nyTen BwnonHeHHH cTaTHCTHnecKoro aHann3a nocne npoAonaceHna
b HnacHee nonynpocTpaHCTßO. /Jpyran H3 Bo3MoacHwx npHHHH
CBH3aHa c TeM, hto MHorne 3aAann MoacHo 6onee th6ko pemaTb c
noMombbo nyneßwx mctoaob, a He mctoaob, ocHOßaHHbix Ha
BonHOBOM ypaBHeHHH. Ha 3tot cnynaii b KHHry BKnboneH He6onb-
moH noApa3Aen, nocBnmeHHWH Bonpocy BOCCTaHOBneHnn Ha6nbo-
AeHHH. B nbo6oM cnynae nponeAypw o6pa6oTKH AaHHwx, onncaH-
Hwe b HacTonmen rnaße, nonacHw oKa3aTbca none3HWMH.

KnHCMaiHHecKHe nonpaßKH

Bboa KHHeMaTHnecKHx nonpaßOK npeACTaßnneT co6oh
onepauHbo TaKoro pacTnaceHHH BpeMeHHOH och, hto6w Bee ceiicMO-
Tpaccw BwrnnAenn, KaK 3aperncTpHpoßaHHwe npn HyneßOM yAane-
HHH ot HCTOHHHKa. KHHeMaTHHecKHe nonpaßKH 6wnn Bnepßbie
ynoMHHyTW b pa3Aene 3. B npocreHineM BapnaHTe KHHeMaTnnecKan
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nonpaßKa paccnnTbißaeTcn no TeopeMe nncparopa: t2
IKII=t2—x2/v 2.

B cnynae oahopoahoh cpeAw bboa KHHeMaTnnecKHx nonpaßOK
paßHo3HaneH nepeMemeHHbo acnMnTOTw ccMencTßa rnnep6onn-
necKHx roAorpac])Oß ao nonoaceHHH t= 0. YKa3aHHan nponenypa
ncKnbonaeT H3 paccMOTpeHHH nacTb cencMOTpaccw ao MOMeHTa
nepßoro BCTynneHHH n pacTnrnßaeT ocTaßmybocn nacTb. PacTnace-
HHe BpeMeHHOH och MaKCHManbHO B6nn3H ot nepßwx BCTynneHHH h
yMeHbmaeTcn c pocroM BpeMeHH. Ha npnMepe BBona KHHeMa-
THHecKnx nonpaßOK (pnc. 90) noKa3aHO nonßneHHe moKOHacroTHOH
3anncn, Bbßßamioe pacTnaceHHeM.

KnHeMaTnnecKHe nonpaßKH MoacHo bboahtb b noneßwe cchcmo-
rpaMMw o6inen tohkh B3pbma nnn ace b coBOKynHocTH cencMO-
Tpacc, noAo6paHHwe no npH3HaKy o6men cpeAHen tohkh, KOTopwe,
paAH yAo6cTBa, 6yAeM Aanbme Ha3bmaTb cencMorpaMMaMH OCT.
nocne BBeneHHa KHHeMaTnnecKHx nonpaßOK b noneßybo cchcmo-
rpaMMy OHa CTaHOBHTcn noxoacen Ha He6onbinyio nacTb pa3pe3a
npn Hyneßwx yAaneHnnx. Ha Hen 6onee hcho npOHßnneTcn

PHC. 90. CencMorpaMMa

OCT,

nonyneHHaa Ha no6epexbe MeKCHKaHCKoro 3ajiHßa
(a); OHa »e nocjie

880/ia

KHHeMaTHHecKnx nonpaßOK (6)
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iny6nHHoe reonornnecKoe CTpoeHne. Bboa KHHeMaTnnecKHx nonpa-
BOK b cencMorpaMMbi OCT —ochobhoh cnoco6 onpeAeneHHH
3aBHCHMOCTH ckopocth ot rny6HHw. nocneAHee cnpaßeAnnßO
noTOMy, hto xapaKTep cencMorpaMMbi OCT He 3aBHCHT ot yrnoß
HaKnoHa reonornnecKHx rpaHnn.

C MaTeMaTHnecKon tohkh 3peHnn bboa KHHeMaTHnecKnx nonpa-
BOK HBnneTcn nnHenHon onepannen. MoaceT noKa3aTbca napa-
AOKcanbHWM, hto onepannn HepaßHOMepHoro pacTnaceHnn Bpe-
MeHHOH ocn OKa3WßaeTcn nHHeihiOH, ho b caMOM nene pacTnaceHHe
ocen KoopAHHaT yAOßneTßopneT MaTeMaTHnecKHM ycnoBHHM nn-
hchhocth. He HyacHO CMeniHßaTb npnMeHaeMoe b MaTeMaTHKe
ycnoßne nnHenHocTH c MeHee pacnpocTpaHeHHWM ycnoßneM Bpe-
MeHHOH HHBapHaHTHOCTH. Ycnoßne nnHenHocTH Tpe6yeT, hto6w
npn nbo6oM pa3noaceHHH hcxoahwx AaHHwx P Ha nacTH, HanpHMep,
Ha Px h P2 , cyMMa nacTen c BBeAeHHWMH KHHeMaTnnecKHMH
nonpaßKaMH paßHnnacb cyMMe c BBeAeHHOH cahhoh KHHeMaTHKOH.
CpeAH npHMepoß pa3noaceHHH MoacHo Ha3BaTb pa3AeneHHe BpeMeH
Ha paHHHe n no3AHne, pa3AeneHHe Maccnßa momchtob BpeMeHH Ha
neTHwe n HeneTHwe, pa3AeneHne Kone6aHHH Ha hh3ko- h bwco-
KonacTOTHwe, pa3AeneHHe 3HaneHHH cnraana Ha 6onbmne n Manwe.

llto6w 3pHTenbHO npencraßHTb ce6e onepannbo bbcachhh
KHHeMaTHnecKnx nonpaßOK KaK nnHenHybo, HyacHO BOo6pa3HTb, hto
cencMOTpacca—BeKTop. OnepaTop BBona KHHeMaTHnecKHx nonpa-
BOK HanoMHHaeT nnaroHanbHybo MaTpnny, npnneM TaKybo, y
KOTopon no nnaroHann pacnonoaceHw HHTepnonanHOHHwe
cpnnbTpw. npn stom Ann co3AaHnn HyacHwx BpeMeHHbix 3anep-
>KeK HHTepnonnnnoHHwe cpnnbTpw y6npabOTcn c stoh AnaroHann.

O6biKHoßeHHbin CKopocTHOH ana.nii

npn o6wKHOBeHHOM ckopocthom aHanH3e 6epeTcn pan 3Ha-
neHHH ckopocth. noApa3yMeßaeTcn, hto Kaacnoe H3 Bw6paHHwx
3HaneHHH He 3aBHCHT ot rny6HHw, h no hhm paccnnTbißabOTcn
KHHeMaTHnecKne nonpaßKH. Ha pnc. 91 cneßa H3o6paaceHa cencMO-
rpaMMa OCT, HAeHTHHHan cencMorpaMMe Ha pnc. 90, ho c
BBeAeHHWMH KHHeMaTnnecKHMH nonpaßKaMH, KOTopwe 6wnn pac-
CHHTaHw b npeAnonoaceHHH nocTOHHCTBa ckopocth. 3aMeTHM, hto
och CHHc[)a3HOCTH b cpeAHen nacTH cencMorpaMMbi CTann nonTH
ropn3OHTanbHWMH. B to ace BpeMH ocn cnHcj)a3HOCTH Ha Manwx
BpeMeHax ocTanncb HeAocnpnMneHHWMH, a Ha 6onbmnx — nepe-
cnpHMneHHWMH. 3to o6wnHoe HBneHHe, TaK KaK BennnHHa KHHe-
MaTHnecKon nonpaßKH H3MeHneTcn o6paTHO nponopnnoHanbHO
3HaneHHbo ckopocth (no 3aKOHy nncjiaropa), a CKopocTb b
ocanoHHOM hqxjiq o6whho Bo3pacTaeT c rny6nHon. Mepa corna-
coBaHHOCTH MeacAy 3HaneHneM ckopocth, no KOTopoMy paccnn-
TWBanncb KHHeMaTHnecKne nonpaßKH, h 3HaneHHeM ckopocth b
cpene HaxoAHTcn nyTeM cyMMHpoBaHHH cencMorpaMMbi OCT no
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PHC. 91. CencMorpaMMa c

BBe^eHHbiMn

KHHeMaTHnecKHMH nonpaßKaMH (a) h
pe3yjibTaT CKopocTHoro aHajin3a (t>)

KOopAHHaTe yAaneHHH. CnHTaeTcn, hto neM nynme cornacybOTcn
Meacny co6on Ha3BaHHwe ckopocth, TeM nynme (6onbme) 6yneT
cyMMa. OnncaHHWH nponecc noßTopneTcn HecKonbKO pa3 npn
pa3nHHHwx 3HaneHHnx ckopocth. Ha pnc. 91 cnpaßa H3o6paaceHa b

H3onnHHHx 3aBHCHMOCTb aMnnHTyAW yKa3aHHon Bwme cyMMW ot
BpeMeHH H CKOpOCTH.

Ha npaKTHKe nepeA cyMMnpoßaHneM nacro npoBOAaT Aonon-
HHTenbHwe nponeAypw. CencMOTpaccw MoryT 6biTb BwpaßHeHW
nyTeM yMHoacemiH Ha Becoßwe KOScJjc^HnneHTW KaK no cbohm

MomHOCTHM,

TaK h no cneKTpanbHOMy cocTaßy (cm. o ackoh-
Bonbonnn b pa3Aene 5.5). MoacHo TaKace npoHopMHpoßaTb h
crnaAHTb aMnnnTyny cyMMW [135]. KpoMe Toro, Ha6nbOAeHHwe
AaHHbie MoryT 6wTb OTpeAaKTHpoBaHw h noAßeprayTW
BO3AeHCTBHbO BCCOBWMH c|)yHKnHHMH, o neM 6yAeT CKa3aHO B
cnenybomeM noApa3Aene.
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Hannyninyio cyMMy o6ecnenHßaeT to 3HaneHne ckopocth,
KOTopoe paBHO cpeAHen ckopocth pacnpocTpaHemiH BonH ao
OTpaacabomen rpaHnnw. TonHoe onpeAeneHHe noHHTnn cpeAHen
ckopocth 6yAeT AaHO b pa3Aene 5.4.

MbIOTHHTH H Becosbie qovnKniin

BaacHOH nacTbbo nponecca o6pa6oTKH HBnneTcn MbbOTHHr.
MbbOTHHr npeACTaßnneT co6on Becoßybo cJ)yHKnHK), KOTopan
ncnonb3yeTCH AJia noAaßneHnn HeHyacHwx nacTen noneßbix cen-
CMorpaMM. Ha pnc. 92 npHßeneHa noneßaa cencMorpaMMa, nacTb
KOTOpon o6HyneHa. Becoßwe n o6Hynnbomne cJ)yHKnnH cymecTßeHHo
BnnnbOT Ha KanecTßO cyMM OrT. nosTOMy HeyAHBHTenbHO, hto
ohh nacTO HBnnbOTcn npeAMeTOM TeopeTnnecKHx h 3KcnepnMeH-
TanbHwx nccneAOBaHHH.

H^acTO o6Hynnbomne cpyHKnnn OAHOMepHw h 3aßncnT ot
KoopAHHaTw r — h/t. MoacHo npnßecTH aoboah b nonb3y o6HyneHHH
cencMOTpacc KaK c 6onbmHMH, TaK h c ManwMH 3HaneHHHMn r.

npn Manwx 3HaneHHHX r 3Heprna, perHcrpnpyeMan Ha 6nnacHnx
k nB Tpaccax, o6bHCHneTcn noMexaMH, co3AaBaeMWMH naAeHHeM
nocne B3pwßa rpn3H n boam nnn ace hh3kockopocthwmh noßepx-

HOCTHWMH BOnHaMH.

npn 6onbmnx 3HaneHHHX r BO3HHKaK>T npo6neMW c nepBWMH
BCTynneHHHMH, b o6nacTH KOTopwx pacTnaceHHe ot BBeneHHH
KHHeMaTHnecKHx nonpaßOK HaH6onbmee, npnneM oho Han6onee
nyBCTBHTenbHO k 3HaneHHHM ncnonb3oßaHHwx CKOpocren. BonHbi,
perncTpHpyeMbie b nepßwx BCTynneHHnx, nacTO Ha3WBabOT rojioß-

hwmh nnn pecpparHpoßaHHWMH. npaKTHnecKH ronoßHan
BonHa ono3HaeTcn KaK BonHa, y KOTopoii BpeMH npo6era OKa3w-
BaeTcn nHHeHHOH cpyHKunen ot paccTOHHHH. OHa pacnpocTpaHneTcn
no TpaeKTopnH, napannenbHOH rpaHnne pa3Aena AByx cnoeß.
PeanbHwe ronoßHwe BonHbi MoryT 6wTb h cna6ee n cnnbHee
OTpaaceHHwx. CymecTßOßaHHe cnnbHwx ronoßHwx BonH MoacHo
o6bHCHHTb TeM cpaKTOM, hto OTpaaceHHwe BOnHW paCXOAHTCH B
TpexMepHOM npocTpaHCTße, a ronoßHwe nnnib b AByxMepHOM.

Onepannbo MbbOTHHra MoacHo cnnTaTb yMHoaceHHeM Ha Hyne-
Bybo Becoßybo 4)yHKnnbo. C nenbbo nonyneHHH Han6onee onTH-
ManbHwx cyMM OTT MoacHo npHMeHaTb Becoßwe cJ)yHKnnH 6onee
o6mero BHAa. npn AeTanbHOM aHanroe o6n3aTenbHO H3ynaiOTCH
BonHw-noMexH h scf^eKTW yceneHHH phaob AaHHwx. Ecnn Bbinon-
hhm ynpomeHHWH aHanH3, to npHAeM k caMOH sneMeHTapHoft
Becoßoft (fiymcnHH.

06whho HHTerpnpoßaHne no KOopAHHaTe yAaneHHH npoH3BO-
Ahtch no rHnep6onHnecKHM 3aKOHaM. npn nepexoAe k pemeHHbo
TpexMepHOH 3aAann BO3HHKaeT ecTecTßeHHoe acenaHHe HHrer-
pnpoßaTb no rHnep6onoHAy BpameHHH. npennonoacnM, hto oh
HMeeT paAHanbHybo cnMMeTpHbo. B3BemHBaHHe noAbiHTerpanbHoro
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I>HC.l>HC. 92. nojießaa cencMorpaMMa, nojiyneHHaa b npoBHHnnH AjibGepTa,KaHa/ra (a)
ma xe nocite nponejjypbi

MbiOTHHra

(6)

BwpaaceHHH c noMombio h no3BonneT MonennpoßaTb HHrerpHpo-
BaHne no rnnep6ononAy BpameHHH o6whhwm nKHeimbiM HHTer-
panoM. BTopon aoboa b nonb3y B3BemHBaHHH AaHHwx no
KOopAHHaTe yAaneHHH nepen cyMMnpoBaHHeM OCT 3aKnbonaeTcn b
tom, hto B6nH3H Hyneßwx yAaneHHH, rne BennnnHw npHpameHHn
BpeMeHH no roAorpacj)y HeßenHKn, conepacHTcn MeHbme HH(J)op-
Mannn o ckopocthx, neM Ha 6onbniHx ynaneHnnx, rne rpaAneHT
At/Ah 6onbine.

YpaBHeHHH KHHeMaTHnecKnx nonpaßOK

B nnana3oHe rny6nH, nccnenyeMbix ceHCMopa3BeAKOH, CKopocTb
ynpyrnx BonH b cpene o6whho H3MeHneTCH b 2 pa3a h 6onee.
no3TOMy npHBeneHHWH Bwme aHanH3, 6a3npybomnncH Ha TeopeMe
nnc|)aropa, HyacnaeTCH b nepecMOTpe. npaKTHnecKH yneT H3MeHe-
HHH CKOpOCTH C my6HHOH npOH3BOAHTCH nyTeM nOACTaHOBKH
b nn(J)aropoßo cooTHomeHHe ckopocthoh (J)yHKnHH BpeMeHH.
(B KnaccnnecKOM TpyAe [135] coAepacnTcn MHoro none3Hwx
noApo6HOCTen no 3TOMy Bonpocy.) YKa3aHHoe npH6nnaceHne
npHMeHaeTcn mnpoKO, xoth He TpyAHO paccnnTaTb h tohhwh
HerHnep6onnnecKnH 3aKOH H3MeHeHHH KHHeMaTnnecKHx nonpaßOK.
nOCMOTpHM, KaKHM 06pa30M CJ)OpMyna CBH3WBaeT (JiyHKnHbO
ckopocth v(z) c 3aKOHOM H3MeHeHHH KHHeMaTnnecKHx nonpaßOK.
Ecnn npeHe6penb HaKnoHOM rpaHHn, to b pe3ynbTaTe BBona
KHHeMaTnnecKHx nonpaßOK cencMorpaMMbi o6men cpeAHen tohkh
P(h, t) nepeßOAHTcn b MOAenb reonornnecKOH cpenw BHAa

Q(h, z) = 3eMHan cpeAa (z )xnocTOHHHan (h ). (212)
Ha caMOM nene Q(h, z) He ocTaeTcn hoctohhhoh npn H3MeHe«HH
KOOpAHHaTW h.

flponeAypy BBOAa KHHeMaTHnecKHx nonpaßOK MoacHo paccMaT-
pnßaTb b KanecTße onepannn nepeßOAa. JierKo npeACTaBHTb ce6e
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nponecc nepeßona ToneK Ha nnocKocTH (h, t) b cooTBeTCTByioiHHe
MecTa ToneK b nnocKocTH {h, z). 06o3HanHM ero nepe3

Q[h,z(h,t)] = P(h,t). (213)
HyacHO no3a6oTHTbcn, hto6w Ha nnocKocTH (h, z) He ocTaßanocb
nycTbix MecT, Ann nero HaAO npocMOTpeTb KaacAybo TOHKy Ha
pe3ynbTaTHBHOH nnocKocTH (h, z) h HaHTn cooTßeTCTßybomybo en
Ha nnocKocTH {h, t). C noMombbo Ta6nnnw t{h, z) KHHeMaTHnecKne
nonpaßKH b Ha6nioAeHHwe AaHHbie bboahtch npeo6pa3oßaHneM

Ecnn BOcnonb3oßaTbcn TepMHHonorneH, npnHHTon b naHHon
KHnre, to Ha BxoAe onepaTopa BBOAa KHHeMaTHnecKHx nonpaßOK
6yAeT cencMorpaMMa OCT, a Ha BwxoAe— cencMorpaMMa OTT,
o6o3HanaeMbie, cooTBeTCTBeHHO, nepe3 P(h, t) n Q.

npaKTHnecKH nepßbin 3Tan cocTaBneHHH Ta6nnn BpeMeH npo-
6era cboahtch k 3aMeHe nepeMeHHon rny6nHw z Ha nepeMemiyio
BpeMeHH npo6era no BepTHKann x. CnenoßaTenbHO, hckomoh 6yneT
Ta6nnna t\h, z). Bwxoa b tohkc (h, x) paßeH Bxony b tohkc [h, t).
KaK naM KaaceTcn, caMwn npocTOH n HaAeacHWH nyTb cocTaBneHHH
TaKon Ta6nnnw— Tpaccnpoßamie nynen c HeKOTopwM maroM no z,
a c|)aKTHHecKH no x. 3to 3HanHT, hto Ann pa3nnnHwx c|)hkch-
poßaHHwx 3HaneHHH napaMeTpa CHennnyca p no kphboh v(x)
paccHHTWBabOTCH cpyHKAHH t(p, x) h h (p, x) nyTeM HHTerpnpoßaHHH
cnenybomnx ypaBHeHHH no x:

(215)

(216)

(B ypaßHeHHnx (215) n (216) npOH3BOAHwe dt/dz h dh/dz
BWHHCJiHbOTcn no nynaM, a He no (J)poHTaM.) Mto6w HCKnbonnTb p h
HaHTH 3aBHCHMOCTb t{h, x), HyacHO, pacnonaran Ta6nnnaMH t(p, x)
n h(p, x), BwnonHHTb onepannn HTepannn h HHTepnonnnnH. 3to
Heyno6HO, TaK KaK Ha 6onbmnx ynaneHnnx ot HCTOHHHKa b
cpeAHHHwx nacTHx ocen cnHcpa3HOCTH OTpaaceHHH o6whho pe-
rHCTpHpybOTcn BCTynneHHH ronoßHbix BonH. Ho ecnn yac 3Ta
pa6oTa cnenaHa, to nonyneHHybo Ta6nnny MoacHo coxpamiTb h
MHoroKpaTHO ncnonb3oßaTb. Pa3BeTßneHHe roAorpacpoß OTpaaceH-
hwx BonH Ha 6onbniHX ynaneHHax ot nyHKTa Bo36yacAeHna cnyacHT
o6ocHOßaHneM AJia npHMeHeHHH mctoaob cKopocTHoro aHann3a,
6a3HpybomnxcH Ha BonHOBOM ypaBHeHHH. HaH6onbman nyBCTBH-
TenbHOCTb k H3MeHeHHbo ckopocth Ha6nbOAaeTCH TaM, rAe roAor-
pacp HerHnep6onnneH n HMeeTcn HHTepcpepeHnnn c npyrHMn
BonHaMH.

Q(h,z) = P[h,t{h,z)]. (214)

dt dz dt 1 1
—=j=v - = ,
dx dx dz ycosG /l—p 2v(x)2

dh dz dh A pv(x)2

—= = ;;tgO= , w
dx dx dz jx _piv^.y



206

CTaTHCTHHeCKaH OUCHk'a

JlnHenHOCTb cnoco6oß o6pa6oTKH AaHHbix, ocHOßaHHbix Ha
ncnonb3oßaHHH BonHOßoro ypaBHeHHH, no3BonneT pa3naraTb cobo-
KynHOCTb cencMopa3BeAOHHbix AaHHbix Ha nacTH, o6pa6aTWßaTb
3th nacTH OTAenbHO Apyr ot Apyra h 3aTeM CKnaAWBaTb
pe3ynbTaTw nx o6pa6oTKH. HTor 6yAeT TaKHM ace, KaK ecnn 6w
ncxoAHWH MaccHß AaHHwx o6pa6aTWßancH nennKOM.

npeAnonoacHM, hto cencMorpaMMa OCT noAeneHa Ha Ase
nacTH —Ha 6nHacHHe k nB Tpaccw A n AanbHne—B. 06o3Ha-
hhm nepe3 (A, 0) ceHCMorpaMMv OCT, y KOTopon o6HyneHW
AanbHne Tpaccw, a nepe3 (0, B)—Konnbo stoh ace cencMorpaM-
mw, y KOTopon o6HyneHw 6nnacHne Tpaccw. CencMorpaMMbi
{A, 0) h (0, B) MoacHo npoAonacHTb b HHacHee nonynpocTpaHCTßO.
liocne npoAonaceHna bhh3 (^4,0) h (0, B) MoacHo cnoacnTb.
B ApyroM BapnaHTe MoacHo oneHHTb craTHCTHnecKne xapaKTe-
pncTHKH BonH h 3aTeM npHMeHHTb k hhm Becoßybo cjjymcnnio. Ha
pnc. 93 H3o6paaceHa coBOKynHOCTb H3 Tpex cencMOTpacc, pa3Ae-
neHHan Ha TpH nacTH no oahoh Tpacce b KaacAOH. nonyoKpyac-
hocthmh noKa3aHw pe3ynbTaTW npoAonaceHna bhh3 KaacAOH H3
cencMOTpacc. KaacAan H3 Ayr OKpyaCHOCTH npoxoAHT nepe3 TOHKy c
HyneßWM yAaneHHeM, naßaa b HTore HaAneacamnM o6pa3oM
pacTHHyTyio CKoppeKTHpoßaHHybo 3a KHHeMaTHKy cencMOTpaccy.

Hcnonb3oßaHne bccoboh c^ymcnnH npeACTaßnneT co6on penm-
TenbHwii otxoa ot npeacHero MeTOAa aHanH3a, KorAa mw
npeHe6peranH cTaTHCTHnecKHMH xapaKTepncTHKaMH. npn Bw6ope
Becoßoii cpyHKnnH 3HanHTenbHybo ponb nrpabOT Ancnepcnn cnmana
h noMexn. KorAa npHHHMaeTcn pemeHHe o cnoco6e OKOHnaTenbHOH
BH3yann3annH pe3ynbTaTOß o6pa6oTKH, hco6xoahmo ynHTWBaTb
nenoßenecKne choco6hocth k BocnpHHTHbo h Tpe6oßaHHe cacaTHH
AHHaMHnecKoro Anana3oHa c nenbbo BH3yanH3annH He6onbmHx
3HaneHHH. CneAyeT npeAycMaTpHßaTb cacaTne AHHaMHnecKoro
Anana3oHa b pa3Hwx nnocKOCTnx npeACTaBneHHH AaHHbix.

CymecTßyeT MHoro cnoco6oß pa3noaceHHH MaccnßOß Ha6nbone-
hhh Ha nacTH. Bw6op KOHKpeTHoro cnoco6a 3aBHCHT ot npnHHTon
BaMH CTaTHCTHHecKoii MOAenn n ot acenaHHH MHoroKpaTHo
noßTopaTb o6pa6oTKy. BnonHe

BO3MoacHO,

hto nacTb ceHCMHnecKHX

+ +

PHC. 93. TpexTpaccoßaa cencMorpaMMa

OCT,

pa3AejieHHaa Ha Tpaccw. Cneßa
H3o6paaceHbi BbipncoßbmaioniHe rHnep6ojiy HHTepnojinpoßaHHwe HMnyjibCbi. Cnpaßa

OTcneTbi

pacTaHyTbi b MnrpanHOHHbie nojiyoKpyacHOCTii, Kaac^aa H3
kotophx npoxo^HT Hepe3 Hyjießoe yAaneHHe b BepuiHHe rnnep6ojibi
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MaTepnanoß AonacHa pa3naraTbca He no 3HaneHHHM h, a no
TnnnHHWM AJia Hee 3HaneHHHM oTHomeHnn r= h/t. ilcHO oaho:
nnmn jxjih pa3MwmneHHH npenocTaTOHHo.

JlaTepajibHan HHTepnonnnnH h jkcipaiio.muiiH
cencMorpaMM OCT

npaKTnnecKHe 3aTpyAHeHHH npn pa6oTe c cencMorpaMMaMH
o6men cpeAHeii tohkh BO3HHKaK>T H3-3a HeAOCTaTOHHoro Konn-
necTßa Tpacc Ha hhx. YceneHne npnBOAHT k 3aTpyAHeHHHM,
BO3HHKabOmHM H3-3a CpTTKCHpOBaHHOH AJIHHW paCCTaHOBOK CCHCMO-
npneMHHKOB, o6whho MeHbinen paccTOHHHH, Ha KOTopoe pacnpocT-
paHneTcn ceHCMnnecKan SHeprnn. Ha pnc. 94 pa3bHCHneTcn, noneMy
KOHenHwe pa3Mepw cencMnnecKOH kocw co3AaK)T TpyAHocTH npn
nonb3OBaHHH TpaAHnnoHHWMH, t. e. 6a3HpyboinHMHcn Ha nyneßOH
TeopHH, MeTOAaMH CyMMHpoBaHHH OTT, paBHO KaK H

MeTOAaMH,

OCHOBaHHWMH Ha BOnHOBOM ypaBHeHHH. 3aTpyAHeHHH, BW3WBae-
Mbie HCKaaceHHHMH AHCKpeTH3annH, BO3HHKabOT noTOMy,
HTO HCTOHHHKH H npHCMHHKH pacnonarabOTCH HeAOCTaTOHHO 6nH3KO
Apyr k Apyry. HcKaaceHnn npocTpaHCTBeHHOH AHCKpeTH3annH
Ha6nbOAeHHH no och yAaneHHH npeACTaßnnbOT 6onee cepbe3Hybo
npo6neMy AJia mctoaob, 6a3Hpybomnxcn Ha BonHOBOM ypaBHeHHH,
Heacenn AJia mctoaob, ocHOßaHHbix Ha nyneßOH TeopHH. npnnHHa
3aKnbonaeTca b tom, hto KHHeMaTHnecKne nonpaßKH yMeHbinabOT
nacTOTy no npocTpaHCTBeHHOH KOopAHHaTe. nponycKH b Ha-
6nbOAeHHHx, Bo3HHKabomne H3-3a HencnpaßHocTeH b ceHCMonpneM-
HHKax h Ka6ene nnn ace H3-3a HeAOCTynHOCTH ynacTKa npoqbHnn,
Toace npnBOAHT k ocnoacHemiHM b o6pa6oTKC

Bee nepenncneHHwe Bwme npo6neMw o6pa6oTKH 6yAyT pe-
inaTbcn nyTeM npHMeHeHnn CHCTeMaTnnecKoro noAxoAa k boc-
CTaHOBneHHbo nponymeHHbix cencMOTpacc. OnncwßaeMWH HHace
cnoco6 HBnneTcn npocTenmnM H3 nponeAyp ohchkh nponymeH-
Hbix Ha6nbOAeHHii, pa3pa6aTWßaeMwx b HacTonmee BpeMH b
paMKax CT3H(J)opACKoro nccneAOßaTenbCKoro npoeKTa.

CHanana bboahtch HopManbHwe KHHeMaTHnecKne nonpaßKH,
t. e. pacrnrHßaeTcn BpeMeHHan ocb c nenbbo cnpnMneHHH rnnep-
6onnnecKHx ocen cnH(^a3HOCTH. nepßwn Bonpoc —KaKybo Bw6paTb
CKopocTb AJia pacneTa KHHeMaTHnecKnx nonpaßOK? npn MeacTpac-
coboh HHTepnonnnHH

OKa3bmaeTCH,

hto noAxoAnmen AJia pacneTa
KHHeMaTHHeCKHX nonpaßOK CKOpOCTbbO HBnneTCH CKOpOCTb, co-
OTBeTCTßyboman BonHaM Ha cencMorpaMMe OCT, AOMHHnpybo-
mHM no SHeprnn. 3Ta CKopocTb Ha oahhx BpeMeHax MoaceT
COOTBeTCTBOBaTb OAHOKpaTHWM OTpaaceHHWM BonHaM, Ha APY"
THX MHOrOKpaTHWM. npHMeHeHHe TaKOH He(pH3HHeCKOH CKOpOCTH
o6ocHOßWßaeTcn cneAybomnM: hto6w coxpaHHTb Ha ceHCMo3anHcn
cna6we BonHbi, c cnnbHWMH HyacHO o6pamaTbca ocTopoacHO.
KoHenHon npOTnaceHHOCTbbo cna6wx ocen CHH(|)a3HOCTH b AaHHOM
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PHC. 94. KnHeMaTHHecKHe
nonpaßKH, paccnnTaHHbie no
CKopocTHon xapaKTepncTHKe.
KoHueßbie tohkh 3anncen
AHCj)parHpOBaHHbIX H KpaTHblX
bojih nepeMemaioTca cootbct-

CTBeHHo

b a' n c'.
1— OTpe3OK paccraHOßKH; 2—ro-
florpacj) /m<))parHpoßaHHOH bojihm;
3— nojie3Hoe OTpaacemie; 4—
KpaTHoe OTpaaceHHe

cnynae MoacHo npeHe6penb, KaK 3aTpyAHeHHeM «BToporo nopHAKa».
npaKTnnecKan 3anana o6whho coctoht b nonaßnerom HHTeHCHBHwx
BonH, pacnpocTpaHHioinHxcH b boahom cnoe, npn Hannnnn Ha
3anncn cna6wx OTpaaceHHH ot rpaHHn b ocanonHOM nexsie, npnneM
o6pa6oTKa BeneTca b BwcoKonacTOTHOM Anana3oHe. B npnHnnne,
MoaceT 6biTb nocTaßneHa 3anana BWAeneHHn cna6onHTeHCHBHwx
o6mchhwx Bonn P—SV Ha cjxme cnnbHwx npononbHwx P—P.

nocne BBona KHHeMaTHnecKnx nonpaßOK ocTaßinancn cencMH-
necKan 3Heprnn AonacHa o6pa3oßWßaTb ocn CHHcJ)a3HOCTH c
He6onbmHMH HaKnoHaMH, 3a ncKnboneHneM, ecTecTBeHHO, Tex MecT,
rAe npeACTaßneHHbie nynnMH nponymeHHwe Tpaccw npHBOAHT k
pacmnpeHHbo cneKTpa 3aperncTpHpoßaHHwx Tpacc no npocTpaHCT-
BeHHOH nacTOTe. ilto6w BWAenHTb cna6we BonHbi hco6xoahmo
Hcnonb3oßaTb cfmnbTp Tnna peKypcnßHoro cJ3nnbTpa bwcokhx
Kaacymnxcn CKopocTen, paccMOTpeHHoro b pa3Aene 2.5:

k2 '~i& . (217)
a+ k 2/-iu)

3aMeTHM, hto 3tot cpnnbTp CHnbHO ocna6nneT 3Heprnbo c ManwMH
3HaneHHHMn k, t. e. 3Heprnio, nonacHWM o6pa3oM cKoppeKTnpoßaH-
Hybo 3a KHHeMaTHKy. B to ace BpeMH no cocencTßy c nponymeH-
hwmh TpaccaMH cneKTp AonaceH 6wTb mnpoKHM no k n 3Ta
3Heprna npoxoAHT nepe3 cpnnbTp npaKTHnecKH 6e3 ocna6neHnn.

Tenepb cnrHan Ha Bbixone peKypcnßHoro cpnnbTpa MoacHo
BwnecTb H3 hcxoahwx Ha6nK>AeHHH. BwnHTaHne npon3BOAHTca
H36HpaTenbHo: H3 peanbHO cymecTßybomnx Ha6nbOAeHHH BwnnTa-
Hne He npon3BOAHTcn. Ha stom nepßan HTepannn 3aKaHHHBaeTCH.
3aTeM 3Tanw o6pa6oTKH noßTopnbOTcn n HTepHpybOTcn. KorAa Ha
nnKeTax, rAe Ha6nbOAeHnn He perncTpHpOßanncb, cnman Ha Bbixone
cpnnbTpa paßeH Hynbo, cxoAHMocTb AOCTnrHyTa. Ha pnc. 95
npHßeAeHa cencMorpaMMa, nonyneHHan b pe3ynbTaTe npnMeHeHHn
onncaHHoro nponecca o6pa6oTKH.

npHMeHeHHe stoh nponenypw orpammeHo noTOMy, hto b hch
He yHHTbmaeTCH Bo3MoacHwn HaKnoH rpaHHn b HanpaßneHHH Koop-
AHHaTw cpeAHen tohkh (cm. pa3Aen 3.6) h Bo3MoacHOcrb HannnHn
Ha cencMorpaMMax HecKonbKHx CKopocTen OAHOBpeMeHHo. Mto6w
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PHC. 95. nojießaa cencMorpaMMa c nponymeHHbiMH TpaccaMH (a),

BoccraHOßJieH-

HbIMH

C

nOMOUIbK) HTepaTHBHOH npOCTpaHCTBeHHOH (6)

BwnonHHTb KanecTßeHHybo o6pa6oTKy AaHHwx b mnpoKOM nnana-
30He CKopocTen, MoryT noTpe6oßaTbcn Monenb h noHHTHe o
CKOpocTHOM cneKTpe, paccMOTpeHHoe HHace n b pa3nene 5.4.

BHyTpn n 3a npeAenaMH npocTpaHCTßa CKopocTen

B pe3ynbTaTe cyMMHpoBaHHH cencMorpaMMbi o6nien cpeAHen
tohkh no rnnep6onnnecKHM b 3aBHCHMocTH ot KoopAHHaTw
yAaneHHH TpaeKTopHHMH nonynaeM cyMMapnybo Tpaccy, na3Wßae-
Myio cyMMon npn hoctohhhoh ckopocth (CnC). npocr-
paHCTßo CKopocTen Moacno onpeAenHTb KaK ceMencTßo TaKnx
cyMMapHwx Tpacc, npnneM KaacAaa H3 Tpacc nonynena npn oahom
3naneHHn ckopocth. CyMMnpoßanne OTT c nocronimbiMH ckopoc-
thmh npeACTaßnneT co6oh npeo6pa3oßaHne npocTpaHCTßa yAa-
neHHH b upocTpaHCTßo CKopocTen. B pe3ynbTaTe cyMMHpo-
BaHHH C nOCTOHHHWMH CKOpOCTHMH H3 CCHCMOrpaMMW o6meH
cpennen tohkh (t, h) nonynaeTcn rpacpnK CKopocreH (/, v). Tpa-
AnnnoHHWH cnoco6 onpeAeneHHH CKopocTen, npnMeHneMWH b
npaKTnnecKOH ceHCMopa3BeAKe, cboahtch k cyMMHpoßaiTHbo c
nOCTOHHHWMH CKOpOCTHMH, AOnOJIHCHHOMy BO3BeAeHHCM B KBaApaT
n HopMnpoBKOH. JiHHeHHwe npeo6pa3oßaHHH, noAo6Hwe cyMMHpo-
BaHHbo OrT c nOCTOHHHWMH ckopocthmh, b o6meM cnynae
o6pamaeMW, ho npeo6pa3oßanHe b npocrpaHCTßo CKopocTen
rpe6yeT 3HanHTenbHo 6onbmnx BbIHHCJieHHH. npn 48 cenciviOTpac-
cax no 1000 otchctob Ha KaacAOH nonynaeM 48 000-MepHoe
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npeo6pa3oßaHHe. CoßpeMeHHwe BbinncnnTenbHwe cpeACTBa He b
coctohhhh o6pamaTb CTonb 6onbmne MaTpnnw anre6paHnecKHMH
cnoco6aMn. OAHaKO cymecTßybOT oTnnnHwe npH6nnaceHHwe cno-
co6w o6paTHwx npeo6pa3oßaHHH.

MaTpnna TpaHcnoHHpoßaHHH yHHTapHOH MaTpnnw paßHa MaT-
pnne o6pameHHn. B TeopHH pacnpocrpaHeHnn BonH nacTO OKa-
3WBaeTcn, hto onepaTop TpaHcnoHHpoßaHHH xopomo an-
npoKCHMnpyeT onepaTop o6pameHHn. B pa6oTe [143] noKa3aHO,
hto onepannn TpaHcnoHHpoßaHHH pe3ynbTaTOß cyMMHpoBaHHH
OTT C nOCTOHHHWMH CKOpOCTHMH npaKTHHCCKH paBHO3HaHHa
caMOMy CnC. Hto6w TpaHcnoHHpoßaTb pe3ynbTaTW cyMMnpoßa-
hhh c nOCTOHHHWMH ckopocthmh, BO3bMeM AJia Hanana pa3BepHy-
twh rpac])HK CKopocTen Ha nnocKocTH (t, v). Jljih pacneTa
HeKOToporo 3aAaHHoro yAaneHHH h KaacAyio Tpaccy rpacpHKa (/, v)
HyacHO CHanana cacaTb h tcm caMWM KOMneHcnpoßaTb pacTnaceHHe,
AonymeHHoe npn BBOAe KHHeMaTHnecKHX nonpaßOK. Run 3Toro
HMnynbcoHAw cnenyeT nepeMecTHTb c BpeMeHH, cooTßeTCTßybomero
HyneßOMy ynaneHnbo Ha nnocKocTH (/, v ), Ha BpeMH, cootbctct-
Bybomee 3anamiOMy 3HaneHHbo KoopAHHaTw h. 3aTeM rpacJ)HK (/, v )
cyMMHpyeTcn no KOopAHHaTe v h nonynaeTcn cencMOTpacca Ann
3aAaHHoro 3HaneHHH KoopAHHaTw h. nponecc noßTopneTcn j\sisi
Bcex HyacHwx 3HaneHHH h. Y6eacAaeMcn, hto nporpaMMa TpaHcno-
HHpoBaHHH cyMMOTpacc OTT c hoctohhhwmh ckopocthmh noAo6-
Ha nporpaMMe pacneTa caMnx cyMMOTpacc 3a TeM HCKnboneHHeM,
hto pacTnaceHHe 3aMeHeHo Ha KOMneHCHpybomee ero cacarae.

06pameHne cyMMOTpacc OTT c hoctohhhwmh ckopocthmh
aHanornnHO o6pameHHbo HanpaßneHHwx cyMM, t. e. npeo6pa3oßa-
hhk)PanoHa (cm. pa3Aen 5.2). 3to 3HanHT, hto CnC npeACTaßnneT
co6oh noHTH CBoe co6cTßeHHoe o6pameHne c HSMeHeHne^M 3HaKa n
npnMeHeHHeM cpnuibTpannn, hoao6hoh po-c^HnbTpannn. Mmchho
po-c])HnbTpanHeH o6pameHne cyMMW OTT c hoctohhhoh cko-
pocTbbo OTnHnaeTcn ot ee TpaHcnoHHpoßaHHH.

CnoßO «TpaHcnoHHpoßaHHe» CBH3aHO c noHHTHeM TpaHcno-
HHpoBaHHH MaTpnn. TpyAHO noHHTb, noneMy cnoßO «TpaHcno-
HHpoBaHHe» noAxoAHT k HameMy cnynabo, TaK KaK mw o6cyacAaeM
AByxMepHbie npocTpaHCTßa Ha6nK>AeHHH h neTwpexMepHbie one-
paTopw. Ho ecnn npeo6pa3oßaTb 3th AByx- h TpexMepHwe o6beKTw
b 3HaKOMwe HaM oaho- h AByxMepHbie c noMombio npeo6pa3o-
BaHHH Tnna (98) h (99) H3 pa3Aena 2.2, to MoacHo yBHAeTb, hto
cnoßO «TpaHcnoHHpoßaHHe» BnonHe noAxoAHT k AaHHOMy cnynabo.
Po-cpHnbTpannn, Heo6xoAHMaa AJia cyMM OFT c nocroHHHWMH
ckopocthmh, 6onee cnoacHa, neM o6wKHOBeHHan po-c|)HnbTpa-
nnn [143].

Ha pnc. 96 npHßeneH npnMep o6pameHHH npocTpaHCTßa cko-
pocTen no MeTOAy TopcoHa. Ha pnc. 96, a H3o6paaceHa ncxoAHaa
cencMorpaMMa o6men cpeAHen tohkh. cnenyeT npH6nHacen-
Hoe BOCCTaHOBneHne hcxoahoh cencMorpaMMbi OCT no npocT-
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PHC. 96. npHMep oGpameHna npocTpaHCTßa CKopocreii no MeToay TopcoHa

paHCTBy CKopocTen (pnc. 96, 6). rHnep6onnnecKne och CHH(J)a3HOCTH
BOCCTaHOBnnHCb HaMHoro nynme, Heacenn cnynaHHwn myM. npn-
HHHa nocneAHero b tom, hto npn cyMMHpoBaHHH OCT Anana3oH
CKopocTen orpaHHHHßancn CKopocTbbo b BOAe n 3HaneHHeM
3,5 km/c. Pnc. 96, e h TeopeTnnecKH CBH3aHw MeacAy co6on TaK
Ha3WßaeMon po-cfmnbTpanneH. Ha pnc. 96^ npnßeAeH pe3ynbTaT
cyMMHpoBaHHH OTT hcxoahoh cencMorpaMMbi OCT, a pnc. 96, 6
HBnneTcn o6pameHHeM cyMMW OTT, H3o6paaceHHon na pnc. 96, e.

CTOHT OTMeTHTb, HTO paCHCT TpaCpHKa CKOpOCTeH CBH3aH
c 6onbmHM o6beMOM BWHHcneHHH. jXnn Kaacnoro 3HaneHHH
ckopocth paccHHTWßaeTcn cyMMOTpacca OrT. OnpeneneHHe cko-
pocTen cnoco6aMH, ocHOBaHHWMH Ha BonHOBOM ypaBHeHHH, 6yAeT
H3noaceHO Hnace h b pa3Aene 5.4. Ohh, KaK npaßnno,

3KOHOMHnnee,

xoiH n He MoryT nonHOCTbbo cpaßHHTbcn no 3(|)(})eKTy co cnoco6oM
TopcoHa.

MeTOA nnocKocTH (z, t)
B 15-rpaAycHOM ypaBHeHHH npoAonaceHHH bhh3 Uzt = — \/2v Uhh

MacuiTa6 no rny6HHe z HeoTnnnHM ot MacmTa6a no ckopocth.
nosTOMy npoAonaceHHe bhh3 c HenpaßnnbHon CKopocTbbo npaKTH-
necKH to ace caMoe, hto h npoAonaceHHe Ha HenpaßnnbHybo
rny6nHy. C. M. /I,O3pTH [45] Bocnonb3oßancn sthmh coo6paace-
hhhmh AJia onpeAeneHHH CKopocTen (pnc. 97).

Hnen coctoht b tom, hto6w ocymecTßnnTb onepannbo npo-
AonaceHna bhh3, pacnonaran npenßapHTenbHon ckopocthoh mo-
Aenbbo, h crpoHTb cencMOTpaccw npn HyneßOM ynaneHHH, HBnnbo-

mnecH cpynKnHHMH /', npn Bcex 3HaneHHnx BpeMeHHwx rny6mi x.
Ecnn MaKCHManbHan aMnnnTyAa Ha6nbOAaeTcn npn t' =x, 3HanHT
npeAßapnTenbHan MOAenb xopoma. Ecnn ace MaKCHMyM cMemeH, to
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PHC. 97. npnMep onpejrejieHHa CKopocren no MeTO/jy AospTH

Heo6xoAHM AononHHTenbHWH aHann3, hto6w Bw6paTb HyacHoe
3HaneHHe ckopocth AJia cnenybomeH HTepannn.

MoAenb cpenw Ha pnc. 97 coAepacnr BoceMb oTpaacaboinnx
rpaHHn, pacnonoaceHHbix no rny6nHe c OAHHaKOBWM HHTepßanoM.
CBepxy HaxoAHTca cjioh boaw. MoAenn cooTBeTCTByeT ceMencTßo
rnnep6onnnecKHx ronorpacpoß Ha nnocKocTH (h, t) npn z— 0.
B neBOH nacTH pncyHKa H3o6paaceH pa3pe3 npn Hyneßwx ynane-
hhhx. AMnnHTyAHwii MaKCHMyM b c])OKyce He 6pocaeTcn b rna3a, ho
CABHr cpa3 oneBHAeH. B npaßon nacTH H3o6paaceHa npoH3BOAHaa no
z ot orn6abomeH cencMOTpaccw npn HyneßOM yAaneHHH. JlnHeHHoe
ynopnAoneHHe aMnnnTyAHbix MaKCHMyMOB CTano 6onee ohcbha-
hwm. YpaßHeHHe npnMon HMeeT bha z'= vt'.

Pa3AeneHne ceiicMorpaMM Ha bmcoko- h hh3ko-
CKOpOCTHbIC COCTaBnHH)UIHe

PaccMOTpHM nponecc AeneHHH cencMorpaMMbi OCT (KaK
OTpaaceHHwx, TaK n ronoßHwx BonH) Ha ABe nacTH, OAHa H3
KOTopwx xapaKTepn3yeTca cpeAHeKBaApaTHHHOH CKopocTbbo, npeßW-
mabomen 3aAamiyK) MOAenbHybo v (z), a Apyran—MeHbmen v (z).

Cnenaß noAo6Hoe pa3AeneHne, Moacno ncKnbonHTb hh3kocko-
pocTHwe noMexn. C Apyroii cropoHw, nocpeACTBOM HTepannn
MoacHo HanTH CKopocTb b cpeAe. Hnace yBHAHM, hto b cnny
nnHenHocTH n Heo6pamaeMocTH nponecca pa3AeneHHH cencMH-
necKHX Ha6nbOAeHHH no npn3HaKy ckopocth, CTaHOBHTcn Bo3Moac-

a—npH P(t', z, h =0); 6— npH — P(t',z,h=0
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hwm npHMeHeHHe h pa3nnnHwx cTaTHCTHnecKnx nponenyp, Hano-
Ao6ne HHTepnonnnnH h naTepanbHOH 3KCTpanonnnnH.

CaMa nponenypa npocTa. BepeTcn cencMorpaMMa o6inen
cpeAHen tohkh, o6HynnioTCH OTpnnaTenbHwe yAaneHHH h 3aTeM
BbinonHneTCH npoAonaceHHe b HHacHee nonynpocTpaHCTßO b coot-
bctctbhh c CKopocTHOH MOAenbK) v (z). KoMnoHeHTw cencMorpaM-
mw, o6naAabomne CKopocTbbo, MeHbinen v (z), OKaacyTca nepe-
MHrpnpoBaHHWMH, t. e. nponAyT nepe3 Hyneßoe ynanemie b
o6nacTb OTpnnaTenbHwx. Te komhohchtw, CKopocTb KOTopwx
6onbme v (z), 6ynyT HeAOMHrpnpoßaHHw: ohh nepeMecTHTcn b
CTopoHy Hyneßoro yAaneHHH, ho He AOHAyT ao Hero. TaKHM
o6pa3oM,

OKaaceTca,

hto HH3KOCKopocTHaa nacTb pacnonoaceHa b
o6nacTH c OTpnnaTenbHWMH yAaneHHHMH, a BwcoKOCKopocTHan— b
o6nacTH c nonoacnTenbHWMH. no acenaHHbo, nponecc MoacHo
BwnonHHTb b o6paTHOM nopaAKe n BO3BpaTHTb o6e nacre b
npocTpaHCTßo hcxoahwx Ha6nbOAeHHH.

OneBHAHO, hto yMHoaceHne Ha6niOAeHHH Ha eAHHHHHybo cpyHK-
nnbo MoaceT npHBecTH k bo3hhkhobchhk)HeacenaTenbHwx.nncprpaK-
uhh, h b TaKOM cnynae cnenyeT oTKa3aTbcn ot HaAeacAw nanTH
cjmnbTp CKopocTen c 6ecKOHenHO 6onbnion KpyTH3HOH cpe3a.
JioacHwe AHC^paKnnH MoacHo ocna6nTb, ecnn bmccto CTynemiaTOH
4>yHKnHH Bocnonb3oßaTbca nnHenHo-HapacTabomeH nnn nnHenHo-
yowßaioineH. AnbTepHaTHBOH o6HyneHHbo OTpnnaTenbHwx h MoaceT
6biTb nepexoA b npocTpaHCTßo c KoopAHHaTaMH (kh , co) h
o6HyneHne AByx KBaApaHTOB, b KOTopwx kh h g) hmcbdt pa3Hwe
3HaKH.

K coacaneHHbo, caM no ce6e onncaHHWH Bwme mctoa pa3Ae-
neHHn He naeT cKopocTHoro cneKTpa. 3Heprnn, HaxoAnmancn b
CTopoHe ot A= 0, He ccpOKycnpoßaHa h He CBH3aHa oneBHAHWM
06pa30M CO CKOpOCTbbO. Heo6xOAHMOCTb HaXOaCAeHHH CKOpOCTHWX
cneKTpoß no6yacAaeT pa3pa6aTWßaTb h H3o6peTaTb HOBwe npo-
neccw o6pa6oTKH.

OTpaaceHHbie ronoßHwe BonHbi Ha ceHCMnnecKHX pa3pesax

HHTepnpeTaTop nerKO pacno3HaeT Ha pa3pe3e OTT OTpaaceH-
Hwe ronoßHwe BonHbi. npaKTHnecKH Ha nnocKocTH [y, t) ohh
BwrnnAHT KaK rHnep6onnnecKHe acHMnTOTw. C TeopeTHnecKon
TOHKH 3peHHH TaKHe BOnHW paCnpOCTpaHHbOTCH OT HCTOHHHKa
BAonb ropH3oHTanbHon rpaHnnw pa3nena, noKa He BCTpenaioT Ha
CBoeM nyTH KaKybo-TO HeoAHopoAHOCTb, HanpHMep pa3pwßHoe
HapymeHne cnnomHOCTH

cnoeß,

ot KOTopon OTpaacabOTcn Ha3an k
ncTOHHHKy. OTpaaceHHbie ronoßHwe BonHbi HHorAa Ha3WßaioT
OTpaaceHHO-npenoMneHHWMH. no TaKOH och cnH(pa3HOCTH CKopocrb
onpeAenaeTca nerao no cpopMyne v = 2dy/dt. C tohkh 3peHHH
o6pa6oTKH Ha6nK>AeHHH TaKOH cnoco6 onpeAeneHHH CKopocTen
HBnneTcn HeoacnAaHHWM, TaK KaK Bee cnoco6w aBTOMaTHnecKoro
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onpeAeneHHH CKopocren pa6oTaioT b npocTpaHCTße yAaneHHH. /Jna
Toro, hto6w OTpaaceiiHan ronoßHan BonHa npoHßnnacb, HyacHW
oco6we reonornnecKHe ycnoßHa, a hmchho, Hannnne b cpeAe
AOCTaTOHHO cnnbHoro paccenßaTenn, o6ecneHHßaboinero o6pa3oßa-
HHe BH3yanbHo npocneaciißaeMOH Ha cencMorpaMMax ranep6onH-
necKon acHMnTOTW. Tohchhwh pacceHßaTenb AonaceH 6wTb TaKon
cnnw, hto6w npeoAoneTb ocjia6nnioinee

Bo3AencTßHe,

co3AaßaeMoe
HHTepCpepeHHHOHHWMH CHCTeMaMH HCTOHHHKOB H npneMHHKOB H
caMHM cyMMHpoBaHHeM OTT. CnnbHee Bcero noAaßnnbOTcn hmch-
ho Te BOJIHW — B BOAHOM CJIOe H nOBepXHOCTHOrO THna — HbH OCH
CHHCpa3HOCTH Han6onee nacTO Ha6nbOAaioTCH Ha oTcyMMHpoßaHHbix
no OTT pa3pe3ax. (BcnoMHHM nonocw JlapHepa.) CnnbHo OTpa-
aceHHO-npenoMJieHHwe BonHbi Ha6nbOAabOTca Ha cencMorpaMMe
o6mero nyHKTa B3pwßa (OTB), H3o6paacemiOH Ha pnc. 79.

3HaneHnn CKopocTen, HanAeHHwe no roAorpacj)aM OTpaaceHHwx
BonH, HBnnbOTcn cpeAHHMH ckopocthmh npooera ao cnoeß,
3aneraboinnx Han tohkoh OTpaaceHHH. llto6w nonynnTb pa3pemeH-
HOCTb no rny6HHe, hco6xoahmo H3 o6men cpeAHen ckopocth
BwnecTb 3HaneHHH CKopocTen j\o npeAWAymnx ropn3OHTOB (cm.
pa3Aen 5.4), npn stom TepneTcn TOHHOCTb. HosTOMy b cnynae
OTpaaceHHwx BonH cyiuecTßyeT ecTecTBeHHWH KOMnpoMncc Meacny
TOHHOCTbbo onpeneneHHa CKopocreH n pa3pemeHHocTbbo no rny6n-
hc B to ace BpeMH onemcn CKopocTen no ronoBHWM BonHaM HMebOT
BwcoKybo CTeneHb pa3pemeHHOCTH no rny6nHe.

no BceMy bhaho, hto nponeAypw o6pa6oTKH noAaßnnbOT
paccenHHbie Ha hcoahopoahocthxronoßHwe BonHbi, ho Bee ace ohh
nacTO Ha6nbOAabOTcn n Hcnonb3yK)Tcn. 3TOMy cneAyeT AaTb
KaKoe-To o6bHCHeHne. Ecnn paccMOTpnM stot Bonpoc c TeopeTH-
HeCKOH TOHKH 3peHHH, TO yBHAHM, HTO KOCHHyCW yrnoß Bbixona
BonH H3 cpenw npn 6onbniHx nx 3HaneHHHx MeHHbOTcn MecTaMH.
Ha 6onbmnx BpeMeHax HrpaeT ponb eme oahh cpaKTop— AJiHHa
npneMHOH paccTaHOBKH MoaceT oKa3aTbcn HaMHoro MeHbme mnpH-
hw MnrpannoHHOH nniep6onw.

KaKHM o6pa3oM MoacHo ynecTb cJ)aKT H3MeHeHHH Ko3c})(})HnHeHTa
OTpaaceHHH no naTepann h nepe3 Hero yßennnnTb, a He yMeHbiHHTb
HauiH BO3MoacHOCTH b oTHOiueHHH onpeAeneHHH CKopocTen? Han-
HeM cyMMHpOBaHHe OTT c 6onbmoro 3HaneHHH ckopocth. 3aTeM
BOcnonb3yeMcn TeM coo6paacemieM, hto Ha nbo6on rny6HHe z
cneKTp MouinocTH Ha6nK>AeHHH c7(co, k ) AonaceH HMeTb cpe3 Ha
3HaneHHH npnpameHHH p(z)=ky/(d= \fv(z). nocneAHee AonacHo
npoHßHTbcn Ha rpacpHKe 3aBncHMOCTH cneKTpa MomnocTH U*U
nnn nynme cneKTpa Kaacymnxca CKopocTen ot rny6nHw. MoaceT
6wTb, Bee ace nynme npocMOTpeTb BHHMaTenbHO caM cencMHnecKHH
pa3pe3 nocne ero (J)HnbTpan,HH no KaacymnMca ckopocthm, o6paTHB
oco6oe BHHMaHne Ha 3HaneHHH OKono oacHAaeMon ckopocth.

YpaßHeHHe BonHOßon 3KCTpanonannn npeACTaßnneT co6on
innpoKononocHbin cpnnbTp? TaK noneMy ace cneKTp MoumocTH
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PHC. 98. OnpejejieHHe CKOpocren MeTOAOM cneKTpa Ka>Kymnxca CKopocTen

H3MeHaeTCH c my6nHon? 3to nponcxoAHT noTOMy, hto Ha nbo6on
3aAaHHon rny6nHe HyacHO ncKnbonaTb H3 paccMOTpeHHa Bee
cencMHnecKHe Ha6nbOAeHHH Ha BpeMeHax ao t= 0. npeacAe neM
BbinncnHTb cneKTp Kaacymnxcn CKopocren, TaKne Ha6nK>AeHHa
cnenyeT o6HynnTb. CKa3aHHoe noncHneTcn pnc. 98. Mto6w otwc-
KaTb 3HaneHHe ckopocth Ha mo6on rny6HHe, HyacHO Ha stoh
rny6HHe B3HTb caMybo KpyTybo ocb cnHcf)a3HOCTH. Ha pnc. 98, a y
noBepxHOCTH Ha6nbOAeHHH noKa3aHw noßepxHOCTHbie BonHbi. Ha
pnc. 98,6 h e noKa3aHW BonHbi c caMWMH hh3khmh ckopocthmh,
KOTopwe HBnnbOTcn acHMnTOTaMH rnnep6onnnecKHx ronorpacpoß,
cooTßeTCTßybomnx BonHaM c nocTeneHHO yßennnHßabomnMncn
CKOpOCTHMH.

HacKonbKO MHe h3bcctho, onncaHHWH mctoa HHrAe He npHMe-
Hnncn. MHe KaaceTCH, hto oh 3acnyacHßaeT cepbe3Horo onpo6o-
BaHHH. ,/J,aace b reonornnecKHx npoßHHnnax c apKO BwpaaceHHon
ropn3oHTanbHon cnoncTOCTbbo Bcerna npncyTCTßybOT pa3pwßHwe
HapymeHHH n HeoAHopoAHOcrn, KOTopwe MoryT bwhbhtb Becb
cneKTp. ManoßeponTHO, hto6w H3-3a cna6on hhtchchbhocth
cnmanoß Mornn BO3HHKHyTb 3aTpyAHeHHH. Gcopee Bcero, noTeH-
nnanbHWH hctohhhk ocnoacHemiH b o6pa6oTKe 6yAeT CBa3aH co
CKopocTHon HeoAHopoAHOCTbbo BepxHen nacTH pa3pe3a.

Ynpa^cHeHHa

1. npe^nojio^cHM, hto Ha6inofleHHa P(y, h, t) ue

3aßHcaT

ot cpe/THen tohkh v.
HaHJTHTe no cencMorpaMMe o6meH cpeAHen tohkh P(h,t.z—o) HHTerpajibHoe
npeo6pa3oßaHne THna CTOJiTa ot P(h, t, z=0) k P(h =0, t, z), b ochobc KOToporo
jiokht ypaßHeHHe c /jßyMa KBaApaTHWMn KopHaMH

2 +Jl-(Y-H)2]P.
dz v

KaK n b cnynae MnrpannoHHoro npeo6pa3oßaHna

CTOJiTa,

Bam otbct AOJiaceH 6biTb
BbipaaceH b BHAe AByxMepHoro o6paTHoro npeo6pa3oßaHna <t>ypbe.

2. Bo3bMHTe cencMorpaMMy OTT u(h, t), onpeAe'JieHHyio, corjiacHO npHHHnny

B3aHMHOCTH,

nojioacHTejibHbix h OTpnnaTejibHbix 3HaneHHH h. OnnuiHTe
pe3yjibTaT npnMeHeHHa cjieAyiomnx onepannH (pnc. 99): npeo6pa3oßaHna Oypbe b

U(kh, co); yMHoaceHna Ha 1 +sgn(co)sgn (&,,); o6paTHoro npeo6pa3oßaHHa b npocT-
paHCTBO c KoopAHHaTaMH (h, t).

3.6. MnrpauHJi c onpe^ejieHHeivi CKopocTeii
MacTO BO3HHKabOT cpa3y Tpn ocnoacHHbomnx o6cTOHTenbCTBa—

HaKnoH rpaHHn, yAaneHHe ot HCTOHHHKa h HeH3BecTHwe ckopocth.
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PHC. 99. Hto 3to TaKoe?

YpaßHeHHe c AByMH KBaApaTHWMn kophhmh yno6Ho npHMeHHTb,
KorAa CKopocTiion pa3pe3 H3BecreH, b nporHBHOM cnynae mw
MoaceM Hcnonb3oßaTb nnmb nponenypw onpeAeneHHH CKopocren,
noAo6Hwe onncaHHWM b npeAWAymeM pa3Aene, KOTopwe cnpa-
BeAnHßw nnmb b cnynae ropH3oHTanbHoro 3aneraHHH.
Hnace 6yAeT pa3pa6oTaH cnoco6 onpeAeneHHH CKopocTen npn
HaKnoHHbix rpaHHnax.

KHHeMaTHnecKan nonpaßKa 3a HaK.ion lllepßyAa

BcnoMHHM (cm. pa3Aen 3.2) BbipaaceHne JleBHHa AJia BpeMeHH
npo6era BonHbi, OTpaaceHHon ot rpaHnnw, nanabomen noA yrnoM k
ropH3OHTy:

3Ta KpHßaa b KOopAHHaTax (h, t) HBnneTcn rnnep6onoH.
YMHoacHB CKopocTb Ha cos a, nonynnM ronorpac]), hachthhhwh
roAorpa(J)y OTpaaceHHa ot ropH3OHTanbHO 3anerabomen rpannnw.
B 3TOM COCTOHT TpaAHUHOHHWH nOAXOA K CyMMHpOBaHHbO OTT H
CKopocTHOMy aHann3y. Macro oh OKa3WBaeTCH BnonHe VAOBneTBO-
pnTenbHWM. HHorAa oh AaeT HeyAOßneTßopnTenbHwe pe3ynbTaTw,
TaK KaK yron HaKnoHa rpaHnnw He HBnneTcn OAHO3HanHon
(JiyHßnneH npocTpaHCTBeHHOH KoopAHHaTw. HanpHMep, OKono
nnocKocTH cKonbaceHnn pa3pwßHoro HapymeHHH o6n3aTenbHO
BO3HHKabOT Anc^parnpoßaHHwe BonHbi. Ohh npeACTaßnnbOT co6oii
cynepno3Hnnbo OTpaaceHHH ot Anc^parnpybomnx sneMeHTOB pa3nnn-
Horo HaKnona, KaacAoe H3 KOTopwx o6whho cna6ee HopManbHoro
OTpaaceHHa. Ha oahom h tom ace ynacTKe cencMorpaMMbi
npncyTCTßybOT och cnH(])a3HOCTH c pa3nnHHWMH KaacymnMHcn
ckopocthmh. Ohh bhocht neonpeAeneHHOCTb b oneHKH CKopocTen n
noHnacabOT neTKOCTb cyMMW OTT.

B npHHinrne Mnrpanna nepen cyMMnpoBaHHeM, 6yAynn oahoh
H3 peann3anHH nonHoro ypaßHemin /I,KK, pemaeT 3Ty o6mybo

?V =4(>>-.y0 )2 sin 2 a + 4/z 2cos 2 a. (218)
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3aAany. Ho KaK onpeAennTb CKopocTb, KOTopyio cneAyeT ncnonb3o-
BaTb b ypaßHeHHnx MHrpannoHHoronpeo6pa3oßaHHn? HecMOTpn Ha
to, hto npn He6onbHinx ynaneHHnx npneMHHKa ot HCTOHHHKa
MHrpannoHHoe npeo6pa3oßaHHe npaKTHnecKH He nyBCTBHTenbHO k
H3MeHeHHHM ckopocth,* npn 6onbmnx yAaneHnnx 3aBHCHMOCTb ero
ot ckopocth HannHaeT omymaTbcn.

nponecc MnrpannoHHoro npeo6pa3oßaHHH TecHO CBH3aH c
nponeccoM onpeAeneHHH CKopocren. B pa6oTe J\tk. Hlepßyna [132]
noKa3aHO, KaKHM o6pa3oM AonacHW nepenneTaTbcn nponeccw
MHrpannn h onpeAeneHHH CKopocren. KHHeMaTHnecKybo nonpaßKy
cneAyeT cnnTaTb cocToamen H3 AByx nacrem OAHa nacTb 3aBHCHT
ot KoopAHHaTw yAaneHHH npneMHHKa ot HCTOHHHKa (HopManbHan
KHHeMaTHnecKan nonpaßKa), npyran—oT"yrna HaKnoHa rpaHnnw.
noHHTHe o BTopon nacTH KHHeMaTHHecKOH nonpaßKH BBCAeHO
HeAaBHO. JJjk. UlepßyA onncan ee KaK CBoero pona cpTuibTpannio, ho
He npnßen noApo6HOCTeH, Kacabomnxcn ee pacneTa. no3AHee b
pa6oTe [150] nponecc pacneTa KHHeMaTnnecKHx nonpaßOK 3a
HaKnoH OTpaacabomen rpaHnnw 6wn Ha3BaH nacTHHHOH mh-
rpanneH ao cyMMHpoBaHHH OTT, ho OKOHnaTenbHO ero
CTann Ha3WßaTb npocTO KHHeMaTHHecKOH nonpaßKOH 3a
HaKJiOH rpaHHnw. CHanana no3HaKOMHMcn c pe3ynbTaTaMH,
nonyneHHWMH lIIepByAOM, 3aTeM c KomienTyanbHOH Monenbbo
BBOAa KHHeMaTHHecKOH nonpaßKH 3a HaKnoH, npeAnoaceHHOH
Pokkh, h, HaKOHen, c AByMa pa3nnHHWMH b KOHnenTyanbHOM
OTHomeHHH KonnHecTBeHHWMH peanH3annaMH yKa3aHHoro npo-
necca.

Ha pnc. 100 naHO HecKonbKO H3o6paaceHHH oahoh h toh ace
nacTH pa3pe3a OTT, nonyneHHbix c pa3nHHHWMH 3HaneHHHMH
CKOpOCTH OTT. npH HH3KHX CKOpOCTHX AOMHHHpybOT TOpH3OH-
TanbHO 3anerabomne rpaHnnw, a npn bwcokhx —KpyTO HaKnoHeH-
Hwe. nocne BBOAa KHHeMaTHnecKHx nonpaßOK 3a HaKnoH sth
MaTepnanw 6wnn npocyMMHpOBaHW no OrT CHOBa. H3 pnc. 101
cneAyeT, hto CKopocTb cyMMHpoBaHHH no OrT yace He 3aBHCHT ot
yrna HaKnoHa. OTCbOAa MoacHo CAenaTb bwboa, hto nocne BBeAeHHH
nonpaßOK 3a HaKnoH rpaHHn ckopocth MoacHo onpenennTb, He
o6pamaa BHHMaHnn Ha HaKnoH. cnoBaMH, rpaHnnw c
pa3nnHHWMH yrnaMH HaKnoHa naiOT 3HaneHHn oahoh h toh ace
ckopocth. no3TOMy mctoa UlepßyAa AonaceH AaßaTb 6onee
ycTOHHHBbie 3HaneHna CKopocTen b ycnoßHnx reonornnecKOH cpeAw
c rpaHnnaMH, naAabomHMH b npoTHßononoacHbie CTopoHW. KpoMe
Toro, MoacHo paccnnTbreaTb n Ha ynynmeHne pe3ynbTaTOß cyMMH-
poBaHHH no OTT.

OnepaTop Pokkh

<J)a6no Pokkh nan neTKoe HCTonKOßamie MOAenn nonpaßOK 3a
HaKnoH DJepßyna. HAen onepaTopa nacTHHHOH MHrpannn ao cyM-



PHC. 100. 06biKHOBeHHbie cyMMbi OTT c pa3JinHHbiMH CKopocTaMn:
/ —BfalCOKHe CKOpOCTH; 2—CKOpOCTH CyMMHpOBaHHSf OTT; 3— HH3KHe CKOpOCTH

PHC. 101. CyMMbi OTT c KHHeMaTHHecKHMH nonpaßKaMH 3a HaKjioH npn
pa3JIHHHbIX CKopocTax cyMMHpOBaHna:
/ —BbICOKHe CKOpOCTH; 2 CKOpOCTH CyMMHpoBaHHH OTT; 3 HH3KHe CKOpOCTH
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PHC. 102. OnepaTop

nacTHHHOH

MHrpannn Ao cyMMnpoßaHna Pokkh

MnpoBaHHH OrT Pokkh pa3bHCHneTcn Ha pnc. 102. Boo6pa3HM ce6e
cencMHHecKHH pa3pe3 npn nocronmioM yAaneHHH P{t,y, h = h0 ), b
HeKOTopon TOHKe (t0 , y0 ) KOToporo coAepacHTcn HMnynbCHan
cpymcnnn. Monenb cpenw, oTßenaboman TaKHM Ha6nbOAeHHHM,
npeACTaßnneT co6on oTpaacabomybo rpaHHny b cpopMe snnnnca,
npnneM TOHKa B3pwßa pacnonaraeTcn b oahom H3 c])OKycoß, a
npneMHHK— b ApyroM. no stoh MOAenn pemaeTCH npnMan
3anana — ctpohtch pa3pe3 npn Hyneßwx yAaneHnnx, t. e. KaacAaa
TOHKa snnnnca pacTnrHßaeTcn b rnnep6ony. 06beAHHHB o6e
Ha3BaHHwe Bwme onepannn— MHrpaunio npn nocTOHHHOM yAane-
HHH h AHCJ3paKnHK) npn HyneßOM yAaneHHH —nonynHM onepaTop
Pokkh.

AHannTHnecKoe Bwpaacemie Ana BpeMeHH npo6era no kphboh
onepaTopa Pokkh npeACTaßnneT co6on y3KHH snnnnc (pnc. 103).
JXa.jj}iM 6e3 BWBOAa ypaßHeHHe stoh kphboh:

l=(y-y0 )2 /h2 +t2 /t 2
0 . (219)

OnepaTop Pokkh KaaceTcn He3aBHCHMWM ot ckopocth, ho 3to He
coßceM TaK, nocKonbKy KpHßan o6pwßaeTcn npn 3HaneHHH rpaAHeH-
Ta dt/dy— 2/v.

OnepaTop Pokkh npeo6pa3yeT pa3pe3 npn nocTOHHHOM yAane-
HHH b pa3pe3 npn HyneßOM ynaneHHH. TaKoe npeo6pa3oßamie
AOCTnraeT AByx neneii. 80-nepßwx: oho bboaht HopManbHybo
KHHeMaTHnecKybo nonpaßKy h, bo-btopwx, paccnnTbißaeT h bboaht
KHHeMaTnnecKHe nonpaßKH 3a HaKnoH Ulepßyna. OnepaTop, H306-
--paaceHHwn Ha pnc. 102, CBepTWßaeTcn no ocn cpeAHnx ToneK
pa3pe3a npn nocTOHHHOM yAaneHHH h b pe3ynbTaTe nonynaeTcn
pa3pe3 npn Hyneßwx yAaneHnnx b oahh H3 momchtob BpeMeHH,
CKaaceM t

O

. Kaacnoro t0 HyacHO CKOHCTpynpoßaTb cboh
onepaTop Pokkh. CnrHanw Ha Bbixone onepaTopa npn Bcex t0
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PHC. 103. 3juinnc Pokkh

HyacHO HanoacHTb npyr Ha Apyra. Ha pnc. 104 npHBOAHTcn
pe3ynbTaT cynepno3nnHH AJia HecKonbKHx 3HaneHHH t

O

.
OnepaTop Pokkh oco6chho yno6eH c npaKTHnecKon tohkh

3peHHH. BMecTO 6onbmoro ninpoKoro snnnnca, c noMombbo
KOToporo npoH3BOAHTcn MHrpannn KaacAoro pa3pe3a npn nooroHH-
hom yAaneHHH, HyaceH nnmb ManeHbKHH y3KHH onepaTop Pok-
kh. no pnc. 104 MoacHo cyAHTb, hto 3HeprHn b onepaTOpe bbo-
Aa KHHeMaTHHecKOH nonpaßKH 3a HaKnoH KOHneHTpHpyeTcn b y3-
kom HHTepßane b HnacHen ero nacTH. B npeAenbHOM cnynae,
Korna h/vt 0 Mano, bch 3Heprnn co6HpaeTca b neHTpanb-
hoh npornyTon nacTH onepaTopa, n oh (J)aKTHHecKH npeßpama-
eTca b AenbTa-4>yHKnnbo. nocne KoppeKTHpoBKH Kaacnoro 3Ha-
neHHa yAaneHHa n nepeßona ero b Hyneßoe CKopocTb onpeAenneTcn
no ocTaTOHHoii HopManbHOH KHHeMaTHHecKOH nonpaßKe. 3aTeM
Ha6nbOAeHHH cyMMnpybOTcn no OTT n noAßeprabOTcn MnrpannoH-
HOMy npeo6pa3oßarono.

Y3OCTb snnnncoHAa Pokkh HMeeT ABa npenMymecTßa.
C npaKTHnecKon tohkh 3peHnn sto 03HanaeT, hto AJia onpeAeneHHH
CKOpOCTH H BbinOnHeHHH CyMMHpoBaHHH OTT HeT Heo6xOAHMOCTH
BBOAHTb b ocHOBHoe 3anoMHHaboin.ee ycTponcTßO KOMnbbOTepa
MHoro cpeAHHx ToneK. Bonee c])yHAaMeHTanbHoe coo6paaceHHe
coctoht b tom, hto BBHAy KOMnaKTHOCTH caMoro onepaTopa HaA
Ha6nbOAeHHaMH He coßepmaeTcn KaKnx-TO 6onbmnx AencTBHH.
nocneAHee BaacHO noTOMy, hto yKa3aHHan onepannn BwnonHneTcn
Ha paHHen CTannn o6pa6oTKH, noKa cKopocTHOH pa3pe3 eme
HeAOCTaTOHHO H3yneH. no3TOMy MoaceT OKa3aTbca yno6HWM
npHHaTb CKopocTb b onepaTOpe Pokkh nocToaHHon, ycpeAHeHHon,
HanpHMep paßHon 2,5 km/c.

BwpaaceHne AJia onepaTopa KHHeMaTHHecKOH nonpaßKH 3a
HaKnoH rpaHHn MoaceT CTaTb none3HWM npn peann3annnx THna
KHpxrocj)OBCKOH. B AaHHOM cnynae BaacHee paccMOTpeTb c[)ypbe-
npeACTaßneHHe caMoro onepaTopa, KOTopoe 6yneT AaHo b cnenybo-
meM noApa3Aene.
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PHC. 104. Bojma TonenHoro

HCTOHHHKa

npn bboac

KHHeMaTHHecKOH

nonpaßKH 3a
naKjioH (a) h Mnrpanna npn

nocToaHHOM

yAajieHHn (6)

KnueMaTHHecKaH nonpaßKa 3a iiaiv.ion b pa3pe3bi nocTOHHHoro
yAajieHHH XeiiJia

Xenn [71] Hamen cpypbe-npeACTaßneHne KHHeMaTHHecKOH non-
paßKH 3a HaKnoH rpaHnn. Onpenennbomne ypaBHeHHH CBeAeHW b
Ta6n. 8.

t4to6w BOcnonb3oßaTbcn 3aßHcnmnMH ot yrna HaKnoHa rpaHHn
ypaBHeHHHMH H3 Ta6n. 8, hco6xoahmo 3HaTb yron HaKnoHa
OTpaacaioiHHx rpaHHn oc. Ero MoacHo 3aMepHTb no pa3pe3y Hyneßwx
yAaneHHH. Ha pa3pe3e Hyneßwx yAaneHHH, nocTpoeHHOM b
npocTpaHCTße <t>ypbe, CHHyc yrna HaKnoHa rpaHnnw paßeH vky /2u).
iito6w noAnepKHyTb tot cpaKT, hto 3tot 3aMep roAHTca TonbKO
jijifi pa3pe3oß Hyneßwx ynaneHHH, 6yneM nncaTb co0:

npn ropH3OHTanbHOM 3aneraHHH rpaHnn HopManbHan KHHeMa-
THnecKan nonpaßKa Aonama npeo6pa3oßWßaTb nbo6ybo cencMOTpac-
cy b TOHHybo Konnbo cencMOTpaccw c HyneßWM yAaneHneM
(npneMHHK h hctohhhk coßMemeHw). npn HaKnoHHOM 3aneraHHH

Ta6jiHua 8
YpaBHeHHH iiopiMa.ibiibix KiiiieManiMecKiix nonpaßOK » nonpaßOK 3a naK.toii i paiinu

KnHeMaTHHecKaa nonpaß- t-*t0
Ka JleBHHa
KnHeMaTHHecKaa nonpaß- t„-*t0
Ka 3a HaKjioH rpaHnn

sin oc =vky/2co0 . (220)

HopMajibHaa KHHeMara- f->7n
necKaa nonpaßKa

t =v/t2 +4h2 v~2

t = +4h2 v~ 2 cos2 a

t =Jt\-4h2 v 2 sin2 a
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OTpaacabomnx rpaHnn coßMecTHoe BBeneHne HopManbHoii KHHeMa-
THHecKOH nonpaßKH n nonpaßKH 3a HaKnoH rpaHnn AonacHO
npeo6pa3oßWßaTb nbo6on pa3pe3 nocTOHHHoro yAaneHHH b pa3pe3
Hyneßoro ynanemiH. nonyneHHwe onHcaHHWM nyTeM H3 pa3pe3oß
nocTOHHHoro ynaneHna nceßAopa3pe3w Hyneßoro yAaneHHH 6yneM
o6o3HanaTb nepe3 p0 (t0 , h, y). CHanana 3aMeHHM KoopAHHaTy
Oypbe ky 3aTeM BwnonHHM (pypbe-npeo6pa3oßaHHe no BpeMeHH,
nonoacHß, hto co0 aßnaeTcn cjjypbe-aHanoroM t0:

P0 ((D0 , h, =
<f^0 e too'op0 (r0 , h, ky ). (221)

M3MeHHM nepeMeHHyio HHTerpnpoßaHHH c t0 Ha tn:

(222)

Bwpa3HM noAWHTerpanbHoe BwpaaceHne nepe3 Ha6nbOAeHna c
BBeAeHHWMH HopManbHWMH KHHeMaTHnecKHMH nonpaßKaMH Pn.
3to AenaeTca c yneTOM paBeHCTBa Pn(tn, h, ky )=P0 (t0 (t„ ), h, ky):

KaK h b cnynae MnrpannoHHoronpeo6pa3oßaHHH CronTa, HKo6naH
npeo6pa3oßaHHH, t. e. dt0/dtn, nrpaeT ponb Becoßon cpymcnHH, ho
He bhocht BpeMeHHwx CABHroB. BBeAeHne KHHeMaTHnecKnx nonpa-
BOK 3a HaKnoH rpaHnn c])aKTHHecKH npon3BOAHTcn 3KcnoHeHnnanb-
hwm nneHOM nocneAnero BbipaacemiH.

OnycTHß nrpabomnn He3HanHTenbHybo ponb aKo6HaH, nponecc b
nenoM

mo»;ho

npencTaßHTb b bhac cneAyboinen nporpaMMbi:

PniQ=NMOlp\t)]
AJia Bcex ky f #3 BjioaceHHbix nHKjia, B3anMo3aMeHaeMbix
AJia Bcex h \ #3 Bjio»eHHbix nnKjia, B3aHMo3aMeHaeMbix
AJia Bcex co0 { #3 BjioaceHHbix

nnKJia,

B3aHMo3aMeHaeMbix
sum=0

3aMeTHM, hto SKcnoHeHnnanbHan abyHKUHH bo BHyTpemieM
HHKne nporpaMMbi He 3aBHCHT OT CKOpOCTH. CKOpOCTb b ypaBHeHHH
KHHeMaTHHecKOH nonpaincH 3a HaKnoH rpaHHn (cm. Ta6n. 9)
ncne3aeT nocne noACTaHOBKH sinoc H3 ypaBHeHHH (220). Cnenoßa-
TenbHO, KHHeMaTHnecKan nonpaßKa 3a HaKnoH He 3aBHCHT ot
ckopocth (pnc. 105).

i>0 (co0 , h, ky )=\dA^o^P0 ( tQ(tn ), h, ky ).
n

Po (co0 , h, ky )= dtn h, ky). (223)

AJia Bcex

/„

{ -

/

A 2£2\l/2-|
sum= sum+ exp /co0 ( t 2 -\ £. I Pn(tn, h, k)_V / J
}

Pn ((i>, h, &„) =sumV i 1iff
Po{t o,h,y)= FT2D[P0{ (oo,h,ky)]



PHC. 105. OSpa6oTKa c bboaom KHHeMaTHnecKnx nonpaßOK 3a HaKJion (no XenJiy):
a~oa3pe3 OCT 6e3 BBoaa KHHeMaTHnecKnx nonpaßOK 3a HaKJioH; 6—MHrpHpoßaHHbifl pa3pe3 6e3

BBOAa

KHHeMaTHHecKHX nonpaßOK 3 a naKJion; e —paapes OCT c BBeaenHbiMH nraeMaTHHecKHMH
nonpaßKaMH 3a hekjioh; z—MHrpapoßaHHiiH pa3pe3 OCT c BBeaeuHMMH KHHeMarHiecKHMH
nonpaßKaMH 3a HaKJioH
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OnncaHHan Bwme nponenypa Tpe6yeT BBOAa HopManbHwx
KHHeMaTnnecKHx nonpaßOK nepen KoppeKnneH 3a HaKnoH rpaHHn.
H3MeHeHne nopnAKa onepannn Ha o6paTHwn 6yAeT annpoKCHMann-
en. 3to ycnoacHneT BWHHcneHHn, TaK KaK npeAnonTHTenbHee
CAenaTb oahh pa3 AoporocToninyio He 3aßHcnmyßO ot ckopocth
onepauHbo BBOAa KHHeMaTnnecKHx nonpaßOK 3a HaKnoH, a 3areM
nepeHTH k HTepaTHBHOH, ho 3aTo no3BonHK>men onpenennTb
ckopocth, onepannn BBona KHHeMaTnnecKHx HopManbHwx non-
paßOK.

PaAHajibHbie Tpaccw Ottojihhh

06whho noA cencMorpaMMon o6men cpeAHen tohkh noHHMaeT-
cn Ha6op ceHCMHnecKHX Tpacc, t. e. cpyHKnnn BpeMeHH, KaacAan H3
KOTopwx cooTBeTCTByeT onpeAeneHHOMy yAanemno h. Ho none
AaHHwx (h, t) MoacHo npeACTaBHTb b hhoh KoopAHHaTHon cncTeMe.
XopomHMH CBoficTßaMH o6naAaeT cncTeMa paAnanbHwx Tpacc,
npeAnoaceHHaa TypxaHOM TaHepoM. J\nx 3toh chctcmw 6epyTca
Tpaccw npn nocTOHHHOM yrne, a He h. HAen HnmocTpnpyeTCH
pnc. 106.

KpoMe onpeAeneHHbix TeopeTnnecKHx aoctohhctb, KOTopwe
CTaHyT oneBHAHWMH no3ace, npeAnoaceHHaa cncTeMa HMeeT h
HeKOTopwe npaKTnnecKHe npenMymecTßa. Cpenn hhx MoacHo
OTMeTHTb cneAybomne: 1) TaM, rAe Ha6nbOAeHnn He paßHw Hynbo,
Tpaccw paBHOMepHO 3anonHHbOT npocTpaHCTßo; 2) Ha Manwx
BpeMeHax, KorAa Manw ajihhw BonH, Tpaccw pacnonarabOTcn
6nH3KO npyr k Apyry, TaM ace, rAe Annma bojih BenHKH, ohh
pacnonarabOTcn peace; 3) SHepran Tpaccw CTpeMHTcn OTo6paacaTb
pacnpocTpaHeHne BonHbi b npocTpaHCTße npn cpHKcnpoBaHHOM
yrne. nocneAHee cbohctbo oco6eHHO BaacHo npn HannnHH MHoro-
KpaTHbix OTpaaceHHH (cm. pa3Aen 5.6). Ho AJia Hamnx nenen
nynmnM cbohctbom paAnanbHwx Tpacc HBnneTcn Apyroe.

PnnapA OTTonHHH 3aMeTHn, hto tohchhwh pacceHßaTenb
BHyTpn cpeAw Ha pa3pe3e paAnanbHwx Tpacc BwrjiHAHT KaK
TOHHan rnnep6ona, a He rnnep6onoHA c ynnomeimoH BepmHHOH.
YpaßHeHHe roAorpacpa b cnynae TonenHoro paccenßaTenn— «nnpa-
MHAy Xeonca»— MoacHo 3anncaTb b BHAe ypaBHeHHH «AnHHw
CTpyHW» nnn pacTHHyTOH OKpyaCHOCTH (cm. pa3Aen 3.2). Bbcah
onpeAeneHne

sin\|/ = 2/i/t?/ (224)
n noACTaBHB ero b ypaßHeHHe (182) H3 pa3Aena 3.2, nonynHM

YMHoacHB ocb z Ha cos\|/, CHOBa nonynHM cnynan OKpyaCHOCTH h
rnnep6onw! Ha pnc. 107 noKa3aH TpexMepHbin 3CKH3 ckpwtoh
rHnep6onw.

=2[z2 /cos2 \J/ +(>-->'0 )2 ] 1/2 . (225)
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no3ace y6eAHMcn, hto c paAnanbHoft rnnep6onoH (cm. pnc. 107)
o6pamaTbcn npoine, neM c ynnomeHHWM rnnep6onoHAOM, Ha6nio-
AaeMWM npn nocTOHHCTBe KoopAHHaTw h. YpaBHeHHH KHHeMaTH-
necKnx nonpaßOK b KoopAHHaTax paAnanbHwx Tpacc CBeAeHW b
Ta6n. 9.

BTopoe ypaßHeHHe b Ta6n. 9 npeACTaßnneT co6oh o6wnHoe
ypaßHeHHe H3nynabomen rpaHnnw AJia cnynan MnrpannoHHoro
npeo6pa3oßaHHH npn HyneßOM yAaneHHH. Ero MoacHo nonynnTb h
H3 ypaBHeHHH c AByMH KBaApaTHWMn kophhmh, ecnn nonoacnTb
H—o. B AaHHon Ta6nnne b hcm coAepacHTcn CKopocTb b cpeAe, a He
nonoßHHa ee 3HaneHHH. H3 ypaBHeHHH (225) cneAyeT, hto
rnnep6onw c pa3nHHabonraMHCH 3HaneHHHMH v|/ CBH3aHW MeacAy
co6oh yMHoaceHneM och z Ha cosv)/. B cootbctctbhh c Teopnen
4)ypbe-npeo6pa3oßaHHH AeneHne z Ha cos\|/ paBHO3HanHO yMHoace-
hhk) kz Ha cosv|/. 3to 3HanHT, hto nepßoe ypaßHeHHe b Ta6n. 9
MoacHo ncnonb3oßaTb AJia onncaHHa rnnep6on MnrpannoHHoro h
AHCppaKnnoHHoro npeo6pa3oßaHHH Ha nnocKocTH pa3pe3oß paAH-
anbHwx Tpacc. nyTeM HCKnboneHHa k z H3 nepßoro n BToporo
ypaBHeHHH nonynaeTca ypaßHeHHe, CToamee b cepeAHHe Ta6n. 9.
Oho o6i>eAHHHeT onepannbo MnrpannoHHoro npeo6pa3oßaHnn Bcex
yAaneHHH (obaKTHnecKH Bcex paAnanbHwx yrnoß) h nocneAybomyK)



onepannio AnobpaKunoHHoro npeo6pa3oßaHHn k HyneßOMy ynane-
HHbo. -TaKHM o6pa3oM, oKOHnaTenbHWH pe3ynbTaT paßeH pe3ynbTa-
TynpoAonaceHHH no ynaneHHHM, t. e. BBeAerono HopManb-
Hwx h yrnoßwx KHHeMaTHnecKnx nonpaßOK. nocneAHne ABa
ypaBHeHHH b Ta6n. 9 HBnnbOTcn pa3no^ceHHHMH cpeAHero ypaBHeHHH
cg->-co0 Ha ABa nocneAOßaTenbHwx nponecca co->cos n cos->co0 .
nocneAHne noAo6Hw yrnoßon n HopManbHon KHHeMaTHnecKHM
nonpaßKaM, Tonwco caMH onepannn coßepmabOTcn b pannanbHOM
npocTpaHCTße. PaAnanbHan HopManbHan KHHeMaTnnecKan nonpaßKa
npeAcraßnneT co6on He 3aßHcnmee ot BpeMeHH pacTnaceHHe,
OTCiona h cooTßeTCTßybomee o6o3HaneHHe cos .

B OTnnnHe ot cnynan c nocTOHHHWM yAaneHneM, 3Aecb
KHHeMaTHnecKne nonpaßKH 3a HaKnoH rpaHnn bboahtch nepen
pacTnaceHneM, t. e. ao onepannn onpeAeneHHH CKopocTen. /JoKa-
aceM, hto yrnoßan KHHeMaTHnecKan nonpaßKa nencTßHTenbHO He
3aBHCHT ot ckopocth. noACTaBHM ypaBHeHHH (224) b pannanbHoe
npeo6pa3oßaHHe BBona yrnoßon KHHeMaTHHecKOH nonpaßKH H3
Ta6n. 9 n nonynnM ypaßHeHHe npeo6pa3oßaHHn BpeMeHH b
pacTHHyTyio ero Bepcnbo BHAa

3aMeTHM, hto CKopocTb v HCHe3na H3 (226). CneAOßaTenbHO,
yrnoßan KHHeMaTHnecKan nonpaßKa b panHanbHwx KOopAHHaTax He
3aBHCHT ot ckopocth. J\jm o6pa6oTKH Ha6nK>AeHHH c ncnonb3oßa-
HneM yrnoßwx KHHeMaTHnecKnx nonpaßOK co->-cos He Tpe6yeTcn
3HaHHH CKopocTen. PaAnanbHwe KoopAHHaTw bwtoahw tcm, hto
onncaHHWH Bwme cpaßHHTenbHo AoporocTonmnn nponecc Bbinon-
HneTcn nepen TeM, KaK onpeAenneTcn CKopocTb cos->co0 .nponecc BBOAa yrnoßwx KHHeMaTnnecKHx nonpaßOK co->cosyAo6Ho peanH3oßWßaTb b anropnTMax THna cronTOßCKoro c
noMombio ypaBHeHHH (226).

PaHee npennonaranocb, hto CKopocTb nocTOHHHan. Oaho H3
3cJ)4)eKTHBHwx npaKTHHecKHx npH6nnaceHHH MoaceT 3aKnbonaTbcn b
o6pameHHH k aHanH3y CKopocTen v(z) nocne Toro, KaK BBeneHW
yrnoßwe KHHeMaTHnecKne nonpaßKH, HenocpeACTßeHHO nepeA Tpa-
TaGjiHua 9
YpaBHeHHH vi.iobi.ix h iiopvia.ibiibix KHHeiviaTHHecKHX nonpaßOK
b Koopjiiiiaiax paAnajibHbix Tpacc
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AHimOHHWM CKOpOCTHWM aHanH3OM, CyMMHpOBaHHeM OTT H
\mrpanneH npn Hyneßwx yAaneimnx.

MeTOAw paAnanbHwx Tpacc OTTonHHH n nocTOHHHoro ynane-
hhh Xenna b ycnoßnnx oahopoahoh cpeAw oopa6aTWßabOT Bee
yrnw 6e3 norpenmocTeH, ho hh oahh H3 hhx He AaeT tohhwx
pe3ynbTaTOß b ycnoßnnx cnoncTOCTH no ckopocthm, h hct hchocth
OTHocnTenbHo Toro, hto sto Boo6me

BO3MoacHO,

nocKonbKy ohh He
6a3HpybOTca Ha ypaBHeHHH c AByMH KBanpaTHWMH kophhmh.
MeTOA^ pacneTa yrnoßwx KHHeMaTHnecKnx nonpaßOK, npeAnoaceH-
hwh HwnMa3oM, ocHOBbmaeTCH Ha /],KK-ypaBHeHHH, nosTOMy
MoacHo HaAenTbcn, hto oh OKaaceTcn tohhwm b ycnoßnnx
CKopocTHon CTpaTHubHKannH, ho h 3Aecb He o6omnocb 6e3
annpoKCHMannn, 3aßHcnmnx ot yrna. nosTOMy b AaHHOH o6nacTH
eme Heo6xoAHMw TeopeTnnecKHe nccneAOßaHnn.

Cbohctbo yrjioßbix KHiieivfaTHHecKHx nonpaßOK, KOMneHcnpyiomee
ncKaacenuH AHCKperinamiH

MoacHo nonyMaTb, hto ecnn npocTpaHCTßo (y, h, t) AHCKpeTH3H-
poBaHO no och y c HHTepßanoM Ay, to OKOHnaTenbHwii
MHrpnpoßaHHwn pa3pe3 P(y, z) 6yAeT odnanaTb npocTpaHCTBeH-
HOH pa3pemeHHocTbbo He nynnien, neM Ay. Ha caMOM nene sto He
TaK.

Pa6oTaioiHHH b naHHOM cnynae ochobhoh nprninnn 6wn
H3BecTeH eme LUeHHOHy. Ecnn cf)yHKH,HH BpeMenn h ee npoH3BOAHan
AHCKpeTH3npoBaHw c HHTepßanoM no BpeMeHH, paBHWM 2At, to hx
MoacHo nonHocrbbo BoccTaHOBHTb npn ycnoBHH, hto rpaHHHHan
nacTOTa ncxoAHoro cnmana MeHbme 1/(2At). B 6onee o6meM Bnne
AaHHan TeopeMa 3BynnT cneAybonmM o6pa3oM. Ecnn cnrHan
OTcpnnbTpoßan c npHMeneHHeM m He3aßHCHMbix Apyr ot Apyra
(|)HnbTpoß h nojiyneHHwe m cnrHanoß AHCKpeTH3HpoBaHW c
HHTepßanoM mAt, to hcxoahwh cnrHan noAAaeTcn BoccraHOß-
neHHbo.

Hnace o6bacHaeTca, KaKHM o6pa3oM naHHaa KOHnennun npHMe-
HneTcn npn o6pa6oTKe cencMopa3BeAOHHbix MaTepnanoß. B KanecT-
Be onopHoro cnrHana cnyacnT MOAenb cpeAbi. Pa3pe3w npn
nocTOHHHOM yAaneHHH HBnnbOTcn ee OTcJ)HnbTpoBaHHWMH Bep-
chhmh. BcnoMHHM, hto TOHKa OTpaaceHHa BonHbi, npocneacHßaeMOH
Ha cencMorpaMMe OTT, no Mepe ynaneHnn ot HCTOHHHKa
nepeMeinaeTCH BBepx no BoccTaHOßneHHio OTpaacabomero ropn-
30HTa. noApo6HOCTH MoacHo HaHTH b pa6oTe [20], rAe Bnep-
Bwe yKa3aHO Ha npncymee yrnoBWM KHHeMaTHnecKHM nonpaß-
KaM CBOHCTBO KOMneHCaAHH

HCKaaceHHH,

BW3WBaeMWX HeAOCTa-
TOHHO nacTOH AHCKpeTH3anneH. Cefinac, Korna Bo3pacTaeT HHTepec
k TpexMepHOH ceHCMopa3BeAKe, stomv CBOHCTBy yrnoßon kh-
HeMaTHnecKon nonpaßKH AonacHo 6wTb yAeneHO oco6oe bhh-

MaHne.
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YnpaacHeHHe
OnnuiHTe BJinaHne HKo6naHa Ha nponecc pacneTa h BBOAa yrjioßbix KHHeMaTH-

necKnx nonpaßOK, npeAJioaceHHbin XefijioM.

3.7. JlaTepaJibHbie lOMenenHH CKopocTeii
C tohkh 3peHHH reo n o r a-HHTepnpeTaTopa naTepanbHwe Ba-

pnannn CKopocTen BW3WBaioT nonßneHne HCKaacemm BonHOBOH
KapTHHw Ha ceHCMHnecKHX pa3pe3ax. npn stom HCKaaceHna hmcrdt
6onee cepbe3Hwn xapaKTep, neM 3to MoaceT noKa3aTbca Ha nepßwn
B3rnnA- Teoc])H3HK-HHTepnpeTaTOp AonaceH pemaTb npo6neMy naTe-
panbHwx Bapnannn ckopocth KonHnecTBeHHWM nyTeM. nepeA hhm
ctoht Asa Bonpoca. 80-nepßwx, KaK nonynaTb HaAeacHbie oneHKH
BennnHHw naTepanbHwx H3MeHeHHH CKopocTen? 80-BTopwx, MoacHo
nn Bocnonb3oßaTbcn nonyneHHWMH oneHKaMH AJia nepepa6oTKH
cencMopa3BeAOHHwx AaHHwx?

HccneAOßaHHe BnnnHHH HaKjioHOß rpaHHn n KOOpflHHa-
tw yAaneHHH npnßeno k nonBneHHK) npocrwx nponeAyp
o6pa6oTKn. K coacaneHHbo, pocT ropH3oHTanbHwx rpaAneHTOB
CKopocTen n HeyMeHHe nx ynHTWBaTb BbnwßaeT 6onbmybo TpyA-
HOCTb npn o6pa6oTKe, KOTopybo mw AonacHw nonwTaTbca npeoAO-
neTb. EonbniHMH naTepanbHWMH BapHannaMH ckopocth xapaKTepn-
3yeTcn pa3pe3 HaA KpynHenuiHM hccJjthhwm MecTopoacAemieM
CeßepHon AMepnKH npaAxo-Ben. K cnacTbbo, mw pacnonaraeM
MHoacecTßOM HAeanH3npoßaHHbix npHMepoß, npocTwx AJia noHHMa-
hhh. Jlbo6an «oKOHnaTenbHan» Teopnn AonacHa coAepacaTb b ce6e
3th npHMepw b KanecTße npeAenbHwx cnynaeß.

noAWToacHM CKa3aHHoe. npeAnonaraeTcn, hto ypaßHeHHe c ABy-
MH KBaApaTHWMn kophhmh pa6oTaeT, ecnn KBaApaTHwekophh pa3no-
aceHW b pHA h ecnn npneMneMbi o6biHHbie orpaHHneHHH no tohhoc-
th, CBH3aHHwe c yrnaMn. TpyAHOCTb npnMeHeHHn /IKK-ypaßHeHna
CBH3aHa c TeM, hto oho yKa3WBaeT cnoco6 MHrpannn n cyMMHpo-
BaHHH OTT TonbKO npn ycnoBHH H3BecTHoro CKopocTHoro
pa3pe3a. B MeTOAe onpeAeneHHH caMoro CKopocTHoro pacnpeAe-
neHHH v(x, z) nnn KaKOH-nn6o ero cpyHKnnH, npeAnoaceHHOM
KbapTaHccoHOM, npeAnonaraeTcn, hto nynn npHMonHHeimw, Ha-
KnoH rpaHnn OTcyTCTByeT, a OTpaacabomaa rpaHnna eAHHCTBeHHan
n nnocKan. B to ace BpeMa cyMMnpoßaHHe OTT BMecTe c nacTHH-
hoh MHrpannenao cyMMHpoBaHHH nonycKaeT npoH3BonbHoepacnpe-
AeneHHe paccenßaTeneH b cpene, ho npn stom onpeAeneHHe CKopoc-
TeH V (z) BO3MOaCHO TOnbKO npH yenOBHH OTCyTCTBHH H3MeHeHHH nx
no naTepann. Hannno MHoacecTßO tcmhwx mcct. HanHeM c noHHT-
hwxnacTHbix cnynaeß n 3aTeM nepeHAeMk cnoacHWM h 3anyTaHHWM.

CKopocTb iaMemenHH

HHorna Be3eT n HaM CTaHOBHTca h3bccthwm ckopocthoh
pa3pe3, KaK, HanpHMep, npn MOAenHpoBaHHH BonHOßwx nonen nnn
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ace nocne 6ypemia 300 Herny6oKnx CKBaacHH. HaAeacHybo oneHKy
ckopocth MoacHo CAenaTb b tom cnynae, KorAa mw pacnonaraeM
penbecpOM MOpcKoro Ana, TaK KaK HepeAKO TpyAHOCTH onpeAeneHHH
ckopocth CBH3aHw c BepxHen nacTbbo pa3pe3a. MoaceT

CTaTbca,

hto
cencMopa3BeAKa npoßeAeHa HaA peAKHMH H3BecTKOBWMH pnobaMH b
KpacHOM Mope.

B cnynae H3BecTHoro CKopocTHoro pa3pe3a h naTepanbHwx
H3MeHeHHH, npnypoHeHHbix k BepxHen nacTH cpenw, Hcnonb3yeTcn
noHHTne ckopocth 3aMemeHHH. npeAnonoacHM, hto BaM
yAanocb 3aMopo3HTb BOAy b KpacHOM Mope ao TaKoro coctohhhh,
hto ckopocth npo6era BonH b Tonme nbna h b h3bccthhkobwx
pnobax ypaßHnnHCb. B pe3ynbTaTe ncne3HeT cnoacHocTb OTpaaceHHH
ot rny6HHHwx reonornnecKHx o6beKTOB. Kohchho, 3aMopo3HTb
KpacHoe Mope

Heßo3MoacHO,

ho MoacHo TaK o6pa6oTaTb cencMO-
pa3BeAOHHwe Ha6nbOAeHnn, hto6w Ha pe3ynbTaTax o6pa6oTKH
BnnnHHe Mopn He CKa3Wßanocb.

CHanana npoAonacHM b HHacHee nonynpocTpaHCTßO Ha6niOAeH-
Hwe AaHHbie ao HeKOTOporo ypoßHa, HaxoAnmerocn miace 30hw
naTepanbHon H3MeHHHBOCTH. llocne 3Toro npoAonacHM nx BBepx
nepe3 OAHOpoAHyio 3aMemabomybo cpeAy ao noBepxHOCTH Ha6nio-
AeHHH.

/3,nn BwnonHeHHH stoh pa6oTw MoacHo 6wno 6w b npnHnnne
BOcnonb3oßaTbca ho b peanbHOcrn raKon
noAxoA OKa3ancn 6w h AoporHM n HenpaKTHHHWM. Jiynme Bcero
HCcnenoßaTb o6e onepannn—ABnaceHne bhh3 h 3areM BBepx — npn-
MeHneMwe OAHOBpeMeHHo. nocKonbKy ohh b 3HannTenbHOH Mepe
npoTHßononoacHW OAHa Apyron, to pe3ynbTaT bo3Achctbhh hmh Ha
cencMorpaMMbi AonaceH 6wTb HeKOTopon cpymcnHeH pa3HOCTH.
HanpHMep, ypaßHeHHe

(227)

coßMemaeT onepannn npoAonaceHna bhh3 h BBepx n Mano BnnneT
Ha BonHOßoe none P, KOTjxa ckopocth, BxoAnmne b Hero, Mano
OTnHHabOTcn npyr ot Apyra. YpaßHeHHe (227) no cymecTßy
HBnneTcn onepaTopoM CABnra bo BpeMeHH. CyinecTßyeT nponecc
o6pa6oTKH, H3BecTHwn KaK BBeAeHne CTaTnnecKHx nonpaßOK.
TepMHH CTaTHnecKHH 03HanaeT «Hen3MeHHWH bo BpeMeHH», t. e.
BenHHHHa BpeMeHHoro CABHra He 3aBHCHT ot BpeMeHH ero BBOAa.
Ecnn yAOßneTßopHTenbHwe pe3ynbTaTW nonynabOTcn npn BBone
oahhx CTaTHnecKHx nonpaßOK, sto 3HanHT, hto naTepanbHwe
H3MeHeHHH CKOpOCTH npOHCXOAHT TOnbKO B caMOH BepxHen nacTH
cpenw. Hmchho TaK nacTO n nonynaeTcn. YpaßHeHHe (227)
npncnoco6neHO h AJia BBOAa nepeMeHHwx bo BpeMeHH BpeMemiwx

CABHroB,

TaK KaK v(s) n v(g) MoryT 6wTb nbo6wMH cpymcmiHMH
rny6nHW z. 06whho Hcnonb3ybOTcn OTpaaceHHa, noAxoAnrnne k
npneMHon paccTaHOßKe non 6onbmnMH yrnaMH, no3TOMy acena-

dP/8z= m[\/v(S )+\/v(g)-2/vcp ]P
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renbHO pacnmpHTb o6nacTb npHMeHeHnn ypaBHeHHH (227) h Ha
3tot cnynan. MccnenoßaHnn no pacmnpeHHbo o6nacTH npnMeHeHHH
ypaBHeHHH (227) MoacHo Haft" b pa6oTe [95]. TaM ace noKa3aHO,
KaKHM o6pa3oM MoacHo 3anncaTb AncpcpepennnanbHwe ypaBHeHHH b
nacTHwx npoH3BOAHbix, hto6w onncaTb BnnaHne naTepanbHwx
Bapnannn ckopocth Ha 3HaneHHH CKopooren OTT. B pa6oTe [15]
AaH npHMep ncnonb3oßaHnn MeTOAa KHpxroc|)a b cnynae Hepery-
nnpHOH nonepxHOCTH npHBeAeHHH.

Ha npaKTHKe 3aAana onpeAeneHHH naTepanbHwx BapnanHH
CKopocTen o6whho cnoacHee, neM 3aAana ncnonb3oßaHna HaHAeH-
hwx CKopocTen b nponecce MnrpannoHHoro npeo6pa3oßaHHH.
CTaTnnecKHe BpeMeHHwe CABHrn onpeAennbOTcn pa3nHHHWMn cno-
co6aMH, ncnonb3ybomnMH nn6o npeßwmeHHn penbecfia mccthocth
Han ypoBHeM Mopn, nn6o BpeMeHa npo6era BonH ot 3a60e8
B3pwßHbix CKBaacHH ao noBepxHOCTH 3eMnn, nn6o (|)yHKnHH
B3anMHon KOppennnnn cencMorpaMM OTpaaceHHwx BonH. B pa6oTe
[149] nan cnoco6 onpeAeneHHH craTHnecKHx nonpaßOK no Koppenn-
UHOHHWM QbyHKnHHM.

TaM, rAe naTepanbHwe Bapnannn 3axBaTWBaK>T 6oneerny6oKHe
nacTH ocaAOHHoro nexna, BpeMeHHwe CAsnrn CTaHOBHTcn 3aßHCH-
mwmh ot BpeMeHH. nocneAHne Ha3WßabOTcn AHHaMnnecKHMH
BpeMeHHWMH cABnraMH. npn nx pacneTe yron HaKnoHa cnoeß
nonaraeTca paBHWM Hynbo. 4epe3 Monenb cpenw c H3MeHHK)inencH
no naTepann CKopocTbbo npoxonnT TpaeKTopHH BonHOßbix nynen.
Jlynn npoxoAHT h nepe3 onopHybo Monenb, y KOTopon CKopocTb no
naTepann He mchhctch. /JnHaMnnecKHe BpeMeHHwe cabhiti onpeAe-
nnbOTcn no pa3HOCTH BpeMeH npo6era nepe3 cpaßHHßaeMwe MOAenn
cpeAw. 06paTHTe BHHMaHne Ha pnc. 108. TaM, rAe naTepanbHwe
BapnannH ckopocth pacnpocTpaHHbOTca Ha 66nbmybo rny6HHy,
3anana BBOAa AHHaMnnecKHx BpeMeHHbix CABHroB CTaHOBHTcn
noxoacen Ha 3aAany MnrpannoHHoro npeo6pa3oßaHHH. Ha pnc. 109
AeMOHCTpHpyeTca achctbhc nponeAypw o6pa6oTKH «06Hapyace-
HHe», pa3pa6oTaHHon KOMnaHHen «JSyijiyKiiKom>. KoMnannn He
pacKpwna, KOTopwii H3 mctoaob 6wn Hcnonb3oßaH b stoh
nponenype—BpeMemioro CABHra nnn BonHOßoro ypaßiiennn.

JlaTepajibHoe civieuieHHe Bcpmnii rnnepSon

Ha pnc. 110 H3o6paaceH TonenHbin pacceHßaTenb, pacnonoaceH-
hwh noA HaKnoHHon rpaHnnen pa3Aena. KaK o6whho, CKopocTb b
HHaceneacaineM cnoe Bwme. TaKan Monenb cpenw o6menpnHHTa npn
pemeHHH MHornx 3aAan, cBH3aHHwx c naTepanbHWMn H3MeHeHHHMH
CKopocTen. BpeMeHa nonxoAa k noBepxHOCTH Ha6nioAeHHH 6yAyT
H3MeHHfbcn npH6nn3HTenbHO no rnnep6onnnecKOMy 3aKOHy, npn-
neM oTKnoHeHHH ot Hero o6bHCHHbOTcn cKanKOM ckopocth Ha
rpaHnne. MHHHManbHoe BpeMH (BepmnHa rHnep6onoHAa) cmccth-
nocb ot cßoero o6wnHoro nonoaceHHH HenocpeACTßeHHO HaA
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PHC. 108. CencMHHecKHe AaHHbie (a) c BBeAeHHbiMH AHHaMHnecKHMH nonpaß

KaMH (6)

PHC. 109. npHMep o6pa6oTKH ncxoAHbix AaHHbix (a) c H3MeHaioineHca cKopocTbio
(6). Tjiy'boKHe ropnsoHTbi CTajiH Gojiee nojiornMH n npoTaacenHbiMH

TonenHbiM pacceHßaTeneM. Otmcthm, hto: 1) MHHHManbHOMy Bpe-
MeHH cooTBeTCTByeT nyn, BbixoAHnmn BepTHKanbHO BBepx; 2) mh-
HHManbHoe BpeMH HaxoAHTcn Ha bwcokockopocthoh CTopoHe ot
TonenHoro pacceHßaTenn,* 3) no Mepe yBenHneHHH ropH3oHranb-
Horo CMemeHHH MHHHManbHoe BpeMH ronorpacfia CMemaeTcn Bee
Aanbine ot pacceHßaTenn. ToAorpacp npnMon BonHbi npn6nn-
aceHHO rnnep6onHnecKHH, ho npaßan acHMnTOTa AaeT 3HaneHne
ckopocth b cpene b npaBOH nacTH pa3pe3a, a neßan —CKopocTb b
neßon nacTH.
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PHC. 110. JTynn, ncxoAainne i« TonenHoro paccenßaTejia, pacnojio^ceHHoro noA
CKopocTHbiM kjihhom (a), h roAorpacp AHqbparnpoßaHHon bojihm (6):
1— noHH»ceHHMe ckopocth; 2— noßwmeHHMe ckopocth; 3—BpeMH npo6era b oahv CTopoHy

06o3HanHM nepe3 T(x) BpeMH npo6era BonHbi ot TonenHoro
HCTOHHHKa ao tohkh x Ha noBepxHOCTH Ha6nK>AeHHH. TorAa BpeMH
npo6era Ha pa3pe3e npn nocTOHHHOM yAaneHHH Bwpa3HTcn
c[)opMynoH t(y)= T(y+h)+ T(y—h). Hto6w HanTH BpeMH caMoro
paHHero BCTynneHHH, nonoacHM dt/dy=0. nocnenHee

AOKa3WBaeT,

hto yrnoßon Ko3cf)c])HnHeHT b TOHKe a Ha pnc. 100 paßeH yrnoßOMy
KO3(J)4)HnHeHTy B TOHKe b C o6paTHWM 3HaKOM. OTCbOAa CTaHOBHTCa
acHWM, noneMy c yßennneHneM ropH3oHTanbHon KoopAHHaTw
pacTeT BennnHHa CMemeHHH BepniHHw rnnep6onoHAa b CTopoHy ot
paccenßaTenn.

JTaTepanbHoe H3MeHeHne CKopocTeii npnBOAHT k TOMy, hto
rHnep6onw TepnbOT cbok> CHMMeTpHHHOCTb. C tohkh 3peHnn
BWHHcneHHH HMeHHo nHH3OBbm nneH ypaBHeHHH nepeKauiHßaeT
rnnep6onw h npnBOAHT k nepeMemeHHbo hx BepmHH no naTepann.

MHHMbIH IHCppai HpyH)IHHH 3JICMCHT

CneAybomHH npHMep naTepanbHwx H3MeHemiH CKopocTen npn-
BeAeH Ha pnc. 111, TaKace 3anMCTBOBaHHOM H3 AnccepTanHH
KbapTaHccoHa. cJ>H3HnecKan MOAenb npeACTaßnneT co6oh Tpn
KnHHa C nOCTOHHHWMH CKOpOCTHMH, pa3AeneHHbie npepWBHCTWMH
rpaHnnaMH. HnacHaa KpoMKa MOAenn cpeAbi Toace cnyacHT OTpa-
acaK)men rpaHHnen. BonHOßoe none, npHBeAeHHoe Ha pnc. 111,
paccHHTaHO Ha ocHOBaHHH KOHnennHH H3nynabomnx rpaHHn,
KOTopybo KbnpTaHccoH nocnHTan 3a npneMneMoe npn6nHaceHHe k
pa3pe3y npn Hyneßwx yAaneHnnx. 3aMeTHM, hto noA ocTpneM
KnHHa co CKopocTbbo 4 km/c Ha6nK>AaeTcn He6onbman Anc^parnpo-
BaHHan BonHa, HanoaceHHaa Ha HHaceneacamybo ropH3oHTanbHybo
OTpaacabomybo rpaHnny. TaK KaK noAo6Han AHCpparnpoßaHHaH
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PHC. 111. YAo6Haa AJia royneHHa

CMemeHHH

no jiaTepajin, ho (j)H3HHecKH
HepeajiH3yeMaa no npnHHHe KycoHHOCTH rpaHnnw pa3Aejia MOAejib (a) n paccnn-
TaHHbie no moacjih

CHHTeTHnecKHe

AaHHbie c mhhmoh AHCppaKnnen noA ocTpneM
KJTHHa (6)

BonHa He HMeeT Hnnero o6mero c ropH3oHTanbHon OTpaacabomen
rpaHHnen, Ha KOTopon OHa Ha6nK)AaeTcn, ee Ha3Bann «mhhmoh».
MHHMwe AHubparnpoßaHHwe BonHbi HenerKO o6HapyacHTb, ho ohh
BcrpenabOTCH. Ecnn o6paTHTbcn k npaKTHnecKHM npHMepaM, to
MoacHo npeAnonoacHTb, hto «npKne nnTHa», AeMOHCTpnpoßaßmHecn
b pa3Aene 3.1, HBnnbOTcn mhhmwmh Anc|)paKnHHMH. CyAH no
ny6nnKannHM, mhhmwc Anc[)paKnHH cnyacaT cpeACTBOM o6Hapyace-
HHa He6onbmnx no pa3MepaM bwcokockopocthwx Kap6oHaTHbix
pHCpOB.

BoccTanoß.ieHHe Bonnoßoro cppoHTa

Ha pnc. 112 noKa3aH eme oahh npHMep npenoMneHHn nynen Ha
npoMeacyTOHHwx rpaHHnax. Ha nepBOM Kanpe cneßa H3o6paaceHa
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PHC. 1 12. Ha nepBOM cjießa KaApe H3o6pa>KeHa njiocKaa

BOJiHa, TOJibKo

mto npeTepneßmaa ncKaaceHne

CBoero

(ppoHTa noA BO3AencTBHeM cjiara-

CMOH TOHKOH

JIHH3bI. HoCJie

3TOTO CJiaraeMOe TOHKOH

JIHH3M oGpaTHJIOCb
b Hyjib. Ha nocneAyioniHx KaApax AeMOHCTpnpyeTca 3(p(peKT pocTa ah-
cppaKnHH, yAJiHHeHHa BOjmoßoro naKeTa h BoccTaHOßjieHne nepßoro Bcrynjie-
Hna:
I— Hanajio; 2— HanpaßJieHne pacnpocTpaHeHHa

nnocKan BonHa cpa3y nocne Toro, KaK OHa 6wna HCKaaceHa b
BonHHCTybo noA BO3AeHCTBneM cnaraeMoro tohkoh nHH3w. nocne
3Toro cnaraeMoe tohkoh nHH3w o6pamaeTcn b Hynb h Ha
nocnenybomnx KaApax OTMenaeTcn Bo3pacTaHne KonnnecTßa ahcJ)-
paKUHH.

Orpa'Aeinie ot iijiockocth pa3pbißHoro HapyineiiHfl

B HanpaßneHHH nonepeK oAHHOHHoro BepTHKanbHoro pa3-
-pwßHoro HapymeHHH CKopocTb 6yAeT bccth ce6n KaK npocTan
CTyneHnaTan c^yHKnnn ropH3oHTanbHon KoopAHHaTw. BonHbi, pac-
npocTpaHHbomnecn nepe3 TaKoe HapymeHne, ocna6nnbOTcn H3-3a
Toro, hto KoscfnpHnneHTW OTpaaceHHa h npoxoacneHnn 3aBHCHT
ot yrna naAeHHH. nocKonbKy o6whho BonHbi pacnpocrpaHH-
bOTcn no HanpaßneHHHM, 6nn3KHM k BepTHKanbHOMy, jxjih 06-
-pa3OBaHHH cnnbHwx BHyTpeHHnx OTpaaceHHH HyacHW nnmb He-
6onbmne nepenaAw ckopocth. Onnpaacb Ha nocneAHee pac-
cyacAeHne, MoacHo npeAnonoacHTb, hto KpyTonaAabomne pa3-
-pwßHwe HapymeHna 6yAyT HCKaacaTbcn b 6onbmen CTeneHH h,

cnenoßaTenbHo,

6ynyT 3aMeTHee Ha pa3pe3ax npn He6onbmHx
yAaneHnnx, neM Ha pa3pe3ax npn 6onbmnx yAaneHnnx nnn Ha
pa3pe3ax OTT.

/JaHHoe HBneHne eme 6onee 3anyTaHo npn Ha6nioAeHHH Ha
nnocKocTH (x, t). Ha pnc. 113 npencTaßneH npnMep, CMOAennpo-
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PHC. 113. CnHTeTHHecKne

AaHHbie,

nojiyneHHbie b pe-
3yjibTaTe pacneTOß no

KOHnen-

nnn H3jiyHaK>uinx rpaHnn AJia
MOAejin cpeAw, cocToauien H3
TonenHoro pacceHßaTejia n

CKaHKa

ckopocth pl/»2=l, 2
Ha BepTHKajIbHOM

KOHTaKTe

(no KbapTaHccoHy)

BaHHWH KbHpTaHCCOHOM H HCnOnb3OBaHHWH B OAHOH H3 BHKTOpHH.
H3ynHTe ero n OTBeTbTe Ha cneAybomne Bonpocw.

1. B HH3KO- HnH BWCOKOCKOpOCTHOH CpeAe HaXOAHTCH TOHCHHWH
pacceHßaTenb?

2. BwAenHTe neTwpe bohhw h HapncynTe nx nyneßwe TpaeK-
TOpHH.

3. HaHAHTe n o6bHCHHTe ABa BHAa BWHHcnHTenbHbix HCKaaceHHH
HCKyccTßeHHoro npoHcxoacAeHHa.

4. HanAHTe 6wcTpo3aTyxaboinybo BonHy.
5. HanAHTe CABHr (J)a3 y 3aKpHTnnecKoro OTpaaceHHH.
6. Ha pa3pe3e Hyneßwx yAaneHHH HMeeTcn nyn, He noKa3aHHwn

Ha pnc. 113. Tne oh HaxoAHTcn?
flpn OTBeTe Ha 3aAaHne 5 cneAyeT ynecTb, hto OTpaaceHHe npn

yrnax 6onbine KpHTHnecKoro npeTepneßaeT cpa3oßwn cabht. noc-
neAHee o6cToaTenbCTßO o6paTHT HMnynbconn b Ay6neT, KOTopwH
MoacHo nerKO npnHnTb 3a ABa nyna.

TeoMeTpHnecKHe cBOHCTBa cpeAbi, H3o6paaceHHon Ha pnc. 113,
TaKOBW, hto KOHnennnn H3nynabomnx rpannn He o6ecnennßaeT
pacneTa Bcex nynen, Ha6nioAaeMwx Ha pa3pe3e Hyneßwx yAaneHHH.
KoHnennnn H3nynabomnx rpaHHn no3BonneT paccnHTWßaTb TpaeK-
Topnn nynen AByx Tnnoß: nyna, pacnpocTpaHHbomerocn npnMO k
noBepxHOCTH, n nyna, KOTopwii OTpaacaeTca ot nnocKocTH pa3pwß-
Horo HapymeHHH n 3aTeM AOCTHraeT noBepxHOCTH Ha6nbOAeHHH. Ha
pa3pe3e Hyneßwx yAaneHHH npncyTCTßybOT nynn Tpex THnoB. J\b&
H3 hhx TonbKO hto ynoMHHyTW, ho pacnpocTpaHHbOTCH no
ABOHHOMy nyTH BBepx n bhh3. Eme oahh nyn, OTcyTCTByioinHH Ha
pnc. 113, nanaeT Ha nnocKocTb HapymeHHH npn pacnpocrpaHeHHH
TOnbKO b OAHy CTopoHy.

CymecTßyeT npocTOH cnoco6 nocTpoeHnn pa3pe3oß nocTOHHHO-
ro yAaneHHH b naTepanbHO-H3MeHHHBwx cpeAax, KorAa OTpaacaTe-
neM cnyacHT npocTO TOHKa. PaccnnTaHHan no MeTOAy H3nynabomnx
rpaHHn cencMOTpacca AJia tohkh npneMa x=s npeACTaßnneT co6on
npocTO BpeMH, cßepHyToe c Tpaccon, 3aperHcrpnpoßaHHOH b tohkc
x=g. B pe3ynbTaTe CBepTKH BpeMeHa npo6era CKnaAbmabOTcn.
TeHepHpybOTcn Aaace TaKHe nynn, KOTopwe He comacybOTcn c
KOHnennnen H3nynabomnx rpaHHn. )Kanb, hto H3noaceHHaa mctoah-
Ka He cpa6aTWßaeT b cnynae MOAenen OTpaacabomnx rpaHHn, 6onee
cnoacHwx, neM npocran TOHKa OTpaaceHHH.
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HenpasHJibHoe ncnojib3oßaHiie 3aBHCHMOCTH v(x) npn rjiySnHnon
MHrpannn

nporpaMMy, c noMoinwo KOTopon paccnnTaH pnc. 113, MoacHo
ncnonb3oßaTb AJia MnrpannoHHoro npeo6pa3oßaHHn, ecnn Bwnon-
HHTb ee b o6paTHOM nopnAKe. Ben 3Heprnn HHTepecybomnx Hac
nyneii Bo3BpaTHTcn Ha3aA k HMnynbCHOMy HCTOHHHKy. ByAeT nn
TaKan nporpaMMa MHrpannn scJDcpeKTHBHon npn o6pa6oTKe none-
Bbix MaTepnanoß? Otbct AonaceH 6biTb OTpnnaTenbHWM. /JaHHWH
nponecc cnnmKOM nyBCTBHTeneH k norpemHOCTaM b 3HaneHHH
nepenaAOß ckopocth no naTepann. Hmchho sthm hhcjiobwm

3HaneHHeM onpenenneTcn KoscpcJmnneHT OTpaaceHHH, hto b kohch-
hom cneTe CKa3WßaeTcn Ha npaßnnbHOCTn peKOM6HHHpoBaHHH Bcex
BonHOßwx cJ)pOHTOB Ha3aA b HMnynbc. llto6w nocMOTpeTb, KaK
HenpaßHnbHoe 3HaneHHe npnBOAHT k HapacTaHHbo omH6KH, Bo3b-
MeM, k npnMepy, mctoa MHrpannn nyTeM cyMMHpoBaHHH no
rnnep6onHnecKHM 3aKOHaM. B naHHOM cnynae mctoa cboahtch k
B3BemeHHOMy cyMMHpoBaHHbo no BceM TpaeKTOpnnM nynen,
npncyTCTßybomnM Ha pncyHKe. H3-3a HenpaßHnbHoro 3HaneHHH Ha
pa3nHHHbix BeTBHX noHBHTcn omH6oHHwe aMnnHTyAW. HenpaßHnb-
Hoe nonoaceHHe pa3pwßHoro HapymeHHa Toace npHßeneT k CMeine-
hhkd HecKonbKHx BeTßen.

YpoK, KOTopbm HyacHO H3Bnenb H3 npHßeAeHHoro npHMe-
pa, nceH. Heo6ocHOßaHHwe cKanKH ckopocthoh cpyHKHHH mo-
ryT co3AaTb noacHwe OTpaaceHHa ot nnocKocTH pa3pwßHoro
HapymeHHH. Bw6paHHWH 3aKOH H3MeHeHHH MnrpannoHHOH cko-
pocth, He npoTHßopenainHH HMeboinencn HHc[)opManHH, AonaceH
6wTb MaKCHManbHo rnaAKHM b naTepanbHOM HanpaßneHHH.
HeKßanncpHnnpoßaHHwe h neHHCpopMHpOBaHHwe pa6oTHHKH 06-
-pa6aTWßabomero neHTpa, kotopwm He AOBepeHO npHHHMaTb
pemeHHH, He AonacHW HMeTb Bo3MoacHocren BHOCHTb no CBoeMy
npoH3Bony pe3Kne naTepanbHwe H3MeHeHnn b CKOpocTHybo Monenb
cpeAbi.

3cjHj)eKTbi nepßoro nopnAKa, co3AasaeMbie jihioobwm njienoM

Tenepb yTOHHHM, hto noHHMaeTcn noA nHH3OBWM cna-
raeMWM ypaBHeHHH b CBeTe H3noaceHHbix npeACTaßnemm o
MHrpannn ao cyMMHpoBaHHH OTT npn Hannnnn naTepanbHwx
BapnannH ckopocth. PeanH3anHH 15-rpaAycHoro BapnaHTa AKK-
ypaBHeHHH AaeT

(228)

neperpynnnpoßaß nneHW no npn3HaKy noBeAeHHn, nony-
naeM

dU_ (T /co visfd^l r /co t;(g)2 d2 l)
dz {j^)2 2/co c3.s2 _ 2 2/co dg2 )
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(229a)

(2296)

HTaK, nonynaeM 3HaKOMbm bha nHH3OBoro nneHa, ho 3Aecb oh
coctoht H3 AByx nacreH, OAHa H3 KOTopwx OTBenaeT 3a cMeineHne
Ha nyHKTe B3pwßa, a Apyran —Ha ceHCMonpneMHHKe.

MnrpnpoßaHHbiH BpeiwennoH pa3pe3

no Mepe Toro, KaK pa3BeAKa nepexoAHT b panoHw c
Hpe3BwnaHHO cnoacHWM reonorHnecKHM crpoemieM, MaTepnanw
MeTOAa OTpaaceHHwx cchcmhhcckhx BonH CTaHOBaTca Bee 6onee

aHOManbHWMH,

a nx o6pa6oTKa Bee paBHO 6a3HpyeTcn Ha
H3BecTHwx cnoco6ax o6pa6oTKH.

npH 3TOM Bbl6HpaeTCH CKOpOCTb CyMMHpOBaHHH OTT H
paccHHTWßaeTcn cyMMapHan cencMOTpacca. KaKHM ace cnoco6oM
cneAyeT npoH3BOAHTb MHrpannoHHoe npeo6pa3oßaHHe? B 6onb-
mnHCTße ochobhwx nporpaMM MHrpannn nHH3OBwn nneH He
npnHHMaeTcn bo BHHMaHne. BKnbOHHTb b nporpaMMy nnH3oßwn
nneH nerKO, ho oh nyBCTBHTeneH k naTepanbHWM H3MeHeHHHM
CKopocTeii. TlocKonbKy HHKorAa Henb3n rapaHTnpoßaTb HaAeacHocTb
oneHOK naTepanbHwx ckopocthwx BapHannH, nnmb 3Habomne
reocf)H3HKH-HHTepnpeTaTopw pemabOTcn npHMeHHTb MHrpannoHHwe
npeo6pa3oßaHHH, ynHTWßabomne nnH3OBWH nneH. H3 caMbix
pacnpocTpaHeHHbix nporpaMM MHrpannn nHH3OBWH nneH o6whho
ncKnbonaeTcn. nocMOTpnM, hto 3to 03HanaeT.

YpaßHeHHe MnrpannoHHoro npeo6pa3oßaHnn cnpaßeAnHßO
nnmb b CMwcne «noKanbHon nnocKOH BonHW», KorAa 3anHCWßaeTcn
b BHAe

(230)

MnrpHpoBaHHWH BpeMeHHOH pa3pe3 onpeAenneTcn
nyTeM npeo6pa3oßamiH nepeMeHHOH rny6HHw z H3 ypaBHeHHH (230)
b nceßAornyoHHy x:

(231)

J],nH peanH3anHH ypaBHeHHH (231) nHH3OBwe nneHw He Tpe-
6ybOTcn, no3TOMy 6onbnion nyBCTBHTenbHOCTH k naTepanbHWM
H3MeHeHHHM CKopocTeii He oacHAaeTcn. K coacaneHHbo, 3Aecb
HaxoAHTcn noßymKa. CncreMa KoopAHHaT [y, z) HBnneTcn opToro-

HanbHOH,

a cncTeMa (y, t) He opToroHanbHan, ecnn TonbKO v (y) He

—=—
i(0 + i(° U— V^2 82 1- V te)2 d2 TT.

dz v(s)2 v(g)2 2/co ds2 2/co dg2

— = nHH3OBWH nneH + AHCppaKunoHHWH nneH

MM=^[i-(^HT

MM^i-^^)2]''2



uocTOHHHa. nosTOMy HHTepnpeTannn c Hcnonb3oßaHHeM ypaBHeHHH
(230) h (231) HeßepHa, xoth coso=

■

N/l — sin 20. THnep6ona npn
stom 6yAeT MHrpnpoßaTb k CBoen BepmnHe, TorAa KaK OHa Aonama
6w MHrpnpoßaTb b CTopoHy 6onee HH3KOCKopocTHoro pa3pe3a.

noABeAeM HTor. B npon3BOACTBeHHwx ycnoßHHx orpoMHbie
MaccHßw AaHHwx noAßeprabOTcn o6pa6oTKe 3aAonro ao Toro, KaK
noHßnneTcn neTKoe npeACTaßneHne o MacniTa6e naTepanbHwx
H3MeHeHHH CKopocTen. nosTOMy nHH3OBWH nneH He Hcnonb3yeTcn.
Pe3ynbTaTW 6ynyT xopomHMH, ecnn

OKaaceTcn,

hto b kohkpcthwx
ycnoßnnx nnH3OBWH nneH KOMMyTaTHBeH c AnqbpaKnHOHHWM.
KcTaTH, 3th nneHw AonycKabOT nepecTaHOßKy, KorAa ckopocth
H3MeHHbOTcn no naTepann AOCTaTOHHO MeAneHHO. B npOTHBHOM
cnynae Heo6xoAHMo noßTopHo o6pa6oTaTb cencMHHecKne MaTe-
pnanw c yneTOM nHH3OBoro nneHa. CaMa ace nepeo6pa6oTKa 6yAeT
nyBCTBHTenbHa k omn6KaM b ckopocth. ByAbTe BHHMaTenbHw!
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Tjiaea 4
lIPAKTHHECKAfI 3KCTPAnOJISnjMfI

BOJIHOBMX nOJIEH

HacTonman rnaßa nocßameHa TeM tohkocthm, KOTopwe Heo6-
xoahmo 3HaTb AJia npoBeAeHHH BwcoKOKanecTßeHHoro npo-
AonaceHHH BonHOßbix noneii b HnacHee nonynpocTpaHCTßO. B Hen
6yAeT Mano hobwx

KOHnenniTH,

CBa3aHHbix c nocTpoeHneM cchcmh-
necKHx H3o6paaceHHH, ho 3aTO 6yAyT paccMOTpeHw HHTepecHwe
npHMepw n HeKOTopwe MaTeMaTnnecKHe BbiKnanKH. B KOHne rnaßw
onncaHa nporpaMMa MOAennpoßaHnn pa3nHHHwx mctoaob Mnrpa-
nnoHHoro npeo6pa3oßaHHH n conocTaßneHHH nx pe3ynbTaTOß.

MarnH HBeTa

CHanana paccMOTpnM cnny CHraana. OTpaaceHHH c TenemieM
BpeMeHH CTaHOBHTcn Bee cna6ee h cencMHnecKoe H3o6paaceHne
yxynmaeTca, b cbh3h c neM hco6xoahmo bboahtb KoppeKUHio.

CencMnnecKHe naHHwe oKpamHßabOTcn cJ)nnbTpanneH, KOTopyio
MoacHo npoH3BOAHTb KaK b npocTpaHCTße, TaK n bo BpeMeHH. npn
aHanH3e BpeMeHHbix phaob o6pamaK)T BHHMaHne Ha noßwmeHne
OTHomeHHn cnrHan/noMexa 3a cneT cJmnbTpannH cencMo3annceH.
npn stom oahh cneKTpanbHwe Anana3oHW ocna6nnbOTcn, Apyrne
ycnnnßabOTCH. CneKTpanbHOMy B3BemHßaHHbo MoacHo noAßepraTb h
BonHOßwe nona no KoopAHHaTaM co n k. KaKHe cjmnbTpw HyacHO
Hcnonb3oßaTb npn OTcyTCTBHH noMex? Otbct Ha stot Bonpoc AaeT
HaM Teopnn BonHOßbix ypaBHeHHH. Boo6ine TOBOpH, BonHOßoe
ypaßHeHHe npeACTaßnneT co6on (})HnbTp c paßHOMepHon aMnnHTyn-
HOH XapaKTepHCTHKOH B npOCTpaHCTBe (CO, k) H HeKOTOpOH (J)a3OBOH
xapaKTepHCTHKOH, KOTopan cooTBeTCTByeT BpeMeHHWM 3aAepacKaM
npn pacnpocTpaHeHHH. B pa3nHHHbix nacTax npocTpaHCTßa (co, k)
conepacHTca pa3nnnHoe KonnnecTßO noMex, ho hct HyacAW o6Hapy-
>KHßaTb 3th nacTH c hhtchchbhocthmh, onpeAenneMWMH no
BonHOBOMy ypaßHeHHbo, paBHO KaK HeT Heo6xoAHMocTH H3o6pa-
acaTb Ha6nbOAeHHH c co6nbOAeHHeM ycjioßHH Ax= Az.

noBeAeHHe npocTpaHCTBeHHOH HaHKBHCTOBOH nacTOTW MoacHo
o6bacHHTb 4)HjibTpaii,HeH h MHrpanneH AaHHwx. Boo6pa3HTe
HMnynbCHybo cpyHKnnbo c HCKnboneHHon HaHKBHCTOBOH nacTOTon.
noAo6Hoe HCKnboneHHe Mano BnnneT Ha caM HMnynbc, ho HMeeT
orpoMHoe OTHOCHTenbHoe BO3AeHCTBne Ha OKpyjKaionrHe ero
Hynn. npn MHrpannn HMnynbca b nacTOTHOH o6nacTH npocTpaH-
CTßeHHwe nacTOTW nyTb Hnace HaHKBHCTOBOH o6pa6aTWßabOTcn
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PHC. 114. rnnep6ojia, ycnjiemiaa c nejibio AeMOHCTpannn noMex b oxpecTHOCTH

HaHKBHCTOBOH HacTOTbi

(a) h noAßepmyTaa cpHjibTpanHH (6)

cymecTßeHiio no-HHOMy, neM nacTOTW nyTb Bwme ee, a hmchho,
oahh o6pa6aTWßabOTcn KaK HMebomne neßwn HaKnoH, Apyrne—
npaßbin. noAo6HWH pa3pwß no npocTpaHCTBeHHOH nacTOTe npHBO-
Aht k noHßneHHbo pa3MamncToro noacHoro OTKnHKa b npocTpaH-
CTBeHHOH o6nacTH (pnc. 114).

OnncaHHybo Bwme HanKBHCTOBy noMexy nerKO noAaBHTb,
npnneM He nyTeM HCKnboneHHH nacTOTW HaHKßHcra H3 BH3yanbHoro
npeACTaBneHHH, a y3KononocHOH cpHnbTpannen THna ncnonb3o-
BaHHon npn bwboac AeMOHCTpHpyeMoro H3o6paaceHna, t. e. c
noMombio y3KononocHoro cpnnbTpa (l +coskxAx)(\ +0,85 c0skxAx),
KOTopwii nnaßHo CTpeMHTcn k Hynbo Ha HaHKBHCTOBOH npocTpaH-
CTBeHHOH HaCTOTC B 3aBHCHMOCTH OT KOOpAHHaTW X TaKOH cfmnbTp
HMeeT npocTybo TpexAHaroHanbHybo cfiopMy.

YcoßepmencTßOßaHiiH mctoahkh MHrpannn

no Mepe Hamero npoAßnaceHnn k 6onee KanecTBeHHWM pe3ynb-
TaTaM mw 6yAeM o6pamarbcn h k pa3nHHHoro pOAa annpoKCHMa-
HHhm. Cennac caMoe BpeMH pa3o6paTbcn b tom, KaKHM o6pa3oM
annpoKCHMannn yxyAmabOT pe3ynbTaTw o6pa6oTKH, h nonwTaTbcn
HaiiTH cnoco6w hx ynynmeHnn. ByAyT paccMOTpeHW nnTb KOHKpeT-
hwx BonpocoB:

1) nacTOTHan AHcnepcnn, Bo3HHKaboman H3-3a annpoKCHManHH
AH(|)cj)epeHnHanbHwx onepaTopoß pa3HOCTHWMn; 2) aHH3oTponHoe
HCKaaceHne 4>a3oßon h rpynnoßon CKopocTen, Bo3HHKabomee H3-3a
annpoKCHMannn KBaApaTHwx KopHen; 3) scj^cpeKT yceneHHH Ha KOHne
cencMopa3BeAOHHoro npoc^nnn; 4) yrnw HaKnoHa, npeßwmabomne
90°; 5) HCKaaceHHa, cßH3aHHbie c nepnoAHHHOCTbbo (J)ypbe-npeo6pa-
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30BaHHH; 6) BnHHHHe 3aBHCHMOCTH v (z) Ha MeTOA MHrpannn
CTonTa n ynynmeHne ero pe3ynbTaTOß nyTeM pacTnaceHna.nocne HecneAOBaHHH nepenHcneHHwx annpoKCHMannn b pa3-
jxqjiq 4.6 6yAeT AaH yrny6neHHWH aHanH3 noHHTHn npHHHHnocTH, b
tom nncne 6yAeT paccMOTpeH Bonpoc o tom, KaKHM o6pa3oM
MHrpannn b nacroTHon o6nacTH MoaceT HMHTHpoBaTb npnnHH-

HOCTb,

CBOHCTBeHHybo cnoco6aM MHrpannn bo BpeMeHHOM npeA-
CTaBneHHH. Pa3Aen 4.7 npeACTaßnneT co6on 6onbinoH 0630p
MeTOAHnecKHx npneMOß, 3Aecb noMemeHa OAHa nporpaMMa,
no3Bonnboman paccnHTWßaTb roAorpac|)w AHc|)parHpoßaHHbix BonH,
xapaKTepHwe AJia pa3nHHHwx mctoaob MHrpanHOHHoro npeo6pa3o-
BaHHH, hto ynpomaeT conocTaßneHHe mctoaob MHrpannn h
onTHMH3an.Hio napaMeTpoß. C noMonibio 3toh nporpaMMbi 6w-
nn nonyneHW pnc. 114 n MHorne Apyrne, noMemeHHwe b AaH-
hoh

rnaße,

nosTOMy y Bac ecTb BO3MoacHOCTb BocnpoH3BecTH hx
CaMHM.

CnaSan HeycTonnnßocTb H3-3a v(x)

HeKOTopwe npo6neMw KanecTßa Henb3H noHHTb, ecnn pa6oTaTb
b o6nacTH Oypbe . Ecnn He ynHTWBaTb c HaAneacamen TinaTenb-
HOCTbbo naTepanbHwe Bapnamin ckopocth, to ohh MoryT BW3BaTb
HeycTOHHHBocTb pemeHHH.

CymecTßOßaHne naTepanbHwx cKanKOB ckopocth npnBOAHT k
BO3HHKHOBeHHbo OTpaaceHHH ot KpyTonaAabonrnx nnocKocTeH pa3-
-pwßHwx HapymeHHH. Bonee cepbe3Han npo6neMa CBH3aHa c TeM,
hto caMH no ce6e ypaBHeHHH sKcrpanonnnHH eme Henb3n cnHTaTb
CTporo AOKa3aHHWMH. Han6onee CTpornn H3 npHßeAeHHbix Bwme
bwboaob ypaBHeHHH 3KCTpanonnnHH ocHOBaH Ha AncnepcHOHHwx
cooTHomeHHHX, KOTopwe nonynHM, hcxoah H3 npeAnonoaceHHH o
nOCTOHHCTBe CKOpOCTH no KOOpAHHaTe X. Ha BOnpOC O

TOM,

KaKHM
o6pa3oM cnenyeT npeACTaßnnTb AncnepcnoHHoe cooTHomeime,
coAepacamee nneH BHAa vk 2, j\o chx nop He nonyneHO OTBeTa. Oho
MoaceT 6biTb npeACTaBneHO nepe3 v (x, z) dxx, dxv (x, z) dx, dxxv (x, z)
nnn ace nepe3 nbo6ybo hx KOM6HHanHbo. OAHaKO KaacAoe H3
npHßeAeHHbix Bwme BwpaaceHHH npnBOAHT k HHOMy nncneHHOMy
3HaneHHbo KO3(J){pHnHeHTa BHyTpemiero OTpaaceHHa. Eme xyace to,
hto nocne AHCKpeTH3annH Bcex ocen o6HapyacHßaeTca, hto oaho H3
Han6onee ocMwcneHHbix npeACTaßneHHii npHBOAHT k Koscpc^HnneH-
TaM OTpaaceHHa, 6onbmHM eAHHHnw, n k HHcneHHOH HeycTOH-

HHBOCTH.

Cna6an HeycTOHHHBocTb xyace cnnbHon. CnnbHaa HeycTOHHH-
BocTb 6yAeT cpa3y ace 3aMeneHa, a cna6yio MoacHo nponycTHTb n
no3ace OHa npHBeAeT k HenpaßHnbHWM reocpH3HnecKHM BWBOAaM. K
cnacTbbo, HecneAOßaHHe npo6neMw yCTOHHHBOCTH npHBOAHT k
pa3pa6oTKe BnonHe HaAeacHoro MeTOAa MnrpannoHHoro npeo6pa-
30BaHHH, H3noaceHHoro b pa3Aene 4.8.
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4.1. OieHHecKHe h KoavieTHHecKHe acneKTbi
BOJIHOBOH 3KCTpanOJIfIHHH

HacTOTHan cpnnbTpannn, c|)HnbTpanHH no KaacymnMcn CKopo-
cthm n perynnpoßKa ycnneHnn npeACTaßnnbOT co6on Tpn cnoco6a
npeAßapHTenbHon o6pa6oTKH, npHMeHeHHe KOTopwx npecnenyeT
npeHMymecTßeHHO KOCMeTnnecKHe nenn, t. e. ohh Hcnonb3ybOTcn
jj.jin ynynmeHHH BHenmero BHAa ceHCMopa3BeAOHHwx AaHHwx.
KpnTepHH, neacainne b ochobc Bw6opa KOHKpeTHbix KonnnecTßeH-
hwx napaMeTpoß yKa3aHHwx Bwme h npyrnx cnoco6oß o6pa6oTKH,
3anacTybo HencHbi n CBH3aHW c nenoßenecKHM onwTOM nnn
BH3yanbHWM BoenpHHTneM. B npnmnrne Bo3MoaceH Bw6op 3thx
napaMeTpoß c npnßneneHHeM TeopHH HHc])opManHH n TaKnx
o6beKTHBHwx KpHTepneß, KaK cneKTpw Kaacyinnxca CKopocTen
none3Hwx cnrHanoß h noMex. Ho b noßceAHeßHoii npaKTHKe 3Toro
eme He AenaeTca.

Henb3H HenoonemißaTb BaacHocTH npeAßapHTenbHwx npneMOß
o6pa6oTKH. HepeAKO cnynanocb, hto conocTaßneHHe mctoahk
o6pa6oTKn (HHorAa c nenbbo Bw6opa noApHAHHKa) oKa3Wßanocb
HenonHoneHHWM H3-3a HenpeAHaMepeHHoroH3MeHemiH napaMeTpoß
npeAßapHTenbHwx nponenyp. 3th cnoco6w o6pa6oTKH BO3HHKnH
ecTecTBeHHWM nyTeM, npn 3tom o6pa6oTHHKH ncxoAnnn H3 TeopHH
pacnpocTpaHeHHH BonH.

KBaApaT BpeMeHH

C TeneHHeM BpeMeHH OTpaaceHHH ocna6eßabOT. x-lTo6bi Ha6nbo-
AaTb ceHCMo3anHcn Ha 6onbmnx BpeMeHax, KOScpcJDnnneHT ycnneHnn
o6whho nenabOT Bo3pacTabomnM bo BpeMeHH. npn stom b KanecTße
Becoßoro MHoacHTenn onem> yAanHon OKa3WßaeTcn cJDymcnnH t2 . He
cneAyeT oacnnaTb, hto OHa BcerAa 6yAeT noAxoAnmen, TaK KaK
BWTeKaeT no cymecTßy H3 oneHb npocron MOAenn. Ho Bee
ace aBTOp cnHTaeT ee 6onee yAOBneTBopnTenbHOH, neM nonb-
3ybomancn 6onbmon nonynnpHOCTbbo Bo3pacraioinaH noKa3aTenb-
Han cpyHßnnn. Y t 2 HeT napaMeTpoß, a noKa3aTenbHan cjjymcnHH
Tpe6yeT AJia CBoero 3aAaHHH nenwx ABa —nocTOHHHyio BpeMeHH n

MOMeHT,

KorAa bw npepbrnaeTe cjyyHKHHio H3-3a ee npe3MepHoro
pocTa.

nepßan H3 AByx CTeneHen BpeMeHH / o6bncHneTcn TeM, hto mw
npeo6pa3yeM Tpn KoopAHHaTw b OAHy. CencMHnecKne BonHbi
pacnpocTpaHHbOTcn b TpexMepHOM npocrpaHCTße, nosTOMy nno-
maAb noBepxHOCTH cpponra pacmnpHbomencn ccpepnnecKOH Bonnw
pacTeT nponopnnoHanbHO KBanpaTy paAHyca stoh cc|)epw. Cneno-
BaTenbHo, nnomanb pacnpeAeneHHH cchcmhhcckoh SHeprnn pacTeT
nponopnnoHanbHO KBanpaTy BpeMeHH, a ceHCMnnecKHe aMnnnTyAW
nponopnnoHanbHW KopHbo KBanpaTHOMy H3 3HeprHH. H3 sneMeH-
apHwx reoMeTpHnecKHx coo6pa>KeHHH, Kacabomnxcn pacnpocTpa-
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HeHHH 3HeprHH, cneAyeT, hto nonpaßKa 3a ccj)epHHecKoe pacxoacAe-
HHe BonH paßHa BpeMeHH nnmb b nepßon CTenemi.

Eme OAHa CTeneHb BpeMeHH nonßjineTCH H3 npocToro pacneTa
nornomeHHH. JJ,jin o6bncHeHHH MexaHH3Ma nornomeHHH Heo6xo-
AHMa MOAenb. npeAnaraeMan aBTopoM MOAenb cnnimcoM upocTa,
hto6w o6bHCHHTb Bee, CBH3aHHoe c nornomeHneM cencMHnecKnx
BonH, ho OHa npeKpacHO o6bHCHHCT nponcxoacneHHe AononHHrenb-
hoh cTeneHH y

/,

KOTopaa, KaK noKa3WBaeT onwT, HaM HyacHa.
B Monenn npeAnonarabOTcn: 1) OAHOMepHoe pacnpocTpaHeHne;
2) nocTOHHHan CKopocTb; 3) nocTOHHHoe nornomeHHe Q~ x\
4) cnynanHO pacnpeAeneHHwe no rny6HHe KO3(})(J)HnHeHTW OTpaace-
HHH, 5) oTcyrcTßHe MHoroKpaTHwx OTpaaceHHH, 6) 6enwn cneKTp
HCTOHHHKa.

H3 npHßeAeHHbix Bwme ycjioßHH cneAyeT, hto MOHOxpoMara-
necKan BonHa 6yAeT 3KcnoHeHnnanbHo ocna6eßaTb c rny6nHoH,
CKa^KeM, no 3aKOHy exp (— aco/), rAe nepe3 t o6o3HaneHa rny6HHa bo
BpeMeHHOM BwpaaceHHH, a nepe3 a— nocTonHHan 3aTyxaHnn,
o6paTHO nponopnnoHanbHan noKa3aTenbo ao6pothocth BonHbi Q.
MHorne c6HBaK)Tca c nyTH, KorAa 6cpyTcn MonennpOßaTb peanb-
Hwe ceHCMOpa3BenoHHwe MaTepnanw c noMombbo noAo6Hon
MOHOxpOMaTHnecKon BonHbi. MoAenb MoacHo ynynmHTb, ecnn
B3HTb mnpoKononocHbin cencMnnecKHH hctohhhk b BHAe HMnynbc-
hoh cpyHKnnH. BcjieACTßHe nornomeHHH bwcokhc nacTOTW 3aTy-
XabOT 6bICTpO H, HaKOHen, OCTabOTCH TOnbKO HH3KHe, HTO npHBOAHT
k yMeHbineHHio hhtchchbhocth none3Horo cnrHana. Ha BpeMeHH
pacnpocTpaHeHHa t hcxoahwh 6enwn (paßHOMepHbin) cneKTp
3aMeHneTcn Ha ynoMHHyTybo Bwme cfiyHKnHbo BHAa exp (— aco/j,
npeACTaßnnbomyio co6on 3aTyxabomybo SKcnoHeHnnanbHyio cJ)yHK-
nnbo nacTOTW. CeHCMnnecKan sHeprnn, pacxoAyeMan Ha co3AaHne
HMnynbCHon (jrymcnHH BpeMeHH, nponopnnoHanbHa nnomaAH,
orpaHHHHBaeMOH 3aTyxaioineH SKcnoHeHnnanbHon cpyHKnnen na-
ctotw. Mto KacaeTcn cpa3oßoro cneKTpa, to bcc nacTOTW 6yAyT
HaxoAHTbcn b cpa3e, TaK KaK npeAnonaraeTcn, hto hctohhhk
HMnynbCHoro Tnna, a CKopocTb nocTOHHHan. (OTHocnTenbHo
Tanmencn 3Aecb npo6neMW npHHHHHOCTH cm. pa3Aen 4.6.)
B pe3ynbTaTe HHTerpHpoßaHnn no nacTOTe yKa3aHHOH Bwme
rioKa3aTenbHoH cpyHKnnH b HHTepßane ot Hynn ao 6ecKOHen-
hocth nonynaeM o6paTHyio CTeneHb BpeMeHH / h, TaKHM 06-
-pa3OM, 3aßepmaeM AOKa3aTenbCTBO Toro, hto nonpaßKa 3a
ccbepnnecKoe pacxoacAeHne paßHa KBaApary BpeMeHH npo6era
t.

Jlbo6onwTHO, mo (})opMa oacHAaeMon orn6abomeH cencMO-
Tpaccw t~ 2 He 3aBHCHT ot nocTOHHHOH pacceHHHH a. B pe3ynbTaTe
H3MeHeHHH cneKTpa cencMHnecKoro HCTOHHHKa cpopMa orn6abomeH
H3MeHHTcn. B KanecTße ynpaacHeHHn npeAnaraeTcn noKa3aTb, hto b
cnynae, KorAa cneKTp cencMnnecKoro HCTOHHHKa paßeH |co | p,
nonpaßKa 3a ccpepnnecKoe pacxoacneHHe 6yAeT HMeTb bha /2 +p.
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CeHCMnnecKHe ckopocth c rny6nHon Bo3pacTabOT, nosTOMy
HHorAa, 3Han CKopocTb, MoacHo yTOHHHTb 3HaneHHe nonpaßKH 3a
cc]3epHHecKoe pacxoacneHne, CAenaß ee 3aBHCHMOH ot ckopocth (a

cneAOßaTenbHO,

h ot KoopAHHaTw yAaneHHH npneMHHKa ot
HCTOHHHKa) H OT BpeMeHH.

B AencTBHTenbHOCTH (JiaKT xopomero cornacoßaHnn t 2 c
Ha6nbOAeHHWMH AaHHWMH MoaceT OKa3aTbcn h cnynaHHWM. 06wn-
ho Q pacTeT c rny6nHOH, b to BpeMH KaK KoscpcpnnneHTW
OTpaaceHHH, KaK npaßnno, c rny6nHOH yMeHbmabOTca.

noMexn, noßcpxHOCTHwe bojihw n orpannneHne aMnjiHTyAw

Ecnn 6w b ceHCMHnecKHX AaHHwx He coAepacanocb Hnnero,
KpoMe OTpaaceHHwx BonH, to He BO3HHKano 6w 6onbmnx
3aTpyAHeHHH npn bwboac nx Ha rpacponocrponTenb. MoacHo 6wno
6w npocTO yMHoacHTb hx Ha t 2 n 3aTeM noAo6paTb TaKOH MacmTa6
BocnpoH3BeAeHHH, hto6w h HaH6onbmne 3HaneHHH yMemanncb
BHyTpn OTBeAeHHon AJia sthx nenen nnoniaAH. B AencTBHTenbHOCTH
ace cymecTßybOT ABe npo6neMw: Tpaccw, ocnoacHeHHwe noMexaMH,
h MOAbi noMex. Tpaccw ocnoacHabOTca noMexaMH no toh npnnHHe,
hto He Bee HaceneHne 3eMHoro mapa 6e3nencTßyeT b to BpeMn, KaK
cencMopa3BeAHHKH perHCTpnpybOT OTpaaceHHa. K MOAaM pacnpo-
cTpaHeHHa noMex othochtch BonHbi, cymecTßybomne b npnnoßepx-
hocthwx cnonx. HosTOMy hx pacxoacAeHne nponcxoAHT b AByxMep-
hom npocTpaHCTße, a He b TpexMepHOM, KaK b cnynae OTpaaceHHwx
BonH. BonHW-noMexH, pacnpocTpaHabomneca b boahom cnoe, eme
6onee hhtchchbhw H3-3a oahopoahocthcjioh h hh3koto nornome-
HHH hx b boac

C noMexaMH 6opbOTcn nyTeM «cpe3aHHH» Ha6nbOAaeMwx 3Hane-
hhh Ha HeKOTOpoM ypoßHe, MeHbmeM MaKCHManbHoro. CMbicn
onepannn orpaHHneHHH 3anncn no aMnnHTyne 3aKnbonaeTCH b tom,
hto 3HaneHHH, npeßwmabomne ycTaHOßneHHwii ypoßeHb, 3aMe-
HHbOTcn Ha 3HaneHHH, paßHwe 3TOMy ypoBHK). nocKonbKy aMnnn-
TyAa noMexn o6whho HenpeACKa3yeMa, Han6onee HaAeacHo nonb3o-
BaTbcn KBaHTHnnMH. npeAnonoacHM, hto Ha6nbOAeHHwe otchctw
ynopaAoneHW b cootbctctbhh c hx a6conK)THWMH nncnoßbiMH
3HaneHHHMH. Torna KBaHTnnb u-to nopnAKa onpeAenHTcn KaK
TaKoe a6conbOTHoe 3HaneHHe, KOTopoe cocTaßnneT «/100 npoMe-
acyTKa Meacny HaHMeHbniHM n Han6onbmHM a6conbOTHWMH 3Hane-
hhhmh. nosTOMy, ecnn Ha6nK>AeHHH cpe3aHw Ha ypoßHe 99-h
nponeHTHnn, to ao 1% hx MoryT OKa3aTbcn 6ecKonenHO cnnbHWMH
noMexaMH. Abtop cnHTaeT, hto Ha 6onbmeH nacTH noneßbix
cencMorpaMM coAepacHTca MeHee 10% otchctob, KOTopwe npnHaA-
neacaT noMexaM, n nacro nonb3yeTca orpaHHneHHeM aMnnHTyn Ha
ypoßHe abohhoh 90-h nponeHTHnn. /],na onpeAeneHnaKBaHTnnH HeT
Heo6xoAHMocTH b nonHOH copTnpoßKe Bcex Ha6nbOAeHHH. 3to
cnnimcoM 3aMeAnnno 6w o6pa6oTKy. AnropnTM Xoapa o6naAaeT
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HaMHoro 6onbiHHM 6wcTpoAencTßHeM. nonHbin cnncoK nnTepa-
Typw no 3TOMy Bonpocy h AononHHTenbHwe CBeneHnn no
reocj)H3HKe MoacHo HaiiTH b pa6oTax [32, 53].

Pa3nHHHwe rpacfmnecKHe H3o6paaceHna npecneAybOT pa3nnnHwe
nenn. Bo BpeMH o6pa6oTKH nacro BaacHo coxpaHHTb nnHenHocrb, b
to BpeMH KaK Ha 3aKnbOHHTenbHOH craAHH —npn rpacJ)OBWBOAe —
nHHeHHOCTbbO MOaCHO H nOaCepTBOBaTb, HTO6bI HMeTb BO3MOaCHOCTb
Ha6nK>AaTb Bee oco6chhocth cencMHnecKOH 3anncH, 6onbmne h
Manwe. MenoßenecKoe BoenpnnTHe o6whho xapaKTepH3yeTcn nora-
pH(f)MHHecKHM 3aKOHOM. B cßoeii na6opaTopHH mw, KaK npaßHno,
nOnb3yeMCH CTeneHHWMH 3aBHCHMOCTHMH. Abtop

CHHTaeT,

HTO B

pe3ynbTaTe 3aMeHw perHCTpnpyeMwx b none otchctob kophhmh
KBaApaTHWMn H3 hhx c cooTBeTCTByboniHMH 3HaKaMH Bee cnrHanw
cacHMabOTca b BH3yanbHo BoenpHHHMaeMwn Anana3oH. npn rpac])H-
necKOM BWBOAe noneßbix ceiicMorpaMM c oneHb 6nH3KHM pacnono-
aceHneM Tpacc, MoaceT 6wTb, nynme nonb3oßaTbcn Ky6nnecKHMn
kophhmh co 3HaKaMH. B o6meM cnynae HenHHeHHan perynnpoßKa
ycnneHnn npOH3BOAHTcn b cootbctctbhh co cnenybomnM paßeH-
ctbom:

TpenecKOH 6yKßon y b 4)OTorpacJ)HH o6o3HanaeTcn HennHenHOCTb
(KOHTpacT) c|)OTOcnoH. Bonbman nacTb npHßeAeHHbix b HacTonineH
KHHre rpac|)HHecKHx H3o6paaceHHH Ha6nbOAeHHwx AaHHbix Bwnon-
HeHa npH*y=l, c perynnpoßKOH ycHnemiH no 3aKOHy t 2 h
orpaHHneHHeM aMnnHTyA Ha ypoßHe 99-h nponeHTHnn.

CTaHAapTHwn noAxoA, npHMeHneMbin b npaKTHnecKon cencMO-
pa3BeAKe, CBH3aH c ncnonb3oßaHHeM aBTOMaTnnecKOH perynnpoßKH
ycnneHHH (APY). npn Hcnonb3oßaHHH APY aMnnHTyAW otchctob b
HeKOTopoM HHTepßane BpeMeHH ycpeAHHbOTcn h 3aTeM 3HaneHHn
OTcneTOB AennTcn na 3Ty BennnHHy. HenHHeHHan onepannn APY
OKa3bmaeTCH 6onee nnHenHOH, neM KoscpcpnnneHT HennHenHOCTH y,
h nosTOMy b Tex cnynanx, KorAa nnaHnpyeTcn nocneAyboman
o6pa6oTKa Ha6nbOAeHHH, nynme npHMeHHTb ee. Ho cnenyeT
noMHHTb, hto npn HCnonb3OBaHHH APY TepHbOTCH 06paTHM0CTb
Ha6nbOAeHHH h CMbicn nonHon aMnnnTynw.

Ha pnc. 115 npHBeAeH HHTepecHbin npnMep. nocKonbKy paccTa-
HOBKa neHTpanbHan, KaaceTcn, hto cencMorpaMMa nonyneHa npn
pa6oTe Ha cyme: cynno ace He MoaceT TonKaTb Kocy Bnepenn ce6n.
Ho Ha cencMorpaMMe (pnc. 1 1 5, a) OTneTnHBO bhahw THnnnHO
MopcKHe KpaTHbie OTpaaceHHa. nepnoA'noßTopeHna peßep6epannH
nocTOHHeH h, KpoMe Toro, OTcyTCTBybOT OTpaaceHHH Ha BpeMeHax,
MeHbinnx BpeMeHH OTpaaceHHa ot MOpcKoro Ana. B AencTßHTenb-
HOCTH ace cencMorpaMMa nonyneHa Ha nbAy, noKpwßaioineM
rny6oKOßOAHybo nacTb Mopa (aho pacnonoaceHO Ha rny6nHe 375 m).
nocne HenHHeHHOH perynnpoßKH ycnneHnn (pnc. 115,6) acHO
BWAenaeTcn BonHa, pacnpocTpaHmoinancH b BOAe, a nepeA Hen —

TpacJ)OBbiBOA = 3HaK (Ha6nbOAeHnn) | Ha6nK>AeHHH | y. (232)
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PHC. 115. nojiyneHHaa b ApKTHKe nojießaa cencMorpaMMa, BbmeAeHHaa Ha
rpacJ)onocTpoHTejib c peryjinpoßKon no 3aKOHy t 2 (a), no 3aKOHy t2 (6) hy=0,4 (6)
h c APY (e)

BwcoKOCKopocTHan BonHa, pacnpocTpaHnbomancn no nbny. Ha6nio-
AabOTcn TaKace h cna6an HH3KOCKopocTHan HH3KonacTOTHan noßepx-
HOCTHan BonHa, h HecKonbKO xopomnx OTpaaceHHH.

KoMnjieKCHan CKopocTb b 5-rpaAycHOM ypaBHeHHH

CMwcn 5-rpaAycHoro ypaßHeHHa

dP _1 dP
dz v dt"1 (233a)

3aKnbonaeTcn b tom, hto Ha nepeMeineHHe BonHOßoro cf)poH-
Ta c oahoh rny6HHw Ha Apyryio 3aTpanHßaeTcn HeKOTopoe Bpe-
MH. npH ycnOBHH, HTO CKOpOCTb v HBnneTcn BemecTßeHHon
nocTOHHHOH, BonHbi, noAHHHHboniHecH ypaBHeHHK) (233), pac-
npocTpaHHbOTcn 6e3 h3mchchhh cJ)opMw. Ha npaKTHKe Ha6nbo-
AaeTcn H3MeHeHHe c|)opMw 3anHcn. nosTOMy v He AonacHa
6biTb BeinecTßeHHon nocTOHHHOH. 3aTyxaHHe BbowßaeT MHHMan ee
nacTb. 3aßHcnmaa ot nacTOTW CKopocrb npHBOAHT k nacTOTHOH
AHcnepcHH.

ikz=—i(o/v (2336)
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PHC. 116. CnHTeTHHecKaa cencMOTpacca AAa cpeAw c QzzlOO (no Xeftjiy)

norjiomeHne

OcHOBHaa MOAenb cooTBeTCTByeT cnynabo, KorAa t;(co) onpeAe-
nneTcn ypaBHeHHeM

(234)

npn 8 = 0 ypaßHeHHe (234) naeT nocTOHHHybo CKopocTb. YpaßHeHHe
(235) MOAennpyeT TaK Ha3WßaeMoe npnnHHHoe, t. e. c nocTOHHHWM
Q, nornomeHHe, npnneM Q~ 1 = igm (cm. pa3Aen 4.6). Ha pnc. 116
npnßeAeH npHMep CHHTeTHnecKoii cencMOTpaccw, paccnnTaHHOH b
cooTBeTCTBHn c MOAenbbo H3nynabomnx rpaHHn no ypaBHeHHHM
(233) h (234).

YpaßHeHHe (234) onncwßaeT 3aTyxaHHe, TaK KaK b CKopocTb
BBeneHa MHHMan nacTb. TnaßHoe BnnnHne noAo6Horo 3aTyxaHHH
3aKnbonaeTcn b ocna6neHHH BonH Ha 6onbmnx BpeMeHax. Btophh-
Hwn 3c})cJ)eKT cBH3aH c noHHaceHHeM nacTOTHoro cocTaßa nocne-
Aybomnx BCTynneHHH. TpeTHHHWH 3(J)(|)eKT MoacHo ccJiopMynnpoßaTb
cnenybomnM o6pa3oM. OKa3WßaeTca, hto Tpe6oßamie npHHHHHOCTH
BWHyacnaeT BemecTßeHHybo nacTb ckopocth cnerKa 3aßnceTb ot
nacTOTW. Ha pnc. 116 OTMeneHHan Bwme cna6an 3aBHCHMOCTb ot
nacTOTW npoHßnneTcn b tom, hto «BpeMn HapacTaHHH» KaacAoro H3
HMnynbcoHAOß MeHbme «BpeMeHH y6wBaHHH». 3to 3HanHT, hto
BwcoKHe nacTOTW ABnacyTca HeMHoro 6wcTpee, Heacenn hh3khc
npaKTHnecKH ace 3tot 3c|)(J)eKT peAKO 6bmaeT 3aMeTeH.npn nocTpoeHHH H3o6paacemiH 3cmhoh cpeAw co3AaßaeMoe
stoh cpeAOH pacceaHHe MoacHo 6wno 6w CKOMneHcnpoßaTb nyTeM

— l(H_

C0

0 / —

JCO

\

v((o) v0 \ co0 J
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ycnneHHn BwcoKonacTOTHwx cocTaßnabonrnx 3HeprHH b nponecce
npoAonaceHna b HHacHee nonynpocTpaHCTßO. KoMneHcannio MoacHo
AenaTb tohho TaK ace, KaK npon3BOAHTcn MHrpannoHHoe npeo6pa-
30Baime, TonbKO BonHOßoe nncno BHAa k z = — 2/^ 2 —k2 HyacHO
3aMeHHTb Ha noAo6Hoe eMy ikz =( —iay) 1 ~. Ha npaKTHKe hhkto
3Toro AenaTb He 6yAeT, TaK KaK yKa3aHHan 3aMeHa npnßeAeT k
ycnneHHbo BwcoKonacTOTHOH noMexn, hto aBTOMaTHnecKH CTaBHT
Bonpoc o BenHHHHe OTHomeHHH cnrHan/noMexa.

B noHHTne noMexn bxoaht He TonbKO cf)OHOBwe cnynanHbie
Kone6aHHH. Reno b tom, hto noMexn b ochobhwx cbohx nepTax
noBTopnbOTCH npn noßTopHwx 3KcnepHMeHTax. MoacHo

CKa3aTb,

hto noMexa— Henro TaKoe, AJia nero y Hac hct yAOßneTßopHTenb-
hoh MOAenn. Ha npaKTHKe AJia Bbi6opa noAXOAannix nepeMeHHwx
bo BpeMeHH nonoc nponycKamm nacTO ncnonb3ybOT nepeMeHHwe no
BpeMeHH cpnnbTpw. ,/J,na peanH3annn TaKHx cjnuibTpOß MoacHo 6wno
6w Bocnonb3oßaTbca ypaßHemiHMH (233) n (234), ho 6yAeT
npe3MepHWM ynpoinemieM oneHHßaTb hx none3HocTb nnmb KaK
KOMneHcaTopoß ao6pothocth cpeAw Q.

,HncnepcnH

Bonee hctkoh h onpeAenenHon HBnneTcn 3aBHCHMOCTb ckopocth
ot nacTOTW b cnynae noßepxHOCTHbix BonH. OHa 3aAaeTcn,
HanpHMep, ypaBHeHHeM BHAa

Ha pnc. 117, a H3o6paaceHa cencMorpaMMa c nacTOTHO-AHcnep-
rnpybomeH noBepxHOCTHon BonHOH. Ha pnc. 117, 6 Ancnepcna
ycTpaHeHa cnoco6oM, HanoMHHabomnM MHrpannoHHoe npeo6pa3o-
BaHHe. Pa3nnnHe MeacAy npHMeHeHHWM cnoco6oM h Mnrpannen
COCTOHT B

TOM,

HTO npH MHrpaAHH 3KCTpanOnanHH npOH3BOAHTCH
no och z, a Ha pnc. 117, 6 AeMOHCTpHpyercn pe3ynwraT 3KCTpanonn-
nnn no och x. (/],aHHoe HanpaßneHne sKCTpanonnnnn npocTO 6wno
3anoaceHO b KOMnbbOTepe.) KaacAan cencMOTpacca Ha pnc. 107,5
o6pa6oTaHa OTAenbHo. npn MHrpannn nonynaeTcn, hto Ha6nioAe-
hhh p{t, z= 0) 3KCTpanonnpybOTcn b hckhh o6pa3 p(t =0, z) c
noMoiubio AHcnepcHOHHoro cooTHomeHHn kz = — y/(o 2/v 2 —k 2

: . B
ynoMHHyTOM Bwme cnoco6e Ha6nioAeHHbie AaHHbie p(t, x=0)
3KCTpanonnpybOTcn b hckhh o6pa3 p(t=0, x) c noMonmbo Ancnep-
chohhoto cooTHomeHHn BHAa kx =f((o/v). nocne stoh nceBAO-
MHrpanHH npoH3BOAHTcn nceBAOAHCppaKHHOHHoe npeo6pa3oßaHHe c
nocTOHHHOH CKopocTbbo. nonHWH 3Cj>4)eKT 3aKnK)HaeTCH B
KOMneHcannH nacTOTHOH AHcnepcnn. B pe3ynbTaTe o6pa6oTKH mw
MoaceM y6eAHTbca, hto noMexa coctoht H3 AByx caMOCTOHTenbHwx
BonH. npneMw o6pa6oTKH, HanoMHHabomne H3noaceHHbin Bwnie,
6wnn Bnepßwe ncnonb3oßaHw AJia onpeAeneHHH MecTOHaxoacAemia

— id)/v(co) =(— /co/t!0)yj 1+co o/co2 . (235)
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PHC. 117. A

HCne

PrHPyi°iU aa noßepxHocTHaa Bojma (a) c ycTpaHeHHofi

nacTOTHOH

AHcnepcneH (6)

pa3pwßHbix HapymeHHH b npeAenax yronbHwx MecTopoacAeHHH [B].
B HnacHen nacrn pnc. 117,6 OTneTnHBO bhahw ABe BonHbi —
npnMan h c rnnep6onHnecKOH ocbbo CHHcJ)a3HOCTH. nocneAHnn,
CKopee Bcero, npeACTaßnneT co6oh 6oKOßyio BonHy, OTpaaceHHyio
ot HeoAHopoAHOCTH, pacnonoaceHHOH b CTopoHe ot cencMopa3Be-
AOHHoro npocpHnn.

Kpaesbie 3cpcpeKTbi Ha pe3yjibTaTax mhi pannn

/J,nn noAaBneHHH KpaTHwx OTpaaceHHH MoacHo npHMeHaTb
BeepHybo (pnuibTpaHHbo. B pa3Aene 5.5 6yAeT

noKa3aHO,

hto
KpaTHwe OTpaaceHHa He noxoacn Ha OAHOKpaTHwe (nepßHHHwe)—hx
HHTCHCHBHOCTb MOaceT 6bICTpO MeHHTbCH B TOpH3OHTanbHOM
HanpaßneHHH. Hx He HyacHO pa3BopanHßaTb b npoTnaceHHwe
rnnep6onw AH(J)parHpoßaHHbix BonH, hto HBnneTcn o6n3aTenbHWM
b cnynae OAHOKpaTHbix OTpaaceHHH. /l,aHHoe pa3nHnne BO3HHKaeT
no toh npnnHHe, hto KpaTHwe OTpaaceHHa nacTO o6pa3ybOTca b
npHnoßepxHocTHbix nacTnx reonornnecKoro pa3pe3a, cJDOKycHpyncb
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Ha HeoAHopoAHOCTHx. 3to npeAnonoaceHHe noATßepacAaeTca BHeni-
hhm bhaom pa3pe3oß, nocTpoeHHwx no pe3ynbTaTaM MHrpannoH-
Horo npeo6pa3oßaHHH cencMOTpacc, yAaneHHwx Ha 6onbinne
paCCTOHHHH OT HCTOHHHKa. Ha TaKHX pa3pe3aX HaCTO Ha6nbOAabOTCH
xapaKTepHwe nonyoKpyacHocTH (no BceMy pa3pe3y BnnoTb ao
noBepxHOCTH 3eMnn), nonßneHne KOTopwx roBopHT HaM o tom, hto
o6pa6oTKa BwnonHeHa HenpaßnnbHO. 3th OKpyaCHOCTH MoryT
BbObmaTbca KpaTHWMH oTpaaceHHHMH, CTaTHnecKHMH nonpaßKaMH
nnn ace Hen3BecTHon HMnynbCHon noMexoii. B nio6oM cnynae hx
MoacHo nacTHHHo

nonaßHTb,

He 3aTparHßan npn stom OAHOKpaTHwe
OTpaaceHHH.

MnKpoKpaTHbie bojihw b npocTpaHCTße Kaacymnxcn CKopocTeii

Boo6pa3HTe nponecc MHrpannn, oTcyMMHpoBaHHon no npnH-
nnny o6inen rny6nHHOH tohkh, KaK npoAonaceHHe b HHacHee
nonynpocTpaHCTßO c KoopAHHaTaMH (co, kx, z). 06whho CKopocTb c
rny6nHon pacTeT. no Mepe BwnonHeHHn SKCTpanonnuHH rpaHHHHan
CKopocTb, coßnaAaboman co CKopocTbbo 6wcTpo3aTyxabomnx BonH,
OTpe3aeT bcc 6onbmybo nnomaAt ot nnocKocTH (co, kx) (cm.
pa3Aen 1.4). KapTHHa, HaxoAnmancn Hnace stoh rpaHnnw, He
cornacyeTcn c npnHHTon Monenbbo pacnpocTpaHeHHH OAHOKpaTHO
OTpaaceHHwx BonH n ee cnenyeT cpa3y ace ncnpaßnnTb nyTeM
noAaßnemw Bo3HHKabomnx noMex, ho npn stom cneAyeT noßbimaTb
3HeprHbo OTpaaceHHH ot rny6oKHx ropn3OHTOB.

CMeuiaHHbin bha cencMorpaMM, orcpiiibipoßaiiiibix
no KaacymnMcn ckopocthm

Oaho H3 Bo3paaceHHH, nacTO BWABHraeMwx npoTHB npHMeHeHHH
abnnbTpannH no KaacymnMcn ckopocthm, 3aKnbonaeTcn b tom, hto
OHa MoaceT npnnaßaTb cencMorpaMMaM CMemaHHwn bha. noA
«CMemaHHWM» b AaHHOM cnynae noHHMaeTca TaKon bha cencMO-
rpaMM, KOTopwH nonynaeTcn npn BKnboneHHOM CMecnTene, KorAa
coceAHne Tpaccw CMeniHBaiOTCH MeacAy co6oh h, cneAOßaTenbHO,
nepecraiOT 6wTb He3aBHCHMWMH. 3to AencTßHTenbHO oahh H3
3(pc|)eKTOß cJ3nnbTpannn no KaacynnTMca cKopocTaM n oh HeH36eaceH
Ha 6onbniHx BpeMeHax, nocKonbKy pa3pemaboman cnoco6HOCTb
OTpaaceHHwx BonH no ropn3oHTann y6wßaeT c poctom BpeMeHH.
CymecTßybOT ABe npnHHHW y6biBaHHH pa3pemeHHOCTH no naTepann.
80-nepßwx, Anccnnannn npnBOAHT k HCHe3HOßemno bwcokhx
nacTOT, bo-btopwx, npenoMneHHe nynen Ha npoMeacyTOHHbix
rpaHHnax npnBOAHT k yMeHbmeHHbo yrnoßon anepTypw c norpyace-
hhcm hctohhhkob (cm. pa3Aenw 1.2 h 1.5). Henb3a He 3aMenaTb
3Toro (JiyHAaMeHTanbHoro orpaHHneHHn n cnHTaTb, hto coceAHne
Tpaccw AonacHw BwrnaAeTb He3aBHCHMWMH Apyr ot Apyra. npn
Heo6xoAHMOCTH H36eacaTb CMemaHHoro BHAa rpacpnmecKoro H3O-
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-6paaceHHn aBTop peKOMeHAyeT BWHHTaHHe hh3kockopocthoh Kore-
peHTHOH BO36yacAeHHOH cnmanoM noMexn h 3aMemeHHe ee Ha
HH3KocKopocTHybo HeKorepeHTHybo rayccoßy noMexy. MHorne H3
nnoTTepoß TepnbOT AHHaMHnecKHH nnana3oH npn 6nn3KOM pacno-
noaceHHH Tpacc, a cnynanHbin myM HMeeT TeHAeHnnbo k ero
BOCCTaHOBneHHbO.

no.'iHepKHßanne jihhhh pa jpbißin.iv HapymeHHH

Macro 6wßaeT TaK, hto pacnonoacenne HecjjTHHwx 3ane-
a<en KOHTponnpyeTcn pa3pwßHWMn HapymeHHHMH cnoeß rop-
Hwx nopoA. Ho cna6we CBHAeTenbCTBa Hannnnn pa3pwßHwx
HapymeHHH b bhac AH(J)parHpoßaHHbix BonH MoryT n He npo-
cMaTpHßaTbcn Ha cnnbHOM cfibHe OTpaacaboinnx rpaHHn, cbh-
3aHHbix co cnoncTocTbbo ocanonHoro nexna. npHMeHeHHe co-
OTBeTCTßybomero KocMeTHnecKoro cnoco6a o6pa6oTKH MoaceT
npnßecTH k ocna6neHHbo Hyneßwx h He6onbniHx yrnoß Ha-
KnoHa ocen CHHqba3HOCTH n k noAnepKHßaHHbo yrnoß HaKno-
Ha b Anana3oHe 10— 60° h, KpoMe Toro, cHHTb c pa3pe-
30b OTpaaceHHbie noA 6onbmHMH yrnaMH BonHbi. KaK n b cny-
nae nacTOTHOH übnnbTpannH, KpyTbie cpe3w xapaKTepncTHK He-
acenaTenbHW, TaK KaK npnBOAHT k HMnynbCHWM peaKnnnM
6onbmoH npoAonacnTenbHOCTH (a b npocTpaHCTBeHHOH o6nacTH —
k mnpoKononocHWM).

<J>HnbTpannn no KaacymnMcn ckopocthm yno6Ho BnHCWßaeTcn b
ypaBHeHHH BonHOßon SKCTpanonnnnn. Bmccto Toro, hto6w HanaTb
pa3noaceHHe Mbonpa c ikz = — z'cor0 , BOcnonb3yeMca 3HaneHneM
ikz =£ —iw0 . (HanoMHHM, hto b pa3Aene 2.1 BennnHHa r0
onpeAenneTcn KaK KOCHHyc tohho nonxoAHinero noA Ha6nbOAeHHn
yrna.) B cnynae 15-rpaAycHoro ypaBHeHHH HMeeM

(236a)

B cnynae 45-rpanycHoro ypaBHeHHH nonynnM

(2366)

Ha pnc. 118 h 119 H3o6paaceHW rHnep6onw AHCpparnpoßaHHwx
BonH AJia cnynaeß 15- h 45-rpaAycHoro ypaBHeHHH, nonyneHHwe c
yneTOM napaMeTpa cpHnbTpannn no KaacymnMcn ckopocthm 8 n 6e3
Hero.

<I>n ibipaumi no KaacymnMcn ckopocthm

ik z 'v= — zcoH -, .
8 —/co(r0 +l)

ik?5) v= -/© + v2kl
212v kx- /co2 H — -e— ico(r0 + 1)



PHC. 118. rnnep6ojibi AHqbparapoßaHHbix bojih, paccHHTaHHbie no 1 5-rpaAycHOMy
ypaßHeHHio 6e3 cfmjibTpanHH no KaacyuiHMca cKopocTaM (a) h c c^HjibTpanneH (6)

PHC. 119. TnnepGojibi AncJiparHpoßaHHbix bojih, paccHHTaHHbie no 45-rpaAycHOMy
ypaßHeHHio 6e3 cJwjibTpanHH no KaacymnMca CKopocTaM (a) h c cj)HjibrpanHeH (6)
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PeryjinpoßKa ycnneHnn KaK (jHiJibTpannn no KaacymnMcn
ckopocthm

OTpaaceHHH, perHCTpnpyeMbie Ha 6onbmnx BpeMeHax, cna-
6ee OTpaaceHHH, perHCTpnpyeMwx b HananbHOH nacTH cchcmo-
rpaMMW. nosTOMy npn BH3yanH3annH Ha6nbOAeHHwe AaHHbie
o6whho B3BemnßabOT c noMombbo nepeMeHHwx no BpeMeHH
Becoßbix obyHKnHH. Bo3HHKaeT Bonpoc, Korna cneAyeT bw-
nonHHTb MHrpannoHHoe npeo6pa3oßaHHe— j\o B3BeuiHBaHHH
nnn nocne Hero? B 3aBHCHMocTH ot nopnAKa onepannn pe-
3ynbTaTw 6yAyT pa3nnnaTbcn. BepmHHHwe nacTH rnnep6on
nnocKne, a BCTynabomne no3ace acHMnTOTHnecKHe nacTH OT-
paaceHHH HMebOT KpyTon HaKnoH. nosTOMy caMO co6on no-
nynaeTcn, hto yßennneHHe Koscf)(f)HnHeHTa ycnneHHH Bcrynaboinen
no3ace HHCpopMannn npnBOAHT k OTHOCHTenbHOMy noAnepKHßa-
HHbO KpyTOHaKnOHHWX OCeH CHH(])a3HOCTH. ABTOp

CHHTaeT,

hto pemeHne npon3BOAHTb MHrpannbo ao nnn nocne B3Bemn-
BaHHn AonacHo 3aßnceTb rnaBHWM o6pa3oM ot Toro, KaKon
cneKTp Kaacymnxcn CKopocren acenaTenbHO HMeTb Ha OKOHna-
TenbHOM pa3pe3e. Ecnn 6biTb neAaHTHHHWM, to npaßnnbHWM
6yAeT BwnonHeHHe CHanana MnrpannoHHoro npeo6pa3oßaHnn,
a 3aTeM yace B3BemnBaHHH, ho nonynabomnncn b stom cny-
nae pe3ynbTaT 6yneT o6eAHeH HHcJiopManneH 06 yrnax Ha-
KnoHa n Hannnnn pa3pwßHbix HapymeHHH no cpaßHeHHbo c
TeM pe3ynbTaTOM, kotopwh nonynnTcn npn o6paTHOM no-
pnAKe onepannn. no6onHan Bwrona ot peanH3aHHH nocneA-
Hero BapnaHTa BwpaacaeTcn b skohomhh o6beMOB MamnHHOH
naMHTH 3a cneT Toro, hto B3BemeHHwe 3HaneHnn MoacHo xpa-
HHTb b BHAe kopotkhx nenwx HHcen. npn BwnonHeHHH CBoen
nepßon pa6oTW Ha 3Ty TeMy aBTop nonb3oßancn 16-pa3pHAHOH
nenonncneHHOH naMHTbbo. npn pacneTax h 3anncn b MecTHybo
naMHTb Hcnonb3oßanacb 32-pa3pnAHan apncpMeTHKa c nnaßabomen
3annToH. il He Bnacy cepbe3Hwx aoboaob b nonb3y Hcnonb3oßaHHn
32-pa3pnAHon naMHTH, o6whho npHMeHneMOH b HacTonmee BpeMH.
Heßo3MoacHO HHTepnonnpoßaTb MeacAy TpaccaMH c TOHHocrbbo ao
neTwpex pa3pnAOß.

IloAaßneHne HeKorepeHTHOCTbio hjih cfninbTpaHnen

OnacHo cyAHTb 06 scpcpeKTHBHocTH npeAnonoacHTenbHO hckoc-
MeTHnecKOH nponenypw o6pa6oTKH no npon3BOAHMOMy en KOCMe-
TnnecKOMy scJicpeKTy. OnHaacAW a nonancn Ha stom, BbinonHnn
MHrpannoHHoe npeo6pa3oßaHHe nepeA cyMMnpoßaHneM OTT.
H nonynnn acenaeMoe: oTHOCHTenbHybo HHTeHCHBHOCTb caMon
KpyTon ocn CHH(pa3HOCTH Ha cencMorpaMMe, t. e. OTpaaceHHH OT
nnocKocTH HapymeHHH. Ho BeAb Aaace perynnpoßKa ycnneHnn
MoaceT ncKa3HTb cneKTp Kaacymnxcn CKopocren! R noHaAenncn, hto
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o6pa6aTWßaioinaH nponenypa npaßnnbHo HenTpanH3oßWßana nacTb
noAaßnnbomero Bo3AencTßHn onepannn cyMMHpoBaHHH OTT Ha
KpyTwe och cHH(J)a3HOCTH. Bo3MoacHO, hto Bee nponcxoAnno
HMCHHO TaK, HO He 6binO BO3MOaCHOCTH npOßepHTb HCTHHHOCTb
mohx npeAnonoaceHHH? MoaceT 6wTb, KpyTO HaKnoHeHHwe ocn
cnynaimo ycnnnnncb b pe3ynbTaTe npocTpaHCTBeHHOH cfmnbT-
pannn?

Hpocrpanci bchhoc b jßeiiiHHauiic ncpci Miirpanncii

B3BemHßaHne no BpeMeHHOH ocn nepeA BwnonHeHneM Mnrpann-
oHHoro npeo6pa3oßaHHn MoaceT OKa3aTbcn npe3BbinaHHO none3-
hwm. A hto MoacHo CKa3aTb no sTOMy noBOAy o B3BemHBaHHH no
npocTpaHCTBeHHOH OCH?B TpaAHHHOHHOM MeTOAe B3BemHBaHHH, Ha-
3WBaeMOM aBTOMaTHnecKOH perynnpoßKOH ycnneHnn,
B3BemnßabomHH AennTenb HaxoAHTcn nyTeM crnaacHßaHHH orn-
6abomen cencMo3anncH (nnn ee KBaApaTa, nnn ee a6coniOTHoro
3HaneHHn) b HeKOTopoM okhc noAo6Hoe B3BemnßaHHe MoaceT
npnBOAHTb k pe3ynbTaTaM, 6wcTpo MeHHbomnMcn ot Tpaccw k
Tpacce, nosTOMy npeACTaßnneTcn cnpaßeAnnßWM npeAnonoaceHne o
tom, hto AncpparnpoßaHHwe BonHbi MoryT BW3WBaTbcn CKanKaMH
bccoboh obyHKnHH no naTepann. B to ace BpeMH He HCKmoneHO
cyinecTßOßaHne npHHHH, npnßOAnmnx k TOMy, hto Becoßan
übyHKnnH H3MeHneTcn ot Tpaccw k Tpacce cKanKoo6pa3HO. CaMo
co6on pa3yMeeTcn, hto ncnonb3yeMwe npn Ha6nbOAeHHnx Ha cyme
HCTOHHHKH H CeHCMOnpHeMHHKH XapaKTepH3ybOTCH pa3nHHHOH
MomnocTbbo n acecTKOCTbbo cnenneHHn c rpyHTOM, a sto, b cbok>
onepenb, ocnoacHneT bcks cencMOTpaccy.

Heo6xoAHMo noAwcKaTb TaKybo MOAenb, KOTopan ynnTWßaeT
KaK cpH3HnecKHe, TaK n CTaTHCTnnecKHe coo6paaceHHH. /^aßanTe
6yAeM cHHTaTb, hto SHeprnn cnmana MeAnemio H3MeHneTcn co
BpeMeHeM, a hctohhhkh h cencMonpneMHHKH hmcrdt npoH3BonbHO
MeHHbomybocn nyBCTBHTenbHOCTb. KpoMe Toro, n npeAnonHTaio
paccMaTpnßaTb HMnynbcoHAW KaK cBHAeTenbCTBa Toro, hto 3eMHan
cpena AencTßHTenbHO MoaceT (J)OKycnpoßaTb. HanpHMep, b corna-
chh c onncaHHOH MOAenbbo o6pa6oTKy AaHHbix MoacHo ocyme-
CTBHTb nyTeM crnaacHßaHHH orn6abomeH bccoboh c})yHKnHH
QbnnbTpoM cneAyboinero BHAa:

(237)

a h P —rpaHHHHwe napaMeTpw sToro cpnnbTpa. nocne crnaacHßa-
HHH orn6aboinen bccoboh cpyHKnnn yKa3aHHWM cJ)nnbTpoM OHa yace
He H3MeHaeTcn 6wcTpo no x n

/,

xoth h MoaceT H3MeHHTbcn no
oahoh H3 ocen. OnnbTp BHAa (237) AonycKaeT SKOHOMHybo
peann3anHbo c noMombbo TpexAnaroHanbHoro anropHTMa.

{ _ co2 k 2

a+ co 2 fi +k 2 '
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)ivcnonennna.ibiioe b jßeiiiiißaime

3KcnoHeHnHanbHwe Becoßwe übyHKnnn o6naAabOT HecKonbKHMH
HAeanbHWMH MaTeMaTnnecKHMn CBoncTBaMH. (Ecnn bw He 3Ha-
komw c Z-npeo6pa3OBaHHHMH, to npeacne neM hath Aanbine,
cneAyeT nponecTb pa3Aen 4.6 nnn pa6oTy [53].) Bo3bMeM
Z-npeo6pa3oßaHHe BpeMeHHOH 4>yHKnnH at:

A(Z)=a0 +aI Z-T-a2Z2 + ... (238)
BpeMeHHan c^ymcnnn c SKcnoHeHnnanbHon perynnpoßKOH ycHneHHH
onpeAenneTcn BwpaaceHHeM

CrpenKon f o6o3HaneHO SKcnoHemnianbHoe ycnneHne. C MaTeMa-
THHeCKOH TOHKH 3peHHH 3HaHOK f BbipaacaeT TOT CpaKT, HTO BMeCTO
Z ncnonb3yeTcn e aZ. nepeMHoaceHHe MHoronneHOß cboahtch k
CBepTKe KoscpcpHnneHTOß:

tC=(f^)(T4 (241)

3to 03HanaeT, hto SKcnoHeHnnanbHyio perynnpoßKy ycnneHHH
MoacHo AenaTb nn6o ao, nn6o nocne onepannn CBepTKH. KaK
H3BecTHO H3 TeopHH cpypbe-npeo6pa3oßaHHH, yMHoaceHHe c^yHKnnn
BpeMeHH Ha y6wßabomybo noKa3aTenbHybo dpymcnnio BHAa exp( —at)
paBHO3HanHO 3aMeHe — z'co Ha — /co +oc b stoh o6nacTH.

KoHKpeTH3npyeM onepaTop npononaceHnnb HnacHee nonynpocT-
paHCTßO exp (ikzZ), Bw6paß (jMßcnpoßamiwe 3HaneHnn z h kx.
OnepaTop npeßparancn b c|)yHKnHbo co, KOTopyio MoacHo Bbipa3HTb
bo BpeMeHHOM npeAcraßnemiH b bhac cpnnbTpa at . nocne MHrpannn
BeTBH rnnep6onw nepeMemabOTcn BBepx. nosTOMy cJmnbTp
AaHHoro THna 6yAeT aHTHnpnHHHHWM. Oh 3anncwßaeTcn KaK

(242)

Bonbrnne OTpnnaTenbHbie noKa3aTenn CTeneHH Z CBH3aHW c
KpwnbHMH rnnep6on. 3KcnoHeHnnanbHoe yßennneHne Kos^cprmneH-
tob npn nonoacHTenbHwx cTeneHnx Z CBH3aHO c yMeHbmeHneM
OTpnnaTenbHwx CTeneHeH—nosTOMy \A paBHO A c ocna6neHHWM
xboctom — n CTpeMHTcn ocna6nTb BeTBH, a He nepeMecTHTb nx.
TaKHM o6pa3oM, cpymcnnio \A MoacHo onncaTb, KaK BH3Kybo.

C (J)H3HHeCKOH TOHKH 3peHHH TaKHe KOCMCTHHeCKHe OnepaHHH,
KaK perynnpoßKa ycnneHnn n cJMnbTpannn no KaacymnMcn ckopo-
cthm, cjienyeT BwnonHHTb nocne o6pa6oTKH, cKaaceM, cf)yHKnHH
](AB). Ho ]{AB) paßHo3HanHa npoH3BeAemno {]A){\B), a

\A{Z) =a0 +a^Z+a2 e 2*Z2 + ... (239)

C(Z) = A(Z)B(Z). (240)
npnMon noACTaHOBKon nonynaeM, hto

A(Z)=a0+ al -+a2 —2 + ...
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nocnenHHH onepannn cboahtch no cymecTßy k ncnonb3oßaHHbo
BH3Koro onepaTopa AJia o6pa6oTKH SKcnoHeHnnanbHO ycnneHHwx
Ha6nbOAeHHn. Ha npaKTHKe o6whho 3a6wßabOT o bh3kocth h
nonynabOT c^yHKnnbo A (IB). 3to, Bo3MoacHo, 03HanaeT, hto
HaKnoHeHHwe och CHH(pa3HOCTH HecyT b ce6e 6onbine HH(J)opManHH,
Heacenn ropH3oHTanbHwe.

OnepaTop noncraiioßKH

OnepaTop f 6wn onpeneneH,KaK 3aMeHa THna Z^>Zq*. TnaßHoe
cbohctbo 3Toro onepaTopa 3aKnbonaeTcn b tom, hto npn ycnoBHH
C=AB HMeeM paBeHCTBo ]C=('\A){\B). TaKHM cbohctbom 6yAeT
o6naAaTb mo6an anre6pannecKan noACTaHOBKa bmccto Z, a He
TonbKO Ta, KOTopan onncwßaeT SKcnoHeHnnanbHybo perynnpoßKy
ycHneHHH. Jinn pacTnaceHHn nnn cacaTnn BpeMeHHOH och MoacHo
Bocnonb3oßaTbcn eme oahoh npocron noAcraHOßKoii. HanpHMep,
ecnn 3aMeHHTb ZHa Z2 , to ocb BpeMeHH pacTHHeTcn b 2 pa3a. Eme
OAHa noACTaHOBKa, HMebouian 6onee rny6oKHH

CMwcn,

neM KaacAaa
H3 npeAbiAymnx, coctoht b 3aMeHe onepaTopa AnccHnannn ( — /co)Y

npn nocTOHHHOM Q. CKa3amioe MoacHo cbccth BMecre.

3a\»eHa nepeivieHHOH Z-npeo6pa3oßaHHH
npn coxpaHemiH paeeHCTßa C(Z)= A(Z)B(Z)

(06paTHaa) nocToaHHaa AHCcnnannn Q — /©-»( — /co) T

>'ripa/KHciniH

1. Bocnojib3ynTecb TaGjinneft HHTerpanoß, hto6h

noKa3aTb,

hto npn cchcmh-

necKOM HCTOHHHKe

co cneKTpoM BHAa [col p nonpaßKa 3a pacxoacAeHHe 6yAeT hmctb
BHA ? 2 +P.

2. npeAnojioacHß, hto t2 npeACTaßJiaeT co6oh noAXOAamyio AJia nojießbix

ceftcMorpaMM nonpaßKy 3a ccpepHnecKoe pacxoacAeHHe,

CKaacHTe,

KaKyio nonpaßKy 3a
pacxoacAeHne cjieAyeT npHMeHHTb k cyMMaM OTT?

3. KaK H3MeHHTca nonpaßKa t2 b CAynae npncyTCTßHa cjioh boam mySHHOH /0 ?
nojioacHTe Q AJia boabi 6ecKOHenHO GojibuiHM.

4. Bo3bMeM cneKTp

HCTOHHHKa

b BHAe e -p|ro| . KaK b 3tom cjiynae H3MeHHTca
nonpaßKa t2l

5. Ha cneKTpe pnc. 116 BbicoKHe

nacTOTbi

BbirjiaAaT 6ojiee rjiaAKHMH, hbm

HH3Kne. OGbacHHTe noneMy.
6. Cc})opMyjiHpyHTe KpnTepHH, KOTopbie mo)kho ncnojib3oßaTb npn Bbi6ope

rpaHHHHbix napaMeTpoß a n P cpHJibTpa (237).

4.2. AHM3OTpOIIHaR II TOHHOCTb
BOJIHOBOH MlirpailHH

npn BonHOBOH MHrpannn coßepmabOTcn outh6kh AByx Tnnoß.
Bonbmoe npaKTHnecKoe 3HaneHHe HMeeT nacTOTHan Ancnep-
cnn, Bo3HHKaboman b tom cnynae, KorAa pa3nnnHwe nacTOTHwe

3KcnoHeHnnajibHoe Bo3pacraHHe Z^Zz?
(ko-*ia>+ a)

PacTaaceHne BpeMeHHOH och (a>l) Z^>Z*
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cocTaßnnbomne cnraana pacnpocTpaHHbOTcn c pasnHHHWMH cko-
pocthmh. MacTOTHybo AncnepCHbo MoacHo yMeHbniHTb, ecnn
noßwcHTb TOHHOCTb KOHeHHO-pa3HOCTHbix npn6nHaceHHH K
AHCJ)cpepeHnHanaM. HcnpaßneHne HCKaaceHHH TaKoro pona cbh-
3aHO c noßbimeHHeM nnoTHocTH pa3HOCTHon ceTKH (cm. pa3-
rnJi 4.3).

BTOpocTeneHHoe 3HaneHHe HMeeT aHH3oTponHan Ancnep-
chh, KOTopybo mw h paccMOTpnM b AaHHOM pa3Aene KHHrH.
AHH3OTponHWM Ha3WBaeTCH TaKoe pacnpocTpaHeHHe BonH, KorAa
no pa3nnnHWM HanpaßnemiHM BonHbi pacnpocTpaHHbOTcn c pa3HW-
mh ckopocthmh. B npHHnnne aHH3oTponHyio AncnepCHbo MOaCHO
HcnpaßHTb nyTeM pa3noaceHna no KBaApaTHWM kophhm Mbonpa.
Ha npaKTHKe TaKoe pa3noaceHne o6whho o6pwßaeTcn Ha 15- nn6o
Ha 45-rpaAycHOM nneHe, npn stom b o6pa6oTKy Aammix bhochtch
aHH3OTponHHHan norpemHOCTb. CpeAH aoboaob, KOTopwe npHBO-
Ahtch b nonb3y yceneHHH pHAa Mbonpa, HecMOTpn Ha nonßneHHe
yKa3aiiHon norpemHOCTH, MoacHo Ha3BaTb cneAybomne: 1) ctoh-
MOCTb o6pa6oTKH h 2) 6onbmyio BennnHHy nponnx omn6oK,
KOTopwe bhochtch b nponecce perncTpannH n o6pa6oTKH Ha6nbOAe-
hhh. CneAyeT BcerAa 3HaTb aHH3oTponHyio norpenmocTb n
oneHHßaTb Heo6xoAHMOCTb ee yneTa 3a cneT yßennneHHH 3aTpaT Ha
o6pa6oTKy AaHHbix.

AHH3oTponnbo nacTO CBH3WBaK>T c pacnpocTpaHeHHeM cßeTa b
KpncTannax. B ceHCMopa3BeAKe mctoaom OTpaaceHHwx BonH
HBneHHe aHH3oTponnn HHorna npHßneKabOT AJia o6bncHeHHH He-
6onbmnx pacxoacneHnH MeacAy 3aMepaMH CKopocTen b CKBaacnHax
(BepTHKanbHoe pacnpocTpaHeHHe) n ckopocthmh, HanAeHHWMH no
Ha3eMHWM Ha6nbOAeHHHM (ropn3oHTanbHoe pacnpocTpaHeHHe). 3th
4)H3nnecKHe (J)yHAaMeHTanbHwe HBneHHH aHH3OTponHH h npeAMeT
HacTonmero pa3nena—amooTponnn npn o6pa6oTKe cencMOpa3Be-
Aohhoh HH(f)opManHH — 6a3HpybOTCH Ha o6meH MaTeMaTHnecKon
OCHOBe H CHCTeMe nOHHTHH.

Jlynn, He nepneiuiiKy.inpHbie k cpponraM

aHH3OTponHH 3aKnbonaeTcn b tom, hto BonHbi,
pacnpocTpaHHbomHecn no pa3nHHHWM HanpaßneHHHM, ABHacyTcn c
pa3HWMH ckopocthmh. AmooTponHH He 03HanaeT Toro, hto
CKopocTb HBnneTcn 4)yHKnneH MecTononoaceHHn b npocTpaHCTße h
nosTOMy OHa He npHBOAHT k npenoMneHHbo nynen. CBoeo6pa3HOH
oco6eHHocTbbo, CBH3aHHOH c aHH3OTponHeH, HBnneTcn to, hto nynn
He nepneHAHKynnpHw k BonHOBWM (J)pOHTaM. CKa3aHHoe nnnbocT-
pnpyeTcn pnc. 120. Ha pnc. 120, a noKa3aHw cc^epnnecKHe (J)pOHTW
BonH, HcxoAnmnx H3 TonenHoro HCTOHHHKa, pacnonoacemioro b
Hanane KoopAHHaT. 3to— THnnnHWH cnynan H3OTponHOH cpeAw.
Ha pnc. 120,6 H3o6paaceHw HeccpepHnecKne obpoHTw BonH, reHepn-
pyeMwe 1 5-rpaAycHWM ypaBHeHHeM MHrpauHomioro npeo6pa3oßa-
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PMC. 120. <I>poHTbi bojih b H3OTponHOH (a) h aHH3OTponHOH (6) cpeAax (no
PyTMaHy)

hhh. 3aMeTHM, hto Bo3ne och z ohh noHTH ccpepnnecKHe, HO Ha
yAaneHHH ot Hee ohh Boo6me He noxoacn Ha ccj)epy c neHTpoM b
Hanane KoopAHHaT.

HAeanbHWM cppoHTOM BonHbi, HcxoAnmen H3 BTopHHHoro
HCTOHHHKa TbonreHca, HBnneTcn nonyoKpyacHOCTb. Btophhhwh
hctohhhk, nonyHaboinnHCH H3 15-rpaAycHoro ypaBHeHHH SKCTpano-
nnnnn, npeAcraßnneT co6on snnnnc. Btophhhwh hctohhhk, nony-
nabomnncn H3 45-rpanycHoro ypaßHennn SKcrpanonnnnH, HMeeT
HHTepecHybo (cepAneßHAHybo) c|)opMy. YnoMHHyTwe BTopnHHwe
hctohhhkh H3o6panceHw Ha pnc. 121. BonHbi, AAa KOTopwx
co6nK)AaeTcn paBeHCTBO sino = x/co= +1, o6o3HaneHw He6onbmn-
mh TOHKaMH. BwcTpo3aTyxabomne, HeoAHopoAHwe BonHbi pacnona-
rabOTcn 3a sthmh TOHKaMH. Ha npaKTHKe BepxHne nacTH snnnnca n
cepAneßHAHon kphboh Ha6nbOAabOTCH peAKO, TaK KaK ohh pacnona-
rabOTcn b 30He 6wcTpo3aTyxabomeH sHeprnn, a ocb x peAKO 6wßaeT
AHCKpeTH3npoBaHa HacTonbKO nacTO, hto6w ohh OKa3anncb He
3aTpoHyTWMH HCKaaceHHHMH AHCKpeTH3annH. HHorAa npn nonb3o-
BaHHH 45-rpaAycHOH nporpaMMon o6pa6oTKH MoacHo Ha6nbOAaTb
neHTpanbHyio nacTb cepAneßHAHon kphboh Ha hjiockocth (x, t).
CKa3aHHoe cxeMaTnnecKH noncHneTcn pnc. 122 n 123. Ha hhx
npnßeAeHw pe3ynbTaTw npHMeHeHnn 45-rpaAycHon nporpaMMbi
AncppaKnnoHHoro npeo6pa3oßaHHn.

PMC. 121. cbpoHTbi bojih, paccHHTaHHbie no 15- (a) n 45-rpaAycHbiM (6) ypaßHeHnaM
3KCTpanojiannH, BnncaHHbie b nojiyoKpyacHOCTH (no PyTMaHy)
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PMC. 122. 45-rpaA>'CHaa cepAUt
BHAHaa Kpnßaa. TonKa 3aocTpe-
ima

noaß.naeTca

b o6jiacTH
obicTpo3aTyxaiomeH 3HeprnH

PMC. 123. MMnyjibCHaa peaKum
45-rpaAycHoro ypaßHeHna boaho
boh 3KCTpanojiannn

llaiipaß.Teiine bojihoboio cppoma n CKopocTb
pacnpocTpaHeHHa siicpi mi

npn o6whhom pacnpocTpaHeHHH BonH SHeprnn nepeMemaeTcn b

HanpaßneHHn, nepneHAHKynnpHOM k BonHOBOMy qbpoHTy. npn
HanHHHH aHH3OTponHOH AHcnepCHH yron Meacny HanpaßneHneM
nepeMemeHHH 3Hepran h cpnpoHTOM BonHbi He 6yAeT npnMWM.

Kaacymaaca ropn3oHTanbHan CKopocTb, Ha6nbOAaeMan Ha no-
BepxnocTH 3eMnn, paßHa dx/dt. Kaacymancn CKopocTb no BepTH-
KanbHOMy HanpaßneHHbo, HanpHMep CKopocTb no CTBony CKBaacn-
hw, paßHa dz/dt. CyAH no reoMeTpnnecKHM cooTHomeHHHM, o6e
Ha3BaHHwe Bwme ckopocth npeßwmabOT CKopocTb pacnpocTpaHe-
hhh caMon BonHbi. BeKTop, nepneHAHKynnpHWH qbpoHTy BonHbi h
HMebomnn BennnHHy, o6paTHybo Kaacymencn ckopocth, Ha3bißaeTcn
BeKTopoM MenneHHocTH:

no onpeAenemno, BeKTop c|)a3OBOH ckopocth coßnanaeT no
HanpaßjieHHbo c BeKTopoM MeAJieHHOCTH, ho ero MOAyJib paßeH
ckopocth pacnpocTpaHeHHH no HopMann k cpponry BonHbi.
Bwpaacancb 6onee CTporo, bcktop c|)a3OBOH ckopocth paßeH
BeKTopy MenneHHOCTH, neneHHOMy Ha KBaApaT MOAynn nocnenHero:

B cnynae Bo3Myin,emiH cHHycoHAanbHOH cpopMw, t. e. BHAa
exp (/<!>) = exp (—mt+ikxx+ ikzz), cpa3y MoacHo nonoacnTb paBHOH
iieKOTopoii nocToniiHon:

BeKTop MeAJieHHOCTH =(<i//dx, dt/dz).

, (dt/dx, dt/dz)
cpa3oßan cKopocTb= \ '* (dt dx)2+ (dt dz)2
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0 = d<s>= —(sdt+ kxdx+k zdz.

CnenoßaTenbHO, b npocTpaHCTße Oypbe

nonynHTb HanpaßneHHe pacnpocTpaHeHHH sHeprnn HecKonbKO
TpynHee, ho oho bwboahtch H3 TaK Ha3WßaeMoro BeKTopa
rpynnoßOH ckopocth

B cnynae CKannpHoro BonHOßoro ypaBHeHHH BHAa Qd2 /v 2 =k2+k 2

BeKTopw rpynnoßOH h c|)a3OBOH CKopocTen OKa3WßabOTcn OAHHaKo-
bwmh, hto MoacHo npoßepHTb Anc})c|)epeHnHpoßaHHeM H nOACTaHOB-
koh. Han6onee 3HaKOMWM THnoM Ancnepcnn HBnneTcn nacroTHan,
KorAa pa3nHHHwe nacTOTW pacnpocTpaHHbOTcn c pa3nHHHWMH
ckopocthmh. Hnace b HacronineM pa3Aene 6yneT

noKa3aHO,

hto
3HaKOMwe HaM (15-, 45- n t. a. -rpaAycHwe) SKCTpanonnnnoHHwe
ypaBHeHHH He onncwßabOT nacTOTHybo AncnepCHbo. 3to 3HanHT, hto
ckopocth, coAepacamneca b sthx ypaßHeHHnx, 6yAynn (J)yHKnHHMH
co h yrna kx /u), He 3aßncnT ot co. /JpyrnMH cnoBaMH, snnnnTHHecKan
h cepAneßHAHan cpopMw kphbwx (cm. pnc. 121) He 3aBHCHT ot
nacTOTW.

Oaho H3 HHTepecHwx HBneHHH amooTponHon Ancnepcnn
3aKnbonaeTcn b tom, hto SHeprnn KaaceTcn ABnacymenca b oahom
HanpaßneHHH, TorAa KaK b AencTBHTenbHOCTH pacnpocTpaHHercn b
ApyroM. >IpKO BwpaaceHHWH npHMep STOMy Ha6nbOAaeTcn TorAa,
KorAa rpynnoßan CKopocTb HMeeT cocTaßnnbomybo, HanpaßneHHybo
bhh3, a cpa3oßan —BBepx. Oahh H3 TaKnx npnMepoß H3o6paaceH na
pnc. 124 b BHAe AncnepcnoHHoro cooTHomeHHn 45-rpaAycHoro
ypaBHeHHH sKCTpanonnnnn. BeKTop MeAneHHocTH, HanpaßneHHWH
no HopMann k (J)poHTy BonHbi, nocTpoeH b BHAe CTpenKH,
npoßeneHHOH H3 Hanana KoopAHHaT ao AncnepcHOHHon kphboh.
Tenepb MoacHo nocTponTb cooTßeTCTßybomee HanpaßneHHe BeKTopa
rpynnoßOH ckopocth, npHHHB bo BHHMaHne tot (fjaKT, hto
rpynnoßan cKopocrb onpeAenneTcn onepaTopoM rpanneHTa, coAep-
acaiHHMcn b ypaBHeHHH (2436). npeACTaßbTe, hto nepe3 co
o6o3HaneHa BwcoTa xonMa, ot KOToporo kz yKa3WBaeT Ha bor, a
kx —Ha boctok. TorAa AncnepcnoHHoe cooTHomeHHe 6yAeT npeA-
CTaBnHTb co6oh H3onHHHbo nocTOHHHOH anbTHTyAw. Ecnn BbinepnH-
BaTb pnc. 124 b pa3nHHHbix MacmTa6ax, to nonßnnbOTcn pa3nnnHwe
nncneHHwe 3HaneHHn nacTOTW. Tpynnoßan CKopocTb b HanpaßneHHH
rpaAHenra nepneHAHKynnpHa H3onHHHHM nocTOHHHOH nacTOTW co.

ilßneHne aHH3OTponHOH Ancnepcnn HaH6onee hctko MoacHo
Ha6nbOAaTb b KHHO^nnbMe, xoth noHHTb ero CMwcn MoacHo n no
OAHHOHHOMy KaApy, HanpHMep H3o6paaceHHOMy Ha pnc. 125.

To, hto Ha pnc. 125 hh SHeprnn, hh HHcpopMannn He MoryT
pacnpocTpaHHTbcn BBepx, CTaHeT oneBHAHWM, KorAa bw H3ynnTe

BeKTop MeAJieHHocTH= (/cx/co, &z/co). (243a)

rpynnoßan cko^oct b = (d/dkx, d/dkz )o(kx, k z). (2436)
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PMC. 124. M3o6paaceHne 3Kcrpa-
nojiannn b HHacHee nojiynpo-
CTpaHCTBO

C HaHeCeHHbIMH

BeK-
TopaMH rpynnoßOH ckopocth h

MeAJieHHOCTn:

CO — o6jiaCTb nOCTOHHHOH HaCTOTbI

PMC. 125. nnocKHe bojihm neTbi-
pex

nacTOT,

pacnpocTpaHaK>
inHeca nepe3 npaßyio npH3My:
a—BOJiHOBoe nojie; 6—jiyneßaa hh-
TepnpeTaHHa: /— 3Heprna Ha Bxojie
2— MeajieHHOCTb; 3— 4>poHTbi; 4—
3HepiHH Ha Bbixone

nporpaMMy, no KOTopon 6wno paccnHTaHo BonHOßoe none.
nporpaMMa He nepacHT Becb KaAp b naMHTH, OHa paccnHTWßaeT
noonepeAHO ropH3oHTanbHbie nonocKH, HanHHan c caMOH BepxHen.
nosTOMy cpa3oßwe cjjpoHrw b KHHoc|)HnbMe, KOTopwe KaacyTcn
ABHacyinnMHcn BBepx, BwrnnAHT HeecTecTßeHHO. C TeopeTHnecKon
TOHKH 3peHHH Henb3H OaCHAaTb, HTO6bI nponeCC BOnHOBOH 3KCTpa-
nonnnnn c noMombio 45-rpaAycHoro ypaBHeHHH ycnemHO cnpaß-
nnnca c yrnaMH, AOCTnrabomnMH 90°. OAHaKO npnMep, npHßeAeH-
hwh Ha pnc. 125, noKa3WBaeT, hto ypaßHeHHe pa6oTaeT h b CTonb
SKCTpeManbHwx cnynanx.

ABTopy AOBOAnnocb Ha6nbonaTb oAHaacAw noxoacybo KapTHHy
Ha MaTepnanax MeTOAa OTpaaceHHwx BonH, nonyneHHwx b panoHe
pa3BHTHH HaABHrOBOH TCKTOHHKH. HonyHHTb 3TH MaTepHanbl B
cboh pyKH He yAanocb h k HacTonmeMy BpeMeHH ohh, naßepHoe,
3aTepnnHCb rAe-HH6yAb b apxHßax Bnanenbna, nosTOMy Mory
npennoacHTb BameMy BHHMaHHbo nnmb nepTeac, cocTaßneHHbin no
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PMC. 126. Jiyn, OTpa>KeHHbiH ot

HH^Hen

k'pomkh B36poca:

/

— JiyH, HCKpHBJieHHMH

nOJI BO3fIeHCTBHeM

(})yHK-
UHH r(r); 2— HenpepbißHbiii CMHipHpoBaHHbiH
ropH3OHT; 3— z hjih MHrpnpoßaHHoe BpeMH

PMC. 127. /J,HcnepcnoHHaa KpHßaa
AJia AByx 3HaneHHn ckopocth:
/— BbicoKaa CKopocTb; 2— HH3Kaa cko-
pocTb; 3— jihhhh nocTOHHHoro napaMeT-
pa CHejuinyca

naMHTH (pnc. 126). Bo3pacTaHHe ckopocth c rny6nHon npHBOAHT k
TOMy, hto nyn H3rH6aeTCsi BBepx n OTpaacaeTca ot HnacHen kpomkh
HaAßHra. xTTO6bI npHKHHyTb, HTO npOHCXOAHT B BOnHOBOM
ypaBHeHHH, none3HO HanepTHTb AHcnepcHomiyio Kpnßybo AJia AByx
3HaneHHH ckopocth (pnc. 127).

npoAonaceHHe b HHacHee nonynpocTpaHCTßO sneprnn c hckoto-
pwM 3aAaHHWM maroM dtjdx—kx /m HanHHaeTcn c o6wKHOBeHHoro
3HaneHHH yrna Ha AncnepcHOHHon kphboh, cooTßercTßyioineH He-
BbicoKon CKOpOCTH, xapaKTepHOH AJia npnnoßepxHOCTHon nacTH pa3-
pe3a. Ho KaK TonbKO aoxoahm ao bwcokockopocthohnacTH pa3pe-
3a, npn tom ace mare nonynaeM OTpnnaTenbHoe 3HaneHne c})a3OBOH
CKOpOCTH. XOTH TOHHOCTb 3aAaHHH yma HaAßHra COMHHTenbHa,
o6man KapTHHa BnonHe peanbHa. OHa HanoMHHaeT pnc. 125.

AHajiH3 norpeuiHOCTen MHrpannn

Cnynan HaKnoHHo 3aneraboinen, nnocKon n perynnpHon OTpa-
acabomen rpaHnnw MoacHo npoaHanH3npoßaTb bo Been ero nonHOTe,
Bocnonb3oßaßmncb AJia stoto noHHTHeM dpa3oßon ckopocth.
noHHTne rpynnoßOH ckopocth Tpe6yeTCH nnmb b Tex cnynaax,
KorAa OAHOBpeMeHHO npncyTCTßybOT rpaHnnw, HaKnoHeHHwe non
pa3HWMH yrnaMH. KapTHHa TaKoro poAa Ha6nbOAaeTcn y OTKnHKa
ot TonenHoro pacceHßaTenn. OHa Ha6nbOAaeTcn TaKace n b cnynae,
KorAa aMnnnTyAa OTpaaceHHH mchhctch BAonb HaKnomiOH rpaHn-
nw. Heo6xoAHMOCTb ncnonb3oßaHHH rpynnoßOH ckopocth o6bHCHH-
eTca TeM, hto jxim npencTaßneHnn KpnßonHHenHon rpaHnnw nnn
aMnnHTyAHOH aHOMannn Tpe6yeTcn HeKOTopwn Anana3oH yrnoß
naneHHn nnocKon BonHbi. AHanornnHan CHTyannn BO3HHKaeT h b
cnynae aHanH3a BpeMeHHwx pnnoß, KorAa juia cJiypbe-npeACTaßne-
hhh MOAynnpoBaHHOH no aMnnHTyAe CHHycoHAW Tpe6yeTcn hcko-
Topaa nonoca cnHyconAanbHwx Kone6aHHH.
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PMC. 128. HeAOMnrpnpoßaHHaa Ha-
KjioHHaa oTpaacaiomaa rpaHnna.
HojioaceHHe rpaHHHbi: 1— HCKOMoe; 2—
(JmKTHHecKoe; 3 —HananbHoe

PMC. 129. norpemHOCTb KOJiJiancHpoßaHHa
rnnep6ojibi. OaKTnnecKaa KpHßaa pacnojia-
raeTca HaA

hckomoh,

ho cpaKTHnecKaa

TOHKa

HaxoAHTca Hnace hckomoh:
/— 4)aKTHHecKaa KpHßaa; 2— HCKOMaa KpHßaa;
3— HanajibHoe nojiosKeHHe rpaHHHbi

Ha pnc. 128 H3o6paaceHa rnaAKan nnocKan HaKnoHHan OTpa-
rpaHnna, KOTopan OKa3anacb HeAOMHrpnpoBaHHOH no toh

npocTOH npnnHHe, hto k z, HanAeHHoe c noMonmio pannoHanbHOH
annpoKCHMannn KBaApaTHWMn kophhmh nnn ace KaKOH-TO HHcneH-
hoh annpoKCHMannn, He cornacyeTcn c npaßnnbHWM KBaApaTHO-
KopHeBWM 3HaneHHeM BonHOßoro nncna k z .

Omn6Ka, npncyTCTßyboman Ha pnc. 128, nennKOM HBnneTcn
norpemHOCTbbo BpeMemioro CABHra. nocKonbKy KOsefxpmnHeHT
OTpaaceHHH coxpaHneT CBoe nocTOHHCTBO BAonb rpaHnnw, Henb3H
3aMeTHTb HHKaKon norpemHOCTH b naTepanbHOM CMemeHHH.
TeopeTHnecKH yKa3aHHybo norpemHOCTb BpeMeHH MoacHo onpeAe-
nnTb KaK

dt/txdz/zx(k z-kz )/kz. (244)

B cnynae TaK Ha3WßaeMoro 15-rpanycHoro ypaBHeHHH npn yrne b
25° norpemHOCTb cj)a3w AOCTHraeT npH6nn3HTenbHO nonoßHHw
nponeHTa.

/lanee paccMOTpHM h onpenenHM norpemHOCTb, Bo3HHKabomybo
npn KonnancnpoßaHHH rnnep6onnnecKOH och CHH(f)a3HOCTH. Ha
pnc. 129 AeMOHCTpnpyeTcn npoAonaceHHe b HHacHee nonynpocT-
paHCTßO oahoh H3 rnnep6on. J\jih hchocth o6bncHeHHH onepannn
npoAonaceHna bhh3 BbinonHeHa

nacTHHHO,

He ao cjsoKyca. Bo3bMeM
nyn c napaMeTpoM CHennnyca p = dt/dx, paBHWM KaKOMy-TO
3HaneHHK> yrnoßoro Koscj^HnneHra p. npOBeAeM MwcneHHO Kaca-
TenbHwe k KaacAOH H3 rHnep6on c yrnoBWM KoscpcpnnneHTOM p.
Ecnn 6w Ha ynacTKe rnnep6on c yrnoBWM kosc^cphuhchtom p
HaxoAHnacb He6onbinaji aMnnnTyAHan aHOMannn, to ee MoacHo
6wno 6w pacno3HaTb Ha KaacAOH H3 rnnep6on.

BennnHHa cMeineHnn bo BpeMeHH, noKa3aHHan Ha pnc. 119,
cjihihkom Mana, nosTOMy oneHb Mano h CMemeHHe no naTepann.
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Ha npaKTHKe norpenmocTH, bhochmwc 15-rpaAycHWM ypaBHeHHeM
npn r0 =1 , HHorAa OKa3WßabOTcn cKOMneHCHpoBaHHWMH b pe3ynb-
TaTe Bo3pacTaHHn z mm v npn6nH3HTenbHo Ha 6%. BennnnHw
norpenmocTen MoacHo paccnnTaTb no cf)opMynaM

(245a)
t d

da

(2456)
x 5

rAe npeAnonaraeTcn, hto BonHOßoe nncno kz HBnneTcn cfjyHKnneH co
h kx. OKa3WßaeTcn, hto b cnynae 15-rpaAycHoro ypaBHeHHH npn 20°
Bo3ffincaeT onffl6Ka b rpynnoßOH ckopocth npn6nn3HTenbHO b
0,5%. OTCbOAa cneAyeT, hto norpemHOCTb rpynnoßOH ckopocth
o6whho 6onbine norpemHOCTH (J)a3OBOH.

Bwbo i ypaBHeHHH rpynnoßOH CKopocni

HMnynbCHan cpyHKnnn b Hanane KoopAHHaT npocTpaHCTßa (x, z)
npeACTaßnneT co6on cynepno3nnnbo (jjypbe-cocTaßnnioinHX BHAa

\ie +ik-x+ ik - zdkxdkz. (246)
OH3nnecKHe coo6paaceHHn, a BO3MoacHO, h HHcneHHwn aHanH3,
npHBOAHT k AHcnepcHOHHOMy cooTHomeHHbo, KOTopoe HBnneTcn
cftymcnnoHanbHOH 3aBHCHMOCTbbo MeacAy co, kx n k z BHAa, CKaaceM,
®(kx, k z ). THnHHHWH npnMep noAo6Horo AncnepcnoHHoro cootho-
meHHn—CKannpHoe BonHOßoe ypaßHeHHe co 2 = u2 (kl +k 2 ). Peme-
hhcm 3Toro ypaBHeHHH 6yAeT (fjymcnnH BHAa

B pe3ynbTaTe HHTerpHpoßaHHn BwpaacemiH (247) no (kx, kz)
nonynaeM MOHOxpOMaTHnecKyio obyHKnHbo BpeMeHH, KOTopan npn
t=0 npeACTaßnneT co6oh HMnynbconA, pacnonoaceHHwn b tohkc
(x, z) — (0, 0). 3to BwpaaceHne no HcreneHHH oneHb 6onbmoro
npoMeacyTKa BpeMeHH npHHHMaeT bha

npn oneHb 6onbinoM / noAWHTerpanbHoeBwpa^eHne npeACTaßnneT
co6oh oneHb 6wcTpo ocnnnnnpybomybo cpyHKnnio cahhhhhoh
aMnnHTyAw. TaKHM o6pa3oM, stot HHTerpan 6yAeT npaKTnnecKH
paßeH Hynbo, ecnn TonbKO BennnHHa b KBaApaTHwx cKo6Kax He
OKaaceTca nonTH He 3aßHcnmen ot kx h kz b npeAenax AOBonbHO
o6mHpHOH nnomaAn npocTpaHCTßa (kx, k z). noAo6Hoe nnocKoe

a, sM>

Ax difc/ z z '

e -iat +ikxx + ikzz (241}

jj6 -u[(kx, kz)-kxx/t-kzz/t] dkxdkz (248)
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nnTHO Moamo o6HapyacHTb TeM ace cnoco6oM, KaKHM onpeAenneTcn
MHHHMyM nnn MaKCHMyM nbo6on AByxMepHoii cpyHKnnH, t. e.
nyTeM npnpaßHHßaHHn npon3BOAHwx k Hynns. H3noaceHHWH TonbKO
hto aHannTHnecKHH noAxoA H3BecTeH noA Ha3BaHHeM MeTOAa
cTannoHapHon (J)a3w. npHMeHHB ero, nonynaeM

0 =d/dkz [ ] = da/dkz -z/t. (2496)
B 3aKnboneHHe HMeeM, hto b momcht BpeMeHH / Bo3MymeHHn 6yAyT
pacnonaraTbcn b TOHKax

neM n AOKa3WßaeTcn onpeAeneHHe rpynnoßOH ckopocth.
Tenepb nocMOTpHM, KaK 6wn paccnHTaH pnc. Ill, a. nocne

pemeHHH 15-rpaAycHoro AncnepcHOHHoro cooTHomeHHn othoch-
TenbHO co, nocneAHee 6wno noACTaßneno b ypaßHeHHe (250).
nonyneHHan b pe3ynbTaTe TOHKa (x, z) OKa3anacb cpyHKHHeii
OTHomeHHn kx/(o. 3anaß Bee Bo3MoacHbie 3HaneHHn kx/(o, nonynaeM
KpHßybO.

Bbißo.i ypaBHeHHH MHrpannn snepinn

MnrpannoHHoe npeo6pa3oßaHHe SHeprnn b npocTpaHCTße (x, t)
HCcnenyeTcn TaKHM ace cnoco6oM, KaKHM 6wno nonyneHo Bwpaace-
Hne nnn rpynnoßOH ckopocth. 3anaAHM b HHTerpane

jjefz[ft2 (0,, k x )-ot/z+ kxx/z] d(iidkx (251^
6onbmne 3HaneHHH rny6nHW. B pe3ynbTaTe HaHAeM, hto SHeprnn
nepeMemaeTcn b TOHKy

nocneAHee noATßepacAaeT cnpaßeAnnßOCTb cnenaHHoro paHee
Bbißona o tom, hto BwpaaceHHe (245) MoacHo ncnonb3oßaTb AJia
aHann3a norpemHOCTen b nponecce pacnpocTpaHeHHH SHeprnn.
YpaßHeHHe (252) 6wno Hcnonb3oßaHO TaKace n AJia pacneTa
KpHßon, H3o6paaceHHOH Ha pnc. 122. CnpaßeAnnßOCTb noHaTHn
CTannoHapHon cf)a3w noATßepacAaeTcn pnc. 123, KOTopwn nonyneH
o6paTHWM npeo6pa3oßaHneM Oypbe.

YpaßHeHHn SKCTpanojinnnn He CO3AaK)T nacTOTHoii Ancnepcnn

llTo6bi AOKa3aTb, hto H3BecTHwe HaM 15-, 45- n t. a-
-rpaAycHwe BonHOßwe SKCTpanonnTOpw He co3AabOT nacTOTHOH
AHcnepcHH, BcnoMHHM H3 pa3Aena 2.2, hto bcc AncnepcHOHHwe
cooTHomeHHn HMebOT bha kz/(Q=f(kx/(o), Tj\e nepe3 / o6o3HaneHO

0 = d/dkx[ ] = d(Q/dkx -x/t, (249a)

M=%=;} (250>

(x, t) =z(-dkz/dkx, dkz/da). (252)
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Ayroßoe npn6nH^ceHne, CKaaceM, 15- nnn 45-rpanycHoe. /Jncnep-
cHOHHwe cooTHomeHHn TaKoro BHAa He MoryT co3AaßaTb nacTOT-
hoh AHcnepcHH. HaiiAH Tpe6yeMwe Ann ypaBHeHHH (252) npon3BOA-
Hwe, y6eacAaeMcn, hto KoopAHHaTw (x, t) BonHOßoro cJ)poHTa He
3aßncaT b hbhom BHAe ot co, xoth Hepe3 napaMeTp vkx/cc> OHH
3aBHCHT ot yrna HaKnoHa. nosTOMy nacTOTHan Ancnepcnn,
Ha6nK>AaeMaH b npaKTnnecKHx cnynanx, He co3naeTcn 15- nnn
45-rpaAycHWMH annpoKCHMannnMH.

4.3. HacTOTHasi h tohhoctb
BOJIHOBOH Mill paUIIII

MacTOTHan Ancnepcnn o6bncHneTCH tcm, hto pa3nHHHwe nac-
TOTHwe cocTaßnabomne pacnpocTpaHHbOTcn c pa3nHHHWMH ckopo-
cthmh. O {J3H3nnecKOM HBneHHH nacroTHOH AHcnepcHH peAKO
roBopHT b noßceAHeßHon a<H3Hn, xoth MHorne HHTaTenn, Bo3Moac-
ho, CTanKHßanncb c Hen, KaTancb Ha KOHbKax no 3aMep3meMy 03epy
nnn peKe. Ynpyrne BonHbi, Bo3HHKabomne npn pacTpecKHßamiH
nbna, pacnpocTpaHHbOTcn Ancneprnpyn, npeßpaman xnonKH b
ynapHwe 3ByKn. MacroTHan Ancnepcnn ceHCMHnecKHX BonH Ha6nio-
AaeTca o6whho npn hx pacnpocTpaHeHHH BAonb noBepxHOCTH
3eMnn. OHa qjtbsl nn omyTHMa y BonH, OTpaaceHHwx ot rny6HHHbix
cnoeß ocanoHHoro nexna. npn o6pa6oTKe ceHCMopa3BeAOHHbix
MaTepnanoß nacTOTHan Ancnepcnn npHHHHneT HeMano xnonoT
o6pa6oTHHKaM-MeTOAHCTaM. OHa npoHßnneTcn rnaBHWM o6pa3oM
b MeTOAe KOHeHHbix pa3HocTen, TaK KaK AncpcpepeHnnpybonine n
pa3HOCTHwe onepaTopw He coßnaAaioT no cbohm xapaKTepncTHKaM
Ha bwcokhx nacTOTax. MacroTHyio AncnepCHbo BcerAa MoacHo
noAaBHTb nocpeACTBOM 6onee nacTon AHCKpeTH3anHH, nosTOMy
reoc|»H3HKH, 3aHHTwe Ha noneßbix pa6oTax, AonacHw cnennTb 3a
TeM, hto6w sto ycnoßne co6nbOAanocb. Ha pnc. 130 H3o6paaceHw
HeKOTOpwe H3 AHcneprnpoßaHHwx HMnynbconAOß.

noHßneHne nacTOTHOH Ancnepcnn, BbOBaHHOH o6pa6oTKOH
ceHCMopa3BeAOHHwx MaTepnanoß, cnyacnT npeAynpeacAeHneM o
tom, hto MaTepnanw MoryT HCKaacaTbcn H3-3a HeAOCTaTOHHO
nnoTHOH AHCKpeTH3annH. Cnoco6w o6pa6oTKH b nacTOTHOH
o6nacTH He 3aBHCHT ot pa3HOCTHwx onepaTopoß, nosTOMy ohh
HMebOT to aoctohhctbo, hto He BW3WBabOT Ancnepcnn. Ho BMecTe
c TeM cymecTßybOT n

HeAOCTaTKH,

3a KOTopwe npnxoAHTcn
pacnnannßaTbcn. CpeAH hhx MoacHo Ha3BaTb cneAybomne: 1) orpa-
HHneHne cpeAaMH c nocTonHHWMH BemecTBeHHWMH

CBOHCTBaMn;

2) nepHOAnnecKHe noßTopw nponenyp o6pa6oTKn; 3) nonßneHHe
ncKaa<eHHH AncKpeTH3annH no npocTpaHCTBeHHOH KOopAHHaTe 6e3
npeAynpeAHTenbHwx cnrHanoß b Bnne AHcnepcHH CKopocTeii.

Ha pnc. 131 npnßeAeH npHMep nacTOTHOH Ancnepcnn, nponß-
nabomeHCH npn MHrpannoHHOM npeo6pa3oßaHnn Ha6nbOAeHHbix
AaHHwx. B BepxHen nacTH pncyHKa npeACTaßneH pa3pe3 OTT, b
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PMC. 130. M3o6pa>KeHHe HMiiyjib-
cohaob:
a— HMnyubCOH^; 6— cjierKa /iHcneprHpo-
BaHHbiH HMnyJibcoHji, o6pa3yK>mHHca npn
pacceaHHH 3HeprHH bhcokhx nacTOT; e—
HMnyjibcOHfl, npeTepneßuiHH cymecrßeH-
Hyio nacTOTHyio ancnepcHio

cpeAHen—Te ace MaTepnanw, ho nocne o6pa6oTKH, b nponecce koto-
pon He npeAnpHHHManncb nonwTKH nonaßHTb nacroTHyio Ancnep-
CHbo. HanxyAman Ancnepcnn oTMenaeTcn b panoHe nB 200 Ha BpeMe-
HH 4 c. HnacHHH pa3pe3 nonyneH nocne nepeo6pa6oTKH, bo BpeMH
KOTopon noAaßneHHbo Ancnepcnn yAennnocb 6onbmoe BHHMaHne.

HcKaaceniiH npocTpancTneiinoii inckpennaunn

McKaaceHHn, o6ycnoßneHHwe AncKpeTH3anHen, MoryT nponß-
nnTbcn Ha KoopAHHaTax BpeMeHH, rny6nHw, tohkh npneMa, tohkh
B3pwßa, cpeAHen tohkh, yAaneHHH ot HCTonmnca nnn ace b
HanpaßneHHH, nepneHAHKynnpHOM k npoc})Hnbo Ha6nioneHHH. Cnnb-
Hwe HCKaaceHHH AHCKpeTH3annH Ha6nbOAabOTcn Ha ropn3oHTanbHwx
npocTpaHCTßeHHwx ocnx. CKa3aiiHoe xopomo HnnbocTpnpyeT
pnc. 22 (cm. pa3nen 1.3). TnnAn Ha Hero, bw He

CKaaceTe,

b KaKybo
CTopoHy HaKnoHeHw ocn cnH(J)a3HOCTH — b neßybo nnn b npaßybo.
MaTeMaTnnecKHH aHanH3 TaKoro pona HCKaa<emiH HcnwTWßaeT Te
we TpyAHOCTH. /],HcnepcHOHHoe cooTHomeHHe BonHOßoro ypaßHe-
HHH no3BonneT paccnnTWßaTb npocTpaHCTßeHHybo nacroTy no
BepTHKann k z, pacnonaran BpeMeHHOH nacTOTon co, CKopocTbbo v n
npocTpaHCTBeHHOH nacTOTon no ropn3PHTanH kx h npn6eran k
ypaßHeHHbo nonyoKpyacHOcrn /cz (co, kx )= 2/v2 —k x. ,/J,HCKpeTH3a-
nnn no ocn x onpeAenaeT BepxHHH npeAen kx, paßHbm nacTOTe
Haincßncra n/Ax. KaK nacTOTHwe, TaK n KOHenHO-pa3HOCTHwe
cnoco6w o6pamaK)T bwcokhc nacTOTW OTHocnTenbHo HaHKßncro-
boh nacTOTW. CnenoßaTenbHO, nonyoKpyacHocTHoe AncnepcnoHHoe
cooTHomeHHe b tohhocth noBTopneTCH Ha nacTOTax Bwme Hamc-
bhctoboh, hto h noKa3aHO Ha pnc. 132.

HcKaacemiH npocrpaHCTßeHHon AncKpeTH3annH HanHHabOTcn b
tot MOMeHT, Korna ABe OKpyaCHOCTH KacabOTca npyr Apyra, KaK Ha-
npHMep, Ana 20 Tn, (cm. pnc. 132). 3to nponcxoAHT, KorAa nony-
AnnHa BonHbi v/2f CTaHOBHTcn paßHon HHTepßany npocTpaHCTBeH-
HOH AHCKpeTH3annH Ax. B cootb6tctbhh c MOAenbbo H3nynabomnx
rpaHnn cnenyeT 6paTb 3HaneHne ckopocth, paßHoe nonoßHHe CKopoc-
th pacnpocTpaHeHHH b 3Cmhoh cpeAe. CneAOßaTenbHO, HCKaaceHHH
AHCKpeTH3anHH He BO3HHKabOT, ecnn 2/Ax<(l/2)i;nopoflM. B Ta6n. 11
npHßenemn nacTOTW, npn KOTopwx He BO3HHKaeT HCKaaceHHH
AHCKpeTH3annH, AJia cnynan, KorAa CKopocTb b cpeAe paßHa 2 km/c.



PMC. 131. YneT

nacTOTHOH

AHcnepcnn
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Ta6jiHHa 11

PMC. 132. M3o6pa^ceHne acJxJteKTHß-
hwx AHcnepcnoHHbix cooTHomeHHH

BOJiHOBoro

ypaßHeHna b cjiynae ahc-
KpeTH3anHH ropH3OHTajIbHOH

OCH.

UIHCJ)p KpHBblX HaCTOTbI, THnHHHbie ajia
MHrpaHHH npn Hyjießbix yaajieHHax

/Jpyran TOHKa 3peHnn Ha npo6neMy HCKancemrii npn npocT-
paHCTBeHHOH AHCKpeTH3annH coctoht b tom, hto rpynnw cencMO-
npneMHHKOB nonaßnabOT BonHbi c hh3khmh KaacyinHMHcn ckopocth-
mh. npH STOM He npHHHMabOTCH BO BHHMaHHe HCKaaceHHH
AHCKpeTH3an,HH npn rpynnHpoßaHHH hctohhhkob. C stoh tohkh
3pemiH npenen, no nocrHaceHHH KOToporo HannHabOTca HCKaaceHHH
npocTpaHCTBeHHOH AncKpeTH3an,HH, AonaceH BwpaacaTbcn b yrnax
noAxoAa BonH, npn KOTopwx Ha6nbOAeHHan SHeprnn ncne3aeT. Ecnn
B3HTb yron BwxoAa nyna paBHWM 30, a He 90°, to ajmhw BonH no
ropH3OHTanH yABOHTcn. CnenoßaTenbHo, npn yrne Bwxona b 30° h
CKOpOCTH B CpeAe, paBHOH 2 KM/C,

HCKaaceHHH,

CBH3aHHbie c
HeAOCTaTOHHO nnoTHOH AncKpeTH3anneH, OTcyTCTBybOT, ecnn nacTO-
tw ceHCMHnecKHX Kone6annH HaxoAHTcn b npenenax, yKa3aHHbix b
Ta6n. 12.

TaK KaK cencMKnecKne Ha6nbOAeHnn Ha nacroTax Bwme 40 Tn
o6whho xapaKTepH3ybOTcn bwcokhm ypoBHeM none3Hbix cnrHanoß,
o6pa6oTKa cencMOTpacc, perncTpnpyeMbix npn 6onbmnx yrnax
OTpaaceHHH, nacro npnBOAHT k HeyAOBneTBopHTenbHWM pe3ynbTa-
TaM H3-3a 6onbmnx HCKaaceHHH npocTpaHCTBeHHOH AHCKpeTH3annH.

SHeprnn, noAßepaceHHan HCKaacemiHM AHCKpeTH3annn, He nepe-
MemaeTcn Meacny KpwnbHMH rHnep6onw n ee BepniHHOH. OHa
CTpeMHTcn ocTaßaTbcn Ha Mecre. CKa3aHHoe HnnbocTpnpyeTcn

lao.iiiiia 12

PaccTaHOßKa ceu- Ax, m Ee3onacHafl
CMonpneMHHKOB

nacTOTa,

Th -20fa,

CTaHAapTHaa 25 20 . ' ' I > I ( LJ—L *.

PeKorHocnnpo- 50 10 ° _ZL_

BOHHaa

Ax
nonepenHaa npn 100 5
TpexMepHon PMC. 132. M3o6pa^ceHne 3(j)(|)eKTHß-
ceHCMopa3BeAKe hhx AncnepcnoHHbix cooTHomeHHn

I I BOjmoßoro vpaßHeHna b cjiynae ahc-

PaccTaHOßKa ceii- Ax, m Ee3onacHaa
CMOnpHeMHHKOB HacTOTa, Tu

CTaHaapTHaa 25 40
PeKorHocunpo- 50 20

BOHHaa

nonepeHHaa npn 100 10
TpexviepHOH
ceHCMopa3BeAKe
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PMC. 133. CnHTeTHnecKHe rHnep6ojibi AJinTejibHOCTbio 3anncH 1 c npn napaMeTpax
AHCKpeTH3anHn no BpeMeHH At— 4 mc, no paccroaHHio Ax=25 m h ckopocth b

cpeAe 2 km/c:
a— 90-rpa/rycHaH rHnep6ojia b 4>ypbe-o6jiacTH, 6— 15-rpaaycHbiH rHnepoojion/i, HafifleHHbiH
KOHeHHO-pa3HOCTHbIM

MeTO/JOM

pnc. 133, Ha kotopom H3o6paaceHW 90-rpaAycHan rnnep6ona n
1 5-rpaAycHbin KOHeHHO-pa3HOCTHwn rnnep6ononA. B o6meM
n nenoM pa3nHnne He6ojibinoe. nocMOTpHTe Ha noßeAeHne
aMnnHTynw rnnep6onHHecKon BonHbi. no KpanM OHa y6wßaeT
6wcTpee, neM nonacHa 6wna 6w y6bmaTb cornacHO 3aKOHaM
cobepHnecKoro pacxoncAemm h H3MeHeHHn KOScjKpmnneHTa OTpa-
aceHHH ot yrna OTpaaceHHH. Ha6nbOAaeMWH scj)4)eKT o6bncHneT-
cn tcm, hto nonyoKpynmocTH AncnepcHOHHbix Kpnßwx nepe-
KpbißabOTcn MeacAy co6on. He MoaceT 6wTb yrjioß pacnpocTpa-
HeHHH BonHbi, npeßwmabomnx tot, npn kotopom HanHHaborcn
HCKaaceHHH AHCKpeTH3anHH no och x. nocKonbKy BonHbi He
MoryT pacnpocTpaHHTbcn noA cronb KpyTWMH yrnaMH, ohh sto-
ro h He AenabOT. HMnynbconn He pacxoAHTcn HaAneacamnM
o6pa3oM.

Bropi.ic npocipancißeiniwe npoinno nibie

YpaßHeHHe, onpeAenjnomee onepaTop Bbinncj^eHna BTopwx
KOHeHHbix pa3HOCTen, HMeeT bha

(253)

OnepaTop BbinncneHHn BTopwx npOH3BOAnwx non> iiaeM nyTeM
nepexona k npeAeny

(254)

5 2 P(x+Ax)-2P(x)+ P(x-Ax)
&V = (A.v)2

Sip =ilp
dx2 bx2 r -
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no Mepe crpeMneHHH Ax k Hynbo, 6onbmoe nncno pa3nnnHwx
onpeAeneHHH MoryT cTpeMHTbcn k OAHOMy n TOMy ace npeAeny.
3aAana 3aKnbonaeTca b tom, hto6w HaHTH TaKoe BwpaaceHne,
KOTopoe ocTaeTca tohhwm, Korna Ax 6onbine Hyna n, KpoMe Toro,
c yneTOM Tpe6oBaHHH npaKTHKH o6pa6oTKn He 6yneT cjihuikom

cnoacHWM. U,enb coctoht b tom, hto6w HaHTH cnoco6 KonHnecTßeH-
hoh oneHKH tohhocth, KOTopybo o6ecneHHßaeT ypaßHeHHe (253).
3aTeM mw nonpo6yeM HaHTH TaKoe BwpaaceHne, KOTopoe 6ynynn
HeMHornM cnonmee ypaBHeHHH (253), 6wno 6w ropa3AO TOHHee ero.

B KanecTße ocHOBHoro MeTona nccneAOßaHnn Bocnonb3yeMcn
npeo6pa3oßaHHeM Oypbe. HanneM npon3BOAHbie KOMnneKCHon
noKa3aTenbHon cpyHKnnn P= Po exp(ikx) h 6yAeM cnnTaTb Bee
norpenmocTH 3aßHcnmnMH ot npocTpaHCTBeHHOH nacTOTW k.
B cnynae BTopon npon3BOAHon HMeeM

2P.
dx

(255)

OnpeAennM k c noMombio BbipanceHna, aHanornnHoro onepaTopy
BWHHCneHHH KOHeHHWX pa3HocTeH:

2P. (256)hx2 K '
B HAeanbHOM cnynae k 6yAeT paßHHTbcn k. noACTaßnnn KOMnneK-
CHybo SKcnoHeHnnanbHybo cpymcnino P= Po exp(ikx) b ypaßHeHHe
(253), y6eacAaeMcn, hto onpeAeneHHe (256) AaeT Bbipaacemie k
nepe3 k:

(257a)

(2576)

3aBHCHMOCTb kAx ot kAx Bum (2576) BecbMa npocro H3o6pa3HTb
rpacpHnecKH. npHMeHeHHe cpopMynw AJia nonoßHHHoro yrna no3BO-
nneT HaHTH BwpaaceHne KopHH KBanpaTHoro H3 (2576) b aHanHTH-
necKOM BHAe:

£Ax/2= sin(kAx/2). (257b)

nocne pa3noaceHHa b pan bhahm, hto jxjih hh3khx nacTOT k
HBnneTcn xopomHM npn6nnaceHHeM k k. Ha nacTOTe HanKBHCTa,
onpeAenneMonpaBeHCTBOM kAx = n, TaKoe npn6nHaceHHe BennnHHw
k (t. e. kAx —2) 6yneT hjioxhm.

Cnoco6 iioßbimennn tohhocth

A6conbOTHybo TOHHOCTb MoacHo yßennnnTb, yMeHbman HHrepßan
AHCKpeTH3aUHH Ax. yBenHHCHHH TOHHOCTH OTHOCHTenbHO HaCTOTW

C2p__ "0 |~p ik (x + Ax)

%

ikx .~ik (x — Ax) ~|
A.y2 '*- -"'

--=P =
5.Y A.y2L v n
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PMC. 134. M3o6pa>KeHHe BTopon npon3BOAHon b bhac cpyHKUHH npocTpaHCTßeHHoro
bojihoboto

HHCJia.

3HaK KBaApaTHoro Kopiia b ypaBHeHHH (2596) Bbi6paH

TaKHM,

hto6m oh corjiacoßbißanca c k b HHTepßajie ot — n ao k h 6bui nepnoAHnecKHM 3a
ero npeAejiaMH (no Xeftjiy)

HaHKBHCTa MoacHo AOCTHHb 3a cneT yßennneHnn 3aTpaT MamnHHo-
ro BpeMeHH h rpoMO3AKOCTH aHanHTnnecKHx BwpaaceHHH nyTeM
Ao6aBneHHH nneHOB pnAa Bwcmero nopnAKa, cKaaceM TaKnx, KaK

d2/dx2 *52/5x2 -Ax2/12-5 4/ox4+ n t. a. (258)
npn cTpeMneHHH Ax k Hynbo ypaßHeHHe (258) crpeMHTcn npnHHTb
bha ochobhwx onpeAeneHHH(253) h (254). Ecnn Tpe6yeTcn BwcoKan
TOHHOCTb npn Manwx 3HaneHHnx k, to KoscjjefmnneHTW, HanoAo6ne
1/12 b (258), MoacHo onpeAennTb mctoaom pa3noacemia b pan
Tennopa. Ecnn ace acenaTenbHO nonynHTb BbicoKybo TOHHOCTb b
HeKOTopoM Anana3oHe 3HaneHHH k, to MoacHo HaHTH HecKonbKO
OTnnnHwe ot ynoMHHyTwx Bwme KOscpcfmnneHTW, npn6erHyß k
MeTony noA6opa. Ha npaKTHKe ypaßHeHHe (258) npnMeHneTcn
oneHb peAKO, TaK KaK cymecTßyeT MeHee oneBHAHoe, ho o6ecnenn-
Babomee ropa3AO 6onbmybo TOHHOCTb npn MeHbmnx 3aTpaTax Ha
BWHHcneHHH BbipaaceHHe. HAen BWTeKaeT H3 cooTHomeHHn

Tj\t nepe3 b o6o3HaneHa HeKan perynnpyeMan nocTOHHHan. Ton-

HOCTb,

o6ecnenHßaeMybo BbipaacemieM (259a), MoacHo oneHHTb
KonnnecTßeHHO nyTeM noAcraHOBKH b Hero ypaBHeHHH (2576),
nocne nero nonynaeM

(2596)

Ha pnc. 134 npHßeneH rpaqbnK kophh KBaApaTHoro H3 ypaßHe-
HHH (2596) nnn 3HaneHHH /?=l/6.

nonoacHß b b (259) paBHWM 1/12, nonynaeM, hto ypaBHeHHH
(258) h (259) coßnaAabOT c TOHHocrbbo ao BToporo nopnAKa no Ax.
KoscpcpnnHeHT 1/12 nonyneH b pe3ynbTaTe pa3noaceHnn b paA, ho

2/5*2__
dx2 ~l+bAx2 (?, 2 /?>x2 )

, K }

(£Ax/2)2 = sin2^2)
v '

;

l-Msin2 (A:Ax/2)
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18-955

PMC. 135. rnnep6ojibi AJia 3HaneHHH h, paßHbix 0,

1/12, 1/6,

726, 1/6 h 1/5

MHoacHTenb 1/6 cornacyeTcn c hhm b mnpoKOM Anana3oHe n
HBnneTcn o6meynoTpe6nTenbHWM. <I>. Mbonp noKa3an, hto 3Hane-
Hne 1/4— l/71 « 1/6,726 o6ecnennßaeT a6conbOTHO TOHHoe cob-
naAeHne Ha nacTOTe HaHKBHCTa n AOCTaTOHHO tohhoc Ha Bcex
6onee hh3khx nacTOTax. Mano HaHAeTcn^ ceHCMOpa3BeAHHKOB,
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KOTOpbie CHHTann 6w ocTaßinHncn Aecfmnnr tohhocth ypaBHeHHH
(259) AocraTOHHWM ajih onpaßnaHnn hco6xoahmocth HHTepnonn-
nnH Ha6nbOAeHHbix b none 3HaneHHH. Ha pnc. 135 npHBeAeHW
rnnep6onw npn pa3nnnHwx 3HanemiHX nocronHHon b. y6eAHTecb,
hto He3aBHCHMO ot BenHHHHbi b caMbie AJiHHHwe BonHbi pacnpocT-
paHHbOTcn C OAHHaKOBWMH CKOpOCTHMH. Ocb BpeMeHH Ha pHC. 125
coAepacHT Bcero 256 ToneK, xoth (j)aKTHHecKH OHa MoaceT cocronTb
H3 Tbicnnn h 6onee, nosTOMy scJDCpeKTW nacroTHOH AHcnepcnn,
xapaKTepHwe AJia nponenyp BbinncneHnn kohchhwx pa3HocreH no
och x, npeyßennneHw.

y6eAHMcn eme pa3, hto ypaBHeHHeM (259) MoacHo nonb3oßaTb-
cn Ha npaKTHKe, ecnn b—\/6. npocrenmnM ypaßHeHneM-npoTOTH-
noM HBnneTcn ypaßHeHHe TennonpoBOAHOCTH

(260)

(261)

npoH3BOAHbie no BpeMeHH n rnySnHe —onnniieiinoe
iipeo6pa3oßanne

MoacHo

CHHTaTb,

hto BTopan npoH3BOAHan — sto BTopan
npoH3BOAHaa n hto hct HHKaKnx MaTeMaTHnecKnx ocHOBaHHH,
hto6w ncKaTb npoH3BOAHwe no BpeMeHH hhwm nyTeM, neM
npoH3BOAHwe no npocrpaHCTßeHHon KOopAHHaTe. Ho TaKoe npen-
nonoaceHne HenpaßHnbHoe. HaMeK Ha pa3nnnHe Meacny npOH3BOA-
hwmh no t n no x coAepacHTca b rpaHHHHbix ycnoßnnx. B cnynae
npon3BOAHwx no BpeMeHH (a 3anacTybo h no rny6nHe z)
Heo6xOAHMO npHHHMaTb BO BHHMaHHe npHHHHHOCTb —

nOHHTHe,

03Hanabomee, hto 6ynymee onpeAenneTcn TonbKO no HacTonineMy h
npomnoMy. CooTßeTCTßybomnMn rpaHHHHWMH ycnoBHHMH Ha Bpe-
MeHHon och HBnnbOTcn HananbHwe, KorAa (JiyHKnnn (h, BO3MoacHO,
HeKOTopwe ee npon3BOAHwe) 3aAaercH b oahoh HananbHon no
BpeMeHH tohkc B cnynae rny6HHHon KoopAHHaTw z TaKoii oco6oh
tohkoh 6yneT noßepxHocTb 3eMnn npn z= 0. Ho naTepanbHwe
npocTpaHCTßeHHbie npon3BOAHwe pa3nnnHW, ohh Tpe6ybOT 3aAaHnn
rpaHHHHbix ycnoBHH b AByx AaneKO OTCTonmnx Apyr ot Apyra

TOHKax,

pacnonoaceHHwx o6whho Ha neßon n npaßon rpaHnx
paccMaTpnßaeMoro o6beMa cpenw.

o_ _J/ 2 _ 5 2 /5.y2

c1?^ _^2? *l+(A.y2/6)(5 2 /5.y2 )^
/JenHMoe paBHO

A , Ax2 82 \o -.1+ 7 —<7~Oryc7.y 6 8x2 Jdr xxH

ypaßHeHne

£=*>, kx)q (262)
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CBH3aHO c caMHM onpeAeneHHeM BennnHHw kz. AHanornnHoe
pa3HOCTHoe ypaßHeHHe onpeAennT BenHnnny k z:

noAcraßHß pemeHne ypaBHeHHH (262), t. e. q = qo Qxp(ik zz), b (263),
nonynnM 3aBHCHMOCTb MeacAy hckomwm kz n cj)aKTHHecKHM k z:

(264)

nocneAHee ypaßHeHHe h3bcctho KaK 6nnHHeHHoe npeo6pa3oßamie
(cm. pa3Aen 4.6):

no ypaßHemno (266) MoacHo paccnnTaTb TOHHOCTb nepßbix
npoH3BOAHbix, nonynaeMwx no MeTony Kpsmca — HnKonbcona.
BcnoMHHM cxeMw KOHenHO-pa3HocTHoro MHrpannoHHoro npeo6pa-
30BaHHH H3 pa3Aena 2.7. TaM BWHHcneHHe KOHeHHbix pa3HocreH no
BpeMeHH npoH3BOAHnocb TaK ace, KaK n no rny6nHe. nosTOMy
AonacHO HMeTb MecTO OAHHaKOBoe orpannneHne no tohhocth, a
HMeHHo:

nocne pa3noaceHHH b pan bhahm, hto co CTpeMHTcn k co npn
CTpeMneHHH At k Hynbo. OTHOCHTenbHwe omH6KH b co npn 4, 10 n
20 oTcneTax Ha nnHHy BonHbi paBHW cootbctctbchho 30, 3 n 1%.
3th oihh6kh AOBonbHO BenHKH n BW3WBaK)T Heo6xoAHMOCTb nn6o
npnHHMaTb He6onbiune At, nn6o nonb3oßaTbcn 6onee tohhwm b
cpaBHeHHH c (266) ypaBHeHHeM.

Bo3MoacHO, n He cymecTßyeT raKoro npeACTaßneHHn npnnHHHO-
ro AncJ3CJ3epeHnHpoBaHHH, KOTopoe 6wno 6w CKonb-HH6yAb TOHHee,
neM npeAcraßneHHe KpsHKa — HnKonbcoHa. HeT Hnnero noxoacero
Ha npneM, ncnonb3oßaHHwn b npeAWAymeM noApa3Aene. nosTOMy
HHTepßanw AncKpeTH3annH Az h At AonacHW npnHHMaTbca HaMHoro
MeHbmnMH, neM SToro Tpe6yeT KpHTepnn HaiiKBHCTa. Ha npaKTHKe
Bee He TaK nnoxo, KaK npencTaßnneTCH. MHorne BnonHe yAOB-
neTBopeHW h 6wcTpoAencTßHeM n AOCTnracMOH TOHHOCTbbo Mnrpa-
nnoHHoro npeo6pa3oßaHHH bo BpeMeHHOH o6nacrn, npHMeHna mar
AHCKpeTH3annH no BpeMeHHOH KOopAHHaTe, paBHWH 4 MC.

B KnaccnnecKOH CTaTbe CTonTa [134] Hapnny c H3noaceHneM
MeTOAa MnrpannoHHoro npeo6pa3oßaHHn, ocHOBaHHoro Ha 6wct-
poM npeo6pa3oßaHHH Oypbe, oTMenaeTcn, hto MoacHo AOCTHHb
6onbmen tohhocth, ecnn onycTHTb Tpe6oßaHHe npnnHHHOCTH.
CTonT noKa3an, KaKHM o6pa3oM nyTeM otmchw npHHHHHOCTH Ha
H3BecTHOH rny6HHe n coxpaHeHHH ee Ha cnenyioineM rny6nHHOM

(qz+ Az -qz )/Az=ik z(qz + Az -r-qz )/2. (263)

■

pikzAz l pifc.Az/2 _—

i'k.Az/2

z

-iS.iz

I i ifc„Az/2 i „ — ik z

Az/2

: .sin^Az/2)cos(^zAz/2)
kzAz/2 = tg(kzAz/2). (266)

<M//2 = tg(coAr/2). (267)
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ypoßHe AOCTHraeTcn ycronnHßoe BbinncneHHe KOHeHHbix pa3HOcreH.
/JencTßyn no ocn rny6HH z, mw CBH3aHW c npHHHHHWMH
npoH3BOAHWMH, xoth b cnynae AHCKpeTHofi cnoncTOCTH Mornn 6w
nonb3oßaTbcn MeTOAaMH Oypbe.

He HyacHO AyMaTb, hto KOHenHO-pa3HOCTHwe pemeHHH annpoK-
CHMHpybOT TOnbKO HaCTOTW, B AencTBHTenbHOCTH ohh annpoKCHMH-
pybOT 4>yHKnnbo exp ik zAz. PemHM ypaßHeHHe (263) OTHocnTenbHo
Hen3BecTHon:

(268)

J\jm Nz cnoeß Ha rny6HHe z= 7VAz HMeeM cneAybomee
npH6nnaceHne:

(269)

KOTopoe 6yneT BnocneACTBHH ncnonb3oßaHO AJia MOAennpoßaHHa b
c|)ypbe-o6nacTH KOHenHo-pa3HocTHbix nporpaMM. Pe3ynbTaTW MOAe-
nHpoßaHHn, onncaHHwe b pa3Aene 4,7, no3BonnbOT cpaBHHBaTb
TOHHOCTb pa3nHHHwx MeTOAOB MHrpannn MeacAy co6on.

4.4. nouiomaiouuie ookobwc 1pannnbi

ilnenKH MamHHHon naMHTH nacTO Hcnonb3ybOTcn AJia MOAenn-
poßaHHH ToneK HeKOToporo o6beMa, b kotopom pacnpocTpaHHbOTcn
BonHbi. Hhcjio nneeK MainnmioH naMHTH, k coacaneHHbo, kohchho, a
HaM 3anacTybo xoTenocb 6w MOAennpoßaTb 6ecKOHenHwe o6beMW.
Hto6w H36eacaTb hco6xoahmocth KOHCTpynpoßaTb 3BM c 6ecKO-
HenHo 6onbmon eMKOCTbbo naMHTH, no3HaKOMHMcn b HacTonmeM
pa3nene c Teopnen nornomabomnx 6okobwx rpaHHHHbix ycnoBHH.

HMebOTcn ABa BHAa 6okobwx rpaHHHHbix ycnoBHH. nepßbin bha
cooTBeTCTByeT KOHnaM cencMo3anHCH. BTopon BO3HHKaeT b Tex
cnynanx, KorAa no KaKHM-nH6o npHHHHaM npHHHMaeTcn pemeHHe
orpaHHHHTb HHTepßan BwnncneHHH. YKa3aHHwe rpaHnnw MoryT
coßnacTb. llto6w H36eacaTb nyTaHHnw, ycnoßHMcn, hto Ha6nioAeH-
Hwe AaHHbie 6onee orpaHHneHw b o6beMe, neM MamHHHan naMHTb.
nosTOMy Hapany c Ha6nbOAeHHHMH, coAepammnMH b ce6e Hananb-
Hwe ycnoBHH BWHHcneHHH, cyinecTßyer HeKOTOpan o6nacTb, koto-
pybo Ha3oßeM AeMncJ)epoM AaHHwx.

HaSnroAeHHbix naimbix

CaMoe rpy6oe npeAnonoaceHHe 3aKnbonaeTcn b tom, hto b
KanecTße neMncjjepa MoryT cnyacHTb AononHHTenbHwe Hyneßwe
3HaneHHH. Bo H36eacaHne noaBneHHH Kpaeßwx AH(J)paKnHH HCKyccr-
BeHHoro npoHexoacAeHHa, Ha6nbOAeHHwe AaHHbie AonacHw nnaßHo

_/l+/A:,Az/2\qz+
zAz/2j qz-

QiKNAz^(l+ik zAz/2\N

~\\-ikzAz/2J '
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nepexoAHTb b o6nacTb AeMn(f)epa. nosTOMy AeMncpep H3 HyneH
6yneT xopomo pa6oTaTb TonbKO b tom cnynae, KorAa b
OKpecTHOCTH 6okoboh rpaHnnw 3HaneHHn caMHx Ha6nbOAeHHH yace
Manw. npn AeMncfrnpoßamiH HynnMH nonneacnT o6cyacAeHHbo
Bonpoc o tom, ctoht nH AononHHTenbHO yMHoacaTb AaHHbie Ha
nnaBHO y6bißaboinyio ao Hynn cjjyHKnnio, hto6w o6ecnenHTb
rnaAKybo CTWKOBKy Ha6nioAeHHH c AeMncpepoM H3 Hyneßwx
3HaneHHH. il caM npeAnonnTabo H36eraTb

SToro,

TaK KaK MHe
KaaceTca, hto TaKan onepannn paßHoennbHa cpanbCHCpHKannH
AaHHbix. no MoeMy MHeHHbo, npeAnoHTHTenbHee AeMnc|)HpoßaTb
Ha6nbOAeHHbie AaHHbie He HynnMH, a nbo6wMH MRHHManbHWMH
3HaneHHnMH, He BnnnbomnMH Ha Ha6nbOAeHHH. Oahh H3 npocTwx
npneMOß 3aKnbonaeTcn b cnenybomeM: AenaeTcn Konnn nocneAHen
cencMOTpaccw, KOTopan 3aTeM B3BemnßaeTcn no y6wßaioin,eMy
3aKOHy, nponopnnoHanbHOMy paccTOHHHK) Tpaccw-KonHH ot rpaHn-
nw. 3tot npneM cpa6aTbmaeT HannynmnM o6pa3oM b Tex cnynanx,
KorAa mar Ha6nbOAeHHH coßnaAaeT c maroM AeMncjinpOßaHnn.
B nbo6on TeopHH onTHManbHoro AeMncfnTpoßaHnn Ha6nbOAemiH
coAepacaTca ABa BaacHwx MOMeHTa— MOAenb noMexn h MOAejib
none3Horo cnrHana. OcymecTßHTb HAeanbHybo sKCTpanonnnnbo
AaHHwx Ha npaKTHKe yAaeTcn oneHb peAKO. B pa3Aene 3.5
coAepacaTca npeAnoaceHHn no Co3Aarono 6onee tohkhx Monenen
nponecca pacmnpeHnn cencMorpaMM OCT.

yceneHne Ha Koimax paccianoßOK h npocjni.ieH

B cencMopa3BeAKe BCTpenabOTcn ABa BHAa ocnoacHemiH, BW3BaH-
hwx yceneHneM no ropH3oHranbHon KOopAHHaTe. nepßoe, CBH3aH-
HOe C KOHHOM paCCTaHOBKH CeHCMOnpHeMHHKOB, CKa3WBaeTCH
nary6HO Ha cyMMHpoBaHHH no npHHnnny o6men cpeAHen tohkh.
BTopoe CBH3aHO c ajihhoh npocJ)HneH, hto yxynmaeT pe3ynbTaTW
MHrpannn. H npn MHrpannn, n npn cyMMHpoBaHHH OrT
rHnep6onHnecKne och CHHcJ)a3HOCTH CTnrHßabOTcn b TOHKy. Ho
Ha3BaHHwe cnoco6w o6pa6oTKH pa3nnnabOTCH MeacAy co6on n
npHHHHW 3TOrO pa3nHHHH KOpeHHTCH B CaMHX Ha6nK>AeHHHX.
B cnynae cyMMHpoBaHHH OCT BnonHe noAAaeTcn npeACKa3aHHK)
TO, HTO OCH CHHCpa3HOCTH 6yAyT HaKnOHCHW BHH3 B CTOpOHy
AanbHero KOHna paccTaHOBKH cencMonpneMHHKOß. B cnynae ace
MnrpannoHHoro npeo6pa3oßaHHa oTpaacabomne rpaHnnw Ha koh-
nax pa3pe3a MoryT 6wTb HaKnoHeHw KaK BBepx, TaK h bhh3. B
cnynae HaKnoHa bhh3 pe3ynbTaT MHrpannn 6onee ToneH, ceiicMH-
necKHe ropn3OHTW nnaBHO nepexoAaT ot rpaHnn k BHyTpeHHHM
nacTHM pa3pe3a.

TpyAHWH cnynan MnrpannoHHoro npeo6pa3oßaHHn BO3HHKaeT
npn BoccraHHH ceHCMHnecKHX ropn3OHTOB k KpanM pa3pe3oß;
onepannn npoAonaceHnn bhh3 nepeMemaeT ceHCMHnecKybo sHeprnbo
k KOHnaM npo(J)Hnen. no AOcrnacemiH rpaHnnw pa3pe3a cencMHne-
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CKan SHeprnn oTpaacaeTcn c npoTHßononoacHWM HaKnoHOM h
HHTepcJ)epHpyeT c sHeprnen, npoAonacaboineH cßoe ABnaceHne b
CTopoHy Kpaa cencMHHecKoro pa3pe3a. YKa3aHHoe 3aTpyAHeHne
MoacHo nacTKHHo npeoAoneTb, Ao6aBHB HeKOTopoe npocTpaHCTßo c
o6enx ctopoh o6pa6aTWßaeMoro Maccnßa Ha6nioAeHHH h tcm
caMWM no3Bonnß HaKnoHeHHon sneprnn nepeMemaTbcn 6e3 noMex.
(HMeeTcn b BHAy, hto ya<e pemeHO KaKoro pona AeMncfrnpoßamie
HananbHwx AaHHbix AonacHO npnMeHHTbca b AononHHTenbHOM
npocTpaHCTße.)

I panmibi 3HrKBHCTa b cnynae CKannpHoro BOJiHonoro ypaBHeHHH

npocTenmnM, xpecTOMaTHHHWM rpaHHHHWM ycnoBHCM HBnneT-
ca Tpe6oßaHne o6pameHHH cf)yHKnHH b Hynb Ha rpaHnne. BonHa,
naAaboman Ha TaKybo rpannny, OTpaa<aercn c H3MeHeHneM nonnp-
hocth h nosTOMy Ha rpaHnne cyMMa naAabomen h OTpaaceHHon
BonH o6pamaeTcn b Hynb. CnenybomnM no npocroTe rpaHHHHWM
ycnoßHeM HBnneTcn ycnoßne Hyneßoro yrnoßoro KOSC^cjinnneHTa.
B AaHHOM cnynae OTpaacabomaa rpaHnna TaKace HAeanbHa, ho
KOsc^cfinnneHT OTpaaceHHH paßeH + 1 , aHe— 1 . Run npeACTaßnenHH
rpaHnnw c HyneßWM yrnoBWM KoscpcpnnneHTOM Tpe6ybOTcn jjpe
TOHKH Ha KpOMKe KOHeHHO-pa3HOCTHOH C6TKH. PaCCMaTpHBaeMOe
o6whho rpaHHHHoe ycnoßne Han6onee o6mero Bnna npeACTaßnneT
co6oh nnHeHHybo KOM6nHannio 3HaneHHH (})yHKnHH n ee yrnoßoro
KoscJicpHnneHTa. H oho othochtch k AByxTonenHWM rpaHHHHWM
ycnoBHHM. TaK nonynaeTcn, hto b nonyneHHbix HaMH ypaßHeHnnx
SKCTpanonnnnH (cm. pa3Aen 2.2) coAepacnTcn nnmb OAHa npon3BOA-
Han no rny6nHHOH KOopAHHaTe, nosTOMy no och z ohh cocTaßnnbOT
AByxTonenHoe ycnoßne. 3aMeTHB sto o6cTOHTenbCTBO, B. 3hhcbhct
Hamen hoboc npHMeHeHHe HamnM ypaBHeHHHM SKCTpanonnnnn.
MHorne

nccneAOßaTenn,

pa6oTaK>inne b Apyrnx o6nacTnx HayKH,
HHTepecybOTcn pemeHneM npnMwx 3aAan, t. e. pa3BHTHeM b
npHMOM HanpaßneHHH BpeMeHH

cornacHO,

HanpHMep, CKannpHOMy
BonHOBOMy ypaßHemno BHAa Pxx+Pzz = Pn/v 2, ho npn stom
cranKHßabOTcn c orpaHHneHHWMH o6beMaMH ManiHHHOH naMHTH.
Hach 3HrKBHCTa 3aKnbonanacb b tom, hto ohh AonacHW nonb3o-
BaTbcn HamHMH ypaBHeHHHMH SKCTpanonnnnH b KanecTße cbohx
rpaHHHHbix ycnoBHH. npeAnonoacnM, hto Tpe6yeTcn oKpyacHTb
KBaApaT Ha nnocKocrn (x, z) 6ecKOHenHWM nornoinaioiHHM oo'be-
mom. B TaKOM cnynae HyacHO rpaHHHHoe ycnoßne, co6nbOAabomeeca
BOKpyr 3aAaHHoro KBaApaTa. MoacHo BOcnonb3oßaTbca ypaBHeHHeM
HHCxoAainen BonHbi Ha HnacHen rpaHn h ypaBHeHHeM BocxoAnmeH
BonHbi Ha BepxHen. C 6okobwmh rpaHHMH MoacHo nocTynnTb
aHanornnHO, TonbKO noMeHnB x Ha z. 3Ta HAen 6wna BcecTopoHHe
npoßepeHa n noATßepacAeHa pa6oTaMH P. KnenTOHa. Ha pnc. 136
npnßeneHW ero Ha6nbOAeHna HaA pacmnpHbomnMncn KpyroBWMH
obpoHTaMH BonH.
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PHC. 136. PacmnpaiomHeca Kpyroßbie (ppoHTbi bojih, Ha6jiK>Aaervibie b nparvioyrojib-
HHKe c norjioniaioniHMH

CTeHKaMH

(a) n co CTopoHaMH c HyjießbiM yrjiOßbiM
KO3(|)(})HnHeHTOM (6)

EoKOßbie rpaHHHHbie ycnonnn 3HTKBHCTa ajih ypaBHeHHH
3KCTpanojinnHH

npn o6pa6oTKe Ha6nK>AeHHH ypaßHeHHe SKCTpanonnnnH hc-
nonb3yeTcn bo BHyTpeHHnx nacrnx HccneAyeMon o6nacTH. 3to He
noxoace Ha npnMoe MOAennpoßaHne, KorAa bo BHyTpemnrx nacTnx
o6nacTH Hcnonb3yeTcn nonHoe CKannpHoe BonHOßoe ypaßHeHHe, a
Ha rpaHnne MoacHo npnMeHaTb ypaßHeHHe SKCTpanonnnnH. CKannp-
Hoe BonHOßoe ypaßHeHHe HMeeT Kpyroßoe AncnepcnoHHoe cootho-
meHne, a ypaßHeHHe SKCTpanonnnnH — nonyKpyroßoe b HAeanbHOM
cnynae. Paccyacnaa no aHanornn, 3hit<bhct npeAnonoacnn, hto npn
pemeHHH 3aAan BonHOßon SKCTpanonnnnH HAeanbHon 6okoboh
rpaHHnen nonacHO 6wTb AncnepcnoHHoe cooTHomeHHe b BHAe
neTBepTH OKpyaCHOCTH. Hto6w CAenaTb cbokd HAebo 6onee KomcpeT-
hoh n HenocpeACTßeHHO npHMeHHMOH, oh npeAnoacnn annpoKCHMH-
poßaTb neTßepTb OKpyacHOcrn npaMon (pnc. 137).

npeHMymecTßO npnMonHHeHHoro AncnepcHOHHoro cooTHome-
HHH COCTOHT B TOM, HTO B npOCTpaHCTBCHHOH o6naCTH OHO MOaceT
6biTb npeACTaBneHO npocrwM Anc^qbepeHnnanbHWM ypaBHeHHeM
nepßoro nopnAKa. YpaßHeHHe nepßoro nopnAKa HMeeT nepßwe
npoH3BOAHwe, KOTopwe MoacHo HanTH nnmb no AByM OTcneTaM

PHC. 137. AncnepcHOHHoe coot-
HomeHne npn npodbix norjio-

maHDuiHx

CTeHKax:

/— Jießaa CTeHKa, 2— npaßan CTeHKa
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AaHHbix, h nosTOMy ero MoacHo ncnonb3oßaTb b KanecTße
rpaAnnnoHHoro AByxTonenHoro 6oKOßoro rpaHHHHoro ycnoBHH.
npaßOCTopoHHee ypaßHeHHe Ha pnc. 137 onpenenneT rpaHHHHoe
AHcnepcHOHHoe cooTHomeHHe D:

(270)

B npocTpaHCTße (/, x, z) sto ypaßHenne npnHHMaeT cneAyboinnn
bha:

(271)

B KOopAHHaTe 3ana3AWßabomero BpeMeHH npon3BOAHyio d/dz
MoacHo ncKnbOHHTb nyTeM noACTaHOBKH H3 BHyTpeHHero ypaBHeHHH.

llto6w ccpopMynnpoßaTb MaTeMaTHnecKybo, a He cfnoHHecKyio,
TOHKy 3peHHH Ha stot npeAMeT, Boo6pa3HTe HeKOTopybo oco6ybo
(J)H3HKy, cornacHo KOTopon cf)H3HHecKoe ypaßHeHHe, npnMeHHMoe b
HeKOTopon o6nacTH, coAepacHT AHcnepcnoHnwe cooTHomeHHn
onncwßabomne nornomeHne b Kpaeßwx nacTnx. KpoMe stoh
cpHKTHBHon o6nacTH, Boo6pa3HTe ce6e Apyryro, b kotopoh AencTßy-
eT o6biKHOBeHHoe ypaßHeHHe SKCTpanonnnnH. B tohkc KOHTaKTa
Ha3BaHHbix o6nacTen pemeHHH AonacHW coßnanaTb. npn stom He
AonacHO BbOWBaTb yAHßneiiHn, hto b MecTe, rAe o6a AncnepcHOH-
hwx cooTHomeHHn xopomo cornacybOTcn MeacAy co6on, BApyr
BO3HHKHyT Hpe3BwnaHHo cna6we rpaHHHHwe OTpaaceHHH. t^to6w
Ao6nTbcn xopomen annpoKCHMannn b Anana3oHe HHTepecybomnx
Hac yrjioß HaKnoHa ocen cnH(J)a3HocTH, cneAyeT ncnonb3oßaTb
yrnoßon KoscJDC^HnneHT annpoKCHMHpybomen npHMOH. npHMep
nornomeHHH BonH Ha 6okoboh rpaHnne b nponecce MHrpannn
npHBeAeH Ha pnc. 138.

Be.iHHHiia Koscpcjumnenra OTpaaceHHH

PaCCMOTpHM HCKOTOpbie TOHKOCTH BWHHCneHHH KOSCJJCJjHnHeHTOB
OTpaaceHHa. npn naAeHHH MOHoxpoMaTnnecKOH nnocKon BonHbi
eAHHHHHOH aMnnnTyAW Ha 6oKOßyio rpaHHny BO3HHKaeT OTpa^ceH-
Han BonHa c aMnnHTynon c. B MaTeMaTnnecKHX cnMßonax
CKa3aHHoe 3anncwßaeTCH KaK

B ypaBHeHHH (272) co h kx —npon3BonbHwe BennnHHW, a k z
onpenenneTCH no co h kx c noMoumio AncnepcHOHHoro cooTHome-
hhh BHyTpeHHen o6nacrH, t. e. npn6nHaceHHa b BHAe nonyoK-
pyacHocTH. npennonoacHß, hto pemeHHe AJia BHyTpeHHen o6nacTH
npnMeHHMo h Ha 6okoboh rpaHnne, noACTaBnneM ypaßHeHHe (272)
b AHCpcpepeHnnanbHoe ypaßHeHHe (271), KOTopoe onncbmaeT 3Ty

0= —-— I+const— = D(co, k Y, k.)
CO CO v x '

0 = 1 v—+—+cdnst— )P.\ dz dt dx J

P (x, z) =e

"

*"* +ikzz (e + *** +ce ~ ik*x ). (272)
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PHC. 138. npoAOJDKemie b HHacHee nojiynpocrpaHCTßO npn Gokobwx rpaHHnax c
HyjießbiM yrjiOßbiM Kos^mmemoM (a) h npn norjioinaioinHX

CTeHKax

(6) (no
Tojiah)

6oKOßyio rpaHnny. B pe3ynbTaTe, npon3BOAHan d/dx npeo6pa3yeTcn
b +ikx y nanaboinen BonHw n b —ikx y OTpaaceHHon. KpoMe Toro,
d/dz npeo6pa3yercH b ikz. TaKHM o6pa3oM, nepßwn nneH b (272)
cpopMHpyeT AncnepcnoHHoe cooTHomeHHe D(co, kx, k z ), yMHoaceH-
Hoe Ha aMnnnTyAy P. BTopon nneH npeACTaßnneT co6on npoH3Be-
AeHne KoscpcpnnneHTa OTpaaceHHH cHa D(co, —kx, k z ) hP. nosTOMy
ypaßHeHHe (271) nocne noACTaHOBKH b Hero (272) npnHHMaeT bha

OTpaaceHne Hyneßon aMnnHTyAW Ha6nbOAaeTcn TorAa, KorAa
HHcneHHoe 3HaneHne BonHOßoro nncna k z, HaHAeHHoe c noMonmbo
BHyTpeHHero ypaBHeHHH b tohkc (co, kx ), nonHOCTbbo yAOßneTßopn-
eT TaKace h AncnepcHOHHOMy cooTHomeHHbo D 6oKOßoro rpaHHHHO-
ro ycnoBHH. nocneAHee o6cTOHTenbCTBO o6bHCHneT noneMy mw
nwTaeMcn Bo3MoacHo TOHHee annpoKCHMnpoßaTb neTßepTb OKpyac-
hocth. npaMonHHeHHoe AncnepcnoHHoe cooTHomeHHe He cooTBeT-
CTByeT HaH6onee o6meMy BHAy 6oKOßoro rpaHHHHoro ycnoBHH,
KOTopoe MoacHo Bwpa3HTb Bcero nnmb nepe3 ABe KOHneßbie tohkh.
Bonee o6mee BwpaaceHne c perynnpyeMWMH napaMeTpaMH bl , b 2 h
b 3, KOTopoe HMeeT bha

annpoKCHMnpyeT nynme.
MoacHo AOKa3aTb a6conbOTHybo ycTonnnßOCTb npHMonHHeHHbix

nornomabomnx 6okobwx rpaHHn AJia cnynan 15-rpaAycHoro ypaß-

c= -D(u,kx,kz)
Z)(co, -kg, kz)

v ' \ (0/(0 \

CO

J
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HeHHH, BKnbonabomero AncKpeTH3annbo no ocn x. K coacaneHHbo,
SaKOHneHHWH aHanH3 npo6neMW ycroHnHßOcrn, KaK HaM KaaceTcn,

neacHT 3a paMKaMn HMneAaHCHwx npaßnn Mbonpa. nosTOMy He

HCKnboneHO,

hto ycroHHHßOcrb pemeHHH 45-rpanycHoro ypaBHeHHH
He AOKa3aHa.

4.5. PeryjiHpoßKa Miirpaiimi b nacTOTHOH o6jiacTH

nocMOTpHM, KaK HyacHO MHrpHpoßaTb yrjibi HaKnoHa ocen
CHH(J)a3HOCTH, npeßbimaboinne 90°. 3aTeM npncTynnM k KoppeKnirn
AByx rnaßHbix HeAOCTaTKOB MnrpannoHHoro npeo6pa3oßaHHH b

nacTOTHOH o6nacTH, a hmchho, ero nepnoAHHHocTH n nnoxon
TonepaHTHOCTH k H3MeHeHHHM CKopocTen no npocrpaHCTBeHHWM
KOOpAHHaTaM.

yrnw Hab.iona. npeßbimaiomne 90°
MnrpannoHHoe npeo6pa3oßaHHe yrnoß HaKnoHa, 6onbmnx 90°,

Tpe6yeT ocTopoacHoro o6pameHnn c 6wcTpo3aTyxabomen SHeprnen.
Ko BpeMeHH HanncaHHn khh" b 6onbmnHCTße nporpaMM MHrpa-
nnn nyTeM rny6nHHOH SKCTpanonnnnH 6wcTpo3aTyxaboman SHeprnn
nn6o He ynHTbrnaeTcn, nn6o nonaraeTcn paßHon Hynio. BepHee
6wno 6w coxpaHHTb 6wcTpo3aTyxabomyio Ha rny6HHe z SHeprnbo
Ann BToporo STana— SKCTpanonnnnH BBepx. 3KCTpanonnnHn BBepx
HanHHaeTcn c HnacHen kpomkh pa3pe3a npn HyneßOM 3HaneHHH
nanabomeH BonHbi. npn SKCTpanonnnnH BBepx naAaioinen BonHbi
CHOBa bboahtch coxpaHeHHan 6wcTpo3aTyxaboman SHeprnn. KaK
o6whho, H3o6paaceHHn H3BneKabOTcn H3 BonHbi b momcht BpeMeHH
/= 0.

Jim HnniocTpannH AaHHon hack cocTaBHM nporpaMMy, paccnn-
TWBabomybo ABa H3o6paacemiH, oaho H3 KOTopwx npeACTaßnneT
co6oh o6wHHoe H3o6paaceHHe BepxHen ctopohw OTpaacabomen
rpaHnnw, a BTopoe—H3o6paaceHne HHacHen ee ctopohw. H3o6pa-
aceHHH MoacHo H3ynaTb pa3AenbHO nnn npocyMMnpoBaHHWMH.

B nporpaMMe npeAycMOTpeHO ynpomansmee orpammeHHe Ha
CKopocTb BHAa dv/dz^o. Enaronapn STOMy ycnoßHbo, 6wcTpo3aTy-
xabomybo sHepmno MoacHo coxpaHHTb Ha MecTe ee o6pa3oßaHnn ao
o6paTHoro STana SKcrpanonnnHH. Ctoht otmcthtb, hto BTopon
STan nemeßne nepßoro, TaK KaK Ty o6nacTb, b KOTopon HBneHne
6wcrporo 3aTyxaHnn SHeprnn HHKorAa He Ha6nK>Aanocb, t. e. b
KOTopon co6nbOAaeTcn ycnoßne \k\<\cd\/v(x max), He HyacHO noAßep-
raTb o6pa6oTKe.

#nepßbiii 3Tan oGmhhoh MHrpannn (J)a30Boro CABHraP(co, k x )=FT[u(t, x)]
AJia t= Ax, 2At, ..., xmax {

AJia Bcex kx {
Uimage(k x, x) =0.
AJia Bcex co>|k|v(x) {



283

C =exp( - icoAxyi -v(t)2k x
2 /co2 )

P(co, kx)= P(co, k x)*C
Uimage(k x, x) =Uimage(kx, x)+ P(co, k x )

#BTopoii 3Tan c nejibio nojiyneHHa H3o6pa»eHHa

hh^chch

ctopohm
OTpa>KaiouieH rpaHHHbi.
/J,jia x= xmax, xmat -Ax, xmax-2Ax, ..., 0 {

/J,Jia

Bcex kx {
D\mage(kx, x) =0.
Ana o)=\k\v(T) ao co= |&|i;(xmax ) {

#Bojma MeHaeT HanpaßjieHne, ho BMecre c Hen h Ax

YcTpaHeHHe nepnoAHHHocTH pe3yjibTaToß MHrpannn
cnocoSoM cpaiOßoro CABHra

Ha pnc. 139 H3o6paaceHO ceMencTßO rnnep6on, KOTopoe He
npoAonacaeTcn jxo 6ecKOHenHoro BpeMeHH, a o6pbmaeTcn Ha
BpeMeHH t

O

. Hnace 6yneT onncaH cf)ypbe-MeTOA CO3AaHHa noAo6Hbix
yceneHHbix no BpeMeHH namnnx. Oh npHBOAHT k nporpaMMe
MHrpannoHHoro npeo6pa3oßaHHH cnoco6oM cJ)a3oßoro CABHra, He
co3Aabomen HCKaaceHHH, CBa3aHHbix c nepnoAHHHOH noßTopne-
MOCTbbo ee pe3ynbTaTOß.

Korna Hanann npHMeHHTb anropHTM 6wcrporo npeo6pa3oßa-
hhh Oypbe, cpa3y ace 3aMeTnnn, hto ero MoacHo ncnonb3oßaTb
jijw nenen cpnuibTpannH. B nepnoAHnecKon no CBoen cymnoc-
th o6nacTH npeo6pa3oßamiH Oypbe mo>kho 6wno 6e3 no-
rpemHocTen BwnonHHTb HeycTaHOßHßmybocn cpnnbTpannbo, ecnn
TonbKO caMH cnrHanw n onepaTopw cjwnbTpanHH c o6enx cro-
poH 6wnn OKpy^ceHW nocTaTOHHo 6onbinnMH AeMnc])epHWMH
30HaMH H3 Hyneßwx 3HaneHHH. 3Ta ace KOHnennna achctbh-
TenbHa h b cnynae MnrpannoHHoronpeo6pa3oßaHHa AaHHwx. Ecnn
noneßwe cencMorpaMMbi n MHrpannoHHwe rnnep6onw OKpyaceHw
AOCTaTOHHWM KonHHecTBOM Hyneßwx 3HaneHHH BO BpeMeHHOH H
npocTpaHCTBeHHOH o6nacTHx, to MHrpannoHHoe npeo6pa3oßa-
HHe b cpypbe-npeACTaBneHHH MoacHo BwnonHHTb 6e3 nonßne-
hhh noMex, CBH3aHHwx c nepHOAHHHOCTbbo pe3ynbTaTOß. Becb
4)OKyc 3aKnbonaeTcn b tom, hto6w y3HaTb, KaK MoacHo CTpoHTb
yceneHHwe rnnep6onw, H3o6paaceHHwe Ha pnc. 139, b cpypbe-npen-
CTaBneHHH.

uimage(x, x) =FT[Uimage(kx , x)]

/

C= exp( - /coAxyi-^x)2^2/^2 )
P(co, kx)=P{m, k x )*C
Dimage^*, x) = Dimage(A:x, x)+ P(co, kx )

Jdimage(.v, x) =FT[DimagG(kx, x)]
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PHC. 139. rnnep6ojibi,
yceneHHbie b 3aAaHHbin

MOMeHT

BpeMeHH

Mto6w nonynnTb ycenemw Ha BpeMeHH tc, HyacHO Bocnonb3o-
BaTbcn cnennanbHWMH TonenHbiMH HCTOHHHKaMH. Mcm rny6ace
3aneraeT hctohhhk, tcm yace AonacHa 6wTb ero yrnoßan anepTypa.
nycTb HyacHO o6pe3aTb Ha HeKOTopoM BpeMeHH tc rnnep6ony, y
KOTopon BpeMH nepßoro BCTynneHHH paBHO t

O

. Yron pacnpocTpaHe-
HHH SHeprnn Ha BpeMeHH ycenemm 0 onpeAenneTcn H3 paBeHCTBacoso= /o/^c- CnenoßaTenbHO, /c^-cneKTp H3nynaiomnx rpaHnn 6yAeT
yceneH TaKHM o6pa3oM, hto6w smQ = vkx/(d. AnepTypa b 90°
03HanaeT, hto OTpaaceHHH hmchst 6ecKOHenHO 6onbmybo 3anepacKy
bo BpeMeHH. HHace npnBOAHTca BapnaHT ynoMHHVTon Bwme
nporpaMMbi.

# MoAejinpoßaHne c yceneHHeM Ha BpeMeHH tc .
Models, z) =FT[modd(x, z)]
AJia Bcex co n kx

t7(co, kx )=0.
Run z=zmax , zmax -Az, zmax -2Az, ..., 0 {

npHßeneHHybo nporpaMMy MOAennpoßaHnn MoacHo npeo6-
-pa3oßaTb b nporpaMMy MnrpannoHHoro npeo6pa3oßaHHH (KaK
h b pa3Aene 1.3) nyTeM nporoHa rny6HHHoro no z nnKna bhh3,
a He BBepx, h nocnenybomero yMHoaceHHH npoAonaceHHwx bhh3
Ha6nbOAeHHH Ha übyHKnnio anepTypw. nocneAHee He Tonb-
ko noßwmaeT KanecTßo MHrpannn, ho h ycKopaer caMH bw-
nncneHHH.

l — max , max —

lax.,

i m

ai-iuz,

...,

\)

i

/J,Jia

Bcex co {
/J,jia Bcex |&*|< | co |/u {

ecjin (z <vtc ) {
sine=yi-z2

/!;

2 ?2
ecjin (| vkx|<| co | sine)

aperture= 1 .
else

aperture=0.

else
aperture=0.

t7(o>, k x )U((o, kx )e~iAza^v

'

2 -k 'l<°2
+aperture*Model(fcx , z)

u(t, x) =FT2D[U((O, kx )]
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ycTpaHeHHe nepnoAHHHocTH pe3ynbTaToß MnrpannoHHoro
npeo6pa3oßaHHH CTOJiTa

KaK n b cnynae anropHTMa MHrpannn cnoco6oM cpa3oßoro

CABnra,

yMeHbniHTb BbinncnHTenbHwe HCKaaceHHH HCKyccTßeHHoro
nponcxoacAeHHa, Bo3HHKabomne npn nonb3OBaHHH anropHTMOM
CTonTa, MoacHo, noAaßnnn nepnoAnnHOCTb bo BpeMeHHOH o6nacTH.
Mw y6eAHMcn, hto sto paßHoennbHO BwnonHeHHbo tohhoh
HHTepnonnnHH b nacTOTHOH o6nacTH.

PaccMOTpHM HMnynbCHybo t^yHKnino b momcht BpeMeHH tO . Ee
cpypbe-npeo6pa3oßaHHe HMeeT bha exp(— ia>t0 ). Ecnn /0 HeBenHKO,
to c|)ypbe-npeo6pa3oßaHHe 6yAeT npeACTaßnnTb co6on 6wcTpo
ocnnnnnpybomybo cpyHKnnbo nacTOTW co. BwcTpo ocnnnnHpybomne
4)yHKnHH BcerAa TpyAHO HHTepnonnpoßaTb. Jiynme CMecTHTb
cpyHKnnbo BpeMeHH Ha3aA, TeM caMWM crnaAHß ee nacTOTHybo
cpyHKnnbo, 3aTeM npoHHTepnonnpoßaTb cpyHKnnbo nacTOTW h,
HaKOHen, nnKßHAnpoßaTb BBeAeHHoe paHee cMemeHne. Ecnn cenc-
MnnecKHe Ha6nbOAeHHH 3aAaHw b HHTepßane BpeMeHH 0< t < T, to
4)yHKHHH nacTOTW CTaHeT rnaace b tom cnynae, KorAa Ha6nbOAeHnn
CMemabOTcn b HHTepßan —T/2<t<T/2. nosTOMy ynynmeHne
nporpaMMbi MHrpannn CTonTa coctoht b yMHoaceHHH b nacTOTHOH
o6nacTH Ha exp {mT/2), nocneAybomeM HHTepnonHpoßaHHH h
3aKnbOHHTenbHOM yMHoaceHHH Ha exp ( —mT/2).

JiHHeHHaa HHTepnonnnHH— nonTH caMWH npocron cnoco6
HHTepnonnpoßaHHn. C npyron ctopohw, b TeopHH npeo6pa3oßaHHH
<t>ypbe peKOMeHAyeTcn BwnonHHTb HHTepnonnnnbo c noMombbo
cpymcnnH sine (no onpeAenemno, sine u = (sin u)/u). MacroTHan
HHTepnonnnnoHHan c^ymcnHH, Bo3BpameHHan Ha3an bo BpeMeHHybo
o6jiacTb, npeßpamaeTcn b npnMoyronbHybo cpyHKnnbo BpeMeHH.
nycTb nocneAHHH HMeeT HeHyneßwe 3HaneHHH Ha HHTepßane
— T/2<t<T/2. BcnoMHHM, hto anropHTM 6wcTporo (o6paTHoro)
(J)ypbe-npeo6pa3oßaHHH npoH3BOAHT cyMMHpoßaHne nepe3 oAHHaKo-
Bwe HHTepßanw no nacTOTe. npn stom HernacHO npeAnonaraeTcn,
hto MeacAy OTcneTaMn HaxoAHTcn nyneßwe 3HaneHHH, OTKyAa b
CBObo onepeAb cneAyeT, hto c^yHKnnn BpeMeHH nepHOAHHHa 3a
npeAenaMH 3aAaHHoro BpeMeHHoro npoMeacyTKa. Tenepb BO3bMeM
npnMoyronbHybo BpeMeHHybo c^ymcnnio b KanecTße MHoacHTenn bo
BpeMeHHOH o6nacTH, KOTopwn npeo6pa3yeT nepnoAHnecKybo cpyHK-
nnbo BpeMeHH b Ha6nbOAaeMybo b peanbHOCTH 3aTyxabomyio. TaKoe
yMHoaceHne bo BpeMCHHOM npeACTaBneHHH 3KBHBaneHTHO CBepTKe b
nacTOTHOH o6nacTH c noAXOAnmen HHTepnonnnnoHHOH c^yHKnneH.
CBepTKa HenpepwßHOH HHTepnonnnnoHHOH cpyHKnnn c 3aAaHHon
AncKpeTH3npoßaHHOH no nacTOTe cf)aKTHnecKH HBnneTcn HHTepnonn-
nneH. K coacaneHHbo, HHTepnonnnnoHHwe obyHKnHH npononacabOTcn
no ocn nacTOT 6ecKOHenHO. Mto eme xyace, ohh 3aTyxabOT
MenneHHO. nosTOMy npHMeHnbOTcn nx npn6nHaceHHH, nnn ycene-
hhh. B. XapnaH noKa3an, hto, ncnonb3yn nocTeneHHO y6wßabomne
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AO Hyna HHTepnonnnnoHHwecpymcnnH, MoacHo AocraraTb yAOBnerBo-
pHTenbHOH tohhocth c MeHbuiHMH 3aTpaTaMH, Heacenn npn AeMncpn-
poßaHHH nocpeACTBOM Hyneßwx 3HaneHHH. Ho, KaK HaM KaaceTca,
nynme Bcero npHMeHHTb OAHOBpeMemio n AeMncpnpoßaHne HynnMH
h HHTepnonnnnoHHwe (fiyHKUHH KaKoro-To BHAa. 3aKOHHemioe
HccneAOßaHHe Bonpoca HHTepnonnnnH coAepacHTcn b pa6oTe [118].

Ctojitobo pacTnaceHHe

H npenMymecTßa, h HeAOCTaTKH MeTOAa MHrpannn CTonTa b
tom, hto b HeM npn6erabOT k c{)ypbe-npeo6pa3oßaHHK) no rny6HH-
HOH KOOpAHHaTC npeHMymeCTBO B TOM, HTO MeTOA CTaHOBHTCH
6onee 6wcTpoAeHCTßyioinHM no cpaßHeHHbo co bccmh nponnMH
MeTOAaMH MHrpannoHHoro npeo6pa3oßaHHH. HeAocraTOK coctoht
b Tpe6oBaHHH co6nbOAeHHn nocronHCTßa ckopocth c rny6nHOH.
3HaneHHH ckopocth b cpeAe H3MeHHbOTcn rne-TO pa3a b ABa,
a BnHHHHe ckopocth Ha pe3ynbTaTw MHrpannn HMeeT TeHAemrHio
6biTb nponopnnoHanbHWM ee KBanpaTy. Mto6w KaK-TO CMnrnnTb
yKa3aHHybo TpyAHOCTb, CTonT npeAnoacnji pacTnrHßaTb BpeMeHHybo
ocb c TaKHM pacneTOM, hto6w Ha6nbOAeHnn BwrnnAenn TaKHMH,
KaKne nonacHw nonynaTbcn b ycnoßnax oahopoahohcpeAbi. CTonT
npennoacnn pacTnrHßabomybo cj)yHKnHio BHAa

(274a)

(2746)

Ha 6onbmnx BpeMeHax, kotopwm cooTBeTCTBybOT bwcokhc CKopoc-
th, cyAH no pacrnrHßaioineH cpyHßnnn CTonTa, nonynaeTcn, hto t
pacTeT 6wcTpee t. Ocb x AHCKpeTH3HpyeTcn c paBHOMepHWM
HHTepßanoM, hto no3BonneT npoH3BOAHTb BnO. nosTOMy Ha
6onbniHx BpeMeHax otchctw no ocn t pacnonarabOTcn c Bo3pacraio-
men nnoTHOCTbbo. CKa3aHHoe npoTHßopennT BbißonaM no Ao6poT-
hocth cpeAw Q n TeopHH AHCKpeTH3anHH, ho Ha npaKTHKe STHM
npeHe6perabOT.

CaMwn npocTOH h HenocpeACTßeHHwn bwboa ypaBHeHHH (274)
ocHOBWBaeTcn Ha HAee cornacoßaHHHKpnBH3HW BepiuHHHbix nacTeii
TeopeTnnecKHx rnnep6on c kphbh3hoh rHnep6onnnecKHx ocen
CHHc[)a3HOCTH pacTHHyTwx Ha6nbOAeHHwx AaHHwx. YpaßHeHHe Teo-
peTnnecKOH rnnep6onw b npocTpaHCTße (x, x) HMeeT bha

/if \ l/2

0

rAe
t

/»

4kbW =- v 2 (t)dt.

«,

0

vlx2 =x2 +z2. (275)
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B pe3ynbTaTe npocroro Anc|)(])epeHnHpoßaHHH y6eacAaeMca, hto
KpnßH3Ha BepmHHHon nacTH rnnep6onw paßHa

MoacHo noKa3aTb, hto ypaßHeHHe (276) npnMeHHMo AJia cjiohctoh

cpeAbi, TonbKO CKopocTb HyacHO 3aMeHHTb Ha cpenHeKßaApaTHne-
CKybo:

Mw nmeM cpyHKnnbo pacrnaceHHH BpeMeHH x (t). HaM xoTenocb 6w
AOCTHHb coBnaAeHHH Kpnßwx / (x) n x (x) npn Bcex 3HaneHHHX x. Ho
sto nepeonpeAennno 6w 3anany. Bmccto SToro BO3bMeM npon3BOA-
Hybo cJiyHKnnbo x [/ (x)] no x n pemHM cobmcctho ypaBHeHHH (276) h
(277), nonynHM BwpaaceHne AJia xdx/dt, KOTopoe nocne HHrer-
pHpoßaHHn n H3BneneHHH KBaApaTHoro kophh npnBOAHT k ypaß-
Hemno (274).

Hhoh bwboa ypaBHeHHH pacTHacemw naeT 6onee TOHHbie
pe3ynbTaTw npn 6onee KpyTbix yrnax. Bmccto Toro, hto6w
cornacoßbmaTb kphbh3hw rnnep6on y Bepunmbi, nepeMecTHMcn Ha
HeKOTopoe paccTOHHHe no Kpwny n cornacyeM yrnoßbie KOS(])cpHnH-
eHTW h nx BenHHHHw. B AencTBHTenbHOCTH MHrpnpybOT Kpwnbn
rnnep6on, a He hx BepmHHW, nosTOMy TaKon pe3ynbTaT 6onee
ToneH. B anre6paHnecKOM OTHomeHHH nocneAHHH bwboa Toace
npome, TaK KaK 3Aecb paccMaTpnßabOTcn TonbKO nepßwe npon3BOA-
Hbie. ,Zl,H(p4)epeHnHpyH ypaßHeHHe (275) no x, jljih cnynan OTpaacabo-
men rpaHnnw Ha npon3BonbHOH rny6nHe z;- nonynaeM

AHanornnHoe BwpaaceHne HMeeTca h AJia ycnoßnii cnoncTon cpeAw.
Mto6w nonynHTb ero, pemnM ypaßHeHHe x= \v sin Qdt=p \v 2dt AJia
ycnoBHH p = dt/dx:

dt x (279)
dx '} v2 (p, t)dt

o

BwpaaceHHa (278) n (279) noAo6HW ypaBHeHHHM (276) n (277), ho
cnpaßCAnHßw noßCbony, a He TonbKO Ha BepmHHe THnep6onw.
npoAHcJjcpepeHnHpyeM x (/):

dz^dxti^ (280)
dx dt dx

nocne noAcraHOBKH ypaBHeHHH (278) h (279) b ypaßHeHHe (280)
nonynaeM:

~ =-2 - (276)
dx x=0 IVq

d2t 1dt = 1

ax x=0

dx/dx= x/xvq . (278)
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dxx X (281)

(282)

HHTerpnpoßaHne ypaBHeHHH (282) AaeT cneßa x2/2. 3aTeM nocne
H3BneneHHn KBanpaTHoro KopHH nonynaeM ypaßneHne (274a), ho
yace c hobwm onpeAeneHHeM cpeAHeKBaApaTHHHon ckopocth:

(274b)

Hoßoe 3Aecb — Hannnne napaMeTpa CHennnyca p. B cjiohctoh

cpene, xapaKTepH3yeMOH HeKOTOpon CKopocTbbo, cKaaceM, v' (z),
CKopocTb v(p, t) onpeAenneTcn AJia KOHHHKa nyna, noKHHyßmero
noßepxHOCTb 3eMnn non HeKOTopwM yrnoM, cooTBeTCTBybomHM
npnpameHHio p. KaKoe 3HaneHHe napaMeTpa p cneAyeT Bw6npaTb
Ha npaKTHKe? CaMWH nynmnn cnoco6 3aKnbonaeTcn b H3MepeHHH
no Ha6nbOAeHHWM AaHHWM napaMeTpa p =* dt/dx Tex BonH, KOTopwe
BaM HyacHO CMnrpHpoßaTb. B OTcyTCTBHe 6onee tohhwx CBCAeHHH
MoacHo Bocnonb3oßaTbcn 3HaneHneM /? = 2(sin30°)/(2,5 km/c) =
= 0,4 mc/m. MHoacHTenb 2 nonynaercn H3 MOAenn H3nynabomnx
rpaHnn.

MeTOA yneTa ropn3oHTanbHbix Bapnannn ckopocth

MeTOA MnrpannoHHoro npeo6pa3oßaHHH c noMOinbbo cpa3oßoro
CABnra npnßneKaeT tcm, hto no3BonneT ynnTWßaTb npon3BonbHwe
Bapnannn ckopocth no rny6nHe n npon3BonbHwe yrnw pacnpocT-
paHeHHH BnnoTb ao 90°. K coacanemno, npn stom He AonycKabOTcn
naTepanbHwe H3MeneHHH ckopocth, TaK KaK no och x BbinonHHercn
(J)ypbe-npeo6pa3oßaHHe. C nenbbo o6nerneHHH yKa3aHHoro 3aTpyn-
HeHHn b pa6oTe [63] 6wn npennoaceH mctoa HHTepnonnnnH.
BcnoMHHM H3 pa3Aena 1.3, hto mctoa cpa3oßoro CABHra ocymecT-
BnneT AByxMepHoe 4>ypbe-npeo6pa3oßaHHe AaHHwx p (x, t) b P(kx,
co). 3aTeM P(kx, co) npoAonacaiOT c onpeAeneHHWM maroM no
rny6nHe b HHacHee nonynpocTpaHCTßO nyTeM yMHoaceHnn c])ypbe-
npeo6pa3oßaHHH Ha exp [ikz (co, kx)Az]. B pa6oTe [63] 6wno
npeAnoaceHO ncnonb3oßaTb HecKonbKO 3HaneHHH onopHwx CKopoc-
Ten, HanpnMep, vL , v2, v3 h p4 . npoAonaceHHe bhh3 ocymecTßnneTcn
Ha oahh mar no rny6nHe c Kaacnon H3 ynoMHHyTwx CKopocTen.npn stom nonynabOT HecKonbKO onopHwx Konnn npoAonaceHHbix b

XV ° dt f2

/

\J 'j tr(/>, /) J/
o

t
c

xdx= -5 v 2 (p, t')dt! dt_ u° J
o

I
/»

v 2
pvi(t) = - v 2 (p, t)dt.

1 J
o
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imacHee nonynpocTpaHCTßO AaHHbix, t. e. Pu P2 , P3 h Pa. 3aTeM
coßepmaeTca o6paTHoe cpypbe-npeo6pa3oßaHHe Kaacnoro H3 Pj b
Pj(x, co) no kx. J\ji% KaacAoro 3HaneHna x nyTeM HHTepnonnnnH
Meacny onopHWMH BonHaMH HaxoAHnocb 6nHacanmee 3HaneHne
ckopocth n cooTßeTCTßyboin.ee eMy OKOHnaTenbHoe 3HaneHne p (x,
co), KOTopoe CHOBa npeo6pa3oßWßanocb b P(kx, co), roTOBoe Ann
cnenybomero mara SKCTpanonnnnH no rny6nHC OnncaHHWH mctoa
KaaceTca HescpcpeKTHßHWM, nocKonbKy npn KaacnoM 3HaneHHH
ckopocth Ay6nnpybOTCH o6wHHwe, npon3BOAHMwe npn Mnrpa-
uhohhom npeo6pa3oßaHHn BbinncneHnn. YAHBHTenbHO, ho oh
oKa3bmaeTCH ycnemHWM,

BO3MoacHO,

H3-3a CBoeo6pa3Horo cnoco6a
BWHHcneHHH c npHMeHeHneM MaTpnnHoro cnennponeccopa.

>'IipaVKIICHIIH

1. 4To6bi nojiyHHTb pe3Knn cpe3 Ha BpeMeHH tc, TpeGyeTca Hcnojib3oßaTb

mnpoKonojiocHbiH cneKTp. C yneTOM

Toro,

hto pnc. 139 6biJi nojiyneH Ha ceTice
pa3MepoM IOOOx 1000, HanAHTe HMeßinyio npn stom mccto BejinnnHy Heonpe^ejieH-
hocth b nojio^eHHH cpe3a tc .

2. MeTozi cpa3oßoro

c/ißHra

HMeeT TeHjreHnnio

/WBaTb

pe3yjibTaT MHrpannn,
nepnoAHHHbin no KoopxiHHaTe z, hto o6i.acHaeTca nepHo/iHHHOCTbio cpypbe-npeoGpa-
30BaHH8 no t. 06bIHHO

3TO

oScTOaTejIbCTBO He npHBO/JHT K

OCJIOaCHeHHaM,

TaK KaK
Gojibmne z He H3ynaioTca. Bocxojiainaa

BOJiHa

Ha Gojibinon rjiy6nHe aonacHa
oGpainaTbca b Hyjibro

MOMeHTa /=

0. KbapTaHCCOH otmcthji, hto mo>kho H36eacaTb
nepnofIHHHOCTH no z, ecjin nepeji npo.aoji»ceHHeM nona bhh3 BOjmy npn r= 0 BbinecTb
H3

BOJIHOBOrO nOJIH.

TaKHM 06pa30M, HHCpOpMaUHa HHKOr/Xa He CMO)KeT fIOCTHHb
OTpnnaTejibHbix BpeMeH n «o6epHyTbca BOKpyr». YKaacHTe, KaKHM o6pa3oM cJie/iyeT
nepe/jenaTb nporpaMMy.

4.6. Hivine/jaHC

KnaccnnecKan cpH3HKa ynenneT 6onbmoe BHHMamie BonpocaM
coxpaHeHHn h paccenHHH SHeprnn. npnKnanHan Teopnn cpnnbTpa-
nnn npHAaeT 6onbmoe 3HaneHHe Bonpocy npnnHHHOCTH, yTßepac-
Aan, hto OTKnHK He MoaceT onepeacaTb Bo36yacAeHHe. B reoc})H3HKe
3anacTybo BO3HHKaeT Heo6xoAHMOCTb b o6bncHeHHH npHHHH noTepn
SHeprnn. CymecTßyeT cnennanbHWH Knacc MaTeMaTnnecKHx cj)yHK-
nnn, Ha3WßaeMbix HMnenaHCHWMH, c noMombbo KOTopwx
onHCWBabOTcn npHHHHHwe nHHeHHwe Bo3MymeHnn b c])H3HHecKHx
o6beKTax, KOTopwe pacceHßabOT SHeprnbo.

npnpoAa pa3BHßaeTcn bo BpeMeHH b npnMOM HanpaßneHHH.
EcTecTBeHHo nosTOMy, hto HMneAaHCHbie cpymcniTH nrpabOT c[)yHAa-
MeHTanbHybo ponb bo Bcex MOAenbHwx pacneTax, rne BpeMH TeneT
ot npomnoro k 6ynymeMy. HMneAaHCbi ncnonb3yiOT b cj)H3HHecKOM
MonennpoßaHHH. KpoMe Toro, ohh HaxonnT npHMeHeHHe h npn
SKCTpanonnnnH BonH Ha rny6HHy. reocfnoHKH npnHHMabOT 3a
HcxoAHwe Ha6nbOAeHHH, npon3BeAeHHwe Ha noBepxHOCTH 3eMnn, n
SKCTpanonnpybOT hx b HnacHee nonynpocTpaHCTßO, hto6w nonynnTb
CBeAeHHH o rny6HHHOM reonornnecKOM CTpoeHHH. TaKoro pona
SKCTpanonnnnH He coßnanaeT c npnpoAHOH sKCTpanonnnneH bo
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BpeMeHH. B npnHnnne AJia SKCTpanonnnnH Ha rny6nHy hct Hyacnw
b HMneAaHCHbix cpyHKiinnx. Ho rny6nHHwe SKCTpanonnnnH, Bbinon-
HeHHwe 6e3 HMneAaHCHbix cpymcnHH, MoryT xapaKTepH3oßaTbcn
Bo3pacTabomnMH ocnnnnnnnnMH, hto BecbMa HanoMHHaeT noßeAe-
Hne (pH3HnecKOH cncreMW, nonynabomen sHeprnio ot BHemHero
HCTOHHHKa. B caMOM jxene, «HenocpeACTßeHHwe» peanH3annH
{pH3nnecKHx ypaBHeHHH nacTO xapaKTepH3ybOTcn HeycroHHHBWMH
nponeccaMH SKCTpanonnnnH. OopMynnpyn ace sKCTpanonnnnoHHwe
3ananH c ncnonb3oßaHHeM HMnenaHCHwx cpyHKnnH, mw o6ecnenn-
BaeM ycTOHHHBOCTb nx pemeHHH. H3 Bcex aoctohhctb, KOTopwe
MoaceT HMeTb BbinncnHTenbHWH anropHTM (ycronnHßOCTb, toh-
HOCTb,

HCHOCTb,

o6o6meHHOCTb, 6bICTpOAeHCTBHe, MOAynbHOCTb
nocTpoeHHH n t. n.) caMWM BaacHWM npeACTaßnneTcn Bce-TaKH
yCTOHHHBOCTb.

B HacTonincM pa3Aene mw no3HaKOMHMcn c Teopnen HMnenaHC-
hwx cpyHKnnn, hx tohhwm onpeneneHHeM, hx pacneTOM b
AHCKpeTH3HpOBaHHOM BpeMCHH H C npaBITJiaMH o6bCAHHeHHH
npocTbix HMnenaHCHbix cJjyHKnnH c nenbbo nonyneHnn 6onee
cnoacHbix. Mw no3HaKOMHMca TaKace n c ApyrHMH cnennanbHWMH
4)yHKnHHMH— MHHHManbHO-cpa3OBWM h OTpasaiejib-
HWM (])HnbTpaMH— B HX CBH3H C HMneAaHCHWMH CpTUIbTpaMH.
BonKSßybo SKCTpanonnnnbo cencMOTpacc, yAaneHHwx ot HCTOHHH-
Ka, h Mnrpannbo bo BpeMeHHOH o6nacTH cc|)opMynHpyeM TaKace
nepe3 HMneAaHCHwe cpyHKnnH. TopHwe nopoAw He noxoacn Ha
«HHCTwe cy6cTaHnnH», TaK KaK conepacaT b ce6e hcoahopoahocth
Bceßo3MoacHbix MacmTa6oß. Mw HaHAeM oco6o npocTyns HMne-
AaHCHybo cpyHKnnbo, KOTopan HMHTnpyeT Anccnnannbo SHeprnn b

nopoAaxcnoco6oM, OTnnnHWM ot KnaccnnecKnx ypaBHeHHH HbbOTO-
hoboh BH3KoynpyrocTH.

ByAbTe ocTopoacHw, HMen Aeno c SecKOHeHHOCTbH)!

ttto6w AOKa3aTb, hto eAHHHna paßHa Hynio, BO3bMeM, Hanpn-
Mep, 6ecKOHeHHwn pan BHAa: 1, —1, +1, —1, +1, ... h
crpynnnpyeM ero nneHW AByMn cnoco6aMH, 3aTeM cnoacHM rpynnw
h nonynnM b pe3ynbTaTe:

KoHenHO, cnenaHHwe npeo6pa3oßaHHH He AOKa3WBaK>T paseHCTßa
eAHHHnw Hynbo, ohh nnmb noKa3WBaK>T to, hto npn pa6oTe c
6ecKOHenHWMH pnnaMH cneAyeT nponßnnTb ocTopoacHOCTb. Tenepb
BO3bMeM Apyron 6ecKOHeHHwn paA, nneHW KOToporo MoacHo
neperpynnnpoßWßaTb b nbo6oM nopnAKe, He onacancb napaAOK-
canbHwx pe3ynbTaTOß. /JonycTHM, hto nnpor pa3pe3aeTcn Ha
nonoBHHKH. IlycTb oAHa H3 nonoBHHOK pa3pe3aHa nononaM, hto

(l-l)+(l-l)+(l-l)+...= l+(-l+ l)+(-l+ l)
0 + 0 + 0 +...= 1+ 0 + 0 +

0 = 1.
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AacT ABe neTßepTymKn. 3aTeM OAHy H3 neTßepTymeK pa3peaceM
nononaM h nonynHM ABe BocbMyimcn. npoAonacHM stot nponecc.
nonynaboiHHHCH npn stom pnn MoacHo 3anncaTb b BHAe: 1/2, 1/4,
1/8, 1/16, ... KaK 6w mw hh neperpynnnpoßbmanH nonynHßmnecn
KycoHKH nnpora, ohh Bee nonacHw noMemaTbcn Ha nnpoacHHne n
tohho 3anonHHTb ee npocTpaHCTßo.

OnacHOCTb, CBH3aHHan c 6ecKOHenHWMH pnAaMH, coctoht He b
tom, hto b hhx coAepacHTCH 6ecKOHeHHoe nncno nneHOB, a b tom,
hto hx cyMMa MoaceT CTpeMHTbcn k 6ecKOHenHOCTH. Be3onacHOCTb
o6ecneHHßaeTcn, ecnn cyMMa a6conbOTHwx 3HaneHHH hx nneHOB
KOHenHa. TaKne phaw Ha3WßabOTcn a6conbOTHO cxoAamn-

MHCH.

Z-npeo6pa3onaHne

Z-npeo6pa3oßaHHe npon3BonbHon AHCKpeTH3HpoBaHHon no Bpe-
MeHH cpyHKnHH xt onpeAenneTcn, KaK

Z(Z)= ...x_ 2Z- 2 +x_ 1Z" 1 +x0 +xl Z+x2Z2 + ..; (283)
/JaAHM BennnHHe Z 4)H3nnecKybo HHTepnpeTanHbo b BHAe BpeMeH-
HOH 3aAepacKH Ha eAHHnny BpeMeHH. B TaKOM cnynae Z2 6yAeT
3aAepacHßaTb Ha ABe eAHHHnw. BwpaaceHHH THna X(Z) U(Z) n
X(Z) U (\/Z) onncwßabOT cßepTKy h B3anMHybo KoppennnHbo
KOS(J)4)HnHeHTOB bo BpeMeHHOM npeACTaBneHHH [53].

PaccMaTpHßan nncneHHwe 3HaneHHn onepaTopa 3anepacKH Z,
o6HapyacHßaeM, hto none3HO 3aAaTbcn BonpocoM OTHocnTenbHo
Toro, KOHenHa nnn 6ecKOHenHa c^yHßnnn X{Z). Oco6eHHwn HHTepec
npeACTaßnnbOT nncneHHwe 3HaneHHH Z, paßHbie + 1 nnn —1 , a
TaKace Bee KOMnneKCHbie 3HaneHHH Z, HMebomne eAHHHHHybo
aMnnnTyAy, HanpHMep |Z|= 1 nnn

Z= e'MAt, (284)

rAe nepe3 co o6o3HaneHa BemecTßeHHan nepeMeHHan npeo6pa3oßa-
hhh <t>ypbe. Ecnn nonoacnTb co

BeinecTßeHHon,

to sto 6yneT
03HanaTb, hto Z HaxoAHTca Ha cahhhhhoh OKpyaCHOCTH. /Janee,
Z-npeo6pa3oßaHne npeACTaßnneT co6on AHCKpeTHoe npeo6pa3oßa-
Hne <I>ypbe. CocpeAOTOHHM CBoe BHHMaHHe Ha c^yHKnnnx BpeMeHH,
o6naAabomnx kohchhwm KonnnecTßOM SHeprnn, Ana nero noTpe-
6yeM, hto6w U(Z) 6wna kohchhoh AJia Bcex 3HaneHHH Z,
pacnonoaceHHwx Ha eAHHHHHOH OKpyaCHOCTH |Z|= 1 . Ha cpyHKnnH
4)nnbTpoß Bcerna HaKnaAWßaeTcn to orpaHHneHHe, hto ohh
AonacHw HMeTb KOHenHybo SHeprnbo.npn onpeAeneHHH npnnHHHoro cpnnbTpa HyacHO ynnTWßaTb, hto
ero KoscpcpnnneHTbi bo BpeMeHHOM npeACTaBneHHH o6painabOTca b
Hynb ao Hyneßoro 3ana3AWßaHnn, t. e. ut = Q npn t<o.
onpeneneHHe rnacnT, hto U(Z) KOHenHa npn Z= 0. npn Z= 0
Z-npeo6pa3oßaHne 6yneT 6ecKOHenHWM, ecnn KOsefxpHnneHTw u- 1,
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u- 2 n t. a. He paBHW Hynio. B cnynae npnHHHHOH cpyHKnnH
KaacAbin nneH BwpaaceHnn \U(Z)\ 6yneT MeHbme, ecnn Z
6epeTcn BHyTpn Kpyra |Z|<1 , a He Ha cahhhhhoh OKpyac-
HOCTH. TaKHM o6pa3oM, CXOAHMOCTb npH Z= 0 H Ha OKpyaC-
HOCTH I Z I = 1 03Hanaer n cxoAHMocTb noBCbOAy BHyTpn eAH-
HHHHoro Kpyra. nosTOMy orpaHnneHHOCTb BKyne c npHHHH-
HOCTbbO 03HanabOT CXOAHMOCTb BHyTpH eAHHHHHOrO AHCKa. Cxo-
AHMOCTb npn Z= 0, ho He Ha cahhhhhoh OKpyaCHOCTH |Z| =1,
HBnneTca npn3HaKOM npnnHHHOH cpyHKnnH, o6naAaboineH 6ec-
KOHenHo 6onbinoH SHeprnen,—cnynan, He npeACTaßnnioiHHH npaK-
TnnecKoro HHTepeca. MiiTepecHee BwncHHTb, KaKoro pona cpyHK-
nnH cxoahtch Ha OKpyaCHOCTH npn Z=oo, a He npn Z= 0?
KaKan cpyHKnnn cxoahtch bo bccx Tpex Mecrax: Z= 0, Z=oo h
|Z|= 1?

OyHKunio cpnnbTpa BHAa 1/(l— 2Z) MoacHo pa3noacnTb
b CTeneHHon paA no Z MHHHMyM AByMH pa3nHHHWMH cnoco-
6aMn:

1 1
2Z 1-1/2Z

(285)

Kotopwh H3 yKa3aHHwx Bwme AByx 6ecKOHenHwx phaob cxoahtch,
3aBHCHT ot HHcneHHoro 3HaneHHH Z. npn |Z| = l nepßbin pnn
paCXOAHTCH, a BTOpOH CXOAHTCH.

06o3HannM nepe3 bt KaKon-Hn6yAb cpnnbTp. Torna at 6yAeT
o6paTHWM eMy cpnnbTpoM, ecnn b pe3ynbTaTe CBepTKH at c bt
nonynaeTcn AenbTa-cpyHßnnn. B cpypbe-o6nacTH cpHnbTpw o6paTHW
oahh ApyroMy, ecnn o6paTHW hx cpypbe-npeo6pa3oßaHHH. Rjm
onpeAeneHHH o6paTHwx cpnnbTpoß MoacHo Bocnonb3oßaTbcn Z-npe-
o6pa3oßaHneM, HanpnMep, 3anncaTb A(Z)=\/B(Z). npHnnmrwH
nn cpnnbTp A (Z), 3aBHCHT ot Toro, KOHeneH nn oh noBCbOAy
BHyTpn eAnHHHHoro AHCKa nnn, TOHHee, o6pamaeTCH jm B(Z) b
Hynb rAe-nn6o BHyTpn 3Toro nncKa. HanpHMep, B(Z)=\—2Z
o6pamaeTcn b Hynb npn Z=l/2. TaM cpyHKnnn A(Z)= \/B{Z)
AonacHa CTaTb 6ecKOHenHo 6onbmon, t. e. pnA A (Z) He Aon-

cxoAHTbcn b TOHKe Z= 1/2. CneAOßaTenbHO, KaK mw Tonb-
ko hto y6eAHnncb, at He HBnneTcn npnnHHHOH cpyHKnHen. Han-
6onee HHTepecHbm cnynaii —MHHHManbHO-cpa3OBOH cpyHKnnH, HMe-
eT MecTO Torna, KorAa h cpnnbTp B(Z) n o6paTHbm eMy npn-
HHHHW.

YCJIOBHH npHHHHHOCTH (|)ll.lbipa
(pyHKiina
ripnHHHHaa
06paTHaa npnHHHHaa
MHHHMajIbHO-Cpa3oßasl

YcjiOßna BbinojiHeHna cpyHKnnH
|s(Z)|<oo npn |Z|^l
| 1/js(Z)|<oo npn |Z|^l
06a BbimeyKa3aHHbix ycjioßna

—^=I+2Z+4Z2+ 8Z3+1-2Z
1 [\ , 1 1

=-— 1+ — + r+;..2Z[ 2Z 4Z2
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KpaiKiie CBeAeHHH 06 hmiic /laiiciiwx cpn.n>i pax

Bocnonb3yeMcn o6o3HaneHnHMH, ynoTpe6naeMWMH b TeopHH Z-
npeo6pa3oßaHHH, AJia onpeAeneHHH cpnnbTpa R (Z) h cpyHKnnH Ha
ero Bxone X(Z) h bwxoac Y(Z):

ToßopaT, hto cpnnbTp R(Z) —npnHHHHWH, ecnn b pa3noaceHnn
cpyHKnHH R (Z) b pan OTcyTCTBybOT OTpnnaTenbHwe cTeneHH Z.

cnoBaMH, yt onpenenneTcn no HacTonmnM h npomnwM
3HaneHHHM xt . KpoMe Toro, cpnnbTp R(Z) 6yneT MHHHManb-
Ho-cpa3OBWM, ecnn b 1/R (Z) hct OTpnnaTenbHwx CTeneHen Z.
3to 3HannT, hto xt MoacHo onpeAenHTb no HacToninnM n npomnwM
3HaneHHHM yt nyTeM npocToro AeneHHH MHoronneHOß b BwpaaceHHH

X(Z)=Y(Z)/R(Z). (287)

MHHHManbHO cpa3oßan cpyHKnnn R (Z) MoaceT, KpoMe Toro,
npeACTaßnnTb co6oh HMnenaHCHybo cpyHKnnbo, ecnn nonp>KHTenb-
Hybo SHeprnbo MoacHo Bwpa3HTb b bhac cnenybomnx coothohichhh:

0 pa6oTa = S cnna xCKopocTb = Z HanpnaceHHex tok, (288a)
t t

(2886)

(288b)

(288r)

(288a)

nocKonbKy XX MoaceT npeAcraßnnTb co6oh HMnynbCHybo cpyHK-
nnbo, pacnonoaceHHybo Ha mo6on nacTOTe co, nonynaeM, hto
Re [R((o)]^0 ajih Bcex BemecTßeHHbix 3HaneHHH co. B HTore HMeeM

OyHKUHH Onpe^eneHHe

HMneziaHCHOH

4>yHKUHH
FIpHHHHHO npaMaa r, =0 npn t<o, i.e. \ R(Z)\<co npn |Z|^l
06paTHo npHHHHHaa \l/R(Z)\<cc npn [Z|^l
PacceHßawmaa 3mprmo 2Re R (a)= R(Z) + R(\/Z)^o npn

BemecTßeHHbix

co

B pe3ynbTaTe npn6aßneHHH HMnenaHCHOH cpyHKnnH k ee cpypbe-
conpn^ceHHon nonynaeM nononaTrenbHyio BeinecTßemiyio cpyHKnnbo
HanoAo6ne cneKTpa

MomHOCTH,

t. e. cpyHKnnbo, MHHMan nacTb
KOTopon paßHa Hynbo:

Y(Z)= R(Z)X(Z). (286)

=-2Z(xtyt +ytxt ),
it

= KoscpcpnnneHTy npn Z° cnenybomero BwpaaceHHH:

\x(V)Y(z)+-y(V)x(z)}
2k
f

= - Re(XY)da,
2tc v '

o

= JRe(XRX) d(o= $ XXRe(R) Jco.
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(r0 + rl Z+r2Z2 + ...) + [r0 +r 1
X-+r2 ±

2- + .
(289a)npn BemecTßeHHbix co

R (Z) +R( - ] 0 npn BeinecrßeHHwx co. (2896)

3to o6ocHOßbmaeT tot 3aMenaTenbHWH cpaKT, hto nbo6an HMne-
AaHCHan cpyHKnnn BpeMeHH npeACTaßnneT co6on aßTOKOppenn-
nnoHHybo.

HMneAaHCHwe cpyHKnnn BcrpenabOTCH b TeopeTnnecKOH skoho-
MHKe, rne nepe3 X h Y o6o3HanabOT neHy h o6beM npoAaac. #
CHHTabo, hto b stoh o6nacTH nonoacHTenbHocTb HMnenaHca
03HanaeT, hto b nrpe, CBH3amiOH c Kynnen-npoAaaceH, bw
HeMHHyeMO nponrpaeTe!

npHHiiHiioe HHTerpnpoßaHHe

HanHeM c AncKpeTH3HpoßanHon no BpeMeHH cpymcuHH pt . Ecnn b
cpypbe-npeo6pa3oßaHHe noncraßHTb Z= exp (ioAt), to nonynnM Z-
npeo6pa3oßaHHe Bnna:

P(Z) = ...p„ 2Z- 2+p- 1Z- 1 -T-p0 +pl Z+p2Z2 + ... (290)
OnpeAennM — /co (hto OKaaceTcn npn6nHaceHHeM k — /co) nepe3

1 1 l+z (291)—i&At 2 I—Z

OnpenenHM eme OAHy cpyHKnnbo BpeMeHH qt c noMombbo Z-npeo6-
-pa3OBaHHH BHAa Q (Z), BO3AeHCTBOBaB Ha P(Z) onepaTopoM(291):

G(Z)=|i±|p(Z). (292)

(293)

npnpaßHaeM MeacAy co6oh KOSCpcpHnneHTw npn Zf b o6enx nacTnx
paBeHCTBa:

nonoacHß pt HMnynbCHOH cpyHKnneH, y6eacAaeMcn, hto qt OKa3Wßa-
eTcn cryneHnaTOH cpyHKnneH:

y/MHoacHM o6e ctopohw paBeHCTBa (292) Ha (1—Z):

(\-Z)Q(Z) =\(\+Z)P(Z).

gt-qt -i=(pt +Pt-i)/2. (294)

p= ...0, 0, 0, 0, 1, 0, 0, 0, 0, ..., (295a)

g=...0, 0, 0, 0, i, 1, 1, 1, 1, ... (2956)
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nosTOMy qt HBnneTcn AHCKpeTH3HpoBaHHWM npeACTaßneHneM HH-
Terpana ot p t, B3HToro b npeAenax ot MHHyc 6ecKOHenHocTH ao
MOMenra BpeMeHH /. 3to paBHO3HanHO nncneHHOMy HHTerpnpoßa-
hhk) no MeTOAy Kpsmca — HnKonbcoHa AncpcpepeHnnanbHoro ypaß-
HeHHH dQ/dt=P. OnepaTop (I+Z)/(1—Z) Ha3WßaercH 6nnHHeH-
hwm npeo6pa3oßaHHeM. TonHocTb npH6nHaceHHH onepannn nncpcpe-
peHnnpoßaHHn MoacHo oneHHTb nyTeM yMHoaceHnn HHcnnTenn h
3HaMeHaTenn Ha Z -0 '5 n npHMeHeHHH noncTaHOBKH BHAa Z = elo>At :

(2966)

OnepaTop HHTerpnpoßaHHH HMeeT nonboc b tohkc Z= 1, t. e. npn-
mo Ha cahhhhhoh OKpyaCHOCTH. 3to o6cTOHTejibCTBO noßwmaeTBepo-
HTHocTb BO3HHKHOBeHHH napaAOKca 6ecKOHeHHOCTH. /JpyrnMH cnoßa-
mh, cyinecTßyioT n npyrne HenpHHHHHwe pa3noaceHHn. HanpHMep,
nonoacHß l/( — /co) mhhmoh aHTHCHMMerpHHHon cpymcHneH nacTOTW
CO, npHXOAHM K BemeCTBeHHOH aHTHCHMMeTpHHHOH CpyilKnHH BpeMCHH
BHAa sgn (/) = //| t\, KOTopybo o6whho He cnHraioT onepaTopoM
HHTerpnpoßaHHH. Hto6w H36eacaTb Manenmen HeoAHO3HanHOCTH,
BBeneM Ha AaHHOH craAHH He6onbmoe nonoacHTenbHoe nncno 8 n
onpenennM p = 1—8. OnepaTop HHTerpnpoßaHHH npnHHMaeT bha:

/=l|±P|, (297a)
2 1 — pZ

TaK KaK p HeMHoro MeHbme eAHHHnw, AaHHbin pnA cxoahtch npn
nbo6oM 3HaneHHH Z Ha eAHHHHHOH OKpyaCHOCTH. Ecnn 6w s 6wno
OTpnnaTenbHWM, a He nonoacHTenbHWM, to nonynnnn 6w pa3no-
aceHne nepe3 OTpHnaTenbHwe, a He nonoacnrenbHwe, CTeneHH Z.

Tenepb MoacHo cnenaTb BaacHbin bwboa— npnHHHHWH onepaTop
HHTerpHpoßaHHn npeACTaßnneT co6on npHMep HMneAaHCHon cpyHK-
nnn. Ero npHHHHHOCTb oneBHAHa, npHHHHHWM HBnneTcn h o6paT-
hwh eMy onepaTop. npoßepnM, hto h b nacTOTHOM npeACTaBneHHH
BemecTßeHHan nacTb nonoacHTenbHa. Ecnn npeAcraßHM 3HaMeHa-
Tenb b BHAe Apo6n, to nonynHM

(298a)

(2986)

.&At \-Z Z^°-5 -Z + 0-5
~ l —= =—m T7T7= (296a)

2 l+z z-°-5 +z+0 -5 v '. cbAt . sin (coA//2) . x coA t—I = — l —-= — l tg
2 cos(coAr/2) B 2

= i(l+pZ)[l+ pZ+(pZ)2 +(pZ)3 +...], (2976)

=l+pZ+(pZ)2 +(pZ)3 +... (297b)

/_l(l+pZ)(l-p/Z)_(l-p 2)+p(Z-l/Z)
2(1 — pZ) (1 — p/Z) nOJIOSKHTejIbHbIH

r_(l — p2 ) +2/p sin coA/
nojioacHTejibHbiH
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PHC. 140. HcxojjHbin onepaTop HHTerpnpoßaHHa:
/ —

BemecTßeHHaa

nacTb; 2—BpeMa; 3— nacTOTa; 4— MHHMaa nacTb

H cHOBa hmchho Bw6op nonoacHTenbHOH BennnnHw s npHßen k

noHßneHHbo 1 — p2 , OTKyAa cneAyeT bwboa, hto BeinecTßeHHan nacTb
AonacHa 6biTb nonoacHTenbHOH npn Bcex 3naneHHnx co, KaK sto
H3o6paaceHO Ha pnc. 140. (3Aecb ocb nacTOT npeACTaßneHa nncKpeT-
hwm cpypbe-npeo6pa3oßaHneM no 256 TOHKaM. Hyneßwe 3HaneHHH
BpeMeHH h nacTOTW Haxonarcn Ha neßwx KOHnax cooTßeTCTßybomnx
ocen.)

KaK yMHoaceHne Ha — /co b nacTOTHOH o6nacTH cooTBeTCTByeT
AHCpcpepeHnnpoßaHHbo d/dt bo BpeMeHHOH, TaK h Aenemie Ha — /co
CBH3aHo c HHTerpnpoßaHHeM. 06whho acnMMeTpnHHWH onepaTop
(1, —1) CBH3WBaeTcn c AHCpcpepeHnnpoßaHneM. 3aMernM, OAHaKO,
hto onepaTop, o6paTHWH npnnHHHOMy onepaTopy HHTerpnpOßa-
hhh, t. e.

Toace BwnonHneT AncpcpepeHnnpoßaHne, xoth oh a6coniOTHo npn-
HHHHWH H BOBCe He aCHMMCTpHHHWH. B TeopHH nHHeHHWX CHCTCM
nacTO npeAnoHHTabOT hmchho TaKoe npencTaßneHHe AncKpeTHoro
AHCpcpepeHnHpOßaHHH. nocTpoeHHe ycTOHHHBwx AHCpcpepeHnnanb-
hwx ypaBHeHHH Bwcmnx nopnAKOB noAHHHneTcn onpeAeneHHWM
npaßnnaM KOM6HHHpoBaHHn HMneAaHCHbix cpyHKnnH, o KOTopwx
6yAeT cKa3aHO HHace.

HHorAa Tpe6yeTcn, hto6w y AHCpcpepemiHpyioinero onepaTopa
6wna OTpnnaTenbHan BemecTßeHHan nacTb. 3Toro MoacHo AOCTnnb,
ecnn npnHHTb, hto 8 BennnnHa OTpnnaTenbHan, t. e. nonoacnß p> 1,
BwnonHHTb pa3noaceHne b 6ecKOHenHWH pnA no creneHHM Z~
(t. e. aHTHnpHHHHHo, a He npnnHHHo). B nbo6oM H3 cnynaeß — aH-
THnpnnHHHOM nnn npnHHHHOM —MHHMaa nacTb 6yneT ocTaßaTbcn
paßHon — /co, a BemecTßeHHan noMeHneT cboh 3HaK.

Hpaßii.ia KOMOHHHpoBanna HMnenancoß Mioiipa

Una KaacAOH (pn3HnecKOH chctcmw, coxpaHHbomen nnn paccen-
BaioineH SHeprnbo, cymecTßyeT cboh HMneAaHCHan cpymcuHH. HMne-

/- 1 =2(l-pZ)/(l+ pZ), (299a)
/-i=2-4pZ+4(pZ)2 -4(pZ) 3+ ... (2996)
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AancHbie cpyHKnnn npeACTaßnabOT co6on oco6we KOM6nHannH
AncpcpepeHnnanbHwx onepaTopoß h nonoa<HTenbHwx cpH3nnecKHx
KOHCTaHT. nOCMOTpHM, KaKHC H3 KOM6HHan,HH AOnyCTHMW.

/J,nn o6ecneHeHHn ycTOHHHBwx BWHHcnnTenbHwx nponeccoß
Ba>KHo HMeTb BO3Moa<HOCTb y6eAHTbCH, hto cpymcnnn, npennonarae-
Man HMnenaHCHOH, AencTßHTenbHO HBnneTcn HMneAaHCHon. Bo3hh-
Kaioinee b npHKnaAHOH reocf)H3HKe 3aTpyAHeHHe 3aKnbonaeTca b
tom, hto paccHHTaHHbie naace b orpaHnneHHOM nacTOTHOM
Anana3oHe HMneAancw He BcerAa MoacHo ncnonb3oßaTb.

CornacHO nacTHOMy coo6meHHbo OpsHcnca Mbonpa, oh yoraHO-
ßHn Tpn npaßnna KOM6nHHpoBaHHn npocTwx HMneAaHCHbix cpyHK-
nnn, b pe3ynbTaTe KOTopwx nonynabOTcn 6onee cnoacHwe. 3th
npaßnna none3HW tcm, hto mo^kho ncnonb3oßaTb AncpcpepeHnnpybo-
mne n HHTerpnpybomne onepaTopw, npeACTaßneHHwe b nncKpeTHOH
cpopMe. 06o3HannM nepe3 R' HOByio HMneAaHCHybo cpyHKnnbo,
o6pa3oßaHHybo H3 h3bccthwx R, R{ h R2 . IlpeAnoaceHHbie
MbonpoM Tpn cnoco6a KOM6nHHpoBaHHH HMnenaHcoß cnenybomne:
1) yMHoaceHne Ha nonoacnrenbHWH CKanap a R' = aR, 2) o6pain,eHHe
R' = \/R, 3) cnoa<eHHe R'^R^ +R^

B npaßnna Mbonpa He bxoaht onepanna nepeMHoa<eHHn.
nepeMHO^ceHHe HenonycTHMO no toh, HanpHMep, npnnnHe, hto b
pe3ynbTaTe Bo3BeAeHna b KBaApaT yAßanßaeTcn cpa3OBWH yron h
sto MoaceT HapymnTb nonoacnTenbHocTb BeinecTßeHHon nacTH.
nocKonbKy yKajaHHwe Bwme npaßnna He BKnbonabOT b ce6n
nepeMHoaceHne caMHx HMnenaHCOB, a coAepacaT nnmb onepannn
H3MeHeHHn MacuiTa6a, cnoaceHnn n o6pameHHa, to BcrpenaioinHecH
b npnpoAe HMneAaHCHwe cpyHKnnH MaTeMaTHnecKH nacTO 6ynyT
BbipaacaTbcn b Bnne nenHwx nnn HenpepwßHbix Apo6en.

nepßwe ABa npaßnna Mbonpa HacTonbKO oneBHAHw, hto mw He
6yAeM hx AOKa3WBaTb. TpeTbe npaßnno 3acny>KHßaeT 6onbinero
BHHMaHHa. Mto6w AOKa3aTb nbo6oe npaßnno, hco6xoahmo npoAe-
MOHCTpHpoßaib Tpn CBOHCTBa, npucymne R', a HMeHHO, hto
AaHHan cpyHKnnH npHnnHHan, hto y ee cpypbe-npeo6pa3oßaHHH
BemecTßeHHaH nacTb nonoacHTenbHan h hto cymecTßyeT eii
o6paTHan. Hmchho nocneAHee cbohctbo BbowßaeT ocnoacHeHHH
TpeTbero npaßnna Mbonpa, KOTopwe KOHKpeTHO BwpaacabOTca b
tom, hto cyMMa AByx HMneAaHCOB AonacHa HMeTb en o6paTHybo
npHHHHHybo. /J,OKa3aTenbCTBO nocneAHero yTBep^cAeHHH 3anMeT
OKono AByx CTpaHHn TeKCTa n b nponecce ero 6yAyT BBeAeHw
HeCKOnbKO HOBWX nOHHTHH.

MMneAaHC, onpeAenneMwii no kojcpcpmuiem

a\i

OTpaaceHHH

Knacc cpnnbTpoß, Ha3WßaeMwx HMnenaHcaMH, BenHK, TaK
KaK oh nonynaeTca nyTeM npeo6pa3oßaHHH nerKO 3anaßaeMoro
ceMencTßa cpnnbTpoß, Ha3WßaeMwx KOScpcpHnneHTaMH OTpa-
aceHHH h o6o3HanaeMwx nepe3 ct . <t>ypbe-npeo6pa3oßaHHn nx
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o6o3HanabOT nepe3 C(co). llto6w 6wTb KOscpcpnnneHTOM OTpaace-
HHa, cpyHKnnn BpeMeHH nonacHa 6wTb CTporo npnnHHHOH, a
cpyHKUHH nacTOTW— MeHbme eAHHHnw. noA «CTporo npnHHHHon»
noHHMaeTcn to, hto BpeMeHHan cpyHKnnn o6painaeTCH b Hynb b
HyneßOH momcht BpeMeHH h ao Hero. nonoacHM, HanpHMep, hto
—1< p < + 1 , a KoscpcpHnneHT OTpaaceHHH ct npeACTaßnneT co6on
HMnynbc bcjihhhhoh p, Ha6nbOAaeMwn nocne npoMeacyTKa BpeMeHH
At. Ero cpypbe-npeo6pa3oßaHHe Bwpa3HTcn, KaK

OneBHAHO, hto npOH3BeAeHne AByx KoscpcpnnneHTOß OTpaaceHHH
caMO HBnneTcn KOSCpcpHnnemoM OTpaaceHHH.

PaHee HMneAaHCHybo cpyHKnnbo onpeAennnn KaK npHHHHHwn
cpnnbTp, o6paTHwn KOTopoMy Toace aßnneTcn npnHHHHWM, a
BemecTßeHHan nacTb cpypbe-npeo6pa3oßaHHH nonoacHTenbHa. noKa-
aceM, hto H3 nbo6oro KoscpcpnuneHTa OTpaaceHHH C c noMombbo
cpopMynw

o6pa3yeTcn HMneAaHCHan cpyHKnnn. Hco6xoahmo noKa3aTb, hto
cpyHKnnn R npHHHHHan, HMeeT o6paTHyio en npnnHHHybo n hto
BemecTßeHHan nacTb ee cpypbe-npeo6pa3oßaHHH nonoacHTenbHa. Bo-
nepßwx, H3 npennonoaceHHH o tom, hto BennnnHa C o6n3aTenbHo
MeHbme eAHHnnw, cnenyeT HepaßeHCTßo CC<l, t. e. 3HaMeHaTenb
pa3.naraeTcn b cxoahihhhch pnA BHAa 1 + C+C2 +.... 80-BTopwx,
o6paTHan R cpyHKnnn HaxoAHTcn npocTWM H3MeHeHneM 3HaKa npn
C. B-TpeTbHx, yMHoacHB nncnHTenb n 3HaMeHaTenb Ha KOMnneKCHO-
conpaaceHHybo:

(3026)

HaxoAHM, hto R HMeeT nonoacHTenbHybo BemecTßeHHybo nacTb.
H3 BwpaaceHHH jxjih R (C) MoacHo nerKO HanTH o6paTHoe

BbipaaceHHe AJia C(R), ho o6paTHybo TeopeMy, rnacninyio, hto
KaacAwii HMneAaHc R cooTBeTCTByeT onpeAeneHHOMy KoscpcpnnneHTy
OTpaaceHHa, AOKa3aTb TpyAHee. TeM He MeHee, OHa 6yAeT AOKa3aHa
nonyTHO c Apyron TeopeMon 6onee rny6oKoro coAepacaHHa.
nocneAHnn rnacHT, hto nbo6on cpnnbTp, ecnn oh npnHHHHWH h
HMeeT nonoacHTenbHybo BeinecTßeHHyio nacTb, HMeeT cpyHKnnbo,
o6paTHybo ce6e, h,

cnenoßaTenbHO,

HBnneTcn HMneAaHCOM. 3Ta
TeopeMa 6yAeT AOKa3WßaTbcn cneAybomnM nyTeM. noKaaceM, hto
nbo6on npHHHHHwn h c nonoacHTenbHOH BemecTBeHHOH nacTbbo
cpnnbTp R MoacHo ncnonb3oßaTb AJia nocTpoemm KoscpcpnnneHTa

C=pZ=pe,wAt . (300)

R =(\-C)/(\ + C) (301)

Re7v =Re (1 c) < l+c) Jo, (302a)
nOJIO>KHTejIbHbIH

t-.

r*

t»

(1 — CC) +MHHMaa HaCTb^ „Rei? = Re^ '-nOJIO)KHTeJIbHbIH
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OTpaaceHHH C, OTKyAa cneAyeT, hto nocKpnbKy naHHan cpyHKnnn
HBnneTcn KoscpcpHnneHTOM OTpaaceHHa, R npeACTaßnneT co6oh
HMnenaHc R. 06paTHoe pemeHne AaeT

J\sm AOKa3aTenbCTßa Tpe6yeTcn, 80-nepßwx, noKa3aTb, hto
C<l. xlto6w sto CAenaTb, o6pa3yeM MOAynb 3HaMeHaTenn h
BWHTeM H3 Hero MOAynb nncnHTenn. Pe3ynbTaT OKa3bmaeTcn b 4
pa3a 6onbme BeinecTßeHHon nacTH cpyHKnnH R, KOTopan nonoacH-
TenbHa. 80-BTopwx, HyacHO AOKa3aTb, hto C — npHHHHHan cpyHK-
nnn. 3to CAenaTb TpyAHee. MoacHo pa3noacnTb (I+/?) _1

Ha
cyMMy nonoacHTenbHwx creneHen R, t. e. nonoacHrenbHwx CTene-
Hen onepaTopa 3aAepacKH. Ho cxoAHMOcrb TaKoro pHAa He
rapaHTHpoßaHa, TaK KaK hhhto He BbmyacnaeT R 6wTb MeHbme
eAHHHnw.

llto6w AOKa3aTb, hto C npHHHHHan cpyHKnHn, Bocnonb3yeMcn
npaßnnoM 1, yTßepacAabomnM, hto HMneAaHCHyio cpyHKnnbo MoacHo
yMHoacHTb Ha nio6oe BemecTßeHHoe nonoacHTenbHoe nncno, n OHa
Bee paBHO ocraHeTca HMneAaHCOM. Bo3bMeM cpyHKnnbo, KOTopan
noxoaca Ha C, HanpHMep, BHAa

Bw6epeM s AOCTaTOHHo ManwM, hto6w Ha Bcex nacTOTax co
npoH3BeAemie s|R| < 1 . 3to ycnoßne rapaHTHpyeT pa3noaceHHe
3HaMeHaTenn b cxoAnmnHcn pnn no nonoacHTenbHWM creneHHM R
h,

cnenoßaTenbHO,

Z. ,/J,aHHoe pa3noaceHne conepacHT TonbKO
nonoacHTenbHwe creneHH b onepaTOpe 3aAepacKH. CneAOßaTenbHo,
B npeACTaßnneT co6oh KoscpcJjnnneHT OTpaaceHHa, a cooTßeTCTßyio-
mnn eMy HMneAaHC paßeH B^. Ho HMneAaHCHyio cpyHKnnbo BcerAa
MoacHo yMHoacHTb Ha nonoacHTenbHoe nncno. B3hb b KanecTße
TaKoro nncna 1/e, AOKa3WBaeM, hto R npeACTaßnneT co6on
HMneAaHCHyio cpyHKnmo. TaKHM o6pa3oM, mw 3aßepmnnH AOKa3a-
TenbCTßo Toro nonoaceHHa, hto nbo6on npHHHHHWH h c nonoacH-
TenbHOH BemecTßeHHon nacrbio cpnnbTp npeACTaßnneT co6on
HMneAaHCHybo cpyHKnnbo.

HTaK, HMneAaHCHbie cpyHKnnH BO3HHKabOT 6onee npocTO, neM
MoacHo 6wno 6w npennonoacnTb. HeT Heo6xoAHMOCTH pacnonaraTb
cpymcnneH KoscpcpnnneHTa OTpaaceHHH C, hto6w noncraßHTb ee b
cooTHomeHHe BHAa R= {\ — C)/(l + C). HaM HyaceH nnmb npHHHH-
Hbm c nonoacHTenbHOH BemecTßeHHon nacTbbo cpnnbTp.

tl>\nKHHOiiajibiibin anann$

/^OKaaceM cnenybomne TeopeMw, Kacabomneca noKa3aTenb-
hwx cpyHKnnH, norapHCpMOß n CTeneHeH cpypbe-npeo6pa3oßaHHH
cpnnbTpoß.

1. noKa3aTenbHan cpyHKunn npnnHHHoro cpnnbTpa npHHHHHan.

C =(l-R)/(\+R). (303)

B=(l-eR)(\+eR). (304)
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2. noKa3aTenbHan cpyHKuna npnnHHHoro cpnnbTpa npeACTaßnneT
co6on MHHHManbHO-cpa3OBWH cpnnbTp.

3. JlorapncpM MHHHManbHO-cpa3oßoro cpnnbTpa npeACTaßnneT
co6oh npHHHHHybo cpyHKnnbo.

4. (Dypbe-npeACTaßneHne MHHHManbHO-cpa3oßoro cpnnbTpa HMe-
eT bha kphboh, He 3aKnbonaioin,eH b ce6e Hanano KoopAHHaT

KOMnneKCHOH

nnocKocTH.

5. JTbo6aa CTeneHb MHHHManbHo-cpa3oßoro cpnnbTpa HBnneTcn
MHHHManbHO-Cpa3OBOH.

6. Jlbo6an BemecTßeHHan Apo6Han CTeneHb — l^p^l HMne-
AaHCHon cpyHKnnH npeACTaßnneT co6on HMneAaHCHybo cpyHKnnbo.

Mto6w AOKa3aTb TeopeMy 1, onpeAenHM Z-npeo6pa3oßaHne
npoH3BonbHOH npnnHHHOH cpyHKnnH

h noACTaBHM AaHHoe onpeAeneHne b 3HaKOMwn CTeneHHOH pnA
noKa3aTenbHon cpymcnHH:

(306)

B npaßon nacTH ypaBHeHHH (306) HeT OTpnnaTenbHwx CTeneHeH Z,
nosTOMy n B(Z) He 6yneT coAepacaTb OTpHnaTenbHwx CTeneHeH Z.
npncyTCTßHe cpaKTopnanoß b 3HaMeHaTennx Toace HBnneTcn rapaH-
Tnen Toro, hto pan (306) 6yneT BcerAa cxoAnmnMcn n nosTOMy b t

Bcerna 6yAeT npnnHHHOH.
Mto6w AOKa3aTb TeopeMy 2

cpyHKnnn He TonbKO npHHHHHan,
paccMOTpnM

0 tom, hto noKa3aTenbHan
ho h MHHHManbHO-cpa3oßan,

(307a)
(3076)

>Icho, hto o6e cpyHKnnH B + h B- npHHHHHwe, npnneM
ohh B3aHMHO-o6paTHwe. no onpeAeneHHio, MHHHManbHO-cpa3OBWH
cpnnbTp HBnneTcn npHHHHHWM c npnnHHHOH ace o6paTHon eMy
cpyHKnneH. nosTOMy B+ h B- MHHHManbHO-cpa3oßwe.

Tenepb AOKaaceM o6paTHybo TeopeMe 2 TeopeMy 3 o tom, hto
norapncpM MHHHManbHO-cpa3oßoro cpnnbTpa npHHHHeH. Bo3bMeM
norapncpM BwpaaceHHH (306) h o6pa3yeM Z-npon3BOAHyio:

dU Idß /Orto
.

no npeAnonoaceHHbo B MHHHManbHO-cpa3oßan, nosTOMy HaxoAn-
mnecn b npaßon nacTH paBeHCTBa (308b) o6e cpyHKnnH \/B h dB/dZ

U(Z) =u0 + ul Z+u2Z2+ ... (305)

B(Z) =eu=\ + U+ + + ...(\U\<a>).

B-=e~ u.

U= \nß, (308a)
dU/dZ= ul +2u2Z+3u3Z2 + ... , (3086)
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6ynyT npHHHHHWMH. nocKonbKy npoH3BeAeHHe AByx npHHHHHwx
cpyHKnnH HBnneTcn npnHHHHWM, npoH3BOAHan dU/dZ 6yneT npn-
hhhhoh. Ho npoH3BOAHan dU/dZ He MoaceT 6biTb npnnHHHOH, ecnn
He npnnHHHa cpyHKnnn U. 3to AOKa3bmaeT TeopeMy 3, HecMOTpn Ha
OTAaneHHybo onacHOCTb Toro, hto B MoaceT cxonnTbcn b to BpeMH,
KaK dB/dZ pacxoAHTcn.

TeopeMa 4 KacaeTcn cpypbe-npeACTaßneHHn MHHHManbHo-cpa3o-
Boro cpnnbTpa. Ha KOMnneKCHOH nnocKocTH TaKOH cpnnbTp AaeT
napaMeTpHnecKne ypaBHeHHH jljih HeKOTopon kphboh, HanpHMep,
BHAa [x(co), y((d)]= [ReB(Z), ImB(Z)]. Oa3oßwn yron onpenenn-
eTcn nepe3 apKTaHreHc othoihchhh y/x. HanpHMep, npHHHHHwn
HeMHHHManbHO-cpa3oßbiH cpnnbTp t7(Z) =Z= e,ft) npnBOAHT k napa-
MeTpnnecKHM ypaBHeHHHM x= cos co h y= sin co, kotopwmh onpene-
nneTcn oKpyacHocTb, onncaHHaa BOKpyr Hanana KoopAHHaT. 3aMe-
thm, hto cpa3OBWH cneKTp cpyHKnnH Z= e'w paßeH <D(co) = co, t. e.
npeACTaßnneT co6oh mohotohho Bo3pacTaK>mybo cpyHKnnbo nacTOT
co. B MHHHManbHO-cpa3OBOM cnynae <J>(co =0)= <I>(co = 27i;). B hcmh-
HHManbHO-cpa3OBOM cnynae KpHßan oKOHTypnBaeT Hanano KoopAH-
HaT h nosTOMy

$

(co =0)= (P (co= 2n;) +2n. TeopeMa 3 no3BonneT
yTßepacAaTb, hto o6men cpopMynon Ann MHHHManbHO-cpa3oßwx
cpHnbTpoß 6yAeT

(J>a3OBWH cneKTp cp (co), 6yAynn cyMMon nepHOAnnecKHX cpyHKnnH,
caM HBnneTcn nepHOAHnecKon cpyHKnneH nacTOTW co, a sto 3HanHT,
hto Ha nnocKocTH c KoopAHHaTaMH (Res, \mß) KpHßaa, onncw-
Baboman cpyHKnnbo B(a>), He BKnbonaeT BHyTpn ce6n Hanano
KOOpAHHaT.

nepeHAeM k TeopeMe 5, yTßepacAabomen, hto mo6an CTeneHb
MHHHManbHO-(pa3OBOH CpyHKnHH HBnneTCH MHHHManbHO-Cpa3OBOH.
PaCCMOTpHM paBCHCTBO

nocKonbKy cpyHKnnn B no npeAnonoaceHHbo MHHHManbHO cpa3oßan,
to, cornacHO TeopeMe 3, HaTypanbHwii norapncpM B 6yneT
npHHHHHWM. YMHoaceHne Ha MacmTa6Hwn MHoacHTenb b Bnne
BemecTBeHHOH nnn KOMnneKCHOH iioctohhhoh r He H3MeHneT
CBoncTßa npnnHHHOCTH. Pa3noaceHHe Ha noKa3aTenbHwe cpyHKnnH
noKa3WBaeT, hto, cornacHO TeopeMe 2, Br 6yneT MHimManbHO-cpa-

30BOH.

HaKOHen, AaAHM AOKa3aTenbCTßo TeopeMw 6 o tom, hto
HMneAaHCHyio cpyHKnnbo MoacHo BO3BOAHTb b nbo6ybo BemecTßeH-
Hybo Apo6Hybo CTeneHb b AHana3oHe — 1 p + 1 n b pe3ynbTaTe
6yneT nonynaTbcn HMneAaHCHan CpyHKnHH. HMneAaHCHaa cpyHKnnn

/N N \
B= QU{Z) = expt I £/k cos A: ©+ / S Uk sink(a\, (309a)

\fc = 0 k=o J
= exp[r(co)+/<l>(co)]. (3096)

Br = = Qr

lnß

(310)
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no onpeneneHHio MHHHManbHo-cpa3oßan, ho o6naAaeT TeM Aonon-
HHTenbHWM cbohctbom, hto BeinecTßeHHan nacTb ee cpypbe-npeo6-
-pa3oßaHHn nonoacHTenbHa. 3to 3HannT, hto cpa3OBWH yron neacHT b

HHTepßane — n/2<<&< +n/2. Bo3BeAeHne HMnenaHCHOH cpyHKHHH b
CTeneHb npnßeAeT k cacaTHbo HHrepßana ao — 7cp/2<o<7tp/2.
nocneAHee o6croflTenbCTßo coxpaHHT BemecTßeHHybo nacTb HMne-
AaHCHOH cpyHKnnn nonoacHTenbHOH. B TeopeMe 5 yTßepacAaeTca,
hto nbo6an CTeneHb MHHHManbHO-cpa3OBOH cpyHKnHn npHHHHHa, a
sto 6onbine, neM HaM HyacHO, hto6w 6wTb yBepeHHWMH b tom, hto
Apo6Han BemecTßeHHan CTeneHb HMneAaHCHOH cpymcnHH 6yAeT
npHHHHHOH.

lUnpoKoyrojibHan BOJiHOBan 3KCTpanojinnnn

06o3HanHM nepe3 s= — /co npHHHHHoe nonoacHTenbHoe AHCKpeT-
Hoe npeACTaßneHne AncpcpepeHnnpybomero onepaTopa BHAa, Ha-
npHMep,

Ha pnc. 14l npHBeAeHO cpaßHeHHe rnnep6on, nocrpoeHHbix c
noMombbo co, c rnnep6onaMH, nocTpoeHHWMH c Hcnonb3oßaHHeM
KOMnneKCHOH nepeMemioH cb. npn BWBOAe ncnonb3oßaHa perynn-
pOßKa ycHneHHH no 3aKOHy KBaApaTHoro KopHn, onncaHHan b
pa3Aene 4.1. Ha6nbOAaeTcn 6naronpHHTHoe ocna6neHne nepnoAnne-
ckhx noMex. OnepaTop TaKoro BHAa hbho pa6oTaeT nynme, neM
onepaTop H3 pa3Aena 4.1 Tnna 8. KaK yBHAHM HHace, BBeAeHne
KOMnneKCHOH nacTOTW cb npnBOAHT k 6onee ecTecTBeHHOMy
H3BneneHHbo KBaApaTHoro kophh b nepexoAHon 30He cymecTßOßa-
hhh 6wcTpo3aTyxabomeH SHepnra.

PaccMOTpnM cneAybomee peKyppeHTHoe cooTHomeHHe, Hanaß co
3HaneHHn R0 =s:

PeKypcnn TaKoro Tnna AaeT HenpepwßHwe Apo6n. O. Mbonp npeA-
noacnn ncnonb3oßaTb ee jxjih noncKa mnpoKoyronbHwx annpoKCH-
Mannn KBaApaTHoro kophh, ncnonb3yeMwx b nporpaMMax Mnrpa-
nnoHHoro npeo6pa3oßaHHH (cm. pa3Aen 2.1), n pa3pa6oTan Tpn
npaßnna c nenbbo noKa3aTb, hto Kaacnan cpyHKnHn R n HBnneTcn
HMneAaHCHOH. liTo6bi y6eAHTbcn b tom, hto KaacAaa cpyHKnna Rn
HMneAaHCHan, otmcthm, hto 3HaMeHaTenb s+R„ npeACTaßnneT
co6oh npn n=0 cyMMy nsyx HMneAaHCHbix cpyHKnHn. TorAa
o6paTHan eMy cpyHKnnn 6yAeT HMneAaHCHOH, a yMHoacemie Ha
BemecTßeHHybo nonoacHTenbHybo KOHCTaHTy X2 h npn6aßneHHe eme
oahoh s coxpaHHbOT cBOHCTBa HMneAaHCHbix cpyHKnnn. npn6eran k
peKypcHH, y6eacAaeMca, hto bcc Rn HBnnbOTcn HMnenaHcaMH.

2 1—pZ /t 1 1 \s= — m = — . (311)
AM +pZ v '

Rn + l =s+ X2/(s+ Rn ). (312)
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PMC. 141. nniep6ojibi c BemecTBeHHOH (a) n KOMnjieKCHon (6)

nacTOTaMH

no Mepe toto, KaK N CTaHOBHTcn 6onbmHM, yKa3aHHbm Bwme
peKypcHBHWH nponecc nn6o cxoahtch, nn6o hct. npeAnonoacnM,
hto oh cxoahtch, h HanAeM ero npeAen, nonoacnß Rn +1=Rn — ROO =
=R. TaKHM o6pa3oM, HMeeM:

npn pemeHHH 3aAan BonHOßon SKCTpanonnnnH npHHHMabOT, hto
X2 paBHO v2k 2 , rAe nepe3 v o6o3HaneHa CKopocTb BonHbi, a nepe3
kx ropn3oHTanbHan npocTpaHCTßeHHan nacTOTa, t. e. cpypbe-aHanor
ropn3oHTanbHOH och x. BwnonHHß yKa3aHHwe noACTaHOBKH,
nonynaeM

CneAOßaTenbHo, R noxoaca Ha ±ikzv. HanoMHHM, hto R0 —nepßoe
npn6nHaceHHe k R —paBHO —/co. nosTOMy HncxoAnmHe BonHbi
3annmyTcn, KaK

llTo6bi nepenTH ot HncxoAnmnx BonH k bocxoahuthm, MoacHo
nn6o H3MeHHTb 3HaK nepeA R, nn6o B3HTb KOMnneKCHO-co-
npaaceHHybo ot R. Bee 3aBHCHT ot Toro, hto bw xothtc AenaTb

R= s +X2/(s +R), (313a)
R(s +R) =s(s+R) +X2, (3136)
R 2 =s2 + X2, (313b)
R= yJs2 +X2 . (313r)

R=±J-(b2 +v 2k 2 . (314)

D(x, z, t) =D(x, 0, t)Qikxxe~ Rz/v Q-iat . (315)



304

c BeinecTßeHHon nacTbbo —xothtc nn bw, hto6w BonHa ycnnn-
Banacb, nnn hct?

PaccMOTpnM HBneHHe pacceaHnn SHeprnn BonH c tohkh 3peHnn
Monenn H3nynabomnx rpaHnn. no Mepe nx pacnpocTpaHeHHH ot
HCTOHHHKa ao noBepxHOCTH 3eMnH BonHbi 3aTyxabOT. 3to 03HanaeT,
hto b nponecce nx MnrpannoHHoro npeo6pa3oßaHHH ohh AonacHw
SKcnoHeHnnanbHo Bo3pacTaTb. Ho HaM sToro He HyacHO. Mw xothm
6biTb yBepeHHWMH b tom, hto ohh He 6ynyT ycnnHßaTbcn, a,
BO3Moa<HO, h 3aTyxaTb no Mepe nx SKCTpanonnnnH b o6paTHOM
HanpaßneHHH. HTaK, npn MHrpannomioM npeo6pa3oßaHHH moho-
xpoMaTnnecKHe BonHbi npoAonacabOTca b HHacHee nonynpocTpaHCT-
ßO c noMoinwo ypaBHeHHH BHAa

(316)

HecMOTpn Ha to, hto nencTßHTenbHoe noBeAeHHe BonHbi, H3nyneH-
hoh OTpa>KabomeH rpaHnnen, noAHHHneTcn 3aKOHy BHAa

Mto6w HccneAOßaTb noBeAeHHe cpa3w KOMnneKCHOH BennnnHw
R, nonoacHM v= 1 h nonynnM cpopMyny BHAa

80-nepßwx, 3aMeTHM, hto cpymcnHH ( — /cb) npHHHHHan, TaK KaK OHa
npencTaßneHa nepe3 Z-npeo6pa3oßaHHC Bo3bcah sto Z-npeo6pa3o-
BaHne b KBaApaT, y6eacAaeMcn, hto ( — /cb) 2 TaKa<e npHHHHHan. Bo
BpeMeHHOM npeACTaBneHHH k 2 npeACTaßnneT co6on AenbTa-cpymc-
nnbo, pacnonoa<eHHybo b Hanane KoopAHHaT. CnenoßaTenbHO, R 2,
3aAaHHaH ypaBHeHHeM (318), HBnneTcn npnHHHHon cpymcmieH. Ha
pnc. 142 noKa3aH nponecc nocTpoeHHH cpa3oßoro cneKTpa KOMn-
neKCHon BenHHHHw (318) no ee cocraßnnioinHM. J\jih nnnbocTpannn
noßeneHnn cpyHKnHn — /cb b HHTepßane ot Hynn ao 6ecKOHenHOCTH
aBTop pa3MecTHn Ha pncymce h rpacpnnecKoe H3o6paaceHHe, n caMy
cpyHKnnbo, Hanoa<Hß nx npyr Ha Apyra b pa3nnnHwx MacmTa6ax.
OyHKHHH — /cb nepnoAnnecKH 3aBHCHT ot co, aee BemecTßeHHan h
MHHMan nacTH BwnepHHBabOTCH b bhac 3aMKHyTon kphboh. Hto6u
npoAeMOHCTpHpoBaTb CKopocTb H3MeHeHHn cpyHKnHn, aBTop npo-
AHCKpern3Hpoßan ocb co c HHTepßanoM, paBHWM 2°. C 6onbinoro
paccTOHHHH cpyHKnHn BbirnnAHT OKpyacHOCTbbo. Ha 6nH3KOM
paccTOHHHH OHa noxoaca Ha npaMybo, napannenbHybo mhhmoh och.

Oymcnnn R 2 npnHHHHan, aH3 pnc. 142 MoacHo BnneTb, hto OHa
o6nanaeT cbohctbom «pa3BeTBneHHH». nocneAHee o3HanaeT, hto
cpa3oßbm cneKTp cpyHKnnH R o6nanaeT cbohctbom nonoacHrenb-
hocth h BemecTßeHHocTH. TeopeMa 5 BbmyacAaeT R 6wTb
npnnHHHOH n MHHHManbHo-cpa3OBOH. nocneAHee n onpeAeneHHwn
pnc. 142 cpa3oßwfl cneKTp AOKa3WBabOT, hto 3anaHHaH cooTHome-
HHeM (318) cpyHKnnn R HBnneTcn HMneAaHCHOH.

U(x, z, t)=U(x, 0, t)eik^e'Rzlve~ imt,

U(x, z, t)=U(x, 0, /)e'Ve+

J?2/l,

e _;e,t . (317)

R = J(-m)2+k 2 . (318)
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HHTerpan npoGnoro nopnAKa n iiocioniuian Q
CornacHO ypaßHeHHbo (311) n TeopeMe 6, HHrerpanw h

AHCpcpepeHnnanw Apo6Horo nopnAKa TaKace aßnnbOTcn HMneAaHCHw-
mh cpymcnnHMH. no MHeHHbo KbHpTaHccoHa [86, 87], HanpnaceHHa
n AecpopMannn b ropHwx nopoAax cBa3aHW MeacAy co6oh nepe3
APo6hwh noKa3aTenb

CTeneHH,

TaKoe ace MHeHHe BWCKa3aHO h b
pa6oTe [99]. KnaccnnecKHe HccneAOBaHHH b MexaHHKe ropHwx
nopoA HannHabOTcn c ycTaHOßnemm cneAybomero 3aKOHa MeacAy
HanpaaceHHaMH h AecpopMannnMH:

HanpaaceHHe= acecTKOCTbx AecpopMannn+ Ba3KOCTb xhhtchchb-
HOCTb AecpopMannn,

KOTopwii b o6nacTH npeo6pa3oßaHHH npHHHMaeT bha:

HanpnaceHHe=[( —/co)° x acecTKOCTb +(— /co) 1 x BH3KOCTb] x Ae-
cpopMannn. (319)

Bn3KoynpyrHH 3aKOH (319) nnoxo onncwßaeT noBeAeHHe peanbHwx
ropHwx nopoA- Onpo6yeM HHybo MaTeMaTHnecKybo cpopMynnpoßKy,
KOTopan noAo6Ha (319) b npeAenbHwx cnynanx bwcokoh h hh3koh
BH3KOCTH:

HanpaaceHHe=KOHCTaHTa x(—/co)s i x HHTeHCHBHOCTb Aecpop-
Mannn. (32((3206)

B AaHHOM cnynae npn 3HanemiH 8, 6nH3KOM k Hynbo, nonynaeM
ynpyroe, a npn 8, 6nH3KOM k eAHHHne— BH3Koe noßeAemie nopoA.
Tot cpaKT, hto ( —/co)£_1

npeACTaßnneT co6oh HMneAaHCHybo
cpyHKnnbo, yAanHO nepenneTaeTcn c noHHTHHMH o tom, hto: 1) Ha-
npnaceHHe MoacHo onpeAennTb no hctophh AecpopManioi, a Aecpop-
Mannn —no hctophh pa3BHTHn HanpnacemiH; 2) HanpnaceHHe,
yMHoaceHHoe Ha HHTeHCHBHOCTb AecpopMannn, AaeT BennnHHy
paccenHHOH MomHocTH. KbnpTaHccoH [86, 87] yKa3WBaeT, hto
( — /co)Y o6naAaeT MaTeMaTHnecKHM cbohctbom nocTOHHCTBa Q.
Mto6w Ha6nbOAaTb sto cbohctbo 6onee hctko, Bwpa3HM cpyHKnnbo
( — /co)Y nepc3 ee BemecTßeHHybo h MHHMybo nacTH:

HanpnaceHHe= KOHCTaHTax(— /co)e xAecpopManna, (320a)

(-/co)Y = |co|Y [-/sgn(co)]Y, (321a)
= |co|Y [e-'nsgn(<n)/2]Y , (3216)

= |co| Y |cos ysgn(co) -/sin I, (321b)

= |coP cosfg)-isgn(m)sinfg) . (32 1r)
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a TIm

6 ,

> hpa'/KHL'IIHH

PMC. 142. H3o6paaceHHe Ha KOMnjieicc-

hoh njiocKOCTH

cocTaßHbix

HacTen one-
paTopa 3KcrpanojianHH, 3aAaHHoro (pop-
Myjiofi (318). Cnpaßa cpyHicnna H3o6pa-
aceHa npn HecKonbKHx ycHjieHnax:. 1-0,9ei<o , .. x2a im=2 . ; 6—(nay; e—1+0,9e
( — ia>)2+k x, z—yj(— i<a)2 +kx; I— HH3KHe

HacTOTw; 2— qacTOTa HaHKßHcra; 3—6mct-
po3aTyxaiomaa SHeprna

Cbohctbo hoctohhhoh Q BWTe-
KaeT H3 nocToaHCTBa OTHome-
HHH BemeCTBeHHOH H MHHMOH
nacreH stoh cpyHKnnH. CaMa
OHa onpeAenneTcn cooTHome-
HHeM

Ha pnc. 143 H3o6paaceH hm-
nynbc c Ao6poTHOCTbbo Q, npn-
6nn3HTenbHO paßHon 10. Hm-
nynbc 3aAaeTcn BwpaaceHHeM
e~ (~ Ito)9\ ocb nacTOT npeACTaß-
neHa AncKpeTHWM cpypbe-npeo6-
-pa3oßaHneM no 256

TOHKaM,

Hyneßwe momcht BpeMeHH h
nacTOTa HaxoAHTcn Ha neßbix
KOHnax cooTßeTCTßybomnx ocen.

1. Bo3bMHTe s<o h pa3Jio>KHTe HHTerpnpyiomHH onepaTop no OTpnnaTejibHbiM

CTeneHaM

Z. 06bacHHTe pa3JinHHe b 3HaKax.
2. llycTb a>o— BeujecrßeHHaa nojioacHTejibHaa

Becoßaa KOHCTaHTa,

a C —
(pyHKnna KoscpcpHnneHTa OTpaaceHHH. He npn6eraa k npaßHjiaM Mionpa,

noicaacHTe,

hto C" npejiCTaßjiaeT co6oh (pyHKnnio KoacjxpHnneHTa OTpaaceHHa, npnneM

3aMeTHM, hto bm TeM caMbiM /roicaaceTe nepßoe npaßHJio Mionpa. TpeTbe npaßHJio
MoacHo /TOKa3aTb aHajiornHHbiM cnoco6oM, ho npn stom yßejiHHHßaiOTca ajire6paH-
necKHe

BbiKJia/TKH.

3. TepMHH «H3OMOp(pH3M» 03HaHaeT He

TOJIbKO TO, HTO

JIK)6oH HMne/raHC Ru
R2, R' MoacHo OTo6pa3HTb b KoscpcpnnneHT OTpaaceHHa Cls C 2,

C,

ho h to, hto Tpn
npaßHjia Mionpa 6y/xyT oToGpaacaTbca b Tpn npaßHJia KOM6nHHpoßaHna KoscpipH-
uneHTOß OTpaaceHHa.

a. KaK BbirjianaT 3th Tpn npaßHJia?
6. Xoth paBeHCTBO C' =CiC2 h He

OKa3bißaeTca

hh

o/thhm

H3 3thx npaßHji,
oho OHeBH,oHo cnpaße/iJinBO. An6o

noKaacnTe,

hto sto paBeHCTBO HBJiaeTca

l/0 = tgjiB«7ie. (322)

1-C" \-c=a
\+C 1 + C
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PHC. 143. HMnyjibconn, c nocroaHHon JipGpoTHOCTbio Q npn y=0,91:
1—BpeMa; 2— HacroTa; 3—

BemecTßeHHaa

nacTb; 4— MHHMaa nacTb

cjieacTßHeM H3 Tpex npaßHji, jih6o caejiaHTe

bmboa,

hto oho —caMocroaTejibHoe

npaßHJio, KOTopoe MoacHo OTo6pa3HTb Ha3ajj b oGjiacTb

HMne,naHCOB,

h Tor,n,a oho
CTaHeT neTßepTbiM npaßHjioM.

4. noKaacHTe, hto norapncpM /niCKpeTHoro npHHHHHoro HHTerpnpyiomero
onepaTopa BH^a log [(1 +Z)/(1 —Z)] - npencTaßjiaeT co6on ojjho H3 .nncKpeTHbix
npeo6pa3oßaHHH TnjibGepTa. noKaacHTe, hto HMnyjibc, OTpaaceHHbiH ot rpaHHHbi
pa3nejia HByx cpea, xapaKTepn3yiomHXCH

onnHaKOßbiMn

ckopocthmh, ho

HecKOJibKO

otjihhhmmh

Q,

npencraßjiaeT co6oh

o/tho

H3 npeo6pa3oßaHHH THjibGepTa.
5. PaccMOTpHTe pa3JioaceHne Tenjiopa, co^epacameeca b SKcrpanojiannoHHOM

ypaBHeHHH

dP__ T 1 (vk\ 2 1 /^y~|
~dz~m _ ~2\us) ~%\a)
a. By^eT jih 3to ypaßHeHHe ycTOHHHBbiM Ha KOMnjieKCHOH

nacTOTe

—/©==
= — /co 0+e? noneMy?

6. PaCCMOTpHTe npHHHHHbie H aHTHnpHHHHHbie

BbIHHCJieHHH BO

BpeMeHHOH
oGjiacTH c noMombio stoto ypaBHeHHH. KaKHe H3 hhx ycronHHßbi, hjih ace TaKHX
HeT?

6. PaccMOTpnM CKopocTb b

Bemecrße,

KOTOpaa MoaceT

3aßHceTb

ot

nacTOTbi

co h
TaKace ot ropH3oHTajibHon KOopnnHaTbi x. npe/xnojioacHM, hto HaM

noße3Jio

h
CKopocTb MoacHo Bbipa3HTb b bhhc npoH3Be,aeHHH v(x, co) =V\ (x) v2 (co). HojiyHHTe
ycTOHHHBoe 45-rpajxycHoe ypaßHeHHe bojihoboh SKCTpanojiannn. CoßeTyeM onpoGo-
BaTb (pyHKUHK) BH/ja

h ynecTb, hto X2 paßHa nojioacHTeJibHOMy coGcTBeHHOMy 3HaHeHHK) cpymcnHH
(vidx)(vidx )T.

7. CBH3aHa jih peKypcna

JIeBHHCOHa,

onncaHHaa b pa6oTe [53], c npaßHjiaMH,
H3JioaceHHbiMH b pa3nejie? Ecjih m., to KaKHM o6pa3oM. CoßeTyio
oGpaTHTbca k paGoTe [83].

8. A°Kaac nTe TeopeMy, oGpaTHyno neTßepTon, t. e.

noKaacHTe,

hto ecjin cpa3oßaa
xapaKTepncTHKa npHHHHHOH (pyHKnHH He BKJibonaeT Hanajio Koop/jnHaT, to o6paTHaa
en (pyHKnna Gy/jeT npnHHHHon.

4.7. ToHHocTb c tohkh ipemiH o6pa6oTHHKa

LJenb He nponHee ee caMoro cna6oro 3BeHa. Coo6paaceHHn
SKOHOMHKH

nOACKa3WBabOT,

HTO BCe 3BeHbH nenH AOnaCHW 6blTb
OAHHaKOBo npoHHWMH. MHorne Bonpocw 3acnyacHßabOT H3yneHHn,

s= —i(£>/v 2
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cpeAH hhx MoacHo Ha3BaTb TaKne, KaK norpeniHOCTH, CBH3aHHwe c
HeTOHHWM 3HaHneM CKopocTen, a TaKace c npoßeneHHeM MHrpa-
nHOHHwx npeo6pa3oßaHHH ao nnn nocne cyMMHpoBaHHH OCT.
M3ynHß MaTepnan ao HacTonmero pa3Aena, bw 6yn,eTe b coctohhhh
npncTynnTb h k sthm BonpocaM. Cy3HM none 3pemm n
paccMOTpHM TonbKO Te oihh6kh nponecca npoAonaceHna b HnacHee
nonynpocTpaHCTßO, KOTopwe nponcxonnT b pe3ynbTaTe ncnonb3o-
BaHHH 3HaKOMbix HaM npH6nHaceHHH npn o6pa6oTKe Ha6nbOAeHHwx
AaHHwx.

npn cocTaBneHHH pa6onnx nporpaMM MnrpannoHHoro npeo6-
-pa3OBaHHH c noMoinwo BonHOßoro ypaßHennn cna6we MecTa
BO3HHKabOT HMeHHO H3-3a Tex npn6nHaceHHH, KOTopwe Hcnonb3ybOT-
cn bo MHornx MecTax sthx nporpaMM. 3KOHOMnnecKHe coo6paace-
hhh noACKa3WBabOT, hto cpoHAw Ha AOCTnaceHHe AononHHTenbHOH
tohhocth cneAyeT HanpaßnnTb TyAa, Tjxe ohh npnHecyT MaKCHManb-
Hybo nonb3y. EcTecTBeHHo nosTOMy, hto reocpH3HKH-o6pa6oTHHKH
noHeßone CTaHOBHTcn 3KcnepTaMH no BonpocaM noncKa KOMnpo-
mhccob Meacny AOCTnacHMon TOHHOCTbbo h 3aTpaTaMH Ha BbinonHe-
Hne MHrpannoHHbix npeo6pa3oßaHHH HaA OTcyMMHpoBaHHWMH no
OCT ceHCMHnecKHMH Ha6nbOAeHHHMH. 06pa6oTHHKH 6yAyT ncnonb-
30BaTb ypaBHeHHH h nporpaMMy, npHßeAeHHwe HHace, TaK, hto6w
npn HanMeHbmnx 3aTpaTax nonynaTb HaHnynmne pe3ynbTaTw.
CeHCMopa3BeAHHKH MeTOAOM OTpaaceHHwx BonH 3anHTepecoßaHw b
tom, hto6w HaynHTbcn pacno3HaßaTb HecoßepmeHHO BwnonHCHHwe
MnrpannoHHwe npeo6pa3oßaHHH, nosTOMy ohh MoryT noacenaTb
Bocnonb3oßaTbcn stoh nporpaMMon AJia Toro, hto6w yBHAeTb
BnHHHHe pa3nnnHoro poAa ynpomemiH.npn noAroTOBKe k 6onbmon npoH3BOACTBeHHon o6pa6oTKe
MaTepnanoß Bo3MoacHw nsa o6mnx noAxoAa k Hccnenoßamno
Bonpocoß tohhocth pe3ynbTaTOß. nepßbm noAxoA, o6ecnenHßaio-
iuhh Hannynmee noHHMaHne KanecTBeHHOH ctopohw HBneHHH,
3aKnbonaeTcn b nocTpoemiH pa3nHHHWMH cnoco6aMH cnHTeTnne-
ckhx rnnep6on. CnHTeTHnecKHe rnnep6onoHAw MoacHo conocTaß-
naTb c noneBWMH Ha6nbOAeHnaMH, ncnonb3yn ajih sthx nenen

BHAeo-KHHocHCTeMw,

nn6o BwnepHHßan nx Ha npo3panHon 6yMare.
npn btopom noAxoAe paccnnTbißabOT THnep6onHnecKne nnn ccpepn-
necKHe ronorpacpw BonH npn pa3nHHHOM mare no ropH3oHTann h
nacTOTe, npn ncnonb3oßaHHH cctok pa3nHHHwx pa3Mepoß h t. n.
nocne 3Toro 3anycKabOT nporpaMMy onTHMH3annH, hto6w cbccth k
MHHHMyMy cpeAHbObo norpemHOCTb b npeAejiax HHTepecybomero Hac
Anana3oHa nsMeHeHHn napaMeTpoß.

HeT Heo6xoAHMOCTH cocTaßnnTb 45-rpanycHybo nporpaMMy
KOHenHo-pa3HOCTHon MHrpannn bo BpeMeHHOM npeACTaBneHHH jinn
Toro, hto6w nocMOTpeTb, KaK 6yAyT BwrnnAeTb ee CHHTeTnnecKHe
rnnep6onoHAw. MoacHo npocTO Bwpa3HTb Bee cpopMynw b koopah-
HaTax (co, kx) h 3aTeM BwnonHHTb o6paTHoe AByxMepHoe
npeo6pa3oßaHHe Oypbe. 14t06w o6nernnTb conocTaßneHne mcto-
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Aob MHrpannn, mw conocTaßHM paccMOTpeHHwe Bwme ypaBHeHHH,
3aTeM paccKaaceM o nporpaMMe, c noMombio KOTopon MoacHo
paccHHTWBaTb roAorpacfibi AncpparnpoßaHHwx BonH AJia MHorax
mctoaob MHrpannn. nonb3yncb sthmh ace ypaßHemiaMH, MoacHo
6yneT paccHHTWBaTb BpeMeHa npo6era n pemaTb 3aAany onraMH3a-
nnn no co6cTBeHHOMy ycMOTpeHHbo.

JlaTepajibHbie npoH3BOAHbie

npeacAe Bcero ycnoßHMcn, hto kx H3MeHneTcn. b Anana3oHe
±tl/Ax. Ecnn no ocn x 6yzryT onpeAennTbcn KOHenHbie pa3HOCTH,
to HaM noHaAo6nTcn cooTHomeHHe BHAa

(2596)

HTaK, ecnn npn BWHHcneHHH kohchhwx pa3HocreH 6yAeT ncnonb3o-
BaTbcn ocb x, to b nocneAyioineM o6o3HaneHHe kx 6yneT 3aMeHeHO
Ha k x. npn BWHHcneHHH KOHeHHbix pa3Hocren bboahtch cbo6oahwh
napaMeTp b. AHanornnHO 3TOMy bw MoaceTe H3MeHaTb MacmTa6
Bcero BwpaaceHHH nyTeM yMHoaceHna Ha perynnpyeMWH napaMeTp,
paßHwn npH6nn3HTenbHO eAHHHne. CneAyeT ynnTWßaTb TaKace, hto
npn Ha6nbOAeHHnx b none Ax He o6n3aTenbHO AonacHo 6wTb
cpHKcnpoBaHHWM. nepen HananoM o6pa6oTKH Ha6nbOAeHHH BcerAa
MoacHo npoHHTepnonnpoßaTb. KoHenHO-pa3HOCTHWM mctoaom c
Hcnonb3oßaHHeM HHTepnonnnnH Ha6nioAeHHH MoacHo pemaTb 3aAa-
hh b ycnoßnnx, Korna OTMenabOTcn noßonbHO pe3Kne naTepanbHwe
H3MeHCHHH CKOpOCTeH.

BfI3KOCTb H npiIHHHHOCTb

HacTOTa co 6yneT H3MeHHTbcn b Anana3oHe ±n/At. Ecnn no och
/ HaMeneHo BbinncnnTb KOHenHbie pa3HOCTH, to noHaAo6nTcn
nepeMeHHan Z-npeo6pa3oßaHnn BHAa

Z= e'wAt (284)

h npHHHHHan npon3BOAHan

(311)

nepen HananoM o6pa6oTKH AaHHbie MoacHo nepeAHCKpeTH3HpoBaTb
c yMenbmeHHWM nnn yBennHeHHWM maroM, nosTOMy At npeACTaß-
nneT co6oh perynnpyeMbin napaMeTp. Hphhhhhocthwh napaMeTp p
AonaceH 6wTb He6onbiuHM, MeHbme eAHHHnw, n HMeTb bha,
CKaaceM, p=l— s, rAe B>o HBnneTcn perynnpyeMbiM napaMeTpOM.
MoaceT BO3HHKHyTb acenaHHe bbccth napaMeTp p, naace ecnn
MHrpannn npon3BOAHTcn b nacTOTHOH o6nacTH, TaK KaK oh

(k Ax/2)2 = sin2 (kAx/2)
{ "' ' \-b4sm2 (kAx/2)'

2 1—pZ . .
-ZCO = —, — l<^p<l.

A/l+pZ K
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yMeHbinaeT HCKaaceHHH nepnoAHnecKoro xapaKTepa bo BpeMeHHOM
npeACTaBneHHH, nrpan ponb bh3kocth. napaMeTp 8 AonaceH 6wTb
npn6nH3HTenbHo o6paTeH AJmTenbHocTH ceHCMo3anHcn n paßeH,
HanpHMep, \/Nt , rne Nt— hhcjio ToneK Ha BpeMeHHOH och. (TaK KaK
n nocrponn MHoro cHHreTnnecKHx rnnep6on, npnMeHHH perynnpoß-
Ky ycHneHHH nponopnHOHanbHybo KopHbo KBanpaTHOMy, y = 1/2,
noMexn nepnoAHnecKoro xapaKTepa bo BpeMeHHOM npeACTaBneHHH
6wnH npe3MepHo BenHKH. nosTOMy moh nporpaMMa He pearnpoßa-
na Ha 3HaneHHn s, 6onbmne, neM b 4 pa3a.) Ecnn ace bw 3axoTHTe
noAperynnpoßaTb CBo6oAHwe napaMeTpw, to MoaceTe pa3AenbHo
H3MeHaTb 3HaneHHH HHcnnTenn h 3HaMeHaTenn y p. Hnace bwhchhm
pa3nnnHe MeacAy co h cb, ho bw SToro MoaceTe He AenaTb, ecnn He
co6npaeTecb ynnTbrnaTb npnnHHHOCTb.

3ana3;iwßaH)iHaH peKypcna Mionpa

KopeHb KBaApaTHWH H3 k z MoacHo paccnnTaTb c noMoinwo
cpyHKnnH KBanpaTHoro kophh, HMebomencn b 6H6nnoTeKe Bamero
KOMnbbOTepa, nnn ace c noMoinbio pa3noaceHnn b pnA Mbonpa.
Ecnn ynHTWßabomne npnnHHHOCTb BbinncneHnn npoBOAHTcn b
o6nacTH Oypbe, to Hy^HO nonb3oßaTbcn KOMnneKCHOH cpymcnneH
KBaApaTHoro kophh, KOTopan aBTOMaTnnecKH ynTeT o6nacTb
cymecTBOBaHHH 6wcTpo3aTyxabomen SHeprnn. KBaApaTHWH KopeHb
H3 KOMnneKCHoro nncna MHoro3HaneH, nosTOMy CHanana HyacHO
yAOCTOBepHTbcn, hto Bam KOMnbbOTep Bw6npaeT cpa3y hmchho TaK,
KaK noKa3aHO Ha pnc. 142. Moh Bw6npan, ho Bee ace n o6Hapyacnn,
hto orpaHnneHHH no HHcnemioH tohhocth He no3BonnnH MHe
AOCTHHb CTporon nonoacHTenbHOCTH BeinecTßenHOH nacTH HMne-
AaHCHOH cpymcuHH ao Tex nop, noKa n He 3aMemm Bwpaace-
Hne yfs2 -\-v 2k 2 — s Ha ero anre6paHnecKHH SKBHBaneHT BHAa

J\n% BWHHcneHHn KOHeHHbix pa3Hocren HaM HyacHa peKypcna
Mbonpa. 06o3HannM nepe3 r 0 KOCHHyc yrna, c KOToporo HannHaeT-
cn peKypcnn Mbonpa. TaKon yron nacTO paßeH 0 huh 45°. 3to eme
oahh CBO6OAHWH napaMeTp AJia onTHMH3annH (cm., HanpHMep,
pnc. 40). 3tot yron HBnneTcn TaKace yrnoM Tonnoro cornacoßaHnn
jXJin Bcex nopnAKOB peKypcnn. HycTb

B nporpaMMe AncppaKnnH 6yAeT onpeAennTbcn 3HaneHne cpyHK-
nnn exp( —Rz). nocKonbKy R, KaK 6wno noKa3aHo b pa3Aene 4.6,
AonacHa HMeTb nonoacHTenbHybo BemecTßeHHybo nacTb, SKcnoHeH-
nnanbHan c^yHKnna HnKorna He AonacHa Bo3pacTaTb. BwnncneHHH

v2k 2/Us2 +v 2k 2 +s).

s=—i(h. (311)
HanHHancb cRO =ros, peKypcnn Mionpa HMeeT bha

Rn + I=s1 =s+v 2kx
2 /(s + Rn ). (312)
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KOHeHHbix pa3HOCTen o6whho BwnonHHbOTcn b 3ana3AWßabomeM
BpeMeHH. Hto6w CAenaTb BpeMH

3ana3AbißabonrHM,

cpyHKUHbo
exp ( —Rz) BwpaacabOT b BHAe

q-Rz/v_q-(R-s)z/vq-sz/v G23)

KaK yKa3bmanocb b pa3Aene 4.1, BaM,

BO3MoacHO,

He 3axoneTcn,
HTO6bI BpeMeHHOH CABHr CBH3WBanCH C BH3KOCTHWMH SCpCpeKTaMH.
nosTOMy bw,

BO3MoacHO,

noacenaeTe BwnonHHTb npoAonaceHHe b
HnacHee nonynpocTpaHCTßO c noMombio cpyHKnnH

BMecTo yKa3aHHOH Bwme. Homhhtc o 3HaKax n o pa3nHHHH MeacAy
CO H CO.

H3 ypaBHeHHH (312) cneAyeT, hto (R —s) AonacHa HMeTb
nonoacHTenbHybo BemecTßeHHybo nacTb. Abtop Hamen, hto HHorAa
omn6KH nncneHHoro OKpyrneHHn npennTCTßybOT 3TOMy. nosTOMy c
nenbbo BKnboneHHn 3ana3AWßaHHn peKypcnn Mbonpa 6wna oprami-
30BaHa no-HOBOMy. nycTb

CornacHO npaßnnaM Mbonpa, MoacHo y6eAHTbca, hto R' 6yAeT
BcerAa HMeTb nonoacHTenbHybo BemecTßeHHybo nacTb, ecnn HanH-
HaTb peKypcnbo TaKHM cnoco6oM, nosTOMy HanHeM ee c

H3 ypaBHeHHH (327) h (325) nonynaeM to ace caMoe 15-rpaAycHoe
ypaßHeHHe, hto h (312). C MaTeMaTHnecKon tohkh 3peHHH (324)
HAeHTHHHO

ho c tohkh 3pemiH HHcneHHoro aHanH3a HMebOTcn rapaHTHH Toro,
hto SKcnoHeHnnanbHan cpyHKnnn (328) 6yneT y6bißaTb no och z.

;liicKpeTH3anHH no rjiyfiHHe

Ecnn BWHHcneHHH KOHenHwx pa3HOCTen npoH3BOAHTcn no
rny6HHe nnn nceßAorny6nHe, BwpaaceHHon bo BpeMeHax npo6era,
to b HameM pacnopnaceHnn HMeeTca cooTHomeHHe

KOTopoe MoacHo ncnonb3oßaTb b SKcnoHeHnnanbHon cpymcnnn
exp ikzz. TaK KaK MoaceT nponcxoAHTb paccenHHe SHeprnn,
npHßeneHHwe Bwnie BenHHHHw MoryT 6biTb KOMnneKCHWMH. 060-
-3HanHM nepe3 Nz nncno cnoeß no rny6HHHon KOopAHHaTe, KOTopoe

e-[R( -/cb) + /cb] z/v e + iaz/v (324)

R' = R-s. (325)
YpaßHeHHe (312) npnmiMaeT bha

K +i=v2k 2 1(2s+K). (326)

R[ = v 2k 2 /s{\+r0 ). (327)

Q -R'z/v Q + i<ozlv^ (32 8)

k zAz/2 = tg(k zAz/2), (266)
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o6whho paBHO nnn ace MeHbme Nt . noACTaBHB BwpaaceHHe (269) b
(328), nonynaeM

MonmieHOCHafl vwrpanHH cnoco6oM cpaiOßOi o c/ibhi a

B nacTOTHybo o6nacTb MoacHo He TonbKO BKnbonnTb npH3HaKH
npHHHHHOCTH h bh3kocth, xapaKTepHwe jLjm MeTOAOB, pa6oTabomnx
bo BpeMeHHOM npeACTaBneHHH, ho h 3aMeHHTb KBaAparawe kophh
h KOMnneKCHwe noKa3aTenbHwe cpyHKnnH MeTOAa cpa3oßoro CAsnra
Ha onepanHH yMHoaceHHH n AeneHnn KOMnneKCHbix nncen. Otmc-
thm, hto pa3noacemie KBanpaTHoro kophh He HyacHO HannHaTb c
KaKoro-TO npennonaraeMoro 3HaneHHH nnn c HTepannn 6onee
HH3Koro nopnAKa. Oho MoaceT HanHHaTbcn c KBaApaTHoro kophh,
nonyneHHoro paHee no npeAinecTßyionj,HM 3HaneHHHM co nnn k. 3to
6wno 3aMeneHO no omn6Ke b oahoh H3 paHHHx Bepcnn AaHHon
nporpaMMbi, KOTopan npHßonnna k TOMy, hto Bee 15-rpaAycHwe
pacneTW BwrnnAenn, KaK 90-rpaAycHwe! KpoMe Toro, b mctoac
cpa3oßoro CABnra BennnnHa Az/v ooecnenHßaeT nocTpoeHne cchcmh-
necKoro H3o6paaceHnn b KaacAOH BpeMeHHOH tohkc nosTOMy
KOHenHO-pa3HOCTHan cpopMyna (329), BeponTHO, cronb ace xopoma,
KaK n KOMnneKCHan noKa3aTenbHan cpyHKnHn. noneMy 6w BaM ee He
onpo6oßaTb?

BueinHHii bha pe3yjibTaToß oSpaSoTKH

Pe3ynbTaT pa6oTw nporpaMMbi pacneTa HMnynbCHOH peaKHHH
HMeeT HenpHrnnAHWH bha. TnaßHan npnnHHa SToro 3aKnbonaeTcn b
6onbmoH nnomaAH npocTpaHCTßa (co, kx), pacnonoaceHHOH Bo3ne
nacTOTW HaftKBHCTa nnn ace Bwme rpaHnnw cyrnecTßOßamiH
6wcTpo3aTyxabomen SHeprnn. nocKonbKy mw peAKO AHCKpeTH3H-
pyeM Ha6nbOAeHHn no BpeMeHH CTonb rpy6o, KaK sto no3BonneT
KpHTepHH HanKBHCTa, npnBOAHMan HHace nporpaMMa npenycMaT-
pnßaeT npoßeAeHHe OKOHnaTenbHon cfmnbTpannH c noMomtK)
cpyHKnHn BHAa (I +Z)/(1 —0,8Z). nonoca nponycKaHHH TaKoro
cpnnbTpa mnpe nonocw nacTOTHoro Anana3oHa cencMopa3BeAOHHwx
MaTepnanoß. TaK KaK bo bccx na3eMHwx h y 6onbmHHCTBa
mopckhx Ha6nbOAeHHH cocTaßnnboman HyneßOH nacTOTW OTcyTCTBy-
eT, b nporpaMMe npenycMOTpeHa BO3MoacHOCTb AanbHenmen
cpnnbTpannH c noMomtn) cpyHKnnH BHAa (1 — Z)/(l — 0,8Z). Abtop
He ncnonb3oßan nocneAHHH cpnnbTp, TaK KaK xoTen npoAeMOHCTpn-
poßaTb b KHnre Bee bhaw HCKaaceHHH HCKyccTßeHHoro npoHcxoacAe-
HHa, KOTopwe MoryT BCTpeTHTbca npn o6pa6oTKe. ,3,anee, oh
Co3HaTenbHo ycnnnßan HarnnAHocTb sthx HCKaaceHHH, npHMeHnn
npn rpacpOBWBOAe HenHHeHHybo perynnpoßKy c y— 1/2, onncaHHybo
b pa3Aene 4.1. npn BWBone pncyHKOB b nepcneKTHßHwx npoeßnnnx

e -R'NAz/v^f l —R'Az/2v\ (329)
\l +R'Az/2v) '



313

BcerAa npHMeHneTcn nnHenHan perynnpoßKa ycnneHnn. nocKonbKy
njiouxajTb KaacAoro pncyHKa, noMemeHHoro b KHHre, cocTaßnneT
OKono 10 cm2 , aHa npaKTHKe bw 6yAeTe HMeTb Aeno c rpacpHKaMH,
nnomaAt KOTopwx npn6nH3HTenbHo b 100 pa3 6onbme, H3o6paaca-
nncb o6whho nnmb HHTepßanw b 1 c BpeMeHH npo6era.

llporpaMMa
MHorne pncyHKH, BKnboneHHwe b AaHHybo KHnry, nocTpoeHW c

noMombbo nporpaMMbi,KOTopan npHBOAHTcn HHace b nonHOM BHAe,
hto6w AaTb BaM BO3MoacHOCTb BocnpoH3BecTH hx. OnepaTopw
BW3OBa bxoahwx napaMeTpoß n pe3ynbTaTOß pacneTa 3aBHCHT ot
MecTa npoßeAeHHn KOHKpeTHwx pa6oT, ho Bee paBHO aBTop
ocTaßnn hx, hto6w noMonb b noHHMamiH HeyAan h TeM caMWM
yßennnHTb maHcw Ha to, hto bw cMoaceTe tohho ynoBHTb xapaKTep
CAenaHHoro hm.

-ji-ta/vy+ktz
# representations of e
integer output,

outfd,

fetch
integer iw, nw, ik, nk, omhat, kxhat, kzhat, degree,

tfilt,

xfilt
real

v,

dt, dx, dz,

xf, xO, tf, tauO,

rho,
complex cz, cs, cikz, cexp, cmplx, csqrt,
outfd =output ( )

call putch ("esize", "i", 8)
nw=256; call putch ("nl", "i", nw)
nk=64; call putch ("n2", "i", nk)

call putch ("n3", "i", 1)

if( fetch ( "v",

"f",

v)==o) v
if( fetch ( "dt",

"f",

dt)==o) dt
if( fetch ( "dx",

"f",

dx)==o) dx
if( fetch( "dz",

"f",

dz)==o) dz
if( fetch(

"xf, "f",

xf)==o) xf
if( fetch(

"tf, "f",

tf)==o) tf

if( fetch( "omhat", "i", omhat)==0)
if( fetch( "kxhat", "i", kxhat) ==0)
if( fetch( "kzhat", "i", kzhat) ==0)
if( fetch( "degree", "i", degree)==0)
if( fetch(

"tfilt",

"i", tfilt)==0)
if( fetch(

"xfilt",

"i", xfilt)==0)

if( fetch( "rho",

"f",

rho)==o) rho
if( fetch( "bi", "f\ bi)==o) bi
if( fetch(

"rO", "f",

r0)==0) ro
if( fetch( "eps",

"f",

eps)==o) eps

bi,

rO,

eps, pi, omega, k, vk2
cp (1024)

#complex numbers
# inner index is co
#outer index is kx=
#one frame movie

#b" 1

call putch("dl",

"f",

dt); call putch("labell", "s", "sec")
call putch("d2",

"f",

dx); call putch("label2", "s", "kilometers")
#close data description file

#loop over all kx

=3.754 #rock vel
= .004

#At,

sec
= .025

#Ax,

km
= .004

#Az,

sec
= .25; x0 =xf*nk*dx
= .5; tauO =tf*nw*dt

omhat =0 #6
kxhat=0 #kx
kzhat =0 #/c z
degree=90
tfilt=1
xfilt=1

= 1—4/nw
= 6.726
= 0.7071
= 0.

call hclose( )
pi=3- 14159265
do ik—

f,

nk {
k = 2*pi*(ik— l.)/nk
if(k>pi) k = k — 2*pi
k =k/dx



314

if(kxhat ==0)
vk2= (v/2)**2*k*k

else
vk2=(v/2)**2*(2/dx)**2*sin(k*dx/2)**2/l —(4./bi)*sin (k*dx/2)**2)

do iw = 1, nw { # loop over all co
omega =2*pi*(iw — 1.)/nw
if(omega>pi) omega= omega— 2*pi
omega =omega/dt
cz =cexp (cmplx (0., omega*dt))
if(omhat ==0)

cs=(2./dt)*( 1 .— rho*cz)/( 1. +rho*cz)
if(degree ==90)

cikz= vk2/(csqrt(cs*cs + vk2)+cs)
if (degree= = 15|degree= =45)

cikz= vk2/(eps+(rO + 1.)*cs)
if(degree = =45)

cikz= vk2/(2.

*cs

+cikz)
*if(real (cikz) <0.) call erexit("cikz not positive real")

cp (iw) =(( 1. — cikz*dz/2)/( 1. + cikz*dz/2))**(tauo/dz)
cp (iw) =cp(iw)*cexp(cmplx (0., omega*tauo)) # unretard

if tfilt> =l) cp(iw)= cp(iw)*(l+cz)/(l-.8*cz)
if(tfilt > =2) cp(iw) =cp(iw)*(l-cz)/(l-.8*cz)
if(xfilt= = l)cp(iw)= cp(iw)*(l+cos(k*dx))/(l + .85*cos(k*dx))
cp(iw) =cp(iw)*cexp(cmplx (0., k*ko))

!
call rite(outfd, cp, B*nw) #write

\

/

stop; end
# Finally, you must 2—D Fourier Transform (Section 1.7), take real part, and plot.

C noMombbo stoh nporpaMMbi 6wnn nonyneHw 22 rpacpnnecKHx
H3o6paaceHHH, noMeineHHwe b KHnre. HHace npnßeAeHw bxoahwc na-
paMeTpw, ncnonb3oßaHHwe npn nocrpoeHHH pa3nHHHwx rpatpmcoß.

HoMep HeyiiaHHbie napaMeTpbi HoMep HeyaaHHbie napaMeTpbi
pncyHKa

25a
255
39a
395
114a
1145
118a
1185
119a
1195

123

cs =cmplx ( 1 .e—

5/dt,

— omega)
else

if(kzhat ==0)
cp(iw)=cexp( — tauo,*cikz)

else

pHcymca

tfilt=0 133a u=2.0, 90°
1335 d =2.0,

15°,

cb, kx , kz
135a kx , cb, b~ l = 1000000.

cb 1355 £„ cb, ft -1 = 12.
cb, p=2,o,

xf=o.s,

xfilt =0 135e kx , cb, b" 1 =6.726
cb, t>=2,o, xf=o.s 135a £x , cb, b~ l =6.
15° 135a fc„ cb, 5 -1 =5.

15°,

B=l 141a .
45° tf=o 2 1415 M
45<

tf=o,2,

B=l 144a Az=0,004,

45°, tf=o,3,

cb,

45°, tf=o,2,

cb 1445 £=$012,

45°, tf=o,3,

cb,
k x , k z
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PHC. 144. 45-rpaaycHaa

TOHeHHaa

jiHCppaKHHa b npocTpaHCTße (x,

z,

t).
Illar BbiHHCueHHfi: a—Az=

vAt;

6—Az=3uA/

npeAnonarabOT, hto TOHHOCTb MoacHo

noBWCHTb,

ecnn CAenaTb
ceTKy no z 6onee rpy6on. Ecnn 6w x n t 6wnn HenpepwßHWMH,
t. e. aHanoroBWMH cnrHanaMH, to o noßbimeHHH tohhocth He
Morno 6w 6wTb h penn, ho nocKonbKy hx MoacHo AncKpeTH3H-
poßaTb, BO3HHKaeT Bo3MoacHocTb cnynaHHoro B3anMHoro ymiHTO-
aceHHn omn6oK.

LlTo6bi npoßepnTb cnpaßeAnnßOCTb sToro, aBTop onpo6oßan
BTpoe 6onbniHH mar Az (yßennnHß cpaKTnnecKH BTpoe mar no
nceßAorny6nHe). Pe3ynbTaT onwTa H3o6paaceH Ha pnc. 144. KaKOBO
Bame MHeHne?

KaKHM 6w nojiHHM hh noKa3ancn npencTaßnemiwH bw-
me aHann3, ero Bo3MoacHocTH orpaHHHHßabOTcn npennonoace-
HHeM, 3anMCTBOBaHHWM H3 aHanH3a <J>ypbe n 3aKnbonabomeMcn
b tom, hto CKopocTb no naTepann He H3MeHneTCH. Mto-
-6w pemHTb h 3Ty npo6neMy, nepexoAHM k 3aKnbonnTenb-
HOMy pa3Aeny no mctoahkc o6pa6oTKH cencMopa3BeAOHHwx
MaTepnanoß.

4.8. llpH^aHHe yCTOHHHBOCTH 3KCTpanOJIHUHH

YcTonnHßybo SKCTpanonnnnbo MoacHo o6ecnenHTb nyTeM coxpa-
HeHHa onpeAeneHHbix chmmctphhhwx cooTHomeHHH. noKaaceM, hto
ycTOHHHBOCTb h AncpcpepeHn,HanbHoro ypaBHeHHH

dq/dz=-Rq, (330)
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n ero annpoKCHMannn no cnoco6y Kpsmca — HnKonbcoHa

fi^S—|(q.+I+4) (331)

o6ecnennßaeTCH npn ycnoBHH, hto R+R* npeACTaßnneT co-
6on nonoacHTenbHybo onpeAeneHHybo (a chaKTHnecKH nonyonpe-
AeneHHybo) MaTpnny. npn HccnenoßamiH Bonpoca 06 ycroHnn-
bocth pemeHHH b npenwAymeM pa3Aene b KanecTße onepaTopa
R 6wno Bw6paHO CKannpHoe Z-npeo6pa3oßaHHe. BBHAy Toro,
hto npnMeHnnncb Z-npeo6pa3oßaHHH, to bwboaw npeAMAymero
pa3Aena oco6eimo yAo6Hw AJia paccMOTpemia MHrpannn bo
BpeMeHHOM npeACTaBneHHH. TaK KaK onepaTop R 6wn cKannp-
hoh cpyHßnnen, to pe3ynbTaTW npeAWAymero pa3Aena oco6chho
yno6Hw npn cpypbe-npeo6pa3oßamiH Ha6nbOAeHHwx AaHHwx no
och x. 3Aecb ace mw cocpeAOTOHHM CBoe BHHMaHne Ha MaT-
Phhhom xapaKTepe onepaTopa R. HTaK, Hac HHTepecyeT MHr-
pannoHHoe npeo6pa3oßaHne b o6nacTn x. U,enb TeopeTHnecKnx

HceneAOBaHHH,

npoßeAeHHwx HHace—AaTb BO3MoacHOCTb cocTaB-
neHHH CBoero poAa ycTOHHHBon nporpaMMbi MHrpannoHHO-
ro npeo6pa3oßaHHH ceHCMopa3BenonHwx Ha6nK>AeHHH npn Ha-
nnnHH naTepanbHwx BapnannH CKopocren. B KanecTße npn-
Mepa 6yAeT b3hto 3HaKOMoe HaM 45-rpanycHoe SKCTpanonnnn-
OHHoe ypaßHeHHe. B HacTonmeM n npeAWAymeM pa3Aenax, B3H-
twx BMecTe, H3naraeTcn o6man TeopHH yCTOHHHBOCTH Mnrpa-
nnoHHoro npeo6pa3oßaHHH b npocTpaHCTße c KoopAHHaTaMH
(/, x).

YcToiiHHBOCTb pemeHHH iHcpcpepeHUiiaibHoro ypaBHeHHH

06o3HannM nepe3 q* spMHTOBO-conpnaceHHybo MaTpnne q. JJ^jih
Toro, hto6w ypaßHeHHe (330) HMeno ycTOHHHBoe pemeHne, SHeprnn
AonacHa nn6o 6wTb nocTOHHHOH BennnnHOH, nn6o 3aTyxaTb b
nponecce SKCTpanonnnnH Ha rny6HHy:

(332)

noACTaBHB ypaßHeHHe (330) b (332), nonynnM:

(333)

H3 ypaBHeHHH (333) cneAyeT, hto Ann yCTOHHHBOCTH pememiH
AaHHoro AHCpcpepeHnnanbHoro ypaBHeHHH cyMMa R+R* Aonama
6biTb nonoacHTenbHOH h nonyonpenenembon.

|(q*q)<o,
q*qz +q*zq^o

q*Rq+q*R*q^o,
q*(R+R*)q^O.
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yCTOHHHBOCTb pemeHHH pa3HOCTHOTO ypaBHeHHH

ycTOHHHBOCTb pa3HocTHoro ypaBHeHHH MoacHo AOKa3aTb aHa-
norHHHWM cnoco6oM, ho npn stom npnAeTcn npeoAoneTb hckoto-
pwe 3aTpyAHeHHH. CHanana paccMOTpnM ToacnecTßo

Ecnn nonoacnTb, hto a=q„+ 1 h b= q„, to ypaßHeHHe (334)
npnuHMaeT bha

+(q„+i-q„)*(qn+ i+qB )]. (335)
Tenepb 3aMemiM nneHW BHAa (q„+i —q„) Ha ypaBHeHHH (331):

nocneAHee ypaßHeHHe yTßepacAaeT, hto, ecnn MaTpnna R+R*
nonoacHTenbHan onpeAeneHHan, to q*„ + 1 q„+1 6yAer MeHbme, neM
q«qB

I Ipii.'ioaceHiie k cnynaK) 45-rpaAycHoii sKcrpanojinmin
BonHOßoro iio.ih

CKannpHoe BonHOßoe ypaßHeHHe jljm SKCTpanonnnnH hhcxoah-
mero BonHOßoro nonn HMeeT bha

dq/dz= ikzq = — Rq, (337)
rAe onepaTop R npHHHMaeT CBObo o6wnHybo cpopMy

(338)

Ham nnaH 3aKnbonaeTcn b tom, hto6w annpoKCHMnpOßaTb
KBanpaTHbin KopeHb c noMombbo o6wHHoro pa3noacemiH b Henpe-
pwßHybo Apo6b h 3aTeM OToacAecTBHTb ikx c dx h nonynnTb b
pe3ynbTaTe ypaßHeHHe b npocTpaHCTßeHHwx KoopAHHaTax. B
co3AaßineHcn CHTyannn HaM npnAeTcn OTKasaTbcn ot o6wnHoro b
TaKHx o6cTOHTenbCTBax npeAnonoaceHHH o He3aBHCHMocTH ot
KoopAHHaTw x CKopocTHoro pacnpeAeneHHH v(x, z). nocKonwcy
npoH3BOAHan dxvq OTnnnaeTCH ot vdxq, KaaceTcn, hto npocTpaHCT-

(a*a-b*b)= -[(a+b)*(a-b)+(a-b)*(a+b)]. (334)

(qB+tqB+ i-qB qB )=2K(J"+l+(i»)*(<i" +1 ~ <J")+

Az(q B +iq«+i-qB qB )=-y[(qB +i+qB )*R(q,,+i+qB )+
+(qn + i+qB )*R*(q«+i+q„)]=

= -T[(q« + i+q«)*(R+R *)(q« +i+q«)]- (336)

v V co2
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BeHHoe npeACTaßneHHe He 6yneT eAHHCTBeHHWM h MoacHo TonbKO
npennonaraTb, KaKHM o6pa3oM nepeMeHHan q cBH3WBaeTcn c
TaKHMH cpH3HnecKHMH BonHOBWMH nepeMeHHWMH, KaK AaßneHHe H

CMemeHne. nocKonbKy onepaTop (338) hhcto mhhmwh, He3aBH-
CHMOCTb ot rny6HHHon KoopAHHaTw KBaApaTHHHon cpopMW q*q
MoacHo HHTepnpeTnpoßaTb, KaK HHCxoAnmnn noTOK SHeprnn nepe3
pacneTHWH ypoßeHb Ha rny6nHe z. Hamn ochobhwc ycnnnn 6yAyT
cocpeAOToneHW Ha tom, hto6w rapaHTnpoßaTb AencTßHTenbHyio
He3aBHCHMOCTb q*q ot rny6nHHOH KoopAHHaTw npn ycnoBHH
v (x, z) 7^const. 3anany onpeAeneHHH cbh3h Meacny nepeMemioH
3HepreTnnecKoro noTOKa q n cpH3HnecKHMH nepeMeHHWMH ocraßHM
jXJin HHTaTenn.

npeacAe Bcero HyacHO npeACTaBHTb v2kl b npocTpaHCTBeHHOH
o6nacTH. Ecnn npeACTaBHTb ce6e onepaTop npon3BOAHon no x,
t. e. d/dx= dx , b BHAe 6onbinon AByAnaroHanbHon MaTpnnw c
sneMeHTaMH BHAa (1, — l)/Ax, pacnonoaceHHWMH Ha AnaroHann, n
V(x) b BHAe AnaroHanbHon MaTpnnw, to npnneM k BwpaaceHHHM
Tnna (Vdx )T (Ydx ) nnn (\dx)(Xdx )T, TaK KaK ohh npeACTaßnnbOT
co6on CHMMeTpHHHwe nonoacHTenbHwe nonyonpeAeneHHwe MaTpn-
nw. B npocTenmeM bhac noAo6Hbie nncneHHwe npeACTaBneHHH
HBnnbOTcn TpexAHaroHanbHWMH MaTpnnaMH, KOTopwe MoacHo
3anncaTb b coKpaineHHOM BHAe, KaK

Ha 6onbmnx BpeMeHax KOHKpeTHwn Bw6op napaMeTpoß b ypaß-
HeHHH (339) MoaceT 6wTb cnenaH Ha ochobc tohhocthwx xapaKTe-
Phcthk. MoryT Aaace ncnonb3oßaTbcn n Apyrne BwpaaceHHa npn
ycnoBHH, hto ohh BemecTßeHHwe CHMMeTpHHHwe n nonoacn-
TenbHO-onpeAeneHHwe.

KaK 6wno noKasaHo b npenwAymeM pa3Aene, 45-rpaAycHoe
pa3noaceHne onepaTopa (338) npn ycnoBHH nocTOHHCTBa ckopocth
HMeeT bha

y CKannpa R BemecTßeHHan nacTb BcerAa nonoacnTenbHan, TaK KaK
— z'co BcerAa npeACTaßnneTcn b HMneAaHCHOH cpopMe, a Bee
BwpaaceHne nennKOM nocTpoeHO TaK, hto6w yAOßneTßopnTb
npaßnnaM KOM6nHnpOBaHHn HMneAaHCHbix cpyHKnnH Mbonpa. npn
nepexoAe b x-npeACTaßneHne 3aMeTHM, hto (ikx )2 = — dxx, a
(dx )T = — dx . nosTOMy nonoacHTenbHbin bccoboh MHoacnTenb Bnna
v2k 2 cooTBeTCTByeT nonoacHTenbHWM co6ctbchhwm 3HanemiHM
BwpaaceHHa (339).

Tenepb BbipaaceHHe ycTonnnßoro KBaApaTHO-KopHeßoro onepa-
Topa R b npocTpaHCTBeHHOH o6nacTH 3aAaeTcn, KaK

\(vdxy(\dx ).

1 v2k 2
R— . **' .?v (340)

v —io)2+ vkx /(— i(i)2)



TM = (341a)
T—/co2I+ —/co2

Hcnonb3oßaHHe 3HaKa Aenemin b (341) onpaßnaHO noTOMy, hto
MaTpnna T KOMMyTaTHBHa c cahhhhhoh MaTpnnen I. (B Hacroa-
meM HccneAOBaHHH 6ecnoKoncTßO AOCTaBnneT to o6cTOHTenbCTBO,
hto T He KOMMyTaTHBHa c AnaroHanbHon MaTpnnen V.) MaTpnna
M o6naAaeT CBoncTBaMH, Tpe6yeMWMH ot R, nocKonbKy b oahoh
H3 OCHOBHWX TeOpeM MaTpHHHOrO HCHHCneHHH TOBOpHTCH, HTO
co6cTßeHHwe 3HaneHHH MHoronneHa BemecTßeHHon chmmctphhhoh
MaTpnnw HBnnbOTcn MHoronneHaMH, cocTaBneHHWMH H3 co6ctbch-
hwx 3HaneHHH. cnoBaMH, b pe3ynbTaTe 3aMeHW T H3
BwpaaceHHa (341) oahhm H3 cnaraeMwx nonynaeM KOMnneKCHybo
MaTpnny M, Hbn BemecTßeHHan nacTb 6yneT nonoacHTenbHOH n
nosTOMy cyMMa M*+M nonoacHTenbHa, hto h Tpe6oßanocb
AOKa3aTb. HyacHO noKa3aTb, hto cneAyboman MaTpnna nonoacn-
TenbHan onpeAenenHan, t. e.:

MaTpnna A 6yAeT nonoacHTenbHOH onpeAeneHHon, ecnn npn
npoH3BonbHOM d CKannp d*Ad nonoacHTeneH. HecoMHeHHo, hto
AnaroHanbHan MaTpnna V _l/2 MoaceT nornoTHTbcn b d, a caMO d
ocTaHeTcn Bee ace npon3BonbHWM. nosTOMy AOKa3aTenbCTßo
CHHTaeM 3aKOHHeHHWM.

Hpn nporpaMMnpoßaHHH 6bißaeT oneHb xnonoTHo pa3MemaTb
V_l/ Ha KaacAOH H3 CTopon MaTpnnw M. OaKTnnecKH MoacHo
pa3MemaTb V -1 Ha nio6oH H3 ctopoh. B o6meM cnynae HeKOTopwe
Apyrne KBaApaTHHHwe cpopMw HanoAo6ne q*Uq, rAe U CTpo-
ro nonoacHTenbHan onpeAeneHHan, 6ynyT y6wßabomnMH, ecnn
R*U+UR nonoacHTenbHaa onpeneneHHaa.

R = V~ 1/2MV- 1/2. (3416)

R+ R* = V -1/2 (M +M*)V- 1/2. (342)
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Fjiaea 5
HEKOTOPME HOBME HAIIPABJIEHMfI

MCCJIE/JOBAHHM

B 3aKnbOHHTenbHOH rnaße co6paHW ony6nHKOßaHHwe KOHnen-
uhh nocTpoeHHH cencMHnecKHx H3o6paaceHHH, eme He HameA-
nine noßceAHeßHoro npHMeHeHna b npon3BOACTBeHHOH o6pa6oTKe
ceHCMopa3BeAOHHOH HHCpopMannH. B nepBOH nacTH stoh rnaßW
pa3pa6aTWßaeTcn MaTeMaTHnecKan KOHnennHn nnHenHon KHHeMa-
THHecKOH nonpaßKH h ee cbh3h co ckopocthwm aHanH3OM.
Ha6nbOAeHHwe AaHHbie noAAabOTcn dpoKycnpOßKe, nosTOMy HHrep-
BanbHwe ckopocth MoacHo cnnTbißaTb HenocpeACTßeHHo. nocneA-
hhh nacTb rnaßW nocßnmeHa MHoroKpaTHWM OTpaaceHHaM h
MeTOAaM pemeHHH 3ananH no hx o6HapyaceHHbo. Bw no3HaKOMH-
Tecb c sneMeHTapHWMH MaTeMaTnnecKHMH cpeACTBaMH, KOTopwe
no3BonnbOT scpcpeKTHBHO pemaTb 3anann, cBH3aHHwe c KpaTHWMH
OTpaaceHHHMH n naTepanbHWMH H3MeHeHHHMH CKopocTen. 3Aecb
coAepacHTca MHoro npeAnoacemiH no coBepmeHCTBOBaHHbo cnoco-
6ob o6pa6oTKH ceHCMopa3BeAOHHbix MaTepnanoß, KOTopwe eme He
CTann cnoco6aMH npoH3BOACTBeHHon o6pa6oTKH reocpH3HHecKOH
HHCpopMannH.

MHiepnpeiaiiHH ceiicMopaißeionnbix AaHHbix
B HacTonmybo rnaßy nenecoo6pa3HO noMecTHTb MaTepnan,

npeAHa3HaneHHWH TeM cnennanncTaM, KOTopwe HHTepecybOTcn b
ochobhom H3o6peTemieM hobwx npneMOß o6pa6oTKH, ho oh 6yneT
none3eH h HHrepnpeTaTopaM.

nponecc noHCKOB MecTopoacAeHHH HecpTH n npnpoAHoro ra3a
ocHOBaH Ha HHTepnpeTannH AaHHbix, nonynaeMwx mctoaom OTpa-
aceHHwx ceHCMHnecKHX Bonm Mto TaKoe cencMKnecKan HHTepnpe-
TannH? llto6w ncnonHHTb o6n3aHHOCTH «HHTepnpeTaTopa-npon3-

BOACTBeHHHKa»,

bw AonacHw 3HaTb Bee to, OTHocnTenbHo nero
Teopnn h npaKTHKa npnxoAHT k o6meMy cornacnbo. Hto6w 6biTb
xopomnM HHTepnpeTaTopoM, HyacHO 3HaTb cocTaß h «ypOßem>
noMex». AHOMannn ceHCMopa3BeAOHHwx napaMeTpoß MoryT BO3HH-
KaTb H3-3a cnoacHocTH CTpoeHHH 3eMHon cpenbi, nn6o H3-3a
HecoßepmeHCTßa npneMOß noneßon perncTpannn h nocTpoeHHH
cencMHnecKHx H3o6paaceHHH. Hto6w npaßnnbHO HnrepnpeTHpoßaTb
AaHHbie ceHCMopa3BeAKH, HyacHO 6wTb He TonbKO cencMonoroM, ho
h reonoroM, HHaceHepoM, MaTeMaTHKOM. H3ynHß HacToamyK)
rnaßy, bw He npeßpaTHTecb b xopomero HHTepnpeTaTopa, ho
nonynHTe BO3MoacHOCTb no3HaKOMHTbca c hckotopwmh npHMepaMH
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KpHTHHeCKOrO OCMWCJIHBaHHH B3aHMOCBH3H MeaCAy CCHCMHHeCKOH
Teopnen h cencMopa3BeAOHHWMn Ha6nbOAeHHHMH.

Otxoa ot BepiHKanbiioro HanpaßjieHHH

06whho yrnw H3MepnbOTcn ot BepTHKanbHoro nyna, xoth b
AencTBHTenbHOCTH Ha6nbOAemiH npn HyneßOM ynaneHHH npneMHHKa
ot HCTOHHHKa npoH3BOAHTCH peAKO. HannyHiiiHe cencMHHecKne
Ha6nbOAeHHH o6whho nonynabOTcn Ha 6onbmnx yAaneHnnx ot
BepTHKann. B HacToninen rnaße paccMaTpnßaiOTcn cnynan, Korna
nyn nonxoAHT k noBepxHOCTH 3eMnn HeßepTHKanbHO. npocron
noßopoT KOOpAHHaTHOH cHCTeMW He AaeT pemeHne 3aAann, TaK KaK
nocne Hero nnocKocTb, Ha KOTopon nonacHw 6wnn 6w npon3BO-
AHTbcn Ha6nbOAeHHn, yace He 6yneT npocTO nnocKocTbbo z= 0.
noßopoT ycnoacHnn 6w npocTybo cpyHKnnbo cencMHnecKon ckopocth
v(z), npeßpaTHß ee b hbho AByxMepHyio cpyHKnnbo BHAa v'(x', z').
PaccMOTpeHHan b rn. 3 3anana onpeAeneHHH KoopAHHaTw yAaneHHH
npneMHHKa ot HCTOHHHKa Morna noKa3aTbcn noßonbHO nonHOH, ho
cpaKTHnecKH pemeHne He cronb yac o6mo, TaK KaK KBanpaTHwe
KOpHH pa3naranncb b pnnw OTHocnTenbHo BepTHKanbHoro nyna.
HccneAOßaHHe pacTnacemiH ocen KoopAHHaT CTonTa (cm. pa3-
jxen 4.5) nponeMOHCTpHpoßano npenMymecTßO, 3anoacemioe b nepe-
xoAe c BepniHHHOH nacTH rnnep6on Ha hx Kpwnbn.

Hcnonb3oßaHHe nnHenHon KHHeMaTHHecKOH nonpaßKH (JTKn)
AaeT HaM cnoco6 yneTa HeßepTHKanbHocrn nynen. Xoth oh eme n
He nonb3yeTcn nmpoKon H3BecTHOCTbbo b coßpeMeHHon npaKTHKe
npOH3BOACTBeHHon o6pa6oTKH, TaKOH, 6onee rny6oKHH B3rnnA Ha
KoopAHHaTy yAanennn npeACTaßnneT oco6wn HHTepec jinn HaynHwx
pa6oTHHKOB. Llepe3 Hero MoacHo npHHTH k noHHMaHHbo cymecTßa
MHoroKpaTHbix OTpaaceHHH. (nocneAHnn ieMa b rn. 3 He 3aTpa-
rnßanacb.) TaKOH B3rnnA o6ecnenHßaeT TaKace n nynmee noHH-
MaHHe Bonpoca onpeAeneHHH CKopocTen.

O npiipameiniH BpeMeHH

B pa3nene 1.5 BonHa CHcnnnyca 6wna onpeAeneHaKaK nnocKan
BonHa, KOTopan b pe3ynbTaie pacnpocTpaHeHHH b CTpaTHdpnnnpo-
BaHHOH no ckopocthm cpene v = v(z) npeßpamacTcn b HennocKybo.
nnocKan BonHa coxpaHneT yron CBoero pacnpocTpaHeHHH nocTOHH-
hwm, a BonHa CHennnyca coxpaHneT nocTonmibiM no rny6nHe z
CBoe npnpaineHHe dt/dx. Ha pnc. 145 H3o6paaceHa BonHa CHen-
nnyca, nanabomaa Ha 3eMHyio noßepxHocTb. <t>poHTW BonHbi b
nocnenoßaTenbHwe momchtw BpeMeHH He napannenbHw npyr
Apyry, ohh npeACTaßnnbOT co6on nnHnn, o6pa3oßaHHwe napan-
nenbHWM nepeHocoM b ropH3OHTanbHOM HanpaßneHHH. npnpa-
njeHHeM Ha3WßaeTcn MeAJieHHOCTb nepeMemeHHH no ropn-
30HTann. Oho H3MepneTca b ennHnnax o6paTHon ckopocth h
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PHC. 145. M3o6paaceHHe cj)poHTa boji-

hh, noica3bißaioinee,

hto no rpa^neHTy
dt/dx mokho onpcaejiHTb (sino)/i;:
1— Jiyn; 2— cj>poHT bojihm, noaxoaamHH k
noBepxHOCTH; 3— nojioaceHHe <J)poHTa b 6ojiee

nO3/JHHH

MOMeHT BpeMeHH

BwpaacaeTca b mc/m nnn b c/km. MeAneHHOCTb, o6o3HanaeMybo
nepe3 p, Ha3WBabOT TaKace nyneßWM napaMeipoM nnn
napaiweTpOM CHennnyca:

(343)

5.1. Pa^HajibHbie Tpaccbi

B pa3Aene 3.6 6wnn BBeAeHw pa3pe3w paAnanbHwx Tpacc,
npeAnoaceHHwe b KanecTße anbTepnaTHßW pa3pe3aM npn nocTOHH-
hom yAaneHHH. B stom ace pa3Aene mw nonwTanncb nonynnTb
HaAneacamee MHrpannoHHoe npeo6pa3oßaHne Ha6nbOAeHHH Ha
HeHyneßbix yAaneHnnx ot hctohhhkob. Mw TaKace no3HaKOMHnncb
c onpeneneHHeM KHHeMaTHnecKHx nonpaßOK 3a HaKnoH oTpaacabo-
mnx rpaHHn. Bbcachhc KHHeMaTnnecKHx nonpaßOK 3a HaKnoH
rpaHnn ynponiaeT nocneAybomnn aHanH3, TaK KaK nocne Bwnon-
HeHHH stoh onepannn MoacHo o6pa6aTWßaTb cencMorpaMMbi OCT,
npeAnonaran, hto ohh nonyneHw b ycnoßnnx ropH3OHTanbHO
cnoncTon cpenw.

CencMorpaMMa paAnanbHwx Tpacc onpeAenneTcn KaK
HeKan AecpopMannn o6wkhobchhoh cencMorpaMMbi. 06o3HannM
o6wKHOBeHHybo cencMorpaMMy nepe3 P(x, t), a paAnanbHwn
napaMeTp nepe3 r—xjt. Torna cencMorpaMMa paAnanbHwx Tpacc
P'(r, t) onpeAennTcn AecpopManneH BHAa P(rt, t).

ropH3oHTanbHan KoopAHHaTa x KOHHHKa nyna nepeMemaeTcn no
3aKOHy x = vtsir\Q. nosTOMy b oahopoahoh cpeAe paAnanbHan
Tpacca c cpHKCHpoBaHHWM napaMeTpoM r =x/t 6yneT coAepacaTb b
ce6e BCbo sHeprnbo, KOTopan pacnpocTpaHneTcn noA ymoM 0.

nocTOHHCTBo yrjioß pacnpocTpaHeHHH b npeAenax paAnanbHwx
Tpacc MoaceT oKa3aTbca none3HWM npn HccneAOßamm MHoroKpaT-
hwx OTpaaceHHH. Oho TaKace AonacHO noMoraTb npn BOCCTaHOBne-
HHH CpOpMW 3anHCH BOnHW B HCTOHHHKe, nOCKOnbKy BO3AeHCTBHe
xapaKTepncTHK HanpaBneHHOCTH rpynnoßwx hctohhhkob h npneM-
hhkob Ha KaacAOH H3 paAnanbHwx Tpacx He MeHneTcn bo BpeMeHH.

npeAnonoacHß, hto OTpaacabonme rpaHnnw HaxoAHTcn Ha
rny6nHax z-p a cpeAa OAHopoAHa, nonynnM rnnep6onHnecKHe
ypaBHeHHH roAorpacJ)Oß b BHAe

dt sinO(z) z v
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PHC. 146. CeMencTßo rnnepGoji ao h nocne npeo6pa3oßaHna hx b pa/anajibHoe
npocTpaHCTßo

(344)
KorAa KoopAHHaTa yAaneHHH x npeo6pa3yeTcn b paAnanbHWH
napaMeTp r = x/t, H3 ypaBHeHHH (344) nonynaeM ypaßHeHHe
ceMencTßa kphbwx Ha nnocKocTH (r, /), H3o6paaceHHbix Ha pnc. 146:

AcHMnTOTw, paHee 6wßmHe HaKnoHHWMH npnMWMH BHAa
x2 = +v 2t2 , CTann BepTHKanbHWMH npnMWMH BHAa r—±v. 3anon-
HeHHan kphbwmh nnocKocTb (r, /) HMeeT npnMoyronbHybo cpopMy, a
aHanornnHan o6nacTb Ha nnocKocTH (x, t) TpeyronbHan.

Ha pnc. 147 H3o6paaceHa noneßan cencMorpaMMa ao h nocne ee
npeo6pa3oßaHHH b paAnanbHoe npocTpaHCTßo. Tpaccw c 3anncbbo
npn yAaneHHH ot HCTOHHHKa nepeMeacabOTcn c HyneBWMH TpaccaMH,
hto ncHee BWHBnneT xapaKTep npoH3BOAHMon AecpopMannn. Hto6w
noHHTb npoHCxoacneHHe TaKoro BHAa AecpopMannn, AOcraTOHHO
BcnoMHHTb, hto noneßan Tpacca npeACTaßnneT co6on Kpnßybo c
nOCTOHHHOH KOOpAHHaTOH X =rt.

PHC. 147. nojießaa cencMorpaMMa c Bbi6paHHbiMH HyjießbiMH TpaccaMH (npoß.
Ajib6epTa, KaHana) n,o (a) h nocne (6) pa^najibHo-Tpaccoßon TpaHccpopManHH

t2v 2 =x2+ zj.

zj =t 2(v 2 -r 2 ). (345)
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PHC. 148. nojießaa cencMorpaMMa ao (a) n nocjie (6) ee flecpopMannn b

pa^najibHbie Tpaccbi (npoß. Ajib6epTa, KaHaaa)

HHTepecHOH oco6eHHocTbbo paAHanbHo-TpaccoßOH TpaHecpopMa-
nnn HBnneTcn ee Bo3AencTßHe Ha noßepxHOCTHwe BonHw-noMexn.npocran Monenb noßepxHocTHon BonHw-noMexn npeACTaßnneT
co6oh BonHy, KOTopan pacnpocTpaHneTcn no ropn3oHTanbHOMy
HanpaßneHHH) c nocronHHon CKopocTbbo. nosTOMy Ha cencMo-
rpaMMe pannanbHwx Tpacc TaKan noßepxHocTHan BonHa-noMexa
npoHßnneTcn b Bnne nocronmioH cocTaßnnbomen (Kone6aHHn c
HyneßOH nacTOTon) Ha HecKonbKHx paAnanbHwx Tpaccax B6nn3H
r= +vnoß. BO}lli . Ha pnc. 148 H3o6paaceHO oaho H3 npH6nnaceHHH k
yKa3aHHon HAeanH3annH.

PaAHanbHwe Tpaccw c BBeAeHHWMH KHHeMaTHnecKHMH
nonpaßKaMH

BBeAeHHe KHHeMaTHnecKnx nonpaßOK MoacHo paccMaTpHßaTb,
KaK npeo6pa3oßaHne BpeMeH b rny6nHbi. Ecnn KHHeMaTHnecKne
nonpaßKH BBeneHw HaAneacaurnM o6pa3oM, to Ha Bcex Tpacca>
AonacHa Ha6nbOAaTbcn OAHa h Ta ace 3aBHCHMocTb KoscpcpHnneHra
OTpaaceHHH ot rny6HHw. BBeneHne paAnanbHwx KHHeMaTnnecKHx
nonpaßOK nponcxonnT nyTeM BBeAeHHn z n HCKnboneHHn / c
noMombbo noncraHOßKH BHAa tv = z 2+x2 . Ha npaKTHKe npeAno-
HHTabOT BMecTO ocn rny6HH nonb3oßaTbcn ocbbo nceßAorny6nH,
BwpaaceHHwx b BpeMeHH npo6era. nosTOMy ypaßHeHHe AaHHoro
npeo6pa3oßaHHH npHHHMaeT bha t= r 2 +x2/v 2. 3aMeHHB xHa rt
nonynaeM

(346)

Hccnenyn paBeHCTBO (346), y6eacAaeMca, hto BBeneHne khhc-
MaTHnecKHx nonpaßOK b KoopAHHaTax paAnanbHwx Tpacc paßHo-

t=x/J\-r 2/v 2.
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cHnbHO paBHOMepHOMy cacaTHbo BpeMeHHOH och t h nepeßO-
Ay ee b ocb x. BennnnHa cacaTHa onpenenneTcn cpHKcnpoßaHneM
nonoaceHHn napaMeTpa r, OHa He MeHneTcn co BpeMeHeM.
PaBHOMepHOCTb cacaTna cnoco6cTßyeT onpeAeneHHbo h ycrpaHeHHio
BnnHHHH HMnynbcoHAOß HCTOHHHKa h KpaTHbix OTpaaceHHH. JIIO6O-
-nwTHo OTMeTHTb, hto BBeAeHHe KHHeMaTnnecKHx nonpaßOK b
pannanbHwe Tpaccw cacnMaeT BpeMH, a BBeneHne KHHeMaTH-
necKnx nonpaßOK b Ha6nbOAeHnn npn hoctohhhom yAaneHHH
npneMHHKa ot HcronmiKa HepaßHOMepHo pacTnrnßaeT BpeMeH-
Hybo ocb. Ha pnc. 148 npHßeneHa noneßan cencMorpaMMa ao h
nocne pannanbHo-Tpaccoßon TpaHCCpopManHH.

Tpaccw CHejiJiHyca

KoopAHHaTHyio CHCTeMy paAnanbHwx Tpacc MoacHo ncnonb-
30BaTb He3aBHCHMO OT TOrO, KaKOBa CKOpOCTb BOnH B 3CMHOH
cpeAe. OHa xapaKTeproyeTcn HeKOTopwM cpHKcnpoBaHHWM napa-
MeTpoM CHennnyca n oco6oe npeHMymecTßo HMeeT b cnynae
oahopoahoh cpeAbi, KorAa bch SHeprnn pacnpocTpaHneTcn non
KaKHM-TO cpHKcnpoBaHHWM jtjiom. no OTTonHHH, Tpacca CHeji-
nnyca onpeAenneTcn, KaK TaKan TpaeKTopnn Ha nnocKocTH (x, t),
npnpameHne KOTopon p = dt/dx 6yneT nocTOHHHo, ecnn cKopocmoH
3aKOH HMeeT bha v(z). TaM, rAe CKopocTb pacTeT c rny6nHOH,
Tpaccw CHennnyca H3rn6abOTcn BBepx. TpaeKTOpHbo Tpaccw CHen-
nnyca MoacHo nerKO HaiiTn nyTeM HHTerpnpoßaHHH nyneßbix
ypaBHeHHH

(347a)

(3476)

llto6w BBecTH KHHeMaTHnecKne nonpaßKH b Tpaccw CHennnyca,
BBeneM TaKybo BepTHKanbHybo nceßAorny6HHy t, hto6w dz= vdx.
ypaBHeHHH KHHeMaTHnecKnx nonpaßOK b pannanbHwe Tpaccw
npnHHMabOT bha

(348a)

(3486)

KorAa cpeAa xapaKTepH3yeTcn cnoncTOCTbbo, TeopeTHnecKH
Tpaccw CHennnyca hmchst npenMyinecTßo Han paAnanbHWMH. Ho y
HHX eCTb TOT HeAOCTaTOK, hto KpHßwe MoryT pa3BeTßnnTbcn, t. e.

z

x= jtg Qdz,
o

t = J dz/v cos 0.
o

x(p, x) = } (pv 2/J \-p2v2 )dx,
0

t(p,x)= ](\/J\-p 2v 2 )dx.
0
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PHC. 149. AnHenHaa KHHeMaTHHecicaa nonpaßKa npeßpamaeT 3a#any onpczjejieHHa
KacaTeiibHbix k nocTpoeHHbiM napaJiJiejibHbiM jihhhhm b 3aaany HaxoacAeHHfl
MecTonojio^ceHHa BepuiHH ocen cHHc})a3HOCTH

AaHHoe npeo6pa3oßaHHe MoaceT 6wTb n HeoAHO3HanHWM. nosTOMy
Ha npaKTHKe MoacHo nonb3oßaTbcn ynpoineHHon Monenbbo cko-
pocTHoro pacnpeAeneHHH.

noAxoAH k 3TOMy Bonpocy 6onee cpnnococpCKH, MoacHo

CKa3aTb,

hto nepexoA ot Tpacc npn nocTOHHHOM ynaneHHH k paAnanbHWM
BenHK, a ot paAHanbHwx Tpacc k TpaccaM CHennnyca—He cronb
BenHK. nocKonbKy ace pannanbHwe Tpaccw eme He Hamnn
mnpoKoro npHMeHemw, MoacHo npeAnonoacHTb, hto npaKTHnecKaa
none3HOCTb Tpacc CHennnyca MoaceT 6wTb eme 6onee orpa-
HHHCHHOH.

5.2. HanpaßJiemioe cy\iMnpoßanne

HanpaßneHHoe cyMMHpoBaHHe npeACTaßnneT co6on npeo6pa-
30BaHHe ocn yAaneHHH. Oho HanoMHHaeT ynpaßneHHe nynKOM
ceHCMHnecKHX Bonm TepMHH HanpaßjieHHoe cyMMHpoBa-
Hne BBeAeH aBTopoM [126] b KanecTße cocTaßHon nacTH OAHoro H3
mctoaob MHrpannoHHoro npeo6pa3oßamiH, KOTopwn 6yAeT onncaH
b cnenybomeM pa3Aene. Ho He aBTop npnnyMan KOHnennnbo
HanpaßneHHoro cyMMHpoBaHHH! OHa HMeeT Aonryns npeAwcTOpnbo,
HannHan c pa6oT npocpeccopa Pn6epa b 30-x ronax b CIIIA h
npocpeccopa Pn6nHKHHa b CCCP. MaTeMaTHnecKan KOHnennnn
HanpaßneHHoro cyMMHpoBaHHH conepacHTcn b npeo6pa3oßaHHH
PaAOHa [111].

HAen HanpaßneHHoro cyMMHpoBaHHH HanoMHHaeT cnoco6 opra-
HH3anHH Ha6nbOAeHHH BOKpyr yrna Bbixona, Hcnonb3yeMwn npn
cpopMHpoBaHHH Tpacc CHennnyca. CornacHO HAee, 3anoacembon b
Tpaccax CHennnyca, npon3BOAHTcn ot6op Tex AaHHbix, KOTopwe
CBH3aHw c HeKOTopon 3aAaHHOH CKopocTbbo, onpeAennbomeH
MecTHoe npHpameHHe BpeMeHH p = dt/dx. HanpaßneHHoe cyMMHpo-
BaHne He npeACKa3WBaeT BennnHHy npnpameHnn, a H3BneKaeT ee
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nocpeACTBOM cfmnbTpanHH. TaKHM o6pa3oM, He3aBHCHMO ot Toro,
H3BecTHa CKopocTb nnn HeT, HanpaßneHHoe cyMMHpoBaHHe ee
onpenenneT tohho. Ecnn CKopocTb b cpeAe H3BecTHa, to Hanpaß-
neHHoe cyMMHpoBaHHe no3BonneT cpa3y ace BwnonHHTb npoAon-
aceHHe b HnacHee nonynpocTpaHCTßO, Aaace b Tex cnynaax, Korna
HMeeT MecTO HHTepc|3epeHnHH BonH c pa3nnHHWMH KaacymnMnca
CKopocTaMH, HanpHMep, AHCpparnpoßaHHwx h KpaTHO-OTpaacemiwx.

Hanpaßneiiiioe cyMMnpoijauHe h nHiieiniwe KHHeMaTHnecKne
nonpaßKH

BwAenenne Ha noneßbix cencMorpaMMax nnn Ha pa3Horo pona
copTnpoßKax Tpacc ocen CHHCpa3HOCTH, xapaKTepH3ybomnxcn onpe-
AeneHHWM npnpameHneM p= dt/dx, paßHoennbHo CKaHHpoßamno
rnnep6onHnecKHX ocen cnHcpa3HOCTH c nenbbo onpeAeneHHH Tex
MecT, rne ohh KacabOTcn npnMon c yrnoBWM KoscpcpnnneHTOM p.
TaKOH noncK h aHann3 6yAyT o6nerneHw, ecnn nepecTponTb
Ha6jiK>AeHHH c yneTOM nnHenHOH KHHeMaTHHecKOH no-
npaßKH, t. e., ecnn SHepnno, pacnonoacemiyio Ha yAaneHHH
x=g — s h Ha BpeMeHH / Ha nnocKocTH (x, t), nepeMecTHTb Ha BpeMH
x = t—px Ha nnocKocTH (x, x). OnncaHHWH nponecc H3o6paaceH Ha
pnc. 149. Onepannn BBeAeHHn nnnenHOH KHHeMaTHHecKOH nonpaßKH
npeo6pa3yeT Bee ocn cHHcpa3HOCTH, HMebomne npHpameHne p b
npocTpaHCTße (x, t), b «ropH3oHTanbHwe» ocn CHHCpa3HOCTH b
npocTpaHCTße (x, x). Hannnne ropH3oHTanbHwx jihhhh BpeMeHH
o6nernaeT noncK, BWAeneHHe n H3MepeHHe MecTononoaceHnn TaKHx
OCeH CHHCpa3HOCTH.nocne BBeAemm nHHeHHwx KHHeMaTHnecKHx nonpaßOK BHAa
x= /—px KOMnoHeHTw Ha6nbOAeHHbix AaHHwx, KOTopwe hmchst
napaMeTpw CHennnyca, npn6nH3HrenbHo paßHwe p, MenneHHO
H3MeHHbOTcn BAonb och x. tHo6w onpeAenHTb sth napaMeTpw,
HyaCHO BOCnOnb3OBaTbCH HH3KOHaCTOTHWM cpnnbTpoM Ha OCH X,
npHMeunn ero npn KaacAOM 3HaneHHH x. B npeAenbHOM cnynae
HH3KonacTOTHOH cpnnbTpanHH H3BneKaeTcn cpeAHee 3HaneHne napa-
MeTpa p. 3to o6cTOHTenbCTBO npHBOAHT k HAee HanpaßneHHoro
CyMMHpoBaHHH.

Hto6w BwnonHHTb onepannio HanpaßneHHoro cyMMH-
poBaHHH, HyacHO BBecTH nHHenHwe KHHeMaTHnecKne nonpaßKH,
paccHHTaHHbie no 3aKOHy x — t—px, h 3aTeM npocyMMHpoßaTb
Ha6nbOAeHHH no KOopAHHaTe x. 3Ta onepannn aHanornnHa
CyMMHpOBaHHbO BAOnb HaKnOHHWX npHMWX b nnocKocTH (t, x).
B nioooM H3 yKa3aHHwx cnynaeß bch cencMorpaMMa P(x, t)
npeßpamaeTcn b enHHCTBeHHybo ceficMOTpaccy, npeACTaßnmomybo
CO6OH CpyHKAHbO KOOpAHHaTW X.

npn HanpaßneHHOM cyMMHpoBaHHH nenaeTcn npennonoaceHHeo
tom, hto cyMMa no yAaneHHHM, Ha KOTopwx npon3BOAHnncb
Ha6nbOAeHHn, HBnneTcn aAeKBaTHWM npeACTaBneHHeM onepannn
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HHTerpHpOBaHHH no BCeM BO3MOaCHWM 3HaneHHHM ropH3oHTanbHon
KoopAHHaTw. npn HanpaßneHHOM HHTerpnpoßaHHH no ropH3OH-
TanbHofi KOopAHHaTe rnaßHwn BKnan b 3HaneHne HHTerpana bhocht
Ta 30Ha, b npeAenax KOTOpoii nyTb HHTerpnpoßaHHH craHOBHTcn
KacaTenbHWM k rnnep6ononAanbHWM cpponraM BCTynabomnx BonH.
C Apyroii ctopohw, BKnan b stot HHTerpan craHOBHTcn Hcne3abome
MajibiM b tom cnynae, Korna Kpnßan ronorpacpa nepeceKaeTcn c
kphboh HHTerpnpOßaHHfl. 06bHCHeHHe STOMy cpaKTy coctoht b tom,
hto pacnpocrpaHHboinnecn BonHbi He HMebOT cocTaßnnbomen c
Hyneßon nacTOTon.

HHTeHCHBHOCTb BCTynneHHH BonHbi 3aBHCHT ot npoTnaceH-
hocth 30HW KacaHHH. <T>peHeneßO onpeneneHHe npOTnacemioc-
th 30hw KacaHHH 6a3HpyeTCH Ha ycnoBHH nonoßHHw ajmhw
BonHbi. B oahopoahoh cpeAe (ho cnoaceHHon H3 MHoacecr-
Ba ropn3oHTanbHO 3anerabomnx cnoeß) mnpnHa 30hw Kaca-
HHH 6yAeT yßennnnßaTbca c poctom BpeMeHH, TaK KaK rn-
nep6onw Bwnonaa<HßabOTcn. YKa3aHHoe yßennneHHe nponc-
xoaht nponopnnoHanbHO BennnnHe yjt, paBHOH nonoßnne
nonpaßKH 3a ccpepnnecKoe pacxoacAeHne. /],pyrHMH cnoßa-
mh, onepannn HanpaßneHHoro cyMMHpoBaHHH nepeHocHT Hac
H3 AByxMepHoro npocTpaHCTßa b oAHOMepHoe, ho BennnnHa

yj t ynnTbißaeT KOHnnecKoe pacxoacneHne BonHOßoro cppoHTa b
npocTpaHCTße.

3nnnnTHHecKHe nanpaßneHiiwe cyMMorpaMMbi

B pe3ynbTaTe HanpaßneHHoro cyMMHpoBaHHH Ha6nbOAeHHon
cencMorpaMMbi nonynaeTcn OAHHOHHan cencMOTpacca, xapaKTepn-
3yeMan napaMeTpoM HanpaBneHHOCTH p. B pe3ynbTaTe HanpaßneH-
Horo cyMMHpoBaHHH npn MHornx 3HaneHHnx p nonynaeTcn
HanpaßneHHan cyMMorpaMMa. (Te, kto HMeeT cnnbHybo
cpH3HKo-MaTeMaTHnecKybo nonroTOßKy, 3aMeTHT, hto HanpaßneHHoe
cyMMHpoßaHne npeo6pa3yeT cencMHHecKne ronorpacpw nocpeACT-
bom npeo6pa3oßaHHn JTeacaHApa. HcKnbOHHTenbHO ncHoe H3noace-
nne o6mnx Bonpocoß, CBH3aHHwx c paccMaTpHßaeMOH tcmoh,
MoacHo naHTH b KHnre T. B. KonneHa «TepMOAHHaMHKa», 1960 r.,
CTp. 90—95.)

noCMOTpHM, HTO CJiyHHTCH CO 3HaKOMWM HaM CCMeHCTBOM
rnnep6on Bnna t2v 2=z2+ x2 nocne BbinonHeHnn HanpaßneHHoro
cyMMHpoBaHHH. Yao6ho HccnenoßaTb ypaBHeHHH oKpyacHocrn
h rHnep6onw b napaMeTpnnecKOM BHAe, t. e. bmccto
t2v 2 — x +z2 Bocnonb3yeMcn paBeHCTBaMH z =

i;/coso

nx= t^sino,
nnn x = ztg9. Bo3bMeM ypaßHeHHe nHHenHwx KHHeMaTHnecKnx
nonpaßOK

(349)x=t—px
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PHC. 150. Tonorpacpbi cencMorpaMMbi, nojiynaeMon b ycjioßnax ohhopo,hhoh
MHorocnoHHon cpe^bi ao (cjießa) n nocne (cnpaßa) HanpaßjieHHoro cyMMnpoßaHna

h c noMombbo napaMeTpnnecKHx ypaBHeHHH HCKnbonnM H3 Hero t
h x:

(350)

nocne BO3BeAeHHn b KBanpaT BwpaaceHHH (351) nonynaeM 3HaKO-
Moe ypaßHeHHe snnnnca

(x/z)2 +p 2 = \/v2 . (352)
Ha pnc. 150 naHO rpacpnnecKoe H3o6paacemie ypaBHeHHH (352) A-na
pa3nHHHwx rny6nH 3aneraHnn OTpaacabomen rpaHnnw z>.

,3,ByxcjiOHHaH MOAenb

Ha pnc. 151 noKa3aHw BpeMeHa npo6era BonH jxiin nsycnoHHOH
Monenn. KaK o6whho, b HnacHeM cnoe CKopocTb Bwme. Cneßa
H3o6paaceHw 3HaKOMwe HaM rHnep6onoHAanbHwe KpHßwe. CTporo
roßopn, BepxHnn KpHßan npeACTaßnneT co6oh TOHHybo rnnep6ony, a
HnacHHH —Bcero nnmb rHnep6ononAanbHa. npHMan, npoxoAnman
nepe3 Hanano KoopAHHaT, OTpaacaeT sHeprnio, pacnpocTpaHHbo-
mybocn ropH3oHTanbHo BAonb noBepxHOCTH 3eMnH. npHMan,
pacnonoaceHHan HecKonbKO HHace, OTo6paacaeT ronoßHybo BonHy.
(B ceHCMopa3BeAKe ee nacTO Ha3bmabOT npenoMneHHon, ho
TaKoe Ha3BaHHe MoaceT npnßecTH k nyTaHnne.) OHa npeACTaßnneT
co6on nyn, nanaioinHH Ha 3anerabomnn HHace cjioh noA KpnTHne-
ckhm yrnoM n 3aTeM pacnpocTpaHHbomHncn no ropn3oHTann BAonb
rpaHnnw pa3Aena.

B npaßon nacTH pncyHKa H3o6paaceHw sth ace roAorpacJ)w, ho
nocne HanpaßneHHoro cyMMHpoBaHHH. Otmcthm tot cpaKT, hto b
npocTpaHCTße (x, /) ronorpacpw nepeceKabOTcn, a b npocTpaHCTße
(p, x) HeT. ropn3oHTanbHan ocb p = dt/dx HMeeT cpH3nnecKybo

z sinO n z

Q

X = — Z tg0 = -COS 0,

i;coso i;

v

x =(z/v)J\-p2v2 . (351)
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PHC. 151. HneHTHCpHKanHH .noKpnTHHecicoro (a) h 3aKpHTnnecKoro (6) OTpaaceHHH, a
Taioice rojioBHOH

BOJiHbi

(e)

pa3MepHOCTb, o6paTHybo ckopocth. B caMOM nene, CKopocTb
pacnpocTpaHeHHH BonH b KaacAOM H3 cnoeß MoacHo onpeAennTb no
cooTßcrcTßyioineMy ronorpacpy KaK MaKCHManbHoe 3HaneHne p Ha
ero snnnnce. TonoßHwe BonHbi, OTo6paacaeMwe npaMWMH b
npocTpaHCTße (x, /), npeAcraßnnioT co6on b npocTpaHCTße (p, x)
tohkh, pacnonoaceHHwe b MecTe KacaHHH snnnncoHAOß. BepxHnn
KpHßan b npocTpaHCTße [p, x) npeACTaßnneT co6on tohhwh snnnnc,
a HHacHHH— Bcero nnmb snnnnconAanbHa.

Onpene.ienne HHiepßa.ibiiwx CKopocreii no naiipaß.ieimbivi
eyMMaM

npoAonaceHHe b HHacHee nonynpocTpaHCTßO BonH CHennnyca
npeACTaßnneT co6on npocTO onepannbo BpeMeHHoro CABnra (cm.
pa3Aen 1.5). BennnnHa BpeMeHHoro CABHra 3aBHCHT TonbKO ot yrna
Bbixona BonH. HanpHMep, ypaßHeHHe AJia noAo6Horo cMemeHnn b
nacTOTHOM npeACTaBneHHH HMeeT bha

(353)

CoßepniHß npoAonaceHHe bhh3 ao nepBOH OTpaacabomen rpaHnnw,
o6HapyacHßaeM, hto nepßwe OTpaaceHHH AonacHw BCTynHTb b
HyneßOH momcht BpeMeHH. npn MnrpannoHHOM npeo6pa3oßaHHH
o6whho bboaht bo BpeMH 3ana3AWßaHHe no OTHomeHHbo k nyny c
HyneßWM HaKnoHOM. nosTOMy onepannn npoAonaceHna bhh3 b

3ana3AWßabomeM BpeMeHH BwnonaacnßaeT nepßoe OTpaaceHHe, He
H3MeHHH npn stom nyn c HyneßWM HaKnoHOM. nponecc CMemeHHH
bo BpeMeHH Ha6nbOAeHHwx AaHHwx c nenbbo hx BwpaßHHßaHnn b
nHHHbo Ha MecTe OTpaaceHHH ot nepßoro cnon noKa3aH Ha TpeTben
Bpe3Ke pnc. 152. Ha nepBOH Bpe3Ke npencTaßneHa CKOpocTHan
Monenb, a Ha BTopon —HanpaßneHHwe cyMMW Ha noBepxHOCTH
Ha6nbOAeHHH. nocne Toro, KaK nepßan oTpaacaboman rpaHnna
BbipoßHeHa no BpeMeHH, nonynabOTcn naHHwe, KOTopwe AonacHw

P((D,p,z2)= P((D,p,z 1)e » v v.
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PHC. 152. BbinojiaacHßaHne no 3aKOHy Hlyjibna, BbinojmaeMoe nocjionHO

Ha6nbOAaTbcn Ha noAoniße nepßoro cnon. Tenepb tohhwm snnnn-
com CTaHOBHTcn cnenyboman no rny6nHe KpHßan co CBoen
CKopocTbbo. OnncaHHybo Bwme nponeAypy BwnonHHbOT Ha Bcex
rny6HHax. 3tot mctoa onpeAeneHHH CKopocren 6wn npeAnoaceH h
onpo6oßaH n. lllynbneM [128].

Pnc. 152 HnnbocTpnpyeT 3aTpyAHeHHe, BW3WBaeMoe npncyT-
CTBHeM Herny6oKo 3anerabomero BwcoKOCKopocTHoro cnoa. OTpa-
acemie ot noAomßw 3anerabomerorny6ace HH3KOCKopocTHoro cnon
AaeT HenonHWH snnnnc. Oh He cMWKaeTcn c neacamnM Bwme
snnnncoM, TaK KaK HMeeT 66nbmne pa3Mepw. B stom cnynae
napaMeTpp He npnHHMaeT 6onbmnx 3HaHemm (ohh noMeneHw Ha
pnc. 152 TOHKaMH), noTOMy hto ohh 6noKHpoßaHw BwmeneacamnM
BWCOKOCKOpOCTHWM CnOCM (C HH3KHMH 3HaneHHHMH /?). nOAO6HWH
o6pwß no p cnynaeTcn TaM, rAe BonHbi b bwcokockopocthom cnoe
pacnpocTpaHHbOTcn b ropH3OHTanbHOM HanpaßneHHH. nosTOMy Ha
noAonißax HHaceneacamnx hh3kockopocthwx cnoeß ronoßHwe Bon-
hw He o6pa3ybOTcn.

MeTOA onpeAeneHHH CKopocreH no snnnncaM lllynbna 3aKnio-
naeTcn b nocneAOßaTenbHOM cyMMHpoBaHHH no cKaHnpyboinnM
snnnncaM, cooTßeTCTßybomnM pa3nnnHWM ckopocthm, h b Bw6ope
cyMMW, xapaKTepH3yboinencH HaH6onbmnM 3HaneHHeM. nosTOMy
npncyTCTßHe b BepxHen nacTH pa3pe3a bwcokockopocthwx cnoeß He
AonacHo cnyacnTb npennTCTBHeM AJia npHMeHemw 3Toro MeTOAa.
HHTepecHO OTMeTHTb, hto npn HenpepwßHOM BO3pacTaHHH cko-
pocth c rny6HHOH KpHßybo 3aBHCHMOcrn ckopocth ot rny6HHw
MoacHo CHHTaTb npnMO c KpanHen npaßoft Bpe3KH Ha pnc. 152.
Kpnßan 3aBHCHMOCTH ckopocth ot rny6HHw 6yAeT npeACTaßnnTb
co6on nnHHbo, coeAHHHbomyK) kohhw (MaKCHManbHwe 3HaneHHH
napaMeTpa p) OTpaaceHHH, t. e. ronoßHwe BonHbi.

Oupe je.ieiHie rpaHHHHbix CKopocreii no io.iobiiwm bo.iikim

OnpeAeneHHe CKopocTen pacnpocTpaHeHHH BonH b cpeAe no
Ha6nbOAeHHHM ronoßHwx BonH—TeMa nccneAOßaHnii b cencMono-
thh He HOBan. no ronoBHWM BonHaM onpeAennbOTcn ckopocth Ha
KOHKpeTHOH my6nHe —rny6nHe 3aneraHHn rpaHnnw pa3Aena cno-
eB— h nosTOMy AaHHwn MeTOA HMeeT pa3pemabomybo cnoco6HOCTb
no rny6nHe naace 6onbmybo, neM mctoa HHTepßanbHwx
CKopocTen (t. e. CKopocTen, xapaKTepn3ybomnx HHTepßan rny6nH
MeacAy AByMH OTpaaceHHaMn).
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Ckopocthoh aHanH3 no ronoBHWM BonHaM TpaAnnnoHHo
BKnbonaeT b ce6n ono3HaßaHne (Koppennnnbo) BpeMeH npo6era.
Ecnn Ha6nbOAeHHn ocnoacHeHw noMexaMH, to BpeMeHa npo6era
TpyAHO KoppennpoßaTb. B pa6oTe [36] npennoaceH hobwh mctoa,
ocHOBaHHbm Ha Hcnonb3oßaHHH caMoro BonHOßoro nonn, a He
TonbKO OTKoppenHpoßaHHwx BpeMeH. TeM caMWM AJia CKopocTHoro
aHanH3a ronoßHwx BonH 6wno cnenaHO to ace caMoe, hto cnenana
MHrpannn no BonHOBOMy ypaßHeHHbo Ann OTpaaceHHwx BonH.

HAebo onpeAeneHHH CKopocTen no paccenHHWM Ha3an ronoBHWM
BonHaM Ha pa3pe3ax (cm. pa3nen 3.5) MoacHo npHMeHHTb h k
o6wKHOBeHHWM ronoBHWM BonHaM, Ha6nbOAaeMWM Ha cencMO-
rpaMMax o6meH cpeAHen tohkh. Ha TaKHx cencMorpaMMax ecTb
AononHHTenbHan HHCpopMannn, KOTopon HeT Ha pa3pe3ax h
KOTopan CBHAeTenbCTByeT o tom, hto onepannn npoAonacemm b
HHacHee nonynpocTpaHCTßO cpoKycnpyeT SHeprnbo Ha Hyneßwx
yAaneHnnx. OoKyc He ecTb KaKan-To 6e3nHKan TOHKa. nycTb
ncxoAHwe AaHHbie coctoht TonbKO H3 oahoh ronoßHon BonHbi, 6e3
OTpaaceHHa. B pe3ynbTaTe npoAonaceHHn bhh3 nonynnM cpoKyc Ha
HyneßOM ynaneHHH. <t>oKyc npeACTaßnneT co6on KOHneHTpHpoBaH-
Hoe nnTHO SHeprnn, opneHrapoßaHHoe c TaKHM ace rpanneHTOM
dt/dh, hto n ncxoAHan HeccpOKycnpoßaHHan ronoßHan BonHa.
Onepannn cyMMnpoßaHnn nepe3 cpoKyc no BceM BO3MoacHWM
HanpaßneHHHM (HanpaßneHHoe cyMMHpoßaHne) npeo6pa3yeT AaH-
Hbie b KoopAHHaTax u[h, x) b npocrpancTßo Kaacymnxcn CKopocTen
u [p, x). CKopocTb b cpene Ha nceßAorny6nHe x onpeAenneTcn b tom
MecTe, rne HaxoAHTcn KOHneHTpHpoßaHHan ceHCMnnecKan SHeprnn
Ha nnocKocTH [p, x). 3HaneHHe ckopocth HaxoAHTcn npnMO H3
cooTHomeHHn v (x) =1 /p(x). no 3aAaHHon cpyHKnnH v (x) nerKO
HanTH 3aBHCHMOCTb v (z). Bee yKa3aHHwe Bwine BWHHcneHHH MoacHo
BwnonHHTb HenocpeACTßeHHo c Hcnonb3oßaHneM rny6HHHon Koop-
AHHaTw z BMecTO KoopAHHaTw nceßAorny6nHw x.

B AencTBHTenbHOCTH KneHTOH h MaKMenaH BwnonHnnH onepa-
nnn npoAonaceHna bhh3 h HanpaßneHHoro cyMMHpoBaHHH b
o6paTHOM nopHAKC Ohh cHanana npon3BOAnnn HanpaßneHHoe
cyMMHpoßaHne, a 3aTeM yac npoAonacann Ha6nioAeHHH b HHacHee
nonynpocTpaHCTßO. B npHmmne Ha3BaHHwe nponenypbi MoacHo
BwnonHHTb b nbo6oH nocnenoßaTenbHOCTH. noMHHTe, hto mw
npHBH3aHw k npaßnnbHWM 3HaneHHHM ckopocth b cpene. Hanpaß-
neHHoe cyMMHpoBaHHe He 3aBHCHT ot ckopocth b cpeAe, nero
Henb3n CKa3aTb o nponcnype npoAonaceHHn bhh3. HanpaßneHHoe
cyMMHpoBaHHe, ecnn oho nenaeTcn nepBWM, HyacHO BwnonHHTb
TonbKO oahh pa3 h hmchho nosTOMy ynoMHHyTbie Bwme HecneAO-
BaTenn npHMeHnnn yKa3aHHbm nopnnoK onepannn. Ha pnc. 153 h
154 noKa3aH oahh H3 npnMepoß, 3aHMCTBOBaHHwx H3 pa6oTW [36].
Ha pnc. 1 53, a H3o6paaceHa CHHTeTHnecKan cencMorpaMMa ronoß-
hoh BonHbi, npnneM rpacpOBWBOA cAenaH c BBeAeHHWMH KHHeMaTn-
necKHMH nonpaßKaMH. 3th AaHHbie npeo6pa3oßaHw nyTeM Hanpaß-
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PHC. 153. H3o6pa>KeHHe

CHHTeTHHeCKOH CeHCMO-

rpaMMbi rojioßHofi bojihu,

Bblße^eHHOH C

JIHHeHHbIMH
KHHeMaTHHecKHMH nonpaß-
KaMH (a) h H3o6pa>iceHHe
npeo6pa3oßaHHH sthx AaH-
Hbix nyTeM HanpaßJieHHoro
CyMMHpoBaHHH (6)

PHC. 154. Pe3yjibTaT npo-
aoiDKeHHH b HH>KHee nojiy-
npocTpaHCTßO Hanpaß-
JieHHO-OTCyMMHpOBaHHOrO
bojihoboto nojia, H3o6pa-
aceHHoro Ha pnc. 153, c
rpac})HKOM CKopocTHon xa-
paKTepncTHKH

neHHoro cyMMnpoßaiiuM m H3o6paaceHw Ha pnc. 153, 6. Pe3ynbTaT
ace npoAonaceHna b HnacHee nonynpocTpaHCTßO nocneAHHx Hanpaß-
neHHbix cyMM noKa3aH Ha pnc. 154.

ConocraßHM mctoahkh KnenTOHa— MaKMenaHa n lUynbna.
Illynbn cnpHMnneT OTpaaceHHH no cnoco6y, b kotopom ncnonb-
3ybOTcn snnnncw c 6onbmnMH 3HaHeHHHMH napaMeTpa p. KnenTOH
h MaKMenaH H3ynabOT nnmb Te nacTH snnnncoß, KOTopwe
xapaKTepn3ybOTcn Han6onbmHMH 3HaneHHHMH p. MeTOA lUynbna,
ocHOBaHHbm Ha Hcnonb3oßaHHH OTpaaceHHH, HMeeT to npenMy-

mecTßo,

hto He noAßepaceH ocnoacHHbomnM BnnnHHHM co cropoHw
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BwcoKOCKOpocTHwx cnoeß. HeAOCTaTKOM SToro MeTOAa HBnneTcn
to, hto npn npoAßnaceHHH bhh3 Tpe6yeTcn nocTOHHHO npnHHMaTb
pemeHHH. KnenTOH h MaKMenaH AabOT b pacnopnaceHHe HHTepnpe-
TaTOpa HeKybo nnocKocTb c HHCpopManneH, no KOTopon HHTep-
npeTaTop caM Bw6npaeT HyacHybo CKopocTHybo 3aBHCHMOCTb.
CKopocTHoe npocTpaHCTßo KneiiTOHa — MaKMenam npeACTaßnneT
co6on nnHenHybo o6paTHMybo cpyHKnnbo Ha6nbOAeHHwx AaHHwx.
B pa3Aene 5.4 6yneT AaHo onncaHHe nnHeHHoro o6paTHMoro
npeo6pa3oßaHHH cencMo3annceH OTpaa<eHHbix (ho He ronoßHwx)
BonH b npocTpaHCTßo CKopocren.

HanpaßneHHoe cv\ivinpoßaiine 11 Hpeo6pa3oßaiHie Oypbe

06o3HanHM nepe3 w(x, t) BonHOßoe none. PerynnpyeMaa
HanpaßjieHHaa cyMMa u(p, x) naHHoro BonHOßoro nonn
BwpaacaeTca aHanHTHnecKH cooTHomeHneM BHAa

u (/?, x)= jw(x, x+px)dx. (354)
HHTerpan no x b (354) onpeAenneTcn npn nocTOHHHOM x,
npeACTaßnnbomeM co6on HaKnoHHybo nHHHbo Ha nnocKocTH (x, t).

HanpaßneHHoe cyMMHpoBaHHe npocTO BwpaacaeTca b npocTpaH-
CTße Oypbe. /jßyxMepHoe cpypbe-npeo6pa3oßaHHe BonHOßoro nonn
u{x, t) onpeAenneTcn, KaK

BcnoMHHM onpeAeneHne napaMeTpa CHennnyca b cpypbe-npo-
crpaHCTße p =k/($ n Bocnonb3yeMcn hm AJia Toro, hto6w
HCKnbOHHTb k H3 AByxMepHoro cpypbe-npeo6pa3oßaHHH (355):

U((op, co) = jjeI(0(t - px)w(x, t)dxdt. (356)
H3MeHHM nepeMeHHybo HHTerpnpoßaHHH / Ha x— t—px:

U((op, coj^je'^w (p, x)dx. (358)
CnHTanTe t7(co/7, co) OAHOMepHon cpymcnneH nacTOTW co, KOTopan
nonyneHa Ha nnocKocTH (k, co) BAonb npnMOH k = (£tp.

06paTHoe cpypbe-npeoopa3oßaHne ypaBHeHHH (358) HMeeT bha

H3 ypaBHeHHH (359) cnenyeT, hto OAHHOHHybo HanpaßneHHybo
cyMMy MoacHo nonynnTb b pe3ynbTaTe onepannn, npoH3BOAHMbix b
o6nacTH Oypbe. CHanana HaAO npeo6pa3oßaTb u(x, t) b U(k, co).
3aTeM HanTH c7(co/?, co) no h3bccthoh U{k, co). HaKOHen coßep-
maeTcn o6paTHoe npeo6pa3oßaHHe KoopAnHaTw co b KoopAHHaTy x
h yKa3aHHwn nponecc noßTopneTcn AJia Bcex HHTepecybomnx Hac
3HaneHHH p.

U(k, (D) = tfe

i&t

-ikxu(x, t)dxdt. (355)

£/(co/?, co) = jeiO)T [Ju(x, x +/>x) <Zx] dx. (357)
noACTaBHM onpeAeneHne (354) b (357):

u (p, x) = je-ia)Tc7(co/7, co)cico. (359)
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KaaceTca, hto npocro nonynnTb U((x)p, co) no U{k, co), ho Ha
jXQjie sto caMan TpyAHan nacTb nponecca. npnMan k= wp He
npoxoAHT cpa3y nepe3 Bee ceTOHHwe y3nw (3a HCKnboneHHeM cnynan
p = At/Ax). nosTOMy Heo6xoAHMo BwnonHHTb HeKOTopwn o6beM
HHTepnonnnHOHHwx BWHHcneHHH. KaK mw yace y6eAHnncb Ha
npnMepe BWHHcnnTenbHwx HCKaaceHHH HCKyccTßeHHoro nponcxoac-
AeHHH, KOTopwe BO3HHKabOT b nponecce MnrpannoHHoro npeo6pa-
30BaHHH CronTa, HHTepnonnnnbo b cj)ypbe-npeACTaBneHHH He
cnenyeT BwnonHHTb He6peacHo. Cobctw no BwnonHemno HHTepno-
nnnnH MoacHo HaHTH b pa3Aene 4.5.

Ha npaKTHKe npnMeHHbOT KaK ypaßHeHHe (354), TaK h ypaßHeHHe
(359). B ypaBHeHHH (354) nynme ocymecTßnneTcn KOHTponb HaA
scpcpeKTaMH yceneHHH h HeAOCTaTOHHO nnoTHoft AncKpeTH3annH.
B cnynae ace o6pa6oTKH 6onbmnx MaccnßOß Ha6nbOAeHHH peKOMen-
AyeTcn npHMeHHTb ypaßHeHHe (359), TaK KaK oho xapaKTeproyercn
ropa3AO 6onbmnM 6wcrpoAeHCTBHeM.

OSpaTHoe HanpaßneHHoe cyMMHpoBaHHe

ToMorpacpnn, npHMeHneMan b MeAnnnHe, 6a3npyeTcn Ha toh
ace caMOH MaTeMaTHKe, KaK n o6paTHoe HanpaßneHHoe cyMMHpoBa-
HHe. npome roßopn, (AByxMepHan) TOMorpacpnn, nnn o6paTHoe
HanpaßneHHoe cyMMHpoBaHHe npeACTaßnneT co6on BOCCTaHOBneHne
cpyHKHHH no nHHenHWM HHTerpanaM, npoxoAnnnrM nepe3 Hee.
OopMyna o6paTHoro HanpaßneHHoro cyMMHpoBaHHH BWTeKaeT H3
onpeAeneHHH AByxMepHoro cpypbe-HHTerpHpoßaHHn:

noACTaBHM k = (op h dk — codp b ypaßHeHHe (360). 3aMeTHM, hto
npn OTpHnaTenbHwx co HHTerpnpoßaHne no dp npon3BOAHTcn ot
nonoacHTenbHwx 3HaneHHH k OTpnnaTenbHWM, a He Hao6opoT.
lito6w coxpaHHTb onepannio HHTerpnpoßaHHH b cbocm TpaAHnnoH-
hom BapnaHTe, KorAa nepeMeHHan H3MeHneTcn ot OTpnnaTenbHwx
3HaneHHH k nonoacnTenbHWM, BBeneM a6conbOTHoe 3HaneHne |co|.
(B 6onee o6meM cnynae H3MeHeHne nepeMemioH o6beMHoro
HHTerpHpoBaHHHnpHBOAHT k HKo6HaHy npeo6pa3oßaHHH.) TaKHM
o6pa3oM, HMeeM

w(x, t)= je~iwt {je i,apxU(oip, co) | co | dp] c/co, (361)

u(x, f) = J{fe -iu,'[C/(cop, co)e Ifl>pjc |co|]cico}^/7. (362)
3aMeTbTe, hto b ypaBHeHHH (362) b cpHrypHwx CKo6Kax conepacHTcn
o6paTHoe cpypbe-npeo6pa3oßaHHe npoH3BeAeHHH Tpex cpyHKnnH
nacTOTW. npoH3BeAeHne Tpex cpyHKnnH b nacTOTHOH o6nacTH
3KBHBaneHTHO CBepTKe bo BpeMeHHOH. H3 3thx Tpex cpyHKnnn
nepßan — U((op, co) —cornacHO (359) npeACTaßnneT co6oh cpypbe-
npeo6pa3oßaHne HanpaßneHHOH cyMMW. BTopan HBnneTcn onepaTo-

u(x, t) = je-iat [je ikxU(ki ®)dk]d(o. (360)
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poM 3anepacKH e((op*, t. e. HMnynbCHOH BpeMeHHOH cpyHKnneH b
MOMeHT BpeMeHH px. TpeTbn npeACTaßnneT co6on cpnnbTp no
a6conbOTHOH nacTOTe |co|, Ha3WßaeMbin TaKace po-cpnnbTpoM.
Po-cpnnbTp He 3aBHCHT ot p, nosTOMy ero MoacHo OTAenHTb ot
onepannn HHTerpnpoßaHHH no p. 06o3HanHM cnMßonoM «*»
onepauHbo cBepTKH. Bbcacm 3aAepacKy px b KanecTße CABHra
apryMeHTa. HaKOHen nonynaeM ypaßHeHHe o6paTHoro HanpaßneH-
Horo CyMMHpOBaHHH

Jlbo6onwTHo, hto onepannn, o6paTHan HanpaßneHHOMy cyMMH-
poBaHHbo (354), b cymnocTH npeACTaßnneT co6on eme OAHy
onepannbo HanpaßneHHoro cyMMHpoBaHHH (363) c H3MeHeHHeM
3HaKa.

Cynepno3HHiiH nnocKHx bojih

YpaßHeHHe (363) onncwßaeT npocryio cynepno3nnHbo nnocKHx
BonH. LHo6w nocneAHee yTßepncAemie CTano noHHTHWM, CHanana
ocbo6oahmch ot po-cpnnbTpa c noMombbo onpeAeneHHH BHAa

Y6eacAaeMCfl, hto ypaßHeHHe (364) npeACTaßnneT co6on hchto
6onbmee, neM npocTO onpeneneHHe, a hmchho, hto cpyHKnnbo
u(p,x) MoacHo TonKOßaTb KaK njiocKo-BOJiHOBoi cneKTp.
nocne noACTaHOBKH onpeAeneHHH (364) b ypaBHeHHH (363) h (354)
nonynaeM eme OAHy napy npeo6pa3oßaHHH:

Mto6w y6eAHTbcn b tom, hto HcronKOßaHHe cpyHKnnn u (p, x) b
KanecTße cneKTpa hjiockhx BonH BepHO, npennonoacnM, hto u(p, x)
HBnneTcn HMnynbCHOH cpyHKnneH BHAa 5(/?—/>0 )6(x — x0 ) h noACTa-
bhm ee b (365). B pe3ynbTaTe nonynnM, KaK n oacHAanocb,
HMnynbCHybo nnocKyio BonHy u(x, t) = 6(t—p0x — x0 ).

Ko )cpc|HiuneHTbi OTpaaceHHH c(J)epHHecKHX 11 nnocKHx BonH

AMnnHTynw OTpaaceHHwx BonH, KOTopwe Ha6nbOAabOTcn Ha
noneßbix cencMorpaMMax, noAßepaceHW bo3achctbhk) MHornx
cpaKTopoß. npeAnono^cHM, hto MoacHo bboahtb nonpaßKH 3a
ccpepHnecKoe pacxoacAemie BonHbi, 3a KoscpcpHnneHTW npoxoacneHna
nepe3 cnon nopon, 3a KpaTHwe OTpaaceHHa BHyTpn cnoeß n t. jl. To,
hto ocTaHeTca nocne BBOAa Bcex mhcjihmhx nonpaßOK, 6yneT
Ha3WßaTbcn KOscpcpHnneHTOM OTpaaceHHa ccpepHnecKon
BOJiHbi. KoscpcpHnneHTW OTpaaceHHH ccpepnnecKHx BonH He coßna-

u(x, t) = po(t)*)u(p, t—px)dp. (363)

u(p, x) = po(x)*«(/?, x). (364)

u[x, /) = jw(/?, t—px)dp, (365)
u(p, x)= po(x)*jw(x, x-\-px)dx. (366)
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AabOT c KoscpcpnnneHTaMH OTpaaceHHa nnocKnx, pacneT KOTopwx
AaH b pa6oTe [53] vum ace BwpaacaeTca ypaBHeHHeM LJenpnTna
[154]. TeopeTnnecKHH aHanH3 noBeAeHHH KOSCpcpnnneHTOß OTpaace-
HHa BcerAa 6a3HpyeTcn Ha npeo6pa3oßaHHH Oypbe. ypaBHeHHH
(365) h (366) ycraHaßnHßabOT cBH3b MeacAy KOSCpcpnnneHTaMH
OTpaaceHHH nnocKnx h nnnHHApHnecKHX BonH. Bonpocw nepexona
ot nnnHHApoB k ccpepaM H3noaceHw b AaHHon KHnre Aanbme.

PO-4)HJIbTp

npn npoBeAeHHH npon3BOACTBeHHOH o6pa6oTKH AaHHbix cpnnbT-
poM 3anacTybo npeHe6peraK>T, TaK KaK ero MoacHo BKnbonaTb b
nponne cpnnbTpybomne scp(f)eKTw, HMebomne MecTo b nponecce
perncTpannH n o6pa6oTKH Ha6nioAeHHH. OAHaKO Henb3H

CHHTaTb,

hto oh BOo6me He seneT hh k KaKHM nocneACTBHHM. HHrerpnpoßa-
Hne npn BwnonHeHHH HanpaßneHHoro cyMMHpoBaHHH ycnnnßaeT
HH3Kne nacTOTW, a po-cpnnbTp Bo3BpamaeT hx k CBoeMy HaAneaca-
meMy ypoßHbo. HccnenyeM ero AencTßne. Po-cpnnbTp HMeeT TaKon
ace cneKTp, KaK n npoH3BOAHan no BpeMeHH, ho hx BpeMeHHwe
cpyHKnnH BecbMa pasnnnabOTCH MeacAy co6on. KoHenHO-pa3HocTHoe
npeAcraßnemie npon3BOAHon no BpeMeHH kopotko, oho paBHO
Bcero nnmb At. H3-3a Hannnnn yrna cpyHKnnn po-cpnnbTpa
o6naAaeT 6onbinon AJiHTenbHocTbbo bo BpeMeHH. Oypbe-npeo6pa-
30BaHHe HApa rnnb6epTa —\/t HMeeT bha zsgn(co). 3aMeTHM, hto
|co| =( — /co)x sgn(coj. Bo BpeMeHHOM npeACTaBneHHH sto 03HanaeT,
hto d/dt(—\/t)=i/t 2, nosTOMy po(/)=l/? 2 .

HHan TOHKa 3peHHn 3aKnbonaeTcn b tom, hto po-cpnnbTp
cneAyeT nenHTb Ha ABe nacre, npn stom OAHa ero nonoßHHa 6yneT
BxoAHTb b npnMybo HanpaßneHHybo cyMMy, a npyran— b o6paT-
Hybo. B TaKOM cnynae HanpaßneHHoe cyMMHpoBaHHe He npHBeAeT k
H3MeHeHHbo cneKTpa moihhocth Ha6nbOAeHHbix AaHHwx. Oahhm H3
HHTepecHwx cnoco6oß pa36neHHnLco | HBnneTcn npeACTaßnemie stoh
cpyHKnnn b BHAe |co|=y/— z'coy/iw. B pa3Aene 4.6 6wno noKa3aHO,

hto

■

s/ —i(a npeACTaßnneT co6on npHHHHHybo cpyHKnnbo BpeMeHH, a
yfid)— aHTHnpnnHHHybo. noApo6HOCTH o HanpaßneHHOM cyMMHpo-
BaHHH MoacHo HaHTH b pa6oTe [110].

Ha npaKTHKe HanpaßneHHoe cyMMHpoBaHHe OKa3WßaeTcn He
CTonb hhcto o6paTHMWM, KaK AByxMepHoe npeo6pa3oßaHHe Oypbe,
nosTOMy nacTO npn6erabOT k npneMaM HTepannn n onTHMH3anHH.

VnpavKHCiniH

1. npeflnojio^cHß, hto v(z) =const,

aoKaKHTe,

hto mnpHHa 30Hbi OpeHejia
Bo3pacTaeT nponopnnoHajibHO y/t.

2. npn

3a,n;aHHOH

cj)yHKnHH ckopocth v(z) nojiynHTe

3aBHCHMOCTb

niHpHHbi 3ohm
OpeHejia ot t.
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5.3. Bojihm CHejiJiHyca h KOCoyrojitHbie Koop,zniHaTM

HanpaßneHHwe cyMMW TecHO cBH3aHW c BonHaMH CHennnyca.
Ho b stom cpaKTe coAepacHTca hchto 6onbmee, neM npocTan ero
KOHCTaTannn. MoacHo HanpaßneHHO npocyMMHpoßaTb Tpn pa3Hwx
BHAa ceftcMorpaMM — o6meH tohkh B3pwßa, o6men tohkh npneMa
h o6men cpeAHen tohkh— h b KaacAOM OTAenbHOM cnynae CMwcn
HanpaßneHHOH cyMMW 6yAeT hhoh.

BonHy CHennnyca MoacHo CHHTe3HpoBaTb nyTeM HanpaßneHHoro
cyMMHpoBaHHH o6wKHOBeHHbix Ha6nbOAeHHH OTpaaceHHwx BonH.
BonHbi CHennnyca noAAaioTcn onncaHHbo c noMonibK) Teopnn pac-
npocTpaHeHHH BonH. BonHOßoe ypaßHeHHe, onncwßaioinee BonHy
CHennnyca, MoacHo 3anncaTb, HecMOTpn Ha Bee cnoacHOCTH,
o6ycnoßneHHwe naTepanbHWMH BapnannnMH CKopocTen, HannnneM
MHoroKpaTHwx OTpaaceHHH h nonepenHwxBonH, h Aaace b ycnoßnnx
OAHOBpeMeHHoro npncyTCTBHH Bcex ynoMHHyTwx ocnoacHeHHH.
ConocTaßbTe sto c cyMMOH OTT b ycnoßHnx, KorAa onepannn
npoAonaceHHn b HnacHee nonynpocTpaHCTßO yace npeACTaßnneT
co6on annpoKCHMannbo Aaace b oahopoahoh no ckopocthm cpeAe.
KoHenHO, BcerAa MoacHo BepHyTbca k aHanH3y Ha6nbOAeHHH b npo-
cTpaHCTße KoopAHHaT hctohhhk — npneMHHK. Ho HanpaßneHHan
cyMMa npeacAe Bcero cyMMa, a sto 03HanaeT, hto HeKOTOpoe oc-
na6neHHe noMex n cacaTHe hcxoahwxHa6nbOAeHHH yace npon3omno.

Hn(pop\ianHH 0 BOJmax CuennHyca, coAepacamancH b noneßbix
na6nbOAeHHHX
npnHnnn cynepno3nnnH no3BonneT cpopMHpoßaTb HMnynbCHybo

cpyHKnmo nyTeM HanoaceHnn Apyr Ha Apyra CHHycoHA Bceßo3Moac-
hoh nacTOTW. Oaho H3 o6o6meHHH yKa3aHHoro npnHnnna Ha
TpexMepHoe npocTpaHCTßo coctoht b cpopMnpoßamiH TonenHoro
HCTOHHHKa nocpeACTBOM cynepno3nnnH nnocKnx BonH, pacnpocTpa-
HHbomnxcn bo Bcex HanpaßneHHnx. Paccy^cAan no aHanornn, MoacHo
yTßepacAarb, hto nbo6an nnocKan BonHa MoaceT 6biTb npeACTaßneHa
cynepno3HnneH MHoacecTßa btophhhwx tohchhwx hctohhhkob
TbOHreHca. BonHy CHennnyca MoacHo CMOAennpoßaTb nocpeACTBOM
noAxoAnmen cynepno3nnHH, Ha3WBaeMOH HanpaßneHHOH cyM-
MOH BOnH, BO3HHKabOmnX OT TOHCHHWX HCTOHHHKOB H perHCTpH-
pyeMwx b cencMopa3BeAKe.

npeACTaBHM ce6e, hto Bee B3pwßW, pacnpeAeneHHwe no
cencMnnecKOMy npocpnnbo, npon3BeAeHw b oaho h to ace BpeMa.
B stom cnynae naAaboman BonHa 6yAeT npn6nH3HTenbHO nnocKon.
(npeHe6peaceM TeM cpaKTOM, hto peanbHWH Mnp TpexMepHwn, a He
AByxMepHbiii.) PerncTpHpyeMwe npn TaKOM noneßOM 3KcnepHMeHTe
Ha6nbOAeHHn MoacHo nerKo CMOAennpoßaTb no o6wKHOBeHHWM
naHHWM nyTeM npocToro cyMMHpoBaHHH BonHOßoro nonn P(s, g, t)
no BceM 3HaneHHHM s. Tpaccw cencMorpaMMbi o6men tohkh
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npneMa MoacHo cyMMnpoßaTb npn stom 6e3 BBona KHHeMaTHnecKnx
nonpaßOK.

Mto6w CMonennpoßaTb npoxonnmybo BonHy CHennnyca, na-
Aaiomybo noA yrjiOM ot BepTHKann, cneAyeT b nocneAOßaTenbHOCTb
B3pwBOB BBecTH 3anepacKH, paccHHTaHHbie cornacHO HeKOTopoMy
3apaHee 3anambOMy napaMeTpy p s= dt/ds (neM 6yAeT AOCTHmyTO
COOTBCTCTBHe C CBepX3ByKOBWM caMoneTOM).

Mto ace nonynaeTcn, ecnn Ha6nbOAeHnn cyMMHpybOTcn no
KOopAHHaTe ceHCMonpHeMHHKOB, a He nymcTOß Bo36yacAemia?
Pe3ynbTaTOM 6ynyT B3pwßw tohchhwx hctohhhkob, 3aperHCTpn-
poßaHHwe npneMHWMH aHTeHHaMH, oneHb tohho HacTpoeHHWMH Ha
npneM TonbKO BepTHKanbHo pacnpocTpaHnbomnxcn BonH. Bboa
3aAepaceK BpeMeHH b cencMonpHeMHHKH nepeA cyMMnpoBaHHeM
HMHTnpyeT npneMHybo aHTeHHy, KOTopan perncTpnpyeT BonHy
CHennnyca,

CKaaceM,

BHAa p^ — dt/dg, noAxoAamybo k noßepxHocre
Ha6nbOAeHHn noA yrnoM sinQ=pgv.

HHTerpnpoßaHHe no KaKon-nn6o och KoopAHHaT npeACTaßnneT
co6on KpanHHH cnynan moKonacTOTHOH cpnnbTpannH no AaHHOH
ocn. MeacAy AByMH KpaHHHMH cnynanMH— TonenHwx hctohhhkob h
nnocKnx BonH— pacnonaraeTcncnynaii HanpaßneHHbix H3nynaTeneH
h npneMHHKOB.

B pe3ynbTaTe npocToro nponecca pacnpocTpaHeHHH TonenHoe
Bo3MymeHHe, pacmHpnncb, AOCTHraeT TaKoro MecTa, tjxq npn
Ha6nbOAeHHH c HeKOToporo paccTOHHHH BonHbi KaacyTcn nonre
nnocKHMH, nnn CHennHycoBWMH.

Kopone roßopn, HHCxoAHinyio BonHy CHennnyca MoacHo nony-
HHTb nyTeM cpnnbTpannH no Ka)KymHMcn ckopocthm b npo-
cTpaHCTße hctohhhkob, a BocxoAninyio—nyTeM cpnnbTpannH no
KaacyinnMca ckopocthm, BbinonHneMon b npocTpaHCTße cencMonpn-
eMHHKOß.

MbH)THHr h perHci'paiiiiH na6.iH)AeiiHH

OcHOBHan 3aAana MbbOTHHra coctoht b HCKnboneHHH hh3kocko-
Pocthwx noßepxHocTHwx BonH. 06whho MbbOTHHr ocymecTßnneTCH
cnoco6oM, onncaHHWM b pa3Aene 3.5, t. e. nyTeM yMHoaceHnn Ha
Becoßybo cpyHKnnbo, KOTopan o6HynneT HaonbonemiH, cootbct-
CTBybomne HeKOTopoMy 3HaneHHbo, npeßwmabomeMy (g —s)/t. MacTO
BMecTO Becoßoii cpyHKnnH, npHMeHHbOT cpnnbTp Kaacymnxca cko-
pocTen. Jlo Toro KaK CTann npHMeHHTb coßpeMeHHbie oneHb
njiOTHwe chctcmw Ha6nioAeHHH, nacTO OKa3Wßanocb, hto hh3ko-
CKopocTHbie BonHw-noMexn noAßepranncb Bo3AencTßHbo HCKaaceHHH
AHCKpeTH3anHH CaMOH paCCTaHOBKOH* CeHCMonpHeMHHKOB H HO3TO-
My Henb3H 6wno npoßecTH scpcpeKTHßHybo cpnnbTpannio no Kaacy-
mnMca CKopocTaM. Ecnn yron BbixoAa BonHbi HeAOCTaTOHHO
6nH3OK k BepTHKanbHOMy, t. e., ecnn npon3BOAHan dt/dg HeAOCTa-
tohho Mana, to BonHbi MoryT h He noAonre k paccTaHOßKe,
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oTpa3HßinHCb ot HccjieAyeMoro o6beKTa. npHMeHHTb cpnnbTpannbo
no KOopAHHaTe hctohhhkob k AaHHWM B3pwßHon cencMopa3BeAKH
He CTonb npocTO, KaK cpnnbTpannbo no KOopAHHaTe cencMonpneM-
hhkob, TaK KaK b nepBOM cnynae Ha6nbOAeHHn perHCTpnpybOTcn c
HeAocraTOHHOH nnoTHOCTbbo. ByAbTe ocTopoacHw n He omH6nTecb,
pemHß, hto noAo6Hybo cpnnbTpannbo no KaacymnMcn CKopocTaM
MoacHo BwnonHHTb no cencMorpaMMaM o6men cpeAnen tohkh.
noßepxHocTHwe BonHw-noMexn paccenHHoro THna He hmciot
HopManbHoro KHHeMaTHnecKoro npHpameHHn Ha cencMorpaMMax
o6men cpeAHen tohkh (cm. pa3Aen 3.2).

PaccenHHe BonH Ha mopckom AHe 6wßaeT CTonb cnnbHWM, hto
oho nnoxo noAaßnneTcn TpaAHnnoHHWMH npneMaMH MamHHHon
o6pa6oTKH. HpHHHHa nocneAHero H3noaceHa b pa3Aene 3.2: Tonen-
Hwe pacceHßaTenn co3AabOT rHnep6onHnecKne BCTynneHHH, xapaKTe-
pH3ybomnecn KpyTWMH yrnaMH HaKnoHa ocen CHHCpa3HocTH h
nosTOMy nx ckopocth cyMMHpoBaHHH OCT 6nnace k CKopocTaM
pacnpocTpaHeHHH BonH b cpeAe, Heacenn k ckopocth b boac
B AaHHoft CHTyannn HyacHO npHMeHHTb ABa BHAa cpnnbTpoß
Kaacymnxcn CKopocTen: oahh AJia noAaBneHHH BonH, noKHAabonrnx
hctohhhkh, Apyron j\j\9i noAaBneHHH BonH, noAxoAnmnx k cencMO-
npneMHHKaM noA tcmh ace yrnaMH.

CoßpeMeHHwe noneßwe rpynnw ceHCMonpHeMHHKOB ocyme-
CTBnnbOT cpnnbTpannbo no npocTpaHCTBeHHOH nacTOTe kx.
B Ha6nbOAeHHwx AaHHbix 6yAeT coxpaHHTbcn 6onbinee KonnnecTßO
BwcoKonacTOTHon SHeprnn b tom cnynae, KorAa b cocTaß
perHCTpnpyboineH annapaTypw 6yAyT BxoAHTb bmccto cpnnbTpoß
no npocTpaHCTBeHHOH nacTOTe k cpnnbTpw Kaacymnxca CKopocTen
(k/(o). MoacHo HaneaTbca Ha xopomyns pa6oTy npnHHHHwx
cpnnbTpoß Kaacymnxcn CKopocTen (cm. pa3Aen 2.5).

CnnrenipoßaHiie bojih CnejiJiHyca

CnHTe3HpyeM c noMombbo noneßbix Ha6nbOAeHHH HncxoAamybo
BonHy CHennnyca, 3aTeM npeACTaBHM ce6e, KaK 6yAeT BwrnnAeTb
BoexoAnman n KaKHM o6pa3oM OHa AOHeceT ao Hac HHcpopMannbo o
rny6HHHOM reonornnecKOM CTpoeHHH cpeAw.

npn HanpaßneHHOM cyMMHpoBaHHH 6epyTcn Ha6nbOAeHHwe no
npocpnnbo AaHHbie P(s, g, t), HBnHbomnecH (pyHKnneH nnKeTOB
B3pwßa, nnKeTOB npneMa h BpeMeHH npo6era, n ohh cyMMHpybOTcn
no KOopAHHaTe hctohhhkob. B pe3ynbTaTe cHHTe3HpyeTcn bocxoah-
man BonHa U(g, t), KOTopan 3aperHCTpnpOßanacb 6w npn HannnHH
naAabomen BonHbi CHennnyca. Hmchho TaK Bee AonacHo nponcxo-
AHTb Aaace npH HannnnH naTepanbHwx h3mchchhh CKopocTeii n
MHoroKpaTHwx OTpaaceHHwx BonH.

nponecc cyMMHpoBaHHH AOBonbHO 3anyTaHHWH, TaK KaK b hcm
ynacTßybOT Tpn THna BpeMeHH: t —BpeMH npo6era, H3MepneMoe no
noneBWM cencMorpaMMaM b npeAnonoaceHHH TonenHbix hctohhh-
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PHC. 155. <t>poHT bojihm CHejiJinyca (a),
oTpasKaK>niHHca ot ,HByx rpaHnn, ne-
peHOCHT HHCpopMannio Ha3an. k npneM-
HHKy gj

PHC. 156. MonejinpoßaHne bojihm

CHejiJinyca no cencMorpaMMe OTn:
a—

BxoflHbie

aaHHbie; 6— ohh >Ke, cMemeH-
Htie ajia MoaejinpoßaHHa; e— pe3yjibTaT mo-
aejinpoßaHHa

kob; t' — HHTepnpeTannoHHoe BpeMH, paßHoe t—p[g —s). CaMwe
Herny6oKHe OTpaacabomne rpaHnnw Ha6nioAabOTCH cpa3y ace nocne
MOMenra BpeMeHH t' =0; tnceßao — BpeMfl, Hcnonb3yeMoe b nceßAO-
SKcnepnMeHTe CHennnyca c nepeMemaßHUHMcn hctohhhkom. BpeMH
b nceBAOSKcnepHMeHTe b ycnoßHnx ropn3oHTanbHO-cnoHCTon cpeAbi
HMeeT to CTpaHHoe cbohctbo, hto neM Aanbine bw nepeMemaeTe
ocb ceHCMonpHeMHHKOB, TeM no3AHee perncTpHpybOTcn OTpaaceHHa.
npeo6pa3yeM BpeMH, Ha6nbonaeMoe npn noneßOM sKcnepnMeHTe, b
HHTepnpeTannoHHoe c noMombio cooTHomeHHn

Ha pnc. 155 H3o6paaceHa naAansmaa BonHa CHennnyca. Ha
pnc. 156 cxeMaTHnecKH H3o6paaceHa cencMorpaMMa o6men tohkh
npneMa, KOTopybo MoacHo npocyMMHpoßaTb c nenbbo MOAennpoßa-
hhh BonHbi CHennnyca, Ha6nbOAaeMOH b tohkc gt (cm. pnc. 155).
CencMorpaMMa paccnnTaHa AJia cnynan AByx ropraoHTanbHO
3anerabomnx rpaHHn b pa3pe3e. Ha pnc. 156, 6 b yKa3aHHwe naHHwe
BBeAeHw nnHenHbie KHHeMarenecKHe nonpaßKH jxjir noAroTOBKH hx
k o6pa3oßamno CHHTeTHnecKon BonHbi CHennnyca nyTeM cyMMHpo-
BaHHH no KOopAHHaTe hctohhhkob. Ha pnc. 156,a npHßeneHa
Tpacca BonHbi CHennnyca, 3aperncTpHpoßaHHan cencMonpHeMHH-
kom, pacnonoaceHHWM b tohkc gl . CeHCMnnecKHH pa3pe3, nocTpo-
eHHwn no BonHaM CHennnyca, coctoht H3 coBOKynHOCTH noAo6Hwx
Tpacc, pacnonarabomnxcn Apyr 3a ApyroM. JlaTepanbHWH cchcmh-
HeCKHH CHOC TOHKH B OTHOCHTenbHO C Ha pHC. 155 H 156

OAHHaKOB,

npnneM Ha pnc. 156 oh yKa3aH b AByx cnynanx. B pe3ynbTaTe
noßTopHoro cyMMHpoBaHHH jism Bcex ToneK npneMa nonynaeM
CHHTeTHnecKybo Bocxonnmybo BonHy, o6pa3oßaHHybo naAabomen
BonHOH CHennnyca.

t'=tnceBao-pX=t-p(g-s). (367)
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PHC. 157. Mo/jejinpoßaHHe bojih CHejiJinyca
a— Hcxcumaa Moaejib; 6— Bojraa CHeJiJiHyca; e— HacTHHHaa HHTepnpeTaHHa; z —nojiHaa

HHTepnpeTauHa; O b — cJ)poHT naaaiomen bojihw

nepeMemiybo t' MoacHo Ha3BaTb HHTepnpeTannoHHOH KoopAHHa-
toh, TaK KaK Herny6oKO 3anerabomne OTpaacabomne rpaHnnw
Ha6nbOAaK)Tcn cpa3y ace nocne t' =0, a ropn3oHTanbHO 3anerabomne
nnacTW co3AabOT OTpaaceHHa, BCTynabomne 6e3 npnpaineHHH no
ropH3OHTanH b OTnnnHe ot nceßAOCHennnycoßwx BonH. B cnynae
ropH3OHTanbHO 3anerabomnx nnacTOß TOHHOCTb onpeAeneHHH Mec-
TononoaceHHH no naTepann 3aBHCHT ot naTepanbHoro H3MeHeHHn
3HaneHHH KoscpcpHnneHTa OTpaaceHHa. CornacHO pnc. 155, HHc])opMa-
nnn o BennnnHe Koscpc^nnneHTa OTpaaceHHa b tohkc B perncTpH-
pyeTcn npnMO b gi , a He HaA tohkoh B, t. e. TaM, rAe OHa
Ha6nbOAanacb 6w no AaHHWM cyMMHpoBaHHH. TaKHM o6pa3oM, ajih
nonHOH HHTepnpeTannH AononHHTenbHO Tpe6yeTcn nepeMemaTb
Ha6nbOAeHHwe AaHHbie b HaAneacamee Mecro no naTepann.

Ha pnc. 157 npHßeAeHw Te ace ABa ropH3oHranbHO 3anerabomne
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nnacTa, hto h Ha pnc. 155 n 156, ho Ao6aßneHW aHOManbHbie
3HaneHHH KoscpcpHnneHTOß OTpaaceHHa b Tomcax A, B n C. TonKa A
pacnonoaceHa npnMO HaA tohkoh B. TpaeKTopnn BonHbi, OTpaaceH-
hoh ot tohkh B, HanpaßneHa npnMO k tohkc C h,

cnenoßaTenbHO,

k
TOHKe npneMa gv Ha pnc. 157,6, e, z H3o6paaceHW AncppaKUHOHHbie
rnnep6onw, cBH3aHHwe c yKa3aHHWMH Bwme TpeMn TOHKaMH. Ha
pnc. 151,a noKa3am>i Tpn tohchhwx pacceHßaTenn, pacnonoaceHHwe
Ha AByx OTpaacabomnx rpaHHnax. Ha pnc. 157, 6 H3o6paaceHa
ncKOMan BonHa CHennnyca. Ha pnc. 157,e — BonHa CHennnyca
nocne bbcachhh nHHeifflbix KHHeMaTHnecKHx nonpaßOK. Ha
pnc. 1 57, 2 npHßeneHa KapTHHa nocne npeo6pa3oßaHHH b nonHwe
HHTepnpeTannoHHwe KoopAHHaTw: HaKOHen a, e h c OKa3anncb
pacnonoaceHHWMH b TOHKax, b KOTopwx nepßOHananbHO HaxoAH-
nncb tohkh A, B n C. Otmcthm to o6cTOHTenbCTBO, hto
nceßAOCHennnycoßw BonHbi, OTpaacabomneca ot ropn3oHTanbHO
3aneraK3mnx

cnoeß,

HMebOT npnpameHHe, paßHoe p. THnep6onw,
o6pa3ybomnecn Ha pacceHßaTennx A, B h C, KacaioTcn BonH
CHennnyca b TOHKax a, e h c. 3aMereM, hto e n c neacaT
HenocpeACTßeHHO noA gi, TaK KaK Bee ohh BWCTpaHBabOTca BAonb
TpaeKTopnn nyna, xapaKTepn3ybomerocn napaMeTpoM CHennnyca p.
Tohkh A, B h C onpeAennbOT MecTononoaceHHe Bepunm rnnep6on,
nocKonbKy caMoe paHHee BcrynneHHe nonacHO pacnonaraTbcn
HenocpeACTßeHHO HaA TonenHWM pacceHßaTeneM He3aBHCHMO ot
toto, KaKHM 6yAeT naAabomee Ha Hero BonHOßoe none. npeo6pa3o-
BaHne k HHTepnpeTanHOHHon KOopAHHaTe t' (cm. pnc. 157,e) HMeeT
to aoctohhctbo, hto BonHbi, OTpaaceHHbie OT rOpH3OHTanbHO
3anerabomnx cnoeß, npno6peTabOT ropH3oHTanbHoe HanpaßneHHe.
3aMeTHM, OAHaKO, hto rHnep6ononAw CTann kocwmh. H3ynaa
BCTynneHHH c He6onbmnMH npnpaineHHHMH, o6HapyacHßaeM HHCpop-
Mannbo OTHocnTenbHo aHOManbHwx KoscpcpnnneHTOß OTpaaceHHH,
nonHocTbbo CKOHneHTpHpoBaHHybo b OKpecTHocTH ToneK a, e h c,
t. e. b TOHKax, KOTopwe nepßOHananbHO neacann Ha Kpwnbnx
rnnep6on. 3th tohkh He nonaAyT b reoMeTpnnecKH npaßnnbHwe
MecTa, t. e. b tohkh A, B n C, jxo Tex nop, noKa Ha6nbOAeHHH He
6yAyT CMeineHbi Bneßo ao tohkh npneMa g'=g —f(t'). Torna TOHKa
a 6yAeT neacaTb Han tohkoh e. Bonpoc o npaBHnbHOH BennnHHe
CMeinemiH /(/') CBH3aH co CKopocTHWM

aHanH3OM,

KOTopwn 6yAeT
paccMOTpeH b cnenyboineM pa3nene.

HeAOCTaTOK bojih CHennnyca

J\o Tex nop, noKa He 6wno HanAeHo ypaßHeHHe c AByMH
KBaApaTHWMH kophhmh, CHHTanocb, hto eAnHCTBeHHWH npaßHnb-
hwh cnoco6 aHanH3a cencMopa3BeAOHHbix AaHHbix coctoht b
pa3noaceHHH hx Ha BonHbi CHennnyca. nocKonbKy mnpHHa 30hw
OpeHenn cocTaßnneT, bhahmo, OKono 10°, jxnn 3Toro Tpe6yeTcn He
TaK y>K h MHoro BonH CHennnyca. H3-3a orpaHHneHHwx Mom-
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HOCTen HMeBLUHxcn b 1970-x ronax BbinncnHTenbHwx ManiHH
npnxoAHnocb paccMaTpHßaTb He6onbmoe nncno pa3pe3oß. KaacAybo
H3 BonH CHennnyca MoacHo npoaHanH3npoßaTb c noMombbo
ypaBHeHHH c oahhm KBaApaTHWM KOpHeM h

MeTOAaMH,

onncaH-
hwmh b pa6oTe [53]. B pa3nene 5.6 HacTonmen KHHrn noKa3aHO
KaK MoacHo ocna6nTb KpaTHwe OTpaaceHHH. B TeoperenecKOM
OTHomeHHH AaHHwn noAxoA 6wn ropa3AO nynme cyMMHpoBaHHH
OTT, pe3ynbTaT KOToporo Boo6me BpnA nn noAAaeTcn aHann3y.
Oaho H3 npaKTnnecKHx 3aTpyAHeHHH, Bo3HHKabomnx npn ncnonb3o-
BaHHH naAabomnx BonH CHennnyca, 3aKnbonaeTcn b tom, hto
BonHbi MoryT ycnoacHHTbcn, ecnn BCTpeTHTcn c naTepanbHOH
CKopocrHon HeoAHopoAHOCTbbo. MHorne BonHbi BeAyT ce6n no-
Ao6ho BonHaM CHennnyca. 3to no6yacnaeT k pa3pa6oTKe TaKon
KOOpAHHaTHOH cHCTeMw, KOTopan 6wna 6w HAeanbHon AJia BonH
CHennnyca n xopomen AJia npyrnx BonH, noxoacnx Ha hhx.

HeH3MeHHOCTb no naTepann

npHHTHOH OCO6eHHOCTbbO BepTHKanbHO AeHCTßybOnjerO HCTOH-
HHKa nnocKnx BonH p=Q b ycnoßnnx ropH3OHTanbHO cjiohctoh

cpeAw HBnneTcn to, hto Bo3HHKabomee npn stom BonHOßoe none
HHBapnaHTHO no naTepann. .HpyrHMH cnoBaMH, Ha6nioAeHHoe nnn
TeopeTHnecKoe BonHOßoe none b namiOM cnynae 6yneT HMeTb bhaP(t)x const (x). BonHbi CHennnyca c nio6wM 3aAaHHWM HeHyneßWM
3HaneHneM p TaKace aßnnbOTcn naTepanbHO HeH3MeHHWMH. 3to
3HannT, hto npn co6nioAeHHH ycnoBHH

naTepanbHan HeH3MeHHOCTb 3aAaeTcn yTßepacAeHHeM Tnna

OneBHAHO, hto Korna nonEnneTcn BO3MoacHOCTb cbccth AByxMep-
Hybo 3aAany k OAHOMepHOH, BO3HHKabOT orpoMHwe KOHnenTyanb-
Hwe npenMymecTßa, He roßopn yac o BwroAax, npno6peTaeMwx npn
AHCKpeTH3annH h BWHHcneHHHx. npeacAe neM nepeiiTH Aanbiue,
nccnenyeM ypaßHeHHe (369) ao Tex nop, noKa He bwhchhm noneMy
BonHOßoe none MoaceT H3MeHaTbca no KOopAHHaTe x, ho ocTa-
BaTbca npn stom He3aBHCHMWM ot x', xoTa ypaßHeHHe (3686)
CTaBHT MeacAy sthmh KoopAHHaTaMH 3HaK paBeHCTBa.

KoopAHHaTHaa cncTeMa (368) npeACTaßnneT co6on 3ana3AW-
Babomyio, a He ABHacymybocn cncTeMy KoopAHHaT. B reocpH3HKe
TBepAOH o6onoHKH ABHacymneca KoopAHHaTHbie chctcmw pa6oTabOT
nnoxo. OyHKnnn CKopocTHoro pacnpeAeneHHH b 3cmhoh cpeAe
HHKorAa He 3aBHCHT ot BpeMeHH, ho b ABHacymenca KOOpAHHaTHOH
cncTeMe OHa CTaHOBHTcn nepeMeHHon bo BpeMeHH.

t' = t-px, (368a)
x' =x (3686)

P(x, t) =P'(t')x const (x'). (369)
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HaM Heo6xoAHMo nonynaTb H3o6paaceHna no Ha6nbOAeHHWM
AaHHWM c ncnonb3oßaHHeM TaKOH MOAenbHoft ckopocth, KOTopan
aßnnnacb 6w cpyHKnneH npocTpaHCTßeHHwx KoopAHHaT. B npnHH-
TOH HaMH KOOpAHHaTHOH CHCTeMe CKOpOCTb 6yACT OnOpHOH,
3aßHcnmeH TonbKO ot rny6HHW.

KoopAHHaTw bojihm CHenjiHyca

BonHa CHennnyca CBH3aHa c TpeMn nnocKOCTHMH, KOTopwe
MoryT nrpaTb ponb KOOpAHHaTHOH chctcmw, a hmchho, nnoC-
kocthmh cnoeß nocTOHHHOH rny6HHW z, BKnbonan noßepxHOCTb
3eMnn, nyneßOH nnocKocTbbo n ABHacymencn noßepxHOCTbbo cppoHTa
BOnHW. IlpH H3MeHeHHH CKOpOCTH C my6HHOH nnOCKOCTH HCKpHß-
nnbOTcn. KoopAHHaTw BonHbi CHennnyca onpeAennbOTcn cneAybo-
mnMH ypaBHeHHHMn:

YpaßHeHHe (370a) npocro onpenenneT rny6HHy nepe3 BpeMH
npo6era c noMombbo BepreKanbHOH cpa3OBOH ckopocth, HanAeHHOH
no Ha6nbOAeHHHM b cKßaacHHe. TpaHnnw pa3Aena BHyTpn 3cmhoh
cpeAw npeACTaßnnbOT co6oh nnocKocTH c nocTOHHHOH Koop-
AHHaTOH Z'.

CnnTan onpeAenneMybo ypaBHeHHeM (3706) KoopAHHaTy x'

nocTOHHHOH,

HanpHMep, xO , nonynaeM ypaßHeHHe nyna b BHAe
(x— x0)/z— —tgO. 3aAaßan pa3nHHHbie 3HaneHHnx x

O

, nonynHM
pa3nHHHwe nynn.

npnHHB onpenenneMyio ypaBHeHHeM (370b) KoopAHHaTy t'

nocTOHHHOH,

nonynaeM ypaßHCHne ABHacymeroca cppoHTa BonHbi.
xlto6w y6eAHTbcn b stom, nonoacnM t'=t0 h 3aMeTHM, hto npn
nocTOHHHOH KOopAHHaTe x Ha6nbOAaeTcn CKopocrb no H3MepeHHHM
b

CKBaacHHax,

a npn hoctohhhoh rny6nHe z Ha6nbOAaeTcn CKopocTb
caMoneTa.

C MaTeMaTHnecKon tohkh 3peHHH oaho ypaßHeHHe c TpeMH
HeH3BecTHWMH onpeAenneT nnocKocTb. nosTOMy; npnpaßHHß neßybo
nacTb nbo6oro H3 ypaBHeHHH (370a, 6, b) k hoctohhhoh BennnnHe,
nonynaeM ypaßHeHHe, onpenennbomee nnocKocTb b npocTpaHCTße
(z, X, t).

PaccMOTpHM cnynan nepeceneHnn AByx nnocKocTen. OcTaßaTbcn
Ha cppoHTe BonHbi MoacHo TonbKO npn co6nbOAeHHH paBeHCTBa
dt' =0. C noMombio ypaBHeHHH (370b) nonynaeM

06beAHHHB ypaßHeHHe nocTOHHHorocppoHTac//'= 0c ypaBHeHHeM ho-
ctohhhohrny6HHW dz' — dz — O, npnxoAHMk 3HaKOMOMycoorHomeHHbo

z'(z, x, t) = z(cos Q)/v, (370a)
x'(z, x, t) = ztgQ +x, (3706)
t'(z, x, t) =z(cosQ)/v-x(sinQ)/v+ t. (370b)

dt' = 0 = (cosQ/v)dz-(smQ/v)dx+ dt. (371)
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dt/dx=p. (372)
Ecnn KoopAHHaTHbie nnocKocTH He opToroHanbHw, to TaKyns

KOopAHHaTHybo cncTeMy Ha3WBabOT acJicpHHHOH. npn Hannnnn
aqbcpHHHwx KoopAHHaT, HanoAo6ne (370), He BO3HHKaioT 3aTpyAHe-
hhh npn BWHHcneHHHx, ho 3aTO nacTO 3anyTWßaeMcn mw caMH.
HanpHMep, npn npocMOTpe cencMopa3BeAOHHwx Ha6nbOAeHHH Ha
Mope b BHAe KHHOcpHnbMa nepeA HamnMH rna3aMH npoxonnT
nocneAOßaTenbHOCTb nnocKOCTen (h, t). nocneAOßaTenbHwe nnoc-
kocth coßnanabOT c nocneAOßaTenbHWMH B3pbmaMH. nosTOMy,
KorAa mw xothm npHMeHHTb opToroHanbHbie KoopAHHaTw (y, h)
hjih (s, g), Ha6nbOAeHHH H3o6paacabOTcn Ha nnocKocTH (s, h). Tlpn
pa6oTe c acpcpHHHWMH KoopAHHaTaMH cneAyeT 3a6wTb o koopah-
HaTHOH och h BMecTO Hee Hcnonb3oßaTb nepneHAHKynnpHybo k Hen
nnocKocTb. Ocb nyHKTOB Bo36yacAemiH s MoacHo npencTaßHTb b
BHAe nnocKocTH hoctohhhoh tohkh npneMa,

CKaaceM,

eg. nosTOMy,
Ha moh B3rnnA, ynoMHHyTWH Bwme KHHOCpnnbM Ha6nioAeHHH Ha
Mope nponcxoAHT b npocTpaHCTße c KoopAHHaTaMH (cs, ch, ct). B
neM nonepeK sKpaHa nepeMemaeTcn Apyran nnocKocTb — b AencTßH-
TenbHOCTH nenoe ceMencrßO nnocKOCTen —nnocKOCTen nocronHHOH
cpeAHen tohkh cy, npnneM BMecTe c «TeKCTypoH» hcxoahwx
AaHHwx (cm. pa3Aen 3.0).

iito6w onpenennTb KoopAHHaTw CHennnyca AJia cnynan, Korna
CKopocTb 3aBHCHT ot my6nHW, HyacHO TmaTenbHO nponHTepnpeTH-
poßaTb cooTHomennn (370). CHanana HyacHO Bwpa3HTb Bee yrnw
nepe3 p, npH6emyß k noncTaHOßKe CHennnyca BHAa sin Q=pv(z),
3aTeM z HyacHO Be3Ae 3aMeHHTb Ha HHTerpan no z.

BonHbi CnenjiHyca b 4)ypbe-npocTpaHCTße

Ll,enHoe npaßnno HaxoacAennn nacTHbix npoH3BOAHbix rnacnT,

HTO

(373a, 6, b)

B npocTpaHCTße Oypbe ypaßHemin (373a) n (3736) MoacHo
npoHHTepnpeTnpoßaTb, KaK

-z'co=-/co', (374a)

Oco6eHHWH HHTepec npencTaßnabOT BonHbi, KOTopwe BwnonaacH-
BabOTcn nocne BBona KHHeMaTnnecKHx nonpaßOK (t. e. craHOBHTcn
He3aBHCHMWMH ot x'). Run hhx cnpaßeAnHßO paBeHCTBO d/dx'=
= ik'x =0. Hj ypaBHeHHH (374a, 6) nonynaeM 3HaKOMoe cooTHome-
HHe BHAa

dt ~\ ft't x't z't ~\ Vd t
,

ox =■ tx xx zx ox
-dzA U'z x'z z'z\ Y_dz

,

ikx =+p®'+ ik'x. (3746)
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p =k/to. (375)
YnpaxcHeHHH
1. OGbHCHHTe Bbi6op 3HaKa och s Ha pnc. 155.

2. YpaßHeHHe (370) nojiyneHO hjih Bocxonamen bojihw CHejiJinyca. Kaicaa
KOop^HHaTHaa cncTeMa 6y,oeT no/jxojiain.eH an* naflaiomnx bojih CHejiJinyca?

3. Bbipa3HTe cicajiHpHoe bojihoboc ypaßHeHHe b KoopflHHaTHon cncTeMe (370).
He npHHHManTe bo BHHMaHHe nepßbie npoH3BOHHbie.

4. Bbipa3HTe AncnepcnoHHoe cooTHomeHHe cicajiapHoro bojihoboto ypaBHeHHH
nepe3 nepeMeHHbie Oypbe (co, k'x , k'z).

5.4. Onpe^ejieHHe ninepßa.ibHM\ CKopocTeii
nOCpe^CTBOM BBOAa .IHHCHHMX KHIICVia I HMCCKHX

nonpaeoK

JiHHeHHbie KHHeMaTHnecKne nonpaßKH o6pa3VK3T ocHOBy AJia
npocToro rpacpnnecKoro cnoco6a onpeAeneHHH ceHCMHnecKHX cko-
pocTen, oco6eHHO scpcpeKTHßHoro npn aHann3e Ha6nbOAeHHbix
AaHHwx, KOTopwe yace o6pa6oTaHw BWHHcnnTenbHon MannmoH, h
cymecTßybOT npocTO Ha nncTe 6yMarn. KpoMe Toro, AaHHwii
cnoco6 no3BonneT B3rnnHyTb Ha npo6neMy onpeAeneHHH CKopocTen
no-HOBOMy OTHocnTenbHo o6wHHoro npneMa MamnHHoro nepe6opa
ceHCMo3annceH no rnnep6onHHecKHM 3aKOHaM.

B KOHenHOM cneTe stot cnoco6 npnBOAHT k onpeAeneHHbo
cneKTpa CKopocTen, t. e. TaKon nnocKocTH, Ha KOTopon
H3o6paaceHW cencMHnecKne ckopocth, nonyneHHbie b pe3ynbTaTe
nHHeHHoro o6paTHMoro npeo6pa3oßaHHn hcxoahwx AaHHwx.

rpacj)HHecKHH MeTOA H3MepeHHH HHTcpßanbiiwx CKopocTeii

BonHa, Bbimenman H3 TonenHoro HCTOHHHKa, pacnonoaceHHorob
(x, z)= (0, zs), n pacnpocTpaHabomancn co CKopocTbbo v, npoxoAHT
nepe3 TOHKy (x, z) b momcht BpeMeHH t, npnneM

v 2t2 =x2+(z-zs)2. (376)
B cooTHomeHHn (376) KoopAHHaTy x cneAyeT 3aMeHHTb nn6o Ha
nonyyAaneHHe ot HCTOHHHKa no ropn3oHTann h, nn6o Ha
KoopAHHaTy cpeAHen tohkh y. TorAa / 6yAeT npeACTaßnnTb co6oh
BpeMH npo6era BonHbi b o6e cropOHW (BpeMH OTpaaceHHa),
CKopocTb v — nonoßHHy ckopocth pacnpocTpaHeHHH b cpeAe, a
(z— Zs) —paCCTOHHHe AO MHHMOrO HCTOHHHKa.

B pe3ynbTaTe AHCpcpepeHnnpoßamiH ypaBHeHHH (376) no t (npn
nocTOHHHOH rny6nHe z) nonynaeM

(377)

2 X dx (378)V
t dt

v 2 2t —2x— ,dt'
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PHC. 158. FlpHMaa, KacaTejibHaa

k rnnepGojinnecKOH och CHHCpa3-

HOCTH.

YrjIOBOH KO3<|)4)HnHeHT
p =dt/dx npoH3BOJieH h ero momc-
ho Bbi6paTb

TaKHM,

HTo6bi icaca-
HHe npOHCXOJJHJIO B

TOM MecTe,

rne

OTHOineHHe

cnrHaji/noMexa
BbICOKOe

PHC. 159. nocTpoeHHe #Byx napajuiejibHbix npaMbix Ha cencMorpaMMe OCT.
npHMbie (p) KacaTejibHbi k ro/iorpacpaM oTpaxeHHH ot flßyx roprooHTajibHbix
rpaHnn (no Toroajiecy)

Ha pnc. 158

noKa3aHO,

hto Bee Tpn napaMeTpa, Heo6xoAHMwe jljw
pacneTa ckopocth b cpeAe no ypaßHeHHio (378), nenco onpeAe-
nnbOTcn no cencMorpaMMe o6ineH cpeAHen tohkh.

YpaßHeHHe (378) MoacHo ncnonb3oßaTb jtjih onpeAeneHHH
ckopocth Aaace b cnynae HeoAHopoAHOH cpeAw. KorAa cpeAa
CTpaTHCpHnnpoßaHa no ckopocthm h ckopocth H3MeHHbOTcn no
3aKOHy v(z), jiqtko noKa3aTb, hto onemca ckopocth no (378) tohho
paßHa cpeAHeKßaApaTnnecKOH ckopocth. BcnoMHHM, npeacAe Bcero,
hto ABnacymaaca BonHa npn nonxoAe k noBepxHOCTH 3eMnn
coxpaHneT nocroHHHWM napaMeTp CHennnyca p = dt/dx.

Hannynmnn cnoco6 3aAaHHH ckopocth b cnoncTon cpeAe —
npeACTaßneHne ee b BHAe HeKOTopoii cpyHKnnH v'(z). cnoco6
3aKnbonaeTcn b tom, hto6w Bw6paTb KaKoe-TO 3HaneHne napaMeTpa
CHennnyca p n HanaTb cnycK BHyTpb cpeAw no cooTßeTCTßybomeMy
nyny. no Mepe npoHHKHOBeHHH nyna b rny6b 3eMnn ot noßepx-
hocth c KoopAHHaTaMH z=0 h /= 0 nyn ABnraeTcn co CKopocTbbo,
paßHon v(p, t). PacneT v (p, t) no v'(z) n nao6opoT HBnneTcn
sneMeHTapHon 3aAanen. ropn3oHTanbHoe paccTOHHHe x, KOTopoe
nyn noKpwßaeT 3a BpeMH t, onpeAenneTcn BpeMeHHWM HHTerpanoM
OT rOpH3OHTanbHOH KOMnOHeHTW CKOpOCTH, t. e., KaK

(379)

3aMeHHB sinO Ha pv h Bbmecn nocTOHHHybo p 3a 3HaK HHTerpana,
nonynnM

(380)

t

x= jv(p, t)s'mQdt
o

t

x=p\v(p, t)2 dt.
o
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Yhtcm, hto p = dt/dx, n noACTaBHM (380) b (378):

(381)

(382)

hto AOKa3WBaeT cnpaßeAJinßOCTb yTßepacAeHHa o tom, hto

*WpeHHa* =W.-WP."". (383)
ypaßHeHHe (382) tohhoc Oho He CBH3aHO c npeAnonoaceHHeM o
«ManocTH KoopAHHaTw yAaneHHH npneMHHKa ot HCTOHHHKa» nnn
ace o «npaMonHHeHHocTH nyneH».

PaccHHTaeM, Aanee, HHTepßanbHybo CKopocTb. Ha pnc. 159
noKa3aHW rHnep6onoHAanbHwe BCTynneHHH OTpaaceHHwx BonH,
o6pa3oßaHHbix Ha nsyx ropH3oHTanbHwx rpaHHnax pa3Aena.
nocTpoeHW ABe npnMwe c OAHHaKOBWMH yrnoBWMH KoscpcprrnH-
eHTaMH, paBHWMH p. 3aTeM 6wnn H3MepeHw KoopAHHaTw ToneK
KacaHHH (xl9 tt) h (x2 , t2). no ypaBHeHHHM (381) n (379), ncnonb3yn
HHAeKC j ajih o6o3HaHeHHn y'-n tohkh KacaHHH fop tj), nonynaeM

npeAnonoacHM, hto CKopocTb MeacAy nocneAOßaTenbHWMH OTpa-
aceHHHMH paßHa nocTOHHHOH HHTepBanbHOH vmT

, h bwhtcm (384) c
HHAeKcoM 7+l H3 (384) c HHAeKCOM j. B pe3ynbTaTe HMeeM

(385)

H3 nocnenHero paBeHCTBa nonynaeM

(386)

HTaK, CKopocTb pacnpocTpaHeHHH Bonnw b BemecTßeHHon cpene
MeacAyy'-ft n (/+ 1)-h OTpaacabomnMH rpaHnnaMH MoaceT onpeAena-
Tbca HenocpeACTßeHHO no KBaApaTHOMy Kopmo H3 npoH3BeAeHna
AByx yrnoßwx KoscpcpHnneHTOß, conepacamnxca b ypaBHeHHH (386) h
o6o3HaneHHwx mTpnxoßOH n cnnomHOH npnMWMH Ha pnc. 159.
npenMymecTßO npoBeAeHHH npnMbix no Ha6nbOAeHHWM AaHHWM ot
pyKH nepeA aBTOMaTHnecKHM aHann3oM 3aKnbonaeTcn b tom, hto
MoacHo rpacpnnecKH oneHHTb CTeneHb BnnnHHH noMex Ha TOHHOCTb
H3MepeHHH h Bw6paTb Ha ceHCMorpaMMe HannynmHe yAaneHHH AJia
STHX H3MepeHHH.

2 _x dx
U„3Mep.=7^,

t

/»

V(p,tfdt,
0

Xj^=\v(p,t)2 dt. (384)
o

[Xj+ X Xj)— —(t j+l W V HHT-

9 X ;

_i_

i X :

CLX

HHT , * si* 'h+l-tj dt



350

Ecnn npoH3BOAHTb TaKne onpeAeneHHH perynnpHO, to 6wct-
po o6HapyacHTca, hto ochobhwc ycnnnn 3aTpanHßabOTcn Ha
TOHHoe npoßeneHne AByx npnMwx, KacaTenbHbix k ochm chh-
cpa3HoCTH OTpaaceHHH. npn 3aTpyAHeHHHx oKa3WßaeTcn 60-
-nee yAo6HWM nepecTponTb Ha6nbOAeHHH c ynTeHHWMH nnHeii-
hwmh KHHeMaTHnecKHMH nonpaßKaMH BHAa t' = t—px. nocne
3Toro yKa3aHHwe npHMbie 6ynyT yace He HaKnoHHWMH, a ro-
pH3OHTanbHWMH, nosTOMy b KanecTße hhx MoacHo 6yAeT hc-
nonb3oßaTb nbo6ybo H3 MapoK BpeMeHH. 3aAana onpeAeneHHH
nonoaceHHa ToneK KacaHHH cboahtch Tenepb k 3aAane onpeAeneHHH
nonoaceHHa BepmnH BwnyKnwx ocen CHHCpa3HOCTH, hto h noKa3aHO
Ha pnc. 160.

YpaßHeHHe (386), BwpaaceHHoe nepe3 BpeMH t', npHHHMaeT
cnenybomnn bha:

(387)

CKopocTb b cpeAe H3MepneTcn TaK, KaK noKa3aHo b npaßon nacTH
pnc. 160, t. e. 3aMepneTcn yrnoßon KoscpcpHnneHT mrpnxoßOH
npnMon, a hmchho, BennnnHa At' /Ax, n nonyneHHoe 3HaneHne
noAcraßnneTCH b (387). (3HaneHne napaMeTpa p yace H3BecTHO no
BennnHHe nHHeiiHOH KHHeMaTHHecKOH nonpaßKH, Hcnonb3oßaHHOH
npn nocrpoeHHH rpacpmca).

i
uz

PHC. 160. Onpe/xejieHHe HHTepßajibHon ckopocth c noMombio JiHHeHHbix KHHeMaTH
necKHX nonpaßOK (no ToH3ajiecy)

211 1 1
At/Axp At' /Ax+pp'
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KoopAHHaTw oomeii cpeAHeii tohkh bo.iiiw CHenjmyca

BonHOBOH aHann3 cencMorpaMM o6men cpeAHeii tohkh npeA-
CTaßnneT co6on 6onee KOHcepBaTHBHwn nonxoA k H3yneHHbo
cencMopa3BeAOHHwx AaHHbix, neM noAXOA, 6a3Hpybonj,HHcn Ha
Hcnonb3oßaHHH BonH CHennnyca. /Joctohhctbo aHanH3a no KOop-
AHHaTe o6men cpeAHen tohkh 3aKnbonaeTcn b tom, hto BnHnmie
yrnoß HaKnoHa rpaHHn b cpeAe HMeeT TeHAeHnnbo npoHßnnTbcn
rnaBHWM o6pa3oM no ocn cpeAHnx ToneK, a BnHHHHe cencMnnecKon
ckopocth npoHßnneTcn b ochobhom no ocn yAaneHHH tohkh
npneMa ot HCTOHHHKa. Hama HenocpeACTßeHHan nenb—noncK
o6paTHMoro noAxoAa k onpeAeneHHbo HHTepßanbHwx cKopocreH,
6a3Hpybomerocn Ha BonHOBOM ypaBHeHHH.

HeAOCTaTKOM aHanH3a no KOopAHHaTe o6ineH cpeAHen tohkh
HBnneTcn ero HecpH3HHHOCTb. HanpaßneHHan cyMMa no cencMO-
rpaMMe o6in,en tohkh npneMa MOAennpyeT HHCxonnmybo BonHy
CHennnyca n MoacHo HaAeaTbca Ha to, hto ynacTcn HanncaTb
onncwßabomee ee AHCpcpepeHnnanbHoe ypaßHeHHe, npnneM

HeßaacHO,

hto 3a 3thm nocneAyeT—KpaTHoe OTpaaceHHe vum naTepanbHoe
H3MeHemie CKopocTen. HanpaßneHHan cyMMa no cencMorpaMMe
o6men cpeAHen tohkh He MOAennpyeT Hnnero, hto MoaceT 6biTb
cpH3nnecKH peanH3yeMO. Hhhto He roBOpHT o tom, hto cyinecTßyeT
AHCpcpepeHnnanbHoe ypaßHeHHe b nacTHbix npoH3BOAHbix, roAHoe
jjjiA SKCTpanonnnnH TaKOH cyMMW. nocneAHee BOBce He 03HanaeT,
hto KoopAHHaTHan cncTeMa o6men cpeAHen tohkh b hcm-to
o6n3aTenbHO nnoxa, ho oho 3acTaßnneT Hac nponßnnTb AonacHoe
yßaaceHHe k noAxoAy, KOTopwii 6a3HpyeTca Ha BonHax CHennnyca,
HecMOTpa Ha to, hto oh Hcnonb3yeTcn b npoH3BOACTBeHHon
cencMopa3BeAKe He oneHb mnpOKO.

(Te, kto npnMeHHbOT HanpaßneHHoe cyMMHpoBaHHe cchcmo-
rpaMM o6in,en cpeAHen tohkh, cpa3y ace 3aMeTaT, hto ero npome
ocymecTßnaTb, neM HanpaßneHHoe cyMMHpoBaHHe Ha6nbOAeHHH,
OTCopTHpoßaHHbix no npH3HaKy o6meH tohkh npneMa. 3tot cpaKT
o6bHCHneTcn tcm, hto b o6men cpeAHen TOHKe BepmHHW rnnep6o-
noHAOß AonacHw npnxoAHTbCH Ha KoopAHHaTy Hyneßoro ynaneHnn
ot HCTOHHHKa, nonoaceHHe 30hw OpeHenn 6onee npeACKa3yeMO, a
TaKace HaMHoro ynpomabOTca npo6neMW, CBH3aHHbie c HHTepnonn-
nneH h nponymeHHWMH Ha6nbOAeHHHMH.)

CencMHHecKne Ha6nbOAeHHn perHCTpnpybOTcn b KOopAHHaTax
BpeMeHH, tohkh npneMa, tohkh Bo36yacneHna h rny6nHw (t, g, s, z).
JlajxnM onpeAeneHne hoboh neTwpexKOMnoHeHTHOH chctcmw. Ko-
opAHHaTa cpeAHen tohkh onpeAenneTcn o6whhwm cnoco6oM:

KoopAHHaTa rny6HHW, BwpaacaeMOH nepe3 BpeMH npo6era, onpene-
nneTcn nepe3 BepTHKanbHybo cpa3oßybo CKopocTb, H3MepneMybo npn
Ha6nbOAeHHHx b cKßaacHHe. Jinn toto, hto6w MaKCHManbHO

y(t,g,s,z) = (g+s)/2. (388)
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coxpaHHTb TpaAnnnoHHocTb o6o3HaneHHH, Hcnonb3yeM AaycTopoH-
Hne BpeMeHa npo6era:

3aTeM onpeAennM KoopAHHaTy yAaneHHH ot HCTOHHHKa no
noBepxHOCTH Ha6nbOAeHHH h' . CTapwM onpeAeneHHeM ynaneHnn
nonb3oßaTbCH He 6yneM. npn nonb3OBaHHH AaHHWM mctoaom
hctohhhkh h npHeMHHKH He AonacHw nepeMemaTbca npaMO
bhh3 — ohh ABHacyTca no HanpaßneHHbo nynen. TaKoe BO3MoacHO,
ecnn onpeAennTb h' cneAybournM o6pa3oM:

npn hobom onpeAeneHHH KoopAHHaTw h' paccTOHHHe Meacny
HCTOHHHKOM H npneMHHKOM npn nOCTOHHHOH KOOpAHHaTe W
yMeHbmaeTcn c rny6nHon.

OnpenenHM BpeMH nnHenHon KHHeMaTHHecKOH nonpaßKH (JTKn)
KaK BpeMH npo6era npn Bo36yacnemiH TonenHWM hctohhhkom,
yMeHbmeHHoe Ha nnHeimybo KHHeMaTnnecKybo nonpaßKy. CneAOßa-

TenbHO,

Ha nio6oH rny6HHe BpeMH nHHeHHon KHHeMaTHHecKOH
nonpaßKH paBHO t—p(g — s). TaK KaK h' 6wno onpeAeneHO KaK
nonyyAaneHHe Ha nosepxHOCTH Ha6jiK>AeHHH, toh/' onpeAenneTcn
KaK noBepxHOCTHoe BpeMH nHHeHHOH KHHeMaTHHecKOH nonpaßKH,
TorAa BpeMH JTKn Ha noBepxHOCTH Ha6nbOAeHHH onpeAenneTcn KaK

Bw MoaceTe cnnTaTb ypaßHeHHe (391) «HaKnoHOM» BpeMeHHoro
3ana3AWBaHHH ajih cnynan BocxoAnmnx BonH h Bwpa3HTb sto
noHHTHe b BHAe paBeHCTBa t' = tnKn

Jt-zH!iKJI/v. Hoaxoah c{)opManbHO,
MoacHo 3anncaTb

Ha pnc. 161 AaHo reoMeTpnnecKoe HCTonKOBaHne H3noaceHHwx
Bwme noHaTHH.

H3 reoMeTpnnecKHx cooTHomeHHn, H3o6paaceHHwx Ha pnc. 161,
MoacHo CAenaTb bwboa, hto CKopocTb npnMO onpeAenneTcn no
KonHnecTßeHHon xapaKTepncTHKe ocn CHHCpa3HOCTH OTpaaceHHOH
BonHbi b HeKOTOpoH TOHKe c KoopAHHaTaMH (ti', t'). 3annmeM
ypaßHeHHe AJia rny6HHw 3aneraHnn OTpaacabomen rpaHnnw:

Bocnonb3oßaßmHCb 3aKOHOM CHennnyca AJia HCKnboneHHH yrnoß,
nonynnM cpopMyny AJia onpeAeneHHH ckopocth:

(394)

OHa He npoTHßopenHT ypaßHeHHbo (387).

x(t,g,s,z)= 2z(cosQ)/v. (389)

h'(t,g,s,z) =(g-s)/2 +ztgQ. (390)

t' = t-p(g-s) + x. (391)

/'(/, g, s, z) = t-p(g-s)+ 2z(cosQ)/v. (392)

v(t' l 2 +ph')cos 0= rny6HHa OTpaacaTenn =/z'/tgO. (393)

2 1 1
pp +t' 2h'
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PHC. 161. TeoMeTpHHecKoe
npe^CTaßjieHHe Koop/jHHaTHOH

CHCTeMbi

OCT — JIKTI ajih
onncaHHH bojih, noxoacnx Ha
ncxoHHyio BOJiHy CHejiJinyca

Co6epeM npnßeAeHHwe Bwine onpeAeneHHH BMecTe h ynTeM
H3MeHeHHe ckopocth c rny6HHOH nyTeM 3aMeHw z HHTerpanoM
no

(395a)

(3956)

(395b)

(395r)

nepen TeM, KaK HanaTb nonb3oßaTbcn sthmh ypaBHeHHHMH,
HyaCHO HCKnbOHHTb H3 HHX BCe TpHrOHOMCTpHHeCKHe CpyHKU,HH,
npn6erHyß AJia sToro k 3aKOHy CHennnyca ajih cjiohctwx cpeA BHAa
sin 0 (z) =pv(z). Bo bccm npHßeAemiOM aHann3e napaMeTp CHen-
nnyca p npeACTaßnneT co6oh nncnoßybo nocTOHHHybo.

Ecjih npnHHTb bo BHHMaHne dt' /dz H3 (395a) n dh'/dz H3 (395b),
to CHOBa MoacHo npHHTH k ypaßHeHHbo AJia onpeAeneHHH HHTep-
BanbHOH ckopocth (387):

= 2coso/i;tgo. (396)
HCKniOHHB H3 HCrO TpHrOHOMCTpHHeCKHe CpyHKAHH C nOMOIUbbO
noACTaHOBKH /w= sino, nonynnM BbipaaceHHe jxj\n onpeneneHnn
HHTepBanbHOH CKOpOCTH

(397)

Ha noBepxHOCTH 3eMnn z= 0 cencMopa3BeAOHHbie AaHHbie
MoacHo nepeßecTH b KoopAHHaTHybo cncTeMy (395), npocTO Bw6paß
HHcneHHoe 3HaneHHe napaMeTpa p h bbcah nnHenHbie KHHeMare-

z
t'(t, g, s, z) = t-p(g-s)+ 2s[(cosQ)/v]dz,

0

y(t, g, s, z)= (g+s)/2,

h'(t, g, s, z)= (g-s)/2 +StgQdz,
o

z
x(t, g, s, z) = 2j(coso)/i;ciz

o

2 1 1
V —

Pp+
l-(dt'/dh')
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necKne nonpaßKH. /Jp chx nop He Tpe6oßanocb 3HaTb CKopocTHoe
pacnpeneneHHe v(z). 3aTeM Ha6nbOAeHHwe AaHHbie H3ynabOT c
nenbbo BWHBneHHH BepmnHHbix nacreS KocoyronbHbix rnnep6on.
Bwhbhb BepmHHW, c noMOLnwo ypaBHeHHH (387), (394) nnn (397)
MoacHo nonynHTb 3HaneHne ckopocthoh cpymcnHH h c hhm HanaTb
onepannbo npononaceHHa b HHacHee nonynpocTpaHCTßO.

BonHbi MoacHo onncwßaTb nn6o b cpH3nnecKHxJt, g, s, z), nn6o
bo BHOBb onpeAeneHHbix (/', y, h', x) KoopAHHaTax. Hpn onncamiH b

cpH3nnecKHx KoopAHHaTax H3o6paaceHHe HaxoAHTca b tohkc

14t06w Bwpa3HTb sth ace ycnoßnn b KoopAHHaTax CHennnyca,
HyacHO noACTaBHTb (398) b (395a) h (395r). B pe3ynbTaTe
nonynaeTcn to, hto nporpaMMHCTbi Ha3WBabOT ycnoßneM ocTa-
hobkh:

Hmchho Ha stoh rny6HHe cKOpocTHan HHCpopMannn AonacHa
OKa3aTbca ccpOKycnpoßaHHOH HannynmnM o6pa3oM Ha nnocKocTH
(h', t'). Hnace npHBOAHTcn HeKOTopwe ypaßHeHna AJia ocyinecTßne-
HHa onepanHH npononaceHnn b HnacHee nonynpocTpaHCTßO.

npHMeHeHHe
HWX npHBOAHT

nenHoro npaßnna OTwcKaHHH nacTHbix npon3Bon-
k cneAybomeMy MaTpnnHOMy ypaßHeHHbo:

(400)

B Hamnx o6whhwx o6o3HaneHHHx cf)ypbe-npeACTaßneHHe npOH3BOA-
hoh no BpeMeHH dt HMeeT bha — /co. AHanornnHO, dt

, n
npocTpaHCTßeHHwe npon3BOAHwe (dy, dw , d

T
, d

g

, ds , dz) cootbctct-
BybOT i(ky, kw , kT, k

g

, ks , kz). Bocnonb3oßaßmncb cpypbe-nepeMeH-
hwmh b BeKTopax ypaBHeHHH (400) h npOAHCpcpepeHnnpoßaß

n (395) c nenbbo onpeAeneHHHsneMeHTOB ]
[

10 0 0 -co'
-p 1/2 1/2 0 k,
p 1/2 -1/2 0 kh,

(2cos6)/u 0 tgo(2coso)/y k z

lanHM nepe3 S cnHyc yrna Bwxona BonHbi
-CHHyc yrna noAXOAa BonHbi k cencMon
v

H3BecTHa,

to sth

yrnw noAAabOTcn

Hen

ypaBHeHHH
nonynaeM

b MaTpnne (400),

— 0)

K
K
K

(401a, 6, b, r)

06o3HanHM nepe3 S cnHyc yrna Bwxona BonHbi H3 HCTOHHHKa, a
nepe3 G —CHHyc yrna noAXOAa BonHbi k ceHCMonpHeMHHKy. Ecnn
CKopocTb v H3BecTHa, to sth yrjiw noAAabOTcn HenocpeACTßeHHOMy

t=0 h g=s. (398a, 6)

t'= x. (399)

Zlncj)cpepeHnna.ibnwe ypaBHeHHH h {pvpbe-iipeo6pa3oßanHH

pHMeHeHne nenHoro npaßi
npnBOAHT k cneAybomeM;

dt t't yt h't xt
r dt.

8B =
r9 y9 K

*,

dy

°s t'» ys K xs dh.
°z\ \_t'z yz K tzJ \_o z

uhx oGwhhwx o6o3HaneHH
no BpeMeHH dt HMeeT
paHCTBeHHwe npoH3Bonm
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onpeAeneHHH) no npHpainemno BpeMeHH Ha cencMorpaMMaxo6men
tohkh npneMa n o6inen tohkh Bo36yacAeHna. AHanornnHo, Ha
pa3pe3e nocTOHHHoro yAaneHHH nnn Ha HanpaßneHHOH cyMMe
Ha6nbOAaeMbie npHpameHHn BpeMeHH CBH3WBabOTcn c Kaacymencn
CKopocTbbo, a Ha cencMorpaMMe o6inen cpennen tohkh c BBeAeH-
HWMH nnHeHHWMH KHHeMaTHnecKHMH nonpaßKaMH npHpameHHn
BpeMeHH xapaKTepn3ybOT Kaacymeeca npnpaineHHe H'. TonHwe
onpeAeneHHH Ha3BaHHbix Bwme BennnnH nansTcn HHace:

C yneTOM nocneahhx onpeAeneHHH ypaBHeHHH (4016) h (401b)
npHHHMabOT bha:

S=-pv+ Y-H'=Y-(H'+pv). (4036)
3HaKOMwn HaM yron npHpameHHn no ropn3oHTanbHOH KOopAHHaTe
H CBH3WBaeTcn c ocTaTOHHWM yrnoM npHpameHHn nHHeHHOH
KHHeMaTHHecKOH nonpaßKH H' cooTHomeHneM H'= H—pv. Ylpn-
paßHHßaHne H' nymo 03HanaeT npnpaßHHßaHne Hynio kw n, TaKHM
o6pa3oM, yKa3WBaeT Ha HHTerpHpoßamie no h', hto b cboio
onepeAb yKa3WBaeT Ha HanpaßneHHoe cyMMHpoBaHHe Ha6nK)AeHHH
c yrnoM HanpaBneHHOCTH, paBHWM p. He6onbmne 3HaneHHH
BennnHH H'/v nnn kh .JG* othochtch k npnpainemiHM, 6nn3KHM k p.

Bo3MOaCHOCTH o6pa6oTKH

YpaßHeHHe c AByMH KBaApaTHWMn kophhmh HMeeT bha

V
/r^5 J+yr^Gi). <

CO

V v v v (404)

nocne noACTaHOBOK (401a, r) n (402a, 6) sto ypaßHeHHe 3anncw
BaeTcn KaK

(405)

YpaßHeHHe (405) npeACTaßnneT co6on TOHHoe npeACTaßneHHe
ypaBHeHHH c AByMH KBaApaTHWMn kophhmh b TaK Ha3WßaeMwx
3ana3Abißabomnx CHennnycoßwx KoopAHHaTax cpeA-
Hen TOHKH.

KoopAHHaTHan cncreMa (395) MoaceT onncwßaTb nbo6oe BonHO-
Boe none b nbo6on cpeAe. YpaBHeHHH (395) oco6chho BwroAHO

S=vkJ®, G = vk

g

/a, (402a, 6)
Y=vky/2(o, H' = vkw/2®. (402b, r)

G =pv+ 7+ H' = Y+(H' +pv), (403a)

K_ x Pv H, ljf 1 2pv(H'-Y)+(H'-Y)2l 112
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npHMeHHTb b cnoncTwx cpenax co ckopocthwm pacnpeAeneHHeM,
6nn3KHM k v(z) jinn pacneTa nynen, KOTopwe npH6nn3HTenbHO
napannenbHW nynaM c Bw6paHHWMH napaMeTpaMH CHennnyca p.
HeT CMwcna ncnonb3oßaTb sth KoopAHHaTw b Tex cnynanx, Korna
ohh He «noAxoAHT» k H3ynaeMOH BonHe. Hoaxoaht ace Te BonHbi,
KOTopwe xapaKTepH3ybOTcn 3HaneHHHMH p, 6nn3KHMH k Bw6paH-
HOMy. 3to 03HanaeT, hto H' He CTaHOBHTcn cjihutkom 6onbmnM.
Bo3MoacHW pa3nnnHwe ynpomabomne pa3noaceHna ypaßHeHna (405)
b pHA. CymecTßyeT MHoacecTßO nepecTaHOBOK BennnnH Tpex
HHrpeAneHTOB: pv, H' n Y. PaccMOTpHM ABe BO3MoacHOCTH.

80-nepßwx, nio6oH MaccHß Ha6nbOAeHHH MoacHo pa3noacnTb no
npH3HaKy npnpameHna BpeMeHH Ha MHorne MaccHßw, KaacAwn H3
KOTopwx OTBenaeT HeKOTopon y3Kon nonoce b npocTpaHCTße
npHpainemiH. B KanecTße npHMepa MoacHo npnßecTH HanpaßneHHwe
cyMMbi no ceiicMorpaMMaM o6ineH cpeAHen tohkh. /Jna nbo6oro
H3 yKa3aHHWX MaCCHBOB Ha6nbOAeHHH KOOpAHHaTHOH H' MOaCHO
BOo6me npeHe6penb. B TaKOM cnynae ypaßHeHHe (405) CBeAeTca k

OnncaHHWH nonxoA noAo6eH Hcnonb3oßamiOMy P. OTTonnHH b
CBoen AHCcepTannn [107].

,/J,anee, HanneM npn6nHaceHHe k pemeHHbo ypaßHeHna (405),
OTHocnTenbHo Y h H' . Bocnonb3yeMcn mctoahkoh pa3noaceHHa,
npeAnoaceHHOH b pa3Aene 3.4. nepßan nacTb pa3noaceHna 3anaeTca
ypaBHeHHeM (4066). 3aTeM nonoacnM Y=o h coxparoiM b H' Bee
nneHW BnnoTb ao KBaApaTHHHwx:

npn6nHaceHHWM pemeHHeM ypaßHeHna (405) 6yneT cyMMa
(4066) n (407). Cobccm He cnynanHO, hto b (407) HeT nHHeHHwx
CTeneHen KoopAHHaTw H'. KoopAHHaTHan cncTeMa 6wna
CKOHCTpynpOBaHa TaKHM o6pa3oM, hto6w sneprnn no6nH3OCTH ot
Bw6paHHOH Monenn (7=o n H=pv) He ApencJ)Oßana b nnocKocTH
[h l' , t') b nponecce npoAonaceHna b HnacHee nonynpocTpaHCTßO.

Hnea CKopocTHoro cneKTpa, BwpaaceHHaa b ypaBHeHHH (407),
3aKnionaeTcn b ncnonb3oßaHHH nneHa H' c nenbbo cpoKycnpoßKH
AaHHwx Ha nnocKocTH [h', t'). nocne cpoKycnpoßKH CTaHOBHTcn
BO3MoacHWM OTCHHTWBaTb 3HaneHHH HHTepßanbHwx CKopocTen
HenocpeACTßeHHO b bhac yrnoßwx KoscpcpHnneHTOß npnMwx, coeAH-
HHbomnx ocn cHHCpa3HocTH Ha ceHCMorpaMMax. 3tot nonxoA
Hcnonb3oßaH b AnccepTannn A. ToHcaneca [67].

1 -i |Ti _ - 2ppr
2
+rT /2+ri- +^y

,+rT

/,

i (^a)
co 2 [|_ 1-/>V 1-pV J V 7

nnn k

|= 1 --J==yi -(Y-pvf+J\-{Y+pvfl (4066)
05 2y/\—pZVZ

kJ(a = H'2 /2(\-p2v 2)2 . (407)
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Viipa/KHCHiie

Ha pa3pe3e Hyneßbix yAaneHHH BbincjieHa rHnep6ojia. Ee BepniHHa npocjie-

acHßaeTca HeneTKo,

ho mohcho 3aMepHTb Koop/niHaTbi (p,

x,

t) b HByx MecTax. HeMy
paßHa CKopocTb pacnpocTpaHeHHH bojih b cpene? HeMy paßHa CKopocTb pacnpocTpa-
HeHHH b cpe,ne npn Hajinnnn Tex »ce 3aMepoß, caejiaHHbix no nojießOH cencMorpaMMe
(t. e., npn nocToaHHon 5)?

5.5. CoßpeMemibie cnoco6bi 6opb6bi
C KpaTHbIMH OTpa'/KCHHHMH

B6nH3n noBepxHOCTH 3eMnn HaxoAaTca pa3nnnHwe HeKOHConn-
AnpoßaHHwe cnon Tnna boah, nonßw h TaK Ha3bmaeMoro
BWBeTpenoro cnon. Pa3nHnne MeacAy BepxHen nacTbbo pa3pe3a
(BMP) n 3aneraboin,HMH Ha 6onbmnx rny6nHax nopOAaMH, coAep-
acamnMH b ce6e necpTb n npnpOAHwn ra3, nacTO 6wßaeT HacTonbKO
pe3KHM, hto BbowßaeT o6pa3oßaHHe HHTeHCHBHwx KpaTHwx OTpa-
aceHHH. TaKoro pona pe3OHaHCHwe HBneHHn ne noAAabOTcn npencKa-
3aHHbO H HX HeBO3MOaCHO o6baCHHTb c noMombbo mctoaob,
H3noaceHHwx b npeAmecTßyboinnx rnaßax.

IlpHMep acecTKoro MopcKoro Ana

Ha pnC. 162 AeMOHcrpHpyioTCH xpecTOMaTHHHoro KanecTßa
KpaTHwe OTpaaceHHa ot MopcKoro Ana. rHnep6onHnecKHe ocn
cHHCpa3HOCTH, onHCbißaeMwe ypaBHeHHeM v 2t2 —x —z], nonßnnbOT-
cn nepe3 paßHwe npoMeacyTKH Zj=jAz, Tjxej=o, 1, 2, ... . HnKaKon
o6pa6oTKe, KpoMe yMHoaceHHH Ha KoppeKTHpybomybo 3a ccpepnne-
CKoe pacxoacneHne nonpaßKy

/,

Ha6nbOAeHnn He noAßepranncb.
Ckopocth pacnpocTpaHeHHH BonH b Bo3Ayxe n nnoTHOCTb Bo3nyxa
MeHbme, hcm y boaw, a y nocneAHen nonTn Bcerna MeHbme, neM y
cnarabonmx aho ocaAKOB. CnenoßaTenbHo, cnenybomne Apyr 3a
ApyroM KpaTHwe OTpaaceHPia nonTH BcerAa 6yAyT HMeTb nepenyio-
mneca nonapHOCTH. nonnpHOCTb cchcmhhcckoh BonHbi o6whho
HeoAHo3HanHa, ho b AaHHOM cnynae BonHbi OTAennbOTcn OAHa ot
Apyron n neTKo bhaho, hto nonnpHOCTb H3MeHneTcn Ha o6parayio
ot OAHoro OTpaaceHHa k ApyroMy. OTHomeHne aMnnHTyA cneAybo-
mnx Apyr 3a ApyroM KpaTHwx OTpaaceHHH paBHO KoscpcpnnneHTy
OTpaaceHHa. noxoace, hto Ha cencMorpaMMe (cm. pnc. 162)
KOSCpcpHUHeHT OTpaaceHHa paßeH npH6nn3HTenbHO —0,7. Ha6nbo-
AabOTcn h KpaTHO-OTpaaceHHwe ronoßHwe BonHbi, nonnpHOCTb
KOTopwx TaKace nepeAyeTcn. nocKonbKy ronoßHwe KpaTHO-OTpa-
aceHHwe BonHbi BO3HHKaioT npn kphthhcckom yrne naneHna,
KoscpcpHnneHT hx OTpaaceHHH AonaceH paßHaTbca —1,0. OaKTHnecKH
ace hx HHTeHCHBHOCTb pacTeT ot OTpaaceHHa k oTpaaceHHbo.
lIpHHHHa OTMeneHHoro pocTa hhtchchbhocth 3aKnbonaeTca b
ccfiepHnecKOM pacxoacAeHHn npn pacnpocTpaHeHHH BonH b npo-
cTpaHCTße.
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PHC. 162. CencMorpaMMa, nojiyneHHaa npn mopckhx

HCCJienoßaHHax,

cocroflinaaH3
KpaTHbix OTpaaceHHH (Hopßerna), n yßejinneHHaa b MacuiTa6e 6jiHacanmaH k nyHKTy
B3pbißa Tpacca (6)

KpaTHwe OTpaaceHHH npeACTaßnnbOT HHTepec AJia cnennanncTOß
no TeopHH BonH, ho cnyacaT cepbe3HWM npenaTCTßneM AJia
reocpH3HKOB, nwTabomnxca pa3rnnAeTb CKpwTwe 3a hhmh nepßnn-
Hwe OTpaaceHHa, Hecymne b ce6e none3Hybo HHCpopMannio.

rZJeKOHBonioHHH b HOBcenneßiioH o6pa6oTKe naHHwx

Tny6nHa Mopa b cnynae, H3o6paaceHHOM Ha pnc. 162, 6onbine
o6whho BCTpenabomenca npn noncKax HecpTH n ra3a Ha Mope.
B stom OTHomeHHH pnc. 163 h 164 6onee THnnnHw. Ha pnc. 163



PHC. 163. nojießbie cencMOipaMMbi ao
(a) h nocjie (6) npoßencHHa hckohbo-
jnonnn
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rny6nHa Mopn HacTonbKO Mana, hto pa3nnnHTb OTnenbHwe
KpaTHwe OTpaaceHHH Heßo3MoacHO. ripn pa6oTax Ha cyme nonomßa
BbmeTpenon 30HW o6whho 3aneraeT HacTonbKO Herny6oKO n
BwpaaceHa CTonb He

OTneTnHBO,

hto, KaK npaßnno, Heßo3MoacHO
BbinennTb caMOCTOHTenbHwe ot Hee OTpaaceHHa. TepMHH «Herny6o-
ko» b npHMeHeHHH k KpaTHWM oTpaaceHHHM 03HanaeT, hto
OTpaaceHHa noHBnnbOTCH c TaKon nacroTon, npn KOTopoii ohh
HHTepcpepHpybOT n craHOBHTcn Hepa3nHHHMWMH. Ha pnc. 164
o6pain,aiOT BHHMaHHe cnnbHwe peßep6epannH, noßTopnbomnecn c
nepnoAOM OKono 90 mc. Ohh npeAcraßnHbOT co6on MHoroKpaTHbie
OTpaaceHHa ot MopcKoro Ana, npnneM caMwe cnnbHwe cnrHanw
noHBnnbOTCH Ha 6onbmnx yAaneHnnx n npn yBenHneHHH BpeMeHH
OTpaaceHHH. 3to nponcxonnT no toh npnnHHe, hto caMwe
HHTeHCHBHwe OTpaaceHHH nacTO Ha6nbOAabOTcn b oKpecTHOCTH
KpHTnnecKoro yrna naAeHHH Bonnw. HHTeHCHBHOCTb peßep6epan,HH
pe3KO yMeHbmaeTcn Ha paccTOHHHH 1,8 km no3ann cyAHa. 3to
03HanaeT, hto b stom MecTe pe3KO H3MeHneTcn xapaKTep MopcKoro
Ana.

CnennanHCTW b o6nacTH MaTeMaTnnecKOH CTaTHCTHKH co3Aann
6oraTybo nHTepaTypy no BonpocaM AeKOHßonbonnH. J\jin hhx

AaHHan npo6neMa 3aKnbonaeTcn b onpeAeneHHHcpopMw HMnynbcon-
Aa b ncTOHHHKe, a He b ycrpaHeHHH c ceftcMorpaMM KpaTHwx
OTpaaceHHH. CymecTßyeT onpeneneHHbin MaTeMarenecKHH npenen,
no AOCTnaceHHH KOToporo 3aAana noAaBneHHH KpaTHwx OTpaaceHHH
CTaHOBHrca paßHo3HannoH 3anane onpeAeneHHH cpopMw HMnynb-
coHAa b ncTOHHHKe. TaKOH npeAen cymecTßyeT TorAa, KorAa
HBneHHe peßep6epannn orpaHHneHo He6onbumM cpH3HnecKHM o6be-
mom BOKpyr HCTOHHHKa nnn cencMonpneMHHKa THna nonßeHHoro
cnon. npnnHHa SKBHBaneHTHOcrn 3anan onpeAeneHHH cpopMw
BonHbi b ncTOHHHKe h noAaBneHHH KpaTHwx OTpaaceHHH B

yKa3aHHOM npeAenbHOM cnynae coctoht b tom, hto HHCxoAnman H3
HCTOHHHKa BonHa He npocTO xapaKTepH3yeT caM hctohhhk, ho
BKnbonaeT b ce6n h MecTHwe pe3OHaHCHwe Kone6aHHH nonßeHHoro
cnon. TepMHHOM cnyTHHK b MeTOAe OTpaaceHHwx BonH o6o3HanaeT-
cn OTpaacemie HMnynbca HCTOHHHKa ot noBepxHOCTH 3eMnn nnn ace
ot nononißW 30hw Manwx CKopocTen. TaK KaK hctohhhk cencMnne-
ckhx BonH nacTO pacnonaraeTcn 6nn3KO ot ynoMHHyTbix Bwme
OTpaacabomnx rpaHHn, BonHa-cnyTHHK paccMaTpHßaeTca KaK nacTb
BonHbi, HcnycKaeMOH hctohhhkom.

CymecTßyeT o6mHpHan nnTepaTypa no MHoroKpaTHWM OTpaace-
HHaM AJia cnynan BepTHKanbHoro naAeHHH Bonm TeopeTHKH,
H3ynabomne pacnpocTpaHeHHe BonH, Ha3WBabOT onepannbo no
ycTpaHeHHbo Bceßo3MoacHwx KpaTHwx OTpaaceHHH pemeHneM
o6paTHOH 3aAann. J\ji% Toro, hto6w Teopnbo pemeHHH
o6paTHon 3anann MoacHo 6wno 6w npHMeHHTb k paccMaTpHßaeMon
npo6neMe, OHa AonacHa BKnbonaTb b ce6n cnoco6, no3BonHbomnn
pacno3HaßaTb KpaTHwe BonHbi.
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B HacToninee BpeMH b noBceAHeBHOH pa6oTe Teopnen pemeHHH
o6paTHon 3aAann o6whho He nonb3yioTcn, a npeAnonarabOT, hto
cymecTßyeT hckhh MaTeMarenecKHH npenenbHWH cnynaii, Korna c
KpaTHWMH OTpa^ceHHHMH MoacHo nocTynaTb, KaK c BonHon,
BO3HHKabOmeH B HCTOHHHKe. OCHOBHOH MCTOA AJia npOH3BOACTBCH-
hoh o6pa6oTKH cencMorpaMM c KparewMH OTpaaceHnaMH 6wn
npeAnoaceH h onncaH b pa6oTe [122]. HecMOTpn Ha nocnenoßaß-
mne MHoronHcneHHwe pa3pa6oTKH h npoAonacabomnnca aKTHBHbra
HHTepec co ctopohw npaKTHKOB, npneMW noBceAHeBHOH AeKOHßO-
nbonnn Mano H3MeHnnHCb.

TpaAnnnoHHaa AeKOHßonbonnn, npHMeHneMan b npoH3BOACTBeH-
hoh o6pa6oTKe ceHCMopa3BeAOHHwx MaTepnanoß (cm. pnc. 163),
cennac HMeeT MHoro pa3HOBHAHocTen. riocrapaiocb Bwpa3HTb
npocTWMH cnoBaMH to, hto MHe KaaceTca cyTbbo AeKOHßomonnH.
Kaacnan cencMOTpacca HMeeT cboh cneKTp. 3tot cneKTp npeACTaß-
nneT co6on pe3ynbTaT achctbhh MHorax npHHHH. HeKOTopwe
npnHHHW nrpabOT ocHOßononarabomybo ponb, npyrne He3HanHTenb-
Hybo. JXocajxno, KorAa cencMOTpacca pesonnpyeT npocTO H3-3a
KaKoro-TO HBneHHH b BepxHen nacTH pa3pe3a. Paccyacnaa sneMeH-
TapHO, AeKOHßonbonnn npeACTaßnneT co6on TaKon cnoco6 o6pa6oT-
KH, B COOTBeTCTBHH C KOTOpbIM H3MepHbOTCH XapaKTepHCTHKH
cnnbHwx pe3oHaHCHbix Kone6aHHH n no hhm paccnnTWßaeTCH
cpnnbTp, npeAHa3HaneHHWH AJia hx noAaBneHHH. OnnbTp paccnHTW-
BaeTcn TaKHM o6pa3oM, hto6w ero nacTOTHan xapaKTepncreKa
6wna npH6nn3HTenbHo o6paTHa cneKTpy hcxoahwx cencMHnecKHx
Ha6nbOAeHHH. CnenoßaTenbHo, Ha Bbixone TaKoro cpnnbTpa cnman
6yAeT, rpy6o roßopn, 6enwM, t. e. b ero cneKTpe conepacaTca Bee
nacTOTW b paBHOH nponopnnH. H3AaBHa h3bcctho, hto Ha6nbOAe-
hhh OTpaaceHHwx ceHCMHnecKHX BonH peAKO HMebOT KaKOH-nn6o
cmwcji BHe nonocw nacTOT 10— 100 Tn, nosTOMy Ha oKOHnaTenb-
hom STane o6pa6oTKH nacTOTW, HaxoAamneca 3a npeAenaMH
yKa3aHHoro Anana3oHa, y6npabOTcn c 3anncn. (npeAnonoaceHne o
tom, hto cneKTp bwxoahoh cpyHKnnH AonaceH 6wTb 6enwM,
mhothm cencMopa3BeAHHKaM KaaceTca cna6o o6ocHOBaHHWM, ho
npaKTHKa noKa3WBaeT, hto nynme ncxoAHTb H3 SToro npeAnonoace-
hhh, neM co3naßaTb H3o6paaceHHH 3eMHon cpenw no Heo6pa6oTaH-
hwm MaTepnanaM.)

/^pyroe HeMaTeMaTnnecKoe o6bHCHeHHe npaKTHnecKon ycnem-
hocth AeKOHßonbonnn coctoht b tom, hto OHa BwpaßHHßaeT
cneKTpw ot Tpaccw k Tpacce, OHa hx 6anaHcnpyeT [147]. BbmaeT
AOcaAHO, KorAa cencMOTpacca pe3oHHpyeT H3-3a KaKoro-TO HBne-
HHH, Ha6nK>AaioinerocH b BepxHen nacre pa3pe3a. Eme 6onee

AocaAHO,

KorAa cneKTp BonHbi H3MeHneTcn ot Tpaccw k Tpacce
BMecTe c H3MeHeHneM BepxHen nacTH pa3pe3a ot tohkh k tohkc
npn H3MeHHHBOM cneKTpe TpyAHO H3MepnTb npHpameHHn BpeMeHH
no roAorpacpy. Otmcthm, hto onncaHHaa Bwme TpaAnnnoHHaH

AeKOHßonbonnn,

ncnonb3yeMan npn npoH3BOACTBeHHon o6pa6oTKe
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MaTepnanoß, BKnionaeT b ce6n n nponcAypy ypaBHHBaHHH
cneKTpoß (cm. pnc. 164).

/JaHHan Bwme HHTepnpeTannn nponcnypbi AeKOHBonbonHH h
npnnHH ee ycnemHoro npaKTnnecKoro npHMeHeHHn OTnnnaeTcn ot
toh, KOTopyns MoacHo HaHTH b 6onbmHHCTBe pa6oT no reocpH3HKe.
/JeKOHßonbonino nacTO HHTepnpeTnpybOT nepe3 npencKa3yeMoCTb
KpaTHwx h HenpeACKa3yeMocTb OAHOKpaTHbix (nepßHHHbix) OTpaace-
HHH. B pa6oTe [53] noKa3aHO, KaKHM o6pa3oM npeACKa3WßaK>Tca
KpaTHwe OTpaaceHHa. Hx npomo3 ocHOßbmaeTcn He Ha crporon
CBepTOHHon Monenn, a Ha npn6nHaceHHH k Hen. npeACKa3aHHe
nyTeM CBepTKH nynme bccto pa6oTaeT b Tex cnynanx, KorAa bch
peßep6epannn cocpeAOToneHa b BepxHHx cnonx cpeAbi. TorAa OHa
noxoaca Ha BonHy, H3nynaeMybo cencMnnecKHM hctohhhkom.

KapAHonornnecKHe nccneAOßaHnn BxonaT b noßceAHeßHybo
MeAHnnHCKybo npaKTHKy, nero He CKaacenib 06 nccneAOßaHnnx
nerKHx. npoßeAeM TaKybo aHanonno: TeopHH MHrpannoHHoro
npeo6pa3oßaHHn n CKopocTHoro aHanH3a cnyacaT xopomnM pyKo-
boactbom b npaKTHnecKOH ceHCMopa3BeAKe, B OTnHHHe ot Teo-
pHH AeKOHßonbonnn. Ha6nbOAaeMwn 3Aecb 6onbinoH pa3pwß
MeacAy Teopnen h npaKTHKon AonaceH BbBWBaTb 6ecnoKoncTßO.
Bonee noApo6Hoe H3noaceHne sthx Bonpocoß MoacHo HaHTH b
pa6oTe [153].

Hnace neMOHCTpHpybOTca cencMorpaMMbi, nonyneHHwe Ha cyme
c noMOinbbo norpyaceHHwx cencMonpneMHHKOß h noATßepacAabomne
Ty Mwcnb, hto BonHbi, H3nynaeMbie hctohhhkom, npeAcraßnnioT
co6oh b ochobhom npnnoßepxHocTHyio peßep6epannbo. 3aTeM
6ynyT paccMOTpeHW OTKnoHemw ot MOAenn CBepTKH.

BepTHKanbHbiii ceiicMHHecKHH npocpiinb (BCfl)

CeHCMopa3BeAHHKH BcerAa 6narocKnoHHO othochtch k Aonon-
HHTenbHon HHCpopMannH, nonynaeMOH mctoaom BepTHKanbHo-
ro cencMHHecKoro npocpnnHpoßaHHH (BCn). BepTHKanb-
hwh cencMnnecKHH npocpnnb npeACTaßnneT co6on coBOKynHOCTb
cencMHnecKHx Tpacc, perHCTpapyeMbix b CKBaacnHe npn Bo36yacne-
hhh Ha noBepxHOCTH 3eMnn. BbinonHneMbie b o6whhom nopnAKe
HccneAOBaHHH b CKBa^cnHax, HanpHMep, ot6op KepHa nnn sneKTpn-
necKHH KapoTaac naioT noKanbHybo HHCpopMannbo, ocßemabomybo
3anacTybo nnmb HecKonbKO caHTHMeTpoB TonmnHW OKonocKßaacHH-
hoto npocTpaHCTßa. Yao6ho cnnTaTb, hto 3eMHan cpena ropn3oH-

TanbHO-cnoHCTaa,

ho STa HAeann3annn TepnHT HeyAany yace Ha
HeKOTOpOM, HeH3BeCTHOM HaM paCCTOaHHH OT CTBOna CKBaaCHHW.
CeHCMopa3BeAKa mctoaom OTpaaceHHwx BonH, BbinonHaeMaa Ha
noBepxHOCTH 3eMnn, o6ecnennßaeT nonyneHHe hco6xoahmoh hh-
cpopMannn o pacnpocTpaHeHHOCTH no naTepann. OAHaKO Ha6nbone-
hhh mctoaom OTpaaceHHwx BonH Ha noBepxHOCTH 3eMnn hmcbot
orpaHHneHHH no pa3pemabomen cnoco6HOCTH n xapaKTepH3ybOTcn
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PHC. 165. BepTHKajibHbin cencMnnecKHH npocjinjib

norpemHocTHMH pa3nHHHoro xapaKTepa. BCn AaeT HHcpopMannio
npOMeacyTOHHoro ypoBHH n MoaceT cny^cnTb tcctom Ha3eMHon
ceHCMnnecKOH pa3BeAKH. K coacaneHHbo, npoßeneHne pa6oT no
BCn CBH3aHO c 6onbuiHMH AeHeacHWMH 3aTpaTaMH n nosTOMy ohh
npoßOAaTca peAKO.

Bonpocw, cBH3aHHwe c BCn, ocßemeHw b HecKonbKHx KHHrax h
MHoacecTße HaynHbix craTen. Mo»:ho peKOMeHAOBaTb nnTaTenbo,
HanpHMep, pa6oTw [57] h [s]. 3necb ace mw paccMOTpnM oahh H3
BepTHKanbHwx ceHCMHnecKHX npocpnnen, hto6w nonynnTb hckoto-
poe npencTaßneHHe o BonHax, Bo36yacAaeMwx hctohhhkom, h
KpaTHwx OTpaaceHHHx. npHBeneHHWH Ha pnc. 165 npHMep BCn
nonyneH b TnnnHHwx jxjix cymn ycnoßnnx. KpaTHwe OTpaaceHHa
pa3BHTW He CTonb cnnbHO, KaK b cnynae cencMopa3BeAKH Ha Mope,
MaTepnanw KOTopon AeMOHCTpnpoßanHCb b HacTonmen rnaße.
B nepßwx BCTynneHnnx Ha pnc. 165 OTMenaeTcn nepßHHHan
nanaboman BonHa. BpeMH npo6era nanaromnx BonH pacTeT c
rny6HHOH. no HaKnoHy hx ronorpacpoß MoacHo onpeAennTb
HHCxonnmybo KOMnoHeHTy ckopocth. 3a nepßon nanabomen BonHOH
Ha6nbOAabOTcn TaKne ace BonHbi, xapaKTepn3ybomHeca OAHHaKOBw-
MH CKOpOCTHMH. YmOBOH KOSCpCpHHHeHT BOCXOAHTHHX BOnH npOTH-
BononoaceH yrnoßOMy KOSCpcpnnHeHTy nanabomnx. B cnynae, H3O-
-6paaceHHOM Ha pnc. 165, hctohhhk pacnonoaceH Ha noBepxHOCTH
3eMnn y ycTbn CKBaacHHW. no ropn3oHTanbHon och pncyHKa
OTnoaceHa rny6nHa cencMonpneMHHKa, no BepreKanbHon—BpeMH
npo6era BonH. AMnnnTynw yMHoaceHW Ha Becoßybo cpyHKnnio BHAa
tf'5 .
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PHC. 166. CencMOTpaccbi pnc. 165, ycnnenHbie Ha He6ojibuiHx rjiy6nHax

nocKonbKy no3AHHe BCTynneHHH cna6ee paHHnx, cencMHnecKne
Ha6nbOAemiH nepeA TeM, KaK BbmecTH, o6whho ycnnnßaiOT
nponopnHOHanbHO BpeMeHH. Hh b TeopHH, hh Ha npaKTHKe HeT
o6mero cornacnn OTHocnTenbHo Toro, KaKon bha bccoboh cpyHKnnH
HBnneTcn HannynmnM. J\r% Ha6nbOAeHHH mctoaom OTpaaceHHwx
bohh BnonHe ynoßneTßopnTenbHa cpyHKnnn BHAa t2 (cm. pa3Aen
4.1). H3 pnc. 165 MoacHo 3aKnbonHTb, hto cpyHKnnn tl, coxpaHneT
nepßbie BCTynneimn Ha npHBeneHHOM BCn npn6nH3HTenbHO
nOCTOHHHWMH.

PaccMOTpeHHe pnc. 165 noKa3bmaeT, hto 3a naAaioinHM hm-
nynbcoHAOM cnenyeT BonHa, npH6nn3HTenbHO coxpaHHboman cbokd
cpopMy no Mepe Bo3pacraHHH rny6HHW perncTpannn. CTeneHb
nocTOHHCTBa npocneAHTb HenerKo H3-3a ee HHTepcpepeHnjrn c
BocxoAnmnMH BonHaMH. HacKonbKO MoacHo cynnTb no pncyHKy,
naAabomne BonHbi Ha caMoii oonbmon rny6nHe n caMOH Manon
npaKTHnecKH coßnanabOT.

Ha pnc. 166 npHßeAeHw Te ace Ha6nbOAeHHn, ho HecKonbKO
ycnneHHwe Ha Manwx rny6HHax. nanaboman BonHa 3Aecb yace He
KaaceTca Hen3MeHHon no CBoen cpopMe He3aBHCHMO ot rny6nHW
perncTpanHH. OTCbona MoacHo CAenaTb bwboa, hto b npaKranecKnx
cnynanx naAansman BonHa npeACTaßnneT co6oh b ochobhom
pe3ynbTaT bjihhhhh npHnoßepxHocTHwx peßep6epannH. 3aMereM,
hto Ha6nbOAeHHH npon3BeAeHw c noMonrbio cencMonpneMHHKOß
npoAonbHwx BonH (cm. pnc. 165, 166).

3Heprnn nepßoro BCTynneHHH Ha pnc. 165 rpy6o conocraßHMa c
SHeprnen nocnenybomnx BCTynneHHH, KOTopan 6wna 6w MeHbme,



365

ecnn 6w Ha6nbOAeHHH no BepTHKanbHOMy cencMHnecKOMy npocpnnbo
6wnn BWBeAeHw Ha rpacponocrpoHTenb 6e3 yMHoa<eHHa Ha Becoßybo
cpyHKnnbo BHAa f

1,5

. nocKonbKy Ha6nbOAeHHH mctoaom OTpaaceH-
Hwx BonH, npoH3BOAHMwe Ha noBepxHOCTH 3eMnn, o6whho
bwboahtch c npHMeHeHHCM KaKoro-nn6o BHAa B3BemHBaHHn (name
Bcero c noMombbo t2 ), to co CTaTncrenecKon tohkh 3peHnn ecre
CMbicn paccMaTpHßaTb 3HeprHbo B3BemeHHwx Ha6nK>AeHHH. Ha
stom ocHOBaHHH MoacHo yTßepacAaTb, hto SHeprnn peßep6epanHH
rpy6o cpaBHHMa c SHeprnen nepßwx BCTynneHHH.

noA npnnoßepxHOCTHon nacTbbo pa3pe3a nanaboman BonHa
H3MeHneTcn b 3aBHCHMOCTH ot rny6HHbi MenneHHo. Tenepb MoacHo
3anaTbca BonpocoM, HacKonbKO H3MeHHnacb 6w naAabomaa BonHa,
ecnn 6w hctohhhk nepeMecTnncn b ropH3OHTanbHOM HanpaßneHHH.
ilcHO, hto CKBaacHHa He nepeMemaeTca no ropH3oHTajm, nosTOMy
mw orpaHnneHw TeM cnynaeM, KorAa no naTepann nepeMemaeTcn
TonbKO noßepxHocTHbin hctohhhk. nocKonbKy nacTO MoacHo
Ha6nbOAaTb 6wcTpwe H3MeHeHHH no naTepann npnnoßepxHOCTHwx
ycnoBHH, to cymecTßyeT onaceHHe, hto h cpopMa 3anncn nanaioineH
BonHbi 6yneT pe3KO MeHHTbcn c nepeMemeHHeM nyHKTa Bo36yacne-
Hna ynpyrnx BonH. Peßep6epanHH, Ha6nbOAaeMwe Bo3ne HCTOHHHKa,
coxpaHHbOT CBoe noAo6ne B6nH3n ot nbo6oro cencMonpneMmnca,
ycTaHOßneHHoro Ha noBepxHOCTH 3eMnn. nonynabomancn b pe3ynb-
TaTe cnoacHaa peßep6epannn npeACTaßnneT co6on cßepTKy peßep6e-
panHH, Ha6nbOAaeMwx B6nn3H ot ncroHHHKa h cencMonpneMHHKa.
nosTOMy AJia Toro, hto6w nonynHTb HHCpopMannio, HeooxoAHMyio
jinn BwnonHeHHH AeKOHßonbonnn noßepxHocTHwx cencMopa3BeAon-
hwx Ha6nbOAeHHH, BCn cnenyeT BwnonHHTb c Hcnonb3oßamieM
HecKonbKHx nyHKTOB BO36yacAeHHH.

K coacaneHHbo, TaKne HenpononbHwe BepTHKanbHwe ceHCMnne-
CKHe npocpHnn OTpa6aTWßabOTcn peAKO. Cennac, Korna Ao6wna
HecpTH n npnpoAHoro ra3a HMeeT TeHAeHnnbo k naAemno h
pa3pa6aTWßabOTcn AoporocTonmne mctoaw btophhhoh 3KcnnyaTa-
nnn MecTopoacAeHHH, cTOHMOCTb pa6oT BCn He AonacHa KasaTbca
CTonb yac bwcokoh. 06beM ao6whh, TepaeMbm H3-3a npocTon Ha
BpeMH npoßeneHHH BCn, npome oneHHßaTb b cpaBHeHHH c
BO3MoacHWMH BbiroAaMH, nonynaeMWMH b pe3ynbTaTe npoßeneHnn
noAo6Hwx pa6oT.

BHOBb BepHeMcn k TOMy, KaKOH CMbicn BKnaAbmaeTcn b noHHTHe
«Ha6nbOAeHHH nnoxoro KanecTßa». CencMHHecKHe Ha6nbOAeHnn
xapaKTepH3ybOTcn noßTopneMOCTbbo b Tex cnynanx, Korna HHTeH-
CHBHOCTb none3HOH 3anncn npeßwmaeT ypoßeHb cpoHa MHKpocenc-
MnnecKHx noMex. Ho nacro cnynaeTcn, hto Ha6nbOAeHHwe cnrHanw
He noAAabOTcn pa3yMHOH HHTepnperanHH. Hannnne KoppennnHOH-
hwx CBH3en no npocrpaHCTBeHHWM KoopAHHaTaM He nrpaeT AJia
Hac HHKaKon ponn, o neM roBopHT 6onbman nacTb Ha6nK)AeHHH Ha
6onbmnx BpeMeHax. nponcxoAHT, Bo3MoacHo, cneAybomee: 1)
naAabonrne BonHbi npno6peTabOT AnHHHwe xboctw; 2) caM xboct
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HBnneTcn 6ecnopaAOHHOH cpymcnneH ycnoBHH b TOHKax npocpnna
Ha6nbOAeHHH; 3) SHeprnn «xboctobwx» Kone6aHHH npeßocxoAHT
SHeprnbo nepßwx BCTynneHHH. TaK KaK naAaboman BonHa HMeeT
cnynaimwH xapaKTep, to He ynHBHTenbHO, hto BocxoAnman no
Heo6xoAHMocTH npHo6peTaeT HenoHHTHwn, HenHTepnpeTHpyeMWH
BHA.

KpaTiiwe OTpaaceHHH, na6.no iae%iwe b yc.iobhhx rnvSoKOßonbn
MacTO

OTMenanocb,

hto KpaTHwe OTpaaceHHH ot MopcKoro nna
npeACTaßnnbOT 6onbiuyK> npo6neMy TonbKO b nonnpHbix mnpoTax,
b 3KBaTopnanbHwx ace o6nacTnx ohh AOBonbHo peAKO CO3AaK)T
cepbe3Hbie noMexn. 3to 3aMenaHne MoacHo 6wno 6w noAßeprHyTb
coMHeHHbo, KaK ocHOBaHHoe Ha cnnniKOM Manon

CTaTHCTHKe,

ho
MoacHo npnßecTH ABa AOBOAa b nonb3y Toro, hto oho MoaceT
oKa3aTbca cnpaßeAnnßWM. Kaacnwn H3 sthx aoboaob npeACTaßnneT
CaMOCTOHTenbHWH HHTepeC, He3aBHCHMO OT TOrO, AOCTaTOHHa
CTaTHCTHKa nnn HeT.

OKa3WßaeTca, hto npnpoAHWH ra3 pacTßopneTcn b Bone h
noßbimaeT TeMnepaTypy ee 3aMep3aHHn, oco6eHHO npn bwcokom
AaBneHHH. Jlen, o6pa3ybomnHcn b ycnoßnnx npncyTCTßHn npHpon-
Horo ra3a, Ha3WßaeTcn ra3OBWM rnnpaTOM. TaKHM o6pa3oM,
noA boahoh Tonmeft OKeaHa MoaceT o6pa3oßaTbca TBepnwn
ra3oßwn rnApaT, 3aKnboneHHWH b ocaAOHHwx noponax. ra3OBWH
rHApaT npnnaeT ocaAOHHWM noponaM acecTKOCTb h noßbimaeT
HHTeHCHBHOCTb KpaTHwx OTpaaceHHH.

BTopaa npHHHHa BO3HHKHOBeHHH CHnbHbix KpaTHwx OTpaaceHHH
Ha nonapHwx mnpoTax CBH3aHa c neAHHKOBon 3po3neH. B o6whhwx
ycnoßnnx aho OKeaHa HBnneTcn mcctom MenneHHoro HaKonne-
hhh TOHKO3epHHCToro MaTepnana. noAo6Hwe HeAaBHo 06pa30-
Baßmnecn nopoAw MnrKH h Ha hhx o6pa3ybOTcn cna6we KpaT-
Hwe OTpaaceHHa. Ho b nonnpHbix o6nacTnx b pe3ynbTaTe nen-
TenbHocTH neAHHKOB ocaAOHHwe noponw cocKa6nHßabOTcn c
noBepxHOCTH nna Mopn. B MecTax 3po3HH o6HaacHßmneca ropHbie
noponw OKa3WßabOTca 6onee tbcpawmh n acecTKHMH, neM BHOBb
o6pa3ybomnecn ocaAKH. nosTOMy h OTpaaceHHH ot MopcKoro Ana
6yAyT cnnbHee.

B npenenax KOHTHHeHTanbHbix TeppHTopnn nponeccw spO3HH n
ocaAKOHaKonneHHH nponcxonnT Ha Bcex mnpoTax. MoacHo npeAno-
nOaCHTb, HTO B KOHeHHOM CHCTe paHOHW KOHTHHeHTanbHWX
menbcpoß o6pa3oßanncb b pe3ynbTaTe nponeccoß ocaAKOHaKonne-
HHH, npOHCXOAHBIHHX B ycnOBHHX HH3KHX H CpeAHHX mHpOT, a
3aTeM Apencpoßann k bwcokhm mnpoTaM, rAe n noAßeprnncb
3po3HH. HecMOTpn Ha to, hto naHHan Teopnn bo MHoroM ocHOBaHa
Ha npeAnonoaceHHax, OHa Bee ace AaeT KaKoe-TO o6bacHeHHe
Ha6nbOAaeMon cpaKrenecKH cbh3h KpaTHwx OTpaaceHHH c nonnpHW-
mh mnpoTaMH.
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Heiio.iHOkparuble h BHyTpucnoHiiwe Kparnwe OTpaaceHHH

BwAennbOT Tpn ochobhwx Tnna KpaTHwx OTpaaceHHH (pnc. 167).
KpaTHWMH OTpaaceHHHMH OT MOpCKOTO AHa Ha3WßabOT-
cn Te KpaTHwe OTpaaceHHbie BonHbi, HbH nyneßbie TpaeKTopnn
neacaT nennKOM b Tonme boaw (pnc. 167,a). nocKonbKy o6whho
OTpaacaTenbHan cnoco6HOCTb MopcKoro Ana Bwnie, neM y 3anerabo-
iuhx HHace Hero reonorHnecKnx rpaHnn, aMnnHTyna TaKnx KpaTHwx
OTpaaceHHH nacTO OKa3WßaeTca 6onbinon. B ycnoßHnx rny6oKO-
ßOAbn noAo6Hwe KpaTHwe OTpaaceHHa MoryT 6wTb oneHb hctkhmh
h perncTpnpoßaTbca 6e3 HHTepcpepeHnHH c ApyrnMH BonHaMH.
XpecTOMaTHHHbm npHMep TaKHx KpaTHwx OTpaaceHHH noKa3aH Ha
pnc. 162.

HacTHHHO-KpaTHwe OTpaaceHHH pa3nHHHWMH aBTopaMH onpene-
nnbOTcn no-pa3HOMy. Mw cnnTaeM nacTHHHO-KpaTHWMH
OTpaaceHnaMH (pnc. 167, 5) TaKHe, KOTopwe npeTepnenn oaho
oTpaaceHne b ocaAOHHOM pa3pe3e, a ocTanbHwe b npnnoßepxHOCT-
hom cnoe.

C nenbbo o6nerneHHH HHTepnpeTannH cencMopa3BeAOHHwx
Ha6nioAeHHH AaAHM KpaTKybo CBOAKy BpeMeHHbix n aMnnHTyAHbix
cooTHomeHHH, xapaKTepHwx Ann KpaTHwx OTpaaceHHH, pacnpocrpa-
HHbomnxcH no BepTHKann b ropn3oHTanbHO-cnoHCTon cpeAe.
06o3HanHM ABOHHoe BpeMH npo6era ao MopcKoro AHa nepe3 fls a
KoscpcpnmneHT OTpaaceHHH ot Hero nepe3 c^ TorAa «-Kpareoe
OTpaaceHne 3aperncTpHpyeTCH Ha BpeMeHH nt^ c aMnnHTynon c\.
npeAnonoacHM TaKace, hto 6onee rny6oKoe nepBHHHoe OTpaaceHne
HMeeT BpeMH npo6era t2 n KoscpcpHnneHT OTpaaceHHH c2 . HacrenHO-
KpaTHwe OTpaaceHHa, b o6pa3OBaHHH KOTopwx ynacTßyeT TonbKO
MopcKoe aho, BCTynabOT b momchtw BpeMeHH t2+ntl . 3aMereM,
hto nacTHHHo-KpaTHbie OTpaaceHHa o6pa3yK>T cboh ceMencTßa.
HanpHMep, BpeMa t2 + 2t1 MoaceT cooTBeTCTBOBaTb TpeM TpaeKTO-
pnaM: t2 -\-2t 1, t1 +t2+t 1 nnn 2t 1+ t2. nosTOMy b AencTßHTenb-
HOCTH nacTHHHO-KpaTHoe OTpaaceHne u-to nopnAKa npeACTaßnneT
co6on cyMMy n+ l nynen h ero HHTeHCHBHOCTb 6yAeT nponopnno-
HanbHa npon3BeAeHHbo BHAa (n+\)c2c". Peßep6epannn ot mopcko-
ro AHa paßHa no hhtchchbhocth c\, t. e. He coßnaAaeT c toh
cpyHKnneH ot n, KOTopan onncbmaeT peßep6epanmo ot ocanonHon

PHC. 167. TpaeKTopHH jiynen nojmoKpaTHoro OTpaaceHHH ot £Ha Mopa (a),
HacTHHHO-KpaTHbix OTpaaceHHH (6) h BHyTpncjiOHHoro MHoroKpaTHoro OTpaace-
HHH (e)
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PHC. 168. Pa3pe3 Gjinacanmnx k nyHmry B3pbißa Tpacc:
a—

aHO

Mopa; 6— aßyicpaTHoe OTpa>KeHHe ot Mopcxoro aHa; e — TpexKpaTHoe oTpaaceroie ot
MopcKoro aHa; z— oaHoicpaTHoe OTpaaceHne; d— HacTHHHo-KpaTHoe nepßoro nopaaxa; e —
HacTHHHO-KpaTHoe BToporo nopaaKa

Toninn, a hmchho (n+\)c". Mto6w npeHe6penb peßep6epanHeH ot
MopcKoro AHa, MoacHo npocTO nocnnTaTb cpyHKnnbo (n+\)c"
cpopMon 3anncH BonHbi, BO36y^AeHHOH hctohhhkom.

Y KaacAOH KpaTHon BonHbi nonacHo 6wTb «mccto noBopoTa»,
rAe BocxoAnman BonHa npeßpamaeTcn b nanabomybo. nonTH bcc
nerKO pacno3HaßaeMbie KpaTHwe OTpaaceHHa npeACTaßnnioT co6on
noßepxHocTHwe KpaTHwe, t. e. ohh «pa3BopanHßabOTcn» Ha
noBepxHOCTH 3eMnn. Ha pnc. 168 npHßeAenw HecKonbKO hctkhx
npHMepoß KpaTHwx OTpaaceHHH. Pa3pe3 cocTaßneH H3 6nHacanmnx k
nyHKTaM B3pwßa Tpacc h nonyneH b npenenax JTa6paAopCKoro
KOHTHHeHTanbHoro menbcpa (panoH On3MHm-Ksn). no ropH3oHTa-
jm pacnonarabOTcn npn6nn3HTenbHO 9 nB. 3aMeTHM, hto npn
Ha6nbOAeHHHx Ha cyme pa3BopoT MoaceT coßepmaTbca Ha noAomße
nonßeHHoro cnon, KOTopan npaKTnnecKH coßnaAaeT c noßepx-
HOCTbbo 3eMnn.

Ha pnc. 167,e H3o6paaceHa TpaeKTopna pacnpocTpaHeHHH eme
OAHoro BHAa KpaTHwx OTpaaceHHH, Ha3WßaeMwx BHyTpHcnoH-
hwmh. MecTO hx pa3BopoTa HaxoAHTcn He Ha noBepxHOCTH 3eMnn
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PHC. 169. npnMep perncTpannn KpaTHbix OTpaaceHHH

nnn B6nH3H ot Hee. Hx peAKO MoacHo Ha6nioAaTb Ha noneßbix
ceficMorpaMMax. Ha pnc. 169 npHBCAeHa yAanHan 3anncb BHyTpH-
cjiohhwx KpaTHwx OTpaaceHHH. Ha6nbOAeHnn nonyneHw Bo3ne
nyspTO-PHKo. 3Aecb BHyTpncnoimoe KpaTHoe OTpaaceHne HaxoAHT-
ca MeacAy OTpaaceHHaMH ot MopcKoro Ana h cpyHAaMenra, nosTOMy
BpeMH ero npo6era paBHO BpeMeHH OTpaaceHHa ot cpyHAaMeHTa
nnboc pa3HOCTb BpeMeH OTpaaceHHa ot cpyHAaMeHTa h ot MopcKoro
AHa. BHyTpncnoHHwe KpaTHwe OTpaaceHHH noAAaioTcn OToacnecTß-
neHHbo TonbKO b Tex cnynanx, KorAa HHTepnpeTanHn cencMopa3Be-
Aohhwx AaHHwx npoH3BOAHTcn c npHßneneHHeM HHCpopMannH,
nonyneHHon b CKBaacnHe. npnnHHOH CTonb peAKoro BWAeneHHH
BHyTpHcnoHHbix KpaTHwx OTpaaceHHH no cpaßHeHHbo c nacTHHHO-
KpaTHWMH HBnneTcn to, hto KoscpcpHnneHTW OTpaaceHHH ot rpaHHn
BHyrpn ocaAOHHoii Toninn HaMHoro MeHbme, neM ot cbo6oahoh
noBepxHOCTH. OAHaKO cna6an HHTeHCHBHOCTb OTAenbHwx BHyTpn-
cnoHHwx KpaTHwx OTpaaceHHH MoaceT KOMneHcnpoßaTbca oneHb
6onbmHM nncnoM TaKHx OTpaaceHHH. BcerAa, KorAa ceHCMnnecKHH
pa3pe3 CTaHOBHTcn HenHTepnpeTnpyeMWM, MoacHo npennonaraTb,
hto Ha noneßbix cencMorpaMMax AOMHHnpyioT nacTHHHO-KpaTHwe
OTpaaceHHa, ncnbiTaßinne noßTopHoe OTpaaceHne b npeAenax nnacTa
He6onbmon MomHOCTH, 3anerabomero bo BHyTpeHHHx nacTax
reonornnecKoro pa3pe3a.

IIoTpeSHOCTb pa3nnnaTb THna pa3pe3oß

K 1974r.

MeTOAw,

Hcnonb3ybomne BonHOßoe ypaßHeHHe,
yTßepnnnn ce6n b KanecTße ycnemHwx cnoco6oß MnrpannoHHoro
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a— oaHOMepHbie CHHTeraHecKHe; 6— AByx-
MepHbie CHHTeTHHeCKHe C HCTOHHHKOM B BHae
BepTHKajitHO naaaiomeii njiocKon bojihm; e—27-KpaTHbiH pa3pe3 OTT; — pa3pe3, cocraß-
JieHHblH H3 6jIH)KaHIHHX K nyHKTy B3pblßa
Tpacc

PHC. 171. Pe3yjibTaTbi MOirejinpoßaHna
KpaTHbix OTpaaceHHH ot MopcKoro

/ma

npeo6pa3oßaHHn pa3pe3oß OTT. BnoxHOßneHHwe sthm ycnexoM
mw c j\. Pannn npeAnpnHnnH nonwTKH ncnonb3oßaTb BonHOßoe
ypaßHeHHe AJia peuiemiH 3anann nporHo3npybomero nonaßneHnn
KpaTHwx OTpaaceHHH, Ha6nK>AaeMwx npn MopcKon cencMOpa3BeAKe
b ycnoßHnx rny6oKOßOAbn. OcHOßWßancb Ha rnnoTe3e o tom, hto
npHHHHOH Bcex 3aTpyAHeHHH, KOTopwe BW3WBabOTcn HannnneM
KpaTHwx OTpaaceHHH b ycnoßHnx rny6oKOßOAbn, HBnnbOTcn scpcpeK-
tw AncppaKnHH, mw pa3pa6oTanH mctoa MOAenHpoßannn n
npomo3HpyK)mero noAaBneHHH AHCpparnpoßaHHwx KpaTHwx OTpa-
aceHHH [53, rnaßa 4, pa3nen 4]. Mw He npennonarann, hto Ha
npaKTHKe 3aAana noAaBneHHH KpaTHwx OTpaaceHHH 6yAeT HaMHoro
TpyAHee, neM 3aAana nonaßneHnn nepßHHHwx. B cnynae OAHOKpaT-
hwx, nnn nepßHHHwx, BonH oahh h tot ace ochobhoh mctoa
Mnrpannn npHMeHHM AJia Bcex THnoB pa3pe3oß: cocTaßneHHbix H3
Tpacc Hyneßoro ynanemm ot HCTOHHHKa, OTcyMMHpoBaHHwx no
npHmnmy o6inen rny6nHHOH tohkh nnn ace nocTpoemiwx b
npeAnonoaceHHH BepTHKanbHO nanabomnx nnocKnx BonH. OKa3a-
nocb, hto Ham mctoa noAaBneHHH KpaTHwx OTpaaceHHH npnMeHHM
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TonbKO b ycnoßHnx ropn3oHTanbHO-cnoHCTwx cpeA. A- Pannn
noAroTOBHn pnc. 170, Ha kotopom npnßeAeHw HeKOTopwe npnMepw
AHCpparnpoßaHHwx KpaTHwx OTpaaceHHH.

ripn H3yneHHH MaTepnanoß, npeACTaßneHHwx Ha pnc. 170,
Bcerna cnenyeT HMeTb b BHAy, hto Ha noneßbix MaTepnanax
AonacHw, no Been BeponTHOCTH, nponßnnTbcn oco6chhocth, CBH3aH-
Hwe c pacnpocTpaHeHneM BonH b TpexMepHOM npocTpaHCTße,
npnneM ohh MoryT ocTaßaTbcn He3aMeneHHWMH. TpeTbe H3MepeHHe
Bcerna HBnneTcn hchchwm. Oho, KaK npaßnno, He nopTHT
AByxMepHoe MHrpannoHHoe npeo6pa3oßaHHe, ho OTCbOAa HHKaK He
cnenyeT rapaHTnn coxpaHeHHnnencTBeHHocTH cnoco6a AByxMepHO-
ro noAaBneHHH KpaTHwx OTpaaceHHH c noMonmio BonHOßoro
ypaBHeHHH.

HpHviepw KpaTHwx OTpaaceHHH c cpOKvcHpoßKoii b ycnoßHnx
MenKOBOAbH

KoHnennnn H3nynaiomHX rpaHnn HenpnMeHHMa k KpaTHWM
OTpaaceHHaM, nosTOMy h He cymecTßyeT npocToro, ocHOBaHHoro Ha
BonHOßon TeopnH cnoco6a npeACKa3aHHa c^OKycnpybomero noßeAe-
HHa KpaTHwx OTpaaceHHH Ha pa3pe3e 6nnacaHmnx k nB Tpacc.
K cnacTbbo, KpaTHwe OTpaaceHHH, Ha6nbonaeMwe Ha cyMMax
BepTHKanbHO naAaiomnx nnocKnx BonH, noAAabOTcn nccneAOßaHHbo.
Ohh MoryT AaTb HaM HeKOTopoe npeACTaßneHne o cpoKycnpybomeM
noBeAeHHH KpaTHwx OTpaaceHHH Ha cchcmhhcckhx pa3pe3ax Apyrnx
Tnnoß. BepTHKanbHO nanaboinan nnocKan BonHa MonennpyeTCH c
Hcnonb3oßaHneM cyMMW 3annceH Ha o6ineH tohkc npneMa, b
KOTopybo He BBeneHw KHHeMaTHnecKne nonpaßKH. nocncAnnn He
nneHTHHHa pa3pe3y OTT, ho noAAaeTcn HccnenoßaHHK) cnoco6aMH,
onncaHHWMH b rn. 1 n 2.

PaccMOTpHM MHoroKpaTHoe OTpaaceHne ot noBepxHOCTH Ha6nio-
AChhh. CeHCMnnecKan SHeprna CHanana HMena bha naAaboineH
nnocKon BonHbi. OHa ocTaßanacb Hen3MeHHOH ao CBoero nepßoro
OTpaaceHHH ot MopcKoro Ana, b pe3ynbTaTe KOToporo Ha nnocKybo
BonHy Hanoacnnca OTnenaTOK penbecpa Ana. (npn MOAennpoßaHHH c
noMombbo BbinncnHTenbHOH MamnHW penbecp nna 6yAeT HanoxeH
Ha nnocKybo BonHy Ha 3Tane npnMeHeHHH nnH3oßoro ypaBHeHHH.)
3aTeM BonHa nnc^parnpoßana BBepx ao noBepxHOCTH Ha6nbOAeHHH
h BepHynacb Ha3an k MopcKOMy AHy. B KOMnbbOTep bboahtch eme
oahh TonorpacpnnecKHH nnH3oßwn CABnr. OnncaHHWH nponecc,
KorAa nonepeMeHHO nponcxoAHT AncppaKnnn h npnMeHneTcn
nnH3oßoe ypaßHeHHe, MoaceT noßTOpnTbcn 6ecKOHenHo. Ha pnc. 171
npeACTaßneHw pe3ynbTaTW MOAennpoßaHHH noAo6Horo nponecca.
BpocaeTcn b rna3a TaKan oco6eHHocTb KpaTHwx OTpaaceHHH
BwcoKoro nopnAKa, KaK KOHneHTpannn SHeprnn Ha noKanbHwx
ynacTKax. JTerKO BnneTb, hto OTpaaceHHa ot BorayTbix ynacTKOB
AHa Mopn npeoAoneßabOT TeHneHnnbo k pacxoacAeHHbo aKycTHne-
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ckoh SHeprnn. 06nacTH cnnbHon KOHneHTpannH SHeprnn, nonßnnbo-
mnecn Ha 6onbninx BpeMeHax, cobccm He noxoacn Ha nepßHHHwe
OTpaaceHHH. JToKanH3OBaHHoe Bo3MymeHHe OAHOKpaTHwx OTpaace-
HHH HMeeT TeHAeHnnio k pacxoacAemno no mnpoKon rnnep6one.
nepßHHHan MHrpannn cnnbHo CKOHneHTpHpoßaHHbix BcnnecKOß
SHeprnn, nono6Hwx Ha6nbOAaeMWM Ha pnc. 171, AonacHa npnBO-
AHTb k noHßneHHbo nonyoKpyacHOCTen. Ha pnc. 171 BepTHKanbHwn
Macurra6 b 5 pa3 KpynHee ropH3oHTanbHoro, nosTOMy Ha ynacTKax
c nonornM penbecpOM Ana Ha6nbOAaeTcn Aaace He6onbman cpOKycn-
poßKa. OHa Bo3pacTaeT ao 6onbmnx BennnHH AJia KpaTHwx
OTpaaceHHH bwcokhx nopnAKOB. Ha 6onbmnx BpeMeHax naTepanb-
Han npocneacHßaeMOCTb nepßHHHwx OTpaaceHHH OTcyTCTByeT.

BaacHbm bwboa, KOTopwn cnenyeT CAenaTb no pesynbTaTaM
pacneTa CHHTeTHnecKnx KpaTHwx OTpaaceHHH (cm. pnc. 171), cocro-
ht b tom, hto KpaTHwe OTpaaceHHa coßceM He o6a3aTenbHO nonac-
hw 6wTb noxoacHMH Ha nepßHHHwe. nonyoKpyacHOCTH, nonßnnbo-
mnecn Ha MHrpnpoßaHHbix pa3pe3ax, MoryT cooTBeTCTBOBaTb ocTa-
tohhwm KpaTHWM oTpaaceHHHM. K coacanemno, HeT npocTon Teo-
pHH, oTßenabomeH Ha Bonpoc o tom, 6yAyT nn ccpoKycnpoßamiwe
KpaTHwe Ha BepTHKanbHO-BonHOßwx cyMMapHwx pa3pe3ax noxo-
AHTb Ha aHanornnHwe KpaTHwe, ho npHcyTCTßybomne Ha pa3pe3ax
Hyneßwx yAaneHHH nnn OTT. K cnacTbbo, HMebOTcn HeKOTopwe
AaHHbie, KOTopwe MoryT AaTb otbct Ha nocneAHHH Bonpoc. Ha
pnc. 172 npHßeneH pa3pe3 Hyneßwx yAaneHHH, noATßepacAabonrnH
bwboa o tom, hto Ha MaTepnanax MeTOAa OTpaaceHHwx BonH
AencTßHTenbHO MoacHo oTwcKaTb onncaHHwe Bwme HBneHnn
CpOKyCHpOBKH, KOTOpbie npOHBnHbOTCH ecnH He B

KOnHHeCTBCHHOH,

to b KanecTßeHHon cpopMe. 3tot pa3pe3 nonyneH b MyKOTCKOM
Mope. 3cpcpeKTw cpoKycnpoßKH 3aTymeßWßabOTcn cyMMHpoBaHneM
OTT. ByKBaMH o6o3HaneHo cnenyioinee: A — coßpeMeHHan reono-
rHnecKan CTpyKTypa; B — npeacHaa HepaBHOMepHO spOAnpoßaHHan
reonornnecKan CTpyKTypa, npnneM nocne spo3HH OTAenbHbie
ynacTKH noBepxHOCTH nna OKa3anncb BwnyKnwMH, Apyrne — Boray-
twmh; C— cpoKycnpoßKa Kparawx OTpaaceHHH BwcoKoro nopaAKa b
Tex MecTax, rAe aho BomyToe; D —coßpeMeHHoe HaKnoHHoe
3aneraHne

cnoeß,

npoHßnnioineecH b Tex MecTax, rne KpaTHwe
OTpaaceHHH cna6w, ApyrHMH cnoBaMH, TaM, rne BwnyKnocTH
penbecpa MopcKoro AHa npnBOAHT k 6wcTpoMy nx pacxoacAemno.

Ha MaTepnanax MopcKon ceHCMopa3BeAKH (cm. pnc. 172) hcho
BHAHW HBneHHH CpOKyCHpOBKH, nOATßepaCAaeMbie CHHTeTHHeCKHMH
pacneTaMH (cm. pnc. 171). OTCbOAa MoacHo CAenaTb bwboa, hto AJia
nonyneHHa 6onee hctkoh KapTHHW CTpoeHHH 3eMHwx Henp mw
AonacHw pacnonaraTb KonnnecTBeHHWMH AaHHWMH o BnHaHHH
KpaTHwx BonH, hto6w nonaßHTb hx. HMeeTcn HecKonbKO npHHHH,
Memabomnx sto CAenaTb. nepßan H3 hhx coctoht b tom, hto
Teopnn Pannn npHMeHHMa k cyMMaM BepTHKanbHO nanabomnx
BonH. nocneAHne ace b KonnnecTßeHHOM OTHomeHHH OTnHHHW ot
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PHC. 172. npHMep BJIHHHHH CpOKyCHpOBKH Ha KpaTHbie OTpaaceHHH

cyMM cocTaßneHHbix no npHmmny o6meii cpeAHen tohkh.
BTopan npHHHHa CBH3aHa c TeM, hto scpcpeKTHßHan cencMH-
necKan rny6HHa MopcKoro nna He HBnneTcn h3bccthoh bxoa-
hoh BenHHHHon h ee HyacHO KaKHM-TO o6pa3oM onpeAennTb
no caMHM Ha6nbOAeHHHM. TpeTbn npHHHHa 3aKnbonaeTcn b tom,
hto rny6nHa Mopa b cnynae, H3o6paaceHHOM Ha pnc. 172,
HacTonbKO Mana, hto OTAenbHwe OTpaaceHHa He noAAabOTcn
BWAeneHHbo.

IToHeMy nekOHBo.noHHH TepnHT HeyAany Ha rnySoKOBOAbe

Cennac yace o6menpn3HaHHo, hto b o6ineM cnynae AeKOHßonio-
nnn TepnnT Heynany b ycnoßHnx rny6oKOBOAHon cencMopa3BeAKH.
Oaho H3 Bo3MoacHwx o6bacHeHHH 3TOMy c])aKTy coctoht b tom, hto
rny6oKOßOAbe hc oTßenaeT MaTeMaTnnecKOH

MOAenn,

no3Bonnbo-
men CBecTH 3anany noAaBneHHH KpaTHwx OTpaaceHHH k 3anane
onpeAeneHHH cpopMw bohhw b hctohhhkc. Ho sto eme He Bee.
Teopna npeACKa3bmaeT, hto npn o6whhwx ycnoßnnx nonnpHOCTb
BCTynneHHH KpaTHwx OTpaaceHHH AonacHa nepeAOßaTbcn. npnMepw
(cm. pnc. 162 h 163) noATßepacAabOT TeopeTnnecKHH bwboa.
OAHaKO, ecnn mw HanHeM noncK nepeAybomnxcn nonnpHOCTeii Ha
pa3pe3ax OTT, to bctpcthm 6onbmne 3aTpyAHeHHH. AHanH3
Bo3HHKabomnx xpyAHOCTeH noKa3WBaeT, noneMy c noMonnno
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neKOHBonionHH He BcerAa yAaeTca noAaßnnTb Kparewe OTpaaceHHa
na pa3pe3ax OTT b ycnoßnnx rny6oKOßOAba.

BcnoMHHM BpeMeHHwe cooTHomeHHa Ann KpaTHwx OTpaaceHHH
Ha HyneßOM yAaneHHH. nepHOA peßep6epannH He 3aBHCHT ot
BpeMeHH. H3-3a HanHnna npnpameHHH BpeMeHH no ronorpacpy
nocneAHee yTßepacneHne He co6nbOAaerca npn yAaneHnnx tohkh
npneMa ot HCTOHHHKa. Bboa HopManbHwx KHHeMaTHnecKnx nonpa-
BOK 6yneT ycneumwM TonbKO Ana BoccTaHOßneHna BpeMeHHwx
cooTHomeHHH, xapaKTepHbix AJia Hyneßoro ynaneHHa b oahopoahoh
cpeAe, ho npn Bo3pacTamiH ckopocth c rny6nHOH KpaTHwe
OTpaaceHHa 6ynyT HMeTb MeHbmybo cpeAHeKßaApaTHnecKybo cko-
pocTb, neM OAHOKpaTHwe. nosTOMy Bonpoc coctoht b tom, KaKybo
CKopocTb ncnonb3oßaTb n 6yAyT nm ocTaTOHHbie BpeMeHHwe CABnrn
npeßwmaTb nonoßHHy nepnona b THnnnHbix cnTyannax cencMo-
pa3BeAKH Ha cyme h Ha Mope. M

r

To6w oTBeTHTb Ha stot Bonpoc,
ne HyacHO HHKaKHx ypaBHeHHH. Heo6xoAHMO TonbKO noHaTb,
hto npn cyMMHpoBaHHH no npnmjtnny o6meii cpeAHen tohkh
Kparewe OTpaaceHHa noAaßnnbOTcn H3-3a Toro, hto hx cko-
pocTH MeHbme, neM y OAHOKpaTHwx. H3 SToro cnenyeT, hto
HopManbHwe KHHeMaTHnecKne nonpaßKH nocToaHHO cABHrabOT
KpaTHwe OTpaa<eHna no BpeMeHH Ha nonnepnona n 6onee, Hapymaa
nx ccTecTßeHHwe cooTHomeHHa, xapaKTepmne nna Hyneßwx yAa-
neHHH.

OacHAaeMwe HaMH npn Hyneßwx ynaneHnnx aMnnnTyAHbie
cooTHomeHHn CTaHOBHTcn coßepmeHHo 3anyTaHHWMn. KoscpcpHnn-
eHT OTpaaceHHH HBnneTcn cpyHKnnen yrna naAeHHH BonHbi. Ho Ha
cencMOTpacce npn 3anaHHOM yAaneHHH ot HCTOHHHKa Kaacnoe
KpaTHoe OTpaaceHne 6yAeT perncTpnpoßaTbcn KaK npnxoAamee noA
hhwm yrnoM.

Ha pa3pe3ax OTT npn6nn3HTenbHO H3o6paacabOTcn BpeMeHHwe
cooTHomeHHn, xapaKTepHwe AJia cnynan BepTHKanbHoro naAeHHH.
npaKTHnecKoe 3aTpyAHeHne saKnbonaeTcn b tom, hto pa3pe3 OTT
HMHTHpyeT cHTyannbo BepTHKanbHoro naAeHHH BonH HeAOCTaTOHHO
xopomo, hto6w o6ecnenHßaTb ynoßneTßopnTenbHoe npeACKa3aHne
KpaTHWX OTpaaceHHH nO OAHOKpaTHWM.

JXnx AaHHwx, nonyneHHbix no pe3ynbTaTaM MopcKon cencMO-
pa3BeAKH, nepeA cyMMnpoBaHHeM OTT MoacHo bbccth KHHeMaTHne-
cKne nonpaßKH, paccHHTaHHbie no 3HaneHHHM ckopocth b boac, ho
b TaKOM cnynae HHKaKne nacTHHHo-KpaTHwe OTpaaceHHH He 6ynyT
OTBenaTb BpeMeHHWM cooTHomeHHHM, xapaKTepnwM AJia cnynan
HopManbHoro naAeHHH Bonm nocKonbKy nacTHHHo-KpaTHwe BonHbi
HaH6onee TpynHbi AJia noAaßneHHa, BO3MoacHO, hto KHHeMaTH-
necKne nonpaßKH nonacHw paccnnTbrnaTbca no nx CKopocTaM.
Bboa KHHeMaTHnecKnx nonpaßOK He no3BonaeT, OAHaKO, HaA-
neacainHM o6pa3oM nonperynnpoßaTb Bee BpeMeHHwe cootho-
meHHn, xapaKTepHwe jxsin KpaTHwx OTpaaceHHH ot rny6oKHx
rOpH3OHTOB.
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> lipa'/KIICHHC

no HeKOTopbiM cencMHHecKHM HaSjnofleHHHM Ha cyme

noAMeneHO,

hto
rjiyGoKoe KpaTHoe OTpaaceHne npnxo/iHT HaMHoro paHbuie, neM npen,CKa3bißaeT
Teopna. KaKoe oSbacHeHne MoacHo ijaTb 3TOMy cpaKTy?

5.6. IlepcneKTHßHbie cnoco6u 6opi,6bi
C KpaTHbIMH OTpa/KCHHHMM

C nenbbo coBepmeHCTBOBaHHH cnoco6oß noAaBneHHH KpaTHwx
OTpaaceHHH nonpo6yeM nynme pa3o6paTbcn b hhx. TpyAHocTb npn
stom 3aKnbonaeTca b tom, hto peanncranecKaH Monenb BKnbonaeT b
ce6a MHoro cocTaßHwx nacTen. Jinmb HeKOTopwe H3 MHoacecTßa
Teopnn, KOTopwe b H3o6nnHH npeACTaßneHw b reocpH3HnecKOH
nHTepaType, OKa3ann 3aMeTHoe BnnaHne Ha noßceAHeßHybo npaon-
Ky npoH3BOACTBeHHOH o6pa6oTKH cencMopa3BeAOHHbix MaTepna-
noß. Pa3o6beM He HameAmne npnMeHeHHH Teopnn Ha ABe
KaTeropnn: 1) TeopHH, ocHOBaHHwe Ha MeTOAax MaTeMaranecKOH
CTaTHCTHKH h Hpe3MepHO ynpomaboinne npn stom cnoacHocTb
npocTpaHCTßeHHwx cßH3en; 2) TeopHH, ocHOBaHHwe Ha MeTOAax
MaTeMaTHnecKOH c|)H3hkh h npe3MepHO ynpoinabouine ocnoacHeHHybo
noMexaMH BonHOßybo KapTHHy.

3necb 6yAyT npeAnoaceHw ABa noAxoAa, npnneM o6a CBH3aHW c
reoMeTpnen n MaTeMaTHnecKOH crarecrnKOH. 06a nonxoAa hobw h
Mano onpo6oßaHW. HaAebocb, hto bw comacnTecb c TeM, hto
He3aBHCHMo ot Toro, HacKonbKO xopoinn ohh Ha npaKTHKe, ohh
cooTBeTCTBybOT nocTaßneHHon 3aAane.

nepßwn nonxoA, Ha3WßaeMbm HanpaßneHHWM cymm h p o-
BaHHeM cencMorpaMM o6inen cpennen tohkh, npeny-
CMaTpnßaeT npeo6pa3oßaHHe Ha6nK)AeHHH b TaKyio (J)opMy, npn
KOTopon Bee yAaneHHH HMHTnpybOT npocryio OAHOMepHybo MOAenb
c HyneBWMH ynaneHHHMH. HMeeTcn o6mHpHan nHTepaTypa, onncw-
Baiomaa STy MOAenb c tohck 3peHHa MaTeMaTHnecKOH CTaTHCTHKH
H MaTeMaTHHeCKOH CpH3HKH.

BTopon iioaxoa 6a3HpyeTcn Ha nomrraH HMneAaHca 3aMe-
meHHH n paccHHTaH Ha yneT 6wcTpwx naTepanbHwx Bapna-
nnii b caMOH BepxHen nacTH pa3pe3a. Ero npome Bcero npH-
MeHHTb K AaHHWM MOpCKOH CeHCMOpa3BCAKH, KOrAa eAHHCTBCH-
hoh TpyAHOCTbbo HBnneTcn naTepanbHaa H3MeHHHBOCTb cpyHK-
nnn OTpaacaTenbHon cnoco6HOCTH MopcKoro AHa. TnaßHaa nnea
coctoht b npoAonaceHHn b HHacHee nonynpocTpaHCTßO Hanpaß-
neHHwx hctohhhkob h cencMonpneMHHKOß ao rny6nH Henoc-
peACTßeHHO noA mopckhm ahom, He 6onbuie. 3a stoh onepa-
nneH cnenyeT npononaceHne BBepx nepe3 3aMemabomybo cpeny,
xapaKTepn3ybomybocn HyneßWM KOSCpcpnnneHTOM OTpaaceHHH
ot MopcKoro AHa. /JaHHbiH cnoco6 o6pa6oTKH He ycTpaHHT
Bee KpaTHwe OTpaaceHHH, ho AonaceH nonaßHTb caMwe Henpnnrewe
H3 HHX.
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nepexoA k OAHOMepHOMy cnynan) c noMombio
HanpaßneHHoro cyMMHpoBaHHH

CymecTßyeT o6mHpHan nnTepaTypa [53] no BonpocaM, cßH3aH-
hwm c OAHOMepHoii MOAenbbo KpaTHwx OTpaaceHHH. Oahh aßTopw
pa3pa6aTWßabOT MHoronncneHHwe acneKTw TeopHH pacnpocTpaHe-
HHH Bonn, npyrne HannHabOT c ynpoinemiOH MOAenn pacnpocTpaHe-
HHH h pa3pa6aTbmabOT MHorne acneKTw TeopnH HHCpopMannH.
HaCTO

CHHTabOT,

HTO BCC OAHOMepHbie TeopHH, CBH3aHHbie c
OAHOMepHoii

MOAenbbo,

npnMeHHMW TonbKO b cnynae Hyneßwx
KoopAHHaT yAaneHHH npneMHHKa ot HCTOHHHKa. OnHaKO Hnace mw
y6eAHMcn, hto Bee nponne yAaneHHH MoacHo nepeßecTH b o6nacTb
nencTBHH AaHHOH TeopHH, npn6erHyß k HanpaßneHHOMy cyMMnpo-
BaHHbO.

tHo6w BpeMeHHwe h aMnnHTyAHwe cooTHomeHHn jxjih KpaTHwx
OTpaaceHHH cooTßercrßOßanH cooTHomeHHHM, xapaKTepHWM AJia
cnynan BepTHKanbHoro naneHnn, HyacHO nepecTaTb cnnTare cchcmh-
necKHe Tpaccw c])yHKnHHMH BpeMeHH npn nocTOHHHOH KOopAHHaTe
yAaneHHH ot HCTOHmnca h B3htb Ha Boopyacemie nocTOHHHwn
napaMeTp CHennnyca. B cnoncTon cpeAe nonHan nyneßan TpaeKTO-
pnn ctpohtch nyTeM cyMMHpoBaHHH TpaeKTopnn b KaacnoM H3
cnoen. npn BepTHKanbHOM naAeHHH BonHbi, /? =0, BpeMH npo6era
nyna tj b cnoe j He 3aBHCHT ot BpeMeHH npo6era b npyrnx cnonx,
nepe3 KOTopwe nyn MoaceT nponTH Ha hhwx STanax cßoero
ABnaceHHH. TaKOH xapaKTep BpeMeHH npo6era coxpaHneTcn h b
Cnynae nbo6oro npyroro cpHKcnpoßaHHoro 3HaneHHH p. Ho, KaK
noKa3aHO Ha pnc. 173, oh He Ha6nbOAaeTcn AJia nyna c 3acpHKcnpo-
BaHHon KoopAHHaTon nonHoro ynaneHna no ropn3oHrann ~\fj
BMecTO p. Phc. 173 noncHneT, hto nynn c hoctohhhoh KoopnnHaTon
yAaneHHH xapaKTepn3ybOTcn pa3nnHHWMH yrnaMH nonxoAa n,
cneAOßaTenbHO, pa3nHHHWMH 3HaneHHHMH napaMeTpa CHennnyca,
ho nynn c OAHHaKOBWM napaMeTpoM CHennnyca nonxoAHT k

noBepxHOCTH Ha6nioAeHHH Ha pa3nHHHbix ynanemmx ot HCTOHHHKa.
B nocnenHeM cnynae BpeMeHa npo6era no BceM nyTHM OAHHaKOBw.
PaccyacAan

aHanornnHO,

y6eacAaeMcn, hto npn cpHKcnpoBaHHOM p
paccTOHHHe no ropn3oHTann/7-, KOTopoe nyn npo6eraeT, HaxoAHCb b
cnoe /, He 3aBHCHT ot npyrnx ynacTKOB o6mero nyra. TaKHM
o6pa3oM, nonynaeM

nononHHTenbHO,

hto (tj +const _/}) jxsin nbo6oro
cnon j He 3aBHCHT ot npyrnx ynacTKOB TpaeKTopnH nyna. nosTOMy
paBeHCTBO t'j = tj—pfj BwpaacaeT cbohctbo y-ro cnon h He onncbmaeT

PHC. 173. Ayneßaa reoMeTpna KpaTHbix bojih
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PMC. 174. BojiHOßaa KapTHHa b cnynae jjßyxcjiOHHOH mohcjih (no Toroajiecy)

CBOHCTBa npyrnx

cnoeß,

KOTopwe MoryT BCTpeTHTbcn Ha 06-
-meM nyTH npo6era. 3Haa, KaKne cnon nepeceKaeT nyn, cnoacHM
cooTßCTCTßyboinne KaacnoMy H3 cnoeß tj n fj tohho TaK, KaK h b
cnynae BepTHKanbHoro naneHna BonHw. HeKOTOpwe H3 Bo3MoacHwx
nyTen npo6era noKa3aHW Ha pnc. 174 (BBepxy).

3necb TaKace H3o6paaceHW AByxcnoHHan Monenb n ronorpacpw c
BpeMeHaMH npo6era, paBHWMH tu 2fl5 t2 , t2 +t±. Cneßa cxeMara-
necKH npeACTaßneHa o6wnHan noneßan cencMorpaMMa, cnpaßa —
OHa ace, ho c BBeAeHHWMH nHHeHHWMH KHHeMaTHnecKHMH no-
npaßKaMH t'= t—pf. TpacpHKH paccHHTaHW AJia 3HaneHHH cko-
pocren (vi, v2, \/p), oTHocamnxca, KaK 1:2:3. PaccMOTpeß
ynacTKn cencMorpaMMbi, rAe ocn CHHCpa3HOCTH KacaTenbHW
k npnMWM c yrnoBWM KoscpcpHnneHTOM, paBHWM p, y6encna-
eMcn, hto BpeMeHa OTpaaceHHa ynoßneTßopnioT cooTHomeHHHM,
xapaKTepHWM AJia cnynan BepTHKanbHoro naAeHHH, t. e. nepnon
peßep6epannH cpHKcnpoßaH h OAHHaKOB KaK AJia nonHOKparawx,
TaK n nnn nacTHHHo-KpaTHwx OTpaaceHHH. TaK h nonacHO 6biTb,
nocKonbKy nyneßan cxeMa b BepxHeii nacTH pncyHKa tohho
cooTBeTCTByeT TeM ynacTKaM cencMorpaMM, rAe co6nbOAaeTcn
paBeHCTBO dt/dx=p. KpoMe Toro, nocKonbKy 8 1 =52 , BpeMeHa t\,
2t\, t'2 -\-t'2 Toace 6ynyT yAOßneTßopnTb cnynabo BepTHKanbHoro
naneHKH BonH.
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PMC. 175. BojiHOßaa KapTHHa, cooTßeTCTßyiouiaa pnc. 174, ho c GojibuiHM hhcjioiv

KpaTHbix OTpaaceHHH

t4to6w y3HaTb, KaK HyacHO yßa3bmaTb noneßwe Ha6nbOAeHnn c
pe3ynbTaTaMH HanpaßneHHoro cyMMHpoBaHHH, HanHeM c noncKa Ha
cencMorpaMMe o6inen cpeAHeii tohkh Bcex Tex ynacTKOB KacaHHH,
Tjxe rHnep6onHnecKne ronorpacpw BonH HMebOT HeKOTopoe onpeAe-
neHHoe 3HaneHne rpanneHTa p= dt/df. 3th ynacTKH noKa3bmabOT,
rne h KorAa nyn c napaMeTpoM CHennnyca, paBHWM p, Aocrer
noBepxHOCTH Ha6nK>AeHHH. TnnnHHbie nna paccMaTpnßaeMwx
cnynaeß reoMeTpHnecKne cooTHomeHHa n cHHTe3HpoBaHHwe rono-
rpacpw AeMOHCTpHpybOTca Ha pnc. 175 (cm. TaKace pnc. 174).

BpeMeHa tj h t] BenyT ce6n, KaK BpeMeHa HopManbHO
nanabomnx KpaTHwx OTpaaceHHH. K coacaneHHbo, MecTononoaceHHe
KaacAoro ynacTKa ocn CHHCpa3HOCTH no naTepann 3aBHCHT ot
Monenn CKopocTHoro pacnpeneneHHa v(z), xoTa b pe3ynbTaTe
HanpaßneHHoro cyMMHpoBaHHa sTa 3aBHCHMOCTb CHHMaeTca.
B npnHnnne MoacHo BwnonHHTb HanpaßneHHoe cyMMHpoBaHHe npn
MHornx 3HaneHnax p, t. e. OTo6pa3HTb nnocKocTb c KoopAHHaTaMH
(/, t) b npocTpaHCTßo (p, t). npnaTHon oco6eHHOCTbbo npocT-
paHCTßa (p, t) aßnaeTca to, hto 3anana noAaßneHHa KpaTHwx
OTpaaceHHH pa36nßaeTca Ha MHoacecTßO caMocToaTenbHwx oaho-
MepHwx 3aAan, no oahoh Ha KaacAoe 3HaneHne p. KpoMe Toro, Ana
pemeHna nono6Hwx 3aAan He HyacHO 3HaTb ckopocth b cpeAe. Bw
MoaceTe caMH Bw6paTb jho6oh H3 MHoacecTßa h3bccthwx mctoaob
pemeHna. nocne noAaBneHHH KpaTHwx OTpaaceHHH BwnonHaeTca
o6pameHne HanpaßneHHbix cyMM. Bo3BpaTHßmncb b npocrpaHCTßO
(/, /), MoacHo HaHTH 3HaneHHe ckopocth h CHOBa nepenTH k
noAaßneHHbo KpaTHwx OTpaaceHHH TeM mctoaom cyMMHpoBaHHa,
KOTopwn BaM HpaßHTca 6onbine Bcex.

Ha pnc. 175 H3o6paaceHO «pa6onee» ynpaacHeHne. npoKoppe-
nnpoßaß BepniHHw Bcex ocen cnHcpa3HOCTH Ha npaBOM pncyHKe n
coeAHHHB nx mrpHxoßOH nnHnen, bw cMoaceTe noATBepAHTb, hto
nacTHHHo-KpaTHwe OTpaaceHHH or MopcKoro nna xapaKTepH3ybOTcn
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raKOH ace HHTepBanbHOH CKopocTbbo, hto h nonHOKparewe.
HHTepßanbHybo CKopocTb b ocanoHHon Tonme MoacHo onpenenHTb
no nepBHHHWM OTpaaceHnaM. CKopocTb b ocanKax Moamo HanTH,
coeAHHHB n-Q nonHOKpaTHoe OTpaaceHne c «-wm nacrenHO-
KpaTHWM.

npeo6pa3oßaHne b OAHOMepHybo o6nacTb c noMombio Hanpaß-
neHHoro cyMMHpoBaHHa c nenbbo BwnonHeHna AeKOHßonbonnn noKa
eme He nonHOCTbbo nccnenoßaHHWH nponecc o6pa6oTKH. no STOMy
Bonpocy MoacHo o6paTHTbca, HanpHMep, k pa6oTe [144]. Cnna
TaKoro npeo6pa3oßaHHa b tom, hto npn HeM npaßnnbHo ncnonb-
3ybOTca KaK 3aßncnMocTH ot yrjioß Bbixona, KOTopwe nonynabOTcn
Ann KOHKpeTHoii cxeMw npocpHnbHwx Ha6nK>AeHHH, TaK n cbohct-
BeHHaa KoscpcpHnneHTy OTpaaceHHa 3aBHCHMOCTb ot yrna naneHHa
BonHbi na rpaHHny. Oahhm H3 neAOCTaTKOB HBnaeTca hco6xoah-
MOCTb npeAnonoaceHna o naTepanbHon oahopoahocth peßep6e-
pnpybomero cnon. Tonma boaw HCKnioHHTenbHO OAHopoAHa, ho
cnarabomne MopcKoe aho ocaAKH MoryT 6biTb BecbMa Heon-
HOpOAHWMH.

I IpiinOBepXHOCTIiaH HeOAHOpOAHOCTb

B aKycranecKOM OTHomeHHH BepxHnn nacTb pa3pe3a BeneT ce6n
oneHb CTpaHHO. CencMnnecKne ckopocth b Hen o6whho MeHbme
ckopocth 3ByKa b BOAe (1500 m/c) nnn paßHw en. HepeAKO
CKopocTb pacnpocTpaHemia BonH b BMP pa3 b 5 MeHbme ckopocth
3ByKa b Bone nnn paßHa ckopocth 3ByKa b Bo3nyxe (300 m/c). TaM,
rAe sto npaKTnnecKH ocymecTßHMo, hctohhhkh ceHCMHnecKHX BonH
noMemaioT HHace 30hw Manwx CKopocTen, ho ceiicMonpHeMHHKH
noHTH Bcerna pacnonarabOT Ha noBepxHOCTH 3eMnn. noacanyn,
eAHHCTBeHHwn cnynaii, Korna ceHCMonpneMHHKH norpyacabOTca b
3eMnbo, sto— ceiicMopasßeAKa 6onoTHCTwx TeppHTopnn. B TaKHx
MecTax npoßeAenne noneßbix pa6oT HacTonbKO 3aTpyAHeHo, hto
KonHnecTßO ncnonb3yeMwx ceHCMonpHeMHHKOB, KaK npaßnno, b
HecKonbKO pa3 MeHbme o6whhoto.

CnnbHo 3aTpyAHaeT o6pa6oTKy pe3Kaa naTepanbHaa hcoaho-
poAHocTb BepxHen nacTH pa3pe3a. HepeAKO cnynaeTca, hto ABa
cencMonpneMHHKa, oTCToamne oahh ot Apyroro npnMepHO Ha
10 m, perHCTpnpybOT ABe coßepmeHHo pa3nnHHwe Tpaccw.
B nacTHOCTH, npn 3aMepax BepTHKanbHoro BpeMeHH (BpeMeHH
npo6era cencMHHecKon BonHbi ot 3a6on B3pwßHon CKBaacnHw ao
noBepxHOCTH 3eMnn B6nn3n ycren) MoacHo BCTpeTHTb aHOMannn
BennnHHOH b uenwH nepnoA, xoth noßepxHOCTb 3eMnn nneanbHo
ropn3oHTanbHan. HeM ace Bbi3WßabOTcn CTonb pe3KHe HenpeACKa-
3yeMbie aHOMannn BpeMeH npo6era, Ha6nbOAaeMwe b BepxHen nacTH
pa3pe3a? Otbct npocT: 3axopoHemiwMH MeaHApaMH peK, He6onb-
mnMH Herny6oKo 3anerabomHMH nycTOTaMH, 3anonHeHHWMH

ra3OM,

BwinenaHeHHWMH Kap6onaTHWMH noponaMH, neAHHKOBWMH 6o-



380

po3AaMH ht. n. Bee nepenncneHHwe HeperynnpHOCTH MoacHo
o6HapyacnTb h Ha rny6HHe, ho xyace, Korna ohh pacnonarabOTcn y
noBepxHOCTH 3eMnn, ao Toro, KaK HacwineHHe cpmonnaMH h ropHoe
AaßneHne yMeHbmaT aKycTnnecKyio HeoAHopoAHOCTb (cm. TaKace
pa3Aen 3.7).

HecKonbKO npome ycnoßnn AJia npoBeAeHHH cencMopa3BeAKH Ha
MenKOBOAbe. 3necb Bee eme cymecTßybOT 6oraTbie BO3MoacHOCTH
Ann npoHBneHHH naTepanbHwx H3MeHeHHH, HanpHMep, b BHAe
norpe6eHHwx KaHanoß jinn npoxona noABOAHwx nonoK nnn
3axopoHeHHwx pycen ApeßHnx peK. Ho AOMHHHpyboinen oco6eH-
HOCTbbO CeHCMOpa3BeAKH B ycnOBHHX MenKOBOAbH CTaHOBHTCH
pe3oHaHc b boahom cnoe. CneKTp MomnocTH Ha6nK>AeHHH 6yAeT
onpeAennTbcn sthm pe3OHaHCOM.

H npn pa6oTax Ha cyme cneKTp Monmocre cencMo3anncH nacTO
npeTepneßaeT pe3KHe H3MeHeHHH ot tohkh npneMa k TOHKe.
yKa3aHHwe cneKTpanbHwe H3MeHeHnn MoacHo nponHTepnpeTH-
poßaTb KaK H3MeHeHHn b xapaKTepe KpaTHwx OTpaaceHHH, nponc-
TeKabOmne H3 H3MeHeHHH SCpCpeKTHBHOH MOmHOCTH HHH CTpoeHHH
BepxHen BWBeTpenon nacTH pa3pe3a.

"PeacHMW MOAennpoßainiH

ypaBHeHHH nponecca npoAonaceHna b HnacHee nonynpocTpaHCT-
ßO conepacaT b ce6e neTwpe ochobhwx KOMnoHeHTa: 1) MeAneH-
HOCTb cpenw b oKpecTHOCTH ceHCMonpneMfflnca v(g)~ l ; 2) MeAneH-
HOCTb cpenbi b OKpecTHOCTH HCTOHHHKa v(s)~ l ; 3) npnpameHHe b
npocTpaHCTße ynaneHHH kh/u); 4) KaacymyiocH CKopocTb b
npocTpaHCTße cpenHnx ToneK ky/&. Ha3BaHHwe KOMnoHeHTW
HMebOT oAHHaKOBwe cpH3nnecKHe pa3MepHOCTH, nosTOMy cnoco6w
MOAennpoßaHHH MoacHo pa3AenHTb no KaTeropHHM b cootbctctbhh
c TeMH HHcneHHWMH HepaBeHCTBaMH, KOTopwe, KaK npeAnonaraeT-
cn, cyinecTßyioT Meacny sthmh KOMnoHeHTaMH. npn pa6oTe b
OAHOMepHOM npocTpaHCTße b pacneT He 6epyTcn Tpn KOMnoHeHTa
H3 neTbipex, a hmchho, Kaacymancn CKopocTb, npnpameHne h
pa3HOCTb v(g)~ 1 — v(s)~ 1. npn nanpaßneHHOM cyMMHpoBaHHH
cencMorpaMM OCT Hcnonb3yeTcn, KpoMe Toro, npnpameroie kh/(x).
nepen HaMH ctoht Bw6op — ncnonb3oßaTb im Kaacymybocn cko-
pocTb nnn naTepanbHoe H3MeHeHHe ckopocth (ynoMHHyTybo Bwme
pa3HocTb). JTaTepanbHoe H3MeHeHHe ckopocth nacTO 6wßaeT
pe3KHM B6nH3H OT nOBepXHOCTH 3eMnH, TAe 06bIHH0 BO3HHKabOT
nacTHHHo-Kparewe OTpaaceHHH. BcnoMHHM to npocToe coo6paace-
HHe, hto THnnHHwe nynn b cnynae moiiihoh ocaAOHHOH Tonmn
noAxoAHT k hh3kockopocthoh noBepxHOCTH noA KpyTWMH yrjiaMH.
npn Hcnonb3oßaHHH ypaBHeHHH npoAonaceHHn b HHacHee noji\-

npocTpaHCTßO nnn npnnoBepxHOCTHOH nacTH pa3pe3a oco6chho
onpaBAaHHWM 6bmaeT npeHe6peaceHne komhohchtom Kaacymenca
ckopocth, TaK KaK co6nbOAaeTCH HepaBeHCTBO v~ l^>ky/(o. Xopomo,
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hto HaHAeHo TaKoe onpaßAaHHe OTKa3y ot Kaacymencn ckopocth,
nocKonbKy npn noneßbix Ha6nbOAeHnnx 3a npenenaMn BepTHKanb-
hoh nnocKocTH npocpnnn Kaacymneca ckopocth npaKrenecKH
HeH3BecTHw. B npoTHßononoacHocTb STOMy npnpaineHHe no ro-
pH3oHTanbHoii KOopAHHaTe npaKrenecKH Bcerna ropa3AO 6onbme b
BepTHKanbHOH nnocKocTH npocpnna, neM 3a ee npenenaMH.

Eme oahhm BaacHWM momchtom MOAenHpOBaHHH nnn o6pa-
6otkh KpaTHwx OTpaaceHHH HBnneTcn cnenneHHe co cpenoii
BocxoAnmnx n nanaiomnx BonH. 3to HBneHne npnBOAHT k
cpyHKHHHM oTpaacaTenbHon cnoco6HOCTH non hctohhhkom c(s) h
npneMHHKOM c(g). Oahoh H3 BaacHwx oco6emiocTeH, k kotopoh mw
eme BepHeMcn, HBnneTcn to, hto c(s) MoaceT OTnnnaTbcn ot c(g)
Aaace b tom cnynae, Korna yrnw pacxoacneHna BonH OTcyTCTBybOT.

BwHirraHiie Kpainwx OTpaaceHHH

CyMMHpoßaHne OCT MoacHo paccMaTpHßaTb b KanecTße npo-
necca yMHoacemiH. MoAennpoßaHne npnBOAHT k nponeccaM bw-
HHTaHHH. nocneAHne HBnnbOTcn BcnoMoraTenbHWMH AJia cyM-
MHpoBaHHa OCT, ho He anbTepHaTHBHWMH, TaK KaK nocne
BWHHTaHHH MOaCHO CyMMHpOBaTb.

CHanana nonwTaeMca CMonennpoßaTb KpaTHwe OTpaaceHHa, a
3aTeM BWHTeM hx H3 Ha6nbOAeHHwx AaHHwx. B o6meM noAaßneHne
nyTeM BbinnTaHna aßnaeTcn 6onee pncKOßaHHon nponenypon,
Heacenn nonaßneHne c noMombbo yMHoaceHnn. Hto6w no6HTbcn
ycnexa npn BWHHTaHHH, HyacHO 3HaTb npaßHnbHwe aMnnnTynw, a
omn6Ka no BpeMeHH AonacHa 6biTb MeHbme neTßepra nepnona
Kone6aHHH.

C noMombbo onpenenneMwx CTaTHCTHnecKH SMnHpnnecKHx
nocTOHHHwx MoacHo ynHTWBaTb pacxoacAeHHH Meacny pe3ynbTaTaMH
MOAennpoßaHHH h peanbHWMH. B MaTeMaTnnecKoii cTaTHCTHKe
TaKOH nonxoA Ha3WßaeTcn perpeccnen. 3Han, HanpHMep, hto
HeKOTopan coßOKynHocTb otchctob naHHwx AonacHa ycpeAHHTbcn
npaMon, asm naxoacneHHH Hannynmnx napaMeTpoß stoh npnMon
BOcnonb3yeMcn cnoco6oM HaHMeHbrnnx KBanpaTOß. TmaTenbHoe
H3yneHne otchctob MoaceT HannHaTbcn c BWHHTaHHH stoh npnMon,
TeM 6onee, hto mw HaMepeßaeMcn nonaßHTb KpaTHwe OTpaaceHHa.
EcTecTBeHHO, hto 3HaHHe perynnpyeMoro napaMeTpa o6nernnT
TpyAHOCTH npn BWHHcneHHH tohhwx aMnnnTyn KpaTHwx OTpaace-
HHH. HeH3Becreyio omn6Ky bo BpeMeHH cMOAennpoßaTb HaMHoro
TpyAHee. BBHAy HenHHenHocTH npHMeHneMon 3necb MaTeMaTHKH,
HecKonbKO OTnHHHbm ot H3noaceHHoro, ho 6onee npaKTnnecKHH
nonxoA 3aKnbonaeTcn b tom, hto6w b KanecTße perynnpyeMwx
napaMeTpoß 6paTb KoscpcpHnneHTW cpnnbTpa CBepTKH. C noMombbo
TaKoro cpnnbTpa MoacHo npencTaßHTb nbo6on MacmTa6Hwn mho-
acHTenb h nbo6on BpeMeHHOH cnfinr. Bo3HHKaeT co6na3H boc-
nonb3oßaTbcn AJia yneTa nepeMeHHwx bo BpeMeHH norpenmocTeH
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MOAennpoßaHna nepeMeHHWM bo BpeMeHH cpnnbTpoM, ho Tpyn-
hocth 3Aecb 3aKnbonabOTca b tom, hto cpyHKUHOHanbHwe Bo3Moac-
hocth cpnnbTpa uinpe npocToro B3BemHBaHHH aMnnHTyn.

Ha jxeiie TpynHocTH BbinnTaHna KpaTHwx OTpaaceHHH o6bacHa-
bOTca cnenybomnM. Ecnn KpaTHwe OTpaaceHHa CMOAennpoßaHW
HeynoßjieTßOpHTenbHO, HanpHMep, c tohkh 3peHna hx reoMeTpnn
nnn CKopocTen, to npn nonoce ypaBHeHHH perpeccnn noHaAo6HTcn
MHoro perynnpyeMwx napaMeTpoß. Ho ecnn perynnpyeMwx napa-
MeTpoß MHoro, to Hapnny c KpaTHWMH OTpaaceHHHMH 6yAyT
BWHHTaTbCH H nepßHHHbie (OAHOKpaTHbie), T. e. BMeCTe C BOAOH H3
BaHHOHKH BbinnecKHßaeTcn h caM pe6eHOK.

HanpaßneHHan icKoiißo.nonHH h pemeHHe oSpanioii iaiann

H3yneHne cencMorpaMM Ha 6onbinnx ynaneHnax y6eAnno, hto
ceHCMopa3BeAHHKH AonacHw yaenare npncTanbHoe BHHMaHne pa3-
nnnnaM b xapaKTepe MopcKoro AHa, BnnabomnM Ha KaacAoe
nocnenybomee OTpaaceHne b MHoroKpaTHOH BonHe. npocTon n
npHßneKaTenbHWH mctoa yneia nocneAHHx —mctoa paAnanb-
Hwx Tpacc Own npennoaceH M. TeimepoM [137]. PannanbHon
Tpaccon Ha3WßaeTcn nHHnn, ceKyman ceiicMorpaMMy o6ineH tohkh
B3pbma h Ann KOTopon co6nbOAaeTcn HepaßeHCTßo r — h/t. Bmccto
AeKOHBonbonHH cencMOTpaccw, 3aperHCTpHpoßaHHon Ha nocTOHH-
hom ynaneHHH, npon3BOAHTca AeKOHßomonna pannanbHon Tpaccw.
noAo6Hybo AeKOHßonbomno MoacHo ooo6mHTb j\o nponecca npo-
AonaceHna b unacHee nonynpocTpaHCTßO. npoAonaceHHe bhh3
pannanbHOH Tpaccw MoacHo annpoKCHMHpoßaTb BpeMeHHWMH
CABnraMH. K coacaneHHbo, KorAa Ha6nbOAeHHa no paAnanbHOH
Tpacce cocToaT H3 nonHOKpaTHbix ot MopcKoro AHa h nacTHHHO-
KpaTHbix OTpaaceHHH, BO3HHKaeT 3aTpyAHeHHe b o6pa6oTKe, TaK KaK
sth OTpaaceHHa xapaKTepH3ybOTca pa3nnHHWMH TpaeKTOpHHMH.
JW'avmoQ 3aTpyAHeHHe pa3pemaeTca—no MeHbmen Mepe npHHnn-
nnanbHo — c noMonnno BonH Cuennnyca. B pa6oTe [50] noKa3aHo,
hto BonHbi CHennnyca MoacHo ncnonb3oßaTb n AJia pemeHna
Apyrnx npo6neM, Tnna AncppaKUHH h naTepanbHwx Bapnannn
CKopocTen (ecnn ohh h3bccthw). Ha pnc. 176 npnßeneH npHMep,
nnnbocTpHpybomnn BnnaHne MeHabomenca rny6nHW Mopn Ha
OTpaaceHHH pa3nHHHon KpaTHOCTH.

npHMeHeHHe 6onbuiHHCTßa mctoaob pemeHHH o6paTHon 3aAann
CBH3aHO c onpeAeneHHWMH TpyAHOCTaMH H3-3a HexBaTKH AaHHbix.
Ha6nboneHHa MoryT 6wTb HenonHWMH no BpeMeHH, no npocT-
paHCTßeimbiM xapaKTepncTHKaM mm no CBoeMy cneKTpy. JTbo6oii
peKypcHBHWH MeTOA AonaceH 6wTb nccnenoßaH c tcm pacneTOM,
hto6w BO3HHKmne Ha He6onbmnx rny6nHax norpemHOCTH He
Hapaumßanncb 6ecKOHTponbHO b nponecce cnycKa b HnacHee
nonynpocTpaHCTßO. Bee 6e3 HCKmoneHHa Ha6nbOAeHna HenonHW b
cneKTpanbHOM OTHomeHnn. KpoMe Toro, Bcerna cymecTßyeT
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PMC. 176. npnMep HHTepc|)epeHnHH MHoroKpaTHbix OTpaaceHHH

HeonpeneneHHOCTb OTHocnTenbHo cpopMw BonHbi b hctohuhkc npn
Tex 3HaneHnax p, npn KOTopwx hhtchchbhw nacTHHHO-KpaTHbie
OTpaaceHHH, nepßoe OTpaaceHne ot AHa Mopa Ha6;ibOAaeTca
cnnmKOM 6nH3KO ot cyAHa-cencMocTaHUHH h He MoaceT perncTpn-
poßaTbca HaAneacamnM o6pa3oM. JXsin pemeHna nocneAHeH 3aAann
M. TeiiHep co3Aan cnennanbHyio perncTpnpyiomybo cncTeMy.

Oahhm H3 npenMyinecTß mctoaob, ocHOßaHHbix Ha ncnonb3o-
BaHHH BonH CHennnyca, HBnaeTca to, hto b pe3ynbTaTe Hanpaß-
neHHoro cyMMHpoBaHHH HecKonbKO noßbimaeTca no cpaßHeHHbo c
hcxoahwmhnoneBWMH Ha6nbOAeHHHMH OTHomeHHe cnrnan/noMexa.
B to ace BpeMa ohh hmciot tot HenocTaTOK, hto nponecc
npononaceHHH b HHacHee nonynpocTpaHCTßO nonaceH BwnonHHTbca
Ha bck) rny6HHy. PaccMaTpHßaeMwe nnace mctoaw npnMeHHbOTcn
AO cyMMHpoBaHHa h He Tpe6yiOT BbinonHHTb npoAonaceHHe
BonHOßbix nOnen HaMHoro Hnace MopcKoro nna.

Pa3AenbHbiii cpnnbTp BsKyca

J\ji% noAaBneHHH Ha6nbOAaeMbix Ha noBepxHOCTH Kparewx
OTpaaceHHH mw totobhm reHepanbHyio CTpaTernio —HMne/iaH-
CHoe 3aMemeHHe, hto noTpe6yeT npHßneneHnn perpeccn-
OHHoro aHanH3a h BonHOBOH SKCTpanonnnnH. nosTOMy, He
Tepnn H3 Bnny KOHenHybo nenb, HanHeM c npHMepa, B3HToro
H3 HeKoen HAeann3HpoßaHHon reoMeTpnn. B cßoeii nnccep-
Tannn JT. Mopnn [101] noKa3an, hto yKa3aHHan HAeannsannn
He cjiHHiKOM naneKo otxoaht ot peanbHOCTH. B AHceepTannH
npeACTaBneHW pe3ynbTaTW ycnemHoii npoßepKH npeAnoaceHHoro
MeTona h b Hen crpaTerHH HMnenaHCHoro 3aMemeHnn onncwßaeTcn
6onee noApo6Ho.
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npeAnonoacHM, hto aho Mopa ropn3oHTanbHO, npnHHMaeM, hto
B6nH3H ot HCTOHHHKa KoscpcpnnneHT OTpaaceHHH ot Ana Mopn paßeH
c s, a OKono ceHCMonpneMmnca— c

g

. B OKpecTHOCTH cencMonpneM-
HHKa ypaßHeHHe peßep6epanHH

3anncwßaeTCH,

KaK

(408)

rne nepe3 Z o6o3HaneH onepaTop ABycropoHHen 3aAepacKn Ha nyra
npo6era ao noAomßw BOAHoro cnon h o6paTHO. (Ochobw Teopnn
Z-npeo6pa3oßaHHH H3noaceHw b pa3Aene 4.6 nnn b pa6oTe [53]).
Bo3ne HCTOHHHKa aHanornnHan peßep6epannoHHan nocneAOßa-
TenbHOCTb HMeeT bha

Ecnn npeHe6penb pa3nHnneM Meacny cs h Cg, to MoacHo nonynnTb
peßep6epannoHHybo nocnenoßaTenbHOCTb BsKyca [3], KOTopan
HBnneTcn pe3ynbTaTOM nepeMHoaceHnn ypaBHeHHH (408) h (409):

3HaMeHaTenb b ypaBHeHHH (410) npeACTaßnneT co6on cpnnbTp
BsKyca. B pe3ynbTaTe npnMeHeHnn noAo6Horo cpnnbTpa ycrpaHH-
eTcn peßep6epannoHHan nocnenoßaTenbHOCTb. Jl. Mopnn Ha3Ban
cpnnbTp, KOTopwn nonynaeTcn nocne yneTa b hbhom BHAe pa3nHnnn
b KoscpcpHnneHTax OTpaaceHHH b oKpecTHocTnx HCTOHHHKa h npneM-
HHKa, pa3AenbHWM cpnnbTpoM BsKyca. Pa3AenbHwn onepa-
Top cpnnbTpa BsKyca Moacno npencTaßHTb b bhac npon3BeAeHHn

npeo6pa3oßaß ypaßHeHHe (411) b BwpaaceHne Tnna (410), HaHAeM,
hto «-h nneH pa3AenneTcn Ha n hjichob. 3to 03HanaeT, hto BpeMeHa
npo6era no TpaeKTopHHM c tohkoh OTpaaceHHH ot Ana b
OKpecTHOCTH HCTOHHHKa MoryT OTnHHaTbCH ot BpeMeH npo6era no
TpaeKTopHHM c tohkoh OTpaaceHHH ot nna b OKpecTHOCTH
cencMonpneMHHKa.

Ha pnc. 177, 3aHMCTBOBaHHWM H3 AnccepTannn Jl. Mopnn,
noKa3aHa BO3MoacHOCTb Ha6nbOAeHHH pa3AeneHHwx nacTHHHO-
Kparewx OTpaaceHHH. Ha pncyHKe H3o6paaceH pa3pe3, cocTaßneH-
Hwn H3 paßHoyAaneHHwx ot HCTOHHHKa Tpacc, npnneM ynaneHne
paBHO 45 B3pwBHWM HHTepßanaM, nnn nonoßHHe nnHHw kocw.
HacTHHHO-KpaTHoe OTpaaceHne nepßoro nopnAKa, perHCTpnpyeMoe
Ha BpeMeHax ot 2,5 ao 3,0 c, 6naronapn BnHnmno penbecpa
MopcKoro AHa pa3AenneTcn Ha naHHOM pa3pe3e, ho He pa3AenneTcn
Ha pa3pe3e, cocTaBneHHOM H3 6nnacHnx k HCTOHHHKy Tpacc.
MaKCHManbHoe pa3AeneHne cocTaßnneT OKono 200 mc b oKpecT-
hocth nB 180—200. KaK h oacnnanocb, nono6Hoe HBneHne

—i-=l-c9Z+c2Z 2+ c3Z 3 + c4Z4 + ...

l/(l+csZ)=l-csZ+c2Z2 -c*Z 3+c}Z4... (409)

— —=\-2cZ+ 3c2Z 2 -4s3Z 3 + 5c4Z 4 + ... (410)
\+cZ\+cZ V '

(1 +c se ,<nT(s)) (1 +c/mx(9)). (41 1)
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PMC. 177. Pa3pe3, cocraßjieHHbiH H3 Tpacc, paßHoy/jajieHHbix ot

HCTOHHHKa

(a —e.
cm. pnc. 168).

Ha6monaeTCH b Tex cnynanx, Korna MopcKoe aho MaKCHManbHo

HaKnoHeHO, TOHHee,

Korna pa3nHnne b rny6nHax Mopn Ha mnceTax
HCTOHHHKa h cencMonpneMHHKa Han6onbmee.

B 6onbmnHCTße coßpeMemibix cnoco6oß o6pa6oTKH cpnnbTp
BsKyca He ncnonb3yeTcn n nna Kaacnon ceHCMnnecKOH Tpaccw
onpeAenneTcn cboh cpnnbTp AeKOHßonbonnH, ho no cpaßHeHHbo c
AeKOHßomonneH pa3AenbHwn cpnnbTp BsKyca AonaceH nynme
coxpaHHTb nepßHHHwe OTpaaceHHa.

MoacHo 6wno 6w oacnnaTb, hto b nbo6oM MeTone, 6a3Hpyio-
meMcn Ha KOHnennnn pa3AeneHHH BsKyca, nonaceH ynHTWßaTbcn
KHHeMaTHnecKHH sc})cpeKT. K cnacTbbo, b cnynae nacTHHHO-KpaTHbix
OTpaaceHHH yron hx Bwxona 6yAeT yMeHbinaTbca H3-3a nepenaAOß
CKopocTen. B cnynae noAaBneHHH nonHOKparewx OTpaaceHHH ot
MopcKoro nna hco6xoahmo 6onee TmaTenbHo H3ynare ocTaTOHHybo
KHHeMaTHKy. npeAnonaraeTcn, hto b stom cnynae pa3AeneHne
nacTHHHO-KpaTHbix OTpaaceHHH cnenyeT npHMeHHTb nocne BBeAeHHn
HopManbHwx KHHeMaTnnecKHx nonpaßOK. nepenneM k 3aAane
onpeAeneHHH onepaTopa pa3AenbHoro cpnnbTpa BsKyca.
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noAaßneHne hpaim.ix OTpaaceHHH c yneTOM
xapaKTepa MopcKoro AHa

C cnynanHbiMH BpeMeHHWMH CABHraMH ot Tpaccw k Tpacce
6opioTca c noMombbo TaK Ha3WBaeMOH MOAenn cTaTnnecKHx
nonpaßOK, cornacybomnxca c BepxHen nacTbbo pa3pe3a. B coot-
bctctbhh c stoh MOAenbbo, Ha6nbOAaeMwe BpeMeHHwe CABnrn
t(s, g) noAroHabOTca tioa perpeccnoHHybo MOAenb BHAa t(s, g)^
&ts (s)+ t

g

(g). CTaTHCTnnecKHe onpenenaeMwe cpyHKnnn ts (s) n t

g

{g)
MoacHo HHTepnperapoßaTb KaK nonyneHHwe no 3HaneHHaM anbre-
TyA penbecpa Mecreocre nnn no BapnannaM ckopocth npaMo non
mnceTaMH B3pbma h npneMa. B pa6oTe [139] o6pamaeTca oco6oe
BHHMaHne Ha Heo6xoAHMOCTb yneTa BnnaHHa BepxHen nacre
pa3pe3a. Hnace mw npoHHTepnpeTHpyeM h o6o6mnM H3noaceHHwn
nonxoA. HHTynTHBHaa MOAenb Ha6nioAeHHwx AaHHwx HMeeT bha

(412)
nepßwe ABa MHoacHTenn npencTaßnaioT co6on pa3AenbHwn cpnnbTp
BsKyca. CnenybomnH MHoacHTenb ecTb He hto HHoe, KaK HopManb-
Haa KHHeMaTnnecKaa nonpaßKa. MHoacHTenb H [h, co) aßnaeTca
ocraTOHHon KHHeMaTHHecKOH nonpaßKon, a Y(y, co) npeACTaßnneT
co6on 3aBHCHMybo ot rny6nHHOH KoopAHHaTw MOAenb cpenw noA
cpeAHen tohkoh y. nocnenHnn MHoacHTenb — jF(co)— 3to hckhh
ycpeAHeHHwn cpnnbTp, onncwßabomHH BnnnHHe 3cmhoh cpenw n
perHCTpnpybomen chctcmw.

Oaho h3 H3BecTHwx 3aTpyAHeHHH, BCTpenabomnxcn npH pa6oTe
c pa3AenbHWMH cpnnbTpaMH BsKyca, coctoht b tom, hto 3anepacKH
BpeMeHH x(s) h x(g) BxoAai b MOAenb HenHHeHHWM cnoco6oM.
ilto6w nnHeapn3HpoßaTb Monenb, ee o6o6mabOT ao cnenyioinero
BHAa:

Tenepb b S BKnbonenw Bee peßep6epanHOHHwe scpcpeKTW b boahom
cnoe, xapaKTepHwe AJia OKpecTHOCTH tohkh Bo36yacAeHna, BKnbonaa
nbo6oe HenpeACKa3yeMoe noBeAeHHe n caMOH nHeBMonymKH.
AHanorHHHo, xapaKTepHwe nna oKpecrHocre tohkh npneMa scp-
cpeKTw conepacaTcn b cpyHKnnH G. B Ha6nioAeHHbie AaHHbie P
BBOAHTca KHHeMaTHnecKne nonpaßKH h b pe3ynbTaTe nonynaeM P'.

nponorapncpMnpoßaß BbipaaceHne (413), nonynnM nnHeiiHybo
anAHTHBHybo MOAenb:

<t>a3oßwn cneKTp cpyHKnnH P', npeAcraßnaboinHH co6oh mhh-
Mybo nacTb norapncpMa (414), conepacHT HHCpopMannio o BpeMe-

1 1 w Hi 2P(Sf g, co)% L_ ' e ''7>/--+ 4/» "//(/,, co) Wyf co)F(co).

P'(s, g, co)^S(s, co)G(g,co) //(/?, co) Y(y, co)^(co). (413)

\nP'(s,g,(D)x\nS(s, co) + lnG(g, co) + In H(h, co)+
+ \nY(y, co) +lnF(co). (414)
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Hax npo6era. nocneAHnn HanHHaeT TepaTb CMbicn no Mepe Toro,
KaK b Ha6nbOAeHnax noaßnaeTca 6onee neM oAHa BonHa. <t>a3oßaa
cpyHKnna CTaHOBHTca pa3pwßHon, naace HecMOTpa Ha to, hto caMH
Ha6nbOAeHHH HenpepwßHbi n xopomero KanecTßa. nosTOMy b
npaKTHnecKon ceHCMopa3BeAKe ncnonb3ybOT BemecTßeHHybo nacTb
BbipaaceHHH (414), KOTopan cpaKrenecKH npeACTaßnneT co6on
cneKTpw MomHOCTH. 3anana pa3noaceHHH (414) aßnaeTca nHHenHOH
n ee, Bo3MoacHo, nynme Bcero pemaTb HTepaTHBHWM cnoco6oM, TaK
KaK OHa MHoroMepHa. Upu BoccTaHOBneHHH S n G no cneKTpaM
MomHOCTH Jl. Mopnn Bocnojib3oßanca mctoahkoh BnHepa —
JleßHHcoHa b aBHOM BapnaHTe, h ynen Hyneßwe 3HaneHHa
BpeMeHHoro npeACTaBneHHH cpnnbTpoß S h G b onpeAeneHHH nyTH
npo6era BonH b boac Oh He BBOAnn KHHeMaTnnecKHe nonpaßKH b
hbhom BHAe, coAepacainnecn b (412). 3to MoacHo o6bHCHHTb TeM,
hto Hcnonb3oßanacb nnmb 6nnacHHH k nyHKTy B3pwßa nonoßHHa
cencMorpaMM.

koHneiiiina noAaBneHHH KpaTHwx OTpaaceHHH, ocnoßainiaa
Ha nOHHTHH CpCAbl iaMCIHCHHH

JXimnh] bojih, Hcnonb3yeMwe b cencMopa3BenKe, HacTonbKO
BennKH, hto mw peAKO BcnoMHHaeM tot cpaKT, hto HanpaßneHHwe
hctohhhkh h npneMHHKH BnonHe cpH3HHecKH ocymecTßHMw. npcn-
nonoacHM, hto HaM ynanocb KaKHM-TO o6pa3oM co3AaTb TaKon
HCTOHHHK, KOTOpbIH H3nyHaeT BOnHW TOnbKO BHH3, H TaKOH
ceHCMonpneMHHK, KOTopwn pearnpyeT TonbKO Ha BepTHKanbHO
noAxoAnmne Kone6aHHn. npennonoacHM Aanee, hto HaM ynanocb
BwnonHHTb npoAonaceHHe SToro HCTOHHHKa h npneMHHKa bhh3 non
MopcKoe aho. 3to 6w ycTpaHnno uinpoKHH Knacc KpaTHwx
OTpaaceHHH, HanpHMep, nonHOKparewe ot nna h nacTHHHO-KpaT-
Hwe, hto 6wno 6w BenHKHM AOCTnaceHneM. OAHaKO h b stom
cnynae ocranacb 6w He6onbman npo6neMa.

Ha6nbOAeHHH MoryT pacnonaraTbcn BAonb HeKOTopon nHHHH,
KOTopan He o6n3aTenbHO 6yneT ropH3OHTanbHOH, TaK KaK noßTo-
pneT penbecp MopcKoro AHa. nosTOMy hco6xoahm 3aKmoHHrenb-
Hbm STan o6pa6oTKH, caM no ce6e nerKnn, saKnbonabomnnca b
npoAonaceHHH b BepxHee nonynpocTpaHCTßO nepe3 HeKyio 3aMe-
mabomybo cpeny, KOTopaa xapaKTepH3yeTca MeHee pe3KHM 3Hane-
HneM KoscpcpHnneHTa OTpaaceHHa ot MopcKoro AHa. TaKOH nponecc
MoacHo 6wno 6w Ha3BaTb HMnenaHCHbiM 3aMemeHHeM. Oh aHa-
nornneH nponeccy ncnonb3oßaHHa 3aMemabomeH cpenw npn pe-
AyKnHH rpaßHMeTpnnecKHx Ha6nbOAeHHH, hjih ace cMemeHna
cencMOTpacc bo BpeMeHH Ha BennnnHy, nponopnHOHanbHybo TaK
Ha3WßaeMon ckopocth 3aMemeHHa (cm. pa3Aen 3.7).

nponenypa MnrpannoHHoro npeo6pa3oßaHna npoAonacaeT b
HHacHee nonynpocTpaHCTßO Bocxonamybo BonHy. OHa nono6Ha
nponeAype npoAonaceHHn b HHacHee npocTpaHCTßo paccTanoßKH
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ceHCMonpHeMHHKOB, npnneM cencMonpHeMHHKH pearnpybOT TonbKO
Ha BOCxoAHinne BonHbi. B AencTBHTenbHOCTH ace norpyaceHHwe
cencMonpneMHHKH pearnpyioT n Ha BOCxoAHinHe h Ha nanabomne
BonHbi. HanpaßneHHOCTb HCTOHHHKa nnn npHeMHHKa onpeAenneTcn
3HaKOM b ypaBHeHHH c KBanparewM KopHeM, KOTopoe ncnonb3yeT-
cn AJia SKCTpanonnnnH BonHOßoro nonn. B cootbctctbhh c
npnHnnnoM B3anMHocTH hctohhhkh Toace MoacHo noAßeprayTb
nponeAype npoAonaceHHn b HHacHee nonynpocTpaHCTßO. <t>H3Hne-
CKHe HCTOHHHKH H3nynabOT KaK BBepx, TaK H BHH3, HO MOaCHO
Boo6pa3HTb TaKne hctohhhkh, KOTopwe H3nynabOT nn6o BBepx,
nn6o bhh3, npnneM c MaTeMaTHnecKOH tohkh 3peHnn Bbi6op
onpenenneTcn 3HaKOM. nosTOMy MoacHo nonynHTb pe3ynbTaTw Bcex
neTwpex Bo3MoacHwx BapnaHTOß npoAonaceHHn BonHOßbix nonen Ha
rpaHnne Bona —aohhwc OTnoaceHnn —HanpaßneHHwx BBepx h bhh3
HCTOHHHKOB H npHCMHHKOB.

Rim SKCTpanonnnnH Been stoh HHCpopMannH nepe3 rpaHHny
Bona —aho Tpe6yeTcn oneHHTb 3HaneHne KoscpcpHnneHTa OTpaace-
HHH ot MopcKoro nna. nocneAHHH npH BbinncneHnnx nrpaeT ponb
Becoßoro MHoacHTenn b nnHenHwx KOM6HHannnx BonH, pacnpocT-
paHHbomnxcn Han ahom. Hack), neacamyio b ochobc cnoco6a
onpeAeneHHH KoscpcpnnneHTOß OTpaaceHHH, MoacHo Bwpa3HTb ABy-
MH 3KBHBaneHTHWMH B MaTCMaTHHeCKOM OTHOUieHHH nyTHMH:
1) BonHbi, nanabomne Ha rpaHnny CBepxy h CHH3y, AonacHw
xapaKTepH3oßaTbcn TaKon cpyHKnneH B3anMHon Koppennnnn, ko-
Topan npn HyneßOM CABHre o6pamaeTcn b Hynb; 2) BonHa,
nanaboman Ha rpaHnny CHH3y, Aonama HMeTb MHHHManbHybo
MOmHOCTb.

nocne nepeMemeHHn bhh3 ceHCMonpHeMHHKOB HyacHO npony-
MaTb MeTOAHKy nepeMemeHHn bhh3 hctohhhkob. llto6w npn-
6emyTb k npnHnnny B3anMHOcre, HyacHO noMeHHTb Ha o6paTHybo
HanpaßneHHOCTb hctohhhkob h npneMHHKOB. Hmchho nosTOMy
npnmnocb o6paTHTbcn k HanpaßneHHWM BBepx HcroHHHKaM n
npneMHHKaM.

> lipaVKHOIIIUI

1. 3ajraHne,

CBH3aHHoe

c pnc. 175.
a) KaKoe rpacpHnecKoe H3MepeHHe no^TßepacaaeT, hto HHTepßanbHaa CKopocTb

AJia npocTbix KpaTHbix OTpaaceHHH ot MopcKoro AHa paßHa HHTepßajibHon cko-
POCTH AJIH HaCTHHHO-KpaTHblX?

6) KaKoe rpacJinnecKoe H3MepeHne no3BOJiaeT nonyanTb 3HaneHne ckopocth b

OCaAOHHOH

TOJIUie?
b) nojiyHHTe

HHCJieHHoe

3HaneHHe o6paTHoro napaMeTpa CHejiJinyca p c yneTOM
CKOpOCTH B

BOAe.

r) nojiyHHTe nncjieHHoe

OTHonieHne

CKopocTeii b ocaAOHHoil

TOJinie

h b boac
2. Bo3bMHTe BocxoAHinyio Bojmy U, Ha6jnoAaeMyio HaA cjiohctoh cpeAoii c

nocjiOHHbiMHHMneAaHcaMH (I l5

12,I

2,

13,I

3, ...), n BOCxoAaniyio Bojmy U' Ha noBepxHOCTH
cpeAbi (L, 12,I2, 13, ...). 3aMeTHM, hto BepxHnn cjioh H3MeHHjica.

a) HanepTHTe TpaeKTopnn Jiynen ajih HeKOTopwx H3 KpaTHbix OTpaaceHHH,
npncyTCTßyiomnx b nepßon, ho oTcyTCTßyiouinx bo btopoh cpeAe.
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6) npeAnojioacHTe, hto bm MoaceTe Han" MaTeMaTnnecKyio nponeAypy ajih
npeo6pa3oßaHHHU b BOJiHy U', h

cKaacnTe,

KaKne KpaTHbie OTpaaceHHH noAaßjunoTca
b U', ho He ycTpaHaiOTca c noMombio onepaTopa B3Kyca?

b) C noMombio npneMOß, H3JioaceHHbix b tji. 8 pa6oTbi [53 ], HanAHTe ypaßHeHHe
AJia U', BbipaaceHHoe nepe3 U, It h

12,I

2, ho He cBH3aHHoe c napaMeTpaMn

13,l

3 , 14,I4, ....

5.7. M3o6pa>KeHHe nojieeux ceficMorpaMM
noneßan cencMorpaMMa coctoht H3 cencMOTpacc, nonyneHHbix

c noMomtbo MHoacecTßa npHeMHwx rpynn, paccTaßneHHwx no
npocpnnbo, n npn oahom nonoaceHHH nHKeTa BO36yacAeHHH ynpyrnx
BonH. MnrpannoHHoe npeo6pa3oßaHHe oahhohhoh cencMorpaMMbi
nnn MHoacecTßa otctohiuhx Apyr ot Apyra Ha 6onbmne paccTOHHHH
cencMorpaMM AonacHO 6a3HpOßaTbcn Ha TaKon KOHnenryanbHOH

ocHOBe,

KOTopan oneHb naneKa ot Bcero Toro, hto ao chx nop
o6cyacAanocb b HacToninen KHHre, t. e. ot KOHnennnn H3nynabomnx
rpaHnn n norpyacaboinHxcn Ha6nbOAeHHH. Tpe6yeMan KOHnen-
TyanbHan ocHOBa cymecTßyeT, HMeeT AOBonbHo nonrybo hctophk)
[27] n KaaceTcn 6onee

ocHOBaTenbHOH,

neM TonbKO hto ynoMn-
HyTbie KOHnennnn. HMeeTcn b BHAy KOHnennnn cencMHnecKoro
H3o6paaceHHH, ocHOBaHHan Ha oTHomeHHH BOcxoAHinen BonHbi k
nanabomeH, nnn KOHnennnn B/n.

J\jm ocymecTßneHHH KOHnennnn norpyaceHnn Ha6nbOAeHHH,
no-BHAHMOMy, Tpe6yeTcn nonHoe BonHOßoe HacwmeHne npocT-
paHCTßa c KoopAHHaTaMH hctohhhk —npneMHHK. MoAenb H3ny-
nabomnx rpaHHn pa6oTaeT npn Hannnnn MHoroHncneHHwx h 6nn3KO
pacnonoacemiwx npyr k Apyry nnKeTOB Bo36yacAeHnn. B to ace
BpeMH ceHCMnnecKoe H3o6paaceHne noneßbix cencMorpaMM, ocho-
BaHHoe Ha KOHnennnn B/n, He HaKnanwßaeT KaKnx-nn6o orpaHH-
neHHH Ha nnoTHOCTb pacnonoaceHHa hctohhhkob no nHHHH
Ha6nbOAeHHH. npHMepoM Maccnßa AaHHWX, KOTOpWH MOaCHO
o6pa6aTWßaTb TonbKO Ha ochobc ynoMHHyTon Bwme

KOHnennnH,

HBnneTcn 3anncb c noMombio aKycTHnecKoro 6yn. AKycTnnecKHn
6yn npeACTaßnneT co6oh rnApoceHCMonpHeMHHK c paAHonepeAaT-
hhkom. Byn Bw6pacwßaeTcn 3a 6opT h cyAHO-B3pwßnyHKT,
yAannncb, npoH3BOAHT B3pwßW nHeßMoycTponcTßa jio Tex nop,
noKa yAaneHHe He CTaHeT cjihuikom 6onbniHM. CornacHO npHHnnny

B3anMHOCTH,

nonyneHHwe TaKHM o6pa3oM 3anncH paßHo3HanHw
Ha6nbOAeHHHM npn oahhohhom hctohhhkc h oneHb ajihhhoh
paccTaHOßKe CeHCMonpHeMHHKOB.

CoßepmeHCTßOßaHne TexHonornn ceHCMopa3BeAOHHwx pa6oT
BeneT k noßwmeHHbo nnoTHocTH AHCKpeTH3annH no och npneMa,
OAHaKO ManoßepoHTHO, hto aHanornnHoe 6yAeT Ha6moAaTbcn n no
OCH HCTOHHHKOB. HoSTOMy npn 3aAaHHOH nnOmaAH CbeMKH H
onpeAeneHHOM nncne Mecnneß pa6oTw mw ocraHaßnHßaeMcn Ha
KaKOH-TO MHHHManbHo BO3MoacHOH nnoTHocTH pacnonoaceHHH
nyHKTOB B3pwßa no npocpnnnM. B caMOM nene, b cnynae
AOKa3aTenbCTßa SCpCpeKTHBHOCTH TpexMepHOH cencMopa3BeAKH MW
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CTaHeM CBHAeTennMH yMeHbmeHna nnoTHocTH npocTpaHCTBeHHOH
AHCKpera3annH. HeßbicoKaa nnoTHOCTb AHCKpeTH3anHn no ocn
hctohhhkob He aßnaeTca 6onbinon noMexon AJia nonyneHHn
H3o6paaceHHH noneßbix cencMorpaMM.

B OTnHHHe ot MeTOAOB H3nynabomnx rpaHnn n norpyaceHHn
Ha6nbOAeHHH KOHnennnn B/n AonycKabOT npeAenbHO npocToe
MOAennpoßaHne h aHanH3 KpaTHwx OTpaaceHHH. TaK, b pa6oTe [53]
noMemeH anropHTM oAHOBpeMeHHoro BbinonHeHnn MnrpannoHHoro
npeo6pa3oßaHHH n noAaBneHHH peßep6epanHH. B npHHnnne oh
npnMeHHM h k noneBWM Ha6nbOAeHHHM, h k HanpaßneHHWM
cyMMaM.

OcHOßWßancb Ha BonHOBOM ypaBHeHHH, MoacHo npennoacHTb
HOBwe cnoco6w onpeAeneHHH nonpaßOK 3a 30Hy Manwx CKopocren.
Hh oahh H3 hhx eme He Hamen mnpoKoro npaKTnnecKro
npnMeHeHHH n nosTOMy paHO roßopHTb o tom, KaKon H3
noAXOAOB— ocHOBaHHWH nn Ha ypaBHeHHH c AByMH KBaApaTHWMn
kophhmh, nn6o Ha o6pa6orKe noneßbix cencMorpaMM— oKaaceTcn
nynme.

Bee npHßeneHHwe Bwme coo6paaceHHa o6ocHOBWBabOT Heo6xo-
AHMOCTb AaTb KpaTKHH 0630p nponcAyp MnrpannoHHoro npeo6pa-
30BaHHH noneßbix cencMorpaMM n KOHnennnn B/n cencMnnecKoro
H3o6paaceHHa.

KoHiieniHiH B/n ceiicMHHecKoro h306paactinia

KoHnennnn B/n cencMHnecKoro H3o6paaceHna rnacHT, hto
OTpaacaboinne rpaHnnw HaxoAHTcn b Tex MecTax 3Cmhoh cpeAbi, rAe
BCTynneHHe nanabomen BonHbi coßnanaeT no BpeMeHH c BCTynne-
HHeM BoexoAnmen. Ha pnc. 178 H3noaceHHan Bwme KOHnennnn
noncHneTCH rpacpHnecKH. BonHOßoe Bo3Mymeirae noKHAaeT no-
BepxHocTb 3eMnn b MOMeHT BpeMeHH t— 0 h perncTpHpyeTcn
norpyaceHHWMH b cpeny ceHCMonpneMHHKaMH G 1; ..., Gs bo Bee
6onee n 6onee no3AHHe BpeMeHa. Ha rny6HHe 3aneraHnn OTpa-
acabomen rpaHnnw z3 cencMonpneMHHK G 3 perHCTpnpyeT coßna-
Aabomne no BpeMeHH BocxoAnmybo h nanabomybo BonHbi. Pacno-
noaceHHwe Bwme cencMonpneMHHKH TaKace perncTpHpybOT o6e
BonHbi. PacnonoaceHHwe HHace ceHCMonpHeMHHKH perncTpHpybOT
TonbKO BonHy n. CornacHO ocHOßononaraiomeMy npHHnHny
H3o6paaceHHH OTpaacaiomnx rpaHHn, OTpaacabomne rpaHnnw Ha-
xoahtch TaM, rne B n n coßnaAabOT no BpeMeHH.

Jlerrco cnyTaTb KOHnennnn norpyaceHna Ha6nbOAeHHH h otho-
meHHH BoexoAnmen BonHbi k nanabomen H3-3a cxoacecTH onncw-
Baboinnx nx BwpaaceHHH, TaK KaK BwpaaceHne «npoAonacaTb
hctohhhkh b HHacHee nonynpocTpaHCTßO)) 3BynHT noxoace Ha
BwpaaceHne «npononacaTb b HnacHee nonynpocTpaHCTßO naAabomyio
BonHy». nepßaa KOHnennna npennonaraeT BbinncneHHa CBa3aHHwe
TonbKO c BocxonamnM BonHOBWM noneM U(s, g, z, t), BTopan —
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PMC. 178. rpacjnniecKoe
noacHeHne

KOHnennnn

cen-

CMnnecKoro

H3o6paaceHHH,

ocHOBaHHoro

Ha

oTHOine-

hhh BoexoAHUjeH h naAaio-
men bojih (B/n) (no
Peneio)

KaK c BOCxoAainnMH U(x, z, t), TaK h naAabomnMH D(x,

z,

t)
BonHaMH. B KOHnennnbo B/n He bxoaht HHKaKHe KoopAHHaTw
HCTOHHHKa, b KanecTße HCTOHHHKa MoaceT cnyacHTb h nanaboman
nnocKan BonHa.

B MeTOAax MHrpannoHHoro npeo6pa3oßaHHH noneßbix cencMO-
rpaMM nanabomyK) BonHy o6whho paccMaTpHßabOT TeopeTnnecKH,
t. e. ee npeACTaßnnbOT, KaK npaßnno, b BHAe HMnynbca, BpeMH
npo6era KOToporo 3aAaeTcn nn6o aHannTHnecKH, nn6o pacneTOM
nyneßon TpaeKTopHH. OAHaKO c naAansmen BonHon MoacHo
o6pamaTbcn TaK ace, KaK c Bocxonnmen, t. e. npnMeHaTb k Hen
cpypbe- nnn KOHenHO-pa3HOCTHwe mctoaw npeo6pa3oßaHHH, onn-
caHHwe b npeAWAymnx rnaßax. BocxoAnmybo BonHy MoacHo
BwpaacaTb b neKapTOßbix KoopAHHaTax nnn ace b KOOpAHHaTHOH
cncTeMe KHHeMaTHnecKHx nonpaßOK, KOTopan 6yneT onncaHa Hnace.

CoßnaAeHHe BpeMeHH naAabomen n BoexoAnmen BonH MoacHo
onpenennTb HecKonbKHMH cnoco6aMH. Han6onee npocrwM Bbirnn-
Aht cnoco6 onpeAeneHHH Hyneßoro CABHra cpyHKnnn B3anMHon
Koppenannn yKa3aHHwx BonH. CeHCMnnecKoe H3o6paaceHne CO3-
AaeTcn nyTeM rpacpnnecKoro nocTpoeHHH b npocrpaHCTße (x, z)
3HaneHHH cpyHKnnH B3anMHon Koppennnnn npn HyneßOM CABHre.

OaKT coBnaAeHHH BocxoAnmeH BonHbi c caMWM nepBWM
BCTynneHHeM nanabomeH CBHAeTenbCTByeT o cymecTBOBaHHH 3Aecb
OTpaacabomen rpaHnnw, ho b npnHnnne no sthm AByM BonHaM
MoacHo y3HaTb 3HanHTenbHO 6onbine. OTHomeHHe aMnnHTyA
BocxoAamen h naAabomen BonH AaeT 3HaneHHe KoscpcpnnHeHTa
OTpaaceHHH.

npoH3BeAeHHe i7(co, x, z)D (co, x, z) b cpypbe-o6nacTH onpene-
nneT 3HaneHHe cpyHKnnH B3aHMHOH KoppennnnH npn HyneßOM
CABnre. 3HaneHHe KoscpcpnnneHTa OTpaaceHHH 3anaeTcn OTHomeHHeM
c7(co, x, z)/Z)(co, x, z). C nocneahhm oreoineHneM BO3HHKaeT MHoro
cnoacHOCTen, t. e. He TonbKO ero 3HaMeHaTenb MoaceT o6paTHTbcn b
Hynb, ho oho caMO MoaceT HMeTb Hynn. TaKoe cnynaeTCH, Korna
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naAansmaa BonHa npHHHHHan, ho He MHHHManbHO-cpa3oßan (cm.
pa3nen 4.6 n pa6oTy [53]). <t>a3a KOMnneKCHo-conpHaceHHoro c
HeKOTopwM KOMnneKCHWM HHcnoM paßHa cpa3e nncna, o6paTHoro
nocneAHeMy. nosTOMy oTHomeHHe B/n n npon3BeAeHne B■ n
HMebOT oahh h tot ace cpa3oßbin cneKTp.

B pa6oTe [113] npeAnoaceHa HHan cpopMynnpoßKa npHH-
nnna B/n, KOTopan rnacHT, hto Ha bccx BpeMeHax ao nep-
Boro BCTynneHHH nanabomen BonHbi BocxoAnmne AonacHw
6wTb paBHW Hynbo. 3Ta cpopMynnpoßKa Hamjia npHMeHeHHe b
MeTone noAaBneHHH peßep6epanHH c noMombbo BonHOßoro ypaß-
HeHHH.

MurpaiiHOHHoe npeo6pa3oßaHHe c bboaom
KHHeMaTHnecKHX nonpaßOK

Ecnn 6w 3eMHaa cpena 6wna nencTßHTenbHO HeoAHopoA-
hoh bo Bcex Tpex HanpaßneHHHx, to Bpnn nn MoacHo 6wno
oacHAaTb, hto Ha6nbOAeHHn no OAHHOHHOMy cencMHnecKOMy npo-
cpnnbo BOo6me HMenn 6w xoTb KaKOH-TO CMbicn. Ho cencMO-
pa3BeAKa oTpaaceHHWMH BonHaMH, KaK npaßnno, scpcpeKTHßHa
Aaace b Tex cnynanx, Korna OHa orpaHHneHa Bcero nnmb oa-
hhm npocpnneM. nocneAHee yKa3WBaeT Ha npaßOMepHocTb cno-
hctoh Monenn 3cmhoh cpenw b KanecTße o6ocHOßaHHoro Ha-
nanbHoro npeACTaBneHHH o ee reonornnecKOM CTpoeHHH. Ot-
CbOAa cnenyeT, hto bboa KHHeMaTHnecKHX nonpaßOK HopManbHoro
pana HBnneTcn xopomeii HananbHon nponenypon o6pa6oTKH.
C MaTeMaTHnecKOH tohkh 3peHnn bboa HopManbHwx KHHeMa-
THnecKnx nonpaßOK— npeKpacHWM cpencTßOM o6pa6oTKH cchc-
MHnecKHx MaTepnanoß b ycnoßHnx H3MeHeHnn ckopocth c rny-
6hhoh, ho ero scpcpeKTHBHOCTb nanaeT npn HannnnH KpyTwx yrnoß
HaKnoHa rpaHHn nnn mnpoKoro Anana3oHa H3MeHeHHn Kaacymnxcn
CKopocTen.

Mon paHHne nporpaMMbi Mnrpannn ocHOßWßanncb Ha KOHnen-
nnnx, nocTpoeHHbix Ha oco6eHHOcrax oahhohhwx noneßbix
cencMorpaMM. B cootbctctbhh c hhmh Ha6nbOAeHHwe Aamiwe
h BonHOßoe ypaßHeHHe npeo6pa3oßWßanncb c yneTOM CKoppeK-
THpOBaHHOH 3a KHHeMaTHKy KOOpAHHaTHOH CHCTeMW. TaKOH
noAxoA k MnrpannoHHOMy npeo6pa3oßaHHbo oneHb yno6eH npn
pa6oTe c cencMorpaMMaMH, Tpaccw KOTopwx otctoht Apyr ot
Apyra Ha 6onbmne paccTOHHHH. Korna ace MHrpannoHHoe npe-
o6pa3oßaHne oneHHBabOT no BennnHHe o6pa6aTWßaeMwx yr-
noß HaKnoHa rpaHHn, Torna bboa KHHeMaTHnecKnx nonpaßOK
He naeT HHKaKHx npeHMymecTß, no cymecTßy bhoch HeHyacHbie
ycnoacHeHHH. KaKHMH 6w hh 6wnn nx nocTOHHCTBa nnn He-

AOCTaTKH,

KHHeMaTHnecKne nonpaßKH npnßneKabOT k ce6e BHHMaHHe
H3-3a HX nOHTH yHHßepcanbHOH npHMCHHMOCTH B npaKTnnecKOH
cencMopa3BeAKe.
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KinieMarHHecKH-pa nianbiiwe Koop iHHarw
b npocTpaHCTße ceiicivionpHeMHHKOß

npoBOAH TeopeTHnecKHH aHann3, mw OTBneneMcn ot och
ceHCMonpHeMHHKOB g h o6paTHMcn k paAnanbHon och, xapaKTe-
pn3yeMOH napaMeTpoM CHennnyca p. (He 6yneM roßopnTb o
nponeAypax o6pa6oTKH, TaK KaK AOBonbHo npocTO npeo6pa3oßaTb
OKOHnaTenbHwe ypaBHeHHH o6paTHo b KoopAHHaTy yAaneHHH.)
npHHHTan HaMH cncTeMa KoopAHHaT 6yAeT Ha3WßaTbcn 3ana3AW-
Babomen ncnpaßneHHon 3a KHHeMaraKy n ocHOBaHHOH Ha Tpaccax
CHennnyca. B TaKon KoopAHHaTHon cHcreMe n b ycnoßHnx
ropn3oHTanbHo-cnoHCTon cpenw HAeanbHwe AaHHbie npn hx npo-
AonaceHHn b HHacHee nonynpocTpaHCTßO He

H3MeHHbOTcn,

ho npn
stom Bo3pacraeT Heo6xoAHMOCTb b npocTpaHCTBeHHOH AHCKpeTH-
3anHH AaHHwx. Bbcacm cnenybomne onpeAeneHHH: p —nyneßOH
napaMeTp CHennnyca, paßHwii (sino)/y; tp — nbo6oe BpeMH npo6era
b OAHy CTopoHy ot noBepxHOCTH 3eMnn no nyny c napaMeTpoM p;
g—paccTOHHHe Ha noBepxHOCTH ot HCTOHHHKa ao npneMHHKa;
/' —BpeMH npo6era no nyny b OAHy cropoHy, ot noBepxHOCTH
3eMnn ao OTpaacabomen rpaHnnw; x —rny6nHa norpyacemia
ceHCMonpHeMHHKOB, BwpaaceHHaa bo BpeMeHH npo6era no nyny b
OAHy CTopoHy; t— BpeMH npo6era, OTMenaeMoe norpyaceHHWM
cencMonpneMHHKOM; v{p, tp)— CTpaTncpHnnpoßaHHan cpyHKnnn cko-
POCTH V' (z) B HOBWX KOOpAHHaTaX.

/J,aHHan KoopAHHaraan cncTeMa ocHOBWBaeTcn Ha cneAyboinnx
npocTwx yTßepacAeHHax: 1) BpeMH npo6era ot HCTonmnca ao
cencMonpHCMHHKa paBHO yABoeHHOMy BpeMeHH npo6era ot hctoh-
HHKa j\o OTpaacabomen rpaHnnw 3a bwhctom BwpaaceHHOH bo
BpeMeHH rnyonHw norpyaceHna ceHCMonpHeMHHKa; 2) npo6eraeMoe
nynoM paccTOHHHe no ropH3OHTanH paBHO HHTerpany no BpeMeHH
cpymcnHH vsm§=pv 2 ; 3) npo6eraeMoe nynoM paccTOHHHe no
BepTHKann paccHHTbmaeTcn TaK ace, KaK h paccToaHne no
ropn3oHTanH, ho bmccto CHHyca cnenyeT b3htb KOCHHyc:

(417)

nOBepXHOCTH C nOCTOHHHWMH 3HaneHHHMH t' HBnHbOTCH OTpa-
acabomHMH. noBepxHOCTH c nocToaHHWM 3HaneHneM napaMeTpa p
npeACTaßnnbOT co6oh nynn. noBepxHOCTH c nOCTOHHHWMH 3Hane-
hhhmh x npeACTaßnnbOT co6on ypoBHH npHßeneHnn. K coacaneHHbo,
HeT Bo3MoacHocTH coßepmHTb o6pameHne npnBeAeHHOH Bwme
chctcmw b hbhom BHAe h nonyHHTb KOOpAHHaTW (t', p, x) B BHAe

t{t',p,x)= 2t'-x, (415)
t' %

g(t',p, x)^2p ] v(p,tp)2 dtp -p ] v(p, tpfdtp , (416)
0 0

T

Z(t',p, X) = \V(P , tp)yj\-p2V 2 dtp.
0
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cpyHKnnn KoopnnHaT (t, g, z). OAHaKO MoacHo npoAonacHTb nanHbin
nponecc b aHanHTHnecKOM BHAe, npn6erHyß k AHCpcpepemmanaM.
06pa3yeM HKo6naHOßy MaTpnny BHAa

BwnonHHß AncpcpepeHnnpoßaHne TonbKO b Tex cnynanx, Korna oho
npnBOAHT k oneBHAHWM ynpomeHHHM, nonynHM ypaßHeHHe npeo6-
-pa3oßaHHn nepeMeHHwx Oypbe

-co'l 2 g o-i r_ ro ikp = ogp zp kg (419)
X J L- 1 ft *J L^z J

OTMeTHTb,

hto (419) npeACTaßnneT co6on nHHenHybo
CHMocTb Meacny nepeMeHHWMH Oypbe, ho b KOScpcpHniieHTax
:pacaTca nepßOHananbHwe nepeMeHHwe no BpeMeHH h npocT-
:Tßy. nosTOMy ypaßHeHHe (419) cymecTßyeT cpa3y b AByx

CnenyeT

OTMeTHTb,

hto (419) npeACTaßnneT co6on nHHenHybo
3aBHCHMocTb MeacAy nepeMeHHWMH Oypbe, ho b KOScpcpnnneHTax
coAepacaTca nepßOHananbHwe nepeMeHHwe no BpeMeHH h npocT-
paHCTßy. nosTOMy ypaßHeHHe (419) cymecTßyeT cpa3y b nayx
o6nacTHx. 3to none3HO n cnpaßeAnnßO ao Tex nop, noKa
npeAnonaraeTcn, hto bo BTopwx npoH3BOAHbix HeT npoH3BOAHbix
nO CaMOH KOOpAHHaTHOH CHCTeMC

npoAonacaa pa3pa6aTbmaTb cnynan c HeHyneBWMH yAaneHHHMH,
MoacHo yßa3HyTb b noApo6HOCTHx. OrpaHHHHBmHCb cnynaeM
Hyneßoro yAaneHHH no ropH3oHTann, t. e., nonoacnß P=o,
nonynaeM

ypaßHeHHe (420) MoacHo noACTaBHTb b ypaßHeHHe c oahhm
KBaApaTHWM KopHeM, Hcnonb3yeMoe AJia npoAonaceHna b HHacHee
nonynpocTpaHCTßO ToneK npneMa, h TaKHM nyTeM npeo6pa3oßaTb
ero b 3ana3AWßabomee b hoboh KOOpAHHaTHOH cncTeMe.

McropimecKHe ia\ieikH no hoboav
eecoßoro KOscpcbimneH i a

Mon nepßwe onwTW no MHrpannoHHOMy npeo6pa3oßaHHbo
AaHHwx MeTOAa OTpaaceHHwx BonH c noMombbo BonHOßoro
ypaBHeHHH ocHOßWßanncb Ha KOHnennHH B/n. nepßan nporpaMMa
MHrpannn no BonHOBOMy ypaßHemno 6wna cocTaßneHa Ana
nacTOTHOH o6nacTH, n c ee noMombbo o6pa6aTWßanncb CHHTe3H-
poBaHHwe MaTepnanw. nocKonbKy nono6Hwe pa6oTw, KaK npaßH-
no, He nonb3oßanncb BHHMamieM, aBTop pemnn onpo6oßaTb
nporpaMMy Ha peanbHbix noneßbix MaTepnanax. 3a

MeTOAaMH,

pa6oTabomnMH b nacTOTHOH o6nacTH, saKpennnocb MHeHHe «aKa-
AeMHnecKHx», t. e. HMensmnx hhcto yne6Hybo neHHocTb. >I o6Ha-

~ dA Vt'Zf zA \dt~
dp = tp gp zp dg . (418)

A j UgxZT J lA_

"-co'l r 20 01 r— cd"
kp = 02r'-xO kq (420)
K L — 10 "1 Uz
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pyacnn, hto npeo6pa3oßaTb 15-rpanycnoe ypaßHeHHe bo BpeMemioe
npeACTaßneHne MoacHo c noMOinbio 6nnHHeHHoro npeo6pa3oßaHHa,
H3BecTHoro b TeopnH Z-npeo6pa3oßaHHH. C npaKTHnecKon tohkh
3peHHn 6wno ohcbhahwm, hto nporpaMMy MHrpannn noneßbix
cencMorpaMM MoacHo npHMeHHTb h k pa3pe3y. Ho AOKa3aTb
oneBHAHoe TeopeTnnecKH 6wno HenerKo. B to BpeMH n cMOTpen Ha
KOHnennnbo H3nynabomnx rpaHnn, KaK Ha OAHy H3 nbo6onwTHbix
aHanoran, ho He KaK Ha ocHOBaHHe AJia BWBOAa HyacHwx MHe
ypaBHeHHH.

PeanbHaa nponcAypa, c noMombbo KOTopon Bnepßwe 6wn
CMnrpHpoßaH pa3pe3 Hyneßwx yAaneHHH c Hcnonb3oßaHneM ko-
HenHwx pa3HocTen, 6wna 6onee 3aMwcnoßaTon h ycnoacHemioH,
neM cnocoo, npennoaceHHbiii no3AHee J\tk. IIIepByAOM [94] h
HameAmHH Bceo6mee npH3HaHHe. B ypaßHeHnax MnrpannoHHoro
npeo6pa3oßaHHa noneßbix cencMorpaMM b cKoppeKTHpoßaHHbix 3a
KHHeMaTHKy KoopAHHaTax coAepacHTcn MHoro nneHOB. Ot6pochb
Bee Te, y KOTopwx b KanecTße KoscpcpHnneHra ynoTpe6nneTcn
KoopAHHaTa yAaneHHH ot HCTOHHHKa (nocKonbKy nenaeTcn nonwrea
MnrpHpoßaTb pa3pe3 npH Hyneßwx ynanemmx), nonynaeM ypaßHe-
HHe, noxoacee Ha 3ana3AWßaioinee 1 5-rpaAycoßoe ypaßHeHHe
SKCTpanonnnnH, ho HMeioinee oaho oTnnnHe. HneH vd

gg

yMHoaceH
Ha HeKOTopwn KoscpcfmnneHT BHAa \t'/(2t'— t)]2 . il nonb3oßancn
HMeHHO sthm ypaBHeHHeM. no Mepe Toro, KaK BwpaaceHHaa bo
BpeMeHH rny6nHa x pacTeT ot Hyna ao kohchhoh /', KoscJic^HnneHT
MeAneHHo Bo3pacTaeT ot 1/4 ao 1.

K coacaneHHbo, moh bwboa 6wn HacTonbKO cnoacHWM, hto nnmb
HeMHorne noHann ero. (3aMeTbTe, hto 3Aecb n He npnßoacy ero
nonHOCTbbo.) B ony6nHKOßaHHon b 1972 r. CTaTbe n npHßen
nonHwn bwboa, ho BBOAHan no CBoeMy xapaKTepy, STa CTaTbn
coAepacHT onncaHne 6onee npocToro b KOHnenTyanbHOM oreome-
hhh cnynan cencMHnecKoro pa3pe3a, KOTopwii nonynaeTcn, ecnn
3anaTb hctohhhk b BHAe naAaboinen nnocKon BonHbi. B nono6HOM
ynpomeHHOM cnynae bw 6wcTpo npnxoAHTe k ypaßHeHHbo Mnrpa-
nnoHHoro npeo6pa3oßaHHH, ho b hcm OTcyTCTByeT stot TanHCT-
BeHHbm KOScpcpnnHeHT. ycpeAHeHHwn no rny6HHe oh CTaHOBHTcn
paBHWM 1/2. (KoscpcpHnneHT yMHoacaeTcn Ha BTOpyns npon3BOAHybo
no x h nonynaeTcn H3 Ax, yMeHbmabomeHcn no Mepe cnycKa
npneMHHKOB no KOOpAHHaTHOH nyneßOH TpaeKTopHH b Hanpaßne-
HHH k nymcTy B3pwßa). OnHaacAw /^ac. IIIepByA no3BOHHn MHe h
nonpocnn o6bHCHHTb, noneMy stot KoscpcpnnneHT Henb3H 3aMeHHTb
Ha ero cpeAHee 3HaneHne, paßHoe 1/2. TorAa n He CMor naTb
o6bncHeHHa, He Mory cnenaTb SToro h cennac. nosTOMy oh
OTKa3ancn ot Moero Bbißona nepe3 CBepTKy h npHHnn b KanecTße
ycnoBHH Monenb H3nynabomnx rpaHnn, b pe3ynbTaTe nero nenco
nonynnn Tpe6yeMybo 1/2. B Bonpoc o TaHHCTBeHHOM Koscp-
cpnnneHTe ynanocb bhccth HeKOTopybo ncHOCTb HeKOTopoe BpeMH
cnycTH, Korna b pe3ynbTaTe cobmccthoh pa6oTW c C. ,/J,ospTH,
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cj). MbonpoM h P. KnenTOHOM Bo3mncna KOHnennnn norpyaceHna
Ha6nbOAeHHn.

B Moen nepBOH KHnre [53]

CKa3aHO,

KaK MoacHo ncnonb3oßaTb
KOHnennnbo B/n npn pemeHHH cnenybomnx Tpex 3anan: MHrpa-
nHOHHoro npeo6pa3oßaHnn, CKopocTHoro aHanH3a n noAaBneHHH
KpaTHwx OTpaaceHHH. H TonbKO npn MHrpannn pa3pe3oß Hyneßwx
yAaneHHH (TOHHee, npn Mnrpannn pa3pe3oß OTT) MeTOAHKa
o6pa6oTKH, ocHOBaHHan Ha ncnonb3oßaHHH BonHOßoro ypaBHeHHH,
CTana nacTbbo noBceAHeBHOH npaKTHKH. HecMOTpn hh Ha hto,
KOHnennnn OTHomeHnn BoexoAnmen n naAabomen BonH 6wna
npenaHa 3a6BeHHbo n 3aMeHeHa Ha mepßyAOßCKybo KOHnennnbo
H3nynabomnx OTpaacabomnx rpaHHn.

5.8. IlporHo3 Ha cjie^yiomee

B 1960-x roAax cencMopa3BeAHHKH Haynnnncb npHMeHHTb
Teopnbo onTHMH3annH BpeMeHHwx pnnoß npn o6pa6oTKe cencMH-
necKHx MaTepnanoß [53]. nocTeneHHO OTnana ot Hcnonb3oßaHnn
noHHTHH Teopnn BpeMeHHwx phaob CTana yMeHbmaTbcn, TaK KaK
nOAXOA K npOCTpaHCTBCHHWM 3aBHCHMOCTHM C TOHKH 3peHHH
BpeMeHHwx phaob OKa3ancn npe3MepHO ynpomenHWM. B 1970-x
ronax cencMopa3BeAHHKH Haynnnncb nonb3oßaTbcn BonHOBWM
ypaBHeHHeM. 06 stom, co6ctbchho, h roßopnnocb b HacTonmen
KHnre. Bw y6eAHnncb, hto pa3pa6oTKa Bonpocoß npaKTnnecKoro
npnMeHeHHH BonHOßoro ypaBHeHHH eme He 3aßepmeHa, xoth
npoHAeH 6onbmon nyTb. He HCKnboneHO, hto HaM yAanocb pennrrb
6onbmHHCTBo H3 nepßOonepeAHbix 3aAan n ocTabomnecn HepemeH-
hwmh npo6neMW b ochobhom hmcbst BTopocTeneHHoe 3HaneHHe.
JJ,nn Toro, hto6w scpcpeKTw BToporo nopnAKa npno6penn 3Hann-

MOCTb,

HyacHO o6ocHOBaHHO ynecTb Bee HBneHHH nepßoro.
HeKOTopwe H3 npo6neM, 3aTpoHyTwx b HacToninen KHnre nnmb

BCKonb3b,

CBH3aHw c HecoßepnieHCTßOM cencMorpaMM (KaK c
oneBHAHWM, TaK n HenBHWM).

Hpoo.icMbi, cßH3ainiwe c da joii AaHHbix

Mw nacTO BCTpenaeMcn c npo6neMOH yceneHnn. ilcHO, hto
npneMHan paccTaHOßKa HMeeT KOHenHybo nnHHy h 3aMeTHwe no
CBoen HHTeHCHBHOCTH BonHbi pacnpocTpaHHbOTcn naneKO 3a ee
npenenaMH. CaMa nnomanb cencMHHecKon pa3BenKH o6whho HMeeT
KOHenHbie pa3Mepw. BcTpenaeTcn TaKace h npo6neMa nponycKOß b
Ha6nbOAeHHnx. flponycKH b cencMorpaMMax MoryT BO3HHKaTb
HeoacHAaHHo, HanpHMep, KorAa He cpa6aTWßaeT

nHeBMOHCTOHHHK,

nnn TonorpacpaM He pa3pemabOT pa36nßaTb npocpnnn Ha OTnenb-
hwx ynacTKax, pacnonoaceHHwx Ha nnomann CbeMKH. KpoMe Toro,
BO3HHKabOT npo6neMW, CBH3aHHwe c HeAOCTaTOHHO nnoTHOH
AHCKpeTH3anHen no npocTpaHCTBeHHOH KOopAHHaTe. B cbh3h c
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coBepmeHCTBOBaHHeM TexHonorHH npon3BOACTBa pa6oT MoacHo
HaAenTbcn Ha cymecTßeHHoe cHnaceHne HCKaaceHHH AHCKpeTH3anHH
no och npneMHHKOB, ho HCKaaceHHH TaKoro pona no ocn
hctohhhkob coxpaHHTCH. B cyTKax Bcero 24 n, a B3pwßw npn-
xoahtch npoH3BOAHTb He name, neM nepe3 10 c, b TeneHne KOTopwx
Bo36yacAeHHwe B3pwBOM Kone6aHnn ycneßabOT 3aTyxHyTb. nosTOMy
npn 3anaHHwx nnomann CbeMKH h nncne pa6onnx Mecnneß
nonynaeTcn onpeAeneHHoe nncno B3pwBOB Ha KaacnwH KBaAparewn
KHnoMeTp. npn o6pa6oTKe AaHHwx MopcKon cencMopa3BeAKH yneT
paccTOHHHH Meacny nnKeTaMH npneMa no nHHHH npocpnnn He
npeACTaßnneT mncaKnx npo6neM no cpaßHeHHbo c tcmh TpyA-
hocthmh, KOTopwe BO3HHKabOT npn CMemeHHH Ha6nbOACHHH B
nonepenHOM k npocpnnio HanpaßneHHH.

MnrpannoHHoe npeo6pa3oßamie o6ecnenHßaeT OTo6paaceHHe
npocTpaHCTßa Ha6nbOAeHHbix AaHHbix Ha npocTpaHCTßo MOAenn
CTpoeHHH 3eMHwx hcaP- 3to npeo6pa3oßaHHe oopareMO (b
noAnpocTpaHCTße MeAneHHO 3aTyxabomnx BonH). KorAa ecTb
nponycK b Ha6nbOAeHnnx, MaTpnna ynoMHHyToro npeo6pa3oßaHnn
pa36HßaeTcn na ABe nacre. OAHa ee nacTb onepnpyeT c H3BecTHWMH
3HaneHHHMH AaHHwx, Apyran —c nponymeHHWMH. B HacTonmen:
KHnre, 3a HCKnboneHneM He6onbinon nacrn pa3Aena 3.5, npony-
meHHan nacre MaTpnnw AaHHbix He paccMaTpHßaeTcn. B pa3Aene
3.5 H3noaceHa CTpaTernn o6pa6oTKH npn HannnnH nponycKOß, ho
OHa cjihihkom Aoporan, h h cnHTaio, hto OHa 6yAeT 3aMeHeHa hhoh
nnn ace b KopHe ycoßepmeHCTßOßaHa.

OTnromeHHwe noMexaMH Ha6nK>AeHHn MoacHo TpaKTOßare, KaK
na6nbOAeHHn, He cornacybomnecn c Hamen MOAenbbo. Ecnn,
HanpHMep, nponymeHHbie Ha6nbOAeHHH 3aMeHHTb HynnMH, to
nonyHHßiHHecn b pe3ynbTaTe AaHHbie MoacHo cnnTare nonHWMH, ho
OTnromeHHWMK noMexon. Ha6nbOAeHnn OTcyTCTBybOT TaM, rAe
OTHomeHHH cnrHan/noMexa paBHO Hynbo. Toahtch h 6onee o6mne
Monenn noMex, ho craracreHecKHH nonxoA k o6pa6oTKe nacren-
HO-KorepeHTHwx MHoroMepHwx BonHOßbix nonen pa3pa6oTaH nno-
xo, npnneM KaK TeopeTnnecKH, TaK n npaKTnnecKH.

il npeACKa3Wßabo, hto oaho H3 rnaßHwx HanpaßneHHH HaynHO-
nccneAOßaTenbCKOH nenTenbHocre b cnenyiomeM Aecnreneren
6yneT CBH3aHO c nonwTKaMH HaynnTbcn ncnonb3oßaTb OAHOBpe-
MeHHO (|)H3HHeCKHe H CTaTHCTHHCCKHe XapaKTepHCTHKH BOnHOBWX
nonen.

CoeAHneHne oinHMiiiannoHHoii h bo.ihoboh reopnii

3arnnHeM 3a paMKH HacTonmen KHnrn b 6ynymee. TnnHHHoe
cencMnnecKoe H3o6paaceHHe npeACTaßnneT co6oh nnocKocTb pa3-
MepoM 1000 x 1000 oTcneTOB, nonyneHHybo b pe3ynbTaTe o6pa6oTKH
npH6nH3HTenbHO 1000 3 B3aHMOCBH3aHHwx Bw6opoK H3 Ha6nbOAe-
hhh. noBCbOAy ecTb HeH3BecTHwe BenHHHHw, He TonbKO b Monenn
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3eMHOH cpeAbi, ho TaKace n b Ha6nbOAeHHbix AaHHbix b BHAe noMex,
nponycKOß, HeAOCTaTOHHOH nnoTHocTH Ha6niOAeHHH h nnomaAH
CbeMKH no npOCTpaHCTBeHHOH KOOpAHHaTC T4TO6bI COCTaBHTb oahh
H3 BapnaHTOß HHTepnpeTannH, HyacHO o6beAHHHTb npHHnHnw
cpH3HKH c npHHnnnaMH MaTeMaTHnecKOH CTaTHCTHKH. TaKoe,
BepoHTHO, MoacHo ocymecTßHTb, nocTpoHß STaKoe nyAOBHmHoe
onTHMH3Hpybomee pemeHHe. /JocTaTOHHO 6ernoro B3rnnAa Ha
TeopHbo onTHMH3annH, hto6w y6eAHTbcn, hto MeTOAw pemeHHH
cxoAaTca nocne nncna HTepannn, npeßwmabomero nncno HeH3-
BecTHbix. TaKHM o6pa3oM, pemeHne noAo6Hon 3aAann npn
ycnoBHH, hto mw HaynHMcn npaßnnbHO ee

craßHTb,

noTpe6yeT, KaK
HaM KaaceTca, npn6nH3HTenbHO b MHnnnoH pa3 6onbinnx bwhhc-
nHTenbHwx MonmocTen, neM Te, kotopwmh mw pacnonaraeM b
HacTonmee BpeMH. Bot sto 3anana!

Ho neM 6onbine bw pa3MwmnneTe HaA stoh 3aAanen, TeM
HHTepecHee OHa bwfjihaht. 80-nepßwx, nepeA HaMH ctoht 3aAana
onTHMH3anHH. nocKonbKy mw orpaHHneHw b BO3MoacHOCTax h
MoaceM BwnonHHTb nnmb HecKonbKO, CKaaceM, Tpn HTepannn,
nyacHO 3a sth Tpn mara nponra KaK MoacHo nanbrnen. 80-BTopwx,
nepeA HaMH ctoht He TonbKO nepßOHananbHan 3aAana onreMH3a-
nnn, ho noHßnneTcn eme n HOBan 3aAana—peunrrb nepßOHananb-
Hybo onTHManbHWM cnoco6oM. CHanana mw npoKoppennpoßanH
cnynaiiHOCTb, coAepacanryioca c hcxoahwx AaHHwx. 3aTeM b
nponecce onTHMH3annH MOAenb 3eMHOH cpeAbi H3MeHneTcn ot
oahoh HTepannn k Apyron KoppennpoßaHHbiM o6pa3oM. BTopan
3aAana onTHMH3anHH HMeeT He TonbKO npaKrenecKoe, ho h
TeopeTnnecKoe 3HaneHHe.

OTKaacHTecb ot 6yMaacnwx pa3pe3oß

CoßpeMeHHan HHTepnpeTannH cchcmhhcckhx AaHHwx nacTO
cboahtch k TOMy, hto 6epyT nßeTHwe KapaHAaniH h noAnepKHßabOT
hmh HeKOTopwe oco6eHHocTH co3AaHHoro MamHHOH H3o6paaceHHH.
CencMHnecKan HHTepnpeTannH BCTynaeT b spy, Korna bch OHa
6yneT BwnonHHTbcn Ha BHAeosKpaHe. TnaßHan npHHHHa SToro b
tom, hto nHCT 6yMarH AByxMepeH, a 6onbinan nacTb Ha6nbOAeHHH
OTpaaceHHwx BonH TpexMepHa. npn coßpeMeHHwx TpexMepHwx
cbeMKax cpaKTHnecKH perHCTpnpybOTcn neTwpexMepHbie Ha6nbOAe-
hhh. Ha BHAeosKpaHe MoacHo npocMaTpHßaTb KHHocpnnbMW b
HyacHOM AJia HHTepnpeTaTopa peacnMe. Ectb Bemn, KOTopwe
xoTenocb 6w noKa3aTb BaM, ho stoto He caenaeuib b KHnre.
CencMHHecKne AaHHbie (Aaace hhctwh nncT 6yMarn) hmcrst cbokd
TeKCTypy. Bw cpa3y 3aMeTHTe, Korna ABHaceTcn TeKCTypnpOBaHHWH
o6beKT, ho SToro He noKaacemb c noMombio pncyHKOB b KHnre.
Boo6pa3HTe ce6e nocnenoßaTenbHOCTb pncyHKOB b BHAe hhctwx
nncTKOB 6yMarn, KaacAwn H3 KOTopwx HecKonbKO CMemeH no
OTHomeHHbo k npenwAymeMy. BocnpHHTnio Manwx H3MeHeHHH



npennTCTßyeT nepeMemeHHerna3a MeacAy KapTHHKaMH. Actpohomw
HnryT H3MeHeHHa b He6e, 6wcTpo Mopraa b npoMeacyTKax MeacAy
B3rnnnaMH Ha (JiOTorpacpHH, otchhtwc b pa3nHHHwe momchtw
BpeMeHH. HauiH rna3a HBnnbOTcn cnennanbHWMn ohthhcckhmh
BWHHcnnTenbHWMH MamHHaMH. B cchcmhhcckhx KHHocpnnbMax
nacTO yAaeTcn 3aMeTHTb OTKyAa npnxoAHT hchto n sto no3BonneT
yBHAeTb HeoacHAaHHoe b OKpyacabomeM cjxme.

Bonbman nacTb HHTepnpeTannH cencMHnecKHx AaHHwx npoH3-
boahtch no oTcyMMHpoBaHHWM pa3pe3aM OrT. nepßOHananbHwe
AaHHbie TpexMepHw, ho oaho H3 H3MepeHHH ncne3aeT b pe3ynbTaTe
cyMMHpoBaHHa. C TeopeTnnecKOH tohkh 3peHHn cyMMHpoßaHne
ycTpaHneT TonbKO H36biTOHHOCTb Ha6nbOAeHHbix AaHHbix, oaho-
BpeMeHHO ycnnHßan OTHomeHne CHman/noMexa. B AencTßHTenb-
hocth ace Bee o6ctoht ropa3AO cnoacHee, h ropa3AO 6onbman
HHcpopMannn 6yAeT BocnpHHHMaTbca, KorAa cyMMHpoBaHHe 6yAeT
ocymecTßnHTbcn nenoßenecKHM rna3oM (HanpHMep, npocrwM yße-
nHneHHeM ckopocth npoTnacKH KHHoneHTbi). ByAyT cocymecTßOßaTb
ABa noKonemia cencMopa3BeAHHKOB-HHrepnpeTaTopoß: Te, kto
MoaceT HHTepnpeTHpoßaTb ncxoAHwe AaHHbie, Ha6nbOAaeMwe Ha
BHAeosKpaHe, h Te, kto HHTepnpeTnpyeT nnmb OTcyMMnpoßaHHwe
pa3pe3w.
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