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Abstract. In the paper, the definition and basic properties of the Fourier transform (FT) are
discussed. It has been shown with specific examples that integral solutions of the model
inhomogeneous equation, the nonstationary Cauchy problem on an inhomogeneous shear flow,
and the boundary value problem on the transformation of internal waves in the vicinity of the focus
in the inhomogeneous medium can be found by FT and using its properties. The constructed



Fourier integrals refuted the widely held claim that the Fourier analysis is unusable for the study
of inhomogeneous media.
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BBenenue

Meton @ypbe-nipeodpazoBanus 1udhepeHInaAIbHOTO YpaBHEHUS CUUTACTCS
XOTS U HE €IMHCTBEHHBIM, HO OJTHUM U3 HanoboJiee 3 (HEKTUBHBIX METOIOB PEIICHUS
KpaeBbIX 3ajJlady, KOrja B MHOIOMEpPHOM 3ajadye MPOUCXOAUT pa3jeicHUE
nepeMeHHbIX. OJHaKO MIMPOKO paclpoCTpaHEHa OIMMOOYHAsT TOYKa 3PEHUsl O
HenpuMeHuMocTd Dypbe-aHanu3a sl HEOJHOPOJHBIX cped. Hampumep, B
monorpadpun JIx. Yusema [1, C. 365] rosopurcs cruenyroiiee (IepeBon ¢

aHTJIMACKOTO OPUTHHANA):

«/Ins HeoMHOPOIHOM Cpebl, WK ISl HEMMHEHHBIX 3aj1a4, rae npeodpaszoBanue Dypbe

HENPUMEHHMO. .. ».

Ananornutnoe yTBepkacHue HaxoauM B kaure k. Jlairxumia [2, C. 425]

(ToXxe mepeBon):

«...HEOOXOAMMOCTh  HUCHOJIb30BaHUS  pasznoxkeHus Dypbe  OrpaHMUMBAET  Hac
0OHOPOOHbIMU [KYpCHUB aBTOpa KHHTH], CUCTEMaMH, OOBIYHO OMHCHIBAEMBIMH YPABHCHUSIMU C
nocmosiHubiMu K03 GunuenTamu, Tak uyto Kaxaas Oypbe-KOMIOHEHTa (CUHYCOU1albHAasl BOJIHA

MMOCTOSTHHOM aMl'IJ'II/ITYJII)I) 110 OTACJIBHOCTHU MOXET OLITH PEIICHUEM ypaBHeHI/Iﬁ JABUXCHUS)).

ABTOpPBI 3THX U MHOTHX JIPYruX MOHOTrpadwuii (cM., Harmpumep, padboTsi [3, 4])

I[10Jarar0T, 4TO HUCIIOJIb30BaTh CDypBe—aHanm MOHO TOJBKO B TE€X ClIy4dadX, Korjga


https://doi.org/10.18721/JPM.

ko3 bunreHTsl qud@epeHIanTbHOr0 YpaBHEHUSI TOCTOSIHHBI M, Ha00OpOT, €ro

HCJIb3 IPUMCHATDH, CCJIN 3TU KO3(1)(1)I/IHI/ICHTI>I HC ITOCTOsHHBI.

B nanHo#1 paGote MBI JOoKa3biBaeM, 9T0 Pyphe-aHaINU3 MOXHO MPUMEHSTH B
3amavyax, cojepkamux auddepeHnuanbHbple  ypaBHEHUS €  TMEPEMEHHBIMU
kodddumenTamu. bonee Toro, 3amaga MoXKeT OBITH ABYMEPHOW M TPU ITOM C

HCpa3aACIICMbIMU IICPCMCHHBIMHA, OJJTHAKO CDpre-aHaJH/B BCC PAaBHO IIPUMCHHUM.

Takum oOpa3om, menb MaHHON PabOThI — PACHIUPHUTH TPAHUIIEI O0IACTH
npuMeHUMOCTH Dypbe-aHanm3a, pacHpoCTPaHWB €ro TOIXOJbl Ha 33aJa4d B

HEOJTHOPOJHBIX Cpeaax.
OmnpenesieHue u OCHOBHBIE CBOMCTBA nMpeodpa3oBanus Pypobe

[IpeobpazoBanre Oypbe onpeaeseTcs CleIyomUM 00pa3oM.

[Ipsmoe:
1 . )
@(k):EIexp(—lkx)®(x)dx, (1)
oOpatHoe:
@(x):%iexp(ﬂ kx) (k) dk. @)

CaoiicTBa npeoOpazoBanusi Pypbe MOKHO HAWTH, HAIIPUMEP, B MOHOTpaPUU
[1]. Onum BeBOmATCS mudQdepeHIUpoBaHHEM TI0 TMapamMeTpy WIHd IyTeM
UHTETPUPOBAHUS 10 YacTsM (CM, Harrpumep, padoty [5]). [Ipu aTom cunTaetcs, 4To
dyHKIMS @(x) yObIBaeT Ha GECKOHEYHOCTH ObICTpee I00OH CremeHH |X|
[lepeuncnum KpaTko Te CBOMCTBa nmpeoOpa3oBaHUs, KOTOpble HAM MOHAI00ATCS B

JaJdbHEHUIIEM.

®ypbe-o0pa3 npousBoAHO (GyHKuMH. BbIBEAEM 3TO CBOWMCTBO IyTEM

UHTETPUPOBAHUS 110 YacTsIM (popMyJisl psiMoro npeodpaszoBanust Pypwe (1):



1 7 . oD ik ¢ . .
—— | exp(-i kx)—dx=—= | exp(-i kx) D(x)dx =ik o(k). 3
\/5_'[0 p( )ax \/Z_'[o p( ) () (P() 3)

OTmeTuM, dYTO OTOT K€  PE3yJbTaT MOXHO IOJIYyYUTh  IyTeM
nudhepeHIMPOBaHUS IO X KaK 110 IapaMeTpy ¢ IOMOIIbI0 GopmyJis (2) 00paTHOrO
npeobpazoBanus Oyphbe:

2 1 k
1 G (i

Tz oot SR ek foo(ikn (oo, (@

JI1s1 KpaTKOCTHU JJaHHOE CBOMCTBO IpeoOpazoBaHust Oypbe MOKHO 3aMUCaTh

CJIEIyIOITUM 00pa3zoM:
®>¢p, O >ike, D, >-k’¢. (5)
CgoiictBa (5) YacTO WUCHONB3YIOTCS B 3a7ayaX C IOCTOSIHHBIMU
Kod(dpuIeHTaMu 111 OAHOPOJIHBIX Cpel.

Dypbe-00pa3 pyHKUMHU C JHHEHHBIM MHOKUTeJeM. /{1151 npeacTaBieHus

JIAHHOTO CBOMCTBA CHAaYaya HPOMHTETPHPYEM II0 YaCTAM IpeodpasoBanue (2):
L exp(i k) 22k = (i x) e [ exp(+i kx)o(K) dk = (< x)D(x).  (6)
J2r ) ok NI

NnenTnyHOE BBIp@KEHWE MOXKHO TOJYyYNUTh auddepeHIMpoBaHUEeM TIO0
napameTpy K cootnomenus (1). YMHO)UM 00e 4acTu BbipaxkeHus (6) Ha MHUMYIO

CAUHNIY U 3alIMIICM €T0 B CICAYIOIIEM BUIC.

XD —>io, (7)

dDypbe-00pa3 BTOPOIl NMPOU3BOAHOM C JIMHEHHBIM MHOKUTeNeM. [TokaxeM
ATO CBOWCTBO, MHTETPUPYSI MO YACTAM U ABAXKAbI AU EepeHIIupys Mo mapaMeTpy
COOTHOIIIEHHE (2); TOT/1a MOIYYaeM CIeAYIONyo GopMyay:
o(k%o) B

7o w10 S5 k= () = Jemik Ko d=(0 T2, @

OX

KOTOPYIO NIEPENUILIEM B BUIE



xd, —-i(k’) ©)

.
OIIHOMepHLIe I3TAJJOHHBIC YPABHCHUA

Haxoxxnenue pemiennsi ¢ moMorsio npeodpazoBanust Oypre pazdruBaeM Ha
nBa ftana. Ha mepBoMm cTpouM QopmanbHOoe pemieHue audGepeHIInalbHOTO
ypaBHeHUsT B Dypbe-pocTpaHCTBE C TOMOIIBIO OMEPATOPHOTO aHamm3a (CM.
npeap Ay paszaen). Ha BTopom stame pemiaeM BONpoCc 00 YCIOBHSX, IPH
KOTOPBIX CXOAMTCS 3TO (POpPMAILHO MOCTpOeHHOE perieHue. OnpenensieM KOHTYP
UHTCTPUPOBAHUS B KOMIUIGKCHOM IIPOCTPAHCTBE W HAXOJUM ACHMIITOTHUCCKHE

BBIPKCHUS B KaXKJI0M cekTope [6, 7].

Ipumep 1. Paccmotpum HeomHopomHoe auddepeHInanbHOe ypaBHEHHE,
BO3HUKAIOIIECE MPH aHAJIM3€¢ BOJHOBBIX IPOIIECCOB B HEOJHOPOIHON IUIa3Me, a
TaKKe MPU M3YYCHHH HEYCTOMYMBOCTH B 3amade Oppa — 3ommepdenpaa [6], [8,

ypaBaenue (1.28), cM. «CucoK JIuTepaTypbl» Ha PyCCKOM sI3bIKe]:
@, +N[yDd +yD]=0. (10)
[loctpoum ¢opmanibHOE pemeHue i 3Toro mnpumepa. B Dypbe-

npoctpaHcTBe (OyaeM ob6o3HauaTh Pypre-npocTpancTBO Kak |) oOpa3 ypaBHeHHs

(10) umeet Bun
|4(p+?»2[—i(|2(p)l+y(p}=0. (11)
[Mepenuiiem ypaBaenue (11) B criemyrorieM Buje:

x—lzlzP—iPlJrlP:O, P=1%. (12)

|2

OHo mnpencraBisier coOod oaHOpoaHOoe auddepeHImaIbHOe YpaBHEHUE
MEepPBOTO TOpsiKa (B MaTeMaTHYECKOW JIMTepaType TAaKUE YpaBHEHUS HA3bIBAIOT

KkBajpatypoi (cM., Harpumep, padoty [9]).

WNurerpupys ypaBaenue (11), mosydaem ciieqyroniee BhIpaxeHue:



1 .1 :
(p:I—zexp(—leHIIj. (13)

Oo6parnoe peoOpazoBanre Dypbe JaeT TaKOE peIICHUE:

\/_J'Izexp[— %I3+|T+|ijdl (14)

Jlanee cienyer caenaTh 3aMeHy IepeMeHoi t=il, KoTopas mpeoOpasyer
uaterpanr ®ypre B umHTerpan Jlamiaca. 31ech BaXKHO OTMETHTh, YTO MHOTHE
paccMaTpuBaroT peoOpa3oBanue Jlamaca Kak 4acTHBINA CiTydail mpeoOpa3oBaHUs
®dypoe (cMm., Hanpumep, KHUTY [5, ¢-me1 (1.4.1), (1.4.2), «Crnrcok TuTepaTyphl» Ha

PYCCKOM si3bIKe]).

Jnst  CXOOMMOCTH MHTErpajioB BocmoJib3yeMcs TeopeMmod Komm 06
aHAJIMTUYECKON (PYHKIIMU ¥ 3aMEHUM IIpeeIibl UHTETPUPOBAHUS HA HEKHE KOHTYPbI
B KOMIUIEKCHOW TUIOCKOCTH. BO3HHKAIONIYIO TIPH 3TOM CHEUPUKY OO0XO0XKICHUS
II0JIF0CA U BBIOOP CEKTOPOB, B KOTOPBIX MPOXOAUT KOHTYP MHTETPUPOBAHUS, MbI HE
paccMaTpUBaeM B JaHHOM paboTe, Tak KaK 3TH BOIPOCHI MOAPOOHO 00CYk AAt0TCS
BO MHOTHX MOHOTpa(usiX, B YaCTHOCTH B KHUTE [12], r/1e aBTOp CTPOUT H3II0KEHHE,
ucxoas w3 mnpeoOpa3zoBanHus Jlamjaca, B OTJIMYME OT COOTBETCTBYIOLIETO

oOCyXKaeHus B MOHOTpaduu [5].

Takum o00pazoM, Mbl TOJIy4aeM CIEAYIOIIMA HWHTErpai, KOTOPbIA B

JUTEPATypEe NPUHATO HA3BIBATh MHTErpAJIOM Jlaruiaca:

1

:_I_z (—t —%+tyjdt. (15)

3\

B kuure [6] sToT uHTErpan npuBoauTCs 0e3 BhIKIAA0K. B Harel pabote Mbl
MOKa3bIBa€M, KaK CaMOCTOSITEIILHO BBIBECTH 3TO (hOPMAIILHOE PEIICHUE, MPUIEM C

NoMoI1bI0 peoOpazoBanus Pypre, a He Jlamnaca.

IIpumep 2. PaccMoTpuMm ypaBHEHHE, OINMCHIBAIOIIEE TOMOrpaPUUecKue
BOJIHBI Ha HEOJHOPOJHOM KOHTHHEHTaJbHOM 1menbde Ha f-mmockoctu. B

moHorpaduu [19] roBoputcs, 4TO pelIeHUE JAaHHOTO HEOTHOPOJHOTO ypaBHEHUS
6



MOXHO TIIOCTPOUTH C IIOMOIIBIO HpGO6p3.30B8.HI/I}I Hannaca, n mnpeaiiaracTcs

qUTaTCJIIO CACIIATh OTO CaMOCTOATCIIBHO.

Mps1 ke moctpouM (opMalibHOE PEIICHHE MPU MOMOIIU MPeoOpa3oBaHUs
dypbe U MOKAKEM TOXIECTBEHHOCTh MOJAXOA0B K MpeobOpazoBanusiMm u Dypre, u

Jlamaca. PaccMoTpuM ypaBHEHUE
XF, +F +[ nk—k*x]F =0. (16)
Beenem Oe3pasmepHyro mepeMeHHYI0 y=kx>0. Torma ypaBaenue (16)
MPUMET BUJ
xex+FX+[uk—x]F=0- (17)
B ®ypre-npocTpaHcTBe 1O NepeMeHHON y (Oyaem o0o3Havath ero kak )
oOpa3 ypaBHeHus (17) umeet BU

—i(1°®) +il ®+pd—id, =0. (18)

BBenem HOByIO nepemennyto s=il. Torna ypaBaenue (18) npumeT Bu

O, wu-s  u-1 u+1
—= = = - . 1
® s*-1 2(s-1) 2(s+1) (19)

Wurerpupyst ypaBHenue (19) m BeImonHss oOpaTtHoe mpeoOpa3zoBaHUe

®dyprbe, nosydyaeM cIeayromuil (opMaabHbIi HHTETpal;

51 (u-1)/2
'[Es+1;(””)/2 exp(skx)ds. (20)

JOR—

[TocTpoeHHBIH 37/eCh UHTETPaa ¢ TOYHOCTHIO 0 MHOXHTENS COBIAIAET C
dopmystoii (25.20) B moHorpaduu [19], rae Takke MOXKHO HalTH aHAJIN3 HHTErpaa

(20) ¢ BEIOOPOM KOHTYPOB MHTETPUPOBAHHSI.

Hrorm pasgena «OnpHoMepHbIEe JTAJOHHBIE YypaBHeHus». Crenys
TOJIXO/TY, U3JI0KEHHOMY B MOHOTpaduu [5], MOKHO c/ienaTh 3aMeHy MePEMEHHOM,
U TOr/Ia CBOMCTBa npeodpazoBanusi Oypwe nepeiayT B cBocTBa MpeoOpa3oOBaHMS

7



Jlamnaca. Takum 00pa3oM, COTJIACHO YTBEPI)KACHHUIO, CIEIaHHOMY B paborte [5],
npeoOpazoBanue Pypbe — 3TO HEKoe 0a3zoBoe MpeoOpa3oBaHME, U3 KOTOPOTO
CIIEIyIOT OCTaJIbHbIE MpeoOpa3oBaHusi, Hanpumep Tuna Jlammaca u MenuHa.
AHAJIOTUYHOTO TIOJXO0/a TMPHUICPKUBAIOTCS aBTOPbI MoHorpaduu [9], koTOpbIC
nocTpowinn  (yHAAMEHTAIbHBIC PEIICHUS  omeparopa  TEIUIONMPOBOIHOCTH,
oneparopoB Jlammaca u ['enpMmroseua, a Takke BOJHOBOIO OIEpaTopa 4Yepe3

npeoOpazoBanue Dypbe.

Takum 00pa3om, B OJIHOMEPHBIX HEOJHOPOJHBIX Cpelax HE CYIIECTBYET
IPUHLUIIMATBHON pa3HUIsl Mexxay Oypbe-aHanu3oM u npeodpazoBanuem Jlarmmaca.
MoXXHO cuuTaTh, UTO pellIeHHuE MOCTPOEHO uepe3 npeobOpazoBanue Jlamimaca, HO
MOXHO TaKX€ W YTBEPXKJaTh, YTO PEIICHUE BBIBOJUTCS 4Yepe3 MpeoOpa3oBaHUE
®dypre u Teopemy Komm. Cremys B mampHeitmem pabote [5], MbI Oynmem
MPUAEPKUBATHCSI BTOPOTO MOAXO0AA.

Hecranuonapuas 3anadya Komu nis BosH Poccon
HA 30HAJILHOM Te€YeHHUU

B kauectBe mepBoro mnpumepa JIByMepHOro mnpeoOpa3zoBanus Dypbe B
HEOJHOPOJHBIX Cpelax pPacCMOTPUM HECTAllMOHApHYK 3afady Komm s BOJIH
PoccOu. Oty 3amauy pemmn SAmarata B 1976 rogy ¢ npuMeHEHUEM KOHBEKTHBHBIX
koopauHat [20]. KoHBEKTHBHBIC KOOPIMHATHI SBJSIOTCA PaCHpPOCTPAHECHHBIM

CIIoco0OM JIJIsl oTiepaTopa TUra
0, +U (y)o,;

JUISL CITyvast TMHEWHOTO NPOQUIIS CKOPOCTH U (y)=U,y KOHBEKTHBHBIE KOOPIUHATHI

NIEPEBOAT HEOJHOPOIHOE M PepeHIabHOe YpaBHEHHE B OJTHOPOIHOE, a 3aTeM
npuMeHsieTcss npeobpazoBanne Dypbe MO MPOCTPAHCTBEHHBIM KOHBEKTHBHBIM
KoopAuHaTaM (AByMepHOe npeoOpa3zoBanue). [lanee moydaeTcss HeCTallMOHAPHOE

nuddepenranbHoe ypaBHeHue mo t.

[TpuHIIMIIHATEHO Ba)KHO, YTO HET CMBICIIA JIeJIaTh U IIpeoOpazoBanue Jlammaca

0 EPEMEHHOM t, KaK 3TO MPUHATO B HEKOTOPBIX MAaTEMAaTHYECKUX IIKOIaX (CM.,

8



Hanpumep, padory [15]). IIpome pemuts auddepeHimanibHoe ypaBHeHue 1mo t B
SBHOH ¢opMme, uYeM JeJjaTh JOMOJHHUTEIbHOE TIpeoOpazoBaHue. Pemms
muddepeHnransHoe ypaBHeHue 1o t 1 B3sSB 00patHOoe mpeodpazoBanue Oypbe 1o
KOHBEKTUBHBIM KOOPJWHATaM, MOXHO COBEPIIHTH MEPEXO0Jl OT KOHBEKTHBHBIX
NEPEeMEHHBIX K OOBIUHBIM ¥ TIONYYUTh pEIICHHEe B BHAE JIBYMEPHOTO

npeobpaszoBanus Oypee.

Jlaee MBI MOKEM HAWTH pelieHHuEe HEOAHOPOMHOTO au(hepeHITnaTbLHOTO
ypaBHEHUS U, TIOBTOPUB BBIKJIAJIKH, MOJIYYUTh pellleHue SIMaraThbl, OJJHAKO Yy HacC
npyras unaed. Mel He OyJieM MepexXOoJAUTh K KOHBEKTUBHBIM KOOPAMHATAM C IEJIbIO
n30aBUTHCS OT HEOJTHOPOJAHOCTH AU (PepeHInanTbHOTO YpaBHEHUSI, YTOObI 3aTeM
BBITIOTHUTH NpeoOpazoBanue Oypre. Ml cpa3y npumeHuM npeodpazopanue Oypoe
JUIsl HEOTHOPOAHOTO AU((EpEeHINaIbHOTO YpaBHEHHUS, UCIIONb3Yysl €r0 CBOWCTBA.
Takum 00pa3oM, ¢ OJIHOM CTOPOHBI, Mbl 3HAYUTEIHLHO COKPATUM KOJIHYECTBO
omepaiuii, a ¢ APyroil — Mbl NMPUJEM K U3BECTHOMY PE3YJIbTaTy M MOATBEPAUM
MPAaBWIBHOCTh MAaTEMAaTUYECKUX BBIKIAAOK. [IpogeMoHCTpupyeM 3TOT MOAXOH Ha
pEIIEeHHOM BBIIIE 3a/1aue, OJIHAKO PEUIUM €€ HOBBIM, 00Jiee KOPOTKHM CIIOCOOOM,
KOTOPBIN MO3BOJISIET cpazy HAaUTH dypbe-o0pa3 HEOTHOPOIHOTO

mudpepeHnanbHOTO YPaBHEHHS.

IMpumep 3. Jluneitnas 3amaga Ko st 6apoTpornHbIX O€31MBEPTeHTHBIX
BOJIH PoccOu Ha 30HAJILHOM CIBHTOBOM IOTOKE paccMoTpeHa B padote [20], a ee

000011IeHUE Ha ClTyyail TMBEPreHTHBIX BOJH — B padote [18]:

(6, +U, yo,)[ W, +¥, ]+BW, =0, (21)

rae ¥ — dynkuus Toka; B — KJacCMUEeCKui mapamerp, Bz% (f=2Qsing, Q —

YIJIOBasi CKOPOCTh BpalleHUs 3€MIIH, (p — IIUPOTA); OCh X HAmpaBJ€Ha HAa BOCTOK,
OCb Y — Ha CEBEP.
[TycTh nMeeTcss HEOJHOPOIHOE CIBUTOBOE 30HAIBHOE TEUECHUE U (y)=U,vy,

rae U, = const. Bemmonnum qsymepHoe npeodpaszobanne Oypre 171 HEOJHOPOIHOTO

9



nuddepeHnranbHOro ypaBHeHus (22) Mo AByM IPOCTPAHCTBEHHBIM MTEPEMEHHBIM X

U Y (He nepexo/is K KOHBEKTUBHBIM ITEPEMEHHBIM ):

400 +00

P (%, yt) == [ [ o(kLt)exp[+i(kx+ly)]d k. (22)
2n

—00 —00

Toraa ypaBuenue (21) B @ypbe-nipocTpaHCTBE IPUHUMAET BUJ
[(—kz—lz)(pl—Uyk[(—kz—lz)(pl+in(p=0, (23)

ra¢ HUXKHHUC MHACKCHI 0003HAYaIOT YaCTHBIC ITPOU3BOIHBIC.

I[aHHOC YPaBHCHHUC OJHOPOJHO, COIACPKUT TOJBKO IICPBBIC YaCTHEBIC

IMPOU3BOAHBIC M JICTKO PCIIACTCH.

[lepenumem ypaBHeHue (23) B clieayromeM BU/IE:

ipk o _ IR
Pt—UykPl—WP_O, P=(k*+1%)g. (24)
CrenaB 3amMeHy MepeMeHHBIX (t=t, |I'=1+kU, t), HOMydaeM cremyromee
ypaBHEHHE!
p__ IBP 4. (25)

k2+(1'-kU, <)

VYpaBuenue (25) MOXHO TPOUHTEIPUPOBATH SIBHO (IKCIOHEHTA OT
apKTaHTEHCA), U TOTJa OKOHYATEIbHOE PEIICHUE UMEET BU JIBOMHOTO MHTETpaja

Oypsoe:

P (X y,t) :Z—t[TTgl(kJ) k2 +12 . exp|:i kgy {arctan G)—arctan (%—Uytj}}

b k?—(1-kU, t)

exp| i (loc+ (1-kU,t)y) |dkdl,

(26)

II€ PEUIEHHE HOPMUPOBAHO HA HAYaJIbHOE YCIIOBHE
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+00 +00

gl(k,l):z—lTt I _[‘P(x y,t=0)exp[ —i (kx+ly)]dxdy. (27)

—00 —00

AHanmu3 nBoWHOTO wuWHTerpaga @dypre METOIOM CTarmoHapHOW ¢Gas3pl U
IIOCTPOCHHE TPACKTOPHI BOJHOBBIX MMAKETOB MOXHO HaiiTh B pabdote [20]. BaxuHo
OTMETHTh, YTO 3TH PabOTHl CBOOOJTHBI OT MPEANOJIOKECHHSI, YTO TEepeMEHHAas
BPEMEHH JIOJIKHA OBITH OOJIBIIION.

Hecranuonapuas 3apa4ya Komu nist BosiH Poccon
HA MEPUIUOHAJILHOM Te€YeHUH

B kadectBe BTOpPOro npumepa pacCMOTPUM HECTALIMOHAPHYIO 3afauy Komm

11 BoiaH PoccOum Ha MepuaumoHaNbHOM TedeHUHU. Pemienwe 3Tol 3amgaum ¢

NPUMEHCHHEM KOHBEKTHBHBIX KOOPJAWHAT MOXKHO HaiiTu B pabore [20].

IIpumep 4. OH oOTHOCHUTCA K CIIy4ar0 JHMHEWHOTO HpO(UiIs CKOPOCTH
MEpUANOHANBHOTO TeueHus. Jluneiinas 3amaya Komm 11 6apoTponmHbIX

Oe3nuBepreHTHHIX BOJH PoccOu umeer cieayrommii Bug [20]:

(0, +V,x0,)[ ¥, +¥,, |+BW¥, =0, (28)

rje  — K1accu4ecKuil mapameTp; OCh X HalpaBJIeHa Ha BOCTOK, OCh Y — Ha CEBEP.

Nmeercs HEOQHOPOAHOE MEPUANOHATIBHOE CIBUTOBOE TEUCHUE V (Xx)=V, X,
rne V,=const. Kak wu panee (cM. Ilpumep 3), BBIIOJHUM JBYMEPHOE

npeoOpaszoBanne ypoe 111 HeoJHOPOAHOTO U dhepeHIHaTLHOr0 ypaBHeHus (28)
10 IBYM IIPOCTPAHCTBEHHBIM NepeMeHHBIM X U Y. Torma ypaBaenue (28) B @ypbe-

HpOCTpaHCTBe HpI/IHI/IMaeT BU/
[(—k2—|2)<pl—uxl[(—kz—ﬁ)(p]k+in(p=o. (29)

910 YpPaBHCHHUC OAHOPOJAHO, COICPKHUT TOJIBKO TICPBLIC YaCTHBIC

IMPOU3BOAHBIC U JICTKO PCIIACTCH. HepCHI/IH_ICM €TI0 B CJICAYIOICM BHIC!

P-UlI Pk—%P:O, Pz(k2+|2)<p. (30)

11



Crenas 3amMeHy NEpEMEHHBIX (t=t, k'=k+lU,t), TOIy4aeM Cieayromuiee

yYpaBHEHHUE:

o iB(K-1U)P

=0. 31
(VA ()

VYpaBuenue (31) MOXHO TPOWMHTETPUPOBATH SBHO (IKCIOHEHTA OT
jgorapudma), U TOr/1a OKOHYATEJIbHOE PEILIEHUE MMEET BHJ JBOWHOTO MHTErpania
dDypsbe:

17 k2 +12 _ k—1U,t)° +1?
lIf(x,)/,t)=—_|.J‘gz(k,l) 7 Exp|i b, ( - )2
2n Y (k=1U,t)" +1 21U, k? +1 (32)

exp| +i((k=1U,t)x+ly) Jdkdl,

rac pCuiCcHuC HOPMHUPOBAHO HAa HAYAJIbHOC YCIIOBHC

1 +00 +00

gz(k,l):z— I J“P(x y,t=0)exp[ —i(kx+1ly)]dxdy. (33)

TT

—00 —00

AHanu3 nBoWHOTrO wuHTerpasa @dypre MeTOIOM CcTarmoHapHOW ¢as3bl U

MIOCTPOCHHE TPACKTOPHUIT BOJHOBBIX ITAKETOB MOYKHO HalTH B padoTte [20].

PaccmoTpeHHbIE TIpUMEpPHI  SBISIOTCS TMPOCTBIMA B TOM CMBICJIE, YTO
MOJIYYCHHBIC JIBOWHBIE WHTETPANIbl YK€ HW3BECTHBI. HOBHW3HA HaIIero pemeHus
COCTOMT B TOM, 4YTO pernieHue ¢(opMalbHO TOCTpoeHo mnpsaMbiM  Dypbe-
npeoOpa3oBaHUEM  HEOJHOPOAHOrO0  IU(depeHIHaIbHOTO  YpaBHEHUs  0e3

IMPUBJICYCHUA KOHBCKTHUBHLIX KOOPAMWHAT.

ITepeiinem Teneps k Oosiee CIOKHOM 3a1a4e, e PEIICHUE B BUAC HHTErpalia
dypbe KpaeBoil 3a7auyM paHee HE ObLJIO M3BECTHO, HO OHO PacCMaTpUBAJIOCH B
TepPMUHAX CHEHUATBHBIX (DYHKIMM OT KOMIUIEKCHBIX TMepeMeHHbIX. Cama
MpoLEeypa NOCTPOEHUS HEKOW KOMIUIEKCHOM IEPEMEHHOW JUISl CIIELUAIbHOU
TUNIEPTEOMETPUUECKON (PYHKIIMM W MHTETPUPOBAHHUE IO HEKOHW OKPYKHOCTH B
KOMITJIEKCHOM MPOCTPAHCTBE TMOACKA3bIBAET, YTO JOJDKEH OBITH CIIOCOO MONTYYUTh
JAaHHOE  peIIeHue uepe3 nmpsMoe TmnpeobOpazoBanne Dypbe HCXOIHOTO
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HEOJHOPOJIHOTO  JAUu(depeHIManbHOr0  ypaBHEHUSI C  HepasJlelsieMbIMU
MIEPEMEHHBIMHU.
JTaJIOHHOE YPAaBHEHME /LISl ABYXMEPHOIl HEOAHOPOIHOM Cpebl.
AHoMaJbHast QOKYCMPOBKA BHYTPEHHHMX BOJIH
B paccMOTpeHHBIX BbILIE TPUMEPAX PEUIEHUE UCKAIOCh B BUAE JBYMEPHOIO
uHTerpaina dypwe, IpU 3TOM HEOJAHOPOJIHOCTH BHELIHEro mouis (TMojie CKOPOCTU

(hOHOBOTO TeUEHUS, WK TOTIOTpadwsi), HOCHIIN OAHOMEPHBIN XapakTep.

Teneps paccMoTpuM Oosiee CIIOXKHBIA MpPUMEP 3a7adud € JBYMEPHOU

HCOOHOPOAHOCTBIO BHCIIHCTO IT10JIA.

IIpumep 5. B Teopun aHoManbHOM (OKYCUPOBKHM BHYTPEHHHX BOJIH B
JIBYMEPHO-HEOJHOPOJAHOM  JKUJIKOCTA  3TAJOHHOE  YPAaBHEHHUE  DJUIMITHUKO-
TUIIEPOOJIMUECKOTO THUIA JIJIi BEPTUKAJIBLHOIO CMEIICHUSI B OKPECTHOCTH (oKyca
umMeet cieayromnuii Bun [13, ypasaenue (2.5)]:

2
4 2
lPZZ + Ll+F ley +|__le :O,

y z y

(34)

rae ¥ — ¢yHkuus toka; (X, Y, Z) — NpsAMOyrojbHas CUCTeMa KOOPINHAT; L, L -

Z
BEJIMYMHBI JJTMHBI HEOJTHOPOIHOCTEH 1O OCSAM Y U Z.
bynem uckarh pemnieHus, J0KaJln30BaHHbIE B MAJION OKPECTHOCTH HEKOTOPOTO
YPOBHSI IO BEPTUKAIbHON KOOPAMHATE U SKCIIOHEHIIMAIIBHO 3aTyXaIOIIUE BHE 3TOTO

YPOBHS; 37I€Ch JIJIsl CIy4dasli BHYTPEHHUX BOJIH BBEACHBI CJIEAYIOIINE 0003HAYCHUS

[13]:

2 2
1 v g 1.V VN (35)
L, L o N
rie Q=o-kU (o — yactora, k — 30HAJIBHOE BOJIHOBOE umciao, U(z,y) —

HCOJHOPOJHOE  TOPH30HTAIbHOE  (OHOBOE  TEYEHHE  CO  CIABHUTOM);
d
N%(z)=—g = Inpy(2) (py(z) — MIOTHOCTB).
z

3HaueHue BceX NPOM3BOJIHBIX Oepercss B (okycHoi Touke. [lockonbky

ypaBHeHrne (34) WHBAPHMAHTHO OTHOCHTEJILHO MACIITAOHOIO IPeoOpa30BaHMUs
13



z=az', y=a’y', BBOOUTCS HEKas aBTOMOJIEIbHAs IIepeMeHHast. PellieHre CTporTCs

KaK CYMMHPOBAHHE BCEX YACTHBIX PEUICHHUU MO TUTIEPTEOMETPHUUSCKUM (yHKITHSIM
OT KOMIUIEKCHOTO aprymeHnTa. IIpm sTtoM cama mponeaypa IOCTPOEHUS 3TOU
KOMILIEKCHOM ITEPEeMEHHOM He COBCEeM MOHATHA. He coBceM Takke MOHSITHO, YTO 3TO
3a (PyHKIIHH, KOTOPBIC pAaCCMATPUBAIOT aBTOPBI paboThI [13], oTKyaa 3TH QyHKIHH
HOSIBJISIIOTCS, KaKoBa WX (PU3WUECKas MPUPOAA M YTO O3HAYAIOT IEPBUYHOC U
BTOPUYHOE KBAaHTOBAaHUE MPU IMOCTPOCHUHU ACHUMITOTHK pemeHus. OTMeTuM mpu
3TOM, YTO ACHMIITOTUKU JBYMEPHOU (YHKIIMH CTPOSITCS OJJHOMEPHBIMH H TOJBKO
Ha OCH BOJIHOBO/IA.

JI71s1 TOTO YTOOBI, C OJJHON CTOPOHBI, OCMBICITUTD 3TH PEIICHUS B CTICITUATEHBIX
(GYHKIHAX OT KOMIUIEKCHBIX apTyMEHTOB, a C IPYTOi PeACTaBUTh TaHHBIE KIIaCChI
pelIeHNI ¢ MOMOIIBI0 Kiaccudeckoro mnpeoOpasoBanusi dypbe U €ro CBOICTB
(mpecTaBIIeHBI BBIIIE), MBI CAMOCTOSITEIILHO IIOCTPOUM PEIICHUE B HHTETPATLHON
dopme, HaiineM ero AByMEpHbIE ACHUMITOTHKH W TOKaKEM, UYTO O3HAYaloT
NIEPBUYHBIC U BTOPUYHBIC KBAHTOBAHUS B TEPMUHAX KJIaccrueckoi 3aaaqn typma
— JlmyBumns. JIjis 3TOrO MOXKHO B3SITh 32 OCHOBY HM3BECTHBIC WHTETPAJIbHBIC
NPEICTAaBICHUS TUIEPreOMETPUIECKON (YHKIMU, W TOT/AAa MO HaXOXKICHHUS
pemieHust cTaHeT OoJyiee TPO3padyHOW. B HEKOTOPOM CMBICIE MBI HAEM OT
MHTETPAIBHOTO MPEACTABICHHUS, HO MMOMCK PEIICHUS JIydllle H3JIOKUTh B 00paTHOM

HallpaBJICHUH.

Pemenne ypaBuenus (34) umem B Buue wuHterpana @Dyppe. Cnauama

OTPaHUYMMCS BEPXHEH MTOJIOBUHOM UHTErpaa;

o0

[G(k1,z,0)exp(il y)dI . (36)

0

¥k y, z,0)

Ha camom pnerne BO3HUKAeT pe30HHBIA BONPOC, OpaTh JIM BEChb MHTErpall WU
TOJIBKO BEpXHIOKW (MM HIDKHIOIO) ero 4acth. OOCyKIAeHUe 3TOi MpoOIeMbl MbI

JaduM OJajiec, B 3aKJIIOUMTEIILHON YacTHU pa6OTBI.

Hcnons3yem cHOBa cBOICTBa IpeoOpazoBanus Dypbe:
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¥ -G, ¥,—ilG, ¥,->-1’G, y¥,—>-i(°G). (37)

[lepBsie Tpu HOpMYIIBI B 3TOM 3aMKUCH — 3TO CBOMCTBa Mpeobpa3oBanus Oypre
MIPOM3BOJHOMN, KOTOPBIE IMKUPOKO U3BeCTHBI. [locnenuss xe hopMyna — 3To 4aCTHBIN
ciydaii paBeHctBa (21) B mMonorpadum [9]. HecMoTps Ha H3BECTHOCTH ATOM
dbopMyIibl, ee MPaKTUYECKOE MPUMEHEHUE B MPUKIAHBIX 33/1a4yaX OTCYTCTByeT. B
Hamie paboTe JenaeTcss akUEHT MMEHHO Ha MPAaKTHUYECKOM MPUMEHEHHHM 3TOU

nocieaHei hopmyiibl U3 3anucu (37).

[ToxcraBum unTerpai (36) B ypaBuenue (34) u, npuaumas Bo BHUMaHue (37),

st @ypbe-o0paza G monydaeM cieayromiee ypaBHEHHUE:

1722 12
G,-—G—-i—G, =0. (38)
12 L,

PaBencTBo (38) He siBiIseTCS ypaBHEHHUEM C Pa3CISIOIIUMUCS TICPEMCHHBIMH.

YTOOBI OHO CTAJIO TAKOBBIM, BBIIIOJIHUM CIIEIYIONIYIO 3aMEHY MEPEMEHHBIX

(z)—>(ne),
o=l (39)

SIkoOnaH Takoi 3aMEHBI UMEET BUT

5(11@) — vz, (40)
o(z,1)
Cnenyer ormeruth, u9To B ypaBHeHusx (39) u (40) durypupyer 172,
TexHn4eckn MMEHHO 3TOT (DaKT W TIO3BOJISIET pacCMaTpUBATh TOJIBKO OIHY M3
yactel umHTerpana @dypwe. s mpocToThl MBI BBIOpaJIM CHavajla BEPXHIOIO,
MOJIOKUTEIbHYIO YacTh HWHTETPUPOBAaHUS, C TEM YTOOBl CHSTH BOIPOC,
OTHOCSIIUNCS K KBaJAPATHOMY KOPHIO.
311ech BOZHMKAET BOMPOC, IOUEMY CIIeyeT BIOpaTh UMEHHO TaKylO0 3aMEHY
nepeMeHHbIX. OTBET conepkutcs B padote [17], rne moctpoeHo penienue B BKb-
npubarmkeHnr. GaKTHYECKH OKAa3bIBAIOTCS JTUIITHUMHU Kakue-T100 paccy aeHus 00

ABTOMOJCIBHOCTH, TaK KaK B OIIPCACICHHOM CMBICJIC BCA aABTOMOICIIBHOCTDH

pEIICHUs CBOAMTCS K IMMPOCTOM 3aMeHe MepeMeHHbIX BHa (39).
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B HOBBIX NEPEMEHHBIX (n,¢) PaBeHCTBO (38) NpMHMMAET BUJ YPABHEHHS C

pasacisIromMMuUCAa ICPECMCHHBIMU {

L, o Lol
Gﬂﬂ_nZG_IIGﬂ_IL_Gq?:O' (41)

y y

N B TakoM ciydae UIIEM PELIEHUE C Pa3ACIAIOIIMMUCS IEPEMEHHBIMU:
G(no)=HM)F (o). (42)

Jns dyakmuu H () momydaem ciemyroliee ypaBHCHHE:

L,
H —|IHH—(n2+p0)H:O, (43)

m
y
Tac |, — HOCTOAHHAA pa3aCICHUA.

Jlamee criaraemoe ¢ TepBOM NPOM3BOAHONW B ypaBHeHuu (43) yOupaem

CJICIYIOLIECH 3aMEHOM:

H(n)zP(n)exp(i L, an. (44)

8L,

Jist pynknum P(n) momydaem cieyromiee ypaBHEHHE:

L2 . L
P+ —nzil— z j—u0+l z }on. (45)
i { 161 aL,

H&HOMHI/IM, 4TO MblI HIIEM PCIICHUA, JOKAJIM30BAHHBIC B OKPECTHOCTHU

ypoBHst Z = 0. AHanmu3 ypaBHEHHUs (45) MO3BONSET 3aKIIOUYNTh, YTO KO3(duimeHT

Ipu T]z JOJIDKCH OBITH IMOJIOKUTCIIbHBIM, IIO3TOMY MBI IIOJIy4dacM CJICAYIOHICC

YCJI0OBHC CYHICCTBOBAHUA JIOKAJIM30BAHHBIX pemeHHﬁ:

L
[1—16L2y]>0@0<||_z|<4\|_y\. (46)

Ycnoue (46) o3Hayaer, 4TO BETBH MMapabOJibl, KOTOpas OTrPaHUYMBACT
BHYTPEHHIOIO 00JIaCTh MPO3PAYHOCTH OT BHEIIHEW 00JIACTH TE€HU, JOJKHBI ObITh
MPaKTUYECKU MapajuieIbHbI IPYT APYTY. B MpOoTHBHOM cilydae BepTUKaIbHAS MOJIa
He chopmupyercs W BONHA HE OyIeT MPUONMKATHCA K KPUTUUYECKOW TOYKE

OECKOHEYHO J10JIr0. BaXkHO OTMETHUTD, UTO €Ciu yciioBue (46) HEe BBIMOIHSAETCS, TO
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(dbopMalibHO BO3MOKHBI U Ipyrue pexXuMbl Tpanchopmanuu pemenus. Hu o kakoi
€IMHCTBEHHOCTH PEIICHUS 3/IeCh PEUU HE UJET.

Onenka napamMeTpoB i BHYTPEHHUX BOJIH MOKA3bIBAET, UTO €CJIU MPUHSTH
MaciTaObl, KOTOPbIC UCIOJIB30BaIM aBTOPhI paboThl [13], To momy4yaercs O4YCHb

XOpoIllasi pa3sHULA JaHHBIX BeJIHYuH (L, <4Ly), a JTO CBUJETEIBCTBYET 00

OIPaBIAHHOCTH KOHLENIMHM MapabOJMUecKON JOBYIIKH C (HU3MUYECKON TOYKH
3pEHUsL.

OmnpenenuM KBAaHTOBBIC 3HAYCHUS MIEPEMEHHOM pa3neicnus p, [10, 16]:

1/2
L L2
—(2m+1):(u0—| ZJ/(l— J , m=0,12,... (47)
4L, 16L°
OTCIOIIa MO>KHO HaWTH COOCTBCHHBIC 3HAUCHUS
L[1. & 1 LR
Ho=—2|Zi——|m+= ||} 8=|—2-1] , m=0,12,.. (48)
L4 2 2 L2
U cCOOCTBEHHbIC (DYHKIINU
" |_2 1/4 nz |_2 12
P(n)=|>_H, n{l— 22} exp ——[1— sz , m=012,.., (49)
= 161} 2 16

rae H, — moamHoMbl DpMHUTA.
Ilepeiinem Tenepb K ONPENENCHUIO BTOPOro MHOXHTENs F(¢) B pelieHHH
(42). U3 hopmyel (41) momyyaem cieayrolee ypaBHEHUE:

—i(PL—LZF(P+p0F=O. (50)

Yy

Pemenue ypaBaenus (50) umeeT crieayronuii BuI:

F(0)=0"
_ L (51)
H=—1H, L

OxoHYaTeILHO ImoJrydacm CJICAYIOMUC CcOOCTBEHHBIE 3HAYCHUS:

“:%”g(er%j' (52)
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[ToxcraBisis Bce HalIeHHbIE COCTABHBIC PEIICHHS B UCXOAHBINA nHTEerpai (36),

Haxo0J1M COOCTBEHHbIE (DYHKITUU:

14

w @ Z|1/2 |_2
¥ (k,y, z,0)=A(k, @) mZO l' H, L2 : 161}
(53)
22| L2 1/2 ZZ
-exp| ——| 1- 22 -explill y+—|dI
2L, | 1612 8L,

rae A(k,o) —HEKOTOpas KOHCTaHTa, ONpEJCIIoniasi CIeKTPAIbHYIO TUIOTHOCTD

HaYaJIbHOT'O COCTOSIHUSI.

Jlanee mnomydeHHble CcOOCTBeHHBbIE (yHKIMH (53) MOXHO C IIOMOIIBIO
HECJIOKHBIX NPEeoOpa3oBaHUN CBECTU K BBIPOXKACHHOM THUIEPreOMETPUUECKOM
(GYHKIIMM OT HEKOTOPOTO KOMILJIEKCHOTO aprymeHta. OTMETUM, YTO HMMEHHO
WHTErpajibHass 3anmuch (53) SBISETCS MNPEANOUYTUTEIBHOM IS HAXOXKICHUS
ACUMNTOTHK COOCTBEHHBIX (QyHKIMA. HecMoTpss Ha TO, YTO MOCTPOCHHBIE
cooctBeHHbIe (GyHKIMU (53) BBIpAXKAIOT 3aBUCHUMOCTh OT ABYX (DH3MUECKUX
NEPEMEHHBIX (Z U '), UHTErpai AJisi COOCTBEHHBIX (DYHKIUH SBJISETCS OJHOMEPHBIM,
YTO TO3BOJISIET BOCIIOIB30BAThCS METOJIOM CTallMOHApHOH (a3l [16].

3anuiieM MHUMYIO 4acTh UHTerpaia (53) B clieIytolieM Bu/Ie:

: 2’ ) .8 1
exp| il Yo +|§(m+EJInI : (54)

y

Ecin mpomuddepeHimpoBaTh 3TO BBIpaXCHHE IO mepeMeHHOW | u

MIPUPABHSTH HYJIIO BRIPAKEHUE B KBAJPATHBIX CKOOKAX, TO MOJTYYHUM YPaBHEHUE /IS

TOUKH ¢
2
y+Z—:—i m+l). (55)
8L, 2\ 2
[TepenwuiiemM 3T0 COOTHOIICHHUE B CJICIYIOIIEM BHIC:
S(m + ;j
| =———7%. (56)
2| y+ o
8L,

18



[Tonmyuennoe Boipaskenue (56) — 310 Hekoe 0000IIeHHE KOPOTKOBOIHOBOM

BKb-acuMnrtotuku JIUCTIEpCHOHHOTO cooTHomeHuss | =y*. Torma Bropas

C

npou3BoAHas (ha3bl IO BOJIHOBOMY YHCITY MPONOPIMOHANBHA ., U, ClIeI0BATEIBHO,
KOpPEHb B MUHYC MEPBOM CTENIEHU U3 3TON MPOU3BOIHON IPOIOPIIMOHANIEH | .

AcHUMNTOTHKA COOCTBEHHBIX (PYHKIIMH B OKPECTHOCTH KPUTHUYECKOU TOUKHU

IIPUHUAMAET CJIEAYIOIIUN BUL:

1/4 1/2

© z1¥? L2 22 L2 .5( 1)
Y (k,y,z,0)=A(Kk,® . [H,| —=5]1-— -expl —%| 1-—2 -expli—=| m+=
(k. 2,0) = A( )mzzo Y2 |7 161 P 2L, 1612 p{ 2 2

2
y

(57)

AHanu3 3TOro paBeHCTBAa MO3BOJISIET 3aKIIOUYUTh, YTO ACUMIITOTHKA PEILICHHUS
ITAJOHHOTO YypaBHEHHss B To4YHOCTH coBmagaeT ¢ BKB-pemenunem [17],
BBIDQKEHHBIM  BEPTUKAJIbHOM  MOJOM B  BHJE  NOJMHOMOB  OJPMMUTA,
Ma)KOpPUPOBAHHBIX I'ayCCOBCKOM (DYHKIIMEH, U JAaeT KIACCUYECKYIO CTeNeHb 5/4 nis
aMIUIUTY1bl BEpTUKAIBbHON ckopocTu. Ecnu aBTopbl pa®oTsl [13] 1 UMEIOT B BUAY
HEKYI0 MOJy, TO Mbl C YBEPEHHOCTBIO YTBEPKJIAEM, UTO 3TO HE UX BEPTUKAJIbHas
Mona B Buiae BKDb-pemenus mo BepTHKaIbHOM KOOpPAMHATE, a COBCEM Jpyrasd,
KOTOpas mocTpoeHa B padote [17].

[locTpoeHHbIE HaMM pEIICHUS NPEACTABIAIOT COO00W (YHKUMH HE OT
NIEPEMEHHBIX Z, ¥, @& OT HEKOTOPBIX KPHUBOJWHEHHBIX MNEPEMEHHBIX, UMEIOIINX

CHEIYIOIINI BU;

2

z z
n2)=i|yeg) | (58)
y+a

Takum o00pa3oMm, TPOUCXOIUT B HEKOTOPOM CMBICIE HCKPHUBJICHHUE
MPOCTPAHCTBA B OKPECTHOCTH (hOKaIbHOM Touku. Ho BCs 3Ta «KPUBOJIMHEWHOCTHY
pocMaTpuBaack U npu pemeHuu 3agaun B BKb-npubmmkennn, rane hopmaibHO

mpoucxoauia ciacayromas 3aMCcHa ICPEMCHHBIX
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(v.2) - y%

y

[ToaTOMy, IO OOJABIIOMY CYETY, ACUMIOTOTHKM OJHOMEPHBIX MHTETPAJIOB HE
JAI0T KaKUX-JIMOO Ka4EeCTBEHHO HOBBIX PE3yJIbTaToOB, OTNIMYHBIX 0T BKb-pemenuii,
3a UCKIIIOUEHUEM YCIJIOBUS (47), KOTOPOE BBIMOJIHAETCS C OOJIBIIUM 3aI1acOM.

IlpuBenenue uHTerpana dypbe K rumepreoMerpuyecko GyHKUUH OT
KOMILICKCHOTO TEePeMEeHHOro. /[ CpaBHEHHMS HAUIEr0 PEIICHUS C PEIICHUEM
Epoxuna u Carneesa [13] nepenmmiem coOcTBeHHbIe QYHKIHH (54) B CIICIyOIMEM

BUJIE:

¥, (kyz m)—TI“H LMS“Z exp —Z—ZIS -exp|il y+z—2 dl (59)
S S W 8L, 8L, J|
3arem clenaeM 3aMeHy IepeMeHHbIX (I — X ), a apryMeHT

12
z| 12

1/2
2L

MOJIMHOMA DPMUTA ITPUMEM 32 HOBYIO IEPEMEHHYIO

Z|1/281/2
== . (60)
2107
U3 storo cnenyer, 4To
© ) X2p+1
W, o [exp| —2ax ]WHm(X) dx . (61)
0

B dbopmyne (60) mossBumack KOMIUIEKCHAS TIEpEMEHHAS 2a, 3aBUCSIIAS OT IBYX

MPOCTPAHCTBEHHBIX (PU3NYECKUX IEPEMEHHBIX — Z U Y

2a=1—i >
2 201

(22+8yLy). (62)

JIByMepHY!0 3a1a4y Mbl PELIUIIN YEPE3 OAHOMEPHBIN MHTETPA, HO TOJIBKO OT

KOMIIJICKCHOI'O apryMCHTA. Hepr,[[HO BUACTDH, 4TO

1 2827
— = =1%, 63
2a 82*-i(z*+8yL,) t (63)

rjie T — KOMIUIeKcHas rnepemenHas Epoxuna u Cargeena [13] (3Be3q0uka o3Havaer

KOMILIEKCHOE COIPSKEHHE).
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HHTerpasbHOE TMpEACTaBICHUE THIICPreOMETPUUECKON (QYHKIIMU Yepe3
IOJIMHOMBI DpMuUTa UMeeT cieayromuii Bua [11, popmyssr 7.37, 7.38, cM. «Crrcok

JUTEPATypPbD» HA PYCCKOM SI3BIKE]:

v+l 1 1 T .
F(—n,7,5,2—aj~£exp[—2ax2] X'H, (x)dx,  (64)

rme Rea>0, Rev>-1,

kpome toro [11, ¢-ma 7.376.3]:

vo.3.1) ¢ v
F(—n,E+1,§,2—a)~'([exp[—2ax2]x H,..()dx, (65)

rame Rea>0, Rev>-2.

C y4eToM cOOCTBEHHBIX 3HaueHUH (48) HaXOoaMM:
v:2u+1:§+i6(m+%j. (66)

CrnenoBaTenbHO, ITOCTPOSHHBIC PEIICHUS PETYIISPHBI, & HMHTETPAIIBI CXOJISATCS.
CxopctBo ¢ pemenrem Epoxuna u CarieeBa [13] 1oCTHTHYTO 1O TpeM U3 YETHIPEX

napameTpoB. OrnpeaensemM MociaeAHUN mapaMeTp TUIIEPreOMETPUIECKON HYHKIIUU:

Y 7 .0 1
—4+]1=— — —|l=y* 7
2+ 4+|2(m+2j v*, (67)

r7ic y — KBaHTOBBIM mapaMeTp u3 3Toit padoTtsl [1 (hopmyna (2.7))].

AHaJIOTMYHO HAXOJIUM, UTO

V_+1=§+i§(m+1]. (68)
2 4 2 2

Takum 00pa3oM MbI MOTYUUITU TTOJTHOE COOTBETCTBUE HAITUX PE3YJIbTATOB C
paboroii [13]. Eciu yuecTh BTOpyto 4acTh uHTerpana Oypbe, Ui OTpUIIATeIbHBIX
BOJTHOBBIX UHCEJI, TO YePe3 3aMEHY IMEPEMEHHON €T0 MOYKHO CBECTH K MHTETPAITy T10
MOJIOKHUTEIBHBIM BOJTHOBBIM 4HcliaM. Ho Torma B ucciaeayeMOM WHTETpalie
MPOM30MIET 3aMeHA Y MHUMOM ¢IMHUIIBI (i — —i), @ 3TO MPHUBEACT K IMOSBIICHHUIO

BTOPOI YacTH PEIICHHMS, TJI€ BMECTO T U y OyAyT (QUTypUpPOBaTh KOMILJIEKCHO-

COIIPSDKEHHBIE T* U y*.
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Tem cambiM o011€€ pelieHre 3a7a4d €CTh CyMMa PeIIeHUd OT T U t*, YTO
bu3MYecKu PaBHOCWIBHO CyMME MaJalolieid U OTPaKeHHOW BOJIH. DTO O3HAYaeT,
YTO MaTEMaTHUYECKHM HET 3alpeTa Ha OTPaXEHUE U BepcUsi O OECKOHEUHOU
(GOKyCUPOBKE CHIIBHO MPEYBEINYCHA.

O0cyxaeHue U BHIBOABI

B nanHOM MccnenoBaHUU U3TI0KEHBI OCHOBHBIE CBEACHHUS T10 OTIEPATOPHOMY
MeToy TmpeoOpa3oBaHus Dypbe, KOTOpble HEOOXOMUMBI i MPAKTHUECKOTO
pelIeHNsT KOHKPETHBIX (PM3MUYECKUX 3a7]ad B HEOAHOPOIHBIX cpenax. OCHOBHBIE

CBOMCTBA BBIBOISATCA ABYMSI crocodamu.

HHTCTPUPOBAHNUECM II0 HaCTAM, 4YTO IPCAIIOJIAracT 3aTyxXaHHeC CI)YHKI_[I/Iﬁ Ha

OECKOHEYHOCTH,

mubdepeHipoBaHUEM TI0  MapaMeTpy MpsSMOTO WM OOpaTHOTo

npeodpazoBanusa Dypbe.

Ha natu KOHKpEeTHBIX TpUMEPAX MbI MTOKa3ald, Kak padoraer Oypbe-aHanus3
B HEOJIHOPOJHBIX cpefax. B mepBbIx 4eThIpex MpuMepax NOoCTPOEHbI (hopMaIbHbIE
UHTETpaAJIbHbIE PEUICHMs], TaK KaK MX JaJIbHEWIINI aHaJIU3 XOPOIIO U3BECTEH U
YUTATENb C ATUM MOXKET CaMOCTOSATEIbHO O3HAKOMHTBCS, UCIOJb3Yysl yKa3aHHbIC
ccbUTKH. OTMETHM, YTO OOBIYHO 3TH MHTETpaibl (CM. TpUMeEpPhI 1 ¥ 2) MPUBOAATCS
0e3 BbIBOJA U YUTATENI0 MPEIIaraeTcsi CaMOCTOATENbHO MOJIYYUTh 3TOT BBIBOJ C
nomouplo npeodpazoBanuss Jlammaca. B Hamel pabore Mbl  IOCTPOMIIA
UHTETpaJIbHbIE pelIeHusl ¢ noMollkto npeodpazoBanust Oypbe u Teopemsl Koy,
MOKa3aB MX pPaBHO3HAYHOCTh C mpeoOpazoBaHueMm Jlammaca B OJHOMEPHBIX

HCOOHOPOAHBIX 3aJadax.

B mpumepax 2, 3 u 4 paccmarpuBaeTcs JAByMEpHas 3a7ada, B KOTOPOM
HEOJHOPOJIHOCTh Cpe/ibl HOCUT OJHOMEPHBIN JMHEHHBIN XapakTtep. B nmpumepe 2
pelIeHuEe MOXHO MOJYYUTh IBYMs criocoOamu: uepe3 nmpeodOpasoBanue Dypne u
yepes npeodpazoBanue Jlammaca. B nmpuMepe 5 MbI BBITOTHWIM TOJHBINA aHAIN3

KpaeBou 3amayd. Mbl noctpounu uHTerpan @ypwe, HaLIA €ro JABYMEpPHbIE
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aCUMINTOTUKMA C TOMOIIBIO METOJa CTalUMOHapHOW (a3l U CBOICTB
napaboJIMYECKOro KBAaHTOBOI'O OCHMJUIATOPA U TaKKE€ MPOBEIM HUIACHTHU(PHUKALIUIO
HaleHHoro wuHrerpana ®@Oypwpe, cBeAsd €ro K HW3BECTHOW BBIPOKICHHOU
TUIIEPreOMETPUYECKON (PYHKIIMM OT KOMIUIEKCHOTO apryMeHTa. TeM caMbIM Mbl
IOKa3ajau, 4YTO YTBEpXkKAEHHE O HepabortocrnocobHocTn dDypbe-aHamu3a B

HCOOHOPOAHBIX CpCaax ABJIACTCA OITMOOYHBIM.

Takum 00pa3om, B TepMHHAX UHTErpaga @ypre Mbl aHATUTHYECKH J10Ka3aIH
UJCHTUYHOCTh PEHICHUS STAJOHHOIO YPaBHEHUS IJIs BEPTUKAIBHOU (POKYCHUPOBKH
MOHOXPOMAaTHUYECKON BOJHBI B OKPECTHOCTH (POKyca C pEUICHHEM 3TaJOHHOTO
ypaBHEHUSI B TEPMHHAX BBIPOKICHHOM TUIEPreOMETPUUECKOr (QYHKIIMU OT
KOMILJIEKCHOTO TIEPEMEHHOT0, MOJYYEHHOIO0 B MPEIbIAYIIMX HUCCIEAOBAHUSIX.
JlaHHOE MaTeMaTUYEeCKOE PEIICHHE YCIEUIHO MNPUMEHSIETCS TakKe B 3aJadax
MAarHUTOrUAPOJIUHAMUYECKON HEYCTOMYMBOCTA W TIPU OINKHCAHUU BHYTPEHHHX

I'PaBHTAIMOHHBIX BOJH B IBYMEPHO-HEOAHOPOIHOM *x)uakocTu [7, 13].

[loka3aHo, 4TO BOIpPOC O TMOIJOLIEHWH BOJH B (DOKAIBHOW 30HE HOCHUT
HEOJIHO3HAYHBII XapakTep U NOITOMY MOKET HaOJI0JaThCs KaK MPOXOXKACHHE, TaK
U OTpakeHue oT 0coOeHHOCTH. KOHKpeTHbIE OLEHKHU I TUIIMYHBIX ITapaMeTpOB
OKEaHWYECKUX TPaJUECHTOB THAPOPU3NYECKUX TOJEH IMIOTHOCTH U CKOPOCTH
MIOKAa3bIBAIOT, YTO JIOKAJIM3ALMS, U, KaK [TPaBUJIO, YCUICHUE BOJHOBBIX JBMKEHUMN
BIIOJIHE peadu3yeMbl U OYIyT MPOSBIATHCA B BUIE CHIBHO JIOKAJIM30BAaHHBIX

MIPOCTPAHCTBEHHBIX BUXPEBBIX 00pa30BaHUIA.

VYkazaHHble OCOOCHHOCTH CJIEAyeT YYUTHIBATH TPU  HCCICAOBAHHUH
reou3nYecKux MoJied, B YACTHOCTH MPH aHAIM3E ME30MacCIITaOHOW BUXPEBOU

JUHAMHKHU B OKCAaHC.

AHaTUTHYECKUMN METOM, WU3J10)KCHHBIU B JaHHBIX IIATH IIPUMEpPAX, MOXKET

OBITH UCIIOJIH30BAH TIPH PEIICHUH U IPYTUX 3a]]a4 MAaTEeMAaTHIeCKOU (PU3UKH.
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