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AmnHoTanusi. B crareax [1], [2] va pasmmaabIx TpMepax GbLIa TPOAEMOHCTPHPOBaHa 3D heKTUB-
HOCTB TIPAMEHEHUsI MeTOJa HAUaJIbHBIX (DYHKIWH [3], 3ammcaHHOro B IPOCTPAHCTBE Ipeobpa3oBa-
Huit Oypbe, K pEIIeHNI0 KPAaeBbIX 3aJad TeOPHUH YIPYyrocTH B OECKOHEYHOU IoJsioce. Biraromapst
[IPEICTABUMOCTH OIEPATOPOB OeCKOHEYHOrO nuddepeHmpoBaHusi METO/Ia HAYAJIBHBIX (DYHKITHHA
B CBEDHYTOM BW/JIE, DEIeHNE KPAEBON 3aJa9u JJIsi [IOJOCHI OY€Hb IPOCTO BBINHUCHIBAETCS B BU-
Jie HeCOOCTBEHHBIX MHTEIPAJIOB OT KOMIAKTHBIX BbIpakKeHuit — 00paTHbIX mpeobpasoBannit Oypne
MepoMOpdHBIX GyHKIUH. Uncantean v 3HAMEHATEIU ITUX (QYHKIUI MPEICTaBISIOT COOOH JIH-
HeliHble KOMOMHAIINY IPOU3BeIeHnil omeparopoB. Kak mpaBujio, WHTErpaJibl XOPOIIO CXOISITCS, &
UX YHCIeHHas peajusaius, Hanpumep, cpeacrBamu MATHCAD e npescrasisier Tpyaa. Perenue
MOKHO IIPEJICTABUTD U B Bujie psaioB 1o dyukimam Pajia — [ankosuua (co6eTBEHHBIM (DYyHKIUAM
paccMaTpUBaeMoil KpaeBoil 3a/1a4r ), BOCIOJIb30BABIINCH T€OPEMOil O BbIYeTaX.
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B sr0it pabore TOT 3Ke MOAX0I IPUMEHSIETCSI K PEIeHNI0 3aaUH 11T O6CKOHETHOH T0JI0-
ChI, CKJIEEHHOI M3 IT0JIOC ¢ PA3HBIME MOJLYJISIME YIIpyrocTH. [IpuHIUNMa IbHBIX TPYIHOCTEH
IIpu pereHnn 9Toit 3aja4un Her. OIHAKO, JaXKe B CJIyUae JIBYX IOJIOC C PA3HBIMEI MOLYJISIMU
YIPYTOCTH, ITPOMEKYTOUHBIE BBIKJIAJKN OKA3BIBAIOTCS OYeHb I'PDOMOBJIKUMU, a JJIst OOJIhb-
IIIET0 JHCJIA TOJIOC — IMPAKTUIECKH Hepean3yeMbIMu. To 00CTOSITEIBCTBO, ITO OIIEPATOPbI
MeTO/Ia HaYaJbHBIX (DYHKIUI ITPEICTABJISIIOTCS B 3aMKHYTOH (bopMe, JaeT BO3MOKHOCTH
BOCIIOJIb30BaThCsd cMMBOJIbHOIM MaTemMaTukoiit MATHCAD, He ocob6eHHO GecIIoKOsICh O YnCIe
CKJIEMBAEMbIX II0JIOC W HE 3a/[yMbIBAsICh O IIPOMEKYTOUHBIX ITpeobpa3oBannsax. Hezapucu-
MO OT YHCJIa CJIOEB THUII 11eJI0% (DYHKIINM, CTOAIIEN B 3HAMEHAaTe e MeEPOMOPMHOH PyHKITUH,
BXOJISIIIIe 110/1 3HaK MHTErpaJjia B oopaTHoMm mpeobpazoBanuu Pypbe, OyreT Bcerna Bbliile
T 1ejoi pyHknun B aucautese. [losromy maTErpasist cxoisircs. OHU MOTYT PacXoIUTh-
¢l TOJIBKO B HyJie. B 9ToM cirydae 0cOOEHHOCTD B HyJIe HY?KHO BBIJIE/ISATH TaK, KaK 3TO ObLIO
HOKa3aHo B crarbsx [1], [2].

KroueBbie cjioBa: cOCTaBHAsT PA3HOMOJIYIbHAS TTOJ0CA, METO/T, HAYATbHBIX (PYHKITAI, HHTETPaJIb-
Hoe npeobpasosanne Pypbe.

VIIK: 539.3+517.95

1. ITocranoBka KpaeBoii 3aga4yu (OCHOBHBIE IOJIOXKEHUsT). PaccMorpum cumMmeT-
puunyto aedopmarmio 6eckoneanoii mosocsl {11 : |y| <1, |z| < oo}, mokasannoil Ha puc.
1. ITapamerpsr BryTpenneii mosocer {I1* : |y| < a, |z| < oo, a < 1} Gyzem obosnavarn
nnjiekcoM “a”; a Buemueit — “1”. Moaysn yupyrocru nosioc pasmuasasl: G* u G. Tlosocsr
HeIIPEePBIBHO CKJIEEHBI TaK, YTO BJOJIb JIMHUI CKJIEMBAHUS, Y = £@, BBIIOJIHSIOTCS PaBeH-
CTBa:

W (@) = ulw), v(x) = v(), oL(x) = 0, (@), T (@) = Ty ), (1)

rae u, v — COOTBETCTBEHHO IIPOJOJILHOE (B,ZLOJIB HO.HOCBI) 1 IIOIIepevIHOe IIepeMeIIeHmAd.

A Y
i (2.1) = o(2)
TTETT o,\el)=pa)
:
: a
________________________ S VO
i
T —a
i
i
M U?L’ﬁi:fll = p(a)

Puc 1. Cxema zagaun

I[Tepeiizem K 0603HAUEHUSIM, IPUHATBIM B METOJIe HaYa bHBIX (DyHKIW [3]:
U(z,y) = Gu(z,y), V(z,y) = Gu(x,y),
Y(xay):(jy (Z’,y), X(xay) = Txy (x7y)7 (2)
U (z,y) = Gu® (z,y), V*(z,y) = GV (x,y),

Y (x,y) = oy (2,9), X (2,9) = 73, (2,9).
Torna, obosnauus K = G/G%, pasencrsa (1) MOXKHO 3alMCaTh TaK:

U(z)=KU (z), V() =KV (z), Y*(x) =Y (), X(z) = X (z). (3)
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ITycrs ma croponax y = =1 HOpMAJIbHBIE HAIPSXKEHUSA IIPEICTABJICHBI MOKA3AHHONW Ha
PUCYHKe cTyleH4YaTol (GhyHKIMel, a Kacare/bHble HAIPSI>KEHUST PABHBI HYJIIO:
1, |z| <d;
x,x1) =px) = ’ =7 Tey(x, £1) = 0. 4
rat) =pw) ={ o [5G g0, o) (@

2. Pemenne KpaeBoii 3aja4u. YIOBJIETBOPUM TPAHUYHBIM YCJIOBHAM (4) ¢ HOMOIIBIO
3aBUCUMOCTE MeT0/1a HavaIbHbIX (hyHKIUii. B cury cummerpun 3a1a4u Hadaababie (DyHK-
uu

Vo(z) = Xo(x) =0,
[IO3TOMY
U(z,a) = Lyy(a,a)Up(z) + Lyy (o, a)Yo(x), V(z,a) = Lyy(a,a)Up(z)+ Lyy (o, a)Yo(zc)),

)

Y(z,a) = Lyy(a,a)Uy(x)+Lyy (a, a)Yo(z), X(x,a) = Lxy(a,a)Up(x)+Lxy (a,a)Yo(x).
Buecw Lyy(a,a) u . q. — nuddepernuanbable onepaTopbl MeTo/Ia HaYa bHbIX (OyHKIHIA,
B KOTOpbIX @ = d/dx — oneparus quddepennmposanust. Vcnonbsyst dopmyisl (5) Kak
HaJaJbHbIE /I BHEIIHE{l MOJIOCHI, BBINOJHUM IpaHuyHble yciaosus (4). Torma mosywanm
cucreMy u3 JAByX auddepennuaabblX ypaBHeHnii 6€CKOHEIHOro MOpsIKa OTHOCUTETHLHO
HauaabHbIX QyHkiwii Up (z) n Yp (x):

Lyy()Uo(z) + Lyy (@)Yo(z) = p(x), Lyy(e)Uo(z) + Lyy()Yo(z) =0.  (6)
31eCh BBEJICHLI 0O03HAYCHUSI:
Liy(a) = K [Lyy(a,1 — a)Lyy(a,a) + Lyy(a,1 — a)Lyy(a,a)] +
+Lyy (Oz, 1-— a) Lyy (Oz, (L) + Lyx (Oz, 1-— a) Lxy (a, a) ,
Liyy(a) = K [Lyy (o, 1 — a) Lyy (o, a) + Lyy (a,1 — a) Lyy (o, a)] +
+Lyy (a,1 —a) Lyy (a,a) + Lyx (a,1 — a) Lxy (o, a), (7)
Liy(a) = K [Lxy (o, 1 —a) Lyy (o, a) + Lxy (o, 1 — a) Lyy (o, a)] +
+Lxy (a,1—a)Lyy (a,a) + Lxx (o, 1 —a) Lxy (o, a)
LYy (a) = K [Lxy (o, 1 — a) Lyy (a,a) + Lxy (a,1 —a) Lyy (o, a)] +
+(Lxy (a,1 —a) Lyy (o,a) + Lxx (o, 1 — a) Lxy (o, a)).
Huddepennnasbhble ypaBHeHusi 6€CKOHEIHOrO Nopsijika (6) B MPOCTpaHCTBE MPeodpas3o-
panuit ®ypbe Oy1LyT UMETh BUL
LyuWToN) + Lyy WYo(N) = 5(N), Lyxy(WTUo() + Ly WYV =0, (8)
rze p(\) — npeobpasosanue Pypoe dynkuu p(x):
]50\):251;160\’ ()

A—mnapamerp npeobpasosanust Pypwe, Up(A) u Yy(A) — npeobpasosanust Pypbe cooTBet-

CTBYIOIIUX HadaJbHBIX (pyHKIMiT. POpMYJIBI JJIs OlepaTopoB L II0JIy9aioTcs U3 COOTBET-

cTByIOIUX (bOPMYJI JJIs ONIePaTOPOB METO/Ia HadadbHbIX (DYHKIHUiT 3aMeHOi v Ha —i).
Pemast cucremy (8), Haiigem

(10)

OyuKIns
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L(N) = Lyy (V) Lxy (V) = Lyy (A Lxp (M) (11)

Temepn 1151 mpeobpaszoBannit Pypbe mepeMereHnii 1 HAIPSXKEHU BO BHyTPEeHHEH 110-
JIoCe IOJIYYUM:

U\ y) = Lov (A 9)Uo(N) + Loy (A, 9)Yo
Va(r,y) = Lvo (A 9)Uo(A) + Lyy (A, 1) Yo
a8 (A y) = Av(\, »)To(N) + Ay (A, 1)Yo(N),

Ya()\, y) = LYU()‘a y)UO()‘) + LYY( ay)Y ( )
Xa(Ay) = Lxv(\ 9)Uo(A) + Lxy (A, 1) Yo(N).

HKIIMNA a a a a) B IPOCTPAHCTBE II BaHUI b
o Ur(\ a), V(A a), Ye(A a), X2, OCTPAHCTBE Mpeobpa3oBa Dypwe
SABJISIIOTCA HaYaJIbHBIMU 1T BHerHel mostockl. [TosTomy mpeobpazoBanus Pypbe mepeme-
IIEHNH 1 HAIPSIKEHUHN JJIsT BHENTHEH MOJI0ChI OYIyT UMETh BT

UL\ y) = Lur(\9)U(\, a) + Loy (A, y)Va(A, a) +
+Lyy (A, y)Ya()\ a) + Lyx (A, y)X“()\ a),

VI y) = Lvv (A 9)U (A, 0) + Lyv (A, y)Ve (A, a)+
+Lyvy (A 9)Ye(\a) + Lyx (A, 9)X3(A, a),

al(0y) = Au(\y)U%(\ a) + Ay (A y)Va(A, a)+
+Ay (A )Y\, a) + Ax (A, y) X9(\, a),

YIy) = Lyu(\9)U%(A, a) + Lyv(\ y)Va(X, a)+
+Lyy (A, y)Ya()\ a) + Ly x (A, y)X“()\ a),

X1\ y) = Lxu(A\ »)U(A,a) + Lyv(Ay)Ve(A a)+
+ny()\ y)Y“()\ CL) +LXX()\ y)X“()\ a)
Bgosist HOBBIE 0003HAMEHNS, UX MOYXKHO IIPEJICTABUTEL B (hopMe (10)
oL y) = AL 9)To(A) + Ak (0 ) Yo(N), YEA o) = Liy (A 9)To(A) + Ly (A, y)Yo(A),
X1\ y) = Ly N 9)Uo(N) + Ly (A, y)Yo(N), (14)

(12)

(13)

rie
Liy(\y) = K[Lyu(A, y)Luu (X, a) + Lov (A, y) Lvo (A, @)+
+Lyy (N y)Lyu(N a) + Lux (A, y)Lxu (A, a),

Ly (N y) = K[Luu(\, y)Luy (X, a) + Loy (A, y)Lyy (A, a) |+
+Luy (A y)Lyy (N a) + Lux (A, y) Lxy (A, a),
Lyy(N\y) = K[Lvu(\, y)Luu (X, a) + Lyyv (A, y) Lvu (X, a)]+
+Lvy (N y)Lyu(A a) + Lyvx (N, y) Lxu (X, a),
AL\ y) = K[Au(\ y)Lou (X, a) + Av (A, y) Ly (X, a)]+
+Ay (N y)Lyu (A a) + Ax (N, y)Lxu (A, a),

A%/()\, y) = K[AU()\, y)LUy(A, a) + Av()\, y)Lvy()\, a)]+
+Ay(>\, y)Lyy()\, CL) + Ax()\, y)ny(A, a),
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Ly (N y) = K[Lyu(M\ y)Luu (A, a) + Lyy (A, y) Lvu (X, @)+
+Lyy (A y)Lyu (A a) + Lyx (N, y) Lxu (X, a),

L%’Y()‘v y) = K[LYU()‘a y)LUY(Av CL) + LYV()‘a y)LVY()‘v CL)]+
+Lyy (A y)Lyy (A a) + Ly x (A, y) Lxy (A, a),

L}(U()H y) = K[LXU()\a y)LUU()‘? CL) + LXV()\a y)LVU(Aa CL)]"‘
+Lxy (N y)Lyu(N a) + Lxx (A, y)Lxu(A, a),

Lyy(\y) = K[Lxu(N\y)Luy (A @) + Lxv (A, y) Lvy (A, )]+
+Lxy (A y)Lyy (A a) + Lxx (A, y)Lxy (A a).
Breipaxkenusimu (10), (12) jgaercs 1mosiHOe pelieHne 3a/iadqu B IIPOCTPAHCTBE 1peobpaso-
panuii Oypee. [Ipumensisi K HuMm obparHoe npeobpasosanue Pypoe [4], Hafigem nckoMbie
BbIDayKeHUs JJIsl HAIIPSIKEHNUIT U [IepeMeleHrit BO BHYTPeHHe(l 1 BHEIIHell 1oj1oce cooTBer-

CTBEHHO:
U(x,y) = —;_/Ua()\ y)sin (Az) d\, V(z,y) 7T/Va (A, y) cos (Az) dA,
0 0
1 T 1 T
(z,9) /0‘ (A, y) cos (Az) dA, oy /a (A, y) cos (Az) dA, (15)
T ™
0 0
Z/T (A, y) sin(Az)dA,
T
0
o0 1 o0
U'(x,y) Z/Ul()\ y)sin (\x) dX, Vi(z,y) /V1 (A, y) cos (Az) d,
T T
0 0
1 T 1 yi
(x,y) /O’ (A, y) cos (Az) dA, a (x,y) /a (A, y) cos (Az) dA, (16)
T s
0 0

o

T%y(m,y) = —:T/T%y()\,y) sin(Az)dA.
0
Ha puc. 2 nokasanbl rpaduku pacipejiesieHns ITIONepevdHbIx epemeriernit V4 (x, a)
(crommmas kpusast) u V1(x,0)/K (myHkrtup) Ha JuHUM CKaenBanus 1ojoc. CHUTAIOCD,
gro a = 0.6, d = 0.2, v = 1/3, K = 2. M0KHO BUJIeTb, YTO KPUBbIE IPAKTHYECKH HEPa3-
JITIUMBIL.

BHaueHusl IPOJIOIHLHBIX HOPMAJIbHBIX HAIPSIZKEHUTT J1J1sl BHEIIHEl U JJIsi BHY TPEHHEI 110-
JIOC B MECTE UX CTHIKA CUJILHO OTIMYAIOTCsI, jazke ipu K = 2 (puc. 3), u 9ra pasHura pacrer
¢ poctoM K, TIOCKOJILKY BHEINTHSsI [10JI0CA BOCIPUHUAMAET BCE DOJIBIIYIO JOJI0 HAPY3KH.

Ha puc. 4 nokazanbl (coBrajaolume Jijisi BHyTPEHHEl U BHEIIHEl 0JI0C) paciipe/e/IeHus]
HOIEPEYHBIX HOPMAIbHBIX U KACATEIbHBIX HAIPSYKEHUN Ha JIMHUU CKJICHBAHUS.

Ha puc. 5, 6 mokazanbl pacipee/ieHnsi MONePeYHbIX MepeMeIleHui

[ Vaay), Jyl < a
V(“f’y)‘{ Vi(e,y), a <y <1
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W HOPpMAJbHBIX TPOJOJIBHBIX HANpsyKeHni nonepek moJiock ipu 0 <y < 1

_ Ug(l’,y), |y‘ < a;
oa(,y) = { ol(a.y) a<ly <1

B cevennsix = 0 (cruromusie kpusbie) n z = 0.3 (myHKTHD).

i

Puc. 4. Pacupemenenust mornepedHblx HOPMAJIbHBIX U KACATEIbHBIX HAIIPSKCHUN Ha CTHIKE
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0.0 =

Puc. 5. Pacupegenennst nonepeunbix nepemenienuii V(x,y) B cedennsx x = 0u x = 0.3

i a,(e.y)

Tl B !

Puc. 6. Pacupenesnennst nanpsixkenuit o, (x,y) B cedenusx © =0 u z = 0.3

BoiBoabi. OCHOBBIBAsICh Ha MOJIYUYEHHBIX PE3YIbTATAX, MOYKHO JOCTATOTHO IIPOCTO pac-
CMOTPETH 3a/a491 C ME2KCJIOMHBIMU pa3pbiBaMU, UMCIOIIINMN BaKHbI€e NH>KCHEPHbIC ITPUJIO-
ZKEHUAD.
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I. V. Menshova!, A. P. Kerzhaev', A. V. Nikitin?

METHOD OF INITIAL FUNCTIONS AND THE FOURIER TRANSFORM
INTHE PROBLEM FOR HETEROGENEOUS STRIP

L Institute of Earthquake Prediction Theory and Mathematical Geophysics, Russian Academy of
Sciences, Moscow, Russia

2]. Yakovlev Chuvash state pedagogical University, Cheboksary, Russia

Abstract. In articles [1], [2] for the various examples the effectiveness of applying the method of
initial functions [3| recorded in the space of Fourier transforms to solve boundary value problems
of the theory of elasticity in an infinite strip was demonstrated. Thanks to the representability
of operators of infinite differentiation of the method of initial functions in minimized form, the
solution of the boundary value problem for strip is very simple written in the form of improper
integrals of compact expressions which is the inverse Fourier transforms of meromorphic functions.
The numerators and denominators of these functions are linear combinations of compositions of
operators. As a rule, the integrals converge well, and their numerical implementation, for example,
by means of MATHCAD is not difficult. The solution can also be represented in the form of series
in the functions of Fadle — Papkovich (eigenfunctions of the considered boundary value problem)
using the theorem of residues.

In this work, the same approach is applied to the solution of the problem for an infinite strip,
glued together from strips with different modulus of elasticity. Fundamental difficulties in solving
this task does not exist. However, even in the case of two strips with different modulus of elasticity,
the intermediate calculations appear to be very cumbersome, and for a larger number of strips is
practically not feasible. The fact that operators of the method of initial functions are represented
in closed form, enables the use of symbolic mathematics of MATHCAD, not particularly worrying
about the number of bonded strips and without worrying about intermediate transformations.
Regardless of the number of plies, type of an entire function, standing in the denominator
meromorphic function included under the sign of the integral in inverse Fourier transformation,
will always be higher the type of an entire function in the numerator. Therefore, the integrals
converge. They can diverge only at zero. In this case, the singularity at zero is necessary to select,
as it was shown in articles [1], [2].

Keywords: heterogeneous composite strip, the method of initial functions, integral transform of
Fourier.
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