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CEKIIIA 1.

IHdopManinHi TEXHOJIOTIT B TEXHIYHUX
Ta CUCTEMAX CHEeHiaJIbHOI0 MPU3HAYEHHS

SECTION 1.

Information technologies in technical
and special purpose systems
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Modeling of Oscillatory Processes in a Four-Layer
Rod of a Piecewise Constant Section
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Anomayia — Po3riasHyTO mepumly KpaioBy 3amady IJs
PiBHSIHHS rinep0o/IiYHOro THNY KOJUBHUX MpoLeciB B CTPHIKHI 3
YOTHPHOX KYCKiB KYCKOBO —  CTaJoro mepepisy Ta
HABAHTAKeHHSAM B Npasiif yacTuni. 3HalileHO PO3B’SI3KH TaKol
3a1a4i 32 J0MOMOro0 KOHIeNIii KBa3imoXiTHNX, cy4acHoi Teopii
cucTeM JiHidHNX OudepeHmiaTbHUX PiBHAHb, KJIACHYHOIO
Metony @yp’e Ta MeTOAY peayKilii.

Abstract — The first boundary value problem for equation of
hyperbolic type of oscillatory processes in a four-layer rod of
piecewise-constant section and force in right parts was considered.
The solutions of a such problem were found by using a concept of
quasi-derivatives, a modern theory of systems of linear differential
equations, the classical Fourier method and a reduction method.
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Knwuosi cnoea: xBazinmdepenuiajbne piBHSIHHS, KpaiioBa
3agava, matpuns Kouri, 3aqaua na BiacHi 3uauennsi, meroa ®@yp’e
Ta MeTOJ BJACHUX QyHKIM.

Keywords: kvazidifferential equation, the boundary value
problem, the Cauchy matrix, the eigenvalues problem, the method
of Fourier and the method of eigenfunctions.

l. Bcryn

OnmHUM i3 MeTOAIB PpO3B’SI3yBaHHS HECTAlliOHAPHHUX
KpaloBHX 33/1a4 € NPSMHUH METOJI, 3arajlbHa cXema peajizaii
SIKOTO TOJIATAE B 3BEICHHI BUXIIHOI 3a/1a4i O pO3B’I3yBaHHS
JIBOX TPOCTIMINX, B3a€EMO3B’S3aHUX 3aJad Ta 3aCTOCYBaHHI
cxemu ®Pyp’e. BaxiumBy poiap B IbOMY METOAI Bilirpae
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KOHIIETIIisl KBa3iMOXiJHUX, KA JO3BOJISIE€ YHUKHYTH TPOOIeMHU
MHOKCHHS y3araibHeHUX (QYHKIIH.

B miit poboti posrimsgaemo rimepOosidHe PiBHSIHHS
KOJIMBHUX TIPOLECIB B CTPHIKHI IO CKJIAJAE€ThCS 3 YOTHPHOX
KYCKIB KyCKOBO - CTaJIOTO INEpepi3y Ta HaBaHTaKEHHSM, IO
3a7a€Thesl PYHKIIEIO B paBii 4yacTuHI piBHAHHS. [[1s1 piBHSIHB
rinepOosiyHOrO0  THMMNy, BHepmie, MOXIOHI imel  Oynm
BOpOBakeHi B podoTax [1-3].

Il.  OCHOBHIIIO3HAYEHHS, ®OPMVJIIOBAHHS 3AJIAUI,

ITOBYIOBA PO3B’I3KY
Hexati L — Bigkputuii i"tepBan midicHoi oci R,
[Xg: x4l L - BiIpi3oK JificHoi oci;
0=Xy <X <Xy <X3<X4 =l — noBinbHE pO3OUTTA BinpisKa
[Xg:X4] miticHoi oci OX Ha woTHpH YacTuHy; F, i = @, E, p
— cram, gj(X), i:@, — JOAaTHRO BW3HAYeHI (yHKIi Ha

3 3
[X5%is1) . Hoknanemo F(X)=> F-6, 9(x)=>.9i(0)-6 ,
i=0 i=0
e 6 — XapaKTepuCTH4YHAa (YHKIIA HPOMIKKY [Xi;xi +1);

ult = F(x)-u, — kBasimoxigHa.

PosrnsHemMo mepmry KpaioBy 3ajmady Uil piBHSHHS
rinepOoNiYHOro THITY

0

P U _ 2.
2R - 2 F0- 8 Jrato, (B

X € (Xg: %), te(0;+0),

u(x,t) =y 1), .
{U(X4,t) _ (/Il(t), te [O, +OO) , (39)
u(x,0) = g (x),
X e[Xoi %], (40)

20 = a1,

e o), va)eC?(0+), @(x), @(X) — Kycxoso-
HerepepBHi Ha (Xg;X4) -

Mertox pemykiii BiANIykaHHS PO3B’S3KY 3a]adi JETaIbHO
omnHCcaHWii, Hampukiag, B [4, 5]. 3rigHo 3 UM METOJIOM
po3B’si30k 3amaui (38) - (40) mrykaemo y BHUIJISIII CYMH JBOX
GbyHKIIN

u(x,t) = w(x,t) +v(xt). (41)

Busnaunmo ¢yHkuito W(X,t) cremiansHuM CrocoOoM, sk
pO3B’s30K KpaloBoi 3a1adi

(F(X)'Wx’)x’ =-g(x), (42)

{W(Xovt) =yo(b), t €[0;+0) . (43)

W(Xg,t) = w1 (1),

B ocHoBi MeToy po3B’si3yBanHs 3a1adi (42), (43) nexutsh
KOHIIEIILIis KBasimoxiguux [6].

3amumemo Mimany 3amady it QysHkmii - v(X,t),
BpaxoByroun, o GyHKuist W(X,t) 3agoBoibHse (42)
0 ) p v p o%w
—|FX)— |-&-F(X)—==-F(x)—, (44
[Fo0d - Lrmty-2-r0 T,
X € (Xo;%4), te(0;+0),
u(xg,t) =0,
t[0; ) 45
{u(x4,t):0, & [0;+<0) (45)
v(x,0) = Do (x),
X iXq], (46
& oy, *EPOR (0
ot
def def oW

ze @o(x) = g () ~W(x,0), ©100) = 1 (x) ~—-(x.0).

Hust pos3s’sizanns 3amavi (47) - (48) 3actocoBaHo MeTOx
BracHux (yHkuii [5].

BuUCHOBKU

Otpumano siBHI (opMysn Juisi OOYMCIIEHHS PO3B’S3KY Ta
HOro KBa3imoXigHOI I OYAb-IKOTO IiJiHTepBala OCHOBHOTO
NPOMIXKKY, sIKi € CIIPaBEUIMBUMH IS JOBUIBHOT CKIHUCHHOT
KUTBKOCTI TOYOK PpO3PUBY TMEPIIOTO POAY 3TaJlaHUX BHIIE
Koe(ilieHTIB. 3ayBaXuMo, 110 OTPUMaHi pe3yJbTaTH MalOTh
Oe3rmocepeIHE TPAKTHYHE 3aCTOCYBAHHSA B TEOpii KOJIWBaHBb
CTPHIKHIB 3 KyCKOBO-3MIHHHM PO3IIO/ILIOM MTapaMeTpiB.
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