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The General Scheme of Investigation for
Longitudinal Oscillations of Rods of a Piecewise-
Constant Section

R.M. Tatsij

Department of Applied Mathematics and Mechanics
Lviv State University of life safety
Lviv, Ukraine

Anomayi-3anpoNOHOBAHO 3arajibHY METOJUKY JOCTiIKeHHSI
MO3/I0B/KHIX KO/MBaHb CTPHKHIB KYCKOBO-CTAJI0TO mnepepisy. B
OCHOBY CXeMH [OK/JIA/ICHO KOHIEIIil0 KBa3ilOXiHUX, MeTo]
3Be/ICHHSI BHXITHOI 3a1a4i /10 po3B’A3yBaHHSI JIBOX MPOCTIlHNX,
ajie B3a€MO3B’SI3AHUX 3a/1a4, CYYACHY TeOpil0 CHCTeM JIiHIITHNX
JudepeHiaiIbHAX  piBHSIHB, KiIacnyHuii wMeron Pyp’e Ta
MoaudikoBaHmIT MeTO BJaCHUX (YHKIIi.

Abstract—The general method of investigation for longitudinal
oscillations of rods of a piecewise-constant section is offered. In
the basis of the solving scheme is a concept of quasi-derivatives, a
modern theory of systems of linear differential equations, the
classical Fourier method and a reduction method. The advantage
of this method is a possibility to examine a problem on each
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breakdown segment and then to combine obtained solutions on
the basis of matrix calculation. Such an approach allows the use
of software tools for solving the problem.

Kmiouogi cnosa—xBasimndepentianbie piBHSIHHS, KpaiioBa
3agava, Mmarpuns Komni, 3a1aya Ha BiacHi 3HaYeHHS, MeTO[
Dyp’e Ta MeTO BJIacCHUX PYHKIIIA.

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



L

Meroau po3B’sI3yBaHHA HECTAIOHAPHHX KPaHOBHX
337a4 MOJKHA TOMITHTH HA TPSIMI, OCHOBY SKHX CTAHOBHUTH
METOJ BIJOKPEMJICHHS 3MIHHHX, METOJ DKEpel (MeTon
¢yuxmii  [pima), MeETOX  IHTErpANbHMX  TEPETBOPEHD,
HAOMIDKEHI TA YHUCIIOBI METOIH.

3anpomoHOBAaHA B JaHIH POOOTI CXEMa HANCKHTH IO
MPAMUX METOMIB PO3B SI3YBAHHA KpailoBmX 3a1ad. B ocHOBY
peamizanii mi€i CXCMH MOKIAACHO KOHICHINIO KBABIMOXiAHHX
[1], meTon 3BEACHHS BUXIAHOL 3a7a4i A0 PO3B’SI3YBAHHS JBOX
MPOCTIMIMX, ale B3AEMO3B S3AHHMX 33724, CYYACHY TEOPIFO
CHCTEM JIHIHHAX JU(EPCHINATbHAX PIBHIHD, KIACHYHUH
meron Oyp’e Ta MoaU(iKOBAHHI METOX BIACHUX (DYHKIIIH.

Bervin

II. OCHOBHI [IO3HAUYEHHSI, ®OPMYJIFOBAHHS 3ATTAUI

Hexait L
[xp:x,]c L

— Bigkputui iHTepBanm aificeoi oci U,
BIJPI3OK JiticHOI oci;

0=xp <X <Xy <...< Xy <X; <Xp41...<X, <X, =1 =

JOBLIbHE PO3OHUTTA Biapi3ka [xy;x,] AilicHOI oci Ox Ha n
YACTHH.

BBeneMO OCHOBHI NMO3ZHAYECHHA: O, — XapaKTePHUCTHYHA
(yHxuia npomikky [X,:%,1): F;, i=0,n-1, E, p — crani.
n=1
TToxmazemo F(x)=> F-0, W = F(x)u,
=0
KBAa31IOXiTHA.

Po3rastHeMO mMO310BKHI KOJHBAHHS CTPICKHIB

[E.F(x)Z—Zj

x e (xy:x,), £ (0;+00),

o%u

0
—p () —
ot

Ox

0, 47

3 KpPAaHOBHMH YMOBAMH
[1] _
u(xy,0)+ u-(xg,f) = 1),
P1U(xg.0) + pia 1(o )=yo ) fe[0:490). (48)
21005 0) + a5, 1) =, (1),

SIKi BBAYKAIOTHCA JIHIHHO HE3ANIC)KHHMH, Ta IOYATKOBHMH
YMOBAaMH

u(x,0) = @g(x),

%f(x, 0) =g (x), &2

xe[xp:x,]1,

e py. 4y G.j=12) - crazi, yo(), w)eC(04),
@ (x), ¢ (x) — KyCKOBO-HENIEPEpBHI HA (X:X,,) .

Meroza peaykiii BIAIIyKaHHS PO3B SI3KY 334a4i JCTAIBHO
omucaHui, Hampukiuad, B [2, 3]. 3rigHO 3 MM METOAOM
po3B 130K 3ama4l (47) - (49) myKaemMo y BHIILIAL CYMH JBOX
(yHKIIH

u(x, ) =w(x,H+v(x,1). 350)
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3 w(x,t), BHOCpPEMO

v(x,1)

Onny (yHKIIH,
CIICIATTBHAM ~ CIIOCOOOM,
BH3HAYHAMO OJHO3HAYHO.

HATIPHKTIAN

ToAi  (DYHKLIO BIKE

III. TIOBYZTOBA ®VHKIIT w(x,t)

Bm3raunmo (QyHKWiFO w(x,f) [K PO3B’SI30K KpaHOBOI
3agaq

(F(0)-wy)yx =0, Gbh

(1 -
w(xy) + w(xg) = 1),
P11w(Xo) + P12 1( 0) =¥o(0) Fe[0490) . (52)
Do)+ () =y (1),
3ayBayKHMO, IO 3MIHHA [ TYT BBAKAETHCS MAPAMETPOM.

B ocHOBI MeToxy po3B’a3yBaHHA 3amadui (51), (52) mexxuth
KOHIICTIIII S KBA3IMOXiTHHX [4].

w
Ll

MO3HAYCHDb KBasiaudepeHuianbae piBHAHHA (51) 3BOIUTHCS 10
€KBIBAJICHTHOI CHCTEMH TU(PEPEHIIATIHUX PIBHIHD NEPIIOTO
TIOPSAKY

Beenemo Bexktop :{ J . e will = F-w, . 3a Takux

1
Fx) .
0

!

Wy = (33)

0
IMix po3s’s3koMm cucremu (53) po3yMmMieMo aOCOMFOTHO-

HCTNICPCPBHY BCKTOP-(DYHKLIFO W(x, f), mo 3a 3MIHHOK X
ChpaBKye ii Matke Ckpi3h (auB. [4]).

Kpaitosi ymoBu (52) 3amumemo y BeKTOpHiH (opmi

PW(xp.0+Q-W(x,.)=T(t), (54)

P P2 0 0 = wo (1)
P= 0= T()= |
& [ 0 0 ) < [6121 6122) (") [l//z(f))
Hexait

n=1
w(x,t) = Z w; (x,0)0;

i=0

(35)

ac w;(x,1), wl[l] (x,t) BH3HAYEHI HA MPOMIKKY [x;;%X,;,1) .

Ha mpomiskky [x;;x;,1) cuctema (53) HaOyBae BUTIATY
1

w, )Y o W,
) - F . (56)

I
i [1]
0 0 {Wi

Marpuug Komi B, (x, s) i€l CHCTEMH Ma€ BUTTIAA

1
0

bi(x,s)
1

e
r

1

567

Bl-(x,s)z[ FidZZ

1

),/:[e b,-(x,s):f



JIist TOBITBHOTO & > i TO3HAYHUMO

def
B(xk,xl-) = Bk—l (xk,xk_l) 'Bk—Z (xk_l,xk_2)><
XX Bi(X41,%) . (58)

Crpykrypa (57) wmatpump B (X.5)aae  MoxIHBicTS

BCTAHOBUTH CTPYKTYPY MAaTpHIIi (58
k=1
1y Xmil T¥m def
B(x,.,x;)= i im , mpuaomy B(xy,x;) = 1, e
0 1

I — onMHUYHA MATPHULIL.

Po3p 30k cucTeMH (56) Ha NPOMDKKY [x;;X;,;) Mae
BUITIAA

Wi(xat):Bi(xaxz’)'Fia (9
ne P; — NOKH IO HEBimoMuii BeKTOp [1].
AHaNoOriyHO, Ha OPOMDKKY  [x;_1;X;)  MaTuMeMo
Wio1(x,t) = By (x.%,1) - Pi1.
B Toumi x=Xx; ~TIOBHHHA BHKOHYBaTHCb yMOBa

HenepepBHocTL W (x;,0) =Wi-1(x;,f), B pe3yabTaTi 4Oro
OICPKUMO PCKYPCHTHE CITiBBiAHOIICHHSA

Pi=B_(x,.%_1) Pi-1. (60)
MeToaoM MaTeMaTHYHOI iHAYKIT, 3 (60) 0aepKyEMO
Pi =B(x,,%)-Po. 61)

ae Po — MOYATKOBHI (HCBITOMMIT) BEKTOP.

Jns 3HAXOKEHHS Py BUKOPHCTOBYEMO KpailoBl YMOBH

_ def __
(54), B axux mokmazeMo W (xy.t) = Po,

_ def __ _
Wix,.t) = Wn-1(x,.t) = B(x,,xy)Po.

Tomi [P+Q- B(x,.x,)|Po =, sBimn onepryemo

Po=[P+Q-B(x,.x) | -T. (62)
O0uncIIMo
K 1 o, + .
[P+0 - B(x,. %)l 1:_[6121 n 14922 Plz), e
A =921 P
n—1 n—1 _ def
X, X,
anzbm(xmﬂaxm)zzua og =0,
— — F
m=0 m=0 m

A= p11(9216, +922) — 921712 # 0.
Toni i3 (62)
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1

A

wo(r)
. 63
[ )[Wz(f)) (63)

Ha ocaoBi opmym (59), (61), (63), micna NCPETBOPCHB,

9219, + 422
421

—P12
P11

OTPUMAEMO 300pa’KeHHS BEKTOp - (PyHKmii W, (x,f) Ha
TPOMDKKY [X;;%;,1)

Ilepma koopauHATA BEKTOpA W, (x,1) B (64) 1 € IyKAHOIO

1
0

b (x,x;)+0;
1

Wi(x,t) = [ -Po. (64)

¢dyHxuiero w; (x,1) . Omke,

1
w; (x,1) = K((qZIGn + g o @ — pray; O+

+(b, (X.X%,)+0,) - (=qawo (O + Py (1)) . (65)

[Miacrasmmoun BuEpa3 (65) y (55), OTpUMYEMO PO3B’° 30K
HA BCbOMY IPOMIKKY [X(:X,,].

IV. TIOBYJIOBA ®VHKITT v(x,f)

Jammmemo MimaHy 3amady o1 QyHKmi  v(x,f).
[Miacrasmmoun (50) B (47) Ta BpaxoByHOUH, IO (YHKIISL
w(x,t) 3am0BomsHAE (51), OACPKYEMO HCOTHOPITHS PiIBHAHHSI

[F(x)%] p

x e (xy:x,), € (0;+0) .

0

Ox

TE a2

E o2 (66)

>

[MiacraBumo (50) B mouaTkosi ymMoBH (49). OacpKuUMO 1S
({yHKIT v(x,f) TTOYaTKOBI YMOBH

v(x,0) = Qg (x),

xe[xp:x,], (67)

15
a—f(x, 0) = @y (x),

def def

ow
a6 Polx) = @ole)~wln0), D)= u(8) =550}

Ockimpku  yHKIi w(x,f) CHPaBIKYe KpPaWoBI yYMOBH
(52), To i3 (50) BHNIMBAROTH KpaiioBi ymoBHm Al (DyHKIIi

v(x,1)

Omxe, 32 YMOBH, IO PO3B 130K w(x,f) 3amaui (51), (52) €

[1] _
+ =0
Priv(xg) + Pyt (x9) =0, e [0:40).

1 (68)
aav(x,) + g (x,) = 0,

BimoMuM, (OYHKIISA v(X,f) € pO3B’I3KOM MIIMAaHOi 3aaa4i (60) -
(68).
V. METOZ ®VP’€ TA 3AJIAUA HA BJIACHI 3HAUEHHS

Jua piBHAHHA (66) POSTIAHEMO BIAMOBIAHC OXHOPiTHE
PIBHAHHSA



Py o

[F(x)%j . (69)

E 52 ox
3HaleMo WOT0 HETPUBIANBHI PO3B SI3KU Y BUTILLIL
v(x,t) =sin(ot +g)- X (x), (70)
Je @ — TmapaMmerp, & — KOHCTaHTa, X(x) — NOKH WIO
HCBiAOMA (DYHKITISL.
[MiacraBumo (70) B piBEaHEL  (69).  OzpepxumMo

KBa3iauepeHIianbHe piBHAHHI
(F(x)X’(x))' +o? F(x)X (x)=0,(71)

2_P 2
ac o =—o".
E

[Migcrapupmu (70) B ymoBH (68), OACPKHMO KpaHOBi

YMOBH

Sk 1 Bume, mig po3s’s3koM piBHAHHA (71) po3ymiemo
aOCOJIOTHO-HENEPEpBHY Ha [X(;X,] OyHKUWio X(x), mo
CHpaBKY€E HOTO MAIKe CKpi3sh [4].

X (i) + pra XM (xg) =0,

i (72)
41X (5,) + g XM (%) = 0.

uhsd »_[ X
BeiBmm kBazinoximay X! = FX', Bekrop X = 0]
X
o L
Ta Matpuni A = F |, 3amumemo 3amaay (71)-(72) y
—a?F 0
MATPHIHOMY BHTJLATI
X =4-X (73)
PX (%) +0X (x,)=0. (74)
BesmocepenHbOI0  MEPEBIPKOK0  IEPEKOHYEMOCH, IO

Mmatpuusg  Komri @i(x,s,a)) cucreMu (73) HA TIPOMIKKY

[x:x,,) Mae BUTILA
sino(x—s
coso(x—s) # o
@f(x,s,a)): ok, ,de a=o B
—aF sina(x—s) cosa(x—s)
Amnanoriveo, sk 1 B Qopmym (58), mozHAUNMO

def i
B(x,.xg.0) = T1 Bi—; (X j415%— > @) . [To3HAIMMO TAKOXK
7=0

def n—1
@(x,xo,a)) = Z@i(x,xl-,a))-@(xl-,xo,a))-9,-, (75)

i=0

(asamor MaTpuni Komr Ha BCbOMY IPOMIKKY );
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def (‘b b
B(x.xp,0) = [ 11(?) 12(0))}. (76)
by1(@) by (@)
HerpusiamsHuil  po3s’sA30K }(x,a)) cucremu  (73)
% = = (C
mykaemo v Burmam X (x, @) = @(x, X.0)-C, me C = [CI) _
2

JICSIKUI HEHYTbOBUI BEKTOP.

Bekrop - (yHKIis }(x,a)) MAa€ CIPaBIKYBATH KpPaHoBi
ymosu (74), T00TO [P-@(xo,xo,a))+Q-@(xn,x0,a))J-E:(_),

BpAaxXyBaBIlH, IO @(xo,xo,a)) =/ , puiiaemMo 10 piBHOCTI

[P+Q-@(xn,x0,m)]-5=6. (77)

JUia  iCHYBaHHA HCHYJIBOBOTO BCKTOpA C B a7
HEOOXIiTHO 1 TOCHTh BHKOHAHHSI YMOBH

det[ P+0-B(x,.x0.0)|=0. (78

Konkperuzyemo BHTILIT TiBoi YACTUHH

XapaKTEPUCTHIHOTO piBHAHHESI (78),
Mmatpuub P, Q 1a (76)

det[ P+0-Blx,. %0.0) | = P11 (@21b12(@) + g2ba () -

BPAXyBABIIH BHIILT

—P12 - (q1b11(@) + 271 (@) -
CdopMymOeMO HACTYIIHE TBCPHKCHHS.

Teepuxennn 1. Xapaxmepucmuune pignanna 3aoaui Ha
enacti snavenns (71), (72) mae uenso

P11 -(q1012(@) + qoabyy (@) —

=12 (@161 (@) +qppbp1 (@) = 0. (79)

SAx Bimomo (muB. [5]), KOpeHI @; XapaKTEPUCTHYHOIO

piBHAHHA (79), AKi € BIaCHAMH 3HAYCHHAMH 3a1a4i (71), (72),
€ JOTATHUMH Ta Pi3HUMHU.

Jls1 3HAXOKEHHS HEHYIbOBOTO BekTopa C MIICTaBHMO B
piBHicTh (77) @, 3amicts @ . Toxml MpHHAEMO A0 CHCTEMH
PiBHAHB

P11+ PGy =0,
(gnbi1 (@) + gabr1 () - Cy +
+(g21b12 (@4 ) + qpbpp (@) - Cy = 0.

(80)

Ockimpkn BHKOHYETBCA (79), TO cuctema (80) 3BOIUTHCA
a0 piBHAHHA  p; G+ ppCy =0, 3 AKOr0  3HAXOAMMO

KOODIMHATH BekTOpa C TpH TCBHEX TPHIYIICHHAX HA
koedimieatn MaTpuui P p;; #0, 1o mokmasmm Cp =1,

» _ [Pz
maemo C) =82 10610 C = P
m 1



Hexait Xt (x,®;) — HeTpHBiaJIbHUH BIACHHH BEKTOP, IO
BIANOBIAA€ BIACHOMY 3HAYECHHIO @ .
TBEPUKCHHSL

CrpaBeTHBEM €

TBepAKeHHS 2. Bnacni gexmopu cucmemu
oughepenyianvrux pienanv (73) 3 kpatiogumu ymogamu (74)
Maoms CmpyKmypy

}k(x,a)k) :@(x,xo,a)k)-a, kel .

Hacaigok. Bracni X (x,0p),

Xi(x.0p),

DyHKyil K neputi

KoopouHamu 8eKmMopis

sanucamu y 8uensLoi

8JIACHUX MOIHCHA

X0 =(1 0)-Bee,xp,00)-C, k=12,3.... 81)

n=1
Sokpema, ockimbku X (x.w;) =Y Xp,(x.0p)-6; . 10 3
i=0
(75) ta (81) BumuBae, mwo

Xpi(xop) =1 0)-Bi(x,x;,0) Bxyx,01)-C. (82)

i=0,n-1.

VL. TIOBY/IOBA PO3B’SI3KY v(x,t) MIIIAHOL 3AJTAUI (66) - (68)

Juia po3s’sa3aHHA 3amadi (660) - (68) 3aCTOCYEMO METOX
BIacHuX (PyHKUi# [3], AKHH moNATaE B TOMY, IO PO3B 30K
3agadi (66) - (68) mMyKaeMo y BHTTLATI

v, )= Y T - Xp(x.0p)

(83)
k=1
ae T (t) — moxu mo HesigaoMi yHKI.
. 2w .
Ockinbku ——~ BXOJWTb B MPaBYy YaCTHHY PIBHAHHA (66),
ot

TO po3BmHEMO ii B pag ®Pyp’e 3a BIacHEUMH (PYHKIIIMH
X} (x,0;) xpaiiosoi 3amaui (71), (72)

[}

62
oS () Xy (xop).
k=1

ot B

[Miacrasmmoun BUpa3 (83) y (66) Ta Bpaxosyroum (84),
OTPHMAEMO PIBHICTH

> 10 (FOOXE (o)) 2P0 Y1 (1) Xe(x.o) =
k=1 k=1

= LE@) Y w0 X (x0p)
k=1

Bpaxosyroun, mo BaacHi  QyHkmii X, (x,@p)
3a10BOTBHAIOTH PIBHAHHA (71), MPUXOAUMO A0 PiBHOCTI

[}

SO +0f T () +w () L E@)-X, (va,)=0. (85)
E
k=1

390

IMomHOKHMO TTiBY i mpaBy 4yactuuu (85) Ha X j (x,0 j) Ta

NPOIHTCIPYEMO 32 3MIiHHOK X HA NPOMDKKY [Xo:x,).

BPAaXyBaBIIN OPTOTOHAJBHICTD BJACHUX (DYHKIIH, IPHXOAUMO
JI0 KOYKHOTO 3 Au(pepeHIiaTbHIX PIBHIHB

T O +wf T, () =-wp (1), k=1,2.3,.... (86)

3arampHUH PO3B’SI30K  KOXKHOTO 3 Au(epeHmiaTbHUX
piBHAHB (80) Ma€ BHTIIAT

t
1, (1) = ap, cost +d, sinwgt —Lj.sina)k (t—s)-wp(s)ds
Dk
0
(87)

ae a, d, — HeBigoMi craii [6].
1!
IToznauumo I(H)=— J. sinw, (t—s)-w; (s) ds .
Dk
0
3ayBaskumo, mo [(0) =0, /;/(0)=0 [7].
JAnd BHM3HAUECHHA CTamUX ap, d; PO3BHHEMO B DAIH

Oyp’e 3a BracHUMH (PyHKIiAMH X, (X,®;) TpaBl YaCTHHU
TOYaTKOBUX YMOB (67)

Dy(x) =D Dy - Xp (x.0p),

(88)
k=1
Dy(x) = Dy Xy (x.mp) . (89)
k=1
ae Dg 1, Py, — BianosigHi koedinientu Oyp’e.
3 (87) BummBae, mo
7, (0)=ay, (90)
T, (1) = —ap oy, sin oyt +dywy, cosapt — 1, (1),
3BIIKH
T (0) = dyay . o1

3 (83), mepmoi ymoBH B (67), Ta BpaxyBaBmu (88),

Y T1(0)- X (xwp) =D Bp - Xy (v
k=1 Je=1
3BiAKH, BUKOPHCTOBYIOUH (90), Mmaemo 7, (0)=a; = Dy ;..

OICPIKYEMO

Amnamoriuno 3 (83), apyroi ymoBH B (67), BpaxyBasmH (89)

maemo Y T, (0)- Xy (x.0p) =D @y -Xp(x.0). 3pimxm,
k=1 k=1
_ Dy
BUKOPHUCTOBYIOUH (91), 3HAx0AUMO o) = .
@
OTKe, OCTATOYHO OTPHMYEMO PO3B’A30K MIIMAHOI 3aaadi
(66) - (68) y BUTIIAIL pAdY



[ee]
Dy .
v(x, 1) = Z Dy pcoswyt +Lksma)kt—
=1 Gk

t
—L.[sina)k(t—s)-wk(s) ds |- X (x,001) .

y; 0
n=1
Bpaxosytoun X (x,@;) = ZX,”- (x,0,)-0; Ta T, WO
i=0

n=1

v(x,t) = Zv,- (x,0)-0,, me v;(x,f) BU3HAYUCHI HA IPOMIXKKY
i=0

[x:%,,1) . onepxyemo

s8]
Dy .
v (x,0) = Z D kcosa)kt+isma)kt—,
=1 P

t
—ijsmwk(t—s)-wk(s) ds |- X, (x.0p), (92)
O)k 0

ne Qyukuii Xy, (x, @) obuncmroroThed 3a GopMymnor (82).

Bpaxysasom (65), (92), otpuMaeMo po3s’ 30K 3a1adi (47)
-142)

n=1
u(x,t) = Z [wl- (x,0)+v;(x, t)] -0; .

i=0
BUCHOBKU

Teopema mpo pO3BHHCHHA 3a BJIACHUMH (DYHKIISIMH
ajganToBaHa I BHNAAKY JAu()epeHIIATPHHX PIBHAHb 3
KYCKOBO-CTAJIUMU (3a TPOCTOPOBOIO 3MIiHHOIO)
KoeirmenTamMu.

391

OtpumaHo sSBHI (QopMymH AT OOYHUCICHHA PO3B A3KY Ta
HOTO KBA3iMOXimHOI 111 Oyap-KOTO MiAIHTEPBajda OCHOBHOTO
MPOMIKKY, AKi € CIPABSIIMBHMH IS JOBLIBHOI CKIHUCHHOT
KIIBKOCTI TOYOK PO3PHBY IEPIIOTO POAY 3TAJAHHX BHIIC
KOC(IIEHTIB.

[epeBarorw MeTOAy € MOKIMBICTh PO3TJIAHYTH 3aJa4y HA
KO’KHOMY BiZPI3Ky pO3OHMTTSI, a TOTIM 3a JOIOMOTOFO
MATPUIHOTO YHUCJIICHHA 3aITHCATH AHATI THYIHHH BHUpA3
po3Bs3Ky. Takuil mAXix JO3BOJSIE 3aCTOCOBYBATH IPOTPAMHIL
3ac00H J0 TPOLICCY BHPIMCHHA 3a7adi Ta rpadivHol
UTFOCTpAIIii po3B’ A3Ky.

3ayBaxuMO, INO  OTPHMAHI  PE3yIbTAaTH  MAKOTh
Oe3nocepesHe NMPAaKTHYHE 3aCTOCYBAHHA B TEOpii KOJIMBAaHb
CTPIKHIB 3 KYCKOBO-3MIHHHAM PO3IOIITIOM ITAPAaMETPIB.
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