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ANALYTICAL SOLUTION OF PARTIAL TASKS
OF SHEAR WAVE IN A CYLINDRICAL LAYER
(in the case of the constant values y-a +2 =0 and a = )

Abstract. The concept of phase velocity is introduced as the rate of change of the phase medium in studies of
shear wave processes of circular elements in deformable bodies. In the case of harmonic oscillations of a cylindrical
shell, the phase velocity is expressed in terms of the frequency of natural vibrations freely supported along the edges
of the shell, and therefore, the study of waves in a cylindrical layer is most directly related to the problem of
determining the natural forms and vibration frequencies of shells of finite length. The results of this work on one-
dimensional cylindrical waves in elastic and viscoelastic media and rods allow us to study the influence of the
characteristics of the material of the media on the wave fields in the material. The problems of the theory of
viscoelasticity have recently attracted the special attention of many researchers and engineers in connection with the
use of polymer materials in various industries.
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FORMULATION OF THE PROBLEM
Let a shear cylindrical wave propagate in an clastic inhomogeneous transversally isotropic
cylindrical layer. At the moment t = 0, the tangential stress pulseo,,.or the displacementu,, but
changing in coordinate 6.
We solve the problem in dimensionless variables
_ bt R Uy

T = r=—; u=-— 1
m (1)

where 1y - 1s the inner radius of the layer; b - is the shear wave velocity.

Hooke's law in an elastic inhomogeneous medium has the form

ou
Ozr = Mg (T‘) ;;

10u
Oz = H2(T) e @
The equation of motion reduces to the following
00z | 108059 , 1 _ 2 0%2u
or r 06 T r Ozr = ’O(r)b 73 3)

Substituting (2) into equation (3) we obtain the basic equation, which has the form
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%u [l_l_ ] du | 1 pp(rd%u _ b2p(r) 8%u 4
ar2 r owmlor T r2u,(Meez T u () ar2 )
Let the boundary conditions for this problem have the form
Oz = fm(7) cos(mB)forr =1 4)
Oz = Oforr = 1y (andry > 1) 6)

In addition to the boundary conditions, it is necessary to specify initial conditions that are zero in our
problem, i.e.

ar

=0 =0 %)

7=0

Since a linear problem is considered, it is advisable to use the one-sided Laplace transform over
dimensionless time to solve it.
We apply the Laplace transform with respect to T to equation (4) and obtain

B%uy | 1, M@0 | 1%y _ pb®
ar? [r ul(r)] ar ' T (noe? | pu(r) P 10 (3)

The solution to equation (8) is sought in the form

ug = T(r) cos(mo) )]
Flat
Ug = fooo u(r,8,t) e Pidr (10)
Then equation (8) takes the form
°T(r) | 1, p(M]3T()  [mPu(r) | p(Mb* 5 _
e+ 7 ul(r)] ar [r2u1(r) ) P Jrey =0 (D

In the future, we will assume that the in homogeneity of the medium has the form
() = por® () = morf; p(r) = por? (12)
0

Moreover, b2 =£2: 4 By — constants.
5 B 14

Then equation (11) takes the form
r2T"(r) + r(1 4+ )T’ () — (m?rf~%yZ 4+ p? V") T(E) = 0 (13)

Here y2? =12
H1io

Suppose that y — a + 2 = Oanda = 5.
Then equation (13) takes the form

r’T"() +r(1+ )T () = [yim? + m?|T(r) = 0 (14)

The general solution of equation (14) is equal to

a a? a a?
T = Clr—(;+ /p2+Y12m2+<T> n Czr—(;— p2+y12m2+<7> (15)

The boundary conditions of the problem in the images takes the form

dT _ fmo(P) _

= T ot mpu r =1 (16)
aTr
E = OHpI/IT =N (17)
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The constants C 1 and C 2 are determined from the boundary conditions (16) - (17) and have the

form

me (p)

C1 = . 2 e p2+y12m2+<£>
pob?(5 + JPZ +yim? + (Z)[1 -7, ]
-2 p2+y%m2+<%>

Jmo(P)T; ( 1 8)

. -2 p2+y§m2+<‘2—2>
pob?(5- /p2+1/12m2+<“7>[1—7‘1 ]

C2:_

Substituting (18) into (15), we obtain

2 a a?\ _ 2,022, (&%
& fpoerined(2) & fpeermee(2) 2 fororimeo(%
r r T

az ﬁ)

-2 p2+y%m2+< ) -2 p2+y%m2+<
“ I ' @ 2102m21 (@ *
Gt pi+yim +<T>[1—r1 1 G JpP+rim +<T>[1—r1 ]

_ fmo(P)
r= pob?

or

_(g_l_ pZ +y2m2 +<£> o2
rozN * -2 /p2+)/12m2+<7>
rl

bZ
Po n=0 (% + \/p2 EE y12m2 + (%2)
a a2
r_(T\JPZJ%ZmZJr(T) -2(n-1) /p2+Y12m2+<aTz>
T.

- 1
a a?
<—+Jp2+yhn2+(—)>
2 4
2 2
—[lnr+2ninr] /p2+y12m2+aT e—[lnr+2(n+1)lnr1] /p2+y12m2+a7

_ fmo(p)r—% € _ (20)

pob? — a 2 z
=0 | G+ JPZ +yim?+ (%) G+ JPZ +yim? + (%)

We mtroduce the notation

@, = Inr + 2ninr ;
@, =—lnr+2(n+1inny

a? 2
% e—<p1(r)1/p2+yfm2 +— o2 (r) (P2 H+yim2+—

T_fmo(p) &
_Tr i 2 - 2
PV R\ Er prarm 4 @) Er o rvime + ()

2
[—wl(r)1/p2+yfm2+“—
e 4

T (r) = =
(54 Jpeerim+ ()

ey

Then (20) takes the form

Considertheexpression
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a2
=1 [p?+yim2+7] © ” 1

- =) ' 2 @2)
Jpz +y2m? + (%) k=0 (JPZ +ym? + (S )k

Wedenote

2 a?
elmP1™ [p2+yim2+7]

Fio = —;
a
J p>+yim? + ()
(23)
e[—ml(r)1/p2+vim2+“72]
Fip = =
o
(J p? +yim? + (T )+t
There is a relation
) &— o
Fiz = [, o 2O R 0dg; Py = [ ) Fiodg
_ (e [E-ea(M)? , _ (@ [E-eam)F?
Fiz = f(pl(r)z—llFlode wFrg = f(pl(T)WFlodg (24)
Then expression (22) takes the form
« [ ay? (® [§ = g ()]
T,(r) = Fio— Pl f Fiod¢ + (E) f 1—,1F10d§
©1(7) @1(1) '
a 3f°° [§ — p1(0]? ayk (2 [§ =@ (]!
- = ——————Fjpdé+ -+ = f ——Fodé+ -
@) oy 2 @) woy (k=1
_ a al§ —pi(] a2 [E— o (M]?
A e e
[‘P1(T) ]k i
a\k=1[§ — @ (]
or
a o —(3)E-em
T1 = Fio = <P1(r)e G- )F10df (24)
Let
@2(1) p2+y%m2+<%2>}
e
T2 = > =
%+ p2+y12m2+<a7>>
-2 p2+y%m2+<“72>]
_e 1 (25)

= PERICL
B 24 02m2 e (%2 n=0%2 202m2 [ @\
pA+yrmi+{—- (yp+yim2+(—-)
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2
o[m 0200 P2 +vim2+]

FZO = > j v (26)
2 2 inn o
v+ ()

We denote

2
o702 P2 +yim?+]

Fop = =
(Jlo2 +y2m? + ()t
As previously put
o [E-@a(r)] e
Fyp = f(pz(r)l—!zeodfi F2 = f(pz(r) Fy0d¢
(27)
_®  E-em)? ) _ (@ E-em)Ft
Fos = oy 2 F2odds o Fa = o )"0y Faodé
Consequently:
« [ a? (2 [£ = 9i(r)]
—T2(r) = Fo o) f Frod$ + (E) f 1—,1F20d§
) '
2(r) 2 )
ad (® =0 ay [© = @m]
+ ~ f —F20d§+“'+ ~ f —F20d§+"'F20
@ Joy 2! @ pn (k=D
alf —@(N] a2 [ — o ()]?
~ | jor G
@2(r) o
&\ k1§ = gp (14! @[ @k
+(3) S Wads = Pt Pty | e GOEEOpar @g)
@2(7r)
Thus, the expression for T takes the form
= f’ﬁfb(—f)r'(g) Zn=0 {Fl" 2o © O g + g +
I % J‘(;Z(T) e_(;)(f_‘Pz(T))FZOdf} (29)
Inverting the expression in p, for the displacement u (r, 0, t) we obtain
(m8) > [ f
w00 === [ 1he-5 | e OR a6 - £t
Po -
n=0¢,(r) @1(r)
n, T ¢
o a Qe o
w3 [ Rty [ OBl £t (30)
n=0¢,(r) @2(1)
Where

~ 2
Fio = Jo J7 +m2r{ 12 = 9] (H (T — 1 (1)
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~ 2
Fyo=Jo aj + m2y12 R T2 — <P§(T)H(T —1(r))

n, = [‘r—_lnr];nz _ [‘r+lnr] -1 (1)

2Inry 2Inry

Thenumbersn; andn,show the number of cylindrical waves diverging and descending, or incident and
reflecting from the boundary r; = raffecting the point r in the perturbed region, depending on the
dimensionless time 1.

Similarly, we can obtain expressions for the stresses o,,.and 0,9.

Or = 15 (ol 1y @ = O 2 dE = L Fr = 9y (] = Sl @ — ) S22 -
~flr = @1 (M)]cos (mo)} (32)
O = mptzor ™ 7 = e (s [P0 — 2e 20 IR ag] (e — dg + + 0 ouylF20 +
e e 0Oy a81 1,z — £)dE | cos(md) sin(mo) (33)

Consideraparticularcase.
Fory, = 1theshearmodulusisy;g = fyq shence the solution for an isotropic medium, i.e. the
propagation of shear cylindrical waves occurs in an isotropic medium and forF; o, Fyowe get:

Fro = Jo /% +m? - 7~ gZOH(t — 9, (1)
Fao = Jo /% +m? - 7 GFH(t — 9, (1) (34)

Fora = Oandf (7,0) = %005(9)1'1(5): expressions (31)
Take the form

F10 = Jo(my1y rZ— ‘P%(T)H(T — ()
’on = Jo(my,y/ e — <P§(T)H(T — (1) (35)

Formulas (30), (31) and (32) give an exact solution to the problem, taking into account the entire
complex wave picture.

JL.C. Kannb6aena!, A K. Cmaxanosa!, K. Kann6aikennr',
M.M. Jlinimaxanosal, JI.Y. Taiimyparora®, A. K. Ceiirmyparon!

"KopkbIT ATa ateiHaarsl Kpi3buiopaa MeMiekeTTik yaupepcuteTi, Kespiuopaa, Kazakcran,
I1. EcenoB aTeHAArsl Kacmuii MEMJICKETTIK TEXHOOTHS JKOHE HEOKMHAPHMHT YHHBEPCUTETI, AKray, Kajakcran

OUIUHAPJIIK KABBIKIIIA TATHI BITBICY TOJKBIH/JIAPBIHBIH
JAEPBEC ECEBIHIH AHAJIMTUKAJIBIK HIEHITMI
( TYPARTBI MIHI ¥ — a + 2 = 0 oHe & = f maMachl JKaFaaiibIHAA)

Annotamust. JlepopManusIIaHATBIH ACHEJNCPACT]I JOHTEICK 3JICMEHTTEPAIH BIFBICY TOJIKBIHBI ITPOICCTEPIH
3epTTeYaC, (ha3ablK KBUTIAMIBIK YERIMBI (DA3ajIbIK OPTAHBIH ©3TepPy KbLIIAMIBIFBL PeTiHAe eHrisimeni. LlmmmHapmik
KaOBIKTHIH TAPMOHMKAJBIK TEPOCIICl sKarAanbIHAa, (Da3aliblK KbUTIAMIBIK KAOBIKTHIH IICTTEPIHAC CPKIH TIPEIreH
TepOEIIiC )KAULTIMEH CHUNIATTANAIbI, COHABIKTAH IIMHAPIIIK Ka0AaTTarbl TOIKBIHAAPABI 3EPTTCY APKBLIBI Y3BIHIBIKTAFbI
KaOBIKTapAsIH TaOWFH (POPMATAPBI MCH TCPOCTIC JKHUNTIHC TikeneH OaMmaHbICTHL. JKYPTi3iireH sKYMBICTBIH
HOTIOKECI OIp enmeMal OWIHHIAPIK TOJKBIHAAPABIH CEPIIMIL JKOHE KaOBICKAK OPTanarbl, MIBIOBIKTAFHI,
MATEPHAIAFbl TOJNKBIH OPICIHIH XapaKTEPHCTHKACBHIH 3EPTTEYTe MYMKIHAIK OCpei.

Kenreren 3eprreyiepac TOMKBIHAAPIBIH CHIIATTAMAIAPHIH AHBIKTAY YIIIH 9ICTTE CKi 9iC KOTAHBLIA B

1) opranbH Oenrim 0ip YaKsIT MOMCHTIHE COHKEC KCIICTIH JIC3AIK KYHi 3epTTemeai.

2) KapacThIPBUIBII OTHIPFAH HYKTE/IE JICHEHIH KYHi YAKbITBIHBIH ©3TCPYiH 3EPTTCY.
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KapacThIpbibIn OTBIPFAH 3EPTTEYJNICP JKYHE MATCPHANBIHBIH PCOJOTHSIBIK KACHETTEPIH ECKEPE OTBIPHII
JKYPTI3ICE HEMCCE KOPIIAFAH OPTAHBIH aifHaTachIHAA 00j1ca, OHAa OYJI PeONTOTHAIBIK KACHCTTCPAl KOpceTedi, Oy
dmicTepai KOIAHY aUTAPJIBIKTAH KHBIHFA COFaAbl. MyHmal >karaadiapaa, KOMIUICKCTI (Da3alibIK KBLITAMIBIKTHIH
PCOTOTHAIBIK MAPAMETPICPi, TSPOCIIC KHULTITIHIH HAKTHI MOHIACPI eCenTeNe Ii. Byt sKyMBIC Ka3bIKTHIK MICH TOHTCIICK
3MEMEHTTEPIH TOIKBIHIBIK MPOLCCTEPIHIH TYPAKTHUIBIFBIHBIH JUHAMHUKACBHIH 36PTTEYTC APHAIFAH, COHBIMCH KaTap
KabaTThl, CepIiMi >Ka3bIKTHIK OCTIHE KO3FANATHIH >KYKTEMEICPIIH 3Cepi Typaibl Ma3bIKTHIK CCENTEPl, CHI3BIKTHI
eMec achopManuanapaaH OONATHIH KCPHEYJCPIIH 3aHBI KApaCTHIPHLUEAH. Bynm eCenTiH KOMAAHOATBLIBIFBI COJ
JUHAMHKAIIBIK CCCTTCPI MCTITY TiH OPTYPJIi CAHIABIK AATOPHTMACPIH ’Kacay YIMiH KOTAAHBLIAIBL.

JehopManuANAHATEIH OPTATAFBl  OPTYPJL HCPHOATHI KOHC TCPHOATHI CMEC KO3FAIBICBIHBIH OACTBHl MOHI
KapamaiblM TapMOHMKAJBIK THITETl >KA3BIKTHIK TOJKBIHIAPBI, ONAPIABIH dCEPi OCBHI OCTKE >KAKBIH OPHAIACKAH.
Conmpikran Pene Tapaly TOJKBIHBIHBIH €ceOiH KapacTelpa ajambl3. JKapTeumal »Ka3bIKTBIKTAFbl MATCPHAIIBIH
KO3Fajblc TEHACYl MOTEHOWANAA @, TOJNKBIH TCHIACYJICPIMCH cHmarramanel. KypeabIMaapael  Hemece
KYPBUIBIMIAPABI K00amay KE31HAEC MaHBI3ABI MAPTTApAbIH Oipi — KYPBUIBIMAAPIBIH TYPAKTBUIBIK >KAFJaWbl MCH
3MEMEHTTEPI ECKEpLIe .

Ercp Y3BIHOBIKTBIH JOHICICK CCPIIMIOI ©3CTiH KApPACcTHIPAThIH Oo0jcak, Ocarimi Oip yaKeITTa INTAMHBIH
YIUTApbIHA MHTCHCUBTIIIKTIH OCBTIK CBIFBUIATHIH P(f) KYIIl KOJTZAHBIIAABI JeT O0JDKAHMbI3. JIOHTeNeK MBIOBIKTHIH
TYPAKTBUIBIKTHI KOFANTY bl MATEMATHKAJIBIK TCOPHS HETI31HAC KOHE TOHTEIICK 63CKTIH KOJICHEH TepOeIici HeTi3iHAe
seprreneai [3]. Ocel Moceeaepre CYHSHE OTHIPHIN, OFAH KAJIBIITH HEMCSCE aHHAIMAITBL BIFBICY KCPHEY1 KOJITAHBLIFAH
Ke3ae, KaTaH HeMece AcopMAIMANAHATHIH IMCKAPATAPMCH INCKTCITCH CepmiMOi KaOaTTBIH TepOCHiCiHIH KeHOip
AKCHMCTPHSATBIK MOCCTICTICPIiH KapacThIpaMbl3. KapacTHIPBUIBIT OTHIPFAH MOCCICIICPIIH MICIHIMICPI HHTCTPAIIBIK
TYPICHIIPYACPIIH KOMETIMECH KOOPANHATA JKOHE YaKbIT OOMBIHIIA ATTBIHFAH.

Tyiiin ce3aep: e OpPMAIMAIAHATHIH ACHE, BIFBICY TOJKBIHBI, TCPOCITIC, MUIHHAPIIK TSPOCIIC, CHIPHIK.

JI.C. Kaunfaepa'l, A K. Cmaxanopa!, K. KaunGaiiksiser',
M.M. luummaxanoral, JIY. Taiimyparosa®, A. K. Ceiitmyparosn!

'KbI3BUIOPIMHCKHI TOCYIAPCTBEHHBIN yHuBEpCHTET UM, KopkeirAta, Kessuopna;
ZKacnuiiCKuii TOCYAAPCTBCHHBIN YHUBEPCHTET TEXHOIOTHI 1 urkuHuprara uM. [11. Ecenosa, Akray, Kazaxcran

AHAJIUTHYECKOE PEHIEHUE YACTHbBIX 3AJAY CABUI'OBBIX BOJIH
B HWINHAPHYECKOM CJIOE
( MpH packJajie NOCTOSIHHBIX By Y —a@+2 =0una = f)

Annotanust. [Tpu Hccne0BaHUAX CABUTOBBIX BOJHOBBIX ITPOIIECCOB KPYTOBBIX JJIEMEHTOB B AC(OPMHPY EMBIX
TENaX BBOAMTCS MOHATHE (PA30BOI CKOPOCTH KaK CKOPOCTH M3MEHEHHUS (pa30oBoi cpexpl. B ciaydae rapMOHHUIECKHX
KOJICOaHHH TUIHHAPHYCCKOH 0001M0uKkH (ha30Bast CKOPOCTh BBIPAXKACTCA USPE3 HaCTOTY COOCTBCHHBIX KOJICOAHMIA,
CBOOOJHO ONEPTOH MO KpasM OOOJOYKH, M MO3TOMY HCCJICAOBAHWE BOJH B IIUIMHIPHICCKOM CIOE HMEET CaMOc
MPAMOEC OTHOIICHHE K IpoOsieMe ompeneieHus COOCTBEHHBIX ()OPM M 4acTOT KoIcOaHWH 00O0IOUYEK KOHEYHOH
mmmHbl.  [IpoBoamMble B TaHHOM padOTE Pe3yibTaThl MO OJHOMEPHBIM IIUIMHIPHYCCKHM BOJHAM B YIPYTHX H
BA3KOYIPYTHX CPEAAX M CTEPKHAX MO3BOJIIIOT HCCICAOBATh BIHAHHE XapPAKTCPHCTHK MATSPHANA CPEA HA BOTHOBOCS
TOJIC B MaTEepHaJe.

Bo mHOTHX HUCCICAOBAHUAX LI OMPEACICHIA XaPAKTCPUCTHK BOJIH 0OBIYHO TNOCTYIIAKOT ABYMA MCTOJAMMU.

1. MccrmenyeTcss MTHOBEHHOE COCTOSHHE CPEIbL, COOTBETCTBYIOIIEEC HEKOTOPOMY (PHKCHPOBAHHOMY MOMCHTY
BPCMCHH.

2 Hccneayercss H3MCHEHHE BO BPEMEHH COCTOSTHHE PACCMATPHBAEMOTO TEJid B HEKOTOPOH (DMKCHPOBAHHOH
TOUYKE.

Ecmu mccneoBaHUA MPOBOAATCA C YUETOM PCONIOTHYCCKHX CBOWCTB MATEPHANA PACCMATPHBACMOH CHCTEMBI
WIA MMEETCS OKPY’KAIoImas CHCTEMY CPEJa, TAKKe B OOIEM Ciydac IPOSBILIOINAS PEOJOTHYECKHE CBOWCTBA,
HCIOJB30BAHHE JTHX CMOCOOOB 3HAYHTEIBHO 3aTPYJHCHO. B TakMX CIydasx H3y4aeTcs BIHAHHC PEOJOTHUCCKHX
MAPaMETPOB HA COCTABILIIOIINC KOMILICKCHOH (Da30BOi CKOPOCTH MPH OMPCACTICHHBIX 3HAUCHIAX YACTOT KOJICOAHHH.
IMosTomy paboTa MOCBAMICHA H3YYCHHIO THHAMHKH VCTOHYHBOCTH BOJHOBBIX MPOLECCCOB INIOCKHX M KPYTOBBIX
3JIEMEHTOB, 4 TAKKES PACCMATPHBACTCA KJIACC MIOCKUX 33034 O BO3ACHCTBHH TOJBIKHBIX HATPY30K HA TIOBEPXHOCTb
CTIOUCTOH yIpyTOH MOJNYIUIOCKOCTH MPH HCJMHCHHOM 3aKOHC 3aBHCHMOCTH HATIPSLKCHHH OT acdopMaumi. 3agadn
JAHHOTO KIIacca MPEACTABIIOT OONMBIIOW MPUKIATHOH HHTEPEC W, KPOME TOTO, MOTYT CIY>KHUTh 3TAJOHOM IS
pa3pa60T1<H TCX WJIA WHBIX YUCJICHHBIX aJITOPUTMOB IJI1 PCUICHUA JUHAMWYICCKUX 3a4a'.

Cpenu pa3IMyHBIX MEPHOJUUCCKUX M HETICPHOIMUCCKUX JABIPKCHUH Ae(OPMHUPYEMBIX Cpel BA)KHOE 3HAUCHHE
HMCIOT IUIOCKHE BOJHBI IPOCTOTO TAPMOHHYCCKOTO THIA, PACTPOCTPAHSIOMIHCCA MO TMOBSPXHOCTH TENA HIIH
MOJNYIUIOCKOCTH, BIHSAHAC KOTOPBIX OTPAHHYHBACTCA OKPECTHOCTBIO 3TOi mMOBEepXHOCTH. [l03TOMY MOKHO
paccMOTPETh 33a/a4y O PACHPOCTPAHCHHUH BOJHBI Pernest.
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Ecmm paccMOTpEeTs KPYTIJbId YIOPYTHH CTEPIKCHb ATUHBL TO MOKEM IPEANONATATh, YTO K TOPLAM CTCPIKHA B
KAKOH-THOO0 MOMCHT BpPCMCHH MNPHKIAABIBACTCA OCCBAS CHKHMAIOMAA CHJIA WHTCHCHBHOCTH P(f).Iloteps
VCTOIYMBOCTH KPYTJOTO CTEPXHS OYJET HMCCIETOBATHCS HA OCHOBE MATEMATHYECKOH TCOPHH W MOICPEUHOTO
KOJICOAHHSA KPYTIOTO CTCPIKHS, H3JIOKCHHOM B padoTe [3]. Ha oCcHOBE 3THX 3a1ay MOYKHO PACCMOTPETH HCKOTOPBIC
OCECHMMETPHUHBIC 33/1a4d KOJCOAHUS YIPYIOTO CJIOS, OTPAHWYCHHbBIC >KCCTKUMH WM Ac(HOPMHUPYEMBIMA
TpaHUIIAMHU TIPH BOSI[GfICTBI/II/I HA HCTO HOPMAJILHOTO HJIH BPAIOATCIIBHOTO KACATCIIBHOTIO HAIPSKCHHA. Pemenns
paccMaTpUBACMBIX 3a4aY MOJYYCHBI C HCIIOJIB30BAHUCM HHTCTPAJIBHBIX npeo6pa301saHm71 0 KOOPAWHATEC HWIH IO
BPCMCHH.

Kmouernie caoBa; aec(opMHPYEMOE TENO, CABHTOBAs BOJHA, KOJCOAHWS, UHIHHAPHICCKAA 00004Ka,
CTEp’KCHD, BSI3KOYIIPYTas Cpea.
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