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Tepuoninvcokuli HayionanbHull mexHiunuil yHigepcumem imeni leana Ilynios
METOIUKA PO3B’SI3AHHS 3AJJAY TEPMOIIPYKHOCTI JJISI TPAHCBEPCAJIBHO
I3BOTPOITHOI'O LIAPY I3 KOHHEHTPUYHUMU KOJIOBUMMU JITHISIMU PO3ALITY
I'PAHUYHUX YMOB

3anpononoeano MemoouKy 00CniONHCeHHA HANPYHCEHO20 CIAHY NPYIHCHO20 Wiapy Npu 6Paxy8aHHi menioooMiny i3
HagKonuwHin cepedoguuiem. /[Ina demoncmpayii po3poonenoi MemoouKu po3e’A3aHo  3a0ayy MepMONPYyIHCHOCmi 01
MPAHCEEPCAILHO [30MPORHOZ0 WAPY RPU HAAGHOCMI HA 11020 2PAHUYHUX NIIOWUHAX KON0GUX JIHI PO30INY ZPAHUYHUX YMOE
012 memnepamypu ma i3 6paxy6aHHAM Menaoo00MiHy Midc U1aPOM | HAGKOTUWIHIM cepedosuuiem 3a 3akonom Hvlomona.

Knrouosi cnosa: nanpyoswcenns, mpanceepcanbHo [30mponnuil wiap, Mmenniosuii KOHmMakm, meniooOMiH 3a 3aKOHOM
Hbvromona.
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I'.B. I'a6pycesn
METOIUKA PEHIEHUSA 3AJJAY TEPMOYIIPYT'OCTU JJ151 TPAHCBEPCAJIBHO
HU30TPOITHOI'O CJI0S1 C KOHUEHTPUYECKUMUA KPYT'OBBIMU JIMHUSIMU PA3JIEJIA
TPAHUYHBIX YCJIOBUH

IIpeonoscena memoouka uccned08aHUA HANPANCEHHOZ0 COCIMOAHUA YNPY2020 CNLOA RPU yYeme MennoodmMeHa ¢
OKpyscarouieirt  cpedoit. /Ina  Odemoncmpayuu pazpadomaHHoul MemooOuKu peuleHa 3a0aua MmepmMoynpyocmu  0na
MPAHCEEPCATILHO UZOMPONHO20 CI0A NPU HATUYUN HA €20 NPedeNbHbIX NI0CKOCHAX KPYy206bIX JIUHULL PA30ena 2PAHUYHBIX
YCI06UIl 011 MEMNEPAMYyPbL U C YUEm oM Meni000MeHa mexcoy cioem u oxkpycarouieii cpedoii no 3axony Hoeiomona.

Knrouesvie cnosa: nanpssicenue, mpanceepcanbo u30mponHwlil Cou, Meniosol KOHMAKm, menioooMer no 3aKOHY
Hbvromona.

H.V. Habrusiev
METHODS OF SOLUTION PROBLEMS OF THERMOELASTICITY FOR TRANSVERSAL
ISOTROPIC LAYER, WHEN CIRCLE LINES OF THE BOUNDARY CONDITIONS
DISTRIBUTION ARE AVAILABLE

In modern engineering many constructions, machine parts and device units operate under sufficient heat loads.
Thermal stresses, which occur, can be of critical values and be crucial while structural designing. That is why the problems of
thermoelasticity, which became of special importance in the middle of the last century [1, 2] are actual nowadays. The
objective of the paper in question is the development of the method for the investigation of the stress state in the axis-
symmetric problems of thermoelasticity, when the distribution lines of the boundary conditions of the 3-d order are available
for the temperature on the boundary planes of the transversal isotropic layer.

To demonstrate the developed method the problem of thermoelasticity for the transversal isotropic layer, when three
circle lines of the boundary conditions distributions for the temperature are available, has been solved. Plane-parallel,
transversal isotropic layer of the finite thickness 2N has been analyzed. The boundary plane of the layer are considered to be
parallel to the isotropy and free from the external loads. Heat exchange according to the Newton law takes place between the
points of the layer boundary planes and external environments, three lines of the boundary conditions distribution of the 3-d
order for the temperature as the concentric circles being available on the upper layer boundary plane. The temperature of the
external environment, which correspond different areas of the boundary planes, are different. Heat-exchange coefficients
between the layer points and external environments are different too.

To solve the problem the main equations and relations of the thermoelasticity theory for the transversal isotropic
bodies obtained in the papers by W. Novatsky [3], has been used.

When the boundary conditions of the problem are provided, the system of integral equations is obtained. To solve it
the unknown function as the segment of the generalized Fourier’s series according to the Bessel’s function is introduced. The
system of linear equations relatively unknown coefficients has been obtained. The system was built so, that the more the
number of its equations is, the more accurate the solution of the task is. That is, taking advantage of the developed method,
the problem of thermoelasticity can be solved with the preliminary defined accuracy.

To demonstrate the developed method the numerical example has been analyzed. Expressions for the functions of
temperature and stress distributions in the layer have been built. Using the obtained functions the effect of the environment
temperature and conditions of contact with the layer on the temperature distribution in the layer, as well as on the value and
nature of stresses inside the layer, has been analyzed.

Key words: stresses, transversal isotropic layer, thermal contact, heat exchange according to the Newton law.

Beryn. Himmii psn 3agad y ramy3i OyJQiBHHITBA Ta MalNIMHOOYAYBaHHS TPU3BOIATH JIO
HEOOXITHOCTI PO3B’sA3aHHS 3aja4 TEPMOIIPYXNKHOCTI. Y MpoIeci BU3HAYCHHS iX PO3B 3Ky HEOOXiJHO
3’sICyBaTH THTaHHSA MPO BIUIMB TEMIIEPATypHHUX TIONIB HA PO3MOJUI HANpyXeHb, HA PO3MIpH 00JacTi
KOHTaKTy TOIIO. baraTo BITYM3HIHHX, Ta 3aKOPJOHHUX HAYKOBIIIB PO3TIISIAH 3aJladi TEPMOINPYKHOCTI
[1-6]. Benukwii iHTEpec 0 TaKOro TUIY 3ajlad B MEpIIy Yepry MOSCHIOETHCS THUM, IO TEMIIEpPaTypHi
HaTpYXEHHS, SIKI BHHUKAIOTh Yy TPYKHUX TLTAaX IMiJ] BIUIMBOM 3HAYHHMX TEMIIEPATypHHX TPaJli€HTIB,
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MOXYTh HaOyBaTH KPUTUYHUX 3HAYCHB 1 BiJIirpaBaTy BUPINIAJIbHY POJNb MPU PO3paxyHKaX Ha MIIHICTb.
OkxpiM caMOCTiIHHOT IIHHOCTI, 33/1a4i TEPMOINPYKHOCTI BiJliIrpaloTh BasKJIMBY POJlb, SK OJHA 13 CKIIAJOBUX
HIMPOKOTO KoJia 3a/1a4, 30KpeMa KOHTAKTHHX.

VY 3B’3Ky 3 IUM 3a/1a4i TEPMONPYKHOCTI, SKi HAOYIH OCOOTMBOTrO PO3BUTKY B CEpPEIMHI MUHYIIOTO
CTOJIITTS, HE BTPA4yarOTh aKTyaJbHOCTI JIOCI, a TOMY HOTPeOYIOTh PO3pOOKH HOBUX 1 BJIOCKOHAJICHHS
ICHYIOUHMX METOJIMK PO3B’sI3aHHSL.

MeTo10 3anponoOHOBaHOI POOOTH i € PO3POOIICHHS AITOPUTMY JOCHIPKEHHS HAPYKEHOT'O CTaHy
MPY)XKHOTO Mapy B 3ajJadaxX TEPMOIPYKHOCTI 3a HASBHOCTI KOHIEHTPHUYHUX KOJOBUX JiHIM poO3imy
TPAaHUYHHUX YMOB JIJISl TEMITEPATypH Ha HOTO MOBEPXHi.

IlocranoBka  3amaui. Jns  geMoHCTpalii  po3poOiieHOI  METOIUMKHA  PO3IITHEMO
IUIOCKOTIApaelibHUi, TPAHCBEPCAIBHO 130TPONHUIA 1Iap CKIHYSHHOI TOBIUMHKU 2/ . BynemMo BBakatu, 1o
IPaHWYHI TUIOMIMHYU IIapy HapajeibHi 0 IJIONIMH 130TPOIil 1 BUIbHI Bil 30BHIIIHIX HaBaHTaKeHb. Mixk
TOYKaMH TPaHUYHUX TUIONIMH IIAapy 1 30BHINIHIM CEPEJOBHUINEM 3/iHCHIOETHCS TEIUIOOOMIH 3a 3aKOHOM
Herotona. [Ipu oMy Ha 000X TpaHMYHHX TUIOMIMHAX IIAPY € TIO TPH JIiHIT PO3ALTY TPAaHUYHUX YMOB LTSI
TEeMIIepaTypy y B KOHIEHTPUYHHUX Kil. Temmeparypa 30BHINIHBOTO CEpPENIOBHINA, IO BiIOBiAaE
pi3HUM 00JNACTSIM I'PaHUYHMX IUIOMIMH, K1 BIJOKPEMIICHI JIIHISIME PO3JILUTY — pi3Ha.

3adikcyemo tmmiHaApuuHy cucremy koopauHat (O,r,,z) Tak, o6 KOOpAWHATHA IUION[MHA
z=0 cniBnagana 3 CEPEeOMHHOI0 IUIOIIMHOW Inapy. Bicek (OZ HampaBUMO MEPICHIUKYISAPHO 10
IPAaHUYHUX TUIONIMH, PIBHSAHHS SKHX BiJHOCHO BHOPaHOI CUCTEMH MaTHMYTh BUIVISL Z=Hh Ta z =—h

(puc.1).
A

1 2 3 4
z Té) Té) Té) Té)

(8) (7) (6) )
T 179 T
Puc. 1. Po3paxyHkoBa cxema

I'pannuni yMOBH ISl TEMIIEPATYpH Ha BEPXHIN IPaHWYHIN TUIONIMHI IAPY MATUMYTh BUTJISIT

aa_TZ—kl-(T(r,m—TJ”), ra<r<n,
Z

i=14,1r,=0,n=a,rn=b,1rn=c,r=o. (1)
Ha HuxHii —
oT :
E:kj(T(r,—h)—Y})(”), v, Sr<ry,

j=58.7,=0,r=a, 1,=b,, r,=c,, =0, b))

OCKiTbKY TPaHWYHI TUIONIMHY APy BiIbHI BiJ] 30BHIIIHIX HABAHTA)XEHb, MATHMEMO:
o, _(r,xh)=0,0<r <oo;

o_(r,th)=0,0<r <oo.

€Y

© I'.B. I'abpyces



Mioncsysiecoruii 30ipnux "HAYKOBI HOTATKH". Jlyyek, 2014. Bunyck Ne44 41

Tyr T =T(r,z) € QpyHKIi€O pO3MOALTY TEMIIEpATypH B Iapi; To(l) — TeMIlepaTypa 30BHIITHHOTO
CepeloBHINa BIHOCHO oOnacTeil TpaHUYHUX IUIOIIMH, BiTOKPEMJICHWX IHISIMA PO3IiTy TPaHUYHUX
yMoB; k; — KkoedillieHTH TeMI000MIHY MiXK IApOM Ta HABKOIMIIHIM CEPEIOBHILEM.

Buxonsun 3 TpaHMYHHX YMOB 3ajad, MOTPIOHO BU3HAYUTH PO3IOII TEMIIEPAaTypH, a TaKOXK
HaTpyXeHb, 10 BUHUKIN y mapi. s 1poro BUKOPUCTAEMO CIIBBIIHOIICHHS TEPMOINPYKHOCTI JUIS
TpPaHCBEPCAILHO 130TPOIHOrO Tina, 3amporonoBadi B. HoBampkum B ioro pobori [7]. Y pesynbrati
3aCTOCYBaHHS JIO HUX IHTErpajibsHOro neperBopeHHs [ankens [8], orpumaemo

< d * d2 * -
0,.(r.2) = fd, 4, o’ Z(e —5-d of]w(a,zw] (ra)da,
’ @)
2

o (r,z)= —ﬁA33A44ja3 (e* %— da’ ]l/_/(a, z)J,(ra)da,
0

T(r,z) = B[ &’[Cy(a)shusza + Dy(a)chuszall,(re)da, (5)
0

B ocraHHIX CITIBBIIHOIICHHIX BBEJICHO HACTYIIHI MTO3HAYCHHS:

I1+v o , l+v( via 1-v
B = Ay Ay (15 — )5 —155), p=——(a+via'), p'= (2 + aj,

EE'D ED E' E
1 (1 v? V(1+v) 1-v? E'
1= e T o ’A]3:—7’A33:—2’A44:—y:
DE'\E E EE'D DE 2(1+v)
D=1+V,(1_V_2V:2]984=i3 e*=ﬂﬁ—l,d*=i—ufufﬁ,
EE E E A33 ﬁ A33 A33 ﬁ
gz(a)i a)z—l),a)>1,
A A.—2A4.A, — A
‘u12’3: &2 w=1, ‘uzz%’w: 11453 7RGt
2 2A44\/A]]A33
: \/H“’ii\/l_“’ o<1,
2 2

l/_/(oc, z)= z [C ; (a) sh ( U jza) +D; (0{ ) ch ( Mz )] — TpancdopmaHTa ['aHKEIS TEPMOIPYKHOTO
=135
norenuiany, C;(a), D;(a) — neBinomi QyHKuii, WO BH3HAYAIOTBCS TPAHUYHUMH YMOBaMH 3ajadi;

Jo(roc ),J] (roc ) — ¢yukii beccens meprmoro poxy; E Ta Vv — MOAyNb MPY:KHOCTI Ta KoedimieHT

I[Tyaccona ais muomuH i3orpomii; £'ta v' — niug manpamky Oz . Anasnoriuno o ta o — koedinieHtu
JIHIAHOrO TEMITEPATYPHOIO PO3IIMPEHHS, @ A Ta A’ — KoedillieHTH TEMIOnpPOBiIHOCTI.
Temnepatypna yactuHa. Bumararoun BUKOHAHHS TPaHUYHHMX YMOB 3ajaay jajs Temmeparypu (1)

Ta (2), OTPEMAEMO CHCTEMY iHTEerpaJbHUX PIBHAHB BinHOCHO HeBinomux ¢ynkuiii C(a), Ds(a):

BJa* (C. ()0, (o) + Dy (o) R () Jy (re ) =k Ty, ., <7 <1

i=14,r,=0,n=a,rn=0b,1r=c, =0, (6)
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Bla*(Cy ()0, (a)-Ds(a)R, ()], (ra)da ==k, 1, <7 <r;

j=58,1r=0,r=a, 1r,=b,r=c, b=2; (7)

O, () = usachpsha + kshpsha , R ()= usashusha +k chusho .
[Mpomosxkumo cmiBBinHOmeHHss (6) mpu =4 Tta (7) mpu j =8 Ha BCIO J0JaTHY IMiBBICH

0 <7 < +o00. Jlyst ipOTO BBEAEMO JIBI HEBiOMI (QYHKITIT x(r) Ta y(r) :

BIO{S (€. (@), (o) + Dy (@) Ry (@)]J, (rar)dex =
=k [n(r-c)+x(r)n(c-r)], 0<r<+o; (8)

BJa*[€,(@)0,(a) - D. () Ry () ], (rer) da -

0

KLY [n(r=e)+y(r)n(e,=r)], 0<r<+o. ©

Tyt n (x) — ¢ynxuis [eicaiina.
Bubepemo HeBigoMi QyHKIIIT y BUIIISII BIIPI3KIB psLy:

N N
x(r):1+2anJo(cLyn], 0<r<e; y(r):1+2ano(cLyn], 0<r<e,, (10)
n=l1 1 2

n=1

ne y, — nonatHi kopewi piasHHEA J(x) =0; a, Ta b, — HeBinomi KoedinieHTH.

3acrocoBytoun 70 criBBigHOIIeHH (8) Ta (9) dhopmyny o0epHEHHS IHTErPaJbHOIO MEPETBOPCHHS
lankens, oTpuMaeMo cHCTEMY ABOX JIHIHHMX anreOpaiyHuX pIBHSHBb BIIHOCHO HEBIOMHX (YHKILIH
Ci(a)ta Dy(cr). Po3B’a3aBIuy oTpUMaHy cUCTeMY, OyIeMO MaTH:

@)= 3 X" () @) "
X(T)(a)_kBJ;“[ Z“ v (7,)e (‘Zﬁ)(z y)z},

®)
y(T)(a):_kT { me 7,” c;%jﬂ)}

(e:a) -7,

Tyt A, (Oc) =0, (OC)R8 (Oc) + 0, (a)R4 (Oc) , 0 (a) — nenbra GyHkuis [ipaxa.

Koedimientn posxiaaay (10) Oyaemo miykaTv, BUMararodd BHUKOHAHHS CIIBBITHOIICHB (6) mpu

i=1L3, ta (7) nmpu j=35,7. TloMHOXHUBIIKH iX OOHIBI YACTHHH Ha rJO(j/qr) , q=LN i
HPOIHTErpyBaBIIM OTPHMaHi criBBigHOomeHH: o 7 Big 0 1o ¢, ta Big 0 10 ¢, BIANOBIAHO, OTPUMAEMO

CHCTEMy BiZTHOCHO HeBinomux a, Ta b, .
3a nonomororo criBBigHOMIEHb (5) Ta (11) oTpuMyeMO GYHKITIIO pO3MIOALTY TEMIIEpATypH B IIapi
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)=kl S ) . R

al,(c,a)J, (ra)
Cr

kT [k (z+h) +1]+kT [k z—h) +1]

N 0
+k8T0(8)an7/nJ] (yn)czzsz (a,z) do+

2hk kg +k, + kg
\
K](a,z)—AOEZ; h( poz) + 8 h( pyerz)

CuiioBa yacTuHa. Bumararoun BUKOHAHHS TPaHHYHUX YMOB (3) OTpHUMAaEeMO CHCTEMY YOTHPHOX
JIHIHHUX PIBHSAHB BIJTHOCHO HeBiI[OMI/IX C(a), D(a), Ci(a), Dy(a), po3B’5[3aBm1/1 SIKYy MaTHMEMO:

(¢ =) flupe) (s =) flugpn)
Gl =6l ”—d)f(u;,up GO CD Y e

o(us, 1, Q)
O(y, 1y, )

(s, y,0)

(
P(pts, s, ) , Dy(a) = D(Q)Ee
e

(
D, (a)=-D,(a (e ) )
(@) ==Ds( )( ~7) &)

fp;,a) = uich(uiah)sh(ujah) —,ujch(,ujah)sh(,uiah),

o, p;,0) = uish(uiah)ch(ujah)—,ujsh(,ujah)ch(,uiah).

BukopucroBytoun criBBinHomenns (11), orpumaemo dopmymnu st OOYUCIECHHS KOMIIOHEHT
TEH30pa HaTPyKEHb:
* 2 *
ﬁ(e ps-—d )

o.(r.z)= X
(= ) (s — 13)

[ S M L et

K a) 0,(a) }cfa]o(cza)Jo(ra)

kT b F(a,z)- D (a,z > —da |,

+ Z}‘, W (7,) ﬂ @) (e, 2) A (@) (a,2) ) —(r,) a
ﬁ(e*,usz_d*) y

(pts = 1)) (s = 155)

[ S s et

o,.(rz)=-
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Ohe T R, () . RAG . cad,(c,a)d,(ra)
R o N R s e

Fa,2) = sh(pza )~ L2 g gy S Wss @)

sh(pza),
S (s, ) P a7
d)](oc,z):ch(/,tszoc)—wch(u]za)—wch(u3za),
Py, 1y, ) Py, 1y, 00)
S (s, 15, 0) S (s, 5 )
F,(a,z)=uch(y,za) —————————uch(yuza)—————=u.ch( u,za ),
2 )y )y M)
» , ) ,
D, (a,z)= /,tssh(/,tszoc)—Mu]sh(u]za)—m%sh(%za) .
Py, 1y, ) Pty by, )

Uncaori mnpuxkiaagu. [lpoBeneMo  IOCHIIKEHHS  BIUIMBY  HAsBHOCTI  CTAI[ilOHAPHOI'O
TEMIIEPATypHOrO TOJs, SKE Ji€ Ha TPaHWYHI IUIONIMHU INapy, Ha BEJIMYMHY Ta XapakTep pPO3MOILTY
Hampy)XeHb Ta TEMIIEPATypH B IIapi Ha MPUKIAIl TPaHCBEPCAIbHO 130TpomHOro MarHi. KoedimieHTu
U, i=1,3, n1a nanoro matepiany, MatoTh Taki 3Hayenus: 4, =1.388395, p, =0.705194.

[Tapamerpu TemIepaTypHOro Ol BAOEPEMO HACTYITHUMH:

a,=0.4,b,=0.6,c,=1,a,=05,b,=08,c,=1,h=1,T, = 100;

ky =k, =1k, =5k =k, =k, =k, =k =0.0];

3
I
>

=
I
>
I

W= =1 =17 =1V =08-1,, 17 = T, 1Y = 0.1,

15 \
M
o2 T -

0 0.5 | 1.5 r

Puc. 2. Po3nonin Temneparypu B mapi

Ha puc.2 300paxkeHo po3moain temieparypu B mapi. Kpupi 1 Ta 4 BIANOBIAAaIOTh BEPXHIiH Ta

. . . . 1
HIDKHIM TPaHMYHUM TUIOMIMHAM [Iapy, 3 — CepeANHHIN TUIONIHHI, a 2 — IUIOIIMHI mapy npu z =—/.
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A

o
1
0.4\\\\
N % o)
02 T N\ ’
3

I
N\ )

N 2§><

0 0.5 1 L.5

0 * 0
Puc. 3. Po3noais Hanpy:keHb C_ B mapi

AR

2 2 2 2
Ha puc.3 306paskeno rpadik 6e3po3MipHOi BETHIHHE O = (1 " 'L;] )(Hf 'u3(3)
ple'u’~d kT

LTFOCTPYE pO3IOIiI HOpMaJbHUX HANPYKeHb BeepeauHi mapy. Kprea 1 BiANoBigae cepeAMHHIN MJIOMIMHI

1 1

mapy, 2 Ta 3 — IIOIKHAM [Iapy MpH Z = Eh Ta Z= —Eh BI/INIOBITHO.

(o (I",Z), 110

0.15 / "~ 1

7 |
/r

0 0.5 1 1.5 2

. * .
Puc. 4. Po3nogin nanpy:keib o, B mapi

2 2 2 2
Ha puc.4 300paxeno rpadik 6e3po3MipHOi BeHunEl O, = (45 " 'L;] )(Hf 'u3(3)
B(eu’~d" )T,

UTFOCTPYE PO3MOALT AOTHYHUX HAmpyKeHb BcepeauHi mapy. Kpuea 3 BinnoBimae cepeAuHHIN IIIOMMHI

1 1 1
mapy, 1, 2 Ta 4 — mIonMHAM APy MPU Z = Eh , Z= Zh Ta Z= —Eh BI/IMIOBI/THO.

o, (r,z), 110
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BucnoBku. I3 npoBeseHNX po3paxyHKiB BHIUIMBAE, IO SK PI3HULS B TEMIIEPATYPHHUX TTOKA3HUKAX,
TaK 1 Pi3HHIS B YMOBaX TEIUIOBOIO KOHTAKTy 3HAYHO BIUIMBAIOTH HA HANpPYXKEHHUH craH y mapi. Towmy,
TEeMIIepaTypHi HaNpy)KEHHs, BHHUKAIO4i TpPH IOMY, OOOB’SI3KOBO TMOTPIOHO BPaxOBYBATH NpPHU
MPOBEICHHI PO3PaxyHKIB Ha MII[HICTb.

Onwucanuii anropuT™M MOXKHA YCITIIIHO 3aCTOCOBYBATH JUISL PO3B’SI3aHHSI 33724 TEPMOINPYKHOCTI
TIpY Pi3Hil KiTbKOCTi KOHIEHTPHYHUX KOJOBHUX JIiHill PO3JiNy 'PaHMYHMX YMOB Ha MOBEPXHi Imapy. Ix
30UTBIIEHHS TpHU3BENE JUIIe 10 3MiHM piBHAHB (6) — (7) 1 He BIUIMHE Ha CKIAJHICTH IMOJAIBIIHX
BHKJIQJIOK. XapaKTEPHOI OCOOJHUBICTIO JaHOT HAOIMKEHOI METOAMKH € Te, IO 30UIBIICHHS KUIbKOCTI
JOJIaHKIB y criBBigHOMIEHHX (10) MPUBOAUTH 0 MiABUINEHHS TOYHOCTI OIEP/KAHOTO HAOJIMIKCHHS.

BpaxoByroouu BIIHOCHY MPOCTOTY Ta MOXUIMBICTH peatizailii 3ampornoHoBaHoi meroauku Ha 1K,
BBaXKAI0 JIOIUTFHUM ii BUKOPHCTaHHS MIPU IPOBE/ICHH] iHKEHEPHUX PO3PaxyHKIB.
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