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Byonsik T., Cemepak B., Bypnaes O., Ilonomapenko O., IImak JI., Topga O. Hanpyskenuii cran
TPaHCBePCATBLHO-i30TPOIHOTO0 cepe1oBUINA 3i cepoinaibHUM BKJIIOYEHHSIM 32 YMOB HeileaJbHOro KOHTAKTY

IIpocTopoBi 3amaui Teopil MPYKHOCTI i TEPMOMPYKHOCTI € BaXKIUBOIO YACTHHOI CYYacHOiI MEXaHIKU
neOpMiBHOTO TBEPOTO TiNa. X aKTyaNbHICTH BU3HAYAETHCA YHCICHHUM 3aCTOCYBAHHAM Ili€i HAYKH JUTA BUPIlTEHHS
BaXKJIMBUX TEXHIUYHHX 1 TEXHOJOTIUHHX MPOOJIEeM y PI3HUX raiy3sx BUpOOHHUITBa. HeoOXiqHICTh TaKHX HOCIIIKEHb
3yMOBJICHa, IepelyciM, 3HAHHAM MIIHOCTI MaTepiajiB i €JIEeMEHTiB KOHCTPYKLiH. SIk mpaBmio, eKCTpeMallbHi
HANpPYXEHHS JOCATAIOTHCS B 30HAX PO3ALTY (a3, OCKIUIBKH MPAKTHYHO BCi KOHCTPYKTHBHI MaTepialyd HEOTHOPIIHI 3a
CBOEIO CTPYKTYPOIO.

BaxmBoro € mpoOiieMa MOJENIOBAHHS BIAaCTUBOCTEH Mik(a3sHOT Mexi 3 ypaxyBaHHAM pealbHUX
ocobuBocTei! 1i cTpykTypu. OTpuMaHHS JOCTOBIpHOI i MOBHOI iHpOpMaNLii PO PO3NOALT HANPYKEHb B €1EMEHTax
KOHCTPYKI[iil TOB’si3aHe 3 BUKOPHCTAHHAM ©(EKTUBHUX AaHAJITUYHAX 1 YHCIOBHUX METOMIB pO3B’SI3yBaHHS
MPOCTOPOBHX 33]1a4 T€OPii MPYHKHOCTI.

VY mpocTopoBHX 3amadax Teopil MPYKHOCTI 1 TEPMONPYKHOCTI IS TPAHCBEPCAIBLHO-130TPOITHUX TLT PO3B’ 30K
IPE/ICTABIAETLCS Yepe3 MOTeHIialbHI (QYHKI], SKi € FapMOHIYHUMU Y CIlellialbHO BUOPaHUX CHUCTEMax KOOpIMHAT.
Ile cyTTeBO 3MEHIIIye MaTEMaTU4H] TPYJHOLL, SIKi BUHUKAIOTb ITiJl 94aC PO3B’sI3yBaHHSI KOHKPETHUX KpaloBUX 3a/1au.

OcTaHHIMH pOKaMH 3’ SIBUJIUCH MyOJIIKaIll K BITYM3HSHUX, TaK 1 3apyOKHUX BUCHHX, B SKHX PO3IIIAAAIOTHCS
3aja4i Teopil MPYKHOCTI i TEPMONPYKHOCTI JUIs 130TPOMHOTO CEpeoBHINA B YMOBaX HEIJCaJbHOTO MEXaHIYHOIO i
TEIUIOBOTO KOHTAKTiB. 30kpeMa, y mpausax A. T. Ymirka, 0. M. Hemima, H. E. KauanoBcbkoi Ta iH. po3riisaaoThCs
ocecuMmeTpuuHi 3aaaui. OHAK AT TPaHCBEPCAILHO-130TPOIHOTO TijIa 3 BKIIOUEHHSIMHU KaHOHIUHOT (hOpMHU PO3B’SI3KH
TakuX 3aJia4 Maibke BificyTHi. Ha BiIMiHY BiJ poaHaIi30BaHMUX 3a/1a4 IS 1/1eaIbHOr0 KOHTAKTY, PO3B’ 30K OCTAHHIX
OTPUMYETHCSI HE B 3aMKHYTOMY BHIJISII, a 3BOAUTBCS JO pPO3B’S3yBaHHS HECKIHYCHHHUX CHCTEM JIHIHHUX
anreOpaiyHuX piBHSHB.

BaxnuBi pesynbratu B LbOMy HampsiMi oTpumani B pobGotax . C. Ilizctpuraua, FO. M. Iloginbuyka,
moOy/0BaHI TOYHI PO3B’SI3KM MPOCTOPOBHX 3aJad Teopii MPYKHOCTI 1 CTATHYHOI TEPMOIPYKHOCTI y chepuuHii,
W HAPUYHIN, cdepoinanbHii, mapaboiuHii Ta iHIIUX CUCTEMaX KOOPIUHAT.

HageneHO MOCTaHOBKY 3ajadi Teopil MPYXKHOCTI MPO PO3MOALT HOPMAJIbHUX, MEPHUIIabHUX 1 KPYrOBHX
HAaIPy>KeHb TPaHCBEPCAIbHO-I130TPOIHOIO CEPEJOBUIIA, SIKE MICTUTh aHI30TPOIHE BKJIIOUEHHS y (opMi CTHCHYTOrO
cdepoina npu piBHOMIPHOMY BCECTOPOHHBOMY CTHCKY, 3aJICKHO Bijl FeOMETPil BKIIIOYCHHS.

Ha ocHOBi oOTpuMaHMX pO3B’A3KIB NPOCTOPOBUX 3afad Teopil NPYKHOCTI 1 TEpMONPYKHOCTI ISt
TPaHCBEPCATLHO-130TPOITHOTO CEPEIOBHIIA 31 CTHCHYTHM C(epoilallbHUM BKIIOYEHHSIM B yMOBaX HeigeaIbHOTO
MEXaHIYHOTO 1 TEIJIOBOTO KOHTAKTIB JOCIIJHKEHO PO3IMOJILT TEPMOHAIIPYKEHb SIK y CEPEAOBUILI, TAaK 1 Y BKIIOYCHHI 32
Il TOBUIBHOTO JIHIHHOTO TEMIIEPATypHOTO i CHJIOBOTO MOJiB. OTpUMaHO iHXEHEepHiI (HOPMYIH IS PO3paxyHKY
KOHIIEHTpalii Hapy>XeHb Y CepeIOBHUINI Ta BKJIIOUEHHI 32 PI3HUX MEXaHIYHUX HaBaHTaXXEHb — CTHCKY, PO3TATY, 3CYBY,
3THHY Ta KPYYCHHSL.

KuouoBi cioBa: moteHianbHi QyHKIT, TpaHCBEPCAILHO-I30TPONHE CEPEOBHIIE, HEilealbHUH KOHTAaKT,
cdepoin, moJst HampyKeHb 1 TePMOHANPYKEHb.

Bubniak T., Semerak V., Burnaiev O., Ponomarenko O., Shpak L., Hovda O. Stress state of a
transversally isotropic medium with a spheroidal inclusion under imperfect contact conditions

Spatial problems related to the theory of elasticity and thermoelasticity play a significant role in the modern
mechanics of deformable solids. Their importance arises from the numerous applications of this field in addressing
critical technical and technological challenges across various industries. Research in this area is primarily driven by the
need to understand the strength of materials and structural components. Typically, extreme stresses occur at the phase
interface zones, as nearly all structural materials exhibit heterogeneity in their composition.

Modeling the properties of interphase boundaries while considering their actual structural features is a crucial
task. To obtain reliable and comprehensive information about stress distribution in structural elements, effective
analytical and numerical methods must be employed to tackle spatial problems within the theory of elasticity.

In spatial problems pertaining to the theory of elasticity and thermoelasticity for transversely isotropic bodies,
solutions are expressed through potential functions that are harmonic in specifically chosen coordinate systems. This
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approach significantly alleviates the mathematical challenges typically encountered when solving particular boundary
value problems.

Recent publications from both domestic and international researchers have addressed issues related to the
theory of elasticity and thermoelasticity for isotropic materials, particularly under conditions of imperfect mechanical
and thermal contact. For instance, the works of A. T. Ulitko, Yu. M. Nemish, and N. E. Kachalovska explore
axiometric problems. However, there are limited solutions available for transversely isotropic bodies with inclusions of
canonical forms. Unlike the analyzed problems involving perfect contact, the latter cannot be solved in a closed form
but instead requires the resolution of infinite systems of linear algebraic equations.

Notable advancements in this field have been achieved by researchers such as Ya. S. Pidstryhach and Yu. M.
Podilchuk, who have constructed exact solutions for spatial problems related to elasticity and static thermoelasticity
across various coordinate systems, including spherical, cylindrical, spheroidal, and parabolic configurations.

The current study addresses the distribution of normal, meridional, and circular stresses in a transversely
isotropic medium that contains an anisotropic inclusion shaped like a compressed spheroid, subjected to uniform all-
around compression. This analysis depends on the geometry of the inclusion.

Building on the solutions derived from spatial problems of elasticity and thermoelasticity involving a
transversely isotropic medium with a compressed spheroidal inclusion, investigations were conducted into the thermal
stress distribution within both the medium and the inclusion. This was done under the influence of arbitrary linear
temperature and force fields. Engineering formulas were developed to calculate stress concentrations in both the
surrounding medium and the inclusion under various mechanical loads, including compression, tension, shear,
bending, and torsion.

Keywords: potential functions, transversally isotropic medium, imperfect contact, spheroid, stress and thermal
stress fields.

IMoctanoBka  mpoOJjemu.  [IpocTopoBi  PYXKHOCTI IUIS 130TPOITHOTO CEPEOBHUINA B YMOBaX

3aJia4i Teopii MPYKHOCTI 1 TEPMOTIPYKHOCTI € BaXX-  HEiJeaJTbHOr0 MEXaHIYHOTO 1 TEIUIOBOTO KOHTAKTIB.
JMBOI0 YAaCTHHOIO CydacHOi MexaHiku aedopmi-  3okpema, y mpansx A. T. Yaitka, FO. M. Hewmima,
BHOTO TBepAoro Tima. IX akryanmpHicTh Bu3Haua-  H. E. KawanoBcbkoi Ta iH. pO3TJIsSmaroThCsA OCECH-

€THhCSI YUCIICHHUM 3aCTOCYBaHHSM ITi€]l HAyKW JUIsi ~ MeTpW4Hi 3amadi. OmgHaK i1 TpaHCBEpCaIbHO-
BUPIIIEHHS BOKIMBUX TEXHIYHUX 1 TEXHOJOTTYHUX 130TPOMHOTO Tijla 3 BKJIFOYEHHSMH KaHOHIYHOI

mpobsieM y pi3HHX raiy3sx BUpoOHuUTBa. HeoO-  dhopmu po3B’s3ku Takux 3a1ad Maixke BincyTHi. Ha
XiIHICTh TakuX JOCHi/PKEHb 3YMOBJICHA, TIe- BIIMiHY BiJ TpOaHAai30BaHUX 3ajad ISl i7ealb-
peayciM, 3HAHHSAM MIITHOCTI MarepiajiB 1 eleMe-  HOTO KOHTAaKTy, PO3B’SI30K OCTaHHIX OTPHUMYETHCS

HTIB KOHCTPYKIIii. Sk TpaBmio, eKcTpeMalbHI  HE B 3aMKHYTOMY BHTJIS, a 3BOJAUTHCS IO PO3B’s-
HaNpyXEHHS JOCSTaloThCs B 30HAX pO3ALTYy (a3,  3yBaHHS HECKIHUEHHHX CHCTEM JiHIHHMX anrebpa-
OCKIJTBKH TIPAKTHYHO BCI KOHCTPYKTHBHI MaTepiand  4YHHX piBHsHB [1-3].
HEOJTHOPIJIHI 332 CBOEIO CTPYKTYPOIO. BaxnuBi pe3yiapTaTd B IbOMY HaIpsiMi
BaxmuBoto € mpobnema wmopmemroBaHHS — orpuMaHi B poborax S C. [lizctpurada,
BiIacTUBOCTEN Mik(paznoi mexi 3 ypaxyBanHsaM  HO. M. [loxinbuyka, moOynaoBaHi TOUYHI PO3B’SI3KU
peanbHUX 0ocobaMBOCTel 11 cTpykTypu. OTpUMaHHA ~ NPOCTOPOBHX 3a]ad Teopii MPYXKHOCTI 1 CTaTHYHOI
JIOCTOBIpHOT 1 TOBHOI iH(poOpMAIi TPO PO3MOMIA  TEPMONPYKHOCTI y COHEpUYHINA, IWIIHAPUYIHIH,
Hanpy>XeHb B €JIEMEHTAaX KOHCTPYKIIK MOB’s13aHe 3 chepoigaibHii, mapaboiyHii Ta IHIIMX CHUCTeMax
BUKOPHUCTAHHAM  e(EeKTHMBHHX aHAIITHYHMX 1  KOoOopauHar [7].

YHUCIOBUX METOAIB PO3B’SI3YBaHHA INPOCTOPOBHUX IlocranoBka 3aBnannsa. Haseneno mnocra-
3a/1a4 Teopii MPyKHOCTI. HOBKY 3aJadi Teopii NPYKHOCTI MPO PO3MOJIiT

Y mpocTopoBUX 33aadax TEOpii MPYKHOCTI ~ HOPMAIBbHUX, MEPHIIaJbHHUX 1 KPYrOBHX HAIpy-
i TEPMOIIPYXHOCTI Ui TPaHCBEPCAIBHO-I30TPOI-  KEHb TPAaHCBEPCATBHO-I30TPOITHOTO CEpeOBHIIIA,
HUX TUT PO3B 30K MPENCTABISAETHCS Yepe3 MOTEH-  SKE MICTUTh aHi30TPOMHE BKIIOUYEHHS y Qopmi
IiadbHI (QYHKII, SKi € TapMOHIYHUMH Y CIelli-  CTHCHYTOro cdepoina mpu piBHOMIPHOMY BCECTO-

aIBHO BUOpPAHUX CHUCTEMax KOopAWHAT. Lle cyTTeBO  POHHBOMY CTHCKY Ta [ii JOBITBHOTO JIiHIHHOTO
3MEHIIIye MaTeMaTH4YHI TPYIHOIII, SIKi BHHUKAIOTh  TEMIIEPATypHOTO IIOJISI, 3aJIE)KHO BII TeOMeTpii
OpU PO3B’SI3yBaHHI KOHKPETHUX KpalloBMX 3amad  BKIroueHHS [8].
[7; 10; 11]. Buxaan ocHoBHOro Marepiany. Jlns tpamc-
AHaJi3 OCTaHHIX HOCHiMKeHb i myOsika- BEPCAITLHO-130TPOIHOTO TiJla 3arajbHUI PO3B’SI30K
niii. OcTaHHIME pOKaMH 3’SBIIIMCH MyOJiKamii sk~ PIiBHAHB CTaTHYHOI TEPMOMIPYXKHOCTI MPEICTaBIISI-
BITYM3HSHUX, TaK i 3apyODKHUX BYCHHX, B SIKHX  €THCS Yepe3 MOTCHIIATbHI QyHKIii
PO3TIIANAIOTECS 3314l Teopii Mpy>KHOCTI 1 TepMon-

d Lo}
u=a(¢1—¢2+¢4)+a—;,
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U=£(®1+(D2+(D4 _6_x3 (l)
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00 0P, 00,
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Oynknii Py, P,, D5, D, 3a10BONBHAIOTE piBHAHHSA Jlaruiaca, i

ne kj — crani, siki 3aexaTh Bijl IPY/KHUX 1 TEIUIOBUX BJIACTUBOCTEH Marepiany [4; 6; 9].
Jnst po3B’si3yBaHHS 3a]adi BUKOPHUCTOBYBAJIHMCH CHCTEMH KOOPAMHAT Ul CTHCHYTOro cdepoina
obepraHHS:
X = a; sinfjchn;cos ¢,
y = a; sinf;chn;sing , (2)
z= \/Vjaj cos §;shn; , (j=1,2,3,4),
(0<n; <, 0<0; <m 0< ¢ < 2m),
Jle V; KOPEHI BilNOBIIHOTO XapaKTEPUCTUIHOTO PIBHAHHS
C11Caa V% — (C4a® + C33€11 — (€13 + Caa)?)V + C33¢44 = 0. 3
J11s 301KHOCTI FPaHUYHUX TTOBEPXOHb HEOOXiIHE BUKOHAHHSA piBHOCTEH 11 (1 = 7jo):
aichnyg = azchnye = azchnsg;
a1\vishnyg = a\vashige = a3\/v—35hn30. 4)
YacTUHHUM pO3B’S30K HEOMHOPIIHMX PIBHAHb pIBHOBArd, SIKUM BigmoBigae aii JiHiIHHOTO
TeMITEpaTypHOTO 1MoJIs B cepenosuiti Ty = ax + by + ¢z + d, 6ynyemo y Burisi [5; 12]
[o¢]

1 d
®4(%7,2) = 5 vaks { R [ (24— 2400 50—
Q4
—C sz()(z )
e T

q4
IR H M) 5)

du
(uz—l)A(u)] +

+(Ax+ By) j (2 — 24())?

+
ne z,(W) = ag/u2 — X = uyz o A(p) = pyp?

SIxmio no rpanndHOi moBepxHi cdepoina (17; = 1) NPUKIAIEHO 3yCHILISA 08-, TO PO3B’SI30K 3a/1adi
PO HampyXeHo-NehOpPMOBAHUN CTaH y TPaHCBEPCAITBHO-I30TPOITHOMY CEpeAoBHINI 31 chepoiganbHUM
BKIJIFOUCHHSIM 32 JIii JIIHIKHOTO TEeMITepaTypHOro i CHJIOBOTO IOJIIB B YMOBaxX HEieaIbHOIO TEIJIOBOTO i
MEXaHIYHOTO KOHTAakTiB (KOB3aHHS O€3 BIIPHBY) 3BEICHO JO pO3B’SA3yBaHHS OTHOPIIHUX DIBHSIHb

PIBHOBAru 3 TAKMMH TPAaHMYHUMH yMOBaMH (1; = 7jo) ,j = 1,2,3:

2A(u) '

0_751) 0_752)_{_ 7§qH) (1)+T(q1-1) 0
1 = 0; 1@ 47 (w) _0; r(” _o; (6)

179
(2) + u(O) + u(‘i H) (1) + un
Ianexcom (1) mo3HaueHO KOMIOHEHTH Hapr)KeHL i z[eq)opMauu/I Y BKJIIOYCHHI, (2) — aHAJIOT1YHI BETMIIMHA

y cepenoBuili. [Ipu 1mpoMy HampyxeHO-IehOpMOBAaHUNA CTaH y CEpPEAOBHUINI € CYMOK OCHOBHOIO 1

4.H. Y.H. .
J0JAaTKOBOI'o, BHUKJIHMKAHOT'O HAsBHICTIO BKJIIOYEHHS. BemuumHn O'( ), u( ) OTPUMAHO Ha OCHOBI

n
0 1
YaCTUHHOTO pPO3B’sI3Ky (5), a u() Uy — MEPEeMINICHHS, BHUKJIUKAaHI [i€l0 TEMIIEPaTypHOTO OIS Y

cepemoBunii T, 1 BH3HAYEHOI 3a HUM TeMmIlepaTypd T; Ha OCHOBI TpaHHYHOI 3amadi 3 yMOBaMHU
HE1IealbHOTO TEITOBOTO KOHTAKTY:

92 92 —
(ﬁ'i‘g'i‘%;a )(T0+T)—0 (x €D)
92 a2
(E“La + v, )T1—0 (x € D) @)
(T + T),m, | mo ST |y FBT=To=T)| 4,

(D — 0bnacTh BKIFOUECHHS).
Po3B’s130K OCHIIPKYBaHUX 3a7ad OTPUMAHO Ha OCHOBI 3arallbHUX pO3B’S3KIB 30BHIIIHBOI Ta
BHYTPIIIHBOT 32/1a4 TEOpii MPY>KHOCTI Il TPAHCBEPCAIBHO-130TPOITHOTO CTHCHYTOTO cepoina. Y Bunaaky
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JUHACHUX 1 pI3HUX KOPEHIB XapaKTEPUCTHYHOTO PiBHIHHA (3) MOTeHIiaNbHI (QYHKIIIT MatOTh TaKWH BUTJISIT

[4;13-15]:

oo n+1l

n+m

n(T1) (pj ) Qn+1 (iq))

%y =) )
n=0m=0

P(M) (p])Q(m) (lQJ)
(n-m)(n-m+1)

] (6; a(]) cosmy +

i2n+1) (n+m)(n—m+1)_

b(J) sinmg),

(8)

(j = 1,2,3, 61 - 62 = 1’ 63 = —1’1 = _1)

ze P(m) (p), Q(m)(icT]) —npuenHani ¢yHkuii JlexxaHnapa nepuioro i Ipyroro pomiB, iy,

CTaIi.
(6] b(})

Jns Bu3HaueHHS KOCQIIIEHTIB .,

) b, (] ) — HEB1IOMI

3 TpaHWYHUX YMOB (6), TIPUPIBHIOIOYM BHpa3d MpPH

OJIHAaKOBUX TPUTOHOMETPHUYHUX 1 C(bepo'iz[anbﬂnx GYHKISAX, OTPUMAEMO HECKIHYCHHY CHCTEMY JIHIHHUX
anreOpaldHuX PIBHSHD, KA Ma€ CKIAJHUN CTPYKTYPHHU BUTIISAI 1 Ma€ €MUHUA PO3B 30K, SKHH 3HAHICHO

METOJIOM PEIYKIIii.

Ha puc. 1 1 2 HaBeieHO KOHIEHTpAII0 HAMPYXEHb i CHEepoifalbHOrO BKIFOYEHHS Pi3HOT

.. b . . . N 0
reometpii — = 0,4; 0,6; 0,8, koiu Ha HECKIHICHHOCTI 3a1aHO OJHOBICHHI CTHCK, TOOTO O, = —C; .
a
<
o L
Lols ///
N = L~
0 AN Zﬁ
o 1
—1.0 2.0 \R\\
— RS
_ iy
2.0 1.0 -
—-3,0 0
b b
nD==0.4 D= =04
N7 A A N D g
4 22 —o0,5 2)2=0,5 -~
—-5.0 = -2.0 &
B T 2
V1 3)3:0,8 3)£L0~8
a | a |
0 15° 30° 45° 60° 75" @ 0 15° 30° 45 60" 75° @

Puc.1. Xapakrep KoHIEHTpallil HOpMAJIBHHUX Ta
KPYrOBHX HaIpy>KEHb
Fig. 1. Character of concentration of normal and
circular stresses

BucnoBku. Ilpu opHOBiICHOMY CTHCKY
B3710BXk oci OZ HOpMaJIbHI Ta KPyroBi HAIIPyXECHHS

0, 1 0, (auB. puc. 1) nepeposnoALISIOTECS U

0 =35-36°, crioctepiracThes MEpeXia Bix posTs-
TYBAIbHUX 10 CTHCKANBGHUX HaNpyXeHb. 3MiHa
3HAaKa MEpUIiaIbHUX HAPYXXeHb O, (OuB. puUC. 2)

mae micue npu 0 = 60°. Ilpu 36inbnIeHHi BigHO-
menns D/a oceit chepoina B3mosx OZ i OX KoH-
[IEHTpAIlisl HAIIPY)KCHb CIaJIaE.

Y pa3i piBHOMIPHOTO BCECTOPOHHBOTO
CTHCKY MiHIMaJbHI CTUCKAIBHI HANPYXXCHHS JIOKa-
TI3YIOTBCST OIS TOJIOCAa BENUKOI OCi BKITIOYCHHS.
MakcuManbHOrO ~ 3HAYCHHS ~ HOPMajbHI  Ta
MepuaianbHi Hapy>KeHHS AOCATal0Th Ha IOMIOCI
MeHIIoi oci cgepoina. HampykeHHsS MaiOTh CTHC-
KaJbHUI XapakTep 1 3pOCTaroTh MpHU 3MCHIICHHI
BIJHOILICHHS Oceit cdepoina b/a.

Ha ocHOBi oTpumaHuX pPO3B’S3KiB NPOCTO-
POBHX 3a7ad Teopii MPYKHOCTI 1 TEPMOIIPYKHOCTI
JUIL TPaHCBEPCATBHO-130TPOITHOTO CepelOBHIA 3i
CTHCHYTHM C(epOoiTaTbHIM BKIIOYCHHSIM B YMOBaX
HElIeaIbHOr0 MEXaHI4HOro 1 TEIJIOBOr0 KOHTAKTIB,

Puc.2. Xapaxrep KOHIEHTpalil MepHUiaIbHAX
HaIpy>KeHb
Fig. 2. Character of meridional stress
concentration

JIOCITI/DKEHO PpO3MOALT TEPpMOHANpPYKEHb 5K Y
CEPEeJIOBHIITI, TaK 1 y BKIIOUYCHHI 3a Jil JTOBIIBHOTO
JIHIAHOTO TEeMITepaTypHOro 1 CHJIOBOTO ITOJIIB.
OTpuMaHO iHKEHEpHI (GOPMYTH UL PO3PAXyHKY
KOHIICHTpaIlli Hanpy>XeHb y CEpeIOBHINI Ta BK-
JMIOYEHHI 32 PI3HUX MEXaHIYHUX HAaBaHTaXECHb —
CTHUCKY, PO3TATY, 3CyBY, 3TUHY Ta KPYYEHHS.
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