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CKIHYEHHO-EJIEMEHTHA MOJEJIb
BEPTHUKAJIBHOI'O PE3EPBYAPA HA )KOPCTKIII OCHOBI

Incmumym mexniunoi mexanixu Hayionanonoi akademii nayx Yxpainu i
[epoicasrnozo kocmiunoeo acenmemea Yrpainu,
sya. Jlewiko-Ilonens, 15, 49005, Juinpo, Vkpaiuna; e-mail: ak_sci@proton.me

VY naHiit cTaTTi po3MIsAAEThCA 3a/iada CKiHYCHHO-CIIEMCHTHOIO MOJICITIOBAHHS BEPTHKAIBHOTO CTAlEBOTO
pe3epByapa 06’emom 20000 KyOGiyHHX METpIB, SIKMI 3a3HA€ BIUIMBY CTATHYHHX HABAHTAXXEHb. 3a3HaYCHA CTPYKTY-
pa Mae IUIIHAPHYHY CTiHKY 3araibHoro BucoToro 17880 MM Ta miamerpoMm 39900 mM. TOBIIMHE HOSCIB CTiHKH
BU3HAYAIOTECS Ha OCHOBI IHXKEHEPHHMX pO3paxyHKIiB MIIHOCTI Ta cTiifikocti. Monenb mnpexacraBieHa y
BICECHMETPHYHOMY BHUIJISII; JOCHIKYETHCS HAMPYKEHO-1e(OPMOBaHHI CTaH LITIHAPHYHOI CTIHKH, IIPOBOJUTh-
sl aHaJIi3 30HM KOHTAKTY IJIOCKOTO JHHMIIA 3 )KOPCTKOK OCHOBOIO MPH PI3HUX MapaMeTpax HaBAHTAXKCHHS — HaJl-
JIMIIKOBOTO Ta TiAPOCTaTHYHOrO THCKIB. Po3poOka Moeri BUKOHYETHCS 3a JOMOMOTIOI0 IPOIPAMHOIO KOMILICKCY
UL CKiHYeHHO-eleMeHTHoro MoxemoBanHs ANSYS Mechanical; BHKOpPHCTOBYIOTbCS TPHBHMIpHI €IEeMEHTH
tunmy SOLID186 ta SHELL281 misi BicecHMETpUYHOrO MOJCTIOBaHHS OOOJOHKOBOI CTPYKTYPH B TPHBHUMIpPHIiH
MOCTAHOBII. J{si MO/IENIIOBaHHS 30HH KOHTAKTY 3aCTOCOBYIOThCS cKiHueHHi enemenTH CONTA174, ski BUKOpU-
CTOBYIOTHCSI JIUISL IOIaHHS PyXoMoi IoBepxHi 31 croponu auuma Ta TARGE170 (3i ctopoHr HepyXoMoi *KOPCTKO1
ocHoBH). Jliist Bepucikarii Mozeni MOPIBHIOIOTBCS pafialibHi epeMilieHHs] 000JIOHKH, OTPUMaHi 3a JONOMOrOI0
YHCENBHOr0 MOJEIIOBAHHS, 3 aHATITHYHO OOYMCICHHMH 3Ha4YeHHAMHU. Po30iKHICTH He mepeBuinye 4 %, 1o
CBITYHUTH NPO A/ICKBATHICTh CKiHUYCHHO-EJIEMEHTHOI MOJENi. AHali3 30HM KOHTAKTy NPOBOJUTHCA AJsI HECTAaH-
JapTHUX YMOB €KCILTyaTamii, TAKUX SK aBapilfHUi Ha/UIMIIKOBUII BHYTpIIIHIN THCK B pe3epByapi (2.5 ta 3 klla
nopiBusiHO 3 2 kIla 3a HOpManeHUX YMOB). Mozienb 30HN KOHTAaKTy "IHUIIE—OCHOBA" 3 OJHOCTOPOHHIM 3B’SI3KOM
JI03BOJISI€ BIZPUB JIHHILA BiJl OCHOBH, IPHU LbOMY Bi0OyBAa€ThCS PO3KPHUTTS KOHTAKTy. [I0BHUI BiApUB JHHUINA BiJ
OCHOBH BiJJOyBa€THCs 32 NIEBHOI KOMOIHAIlIT HJIMIIKOBOT'O Ta TiIPOCTATUYHOTO THUCKIB B pe3epByapi. SMEHIICHHS
BiIpUBY IpH TIEBHUX 3HAYEHHSX PiBHS PiIMHH MOXE MOSICHIOBATHCS 3MEHIICHHSAM e()eKTy BiIPHUBY BiJ Ha UTHII-
KOBOI'O THCKY, NP IIbOMY BOAHOYAC BiIOYBAE€ThCs MPOLEC PO3BUTKY BHYTPIIIHBEOTO BiIPHBY, CIIPUYMHEHHI 3pO-
CTAIOYMM MOMEHTOM BiJ TiAPOCTATHYHOTO THUCKY. BHYTpilIHii BipHB NPU3BOAUTE 0 30UTHIICHHS BEIMYMHH 3TH-
HAJIbHOTO MOMEHTY B TOUIL CMOTyYCHHS CTiHKH 3 JHUILEM, IO IPU MEBHUX YMOBAaX MOXKE MPHBECTU [0 BUHUKHCHHS
IUTACTHYHUX AehopMamiii 3 MoAaIbIINM PO3BUTKOM aBapitHOTO CTaHy.

Kniwouosi cnosa: 06010HKaA, pe3zepsyap, MOOENOBAHHS, OCHO8A, MUCK, CKIHUEHUl eleMeHm, KOHMAKM,
ANSYS.

This study addresses the problem of finite element modeling of a 20,000 m’ vertical steel tank subjected to
static loads. The structure includes a cylindrical wall of total height 17,880 mm and diameter 39,900 mm. The shell
thicknesses of the cylindrical wall are determined according to strength and buckling design standards. The geo-
metric model is axisymmetric. The analysis involves the calculation of the stress and strain fields of the cylindrical
wall and the contact zone between the flat bottom and the rigid foundation under various combinations of external
loads, namely, excessive and hydrostatic pressures. The ANSYS Mechanical software is used for finite element
analysis. Three-dimensional SOLID186 and SHELL281 elements are used for axisymmetric modeling of the shell
structure in a three-dimensional formulation. To simulate the contact zone, CONTA174 and TARGE170 finite
elements are used to model the moving contact surface of the bottom and the fixed surface of the rigid foundation,
respectively. The model is verified by comparing the radial displacements calculated numerically and analytically.
The discrepancy does not exceed 4%, thus evidencing the adequacy of the finite element model. The contact zone
is analyzed for non-standard service conditions, such an excessive internal pressure in the tank (2.5 and 3 kPa
compared to 2 kPa under normal conditions). The unilaterally constrained "bottom—foundation" contact zone
model allows the bottom to detach from the foundation, thus leading to contact opening. A full detachment occurs
under a certain combination of the excessive and the hydrostatic pressure. For certain liquid levels in the tank, the
gap decreases, which may be due to a reduced effect of the excessive pressure. This is accompanied by the devel-
opment of internal detachment caused by the increasing moment from the hydrostatic pressure. The internal de-
tachment increases the bending moment at the wall-bottom junction, which, under certain conditions, may cause
plastic deformations followed by the development of an emergency state.

Keywords: shell, tank, modeling, foundation, pressure, finite element, contact, ANSYS.

Beryn. O60I0HKOBI KOHCTPYKIIT IIMPOKO 3aCTOCOBYIOTHCS Y PI3HHUX Traly3sxX
NPOMHCIIOBOCTI, @ BEPTHKAIbHI pe3epByapH SBISIOTHCS OJHIEI0 3 HAMIONIN-
peHimmx ¢opm Takux cropyxa. Lli imkeHepHiI 00’€KTH BUKOPHCTOBYIOTBCS ISt
30epiraHHs CHUIy4YHX Ta PiAKHX PEUOBHH, 30KpeMa HapTonpoxykTiB. CTaTuCTHYHI
JlaHi, OTpUMaHi IpU eKcIUTyaTalii pi3HOMaHITHUX pe3epByapiB, BKa3ylOTh Ha Te,
IO MEeBHI OcoONMBOCTI iX poOOTHM HE 3aBXKOM aAJEKBATHO BPAaXOBYIOTHCS B
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IHKEHEpHUX pO3paxyHKaX, sKi TIPYHTYIOTBCS TEpPEeBaXHO Ha TpaAWULiHHUX
aHamiTHYHUX MeTonax [1, 2]. lle oOymoBieHO psijioM e(eKTiB, 110 BUHUKAIOTh Ye-
pe3 ¢i3nuHI Ta TEOMETPUYHI HENHIMHOCTI mpu AedopmManii 000TOHKOBUX CTPYK-
Typ, II0 Ha TMPaKkTHLi Maibke HEMOXKIMBO BpaxyBaTH, BHKOPHCTOBYIOUH CYTO
AHATITUYHI METOIUKH.

[Ipu HOpMaNBEHUX YMOBax eKCIUTyaTtalii 1i eQeKkTH He 3aBXKAU € KPUTHIHUMHU
Uil 1imicHOCTI Ta Oesmeku cropyn. [Ipore Oynp-ski 3MiHM  KOHCTPYKTHBHHUX
mapamMeTpiB Ta BIUIUBY 30BHIIIHBOTO CEPEIOBHUINA (JMHAMIUHI HaBaHTAXKCHHS,
yIapHi XBWII BiJl BHOYXOBUX MPHUCTPOIB, iHIII aBapiiiHi CHUTYyalii TOIIO) MOXYTb
MIPU3BECTH 10 HellepeadadyBaHNX HETaTUBHUX HACII IKIB.

Bapro 3a3HaunTH, Wm0 KOXEH pe3epByap Mae cnenu¢ivuHi s AaHOi
KoHCTpyKUii nmedpextu [3, 4]. OguH i3 epeKTUBHUX CMOCOOIB iX BpaxyBaHHS
MOJIATaE B TOJAIBIIOMY JIOCHIDKCHHI TaKUX CIOPYJ SIK CKIHUEHHO-CIIEMEHTHUX
MoJIeNiell y cucteMax iHKEeHEpHO-KOMIT'IOTEepHOTO MpoekTyBanHs. el miaxia He-
OJHOPa30BO BHUKOPHCTOBYBABCS B MOIMEPEAHIX IOCTIDKEHHIX SK JUIS aHawi3y
ICHYFOUMX KOHCTPYKIIiIH Ta eIeMEeHTIB [5, 6], Tak 1 JUIs MPOEKTYBAHHS CIOPY] HO-
BOrO THUIY [7].

MocranoBka 3amauvi. ¥ cuctemi ANSYS MoientoeTbcs BEpTUKATBHUN CTale-
BUi pe3epByap o0'emom 20000 KyOiUHMX METpiB, KU 3a3HA€ BILIMBY KOMOiHAIil
CTaTUYHUX HAaBaHTAKEHb. | eOMeTpUYHAa MoOJAenb O0'€KTy TIOHAEThCA Y
BicecuMeTpu4HOMY BHTIIsAL. OO'€KTOM IOCTIKEHHS € HanpyXeHo-ae(opMoBaHuiA
CTaH UWJIIHAPUYHOI CTIHKHM Ta 30Ha KOHTAKTY IUIOCKOTO JHHIIA 3 )KOPCTKOIO OCHO-
BOIO MIPH Pi3HHUX MapaMeTpax HaBaHTaXKEHHSI.

MogenioBaHHsT TPOBOAMTECS Yy TporpamMHoMy Kommiekci ANSYS vy
TPUBHUMIPHIH MOCTaHOBII 3 3aCTOCYBaHHsSIM CKiHYeHHUX eneMeHTiB SOLID186 Tta
SHELL281 (puc. 1). Ocranni 6a3yroTbesi Ha Teopii iactun Minanina—PelicHepa.
Jyis MoJIeNTFOBaHHSI KOHTAKTY 3aCTOCOBYIOThCS ckiHueHHI enemenT CONTA174 ta
TARGE170 (puc. 2).

SOLID186 SHELL281

Puc. 1 — T'eometpist enementiB SOLID186 Ta SHELL281
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CONTAl74 TARGE170

Puc. 2 — T'eomerpis enementiB CONTA174 ta TARGE170

I'eomeTpuyHa Moae/ib pe3epByapa. ['eoMeTpuuHa MOAENb I'PYHTYETHCS Ha
KOHCTPYKLil BEPTUKAIBHOTO LMIIHAPUYHOTO pe3epByapa i HadpTH Ta
Ha(TONPOAYKTIB eMHuicTio 20000 M’. PesepByap BKIOUA€ LWITIHAPHYHY CTiHKY,
IUIOCKE JHHUIIE Ta AaX Y BUIVIAAL KyHoJja.

HuninapuyHa cTiHKa CKiIagaeThes 3 12 MOACIB, MPH IIbOMY KOXKEH IOSIC Mae
HOMiHanbHY BHCOTY 1490 MM. 3aranbHa BHCOTa LWTIHAPUYHOI CTIHKK pe3epByapa
cranoButh 17880 MM, a miamerp — 39900 mMm. ToBIMHM TOSICIB CTIHKH
pO3paxoBaHi 3TiHO 3 IHKEHEPHUMH BUMOTaMH JI0 MIITHOCTI Ta criiikocTi [8]. Ha
HIDKHIX 8 MosicaX BUKOPHCTOBYETHCS CTaNb MiIBUIIEHOI MimHOCTI kiacy C345, a
Ha penrri — C255. JIyig nomniniieH s 3arajibHOoi CTIHKOCTI Ha IIIOCTOMY 3BEpXY IMOsCI
BCTaHOBJICHO KiJIbLIE KOpcTKOCTi. [lapaMeTpu cTiHku npencrasieHi y Tadnumi 1.

Juumie pesepByapa npeacTasisie co000 Kpyrity miactuHy 3i cram C255 tos-
HMHOK 6 MM. Tako)X MOJENIOITHCS OKPAMKOBI JTUCTH 3aBTOBIIKK 15 MM Ta 3aB-
mupmwkyd 1390 MM, siki BupoOuseHi 3i crami C345. Lli auctu € omoporo mis
LWIIHAPUYHOI CTIHKM Ta BiJIrpaloTh BaXIMBY pOJb Y BYy3M 3'€qHAHHI
LWTIHAPUYHOI CTIHKM 3 THHIIEM. J[HUIE CIMpaeThCsl HA KOPCTKY OETOHHY OCHO-
By, HpH LbOMY 3B'A30K JHHUIIA 3 OCHOBOIO € OJHOCTOpOHHIM. IlokpiBis
MOJIEIOETECA Y (POpMi KyTTOIEHOT 0O0JIOHKH BiAIOBITHOT KOPCTKOCTI.

300pakeHHsI TPUBUMIPHOI BiceCHMETPUYHOI MOJeENi pe3epByapa i3 3a3Hade-
HUMHM IIapaMeTpaMi HaBeIEeHO Ha puc. 3

Tabuus 1
[Tapamerpu nosiciB pesepByapa

Ne mosica| ToBriuna, MM | Tum crami

12

1 C255
10 3

9

8

7

6 9

5 10

) B C345
3 13

2 15

1 18
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Puc. 3 — 'eomeTpryHa BiceCUMETpHYHA TPUBUMIPHA MOJICIb pe3epByapa

Mopgenb KOHTAKTY «IHUINE—OCHOBa». JIJi1 MOJIENIOBaHHS KOHTAKTy "IHH-
[e—0CHOBA" BHUKOPUCTOBYETHCSA TPUBHMIipHA MOJEIb 3 MOKPAIICHOK CITKOI PO3-
ourrs. Y it mozeni s nmoOyMOBH IWIIHAPUYHOI CTIHKK Ta JHHUINA 3ajisHI
ckinuenHi enementd SHELL281 (puc. 1) 3 8 By31aMu Ta KBaJpaTHYHHM 3aKOHOM
nepeMimieHb. TakoKk BUKOPUCTOBYIOThCS HemiHilHI enementu SOLID186 (puc. 1)
JUIS MOJICITIOBAHHS XKOPCTKOT 0eTOHHOT 0cHOBU. CTPYKTYypa 30HH KOHTAKTy IOJIaHa
Ha puc. 4.

Puc. 4 — Mojenb KOHTaKTy «THUIIIE—OCHOBa»
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Hwxus gactuna 3ani300eTOHHOT 0cHOBH 3adikcoBana. Mik THHIEM Ta OCHO-
BOIO MOJETIOETHCS KOHTAKT 3 MOXJIMBICTIO BifpuBy [9]. KoHTakT Takoro Tuiry
MOJEIIOETHCA 3a HO0NoMoror ckiHdeHHuX eixemeHTiB CONTA174 ta TARGE170
(puc. 2). Ha pe3epByap Iit0Th Taki HABaHTa>KEHHSI:

1) cuia TSOKiHHS;

2) rigpocraTmuHmii THCK Bi MpoayKTy 3 ryctuHO0 1000 Kr/Mm’;

3) HaUIMIIKOBUH THUCK B Mexax Bix 2 1o 3 klla.

Hns Bepudikauii Mogeni oOYMcIeHO paliayibHi mepeMilieHHs: 000JOHKH 32
(dhopMyII0t0, SIKa 332 HASBHOCTI JIMIIE TiAPOCTATUYHOTO HABAHTAXKCHHSI MA€ HACTYII-
Huit Bursin [10]:

2

__PeR B LR
= o {L—y—e " [Lcospfy+(L ﬁ)smﬂy]}a (1)

e p— TyCTHHA PiIWHHU, ¢ — MPHCKOPEHHS BUTLHOTO TAMiHHA, R — paiiyc pesep-
Byapa, L— BucoTa pe3epByapa, y — KOOpAWHaTa BUCOTH, E — momyip KOura, ¢ —
TOBIIMHA CTiHKHM, [ — koediuieHT aedopmauii crinku. Ha puc. 5 HaBemeHo
po3noaiieHHs AehopMaliii y MUIIHIPUYHIA CTIHII TPU BIJCYTHOCTI HAJ[IMIIKO-
BOTO THCKY.

Jedopmanis cTiHKK, MM

X,

—
(=

Bucorta, m

4.

5 10 15 20
Puc. 5 — Posmoxinenns nedopmariiii B 060I0HII

Po3zpaxoBani 3a popmysoro (1) 3HadeHHs O3HAYCHI XpecTHKaMH. Po30ikHICTh
(cepenHbOKBaIpaTUYHA MOXMOKA) MiXK JAaHUMH, SIKi OTPHUMaHi 3a JJOMOMOTOIO0 YH-
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cenpHOro MozemoBaHHs B ANSYS, Ta naHuMu, sIKi BUIJIMBAIOTH 3 aHATITHUYHUX
po3paxyHkiB, He mepeBuinye 4 %. Lle cBiZUMTH MPO KOPEKTHICTH TPUBHUMIpPHOT
CKIHYEHHO-EJIEMEHTHOI MOJIEI.

Takox Tpu MpOBEAEHHI JNIHIHHOTO aHai3y Ha CTIHKICTh BHUSBIJICHO, IIO 32
3a3HavyeHoi KOoHQIrypauii HuIiHAPHYHA 000JIOHKA CTPYKTYPU BTPATUTH CTIHKICTbH
pu 30BHIIHEOMY TUCKY ~1950 I1a. Ha puc. 6, a) noka3zana nepiia ¢opma BTpaTu
criiikocti. s mopiBHSHHS Ha puc. 6, 0) 300pakeHO cXeMy BTpaTh CTIHKOCTI MpH
BiJICYTHOCTi KiNbLS >KOPCTKOCTi. IIpyM LbOMY KPHUTHYHHUH THCK IOPIBHIOBATUME
~1118 Ila, TOOTO KiNmble 3HAYHO MiABHUILYE 3arajbHy >KOPCTKICTH OOOJOHKH
KOHCTPYKIIi.

a) 0)

Puc. 6 — ®opma BTpaTH CTIMKOCTI 000JIOHKH TIPH JTiHIHHOMY

4. AHaJli3 KOHTAKTY Mi’K JHHILEM TAa OCHOBOIO. AHAIi3 30HU KOHTAaKTy OyB
MpOBENEHHUH 13 3aCTOCYBaHHSAM TPUBHMIpHOT MoJeni (puc. 4) Ais HecTaHAapTHUX
YMOB eKcIUTyaTalii, ki BKIIoYaau B ce0e BUHHKHEHHsI aBapiiHOTO BHYTPILIHBOTO
TUCKY B pe3epByapi (Big 2.5 k[la no 3 klla). Moaens KOHTaKTy 3 OJHOCTOPOHHIM
3B’S13KOM JIO3BOJISIE BIZIPUB JHHMIIA BiJl OCHOBH, NMPH IIbOMY BiIOYBA€THCS PO3KPHT-
TS KOHTakTy. llOBHMI BigpWB JHUINA BiJ] OCHOBH BiIOYBa€eThCS 3a IIEBHOI
KOMO1HaIlii HAJJIUIIIKOBOTO Ta TIPOCTaTHYHOrO TUCKIB. Ha puc. 7 moka3aHa sikicHa
KapTWHa TMpoleCy BIIOKPEMJICHHS OKpAiKOBUX JIMCTIB Bil OCHOBH Ta
PO3MOAiTICHHS HaNPy>KeHb y JHUIII Ta CTiHII pe3epByapa.
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D: Axisym metric 1/16 on Concrete

Equivalent Stress

Type: Equivalent (von-Mises) Stress - Tap/Bottom
Unit: MPa

Tirne: 1

0LOL2024 22:54

57,793 Max
51,372

44,95

33,520

32,107

35,686

19,264

12,843

6,4216
0,00016002 Min

Puc. 7 — IloBHU# BiipUB JHHIIA Bl OCHOBH

IIpu 3pocTaHHi piBHSA PIIUHN B pe3epByapi CIOCTEPIraeThCs 3MEHIICHHS
BiJpUBY Maibke 0 HyJs. 3i 301IbLICHHSIM T1APOCTAaTUYHOTO TUCKY €(EKT BiIpUBY,
0OYMOBJICHHH HAsSBHICTIO HAUIMIIKOBOTO THUCKY, 3MEHIIYETHCS, B TOW K€ dac
BiZIOYBa€ThCs MPOIIEC PO3BUTKY BHYTPIIIHBOTO BiIPUBY, COPUYMHEHHH 3pOCTalO-

YUM MOMEHTOM BiJ TiAPOCTATUYHOrO THCKY. SIKicHa KapTHHA LbOTO Mpolecy 300-
paxxeHa Ha puc. 8.

D: Axisymmetric 1/16 on Concrete
Equivalent Stress

Type: Equivalent fvon-Mises) Stress - Top/Bottom
Unit: kPa

Time: 1

OLOL2024 2305

233,69 Max
207,72

181,76

155,79

129,83

103,36

77,896

51,031

75,066
0,0011877 Min

Puc. 8 — BHyTpimHil BiIpUB THUINIA BiJ OCHOBH
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Bucnosku.

1. CtBOpeHa TpUBHMipHa CKIHUCHHO-EIEMEHTHA MOJEJIb BEPTHKAJIBHOIO CTalle-
BOTO pe3epByapa 06’emMoM 20000 M® y3roKy€eThCst 3 TEOPETHIHIMHI 3aCaIaMH
Ta JI03BOJIIE€ BU3HAYATH JedopMallii Ta HalpyKeHHS B 000JIOHII KOHCTPYKITi.

2. Jleramizamisi KOHTaKTy «IHHILE—OCHOBa» Ul AOCIIIKEHHS SBHILNA BiJPUBY
JHMIIA BiJ OCHOBHM BHsBWIIA [IBi (a3u mpouecy. 30Kpema, Ipu HassBHOCTI HaA-
JIMILIKOBOI'O TUCKY NPH HU3BKOMY PiBHI PiIKOrO MPOIYKTY B pe3epByapi cro-
4aTKy BimOyBaeTbcsi KpalOBHH BiAPWB IHHIIA BiJl OCHOBHU, SIKUM MOCTYIIOBO
3MEHIIYEThCS 31 3pOCTaHHAM piBHS piamHU. Jpyra dasa moB’si3aHa i3 po3BUT-
KOM BHYTPIIIHBOI'O BiAPUBY AHUINA BiJ OCHOBH 32 PAaXyHOK IiIpOCTaTHYHOI'O
THUCKY.

3. BHyTpimHi#i BiApUB MPHU3BOIUTH 0 30UTBIICHAS BEIMYMHU 3THHAIBLHOTO MO-
MEHTY B TOYL CIIOJIy4Y€HHS CTIHKH 3 THHIIEM 3 BiINOBIIHUM POCTOM Hampy-
JKEHHSI, 110 TIPY NIEBHUX YMOBaxX (HAIPUKIAJ, HassBHOCTI JOAATKOBUX HaBaHTa-
KEHb — CHITOBHUX, BITPOBHX, YAapHO-BUOYXOBHX TOLIO) MOXKE IPUBECTU A0 BU-
HUKHEHHS TUIACTHMYHMX AedopMmamid 3 HOAAJIbIINM PO3BUTKOM aBapiiiHOro
CTaHy.
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