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XMeJbHUIBKUI HALlIOHATBHUI YHIBEpCHUTET

TPAHUYHUUA HATNIPY)KEHUHM CTAH AACKPETHOI'O CEPEJTOBHIIIA,
O ITPALIOE€ B YMOBAX IIJIOCKOI JE®OPMAILII

Po3z2nssHymo @usHauanbHi  cniggiOHOWEHHsST 051 ONUCAHHA 2PAHUYHO20 HANPYHCEH020 CMAHYy 8 mouyi
duckpemHozo cepedosuwa, Wo npayre 8 yMosax niockoi degpopmayii.
Karouoei cnosa: duckpemue cepedosuuje; BHympiwHe Ky/10HI8CbKke mepmst; OUAaMaxcisi.
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BOUNDARY CONDITION OF THE DISCRETE MEDIUM, OPERATING UNDER PLANE STRAIN

Formulas to describe boundary condition at a point of the discrete medium that operates under plane strain are considered in the
article. The formulas of plasticity theory can not be used to describe the limited state of the discrete medium through fundamental
differences in laws of plastic deformation and digital materials. Most significantly the limited state of discrete medium for the conditions of
flat deformation is described by the criterion of Mohr - Coulomb. It reflects the impact of internal Coulomb friction on the deformation
process of discrete medium in the marginal stage. The obtained formulas are significantly different from those dependences of the classical
theory of plasticity and can be used to create the rheological model of discrete medium.

Keywords: discrete environment, internal Coulomb friction; dilatation.

Beryn

B imkeHepHili MexaHini HaifuacTilie po3INISIarOTh 3ajadi, KOJNU JUCKpeTHE ab0 CHUIIKEe CepeOBHIIE
MPAIfoe B YMOBAX IUIOCKO-/1e()OPMOBAHOI0 HANIPYKEHOT'O CTaHy — B YMOBaX IUIOCKOI gedopmartii. B takux ymoBax
3HAXOIUTHCS AWCKPETHE CEPEHOBHIINE, IO KOHTAKTYE 3 IMPOTSHKHUMH IH)KEHEPHHUMHU 00 €KTaMU: MiAIpHUMHA
CTiHAMH, CTPIYKOBUMH (pyHIAMEHTaMH, faM0aMu, TYHEISIMU, TPYOOIIPOBOIAMH Ta iH.

BaxknuBuM KiacoM 3aqad iH)KEHEpHOI MeXaHiKM B IIbOMY BHIAJIKy € 3aJadi II0J0 3HAXOKEHHS
TpPaHUYHUX HABAaHTa)XEHb Ha PO3PaXyHKOBY OONACTh JAUCKPETHOrO cepenoBuila. Po3B’si3aHHS 1MX 3a7a4 NoTpedye
OLIIHKY TPaHUYHOT'0 HAIIPYXKEHOTO CTaHy B KOXKHIH TOYIII CepeJOBHIIA 3a BiJIIOBITHUM KPUTEPIieEM.

IHocTanoBKa 3ana4i JoCTiTKEHb

MerTol0 ONMUCAaHUX Yy CTaTTi JOCIHIIKEHb € OJep)KaHHS CIIBBiAHOIIEHb, HEOOXIMHHX JUIi OIUCAHHS
TPaHUYHOT'0 HANPYXXEHOTO CTaHy B TOYIIi AUCKPETHOT'O CEPEOBHIIA, IO MPAIIOE B YMOBAX ILIOCKOI e opMarii.

[Tnocka nedopmariist XapakTepU3yeThCsl THM, IO Y3JOBX MPOTSHKHOI OCI Z 3alMIIa0ThCS HE3MiHHUMH
00pHCH PO3PaxyHKOBOI 00JacTi, XapaKTep pPO3MOAUICHHS 30BHIIIHBOIO HABAHTA)KCHHS, CHJIOBI Ta KiHEMaTHYHI
YMOBH Ha KOHTYpi oOnacti. B poMy BUMajKy Mo3/0BKHI mepemimenns U, , a takox aedopmauii €, =du, / dt
JIOPiBHIOIOTH HYIIIO, 1110 CYTTEBO CIIPOIIYE ONMHMCAHHS HAIIPYKEHO-1e()OpPMOBAHOTO CTaHY.

[IpomeMoOHCTpyeEMO IIe Ha MPHKIATI IUIOCKOI 3ahadi Teopii IUIACTHMYHOCTI, amapaT sSKOI BBa)Ka€ThCS
HAKOIIBII paIlioHaIbHUM LIO/I0 BUKOPHUCTAHHSI B MEXaHIlll TUCKPETHUX MaTepialis.

Iepenycim, erko BHEBHUTUCH, IO HANpPYXKEHHS S, I yMOB IIOCKOI JAedopMallii He 3alexarh Bif

HO3/10BKHBOI KOOpJMHATU Z . 3 y3araJbHEHOro 3aKoHy I'yka 3a ymoBu €, = 0
ezzikz-n@x+syﬂ:0, szzn@x+sy) (@)
E

Sxmo negopMyBaHHS IIIACTUYHOTO Tijla BinOyBaeThesa Oe3 3Minu 06’ eMy (koediuient ITyacona N =0,5),

TO
SZ=0,5(SX+Sy). )
OTKe, TpPaHUYHHUN HANPYXEHUH CTaH CEpellOBUINA MOXKHA IPEACTABUTH TUIBKH Yepe3 HalpyKeHHS B
rronyHi AeopMyBaHHs X, Y 1 BUKOPHCTOBYBATH BIJOMI CITiBBiJHOLIEHHS IUIOCKOI 3aJladi HAIPYKEHOTO CTaHy 3

ypaxyBaHHSIM YMOB II€PEXO0/ly CEpEeOBHILA B IUTACTUYHUI 200 IpaHUYHUI CTaH.
[epexin muockoi obnacTi y rpaHUYHUE CTaH B Teopii IUIACTUYHOCTI HAaHYaCTIille OL[HIOIOTH KPHUTEpPiEM

Cen-BenaHa, sKnii MOXKHa 3aIIHCaTH YePe3 TOJIOBHI HALIPYKEHHS S 1, » S i, B IVIONIMHI JedopMyBaHHI X, Y
_Smax = Smin _
{,, =Sme Smnoy ©
2
abo uepes HarpyxeHus S ,, S, T, =-1, 10 10BiIbHUM, ajle OPTOTOHATLHUM, TLIOMIMHKAM 3 HOPMAJIMU X , Y
é(S -5 )2 N2
Y ¢ y 2 - _ 2
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e t . —rpaHuns TeKy4oCTi IpH YHCTOMY 3CYBi.
Sk BUmHO 3 HaBeseHuX Bupasis (3), (4), mepexij IacTUYHOTO MaTepiany y TpPaHHYHUIA CTaH BU3HAYAETHCS

TUIBKA  BEIUYMHOIO MAaKCHUMaJIbHUX HaIlpy’>XCHb t max 1 He 3aJeXuTh Bi)l HOpMAaJIbHUX  HAIPYKCHb

S =S, = 0,5(S max TS min) Ha IUIONIMHKAX, [€ Jil0Th IpaHU4Hi noTuyHi Hanpyxenna t - =t . Omxe, icHye
0e37i4 IpaHUYHMX HANPYKEHMX CTaHiB, AKi BIJPI3HAIOTHCA TIABKM BEIMYMHOIO S, i TpadiuHO MOXYyTh OyTH

NIPE/ICTaBlIeHI CIMEHCTBOM TpaHMYHMX KpyriB Mopa, 110 MaloTh CHiBHI OOBigHI, mapaiensHi oci S, sKi
00MEXYIOTh 30HY IUTACTUYHOrO AeopmyBanHs (puc. 1).

t t M
K
t t max :t T

o) Cif/ \Co \Cs T o alAP4 2a \, "

\ / t .S s, p/4 ~|C / B S

T min
3 o K %
Sy So M
Puc. 1. CimeiicTBo rpannyHux kpyris Mopa Puc. 2. 'pannunuii kpyr Mopa 3a ymoBorw CeH-Benana

KoxHu#i 3 rpaHMYHUX KPYTiB IMOBHICTIO ONKMCYE HANpPYXXEHUH CTaH B OJHIA TOUII IUIACTHYHOI 00JacTi
gepes inBapiantu S5 it o =1 .

Ha pucynky 2 300pakeHHd OJMH 3 TpaHHYHHX KpyriB Mopa.
Abciuca mentpa C  Kpyra JOpIBHIOE CEPEIHBOMY HOPMAaJIbHOMY
HamnpyXeHHIo S = 0,5(s < s y), padiyc Kpyra — MaKCHMaJbHOMY

JIOTUYHOMY HAaNpYy>KEHHIO Koopmunatu touoxk K i1 K

]
BiI[HOBiI[aIOTL HaIllpY>XCHHAM, 11O BUHUKAIOTH IO IUIOIMIMHKAM, HaXWJICHUM

JIO TOJIOBHUX Ha KYT & . Touku A 1 B BIANOBIAal0Th TOJIOBHUM ILIOIIMHKAM

Smax’
So =0,5(SX +s y), t =t =0,5(S max " Smin)=tT — IUIOLIMHKAM, Ha

3 HampyXeHHSMU S a touku M 1 M' 3 KoOpAWHATAMH

min ?

Puc. 3.
I'paHnyHMIi cTaH eJleMeHTA MIOCKOI 00J1acTi

SKHX BUKOHYyeThCs ymoBa CeH-Benana. Ili ImIOmMHKM HaxwieHi [0
ronoBuux Tiag kyrom 45’ i B Momem OpCTKO-TITACTHYHOTO Tina
aCOIIOIOTHCS 3 IUIONUHKaMU KoB3aHHS. CyKYITHICTH IUIOMIMHOK KOB3aHHS YTBOPIOE CITKY OPTOTOHAJIBHHX JIiHIN
KOB3aHHs (CITKy XapakTepUCTHK B IIOJNi HampykXeHb). B KoxHill Tounmi 1ux niHif BUHHMKAIOTH HOpPManbHI S i
jgoruyHi { | HanmpyxenHsa. OTxe, CiTKa JIiHil KOB3aHH J03BOJISI€ ONHCATH TPAHUYHUM CTaH IUIOCKOi 00MacTi.
PosrisiHeMO eJIeMEHT IIOCKOi 00J7acTi, OOMEXeHU#H CyMiKHHMH JiHisMU KoB3aHHs (puc. 3). Ha ioro
IpaHsAX Jif0Th HANPYKEHHS S ; = O,5(S max TS min) it = O,5(S max " S min) =t ., AKi € iHBapiaHTaMHU IIOCKOTO
HanpyxeHoro craHy. Llel rpaHWuHHMII HampyXEHWH CTaH MOXKHA YSBHUTH SIK CYMY JABOX IPOCTHUX: BCEOIYHOTO
PIBHOMIpHOTO PO3TATY HANMPYKEHHAMH S Ta YHUCTOrO 3CyBY HampyxkeHHAMM 1 . 3a NPUHIMIIOM CyNeprno3uIii
0JIep)KYEMO BUpa3M JUIsl TOJIOBHUX HAIPYKEHb
Smax =So*l,iSmn=So-1,, (5)
a TaKoXK JUISL HAIIPYXKEHb 110 JJOBIIBHUM OPTOTOHAJILHUM IIOMIMHKAM, HAXHJICHHM 0 FOJIOBHUX ITiJl KyTOM &
S, =S, +t, cos2a; IU
S,=S,-t,cos2a; y (6)

xy
SIKIIo Opi€HTAIi0 IUIONUHOK 3 HOPMAJISIMM X, Y BU3HAYATH BiJHOCHO IUTONIMHOK KOB3aHHS, y Bupasax (6)

~ o ;
ty =t —thm2a.|O

JI0CTaTHBO 3aMiHuTH KyT @ Ha b =a +45°. Cniesignomenns (6) HabyBalOTh BUIIIALY
S,=S,+t, sn2b; U
. |
S,=S,-t,sin2b; vy (7)

_ B :
ty —-tyx—-tTCOSZb.b
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3anexuocti (7) MO3BONMAIOTH OfEPKATH CHCTEMY OU(EPEHIIaNbHUX pIBHSIHB, M0 OMHUCYIOTh
XapaKTePUCTHKH OISl [PAHMYHUX HaNpyxeHb (JTiHii KoB3aHHs) K GyHKUiNA S o, D .

HaBezneHni criBBigHOUIEHHsSI Teopii IUIACTUYHOCTI HE MOXYTh OyTH Oe3mocepeqHbO BHUKOPHCTaHi IS
OITMCaHHs TPAaHWYHOTO CTaHy JWCKPETHOTO CEpEeAOBHINA Yepe3 IPHHIMIIOBI BiAMIHHOCTI 3aKOHIB AedhOpMYBaHHS
TUIACTHYHUX 1 TUCKpeTHHX Matepiainis [1]. Omip meopMyBaHHIO TUCKPETHHUX MaTepiaiB YTBOPIOIOTH CHIIH CYXOTO
TepTsl, IKi MOXXYTh BUHUKATH TIIBKY B 30HI CTUCKYIOUHX HampyXeHb. TOMY KpUTepill epexoay y TpaHHYHUI CTaH
JIMCKPETHUX MatepiaiiB, Ha BiAMIHY BiJ IUTACTHYHUX, IOBUHEH B IIEPUIY Yepry BigoOpakaTH BIUIMB BHYTPIIIHBOTO
KYJIOHIBChKOTO TepTs. Cepen Takux KpHUTepilB, K MOKa3aid ChelianbHi JOCTimKeHHs [2], HalOiablI JOCTOBIPHO
TPaHUYHUI CTaH TUCKPETHOT'O CEpEIOBHIIA ISl YMOB IUIOCKOI edopmartii ormucyeThbest kputepieM Mopa — Kyrnona.

3a UMM KpUTEpieM HACTaHHS TPaHMYHOIO CTAHY JUCKPETHOT'O CEPEIOBHINA OI[HIOETHCS HE BEITHMYHHOIO

MaKCUMaJIbHUX JOTUYHUX Hall eup 1 =t a BCIIMYMHOK MAaKCUMAJIBHOI'O BiI[HOIJ_IeHHH JOTHYHHUX i
max

T

HOpPMaJIbHUX CTHCKYIOUHMX HanpyxkeHb. Kpurepiii Mopa — Kymona mMoxxHa 3amicaT uepe3 BBEIEHI IONEPEIHbO
IHBapiaHTH IJIOCKOTO HANPY)KEHOTO CTaHy TAKUM BHPa30M

t ..
ﬂ:smj =const, (8)
So
e ] — KyT BHYTPIIIIHBOT'O TEPTS; S o — CE€peIHE CTUCKYIOUYE HAMPY>KEHHS.
OTXe, TPaHWUYHUI CTaH JUCKPETHOTO CEPEJOBHINA OIIHIOETHCA NBOMA IapaMeTpamMu. S 0 i j , Ta

rpagivuHO NpencTaBisieThCsl CIMEHCTBOM IpaHUYHUX KpYriB Mopa, siki MaroTh NpsSIMOINiHIHHY 00BiHY, HAXUIIEHY 10
oci S migkyrom j (puc. 4).

OO0BigHa 00MeXye 00JacTh AUCKPETHOTO MaTepially, Y sIKii BUHUKA€E TPAHUYHHUIN CTaH, a KOXKHUH 3 KPYTiB
OITUCY€E TPAaHWYHUI HANpyXeHHH cTaH B Toumi Iiei obnacti. OMUH 3 KpyriB, 10 BiANOBIAal0TH KpUTepito Mopa —
Kynona, mokasanuii Ha pucyHky 5. ITapamerpu kpyra: pamiyc R= 0,5(S max = S min) = 0,5(S 1S 2); abcruca
netpa C — S, = 0,5(S max TS min) =0,5(S . tS 2). XapakTepHOIO O3HAKOI0 Kpyra € Te, o JXoTudHa OM,

HpOBe/ieHa 3 MOYaTKy KOOPJMHAT, HaxwuieHa g0 oci S Ha kyr | . Touka moruxy M (S Mt M) BiJITIOBi A€

. . t : . .
TUIOINUWHII 3 MaKCUMAJIbHUM B1AHOIICHHAM HAINPYKCHb M = tg] y abo TUIOIIMHII 3 MaKCUMaJIbHUM B1AXWUJICHHAM
M

MOBHOTO HampyXeHHs Py, Big HopMani. Touku 4 i B BiANOBiAaOTh TONOBHUM IUIONIMHKAM 3 HAalpyXKEHHIMH
S min =S5 1S =S, a BCi iHII ToukM Kpyra — AoBinbHUM momuHKaM. Kpyr Mopa (puc. 5) rpadiuso onucye
IpaHUYHUI HANPYXXEHUI cTaH B ToUlli obsacti 3a kpurepieM Mopa — Kynona. Cam kpurepiii (8) MoxkHa 3amucatu
uepes mapamerpu R i S, xpyra
So=sinj ; ©
So
qepes3 rojI0BHI CTUCKYIOUi HATIPY)KEHHA S, S ,
R _05(s,-5,) S;-S, _ ..
—= = =sinj (10)
s, 05(s,+s,) s,+s,

a0o uepes HanpyxenHs 1, , S, MO IUIONMHKAM 3 MAKCUMAJIbHUM BiJTHOLIEHHSIM HANpyXXeHb

t sinj .
fwoo Pu Sy (11)
Sm  PwmCO3
OcTaHHIN BUpa3 MOXHA TPAKTYBaTH K 3alUC 3aKOHYy AMoHTOHa — KyloHa Ui eleMeHTa JUCKPETHOrO
cepenopuiia — omip 3cysy OF mnpomopuilinuii HopMmansHOMy cruckyrouomy 3sycummo AN . ITomHOMXHMO
Hanpyxenss t , , S, Ha mwioury 0A rpaHi enemeHTa Ta OEPKUMO

ty °dA _dF . .
M _—_=— _=tgj , abo dF =dN>tg . (12)
sy A dN
Omxe, xputepii Mopa — KysoHa BimoOpakae BIUIMB BHYTPIIIHBOTO KYJIOHIBCHKOTO TEPTS Ha MPOIEC
nedopMyBaHHS AUCKPETHOTO CEPEOBUIIA Y TPaHUYHIN cTaii.
BpaxoByrouw, 110 HaCTaHHS TPAHUYHOI'O CTaHY JMCKPETHOrO CepeloBHIIa 3a KputepieM Mopa — Kynona
TIOB’ SI3YETHCS 3 BEJIMYMHOIO BiJJHOIICHH HAIIPY)KEHb, 1HOMI 3pYYHO NPENCTABUTH HOro uepe3 BiAHOCHHWH iHBapiaHT
X=s/s,
S;-S,_x-1

=——=ginj . 13
s;+s, x+1 : (13
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! t
K

g / C B s
/‘ \ ./ S S min = S A /
S 1 S M
0 _/
S " S 0 \
- 0 . S«=So+Rcos2a
S 0 S max— S 1
Puc. 4. CimeiicTBo kpyris Mopa, 110 ONHCYIOTh FPAHUYHHUI CTaH Puc. 5.I'panuynuii Kpyr Hanpy:keHb 3a ymoBoro Mopa — Ky;ona

odJacTi AUCKPETHOI0 cCepeloBHIIA

Hageneni Bupasu (8)...(13) omucyroTh yMOBY Mepexoay MUCKPETHOrO CEPEJOBHUINA Y TPAHMYHUHA CTaH
4yepe3 CIelialbHO BBE/IEHI, 3py4Hi Ui TPENCTaBICHHS HANPYKEHOro CTaHy LBOro CHEUU(IYHOTO cepemoBHIIa
iHBapiaHTH.

JIJ1s IOBHOT'O OMNMKCaHHS IIOCKOT'O TPAaHUYHOTO CTaHy JOCTaTHHO Pa3oM 3 IIMMH BHPa3aMH BUKOPHCTATH
BiIOMi pe3yJabTaTH Tpa(iuHOr0 YW aHAITHYHOTO PO3B'sA3aHHS NpsAMOI Ta OOEpHEHOi IUIOCKOI 3aaadi Teopil
HAMPYXEHOro CTaHy, abo creliagbHi CITIiBBIIHOMIEHHS 1O CIPSHKEHHUXK MUIOMIHHKaX [3].

Hanpuknan, 3 rpanuynoro kpyra Mopa (puc. 5) Ge3nmocepennHbo Omep)KyeMO BHpPasH UIsl TOJOBHHX

HampyXeHb S 1, S, 4epe3 napameTpu So,j
S,=So+R=s,+s,8nj =s,(1+snj )i
S,=S,- R=s,-5,8Nn] =s,(1L- sinj )%

abo s HampyXeHb, 10 BUHHUKAIOTH 1O JOBUIBHIHM IUIOMIMHII 3 HOPMAJLIIO I, TIOBEPHYTOI BiJTHOCHO
royioBHOi oci 1 Ha kyT @ . L{uM HampyxeHHsIM Ha pHC. 5 BiINOBIJAIOTH KOOPIMHATH TOUYKU K

S, =S, +Rcos2a =s, +s,Sinj xco0s2a =so(l+sinj mosZa);[)
t, =Rsin2a =s,sinj xsin2a.

(14)

(15)

Jlnst onMcaHHS TPAHHUYHOTO CTaHY JUCKPETHOTO CEPENOBUINA BAXIIMBUM € BU3HAUEGHHS HANpyxeHs 1,
Sy TO IJIOMMHKAM 3 MaKCUMaJbHUM BiJXHJIEHHAM IIOBHOI'O HampyxeHHsS [,, Bid HopMami. 3 xpyra Mopa
0IEPIKYEMO
Sy =S,- Rsinj =s,-s,sn% =so(l- sin?j )=socoszj ;
ty =Rcosj =s,sinj cosj =05 ,sing .
Jlerko BIIEBHUTHCH, IO OACPXkKaHi BUpa3H BiMOBiNal0Th 3akoHY AMoHTOHA — Kynmona (11), (12) — 3akony

0] BHyI’piIJ_IHI)OFO Cyxoro TepTH, SKMH € BHU3HAYaJbHUM JJI1 OIIMCAHHS
Hapr)KeHO-I[e(bOpMOBaHOFO CTaHy AUCKPETHOI'O CEPECAOBHUIIIA.

(16)

. t
HJ'IOIJ_II/IHKI/I 3 MaKCUMAJbHUM BIAHOIICHHAM HAIIPYKCHb M

Swm

— 1 acOLIIOIOTHCA 3 IUIOIUHKAMU
2

KOB3aHHSA B TOYINl JAUCKPETHOro cepenoBuina. CYKYIMHICTh IUIOIIHHOK

Yy KOB3aHHS B IUIOIIMHI JAe)OPMYBaHHS YTBOPIOIOTH CITKY HEOPTOIOHAJIBHHX

HaXWJIEH] 10 TOJOBHHX MiJl KyTaMu %i

.y . . B+. .y .
Puc. 6. OpicnTauis Jiniii KoB3aHus JITHIM KOB3aHH:, K1 ICPETUHAIOTHCA I KyTaMU 2 _J . B koxHii TOYII1

MX JIiHIA BUHUKAIOTh HanpyxeHHs S \, , T, . Lle no3Boxnse, Bukopucrasmu crisBinHomeHns (15), (16), onepxxaru

PIBHSIHHS JIiHIH KOB3aHHS — JIiHIH XapaKTEPUCTHUK ITOJISl TPAHMYHUX HaIpY>KEHb.

PosrisiHeMO TOYKY A TEpeTHHY IBOX JiHIM KOB3aHHS B JeKapTOBiili cucTeMi koopauHat x, y (puc. 6).

I'onoBra Bick 1, 110 BiANOBIAA€ TOMOBHOMY HANPYKEHHIO S . YIBOPIOE 3 BicCIO X KyT & , a JOTUYHI JO JiHil
_.® )]0
KOB3aHHA —KyTn b =a +¢—- —=+.
e4 2g

PiBHsIHHS TiHIH KOB3aHHS B CHCTeMi KoopauHaT x(Oy OTPUMYIOTHCS MiJCTAaHOBKOK y Bupasu (15) 3amicTs

a xyra b . Cucrema mux nudepenmianbnux piBHAHB geranbHO jgocimimkena B.B. Cokomoscekum [4] i

BUKOpHUCTaHAa HUM JJIA 03B’ I3aHHS 1HKEHEPHUX 3a1a4 CTaTUKHU CUIIKOI'O CEPCAOBUIIA.
P p P p
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BucHoBkn
HaBezieHi B cTaTTi CHiBBiTHONIEHHS ONKMCYIOTh IPAaHUYHUI HAaNpPYXEHUH CTaH JTUCKPETHOI'O CEpPEOBUIIA,
0 TMpaimroe B yMoBax InIockoi jaedopmanii. CHiBBIAHOIICHHS CYTTEBO BIAPI3HAIOTHCS BIJ AHATOTIYHHX
3aJIeKHOCTEH KIIACHYHOI Teopii IIACTHYHOCTI 1 MOXYTh OYTH BUKOPHCTaHI JJIsi CTBOPEHHS PEOJIOTiYHOI MOJEi
JIMCKPETHOT'O CEpEeIOBHIIIA.
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