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1. BBEAEHUE

Heycroitausbie mporiecchl B JByX(]a3HbIX cperax
OYEHb PACIPOCTPAHEHBI B MPUPOJE, B YACTHOCTH TIPU
KPUCTAJUIN3AIMHI, KUIIEHUN, TeIeHNn Kuakocrei [1-6].
Baxkmoit xapakTepucTUKOil Mo J00HbBIX TPOIECCOB SABJIsI-
ercst hopMa JBUKYIIeiicss TpaHuibl paszesa da3 u ee
MopdoJIornyecKast yCTORIuBOCTh. ECau MoBEepXHOCTD
pasjiesia OKa3bIBAETCs MOPMOJOTHIECKA HE YCTOWYHn-
BOI, TO BO3HHUKAET IEPEXOJ OT OJHOI ee (HOPMBI K
Jpyroii (dacro cymiecrBenuo Gosee cyioxkuoit). Iogo6-
HbI€ [IePEXO0/(bl OTHOCAT K KHHETHIeCKUM (MOpdOosIoru-
YECKHMM, HepABHOBECHBIM) (Da30BbIM 11epexoam. ure-
PECHO OTMETHUTD, 4TO, KaK W JJIsi PABHOBECHBIX (Hazo-
BBIX [IEPEXOJIOB, 3/1€Ch HAOIIOMAIOTCS [TePEXO/IbI PA3HO-
ro pojia, BBOJUTCS TOHSITHE CIUHOJAJIA U OWHOIAJIM,
a TaKKe CYIIeCTBYET HEPABHOBECHDIN MTOTEHIINAJ, OIIH-
CHIBAIOMIIH MOP(OJIOTMIECKUI TEPEXOT. DTHU ITPUMEPEI
MOKHO HANTH B MHOTOYHMCIEHHBIX paboTax (CM., HAIIpU-
Mep, [5-17]).

ITomassromnee GOMBIMMHCTBO aHAJIU30B Ha MOPGO-
JIOTUYECKYIO YCTOWIUBOCTD I'DAHUIL PA3/1e/1a BBIIOJIHE-
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HO JmbO I HamboJiee MPAKTUYIECKW BAXKHBIX TPEX-
MEpHBIX CIy4aeB (B 9aCTHOCTH, OPU KPUCTAJLIU3AIUN
[4,7-10], xumernu [15-17]), b0 11t KBa3WIBYMEPHBIX
ciydaes (B 9ACTHOCTH, IPM BBITECHEHUM OJHOW KU~
Koctu jpyroit B stueiike Xese—IIloy [2,3,11-14]). Pac-
9eTOB MOPGOJIOTUIECKON yeTOMINBOCTH (pa30Boil rpa-
HUIBI IS JIBYyMEPHBIX HEPABHOBECHBIX CHCTEM IIPaK-
TUYECKU HET. ABTOPBI 3HAIOT JIUIIbL OJIHO HAIIPABJIEHUE
paboT, B KOTOPOM n3ydaeTcss MopdOoIorndeckas yCcTo-
YUBOCTH NPU KPUCTAJIIM3AIUN B KBA3UCTAIMOHAPHBIX
YCJIOBUSIX M3HAYAJbHO Kpyruoil wacrunsl |7, 10]. Tlpu
9TOM HUKAKUX HOBBIX 3(D(EKTOB B pe3yJibTare pelie-
HUAs JIAHHOW 3a/1a9M [0 CPABHEHUIO C TPEXMEPHBIM
ciiydaeM He OBLIO obHApy»KeHo. VMennch JTUITb HEKO-
TOpbIE KOJIMYecTBeHHbIe oTyinausi. OIHOW W3 MPUIMH
9TOr0 SIBJISJIOCH PACCMOTPEHHOE KBa3UCTAIMOHAPHOE
npubmKenne. Bmecre ¢ TeMm, Kak uM3BECTHO n3 (Hu-
3UKHU KJIACCUYECKUX (PABHOBECHBIX) (DA30BBIX MEPEXO-
JI0B, IPOCTPAHCTBEHHAS PA3MEPHOCTH CACTEMbBI MMEET
OUYeHb BaXKHOE 3HAUEHWEe I (a30BOTO mepexoia. B
YACTHOCTH, IS Psifia IMHPOKO HCIOJIB3YEMbIX MOJIe-
geit (B gacrtnocTu, Mojenu M3unra) npu u3MeHeHUN
Pa3MePHOCTH CHCTEMBI [IEPEXOJT, MOXKET BOODIIE MCIe3-
HyTb [18,19]. Teopernuecku MHTEpECHO HANTH MOKOG-
HBIl IPUMED B CIydae HEPABHOBECHBIX (KHHETUIECKUX )
MOPMOJIOTUIECKUX TIEPEXOJIOB. 3/1eCh HEOOXOIMMO TaK-
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K€ OTMETUTh, YTO PACCMOTPEHUE 3IBOJIONUANA (HDOPMBI
Mexk(a3HOM TPAHUIBI JBYMEDPHBIX CHCTEM IIPU HEPAB-
HOBECHBIX YCJIOBHUSAX HE TOJBKO MMeeT aKaJleMUIeCKUil
WHTEpEC, HO U TPUOOpeTaeT B HACTOSIIIEe BpeMs ocoboe
[IPAKTUYIECKOE 3HAYECHNE B CBS3M OTPOMHBIM BHUMAHU-
€M K JIByMEPHBIM MaTepHaJIaM.

B nanmoit pabore paccmaTpuBaeTcs MOpQOIOrute-
CKasl yCTOWYMBOCTH PACTYIIErO Ia30BOrO Iy3bIPHKA B
JKUJKOCTU B JUHAMUYECKOM (MHEPIMOHHOM) DPEXKUME
pocra. Panee nannas 3ajjata HEOIHOKPATHO B PAa3HBIX
NpUOIMKEHUSIX PENIajach B TPEXMEDHOM CJIydae st
cdepuueckoro myssipsi [1, 15-17]. B pamkax JuHeii-
HOTO aHaJ u3a MOP@OJOTUIECKON yCTONINBOCTU ObI-
JIO ODHAPYKEHO, YTO IMMOBEPXHOCTH IOJ0OHOIO IIy3bi-
psi B HECTAIMOHAPHOM TPHUOJIMKEHUN aCUMIITOTHIECKT
BcerJia MOPGOJOTUIECKN YCTOWYNBA IO OTHOIIEHUIO K
GECKOHEYHO MAJIBIM FAPMOHUYIECKIM BO3MYIIEHUSM 10~
BepxHOCTH. TakuM 00pa3oM, Jjist TPEXMEPHOI CHCTEMBI
OTCYTCTBYET HEPABHOBECHBIN MOP(MOIOTUIECKHil TIepe-
XOJ TIPW HAJUIAN OECKOHETYHO MAaJIbIX BO3IeHCTBHI
(ZpyruMu cjaoBaMu, OTCYTCTBYET KHHETUIECKAs! CIIMHO-
JaJib). VI3MeHuTCS Jin IPUHIUINAILHO PEIICHHuE ITOM
3a7la49d, €CJM PACCMOTDPETh JBYMEDHBIN ciydail (pocr
KPYIJIOrO Iy3bIpbKa)? DTOT BOIPOC SIBJISETCST MHTEPEC-
HBIM C TEOPETUYECKON TOUKU 3PEHUsi U B JINTEPATYPE
paccvoTper He Ob11. [loaTomy, TEabIO JAHHON pabOTHI
CTaJI0 AHAJUTUIECKOE DelreHne MOI00HOM BYMEpPHOit
3aJ1a9U B HECTAIIMOHAPHOM ITPUOJIAKEHIH.

2. IOCTAHOBKA 3AJAYN

Vmeercst mByMepHasi CHCTEMa ¢ KPYTOBOW CHMMET-
pueii. Cucrema pasmepa Re, 3AMOTHEHA KUJKOCTHIO,
B IIEHTPE UMeeTCsI KPYTJIbIi ra30BbIi my3bipek. Pa3me-
PBI Iy3bIpsi OTHOCUTEIBHO MaJibl, R, K R K Ry, 1€
R, — HEKOTOPBII MUHUMAJBHBIA PaIuyC Iy3bIpsa. By-
JIEM CYUTATh, UTO IJIOTHOCTD YKUJKOCTH P SHAIUTEHHO
BBIIIE IJIOTHOCTH raza. PaccMaTpuBaercst Tak Ha3bIBa-
eMoe JuHaMudeckoe npubsuxkenue [15-17], . e. upene-
OGperaercst U3MEHEHUSIMU TEMIIEPATYPbI U BA3KOCTHIO B
rase u >KUJIKOCTHU, 3TU CPEJIbl CIUTAIOTCH HECIKIMACMBbI-
MU, & JJABJI€HUE BHYTPH ITy3bIPbKa CIUTACTCS TIOCTOSTH-
HBIM 7. DTO NPUOJMKEHNE B JINTEPATYPE, CBI3aHHOM
¢ mapoobpa30BaHUeM MPU KUIIEHNH, HHOT/Ia HA3BIBAIOT
unepruonubiM [1]. laBjieHne B KUIKOCTU 7 U3MEHsI-
€TCsl W HA PACCTOSTHUU Koo OT IY3BIPHKA PABHO Moo
(mo > o). JBuKenue npezmosiaraercs 6e3BUXPEBLIM
(IOTEHIMATIBHBIM).

JI1s1 onucaHms pOCTa My3bIPS TOCTATOTHO PACCMOT-
peTh 3aJa4y O JBUXKEHWU JIUIIb KUJKOCTH, OTPAHU-
YEHHON TIOBEPXHOCTBIO My3bIpst. VICX0/1 13 TOCTAHOBKH

4 KITOD, Boin. 4

3aJ1a49M, 9TO JIBUZKEHUE OMMCHIBAETCS ypaBHeHneM bep-
HYJIJIA, KOTOPOE COBMECTHO € yPaBHEHUEM HETPEPLIBHO-
cTu B 6e3pa3sMepHOM BHUJIE MMEET BUJL

[ o =55 - 590"

: (2.1)
V26 =0,

(2.2)

e R = dR/dt — ckopocTb pocTa I1y3bIpst, R — paauyc
y3bIps, t — BpeMs, ¢) — MoTeHIa I 6e3pa3MepHOit CKO-
poctu (v = —V¢), KOTOpPBIil Ha GOJILIIOM PACCTOSHUY
OT Iy3BIPbKA YJOBJETBODPsieT BbipaxKenuto ¢, = 0.
st mpuBeienus K 6€3pa3sMepHOMY BUJIY HUCIIOJIH30Ba-
JUCh R, p U TOBEPXHOCTHOE HATSIYKEHUE 0 MEXKJLY JIBY-
Msl CpeJIaMu:

Roo " o

T Too

OTMeTnM, 9TO B JIBYMEPHOH CpeJie PA3MEPHOCTH O, T
u p coorsercrienno [H|, [H-m™ 1| u [kr-m—2].

Paccemorpum Bo3mytienne Kpyriioit ¢ha30Boi rpaHu-
116l HECKOHEYHO MAJIBIM TAPMOHUYECKUM BO3MYIIIEHUEM
MOJIBI 1. Y DABHEHUE JIJIsT BO3MYIIIEHHON TOBEPXHOCTH 7'
B LOJISAPHOM cucreMe KoopauHar (7, @) u 6e3pasMepHOM
BU/IE 3AIUIIETCS B BUJIE

rs = R+ d cos(ng), (2.3)

riae § — aMILINTYa BO3MYIIEHUS.

B srom cirydae noTeHnua CKOpocTeil y10BIeTBOPSI-
eT cJle/lyIolleMy 'PaHIYHOMY yCJIOBHUIO:

dp| . 0 .
™ =R+ 8RRcos(mp),

Ts

(2.4)

rIe N — HOPpMaJib K IIOBEPXHOCTH.

Mo>KHO HOKa3aTh, YTO B JUHEHHOM mopsijike [12]

9¢
on

on O¢

r2 Op

_ 9

= 2.
T (2.5)

d sin(ngp).

Ts

Ilepenas naBieHns Ha IPAHUIE PA3/IeJIa yIA0BJIETBODSI-
€T TPAaHUIHOMY yCJIoBHIO [18]
Po _p|7‘s = Ku (26)

rae K — KpUBH3HA NOBEPXHOCTH B IUIOCKOCTH JIBHZKE-
HUsI, KOTOpAasl B JINHEWHOM TIOpsifike nmeer Bu [12]

K= 1 + i(n2 — 1) cos(nep).

=+ = (2.7)
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3. PEIIIEHUE 3AJIAYH O
MOP®OJIOTUYECKOM YCTOMYNBOCTAU

IIpencraBum JaBieHue U IOTEHIMAL CKOPOCTEH cTe-
MIEHHBIM PAIOM,
1o o:

OI'PaHUYIUBIINCH IIEPBBIM ITOPAJIKOM

(3.1)
(3.2)

(b(’l", ¢) = ¢0 ('f‘) + 5¢1 (7'7 90)7
p(r, @) = p°(r) + op' (r, ).

IMoxcraeum (3.1), (3.2), (2.5), (2.7) B (2.1), (2.2),
(2.4), (2.6) u pazmoxum B psiz Teitsopa Kaxoe cia-
raemoe BOm3u R. [IpupaBauBast k03bOUIUEHTH B TIO-
JIyIUBINAXCS BHIPAYKEHUSIX TPU HYJIEBOM U [IPU EPBOM
MOPsIJIKE 0 §, TIOJIYYUM JIB€ CUCTEMbl YPABHEHUN st
serancienns ¢°, p° u @b, p':

V2¢® =0, (3.3)
06° . 1 [96°\°
0o_,0 s N B
P =Pt g B 2(87" (34)
C 'PaHUYIHBIMHA yCJIOBUAMN
0 .
_9¢9° - R (3.5)
or |,_g
po —p°lr—r = 1/R, (3.6)
pO|T‘:Roo = Poo> (37)
¢°lr=r., =0 (3.8)
nu
Vel =0, (3.9)
o¢l . 88 Rt 9¢° At
lopl 4 =R+ ———"— -2 (3.10
Pe=retorlitor 5 oo G0
C 'PaHUYIHBIMHA yCJIOBUAMN
a2¢0 (bl
— cos(np) + — =
or? r=R 9 r=R
a6
="3R3 cos(ny), (3.11)
o 0
2| o) )=
r=R
TL2 —
= cos(np), (3.12)
Plr=r.. =0, (3.13)
&r=r. =0 (3.14)
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Pemmenne (3.3)—(3.8) npuBoauT K CIIEAYOMEMY JBY-
MepHOMY aHaJjory ypaBHeHHs Pajmes—Ilneccera nms
HaxoXKaeHus R:

Ro\ /19 N A T
ln(R)(R + Rit) - 5 R2R? = ) =
1
—1-—, (315
R7( )

IJle YUTEHO, YTO COIVIACHO IPUHATON IIPOIe/Iype IIpu-
BeJIeHUsT K 6e3pasMepHOMY BUJLY Po — Poo = 1.
Pemenne (3.9)—(3.14) npuBoauT K AMILUIUTYHOMY

YPpaBHEHUIO
9% ., 05 [ _R?
- _ 27 | —
et TR <R+ R

R

i

R (n? —1)n
R

(7’1,—1)— R3

) =0. (3.16)

CornacHo (3.15), npuHEMast BO BHUMaHHE HAYAIb-
ubie yeaosnst R(0) = 1 u R(0) = w (rue w — HekoTopast
CKOPOCTH B HAYAJIbHBII MOMEHT), B IIpHO/IKeHnn R <
< R, momyanm

fe S (3.17)
RIn(Ry/R)’
rie f(R) = ((1 — R)? +w?InRy)/R.

OTMeTHM, WTO B pACCMATPUBAEMOM JIBYMEDHOM
CJTydae 3aBUCUMOCTb CKOPOCTH HEBO3MYIIIEHHOTO Ty 3bl-
P OT ero pasmMepa OIHUCHIBAETCS JOCTATOUHO CJIOKHON
dynkimeit (puc. 1). B TpexmepHOM coiydae CKOPOCTD B
paMKaX pacCMaTPUBAEMbIX TPHUOJIKEHUIT OKA3bIBAET-
Csl TIOCTOAHHOM (T. €. 3aBUCUMOCTD Pa3Mepa IIy3bIpsl OT
BPEMEHHU ABJIJIACH JMHehHo# dyuknueit) [1,17,20].

Ucnonsays (3.17), u3 (3.16) mosryanm

_5 (”le g(R)—% In (%)) —0, (3.18)
e
o) = 7 (" fm s )

Permenne (3.18) GymeM MpOBOIUTH € HCIIOJIB30BAHUEM
CTaHJAPTHBIX HAYAJIBHBIX yCJaoBHit [17]:

£
oR

5(Ro) = b, =0, (3.19)

R=Rg
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dR
dt
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PVIC. 1. 3aBI/|CI/IMOCTb N3MEHEHNA CKOPOCTN POCTa I'Iy3b|pﬂ oT
€ro pasMepa npun pas3nnyHblX Ha4aslbHbIX CKOPOCTAX POCTa w,
R = 10°

OO0,
SEOES

Puc. 2. 3aBMCMMOCTb N3MEHEHUSt aMMINTYAbl BO3MYLLEHUS OT
Bpemern. (LLITpnxoBbIMU NUHUAMYN NOKa3aHa HEBO3MYLLEHHAs!
rpaHuua pasgena cdas)

rae Ry, dp — COOTBETCTBEHHO HEKOTOPBbIE HAYAILHBIE
paguyc u aMILIATYOda (1 < Ry < Roo).

Tounoe anamuruaeckoe perenne (3.18), (3.19) nait-
T He yhaeTcsd. UHC/IEHHBIN aHAJN3 MOKA3BIBAET, UTO
pu onpejeaeHHoM Ry = Ry CKOPOCTH POCTa aMILIATY-
JIbI BO3MYIIIEHNUSI MEHsIET 3HAK C OTPUIIATEILHOIO Ha I10-
JIOXKUTEeNbHBIH. JIpyruMu cioBaMu, aMILTUTYAa BO3MY-
IEHNsT C HEKOTOPOTO MOMEHTA HAYMHAET BO3PACTATD, U
JBUXKYIIAsICs TPAHAIA I'a3—2KUJIKOCTh CTAHOBUTCS MOD-
¢oJIornIeckn HeyCTOMYMBOI. DTO CXEeMaTHUIHO IIPOJIe-
MOHCTPHUPOBAHO Ha puc. 2.

Buauenne R; HA30BeM KPUTUIECKUM pa3MepoM (pa-
nuycom). Tak Kax aMIInTy/1a BOSMYIIEHUs IIPU Pacde-

Tax MpenoJiarajach OECKOHETHO MAJIOH, TO, €CJIU ITOJTh-
30BaTbCs TEPMUHOJIOTHEH DABHOBECHON Teopum hazo-
BBIX IIEPEXONOB, R, sBiIsileTcs CIMHOAJIBIO MOPQOJIO-
rudeckoro nepexogia. [Ipumeps! moBeieHus n3MeHEHUS
AMILIUTY/IBI B IIPOIECCE POCTA IIy3bIps BOIM3M KPUTHU-
9ecKOro pajuyca IoKa3aHbl Ha puc. 3. BaxkHo oTMme-
TUTH, YTO B KJIACCUIECKOM TPEXMEPHOM cirydae [15-17]
CIIMHOMIA b OTCYTCTBYET: POCT Bcerma ObLT MOPQOJIO-
rUYecKu ycroitunmBbiM. KadecTBeHHOe pasiindne Mex-
JIy PEIIEeHUSIMU, [I0-BUIMMOMY, MOXKeT ObITh O0bSICHEHO
POJIBIO TTOBEPXHOCTHOTO HATSIXKEHUsI, OTBEYAIOIIETO 33,
MOPQOJIOTHIECKYIO YCTONINBOCTh IOBEPXHOCTH I1Y3bI-
psa. IIpu TpexmMepHOM POCTE 110 CPABHEHUIO C JBYMEp-
HBIM OTHOIIIEHUE IIJIONMAN IPAHUIIBI K 00beMy OOJIbIe
U, KaK CJIEJICTBUE, POJIb CTAOMIN3UPYIONEro GhakTopa
TaKKe OKa3bIBAETCsT HOJIBITIE. DTO KOJUICCTBEHHOE Pa3-
JIA4YUe IPUBOJUT B PaCCMaTPUBACMOIl HECTAIIMOHAPHON
3asiade K HabuogaeMoMy a3 dexTy.

Haiinem ypasuenune mis Rg. Ilockosbky Hac mHTE-
pecyer HavajlbHAasl CTajusl oTepu ycroituusoctu (T. e.
B HENOCPEICTBEHHON Gimsoctu oT Ry), 970 103BOJIA-
€T CYIIECTBEHHO YIPOCTUTh aHAJIU3 ypasHeHus (3.18).
IIpesncraBum perienne B Bujie psijia U IPUMEM BO BHU-
Mmanue (3.19):

(R—Ro) +...~d. (3.20)

Ioxncrasus (3.20) B (3.18), mOMyInM BBIparkeHUe st
NPUGJIMZKEHHOTO OTIpeiesieHusT Ry :

2n(n + 1) In’ (%) —2In (%) (Rs — 1)+

+ f(Rs)In <Z—°:) + f(Rs) =0. (3.21)

Ha puc. 4 BuznHO, 9T0 HaiijieHHOE Ha ocHOBe (3.21)
3HavYeHne R ABJISETCS OYEHb XOPOIIUM MPUOIUKEHU-
eM. JleficTBUTEIbHO, pACXOXKIEHNE MEXKTY R, TucieH-
HO OLpEJIeJIeHHBIM Ha OCHOBe IpubJizkennoro (3.21), u
rounoro (3.18) ypasuennii cocrasisier He Gosee 0.2 %.
CorsacuHo pesynbratam pacuera (puc. 4), MOXKHO 3a-
KJIIOYUTD, 9TO KPUTHIECKUN pazMep yCTOWINBOCTH ITy-
3BIPs YBEJIUUIUBAETCS C YBEJIMYEHHEM MO/JbI BO3MYIIIe-
HUSI U pa3Mepa CpeJibl, B KOTOPOU IMPOMCXO/IUT €ro Bbl-
TeCHeHMe. DTO MOBEJICHNE KAa9eCTBEHHO COBIIAIAET C Pe-
3yJbTaTaMu pador [7,8,12], B KOTOPBIX IPOBO/MIICS JIU-
HEHHBbI MOPQOJIOTMIECKUT aHAJIN3 TPAHUIILI pa3esia
da3 npu KpUCTAJUIN3AIUN U IPU BBITECHEHUN HECMe-
IIUBAIONIUXCS 2KUJIKOCTEH.
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Puc. 3. 3aBUCMMOCTb CKOPOCTM poOCTa aMMinTyAbl BO3MYLLEHNS OT pa3Mepa Mysbipsi BOAU3M KpuTuyeckoro paamyca Rs. [daH-
Hble 3aBUCMMOCTU MoJyHeHbl npu YucneHHom pewenun (3.18) n (3.19) ans n = 2,4 n w = 1,50, a Takxke d = 1, ¢ = 0.01,

R, 10°
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Puc. 4. 3aBucnmocTb Kputmyeckoro paguyca Rs oT Roo NMpU pasanyHbiX 3HAYEHUSIX BO3MYLLAIOWMX MOL 1 M w. HucneHHble

B mammoit pabore pemrena 3amada o MopdOI0-
I'MYeCKOl yCcTOM4YmMBOCTH IABMKYIIEHCd OBYMEPHON
ABYX(da3HO# I'PAHUIIBI I'a3—KNUJIKOCTh B TMHAMUAYECKOM
(MHEPIMOHHOM) NPHUOJIMKEHUH. 3aJa4a  PacCMOTPe-

pewetus (3.18) n (3.21) nokasaHbl COOTBETCTBEHHO TOHMKaMU 1 CMUIOLIHBIMU JNHUSMN

4. SAKJIIOYEHUE

Ha B HeCTaHI/IOHapHOfI IIOCTaHOBKeE.

O6HapyKeHo,

YTO B OTJIMYHE OT TPEXMEPHOI'o Ciaydas CyIIeCcTBYyeT

628

KPUTUYECKH pa3Mep, JI0 KOTOPOIO JIBUXKEHHWE MOp-
dosornvIecKn yCTOMIUBO, & TOC/Te — HE YCTOWIHBO.
Takum obpa3om, MOKa3aHO, UTO JJIsT HEPABHOBECHBIX
MOP(QOJIOTHIECKUX II€PEXO0B, KaK U JJisi PABHO-
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Mopdronornyeckas ycToli4nBoCTb NOBEPXHOCTU My3bIPSi. . .

BECHBIX, Pa3MEpHOCTH 3a/a4l
BO3HUKHOBEHHS IIE€PEXOJIA.

CyLIeCTBEHHa  OJIsd

PduHaHCUPOBAHUE. Wccnenosanue BBIIIOJI-

HEHO TIpM YacCTUIHONW (PUHAHCOBOW  IMOIIAEPIKKE
rpaaTa Ne1.4539.2017/8.9 m B pamMKax KOHTDAKTa
Ne(02.A03.21.0006.
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