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Ipedcmasaeno O.C. PO3AHOBO

Abstract: In this paper we study a Rayleigh-type equation on a
semi-infinite cylinder with a Coulomb-type potential. This equation
arises in the double-deck boundary layer structure in the problem
of flow induced by a uniformly rotating disk with small periodic
irregularities on its surface for large Reynolds numbers. Using
combined numerical and analytical approach, the existence of a
unique solution to the Rayleigh-type equation is proven.

Keywords: existence and uniqueness of solution, Rayleigh-type
equation, double-deck structure.

1 Bsegenne

pyxmanybHas CTPYKTypa MOTPAHUYHOTO CJIOsT, HAPSLY C IIMPOKO U3BECT-
HO#T Tpexmanybnoit |1, 2, 3, 4], aBisgercsa OHON U3 MIMPOKO HCIOTb3YEMBIX
MaTeMaTHIeCKUX MOIe/Iel IOTPAHUTHOTO CJI0ST B 33a9aX O0TEKAHUS MAJIBIX
HEPOBHOCTEI, IOMyCKAIOIINX IB/IEHNE OTPHIBA MOTPAHUTHOTO C/IOA OT 00TEKA~
eMoil TOBEPXHOCTU. B paMKax 9Tux MOmeseil, MCXOIHasd CUCTEMa YPaBHEHUIT
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Puc. 1. Bpamaromuiicd TUCK ¢ MaJbIMHA TePUOTUIECKIMA
HEPOBHOCTSIMHE, 13 [14]

Hasbe—-Crokca u HEPA3PBIBHOCTHU C MOMOIIBIO PA3THYHBIX ACUMITOTHIECKUX
MEeTOJIOB PEAyIUpyeTcs K 6ojiee MPOCTBIM 3a/1adaM, JOMYCKAIOIUM TPOCTOE
AHAJUTHIECKOE WU YUCTEHHOE PeleHne, cM. moapobuee B [5, 6]. Taxoit mos-
X071 [IO3BOJIsIET 130e2KATh PECYPCOEMKOTO0 TPSIMOT0 YUCAEHHOTO MOJIETHPOBA-
uusi ypasaennit Hapre—Crokca B 00j1acTh, cojeprkalieil HECKOJIBKO PA3HBIX
MacimTaboB, OPOXKJTAEMBIX reoMeTpueil 0bTexkaeMoil HEpOBHOCTH.

B 3anade obrekanusi ObICTPOOCIMIIUPYIONINX HEPOBHOCTEH IBYXIaJIyb-
Has CTPYKTYpa Biiepsble Ob11a oTKphiTa B pabore B.I'. Janunosa u M.B. Ma-
KapoBoii [7], U ¢ TexX MOp OHAa AKTHBHO HCCJIEIOBAJIACH B DA3JIHIHBIX 33,/1a9aX
obTekaHns — TedeHusl BJIO0JIb ITACTHH C IepoxoBaroctamu |8, 9, 10, 11, 12],
TedeHnst B Tpybax W KaHAJIaX C IepoxoBaTbiMu creHKamu [13]. B ool u3
HeaBHUX pabor 14|, mByxmanybHas cTpyKTypa ObLIa MOJydeHa B 3aa49e O
TeYeHNN, WHAYINTPOBAHHOM PABHOMEPHO BPAIAIOIIMMCH AUCKOM C MaJIbIMHA
MIEPOXOBATOCTAMM Ha €TI0 MTOBEPXHOCTU, B TOM YUCJIEC — C MaJIBIMU TI€PUOIN-
gecKuMU (OBICTPOOCIMLIUPYIOIUMEA ) HEPOBHOCTAMU, CM. puc. 1. Ormernm,
9TO MHOTOTAJIYOHBIE CTPYKTYPBI /s TAKOTO KJIACCA 3339 PaHee MPaKTU-
9eCKH He PAcCMaTpHUBAINCh, moMumo [14] n3pecrna sunmb ogna padora [15].

Omako, TOMUMO HEMOCPEeICTBEHHO CAMOTO BBIBO/IA YPABHEHUIN C MTOMO-
IIBIO ACHMIITOTHYECKUX MeTO0B, 4To OblIo cienano B [14], Bosuukaer Bo-
IPOC O CYIIECTBOBAHWUM PEIIEHU TMOTYyUNBITUXCS PEAYITMPOBAHHBIX YpaBHe-
mmit. OTBeT Ha 9TOT BOMIPOC PABHOCKUJIEH OTBETY HA BOIIPOC O CYNTECTBOBAHUT
JIBYX11asyOHOI CTPYKTYPBI B PACCMATPUBAEMON 33/[ad4e.

HByxnanybHas cTpyKTypa COCTOMT U3 HuxKHell naxy6br (cm. obaacrs [ Ha
puc. 2) — TOHKOrO HMOIPAHUYHOIO CJIOA U Cpepnet naayonr (cm. obaacts 11
Ha puc. 2) — 06/1aCTU KJIACCUIECKOrO MOrPAHUIHOrO ¢iog [Ipanaris (B 3a-
Jlave O T€UEeHWH BJIOJIb TIACTHHBI ), win ¢hon Kapmana (B 3a7ade 0 TedeHUN
UHTyIHPOBAHHOM BPAITAIOMINAMCST AUCKOM). OTMETHM, UTO TaKwe HA3BAHUS
SIBJISTIOTCST OOTIENPUHSITBIMU B TEOPUH MHOTOMATYOHBIX CTPYKTYD (HAIpH-
Mep, cM. [3, 2]). Teuenne Ha HUKHEH Masybe OMUCHIBAETCS CHUCTEMON ypaB-
HeHnit [Ipasamisa ¢ caMonH Iy MpoBaHHbIM JaBieHneM (cM. (5) HIzKe), KOTO-
past IIPOKO UCCIE0BAHA BO MHOXKECTBE paboT, CM., Hanpumep, [8, 9, 10, 11].
A OCIUINATIHN TeUeHUsT B cpeHell magsybe OMUCBIBAIOTCS YPABHEHUEM THIIA
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Puc. 2. Ceuenne (r,z) paccMaTpuBaeMoil reoMeTpun wu
aByxnanybHast cTpykTypa | — mmkugs manyb6a, II — cpen-
Hsist TTasTyha

Panes (cm. (6) HEZKe), KOTOPOE OTJIMYAETCS OT AHAJOTMIHOTO JIsS CJIydas
obrekanns maactuuel [5, 9, 16] — moTeHnMATB B HUX KapIWHAIBHO DPa3-
JUYAIOTCI. A UMEHHO, B CIydae TeUeHUsT, WHIYTTHPOBAHHOTO BPAITATOTITAMCST
JINCKOM, TIOTEHIINAJ B ypaBHenun Tuna Pajes ects norennvan tuna Kysona,
CM. puC. 3, a B cJiydae T€UCHHUs BJOJIb ITacTuHb 16| moTenmas mpegcras-
JIST cO0O0I MaJTy 0 MOTEHITHAIBHYTO SIMY, JJis KOTOporo B |16] 66110 H0Ka3aHOo
CYIIEeCTBOBaHNE €AMHCTBEHHOT'O PEIIECHNY YPaBHEHUA TUIIA PSHQH. HO3TOMy
pe3yJIbTaThl NCCIIeJI0BaHNs ypaBHeHUs Tuna Pajesa st nuactunbl [16] He
MOTYT OBITH MPOCTO TIEPEHECEHbI Ha MCCAeIYeMbIil B TaHHON paboTe cirydai.

Jlst mabHERIero n3I0KeHnd, He0OX0IuMO TPUBECTH PE3YJIHTATHI U3 Pa-
6orel [14]. Kak ormeueHo Bblllle, B JJaHHON paboTe AByXIasyOHas CTPYKTYPa
NOCTPOEHA AA4 CTAIMOHAPHON 334291 O TEYCHUN BA3KON HECKUMAEMOM K1 JI-
KOCTH, WHYTIMPOBAHHOM PABHOMEDPHO BPAIIAIIIUMCS ¢ He3pa3MepHoil yriio-
BOI CKOPOCTBIO W = 1 AVUCKOM C MaJIBIMU IIEePUOANYICCKUMHU HEPOBHOCTAMMN
npu BobIUX 3HaUeHUs yncja Peiinonsaca Re. Ormernm, uro pacemarpu-
BAETCsl AKCHATBHO-CUMMETPUYHbIH cayqail. Ilycrs (7, ¢, 2) — 6e3pasmepHas
[MUJIMHAPAYECKAsT CHCTEMa KOOPJWHAT, OCh Z COBIAJAET ¢ OCHE) BPAIEHUS
aucka, ¢ € [0,2n], U = (u(r, z),v(r, z),w(r, z)) — Ge3pasMepHblil BEKTOD
ckopoctu, p(r,z) — Ge3pasMepHOe JaBJeHNe, & MOBEPXHOCThL JMUCKA MMEET
Bug 2z, = eY3u(r,r/e), ne ¢ = Re~Y? — manwiii mapamerp, dbyHKIus
uw = pu(r,€) — Hekoropast riajgkaa 27 — nepuogmueckas 1no & QpyHKIms,

ok u(r,
TaKagd, 9To %hzo =0, k=0,1,2 (HepoOBHOCTH TVIAJKO HAIMHAIOTCS HA

HEKOTOPOM MaJIEHBKOM PACCTOSHUM O OT MEHTPa JINCKA), f()% wu(r,&)dé = 0,
cM. puc. 1. 3Hauenue § Takoe, YTO KJAACCUUECKUN MOTPAHUYHBIN C/I0% (DOH
Kapmana [17] yxke cchopmMupoBasicst Ha 9TOM PaCCTOSIHUM.

Xoporuo uzsectHo [18], uro B 3aa4aX 0 TeUEHUsIX, MH/YIUPOBAHHBIX DaB-
HOMEPHO BPAIIAIOMIMMCH JUCKOM, PAIMA/IbHAA KOMIOHEHTA U BEKTOPA CKOPO-
cTU TPeobIaTAeT, U /s BHITIOTHEHNsT YPABHEHN HEPA3PhIBHOCTH BO3HUKAET
HOCTOSTHHBI «mmojiep:kuBatonmity motok Uy, = (0,0, —cuq), HapaB/IeH-
HBIIl TTPOTUBOTIOJIONKHO OCH Z, TJE Use ONPEIEISIETCS B IPOIECCe PEIIeHUs
sagaqn (cM. moapobuee B Teopeme 1 muzke). PaccmarpuBaemast 3aa49a omu-
ceiBaeTcs cucremoii ypasuenuit Hasbe—Crokca u mepaspeiBaocTu [19], mo-
nosiHeHHOH yesropusimu npuauinannst Ul,—,, = (0,wr,0) u ycgoBusMu cora-
COBaHUS C «IOIEPKUBAIOIMAM> TTOTOKOM Ul, 5o = Uge.
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Beegem ciemymomme obosHadenus: misa moboi dysxmun f = f(£,0),!
ompesiesaM cpeduee shavuenue o dopumye f(o) = % 02 f(&,0)d¢, ocyua-

aupyrowyro wacms cornacHo dopmyie f(€,0) = f(&,0) — f(o), n ocyuaiu-
pyrowyro nepsoobpasnyto F(E,0) = f§ f({, 0) d¢ Tak, aro F = 0.

B paGore [14] moaydeno ciefyromiee acCHMITOTHIECKOE PEIIEHHE PACCMAT-
puBaeMOR 3a4a4u.

Teopema 1. Ilycmv v > § > 0. Toeda popmasvroe acumnmomuneckoe
PEWEHUE PACCMAMPUBLEMOT 3adanu umeem 6ud

u(r,z) = rf(r) + 3l (r,£,0) + u(r, Orf'(r)] + O(*/?), (1)
v(r,z) =rg(r) + &3Vl (r,£,0) + u(r,Org ()] + O(*?), (2)
w(r, z) = g2/3 [w%(r, £,0)+ @g(r, £, 7')]

~1T

+ e |w3(r, &, 0) + @y (r,&,7) + h(T) + W22 LoEs), 3)

2de O = (2 — 2,) [e*3, 7 = (2 — 25) e, € = 7/€, u py = const. 3dect nozparc-
aotinve nepemennne (€,60) ucnoavayromen 6 nuotcnet naaybe (cm. obaacmo
I na puc. 2), a nepemennwve (§,7) — 6 cpedneti naaybe (cm. obaacms 11 na
puc. 2). Ommemum, 4mo UCKPUBAEHHAA 2DAHUYAE 06MEKAEMOT NOGEPTHOCTNU
z = zg cmanem naockol 6 nepemennoz 0 u T (m.e., 0 =0 uT=0).

Qynruuu (1), g(7) u h(T) Asaaomesa pewenuem Kaaccu¥eckol cucme-
mor OJY dpon Kapmana [18, 17] (ona asasemcea pewenuem neso3myuennot
3adauu)

=g +hf' —f"=0, 2fg+hd—g"=0, 2f+h' =0, (4)
f(0) =h(0) =0, g(0) =1, f(oo) = g(o0) = 0.

Cropocms «noddepiicusaioweeos nOmMoKa Usy ONPEIEAALMCS KAK Uso = —h|TﬁOO,

(D?JHWUU uIl (Tv ‘Sa 0)7 U{ (7“, 57 9): ’LU£ (7”, §7 ‘9) umerom 6ud

up = ui — (0 + u(r,)rf'(0),  wy=wj —wylr—0, vi =i~ 0rg(0),

LCumBosn o o6osHaaer mobbe Apyrue mepeMeHHbIe.



182 P.K. TATJIVKOB

ede pynryuu ui(r,€,0), vi(r,€,0), wy(r,&,0) asamomea pewenuem kpaesot
3adayu das cucmemuv, ypasrerud Ipandman ¢ camoundyyuposartvim dasae-
HUEM
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uﬂezo = wg‘gzo =0, Uﬂgzo = —u(r,f)rg/(O),

w§‘5 = wg‘&zw’ uﬂg = “ﬂgurzw Uﬂg = Uﬂ§+2w
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Paduyc r uepaem 6 smofi 3adane posv napamempa — PaccmosHue om UeHmpa
ducka, 1o KOMOPOM UCCAEAYETMCA ThEUeHUE.

Dynryus {Eg ABAACTNCA PEULCHUEM KPAESOTE 30.0a4U OAA YPASHEHUSL TUNG
Poaen

O
8757" (O)a

0—o00

— 0.
60— o0

— rg'(0),

60— 00

F()Aerwy = w3 f'(7), (6)

B,y = @ D)l e 00 B =D e pp (D)

*
216—o00? T—00

2de A¢ » — onepamop Jlansraca no nepemernvim & u T.

Ocranbable DYHKINH, BXOAsIINE B pa3tokenus (1)—(3), paBHO Kak U BbI-
pazKeHue Jist JaBaeHus p(r, z), He MPEICTABISIIOT HHTEPEca B PaMKaX JTaHHO
paborbl, cM. moapobHocTH B [14].

2 VYpasaeHme tTuna Pajes

d ~
Hnst ymobersa, BBEIeM ciejyiorine obosnadenus: (&, T) ef whl (&, 7),
def —,

v(€) = w3, , - Hepenuutem sanauy (6), (7) suse:
0%q 0%
—8752 - w + V(T)q =0, (8)
q‘T:O =7 q"r—)oo = 0’ q}g = q‘{—i—?ﬂ’ (9)

rae norenumnan V(1) = f(7)/ f(7), f(7) — pemenne 3agaqn (4), cm. [18, 20].
Ormernm, uto 3ama4a (4) 3bdEKTUBHO penaeTcs IucJeHHOo KOMOHHAIITEH
MeToza CcTpesibObl 1 MeToga PyHre-KyTTeI, TPy 9TOM MOTyTatOTCs CIIeIy o-
IIIMe JIOMOTHUTEIbHBIE KpaeBble yeaoBus [20]

f'(0) = a~0.51023, ¢'(0) =8~ —0.61592, (10)
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[IPU 3TOM «TIOJAEPKUBAIONIAST» CKOPOCTH PABHA Ugo < 0.88446.

IMorenuman V(1) uzobpaxken na puc. 3. OTMeruM, 4To HOJIb [IOTEHIMA-
Ja mocturaercd B Touke 7 ~ 1.81197, u oH orpaHuveH CBOUM 3HAUYEHUEM
Opu 7T — 00! V‘THOO ~ 0.78227. dns dbyuxiun f(7) HECTOKHO HAUCATH
acumnroruku upu 7 — +0 u 7 — oo (cm. [18]):

f(T) = Q7T — %7'2 +O(’T3), T — +0,

f(T) = Ae7"=" 4+ O(e™2"="), 7 — o0,

rae A ~ 0.93. Torna ays morernmana V (7) nmeem Caeayomme aCuMITOTHKY

_ -1+ 0(7) _ 1
Vir) = m = —a(l +O(1)), T — +0, (11)
Vir) = ugo(l +O0(e™">=T)), T — oc. (12)

Ormernm, uro ypasuerne (8) ¢ 0JHON CTOPOHBI TPOIIE, YeM yPABHEHWE
tuna Pasiest juist coayvas mactussl [16], T.K. B JaHHOM Ciiydae OHO He COjep-
JKUT T1apameTrpa, HO C APYyroii CTOpoHbl, orernuast V (T) nmeer 0Co6EHHOCTh
npu 7 — +0, cm. (11).

Paznoxum dyuxnmio g B pag Pypoe:

= aq(r)e™ (13)
k20

(k#01K. = fo% q(7,€)d€ = 0 o ee onpenenennto). Torna 3amada (8), (9)
OpHMET BUJL

—qgi+ (V+E)g =0, ke Z\0, (14)
a(0) =, @, . =0,

rae v, — KoadbdurmenTs! paznokenus dyHKun Y (§).
Ilepeiimem ot 3amaqu (14) K 3a/1ade ¢ HYJEBBIMH KPAEBBIMU YCJIOBUSIMU.
Beesiem cpezatornyio dyuknuio g (1) € C°°[0, +00), Takyio uto g| _, = 1,

Puc. 3. Torenunan V(1)
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=O(t™V) VN € Z, . Beeaenm noByio dpyHKImIO

9kl oo
k(1) = (1) — gk (7) V-

Torma 3amaqda (14) mpumer Buj
(L +E)pr = — (L + k*)gr, k€ Z\0, (15)
er(0) =0, @] . =0,

rjie oneparop

. d?

L= a2 + V(7). (16)
OquI/mHO 49TO ypaBHEHUE (15) “MeeT eIUHCTBEHHOE PEIleHne TOTAa U TOJIb-
KO TOorja, Korjga —k? me gBngercs cOOCTBEHHBIM YHCJIOM olepaTopa L —
TOJIBKO B 3TOM CJiy4dae Kerl = 0. Cdopmynupyem pe3yibTaT B BUJE CIAETY-

FOIIEI0 YTBEPZKIEHUS.

JIlemma 1. Pewenue ypasnenus muna Paosesa (8) cywecmseyem u eduncmeen-
HO o206 U Moabko mozda, Koeda cnexmp onepamopa L (16) we codeporcum
ompuuameavnviz yeaonucaenmnis ( —k%, k € Z\0 ) cobemeennvix snanenudi.

3 CuekTp omeparopa L

Pacemorpum 3agauy Hlrypma—Jluysusiis

Y VY = By, 9(0) = 0, %(o0) = 0. 17)
Hameit nespio siBisiercsa mokasarh, 9To y 3agaun (17) Her orpumaTesHbx
[ETIOINCTIEHHBIX CO6CTB€HHbIX SHAYEHWI.
Iycrs V(1) = V(1) — u2, - Torpa us (11), (12) cuenyer, uro V(ir) =
—1/(047')4—0( )mpu T — 40, 1 V(1) = O(e™"7) mpu 7 — +00. O603Ha"IM
E=F-— u?,. Toraa 3amaua (17) npuver Bu

— +Vip = Ey,  4(0) =0, ¢b(c0) =0. (18)
Ormerum, uro hakTHIECKM HAM HYKHO [OKa3aTb, 4To B 3agadue (18) we
CYIIIECTBYET TaKOI'0 CO6CTB€HHOFO qHCIA, E uro E + u?, € 7Z_. Boobme

FOBOPS, C Y9ETOM TOTO, UTO U2, ¢ 7, BechbMa 0UeBHIHO, 9TO 3TO BEPHO.
PaccymoTpuM caenyoniyo BCIoMOTaTEMLHYIO 331aTY:

1.1
Yy, — —y=2Xy, y(0) =0, y(oc) =0. (19)

Caenas zameny 1 = 7/(a/1.1), mosyauM CHEKTPaJbHYIO 339y C TIOTEHIH-
asiom Kysona

1 ~
Yy — oY= Ay y(0) =0, y(o0) =0, (20)

rie A = (a/1.1)2\. Ee pemenue uzsectro [21]: menpeprisabiii criekTp (0, +00)
U Ccepusi OTPUIATENBHBIX JIMCKPETHLIX COOCTBEHHBIX 3HAMECHWI
N 1

Ai=——r—,1=0,1,2,....
7 4(Z+1)27Z b
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V(r)
A

-10

Puc. 4. Iorenmmans: V(7) (conommas nuaus) n Vi(r) =
—1.1/(a7) (nyHKTHUpHAS JTHHUSA)

Bugno, uro 0 > i > —1/4,i=0,1,2,.... OUeBUIHO, YTO OTPHUIATETHHDII
JUCKPETHBI CIIEKTp UCxoMHol 3agaun (19) umeer Bum N = A/ (a/1.1)2 ¢ Z,
i = 0,1,2,.... Bomee Toro, jserko BujgeTs, 9to \; € [—1/(4(a/1.1)2),0),
re —1/(4(a/1.1)%) ~ —1.163, Te. \; € [-1.163,0), i = 0,1,2,..., mpuuem
OYEBUIHO ITO A; # —1 (B cumy MuOXKuTes 1/(a/1.1)).
Morenuuan V B 3agade (18) Gosbine? HOTEHIUANA U3 BCIOMOIATE/IHHOMN
sajadn (cM. puc. 4):
V> A Vi(r), 7 € (0,+00).

aT

d? N d? N
(- £er)oe) (v -w)on)-

- << & +V1)w,w> (V= V), ) > —1.163]6]%

dr?
>0
>—1.163||¢|?
Caenosarensro, F > —1.163 (1. ||¢|| = 1). 3nauur, cobcrBeHHbIe 3HAYECHMSI

omepartopa L

E > —1.163 + uZ, ~ —0.38.
Torza oueBuano, uro me cymecrsyer takoro k € Z \ 0, uro —k?> = E. B
UTOTE MBI JOKA3AIN CJIEIYIONEe YTBEPAKICHNE.

2B cuily 01CYTCTBUS AHAIMTHYECKOrO BHIPAKEHUs 1715V 9T0 MOKHO JIAIIlb LIPOBEPUTH
YHCJIEHHO, OTKYa U ObL1a mogobpana koHcTauTa 1.1. B okpectHOCTH HysIst 1 6€CKOHETHO-
CTH 9TO HEPAaBEHCTBO cTporo obyciaosieno acumnrorukoit (11), (12) ¢ yuerom 3amensr V

Ha V'



186 P.K. TATJIVKOB

Jlemma 2. Cnexmp onepamopa L ne codeporcum ompuyamensHuis 4esowuc-
aennnx ( —k%, k € Z\ 0) cobemeennvr snanenud.

Jlannas JeMMa T0Ka3bIBAeT CYIECTBOBAHUE €INHCTBEHHOTO PEIEeHNE YPaB-
Henus tuna Pases (6), cm. Jlemmy 1. OTmernm, 9T0 KOHEIHO STOT TIOXO HE
[OJTHOCTBIO CTPOTHUH, T.K. OCHOBAH Ha KOMOWHAINN KAaK aHAJTUTUYECKUX, TaK
U YUCEHHBIX METOJIOB, HO B CIJIy OTCYTCTBUS IBHOI aHAIUTHYIECKON (POPMBI
pelennsT KPaeBoi 33/1a9n JJIs YPaBHeHN TUTIa Pajed, moaHOCTBIO CTPOroro
(aHAJTUTHYIECKOTO) JTOKA3ATETbCTBA HEBO3MOXKHO TIPEJICTABUTH.

4 3akJirmwoueHue

B pabore mokazamo, 9TO pelreHue KPaepoil 3a/adyM HA YPABHEHWE THUIIQ,
Posest (6), (7) cyuiecrByer u €JMHCTBEHHO. DTO JIOKa3bIBAET CYIIECTBOBA~
Hye 1 ¢JMHCTBEHHOCTD ﬂ;ByXHaﬂy6HOﬁ CTPYKTYPBbI HIOI'DaAHUYHOT'O CJIOA B CTa-
[MOHAPHOH 3a/1a1ue 0 TeUeHNN, WHIYIIMPOBAHHOM PABHOMEDHO BPAIIAOIIIM-
CsI TACKOM C aKCHAJBbHO-CAMMETPUIHBIMU GBICTPOCITHIIIUDY OIIAME MAJBIMUA
HEPOBHOCTSAMU HA €r0 TOBEPXHOCTH TIPH JOCTATOYHO OOJIBIIUX YHcaaX Peii-
HOJIBICA.
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