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Pospobreno mamemamuuny modenb
MenionepeHecenns 6 UUAIHOPUYHUX myp-
6yaenmHuux cmpymenax pidunu. B ocrosy
modeni noxaadeno zinomesy NPpuzHiveHHS
myp6yaenmuocmi 6ins nogepxni nodiny pi-
Juna-napa noGepxXHesUM HAMIAZ0M, WO
8pAX0BYEMBCS 66e0CHHAM TNOHAMMS Hep-
2o8anocmi mypOyLeHMmHOCHLL.

Knrouosi cnoea: mennonepenecenns,
naisra, mypoyaeHmHicmy, modesb, NOMIkK.

MOAE/NTIOBAHHYA
TEMJIONEPEHECEHHA

B UWMNIHAPUYHUX
TYPBYJIEHTHUX CTPYMEHAX
PIANHN

Modeling of heat transfer in cylindri-
cal turbulent jets of liquid. A mathematical
model of heat transfer in cylindrical turbu-
lent jets of liquid. The basis of the hypothesis
of suppression of turbulence near the inter-
face liquid-vapor surface tension are ac-
counted for by introducing the concept of
intermittent turbulence.

Key words: heat transfer, film,
turbulence, model, stream.

Huni Hafibineiie gocaimxeHi 8 mOTIALY TEIIOMAacOOOMiHY 3CYBHI Tedii: B mpume-
JKOBUX IIapax, KaHAJIaX, CIifax TOIo. ¥ NPUKJIATHUX aHAJI3aX MUX TeUill OCHOBHUM €
MEeTOJ aHAJIOTi, 1110 TPYHTYETHCA Ha BBEIEHHI IIOHATH TYPOYIeHTHUX aHAJIOTiB KoedimieH-
TiB mepeHeCeHHA IMITyIbCy B eHeprii Ta TypOyIeHTHOrO ananora umciaa Ilpamgriasa.

Mennie mocaimxeHi AK TEOPETHUHO, TAK 1 eKCHEPUMEHTAJBHO € CTPYMeHeBi 6es-
cyBHI Teuiil KpammmeHUX pizmH. Ile mop’asano Hacammepern 3 THM, IO AJIA HUX 3HUKAE
ceHC KoedinieHnTa TYpOYJIEHTHOIO IEpPeHEeCeHHA IMIOYJBCY, a OTMKe, 1 MeTony aHaJorii.
To6To GiMBIIiCTE CyUuacCHUX MOZeJsel TypOyIeHTHOTO IePeHeCeHHA CTae HeIPUHHATHOIO.

BuBuenHa BUKJJIIOUHO NMPOIECIB TEeNMJIONEepPeHEeCEeHHA HAASBUYAKHO CKJIATHE 3a-
BIAHHA AK 3 TEOPETUUHOTO, TAK 1 8 eKCHEePUMEHTAIBHOTO AOCILIKeHHA.,

PosrisreMo JOKAJIBHY BiCECHMETPUUHY 3aauy TEIJIONEPEHEeCeHHSA B LVJIIHJ-
PHUUYHOMY CTPYMEHI piIwHM Ipu KOHZEHcAIlil Ha Horo moBepxHIi mapu. CropucraeMocsa
MEeTOIOM TIOJIB OcepemHeHol IIBUIKOCTL Ta TeMIepaTypH, OCKIIBKU MOZEeJi IMBOTO 34
YMOBE 3aI0BiIBHOI amekBaTHOCTI (ismuHiE KapTHHI Ipomecy € ZOCTATHBO IMPOCTHMH
IJIA BUKOPUCTAHHA IPU IPAKTUYHOMY iHXXEHePHOMY MOIEIIOBAHHI.

ITpu cradiisoBarmx Mpodiiax MBUAKOCTI ¥ TeMmepaTypy IudepeHIiaIbHe PIBHARHA
TYpOYJIEHTHOTO TIePeHeCeHHA TeIIOTH B MIWITHAPUYHOMY CTPYMeH1 Ha0yBae BUTVIALY

aT 14 [ aT
== r(8q+a)—}, 1
0x ror or
Ie v, — TOB3IOBKHA MBUAKicTh pimumm, m/c; T — rem meparypa, K (‘C); r — morounmit
paziye, m; 6, — KimemaTumunmii KoedinieHT TYpOySIEHTHOTO IePEeHECeHHA TeIIOTH, M2/C;
a — KoedinieHT TeMmepaTyponpoBizaocTi, M%/¢ (TypOyJeHTHA TeMIepaTypoIpoBiIHICTE
CTOITE WiJ 3HAKOM IIOXimHOI, OCKIIBKY B 3aTaJIbHOMY BHIAJKY BOHA 3aJIEKUTH Bif I).
Hna crabimizoBanol Teuil mpm HOCTIHHIN T'yCTHHI TENJIOBOTO HOTOKY MOXKHA
HaOIMIKeHO 3AIINCATH

ar _ dT,,
x| ox

© C.M. Bacunernro, K.O. Illymuno, B.I. Boupap, B.B. IlyTiok, 2011

41



Pozdin 1. Ilpoyecu ma anapamu ... 6UuPOGHULUX NPOYeECié

Toni piBEaHHA (1) mepenumnieMo y BUIVIALL

dT 10 T
£ +a)—|. 2
Vx dx rar[ (8q )ar} @
Sxmo BBecTH 3amimy sMiEHOI y = 1, — T, dy = — dr, To MOKHA OTPHMATH
dT 1 9 aT
L = —|(r, — +a)—|, 3
dx o fyay(o y)(eq )8y] &

Ie r,— pajiyc CTpyMeHd, M
Imrerpyemo piBEAHHEA (3) 32 TAKUX T'PAHUUYHUX YMOB

T=Tinpny=0;Z—T:0 npu y = 1. 4)
y

ne T, — treMnepaTypa pl,ZLHHH 617 moBepXHI moAiny pigzmHAa-mapa.
ITicna mepimoro iHTEerpyBaHHSA OTPUMAEMO

-9, + a)aT dT,,

OckinpKy mpodines MBUAKOCTL PIIWHE B CTPYMEHI OJMBBKUI IO MJIOCKOTO, 3a-
numeMo v, = v = const. Toxi

dT 2
yX?+aYﬂ c{ﬂy—%ﬂ+cy (6)

Crany C, BusHAuacMO 3 APYTOi TPAHWYHOL YMOBH

. (& /2). (M

jv (r, - v)oy + C,. (5)

dT,
C,=—"7F2v,
dx
- : ; . . T
IligcraBnaoun Bupas (7) B piBEAHEA (6) 1 po3B’A3yI0UYM BiTHOCHO P OTPUMAEMO
y
o _ _&h -y |, ®8)
dy dx 2 (g t+a

IMicna inTerpyBanHEsA piBHAHEA (8) i meperpynyBaHHA WIEHIB MaTHMEMO

dT, ,1-
7o Ve W12 /m)y )
2 dxi g ra

cp

S0 BUpasuTH yepes I'yCTHHY TEIJIOBOTO MOTOKY HA MOBEPXHI CTPYMeH: (|,

_ ToVelyP dT,, (10)
! 2 dx )’
TO MOKHA OTPUMATH
vl
. 1= /m) g rc,. 1)

pc,o g, +a
3rigno 3 mepmrow rpaEunuHO ymoBoi C, = T,. Toxi

- /n) /1) 4

e . (12)
pe, o g, ta
SAxmio BBecTu 6e3p03MipHiICHY KOOpAMHATY
vi=yv,/a, (13)
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TO piBHAHHA (12) 3anunieMo Tak

T oo L =0/n),, (14)

' pe, Vo, o € /a+l

g BUnagxky po3BHHEHOTO TYPOVJIEHTHOTO PYXY PIIWHM B CTPYMeHi, 3aMiHUB-
mu St = q, /[(T, - Tcp)-c-p-vcp], Rt= ro-vcp/a , T4 MIPUNYCTUBIIH, IO AJA TypOYJIeHTHOTO
CTPpyMeHA Tcpz T(y=r,), oTpumaemo BUDas

1
t = -1 (+/R+) 2 (15)
ey
8 g, +1

Ie St — 6e3po3MipHiCHE UMCIO0 KOHBEKTHUBHOTO IEePeHeCeHHA TelIoTH (uncao CTeHTo-
Ha), St = oc/(c-p-vcp); eq* — Des3posMipHicHUE KiHeMaTuuumil KoedinieHT TypOyIeHTHO-
TO HepeHeCeHHA TeIVIOTH, & = & /a.

ITpore, ockinpku pexxuM Teuii B cTpyMeHI MONepeJHBEO He MOXKHA BBAYKATH PO3-
BUHEHUM TypOYJIEHTHUM, CePeIHBOIHTerpajibHe 3HAUCHHA TeMIePaTypPy PiiuHm MosKe
3HAYHO BigpisHATHCA Bif TeMmepaTypu PiIMHN Ha OCi CTPYyMeHd.

¥V nroMy pasi cepeIHBOIHTEerpaIbHEe 3HAUEHHA TEeMIEPATYPHU PiIUHYN B CTPYMEHI
BUBHAUUTHCA HACTYIHUM YHHOM

1 B
T =—— | 2xn(r,-y)Tdy. (16)
nr.

IligcraBnaroun sHAYeHHA po3moniny Temuepatypu (11) y piBearaa (16), orpu-
MaeMo Bupas qia umcsaa CTeHToHA

1
St = - " " : am
+2[(R+_ +) YJ‘ 1_(¥ /R)dy+ dy+
R") » g, +1

OueBUAHO, AJIA TOTO, 00 334844 CTAJIA BUSHAUEHOIO, MOTPIOHO 3a1aTH 3HAUCH-
HA KimeMaTwuHOro KoedinieHTa TypOYJIeHTHOTO HEPEeHECEeHHA TeIJIOTH € abo, 3HAUEH-
HA BeJIUYNHU sq*.

Binpmricts TpamgumnifiEumx Mopenell mMepeHeceHHA B TYPOYJIeHTHUX O0e3CYBHUX
TeUigX TPYHTYETBCA Ha IOHATTL izoTpomuoi, abo romoreHHoOI TypbOynaentHOocTi. C.C.
Kyrarenanse [1] B ocHOBY ¢Bo€el MOZeNi MOKJIAB IPUIYINEHHA IPO i30TPOMHICTE TYpOy-
JIEHTHOCTI IO BCHOMY 00’eMy cTpyMeHs. BogHouac OLIBIIICTE CYyYaCHMX TOCJIiTHUKIB
aHAIIBYIOTH MOJAei, B AKNX MDXGASHA MOBePXHA KPAIJINHHA PiIWHA — ras MOBOIUTH
cebe AK IpPy:XHA CTiHKa i, oTyKe, mpuUTHiUye TypOyJseHTHe mepeHeceHHsA. Ilpm mpomy
iHTeHCHUBHICTE TYPOYJIEHTHOTO IepeHeCeHHA B Anpi Teuii abo 0epyTh BigmoBimHOIO IO
mogeni C.C. Kyrarenanse, abo BpaxoBYIOTh 3aTYXaHHA TypOYJIEHTHOCTI B3JOBIK Tedii,
HAIPHUKJIAM, 3TiHO 3 Teopicto izoTponuoi TypOyaenTrocTi G. K. Batchelor’a and A. A.
Townsend’a [2]. Mogeai mporo Tumy BifpisHAOTHCA CIOCOOOM 3aTAHHS 3MIHH KO-
ebinienta TypOyJieHTHOTO HepeHeceHHA Oinma Mmimdasmol moBepxri [3]. OzHar mpm
OBOMY BHHHKAE OCHOBHA Hpo0JieMa: HOeTHAHHI MeXaHiSMiB IepeHeCceHHA B IUX ABOX
obmacrax. Ilo-mepiie, He DOTPUMYETHCA NMPUHINI CYIiJIBHOCTI CEepemOBHUINA, a caMe
HEMEePEPBHOCTL POBIORLNTY AK TeMIepaTypH, TaK i XxapaKkTepucTHK mepeHeceHH:A. 1lo-
IpyTre, BHHUKAOTEL NPo0IeMu (QOPMYJIIOBAHEA IPAHNYHUX YMOB AJA 0o0JacTi Teuii 6ina
MixxdasHOI Mexki, AKY HASHUBAKOTH 00JACTIO IPUTHIUYeHHA TypOyIeHTHOCTI.

Hocninsxenra TypOyJIeHTHOCTI B TypOYJIeHTHOMY IPUMeXKOBOMY WIapi Ha mjac-
TuHi, BukoHaui P.S.Klebanoff’um [4], sacBigumam, mo B 30BHIIIHIN obmacTi mpume-
JKOBOTO MIAPy TYPOYJIEHTHICTH HOCHTH IOUEPTOBUI XapaKTep 3 JIAMiHApHOIO Tediero,
TOOTO Mae Miclle TAaK 3BaHe ABUINE «UePTOBAHOCTI» TypOyaeHTHOCTI (intermittency).
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Ocnunorpadiuni sanucu TypOYJIeHTHHUX MYJLCANIN MOKASYIOTH, IO TOJOKEHHA YiTKOT
Mexi M TypOyJIeHTHOIO Teuield B HPHMEXOBOMY IIapi Ta BifbHOIO Bin TypOyJIeHT-
HOCTi B0BHINIHBOIO TeUi€ld Oy:Ke KOJUBAETHCA B Uaci, 1o ynozibHoe il mo BiabHOI
moBepxHi cTpyMeHA. CTATHCTHYHOI XapaKTePUCTHKOK Teuil B mepeximmiit Bin mami-
HApHOTO L0 TYPOYJIEHTHOTO PERUMY 00JIacTi € Tak 3BaHUH KoediIlieHT 4eproBaHOCTI.
Bim aBige cobo0 HaCTKY 4acy iCHYBAHHA TYPOYJICHTHOTO PEKUMY B AaHIiHM TOUIi mepe-
pisy Teuii. B 6inpIn 3araJbHOMY CEHCI BiH PO3TIANAETHCA AK HMOBIpHICTB TOTO, IO
JIOKAJIBHUHN PyX € TypOYJIeHTHUM.

ITpu npomy KoedinienT

: .oy 1,2
YepProBaHOCTI TypOyJIeHTHOCTL
IO TOBIIUHI IPUMEXKOBOTO 1,0
mapy Ha IJIOCKIH IJIacTUHI \
sMiHOETHCA Bix 0 Ha 30BHIII- 0,8 \\
Hi# mexxi go 1 B obsacti Oina 0,6

cTiEkm (ZuB. puc. 1).
Mosxua spobutu Buc- 0,4
HOBOK, IO HABIiTH AJIA PO3BU-

HEHOTO TYpOYJICHTHOTO DPYXY 0,2 \ Y
B IPHUMEXXOBHX MIapax Teuis P~ |3
MA€ UeProBAHMH XapaKTep y 0 0,2 0,4 0,6 0,8 1,0 1,2

3OBHIMEIH 061acTi mpuMesKo- Puc. 1. Po3nogia koedinienra yeprosaHocTi 1o TOBIMHI
BOIO miapy B Mesax y/d = 0,4 — TypGyJI€HTHOTO NPUMEKOBOTO MAPY

— 1,0. Take »x aBuIe Mae Mic-

Ile Y BIIBHUX CTPYMEHAX Ta CYIYTHIX Teuiax.

Bogmouac xoedimieET ueproBaHOCTI MOMKHA POSTVIATATH AK Mipy CTIMKOCTL Jiami-
HapHOTO pyxy: npu y = 0 JaminapHa Teuid € CTiiikoo 10 il 30ypeHb, a mpu ¥ = 1 BoHA €
MOBHICTIO HECTIHKA, TOMY BHACTIIOK Ail 80YpeHb Tedid ¢cTae POSBUHEHOIO TYPOYJIEHTHOO.

3 moro nmornany KoedinieHT UeproBaHOCTI MOXKe CTATH 3PYUHOIO XapaKTepPUCTH-
KOIO IJIA ONMCAHHSA IPONECIB IepeHeceHHA B TypOYJIEeHTHUX CTPYMeHaAX. Tak, Ha Io-
BepXHIi moainy pigmea — mapa, e TypOyJIeHTHI myJbcanii HOBHICTIO TacATHCA MOBEPX-
HEBUM HATATOM, JIAMiHADHUN PEKUM iCHYe B yciX TOUKaxX HOBEpPXHi, ToMy KoedimieHT
YeproBaHOCTI, OUeBUIHO, nopiBHIOE 0. 3i 30inbimenuHaM BiacTaHi Bix MixxdasoBoi mo-
BEPXHiI B IMIHOUHY CTPyMeHs CcTabinisyioumil BHOJINB HOBEPXHEBOTO HATATY cJadIIae,
TOMY KOe(ilieHT 4epTOBAHOCTI MOUMHAE 3POCTaTH, i mAocArae 1 B AApi CTpyMeHA 3a
DPOSBHHEHOTO TYPOYJIEHTHOTO PYXY.

B ocrOBY amamigy TypOyJIeHTHOTO HEpeHECEeHHA B CTPYMEHI 3 BUKOPHUCTAHHAM
IOHATTA UYeProBAHOCTL TYpOYJIEHTHOCTI HOKJIALEeMO TiloTe3y i30TpomHOI TypOyJseHTHOCTL
C.C. Kyrarenanse. Ilpu oMy iHTeHCHBHICTE TYpOYJIEHTHOTO IepeHeceHHA O6ina Mimda-
30BOI IIOBEPXHi BU3HAUATHME 3HAUEHHA KoedimnieHTa TypOyJIeHTHOTO ePeHEeCeHHA Y BUT-
aani geaxoi yernii F, (y'/R"), a B anpi ctpymena — y surmazi yeknii F, (v*/R").

BBenemMo moHATTA JOKAIBHOTO KoedillieHTa 4eproBaHOCTI TypPyOJIeHTHOTO PYXY
piIuEU B CTPYMeHi y BUIJIALL PiBHAHHSA

_FG/R)-K('/R)
"RG/R)E(G /R

ne F(y'/ R") — moroune sHaueHHS KoedinieHTa TYypOYJIeHTHOTO IepeHeCeHH .
Tozi, BemumHa, 110 BUSHAUAE Mipy CTIMKOCTI JaMiHAPHOI Tedil, BUSHAUNTHCA AK

k=1-y, (19)

amxe npu vy = 0 marumenmo k = 1 i maminapua reuis icuye, Ta, HaBOakwy, opu Y = 1 MaTu-
memo k = 0, i maminapHa Teduig mOCTYyNAeTHCA POSBUHEHIN TypOyIeHTHIN.

(18)
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I BUSHAUEHHA SHAUEHHS Y NPUNYCTHUMO, IO BeawmumHa k migmsarae pemaxca-
MifHIN 3a7€eKHOCTI, AKA BUSHAUAE MPOMOPIINHY 3aJeKHICTh BIiTHOCHOT 8MiHM 3HAUEH-
HA k Ta 8MiHM KoOpAauMHATH, IO BiApaxoByeThbed Bix MixdasoBol moBepxHI

dk
d(1—y*/R*)

Turerpytoun ocranue piBHAHHEA 3a rpanuunoi ymoBu k =1 mpu y* = 0, orpumMaemo

k:exp{ {— ;H @1)

T T T i
y=1-k=1 exp{ ( RJ] (22)

Togi, migcraBubinu Bupas (22) y piBEarHA (18), oTpuMaemMo

F(y' /R )=F (' /R )+[F( /R)-E({ /R )]{1 - exp{ {— ;’{—m . (23)

Pyrrnio F (y'/R') samamo, mpumyckatoum, mo 0ina mosepxHi momity ¢as
Teuid JaMiHapHa, TOOTO , a00 K

= -nk. (20)

Ta BIAMIOBITHO

F (y*/R*) =¢ 7(0)=0. (24)
B azpi crpymMeHa IOBXUHY NLIAXY 3MIITYBAHHA 330aMO BHXOAAUN 3 MOJEJi
izoTponHOI TYypOysIeHTHOCTL

F,(y//R") = ¢ (y'/R") = ¢ R". (25)
Toni piBEAHEA 3MiHN KoedimieHTa TYpOYIeHTHOTO IMepeHEeCEeHHA HOMEePeK CTPY-
MeHA Halyae BUTIALY

F(y*/R") = ¢ R* {1 — exp[n(-y"/R]}. (26)
AmeKBaTHICTE 3ANIPOIOHOBAHOTO MiAX0AY MiATBEPAKYE MOPIBHAHHA 3 Pe3yJIbTA-
TaMU TOCTIIKEHHA CcTiHKocTi Jaminapaoro pyxy Dhawan S., Narasimha R. [5]. 3miny
KoedinmieHTa UepProBAHOCTL B3JOBIK NMPHMEKOBOIO MIAPY BUSHAUAIN €KCIEPUMEHTANE-

HO Ta OTPUMAJIHN Y BUTVIALL eKCIOHEHIIIATBHOI 3aIeKHOCTL

y=1-exp(-AE"), (27

me A = 0,412 = const, £ — OesposmipHicHA KoopamHATA.

OueBuaHO € MOAIOHICTE eKcmoHeHNianpHOI (Gopmu piBHAHE (22) Ta (27), mo
BUSHAYAIOTH CTiHKiCTh JJaMiHAPHOTO PyXy A0 mii 30ypeHsb.

3HaueHHA KoedinieHTa mponopniiinocTi n y piBEAHHI (26) HaOIUIKEHO OIIHIMO
3 HACTYIHUX MipKyBaHB.

3 yMOB poaMipHOCTI 3rizHO 3 [6] ToBIIMEA ImIapy NPUTHiIYEHHA TypOYJIeHTHOCTI
0ina MOBepXHI HOJiNYy pinmHa — mapa mpomopIifHa

A~o/(pvy®), (28)
ne o — koedinieHT moBepxHeBoro HaTaAry pinmmm, H/m; v, — macmTad mBUAKOCTI
TYypOYJIEHTHOTO PYXy, M/C.

CuisBinmomenua (28) Bupaskae yMOBY CTiMKOCTi moBepxHI piznea — mapa. Ka-
OinapHWH THCK G/A, IO BHHUKAaE npu nedopmanii mixxdaszoBoi moBepxHI TypOyIeHT-
HUMM TyJbCAlliAMH, KOMIEHCYEe AWHAMIUHWE Hamip mysbcaniét pv?, To6To A € pos-
MipoM IPOMIAPKY MPOABY KAUIIAPHUX CHLJI.

OueBHAHO, IO AK MacHITad NIBUIKOCTL TYpPOYJIEHTHOTO PYXY JONiTBHO IPUHHA-
TH BeJIUUUHY

45



Pozdin 1. Ilpoyecu ma anapamu ... 6UuPOGHULUX NPOYeECié

v, = (v, Vy’ )05, 29)
me v,' v,' — mysbcanii MBHAKOCTL piIMHEN B3JOBK Ta MONEpeK Tedil, m/c.
IIpore, ockinpku i1 sHaUeHHA HeBimoMe, O aHAJOTII 38 Teuiel piAMHYM B MBI
mo0JIN3y MOBEPXHI HOAiNYy pigwHA-mapa MOMKHA 3aIUCATH
(v, v,))* / v, = const. (30)
Toxi HAOIMIKEHO MOPALOK TOBIMUHU IIAPY NPUTHIUEHHA TYPOYJIEHTHOCTI MOYK-
HA BUSHAYUTH HACTYIHUM UMHOM
L~o /(pv,?). (31)
TobTo, MOXHA BBAXKATH, 110 HA BiACTAHI Bil MOBEPXHI CTPYMEHA y = A BeJIWUHM-
Ha KoedinieHTa TYypyOyIeHTHOrO MepeHeceHHA TeIJIOTH BiIpisHAeThCA Big pospaxoBa-
HOTO AJIA i30TPOomHOI TYypOYJIEHTHOCTL B A4pi CTPYMEHA Ha HeAKY MaJly BeJUUHHY, Ha-
mpuKaamg, Ha 5 %.
3acTOCOBYIOUM 10 YMOBY 10 piBHAHHA (26), oTpuMaeMoO

n=-ln 0,05pVCp2 Ro!'= 3,0 pvcp2 Rot. (32)
Omxe, piBHARHEA (26) HaOyIe BUTIALY
e (v//R) = eR"[1 — exp(=3,0 pv_* o' y)]. (33)

TakuMm yMHOM, AJA 3aMHUKAHHA MOe]i HeoOXiZHO BUSHAUNTH 3HAUEHHA KO-
edinierTa TypOyJIeHTHOTO IepeHEeCeHHA IJIA 130TPONHOI TypOyJIeHTHOCTL B AAPi CTPY-
MeHA. OCKIIBKY 3aIPOMOHOBAHA MOIEJb € HANIBeMIiPUYHOIO, HOTO BUSHAUEHHSA MAa€
CTaTH METOK CHeNiaJBLHOTO eKCIEePUMEHTAIBHOTO JOCIiTKeHHA,

Bucuosok. Po3pobieHo MaTeMaTHYHY MOJAEIb TEIIONEPeHECeHHA B I HAPUUHAX
CTPYMEHAX PiIWHI, M0 BPaXOBY€ NPUTHIUEHHA TYPOYJIeHTHOCTL IIOBEPXHEBUM HATATOM.
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