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AHHoTamusi: Ym0y Makoliiaga MCCHK MOJHUHT KyBYpJIAapH OpPKaJdd YTaAWUraH UCCUK CYBHUHT
JaMUHAp OKMMHJA MCCHUKJIMK Y3aTHUII >Kapa€HJIapUHHM SKCIIEPHUMEHTAaJl YpPraHull HATH)Kalapyu Ba
HaTW KaJlapHU KailTa UIIIall HaTWKacua OJIMHIaH SMIIMPUK TEHIJIaManap, CyB UCUTHUII TU3UMUIA
Ky€mm sHeprusicugia ¢doigananral Xojiaa SHEepPrusl TEKaMKOPJUTH, IYHUHTICK, UCCUK TOJHHHT
JaMUHAp OKMMJAru mapameTpiIapuHi ONTUMAUTAIITUPHUII HATH)KAJIapyu KEJITHPUIITaH.

Kanum cy3nap: ep ocmu ucumuwi, Kygyp ouamempu, Kygyp Kaoamu, 1aMUHap OKUM, UCCUKTUK
yzamuut, Hcounaumuus OOCKU4U.

Abstract: This article presents the results of an experimental study of heat transfer processes in
the laminar flow of hot water moving through pipes of a warm floor with energy saving using solar
energy in a water floor heating system and empirical equations obtained as a result of processing the
results, as well as the results of optimizing the parameters of a warm floor system.

Keywords: underfloor heating, pipe diameter, pipe pitch, laminar flow, heat transfer, location
step.

XO03Upru BakT[a axoJid sAllall yiiapuaa KyJad IapoOUuTHU SPaTULL, aXOJIWHU WHJT JaBOMHUIA
Y3IyKCH3 MCCUKJIUK Ba WCCHK CyB OWJaH TabMHUHJANIA KY€ KOJUICKTOPIU CYBIHM HMCCHUK IO
TU3UMIIapUAaH (hoiganaHuIl MyXUM Macajanapiaad oupu xucooOmanamu [1,5,6,7,8]. CyBimu uccuk
MoJI THU3UMHUHUHT KyBYpJIapH OpPKaJIM HCCHUK CYBJIaH Y3aTHJIAETraH HCCHUKJIMKIAH camMapaliu
doligananumn, KyBypJiap IUaMETpU Ba KOWJIAMIMII KAJIaMUHU HCCUKIUK OepuIlra TabCHPUHHU
VYpraHuill Ba WCCUK IMOJ TU3MMUHUHT MapaMeTpiapuHU ONTHMAJUIAIITUPUIN OViiMda KaM COHIU
TaAKUKOTIAp Oopwiran Oyiaub, ynap sHrH YpHATWIAETraH CyBIM HWCCHUK TI0JI THU3UMHHHU
noruxanamaa GoiasaHuIl yIyH eTapiu Xxucoomanmaiinu. FOxopuaa kenTupuiaraaiapHid nHoOaTra
oJIraH XoJiga Myautddiap TOMOHHIAH MCCHK TOJI TH3UMHUHUHT KyBYpJapuJaH OKa&TraH HCCHK
CYBHHHT JJAMUHAP OKUM PEKUMUIA UCCUKIUK AIMAIIMHYB JKapaCHIapy TYIUK TaJAKUKOT KUJIHMHHO
UCCHK I0JI TU3UMUHUHT TapaMeTpiiapy ONTUMAILIAMITAPUIAN. VICCHK TMONT KyBypiapuaa UCCHKITHK
AIMAIIMHYB JKapaHU MyXuM OYIu0, HWCCHUKIMK OWHOTa OepuiMImKMaa THU3UMHHUHT OITHMA
napaMeTpiIapuHH aHUKJIAI YIyH TaAKUKOTIAp YTKAZHIIIH.

Hccuknuk anMmammuHyBH MaBXKyz OYnraHna, JaMuHAp OKUM PEKAMHUHUHT KOBYIIKOK-
TPaBUTAIIMOH COXACH/Ia CUJUIMK KyBYypJiap/ia HCCUKJIUK OepuIll Kyiuaarnda aHuKIaHaau [2]:

Nu = 1,4 (Re 2)0'4 pro33 (P—’”> 025 (1)
l Pry
Oy epna d — KyBYpHUHT UYKH TUAMETPH, M; | — KyBYpHUHT YMyMUH Y3YHJIUTH, M.

(1) dopmyna 10 < Re < 2300, 0,06 < Pr/Pr, <10, [/d > 10 opanuknapna ypuHIHA
xucoOnaHanan. CWUIMK KyBypJapaa TypOyJEeHT OKMM PEeXHMHUIA MCCUKJIMK OepuIl KyWuaaruda
aHuKJIaHaau [2]:

0,25
Nu = 0,021Re %8 pr043 (lf—:> £ )
A

AHUKTOBUM y14yaMm cudaTuaa KyBYpHUHT HUKH TUAMETPU KaOysl KWIHHAAH. & KOdDuImeHT

UCCHUKJIMK Oepuil Kod(h(GUIMEHTHHH KYBYp Y3YHJIHTH OViinua Y3rapuiniuHu nHoOaTra onamgu. Arap
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[/d = 50 6ynca ¢, = 1. l/d < 50 Gynranma GoLUUTaHFUY YYaCTKaHUHT TabCUPUHU MHOOATIa OJIUII

3apyp.
Hccuk cyBnaH ncCHK 1O KyBYPH JIEBOPHra HCCUKIHMK Oepuil ko3 dduiuenTu:
Nul

a = d’ (3)
Oy epra A — MCCUK CYBHUHT MCCUKJIMK YTKa3yBUaHIUK K03 durmentu, Br/(m-°C).
ComumTrpMa UCCUKJIMK OKUMU Kyiunaru gpopmynanan xucoOnaHaau:
q= a(tn - tx)l (4)
Oy epna t,; — mox ro3acuaaru xapopar, °C; t, — xoHa uauaara xapopar, °C.

Hccuk mon TH3UMUIaH y3aTHITaH UCCUKITUK MUKIOPH:

Q = gF, (5)
6y epra F — KyBypHUHT YMyMU# HCCHKITHK aJIMALIMHYB F03aCH MAHI0HU, M2,

Taxxprba TaIKHKOTIAPUHU YTKA3HIIIA XOHA TOJIMHHUHT F03aCUIard MAaKCHMAaJl PyXcaT dTUIITaH
Xapopar acocuil oMWIIIapiaH Oupu XUcoOllaHaIW, YHUHT KuimatiaapuHu [3] ra MyBopuK KaOyi
KWIUII MyMKHH:

- yi nuu ynakinapunaa - 21°C;

- TOMMHUH TypHIl XOHanapuaa - 26°C;

- HAMJIUTH I0KOpU OyIIraH JoMMHUi Typuil XoHanapua - 31°C;

- BaKTUHYAJIMK TypuIl XoHajapuzaa - 35°C.

Omu6 Gopwiran Taxxpubanapia XoHa HIuIard XxaBo xapoparu 20°C, mon ro3acuaara xapopar
26°C xa0yn kumuaau [3,9,10-14]. CyBim UCCHK TIOJT KyBYPH JKOMIAIIMITMHUHT TYPJIA KaJaMilapuia
(s=01m,s=015M,5=0,2M, s =0,25M, s = 0,3 M) UCCUK CyBHUHT JIAMHUHAp Ba TypOyJIEHT
OKHM pEeXHUMJIApUAa MCCUK TOJ F03aCHUTra MCCUKIHMK OepHIil KOd(PQPHUIMEHTH, KOHBEKTHB HCCHUKHK
aTMalIMHYBU Ba y3aTWJIraH HCCHUKJIWK MHUKIOpU OYiinuya onuHraH Taxpuba HaTwkamapu Nu =
f(Re),a = f(Re) Ba Q = f(Re) GOFNMUKINK TpadUIy IIAKIHIa KEITHPUIIIH.

l-pacMIa WCCHK CYBHHHI JIaMHHAp OKHM pEXKHUMHUAA HUCCHK IOJI KYyBYPUHHHT TYpPIH
KOUJIAIIUII KaJaMUJa Ba WCCUK CYBHHHT TYpPIIM XapopaTiapuja KyBYPHUHT HCCHKJIHMK Oepwii
k03¢ punmenTu Oyinya Taxxpuba HaTHXKaJapH KEITHPHIITaH.

l-pacmaa kenTupwiran rpadukiap Oyinda HCCHKIUK Oepuil K03 GUIIMEHTHHN HATIKaJIapH
TaxXJIWIU IIyHU KYpcaTaluKu, UCCUK IOJ KYBYPUHUHT UCCUKIIMK OepHill K03 puimenTH KyBypaapHu
YKOMJIAIIUII KaJlaMUTa Ba MUCCUK CYBHUHI XapopaTura ce3wiapiu aapaxkana Ooriuk 0ynul, KyByp
YKOUJIAIIUIIT KAJaMHHUA OPTHUIIM Ba WUCCUK CYB XapOpaTHHU KaMaluIM OWIaH WCCHUKIUK Oepuil
k03¢ purmentu optud 6opagu. Taxpuba HaTIKaNapUra Kypa JaMHHAP OKHM PEXKUMHU/IA KOMITAITHII
kagmamu 100 mMm Oynrannma uccukiauk Oepumn kodddummentu 0,82..1,61, 150 mm Oynranma
0,95...1,13,200 mm 6ynranaa 1,03...2,01, 250 mm 6Ynranna 1,14...2,22, 300 mm 6yiranga 1,22...2,35
OpaJIuFH/Ia Y3rapuily aHUKIaH/Iu.

2-pacM/ia UCCHK CYBHHHT JJAMHHAP OKUM PEKUMUJIA UCCUK TT0JI KYBYPHHHHT TYPIIU KOWITAIINIIT
KaJaMHJla Ba MCCHK CyBHHHI TYpIIM XapopaTiapuaa KyBypAa KOHBEKTHUB MCCUKIWK aJIMAIIMHYBU
Oyinya TaxxpuOa HaTHXKaIapu KeITHPUIITaH.

a-s=100 mm; 0-s=150 mm; B-s=200 MM; T-s=250 MM; 1-s=300 MM;
1-t. = 35°C; 2-t, = 40°C; 3-t. = 45°C; 4-t. = 50°C

2-pacMJa KeNTUPWIraH KyByp/a KOHBEKTUB HMCCHUKJIMK aJIMAIIMHYBU HATXKalIapu TaXJIHIU
HIyHU KypcaTaguKd, HCCHUK TOJ KYyBYypuJa KOHBEKTHB HWCCHKJIHMK ajJMalllMHyBH KYBYPHHMHT
YKOUJIAIIUIIT KaIaMUTa Ba UCCUK CYBHHMHT XapopaTura Ce3uIapiu Japaxana 0oriuK 0Yimo, KyBypHU
KOUTIAIUII KAaJaMHHUA OPTHINU Ba WCCUK CYBHUHI XapOpaTWHU KaMaWWIM OWJIaH KOHBEKTUB
UCCHUKJIMK alIMallMHyBU opTUO OGopaau. Taxpuba HaTwKanapura Kypa jJaMHHap OKUM PEXUMHUIA
xounamum kanamu 100 MM OYnraHga KOHBEKTUB UCCUKJIMK anMaimuHyBu 33...63 Bt/ (M2 °C), 150
MM 6ynranzaa 39...73 Br/(m2°C), 200 mm 6ynranaa 42...79 Bt/(M?°C), 250 mM 6Yaranaa 46...87
Bt/(M2°C), 300 MM 6¥aranna 49...92 Br/(M? °C) opanuruaa y3rapuiiy aHUKJIaHH.

3-pacMa NCCUK CYBHHMHT JIJAMUHAP OKUM PEXUMU/IA UCCHUK MOJI KYBYPUHUHT TYPJIU KOWTAIIN I
KaJaMHJla Ba UCCHK CYBHHHT TYpJIM XapopaTiapuaa KyByplaH IOJ I03acHUra Y3aTHITaH UCCHKJIHK
MUKI0pH Oyiinua Takpr0a HaTHXKalapu KEITHPHIITaH.
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1-pacm. Jlamunap okum pexcumuoa uCCUKIUK armMauiutys Ko3pouyueHmuHyu uccux noi Ky8ypuHuHe
acotnauul  Kadamuea 6a UCCUK cye xapopamuea 06o0eaux xonoa yeapuwu: a-s=100 mm;
0-s=150 mm; 6-s=200 mm; 2-s=250 mm; 0-s=300 mm,; I-t. = 35°C; 2-t. = 40°C,; 3-t. = 45°C;
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2-pacm. Jlamunap oxum pexcumuoa Kygypoa KOHEEKMUE UCCUKIUK AIMAWMUHYSU Ko duyuenmunu (a,
Bm/(m? °C)) uccux non Kysypunun2 *coliiauiuml Kadamuea 6d UCCUK Cys Xapopamuza 6ok Xo10a y32apumi:

3-pacMIa KeITUPHJITaH MOJI I03acura y3aTWITaH MCCUKIMK MHUKIOPH HaTIDKajdapu TaXJIHIU
IIYHU KYpcaTaJWKH, y3aTWITaH HUCCUKJIUK MHUKJIOPU KyBYPHUHT >KOMIAIIMII KaJaMura Ba HCCHUK
CYBHUHI XapopaTura ce3wiapiu aapaxana Oofnuk OYynu0, KyBYpHH >KOWIAIIMII KaJaMUHU
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KaMaluIlY Ba UCCHUK CyB XapOpaTHUHU OPTHUIIN OWJIaH y3aTUJIraH UCCUKJIMK MUKJIOpU OpTHO Gopau.
Taxxpuba HaTwKajgapura Kypa jJaMUHAP OKMM peXUMUAA xoumamum Kagamu 100 MM Oynranma
y3aTUJIraH UCCUKJIUK MUKJIopH 1426...5438 BT, 150 mm Oynranga 1155...4384 Br, 200 mm O6¥nranna
1040...3923 Bt, 250 MM 6ynranma 904...3389 Bt, 300 mm Oynranga 835..3115 Bt opanuruna

Y3rapuiiy aHuKJIaHIu.

Q ~ Q
5200 — 4500 —
4400 - 3800 -

i —3 /‘ 2 o = //‘
2800 e 2400 —
2000 = * 1700 — g
1200 he 1000 L
400 900 1400 1900 Re 400 900 1400 1900 Re
| 1 =2 3 _—~4 | a | —1 =2 3 —4 | 6
Q . Q
3600 — 3200 —
2900 "] 2600 =
./"l . (/’_,-4'"
2200 1 2000 e —
1500 e I e 1400 e =
800 = 800 1
400 900 1400 1900 Re 400 900 1400 1900 Re
—-1 2 3 ——4 | 8 -1 =2 3 -4 | 2
Q
=
3000 ——
2400 /',._.(-:"" g
1800 = i S
1200 —
600
400 900 1400 1900 Re
[ =1 —2 3 —4 | 9)

3-pacm. Jlamunap oxum pexcumuod Ky8ypoar nou io3acuea y3amuiean uccukaux muxoopunu (Q, Bm) kysypuu
Jlcotlamuw - Kadamuea 8a  UCCUK ¢y  xapopamuea 0ok xonoa yzeapuwu: a-s=100  wmm;
0-s=150 mm; 6-s=200 mm; 2-s=250 mm; 0-s=300 mm; 1-t. = 35°C; 2-t. = 40°C; 3-t. = 45°C, 4-t. = 50°C

JlaMuHap OKMM pEXHMMU/IA UCCHKIUK Oepuil OYiinda oNuMHTaH TakpuOa HaTHXKajJapu KanTa
UIUIAHUO KyBYPHMHT TYpJIM XKOMJIAIIMII KaJamIapuaa Ky iuaara SMIupuK OOFIUKIUKIAP OJTMHIM:
s = 100 MM Gynranza:

Nu = 0,03Re%*Pr%58 (6)

s = 150 MM Gynranma:
Nu = 0,035Re**Pr058 (7)

s = 200 MM Gynranza:
Nu = 0,037Re®*Pr058 (8)

s = 250 MM Oynranna:
Nu = 0,041Re**Pr058 )

s = 300 MM Gynranza:
Nu = 0,044Re®*Pr058 (10)

IOKOpI/II[aFI/I TeHFHaMaHapI[aH yMyMJIaH_IFaH xXoJiataa Kyﬁm[arn TCHIJIaMa OJIMHINU:

Nu = 0,066Re**Pro585034 (11)

Omunran (11) 6ormukmuk 400<Re<2200, 3,54<Pr.<4,86 opanuknapaa YypuHIA. XucoOamn
XaToJauru +2% HU TAIIKUI 3Ta]IH.

Hcecukiauk aaMamvHyB TAAKMKOTHHMHI Ha3apuil Ba Takpuda HaTHKAJIAPUHUHT
ajleKBATIMIMHU 0axosam. AnekBammk Dumep me3oHn OVinya 6axonanau. 4-pacmaa KyByp/a
JaMHUHAp OKUM PEXUMUAA UCCUKIMK OCpUIIHM aHUKJIaml OVilMua OoJMHraH Hazapuil Ba TaxxpuOa
HaTH>KaJIApUHU TaKKOCJIAII KYpCaTUITaH.

duiep ME30HU KUIMATIapy KaABaIuAaH UIIOHWIN 3XTUMOITUK P=0,99, spkunik napaxacu
fi = 95 Ba ky3atunwiap conu n = 99 xonra moc kenyBun E, = 0,62 kuitmatHu Tomamm3. (11)
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popmyna yuyn Ouinep Me30HMHUHT Xucobuii KuiMatu F, = 0,28. Kypunub typubmuxu F, < F,
JIeMaK MOJIEJT aJIeKBaT.
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4-pacm. Jlamunap okum pexcumuoa ucCUKiuK depuut 6yuuya o1uHean Ha3apuil 6a maxcpuda
HAMUNCATIAPUHU MAKKOCTIAU.

Hccuk mon KyBypiapuaa UCCHKJIMK OCpUINHM aHUKJAl YYyH OJMHTAH SMIUPHUK
OOFNMKIMKIAp TakpuOa HaTWKalapu OWiaH TYJIUK aJeKBaT OYnauO, ynapaaH HMCCHK CYBHHHT
JaMHUHAp OKUM peXuMIapuaa KyElml KOJJIEKTOPIAM MCCHK TMOJ THU3UMUHHHI  HUCCUKIIUK
caMapaJopJIuruHu Oaxonama (oiananum MyMKHH.

Kyém Ko/JIeKTOPJIM HCCHK M0J1 TH3SMMHHUHT apaMeTpJIapuHu onTumMaiam. Mccuk moin
TU3UMUHUHT TapaMeTpiiapuHi ONTUMaIalITUpuil Me3oHu Ba ycnyou H.M. Tanenepun,
A.A. T'yxman, B.B. Kadapos, M.B. Kupnuues, JI.3. Menbnep, A.C. Hesckuii, C.I'. Uyknun, I'.E.
KaneBen kabu TaJAKMKOTYWIAPHUHT HIIapuaa Oatadcun kentupwirad [4]. OnTUMaLIalITHPHUIL
ME30HMHUHI 3HI TYJIUK pyiixatu [4] na kentupuiarad. bapya me3oHnap mapTiau paBuinjga Oemta
rypyxra OYJMHraH: »SHEpPreTUK, TEPMOAMHAMMK, HATypal KypcaTKu4djap, HUKTUCOIUN Ba
KOMOMHanusamran  (comumTupMa). XO3UPrd KyHJIa MCCHUKJIWK OJHEPreTMKacu coxacujaa
ONTUMAJUIAIITUPHII MacalaCUHH €UMILA SHEPreTHK ME30HJIap AHT KYM KYJUIaHWUJIaaAu. DHEPreTHK
ME30HJIAPHUHT MUUA SHT KYT1 [ 1azep Me30HU (MCCUKIMK-THIPOANHAMUK CaMapa opIIuK, KyBBaTIap
k03¢ purmentn), KuprnmueB Me30HM Ba SHEPreTUK KOIPPUITMESHT KYIUTaHUITaIH.

['nazep me3oHuU:
Q

Ny =, = MaKc (12)
Kuprnnies Me30HU:
E =AQ—L—> MakKCc, (13)
DHepreTuk KodhHUIMEHT:
a
M, = o~ = MaKc (14)

Oy epaa @ — WccHMK NOJN KyBYpHUIaH y3aTHIINAaH MCCUKIMK MHMKAOpH, BT; N — Hacoc KyBBatw,
Br; AL — Hacoc €ku Kommpeccop WM (THAPABIUK KapUIMJIMKJIAPHUA EHTHIra capdiaHran),
BT; a — uccuxuk 6epuim kodpdurentu, Br/(m?-°C).
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S-pacm. Jlamunap oxum pexrcumuoa uccux noai MmusUMUHUHE Napamempiapuru ONMUMAailaumupuil
namuscanapu: 1-s=100 mm; 2-s=150 mm; 3-s=200 mm; 4-s=250 mm; 5-s=300 ymm

buszaunr xonma ['masep Me3oHHnaH QoiiamaHWIIM Ba WCCUK CYBHUHI JIAMHHAp OKHUM
PEKMMHIA UCCHK I10JI TU3UMUHUHT IapaMeTpiapy ONTUMAaUIAIITUPWIIN. FICCUK CyBHMHT 1aMuHap
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OoKuM pexkumuaa ['nmazep mMe3oHM OVitmua onuHTraH Hatwkanap 7). = f(Re) OOFIMKIMK NIAKIHA
S5-pacMaa KelNTUpWIraH. S-pacMaaH KYpuHHO TypUOIWKH, JaMUHAp OKHUM PEXKUMUHUHT
Re=600-1000 opanurna NCCUK MO TU3UMHU 3HT FOKOPU UCCUKIIUK-TUIPOAUHAMUK caMapagopiInKKa
ora Oymamu. Ymly coxama KyBypHUHT omtuman guamerpu d=0,016 m Ba koimamum Kagamu
s=0,3 M, cyBauHT caphu G=0,005-0,008 kr/c. Ym0y mapamerpiiapaaru UCCUKINK-THAPOINHAMHK
caMapaJiopiuK JaMHHAp OKUM PEKMMUHUHT KOJITAH coXacura HucOaTaH 2,5 Mapraraya roKopHu.
Xyaoca. Kyémr KoIeKTOpiau HCCHUK IMOJ TU3MMUHUHT CHJUIMK KyBYypUIa HWCCUK CYyBHUHT
JaMHUHAP OKUM PEXXKUMUIA YTKAZWITAH TAXXPpHUOa TAAKUKOTIAPH ITIYHH KYPCATaUKH, HCCUK CYyBHUHT
XapopaTy Ba KyBYpJapHH J>KOWJIAIIMIN KaJaMU HUCCHKJIHMK Oepuil Ko3()PHUIIMEHTUTA Ce3rIapiu
TabcUp Kypcaraau. XapopaTHU OPTHUIIM Ba KyBypiap >KOWIAIIMII KaJaMHHH KaMaiuiuyd OuiiaH
UCCUKJIMK Oepuil koddduuuentr opraau. Taxpuba HaTWKalapyuHHU KaiiTa HILIAll HaTHXKacuia
Ky€Il KOJUIEKTOPJIM MCCHUK MOJ TU3UMUHHMHI KyBYypUJa MCCUK CYBHMHI JIAMUHAp OKUM pEeXUMHUIA
UCCUKITUK Oepuil Kod(hPUIMEHTHHU aHUKJIAM OYiinya SMIUPUK OOFIMKIMKIAp oduHAd. OnuHraH
SMIMPHUK OOFMMKIMKIAPHUHT HATWXKalapd MablyM Hazapuid Qopmyna Oyitmua xucobmiamn
HaTIKalapu OWJIaH eTapinya aHUKIUKIa Moc Kenaau. CWUIMK KyBypJa THIPaBIUK KapLIMIHK
Oyinya Taxxprnba HaTHKaAJIAPUHU TAKIU( STUITAH SMIUPUK OOFITMKIUKAAH OFUIIN +2% HU TaIlIKHUI
ramu. Ymly OFuIl aTpod-MyXHTra UCCHKIMK HYKOTUIUIIU OwinaH OornmuK. ONWHTaH SMITUPHK
MojeiapHu anekariurn Oumep Mme3oHW Oyinda OaxoilaHraH Ba MOJCIUIAPHH aJCKBATIUTH
acocianrad. Ky€m KOJUIeKTOpIIM HMCCHK TIOJ TU3MMUHUHT TapaMeTpiapy ONTHMAJUTAIITHPUIIIN,
yHTa Kypa KyBypHUHT auameTpu 0,016 M Ba sxoimammm kagamu 0,3 M, Re=600-1000 (G=0,005-
0,008 kr/c) onTuMarn mapaMmeTpiiap SKaHauTy anukanau. [llynnai kuiauo, Takind STUIral SMIAPUK
OOFIIMKJIaH UCCUK CYBHHUHT TYpPJIH OKHM PEXHMIIApHIA KyEII KOJUIEKTOPIIA UCCUK TTOJT TH3UMHHHUHT
UCCHKJIMK-THIPOIMHAMUIK CaMapaJIopIIMTHHN Oaxoaniia (ot aJaHuIl MyMKHH.
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