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AnHOTanms. ['paiupHu  SABIAIOTCS OCHOBHBIM 00OpYJOBAaHHEM BOJOOOOPOTHOro mukna. OXlaxIeHHe IPOU3BOAUTCS OOOPOTHOWH BOION
TEIIO0OMEHHBIX yCTpoiicTB. Harperyio Bogy 0XnaxaaloT B IpaupHSX IyTeM CMEIECHHs C II0TOKOM BO3JyXa H CHOBA HANPABIIAIOT HA MCIIOJIb30BaHHE
B KQUECTBE OXJaxJarouero arenra. OXJaxeHne oCyLIECTBIAETCS B pe3ylbTare TernooOMeHa. JBmxyas cuia, HeodXoaumas [l MPeoioNeH s
CHIIBI TPEHHs MOTOKOB, KOTOpas MeHaeT TEYEHHIO BO3/yXa, O0ECHedMBAaeTCs HArHETATeNbHBIMH MWITH BBITSDKHBIMM BEeHTHIATOpamu. OOmryro
JBIKYIIYIO CHILY MOJKHO BBIPA3UTh CYMMO#i OT/I€IbHBIX IBIHKYIINX CHII B IIOTOKAX BO3/yXa U BoJbl. PaboTa py BO31yIIHOM IepeMEIMBaHHH KHIKOI
(a3sl IPON3BOJMTCS 3a CYET YHEPTHHU CKATOTO BO3yXa M MOXKET OBITh PACCUNTaHA, KaK paboTa M30TEPMUYECKOTO CXKATHs 10 MPHBEJCHHBIM B paboTe
ypaBHEHHsIM. M3BECTHBI IPaMPHN PA3IMYHBIX TUIOB. BEHTHIIATOPHbIE IPAJUPHH SBISIOTCS HauOOJee COBEPIICHHBIM TUIIOM OXJAJMTENeH BOBI,
MOCKOJIBKY 00ECTIeYnBaOT NPAKTHYECKH YCTOWYMBOE OXJIAKASHHE BOJBI ITyTeM W3MEHEHMS YacTOThl BpAIEHHsS BEHTHIATOPOB WM HX
MEePHOIMYECKOr0 OTKJIIOYEHHs, B HHUX JOMycKaercst 0Gojee BBICOKHE TEILUIOBBIE HArpy3KH H IJIy0OKOe OXJIKJEHHE BOJBI, TO €CTh Ooblee
TIPHOMKEHNE TEMIIEPATYPBI OXJIAXK/ICHHOM BOJIBI K TEOPETHUECKOMY MpE/ieTy OXJIaXKACHHs 3a CUET IIOBBIIIEHHOTO OTHOCUTEIFHOTO PAacXo/1a BO3IyXa,
IpOXOoJsleMy uepe3 rpajupHio. IIpuBeneHbl OCHOBHbBIE XapaKTEPUCTHKH TIPAJMpPEH 110 IUIOAAN OPOILISHHMs, THAPABIMYECKOH HArpyske M Jp.
Ipencrapiena cxema BEHTHIIITOPHON I'PAaJMPHH, NIEPEUHCIICHBI €€ IIaBHBIC JOCTOMHCTBA, TAKME KaK OXJIAXK/AOMAast CIIOCOOHOCTh, MHTEHCH (KA LIS
HepeHoca Macchl (BOAbI) B APYTYIO (BO3IyXa), TO €CTh THIMYHBII IIPOLIECC CONPSIKEHHOTO TEIIIOMAcCoepeHoca. PaccMOTpeHbI OCHOBHBIE 3JIEMEHTHI
rpaaupHu. OpocHTeb, KaK TJIaBHbIN JIEMEHT IPaAUPHE HEOOXOMUM [T YBEIMYEHHUs IIOBEPXHOCTH KOHTAKTa MEX/Ly BOJOH M BO3JyXOM, yCKOPEHHUs
npolecca oxnaxaeHus. Ilokasansl myTH yBennueHns 3GGpexTHBHOCTH MX SKCILTyaTalui. BogoynoBUTenH MAKCUMAIbHO CHIDKAIOT KalelbHbIH YHOC —
10 100 %. BonopacnpenenuresibHble CHCTEMbI JOJDKHBI PABHOMEPHO DACHPENENATh OXJIAKIAEMYyIO BOJY IO IUIOIAJM MOBEPXHOCTH OPOCHTENS.
IIpencTaBieHbl pacxo/a SHEPrUH, OCTyNaoei yepe3 GpopcyHky. OcBeleHa poiib BXOIHBIX OKOH, KaK 3JI€MEHTOB I'PaIMPHH, OCHOBHbIE HAIIPABIICHHUS
110 JlaJIbHEHIIEMY HOBBIIIECHNIO 30 dEKTHBHOCTH PaOOThl COBPEMEHHbIX I'PaJIUPEH.
KumoueBble c10Ba: rpaipHH, BOJ00OOOPOTHBIH MUK, 3P ()EKTHBHOCT, MOBHIIEHHE Y)(PEKTHBHOCTH, CMECUTETBHBIE TETIIO0OMEHHNKH.
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Abstract. Cooling towers are the main equipment of the water cycle. Cooling is carried out by the circulating water of heat exchange devices. The
heated water is cooled in cooling towers by mixing with the air flow and again directed to use as a cooling agent. Cooling is carried out as a result of
heat exchange. The driving force necessary to overcome the friction force of the flows, which interferes with the flow of air, is provided by injection or
exhaust fans. The total driving force can be expressed as the sum of the individual driving forces in the air and water flows. The work with air mixing
of the liquid phase is carried out due to the energy of compressed air and can be calculated as the work of isothermal compression according to the
equations given in the work. Cooling towers of various types are known. Fan cooling towers are the most advanced type of water coolers, since they
provide practically stable cooling of water by changing the fan speed or their periodic shutdown, they allow higher thermal loads and deep cooling of
water, that is, a greater approximation of the temperature of the cooled water to the theoretical cooling limit due to the increased relative air flow passing
through the cooling tower. The main characteristics of cooling towers in terms of irrigation area, hydraulic load, etc. are given. A diagram of a fan
cooling tower is presented, its main advantages are listed, such as cooling capacity, intensification of mass transfer (water) to another (air), that is, a
typical process of coupled heat and mass transfer. The main elements of the cooling tower are considered. The sprinkler, as the main element of the
cooling tower, is necessary to increase the contact surface between water and air, accelerate the cooling process. The ways of increasing the efficiency
of their operation are shown. Water traps minimize drip entrainment — up to 100%. Water distribution systems should evenly distribute the cooled water
over the surface area of the sprinkler. The energy consumption coming through the nozzles is presented. The role of entrance windows as elements of
a cooling tower is highlighted, the main directions for further improving the efficiency of modern cooling towers.

Keywords: cooling towers, water circulation cycle, efficiency, efficiency increase, mixing heat exchangers..
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BBenenue

Pemenne BonmpocoB 3Hepro- u pecypcocoe-
POKEHHS Ha MUIIEBBIX, XUMHYECKUX | JPYTUX
NPEINPHUATHSX, UCTIONB3YIOLINX 000POTHBIE CHCTEMBI
TEXHUYECKOTO BOJOCHA0KEHISI, BO MHOTOM 3aBUCHUT
oT 3¢QeKTHBHOCTH padOThI rpagupeH. B cMecurens-
HBIX TEII00OMEHHUKAX — TPAJUPHSX, SBISOIINXCS
OCHOBHBIM 000pYZOBaHHEM BOIOOOOPOTHOTO LMKIIA,
B KQ4eCTBE OXJIAXKIAIONIETO areHTa UCIONb3yeTCs
BO3AyX. OXNaskIeHne MpOU3BOIUTCS 00OPOTHOH BO-
JIOH — OTPabOTaHHOM OXJIAXKTAFOIIEH BOJOH TEII000-
MEHHBIX YCTPOICTB. DTy HarpeTyIo BOJy OXJIKAAIOT
NpH €€ YaCTUYHOM HCIIApPEHHUH B IPAJUPHSX ITyTEM
CMEILIEHHS C IOTOKOM BO3/yXa M CHOBA HAIIPaBJIsAs FOT
Ha HICTIONIb30BaHHE B KAUECTBE OXJIAXKIAOIIETO areHTa.
B Terutoe Bpemsi rozia 3a cueT MCapeHust epeaacTcs
6onee 90 % TeroThl. Takum 00pa3oM, OXJIXKICHHE
OCYIIECTBIISIETCS B pe3yJibTare Terooomena [1, 2.

W3 TexHUUYECKON TEpMOIMHAMHUKHU H3BECTHO,
YTO HCIApEeHHe MPOUCXOOUT BCerga MpH 000
TeMIIepaType co CBOOOJHOM TIOBEPXHOCTH JKUIIKOCTH
unM TBepaoro Tena. Ilpouecc ncnapeHust 3akimoyva-
€TCsl B TOM, YTO OTJIEJbHBIE MOJIEKYJIbI C OOJIBIIAMU
CKOPOCTSIMH IIPEOJIOJIEBAIOT MPUTSHKEHUE COCEIHUX
MOJIEKYJI U BBUIETAIOT B OKpY’Karolllee MPOCTPaH-
CTBO. VIHTEHCHBHOCTH HCHApEeHHs BO3PACTaET
C YBEJIIMYCHUEM TEMITEPATYPHI JKUIKOCTH.

HBwxymias cuna, HeoOXxonumas AJsl Tpe-
OJIOJICHUS CHJTBI TPEHHS TIOTOKOB, KOTOpast MelaeT
TEUYEHHIO BO3/LyXa, 00eCTIeYNBACTCS] HATHETATEIbHBIMU
WY BBITSDKHBIMU BEHTWJISITOpaMH, JTHOO 3a cder
€CTECTBEHHOW KOHBEKIIMU BCJICACTBUE TOTO, YTO
10 CPAaBHEHMIO C CYXHMM, YBJIQKHEHHBIH BO3IyX
UMEET MEHBIIYIO MIIOTHOCTb.

OO11y10 ABHXKYILYIO CHITy MOKHO BBIPAa3HUTh
CYMMOW OTHENBHBIX ABHXKYIIMX CHII B ITOTOKax
BO31yXa ¥ BobI [3]:

h* — hi= (hi-h)+(h* — hj), (1)
rae h*-sHTanbnms Bo3ayxa, HACHIICHHOTO MPH TEM-
TriepaType OCHOBHOM Macchl oToka Boab! (k/[x/krK);
h —snTanbmms cMecu Bo3ayx — Boja — nap (kJDx/krK);
hi — SHTambIUs MOBEPXHOCTH pasjelia BO3IYX —
XKuAKocTh (K K/KTK).

PaboTta mpu BO3IyIIHOM NepeMelInBaHUH
KUJIKON (pa3bl TIPOM3BOJMTCS 3a CUET DHEPIHU CKa-
TOT'0 BO3/IyXa U B IIEPBOM NPHOIMKEHIN MOXKET OBITh
paccuurana, Kak paboTa H30TepPMHUYECKOTO CKATHS:

dL=FdH, (2)
rae F — cuma ruppaBIUdecKoro CONMPOTHBIICHHUS
cpens! (H), L — pabora, 3aTpaunBaecmas Ha MOIbeM
BO31yxa Ha BeicoTy dH (JIx).

Cuna TUAPABINYECKOTO COMPOTHUBIICHUS
3aIIICHIBACTCS CICIYIOLUINM 00pa3oM:

F= (nnd’c; /6) (px-p1)g, ©)
rJie N — YMCII0 BO3AYIIHBIX ITy3bIPEKOB, oy — CPeIHUIA
OUAMETP ITy3BIPHKOB (M), Poc, P — ITIOTHOCTH BOJIBI
¥ Bo3yxa (Kr/mo).
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[TocKONBKY poe > p., TO NOCIEIHUM MPEHE-
operaror. Torma:

F:Q Pm g! (4)

rie Q= nad®., /6 — 06BeM Beex My3bIPHKOB B alla-
pare (M°).

W3BecTHBI TpajgupHH pPA3IUYHBIX THIIOB:
BEHTWJIATOPHBIC, OallleHHbIE, TONEPEYHOTOUHBIC,
KEKTOPHBIE, Cyxue u mp. [4].

BeHTHIsTOpHBIE MPaJAUPHU SBJISIFOTCS Han00-
Jiee COBEpIICHHBIM THIIOM OXJIAIUTENEeH BOJIBIL,
TIOCKOJIBKY OOECTIEUMBAIOT MPAKTUYECKH YCTOWIHBOE
OXJIAKICHUE BOJBI IYyTEM H3MEHEHHS YacTOTHI
BpallleHUs] BEHTWIATOPOB MJIH UX TIEPUOINIESCKOTO
OTKIIIOUCHHUS. B 3THX rpatupHsX ToImycKaroTcs Ooee
BBICOKHE TEIJIOBBIC HArPy3KH M IIyOOKOE OXJja-
JKIACHWE BOJBI, TO €CTh OoJbliiee MPHOIIKEHIE
TEMIIepaTypsl OXJAXKAECHHOH BOIBI K TEOpETHYe-
CKOMY TIpeZiely OXJIaXIEHUs (TeMIeparype aTMo-
chepHOro BO3JyXa [0 MOKPOMY TEPMOMETPY)
3a CYET IMOBBIIICHHOIO OTHOCHTEIBHOI'O pacxoja
BO3JIyXa, MPOXOIAIIETO uepes3 rpamupHio [4.5].

TeroBast Harpy3ka Ha 1 M? TIIOIIATM OPOCH-
TENsl BEHTWISITOPHBIX TPAUPEH MOXKET COCTABIIATH
10 335419 TrIC. KI[)K/(‘I‘MZ) u Beiie. ['uapasimye-
cKas Harpy3ka Ha 1 M° IUIOmamy BEHTHIIATOPHOH
TpaJiupHA OPUCHTHPOBOYHO MOMKET OBITh NPUHSTA
TIpU KaneNbHO-TIEHOYHOM OpocHTene 5—6 M/(um?).
PasHOCTh TEMIIEpaTyp BOIBI IPU pacdeTe Ha3HaAYa-
eTCsl B 3aBUCHMOCTH OT TEMIIEpaTyphl BOJIBI, TTOCTY-
naromeii Ha rpagupuio (ae 6onee 25° C), ckopocTh
BO3/yXa B OpOCHTeNIe pUHIMaeTcs He Oornee 44,5 m/c,
pPa3HOCTh TEMIEPaTyp OXJIAKICHHON BOJBI W aT-
MOC(EepHOro BO3AyXa IO MOKPOMY TEPMOMETPY
He MeHee 4-5 °C (B oTAenbHBIX ciyvasx 10 2—-3 °C).

Ha pucynke 1 mpencraBiieHa cxema BEHTH-
JIATOPHOH TPaJAUPHU C IPUHYJUTEIBHON TATOM.

)

REAND

L ©

ol S LAl o
lopayas Boga

- LR L

.\ . f ATmocdepHbIV BO3aYX

atmospheric air

OtpaboTaHHbIii BO3AYX
exhaust air

Pucynok 1. Cxema BEHTWISTOPHOU TpagupHH: | —ropsdas
BOJIa, 2 — BOIOPACTIPEACIUTENb, 3 — OPOCUTEND, 4 — BBITSIK-
HOI BEHTWISITOP, 5 — BXOJHBIE OKHA, 6 — BOAOYJIOBHUTEINb,
7 — muddy3op, 8 — MOIOH € OXJIAKIESHHON BOIOH

Figure 1. Fan cooling tower layout: 1 - hot water, 2 - water

distributor, 3 - fill, 4 - exhaust fan, 5 - inlet windows,
6 - water trap, 7 - diffuser, 8 - chilled water pan
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I'paaupHs Ha3BIBaETCS MPOTHBOTOYHOM, TIO-
CKOJIbKY HarHeTaeMbli BO3MyX IBMXKETCS CHH3Y
BBEPX HABCTpEUy OXJIaXKIaeMOH BOJE.

['maBHBIM peUMyIIECTBOM TPAAUPHHU SIBIIS-
eTcs OXJaXKAarIas crnocoOHocTh. llepenan mo
obopoTtHOI Bosme MoxkeT mocturath 30 °C 3a cuer
CO3JaHHUsI MOIITHOTO TOTOKA BO3AyXa B OPOCUTENIEHOM
NPOCTPAHCTBE HABCTPEUY IOTOKY OXJIaXIAeMOH
Bojbl. TeM camMbiM WHTEHCH(PHIIMPYETCS TpoIiecce
MepeHoca Macchl U3 OAHOH (a3bl (BOIBI) B IPYTYIO
(BO31yX), TO €CTh 3TO THUIIMYHBIM MpoLecc conps-
JKEHHOTO TETIOMAacCOoIepeHoca.

[Ipr TpOEKTUPOBAHWUU OXJIAKAAEMOU Ter-
J00OMEHHOW amnmaparypsl CleAyeT NPHHUMATh
B KaYeCTBE PACUETHON HAYaIbHYI TEMIEpaTypy
BOJBI I HambOosee HeOIaronpusATHRIX (JICTHHX)
YCIIOBUH € TeM, 4TOOBI 00ECHEeUUTh HAJCKHYIO U
OecriepeOoiiHy10 paboTy TEMIOOOMEHHBIX YCTPOICTB
B TeUeHue Bcero roja [6].

PaccMoTprM OCHOBHBIE TIEMEHTBI IPAIUPEH.

OpocuTens SIBISETCS TIaBHBIM 3JIEMEHTOM
rpagupad. OH TpeaHa3sHadeH [UIs YBEIHYESHHS
TIOBEPXHOCTH KOHTAKTa MEXJTy BOJIOW U BO3LyXOM U,
CIIEZIOBATEIIBHO, IS YCKOPEHHS TIpoLiecca OXJIaKe-
Hust. [Ipu BEIOOpE THIIOB OpOCHUTENIEH CIeayeT OTaaTh
TIPEATIOYTEHHE TAaKUM, KOTOpBIE OyIyT 00ecIieunBaTh
0oJtee BBICOKYIO OXJIaXKTAFOIITYIO CTIOCOOHOCTD M HU3-
KUE TIOTepH Haropa. PalyoHalbHO HCIIONB30BAThH
OPOCHTENH U3 TTOJIMMEPHBIX MATEPUAIOB KareJIbHO —
TUICHOYHOTO THIIA CETYATON CTPYKTYPBI, IIOCKOIBKY
MPOUCXOANT HApyIUIEHHE CIUIONIHOCTH 0 XOIY
JBIDKCHHS BOJBI M BO3yXa, YEPEAYIOTCS KareIbHbIC
W IJICHOYHBIE PEeXUMBI paboThl. Kak criencrue,
nepepacnpeieliecHue H JOMOTHATEIbHAs TYPOOIH-
3alUsl B3aMMOJCHCTBYIOIIMX IOTOKOB, MHTCHCHU-
¢unmpyercs Teromacconeperoc. Oxiraxmaaronas
CITOCOOHOCTH opocuTens yBenuauBaeTcs 10 70 %,
CYLIECTBEHHO CHWXXaeTcs Kod(duiueHt aspoam-
HAMHUYECKOTO COTPOTUBIICHHS, YTO TIOJIOKHUTEITHHO
CKa3bIBACTCSI HA SKOHOMUH DIIEKTPOIHEPTHH.

BonoynoButens MakCHMallbHO CHIDKAeT Ka-
TMIENTBHBIA YHOC 00OPOTHOW BOABI IPY MUHUMAITBHOM
a3POIMHAMUYECKOM COTPOTUBIIEHHH. D (PEeKTHBHOCTH
BOJIOYJIABIIMBAHHS B BEHTWJISITOPHBIX TPAIUPHIX
MakCMMalbHa TPH CKOPOCTH BO3myxa 2—3 m/c.
OnpaBaaHo HCHONB30BaTh KOHCTPYKLHUIO BOJO-
yJIoBHUTEINS B popMe MOTYBOITHBI, TOCKOJIBKY 00ec-
MeYMBACTCSl yJABIMBAaHHUE Karlellb MPaKTUYECKU
1o 100 %. OTtriamaer HE0OOXOIMMOCTE B HICIIOJIB30Ba-
HUHM MHOTOSIPYCHBIX KaIlIEyJIOBUTENEH C OONBIINM
a’POIMHAMUYECKHAM COTIPOTHBIICHHEM.

BogopacnpenenurenbHble CHCTEMBI TIpEI-
Ha3HAa4YeHbl I PaBHOMEPHOTO paclpeAesIcHus
OXJIXKJIaeMOM BOZBI TIO TUIOLIAH TTOBEPXHOCTH
opocutens. OHM HE IOJKHBI 3aTPYAHSATH POX0XK-
JIEHUIO BO3MYIIHBIX Macc B rpaaupHe. OCHOBHOM
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CHCTEMOM pacrpeielIeHHs BOJIBI SBIIACTCS pa3OphI3-
THBAIOIIEE  HAMOPHOE  BOJOPACHPENETUTENBEHOE
YCTpOIcTBO. DTO cUCTeMa TPyOOIpPOBOJOB C MPH-
COCAMHEHHBIMH K HUM BOJOPa30pBI3TrHBAIOIINMHU
comtamMy win GOpPCyHKaMH pPa3jIMdHbIX BUAOB
Y KOHCTpyKIui. DOpcyHKH JOJKHBI CO3/7aBaTh
ONTUMAJIBHBIE pa3Mepbl Kameib 2—3 MM IIPH pacblie
000pOTHOI BOABI U MOMaJaHAN HX Ha TIOBEPXHOCTD
opocutens. KonnuectBo comnen (popcyHOK) U mar
MeXIy HIMH OIIPENeNsIeTCs pacyeTaMu.

OHeprus, NOCTyTaloas Ha paclbUINBAaHNE,
pacxoayeTcs Ha CIEAYIOIINE BUIbL:

1. DHeprus A7t Ipeo0NieHNsT TOBEPXHOCTHOTO
HaTSDKEHUS NpU 00pa3oBaHHUU Pa3BUTOH IMOBEPX-
HOCTH Karneins Ep

Ep=0Sk, (5)
rae o — KO3 HUIIHEHT MOBEPXHOCTHOTO HATsIKe-
Hus (H/M), Sk — cymMapHasi Tiommas oBepXHOCTH
Karens (M2).

2. DHeprust Ayist COOOIIEHUS KUIKOCTH TIOCTY-
MaTeNIbHOTO ABMKEHUS (THpaBiIndeckas sHeprust) Ey

Er= My 0%/2 (6)
T/I€ My, Mx — Macca U CKOPOCTb UCTEUEHUS )KUIKO-
ctH (KT, M/C).

3. DHeprus Ui MPEeoA0IeHUS CUT TPEeHUs
B PaCHbUINTENE U SHEPTHs JUCCUITALIUH.
IMunpaBnuueckuit KI1/] paBeH oTHOILIEHUIO

1= EJE, )
rae E — MOJIHas SHEPTrud, NoABOAUMas K pacubliin-
TCIIIO.

lMunpasnuyeckuit KI1/1 3aBUCUT B OCHOBHOM
OT KOHCTPYKITMH PACIBIIUTENS], KA4eCTBa H3TOTOB-
JIEHUST B cKopocTH xkuakoctu. Hanbompmmii KI1/]
y THpaBIHYECKUX POpcyHOK [7].

BxonHple OKHa OKa3bIBAIOT CYIIECTBEHHOE
BIIMSIHME HA PaBHOMEPHOCTb PACIIPENIENEeHUs BO3-
JlyXa TIO TUTOINAJH TIOBEPXHOCTH OPOCUTENS W Ha
BEJIMYMHY adpPOAMHAMHUYECKHX CONPOTHUBICHUN
rpaaupHu. ONTHMaNbHOE COOTHOIICHHE TIIOUIaN
BXOJIHBIX OKOH K IUIOIIA/IN TTOBEPXHOCTH OPOCHTENS
cocrasiset 0,35-0,45.

C menplo  ycTpaHEeHUS y OCTPBIX KPOMOK
OKOH BHIXPEW CJelyeT YCTaHaBIMBaTh KO3BIPHKU
HaJ HUMU. B pesynbrare momydaercs 0€30TpBHIBHOE
MOCTYTJIEHHE BO3JlyXa B OPOCHUTENb, a BEJINYMHA
oOmero ko3¢ duirenTa CONpoTUBICHUS TPaiupHU
cHmkaercs Ha 8-20 %.

[enecoobpa3Ho BKIIOYNTHE B 00OPOTHYIO
CHCTEMY TEXHUYECKOTO BOJIOCHAOXKEHHS XOJIOIUITb-
HYIO YCTaHOBKY C LIEJIBIO TTONyYeHHs 0oJiee HU3KHX
TeMIlepaTyp BO3AyXa B TEIUIOE BpeMs Toja.
[ 5TOr0 BO3AYIIHBIN MOTOK (MJIM €r0 YacTh) U3
atMoc(epsl HampaBiseTcsl dYepe3 HCIapUTelNb,
TA€ OXJaXIaeTcss ¥ MOCTYMAaeT B IPaIUpHIO.
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Tenubiid BO3/1yX MOCIIE KOHAEHCATOPa MOXKHO UCTIOJb-
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