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YJEKTPONIUTAHUE TEJTEKOMMYHUKAIIMOHHOM
AIIMAPATYPBI B APKTUKE C HOMOLLbIO COJTHEYHBIX
MOJIYJIE

Annomayus. OcBO€HUSI APKTUKH SIBJIIETCS TPUOPUTETHBIM HAIIPaBICHUEM
B Poccuiickoii @enepannn. CrnenpanucraM B ApKTHKE HEOOXOJMMa pa3BHUTAs
TEJIEeKOMMYHUKaMOHHAsT UH(DpacTpykTypa. s siaexTponuTanus ammaparypbl
TPaJIULMOHHO HCIOJIb30BAINCH OCH3MHOBBIE W AM3EIbHBIE TeHepaTopbl. Mx
WCITOJIb30BAHUE 3arpsA3HAIO NPHUpPOAY. ABTOpBHI IPEIAraroT MCIOJb30BaTh
COJIHEUHbIE MOJyJU. ABTOpbI cOOpalii YCTAaHOBKY M3 COJIHEUHBIX MOJIYJIEH,
KOHTpoOJIJIEpa 3apsja, aKKyMyJATOpHbIX OaTapei, WHBEpTOpa U HarpysKu.
WcnpiTanus Oblin poBeieHbl Ha Mblce XKenanus octpoBa HoBast 3emiisi. ABTOpPbI
CZI€JIAJIA BBIBOJI, YTO COJIHEYHBIE MOJYJIM MOTYT OBITh HCIIOJIb30BAHBI BO BpEMsI
NOJIIPHOTO JHS IS MUTaHUS TEJIEKOMMYHUKAIIMOHHOM anmnaparypsl.

Kntouesvie cnosa: MOHOKPUCTAINIMYECKUN KPEMHHM, COTHEYHBIA MOYJIb,
aNbTEPHATUBHAS JJIEKTPOIHEPIeTUKA, TEICKOMMYHUKAIMOHHAs —aIlaparypa,
ApKTHKa

Abstract. Development of the Arctic is a priority in the Russian Federation.
Specialists require a strong telecommunications infrastructure in the Arctic. For
the equipment power supply petrol and diesel generators are traditionally used.
Their use pollutes the nature. The authors propose to use solar panels. The authors
designed the installation of solar modules, charge controller, batteries, inverter
and load. Tests were conducted at Cape Desire of the Novaya Zemlya island. The
authors concluded that the solar modules can be used during the polar day to
power telecommunications equipment.

Keywords: monocrystalline silicon, solar module, alternative power
generation, telecommunications equipment, Arctic.

Beenenue

B Hacrosmee Bpems B Poccuiickorn @enepauuu  NPUOPUTETHBIM
HaIlpaBJIEHUEM SIBJISIETCSI YHEPIroNoJb30BaHUE U IHEprocOepexeHne. ApKTHUKA
MMEET UCKIIOYUTEIIBHO BAXXHOE BOEHHO-CTPATETHUECKOE 3HaueHue s Poccum.
OcBoenne ApkTuku 0e3 pa3BUTOM TEIEKOMMYHUKAITMOHHOW HH(PPACTPYKTYPHI
OYEeHb 3aTPyAHUTENBHO. [[1s muTaHusa anmapatypbl HEOOXOIWMBI HMCTOYHUKH
anektposHepruu. [Ipu 3ToM OonbmIo MOmHOCTH HE TpedyeTcs. (s nmuranwus

MOOUJIBHBIX ycTaHOBOK JocTaroyHo 80-100 BT, ans cranmoHapHBIX CTaHUIUN HE
oonee 1500 Br.
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JlnutenpbHOE  BpeMS  TPAAMIIMOHHBIMU  JUI1  APKTUYECKOW  30HBI
UCTOYHUKAMHU  DJIEKTPOIHEPTUU  SIBISUIUCh  OCH3MHOBBIE UM JU3EIbHBIC
aNieKTporenepatopsl. it ux paboThl HEOOXOUM PETYSPHBINA 3aBO3 TOILIMBA U
oOcnyxuBanue. Kpome Toro, B pesyinbraTe 3TON JAESITEIBHOCTU OKa3bIBACTCS
3HAQUYUTEJIbHOE HETaTUBHOE BIMSHUE HA JKOJOTHMIO OCTpPOoBOB (CeBEpHOTO
JIEIOBUTOTO OKE€aHa: 3arpsi3HEHHE BBIXJIOMHBIMU I'a3aMHy, Pa3jIuBOM TOILJIMBA Ha
MOBEPXHOCTh IIOYBBI, YHUUTO)KCHHE PACTUTEIBLHOTO IMOKPOBA IMPHU IEPEBO3KE
TOIINBA, HAKOTUICHUE Taphl.

B T0 ke Bpemsi, B ApKTHUKE UMEIOTCSI HEUCCAKAEMbIE HICTOYHUKHU SHEPTIHUHU.
Hampumep, Ha octpoBe Busze o manaeiM Pocruapomera 3a nepuon ¢ 1 ssHBaps
2015 roga mo 31 gmexabpst 2015 roma cpenHee 3HAYEHHE CKOPOCTH BETpa Ha
BbicoTe 10-12 MeETpoB 3a JE€CATUMUHYTHBIA TEPHUOJ, HEMOCPEACTBEHHO
MPEIIeCTBOBABIIINN CPOKY HaOMoAeHUS, cocTaBisieT 6,2 m/c [2]. ['op u BeICOKOI
PacTUTENBLHOCTH Ha OOJBIIMHCTBE OCTPOBOB HET. BcE BhllEmepedncieHHOE
CO3MaT XOpOUIME YCIOBMS JUIi INPHUMEHEHHsI BeTporeHeparopon. [l
HOpMaJIbHOM pabOThl BETPOreHepaTopa CPeIHEro10Basi CKOPOCTh BETpa JOJKHA
COCTAaBJISATh HE MeHee 4 M/c.

Henocratku BeTporeHeparopoB: 00JbIINE pa3Mephl U BEC, HEOOXOIUMOCTh
YCTAHOBKH Ha BBICOTE, TPEOYIOTCSI MAYThl C PaCTsLDKKAMU, HU3Kass MOOUIIBHOCTD,
HEBO3MO)XKHOCTh OBICTPO MEPEMECTUTh HAa HOBOE MeECTO (UCCleI0oBaTeNsIM
ApPKTUKM 4YacTO NPUXOAUTCS IEpEeMEIaTbCsi C MECTa Ha MECTO), CUJIbHas
3aBUCUMOCTB OT CHJIbI BeTpa. HeocTarku BeTporeHepaTopoB OrpaHuUYMBAIOT UX
WCIIOJIb30BaHUE B APKTHKE.

BTopsiM HeuccskaeMbIM HCTOYHUKOM SIBJISIETCS COJHEYHAS] HSHEPTHUS.
Jlaypear HoOenesckoit mnpemun mo ¢usuke Kopéc HMBanoBuu AndEpon
pPEKOMEHAYET NEepexXoAuTh K Oosiee MIUPOKOMY TPUMEHEHHIO COJHEYHON
dotoanexTponuku [1]. JlaHHBIN UCTOUYHMK DPHEPTUU MPAKTHUECKH HEBO3MOMKHO
UCIIOJIb30BaTh BO BpEMs MOJSPHOM HOUM B ApKTUKE. BOJbIIOE KOJIWYECTBO
AKCIEAULMI OTIpaBisieTcs Ha ocTpoBa CEBEPHOIO JIEAOBUTOIO OKEAHA B JIETHEE
BpeMs. B 310 Bpemss B Apkruke mossipHoe Jieto. [I0CTOSSHHO CBETUT COJHIE.
NMeHnHo B neTHee BpeMsi HamOojee ONTUMAJIBLHO HCIOJIb30BaTh COJHEUHBIC
MOJTYJIH.

Ha  pbiHKE  CcOiNHEYHBIX  MoOAylell  mpeoOnafaroT  KPEMHHEBbBIE
¢dotosnemeHTsl. OOBICHSAETCA 3TO HWIMPOKUM PACHpPOCTPAHEHUEM KPEMHUS B
3€MHOM KOpe, OTHOCUTEILHOM JICIIEBU3HON €ro I00BIUYM U BLICOKUM TTOKa3aTesieM
MPOU3BOJIUTEIBLHOCTH, B CPAaBHEHUU C JIPYTMMHU BHJAMH COJHEUHBIX Oarapeil.
Muorue wuccnenosarenu ormedaroT Hu3kui KIIJ[ comHeuHbIX MoOayned mnpu
BbICOKOU Temmepatype. Andepor XK.U., B yactHocTH, oTMeuaeT [1] cHuxeHHE
3¢ (HEKTUBHOCTH KPEMHUEBBIX (POTORIEMEHTOB Tpu HarpeBe. Hampumep, Ha
octpoBe Buze no mannsiMm Pocruapomera 3a nepuop ¢ 1 mas 2015 roga mo 30
ceHTsiOpst 2015 roma (4amie BCETro SKCIEAUIMU pabOTarOT B APKTHUKE B ITOT
NIEPUOJ]) CPENHEE 3HAYEHUE TEMIIEPATyphl BO3yXa HA BBICOTE ABYX METPOB Ha
MOBEPXHOCThIO 3emuin coctaBisier -1,3°C [3]. MakcumanbHasi Temmeparypa
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cocraBiusier +8,4°C. B gJaHHBIX YCJIOBUSX MPUMEHEHUE KPEMHUEBBIX
(b 0TORIEMEHTOB BO3MOXKHO 0€3 pUCKa Meperpena.

BoigBuHEM THMOTE3y: €CJIM HUCIHOJIb30BaTh COJHEYHbIE MOAYIH, TO
BbIpAOOTAaHHOW  DNIEKTpO’HEpruu  OyzneT  JOCTATOYHO  JUJIi  MUTaHUS
MaJjorabapuTHOM TEJIEKOMMYHHUKAIIMOHHOM armaparypsl ¢ 0011el notpedisiemMoit
MOIIHOCTHIO HE MeHee 80 BT.

MaTtepuajbl 1 METObI
B xaudectBe ONOK-CXeMBI O00OpYyIOBAaHUS BBIOEPEM KIIACCHYECKYIO
KOMITOHOBKY (puc. 1).

ConHeurbiii | |KoHTpomnep I:}"'rBEPTDP Harpyska, ~220 B
MOIYJIb sapAza =24/~220B ao 1200 Br
Enok
AKKYMYJIATOPOB,
24 B, 400 A-yac

Puc. 1. bnok-cxema BHCPFGTHHGCKOﬁ YCTAaHOBKHU

Mpb1  BbeIOpamu  conmHeunble  Moayaun  FSM-300  oreuecTBEHHOro
IIPOU3BOJICTBA. JlanHbIE COJTHEYHbIE MOJTYJIU U3TOTOBJICHBI u3
MOHOKPHUCTAJNIMYECKUX KPEMHHUEBBIX COJHEYHBIX 3JIEMEHTOB, 3alUILIECHHBIX
MPOYHBIM CTEKJIOM. B coctaB Mopyns BxoguT 72 miactuHbl (156x156 mm),
MaTepuasl — MOHOKpuctajuimueckuii kpemHuii (JA Solar). Hcnons3yemas
TEXHOJIOTUSl SIBJIIETCA CPABHUTENIBHO Joporocrosmeii. Ho maHHbIl BUI
CONTHEYHBIX Oarapeit mmeer Oomnee Bbicokui mokaszarens KIIJ| (mopsinka 17-
22%).Kaxnprit u3 mogyneit FSM -300 Beigaet Hamnpsixenue 10 36,7 B MonHoCTh
10 300BT, cyMmMapHasi MOIITHOCTh YE€ThIPEX YCTAHOBIICHHBIX Oarapeil COCTaBIseT
no 1200BT. HomunanbHOE HanpsbkeHue Ha BbIxoze cocTaBisieT 24 B. PaGouas
TeMIieparypa dKCIUTyarallud W xpaHeHusi cocrtaisier -40...+85°C. JlanHbIU
MOKa3aTeJib COOTBETCTBYET IUAMA30HY TEMIIEpaTyp B APKTHUKE.

Jlnst mpeoOpa3oBaHus BBIXOJHOIO HAINpPSDKEHUS COJHEYHbIX OaTtapeil B
HarpspDkeHust 24B U 3apsakd akKKyMYJISTOPOB YCTAaHOBHM KOHTPOJUIEp 3apsaa
MorningstarTS-MPPT-60 ¢ 1udpoBeiM aucruieem  MorningstarTS-M-2,
BBIJICPKUBAIONININ 3apsAIHbINA TOK 10 60A.

KonTponnep 3apsiaa npenHazHaueH A KOHTPOJISL 3a MPOIECCOM 3apsiia
aKKyMYJISITOPHBIX Oarapeil. DTa MoJiellb KOHTpoJulepa 3apsja MOAJIePKUBACT
paboTy ¢ coimHeYHbIMU OaTapesiMu MOIIHOCTHIO A0 800 BT mpu HampskeHuu
akkymyasaTopoB 12 B, no 1600 Bt npu HanpsbkeHHH akKyMysiaTopoB 24 B winu 1o
3200 Bt nipu HamnpsiKeHUH akKyMyasaTopoB 48 B.

B cnywae, ecnu ngaHHBIE CHCTEMBI HE MOTYT BBIIATh HEOOXOIUMYIO
Harpy3Ky MOTpeOUTENIO B CBS3U C OTCYTCTBUEM COJHIIA, TO CUCTEMa MUTAETCS OT
YEThIPEX TEPMETU3UPOBAHHBIX HEOOCTY)KUBAEMBIX AKKyMYISTOPHBIX Oarapeit
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tunma GELCHALLENGERG 12-200H na 12B, 200Au4. Bsibop reneBbix
aKKyMyJSITOpOB ObUT OOOCHOBaH pSAOM MPEUMYIIECTB 1O CPaBHEHUIO C
KHUCIIOTHBIMU M IIEJOYHBIMU. B ApKTHKE aKKyMyJsITOPBI TOJKHBI paboTaTh MpH
HU3KUX TEeMIIEpaTypax U BBICOKOM BiaxkHOCTH. [lpu mepeBozke He0OX0aUMO
UCKIIIOYUTh BO3MOXXHOCTh MPOTEKAaHUS M TMOpUM JApyroro obopyaoBanus. [lpu
JUTUTEILHOM OTCYTCTBUM COJIHIIA BO3MOKEH TITYOOKUM pa3ps]l aKKyMYJISTOPOB.
[eneBble aKKyMyJasITOpHbIE Oaraped BO MHOTOM JIMIIEHBI HEIOCTATKOB
KHUCJIOTHBIX U IIEJIOYHBIX Oarapeil.

[Tocnenytomee npeodpazoBanue ¢ 24B noctosHHOTO HanpsikeHus B 220B
MEPEMEHHOTO JJIsi MUTAHWS BHEIIHEH Iened OCYIIECTBISIETCS HWHBEPTOPOM
MUSTEP 2024, criocobnpiM nepsxats Harpy3ky 10 2000BT.

Pe3yabTaTsl
[IpousBenémM TeopeTuyecKuii pacyéT yCTaHOBKH.
[Ipu 3amaHHON MOIIHOCTM HArpy3Kd MOXKHO  BBIYHMCIUTH  TOK,
notpebisiempiii uasepropoM MUST EP 3000 2024 ot Gnoka akKyMyJsITOPOB U
COJTHEYHOTO MOJYJISI M3 BLIpaH(eHI/II:;)I (lbl
=uJin

(1)
rae n - KITJI uaBepropa.

Orcroga Tpu MakCHMaJIbHOM Bo3MokHOW MomHocty B 1200 Bt
MaKCHMaJIbHBIN MoTpeosieMbrit Tok Imax=Pmax/(U-1n)=1200/(24-0,95)=52,63 A.

[Ipu nuTaHum UHBEPTOPA TOJIBKO OT OJI0KAa AKKYMYJISITOPOB BpeMsi paOOThI
orpaHu4eHo. [l TpUMEHSEMBbIX aKKyMYJSTOPOB BpeMs IOJIHOTO pa3psiaa
3aBHCHUT OT pa3psaHoro Toka. [1o macroptHbeiM nanHbiM Oatapen Challenger G12-
200HkoneuyHoe HampskeHus paspsna A emkoctu 200 A-uac cocrasisier 1,75 B
Ha 1 anemenT, uto coctaiset 1,75-6=10,5 B na 6atapero. 3aBUCHMOCT BpeMEHH
MOJIHOTO paspsifa OT pa3psaHOTO TokKa i KoHeuHoro Hampspkenus 10,5 B
pUBOIUTCS B Tabuiie 1.

Tabmuma 1
3asucumocms 8pemenu NOJHO20 pazpsaoa om paspsioH020 MoKa

Bpewmsi, uac 2 3 4 5 8 10 20
Pazp. Tok, A 67,7 | 515 | 409 | 340 | 23,1 | 188 | 10,1

[Ipu mapamnensHO pabote Oataped pas3psinHbli TOK ynBauBaercsa. C
Y4€TOM O5TOTO CTPOWM TpaduK 3aBUCHUMOCTH BPEMEHH TOJIHOTO paspsnia OT
pa3psSAHOTO TOKa (BXOAHOTO TOKA HWHBEPTOpA) MJs HMHTEPECYIONIETO Hac
nuana3ona TokoB 10 100 A (Puc. 2, BapuanT 1). J{ins Maneix TokoB MeHee 20 A
BpeMsl paspsa MOKHO BBIYMCIATH MO mpoctod dopmyrne: T pazp. (wyac)=
EmkocTh(A-gac)/Tok(A).
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Bapwuant 1 BapuanT 2
Puc.2. I'paduk paspsana

[Ipn makcnmanbHOM MonHOCTH Harpy3ku 1200 Bt npu Toke paspsina 52,63
A aKKyMyJIATOpPBI MOJHOCTBIO pa3psaarcs 3a 6,9 yac. PaGoTarouue comHeuHbIe
MaHEH [PU HAWITYYIIUX YCIOBHSIX MO3BOJISIIOT YMEHBIIUTH MOTPEOICHHE TOKA OT
aKKyMYJIAITOPOB U YBEJIWYUTh BpeMsl paboThl 10 NOJHOTO paszpsiia Oarapei.
MakcuManbHasi MOIIIHOCTh COJIHEYHBIX MaHeneit coctapiuser 1200 Br.

Tox mpu aTom: Imax = Pmax/Ur = 1200/24 = 50 A.

I'padux 3aBUCHUMOCTH BpEeMEHHM IIOJIHOIO pa3psiia OT BXOJHOIO TOKa
MHBEPTOpa NPUBEAECHA HA PUC.2, BAPUAHT 2.

IIpu makcumanbHOW MomHOCTH Harpy3ku 1200 BT akkymynsiTopbl
MOJIHOCTBIO paspsiasITcss 3a Bpemsi Oonee 24 wyacoB. [lpu BXOAHBIX TOKax
uHBepTopa MeHee S0A, 94TO COOTBETCTBYET MOIIHOCTH Harpy3ku MeHnee 1140 Br,
aKKyMYJISITOPBI OyAYyT 3apsKaThCs.

Pesynprarel pacuéra: MakcumanbHyro Harpy3ky 1200 BT npemsioxkeHHOE
000pyI0BaHUE MOXKET MOJACP>KUBATH OTPAHUYEHHOE BPEMSI: aKKyMYJISITOPBI — 5,8
yaca, aKKyMyJISITOPbI + COTHEUHbIH MOYNb>24 4yacOB, MAKCUMaJIbHast MOITHOCTh
Harpy3kH, Ipyu KOTOPOM HE pa3pspKaroTCs akKKyMyJsITopbl, coctasisier 1140 Br,
ONTHUMAJIbHAsE MOIIHOCTh HArpy3ku, IpUd KOTOPOM HE  pa3psKaroTcs
aKKyMYJISITOPBI, IpU paboTe COMHEUHbIX manenen Ha 25% cocrasnser 185 BrT.
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C(A)DY npoBoaAKII UCCIIEI0BAHNE BOBMOXKHOCTH MTPUMEHEHHUST COTHEUHBIX
naHesei Ha tepputopun Ha mbice XKenanus octpoa Hosast 3emusa (Ilupora: 76°
55,54' Nonrora: 68° 29,22") na 6aze ®I'BY «HanumonansHseiii mapk «Pycckas
Apkruka». OOopynoBaHME U COTPYAHUKHA IIEHTpA PaJAUOTEXHUYECKOTO
MoHutopunra CA®Y OblM  J1OCTaBIEHbI Ha HCCIENOBATEILCKOM CYyIHE
«[Ipodeccop MomuaHoB» B paMKax TNpoekTa «APKTHUYECKHNA TIaBY4Hil
yHuBepcuTeT». ComHeuHble Oarapen ObUTM yCTAaHOBIIEHBI HA JEPEBSIHHOM KPBILLIE
YKUJIOTO 31aHUSs, MPUHAIJICIKAILETO HAIMOHAIbHOMY MapKy «Pycckas ApKTHKay C
ucnonp3oBanueM  [-o0pasHbix  kpemexxkeil. Bce  mpeoOpazoBarenn u
AKKyMYJISITOPBl YCTAHOBJIEHBI BHYTPU 3/IaHHUSI HAa BTOPOM JTaXe C 3arlacoM
MIPOBOIOB, TakKuM 00pa3oM, YTOOBI B Clydae HEOOXOAMMOCTH OOOpYyIOBAaHHE
MOKHO OBLJIO MIEPEHECTH B JIPYTO€ MECTO.

B sKcnepuMEHTabHOM pEXUME B KaueCTBE HArpy3KH HCIOIb30BAJICS
MPOBOJIOYHBIN pe3ucTop conporusieHrem 100 Om, MoiHOCTh paccenBanus 200
Bt. MakcumanbHoe 3HaueHue B 638 BT (puc. 3) mo BbIpaOOTKE MOITHOCTH
HaOmonanoch B 15:00 B gHeBHOE Bpemsi. MuHumanbHoe 3HaueHue 46BT
obecneunBanoch B 4:00 HOUM.
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Puc. 3. 3aBucHMOCTB BBIPAOOTKH AJIEKTPOIHEPTUU COTHEYHBIMH MAHENIIMU OT BPEMEHH
CYTOK.

133 80: 101181

[To ycnoButo 3amaum AJig MUTAHUS TEJIEKOMMYHHUKAITMOHHOW araparypbl
TpeboBajgach MOITHOCTD 3jIeKkTponuTanus He MeHee 80 Bt. ComHeuHble maHean
obOecrneunBaloOT MpeBbIIIeHUE moporosoro 3HadeHus B 80 Bt ¢ 07:00 go 23:00.
3apsa akKyMyJIATOPHBIX Oarapeit 3a 3To BpeMsl I0CTaTOYHO, YTOOBI OOECIICUHTh
AIIEKTponUTaHueM annaparypy cBszu ¢ 23:00 qo 7:00. MakcumanbHOE 3HAUCHHE
B 638 BT mo BeIpaboTKe MOIIHOCTH HabOmopanock B 15:00 B gHEBHOE Bpems.
MunumansHoe 3HaueHre 46BT obecneunBanock B 4:00 HOUH.
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Ha mporskeHuu AIUTENbHOTO BPEMEHU COJIHEYHBbIE MOJYJH, B JIETHEE
BpeMs, paboranu cTaOwibHO, BbIpabarbiBass He Oonee 50% 3asBICHHOM
MOIIIHOCTHU. XOPOUIO TPOCIEKUBACTCA 3aBUCUMOCTh BbIpaOATbIBAEMON HMHU
MOIIIHOCTH OT BpeMEHH CyTOK. [[MKOBBIE MOKa3aTe i MOIIHOCTHU MPUXOAUIIUCH Ha
nepuog ¢ 13-17 yacoB pgHs. MouiHoCTb, BbIpabaTbiBaeMasi COJHEYHBIMU
NaHEISIMHU, HaNpsMYyH 3aBHCUT OT oOnadyHOoCcTH. Ilpu cuinbHON 0OnMayHOCTH
MomntHOCTh MagaeT Ha 30-50%. OagHako, B 3TH MOMEHTHI CHCTEMa HAYMHAET
NOTPEONIATh SHEPIHI0, 3alaceHHYI0 B AaKKyMYJISTOpPHBIX Oarapesx. Takum
o0pa3oM, paboTOCIOCOOHOCTh CUCTEMBI HE HAPYIIIAETCSI.

[To cpaBHeHnto ¢ pacuetHbiMH moOkazarensiMa B 1200 Bt cosHeunbie
MaHey BblaBajiu MakcuMalibHoe 3HaueHue 638 Bt B 15:00. Cpennee 3HaueHue
3a CyTKu cocTaBisieT 194 BT, yto Ha 9 BT BbIllIE ONTUMaJbHOW pacuyeTHOMN
MOITHOCTH Harpy3KH.

B uenom, BelIBUHYTas THUIOTE3a HE ONpoBeprHyTa. COMHEYHbIE MOIYIU
MOTYT OBITh HCIOJB30BaHBI BO BpeMs TMOJSAPHOTO [HA JUISI THUTAHUS
TEJIEKOMMYHUKAIMOHHOM anmnaparyphl.
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