PELEH3IA

Ha gucepTanio MepsnikiHa AHatomis OnekcaHapoBuda
“METOAU TA 3ACOBU IMIABUINEHHA TPOAYKTUBHOCTI TA
I'OTOBHOCTI KAHAJIIB 3B’ SI3KY MUUIIMETPOBOI'O AIAITA3BOHY
XBWJIb”,

NoJlaHy Ha 3400y TTs CTYIEHs TOKTOpa (putocodii 3a creniaabHICTIO
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CydacHuil po3BUTOK 1H(QOpPMALIMHUX TEXHOJOTIH, 30KpemMa, MOOLILHOTO
3B’SI3KY, IHTEPHETY pedeil, BIZICO 13 BHCOKOIO PO3JAUIbHOIO 3JAaTHICTIO HAJA€
CYTTEBHUI TMOIITOBX PO3BUTKY TEJIEKOMYHIKAIIH y OIK PO3UIUPEHHS 00’eMy
BUKOPUCTOBYBAaHUX CHUTHAIIB, W0 MNPUPOAHHO BHUMAarae BIAMOBIIHOTO
po3IIMpeHHsa 00’eMy KaHaiy 3B’s13Ky. LIIMpoki mepcrnekTUBU pO3B’si3aHHS 1Ii€1
npoOJieMHU BIAKPUBAE PO3IIUPEHHS YAaCTOTHOIO Jliama3oHy KaHaly y Oik
HiABUIICHHS po00Y0i 4acTOTH. 3a paxyHOK LBOTO 3a0e3NeuyeTbess BOIHOYAC
PO3MIMPEHHS YaCTOTHOTO Jliarla30Hy Ta 30UIBIICHHS MPOIYCKHOT CIIPOMOKHOCTI
Mepexi 3B’S3KYy, IMIJBHIICHHS MIBHAKOCTI 1H(pOpMaIifHOro oOMiHYy B MEpexi,
MiBUIICHHS CHEPreTUYHOi €(EeKTUBHOCTI CHUCTEMH 3B 3Ky, 3MCHIICHHS
rabaputiB aHTeH Tomo. Came IIMM Ta IHIIMMH TIepeBaraMd OOYMOBIICHO
PO3pOOKY Ta BIPOBAHKEHHS MEPEK 1H(HOPMAIIITHOTO 3B’ 3Ky MOKOIIHHS 5G, 110
MPaIo0Th B MUTIMETPOBOMY Jliara3oHi. BTiM, mommupeHHsT eneKTpoMarHiTHUX
XBWJIb MUTIMETPOBOI JOBKHHU B TMPU3EMHOMY IIapi CYTTEBO 3aJCKHUTHh Bill
METEOPOJIOTIYHOTO CTaHy Ha Tpaci mepenadi, M0 CYTTEBO BIUTMBAE HA OCHOBHI
MOKA3HUKU SIKOCTI MEpEXi, 30KpeMa, MPOTyKTUBHICTh, TOTOBHICTh, a TaKOX
3aBa/I03aXUIICHICTh. TakuM YMHOM, pO3poOKa METOIB MIABUINCHHS SKICHUX
MOKa3HUKIB MEPEX TEJICKOMYHIKaIllii HOBOTO MOKOJIIHHS Ha OCHOB1 pO3pO0OKHU Ta
BIPOBAIP)KEHHSI MOJEJEeH MOIIMPEHHS PaglOXBHIIb MUIIMETPOBOIO J1alma3oHy 3

ypaxyBaHHSIM PETiOHAIIBHUX OCOOJIMBOCTEN I1JIpOMETEOPOTIOTIUHOIO CTaHY, 1110 €



temoro auceprauii A.O. Mep3iikiHa, € aKTyaJbHOIO HayKOBO-TE€XHIYHOIO
3a/1ayero.

Jlo TOro * akTyaJbHICTh POOOTH MIACUIIOETHCS CTBOPEHHSIM 0a3u JaHUX
IIUISIXOM €KCIIEPUMEHTATBHUX JTOCTIKEHb, 0€3 SIKUX € HEeIOIUIbHIM BBEICHH I
HOBOI'O MOKOJIIHHS Mepex 3B’sI3Ky B YKpaiHi. Sk 3a3HadaeTbcs B poOOTI, 3a
BIJICYTHOCT1 JTaHUX NPO ONaAM 3 KOPOTKHMM IE€pPIOJIOM YCEpEIHEHHs, Ta 0e3
EKCIIEPUMEHTAIBHUX JIOCHIIPKEHb aTMOC(EPHOro OciabJieHHS pPaaioXBUIIb
MLTIMETPOBOTO JTialla30HY HEMOKJIMBO Ta CKOHOMIYHO HEIOIIBHO BBOJHTH
ONTHUMI30BaH1 MepeXi HACTYMHUX NMOKoJiHb 9G-6G B YkpaiHi.

[TpoBenene B nucepTallii JOCTIKEHHS € CKJIaJ0BOI0 YACTUHOIO IMPOTPaMHU
«IIpoeKkT CcHiIpHUX JOCHIDKCHb TOMMPEHHS MUTIMETPOBUX XBWUJIb IS
YKpaTHChKHUX NEPCIIEKTUBHUX JiHIH 3B’ 513Ky 9G», sika Oyna npencrasiena y 2016
poI1i TPOBITHUMH HayKOBIsIMU YKpainu Ha 9th International Kharkiv Symposium
on Physics and Engineering of Microwaves, Millimeter and Submillimeter Waves
(MSMW).  [luceprariis  BHKOHYBajacb Ha  Kadeapi  paaioTEXHOJIOTIH
iHbopMariitHo-komyHIKaIiiHuX cucteM (PTIKC) XapkiBchbkoro HaIioHaaI5HOTO
YHIBEPCUTETY paJlioeeKTpOHIKH, Pesynbratm poOOTH OTpuMaHi B Xo.i
BUKOHAHHS HAyKOBO-MoCHinHOT pobotu Ne334 Ha cnemianbHy Temy (Ne
JIP 0121U000040T1). Kpim Toro, oTpmMaHi pe3yJbTaTH BUKOPHUCTOBYIOTHCS B
HaBuajgbHOMY Tiporieci kadpeapu PTIKC npu migrorosmi ¢axisiliB 3a OCBITHBO-
mpodeCifHO0 MPOTrpaMor0 crerianbHOCTI «IHhopMaIiifHi pagioTeXHOJIOT» B
paMKax HaBYAJIBHMX JUCHHIUTIH: «PagiomepenaBanmbHi  OpHUCTpOi»  Ta
«PamionpuitmanbH1 TIPUCTPOI».

Crpykrypa auceprallii BUTIISIIa€ OOTPYHTOBAHOIO 1 JIOTTYHOKO 1 JTIO3BOJISE
MPOCIIINTH XiJ, 3MICT 1 TMOCIIJOBHICTh BHUKOHAHUX aBTOPOM JOCIIIKEHbD.
Pobora ckimagaeThcsi BCTYyIy, YOTUPHOX PO3AUTIB 13 BUCHOBKAMHU JI0 KOKHOTO 3
HUX, 3MICTOBHUMH 1 TPYHTOBHMMH 3arajJlbHUIMH BHCHOBKaMH, CITHCKOM
BUKOPUCTAHUX JDKEpEN, JOoJaTKaMH, IO BiAMOBiIae BHUMOTaM IIOO
JTUCEpPTAIIMHUX JOCTIIPKeHh Ha 3J00yTTS HAYKOBOTO CTYIEHS JOKTOpa

ditocodii. 3MICT KOXKHOTO PO3ALTY TMOB’S3aHUM 13 BHU3HAYEHOIO METOIO



JOCJIJPKEHb Ta TMEBHUM C(OPMYIBbOBAHUM JOCIIKEHHS, 10 MIJCYMOBYETHCS
HAayKOBUMHU BHCHOBKaMHU.

B nuceptariii po3po0seHO Ta JOCHIIKEHO METOJUKY IMPOBEIECHHS PIUYHUX
iJI0J000BUX  €KCIIEPUMEHTAIBLHUX  JIOCHIDKEHb 3 BHCOKHM TOJMHHHM
po3pi3HioBaHHsIM (1 XBWIMHA Ta MEHIIE) 3 BUKOPUCTAHHSIM OPUTIHAIBHOTO
MPOTrpaMHO-aMapaTHOrO PaqIOMETPUYHOTO KoMmruiekcy miisg yactotu 40 [T
(8MMm) Ta HOBa OaraTompoMeHeBa MOJIEb MOMUpeHHs paaioxBwib MM JIX nis
3aKpPHTOTO IPOCTOPY, SKa BPaXOBYE EIEKTPOJMHAMIUHI XapaKTEPUCTHUKH
MmarepiajiB Oy/iBelib, 30KpeMa, CTiH, MiJIJIOTH Ta CTEJI.

Po3pobniena aBTopoM MeTOAWMKa TPOBEIEHHS PIYHUX UTOA000BHUX
EKCIIEPUMEHTAIBHUX JIOCITIDKEHb JTO3BOJIMJIA ITIC/S BiMOBITHOT CTATHCTHYHOI
00poOKH pe3yNbTaTiB BUMIPIOBaHb OTPUMATH HOBI1 JJaHI CTOCOBHO KyMYJISTUBHOI
GyHKIIT CE30HHOrO0 PO3MOALTYy TOBHOTO BEPTUKAIBHOTO aTMOC(EPHOTO
nocJIabJIeHHsI MPOTATOM POKY Ta Y HaWTIpIi Micsili poky. Po3pobieHo mopaens,
AKa J03BOJIMJIA OTPUMATH TEOPETHYHY OIIHKY JOCSIKHOI MIBUAKOCTI mepenadi
iHbopMalii i BHYTpIIHIX mpuminieHb OyaiBenb (Indoor) mepexi mepemadi
iHpopMaIii.

OtpumaHi B poOOTI OLIHKM YMOB MOMMPEHHs pamioxBwib MM JIX
0a3yloThbcsi Ha pe3yibTaTax CeKCIIEPUMEHTIB Oe3mocepeHhO Ha  MicIli
nepeadavyBaHOTO PO3TOPTAHHS MEPEXK 3B’S3KY M'SITOTO IMOKOJIIHHS Ta 00pOOKH
3HAYHO1 KITBKOCTI CTaTUCTUYHOTO MaTepialy, YuM 3a0e3Meuy€eThCs MiIBUIIICHHS
TOYHOCTI OIIIHOK TOPIBHAHO 13 pO3paxyHKaMH 3a JOMOMOTOI0 IHIIUX
METEOPOJIOTTYHIX MOJICIICH.

HaiiGinpmr  Baromumu  pesynbraTaMu  poOOTH  MOXHA  BBa)KaTu
VIOCKOHAJICHHS ~ MaTeMaTUYHOI  MOJENI  OIIIHKA  TPOJYKTUBHOCTI  Ta
3aBa/IOCTIHKOCTI CHUCTEMHU 3B'A3KY, sIKa BIAPI3HAETHCS BPaxXyBaHHAM Jiarpam
CIpSIMOBAHOCTI aHTeH 0a30BWX CTaHIli, (pa3oBux aHTeHHUX penritok (DAP)
TOYOK JIOCTYyMy Ta TPUCTPOIB KOPUCTYBAdiB, IO JO3BOJISIE BUKOHYBATH
JOCHIJPKEHHSI B YMOBaX WIUIbHOI MICHKOI 3a0yJOBH, a TaKOX pe3yJbTaTu

PO3paxyHKy €HepreTUYHOr0 MOTeHIIaly JI1HIM 3B’ 3Ky JJIs1 BIAKPUTOIO IPOCTOPY



(Outdoor) 3 BUKOPUCTAHHSM CTBOPEHOI €KCIEPUMEHTAIBHOT MPHU3EMHOT JIiHi1
3B'I3Ky Ha OCHOBI BHKOpHCTaHHs Touok mgoctymy MikroTik Wireless Wire
(RBWAPG-60ad kit) y miamazoni 60I'T1 (SMMm), 110 J03BOJMIO Ta TOKa3ayio
peaizoBaHICTh clieHapito posroptaHHs mepex 5SG B miamazoni 60 I'T' Ha 6a3i
manux cotiB (Small Cell)..

OOrpyHTOBaHICTh Ta JIOCTOBIPHICTh pe3yJibTaTiB AUCEPTALIHOI POOOTH
3a0e3MevyeThCsl KOPEKTHUM 3aCTOCYBAHHSIM METOJIB PaliOMETPUYHIX BUMIPIOBAHb,
METOJIB Teopii IM(POBOro 3B'I3Ky Ta MIATBEP/DKYEThCS 30IrOM JAaHUX HATYPHHUX
EKCIIEPUMEHTIB Ta YUCIIOBUX PO3PAXYHKIB.

[loBHOTa BHKIANEHHS OCHOBHHX pe3yJibTaTiB: 3a TEMOK AHcepTarii
3arajom oIy0JikoBaHO 16 HayKOBHX poOiIT, Yy TOMY YUCHi 6 cTaTed y MPOBITHUX
HAYKOBUX BHUJIAHHAX, B TOMY YHCJIi 4 CTaTTi y ()axOBUX BUJIAHHSAX, BKIFOUCHUX 10
nepesiky HayKoBUX (haxOBUX BHJaHb YKpaiHH, 3aTBEpKEeHOr0 MIiHICTEpCTBOM
OCBITM 1 Hayku YKpaiHM Ta OJIHA CTaTTS, IO IHJIEKCYEThCS Y CBITOBHX
HAyKOMETPUUYHUX 0azax JaHux SCOpPUS, 9 Te3 pomoBimed Ha MDKHAPOIHHX
HayKOBHX KOH(epeHiisx (B Tomy uucii 4 y Scopus) Ta OZHOTO MaTeHTY Ha
KOPHUCHY MOJIEIIb.

OriHka 3MiCTy IUcepTallii: Y nepuomMy po3aiii IpoBeAeHUN OIS BIUTUBY
KJIIMaTy Ha IOIIMPEHHS Ta 3aracaHHs paJioXBUJIb MUIIMETPOBOTO Jiala3oHy, a
TaKO)K HaBEJCHI PiBHI 3aracaHHs CHUTHAJIY B Olajax Ta KapTi KIIMaTHYHUX 30H
CBITY BKa3ylOTh Ha HEOOXITHICTh YpaxXyBaHHS PETIOHATBHUX MIKPOKITIMATHYHUX
ocobnmBocTel py POpMYBaHHI anapaTypHUX MapaMeTpiB Ta CTPYKTYPU MEPEK
3B'sI3Ky. Po3rmsiHyTi Ta HaBeAeHI XapaKTEpUCTUKH OMaJiB Ta iX BIUIUB Ha
BIJTUBAIOTh HA OCJA0JICHHS CUTHATY y MUTIMETPOBOMY Jliara30H1 XBHUIIb.

Jpyruii po3aia MPUCBIYCHUM PO3POOITI MAaTEeMAaTHYHOI MOJIENi OIIHKH
MPOYKTUBHOCTI Ta TOTOBHOCTI CUCTEMHU 3B’ SI3KY, SIKa pearizye 0araToCTymneHeBy
anpokcumariito mimity IlleHHOHa Ta mpencTaBieHa y BUTIAAI KOMITIOTEPHOI
nporpamu B cepenoBuiii MATLAB Ta . po3po0iii HOBOi OaratonpomMeHeBol

Mojienl nomupeHHs paaioxsuiib MM JIX A 3akputoro npocTopy.



Bucokoi MO3UTUBHOT OI[IHKM 3aciIyroBy€ IMpakTUYHA YacTMHA poOOTH,
pe3yabTaTH SIKO1 HABEJIEHO B TPEThOMY Ta YETBEPTOMY PO3LIaxX AUCEPTAIil.

Tak, 30kpema, y TpPEeTbOMY pO3AUII HABEICHO pe3yJbTaTh pPO3pPOOKHU
CTPYKTYpPH MPOrPaMHO-aapaTHOTO PaAiOMETPHYHOTO KOMIUICKCY JAJIsi YaCTOTH
40 I'T'o (8mMM), a TakoK PO3pOOJIEHO METOUKY MPOBECHHS PIUHUX LLI0OA000BUX
CKCIICPUMCHTAIBHUX JIOCIIDKEHh 3 BHUCOKMM YacOBUM po3pi3HIoBaHHsM (1
XBWIMHA Ta MeHie). Posrimsnyto pexomenpaumii ITU mono mnommpenHs
paaioxBuib B arMocdepl Ta MOKa3aHO, IO JUIsl PO3PAaXyHKYy TOTOBHOCTI-
HErOTOBHOCTI JIIHIM 3B’s13Ky MOTPIOHO MaTH JaH1 KUIBKOCT1 ONajAiB 3 KOPOTKUM
9acoM iHTEeTpyBaHHSI.

VY yeTBEepTOMY pPO3JUTI CTBOPEHO EKCIEPUMEHTAIbHY MPU3EMHY JIHIIO
3B'I3Ky Ha OCHOBI BHMKOpHCTaHHs Touok mgoctymy MikroTik Wireless Wire
(RBWAPG-60ad kit) y aiamazoni 60I'T' (5MM), 110 103BOJIMIO OTPUMATH HOBI
JIaH1 [0JI0 €HEPTeTHYHOI0 MOTEHINANy JiHIT 3B’ 3Ky IJI1 BIIKPUTOTO TIPOCTOPY
(Outdoor) Ta mokasano peaai30BaHICTh CIIEHApil0 po3ropraHHs Mmepexk 5G B
miamazoni 60 ITn ma 6asi wmammx cortiB (Small Cell). Ha ocHosi
EKCIIEPUMEHTAIBHO ~ OTPUMAHUX JIAHUX PpIYHOrO IMKIY Oe3mepepBHUX
PaTlOMETPUYHUX CIIOCTEPEIKEHD PO3PAXOBAHO MTOMICSYHUM Ta PIYHUN PO3MOALITH
MIOBHOTO BEPTHUKAJIBLHOTO OCJIAOJICHHS PaJioXBWIb B aTMOcdepi 11 gactotu 39
I'Tn Ha moxmimmx Tpacax mis kyTiB 0 rpamycis, 60 rpagycis, 70 rpamyciB Ta 80
rpaayciB. CpopmoBano 6a3y MaHMX Ta PO3PAaxOBAHO PO3MOMALT IHTEHCUBHOCTI
JIOIIB 32 HAWOUIBII HECTIPUSTIUBUU JUIsl 3MIACHEHHS 3B'I3KY 4-X MICSYHHIMA
nepiosl poky Ay Micta XapkoBa. Po3paxoBaHO CYKyMHHE PO3MOJLT MATOMOTO
3aracanHsa atMocdepu 3a 4-micsianuii nepios. OTpuMaHi pe3ybTaTh CKIIAJAI0Th
MPaKTUYHY IIHHICTh JucepTamii 1 MOXYTh OyTH pEKOMEHIOBaHI s
BIPOBAJIKEHHS T1]] Yac pO3pOOKH Ta CTBOPEHHS MEPCIIEKTUBHUX MEPEK 3B’ SI3KY.

3ayBa)keHHS MO0 3MICTY JUCEPTAaIlii.

- OCKUIBKHM TEMOIO JUCEepTAallli 3asBJICHO M1JBUILCHHS SAKICHUX MMapaMeTpiB
MEpEeX1 3B’SI3KY, KPUTHUYHHUM OTJIAA ICHYIOUHMX METOJIB iXHBOTO 3a0e3MedeHHS

noTpioHa O0ys0 O pO3LUIUPUTH;



- . 5 HAYKOBOi HOBHW3HU BWTJISJAE TPUBIALHUM, OCKUIBKH PO3B’SI3aHHS
€JEKTPOAMHAMIYHOT 3a7a4l 0araTonpOMEHEBOIr0 MOIIMPEHHS paalOXBWJIb HE
MOXKJIUBO 0€3 ypaxyBaHHS IPAHUYHUX YMOB;

- B TEKCTI AMcepTallii 3ycTpiyaroTbcsa XuOH1 a00 HE3pO3yMuIl TEPMIHM Ta
BHCJIOBJIIOBAHHS: YacOBHUI JO3BUI, YAUIbHE OcCiabJieHHs, MiJcTaBa Jorapudmy,
OCHOBH1 HEJOJIKM MUIIMETPOBOTO Jiala3oHy, PO3pI3HIOBAJIbHA 3JaTHICTH abo
pO3pi3HIOBANIbHA  CIPOMOXHICTh, KyYMYJSTUBHHH PO3MOJILT tomo. lle
NPHU3BOJNTH JIO TIEBHUX HEMOPO3yMiHb. Tak, 30KpeMa, TEPMiH KyMYJIsTHBHHMA
po3MoALT NoTpedye MEBHOTO P03’ sICHEHHS, OCKUIBKM B MaTeMaTHIll ICHY€ YITKE
HOHSTTS KyMYJIATUBHOI (YHKIIT pO3MOA1TY, SKOMY HE BIANOBIAIOTh HABECHI B
po3ainax 3 Ta 4 pe3ylibTaT;

- ICHyBaHHs B poOOTI miApo3aury 2.3 noTpedye MeBHOro MOsICHEHHS a0
BHUCHOBKY, SIKUM YHHOM BIUIMBA€E BHOIp CTPYKTYpH (a HE apXiTEKTYpPH, K CKa3aHO
B JMcepTallii) pajgionpuiiMaya Ha MOKa3HUKU SKOCTI MEPEexKi;

- KUIBKICTh myOJikamid Ta ampoOaiiii guceprallii, BKa3zaHi B PI3HUX
YaCTHHAX TEKCTY, PO3PI3HIIOTHCS, 110 BUKIIMKAE TIEBHE HEITOPO3YMIHHS.

Bkazani 3ayBaskeHHSI MOKYTh OyTH 3’ siCOBaH1 0€3M0CepeIHRO Ha 3aciaHH1
Crieliajgi3oBaHoi BYEHOI pajy IijJ 4yac 3aXUCTy JUCepTallii, Ha SKOMY aBTOPOM
OyIyTh HaJlaHi NIeBHI BIAMOBIA1 Ta pO3’ ICHEHHS.

BucHoBok: Amnami3z guceptamii Ta myOJikaiii y HaykKoBUX (haXOBHUX
BHJIaHHAX Ja€ TIACTaBU JJII BHUCHOBKY IMpO Te, IO aUcepTaris Mep3iikiHa
Anaronis Onekcanapopuda «MeToau Ta 3acO0M IMiIBUIICHHS MTPOTYKTHBHOCTI
Ta TOTOBHOCTI KaHATIB 3B’ 3Ky MUTIMETPOBOTO Jlialla30HY XBUJIb)» € 3aBEPIICHOIO,
CaMOCTITHO BHUKOHAHOIO HAyKOBOIO TIPAIlCi0, SIKa MICTUTh O3HAKHA HAyKOBOI
HOBU3HH, MAa€ TEOPETUYHE 1 MPUKIIATHE 3HAYCHHS, BIATOBIIa€ BUMOTaM HaKa3zy
MinictepcTBa ocBitTh 1 Haykum Ykpaiam Ned0 Bim 12.01.2017 p. «IIpo

3aTBEp/UKEHHS  BUMOT  m0A0 OQOPMIICHHA JAWCEpTallii», a TaKoxX



BiAnoBiZae BuMoram, nepenbauenum 1. 10 «Ilopsaky npoBemeHHs
eKCTIePUMEHTY 3 MpPHUCY/UKeHHs CTymeHs: aokropa ¢inocodii» (Ilocranosa
Kabinery MinictpiB Vkpainu Ne 167 Bix 6.03.2019 p.) Ta Bumoram Ilopsijiky
NPHCY/UKEHHs CTyNeHsl JoKTopa (inocodii Ta ckacyBaHHs Ppill€HHS pa3oBOi
CIIeLiaTi30BaHO] BUCHOI pajii 3aKJajdy BUIIOI OCBITH, HAYKOBOI YCTAHOBU PO
IPUCYIDKEHHS  CTYIEHsl JI0KTopa (uIocodii, 3aTBEpHKEHOr0 TMOCTaHOBOIO
Kab6inery MinictpiB Ykpainu Big 12 ciuas 2022 p. Ne 44 i moxke OyTu nomaHe
JI0 PO3TJISIy CIeIiai30BaHol BUEHOI pajid Ha NpeAMET JIOIYCKY JI0 3aXHCTy Ha
3000yTTs HAyKOBOTO cTyrneHs Jokrtopa dinocodii 3a creuiansHicTio 172 —
TEJEKOMYHIKallii Ta paaioTexHika, ramiy3b 3HaHb 17 — eIeKTpoHika Ta

TEJIEKOMYHIKaLLil.

Penensent — npodecop xadenpu
IIPOEKTYBAHHS Ta €KCIUTyaTarii
ENEeKTPOHHHX anapatiB XapKiBCHKOT0

HALlIOHAJILHOTO YHIBEPCUTETY PaliOeNIeKTPOHIKH,

JIOKTOp TEXHIYHHUX HayK, npodecop W B. I. Yymakos

[Tianuc 3acBiauyio:

YueHuii cexperap Irop MATZIAJITHA




