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" TepHoninbepkuii HaliOHATBHII TexHIunMT yHiBepeHTeT iM. 1. [Tymos,
kadenpa npuIaiB i KOHTPOJILHO-BUMIPIOBAJIBHUX cUCTeM, Byil. TekctuibHa, 28, 46016, TepHomisib, YkpaiHa
HauioHabHUH LEHTp YIPABITIHHS i BUNPOGYBAHHS KOCMIUHIX 3aC00iB,
alc 127, B. MockoBcbka, 8, M. Kuis, 01010, Ykpaina

3anpononosano memoo i po3poodneHo MemoouKy 6UMIPIOGAHH MA OUIHIOBAHHA eeKMPUUHUX RADAMEMPI6
6eNUK02a0apuUmMHUX GHMEHHUX CUCMeEM 01 HAOGUCOKUX YACMOMHUX 0iana3oHie, wio He 0y1u nepeddaueHi 01
GUKOPUCMAHHA HA MAKUX aHmeHnax nio uac ix npoexmyeaunsn. Ha ocnogi 3anpononosanoi memoouxu npoeeoeno
eKCnepuUMeHmanbHi 00Ci0NHCEHHA | HABEOCHO PE3YIbMAMU GUMIPIOGAHHSA MA MEmPOa02iYHOT OUIHKU PAdiomexHiuHuX
napamempis 060X 6e1UKO2A0APUMHUX AHMEHHUX cucmem 3 diamempamu peghiexkmopie 12 m ona wacmommuux
dianazonie Ka i Ku. Ilpoananizoeano moxciugicmey 6UKOPUCMAHHA MAKUX AHMEHHUX CUCEM 0151 CHEOPEHHA
CYUACHUX cucmeM KOCMIUHO20 36’ A3KY.
Knrouosi cnosa. anmenna cucmema, diazpama HanpaeaeHoCmi, KOCMIYHUIL 36’ 30K, CUCIEeMA KePY8aHH:, NOXUOKa
HageOdenHs, ehekmuena niowa po3KpUBAHRHA ROGEPXHI anmenu.

IIpeonosicen memood u pazpadomana MemoouKa UsMepeHus u OUEHKU INeKMPUYECKUX napamempos
KPYRHO2A0APUMHBIX AHMEHHBIX CUCHEM 015 C8EPXBHICOKUX YACHOMHBIX OUANA30H08, KOMOpble He Obliu
npedycCMompensl 0151 UCNOJIb306AHUSA 6 MAKUX anmennax npu ux npoexkmuposanuu. Ha ocnose npeonoscennoii
MemoouKu npoGedensvl IKCNEPUMEHMATbHDIE UCCE008ANHUA U NPUBEOCHDL PE3YIbMAMbl U3MEPEHUS U
Mempon02utecKoil OUeHKU PAouomexXHUUeCKUX napamempos 08yx KPynHo2adapumHvix aHmeHHbIX CUCHIEM C
ouamempamu pepnexmopos 12 m onn wacmommnovix ouanazonos Ka u Ku. Ilpoananuzuposana 603moixcHocmo
UCROIB306AHUA MAKUX AHMEHHBIX CUCIEM O3 CO30AHUA COBPEMEHHBIX CUCIEM KOCMUYECKOU C6:A3U.
Knrwouessle cnosa. anmennas cucmema, Ouazpamma HanPagieHHOCMU, KOCMUYECKAs C6A3b, CUCIEMA YRPAGIEeHUA,
nozpewHocms Hagedenus, IPphekmuenan na1owadsL pacKpvlea NOBEPXHOCM U AHMEHHDL.

The method of measurement and evaluation of electrical parameters a larg antenna systemsfor ultra-high frequency
bands is developed, that were not provided for the use of such antennas by their design.

For ensure the necessary radio parametersin professional antenna systems (AS) use parabolic antenna reflectorswith
large diameters of 5to 12 metersor more. The creation of such antennas require large expendituresfor their production
and metrological support by parameters setting. In addition many antenna systems of military-industrial complex (MIC)

which used in the frequency bands up to 4 GHz require modernization during the transition to higher frequencies and

metrological evaluation their electrical parameters at the facility.

The measurement of parameters of radio reflector AS large-diameter isimpossible to implement by ground methods at a
sufficiently high angles to avoid the influence of topography on Earth passing radio-waves. The measurement by radio
astronomy method with using aircrafts with known parameters of source signal requires large expenditures and
complex preparatory work. Therefore we need other complex methods.

The essence of the proposed method isto conduct multi-parameter measurement electrical parameters AC by radio
astronomy method with using an unknown source signals from satellites and use the auxiliary test antenna relatively
small diameter (@ 2,4 m). First measured the electrical parameters of the auxiliary antenna, namely the width direction
of the diagram, the gain coefficient, coefficient of using the surface. Then measured the same parameters of auxiliary
test antenna by radio astronomy method with using an unknown source signals from satellites and finding corrective
coefficients. The next step isthe measurement by radio astronomy method the antenna which studied with large
diameter of reflector with using the source signal from the same satellites and then recal culate parameters with usng
corrective coefficients.
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Based on the proposed method is provided the experimental studies and the results of measurement and metrological
evaluation of radio parameters of two large antenna sysems with diameters of reflectors 12 metersfor frequency bands
Ku (11,7-12,5 GHZz) and Ka (17,3-18,1 GHz).

The possibility of using such antenna sysems for create a modern space communications systemsis analyzed, especially
for establishment of ground control sation Ukrainian satellite“ Lybid”. Creation of satellite gations through the use of
effective technological measures, including AS TNA-57 by their upgrading would considerably reduce the cost of
establishing such stations.

Key words: antenna system, diagram orientation, space communication, control system, pointing errors, the effective
area of antenna aperture surface.

Beryn. 3abesrnieueHHs] pO3BUTKY CYy4aCHUX KOCMIYHHX
TEXHOJNOTi# B YKpaiHi € BAXJIMBUM YHHHUKOM, II0 BU3HA-
Yyae cTpaTteriuHe Micle Jep)kaBH y CBiTi. BinmosimHo mo
3arajJbHOJIEP’KAaBHOI LiTBOBOI HAyKOBO-TEXHIYHOI KOCMIiY-
HOI mporpamu Ykpainu Ha mepiox go 2032 p. [1]
nepe0a4eHO CTBOPEHHS MEpEeXi Ha3eMHHX CTaHIiN MpHii-
MaHHs iH(opMalii BiJl CyMyTHUKIB IUCTAaHIIHHOTO 30HAY-
BaHHs 3emui (JI33), a TakoX CTBOpPEHHS i EKCILTyaTaIliio
HanionanbHoi cymyTHHKOBOI cucremu 3B 3Ky “JInOins”
pa3oM 3 Ha3eMHOIO IH(PPACTPYKTYpOIO, B SIKY BXOHSTH

TOJIOBHA 1 pe3epBHAa Ha3eMHI CTaHLii yHpaBJiHHS
CYITyTHUKOM.

Y npodecifiHUX aHTCHHHUX CHCTEMaX KOCMIYHOTO
3B'5I3Ky, PaXiOMOHITOPHHIY, JUCTAHI[IHOIO 30HIyBaHHSI
3emuti Ui 3a0e3reueHHs IepefaBaHHs BEJIMKUX ITOTOKIB
iHpopMarii, Harp., 3 MiABUIIEHHSIM MPOCTOPOBOI PO3/IiNb-
HOI 31aTHOCTI 300pakeHHs 13 cymyTHuKa J133, 3a0e3mnedeH-
HSIM OUTBINOI HAJIHHOCTI OOMiHY HIBHIKICHUMH HOTOKaMH
iH(opMaIlil y HaIBUCOKOYACTOTHUX Jiana3oHax Bix 8 T
mo 20 I'Ti aHTeHa MOBMHHA MATH BEJIMKHUA KOSQIIIEHT
MiJICUJICHHS, TpPSMO IPONOPLiHHUIA 10 KoedilieHTa
HAIpaBJICHOI Aii aHTeHH i ot 11 moBepxHi [3]:

G=hxK,, =h 4|p28, (@D}
KH() -
S — mwioma moBEepPXHi

me h — koedimieHT BUKOPHCTAHHS MOBEPXHI;
KOe(iI[ieHT HaImpaBiaeHOl il;
peduiexTopa; A — A0BKHHA XBHJII PaliOCUTHAITY.

HlupuHy KyTa jgiarpamMyd HaIlpaBI€HOCTI Ha IIOJO-
BUHHI moTyXHOCTI curHany (piBenb 3 1B) B rpamycax
MOKHA 3 JIOCTATHHOIO TOYHICTIO OLIHUTH 3T1HO 3 [3] sIK:

9. = 1,02 5
05 _T rad2gr ( )
1€ Kiagq — KoedillieHT IepeTBOpeHHs pajliaH Ha TpamgycH 10-

K

piBuroe 57,3 rpan./pan.; D — niamerp pediiekropa aHTeHH, M.

Jis 3a0e3mneueHHs] MOTPIOHMX paliOTEXHIYHUX I1apa-
MeTpiB y npodeciiinux anreHnunx cucremax (AC) Buko-
PHUCTOBYIOThH MapabOIiuHi aHTCHU 3 BEIUKUMH JiaMeTpaMu
pedutextopiB Bix 5 10 12w i Oinblne, 0 NPUBOAUTH IO

3HAYHUX 3aTpaT Ha IX BHUTOTOBJICHHS, METPOJIOTIUHE
3a0e3MeueHH s, HaJlallTyBaHHs apaMeTpiB i, BiIOBIIHO,
JI0 BEIMKOI BAapTOCTI TaKUX aHTEHHUX CTAaHIIN NpHid-
MaHHs—TIepeiaBaHHs iH(opMarii.

Pazom 3 TuM, icHye 0Oarato aHTEHHHX KOMILICKCIB
BIIK, 1110 BUKOPHUCTOBYBAJIUCH Y YACTOTHHUX Jliaria30Hax 10
4 TTu i3 3acrapiiumMu pajioTpakTaMH 1 CHCTEMaMH
HaBEJICHHsI, SIKi 3HAYHO JIETTIIE MOAEPHI3YBaTH IOPIBHSHO 3
BUTOTOBJICHHSIM HOBUX peQJIEKTOpiB 3 TMpenu3idiHuMU
OMOPHO-TIOBOPOTHUMHU  TiaThopmamu. 11[o6  omiHuTH
MOXIIUBOCTI CTBOPEHHsI HOBMX AHTEHHUX CTaHIIN CymyT-
HUKOBOTO 3B'SI3KYy MOJEPHI3alli€l0 HasBHUX 32 3aMOB-
neHHsIM  Jlep)KaBHOTO KOCMIYHOTO areHTcTBa Y KpaiHu
(IKAY), M BHKOHAIH pOOOTY 3 MOCTIMKEHHS Ta MeT-
posoriuHoi oninku napamerpiB aBox AC tumy THA-57 3
nmiameTpamu pediekTopiB 12 M Ta MOBHOIPHUBOIOBHMU
OITOPHO-TTIOBOPOTHUMH  TIAT(GOPMaMH, IO PO3MIlIEHI B
CTPYKTYpHUX  miapo3mainax  HamioHaapHOrO — IGHTpPY
YIOpaBiIiHHA 1 BUIPOOYBaHHS  KOCMIYHHX  3ac00iB
(HITYBK3): IleHTpi KOHTPOJO KOCMIYHOI'O MPOCTOPY
(LIKKITI) i Lentpi npuiiManHs crieniansHoi iH(GOpMaIii Ta
koHTpono HagirariiHoro monst (L[IIOCI ta KHII). Taki
AC mpoekTyBaJuCh JUIsi BHUKOPHCTaHHS B  MEpexi
CYIyTHUKOBOI'0 3B’sA3Ky “MonHusA” B Jiama3oHi 9acToT
0,8-1,0 T, abo 1 IHHUX MTOAIOHUX 3a1a4.

MeTo0 po6oTH € pO3pOOJIEHHS METOIUKH BHMIpIO-
BaHHS CIEKTPUYHUX mapameTpi Bemukorabaputaux (AC)
3 BHM3HAUEHHSAM IX KoedillieHTa MiJCHICHHS, UIMPHHU
JiarpaMu CHpsIMOBaHOCTI Ta Koe(illieHTa BHUKOPUCTAHHS
nioBepxHi peduiekropa AC i OL[IHKOIO MOXKIIMBOCTI POOOTH
y  HaJBUCOKMX  YaCTOTHHX  Jiama3oHax, M0 He
BHUKOPHCTOBYBaJH paHiie 3 Takumu AC.

CkiafHicTh 3a7layi TOJSITAE B TOMY, IO BHMi-
pIOBaHHS paioOTeXHIYHUX mapamerpiB pediuekropi AC
BEJIMKUX [iaMeTpiB HAa3eMHUMH METOJaMU HEMOXKJIUBO
BHCOKHUX

peamizyBaTH Ha TIPHUHHSATHO KyTax, 100

YHUKHYTH BIUIMBY penbedy moBepxHi 3emii Ha

MIPOXOIKECHHA paI[iOXBI/IJ'H).
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BunpomiHioBanbHa aHTEHA 3 TEHEPATOPOM HEOOXiTHOT
YacTOTH 1 TMOTYKHOCTI TIOBHHHI BCTaHOBIIIOBATHUCH Y
JMANbHIA 30HI TpUAMaTbHOI aHTEHM Ha BIJCTaHI, sKa,
[IOHAaMMEHIIIE, 3aI0BOJILHSCE CIIiBBIJHOILIEHH

Lmin3 2D?I , 3

ne D — makcuManbpHe pO3KpUBaHHS [3epkana (miamerp
pedaexropa), M; A — TOBKHMHA XBHJII PaIiOCUTHAITY.

Jlnst BuMiproBaHHSA 1 KOHTpono mapamerpis AC 3
niamerpoM peduiekTopa 3 M Ta YacTOTHOI'O Jiala3oHy
24 TTu, o0 BHKOPHUCTOBYBajach y Ha3eMHIN CTaHIIT
“EgyptSat-1",

30ymoBaHO BHUIIKY, BUcOTa sikoi moHaa 20 m (puc. 1).

VIPABIIHHSA ETUINETCHKUM  CYITyTHUKOM
st AC 3 miamerpom pediekropa 12 M y Ka-
miamazoni (18-20 I'T'm) miniManbHa BiZICTaHb JI0 TECTOBOTO
reHepaTopa IMOBMHHA CTAHOBHTH He MeHie 3a 16 km. Ile
VHEMOXKJIMBIIIOE ~ TPOBEACHHSA  SKICHMX  BUMIPIOBaHb
enekTpuaHuX mapamerpis AC Ha3eMHHMH METOJIaMHU.

BuMiproBaHHs 3a JIOITOMOTOI0 JIITAJIBHUX amapaTiB 3
BIIOMHMH TapaMeTpaMH JDKepelia CUTHAIy MoTpedye
BEJIMKHX 3aTpaT 1 CKJIaJHUX ITiATOTOBYHMX POOIT.

Onuc Metony BHUMIpPIOBaHHSA. 3anpONOHOBaHUN
METOJI OCHOBAaHHI Ha MPOBEICHHI KOMOIHOBAHOrO IOETAIl-
HOI'0 JIBOCTYIICHEBOTO BHUMIpIOBaHHA Tmapamerpie AC
PaaioacTpPOHOMIYHMM METOIOM 3 BHKOPHUCTAHHSIM HEB1JIO-
2) Ta

I[OHOMi)KHO.I. TECTOBOI aHTEHH HOpiBHHHO HCBCJINKOI'O

MOro JDKepela CHTHaly i3 cymyTHuka (puc.

miamerpa (@ 2,4 M), mapaMeTpu sIKOI IMOMEPEIHBO BHMi-
PIOIOTh Ha3eMHHUM MeToioM (puc. 1).
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KoediuieHT migcmjeHHsi aHTEHHOI CHUCTEeMH BH3Ha-
YaroTh 3a pPE3yJbTaTaMHd BHUMIPSHUX JiarpaM Harmpas-
JICHOCTI 31 CITiBBiTHOIICHHS

& 31000

GA - 10|ggq-3dBAZ . 3dBE!l
¢

91000 0

0. 10d8Az *9- 10dREI =
5 Py (4)

& 5

p — KOCQILIEHT, IO XapaKTepusye BTpAaTH B aH-

ne h,

m,

TEHHO-XBWJIEBITHOMY TpPaKTi; 6..... — NIMpUHA JiarpamMu
HampasyieHocTi 3a piBHeM — 3dB Ta — 10dB, rpanycis:

AzuMyT: 0. 348, = COSE! Y. 34maz0

0. 10d8az = COSE! 0. 1008Az5100 5

ne cos El — kocuHyc KyTa Ha MaAKCHMyM CHTHAITY
CYITyTHHKA 32 KYTOM MIiCIISl.

Kyt micist: 0. 3ypg

Q. 10088l -

SIK TecTOBY aHTEHY BHKOPHCTAaHO HEBiCECHMETPHUHY
JI3epKajbHy aHTEHY 3 EeKBIBAJICHTHHM JdiaMeTpoM ped-
nekTopa 2.4 M, mapameTpu SKoi MOIepeaHbO BUMIPIO-
BaJHCh Ha3eMHHM METOJOM 3a JOIOMOTOI) TECTOBOTO
reHeparopa. 3HaueHHs  KoedilieHTa

TIOBEpXHi Takoi anTeHu cranoBuTh 0.64.

BUKOPUCTAHHA

ExcnepumenTtanbHi nocaipxenns napamerpis AC.
Jlns pamioaCTpOHOMIYHUX BHMIPIOBAHb SIK TECTOBUI CHUTHA
KuU-nmianazoHy Bukopucrano curHan i3 cymyrtauka HOT
BIRD 6 3 koopaumaramu 13.0E, a mma Ka-miamasony 3
iTanilicekoro BiicekoBoro cymyrauka SICRAL-1B (12.0E),
OJM3bKO PO3TAIIOBAHOTO O IIONEPEAHHOrO, LI0 IMONETIIYE
iIeHTH(IKAIiI0 CYIIyTHUKIB B YMOBax II€BHOI HEBH3Ha-
YEHOCTI MPUB’ SI3KU BIUTIKOBUX KYTOBUX MPHUCTPoiB AC.

....2m

Puc. 1. Cxema memponociunoi nepesipku AC EQyptSat-1 (93 m, S-dianaz. 2,4 I'Ty)

Fig. 1. Scheme of metrological control AU EgyptSat-1 (93 m, S-band 2,4 GHZ)
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Fig. 2. Scheme of measurement DL for signal from satdllites

Puc. 2. Cxema sumiprosanns J{H 3a cuenanom 3 LIIC3
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Puc. 5. lopignanus pisnie npuiinamux cuenanig, diacpam nanpagnenocmeii ¢ Ka-oianasoni 3a kymom micyst
o5t mecmosoi anmenu 2,4 m (a, 8) ma docnioxcysanoi THA-57, HLIVBK3 (6, 2)

Fig. 5. Comparison of received signal, charts orientation in Ka-band in the elevation for test antenna 2.4 m(a, 6)
and studied TNA-57, NCCTCD (6, 2)
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IlopiBHAJBHI pe3ynbTaTH BUMIpsiHUX napaMeTpiB ABox AC
Tun AC Ku-band (11,7 — 12,5 TT'w) Ka-band (17,3 18,1 T
[Tapamerp
G, 1b 0, miH. Ser, M2 G, 1b 0, miH. Sty M2
TeopeTrnyHi 3HaUCHHS 60,98 8,8 57,0 64,97 6,0 57,0
THA-57KP (3as. Ne 085) 60,3 8,6/8,0 56,5 62,8 7,0/6,8 45,2
LIKKII HIIYBK3
THA-57KP-02 60,7 8,6/8,0 56,8 64,5 6,7/6,3 49,2
(3aB. Ne 19/53416904) TIITOCT i KHIT
PesynbTaT  BUMIpIOBAaHHS  MapaMeETpPiB  TECTOBOI po3paxyHKaMu i i ATBEPIXKYIOTh MOJKJIMBICTh

aQHTEHH 3 HEBIJOMUMH CHUTHAJIAMH CYIYTHHUKIB HaBeICHO
Ha puc. 3. 3a OTPUMAaHUMH JAaHUMHU BH3HAUEHO:

umpuny JIH TecroBoi aHTeHM 3a a3MMyTOM Ha PpiBHI:
—3 b = 24,0';-10nb = 49,98';

mmpuHy JIH TecToBOI aHTEeHH 3a KyTOM Miclsl Ha PiBHi:
—3nb=237; —101b =49,2".

Jnst  miHiManeHOrO TmepeoONagTHaHHA BTOPUHHOTO
paniorpakty AC curHan npuiMaiy 3a OIHOA3EPKaJIbHOO
CXEMOIO 3a JIOTIOMOTOI0 BiJIKDHTOrO KaHATy XBHJIEBOJA,
po3MmiieHoro y gpokyci pediexropa.

KoopauHaTy HaBelieHHsI pO3paxoByBaIIH 32 PO3POOIIEHO0
HaMH Tporpamoro [4] 3a maHumu mapamerpiB opOiT CymyT-
nukiB (y *.TLE — ¢opmari, i3 cafita http://cdestrak.com/
NORAD) Ta raHnMu KoopauHaT MictiesHaxomkeHns AC.

HaBeneHHst Ha CyNyTHHMKM 3/1MCHIOBAJIOCH 3a JIOMO-
MOT'OI0 IITATHUX BUKOHABYHX 1 BifuTikoBUX NpHCTpoiB AC
THA-57 3

ontuuHoro KO-30M Ta piBHEM CHUTHAIy Ha CIEKTPO-

YTOYHEHHSM 3a JIONOMOrOI0 KBajpaHTa
aHaJrizaTopi.

I'padixu npuiinstux curHaniB y Ka-zmianasoni 3a
KyroM wMicus s TecroBoi antenn 24 M (a) Ta
nocnimkysanoi THA-57 (8 HIIYBK3) nageneno na puc. 5.

IMopiBHsHHS piBHA curHany TectoBoi anteHu (20 nb) 3
niamerpoM pedaexkropa 2,4 M 1 e(peKTUBHOIO ILIOLICO
MOBEpXHI aHTeHH Sgr = 2,9 M2 (Kgr = 0,64) Tta piBus
curHany BuMmiptoBanoi anrtenu (30,7 nB) 3 miamerpom
pedutextopa 12 M mae pisauio 10,7 nb. BomgHouac teope-
TUYHHUN TPHUPICT KoedilieHTa MiJCUIICHHS MPOIOPIIHHIIHA
IO BiTHOIICHHS KBaApaTiB AiaMeTpiB pe(IeKTopiB, IO
nopiBHIOIOThECS, —13,98 nb. Piznuns —3,28 nb Bimnosinae
3HW)KEHHIO KOoe(illieHTa BHKOPUCTaHHS TIOBEPXHI 3
koedirientom 0,469.

[opiBHSNBHI pe3yabTaTH BUMIPIOBAHHS 1 OOYHMCICHHS

napameTpiB 1Box AC HaBeICHO B TaOJIHIIL.

BucnoBku. Omxe, oTpuMaHi pe3yJbTaTH BHUMIPIOBaHb

JABOX  aHTCH 2[06pe KOpCJIIOITh 3  TCOPCTUUYHUMU

Bukopuctanus peduiektopa AC THA-57 B niamasowni
18TT 3 AedkUM 3MCHIICHHSIM KoeQillieHTa BUKOPHUC-
tannst moBepxHi (o 0,4) mopieusHo 3 Ku-mamazonom (0,5)
i 3 TeopeTnuHUM. Jlemo Kpaii nmapamerpyu OTPUMAaHO ISt
AC Ne 2, posmimenoi B IITOCI i KHII, mo kopemioe
TaKOX 3 Bi3yaJIJbHUM CTAHOM TOBEPXHI pedIIeKTOopa.

Y pa3l BUTOTOBJIEHHS ONTHMI30BaHOI OINPOMIHIO-
BaJIbHOI CHCTEMH MOXKHa 3a0e3NeYuTH poOOTY B 4YaCTOT-
HoMy miamasoni 11,7-12,5TT1 3 xoedillieHTOM BHKOpHC-
TaHHS 1oBepxHI peduiekTopa Ha piBHI 0,5, a B yacToTHOMY
17,3-18 11T na pieui 045. Koedimientu

I JICHJICHHS BiAMOBiAHO ctanoBUTHMYTH 60,7 nb 1 64,5 nb.

niana3oHi

Kpim 3amian BU-TpakTiB, HeoOXimHa MOJCpHI3allis
cucteMu kepyBaHHs Takux AC.

CTBOpEHHsI Ha3eMHOI CTaHIIii YIIPaBIIiHHS CYyIyTHUKOM
“JInbiap” YM iHOIMX CTAaHIIH CYMyTHUKOBOTO 3B’ SI3Ky Ha
OCHOBI BUKOPHUCT@HHs HasBHUX TEXHIYHMX 3aco0iB
(3oxpema AC THA-57) 3 ix MozepHi3ami€ro 1aao 6 3Mory

3HAaYHO 3MCHIIUTH 3aTpaTH Ha CTBOPCHHA TaKHUX CTaHHiﬁ.
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