Paguodusuka u paguoacrponomus. 2014, T. 19, Ne 1, c. 81-96

AHTEHHBDI,

BOJIHOBOAHAA
N KBASUOIITUYECKAA TEXHUKA

VK 621.396.677

A.B. UTTATOB', B. M. UMHJIb 2 B. H. CKPECAHOB?,

JI.B.UBAHOB', B. B. MAP/IbIIIIKMH !, B. K. YEPHOB!,
A. M. [IMJIUITEHKO?, A. A. KUPUJIEHKO?

' MuctutyT mpukiagHoi actponomuu PAH,
Ha0. Kyty3oBa, 10, r. Cankr-IlerepOypr, 191187, Poccus

E-mail: ipatov@ipa.nw.ru

2TIAO «Hayuno-npou3BojcTBeHHOE mpeanpustue “Carypa’™»,
yi. Jlecs Kyp0aca, 2-6, . Kues, 03148, Ykpanna

E-mail: chmil@adamant.net

* MHCTHTYT pamuou3nuKky U >1eKTpoHUKH uM. A. S1. YenkoBa HAH Vkpaunsl,
yi. Ak. I[Ipockypsr, 12, . XappkoB, 61082
E-mail: valery.skresanov@gmail.com

KPUOTEHHBIN IMIPUEMHBIN ®OKAJIBHBIN BJIOK
JIJI TEJJECKOITOB PAITMOMHTEP®EPOMETPUYECKOTO
KOMILJIEKCA HOBOTI'O ITOKOJIEHUSA

Ipusoosimes pe3yismamvi cunmesd, KOHCMpYUpO8aHUsi U UCHbIMAHUL IKCNEPUMEHMATLHO20 00PA3YA KPUOLEHHO20 NPUEMHO20
¢okanvnozo baoxa (KIIDB) onst paduomeneckonog poccuticko2o paououHmep@epomMempuyecko20 KOMIIEKca HO8020 NOKOLEHUSL.
Paouomeneckonvl KOMIIEKCA CHPOEKMUPOBAHDbL OJisl NPUEMA CUSHANO8 KOCMUYECKUX PAOUOUCTNIOYHUKO8 00HO8pemelHo 6 S, X u
Ka ouanazonax u wacmuuno cogmecmumvl ¢ paouomeneckonamu nepcnekmueholl 2106anvHoll 2eodesudeckoti cemu VLBI2010.
Obcyarcoaromes npunamole mexHudecKue peuerus Kiouegwlx y3noe KIIDB u npueodsmes 0CHO8HbIe meXHUYecKue Xapakmepu-
cmuku CBY snemenmos, komopoule, Kak NOKA3ano, YO081emeopumelibHO COOMEememesyom npoekmHoil Cneyuguxkayui.

Kniouegvie cnosa: MHOTOMaNIa30HHBIC 00JTyYaTeNn 3¢PKaIbHBIX AHTCHH, Pa3/ICIUTENIN KPYTOBBIX MOISIPH3ALIUIA, OXJIAKAACMbIC

MaJIOLITYMSIIIIUE YCUIINTENH, paauoMeTpsl, VLBI2010

1. BBenenue

WuctuTyTOM npukiagaoi actporomun PAH paspa-
00TaH POEKT pagronHTephepOMETpa CO CBEPX IJTHH-
Hoit 6a3oit (PCIIb) [1]. HaGmroneHus, BEITTOTHEHHBIC
Ha 3TOM HHTep(hepoMeTpe, TO3BOJIST OMPEaEIATh
rapaMeTpsl BpalleHns 3eMIH U KOOPIUHATHI OTI0p-
HBIX CTaHIIMH Ha MHJUTHMETPOBOM YPOBHE TOYHOCTH,
a TaKk)Ke OMEePaTUBHO OMPEEIAThH BCeMHUPHOE BPEMsI
B HHTEepecax [ modanpHO HaBUTAITMOHHOM CITy THHKO-
Boii cuctemsl (IJIOHACC).

B nacrosmee Bpems B Poccuu momoOHBIe 3a0aun
pemarorcs komiuiekcoMm “Kazap-KBO” mpu pabo-

© A. B. Unaros, B. M. Umuns, B. H. Ckpecanos,
/1. B. UBanos, B. B. Mapasimikun, B. K. YUepHos,
A. M. IMununeuxo, A. A. Kupunenko, 2014

T€ B COCTaBEe paJuOMHTEP(EPOMETPUUECKON CETH
MexnyHaponuoit PCJIB-city>x0bl juis reofe3un u
actpometpui (International VLBI (Very Long Base-
line Interferometry) Service for Geodesy and Astro-
metry — IVS).

Mesxmynapoatoe coobmiectBo GGOS (Global Geo-
detic Observing System) pa3paboTano pexomeHa-
UM 110 TOJACPKAHUI0 U PA3BUTHUIO allllapaTHO-
MIPOTPaMMHBIX CPENICTB OTOPHBIX CTAHITUH TII00ATb-
HOHM reone3ndeckoil cetu [2]. OmopHbIE CTaHIIUH
CO cBOCH MHPPACTPYKTYPOIt JOKHBI TPEIOCTABIIATE
KOJIMYCCTBCHHYIO WH(POPMAIIMIO ISl OTPEACICHUS
Y MOHUTOPHWHTA KOOPJIMHAT OITOPHBIX HCTOYHHKOB HE-
OeCHOM crcTeMbl KOOPIWHAT U KOOPAWHAT OTIOPHBIX
CTaHIIMH 3eMHOM CHCTEMbI KOOPJIMHAT, & TAK:KE UH-
(hopmanmro o mapaMeTpax BpalieHus 3eMITH, YpOBHE
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MOpsi, KpyTOBOPOTE BOJBI, KIUMaTe U 00 yrpose
CTUXUUHBIX O€ICTBHIA.

MexnynaponHas PCJIb-ciyx0a B cBOrO o4epeipb
pa3paboranma npoektr VLBI2010, HampaBieHHBI Ha
KApAMHAJIBHOE MOBBILICHHE TOYHOCTU MOITY4aeMbIX
nmaHHbX [3]. ChopMyrpoBaHb! TPeOOBAHISI, KOTOPHIM
JIOJKHBI YJIOBIETBOPSITH EPCIIEKTUBHBIE cTaHImu [V'S.
Pexomenayemble TEXHUUECKHE XapaKTEPUCTHKHU pa-
JIMOTENECKOIIOB HOBOTO TTOKOJIEHHSI B CPABHEHNH C Xa-
PAKTEPUCTUKAMU PATUOTEIIECKOIIOB HBIHE ACHCTBYIO-
el modansHON PCIIB-cetn mpuBeneHs B Tabm. 1.

[IpoekTHas cnenmQuUKaIUsI TEXHIYECKAX Xapak-
TEPUCTHUK CTPOSIIUXCS PAMOTEIECKOIIOB POCCHIC-
koro PCJIb-xoMmIiiekca HOBOTO MOKOJICHUSI B OCHOB-
HOM cooTBeTcTByeT crernudukamuun VLBI2010.
Bwmecre ¢ TeM amama3oHbl 4acCTOT BBIOPAHEI C yde-
TOM COBMECTUMOCTH ¢ KoMIuiekcoM “Kpazap-KBO”
U OTJIMYAIOTCS. OT 4acTOT NPHUEMa, PEKOMEHOBaH-
HBIX A npoekta VLBI2010 (ta6u. 1). Ipu BbIOO-
pe HOMHHAJIOB YaCTOT YYTEHBI TaKXKe MEPCIICKTHU-
BBl TIepexoia B 0oJiee BHICOKOYACTOTHBIM AMana3oH
Y IEPCHEKTUBBI IPOBEICHUSI COBMECTHBIX HCCIIENO-
BAHMM 10 MEXyHApPOJHBIM IIPOrpaMMaM C pajguo-
Teneckonamu I'epmanuu u Mcnanuu.

B utore, poccuiickas PCJIb-ceTs HOBOro nokose-
HUS IPOCKTUPYETCS JIJIs TpreMa CUTHAJIOB OJTHOBpE-
MEHHO B TpeX JUala30Hax 4acToT: B S JnanazoHe
(2.2+2.45 I'T), B X mmanazone (7.0+9.5 I'T'm)
u B Ka guamazone (28-+34 I'T'm). binuskue mo Ho-
MuHajgaMm 4dactot (2.2+2.6 I'Tu, 7.0+9.5 [T u
28+33 ['T) nuama3oHbl peaqnu3oBaHbl B paguoTe-
neckornax Wettzell (lepmanus) [4], a Takxke mono-
JKEHBI B OCHOBY pa3pabOTKH MCIIAHO-TIOPTYTaIbCKO-
ro npoekta RAEGE [5].

AHTEHHBIC CHUCTEMBI paauoTeneckonoB [4, 5] u
PaJMOTENECKONIOB MHTEP(EepOMETpa HOBOTO MTOKOJIE-
Hus [ 1] mocTpoeHbl Ha OCHOBE ABYX3EPKAJIBHON aH-
TEHHBI C JIUTATITHYECKO oOpa3syromeii Majoro 3ep-
KaJia co CMEIICHHON mapadoInIecKoi 0ChI0 OCHOB-
Horo 3epkana (Ringfocal-Design Antenna) Hemerr-
kol ¢pupmbl Vertex Antennentechnic GmbH [4]
(puc. 1). B oTedyecTBeHHOU TUTEpaType Takas OII-
THYECKas cxema IMOoJydYuia yCIOBHOE Ha3BaHUE
“cucrema AJ1D” [6]. [lmaMeTp OCHOBHOTO 3epKayia
D =13.2 M, BcnomorareibHOro 3epkaia — 1.48 m,
orHomenune Qokyca k amamerpy f/D=0.29.
Antenna AJI3-13 (puc. 1) — ogna U3 AByX paspa-
OOTaHHBIX K HACTOAIIEMY BPEMEHU aHTECHH, KOTO-
pble pekoMeH0BaHbl [VS miis ucrnons3oBaHus B
VLBI2010 coBMeCTUMBIX paJiMOTEIECKOIMaX.

B T0 ke BpeMs aHTeHHBIE 00JTy4YaTeNn paJHoTe-
neckornoB HarmmoHaTBHBIX PCJIB-ceTeit paspabarsl-
BAIOTCS KaXJ 0l CTpPaHOW-y4YaCTHUIIEH MPOEKTa WH-
JIUBUIYaJIBHO, YTO OOYCIIOBJICHO Pa3IUIUSIMU B TIOJI-
X0JIaX K TIOCTPOCHUIO MMPUEMHBIX CHUCTEM.

B pammoreneckomax [1, 4-5] ucnons3yoTcs niu
HaxXOATCSA B CTaJNH MPOSKTHUPOBAHUS TpeXaHaria-
3orHBIe S/X/Ka obiydaTenu ¢ emuHBIM (ha30BBIM
LIEHTPOM, (POPMUPYIOIIUE TUArPaMMbl HAIIPABJICH-
Hoctu (JIH) B Tpex nuamasonax ¢ TpeOyeMbIMU
st AJIID-13 mapamerpamu. B xaxmoMm nuarma3one
4acToT 00Tydarenn QyHKIIHOHATFHO U KOHCTPYKTHB-
HO OOBEIUHSIOTCS C Pa3feUTEAMHA MOJISIPU3AIINH.
Hcronb3yroTes KpyroBble MOJSIPU3AINAN C TEM, YTO-
OBl aMILTUTYIa IPUHIUMAEMOT'0 CUTHAJIA HE 3aBUCE-
Jla OT OPHEHTAIUY aHTCHHBI Ha PaTUOUCTOYHUK, YTO
SIBJIIETCS TPAIUIIMOHHBIM PEIICHHEM TIPH TTOCTPOe-
anu PCJIIb-cereii.

Tabnuya 1. Texnuueckue xapaktepuctuku PC/Ib-pagnoreneckonon

CKOpOCTB 3armcH 128,256 Mbur/c

[TapameTtp Tekymee cocTtosiHUE VLBI2010
Bpewmsi paboTsl 24 4, onMH pa3 B HEJIEMIO Kpyrnocyrouno
Bpewmst BoccraHOBIEHHS J10 HEeCKONIbKUX MECALICB Menee 24 4
JlnameTp aHTEHHbI 5+100 m 10+12 ™M
CKOpOCTb ABIKECHHSA 2+200 °/muH Bonee 360 °/mun
YacroTs! mpuema S/X nuarnazoHbl 2+14 (18) T

8+16T'6ur/c

Ilepenava naHHBIX

Yucrmo craHimit

TpancrnopTupOBKa JHUCKOB,
B OTIEJBHBIX ciay4asx e-PCIB*

40 (pacripenieTIeHbI CITyYaifHBIM 00pa3oM)

e-PCJIb*, B oT/ieNbHbBIX CiTydasix
TPaHCIOPTHPOBKA JIMCKOB

40 (pacnpeiesieHbI ONTUMATBHBIM 00pa3oM)

* e-PCIIb (e-VLBI) — tak nassiBaemas snekrponnas PCIAb — PC/Ib B peansHOM BpeMeHU
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Puc. 1. Autenna AJID-13 nna paguoreneckonos PCIb-
CETH HOBOTO TTOKOJICHHS

Yeunenue caadbIx IMPOKOIOIOCHBIX CHTHAJIOB, TIO-
CTYMAIOIIHMX C BBIXOIOB Pa3eiuTeNeii KpyroBbIX MO-
JSIpU3anrii, B KaKIOM JHana3oHe OCYIICCTBISIETCS
C TIOMOIIBIO ITYOOKO OXJIaXKIAEMbIX MAaJOIIYMSIIHX
yeumureneit (MLLY), onpenensiroyx myMsl pajano-
METPUYECKHX MPUEMHHUKOB. HameTuBIIasicss B KOHIIE
MPOLLIOTO CTOJETH MUPOBAst TEHACHIS TOCTPOCHHS
MIIIY Ha OCHOBE MOJIEBBIX TPAH3UCTOPOB, OXJIAXK-
JAeMBIX KPHOTCHHBIMH MHUKpOpepHKepaTopamMu
1o 12 +20 K[7], ocraercst akTyaapHON U MTOHBIHE [§].

B pammoreneckomax TTW (Wettzell) Tpexauara-
30HHEIN S/X/Ka obmydarens (kommanus Mirad) ycra-
HOBIIEH CHapyku Kpuocrtara (kommanus Callisto), B
KOTOpOM pasMmernieHb! oxmaxnaempie MIITY S/X/Ka
nuana3oHoB [4]. g cHmKeHus ITyMOBOH TeMmepa-
TYpbI IPUEMHOM CHCTEMBI PAJAHOTEIECKOTIOB HMEET
3HAYCHHWE W YacTO HCIIONIb3YETCS TIYyOOKOE OXJIaK-
JleHue Bcero obmydatens. Hampumep, KBaapymoib-
ueie oomydarenu (Quadruple-Ridged Flared Horn),
KOTOpBIE CIIeMalbHO pa3paboTaHbl I JUAras3o-
Ha 2+14 I'Tn, oxmaxngaroT B VLBI2010 coBmec-
TuMBIX paguorencckonax NASA [8]. Kak ambrep-
HATHBHBIA BapHaHT OXJIAXKJCHHUE 00ydaTelis OyeT
UCTIBITAHO U B paguoTeneckonax Wettzell mpu ycra-
HOBKE B HUX oOiyuareneii nuanazona 2+14 [T,
mBecTHBIX Kak Eleven Feed [9]. lns mcmanckoro

[5] u poccuiickoro [1] MpOEKTOB MPUHATO pEIIeHNE
paszpaboTaTh OoXJaxaaemble 10 (U3HMUECKUX TeM-
neparyp MUY S/X/Ka obmydarenn.

Tpexnuanazonusii S/X/Ka obmydatens, pasme-
JITENN KpyroBelX nossgpusanuil u MUY tpex nua-
[Ia30HOB, a TAK)KE HANPaBJICHHbIC OTBETBUTEIN IS
BBOJ/Ia CUTHAJIOB KaJMOPOBKU PAaJHOMETPOB B TpeX
JMana3oHax pa3MeLIeHbl B KPHOCTaTe M KOHCTPYK-
THBHO 00pa3ylOT €IWHBIA KPUOTEHHBIA MPHUEMHBIN
¢doxanpabril 0110k (KIIDB) pagunoreneckomna. KIIDb
YCTaHABJIMBAETCS IOA 3aLIUTHBIM KOHYCOM aHTEH-
el AJ[D-13 (puc. 1) Takum obpazom, 4To0H! (hazo-
BbIi meHTp S/X/Ka obmydarens, pacronoKeHHBIH
BHYTpu KIIDB, O coBMeIIeH ¢ (hOKyCOM 3IUTHTI-
TUYECKOr0 BCIIOMOIaTENILHOIO 3€pKaa.

O®yukunoHanbHbele cxeMbl KIIDPb u TexHuueckue
pemennst CBY y3moB B S/X/Ka nuanasonax s Te-
JIECKOTIOB HAITMOHANBHBIX ceTel [1, 4—5] Bo MHOTOM
oJo0HbEl. BMmecTe ¢ TeM HMMEIOTCsl CyLIeCTBECHHBIE
OTJINYMS KK B CXEMaX OCTPOEHHUS, TAK U B IIPUHSTHIX
TEeXHUYECKUX PEILECHUSIX (PyHKIMOHAJIBHBIX y3JI0B.

K nHacrosmemy MOMEHTYy HamMH pa3paloTaH U
po1est 1a00paTopHO-OTIIAA0UYHbIE HCIBITAHUS KC-
nepuMeHTanbHbIN o0pasen KIIDb ans paguorenec-
koroB PC/lb-xommnekca [1]. @ortorpadus KIIDb
npencrasieHa Ha puc. 2. Llens crateu — onucanue
yerpoiictBa KII®Ob u TeXHUYECKUX pEelICHUIN KO-
4yeBbIX dnmeMeHToB KIIDb, a taxxke obcyxneHue
PE3yNbTaToB CHHTE3a U JNAHHBIX U3MEPEHUN Xapak-
tepuctuk psna CBY yzmos.

2. TpeOoBaHus K 3J€MEHTAM H y3JIaM
KII®b B nmana3zonax padoumx 4acToT

TpebOoBanus k mapamerpam KomriekcHon /IH, xoro-
past momkHa ObITh cpopmupoBana S/X/Ka oOrydare-
JIeM B KaXKZIOM U3 TPEX IUAara30HOB YacTOT, ONpese-
JISIFOTCSL TEOMETPHUEH 3epKajl ONTHYECKOM CXEMBbI aH-
teHHbl AJ13-13. ITapametp SEFD (System Equivalent
Flux Density) aHTeHHOI1 CHCTEMBI — OTHOIIICHHE MOIII-
HOCTH IITyMOB aHTEHHBI K ee 3(h(heKTUBHO ITOBEPXHO-
CTH — JOJDKEH ObITh MHHMMAJIbHBIM. YeM MeHble
SEFD, tem uyBcTBHUTENBHEE pagroTenecKkon. Vcmoms-
30BaHKE B paguoTeneckonax nepcrekruBHoi PCJIb-
CeTH aHTEHH MEHBILETO, YeM y aHTCHH PaJuoTeNec-
koroB HeIHe AeicTyromeii PC/lb-cetu (32 m B PCIb
“Ksazap-KBO”), amameTpa BBIIISIANT Ha TEPBEIi
B3IVIS] IapaJOKCaIbHBIM, OCKOJIBKY IIPU 3TOM YBeE-
mmauBaercsi SEFD npueMHO# crcTeMBl.

Br16op aHTEHHBI MEHBIIETO THUaMeTpa 00yCIIOB-
JIeH TpeOOBaHUEM OIIPEAEIICHHS KOOPANHAT OIIOPHBIX
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Puc. 2. DxcniepumenTanbhblit oopaszer; KIIDb: 1 — mukpoped-
prIKeparop, 2 — KOpIyc KpHOCTara, 3 — BAKyYMHOE OKHO

CTaHITIIA ¢ TOTPENTHOCTHIO TIopsimka 1 MM. OKka3anoch,
4TO 00ECTECUUTh KETaeMYI0 MOTPEIIHOCTh MOXKHO,
€CITH BpeMsi IepeOpOCKU aHTEHHBI C OHOTO PaJANOUC-
TOYHWKA Ha Apyroil coctaBut mopsanka 30 ¢ [10].
Jljist 3TOrO CKOPOCTH BpAlICHUS] aHTEHHBI MO a3u-
MYyTy M YIIy MeCTa JOJKHBI OBITH BBEICOKHMH (CM.
Tabi. 1), 9TO 3aTPYAHUTEIHHO OOSCIICUUTh MPHUBO-
JaMH aHTEHH OOJBIINX JHAMETPOB.

B X nmamazone 3¢(eKTHBHOCTL BHIOpaHHOW aH-
teHHbl AJ13-13 mpesbimaer 80 %, a nrymoBas TeM-
neparypa mpu OpueHTaIK B 3eHUT cocTaisieT 10 K
(6e3 yuera mrymoB atmocdepsi) [4]. UtoOwr peanu-
30BaTh 9TH XapakTepUCTHKH, mupuHa J{H obmyuate-
7151 110 ypoBHIO —16 1b nomkna ObITh opsiaka 130°,
a HepaBHOMepHOCTH (a3oBoii /IH B 3TOM cexTope He
JI0JIKHA npeBblarhk +20°. Yka3aHHYI0 HEpaBHOMED-
HocTh (azoroii J[H Tpebyercs obecnednuts oqHOBpE-
MEHHO B TPEX JMana3zoHax 4acTOT OTHOCUTEIBHO e/TU-
Horo ¢a3zoBoro neHTpa S/X/Ka obmydaresns.

TpeboBanue k ypoBHto ammuutynaHod JIH obmyda-
TEIS ITIS1 KPYTOBOM KPOCCIIONSIPH3AIIHA OTHOCHTETEHO
ypoBHs aMIIUTyAHOM JIH 1o maBHOMY HanpaBiieHUIO
JUTSL KPYTOBOM paboueil mossipu3aliuy cleayeT U3 3a-
JTAHHOTO OTHOIIIEHHS CUTHAI/TITyM (.S/V) IpUEeMHO CHC-
TeMBbI Tesieckorna. MUHUMabHOE 3HaueHue S/N A0K-
HO O6ITh He MeHee 10 nb [10]. Mcxonms u3 3Toro, 3a1an

ypoBeHb Kpoccronsipu3anuonnoi JIH oOxydaremns.
OHn He mopkeH mpeBbImath —15 nb. UToOBI peami3o-
Barb TO TpeOOBaHKE, B KOHCTPYKIINN 0CECUMMETPHY-
Horo S/X/Ka o0yqarerns IpeipHHATE MEPhI IT0 CHM-
metpupoBanuto JIH B £ u H miI0CKoOCTSIX.
Koadumment smmuntiuanoctu (KD) obmydarens
BJIIOJTH OCH OTIPEACIIIONTIM 00pa3oM BimseT Ha KO
BCE aHTEHHBI TEJECKOINa W JOJDKEH ObITh MHHHU-
MaJbHBIM, TIOCKOJIBKY 3TOT IapameTp HEeToCPencT-
BEHHO BJIMSET Ha TOTPEITHOCTH OINpEIeTIeHHs Bpe-
MEH 3a/Iep’KeK CUTHAJIOB Ha CTAaHIUAX CETH TPH
KOppemsAInoHHon o0padoTke. OnpeneneHo, uro KO
o0y4aTesnss B HApaBJICHUH OCH JTOJDKCH OBITh He
xyxe 0.6 1b B momoce paboyux 94acTOT. 3HAYCHHE
K3 ocecummeTpuuaHOTO 00IydaTeds BAOJIHb OCH
OTIpEIETIIONUM 00pa3oM 3aBUCUT OT KD paznenn-
Tenei KpyroBoIxX mossipusarnuii. CienoBaTenbHO, STOT
rapameTp SBJSeTCS OAHUM U3 OCHOBHBIX ITOKa3aTe-
JIel KadecTBa CIPOCKTHPOBAHHBIX IOJSIPU3aTOPOB.
K ocHoBHbIM nokazarensim kauectBa KIIDb B me-
JIOM OTHOCHTCSI TakkKe IIyMOBas TeMIleparypa BXOA-
HBIX merelt S/X/Ka pagmomerpoB, KoTopas IOIKHA
OBITh MUHUMANBHON. [IpoeKkTHbIE HOMWHANBI IIIY-
MOBOH TemIiepaTypbl MPUEMHOU CHUCTEMBI pajHOTe-
JIECKOTIa OIIeHEHBI CIIETYIOIIM 00pa3oM: B S JiHariaso-
He — 23 K, B X guamazone — 30 K u B Ka guamazone —
45 K [1]. [IBe cocTapmsrolie NIyMOBOI TeMIepary-
PBI IPHEMHO CHCTEMBI OTPEIEIISIFOTCS (PYHKITMOHAIB-
HeiMH neMeHTaMu KIIDb: oxnaxxmaemeimu MIITY u
naccuBHbIMU AieMeHTaMu KIIDb Ha Bxogax MITY
(amepTypHBII y3€J ¢ pagruonpo3padHbIM BaKYyMHBIM
OKHOM, Pa3JICIUTEH KPYTOBBIX MOJISIPH3AIIHIA, HAITPAB-
JICHHBIE OTBETBUTEIH [T BBOJIA KAITMOPOBOYHBIX CHT-
HaJIoB U eppuToBbic BeHTIH). LllymoBast Temmepa-
Typa MaCCUBHBIX IEMEHTOB 3aBUCHT OT (PU3UYECKOI
TemIeparypsl 7. 3JIEMEHTa U BHOCUMBIX JIEMEHTOM
norepp L. B ciaydae MalibIX BHOCHUMBIX HOTEPb
(L<0.5 nb) mrymoBas Temmeparypa 7, 3JeMeHTa
ompeznensiercst npoctoit popmymnoit: T, = (L/4.34)T,
[11]. Tlotepm 0.1 nb B AmeMeHTe, HAXOMAIIAMCS TIPH
300 K, marot BKiag B nIymMoByro Temmeparypy 7 K, a
BKJIQJ dJIEMEHTa, oxjaxaeHHoro 1o 20 K, ¢ tTakuvm
ke rmorepssMu cocTaBut Jiib 0.5 K. OTcroma oueBu-
HBI TIPENMYTIECTBA TEXHUIECKUX PEIIEHHH, B KOTOPBIX
WCTIONIB3YETCSI TIOTHOCTBIO OXJIAXKJaeMbIe OO0JydaTe-
T ¥ pa3leluTeny nosaprsaruid. TpeOyercst, 9To0s
BHOCHUMBIE [TOTEpU 00JTy4aTesst He npesbimany 0.5 1b.
OOparHple TTOTepH Ha BXomax M Beixomax CBU
y310B KII®b 1 pa3psi3ka 1o BbIXoJaMm pasjeiure-
JIeH KPYTOBBIX TOJISPU3AIMN BIUSIOT HA S-TTapameT-
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pe1 KII®OBb. locratrouno, 9T00I HOMHUHAJBI ITapa-
MeTpoB ObiTH HE Xyxe 20 1b.

3. Cocras, ¢pynkuuu u 3jeMenTsl KIIOb

CxeMma skcnepuMeHTanbHOTO 00pasma KIIDb
(puc. 2) mpuBeneHa Ha puc. 3. M3nmyuenne kocMudec-
KHX PaMOUCTOYHMKOB (KBa3apOB) MOCTYTAET Ha BXO
u niporukaet B KII®Ob yepes pagunonpospayHoe Ba-
kyymaoe okHo W1 u nadpakpacusiii (MK) ¢umstp
W2, hokycupysich pediiekropaMu aHTEHHBI B (ha3o-
BoM 1eHTpe S/X/Ka obmyuarenss W3. KoHcTpyKTHB-
HO S/X/Ka obmydarens mpencraBisieT coboil c6o-

POYHYIO equHHITY, cocTosmryro u3 S/X/Ka amepryp-
HOTO y3J1a, pa3/leJuTeNe KPYyroBbIX MOJSPU3ALIMMA
Kawu X nuanazoHoB 1 pa3faenuTestst TMHEHHbBIX TT0JIs-
puzanmii S auama3oHa (CM. TakXKe CEYeHHe OOIy-
yarens Ha puc. 4 ¥ KOMIIOHOBKY Y3JIOB Ha puc. 5).
ATiepTypHBIi y3eJ COBMECTHO C BAKYYMHBIM OKHOM
¢dbopmupyet TpeOyemyro JIH oOmywaresns.

B ameptypHOM y311€ CBEpXITUPOKOIIONIOCHOE U3ITY-
YeHHe KBa3apoB pasJeNisIeTcs M0 JHara3oHaM Jac-
ToT U moctymaeT B S, X, u Ka Tpaktel obmydarerns,
B K&KIOM M3 KOTOPBIX OCYIIECTBISIETCS pa3/ieieHne
curHasioB no nojspusauun. B Ka u X nuamazonax
CHTHAITBI JIEBBIX U TIPABBIX KPYTOBBIX MOJISIPH3AIIIN MO~

M1  Kopnyc kpuocrara
M2  PaanaunoHHbIi IKpaH
[ R R T e e o TS T R i s U S B SR e 1
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Puc. 3. Ctpykrypnas cxema KIIOb
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Puc. 4. O6iyuatens B KpuocTare: | — BakyyMHOE OKHO,
2 — KOpIyC KPHOCTaTa, 3 — KOPIYC PaanalioOHHOTO 3KPaHa,
4 — UK ¢unbtp; 5 — Ka obnyuarens, 6 — X obnyuarens, 7 —
S o6myuatens, 8 — Ka momspusarop, 9 — X nomstpusarop, 10 —
SMA po3zerkn

Puc. 5. Komnonoska snemenros KIIDb nox paguannoHHbIM
skpanoM: 1 —o6myuarens, 2 — 3 nb /180° mocTsl, 3 — X nomns-
pusarop, 4 — MUY X nnana3ona, 5 — HanpaBJIeHHEII OTBETBU-
Tenb X Mana3oHa, 6 —UAnHIP 2-i CTYNEeHH OXJIaXKISH s

CTyIIarOT Ha BOJIHOBOAHBLIC BbIXOJbI 06J1yaneJ1;1.
B S JAuara3oHe € YCThIPECX KOAKCHAJIbHBIX BBIXOOOB
06J1yaneJ1$1 CHUMAIOTCA PAaBHOAMILIMTYAHBIC CUT-

Haubl ¢ gazamu 90°, 180° u 270° MO OTHOLICHHIO
K HyJeBOH (a3e curHajia Ha OJHOM M3 BBIXOJOB.
[ocnenyromee cyMMupoBaHue U paszeiCHUE YeThI-
PEX CUTHAJIOB JIMHEHHBIX MOJISIPU3aLUii HA 1Ba CHTHA-
JIa KPYTOBBIX MOJIIPU3AIMN OCYIECTBIISETCS C TOMO-
wbto Byx 3 1b /180° moctoB WS1 1 WS2 1 oxsoro
3 16 /90° mocra WS3 (cm. puc. 3).

CurHasbl JIEBBIX U MPaBbIX KPYTOBBIX HOJIIPU3ALIMIA
S, X, n Ka nuamazoHoB moctymaiot depe3 heppuro-
Bble BeHTHiIM Ha Bxoasl MIITY AS1, AS2, AX1, AX2,
AK1 n AK2 cootBerctBenno. [locne ycunenus
CUTHaJIbl 4Yepe3 (eppuTOBble BEHTHIH IIOCTYNAIOT
Ha BBIXOABI JIEBBIX U PABBIX KPYTOBBIX MOJISAPU3ALIUIA
KII®b. B Ka auana3oHe UCHOIB3YIOTCS T€PMETHY-
weie BeIBOABI WK11 1 WK13 Ha dumanmp mpsiMoy-
TOJIHBIX BOJTHOBOJOB CTaHAAPTHOI'O CEYeHUs, a B X
1 B S Anuana3oHax MPUMEHEHbI TepMETHYHbIE BEIBO/IBI
Ha crannaptaeie SMA pozetkn (WX11, WX13, WS14
n WS16). [lurtaromue HampspkeHHs Ha yCHIUTETH
IIOAAIOTCST Yepe3 I'ePMETHYHbIE MHOTOIITHIPHKOBBIE
coequnuten AS3, AX3 u AK3.

Hampasnennsie orBerButenn WS7, WS8, WX2,
WX3, WK2 u WK3 ¢ nepexonHbiM ociiabiieHuEM
—27 nb peaHa3HAYEHBI IS TIOIa9X Ha BXOJBI BCEX
MIIY curaanoB ¢pa3o0BOW M aMILTUTYIHON KamwmO-
poBok. CUTHaIBl KaTuOPOBKM KaXXIOTO JHAra3oHa
nonatotcst B KITOB ot 610ka kaTmOpOBOYHBIX CHTHA-
JIOB IPUEMHOTO MOZYJISI paIOTENIECKOIIA Yepes rep-
MeTtuuHble BEBoIbI WK12, WX 12 1 WS15 u mocty-
MAlT Ha COOTBETCTBYIOIIME BXOJbl OTBETBHUTEICH
KaXZI0T0 M3 LIECTH KaHAJIOB C BBIXOIOB JEIUTENCH
momHoct WK1, WX1 u WS6.

OGmyuarens, MIIY, BeHTHIN, HaNpaBIeHHBIC
OTBETBUTEIH U ACIUTEIH MOILIHOCTH OXJaXKIAIOTCS
1o temrepatypsl 20 K. Mcnonb3yercst MuUKkpopedpu-
xeparop RDK-408S2 (o6o3naven kak CH1 Ha puc. 3).
Onaner 1-if crynenn oxnaxaenus (45 K, xonomornpo-
M3BOANTENHHOCTE 35 BT) mojcoeanneH Kk paauanm-
OHHOMY 2kpany M2. Ot uunuHapa 2-i CTyleHu 0X-
naxxaenns Mukpopedprkeparopa (20 K, xomogomnpo-
M3BOINTENHLHOCTH MeHbIe 10 BT) uepe3 menHbIe Tet-
JI0BBIE MOCTHI oxjiaxaatorcs Bce CBY y3mbl BHyTpH
panuanmoHHOro 3KpaHa. Temmeparypsl oOiryvarens,
a TaKkKe XOJIOAHOTO IWINHAPa U (uiaHna 1-if crynenn
MHKpopedprKepaTopa KOHTPOIUPYIOTCS C IOMOLIBIO
JaryukoB Temmeparypsl BT1 — BT3.

C 1enbio yMEHBIICHHS TETUIOBBIX TOTOKOB, TIOMUMO
HCTIONb30BaHMs PaJHAIIMOHHOTO SKpaHa, MPEIIPHHST
PsI AOTIONHUTENBHBIX Mep. B Topie paxuanonHoro
skpana ycranosier MK ¢unstp u3 dropormactoBoii
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IeHKH (puc. 3), CHIKAIOIINH paHaIliOHHBIC TTIOTOKH
OT BaKyyMHOTO OKHa B HalpaBJICHUU OOIydaTels.
Mexnay repmetnyHbIME BbiBomamMu n CBY Tpaxra-
MU BHYTPH PaIHaIlIOHHOTO YKpaHa yCTAHOBJICHBI TETI-
nmoBele pa3Ba3ku WK8 — WK10, WS11 — WS13
1 WX8 — WX10 B BUie TOHKOCTEHHBIX MTPSIMOYTOJIb-
HBIX BOJTHOBOJIOB 1 KOAKCHATBHBIX BOJTHOBOJIOB C TEpe-
XBaTOM TETIOBBIX ITOTOKOB Ha PAAUAIIMOHHBIN SKPaH.
CBUY y31b1 ycTaHOBIEHBI HAa HecyIIeM ¢iafile, KOTo-
PBIii COeTMHEH C (hIIaHTIEM PaIHaIliOHHOTO SKpaHa gyepe3
TOHKOCTEHHBIE TPYOKH 13 HEPKABEIOIIeH CTamd. ATiep-
TYPHBIA y3es 00MydaTesnsi He UMeeT TETIOBOTO KOH-
TaKTa C paJMallMOHHBIM SKpaHOM M2, KOTOPBIi, B CBOIO
odepesib, He MMeeT TETUIOBOTO KOHTaKTa C KOPIYCOM
Kkpuoctata M1.

KII®b noxcoeauHeH K MUIAHTY BAKyyMHOT'O Ha-
coca ADVAVAC 40-20 uepe3 31eKTpOMarHUTHBIH
BakyymHbIH KknarmaH (KP1). Ctenenp Bakyyma KOH-
TPONMPYETCsI aKTHUBHBIM AaTyikoM VSP62MV (mo-
surusi BP1). BakyymHoe yImoTHeHHE paAHonpo3pad-
Horo okHa W1 u3 nenonosnuctupona [1C-200 obec-
MeYnBaeTCs MOMUATHIICHTepe)TOpaTHON TUICHKOM
tonuHoi 0.02 MM, TOKpBIBAIOIIEH IEHOOJIUCTUPO-
JIOBBIH KYTIOJI, U PE3MHOBBIM KOJIBLIOM MEXTY (hIaHIIeM
BaKyyMHOTO OKHa W (IaHIIeM KOpITyca KpPHOCTara.
[MockonbKy monusTHICHTEpeTOpaTHAS MJICHKA THT -
pPOCKOTIMYHA, BaKyyMHO€ OKHO TOKPBITO €IIe OJI-
HOM — ruipooOHOM — IeHKOU (JIUCT (hroporuiacTa
tonmuHoi 0.1 mm). [TomoGHOE pemieHne npuUMeHsI-
JIOCH JIJIS1 BAKYYMHOTO YIUTOTHEHUS TUTOCKOTO PajIno-
MIPO3pavyHOro OKHa auameTpoM 120 MM U3 marepua-
na Propazote [12]. YkpeITHE OCymIECTBISIIOCH Karl-
TOHOBOH ¥ Te()I0HOBOM TUIeHKamu [ 12].

B KII®b (puc. 2) nuameTrp BaKyyMHOTO OKHa,
OTIpe/IeTIIEMBI arepTypoii 00TydaTes, B Ba pas3a
Oonbuie (237 mm), uem B [12], u cuia atMocgepHo-
TO JaBIICHUS, TPUIIOKEHHAS K OKHY, CTAHOBUTCS 3HA-
gutenpHOU (okosio 6000 H). Jlns mpempoTBpaiieHus
nedopMaluii OKHa eMy TpHAaHa KyImosooOpa3Has
¢dopma. Takoe penieHne MO3BOISIET YMEHBIIATH TOM-
IIMHY OKHA, YTO, B CBOIO OYepe/ib, YMECHBIIAET I10-
TepH PaiMOCUTHAIA B OKHE U TEM CaMBIM ITOHIKAET
LIYMOBYIO TeMIIEpaTypy NPUEMHOM CHCTEMbI PaaHo-
TeJIeCKOITa.

4. Aneprypubiii y3ea KII®b

OyHKIHOHANBHO K anepTypHoMy y3iay KIIDb otHo-
CATCS anepTypHbIA y3en oOmyuarens (puc. 6), Ba-
kyymHoe okHO u UK puietp (puc. 4). Xapakrepuc-
TUKH aneptypHoro y3na KIIOb onpenenstores B ep-

Puc. 6. AneprypHblii y3en obnyuarens: 1 — Ka obnyyarens,
2 — X obmyuaTens, 3 — S obmydaTens

BYIO ouepe/lb TEXHUYECKHM DPCIICHUEM amepTyp-
HOTO y351a o0yuaTens. BiusiHue BakyyMHOTO OKHa
C DJIEMEHTaMH KpeTuleHus Haubosee 3aMeTHO CKa-
3BIBAETCS HA Kpoccnoysgpusanuonnoit J{H u yposHe
o0patHbIX TToTeph. K QmIBTp oKa3bIBacT BUANMOE
BIMSIHUE TOJBKO Ha oOpaTHBIC MOTEpHU, HAYMHAS
¢ ypoBHs —25 1b.

W3BecTHO MHOKECTBO TEXHHUYECKHX PEHICHHH
NIByX- W TpeXIUamna30HHBIX O0IydaTerell 3epKalb-
HBIX aHTEHH (JOCTaTOYHO MOIHBIN 0030p maH B [13]).
Kak mpaBmio, MHOTOAMAamma3oHHBIE 00JIydaTeTn
3epKaJIbHBIX aHTCHH C €JIMHBIM (pa30BBIM LIEHTPOM
CTPOSITCS TIO MPUHIIUITY BJIOKEHHBIX JAPYT B JIpyra
KpyIJIOoro U KOAaKCHUaJIbHBIX BOJIHOBOAOB TakK, 4TO
BHEITHHUI IPOBOJAHUK O0TydaTelIsi BICOKOYACTOTHO-
TO Jfara3oHa SBJISETCS BHYTPEHHUM POBOTHUKOM
oOyJaressi HU3KOYaCTOTHOTO JIHara3oHa.

B ocHoBy koHCTpyKIINH aneptypHoro y3ia KIIdb
nonoxen S/X/Ka obmywaTtenb, mpeaioxKeHHBIN
B UITA PAH [14]. AneprypHsbiii y3en S/X/Ka o6my-
yarens (puc. 4 u puc. 6) coctout u3 odmydarens Ka
nmarna3oHa (OTKPBITHIA KOHEIl KPYIJIOro BOJTHOBOJA
C AMDJIEKTPUUYECKUM CTep)KHEM) M oOmydareneit X
1 S 1Mana3oHOB (OTKPBITHIE KOHI[bI KOAKCHATbHBIX
BOJTHOBOJIOB). B Top1iax koakcuaibHBIX BOTHOBOJIOB
BBITIOJTHEHA CHCTEMa KOHIICHTPUYECKUX JPOCCEIb-
HBIX KaHaBOK, IPEOTBPAIIAONINX 3aTeKaHNe TOKOB
Ha BHEILIHIOIO MIOBEPXHOCTh 00IydarTenei, 4To CHU-
KaeT ypOBEHb KPOCCIOSIPU3ALMOHHOTO U3y YCHHUSI.
DTa uzest U3BECTHA U YCIICUTHO MCIOIB3YETCs MPHU
paspaboTke oOirydareneil ¢ MaJbIM YPOBHEM KpOcC-
CIIOJISIPU3AIMOHHOT O U3TydeHus [ 15].
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Hpyras unes, Koropas TaKKe MIMPOKO UCTIONb3yeT-
Csl UTSL CHIDKEHHSI YPOBHS KPOCCTIOAPHU3AIIMOHHOTO
n3mydeHus, npuHamiexkut Ilorrepy [16]. Ee cyts —
BO30Y)KICHHE B allepType KPYIIIOTO M KOAKCHAITb-
HOT'O pyNOPOB CyMMBI /1|, U E|, TUIIOB BOJH TaKHM
00pa3oM, 9TOOBI CyMMapHOE TTI0JIC TMEITO JTMHEHHYTO
TOJISIPU3AIIHIO B IDIOCKOCTH pacKpbhiBa. B oOmydarene
X nmuanasoHa (puc. 4) H,, BOJIHA YaCTHYHO TPAHC-
dopmupyercs B E|; BOIHY B MeCT€ CTYNEHYATOIO
M3MEHEHHUS CeYEeHUS] KOAKCHAILHOTO BOJTHOBOIA.

B obnyuatene Ka nmama3oHa WCIONB30BaH JAHD-
JICKTPUYECKUH CTEPKEHb B PAaCKpPBIBE KPYIIIOTO BOJI-
HOBOJIa — pENICHHE, MOTyYHBIIee MIMPOKOE pac-
MPOCTpaHEHHE B aHTEHHOW TEXHUKE CAHTUMETPOBOTO
Jarna3oHa Ayt BO30yKIeHUS KOPOTKO(POKYCHBIX 3ep-
KaJTbHBIX aHTeHH [17].

DNeMEeHThl KOHCTPYKIHMH HU3KOUACTOTHBIX 00-
Imydareneil BIUSIOT Ha XapaKTEPUCTUKH BBICOKO-
YaCTOTHBIX 00JyyarTeseil, MoBbIIas ypoBEHb KPOCC-
MOJIIPU3AIMOHHOTO M3ITyYeHUsI U HCKaxkas Gopmy
amruutyaHou JIH (Habmromaercst XxapakTepHas “u3-
pe3annocTs” JIH). YMeHbIIeHHE TaKOTO BIUSHUS —
HamOoJee CIOXKHAsS 3ajJada CHHTE3a MHOTOWAIa-
30HHBIX 00JTydaTesei.

[TnonoTBOPHBIN MOIXOA K CHHTE3y MHOTOAMANA-
30HHBIX 00Jy4areneldl COCTOUT B 3aJlaHUH U3 QH3H-
YEeCKHX COOOpakeHUil KoH(UTrypaunuu obmydaresns,
MOCTPOCHHUH €TI0 JIIEKTPOJNHAMUYECKON MOAeNN
W pacyeTe reOMETPUU C HMCIOJB30BAHHEM TOTO
WM WHOTO METOJa MHOTOMapaMeTpHYECKOi ONTH-
muzanuu. LleneBas QyHKIUS CTPOUTCS UCXOAS U3
TpeOOBaHUI TEXHUYECKOTO 3a/1aHusl Ha pa3padoTKYy.

O¢ddexkruBHOCTH MOAXOAA OnpeaenseTcs 3ddek-
TUBHOCTBIO UCTIOJIB3YEMOW CHCTEMBI AJIEKTPOANHA-
MHUYEeCKOro mozaenupoBaHus. [Ipenmoururensuee
CHUCTEMBI MPOCKTUPOBAHUS, COUCTAIONINE METOJ
YaCTUYHBIX 001acTeil (MOAEIH KIIOUEBBIX DJIEMEH-
TOB KOHCTPYKIHUH) C METOAOM OOOOIICHHBIX MaT-
pui paccesiHus (“‘cOOpKa’” AIEMEHTOB KOHCTPYKIUH
B eanHyI0 KoHurypauuio) [18, 19]. BosmoxxHocTn
TaKoro MOJXO/Aa Ha MpUMEpe CHUHTE3a O0Iydares
MIPOJEMOHCTPHUPOBAHKI B [20].

B macrostmeii paboTte mpoeKTHPOBaHUE 00TydaTes
TIPOBEICHO C TIOMOIIBIO TTakeTa mporpamm CST Mic-
rowave Studio, 0CHOBaHHOTO Ha YHCJICHHOM PEILICHUU
WHTErpajbHbIX ypaBHEHUN MakcBesuia, mpeaycmar-
puBaroleM pa3OHeHHEe MCCIEAyeMOi CTPYKTYphl Ha
aneMeHTapHble stueiiku [21]. CeTouHble METOMBI TO-
3BOJISIFOT PAcCUMTHIBATH OONydaTeNl C AIEMEHTaMU
CJIOKHOU KOH(UTYpaIMU, TAKUMHU KaK JIUJICKTpUIeC-

KW KOHYCHBIH CTEepKeHb B BOJIHOBOIE 00mydarerss Ka
JFarna3oHa WM KyIoJIooOpa3Hoe BaKyyMHOE OKHO M
npoure. OCHOBHAs TIPoOJIeMa CHHTE3a arepTypPHOTO
y3na KII®b ¢ ucnosib30BaHHEM CETOUYHBIX METOIOB
COCTOWT B JUTUTETTHHOM BPEMEHH BBIUM CIICHUN OJTHOTO
BapHaHTa KOH(PUTYpaITH. DTO OTPaHUIHNBACT BO3MOK-
HOCTH MHOTOIIapaMETPUYECKON OTITHMHU3AIINHI TEOMET-
puH 00TydaTeIs.

Ha puc. 7-9 npeacraBiieHbl npuMephl pacCUUTaH-
HbIX (ITyHKTHPHBIC JIMHUH) U U3MEPEHHBIX (CIUIONI-
HbIE JTMHAW) aMIIUTYaHBIX JIH cuaTe3mpoBanHOTO
o0JyyaTesis Ha Kpocc- U pab04YuX KPYTroBBIX TOJIs-
pH3auax B TpexX auana3onax gactor. B S n X mna-
Ma30HaX PACCUUTHIBAIACH IMOJHAS KOH(UTyparms
aneprypsoro y3na KII®b, a B Ka quanazone — koH-
(urypamus anepTypHOro ysna 0e3 oOmydartens S
JMana3oHa, paIualMoOHHOTO YKpaHa U KPUOoCTaTa.

Nsmepenus JIH Bo Bcex quara3zoHax BITOJIHEHBI
1utst nonHoi koHpuryparmu KIOB. 3anuces IH ocy-
mectBisuiach pu Bpaienuu KIIOb B ropuzoHTab-
HOU IJIOCKOCTH OTHOCHUTENIBHO OCH, MPOXOMSIIEH
BOJIN3M TOYKHU (Ha30BOTO LIEHTpA.

CnenuanbHO pa3paboTaHHBIE MalorabapUTHBIC
npuemHukn S/X/Ka quamna3oHoB MOJICOSTUHSIIACH K
COOTBETCTBYIOIINM BBIXOAAM KPYTOBBIX IOJISPHU3a-
uuiit KII®OB. B mecte pacnonoxenus KIIDb cozna-
BaJIOCh T0JI€ TIJIOCKOM BOJIHBI JIEBOM WJIM IPABOM 31~
JIATITHYECKHUX TIOJIIPU3ANNNA ¢ HU3KUM ypoBHEeM KD.
J17151 5TOT0 K BCTIOMOTaTeNIbHBIM OCECUMMETPUYHBIM
PYTIOPHBIM aHTEHHAM OBLITH TIOAKITIOYEHBI CTIeTIHATb-
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Ammutyna, 1b

Puc. 7. TH aneprypuoro y3na KII®Bb na padoueii (kpussie 1)
1 Kpocc- (KpHUBbIe 2) KPYTOBBIX MOJIAPU3ALUAX HA YacTOTE
2.3 I'T'u: myHKTUpPHBIE JINHUU — PAcyeT, CIUIOIIHbIC INHUHT —
SKCIIEPUMEHT
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Puc. 8. TH aneprypuoro y3na KII®B na padoueii (kpusbie 1)
U Kpocc- (KpuBble 2) KPYTOBBIX IOJIIPU3AIMAX Ha 4acTOTe
7.75 I'T'1: nyHKTUPHBIE TMHUHU — PACUET, CIUIOLIHbIC JINHUU —
9KCHEPUMEHT
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Puc. 9. IH aneptypnoro y3na KII®b Ha paboyeil u kpocc-
KPYTOBBIX MoJsipu3anusix Ha gactote 31.52 I'T'u: kpusbie 1,2 —
pacuer st Ka oOmyuarensi; Kpusbie 3, 4 — HCIIBITAHUS TOJTHOM
koH(uryparmu KI1DB; kpusas 5 — kpoccnomnsipuzatmonsas J{H,
n3MepeHHas 171t o0urydarenst 6e3 kprocrara

HO pa3paboTaHHbIe MOsIpu3aTopkl [22]. Manorada-
putHble nepenatynku S/X/Ka nuanazoHoB moacoe-
JUHSUIACH K BXOAAM TOJISIPU3aTOPOB.

C nmomouipo pa3paboTaHHBIX IPUEMOTIEPeaaTI -
koB S/X/Ka nuama3oHoB ObLIH U3MEPEHBI TaKXKe
¢dazossie JIH oOmyuatens. YacToThl reTepoarHOB
MepelaTYNKOB U MPUEMHHUKOB cABUHYTHI Ha 10 MI'1y
Y CHHXPOHHU3HPOBaHbI OT 00IIEro KBapIeBOI0 TeHepa-
Topa ¢ HOMHMHaJIbHOH yactoTtoit 10 MI'. B pe3yinb-

Tare u3MeHeHue ¢aspl B S/X/Ka amamazonax mpu
Bpamednuu KITDb nepenocsates Ha yactory 10 MI'
W PETUCTPUPYIOTCA C MOMOIIBIO CTAHIAPTHOTO U3-
MepHuTeNs pa3HoCTH (as.

Pacuetnbie (IITPUXOBBIC JTUHUN) U W3MEPEHHEIC
(CTUTOTITHBIC IMHUH) OTKIIOHEHUS (a3bl 00TydaTens
B Mpejiesax INIaBHOTO JienecTka amruiuTygHoi JIH
Ha m30paHHBIX vactorax (31.52, 7.75 m 2.3 I'T)
S/X/Ka muama3oHOB TpencTaBiIeHBl Ha puc. 10.

HaGmromaeTcst ynoBiIeTBOPUTEIIEHOE COOTBETCT-
BHE pPe3yJbTaTOB U3MEPCHHUI KaK aMIUTHUTYIHbIX,
Tak 1 (a3oBeix JIH o6Gmyuatens B cocraBe KIIDb
C pacueTHBIMU 3aBUCUMOCTSMHU. B cBOIO odepeip,
o0Jrydareb CHHTE3WPOBAH TaKUM 00pa3oM, UTO
€r0 XapaKTePUCTUKHU YJOBICTBOPSIOT TPEOOBAHUSIM
TEeXHHYECKOTO 3ajJaHusi Ha pa3paboTky. B wact-
HOCTH, yPOBHH OOPATHBIX MOTEPH allepTYPHOTO y371a
B S/X/Ka nuana3zoHax 4acTOT YIOBJICTBOPSIOT Tpe-
OOBaHMAM, YTO OBUIO MOATBEPKACHO PE3yIbTaTaMU
HU3MEPEHHH.

B S numamasone s coriacoBaHUs CTaHAAPTHBIX
SMA posetok (puc. 4) Ha BbIXOJaX oOJydarelns
HCIIOJNIb3YIOTCS KOPOTKO3aMKHYTBIE OTPE3KH KOaK-
CHAJIbHOM TMHNY, TIOBEpHYTHIE Ha 180°, M MHIYKTHB-
Hble HTEIpH [14]. Takoe pemeHne OTINIaeTCsT KOM-
MaKTHOCTBIO, OTHAKO OOECMEeUnBaeT COITACOBAHUE
B 3ay’KCHHOM muamaszoHe dactor (2.2+2.45 I'Tm).
B ciyyae HEOOXOMMMOCTH pacIIMpeHHs AHana3oHa
1o 2.6 I'T'y MokeT OBITh UCTIOIB30BAHO JIPYTOE YC-
TpoiicTBO cornacoBanus [20].

Otxuronenne ¢aspl, ©
60

40

Vrom, °©

Puc. 10. Otxnonenue dasbl koMmiuiekcHoit J{H aneprypHoro y3na
KII®b otHOCuTeNnbHO eaunoro da3zoBoro nentpa B Ka, X u S
JTaria3oHax (CBepXy BHU3): IITPUXOBbIE IMHUH — PAacyeT, CIUIOII-
HBIC IMHUU — YKCIICPUMEHT
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5. Pa3nenure/m KpyroBbiX MOJISIpU3ANMiA
S, X, u Ka nnana3onoB

Pasznenurenn kpyroBeix nossipusanuii S/X/Ka nna-
MMa30HOB (Jajiee — MOJAPU3aTOPhI) pa3padOTaHbBI C
WCTIOJIb30BaHNEM U3BECTHBIX TPUHITUIOB. TexHmuec-
Kasl peann3aiysi MoJsipru3aTopOB COACPIKUT DIIEMEH-
TBI HOBU3HBI, YTO 00YCIIOBHIIO yMEHBIICHHE ra0apuT-
HbIX pa3mepoB KIIDB. YcosepiieHcTBOBaHbI TakkKe
MIPOIIEAYPHI CHHTE3a MOIAPU3aTOpOB [22]. BHemHui
BHJI ToJsipu3aTopoB S/X/Ka nmama3zoHoB B cocTaBe
obOmyuaTenst moka3aH Ha puc. 11.

B momsipuzaTope S amanazoHa MCHOJb30BaHBI
KOMMEpYECKH NoCTymnHble 3 b MOCTB KOMIaHHUU
Clear Microwave, Inc. [23] (puc. 10). MocTbl HMerOT
TpUeMIIeMbIe XapaKTepUCTUKU 110 HEpaBHOMEPHOC-
TN KOO PUIMESHTOB JeNeHns u O0amancy Qa3 ¢ TeM,
4TOOBI 0OecreunTh Tpebyembrii ypoBeHb KO B ama-
na3oHe paboyux YacToT.

Onenky KO o6myuarens B cocraBe KIIDb B S
Jana3oHe MOYKHO CIIeNaTh U3 U3MEPEHHBIX aMILIU-
tyaabix [IH nos paGodeii n Kpocc- KPYTOBBIX OIS~
pusanuii (puc. 7). Kak cnegyer u3 puc. 7, B Harpas-
JICHUH OCH OOJTydaTesiss OTHOIIIEHUE aMIUIUTY/I CHT-
HAJIOB IIPAaBOM U JIEBOM KPYTOBbIX MOJISIpU3ALUN HA
Bbixozmax 3 1b /90° mocra cocrasmsier 39 ab. D10
cootBeTcTBYeT ypoBHI0O KO 0.19 1b.

Puc. 11. Tonspuzaropsl S/X/Ka nuanazonos: Ka nonspuza-
top (1), X monspuzarop (cocrout uz3 OMT (2) u ®C (3)), S
nossipuszatop (cocrout u3 3 16 /90° mocta (4)u 3 1b /180°
MocToB (5)), SMA posetka (6)

W3mepennsie B Auamna3oHe pabodnx 4acToOT BHO-
cumble motepu c6opku aByx 3 nb /180° u ogHoOro
3 1B /90° MOCTOB COBMECTHO CO IITATHBIMH OT-
pe3KaMHu COCAMHUTEIBHBIX KOAKCHUAIBHBIX BOJIHO-
BOJIOB He npeBbialoT 0.7 1b B HeoxJaxJIeHHOM
COCTOSTHUH. DTOT YPOBEHB ITOTEPh OKA3AJICS HECKOIIb-
KO BBIIIIC TTAHUPYEeMOU BeTUYUHbl. OCHOBHOM BKJIa]]
B motepu garot 3 a6 /180° MOCTBI

[Monsipuzarop X amamnazona (puc. 11) cocTout u3
TpaHcdopmaropa opToroHanbubix H;, mox (OMT)
KOAKCHAJIBHOTO BOJIHOBOZA B f{,, MOIBI IBYX Ips-
MOYTOJIBHBIX BOJHOBO/IOB Ha Bhixonax OMT u ¢a-
3ocapuramomiei cexnun (PC) B KoaKCHaTLHOM BOJI-
HOBOIe. CHTHAJIBI TOPU30HTAIBEHOM W BEPTUKAITBEHOM
nosisipu3anuii B X Quaepe oOiyudaresniss Ha BBIXOJIE
®C npuobperaror pasHocts a3z 90°. I[lnockoctu
TosIpu3aItuy opToroHaabHeIX Mo OMT u @C mo-
BEPHYTHI B IPOCTPAHCTBE HA 45° APYTr OTHOCHUTEIb-
HO npyra. B pe3ynbrare, Kak HETPYAHO BUICTh, CUT-
HaJIbl JIEBOW U IPAaBOU KPYTOBBIX MOJIIPU3ALUiL TIOCIE
npoxoxkaeans PC u OMT OyayT moctynars Ha pas-
HbIE BOJIHOBOAHBIE BbIX0I6l OMT.

B cocta OMT (puc. 12, B 1ieHTpe) BXOAAT TYp-
HUKETHOE COCMHEHUE KOAKCHalla U YeThIpeX Mpsi-
MOYTOJILHBEIX BOJTHOBOZOB (puc. 12, creBa), nBe ma-
pB! 180° pa3BOpOTOB MPSAMOYTOJIBHBIX BOJTHOBOIOB
U JIBa BOJIHOBOJHBIX E-TINIOCKOCTHBIX Y CymMMaropa
(puc. 12, cnpasa).

B TypHukeTHOM coenuHeHMM /|, BOJHa KOAaK-
cHaJia IOJTHOCTHIO TpaHC(HOPMHUPYETCS B paBHBIE 1O
aMIUIMTyne /1|, BOJIHBI Iapbl IPOTUBOJIEKALIUX IIPs-
MOYTOJIBHBIX BOJTHOBOOB, €CJIM OCh BOJIHOBOJIOB Jie-
KUT B IUNIOCKOCTH noJisipu3auuu H,, Bosnsl Ilocie
pacupoctpanenus BOoyb 180° pa3BoOpOTOB IBE BOJI-
HbI CKJIQJIBIBAIOTCS B E-TIIIOCKOCTHOM Y TPOMHUKE.
TakuMm cioco60M OCYIIECTBISIETCS pa3e’eHUe BOIH
OpPTOTOHATBHBIX TOJSPU3ANNANA KOAKCHaa MO JBYM
BOJHOBOIHEIM BhIxojgam OMT.

[Ipu cunteze OMT ucnonb3oBayics psan U3BECT-
HBIX KOHCTPYKTOpPCKUX uneH [24, 25]. CormacoBanue
MPSIMOYTOJILHBIX BOJIHOBOJIOB U KOAKCHaJa B TYPHU-
KETHOM COCIUHEHUU OCYLICCTBISETCS C TMTOMOIIBIO
KOHYCHOTO PacIIupeHus IEHTPATHLHOTO MTPOBOTHUKA
U CTYIIEHYATOTO PACUIUPEHUS BHEIIHETO TPOBOTHU-
Ka koakcuana. [lmeun E-miockocTHbIX Y CymMMaro-
pOB corlacyloTcsl IPU3MONH B OCHOBAaHUU CyMMa-
TOpa U CTYIEHYATBIMHU TpaHChOpMATOpaMH B BOJI-
HoBozax. B 180° pa3Boporax npsiMOyroibHBIX BOJI-
HOBOJIOB HCITOJIB3YIOTCSI TIEPEXONbl Ha 3ay>KCHHBIE
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Puc. 12. CST npoextst OMT (B IeHTpe) 1 €T0 Y3JI0B: BOITHOBOIHO-KOAKCHAIbHOE TYPHUKETHOE COeTMHEHHE (CIIeBa), BOITHOBOIHBIN

E-mnockocTHO# Y cymmarop (cripasa)

CEYCHHs C TeM, YTOOBI OOECIeUHTh IMepecedeHue
BOJTHOBOJIOB COCEIHUX IIJIeY B OHOM TITOCKOCTH.

C uenbto ymenbieHus rabapuroB OMT crynen-
YaTOE MOHIKEHHUE BBHICOTHI BOJTHOBOJIOB BBIMOJIHEHO
coBMecTHO ¢ 90° moBOpoTaMM BOJHOBOAOB B
rutockocTy. Kak Ob110 1ToKa3aHo, Py 3aJaHHOM yYPOB-
He 00paTHBIX MOTEPh TaKOE PEIICHIE TTO3BOJISET BBI-
HNONHATh H-110cKOCTHON 90° MOBOPOT C MEHBIINM
pannycom u3ruda, 4yem U3rud BOJTHOBOJA HEU3MEH-
HOU BBICOTHI. KadecTBeHHO 3TOT 3 (hekT o0bsic-
HSIETCsI KOMITCHCAIMEeW WHAYKTUBHOCTH TIOBOPOTOB B
H ny0cKoCTH €MKOCTBIO CTYIICHEH.

IIpouenypa mpoextupoBanus OMT cocrtosuta
B TIPEABAPUTEILHOM CHHTE3€ U ONITUMHU3aNNH (PyHK-
MoHANBHEIX y3110B OMT ¢ mocienytoniei coOopkoit
B €IMHYI0 KOHCTPYKIIHIO C ONITUMU3ALUEH (a3oBbIX
HaberoB Mexay ysnamu. Vcmonp3oBascsl maker
nporpamMm CST Microwave Studio.

Konctpyknmss @C mpencraBmsieT cob0il Koak-
CHAJIBHBII BOJHOBOJ, MEXKAY TIPOBOJHIUKAMHU KOTO-
pOro B 0CEBOH MJIOCKOCTH YCTAaHOBJIEHBI JIBE ILIac-
TUHBI cTyneH4aToro npodus (puc. 4). Cunres u or-
TuMu3anys OC BBIMOIHEHBI C MIOMOIIBIO CUCTEMBI
AJIEKTPOANHAMHUYECKOTO ITpoeKTHpoBaHws [ 19] 1 orm-
caHbl B [26].

PacueTHBIC 3aBHCUMOCTH OOpaTHBIX MOTEPH U
pa3BsI3KU MO BbIXOAaM X MOJspU3ATOpPa HE XyxKe
20 n1b Bo Bcem amamna3zoHe paboYMX YacCTOT, YTO
MOATBEPKACHO pe3ybTaTaMu u3MepeHui. Jis mpu-
Mepa Ha puc. 13 mpencTaBieHbl pe3ysbTaThl pacye-
Ta ¥ MU3MEPEHHI Pa3BsI3KH MO0 BOJTHOBOIHBIM BBIXO-
nam otaensHo Mt OMT u mis X monsspuzatopa
B LIEJIOM.

M3mepenHsie mpu KOMHATHOM TeMIiepaType BHO-
CHMBbIE TIOTepH X MOJISIPU3aTOPa, OKPHITOTO ceped-
poM, coctaBwin nopsiaka 0.2 nb.

YacrtotHas 3aBHCHMOCTh KD 1o BBIXOZam mpa-
BOH U JIEBOM KPYTOBBIX NOJISIpU3aLuil X MOJISIpU3ATO-
pa mpeiacTaBieHa Ha puc. 14.

CST monens monsspuzaropa Ka auamazona npen-
ctaBicHa Ha puc. 15 [22]. OcHoBoil y31a sSBIsSeTCS
MJIACTUHA CTyNEHYaTOH (DOpPMBI, yCTaHOBJICHHAS
B cekiuu (1) KBagpaTHOrO BOJHOBOJA — pEIlIEHUE
pa3ienuTens KPyroBbIX OSIPH3AINii, N3BECTHOE KaK
“septum polarizer”. Cexmus (1) cormacoBaHa ¢ KpyT-
JBIM BOJTHOBOJIOM (2) Ka obmyuaTens ¢ moMoIibo
CTyHeHYaroro TpaHcopmaropa. J[Ba mpsMOyromib-
HBIX BBIXOJa septum polarizer ¢ MOMOIIBIO CTYIECH-
YaTeIX TPaHC(HOPMATOPOB COITIACOBAHBI C MPSMOY-
TOJBHBIMHU BOJTHOBOJAMH CTaHIApPTHOTO CEYCHWUS.

CwuHTe3 ¥ ONITUMH3AITIS septum polarizer coBMecT-
HO C COTIACYIOIIUMHU TpaHC(HOpPMaTOpaMH BBITIOTHE-
HBI C TIOMOIIBIO pa3pabOTaHHOTO HAMHU paHee ajro-
putMma [27].

C 1enbio MoJCOeINHEHNS BEIXOIOB MOJISIprU3aTopa
K BOJHOBOJHBIM DJIEMEHTAM CO CTaHIapTHBIMHU
(narmamu B coctaB Ka monsipusatopa BBe/IEHBI Ba
90° noBOpOTA, KXl U3 KOTOPBIX COCTOUT U3 Mapbl

Yactora, T
6 7 8 9 10
— 1 0 PN ST S S T TS ST S R TR U SN TR RS S SU TR S |

L1

201
301

401

~50

-60
Pasmaska, n1b

Puc. 13. YacToTHasi 3aBUCHMOCTB Pa3Bs3KH 110 BeIxogam OMT
(xpuBas 1 — SKCIIEpPUMEHT, KpUBast 2 — pacyeT) U 10 BbIXoaM X
noJsipu3aropa (Kpusast 3 — pacyert, KpuBast 4 — SKCIICPUMEHT)
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Yactota, [T11
7 8 9 10
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1

—4
K3, nb
Puc. 14. DxcnepuMeHTaNbHasT YaCTOTHAsI 3aBUCUMOCTH KO

10 BBIXOJy TIpaBoii (KpuBas 1) u BBIXOAY JIeBOM (KpuBas 2)
KpYTOBBIX NoJsipu3anuii X nonaspusaropa

Puc. 15. Ka nonsipuzatop: 1 — septum polarizer, 2 — Kpyrblit
BOJTHOBOJ, 3 — 135° “CkochI” BOIHOBOJIOB, 4 — CKPYTKH, 5 —
CTaH/apPTHBIC BOJTHOBO/IBI

135° BomHOBOAHBIX “ckocoB” (3) B £ MIIOCKOCTH.
J1J151 IITOTHOM KOMITOHOBKH 3J1eMeHTOB U y3710B KIIDb
(puc. 5) B koHCcTpyKUMIo Ka monsipruzaTopa BBeICHBI
KOMMAaKTHBIE (TOJIIMHA 2.5 MM) BOJIHOBOJIHBIE
CKpYTKH (4), IpeanoxKeHHbIe HaMu paHee [28].

IIpoBenennsie ucneiTanus Ka moaspusaropa
(puc. 15) mokaszanu yIOBIETBOPUTEILHOE COOTBET-
CTBHE pe3ylbTaTaM CHHTE3a U 3a/laHdI0 Ha paspa-
00TKy. BHOCHMBIE TIOTEpH, U3MEPEHHBIC TPH KOMHAT-
HOW TeMmepaType, He npesbiaoT 0.4 1b Bo Bcem
nuanasone pabounx yactotr. Ha puc. 16 u puc. 17
MpeJICTaBIeHbl U3MEPEHHBIE YAaCTOTHBIE 3aBHCH-
MocTH pa3Bsa3ku 1 KO Ha Bbixogax Ka nonspusaropa
B CPAaBHEHMHU C PE3yJbTaTaMU MOJIEIHPOBAHMSL.

Yacrora, [T
27 29 31 33 35
1 1

—40
Pasmsaska, nb

Puc. 16. YacToTHast 3aBUCUMOCTb pa3BsA3KH 110 Bbixoaam Ka mo-
nspu3aropa: KpuBas 1 — SKCHEpUMEHT, KpuBast 2 — MOJIeIb
septum polarizer, kpusas 3 — CST moznens Ka nonsipuzaropa

Yacrora, I'Tn
27 29 31 33 35
0 | AN ~
—0.4
—-0.8+
-1.2
KD, nb

Puc. 17. YacrorHas 3aBucumocts KO Ha Beixonax Ka momsipusa-
Topa: KpuBbIe | U 2 — 3KCIIEPUMEHT 1 1-r0 1 2-r0 BBIXOJ0B
COOTBETCTBEHHO, KpHBasi 3 —MoJielb septum polarizer

6. Majomymsinye yCUJINTE M

MIY S, X n Ka nuanazoHoB pa3paboTaHbl Ha CO-
BPEMEHHOM AIIEMEHTHOMU 0a3e C MPUMEHEHHEM HOBBIX
TEXHUYECKUX PEIICHUH C IENbI0 JOCTIKEeHNs Ooee
HHM3KOTO YPOBHSI 9KBUBAJIEHTHOM IITyMOBOM TemMIepa-
Typbl, IOBBILIEHUS HAJEKHOCTU U JPYTUX SKCILTya-
TalMoHHBIX nmapameTpos KIIDb.

B HacTositiee Bpemsi HaOIomaeTcs BHITECHEHHE
KJIaCCUYECKUX (MapaMeTpUYeCKuX M KBAHTOBBIX)
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MIITY Tpanzuctopusimu MIY. beicTpoe pacrpoc-
TpaHeHue TpaH3ucTopHeIXx MIIY 00ycioBaeHO WX
HU3KUM YPOBHEM IIIYMOBBIX TEMIIEPaTyp (COU3MEpH-
MBIM C IIYMOBBIMH TEMIIEpaTypaMH KIaCCUYECKUX
MIIILY), ITMpOKOITOIOCHOCTRIO U AKCILTyaTaIlnOHHbI-
MU TIPEUMYyIecTBaMu (YCTOMYHMBOCTh, HYKOHOMHY-
HOCTb, CIIOCOOHOCTh paboTaTh MPU HETTyOOKOM OX-
JIQXKICHUN ).

Oco0eHHOCTh TEKYIIETO dTara Pa3BUTHS TEXHOJIO-
run Tpam3ucTopHBIX MIIY — daktudeckn cocTosiB-
LIUICS Tepexo K TPaH3UCTOPHBIM TeTePOCTPYKTY-
PaM ¢ BBICOKOH MOABIKHOCTBIO 3meKTpoHoB (HEMT,
B 9acTHOCTH, TiceBmoMopdubM — pHEMT, Ha ¢oc-
¢bune nagusa — InP-HEMT).

HaunyuymmM KOMILIEKCOM XapaKTEPUCTUK CpeIu
TeTePOCTPYKTYPHBIX IMOJIEBBIX TPAH3UCTOPOB, TOCTYII-
HBIX JIJIS TPHOOpETeHNs, 001a1at0T IICeBIOMOP(HBIC
HEMT. OcHoBEIBasICh Ha TACTIOPTHBIX JAHHBIX (hHPM-
W3rOTOBUTEIICH, MBI CJIEIIaIN BBIOOP B IOJIb3Y CEMEUCT-
Ba OeckopmycHbix pHEMT ¢upmbr NEC.

KommuecTBO Kacka 0B yCHIIeHUS BEIOUpAETCs TaK,
qT00BI 00TIHH KodhhummeHT yeunenus MIY mpe-
Beicii 30 n1b. B »TOM ciyuae MoxxHO TpeHEOpeyh
BKJIQJIOM B IIYMOBYIO TEMIIEPATypy MOCIETYIOIIUX
JJIEMEHTOB TpakTa nmpueMHuKa. KojgmdecTBo kacka-
moB B S, X m Ka gmamazonax OyAeT pa3audHBIM
(ompenensieTcs mapameTpaMu TPAH3UCTOPOB B ITUX
nuarnas3onax). Hanpuwmep, B S Auana3one ontumaibHa
JIByXKacKaJlHasi CXeMa CO CTPYKTYPOU MEKKaCKaTHOU
coIvIacyolleH ey, ONTUMHU3UPOBAHHOM 110 KPUTEPHUIO
MaKCHUMaJIbHOHU ycToiunBocTH 1-ro kackana. OrpaHu-
YUMCSI PaCCMOTPEHHMEM 3TOTO IpHUMepa.

Baxueiimas 3agadya npoektupoBanus MIIY —
CHHTE3 BXOTHOM COTTIACYIOIIeH IeTH, 00eCIieunBaro-
el MIMPOKOMOIOCHOE COITIacOBaHUE TPAaH3UCTOpa
o Bxoxy. Kpurepuii onTuMaabHOCTH — MUHUMHU3A-
IS ITYMOBOW TEMIIEPATyPhI TIPH OE3yCIOBHOM yC-
TOHIMBOCTH ycuiauTens. s Tpanchopmaruu cTaH-
JApTHOrO COMpoTuBIeHus uctounuka S0 Om B mpu-
BOJUMBII K TPaH3UCTOPY UMICAAHC UCIOIb30BaHA
IByXdJeMeHTHas [-o0pa3Has cornmacyromas Iemb.

Jlns yBenmn4ueHUsT yCTOHIMBOCTH TpeOyeTcs MH-
HUMAaJbHOE OTpayKeHNE CUTHAJIA Ha BXOJIE M BBIXOJIE
kackaga. [IocKoNbKy MPUBOIUMEIN K TPAaH3UCTOPY
OTITUMAITbHBIN UMITEIAHC )KECTKO OTPEe/IeIeH yCIOBHU-
SIMH COTJIACOBAHHS TI0 MHHHMYMY IIyM-(akTopa,
MHHUMU3ALNHS OTPAXKCHUS (PU3UUCCKU O3HAYACT
HEUTpaAIN3alMIO OTPAKEHHOM OT TPaH3UCTOPa BOJIHBI.
B namewm ciyyae mpumMeHeHa MaTOIIyMSIIAsl OTPH-

naTenbHas 00paTHas CBS3b, OCYIIECTBISIONIA KOM-
MEHCALUIO OTPAKEHHOU BOJIHBI.

AKTUBHasl 4acThb BXOJHOTO MMIIEJaHCa 2-TO Kac-
KaJla JICHCTBUEM OTPHUIATCIILHON OOpaTHOW CBSI3U
MIPUBOAUTCS K 3HAUCHUIO AKTUBHOM YaCTH BBIXOIHOTO
nMmnenanca 1-ro xackana. GakTHUECKH MEXKacKajl-
Has IeTb B HalleM Cily4ae OCYILIECTBIISET TOIbKO
COIVIaCOBaHME peakTaHCOB. Takoe MoCTpoeHHe M03BO-
JIUJIO MCKJIIOYUTH BCE MPU3HAKU HEYCTOWUYMBOCTH
B HWO)KHEH YacTh pabodero Auamna3oHa U yBEITHYHIIO
3amac ycTOWYHMBOCTH BO BCEM paboueM JIuarna3oHe.

Oco0oe BHUMaHHE YEIeTCs] 00ECTIeUeHUIO YCTOM-
YUBOCTH HAa YacTOTax BhIlIe pabouero auamna3oHa.
Crenuguka 374eCh 3aKII0YAETCS B MPAKTUUCCKON
HEBO3MOXHOCTH rapaHTUPOBATh HU3KUH Koadduiu-
€HT OTpakKeHMs Ha BXOJIE, TOCKOJIbKY KOMIUIEKCHBII
UMIIEIaHC UCTOYHHUKA (00Iydarenb) BHE MOJOCHI
pabouMx YacTOT MOXET M3MEHATHCS B OYEHb IIH-
pokux mpenenax. s pemeHust mpodaeMbl YCTOR-
YUBOCTH BBIIIE MOJIOCHI PA0OYHX YacTOT B Mpeasia-
raeMoM ycwinTesae ObUl 3aJIeiCTBOBAH MEXaHHM3M
MPUHYAUTETBHOTO CHIXKEHHUS COOCTBEHHOTO KO3(h(hu-
LMEHTa yCUJIEHUS TPAaH3UCTOPOB.

Ilo cpaBHeHHIO C MACHOPTHHIM 3HAYEHHEM HaIl-
pSAKEHUE CTOK-MCTOK TPAH3UCTOPOB CHHXKAIOCh
B 1.5 (komHarHas Temmeparypa) — 3 (OXJIaXxJIeHUE
1o 15 K) paza. [1pu atom, ¢ yueTom aeiicTBusi oopat-
HOU CBsI3H, KOXQPHUUIMEHT ycuieHus 1-ro xackazaa
0130k K 15 1B, 1 9TOTO0 3HAUEHHMS BIIOJIHE 10CTATOY-
HO JUIsl pelleHs OCHOBHOMW 3a/1auyll — MUHUMH3ALU
urym-dakropa. [TpobieMs ¢ ycTOHYMBOCTBIO HA BEPX-
HEeM Kparo (¥ BbIlIe) pabodero Auana3oHa MCUe3atoT.

Haxkoner, cienyer oCTaHOBUTBCSA Ha €IE OJJHOM
Ba)KHOM MOMeHTe. VIMIiejane peajibHOro UCTOUHHKA
CUTHaJa MOXET 3aMETHO OTIMYaThbCs OT 3HAYCHMS
50 Owm, 17151 KOTOPOTO ONTUMHU3HUPOBAHEI TIPEICTABIICH-
HbIE YCUITUTENU. 31eCh, B TUIAHE MUHUMU3AIUU II1Y-
MOBOIi TeMIiepaTrypsl U HepaBHOMepHOCTH AUX, 60-
Jiee BBITOJHO TIPUMEHEHHE (EePPUTOBBIX Pa3BA3BI-
BaIOIIMX BEHTHUJICH Ha BXoje U Ha Beixojae MIIIY.

BuemHuil Bua napbl CIpOEKTUPOBAHHBIX yCUITH-
Tenel S n1uana3zoHa BMECTE ¢ MCTOYHMKOM CHUTHAlla
(3 16 /90° mocT) U (GeppUTOBBIMU BEHTHISAMH Ha
BXOJ1ax MpeJCTaBlIeH Ha puc. 18.

B npotoTure onuceiBaeMoro ycrpoiictsa [29] s
OpraHU3aLMK PEKUMA 110 OCTOSIHHOMY TOKY TpaH-
3UCTOpOB oxJaxaaemoro MIIY npumensercs Tex-
HHKa TOKOBBIX MOHHTOPOB. Oxmnaxmaemsie MIIY,
MIOCTPOEHHBIE 110 TAKOMY IMPHUHIINITY, COAEPKAT JBa
MOAYJS: OXJaXKAaeMBbI YCUIUTEIbHBIA MOIYIb U
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Puc. 18. Dnementnl Tpakta S quanasona: 1 — 3 16 /90° mocr,
2 — deppuroBsie Bentuiu, 3 — MIITY

OTIEJIbHBIM MOAY/Ib HNUTaHUS U pexkuMoB. Ilocre-
JTHHUI OOBIKHOBEHHO COJICPIKHT JI0 TPEX KPEMHHUEBBIX
OTEepalMOHHBIX YCHUIMTENEH Ha OIWH TPaH3HCTOP
CUTHAJILHOTO MOJTYJISI.

Hanmmame kpeMHHEBBIX MHKpocxeM (HepaboToc-
nocoOnbIx HIke 200 K) nemaer HEBO3MOXKHOU MO-
HOOouHY10 peanuzanuto MY, npeanoururensHyo
M0 PALY SKCIUTyaTallHOHHBIX TapaMeTpoB (HaIekK-
HOCTH, TIOMEXO3AIIUIIIEHHOCTH U T. 11.). TpaauioH-
Has KoHCTpyKuus MIITY, u3 aByX CBA3aHHBIX MHOT'O-
JKUIBHBIM KaOelleM MOIyned, 0COOCHHO HeyJaadHa
B S nuamasoHe, B KOTOPOM PaJHOIIOMEXH OT TeJIeBU-
JIEHUST ¥ MOOMITBHOM CBSI3U TIPUBOIAT K HEOOXOIMMO-
CTH MHOTOCTYNEHYaTOH (MIbTpalyu Ha Bcex (4e-
ThIpeX M 0oJiee) TOKOBBIX BBOJAX.

PazpaboraHHbIe yCHIUTEIH HMEIOT MOHOOIOUHYTO
KOHCTPYKIIMIO, HAMTPAMYTO YITy4YIIAOIIYI0 SKCIUTyara-
HUOHHBIC MapaMeTpbl. YCUIHTENIH H3TOTOBICHBI
10 OOBIYHOW TEXHOJIOTHH TIEYaTHBIX TUIAT, HO C UCTIONb-
30BaHMEM HAaBECHBIX 3JIEMEHTOB CHTHAIBHOTO TpPaK-
Ta, BKJIIOYas €MKOCTH W WHAYKTUBHBIE AJIEMEHTHI.
Tem caMbIM HEUTPATHU3YIOTCSI HU3KUE 3JICKTPOTEXHH-
yeckue (OOJIBILON TaHTeHC yIya AUIEKTPUICCKHX T10-
Teph) U TEIIOPH3NICCKIE KaueCTBa NCIIOIH30BAHHO-
ro Marepuaia momioxku — RT/duroid® 6002 dhupmbl
Rogers. Koahdunmentsr TemeparypHoro pacumpe-
HUS TOJUIOKKKA M Kepamuueckux SMD-koHaeHca-
TOPOB 3aMETHO OTIHYAIOTCSA, TIOATOMY TIPH MOHTa)Ke
K TOKOBEYIIIMM IITITHAM KOHAEHCATOPHI PUTTaUBAJINCh
00 Yepe3 TMOKHE AJIEMEHTHI U3 30J10TOH (onbry,
00 HETIOCPEACTBEHHO K TIPOBOTHBIM JTMHUSIM.

PacueTHble 3HaYCHHS] TEXHUYECKHUX XapaKTEepPHUC-
THK pa3paboranaeix MIIY S/X/Ka amamazoHoB
YIOBJIETBOPSIIOT TpeOOBaHUSIM Ha Pa3paboTKy, a uc-
MBITAHHUS DKCIEPUMEHTATBHBIX 00pa3ios MIIY
B S m X nuama3zoHax MOATBEPIUINA 3TOT BBIBOJI.

Wzmepennbie 3HaueHs KOO OUITMEHTOB YCHUIICHHS
MIIIY B paboumx Mmojgocax 4acTOT COCTABHIIM HE
meHee 30 ab, a TOCTUIrHYTble YPOBHH LIYMOBOI
TEeMIIepaTypbl IpUBEIEHB B Ta0MI. 2.

7. 3akinoyeHue

[IpensoxeHHbIH 1 OTTHCaHHbINA B TaHHOM padote KI1Db
SIBJISIETCS. MHOTO(YHKITMOHANBHBIM M TEXHUYECKH
CIIO’KHBIM OJT0KOM paauroTesneckornoB PCJIb-koMrmiek-
ca HOBOTO TIOKOJICHHS, BO MHOTOM OTIPEIENISIOIINM
MoKa3aTeNld KadyecTBa padOThl MPUEMHBIX CTaHIUI
ceru. lIpoBeieHHbBIE HCIIBITAHNS YKCTIEPIMEHTAITEHO-
ro obpasita KITDb u ero KiIroueBBIX 2IIEMEHTOB — TPEX-
JIaTia30HHOTO arepTypHOTo y31a, S/X/Ka pa3nenmre-
JIE KpyTOBBIX MOJIIPU3ALMIA U OXJIaXK1aEMbIX TPaH3H-
cropubix MITY — noareBepaniiv MpaBUILHOCTH TIPU-
HATBIX TEXHHYECKHUX perieHni. JloCTUTHy Thie TeXHH-
YEeCKHE XapaKTePUCTHKH B OCHOBHOM Y/IOBIIETBOPSIOT
cnenuukanuu Ha paszpaborky PCJIb-kommiexca.
BwmecTte ¢ Tem ObUTH BBISBICHBI OTKIIOHEHUS OT/IENb-
HbIX napameTpoB ieMeHToB KIIDb ot pacueTHbIx
HOMHWHAJIOB, a TAKXKe PSIJl HEJOCTATKOB B KOHCTPYK-
LMY, KOTOpPBIE, OJJHAKO, OYyT YCTpaHEHbI Ha TOCTe-
IYIOIINX CTAANUSAX pa3pabOTKH.

ABTOpPHI BBIpaXKarT OJIar0IapHOCTh COTPYTHUKAM
OT/IeNIa BEIYHCIUTEIBHOW dIeKTpoanHaMUukun VPO
M. A. 5. YeukoBa HAH VYkpamnsr [. 0. Kynuky,
A. O. Ileposy, C. A. HpPIKOJ'IOTPIHy,,
C. A. CtemieHKO U COTpPYIHUKAM OT/EJa TOIYIpo-
BOIHHUKOBOH 3nekTpoHHKH VPO mm. A. 5. YcukoBa
HAH VYxpaunst B. B. ['mamazauny, B. A. 3omorapesy,
M. I1. Harapogy, A. U. lllyoHOMY, TpUHUMABIITUM
TBOpYECKOE yJacThe B pa3paboTKe MPOTrpaMMHOTO
ooecrieuenus 1 cunre3e CBY aj1eMeHTOB, IIOATOTOBKE
W3MEPUTENHHBIX CTEH/IOB M HMCIBITAHUAX Y3JI0B
KIIDB, a Takxke COTpyAHUKAM KOHCTPYKTOPCKO-TEX-
Hosormdeckux otaenoB [TAO «HIIIT “Catypu™» 3a
pa3paboTKy TOKYMEHTAIH ¥ H3TOTOBICHHE dKCIIe-
puMeHTansHOTO 0b6pasma KIIDB. ABTopsl mpu3Ha-

Tabnuya 2. Xapaktepuctukun MITY

Junana3on Yacrora, I'T1x TeMﬁiﬁ:;;z, K
S 22+2.6 <35
X 7.0+9.5 <6.5
Ka 28+34 <25

* pacueTHOC 3HAYCHUE
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Kpuocennuiii npuemnsiii hoxanviulii 610K 0151 meneckonos paouounmeppepomMempudecKoe0 KOMnieKca Ho8020 NOKOJIeHUs.

TebHbI KoJuteram u3 Mucturyra gusuku AH Kuras
n Kuralickoro yHHBEpCUTETa HayKH U TEXHOJIOTUU
(r. [lexun) 3a MpeI0CTABICHHYO BO3MOXKHOCTb MTPO-
BOJIMTBH PACUYCTHI C TOMOIIBIO JTUIICH3HOHHOTO MTaKe-
ta CST Microwave Studio.
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'THcTuTyT npukiIaaHoi acrponomii PAH,
Hao. Kyrtysosa, 10, m. Cankr-IletepOypr, 191187, Pocis
2TIAT «HaykoBo-BupoOHHYE MiANpUeMCTBO “Catypu”»,
Byi. Jlecst Kypbaca, 2-6, m. Kuis, 03148, Ykpaina
3THCTUTYT pamiohi3uKH Ta eNEKTPOHIKH

im. O. f1. YeuxoBa HAH VYkpainu,
Bys1. Ak. [Ipockypwu, 12, M. Xapkis, 61085, Ykpaina

KPIOI'EHHUU IIPUUMAJIBHUN ®OKAJIbHUM BJIOK
JIU1S1 TEJIECKOIIIB PAJIIOIHTEP®EPOMETPUYHOI'O
KOMIUJIEKCY HOBOI TEHEPALIIT

HaBopsTbCs pe3ysibTaTu CHHTE3Y, KOHCTPYIOBAHHS Ta BUIIPO-
OyBaHb EKCIIEPUMEHTAIBHOT0 3pa3Ka KPiOreHHOTO TPHHMalb-
Horo ¢okansHoOro 610Ky (KIIDB) nis pagioreneckomniB po-
CIHiCBKOTO pafio-iHTepPEepOMETPUIHOTO KOMIIEKCY HOBOI I'e-
Hepauil. PagioTeneckony KOMIUICKCY 34aTHI NPUIIMaTH CUTHAITH
KOCMIYHHX paaiomkepen oqHodacHo y S, X ta Ka miamazonax
1 9aCTKOBO CYMICHI 13 pa/1ioTesIeCKONIaMU NEPCIIEKTUBHOT TI10-

6anpHOi reope3nyHoi Mepexi VLBI2010. JluckyTyroThes mpuii-
HSATI TEXHIYHI pimeHHs KirouoBux By3iiB KIIDB Ta HaBoasTh-
Cs TOJIOBHI TexHiuHI XapakTepuctuku HBY enemenris, koTpi,
SIK TIOKa3aHO, 3aJI0BIIBHO BiJAMOBIIAI0Th MPOCKTHIH Crenu-
(ixarii.
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CRYOGENIC RECEIVING FOCAL UNIT
FOR TELESCOPES OF RADIOINTERFEROMETRIC
COMPLEX OF NEW GENERATION

Results of synthesis, design and tests of the experimental sam-
ple of cryogenic receiving focal unit (CRFU) for telescopes
of Russian radio interferometric complex of new generation are
presented. The radio telescopes can receive signals of space ra-
dio sources simultaneously in the S, X, and Ka bands. They are
partially compatible with radio telescopes of promising global
geodesic network VLBI2010. Approved technical solutions
of CRFU key units are considered. The main characteristics
of microwave elements are shown to satisfactorily correspond
to design specification.
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