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AHHOTAIMsI: B JJOKJIaJ€ TIPEJICTABICHBI IIEPBbIE TEXHUYECKUE PE3yIbTaThl pa3padbaThIBaEMOro B
UIl®d PAH mopraruBHoro cy6TI'm paamomerpa sl MCClIEOBaHUS acTPOKIMMAara B OKHE
mpo3padyHocTH atMoctepsl 1,3 MM, HPUTOTHOTO JUIA IIPOBEACHUS AIMTEIBHOTO LHKIA
U3MEPCHUH B OSKCHEOULIMOHHBIX YCJIOBHAX. AKTyalbHOCTb pa3pabOTKH IPOAMKTOBaHA
MTOTPEOHOCTHIO ACTPOHOMHYECKOTO COOOIIECTBA B MOMYYEHUH MPSAMBIX OIIEHOK aTMochepHOro
noryommenus B cyoTT 11 okHax npo3pauHocTy Ha Tepputopun Poccuiickoit @enepanmn.

KiroueBbie ciioBa: paguoMeTp, aCTpOKJIMMaAT, aTMOC(l)CpHOC TOTJIOUIEHUE, OKHO MPO3pavHOCTU

1. BBenenue

CrpeMutenbHOE pa3BUTHE MUKPO U HAHORJIEKTPOHUKH MTPOJIBUTAET TEIEKOMMYHUKAIIUU
B ¢cy0TT'nm m TT'm nquanasonsr [1, 2], co3mar0Tcsi HOBBIC HANpPABJICHHWS B YHUBEPCUTETAX,
pacmmpsieTcsi HOMEHKJIaTypa CEpPUIHO  BBIMYCKAEMBIX  JJIEKTPOHHBIX  YCTPOWCTB:
reHepaTopOB, YCHIUTENEH, JAETEKTOPOB U T.N. Bmpodem, acTpOHOMBI Hayald aKTHBHOE
OCBOEHHME JAaHHOI'O Y4YacTKa CIIEKTpa €lle CO BTOpPOM IOJOBUHBI Mpouuioro Beka [3], a
n300peTeHne HHTEPPEPOMETPUIECKOTO METO/Ia ANMPETYPHOTO CUHTE3a OMPEIEIUIO BEKTOP
Pa3BUTHUS PAAMOACTPOHOMUM HA MHOTHUE JICCSITHIIETUS BIIEPE/I.

Ha cerogusmuuii 7eHb caMbIM KpyITHOMAcCIITaOHBIM Ki1acTepoM cyO0TI 1 Teneckomnos,
oobenuHeHHbIX B enuHyto PCJlb-cets, siBisercs MexayHaponHblii mpoekT «Temeckorn
ropusonTta coobIThi» (TT'C), OTKpBIBIIMIA BO3MOKHOCTH HAOIIOCHUS TEHU YEPHOM JBIPHI C
YTJIOBBIM pa3peleHreM, COTIOCTaBUMBIM € €€ TOPH30HTOM cOObITHH. [IepBbie pe3ynbTaThl O
UCCJIETOBAaHUIO CBEPXMACCUBHBIX YEPHBIX JbIP B LIEHTPaxX rajJakTUK Meccbe 87 W HaIIero
Mueunoro Ilytu omy0aukoBansl B paboTax [4, 5]. K HacTosimeMy MOMEHTY KoJutabopanus
TI'C HacuuTHIBaET OKOJIO AIOKUHBI 00CEpBATOPHI, PACIIOIOKEHHBIX IO BCEMY 3€MHOMY
I1apy, HO TIOMCK HOBBIX OTEHIMAIBHBIX IJIOLIAI0K He mpekpainaetcs. CornacHo 0630py [6]
B MUpe paboTtarT necatku cyo Tl TeneckonoB, HO Ha Tepputopuu PO HeT moaxosimiero
WHCTpYMEHTa, crocoOHoro moakmounthess kK TI'C. KoneuHo, B HayuyHOU mporpamme
Oymymieir  kocMuueckod — oOcepBatopun  «Mwummumerpon»  («Crektp-M»)  [7]
npennonaraercs pabora B coctaBe TI'C, HO Ge3 cooTBeTcTBYIOLIEro HazeMHoro cyoTl i
TEJIeCKOIa POCCUICKas painoacTPOHOMUSI OOBEKTUBHO OTCTAET OT MUPOBBIX TEHCHIIHIA.

B mpoumom noknazne [8] Mbl OTMEYalld, YTO MEPCHEKTHUBHBIMHU JUIsI CTPOUTEIHCTBA
cy0TI 1 o6cepBaTopun siBisitoTest ropbl KaBkasa B parionax CesepHoit Ocetun u Jlarectana
u okpectHoctH mnato Cydda B Y3b6ekucrane. biiarogapst 601b110My YUCTY SICHBIX JHEH U
HU3KOMY YPOBHIO OCAJIKOB MHTEPECEH CKJIOH Topbl Masik (2350 M) B OKpECTHOCTH CENICHUS
I'yan6 (Harecran), rae B 2022 roay OblT IpOBENEH MOJIYrOJOBOM HENPEpPBIBHBIA ITMKII
m3mepenuit [9]. [IpuBnekarensHO BRINISAAT Tuiomaaku B Cubupu, ropa Myc-Xas (2959 m)
B Sxytum [10] u nmux Xynyraiima (3015 M) B CasiHax, rae B Mae 2024 r. 3aBepuiaercs
MTOJTYTOJTIOBOM ITUKJT UCCIIEIOBAaHUM aTMOC(EPHOTO MOTJIOMICHHS B 3 MM OKHE MPO3PAavYHOCTH
(pucyHok 1), ¥ B COOTBETCTBUM C NpPeAOOpaOOTaHHBIMH JaHHBIM MOXHO OXKHUJATh
nornomerre Ha yposae 0,05 Hri/kMm, uTo Bechbma Heruioxo. Tem He MeHee, MpSIMOii TiepecueT
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MOTJIOMIEHUS 3 MM OKHA TIPO3pavHOCTH Ha BocTpeboBanHbIe 1 TI'C okHa B 1,3 M 1 0,8 MM,
HaIrpuMep, Yepe3 U3BeCTHYI0 pedpakimorHyo Moaenb X. JIude [11], conpsbkeH ¢ 00ombImon
U HEKOHTPOJHUPYEMOH OLIMOKOW SKCTPANOJSIUHU, MOITOMY €IWHCTBEHHBIM HAJE)KHBIM U
JIOCTOBEPHBIM HCTOYHHUKOM SIBJISIIOTCS TPsSMbIE HW3MEpeHMs. lmeanbHbIi BapuaHT —
OpraHm3alys HW3MEpPEeHUH ¢ MPUMEHEHHUEM CBEPXIIPOBOJHUKOBBIX OOIOMETPUUECKUX
JIETEKTOPOB, MMEIOIIMX MOIIHOCTh 3KBHBaneHTHOTO myMa (NEP) me 6omee 10717 Br/T''?,
HO Ta0apUTHOE U CIOKHOE B OOCITYy)KMBaHHHM KPHOBAKyyMHOE 00OpYyJAOBaHHE a0COTIOTHO
HETIPUTOJIHO K YCIIOBUSIM TOPHBIX IKCIETUIINNA. B CBSI3M ¢ ATUM YK€ yHIOMSHYTHIE yCTIEXU
COBPEMEHHOW JJIEKTPOHUKH TMOOYyAWIM HAC K pa3paboTke Heoxmaxmaemoro cyoTln
paguoMeTpa, TMO3BOJISIIONIETO  MPOBOAUTH  OIEHKY  aTMOC(EPHOrOo  TOTJIOIICHHS
HEMOCPEACTBEHHO B OKHE MPO3payHOCTH 1,3 MM ¢ MEpPCHEeKTUBON MOCIEeAyIomIeit
MozaepHu3aiuu Ha (0,8 MM OkHO. HacTHYHO €ro KOHIIENT OBLI MPEICTaBIIeH B [8], mO3TOMY B
HACTOSIIEM JIOKJIAJ€ COCPEAOTOYMMCS Ha OIMHUCAHWUU €ro KIIYEBBIX OCOOEHHOCTEH U
3a0CTPUM BHHUMaHHUE Ha TEXHUYECKHUX JETAISIX TPUEMHUKA M AHTCHHOW CHCTEMBI.

Pucynok 1. U3mepenus ¢ nomoiupto MUAII-2 na nuke Xynyraiima (Beicota 3015 m), muomaaka
WHcrutyTa conneuno-3eMHo# ¢usnku Cudbupckoro otaenenus PAH, muxn 2023-2024 rr.

2. OnpenesieHne TeXHUYECKUX TPeOOBaHMIA

OOBEKTOM HCCIEAOBaHUS PAJAMOMETPA SBIISIETCS COOCTBEHHOE M3JTydeHHUE (SIPKOCTHAs
Temreparypa) arMocdepbl B okHe npo3payHoctd 1,3 mm. [lpu ucnonap30BaHuU 4acTOTHOTO
muanazona AF = 50 I'T'ip MmotHOCTE Ha BXo/€ OyaeT B mpeaenax OT Pgx max = -67 n1bm, 4to
HKBUBAJIEHTHO aHTeHHOU Temmneparype 7a = 300 K, xapakTepHoii /Ui IUIOTHOH 00J1a4HOCTH
W/WIN BBICOKOW BJIAKHOCTH, 10 Pyx min=-81 a1bM mm Ta = 10 K, 9T0 COOTBETCTBYET MOUYTH
uaeaIbHOMY (CyXOMY) acTpOKJIMMATy BBICOKO B ropax (WJIM Ha JIETaTeJIbHOM arapare),
MO3TOMY TJIaBHBIM TpeOOBaHHEM, OT KOTOpPOTO OTTaJKWUBAETCS JalbHEUIIUN BHIOOD
TEXHUYECKUX PEIIeHUH, SBIIETCS MOOMUIBHOCTH NMpHOOpa M €ro aBTOHOMHas paboTa B
KECTKUX KIMMaTHYEeCKHX YCIOBHUSAX. TemmepaTrypa Ha TOPHBIX BEpIIMHAX MOXET
nperepreBaTh u3MeHeHus 6osee 30 °C TOIBKO B TEYEHHE CYTOK, a 32 IOJIHBIN I'0JI0BO CE30H
oT -40 no +40 °C. 1 He cTOMb KPUTHUYUHBI TEMIEPATypHbIE M3MEHEHHUsI, KaK BBIMNAJCHUE
KOHJIeHcaTa u Hamep3anue uHes. CedeHne cTaHmapTHOro BoiaHoBoga WR-4.3 B pabouem
muanaszone 210-260 I'T y>xe Hactonbpko mMano (1,092x0,546 MM), 9TO IpH HATUYUH JTaXKe
HeOOJIBIION BJIaru 3aTyXaHHe KpPaTHO BO3PACTAET, U MOJYUYCHHbIE Pe3yIbTaThl HAOIIOJCHUN
CTAHOBSITCSI HETIPUTOJIHBI JIJIs TTOCIIENYIONIel 00pabOTKH.

Kommepuecku nocrynnsie cy0TI it nerekropsr LLloTTku nMeroT uyBcTBUTENEHOCTH 2000
B/Bt Ha yuactke ot -50 mo -20 nbm BXOJHOW MOIIHOCTH, YTO B COBOKYIHOCTH C
JOTIOJTHUTENBHBIMA 2-3 b moTepsMU B pa3BA3BIBAIOIIMX U COTVIACYIOLIMX YCTPOHCTBax
TpeOyIOT HMCIONBb30BaHMS HE MEHEEe TPEeX KacKaJoB yCuieHHs. THUIOBbIE XapaKTEPUCTUKHU
mManomymsanmx ycunureneid (MIIY) B nuanazone 210-260 I'T: ko3 duiment ycunenus
G =15 nb, xoadurnuent mryma NF = 7-7.5 nb.

Juarpamma HanpaBieHHocTH aHTeHHBI (JIHA) nomkHa OBITh JOCTATOYHO IIMPOKOM ISt
o0ecrnieueHrs HHTErPaJIbHOTO YCPEIHEHUS JIOKaIbHBIX HEOJAHOPOAHOCTEN aTMOCcdephI, HO, B
TO XK€ BpeMs, JOCTATOYHO Y3KOH I 3(p(PEeKTUBHOrO MCIONB30BaHUS OJIM3KUX K YPOBHIO
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TOPU30HTA 3CHUTHBIX YIJIOB B METOAE aTMOC(EpPHBIX pa3pe3oB (B MPEANOTIOKECHUN
IUIOCKOCTIOUCTON artMocdepsl). ONTUMaNbHBIM, Ha HAlll B3TJISA, SIBJISETCS LIMPUHA [JIABHOTO
nenectka [IHA B paiione 2.5-3° o ypoBHio -3 1b. Ilogo0HbIe 3HaUeHUS 3aKJIaABIBAINCH MTPH
npoekTupoBanuu paguomerpa MUAII-2 [12].

3aKIIOYUTEIbHBIM ~ TPEOOBAHUSAM  SIBIAETCS  BBICOKAs  TPAaHCHOPTAOEIbHOCTH,
MO3BOJISIONIAs AIBIIMHUCTY B OIMHOYKY MOJHATH NPHOOP HA BEPLINHY T'OPBHI.

3. IIpueMHBIi TPAKT paauoMeTpa

Jl1st TONTOBPEMEHHBIX PAIUOMETPUUSCKUX HAOIIOICHUN TPEATIOYTUTEIIPHON SBIISETCS
KJIacCHYecKasi CcXeMa MOMAYJSIMOHHOTO TpueMHUKa JIMKKe, OTKaJTuOpOBAaHHOTO TIO
XOJIOTHOU/TOPSIYEH HAarpy3Ke (UepHOTEIbHOMY SKBUBAJICHTY WJIM AJICKTPOHHOMY 3TAJIOHY ) B

npubmnkenun Penes-J[>xunca. Takas cxema mycTh ¥ CHI)KAET B V2 pa3 pe3yJIbTUPYIOILYIO
(bIIyKTyalMmOHHYIO YyBCTBUTEILHOCTD (110 CPABHEHUIO C PAJIMOMETPOM IOJIHOM MOIITHOCTH),
HO JaeT BO3MOKHOCTb HCKJIIOYHTh HEKOHTPOJUPYEMBIH yXoa KO3(PQUIMEHTa YCHUIICHHS
YCUIIUTENbHO-TIpeo0pazoBaTeabHON YacTH. CTaOMIBHOCTh COBPEMEHHBIX YCHIMTEIbHBIX
AJIEMEHTOB JIOCTaTOYHO BBICOKA W HE TpedyeT OpraHu3alud BBICOKOCKOPOCTHOTO
NEPEKITIOYECHUS MEXK/Ty aHTCHHOM M OTIOPHON HAarpy3Koii, 4TO MO3BOJISIET 000HTHCH MPOCTHIM
MEXaHUYECKHUM MOJIYJISITOPOM C YaCTOTOM IMEpPEKII0YEHUs] B HECKOJbKO ['1. besycioBHo,
3JIEKTPOHHBIA BAPUAHT MEPEKIIOYATENS BRIMJISAUT NPEANOYTUTEIIbHEH, HO KOMIAKTHOTO U
HaJEXHOTOo ImupokomnonocHoro cyo Tl ' nepekioyaTens ¢ MaJIbIMU BHOCUMBIMU TOTEPSIMH,
CIIOCOOHOTO JTOJTOBPEMEHHO MOAJACPKHUBATh CTAOMIIbHBIC XAPAKTEPUCTHKH B CIOXHBIX
KJIMMaTHYECKUX YCJIOBUSX, HAMM HaiJeHO He ObUI0. BONBIIMHCTBO MpecTaBICHHbBIX
peleHuit uMeroT ociabnenue ot 3 Ab U BbIIIE, YTO SKBUBAJICHTHO HAIWYHIO MAPA3UTHOTO
PaMOKOHTPACTHOTO OOBEKTa, HMEIOLIEro SAPKOCTHYIO TemImepaTypy Ha MOpsSIoK
MIPEBBIIIAIOIIYIO IPKOCTHYIO TEMIIEpaTypy 0OBEKTa UCCIICAOBAHUSL.

[IpuHuMas Bce BBINIEM3JI0)KEHHOE BO BHUMAHHWE M YUYUTHIBAs HAIl PAaHHUE OLICHKH,
cxema cyOTT 11 pagromeTpa Juis MCCIeI0OBaHUS aCTPOKJIMMATa B OKHE Mpo3payHocTH 1,3 MM
npuoOpera BU, MPECTaBICHHBIN Ha pUCYHKE 2.
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Pucynok 2. CtpykrypHas cxema cyo Tl pagromerpa Ui UCCICIOBAHUS aCTPOKIUMATA

4. AHTeHHAs CUCTEMA

HecMmoTpss Ha siBHBIE NpEeMMYIIECTBA IIMPOKO MCIOJIB3YEMBIX B PaJuOACTPOHOMHUU
JBYX3€PKaJbHBIX AHTEHH, IO3BOJIIONIMX B JOCTAaTOYHO OrPAaHMYEHHBIX TabapUTHBIX
pasmepax chopmupoBarh y3kyto JIHA uronapdyaroro tuma, B IpOSKTUPYEMOM MPUOOpPE OT
HUX ObLIO pemieHo oTkaszarbes. Ecnmu B 3 MM Juama3oHe JUIMH BOJIH MEXaHWYECKHUU
MOJYJISATOP JIETKO PEaTM3yeTcsi Ha CBEPXPAa3MEPHBIX BOJHOBOAAX M HEMOCPEICTBEHHO
MHTETPUPYETCS B IPUEMHBIN TPaKT, Kak ObUIO cJieNIaHO B OAHOM U3 HAIIKX pa3padboTok [13],
TO Ha JUIMHE BOJIHBI 1,3 MM MOAOOHOE pELICHHE [OMOJHUTENIBHO J00aBUT IOTEPH B
KBa3UONTHUYECKOM  TPAKTE, COU3MEPUMBIE C  DJIEKTPOHHBIM  IE€PEKIHOYATEIIEM.
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EnuHCTBEHHBIN, 110 HalleMy MHEHHIO, Pa3yMHBIM KOMIIPOMHUCC — 3TO pa3MeLIeHue
MOJYJSTOpPA CHApYKU MEXKIy AHTEHHONM U TMOBOPOTHBIM 3€pKalioM, 00ecrnedHuBarolIuM
CKaHMpPOBAaHME MO 3€HUTHOMY yriy. Hamuume obnmactu 3aTeHEeHUs: KOHTppeduiekTopa y
JIBYX3€pKaJbHBIX aHTEHH B TaKOIl KOMIIOHOBKE JIENIAeT UX MPUMEHEHNE HEOIITUMAIbHBIM.
Ha nepBblit B354, OYEBHIHBIM PEIICHUEM SBIISETCS UCIIOIb30BaHUE MTUPAMUIATHHOTO
WM KOHYCOOOpPa3HOTO pyIopa, HO JOOUThCS y oObIYHOrO pymopa Tpedyemor JIHA B
pasyMHBIX ~ rabapurax  HEBO3MOXXHO,  IIOTOMY  HEOOXOIMMO  HCIIOJIb30BaHHE
KOppeKTUpyromiel auH3bl (pucyHok 3). [IpocTtoli um ymoOHBIN BapuaHT C TOYKH 3pPEHUS
M3TOTOBJICHHS — TJIOCKOBBIITYKIIAsl TUAJIEKTPUYECKasl JIMH3a TUIEPOOINYECKOTO MPOQUIIL.
st pacuera 3¢h(EKTUBHOTO OOJY4YEHHUS] BCEH IMOBEPXHOCTH JIMH3BI HCIIOJIH30BaIach
Mertoauka [14], mpenHazHaueHHas A7l MPOEKTUPOBAHUS pachazupoBaHHBIX PYIIOPOB C
n3JI0MOM. B TexHuKe moj00HbIe PYIIOPHI 3a CUET Jydiiero ko3¢ duinenTa ycuiaeHus (Ha 2-
2.5 nb nyyme, yeM y HHpaMHUAAIBHBIX PYHOPOB TEX K€ Pa3MEpOB) HAILIM ILIMPOKOE
MIPUMEHEHHUE B KayecTBe 00JyuaTesel TJIaBHbIX 3epKal, MO3TOMY IPU pacueTe reoOMeTpUu
CTaBUJIACh 33J]aua ONTHUMAJIBHOT'O OOJIy4EHUs MOBEPXHOCTH JIMH3BI 33JaHHOTO JUaMETpa.

LANTENNA &_

PucyHnok 3. Dcku3 aHTEHHON CUCTEMBbI

Bruto mccienoBaHo Tpu BapuaHTa HMCIOJHEHHS aHTEHHBI C TE()IOHOBBIMHU JIMH3AMHU
tommumaon 30, 40 1 60 MM (Tabmmma 1). Ux JIHA B 06enx MmIIOCKOCTSX, TOJIYYCHHBIC B TTAKETE
AJIEKTPOJMHAMUYECKOTO MOJAETHPOBAHUS, IPECTAaBICHbI Ha pUCyHKE 4. 13 cooOpaxeHuit
MUHHUATIOPU3AIMH KOHEYHOTO M3JeNusi ObLI BHIOpAaH BapuaHT aHTEHHBI ¢ 30 MM JMH30i1.
[TpocBeTneHue NUH3BI BHIIOIHEHO TOPPUPOBKOM ee rpaHuls [15].

Ta6auna 1. 'eoMeTprueckne mapaMmeTpsl aHTCHH (Pa3MePHl B MM)

DirEns Duorn Luorn LANTENNA tLENS

30 mm 16,08 45,56 71,53 4,1

40 mm 18,57 52,18 92,37 5,36

60 MM 17,95 35,1 92,88 10,08
f= 230 GHz, ¢ = 0° f= 230 GHz, ¢ =90°

—— 30 mm B_345=3.1° 40 —— 30mm B_345=2.9°
—— 40 mm B_345 = 2.3° —— 40 mm B_345 = 2.3°

—— 60 mm @_345=1.5° =— 60 mm B_345 = 1.5°

40

30 20 “To 0 10 20 30 -30 —20 10 0 10 20 30
6, degree 6, degree

a) 0)
PucyHnok 4. JlnarpaMma HaIrpaBJICHHOCTH aHTeHHBI B E (a) 1 H (0) TIOCKOCTAX
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5. 3akaouyeHue

[IaTHagUATUIIETHUIT OMBIT HUCHOJB30BaHUS paguoMerpa MMUAII-2  mo3BossieT
MPEeyCMOTPETh JOMOJHUTEIbHBIA (YHKIIMOHAT YK€ Ha dTame pa3paboTKu: OpraHHU3aIlus
HE3aBUCHMON TEPMOCTA0MIM3allud TPUEMHUKA, OCHAIICHHEe MHUHH-MeTeocTaHimen, MK
JAaTYNKOM OOJIAYHOCTH, IIHPOKOYTONBHONH KamMepol, OOpTOBBIM KOMIBIOTEPOM cbOopa
JAHHBIX C MOCTOSHHBIM AOCTYNOM B IHTEpHET [71s1 KOHTPOJIs paboThI B yIaJIEHHOM PEXUME.

OTBeT Ha KIIIOYEBOM BONPOC O BEIMYMHE COOCTBEHHOW IIYMOBOW TEeMIIEpaTyphl
paaroMeTpa MOXKHO OyJeT JaTh TOJIBKO IMOCIe IUKJIA J1a0OpaTOPHBIX HCCIIEIOBAHUM I10
3aBepuieHuto. [lo mpenBapuTenbHBIM OLIEHKaM, CACJIaHHBIM Ha OCHOBE HW3MEpEHUM
MMEIOIIMXCS AJIEKTPOHHBIX KOMIIOHEHT, IIIyMOBas TeMIlepaTypa HE JOJKHA IPEBBIIIATH
3000 K, 4To uyTh XyX€ HAlIMX MPEAbIAYIIMX pacdeToB [8], HO BCENAET ONpEAEICHHBIN
ONTHMU3M B YCHEIIHOE OKOHYAHHUU Pa3pabOTKH C MOCHEAYIOUIUM MPOBEACHUEM CEPUU
HaTYypPHBIX UCIIBITAHUI U CPAaBHEHHEM MOJYUYEHHBIX PE3YJIbTaTOB C UMEIOIIUMHUCS.

Pabota Beimonnena B pamkax npoekra PH® Ne23-79-00006.
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