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OO6cyxmaercs HaydHAsS 3HAYUMOCTh MUJLIMMETPOBOI W CyOMWIIMMETPOBON aCTPOHOMUU, B YACT-
HOCTHU [IJisi KOCMOJIOTMH U UCCIeJI0BaHui 3Be31000pa3oBanusi. OMUCHIBAIOTCS aTMOChEPHBIE Orpa-
HUYEHUs W HEIaBHUE JOCTUXKEHWS B MPUEMHON TexHuke. /laercsa kparkuii 0630p HA3EMHBIX CyO-
MUJLJIAMETPOBBIX 00CEpPBATOPHUIl ¥ UX CPABHEHUE C KOCMUYECKUMU IIPOEKTAMU.

GROUND-BASED SUBMILLIMETER ASTRONOMY: SCIENTIFIC GOALS AND PROS-
PECTS, by Zinchenko I. I. — The scientific importance of millimeter and submillimeter astronomy
is discussed, in particular for cosmology and star formation studies. The atmospheric limitations
and the recent achievements in the receiver technology are described. The ground-based submil-
limeter facilities are briefly reviewed and compared with space projects.

BBEJAEHUWNE

ZLI/IaHaBOH MUJIJINMETPOBBIX U Cy6MI/IJ'[J'H/IMeTpOBbIX BOJIH OCTa€TCd TOCJACIHUM OTHOCUTE/JIBHO HEU3y-
YeHHBIM YYACTKOM TEKTPOMATHUTHOTO CIIEKTPAa B ACTPOHOMUMU, UTO CO3/AeT MOTEHIIWAJ I HOBBIX
OTKpbITHi. BO/IbINIasg 9aCcTh MUIIUMETPOBBIX U CyOMULINMETPOBBIX (DOTOHOB POXKIAETCA B “XOTOTHOMN”
BcestenHoii: mIOTHBIX ME2K3BE3/IHBIX TA30TBLIEBBIX 001aKaX, OKOJI03BE3IHBIX 000I0YKAX U T. 1. DTO CJIe-
nyer u3 3akona [Lnanka. leficTBuTe/IbHO, UK W3/TyYeHUST MEK3BE3IHOM BTN C XaPaKTEPHO TeMIiepa-
typoit 20-30 K jexuT B cyOMUIIMMETPOBOM JUAIA30HE. DTOT JUATA30H TAKKE IPE3BBIYANHO HACHIIIEH
CHIEKTPAJIBHBIMU JINMHUAMMU, OTBEYIAIOIIUMU B OCHOBHOM HEPEXOJaM ME2KAY BpalllaTE€/IbHBIMU YDOBHAMMN
MOJIEKYJI C OTHOCUTEIBHO HUBKOM SHEprueit Bo30yxKaennsd. BakHo To, 9TO MeK3Be3/HbIe 00/1aKa TPaK-
TUYECKH IIPO3PavYHbl Ha MHUJIJIMMETPOBBIX 1 Cy6MI/IJ'[J'H/IMeTpOBbIX BOJ/THaX, B OTJIMYHE OT OIITUYECKOTO
IramasoHa, riae moromenne MoxKeT gocrurath 100 u 6omee. Takum 06pa3oM, OHE IPEACTABIAIOT CO-
60il yHUKAJIbHBI WHCTPYMEHT KMCC/Ie/I0BaHUS BHYTPEHHUX 00J1acTell MJIOTHBIX MEXK3BE3/HBIX 00/IaKOB,
KOTODBIE SBJISIOTCS “KOIbIOEIIMU’ HOBBIX 3B€3J] U HEIOCTYIIHBI JIjId IPYTUX METOJ0B aCTPOHOMUYECKUX
WCCIeIOBaHMIT. DTO U €CTh OCHOBHON JABMXKYIIUI (akTOp JJisi MAJLIMMETPOBON U CyOMUJLIMMETPOBOIT
ACTPOHOMWM: UCC/Ie/IOBaHUS 00PA30BaHUs 3BE3 U rajakTuK. B To ke BpeMs HAOJIOAEHUS B 3TOM JHa-
ma3oHe IaioT DecreHHyio mHMOPMANWIO U Jijid MHOTUX apyrux obsacreit acrpodusuku. locrarodto
YIOMSHYTH UCCIE0BAHUS MUKPOBOJTHOBOTO (DOHA B KOCMOJIOTHH.

HAYYHA 3HAYUMOCTDb MUJIJINMETPOBOM
n CYBMIWIJIMMETPOBO ACTPOHOMMUN

Kocmoanozus. [Tuk 2.7 K mukpoponHoBOTO (hOHA JIEKUT HA BOIHAX A~ 2 MM. B mocaennme roabr mo-
CTUTHYT OTPOMHBII TPOTPECC B UCCAETOBAHUSIX ITOT0 U3JIYUeHUsI, KOTOPOE MPeJICTAB/IIeT COOOil 0CTaTOK
Bosabmoro B3peisa. B wacrHocTu, Haie:kHO yCTAHOB/IEH YEPHOTEIbHBIN XapakTep criekTpa ¢gpona, 06-
HapyKeHa MeJTKOMAacInTabHas aHM30Tponus 1, 60jiee TOro, N3yIaeTCs MPOCTPAHCTBEHHBIN CIEKTpP ITOi
AHU30TPOIUH.

WNurepecHoit u BaxkKHO# 0071aCTHIO MCIOJIB30BAHUS CyOMUIIMMETPOBBIX BOJIH B KOCMOJIOTHH $SIBJISI-
erca apderr Cronsesa—3enpaopraa (DC3). Do craboe nckaxkenune crekTpa (oHa 3a CIeT pacCesHus
dOHOBBIX (POTOHOB Ha BHICOKOIHEPIeTUYHBIX JIEKTPOHAX B CKOILIEHUSX TajakTuk. DC3 mposBiisiercs
KaK yMeHbIleHre nHTeHcuBHOCTH (hoHa Ha dacTtorax Huke 218 ['I'm u Bo3pactanue Ha Gojiee BBICO-
kux vacrorax [1]. Ecin remneparypa 9/eKTPOHOB ONpPeJe/sieTcs He3aBUCUMO, HAIIPUMED U3 PEeHTIe-
HOBCKUX U3MepeHwuil, 70 3uaHue Bcero crekrpa (3 MO3BOJIET OIEHUTH MACCYy ra3a B CKOILIEHUU
(rermoBoit 3bdekT) m MEKyNAPHYIO CKOPOCTH CKomtenus: (kunerwmueckuii acdbdexr). Hemapunit ana-
JIU3 C TOJHBIM YYeTOM PeIgTUBUCTCKUX 3(D@EKTOB MOKa3aJl, UTO Jijid Haubojee ropsdux CKOILIEHUI
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(Te > 8 x3B) cmekrp IC3 CyIECTBEHHO OTKJIOHSIETCS OT MpeackazaHHoro CIOHSeBBIM U 3€JIbJI0BU-
geM (Hampumep [2]). DTo 0coBeHHO CYNIIeCTBEHHO B CyOMUIIMMETPOBOIi obacTu. Beuio mokaszano, 4ro
OTCIOZIA MOXKHO OTIPEIENUTH HMEKTPOHHYIO TEMIIEPATYPY MO0 MUJLINMETPOBBIM W CYOMUIINMETPOBBIM
n3MepeHusiM 6e3 MPUBJIeYeHNsT PEHTTeHOBCKUX JTAHHBIX [3].

K macrosmemy Bpemenu mpeicKa3aHHbIl JeKPEMEHT MUKPOBOIHOBOIO (poHA ObLIT 3aperucTpupoBaH
B HaIpaBjieHnd npuMepHo 50 CKOILIeHWI TaJlakKTHK Ha, CAHTHMETPOBBIX M MUJITMMETPOBBIX BoHAX [1].
Hagarsr rakke noucku cybmummmerposoro us3bbitka [4]. Ho moka oHm He 3aXBaTbIBAIOT 4aCTOTHI
OYKUJIAEMOTr0 KA. Jpyrue BasKHbIE MPUIOXKEHUS CYOMUTUMETPOBBIX BOJTH B KOCMOJIOTHM BKJIFOYAIOT
B cebs riiybokue 0030phl HEDA, MOUCK ToIsipu3aliuy (DOHA U TIP.

Meowczseszdnasn cpeda u 38e3doobpasosanue. Kak yKa3aHO BbIIIE, OCHOBHON ABMAKYIIMil (dpakTop
Ui CyOMU/LIMMETPOBOIl aCTPOHOMUU — 9TO HCC/IEJI0BaHUsA 3Be37000pa3oBanusd. B koporkom 0630pe
HEBO3MOYKHO 3aTPOHYTH BCE ACIIEKTHI ATUX UCCAEI0BAHUN. Mbl COCPEIOTOUNMCS B OCHOBHOM Ha, HAIINAX
COOCTBEHHBIX pe3yJIbTaTax.

MunMeTrpoBbie U CyOMULIMMETPOBbIE HAOJIOMEHNS JAIOT BO3MOXKHOCTD JI€TAJIBHO UCCIEI0BATH
CTPYKTYPY ¥ KHHEMATHUKY 3BE31000Pa3yIoNnX CI'yCTKOB. B KagecTBe mpuMepa MOXKHO YIIOMSIHY Th HAIIIH
0030pBI TIJIOTHBIX MAaCCUBHBIX sjiep B pa3audHbix Mmojekyaspubix jguausx: HCN, CS, NHs, HNCO,
C'180, SO, N,HT [6-12]. Dru HabmomeHus MOKpLIBAIOT auama3oH dactor ot 22 [T mo 460 I'T'r ¢
nomompio psaga uacrpymentos (PT-22 KpAO, SEST-15m, OSO-20m, Effelsberg-100m, HHT-10m).
Bo-niepBbix, OHU A/l CTATUCTUYECKUE PE3YJIBTATHI 00 OCHOBHBIX MapaMeTpax d/iep: Macce, pa3Mepe,
NJIOTHOCTH, TEMIIEPATYPE, JUCIepcun cKopocreii u np. (puc. 1).

Kpowme Toro, monyuena nudopmaliis 0 mpoduisax IJI0THOCTH B saApax, uxX spaiieHuu u ap. Ocobbrit
WHTEpPEC MPEICTABIsIeT 00HAPYKEHUE DOJIBIITON0 YUCIa TPEIOI0KUTETLHO CKUMATOIINXCS sIIEP, KaK
ciieyer u3 ocobennocteit gpopmbl uHUE. g JaabHERNINX UCCIe0BAHUN TAKUX O0bEKTOB BEChMa
Ba2KHBbI CY6MI/IJ'IJ'H/IMQTPOBBI€ Ha6JIIO,Z[eHI/IH7 KOTOPbBIC IMMO3BOJIAIOT MU3Yy4daTh 60J1ee IJIOTHBIE W TOpAYne
obsacTu.

Ba.)KHO7 9TO B CY6MI/I.H.HI/IMeTpOBbII71 AUAIIa30H TOMaJaCT MUK U3JJIYyICeHUdA TbLIU B O6.HaCTHX 3BE3-
noobpazoBanus. Hanbosiee mioTHBIE U XOJIOMHBIE CTYCTKU MOYKHO M3y4aTh TOJBKO IO UX IBLIEBOMY
NU3JIYyI€HNIO, TOCKOJIbKY MOJIEKYJIbl BbBIMEDP3al0T Ha NBLJINMHKAX. I/ISMepeHI/IH MOJIAPpU3aUU 3TOr0 U3J1y-
YeHus AT WH(GOPMAIMIO 0 MArHUTHBIX TOJSX B 9TUX CTYCTKAX.
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Puc. 1. Tucrorpammbr spkocruoii remneparypst CO (a), pasmepa (b), cpeaueii niornocru (c), maccer (d),
ornomenus K csernmocru k Macce (e) u mmpunst guauii CS (f) a1s MaccHBHBIX sep B HAIPABICHUN Ma3ePOB

H,0 [8]
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CybMuIInMeTpoBbIil TUana30H 0YeHb BayKeH yid acTpoxumuu. OH 4pe3BbIUaiiHo HoraT CeKTpaIb-
HBIMU JIETAJISIMUA, KAK MOXKHO BHEThb, HAIIPUMED, Ha puc. 2, rae moka3an crektp Opuona KL B6u3u
215 I'T'u, usmepennsiit npu nmomomu paguoreseckorna SEST. laxke 10BoNBHO Ciiabble JeTald B 9TOM
CIIEKTPE MPEJICTABISIOT cOO0il peasbHble JUHUU. MHOTHe U3 HUX MOKA HE OTOXK/IECTBJIEHBI.

Velocity (km/s)
500 0 —500
\ \ \

2.154 10° 2.156 10° 2.158 10° 2.16 10° 2.162 10°
Rest Frequency (MHz)

Puc. 2. Cnekrp Opuona KL B okpecrroctax muanu 2SO B6ausu 215 I, n3MepeHHbI TP TTOMOIIN PaJIno-
teneckora SEST B Yunn

Pazimuanst xuMudeckoro cocraBa Cr'yCTKOB MOT'YT ObITh CBSI3aHbI, B YaCTHOCTH, C UX SBOJIIOIHMEl, TaK
KaK COJIEpXKAHME PA3JUYHBIX MOJEKYJ [0 Pa3HOMY M3MEHsSeTCs CO BpemeHeM. HekoTopbie MOEKY/IbI
(SiO, SO u ap.) aBasgorcsa 3pHEKTUBHBIMU UHANKATOPAME YIAPHBIX BOJIH.

B cybmunnumerpoBoM auamazoHe MOXKHO HAOIOAATH ATOMbBI W MOJIEKYJIbI, TPYAHO IOCTYITHbIE Ha
IPYTUX 9aCTOTaX. BayKHBIME TPUMEPAMU SIBJISIOTCS HEATPAJIBHBIN yI/IepOs] C IEPEXOJAMU MEXK Ty yPOB-
HIMHU TOHKO# cTpyKTypbl Ha gacrorax 492 u 810 I'T'y, HDO (465 u 894 I'T'1r) u 1p. 31ech mepevnc/iens
TOJILKO IIE€PEX0/Ibl, HADIIOAAEMbIE C IIOBEPXHOCTH 3EeMJIN.

ATMOCP®EPHBIE OTPAHUYEHU A

Benencreue cuibHOTO morsIonienuss B arMoCGepHbIX ra3ax (B OCHOBHOM B KUC/IOPOJE M Mapax BOJIbI)
MILIAMETPOBBIE U CYyOMUIIIMETPOBLIE HAO/IIOMEHNS ¢ MOBEPXHOCTH 3EMJIN BO3MOXKHEI TOILKO B OI'pa-
HUYEHHBIX YaCTOTHBIX MHTEPBaAJIaX, TaK HA3BIBAEMbIX OKHAX IIPO3PAYHOCTHN aTMOC@epr. 33,BI/ICI/IMOCTB
IIPO3PAYHOCTH OT YaCTOTHI IS OYEHL HI3KOrO COAEpP:KaHUs BOISHOIO IIapa IIPeICTaBjeHa Ha PHC. 3.
Bce nokaszanHble OKHA [IPO3PAYHOCTHU YK UCIIOIB3YIOTCS JJis Ha3eMHbIX Habsionenuii (Hanpumep [13]).
Nwmerorcs gononauTenbable “okaa’ Ha gacTtoTax g0 1500 I'T'tr, o Tam morsomienne ropa3ao BIIIE, TAK
qTO0 Ha6.HIOﬂeHI/IH BO3MOZKHBI TOJIBKO C IO)KHOFO TIOJTIOCa 1 HEKOTOPBIX rprI‘I/IX O4Y€Hb CyXI/IX " BBICOKUX
MeCT.

CYBMMJIJIMMETPOBBIE IITPUEMHUKN 1 OBCEPBATOPUN

B nociieiave rofpl [OCTUTHYT OTPOMHBIHN TPOTPECC B PA3BUTUN ITPUEMHON TEXHUKN MUJLIAMETPOBOTO U
cybmuinMerpoBoro nuamnaszona. Ha gacrorax g0 700 '’y irymoBas Temmeparypa MpueMHUKOB BILIOT-
HyI0 npubsmsniack K (QyHIaMeHTaIbHOMY KBaHTOBOMY npeneny hv/k (puc. 4). Dro gocturayTo npu
ITOMOIIU CyHePreTepOIMHHBIX TPUEMHUKOB CO CMECUTE/ISIMUA Ha TIepexXoax CBepXIIPOBOIHUK-U30IITOP-
ceepxuposogauk (CUC) ma ocuose umobusa (Nb), paboraromux npu remneparype 4.5 K. Ha 6omee
BBICOKHMX YaCTOTaX Heprus (pOTOHOB MPEBBINIAET IIUPUHY dHepreTuteckoil memu 8 Nb u xapakrepu-
CTUKH CMecHuTe el ObICTPO yXYIIIaIOTCS.

Ha stux Gosee BBICOKHX YACTOTaX JIyUIllHe MapaMeTpPbl JOCTUTHYTHI CO CMECUTEISIMU, MPEICTa-
BLIONIUME COOO0iT HOIOMETPBI Ha ropaaux mekrponax. [IpuHiun ux geficTBust OCHOBaH Ha Pa30rpeBe
97IEKTPOHOB U3/IyUEHUEM B TOHKUX ILJIEHKAX CBEPXIIPOBOIHUKA U OBICTPON UX PEIAKCAIINU 33 CUYeT JIuhO

27



Model: vanvleck.bin
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Puc. 4. lllymoBag Temmeparypa MAJLIAMETPOBBIX M CyOMUJIIMMETPOBLIX IPHEMHUKOB PA3HOIO THIIA B 3ABUCH-
MOCTU OT 4aCTOTbI B €JMHULAX “KBaHTOBOro npeneia’, hv/k

dononnoro, mbo nuddy3noHHOTO OXJTaXK AeHusd. VI3MeHeHusT IeKTPOHHON TeMIIepaTypbl BEJAYT K U3-
MEHEHHIO COIIPOTHUBJICHWAA. KOpOTKOQ BpeMd pelaKCalrunl ITO3BOJIACT MCIIOJIB30BaTh UX KaK CMECHUTEeJIN.
Takue IpUEMHUKHI y2Ke YCIEITHO UCIOIb30BAJNCH Ha dacToTax mopsaaka 1 TT' [14].

B macrosimmee Bpemsa B mupe ycmemao (GyHKIIMOHUPYIOT HECKOJIBKO CyOMUIINMETPOBBIX 0OCepBa-
ropuii (KOSMA, CSO, JCMT, HHT, SEST). Ouu pacnonoxensr #Ha Bbicotax or 2300 M 10 4100 M
maj yposueM mops. dwamerp 3epkan or 3 mo 15 m. Tounmocts moBepxuoctu or 15 mo 70 MM, 9TO
obecreunBaer pabounii nuanazon g0 1 TI'm. [lourn 3akonvena cybmumnverposas pemrerka (SMA).
Omna pacnosioxkena wa Mayra Kea wa Boicore 4080 M u cocrouT u3 BOCBMHU 6-M aHTEHH C TOYHOCTBIO
nosepxunoct 12 Mm. [Immna 6a3b1 m3Mengerca ot 8 1o 508 M, uTo maer yriaosoe paspemenue 0.17.
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ITPOEKTHBI N IIEPCIIEKTNBbBI

Haubosee aMOuno3Hblil IPOEKT B JaHHO 001acTi — 310 Boibinas anrennas pemerka B Arakame. Ona
CTPOHTCS Ha BBICOKOrOpHOM maaTo (Beicota 5000 M) B mycreime Artakama (Ymim). Pemerka cocront
n3 64 12-m anTenH ¢ TounocThio mopepxHocTn 20 MrMm. Hambombmrast 6a3a 12 kM u paspernenne 0KoJI0
6 Muammcekyns ayru. Ilomuag mromans 7238 M2, UyBCTBHTEIBHOCTb U YIVIOBOE pa3perieHne 6ypyT
PaBHSTHCS WJIM [IPEBOCXOAUTH JTOCTUTHYThie B ontuke u NK-auanazornax. HaydHbie 1em BKIOYAIOT B
cebs uccaeoBaHus MeJTBIANIINX CTPYKTYP U Hanbojee najeknX o0beKTOB.

B 10 ke Bpemst nMeeTcst HECKOIBKO KOCMUYIECKHX ITPOEKTOB Ha Pasubix crauax peamusamun (ODIN,
“Hershel”, SOFIA, “Cyomummumerpon” u ap.). VX GoIbIINM NPEnMyIecTBOM SBJISIETCS OTCYTCTBHE aT-
MOC(EPHBIX OIPAHUYEHUT, ITO 0DECIIeUnBAST HENPEPBIBHOE MOKPBITHE BCEro JAualasoHa dactor. O-
HaKO Pa3Mepbl 3TUX HHCTPYMEHTOB 3HAUUTETHHO CKPOMHEE, YeM y HA3eMHBIX TEeJEeCKOIOB, TaK UTO
OHM HE MOTYT JIOCTHYb TAKOW K& YyBCTBUTEIHLHOCTU (IO TOYEUHBIM MCTOYHMKAM) M yIJIOBOTO Pa3pe-
menus. Takum ob6pa3oM, KOCMUYECKHe U HA3EMHbIE WHCTPYMEHTBI JOMOJHAIOT ApYyT napyra. llepBoie
BosbIIe TOAXOAAT st 0030POB (KaK 110 IPOCTPAHCTBY, TakK U M0 YaCTOTE) M MCCAEJOBAHUN TPOTAZKEH-
HOTO M3JIYUeHWs, a BTOPBIE — JJIsI JIETAJBHOTO MCCIEJOBAHNWS KOMIAKTHBIX OOBEKTOB. A HamIydInee
YIJIOBOE pa3perieHne MOXKeT ObITh JOCTUIHYTO OObeJIMHEHUEeM TeX W JIPYTUX B HA3EMHO-KOCMUYIECKUT
nHTEPdEPOMETP.
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