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1 Bsenenne

D10 nepsasi jiekuus U3 derbipex (cMm. rakxke [1, 2, 3, 4, 5]), HOCBSIIEHHBIX METOJAM U PE3YJib-
TaTaM HabJIFOIATEIbHON PaJUOKOCMOJIOIMU — HAYKU, 3aHUMAOIIEHCS PEIIEHNEM Psijla KOCMOJIO-
FUYECKHUX 33/1a9 PAIU0ACTPOHOMUYECKUMHU MeTO/[aMu. B Heil Mbl KOCHEMCS W UCTOPUM PaJIHO-
ACTPOHOMUM, U METOJIOB, BKJIFOYAOIIMX KAaK [PUHIUIBI PADOTHI PAJIMOTEIECKOIA, TaK U aHAJIN3
JIAHHBIX, & TaK2Ke Ipo0J/ieM, UCCAeyeMbIX B 3TOU 00/IaCTU ACTPOHOMUH.

Cpenr OCHOBHBIX (DYHIIAMEHTAJIBHBIX OTKPBITUN aCTPOHOMHUU BTOPOI HOJIOBUHBI XX BeKa
podeccroHa/ibHble aCTPOHOMBI 00g3aTe/IbHO HA30BYT PaJMOrajakKTHKM, KBa3aphl, MOJIEKY/IID-
HbIE JIMHUU B KOCMOCE, IYJIbCAPbI, PEJUKTOBOE U3JIydeHUEe. DTU OOBEKThI U SIBJICHUS CBSI3aHBI
MeKJIy cOo0Oii TeM, YTO OHM OTKPBITHI M U3yJaIOTCd B OTE/IbHON 00/IACTH aCTPOHOMUH — pa-
auoacrporoMun. [lo-Bupmmomy, 6e3 npeyBendeHns MOXKHO CKa3aTh, YTO COBPEMEHHAsT KOCMO-
JIOTMYecKasi KApTUHA MHUPA BO MHOI'OM CTPOUTCH HA HADJIIOIATETbHBIX JIAHHBIX, [TOJY9EHHBIX C
LIOMOLIBIO PA/IMOACTPOHOMUYECKUX HABJIIOAeHUT, 4ro n ormerus B cBoe Bpems IIubiic [6]. Pa-
JIMOACTPOHOMUYECKUE UCC/IEJIOBAHUS B 0DJIACTH KOCMOJIOTUU IOCBSIIEHBI PAJIAOTAJIAKTUKAM U
KBa3apaM, UX JBOJIIOIMOHHBIM CBOCTBAM, a TaKKe PEJIUKTOBOMY H3JIyUYEHUIO.

Eume B 70-x rogax uporwioro seka Jlonreitep 7] Bbleaun TPU OCHOBHBIX HAlDABJICHUS, B
KOTOPBIX PaJIMOHADJIIO/IEHUs JAIOT CYIIECTBEHHBIN BK/IAJ] B KOCMOJIOTUIO: UCC/Ie/I0BaHre (POHO-
BOI'0 U3JIy9eHUs] Ha MUJLIMMETPOBBIX BOJIHAX, UCC/IEJIOBAHUE CBOWCTB MEXKIAJIAKTUIECKOIO ra3a
U IPOCTPAHCTBEHHOI'O PACIIPE/IEIEHUS M KOCMOJIOTUYECKOH SBOJTIOIUY BHETATAKTUIECKUX PAJIHO-
HUCTOYHUKOB, B TOM YHCJIE PAJMOrajakTuk. Jljisi peains3aium 9TuX IPOEKTOB HEOOX0IUMO ObLIO
[IPOBECTU HAOJIIOJEHNS MEKIaJaKTHIeCKOr0 ra3a U Pa3juYHbIX HOMYJIANNN PauOuCTOYHUKOB,
[MOCTPOUTH MOJIEJIM BHEIaJaKTUYIECKUX MCTOYHUKOB U [POBECTHU IMOJCYEThl UCTOYHUKOB. Kpo-
M€ TOrO0, IIPeJIarajoch IMOCTPOEHUE U U3ydeHre COOTHOIIEHUH “CBeTUMOCTb—00beM”’, “KpacHoe
CMellleHne—3Be3/IHast BejimauHa’, “yIryioBOil pasmMep—KpacHOe cMmerneHune’ u “yryioBoil pasmep—
IJIOTHOCTH TOTOKA” JIJIsl PA3JIUYHBIX MOMY/Isuil paquoncrodHukoB. OCHOBHBIE UCTOPUIECKUE U
COBpeMeHHbIe pPoOJieMbl B 06J/1acTu HADJIIOIATEILHON PAIMOKOCMOJIOTUN [IPUBEIEHbI B 0030pe
[8] u kuure [9] u 31ech Oy/yT PacCMOTPEHBI HEKOTOPbIE U3 HUX. JIIODOIBITHO OTMETUTh, Kak
yCTaHaB/IMBAJIACH TEPMUHOJIONUS B 00JIACTH BHETAJIAKTUYECKON pPaJMOaCTPOHOMUM 110 HA3BAHU-
sm kuur AT ITaxonpunka: “Pajmoacrpodusuxa” [10], “Paguoranakruku” [11] u He Bblue/jas,
HO 3asBJIeHHas KHuTra ‘Pammokocmosorus’.
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[Ipex e ueMm, KaK 00CY2K/1aTh BO3MOXKHOCTU PAJ/INOTEIECKOIIOB, IIEPEUYNC/IUM CHAYA/IA OCHOB-
Hble HAIIPaBJIeHUs, B KOTOPBIX PaJMOaCTPOHOMUS JlaJia U JAEeT CyLIeCTBEHHBbIM BKJIaJ B KOCMO-
JIOTHIO.

1.1 TecTsl PaIUOKOCMOJIOTUN

3J1ech MBI TIPUBEJIEM OCHOBBIE TECThI PAJMOKOCMOJIOIHUH, MO3BOJIAIONIAE BBIICHUTH [1apaMeTpPbl
Bcestennoii. VIx MOXKHO yCJIOBHO pa3jie/inTh Ha TPU IPYIIbI, KJJIaCCU(MUIUPOBAB IO METOJAM
U IpeaMeTy HCC/IeOBaHUdA: [lepBagd IPYIIa CBA3aHA C U3y4YEHUEM DPEeJIUKTOBOIO U3Jy4deHUd, U
el Mbl LIOCBSITUM TPETHIO U 4YeTBepTyio Jiekuuu |2, 3|; Bropas rpyima o0beuHser TecTbl, /e
IPOOHBIMU OOBEKTAM SBJISIFOTCS PAMOraJlaKTUKH, eif Oymer mocBsmena Bropas Jjekius [1]; u,
HAKOHEIl, €CTh TPEThs I'PYIINA, TECTOB, CBA3aHHBIX C Iy/JbCapPaMU. DTH TECTbl MbI OINUCHIBATH
He Oy/eM U OrpaHUYMMCH JIWIIb yIOMUHAHWEM 00 uX cylecTBoBaHuu. VITak, OCHOBHbBIE TECTHI
PaJMOKOCMOJIOTAN:

e PejiukroBoe uzjydenue:

— CHEeKTP MOIIHOCTH;

— CTATHCTHYECKHe CBOIICTBA CHI'HAJIA (IayCCOBOCTD).
e PajuorajakTHKNI:

— BaBHCHMOCTD “pa3mMep - KpacHOe cMeleHne”;

— 3aBUCUMOCTD “IIJIOTHOCTH IIOTOKA - KPACHOE CMeIleHue”;

— zasucumoctsb “log N — log S” (“amC/10 HCTOYHUKOB - MJIOTHOCTH MOTOKA);
— I'DABUTAIMOHHOE JIMH3UPOBAHUE;

— opmMupoBaHTe KPYMHOMACIITAOHON CTPYKTYPHI,

— CKODOCTHU BpAIIEHUS a/IAKTUK U IMOUCK TeMHOU Marepuu 1o jgaHabiM HI;

— BO3PACT 3BE3JHBIX CUCTEM.
o [lynncapsr:

— JBOMiHBIE IIyJIbCapbl — U3JIydeHUe I'PaBUTAIIMOHHBIX BOJIH;

— [IPOCTPAHCTBEHHAas CeTKa IIYJIbCAPOB — PErucTrpanusd paBUTAIMOHHBIX BOJIH.

DTOT CIMCOK MOYKHO PACITAPUTD U JAJIbINE, JOOABUB UCCAEIOBAHNS BTOPUIHBIX YPDEKTOB,
[IPOSIBJIAIONINXCS B MOHOCGEpe IPU B3aUMOJIEHCTBUN TAKeJIbIX YACTUIl B KOCMUYECKUX JIydax;
uccse10BaHus “00bIYHbIX PAJAMOUCTOYHUKOB, 3aPA3HAIONINX KOCMUYECKUN PeJIMKTOBbIN (DOH, 1
JlaxKe pajlapHyIo paJuoacTPOHOMUIO, [TO3BOJISIONLYI0 UCC/IeI0BATh OCOOEHHOCTU TPABUTAIIMOHOTO
nosisg B Costreunoit cucreme. U 3mech Oyzer kcratn ynomuayTh nporpammy 9.B.3erpaoBraa
— A JI.Caxaposa [12|, mesbro KOTOpOil OBLIO BBISICHEHHE MPOUCXOXKICHUS W W3YUICHUE IBOJIIO-
uuu BceesienHOM BCceMM J10CTYUBIMU CPEJICTBAMEU ACTPOHOMUU U siJIePDHON (DUBMKHM, LI HEro K
HCCJIEIOBAHIAM TIOIKJTIOUAINCH pasHoobpasubie nacTtuTyThl Akagemmn Hayk CCCP. Korma Mbr
Hepei/ieM HEIOCPEICTBEHHO K OIMCAHUIO PAJIMOTEIECKOIIOB, TO DYJeM 1IPUJIEPKUBATHCH UMEHHO
9TOr'0 TOJX0JIa, CTAPAACh BBIJEUTH T€ HAIPABJIEHUS MCC/IEOBAHNN, KOTOPbIE JAJIA WA MOI'YT
JlaTh PE3yJIbTAThl IIPU U3Yy4YEHUU KOCMOJIOIMYecCKuX cBoiicts Bceesennoil.

OTMernM OCHOBHBIE BEXW PAJAMOACTPOHOMUYIECKUX MCC/IETOBAHU, BHECIINX CYIECTBEHHDIN
BKJIa/J] B KOCMOJIOTHIO, KOTOPbIE TOAPOOHO Oy/IyT pACCMOTPEHBI B 3TOI U CJIEIYIONTUX JIEKIUIX:

1. oroxkpgecrBienne paguoramakTuk (1947-1951);

2. oroxectBienue KBa3apos (1961);
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3. moacuersl pagnounctounnkos log N —log S (1964-1997);
4. orKpbITHE PEJUKTOBOro mu3srydenus (1965, 1978);

5. KOppekIus Teopuu 00pa3oBanus KpymnHoMacmTabHoit crpykrypsl (Large Scale Structure
— LSS) (1970-e — 1980-¢);

6. aneprypHbIii cunre3 (1967-1974);

7. OTKpbITHE MyJabcapoB (1967-1974);

8. kumuemarnka rajakTuk B HI (21lcm): manmble 0 pacmpeseseHnn TeMHO MaTepun;
9. uccaenoBanue ABOMHOrO mmysibcapa (1974, 1993);

10. orkpsbiTre durykryanuii pesimkToBoro usny4denus: (1992, 2006);

11. ompenenerne KocMo orudeckux mapamerpos (2003).

Beineernnbiv mprdToM 3/1€Ch TOKa3aHbL JOCTHKEeHNsT, oTMedenHble HobeeBckoit mpemueii (Tak-
XKe U 10J] npucyKaenus). IIpu noaydenun 3Tux pesyabTaroB UCIO/Ib30BAIUCH COBEPIIEHHO Pa3-
HbIE HHCTPYMEHTBI, pA0OTABIIINE B PA3HBIX JIUAITA30HAX JIJIMH BOJIH C PA3JIMYHBIMUA YIJIOBBIM Pa3-
pellleHneM 1 IyBCTBUTEIHHOCTHIO. Ho BCe 3TH MHCTPYMEHTHI MO AI0T IO OTHO OIpeeeHne
— 3TO Pa/IMOTEIEeCKOIIbI.

2 IlapameTrpbl paJnOTEIECKOIIOB 1 HEKOTOPhIE METO/Ibl AHAJIN3A

Yro Takoe pammoreneckon ! Kak m BCAKMiI TEIECKOI, 9TO aCTPOHOMUYECKHUI MHCTPYMEHT JIJIst
npueMa COOCTBEHHOIO M3jydeHus (B HAIIEM C/ydae — PaJuou3/lydeHuss) HeOeCHBbIX 00bEeKTOB,
KOTOPBIl HMEEeT [Ba OCHOBHBIX 3JIEMEHTA: aHTEHHOe YCTPOICTBO M pagumoMerp. KoHCTpyKmum
AHTEHH PA/IMOTE/IECKOIIOB OTINYAIOTCS OOJ/IBIINM PA3HOOOpa3ueM, 94T0 00yC/IOB/JIEHO OYEHb -
POKKM IHAIIa30HOM JJIMH BOJIH, HCIOJL3YEMBIX B PaIr0acTPOHOMHUN. PaamoacTpoHOMIIecKuil
IHala30H Ha 3JIEKTPOMATHUTHOM IIKaJe JJIMH BOJH IPOCTHPAETCS OT MUJLINMETPOBBIX 10 KH-
JIOMETPOBBIX BOJIH. B ycoBusix Hab/roieHunii Ha 3eMJIe OH OLPEIEIIeTCsi OKHOM PO3PAIHOCTH
B armocdepe s paguososn (Puc. 1).
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Puc. 1: Okna npozpadnoctu armocdepbl B 3JIEKTPOMArHUTHOM Juara3oHe. PeHTreHOBCKOe u
raMMa-u3JaydeHne JTOXOAUT TOJIbKO 710 BbIcOT 30-40 KM, ocHOBHas dacThb Y P-auamna3oHa IIOrJIo-
[IAETCA O30HOBBIM Cji0eM Ha BbicoTe 0KO0J10 30 kM. [lepBoe y3xK0e OKHO HMPO3PAUHOCTU IIPOILYC-
KaeT BUIMMBIH cBeT ¢ mpuMbiKaformumu K Hemy Y® u 6ymxuum UK, B koTopom y arMocdepsr
€CTbh HECKOJIbKO Y3KMUX OKOH, O6yc.HOB.HeHHbIX MEXaHU3MaMU IIOIVIOIICHUA N3JIyYCHUA MOJICKYJ/Ia-
MU BOZBI U YIVIEKHCIOTO Ta3a. bospmas yacts K-anana3zona mOTVIONIAeTCsa COTepKAIIIMUCT B
HU2KHUX CJI09X aTMOC]EPbhI BOSIHBIM APOM, YIVIEKUC/IBIM I'a30M U KUC/I0Po1oM. Paguoacrpono-
MHUYeCKOoe OKHO mpoctupaercda oT 1 cm 10 30 M. Bosee gmHHEbBIE PAIMOBOJIHBL Y7Ke OTPAXKAIOTCS
noHOCGEPOIi.

OCHOBHOIT XapaKTEPUCTUKON PaMoTe 1ecKona, siBasgeTCs quarpamMva nanpasiaeanocru (IH).
H — 510 TejiecHblil yroJi, OXBaThIBaONIN 06/1aCTh, 13 KOTOPO#l aHTeHHA IPUHUMAET CUrHaj. B
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6osiee KoppekTHOM omnpezenennn IH onuceiBaer 3aBucuMocTsh Kodddurmenta ycuterns (Koad-
dunmenTa HAIPABIEHHOrO JIEHCTBUS) AHTEHHBI OT HAIIPABJIEHWs] AHTEHHBI B 3a/IaHHOM ILJI0CKO-
cru. JIH pajmoreseckora nMeer rjiaBHbIil U O0OKOBbBIE JiellecTKU, (popMa U aMILIUTY/Ia OTK/IUKA B
KOTOPBIX 3aBUCAT OT KOH(MUrypaluu pajguoresieckomna. Takum 00pa3oM, aHTeHHA, PAUOTEECKO-
na daxruvecku npuHumaer curaana B resgecaom yrie 4w (Puc. 2). O6brano quarpammy Hampas-

Puc. 2: [lpumep mumarpaMMbl HAIIpaB/JICHHOCTH HAIIPABIEHHON AHTEHHBI B IOJISIPHOI CHCTEME
koopauantT. Puc. Bocupoussezen c caiita http://radartutorial.eu

JICHHOCTU HOPMUDYIOT, T.€. AEJIAT Ha MaKCUMaAJ/IbHOC 3HAYCHUE OTKJIMKA (B I'JIaBHOM .HeHeCTKe).
Ilo dopme mmarpaMmbl HAMPABAEHHOCTA AHTEHHBI IOJIPA3JIEILIOTCH HA Y3KOHAIPAB/IEHHBIE U
MINPOKOHAIIPABJ/JICHHBIC. ySKOHaHpaBJIeHHbIe AHTEHHBI UMEIOT OJIUH APKO Bpra)KeHHbe/'I MaKCHu-
MYM, KOTODBIil U HA3BIBAIOT TJIABHBIM JIEIIECTKOM, U MOOOYHBIE MAKCUMYMBI (GOKOBBIE JIELIECTKH),
AJIs YMEHBbIICHU A BJAWAHUA KOTOPBIX HNPUMEHAIOT PDA3J/IMYHBIC allllapAaTHBIC WU aJITOPUTMUYCCKUE
MeTO/IbI. Y IMIUPOKOHAIPAB/IEHHBIX AHTEHH pa3Mep IVIABHOT'O JIEIeCTKA PABEH 27, 110 KpaliHeil Me-
pe, Mepe B ofHO# TTockocTr. OHI HCIONB3YIOTCA B pajanoBeranuu. JlnarpaMma HATPaBIeHHO-
cTU aHTeHH 00/1a/1aeT CBOICTBOM B3aUMHOCTH, TO €CTh paboTaeT Ha Mepeady U IPUEM aHaAJIOruY-
HO. JAmarpaMmy HAITPABIEHHOCTH PAJIMOTEIECKOTIa, MOYKHO PACCINTATD, 3Hasd (popMy aHTeHHBI. B
paauoacTpoHoMun Jijisd onpesesenus JIH rTejieckona HaOIIOMAI0OTCH TOUEYHbIE KAJIUOPOBOYHBIE
pajuoucroynuku. JluarpamMmbl HAIPABIEHHOCTH XapPaKTEPU3yITCd IMIUPUHON TJIABHOIO JIEMECT-
ka Ha yposte (0.5 0T ee MakCuMaabHOrO 3Havenusi (cokpamenuo nunryr HPBW — half power
beam width). C 970it BesmamHOll CBsI3aH U OJWH M3 OCHOBHBIX ITAPAMETPOB PAMOTEIECKONa —
DPABPEUWANOWAH CNOCOOHOCMS —- MUHUMAJIBHOE YTJIOBOE PACCTOSHUE MEXKIY IBYMsi 00bEKTaMH,
Ha KOTOPOM HX BO3MOXKHO DA3/INIUTh KaK OTJAEIbHBbIE UCTOUYHUKU (Cp. Kpurepuii Pajes). Dot
mapaMeTp OnpesessieTcs Audpakiueil paIrnoBOIH Ha allePType TeJECKOa Kak

A

rje A — JjiuHa BostHbl, D — nuamerp anepTypbl. YT0ObI yIydIIUTh Pa3PENIatoIiyo ClIoCOOHOCTD,
HYKHO Jit0O YMEHbIINTD JJIMHY BOJIHBL, J1ub0 yBesm4yuTh aneprypy. [Ipu uctosb3oBannm Masibix
JIJIMH BOJTH TIOBBIIIAIOTCHA TpeDOBaHUSA K KAYeCTBY IOBEPXHOCTH 3€PKAJIa.
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2.1 VYpaBHeHHE aHTEHHOIO CIJIa>KWBAHUS

JpyrumM OCHOBHBIM 11aPAMETPOM PaJIMOTEIECKOIIA, SABJIAETCH %YBCMBUMEABHOCMD, KOTOPAs OlIpe-
JTesIgeTcs YpoBHEM (DJIyKTYaluii IJI0THOCTH MOTOKA S’

P
NN

rjge P — MOmHOCTH COBCTBEHHBIX HMIyMOB pajuoresneckona, Aeg — sddexrusaas mwromaub (co-

AS (2)

fuparoras MoBEpXHOCTh) aHTeHHBI, A f — mojoca 9acTor, t — BpeMs HaKOIIeHusT curHasa. Jis
IIOBBIIIIEHU A quCTBI/ITeJIbHOCTI/I PaanuoTe/IECKOIIOB yBe.HI/I‘H/IBaloT nx CO6I/IpaIOLL[yIO IIOBEPXHOCTb
U IIPAMEHSAIOT MAJIONLy MAIe IPHEMHNKH.

Kax u ouruyeckuil rejleckoll, pajuoTelecKoll UIPaeT poJlb JUMHEHHOrO oleparopa, Bo3eii-
CTBYIOIIEro Ha, (PyHKIHIO, ONUCHIBAIONIYI0 00BLEKT HCCaemoBannd. Kaxkmasg Touka B pacIpeesie-
HUAU PAJMOAPKOCTH 10 UCCIelyeMOMy 00bekTy n3obpazkaercs B (DOKyCe PauoTeIeCKOIa B BUIE
M paKIIOHHOTO TISITHA WM [ATHA paccednus (mMoaxo omucaH B KH. Ecenkunoit u ap. [13]).
I/ICHOHb3yﬂ TOJIbKO IIPpUHIIUIL CyHepHOSI/IHI/H/I 9TUX IMATEH OT PA3JIMYHBIX TOYEK O6'])€KTEL7 MOZKHO
3altucaTb ypaBHeHHe AHTEHHOTI'O CIVIaKMBAHUWUA:

I(z,y) = / / Bz — ',y — )G,y )da'dy’ (3)

—00 —00

rae B(x,y) — pacupenenenue pagmosipkocru no obwexry, G(x',y’) — JTH paauoreneckona,
I(x,y) — naboaeMoe pacipeieieHue MOIHOCTH B POKATBHOMN [IJIOCKOCTH PAIUOTEIECKOIIA, CO-
3/1aBAEMO€ UCTOYHUKOM U3jIydeHusi. ATo0bl ObITH MOJTHOCTHIO KOPPEKTHBIM, HEOOXO[INMO yIeCTh
HOPMUPOBKY Ha WHTErpaJj IoJ[ alnaparHoil ¢pyHKIueil. IToT MHTErpa paBeH 1 u3 ycjaoBusg
TEPMOJIMHAMUYECKOIO PABHOBECUsT MEXK/y aHTEHHOW U CPEOil B Cydae, KOrjla ApPKOCTHAS TeM-
[epaTypa MOCTOSHHA B OKPY2KAIOIIeM aHTeHHY IpocTpaHcTBe. Kpome TOro, Ha BBIXO/E CHCTEMBI
“anTeHHa-PaIMOMETD” MbI TAKXKE PErucTpupyeM ciydaiinbie kosebanust momnocru N (z,y), Bbl-
3BaHHbIE HECTAOUILHOCTHIO PAOOTHI IPUEMHIKA, AHTEHHBI 1 U3/IydenueM 3emjiu. Torjga peaabHO
HA0JII0IaeMOe paCIIpe/iejieHre APKOCTH MOXKHO IPEJICTaBUTH B TAKOM BHU/IE:

[ | Bz -2,y —y)G(,y)ds'dy
I(l‘,y) === o0 00 +N($,y) (4)
f f A(x!,y")dx' dy’

—00 —O0

HUJIN B COKPAIIEHHOM BHJIE:

I=BxA+N. (5)

Bmecy I — pesyabrar HabIOAEHU, B — peasbHOe pacupenenenue sipkocTu obbekra, A — ar-
naparHas QYHKIUs, COCTOAIIAS U3 CUCTEMbI “pubop + ria3”’, N — MHOrOKOMIIOHEHTHBIN Iy M,
N = Ngiy * A+ Ngys, 1€ Ngiy — IIYM, CBA3AHHBI C IPOXOZKICHIEM CHI'HAIA CKBO3Db IaJaKTHIe-
cKmil ra3 u 3eMHYI0 armocdepy (criaxupaerca ammnaparTHoil dyaknueii), Neys — OIyM CHCTEMbI
“rejieckon+npuemuuk+riaaz”. Cumsosn ™* (3Be310uka) 0003HAUAET ONEPALMIO CBEPTKU.
IIpumeuanune 1. [Iporemxypa cBepTku n300parkeHusi ¢ annaparHOl (PYHKIHEH SBJISETCA MIPOIELy POt
CIJIAXKUBAHNS N300parkKeHusI, T.e. MOJABICHNS BAPUAIIN TOTOKA Ha, MACIITA0AX, MEHBIINX, YeM COOCTBEH-
HbLil uHTEpBaJ (HECTPOrO rOBOPs, padmep) anuaparuoi Gyukuuu. yHKIMU B HOJMHTErPAJIBHOM BbIDa-
JKEHUU MMEIOT apryMEHThI IIPOTUBOMOJIOKHBIX 3HAKOB, WJIA, TOBOPS MO-IPYTOMY, IIPU CBEpTKe (DyHKIINU
“HaIoI3a10T” APYT HA APYyTa, HIPUYEM B O0JIACTH UX IIEPECEYCHUs IPOUCXOUT MHTEIPUPOBAHKE. SHAYCHHUE
9TOr'0 MHTErpaJIa €CTh TEKYyIlad TOYKa CBEPTKU Ha JaHHOM IMare CriazKuBaHUI. CKaBaHHOG AJEMOHCTPUPY-
erca Puc. 3. Hopmuposka Ha uaTerpasn noj amnmapartaoil pyHKIueil 10380JseT HAM COXPAHUTD PeaIbHYIO
ammuTyay curaasaa. Ha Puc. 4 npuBenensr 2 nmpumepa, JIeMOHCTPUPYIOIHE Tpeodpas3oBanus GpyHKIAN
LIPU CBEPTKE.
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Puc. 3: Cxewma, noscasiromas npomece cBeprku. CBeprka JABYX OJUHAKOBBIX MPSIMOYTOJIBHBIX

dyHKINI JaeT TPEyroJibHYIO.
* J/\ —
* L —

Puc. 4: Cxema, JeMOHCTpUPYIOIIAad CBepTKY (DYHKIWMI PA3/IMYHBIX THUIOB: MMPIMOYTOJbHUKA U

1)

rayccuanbl (1) u npsimoyrosbauka u d—bynxuuu (2).

2.2 IIpeobpazoBanue Pypbe

Ba)KHbIM MOMEHTOM B IIpOHEeCCe aHaJIn3a PaJUOACTPOHOMHNYCCKUX JaHHBIX ABJIACTCA IIPUMEHE-
uue npeobpasosanusa Pypoe. [Ipsavoe npeobpasosanue (B jaBymepHoM ciaydae) dyukuuu I (z,y)
9TO JABYMEPHbII uHTEerpaa or PyHKIUi KOMILJIEKCHOTO [TEPEMEHHOr0:

Vu,v) = / /I(:E,y)ezm(“””y)dzndy. (6)

—00 —00

Obparnoe npeobpazosanue Pypbe or V (u, v) BBINIAIUT OXOKUM 06PA30OM:

I(z,y) = / / V(u7 U)e—27ri(u:c+vy) dudv . (7)

—00 —O0

ITpumeuanmne 2. Teopema o ceéepmre. QnHO U3 ry1aBHBIX CBONHCTB @yphe—IpeodPA30BAHUS OIUCHIBAETCS
TeopeMoii 0 ceeprke: @ypbe—Tipeobpa3oBaHue OT CBEPTKH ABYX (pyHKIuil ectb mpowussenenne Pypoe—

06pa3oB sTux QyHKIML:
I=B+G<+<= F(I)=F(B) x F(G). (8)

Ha mpaxkTuke 310 JaeT 3HAYUTETHHOE YMEHBIIEHHE KOJUIECTBA, ONEPANN IPU BBIYUCICHUN CBEPTKH, C
O,Z[HOI‘/JI CTOPOHDBI, N MTOKA3bIBACT BO3MOXKHOCTL DEHICHUA YPAaBHEHUA aHTEHHOTO CrIa?KUBAHUA IIPU OTCYT-
crBun N, ¢ APYroi CTOPOHBI.

[Ipumenenve @ypbe—TapMOHUK SBJISETCH [IEHTPAJIBHBIM DU AHAJIN3E JAHHBIX PAJMOUHTED-
depomerpun npu cunTede mzobpaxkenuii. Ilpu srom rosopsr o6 UV -mjaockoctu wim O 1j10C-
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KOCTH IIPOCTPAHCTBEHHBIX YACTOT, KOTOpPAs OTPAXKAET IyBCTBUTEJHHOCTH PATHOACTPOHOMUIIE-
CKOIl CHCTeMbl Ha, Pa3/IMIHbIX yroBbiX MacirTabax. Obparnoe @ypre-nipeobpazoBanue or UV —
IJIOCKOCTH TAeT paanon300pazkeHrne HAOII0IaeMOro 00beKTa.

2.3 BoccranoBienue pacupenenenns paamogpkoctu. Meroxg CLEAN

Cy1ecTByoT pa3HOOOpa3HbIe METOIBI BOCCTAHOBIIEHNST PACIIPEIEIEHIS PAMOIPKOCTH, KOTOPDIE
[I03BOJISIOT MOJIYYUTh MPUO/IMKEHHOE DEIlleHre ypaBHeHUs aHTEeHHOro cryiaxkuBanug . Hamowm-
HUM, 9TO UCTUHOE pellleHre HAUTH He YIAeTCd U3-3a MPUCYTCTBUA CIy4YaiiHbIX mryMoB. OTMeTuM
HEKOTOPbIE U3 UCIOJIb3YEMbIX METO/IOB:

o Oypoe—obparienue ceeprku; puabrp Bunepaxk

e meroy noabopa mogeseil (annpokcuMaliusa HaGOPOM JIMCKPETHBIX KOMIIOHEHTOB OOBIYHO
rayccoBoii (popmbl);

® MeToJl MaKCUMAJIbHON SHTPOLINY,

o veroy uncrku (CLEAN);

® CHMIIJIEKCHDBIE METO/IBI;

e MeTonbl peryiagpu3anuu Tuxonosa.

O0630p mouTH BceX MeTOJOB jJaeTcd B cOOpHUKe J10K/1a/10B HAa KoH(pepenrnuu ‘IlocTpoenue
u300pazkenuit B acrponomun 110 byuxnusam korepearaocrn” (“Image Formation From Coherence
Functions in Astronomy”) mox pex. Ban Cxonsesnza [14], KoTopast umeeTcst B pyCCKOM II€PEBOJIE.

3mech ke mpuBeneM Habojiee UCMOMB3yeMblit B pagnmoacrporomuu Meronx CLEAN, mpemo-
xkennplit Xéroom [15]. (Hogbom 1974). Camblil 2KkesraHublil 1jist aCTPOHOMA, CJLy9ail, KOIjia alia-
parnag Gyukiua 6/m3ka K d—pyarnun. OHAKO B peaJbHOCTH TaKOro He ObiBaer. OTCyTCTBIE
[POCTPAHCTBEHHBIX YACTOT WJIM Hajwaue JbIp Ha UV —IJ10CKOCTH [IPU CUHTE3€e PAInon300parKe-
Hust (9T0 06yC/IOBIEHO OTCYyTCTBHEM 6a3 B MHTEp(dEpOMeTpe) MIPUBOIUT K MOSBICHUIO HOKOBBIX
JIEIIECTKOB B JIHarpaMMe HAllPABIEHHOCTH PauoTeseckora. [Ipu 91oM TOYedHbIl KCTOYHUK J1aeT
Ha M300pakKeHnu, KPoMe OCHOBHOI'O OTKJIMKA, €Ille HECKOJIBKO C/Ia0bIX, KOTOPBIE “3arpsa3HIioT’
ocHoBHOE m300pakenue. s nosydenus “aucToit” KapTbl HYKHO W30aBJISATHCH OT JIEIIECTKOB.

Basaga BuirisuT ciepyomum obpasom. Haiitu M;(x;, y;) Takue, 9To

Ip(z,y) = ZMiAD(x—ﬂfi,y—yi) + Ir(z,y), (9)

vie Ip(z,y) — rpasuas kapra, Ap(r—x;,y—y;) — annaparnas dyuxuus, [r(x,y) — ocrasimeecs
pacmpeneenne SpKOCTH.
[Tponenypa CLEAN, koTopyio npeioxua XErooM, BbINISIUT O9€Hb [IPOCTO:

In(z,y) = Ip(z,y) — quiAp(x — 25,y — yi), (10)

e ¢ — 9TO TaK Ha3bIBAEMbIil KOA(DMUIMEHT yCUTeHNsI, & MAKCUMYMBI [1; C KOODAUHATAMHE (X4, ;)
— 910 npubmuxkenus M;(x;,y;). [Ipouesypa npogozkaercs 10 Tex nop, moKa OCTATOYHBINH MaK-
CHMYM CHTHAJIa HE JOCTUTHET 3aJaHHOrO ypoBHs. HeobXommmMo HAIIOMHUATD, YTO HHTEHCHBHOCTD
HMCTOYHUKOB JIOJI2KHA [IPEBBIIIATH YPOBEHb IIyMa HE MeHee, 94eM B D pa3. B pesdysbrare padorTbl
9TOI MPOLEHLYPbhl OIPEHe/IAIOTCI MOJI0KEHNST MAKCUMYyMOB U UX aMILIUTY/Ibl, KOTOPbIE HCIIOJ/Ib-
3YIOTCS JIJIsl IOJIyYeHNsl N300paskKeHns ¢ OTAebHBIMI IHKAMHU, 33 JaHHBIMEA 0-(PYHKIUIMEA COOT-
BETCTBYIOIIEH aMILIATY/bl, 1 (POPMUPOBAHUS YUCTON KapThl. ducrast Kapra MOy daercs Iy TeM
CBEPTKHU (CIUIaXKUBAHIs) MOJTY I€HHOTO N300payKeHnsl C 3aaHHON AUarpaMMoil HallpaBIeHHOCTH,
HO yzKe 6e3 6okoBbix Jienectkos (Puc. 5).
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Puc. 5: Ilpumep paborsr aaropurma dyuctku. Ha jieBoM pUCyHKE IPUBOIUTCI MOJIe/IbHOE n300pa-
JKEHMe, Ha CPEJIHEM — I'Dd3Has KapTa, Ha [IPABOM — U300parKeHue, BOCCTAaHOBJIEHHOE C [IOMOIIBIO
CLEAN. Pucynok BocupoussejeH u3 paborst [16].

Meronuka CLEAN B pazauaabix MoaudUKANUIX (/1 TPOTIKEHHBIX HCTOIHUKOB, Ha Dyphe—
IJTOCKOCTH U JP.) AKTUBHO UCIIO/IB3YETC B PANO0ACTPOHOMUIECKUX makeTax (Hampumep, B AIPS)
npu 00paboTKe MHTEPGMEPOMETPUUCCKUX JAHHBIX. 3aMEeTUM, UTO B OOIIEM CJiydae MpOLeiLypa
MaTeMaTHIeCKn HEeKOPPEKTHA, T.K. JjId Hee He TOKA3aHA €IMHCTBEHHOCTDH IIPEJCTABIEHUT Kap-
el HEDA, HAOOPOM MarpamMM HANPABJIEHHOCTH. 1eM He MeHee, OHA, yCIIEIIHO IIPUMEHSIETCS TP’
[IOCTPOEHUN PaJMon300parkennii ¢ cepeaunbl 70-X ro/l0B U NMPAKTUYECKU BCE COBPEMEHHbBIE Pa-
IMOKAPTHI HEDA TOJIy9eHbI STUM CIIOCODOM.

2.4 Teopema oTcueTOB

Ermme ommo BazKkHOE CBOMCTBO, MCIOBYEMOE MU AHAIN3E JIIOOBIX JAHHBIX, COOPMYTUPOBAHO B
reopeme orcueros (Koresbnukosa) [17, 18, 13]: sobas (¢ HeCyleCTBEHHBIMU Jijlsi HAC OIDaHU-
YeHUsAME) HenpepbiBHasg (yHKusg f(z), CIeKTp KOTOPOil OrpaHudeH moJocoit gactor ot 0 1o
Frp., n0/IHOCTBIO ONpeIe/IAeTcst HOC/IeJ0BATe/IbHOCTBIO CBOMX 3HAUeHUi, OTCYNTAHHBIX 4Yepes
uHTepBATBl Ar = ﬁ

CrpaBemyinBo n 0OpaTHOE YTBEPKICHWE: eCaU (PYHKITHA CYIIECTBYET TOJBKO B TMPOMEXKYT-
ke (—x0/2,20/2), T.e. OrpaHMYEHA B IIPOCTPAHCTBE, TO JJIsi HOJHOIO ONPEJE/ICHUs €€ CIIEKTPA
JTOCTATOYHO M3MepSTh KOMIIOHEHTBI CIIEKTPA, OTCTOSINUE APYT OT JAPYyra Ha WHTEPBAJ JaCTOT
AF = 1/33‘0.

[Tpusejem npuMep UCIOJB30BaHus TeopeMbl B pajuoacrporomun [13]: “TIpocrpancreenno—
YACTOTHAS XapaKTEPHCTHKA aHTEeHH Oorpanmdena 1o gacrore (Frp. = D/, D - MakcuMasbHbIl
pa3Mep aHTEHHbI), CJIEJ0BATE/ILHO, U3MEPSieMble PAcIpeeaenust sprocty I, (x) 10/KHBI UMETh
orpanudeHnblii cekTp. Hecymme undopmanuio orcderst B ¢yukrmmn I, (z) pacmosioKeHbl Ha
MHTEpBaIAX, He MeHbiX, yeM Azr = 1/2Fpp. = A\/2D. Dror unrepsan oupeeser paspeao-
Y0 CIIOCOOHOCTH paJmoTesieckona. OH mojiydn/ Ha3BaHue COOCTBEHHOIO MHTEPBAJIA AHTEHHbI.”

3 Kinaccudukaiusa paamuoTesieCKOIIoB

Korga MbI TOBOPUM 0 PajMoOTEIECKOIE, MBI TOIPA3yMEBAEM DOJIBIION KIaCC aCTPOHOMUIECKUX
HHCTPYMEHTOB Pa3HO0OPA3HON KOHCTPYKITUH, TPOBOJAIIINX HADIIOIEHNS B OOJIBIIIOM JHAIA30He
JUIMH BOJIH 3JIEKTPOMArHUTHOIO CIIEKTPA. | UIbI aHTEHH, PAJMOMETPOE M METOM0B Hab/I01eHuit
BHAYUTEIHLHO BAPBUPYIOTCS B 3aBUCAMOCTH OT acTpodu3nIecKnx 3amad. B kaure “Pagnoreecko-
ubl u paguomerpol” (Ecenkuna, Kopoabkos, [Tapuiickuit, 1973) npeioxkeno HECKOJIbKO TUIIOB
KJIACCU(DUKAINN PATHOTETECKOOB:

1. Tlo 3amo/sinenuio anepryps:

1) ¢ 3amojHEHHO! amepTypoiil (HampuMmep, mapabasiou/Ibl BPAIIEHNUS );
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Puc. 6: Cxema jByx3/1€MeHTHOrO HHTEPGEPOMETPA C AHTEHHAMHU, PA3HECEHHBIMU HA PACCTOSHUE
d M TPUHUMAONIAMHA PAJHOU3IYIeHNe, TAJA0IIee O YoM 6.

2) ¢ He3amo/THEHHO}T anepTypoii (Hanpumep, THTEPGEPOMETPHI, AaHTEHHBI TIEPEMEHHOTO TPOMUIIsT
(AILIT): PATAH-600).

II. ITo tuny npuema curHaJia:

1) pediekropsr, (hopmupyiomue n306pakeHne HermocpecTBeHHo B dokyce (wammm, AIIIL, u T.71.);
2) pedpakTopbl, epejaloIImMe CUrHA Jist JajbHeliniero npeobpasoBanus (Pemerku, KpecTbl, u
T.JT.).

III. Tlo meromam cunTE3a M300PANKEHNUIA:

1) moc/ie10BaTEIBHOTO CHHTE3A,;

2) napaJuIeIbHOIO CUHTE3A.

3.1 Paamounrepdepomerp

Panuoreseckorn, cocrosiiuil u3 OJHON aHTEHHbI, HE MOXKET IOCTPOUTD JIBYMEpPHOE n300pakeHue
PAJIMOMCTOYHUKA 33 OJIHO HADJIIOEHNE, TAK KaK [PUHUMAET CUTHAJ B BUJIE OJHOMEDPHOIO OTKJIU-
ka. Heobxozmmo 60 MPOBOAUTH JOMOHUTEIbHBIE HAO/IIOCHAS HA JAPYTUX CEUYCHHUIX (C TeM
XKe paspemenuem), b0 UCIOAL30BaTh emle oany (mau 6osee) anrenny. Bropoit noaxos oxa-
zaJics bosiee apdexTuabiM. Ceifgac MOXKHO CKa3aTh, YTO MHOI'ME HAIIPABJIEHUsI COBPEMEHHO
acTpodu3UKU U KOCMOJIOIMEU CMOIJIM PAa3BUBATHCA TOJBLKO O/1aromaps MOABJEHUIO B CEPeUHE
[POILJIOTO BEKa, HOBOTO THIIA, ACTPOHOMUYECKOI'O TEIECKOna — pajuounrrepdepomerpa. [lepsbrit
unrepdepomerp, paboTaroiuil B pajauojuana3zone, cKoHCTpyupoBaau B 1946 . Maprun Paiin
u [epek Boubepr. On ObL1 aHaioruyeH onrudeckoMmy marepdepomerpy Maiikenbcona. Paitn u
Buobepr ucmosib30Ba/in JUNO/IbHBIE AHTEHHBIE PENIETKY, TPUHUMAIOIINE CUTHAJ HA YacToTe 175
MT'i (1.7 m). Paccrosinue mexy snementamu unrepdepomerpa (6aza) mensiiocs or 10 mo 140
JuinH BoJiH. /lparpaMma HaApaBIeHHOCTA aHTEHH YCTAHAB/IUBAJIACH 110 MEPU/IUAHY, U CKAHUPO-
BaHUE 110 IPSIMOMY BOCXOKJIEHUIO OCYIIECTB/IAI0CH npu Bpamernun 3emu. [lozanee (B 1974 r.)
Paiinr 6611 yaocroun HobesneBckoit mpemun 1o (hpu3mKe COBMECTHO ¢ DHTOHU XbIOUIIEM “3a IHO-
HepCKue uccaenoBanug B obmactu pagnodusukn”’. Cumbics pajuonnrepdepomerpudeckoro (umm
AIePTYPHOr0) CUHTE3a JIErKO IOHSThH Ha IpUMepe paboThl JIByX3JIEMEHTHOTO uHTEpdEpoMeTpa
(Puc. 6).

st onucanus paborsr mHTEpdEpOMETpa U NPUHUMAEMOrO AHTEHHON CUI'HAJIA, TPUMEHS-
10T (POPMAJIU3M HA [JIOCKOCTH IIPOCTPAHCTBEHHBIX YacTOT (U, V), KOTOPBIA MOXKHO HOJIyYdTh U3
dopmasmsma npocrpancrBenabix KoopauHar (6, ¢) ¢ nomompio npeobpasosanus @Pypose. B arom
caydae mMeeM

T, v) = / / To(60,p)e= 27000 dpdy (11)

rie T,(0, ) — pacupenesenne anTeHHOI TeMuepaTypbl. Temepb MPeNoIoKuM, 94TO y HAC €CTh
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JIBE AHTEHHBI, paccrosaue (6a3y) MeKIy KOTOPBIME MOXKHO MEHITH J0 HEKOTOPOTO IIPEIesh-
HOT'O Dmax- EC.}II/I 9TU JIB€ aHTEHHbI HaBECTHU Ha OJWH O61>6KT, TO Ha UX IIPpHUEMHUKaX IMOABUTCA
nanpsizkerue Vi(t) u Va(t) aia oHOro u TOro ke CUIHAJIA, HO UMEOIIEro 3a/ePKKY Ha OTPe-
30K BPEMEHH, 3aTPAYEHHOI'0 HA IIPOXOXK/IEHUE JIOIOJIHUTEIBHOIO PACCTOSAHUS, 00yC/IOBJIEHHOI'O
pacroJiokenreM aHTeHH. B3anmmuas Koppesdnuonaas (PyHKIUS STUX CUTHAJIOB Oyler CBA3aHa,
C aQHTEHHOI TeMIlepaTypoil KakK

Vi Vo [[Tu(8,0)e 2 OFe) agdp T, (u,v)
V-V [ T,dbdp Py

rme 3HaK ¥’ 0003HAYAET KOMILIEKCHOE COIPAKEHME.

Ecnu s — yryiosoii pasMep HCTOYHHKA, TO II0 TEOpeMe OTCYETOB HaM Tpebyercs KOHEUHBII
Habop m3mepenuii ma uaTepdepomerpe ¢ marom AD npm cmene 0a3 Ha JAIUHE BOJHBI A, 9TOOLI
noytyunth Pypbe—obpa3 nzodbparkenus

K(u,v) = (12)

1 1
2Au  2-(AD/))’

O1HO HADJIIOIEHNE HA TAKOM HHTEPpMEPOMETPE MO3BOJISIET Oy YUTh 0JHY TOUKY Ha, UV —-1u1ockocru.
st iojtyueHus cjiejlyroIneil TOYKM HyKHO U3MeHUTh 6a3y b0 mepecTaHoBKO aHTEHHBI, /0O

0, = (13)

HCIOJIB30BATh U3MEHEHNE POEKIMU UCTOYHUKA, Ha, IIOCKOCTH HADJIIOJIEHNS 33 CYET BPAIEHUS
Semyn. Ilpomecc 3anonnenus UV -njockoctu HazbiBaercs cuare3oMm UV -mj0ckocTu wim amep-
rypabiM cuaTe30M. Ob6paraoe @ypbe-nipeodbpazoBanue UV —110CKOCTH BOCCTAaHABIMBACT W300-
paxkerue oobekta Ty (6, ) B KOOpAuHATHOI 110cKOCTH. Yem nosaee 3anosHena UV —110ckocTb,
TeM MeHee MOIHbIME OyyT 6okoBbie jienectku JIH. Anasms jannbix pajguonnrepdepoMerpa u
[IOCTPOEHNE Pauon300pakeHuil TPOBOAUTCA Ha CIEIUAJN3UPOBAHHOM KOMIIBIOTPE — KOPPEJis-
TOope.

Crie iy oM TaloM B Pa3BUTHH PAJUOUHTEPMEPOMETPUN CTAI0 IPUMEHEHUE PAUOUHTED-
depomerpa co ceepxamuanoi 6a3o0it (PCAB min VLBI — very long baseline interferometer),
suepsble upeiaozkentoro JI.M.Marseenko, H.C.Kappamespin u I'B.Ionomuuxum [19]. dis
paboThl TAKOTO MHCTPYMEHTa He0OXOIMMO HE3ABUCUMO PErMCTPUPOBATDH JIAHHBIE HA KaXKJ0N aH-
TerHe uarepdepomerpa u 3areM COBMECTHO uX 00pabaTbiBATh, UMUTUPYH sBJIeHre nHTepdepeH-
1uu Ha KoMmibiorTepe. Takoii mMoixo/] M03BO/IIeT PA3HOCUTH aHTEHHBI HA CKOJIb yIOJHO DOJIbIIne
paccrosinus. s paguonnrepdepomerpa, 371eMeHThl KOTOPOI'O PA3HECEHBI HA PA3J/IMIHbIE KOH-
TUHEHTBI, PA3pEIIeHe COCTAB/IIET ThICAYHbIE JIOJU CEKYHJIbI IyT'H, YTO IIO3BOJIAET UCC/IeI0BATD
si/Ipa raJlakTUK B 00J1aCTH aKKPenuoHHOro Jucka. [Ipumep 3anosmnenus UV —nnockocru ajis Es-
pomeiickoit cucremsl VLBI mokazan ma Puc. 7.

4 Paamoresieckorbl MIMPOKOTO Ha3HAYEHUSA

Eciz MbI 3aauMcs BOIIPOCOM, KaKUe pajuoTe/IeCKOIIbI TI0IE3HbBI JIjId UCCAe0BaHuil B 00/1acTu
KocMmoJtoruu, 1o npasuiibhbiii orBer Oyaer — BCE ! Tlockosbky pacckazars 000 BCeX pajuo-
resieckonax (a ux cymecrsyer yxe 6osee 1000), pesyabrarax ux paboThbl, a TAKXKe UX IIOTEH-
[UATBHBIX BO3MOXKHOCTHAX B paMKax OJHOI JIEKIIMHM HE PEJCTABJIAETCI IeeCO00Pa3HbIM, MbI
notieM apyruM myteM. K coxKaleHnio, Ha 9TOM IIyTH MbI IPOIYCTUM PAJIAOTEIECKOBl ABCTDA-
sinu, lepmanuu, @panmun u Poccun, kpome omuoro. Ho orbepem Jmiiib Te u3 HUX, KOTOPHIE,
Ha Hall B3IJIA, IO3BOJJIXAJ/IN HOJIYyIUTb HaH60.}Iee nepeaoBbie Jijid CBOETO BPEMEHU DPE3yJ/IbTaTbl
B 00/1aCTH KOCMOJIOTUU. DTO IMO3BOJHUT HAM OKYHYTHCA B IIPOIIJIOE U 3aIVISHYTb B HEJIAJEKOe
Oy/y1iee pagnoacTPOHOMUN.

4.1 Amnrenna Kapna drHCcKOro

Hauasio pajguoacrpoHoMun CBsI3aHO C MCCJIEIOBAHUSIMYU AMEPUKAHCKOTO (DU3UKA U PAIUONHIKE-
uepa Kapsa fuckoro (Puc. 8), crermanucra B 00/1aCTH UCCIEOBAHIS PATHOTIOMEX.
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UV Coverage for EVN 18cm
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Puc. 7: llpumep 3anonuenus UV -njockoctu jyist EBpomneiickoii cuctembr VLBI wa aue Bosi-
vbl 18 cm. Kaxkpiit Tpek Ha PUCYHKE COOTBETCTBYET M3MEHEHWIO MPOEKIuu 0a3bl JIByX Tejie-
CKOIIOB 3a CYeT BpaIlleHWd 3eM/and B TedeHme 18 gacoB mabsromennsa. Bocmpownssemeno c caiita

http://www.evlbi.org.

Puc. 8: Kapa fAucknii (Karl Jansky). @ororpadus socupoussesena ¢ caiira http://nrao.edu.
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Puc. 9: Aurenna dupmer “Besn”, mocrpoennas Kapaom HdHCKUM, ¢ TOMOIIBI0 KOTOPOit OH 0OHA-
pyxun uznydenne Myeanoro [lyru Ha jymae Bosiabl A=14 m. @ororpadusi BoCpousBejieHa ¢
caiita http://nrao.edu.

Nzyyas na Xommpenckom noJiurone upmbl “Best” armocdepnbie pajguornomexu Ha “KO-
porkux BosHax” (amanazon sgyumabl BosH 10-20 M) jjist TpAHC-ATIAHTUYECKUX PajuoTesedoH-
HBIX Tepenad, flHCKuil uccie0Bal U OTOXKIECTBU/I HECKOJIBKO MCTOYHUKOB ITOMEX, CBI3AHHBIX
C 6JII/13KI/IMI/I n JaJICKUMU I'DO3aMM, a TaKzKe€ OJHNH HMCTOYHUK HEU3BECTHOTI'O HIPOUCXOXKICHUA.
Uccnenosanus nposoauuch na anrenne (Puc.9), nocrpoennoit Kapiom duckum st npuema
paguososia Ha dactore 20.5 MI'n (14.5M) 1 CMOHTHPOBAHHO Ha MOBOPOTHOM KPYyT€, 9TO MO3-
BOJIS/IO BPAIATh €€ B JII0OOM Hanpasienun (ee Ha3blBaau “Kapyceiab SIHCKOro”) u ompejensith
HaIlpaB/ieHne MakcuMyMma curnasa. [IpoBons takum obpa3oM u3ydeHue pacupejesieHus: pajiuo-
curnaJsia, Auckuit oroxkaecTBus B anpesie 1933 uCTOYHUK MOCTOAHHOrO paauornyma ¢ Miiedabim
IIyTewm.

B mae Toro e roja ou onybsukosan B Hoio-Mopk Taiive crarsio [20] (pesysbrars Gbuim
Takzke omyb/imkoBanel B Nature), B KOTOPOii yKa3bIBAJI, 9TO “3B€3/THBII MIyM’ MMesT HAnOOIBIIY 0
MHTEHCUBHOCTH, KOI'/[a aHTeHHA ObLia HAIPaB/IeHA Ha IeHTPaJIbHyI0 9acTh Maegnoro [Iyru. Pa-
6oTbl fHCKOrO He 3aMHTEPECOBAIM HU PAJIMOMHKEHEPOB, HU ACTPOHOMOB, u OH B 1938 mpekpa-
TUJI UCCJIECJIOBaHUsA, CBA3aHHbIC C KOCMUYECKUM DPAJIMONU3JIyYECHUEM. q)aKTquCKH 9TO OTKPbITUE
MO2KHO Ha3BaTb II€PBbIM paﬂI/IOHaﬁHIOﬂeHI/IeM AKTUBHOCTHU TaJIAKTUYECKOI'O dJApa, AeMOHCTPHU-
pyloleii 9BOTIONUOHABIe cBoiicTBa l'amakTruku. Brnocnencrsun Kapn Arckuit mpomoskan 3aHm-
MaThCd U3YyYEHUEM Pa/IUOIOMEX U PACIPOCTPAHEHUs PAIUOBOJIH B 3eMHOM armocdepe, a TaKKe
pa3paboTKOil MUKPOBOJIHOBOI Pa/IuOaIIapaTyPhI.

B €ro 49eCTb Ha3BaHa €JWHUId U3MEPEHUA CHeKTpaHbHOﬁ IJIOTHOCTU IIOTOKa U3JIy4YE€HUdA —
ducknit (1 5m = 10729 Br- v 2I'n~!)), npuMensemas ceifdac He TOJBKO B PaHOACTPOHOMMIM, HO
1 BO BCEM JJICKTPOMATI'HUTOM JIUAIIa30HE JJIMH BOJIH JJId OIIMCAaHUA IIJIOTHOCTU IIOTOKA.

4.2 Amnrenna I'poyra Pebepa

JpyruM yueHbIM, CTOSBIINM Yy OCHOB pajumoacTponoMmuu, crag I'poyr Pebep (Grote Reber)
(Puc. 10). On 6611 paguosoburesiem u paboTas Ha Pa3JIMYHbIX PajuonpoussoauTeneii B Yukaro
B nepuox ¢ 1933 1. mo 1947 r. 3annrepecoBaBinch OTKpbIThiM Kapsom fAuckuMm pajguounsiiyte-
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HueM OT l'ajlakTWKyW ¥ IPOUCXOKIEHHEM KOCMHYECKUX PaJMOBOJIH, OH O0PAaTHU/ICA B IOUCKAX
paborsl B “Besut 1906¢”, riae B To Bpems paborast AHCKwuit, HO U3-3a OTCYyTCTBUS CBODOIHBIX Pabo-
qux MecT B nepuoji Bemukoit Jdenpeccun monyguma orkas. Torga Pebep mocTtpous cobcrBeHHbBIM
PAJIMOTEIECKOT Ha 3a/(HEM JIBOPE CBOero jiomMa B YuroHe. [lepBoiit B Mupe crenuain3upoBaH-
HBII PA/MOTETECKON TPEICTABIAT COD0I mapaboImIecKoe 3epKaIo U3 MeTajura guamerpom 9.5
merpos (Puc. 11), u3mepesiroriiee TpUXOISIIi CHTHA PAIOMETPOM, PACIIOIOKEHHOM B 8 MeTpax
HaJl 3epKasioM. KoHCTpyKIus Obljia yCTAHOBJIEHA, HA, HAKJOHHOM CTOMKE U HE MOIVIA, BPAIlaThCs,
TeM He MeHee, ee MOYKHO ObIJI0 HAIPABUTH B JI00YI0 Touky Heba. C mOMOIIbI0 CBOEro yCTpOoiicTBa
I'poyt Pebep nocrponn nepsyio kapry neba Ceseproro nonymapus B paguoguanasone (Puc. 12),
noareepauB orkpbiTue Kapma fluckoro B 1938 1. [21].

b4

—Grote Reber, about 1937

Puc. 10: T'poyr Pebep (Grote Reber). @ororpacdust Bocupousse/ena ¢ caiira http://nrao.edu.

Puc. 11: Anarenna I'poyra Pebepa. @ororpadust Bocpoussejiena ¢ caiita http://nrao.edu.

JI100OIBITHO, YTO TPAKTUYECKH C IIEPBOTO MOMEHTA HPO(ECCHOHAIBHBIX PA/MOACTPOHOMU-
YecKuX HabJIIO/IEHU, paIM0aCTPOHOMUS CTOIKHYJIACH C IpobjieMoit 60pbbbl ¢ (DOHOBBIME IITyMa-
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Puc. 12: Kapra Ceseproro neba, mocrpoertas ['poyrom Pebepom ma gacrore 160 MI'r (Reber,
1944)

mu. Pebep ObLi1 BbIHYK/I€H TPOBOAUTH CBOU HAOJIIOIEHMS 110 HOYAM M3-3a IIOMEX, IPOU3BOAUMBIX
JIHEM 3aKUTAHUEM B J[BUTATE/IAX ABTOMOOUJIE.

Pebep pazpaboras HECKOIBKO MPUEMHHUKOB, paboTatormux Ha gacrorax 3300, 900 n mozmaee
— ma 160 MI'y (1.9M). VmernHo Ha moc/e HeM U OBLIO MOBTOPHO 3aPErHCTPUPOBAHO U3/IYICHUE
or Miueunoro Ilyru, o koropom coobmmit Kaps Auckuii. Kpome Toro, Pebep orkpbiin pagmons-
JIydeHue OT MCTOYHUKOB B co3pe3nuax Kaccuones u Jlebeqan. B mociienmnem ciydae, 910 ObLIO
OTKPBITHE IIEPBOI MOIIHOI pa/nora/lakTUKU, KakK ObLIo mokasano ciycrd 10 Jier.

4.3 MHWNurepdepomerp Mapruuna Paiina

Kak y»xe ynomunaaoch panee, HOBas IViaBa B UCTOPUU PAJUOACTPOHOMUN HAYAJIACH B CEPEIUHE
40-x To10B mporwToro Beka, korga Maprun Paiin (Puc. 13) u depex Boubepr nocrponsu mepsbrit
paguounrepdepomerp. IIpumenus HoBbii MeTos u yiryumus unrepdepomerp (Puc. 14), noseas
paccTosHre MeX Ty anTeHHaMu 70 440 M, Paitn u ap. mosydmianm KoOpAWHATH PaIAONCTOTHAKA
Jlebenn A (Cygnus A) (Puc. 15), gqocrarounbie s ero 0ToXKeCTBICHHS .

C MOMeHTa OTOXKJIEeCTBJIEHHS PaIuonCcTouHnKa Jlebeap A, mpoeemennoro baage u MuHKOB-
CKUM [23], MOXKHO HAYMHATH OTCYET BPEMEHM SLOXU PajoKocmosioruu. OToxeCTBICHHbI B
1951 . ¢ 3/IHNTHTECKOl TaiakTHKOf 16-0it 3Be3/1H0i Bemmamabl (o = 19759M2833, § = +40°44/02"
kpacuoe cvenienune z = 0.057) u3 6oraToro CKOIIeHns raJlakThK, pajuoncrounuk Jlebegap A cran
KJIACCUYECKUM IIPUMEPOM POTHAKEHHON CTPYKTYPbI PaUOrajlaAKTUKU, O 9YeM Mbl IIOFOBOPUM BO
BTOPOI JICKIIN.

Paborer Mapruna Paitna mo co3ganuio paanonHTepdepOMETPOB PUBEIN K MOSIBICHUIO 116~
Jioft oTpac/iu pajuoacrponomun. U rerneps, Korjia npousnocuTcs TepMut ‘nurepdepomerp Paii-
Jia”; Bcerya HeoOX0UMO MOSCHATH, O KOTOPOM U3 HUX WIET PeUb.

4.3.1 Kembpumxckuii uarepdpepomMmerp

Ouun u3 naunbosiee nzsectubix narepdepomerpos Mapruna Paitna (u Quronu Xeionma) — Kewm-
Opukckuit narepdepomerp [24]. Vimenno Ha 5TOM Tesreckorne ObLT MPOBEIEH 3HaMeHUThINH Tpe-
it Kem6pupkekuii (3C) 0630p [25]. Urepdepomerp cocrost u3 4-x GUKCUPOBAHHBIX /1€MEH-
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Puc. 13: Maprur Paiin  (Martin  Ryle). ®ororpadus Bocmpomssemena ¢  caiira

http://nobelprize.org.

N .\‘ - 20 %

i

Puc. 14: Cxema unrepdepomerpa Mapruna Paiijia — 1ByxX3/eMeHTHOrO JIIMHHOIO uHTEepdepo-
merpa Maiikenbcona (2-element Long Michelson Interferometer). Pucynok Bocupoussenen u3

paboTsr |22].

1£.00 |7EOD IHI.DO
Puc. 15: Ceuenne unrepdepennnonnoii kaprunku ¢ curnanom Jlebeas (o =16.20) u Kaccuonen
(v =19.30). Pucynok Bocmponssezen u3 paborsl |22].

20.00 U.T,

ToB 1 paboran na gacrorax 81.5 MI'm (2C-0630p) u 159 MI'y (3C—0630p). Iloznmee x mamabiM
0630pa ObLin 106aBaeHbl u3Mepenust Ha 178 MT'u [26] u Bbinymen karanor 3CR. U nakoner, B
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pabore 27| 6bL1H 106aBI€HBI paHee He OOHAPYKEHHBIE TATAKTHKI B 33JaHHOM JHAMA30HE CKJIO-
HeHuit u 1wnorHocreil morokos. Hoswiil karaaor 3CRR Bkitodyaer Bce BHEraIaK THYECKUE PAJMOU-
crounuk (550 00beKTOB) ¢ MI0THOCTHIO moToka >10.9 fu Ha wacrore 178 MI'n. Taxkmm obpasom,
B pesysbrare 0030pa OblLiIa MOCTPOEHA MEepBast MOJIHAS 110 IJIOTHOCTHU IOTOKA, BEIOOPKA parora-
JIAKTUK U KBa3apoB Ha CKjaoHenun 0 > 10° ¢ rasakruueckumu muporamu |b| > 10°. Karanor,
noJtyueHubiit Ha KemOpumkckom naTEpd epoMeTpe, CTajl OCHOBON HECKOJbKUX HAIPAB/IEHUN Ha-
6JIF0/1aTeIBHO KOCMOJIOTHH, TAKUX KAK UCC/IE0BAHUE SBOJIIOMMOHHBIX CBOWCTB BeesienHoit u pa-
JIMOUCTOYHUKOB C TIOMOIIIBIO MTOJICYETOB PAJIMOUCTOUYHUKOB “IUCI0 00BHEKTOB — IIJIOTHOCTH [IOTO-
ka” (log N —log .S), a TakKe OMCK NMPeIE/IbHO JAJeKUX MOIIHBIX PauoncTouHukoB. Cpeu Hux
ecThb U mepBblil OTKPBITHI KBazap 3C 273, oroxkaecrsiennerii Maprunom [vuarom [28]. Arac
pajgmoncrounnkoB 3C—karaiora pocrymer mo Web-ajapecy http://www.jb.man.ac.uk/atlas.

4.3.2 OpgHOoMUMJIbHBIN pajgmoTresieckon Maprtuna Paiina

UccnenoBanus rpynnbl paguoactponomun KeMOpuRKCKOro yHUBEPCUTETA HA OJHOMUIBLHOM Pa-
quoTesieckorne Hadaanch B 1964 1. [29]. Uurepdepomerp cocrost u3 tpex 120-ToHHBIX mapabo-
jmaeckux 3epkast guaverpom 18 M (Puc. 16). /Ia 3epkasia ObLIM 3aKPEIIEHBI, & TPEThe MOYKHO
ObLIO mepeABUraTh 10 PeabLCOBbIM myTsM Ha paccrosaue 800 m (noavuam). B 1o Bpemst 910 ObLn
caMblil mepe1oBoil paauoresneckon ¢ paspertennem 80 cek ayru Ha 408 MI'm (75cm) m 20 cex
ayru Ha 1.4TTn (21 cm). Uarepdepomerp mcnonb3oBasics jjis MOCTPOEHHUsS] KAPT OTAEIbHBIX
PAJIMONCTOYHUKOB C CUHTE30M M300parkKeHus IIPU BpaIleHuyd 3eM/Id, a TaKKe IPU [IPOBEJIEHUN
0630pa neba, B pesysbrare KOTOporo Obur moayuen 5-biit Kembpuxckuii (5C) karaaor pajauo-
HUCTOYHUKOB.

Puc. 16: Oxmo u3 3epKaj 0IHOMUIBLHOIO pajuoTeeckona Kasenauickoit saboparopuu. Pucy-
HOK BOCHPOu3Be/JIeH ¢ caiita http://en.wikipedia.org.

J1100OTBITHO OTMETHUTD, YTO HAO/IIOJEHUS OT/IEIbHBIX PAUOUCTOYHUKOB HA MHTEP(EpPOMET-
pe ¢ OOJIbIIUM YUC/IOM U3MEHeHUi 0a3bl, BHICOKON YyBCTBUTEIBHOCTHIO M XOPOIIUM YTJIOBBIM
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Puc. 17: Yerbipex-akposbiii pajguoreseckon. Ciesa: na doune reneckona Anronu Xbioumn (Ha
3azmeM ¢doHe oTHOMUIBHBI Teseckon). Crnpasa: Ha done Teseckona /Ixkocenmnn Bemt. Pucynku
BOCIIPOU3BE/IEHbI ¢ caiita http://mrao.cac.ac.uk.

pa3pemennemMm HOTpe6OBaJH/I CO34aHUAd U PA3BUTUIA BbIYUC/IUTE/JIbHBIX METOIA0B, MCIIOJJIb3YyIOIMINX
npeobpazosanue Pypbe, U NPUBEJN K HOIBIEHUIO HOBOI'O MOKOJIEHUsI KOMIIHIOTEPOB, TAKUX KaK
Turan.

3a co3maHue paJInOTEIECKONIOB U CBA3aHHbIE C HUMU OTKpbITUS Mapruny Paitity u Duro-
uu Xpiomry B 1974 romy 6bLta npucyxiaena HobejreBckas npemus ¢ popmyauposkoit “for their
pioneering research in radio astrophysics: Ryle for his observations and inventions, in particular
of the aperture synthesis technique, and Hewish for his decisive role in the discovery of pulsars”
(“3a mx nmoHepckue uccaegoBanus B pajuoactpodusuke Paiiny: 3a pesyabrarbl Hay4YHbIX Ha-
6Jrro/teHuit 1 n300peTeHns, B YaCTHOCTH, METO/Ia alepTyPHOro CUHTe3a, U XbIOUIILY: 32 ero OIpe-
JIEJISIONLY IO POJIb B OTKPBITHHU Iy IHCAPOB”).

4.3.3 Paauoreseckon DHTOHU XbIOUIIIA

B upogoskenne rembr KemOpuxcekux remeckonos (n HobeneBckux pesynbraroB) Helb3s He
CcKa3aTh 0 deThIpex-akposoM (16000M2) pajgmoTeseckome — pemmeTke Jid H3ydeHHS MEXKILTA-
nernbix mepuanuii (IPS — Interplanetary Scintillation Array) (Puc.17). Teneckon paborasn na
gacrore 81.5 MI'y (3.7m) u cocrosin u3 4096 nunoneit B dbasuposannoit pemerke. 14-ay4eBoit
pueM 1o3BoJisiyi Kaprorpaduposars CeBepHoe HeOO 3a ouH JeHb. Teneckon ObLT CO3/aH DHTO-
HU XI)IOI/HJ_IeM AJId n3MepeHnd BbICOKOYaCTOTHBIX (i)J'IyKTyaJ_H/Iﬁ n3JjrydeHud paJuonuCTO9YHUKOB U
MOHHUTOpra MeKILTaHeTHBIX MepriaHuil. Ha stom macTpymente B 1967 1. acmpanT Xsroma J[7ko-
cenun Benn (Jocelyn Bell) o6napy»kuna usmyuenne mysabcapos. BrnociegcrBuu reseckon ObLi
yBEJINYEH B Pa3Mepax Jio JeBATH aKPOB U UCIIOIH30BAJICA /I IPOrHO3a MEXKILJIAHETHOMN TOTr0IbI
1 MOHUTOPHUHTA COJIHEYHOI'O BETpPa.

4.3.4 Wnrepdepomerp nm. Mapruna Paitna

Teneckon um. Mapruna Paiina uin Teneckon Paiina (Ryle Telescope) nazsan B 4ecTb OCHOBHO-
ro MPOEKTUPOBIIMKA. PaHee ObL1 M3BeCTE KaK D-KM TEJIECKOIN M CO3/JaH KaK 8-MU—3/IEMEHTHbI
E-W (East—West) uarepdepomerp (Puc. 18). OcnoBanas 3aa4a HHCTpyMeHTa — KapTorpadu-
pOBaHUE OTJEJBHBIX PAJMOUCTOIHUKOB C YIVIOBBIM Pa3pEIleHreM, CPABHUMbBIM C PA3PEIIeHreM
OOJIBIINX ONTUYECKUX TEIECKOIIOB.

B reuenue cBoeil KU3HU TEJIECKOI TPOBOMI HAOMIOAEHNsT HA MHOTUX dacTorax (5, 2.7, 15 u
31I'T') u ObLT MEPBBIM pagHOUHTEP(EPOMETPOM, TOCTPOUBIINM KAPThI PATHOTATAKTUK U KBa-
3apoB C cyb-cexymgubiM pasperienueM. nrepdepoverpa cocrossi u3 BOCbMU 13-M aHTEHH C
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Puc. 18: Teneckon Paitna. Pucynok Bocupoussejen c caiita http://mrao.cac.ac.uk.

Puc. 19: Arcminute  Microkelvin  Imager. Pucymoxk  BocmpomsBemen ¢ caiirta
http://mrao.cac.ac.uk.

MoHTHpOBKOil Kaccerpena, koropble ObLIM pacio/iozkenb! 1o jguann Bocrok—-3amas. Yersipe u3
HUX 3aKPEIJIEHbI B ITOJIO2ZKEHUAX C MHTEPBaJIaMU B 1.2 KM, & 9€ThIPpE IMOABU>KHBI 1 IIePEMEIQI0T-
cg 1o 1.2-KM peibCoOBOMY IIyTH, YBEJIUMIUBAs JUANIA30H JIOMOJHATEIHHBIX 0a3 oT 18 M 10 4.8 KM.
HpI/I Ha,6J'IIO,HeHI/IHX C BBICOKHM DPa3pemeHneM IIOJABU2KHbIC aHTEeHHBI ITO3BOJIAIOT PAaBHOMEPHO I10-
KPBIThH Jrnanal3on 6a3 /10 4.8 KM, a 115 CJ1aDOKOHTPACTHBIX aCTPOHOMUYECKUX HAO/TI0/IeHU T, TAKUX
kak 3 dekr 3enbpoBuua—CioHseBa, coOpPaTh TEJIECKOI B KOMIIAKTHYI KOH(MUI'YPAIUIO ¢ MaK-
cumastbHOM 0azoit 100 m. Teneckomn Paitna, mepBoHAYaIbHO MPEIHAZHAYABIIANCS JIIsT KapTOTrpa-
dupoBaHusd PaJUOTaIaKTUK U KBA3apOB, IIOCTOSTHHO MOJIEDHU3UPOBAJIN, CJIE/lysd POCTY UHTEpeca
K KOCMOJIOIMYECKUM 33/[a9aM: MCCIEJOBAHUI0 KOCMUYECKOI0 MUKPOBOJHOBOIO (DOHA, M3yUeHUS
ero “sareMHeHus’” CKOITeHUAME TagakTuK (3ddexr 3enapropuia—CroHgeBa) U U3MEPEHUIO MO-
crogaHoi Xabbsa. Kpome Toro, narepdepoMerp n3oab30Bajcd KaK BCIIOMOIaTe/ IbHBI HHCTPY-
MEHT IPHU YUCTKE OT PAJIMOMCTOYHUKOB B 3ajadax mdydenus CMB, mocraBjieHHBIX Ha JIpYyrux
resieckonrax (CAT, VSA). Ceiiuac y Teneckona Paiina nsmenena kondurypanus, 1 OH BKJIIOYEH
B apyroii uarepdepomerp AMI (Arcminute Microkelvin Imager) — reseckon st mostydeHus
MUHYTHBIX MUKDPOUpajyCHbIX n300pazkenuii (Puc. 19).
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4.4 Paaumoreneckon PATAH-600

Pajgmoreneckon PATAH-600 (ors. yuenwiit — ax.FO.H.ITapuiickuii), mocrpoen u u BBeJeH B
noJjiHoe ucnojib3oBanue B 1977 rogy B CrenumasibHoii acTpodusudeckoit obceparopuu. OgHaKo
nepsbiit cekrop — Cesepubiit — yBujen nepsbiii cser B 1974 r. PATAH-600 (PaguoAcrpowno-
muaecknii Teeckon Akamemun Hayk) mpejcraBisier u3 cebs aHTEHHY TEPEMEHHOTO MTPOMhUIsa
(AIIII), cocrosiiyo U3 OTAENbHBIX JEMEHTOB, HO PAbOTAIOILYIO0 Kak €uHoe 3epkaJio. Mucrpy-
MEHT 3aHECeH B KHUI'Y PeKOp/oB ['mHHeca Kak caMblil KPYIHBIA TejecKorn Mupa pedJieKTOpHOro
rurta. PATAH-600 — Bropoit resieckon tunia AIITL. Tlepeoiit — Bosbimoit [lynkoBekuit pajgimore-
neckor (BIIP) — maxomurca na reppuropuu IlynkoBckoit obcepBaropum.

Kak paauoresneckon pediiekropruoro tuna PATAH-600 umeer, B 4acTHOCTH, TaKue JOCTOUH-
CTBa: IMIUPOKUI INATTA30H BOJH U BO3MOXKHOCTH HCIIO/IH30BATD IMUPOKHE IOJI0CH] IpueMa. 1To0b
pa3pernTh IPOTUBOPEYNE MEXK/y THUIIOM TEJIECKOINa U Pa3sMepOM, IVIABHOE 3ePKaJIO PaJinore-
sieckona 1o uzee upod. C.D.XalikuHa BBILIOJHEHO B BUJe KOJbLa juamerpom “2R= 576" wm,
paCwIEHEHHOTO Ha OT/ebHbIE 37IeMeHThI ¢ pasmepoM 2x11.4 M. Koabmo cocrout u3 895 rakmx
saeMenToB. KasK/iplil 9/1eMeHT HPaKTHYeCKH ILJIOCKHIl |, umeer TOYHYIO OTPaKaloLLyI0 HOBEPX-
HOCTE (0 ~ 0.1), pacmosioKeH Ha MeXaHW3Me C TPEMs CTEelMeHsIMH CBODOJBI U MOXKET OBITH
YCTaHOBJIEH B 3a/IaHHOE IOJIOXKEHUE 110 BCEM KOOPJMHATAM C BBICOKON TOYHOCTBIO. Bjraroma-
P TOJBUXKHOCTHU 3JIEMEHTOB, U3 HUX MOXKET OBIThb cocTaBjieHa (DOKYCHUPYIOIAsd MOBEPXHOCTD
(B 0bmiem cirydae /IMNTUYECKUil KOHYC), KOTOPasi IPEBPANAET M A0y 0 IIOCKYIO BOJIHY B
[UJINHIPUYECKYIO U HAIIPABJIAET CXOAANINANCT My9YOK BJOJIb IOBEPXHOCTU 3€MJIM HA BTOPUYHOE
3epkaso. Paguoreneckon PATAH-600 umeer nepeckonmnyeckyio (a MMEHHO, NEPEOTPAKAIONLY IO
u3/Iydenne) KOHCTPYKIwoo. OH COMEPKUT TIABHOE 3ePKAJIO ¥ BTOPUIHBIE 3€PKasa, MePeMelao-
muecs 10 pajuaabibiM (1posiozxkenabiM aepes3 30°) u JyroBbIM PEIbCOBBIM Iy TsiM. Bropudnbie

3epKajia B 3aBUCHMOCTH OT 331394 UMEIOT PA3HyI0 KOHCTPYKIIMIO U OCHAIIEHBI KaOMHAMU C pas3-
JINYHBIMUA KOMILJIEKTAMU [IPUEMHOI annaparypbl. B 10:KHO# YacTu Kpyra pacio/iozKeHO ILJIOCKOe
zepkajio 400x8.5 m, burarogapst koropomy FOxubiii cekrop PATAHa moxer paborarh 110 Tpex-
3epKaJIbHOI CcXeMe.

Puc. 20: Pagmorereckon PATAH-600 (cieBa) m xonmdeckuii obrydarens (cupasa). Pucymox
BOCIIPOU3BE/IEH C caiita http://www.sao.ru.

PATAH-600 mmanupoBaJjcs u UCIONB3yeTCs KAk MEIeBON TETECKOI U JIJIsT KOCMOJTOTHIECKIAX
uccsaepoBanuii, u st uccaeopanust Lajgakruku, Cosaia u mraser. Il paktuyeckn ¢ mepBbix JHEit

'B AefICTBUTE/IbHOCTH KAXK/IbIA SIEMEHT — IUJINHAD C BePTUKAJIBHON 00pa3yiomeil u riayOnHOi 0KOI0 2 MM
(pammyc xpusmsabr 1.14 R). Takaa nuamapr3anms CAeaaHa s yMEHbIICHWs OMAOOK MOBEPXHOCTH IIpU paboTe
Ha BOJIHAX 3a LIPEJeJIaMu IIPOEKTHOro Auana3ona (kopoue 8 mm).
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Puc. 21: Marpuunag cucrema pagnomerpos MAPC-3 ma gacrore 30 ['T'n. Pucymok Bocnpomsse-
JleH ¢ caiita http://www.sao.ru/hq/lrk/index.html.ru.

pabotsr PATAH-600 BK/TIOUMICS B KOCMOJIOTHYECKHE TPOEKTHI. Cpei OCHOBHBIX HAPAB/ICHUI

UCCJIEIOBAHUN U PE3YJIbTATOB B 9TOI objiacTu ormeruMm Hadarwie emre na BIIP u npomosnxaro-
mueca na PATAHe:

® 1ICCJ/Ie/IOBAHUS MUKPOBOJHOBOI'O (DOHA, MPUBEJIIINE K SKCIEPUMEHTAIbHOMY ITOHUZKEHUIO
rpauuipl yposust duyKryanuii pesukrosoro usayuenns AT /T or 1073 go 1075;

e mocrpoenne crarucTuku log N — log S g pa uHonCTOYHIKOB B CAHTHMETPOBOM M JEITH-
METPOBOM JIMala30HaX JJIMH BOJIH IO JaHHBIM 0030pa “Xoso17;

e o0OHApy2KeHMe MPUCYTCTBUs FOPsivero ra3a B ckomiennu Kowma;

® UCC/IE/IOBAHUE PAAMOraJaKTUK 1 OOHAPYXKEHWE BTOPOH [0 JAJbHOCTU PAIMOraIaKTUKI
RC 031140507 ¢ kpacubIM cMmerenneM z = 4.514;

® OICHKU HOBEACHUA CIICKTPAJIbHOI'O HMHJ/ICKCA CHUHXPOTPOHHOI'O M3JIy4YE€HUdA W BKJIAJdd Pa-
MHOUCTOYHUKOB B M3JIyUYeHHEe MUKPOBOJHOBOrO (POHA HA MUHYTHBIX YIVIOBBIX MAaCIITabaX
B npoekre “Kocmosorugeckuit I'en Bcesrennoit”; peasmzanus mpoekTa tpedyer co3maHust
HOBOI'O ITOKOJIEHHSI MATPUYIHBIX PAINOMETPOB, IMO3BOJIAIOININX MAKCAMAIBHO BBIMTPBIIITHO
paborars B ycsoBusix armocdepnr 3emin na PATAH-600 (Puc. 21).

Hacrb mybiuKanmit u OmICaHe SKCIePUMEHTOB MOXKHO Haiitu mo cceuikaMm [30, 31, 32, 33,

34, 35, 36].

4.5 Very Large Array

Pammounrepdepomerp VLA (Very Large Array — odenn Gosbimas perrerka) Hanmomanbroit
pajuoacrponomuyeckoii obcepsaropun CIIIA cocrour uz 27 aHTeHH JuaMerpoM 25 M KarkKjias.
Jlo HemaBHEro BpeMEHU SIBJIS/ICA PEKOPACMEHOM CPEeId TEJIECKOIOB II0 YIIOMUHAHUIO B HAYIHOI
auTeparype?, HoKa He HOSBUINCH JaHHble Teseckona WMAP3.

2IMouck 1o abcrpakram crareit B cucreme ADS paer okono AR=9000 cebiiok va VLA u okono CR=46000
CCBLIOK Ha 3TU cChIKH 3a 1'=30 sreT paboTsr Teseckomna. Toraa, ecim BBecTn MHAEKC 3P DEKTUBHON N3BECTHOCTH
(13M), mmeem CR/(AR+T)?/T = 46000/(9000+30)2 /30 = 1.9e-5 na komer; 2011 r.

3Paborsl 110 panueivu WMAP umeror okoio 3000 cebuiok B aberpaxrax ADS u 105000 cCbLIOK HA 911 CCBLIKM
3a 10 jrer, I9V=1.2e-3 na xomerr 2011 1.
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Puc. 22: Paguounrepdepomerp VLA. Cupasa: 06wiumit Buj Ha VLA, CiieBa: or1e/1bHbIE aHTEHHbI.

Pucynok Bocmpoussejien ¢ caiita http://www.vla.nrao.edu.

Odummansrag ncropuss VLA maganack B aBrycre 19721, ¢ omobpenus nmpoekta VLA Kon-
rpeccom CIIA. CrpourensctBo craproBajo B mrare Hpio-Mexuko monroga coycra. Ilepsas
aHTeHHa ObLIa ycraHoBjeHA B ceHTsOpe 19751., a OTKpbITHE MHCTPyMEHTa, OOOIIEIIIErocs B
$78.5 muth., cocrosmocs B 1980 . UnTepdepomerp ckoudurypuposan B Buje 6ykser Y (Puc. 22),
9T0 1M03BoOJIsIeT 3PDHEKTUBHO 3anoaHdTh UV —II0CKOCTh, UCIO/b3ysi Bpalienue 3emjiu. jinHa
MakcuMaJjbHOi 6a3el 36 kM. Ilpesenbruoe pasperienne Tejeckorna (.05 cex Jayru Ha JJIMHE BOJTHBI
7uvMm. VLA paboraer B 4eTbipex OCHOBHBIX KOH(MUIYpALMAX, 0003HAUIAEMBIX aHMTUACKUMEU Oy K-
Bamu or A (7y1s1 camoro 60JIbIIOro pa3Hoca aHTeHH) 10 D (camast KoMmakTHas KOH(DUTYpaIus,
npu KOTOPOH aHTeHHbI COOpanbl BHyTpu quaMerpa 600 M), a Takzke B mpomexKyTounbix. Habiio-
nenns mpoxoaar ua dactorax ot 74 MI'm mo 50 I'T'i (ot 4 M 10 7Mum). UaTepdepomerp spisercs
MHOT'OLICJIEBBIM MHCTPYMEHTOM, 3aHUMAIOINUMCA MCCJACJOBAHUAMU PAJUOTIAJIAKTUK, KBa3apOB,
[yJ/IbCAPOB, OCTATKAMHU CBEPXHOBBIX, TAMMa-BCILJIECKAMU, paJjuro3Be3gamu, Co/lHIeM U ILj1aHeTa-
MU, Ma3epaMu, YepHBIMU JIIPAME, MOJIEKYIIPHBIMEU 0OJIaKaAMU.

Ha VLA 06bumn npoBejieHbl 3HAMEHUTHIE 0030PbI HEDA, BHECIIINE 3HAUYUTE/IbHBIN BKJIQJ B Ha-
omomarenpiyio kocmosoruio: NVSS (New VLA Sky Survey) [37] mw FIRST (Faint Images of
Radio Sky at Twenty cm) [38].

O630p NVSS 6b11 mpoBesien ¢ 6osbiioit anrennoii pemierkoit (VLA) ma gacrore 1.4 B
nepuog, ¢ 1993 110 1996 r. u nokpsein Bece Ceseproe nebo Bointe ckiaonenus: 6 = —40° (338840°um
82% mnebecroit cepsi). Karasor conepsxur 1.8 x 108 HCTOUHIKOB, 1, COTTACHO OMUCAHMIO, BT
ercsa nosHbIM Ha, 99% 110 MHTErpaibHbIX MJIOTHOCTEH TOTOKOB S1 4y = 3.5 MSH, u nosHbIM HA
50% no mnorHOCTeEl morokoB 2.5 M. O630p mpoBoauscs B D—KoH(bUrypanuu paJIuoTeecKo-
na VLA, u pasMep 10 10JIOBUHHOM MOIIHOCTA CUHTE3UPOBAHHOMN JiMalrPaMMbl HALPABJIEHHOCTH,
OTIPeeIAIONIell pa3pelIerne, COCTABIUI OKOJIO 49 CeK TyTH.

00630p FIRST rakxke nposojuics Ha Teeckone VLA wa gacrore 1.4 ', Ho B B-koHduryparmm.
On nmokpseiBaer Cesepryio u gactuano HOxkuyo lasakTndeckne mankd u UMeeT pa3perieHne
mopsiJika 5 yrjoBbeIX cekynji. CoriacHO aBTopaM, MOJIHOTa 0030pa Ha yposHe 2.5 M%AH cocras-
aster 95%, a na yposue 1mddn — 80%. Karanor copepxkur 771076 MCTOYHUKOB M MOKPBIBAET
85650° (7954 ma ceseproM mosoce u 661 ma fo:kHOM), 4TO cocraBiager 21% HebecHoit cdepor.

Cpeir OCHOBHBIX KOCMOJIOTMYECKUX 3a/1a4, PEIIEHHBIX B PE3YJIbTaTe 3TUX 0030POB, a TaKKe
Ipyrux mpoekToB Ha VLA, ormernm:

e noctpoenne craructuku log N —log S Ha pa3HBIX YACTOTAX BILIOTH 0 IIOTHOCTEH TTOTOKOB
500 udn;

e o0Hapy KeHUe KJIACTepU3aluy UCTOYHUKOB;
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e 0O0HAapy KeHUe JUIOJILHON KOMIIOHEHTBI B PACIPe/Ie/IEHUN aMILIUTY/l UCTOYHUKOB,;

e kaprorpadupoBanne uctTounukos CeBepHOro Heba U UCC/EIOBAHNE CTPYKTYDPhl 0OHEKTOB
B HOIIYJIAIUAX Ha PA3JIMIHBIX KPACHBIX CMEIICHUAX]

® IIPOBejieHre KOCMOJIOIMYECKOr0 TecTa ‘CTaHgapTHasd JUHENKa M0 JIAHHBIM O CTPYKTYpe U
pasMepax paJMOMCTOYHUKOB M OMPEeIEHINe KOCMOJOTHIECKUX TapaMeTPOB;

® IIOMCK U UCCIeN0BAHUE I'PABUTAIMOHHBIX JIMH3 U OLPEJAEICHIEe KOCMOJIOINYeCKAX IIapaMeT-
boB;

® [IOMCK U MCCJIEJIOBAHUE JAJEKNX AKTUBHBIX MAJIAKTUYECKUX dJI€D; UCCJIEJ0BAHUE IBOJIIOIU-
OHHBIX CBOUCTB BceseHHO# B pa3sjmdIHbIe KOCMOJOTHIECKHE SIIOXM;

® 13y4YCeHUE I'aMMa-BCIIJICCKOB.

[Ipoekr VLA passuBaercs B npoexr pacmmupennoro VLA (EVLA — Expanded Very Large
Array), 4To BK/IIOUaeT ysydiienue dyBcrBuTenbHOCTH OT 5 10 20 pa3 mo 1 pfln ma gacrorax
or 2 mo 40I'Tm. Yrmosoe paszperenne no 200/v B Muincek ayru, rjae v — gacrora B I'I'm.
Bosmoxknuo pobasienue 8 anrenn ¢ paznocom 10 300 KM npu Hasmaun PUHAHCUPOBAHUS.

Kpowme roro, VLA moxer paborars Bmecte ¢ VLBA (Very Long Baseline Array), Kyma Bxogut
eule 10 anrenH, pasnecennbix Ha 8.6 Thic. KM or [aBaes 10 Buprunckux ocrposos. Takxke VLA
MOZKeT y4JaCTBOBATb U B coBMecTHBIX mpoekrax ¢ VLBI (Very Long Baseline Interferometer).
CBEePXBBICOKOE pa3PEIIeHUE [TO3BOJISIET MOJIYUYNTh WH(MOPMAIUIO Jijisd [POBEJIEHUS TeCTa “CTaH-
JlapTHad JIMHEWKa  C WCIOb30BAHUEM pa3Mepa aKKpPEIUOHHOIO JIUCKA Y CBEPXMACCUBHBIX dep-
HBIX AbIPD U3BECTHBIX MaCC.

4.6 Paawmoreneckon B Apecubo

Pajuoreneckon obcepsaropun Apecubo HaupmoHaibHOrO LEHTPA ACTPOHOMUM U UCC/IEI0BAHUS
nonocdepnor (NAIC — the National Astronomy and Ionosphere Center), pacnosioxennbiii Heja-
Jeko oT ropoga Apecubo B [lyspro Puko, apigerca KpymHEHIIIM B MUpPe TeTbHO-36PKATHHBIM
resieckoniom. Jluamerp 3epkasia, umeroniero chepuueckyio dbopmy, — 305 m (Puc. 23). Teneckon
COOPYZKeH B IIPOBaJie KAPCTOBOU MOPOALI W COCTOUT U3 38778 aTlOMIHMEBBIX IaHEIel pa3MepoM
(1x2 M), noj/iepKUBaEMbIX CTAJIBbHON CETKOI.

[Ipuemuuk pacmosiozken na 900-tonnoit mirardopme, mojBemneHHol Ha BbicoTe 150 M B BO3-
JlyXe HaJl 3epKaJiOM C MOMOIIBI0 18-Tv TPOCOB, JBUTAIOMMXCS OT TPeX (PUKCUPOBAHHBIX OIOP,
ojiHa m3 KOTOpbIX BbicoToit 110 M, a fBe npyrux 80 M. ¥ mirardopMbl 93-MeTpoBOe a3uMyTaIbHOE
[LJIEY0, Ha, KOTOPOM CMOHTHPOBAHbI BTOPUYHbBIN U TPETUIHBIN OTpazkarean. Takas KOHCTPYKIUS
[103BO/IsIeT HAOJIIO/IATh HA TejiecKorre jirobyio obyiacts Heba BHyTpu 40-Ipa/lyCHOrO KOHYCa BU/IU-
MocTH BOKDYT 3eHura (B juanazone ckiaoHennii —1° < § < 38°).

Teneckon umeer npuemnukn wa vacrorax 47, 327, 430 u 800 MI'y, a rakxe 610 (cuar u
He ucnosby3ercs). Vimerorcs JuHelKn crekTpoanaam3aropos, Hampumep, ALFA: or 1.225 mo
1.525T T, a rakxke newiit Ha6op or 1.15 o 10.2TTy (meramun cm. va http://www.naic.edu/-
science/generalinfo_set.htm).

OcHOBHBIE HAlPABJIEHUS UCCIEJIOBAHUI CBSI3aHBI C PAJIUOACTPOHOMUEH, M3yUEHUEM aTMO-
cdepsl (B TOM Umcse ¢ MpUMEHEHWeM JInapa) U PaJapHbIMU H3MEDEHUSIMU CBOWCTB 0ObEKTOB
Costneunoit cucrembl. Kpome Toro, teseckon ydacrsyer B npoekre SETI. Ormerum ormesibHO
paboThl, TABIINE BKJIAJI B KOCMOJIOIHIO:

e orkpbiTue B 1974 1. asoitroro mysnscapa PSR B1913+16 Xancom u Teittopom [39] u moz-
TBEPXK/IEHUE UBJIyYeHUsI STON CHCTEMOI rpaBUTAMOHHBIX BOJIH; pabora ormedena Hobe-
sieBckoii npuemueiit 1993 r. ¢ dpopmyuposkoit “for the discovery of a new type of pulsar, a
discovery that has opened up new possibilities for the study of gravitation” (“3a orkpbiTne
HOBOTO THUIIA, [YJIbCAPOB, JIABIIEe HOBBIE BO3MOXKHOCTH B M3YUICHUN T'DABATAIUN);
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Puc. 23: Paguoreneckon Apecubo. Crnpasa: obmmit sua. CiieBa: MOABMKHBIN 00IydaTeb. Pu-
CYHOK BOCIIPOM3BEJIEH C caiita http://www.naic.edu.

Puc. 24: Anrennnl Becrepbopkckoro pagumounarepdepomerpa. PHCYHOK BOCIpOM3BEIeH ¢ caiiTa
http://www.astron.nl.

® OTKPBITHE [EPBOI0 MuULIHCEKyHAHOTO mmyjibcapa PSR B19374-21; cerka momo0HbIX Iy bca-
POB MO2KET 6I)ITI) UCIIOJIB30BaHa AJId IMONCKa I'PABUTAIIUMOHHDBIX BOJIH;

e crekTpockonug Osimzkuelr Beesennoit, pe3ysibraTbl KOTOPO#, B 9aCTHOCTH, IOMOIAIOT KC-
CJ/1e0BaTb paclpe/ie/leHue TeMHOM Marepuu B laJaKTUKaX 110 KPUBLIM BPalLECHUA.

4.7 BecTepbopKckuii paanoTe IeCKOII

Becrepbopkckuit pajmonnTepdepoMerp coopyKeH okoJio JepeBuu Becrepbopk na cesepe Hu-
pepiaroB. On cocrout u3 14 aHTEHH JUMAMETPOM 25 M, PACIOJIOKEHHBIX 110 JuHUU BOCTOK—
Bamas ¢ MakcumasbHOl 6a30it 27 kM (Puc. 24). leiicTByronuii 9acTOTHBI Trana3oH Hab/Io/1e-
Huit — or 120 My o 8.30Tu. Ha srom Teseckoue nposejen ussecrubiii 06z0p WENSS (The
Westerbork Northern Sky Survey; Rengelink et al., 1997) ma gacrore 325 MI'1; ¢ MuHIMAIBHOI
IJIOTHOCTHIO I0TOKA, 18 M4 H Ha ypoBHe 50. O630p TOMOT COCTABUTH CIUCOK 00BEKTOB C KPYThIMU
paJiMoCIeKTpaMy — KaHIUIATOB B JajieKue pajauorajakTuku. lIpumepom orobpaHHOr0 Takum
00pa3oM 00'bEKTa, SIBJISETCS PAUOTATAKTUKY, — PEKOPACMEH 10 KPACHOMY CMEIEHUIO, UMEFOIIAs
z = 5.19 u cnexkTpaybHbLl HHAEKC o = —1.63 [41].

Jpyruvmu BaxkHbIME KOCMOJiorundeckumu 3ajadamu Ha WSRT craiu ucciegoBanust craru-
CTUKU PaIuoncToIHuKOB log N — log S Ha HEU3KHWX YACTOTAaX W MOWCK MPOTOCKOILIEHUI BOKPYT
JTaJIeKNX PaJInorajakTuK.
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4.8 Teneckon B I'pun Bsnke

Mozxkno ckazarb, uro mapabosous, B I'pun Bauke (Puc.25) auamerpom 90.44m Bomen B wmc-
TOPUIO BHEra/IAKTUYECKOH paJMOaCTPOHOMUM HECKOJbKUMU 0030paMu, CHIIPABIIMMU BayKHYIO
POJIb B UCC/IEIOBAHUM YBOJIIOIUU PAJUOUCTOYHUKOB U UX CTATUCTUKHU, CBA3aHHOU C (pyHKIHEH
ceerumoctu. Hanbosiee u3Becrusniii 0630p Cesepuoro neba na pajuoreseckorne B ['pun Banke

Puc. 25: Cnesa: 90.44 m pajguoreneckon B I'pun Bsuke. Cupasa: Bux 3epkajia mocje mocje 15
HOs106pst 19881, PucyHnok Bocupousse/ien ¢ caiira http://www.gb.nrao.edu.

— 0630p Ha gacrore 4.85'['i [42], B pe3yabrare KOTOPOro MOJIYUEH KATAIOT PAJIUONCTOIHIKOB
GB6 ¢ mioraocThi0 OTOKA >18 MAH, comepxkaruit 75 Thic. 00bekTOB. O030p C JaHHON dyB-
CTBHUTEILHOCTHIO [MOKA3aJ/I, YTO B pacupejesienun Ha cdepe CKydMBaHUE PAJTUOUCTOYHUKOB HE
Ha0JIIOAETCs, YTO TOBOPUT O TOM, 9TO OOJIBIIUHCTBO OOBEKTOB KATAJIOra, SIBJISIOTCS JTAJIEKUME
(¢ z > 0.5). Ilo manHBIM KaTajora OBLIM MOCTPOEHBI M HMCC/IEIOBAHBI (DYHKIUHA CBETUMOCTH W
auarpamumbl “log N — log S”. Tlocsie nposejienust 0030pa m3-3a aKTUBHOTO UCIOJIb30BAHUS TeJie-
CKOIIa €10 COeJUHEHNYA M KOHCTPYKIWA HE BbLAEPXKaJIU WU IIPUBEJ/IA K PA3PYyHICHUIO MHCTPYMEHTA
15 moabps 1988 r. (Puc.25).

[Ipuznas 60/bIIyI0 3BHAYUMOCTD [MOJIy9eHHbIX pe3ysibraros Ha 90.44-m Teseckone, Konrpecc
CHIA oTKpbLT (DUHAHCHPOBAHNE HA, CTPOUTEIHCTBO HOBOTO TEIECKOTA, YBHUIEBIIETO MEPBLIi CBET
B 2000 1. (Puc. 26). Hoswiit resieckon um. Pobepra Bepua (Robert C. Byrd Green Bank Telescope)
umeer pasmep 100 M wa 110 M u npencrasisger ceboit HECUMMETPUYHBIN apaboIndecKuii oTpa-
KaTeslb C aKTUBHON HOBEPXHOCTBIO, MO3BOJIAIOIINNA KOPPEKTUPOBATH UCKAXKEHUA KOHCTPYKIIUU,
BbI3BaHHbIE IPUTIXKEHUEM 3eMJIM, U UMEIONINil TOYHOCTb B CPEJHEKBAJIPATUYHOM OTKJIOHEHWUH
gyarire 76.2 pm. Inanmazon gacror woBoro rejeckona — 0.1-116 I'T'm.

[lepes Tem kak repeiiTu K CHENUAJIU3UPOBAHHBIM PaIUOTETECKOIIAM, U3YJaIOMMM KOCMU-
YeCKUil MUKPOBOJIHOBBIM (DOH, OTMETHM, YTO Mbl HE KOCHYJ/IMCH OMUCAHUS MHOTMX HU3BECTHBIX
PAJIMOACTPOHOMUYECKUX UHCTPYMEHTOB, MOCTPOEeHHbIX B ABCrpasiuu, l'epmanuu u apyrux crpa-
HaX, Ha KOTOPBIX MPOBOAWINCH BHETAJAKTUIECKHNe W KOCMOJIOTHUecKre nccaenoannsd. Ho n mo
OIIMCAHHBIM BBIIIE TEJIECKOIAM MOXKHO IPEJCTABUTH Cebe M KOHCTPYKIUIO, U METO/Ibl MCC/IeI0-
BaHMWIi, I OCHOBHYIO TEMATHUKY TEJIECKOMOB (OCTABIINXCS 33 PAMKAMIE OIUCAHMIL ), OIPEIeIsIeMbIX
MEXaHM3aMU U3/IydeHus HeOeCHbIX O0bEKTOB U METOAAMU €0 PEruCTPAIIUN.

5 Paamoresieckonbl JJid MCCJIEJOBAHUA PEJIUKTOBOIO U3JIyY€HUS

HagaJio smoxu “To4noil KOCMOJIOIUH’ CBS3BIBAETCA C UCC/AE0BAHUEM KOCMUYECKOI'O MUKPOBOJI-
HOBOrO ona. PesukroBseiit poH HECET YHUKAIBHYIO HH(OOPMAIIUIO, TO3BO/ILIONTY 0 BOCCTAHOBUTD
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Puc. 26: 100-m Tenmeckom B ['pmm DBsmre. PucyHoxk BocmpomsBegeH ¢  caiiTta
http://www.gb.nrao.edu.

BC€ OCHOBHBIC KOCMOJIOTHYECKIEC IapaMeTphbl ¢ TOYHOCTBIO, IPAKTUYCCKN HeJOCTUKUMOU B JIPY-
rux skcrepumentax. [lo 910it npuvnHe CrenuaJM3UPOBAHHBIE PAMOTEIECKOIbI U 00JIOMETPhI
MacCOBO Mojiyda/u (pruHaHCUPOBAaHUE B KOHIIE MIPOILION0 U Hadaje 3Toro Beka. CKOJIBKO JKCIIe-
PUMEHTOB I10 UCCJIEIOBAHUIO PEJIMKTOBOIO u3jiyderus yxke nposejaero ! Bosee 100 ! Onucanus u
CCBLJIKY Ha Pe3yJIbTaThl OCHOBHBIX SKCIEPUMEHTOB MOKHO HAUTH IO agpecy http://lambda.gsfc
gov/product/expt. Tak ke, Kak Mbl HOCTYIUIU ¢ OOJIBITMHCTBOM PAMOTENECKOINOB (PacCMOT-
PEB JINIIb €MHUIBI U3 THICATN), MBI MOCTYIHM U CO CIEIUATIN3NPOBAHHBIMU WHCTPYMEHTAMUI
JJI U3YYEeHUs PEeJIMKTOBOIO (hOHA.

5.1 Amnrenna Ilen3smaca u Buiabcona

Ucropust OTKPBITHS PEJUKTOBOTO W3JydeHust apaMatudHa. OTMETHM dYeThbIpe MOMEHTA, CBd-
3aHHble ¢ HabuaogeHusMu (nogpobuee cm. B Jlekuun 3 [2]). (1) Eme B 1941 r. MakKesuiap [43]
obpaTna BHEMAHUE, UTO TMpU HAOII0MaeMOil HACETeHHOCTH BPAINATETHFHOIO YPOBHS MOJIEKYJIbI
nuana (CN) J=1 B mex3Be3nOl cpeje s nepexoja ¢ Hukuero ypoust J=0 (jmHus norio-
mieHnst) Tpebyercst NPUCY TCTBUE U3JIydeHusi ¢ Temreparypoii (ajs caydas uepnoro resa) 2.3 K.
(2) B 1955r. T.A. [llmaonos moz pykosogcteom C.D.Xaiikuna, mposoig B 'AO (Ilynkoso) us-
MepeHus TeMIepaTypbl (DOHOBOIO M3/IydYeHUs HA BOJIHE 3.2 CM, MOJIYyYU/ 3HAYEHUE TEMIIEPATY-
pbl, paBuoe 4 K, He 3aBucsdiinee oT 3eHUTHOTO PACCTOAHUSA 2 BILUIOTH 2 = 30° U MOCTOAHHOI 11O
spemenn [44]. Xorsi TouHOCTH M3MepeHus Oblia HEBeIKMKa, Ta Temieparypa okazasuach Ha 2K
BbIIlIE BO3MOXKHOI 3 dekTuBHON TemiepaTypbl Tpornocdepbl. O0bsiCHEHNE TOMY $BJIEHUIO B
TO Bpems Haiigeno He 6bu10. (3) B 1964 1. AT Topomkesuyu u .JI.HoBukoB B npeanosokenun
MPaBUJILHOCTH Teopuu ropsadeii Beemennoit paccanrasn CIEKTP 37IEKTPOMATHUTOTO W3y IeHUs
C y49€TOM 3BOJIIOIUU TaJIAKTUK, KPAaCHOI'O CMEHICHUA 1 O)KH,HaeMOﬁ TeMIIEpATyPbl PEJIMKTOBOI'O
doHa 1 MoOKa3aM HATIINe HADIIOATeIbHOTO OKHA B CITEKTPE, T/e TeMIIEPATypa IepHOTETLHOTO
MHUKPOBOJIHOBOI'O (POHA, BBIIIE MEIIAIONINX KOMIIOHEHT, a TAKXKe YKa3aJid TUIl PYIOPHON aHTeH-
HbI, Ha KOTOPOil MOxkHO ero Habuoparb. Crarbsa B Jokmagax AH CCCP [45] B ror moment
ocrasnach HezaMmedenHoii. (4) HezaBucumo B sTOM 2Ke roxy amepmkanckue uccienosaresnu “Bas
Jlabc” Apuo Ilesuac (Arno Penzias) u PoGepr Busibcon (Robert Wilson) uzyuanu paauoor-
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Puc. 27: Pobepr Bunbcon (cieBa) u Apuo Ilesunac (cupasa) ma dbone pynoproit antenubl. Pucy-
HOK BOCHIpOm3BejeH ¢ caiira http://bell-labs.com.

KJIMK OT a9pPOCTATOB C MOMOUIBIO CBEPXUyBCTBUTEIbHON 6-M pynopnoit anrennsr (Holmdell horn
antenna; Puc.27) ¢ oxmaxmaembiv xkugkum requeM (4°K) mpuemunkoMm. Pymopras anTenHa
(Puc. 27) umena aymny 15 M u anoMmuamneByio 6-merpoByio aneprypy. Aurenna Oblia cHabxKeHa
10-M BpaIaTebHBIM KOJIECOM /[IjIsi yCTAHOBKM BBICOTHI Hab/10/1eHus. B nab/oarebHoit Kabuwe
ObL/I YCTAHOBJIEH IPUEMHUK, CO3/IaHHbIi 1m0 cxeme Jluke, misa wabsronenuit va gacrore 4.08 I'['m.

Bopsich ¢ mrymamu, ucciemoBaresin 00HAPYKUIN HEOObICHUMOE IIPEBBIIIEHUE MIyMOro ¢o-
Ha, paBHOe 3.5 K, 0 weM oHHU nojoxkuam, B YacTHOCTH, B MaccadycerckoMm Texromormaeckom
uncruryre Ha cemunape y bepuapga Bepka (Bernard Burke). Panee na srom ke cemunape 6ot
cienan okaj rpynnoii Pobepra duke m [lxaiimca [lubjica o BO3MOXKHOI TeMIlepaType MUK-
POBOIHOBOTO (POHOBOIO u3jydeHusi. Bjaaromaps 3ToMy CeMUHAPCKOMY IiepecedeHuio, bepuap
Bepk mozmakoMus JOKJIATIMKOB U TaKUM 00pa30M y/Iaj0Ch WHTEPIPETUPOBATH IPEBLIIIEHUE
[IyMOBOI'O (POHA KaK OCTATOYHOIO M3JIy9U€HUsi C MOMEHTA pekoMOuHaluu B Teopuu ropsigeir Bee-
smernoit. CoorBeTcTBytomue paboThl BRINLIN B omHoMm HOMepe Astrophysical Journal mgpyr za
apyrom [46, 47].

B 1978 asropam orkpeitusg A.llemsnacy u P.Bunscony 6b1ma mpucyxaena Hobemesckas mpe-
mus (TOUHee ee MOJIOBUHA, a mepBad nojouaa — [lerpy Kammie 3a oTkpbiTHs B 06/1aCTH HU3KO-
remneparypuoit huszuku) ¢ popmynuposkoit “for their discovery of cosmic microwave background
radiation” (“3a OTKpBITHE MUKPOBOJHOBOTO PEIUMKTOBOTO U3/IydeHns’).
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Puc. 28: Cnyrauk COBE ¢ ycranoBnennbiMu Ha Hem mpubopamu. PucyHOK BOCIpom3BeseH €
caiita http://lamda.gsfc.nasa.gov.

5.2 COBE

He ocranasnuBasicb Ha Teopuu (pOpMUPOBAHUS KPYyHHOMACIITAOHON CTPYKTYpPbhl U BO3HHKAIO-
IIIUX HEOHOPO/IHOCTEl, & TAKyKe COOTBETCTBYIOIIMX HAOJII0/IaTeTbHBIX P (MEKTOB, OTMETUM, YTO
B 1978 1. B rpy1uie SesboBuda [48] Oblin paccunTanbl BO3MOKHbIE Habrogaemble 3bdexTb, “or-
nevaTaHHble” Kak (UIYKTyalun B pacupesenennn penukToBoro mamryderns (Cosmic Microwave
Background — CMB).

CreruasbHO [T TOWCKA, 3THX (DAyKTyanunit Oblaa 3amyrnena kocMumdeckaa muccua NASA
(¢ opburoit 900 km) — Uccnenosarens kocmuueckoro dona (Cosmic Backgound Explorer —
COBE) ¢ quddepenruaabHbM MEKPOBOTHOBBIM PaJIXOMETPOM C BBICOKOI TouHOCTBIO (AT /T ~
1075). TIpoBeenublit SKCIEpUMERT HOATBep M cylectsosanne anusorponun CMB [49], kapry
AHMU3O0TPOIINU Ha OJIHON HebecHOi cdepe.

Ha COBE (Puc.28) 6buin ycranossenbl Tpu npubopa: auddepennuaibablii MUKPOBOIHO-
Boit pagunomerp (Differential Microwave Radiometer — DMR) mia moucka dbaykryanuit CMB,
pykoBomuTens — JIzkopxk Cmyr (George Smoot); cmekTpodoromep B JajgekoM HHDPaKpPAc-
nom jmanasone (Far-IR Absolute Spectrophometer — FIRAS) ayst uccnepoBanus Ilnankos-
ckoro (uepuorenbuoro) cuekrpa CMB B mmamasone 0.1—10wmM, pykoBogurens — lxon Ma-
rep (John Mather); 6oomerp s uccnenosanus auddysnoro nndpaxpacuoro dona (Diffuse
IR Background Experiment — DIRBE) — s u3yuenus usaydenus mbLiu B guamna3ane 1.25—
240um, pyxosoguress Maiik Xayszep (Mike Hauser). Tsist nocrpoenns kaprsl anuzorponuun CMB
HCIOIB30BAINCh PAANOMETPHI Ha Tpex dacToTax 31.5, 53 m 90 ['I'm, mo3BoImBIIIe TPOBECTH Pa3-
HACJIEHNE KOMIIOHECHT CUI'HaAJla W HAWJIYYIIUM Ha TOT MOMEHT O6pa,30M BbIJICJINTH CUT'HAJI PEJINK-
TOBOrO (DOHA.

3a cepbesHbIe KOCMOJIOIMYECKUE PE3Y/IbTAThI: ONPEIEIeHNe YePHOTEIbHOCTU CIEKTPA U3JIy-
gennss CMB u mocrpoenne kapTsl anu3orponun peankrosoro ¢doua (Puc.29) B 2006 1. Ixon
Marep u lxkopxk CmyT 6b11u Harpaxpensl HobesieBckoit npemueii o husuke ¢ (hopMyIupOBKOii
“for their discovery of the blackbody form and anisotropy of the cosmic microwave background
radiation” (3a UX OTKpPBITHE YEPHOTENBHON CTPYKTYDPBI SHEPreTUIECKOrO CIEKTPA U aHU30TPO-
nyu KOCMUYIECKOI'0O MUKPOBOJIHOBOT'O CI)OHOBOFO I/I3J'IyquI/IH).
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Puc. 29: CueBa: xapra duaykryanuit CMB no mganaeim COBE DMR. Yepnore/ibHbiii
cuektp maaydenns CMB mo gammeiv COBE FIRAS. Pucymkum BocmpomssemeHbl ¢ caiita
http://lamda.gsfc.nasa.gov.

5.3 DASI

Wnrepdepomerp ma rpajgycHbix yriaoBeix macmitabax (Degree Angular Scale Interferometer —
DASI) npeacrasasier co6oit 13-ru—smementusiit unrepdepomerp (Puc. 30), cosnanubiii s anu-
3orporuu Temieparypsl u nojagpusaiuu CMB B 6osibiiom juama3oHe yrjIoBbIX MacIITaboB € BbI-
COKOI 4yBCTBUTE/IbHOCTHIO U YCTAHOBJIEHBI YUKAICKUM YHUBEPCUTETOM Ha, CTaHIMU AMy/1ceHA—
Cxkorra wa FOxuowm Iosroce. B unCcTpy™MenTe ucosib30BaHbl oxJiaxkgaembie yeuaurein HEMP,
paboTarorue B YacTOTHOM auamnal3one 26—36 ['I'm.

Puc. 30: Komanja uccienoparesieii mpoekrta #Ha dpone narepdepomerpa DASI. Pucynok Bocupo-
u3BeJeH c caiita http://astro.uchicago.edu/dasi/.

Kpome nogrsepxenus u usmepenusi dbuykrynanuii CMB Ha BbiCOKMX rapmonukax (Mysib-
tunosin ¢ > 500), DASI nokazan cymecrBoBarme E-monbr nmosmspusanun CMB [50], u u3mepmn
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Puc. 31: onspusanuonnsiit kpocc-cexkrp (T-E) no manasim DASI. Pucynok Bocnpoussesen ¢
caiita http://astro.uchicago.edu/dasi/.

noJisipu3alonHblii Kpocce-crektp (Puc. 31).

5.4 CBI

WucTpyMmenT Jjist mocTpoenus m3obpazkennit kocmuaeckoro ¢dpona (Cosmic Background Imager —
CBI) 13-ru-—snementoiit uarepdepomerp (kax u DASI) ¢ napabosmueckumu aHTeHHAME JIMAMET-
pom 0.9 M Ha 6-Merposoit wrardopwme (Puc. 32) 6b11 ycTaHOB/ICH MKy HAPOTHO KOLITabOpAIi-
eii yuusepcureros (00beauusitomei Kanudopnuiicknit rexnonornueckuit uncruryr, Kanajackuit
HHCTUTYT TeopeTudeckoii actpodusnkn, yausepcurer Yukaro, HPAO, unct. pagumoacTpornomum
Maxkca ITnanka, Oxcdopackuit 1 Manvecrepekuii yausepceurersl, ynusepcurer duin) Ha BbICO-
te 5080 M B obceparopun Haxunanrop (Chajnantor Observatory) Bozne Can Ileapo qe Arakama
B Ynmmiickux Aunpax. Uarepdepomerp nauan nabmogenus B 19991 u paboran g0 2008r. (¢
VIIyIIIeHHBIMT XapakTepuctukaMu ¢ 2006 1., B TOM Tnc/Ie yBeIMIeHHBIM JUAMETPOM aHTEHH 10
1.4 m). Monoca wacror — 26-36 I'Tu. U3mepsin tpu Mmoabr nossipuzanuu 1, Q, U.

icn),

Puc. 32: Urepdepomerp CBL Pucynok BOCIIPOU3BE/IEH c cafita
http://www.astro.caltech.edu/~tjp/CBI.

Bagada CBI — mabroenus Heckonbkux ydactkos Heba (Puc. 33) B MukpoBosiHoBOM rama-
30HE /I TOCTPOEHHsI YIVIOBOIO CIIEKTPA MOIMHOCTH Ha, Macmrabax oT b MuH myru g0 1° (gua-
nason mysbrunoseii 300 < ¢ < 3000). CBI najexuo onpejgesnn BTOPoOii, Tperuil u derBeprhbiit
nukn cruekrpa mommocrn (Puc. 34) [51].
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Puc. 33: 3ombr wnabsogenus wurepdepomerpa CBl. Pucynok Bocmpouwssenen c caiira
http://www.astro.caltech.edu/~tjp/CBI.
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Puc. 34: Koppensrnuon#bsie CreKTpbl MOIMHOCTH anu3oTponuu temmeparypsl 1T (ciesa) u E-
MOzbl nosigpusanuu ¢ remneparypoit TE (cupasa) no gaunbiv urepdepomerpa CBI. Pucynkn
BOCIIPOU3BE/IEHBI C calita http://www.astro.caltech.edu/~tjp/CBI.

5.5 BOOMERanG

Cpenu aspocrarabix srcnepumerToB, Takux Kak BOOMERanG, MAXIMA, Archeops u ap.,
nepsoiit — BOOMERanG (Baloon Observations Of Millimetric Extragalactic Radiation ANd
Geophysics — aspocraTHble HAOIIOAEHNS MUIIAMETPOBOTO BHETATAKTUYIECKOTO W3IYICHUSA W
J71s1 TeohU3MKN), ¢ HAIlel TOUKHU 3peHust, ABsgercsa nanbojee 3(ppeKTUBHBIM IpH yUIeTe Mela-
owmx GoHoBbix KoMmionenrt. Habuogenns BOOMERanG uposojuiuch Ha BbicoTe 37 KM Hag,
AwnrapkTuioit okoso 12 nueit (¢ gexabps 1998 mo suBaps 19991r.) u B 2003 r. Ilosrer aspocrara
(Puc. 35) noaiepzkuBaics crabuibHbIM HOJISIPHBIM BuxpeBbiM BeTpom BOoKpyr FOzxuoro ITosoca,
JleficTBHE KOTOPOI'O U JaJI0 Ha3BaHue dKcriepuMenTy. [Ipu Hab/roieHnax uCrnoab30BaIuch 1.2-m
3epKaJjo u 16-pynopoB NpueMHUKOB Ha, (POKAJIBHON IIJIOCKOCTH /I PETUCTPAIIUN B TPEX YaCTOT-
Hbix nosiocax: 145, 245 n 345 Ty [52]. IIpu nonere 2003 r. B8 BOOMERanG 6b11 ycranossien
npororun nojsgpusaimonnoro npuemuuka Planck HFI na gactore 143 I'T'm.

Cpeiir OCHOBHBIX PE3YJIBTATOB YKCIIEPUMEHTA — IIOJTBEPKICHUE CYIIECTBOBAHUST TEMHO
SHEPIuM W ILJIOCKOIl reomerpun Bceesennoii, mocrpoenne kapTol (Puc. 36), a Takke n3Mepemme
nosspuzanun CMB (E-moza) 10 ganabiv no1spusaosHbix Hab/II0IEH!TT BTOPOro 3aI1yCKa.
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Puc. 35: Aspocrar u resieckon skcriepumentra BOOMERanG. Pucynok BocnpousBesen ¢ caiira
http://www.astro.caltech.edu/~1lgg/boomerang/boomerang_front.htm.

Puc. 36: Kapra CMB no gannbiv sxcnepumenta BOOMERanG. Pucynok Bocrpou3ssesien c
caifta http://wuw.astro.caltech.edu/~1lgg/boomerang/boomerang_front.htm.

6 WMAP

Bamyck kocmumdeckuMm areHctBoM NASA mumccun WMAP (Wilkinson Microwave Anisotropy
Probe — 30n uM. YUJIKMHCOHA /I UCC/IEA0BAHUsT MUKDPOBOJHOBOM aHU30TPOINK), aHAIU3 €e
JIAHHBIX W PE3Y/IbTATOB, & TaKXKe IIPEOCTAB/IEHUE apXuBa B OOIee I0/Ib30BAHME II03BOJIUIN
[ePEBECTH SKCIIEPUMEHTAIbHbIE (M TEOPETHIECKNEe) KOCMOJOIHMIECKIe UCCIeI0BaHUs B 00/1ACTh
JIEICTBATEIHLHO TOYHBIX HAYK. XOTs aHAMN3Y TaHHBIX 1 pesyabratam WMAP OymyT nmocssimennt
JIBe JIEKITUHU, B JAHHOM 0030pe MbI HE MOXKEM OODOUTH BHUMAHUEM STOT KCIEPUMEHT.

Muccuss WMAP (Puc. 37) paspaborana jijist Olpe/e/IeHus FeOMETPUM, COCTABA U 9BOJTIOIUOH-
HbIX cBolicTB Beejiennoii myrem kaprorpadupoBanus ¢ pa3pemieHueM 13 yrjioBbIX MUHYT KOCMU-
4EeCKOro MUKPOBOJIHOBOrO (hoHOBOrO masyvenusi. Opbura cnyrauka (oOpalieHne BOKPYr TOYKA
Jlarpamxka L2 B cucreme Cosane-3emisi), crparerust HaOIIOACHUN W IU3aiiH 30H1a BHIOPAHBI
TakK, ‘-IT06I)I MMOJIy49UThb HeKOppeJ’II/IPOBaHHLII./JI IIMKCeJIbHbI nIymM, MUHUMAJIbHBIE CUCTEMATUYICCKUE
omubKu, akKKypaTHyo Kaamoposky. Habmomenuna B muccum WMAP nmposomumucs ¢ 2001 mo
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Puc. 37: 3oug, WMAP. Pucynok Bocupoussejien ¢ caitra http://lambda.gsfc.nasa.gov.
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Puc. 38: CneBa: xapra CMB mo mamaeim WMAP 7-ro roma. CmpaBa: yryioBoit CHexTp
vomoctn  CMB o ganabim WMAP  7-ro roga. Pucyskum BocumpousBeinsbl ¢ caiira
http://lambda.gsfc.nasa.gov.

2010 rr. B ngrn wacrornsix nosocax: 23 (K), 33 (Ka), 41 (Q), 61 (V), u 94Ty (W), upuuem B
nosiocax K u Ka wucnosipzoBasuce 2 pajguomerpa, Q u V. —4, W — 8. /lannble mpejcTaB/ieHbl u
OTKPBITHI Jijisi coobirecTna 3a 1-biit, 3-uit, H-biit u 7-0ii rr. Habsiomennit. 1o pesyabraram anaimsa
JAHHBIX IOJrOTOBJIeHa Kapra aHm3orponuu ¢ paspemenneMm ¢ < 100 (Puc. 38), mocrpoen yriio-
Boit crekrp momHocTu CMB ¢ 1 < ¢ < 600 it aHUBOTPONUK TEMIIEPATYPhI U OJIAPU3ALIH.
HeszaBucumo ompesiesieHbl Bce OCHOBHBIE KOCMOJIOTHYECKHE IMapaMeTPhl C BBICOKON TOTHOCTBIO,
HEJ0CTUZKUMOI B JIpYIuX 9Kcrepumenrax [53].

7 Muccuga Planck

Muccusg Planck Espomneiickoro Kocmuaeckoro Arencrsa npu yaactu NASA (aepes JPL), crap-
roBaBmias 14-ro maz 2009, npeana3HadeHa /[jisi UCCJIEIOBAHUSI AHU30TPOIIUU TEMIIEPATYPbI U
nosspu3arun CMB B mmpokom nmamasone qmH BoH (0T MM 10 gasiekoro UK numamazomna)
C O4Y€Hb BbBICOKMMU TOYHOCTBIO W YYyBCTBUTE/IbHOCTBIO. HepBOHa‘IaJ’[bHO MHUcCCcud Ha3bIBaJlaCb
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Puc. 39: 3oux Planck. Pucynok Bocupoussejen ¢ caiita http://www.rssd.esa.int/Planck/.

COBRAS/SAMBA u nocse ynyumienus npoekta B 1996 r. 6b11a nepenmvenosa B Planck B gects
memenkoro dusuka Makca [Lnanka. W3mepenus npoBomgarca u3 Touku Jlarpamxka L2, Takxe
kak u B muccun WMAP. 3amranupopanHast IpoI0/2KUTEIEHOCTE MUCCHE 2 TOIA 7 MECAIEB U
12 pueit. KoHCTpYKIMS COAEPKUT /1B BHEOCEBBIX MAPA00/IMYECKUX 3ePKaJjid: IEPBUIHOE UMEET
pasmep 1.9 X 1.5m u Bropuunoe — 1.1 X 1.0 m. Ha 3onze (Puc. 39) paboraior jgsa nncrpymenra:
an3kogacToTHbIl (Low Frequency Instrument — LFI) ¢ mostocamu ma 30, 44, 70 I''ir u BeIcOKOTA-
crorubiii (High Frequency Instrument — HFI) ¢ nosocamu wa 100, 143, 217, 353, 545, 857 'T'w.
LFI ucnonb3yer TpaH3UuTOPBI C BLICOKOI dj1eKTpoHHON MobusibHOCTHIO. HFI ncnonb3yer 48 6o0-
JIOMETPUIECKUX AETEKTOPOB, co3manabix B JPL-Kanrexe, mis perucrparmun dorornos. Planck
nmeer npemmyiectBa mepes WMAP mo psamy mapamerpos:

e GoJiee BBICOKOE paspemienue (B 3 pa3a), 4To M03BOJIUT U3MEPUTD YIJIOBOH CHEKTD MOIIHOCTH
110 6obmux £,

e (oJiee BBICOKas 1yBCTBUTEILHOCTH (B 10 pas),
[ ] 9 JaCTOTHBIX ITI0JIOC, KOTOPbIE ITO3BOJIAT Y/JyHHIUTH MOJ/E/Ib (bOHOBI)IX KOMIIOHEHT.

[IpescraBienne KOCMOJIOrMYECKUX PE3YJIbTATOB Muccum mpesnosaraercd B koume 20121, a
OTKPBITHE apXUBa HAOJIIOEHMIT /I aCTPOMUYecKOoro coobinecra — B guBape 2013 r. Cpenu Ha-
YUHBIX 1I€/1€fl — M3MepeHue MOJHOM MHTEeHCMBHOCTH U HoJsipu3anuu (B TOM umcsie u B-Mojp,
OIpEIeITeMOil TeH30PHBIMUA BO3MYIIEHUSIMA IJIOTHOCTH), MOJIYYeHNe KAaTaJora CKOIUICHHil ra-
JIAKTHUK C IIOMOIIBIO JaHHbIX 00 3ddekre 3eiibosuda-Cronsiesa, HAOIIOAEHUE MPABUTALUOHHOIO
suasupopanng CMB, a Tak:ke Hab/IIOMEHNS IPKAX TAJaKTUIECKUX dA/ep, MEK3BE3THOI Cpebl,
MarHuTHOro 1ojs lasmakruku u obbekros Cosneunoit cucrembt [54]. Oxupaercs, uro Planck
VIIYYIIAT TOYHOCTH OIIPEIETIeHNsT KOCMOJOIMIECKUX [apaMeTpPOB, MOKAXKeT OCODEHHOCTH HOHU-
3aruonuoit ucropuu Beenennoit, mact nadopmaruio o quHaMuke nHAGISIUOHHON 10X U PyH-
TaMeHTaJbHON (bu3nke 10 HHQJIAINN.
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8 HoBble paauoTeecKonbl

Radio Telescope Sensitivity History
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Puc. 40: Pocr gyBCcrBUTE/IBHOCTH PAJAMOTEIECKOIIOB C rOfaMu. PUCYHOK BOCIPOU3BEEH U3 Pa-
6orer |55] ¢ mobasaennoit Toukoir mag PATAH-600. Ha pucynke mokasaHna 9yBCTBUTETBHOCTH
PAJIMOTE/IECKOTIOB, OIIPE/Ie/IsieMasd 110 CAA0EHIIINM PAJIMOUCTOYHUKAM, KOTOPbIe HAO/II0Ial0TCd Ha
TEJIECKOTIAX.

Hecmorpst va 1o, uro obmas kapruna Mupa (ACDM undisinponnas KOCMOJIOrMIecKas Mo-
JIeJIb) CefiIac BBINVISIUT HAJEKHO YCTAHOBJIEHHOM, OCTAIOTCs “merann’, KOTOpble TpeOyIoT mpo-
BeJIeHUs [IOTIOJTHUTEIbHBIX WCCAEJ0BAHUN U, B IPHUHIUIE, MOTYT Kap/JIWHAIHLHO U3MEHUTH Ha-
U TIPEJICTaB/ICHUs], KAK 9TO Y2Ke He pa3 CJydaysochk. [1031oMy pasBuThie CTPAaHBI MPOIO/IKAIOT
duHAHCUPOBAHNE KPYIIHBIX JKCIEPUMEHTAIbHBIX IPOEKTOB (PYHIAMEHTAIbHON HAyKH, KOTOPBIE
mar 3a maroM npubJ/imKaioT MOCTPOeHne €InHON (DU3UIECKON TEOPUu.

Kak nmoka3biBaer ucTopus, CTpOUTEILCTBO HOBBIX PA/IMOTEIECKOIIOB sIBJIAETC OJHUM U3 HAHU-
60J'Iee HNEePCIHEeKTUBHBIX BJIO?KEHUI C TOUYKU 3peHud IoTeHI a1 OTKprTI/If/'I. B 9TOM IIJIaHE MOZKHO
OIIEHUTH TEPCIEKTUBBI TEJIECKOIA JIjisi HAYKW 10 ero mapaMerpaM, eC/Id HCIO/Ib30BATh aHAJIor
sakona Mypa (Moore’s law), npumensiemoro st KOMIbIOTEPOB, K pajuoreseckonam. [1o 3axo-
Hy Mypa 971eKTpOHUKA CO BpEMEHEM CTaHOBUTCH JIEIIEB/IE, UYTO MO3BOJIET CTPOUTH TE/TECKOIIbI
Gosbiero paszmepa (a, 3mauut, u Jaydqmei ayscrBuresnbnoctu). Ha Puc. 40 nokazan pocr uys-
CTBUTEILHOCTH PAJUOTEIECKOIIOB € rojamMu. BujiHO, 9TO TOYKM XOPOIIO JIOXKATCH HA KPUBYIO,
KOTOPYIO MOYXKHO PACCMATPUBATL KaK ‘TJIABHYIO IIOCJIEI0BATEIBLHOCTL sl PAJIMOTEIECKOIIOB.
I/I npu CTpOUTE/IbCTBE HOBbIX MHCTPYMEHTOB, €CJ/JIM Ha HUX IIPEAIIoJIaraeTCd COBEPIIATH HOBbLIC
OTKPBITHUS, 3Ty 3aBUCUMOCTH HEOOXOJMMO yUUTHIBATH €Ille TP IPOEKTUPOBAHUN.

Huzxe ormerum geTbipe paJinoTe/iecKorna, K KOTOPbIM ceifuac IPUKOBAHO ODIECTBEHHOE BHU-
MaHwue.

8.1 ALMA

ALMA (the Atacama Large Millimeter/submillimeter Array — Arakamckast 60/Iblas MUJLIH-
MeTpOBasi/CyOMIIIIMETPOBAsl PEIIeTKA) sBISETCS OJHUM U3 KPYMHEHIINX HA3eMHBIX aCTPOHO-
MUYECKUX IIPOEKTOB HACTYIMBIIErO JIECATUIETUsS] ¥ OYIeT OCHOBHBIM MHCTPYMEHTOM IIPU Ha-
6sroennsax B MM /cyb-mMm quamazone (Puc.41). Unarepdepomerp pacmosaraercs Ha maaTo dax-
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Puc. 41: ALMA. Cuesa: anrernast ALMA. Cupasa: komnakTHast koadurypaiius ALMA. Pucyn-
KU BOCIIPOM3BeJNIeHBI ¢ cajiTa http://www.almaobservatory.org.

manTop Ha BbicoTe 5000 M. IIpoexkT momnepkuBaercss KpymHERNINMUA HalMOHAJIbHAMU 0OCepBa-
ropusimu: ESO, NRAO, NOAJ, Kanaubr u TaiiBausi. Ilo 3aBepuienun crpourenbcrsa ALMA
Oy/eT mpejcTaB/iATh U3 Cebsi TUIAaHTCKYI0 aHTEHHYIO PEIIeTKY, 00beIuHSIONYI0 IdThaecaT 12-
METPOBBIX 3epKaJi, KOTOpble MOryT ObITh CKOH(MpUIypUpOBaHbI B Tejaeckorn ¢ 6a3oit 16 km. B
kommakTHOM Buze (Puc.41) uarepdepomerp 7-MeTpoBBIX U 12-METPOBBIX AHTEHH IIOMEIAET-
cg BHYyTpHU Kpyra jguamerpom 250 m. Pabounit nuanazon mymwa Bosa 0.3-9.6 mm. Makcumasbaoe
paspemenne — 10 mukpocek jyru. Kak wenosasiii resieckor, ALMA 3apaboras 8 2011 r. Ha nep-
BbIli cHOp HADBJIIOIATETBHBIX 3a9BOK ObII0 cobpano mopsaka 1000 npesioKeHuit oT pasjindHbIX
rpytn actporomoB. Cpejin KOCMOJIONMYECKUX 33/1a9 OTMETUM [JIyDOKUil “IpOKOJ’ B MUJLIMMET-
POBOM Jamarna3oHe, JIjisg KOToporo Ha Hebe Boibpana mirormaaka ALMA (ALMA deep field), mia
UCCJIe/IOBAHMST KOCMOJIOTMYECKON 9BOJIIOLMY TAIaKTUK B MM /Cy0-MM JlMalla30He 1 SII0XU 3BE3/10-
o0pazoBaHUs B PA3/INYHBIX TAJAKTUKAX, BUJIUMbBIX B MOJIEKY/IAPHBIX JTUHUIX.

8.2 LOFAR

[Ipoekt LOFAR (Low Frequency Array — HU3KOYaCTOTHAsI PEIIETKA) PEATU3YEeTC TOIIAHICKAM
acrporomuyeckum ucciegosaresbckum dbongom ASTRON (http://www.lofar.org). [lianupy-
ercs, uto LOFAR 6yzer cocrosars u3 ~10000 marenpkux anrens (Puc. 44), pacupeseneHHbix Ha
44 craumnugax Ha ceBepo-BocToke Hunepianmos u B npuieratoniux paiionax I'epmanuu. Untepde-
pomerp Oyjer paboTarb Ha, CaMbIX HU3KMX 4aCTOTAX, JOCTYIHBIX Jijist HaDJIoeHuil ¢ 3emiin: B
nuanaszone Mexk ity 10 u 240 MI'n. [lnanupyercs pacuiupenue 6a3b1 oT ucxogubix 100 kM 710 ob1a-
creit Benmukobpuranun, @pannyn, [senyn, [logsmm n Utannn, B mepcrnekTnBe MaKCHMAJIbHAS
6a3za B EBpome — 1o 1500 kM. DddexTunnas mromams ~1 ku?.

Cpe/i OCHOBHBIX 3a/1a4 CTPOLAIIErOCs TEJIECKOIa: u3ydenue oxu pernonnsanuu (6 < z < 10
no manaeiM HI), MaccuBHBIX TrajakTWK Ha KPAaCHBIX cMerneHusax 1.5 < z < 7, rajo pajauo-
raJIaKTUK 1 CKOI‘L}IE‘:HI/II‘/’I7 BHEIr'a/JIaKTU4YECKUX MAI'HUTHBIX HOJ'IeI‘/JI7 yMupamue paJauorajiaKTuku,
HCCIeTOBAHNE SHEPTOBBIIEIEHNS PAJUOTAJTAKTHK, B3aNMOCBI3b PAIN0 W PEHTTE€HOBCKOrO IHa-
[IA30HOB, KOCMUYECKHE JIyUd B JUalla30He dHePruii 105-10'" T'sB, nossipusanus Ha JJIMHHBIX
BOJIHAX W JIp.

8.3 SKA

Ipoexkr SKA (Square Kilometer Array — pemrerka miomaipio 1 KM? u CTOMMOCTBIO TODSIKA
$2 msipzt.) mpeamostaraer obbeEHEHNE TPEX CHCTEM AHTEHH: HU3KOYACTOTHBIX (/UITOJBHBIE aH-
rennbl ¢ npuemankamu Ha 70-200 MT'n), cpeanedacrornbix (200-500 MT'n) ¢ 6aszoit 180 km u
perrerky 12-m 3epkast ¢ npuemankamu zHa 0.5-10 '’ ¢ 6a30it 3000 kM.

YyscreureabHocrs B auanazone or 70 g0 300 MI'y 400 pflu/mun. Paspewenue 0 0.1 cex
nyru. Beibop mecta s CTpOMTEeTHLCTBA HMHTEpMEpOMEeTpa 3aBepIleH — Ha MOCTeTHEeM 3JTale
orobpanbl cpady jsa mecra: B Apcrpasuu (¢ Braouennem Hosoit Senanann) u FOxnoit Adpuxe
(c octpoBamu B Unaniickom okeane). CtpoureberBo mranupyercs B 2016-2024 rr.
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Puc. 42: LOFAR. Ciuesa: uenrpajbHoe sjpo uHrepdepoMerpa. B meHrTpe: HU3KOLOJIOC-
mple aHTeHHbl. ChnpaBa: BBICOKOIOJIOCHBIE AHTEHHBI. PHCYHKH BOCIPOU3BEIEHBI C CaiiTa
http://www.lofar.org.

SKA Central Region

Dense Dishes ! ‘:‘1‘\‘ ‘\ \“‘

Aperture Arrays £N

Sparse
Aperture Arraus

Puc. 43: SKA. Cnesa: menTpaibHOe sapo mHTepdepoMeTpa. B IeHTpe: aHTeHHBI /I HU3KO-
JacTOTHBIX HabJoeHui. CrpaBa: aHTEHHbI JIJIsi CPEJHUX YaCTOT. PUCYHKEU BOCIIPOU3BEIEHBI €
caiita http://www.skatelescope.org.

Cpeji KOCMOJIOTHYECKUX 3a/1a9 OTMETHM HCC/IeJ0BaHIE IPABUTALMEU 0 JIAHHBIM HAOJII0/e-
HUI TY/JIbCAPOB; UCCAEI0BAHUE KPYITHOMACIITAOHONW CTPYKTYPbI, SBOIIONUN TAJTAKTUK U TEMHO
SHEPI'UU; 30HIUPOBAHUE TEMHOU SIOXU.

8.4 Panmoacrtpon

Yememrro 3amymensbiit B 2011 1. poccuiickuii ciytauk “Pagnoacrpon” (AKIL ®UTAH) (Puc. 77?)
Ha BBITAHYTYIO O0KOj03eMuYyI0 opbuty c amoreem 340000 km. Paboume jymunr Boan 1.2, 6.2, 18
n 92cMm. Hlupraa rIaBHOTO JIeMeCTKa HA COOTBETCTBYIOMUX ymHax BojH: 540, 106, 37 um 10
MUJIJTUCEK JyTH, okujgaemas ayBcreuresbHocTh: 10, 1.3, 1.4 u 3.2 mdAn.

OjiHa U3 3a/1a9 MUCCUU — HCCJIeJ0BAHUE CBPEXMACCUBHBIX YEPHBIX JIBID, OKPYKAIOIMX UX
AKKPEIMOHHBIX JIMCKOB U IMpPUMEHEHNE K TaKUM KOMIIAKTHBIM OObEeKTaM TecTa ‘CTaHIapTHas
JmHeika’.

9 Pesome

B 3ak/mrouerne MOXKHO CKa3aTh, 9TO C pA3BUTUEM 3JIEKTPOHUKH, BKIIOTAONIEH 1 KOMIBIOTEPI, 1
[IUPOKOITOJIOCHBIE TEPEAOIINE CETU, U PEMMCTPUPYIONLYIO AllllapaTypy, a TakkKe 0Jarogapsi mo-
SIBJICHUIO HOBBIX METO/I0B aHAJIN3a JAHHBIX B HADJIIOJATEILHON PAIMOACTPOHOMEH, IPAKTHIECKHI
KazKJ/l0€ JIECATU/IETUE [IPOUCXOJUT OTKPBLITUE, KOTOPOE 3HAYUTEILHO MEHHET Hallle IIPEeiCTaB/ie-
ure o Bcenennoit. He mck/mfod9eHo, 9To 70 3ayCKa HOBBIX IIPOEKTOB, MBI €Ille JaKe He MMEeeM
[PEJICTABJIEHUS] O TEX SIBJIEHUSX, KOTOPbIE MOIYT ObITh OTKPBITHI HA HOBBIX WHCTPYMEHTAX W
BBIABAT CKPBITBIE KOCMOJIOrmYeckne mapamerpsl. Ilocmennne, B mpuHIuIe, MOTYT U3MEHUTH U
onucaHue KapTuabl Mupa, Kak 9T0 CAYyYWIOCh ¢ TeMHO sHeprueit. Tak 4To Bce TOJIBKO HA4U-
Haercd !

Acknowledgements. Aprop npusnareses Qouiy HekoMmMmepdeckux nporpamm Ivurpus 3umuna “/lu-
HACTUsT 33 MOJJIEPKKY MCCIeTOBAHNHN IO paInokocMostoruu. ABrop takske npusnaresed H.B.Bepxomanosoii

3a KOPPEKIUIO CTUJIS TEKCTa.
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Puc. 44: Cuyrauk Pagmoactpom. Pucynok BOCIIPOU3BEIeH c cafira
http://www.asc-lebedev.ru.
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