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ACTPOPU3SNYECKUE NCCIEAOBAHUA C IIOMOIIbIO
MAJIOPASMEPHBIX HU3KOYACTOTHBIX PAJIIMOTEJIIECKOIIOB
HOBOTI'O ITOKOJIEHUA

[Ipeamer u nenb paboThL: onpedenerue u meopemuyeckoe 000CHOBAHUE KPYy2a ACMPOPUIULECKUX 3a0ay, KOMOpble MO2yn Oblmb
9 hexmueHo peuienvl ¢ NOMOWBIO MATOPAZSMEPHBIX PAOUOMENECKONOB.
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A. A. Konoseanenxo u op.

MEPHUBIX PAOUOACMPOHOMUYECKUX AHTNEHH, AGTAIOUWUXCA YACTBIO CMPOAWE20Cs 8 Hacmoswyee spems I u2anmeko2o yKpauncko-
20 paouomenecKona.

Pesynbratsl: Jokazano, umo Kpye 3a0ad, Komopule 3QhGexmusHo Mozym pewams MaiopasmepHble paouomeneckonbl Ha Hu3-
KUX 4acmomax, o4env wupok — om ucciedoganui Coanya 00 noucka KOCMONO0SUYECKUX IP@exmos, céA3aHHbIX ¢ TuHUell
HeUmpanbLHo2o 6000pooa 6 panietl Beenennoii 0ns 60abuux Kpackvlx cmewenuil. Paccuumanst napamempuol nabmoodenuil (0au-
MeNbHOCMb, 8PEMEHHOE U YACTNOMHOe paspewenue), a maKice YKazanbl HeobXo0umbvle KOHPUSYPayuu anmeHH U pedlcumbvl
(unmepepomempuyeckuil uiu a0OUMUBHbBILL), KOMOpble MPeOYIOMCsL OIS PeUleHUst KaAHCOOU KOHKPEMHOL 3a0ayu.
Sakirouenue: I1okazano, umo Ha smane CMpoOUmenIbCmed 2UanmceKo20 paouomeneckond U noCMeneHHo20 6600d 8 Cmpoli €20
HOBBIX CceKyull Modicem Oblmb peuieH Yeavlil psio 8adlicHbIX acmpogusuyeckux 3aday. [lo mepe 0obasnenus 6ce HOBbIX U HOBbIX

cexyuti 6yoym ompabamuleamvcs MemoouKa HabIrOeHULl U COBEPUIEHCTNE08AMbCA MeMOObl 00PAOOMKU OAHHBIX.

KiroueBble ciioBa: acmpogusuka, 0ekamemposoe 1 Memposoe paouousiyieHue, MaiopasmMepHblil paouomeneckon

1. BBenenune

B HacTosIIEe BpEMS aKTHBHO Pa3BHBAETCS MUPOBAs
HazeMHasi HU3KOYaCTOTHAsI ParioacTPOHOMUS (IeKa-
METPOBBIA U METPOBBI JMANa30HbI BOJH, YacTOTHI
~10+300 MTI'n). B Tonmnanguu, ®panuu, ['epma-
uuu, BenmukoOpuranny, ey, [omsme, Mpnananu
CO3/1aeTCs M YK€ HUCIOJB3yeTCsl aHTEeHHAsl CUCTeMa
noBoro nokonenus LOFAR (Low Frequency Array)
[1] mnanazona (10)30+80 MImu 110+240 MIm.
Cucrema nomxHa 00€CIeUYnTh BBICOKHE YYBCTBH-
TENBHOCTH (IECATKH MUIUIMSIHCKHIX) U YTIIOBOE pa3-
penieHne (IeCATKH YIIOBBIX CEKyHI), MHOTO(YHK-
[MOHATBHOCTH, OOJIBIIIOE TTOJIE 3PEHUS, BO3MOKHOCTh
kaptorpadupoBanusa. Cucrema LWA (Long Wave-
length Array) [2], coznaBaemas B CIIIA, B HacTos-
LIMH MOMEHT COCTOMT U3 256 3JIEMEHTOB 11 Auana-
30Ha 20+80 MI'u. [Tomumo Gombmioro coOcTBeH-
HOTO HAy4HOTO 3HAYEHUS, 3TU CHUCTEMBI SBISIOTCS
MpeALIeCTBEHHUKaMH OyIyIIero TMraHTCKOTO PaIro-
teneckona SKA (Square Kilometer Array) nuamaso-
Ha 50+2000 MIm.

BmMecte ¢ TeM KpynHeHIIUid B MUpE paguoTe-
JecKon AeKaMeTpoBbIX BoMH YTP-2 (VkpanHckuii
T-00pa3HbIif pamroTenecKon BTOPOi MOTU(UKAIIHAH,
paboraromuii B nuanazone 8+32 MI'm) [3, 4]
¥ co3JaHHas Ha €ro OCHOBE CHCTeMa PaJuOWH-
TepPEepOMETPOB CO CBEPXIMHHBIMU O0a3amu Y PAH
(YkpauHCcKHil paguonHTepdepoMeTp AKageMuu
HayK) [5] mo-TipeKHEMY OCTAIOTCS HE3aMEHUMBIMH
u Haubonee >QPEeKTUBHBIMU WHCTPYMEHTaMH Ha
CaMbIX HU3KHX YacTOTax, JOCTYITHBIX HA3eMHOI pa-
JTUOACTPOHOMHUH.

Pagnoreneckonsr YTP-2 u YPAH, naromume oc-
HOBHOHM 00bEM AaHHBIX HA JIEKAMETPOBBIX BOJHAX,
MO3BOJIMIIN CAETATH PsiJ] BaXKHBIX aCTPOPUIUIESCKUX
OTKPBITHI U JOKa3aJIl BEICOKYIO acTpO(QU3NIECKYIO
3HaYMMOCTh HHU3KOYAaCTOTHOM pagnoacTpPOHOMHUH,
MPEIOCTABISIONYI0 HH(OPMALUIO, HETOCTYIHYIO
IpyruM Metonam actpodusuku [6-S8].

B nocnegnue rogel B HanmonaneHOM akageMuu
HayK YKpauHBbl JEUCTBYET IejieBasi mporpamma
“Monepuu3aius paauoTeneckorna Y TP-2 u nmepcrnek-
TUBHOE Pa3BUTHE JIEKAMETPOBOH Pali0acTPOHOMUH
B Ykpanue” [9]. Ona BKitOuaeT B ce0s KOMIUIEKC-
HYI0 MOJIEPHU3AIIUIO UMEIOIIHNXCS paJOTENECKOTIOB
YTP-2 u YPAH u ux mHTErpanuio B €BpOIICHC-
KyI0O ¥ MUPOBBIE CETH HHM3KOYAaCTOTHOM pajauoact-
poHoMun. OTHON W3 OCHOBHBIX COCTAaBJISIONIUX
3TOM MPOTrpaMMBI ABJISIETCA TaKXKe CO3JaHne B o0cep-
Baropuu M. C. S1. bpayze ele ogHOro HU3KO4acToT-
Horo pamuoteneckona I'YPT (I'mrantckuit ykpauHc-
KUAH PaJnOTENIeCKOll) HOBOTO TOKOJICHHS Auara3oHa
8-+70(80) MI'g [10]. 3Ha4MMOCTP U aKTyaJbHOCTb
9TOW YacTH padOTHI OYEBUAHBI U OIPEACISIOTCS
CIIeTYIOIHUMHU (haKTOPaMU:

— COXpaHEHHEM JIMAMPYIOLIeH POl YKpauHbl B
9TOl obnactu GyHIaMEHTaIbHOW HAyKH;

— OypHBIM TIPOTPECCOM HU3KOUACTOTHOW Pajuo-
aCTPOHOMHUH B MHPE;

— obecnieueHHEM MaKCUMaJbHOW CHHEPIHU IpH
KOOPJIMHUPOBAHHOM U CHHXPOHHOM HCIIOJIb30BaHUHU
MHOTHX aHTEHH, pa3HECeHHBIX Ha OoJbIoe pac-
crosaue (>100 KM) ¥ UMEIOIIHMX Pa3HYIO0 apXUTEK-
Typy, @ TaKXKe OJUHAKOBBIE, HETePEKPHIBAIOIIUECS
WJIM CMEKHBIC TUAITa30HbI BOJH;

— OOJBIITUM MHPOBO33PEHUYESCKUM M 00Opa3oBa-
TEIbHBIM 3HAYCHUSIMH.

DOToMy B HEMAaJIOH CTENEeHH CIIOCOOCTBYIOT:

— OOIBIIION HayYHO-TEXHUIECKHH ITOTSHITAAI F OITBIT
paboThI KaKk B CO3aHUM aHTEHH W METOJIOB HaOJIIO-
JICHUS, TaK U B aCTPOPH3HMIECKUX HCCIIeIOBAHHAX;

— BBICOKHH YpOBEHb 1 SKOHOMUYHOCTh pa3zpaboToK
Pagmoactponommueckoro mactutyra HAH Vipan-
HBI B 00JIACTH JIEKaMETPOBOH PainoacTPOHOMHU

— CyILIECTBYIOIHH alllapaTHO-METOINIECKIN 33 1elT;

— HaJMaue HeOOXOAMMBIX JITS Pa3MEIIeHHUS PairoTe-
JiecKoma TeppuTtopuii, mpuHapiexkanmx HAH YkpauHbL.

Koneuno#t nenpto npoexra I'YPT sBasercs co-
3llaHUe KPYITHOTO paauoreieckona, 3hheKTuBHas
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IUIOIIa b KOTOPOTO COBMECTHO C paJnOTENeCcKONa-
mu YTP-2 u YPAH OGyner mocrurars 1 km?. K Ha-
cTofIlEeMy BpeMeHu psaoMm ¢ YTP-2 yxe ycTraHOB-
neHo 11 cyOpemreTok, kKaxgas u3 25 CKPEUICHHBIX
auroseld. YeTslpe cyOpeleTkn OCHAIeHbl CHCTeMa-
MU yCUJICHUS, (pa3supOBaHUs, Iepeadll NTaHHbBIX, YII-
paBJICHUS W perucTpaluu. B pemeTkax nmpruMeHeHbI
CHeIHMaTbHO pa3pa0OTaHHBIE BBHICOKO3((EKTHBHBIE
aKTUBHbIE aHTeHHbIE 31eMeHThI [11, 12]. ns anpo-
Oammu Takoro momxona B Hadane 2000-x TT. OBLTa
YCIIENIHO HCIbITaHa 30-3JIeMeHTHAs pelieTka — mep-
Basg B PagUOACTPOHOMHUHU Majopa3MepHas aHTEHHA
W3 aKTHBHBIX 3JIEMEHTOB, MOCTPOCHHASI C y4E€TOM
crienu(pUUecKUX paguoacTPOHOMUYECKUX TPEOOBAHMIA.

Coznanue HoBoil cucremsl ['YPT mpenmnonaraer
MTOCJIEIOBATENBHO-TIAPAIIIENBHBIN MTOIXO0, T. €. TI0-
ATalHOE HapalluBaHUE Pa3MEPOB CUCTEMBI (yBEIIH-
YeHHe KOJIMYECTBa CyOpEIIeTOK W MX OCHAIICHHE)
U OIHOBPEMEHHOE NpOBeleHHE HAONIONEHUN Ha
yKe co3laHHbIX cyOpemeTkax. [TocienHee o0CTOs-
TEIBCTBO JENAeT aKTyaJdbHBIM pEIIeHHE 3a7adul O
BO3MO)KHOCTHU Kau€CTBEHHBIX aCTPO(YU3NIECKHIX UC-
CIIeIOBaHWU Ha pPEmIeTKax CPaBHUTEIHHO MAajoro
pa3Mepa, B 4YaCTHOCTH Ha 25-3JIEMEHTHBIX CY0-
pemetkax I'YPT. OGocHOBaHME Takoil BO3MOXK-
HOCTH aKTyaJIbHO TaKXe Ui CO3/1aHus BO DpaHIun
HU3KouacToTHOro pajguoreneckona NenuFAR (New
Extension Nance Upgraded LOFAR) nnamazona
8+80 MI1[13, 14], uneonorust HOCTPOCHUS KOTO-
poro aHajioru4yHa uaeojgoruu nocrpoenus I'YPT,
a COOTBETCTBYIOIIAs CyOpeIIeTKa ¢ aHaJIOTOBEIM (a-
3UpPOBaHUEM COCTOUT U3 19 CKpEIIeHHBIX aKTUBHBIX
JJIEMEHTOB.

[IpencraBinenHas paboTa MOKa3bIBA€T BO3MOXK-
HOCTh pa3HOOOpa3HbIX acTPO(U3HUECKUX UCCIIEIO-
BaHUH C MOMOIIBIO MallOpa3MEpPHBIX aHTEHH-pe-
IIETOK C aKTHBHBIMU JJIEMEHTAMH B KOIIMYECTBE JI0
Heckonbkux necsatkoB (I'YPT, NenuFAR u np.).
OcHOBaHUEM IS ATOTO CIYXKHUT BBHICOKOE KaueCTBO
CO03/1aBa€MbIX COBPEMEHHBIX PENIETOK (HECMOTpS Ha
UX HEBBICOKHE YITIOBOE pa3pelIieHnue 1 HeOOIbIIYIO
3((PeKTUBHYIO TUIONIANb): BBHICOKAsS YYBCTBHUTEIb-
HOCTb T10 SIPKOCTHOM TEMIIEpaType; IMUPOKast MTHO-
BEHHas paboyas rmoiioca B pexxume Oypbe-mpeodpa-
30BaHUS PEaIbHOTO BPEMEHU; BRICOKHI JTMHAMUYEC-
KU auana3oH (IIOMEXOyCTOWYHUBOCTH); BBICOKHE
YaCTOTHOE M BPEMEHHOE Pa3pelLIeHUs; JIEKTPOHHOE
yIIpaBJIeHUE JTyIOM BO BCell HeOecHOM momycdepe;
MOJIIPUMETPUIECKIE BO3MOKHOCTH, PABHOMEPHBIH
K03 QUIMEHT mepeadn B MOJI0Ce YaCTOT.

[IpumeHeHne Manopa3MepHbBIX aHTCHH AKTyajlb-
HO TaK)Ke B CHHXPOHHBIX HA36MHO-KOCMHUYECKHX K-
cnepuMeHTax. YyBCTBUTEIBHOCTh KOCMHYECKHX
CHCTEM HHU3Ka U ONpeIensieTcs JIULIb OTHUM aHTeH-
HBIM 37eMeHTOM. HazeMHbIe cyOpemeTkn cocTosT
U3 HECKOJBKHUX AECSITKOB 3JIEMEHTOB, MPUMEPHO
BO CTOJIBKO K€ Pa3 BBIIIE UX YYBCTBUTEIBHOCTD.
Kpome Toro, yactoTHast mojoca, 4aCTOTHOE U Bpe-
MEHHOE pa3pelieHHs] B HA3eMHBIX CUCTEMax IpaK-
TUYECKH HE UIMEIOT OTPaHUYCHUH B OTJIMYHE OT KOC-
MHYECKHX, TI€ BCErna UMEIOTCSI MaccorabapuTHbIE
U TEJIEKOMMYHHKALIMOHHBIE OTPAHUYEHUSI.

EcrectBeHHO, 4TO Majopa3MepHbIE aHTEHHBI HC-
MOJIB30BAJIUCH €Ille Ha 3ape pa3BUTUSA PaanoacT-
ponoMur. HeoOxoanmo yroMsiHy Th HCCIeIOBaHHs, KO-
TOpBIE MO3BOJMIIN OOHAPYKHUTH M U3yUUTh BECbMa HH-
TEPECHOE CIIOpaguvecKoe paguonsnydeHue HOmu-
tepa [15, 16], Connua, noctpouts B Hayane 60-x IT.
CIIEKTPBI Psiia paJMOMCTOYHHUKOB C MTOMOIIIBIO YKPAHUHC-
koro untepdepomerpa UJI-1 quanazona 10 +30 MI1g
(2x24 »nmementa) [17, 18], KOTOpPBIi cTA) TIpEIIe-
CTBHHUKOM KpYyIHEWIIero paauoreneckona Y TP-2.
OnHaKo COBPEMEHHOE COCTOSHUE Pa3pabOTKH U HC-
TIOJI30BaHMS MAJIOPa3MEPHBIX aHTEHH MPUHIIATIHATb-
HO M3MEHHJIOCH OJ1aroapsi Mporpeccy B 3JEKTPOHHOM
TEXHHUKE, IEKTPOTMHAMHUKE U METO]aX KOMITBIOTEP-
HOTO MOJICITPOBAHUSI.

Bo BTOpOM paznene HacTosIIeH CTaThU OMHCHI-
BarOTCA TpeOOBaHUS K CyOpelieTke, ee CTPyKTypa,
(yHKIIMOHANIpPHAS CXeMa W OCHOBHBIE CHUCTEMBI.
[puBonsTCs Takke pe3yabTaTbl HEKOTOPBIX HATYPHBIX
AKCIIEPUMEHTOB, WLTIOCTPHUPYIOMNX paboTOCTIOCO0-
HOCTb BCEH CHCTEMBI, U €€ OCHOBHBIE MapaMETpHL.

B pasznene 3 ¢popmynupyrorcst 1 000CHOBBIBAIOT-
cs acTpom3uuecKkue 3a1a49r, KOTOPBIE MOTYT OBIThH
peleHsl Ha OJHOHM U ABYX cyOpemieTkax. B ocHoBe
JIEKUT KOPpPEKTHAs OIeHKa (IIyKTYallMOHHOHN 9yB-
CTBHUTEJIBHOCTH CHCTEMBI KaK 110 MHHHUMAJIBHO 00-
Hapy>KUMO¥ IJIOTHOCTH MOTOKA U3ITYYEHUSI, TaK U 10
OTHOCHUTEIILHOW SPKOCTHOM TeMIepaType ¢ Y4eTOM
BCEX MapaMeTpPOB PEIIETKH M COOTBETCTBYIOLIUX
JKCIIEPUIMEHTOB. B TaHHOM aHaIIM3€ MCIONB3YETCs
YHHUKaJbHasE BO3MOXXHOCTh MPHUMEHEHUsI HaOIroaa-
TENTBHBIX aCTPO(PU3NUECKUX TAHHBIX, TIOJTyYeHHBIX Ha
paauoteneckone Y TP-2 ¢ pekopaHON 4yBCTBUTEND-
HOCTBIO, HO B OoJiee y3koii mosioce (8+32 MI'm).
[TomydeHHBIE pe3ynbTaThl OTHOCSTCS K Pa3HBIM TH-
1aM KOHTHHYaJIbHOTO, UMITYJIbCHOTO, CIIOPaIU4eCKO-
r0, MOHOXPOMAaTHYECKOTO M TOJISIPU30BAHHOTO KOC-
MHYECKOTO HU3KOYACTOTHOTO PAAHON3ITydeHHS.
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3aKTIOYUTENBHBIN pa3en MOCBAIIEH 00HapyKe-
HHUIO U M3YUCHHUIO PA3JIMYHBIX BUIOB U3JTYYCHUSA U
actpodusnyecknx o0bekToB (10 10) Ha cyOpemeT-
kax ['YPT. HaOmronenus mokaspiBaloT Kak 3¢ dek-
TUBHOCTH PabOTHI CyOpeIIeTKH, TaK U BO3MOXXHOCTh
MOJTyYeHHUs1 HOBOH acTpodu3mdeckoil nHopMauu
C €€ MOMOIIIBIO.

Koneuno, npennaraemplid MOAX0A HE UCKIHOYAET
BBICOKOH aKTyalbHOCTH CO3/IaHUS TUTAHTCKUX HU3-
KOYaCTOTHBIX PaJIMOTEIECKONIOB HOBOTO MOKOJICHHUS
¢ wiomapio 6osee 10° m2. Ho BMecTe ¢ TeM TipH-
MEHEHHE MallOpa3MEPHBIX KaueCTBEHHBIX aHTEHH
SIBJISIETCS OTPAaBAaHHBIM U WHTEPECHBIM BO MHO-
I'nx aCTpO(bI/I?,I/I‘-ICCKI/I Ba’XHbBIX 3aJa4ax, B TOM 4YUC-
JIE B KOOpAMHAaIUKU C KPYIIHBIMH CYIIECTBYOIUMU
U CTPOSIIUMHUCS PaJUOTEINECKOIaMHU.

[IpuBnexaTenbHBIMU SBISIOTCA TaK)Ke BBICOKAs
SKOHOMHYHOCTH M CPaBHHUTEIbHASI IPOCTOTA CO3/1a-
HUS, YTAIOHUPOBAHMS, KATMOPOBKH M SKCILTyaTallUH,
YOpaBJICHUA WU KOHTPOJIA MaJIbIX aHTCHH-PCIICTOK
JlaKe MPU UX KPYIIIOCYTOYHOH paboTe.

2. Cyopemerka I'YPT
# ee OCHOBHbIE MapaMeTpsbl

2.1. OcHOBHble TPeOOBaHUSA U CTPYKTYpa

B Hacrosiiee BpeMsi He BBI3bIBAET COMHEHUU TOT
(hakT, 9TO B HU3KOYACTOTHOM YYacCTKE PaHOCIIEKT-
pa (f <100 MI'm) onTUMaIIbHBIM, €TUHCTBEHHO Ipa-
BIJIBHBIM W DKOHOMHUYECKH BBITOAHBIM IOIXOJI0M
K ITOCTPOEHUIO OOJIBIIMX aHTEHH SBISETCS IPUHITUT
(hazupoBaHHOW aHTEHHOH PEIIETKH U3 AIIEMEHTAPHBIX
AHTEHHBIX 3eMeHTOB. [lapabonnyeckue aHTCHHBI
pedaeKTopHOTO THIIA (COTIIACHO AIIEKTPOANHAMUYEC-
KuM TpeboBaHusIM) 3 (PekTHBHO paboTaroT, Korma
pasmMep ameptyp Oonee yem B 100 pa3 mpeBslaer
JUTMHY BOJIHBL. DTO JIETKO PEan3yeTcs Ha BHICOKUX
4acTOTax B MUJUIMMETPOBOM U JEIIMMETPOBOM JHa-
mazoHax BonmH. OmHaKo, HAIpUMeEp, Ha AEKaMeTpo-
BBIX BOJIHAX (JuirHA BONHBEI 10+30 M) Tako MpHH-
uun Tpedyer pasMepa mapaboIuvecKoi anepTypsl
6osee 1000+3000 M, 4yTO HE peannu3yeMo HH C KO-
HOMHUYECKOM, HU C KOHCTPYKTUBHOM TOUEK 3pEHHUSI.
Wnes coznanvst 1 mpuMeHEeHHs] HU3KOYaCTOTHBIX
AHTEHH-PEIIETOK XOPOIIO cebsi 3apeKOMEeHI0BaIa
Ha MPOTSHKEHUH BCETO NEPHO/Ia CYILIIECTBOBAHUS pa-
JUOACTPOHOMHH. DTO MOATBEPKIAAETCS PE3yibTa-
TamMHu HaOmOAeHUN Ha paauoreneckomax Y TP-2,
YPAH, NDA (Nance Decameter Array), GEETEE

(Uumus), BCA ®UAH, CLR (Clark Lake Radio
Telescope, CILIA) [19-21] u gpyrumu cucTeMamH.
JlaHHBI TPUHLINIT 3aJI0KEH TAKKE B KOHLIETILIUIO ITOCT-
POEHUS YKPaHCKOTO paJloTENeCKONa HOBOTO TIOKO-
nenus ['YPT B uenoMm u ero aneMeHTapHOM CeKLUU.
Taxoil ’ke OAXOA UCIIONIB3YETCS B CO3AAHUN HOBBIX
3apyOexubix mHCcTpyMeHTOB LOFAR, LWA,
NenuFAR [1, 2, 13, 14].

OnHako Ba)XKHO MOAYEPKHYTh, YTO IPU CO3JaHUN
OOJIBIINX IIUPOKOIIONIOCHBIX aHTEHH-PEIIETOK MIPH-
XOIOUTCS CTAJKHUBATHCS C BBIIOJIHEHHEM psiia Ipo-
TUBOpPEUYUBHIX TpeOoBaHuii. CorinacHo TEOpeTH-
YECKUM U JKCIEPHUMEHTAIBHBIM HCCIEIOBaHUAM
MaKCHMaJIbHO BBICOKHE 3HAYCHHUS MapaMeTpOB aH-
TEHHbI-peIeTKy (3 PeKTUBHAS TIOMAAb, [IUPUHA
JUarpaMMBbl HalpaBJICHHOCTH, YPOBEHb OOKOBBIX
1 T paKIOHHBIX JIETIECTKOB, MUHUMAIbHOE KO-
YeCTBO IUMOJIEH MpH 3aJaHHOH 3 HeKTHBHOHN TUI0-
LIaJ1) peannu3yeTcs TOJIbKO Ha OJHOM JJIMHE BOJTHBI.
B uvacTHOCTH, ONTUMANBHBIM PACCTOSHUEM MEXKIY
arieMeHTaMH sIBIsieTcs Benmuurna A/2. [lpu aToM pe-
anm3yeTcst MakcuMasibHast 3 (heKTUBHAS TUIOIIA/Ib TIPU
MUHUMAJIFHOM KOJIMYECTBE AJIEMEHTOB M OTCYTCTBHE
T(HPaKIMOHHBIX JIEMECTKOB. BBICOTa pacionoKeH s
JUIoNeil Hax 3eMilell JOJDKHA COCTaBISITh ~ A/4,
410 00ecreYrBaeT MaKCUMAaJIbHBIN OTKJIMK Ha IUIOC-
Kyl0 BOJIHY OT yNAJICHHOTO PaJlOMCTOYHMKA Onaro-
Japsl ONTUMAIBHON CYTIEPIIO3ULIN IPSIMOH U OTpaskKeH-
HOH OT 3emiM BoJH. O4YEeBHAHO, YTO B 3aIUIAHUPO-
BaHHOM CBEPXIIMPOKOM JHANA30HE YacTOT paguoTe-
neckoria I'VPT (8 +80(70) MI'u, A =37.5+3.75 m)
yKa3aHHBIE YCIOBHS HEBBIIOIHUMBI.

Bropas mpobiema cBsizaHa ¢ HEOOXOAMMOCTBHIO
B3aUMHOTO (a3upoBaHUS OOJBIIOIO KOJUYECTBA
(=1000) snementoB. B cucreme LOFAR npenmo-
maraetcsi muQpoBoe MpeoOpa3oBaHWE CHTHANA Ha
BBIXOZIE Ka)KJJOTO aHTEHHOTO 3JIEMEHTa C Iocie-
IOYIOUIMM CHHTE30M AMarpamMMbl HaIlpaBIEHHOCTH.
OnHaxko ga)ke Mpy HATMYUH MOIIHBIX BEIYUCIIUTEb-
HBIX CPEIICTB BO3HHKAIOT OTPaHUYEHHS B IpHEMe
U PETUCTPAlliM CUTHAJIOB B PEAlTbHOM BPEMEHH B
MakcuManbHOW mosoce (~70 MI') ¢ BBICOKUMH
YaCTOTHBIM, BPEMEHHBIM Pa3peIeHUSIMU U JUHAMH-
yeckuM auanazoHoM (~1 kl'm, ~1 mc, ~90 nb
COOTBETCTBEHHO), UTO TpeOyeTcs IJis pelIeHus aK-
TyaJbHBIX acTpo(pHU3MUYECKUX 3ajad.

Crnenyer Takke OTMETHUTh, YTO B JIFOOOM CIy-
yae HEOOXOAMMO JTOCTAaTOYHO OOJNBIIOE IIMPOKOTIO-
JIOCHOE yCUJIEHHE CUTHAJIA Ha BBIXOJIE aHTEHHBI IS
HOPMaJIbHOH paboThI aHAIOro-I(ppoBOTO IIpeodpa-
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3oBarens (ALIIl). B HU3KkOUacTOTHOM yuacTke pa-
JIMOCTIEKTPA ATO ABJISIETCA HEMPOCTOU 3ajaueid, mo-
CKOJIBKY TIPUCYTCTBYIOT JOCTaTOYHO MHTEHCHUBHBIC
IIOMEXOBBIE CUTHaJBL. [l03TOMY mpenbsBIsIOTCS
OYEHb KECTKHE TPeOOBaHMA K JIMHEHHOCTH Nepeaa-
TOYHBIX XapaKTEPUCTHUK (AMHAMUYECKOMY TUaIra3o-
HY) CHCTEM yCHJICHHUS 1 ITU(PPOBOTO Mpeodpa3oBaHus
JUTSL IPEeIOTBPAIEHNUS HHTEPMOIYIISIIMOHHBIX HCKa-
xeHui. B cuctemax LOFAR u LWA sta 3anaua
yIpoLIeHa, TOCKOJIBbKY MOJABIIEH CaMblil HU3KOYac-
TOTHBIN ydacTok cnektpa (oT 10 zo 20+30 MI'm).
B co3maBaemoii ykpaunckoit cucreme I'YPT stoT
JTara3oH MPUCYTCTBYET, T. K. SIBJIAETCS OYEHb LIEH-
HBIM ¢ acTpOPU3HIECKON TOYKH 3peHUs (pamanoTe-
neckonsl YTP-2 u YPAH Takxke paboTator B 3TOM
JIaTIa30He).

YcrpaneHue W/HiIM YMEHBIICHHE MTEPEUNCIICHHBIX
BbIIIE TPOOIIEM TpeOyeT pereHHs CI0KHOW MHOTO-
(akTOpPHOM ONTHUMHU3ALMOHHON 3a1aud. B maHHBIX
HCCIIeIOBAHMSIX AJIs 3TOTO UCTIOB30BaHbI CIIELUAITb-
HbI€ TEXHUYECKHE PEILEeHNUS, YITEeHbI acTpodu3nuIec-
KHe TpeOOBaHwMsI, TPOBEEH aHATN3 BO3MOXKHBIX ITa-
paMeTpoB paguoacTPOHOMHUYECKUX M IOMEXOBBIX
CUTHAJIOB U KPUTEPUEB UX PA3IHUYUMOCTH, BO3MOX-
HOCTEH COBpEMEHHBIX HU(PPOBBIX CPEACTB, KOMIIBIO-
TEPHBIX U HH(OPMALMOHHBIX TEXHOJIOTHH.

OneHuM HE0OXOANMOE 3HAUCHHUE YCHJICHUS CUT-
HaJla Ha BBIXOJe aHTeHHBI. CoTiacHO pacyeram
Y 3KCIIEpUMEHTAM aHTEHHas TEMIIEpaTypa Ha BbIXO-
JIe KOPOTKOT'O ITaCCUBHOTO IUIIONIA, CO3AaBaeMas pa-
IUOU3Ty4YEeHHEM TajlakThuueckoro (ona, cmabo 3a-
BUCHT OT 4acTOThl M cocrtaBisteTr 7, ~2000 K.
Ha BpIXOzme aKkTUBHOTO AMIOINSA IOCJE AaHTEHHOTO
YCHIIUTEISL ¢ yCHIICHHEM 10 MoiHoctH K, =50
umeeMm T, =T,K, ~100000 K, 4ro coorsercrByer
CHEKTPaJbHON NIOTHOCTU MOIIHOCTH w=kT,
(k=1.38-10" /K — mocrosiHHas Bombimama).

Ha cornacosannoii Harpy3ke R =75 OM B mono-
ce wactor AF =f . — fi,.=70-8=62 MI'1 BBI-
nenutcs 3 HeKTUBHOE HaNpsHKEHUE:

U =+wAFR ~8-10 B. (1)

OmnpIT pa3paboTKd NUGPOBEIX MPEMHHUKOB IS
panuoteneckona YTP-2 mokaszan, 4ro B AeKaMeT-
POBOM Jiana3zoHe He0OX0IUM OBICTPOICHCTBY FOILIUIA
AT ¢ xonuuecTBOM pa3psaaoB (OuT) He MeHee 16.
[Ipn MakcHMaTFHOM yPOBHE JOMTyCTUMOTO BXOJHO-
ro cur"ana ALII U, =1 B nena ognoro paspsua
cocrasuger U, =U .. / 2" ~3-10” B (oaun pas-

psAI 3HAKOBBIN). JIMHAMHYECKHN AMANa3oH TaKoro
AIIIT nocrarouno Beicok: D =201g(2")~90 xb.
st padoter AT ¢ MakcUMalTbHON TyBCTBUTEIh-
HOCTBIO U JIMHEMHOCTBHIO CPEIHUN YypOBEHBH IIyMa
JOJKEH cooTBeTcTBOBaTh 10+12 paspsoam ALIL:

U, =U,,(2""?)~0.03+12B. )

Ho Torma mpu TUNHUYHOM ypOBEHE MOMEXOBBIX
(KBa3MMOHOXPOMATUYECKUX) CUTHAJIOB Ha BBHIXOZE
punonst 1+2 MB, xotopsrii (¢ yderom K ,) Goinee
geM B 100 pa3 npeBsimaet 3pPeKTUBHOE 3HAYCHHEC
HanpspkeHus (1), HanpspkeHue Ha Bxogne (2) mpeBbl-
cutr U, . (1 B), uTo mpuBener K pe3ko HeIHHEM-
HOoMy pexxumy pabotbl ALII, mosiBieHWIo MHTEH-
CUBHBIX HHTEPMOYJISIIUOHHBIX TIOMEX U K TOJHOM
HEBO3MOXXHOCTH PETUCTPAITIH PaAHO0ACTPOHOMUYEC-
KHX curHaNOB. K cokasieHuto, 3TO oracHoe sIBIICHHE
HEJIOCTaTOYHO yYTEHO NMPH MOCTPOCHUU CHUCTEM
LOFAR u LWA.

Kaxk yxe ynoMuHanoce, TUMUYHBIN YPOBEHB IO-
MeX Ha BBIXOJIe KOPOTKOTO JWIIONS COCTaBISIET HE
Oomee 2 MB, Torma kak Ha BBIXOJE THITONS PATAOTE-
neckoma YTP-2 ¢ pasmepom /=2/2 (Ha 4acrore
18 MI'y) ypoBens momex gocturaer 20+30 MB.
OTUM 00yClaBNIuBaeTCS Hes MPUMEHEHHS KOpOT-
koro (/<A/2) aKTHBHOrO AMIOINsA, KOTOpas MO3-
BOJIAET HE TOJBKO CHU3UTH YPOBEHb NIOMEX B JIHa-
nazoHe 8+20 MI', HO M BBIPOBHATH IPKOCTHYIO
TeMIeparypy rajnakTudeckoro ¢pona (I oc f 26) Ha
BBIXOJIE aHTEHHOTO ycWiIHTeNs. Takum oOpazom,
MPUMEHEHUE aKTHBHOTO KOPOTKOTO AUTIONS M BBIOOD
U,, € y4eToM MakCHUMajbHOIO YPOBHS IIOMEX IIO-
3BOJISIET 00ECTIEYUTH padOTy MPUEMHHIKOB Ha JIMHEH-
HOM y4acTke xapaktepucTtuku ALIl u BBIpOBHATH
YaCTOTHYIO 3aBHCHMOCTH IITyMOB BO BCEM pabodemM
JrarnasoHe.

Onnum u3 Haubosee 3 PeKTUBHBIX METOOB TO-
BBIIIEHUSI IOMEXOYCTOMUYMBOCTH MPUEMHBIX CUTEM
SIBIIICTCS pa3/ieJIeHne OOIMIe TOJI0CHI Ha IMapIallb-
HBIE TTOJIOCHI M HE3aBUCHMOE YCHIIEHHUE 1 OITU(PPOBBI-
BAaHME CUTHAJOB B KaX1od u3 HuX. Maes nmocrpoe-
HUS TPEXIOJIOCHON CTPYKTYPhI IPUEMHOMN CUCTEMBI
cyopemetku ['YPT Obuta npemsioxena okoio 10 jet
Hazaj. OHa NO3BOJSET HE TONBKO MOBBICUTH MTOME-
XOYCTOWYMBOCTh CHCTEMBI PETUCTPALUW, HO U HC-
nonb3oBatk AIIIl, yacToTa AUCKpEeTH3aLMH KOTO-
pbix coctaBisier F =40 MI.

[Ipexxne Bcero, HEOOXOIUMO BBIIEIUTH TOJO-
cy Hmwke ~22 MI'n, rne Haxomgutcs Oomee 90 %
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A. A. Konoseanenxo u op.

HWHTEHCUBHBIX nomex. OcTaBiuiics Juana3oH dac-
ToT 22+70 MI'1] 3HAUUTENTFHO MEHee ‘‘3arpykeH’’
TIOMEXOBBIMU CUTHAJIaMH, UHTEHCUBHOCTb KOTOPBIX HE
HPEBBIIIACT ACCSATKOB MHUKPOBOJILT (U] ~ 10~ B).
TeM He MeHee 3TOT AHMana3oH TakXe MOXKHO pas-
OWUTH Ha JIBE TIOJIOCHI, T. €. 00ILAs MOI0ca IUPUHON
60 MI'11 pa3gensercst Ha Tpu puMepHO 10 20 MI't
Kakaasi.

CornacHo Teopeme HaiikBrcra gactora auckpe-
TU3aluu F rporecca ¢ BepXHel yacToToi B 1oyKHa
COOTBETCTBOBATH COOTHOIIEHUIO

F22B,. (3)

Ecnu mporece ¢ mmpuHO#N MONOCE B, CIBUHYT
BBEpX Ha IEHTPAIbHYIO YacTOTY f, TO OOBIYHO IMPO-
U3BOJIUTCS €T0 MPEABapUTEIBHOE Peodpa3oBaHue
K HYJIEBBIM 9acTOTaM, 9TOOBI HE TOBBIIIATH YaCTO-
Ty IMCKpeTH3aluu Jo 3Hauenus F22(f +B, / 2).
OpnHako, Kak MOYKHO TTOKa3ath, IS COXpaHEeHHs BCei
Heo0XoaUMOi HH(pOpMAITH O TIpoIecce U odecede-
HUS “HEHAJIOKEHUS JOCTATOYHO OOECIEYHTH J0-
MIOJTHUTENBHOE K (3) ycioBue

4f

T om+l

rme m=0,1,2,3,....

Kak BuiHO, ecnu 4acToTa f JOCTAaTOYHO BBICOKA,
HMeeTcs Cepusl JAOMYCTHUMBIX 4acTOT AMCKpETH3a-
WU IS pa3HbIX B I (m).

C touku 3peHus 3pPeKTUBHOCTU paboTHI HUPPO-
BBIX YCTPOMCTB YacToTa £ [omKkHa OBITh MUHUMAIIb-
HO BO3MO>KHOH. [IJ11 CXeMBI TPEXIOJIOCHOTO YCHJIe-
HUSl 3aMaHYMBO WCIOJIb30BaTh €IUHYIO TaKTOBYIO
4acToTy AJ1s BceX mooc. MIHpIMu crioBaMu, HEO0X0-
IUMO O0ECTIeUHTh YCIOBUE

“h _ 4L 4/5

2m 41 2my+1 2my+1

(4)

rae f,, f5, f; — LEHTpalbHbIE YaCTOThI KaXKI0H I110-
JIOCHI COOTBETCTBEHHO.

IIpu sToM, cornmacHo (3), 4acToTa TUCKPETU3AIUU
paBHa 44 MTI'ti. CormnacHo (4) Jerko mokasarb, 4TO
BCe MepeUnCIeHHBIE TPEOOBAHNS BHIITOIHAIOTCS IPU
fi=11 MI'm (m, =0), f,=33 MI'n (m,=1),
;=55 MI'n (my=2) nu F=44 MI'u. Kpaiinue
YacTOTHI MOJIOC cocTaBisioT: 8 u 21 MI'1y (mosoca
Ne 1), 23 u 43 MI'nt (mommoca Ne 2), 45 u 65 MI'1
(momoca Ne 3).

VYposens Hanpsbxenus: Ha Bxone AL u3z-3a 6o-
Jiee y3KOU ITOJIOCHI YMEHBIIUTCS B V3 pas, 4To He-
CYILLIECTBEHHO. B TO ke BpeMs ypoBeHb OMEX IS
rmosoc Ne 2 u Ne 3 He OyneT mpeBwIIIaTh 3HaUE-
Huii 10+200 MB, uro Bnonne nomyctumo. To ectb
JUIsL 3TUX ToJioc ycuieHnue nopsiaka 30+60 ab
TaKke JOMyCTUMO W JocTaTtodHo. Jyis HU3Kodac-
TOTHOH 1nosiockl Ne 1 ycuneHue He JOHKHO MPEBBI-
mathk 20 nb. Ilpu 3TOM ypoBeHBH MOMEX Ha BXOHC
AIIIT 6ynet ve 6onee 100 MB, a cooTBeTCTBYIOIIUI
YPOBEHb BXOJHOTO TOJIE3HOTO CUTHAJIA OYyJEeT COO0T-
BeTcTBOBaTh 1.5 MB (mmpumepno 7-# pazpsn AL,
4yt0o B ~ 100 pa3 Oosblie MUHUMAaJIbHOTO AUCKPETa
U TaKKe SBISETCS MPUEMIIEMBIM.

HeoOxonumasi TUHEHHOCTh TpakTa mepefadu u
peoOpa3oBaHNs CUTHAIOB JOJKHA 00ECIIeYnBaTh-
cs "He Tonbko AL, HO n yeunurenamu. OnTUMans-
HBIM SIBJISIETCS] KacKaJHO€ BKJIIOYEHHE YCHIIUTEINb-
HBIX 3JIEMEHTOB, TJI€ BXOJHOW YCHJIHTEIh HMEET
MaJble IIyMbl, 8 BBIXOIHOW — MaKCUMAaJbHYIO JTH-
HeliHeTh. Tak, misa nooc Ne 2 u Ne 3 Heobxomumoe
ycunnenne (30+60 nb) momywaercs mpu mocie-
JIOBAaTEbHOM BKJIIOYEHHUU HECKOIBKUX MOIYyNeit
¢ ycunenueM 10-+20 nb xaxnaeiid. lunamuyeckuii
Jana3oH OJTHOTO YCHJIMTENIbHOTO KacKala COCTaB-
nget 90+105 nb/mMxB. Ilpm stom nmerko obec-
MIEYUTH JIMHEHHOCTh TPAKTA BBIIIE, YeM JIMHEHHOCTh
npumensembix AL [22, 23]. To >xe oTHOCUTCS U
K mosoce Ne 1, rae ycusieHue obecrieunBaeTcs Of-
HUM KacKaJIoM.

B nocnennne roasr cTajgo BO3MOXKHBIM UCITOB30-
Bath AIIIl ¢ acTOTOW AMCKpETU3AIUH TOPSIAKA
200 MI'm, moaToMy B cucteme peructparuu [24]
npuMeHeHa onHomonocHast (8-+80 MI') ctpykTtypa
cyopemeTku. ONeHKH YPOBHEH CUTHAIIOB U HEOOXO-
JUMOTO YCUJIEHHUS, C/IeJIaHHBIE BBIIIE, OCTAIOTCS
crnpaBeIMBEIMUA. Kpome Toro, B 1OMOIHEHHE K YIIO-
MSHYTOMY BBIIIE€ BHIPABHHAHHIO TaTaKTHIECKOTO
(oHa C MOMOMIBIO KOPOTKOTO aKTHBHOTO TUIIOJNS,
WCIIONIB3YETCSl KOPPEKTHPOBKA BXOIHBIX CHUTHAIIOB
B OIMPOKOH TOJOCE C MOMOIIBIO YaCTOTHO-3aBHCH-
MBIX arTeHtoatopoB. [lomydaemas Takum obpazom
IJIOCKas BBIXOAHAS XapaKTEPUCTHKAa ONTHUMAaIbHA
U1 MaKCUMH3AIHUK AMHAMHUYECKOTO Iuarnas3oHa,
CBOOOTHOTO OT KOMOWHAITMOHHBIX COCTaBIISIOIINX.
OnHako npy caMoi HeOJIAroIPUATHOMN ITOMEXOBOM 00-
CTAaHOBKE JMHAMHYECKOTO Juamna3zoHa 16-OuTHOTO
AILIIT MoxeT okazaTbCs HemocTarodHo. Torma mod-
JKHA TIPUMEHSTHCS KOMOWMHUpOBaHHAS (IBYXIIOIOC-
Has) CxeMa, B KOTOPOH HIKHSIS MTOJI0CA COOTBETCYET
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onucaHHO} Beimie nonoce Ne 1 u onudpoeiBaeTcs
OTJIENIBHO, a BEPXHSISI IPEACTABIAET CILIOLIHYIO 1O-
mocy 22-+80 M.

BoszBpamasice k mpobieme BbIOOpa pacCTOSHHA
Mexnay anemeHtamu (nias ['YPT d=3.75 M) u
BbICOTHI WX monBeca (miast 'YPT A=1.6 M) mpu
paboTe B IIMPOKOM [IMAaNa3oHE 4acTOT, OTMETHM
cnenytomee. Pemenne npaktudecku o000 acTpo-
¢usndeckoii 3amaun Ha paguoteneckone ['YPT
JIOTIyCKaeT yCpeAHEHUE CUTHalla [0 4acToTe B AUa-
nazoHe Oonee 5+10 MI'm. C ogHOH CTOPOHBI, 3TO
Ba)XKHO JJIS1 Peaji3alui BEICOKOH 4yBCTBUTEIBHOC-
TH, 0COOCHHO Ha dTare MoucKa HOBEIX A (ekToB [25].
Opnnako, kak OBUIO MOKa3aHO B XOZE BBITIOJHE-
HUS UCCIIEIOBaHMM, 3TO CTAHOBUTCS BEChMa MOJIe3-
HBIM U C TOYKU 3pEHMs aHTEHHBIX 3 dekToB [26].
[Ipu ycpeaneHnu curuana B LIMPOKOW MOJIOCE Yac-
TOT MOYKHO TIOHHU3UTH YPOBEHb OOKOBBIX M AH(pak-
LUOHHBIX JIETIECTKOB JUAarpaMMbl HallPaBICHHOCTH.
OTO OTHOCHUTCS KaK K CTPYKTYpe CEeKIUH, TaK U K
PaAMOTENECKONy B LIEJIOM, OMpPEIeNIeHUI0 KOH(H-
Typaluu KOTOPOro Takxke yaemsieTcs 00onblioe BHU-
manue [27].

OnTtuMu3anus CTPYKTYpsl HU(poBoro (hazupo-
BaHUs OOJBIIOTO PaAMOTEIECKONa 3aKII0UacTCs B
ciaenyromeMm. [maBHOW 3agadyell MpOEKTa SBIISIET-
sl MOdTaHOe olecreyeHrne OOJBbIIOH CyMMapHOH
s dexTrHOM momanu (1o 10* +10° M2 Ha gacTo-
te mopsaka 40 MI'm, A =7.5 M). DpdexTuBHas
TIOMA/Th OJTHOTO JIATIONS COCTABJISET A’ / 4~14 m2.
Torma Tpebyemoe KOTWYECTBO TUIIOJIEH COCTABHUT
N, =400+4000. 13 coobpaxkeHHii TeXHUYECKOU
1 SKOHOMUYECKOH 11e71€CO00pa3HOCTH KOINYECTBO J0-
CTaTOYHO CJIOXKHBIX 3JIEMEHTOB IM(POBOTO (a3supo-
BaHUsA He N0JDKHO npeBbimarts N, =100. IIpu sTom

KOJIMYECTBO AUMONEN, OXBaU€HHBIX aHAJIOTOBBIM JIOC-
TaTOYHO MPOCTHIM (a3UPOBAHMEM, OIpelesieTcs
kak N, =N,/N, =4+40. Orctona BeIOHpacM KO-
JITYECTBO DJIEMEHTOB B CEKIIMH, PaBHBIM 25 (T. €.
KBaJIpaTHas pemieTka u3 5x5 anemeHTOB). Takoe
KOJIMYECTBO 3JIEMEHTOB TaKke 00ecIeunBaeT I0C-
TaTOYHYI 3P(EKTUBHYIO IUIOMIAAb AJIsI HAOIIO-
JIeHus1 XOTs1 ObI OJHOTO MCTOYHMKa (Hanpumep, Kaccu-
ores A) ¢ peBbIILICHNEM Hall ypoBHeM ¢oHa >1 ab.
Takum 00pa3oM, CTpYKTypa paJHoTeNecKomna mpe-
rojaraeT ONTHMalbHOE COYETAaHHE AaHAJIOTOBBIX
u 1dpoBEIX MeTOA0B (aszupoBanus. Kpome toro,
0OJBIION MOJIOKUTEIBHBIN OIBIT SKCIUTyaTalluH pa-
muoteneckona YTP-2 (okono 50 jer) mokasbiBaeT
ONITUMAIILHOCTh PAaBHOMEPHOTO (PETYJISIPHOTO) pac-
npeaesieHusl HIEMEHTOB ¢ MaKCHUMaJbHBIM (hakTo-
POM 3aIoJIHEHUS.

2.2. Crpykrypa cyopemerku I'YPT

Kaxnplii aHTEHHBIH 3JIEMEHT 25-3]IeMEHTHOH CyOpe-
LIETKA COCTOMUT U3 JIByX CUMMETPHUYHBIX CKpEILeH-
HBIX qunonel (puc. 1, a) ¢ aBTOHOMHBIMH BXOJIAMH,
CHOCOOHBIX HE3aBHCHMO NPUHUMATH 3JIEKTpOMar-
HUTHBIE BOJIHBI ABYX OPTOTOHAJIBHBIX MOJISIPU3aLIUi.
s pacumpenus: pabouero Auana3zoHa 4acToT OHH
BBINOJTHEHBI IIUPOKUMH B BEPTUKAIEHOHN TIOCKOCTH
(puc. 1, 6) N3 TOHKOCTEHHBIX MEAHBIX TPYOOK qua-
METPOM 12 MM € O3 TUIIEHOBBIM ITOKPBITHEM TOJI-
LIMHOM 2 MM, OOBIYHO IPUMEHSIEMBIX [T BOAOCHA0-
KEHUS 1 OTONHUTENbHBIX ciucTeM. Kaxknoe redo nu-
noJisi 00pa3oBaHO TpeMsi TPyOKaMH, OTXOISLIMMH
OT BXOJHOH KJIeMMBI A. JIBe 13 HUX 00pa3yIoT nepu-
METP TPEYTOIBHUKA CO CKPYIJIEHHBIMH BEPLIMHAMH,
a TpeThs — ero meauany ABC, u3nomaHHyto mon yr-
jgom y =45° (puc. 1, 6).

Puc. 1. T'eometpusi anemeHToB 1 cyOpemreTk ' YPT: a — Mozmens anemMenTa cyOpenieTky u3 AByX CKPEIIeHHBIX IIIOCKUX TUITONIEH,
0 —reometpust mwiockoro aunonst I'YPT, ¢ — reomerpus cyopemerku I'YPT
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[lonnast nnuHa mue4ya IUIONS BAOJL MEIHUAaHbI
ABC cocraBnger 1.4 M, a MakcuMalibHas MIUPHU-
Ha — 0.8 M. BeiOpannas ¢opma numnosst gaeT BO3-
MOXHOCTh TOJYYUTh TaKyl0 4aCTOTHYIO 3aBUCH-
MOCTh €r0 BXOJHOTO HMMIIEJaHca, KOTopas MO3BO-
Juna 00ecTeYnTh MPUEMIIEMOE €ro COITIaCOBaHUE C
BXOJIOM aHTEHHOTO YCHWJIUTENS BO BCEM pabodem
nuarna3zone 4actoT. O0a CKpemeHHbIX AUIONs Kpe-
MATCSI HAa BEPTUKAIBHOM CTONKE, M3rOTOBJIEHHOU
U3 CcTaJbHOU TpyObl muamerpoM 60 MM ¢ BepxHeEH
JIURJIEKTPUUECKOM Hacaakod. BHyTpu BepxHeil yac-
TH CTOMKY BMOHTUPOBAH JIByXKaHAJIbHbIM AHTEHHHBII
YCUJIUTENb CO BCTPOCHHOM COMIACYIOUIEH LEMbIO,
BXOJIbl KOTOPOT'O COEAUHEHBI HAIPSIMYIO C COOTBET-
CTBYIOIIMMHU BBIXOJaMU AuMoJs. BeicoTa Touek
MATaHWS JUIOJIEH Ham 3eMJiei BhIOpaHa paBHOM
h=1.6 M. DTO 3HaYEHHE SABISIETCSI KOMIIPOMHUCCOM
Mexy cTpemiieHueM nmossicuTh K1/ aumons, max-
CUMAJIBHO YJaJIsAsl €r0 OT MOBEPXHOCTH 3€MIIH, U
TpeOOBaHHEM OTCYTCTBHS 3aMETHBIX MTPOBAJIOB B €TO
JirarpaMMe HampaBjIeHHOCTH. Takoi mpoBajl MOXKET
HACTYIHTH IIPH MOoABEME (Pa30BOTO LEHTPA TUIONS
Ha BBICOTY OKOJIO 1.8 M, OJIM3KyT0 K 9Y€TBEPTH JIITMHBI
BOJHBI Ha yactoTe 80 MI'L, korna mpsimast U OTpa-
JKE€HHasi OT MIOBEPXHOCTH 3€MJIM BOJIHBI HABOJAT Ha
ero xieMMax npotuBodazasie IJ[C. 3amMeTnm, 4TO
TPYHT B MECTE PAcCIOJIOKEHMsS paguoTesecKona
I'VPT umeer BechbMa HEIIOXHE 3JIEKTpodH3UUec-
KH€ TlapaMeTpbl (OTHOCUTENbHAS TUAJIEKTpUIecKas
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Kasg mpoBoaAMMOCTE G~ 0.025 Cwm/Mm), mostomy
MEpPOMPUATUS IO UCKYCCTBEHHOM MeETalIU3alNu
MOBEPXHOCTHU 3eMiu aiig nosbiienus KIIJ{ aumno-
JIeH, Kak 3To fenanock npu coznanu LOFAR u LWA,
31ech He mpoBoAwiauck. IIpenBapurensHble pacue-
THI TIOKA3JIA, YTO B JAHHOM CJIy4ae MeTaJUIH3allis
3eMJIM HE JAaeT 3aMETHOTO BBIMIPHINIA B UYBCTBH-
TEIHHOCTH 3JIEMEHTA CyOpEIIeTKH, 3aTO CYIIECTBEH-
HO yIOpOXaeT KOHCTpyKIui. BmecTo storo npen-
JI0)KeHa METOJIMKa MPEeNU3NOHHOTO OTpeaeTIeHUs
rapaMeTpoB TMOYBHI, KOTOPbIE YYUTHIBAIOTCS TPHU
pacuere mapaMeTpoB CyOpELIeTKH.

Ha puc. 1, 6 moka3aHo pacnoioXeHne aHTEHHbBIX
aneMeHToB B cyoOperierke ['YPT, paccrosiHue mex-
Iy KOTOPBIMH BIOJb 00€HX ocel x 1 y ObLIO BRIOpa-
HO paBHBIM d =d, =3.75 M, 4TO COCTaBIsIET A2
Ha yactoTe 40 MI'l. Hemanyio ponbs B TakoM BBI-
O0ope ceIrpanr TOT (akT, 9TO aHTCHHAS pemeTKa
JeHcTByIoIIero paauoteneckomna Y TP-2 B Hampas-
JIEHUH CEeBep-I0T Ha CpeHEl 9acToTe CBOero pado-
yero auana3ona (20 MI') Takxke UMeeT Iiar K/ 2,
YTO TO3BOJISIET OXHUIATh BBICOKYIO CTEIEHB I0JI0-
OWsl aHTEHHBIX MapaMeTpoB 000MX PaTUOTEIECKO-
TIOB C LIEJTBIO 00JIErYeHUsI COTIOCTABICHHUS TAHHBIX Ha-
OJTIONEHMIA ¥ CHHXPOHHU3AIMH UX COBMECTHOM pabOTHI.

Ha puc. 2 m3o0pakena (QyHKIIMOHANbHAS CXeMa
25-anemenTHoit cyoperrerku ['YPT (st oHO# U3 1ByX
JUHEHHBIX moNspu3anyii). [lokazaHbl Bce KOMITOHEH-
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Puc. 2. DyHKIMOHAIIFHAS CXeMa yCHIINTENILHO-PACIIpeIeUTeNIbHOM 1 (asupytomiei cuctem cekin ['YPT (OBY — gunbTp BIico-
kux 4actoT, ®HY — ¢punerp HU3KHX 9acToT, ADR — mmpokononocHsri mudposoii mpremuuk (Advanced Digital Receiver))
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THI: aHTCHHBIE YJICMEHTHI C YCHIINTEISIMH [28]; Maru-
CTpaJibHbIe YCHJIMTEINHN; YaCTOTHO-3aBHCUMEIC aTTe-
HIOATOPBI; IUarpaMmMoo0pasyrorue Mmoayiu [29, 30];
JUHWYU TIepeaaqn; CUCTEMbI PErHCTPaLlui CUTHAIIOB
[24], ynpaBneHus, aBTOMaTU3alUU U KOHTposs. Kax-
IOBIA AarpaMMoo0pasyomuil MOAYNIb MPEACTaB-
nsgeT coboli (aszoBpamarens Ha JTUHUASIX BpEeMEH-
HOH 3a1ep’KKHM CUTHAJIa U PABHOIUIEUUI CyMMATOD,
KOTOpbIe oOecrneunBaroT 17 HampapieHU# (a3upo-
BaHMs. BriroueHne Momynei mo AByX3TaxKHOH cxe-
Me (5 Momynel B mepBOM 3Taxe U 1 BO BTOPOM)
MO3BOJISIET IOJIyYUTh PABHOMEPHOE MOKPHITUE He-
OecHol momycdeps! 213-10 MoI0KEHUSIME JTyda Cyo-
pemeTky. BHemHW BUA OOHON M3 CyOpemeTox
BMECTE C anmapaTHbIM MKadoM MOKa3aH Ha puc. 3.
D¢ deKTUBHOCTE CYyOpELIeTKH MPEIOKEHHO! CTPYK-
TypBl MOATBEPKIECHA TEOPETHUECCKUMHU pacyeTa-
MH, 1a00paTOPHBIMU U HATYPHBIMU SKCIIEPUMEHTAMH.

IIpu KOHCTPYyHpPOBaHUH ILIMPOKOIIOIOCHBIX (ha3upo-
BaHHBIX AaHTEHHBIX PEIIETOK HEOOXONMO YUUTHIBAT
YaCTOTHYIO 3aBUCHUMOCTH MapamMeTpoB MpPHHUMAe-
MBIX CUTHAJIOB M BCEX CHUCTEM pPaJHOTEJIECKOINa:

— TeMmmepaTypsl rajakTuueckoro ¢oHa
(T, ~ £72);

— MOIIIHOCTH IIOMEXOBBIX CUTHAJIOB, IPEXKIE BCe-
ro OT paauocTanuui, (P, ~ f 4);

— MoTeph B KabeJbHBIX cucTemMax (hazoBapuiare-
neit u mmnnit nepenadn (8~ £°°).

Kak BugHO, 3TH TpH (pakTopa MPUBOIAT K PE3KO-
My YMEHBIIIEHHIO YPOBHS CHUTHAJa C MOBBIIIEHUEM
Y4acTOThl OT MUHUMYyMa 10 MakcumyMa. OcobeHHO
OCTpO 3Ta MpobieMa BO3HUKAET B CBEPXIIHPOKO-
MOIOCHBIX aHTeHHAX ( f . / fiin > 2 +10), Korma u3-
3a O4YeHb OOJIBIIIOTO Mepemnaaa YpoBHS CHUTHANa Ha
BXOJIE aHTCHHOW CHCTEMBI (IECATKH aenuben) au-
HaMHYECKUH AUana30H CUCTEM OKOHYATEIbHOTO YCH-
JICHUA U PETUCTPAINY OKa3bIBAETCS HEJOCTATOUHBIM.
B anrtennoii cucrteme YTP-2 sta mpobGnema yac-
TUYHO pEIIaeTcs MyTeM NMPUMEHEHMS TPEXIOI0c-
HOM CHCTEMbl aHTEHHOI'O0 YCHJICHUS, a B KaxIoil
[I0JIOCE YCUJICHHE YMEHBIIAETCS C NOHUKEHUEM
qacToThl [23].

Kak ormeuanocpk Beime (cM. m. 2.1), ogHO U3
MPEUMYIIECTB NMPUMEHEHUS AKTUBHBIX KOPOTKUX
JUTIOJEN 3aKII0YaeTCsl B TOM, UTO aHTEHHAas TEMIIe-
paTypa ramakTH4ecKoro (poHa Ha BBIXOJE TaKHUX
JUIIOJIEW CTAHOBUTCS IPAKTUYECKH YaCTOTHO-HE3a-
BHCHUMOH (HU3KHE YacTOTHI oAaBisitoTesi). C moHu-
YKEHHEM YacTOTHI MOJABIISIIOTCS TaKXKe ITOMEXOBbBIE
curHanel. TeM He MeHee 3HaYUTEIbHOE YacTOTHO-
3aBHCHMOE OcjlabJieHHe CUTHajla B CPAaBHUTEIBHO
JUTMHHBIX KaOeNbHBIX cHUcTeMax (a3oBpalmareieit
U JUHUAX nepenadn ocraercd. [lostomy B co3na-
BaeMbIx cyoOpemerkax ['YPT mns makcumm3zammm
YyBCTBUTEIBHOCTH W AMHAMUYECKOTO JAMAana3zoHa
MIPUMEHEHBI KaK paclpesieIeHHOe YCUIEHHE BIOJb

Puc. 3. Baennnii Buz nocinenneit momudukarmm 25->nementHol cyopemrerkn I'YPT ¢ anmapatHsM mkagom B ieHTpe
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TpakTa (TpH spyca yCHWICHHs), TaK M BKIIOUCHHE HA
BXOJIaX YCHIIUTEINIEH 4aCTOTHO-3aBUCUMBIX aTTEHIO-
aTopOB, KOPPEKTHPYIOLIHNX MEPEIATOUHYIO XapaKTe-
puctuky. bnarogapst 3ToMy ypoBeHb BXOTHOTO CHI-
HaJla MpUEeMHHKa MMEEeT OJMHAKOBOE IIPEBBHIILICHHUE
(06b14HO 310 15+20 nb) Hax BHYTpEHHUMH IIyMa-
mu AIII Bo Bceit paboueit mosoce (cM. pasnen 4).
TakuMm oOpazom obecriednBaeTCss MaKCHMHU3AIUS
YYBCTBUTEIBHOCTH W JITHEMHOCTH IIU(PPOBOTO MPH-
€MHHMKa BO BceM Auarnasone. [Ipu Hanumumum ovyeHb
BBICOKOTO YPOBHS IOMeEX (HalpuMep, Py CIICKESHUH
32 UCTOYHMKOM BOJIM3HM TOPU30HTA) MOTYT HCIIOJb-
30BaTbCs (MIIBTPBI, BBIIEISIONIUE TOJIBKO IIOJIOCY
25+80 MI1 (cm. m. 2.1).

Ha puc. 4 nmokazansr AUX ycumureneii cyope-
wetkd ['YPT ¢ pa3nuyHbIMU 3BEHBAMH 4YacTOT-
HO-3aBUCUMBIX aTTEHI0aTOPOB M (PUIBTPOB, a Ha
puc. 2 — nonHas pyHKIIMOHAIIbHAS cxema cyOpenier-
KH CO BCEMH CTPYKTYPHBIMH 3BEHbsIMHU. OTKIIUK BCEH
cyopemetkn ['YPT (curHan, mpuHATHIA JTUTOISIMU
U NIPOILEALINNA BECh CUTHAJILHBIM TPAKT) Ha TAIaKTH-
Yyeckuid OH MpHUBEJeH B paszzeie 4.

P, nb
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Puc. 4. AUX ycunureseil BToporo sipyca — CIIJIONIHAst KpUBas,
TpeTbero spyca (C YaCTOTHO-3aBHCHMBIM aTTEHIOATOPOM

n ®BY) — mTpuxoBas KprBas, 1 4€TBEPTOTO Apyca (C 4aCTOTHO-
3aBUCUMBIMHU aTtTeHioaTropamu 1 @HY) — myHKTHpHAS KpHUBas

2.3. Pacuer mapamerpoB cyopemerku I'YPT

Pacuer napamerpoB cyopemerku I'YPT Beimonssii-
Csl METO/IOM KOMITBIOTEPHOT'0 MOJIENTMPOBAHUS C IIPH-
BJIEYEHNEM MATPUIHONW TOPUHN TUCCUITIATUBHBIX aH-
TeHHBIX perietok [31, 32]. [{ns sToro Oputa paspa-
0oTaHa MaTeMaTH4YecKas MOJAENb CyOpelIeTKH,

KOTOpas OCHOBaHa Ha INPEJCTaBICHUM €€ B BUIC
KAaCKa/JIHOTO COEAMHEHMS JBYX MHOTOIOIIOCHUKOB,
OJIMH W3 KOTOPBIX IOCTAaBJIEH B COOTBETCTBHUE pe-
IIETKE JUMOJIEH, a BTOPOH — CUCTeMe ee BO30yK-
JeHMsI, KyJa BXOJST YCTpoiicTBa ycuneHus, (as3u-
pOBaHMA U CYMMHUPOBaHUsSI curHanoB. [lapameTpsr
[IEPBOI'0 MHOTOIIOJIIOCHUKA ONPEAENAINCh IyTEM
pEILIEHNs] CUCTEMBI MHTETPATIBHBIX YPaBHEHUH OTHO-
CUTEJIBHO paclpeeNeHusl TOKOB Ha JTUIIOJAX C yue-
TOM MOJICTHJIAIOIEN TOBEPXHOCTH B BUJE PEaTbHON
3emuu. s ee pemenus Obuta pa3padoTaHa crienu-
ajpHasg Metoauka [33], ocHOBaHHAasi HA METOAE MO-
MEHTOB U IT03BOJISIOLIAs HAXOAUTH BCe TpeOyeMble
MaTpUYHbIE TapaMeTPbl MHOTOIIOJIOCHUKA, 9KBUBA-
JIEHTHOT'O PELETKE AUMOJIEH, C MUHUMAJIBHBIMH 3aT-
paTamM¥ BBIYHCIHUTENBHBIX pecypcoB. [lapamerpsr
BTOPOTO MHOTOIOJIIOCHUKA, COOTBETCTBYIOLIETO CXE-
Me BO30YyXIEHHs CyOpemeTKd, ONpeaesuIich ¢
HCIIOJI30BAHMEM alrmapara MaTpHIl PacCestHUs, XO-
poto usBectHoro u3 reopun CBU-neneil. [lonyuen-
Hast Mozienb [34] mo3Boyniia ONpeAeIuTh BCE Tpe-
OyeMble XapaKTepHUCTUKU HAIIPAaBIEHHOCTH U Mapa-
METpBI CyOpeIIeTKH, Takue Kak 3¢ GeKTuBHAS III0-
maap, K03QPUIUEeHT HanpaBIeHHOTO AeHCTBUA
(KH), xoaddunuent ycunenus, KIIJI, mymosas
TeMmIeparypa ¥ Jp., a TaKK€ MX 3aBUCHMOCTU OT
yIila CKAaHHPOBAaHHUS M YaCTOTHI BO BCEM padoueM
nuanaszone paguoreneckona ['YPT u no Bcemy cek-
TOPY €ro HaBeACHMUS.

Ha puc. 5 noka3anel HOpMUPOBAHHBIE AUATPaAM-
MBI HanpaBieHHOoCcTH F(0, @) (rome 0 — 3eHUTHBII
yroi, @ — a3uMyT) CyOpeIIeTKH B PeKUME pHeMa
IUIOCKOM 3JIEKTPOMArHUTHOM BOJHBI OJTHOM TMOJIS-
pHU3aLuy, NIPUXOIAIIEH U3 36HUTHOTO HalpaBJIeHHUS,
paccunTaHHbBIe Ha 4eTbpex "yactoTax — 10, 20, 40
n 80 MI'ty — mist geTsipex (PUKCHPOBAaHHBIX TUIOCKO-
cTeil (¢ =const, 1Be U3 KOTOPBIX MPOXOAAT yepe3
ocu X (¢p=0) Y (¢p=90°), u n1ByX TuaroHaJbHbIX
mwiockocteit — E (¢ =45°) u H (p=135°). B moc-
KOCTSIX PEILIETKH, MPOXOASAIUX 4Yepe3 ocu X u ¥,
(puc. 5, a) aguarpaMMbpl HampaBIEHHOCTH OJMHA-
KOBBIC, @ B TMAarOHAJILHBIX TNIOCKOCTAX £ (puc. 5, 6)
u H (puc. 5, ) 3aMETHO OTIMYAIOTCS, IPEXKIE BCETO
(hopMOii U ypOBHEM OOKOBBIX JIETIECTKOB.

Ha puc. 6 npuBeneHs! rpaduKu 4aCTOTHBIX 3aBU-
CUMOCTEH IIMPUHBI JUarpaMMbl HalpaBICHHOCTU
(puc. 5, a) Ha ypoBHE IIOJIOBUHHOIN MOLTHOCTU 20, 5
U MakcuMaiabHOU 3¢ ¢deKkTuBHON mwiomamu A4,
cyOpemrerku. Ha 3TOM prcyHKe BUAHO, YTO HIMPH-
Ha JuarpaMMbl HalpaBICHHOCTH C yBEIUYCHHEM
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Puc. 5. Ceuennst HopMHpOBaHHOU TMarpaMMbl HarpaBieHHOCTH cekinn I 'Y PT onHO# monsipr3amu 171 3eHUTHOH OpUEHTALINH JTyda
B PEXHMe IIpUeMa Ha pa3HbIX 9acToTax padodero auarnazona (kpuebie 1 — f =10 MI'w, kpussie 2 — f =20 MI'u, kpusbie 3 —
f =40 Mrn, kpusbie 4 — =80 MI'm) ast IIocKocTell @ = const: g — IWIOCKOCTH, npoxozsinue depe3 ocu X (¢ =0)

uY (¢ =90°); 6— E-mockocth (¢ =45°); ¢— H-tutockocth (¢ =135°)

2

2045, ° A pinas M
60 600
50+ 500
40 400
30+ 300
20+ 200
10 100

10 20 30 40 50 60
Puc. 6. ['padyky 4acTOTHBIX 3aBHCUMOCTEH IIUPUHBI THArpaM-
MBI HaIlPaBJI€HHOCTH Ha yPOBHE IIOJOBUHHOM MOIITHOCTH 26 5

ipH (ha3HpOBaHKH B 36HUT U MAKCHMAITBHOH 3(GeKTHBHOH 110~
mam 4 cyOpermeTku

e max

9acTOTH magaetr oT 64° ma 10 MI'm mo 10° Ha
80 MTI'y, a Ha 40 MI'ny cocTaBisieT mpumepHo 20.5°.
MakcumanbHas 3(p¢peKTuBHAS TUIOIIAAb PEIIeT-
Kd A, TaKke MOHOTOHHO YMEHBIIAETCs C Poc-
TOM YacTOTHl oT 668 M2 Ha 10 MI't mo 126 M2 Ha
80 MI'n, a Ha 40 MI'n A4,,,, cocraBusier 368 m2.
3ameTHBIN Ha puc. 6 U310M KpuBoi A4, (f) BOIH-
31 4acToThl 67 MI'1 cBsSI3aH ¢ MOSBIEHUEM 1TO00Y-
HOTO TJIABHOTO MakcuMyMa (IH(pPaKIIHIOHHOTO Jie-
MeCTKa JrarpaMMbl HAIpaBIEHHOCTH), XOPOIIIO BHJI-

HOI0 Ha puc. 5, a.

2.4. OnpeneneHne nmapaMeTpoB
MOACTUJIAIOLIEH MOBEPXHOCTH

AHTEHHBIE PEIIETKH COBPEMEHHBIX HU3KOYaCTOTHBIX
pPaguoTENECKONIOB PACcIONOKEHbI HaJ MOBEPXHOC-
ThIO MOJyNpoBOAAUIei 3emiau. [Ipu usmMmeHeHun
MOTOJIHBIX YCJIOBUI Bapualuy IPOBOJUMOCTH G U
JIUBIEKTPUYECKON MPOHULIAEMOCTH €, MOJICTUIIAI0-
Ie¥ TOBEPXHOCTH IPUBOIAT K U3MEHEHHSIM 3P deK-
TUBHOW IUIOmAIu A,, MOJAPU3ALUOHHBIX Xapak-
tepuctuk u KI1/[ anTeHHsI (MocmeqHee BaXHO TSI
JETaIbHOTO U3y4YEHUS SIPKOCTHOU TEMIIEpaTyphl ra-
naktuueckoro ¢ona). M30exarp Takoro poga Ba-
pUanuii mapaMeTpoB aHTEHHBIX PEIIETOK MOXKHO
IIyTEM IMOTHON MEeTa/NIN3alUN MOBEPXHOCTH 3€MITH
o7 HUMU. YacTrdHasi MeTaJuTn3amus (Tak, Kak 3TO
caenano, Harpumep, B panuoTeneckone LOFAR [1])
periaet mpobieMy 4acTHYHO, TIPU STOM B Pa3iind-
HO¥ CTEIeHH B 3aBUCUMOCTH OT HaIpaBjieHus a3u-
poBanus cyopemerku. Ha paguoreneckone I'YPT
peanusyeTcsa albTepHATUBHBIA MOAXOH, KOTOPBII
COCTOUT B OIIPENETICHUH U yUeTe MapaMeTpoB 3eM-
nu [35]. MeTo1 OCHOBaH Ha U3MEPEHUHN OTHOIIICHUSI

E, (g, 0, f)
E_(s0, f)

IIOHCHTBI EZ HAIpsXXCHHOCTH IIOJISA IMTOBEPXHOCT-

ammutyn D = BEPTHKAJIbLHOH KOM-

HOM BOJIHBI Ha IByX PACCTOSHUSX z; U z, OT U3IIy-
Yaonero BEPpTUKAIBHOTO aumois (puc. 7) c
MOCJICAYIOIMM PEIIeHUeM 0OpaTHOM 3a/1auu BOCCTa-
HOBJICHHUS NApaMETPOB 3eMJIM € U G II0 IKCIEPH-
MEHTAIhHO YCTAaHOBIIEHHBIM Ha Pa3HBIX 4acTOTax
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Puc. 7. Cxema namepenust aMiuntys £, u E, BepTHKaIbHOM
KOMITOHEHTHI [OJIs1 IIOBEPXHOCTHOM BOJIHBI JJTS1 ONPEIeICHNI ITa-
PaMeTpOoB 3eMIIU

3HaYeHusx D - sz 5 sz. YacToTsl BEIOMpatoTCs
JIOCTAaTOYHO PAa3HECEHHBIMH B I€KaMETPOBOM JIHa-
na3oHe paguoBOJH (Hanmpumep, f, =15 MIL,
f,=30 MI'n, f;=50 MI'n), 4To0bI 0OecneUnThH
JIyYIIyI0 TOYHOCTH ONPENEIICHHUS] NCKOMBIX Iapa-
MeTpoB. B ciyuae ncnonb30BaHUsA ONMHCAHHOTO
BBIIIIE METOJIa MOJHOCTHIO OTMAagaeT HeoOXOAH-
MOCTh B MCTAJJIM3allUU IMMOBEPXHOCTH 3C€MIJIN I10[]
PELIETKOM, YTO 3HAYUTENBHO YICUIEBISIET €€ CTOU-
MOCTB IIpH CO3JaHUH, U, YTO HEMAJIIOBAXKHO, U3MeE-
peHUA MOTYT HNPOBOAUTHCA B aBTOMATUYCCKOM peE-
x)uMe 0e3 yuyacTusi HaOnromares.

2.5. Cucrema ynpapjieHHS ¥ aBTOMATH3ALHUS

Hcxonsa u3 mmpunsl JIH cexuun ['YPT Ha BepxHei
yactoTe pabodero amamazoHa OblT pa3paboTaH a-
30BpanaTesib ¢ KOJIU4EeCTBOM 2° =32 nonoxeHuit
ny4a 1o Kaxaoi koopaunare. Cucrema gasupona-
HUSI CEKIIMH COCTOUT M3 ABYX SIPYyCOB, IEPBBIN U3 KO-
TOPBIX (a3upyeT U CyMMHPYET CHUTHAIIbI AUMOJEH
B psAAax BJOJb HalpaBieHMs 3alajl-BOCTOK, a BTO-
poii sipyc cyMMUpyeT U (a3upyeT CHTHaJbl PsIIOB
BJIOJIb HAIIPABIICHUS CEBEP-IOT.

g ynpaBieHus JIydoM CEKLMH paaHoTeNeCKoIa,
a TakXe ISl KOHTPOJS MapaMeTpoB ero paboThl
Oblia co3maHa cucTeMa YIpaBlIeHHA. YIpaBlieHUE
JUarpaMMoi HampaBJIE€HHOCTU OMHUCAHHOW BBIIIE
(hasupoBaHHON aHTEeHHOW pemreTku cekuuu ['YPT
MIPOM3BOAUTCS Iy TEM MOJa4YH MATHOUTHOTO KOJa Y-
paBieHus Ha (a3oBpallaTesid AByX SpycoB (asu-
pOBaHUS COOTBETCTBEHHO IO JBYM KOOpPAMHATAM.
Pauer HEOOXOOMMBIX KOJOB MPOM3BOOUTCS C IOMO-
LIBI0 MPOTPaMMBbl YIIPaBIEHUS PaIUOTENECKOIIOM
I'YPT, koTopast UMeeT pa3IndHble PEKUMBI PAOOTEHI.

Pabota neHTpaibHOTO 0JI0Ka MOYKET ObITh CHHX-
POHM3UpPOBAaHHA C MOMOIIbIO CUTHAJIOB CTaHJApTa
4acTOThl ¥ BpeMeH! B GPS curnanos. ApxuTekTypa

cUcTeMbl ynpasienus paguoreneckona ['YPT npu-
BeJieHa Ha puc. 8.

2.6. IllnpoxonoaocHasi mudpoBas
perucTpanus U 00pad0TKa JaHHBIX

s mpuema u mocnenyomieil 00padoTK CHTHAIOB
kaxnas cyopemerka ['YPT obopynoBana Ha BBIXO-
Jie ITUPOKOTIOJIOCHBIM LI (PpOBBIM pueMHUKOM ADR
(Advanced Digital Receiver) [24]. [TapameTps! npu-
€MHHUKa COIIACOBAHBI C IIapaMeTpaMy CEKIIMU PaaNo-
teneckorna I'YPT u mo3Bonstor pabortarh BO Bcel
[I0JIOCE YacCTOT C BBHICOKUM YaCTOTHO-BPEMEHHBIM
pa3pemeHneM U BBICOKUM JHHAMUYECKIM JTHara3o-
HOM NIPUHAMAEMBIX CUTHAJOB (cM. Tadm. 1). [Tpuem-
HUK 00J1a1aeT BEICOKOH YyBCTBHTEIILHOCTHIO, a TaK-
Ke HU3KHUM YPOBHEM COOCTBEHHBIX ITYMOB M Tapa-
3UTHBIX CUTHAJIOB.

ADR o6opynoBaH ABymMsI BXOAHBIMH KaHaJaMH,
MTO3BOJISTFOIIIMMH TTAPAJUIEITBHO TPHHUMATE 1 00pada-
THIBaTh CUTHAJIBI IBYX JIMHEMHBIX MOJIApU3aLUil cy0-
pELIeTKH pajnoTeNeCcKONa, KOTOpble MOTYT OBIThH
UCIIOJIb30BaHbI TAKXKe VI HU(POBOro (Ha3upoBaHUs
OTIENBHBIX CeKIMHA MeXIy coOoi Omaromaps GpyHK-
LIUU PETYIINPYEMON OTHOCUTEIBHOM BPEMEHHOM 3a1ep-
YKKU CUTHaJIa MeXIy ByMs KaHajmamu oT 0 10 8 MKC
c maroMm 8 mc. Peanmu3oBaHo aBa pexknma pabOTHI
MIPUEMHHKA: 3aITUCh “‘CBIPBIX  TAHHBIX, MOCTYIAIOLINX
¢ AT tak HazeiBaeMbii Wave-Form (WF) pexum,
U PEKUM NPeoOpa3oBaHusl CUTHAJIA B CIIEKTPHI C BO3-
MOYXHOCTBIO HAKOIUIEHHUS 110 BPEMEHH, BBIYMCICHUS
CYMMBI M Pa3HOCTH, a TaK)K€ BBIYHCIIEHUS KpOcCC-

Tabnuya 1. TlapaMeTpbI HIMPOKOMOJIOCHOT0 I(POBOTO
npuemMHuka ADR

ITapameTpsr 3HaueHHE

YacroTHbIl aranazoH, MI'ig 80

KonnuecTBo 4acTOTHBIX KaHAJIOB 16384

YacroTtHoe pa3pemenne, K[ 11 4.883

BpemenHnoe pasperienue, HC 183.5
Paspsanocts AL, Gut 16
JlnHamuyeckuii auanas3oH, 1b 90
KommaecTso BxomoB 2
Brictpoe npeobpazoBanue Oypbe +
WEF pexum (He orpaHIYeH 110 BpeMEHH) +
Brruncnenue kpoce-cekTpoB +
CyMMa-pa3HOCTHBIH PeXXUM +
Hopmuposanue curHaios +
BpemeHHas 3aepKKa CHTHAIIOB +
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Puc. 8. ApxutekTypa cUCTeMBI yripaBieHus paguoreneckona ['YPT

CIIEKTpPa MEXJy KaHaJlaMH B PEAJIbHOM BPEMCHH.
[osmyueHHbIE TaHHBIE CHAOYKAIOTCS METKAMH TOYHO-
T'O BpEMEHH OT CTaHIapTa 4actoTel/BpeMern u GPS
MIPUEMHHKA YTO MO3BOJISIET IIPOU3BOIUTH CHHXPOHH-
3aIMI0 MEXKTy CUTHAJIAMH IPOU3BOJIEHO PACTIONIOKEH-
HBIX MPUEMHHKOB, & TAK)KE CHHXPOHHO YIIPABJIATH UMH.
Jlanee moyrydeHHbIC TaHHBIC MOTYT COXPAHATHCS JIO-
KaJIbHO Ha JKECTKOM JMCKE KOMITbIOTEPA MJIH OTITPaB-
JIIThCSL Ha TIOCIIEAYIOIIY 0 00paboTKy U (ha3upoBaHUE
C TIOMOIIBIO JIOKATEHOW KOMITBIOTEPHOMN CETH.

ADR o6opynoan 16-6utaeim ALl ¢ nuHamu-
YEeCKUM JMaa30HOM MO0 KOMOWHAIHOHHBIM CO-

CTaBJSIIOIIMM IOMeX Tperbero mopsiaka 100 ab k
MUKpOBOJIBTY. OH 0OecrieunBaeT B MOJIOCE MpUeMa
4 k['1i TMHAMUYECKUI JUara3oH M0 COOCTBEHHOMY
urymy okosio 110 nb. AnmapaTtHoe BpeMeHHOE pas-
pelieHre coctapiseT 6.25 Hc.

2.7. Boraucymreabnblii Kaacrep YTP-2 — T'YPT

Hudposast 06paboOTKa MOIyYEHHBIX CUTHAIOB SB-
JsieTcss HEOThEMIIEMOH YacThlO Tpoliecca paanoac-
TPOHOMHYECKUX HccaenoBanuid. [loatomy cyie-
CTBEHHOE BHUMAHHE Y/IENACTCS Pa3BUTHUIO COBMECT-
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HOTO BblYMCHHTENbHOrO Kiacrepa YTP-2 — I'YPT.
B nacrosiiee BpeMs OH COCTOUT U3 IBYX HUACHTHY-
HBIX cepBepoB (mporeccop Intel Core i5, onepa-
TBHAs MaMsITh 32 I'b, AMCKOBOE MPOCTPAHCTBO [0
30 Th, Buneokapra GTX 670). Kpome Toro, mis
peleHus psana 3agad MOTyT OBITH MCIIOIb30Ba-
HbI BBIYUCIIUTENBHBIE BO3MOKHOCTH YIOMSHYTBIX
npuemMHnKkoB ADR (mpoueccop Intel Core i5, ome-
paruBHas namsth 16 I'B, auckoBoe mpocTpaHCTBO
no 18 Th, Buneokapra GTX 670), a Takxke 1mecTa
KOMITBIOTEPOB Pa3InYHON TPOU3BOAUTENLHOCTH, yC-
TaHOBJICHHBIX Ha pamuoreneckone Y TP-2, kotoprie
TOXXE BXOIST B KJacTep.

B Hacrosimee BpeMsi pazpalaTbIBaeTcs cUCTEMa
IUQpOBLIX (azoBparuareneii, Koropas OyJIeT UCIoIb-
30BaTbes sl (A3MPOBKH MPOU3BOJILHOTO YHCIIA
cyopemetok ['VPT. Ho ¢azupoBanmne HecKOIbKUX
CyOpeIIeToK ye BO3MOKHO, B YaCTHOCTH, C TIOMO-
LIbI0 TaHHOTO BBIYMCIUTENBHOTO Kiactepa. Orpa-
HUYCHHBIE [0 BPEMEHH 3allCH CUTHAJIOB HECKOJIb-
KHX CyOpelIeTok, noiny4eHHsle B pexxume WF, mMo-
ryT ObITh (pasupoBaHbl B o daiiH-pexxume. anb-
Helillee pa3BUTHE KiacTepa (yBelIHUYCHHE YHCIIa
CEPBEPOB, pacIIUpEeHHe AMCKOBOTO MPOCTPAHCTBA,
pa3paboTKa MPOrpaMMHOT0 00CeCIICUEHUS, TO3BOJIS-
IOLIETO pachapayieiBaTh BEIYUCIUTEIbHBIE MPO-
LIECCHl Ha BCE JIOCTYIMHBIE BBHIYMCIUTEIBHBIE MOII-
HOCTH Kak B Mpenenax KiacTepa, TaKk U BHE €ro)
CMOXET, C OIHOH CTOPOHBI, B35Th Ha ceds 4acTh
¢bynkuui mudpoBoro (asupoBaHuss CyOpenIeTok
I'VPT, a ¢ npyroi — cylieCTBEHHO PacIIMpPUTh BO3-
MOYHOCTH 000MX PaHOTEIECKOIIOB IPH peIICHUH
Pa3IMYHBIX PaIUOACTPOHOMHYECKUX 3ajad.

3. AKTyajibHble acTpo(u3MvecKue 3aaa4u
JJIs MAJIOPa3MePHbIX AHTEHH

3.1. ®ayKTyanuoHHAs] YYBCTBUTEILHOCTh
cyopemerku I'YPT

Manopa3mepHasi agAMTUBHAs aHTEHHA-pPEIIeTKa C
BBICOKHM (DaKTOPOM 3aITOJTHEHUS anepTypsl, dPdek-
TUBHOM MIomabo MeHee 10° M” M IMPUHOM uar-
paMMBbl HampaBlieHHOCTH Oosiee 10° MMeeT HU3KYIO
YYBCTBUTEIBHOCTh N0 3G GEKTy CIyThIBaHUS (con-
fusion effect) Ha ypoBHe coten sHCKUX [36]. DTOT
Ba)XHBIH B paIMOACTPOHOMHUH MapaMeTp HCCIIeI0Ba-
HUI OmpeessieTcs, B IEPBYIO Ouepellb, pacipeerie-
HUEM paIOUCTOYHHUKOB KOHTHUHYYMa BO BCCHGHHOﬁ,
T. €. CPEIHUM YIJIOBBIM PACCTOSTHHEM MEXIy Pajifio-
HCTOYHHMKAMH C IUIOTHOCTSIMU IOTOKA M3JTyYEHHS, CO-

OTBETCTBYIOIUMU TPEACIIEHO OOHAPYKUMBIM [Tt
JIAHHOTO PaJNOTENIECKOIa C IIIMPUHON TMarpaMMbl Ha-
MPaBIEHHOCTH, MEHBIIIEH YKAa3aHHOTO YIJIOBOTO pac-
crostaus (s pamuoreneckona Y TP-2 ata Benmaunaa
cocraBisier 5+10 fu [3]). OnHako qaHHOE OTpaHU-
YEHHE YyBCTBUTEIILHOCTA UMEET MECTO B OCHOBHOM
JUTSI CaMOi OOTITUPHOM TTOTTYJISIIIMY — KOMIIAKTHBIX Pa-
JTMOMCTOUYHHKOB HETPEPHIBHOTO PAAHMOU3IYUCHUS:
paJauorajakTuK, KBa3apoB, OCTATKOB BCIIBIIIEK CBEPX-
HOBBIX 3B€3/l, 'MUCCUOHHBIX TyMaHHOCTel. [lonassto-
1iee OOJIBITMHCTBO APYTHX KIIACCOB aCTPODUZUICCKIX
00BEKTOB ¥ BHJIOB KOCMHUYECKOTO PaTHOU3ITyIeHHS HE
HMMEIOT TAaKOro OTPaHMYEHHUsS. ITO OTHOCUTCS K MO-
HOXPOMAaTu4eCKOMY, UMITYJIbCHOMY, CIIOPaAHYECKOMY
PaIUOU3IIYYCHUSIM MEX3BE3IHOM U MEXIUTAHETHOM
cpenpl, CoHITa, TUIAHET, MyJILCAPOB U T. 1., 9TO B IIep-
BYIO OYEpEIb ONPENENAETCS] yMEPEHHOM MOMyIsIIuei
JIAHHBIX OOBEKTOB, COOTBETCTBEHHO, 3HAYUTEILHBIM
YIJIOBBIM PacCTOSTHUEM MEXY HUMHU U TOTIOJIHUTEIIb-
HBIMH KPUTEPUSMHU PA3TUIUMOCTH — KPOME dHEpre-
TUYECKOTO ¥ IPOCTPAHCTBEHHOTO, €111€ ¥ YaCTOTHBIM
U BpeMeHHbIM. [1o3TOMYy B MpUBOJUMOM JAajiee aHa-
JIN3€ BO3MOYKHO OTPaHUYUTHCS JIMIIb OLICHKON (IIyK-
TYyallUOHHOW YyBCTBUTEJIBHOCTU PaJUOTENIECKONa —
cyopemerku ['YPT. MHbIMU crioBamu, IS UCCIEI0-
BaHUsI JAHHBIX OOBEKTOB BYKHBIM SIBIISIETCS HE YIIIO-
BOE pa3pelieHre (B0 MHOTUX CIy4asiX OHHM MPUHIIH-
MMAATEHO HEPa3pEeIuMbl), 2 MAKCUMAaTHHO BO3MOKHASI
3¢ deKTUBHAS INTOIA/Ib W/ MAKCUMAITEHO BO3MOXK-
HOE UHTETPUPOBAHUE IT0 BPEMEHH U YaCTOTE.

Kak n3BecTHO, MUHMMAaJIbHO OOHAPYKHUMAs MJI0T-
HOCTb MOTOKA JIJI1 aHTEHHBI C OJIHOM MO pu3anuen
OTIpeNIeNsIeTCs KaKk

kT

* AN AL ©)

min

e K=(T,+Ty)/T,, Ty — mymoBas Temiepa-
Typa BCTPOEHHOI'O B IMIIOJIb AHTEHHOI'O YCUJIUTEII,
T, — aHTeHHas TeMIIepaTypa rajJakTHieckoro ¢oxHa
Ha BBIXOJE IACCUBHOM 4dacTu gunons; Iy — TeM-
repaTypa CUCTEMBI, Ha HU3KMX 4acTOTaX OHA COOT-
BETCTBYET SIPKOCTHOM TEMIIEPATYpPE TraaKTUUYECKO-
ro ¢pona Tp; Af, At —4acToTHas I0JIOCA U BpeMs
HMHTETPUPOBAHUS COOTBETCTBEHHO.

J1s1 COBpEMEHHBIX PEIIETOK U3 AKTUBHBIX 3JIEMEH-
TOB, KakoBbIMH SBJIsIIOTCS I YPT, NenuFAR, LOFAR,
LWA u npyrue, o4eHb BaKHBIM ITapaMeTpoOM, OIIpe-
JEJISIOIIHAM PEAIbHYI0 YyBCTBUTEIbHOCTh CUCTEMBI,
SIBIIIETCS MPEBBIIICHIE aHTCHHOW Temrepatypsl 7,
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rajJaKTU4ecKoro ()oHa Ha BBIXOJIE MACCUBHOHM YacTH
JUIIONIA HaJ UIyMOBOM Temmeparypoil 7, BCTPOEH-
HOTO B TUTIONb aHTEHHOTO YCHITUTEIISI, BXO/ KOTOPOTO
Harpy>keH Ha IMIIEIaHC, PABHBIA UMIIEJAHCY TUTIOJS.
To ectp B dopmyne (5) 3TO MPEBBIIIEHHE yUNUTHI-
Baetcst KoapduimenToM K. DKCIIepUMEHTaIIbHOE OTl-
pelieneHre JaHHOW BEJIMYMHBI SIBJIETCS HENPOCTOU
3aa4eil, MOCKOIbKY IUTIONb U YCHIIUTEIh IPEICTaB-
JISTIOT cO00¥ 0JTHO 1eNIoe CO Ce(UIECKIM B3arM-
HBIM KOMIUIEKCHBIM COTJIacOBaHHMEM. TeM He MeHee
JeTajbHbIE TEOPETUUECKHE PACUEThI U IKCIIEPUMEH-
THI (cM. 1. 2.2, a Taxke [37]) TO3BOJISIOT KOPPEKTHO
OLIEHHUTH ITOT MapaMeTp. B 4acTHOCTH, TOKa3aHO, YTO
COOCTBEHHBIH IIIyM aHTEHHOTO YCHJIUTEIIS], BKITFOUCH-
HOTO B aKTHBHBIH JHIT0Jb, OJM30K K peaTbHOMY 3Ha-
YEeHUIO TIPU peXUMeE KOPOTKOTO 3aMBIKAaHHS Ha BXOJIE
yeunurens. [IpeBbimenne GpoHa Hajl COOCTBEHHBIMU
mymamu coctasisier 9+10 nb (8 +10 pa3), a coot-
BeTCTBYIOIMH KoadduuueHt K ~1.1. Dto nocrarou-
HO XOpOILIMI NOKA3aTelb, OATBEPKIAIOIINI KaueCTBO
aktuBHOTO 31eMeHTa ['YPT. OH yka3bIBaeT Ha TO,
yTo cucreMHble ymel ['YPT B ocHOBHOM ompe-
JIETISIFOTCSL TEMIIEPaTypOil BHEIIHETO I'alaKTHYeCKOro
(oHa, a He IIYMOBOH TeMIIEpaTypoi BXOJHBIX yCHITH-
teneil. Otvernm, uto B cucteMe LOFAR yka3anHoe
cpenHee mpeBblmenne coctaBmsaeT 3 1b (K =2), aB
LWA -6 nb (K =125). B paguoreneckone YTP-2 no
MOJICpHU3AIUU CUCTEMBI aHTEHHOTO ycuiieHus [23]
npeBsbiieHue cocTaBsuio ~5 n1b (K =1.4) Ha gac-
tote 25 MI't. B Hacrosimee Bpems mist YTP-2 u
YPAH 5710 3HaueHue coctaBiuser ~ 1.25.

B cnyuae usydyenust Bapuanmii SpKOCTHOM TeM-
NepaTypbl TaJakTUIecKOro oHa W MOMCKA CIEKT-
paIBHBIX 0OCOOEHHOCTEH (JIMHUH) B paAnOU3TyYeHUH
HEOOX0IMMO 3HaTh MUHUMAJIbHO OOHAPYKUMYIO OT-
HOCUTEIBHYIO SIPKOCTHYIO TEMIEparypy, KoTopas
COOTBETCTBYET MHUHHMMAJIbHO OOHAPYKHMOH IUIOT-
HOCTH TOTOKA M3ITyYEHHS C TOYHOCTBIO 10 KO3 hu-
upenra 2K/ A, :

AT) K

Ty ). JAFAC

Ha puc. 9 noka3zassl pe3yapTaTbl pacueToB UyB-
CTBUTENBHOCTH AS ; B IIMPOKOM JUANa30HE U3Me-
Henus mapamerpoB Ar (107 =+10°¢c) u Af
(6+60000 I'm). Jns ympoleHus HILTIOCTPAIIIH
BbIOpaHo 071HO 3HadeHue T =7, = 20000 K Ha nen-
TpasibHOM yacToTe cyopemterku 40 MI 1. SIpkocTHas
Temneprapa 1, MeHsA€TCA B AUANa30HE YacTOT IIPO-

6
10 ?\S—BCHJICCKM (FOmurep)
U"‘E _'\ - "~~~ _Kaccrones A
4107 .. -éComme
g I ISR R
2 el 600 KT
£10; e
2 ] 60 MTT~~~_ n
2 Tl T
= 0_. \\‘\\.\
10 E Haub6onee MOIHbIE ITyIbCapbl ™~ |

10° 10° 10° 10°
Bpemst HHTErpUpoBaHHs, C

Puc. 9. [loctikumas ayBcTBUTENbHOCTH cekiun ['YPT ¢ oTHO-
LICHHEM CUTHAJI/IIyM paBHbIM 10 B 3aBUCHMOCTH OT BpeMe-
HY HHTETPUPOBAHMS ¥ IOJIOCHI YaCTOT (IIMPUHA MTOJIOCHI B 6,
600 xI' u 60 MI'11 moka3aHa HAKIIOHHBIMU IITPUXOBBIMHU JTUH-
nsimu). 3Hauenus motokoB Kaccuorien A u 3C 75 mnst pacdera
B3s1HI Ha gacTote 40 MI'x (27000 u 110000 511 cooTBETCTBEH-
HO). [lna S-BemneckoB paguousnydenus lOnurepa npunsara
HIDKHSIS TPaHHULIA 10° Sl (cMm. 1. 3.7), 1t COTHEYHOTO U3ITyde-
HHUS IPUBEACHA OJIHA COJIHCUHAS €JMHHUIA TOTOKA (] 04 HH),
U3JTyYeHHE 3TUX UCTOYHHKOB MOXKET ObITh Ha 12 mopsiika 60-
nee MOIIHBIM. CIMCOK JOCTYITHBIX JUI HAOIIOICHNUS TyJIbCa-
pOB IpuBeeH B pasnene 4

NOPUHOHANBHO f %) HO YyBCTBHTENBHOCTH Ha
000 YacToTe JIerko mepecuuTarb. Kpome Toro,
3HadyeHue G pekTuBHOM miomam 4, =350 M” Tak-
K€ COOTBETCTBYET IIeHTpanbHOM yacTtore 40 MI' n
3€HUTHOM opueHTanuu nayda (cMm. m. 2.3). OgHako
CICJIaHHBIC YMPOIICHUS B pacueTax HE HU3MEHSIOT
MPUHIIAITMAIBHO OIICHOK BO3MOXXHOCTEH 00HapykKe-
HUS U UCCIICOBAaHUS COOTBETCTBYIOLIUX acTpodu-
3uueckux 3 HeKToB.

OddexruBHas mwiomaas paguoreneckona Y TP-2
paBHa 150000 M2, T. e. B ~300 pa3 Gonblie, 4eM y
cyopemerku ['YPT. Ho mmpokas pabodas moioca
(60 MI'm), manble COOCTBEHHBIE NITyMBI, BapbUpye-
Mble yacToTHOe (0T 6 KI'11 10 60 MI'T) 1 BpemeHHOE
(ot 1 mMc mo 10 4) paspemieHus, HAIUIUE IBYX JIH-
HEWHBIX TOJISIPU3aIii 00ECTICUNBAIOT BOBMOXKHOCTD
HCCIIEAOBAHUM Psiia ACTPOHOMUYECKUX UCTOYHUKOB
U SBIICHUH, a TaKXKe NA0T OYEBUIHYIO CHHEPTHIO
[pY COBMECTHOM MNPUMEHEHUHU KAaK BBILICYIOMSI-
HYTBIX, TaK W Opyrux aHTeHH. HeoOxomumo moju-
YEPKHYTb, YTO 3IEKTPOHHOE CKAHUPOBAHUE B LIIKPO-
KOM CEKTOPE YIJIOB, BBICOKAas YYBCTBUTEIbHOCTH
B LIMPOKOM JIMAala30HE YacTOT U BBICOKASI IIOMEXO-
YCTOWYMBOCTD MPEAOTPEIEISIIOT IIMPOKUE BO3MOXK-
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HOCTH acTpOdHU3NIECKUX HCCIIETOBAaHUA Ha CyO-
pemetkax ['YPT, uto OyaeT mokazaHo najee B pas-
nenax 3 u 4.

Ha nomorpamme puc. 9 nokasaHbsl JOCTUKUMBIE
YPOBHH UyBCTBUTEIBHOCTHS B SHCKHX JJIs1 BRIOpaH-
HBIX BPEMEHHOTO pa3pellIeHus U AUANa30HOB Yac-
TOT AJI HECKOJIBKUX pagnoucTouHukoB. Hanbomee
MOIITHO€ HM3Jy4E€HHE CBOMCTBEHHO S-BCILIECKaM
IOnurepa (cm. 1. 3.7). U3 pucynka oueBUAHO (BEpX-
HUW JIEBBIA Kpai) 4TO 3TO H3JIydeHHE BO3MOKHO
H3ydaTh C BPEMEHHBIM pa3pelleHueM Beime 1 Mc
u nojocoit yactot yxe 6 k['u. CrnpaBa Ha pucyH-
Ke OTMEYCHBI HanOoJiee MOUIHBIE MYIbCaphl (CM.
. 3.9 u paszgen 4), KOTOpbIE TaK)Ke JOCTYIHBI IS
vcciea0BaHui. Mexy 3TUMHU HCTOYHUKAMHU HaXO0-
IUTCS 00JIacTh, B KOTOPOW Olaromaps COOTBETCT-
BYIOIIEMY BBIOOpY MapaMeTpOB MPHEMHHKA JOC-
TYIHBI JUIsI HCCIIEIOBaHMsI Haubojee MOIHBIE HC-
tounnku (Kaccuomnes A, Jlebenpb A, conHedHoe pa-
TUOM3IyUYEHUE U T. II.).

3.2. HeremnoBoe pamuousnydyenne I'ajakTuku

HererutoBoe poHOBOE paanonsnydenue [ anakTiku siB-
JIIETCS OJTHUM W3 BAKHEUIIINX 00BEKTOB PaiioacTpo-
HOMWYECKHX HCCIIeIOBaHUI B IIMPOKOM JHaIa30He
JUMH BOoJH. Kak M3BECTHO, KIMEHHO JIEKaMETPOBOE
paarou3ydeHue ObLJIO OTKPHITO B Hadane 30-X TT.
npouuioro Beka Kapiom SHckuM, 4TO cTallo poXKie-
HUEM PaJIH0aCTPOHOMHUH B IIEJIOM KaK HayKH.

MexaHu3M TaKoro paauoU3IydeHHs 1aBHO U3BE-
CTEH — 3TO CHHXPOTPOHHOE U3ITyUEHUE TIPH JBHKE-
HUH PEITATUBUCTCKUX 3JIEKTPOHOB B MATHUTHOM ITOJIE
lamaxtuku. Tem He MeHee HAOTIONEHHS TAKOTO U3-
TydeHUs] KaK CpeACTBa AETalbHON JUAarHOCTUKHU
pa3TUIHBIX KOMIIOHEHTOB [ allakKTHUKH e1Ie JaaeKu
OT CBOETO 3aBepHIeHUS. DTO OTHOCUTCS K M3yde-
HUIO 3JIEKTPOHHOW KOMITOHEHTHI KOCMHYECKUX JIy-
Yyel, UX SHEPTeTUUECKOTO CIIEKTPA, paclpeeIICHHUs,
MpOUCXOXKAeHUs. BakHOU 3ajaueit sBJISETCS Tak-
Ke OTIpeNieJIeHne MEeITKOMACIITaAOHOTO U KPYITHOMAC-
mTaOHOTO0 MAarHUTHOTO TOJs ['alakTUKH U eTo uc-
TOYHUKOB. DTHU BOIPOCH B 3HAUYUTEIBHOU Mepe
MOTYT OBITh pelIeHbl MyTeM HaONIOeHHI pacipe-
neneHusl (IOCTPOCHHS KapT) HETEIIOBOTO PaIuo-
n3nydeHus Bcelt ['amakTuku, ocoOeHHO Ha Hambo-
Jee HU3KHX YacTOoTax (JeKaMeTPOBBIA M METPO-
BBIH JMana30oHbl BOJIH), TI€ 3TO U3JyUYeHHe Han0o-
Jiee WHTEHCHBHO, a BKJIAJ TEIJIOBOW KOMIIOHEHTHI
MIPEeHEOPEKUMO Madl.

Kak u3BecTHO, sipkoCTHas Temreparypa TeIIoBO-
r'O U3IYy4YEHHS HA HU3KUX YaCTOTaX MPONOPLIMOHATIBHA
f?, Torna Kak i HETEMIOBOTO (CHHXPOTPOHHOTO)
M3Iy4YEHUS OHA UMEET OOPATHYIO CTEIICHHYIO 3aBUCH-
MOCTh OT YaCTOTHI:

TB Nf_as

rme oo =1+3 — cuekTpaibHbId UHCKC.

Ha puc. 10 noka3zana kapta [38], mocTpoeH-
Hasl TIPH UCTIOJIb30BAHUHY OJTHOU CEKIIMU painoTesec-
korma YTP-2 B komOunanuu ¢ anrennorn YPAH-2.
Kak BumHO, naxce mpu TakoM YMEPEHHOM YIJIOBOM
paspenieHnn CTpyKTypa ['amakTuku XOpomio mpo-
CMaTpPUBAETCS — BUHBI TAJTAKTUYECKAs! TI0CKOCTh,
oOjacTh MUHMMyMa ()OHA U €ro BO3pacCTaHHE IMPHU
MPUOIKEHUH K IIEHTPY, IIYPBI, TPOTHKEHHBIC Ta-
JIAKTHYECKUE CTPYKTYPBI M MOIITHBIE HICTOYHUKH (TIOC-
JIEJIHUE MOTYT OBITh UCIIOJIb30BaHBI KaK KaTuopaTo-
PBI TIPYU IOCTPOCHHUH KapT).

Hecmotpst Ha HeGombie pa3mepsl CyOpeIeTKH
I'VPT (6ompmras addexTrBHAS MIOMAAb IS H3yde-
Husl (JOHA HECYIIECTBEHHA) U, COOTBETCTBEHHO, HE-
BBICOKOE YITIOBO€ pa3pelIeHue, C €€ TOMOIIBI0 MOX-
HO TIPOBOAMTH Ka4€CTBEHHBIE HCCIICAOBaHUA (hOHA.
Jis aTOr0 HEO0OXOIMMO MMETh OONBIIYI0 UyBCTBH-
TEIBHOCTh TI0 SPKOCTHOM TeMIIeparype, paBHOMEp-
HOCTh OTKJIMKA Ha (POHOBOE PaMOM3ITyYCHUE B IIIUPO-
KOW IOJIOCE YacTOT, IOMEXOYCTOIYNBOCTD, a TAKKe
3HaTh MApaMETPhl AHTEHHBI C BBHICOKOH TOYHOCTHIO
(cm. 1. 2.3). Kak cieqyer u3 npeapIayIiX pa3ieioB,
cyopemetka ['YPT coorBercTByeT »THM TpeboBa-
HUSIM, ¥ TIOCTPOSHHE Ka4eCTBEHHBIX KapT ()OoHA C ee
MTOMOIIIFI0 BO3MOXKHO | akTyaibHO. llImpokomomnoc-
HbIC HaOIIONEHHS TIO3BOJIST OINPEEIIUTh Pacipese-
JICHUE SIPKOCTHBIX TEMIIEPATYP, CIICKTPAIbHbIX HHICK-
COB U COITYTCTBYOIIIMX ITapaMeTpoB. BricOKOTOUHBIE
KapThl MOTYT CIIy’KUTh 3TAJIOHOM (KaJIMOpaTOpOM)
MIPH M3MEPEHUN SHEPTETHIECKUX MTapaMeTPOB HU3Iy-
YCHUS pa3IMYHBIX O0BEKTOB HA Pa3HBIX PAAHOTEIEC-
KOIax, BKJIIOYas HU3KOYACTOTHBIC KOCMHUYECKHE, U
Ba)KHBI JIJISl OLIEHOK MeTarajakTudeckoro (oHa me-
togamu T-T mmarpamm (cm. (m. 3.3)).

3.3. Ucnoab3oBanue meroaa T-T nmarpamm
B HH3KOYACTOTHOI PAIMOACTPOHOMHH

OnHoM M3 BaXKHBIX 3aJa4 TaJJAKTHYECKOM W BHeEra-
JIAKTUYECKOU pajinoacTPOHOMHH, OCOOCHHO Ha HU3-
KHX 4YacTOTaX, SIBJIIIETCS IMOMCK MeTarajgakKTHYeCKON
COCTABIIAIONIEH B KBA3UU30TPOITHOM KOHTHHYaITEHOM
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paarou3iTydyeHHH. TpyTHOCTb COCTOUT B TOM, YTO 3TO
U3Iy4YeHHUE TOCTATOUHO C1a00e U CYIIECTBEHHO Mac-
KHPYETCsl TaJaKTUIeCKUM (POHOM, KOTOPBIA OYEHb
VWHTEHCHBEH U K TOMY K€ KpaiiHe HeOTHOPOEH B TIPO-
cTpaHcTBe. OTHUM U3 METOJOB PEIIeHUs YKa3aHHOH
poOIeMBl SIBISIETCS Tak HaszbiBaeMbid mMeton T-T
nuarpamm [39, 40]. OH oCHOBBIBAaeTCA Ha aHAIIK3€
JIBYMEPHBIX TpaKOB, B KOTOPBIX MO OCSIM OTKJIa-
IBIBAIOTCSA sIpKOCTHBIE Temiiepatrypsl 7( f;) u T(f,)
JUIL OHUX W TeX e TOueK Heba, M3MepeHHbIC Ha
JBYyX 4acTOTax f; U f, Ha OIHOM CKJIOHEHHH, HO IIPH
W3MEHEHHH NIPSIMOT0 BOCXOKICHUS BHIOPAHHOTO y4a-
cTKka Heba. BenencTBue creneHHONW 3aBUCUMOCTH
SIPKOCTHBIX TEMIIepaTryp B Tex o0iacTsax Heba, rie
CIEKTpaJIbHbBIN HHAEKC HE MEHSAETCS IPY N3MEHEHUHT
MIPSIMOTO BOCXOX/ICHHUS M €CTh M3MEHEHHE Palio-
SIpKOCTH (TPAJIMCHT) HAa BRIOPAHHOM yYacCTKE, TOUKU
Ha T-T puarpamme JioXarcsi Ha MPSIMYIO JIMHUIO, KO-
Topasi oOpa3yeT ¢ OIHOU U3 oceil yromu 0:

tg0=AT()/ AT = (/1) (6)

e B, — auddepeHnnanbHbIA CIEKTPaIbHBIN HHIEKC
SIPKOCTHBIX TEMIIEpaTyp paftuon3ydeHus [ anakTikm.

lanakTryeckomy (oHy, BCIeICTBUE HEM30TPOITHO-
CTH ero n3ny4enus, Ha T-T aquarpaMme COOTBETCTBYET
Touka. Hanmnuue H30TpONMHOro BHETalIaKTHYECKO-
IO U3JIy4€HHs HNPUBOAUT K TOMY, YTO HPOJOJDKEHHE
rpaduka Oyner nepecekars och T-T quarpamMMel He
B HavaJsie KOOPMHAT, a B TOUKE C TeMIIepaTypoi, 000-
3HayaeMoil /(M ). DTOT cOBUT 3aBUCUT OT TEMIIE-
paTypbl ¥ CHEKTPAIbHOTO MHAEKCA BHETraJaKTHYeC-
Koro (poHa:

1(My) =T (M) (LI A ~(5/AV) @)

rae B,, — muddepeHnnanbHpIil cCeKTpaabHbII HH-
JIEKC SPKOCTHBIX TeMIepaTyp MeraramakTHKH.

N3 T-T nuarpamMMm HENOCPEACTBEHHO OIpelie-
siseTcs Aud G epeHInaNbHbBIN CIICKTPATbHBIA HHICKC
(donoBoro pamuonsnydenus [amaktuku (6). Umes
o kpaitHeld Mepe ne T-T nuarpaMMsel s pasHbIX
YaCTOTHBIX Iap, T. €. CHCTEMY W3 JIByX ypaBHEHUI
(7) ¢ nByms HemsBecTHBIMH [3,, u T(M), MOXHO
OTIPEETUTH M CIIEKTPAJIHHBIN WHAEKC, K TEMIIepaTy-
Py BHETAJIAKTUYECKOTO (POHA TP YCIIOBHH, YTO CTICK-
TpaJbHBIC UHJICKCHI TaJJaKTHYECKOTrO0 U BHETAIAKTH-
YeCKOT0 (POHOBBIX M3IIyUYEHHH OTIMYAIOTCA.

Kapts! dona, koTOpble MOTYT OBITH TIOCTPOEHBI C
nioMoteio cyopemerku ['YPT, B npuHImne noaxonst

i npuMeHeHus meroaa T-T numarpamm. U3 m. 3.2
u kapthl ¢oHa (puc. 10), cmexyer, 4ro mepemnay
SIPKOCTHBIX TEMIIEpaTyp Ha KapTe, 3aperucTpupo-
BaHHBINA 0JTHOH cexnuer Y TP-2, cocTaBiseT mopsia-
ka 5 nb. [Ipu Heckonbko Ooee MUPOKOH uarpamme
HampasieHHocTH cyopemerku ['YPT nepenan Oyner
3+4 nb B cepenune nuanaszoHa (cM. paznen 4). ToT
TpagueHT Mo3BoisieT NpuMeHuTs Meton T-T nuar-
pamMM i1 yTOYHEHHUS TapaMeTpOB KaK TajJaKTH4ec-
KOTO M3JTy4YeHHS, TaK U METaraJakTH4eckoro (oHa.
[Ipu »TOoM, Kak ciexyeT u3 puc. 9, mns MOIOCH
peructpamuu 60 kI' 1 BpeMenu ycpensenus 10° ¢
(17 MuH) oTHOCHUTENBHASI TOUHOCTD ONPEAEIICHHUS SP-
KOCTHO#1 TeMmmeparypsl jtydme 107,

3.4. Monuropunr 3¢ ¢ekra IIknoBcKoro

B 1960 1. U. C. llIxmoBckuM OBLIO MIPEACKa3aHoO Be-
KOBO€ YMEHBIIICHUE TUIOTHOCTH TOTOKA HU3ITyYCHHUS
MOJIOAOTO ocTaTka cBepxHoBoil Kaccuomess A Ha
CTaJIuu €ro aanadarudeckoro pacmupenus [41].
DTO IpeIcKa3aHne Cpasy ke IMOITydrIIo IKCIIEPUMEH-
TaJbHOE MOJITBEPKICHNE B paHOaa3oHe Ha Jac-
tore 81 MI'1; [42]. B nocneayromux paborax, Bbl-
TIOJITHCHHBIX Ha MPOTSHKEHUN HECKOIBKUX JIECATUTIC-
TUW, OBUTU TOJIYYCHBI JOMOJHUTEIBHBIC CBEICHUS
0 X0ZIe BEKOBOT'O YMEHBIIIECHUS INIOTHOCTHU MOTOKA U3-
nyuenust Kaccuoneu A.

BekoBoe ymenblienue noroka Kaccuonen A He-
MOHOTOHHO BO BPEMEHH M HEPAaBHOMEPHO B Pa3HBIX
YacTOTHBIX AuamnazoHax. B mmamazone ot 500 mo
2000 MTI'1; HaOrOMaeTCss HEMOHOTOHHOE BEKOBOE
YMEHbBIIICHUE TUIOTHOCTH IOTOKA B BHJIE TEPHO-
QUYECKUX 3aTyXalIIuX KoJeOaHWW ¢ MeprogoM
6 met [43]. Ha gactote 38 MI'1 61710 OOHApYKEHO
geTeipe nepuona (3.1£0.02, 5.1£0.3, 9.0+0.2 u
24+2 roma) B MEPUOIUYECKHUX 3aTyXaOIIHUX KO-
nebanusax [44]. Ha atoii yactore ObUIO 3aperuct-
PUPOBAHO TaKXKe aHOMAJIbHOE MOBBINICHUE TIOT-
Hoctu notoka Kaccuoneu A Ha snoxy 1974.8 [45].
[lo HaOmiomeHUsSM BEKOBOTO YMEHBIICHHUS Ha pas-
HBIX YacTOTax OBUIO YCTaHOBJIEHO, YTO CKOPOCTH
YMEHBIIICHUS TTOTOKA 3aBUCHUT OT YacTOTHI [46]. D10
MIPOUCXOIUT BCICACTBUE YMEHBIIICHUS CO BPEMEHEM
CPEeIHEro CHEKTPaIbHOTO MHAEKCAa MUCTOYHMKA, KO-
TOpPOE Ha3bIBAIOT SBJICHUEM DBOJIIOIMH CIIEKTpa pa-
nuounsnyuenusa Kaccuoneu A.

Heo0xoquMo OTMETHTH, YTO OITyOJIMKOBaHHBIX
TaHHBIX 00 »BoMIONMHU criekTpa Kaccmorem A Ha
Hu3KUX yactoTax (Hmxke 300 MI'mr) usBectHo cyie-
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CcTBeHHO MeHbIe [43]. B aToM nuamazoHe yacToT
JIOBOJBHO YacTO MPUMEHSIIOTCS OTHOCHUTEIbHBIE
METOJIbI OIpPEAC/ICHUs MJIOTHOCTH MOTOKa Pajuo-
u3nyyenus: Kaccuomnen A, a B KauecTBe OIOPHOTO
PaAMOMCTOYHUKA B JIAHHOM CJIy4yae MCIIOJIb3YeTCs
pamuoranaktuka Jlebenp A (3C 405). ILnoTHOCTH
ee M0TOKa HEM3MEHHA U K TOMY e HanboJjee 0J1u3-
Ka 10 BeJIMYMHE K TUIOTHOCTH MIOTOKA UCCIIEAYEMOTO
ucrounnka Kaccuoness A. B MeTpoBOM U JeKaMmeT-
POBOM JMaria3oHaX JJIMH BOJIH IUIOTHOCTH MOTOKA
Jlebenss A, BbIpaXCHHAs B SHCKUX, OIHUCHIBACTCS
cooTHoIIeHueM Buaa [47]:

S

Syg

—3.835-10° -f“”‘gexp(—0.342(21.713/f)2'1),

e f— gacrora HabmoneHuii, MI 1.

Kpowme toro, B padote [47], MOCBAIIEHHONW BO-
JIIOITUH CTIEKTpa paarion3rydeHns Kaccroren A, 06110
rmoka3ano, 9to Ha 3moxy 2005.5 cnekrp Kaccuo-
men A mepecekaeTcs co crekTpoM Jlebens A Ha
yactore 55 MI'u. ITpu 3TOM B cHiTy 3BOJIFOIIAU CITEK-
Tpa Kaccrnonen A 3Ta acTtoTta co BpeMeHeM Oymet
yMeHbIaTecs. TakuMm oOpazom, BIOJHE MOHSATHO,
YTO AMANa3oH 9acToT BOMm3u 55 MI' u Hibke sB-
JIIETCS] OYeHb BKHBIM IS OTIPEeNICHUs BapHalnii
9BOJIIOIMHU CEKTpa paauorctounuka Kaccuomnes A
Ha HU3KHUX YacTOTax.

HWcnonb3oBanne naTepdepomerpa ¢ Maoi 6azoit
[I03BOJIIET HE YUWTHIBATh Pa3iMdMe YIIOBBIX pa3-
MEepOB HaOIFOMaeMbIX UCTOYHHUKOB, €CITH OHU CYyIIIe-
CTBEHHO MEHbIIIE JUarpaMMbl HAIIPABICHHOCTH HH-
TeppepomMeTpa, a TaKKe pa3Iudus 3HAYEHUH APKO-
CTHOH TeMIiepaTypbl rajakTuieckoro (ona BOIM3M
HaOI0IaeMBIX HCTOYHHMKOB. [ eorpaduyeckoe mosmo-
kerune pagnoteneckorna I'YPT (49.6° c. m1.) mo3Bo-
JSIeT IPOBOJAMTH HAOMIOACHUST HCTOUYHMKOB Kaccuo-
mes A u JleGemp A TIpH TOYTH OJUHAKOBOM YIJIE
MecTa ~81° B MOMEHT UX BEPXHUX KyIbMHHALNM.
IIpu Takoil reoMeTpuun 3KCIEPUMEHTA CUCTEMA YII-
paBIeHUs TUArpaMMON HAIMPaBIECHHOCTH KaxXIOU
cekuyd [ 12] obecrieunBaeT oguHaKoOBbIE KO PUIIH-
€HTHl YCWJICHUS CEeKIMH AT 00OWX HaIpaBlIEHUH.
EnuncTBeHHBIN (akTOp, HE MO3BOJISIOIIMI TpUpaB-
HSTh MONPAaBOYHBINA KO3 HUIIUEHT K eAMHUIIE, — ITO
noHoc(epHbIe MEepLaHUsL.

Kak u3BectHo, AuarpamMma HarpaBIEHHOCTH By X-
AQHTEHHOTO KOPPEJSLHUOHHOTO HHTEphepoMeTpa pu
HETIOBM)KHBIX JMAarpaMMax HampaBIE€HHOCTH JABYX
OIMHAKOBBIX aHTEHH (“KOCUHYCHas” guarpaMMbl
HaIIPaBJIEHHOCTH ) OIIMCHIBAETCS COOTHOILIEHUEM:

100

P(9) = E*(¢) cos((ZnD/X)sin (p),

IJe (@ — YroJl MEXJy HOPMaJbIO K JIMHUU 0a3bl U
HanpaBJeHUEM Ha HCTOYHHK, D — pasMep 0Oa3bl,
E(¢p) — mmarpaMMbl HaITpaBICHHOCTH IO TTOJIFO aH-
TEHHBI HHTeppepomeTpa. Ecnu auarpamma Hanpas-
JICHHOCTH OJIHO¥ M3 aHTEHH CJICTUT 33 PAHOUCTOY-
HUKOM, TO BBIPOKEHHE JJIs IUATPAMMBbl HATIPaBJICH-
HOCTH HHTep(hepOMeTpa MOXKHO 3aIHCaTh B BHJIC

P'(¢)=E(p) cos((ZnD/?») sin (p).

[locnenuuii pesxuM moe3eH, eciau ecTh He0OXo-
JMMOCTB 00JIee TOYHOTO OTpeieeHUs] (POPMBI Tna-
rpaMMBbl HalPaBJIEHHOCTH I10 OO E((p) aHTEHHBI
uHTEephepoMeTpa, BKIIOYast U OOKOBBIE JIEHIECTKH.

OreHKa 4yBCTBUTENBHOCTH HHTEpHEpOMETpa U3
nByx cyopemetok I'YPT ¢ 6a3oit 85 M s ucrou-
HHUKOB C MOTOKOM Hu3iy4yeHus nopsaka 27000 Sn
JlaeT PacyeTHOE OTHOILEHHE CHUTHAJI/IIyM HOpsA-
ka 100 [48]. Takum oOpazom, HECMOTpS Ha CpaB-
HHUTENbHO HeOONbmyo 3¢ (PEeKTUBHYIO TMIOMIAAh
cyopemetku I'YPT u odueHb ymepeHHOE Bpems WH-
TErPUPOBAHUS, PSIII MOIIHBIX KOCMUYECKUX PaaHO-
HNCTOYHUKOB MOXKHO HaOJI0AaTh ¢ BECbMa BBICOKOM
YyBCTBHUTEIHHOCTHIO.

3.5. Cnopagnyeckoe paauousnyyenue CojHuna
B IIMPOKOM JMANa30HE 4aCTOT

[IpenmytiecTBOM HaOMIONEHUI COMTHEYHOTO PaIHo-
W3JIYyYEHHs] PaJUOTEIECKONIaMH B IIMPOKOU MOJI0-
ce yactoT oT § 1o 70 MI'n siBiisieTcss BO3MOXKHOCTD
HCCIIENOBAHUS MPOLIECCOB, KOTOPBIE IPOUCXOAAT HA
BbIcOTax oT 1.4R; u no 3.4R; (R —pamuyc Con-
HI[a) MPaKTUYECKH OJHOBPEMEHHO U BBI3BIBAIOTCS OJ1-
HUMH U TEMH )K€ UCTOUYHUKAMU U3ITy4eHHUS: JTNOO Myd-
KaMH BBICOKOOHEPT€TUYHBIX JIEKTPOHOB, KakK B CITy-
yae Bermieckos 111 tuma, semmeckos I1Ib tuma, U- u
J-BcruteckoB, nperidyronmx nap, S-BCIUICCKOB, CIaii-
KOB, JINOO YIapHBIMU BOJTHAMH, KOTOPBIE OTBETCTBEH-
ueI 32 Beriecku 11 tuma [49]. Urto xacaeTcst Berec-
koB IV THna, KOTOpBIE CBA3BIBAKOT ¢ KOPOHAJIbHU-
Mmu BeiOpocamu Macc (KBM), To omHOBpeMeHHBIE Ha-
OmtoeHNs B IIMPOKOM ITOJIOCE YaCTOT TO3BOJIAT pac-
MHAPUTh Halle NOHWMAaHHE B3aWMOJEHCTBUS
KBM ¢ KopoHaILHO# TU1a3MOi, B KOTOPOI ABMKETCSI
BbIOpOC. [lpyras upe3BblYaiiHO BaKHAsi CTOPOHA Ta-
KUX HaONIOJCHHUI 3aKJII0YAaeTCs B TOM, YTO aHa-
JIN3 CBOMCTB BCIUIECKOB, TAKMX KaK IJIUTEIbHOCTh
BCIDIECKOB, X CKOPOCTb JApeiida, 4acTOTHAS IUPH-

ISSN 1027-9636. Paouogusuxa u paduoacmporomus. 1. 21, Ne 2, 2016



Acmpod)quecm{e UCcne008amnus ¢ NOMOWBIO MATIOPASMEPHBIX HUSKOYUACMOMHbLX paduomeﬂecxonoe HOB6020 NOKOJIeHUA

Ha, NOJIApU3alus U3JIy4YeHUs, Tal0T BO3MOXXHOCTh
OTIPEeNIATh MapaMeTphl KOPOHAIBHOM IUTa3Mbl Ha
BpIcOTax 1.4R¢ +3.4Rg. Hy»XHO OTMETHUTB, UTO IMar-
HOCTHKa KOPOHAJIBHOMH IUIa3Mbl M KOPOHAJIBHBIX I1€-
TeJb Ha 3TUX BBICOTaX BO3MOXKHA TOJIBKO 10 PaIUO-
M3ITy4YEHHUIO COOTBETCTBYIOIINX BCILJIECKOB.

[IpumepoM MOTYT CIyXKHTh BBICOKHE KOPOHAJIb-
HBIE apKH, JOCTUTAIOIIKE BBICOT 4R +6R,, TeMIle-
paTypy I1a3Mbl KOTOPBIX YIaJI0Ch ONPENEIUTh IpU
aHaJIM3e 33/IEP>KKU B PaJUON3ITyICHNN Ha YaCTOTax
25 n 50 MI'1 cOOTBETCTBEHHO Ha MEPBOW U BTOPOit
rapmonukax U-BCIUIECKOB NPH HAOIIONEHUH Ha pa-
nuoteneckorne I'YPT [50]. OTa 3agepkka cBsiza-
Ha C pa3HOCTHIO BPEMEHH IIPOXOXKACHUS U3TyUCHUS
COOTBETCTBYIOIIUX TapMOHHK B TIA3ME BEPIIMHBI
KOpOHAJBHBIX apok [51].

HemanoBaxxuslii HHTEpEC MpEACTABISAET HCCIIe-
JIOBaHHME YacCTOTHI MOABIAEMOCTH BCIuieckoB U u J
TUTIOB [52], KOTOpBIE, KaK M3BECTHO, SIBIISIOTCS W3-
JyYEeHHEM IMYYKOB OBICTPBHIX JIEKTPOHOB M3 KOPO-
HaJBHBIX apOK, a IOITOMY HaOJIOIEHNE 3TUX THIIOB
BCILIECKOB TOBOPIIIO OBI O pacrpeieleHH TaKUX apoK
110 BBICOTaM B COJIHEYHOM KOpPOHE.

Kax 65110 MOKa3aHo B padote [53] 1m0 n3y4eHHro
CKOpoOCTe#l npeiida monrHbix BeruieckoB 111 Tumna,
IUIOTHOCTh KOPOHAJIbHOW TJIa3Mbl Ha BhICOTax R B
uHTepBaie 1.75R¢ +3.4R, IOAYUHSAETCS SIKCIIOHEH-
LMATBHOMY 3aKOHY

n(R) = nyexp(-2A4R/v,), ®)

rae A — k03 GUIHEHT MPONOPLHHUOHATEHOCTH B 3aBU-
CHMOCTH CKOPOCTH zpeiida ot uactorsl (f = Af),
a v, — CKOPOCTb OBICTPBIX 3IEKTPOHOB, TEHEPUPYIO-
mux Berieck III tuma. 3aBEcUMOCTD (8) ABIIACT-
Csl CIIEICTBHEM OOJIBIIMAHOBCKOI'O pacIpeleNeHus
4acTHI] 1O BbICOTE n(R)~ exp(uGMSmp /(RkT))
(U — cpenumii MoneKyJIsIpHBIA Bec, G — rpaBuTa-
[MOHHas nocTosiHHas, Mg — macca ConHua m, —
Macca poToHa, 7 — TeMreparypa), ¥ mo3ToMy Ko3gd-
uument 4 =nGMgm v, / (2R*kT) (R, —paccrosi-
HHUE, Ha KOTOPOM INOPOXAACTCS W3Iy4YeHHE Ha dac-
TOTE f,) OIpeAenseTcs TEMIEPaTypoi IIa3Msbl, a,
CIIEZIOBATENLHO, 3Ta TEMIIepaTypa MOXKET ObITh OIl-
peneneHa U3 HaOIrOAATENbHBIX JaHHBIX. Mccnenosa-
HHUE 3aBUCHMOCTEH CKOpPOCTH Apeli)a OT 4acTOTHI B
nosoce yactor 8+70 MI' mo3BoauT OonpenenuThb
CIPaBEATIMBOCTb 3KCIIOHEHIINAIBHON 3aBUCUMOCTHU
INIOTHOCTH IIJIa3MbI Ha BBIcOTax 1.4R, +3.4R n, co-
OTBETCTBEHHO, TO, KaK U3MEHSETCS TeMIlepaTypa
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IJIa3MBI Ha 3TUX BeICOTaX. OOHapyXeHHas B paboTe
[53] nuHEeitHAS 3aBUCUMOCTH CKOPOCTH YaCTOTHOTO
npetica Bcruteckos 11l Trma ot 9acTOTH yKa3bIBaeT
Ha TO, YTO Takas e JMHEWHas 3aBUCUMOCTH CKO-
poctu apeiida OT 4acTOTHI OyaeT HAOMIOOAThCS Y
BemieckoB 11l Tumna kak Ha BTOpOH, Tak U Ha TPEThei
rapmoHuke [54, 55]. HabnrogarenpHOE TOATBEPXK/IE-
HUE 3TOTO (haKTa MOXKET OBITP ITOITYIEHO C TIOMOIIHIO
PaAMOTENECKOIIOB, PA0OTAONINX B ITUPOKOM JHara-
30He yacTtoT 8 +70 MI.

TpynHo mepeoueHUTh OJHOBpEMEHHOE HaOIIo-
JICHHE B IIMPOKOM JIHMAaNa3o0HE YacTOT TPEX IapMo-
HUK M3i1ydeHus Berseckos I tuna [56]. Bo-nepBsix,
3TO MO3BOJIMIIO OBl ONIPEAETUTH 3aBUCUMOCTh CKOPO-
CTH Apeiida OT 4acTOTHI BCEX TpeX TaAPMOHHK, YTO
nano Obl BO3MOXHOCTbB MOATBEPIUTH WIH ONPOBEP-
THYTb (DaKT 9KCIIOHEHIIMATBHOTO pacipesIeHusl II0T-
HOCTH KOpOHBI Ha BbICOTax 1.75R¢+3.4R,, KOTO-
pBI OBLI MOJYyYEH M3 aHAIU3a JIeKaMeTPOBBIX
BcruteckoB III tuma [53]. M3ydeHue 3aBHCHMOCTH
CKOPOCTH Jipeiiha OT 4acTOTHI JUIS 3TUX BCILIECKOB
B monoce 8+70 MI' mo3Bommino OBl OTBETHTH Ha
BOIPOC, KAK MEHAETCS IMHEWHAsA CKOPOCTh YAAPHBIX
BOJIH, OTBEYAIOIINX 3a Beriecku 11 Tuma, ¢ BRICOTOM.
Bo-BTOpBIX, 3TO 103BONIIIO ObI CPABHUTH TAKHE CBOM-
CTBAa TOHKOW YaCTOTHO-BPEMEHHOW CTPYKTYpPBI
BerieckoB 1l tuma [57, 58], kak ATUTENLHOCTH Cy0-
BCILJIECKOB, UX CKOPOCTH aApeida, monspusanus,
4acTOTHas [0JI0ca, B KOTOPOH 3TH CYOBCIUIECKH Ha-
OrofaroTcs, Ha TpeX rapMOHHUKAaX B paMKax IuIa3-
MEHHOr0 MeXaHu3Ma u3nydeHus. Kak u3sectHo, 3a
U3Iy4YeHUE CYOBCIJIECKOB OTBEYAIOT MYYKH DIIEKT-
POHOB, YCKOpEHHbIE Ha (POHTE YIApHBIX BOJH, a
MI03TOMY HapaMeTphl U3ITy4Y€HHUs TOBOPSAT O MpoLec-
Cax YCKOPEHMsI, KOTOpBIE yXKe MPOJOJIKUTEIBHOE
BpeMs O0OCY)KIOAloTcs, HO IOKa OTCYTCTBYET YIOB-
JIETBOPUTENbHAS TEOPHSI YCKOPEHHUSI YaCTHUI] Ha (PPOH-
Te OECCTONIKHOBUTEIBHBIX YIAPHBIX BOJIH.

B pa6ore [59] O6bu10 TOKa3aHO, YTO JUTUTEITHHOCTD
JEKaMETPOBBIX CIIAMKOB OIpPENENsIeTCsl TEMIIEPATy-
PO Mma3Mbl, U3 KOTOPOH BBIXOAUT UX H3ITyUYECHHE.
HccnenoBanue 3aBUCUMOCTH JUIMTEIBHOCTH CIIai-
KOB B JuamnasoHe 4yactor §+70 MI'n mo3soaut on-
penenuTh, KakuM 00pa3oM TeMIieparypa KOpoHallb-
HOW IIJIa3MBbl M3MEHSETCSA C BBICOTOM OT 1.4Rg 10
3.4R;. BmecTe ¢ 3TMM 3aBHCHMOCTH 9aCTOTHOM
HIMPUHBI 3TUX BCIUIECKOB OT YacTOTHI OMpPEeIIseT-
Csl TeM, KaK U3MEHSETCs C BBICOTOI MarHUTHOE T0JIe
Y TUIOTHOCTH TUTa3Mbl. Takum oOpa3om, CBOMCTBa
CHAIKOB MO3BOJIIOT HETIOCPEICTBEHHO THATHOCTH-
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POBaTh KOPOHAJIBHYIO IIa3MYy, T. €. ONPEIENSITh TEM-
repaTypy, MarHUTHOE TI0JI€ ¥ IIOTHOCTD TUTa3MBI.
Kax 6p110 MOKa3zano B padore [60], Bcrutecku [V
TUTIA B JIEKAaMETPOBOM [HAIa30HE B CBOEM OOIb-
[UHCTBE UMEIOT oTokH 107 +10° conHeunnIx elu-
HUI[ TOTOKA. Takue BCILIECKU MOTYT OBITh 3aperuc-
TPUPOBAHBI HE TOJIBKO OOJIBIIIMMHU AaHTCHHAMU, TAKH-
mu kak YTP-2, LOFAR, NDA, paauoreneckoamu
cucteMbl YPAH, Ho 1 MeHbInMu anTeHHamu I'YPT,
NenuFAR. IlpenMyIiecTBoM 3TUX aHTEHH SIBISIET-
Cs1 OTHOBPEMEHHOE Ha0ITIO/ICHNE BCIUIeCKOB [V Tumna
B IIMPOKOM JUANA30HE YaCTOT, YTO BaKHO JJIS BHI-
SICHEHUSI TOTO, YTO UMEHHO SBIJISIETCS HUCTOUHHUKOM
9TUX BCIUIECKOB. Ha ceromHsimHuii 1eHb MMeeTCs
nBa mpereHaeHra — 3to KBM, nubo gocrarouno
BBICOKHE KOpOHaNbHEIE apKu. [IpoBeeHHbIN aHaANN3
KoJjeOaHuli pauon3aydeHus Beruieckos [V tuna [61]
IOKa3aj, 4TO 3TH KojeOaHUsi MOTYT OBITh BBI3BaHBI
KOJICOAHHUSIMH TI1a3Mbl aJIbBEHOBCKOTO THIIA B Mar-
HUTHBIX apKaX. ITO MO3BOJIUIO OLEHUTh MATHUTHOE
MOJIE B apKaX, KOTOPOE B BEPIIMHE apKU OKa3a10Ch
paBHbIM 0.9 T'c, a B ocHoBanuu apku — 10 I'c.
K coxanenuto, 10 cux nop He ObLTH 3apPETUCTPUPO-
BaHBI TOHKHE CTPYKTYpPHI BeIuieckoB IV Tuma B Buge
U-BcIuieckoB WK J-BCILIECKOB, KOTOPBIE, Ka3a10Ch
OBl, JIOJDKHBI IPUCYTCTBOBATD, €CIIA U3TYyUYCHHUE BbI-
XOAUT U3 KOPOHANBHBIX apok. B cimydae, eciu uc-
TOYHHUKOM H3ITyYCHHS BCIUIECKOB IV Tuma sBisercs
KBM, mpencraBiaseTcs BO3MOXKHBIM TOBOPUTH O
IUIOTHOCTSAX IIa3Mbl B KOPOHAJIBHBIX BEIOpOCAX Ha
pa3IUYIHBIX paccTosHUAX 0T COIHIIA, KOTOPHIE JIETKO
HAXOMSTCS IO YaCTOTE W3IYYCHHS B paMKax ILIa3-
MEHHOTO MeXaHu3Ma u3iaydeHus. llpuBieueHue
KMHEMAaTUYECKUX U JUHAMUYECKUX XAPAKTEPUCTUK
BBIOPOCOB, TaKUX KaK CKOPOCTh PacIpOCTPaHEHUS
BBIOPOCOB, X YCKOPEHHE, PACIIUPEHUE, TTO3BOIHUT
ONpeeINTh MAarHUTHOE T0JIE, KOTOPOE YAEPKUBAET
BBIOpOC OT cBOOOmHOTO paziera. OmpeneneHue
MAarHUTHOT'O MOJISI BO3MOXXHO TAaK)XE IO CTEIECHU
noJisipu3aluu BeiieckoB 1V Tuma, koTtopas B qua-
ma3one gactor 8+32 MIT goBojgbHO OoJbIIas —
noxonut no 40 %. V3ydyenune oOHapyXEHHBIX KO-
JiebaHul B pajMoOU3IIyYeHUH BCIuieckoB IV Tuma
B LIMPOKOM JUAaNa30HE 4acTOT AACT BO3MOXXHOCThb
HaiTh Temneparypy miazmel B KBM. Onpenenenue
BCEX ATUX MapaMETPOB SIBISETCS YHUKAIbHOU BO3-
MOXHOCTBIO IJis1 u3yueHus: BozgeiictBus KBM na
MarauTochepy 3emiy, T. €. ux re0d(hHEeKTHBHOCTH.
Bwmecte ¢ Tem 3HaHue mapametpoB IiazMbel KBM
OyJIeT ABJIATHCS JOMOJIHUTEIIHBIM TOJTYKOM K TIOHH-
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MaHHIO (PU3HKH CaMOT0 TPoIecca paJguon3ITyYeHHS
BcIuteckoB [V ThIa, Tak Kak A0 CHX MOP SICHO TONBKO
TO, UTO PaTUOU3ITyICHHE TEHEPUPYETCS C TOMOIIBIO
[JJa3MEHHOTO MeXaHu3Ma. UTo MMEHHO SBIISIETCS
HCTOYHHUKOM BO30YXKICHUS IIa3MEHHOU TypOyIeHT-
HOCTH, KOTOpasi HEOOXOJMMa JJisi OCYLIECTBICHHS
3TOr0 MEXaHU3Ma U3TYUYCHUs, IOKA OCTACTCS HETIO-
HATHBIM. C 3THUM XK€ MEXaHU3MOM H3JIYyUYCHHUS CBS-
3aHO HMCCIEIOBaHNE B IIMPOKOM YaCTOTHOM JHaria-
30HE CBOMCTB (haitbep-BCIIeCKOB M 3€0pa-CTPYKTY-
PBbl, KOTOPBIE SIBJISIFOTCS] TOHKOM CTPYKTYpPOM BeIliec-
koB [V Tuma. [1epBbie, B crity ux moo0ust OOBIYHBIM
Berieckam I11 Tuna, HecyT nH(OpMAIIKIO O HEOTHO-
POAHOCTH IIa3Mbl B KOPOHAJIBHOM BEIOpOCE, O CKO-
POCTH IIYYKOB 3IIEKTPOHOB, OTBETCTBEHHBIX 32 3TO
M3ITyYeHHue, a TaKkKe O IMPOoIeccax, MPUBOIAIINX K
YCKOPEHHIO 3TUX AIEKTPOHOB. CBOMCTBA 3e0pa-CTPyK-
TypbI BCIuieckoB [V Trma onpenensroTcs BelnIrHa-
MU U HCOAHOPOAHOCTAMMU IMJIIOTHOCTHU U MAarHUTHOT'O
MOJIS Ta3Mbl [62].

Taxum 00pa3oM, KOMILIEKCHOE H3y4YeHHE pa3iiny-
HBIX THUNOB panuoun3nydernss CONHIA B IIHPOKOM
JMaa30He 9acTOT JaeT BO3MOXKHOCTh KaK JWarHo-
CTHPOBATh IJIa3My Ha BeICOTax OoT 1.4Rg no 3.4R,,
HEAOCTYIIHBIX IJIA I/ICCHCILOBaHI/II‘/'I APpyrumMu MeToaa-
MH, TaK U U3Y4YUTh 0OCOOEHHOCTH B3aHMMOJACHCTBHSA
TaKUX WCTOYHHKOB M3ITy9EHHUs, KaK MTyYKH BHICOKO-
SHEPreTHUYHBIX AIEKTPOHOB, yAapHbIe BoHbI 1 KBM.

3.6. MexmnianeTHbie 1 HOHOCGepPHbIE MePIAHUS

OnHO U3 caMBIX MEPCHEKTUBHBIX HAPaBICHUH HC-
CIJICIOBaHUH, KOTOPBIE MPOBOAATCS] HA HOBOW aKTHB-
HOH mupokononocHou pemetke I'YPT, — nuzyuenue
MEXXIUIAHETHBIX 1 HOHOC(HEPHBIX MEPLAHUNA KOCMU-
YECKHX PaJIMOMCTOYHUKOB. MepIianusi — 3To QIIyK-
Tyalluld THTCHCUBHOCTU CUTHAJIa KOCMUYCCKOI'O pa-
JMONCTOYHHKA, BEI3BAHHBIE BIUSHUEM HEOTHOPOIHO-
CTeH cpeJlpl Ha JTyue ero pacrnpocTpaHeHus [63, 64].
AHanu3 KapTHHBI MEPIIaHUH M03BOISIET 3P (HEKTUBHO
OIIPEAENIATh KaK XapaKTEPUCTUKH CPEJIbl, TaK U Iapa-
METpPBI CaMOT'0 U3JTYYaroIIero paauouCTOTHHKA [65].
B ciyuae HaOmoneHuii B JeKaMETPOBOM JTHANa30He
PanuoBOITH METOJ] MEXKITJIAHETHBIX MEPLIAHHUH [TO3BO-
JISIET, Cpeu MPOYEro, ONpenesTh NapaMeTpsl COll-
HEYHOTO BeTpa 3a opouToi 3eMitn, Ha OOJBIITNX AIIOH-
ranusax ot ConHua, riae 6ojee BbICOKOYACTOTHBIE
PaIMOBOIHEI c11ab0 PacCeHBAaIOTCS BCIIEICTBUE CHITh-
HOM pa3peXKeHHOCTH MEXIUIAHETHOW Iiia3Mel [66].
BBuny cioxkHocTel uHTEphEepOMETPUIECKUX UCCIle-
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JOBaHUH Ha HU3KUX 9aCTOTaX, TAKHUE UCCIIECIOBAHUS
NMpEACTABIAIOT TAKXE HMHTEPEC OJIA HEe3aBHCUMOU
OLICHK! YIVIOBBIX Pa3MEPOB IIPOCBEUMBAIOIINX PAIHO-
HCTOYHUKOB [67].

Pannoreneckon I'YPT mpenocraBnser yHUKalb-
HYIO0 BO3MO>KHOCTb IPOBOANUTH MCCIIEOBAHUS MEXK-
IJIJAHETHBIX MEPLAHUA B HIMPOKOH IMOJIOCE YacTOT.
3TO Ba)XHO, MOCKOJIBKY MEXIUIAHETHbIE MEpLaHUs
10 CBOEH CyTH sBJIeHHE MHpoKononocHoe. [lupuna
MOJIOCHI BBICOKOM YaCTOTHOM KOPPENSILIUU MEKILIa-
HETHBIX MepIaHui (K03 GuImeHT Koppesaun 00JTb-
me 0.8) mpespimaer 10 MI'tr [5]. OT10 o3HadaeT
TaKXe, YTO NPHUHUMAEMbIH CUI'HAJl KOCMHYECKOTO
PaaMOMCTOYHUKA MOXKET OBITh IIPOCYMMHUPOBAH B
[I0JIOCE YacTOT B JECSATKH Merarepl, 4To I103BOJIUT
MOy YUTh IMUPOKYIO 3P (HEKTUBHYIO ITOJIOCY MIPOITyC-
KaHusg Af, a clieqoBaTelbHO, TOCTUYb BBICOKOM
YyBCTBHUTEIBHOCTH HaOmoaeHuid. OLeHUM MUHH-
MaJbHBIH TOTOK M3Ty4YeHHUs S, KOTOPBIH TOJKECH
HUMETh HaOII0JaeMblil paAHOMCTOYHUK, YTOOBI 00ec-
MeYUTh NOCTaTouHbIN (Oonmee 20 nb) muHamudec-
KW TUarna3oH CIEeKTpa MOIIHOCTH MEXKIJIaHETHBIX
MepLaHui (KOTOpBIH HEOOXOAUM IS OIpeeNCHHS
MapaMeTPOB COIHEYHOTO BETPa M OLICHKH €ro YIJIO-
BOTO pa3Mepa C BBICOKOH TOYHOCTBIO). M3 dopmy-
JIBl, KOTOpas mpHBegeHa B pabote [68],

S=46kTN 0.3
mA,

Af’

rAe m — WHIAEKC MepIaHuil, cieayeT 4To MpHu
A,=350 M” (nBe ceximu pajuoreneckona I'VPT B
pexume niepemHoxenusi), m=0.3, T, =8- 10°K u
Af =70 MI'n mnotHOCTh MoTOKa S =~ 300 SH.

ITo kpaiineit Mmepe OJAMH PaJMOMCTOYHUK B JieKa-
METpPOBOM JIMalla30HE PaJuOBOJIH YAOBIETBOPSET
aToMy TpeboBaHM0. IT0 paauoncTodnuk 3C 144,
KOTOPBII aCCOIMUPYETCSI C OCTATKOM CBEPXHOBOI
1054 rona (mMOTOK M3Iy4YEHUS MEPIAIOMICH KOMIIO-
HeHTHI Topsinka 1000 Sx). Mcmonp3oBanue OombIie-
o YUCJa CEKIHWH aHTEHHOW pPEIIeTKH MO3BOJSET
Takxe HaONroJaTh MOIIHBIE KBa3apbl (C TMOTOKOM
100 Su u menbie). Takum 0O6pa3oM, HepephIBHAS
LIMPOKas 1Mojioca pabodrx 4acToT paguoTeIecKona
I'YPT moxeTt koMIeHCHpOBaTh HeOOMBITYIO A dek-
THUBHYIO IJIOIIAb U [TO3BOJIAET peIIaTh aKTyaJbHbIE
3a/1a4M UCCIIEOBAaHUN MEXIUIAHETHBIX MEPLIAHUIM.
K Takum 3amagaM ciemyeT OTHECTH M3y4YCHHE Xa-
PAKTEPUCTUK MEXKIUIAHETHBIX MEPLIAHUNA B IIUPOKOI
MIOJIOCE YacCTOT, pa3pabd0TKy HOBBIX METOIUK OIpe-
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JIeJICHUS MapaMeTPOB MEKIJIAHCTHOW IUIa3Mbl U
00HapyXeHUsI KPYMHOMACIITAOHBIX BO3MYIICHHUI
COJTHEYHOTO BeTpa. XOpOIIHe MEPCIIEKTUBE HMEIOT
Takke ucciaegoBanus Ha panuoreneckone I'YPT
HoHOChEpHl 3eMJIM METOJOM HaOIIONeHHS Mepla-
HuH psina paguonctounnkos: 3C 111, 3C 274, 3C 405,
3C 461 u np.

3.7. JlekameTtpoBoe paguousiaydenue FOmurepa

bnarogapsi cBouM YHUKaJIBHBIM CBOMCTBAM CIIOPAIH-
yeckas HeTeruioBas smuccus FOmuTepa B nexamer-
POBOM JTMarta3oHe JUTMH BOJH 3aHUMAaeT 0c000e Mec-
TO Cpeay IJIaHeTapHbIX W3nydeHui. Kak nzBecTHO,
IOnmrep o61anaeT o9eHs MOIITHBIM TUTIOIHHBIM Mar-
HHUTHBIM [10JIEM C MATHUTHBIM MOMEHTOM 4.2(R/R, )
(u3mepsieTcsa B rayccax), R, =71492 km — pa-
nuyc FOnurepa. Marautocdepa moyry4aeT CBOIO
SHEPTHIO 32 CUET 3aMeNJICHHUS BPAIICHUS TUIAaHETHI.
Kpome Toro, FOmurep cam sIBISIETCS HCTOYHUKOM
OHEPruvdHbIX YaCTUIl I MEXKIUIAHETHOI'O ITPOCTpaH-
ctBa [69]. Marnutocdepa IOnurepa moasepkena
CWIBHBIM C)KaTHSM, COOBITHSM BEChMa PEIKUAM JUIS
MarHuTocgep APyrux IuiaHer. lanuiieeB CIyTHHUK
IOmmrepa Mo mmyboko morpykeH B MarHUTOChEpy
1 00pasyeT ¢ Hell CI0KHYIO AIEKTPOINHAMIYIECKYTO
CUCTEMY, KOTOpas OKa3bIBAET CHIIbHOE BO3/IEHCTBHE
Ha MHOTHE (PU3NUECKUE MPOIECChI, TPOUCXOASIIIE
B MarHuTocQepHOH 1azme mianetsl. Crnopaanyec-
Kasl IEKaMeTpOBasi SMUCCHSI KaK pa3 U ABIAETCS pe-
3yNIbTaTOM B3aMMOJEHCTBUS cucTeMbl OmuTep —
cnytHEK Mo. Eme Ha ocHOBe mepBhIX HaOIIONCHUH
JIeKaMeTPOBOE PaMOUNIyICHHE ObLIO pa3/iesieHo
Ha aBa tuna: L u S. L-u3nydyenue npeacraBiser co-
0011 ryMOBY10 OypIO € TUIABHBIM H3MEHEHHEM UHTECH-
CHUBHOCTH OT HECKOJIBKMX CEKYH/ M BBIIIE, B TO Bpe-
Ms KaK S-U3TydeHHe XapaKTephu3yeTcs 3HAYUTelb-
HO MEHBIIMMH BPEMEHHBIMH MaciiTtadamu, OT He-
CKOJIBKUX MUJUIMCEKYHI N0 ACCATKOB MUJIJIIMCEKYH/I.
YHUKaIbHOCTh JE€KaMETPOBOTO U3JIyYEHUs IIPOsIB-
JsieTcsa B HeOOBIYaifHOM Pa3HOOOpa3uy 4aCTOTHO-Bpe-
MEHHOH CTPYKTYpBI, OCTPOI HANPaBIECHHOCTH U3IY-
YeHUS U HEOPIMHAPHBIX MOJISIPU3AIIMOHHBIX XapaKTe-
puctukax. Cieayer OTMETHTh, YTO S-KOMITOHEHTa
JIEKaMETPOBOM IMICCHH TPEICTaBIsAET co00il Hau-
OoJiee MOIIHOE IJIaHETApHOE paguon3nydeHue B Coi-
HEYHOU cucreMe. MOIHOCTb 3TOr0 U3IIy4eHHUs CO-
craBnser npumepHo 102 Br. Cpejnss mIOTHOCT
MIOTOKA Ha paccTosiHuM 4 a. e. oT fOnurepa noctu-
raer 10° Su, nmukoas miotHOCTH — 107 SH.
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Jnst oObsicHEHUS MeXaHHU3Ma CHOPaaMYeCcKOH
JIEKaMeTpoBOi amMuccuu B cucteme Onurep — cyT-
HUK Mo mpuHATa MOJENB 3IEKTPOHHO-IMKIOTPOH-
Horo masepa. IIpeanonaraercs, 4To U3TydyeHHE BO3-
HHUKAeT BOJIM3H MOBEPXHOCTH TIAHETHI HA MATHUTHBIX
CHJIOBBIX JIMHUSAX, IEPECEKAIOLINX SKBATOp Ha OpOuTe
Ho (5.9R,), Ha yactoTe, ONMM3KON MM PAaBHOU JIO-
KaJIbHOM TMPOMAarHUTHOM 4acTOTE 3JIEKTPOHOB, Ie-
HEpUpYIOMMX 3T0 m3nydeHue. [Ipsmble namepeHus
MarHuTHOTO oyt FOmuTepa ObUIM TIPOBEICHEI C TIO-
MOIIHI0 MArHUTOMETPOB, YCTAHOBJICHHBIX Ha KOCMH-
yeckux ammaparax “ITuonep-107, “Ilnonep-117[70, 71],
“Bosmxep-17, “Bosmkep-2” [72, 73]. beuto nokaza-
HO, YTO MaKCHUMaJIbHas HANPSHKEHHOCTH ITOJIS Ha Ce-
BEpHOM TIOJIOce coctapisieT 14.4 I'c, HA FO)KHOM —
10.8 I'c. Takum 00pa3oM, MaKCHMajbHAs YacTOTa
n3mydenus: Onurepa B AeKaMeTpoOBOM AHaIia3oHE
JIOJDKHA OBITH paBHA COOTBETCTBYIOIIEH MaKCHMAaITb-
HOW TMpOYACTOTE, CBA3AHHOW MPHU UHUKJIOTPOHHOM
MEeXaHHU3Me TeHepaIy C HAPSKEHHOCTHIO MarHUT-
HOTO TT0JIs1 B M3BECTHOU 3aBUCUMOCTBIO f ~ 2.8B.
Jns 3Hauenus B =14.4 I'c BBICOKOYACTOTHAs Ipa-
nuna f,. ~40 MI'n. Ora BennunHa COOTBETCTBYET
JKCIIEPUMEHTAIBHBIM PE3yJIbTaTaM, MONTYyYeHHBIM
KaK C TIOMOIIBIO HA3eMHBIX HCCIEJOBAaHUH, Tak
W KOCMHYECKUX ammapaToB (cMm. puc. 1 B [74]).
HwxHsia yacToTHas rpaHuiia JeKaMeTpOBON dMHC-
cun Onurepa npeanonaraercs pasHod ~1 MI'm.

Ve MHOro JIeT 1ekaMeTpoBoe unydenue HOmu-
Tepa aKTUBHO HCCJENyeTCs C MOMOIIBI0 PaguoTe-
neckonoB YTP-2 u YPAH-2. Ilpumep nunamuuec-
KOTO CIIEKTPa, HOIY4YEHHOTO B X0JIe TAKUX HaOIto/e-
HUH B YCJIOBUSAX CIIOKOWHOUM HOHOC]EpHI, TPUBEICH
Ha puc. 11. OGHapykeHO MHOXECTBO HOBBIX TOHKUX
YaCTOTHO-BPEMEHHBIX OCOOCHHOCTEH cropanu-
yeckoro panuonsnydenus lOnwrepa, B 4acTHOCTH,
B MUKPOCTPYKTYpE S-BCIIJIECKOB, (hapaieeBCKOM Bpa-
[IEHUH, MOy ISIIIMOHHBIX JIHHAAX, (hopMe S-BCIUIec-
KOB, 3e0pa-cTpyKTypax u T. I. [75, 76].

ITockonbKy BepxHsA pabodas 4acToTa paguoTe-
nmeckonioB YTP-2 u YPAH-2 cocrasisger 33 MIn,
H3Ny4YeHHe Ha 0oJiee BHICOKMX YaCcTOTaX H3y4eHO
cabo (MCKITIOYeHHE COCTaBISIET AHAla3oH paauo-
teneckonna NDA 8+80 MIn [77, 78]). Bmecte ¢
TeM, KaK CJIEyeT U3 TEOPETHUECKHUX OIEHOK H MO/~
TBEPKIEHO HKCIIEPUMEHTAIIBHO, MAKCUMAaJIbHAs dac-
TOTa CIIopagudecKkoro u3nydenus FOnutepa nqoctu-
raer 40 MI'y u BxomuT B auama3oH padoter ['YPT.
XOoT4 TIOMAAb TOW CyOpeIIeTKH HeBelnruKa, 00Jb-
IITast CPeIHsSIS IUIOTHOCTH moToka (~10° Su) nemaer
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JIOCTATOYHO MPOCTHIM OOHapyx)eHue S- u L-u3iyde-
HUs Ha Heil. Kak BUJIHO U3 HOMOTpaMMBbl Ha puc. 9,
[IpY BPEMEHHOM U YaCTOTHOM paspemeHusix 10 mc
1 60 kI'1l COOTBETCTBEHHO U3IYUYEHUE C INIOTHOCTHIO
notoka Gosnee 10* SIH sBIseTcs 0OHAPYKUMBIM.
JloTOTHUTENbHBIM CYIIECTBEHHBIM MPEUMYIIECT-
BoM cyOpemerku ['YPT ans wabnronenuit FOnure-
pa SBISIIOTCA TaKXKe €€ MOJIPUMETPUUYECKHUE BO3-
MO>KHOCTH.

3.8. PanguonsayyeHue rpo3oBbiX pa3psaoB
B atMocepe CarypHa

Hazemnubie naOmonennst MoiHUN Ha CaTypHE CTaau
PETYISPHBIMHE TIOCIIE TIEPBOTO YCIEITHOTO MX JETeK-
tupoBanus [79, 80] Ha paguoreneckorrie YTP-2 [3] u
MTOJITBEPKACHUS PE3YIBTATOB HAONIONEHUN ITyTeM
CpaBHEHU C TaHHBIMHU cITyTHHKA “Kaccuan™ [81, 82].
BozHukHOBEHIE HaNOOIBIIIEr0 U3 U3BECTHBIX JI0 CETO
Bpemenu mropma [83] B mekadbpe 2010 1. mo3BoIIUTO
WICCIIE/IOBATh JTO SIBJICHHE C OECTIPEreIeHTHBIM Bpe-
MEHHBIM pa3pelIeHreM Kak Oiaromaps OOoJbIIoMY
KOJIMYECTBY Pa3psAa0B U NX BRICOKOW MHTEHCHBHOCTH,
TaK 1 BRICOKOM A(h(heKTUBHOM TUIOIIAN i MOJICPHU3H-
POBaHHOMY ITPHEMHOMY 000PYIOBaHHUIO PAIHOTETIEC-
kora YTP-2. Breija OTKpEITa CIIOKHAS BpeMEHHAs!
CTPYKTYpa pa3psaoB [84], BEIIBICHBI BapHaITUH CIICK-
Tpa MOJIHHH [85], a Takke U3MEpPEeHO BpeMsl ITHC-
TIEPCHOHHOTO 3aIa3AbIBAHNS, KOTOPOE XapaKTepU3yeT
CpeIy pacrpoCTpaHEHHs OT MECTa BOSHUKHOBEHHSI MOJI-
HUI 10 3eMHOTO HaOmromarenst. CriekTporpamma Mojl-
Huit Ha CarypHe, moiyderHas Ha Y TP-2, B pa3miaHbIx
BpEMEHHBIX MaciiTabax mpuBecHa Ha puc. 12.

Cronp ycrientasie HAOMIONCHUS W TICHHBIC HAyd-
HBIC PE3yJbTaThl MPUBOMAST K BBIBOAY O TOM, YTO
TIPH pENIeHNH aCTPOHOMHUYECKUX 3aad B TIpeeax
ContHeuHOW CHCTEMBI MPOTpecc B CO3/aHUM HOBBIX
YYBCTBHUTEIHHBIX PAJUOTENECKOIIOB H PETUCTPUPY-
olIel anmapaTypbl MOXKET CYIIECTBEHHO OTIepeKaTh
TUTAHUPOBAHKUE U OCYIIECTBICHHE KOCMUYECKHX MIHC-
cuit (ONMKaNIIIMA N3BECTHBIN MTPOESKT KOCMUIECKOTO
ammapara, KoTopblid onetut k Caryphy — 370 Titan
Saturn System Mission ¢ TIaHUPYEMBIM BpeMEeHEM
noctwkeHus: cucremsl CarypHa B 2029 ). IlosTo-
My BCE€ U3MEPEHHS TOHKOH CTPYKTYpPBHI MOJIHUH Ha
Carypue B mocnenyrormue 15 et OyayT Ipou3Bo-
JUTHCSI TOJIBKO HA3€MHBIMHM HH3KOYaCTOTHBIMH pa-
JTUOTEIECKOTIaMHU.

A B Ommkaifiiiee BpeMsi €CTh BECKHE OCHOBAHUS
0oXuaaTh nosiBiieHue Ha CaTypHe erie 60ee CHilb-
Horo ueMm B 2010-2011 rr. mrropma. ITO CBS3aHO
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Puc. 10. Kapra pacnpeneneHus sspKkocTHOM Temneparypbl CeBepHoro Heba Ha Jacrore 20 MIT1. Kapra nonydeHa nyrem Haoiio-
JIEHNs1 C TIOMOIIIBIO OJHOM M3 CEeKLIMIA [/ieua ceBep-tor paauoreneckona YTP-2 u noaHoro paauoreneckona YPAH-2. [upunHa
Jlyda Tpy 3e€HUTHOM HalparIeHUH M0 YPOBHIO MOAOBUHHON MolHOCTH (RAXJ) cocramisier ~11°x7°. Kapra npeacrarieHa
B 5KBaTOPHA/IBHBIX KOOPAMHATAX, HAJIOXKEHHBIX Ha FAJIAKTUYECKHE KOOPIUHATHI ¢ 11aroM B 30°

Puc. 11. CunxpoHHbele HaOmoaeHns HOnurepa ¢ nomolnpio paauoreneckonoB YPAH-2 (BepxHss nanenb) u YITP-2
(HroxHAA nanens) 29 aneapa 2014 r. (Py; — MOLIHOCTB (hOHOBOIO U3/Ty4YEHNs1)

Puc. 12. Cniekrporpamma MojiHUE B atMocdepe CaTypHa B pa3IMYHBIX BPEMEHHBIX MacITabax
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C PETYJISIPHO NOSBJISIFOIUMCS BoIbIINM OebIM TSIT-
HoMm (Great White Spot) B atmocdepe CarypHa,
KoTopoe Habmoganock B 1876, 1903, 1933, 1960 u
1990 1T, T. €. IPUMEPHO B OIHO U TO XKE BpPEMS
OJMH pa3 3a caTypHUaHCKHH rof (29.5 3emuOro
roaa). Ilpomonxkas npuBEeNEHHYIO BBILIE IMOCIE-
JIOBAaTE€IBHOCTb, MOXHO OINPENEIUTh 0XKUAAEMOE
BpeMsl MOSIBIIEHUS] TUraHTCKoro mropma B 2019 .
Kpome Toro, no HaOnoaeHUsIM KOCMHUYECKOTO all-
maparta “Kaccuun” [83] mTopMbl HAMHOTO BEpOST-
Hee BO BpeMs CaTypHHAHCKUX PAaBHOJEHCTBUH (aB-
ryct 2009 r., cienyriee — uepe3 14.25 ropga).
C nos16ps 2007 1. o aBryct 2011 . ITOpMBI IPUCYT-
crBoBajM B arMocgepe CarypHa oxoino 70 % Bpeme-
HHA, 9uTO B 10 pa3 GoibIme, YeM MEXITy paBHOICHCT-
BUsAMH, Korda “KaccuHu Hayaa CBOM HCCICHOBAHHUS
Ha opbute CarypHa. To ecTh cCleayrommii 1mMomo0-
HBI MakCUMyM MOXHO oxujars B 2021-2025 rr.
Kpowme Toro, Texuuueckne 0cOOEHHOCTH YHUKAIb-
HOM CHCTEMBI IByX HH3KOYaCTOTHBIX PaguOTENIeC-
konoB YTP-2 u I'VPT mo3Boasior paborarh B
pekruMe coBMecTHOH (ha3upoBaHHOM “cyrmeppenier-
KK, IOCKOJIBKY OHU CHHXPOHHU3UPYIOTCA OT OTHOTO
1 TOTO K€ CTaHJapTa BpeMeHHU U 4acToThl. I[103T0-
My npu ucrnionszoBanun WF pexuma (a nuccienona-
HUSA TOHKOH CTPYKTYpBbl MOJIHMM NPEIoJiaraioT
TOJIBKO TAKOH PEXUM 3aIHCH) BOBMOXHO IIPUMEHSTh
B3aMMHOE ITUPPOBOE (a3upOBaHUE CHTHAIIOB JBYX
paauoTENIeCKONOB JJIsl YBEIHYEHHS JTOCTHXKUMON
cyMMapHoii 3pdexTuBHOM omaan. C BBOAOM Bce
Oonpmero uncia cyopemerok I'YPT u yBenuue-
HUEM HUPPOBBIX BO3SMOKXHOCTEH BBIYUCIUTEIBHOTO
kimacrepa YTP-2 — I'YPT (poct 06eMOB THCKOBO-
r0 MPOCTPAHCTBA M BBIYUCIUTENBHBIX MOIIHOCTEH,
B TOM YHUCJIE C TOMOMIIBbIO TpadUIeCcKUX MPOIECCO-
POB) Tako#l pexxuM OyIeT CTaHOBUTHCS Bce Oolee
aKTyaJIbHBIM JAJISl HCCIIEIOBaHUS Bce OoJjiee MHpo-
KOTo Kpyra acTpopu3n4ecKux 3aaad.

3.9. PaguousnyyeHue myJjbCapoB
B JIeKAMETPOBOM M METPOBOM JAMANA30HAX BOJH

UccnenoBanns paguonsnydeHus MmyJabcapoB B MET-
POBOM H IEKaMETPOBOM JTHATIa30HaX HAYAIOCH ITPaK-
THYECKHU Cpaszy Mociie 00HAPYKEHUS 3TUX 0OBEKTOB.
Ve B caMbIX paHHUX pa0oTax, CTaBIIMX TENepb
KJIaCCUYECKUMH, [86] MPOBEICHBI OLICHKU CPEITHUX
MapaMeTpOB CIEKTPaIbHOU MIOTHOCTH MOTOKA UM-
ITyJTECHOTO PaIMOV3ITYYESHUS IIATH OMKaHTIIAX K 3eM-
Jie MyabcapoB. JlaHHBIE WCCIIeOBaHUS TTO3BOJIIIN
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BBISIBUTH OOIIYIO 3aKOHOMEPHOCTh, KOTOPasi, O-BU-
TUMOMY, IPUCYIIa BCEM IyJbcapaM. ITa 3aKOHOMEP-
HOCTb CBSI3aHA C HU3KOYACTOTHBIM ‘‘3aBajioM’ CIIEK-
TPaJIbHON IUIOTHOCTH IIOTOKA UMITYJIbCOB ITyJIbCAPOB.
MakcumMyM B CIIEKTPaIbHOM IIIOTHOCTH MOTOKA UM-
IIyJIbCOB MHOTUX ITyJbCApPOB HAOIIOAAETCS Ha 4acTo-
tax 60+100 MI'1 [87, 88]. B To ke Bpems sipKO-
CTHas TeMIlepaTypa ralakTHieckoro pona, o0ycnoB-
JICHHAs: CHHXPOTPOHHBIM H3JIy4Y€HHEM 3JIEKTPOHOB
MEXK3BE3/IHOM IJ1a3Mbl, MPOJOIKAET YBEINYNBATh-
csl c MOHIKEeHHEeM 4acToTbl. OHa JAOCTUTAET Jie-
CSITKOB M COTEH THICSY IPagyCcoB B AEKaMETPOBOM
nuanaszone (cMm. m. 3.2). M3-3a Hanuuusi 3eMHOM
HOHOC(EPHI, BEICOKOTO YPOBHS IOMEX MPHUPOAHOTO
(Tpo3bI) ¥ KICKYCCTBEHHOTO (paaronepeaTyiKi ) po-
UCXOK/IEHHS HAOIOAEHNUS CTIa0bIX PaJHOMCTOYHHKOB
Ha yacTtoTax Hmke 15 MI'IT MOXKHO BECTH TOIBKO
B HOYHOE BpeMs. B MeTpoBOM amamna3oHe YpOBEHb
BHEIIHUX MOMEX TaKXe OCTaeTcs BHICOKUM. McTou-
HUKOM TOMEX B ATOM JAMana3oHe B OCHOBHOM SB-
JSIOTCS TIepenaTuuky auanazoHa YKB u teneBu-
3MOHHBIE NIEPEAATINKH.

B cuiy nepeunciieHHBIX 0cOOeHHOCTEH 00a ua-
MMa30Ha WMEIOT CBOKO CHENU(UKY HAOIIONeHUN U
00paboTKH AaHHBIX. B nexameTpoBOM Iuamna3oHe
CYLIECTBYIOT 3HaUUTENbHbIE TPYJHOCTU AJs HaO-
moneHuil. B sTom anana3zoHe gaxke cOOCTBEHHAS
TeMIepaTypa IIyMOB CHCTEMBI TIpUEMa U PEeruCTpa-
UM CUTHAJIOB ONpENeNsieTcsl IPKOCTHOM TeMmIepa-
Typoii raakTudeckoro gona [89]. [loatomy ee npuH-
LUNHAATIBHO HEBO3MOKHO yMEHbIIUTh. Crenyromieit
0COOEHHOCTBIO 000MX IHANa30HOB SIBIISETCS BIHA-
HHUE BCEX HM3BECTHBIX d(PQPEKTOB pacipoCTpaHCHHS
Ha perucrpupyemoe paaunousnydenue. C moHmxe-
HUeM 4acToThl 3 (ekTh pacrpocTpaHeHus HabIro-
nmatotcsi Bce Oonee xoHTpactHO. K addexram pac-
MPOCTPaHEHUS OTHOCSITCS: TUCTIEPCHOHHOE 3ara3bl-
BaHUE PaJUON3IYICHUS B 3aBUCUMOCTH OT YaCTOTHI
MPU PAacTIPOCTPAHEHUU CHTHAJIOB B MEX3BE3IHOM
1a3Me, MeXIUIaHEeTHOU Ti1a3Me U noHocepe; mpo-
CTPAaHCTBEHHOE U BPEMEHHOE PACCESIHUE U3TYUCHUS
Ha DJIEKTPOHAX CPEbl PACIIPOCTPAHEHUS; MEpLAHHS
3apEerUCTPUPOBAHHOTO U3ITYUEHUS IIPU €ro pacces-
HUM Ha HEOIHOPOJHOCTSIX AIIEKTPOHHOM KOHLIEHTpa-
A MEX3BE3THOM, MEKIUIAaHETHOW U HOHOC(HEPHOM
IUTa3Mbl; BpallleHHE TUIOCKOCTH MOJSpU3aLUH MIPH
pactipocTpaHeHUH PaUOU3ITyYeHHs B C1a00 aHU30T-
pomHO# cpene — apdext Dapanes.

Crenmyer OTMETHTB, YTO THOHEPCKUE HCCIIEI0Ba-
HUS ITyJICApOB, KOTOPBIE BEIHCH B JAHHBIX IHAIa30-
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Hax B 70-X TT. MPOIIOTO CTONETHS, TPUHIUITHATBHO
OTIIMYAINCH OT COBPEMEHHBIX UCCIIE0BAHUH TEX Ke
00beKxTOB. Bo-mepBrIX, MoI0ca 4acToT, JOCTyITHAs
g uccaegoBanuii Ha YTP-2 B 1970-1980 rr., co-
craBisia Bcero 300 kI'm. Ona Oputa pacmmpena
BABoe B 1984 r. 1 octaBanzach TakoBoil o 1999 .
BriOpanHast monoca Morsia ObITh CIIONIHOW WIIH
paccpeoToueHHOM B trama3oHe padotsl YTP-2, Ho
B 000MX CITydasix OIMPHHA MOJIOCH! JIMMUTHPOBAIA I0-
TEHIMAJIBbHYI0 YyBCTBUTEIBHOCTh PaJHOTEIECKOIA.
B MeTpoBOM nana3oHe HanOOMbIIEe YHCIIO UCCIie-
JIOBaHUH IyJIbcapoB ObLIO TIpoBenmeHo B [lymmuHc-
KO pajiioacTpOHOMUYECKON 0OcepBaTOpHH Ha pa-
auoteneckonax JIKP-1000 u BCA ®UMAH [90].
Ha o6oux paanoreneckomnax Takxe He ObUIO CIUIONI-
HOMH IOJIOCKHI IpUeMa U perucTpaiu. Bo-BTophIX, Ju-
HaMHUYECKUH AUAIa30H PETUCTPUPYIOIIEH armapaTy-
PBI IIPOILIJIOTo BeKa ObLT OrpaHuyeH 8-OUTOBBIM CJI0-
BOM (3TO cooTBeTCTBYeT 24 nb MTMHAMUYECKOTO qra-
[1a30Ha 110 BXOJHOMY CHTHAIY).

Peructpanus paguon3rydeHus mybCcapoB Mperyc-
MaTpHBaJla CYNEpreTepoANHHYI0 TEXHUKY Npuema
Y 3aMHCh TOJBKO MPOAETEKTHPOBAHHBIX KOMIOHEHT
n3nydeHnd. Paamocuraansl He MOTIIM PEeTHUCTPHU-
pOBaThCS M3-32 OrPAHUYEHHBIX BO3MOKHOCTEH KOM-
MBIOTEPOB TOTrO BpeMeHHW. Paspematomas croco0-
HOCTH 10 BPEMEHH TakKe ObLIa OTpaHuYeHa U, KaK
TIpaBUJI0, He TIpeBbImana 10 Mc.

[lepeurcnennbie orpaHUYeHUs TIPUPOTHOTO U TEX-
HUYECKOTO XapakTepa CYIIECTBEHHO CyXKalll Kpyr
pelaeMbIX 3a7a4 ¥ MOBBIIATH TPeOOBaHHS K pa-
JUOTEJIECKONaM, C TIOMOIIIbI0 KOTOPBIX BENHCH Ha-
omonennst mynbcapoB. Tak, KHJ| anTeHH panwo-
TEJIeCKOIa I0JKEeH ObLT OBITH BBICOKHM, YTO MO3BO-
TS50 00€eCTIeYnTh OOJIBIIYIO MPOCTPAHCTBEHHYIO
(bmIBTpanuro moMex U OTHOBPEMEHHO yBEITNIHBAIIO
3¢ (heKTUBHYIO TUIOIIAIL paguoTeNecKona. Tem ca-
MBIM YBEJIMYMBAJIACh YYBCTBUTENBHOCTh U YCTpa-
HsJIaCh 3HAYMTEIbHASI YacTh TIOMEX €Ille JI0 Havaja
00paboTku. [loBrITIeHHe YyBCTBUTETFHOCTH JJOCTH-
raJioch TaK)Ke€ 3a CUeT HAKOIUICHHS MEepUOTUYECKH
MTOBTOPSIIOIIMUXCS. UMITYJIBCOB ITyJIbCapoOB. DTO Tpe-
00BaJI0 OTHOCUTENHFHO JUITUTEIHHOTO CIEKEHHS pa-
JUOTEJIECKONa 32 ITYJIbCAPOM.

B Hacrosimee Bpemst Ha paguoreneckonax Y TP-2
u I'YPT ucnons3yrorcst 16-OuTHBIE pETUCTPATOPEI.
JuHamMuyeckuii 1uana3zoH paguoTesIeCKOIOB [0 KOM-
OMHAIIMOHHBIM COCTABIISIONIAM IIOMEX TPETHEro TO-
psnka mocturaet 100 nb x MUKpOBOIBTY, UTO 00OEC-

ISSN 1027-9636. Paouogusuxa u paduoacmponomus. T. 21, Ne 2, 2016

TeYnBaeT B moJioce mpuemMa 4 kIl THHAMHYECKH
JMara3oH 1Mo coOCTBeHHOMY Imymy okojio 110 gb.
ArmnmapaTHoe BpEeMEHHOE pa3pelieHrue COCTaBIISIET
6.25 Hc. bonee Toro, pacmmupeHue TEXHUYECKHUX
BO3MO>KHOCTEH MPUBOJIUT K MOSBJICHUIO HOBBIX 3a-
J1a4d, KOTOpPBIE YCIIENTHO PENIaoTCs B 000WX Juara-
3oHax [91-100].

Hwmxe kpaTko mepednciieHsl Te 3aa91 B 00J1acTH
HCCIICOBAHMSI PATUOU3ITYUYCHHSI TYJIHCApOB B MET-
POBOM U JE€KaMETPOBOM JIHAINA30HAX, KOTOPHIE MO-
T'YT OBITH PEIICHBI HA OJHOHN peIleTKe pagroTeec-
kora I'YPT.

OnHoli 13 BKHEHIIINX 3a71a4, KOTOpast MOXKET ObITh
pelieHa ¢ ucnosib3oBaHueM peuetku I'YPT, aB-
JIA€TCs 3a/1a4a OLUEHKU CPENHEN CIIEKTPaIbHOM IIIOT-
HOCTH ITOTOKA MMITYJIECHOM (2 BOBMOXKHO M HETpe-
PBIBHOM ) KOMIIOHEHTHI PaIMOUITYICHUS MTyIHCApOB
BO BCEM JHana3oHe pabO4YMX 4acTOT pajuoTe-
Jeckona. PemieHre maHHOM 3alayd OCHOBBIBAETCS
Ha BO3MOXKHOCTH HE TOJIBKO JJTUTENFHOTO, HO U OT-
HOCHTEIIEHO ITUPOKOTIONIOCHOTO HAKOTIIICHUS PETUCT-
PUPYEMBIX UMITYJICOB ITyJIBCAPOB.

Bropoii 3amaueit B 005acTu HCCIEIOBAHHS ITYJIb-
CapoB, KOTOpast MOXKET OBITh pPEIIeHa C MOMOIIBIO
onHoit permetrku I'YPT, moxet ObITh 3a71a4a aHAIIH-
3a JIOJITOBPEMEHHBIX (PIIYKTyaIuil MephI JIUCIIEPCUH.
OTa 3a7a4a OTHOCUTCS HE TOJIBKO K CAMUM ITyJIbCa-
pam, HO M K CpeJie pacIipOCTPaHEHHUS X H3ITyICHUS.
Ee pemenue o0yciioBiIeHO TEM, 9TO BpeMs TUCTIEp-
CHOHHOM 3aIEP>KKHU PATUOU3ITYUCHUS MEXKITY Pa3Iny-
HbIMU udacTtoTamu At(DM, f},, f;) AocrarouHo
BEJIMKO. DTO 3ama3ablBaHUE OTCYTCTBYET BOIM3H
mysnbcapa. Ho 0HO BO3HUKAET pu pacipoCcTpaHeHU!
paguou3IydeHus MyIbCapoB B MEXK3BE3AHOU cpelie
Y OIIPENEIISIeTCSI TPOCTOM (DOPMYJION:

DM| 1 1

AT(DM, fy, f1) =m F—F s

L
DM = j n,(Hdl,
0

rie DM — Mepa mucnepcun, TK-cM 5 fo, f7 —
BEPXHAA U HWXKHsSA dacToTel, MI'11 (3HaueHus vac-
TOT COCTaBJISIFOT COTHHM Merarepu); L — paccTosiHue
10 Imynbcapa; 71,(/) — IoKaabHas KOHLEHTpaLUs JIeK-
TPOHOB Ha JIyde 3peHUs B CpeJIe paclpoCTpaHEeHHSI.

MOoXHO BHIETH, YTO NPHU PACIHPOCTPAHEHUU HA
COTHHU MapceKkoB (A1 XapaKTEPHOIr'O 3HAYCHUS
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DM =10 nk-cM ) 3amepkKa MEXIy BpEeMEHEM
nprxoAa ummyabca Ha gactorax 70 m 20 Ml coc-
taBysieT 95.27 c. Ecim ipu 3TOM BpeMeHHOE pa3perire-
HHE COCTaBIIET AT, =1 MC, TO OTHOCHTENBHAS TOY-
HOCTh OTIPEJENICHNS] MEPhI JUCIIEPCHHU JTaKe TIPH UC-
TIOJTIH30BAHUY TTOCTAETEKTOPHOTO METONA €€ KOMIIEH-
cauuy cocrapmsier Atg/At=1- 10_3/95.27 ~1-107.
Takoli TOYHOCTH AOCTATOYHO sl MCCIIENOBaHUSA
HE TOJILKO MEX3BE3JHOH I1a3Mbl, HO M MEXKILIaHET-
HOM 1ua3mel [84, 85]. BeibpanHoe HaMu BpeMeH-
HOe paspemeHue Atg =1 MC BIIOIHE IPHUEMIIEMO,
T. K. OHO COM3MEPUMO C XapaKTePHBIMHA 3HAYCHHUS-
MH TIOCTOSTHHOW BpEMEHH pacCestHUS IS CaMbIX
ONMU3KHUX MYJIbCapOB B JaHHOM JHara3oHe YacToT.
3aMeTuM, YTO €CIU IS aHaln3a HCIOIb30BaTh
HIXKHIOK 4acTtoTy 10 MI'n, To ToUHOCTB onpenene-
HUS JAHHOTO TapaMeTpa YIy4qIlaeTcs Ha MOPSAIOK:
Atg /At~ 1-107°. Droro ysKe J0CTaTOYHO Naxe s
OLIEHKHU (pIIyKTyanui 31eKTPOHHOTO COAEPKaHHS B
cTon6e noHochepsl HEMOCPEICTBEHHO HA JIy4e 3pe-
Hus paguoreneckona [101, 102].

TpeTbs 3amaya, KOTOpasi MOXKET OBITH pELIeHa C
noMoupto pemetkd I'YPT, no cBoeill mocraHoBke
aHasoruuHa BTopoil. OHaKo OHa CBsi3aHa C Onpeze-
JICHWEM JTOJTOBPEMEHHBIX (IIyKTyaluii Mepbl Bpa-
LICHUS TUIOCKOCTH Mojsipu3aunu. Hannume Takmx
¢baykryanuii oOHapy>KeHO Ha paauoTeIecKome
LOFAR [103]. Jannsie (uykTyauuyd B HacTOSIIEE
BpeMs CBSI3BIBAIOT C (PIYKTyauHsMHU NapaMeTpoB
noHocdepbl 1 MarauTocepsr 3emin. Bo3moxHo, 4To
yBEeJIMYEHUE TOYHOCTU B OIpEIeNIEHMH MEphl Bpa-
LIeHHS TO3BOJIUT OOHApY>KUTh AOJTOBPEMEHHBIC
(GayKTyanun MEKIUTaHETHOH W/MIM MEX3BE3THOU
COCTaBJIIIOLINX B MEpE BpAIICHUS.

[TokaxkeMm, KakOil TOYHOCTH MOXXHO JIOCTHYb B
onpezaesieHud Mephl BpaiieHus. Mepa BpalueHus
xapaktepusyeT 3¢ ekt Dapanes. Yron ¢(A), Ha
KOTOPBIH MOBOPAaYMBAETCS IaHHAS TNIOCKOCTb, 3aBU-
CUT OT JJIUHBI A H3JIy4aeMoil BOJHBI. OH MOXET
OBITH ONpEeAeTeH U3 YPaBHEHHUS:

$(1)=RM-2%,  RM=[n,(1)-B()dl, (9)
0

r1e RM — mepa Bpamenns, B(/) — T0KanbHbIH BeK-
TOP MArHUTHOM UHAYKLIMH BJIOJb JIyda 3pEHUS, I —
€JIMHUYHBIN BEKTOP, HAIIPaBJIEHHBIH 10 KacaTeIbHOU
K JIy9y 3pEHUS.

IIpennonoxuM, 94TO CIUIOUIHON YaCTOTHBIN aua-
ma3oH paauoteneckona ['YPT mo3somut obecreanTs
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HENPEPBIBHOCTh BOCCTAHOBJICHUS pa3HOCTH (a3
Ad(A,, Ay) B ypaBHEHHUH, BbITEKaromeM u3 (9):
Aq)()\'L’}\‘H):RM'()\'i_}\‘?{)’ M zc/fL,H’
e A; ; — IJIMHBI BOJIH, COOTBETCTBYOIIME HIKHEH
f; uBepxHell f;, yactoram nuanazoHa I'YPT; ¢ —
CKOpPOCTH CBETA.

Ecmm IMOJIOXKUTh, YTO TOYHOCTD OIIPECACIICHUA OT-
HOCcHUTeNbHOU (asel cocraBisieT 5.7° (A, =0.1),
TOTJla OTHOCHUTENIbHAs TOYHOCTh B OMNpPEACIEHUU
JOJTOBPEMEHHBIX (MIIYKTYyaIlii MEPBI BPAILLICHUS CO-
craBisier A, /AQ(L,, L;;). Jltst xapakTepHOro 3Ha-
uennss MD =10 pag-M’ OTHOCHTEIbHAS TOYHOCTH
ee OLCHKH (OLIEHKU ee QIIyKTyalii) MeXIy 4acTo-
tamm 70 1 20 MI' cocTaBuT ~ 5-107°. D10 ComzMe-
PHMO C OTHOCHUTEJILHOI TOUHOCTBIO H3MEPEHHSI MEPHI
JHCIIEPCHUML.

ITockonbky o0a mapamerpa (Mepa BpalleHUS H
Mepa JUCTEPCUH) U3MEPSIOTCS HE3aBUCHUMBIMHU
METOAAMH, UX COBMECTHBIN aHAJIN3 MO3BOJISIET pa3-
JenuTh QUIYKTyalllu CPeIHUX 3HaYeHUH SIIEKTPOH-
HOW KOHIICHTPAIMH Ha JTyde 3peHUs U QIyKTyaIl[luu
CpPEIHUX 3HAYECHUN TOU COCTaBISIOIIEH BEKTOpa
MarHMTHOM MHAYKLMH, KOTOpas MapaijeibHa JTydy
3penus. besycioBHo, 00e 3aadyM U COBMECTHBIHM
aHaJIU3 Pe3yJNIbTATOB, ITOIYYEHHBIX IIPH UX PELLICHUH,
SIBJIIIOTCSI BAYKHBIMH C TOUKH 3PEHUS aCTPODU3UKY.

YersepTas 3amavya CBA3aHa C OIEHKOM MOJspU3a-
LMOHHBIX NAPaMETPOB CPEIHUX Ipodueli pagruons-
JIy4EHUs IyJabcapoB. METOANKY TakoW OLIEHKH IpHU-
MEHUTEIIBHO K METPOBOMY M I€KaMETPOBOMY JHaIia-
30HaM paszpaboransl B padote [104]. HMmerotcs Bce
OCHOBAHUS 7151 [IOCTAHOBKH U PEILICHNUS TAKOH 3a1a41
¢ ucnons3zoBanuem peuietku I'YPT, 1. k. pemierka
CKOHCTPYMPOBaHa U3 JIEMEHTOB, COCTOSIIINX U3 JBYX
OpPTOTOHAJIBHBIX AWIONEH. JTa 3aJada BeCbMa ak-
TyaJIbHa, IOCKOJIbKY HH(pOPMaLUs O MOJISPU3ALUOH-
HBIX IIapaMeTpax PaguoUu3IydeHHs IIyIbCapOB B HU3-
KOYaCTOTHOM JHMala30He NPAKTU4YECKU OTCYTCTBYET.

Taxkum 00pa3oM, KpaTko pacCMOTPEHBI YEThIpe
OCHOBHBIX 3aJ[a4M, KOTOPbI€ MOT'YT OBITh pEIIEHBI
IpH HaONFOICHNH ITyBCapOB HA YeTMHEHHOH CyOpe-
wetke I'YPT. be3ycinoBHO, MOKHO ONPEAEIIUTD €111e
HECKOJIBKO BCIIOMOT'aTEJIbHBIX 33a[a4 aHaJIOTHYHOTO
miaHa. OIHaKo pelieHue Aake OJHOM U3 mepeduc-
JICHHBIX 3a/a4 OyJeT AOCTaTOYHO BAXKHBIM C TOUKH
3peHus 000TraleHNs HAIlUX 3HAaHUH O PaJHon3ITyye-
HUM MYJIBCAPOB B METPOBOM U JIEKAMETPOBOM JlHa-
[1a30Hax.
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3.10. CpepXmMpOKONOJIOCHbIE HAOJIIOIECHHUS
PEKOMOMHAIMOHHBIX PaIOJINHHIA
B MeXK3Be3IHOM cpene

PexoMOMHAIIMOHHBIE PaTUOTMHAN BRICOKOBO30Y XK ICH-
HBIX MEX3BE3IHbIX aTOMOB YIJIEpOJla, OTKPHITHIE B
JIEKaMEeTPOBOM JIMATNa30He C TOMOIIIBIO PaIHOTENeC-
xona YTP-2 okono 40 et Ha3a, JaJId HOBBIM METO
JUArHOCTHKH XOJIOIHOW YaCTHYHO HOHU3UPOBAHHOM
KOCMHYECKOH 1a3Mbl. CTaio BO3MOXKHBIM BBICOKO-
TOYHOE ONpeiesieHIe OCHOBOMOIAraoIyX apameT-
POB Cpebl: TeMIepaTyphl, IUIOTHOCTH, JaBIICHUS,
JTy4eBbIX CKOPOCTEHN, CTETICHN HOHH3AINH, MEXaHU3-
MOB MOHM3AIMU U pekoMOuHanuu u np. [105, 106].
OO0HapyXeHre peKOPIHO BBHICOKUX COCTOSHHM PH/I-
OEpProBCKMX aTOMOB BILTOTH O TIABHBIX KBAHTOBBIX
yucen 1030 B quanasone ot 12 no 30 MI't BaxxHO
HE TOJIBKO JIJIs acTPOPHU3UKH, HO U IS PUINIECKOI
HaykH B 11e51oM [ 107-109].

VYKkazaHHBIA pe3yabTaT CTUMYIHMPOBAT OOJIBIIOE
KOJTMYE€CTBO TEOPETUIECKUX U IKCIIEPUMEHTATbHBIX
WCCIIEIOBAaHUN Ha Pa3lIMYHBIX PaAMOTENECKOIIax,
pxiroyas LOFAR [1, 2, 109]. BmecTe ¢ Tem a0
HACTOSILLEro BpemMeHu paguoteneckon Y TP-2 oc-
taercs Hambosee 3GHEKTUBHBIM TSI TIPOBEICHHUS
MOJJOOHBIX HCCIIEAOBAHUIA B CHIy MHOXECTBA €Tro
MOJIOKUTENBHBIX cBOUCTB [3, 110]. B kauectBe pe-
TUCTPUPYIOIIEN CIEKTPaIbHOW anmapaTypbl pajauo-
teneckona YTP-2 xoporio cebst 3apeKOMEH 10BN
unppoBbie 3HaKOBBIE KoppensaTopk! [111]. B HacTos-
mee BpsaMs B o0cepBaTopuu ucnoibiyercs 4096-ka-
HaJIbHBIN a”Hayiu3aTop. B mociienqHue roasl B CBS3U
C TporpeccoM UGpPOBOH U KOMITBIOTEPHONW TEXHUKH
CTaJI0O BO3MOKHBIM CO3JIaH¥IE U TTPUMEHEHE MHOTO-
Pa3pSTHBIX IUPOKOIOIOCHBIX I(PPOBBIX PHEMHUKOB.
Ha puc. 13 noka3aH crnekTp MOIIHOCTH, [TOJTyYEHHbII
Ha YTP-2 ¢ momompio npuemanka DSPZ [112] B Ha-
npasneanu Kaccuoneu A B quanazone 20 +30 MIm.
OT4YeTIMBO BUHA CEPHsl IMHUIA TTOTIIONIEHHS B KOJIU-
gectBe 0K0s10 100. CTOIH OOJBIITOE YHUCIIO OTHOBPE-
MEHHO HaOII0AaeMBbIX JIMHUM B IIMPOKOH MOJIOCE
MMeeT UCKITIOYUTENFHOE 3HaYeHNe KaK MPU UCCIIe-
nmoBaHuAx Ha YTP-2, tak n Ha cyOpemeTrkax ['YPT,
4To OyIeT MOKa3aHO HUXKE.

Kak m3BecTHO, 9aCTOTHI PEKOMOMHAIIMOHHBIX pa-
TUOJMHUNA onpezaenstorcs hopmyioi Punbepra:

r=r(i-m e | e | (10)

n~ (n+An)
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Puc. 13. PexoMOMHALMOHHBIE PAJIUOIMHIH YIIIEPOAa, 3aPErHCT-
pupopoBaHHble B HampasieHnH Kaccuoneu A. VM3mepeHus
MIPOBOJMIINCH C HCIIOJIb30BAHUEM IIJIe4a CEBEP-I0T PaAuOTEIeC-
xoma YTP-2

rae R — nocrosinHas Punbepra, m u M — Macchl drek-
TPOHA M aToMa, ¢ ¥ Z — CKOPOCTh CBETA ¥ 3apsil s/Ipa,
n ¥ An —TJIaBHOE KBAHTOBOE YHCIIO M €T0 H3MEHEHHSI.

Ha am3kux gacrorax (f <100 M) oTHOCHTEIB-
Hasi HTHTEHCUBHOCTD JIMHUH OTIpeensieTcs KaKk

2L —1.b,B,-
Te

3nech T, —paBHOBECHAs onTHYecKas TonmuHa [113],

2
N;S 1+ 148AfP+AfR

AT Afp

rae 1,, N,, S — d3IeKTpOHHas TeMIIEpaTypa, IJIOT-

HOCTb U JUIMHA IIyTH COOTBETCTBEHHO, Af, — CTOJK-
HOBUTEbHAS IIUPUHA,

T, =1.92-10° —<

b

_|_
of, 7107 2 I*q :
T; (2z+z")(1.4n+gn)
z=2.1+1.5g, ¢=158-10°/nT,, Af, — pammarus-
HOE YIIUPEHHE,

Af =7.6-107 0%,

Af;, — nonmnepoBckoe ymupenue; b, — xko3du-
LUEHT HEPABHOBECHOCTH;

B — 1 _ ﬂ dlnbn

i (11)

n

h — nocrosinHas [Inanka.
Bo MHOrux cimywasx ynoOHO HMCIIOJIB30BaTh WH-
TerpaibHyI0 MHTEHCUBHOCTD JIMHUM!
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N Sb,p,

= ~ . 6—
I, }[(ATL/TC)df 2:10° = g, (12)

52

e
Habmronaemast MHTEHCUBHOCTD JIMHUM OTIAYaET-
Csl OT peasbHOMU, OnpeensieMOil PU3NUESCKUMH yC-
JOBUSAMH B MEK3Be3gHOM obOiake, T. €. [108, 109]

(AT, /T,),. =(AT,/T.)., =—".bB, (13)

upu Ty > T, (Ig — ApkocTHas Temieparypa GoHo-
BOI'0 KOMIIAKTHOTO paJuOUCTOYHUKA, HanpuMmep Kac-
cuonen A, T, — sipKocTHas Temmeparypa (ona 3a
UCCIIEyeMbIM 00JIaKOM).

B cnyuae Ty <7, (MOLIHOTO KOMIIAKTHOIO HC-
TOYHHWKA HET) UMEeM

(ATL/TC)ObS = (ATL/TC)rcal (QCI/QQ)(TB/(TB +TF))5
(14)

rae Q,, Q, — TeIeCcHbIE YIIbl HCCIETYEMOIO 00-
JlaKa ¥ QHTEHHBI COOTBETCTBEHHO, 1, — SIPKOCTHas
Temreparypa (oHa mepea uccieayeMbM 0OIaKoM.
IIpu cpaBHUTENHEHO HEOOIBIION TUTOMIA TN CyOpe-
metku ['YPT antennas temneparypa, 00ycIIOBIIEH-
Has ucrounnkoM Kaccwomest A, Oymer mHa ~1 nb
MIPEBBILIATH TEMIIEPaTypy (oHa, OCHOBHBIM HCTOY-
HUKOM “IIOJICBETKH” OyIeT rajJakTHUYecKHil (oH.
Kak cnenyer u3z Habmronenuit YTP-2, yrmoBo#t pasz-
Mep oOnacTu, co3narouield TUHUU, COCTABISET
~10°x10°. Pazmep nuarpamMmbl HampaBIE€HHOCTH
I'VPT (pasmen 2) cocraBusier ~ 20°x20°, 4rto c
yaerom (14) npusozut k Q,/Q, ~0.25, a Habro-
JaeMasi OTHOCHUTENbHAs! MHTeHCUBHOCTh JIMHUH, W3-
mepennas Ha ['YPT, Oyaer B 4 pa3a MeHbIle TOH,
KoTOopas m3mepsiercs Ha YTP-2 (13).
NurencuBrocts auani BOIM3u 30 MI'1r coc-
tapaser 4-107 [107] cornmacuo namHeM YTP-2.
Ta e 061acTh 1acT MHTEHCMBHOCTH 1-107° mpm
ee MCCIIeOBaHMIX C moMolbko cyopemerku I'YPT.
Ha ocHOBaHMM TIpHBENEHHBIX BBIIIE COOTHOIIEHUH
JIETKO TTOKa3aTh, YTO OTHOCUTEIbHAS HHTEHCHBHOCTh
nrHAA B quamnazone 10-+70 MI'1 Oymer u3MeHsThb-
ca ot 0.3-107 10 0.5-107 ¢ MakcUMyMOM B paii-
oHe 30 MI'. YMeHbllieHe HHTEHCUBHOCTH Ha HU3-
KHX 4acTOTax OOYyCJIOBJIEHO BIUSIHUEM CTOJKHO-
BHTEJIHHOTO U paanaTtuBHOTO (110 50 xI'm), a Ha BBI-
COKMX — mommiepoBckoro (~20 kl'm) ymmpeHus.
C touku 3peHus OOHAPYXHUMOCTH Oojiee BaKHOU
SIBJISIETCSl MHTErpajibHasg MHTEHCUBHOCTH (12),
OHa ompenensercs TOJIbKO (U3NYESCKUMU Iapa-
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meTpamu U ko3dunuentom b, f, (11). B coyqae
JU3JIEKTPOHHON PEKOMOUHAIINY OH JlocTUraeT ~ 100
(N,~0.0lcm™, T,~100 K) B6ausu 100 MTIu,
u ~15 #a 70 MI'n (cootBeTcBenHo (/) — u3Me-
gsaercsa or ~10 go ~1.5 c_').

UToObI OIIEHUTH 00HAPYKUMOCTH 00CYKIAEMOTO
apdexra Ha 'YPT HeoOXOAUMO y4eCTh HCKIIO-
YUTEIHHO BaKHYIO OCOOCHHOCTH SIBJICHHS PEKOM-
OWHAIIMOHHBIX JIMHUH, CBOMCTBEHHYIO UMEHHO HHXK-
HUM 4YacToTaM. DTa OCOOCHHOCTH 3aKI04aeTcs
B PE3KOM “‘CTYILLIEHUH  CEpUU JIMHUH, T. €. CyILIECTBEH-
HOM yBEJIMUSHHUHN UX KOJIMUYECTBA B 3aJIAHHOM 1oJI0ce
(cm. puc. 13).

Jlerko moka3zarb, YTO Ha HU3KMX YacTOTax pac-
CTOSTHHE MEX]y JHHUSMH OTpEAeIsIeTCs] KakK

obs

Af ~ 6RcZ42An N
n n

Tak, BOmu3u wactorel 30 MI'm (n=600)
Af =150 xI'u. Torma B muamasone B =60 MIn
(10+70 MI'11) KOTUYECTBO JHHUH COCTaBUT
O = B/ Af ~400.

3HaueHWs 9acTOT JIMHUH (2 IMEHHO IS yIiiepoaa
u Bojopona muHuii o (An=1), B (An=2), u y
(An =3)) nerko paccuutbiBaroTcs 1o gpopmyie (10).
B Tabn. 2 mpencraBieHbl pPe3yabTAaThl pacdeToOB
YacTOT JIJISl BEPXHETO U HUYKHETO KpaeB 4aCTOTHOI'O
nuanasona I'VYPT o 10 miaBHBIX KBAHTOBBIX YHCEIL.

Bo Bcem nuanazone yactor I'YPT rnaBHbIE KBaH-
TOBbIE uncna At auauid C,, JIexaT B MHTEpBaJe
or n=454 (f=70.078463 MI'1n) no n=2869
(f=10.008678 MI ).

CToNIb OTPOMHOE KOJIMYECTBO JIMHUM B pabodyem
muarnazoHe ['YPT naet Bo3MOHOCTB Oecriperie/ieHT-
HOTO yBEJIHMYEHHS YyBCTBUTEIHLHOCTH H3MEpEHHUI
(paHee OMHOBPEMEHHO HaOJIOAIOCh HE 0oJIee IBYX
JIECSITKOB JIMHUH ). [Ipy BpeMeH! HaKOTUIEHHsI CUTHAJIA
nopsnka 10° ¢ (paspemenue 6 kI'I1) OTHOCHTETbHAS
YyBCTBUTEIHHOCTh JIOCTUTACT 0.4-1073, 4TO HEIO-
CTaTOYHO JJIsi HAONIOACHUS JIMHUH C MHTEHCHBHOC-
1610 ~0.3-107. OnHako YBEIUYEHUE KOJINYECTBA
OJTHOBPEMEHHO HAOJIOIAaeMbIX JIMHUN C HUX IOCIIe-
IYIOIIUM YCPETHEHUEM SKBUBAICHTHO YBEIMYCHUIO
BpPEMEHH HAKOIUICHHS] CHUTHAJIa BO CTOJNBKO )K€ pas.
To ectb npu HaOMrOAEHUH U ycpenHenun 400 TuHuMiA
YyBCTBUTEIBHOCTH yimyuinaercs B 20 pa3 u JTOCTH-
raer 2-107°, 4To BIIOJHE JOCTATOYHO VIS JETEKTH-
PpOBaHMs PAAUOIMHUN ¢ HU3KOM MHTEHCUBHOCTBIO.
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Tabnuya 2. Homepa v pacyeTHbIE 3HAYEHHS YACTOT PEKOMOMHAIIMOHHBIX PA/IMOJIMHUIA yIiiepona

U BO/IOPOJa HA KpasX padouero nuanazona 'YPT

n H,, Cou n C"B n C”Y
f,MHz f, MHz f, MHz f, MHz
454 70.043499 70.078463 571 70.312047 654 70.079806
455 69.583192 69.617926 572 69.944562 655 69.760049
456 69.126909 69.161416 573 69.579633 656 69.442234
457 68.674607 68.708888 574 69.217238 657 69.126346
458 68.226243 68.260300 575 68.857356 658 68.812372
459 67.781773 67.815608 576 68.499964 659 68.500296
460 67.341155 67.374770 577 68.145041 660 68.190104
461 66.904349 66.937745 578 67.792566 661 67.881782
462 66.471311 66.504492 579 67.442518 662 67.575317
463 66.042003 66.074970 580 67.094875 663 67.270693
860 10.320865 10.326017 1085 10.273689 1243 10.240543
861 10.284967 10.290101 1086 10.245361 1244 10.215897
862 10.249234 10.254350 1087 10.217137 1245 10.191329
863 10.213667 10.218766 1088 10.189017 1246 10.166841
864 10.178265 10.183345 1089 10.160999 1247 10.142431
865 10.143025 10.148089 1090 10.133084 1248 10.118098
866 10.107949 10.112994 1091 10.105271 1249 10.093844
867 10.073034 10.078062 1092 10.077560 1250 10.069667
868 10.038279 10.043290 1093 10.049951 1251 10.045567
869 10.003684 10.008678 1094 10.022442 1252 10.021545

VBeuuenne BpeMeHn paboTsl Teseckona 10 10° ¢
(3TO Takke peanbHO) MAeT BHICOKYIO OTHOCHUTEIh-
HYI0 YYBCTBHTEIHHOCTH P CHEKTPAIBHBIX UCCIIE-
noBauusx — g0 2-107°.

Takum oOpazom, omMCaHHBIC MapaMeTphl CyO0-
pewerku I'YPT no3BOsAIOT NPOBOAUTH MOUCK U
HCCIEOBaHNE HU3KOYACTOTHBIX PEKOMOMHALMOH-
HBIX JUHUH Ha HOBOM Kadye€CTBECHHOM YpOBHE.
DT0 OTHOCUTCS He TONbKO K juHusAM C,, (n=
454+869), nouk H,,, C, (n=571+1094), C,,
(n=654+1252) B nanparnenuu Kaccuoneu A, HO
M KO MHOTHM JIPyTUM 00nacTsM [ alakTHKH.

3.11. Ilouck Kocmosornyecknx 3¢ ¢eKros,
CBSI3AHHBIX C JIMHUEH HEHTPAIbLHOrO
BOJIOpPOAAa B panHeil BceeHHoi

JIs1 OOJIBIIMX KPACHBIX CMelleHuid

Kak n3BecTHO, KOCMOJIOTHS SIBISETCS OJHUM U3 BaXK-
HEUIIUX pa3aesioB aCTPOHOMUHU, TOCKOIBKY U3y4YaeT
(yHmamMeHTanbHBIe TPOOIEMBI MPOUCXOXKICHUS U
sBoJiro1uM Beenennoit. B To ke Bpems 3KcriepuMeH-
TaJIbHBIE UCCIEA0BAHNS B 00JIaCTH KOCMOJIOTHH CTall-

KHBAIOTCSI CO 3HAYUTENBHBIMU TPYIHOCTSMU, OCOOCH-
HO B TOWCKE MPSAMBIX (2 HE KOCBEHHBIX) JOKa3a-
TEJIHCTB KOCMOJIOTHYECKHUX sBNeHHH. Cpean TaKumx
JIOKa3aTelbHBIX (haKTOB CIEAyeT Ha3BaTh IPEKIE
Bcero ooHapyxenne JD. Xa060I0M KpacHOTO CMellie-
Hus (pacmupenus BeenenHoii) u otkpeitue A. [len-
31acoM U P. BUJICOHOM pEeIMKTOBOrO pajuou3iyye-
Hus (bonbIoi B3peIB 1 ropsiyast Beenennas). besyc-
JIOBHO, niocsie boibuioro B3peiBa B Hawen Bceenen-
HOM CYITIECTBOBAJIO MHOTO CIIEITU(UICCKIX SBIICHUH,
KOTOPBIE KAYT CBOETr0 OTKphITHsL. Cpeau HUX B Iep-
BYIO OUepelb CIeNyeT OTMETUThH MOSBICHUE psiaa
CHEeKTpPaJIbHBIX 0OCOOCHHOCTEH, CBS3aHHBIX C JINHUEH
HEUTpaIbHOTO BOAOPOAA C JJIMHON BOJHEI 21 cM
(gactota 1420 MI'11), HO M3-3a 6OIBIIOTO KPACHOTO
cmernenus (z >100) momagarmux B HU3KOYACTOT-
HbI{ quana3oH 20+ 200 MI'u. B panHue snoxu cy-
IIeCTBOBaHUSI BCeleHHO HEOMHOKPAaTHO MPOUCXO-
JIVUTH TIPOIIECCHI HAarpeBa M MOHHU3AIUHU TTEPBUIHOTO
BemecTBa (B OCHOBHOM BOZIOPO/Ia), €0 MOCIEAYIO-
IIETO OXJIAXKJICHUS U PEKOMOMHAIINH, TTO3TOMY BO3-
MO>KHO ITOSIBJICHUE JINHU I IONIOIEHUSI HEUTPaIbHOTO
BOJOpOAA JUIsl pa3HbIX z. Kak moka3pIBaloT TeOpeTu-
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gecKre PaboThl, BO3MOKHO MOSBIICHIE KAK MUHUMYM
Tpex MuHuii noromenus: HI, cMelleHHbIX Ha YyacTo-
ThI 0ko10 20, 50 m 150 MI' [114].

HctounukoM “rmoacBeTKH’’ I TaKUX JIUHUU [O-
DJIOIICHHUS SIBJISIETCSI PEIMKTOBOE PaJMOU3IIYUCHHE,
BO3HUKIIIEE HA paHHEM 3Tale 3BOJIIOIMK BeenenHoi
(z~1000, spxoctHas Temmeparypa I, ~3 K) u
IIOTOMY TIPHUCYTCTBYIOIIEE BO BCEX HAIPABICHUSIX
npoctpancTBa. OJHAKO, C APYTOl CTOPOHEI, 3TO TO-
BOPHT O TOM, YTO a0COJIOTHOE 3HAYCHNUE UHTCHCUB-
HOCTH JIMHHMH TOTIIOIICHUS HEe MOXeT OBITH Ooliee
AT, ~3 K. KpoMe TOro, mupuHa CIEKTPaIbHBIX
JIMHUM TOIJIOIIEHMS, TaK JK€ KaK M TOYHBIE YaCTOThI
KOMIIOHEHTOB JOCTOBEPHO HE HM3BECTHHI (3TO SB-
ngeTcs mpeameroM u3ydenus). K Ttomy xe, kak
M3BECTHO, TeMIlepaTypa rajakTHIecKoro (oHa Ha
HU3KUX yacToTax gomunupyer (7, ~30000 K nHa
gactoTe 30 M), 94TO maeT OTHOCHUTEIHHYIO HH-
TEHCHUBHOCTb O’KUJAEMbIX JIMHUM KpaltHe HU3KOM:

AT, |T, <3/(3-10%) =107

PeanbHO, BUIUMO, 3TO OTHOIIeHUE OyneT Ha 1 — 2 10-
psAIKa MEHBIIE, T. €.

AT, /T, =107 +107°,

[oHsTHO, YTO CTOINB CNAOBIH d(DPEKT OOHAPYKUTH
KpalHe CJI0KHO, OTHAKO CJIETyeT IOMHUTh, YTO TIOUC-
KU CIEKTPAJIBbHBIX JIMHUM C METOIMYECKOM TOUKHU
3pEHHUS SABJISIOTCSI OTHOCUTEIBHBIMU U3MEPEHUSIMU,
KOTOpBIE 00ECIIEUNBAIOT ropa3ino 0ojee BHICOKHE
TOYHOCTH, 9YeM aOCOJIOTHBIE.

OneHnM MHHUMAJThHO HEOOXOIMMOE BpeMs Ha-
KOIUICHHS CUTHaja Af i1 U3MEPEHUN C OTHOCH-
TeNbHOM TOYHOCTHIO € ~ 10~ mpu mupHHe HCKOMOit
CIIEKTPaNIbHON KOMIOHEHTHI (IS YACTOTHOTO pas-
pemenus Af ~10° Tm):

1
Af€?

At ~10° ¢~ 300 u.

J171st Moy 9eHHst OTHOILICHUS CUTHAJI/ITYM PaBHBIM
XOTS OBl TpeM, HEOOXOAMMOE BPEMS HAKOILJICHHS
nomkHo coctaBuTh 3000 4. D10 oxomo 100 cytox
HENpPEePHIBHBIX HAOIIONEHH, YTO HEMPOCTO OPTaHu-
30BaTh IIPpH UCIIOJIB30BaHNU KPYITHBIX aHTCHH CO CJIC-
JKEHHEM 3a OIpejieNieHHONH o0nacThio Heba.

H€O6XOILI/IMO OTMCTUTDH, YTO MPECACTABJICHHLIC B
MPEABIIYIIEM pa3/ieNie MCCIINOBaHUs peKoMOnHa-
LUOHHBIX JTMHUHI C METOIUYECKOI TOUKH 3pEHHS aHa-

112

JIOTUYHBI ONMHCHIBAEMBIM. JTH U3MEPEHHS TaKXKe
SIBIISIIOTCSI OTHOCUTEIILHBIMH, OIHAKO BBICOKAs 4yB-
cTBUTENbHOCT (~107° oTHOCHTENBHO (OHA), He-
CMOTpSI Ha MaJIyto mupuHy monocs (~ 3 k'), obec-
MIEYNBAETCS 32 CYET OJHOBPEMEHHOTO HaOIIOMeHUS
OTPOMHOTO KOIIMYECTBA JIMHUH (OT AECITKOB JI0 CO-
TE€H), YTO B TAKOE K€ KOJMYECTBO Pa3 YBEIHMUHUBAET
3¢ (heKTHBHOE BpeMsl HAKOTLIISHUSI.

B 10 xe Bpems 3amaua moucka “pelMKTOBBIX
HU3KOYACTOTHBIX KOCMOJIOTUYECKHX CIIEKTPAIBLHBIX
JUHUAN, 0COOEHHO € MMOMOILBI0 HEOOIBIINX IIUPOKO-
MOJIOCHBIX YYBCTBUTEIBHBIX 10 TEMIIEPAType MOJIs-
PU30BaHHBIX TOMEXOYCTOWYHBBIX MHOTOCEKIIHOHHBIX
anTeHH (kak B cucteme ['YPT), mo3Bossier mno-Ho-
BOMY ITIOCTaBUTH COOTBETCTBYIOIINE SKCIIEPUMEHTHI,
YUUTBIBAs acTpo(U3NUECKUE U allapaTHO-METOIH-
Yeckue 0COOEHHOCTU. B 4acTHOCTH, UCKOMBIH (-
(hexT momkeH ObITh KBa3UM3OTPOIHBIM ((DOHOBBIM)
M0 BCEM HaNpaBJIEHHUSIM MpOCTpaHcTBa (TOJO0OHO
KOHTHHYaJIFHOMY PEIHUKTOBOMY PaIUOU3IIyICHHUIO),
MO3TOMY He TpeOyeTcsl IpUMEHEHHE BBICOKOHAIPaB-
JIEHHBIX aHTEHH (JOCTATOYHO MPOCTPAHCTBEHHOM
cenekumu ~ 10°+30°). Bo-BTophIX, HE Tpedyercs
CIIeXKEHHE 3a OTIENbHON oOyiacThio Heba (Kak 3a
JTUCKPETHBIM UCTOYHHUKOM ), TOCTATOYHO MPUMEHSTh
HEMOJBIKHYIO JUarpaMMy HampaBlIeHHOCTH, Ha-
MpUMep, HaNpaBICHHYIO B 3€HUT, T. €. BO3MOXKHA
KpYIJIOCyTO4YHAs paboTa ¢ HelpepbIBHBIM IMONyYe-
HUEM JIaHHBIX. B cuity poHOBOTrO (IIpOCTPaHCTBEHHO
U TIOJPU3AIHOHHO JEKOPPEITUPOBAHHOTO) XapaK-
Tepa JAaHHOTO THUIA PAJAMOU3IYYECHHUS BO3MOXKHO
yCpeIHEHHE YHEPTeTHUECKUX CIIEKTPOB ABYX MOJIS-
pu3anuii (3KBUBAJICHTHO YBEJIIMYCHUIO BPEeMEHH Ha-
OnroficHUI BIBOE). YCpEIHEHHUE CIEKTPOB, MOJIY-
YEHHBIX C MOMOIIbIO OTICNIBHBIX CyOpeIIeToK (Ha-
TpUMep, IPU UCIOJIL30BaHUH YKe TOCTPOSHHBIX Cy0-
peuerok I'YPT B ciiyyae UX MOJHOTO OCHALIEHUS
CIIEKTPOAHAIM3aTOPaMH), TaK:KE B COOTBETCTBYIO-
miee 4ucio pa3 yBenuuuBaeT d(h(HeKTUBHOE BpeMs
HAKOTIICHHISL.

Taxum o0pa3oMm, pealbHO HEOOXOIUMOE BpeMst
HEMpepHIBHBIX HabmroneHunit Ha cyopemerkax ['YPT
Oyner B ~ 20 pa3 MEHBIIIE U COCTABUT OKOJIO TISITH
CYTOK, 4TO BITOJIHE ocymecTBuMO. C Apyroi cropo-
HbI, U30TPOITHOE paclpeesieHue NCKOMOTO 3 dek-
Ta 3aTpyAHAET MPUMEHEHHE METOJOB CPaBHEHHS
(manpumep, ON—OFF pexxum) A Haie:xKHON UJIeH-
TU(HUKALUH TTOJIE3HOTO CIIEKTPaIbHOTO KOMIIOHEHTA.
[Ipn mocraHoBKe AaHHOW 3aJaud Ha paguoTese-
cxorie 'YPT (8+80 MI'), cCHOCOOHOM OCYIIECTB-
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JATh TIOMCK KOMIIOHEHTOB BOiM3HM 4dactoT 20 u
50 MTI'n, a takxke Ha paauoreneckonax YTP-2 u
YPAH (8+32 MI'1), c HOMOIIBIO KOTOPBIX BO3MO-
JKeH ToUCK BOJIIM3H yacToTsl 20 MI'TI, mpemaraercst
HOBBIA MeTox cpaBHeHHUs. OH OCHOBaH Ha TOM, YTO
¢on T'amakTuku W3MeHseTcs 1Mo HEOy B OOIBIINX
npenenax (Mpy 3eHUTHOW OpUEHTAINH JUarpaMMbl
HanpasieHHocTd ['YPT 3a cuer cyTo4HOro Bparie-
Hus 3emnn Temmneparypa ¢ona T, H3MeHAETCA
Ha ~4 7ab, T. e. B 2.5 pa3a), Toraa Kak peIuKTOBBII
¢on Ty, 1 uckoMmslii 3¢ ekt n3orponnsl. Mctunnas
MHTEHCUBHOCTH McKkoMol nrHuKM HI oTHOCHTENBHO
pesnnkroBoro dona coctaBut A7) /Ty, , 4TO He Ipe-
BBIIaeT enuHUIBl. Kak mokasaHo B mpenslaylieM
paszene, npy HATMYWH “niepeanero” ¢poHa (3To ecTh
HWMEHHO TaJlakKTHYeCKUi ()OH) OTHOCUTENbHAS HHTEH-
CUBHOCTb JIMHUM COCTaBUT

(ATL/TRB )obs :(ATL/TRB)(TRB/(TRB +TGB))'

Hockonmbky T > Tpp, @ Topinax = 2-5TGp(miny»
uMeeM

(ATL /TRB )obs(max)
(ATL /TRB )obs(min)

=25

[IPY IPAKTUYECKU TIOJIHOM ITO100MH HOPMHPOBaHHBIX
CIIEKTPOB B MOJIOCE aHANW3a AJIS U3MEPEHUH B Ha-
MpaBICHUAX MUHMMYyMa U Makcumyma ona. [Ipu
BBIYUTAHUH 3TUX CIIEKTPOB OJKHA OHO3HAYHO BbI-
JEeTUTHCS ICKOMast TMHMS. XOTsI HHTEHCUBHOCTD pas-
HOCTHOHM JIMHUHU OyZeT IPUMEPHO BABOE MEHBIIIE,
OTCYTCTBHE apa3UTHBIX CIIEKTPAIbHBIX 3()(HEKTOB U
PE3€epBBl YBEIMYECHHUS BPEMEHH HAKOIUICHHUS AaroT

BBICOKHI IIAHC HAJIS)KHOTO OOHAPYKEHUS PEIUKTO-
Boii 1uHuM HI Ha cyopemerkax I'YPT.

4. Tlpensapure/bHbie Pe3yJbTAThI
HAO/IIOAEHMIT HA 25-3/IeMEHTHBIX
cyopemerkax I'YPT

Marnopa3MepHble aHTEHHBIE PEIIeTKH SBISTIOTCS
4yacTsaMU 0oJiee KPYITHBIX PaJUOTEIECKOIIOB U IO CY-
TH HE SBISIOTCS OTACIbHBIMH HHCTPYMEHTAMH.
[Ipu 5TOM TpH MMO3TAITHOM BBOJIE B IKCILTYaTaIHIO
CyOpeIeTOK paroTeNecKona ¢ X MOMOIIbI0 BO3-
MO>KHO TIPOBOJINTH BaXKHBIE acTpo(hr3ndeckre uccie-
JIOBaHMUSL.

Hcxons w3 peasIayIero aHamm3a, 13 BCEro CIeK-
Tpa 3a/1a4, KOTOpbIE pelaeT AeKaMeTpoBasi paauo-
ACTPOHOMMHS C MOMOIIBIO0 KPYIHBIX PagUOTEsIe-
ckomnoB, TaknxX kKak YTP-2 u cucrema YPAH, Mox-
HO BBIJICIUTH JOCTATOYHO IIUPOKHI KpYT 3a7ad
(puc. 14), koTOpBIE MOTYT OBITH PEIICHBI C ITOMO-
LIBI0 MAJIOPa3MEPHBIX PAIMOACTPOHOMUYECKUX UH-
CTPYMEHTOB.

B Hacrosimee Bpemsi ¢ OMOIIBIO CyOpenieTok
I'VYPT nonyuensl cinenyromue pesysbrarsl. Momi-
HbI€ HCTOYHHUKH CTIOPATUIECKOTO PaIioOn3ITydeHus,
takue kak Connie, KOnurep, HaOMOAAOTCS U KaK
TECTOBBIE HCTOYHUKH, U C HENBI0 IAPOKOTIOIIOCHOTO
rcciaenoBanus ux uanydenus. [lposoasites peryssp-
HbIC KJIMOPOBOYHBIC U3MEPEHHsI CyTOYHOI'O U3Me-
HEHHUsI TAJTAKTUYECKOTo (POHA TIPY HANpaBICHUH JTyda
cekuuu ['YPT B 3enut. IlomydeHsl Takxe mepBble
Ba)XHBIE PE3YIIBTATHI: OCYIIECTBICHBI JETEKTHPOBa-
HUE MYJIbCAPOB, TOYHOE U3MEPEHUE BEKOBOTO U3MeE-
HeHus notoka uctounuka Kaccuomess A (3ddext

Honocpepa
3emun ArMocdepHbIe JIMBHH, 00pasyeMble KOCMAYECKHMH JTy4aMH
MapameTphl 3eMHOii TOBEPXHOCTH

COJ'IH]IC: CIIOKOMHOE
aKTHBHOC
Coaneunasn FOnurep

CACTEMA

Inaners! (CarypH, YpaH u. T. 1.)

MexniianeTHas cpega: MepHaHus

PCIIB

Myascapsl
Tayakruka Hetennopoe (poHOBOE pagaoOH3TyIcHHE
Mex3Beznaas cpena (pekoMOMHAITHOHHEIC THHHH)

Meraramakraka { CHexTpaibHble THHHA HEHTPAJILHOTO0 BOAOPOAA NPH GOJILIINX KPACHBIX CMEIeHHAX

Puc. 14. O6beKTBI HCCHCHOB&HHﬁ, JAOCTYIIHBIC TSI U3YUCHUS C ITIOMOIIBIO MaJIOPA3MEPHBIX HU3KOYACTOTHBIX paI0aCTPOHOMHYECC-

KHUX HHCTPYMEHTOB
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A. A. Konoseanenxo u op.

[Tk0BCcKOr0), HAaOMIOAEHNE MEPLIAHNI MOIIHBIX pa-
JMOUCTOYHHKOB HAa HOHOC(HEPHON M MEKIUIAHETHOM
IJIa3Me.

Ha puc. 15 nokazan otknuk cyopemerku I'YPT
B JHEBHOE M HOYHOE BPEMsI IIPH 36HUTHOW OpHEHTA-
uuu yda. Hmxane rpadMku COOTBETCTBYIOT YPOB-
HIO IIyMOB CHCTEMBI IIPH PEKUME KOPOTKOTO 3aMbl-
KaHHA Ha BXOJHBIX KJIEMMaX BCEX aHTEHHBIX YCUIIH-
Tened cyOpemeTrku. PaBHOMepHOE NpeBbIIEHHE
myMmoB AIII cymectByer B mosnoce yactot ot 20
1o 70 MI'i. BaxxHO Tak)ke OTMETHUTBH, YTO ITIOMEXO-
Basi 0OCTaHOBKA B HOYHOE BPEMSI II03BOJISIET MIPOBO-
IUTH BHICOKOKaYE€CTBEHHbBIE HAOMIONEHHS HAa YacTo-
Tax Belme 15 MI'n. Bricokoe yactoTHOE pasperie-
Hue npuemHuka ADR u aunamuueckuii auanazoH
BCEW CHCTEMBI B IIEJIOM TO3BOJISIET BECTH 3alUCh U

20 40 Yacrora, MI'y

a
—70A
—100+
-130
s(f), nbB 5

Puc. 15. Cnextpol curnana cyopemetku ['YPT, nanpasien-
HOM B 3€HUT JIs1 THEBHOTO (a) ¥ HOYHOTO (6) BpEeMEHH CyTOK
(Bepxuue rpadukn). MOmHOCTh yKa3aHa B Jenudesax OTHO-
CUTEJIbHO MaKCHMAaJIbHOTO 3HAY€HHUS MOIIHOCTH, KOTOpOe
cnocobno ormudposats ALl Hrkauit rpadux Ha Kakaom
PHCYHKE TIOKa3bIBaET yPOBEHb BHYTPEHHHUX LIYMOB CHCTEMBI
(BXOzIHBIE KJIEMMBI aHTEHHBIX YCUIIUTENIEH B PEXKUME KOPOTKOTO
3aMBIKaHHSI)

114

B auamna3oHe 4acToT oT 8 1o 30 MI' B 4acTOTHBIX
KaHaJax, CBOOOJHBIX OT MOMEX.

PannoactpoHoMudeckoe TecTUpOBaHHE CyOpe-
LIETKH OBIJIO MPOBEACHO IyTEM 3alMCU TajaKTH-
4ecKoro ()oHa B TE€UEHHE CYTOK IPU 3€HUTHOM IIO-
JI0’)KeHUM Tyda pemetku. Ha puc. 16. nokasana 3a-
MUCHh CYTOYHOTO XOAA JJIsl BCEH CyOpeIeTKH U IS
OZTHOTO auIosid. MakcuManbHBIN Hepenaj cocTaB-
nset 2.8 nb mns cyopemerku u 2.5 nb s numons.

[l OLIeHKM YyBCTBHUTEIBHOCTH OBUTH NpOBeE.e-
Hbl OJHOBPEMEHHbIE M3MEpPEHHUs Ha cyOpelieTke
I'VPT u 3anagnom tuieue YTP-2 cyTtounoro xoma
Jly4a CO CKJIOHEHHMEM, COOTBETCTBYIOIIUM CKJIO-
HeHuto nctounuka 3C 405. Pesynwrarel npencras-
nensl Ha puc. 17. W3 pucyHka BUAHO, 4TO (OH, 3a-
nucaHHblil Ha cyopemerke ['YPT, otnmnuaercs e
6onee yem Ha 0.5 1b oT ¢poHa, moTyUEHHOTO C TO-
MOIIIBIO aHTEHHBI, UMEIOIIEH B 24 pa3a Ooublie au-
1oJiell. ITO MOKa3bIBAET OYE€HL HEOOIBIION BKIIAM
COOCTBEHHBIX IIYMOB aHTEHHBIX YCHJIHUTEJIEH cyO-
pemerku I'VPT.

W3snydenne BeruieckoB Ha CojHIIE — caMO€ MOII-
HO€ U NIPH 3TOM HIMPOKOIIOJIOCHOE U3ITyUEHUE B JIe-
KaMETPOBOM AMAIIa30HE AJIMH BOJIH, KOTOPOE MOXKHO
3aperucTpupoBaTh Ha3eMHBIM PaJUOTEIECCKOIIOM.
Habnronenne coinHeYHOM aKTUBHOCTHU SIBJISIETCS XO-
POLIMM TECTOM AJISI MajOpa3MEPHBIX CyOpeIIeTOK

Bpems cytok
12:00 18:00 00:00 06;00 12:00 18:00 00,00 06:00

-82 M h
o
-83 WUAW/MM x)*ﬁ' IH]M‘WWU

i
A \

-84 W yh [
oo MM’W W’W
Bpewms cyTok
18:00 00:00  06:00 12:00 18:00 00:00
83 ,WM
_84-
MSW/W W‘ﬂm WW;M
—85- h
P, nb

6

Puc. 16. I3MeHeHne aHTECHHON TeMIlepaTyphl CyOpeleTKu
['YPT (a) n ogroro mumosst ['YPT (6) 3a cytku Ha actote 65 MI 'y
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HpSIMOe BOCXOXICHHC, I

3 17 21 1. 3 9 .
_64- VTP-2
—68 _YTP-2 (crmaxkeHHas fuarpamMma)

HuTeHCHBHOCTD, 1B

Puc. 17. Cytounasi 3aBUCUMOCTh HHTEHCHBHOCTH PaIUON3ITY-
4yeHus poHa ['aJakTUKU B HAPABICHUH TOYKH KYJIbMHHALH
panrouctounnka 3C 405, norydeHHas ¢ TOMOIIBIO 3aM1aIHOTO
mwieda YTP-2 u cy6pemerku ['YPT

pPaaroTENIeCKOIIOB HOBOTO TIOKOJIEHUS, K TOMY e, KaK
OBLIO yKa3aHO, COBMECTHbIC HAaOIIOAEHUS C pagno-
TeneckoroM YTP-2, mapameTpsl KOTOPOTO XOPOIIO
M3BECTHBI, TIO3BOJISIET 00JIce OOBEKTUBHO OLICHUTH
BO3MOYKHOCTH cyOpemeTku. Ha puc. 18 npuBenens
JMHAMUYECKHE CIIEKTPhl COBMECTHBIX HaONIOIECHUHA
conmHeuHbIx BeruieckoB Tunos I11b-111 u I11. Habumro-
nenust Ha YTP-2 mpoBoAWINCH B MOJOCE YaCTOT
8.25+33 MI'l ¢ 4acTOTHBIM M BPEMEHHBIM pa3pe-
weHnsaMH 4 kI' 1 100 Mc cOOTBETCTBEHHO. 3aITUCh HA
cyopemerke ['YPT Benack B muanazone 8+80 MI'g
C TEM € pa3pelleHHeM II0 BpEMEHH M pas3pelle-
HueM 1o yactote 20 xI'u. Ha pucynke npencrasie-
Hbl IUHAMUYECKUE CHEKTPHI A IBYX JTUHEUHBIX
nonsipu3anuii paguoreneckona ['YPT, uto nobas-
JIIeT UHHOPMATUBHOCTH MOJTYICHHBIM JIAHHBIM.,

Eme ogHo coObiTue Ha ConHIle, 3aperucTpupo-
BaHHOE OZTHOBPEMEHHO Ha JIByX paJiloTeIecKonax, —
Beruteck Il Tuna (puc. 19), kotopslit oOnagaet npak-
THUYECKH BCEMHU XapaKTEPHBIMH uYepTaMU JAHHOTO
THIA BCIUIECKOB: JUIUTEIBHOCTH BCIUIECKA MOPSAIKA
5 MUH, MeIJICHHBIA YacTOTHBIN Ipeild, Hammune
BTOPOH TapMOHUKH (3apErUCTPUPOBAHHOM Ha CyOpe-
merke I'YPT Gnarogapst mmpokoii monoce HaoOiro-
JICHHs1), paclieIUIeHUe T0JI0CH Ha 000MX TapMOHU-
Kax, eJ04yHasl CTpyKTypa u T. I. [lapameTpsl 3anucu
JTUHAMUAYECKOTO CIEKTpa TaKHue K€, KaK U MpH Ha-
omronennu conHeunbix Berieckos 11Ib-111 u 111 tumna
(puc. 18). (J1na moBbILIeHNsT KOHTPACTHOCTH HCIIONb-
30BaHO CYMMHUPOBaHHUE TOISAPU3ALNH. )

IIpencraBieHHble pe3yabTaThl HAVIAHO WILIHOC-
TPUPYIOT JOCTOMHCTBA W BaXKHOCTH HAOIIOACHUN B
LIMPOKON TIOJIOCE YACTOT U I0Ka3bIBAIOT d()(HEeKTHB-
HOCTbh MaJIbIX aHTEHH MPU UCCIEIOBAHUSIX COJIHEY-
HOW aKTUBHOCTH.
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HexamerpoBoe uznyuenue cucremsl FOnutep—Uo
uMmeeT OosblIoe pazHooOpasue, B YAaCTHOCTHU, IS
HEro XapaKTepHBbl TOHKHE YaCTOTHO-BPEMEHHBIE
cTpykTypbl. Ha puc. 20 nokasaHsl n1UHaMUYeCKHUe
CIEKTPHI NU3IyUYEHHsI, CHHXPOHHO 3apErUCTPUPOBAH-
HbIe Ha onHoM cyOpemetke I'YPT u paguorenecko-
ne YTP-2. 3necs mpuBeneH npumep HaOMIOIESHHUHA
panuousnydenus lOnutepa B mojioce 4acToT
8.25+33 MI'1 npu 4aCTOTHO-BPEMEHHOM pa3zpeLie-
Huu 4 k' 1 40 mc ans YTP-2 u B nosnoce 6+ 60 MI'ng
¢ pazpemenuem 10 k' u 4 mc s I'YPT (moka3za-
Ha CyMMa CUTHAJIOB JBYX MoJisipu3anuii). Hecmorpst
Ha TO, YTO YyBCTBUTENILHOCTh cyOpemeTku ['YPT
HAMHOTO MEHBIIIE U COOTBETCTBEHHO OTHOIICHHUE CUT-
Hay/uryM HUKe, ueM y YTP-2, xapaktepHble TOHKHE
CTPYKTYPHl Ha CHEKTpPax BHIINIAAT MPAKTUYECKH
OJITHAKOBO.

OnucanHbIe B IPEABIAYLIEM pa3/iesie uccieoBa-
HUS MEPLIAHUH TOUYEUHBIX HCTOYHMKOB Ha HOHOC(EP-
HOM IIa3Me yxke celdac peau3yroTcsl Ha CEKLUAX
I'VPT Ha puc. 21 npuBeneH mpumep MepuaHuit
panuoucrounuka 3C 461. Hanuuue paanoucToO4YHu-
KOB C MJIOTHOCTSIMM [TOTOKOB HU3JTy4€HUs, 10CTaTOU-
HBIMH ISl TOCTMKEHUST TpeOyeMoil dyBCTBUTEINb-
HOCTH, ITO3BOJIAET IOIy4YaTh Ha PaTUOTEIECKOIIAx
CO CPaBHHUTEIHHO HEOOIBIINMHU pa3MepaMH Xapak-
TEPUCTUKH HOHOC(EPHBIX MEpLaHUid, B KOTOPBIX
HE TMOJIABJICH BKJIAJ] MEJIKOMACINTaOHBIX HOHOC(EP-
HBIX HEOJHOPOJHOCTEH, B OTIMYHME OT U3MEPEHUI Ha
AQHTEHHBIX peleTKax OOJBIINX pa3MepoB. Takue uc-
CJIEZIOBAHHS MO3BOJISAT PEUINTH CIEAYIOUINE 3a/1a4H:
OTIPEIENTUTh XapaKTePUCTUKN HOHOC(HEPHBIX MepIa-
HUH B IEKaMETPOBOM JHara30He paJuoBOIIH, pa3pa-
0otaTh 3(DPEKTUBHBIC METONBI Pa3ICIICHUS MEXK-
TUTAHETHBIX M HOHOC(EPHBIX MEPLIAHHH, yCTAHOBUTD
peakIio HoHoCchepsl 3eMITH Ha aKTHBHBIC TIPOITEC-
cel Ha ComHie.

Bo3moskHOCTH COBpeMeHHOM 1upoBoit 00padoT-
KM CUTHAJIOB MO3BOJISIOT MEPECMOTPETh MPUHIIUITBI
pelIeHUs 3a71a4 B 00J1aCTH HAOIIONCHUH MyJILCapOB.
Tpebosanust Beicokoro KHJ[ anteHH MoryTt ObITh
ocnabJeHbl, a MUHUMHU3aLUsl BO3ACHCTBHUS MOMEX
W3 00JacTH yAy4IICHHUS CEIEKTUBHBIX XapaKTepuC-
THK aHTEHH MepeHOCHUTCS B 00JacTh 00paboTKH
curtHanoB. UyBCTBUTEIBLHOCTh HAOIIONEHUN MOXKHO
TOBBILIATH HE TOJIBKO 32 CUET YBEJINUECHNUS BPEMEHHU
HaKOIIJIEHUs] CUTHaja, HO U 3a CUeT HaKOIUIEHWs B
I0JIOCE aHaJIN3a.

SpkuM pUMEpOM pealn3aliy aJropuTMOB 00-
paboTku siBisieTcs AeTekTupoBanue 10 mymbcapos
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Puc. 18. Conneunnle Beriecku [1Ib-TIT u 111 tuna, nonydeHHBIe B Xone HaGMoaeHuir Ha paauoreieckornax [YPT (ase
BepxHMe naHenu) U YTP-2 (HikHss nadenb) 24 mons 2014 r. Ha naHensx nokasaHa 3anvch AMHAMUYECKOIO CEKTpa
navHou B 3.5 MuH. Havano 3amucu cooreercrsyer 11:32:00 UT

Puc. 19. Conneunsrii Berieck I Tvna, nonydeHHBIN B XoAe HabatoaeHMiT Ha paauoreneckornax [YPT (BepxHss naHesb)
u YTP-2 (HokHss nanens) 25 mons 2014 r. Ha naHensx nokasaHa 3anuch JUHAMHYECKOIO CIEKTpa MIMHOM B 3.5 MUH.
Hauvano zanmcu coorserctyer 07:11:15 UT

Puc. 20. [lvHamydeckrie CeKTpbl AeKaMeTpoBoro paapionztydernst FOmumrepa (vcrounvk Io-B), nonydyeHHble ¢ nomolipto cyope-
werkul ['YPT (BepxHue nanev) u paavioresieckona Y TP-2 (HikHvie nanenw). [lokazaHa sarmick or 22 depans 2015 r. AIUTe/IBHOCTBIO
4 ¢ HaumHas ¢ 20:00:21 UT. [larem cripaBa NoKa3bIBAKOT YBe/IMYeHHbIE (hparvieHThI ITMT/TEHOCTRLO 1.2 ¢ B notoce 14+25 MIx
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Puc. 21. Habnronenus mepuanuii paguorcrounnka 3C 461 na panuoteneckone I'VPT (aBe cexunn) 1 HosiOps 2015 1.

CO BPEMEHEM UHTETPUPOBAHUS IIOPsIIKa BCEro 1+2 4,
HECMOTPsI Ha HEOOJIbIIYI0 3PPEKTHBHYIO TUIOIIAAb
cyopemetku I'YPT. Ilpumeps! 3amnuceil ycpenHeH-
HBIX 10 BPEMEHU HMIYJILCOB IISITH IIYJIhCApPOB
B0834+06, B0329+54, B0809+74, B0950+08 u
B1133+16 nmpuBenens! Ha puc. 22. Ha pucynke Bua-
HO, 9TO CHUTHAJ MOXET OBITh 3aperucTPUpOBaH Ha
yacTorax Bbiuie 35 MI'y gaxke B y3koil mojoce miu-
puHoi nopsiaka 80 kI'w.

B TeueHne HeckoNMbKUX JIET HAa MHTEpdEpoMeETpe,
obpazoBaHHOM AByMs cyOpemerkamu ['YPT, nposo-
JWTACH UCCIICAOBAHUSI BEKOBOTO M3MEHEHUS TTOTOKA
W3Ty4eHus paauorncToyHruka Kaccuones A B cpaBHe-
HUU C TIOTOKOM panuouctounuka Jlebenp A [48].

Ha puc. 23 npuBenena B3auMHas CIEKTpaabHas
IJIOTHOCTH — NpeoOpa3opanue Oypbe B3aMMHOM KOp-
peSIUOHHON (PYHKIIMM CHTHAJIOB JIBYX PEHIETOK.
HeWcTBuTenbHass 4acTh B3aUMHOM CIEKTPaIbHOU
IJIOTHOCTH IPOMOPLIMOHAJIbEHA KOCUHYCHOM COCTAaB-
JIAIOUEed KOPPEIUPOBAHHOM MOILHOCTH CUTHAJIOB
CEKILIMM, a MHUMas 4acTb — CUHYCHOM COCTaBJISIIO-
el KOpPENUPOBAHHOU MOLITHOCTH CEKIIUM.

Ha puc. 24 npuBeneHs! JaHHBIE U3MEPEHUI OTHO-
CUTENIbHOM MIIOTHOCTH ITOTOKOB UCTOYHUKOB Kaccuo-
niest A u JleGenp A 3a nepuon 6onee 50 net [44, 48],
OTMEYEHBI 3HAYEHUS OTHOIIEHHS TMOTOKOB HCCIe-
JTyeMBIX UCTOYHUKOB, TTOJIYYCHHBIC B PA3HBIE TOBI 1
Ha pa3HBIX HHCTpYMEHTax. Pe3ynsrart, momydeHHbIi
110 U3MEPEHUSIM Ha ceKIusax paauoteneckona ['YPT,
XOPOIIO COMIACYETCsI C KPUBOM X0J1a BEKOBOI'O YMEHb-
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IeHUs WIOTHOCTH ToToka Kaccuomen A, xoTopoe
coctasysieT okojio 0.84 % B rog.

5. 3akmouenue

CoBpeMEeHHOE COCTOSIHUE PaJu0aCTPOHOMUHU XapaK-
TEPU3YETCS MAKCUMaJIbHBIM UCIIOJIb30BAHUEM CaMbIX
MOCTIEHUX IOCTHKEHUM B DJIEKTPOHHOM, aHTEHHOM,
KOMIIBIOTEPHOM, TEJIEKOMMYHUKALIMOHHON TEXHUKE
u TexHonorun. OIHOW U3 00JIaCTel HayKH, IJIe 3TH
JOCTIDKCHUS BHENIPSIOTCS OYCHDb AKTUBHO, SBIISIETCSI
HU3KOYACTOTHAsI PaJUOACTPOHOMUSI, YTO B MOJHOM
Mepe WLTIOCTPUPYETCS TPEICTaBICHHON paboToM.

['maBHBIM BBIBOZIOM HACTOSAIICH PaOOTHI SBIISETCS
3aKJIIOYCHUE O TOM, YTO aKTUBHBIC (ha3upPOBaHHbBIC
AHTEHHBI-PEIIETKA MaJIbIX pa3MepoB (CyOpemeTKn
I'VPT ¢ xonmmdyecTBOM 3JIEMEHTOB JI0 HECKOJBKHX
JECATKOB) CIIOCOOHBI KaueCTBEHHO HCCIEAOBATh
MHOECTBO Pa3HOOOPa3HBIX acTPOPUIUUESCKUX
00bekTOB U sBJIeHUH. OCHOBBI TaKHMX BO3MOKHOC-
Tel He Clly4ailHbl — OHU BBITEKAIOT U3 HOBBIX IOJI-
XOZIOB B CO3IaHUU PATUOTEIECKOIIOB, UX OCHAIICHUS
u npuMeHeHus. Cpeu 3TUX MMOAX0I0B HEOOXOIMMO
OTMETHUTH CIICTyIOITHE:

— BHEJIPEHUE UJECHU AKTUBHBIX AHTCHHBIX 3JIEMEH-
TOB, KOTOpasi o0ecreynBaeT Majible rabapuTel U
CTOMMOCTh CHUCTEMBI, HO J1ae€T IIMPOKUN TUara3oH
gactoT (8+80 MI 1), BRICOKYIO YyBCTBUTEIHHOCTh
(mpeBbIIIeHNE TeMTIepaTyphl (OHA HAJT ITyMaMH T10-
psanxa 10 nb), Oonbire TOMEX0yCTONYUBOCTD U JIH-
HaMu4eckuil nmuana3on (6osnee 90 nb);

117



A. A. Konoseanenxo u op.

PSR B0834+06

) 0.2 0.4 0.6 0.8 1.0
®da3a nepuona
E‘l 0 PSR B0329+54 PSR B0809+74
§ - -
g0
o
= 30
g, PSR B0950+08 PSR B1133+16
510 F 3
==}
50
O
v V.2 u.4 0.6 (VR 1.00 0.2 v.4 0.6 0.3 1.0
®a3a nepuona ®aza meprona

Puc. 22. O6HapyXeHHUE MyIIbCapoB ¢ oMoIbio cyopemterky ['YPT: cpeaue npoduiny MMITYIIbCOB IS TH Ty IbCAPOB IPH BPEMEHU
HMHTETrpupoBaHus 0koo 1.5 4 1 BpeMeHHOM pa3pemenun 10 mc B monoce 30-+70 MI'1 (BepxHue naHenu); 1eAUCeprupoBaHHbIe
YaCTOTHBIE 3aBUCUMOCTH PO UIIEH NMITYITECOB IMYJIECApoB B 512 yacTOTHRIX KaHamax 1o 78.125 kI 1 (HrKHYE TaHes )

— obecrieueHre BO3MOKHOCTH M3MEPEHUS TOJIS-
PHU3aLMOHHBIX TAPaAMETPOB (CKPEIICHHBIC AUITONH);

— 3JICKTPOHHOE (ha3UPOBAHNE AHTEHHOU PEIICTKU
1o Bceit HebecHo nonycdepe, mpuyeM HE3aBUCUMO
JUISL KayKJI0M MOJIsIpr3aliy;

— CO3JITaHUE ONTHUMAJILHOU CTPYKTYPHI TEIICKOMMY-
HUKAIIMOHHOM CHCTEMBI palioTeNIecKoma (depenoBa-
HUE YCHIUTEIBHBIX 3JIEMEHTOB, JINHUN TIepeiavy, yac-
TOTHO-3aBUCHMBIX aTTEHIOATOPHBIX 3BEHBEB U T. I1.);

— IIPUIMEHEHUE COBPEMEHHBIX I(DPOBBIX CIIEKTPaITh-
HBIX TIPOIIECCOPOB HOBOTO MOKOJIEHUS, 00€CIIEUNBAaI0-
LIMX HeoOXoAUMBIe ojiocy perucrpanu (10 80 MI'n
npu TakToBOM yactote 160 MI'1), wacroTHOe U Bpe-
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MeHHoe paspemnieHue (6 KI'11 11 1 MC COOTBETCTBEHHO),
TUHAMHUYeCcKui muana3oH (6onee 90 ab), pa3Buthie
AITOPUTMBI 00PaOOTKHU TAHHBIX B PEAIbHOM BpeMe-
HU, BKITIOYast IFIPPOBYIO 3aIEPKKY CUTHAIIOB ST B3a-
UMHOTO (ha3UpOBaAHUS CYyOPEIIETOK.

B pesynbrare ObLIO TIOKa3aHO, YTO CTOJIb Mallble
peLIeTKN MO3BONSIIOT 3QPEKTUBHO M3y4aTh KOH-
THHYaJIbHOE, UMITYJIbCHOE, CIOPaguuecKoe, MOHO-
XpOMaTHYECKOE TONAPU30BAHHOE HU3KOYACTOTHOE
paanomsnydenust CoyHIA, MEXIJIAHETHOW Cpenpbl,
IOnutepa, CatypHa, ranakTU4ecKOTO U MeTara-
nakTayeckoro (oHa, octarka ceepxHoBoii Kaccuo-
nesi A B CONOCTaBJIEHUU C pajaudoraiaktukoit Jle-
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Puc. 23. BpeMeHHBIE H3MEHEHUS ASHCTBUTENBHON 1 MHIMOM CO-
CTaBJLFOIIMX B3aUMHO# criekTpaibHoi riotHoct (BCIT) B Ha-

npasneHnn Ha uctoaHukn 3C 405 (Bepxussa nanens) u 3C 461
(HWxHsA naHenb) Ha yactote 40 MI'

0enp A, MEK3BE3HBIX CIICKTPAJIbHBIX JIUHUH U KOC-
MOJIOTMYECKHX JIMTHUN HEUTPaIbHOTO BOAOPO/IA.

B nacrosimee Bpemsi B PannoactpoHOMUYECKOM
obcepBaropun nmenu C. . bpayne yctaHOBIEHO
OMHHAIATh 25-3)IeMeHTHBIX cyOpemierok ['YPT,
[ATh W3 KOTOPBIX OCHAIICHBI HEOOXOIUMBIM 000-
PYIOBaHUEM W PETYISIPHO HCIIONB3YIOTCS B HaO0-
noneHusx. Co3gaHue U MPUMEHEHHUE TaKUX pe-
[IETOK HE MCKIIOYaeT HeOOXOAUMOCTh CO3HMaHMU
TUTAHTCKUX aHTEeHH. HampoTus, Mainbie pereTKu
SIBIITIOTCSI €CTECTBEHHBIMU JTAallaMH TTOCTPOCHUS
THUTaHTCKUX MHCTPYMEHTOB, a Takke 3(PQEeKTHBHBI
JUTSI CHHXPOHHBIX KOOPIUHHUPOBAHHBIX HKCIIEPUMEH-
TOB C CYIIECTBYIOIIMMU M OyIyIIMMH Ha3eMHBIMHU
KpynHbsIMu panuoteneckonamu (NDA, NenuFAR,
LOFAR, LWA, MWA, SKA) 1 KOCMHY€CKUMHU MHUC-
cusimu (WIND, STEREO, Cassini, Juno, Solar Orbiter,
Farside Explorer). BaxxHO mot4epKkHyTh, YTO MaJIblie
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Puc. 24. Pe3ynsrartsl N13MepeHNi OTHOIIEHYIS INTOTHOCTEH IIOTOKOB
< r > ucroynnkoB Kaccuomnes A u JIebenp A Ha yactore 38 MI'It

1960 Tomer

AHTEHHBI JENIEeBBl M TMPOCTHI B AKCIUIyaTallu, pe-
MOHTE, KaJIMOpPOBKE Jake B ClIydae NPaKTHIECKH
HeTIPePHIBHBIX MOHUTOPHHIOBBIX HAOIIOCHUH.

be3 coMHeHus1, MHOTOaHTEHHAsI CHHEPTHUS B HU3-
KOYaCTOTHOM PaaroacTPOHOMHH IIPH UCTIOJIL30BAHIN
MHOKECTBA y/TAJICHHBIX M OJM3KNX aHTEHH pa3ind-
HBIX pa3MepoB U KOHGUTYypauid mogHuMeT ddek-
TUBHOCTH HMCCJIEJOBAaHHH B 3TOM aKTyaJbHOM Ha-
NPaBJICHUN COBPEMEHHOW aCTPOHOMUM M TIO3BOJIHUT
cliesiaTh HOBBIE acTpPO(PHU3NYECKUE OTKPBITHSL.
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ASTROPHYSICAL STUDIES
WITH SMALL LOW-FREQUENCY RADIO TELESCOPES
OF NEW GENERATION

Purpose: define and theoretically substantiate the range of as-
trophysical problems that may be efficiently solved using small
antenna arrays.

Design/methodology/approach: Observation parameters and
configurations of a set of small antenna arrays included in the
future Giant Ukrainian radio telescope, have been derived based
on the theoretical analysis and scientific results obtained by
UTR-2 and URAN radio telescopes.

Results: We have proved that a wide scope of problems can be
efficiently solved by small low-frequency antenna arrays, ran-
ging from Solar studies to the search for cosmological effects
associated with neutral hydrogen spectral line in the early Uni-
verse at high red shifts. For each study program, we have calcu-
lated the desired observation parameters (integration time, time
and frequency resolutions), indicated the required antenna con-
figurations and operating modes (interferometric or additive).
Conclusions: We have shown that at the construction stage of
the Giant Ukrainian radio telescope and gradual commissioning
of its new sections, we can solve a number of important astro-
physical problems. As the new sections are being added, the
observation techniques and data processing methods will con-
stantly be improving.

Keywords: astrophysics, decameter and meter radio waves, small-
sized radio telescope
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ACTPOO®IZMYHI JOCJIIXKXEHHA 3A JOITOMOI' OO
MAJIOPO3MIPHUX HU3BKOYACTOTHUX
PAZIIOTEJIECKOIIIB HOBOI'O ITOKOJITHHA

Tlpeomem i mema pobomu: BABHAYCHHS Ta TEOPETUIHE OOTPyH-
TyBaHHsI KoJIa acTpo(i3MIHNX 3aBIaHb, IKi MOXYTh OyTH e(eK-
THUBHO PO3B’sI3aHi 32 JOMOMOTOI0 MAIOPO3MIpHUX pajioTe-
JIECKOITIB.

Memoodu i memoodonoeia: Ha nifgcraBi TEOPETUYHOTO aHATIZY
Ta HAYKOBHX PE3yJIbTaTiB, OTPMMaHNX Ha HU3bKOYAaCTOTHUX pa-
nioreneckonax Y TP-2 Ta VPAH, po3paxoBaHo HeoOXiHi apa-
METpH CIIOCTEPEKEHb 1 KOHDIryparii Habopy MaIOPO3MipHHX
PanioacTPOHOMIYHHX aHTEH, IO € YaCTUHOIO Hapasi COPYILKY-
BaHOTO I'iraHTCHKOTO YKPaiHCHEKOTO PaioTeNeCKOIa.
Pezynomamu: JIoBeNeHO, IO KOJO 3aBIaHb, SIKi e()EeKTUBHO
MOXYTbh PO3B’s13yBaTl MaJIOPO3MIpHI paioTeNeCcKOH Ha HI3b-
KHX YacToTaX, € AyKe HIMPOKUM — Bif mociimkeHb COHIS
JT0 TIONTYKY KOCMOJIOTIYHHX e(DeKTiB, ITOB’SI3aHUX 3 JIHIEIO HEHT-
PaJBEHOTO BOAHIO B paHHBOMY BCECBITI 1711 BEMMKUX YSPBOHUX
3MileHb. Po3paxoBaHo mapamMeTpH ClIoCTepeKeHb (TPHBAITICTb,
4YacoBa Ta YacTOTHA PO3/iIbHA 3/1aTHICTh), @ TAKOXK BKa3aHO
HeoOXiaHi KoHDirypauii aHTeH i pexxumu (IHTephepoMeTpUIHHIA
a00 agUTUBHHUI), SIKi TOTPiOHI 1711 pO3B’ I3aHHS KOXKHOT KOHK-
peTHoi 3a1aui.

Bucnosox: IlokazaHo, 10 Ha eTari Oy[iBHHUIITBA TIraHTCHKOTO
pazioTeneckona i MOCTYIOBOrO BBEACHHS B JIi0 H10ro HOBHX
CeKIii Moke OyTH PO3B’I3aHOIO I1iJ1a HU3Ka BaXKIIUBUX aCTPO-
(i3MYHMX 3aB/IaHb. Y Mipy I0JaBaHHS BCE HOBUX | HOBHX CEKIIii
OyIyTb BiONpaIbOBYBaTUCS METOAMKA CIIOCTEPEIKEHb 1 BIOCKO-
HaJIFOBATUCS METOIH OOPOOKH JaHUX.

Kurouosi crosa: actpodizmka, fekaMeTpoBe 1 METPOBE paiio-
BUIPOMIHIOBaHHS1, MAJIOPO3MIPHHH palioTeIeCKOIT

Cmamwsi nocmynuna 6 pedakyuio 14.04.2016

131



