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1. C. IKJIOBCKUH 1 HU3KOYACTOTHAA PATIMOACTPOHOMMUA

IIpenmer u nenpb paboThl: doKa3amenbCmeo 8blCOKOU ACmMpopU3ULEcKol 3HAYUMOCIU HU3KOUACMOMHOU PAOUOACTPOHOMUU
(Oexamempogulil U CMeNCHbIE C HUM 2eKIMOMEMPOBbLIL U MEMPOGblll OUANA30HbL BOIH), 0EMOHCMPAYUS NPUOPUMETNHBIX PE3)Yb-
Mamog YKpauHCKoll HU3KOUACIMOMHOU paouoacmpoHomuu u 3nasumensvnozo exaaoa M. C. Illxnosckozo 6 ee pazsumue.
Mertonap! 1 MeToonorust: Ha ocnosanuu meopemuiecko2o aHanu3da u acmpo@usuieckux npeocKasanuil, 6Kao4ds me, ymo oviiu
coenanvl Y. C. Llknoeckum, cpopmynuposansl mpeboanus K XapaKkmepucmukam 8blCOKOIPHEKMUBHbIX paouomenieckonos
VTP-2, YVPAH, I'VPT u memooam 6blcOKOUYECMEUMENbHBIX U NOMEXOYCMOUUUBLIX HAOIHOOEHUT HA HUSKUX YACMOMAX.
Pesynbrarer: Cozdansl u modeprusuposatvl paouomeneckonsl 08020 nokonenus YTP-2, YVPAH, I'VPT, enedpenvi nosvie memo-
Obl Habmodenull Ha Hu3Kux yacmomax. Ilposedenvt wupoxomacuimaduvie uccredosanus Conneunotl cucmemsl, I anaxmuxu
u Memazanakmuxu, no3eonueuiie 0OHaApyHCUms Hogble 00bEKMbL U AGIEHUSA 8 KOHMUHYANbHOM, MOHOXPOMAMUYECKOM, UMNYlb-
CHOM, CnOpaoU4ecKkoM Kocmuieckom paouousayuenuu. Ommeyena pornv U. C. [LIkno8cko2o 6 pazgumuu MHO2UX HANPAGIEHU
HUBKOUACOMHOU pAOUOACTPOHOMUU.

3akmoueHue: [1oxkazanvl YHUKATAbHBIE BOZMONCHOCIU HUZKOYACTOMMHOU paduoacmpoHomuy, oaioweil ungopmayuio o Beenen-
HOlL, HeOOCMYNHYIO Opyeum memooam acmpoghuzuku. IIpoepecc Hu3KoUacmommuou paouoacmpoHOMUlY, 8KII0UASL MOOEPHU3A-
yuro kpynueviwux paouomeneckonog YTP-2, VPAH, NDA, cozoanue uncmpymenmog noeozo nokonenust I'VPT, NenuFAR, LOFAR,
LWA, MWA, SKA, nposedenue MHO20AHMEHHBIX U HA3EMHO-KOCMUYECKUX IKCNEPUMEHINOS, OMKPbIEAen enedamaiouue 603-
ModAcHOCIU 6YOyuell HU3KOYAcmomHou paouoacmponomuu. Bknao evioaiowezocs acmpogusurxa XX éexa U. C. lllknosckozo
6 5MOM pazoel akmyaibHOU ACMPOHOMUYECKOU HAYKU 04eBUOeH, 80CmpeO06aH u He Oyoem 3a0bim.

KittoueBble clI0Ba: HUZKOYACMOMHASA pAOUOACTIPOHOMUS, PAOUOmeNecKkon, pecucmpupylowas annapamypa, CoiHeunas cucme-
ma, Ianakmuxa, Memazarakmuka

1. BBenenue HOM BBIpQXCHUHU cocTaBiisgeT Oosiee 20 OKTaB — He-

TTOBTOPUMBIN PEKOP] CPEH IPYTUX AUATa30HOB J1EK-
OnTHueckas acTpOHOMUS, CYILECTBYIOIAsi MHOTHE

ThICSUENEeTHs, OKolIo 80 neT Ha3az OblIa HEOXKH-
JIaHHO JTOMOJIHEHA PAANOANANIa30HOM, YTO OTKPHI-
710 HOBBIH B3mIsi HA Beenennyro. Kocmuueckast apa
B TEUCHUE IMTOCJICTHETO MOTyBeKa Jo00aBuIa BHEAT-
MocepHbIe HaOTIOIEHUS BO BCEX JUAITa30HaX dJICK-
TPOMAarHUTHOTO CIIEKTpa — OT ramMma a0 uH(ppa-
kpaHoro. Takum o0pa3zom, Kak OBUIO TOJYEPKHYTO
H. C. llIknoBcKkuM, aCTPOHOMMUSI CTajla BCEBOJIHOBOM.

TPOMArHUTHOTO CIIEKTPA.

B Hacrosmiem kpaTtkom 0030pe MpenCTaBICHO
COBPEMEHHOE COCTOSHUE HU3KOUAaCTOTHON paguoac-
TPOHOMHH, B TEPBYI OYEpeab B JEKAMETPOBOM
nIuara3oHe BoyH (4actoTtel 3+30 MI'm), KoTopsrit
SIBJISICTCST TIPEACITbHO HU3KOYACTOTHBIM JIST Ha3eM-
HbIX HaOmromeHnwui. Ilokazana pons M. C. IlIkmoBc-
KOTO B CO37JaHUU M IPUMEHEHUH J0 CHUX IO CaMBIX

B cBow ouepenp cam paauouana3oH TakKKe OKa-
3aJICsl BICYATIISIONIE IIUPOKUM U “BCEBOJIHOBBIM™ —
OT CyOMUJUTUMETPOB JI0 KWJIOMETPOB (J1ara3oH Jac-
TOT OT Teparepll 10 KIJIOTepIl), YTO B OTHOCUTEINb-

© A. A. Konosanenko, 2017

KPYIIHBIX B MHUPE€ YKPAaUHCKHUX JEKaMETPOBBIX pa-
nuoteneckorioB YTP-2, YPAH, I'VPT. Ceiiuac stu
MOJICPHU3UPOBAHHBIE MHCTPYMEHTHI MPOAYKTHUBHO
paboTaroT, MHTETPUPOBAHBI B MUPOBEIE CETH HA3E€M-
HOW M HAa3eMHO-KOCMHUYECKOM HU3KOYACTOTHOM pa-
JIMOACTPOHOMHMH, KOTOpas CTajia OJHUM U3 Hanbo-
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JICC AKTYaJbHBIX U MNEPCIHCKTUBHBIX HaHpaBJ’IeHI/Iﬁ
aCTpOHOMH‘IeCKOfI HayKHU.

2. Ucropus BO3HUKHOBEHHS
PaaMoacCTPOHOMHUH TpeebHO
HU3KHX YaCTOT

M3BecTHO, YTO PaMOACTPOHOMUS KaK BaXKHEUILINMA
pas3zien acTpOHOMUYECKOH HayKH POAMIACh UMEHHO
B JIEKAMETPOBOM JIHANa30HE PajMoBOIH, Onarona-
psl aMepuKaHCKOMY paanonmkeHepy Kapmy SHcko-
MY, OTKPBIBIIIEMY KOCMHUYECKOE PaJUOU3IIyuCHUE B
1933 r. Ha wacroTe okojo 20 MI'm (puc. 1). ITpakTu-
YECKH Cpa3y CTaIl OUYEBUIHBIMHU HEAOCTATKH U MTPO-
0JleMbI HI3KOYaCTOTHBIX (TAHHOBOJTHOBBIX ) HAOJFO-
neHnit. K HIM OTHOCSATCS BBICOKAsi SPKOCTHASI TEM-
neparypa rajJakTH4ecKoro HeTeIIoBOro (poHa, KOTo-
pasi oIpe/ieNsieT IIyMOBYIO TeMIIeparypy MpUeMHON
pPaaroacTPOHOMUYECKOW CUCTEMBbI U YMCHbBIIICHA
OBITH HE MOXET B MPUHIIHITE; MHOTOYHCIIEHHBIE HH-
TEHCUBHBIC PaJONIOMEXH 36MHOTO TIPOUCXOXKICHUS
pa3IMYHBIX TUIIOB; HEFAaTUBHOE BJIMSIHHE CPEJIbI pac-
MIPOCTpaHEHHE PAJHOBOITH, IPEX/IE BCETO, HOHOC(hE-
PBI; HU3KOE YIIIOBOE Pa3pelieHUEe JUIMHHOBOJIHOBBIX
WHCTPYMEHTOB (MaJloe OTHOIIIEHHE pa3Mepa armepTy-
PBI K IJTMHE BOJHBI).

Bwmecte ¢ Tem HekoTOpBIe (haKTHI U TEOpETHIEC-
KHE OIEHKM TMOKa3bIBAIM, YTO HccienoBaHus Bee-
JICHHOW Ha TPEJCIIbHO HU3KMX YacToTax (JeKamer-
POBBII TUAMa30H), JOCTYIMHBIX HA36MHOHN PainoacT-
POHOMMH, MOTYT JIaBaTh YHUKAIBHYIO HH(OPMAIIHIO,
KOTOPYTO HENb3S MOMyYNUTh IPYTHMH METOIAaMH ac-

Tpo(HU3UKU U KOTOpast He TyOnupyeT AaHHbIe Oomee
BBICOKOYACTOTHBIX [Mala3oHOB. BriTekaromue oT-
CIOZIa Hay4HbIE 3a1a4u (pOPMYIHPOBAINCH, 00O0CHO-
BBIBAJIMCH M Y€ YaCTUYHO PEIIaMCh MHOTHMU
MIOKOJICHUSIMU aCTPO(GU3UKOB M PaldOaACTPOHOMOB
B Te€YeHHUE AecATHiIeTHH. Takum o0Opa3om, cpeau
¢u3nveckrx 1 acTpohU3NIECKUX SBICHUHN 1 00bEK-
TOB, U3yU€HHE KOTOPBIX MPEICTABISET OOIBIION NH-
Tepec, CIeAyeT Ha3BaTh

— CWJIbHOE B3aUMOJIEHCTBHE HHU3KOYACTOTHOTO
paanou3IyuyeHHs 1 KOCMUYECKOH I1a3Mbl;

— CYIIECTBEHHOE MPEBHIIICEHUE HMHTEHCHBHOCTH
HETEMJIOBOTO PaJAHOM3IIyUeHHs HaJl TETIOBBIM;

— (opMUPOBaHHWE MHOTHX THIIOB HETEIJIOBOTO
PaIMOH3ITyYeHHS C KPYTHIMH CIIEKTPAMHU:

CHUHXPOTPOHHOTO paauomsnyudeHus (I'amakruka,
MarHUTHBIE [TOJIs1, JIEKTPOHHASI KOMIIOHEHTa KOCMHU-
YEeCKHX JIy4del, OCTaTKW CBEPXHOBBIX, KBa3aphbl, pa-
JMOTANAKTHKH, CKOTIJICHUS TAIAKTHK, TaJIJaKTUYECKUE
rajo u T. 1.);

WHTEHCHBHOTO KOT€PEHTHOTO PaIHOM3TYISHUS TIPU
JBWKEHUH 3apsDKEHHBIX YacTUI] M BOJIH B MarHUTO-
aktuBHOM mnasme (Connne, KOmutep, ropsiaune ronu-
TepBbI (IK30TUIAHETHI), BCIIBIXUBAIOIIUE 3BE3/IbI, TYIIhb-
capbl, TPaH3UEHTHI U T. [1.);

panuon3IyyeHHS MIEKTPOCTATUIECKUX Pa3psI0B
B aTMoc(epax IIaHeT U IPYTruX 00BeKTOB (3emis,
CarypH u T. 1.);

— OoJbIIME BapHaLMKM CIEKTPAIBHBIX HMHIEKCOB
HETEIUIOBOTO M3ITyUeHHUs HAa HU3KHUX YaCTOTaX B CHITY
Pa3NUYHBIX GU3NUECKUX PUYMH;

Puc. 1. Amepukanckuii pagnonrxenep Kapi SIHCkuil, OTKpBIBIINI KOCMUYECKOE PaANOU3TyYeHHE (Ha JeKAMETPOBBIX BOJIHAX )

OKOJI10 85 neT Ha3az
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— CWJIbHAsi HM3KOYAaCTOTHAs CTHMYJIHPOBAHHAS
PagrodMUCCHS 1S BBICOKOBO30Y K ICHHBIX MEK3BE3-
JHBIX aTOMOB (PEKOMOMHAIIMOHHBIE PaJlOINHUM,
MEXK3BE3/IHasd Cpela U MEXaHU3MBI €€ Harpesa,
OXJIXKICHUS, HOHU3ALUH U PEKOMOHMHALINN);

— KocMosioruueckue 3QQexTrl, onpeaenseMble
3BOJIOLMOHHBIMY CHHXPOTPOHHBIMH ITOTEPSIMH SHEP-
rud B 00beKTax, Audy3nei YacTHLl U BIUSHUE 3TOTO
Ha MOZACYETHl BHETAIAKTUYECKUX PaIHONCTOYHHKOB;

— KOcMosorudeckue 3PQeKTsl 11l CHeKTpaIbHBIX
JIMHUH HEUTPaIbHOTO BOAOPOA, PEKOMOMHALIMOHHBIX 1
MOJIEKYJISIPHBIX JIMHUKA TIPH KPacHBIX CMEIIEHUIX 00-
nee 100 (TemHBIC BeKa, STIOXH PEHOHHU3ALMHU U T. 1.);

— HaOnonaTeNbHbIe NPOSBICHNUS B M3YYCHUU H
MPEACKa3aHUSIX KOCMHUYECKON MOTOXBI: BCE THIIBI
criopaanueckoro (ocobenHo, Beruiecku I1 tuma, cBs-
3anHble ¢ CME — KOpoHanbHBIME BBIOpOCaMH Mac-
CBbl) ¥ CIIOKOHHOTO paguousitydeHus: ComHIa, Mex-
MJAHETHbIE HECTAllMOHAPHBIE SIBICHUS M TOMO-
rpa¢usi MEXIUTaHETHBIX MEPLUAHUH [T pa3InYHbIX
JJIOHTalui U KOOpIUHAT.

Tot daxT, 4TO IHEekaMeTpoBas PagruoaACTPOHOMHUS
(A yow ~10 M) HE mYOMUpPYET PE3yNBTAThI BBICOKO-
4acTOTHOM (HampHuMep, CAHTUMETPOBOH, A, ~1 cMm),
JIETKO M0Ka3aTh OTHOCUTEIBHBIM CPAaBHEHUEM JJINH
BOJIH Pa3jMYHbIX ACTPOHOMHYECKHX AHMANa30HOB
(HampuMep, ONTHYECKOTO, A, ., U yIbTpaduoinero-
BOTO, Ay). Tak, A, /hg, ~ 10°, TOuHO Tak XKe
Mo/ Mom ~10°, Monr [Py ~ 10° u 1. 1. Bmecte ¢
TEM XOPOIIIO U3BECTHO, HACKOJIBKO Pa3HATCS KapTH-
Hbl BeesnieHHoOMH, HanpuMep, Ha CAHTUMETPOBBIX BOJI-
HaxX U B ONTUYECKOM JHMANa30He WIH B ONITHYECKOM
1 yneTpaduosIeTOBOM auana3oHax. Hecimywaiino npe-
JIENIbHO HU3KOYACTOTHYIO PAINOACTPOHOMHUIO HA3bl-
BaIOT “HOBBIM OKHOM’ BO Bcenennyto.

Ilo yxa3anHbIM nprarHaM nocie oTkpeitust K. SHc-
KOTO OBLIO COOPYKEHO HECKOJIBKO AECSITKOB paano-
TEJIECKOIIOB JI€KaMEeTPOBOTO—METPOBOI0 AMAIa30-
HOB BOJIH pa3iIu4HOro pasMepa B Poccun, Ykpaune,
CIHIA, Kanane, ABcrpan, Benkoopuranuu, @pan-
uuu, ABctpuu, Hunepnannax, I'epmanuu, Utanuu,
Nuaun, Anonuun, @uansaauu, Yunu, [IBenuu,
[ombre, Upmananu. Cpenau Hanbolee IpKux pesyib-
TaTOB HU3KOYACTOTHOM Pain0acCTPOHOMHH MPOILJIIO-
IO BEKa MOJKHO Ha3BaTh OTKPHITHE CIIOPATUIECKOTO
paauonsnyuenus IOnurepa b. bepkom n K. @pank-
TuHOM B 1955 I B HekaMeTpoBOM Juana3oHe BOJIH
Ha yactote okono 20 MI'n, oTkpbITHE IEPBOTO MMYJIb-
capa A. Xpromem u Jxx. benn 8 1967 1. Ha MeTpo-
BBIX BOJIHaX BOsm3u yactoTsl 80 MI'n. IlocTenenHo

BO3pacTall HHTEepeC K ATOMY JHaIlla30Hy U PU3HABa-
JIMCh TIEPCTIEKTUBBI TIPE/IeIbHO HU3KOYaCTOTHOH pa-
JMOACTPOHOMUU U €€ Pa3BUTHs, XoTs Oonee 50 et
Ha3zaja 3TO TpeOOBaNO AOMOIHHUTENBHBIX JOKa3a-
TEJIBbCTB.

3. Co3nanmne ¥ MoaepHU3AIMSA
KPYNHEHIMX PAaUoTEIeCKONOB
nekametTpoBbix BoiH YTP-2 u YPAH

OnHUM 13 Tex, KTo OoJiee MoyBeKa Ha3a,l IPaBUIIbHO
OLIEHMJI Oorartble Hay4yHbIE MEPCIEKTUBBI Pa3BUTUS
panroacTpOHOMUH JEKaMETPOBBIX BOJIH, ObLI akaje-
muk HAH Vkpannsr C. 5. bpayae (1911-2003 rr),
(puc. 2). Ilo ero uHMLMATHBE U MOX €T0 PYKOBOJ-
CTBOM KOJJIEKTHB XapbKOBCKUX CIICLIUAINCTOB B Ha-
yane 60-X IT. HauaJl CO3JaHHUE COOTBETCTBYIOIIEH
IKCIIEpUMEHTAIbHOM 0a3bl Ha HOBBIX KaU€CTBEHHOM
1 KOJINYECTBEHHOM YPOBHSX. bbu10 IIpUHATO pere-
HHUE TOCTPOUTH PAAHOTENECKOI (711 TOTO MepHoAa
TEJIECKOIT HOBOTO IMIOKOJIEHUS ), KOTOPBIN OTBeYa Obl
HEOOXOIMMBIM (3a4acTyI0 TPOTHBOPEUUBBIM) Tpe-
0OBaHUSM C YYETOM HM3BECTHBIX aIlllapaTHO-METO-
IUYeCKUX MpoOJIeM W OTPpaHWYCHHUH Ha3eMHOU pa-
JMO0ACTPOHOMUH MPENETbHO HU3KUX YacToT. Paano-
teneckon ((pa3upoBaHHAS aHTCHHA-pPEIIeTKA) JOJ-
’KeH NMeTh GOIbIINe pa3Meps! (omans > 10° m?),
HO C COTJIACOBAHMEM YYBCTBUTEILHOCTH H YTJIOBO-
ro pazpemeHus (C onTUManbHON KOH(UTrypanuen
u xopomwum 3anonHeHueM U V-II0CcKoCTH); ¢ quar-
paMMOM HAIPaBICHHOCTH < 1°; ¢ MIMPOKUM aHarna-
30HOM YacTOT MpHU KO3P(ULIHEHTE HEPEKPHITUS
o) Fuin >2 (fyi ~10 MTt, f, ~25 MI'n);
C BJIEKTPUUYECKUM YINPaBJICHUEM JIy4OM IO 00enM
koopaunaram (+70° oT 3eHHTA); C OOJBIIUM IIO-
JeM 3peHns >2° (MHOTOIIYYeBBIM W/WIM CHUHTE3-
HBIM); TTIOMEXOYCTOMYNBBIM, HAACKHBIM, C 3 Pek-
TUBHBIMH cHucTeMaMH (a3upoBaHUs, yIPABICHMUS,
KOHTPOJISI M KaNHOPOBKH, a TAKXKE IOMYCKAIOLUIIM
JATbHEHIIIYI0 MOIEPHHU3AIIHIO B CBETE IpOrpecca pa-
JUOJIEKTPOHUKH. JTH HIEH U TapaMeTpbl HHCTPY-
MEHTa OBLIM peau30BaHbl B Havae 70-X IT., Korjaa
1o XapbKOBOM OB IOCTPOEH PaIMOTEIECKOI
YTP-2 (Ykpaunckuii T-o0pa3ubliit Paguoreneckor,
2-s1 mozens) [1, 2], KOTOPBIN 10 CUX TIOP SIBISIETCS
CaMbIM KPYITHBIM (AJ151 36HUTHOTI'O HalIpaBJIeHUs 3¢-
¢dexruBHas riomans cocrapiser 140000 m?) u ca-
MBIM YyBCTBHUTEJIBHBIM B O0ECIIEYEHHOM ceifuac
nuanazone 8+32(40) MI'n (puc. 3). Ecinu npunsTh
TUIIMYHBIE [I0JIOCY aHaIu3a U BPEMs HHTErpUpOBa-
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Puc. 2. Axanemuxku C. 5. Bpayne u b. E. I1aton B pannoactpoHomMuueckoii oocepsaropun YTP-2 (1971 1)

Puc. 3. Aurenna Cesep—IOr paguoreneckona Y TP-2 (Bepxusist manens) v paauoreneckonsl YPAH-1, ..., YVPAH-4
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Hus paBHbIMUA 3 MI'1 u 1 4 coorBeTcTBeHHO [3],
npenedpeds dpdexkrom “crytbiBaHus” (A1 60Ib-
IIMHCTBA 33/1a4 3TO JAOMYCTUMO), TO (PIyKTyalnoH-
Hasl YyBCTBHUTEJIBHOCTH B CEPEMHE ANanazoHa (sp-
KOCTHAasl TeMIIepaTypa rajJakTH4eckoro goHa BOIM-
3u yactoTel 20 MI'n B cpennem pasra 50000 K
CO CIEKTpaJbHBIM HMHJEKCOM —2.6) COCTaBUT
~10 MSH. B pane skcnepumeHToB Ha YTP-2,
HaIpuMep, 10 U3yYSHHUIO Hanbolee cadbIx 00bEK-
TOB — IYJIbCAPOB U CHEKTPaJIbHBIX JUHUM, T€ pea-
JIM30BaHbl OTPOMHBIE BpeMeHa WHTETPUPOBAHUS
Y TI0JIOCHI aHanM3a (THICAYM YacOB U JECITKH Me-
rarepil), 4yBCTBUTEIbHOCTh JOCTUTAET J0JICH MUJI-
JIMSTHCKHX.

B nepuon coznanus paauoTeneckonos (B Hauane
0osee MPOCTHIX IPOTOTUIIOB, 3aTEM CAMOTO KPYITHO-
r0) HEOLIEHUMBIE TTOMOIIb U MOAJEPKKY OKa3bIBalI
akamemuk b. E. Ilaron (puc. 2). CraB B 1962 1.
npe3uneatom HAH VYkpauHbl, OH A0 HAacTOSILETO
BPEMEHU BCECTOPOHHE MOIJCPKHUBAET pa3BUTHE
HHU3KOYaCTOTHOM pail0acTPOHOMHUH.

Heo0XxoauMo OTMETHTH, YTO B TOT MEPHOA aK-
THBHBIM KOHCYJBTAaHTOM U COBETHHKOM (Hedop-
manbHbIM!) 6611 U. C. IlxnoBckuii. C HUM 00CyX-
JaJJOCh MHO>KECTBO BOIPOCOB, KACAOIIHUXCS BBI-
0opa Quama3oHa 4YacTOT, CTPYKTYpPhl paguoTe-
JIecKoIla, METOJI0B HaOJIIOICHNH, BO3MOKHOCTEH Tep-
CIIEKTUBHBIX acTpO(GU3UIECKUX HCCIEIOBAHUM.
Ha puc. 4 npencrasneno ynukansHoe ¢oTo, cre-
nmaHHOe poBHO 40 et Ha3zax B XapbKOBE BO BPEMs
Bcecoro3Hoit paanoacTpoHOMIYECKOH KOHPEPEHITNH
1976 . Ha ¢oTo mpuCyTCTBYIOT NMPaKTUYECKH BCE
OCHOBOIIOJIO’KHUKH OT€YECTBEHHON PaJM0aCTPOHOMHUH.
Hecxkonpko mokoneHui XapbKOBCKHUX pagnoacTpo-
HOMOB C OJIaroapHOCTBIO BCTIOMHHAIOT AHCKYC-
cuu ¢ M. C. IIKJIIOBCKUM, €ro COBETHI, NOAAEPKKY
u kputuky. OH He pa3 ObIBaJl B pagu0aCTPOHOMH-
yeckoii oocepsaropun Y TP-2 (HpiHE OHA HOCUT UM
C. S. bpayne), uarepecoBaycsi KOHCTPYKITUEH, ma-
pamMeTpaMH panuoOTENecKona ¥ HaOIIOIEeHUs-
MU Ha HeM. COpOK JIeT Ha3aa OH OCTaBHI OCTpO-
YMHBIH aBTOTpad) B KHUTE OT3BIBOB JJISI TOCTEH
obcepBatopun (puc. 5). JlokymeHnranbHOE (hOTO,
MIPEACTABICHHOE PSAIOM, CIEJIaHHOE TAaKXKe Ha 3a-
xone ConHIa BO BpeMs PaBHOJEHCTBHS, TOATBEP-
xkpaet “uner0” Y. C. Ika0Bckoro o mpaBUIbHOC-
TH OpUEHTAllMM aHTeHHBI BocTok—3anan paguore-
neckona YTP-2.

B Teuenne 70—80-x IT. Ha OCHOBE PaTUOTEIECKO-
ma YTP-2 Opurta moctpoeHa cucTemMa JeKamMeTpo-

BBIX paguouHTEp(epoMeTpoB s HAOIIOAEHUS
paauouctouHukoB B pexxume PCJIb (pagmonnTep-
(hepomerpus co cBepXUIMHHBIMU Oa3zamu) YPAH
(Yxkpaunckuii panuounntepdepomerp AkagemMuu
Hayk), puc. 3 [2, 4]. Kpome YTP-2, B Hee Bxo-
IAaT eme 4 OOCTaTOYHO KPYMHBIX (¢ 3ddexTus-
HeIMU TUTOmAnAMu ot 28000 10 7000 m?) paanote-
neckonia — YPAH-1, ..., YPAH-4, o6pazyst ¢ YTP-2
6a3bl quHOU OT 42 1o 950 kM u obecnieunBas mo-
JIspUMETpUYeCKHe BO3MOXXHOCTH. Ha puc. 6 mo-
Ka3aHO pa3MelleHUue Ha TEPPUTOPHH YKpauHBI
BCEX Ha3BaHBIX PaJMOTEIECKONOB C PACCTOSHUSIMHI
mexny Humu. Panuoteneckonsl YTP-2, YPAH-I,
YPAH-4 npunaanexar PagnoactpoHOMHYECKOMY
uncturyty HAH VYkpaunsr (P HAHY, r. Xaps-
koB), YPAH-2 — [TonTaBckoii rpaBUMETpHYECKON 00-
cepBatopun UHcTtuTyTa reopusuxu uMm. C. 1. Cy06-
6otuna HAH VYkpaunsr (II'O HARY, . Ilontasa),
YPAH-3 — ®u3nko-MeXaHHYECKOMY HHCTUTYTY
um. I. B. Kapneaxko (PMU HAHY, r. JIbBOB).
Otmerum, 4To cymMMapHas 3QQeKTHBHAs IUIOAlb
BCEX YKa3aHHBIX paJHOTEEICKOIIOB BECbMa BEJIH-
ka u gocturaet 20 % “kBagpaTHOro Kuiomerpa’.
B nacrosmee Bpems cucrema YPAH no3sosnsier on-
penensaTs Moayau GyHKIMN BUAUMOCTH AJIS pa3iud-
HBIX Tap paguOTENIECKONIOB U HX 3aBUCHUMOCTU OT
JUTMHBI 0a3bl, YACTOTHI U YaCOBOTO YTJIA IIPH CIIEKe-
HHUH 3a UCTOYHMKaMH. CTpyKTypa HCCIERAYEMBIX
00BEKTOB C pa3pelIeHneM [0 €AWHHI YTIIOBBIX Ce-
KYHJ OIpeJenseTcs MOJEIbHBIMU METOJlaMH Ha
OCHOBaHHMHU N3MEPEHHBIX IAHHBIX U pagron300paxe-
HUM, U3BECTHBIX Ha BBICOKMX 4acToTax. Pammore-
nmeckonsl YTP-2 u YPAH-1, ..., YPAH-4 aktuBHO
pabotatoT kak koopauaupoanno (PC/IB), tak u
HE3aBHCHMO IO MHOXXECTBY HAy4YHBIX MPOTpPaMM.
B Tabxn. 1 meranpHO MpeAcTaBIEHBl XapaKTEPUCTH-
KA BCEX PaJHOTENECKOIOB, BKIOUas QU3NUECKHE
1 KOHCTPYKTHBHBIE IIapaMeTpBhI.

C momeHTa co3fanus paauoreneckonsl Y TP-2
u YPAH Hapsiy ¢ akTHUBHBIM IPUMEHEHHEM BO MHO-
FUX acTpopU3NUYECKUX HCCIEIOBAHHUSIX Mapal-
JIeNTbHO 0€3 0OCTaHOBKHU (PYHKIIMOHUPOBAHUS MOJEP-
HU3UPOBAINCH KaK B YacCTH aHTEHHOH M MpHEM-
HO-PErHCTpUpYIOUIel anmnapaTypbl, TaK 1 B 00JIacTH
METOJOB HaOJIONEHNH, B TIEPBYIO OYEPEb B paMKax
Leneoit kommuiekcHo# nporpammsl HAH Vipannsl.
I'maBHast nenb 3TOM MOAEpPHU3ALUHU 3AKIIOYAETCS
B CHIDKEHUHM HETaTHBHBIX MeIlarouux (akTopos,
CBOMCTBEHHBIX JIEKAMETPOBON pPaIMOACTPOHOMHUHU.
Hrxe nepeunciaeHsl 2Ta Memarontie GpaxkTops! (0HH
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Puc. 4. Bo Bpems BcecorosHoii pannoactpoHoMuueckoi koHdepeHun (ceHTssops 1976 r., r. XapokoB). Cresa Hanpaso:
N. C. llIxknosckuit, A. A. ITuctonskope, H. C. Kapnames, C. S. bpayne, A. 1. Ky3emun, A. E. Conomonosuy, I. I'. 'ermanues,
P. JI. Copouenxo, 0. H. IMapuiickuit

Puc. 5. Asrorpa¢ 1. C. l1Tk10BCKOTO B KHHATE OT3BIBOB, OCTABIICHHBIH BO BpeMs ocetieHus oocepparopunt Y TP-2 B 1eHb 0ceHHETo
paBHoneHcTBUsA (1976 1)

Puc. 6. Pazmemenue paguoreneckonos YTP-2 u YPAH-1, ..., YPAH-4 na repputopunt YKpauHsl

12 ISSN 1027-9636. Paouogusuxa u paouoacmporomus. T. 22, Ne 1, 2017
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Ta6/m14a 1. OcHOBHBIE nmapaMeTpbl HU3KOYaCTOTHBIX PaJIH0TE/IECKOIIOB YKpal/IHI)l

CuHTE3MpOBaHHOE
YacToTHbIN Maxcnmaneras Yucno 371eMeHTOB Paccrosmue or unn PCIB
Pagmoreneckon Pa3memenne a¢dexTrBHas ’| YTP-2(LOFAR),
nuarnasoH, MI'q ) HOJISIPU3ALHS paspenieHne
UIOINA/Ib, M KM 1a 25 MIa
YTP-2 I. XapbKoB, 8+32 140000 2040 0 (~2000) 25'x 25
(P HAHY) 1 nuHeliHas
YPAH-1 r. 3MHeB, 8+32 5500 96 42 (~1900) 15"
(P HAHY) 2 MMHEHHBIX
YPAH-2 r. [lonrasa, 8+32 28000 512 150 (~1800) 5"
(III'O HAHY) 2 MMHEHHBIX
YPAH-3 r. JIbBOB, 8+32 14000 256 915 (~1000) I
(®MU HAHY) 2 IMHEHHBIX
YPAH-4 r. Onecca, 8+32 7300 128 613 (~1500) 1.3
(P HAHY) 2 MMHEHHBIX

YIIOMSHYTH Takke B Pazgene 2) m MeTOmBl WX
YMEHBIIIEHUS W/ YCTPaHEHUSI.

Buvicokas apkocmuasa memnepamypa eanaxmu-
yeckoeo ¢owna:

— 6ompmmas dpQexkTHBHAS IUIOMIAIb PATHOTEIEC-
xoma (10% +10° m?);

— MHOTOAHTEHHBbIE HAOJIIONEHHS.

3emHvle nomexu (ecmecmeeHHble, UCKYCCIMGEH-
Hble, Y3KONOJOCHblEe U WUPOKONOIOCHbLE, BHe-
WHUe U 8HYMpeHHUe):

— Oonpmas 3¢dexTUBHAS MIIOIIAAb AHTCHHBI,
BBICOKAs! HAMPaBJICHHOCTh, MAJIbI yPOBEHb OOKOBBIX
JICTIECTKOB;

— pacyeThl U 3HAHWE MAPaMETPOB aHTCHHEI, 3HA-
HUE TapaMeTPOB MOMEX U UX MOHUTOPHHT;

— BBICOKUH JUHAMHYECKUH TUANa30H aHTEHHOTO
YCHUIICHUS ¥ aHTEHHBIX y3JI0B;

— BBICOKHE JIMHAMUYECKHUI JHUaIa3oH, 4aCTOTHOE
Y BPEMEHHOE Pa3pelIeHHs PETHCTPUPYIONICH ara-
paTypsl;

— IIUPOKOITIOIOCHAS AaHTCHHA;

— MHorony4deBoil mpuem (ON-OFF pexumsr),
MIPOCTPAaHCTBEHHAS CEJIEKIN, KapTorpadupoBaHUe;

— HaJIe)KHAs SKPaHUPOBKA anmapaTyphl;

— y4eT BPEMEHHU U CEe30Ha HAOJIONCHUH;

— crenuanbHas o0paboTKa, WIASHTU(UKAIUSI U
MOKMCK IIPHU3HAKOB ITOMEXOBBIX M IOJIC3HBIX CHTHA-
JI0B (OYHMCTKA, GUIBTPAITs, PACITIO3HABAHUE 00Pa30B
U T 1),

— Oonpias HaOMIONATeNbHAs CTAaTHCTHKA W TIO-
BTOPSIEMOCTb PE3YJbTAaTOB;

— BHeHOHOC(epHbIe HAOJI0IeHusA U Ha0JI0-
JeHusl Ha oOpaTHOH cTOopoHe JIyHbI;

— MHOTOAHTEHHBbIE HAOJIIOMEHHS.

Brusanue uonocgepol (pedppaxyus, mepyanus,
noaiowenue):

— BBICOKAas HAIIPaBJIIEHHOCTb aHTEHHBI, OOJbITHE
IJI01ab, paboyas IMmoioca YacToT, MOoJie 3PEeHHS
(muOTOIMYUYeBOCTE, ON-OFF peskumsr, kaprorpadu-
poBaHUe);

— 3HaHWE TapaMeTpoB HOHOC(]Eephl U ee MOHH-
TOPYHT;

— ydJeT BpeMEHHU M Ce30Ha HaOIIONeHUH;

— aJlanTHBHAs aHTEHHA;

— criennaibHas oOpaboTKa (O4HCTKA, (QUIBTpa-
M1, TOUCK TIPU3HAKOB TOJIE3HBIX CUTHAJIOB B HECTA-
[IMOHAPHBIX yCIIOBHUSX);

— Oonpmias HabIMIOMaTeNbHAs CTAaTHCTHKA W TIO0-
BTOPAEMOCTH PE3YIBTATOB;

— BHeHOHOC(epHble HAOJI0IeHUs1 U Ha0JI0-
JeHusi HA oOpaTHOW cTopoHe JIyHBI;

— MHOTOAHTeHHbIe Ha0JI0ONeHUs.

Huskoe yenosoe paspewenue oounournozo pa-
ouomeneckona (maroe omnouenue D/ ):

— MHOTOAHTEHHbIE€ HAOJIOEeHUsI, BHEHOHOC-
depunie nadawoaenus (PCAb 3eman—3emus,
3eMJISI—-KOCMOC, KOCMOC—KOCMOC).

Heo0xoaumMo moa4epKHyTh, 4TO MOCTOSTHHBIH ITPO-
rpecc AEeKTPOHHOH, II(POBOIA, KOMITEIOTEPHOM TEX-
HUKU JIeJlaeT YIOMSIHYTYIO0 MOJCPHHU3AIHIO IKCIIE-
PYMEHTaIBHBIX CPEJICTB U METOJOB €CTECTBEHHON
u 3¢ dexruHOi. [IpuHIMTIIATEHOMY YAYYIIICHUIO TTa-
paMeTpOB MOABEPIIIICH CUCTEMBI aHTEHHOTO YCH-
neHus [S], KOHTPOIIsL, KaTHOPOBKHU, aBTOMATU3AIINH,
perucTpaliy, apXuBaluu, neperaun 1 00padoTKu
naHHbIX [2]. CoBpeMeHHas crienuaibHO pa3pabo-
TaHHas CHUCTeMa PErHCTPallid Ha OCHOBE IHU(PO-
BBIX CIIeKTpabHBIX TporieccopoB u FPGA (Field-
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Programmable Gate Array) TeXHOJIOTHIT IMEET CIie-
IOyIOIue mapaMeTphl: monoca ananusa — 33 MI'h,
KOJINYECTBO KaHaIOB — 8192, yacTOTHOE U BpeMeH-
Hoe pazpemeHus — 4 xkl'm u 0.5 Mc, pa3psIHOCTD
AINII — 16, nuaamudyeckuii auama3on — 90 nb.
Nmeercs 5 (mo xonmuyectBy nyueid YTP-2) nByx-
BX0m0BHIX (misi antenH CeBep—IOr m 3amam—
BocTok) KOMITJIEKTOB anmaparypbl, KOTOPBIE MOTYT
pabotaTe B pexume ObICTporo ¢ypbe-aHaIU3a
B peaJbHOM BPEMEHH C ONpEIeIeHUEM aBTOCIIEK-
TPOB U KOMITJIEKCHBIX KPOCC-CIIEKTPOB U B “‘wave-
form” pexume. Takum oOpa3om, Ha paauoTeNIeC-
konie YTP-2 obGecriedeHo smyumiee st JeKameT-
POBOro Iuamna3oHa BOJIH COYETAHUE MapaMeTPOB
AHTEHHBl M amnmapaTypbl. DTH NapaMeTphl COB-
MECTHO C pa3pabOTaHHBIMH METOIAaMHU HaOIome-
HUW TO3BOJISIOT MaKCHMMAallbHO CHU3UTH HEraTHB-
HbIe (PaKTOPBI HU3KOYACTOTHON Pai0acTpPOHOMHUH.
B Tabn. 2 mokasaHbl XapaKTEPUCTUKHU PETHCTPHU-
pytomeit armaparypsl s YTP-2 u YPAH (mmmpo-
KOTIOJIOCHOTO MAaJIONIYMSAIIEro NU(PpPOBOTO paano-
npuemHuka DSPZ (Digital Spectrum Polarimeter
Z modification)), a Taxxe st HOBOM anTeHHBI [ YPT
(TmIpoKoIT0I0CHHOTO MU poBOTO MpreMHNKa ADR
(Advanced Digital Receiver)), xotopas ommcana
Huwxke [6]. Kpome Toro, Ha puc. 7 mpeacraBiieH
BHEIIHWH BUJ alnapaTHOTO 3ajia pajnoTeNiecKomna
VTP-2, co3ganHoro B koHie 60-X IT., © HOBOI'O
MOMENIEHUsI C PETUCTPUPYIONIECH ammapaTtypoil B
COIOCTABJICHUU UX OCHOBHBIX [TAPaMeTPOB.

Tabnuya 2. llapaMeTpbl perucTpUpyIoLIeii annaparypbl
st YTP-2, YPAH (DSPZ) uI'YPT (ADR)

[TapameTpst DSPZ ADR
YacroTHbIN quana3on, MI g 33 80
KonnyecTBo 4acTOTHBIX KaHAJIOB 8192 16384
YacrotHoe pa3pemienue, K[ i 4 6
BpemenHnoe paspernienue, Mc 0.5 2
Paspsanocts AL, Gur 16 16
JlnHamuyeckuii quanas3oH, 1b 90 90
KonuyecTBo BX010B 2 2
Brictpoe npeodpazoBanne ypne bic] Ja
Wave-form pexum a ma
(He orpaHHYEH 10 pa3peIIeHHIO)
Beramcienre kpocc-CrieKTpoB Iia hir:]
CyMMa-pa3HOCTHBIH PeXXUM HET Jia
HopmupoBanue curnanon HET hir:]
3azmepiKKa CUTHAJIOB HET hir:]

4. Hekoropbie pe3yJbTaThbl
JIeKaMeTPOBOil PaI0aCTPOHOMHHI

C MoMOIIBI0 OMHMCAHHBIX CPEJICTB MPOBEACH OOIb-
Ioit 00beM acTpPOPHU3MYECKUX UCCIIETOBAHUHA KOC-
MHYECKUX OOBEKTOB, OT OOBEKTOB M3 OJIMIKAMIIIMX
OKpECTHOCTEN 3eMJIH, COTHEYHOU cucTeMsbl, [ anak-
THUKH JI0 CaMbIX YJAJICHHBIX PaliOTalaKTHK 1 KBa3a-
POB (OOBEKTHI U SIBIICHUS JISI UCCIIEA0OBAHUS YIIOMS-
HyThI Takxke B Paznene 2). /loka3aHbl BBICOKHE WH-
(hopMaTUBHOCTH M acTpodusmdeckas 3HAYMMOCTD
pannoacTpOHOMHH AEKaMeTPOBBIX BOJH. CTaju BO3-
MO>KHBIMH TTPEIIM3HOHHBIE N3MEPEHNS MEHSIOINXCS
B IIUPOKHX MpeJieax IPOCTPAHCTBEHHBIX, SJHEPTeTH-
YECKHUX, CIIEKTPAITLHBIX, BDEMEHHBIX, ITOJISIPU3AINOH-
HBIX XapaKTEPUCTUK H3IYYCHHS acTpO(pU3MuecKux
00BEKTOB, HECYIIHUX [IEHHYI0 HH()OPMAIIHIO U O TIPO-
meccax B maciuradax BceneHHOM, ¥ O TOHKHX aTOM-
HBIX 3 QeKTax.

Hwxe nipezcraBieHsl HEKOTOpbIe H30paHHBIE pe-
3yJBTaThl 1€KaMETPOBOH painoacTpOHOMHH MOCTe-
JHHX JIET, KOTOpble UMEIOT HEMOCPEJICTBEHHOE OT-
HOIIIEHHE K HMCCIIEOBAaHUSM U acTpOo(U3NIECKUM
npenckazanusM K. C. IIknosckoro.

C momomipio paauorenieckornioB YTP-2, YPAH u
HOBOU MPUEMHO-PETUCTPUPYIOILIEH armapaTypbl aKTUB-
HO HCCIIEAYeTCs INPOKOIIOIIOCHOE PATUON3ITYICHNE
Counnria gaxe Ha yacrtorax meree 10 MI'r (puc. 8).
OOHapyXeHO MHOXKECTBO THIIOB CIOPAAMYECKOTO
JIEKAMETPOBOTO HM3IYYCHHS, BKIIFOYAs TOHKHE IIPO-
CTPAaHCTBEHHO-YaCTOTHO-BPEMEHHBIC CTPYKTYPHI,
HampuMep craiiku [7]. Paaunonsnyyenue B Auaraso-
He 8+3 MI'1 Bo3HMKaeT Ha paccTOAHUAX B 1.5+3
COJIHEYHBIX pajnyca, T. €. B COJHEYHOI KOpOHe.
HNmMeHHO 3Ty 005IacTh COMHEYHOH aTtMocdepsl je-
tansHO u3ydan U. C. llIknoBckuii, BiepBhIe MpoaHa-
JNIM3MPOBAB M JOKa3aB Mojenb ropsueii (~10° K)
COJIHEYHOH KOPOHBI M PAaCCMOTPEB CHOPATUYECKOE
paauousinyyeHue B Hell [8, 9]. Ha paguoreneckomnax
YTP-2, YPAH-2, YPAH-3 uccnemyercs Takxke
paguon3aydeHne crokoinoi kopousl Comuia. OHO
SIBIISIETCS TETUIOBBIM, U TIOTOMY €TI0 HHTEHCHUBHOCTb
PEe3KO YMEHbIIAeTCsl ¢ MOHMKEHHEM YacCTOTHI 110
MIPaKTUYECKH KBaJPaTUYHOMY 3aKOHY. TeM He Me-
Hee BBICOKHE YYBCTBUTEIBHOCTh M Pa3pelIeHHe
MIPUMEHSIEMBIX PaANOTENIECKONIOB MTO3BOJISIOT Je-
TaJILHO U3y4aTh TOpsiuyto KopoHy COJHIIA U BCE THITBI
ee U3Iy4YeHHsl.

T'oBopsi 00 M3yYEHUH KOPOHBI, HENB3sI HE BCIIOM-
HUTH 00 UCTOPHYECKU BaXKHOM JJIsI AaCTPOHOMHUU U
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IMapameTpsl ¥ peKUMBbI aHTEHHBI

Crapas annapatypa

Hogas anmaparypa

YyscTBUTENBHOCTH, 1D
(ipeBbInL. oHa HaJ COOCTB. ITyMaMH

Junamason yactot, MI 11 10+25 8+32(40)
[Tonoca mpuema, MI'ng 6x1=6 24(32)
KanubpoBka, KOHTpOIIb, anmaparypa,
MIPOrpaMMHOE 0OeCTICUeHUE O6ecneyeHbI YaCTHIHO OOGecreueHbI
~2 >6

[MapameTpsl 1 pexxuMbI 000PYIOBaHUS

Konmuuectso kananos
[Tomoca npuema
BpemenHoe pazperenne, Mc
YacrotHoe paspemienue, Kl 1
JlnHamuyeckuii auanas3oH, 1b
UyBCTBUTENBHOCTSD, SIH
Pesxumel m3mepennit

5 myueit x12 per. = 60
10 k' x 60 = 600 kIt
20
10
40
10

DHepreTu4ecKue CreKTpHl,
MOCTAETEKTOPHASI PETHCTPALIS

5x2x8192 =81920
24(32) MI'n
0.25 (10 0.001)
4(100.1)
90
0.01

DHepreTu4ecKue CeKTpHl,
KOMIUTCKCHBIE KPOCC-CIIEKTPBI,
npeodpazoBanue Oypbe B pealbHOM BPEMEHH,

“waveform”-pexum

Puc. 7. Atmapatsslii 3an paguoreneckona Y TP-2 (1970 1.) u coBpeMeHHast peruCTpUpyYIOIas almapaTypa, CONoCTaBIeHHE FX

napaMeTpoB

33 I VT T I W W WSO I T oy
09:42:02 09:43:22

09:35:22 09:36:42

09:38:02 09:39:22
Bpewms, UT

Puc. 8. lunamudeckuii criektp paauonsnyuenus CoiHiia, Bkiovatomuii Berutecku tumna I11 IIb, crnaiiku
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paroacTpOHOMHH COOBITUY — IKCTIETUITUH C AKTHUB-
HeiM yuactueM WM. C. Ilknosckoro k 6eperam bpa-
sk B 1947 1. Ha teruoxoxae “Tpuboenos” s
HaOroneHus cotaedHoro 3arMenus [10]. OnHol u3
TJIABHBIX 33/1a9 ObLJIa OllEHKa MHTEHCUBHOCTH PaIHO-
M3ITy4eHust KOpoHbL. Kak 3T0 HU mapaiokcanbHO, HO
u ciycts 70 et monoOHbIEe HCCIIEOBaHUS BO Bpe-
Ms COJTHEYHBIX 3aTMeHuH (B gacTHoCcTH B 2008 T.)
JUTS I3y4eHUS KOPOHBI U COMYTCTBYROIINX 3(h(HEeKTOB,
B TOM YHUCJIC B JICKAMETPOBOM JHAara3oHe, MpoJIoJi-
xarores [11].

OpnHO¥M M3 HEMHOTHX 3a/iad, KOTOpble He pelal
N. C. UlknoBckuid, OBUIO WCCIENOBAHHUE PalIAO-
W3ITyYeHUs IUIAHET, B TOM YKCJIe HU3KOYACTOTHOTO.
Tem He MeHee B €ro OCHOBOIIOJNIATAOIINX padoTax,
TTOCBSITICHHBIX TIOMCKY BHE3EMHBIX ITUBHITH3AIMIH [ 12],
aHAM3UPYIOTCS B IIEPBYIO O4Yepebh aCTPOHOMHYEC-
KHE aCTEeKThI MPOOJIEMBI, BKIIIOYAs SK30IUIAHETHYIO
actpornomuro. K coxanennro, U. C. llIknoBckuii He
JIOXKHJI 0 TOTO BpEMEHH, KOTAa OOHApyKEeHUE K-
30IJTAaHET CTaJI0 MAacCOBBIM SIBJICHHEM M BBHIBEJIO Ha
HOBBI! YPOBEHb U3Y4YCHUE COTHEUHO-3EMHBIX 1 3BE3-
JTHO-TUUTAHETHBIX CBA3CH, a TAKXKE MOUCK aKTUBHBIX
3BE3/I M TUIAHET-TUTAHTOB (TOPSINX IOMMUTEPOB) Me-
TOAAMHU HU3KOYACTOTHOW pajguoacTpoHomuu [13].
Vxe 6oree 10 ner Ha paguoteneckone Y TP-2 mpo-
BOJIUTCSI IOMCK MOJOOHBIX SIBJICHUH, COIPOBOXKIae-
MBI TIIATETFHBIM W3YYEHHEM CIIOPaTUIECKOTO U
UMIYJIBCHOTO JEKaMeTPOBOTO PaguOU3ITydeHHS
Omnurepa [14] (puc. 9), mynscapos [15] (puc. 10) u
JIPYTHUX OOBEKTOB.

Xopomo H3BECTEH MNPUOPUTETHBIN BKIan
. C. lIxmnoBckoro B pU3NKYy MEK3BE3THON CpPEIbI
U ee paanocnekrpockonuio. OH MepBBIM IeTaTbHO
MPOaHAJIM3UPOBAT BOZMOKHOCTH OOHAPYKEHUS JIH-
aun HI [16], moka3aB orpOMHBIE TEPCIIEKTHBEI T10-
JIOOHBIX UCCIIEIOBAHUIA, YTO BIIOCIIEICTBHUH IOJTHOC-
TBIO TIOATBEPWIIOCH. M Takxke ObUIH TpejcKasa-
HbI Mex3Be3aabie muanu OH, CH, neittepus [17],
HelTpanbHOro azora [18]. IlepBrie Tpu Buaa ITUHMIMA
OBUTH yCITeIITHO OOHAPYKEHBI, a BOJHM3U YaCTOTHI
nuHuM azota f =26.13 MI'm B cepenune 70-x TT.
BIIEPBBIE B MUPE OBbLIT HauaT ITyOOKHUI paJroCIIeKT-
POCKOTIMYECKUH MTOUCK ¢ TToMoIsio Y TP-2. Cekr-
panbHas JUHHUS HA 3TOM 4YacToTe ObUIA HAAEIKHO
obHapyxeHa [19], omHako OHa OKa3ajgach HE JIMHHEH
a30Ta, a HeOOBIYHON PEKOMOMHAIIMOHHOM TMHHUEH TT0-
TJIOIIEHUS MOHU3UPOBAHHOTO YIJIEPOJIa C TIABHBIM
KBaHTOBBIM yuciioM 631 [20, 21]. DTo HUCKOIBKO HE

)
=
N

Yacrora, MI'nm

20.4

12:55:18.629 12:55:18.798

Bpema UT
6

Puc. 9. S-n3nyuenue IOnurepa, 3aperucTprpOBAHHOE CO CBEPX-
BBICOKMM YaCTOTHO-BPEMEHHBIM paspelleHueM 2 Mc (a) u
60 Mkc (6) Ha paguoreneckone YTP-282013 1.

oropumwio U. C. IIIkI0BCKOTO, TaK KaK OH MTOHUMAJT,
KaKue MPUHIUIHAILHO HOBBIE MHOTO0O0ECIAOINE
BO3MOKHOCTU OTKPBIBAIOTCSI B IMATHOCTUKE CPEJIbI
C MOMOIITBI0 JTMHUH JaHHoTo THNa. Kak mokasanu uc-
CJIeIOBaHMS PEKOMOMHALIMOHHBIX JTUHMI HA YTP-2,
MIPOCTPAHCTBEHHOE PACTIPEICIICHIE HOHU3UPOBAHHOTO
yIJIepojia XOpoIilo COBIAAAET C XOJIOAHBIMH O0JTaKa-
MH HEHTPaTHFHOTO BOIIOPOAA, JIMHIH KOTOPOTO OBLITH
actpodusnueckn npeackazansl W. C. ILkmoBcKkuM.
Kpowme Toro, pekoMOMHAIIIOHHBIE THHIH KaK acTPO-
(hmsmuecknii peHOMeH ObLIH TpeICKa3aHbl ero yJe-
HukoM H. C. Kapnamessim B 1959 1. [22]. B nacrosi-
mee BpeMs paauoreneckon YTP-2 mo-npexnemy
ocraercsi HaubOosiee d3PPEKTUBHBIM IS UCCIIE0Ba-
HUI [TPE/IENTIbHO HU3KOYACTOTHBIX PEKOMOWHAITMOHHBIX
muaui [23, 24]. TIpoBomsaTcs MIMPOKOMACIITaOHBIC
HaAOJIIOICHUS JISKAMETPOBBIX JIMHUN B [ajakTuke,
MIPUYEM BIIEPBBIE C OJTHOBPEMEHHOMN pErucTpanuei
B 00IIEl MoI0Ce aHaimM3a OT JECATKOB JO COTEH
JUHUH, 9TO YHUKATHHBIM 00pa30M YBEIIMINBACT TyB-
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Puc. 10. O6HapyxeHHe HHIUBHUIYAJIbHBIX UMITYJIbCOB ITyJIbCAPOB (@), aHOMAJIbHO HHTEHCUBHBIX UMITYJIBCOB (0) M X TOHKOH

CTPYKTYPHI (8)

CTBUTEJIBHOCTh M3MEPEHUHU. YIANOCh 3apErucTpHu-
poBaTh PEKOPIHO BBICOKHE KBAaHTOBBIE COCTOSHUS
MEK3BE3/IHBIX aTOMOB Ha ypoBHsX 6onee 1000 [25].
JuamMeTp cTONb BBICOKOBO30YKICHHBIX aTOMOB OT-
pomeH — mopsiaka 0.1 mm (puc. 11).

Eme Ha 3ape pa3BUTHS pagloOacTPOHOMUH
H. C. llIxknoBckuii OJHUM U3 IEPBBIX Hauaj JeTallb-
HO€ M3Yy4YE€HHE MEXaHU3MOB KOCMHYECKOTO paauo-
n3ayuenus [10]. Xopolo u3BeCTHBI €ro padoThI IO
TEOPUHN HETETJIOBOTO CUHXPOTPOHHOIO pagHoOU3Iy-
yeHus1 Hamed ['aJakTUKH, OCTaTKOB CBEPXHOBBIX
U aApyrux oovektoB Bcenennoil. Eme B Hauane
50-X I'T. OH ITOKa3aj BO3MOXXHOCTH OOHAPYKEHHSI TeTI-
JIOBOTO paJiMOU3IyYeHHUs] SMUCCHOHHBIX TYMaHHOC-
TeH, MPEIOKIII IIOUCK ITOTO PATUOUITYUECHHUS, ME-
TOJBI Pa3AEICHUS TEIIOBOW M HETEIIIOBOM COCTaB-
JAOUMX U3nydeHns. HetennoBoe paguonsmyuenue
CO CTENEHHBIM CIEKTPOM C PE3KHM BO3PACTAHUEM
WHTEHCUBHOCTH K HHM3KHUM YacTOTaM HHTEPECHO
HaOII01aTh UMEHHO Ha JIEKaMETPOBBIX BOJIHAX, YTO U
nenaercsa Ha paauoteneckonax YTP-2 u YPAH [2]
Ha puc. 12 noka3zaHa COOTBETCTBYIOILIAsl BBICOKO-
To4yHas KapTta ¢oHa Ha yactore 20 MI'n. Untepec-
HO, YTO Ha KapTax HEMPEPBIBHOIO PaHOU3ITy4YECHUS
lanakTHKK 3MHCCHOHHBIE TyMaHHOCTH (00JacTH
HII) Ha HU3KKMX YacTOTaX BBHINNIAIAT HE TaK, KaK Ha
BbICOKHX (Tme ux u npenckassiBan M. C. llkmosc-
KUH), T. €. IPOSIBIAIOTCS HE B YMUCCHH, & B TIOTJIOLIE-
HuU [26] (puc. 13).
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Takum 00pa3oM, U3BECTHBI CIELYIOIINE MeXa-
HU3MBI KOCMHYECKOTO PAaAHOU3IIyYeHHs], B OObICHE-
HHE 1 Pa3BUTHE KOTOPBIX OIIPEAEIISIOIINI BKJIa]l BHEC
N. C. lkmoBckHii: HETEIUIOBON (CHHXPOTPOHHOE
H3Iy4YeHHE NIPU JBIDKEHUH PEJIATUBUCTCKUX JICKT-
POHOB B MarHUTHOM I10JI€ U U3JIyYCHHE IPH JBIKE-
HHUM BOJIH U IIyYKOB YaCTHIl B MATHUTOAKTUBHOM IUIa3-
Me), TETUIOBOH (IMHCCHOHHBIE TyYMaHHOCTH U [Ip.)
W THHEHJaThIH (CIIeKTpaibHbIe TnHUK). K coxkare-
Huto, M. C. HIkyI0BCKUil HE ycren IpUIOKUTh CBOM
TaJIaHT K OOBSICHEHHIO €111e OAHOTO MEXaHW3Ma KOC-
MHYECKOTO PaJMOM3IyYCHHUS — MEXaHU3Ma Paauo-
H3Iy4eHus, 00pa3yeMoro B pe3yibTare JeKTpocTa-
THYECKUX pa3psmoB B atmocdepe turaneTs (Catyp-
Ha), KOTOpoe OBIJIO OTKPBITO Ha pPagUOTEIECKOIe
YTP-2 oxomno 10 net Hazan [27] (puc. 14).

OnHUM U3 BaKHBIX METOOUYECKHUX PE3YJIbTaTOB
N. C. lIxnoBckoro 010 TIpemmokeHne B S0-X TT.
HCIOJIb30BATh METOA JYHHBIX MOKPBITUH AJIS TO-
BBIILIEHHSI YIJIOBOTO Pa3pelieHus U TOYHOCTH OIIpe-
JIeJICHUST KOOPIUHAT KOCMHUYECKHX 00BekToB [28].
Ortor Meron uMes 0coboe 3HAYEHHE ISl HU3KO-
YaCTOTHOH PasinoacTpOHOMHUHU M OBLT peanu3oBaH
Ha paauoreneckone YTP-2 B Hauane 70-x rr., emnie
no BHenapenus MetonoB PCJIB B mexkameTpoBBIil
JMara3oH.

Psax mpyrux actpodusnueckux pe3yJabTaToB Je-
KaMeTPOBOH PaoaCTPOHOMUH MTOCIIETHHX JIET TIPe/I-
cTaBlieH B 0030pHO# pabote [2]. IIpsmo mmm koc-
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OTHOCHUTEIbHAS HHTCHCHUBHOCTD, O. €.
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Puc. 11. ObHapy>xeHHE peKOMOMHAIIMOHHBIX PAJNOIMHUI MEK3BE3THBIX PUAOEPTOBCKUX aTOMOB, COOTBETCTBYIOIIMX IJIABHBIM KBaH-
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Puc. 12. Kapra pacripeie/ieH1sl HHTEHCUBHOCTH raJIaKTHYECKOTO HETETUIOBOTO PaIMOU3ITYYCHHUS Ha IeKaMeTPOBbIX BostHax (20 MI ')

Beuuo . C. IIkioBCKH MMEET OTHOIIEHHE KO
MHOT'HMM M3 HHUX.

5. IlepcneKTuBBI HHU3KOYACTOTHOM
PaaroacTPOHOMUH
OHI/IcaHHI)Ie BBIIIC PAANOTEICCKOIIbI XOTSA U UMCIOT

MAaKCUMAJIBHBIC IJId ACKAMETPOBLIX BOJIH Pa3MEPLL
1 HaMBBICUIYIO (bHyKTya]_[I/IOHHy'IO YYyBCTBUTCIIbHOCTD,

OJHAKO HE SIBIIIFOTCS €IUHCTBEHHBIMU B HHM3KOUac-
TOTHOW paluoacTpOHOMHH. B TedeHue mocneaHux
JECSTH JIET UIMEET MECTO ee OypHBIH mporpecc, Ko-
TOPBIN CBS3aH KaK ¢ TIIyOOKOW MOIEpHHU3aluen cy-
IIECTBYIOIIUX WHCTPYMEHTOB, TaK M C CO3JaHUEM
PauoTeNeCKOIIOB HOBOTO NOKoJIeHUs. K HUM oTHO-
CSITCS CTPOALIMECS U YK€ BBEIIEHHbIE B PaOOTy CHC-
tembl ¥ nipoektel LOFAR (Hunepnanner u npyrue
€BPOIIEHCKUE CTPaHBI) JIsl HAOMIOIeHU B JUaraso-
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S Yacrora 20 MI'1
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Puc. 13. DparMeHT KapThl HETEMIOBOTO rAJTaKTHYECKOTO PaAUOU3IIYYEHHUS C SMUCCUOHHBIMU TyMaHHOCTSIMH, 3aPETHCTPUPOBAaHHbI-
MH B riororiesuu Ha yacrore 20 MI'g

HHTEeHCHBHOCTS, 0. €.
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Puc. 14. O6GHapyKeHUE PAMOU3ITYYEHHUS DIIEKTPOCTATHUECKHUX pa3psiioB B atMochepe CarypHa Ha YTP-2

Hax (10)30+80 MI'mu 110+240 MI'm [29], LWA B cucremax UCTIONB3YIOTCS MTOCIETHIE TOCTIKEHUS
(CIOA) B nuanazone 20+80 MIm [3], MWA (AB-  3JEKTPOHHBIX, TEJICKOMMYHHUKAITMOHHBIX U UH(OpMa-
cTpanmsi) B nmuamazoHe 50+300 MIm, SKA-low B IIHOHHBIX TEXHOJOTHH, 00eCIeYHBalOTCsl BEICOKHE
nuanazone 200+1000 MI'm u apyrue mpoekThl. YyBCTBUTEJIBHOCTb M pa3pelieHHe, OOJbIIoe IoJje
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3pEeHHS U BO3MOXKHOCTH KapTorpaduposanust. [Tapai-
JIEITEHO PEATU3yIOTCS IPOEKTHI, TOTIOTHSOIINE YKa-
3aHHbBIC, HO aKIICHTUPOBAaHHbBIC HA pealTU3aI[Hi0 00JIb-
10 aJIUTUBHOM 3P PEKTUBHOM ILIOMAAHA > 10* M2
C BBICOKHMM (haKTOPOM 3aIl0JIHEHHUS DIIEMEHTOB [2, 24].
O6ecneunBaOTCS TakKe MaKCUMaIbHAs MOMEX0Y-
CTOWYMBOCTh M JMHAMUYECKUI JUATa30H BILIOTH JI0
MpeaebHO HU3KUX 4acToT nopsnaka 8 MI'h, Beico-
KM€ 4yBCTBUTEIILHOCTh U PaBHOMEPHOCTH KOd(hdu-
LUEHTA [epefadn BO Bcel pabodell monoce 4acToT.
Takue cucTEMBbl KOOPIHUHUPOBAHO CO3MIAIOTCS BO
Opanamun — NenuFAR (amamazon 8 +80 MI1[30]),
1 B YKpaunHe (KakK pacHIMPECHHUE CTOSAIIETO PSIOM
VTP-2) — I'VPT (amamazon 8+80 MI'11 ¢ moIHBEIM
COBITAJICHUEM, a TAKXKE MPEBBINICHUEM JHaIa30Ha
yactoT YTP-2), [2].

Panuoteneckon I'YPT coctout u3z 25-3memMeHT-
HBIX aKTHBHBIX CYOPEIIETOK C aHAJIOTOBBIM BPEMCH-
HBIM (ha3MpOBaHUEM OTAECIBHBIX CyOpeeToK U u-
POBBIM Mex Ty HUMHA. CHCTEMBI YCHIICHUS, (ha3upo-
BaHUs, TEJICKOMMYHHUKAIIMH, KOHTPOJISA, YIIPABICHHUS
Y pErucTpaInyy y>ke YCTaHOBIIEHBI Ha 5 cyOpemrer-
kax (n3 11 CMOHTHPOBAaHHBIX), KOTOPHIC HCIIOJIb-
3yI0TCs B HaOmoneHusx (puc. 15). CBepXmmporomno-
nmocHas IUdpoBasi CUCTEMA PETUCTPAIUA HOBOTO
TIOKOJICHUSI UMEET Pa3lInvHbIe (PyHKIIMOHATIBHEIE BO3-
MOXKHOCTH, 00ecriedrBaeT nojocy aHanmsa 80 MI',
KOJIMYECTBO KaHalioB 16384, yacTOTHOE U BpEeMEH-
HOE pa3pelieHus B pexxume Qypbe-aHaimsa B pealib-
HOM Bpemenu 6 k['11 1 2 mc (B pexume wave-form
0e3 orpanndenuii), paspsaaocts AIIl 16 Our, nu-
Hamudeckuii nuamnazon 90 nb.

Puc. 15. Bremnnii Bun cyopemerox I'YPT

JIBe 13 yka3zaHHBIX CyOpeIIeToK, pa3sHECeHHbIE Ha
paccrosiHue 83 M B HampaBieHun Boctok—3aman,
HCTIOJIB3YIOTCS AJI1 U3yYEeHHs] OJHOTO U3 MHTEpecC-
HeWmMX sBIeHuH, npeackaszanuelx M. C. IIknosc-
KUM, — BEKOBOTO YMEHBIICHUS MIOTHOCTH MOTOKA
octaTka cBepxHoBoi Kaccuones A [31]. Ha puc. 16
MOKa3aHbI pauONHTEP(PEpOMETPUIECKUE OTKIIUKU
nByxanteHHoro uatepdepomerpa I'YPT nns Kac-
cuorien A u JleGens A (cuHycHasi U KOCHHYCHas
koMnoHeHThl) [32]. 3 pucyHKa BUIHBI BHICOKHE
OTHOIIIEHUE CUTHAI/IIYM U TOYHOCTh M3MEPEHUH.
CornacHO u3MepeHusM, mpoBeneHHbIM B 2014 1., oTHO-
LLIEHHE TUIOTHOCTEN OTOKOB M3iyuenus Kaccuoneun A
u Jlebenss A cocramuser 1.12+0.01. B 1956 1.
oHO 0b1TO paBHBEIM 1.85+0.25, T. €. 3a 58 neT mIoT-
HOCTB ITOTOKa paguonsnydeHus Kaccnonen A BOmu-
31 yacToTsl 40 MI'n ymenbmunacey B 1.7 pasza, uto
XOPOIIIO COOTBETCTBYET TEOPUU M TPEACKa3aHUSIM
. C. llxnosckoro.

Cuctema I'YPT co3naercss mo mpuHUUITY MOCTE-
MIEHHOTO Hapal[UBaHUs ILIOMAAH, TPH KOTOPOM YC-
TaHOBJICHHBIE CYOpEmIeTKH yXe paboTOCITOCOOHBI.
JlokazaHo, 4TO Jake Mpy CPaBHUTEIHLHO HEOOIBIIINX
pa3smepax cyoOpemerok ['YPT (adpdexTuBHas mo-
mane Kaxaon okono 500 M?) BOBMOXKHBEI pa3HOO0-
pa3Hble KauyeCTBEHHBIE acTpPOPU3MUECKUE HCCIe-
JIOBAaHUSI MHOTUX OOBEKTOB COJHEYHOH CHUCTEMBI,
lanaktuku 1 MeraranakTuku, 0COOEHHO MPH CUHX-
POHHBIX HaONIONEHMIX Ha paguoreneckorne Y TP-2,
0osiee y3KOIOJIOCHOM (B ~ 3 pasa), HO UMEIOIIEM
TUTAHTCKYIO0 9 (QEKTUBHYIO MJIOMIAb. DTO HILTIOCT-
pupyetcs puc. 17, rie noka3aHsl TMHAMUYECKUE CTICK-
TPBI COJIHEUHBIX BeIIecKoB 11 Thna, u3aMepeHHsbIe Of1-
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Bzanmnas CICKTPpaIbHAs ILTTOTHOCTE, O. €.
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Puc. 16. Untepdepomerpruyeckue OTKINKH (BpeMsi — MHTCHCUBHOCTb), H3MepeHHbIe Ha cyOpemeTkax ['YPT BOIM3HM 4acTOTHI
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Puc. 17. CuHXpOHHbIC HAOJIIOICHUSI COJTHEUHBIX BeruieckoB HA YTP-2 (8 +32 MI'm)u I'YPT (8 +80 MI'm)

HoBpemeHHO Ha YTP-2 u omnott cyopemerke I'YPT
(B Gosee MUPOKOH MOJIOCE PETUCTPHUPYETCS TAKKE
BTOpas rapmMoHuka Bcruiecka) [33]. U3 pucyHka
BUIHO (cM. Taoke Pasnen 3), HacKOIBKO HUXKE YPo-
BEHb IIOMEX OTHOCHUTEIBHO MOJIE3HOrO CHUTrHala
IIPU UCTIONIb30BaHUM TUTAHTCKOTO BEICOKOHAIIPABIICH-
Horo paguoreneckona (YTP-2), ueM npu ucnonb3o-
BaHUH XOTS M Ka4€CTBEHHOM, HO HeOOIbIIION 25-31€e-

MEHTHOU CyOpeIeTKd, Y KOTOPOU TUIONIalb MEHbB-
me B ~400 pa3, (ma 26 nb). bonee BbicOKas Ha-
MPABJIECHHOCTh YBEJIMYHMBAECT BBIMIPHILI €UIE B He-
CKOJIbKO pa3. TakuM 0Opa3oM, ypOBEHb COTHEYHOTO
paauou3IyyEHUs OTHOCUTENBHO MOMEX B JHEBHOE
BpeMsl, COCPEAOTOUECHHBIX, B OCHOBHOM, Ha 4acTo-
Tax Hwke 18 MI'L, npu MCHoONb30BaHUM KPYIHOH
AHTEHHBI CTaHOBUTCS BbIilIe Ha 25+30 #ab.

ISSN 1027-9636. Paouogusuxa u paouoacmporomus. T. 22, Ne 1, 2017 21



A. A. Konosanenxo

[upokue BO3MOXKHOCTH IPUMEHEHHUE cyOperie-
Tok I'YPT npenonpenenstorcs, B 4aCTHOCTH, CBEPX-
IIMPOKOH pabodeil Mosiocoi 4acTOT aHTEeHH U CHC-
TEM PEruCTpPaIK; BBICOKON TyBCTBUTEIBHOCTHIO 10
APKOCTHON TEMIIEpaType; MOMEX0yCTOMYHUBOCTHIO;
PaBHOMEPHOCTHIO KO3 PULIMEHTA TIepeiauH; HIIEKT-
POHHBIM CKaHUPOBaHUEM HEOa; MOJSIPUMETPUIECKH-
MH BO3MOKHOCTSIMH;, BEICOKUM (DAKTOPOM 3aIl0JIHe-
HUSL 3JIEMEHTOB; MOHUTOPHUHIOM MApaMEeTPOB IPyH-
Ta, IOMEX, HOHOC(EPHl; XOPOIINM COBIMAJICHHEM
TEOPETUYECKUX PACUETOB MapaMeTPOB AHTEHH U
9KCIIEPUMEHTOB; BBICOKOI CTENEHBbIO aBTOMAaTH3a-
LI1H; HaJIe)KHOCTBIO0, IPOCTOTON SKCIUTyaTalluH; KO-
HOMMYHOCTHIO [33].

B nocnennue rogp! ObUIO MOKAa3aHO, YTO OJHUM
13 HanOoJiee paAuKaIbHBIX IyTell CHU)KEHHS Hera-
TUBHBIX (JAKTOPOB B HU3KOYACTOTHOH (0COOEHHO Jie-
KaMeTpPOBOI) paAn0aCTPOHOMHHY U MOBBIIICHUS Ha-
JIe)KHOCTH W KayecTBa M3MEPEHUN B IeloM (CM.
Paznen 3) sBnsieTcs CHHXPOHHOE KOOPIMHHPOBAH-
HOE [IPUMEHEHHE KPYNHBIX aHTCHH, Pa3HECEHHBIX Ha
paccTOSTHUS OT €UHMUII 10 THICAY KUIOMETPOB (MHO-
roanTeHHas cuHeprus), (puc. 18). Yxe nposeneH psia
YCHENTHRIX CHHXPOHHBIX Habmronennit Comaria, FOmm-

tepa, CarypHa, MyabCapoB, IK30TUIAHET U JPYTUX
00beKTOB Ha paauoteneckomax YTP-2, YPAH,
I'VPT (VYkpauna); NDA, NenuFAR, (®pannus);
LOFAR (Hunepnanasr); LWA (CILA) u np. Jomnom-
HUTEINIbHBIE TEPCIEKTUBBI MPeaeIbHO HHU3KOYaC-
TOTHOW PajuoacTPOHOMHUU OOCCIICUUBAIOT TAKKE
KOOPZMHUPOBAHHBIC M3MEPEHU 32 ITPeiesiaMi HOHO-
cepsl C TOMOMIBIO KPYMTHEHIITUX HA3EMHBIX PaJHo-
TEJIECKOTIOB (J€KaMeTPOBBIiA THAITa30H) K KOCMUYeC-
KHX MUCCHUH C IPUEMHBIMUA CUCTEMaMH JIEKAMETPO-
BOT'O — TEKTOMETPOBOTO rana3oHoB [34]. Peammso-
BaHBI CHHXPOHHBIE SKCIIEPUMEHTHI C KOCMUYECKUMHU
anmaparamu WIND, STEREO, Cassini, HadaTsl
COBMECTHBIC HAOJIO/IEHUSI ¢ HOBOW Muccueit Juno,
TOTOBSITCSL MCCIICIOBAHUS 10 OyIyIIUM MPOCKTaM
Solar Orbiter, Far Side Explorer u np. Ha puc. 19
IMOKa3aHa CXeMa Ha3eMHO-KOCMHUYECKHX JKCIepH-
MentoB (YTP-2 + STEREQ), nemoHcTpupyomas
JIOTIONTHUTEbHBIE BO3MOKHOCTH M3y4yerus CoHIa U
COJIHEUHO-3€MHBIX CBsizeit [35].

WnTepecHo otmeTuTs, uto euie B 1958 1. (Bcero
yepes3 roJi Mmocie 3arycka IepBoro UCKyCCTBEHHOTO
crrytauka 3emun) U. C. IIIKIIOBCKHI B COABTOPCTBE
¢ B. JI. T'un306yprom u I. I'. [eTMaHIIeBbIM BIICPBBIC

Puc. 18. Pa3zmenieHre HU3KOYAaCTOTHBIX PaUOTENECKONIOB Ha TeppuTopru EBponsl
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Puc. 19. JlononHUTENbHBIE BO3MOKHOCTH CHHXPOHHBIX Ha3€MHO-KOCUMYECKHUX 3KCIIEpUMEHTOB ¢ omotibio YTP-2, YPAH, I'YPT

umrccun STEREO

[I0Ka3aJl YHUKaJbHbIE BO3MOKHOCTH KOCMHUYECKUX
BHeaTMoC(epHBIX (BHEHOHOC(EPHBIX) HAOMIONCHUI
KOCMHYECKOT'0 paINOU3ITYYeHUS] UMEHHO Ha Ipe/iellb-
HO HM3KMX YaCTOTaX: B JEKaMETPOBOM — F€KTOMET-
pPOBOM Jnuamna3oHax BoiH [36]. DTo mpeackazaHue
TIOJIHOCTBIO MOATBEPAMWIOCH U KAET CBOETO Jallb-
Helmero pa3Butus. CoCTOSIHHE COBPEMEHHOW Ha-
3€MHO-KOCMHYECKONH HU3KOYAaCTOTHOW pajmoacTpo-
HOMUH BIIEUATIISIET — UMEETCSI HECKOJIBKO JECSTKOB
BBICOKO3((EKTUBHBIX HA3€MHBIX M KOCMHYECKHX
PaaNOTENIeCKOIOB, PAa3HECEHHBIX Ha PACCTOSHUS OT
€AMHUI KHJIOMETPOB /10 COTEH MIJIJIMOHOB KHJIOMET-
poB, cBsazanHbIX B PCJ/Ib—cetn nmubo paboraromux
cuHXpoHHO (puc. 20).
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6. 3axkimouenue

Bonee yem 80-neTHMIA IepHo CYLIIECTBOBAHMUS U pa3-
BHUTHS PaIHOACTPOHOMHH ITOKA3a] BBICOKYIO acTpO-
¢usnvecKkyo HHPOPMATUBHOCTH BCEX IHANIA30HOB
IUPOYAKIIEro pagnoCIeKTpa, BKII0Yas MpeneIbHO
HU3KOYACTOTHBIE AEKaMEeTPOBBIM JAHana3oH (Ha3eM-
HbIE HAOTIONEHNS) ¥ CMEXHBIN C HUIMHU TeKTOMETPO-
BBl (KocMuueckue muccun). KpynHelimme paauo-
TEJIECKOTBI eKaMeTpoBeIX BoiaH YTP-2 m YPAH
MOCTOSIHHO MOJCPHHU3UPYIOTCA, YTO 00ECIeYnBacT
HaWTy4IHe SKCIIEpPUMEHTAIbHBIE ITapaMeTphl, a Ha-
OJrO/IEHHMSI C MX TIOMOLIBIO AAI0T YHUKAIBHYIO HHPOP-
MaImio 00 acTpo(PU3NIECKUX 00BEKTAX U SBIICHUAX.
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HaszeMmEIe HH3KO9aCcTOTHBIE
PaTHOTENECKOMBI

D=2 860 000 000 xm

Puc. 20. Cxemarnueckoe H300pakeHUE COBPEMEHHOTO COCTOSIHHS Ha36MHO-KOCMHYECKON HU3KOUaCTOTHON PaJi0aCTPOHOMHHU

BypHslii mporpecc HU3KOYaCTOTHOM PaiOacTPOHO-
MHH BO BCEM MHpE, BKIIIOYas CO3AAHNE U ITPUMEHEe-
HHUE MHCTPYMEHTOB HOBOTo rokojieHust LOFAR, LWA,
MWA, SKA, NenuFAR, I'VPT, otkpsiBaer Omaro-
MIPUATHBIE TIEPCIEKTUBBI s uccienoBanuil. Koop-
JTUHAPOBAHHOE IPUMEHEHNE KPYITHEUIITNX BHICOKOA(]-
(DEKTUBHBIX CYLIECTBYIOLUIMX U CTPOSIIUXCS Ha3eM-
HBIX PaJUOTEIECKONOB, a TAaKK€ HHU3KOYaCTOTHBIX
KOCMHUYECKIX MUCCHI 00eCTIeunBaeT BIEUATIISIOLIIE
BO3MOXKHOCTH Oyyliell HU3KOYacTOTHOH paguoacT-
POHOMHH.

O060011as1 HanPaBJICHUS ACATEIBHOCTU U PE3yilb-
tatel M. C. IIKIOBCKOTO, SIBJISIOIIMECS OCHOBOM
UCCIIEIOBaHUM B 00IacTH HU3KOYACTOTHOW paano-
aCTPOHOMMH Ha MPOTSHKEHUH MHOTHX JI€CATUIIETUH,
HEOOXOIUMO BBIIEINTH CIEAYIOLINE:

— TE€OpHsi TOpAYEH COMHEYHOI KOPOHBI, €€ CIIOKOM-
HO€ W CIIOPaTUIeCcKOe PaTUON3ITyICHUE;

— HaOMIOAEHNE CONHEYHBIX 3aTMEHUH [T H3y4e-
HUS COJTHEYHOM KOPOHBI;

— paguocneKkTpockonus ["aJakTHKy U mpeackasa-
HUE JINHUH Ha BBICOKUX M HU3KUX YacTOTax;

— MHTEpIpeTaIys HETEMIOBOTO U TEMIOBOTO pa-
JIMOU3ITYYEHUI;

— IPUMEHEHHE METOJa JYHHBIX MOKPBITUH s
M3yYEHHUsI TOHKOW CTPYKTYPHI PaIlONCTOYHUKOB;

— BEKOBOE€ YMEHBIIIEHHE IUIOTHOCTH MOTOKa pa-
JTUOU3IIYYEHHSI OCTaTKOB CBEPXHOBBIX U €T0 MOHH-
TOPHHT;

— MEPCTIEKTUBBI UCCIIEIOBAHNH HU3KOYaCTOTHOTO
KOCMHUYECKOTO PaION3TYYSHHS C TIOMOIIBIO KOCMHU-
YECKUX allllapaToB;

— JKCTPEMaJIbHOE YHEPTOBBIICICHUE, HECTAINO-
HapHBIE ¥ HBOJIIONMOHHBIE SBIEHUS B acTpodH3uKe
(ocTaTku CBEPXHOBBIX, MyIbCapbl, KOCMHYECKHE
Masephbl, aKTUBHBIC S/Ipa TAIAKTHK U KBa3apoB, UC-
TOYHUKH T'aMMa-BCIUIECKOB, PEIIMKTOBOE PaIHOU3-
JTydeHue);

— HamMCaHWe OJHUX W3 Jy4IINX MOHOTrpadwuii mo
BCEBOJIHOBOI aCTPOHOMUHU U PaTUO0ACTPOHOMUH.

Be3ycnoBHO, BKIIaJ BRIIAIOIIETOCS acTpOo(hU3UKa
XX Beka U. C. HIkmoBCKOTO B HU3KOYACTOTHYIO pa-
JIMOACTPOHOMHUIO OYEBHJIEH, BOCTpeOOBaH u He Oy-
JIET 3a0BbIT.

ABTOp BBIpaXKaeT OJIaroJapHOCTh OOJBIIOMY KOJUICK-
THUBY COTPYAHHMKOB PasinoacTpOHOMUYECKOIO HHCTH-
tyra HAH VYkpaunsr u pykoBoactesy HAH Ykpau-
HBI, 3apyOeXHBIM KOJUIETaM 3a y4acTHE B OIHCaH-
HBIX UCCIICAOBAHUSIX U UX TOJACPKKY.
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1. S. SHKLOVSKY AND LOW-FREQUENCY
RADIO ASTRONOMY

Purpose: Proving of the high astrophysical significance of
the low-frequency radio astronomy (decameter and adjacent
hectometer and meter wavelengths), demonstration of the
priority results of the Ukrainian low-frequency radio astrono-
my as well as significant contribution of I. S. Shklovsky to its
development.

Design/methodology/approach: The requirements to characte-
ristics of high efficiency radio telescopes UTR-2, URAN, GURT
and to sensitive and interference immune observational me-
thods at low frequencies are formulated by using the theore-
tical analysis and astrophysical predictions including those
1. S. Shklovsky’s.

Findings: New generation radio telescopes UTR-2, URAN,
GURT are created and modernized. New observational me-
thods at low frequencies are introduced. Large-scale inves-
tigations of the Solar system, Galaxy and Methagalaxy are
carried out. They have allowed to detect new objects and phe-
nomena for the continuum, monochromatic, pulse and sporadic
cosmic radio emission. The role of I. S. Shklovsky in the deve-
lopment of many low-frequency radio astronomy directions
is noted, too.

Conclusions: The unique possibilities of the low-frequency ra-
dio astronomy which gives new information about the Universe,
inaccessible with the other astrophysical methods, are shown.
The progress of the low-frequency radio astronomy opens the
impressive possibilities for the future. It includes modernization
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of the largest radio telescopes UTR-2, URAN, NDA and cre-
ation of new instruments GURT, NenuFAR, LOFAR, LWA,
MWA, SKA as well as making multi-antenna and ground-space
experiments. The contribution of outstanding astrophysicist of
the XX century I. S. Shklovsky to this part of actual astronom-
ical science is evident, claiming for attention and will never be
forgotten.

Key words: low-frequency radio astronomy, radio telescope,
recording equipment, Solar system, Galaxy, Methagalaxy

0. O. Konosanemnko

Panioactponomiunnii inctutyr HAH Ykpainm,
ByIl. Mucreurs, 4, M. Xapkis, 61002, Ykpaina

. C. IIKJIOBCHKUI TA HU3bKOYACTOTHA
PAJIIOACTPOHOMIA

IIpeomem i mema pobomu: NOBEAECHHS BUCOKOT acTpOhi3uuHOT
3HAYYIIOCTI HU3bKOYACTOTHOI paioacTpOHOMIT (IeKaMeTpOBHIA
1 CyMDKHI 3 HIM T'€KTOMETPOBHI{ Ta METPOBHI JiaTlla30HH XBHIIb),
JIEMOHCTpALLisl IPIOPUTETHUX PE3YJIBTATIB YKPaTHCHKOI HU3BKO-
4aCTOTHOI pagioacTpoHoMii i 3HauHoro BHecky . C. IIIkioBch-
KOTO Y 11 pO3BUTOK.

Memoou i memoodoioeis: Ha OCHOBI TEOPETHYHOTO aHaNi3y
Ta acTpo(i3MIHHX TTepe10aYeHb, BKIFOYAI0UH Ti, IO 3p00JIeHi
M. C. IlIknoBchKnM, chopMyITHOBAHO BUMOTH JI0 XapaKTepHC-
TUK BHcOKoe(hekTuBHUX pamioreneckoniB YTP-2, YPAH, 'YPT

1 METO/IiB BUCOKOYYTJIBHX 3aBa/IOCTIHKHX CIIOCTEPEKEHb HA HU3b-
KHUX 4aCTOTaX.

Pezynomamu: CTBOPEHO Ta MOZIEPHI30BAHO PaJioTENICCKONU
HoBoro nokoiinag YTP-2, YPAH, I'VPT, BnpoBaieHoO HOBI
METO/IY CIIOCTEPEKEHb HA HU3bKHX YacTOTaX. BUKOHAHO 1Mpo-
KoMacmTabHi gocmimkeHds CoHsYHOT cucTeMH, [ alaKTHKH
Ta MeTaraiakTHKH, 110 JO3BOJIIIIN 3aPEECTPYBATH HOBI 00’ €KTH
Ta SIBUILA Y KOHTHHYaJIbHOMY, MOHOXPOMAaTHYHOMY, IMITYJILCHO-
My, CIIOpaIMIHOMY KOCMIYHOMY paJlioBUIIPOMiHIOBaHHI. Bi3Ha-
ueno poitb M. C. [1IKI0BCHKOTO y PO3BUTKY GaraThoX HAMPSMKiB
HHU3BKOYACTOTHOT Pa/1i0acTpOHOMIl.

Bucnogox: TIokazaHo yHiKaJIbHI MOKITHBOCTI HU3bKOYaCTOTHOT
pazmioacTpoHOMil, 110 Hagae iHpopMalito mpo BeecsiT, HenocTyr-
Hy iHIIMM MeToziaM acTpodizuku. [Iporpec HU3bKOYACTOTHOT
panioacTpoHOMIi, BKITFOUAI0YX MOJICpHi3aiito HalOLIbIIHX pa-
nioreneckomiB YTP-2, YPAH, NDA, cTBopeHHS iHCTPYMEHTIB
Hosoro nokoainus I'YPT, NenuFAR, LOFAR, LWA, MWA,
SKA, BuKoHaHHs OaraTroaHTeHHUX Ta HA3EMHO-KOCMIYHHX eKCIIe-
PHMEHTIB, BIIKPHBA€E BPaXKar0di MOXKINBOCTI Mai{Oy THBOT HU3b-
KOYacTOTHOI pafioacTpoHoMil. BHecok BunatHoro acrpodizuka
XX cropigust M. C. IIIKIOBCBKOTO € OUEBHIHNM, 3aTpebyBa-
HHM 1 He Oyzie 3a0yTUM.

Kniouosi cnosa: HU3pKOUACTOTHA PaIi0ACTPOHOMISI, pajlioTesec-
KoI, peecTpyroda anaparypa, Cons4na cucrema, ['anakruka,
Meraranaktuka
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