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CITOPAINUYHE PAJIOBUITPOMIHIOBAHHA KOCMIYHUX OB’€KTIB
HA HU3bKUNX YACTOTAX

[Tpucesuyetnest 110-pivuro Cemena SkoBuya bpayne
ta 50-piyuro pamioreneckomna YTP-2

[penmer i meta pobotu: Hasedeno pesynomamu 00CHioxHceHb CHOPAOUYHO20 PAOIOBUNDOMIHIOBAHHS OEAKUX MUNIB KOCMIYHUX
oorceper, ceped AKUX — HeumpoHHi 30pi, a makodc nianemu Conaunoi cucmemu. Memoio pobomu € 02150 OCMAHHIX 00CACHEHb
Y 00CNIOAHCEHHAX HUZLKOUACMOMHO020 padiogunpominiosanns naanem COHAUNHOL cucmemu ma Mpan3icHMHUX CUSHANIG, AHANLO-
SIYHUX IMIYIbCAM NYyTbcapis, Ha padiomeneckoni YTP-2. Tlokazano eadciugicms pospobxu memoodis eepughikayii KoCMiuHOT
npupoou padio8UNPOMIHIO8ANHS Y O0CHIONCEHHI CHOPAOUYHUX CUSHANIB PI3HUX Odiceper.

Metonu Ta MeTononoris: [Ipu suguenni cnopaduuHux cueHanie pisHoi npupoou CRitbHUM € HAbIp Npoyeoyp OUULeHHs 3aNUCI8
8I0 padiouacmomuux 3a8a0 3eMHO20 NOXOONCEHHS 8 YACMOMHO-YACO8il 001acmi 3 8UKOPUCIAHHAM iHGopmayii npo xapax-
mep 00CHIONHCYBAHO20 6 OAHULL MOMEHN MUNY CROPAOUUHO20 PAOIOBUNPOMIHIOBAHHS, NPO MONCIUS] MUNU 30640 | CHOMEOPEHb
cuenanie na wiaaAxy ix nowupenns. Haseoeno xapaxmephi 0cobnusocmi cnopaouyHo2o sURPOMIHIOBANHSA PI3HUX Oxcepen i 0A
KOJICHO20 3 HUX PO3POONEHO ONMUMANbHY MEMOOUKY 8udinenns cuenanie. [lokasano eghexmusHnicmo pospobaenux npoyeoyp odu-
WeHHs 8I0 3a6a0 PI3HUX MUNIE 30 OONOMO20I0 HACMPOIOBAHUX napamempis. Lle 3pobneno na npuxkiadax cnocmepexcensb pisHux
ooicepent KOCMIUHO020 padio8UNPOMIHIOBAHHSA, MAKUX K OIUCKABKU 8 AmMMOChepax niarem, OOUHOUHT IMIYIbCU HEUMPOHHUX 3ip
i cnopaouure padiogunpominweanus FOnimepa.

Pesynbratu: Pospobneni memoou eudinenns cucHanie na mii 3a8a0 00360AUNU OMPUMAMU YHIKALbHI OaHi w000 ddcepen cno-
PAOUYHO20 PAdiOBUNPOMIHIOBAHHSA. OJiL OOUHOUHUX IMIYIbCI6 HEUMPOHHUX 3ip 6VII0 NOOYO08AHO PO3NOOIN CYMAPHOL iHmMeH-
CUBHOCIMI 0HCepen 3a1eHCHO 8i0 2aNaKmMuYHOL Wupomu, npoyeoypu o4ujents OAHUX cnocmepedxiceib ONUCKA8OK Y ammocdepi
Camypua 003601unU A8MOMAmMu3y6amu ix HOWLYK, Wo Oalo 3M02y OMPUMAMU NAPAMEMPYU SUNPOMIHIOBAHH, TPYHMYIOYUCH
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B. B. 3axapenxo ma in.

Ha HaUbinbw nogHomMy Habopi nooiti. Cenekyis cuenanie S-eunpomintosants FOnimepa na mui padiouacmomuux 3a6a0 3a605Ku
napamempam npoyeoyp ouunjeH s OaHUX 003601UNA AKHAUNOGHIWe 30epicamu KOPOMKI Ul IHMEHCUBHT CRLeCKU BUNPOMIHIOBAH-
H3l, SIKI € MAKCUMATIbHO THGHOPMAMUSHUMU OTI5L BUSHAYEHHS (DI3UUHUX nApamempie padiogunpoMIHIO8AHHS 6 00acmi ceHepayii.
BucHoBku: Benuxa eghpexmusna nnowa ma wymaugicms YTP-2 0036015110mb UKOHY8AMU OOCHIOHCEHHS CROPAOUYHO20 PAOiO8U-
NPOMIHIOBAHHA 3 BUCOKOIO YACOBOI0 MA YACMOMHOIO PO30iNbHUMU 30amHocmamu. Lle dae 3smo2y 3acmocysamu wupoxuu Habip
Memooi6 ceneKyii KOCMIMHUX CUSHAIG HA ML 3eMHUX 3a8a0 NPUPOOHO20 MA WMYYHO20 noxoodcenns. Ilapamempu ouuuyenms
OaHUX 003601IAI0Mb HAUKPAWUM YUHOM 8PAXYEAMU XAPAKMEPHT 0COOTUBOCHI CUSHAIE NEGHUX MUNIE KOCMIUHUX Odicepen i om-
pumamu easicausi (a iHOOI Ul YHIKAIbHL) HAYKOGL pe3yibmamil.

KirouoBi cnoBa: dekamemposuii dianason, YTP-2, cnopaduune unpoMiHIOBAHHSA, OOUHOUHI IMNYIbCHI CUSHANU, ONUCKABKU

6 ammocgepax nianem, S-cniecku 6 padiogunpominiosanni FOnimepa

1. Beryn

Ha Huspkux wactoTax y reHepauii KOCMiYHOTO
PagiOBUIIPOMIHIOBAHHS HAJl TEIUIOBHUM MEXaHi3MOM
NPEBAIIOIOTh HETEIUIoBi. Jleski 3 THIIB BHIIPOMi-
HIOBaHHS 3 THX YH 1HIIMX MPAYHH MAOTh HE KOHTH-
HyallbHMI, a CIOpaJIu4yHHUi Xxapakrep. IHTepec no
JTOCITII/DKEHHS CIIOPAUYHOTO PaiOBUIIPOMIHIOBAH-
HSl KOCMIYHUX 00’ €KTiB ToCTiifHO 3pocTae. [Ipore-
CH, SKi TOPO/DKYIOTh IMITYJIbCHE, CIIOpaJMyYHE Ta
TpaH3ieHTHe (OJHOpa30Be, HEMOBTOPIOBAHE) BH-
MIPOMIHIOBaHHS JIO3BOJISIIOTH TIIHOIIE 3pO3yMiTH (i-
3MYHI MMPOLIECH, IO BifIOYBAIOTHCA SIK Y CAMUX KOC-
MIYHHUX 00’€KTaX, TaK 1 B CEPEIOBHIII IOTTHPECHHS
panioBUIIpoMiHIOBaHHs. THUIM TaKUX JHKEpes cHcTe-
MaTU30BaHI Ha TaK 3BaHId “TpaH3i€HTHIH (a3oBii
wiomuHi” (puc. 1).

Ha puc. 1 npencrasineHo MUpOKUii COEKTpP TpaH-
3ieHTHHUX JKepen. HaBeneHa 3ajeHIiCTh JO3BOJISIE
3B’s3aTH (B OJMHHUIIX €KBIiBaJEHTHOI SCKPaBiCHOI
TeMIlepaTypy) TOTIK BUIPOMIHIOBAaHHS 1 BiJICTaHb

Puc. 1. TpanzienTHa (ha30Ba IIIOIIMHA: a0cIHca € JOOYTKOM
CIIOCTEPEKHOT YaCTOTU Ta TPUBAJIOCTI TPAH3IEHTHOTO CHIHA-
JIy, OPAMHATA € TICEBIOCBITHICTIO (T00YTOK MIKOBOT I'YCTHHH
HOTOKY Ta KBaJpaTy BiJicTaHi 10 Jukepena)
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70 JDKepena 3 4acTOTOI Ta XapaKTEPHOK TpUBa-
JICTIO IMIyIbCHOTO BUNpOMiHIOBaHHA. [lokazano
TTOXWJI1 JTiHI{ MTOCTIHHOT SICKPaBiCHOT TeMITepaTypH.
Temneparypy 10 K YMOBHO IPUHHATO MEXKEIO,
IO PO3/LISE TEIOBi (HEKOTEPEHTHI) Ta KOrepeHT-
Hi MexaHi3MH BuIpoMiHIOBaHHA. [loOmu3y 1iei
MEXI 3HAXOAAThCS akTHBHI sijpa ramaktuk (AGN).
VY BepxHiii YaCTHHI PUCYHKY PO3TAIIOBYIOThCS Jajie-
Ki (K TIpaBHITO TI03araJaKTH9Hi) Ta MOTYXKHI JDKepe-
7a, B HIDKHIHN — cnabki Ta Onm3bki. Uepes po3cisHHs
B MIDK30pSIHOMY CEpEIOBHILII, CTaja yacy sSIKOro 3po-
crae npomnopuiitno f *, mBHAKi 3MiHE iHTeHCHB-
HOCTI BUNPOMIiHIOBaHHS (IMITyJIbCH, KOPOTKI CILIe-
CKH) CHIIBHO “3aMHBArOThCs”. TOMY Ha HAWHIDKIMX
9acTOTaX MOKHA JIOCIIUKYBAaTH CHOPAJAWYHE BH-
MPOMIHIOBAHHS JiKIIe OMU3bKUX 00’ €kTiB. Jlo HUX
MO)KHA BIIHECTH Di3HI HEWTpPOHHI 30pi (mynbcapH,
TpaH3ieHTH, 1o obepratoTbes — RRAT [1], marHera-
pH), Oypi KOPOTKHUX (MITiCEKYHU Ta YACTKH Mijice-
KyH/I) CIUIECKIB palioBUIIPpOMiHIOBaHHs Ha FOmitepi
(JupDAM) [2], 6ruckaBku Ha MmiaHeTax COHSYHOL
cuctemu (SED i UED) [3]. Bukopucranss s 10-
CJIIJIKCHb HAMOIJIBIIOTO Y CBITI JIEKAMETPOBOIO pa-
nioreneckonia YTP-2 [4, 5] no3Bonmio orpumaru
BaXJIMBI (a iHOJI YHIKabHI) HAYKOBI PE3yJbTaTH.

XapaKTepuCTUKHA pamioTelecKola BimirparTh
Jly’ke BaXIIHBY poib. Moro BeiuKa ed)eKTHBHA III0-
Ia JI03BOJISIE OTPUMATH BHCOKY MHUTTEBY YYTIIH-
BICTb, IO JTAJIO 3MOTY, HAIPHUKIAJ, BITKPUTH TOHKY
4acoBY CTPYKTYPY paliOBHIIPOMiHIOBaHHs OnMcKa-
BOK y armocepi CarypHna [6]. Lle ne Oyio 3podieHo
YKOJHUM i3 kocMmiunux anaparis (KA), mo nposita-
JU B THCSYi pa3iB OMMKYE 1O TIAHETH, HIXK 3HAXO-
JIUTHCSI 3eMHHM CIIOCTEpirad.

V pobGori [7] HaBemeHO pe3ynbTaTH Ta HaIpsAM-
KH JOCII/DKEHb CIOPAIMYHOTO HU3BKOYACTOTHOTO
BUINPOMIHIOBAaHHA KOCMIYHHX JKEpesl CTaHOM Ha
2010 p. MeTor0 K ITi€T CTATTI € OIS HEIIOAaBHIX pe-
3yABTATIB IO CIIKEHHS CIIOPaIUYHOTO Ta TPAH3IEHT-
HOTO paJiOBHIIPOMIHIOBaHHS KOCMIYHHUX 00’ €KTIB
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Ha pagioreneckomi Y TP-2 i onuc MeToiB oTprMaH-
HS IIUX PE3yJIbTaTIB.

BaxnmuBolo 0coONMBICTIO TOCHiMKEHHS CIIO-
pauyHOrO PAiOBUIIPOMIHIOBAHHS € TICPBHHHA
00poOKa IHIWBIAyaTbHUX TOMIHA — IMITYJIBCIB a0o
CIUIECKiB, BHUIJICHHS iX Ha TJIi Habararo MOTyX-
HIIIMX 36MHUX PaliOYaCTOTHHUX 3aBaJl i BAKOPHCTAH-
HS sKOMOra Oinbmioro Ha0Opy KpuTepiiB, sKi
MiJTBEPKYIOTh KOCMIYHE TOXO/KCHHS CUTHAIB.
Lle cramo myxe akTyaJlbHHUM 3 PO3BHTKOM IU(PPO-
BOI PEECTPYIOUO] IMUPOKOCMYTOBOI Ta 3aBajOCTii-
koi amaparypu. st CHTHAIIB Pi3HUX THIIB KEPeT
ICHy€e Iy)Ke BelHKa MOAIOHICTh eTamiB OYHUINEHHS
BiJl 3aBaj], 1 JIOCBiJ, OTpUMaHUil y mpoueci 00poo-
KM, HalpUKJaJl, 3amuciB OIHCKAaBOK I103a36MHOTO
MTOXO/KEHHS, BUSBISIETHCS 3aTpeOyBaHUM Y TOIIYII
OIMHOYHUX IMITYJILCIB IHIIUX JDKEPEN KOCMIYHOTO
PalioBUTIPOMIHIOBAHHS.

Y npyroMmy po3aisli CTarTi OMMCAHO BUSBICHHS
omuckaBok y armoctepi CarypHa, icTopito mocii-
mxenpb HOmitepa Ha YTP-2, a Takox momryky JuKe-
pen TPaH3IEHTHOTO PaJiOBUIIPOMIHIOBAHHS B JcKa-
METPOBOMY Jiara3oHi. Y TpeTboMy pO3/iJIi OIFCaHO
METOAM OYMIIEHHS BIiJ 3aBaj 3allKCIB, IO MICTITH
CITOPaINYIHI CUTHAJIH, KOHBEEPH 00POOKH i 0cO0IH-
BOCTI HaJIAIITyBaHHS MTapaMeTPiB YTHIIIT JJIsl aHAaTi-
3y pafioOBUTIPOMIHIOBAHHS Pi3HHUX THUIIIB KOCMIYHHX
00’€KTiB i Yac AOCIIHKCHHS CIIOPAIUIHUX CHUT-
HamiB Bif mkepen y COHAYHIA cucTeMi Ta IKepen
y OMM3BKOMY TaJaKTHYHOMY OTOYEHHi. Y deTBep-
TOMY pO3IiJi HaBEIEHO PEe3yAbTaTH TOCIiIKEHHS
BUIIPOMiHIOBaHHS OnrckaBok y armocgepi Caryp-
Ha, MOTOYHHUX JOCIIIHKEHb CIOPATUIHOTO Pasio-
BurpoMiHioBaHHS OmiTepa it ocraHHI pe3ynbraTtu
JIETEKTYBaHHs TPAH31€HTHUX CUTHATIB y OIIM3BKOMY
ragaktuaHoMmy otodeHHi (1.5+2 kmk). YV m’stomy
pO3IiTi HaBEJIEHO BHCHOBKH M OMHCAHO ITONAJIBIII
MEPCIICKTUBH.

2. IcTopis AOCTiIKEeHb CIOPAIUYHOTO
i TPAH3i€EHTHOTrO BUNPOMIiHIOBAHHS
KOCMIYHHUX JKepes

Ha pagiorejeckoni YTP-2

2.1. ITomyk 6nckaBok y atmocgepi CaTypna

Oxkpewmi criocrepeskenns CarypHa B JIEKaMEeTPOBO-
My Jiana3oHi MPOBOAMIKCS 3 MOMEHTY CTBOPCHHS
YTP-2. BoHu He Maiu yCHixXy, OJHaK, IICIs BUSB-
nennst KA “Bosypkep” eneKTpOCTaTHYHHX PO3PSIIB
Ha Carypsi (Saturn Electrostatic Discharges — SED)
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[8], mormrykoBi crOCTEpeKEHHS Ha Pi3HHUX pajioTe-
JIECKOTIaX HaA3BUUaiiHO akTuBizyBaimcs (mus. [9]).
OILiHKH TOKa3yBadl MOXIUBICTb JCTCKTYBaHHS
curHaniB SED TeneckonoM i3 Takor BEJIUKOKO eek-
THUBHOIO TUIONICHO, sIKy Mae Y TP-2. [1pu nbomy criek-
TpajgbHa TYCTHHA TIOTOKY PasiOBHIIPOMIHIOBaHHS,
mo npuiimaetscst KA nmobmusy CarypHa, € B oHax
MITBHOH pa3iB BHLIOIO 32 TY, IO MPHUMAETHCS pa-
JOTEIECKOTIOM, PO3TaIioBaHuM Ha 3emuti (BigcTaHb
no Carypua — 8+9 a. 0.). IIporarom ocrannix 15
pokiB Ha YTP-2 mpoBomumucss Mi>KHApOIIHI TOCITi-
JOKEHHSI 3 METOI0 TOLIYKY pPaaiOBUIIPOMIiHIOBAHHS
SED yxkpaincbkumH, hpaHIy36bKHMH i aBCTPIHCHKH-
MU pamioactpoHoMamu. [lepine BusBienns SED
(puc. 2) 3a TONOMOTOK0 HA3eMHOTO PaIiOTEIECKOIIa,
a came YTP-2, [9] Ha okpemux wacrorax (y miana-
30H1 19-+26 MI'1 i3 mUpHHOIO MapIialibHOT CMYTH
Bix 10 xI'tr mo 1 MTI'm) Gyimo 3po0neHo 3aBasAKy Ja-
HuM KA “Kaccini” Ta noBimomnensro B ciuni 2006 p.
BiJ aBCTpilicbkoro pamioactpoHoma I. O. Pykepa
PO TIOYATOK Tak 3BaHOro ImTopmy E (micmst 36iu-
xenns KA “Kaccini” 3 Carypaom y 2003 p. mropmu
iMeHyBanucs B Takii mocmigosrHocri: 0, A, B, C, ...
1 Jani JaTHHCBKUMHM JiTepamu). Pesynbratom mux
CHOCTEPEKeHb Oysio BUsBICHHS 69 curHamie, sKi
BIJIMTOBIZIaTH 3a37aeTiab PO3POOICHUM KPUTEPIsSIM.
3anvcu Benucst Ha 6 pisaux wacrorax (19.85, 20.14,
23.45, 23.75, 25.25 ta 25.75 MTI'n1) i 3 4acoBOO pO3-
ninbHOIO 3aaTHICTIO 20 Mc. CriocTepeskeHHs POBO-
IIAJTACS B PEXXUMI CyMH Ta TOOYTKY CUTHAIIIB aHTCH
“IliBaiu-IliBgens” i “Cxin—3axin” y pexumi “ON-—
OFF” (ON — mpominb crpsmoByBaBcs Ha CarypH,
OFF — na 1° Bix miaHeTH B MiBHIYHOMY HAIMpPSIMKY).
[Mpuknan neTeKTyBaHHS HABEICHO HA PHUC. 2.

Onnak uepe3 HeBHTiAHE po3TamryBaHHs KA Bij-
HocHO CarypHa Ta 3eMHOro cmocrepirada (KyT
“3emis — Carypu — KA” cranosus monaza 100°) ox-
HOYACHICTb PEECTpALIil THX CaMHX PO3psiIiB (3BUUAii-
HO, 3 ypaxyBaHHSM 4acy MOLIMPEHHS) HE BIAIOCS
MIATBEPAUTH TPSMHAM 3iCTaBlIeHHSAM. |, He3BaXkaro-
Yd Ha Te, 0 XapaKTEePUCTUKU MPOACTEKTOBAHUX
CUTHAIIB (HAMPUKIIAMA, TiCTOrpaMu PO3MOALTY OJH-
CKaBOK 3a TPHUBAJICTIO) 100pe 30iranmcs 3 BiJOMH-
MH (31 crioctepexeHs 3a noromororo KA) xapakre-
puctukamu SED, Bce mie 3anmumranacs HMOBIpHICTh
TOTO, IO OYyJI0 3apEECTPOBAHO 3eMHI PagiodacTOTHI
3aBaau. OCTaTOYHO MHUTAHHS peecTpalii Ha3eMHUM
panioreneckornoM OamuckaBok y armocdepi CarypHa
BUpImIIIN criocrepexenns mropmy F [10] (smucro-
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Puc. 2. JlerexTyBaHHs CUTHAJIB ONMCKABOK Ha OKpeMux 4actorax y amiamazoni 19+26 MIn 30 ciuns 2006 p.: niBopyu —
CUrHAIIK KaHajiB, crnipsmoBanux Ha Carypu (ON1 — cyma curnanis anten “IliBaiu—IliBaens” i “Cxin—3axin”, mapriianbHa
cmyra 10 kI'y; ON2 — 100y TOK THX CaMUX CHTHAJIB i3 Ti€to % camoro cMyroro; ON3 — 1o0yTok THX caMHMX CUTHAIB i3 Mapiialib-
HOTo cMyToto 1 MI'1r); mpaBopyd — CUTHAITK peepeHTHUX KaHaiB, BiIXWIEHHX Bix [okepena Ha 1° (kanamu OFF) [9]

nag-rpyaens 2007 p.), iHdopmaliro mpo moyaTox
SIKOTO OyJ7I0 OTPHMAaHO Bin (hpaHITy3bKHX 1 aBCTpili-
CBKHUX KoJIeT. Y 1iel Yac Ha pajiioTeecKomni Bxe 0yino
BCTAHOBJICHO JBa MU(PPOBI MPHIMadi. OJUH — 13 IIIH-
poxoro cmyroro (8-+33 MI'n) i po3paxyHKOM CIIEKT-
piB y peamsHOMY uaci [11], apyrwmit — 3i cMyro
3 MI'n i Ge3nepepBHUM 3alMCOM Ha TUCK PE3yib-
TaTiB aHAJOTO-IM(POBOro MepeTBOpeHHs (Tak 3Ba-
HUI pexuMm Wwaveform) i3 4acoBOK pPO3IUTEHOIO
3aarHicTio 170 HC 1 MOAanbIIuM po3paxyHKOM CIIEKT-
piB [12]. Ili oOcTaBuHHM, a TaKOX BAJC PO3TAIILy-
BanHs KA “Kaccini” (kyt “3emist — Catypa — KA”
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CTaHOBHB OM3bK0 25°) MO3BONMIIN BUIUIUTH 38 JI0-
oMororo pexxumy crocrepexenb “ON-OFF” cot-
Hi MOTY)KHUX CHUTHANIB, SIKi NOKa3anu 30ir y vaci 3
maaumMu KA “Kaccigi” 3 moxuOkoro He OiibIne
Hix 30 wmc. Ilomampma o0poOka maHMX Wave-
form-npuitMaya 103BONMIIA BHSBUTH IHCHEPCIHHY
3aTPUMKY TIOTYKHUX ITHPOKOCMYTOBUX CUTHAIIIB Ha
piBHi 3HayeHHs mipu aucnepcii (DM — Dispersion
Measure) ~10~° mk-cm[13]. Lli pesynsraru Gmuc-
Kyd4e IMATBEPAIIACS ] 9ac CTIOCTEPEKESHHS IITOP-
my J [14] (rpymens 2010 p. — cepnens 2011 p.) —
HaWTIOTYXXHIIIOTO 3a BCIO ICTOPIIO0 JOCIiIKEHBb
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rpo3oBoi aktuBHOCTI Ha Carypi [15]. dani 3 KA
“Kaccini” mpo nmodatok 1poro mropmy Hajas [ di-
mrep (ABCTpisi), i THXKHEBA CeCist CrTOCTEpEXKeHb Ha
YTP-2 no3Boiuiia OTpUMAarTH HaJ3BUYANHO IIHHI
pesynbraty. byino BiIKpHUTO TOHKY CTPYKTypy Onu-
ckaBok y armocepi CarypHa — ax 10 CKJIaJIOBUX,
TPHUBAJIICTIO TOPSIKY MikpocekyHn [6, 16]. ¥V pos-
nim 4 Oyne OMMCaHO OCHOBHI PEe3yJIbTaTH IMX J0-
CJIIJKEHD.

2.2. JlocaimkeHHs pajioBUNPOMiHIOBAHHS
IOmnitepa na YTP-2

Pesynbrari GaraTropiuyHuX AOCHIKEHb PaliOBUIIPO-
MiHtoBanHs FOnitepa na YTP-2 HeogHOpa3oBo my-
OniKkyBaJHCs y BUIIIsL cTaTed i MoHorpadiit [17].
Cranom Ha kinenp 70-x pp. XX cromitrs pobo-
TH 31 CTBOPEHHS Ta TECTYBaHHA aHTEHHOI CHCTEMH
YTP-2 31e0inpimoro Oyio 3aBEpIICHO i OCHOBHI
3ycuiuist Oyllo CpsIMOBaHO Ha CTBOPEHHS PEECTpY-
BaJIbHOI amapaTrypH, OCKUIBKH Tporpecy B IOCIi-
JDKEHHAX pajioBUNpoMiHioBaHHS HOmiTepa MoxHa
OyJio JOCSTTH 3HAYHOIO MIpOI0 3aBISKU PO3pOOLi
HOBHX CHCTEM 3amucy i 00poOku curaamis. s nux
1ijIe Oy0 CTBOPEHO OararoKaHaJIbHY CUCTEMY Pee-
CTpalii Ha OCHOBI MapaJeNFHOTO CIIEKTPOaHai3aro-
pa [18], uto ckmagaeThes i3 TPUALATH ABTOHOMHHUX
BY3bKOCMYTOBHX MPHHMAayiB 3i CMyrow, WO 3Mi-
HIOETBCA B Mexkax U+  kI['m, i MOKIMBICTIO pyd-
HOTO PETyTIOBaHHS LEHTPATBHOI YaCTOTH JUIS YHHUK-
HEHHS 3aBajl. 3aluc aMIUTITyAu CHTHATy Ha BUXOI
KBaIPaTUIHHUX JIETCKTOPIB Y KOXKHOMY KaHaJI 31iic-
HIOBAaBCs Mip SHUMM CaMOIMCLSIMH, L0 J03BOJIUIO
B pEaJbHOMY Yaci MPOBOJHUTH CIIOCTEPEKCHHS He-

CTAIliOHAPHHUX TIPOLIECIB Yy WIMPOKOMY Jliara3oHi
gactotT. TuroBuii 3anmc panioOypi FOmitepa, otpu-
MaHHM{ 32 JOTIOMOTOI0 OMHMCAaHOTO BHILE CIIEKTPO-
aHayizaTopa, HaBeIeHO Ha puc. 3.

OCHOBHI CTaTHCTU4YHI BJACTUBOCTI pamiodyp
IOmirtepa, mo Oy B dokyci mocmimkens y 80-x pp.
MUHYJIOTO CTOJITTSA, 3HAWIIIN CBOE BilOOpaskeHHS
B MoHorpadii [17], ne Oyno nmpoaHaizoBaHo 3amu-
CH, OTPHMaHi MPOTATOM 67 CIIoCcTepekHUX HOUEH Ha
panioreneckoni YTP-2 B 1980-1982 pp. Kombina-
IIisI BUCOKOI YyTIMBOCTI Ta IMAPOKOCMYTOBOCTI aH-
TEHHOI CUCTEMH 3 €JEKTPOHHOIO CHCTEMOIO CyTIpO-
BOJY JKEpesia BUITPOMIHIOBAHHSI IIPOTATOM KiJTBKOX
ronuH 3pobmina YTP-2 yHikanbHUM Ha TOW Yac iH-
CTPYMEHTOM, IO JO3BOJSIB BiACTEKUTH IETaTbHY
MOPQOJIOTIIO0 Pamiodyp i CTBOPUTH aIeKBaTHI MoJIe-
Ji JpKepena palioBHIIpOMiHIOBaHHs. B pesynbrari
OyJI0 TIPOBEICHO NETaNbHI OCIIHPKEHHS 4aCTOTHOL
3JIKHOCTI BHUIIPOMIHIOBAHHS BiXl JiarpaMy CIIps-
MOBAHOCTI JDKepena, IO TPHBEIO JO PO3POOKH
HU3KHM (I3UYHUX MOJeNieH MpOIeCiB, 10 BiIMOBI-
JIAI0Th 32 BUHUKHEHHSI TA YaCOBY €BOJIIOIIIO pajlio-
oyp IOmirepa [17].

3anponoHOBaHi MOJET JAId 3MOTY MOSICHUTU
HU3KY TMapaMeTpiB YacCTOTHO-KYTOBOI CTPYKTypH
KOHIYHOI JiarpaMu CHpPSMOBAHOCTI, OIIHUTH MIiCIIe
pO3TaIllyBaHHs JiKepeia BUPOMIHIOBAHHS BiJHOCHO
noBepxHi rwianety [18, 19], mpoananizyBaru 38’5130k
JpKeperia BUIIPOMiHIOBAaHHS 31 CTPYKTYPOIO TUIaHeTap-
HOT'O MarHiTHOIO MOJIsl, BUSIBUTH JESKI JeTalll TOHKOT
CTPYKTYpH OWHAMIYHHX CIIEKTPiB (S-cIureckis) i 3a-
MIPOITOHYBATH HU3KY TIMOTE3, MO TMOSCHIOIOTH Pi3Hi
XapaKTePUCTHKN BUIIPOMIHIOBAHHSI.

Puc. 3. Cnexrporpama romitepiancbkoi Oypi lo-B, 3ammcana 26 kBitHs 1982 p. Ha GaraTokaHadbHOMY CHEKTPOAHATi3aTopi
3 mip stuumu camorucipivmu [17]. lkana gacy cripsiMoBaHa CripaBa HaJIiBo
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Pe3ynbraTi 4ncIeHHUX CIIOCTEPEKEHb 1 CUCTEMa-
THYHOTO MOJICTIOBAHHS OYyJIO OMyOIIiIKOBAaHO B HU3III
po0it [18-24] i npencraBieHO Ha MiXXHAPOIHUX KOH-
depennisx (“Planetary Radio Emissions 1117, 3rd In-
ternational Workshop, Graz, Austria, September 2-4,
1991 [25]; “Variable phenomena in Jovian plane-
tary system”, Annapolis, USA, July 13-16, 1992).
3MiCT IOCIiIKeHb BUKJIMKAB XBaBUH iHTEpec Hay-
KOBLIIB 13 pi3HUX KpaiH, sIKi MPaLOBaIX B ramysi J10-
CIDKEHHS JIEKaMETPOBOTO PaTiOBUIPOMIHIOBAHHS
IUIaHeT, 30KpeMa nociinnukiB 3 Ilapusbpkoi acTpo-
¢izuunoi obcepraropii (ITaprmwk—Menon, Ppaniis)
Ta [HCTUTYTY KOCMIYHMX JOCHIIKEHb ABCTPIHCHKOT
akazemii Hayk (I'parr, ABCTpist), 10 TIPHUBEIIO IO ITO-
YaTKy TUTiAHOI OaraTopiyHOl criBmpari i iHimiamii
KIJIbKOX MI>)KHApOAHUX MPOEKTIB 13 BUBYEHHSI paio-
BUTIpoMiHIOBaHHs FOmiTepa, esiki 3 HUX TPUBAIOTh
JoTerep.

Bapro 3a3HauuTH, 10 Ha LBOMY eTami JOCIHi-
JUKEHb 3aBaJoBa 0OCTaHOBKA B PaiioHI po3Tarly-
BaHHs YTP-2 He cTBOproBasia iCTOTHHX MpoOIeM
AK 4Yepe3 HEUMCIICHHICTh 3aBaJIOBUX CHUTHANIB, TaK
1 4epe3 MOPIBHSIHO HEBEJUKHUHA 0OCAT AaHUX, LIO
3aMKCyBAJIUCS aHAJIOTOBUMM caMonucusaMu. bo-
PpOTEOY 3 3aBajiaMM 3/1MCHIOBAB TIOCTIHHO TPUCYT-
Hill Ha CTIOCTEPEKHIN cecii ormepaTop, AKUil BpyuHy
HaJIalITOBYBaB KOXKEH 3 KaHaJIiB IPUHMaJIbHOI CHC-
TEeMH B peajbHOMYy 4daci. Omeparop 3a JOMOMOTO0
PYKOATOK HaJAIITyBaHHS NMPHIMadviB 32 4aCTOTOIO
MPOCTO OOMpPaB YaCTOTHI CMYTH, BUTBHI BiJ 3aBaj,
OpHOJIM3HO PIBHOMIPHO PO3MOJUIAIOYN X BCi€IO
CIOCTEPEKHOI0 CMYTOIO.

3ayBakuMo, IO TaKa CUCTEMa 3alliCy CUTHAIIiB
Ma€ HH3KY OYEBHJIHUX OOMEXEHb, sIKi HE J03BO-
JSIFOTH BHSIBIIATH YacoOBi 3MiHM CIIEKTPAJbHHUX Xa-
PaKTepUCTHK, IO BigOyBarOThCSA MIBUAIIIE, HIXK 3a
KiJIbKa CEKyHJ, @ TaKoX IOCIHIAUTH TPOLECH, IO
JIEMOHCTPYIOTh IIBUAKWI 4acToTHUE apeid (mo-
PANKY KUIBKOX Merarepll Ha cexyHnAy). Hemomiku
Y CTBOPEHOI CUCTEMH 3aliCy CTUMYIIIOBANIN [TOJAITb-
Il KPOKH B po3poO0ILi HOBOTO MOKOMIHHS armaparypu
JUTSL 3aITUCY JTAaHUX CIIOCTEPEXEHb 13 JeTaji3alliero
JUHAMIYHUX CIIEKTPIB, IO TPYHTYETHCS HA 3aCTOCY-
BaHHI KOMIT FOTEPHUX TEXHOIOTIH. Y paMKax CIiJb-
Hux (Ykpaina — ABCTpist — DpaHIlis) 10CTi THAIBKUX
nporpaM Ha paaioreneckorni YTP-2 Gyno BcraHoB-
JIEHO HOBI CHCTEMH PEECTpalii IS JOCIiHKSHHS
MinmicekyHaHuX immynbsciB FOmitepa (S-crueckiB)
Ha OCHOBI IIMPOKOCMYTOBOTO aKyCTO-ONTHYHOTO
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cnekrpoanaiizaropa (AOC) i3 4aCTOTHOIO PO3/Iiib-
HOO 371aTHIicTIO — 10 15 k['11 1 3 yacoBoro — 10 5 Mc
(Dpanris) Ta Ha 0cHOBI 30-KaHAIBHOTO CIIEKTPOTPa-
¢da 3 peKopOHMMH Ha TOH Yac XapaKTePHUCTHUKaMU
4acoBOi PO3ILILHOT 3MaTHOCTI — 10 2 MC (ABCTpis).

Jl1s 3amucy mporieciB, IO MOBUTHHO €BOJIOIIO-
HYIOTH 1 XapaKTepHu3yIloTh Oypi JeKaMeTpOBOTO BH-
MIPOMIHIOBaHHSI B IJIOMY, OyJ0 TPUHHATO A0 €KC-
Tutyarailii (ppaHIily3bKy KOMIT'FOTEPHY CHCTEMY Ha
OCHOBI CITEKTpOaHaIi3aTopa CKaHyIUoro THITY ¢ip-
mu Hewlett Packard, ananoriuny cuctemi, BCTaHOB-
JIeHil Ha JeKaMeTpoBoMYy pagioTeneckoni B HaHce
(Dpanis).

CribHE 3aCTOCYBaHHS BCiX BHINE3TaIaHUX Pee-
CTPYIOYHX IPHCTPOIB JI03BOJIMIIO BUAUIUTH B IMHA-
MIYHUX CIIEKTpax IOMITEPiaHCHKUX pagioOyp I’ sTh
YaCTOTHO-YaCOBUX CIIEKTPAIbHUX MacIITa0iB, 1 s
KOXKHOTO OYyJI0 CTBOPEHO OKpEMi, ajie B3aEMOIIOB’ -
3aHi ¢izuuni mozeni [26]. Ipukiaa cekTporpam,
sKa 1UTIOCTpye mpouec MaciuTaOyBaHHS YacToT-
HO-4acOBUX CTPYKTYp, HaBelneHO Ha puc. 4. XoTi-
7ocst 0 BiI3HAYUTH paJVKaIbHI 3MIHH B JeTai3aii
JTUHAMIYHUX CIEKTPIB i B TOAAIBIIIOMY aHai3i mpo-
LECiB Pi3HOTO YacOBOI'O Ta MPOCTOPOBOTO MAcCILTa-
0iB, 0OyMOBIICHI iICTOTHUM TPOTPECOM Y CTBOPCHHI
HOBOTO TIOKOJIIHHSI PEECTPYBANBHOI amaparypd, a
TaKOX 3aCTOCYBaHHSM IPOTPAMHHX METOIIB IIPH-
IOyLIeHHS 3aBaJIOBUX CHTHAJiB, 110 0a3ylOThCs Ha
CTaTUCTUYHOMY aHalli3i IMIyIbCHUX 3aBajl Ta BU-
JAJICHHS YWCJICHHUX BY3bKOCMYTOBHX 3aBaJIOBUX
curHainiB. [lopiBHAHHS puc. 3 i3 NpakTHYHO aHa-
JOTIYHAM HOMY 3 TOYKH 30py MacmTabiB 4acToT-
HO-4acOBOTO Jliara3oHy puc. 4, a JOBOAUTH CYTTEBI
nepeBard HUPPOBUX TEXHONOTIH HaJ aHAJOTOBHUMHU
METOIaMH PeeCTparii.

CucrteMarnuHi crioctepexeHHs paaiodyp FOmi-
Tepa Ta mojansiia oopodka ganux y 90-x pp. npu-
BEIX 1O TOSIBU III0I HU3KU TEOpid, MPHITYIICHD
Ta iHTepHpeTaiil, MOB’sA3aHuX i3 Qi3UUHUM MOJe-
JIOBaHHSAM JDKEpesia BHIpOMiHIOBaHHs [26-28].
OpHak BOJHOYAC CTAaBalU 3PO3YMITMMH OOMEKEH-
HSl T4 HEJOJNIKA BUKOPHUCTOBYBAHOTO YCTATKyBaHHS
Ta KOMIT IOTEPHUX IpOTpaM, sIKi, 30KpeMa, He T03BO-
JSM OTPUMATH  Oe3NepepBHHUN 3alKC TPHBAINX
paniodyp i3 BUCOKOK YaCTOTHO-YaCOBOIO PO3ILNIb-
HOIO 3[TaTHICTIO, TOCATTH BHUCOKOI PO3IIILHOI 3/1aT-
HOCTI CIIEKTPaJIbHOTO aHalli3y, & TaKoX JOBLIHHO
BapilOBaTH PO3JUIBGHY 31aTHICTh TUHAMIYHUX CIICK-
TpiB y MOAAJBIIOMY aHali3l MYyJbTUMACIITAOHUX
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Puc. 4. MynsrumacurtabHuil JUHaMiYHHI criekTp paxioOypi mxepena lo-B 8 weprrs 1997 p. [26]: a — BenukomacmTabHuit
crniektp Oypi B IijioMy, b — criekTp BUIIPOMiHIOBAHHS HEOMHOPIAHOCTEH TpyOKHU [0, C — CTATUCTHYHHIA CIIEKTP S-KOMIIOHEHTH,
d — cepist S-cruTeckiB, € — CHeKTpu TOHKOT CTPyKTYpH. CTPiiKK BKa3yrOTh Ha 301IbIIeH] ()parMeHTH CIIEKTPiB

cTpykTyp. Ha momomanHs ux HEAOMIKIB y peecTpy-
BaJIbHIN amaparypi Ta BiANOBIAHOMY MPOTrPaMHOMY
3abe3meueHHI OylI0 CHpSMOBAaHO OCHOBHI 3yCHIIISA
B nepiuii nexaai XXI| cromitts, komu 6yao chopmy-
JHOBAaHO OCHOBHI BUMOTH Ta HaMiu€HO NMPUHIIUITIOBI
MiIXOIH 10 CTBOPEHHS HACTYITHOTO MTOKOJIiHHS MOB-
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HICTIO IM(POBUX MPUCTPOIB 3aIKCy PalliOCUTHATIB,
II0 TPYHTYIOThCS SIK Ha MPSIMOMY 3aIHCl KOJIMBaHb
CTPYMYy Ha BUXOJI aHTEHHOI CHCTEMH Ha >KOPCTKUI
auck (waveforms), tak i Ha po3paxyHKy CIIEKTpPO-
rpaM y peXuMi peallbHOTO0 4Yacy 3 MOXKIIHBICTIO
MONEPEIHHOT0 BCTAHOBJICHHS 1X YaCTOTHO-4acOBOT
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posainsHoi 3matHoCcTi (arbitrary resolution Spectro-
gram) Ha armapaTHOMY piBHi.

IMepii ekCrepruMEeHTH, y IKHX BUKOPHUCTOBYBAJIO-
Ccsl HOBE MOKOJIHHA nu(ppoBuxX mpuctpois [29-31],
MPOIEMOHCTPYBAIH MIUPOKI MOXKIIMBOCTI [T aHa-
T3y IOMTEPiaHCHKUX CHUTHAIIB 13 HEOOMEKEHOIO
PO3AUIBHOIO 3[ATHICTIO K 332 4acoM, Tak 1 3a Jac-
TOTOI0. 30KpemMa, OyJIo IPOBEJCHO JIETadbHi JOCITi-
JOKEHHS BIIACTHBOCTEH KOTEPEHTHOCTI S-CIUIECKIB,
AKI JEMOHCTPYIOTh JIHIHHUN YacTOTHHH napeid,
1 TPOMEMOHCTPOBAHO BiJMTOBIJHICTE OCHOBHUX
CTATUCTUYHUX XapaKTEPUCTHK BUIPOMIHIOBAHHS
JUIS 9acoBuX MaciuTadiB mopsaxky 0.1 Mc Momensim
JDKEpea, Mo ITPYHTYIOThCS Ha ePeKTi Ma3zepHOTO
HiJICHJICHHs eJIeKTPOMAarHiTHUX XBWib [31] Ha-
MarHi4eHo IJIa3MOI0, SKa PYXAa€ThCs B CHIIBHO-
My MarHiTHoMy nofi FOmitepa, 1m0 3a3Hae BIIUBY
MIBUJIKOTO 00EepTaHHS.

Po3poOka nm¢poBoro mpuiiMaya HOBOTO IOKO-
JIHHSA 3aBEpUIMAcsS CTBOPECHHSIM KOMIT FOTEPH30-
BaHoi cuctemu (nuB. puc. 5 [11]), mo ckiagaeTbes
3 aHaJNOro-1M(pPoBOro MepeTBoproBaya, MUPPOBOTo
MOJIYJISI pO3paxyHKy nepeTBopeHHs Dyp’e B pealib-
HOMY Yaci, a TakoX MPOrPaMHOTO KOMIUIEKCY Iif-
TPUMKH OOYHCIICHb, IO JIO3BOJSIE KOHTPOJIIOBATH
nporec 004YKMCICHb, KOPUTYBATH Ta 3allUCyBaTH Ja-
Hi y 3pyuHoMy (popmarti. [lomanbmie BUKoprcTaHHS
HOBOi CUCTEMH HAOYHO MPOJEMOHCTPYBAJIO ii BHU-
COKY €()eKTHUBHICTbH I aHaJli3y HE JIUIIe CUTHAIB
Omitepa, ane # aexkamMeTpoBOr0 BHUIIPOMiHIOBAHHS
IHIIX 00’ €KTiB, Takux Ak COHIIE, MyIbCapH, Ta30Bi
xmapH, CarypH T1a iH. [32].

3a3HauMMO, 10 MHUPOKUN AMHAMITHHUNA JTiara3oH
1 BHCOKa YaCTOTHO-YacoBa PO3IiNbHA 3[MATHICTh y
JMUHAMIYHUX CIIEKTpaX Ha BUXOII MPHIMAaIbHOTO
TPaKTy BEAYTh JIO0 3aMKCIB BEIMKOTO O0CATY NaHHX
(~1 TB 3a 8-romuHHMIT ceaHC CIIOCTEPEKEHHS), Ki,
0COOJIMBO B OCTaHHI POKH, YaCTO CYIPOBOIKYIOTH-
cs1 3aBaJlaMH Pi3HOMaHITHOTO moxomkeHHs . L]i 3aBa-
JI1 XapaKTePU3YIOThCS PI3HUMH 3HAUCHHSIMH CMYTH
9YaCTOT, HECTAI[IOHAPHICTIO T YaCTOTHUM JIpeidom,
110 IPU3BOJIUTh JI0 YTBOPEHHSI CKIIQJIHUX 3aBaJI0BUX
CTPYKTYp Pi3HOTO MacmTady Ha 9aCTOTHO-YACOBIH
wiomuHi. Lle, 31 cBoro 00Ky, CTBOPIOE HEOOX1IHICTh
PO3pOOKH HOBHX QJITOPUTMIB OYHINEHHS IWHAMIY-
HUX CICKTPIB BiJ| 3aBaJ, CPCKTUBHUX 3a HASBHOCTI
HECTAI[IOHAPHMX, IIIBUJIKO MIHJIMBUX CUTHAJIB 1 CXO-
’KHX Ha HHUX 3aBaj| y TUISHKAX, 10 IEPEKPUBAIOTHCS
32 YaCTOTOIO Ta YaCOM.
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Puc. 5. KoM’ rotepu3oBaHa CUCTEMa CIIOCTEPEKEHb Ha pa-
mioreneckori YTP-2 [11]

Oco0auBICTIO OOPOOKH IIPH IBOMY € KOPEKTHE YCY-
HEeHHs1 HexapaktepHux i FOmiTepa curnamis, oc-
KIUTBKY 32 piBHEM IHTEHCUBHOCTI S-CIJIECKH MOXKYTh
TIePEBUITYBATH K MPUPOIHI, TaK i MTY4YHI 3aBau
3eMHOT0 TIOXO/KEeHHS. Y po3nini 3 Oyae mpuaiieHo
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yBark 0COOMBOCTSIM YCYHECHHS 3aBa]l i3 3aIHCiB pa-
niopunpoMiHioBanHs HOmitepa, a B po3mim 4 Oyne
HAaBEJICHO JICSAKI OCTaHHI Pe3yJIBTaTH J0CIIKEHb.

2.3. ITomyk mKepes TPAH3iEHTHOTO
pPazioBUNPOMiHIOBAHHS
B JI€KAMETPOBOMY Jiana3oHi

Pagioreneckon YTP-2 Oymo BBenmeHo mo il gepes
KiJIbKa POKIB MICIISl BIAKPUTTS MyJbCapiB, TOMY Te-
MaTHKa MOIIYKY IMITYJIbCHOTO JIEKaMETPOBOTO BH-
MIPOMIHIOBAHHSI KOCMIYHHX JDKEpeNl 3aBkiau Oyma
MNPUCYTHS y MporpaMax pagioacTPOHOMIYHUX JO-
crimkens Ha YTP-2. Ciig migkpeciauTH, Mo B Ae-
KaMEeTPOBOMY Jlialla30Hi 3HaYHy YaCTHUHY IyJIbCcapiB
MOXKHA PEECTPYBATH HE JIMIIE 32 HAKOIMYCHUM Ce-
penHiM mpodineM iMITynbCy, a ¥ 3a iHAWBIAyallb-
HUMH IMITyIbCaMH 3aBISKU Bigkputomy Ha YTP-2
SBUIIY aHOMAJIFHO IHTEHCUBHUX iMITyNbCiB [33—35].
UyTnuBiCTh pamioTeNIeCKola i dJac JETeKTyBaH-
Hi IHOWBiXyaJdbHHUX IMIYIBCIB (SK 1 CIIOpaIM9HO-
r0 paaiOBUIIPOMIHIOBAHHs OJMCKABOK) TaKOX ic-
TOTHO 3pOCJia MICIs YCTaHOBKM IIHPOKOCMYTO-
Boi (8+33 MIm) cucremu migcuienus [36, 37]
i peectpyrouoi amaparypu [32]. J{na epexruBHoi 60-
POTBOM 3 3aBajjaMU BaXKIMBO TAaKOX Te, IIO0 BHCOKO-
YyTJMBa Ta 3aBaJOCTiiiKa amaparypa JocsIia piBHIB
4acoBOi Ta YaCTOTHOI PO3NUILHHUX 3AaTHOCTEH ONN3b-
ko 1 mc i 1 x['11 BianoBigHO. 3a Takoi yMOBH peecTpa-
Lisl IMITYNBCIB MyAbCApiB K IIMPOKOCMYTOBUX CHI-
HaJIiB 13 IUCIEPCIHHOI0 3aTPUMKOI0 MIX BEPXHIMH
Ta HIDKHIMK gactotamu (mporopuiitio f 2) crama
e(EKTUBHOIO 3 OIVISY Ha BUCOKY TOYHICTh BU3HAYCH-
HsI MipH IECTiepcil Ha HU3bKKX YacToTax [38].

[Ticns ycmimrHOrO BHSIBIEHHS OULIBIIOCTI Bimo-
MHX ONM3BKHX IyIhCapiB CTAJI0 OYCBUIHHUM, IO
MOLIYK iHAMBiTyaldbHUX 1 MOBTOPIOBAHMUX CUTHAIIB
BiZ Onu3bKUX (10 2 KIK) HEHTPOHHHX 3ip abo iH-
MUX JDKepeNT IMITYIBCHOTO PaJliOBUIIPOMiHIOBAH-
HS € JOCSHKHOI0 MeTor. B Tomy, mo HeoOXimHiCTh
TaKoro AOCHiKEHHS — “cIimoro” Oomsay BChOTO
[TiBHiuHOTO HEOa 3 METOK TOUIYKY IMIYIBCHHX i
TPaH31€HTHUX JKEPel BUIPOMIHIOBAaHHS — Ha3pija,
cymHiBy He Oyno. 3 2011 mo 2016 pp. et omsg
OyB 3/1€0OUTBIIOTO 3aBEPIICHUM, OHAK BaXKIUBICTh
MiATBEP/UKEHHS. KOCMIYHOI NPHPOIN BHSBICHHX Y
HBOMY CUTHAaJIIB OyJ1a HaJ3BHYAHO BHCOKOI0. ToMy
y 2018 p. Oymo mpoBeneHO YaCTKOBUI MOBTOPHUI
orrsta 15 % IliBHiuHOTO HeOAa. 3aBHaHHS BUOAIJICHHS
KOCMIYHHX CUTHAJIIB Ha TJIi pi3HOMaHITHUX pajio3a-
BaJl CTAJIO MEPIIOYEPTOBHM.
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Sk Gaunmo, mpoOIeMoro, 0 00’ €IHy€E AOCHTIA-
JKCHHS CIIOPaJUYHOTO 1 TPaH3I€EHTHOTO pajioBH-
TIPOMIHIOBAHHS KOCMIYHHX JDKEPEII, € TIPUIYIICHHS
Halpi3HOMaHITHIMUX 3aBaj. HaiiuacTimie BUKOHAH-
HS PyTHHHUX OMepalliii OYMINeHHs Bi/ 3aBaj| 3aJH-
I1a€ HA/I3BUYANHO OaraTo Miclis JJisi CYMHIBIB, TOMY
CIIiJi BUKOPHUCTOBYBaTW sIKOMOra IIUPLIMKA HaOip
KpUTEPiiB pO3pI3HEHHS KOCMIYHUX CHUTHAJIB 1 M-
POKOTO PO3MAITTS IMITYJILCiB 36MHOTO TIOXO/[KCHHSI.

3. Meroau o4MIIEeHHS 3aMHUCiB
CIOCTepeKeHb CMOPAANYHUX CHTHAJIIB
Bij 3aBaj

ANTOpUTMH Ta MeToAW OOpOOKH 3amuciB cHocre-
pEXKEeHb 3raJlaHuX BHIIE JDKEpesl KOCMIYHOTO pai-
OBHIIPOMIHIOBaHHSI MAlOTh Oararo cmigbHOTO. J[iIst
CIOPaAMYHOrO, a 0COOIUBO TPAH31EHTHOTO, palio-
BHIIPOMIHIOBAHHS TaKWUH KPUTEPid BUSBICHHS KOC-
MIYHUX pajioKepes, K MOBTOPIOBAHICTh PE3YIib-
TaTiB CIIOCTEPEKEeHb, € HeNpUIaTHUM. JloBoanuThCS
CIHMpaTUCS Ha OIWHHUYHI CIIOCTEPEIKEHHS U BHKO-
pucTOBYBaTH AJs iX Bepudikauii BCi MOXIHUBI 10-
nmatkoBi KpuTepii. [lboMy Ham3BHYaitHO CHIIBHO 3a-
Ba)KalOTh YMCIICHHI Ta Pi3HOMaHITHI K IITYy4YHi, TaK
1 IpUpOIHi pajio3aBaad, a TAaKOX BIUIMB i0HOC(e-
pH Ta MDXKIUIAHETHOTO CEPEAOBUILA HA MOIIUPEHHS
KOCMIYHUX paniocurHaiiB. Bepxus manens puc. 6
umocTpye Brcokuii piBeHb 3aBan (60+80 ab Han
(OHOM) i1 yac JEHHUX CIIOCTEPEKEHb, & HIDKHS —
CKJIQJHY KapTUHY MEpEeXTiHb IOTY)XHOTO KOHTH-
HYyaJbHOTO JDKepelna, sIKe MOTparuisie A0 Aiarpamu
cpsMOBaHOCTI pagioTeneckomna Y TP-2 mig gac cro-
crepexeHb mynbcapa B0525+21 (iHTeHCHBHICTD 3a-
BaJIOBUX CHT'HaNIB nepeBuinye Gon Ha 10+12 nb).
VY BuUNaKy KOHTHHYAJIFHOTO YU ITOBTOPIOBAHOTO
IMIYTbCHOTO BHUIIPOMIHIOBaHHS JyXe €(DeKTUBHUM
€ HaKONMWYeHHs curHaiiB. HamiiHuM MeTomoM BH-
SIBJICHHS € JliarpaMHa MOAYJISLiS a00 BUKOPHCTAHHS
JIBOIIPOMEHEBOTO PEXUMY CIIOCTEPEKEHb (PeKHM
“ON-OFF”). IIpu rycTHHi MOTOKY IITyKaHOTO CHT'Ha-
JIy HUKYE PiBHA IIyMY €(eKTUBHUMH € TIPOLEAYPH,
110 YCyBalOTh BCi iIHTCHCUBHI CHTHAJIH (SIKi B IIOMY
pasi 3a 3aMOBYYBAHHSIM BBAKAIOTHCS 3aBa/IaMH).
Mu BHAUISIEMO OKpEeMHUH pPO3ILT y CTarTi s
OISy pO3pOOJICHUX aBTOpaMH 3arajbHUX 1 crie-
nupIYHUX TPOIeTyp OYMINEHHS JaHWUX Bia 3aBa,
OCKUTBKH 1€ — OMH i3 HAWBKITUBINITNX €TAITiB PO0O-
TH 1, B OUTBIIOCTI BUNIAJIKIB, YCIiX acTpOogi3uyHOrO
JOCIIKEHHS CTIOPaIHOTO PaJliOBUIPOMiHIOBAH-
Hs1 0e3TM0CEPEAHbO 3aIeKHTh BiJl IKOCTi poOOTH 3ra-
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Puc. 6. ImocTpallis BHCOKOTO PiBHS IITYYHHMX Ta NMPUPOIHMX Pajaio3aBal ¢ — CUTHAIM IIMPOKOMOBHUX paXioCTaHLIM y
MUIBIOHM pa3iB NEepeBHUILYIOTh PiBeHb BHIPOMiHIOBaHHS IOmiTepa, MakCUMyM SIKOTO Ha JIJAHOMY PHCYHKY DPO3TaIlIOBaHO
y cMy3i 23+24 MI'1 Ta B I€CATKH MiJIbHOHIB pa3iB € BUIIUMU 332 (OH; 6 — PIBEHb MEPEXTiHb MOTY)KHOTO KOHTHHYAJILHOTO
JDKepena Ha HeOMHOPIAHOCTSX ioHOChepH iJ] 4ac CIIOCTepPEkKEeHb Mylibcapa MepeBHIye piBeHb Gpony Ha 12 nb [38]

nanux npoueayp. oo ounieHHs B 3aBaj] JaHUX
CriocTepekeHb OMMCYBAHUX Y LIl pOOOTI KOCMIYHUX
JOKepell, TIOCIIOBHICTh BUKIIAy Oyae BiAIOBiAaTH
3pOCTAaHHIO CKJIQJHOCTI BHIIJICHHS KOCMIYHUX CHI-
HautiB Ha (oHi pagiozaBan. OCKiNBKH [T OIMCKaBOK
y armMocdepi CarypHa Ta HEUTPOHHHUX 3ip OYiKyBa-
Hi mapamerpu (LIMPOKOCMYTOBICTh, IHTCHCUBHICTb,
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TPUBAJICTh, JUCIIEPCiiiHA 3aTpUMKa) 100pe BioMi,
TO ¥ METOIM OUHMIICHHS Bij 3aBaj JOCUTH MPOCTI.
HaiiGinbIni TpyaHOIi JJisi aBTOMAaTH30BaHOTO OYH-
IICHHS Bijl 3aBaJ] BUKJIMKAIOTh 3alUCH PaiOBUIIPO-
mintoBanHs HOmitepa (S-cruiecku), OCKIIBKA BOHU
MaroTh HaJ[3BHYAWHO IIMPOKHU 1HTEpBal Bapiamii
0araTp0X nmapameTpiB BUITPOMiHIOBAHHSI.
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3.1. Bumisienus cursaiis 0JIMCKaBOK
Ha ¢oni 3aBajg

Sk BKe 3a3HavanoOCs BUINE, caalKi JpKepena Koc-
MIYHOTO PaJ[iOBUIIPOMIiHIOBAaHHS MOXKHa BUSBUTH
3a JOTTIOMOTOI0 HAKOMHUYEHHsS. Y pa3i CropaandHo-
TO PaJliOBUIPOMIHIOBaHHS OJMCKaBOK y armocdepi
CarypHa (KoJqHM dYac ICHYBaHHs CHTHAIy CKJIaae
KiJTIbKa JECATKIB MUTICEKYHII, ajleé CUTHAJ € JOCUTh
[IHPOKOCMYTOBHM) €(EKTUBHUM € HAKOITMUYCHHS 32
4acTOTOK. [HTEHCHBHI CUTHAJIM BY3bKOCMYTOBHX 3a-
BaJI MPHUIYIIY€E aJrOPUTM, OIMcaHuil y pooori [39]:

1) moBTOprOBaHE BiAKWAAHHS BiUTIKIB, MO Ie-
PeBHIYIOTh 3HaueHHs 36 (O — cepeaHbOKBaIpa-
THYHE BiJXWJICHHS) B KOXXHOMY BY3bKOCMYTOBOMY
(4 xT'tr) kamat, i mMicyst TOTO, SIK TAKUX HE JIUIIAETh-
Cs1, BUKOHY€EThCSI OOUMCIICHHS CEPEIHBOTO 3HAUCHHS

3aMuCy ¥ G 3a BIIUTIKAMH, 1O JIMIIHIUCS IS KOX-
HOTO KaHay;

2) BiZKMIaHHSA Ta 3aMiHa Ha CepeIHE 3HAYCHHS
a00 OOMEXEHHS CIUICCKIB, IO JIMIIMINCSA, 3 BHKO-
PHCTaHHAM 3a3/1aJIeTiJb BU3HAYEHOTO TOPOTY.

s nBoeramHa mpomenypa BTUIEHA B YTHIITI
PATROL [40], sika 3aCTOCOBY€ThCS Y Pa3i OUHIICH-
HSl JAaHUX CIIOCTEPEIKEHb PI3HOMAHITHUX KOCMIYHUX
JoKepen (HanpuKIIaja, mynbcapiB) Bij 3aBa.

[Tpu 06podui curHaniB 61MCKABOK JOAAETHCS Ha-
CTYIIHHH KPOK:

3) HaKONMHMYEHHs IIHMPOKOCMYTOBHUX CHUTHAJTIB 3a
YaCTOTOIO B KUJIBKOX MapIiajibHUX KaHaIaX IMUPHHOIO
0.5+1 MI i3 mOgaNbIIOK MEePEeBIPKOI0 HASIBHOCTI
CHWTHAJIIB Y KiTBKOX TapIiajbHuX KaHamax [39].

[Ipukiaza Takoro aHai3y HaBeICHO HA pHC. 7.

Puc. 7. Ilpuknan nerexryBaHHs OmuckaBok y armocdepi Carypra [10]: cepenss manens — xananm ON; HikHS maHenp —
kanan OFF; BepxHs maHenb — iX pi3Huns, npudomy 5120 yacrorHmx kanamiB mo 4.03 k[ 3i6pano y 20 cybcmyrax
no 1.031 MI'n. IlepeBuIneHHS MOPOry NETEKTYBAaHHS BiIOOPaKEHO MiAHOMOM CHTHAlIy B MapliadbHOMy KaHami. KimbkicTh
KaHaJIiB, JIc OHOYACHO BiI0YIOCH MIEPEBHUILICHHS MTOPOTY, BijI0OpakeHO Ha BepXHiil kpuBiii “Result”
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ITix wac croctepexkers mropMy J (puc. 8) 3aB-
JIIKH HassBHOCTI 3amuciB waveform i3 wacoBoro pos-
JinpHOMO 37aTHicTIO 15 HC MOkHa OynO PO3BUHYTH
MIPOIENYPY BHUIIIJICHHS OJTUCKABOK.

Ha wikpocexkyHaHOMY MacmrTabi 9iTKO BHJIHO
JIICTIEPCIHHY YacoBy 3aTPUMKY CHUTHAIY, sKa 3poO-
CTa€ 31 3MEHIICHHSM YaCTOTH, BHACIIJIOK MPOXO.I-
JKCHHSI CUTHaJly 4epe3 KocMiyHy miasmy. Lupoxo-
CMYTOBi 3aBaJii HE MAalOTh Takoi 3aTPUMKH, TOMY
BOHH MOXYTh OyTH BiqdiTbTpOBaHi 3a JOMOMOTOIO
BpaxyBaHHS IIi€] BITaCTUBOCTI KOCMIYHUX CHUTHAJIB,
PO IO UTUMETHCSA B HACTYITHOMY PO3ILTi.

[Tim gac 0OpoOKM cUTHATIB OIIMCKABOK HA MiKPO-
CEeKYHIHOMY MacIiTali CIiepIry BHKOHYBaJIach KOM-
TICHCAIisT TUCTIEPCIHHOT 3aTpuMKH. JIJ1s1 MOabIno-
ro aBTOMaTHYHOTO AeTeKTyBaHHs curHaiis SED y
JIAHUX 13 BUCOKOIO YaCOBOIO PO3IIIBHOIO 37aTHICTIO
BEeNMKOi KUTBKOCTI Tomiii 3HamoOmtacs momudika-
wist i€l meroauku. [lepmuii eran Oyno cipsMoBaHO
Ha JXOPCTKe “BijcitoBaHHs~ 3aBaja. Tomy momnepe-
JTHIM KpuTepieM Oyno oOpaHO TEepeBHIICHHS 3Ha-
4yeHHsI 4G He MeHIIIe HiXK Y YOTUPhOX KaHajax y pasi

po36uTTs BChoro fianazony (16.5+33 MI'm) Ha 32
KaHaJM. 3aCTOCYBaHHS BHKIIOUYHO ITHOTO KPHUTEPIFO
JTa€ 3MOTY JNETEKTYBaTH JIMIIC HAWITOTYXKHIIII KK
BHYTPIIITHBOI CTPYKTYpH OMMCKaBKHU. J1JIsT KOPEKTHi-
101 OIIHKK TPHBAJIOCTI €JIEMEHTIB TOHKOI CTPYK-
TYpH 3aCTOCOBYBAaJlacsi Ta caMa METOIUKA 3 MEHII
JKOPCTKMM KpHUTEpieM — 36 y JIBOX KaHajgax B 00-
JIaCTi, sIKa TIOTIePEIHBO Oyira 0OMekeHa Ha MUHYJIO-
My eTarli.

3.2. baraTonapameTpuYHuil MOIIYK
TPaH3i€HTHUX CUTHAJIB

JInst MOIyKy OAMHOYHMX CIUICCKIB (TpaH3i€EHTHHX
CHT'HAJIIB) Ha TJIi 3aBaJ| CJIiJi BAKOPUCTOBYBATH SIKO-
Mora OiJbIlie KPUTEPIiB, SIKi JO3BOJIAIOTH BUSBUTH
KOCMIYHI JiKepena iMITyJbCHOTO pa/iioBUIIPOMIHIO-
BauHs. [lepemyciM, 3aBAsSKU TUCTICPCIHHIN 3aTpUM-
i B MDDK30PSTHOMY Ta MIXKIJIAHETHOMY CEPEZOBUIII
(m1st GM3BKUX JOKEPEN TaKOK Mae 3HAUYCHHS JIHC-
mepciiina 3arpuMKa B i0HOCHEpI), IMHPOKOCMYTO-
Bi KOCMIYHI CHTHaJM MalOTh 3alli3HEHHS HHU3BKUX
YacTOT MO0 BUCOKUX O0EPHEHO MPOTOPIIiHO KBa-

Puc. 8. JlerextyBaHHs OIHMCKABOK: @ — JUHAMIYHI CIEKTPU B JaHUX i3 4acOBOIO PO3IiIbHOIO 3marHicTio 10 Mc, 6 — nuHa-
MiUHi CIIEKTPH B JIaHHUX i3 YaCOBOKO PO3IUIBLHOIO 3/aTHICTIO 8 MKC (BEpXHs MMaHEsb) Ta BOHH X MIC/A YCYHEHHS JAHUCIEPCiii-
HOI 3aTpUMKHU (HIKHSI TaHelb). Po3TamoBaHUMK BEPTHKAIBLHO KOJIaMH 3 JiaMeTpoM, mporopiiiianm BigHomenao C/II,
T03HAYEHO BiJUTIKH, JIe TIOpir OyJI0 NEPEBHUILECHO OHOYACHO B KITBKOX KaHANAaX i3 CyMapHO0 cMyroro monan 2 MI'n
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npary gactotu (f ?). B nekamerpoBoMy JiamasoHi
yacosa 3arpumMka Mixk yactotamu 30 i 10 MI'f cra-
HOBWTD BiJ] ACCATKIB MIKPOCEKYH] JIJISl OJIUCKABOK
Ta IHIIAX TIUPOKOCMYTOBUX CHUTHAJIB BiJ TIAHET
CoHSIYHOI CHCTEMH 10 JECSTKIB, COTEHH 1 OUIBIIE
CEKyHJI — JUIs ONMU3bKUX myJibcapiB abo RRAT.

HacTynmHUM Ba)JTMBUM KPUTEPIEM € PIBEHb CHT-
HaJIy BiJl KOCMIYHOTO JXKEepea, SKUil Ma€ HEBEJIUKE
MIePEBHIIICHHS IHTCHCUBHOCTI Hal ()OHOM (32 BHHST-
koM curHamiB Bix FOmitepa ta CoHIls), a Ha9acTi-
e € Hadbarato HYKYUM 3a Hb0ro. CIiBBIAHOIIEHHS
curHan/trym (C/III) MoXe CTAaHOBUTH Bijl OMUHHITH
JI0 KiJTbKOX JECATKIB. [HIOI XapaKTEepHOK O3Ha-
KOI0 KOCMIYHOTO CUTHAIIy € HasBHICTb PO3CISHHS,
a TaKoX 3POCTaHHS CTajoi 4acy PO3CiSHHS 31 3HH-
KeHHAM dacToTH. OnmHak 3adikcyBaTu 1ei ¢axT
BIA€THCS TUTBKH B TOMY BHUITJIKY, SIKIIIO CUTHAI Ma€
JIOCTAaTHIO IHTEHCUBHICTb.

I[Tpu nomyky TpaH3i€EHTHUX ab0 PiaKiCHUX (K Y
RRAT) curHaiis mepimmM eTarmoM BHIIIEHHS KOC-
MIYHOTO IMIYNBbCYy Ha T pajio3aBaj € PO3BUTOK
merony PATROL (auB. momepenHiii miamyHKT) 3a
JIOTIOMOTOI0  aJ]alTOBAHOTO IS HU3bKOYACTOTHUX
croctepesxers MeToxy Sum Threshold [41], Brine-
Horo B ytwiiti ADR_CLEANING [40, 42]. Cyts
METOAY TMOJSTae B 3aCTOCYBaHHI KOB3HUX BIKOH.
JJ1st KOKHOTO YacTOTHOTO Ta YaCOBOTO KaHAILy po3-
PaxXOBYIOThCSI CEpelTHE 3HAYCHHS Ta G 33 YTHIITOIO
PATROL (auB. mignyHkt 3.1), ane mporec yCyHeH-
HSl CHTHAJIB, sIKi BBAYKAIOTHCSI 3aBaJlaMH, 3aJICKUTh
y KO)KHOMY BiKHI BiJI BCTAaHOBJIEHOTO TOPOTOBOTO
3HaueHHA. DopManbHO TIe PEACTABICHO B HIKYE-
HABEJICHUX MyHKTaX:

1) dopmyBanns koB3uux BikoH HORIZONTAL i3
mupuHor M =1, 2, 4, 8, 64 simnikis i VERTICAL
i3 mupuHoro M =2, 8, 16, 128, 256 BimmkiB i
3HAUEHHSMH TOPOTiB, M0 BH3HAYAIOTHCS 5K JIO-
rapugmM BiJ IIUPUHH BiKHA 3 EMIIPUYHO MiAio-
PaHHMHU HOPMYIOUUMH KoeQillieHTaMH, HapUKIa],
s VERTICAL - 6.676, 2.965, 1.98c, 0.59c,
0.4c;

2) oOuwncieHHs CepemHBOr0 3HAYeHHI i © 3a
yruinitoro PATROL (muB. miamynkr 3.1), 3aminHa
BIJUTIKIB 3 MIEPEBUIIICHHSM BiJ[IIOBiTHUX ITOPOTIB ce-
penHIM 3HAYCHHSM;

3) MOBTOPEHHS TS BCIX KOB3HHMX BIKOH BiJl KOPOT-
KOTO JI0 JIOBIOTO.

IIpukman oywimieHHS — MOCTIZOBHO OTPHMYBaHi
pe3yJIbTaTH OYMIIEHHS Ta Macka “roraHux’ IiKce-
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JIiB, SIKi 3aMIHCHI Ha CEPeHE 3HAYCHHS, — HABEJCHO
Ha puc. 9 [40].

HactymHuM KpoKOM € YCYHEHHSI AMCIEepPCiiHOTO
3aIli3HEHHS, SIKe MOYKHA IMPOUTIOCTPYBAaTH Ha TIPH-
KJIaal 3amuciB curHaniB mynbcapa B0809+74 nHa
puc. 10 [43]. Curnanu nynbcapa (maHesd b @) micis

Puc. 9. TlocnimoBHi cramii poOOTH HpPOLETYPH OYHILCH-
HS. @ — BHXigHi jaHi, b — mani micns poGoTtu mpouenypu
ADR_CLEANING, c¢ - pani micis poGoTu mpoueaypu
PATROL, d — macka
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Puc. 10. Imoctpartis poOGOTH MpoOLEAYypH YCYHEHHs AUCIEPCIHOrO 3ami3HeHHs (oreparliii aeaucrnepryBaHHs) mpu oopooii
JAHUX criocTepexeHp mynbcapa B0809+74: ¢ — nani micis mpoueaypy OYHMIICHHS Bij 3aBaf, 6 — pe3y/bTaTH YCYHCHHs JUC-

nepciiiHoi 3arpumku [43]

JleTUCTIEPTYBaHHs (KOMIIEHCAIlil YaCOBOI 3aTPUMKH,
mo mpomnopiiitaa f ?) cTaloTh CTPOro BepTHKAIb-
HUMH (MTaHEb 6).

JIasi OMMHOYHMX CUTHANIB (MEpiof MOBTOPEHHS
BIJICYTHII) HAJ3BUYAHO BaXIHBHUM € Oararorapa-
MeTpUYHU# aHasi3 nanux [44]. Ha puc. 11 npencras-
JICHO pe3yJbTarT JETEKTYBaHHS OJUHOYHOTO TpaH-
31€HTHOTO CHTHAIY 3 Mipoto aucnepcii 3.67 nk-cm>.
CopaBa Bropi po3MiLICHO CIEKTPOrpaMy JeIuc-
MeproBaHoro iMmiynscy. JliBopyd Bin Hei HaBeIeHO
crmiBBiguomenuss C/III y Hakomu4eHHWX 3a 4YacTo-
Tor0 128 cniekTpaibHUX KaHanax (Crovarky 3amicu
MicTats 4096 criekTpanbHHUX KaHamiB). BHu3y mpea-
CTaBJICHO MPOQiNb CUTHATY B YOTHPHOX YaCTOTHUX
cMmyrax i B yciit cmysi. [lizcymMkoBe criBBiZHOILICHHS
C/UI cranoBuTh O11M36K0 12, a TyCcTHHA MMOTOKY 11O~
TO CHTHAITy B MakCUMyMi Onu3bka g0 60 Ax.

3aBamy 3 1HAKMIOIO 3aJICKHICTIO, IO BiIPI3HAETH-
csBin 72, micas JIeIUCTIEPTYBAaHHS MalOTh Ha TUIO-
muHi “mipa gucnepcii — 4ac® po3TATHYTHH BIATYK
3a Biccto opaunar (DM), sk moka3aHo Ha BepXHiit
na"eni puc. 12. [Ipu GararomapamerpuyHOMy aHa-
73l Taki 3aBajyl BHOAISIOTHCA 31 CIIUCKY “‘KaHIH-
naris” [45].

[Ipu mipi mucnepcii, sika BiAMOBiga€ MaKCUMYMY,
CHUTHAJI BUIVISZA€ BUKPUBICHUM, IIO HE CXOXKE Ha
CHT'HAJIM MyJbCapiB (AMB. pUC. 7), TOMY TaKi CHTHa-
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JI¥ HE € NIMPOKOCMYTOBUMH CIUIECKAMH KOCMIYHOTO
IMOXOKEHHS.

OTxe, po3poOIieHi poTieTypy OYHIIEHHS B pa-
nio3aBan i OararormapaMeTpUYHWEN aHANi3 CHUTHAIIB
JIO3BOJISIE JIOCUTh HANIIAHO BiJOKPEMITFOBATH KOC-
MiYHI IIMPOKOCMYTOBI CHUTHAJH Bif 3aBaj 3€MHOTO
IMOXOKEHHS,

3.3. IIpouenypu ounIIeHHS 3aMHUCIiB
crnocTepexenb pagiopunpominioBanHs IOmirepa

OcHoBHI TpynHomi 00poOku curHamiB lOmitepa
OB’ A3aH1 3 HAABHICTIO CTPYKTYP 13 ICTOTHO PI3HUMHU
YaCOBHUMH 1 YaCTOTHHMHU MaciuTadaMH B JUHAMIY-
HUX criekTpax (i3 MyJabTHMacITaOHICTIO). 3aBaIoBi
CUTHAJM TaKOK MalOTh HECTAlliOHApHUHN XapakTep
Ha YaCTOTHO-YAaCOBIM IUIOIIMHI, XO4Ya HaiyacTille
JIOCBITUCHHM CIIOCTEpirad MOXKe JJOCHUTB JIETKO PO3-
PI3HUTH CUTHAJIHM TPUPOJHOTO Ta MITyYIHOTO TTOXO-
JDKEHHS TpU Bi3yaJbHOMY aHaNi3l CHEKTPOrpam.
Crin, ogHak, BIA3HAYUTH, 10 HABITH HOCBITYEHUI
crioctepirad Moxxe OyTH BBEICHUI B OMaHy 3a Ha-
SIBHOCTI 3aBajl, K1 BAKKO BIAPI3HUTH BiJl KOPUCHOTO
CUTHAIY.

Ha puc. 13 naBeneHo npukian yCyHEHHS 3aBall y
IinstHIi 3anucy lo-B mrropMy, Koiu KOpOTKi iMITyInb-
CHU S-CIUIECKIB, IO XapaKTePH3YIOThCS HETaTUBHUM
YaCTOTHUM Apei(oM, CYIPOBOKYIOTHCS 3aBaJION0,
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Puc. 11. JlerekTyBaHHS KOCMIYHOTO CHTHATy 3 Miporo aucrepcii 3.676 mk-cm™: crpaBa Bropi — AMHAMI4YHI CHEKTpH; 3I7iBa
Bropi — THHAMIYHI CIICKTPH, YCEPEIHCHI 3a YaCTOTO0; CIpaBa BHU3Y — IHHAMIUHI CIIEKTpH, ycepeaHeHi 3a yacoM (5 manenei
i3 MO3HAYEHHSIM O1JIs1 KOXKHOI M1 9aCTOTHOT CMYTH, B SIKOT BAKOHYBAJIOCS HAKOITMYEHHS); 3]1iBa BHI3Y — TAHEIb “Mipa JAucIep-
cii — yac”, e MakCUMyM CUTHaITy 3aiiMae Manuii inTepBan 3a DM, mo cBiquuTh Mpo Ayke TOUHY BiINOBIIHICTH AUCHEPCIHHOT
3aTPUMKH JAHOTO CHTHAITy 3aKOHY JCTepCii B XOmomHii kocMiumiit mrasmi (f %) [44]

IO CKJIAAEThCS 31 CXOKUX IMITYJIbCIB, aJie 3 MO3H-
TUBHUM YacTOTHUM apeiidom. Puc. 13, a npencras-
JIi€ TUHAMIYHUE Jiama3oH 0e3 o0poOkH, puc. 13, 6
MICTUTh TOW CaMHU CHTHAJI, ajie MiCJs BUAAJICHHS
BY3bKOCMYTOBHX 3aBajl. CHUTHa M K 13 TO3HUTHB-
HUM, TaK 1 3 HEraTHBHUM JIpel()OoM He BUSBIISIOTHCS
MIPOrPaMO0 BHJIAJICHHS 3aBajl, IO ILTKOM HPUPOJI-
HO, TOMY II[0 aJITOPUTM HE HAJIAIITOBAHUN HA MOITYK
CUTHAJIB 13 NIBUAKUM 4acTOTHUM JAperdom. [{ikaBo
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BiJJ3HAYMTH, 110 CIIOCTEPEKYBaHa IIBUAKICTH peii-
¢y iMIynbciB Mae MPHOIM3HO OMHAKOBE 3HAYCHHS
qutst curHaie KOmitepa i 11 3aBaiv HEB1IOMOTO T10-
XOJKEHHS, ajie Mae pisHu# 3HaK. [Ipu npomy nepiox
CJIiTyBaHHS, CMyTa YaCTOT i TPUBAIICTh IUX IMITYIIb-
CiB 1moi0OHi, TOOTO JIETKO MPHUIYCTUTH, 10 0OUIBA
CUTHAJIM MOXKYTh OyTH MOPOIKEH1 CXOKUMHU (Hi3ud-
HUMH Tiporiecamu. OHAK IiJ1a HU3KA 1HIIHX Xapak-
TEPUCTHK BUIIPOMIHIOBAHHS, OTPUMaHHX TIpU 3a-
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Puc. 12. XuOHO-TIO3UTUBHE IETEKTYBaHHS B pe3y/bTari po0o-
TH KOHBeEpa 00poOKH JaHux (BEpXHsI MAHEIb); CHTHAM MiCIIs
JIeMCIIePTyBaHHS 3 MIpPOIO TUCTIePCii, sika BiJIOBIAa€ LIEHTPY
BiATYKY, (HYOKHS Tanens) [45]

CTOCYBaHHI OTepariil po3TATyBaHHS 1 CTUCHEHHSA K
3a 4acoM, TaK 1 3a 4aCTOTOIO, HAOYHO CBITYUTH IPO
MITyYHY MPHPOAY IMIYIBCIB i3 MO3UTHBHHUM 4Yac-
TOTHHM JIpeHQOM.

Baratopiuna mnpakThka aHamizy JIHHAMIYHAX
CIEKTPIB MOKa3ye, IO y CKIAJHUX BHUIAAKAX (par-
MEHT 3alucy CIiA MIAaTH aHaimizy “po3TAryBaH-
Ha—cTtucHeHHs” (zoom in/out), mo mo3Boisge BHII-
JUTH XapaKTepHI OCOOIUBOCTI IOMITEPiaHCHKOTO
BHITPOMIHIOBAHHS Ta BiAPI3HUTH HOTO BiJ CHUTHAJIIB
IITY9HOTO TIOXO/pKEHHS. Takwii aHasiz BUMarae po-
3pOOKH KUTBKOX 1CTOTHO Pi3HUX alTOPUTMIB, MPH-
3HAYCHUX JUIs ieHTH]IKaIli] 3aBaj| i 4ac aHalizy
CIEKTpOrpaM, L0 MalTh Pi3HY YacTOTHO-4ACOBY
PO3IIBHY 34aTHICTD.

3aBazam, 10 3yCTpivaroThCs HaiJacrimre, MaroTh
IMITyJIbCHUI HIMPOKOCMYTOBHH (BEpPTHKAJIbHI JTiHIT
Ha JUHAMIYHOMY CIEKTpi) ab0 By3bKOCMYTOBHI
(ropu3oHTaNBHI JiHIT) XapakTep, IO J03BOJSE J0-
cuTh e()eKTUBHO BU3HAYATH YACTOTHI KaHAIH Ta/abo
MOMEHTH Yacy, 3alHsITI 3aBaJIOl0, Ta BUIYYATH iX i3
MOJaNTBIIOTO aHami3dy. s 1poro Halfyacrimne BUKO-
PUCTOBYIOTLCS ITEpATHBHI CTaTUCTHIHI TPOIEAYPH,
IO IPYHTYIOTHCSI HA BCTAHOBJICHHI MOPOTOBUX 3Ha-
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YeHb, BUPAKEHUX B OJIMHUIIAX, 1110 BU3HAYCHI CTaTH-
CTUYHUMHU MOMEHTaMH (cepesiHe, MeniaHa, aucrep-
cist Tomo). OCHOBHOIO CKJIAJHICTIO TYT € PaBHJIbHE
BCTaHOBJICHHS [TOPOTOBUX 3HAYeHb, TOMY IO 3a Ha-
SIBHOCTI BEJUKOi KITBKOCTI BY3BKOCMYTOBHX CHT-
HAJIB Pi3HOT IHTEHCUBHOCTI (a TaKOX IMITYJIBCHUX
CHT'HAJIIB PI3HOI TPUBAJIOCTI) HEMOXKJIMBO BHOpAaTH
yHiBepcaJibHI NMOpPOTOBi 3Ha4deHHs, siki Oymu 6 on-
HaKOBO €(EKTHMBHUMH SIK y CHUTYyalii HOPiBHSHO
BUTRHUX BiJ| 3aBa/I CIIOCTEPEXKHUX CECild, TaK i mMpu
TIOTaHi¥ 3aBafoBiit o0cTanoBIi. Kpim TOTO, IMpobie-
Ma BCTAHOBJICHHS IMOPOTIB s imeHTHdiKaril 3aBaa
4acTO 3aJISKUTh BiJl YACOBHX 1 YACTOTHHMX IHTEp-
BaJliB, HAa SKUX OL[HIOIOTHCS CTaTUCTUYHI MOMEHTH.
e cBimuuTh MpPo HEOOXiMHICTH CTBOPEHHS JTOCUTH
THYYKHX aJTOPUTMIB, IO JO3BOJISIIOTH BUKOHYBATH
pi3HE OIIIHIOBaHHS ITOPOTIB TPH 3MiHI YaCcTOTHO-
ro Ta 4acOBOTO MaciuTaly aHaIi30BaHUX CIIEKTPO-
rpaM. HeoOXiiHOH BHSBISETHCS TaKOXK PO3pPOOKa
CIeIlialli30BaHUX MiIXO/IB JI0 OIIHKK e()eKTUBHOCTI
3aCTOCOBYBAaHUX METOMIB, 00 YHUKHYTH CUTYaLliH,
KOJTM KOPUCHUH CHTHAI iIeHTU(IKYEThCS K 3aBajia.
Jst mporo ¢ 3MiMCHIOBATH CTaTUCTUYHUN aHaTI3
Ha KOXKHOMY €Talli iTepaTMBHUX IPOLEAYp i3 BBe-
JCHHSM JIOJAaTKOBUX IMapaMeTpiB, 10 BH3HAYAIOThH
e(EKTHBHICTh POOOTH aJITOPUTMIB.

4. Pe3yabTaTH A0CHIIKEHb KOCMIYHMX
JKepes CHOpaauyYHUX i TPaH3i€HTHHUX
curHajiB Ha YTP-2

4.1. ToHka cTPyKTypa 0JMCKABOK
y atmocepi CarypHa

Pesynwratom pocmimkens Ha YTP-2 OnuckaBok B
arMocdepi CarypHa cTano BiAKPUTTS MIKpPOCTPYK-
TYpH LMX CUTHJIiB. 3a yYMOBH BHCOKOI YacOBOi
PO3IIBbHOI 37aTHOCTI amaparypu (MiKpOCEKYH/IH)
HAMOUIBII 1HTEHCUBHI OJWCKAaBKA MOYKJINBO BUIIi-
JIITH Ha TN 3aBaj] 3aBIAKH JUCIICPCIMHIN 3aTpUMII
B MDKIUIaHeTHiH mia3mi. Lle mae 3mory imenTudi-
KyBaTH 1Ii CUTHaIM 0e3 BUKOPUCTAHHS JOJATKOBUX
kpurepiiB. Ha puc. 14 mpeacraBneHo pesyibTa-
TH JIETeKTyBaHHSA OJHMCKAaBOK IIiJ{ 4ac mTopMmy J 3a
nornomororo waveform-zanucy paHux npuiiMadem
DSPZ na YTP-2. Ha pucyHKY HaBeJIeHO TUIBKU
(hparMeHT ONMCKABKH TPUBATICTIO KiJlbKa JECATKIB
MLTICEKYH/I, SIKHI CKIIQIa€ThCs 3 0arathox Habararo
kopotiux crieckiB (30+300 mxkc). Bonn mokaszawni
B MiTiCeKyHIHOMY (BepXHS MMaHeNb) Ta MiKpoce-
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Puc. 13. S-criecku Omitepa 3 HeraTnBHHM 9acTOTHUM Jpeiidom (BEepXHS MOJOBHHA CIIEKTPY) i CHTHANM INTYYHOTO IIO-
XOJUKCHHS 3 TIO3UTUBHHUM YaCTOTHHUM Jpei(oM (HIKHS IOTOBUHA CHEKTPY) 10 (a) i micis (6) 3acTocyBaHHS IPOLETYP BULATICH-
Hi 3aBaz. [Iporpama BuaneHHs 3aBaj] HE PO3Ii3HAE IMITYJILCH B HIDKHIN YaCTHHI CIIEKTpA K 3aBaId

KyHIHOMY (CepemHs IMaHens) Mmacmrabax 4acoBOi
mkanmu. CiiJl 3a3HaY4UTH, 110 TPUBAJIOCTI CIUIECKIB
MIKPOCEKYHIHOI CTPYKTYypH DPO3pALiB B aTMocde-
pi CarypHa B JeCATKH pa3iB MEHIII 3a TPUBAIOCTI
CIUIECKIB Y 36MHHX OJTMCKABOK.

Bci pesymbraté criocTepekeHb Oyllo 3aHECEHO
J0 6a3u JaHWX i3 YACOBOIO PO3JLIBHOIO 3AAaTHICTIO
10 mc. Lleii kaTamor OJIMCKABOK i3 HEBEIHUKOK PO3-
TITHHOIO 3/IaTHICTIO BHKOPHCTOBYBABCS IS TTOIIIY-
Ky HAWMOTYXXHIITUX PO3PAMIiB, sIKi Mayn O mocrar-
He criBBigHomrends C/I s aHamizy TaHuX i3 BU-
COKOI0 YacOBOIO PO3IIIBHOIO 3maTHicTio. Karamor
“IIBHAKUX OaHWX , SIKWA HasuBaerbesa “‘Karamor
enekrpoctarnynux po3psanis”  (Electrostatic dis-

ISSN 1027-9636. Padioghizuka i padioacmpornomin. T. 26, Ne 2, 2021

charge (ED) catalogue, URL: http://rian.kharkov.ua/
decameter/EDC/), mictuTh KOpPOTKi (haiinu mMerasa-
HUX 13 OCHOBHOIO iH()OpMALIi€I0 MPO CHOCTEPEKEH-
Hs Ta (aiii i3 BUCOKOIO YaCOBOIO PO3AIILHOIO 34aT-
uicTio (15 uc). daiinn MeTaaHUX MICTAThH KIIBKICTh
YaCTOTHHUX KaHANIB, y AKHX OyJ0 3Hal/IEHO NepeBu-
HICHHS TIOPOTY JIETEKTYBAaHHS, Ta 3HAYCHHS TIOPOTY,
3HadeHHs cmiBBigHomenHs C/I1I, yac noxii Ta 3Ha-
YeHHS MipH TUCTIePCii.

Hactynnuii aHamiz nux JaHWX BUSBUB HE TiJb-
KA 1HIUBiAyanbHI Xxapakrepuctuku SED, ane i
cratucTidHi. OKpiM 9aCOBUX XapaKTEPUCTHUK CHUT-
HaiiB, Oylo mpoaHaiizoBaHo Mipy aucnepcii. Toune
BU3HaYeHHs 3HaueHHA DM Oyno 3po0neHo B Mexax
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Puc. 14. CrioctepeskeHHsI paliOBUIIPOMIHIOBAaHHS ONHCKaBOK B arMocgepi Carypra B pexxumi waveform 23 rpymas 2010 p.:
BEPXHsI MAHENb — MUTICEKYHIHUI MaciITab 4acy, cepeHs — MikpoceKyHHuit (Bumineno intepsan yacy 27.5+31.5 mc), HIKHS
[aHeNb — Pe3yJIbTaT HAKOIIMYCHHS 38 YaCTOTOKO MICIIs Oepanil yCyHeHHs JUCTepciitHol 3aTpuMKH [5]

+107° nx-cm3 i3 kpokom 3107 mx-cm3. [ls crio-
crepexenb 21-26 rpyaus 2010 p. cepenHe 3HaUESHHS
DM cranosmno (4.4+0.8)-107° mx-cm™3 [46].

Jns momryKy HalKOpOTIIMX YacOBUX CTPYKTYpP
SED 0yno o6paHo HaWmoTyxHimni moxii Ta mooy-
JIOBAaHO 1X YacoBi mpodisi 3 4aCOBOIO PO3MIIBHOIO
sgatHicTIO At =500 Hc (32 4acTOTHHX KaHAaIM).
[Ipuxman Takoi OUISSHKH 3amucy OJMCKaBKW Mpen-
cTaBieHo Ha puc. 15. 3a Takoi yacoBoi po3aiIbHOT
3IATHOCTI BUJHO HAHTOHKIIY CTPYKTYpY CHUTHAIY,
SIKUH CKJIAAa€ThCs 3 KOPOTKUX (TPUBAIICTIO KiJIbKa
BiUTiKiB) mikKiB. [TikiB CUTHAJIB, MICISA AKUX IHTCH-
CHBHICTh Maja€e OUIBII HIX y e pa3iB (TOOTO mist
SKUX po3ainbHOI 3aaTHoCcTi 500 HC HE BUCTAYMIIO),
3HalizieHo He Oyno. Temep MOXKHA OLIIHUTH MiKOBE
3HAYECHHS TYCTHHH MOTOKY BUIPOMIHIOBaHHSA OJu-
CKaBKH. J[1s1 HAMMOTYXHIIIMX MOMIH BOHO 3HAXO-
muthbes B nianasoni 4000 <5000 Su. Cuig ckasary,
IO L€ 3HAYEHHS JIMIIC B KiIbKA pa3iB IEPEBHILYE
TYCTUHY TOTOKY, BU3HaueHy npu At =20 mc mis
riraatcpkoro mropmy J (1500+2000 SH) i ryc-
THUHY IOTOKY MaKCHMaJbHO IHTEHCHBHHUX CIIaja-
xiB mropmy E (700 Su) [6]. Orxe, mpoTsrom ycix
CIIOCTEPEIKEHUX IITOPMIB BiIOyBaluCs TOTYXHi
cmanaxu, B skux cmiBBigHomenus C/I Gyio mo-
CTAaTHIM JUI JETEKTYBaHHS Ta BUBUCHHS TOHKOT
ctpykrypu SED.
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4.2. Pe3yabTaTn cnocrepexeHb
pagiosunpominioBannsa Omitepa

3 BHCOKOIO YYTJMBICTIO i 4aCOBOIO

Ta YACTOTHOIO PO3ALJILHUMHU 3AATHOCTSIMH

Cnocrepesxenns S-0yp HOmitepa y 2004-2008 pp.
4acToO MPOBOAMIKCS B pexumi waveform, mo no3-
BOJIWJIO 3HAYHO Kpallle AOCTIAUTH TOHKY 4acToT-
HO-49acoOBY CTPYKTYpy MiTICEKYHIHHX IMITYJbCIiB
1 3po0uTH X Kiaacudikaiiio, pO3AUIMBINY 1[I CHUT-
HaJId Ha TPYIIH, SKi TeHEPYIOTHCS, MOXKIINBO, iCTOT-
HO pi3HUMHU (i3MIHUMU Tpouecamu. Y ctarti [47]
Oy710 BUKOHAHO JETalbHUN aHaji3 MyJIbTHMACII-
Ta0HHUX CTPYKTYpP Y JUHAMIUYHUX CIIEKTpax JNeKib-
kox l0-A ta 10-B panmioOyp FOmitepa 3i 3HATTAIM
MIPaKTHYHO BCiX OOMEXEHb, OB’ I3aHUX 13 PO31iJb-
HOIO 37arHicTIO. Ockinbku moumnarouu 3 2008 p.
3amuc y pexxumi waveform mir BukoHyBarucs 6e3-
TIePEPBHO MPOTIATOM KIJIBKOX TOIWH, OyIlo OTpuMa-
HO JETalli30BaHi CHEKTPOrpaMH NPaKTHYHO BCiX
MPOILIECiB, IO BiAOYBAIOTHCA B JDKEpeli BHUIPOMi-
HIOBaHHSI IIiJT 4ac CEaHCIB CIIOCTEPEKCHb. Xoda
OCHOBHHH aKIeHT Oyio 3po0ieHo Ha Kiracugikailii
S-cruieckiB, yactuit 30ir S- 1 L-BUnpoMiHIOBaHHS
3a 9acoM i 4acToToi0 (a TakoK HasBHICTH TOHKOI
CTPYKTypH B AMHAMIYHHX CIleKTpax L-pumpowmi-
HIOBaHHS) NMPHUBOIUTH JO TIMOTE3H MPO MOXKIUBY
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Puc. 15. IIpodine curnany (BepxHs IaHENb) i CIEKTPOrpama 3 4acoBOKO po3ainbpHOI0 3xatHicTo 500 He (HrmkHs maHens) [6]

ONMM3BKICTh OCHOBHOTO MEXaHi3My TeHeparii pa-
TOXBHIIb Yy JUKepenax o0ox tumiB. Ha puc. 16 Ha-
BEJIEHO TPHKIAJ] CHIBICHYBaHHS MITICEKYHIHUX
BY3bKOCMYTOBHUX S-iMITYJbCiB, Apelihyrounx 3a 9ac-
TOTOIO, i3 HIMPOKOCMYTOBHUM BHIIPOMiHIOBAaHHSM
turty L. LlikaBo, mo L-BUTIpOMiHIOBaHHSI TaKOX
BUSIBIIAETHCS (ParMeHTOBAaHUM Ha YaCTOTHO-APEH-
(byroui CTPYKTypH, 110 CTa€ OYCBHIHUM JIHIIE TIPU
301IIBIIIEHH] YaCTOTHO-9aCOBO1 PO3iIBHOI 3/IaTHO-
cti. Puc. 17 inmrocTpye omHOYACHE CITiBICHYBaHHS
S-CruteckiB CKIAIHINIOI OPMU 3 BUIIPOMIHIOBAH-
HiaM Tuny N, ske npu BUIIIH PO3IIIBHIA 31aT-
HOCTI BUSBIAETHCS TMOmIOHWUM L-BUTIpoMiHIOBaH-
HIO, HaBeJleHOMY Ha puc. 16, mpoTe reHepyeTbes
B JIOCHUTHh BY3bKiH cMmy3i "actoT. IlomibHicTs Hac-
TOTHO-4acoBoi cTpykTypu N- i L-BunmpomiHioBaH-
Hsl, 110 CBIAYUTH MPO MOXKIIUBY MOMIOHICTE (hi3uy-
Horo mexaHi3mMy N- i L-BumpomiHroBaHHS, CTae
MTOMITHOO TPH MiIBUINEHHI PO3AUIBHOI 3aTHOCTI
(muB. puc. 18). HacaMkiHenp 3a3HaunMO, IO Pi3-
HOMaHITHICTh YaCTOTHO-YAaCOBHX CTPYKTYp Hij 4ac
CIIOCTEPEKEHHS JIEKaMETPOBUX paniodyp Moxe
OyTH 3yMOBIIEHa SK 3MiHOK (i3MYHUX I1apame-
TPIiB Yy JKepeni, TaK i FTEOMETPUYHUMHU e(PEeKTaMHU,
OB’ I3aHAMH 3 PO3TAIIyBaHHAM JDKEpelia BiHOC-
HO cIlocTepiraya.

ISSN 1027-9636. Padioghizuka i padioacmpornomin. T. 26, Ne 2, 2021

4.3. BinkpuTTa HOBHX JKepe
TPAH3i€HTHOIO PaAiOBHIPOMiHIOBAHHS

VY 2011-2018 pp. Ha panioreneckori YTP-2 Gyno
MpOBeNeHO Mepmuii moBHUE “ciinmii” orsia [liB-
HIYHOTO Heba 3 METOIO MOINYKY JDKEPEN CIopaany-
HOTO PaJiOBHIIPOMIHIOBAHHS JIEKAMETPOBUX XBHIIh
[42, 44, 45, 48-52]. Jliana30H AOCITIIKyBaHUX CXHU-
JieHb O JexaB y mexax Big —10° mo 90°. Crnocre-
PEeKEHHS POBOAVITUCS 32 paXyHOK 00epTaHHs 3eMITi
B pexnmi “drift-scan”, koam aHTeHa HampapieHa
B MepHJiaH Ha TEBHOMY 3HA4YeHHI CXHWIIEHHS O,
I’ IThMa TIPOMEHSIMH, IO 3a0e3MedyBaio O JHOYAC-
HO OlJIbIlIe IOKPUTTS T, 110 JTy’KE BAXKIIUBO, PEKUM
“ON-OFF”. YacoBa po3fiibHa 34aTHICTH CKJaana
8 Mc, 0 MEHIIIEe 3a CTally 4Yacy PO3CISHHs Oijib-
I0CTi OMM3BKUX IMyAbCapiB, YACTOTHUH Jliama3oH —
16.5+33 MI', ne piBeHb 3aBajl € 3HAYHO MEHIIINM,
HDK y HIKHIA YacTHHI JIEKaMETPOBOTO Jiara3oHy.
3a IOMOMOT010 IBOX MPOTrpaMHUX KOHBEEPIB 3iHC-
HIOBaJIaCh 00p00OKa CroCTepeKHNX MaHux (OIHU3bKO
100 T6), a came:

— NOUIYK IHTEHCUBHUX iHAWBITyaJbHUX IMITYIIb-
ciB — “KaHIMOaTiB”, AKUM BKIIIOYAE€ OYHUILNEHHS BIJ
panioyacTOTHUX 3aBaJi, KOMIICHCAIIFO BIUTUBY JHC-
NEepCiiiHOT 3aTPUMKH Ta BHUIUICHHS MiKiB BHIIPOMi-
HIOBaHHS, 3HAUCHHSA AKUX MEPEBUIIYIOTH 5.5G;
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Puc. 16. YacroTHO-apelidyrounii By3bKOCMYTOBUH IMIyJbC, IO Apeldye monepek cMyTH, 3aiHATOl L-BHIPOMiHIOBaHHSIM.
Crpykrypa L-BUnpoMiHIOBaHHSI BHSBISETHCS ()PArMEHTOBAHOIO HA YaCTOTHO-APeH(yrodl iMIyIbCH, MO0 0COOIMBO MOMITHO
y BHCOKOYACTOTHIHM YaCTHHI CIIEKTpY B Iiama3oHi Bix 25.5 no 26.5 MI'n. TopusoHTanbHi JiHii MOXYIISLIT 3yMOBIIEHI peaKLiero
NiHiiHO nonspu3oBaHoro aunois Y TP-2 Ha dapaneiBcbke 00epTaHHs IUIOIIMHHE MOJIIPU3aLlii BUITPOMiHIOBAHHSI IIPU HOIIMPEHHI

paIioXBuIIb y TIa3Mi

Puc. 17. OnHovacHe icHyBaHHS S-CIIECKiB cKiIafHOi cTpykTypu Ta N-BunpoMmiHroBaHHs. [TopiBHSIHO By3bKy cMyry N-Bumpo-
MiHIOBaHHsI J00pe BUAHO MoOnu3y vactord 16.5 MI'm. S-cruieckd BUIBHO MEPETHHAIOTh OONACTH YaCTOT, IO BiIMOBigae
N-BUIPOMiHIOBaHHIO, 6€3 BUAMMHX 3MiH Y 4YaCTOTHO-4acOBiit cTpykTypi [47]

— OararomapamerpudyHa o0poOKka iHIUBIAyab-
HUX CUTHAJIB i3 Bi3yaJIbHUM KOHTPOJIEM JEKUIBKOX
XapaKTEPUCTUK “KaHIUIATIB” — JUCIEPCIHHOI 3a-
TPUMKH, IIMPOKOCMYTOBOCTI, HASBHOCTI HU3BKOIH-
TEHCUBHUX 3aBaJl TOIIIO.

Byno BuCTOBIIEHO MPUTTYIICHHS, 1110 cepel “KaH-
IUAaTiB” Moria JIMIIATUCS MEBHA KIJIbKICTh 3aBaj,
MOPOKEHUX MEPEXTIHHAM PaJiOBUIIPOMiHIOBaHHS
KOHTHHYaJbHHX JKEPE Ha HEOHOPIAHOCTIX 10HO-
cthepu. [ns mepeBipku i€l TIMOTE3U CHOCTEPEK-
Hi gaHi Oyno iHBepTOBaHO B yaci i 0OpobieHo, sK
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3BUYaiiHi (TOOTO 3/1iIHCHIOBABCS MOIIYK HMOBIPHUX
CHTHAJIIB 31 “3BOPOTHOIO” MipoOI0 TUcTepcii, 4acoBa
3aTpUMKa sKux npomnopiiiina ve f 2, a —f ) [50].
O0poOKa TaKUM METOAOM JTO3BOJIMIIA BUSBUTH CHUT-
HaJTH, SIKi MaJId XapaKTEPUCTHKH, 10 BiIPI3HAIOTHCS
BiJ BHABJIEHHX “‘KaHmaumariB” (30kpema, Habararo
MEHIIIY HIHPOKOCMYTOBICTS), i criiBBigHOmEeHHS C/I11
JKOJHOTO 3 HHUX HE IEpEeBHIIYBAJIIO 3HaUeHHS 7.2.
3HaueHHs MipH OHCIIEePCii IUX CUTHATIB HE CITIBII-
aZaroTh 31 3HAYECHHSMH MIipH IUCIEpPCii BiIOMHX
mynscapiB abo RRAT, a Takox BiIpi3HSIIOTBCS IS
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Puc. 18. IlepetuH 9acToTHO-ApeidyoanMu S-crteckamMu cMmyrH reHepaii N-BunpoMintoBaHHs (3011bIIeHAi (pparMeHT criek-
TpOrpamu, HaBeeHol Ha puc. 17). JIo6pe MOMITHO PO3IIEIICHHs! CYIJIbHOI CMYTH BHIIPOMIHIOBAaHHSI, HaBeeHOI Ha puc. 17,
Ha BEJIUKY KiJIbKICTh KOPOTKHX IMITYJIBCIB i3 MOBUIBHIIINM (IIOPIBHSHO 3 S-CIUIECKaMH) 4aCTOTHUM Apetidom [47]

Bcix 380 curnaiiB. sl ycyHEeHHs CyMHIBIB 1 II0J10
TaKUX BUMAAKIB JETEKTYBaHHS 3 IEPENiKy “‘KaH-
quaatiB” Oyno BHIIYYEHO BCl IMITYJIBCH, IO MAalOTh
crieBignoments C/IIT mentire 8. Pe3ynsraTom cTajio
BusBienns 380 curnamnis (puc. 19), ski aBTOpH BBa-
KAIOTh IMITyJIbCAaMH KOCMIYHOTO MOXOKEeHHS [52].

Lli BHCHOBKY MiATBEPAKYIOTHCS PO3MOALIOM IIAX
380 iMITynBbCiB 32 pi3HMMH TapaMeTpaMH, TaKUMHU
K yac 1mosieH, criBBignomenns C/III, mipa gucmep-
cii [50, 52].

Kpim ToOro, mopiBHSHHS PpO3MOALTY 3a Tajak-
TH4HOIO MmHUpoTo0 380 iMmynbciB 3 aHANOTTYHUM
posnoxainioMm it 98 BimoMux ONM3BKHUX IYJbCapiB
(DM <30 nk-cm® ta nepiomu P > 0.2 ¢) mokasano
(puc. 20) ix sxicHy momioHicTh [52].

3pocTaHHA KUTBKOCTI HOBUX TEJIECKOIIB 1 SKOCTI
arnapatrypy IpUBOIUTH IO OLBIIOTO YHCIa BiAKpH-
THUX IynbcapiB. 3a octanHi 10 pokiB KITBKiCTh O3B~
kux nyabcapiB (DM <30 nx-cm=, P >100 mc),
JTOCTYIHHX JIJIS CIocTepexkeHb Ha Y TP-2, 30impmmm-
nack yasiui (y 2010 p. ix 6ymo 6mussko 80, Ha moyar-
Ky 2020 p. — 163 [53-55]). JonaTkoBe 301IbIIECHHS
MOTEHIIHHO JOCTYITHUX JJISl JETEKTYBaHHS Ha HU3b-
KHX 4aCTOTax MyJIbCapiB IOB’3aHO 3 TUM, L0 KOHYC
iX BUIPOMIHIOBAHHS PO3IIMPIOETHCS TPUOITH3HO
BIBIYi Yy pa3i crocTepekeHb Ha BiTHOCHO OJIM3BKOT
10 25 MTI'tt wactorr 100 MI'rr [38] i B 4-5 pasiB —
MOPIBHSHO 3i criocTepekeHHIMHU Ha yactoti 1.4 T'T.
OTxe, sIK TPaH31EHTHI MOXKYTh OyTH MPOAETEKTOBA-
HI aHOMaJIbHO iHTeHCHBHI imMmynben [33, 35] HeBi-
JOMHUX ITyJIbCapiB 13 nepiogaMu OJM3bKO CEKYHIU Ta

ISSN 1027-9636. Padioghizuka i padioacmpornomin. T. 26, Ne 2, 2021

TiraHTChKi iIMIYJIBCH MUTICEKYHHHX ITyTbCapiB Mic-
JISL PO3CISIHHS B MIXK30pSIHOMY cepenoBuii [56-58].
HesBaxkarouun Ha Te, 1110 3apa3 BiIOMO TPOXH OiTb-
tre cra RRAT [59], omHuM i3 pe3yabTariB momyJsiiiii-
HOTO CHHTE3y B acTpo(i3hIli € BUCHOBOK, IO TaKUX
3aJUIIKIB HAJHOBUX ICHYE B KUTbKa pasiB OinbIe,
HiXK nysbcapiB [60]. MokinBo, yacTrHa MPOAETEKTO-
BaHUX Y ONVISAJIi CUTHATIB HaJeXHUTh came RRAT.

IHmyMu TMnaMu 00’ €KTIB, 110 HOTEHIIWHO [0-
CTYIHI Ui CHOCTEpeXEHb Y HHU3bKOYACTOTHOMY
niaraszoHi, € OJMHOYHI paJioTUXi pPEHTTEHIBCHKI
HeWTpoHHI 30pi [61-63], mymbcapu i3 KpyTHMH
CHEKTpAbHUMH iHJeKcaMu (OMH3bKo —3), eNeKTPO-
CTaTHYHI PO3PAOM Y BHKHMIAX BYJIKaHIB OIM3BKUX
ex3oraneT [64], a Takok TEBHI 3¢MHI Ta KOCMIUHI
JDKepelia HeB1IOMOI IPUPOJIH.

3 omsmy Ha cka3zaHe, IPH MOBTOPHUX CIIOCTEpe-
YKEHHSIX MO)KHA O4iKyBaTH BUSBJICHHS TOBTOPIOBAHO-
CTiNIEBHHUX CUTHAJIIB Ta IETEKTYBaHHS HOBHX JUKEPEL.
Pesynbrarom mpoBeeHUX gociimkeHb [65] crano
JICTCKTYBaHHS TMOBTOPHUX CHTHATIB BiJl KUTBKOX
JDKEepel CIIopaiyHOro AeKaMeTPOBOTO PaIiOBHITPO-
MiHIOBaHHS. 30KpeMa, OyJ0 BHUSBJICHO IMOBTOPHI iM-
nynben (puc. 21) Big mxepena J0337+3937. 3nauen-
HS MipH Jucrepcii CUrHanmy, NpPOAETEKTOBAHOTO
y 2016 p., ckmagamo (7.03+0.05) mnk-cmS, DM
IIBOX TTOBTOPHUX IMITYJIbCIB Bifl IIHOTO pamiomKe-
pena, BusiBiennx Bocenu 2019 p., — (7.02+0.05)
i (6.942+0.05) mk-cm3. TToBTOpIOBaHICTH CHTHA-
JB BiA imle KUTBKOX JDKEped Hapasi mepeBipseThb-
Csl — BUKOHYETBCS JOAAaTKOBa 00poOKa i aHali3 cro-
CTEPEIKHUX JIAaHUX.
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Puc. 19. Tonoxenus BusiBneHux B onpigi 2011-2018 pp. mxepen TpaH3i€EHTHOTO padioBUIPOMiHIOBaHHS Ha Kapti [liB-

HiYHOrO Heba

Puc. 20. TicTorpaMu po3noIiiB 3a raJakTHYHOIO IIHPOTOIO
sHainennx y orwsiai 380 curHaiB (BeXHs TaHENb) Ta BiIOMHX
myabcapis i3 DM <30 mk-cm i mepiogom P > 200 mc (Huk-
Hst manens) [52]

OTXe, BUCOKA UYTIUBICTD PaiOTEICCKOIA Ta BU-
COKa pO3IUThbHA 3MaTHICTh MPUHMATLHOI araparypu
JTO3BOJIHJTY TIOTITMONTH HAIIll 3HAHHS PO CIIOPaIny-
HE Ta TpaH3I€EHTHE BHIIPOMIHIOBAHHS KOCMIYHHUX
JOKepell Ha HU3BKUX 4YacToTax. Po3polOneHi metomu
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pO3Mi3HaBaHHA ¥ YCYHEHHS IITYYHUX 1 MPUPOAHUX
3aBajl, BUKOPUCTAaHHS BCiX JOCTYMHUX KpHUTEpiiB
MiATBEPP)KEHHS KOCMIYHOT IPUPOIN CUTHATIB J103-
BOJISITh €()EKTUBHIIlIE BUKOHYBATH MOIIYKH ONHCKa-
BOK [66], iMITy;IbCHHX CUTHAJIIB BiJl HSHTPOHHUX 3ip
Ta IHIIMX JPKEPEes, 30KpeMa, 1 TpaH31€EHTHOTO pajlio-
BUIIPOMiHIOBaHHSI.

5. BucHoOBKH

OnucaHnx yCmixiB AETEKTYBaHHS CIIOPAIUYHOTO
Ta TPAH31€EHTHOTO PaJiOBUIIPOMIiHIOBAHHS JOCATHY-
TO 3aBISKM PO3IMIMPEHHIO alapaTHUX MOXIUBOCTEH
1 PO3BUTKY METOAIB BUKOPUCTAHHS BCiX JTOCTYIHHUX
KPHUTEPIiiB I MiATBEPIKEHHSI KOCMIYHOI MPUPOAU
3apeecTPOBAHMX CUTHAIIB.

Binkputi B Xomi AOCTIIKEHh OCOOIUBOCTI pi3-
HUX TUIIB CUTHANIB JAalOTh 3MOTY TOUHIILIE HaJaIl-
TOBYBAaTH NapaMEeTPH NOLIYKY. Tak, AJs MiABUILIEHHS
YYTJIUBOCTI CIIOCTEPEKEHD BIAKPUTOT TOHKOI CTPYK-
Typu OnuckaBok y armocdepi CarypHa (TpuBanocti
MIKPOCEKYHIHOI CTPYKTYPH B HECSTKH pasiB Ko-
pOTIHII 3a TaKi )X CTPYKTYpH 3EMHHUX OJIMCKAaBOK)
MoTpiOHO 301IBIIYBAaTH YaCOBY PO3AUIBHY 3AaTHICTb.
3 i€l K METOI0 BUKOPUCTOBYETHCS iH(OpMais
PO AWCHEPCiiHy 3aTPUMKY B MIKIJIAHETHOMY Ce-
PEIOBUIII.

3amuc nekinbkox mpomeHiB YTP-2 omHOdacHO
€ IyXe BOXJIMBUM CIIOCOOOM IEPEBIPKH HANPAMY
npuxony curHaiiB 3a paxyHok “ON-OFF” anamizy
nanux. Jlyxe BaXJIMBUMHU € TAKOXK OZHOYACHI CIIO-
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Puc. 21. Tpu immynscu mxepena J0337+3937 3 DM (3niBa Hanpaso) (7.03+0.05), (7.02+0.05) i (6.942+0.05) nx-cm™

CTepeXCHHs TUX caMmux oOmacteil HeOa pi3HUMHU
aHTeHaMH. AJie BaXIHMBO, 00 e(pEeKTHBHA IJIOIIA
aHTeH Oyma ONHM3BKOIO, OCKUIBKH TPU CTENeHeBiit
(mampuKIaj, KBaapaTHUHIN) 3a7T€KHOCTI IHTEHCHB-
HOCTI CIIOpaIWYHUX CHUTHAJIB BiJ BIPOTITHOCTI iX
MOSIBY PI3HUIIA B YYTJIMBOCTI aHTEH MiJKPECIUTHCS
Y BIATIOBITHOMY CTEIEHi.

Bxpaii BaXTHMBO afanTyBaTH METOAHM OYHINEHHS
CUTHAJIB BiJ pajio3aBaj, 3 OAHOrO OOKY, JO THITY
JoKepesa, a 3 1HIIOTO — JI0 3aBaloBOi 0OCTaHOBKH.
3a Takol YMOBM BEJIbMU 02)KaHO, 1100 KOMIT IOTEp-
Hi TIPOIeNypy aBTOMATHYHO HAJAIITOBYBAJIHCS Ha
BpaxyBaHHsI HIOAHCIB 1 TIOCTiHY 3MiHY 3aBaJI0OBOTO
cepenoBuma. s mporo ciill ONTUMAlLHO BHKO-
PHUCTOBYBaTH HasiBHI O0UHCITIOBAIIbHI TIOTYKHOCTI.

AHai3yr0uu HaBeJCHI B CTATTi PI3HOMAaHITHI Me-
Tonu BepHu(ikarlii KOCMIYHOI MIPUPOAN HEPETYISIP-
HUX CHTHaJliB, MOXKHa C(HOpMYIIOBaTH MPiOPUTETHI
HanpsAM{ PO3BUTKY aCTPOHOMIYHOI TEXHIKH, METO-
UKW CIIOCTEPEXKEHb Ta MPOIEyp OOpOOKH As ix
HafiiHOI peectpanii. OCKiIbKH BipOTiAHICTH TOS-
BH TPaH3I€HTHHUX MOJill BiJ KOHKPETHOTO JDKepelna
€ Iy)Xe€ HU3BKOIO, NOLUIBHO PO3MIMPHTH SIK TIONE
30py (mBi KOOpIAMHATH B KapTHHHIN IUTOINIHMHI), TaK
1 KpOK Ta Jiana3oH 3a Miporo aucrepcii (aucTaHiis
BiJ[ CIIOCTepiraua — TpeTst KOOPANHATA), 3 HCHION0-
yi (aKTUIHO “CIMUI” TOUIYK CHTHANIB Bif ILTOT
HH3KW THITIB JUKEpE CIOPATUIHOTO Ta TPAH3IE€HT-
HOTO PaJiOBHIPOMIHIOBAHHS 3 YpaxyBaHHSIM TOTO,
IO OIMPOKOCMYTOBICTh 1 KOPOTKOTPUBAJICTD € Xa-

ISSN 1027-9636. Padioghizuka i padioacmpornomin. T. 26, Ne 2, 2021

PaKTepHUMH IJis1 HUX. ToMy, mo-mepuie, paxioresne-
CKOII TTIOBHHEH MaTy MIHIMYM JIBa, a Kpalle — AeCsT-
KM Ta OUTBIIEe TTPOMEHIB, fKi, ITO-IpyTe, MPAIOIOTh
y MOBHOMY POOO0YOMY [lialma3oHi 4acToT i3 po3/isib-
HOIO 3MaTHICTIO TOPSAKY MIKPOCEKYHI. 3 OIIAIY
Ha BHKOHAHI OL[IHKM Ta OTPHUMaHi MiATBEPIKEHHS
y Tporieci BUBYEHHS OnmuckaBok B armocdepi Ca-
TypHa, HaBiTh y pa3i CIOCTEPEKEHb HAWOIMKIOTO
KOCMIYHOTO JKepena OnuckaBok — Benepu — miei
PO3IiTBHOI 37aTHOCTI Oyne AOCTAaTHBO ISl KOM-
NeHcalii TUCTIepCciiHOl 3aTPUMKH Ta JeTEKTYBaHHS
KOPOTKHUX TOTYXHUX po3psniB. OdikyBaHa IucIep-
ciliHa 3aTprMKa Oyzie JuIIe B KiIbKa pa3iB MEHIIO,
HiK Mk 3emiero Ta CaTypHOM, OCKUTBKH TyCTHHA
COHSIYHOTO BITPY 3MIHIOETHCSI 00EPHEHO POTIOPIIil-
HO KBajpary BifctaHi Big Conis. s 3arpumka Oyne
MTOPSIIKY COTEHBb MIKPOCEKYH] Y YaCTOTHOMY Jiara-
30HI BiJ JIECATH A0 NEKITBKOX JECSTKIB Merarepi
i Binnosinarume DM ~10~° nk-cm3. 3 inmoro 00Ky,
3 OINIAY Ha PO3CISAHHS HAa HU3BKUX YacTOTaX, BEPX-
HSl MEXa TMOIIYKY 3a MIporo AMcHepcii Moxe OyTH
50+100 mk-cm3.

Jly’xe BaXKIIMBHM METOMIOM BepH(ikarlii KocMid-
HOI TIPUPOIIU CUTHAIB € TaKOX OJHOYACHI CIOCTE-
pekeHHs1 JBOMa abo Oiiblie BiJJaIecHUMH pPajio-
TeJeCKOTIaMi TIPUOJTU3HO OJHAKOBOI UYTIUBOCTI.
[opiBHsHHS TapaMeTpiB COPaIUYHUX 1 TPaH31€HT-
HUX CHUTHAJIIB, 3allUCAHUX JBOMA PI3HUMH PaaioTe-
JIECKOTIaMH, SIKI MalOTh Pi3HI MICIIeBi piBHI paaio3a-
BaJl 1 BIAMIHHOCTI y cTaHi ioHOC(hepr HaJ KOXHUM
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i3 IHCTPYMEHTIB, 3a0€3MCYUTh BUCOKY HaJilHICTh
peecTpallii CUrHaJiB KOCMiYHOTO TTOXO/KSHHSI.

Bce Bumesragane g03BONUTH Ie e(PeKTHUBHIIIE
BUBYATH CIIOpAJMYHE Ta TPAH31€EHTHE BHUIIPOMIHIO-
BaHHS BiJIOMUX 1 HOBUX KOCMIYHHUX JIKEPEIL.
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SPORADIC RADIO EMISSION
OF SPACE OBJECTS AT LOW-FREQUENCIES

Purpose: The results of studies of sporadic radio emission of
several types of space radio sources, including neutron stars
and planets of the Solar System, are presented. The aim of
this work is to review the latest achievements in the study
of low-frequency radio emission of the Solar System pla-
nets and transient signals similar to pulsar pulses using the
UTR-2 radio telescope. The importance of the development
of the verification methods of the spaceborne radio emission
in the study of sporadic signals from various sources is shown.
Design/methodology/approach: The studies of sporadic sig-
nals of different nature are based on the common set of proce-
dures for cleaning records from the terrestrial radio frequency
interference (RFI) in the frequency-time pattern using the in-

ISSN 1027-9636. Padioghizuka i padioacmpornomin. T. 26, Ne 2, 2021



Cnopaouune padio8unpoMiHIO8aHHA KOCMIYHUX 00’ EKMI6 HA HUSLKUX YACMOMAX

formation on the nature of the particular type of sporadic radio
emission, possible types of interference and signal distortion.
Characteristic features of sporadic radio emission of different
sources are given, and for each of them the optimal method of
signal extraction is developed. The efficiency of the developed
procedures for cleaning from noise using adjustable para-
meters is shown. This is done on the basis of observations of
diverse types of space radio sources, such as lightnings in the
atmospheres of planets, single pulses of neutron stars and spo-
radic radio emission of Jupiter.

Findings: The developed methods of signal extraction de-
tection in the presence of radio-interference have allowed
obtaining the unique results such as: the distribution of the
total intensity of single pulses of neutron stars depending on
the galactic latitude; the automatic search of lightnings in the
Saturn’s atmosphere in data due to the carefully elaborated
RFI mitigation procedures, which made it possible to obtain
the Saturn electrostatic discharge (SED) emission parameters
based on the most complete set of events. Increased efficien-
cy of the selection of Jupiter’s S-radiation signals despite the

ISSN 1027-9636. Padioghizuka i padioacmpornomin. T. 26, Ne 2, 2021

data corruption by the presence of radio-interference, which
was reached due to the carefully chosen parameters of data
cleaning procedures, have allowed us to detect short and in-
tensive bursts, being the most informative for determining
the physical parameters of radio emission in the area of their
generation.

Conclusions: The large effective area and high sensitivity of
the UTR-2 radio telescope allow making the sporadic radio
emission study with high temporal and frequency resolutions.
Due to these factors we can apply a wide range of methods of
space signals’ detection in the presence of terrestrial radio-fre-
quency interference of natural and artificial origin. The data
cleaning parameters allow accounting for the characteristic
features of space signals and to obtain important and even
unique scientific results.

Key words: decameter wavelength range, UTR-2, sporadic
radio emission, transients, lightning in the atmospheres of
planets, Jupiter S-bursts
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