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Abstract

Purpose: Review of investigations of cosmic sources radioemission scintillations due to interplanetary plasma irregularities made at the Institute of
Radio Astronomy of the National Academy of Sciences of Ukraine, from the first observations in the mid-70s until now.

Design/methodology/approach: In the course of preparation of this paper, the authors have reviewed, analyzed and summarized the information
being published in the home and foreign publications, and reported at scientific conferences.

Findings: The investigations of the interplanetary scintillations carried out at the Institute of Radio Astronomy, NAS Ukraine have been reviewed. A
retrospective discussion has been made on how in the course of these researches the knowledge about the basic parameters of interplanetary
scintillations in the decameter wavelength range, as well as that on the important parameters of the solar wind and its structure, have been obtained.
Also, various methods of processing and analysis of experimental data were offered, and new means for receiving cosmic radiation were created.
The place and importance of the discussed researches for the world science are shown.

Conclusions: Over the years since the beginning of the research, the think tank of the Department of Low-Frequency Radio Astronomy of the
Institute of Radio Astronomy, NAS Ukraine has obtained a number of new relevant results, which bring Ukraine into the cohort of world centers of
interplanetary scintillation researches. The construction of a new GURT radio telescope, among other things, creates new prospects for the
development of this relevant line of investigation.

Key words: interplanetary scintillations; decameter wavelength range; solar wind; solar wind stream structure; coronal mass ejection
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Tacrurtyty reodizuxu im. C. I. Cy66otina HAH VYkpainu,
Byn. M’sicoenioBa, 27/29, m. ITonrasa, 36014, Ykpaina

4 [HCTUTYT KOCMIYHHX JTOCIIDKEHb ABCTPIfCHKOI akajeMii HayK,
Byi. LImimnemrpace, 6, m. ['par, 8042, ABctpist

3 JTaBoparopist KOCMIYHHX JTOCII/DKEHB 1 acTpO(i3HIHOTO MpHITa[00yTyBaHHS,
ITapu3bka oOcepBaropisi, METOHCHKHI (imia,
. XKronst SIucena, 5, Menon, F-92195, ®panuis

¢ dizuko-Mexaniunuii imcTuTyT iM. I. B. Kaprnienka HAH Ykpainwu,
Byn. Haykoga, 5, M. JIbBiB, 79060, Ykpaina

JOCIIIXKEHHA MEPEXTIHb PAIIOBUITPOMIHIOBAHHA
KOCMIYHUX JIZKEPEJ HA HEOTHOPITHOCTAX MIXIIIAHETHOI
IIJIABMU B PAIIOACTPOHOMIYHOMY IHCTUTYTI HAH YKPATHU

[Tpucestuyerbest 110-piuuto Cemena SAxosuua bpayne
ta 50-piuuro pamioreneckorna Y TP-2

[Ipeamer 1 mera pobotu: Oonad docriddicensb mepexminb padiogUNPOMIHIOBAHH KOCMIYHUX Odicepell Had HeOOHOPIOHOCMAX
Mixenianemnoi niasmu, wjo nposoounuca 6 Padioacmponomiunomy incmumymi HAH Ykpainu, novunaiouu 3 nepuiux cnocme-
pedicend y cepeouni 70-x pokia i 00 Hawux OHis.

Metonu ta meTonodorist: 17i0 uac niocomosku yici cmammi agmopu 02IsHYIU, RPOAHANIZYEANU U Y3a2albHUIU iHhopmayilo, sika
byna onybnikoeana y imuusHAHUX i 3aKOPOOHHUX BUOAHHAX, OONOBIOANACS HA HAYKOBUX KOH(pepenyisx.

Pesynsraru: Oenanymo 00CiOHceHHs MINCHIAHEMHUX Mepexminb, AKI nposoounuca 6 Padioacmponomiunomy iHcmumymi
HAH Vkpainu. Obeoeopeno 6 pempochnekmugi, K 6 npoyeci yux 00CniodiceHb OMmpUMy8aIuUcs 3HAKHA PO OCHOBHI napamempu
MIJCIAHEMHUX MEPEXMitb 8 eKAMempOBOMY OianazoHi padioxeuib ma GaNCIUSL NAPAMempU COHSIYHO20 8ImpY i 11020 CIPYK-
mypy, npoNoOHY6ANUCS DISHOMAHIMHI Memoou 06poOKU ma aHanizy eKCNepUMeHMANbHUX OAHUX, CIMEOPIOSANUCS HOBI 3aco0u
nputiomy Kocmiunoeo padiosunpominiosaniisi. Ilokazano micye i axicaugicms yux 00ciodiceis 0Jisk C8IMoeol HAYKU.

BucHoBku: 3a poxu, wo munyiu 3 nouamky 0ocaiodcens, Konekmug Biodinenns nusbkouacmomnoi padioacmponomii Padioa-
cmponomiynoeo incmumymy HAH Vipainu ompumae HU3Ky HOBUX aKMYyanibHUX pe3yIbmamis, sKi 6u00ams YKpainy 6 kocopmy
C8IMOoBUX YyeHmpis 0ocuiodlcens midicnianemuux mepexminv. 11o6yooea nosozo padiomeneckona I'YPT, nomigc inwum, cmeo-
PIO€ HOBI nepcnekmuguy OJis PO3GUMKY YbO20 AKMYANbHO20 HANPAMY.

KimouoBi cnoBa: wmidicnnanemmui mepexminms, dexamemposuil 0ianasoH, COHAUHUL 6imep, NOMOKO8A CMPYKMYPA COHAUHOZ2O
8IMpY, KOPOHANLHUU BUKUO MACU

1. Beryn

Pamioactponomiunmii iHcTuTyT HarmioHnansHO! aka-
nemii HayK YKpalHH € TOJIOBHOKO HAyKOBOIO OpTa-
Hizamielo YkpaiHM B raiys3i paaioacTpOHOMIYHHX
JOCITIDKEHb, K1 BKITIOYAIOTh TPAKTUIHO BCi HAIIPSI-
MU pajiioacTpoHOMIi, Bifomi cydacHid Haymi [1].
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OmHUM 3 TaKUX HAMPSMIB € TOCITIIKEHHSI MEPEXTiHb
PaaiOBUIIPOMIHIOBAaHHS KOCMIUHUX JKepen. Bimo-
MO, IO PO3CISIHHSI PaAiOXBWIIb, PE3yIETaTOM SIKOTO
€ MEpeXTiHHS, MOKE CYTTEBO OOMEXYBaTH TOUHICTh
1 YyTIIMBICTh PaioaCTPOHOMIYHUX EKCIIEPUMEHTIB.
VY BUNAJKY CIIOCTEPEKEHb KOCMIUYHUX JKEpeN ce-
peOBHIIAMH, SIKi PO3CIIOIOTH PaJioOBUIIPOMiHIOBAH-
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Hs, € MDK30PsSIHA 1 MDKIUTAHETHA TJ1a3Ma, a TaKoXK
ioHocdepa 3emui. Ciij 3a3Ha4YUTH, 10, 3 OJHOTO
00Ky, e(heKTH PO3CISTHHS Y BKa3aHHUX CEPEIOBHUIIAX
0OMEXYIOTh UYYTIWBICTH 1 TOYHICTH pagioacTpo-
HOMIYHUX CIIOCTE€pEKeHb, a 3 IHIOro OOKY, Bij-
KpUBAIOTh YHIKAJIbHY MOXIUBICTh IS OI[IHKH
napamMeTpiB caMuX IUIA3MOBHX CEpeloBHII. Tak,
JOCHIJKEHHSI MEPEXTiHb Ha HEOIHOPIIHOCTIX MiXK-
IUTAHETHOI TJIa3MH JJO3BOJISIIOTH OTPUMYBAaTH iH-
¢dopmarito npo ii mapameTpH: IMBHIKICTb, CHEKTP
HEOJTHOPIIHOCTEH, TOBIIMHY 1 KUIBKICTh IOTOKIB
MDKIUIAHETHOI TU1a3Mu (30KpeMa, 1 B 00JIacTsIX, He-
JOCTYIHHX JUTSI JOCIIDKEHb 3 KOCMIUHUX araparis).
CriocTepeXeHHsI MIKIUTAHETHUX MEPEXTiHb TaKOXK
JAIOTH 3MOTY OITIHIOBaTH KyTOBI PO3MIpH CaMUX
pamiomxepedn. [Ipu mboMy peasizyeThesi KYyTOBE PO3-
TIICHHS, €KBiBAJICHTHE PO3MIIBHIN 3JaTHOCTI IHTEP-
(bepomeTpa 3 JOBKHHOK 0asW, siKka YyABIUi-BTpUYi
nepesuinye giamerp opOita 3emiti. OueBUAHICTDH
Ta iH(QOPMATUBHICTE METOAY MOSICHIOE TOW (haxT,
IO CHOCTEPEKEHHsI MIKIUIAHETHUX MEPEXTiHb He-
3MIHHO BKJIFOYAlOTHCS B MPOrpamMH HAayKOBHX pa-
Ji0acTpOHOMIYHUX TIpoekTiB. Hapasi mpaiioe Hu3-
Ka TIOTY)KHHX 3aKOpJOHHUX PaJioacTpPOHOMIYHUX
LEHTPIB JOCIIDKCHb MDKIIAHETHUX MEPEXTiHb:
Can Jliero (San Diego), CIIIA; Haros (Nagoya),
Smowis; Abepuctyit (Aberystwyth), Benuka bpu-
tanisg; Orakamynz (Ootacamund a6o Ooty), THmis;
MEXART, Mexkcuka Ta [lymmso, Pocis. 3 cepennau
70-X pOKIB MUHYJIOTO CTOIITTS 1 JOTETep MiXkIlia-
HETHI MEpEXTiHHA aKTHUBHO BUBYAIOThCS B Paio-
actpoHomiunoMy iHcTuTyTi HAH Ykpainu.

s crarts mpucBsiueHa OISy AOCHTIHKEHb Me-
PEXTiHb PaliOBUIIPOMIHIOBAHHS KOCMIUHHUX JKEPE
Ha HEOJHOPITHOCTAX MIXKIUIAHETHOI IUIa3MH, SKi
npoBoAwIHCsA B PalioacTpoOHOMIYHOMY iHCTUTYTI
HAH Vkpainn.

2. MixniaHeTHi MepexTiHHSA

PagioBunpoMiHIOBaHHST KOMITAKTHUX KOCMIYHHX
JoKepen (IyabcapiB, KBa3apiB, TalaKTHK), TPOXOJIs-
YH KPi3b, MDKIUTAHETHY TIa3MY, SIKa Ma€ HEOTHOPI/I-
HOCTI TOKa3HHWKa 3aJIOMJICHHS, 3a3Hae audpaxiii,
BHACJIIJIOK YOTO B IUIONIMHI CIIOCTEpiradya Ha 3emMJii
BUHHUKAIOTh MPOCTOPOBi (irykTyauii iHTEHCHBHOC-
Ti pamgiocurnany (puc. 1). OcKiTbKM MiKIIIaHETHA
Ia3Ma siK LiJie PyXaeThCsl BIAHOCHO CIoCTepiraya,
pocTopoBi (iIyKTyallii IHTEHCHBHOCTI BUSBISIOTH
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Puc. 1. SlBuiie MDKIUIAaHETHHX MEPEXTiHb PaIiOBUIPOMi-
HIOBAaHHS KOCMIUHHX JKEpell

cebe B TOUIll MPUIOMY SIK YacoBi Bapiaiii, sKi 3a-
3BUYAil Ha3MBAIOTh MIKIUIAHETHUMH MEPEXTIHHAMHU
(interplanetary scintillations a6o IPS). Tyt i gam mMu
CTaBHMO 3HAaK PIBHOCTI MK HOHSTTSAMH ‘‘COHSIUHHH
BiTep” 1 “MIKIIIaHETHA IJ1a3Ma’”’, OCKIJILKH 100pe Bi-
JIOMO, 1110 JIEBOBA YaCTKa MDKILIAHETHOT IUIa3MHU Ma€e
came COHSTYHE TIOXOJKSHHSI.

Briepiie MiXMaHeTHI MEPEXTiHHS cIriocTepira-
mucst ExToni [7roimem [2] gk mBHAKI 3 mepiogom
TIOPSIIKY OMHIET CeKYHIN (QIyKTyallii iRTCHCHBHOCTI
paziocUTHaNTy KOCMIYHHX JpKepen. bymo 3amporo-
HOBAHO KiJIbKICHO OTIMICYBATH 1€ aCTPOHOMIYHE SIBH-
IIe BETMYMHOIO (DITYKTyaIliii iHTeHCUBHOCTI BiJTHOC-
HO CEpeHBOTO PiBHS:

AI(t)=1(t)—(1()),

ne I(¢) 1 <I (t)> — IHTEHCUBHICTh BUIIPOMIHIOBaHHSI
JDKepesia B MOMEHT Yacy ¢ 1 CepeiHsl IHTCHCHUBHICTh
BHUITPOMIHIOBAHHS JKepena BianosigHo. [Tpu mpbomy
IHTEHCHUBHICTh MDKIUTAHETHHX MEPEXTiHb XapaKTe-
pu3yBanacs iHIEKCOM MEPEXTiHb, IKHI € HAlBayKIIH-
BIIIIOFO CTATHCTUYHOIO XapaKTEPUCTHKOIO, IO OTIH-
Cy€ MKIUTAaHETHI MEPEXTiHHS:
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Byno BcraHOBIEHO, MIO IHTEHCHBHICTH MiXKILIA-
HETHUX MEPEXTiHb 3aJICKUTh Bijl eJoHramii € (KyTa
MK HanpssMkoM Ha COHIlE 1 HampsMKOM Ha JpKe-
peo paaioBUIIPOMIHIOBAHHS) i TOBXHHU XBHJI A.
Ha Benukux enoHramisx MDKIUIAHETHI MEPEXTiHHS
cy1abKi BHACHIIJJOK HU3bKO1 €NIEKTPOHHOI KOHLIEHTpa-
11ii Ha TpOMeHi 30py. 3 HAOMIKEHHSIM TTPOMEHS 30py
10 CoHIIsSI MDKIUTAHETHI MEPEXTIHHS TTOCHIIIOIOThHCS
BHACIIJIOK 301IbIIEHHS PO3CISIHHS HA HEOIHOPITHO-
CTSIX OUTBIT KOHIICHTPOBAHOT MIXKIUTAHETHOI IJIA3MH,
JIOCSATAIOTh MAKCHMYyMY, & TIOTIM MOCTYIIOBO Ci1a0-
LIAI0Th 1 BPEWITI-PelIT NPaKTHYHO MOBHICTIO 3HU-
KaroTh. EjoHramis €., , Ha AKii CIOCTEPIraroThes
MaKCUMaJlbHI (ITyKTyallil iHTEHCUBHOCTI CHUTHAaIY,
301IBINYETHCS 3 JIOBKUHOI XBHJII (Bl OJMHUIL
rpajyciB Ha CAaHTUMETPOBUX XBWIAX 10 ~100° Ha
nekaMmeTpoBux). Ha puc. 2 300pakeHo 3as1e)KHOCTI
BEJMYMHA m/m,,  Bil € OTpHUMaHi Ha 4acTOTax
2700, 430, 74 MI'ny [3] Ta 25 MI'n [4].

[IpoBeneni y 60—70-x pokax MHHYJIOTO CTOIIT-
TS TOCHIDKEHHS [5—7] mokasanu, mo KBa3imepioan
MDKIJIAHETHUX MEPEXTiHb, IPOMOPLiiiHI KyTOBOMY
po3Mipy jpkepena 0, maibke He 3ajexarb Big A i
3IAIIAIOTHCS TTPUOTU3HO MOCTIHHUMH B IITUPOKOMY
Jiara3oHi eJIOHTallii.

Bxe B mepmmx poOoTax TNepIIOBIIKPHBAUiB
MDKIUTAHETHHX MEPEXTiHb OyJI0 3ampOonOHOBAHO

mim

1.OKH
0.8

Puc. 2. 3anexHICTh IHAEKCY MEPEXTIiHb BiJl eJIOHTAII{ Ta Jac-
TOTH crocTepexenb: | — wactora 2700 MI' (pamiomkepero
3C279), 1 -430 MI'u (pamiomxepeno CTA-21), III - 74 MI'n
(paniomxepeno 3C144) [3] ta IV — 25 MI'n (pamiomkeperno
3C144) [4]
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BUKOPUCTOBYBATH JIaH1 CIIOCTEPEKEHbD ISl BCTAHOB-
JICHHSI [TapaMeTpiB COHSYHOTO BITPY [8] 1 OLliHKH Ky-
TOBHX pO3MIpiB pamiopkepen [9]. Binroni nouyamucs
PO3pOOKH BiMOBIAHUX METOHUK.

OCKUTBKH TEOPETHYHI OI[IHKM IOKa3yBalld, II0
MIXKIUIAHETHI MEPEXTIHHS MalTh OyTH KOpEIbOBa-
HUMH B ITyHKTaX, PO3HECEHNUX Ha COTHI KLIIOMETDIB,
3 MOYATKy €pH JOCITIJKEeHb IHOTO SIBUIIA CHOCTE-
PEKEHHS 3/1e0IIBIIOT0 MPOBOAMINCS CHHXPOHHO
Ha KUTBKOX pamioTeneckonax. lle HamaBano Mox-
JIMBOCT] OIIHIOBAaTH BEKTOP MIBHIKOCTI PyXy IU}-
PaxuiifHOT KapTHHH Ha MOBEpXHi 3eMIli i BiAMOBIJI-
HO BEKTOp IIBHMJKOCTI COHSAYHOTO BITpY. Tak, Bke
B MEPIINX CIMOCTEPEKEHHIX MIKIUIAHETHIUX MEpeX-
tinp E. [toin BukOpHCTaB J1Ba palioTENIECKOIH,
po3TallloBaHi Ha BiJCTaHi 53 KM OJMH BijJ OJHOTO.
e no3Bonmiio, 3 0gHOTO OOKY, BITKWHYTH MOKIJIH-
Be i0HOC(epHE MOXOKEeHHS (IYKTyaIliil IHTeHCHB-
HOCTI, SIKi criocTepiranucs, (ioHochepHi MepexTiHHS
HEKOpeJIbOBaHi Ha Takii 6asi), a 3 IHII0ro OOKY, OIli-
HUTH HIBUKICTh MDXKIUIAHETHOI TUIa3MHU Ha MTPOMEH1
30py (200+400 kwm/c). Ilig yac OGararomyHKTOBHUX
CIIOCTEPEIKEHb MIKIUIAHETHUX MEPEXTiHb OYyII0 Bij-
KPHTO, 110 B POKH MIHIMyMYy COHSYHOT aKTHBHOCTI
IIBUJIKMIA COHSYHMN BiTep aMme 3 oOmacteit CoHIls
noOyu3y nosrociB [10]. Lle BigkpuTTs suiie yepe3
27 pokiB Oyino MiITBEpKEHO in situ BUMIpIOBaH-
HsIMH Ha kocMmiuHoMy anapari Ulysses [11]. Hagauni
CTIOCTEPEIKEHHS MKIIAHETHUX MEPEXTiHb 3 METOIO
OIIIHKY MapaMeTPiB COHSYHOTO BITPY HAOy/IM 3HaU-
HOTO nomupeHHs. [Ipy iboMy 3a3BU4ail BUKOPUCTO-
BYBAJIOCSl BIMCYBAaHHS TCOPETHUHHX 3aJICKHOCTEH
B EKCIEpUMEHTANbHI XapaKTepPUCTUKU (CTIEKTPHU
MepexTiHb [12], kopensuiiini ¢pynkuii [13—-14], nuc-
niepciini 3asexHocTi [ 15, 16]). [1Jis o1iHKH KyTOBUX
PpO3MipiB pajiomKepes OyIo 3aporoHOBaHO MOPIiB-
HIOBaTH TEOPETHYHI U pO3paxyHKOBI 3alie)KHOCTI
IHIIGKCY MEpEeXTiHb Bij ejoHramii [17, 18], a Takox
aNbTePHATHBHUN METOJl — aHami3 (GopMu CreKkTpa
mepexTinsb [19, 20].

3. JlocaizKeHHsI MiKIJIAHETHUX MepeXTiHb
B PagioacTpoHoMiuHOMY iHCTHUTYTI
HAH Ykpainu

3.1. Jdocaimxkennsa y 70—80-Ti poku
MHHYJIOTO CTOJITTS

[Tionepcrki pobotu min kepiBHuUUTBOM E. I’10i-
ma [2] 6ynu BukoHaHi Ha gactoti 178 MI . [1iznime
JOCITI/PKEHHST OyJI0 PO3MIMpEeHEe B 0071acTi HIDKYUX
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1 BUIuX yactort. J{o cepeaunn 70-X pokiB criocTepe-
YKCHHSI MDKIJIAHETHIX MEPEXTIHb B IEKAMETPOBOMY
Jiarna3oHi pajioXBWiIb He BijgoMi. lle MOsSCHIOETH-
csl SIK ICHYBaHHSIM MOTY)KHUX HETaTHBHUX (aKTo-
piB (BHCOKHII PiBEHb IEPEIIKOJ 1 CHIBHUU BILIUB
ioHocdepu 3emiti), sKi 3aBa)karOTh MPOBEICHHIO
CIIOCTEPEIKEHDh MIKIUTAHETHUX MEPEXTIHb B JIeKamMe-
TPOBOMY Jliara30Hi PalioXBUIIb, TAK 1 BACOKUMH BH-
MOTaMH JI0 pajiioTeneckora (B mepIry 4epry J1o Horo
YyTIUBOCTI). Y CBITI HE ICHYBAJIO IHIIIOTO PaJioTeNe-
ckorma, kpiMm YTP-2, sikuii Ou 103BONHUB €(DEKTUBHO
MIPOBECTH TaKi CHOCTEpeKeHHs. MiX THUM, JeKaMme-
TPOBUIL Jliala30H BiJIKPUBAE YHIKATbHI MOKJIMBOCTI
JUTSL TOCTIHDKeHh MIKIUIAHETHOI TUIa3MH B yChOMY
Jliara3oHi eJIOHTallil, 30KpeMa 1 Ha BEJIUKUX €JIOH-
ramisx €>90°, ne xBuii 3 yactoramu >100 MI'g
BXE CJIA0KO PO3CIIOIOTHCS PO3PIHKEHOIO TLIa3MOIO.
KpiM TOr0, OCKIIBKH CTPYKTYpa KOCMIYHHX JKEPET
3aJIeKUTh BiJl YaCTOTH CIOCTEPEKEHb, BU3HAUCHHS
i B JeKaMeTPOBOMY Jiama3oHi pagioXBHIIb Ta IIIe i
He3aJeXHUM Bix iHTepdepomeTpii cmocoboM Mae
BaroMe 3Ha4eHHsI.

IMepmri cnocTepekeHHs MDKIUIAHETHHX Mepex-
TiHb Ha pajgioreneckoni YTP-2 PanioactpoHomiu-
Horo iHcTutyTy HAH VYkpainu mpoBeneHo B TUIHI
1975 p. [21] cniBpobiTHUKOM Di3UYHOTO IHCTUTYTY
im. I1. M. Jlebenesa AH CPCP B. C. ApTtioxom Ta
b. I1. Ps0OoBumM, criBpoOiTHUKOM iHCTUTYTY Pamio-
¢izuku ta enekrpoHiku AH YPCP (na 6a3i sxoro
Ii3HimEe cTBOpeHo PamioacTpoHOMIYHHMI IHCTHUTYT
HAH Vkpainun). CriocrepexxeHHs: Oynu iHiniiioBa-
Hi akagemikoMm C. f1. bpayne. 3a maHuMu ekcriepu-
MeHTy OyJi0 3pOoOJIIEHO OLIHKY iHAEKCY MEpPEeXTiHb
paxiomxepen 3C48, 3C273 ta 3C295. Ilix gac 00-
TOBOpPEHHS, B SIKOMY B3SUIM y4acTbh Bijomi (haxiBIli
B o0acti jnociipkeHs Mepextinb B. . [lumior Ta
A. B. Ilunzapp, Oyi0 BHUCIOBIEHO NPHUITYIIEHHS
LIOI0 MPUYMHU HHU3BbKHX 3HA4YCHb 1HIEKCY Mepex-
TiHb, K1 CTIOCTEPITAINCS B €KCTICPUMEHTI.

PerynspHi crocrepeXeHHS MUKIIAHETHHX Me-
pexTiHb Ha pajgioTeneckori Y TP-2 nponorxuiucs 10
noyarky 90-x pokiB MuHynoro cromitts. Li gociin-
JKCHHS TIOB’sI3aHi 3 IMEHaMHU BiZJOMHX YKpalHCHKUX
pueHnx B. II. boBkyna ta I. M. Xyka, cmiBpoOiT-
HUKIB crnouatky Cekropa paaioacTpoHOMIil iH-
ctutryty Pamiodisuku Ta enexrponiku AH YPCP,
a motiMm Panioactporomiunoro iHctutyty HAH
VYkpainu. CBOi TOJOBHI pe3ylbTaTH BOHH OTpHUMa-
JIA TOAO CIEKTPIB MIKILIAHETHUX MEpEXTiHb. Tak,
OyJ10 BCTAHOBJICHO, 1110 B Jiana3oHi poO0YHX 4acToT
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12.6+25 MI 1| CrieKTpU MIDKIUIAHETHUX MEPEXTiHb
XapaKTepU3yIOThCSl 9acTOTOI 3pi3y (imbrpa Dpe-
Hensa ~0.035+0.65 T'q ta MatOTh CTENEHEBUI BU
31 3HaYEHHSIM CIIEKTPAIBHOTO IHJEKCY B Jiama3o-
Hi Bix 3 10 4 [22-24]. OcKkilbkH y BUMAAKY 10HO-
cthepHHX MEpexTiHb Ii TMapaMeTpyu MaloTh 3HAYCH-
H1 ~0.007+0.01 T'u Ta 3+5 BiANOBIAHO, CYTTE-
Ba PI3HUIIS B IIUPHUHAX CIEKTPIB J03BOJISIE HAMIIHO
BHOKPEMHTH MIKIUIAHETHI MEPEXTIHHs 3a HasiBHO-
CTi 10HOC(EepHUX, IHITUMH CIOBAMH, PO3IAUTUTH IIi
JIBa TUIA MepexTiHb [22—24]. CriekTpyu MiKILIaHeT-
Hux (mkepeno 3C144) ta ioHochepHUX (JuKEpeno
3C274) MepexTiHb Ui TBOX IHIB CHOCTEPEKEHb,
B3Ti 3 poboTH [22], HaBeneHO Ha puc. 3, a Ta 3, 6
BixmoBimHO. [lyHKTHpHOO ITiHI€IO TMMO3HA4YeHa rpa-
HUIIS CIEKTpa 10HOC(EpHUX MEpEeXTiHb Ha YacTOTi
0.02 ', BUIIE SIKOT iX CHEKTpajbHA I'yCTHUHA 3MEH-
myetbes Ha 12 nopsaku.

Byno mokaszano Takox [25], 10 B I[bOMY YacTOT-
HOMY JIiarta30Hi CIEKTPH MIKIUIAHETHHX MEPEXTiHb
Ha eyloHramigax €>90° MoXHa OomMcard MOJIEIUIIO
(ha30BOTO CKpaHa B HAOMMKCHHI CTA0KUX MEPEXTiHb
Ta NPUIYIICHHI CTENEHEBOIO CIEKTpa TypOYyJeHT-
Hocri. Lle# pesynsrar B. I1. boBkyna Ta . M. XKyka
imoctpye puc. 4. Ha pucyHky mokasaHo ekcrepu-
MEHTaJIbHI CIEKTPH MIKIUIAHETHUX MEPEXTiHb pa-
mioBUTIpoMiHIOBaHHS mkepena 4C21.53 (cyminbHa
minist) Ta pagiomxepena 3C144 (mrpuxoBa JiHif),
gKl criocrepiranucsi Ha pagioreneckorni YTP-2 B
1983 p. Ha emonramisx 128° ta 118° BiamosigHO.
LI TpuXMyHKTUPHUMHE JIiHISIMA TIOOY/JIOBaHO poO3pa-
XYHOK CITEKTpa MEPEXTiHb pPaiOBHIIPOMIHIOBaH-
Hsl JpKepena 3 KyroBuMmu po3mipamu 1.4" Ta 2.6"
B MOJIEJIl TOHKOTO (a30BOTO €KpaHa, PO3TaIIOBaHO-
ro Ha Bizcrani 1 a. 0. BiJI criocTepiraya, Jjsl MIBUJI-
KOCTi COHSYHOTO BiTpy 270 KM/C B IPUITYLIICHHI CTe-
MICHEBOTO CIIEKTpa TYpOYJCHTHOCTI 3 MOKa3HHUKOM
crenens 3.5.

Cuninx 3a3gauuTd, M0 Ha yactorax =100 MI'n
BUKOpHCTaHHS Mozeni ¢a3oBoro ekpana [26, 27] Ha
TOM Yac BKE CTaj0 TPAAULIHHUM, L0 MOSCHIOETH-
Csl MPOCTUM MAaTeMaTHYHUM araparoM, HAOYHICTIO
Ta XOPOIIUM OIPALIOBAHHAM, SKI NpUTaMaHHI il
MOZETI.

VY pesynbsrari unmanoi poOotu Oyno BH3Haue-
HO TaKOXX OCHOBHI TapameTpu (CIEKTpajabHy TyC-
TUHY IOTOKY BHIIPOMIHIOBAaHHS, KyTOBHW pO3MIip,
YacTKy HOTOKY BUIIPOMiHIOBaHHSI KOMIIOHEHTH, fKa
BUSIBIISIE MEPEXTiHH, a00 BEPXHIO MEXKY Ha LieH 1o-
TiK) 25 pazio/uKepel, siKki MepexTATh, 1 26 mKepern,
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Puc. 3. Cnextpn MiXIuIaHeTHUX (a) Ta ioHOcGepHUX (6) MepexTiHb. PUMCBKUMHU HuppaMy NMO3HAYSHO pPi3HI JHI CIO-

crepexxeHb (B3sT0 3 podotu B. 1. boBkyna Ta I. M. XKyxka [22])

SKI MEpEeXTiHHS Ha MDKIUIAaHETHIM Tia3mi He BH-
aBIsioTh [25, 28-30]. OcobnuBoi yBaru mpumiis-
mocst pamiomkepernam 3C144, 3C461 (Kaciomes A)
ta 4C21.53, siKi € MOTY)XHUMH 3aJHMIIKaMU CriaJia-
xiB HagHoBuX (3CH). LlikaBoto Oymna auckycis npo
MOXKITUBY HAsBHICTh KOMITAKTHOTO JDKEpena paji-
osunpomintoBanHs B 3CH Kaciomes A [31, 32].
3a3HaunMO, 10 HOBITHI CIIOCTEPEKCHHS MIiXKILIa-
HETHUX MEPEXTiHb, mpoBeneHi M. M. KaniniueHkoMm,
[33] mokazanu BifCyTHICTH KOMIAKTHOTO JDKepera
B JICKAMETPOBOMY Jliarma3oHi paioXBUIIb 3 KyTOBHU-
mu posmipamu < 5" B npomy 3CH. LIi pesysnbraru
Y3TOJDKYIOTBCSI 3 JJAHUMH CIOCTEPEKEHb B OINTHY-
HOMY Ta iH(ppauepBoHOMY JianazoHax [34]. Touxo-
BE JDKEpPENO PEHTTEHIBCHKUX IPOMEHIB, BHSIBICHE
B 3CH Kacionest A, IMOBIpHO, € paJiOTUXOI HEWi-
TPOHHOKO 30pe€i0, sIKa MOBLIBHO oOepTaeThes [35].
[Micnst mocmimkens, nposeacHux B. I1. BokyHOM
ta . M. Xykom, cTaso 3po3yMiiuM, o JpKepena B
JICKAMETPOBOMY Jliala30Hi PajioXBHIb BHACIIJIOK
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MIDXK30PSIHOTO PO3CISIHHSL MalOTh KYTOBI PO3MIipH
>1", a KiTBbKICTh paiio/Kepes 3 KyTOBUMH po3Mipa-
Mu < 5" (SIKi IPMHIIUIIOBO MOXYTh BUSIBJIATU MEPEX-
TiHHSI HA HEOAHOPIAHOCTSAX MIKIUTAHETHOI TJIa3MH )
€ Iy’Ke 0OMEKEHOIO.

3.2. baraTonyHKTOBi HIMPOKOCMYTOBI
CIOCTEPEKEHHSI MiXKILUIAHETHUX MEPEXTiHb
y 2000-Hi poku

Uepes cy0’eKTHBHI PUYMHH PETYISIPHI criocTepe-
JKEHHSI MIKIIJIAHETHUX MEPEXTiHb Ha Pa/IioTeNIeCKo-
m YTP-2 ve mpoBogwmmucs B 90-Ti pOKH MHHYIIOTO
CTOJNITTA 1 OynM TOHOBJEHI 3a NMPOMO3HIIEI0 aKa-
nemika O. O. KonoBanenka numie Ha mo4atky XXI
cromiTTs. [ mporo y BinmiieHHI HU3pKO9acTOTHOL
panioactpoHomii PamioacTpoHOMIYHOTO 1HCTHTYTY
HAH VYkpainu Oys0 cTBOPEHO HOBY HAyKOBY I'PYILY,
B sky BBivnmH 1. C. @anpkoua, M. M. Kaniniuen-
ko ta A. O. ['punin. 3rogoM 10 JOCITIKEHb MIX-
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10° 10 fIu

Puc. 4. EkciepuMeHTalIbHI CIIEKTPH MDKIUIAHETHUX MEpex-
TiHb pajioBHIpoMiHioBaHHS mkepena 4C21.53 (cyminpHa
ninis) ta ;repena 3C144 (1uTpuxosa JiHis), ITPUXITYHKTUP-
Hi JIHIT — PO3paxyHOK CIIEKTPa MEPEXTiHb PaJliOBHIIPOMIHIO-
BaHHsI JDKEpena 3 KyToBuMu po3mipamu 1.4" Tta 2.6" B Moge-
i TOHKOTO (ha3oBoro ekpana (B3sato 3 podoru B. I1. boBkyHa
ta . M. XKyxka [25])

IUIAHETHUX MEPEXTiHb JONydajucs B PI3HUI
gac M. P. Onwsik, I. M. Byonog, B. B. Cososiios,
C. M. €pin, O. 1. Pomanuyk ta H. B. Kyraii. Ha
OMY €Talli JOCII/KeHh MIXKIUTAHETHIX MEPEXTiHb
OyJIo BIPOBA/KEHO JIBA OCHOBHUX HOBOBBEJCHHSI:
PO3LIMPEHO CMYTY YacTOT NPUHMAaHHS Ta 3pO0JIeHO
nepexij 10 6araTormyHKTOBUX CHOCTEPEKEHb.
[losicHMMO Ba)XJIMBICTh IEPIIOTO HOBOBBEIEH-
Hs Ha npukiani. OgHi€0 3 BaXIMBHUX 3a4ad, JUIS
PO3B’SI3KY SIKOT MOMJIMBO BHUKOPHCTaTH METOJ
MDKIIJIAHETHUX MEPEXTiHb, € BCTAHOBJICHHS CIEK-
Tpa MDKIUTAHETHOT TypOYyJIEHTHOCTI 32 aCHMITTOTHY-
HOIO CTENEHEBOI0 YAaCTHHOIO EKCIIEPUMEHTAJIbHOTO
CIIeKTpa MepexTiHb. B mpoueci po3B’sa3yBaHHs i€l
3aJ1aul BUKOPUCTOBYETHCS TOH (haKT, IO CTIEKTPaIb-
Hi IHIEKCH Y TEpIIOTo i APYToro CHEeKTpa B MOJe-
i Qa3oBoro ekpaHa TPOCTO BiJPI3HSIOTbCS Ha
oguHuIto. CIIEKTp MEpeXTiHb BUXOAUTb Ha aCHUMII-
TOTHYHY CTENEHEBY YAaCTHUHY, KOJM TOTYXHICTb
nagae Ha 1+1.5 mopsaka. Tomy, o0 NMpaBUIIEHO
OLIIHUTH HAXWJI EKCIICPUMEHTAIBHOTO CIEKTpa Me-
PEXTiHb, a 32 HUM — HaXHJI CIIEKTpa TYpOYJIEHTHOCTI,
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MEpUIMA CIIEKTP CIiJ| BUMIPSITH MIHIMyM B jiamna-
30HI JIBOX, a Kpare, OUThIe TOPSIKIB 3a TOTYX-
HicTio. [IpoCTi OIIHKK TMOKAa3yIOTh, IO IS IIHOTO
CMyra 4acToT NMpHUMaHHS MOBHHHA OyTH OJN3BKO
1 MI'11 i Oisibllle TIPU THUIIOBHMX IOTOKAX pPajiojpKe-
per (100+200 Iu) it mapaMeTpax CIEKTpa Mepex-
TiHb (0OTOBOPIOBAUCS PaHIIIIE), 3HAYCHHSX 1HJEKCY
mepextinb m =0.1+0.3, epexruBHiil miont pamaio-
teneckona YTP-2 4, = 1.5-10° m2. 11[06 3a10B0TB-
HUTH BKa3aHy BHIIE BUMOTY BHCOKOI UYyTJIHBOCTI
CIOCTepeKeHb, i KepiBHUITBOM |. C. danpkoBrya
132 akTUBHOI y4JacTi criBpoOiTHHKIB PagioacTpoHo-
MmivHoro iHcTUTYTY A. O. I'prnina ta I. M. byOoHoBa
st pagioreneckomiB YTP-2 (XapkiB) ta YPAH-2
(ITonraBa) Oynu po3poOieHi i BHUTOTOBICHI 3- Ta
16-kaHaNbHUM MpuiiMadi 31 CMYyTOI0 MPOIYCKaHHS
omuseko 1 MI'm koken [36, 37]. B momanbiiomy
ITUPOKOCMYTOBI TIpuiiMadi J00pe 3apekOMEHTyBa-
M cebe i 9ac CIoCTepeKeHb MIKIUTAHETHHX Me-
peXTiHb Ha BeMMKUX ejoHramisx Bij CoHI, TOOTO
B HIYHHX yMOBaX. BHCOKiI XapaKTepUCTHKH CKOHCT-
pYHOBaHHUX TIPUHMAYiB UTIOCTPYIOTHCS, HAIPUKIIAT,
TAM (HaKTOM, TIO 3 JIOTIOMOTOI0 3-KaHaJbHOTO IIH-
POKOCMYTOBOTO TpWiiMada BAAIOCS BIEpIIE 3 TO-
BEpxHI 3eMIli 3apeecTpyBaTy paJliOBUITPOMIiHIOBaH-
H, TIOB’s13aHe 3 OnmckaBkamu Ha CatypHi (Saturn
Electrostatic Discharges) [38].

Hepnomikom mpuiiMadiB 3 CYIIUTBHOIO IHPOKOFO
CMYTOIO TIPOITy CKaHHST OyJ1a HEMOXKITUBICTB iX pOOOTH
B YMOBaX BUCOKOTO PiBHSI EPEIIKO/, 1110 € MOLINpe-
HUM B JIEKAMETPOBOMY Jlialla30Hi paiioXBuiIb. ToMy
BIIPOBA/DKEHHSI HOBOTO HH(POBOTO CHEKTPAIHHO-
ro anamizatopa DSP-z [39] 3pobuio crpaBxHIO
PEBOJIIOIIIO Y CIIOCTEPEKESHHX MDKIUIAHETHHX Me-
PEXTiHb B JCKaAMETPOBOMY Jiama3oHi pajiOXBUIIb.
Le#t mmpokocmyroBuit (Af =32 MIlu) uudpo-
B TpuiiMad Ma€ BEIMKHUHA AWHAMIYHHNA Jiara3oH
(monanm 70 nb) i MO3BOMSAE MIITXOM TEPETBOPEHHS
®yp’e MpUHHATOTO CUTHATY OTpUMaTH 10 8192 ok-
peMHUX KaHATIB 3 YaCTOTHUM po3aiieHHsM 4 k[
Ha nactymuomy ertam oOpoOKM maHWX KaHAJH,
BpaKEHI MEpeuIKoJaMH, MOXYTh OyTH BHUSBICHI i
BHJIAJICHI, a BiJIbHI BiJ] TIEPEIIKO/ KaHAIH ITPOCYMO-
BaHI IJI OTPUMAHHS IIHPOKOi €PEKTUBHOI CMYTH
npuiiManHsa. Bukopucranua DSP-z ymoxmuBuio
CIIOCTEPEIKEHHSI MIKIUTAHETHUX MEpPEXTiHb 3a Ha-
SIBHOCT1 BEJIMKOI KIJTBKOCTI TEPEIIKOM, HApPUKIIA,
BJeHb 1 BiiTKy. Ha mouarok 2021 p. Tpum paiio-
teneckon — YTP-2 (XapkiB), YPAH-2 (IlonraBa)
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ta YPAH-3 (JIpBiB) — ocHameHO U(POBUMH CIIEK-
TpallbHUMH aHamizaropamu DSP-z [1].

BigHOCHO Jpyroro HOBOBBEJICHHS CIiJI CKa3zaTH
HactynHe. [lounnaroun 3 2006 p. crocrepekeHHs
MIXKIUIAHETHUX MEPEXTiHb KOCMIUHUX PaJiofKepes
B PalioacTpoOHOMIYHOMY 1HCTHTYTi TPOBOISATHCS
CHHXPOHHO Ha JIBOX pajioteneckonax Y TP-2 (Xap-
kiB) Ta YPAH-2 (ITonraBa). Skmo HaykoBa 3aja-
Yya TOrO BHMArae, MepioUvHO J0 BHUMIPIOBaHb J0-
nydatoteest panioreneckonn YPAH-3 (JIbBiB) Ta
YPAH-4 (Opeca). Ha puc. 5, B3stomy 3 poOoTH
[40], mokazaHO MUHAMIYHI CIIEKTPU MEPEXTiHb pa-
nmiomkepena 3C144, 3apeecTpoBaHi CHHXPOHHO Ha
panioreneckornax YTP-2 ta YPAH-2 3 momomororo
UPPOBHX CHEKTpabHIUX aHaizaTopiB DSP-z, a Ta-
KOX Tepepi3u 1UX JUHAMIYHUX CIEKTPIB HA YaCTOTI
25 MTI'u. Xoua ¢uykTyarlii iHTEeHCHBHOCTI CHUTHaa
Ha JIBOX pajioreneckonax (puc. 5, ) HElEHTHYHI,
BCE X TIOMITHA 1X CXOXICTb 3 YpaxyBaHHIM JESIKO-
ro 3MimieHHs y 4vaci. 3a mpomosuniero M. M. Ka-
JIHIYEHKAa BUCOKAa MPOCTOPOBA KOPEJAIlis cTalia
TOJIOBHUM KPHUTEPIEM BHOKPEMIICHHS peaizarliit
MDKIUIAHETHAX MEPEeXTiHb, BUIBHUX BiJ HEPEIIKOR
1 CHJIBHOTO BUKpHUBIIEHHS i0HOC(heporo 3emm [41].
Crnin 3a3HaunTH, MO (PAaKT BUCOKOI NMPOCTOPOBOI
KOpeJsiii MIKIJIAHETHUX MEpeXTiHb OyB BioMHiA
JAaBHO, ajieé y BMIIQAKY JEKaMETPOBUX DPaTiOXBHIb
OyB JOBEIEHHUH 1 TTOYaB BUKOPHCTOBYBATHCS caMe 3
L[bOT'O Yacy.

3 nmouatky 90-X POKiB MHHYJIOTO CTOJITTS, MiCJIs
0araTb0X POKIB CIIOCTEPEKEHb COHSIYHOTO BITPY,
CTaJI0 3araJIbHONPUHHATAM (PaKTOM, IO COHSYHHN
BITEp CKJIAJA€ThCA 3 JBOX KOMIIOHEHT: TOBLIBHUX
MOTOKIB 3 HIBUAKICTIO Onu3pko 350 km/c Ta mBHA-
KHX MOTOKIB 3 MIBUJAKICTIO O1u3bk0 750 km/c (nuB.,
Hanpukian, [42, 43]). B nepiogn MiHIMyMy COHSY-
HOI aKTUBHOCTI IIBUJIKHHA PO3PIIKEHUN COHSIYHUN
BiTEp BUTIKA€ 3 KOPOHAIBHUX Aip MOOIH3Y TIONIOCIB
CoH11s, a MOBUTBHNN COHSYHHH BiTE€p BEIMKOI TycC-
TUHH 3a5uInae noBepxHto COHI TOOIHU3Y eKBaTopa.
B mepionn MakcMMyMy COHSYHOI aKTHBHOCTI CH-
Tyanis ckiaanima — CoHsYHA cUCTeMa HallOBHEHA
MIOBIJIbHUM COHSTYHUM BiTPOM 3 By3bKUMH ITOTOKaMH
HIBUJKOTO COHSIYHOTO BITPY, SIKHH BUTIKAa€ 3 KOPO-
HaJILHUX JIip HA PI3HUX COHSYHUX MIHUpOTax. B mepio-
I MaKCHUMyMY COHSYHOI aKTHBHOCTI TaKOX dYa-
CTIIAIOTh BUNAJKA KOPOHAJIBHHX BHKHIIB MacH
(KBM, Coronal Mass Ejection (CME)). KBM - ri-
TaHTCHKi XMapy COHSYHOI pEYOBHUHH (MACOI0 OITU3b-
ko 107 +10" kr) i marmitHOro mous, MO BHKH-
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Puc. 5. JluHamivuHi CHEKTPH MDKIUIAHETHUX MEPEXTiHb,
CHHXPOHHO OTpuUMaHi Ha panioreneckonax YTP-2 (a),
YPAH-2 (6) Ta nepepi3u nuX AMHAMIYHUX CHEKTPIiB Ha dac-
toti 25 MI'n () [40]

JAIOThCS BUOYXOBUM IIISIXOM (TIOYAaTKOBA MIBH/-
kictb j0 2000 xm/c) 3 armocdepu CoHis B pe-
3yJabTaTi akTMBHUX TMporeciB [44]. ONMHHUBIIUCH
B MiKMiaHeTHoMy mpoctopi, KBM mnopymyroTs
CTPYKTYPY COHSYHOTO BITpY 1 B pa3i pyxy B Oik 3em-
71 MOXKYTb IPU3BOJMTH JI0 30ypeHb 3¢MHOT MarHiTo-
cepu. KBM, pazom 3 COHSIUHUMU cliajiaxaMu, BiJli-
IpaloTh BU3HAYAIbHY POJib Y pOpMyBaHHI KOCMIYHOT
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MOTOJIH, & TOMY Y HAYKOBOT CITUTHOTH C(OPMYBaBCS
CTiliKHH 1HTEpec j0 BuBYeHHS KBM.

VY mporeci nocrnimkens, nposegaeHux M. M. Ka-
ninigenkom, O. O. Konosanenkom, A. 1. bpaxenkom
ta B. B. CosnositoBuM, Oyiia 1oka3aHa MOXIJIUBICTh
BusiBiieHHs: KBM y MikIutaHeTHOMY TipocTopi 3a Jia-
HUMH MDKIDIAHETHUX MEPEXTiHb y JIEKaMETPOBOMY
Jiara3oHi pagioxBuiib. Ha puc. 6, B3sTomy 3 po6o-
TH [45], HaBeneHo, SIK IPUKIIA]l, TUHAMIYHI CTICKTPH
MIXKITJIAHETHUX MEPEXTIHb Ta IX Mepepi3u Ha 4acToTi
25 MI'u no (puc. 6, a Ta 6) Ta B MOMEHT TPOXOJI-
et KBM (puc. 6, 6 Ta 2) uepes npoMiHb 30py Ha
OJIHE 3 JKEepell pajiioBUIIPOMiHIOBaHHs. BumHo, mo
e(eKT € TOCUTh TOMITHUM.

Ha puc. 7, B3aromy 3 poboTu [45], mokazaHo Ba-
piamii XapakTeprUCTHK MEPEXTiHb 1 mapameTpiB co-
HS'YHOTO BITpPY B mepion mnpoxomkenHs KBM [lus
BanenTtuna. YiTKO BUJIHO, 110 1HIEKC MEPEXTiHb Ta
IIMPHHA CIEKTpa MEPEXTiHb J0Ope KOPENoITh 3
KOHIIEHTPAIII€I0 TIPOTOHIB Ta MIBHJKICTIO COHSIYHO-
TO BIiTPY BiINOBiHO. Pi3ke 30iIbIIICHHS 1HIEKCY Me-
pextinb Ha 49-1i nenb 2011 p. (puc. 7, a) noB’s3aHe
3 nosieoro KBM Ha mpomeHi 30py Ha pajiomKeperio.

Bapianii mmpuHu criekTpa MepexTinb (puc. 7, 6) B
Mepiojl CIOCTEPEIKEHb BUKJIMKAHI 3MIHOK IIIBHJIKO-
CT1 COHSYHOTO BiTpY (pHC. 7, 2).

Bbyno mokazano Takox, 1o monentoBanas KBM
Yy MIKIIAHETHOMY MPOCTOPI TOHKHM PO3CIFOIOYMM
[IapOM € BIAJIMM ITiIXOJIOM Y BUTIAJIKY MOJICITIOBAH-
Hs WOr0 JMHAMIKH, OCKIJIbKHA 00JacCTh CTHCHEHHS,
po3sramioBana Mix Tiiom KBM Ta ynapHoro xBuiero,
KOMITAaKTHA 1 Ma€ 3HA4YHO OUIBIIY KOHIICHTpPAIlito
(puc. 7, 6), HiX OTOUYIOUUI HE30ypEHUH COHSYHHUI
Bitep. OiHaK MOJIeIb (ha30BOr0 €KpaHa HE J1a€ MOXK-
JUBOCTI OI[IHUTH, HAMPHKIIAJI, ITUPUHY YU PO3IIOJLT
YaCTOK B IMOTOI[ COHSYHOTO BITPY, @ TOMY y pa3i 1o-
TpeOU CITijl 32CTOCOBYBATH MOJIET, SIKi BPaXOBYIOTb
MPOTSHKHICTH PO3CIIOI0YOT0 CepeioBUINA (HAIpH-
KJIaJ, METOJI TUIABHUX 30ypeHb [46] abo MeTos iHTe-
TpaJiiB B3JIOBX TpaekTopiit [47, 48]).

Iepexin g0 ©araTOnyHKTOBUX CIIOCTEPEIKECHD
MaB TOJBiIHHY KOpHCTh. [lo-miepiie, BiH 03BOJIKB
peanizyBaTH IMPOCTOPOBUM KPUTEPIA PO3IIICHHS
MDKIDIAHETHUX Ta 10HOC(EPHUX MEpPEXTiHb, IO
MIJBUIINAIO HAAIWHICTh PaJioacTPOHOMIYHUX EKC-
MepuMeHTiB (Ipo e MoBa Hnuta Buie). [lo-apyre,
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Puc. 6. lunamiuni crieKTpu MepexTiHb Ta IX mepepizu Ha yactoTi 25 MI'n 110 (a, 6) 1 B MomeHT npoxomxenHs KBM (6, ) gepes
MPOMIHb 30py Ha JDKEpPeNo KOCMiuHOro pamioBunpoMintoBanus 15 mororo 2011 p. (KBM [Ius Banentuna, Valentine’s Day

CME)
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Puc. 7. Ingexcu (a) i cuekrpu (6) MepexTiHb, OTPHMaHI METOAOM MIDKIUIAHETHUX MepexTiHb (panioreneckon YTP-2), ta
3MIHM KOHIIGHTpallii MPOTOHIB (8) 1 MIBHJIKOCTI COHSYHOTO BITPY (&), BUMIpsiHI Ha OpOiTi 3eMili KOCMIYHHM amapatom
Wind. dani xocmiynoro anapara Wind B3sti 3 0a3u nanux OMNI NASA/GSFC na cropinui OMNIWeb (https://omniweb.

gsfc.nasa.gov)

CTaJI0 MOXIIMBUM aHANII3yBaTH HE TIIbKU CIEKTPH,
a me W Kpoc-KOpessiiiiHy (QYHKI[II0 MEpEeXTiHb B
JBOX TMyHKTaX. J[Jsl IbOTO BUKOPUCTOBYBaBCS Me-
Ton muctepciitHoro anamizy. CyTh METOMY TOJIATAE
B IOCIIHKeHHI (ha3l KPOC-CIIEKTPY MEPEXTiHb, STKHMA
MO)KHa OTPHUMATH ILUIAXOM HEepeTBOpeHHs Dyp’e
KPOC-KOpEJNSIIHHOT (QYHKIIi MEpexTiHb Yy IBOX
MyHKTax. YIepime MeTOH JIUCIIePCIHHOTro aHalizy
OyB 3anporoHoBanuii B 1965 p. JI. A. JIxoHcoMm i
A. 1. MonoM y 3B’sI3Ky 3 BUBUEHHSIM 10HOC(HEpPHHUX
nperiis [49]. A. H. Jlotosa ta 1. B. Hameii 3amnpo-
TIOHYBAaJIM JJIsi BU3HAUCHHS TapaMeTpiB COHSYHO-
o BITPY aHaJi3yBaTH ITUCICPCIHHY 3aJIeKHICTB,
Ky MOJJIMBO OTPHUMATH 3 BHKOPUCTAHHIM (a3u
Kpoc-criekTpy mepexTiab [16, 50]. CmiBpoOiTHUIISA
Pamioacrponomiunoro inctutyty HAH VYkpainu
M. P. Onpsik cTBOpHIIa METOAUKY BU3HAUCHHS Ia-
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pameTpiB COHSYHOTO BITPY LUISXOM CYMICHOTO
aHaNi3y CIEKTPiB 1 IUCIEPCIHUX 3alleKHOCTEH
MDKIUIAHETHUX MepexTiib [51]. B miii meromuii
B CGKCIIEPUMEHTAJIbHI XapaKTePUCTUKU BITUCYBAJIH-
Cs TCOPETHUYHI 3aJICXKHOCTI, SIKI PO3pPaxOBYBaJIUCS
METOJ/IOM 1HTETpaJiB y370BX TpaeckTopiil. OnucaHa
BUIIC METOJHMKA JO3BOJIMJIA BCTAHOBIIOBATH IIO-
TOKOBY CTPYKTYPY COHSIYHOTO BIiTPY 3 BHKOPHCTaH-
HSM JIaHUX CHUHXPOHHUX CIIOCTEPEKECHb MIXKILIa-
HETHUX MEPEXTiHb, 3alMCAaHUX Ha pajioTeNecKonax
YTP-2 ta YPAH-2, B nexameTpoBOMY Aiana3oHi pa-
nioxBuib (puc. 8) [40].

Crig Takok 3rajiaTi HOBiTHIO pobOoty B. A. Ille-
nenesa, O. O. JIutBunenka, K. I'eopriesoii Ta b. Ki-
posa [53], ony6mnikoBany B 2020 p. B wiit poboti Ha
OCHOBI aHaNi3y aHUX CIOCTEPEKEHb, OTPUMAHUX
Ha iHTepdepomerpi YTP-2 — YPAH-2, Gyno omine-
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Puc. 8. BriicyBaHHS TEOPETHYHHX 3AJIEKHOCTEH (CYLUTBHI JIiHIT) B eKCIIEpUMEHTAIbHI 1aHi (TOUKH): a — CHeKTPH, 6 — AnUcCHep-
CiifHI 3aJI€KHOCTI, 6 — PEKOHCTPYKIIisl IOTOKOBOI CTPYKTYPH COHSYHOTO BITpy Ha MPOMEHI 30py Ha PafiofKeperio 3a CyMiCHUM
aHaJi3oM crekrpa (a) Ta aucnepciitnoi 3anexHocti (6). (PucyHnoxk 3 podoru [52])

HO CTYIiHb BIUIMBY MDKIUIAHETHHUX MEpPEXTiHb Ha
1HTEpPEPOMETPUUHI CHOCTEPEKEHHSI Ta BHUSBICHO
T IBUIICHHS TYPOYJIEHTHOCTI MIKIIJIAHETHOTO Cepe-
JIOBHIIA 32 OPOITO 3eMJli TPUBAJICTIO JI0 KLIBKOX
110, OB’ s3aHe 3 MPOSBAMH CIIOPaIUYHOI aKTHBHOC-
Ti CoHI. 3arajoM pe3yinbTaTH CHHXPOHHHX Oara-
TOMYHKTOBUX Ta I1HTEP(EPOMETPUYHUX CIOCTEpe-
KEHb 100pe y3TrOIKYIOThCA.

Sk obGroBoproBaJIOCs paHiIe, IS iHTEpIpeTaItii
JAHUX CIOCTEPEKEHb MIKIJIAHETHHX MEPEXTiHb B
JIeKaMeTPOBOMY Jiana3oHi paJioXBUJIb 3aCTOCOBY-
BaJICh MOAENb (Pa30BOTO €KpaHy Ta METOHA iHTe-
rpaiiB y3[0BX TpaekTopii. IcHye 1 TpeTst moxenp —
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METOJ IJIaBHUX 30ypeHb [46], ska TPUHIIUIIOBO
Moxe OyTH 3aCTOCOBaHa B IbOMY BUIaIKy. Bunukae
JIOT1UHE 3alMTaHHS — Ka 3 MOAENEH aJeKBaTHIilIe
OIMCY€ MIXKIUIAHETHI MEPEXTIHHS B JIEKAMETPOBOMY
niamazoHi pamioxBwib? JlMCKycis 3 IBOrO MHUTaH-
Hs Maja Micie B PamioacTpoHOMIYHOMY iHCTHUTYTI
JIOCUTh JIoBrui yac. B ocranni poxu H. B. Kyrai
ta M. M. Kaninidenko npoaHanizyBaju L0 IMpPO-
Oonemy [54]. Bymo ormiHeHO yMOBH 3aCTOCOBHOCTI
BKa3aHUX MOJENIEH. 3 OI[iHKM BHMIUIMBAE, IO BCi
TPH METOJIM: METO MaBHUX 30ypeHb, METOA iHTeT-
paiB y370BXK TPAEKTOPiid, MeTo (a30BOTO eKpaHa
(13 3acTepekeHHsIM) — MOXKYTh OyTH 3aCTOCOBaHi
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JUTSI MOJICJTIOBAHHS CJTA0KHUX MIXKIUIAHETHHX MEpEeX-
TiHb PaJIOBHIPOMIHIOBAHHS KOCMIYHUX PaIioKe-
pen B miana3zoni 8+80 MI'm. 3acrepekeHHs s
Momeni (pa3oBOro eKkpaHy TMOJISITaE B HACTYITHOMY.
Mogens TOHKOTO (ha30BOTO €KpaHy MOYKHA 3aCTO-
COBYBAaTH y I[bOMY BHITAJIKy, SKIIO 31 301IbIIIEHHSIM
BiZIcTaHi BiA crocrepiraya Ha 3emili po3Mmip 30HH
Openenst 301IbIIYyE€THCS TOBIIbHILIE, HIXK BHYTpIiLI-
Hill MacmTald TypOyJeHTHOCTI (B LIbOMY BHUIIJKY
OCHOBHHUH BKJIaJl B MEPEXTIHHS OyJile¢ BHOCHTHU IIap
IUTa3MH, PO3TAIOBAHUN HAa BiJCTaHI MPHOIN3HO
1 a. 0.). Ciijzt 3a3Ha4UTH, 110 HApa3i MOBEJIHKA BHY-
TPINIHBOTO MacmITady TypOYJICHTHOCTI Ha BEIMKUX
BigcTansax Big COHI 1€ HE 0 KIHIS BCTAHOBJIEHA.
Po3paxyHKH CIIEKTpiB MepeXTiHb TaKOXK IMOKa3aJIH,
110 3a3HA4YCHI BUIIIE METOJH JIAIOTh OJIU3bKI Pe3yiib-
TaTH, a iICHYIOYl BI]MIHHOCTI 3HaXOAATHCS B OCHOB-
HOMY B MEKaX iCHYIOUHX HaTerep eKCriepuMeHTaIlb-
HUX MOXUOOK. TaKuM YMHOM, BU3HAYUTH HAWOIIBIII
aJIcKBaTHY MOJEb JUIs Ii€i 3amadi MOXHA Oyne 3
I IBHUIIEHHSM TOYHOCTI BUMIPIOBAaHHS XapaKTepHC-
THUK MEPEXTiHb.

4. IlepcnekTHBH J0CTiTKEHDb
MIXKIIJIAHETHAX MepPeXTiHb

B PagioacTpoHomiunomy iHCTHTYTI
HAH Ykpainu

[lepcriekTuBH  JOCHIPKEHh MIDKIUIAHETHUX — Me-
pextinp B PamioactpoHomiunomy iHcTuTyTi HAH
VYkpainu BOauaroThCsl B IOCTAHOBLI HOBUX aKTyallb-

Yacrora, MI'ng

01:28:00 01:29:00 01:30:00 01:31:00
Yac, Toa:xB:C

a

HUX 3aJ1a4, [0 BUMArae cepeJi iHIIoro moJaibIioro
PO3LIMPEHHS CMYTH YacTOT, IO TPUHMAIOThCA, 3a-
Jy4eHHs OLIbIIOi KITBKOCTI PaaioTeNIecKomiB 1 mo-
[THOJICHHS KOOoTIepallii 3 iCHyFOUUMH 3aKOPJIOHHUMHU
HAyKOBUMHM LIEHTpaMH. PO3IMMpeHHs CMyTH 4acToT
CTa€ MOXIMBHM 13 BBEICHHAM B EKCIUIyaTallilo
HOBOTO ['iraHTCHKOTO YKpPaiHCHKOTO pPajioTelIecKo-
na (I'VPT), skuii no3Bosisie MPOBOAUTH CIIOCTEPE-
JKCHHSI B Jiama3oHi poOounx yactor 8-+80 MI'm.
Cranom Ha xiHeup 2020 p. Ha pagioreneckomni ['YPT
MMPOBENICHO TPH TECTOBI CeCii CIToCTepekeHb Kepe-
na 3C144, sxe Mae KOMIIAKTHY KOMIIOHEHTY 3 Haii-
OUITBIIIMM ITOTOKOM BHIIPOMIHIOBAaHHS B JIEKAMETPO-
BOMY Jliana3oHi panioxBuwib (mpudiausHo 1000 ).
TecToBi eKcIlEpUMEHTH TMOKa3ajld, HI0 Yy BHIAA-
Ky TPOBEICHHS CHOCTEPEKEHb Ha JIBOX CEKIIisX
pamioteneckorna ['YPT wMixrraneTHi MepexTiHHS
peectpytotbes (puc. 9, a), ane 3 HEBEJIMKUM BiTHO-
HICHHSIM CUTHAN/IIyM (puc. 9, 0), o He J03BOJISIE
13 BKE€ 3BHYHOIO I TaKUX HOCIIKEHb TOYHICTIO
BH3HAYaTH, HAMPHUKIIAJA, TapaMeTpu COHAYHOTO BiT-
Py, HaBITh 3aCTOCOBYIOUM CyMYyBaHHS CHUTHAJIy B
yChOMY Jiama3oHi pooounx gacToT. [loTpiGHO BUKO-
pUCTOBYBaTH OIIBINY KITBKICTh CEKINH TSI ITiIBU-
[ICHHS YyTIMBOCTI eKcriepuMeHTy. Lle crane Moxk-
JMBUM IIiCJIS BBEJCHHS B EKCIUIyaTallll0 CHCTEMH
(azyBanns cekuiil panioreneckona ['YPT.

B ocranHi pokn Oynu mpoBeneHI TECTOBI CHHX-
POHHI CIIOCTEPEXEHHS MEpEXTiHb 13 3aIy4eHHSIM
panioreneckomniB PT-32 (3omouiB, Ykpaina) ta PT-32
(Benrcmine, Jlarsis). [lepcIeKTUBHUMU € TaKOX

IHTEHCHBHICTS, B. 0.
10

MIDKIIJIAaHETHI
MEpEeXTIHHS

' ] 0
10 10 10
YacroTa, '
6

Puc. 9. [lunamiunmii criekTp (a) Ta CEKTp MEpexTiHb (0), OTPUMaHI 3a JaHUMH CIocTepekeHb Jukepena 3C144 Ha pamioTene-

cxoni I'VPT
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CHHXPOHI3aIlisl 13 CIOCTEPEKECHHSIMU Ha PaIioiHTep-
¢depomerpi LOFAR Ta posmmpeHHs MiKHapOIHOT
CIIBIIpALIi.

5. BucHoBkm

[lizcymoByrouM BUKJIaJCHE BHIIE, MOXKHA CKa3aTH,
IO 32 POKH, IO MHHYIM 3 MOYATKYy AOCHiHKEHb,
KOJISKTUBOM BiJiTiIeHHs HU3bKOYACTOTHOI pajioa-
crponoMii Panioactpornomiunoro inctutyty HAH
VYKpaiHM OTPUMAHO HU3KY HOBUX AKTyaJIbHUX pe-
3yJBTaTiB, SIKi BUBOJATH YKpaiHy B KOTOPTY CBITO-
BHX I[CHTPIB JIOCJII/PKEHb MIXKIUIAHETHIX MEPEXTiHb.
Cepen ux pe3ynbTariB Cliijl BKa3aTH BCTAHOBJICHHS
OCHOBHHX IapaMeTpiB MIKIUIAHETHUX MEpEXTiHb
B JIEKAMETPOBOMY Jliana3oHi paaioXBHIIb, pO3POOKY
1 BIIPOBaJKECHHS METOJIIB PO3JIJICHHS MIKIUIAHET-
HUX Ta I0HOC(EPHUX MEPEXTiHb, PO3POOKY METO/IB
PEKOHCTPYKLII TOTOKOBOi CTPYKTYpH COHSIYHOTO
BITPY Ta BHSIBJICHHS BHCOKOLIBHJKICHMX MOTOKIB
COHSYHOTO BiTpY Ta iHm. Llum MokHa numaTu-
csi, Oepydi 10 yBaru Tod (hakt, IO TMOYMHAIOYH 3
90-X pOKIB MUHYJIOTO CTOJIITTSI MA€ MICII€ MOCTiHHE
HenodiHnaHCyBaHHS PagioacTpoOHOMIYHOTO 1HCTHUTY-
TY, BHACJIJOK YOTO KUIBKICTh CHiBPOOITHHKIB, sIKi
OZIHOYACHO aKTMBHO 3aiiMajMCs L€ BaXKIMBOIO
HAyKOBOIO TEMAaTHKOIO, B JKOJIEH Tepioj yacy He Te-
pEeBUIIlyBaia TPhOX YOJIOBIK, a 3a3BHYai Oylia HABITh
MeHIow! B rmobansHOMY K CEHCl ciiJi BU3HATH,
1[0 Hapasi METOJ MIKIUIAHETHUX MEPEXTiHb 3aJiH-
LIA€THCA TAKUM JKe 3arpeOyBaHUM 1 €(EeKTHBHUM,
sIKMM OyB Harouarky, monaj 50 pokiB TOMY, KOJIH BiH
OyB chopmynboBanuii EHToHI [’ 10iIeM Ta IHIIUMU
MIEPIIONPOXIILSAMU B 111l HAYKOBii 001acTI.

OmnwMcaHi AOCHIKEHHS BHUKOHYBAJUCSI B paMKax
nepxoromreTHrnx TeM HAH Ykpainu “PanioBurpo-
MiHIOBaHHsI BcecBity y JekameTpoBoMy AiarazoHi
XBWIB”, “JlocmipkeHHsT COHSYHOI KOPOHH pajio-
ACTPOHOMIYHUMH METOJIAMH Ha JICKAMETPOBUX XBH-
nsx”, “Po3po0Oka Ta BIIpOBaPKEHHS €JIEMEHTIB 1 CHC-
TEM BEJHMKHX JEKaMETPOBUX aHTEH’, KOHKYPCHOI
JIOTOBIPHOI HAyKOBO-JIOCIHiTHHUIIBKOT pobotu “Hosi
TOPU30HTH BITYM3HSIHOI Ta MDKHAPOIHOT HU3bKOYAC-
ToTHOI panioactpoHomii”’, LlinbOBOI KOMILIEKCHOT
nporpamu HAH Vkpainu “lactpymenTanbie Ta iH-
¢dopmauiitne npueananus paxgioreneckonis YTP-2,
YPAH, I'VPT 1o cBiTOBUX Mepek HU3bKOYACTOTHOT
pamioacTpoHoMii”, a Takok LlibOBOI KOMILIIEKCHOT
nporpamu HAH VYkpainu 3 HaykoBHX KOCMIYHHX
nociikens Ha 2018-2022 pp. (mpoekt “Hazemuwuii
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CYIIPOBIJI CHCTEMOIO HHM3BKOYACTOTHHX paJioTelie-
cxkoriB YTP-2 — YPAH — I'VPT mixHapogHux Ta
YKpaiHCHKUX KOCMIYHUX MiCiii”).

CIIMCOK JIITEPATYPHU

1. Konovalenko A., Sodin L., Zakharenko V., Zarka P., Ulya-
nov O., Sidorchuk M., Stepkin S., Tokarsky P., Melnik V.,
Kalinichenko N., Stanislavsky A., Koliadin V., Shepelev V.,
Dorovskyy V., Ryabov V., Koval A., Bubnov I., Yerin S.,
Gridin A., Kulishenko V., Reznichenko A., Bortsov V., Lisa-
chenko V., Reznik A., Kvasov G., Mukha D., Litvinen-
ko G.,Khristenko A., Shevchenko V. V., Shevchenko V. A, Be-
lov A., Rudavin E., Vasylieva 1., Miroshnichenko A., Va-
silenko N., Olyak M., Mylostna K., Skoryk A., Shevtso-
va A., Plakhov M., Kravtsov 1., Volvach Y., Lytvinenko O.,
Shevchuk N., Zhouk I., Bovkun V., Antonov A., Vavriv D.,
Vinogradov V., Kozhin R., Kravtsov A., Bulakh E., Ku-
zin A., Vasilyev A., Brazhenko A., Vashchishin R., Py-
laev O., Koshovyy V., Lozinsky A., Ivantyshin O., Ru-
cker H. O., Panchenko M., Fischer G., Lecacheux A.,
Denis L., Coffre A., GrieBmeier J.-M., Tagger M., Girard
J., Charrier D., Briand C., and Mann G. The modern radio
astronomy network in Ukraine: UTR-2, URAN and GURT.
Exp. Astron. 2016. Vol. 42, Is. 1. P. 11-48. DOI: 10.1007/
s10686-016-9498-x

2. Hewish A., Scott P. F., and Wills D. Interplanetary scintilla-
tions of small diameter radio sources. Nature. 1964. Vol. 203,
No. 4951. P. 1214-1217. DOI: 10.1038/2031214a0

3. Erskine F. T., Cronyn W. M., Shawhan S. D., Roelof E. C.,
and Gotwols B. L. Interplanetary Scintillation at Large
Elongation Angles: Response to Solar Wind Density Struc-
ture. J. Geophys. Res. Space Phys. 1978. Vol. 83, Is. A9.
P. 4153-4164. DOI: 10.1029/JA0831A09p04153

4. Xyx W. H. UccrnenoBanue yrioBoi CTPyKTypbl KOCMUYEC-
KMX MCTOYHHMKOB METOJOM MEpUaHUil. M3zeecmus 6)308.
Paouoghuzuxa. 1980. T. 23, Ne 8. C. 893-918.

5. Cohen M. H. High-resolution observations of radio sources.
Ann. Rev. Astron. Astrophys. 1969. Vol. 7, Is. 1. P. 619-664.
DOI: 10.1146/annurev.aa.07.090169.003155

6. JloroBa H. A. PagnoactpoHOMU4ecKre nCCaeJOBAHUS HEO-
HOPOJHOW CTPYKTYpPBI OKOJOCOJHEYHOM IUIa3MBL. Ycnexu
¢usuueckux nayx. 1968. T. 95, Ne 3. C. 293-312.

7. Jokipii J. R. Turbulence and Scintillations in the Interpla-
netary Plasma. Ann. Rev. Astron. Astrophys. 1973. Vol. 11.
P. 1-28. DOTI: 10.1146/annurev.aa.11.090173.000245

8. Hewish A., Dennison P. A., and Pilkington J. D. H.
Measurements of the Size and Motion of the Irregulari-
ties in the Interplanetary Medium. Nature. 1966. Vol. 209,
No. 5029. P. 1188-1189. DOI: 10.1038/2091188a0

9. Little L. T. and Hewish A. Interplanetary Scintillation and
its Relation to the Angular Structure of Radio Sources. Mon.
Not. R. Astron. Soc. 1966. Vol. 134, Is. 3. P. 221-237. DOI:
10.1093/mnras/134.3.221

10. Dennison P. A. and Hewish A. The Solar Wind outside
the Plane of the Ecliptic. Nature. 1967. Vol. 213, No. 5074.
P. 343-346. DOI: 10.1038/213343a0

11. Phillips J. L., Balogh A., Bame S. J., Goldstein B. E., Gos-
ling J. T., Hoeksema J. T., McComas D. J., Neugebauer M.,
Sheeley N. R., and Wang Y.-M. ULYSSES at 50° south:

159



M. M. Kaniniuenxo ma in.

constant immersion in the high-speed solar wind. Geo-
phys. Res. Lett. 1994. Vol. 21, Is. 12. P. 1105-1108. DOI:
10.1029/94GL01065

12. Manoharan P. K. and Ananthakrishnan S. Determination
of solar-wind velocities using single-station measurements of
interplanetary scintillations. Mon. Not. R. Astron. Soc. 1990.
Vol. 244, Is. 4. P. 691-695.

13. ButkeBuu B. B., Bnacos B. U. Paguoacrponomuueckue
HCCIeIoBaHusl  apeiipa HEOMHOPOJAHOW MEKIUIAHCTHOU
mwia3Mbl. Acmponomuueckuti dcypran. 1969. T. 46, Ne 4.
C. 851-861.

14. Ekers R. D. and Little L. T. The Motion of the Solar
Wind Close to the Sun. Astron. Astrophys. 1971. Vol. 10.
P. 310-316.

15. Golley M. G. and Dennison P. A. Dispersion analysis of inter-
planetary scintillation. Planet. Space Sci. 1970. Vol. 18, Is. 1.
P. 95-101. DOT: 10.1016/0032-0633(70)90069-3

16. JloroBa H. A., Yameii 1. B. Pactipenenenue ckopocteii B
MEXXIUTAaHETHOU cpefie 0 HaOIIoAeHUSIM Meplanuil. [ eomae-
nemusm u aspornomus. 1978. T. 18, Ne 5. C. 809-817.

17. Readhead A. C. S. Interplanetary Scintillation of Radio
Sources at Metre Wavelengths — II: Theory. Mon. Not. R. As-
tron. Soc. 1971. Vol. 155, Is. 2. P. 185-197. DOI: 10.1093/
mnras/155.2.185

18. Spangler S. R. and Meyers K. A. Frequency dependence
of compact structure in extended extragalactic radio sources.
Astron. J. 1978. Vol. 83, Is 6. P. 547-559.

19. AnexceeB U. A., Unsacos 0. I1., Kyryzos C. M., Xpyno-
Ba [ A., lllumos B. U., Humosa T. J{. Bnusiaue pasmepos
PaJHONCTOYHUKOB HAa BPEMEHHBIC CIEKTPBI MEXKIUIAHETHBIX
Mepuanuit. [lucema 6 Acmponomuueckuil sxcypran. 1976.
T. 2, Ne 3. C. 160-165.

20. Iumos B. Y., Humosa T. /. Bausuue pa3mepoB ucTou-
HHKa Ha CIIEKTPBl MEeXKIUIAHETHBIX Meplanuid. Habmonenus.
Acmponomuuecxuii ocypuan. 1979. T. 56, Ne 3. C. 613-622.

21. Aptiox B. C., Ps6oB b. I1. Habnronenust mepuanuii 3C48,
3C273 u 3C295 na uacrore 25 MI'u. Acmponomuueckuii
orcypran. 1977. T. 54, Ne 5. C. 953-956.

22. boskyHn B. II., Kyk W. H. Cnexrpsl Mepuanuii Ha HEOJ-
HOPOTHOCTSIX MOHOC(HEPhI U MEKIUTAHCTHON TUIA3Mbl U BO-
3MOXKHOCTB UX Pa3JeiIeHus B ICKAMETPOBOM JIMAIa30HE pa-
nmuoBoiH. [oxnaovt AH YCCP. Cep. A. 1981. Ne 6. C. 69-71.

23. Bovkoon V. P. and Zhouck I. N. Scintillations of cosmic
radio sources in the decameter waveband. I. Spectra of
scintillations due to ionospheric and interplanetary plasma
fluctuations and the possibility of their separation. Astro-
phys. Shace Sci. 1981. Vol. 79. P. 165-180. DOI: 10.1007/
BF00655914

24. boekyn B. I1., XKyx U. H. Cnekrp TypOy/I€HTHOCTH U CKO-
POCTh COJHEYHOIo BeTpa Ha anoHrauusax 90—-150 rpaxycos.
Uzeecmus 6y306. Paouogusuxa. 1982. T. 25, Ne7. C. 727-733.

25. boekyn B. I, Kyk WM. H. Tonkas cTpykrypa paauo-
ucrouka 4C21.53 Ha jexaMeTpoBbIX BOJIHAX. AcmpoHomuyec-
Kuti orcypran. 1984. T. 61, Ne 6. C. 1108-1112.

26. Salpeter E. E. Interplanetary Scintillations. 1. Theory.
Astrophys. J. 1967. Vol. 147, No. 2. P. 433-448. DOLI:
10.1086/149027

27. Cronyn W. M. The Analysis of Radio Scattering and Space-
Probe Observations of Small-Scale Structure in the Inter-
planetary Medium. Astrophys. J. 1970. Vol. 161. P. 755-763.

160

28. boekyn B. I1., XKyk U. H., Mens A. B. Ctpykrypa ucrou-
HuKoB 3C196 u 3C280. ITucvma ¢ Acmponomuueckuii dxncyp-
nan. 1981. T. 7, N6. C. 347-351.

29. boekyn B. II., XKyk U. H., Cobones 5. M. Huskouactor-
HBI KOMITAKTHBIN MCTOYHUK B KpaGoOBHIHON TyMaHHOCTH.
Acmponomuuecxuii ocypran. 1987. T. 64, Ne 4. C. 734-742.

30. boekyn B. II., XKyk M. H. Mepuanusi KOCMHUYEeCKUX HC-
TOYHHMKOB B JIEKAMETPOBOM [IMAlla30HE PaJMOBOJIH HA HEO/I-
HOPOJHOCTSIX MEXKIUIAHETHOW IUIa3Mbl U MOHOChephl. Koc-
muyeckas nayka u mexvuxa. 1992. Ne7. C. 80-91.

31. boekyH B. I1., XKyk 1. H. Habnronenus meprianuii KOMITakT-
HBIX UCTOYHHMKOB B KpaboBumHoii TymanHoctn u Kaccuo-
nee A B JeKaMETPOBOM JIHAINIA30HE PAIUOBOIH. Joxnaovt AH
VCCP, Cepust A. 1981. Ne7. C. 57-60.

32. Bovkoon V. P, Braude S. Ya., and Megn A. V. Observations
of Cassiopeia A at 20 and 25 MHz with the URAN-1 in-
terferometer. Astrophys. Space Sci. 1982. Vol. 81, Is. 1-2.
P. 221-230. DOI: 10.1007/BF00676147

33. Kalinichenko N. N. A search for compact radio sources in
supernova remnants using the interplanetary scintilla-
tion technique. Astrophys. Space Sci. 2009. Vol. 319, Is. 2.
P. 131-138. DOI: 10.1007/s10509-008-9960-y

34. Fesen R. A., Pavlov G. G., and Sanwal D. Near-infrared and
optical limits for the central X-ray point source in the Cas-
siopeia A supernova remnant. Astrophys. J. 2006. Vol. 636,
No. 2. P. 848-858. DOI: 10.1086/498087

35. Chakrabarty D., Pivovaroff M. J., Hernquist L. E., Heyl J. S.,
and Narayan R. The central X-ray point source in Cassio-
peia A. Astrophys. J. 2001. Vol. 548, No. 2. P. 800-810. DOI:
10.1086/318994

36. ®anpkoBuy U. C., Kanuanuenko H. H., I'puaun A. A., By0-
HoB 1. H. O BO3BMOXXHOCTH HIMPOKOIOIOCHBIX HAOIIOCHNUIT
MEXKITAHETHBIX MEpPIIaHUH Ha IeKaMeTPOBBIX BOJIHAX. Padio-
@izuxa u padioacmponomis. 2004. T. 9, Ne 2. C. 121-129.

37. ®anproBuu U. C., I'puana A. A., Kamuangenko H. H., By6-
HoB M. H. IllecTHaqatunonoCcHbli KOPPEISAIMOHHBIN pau-
OMeTp 11 HAaOJIOICHUs MEKIUIAHETHBIX MepLaHuil. Padio-
@izuxa u padioacmponomis. 2005. T. 10, Ne 4. C. 392-397.

38. Konovalenko A. A., Kalinichenko N. N., Rucker H O., Leca-
cheux A., Fischer G., Zarka P., Zakharenko V. V., Mylost-
na K. Y., GrieBmeier J.-M., Abranin E. P., Falkovich I. S.,
Sidorchuk K. M., Kurth W. S., Kaiser M. L., and Gur-
nett D. A. Earliest recorded ground-based decameter
wavelength observations of Saturn’s lightning during the
giant E-storm detected by Cassini spacecraft in early 2006.
Icarus. 2013. Vol. 224, Is. 1. P. 14-23. DOI: 10.1016/j.
icarus.2012.07.024

39. Zakharenko V., Konovalenko A., Zarka P., Ulyanov O., Sidor-
chuk M., Stepkin S., Koliadin V., Kalinichenko N., Stanis-
lavsky A., Dorovskyy V., Shepelev V., Bubnov 1., Yerin S.,
Melnik V., Koval A., Shevchuk N., Vasylieva V., Mylost-
na K., Shevtsova A., Skoryk A., Kravtsov I., Volvach Y.,
Plakhov M., Vasilenko N., Vasylkivskyi Y., Vavriv D., Vi-
nogradov V., Kozhin R., Kravtsov A., Bulakh E., Kuzin A.,
Vasilyev A., Ryabov V., Reznichenko A., Bortsov V., Lisa-
chenko V., Kvasov G., Mukha D., Litvinenko G., Brazhen-
ko A., Vashchishin R., Pylaecv O., Koshovyy V., Lozins-
ky A., Ivantyshyn O., Rucker H. O., Panchenko M., Fi-
scher G., Lecacheux A., Denis L., Coffre A., and Griel3-
meier J.-M. Digital Receivers for Low-Frequency Radio Tele-

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



Locnioscenns mepexminsb padiogunpomMinio8aH s KOCMIUHUX 0dcepell Ha HeOOHOPIOHOCMAX MINCNIAHEeMHOL NIA3MU. ..

scopes UTR-2, URAN, GURT. J. Astron. Instrum.2016.Vol. 5,
No. 4. 1id. 1641010. DOI: 10.1142/S2251171716410105

40. Kalinichenko N. N., Olyak M. R., Konovalenko A. A. Bra-

zhenko A. 1., Kuhai N. V., and Romanchuk A. I. Large-Scale
Structure of Solar Wind beyond the Earth’s Orbit: Recon-
struction Using the Data of Two-Site Measurements of In-
terplanetary Scintillations in the Decameter Radio Range.
Kinemat. Phys. Celest. Bodies.2019. Vol. 35, No. 1. P. 17-27.
DOI: 10.3103/S0884591319010033

41. Kanunanuenko H. H., ®anskoBuu U. C., KonoBanenko A. A.,

Bpaxenxo A. 1. PazneneHne MeXIUIAaHETHBIX U HOHOChEp-
HBIX MEPIIAHUH KOCMMYECKMX MCTOYHUKOB B JIE€KaMETPOBOM
JMara3oHe paauoBoNH. Padioghizuka u padioacmponomis.
2013. T. 18, Ne 3. C. 210-219.

42. Schwenn R. Large-Scale Structure of the Interplanetary

Medium. In: R. Schwenn and E. Marsch, eds. Physics of the
Inner Heliosphere. Physics and Chemistry in Space, Space
and Solar Phycics, vol 20. Berlin, Heidelberg: Springer-Ver-
lag, 1990. P. 99-181. DOI: 10.1007/978-3-642-75361-9_3

43. Coles W. A. A bimodal model of the solar wind speed.

Astrophys. Space Sci. 1996. Vol. 243, Is. 1. P. 87-96. DOI:
10.1007/BF00644037

44. Brueckner G. E. The Behaviour of the Outer Solar Corona

(BRg, to 10R;) during a Large Solar Flare Observed from
OSO-7 in White Light. In: G. Newkirk, ed. Coronal Dis-
turbances. International Astronomical Union. vol. 54. Dor-
brecht: Springer, 1974. P. 333-334. DOI: 10.1007/978-94-
010-2257-6_35

45. Kammangenko H. H., KonoBanenko A. A., bpaxenxo A. 1.,

ConoseeB B. B. KoponanbsHblii BEIOpoc Macchl 15 ¢eBpans
2011 1. B MEXIIJTAHETHOM TIPOCTPAHCTBE U €r0 HaOMIONeHHS
METOJIOM MEpLAaHHi KOCMHUYECKHX HCTOYHHKOB B JeKame-
TPOBOM JTHAIIa30HE PaguoOBOIH. Padiogizuka u padioacmpo-
Homis. 2013. T. 18, Ne 4. C. 301-308.

46. PeitoB C. M., Kpasios 0. A., Tarapckuii B. 1. Bgedenue

6 cmamucmuieckyio paouogusuxy. Yacmo Il. Cryuatinvie
nons. Ilon pen. C. M. PertoBa. Mocksa: Hayka, 1978. 464 c.

47. Feynman R. P. and Hibbs A. R. Quantum Mechanics and

Path Integrals. New York: McGraw-Hill Companies, Inc.,
1965. 365 p.

48. Dashen R. Path Integrals for Waves in Random Media.

J. Math. Phys. 1979. Vol. 20, Is. 5. P. 894-920. DOI:
10.1063/1.524138

49. Jones D. and Maude A. D. Evidence for Wave Motions in

the E-Region in the Ionosphere. Nature. 1965. Vol. 206,
No. 4980. P. 177-179. DOI: 10.1038/206177b0

50. JloroBa H. A. PanmoactpoHOMHYECKHE HCCIIEIOBAHUS

CTPYHHOHN CTPYKTYpbI COJIHEUHOTO BeTpa. Mmoou Hayku u
mexuuku, cep. “Acmponomus”. 1988. T. 33. C. 121-149.

51. Olyak M. R. The dispersion analysis of drift velocity in the

study of solar wind flows. J. Atmos Sol.-Terr. Phys. 2013.
Vol. 102. P. 185-191. DOI: 10.1016/j.jastp.2013.05.016

52. Kaninigenko M. M., Onbsix M. P., Konosanenko O. O., By6-

HOB [. M., €pin C. M., bpaxenxo A. 1., Isantummn O. JI.,
JlutBunenko O. O. [locmikeHHS COHAYHOTO BITPY IIIXOM
CIIOCTEPEIKEHb MIKIUIAHETHHX MEPEXTiHb KOCMIYHUX paii-
OJKEpeI y IeKaMeTPOBOMY Jiara3oHi paaioxBuib. Padiogi-
3uka u padioacmponomia. 2017. T. 22, Ne 1. C. 45-52. DOL:
10.15407/rpra22.01.045

53. llenenes B. A., Jlutunenko O. A., 'eopruesa K., Ku-

poB b. BimsiHue coiHeyHOTO BeTpa Ha HHTEp(depoMeTpude-

cKre HaOmoeHNs B JeKaMeTPOBOM JAuanasone. Padiogizu-
Kka u padioacmponomia. 2020. T. 25, Ne 2. C. 87-99. DOI:
10.15407/rpra25.02.087

54. Kyrait H. B., Kaniniuenko M. M. Illono nuranus Bubopy

Mozieni crmaOKuX MIDKIJIAHETHUX MEPEXTiHb PaJliOBUIPO-
MIHIOBaHHS KOCMIYHHX JpKepen B AiamasoHi 8§-80 MIm.
Paoioghisuka u padioacmponomis. 2019. T. 24, Ne 2.
C. 117-128. DOI: 10.15407/rpra24.02.117

REFERENCES

1. KONOVALENKO, A., SODIN, L., ZAKHARENKO, V.,
ZARKA, P., ULYANOV, O., SIDORCHUK, M., STEP-
KIN, S., TOKARSKY, P., MELNIK, V., KALINICHEN-
KO, N., STANISLAVSKY, A., KOLIADIN, V., SHE-
PELEYV, V., DOROVSKYY, V., RYABOV, V., KOVAL, A,
BUBNOV, I, YERIN, S., GRIDIN A., KULISHENKO, V.,
REZNICHENKO, A., BORTSOV, V., LISACHENKO, V.,
REZNIK, A., KVASOV, G., MUKHA, D., LITVINEN-
KO, G., KHRISTENKO, A., SHEVCHENKO, V. V,
SHEVCHENKO, V. A., BELOV, A., RUDAVIN, E.,
VASYLIEVA, 1., MIROSHNICHENKO, A., VASILEN-
KO, N., OLYAK, M., MYLOSTNA, K., SKORYK, A,
SHEVTSOVA, A., PLAKHOV, M., KRAVTSOV, I,
VOLVACH, Y., LYTVINENKO, O., SHEVCHUK, N.,
ZHOUK, I, BOVKUN, V., ANTONOV, A., VAV-
RIV, D., VINOGRADOV, V., KOZHIN, R., KRAV-
TSOV, A., BULAKH, E., KUZIN, A., VASILYEV, A,
BRAZHENKO, A., VASHCHISHIN, R., PYLAEV, O,
KOSHOVYY, V., LOZINSKY, A., IVANTYSHIN, O,
RUCKER, H. O., PANCHENKO, M., FISCHER, G.,
LECACHEUX, A., DENIS, L., COFFRE, A., GRIEB-
MEIER, J.-M., TAGGER, M., GIRARD, J.,, CHAR-
RIER, D., BRIAND, C. and MANN, G., 2016. The modern
radio astronomy network in Ukraine: UTR-2, URAN and
GURT. Exp. Astron. vol. 42, is. 1, pp. 11-48. DOI: 10.1007/
s10686-016-9498-x

2. HEWISH, A., SCOTT, P. F. and WILLS, D., 1964. Interpla-
netary scintillations of small diameter radio sources. Nature.
vol. 203, no. 4951, pp. 1214-1217. DOI: 10.1038/2031214a0

3.ERSKINE,F.T.,, CRONYN, W. M., SHAWHAN, S. D., ROE-
LOF, E. C. and GOTWOLS, B. L., 1978. Interplanetary
scintillation at large elongation angles: Response to solar
wind density structure. J. Geophys. Res. Space Phys. vol. 83,
is. A9, pp. 4153-4164. DOI: 10.1029/JA0831A09p04153

4. ZHUK, I. N., 1980. Scintillation studies of cosmic source
angular structure (Review). Radiophys. Quantum Electron.
vol. 23, no. 8, pp. 597-615. DOT: 10.1007/BF01041203

5. COHEN, M. H., 1969. High-resolution observations of ra-
dio sources. Ann. Rev. Astron. Astrophys. vol. 7, is. 1,
pp. 619-664. DOI: 10.1146/annurev.aa.07.090169.003155

6. LOTOVA, N. A., 1968. Radio astronomical investigations
of the inhomogeneous structure of the near-solar plasma. Sov.
Phys. Usp. vol. 11, is. 3, pp. 424-434. DOI: 10.1070/PU-
1968v011n03ABEH003945

7. JOKIPII, J. R., 1973. Turbulence and Scintillations in the
Interplanetary Plasma. Ann. Rev. Astron. Astrophys. vol. 11,
pp. 1-28. DOIL: 10.1146/annurev.aa.11.090173.000245

8. HEWISH, A., DENNISON, P.A. and PILKINGTON, J.D.H.,
1966. Measurements of the Size and Motion of the Irregulari-

ISSN 1027-9636. Padiogpizuxa i padioacmponomis. T. 26, Ne 2, 2021 161



M. M. Kaniniuenxo ma in.

ties in the Interplanetary Medium. Nature. vol. 209, no. 5029,
pp. 1188-1189. DOI: 10.1038/2091188a0

9. LITTLE, L. T. and HEWISH, A., 1966. Interplanetary Scin-
tillation and its Relation to the Angular Structure of Radio
Sources. Mon. Not. R. Astron. Soc. vol. 134, is. 3, pp. 221—
237.DOI: 10.1093/mnras/134.3.221

10. DENNISON, P. A. and HEWISH, A., 1967. The Solar Wind
outside the Plane of the Ecliptic. Nature. vol. 213, no. 5074,
pp. 343-346. DOI: 10.1038/213343a0

11. PHILLIPS, J. L., BALOGH, A., BAME, S. J., GOLD-
STEIN, B. E., GOSLING, J. T., HOEKSEMA, J. T., MC-
COMAS, D. J.,, NEUGEBAUER, M., SHEELEY, N. R. and
WANG, Y.-M., 1994. ULYSSES at 50° south: constant im-
mersion in the high-speed solar wind. Geophys. Res. Lett.
vol. 21, is. 12, pp. 1105-1108. DOI: 10.1029/94GL01065

12. MANOHARAN, P. K. and ANANTHAKRISHNAN, S.,
1990. Determination of solar-wind velocities using sin-
gle-station measurements of interplanetary scintillations.
Mon. Not. R. Astron. Soc. vol. 244, is. 4, pp. 691-695.

13. VITKEVICH, V. V. and VLASOV, V. 1., 1970. Radioastro-
nomical investigations of the drift of the inhomogeneous in-
terplanetary plasma. Sov. Astron. vol. 13, no. 4, pp. 669-676.

14. EKERS, R. D. and LITTLE, L. T., 1971. The Motion of the
Solar Wind Close to the Sun. Astron. Astrophys. vol. 10,
pp. 310-316.

15. GOLLEY, M. G. and DENNISON, P. A., 1970. Dispersion
analysis of interplanetary scintillation. Planet. Space Sci.
vol. 18, is. 1, pp. 95-101. DOI: 10.1016/0032-0633(70)
90069-3

16. LOTOVA, N. A. and CHASHEL L. V., 1978. Velocity distri-
bution in the interplanetary medium from observations of
scintillations. Geomagnetizm i Aeronomiia. vol. 18, no. 5,
pp. 809-817. (in Russian).

17. READHEAD, A. C. S., 1971. Interplanetary Scintillation
of Radio Sources at Metre Wavelengths — II: Theory. Mon.
Not. R. Astron. Soc. vol. 155, is. 2, pp. 185-197. DOI:
10.1093/mnras/155.2.185

18. SPANGLER, S. R. and MEYERS, K. A., 1978. Frequency
dependence of compact structure in extended extragalactic
radio sources. Astron. J. vol. 83, is 6, pp. 547-559.

19. ALEKSEEYV, L. A., ILIASOV, YU. P, KUTUZOV, S. M.,
KHRUPOVA, G. A., SHISHOV, V. 1. and SHISHOVA, T. D.,
1976. Influence of dimensions of radio sources on the form of
temporal spectra of interplanetary scintillations. Sov. Astron.
Lett. vol. 2, no. 3, pp. 160—165.

20. SHISHOV, V. 1. and SHISHOVA, T. D., 1979. Influence of
source sizes on the spectra of interplanetary scintillations.
Observations. Sov. Astron. vol. 23, no. 3, pp. 345-350.

21. ARTYUKH, V. S. and RYABOV, B. P,, 1977. Scintillation
0f 3C 48,3C 273 and 3C 295 at 25 MHz. Sov. Astron. vol. 21,
no. 5, pp. 540-542.

22. BOVKOON, V. P. and ZHOUCK, I. N., 1981. Spectra of
scintillations due to ionospheric and interplanetary plas-
ma inhomogeneities and a possibility of their separation in
the decametric wave range. Doklady AN USSR. Ser. A. no. 6,
pp. 69-71. (in Russian).

23. BOVKOON, V. P. and ZHOUCK, I. N., 1981. Scintilla-
tions of cosmic radio sources in the decameter waveband.
I. Spectra of scintillations due to ionospheric and interpla-
netary plasma fluctuations and the possibility of their se-

162

paration. Astrophys. Space Sci. vol. 79, pp. 165-180. DOI:
10.1007/BF00655914

24. BOVKUN, V. P. and ZHUK, I. N., 1982. Solar-wind turbu-
lence spectrum and velocity at elongations of 90—150°.
Radiophys. Quantum Electron. vol. 25, is. 7, pp. 513-518.
DOI: 10.1007/BF01040222

25. BOVKOON, V. P. and ZHOUCK, I. N., 1984. Fine structure
of the radio source 4C 21.53 in the decameter waveband. Sov.
Astron. vol. 28, no. 6, pp. 648—651.

26. SALPETER, E. E., 1967. Interplanetary Scintillations.
I. Theory. Astrophys. J. vol. 147, no. 2, pp. 433—448. DOLI:
10.1086/149027

27. CRONYN, W. M., 1970. The Analysis of Radio Scatte-
ring and Space-Probe Observations of Small-Scale Struc-
ture in the Interplanetary Medium. Astrophys. J. vol. 161,
pp. 755-763.

28. BOVKUN, V. P, ZHUK, I. N. and MEN, A. V., 1981.
The Structure of the Radio Sources 3C196 and 3C280. Sov.
Astron. Lett. vol. 7, no. 3, pp. 192—-194.

29. BOVKUN, V. P,, ZHUK, I. N. and SOBOLEV, YA. M.,
1987. The Low-Frequency Compact Source in the Crab
Nebula. Sov. Astron. vol. 31, no. 4, pp. 385-388.

30. BOVKOON, V. P. and ZHOUCK, I. N., 1992. Scintilla-
tion of cosmic sources in the decameter radio-wave range
on inhomogeneities of the interplanetary plasma and the
ionosphere. Kosmicheskaya Nauka i Tekhnika. vol. 7, no. 7,
pp- 80-91. (in Russian).

31. BOVKOON, V. P. and ZHOUCK, I. N., 1981. Observa-
tions of compact source scintillations in the Crab Nebula and
CAS A in the decameter range. Doklady AN USSR. Seriya A.
no. 7, pp. 57-60. (in Russian).

32. BOVKOON, V. P, BRAUDE, S. YA. and MEGN, A. V.,
1982. Observations of Cassiopeia A at 20 and 25 MHz with
the URAN-1 interferometer. Astrophys. Space Sci. vol. 81,
is. 1-2, pp. 221-230. DOI: 10.1007/BF00676147

33. KALINICHENKO, N. N., 2009. A search for compact
radio sources in supernova remnants using the interplanetary
scintillation technique. Astrophys. Space Sci. vol. 319, no. 2,
pp. 131-138. DOI: 10.1007/s10509-008-9960-y

34. FESEN, R. A., PAVLOV, G. G. and SANWAL, D. 2006.
Near-infrared and optical limits for the central X-ray point
source in the Cassiopeia A supernova remnant. Astrophys. J.
vol. 636, is. 2, pp. 848-858. DOI: 10.1086/498087

35. CHAKRABARTY, D., PIVOVAROFF, M. J., HERN-
QUIST, L. E.,, HEYL, J. S. and NARAYAN, R., 2001.
The central X-ray point source in Cassiopeia A. Astrophys. J.
vol. 548, no. 2, pp. 800-810. DOI: 10.1086/31899

36.FALKOVICH,I.S.,KALINICHENKO,N.N., GRIDIN,A.A.
and BUBNOV, L. N., 2004. On the Possibility of Broadband
IPS Observations at Decameter Waves. Radio Phys. Radio
Astron. vol. 9, no. 2, pp. 121-129. (in Russian).

37.FALKOVICH,I.S.,GRIDIN,A.A.,KALINICHENKO, N.N.
and BUBNOV, 1. N., 2005. Sixteen-Band Correlation Ra-
diometer for IPS Observations. Radio Phys. Radio Astron.
vol. 10, no. 4, pp. 392-397. (in Russian).

38. KONOVALENKO, A. A., KALINICHENKO, N. N., RU-
CKER, H O., LECACHEUX, A., FISCHER, G., ZAR-
KA, P, ZAKHARENKO, V. V., MYLOSTNAK. Y,
GRIEBMEIER, J.-M., ABRANIN, E. P, FALKO-
VICH,I. S., SIDORCHUK, K. M., KURTH, W. S., KAI-
SER, M. L. and GURNETT, D. A., 2013. Earliest recorded

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



Locnioscenns mepexminsb padiogunpomMinio8aH s KOCMIUHUX 0dcepell Ha HeOOHOPIOHOCMAX MINCNIAHEeMHOL NIA3MU. ..

ground-based decameter wavelength observations of Sat-
urn’s lightning during the giant E-storm detected by Cassini
spacecraft in early 2006. Icarus. vol. 224, is. 1, pp. 14-23.
DOI: 10.1016/j.icarus.2012.07.024

39. ZAKHARENKO, V., KONOVALENKO, A., ZARKA, P,
ULYANOV, O., SIDORCHUK, M., STEPKIN, S., KO-
LIADIN, V., KALINICHENKO, N., STANISLAVSKY, A.,
DOROVSKYY, V., SHEPELEV, V., BUBNOV, I, YE-
RIN, S., MELNIK, V., KOVAL, A., SHEVCHUK, N.,,
VASYLIEVA, V., MYLOSTNA, K., SHEVTSOVA, A,
SKORYK, A., KRAVTSOV, I, VOLVACH, Y., PLA-
KHOV, M., VASILENKO, N., VASYLKIVSKYI, Y.,
VAVRIV, D., VINOGRADOV, V., KOZHIN, R., KRAV-
TSOV, A., BULAKH, E., KUZIN, A., VASILYEV, A,
RYABOV, V., REZNICHENKO, A., BORTSOV, V,
LISACHENKO, V., KVASOV, G., MUKHA, D., LIT-
VINENKO, G., BRAZHENKO, A., VASHCHISHIN, R.,
PYLAEV, O., KOSHOVYY, V., LOZINSKY, A,
IVANTYSHYN, O., RUCKER, H. O., PANCHENKO, M.,
FISCHER, G., LECACHEUX, A., DENIS, L., COF-
FRE, A. and GRIEBMEIER J.-M., 2016. Digital Recei-
vers for Low-Frequency Radio Telescopes UTR-2, URAN,
GURT. J. Astron. Instrum. vol. 5, no. 4, id. 1641010. DOI:
10.1142/S2251171716410105

40. KALINICHENKO, N. N., OLYAK, M. R., KONOVA-
LENKO, A. A., BRAZHENKO, A. I., KUHAI, N. V. and
ROMANCHUK, A. 1., 2019. Large-Scale Structure of So-
lar Wind beyond the Earth’s Orbit: Reconstruction Using
the Data of Two-Site Measurements of Interplanetary Scin-
tillations in the Decameter Radio Range. Kinemat. Phys.
Celest. Bodies. vol. 35, no. 1, pp. 17-27. DOI: 10.3103/
S0884591319010033

41. KALINICHENKO, N. N., FALKOVICH, I. S., KONO-
VALENKO, O. O. and BRAZHENKO, A. L., 2013. Separa-
tion of Interplanetary and Ionospheric Scintillations of Cos-
mic Sources at Decameter Wavelengths. Radio Phys. Radio
Astron. vol. 18, no. 3, pp. 210-219. (in Russian).

42. SCHWENN, R., 1990. Large-Scale Structure of the Inter-
planetary Medium. In: R. SCHWENN and E. MARSCH,
eds. Physics of the Inner Heliosphere. Physics and Chemistry
in Space, Space and Solar Phycics, vol 20. Berlin, Heidel-
berg: Springer-Verlag, pp. 99—-181. DOI: 10.1007/978-3-642-
75361-9 3

43. COLES, W. A., 1996. A bimodal model of the solar wind
speed. Astrophys. Space Sci. vol. 243, is. 1, pp. 87-96. DOI:
10.1007/BF00644037

44, BRUECKNER, G. E., 1974. The Behaviour of the Outer
Solar Corona (3R, to 10R,) during a Large Solar Flare
Observed from OSO-7 in White Light. In: G. NEWKIRK,
ed. Coronal Disturbances. International Astronomical
Union. vol. 54. Dorbrecht: Springer, pp. 333-334. DOLI:
10.1007/978-94-010-2257-6_35

45. KALINICHENKO, N. N., KONOVALENKO, O. O., BRA-
ZHENKO, A.I. and SOLOV’EV, V. V., 2013. 2011 February
15 CME in the Interplanetary Medium by Observations of
Radio Source Scintillations at the Decameter Wavelengths.
Radio Phys. Radio Astron. vol. 18, no. 4, pp. 301-308.
(in Russian).

46. RYTOV, S. M. (ed.), KRAVTSOV, YU. A. and TATARS-
KIL, V. 1., 1978. Principles of statistical radiophysics. Vol. I1.
Random fields. Moscow, Russia: Nauka Publ. (in Russian).

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

47. FEYNMAN, R. P. and HIBBS, A. R., 1965. Quantum Me-
chanics and Path Integrals. New York: McGraw-Hill Com-
panies, Inc.

48. DASHEN, R., 1979. Path Integrals for Waves in Random
Media. J. Math. Phys. vol. 20, is. 5, pp. 894-920. DOI:
10.1063/1.524138

49. JONES, D. and MAUDE, A. D., 1965. Evidence for Wave
Motions in the £-Region in the Ionosphere. Nature. vol. 206,
no. 4980, pp. 177-179. DOI: 10.1038/206177b0

50. LOTOVA, N. A., 1988. Radio astronomical investigations
of the solar wind stream structure. /fogi Nauki i Techniki, ser.
Astronomiya. vol. 33, pp. 121-149. (in Russian).

51. OLYAK, M. R., 2013. The dispersion analysis of drift
velocity in the study of solar wind flows. J. Atmos Sol.-
Terr. Phys. vol. 102, pp. 185-191. DOI: 10.1016/.
jastp.2013.05.016

52. KALINICHENKO, N. N., OLYAK, M. R., KONOVA-
LENKO, O. 0., BUBNOV, I. N,, YERIN, S. N., BRAZHEN-
KO, A. I, IVANTISHIN, O. L. and LYTVYNENKO, O. A,
2017. Solar Wind Investigations by Observations of In-
terplanetary Scintillations of Cosmic Radio Sources at
Decameter Wavelengths. Radio Phys. Radio Astron.
vol. 22, no. 1, pp. 45-52. (in Ukrainian). DOI: 10.15407/
rpra22.01.045

53. SHEPELEV, V. O., LITVINENKO, O. O., GEORGI-
EVA, K. and KIROV, B., 2020. Influence of the Solar Wind
on Interferometric Observations at the Decameter Wave-
lengths. Radio Phys. Radio Astron. vol. 25, no. 2, pp. 87-99.
(in Russian). DOI: 10.15407/rpra25.02.087

54. KUHAL N. V. and KALINICHENKO, N. N., 2019.
To the Question of Choosing the Model of Weak Interpla-
netary Scintillations of Cosmic Sources Radioemission
in Range from 8 to 80 MHz. Radio Phys. Radio Astron.
vol. 24, no. 2, pp. 117-128. (in Ukrainian). DOI: 10.15407/
rpra24.02.117

M. M. Kalinichenko'?, N. V. Kuhai®!, O. O. Konovalenko,
A. I Brazhenko?3, I. M. Bubnov', S. M. Yerin’,

H. O. Rucker?, P. Zarka’, A. Lecacheux’,

O. L. Ivantyshyn®, O. O. Lytvynenko,

O. I. Romanchuk’, and A. V. Frantsuzenko?

!Institute of Radio Astronomy,
National Academy of Sciences of Ukraine,
4, Mystetstv St., Kharkiv, 61002, Ukraine

2Oleksandr Dovzhenko Hlukhiv
National Pedagogical University,
24, Kyivo-Moskovska St., Hlukhiv, 41400, Ukraine

3Poltava Gravimetric Observatory,
S. Subbotin Institute of Geophysics,
National Academy of Sciences of Ukraine,
27/29, Miasoiedov St., Poltava, 36014, Ukraine

4Institut fiir Weltraumforschung,
Osterreichischen Akademie der Wissenschaften,
6, Schmiedlstra3e, Graz, 8042, Austria

SLESIA, Observatoire de Paris, CNRS,
PSL/SU/UPMC/UPD/SPC,
5, Place Jules Janssen, Meudon, F-92195, France

163



M. M. Kaniniuenxo ma in.

¢ Karpenko Physiko-Mechanical Institute,
National Academy of Sciences of Ukraine,
5, Naukova St., Lviv, 79060, Ukraine

INVESTIGATIONS OF COSMIC SOURCES
RADIOEMISSION SCINTILLATIONS

DUE TO INTERPLANETARY PLASMA
IRREGULARITIES AT THE INSTITUTE
OF RADIO ASTRONOMY, NAS UKRAINE

Purpose: Review of investigations of cosmic sources radio-
emission scintillations due to interplanetary plasma irregula-
rities made at the Institute of Radio Astronomy of the National
Academy of Sciences of Ukraine, from the first observations
in the mid-70s until now.

Design/methodology/approach: In the course of prepara-
tion of this paper, the authors have reviewed, analyzed and
summarized the information being published in the home and
foreign publications, and reported at scientific conferences.
Findings: The investigations of the interplanetary scintilla-
tions carried out at the Institute of Radio Astronomy, NAS
Ukraine have been reviewed. A retrospective discussion
has been made on how in the course of these researches the
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knowledge about the basic parameters of interplanetary scin-
tillations in the decameter wavelength range, as well as that on
the important parameters of the solar wind and its structure,
have been obtained. Also, various methods of processing and
analysis of experimental data were offered, and new means
for receiving cosmic radiation were created. The place and
importance of the discussed researches for the world science
are shown.

Conclusions: Over the years since the beginning of the
research, the think tank of the Department of Low-Frequen-
cy Radio Astronomy of the Institute of Radio Astrono-
my, NAS Ukraine has obtained a number of new relevant
results, which bring Ukraine into the cohort of world centers
of interplanetary scintillation researches. The construction
of a new GURT radio telescope, among other things, creates
new prospects for the development of this relevant line of
investigation.

Key words: interplanetary scintillations, decameter wave-
length range, solar wind, solar wind stream structure, coronal
mass ejection
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