MMHHMHCTEPCTBO J. ®. YEPHOI'OP
OBPA3OBAHUS

N HAYKHN YKPAWHBI

XAPBKOBCKUN
HALIMOHAJIbHBIN
VHUBEPCUTET

nmenu B. H. KAPA3MHA

®U3UKA MOIIIHOI'O
PAJIMOU3JTYUYEHUS
B TEOKOCMOCE

MoHorpadus

XapbkoB — 2014



VK 538.566, 621.391.21, 550.388
BBK 26.2
Y49

PenenzeHTsI:

B. M. SIkoBenko — akagemuk HAH Vkpaunbl (MaCcTHTYT pagunodusuku u 3iekTpoHukd HAH
Ykpaussl, r. XapbKOB);

FO0. M. SImmoabckmii — win.-kopp. HAH Vkpawnsr (Pagmoactponomuuecknii mHeTuTyT HAH
Ykpaussl, r. XapbKOB).

Ymeeporcoeno k neuamu pewenuem Yuernoco cosema
Xapvrosckozo HayuonanbHo2o yHusepcumema umenu B. H. Kapaszuna
(npomokoa Ne 10 om 3.11.2014 2.)

Yopuorop JI. @. dizuka MOTYXKHOTO PaTiOBHIIPOMIHIOBAHHSI B TE€OKOCMOCI : MOHOTrpadis /
Y49 JI. @. Yopuorop. — X. : XHY imeni B. H. Kapazina, 2014. — 544 c. : 183 ixn., 65 Tabm., 674 6i6:7.
ISBN 978-966-285-151-9
Buknageno 3arampHi BigoMocTi mpo OyaoBy cuctemMu 3emisi—armochepa—ioHochepa—
MarHitocgepa Ta ii eHepreruky. OnucaHi OCHOBHI (hi3WYHI TPOIECH, [0 BUHHUKAIOTH Iij 4ac B3aEMOZIT
MOTY>KHOTO PaliOBHIIPOMIHIOBAHHS 3 10HOC(EpHO-MarHirochepHoro IIa3Mor. BukiageHo pesyibraTe
CIIOCTEPEKCHb 1 MOJENOBaHHS (I3SHYHMX HPOLECiB, IO BUHHUKAIOTH JAJCKO 3a MEXaMH JAiarpamu
CIIPSIMOBAHOCTI aHTEHU HArPiBHUX CTCHIIB.
Jn1s HayKOBUX TPaliBHUKIB, ACHIPAHTIB i CTYJCHTIB (i3HUHUX CIICIIaTbHOCTEH YHIBEPCUTETIB.
VK 538.566, 621.391.21, 550.388
BBK 26.2

Yepuorop JI. ®@. @uszuka MOIIHOTO pAJAMOMINIYYCHHS B TEOKOCMOce : MoOHorpadus /
Y49 JI. ®. Yepnorop. — X. : XHY umenu B. H. Kapaszuna, 2014. — 544 c. : 183 wuin., 65 1a6., 674 6uo.
ISBN 978-966-285-151-9
W3znoxeHs! o0mmye cBeIeHU O CTPOSHNHU CUCTEMBI 3eMisi—aTMocdepa—noHochepa—maraurochepa
n ee sHepreruke. OmnucaHbl OCHOBHBIE (DHU3HMYECKHE NPOLECCH, BO3HUKAIOIIME IIPU B3aUMOJECHCTBUU
MOIITHOTO  PaJMOM3IIyuYeHHss C HOHOCPEepHO-MarHUTOChEpHOW IU1a3MOi. M3MOXKEHBI  pe3yNbTaThl
HAOJIONEHUH M MOIENUPOBaHMS (PU3WYECKHX TPOLIECCOB, BO3HUKAIOMIMX JaleKo 3a IpeleliaMH
JyarpaMMbl HaIIpaBJIEHHOCTH aHTEHHBI HATPEBHBIX CTEHOB.
Jiga  HaydHbIX pabOTHHMKOB, acCIMUPAaHTOB M CTYJACHTOB (PHU3MUECKHMX CHEeNHaIbHOCTEH
YHUBEPCUTETOB.
VK 538.566, 621.391.21, 550.388
BbBK 26.2

Chernogor L. F. Physics of High-Power Radio Emissions in Geospace : Monograph /
Y49 L. F. Chernogor. — Kharkiv : Kharkiv V. N. Karazin National University, 2014. — 544 p. : 183
Figures, 65 Tables, 674 References.
ISBN 978-966-285-151-9
General information on the Earth—atmosphere—ionosphere—magnetosphere system structure
and its energetics is presented. The main physical processes coupling high power radio emissions
and the ionospheric and magnetospheric plasma are outlined. Observations and modeling of the basic
physical effects appearing far beyond high-power heater antenna patterns are presented.
This volume is a reference book for researchers studying ionospheres and plasma physics. It also
serves as a textbook for postgraduate and graduate students taking courses in physics at university level.
YK 538.566, 621.391.21, 550.388
BBK 26.2

© XapbKOBCKU HAITMOHAIBHBIN YHUBEPCUTET
ISBN 978-966-285-151-9 umenu B. H. Kapaszuna, 2014

© Yepuorop JI. ©., 2014

© Jlonumk WM. H., makeT 00610xku, 2014



COJIEP)KAHME

IIpeauciaoBue
Cnucok 0OCHOBHBIX COKPAIleHUit
Cnucoxk 0CHOBHBIX 0003HAYEHM i
Beenenue
JIuteparypa K BBEIEHUIO
I'naBa 1. I'eokocmoc B cBeTe CHCTEMHOM MapaJurMbl
1.1. Ctpoenue reokocMoca
1.2. OCHOBBI CHUCTEMHOW MapaurMbl
1.2.1. O0Omue cBeaeHUs
1.2.2. OcHOBHBIE MOJIOKEHUSI CUCTEMHOM TapaiurMbl
1.2.3. Ctpoenue cucrem. OCHOBHBIE TPOLIECCHI
1.2.4. CpoiicTBa cucrtem
1.2.5. DHepreTHKa MpoueccoB
1.2.6. IloToku sHEprUN
1.2.7. Kananel B3anMOAEHCTBUS MOJICUCTEM B CUCTEMAX
CMCMUA3 u 3AUM
1.3. OcHOBHBIE pE3yJIBTATHI
Jluteparypa k rnase 1
I'naBa 2. OcHoBHbIe (PU3HYECKHE MPOLECCHI B 00J1aCTH BO31€iCTBUSA
MOIIHBIM PaHOU3TyYeHHEM
2.1. DKCKypC B UCTOPHIO. ITAMbl UCCICTOBAHUN
2.2. CpencrtBa BO3ACHCTBUS
2.3. CpencrBa qUarHoCTUKU
2.3.1. Pagap 4aCTUYHBIX OTpaKEHUM
2.3.2. Pagap n01miepoBCKOro 30HIUPOBAHUS
2.3.3. llndpoBoit HOHO30H]T
2.3.4. [IporpaMMHoO-anmapaTHas CHCTEMa MHOIO4aCTOTHOTO
30HIUPOBAHMUS
2.3.5. MuoroueneBoi komiuieke Y BU-30Ha1upoBanus
2.3.6. Cucrema npuema CUrHajaoB HaBuraunoHueix MC3
2.3.7. MarautomMeTp-(ItoKCMeTp
2.3.8. Pagap HEKOrepeHTHOIO pacCessHUs

11
17
18
22
22
24
24
26
27
33
34
52

53
53
54

65
65
69
70
70
74
75

76
82
82
82
84



2.4. MexaHn3MBbl BO3/IEVCTBUS MOILIHBIM PAJUOU3ITyYEHUEM.

Hcxonnple ypaBHEHUS 85
2.4.1. TeruoBoii (HarpeBHbIN) MEXaHU3M 85
2.4.2. CTpUKUMOHHBIN MEXaHU3M 86
2.4.3. NoHU3aIMOHHBI MEXaHU3M 87
2.4.4. PensiTUBUCTCKUI MEXaHU3M 88
2.4.5. CpaBHEHHE MEXaHNU3MOB 88
2.4.6. YpaBHeHus O6ajlaHca SHEPTUUA U KOHIIEHTPAIIUH YaCTHII 89
2.4.7. Bo3amyllieHME KOHIIEHTPAIMU JIEKTPOHOB 90
2.4.8. Peanuzanusa MeXaHU3MOB BO34€HCTBUS MOIIIHBIM
PaIHOU3IYYEHNUEM B YCIOBUIX TEOKOCMUYECKOU TIa3MBbl 92
2.5. ®usndeckue npouecchl B D- 1 E-o6macTsax noHocheps 92
2.5.1. Harpes anexkTpoHOB 92
2.5.2. AxtuBu3anus npouecca MpuiIiIianus JEKTPOHOB 109
2.5.3. IlonaBnenue mpoiecca peKOMOUHAIIUY AJIEKTPOHOB 116
2.5.4. IIpoGoit atmochepbl 125
2.5.5. Bo3mylieHre HEOTHOPOAHOM CTPYKTYPbl HUKHEN
noHoc(hepbl 130
2.5.6. KpoccMoynsiuusi paguoBOJIH 142
2.5.7. Camomonydius paJuoBOJIH 147
2.5.8. CaMOBO3/I€ICTBHE PaAUOBOJIH 148
2.5.9. BzauMopeicTBue paiiOBOJIH 160
2.5.10. HennHeliHOE UCKa)XKeHUE MOJISIPU3ALMHI PAIMOBOJIH 161
2.5.11. HennHetHOE CMEIIEHHUE YaCTOThI PaIMOBOJIH 169
2.5.12. I'enepanusi CUTHAJIOB KOMOHWHAIIMOHHBIX YaCTOT
(o dexr 'ermantena) 173
2.5.13. ledoxycupoBKa paguoBOIH 177
2.6. ®uznyeckue nporeccol B F-obmactu nonocdepsr 178
2.6.1. HeycroitunBoctu. CTpyKTypHr3anus Mia3msl 178
2.6.2. 'urantckoe paKkypCcHOE paccestHue paJiuoBOJIH 182
2.6.3. VckyccTBEeHHOE paon3IydeHe HOHOC(EPHI 182
2.6.4. OdexkT MarHUTHOTO 3eHUTA 183
2.6.5. UckyccTBeHHOE CBeUEHUE HOHOCHEPHI 191
2.6.6. MHOTOKpaTHbI THPOPE3OHAHC 192
2.6.7. PezoHancHOE paccesiHie paguoBOJIH 193
2.6.8. ®oxycupoBKa U I1ePOKYyCHUPOBKA PaTUOBOJIH 195
2.6.9. 'eomaruuTHsIi 2P deKT 198
2.6.10. Ocobennoctu 3¢ (HeKTOB MpU BO3ICHCTBUH
X-MONAAPU30BAHHOMN PATMOBOJHON 200
2.6.11. Bo3mymienne teMnepaTypsl 1 KOHIIEHTPALIUT
3JIEKTPOHOB 201
2.7. Bo3aencTBHE MOIIHBIM PaJINON3IIyYEHUEM Ha BHEIIHIOIO
noHochepy u maruurocgepy 205
2.7.1. Bozneiicteue OHY-panguonsnyyeHuem 205

2.7.2. Bozneiicteue BU-paauounsinydyeHuem 208



2.8. OCHOBHBIE pE3yJIbTATHI
JIutepatypa k riase 2
I'nasa 3. IIposiBjieHHe KPYNMHOMACIITAOHBIX BO3MYLICHUH B Te0KOCMOCE
B 00J1aCTH BO3/1eHCTBYUSI MOIIHBIM PANOU3TyYeHHEeM
3.1. ®usnueckue npouecchl B D-o01actu nonochepsl
3.2. ®usnueckue npouecchl B E-o6mactu nonocdepsl
3.3. ®usuueckue npouecchl B F-obmactu nonochepsr
3.4. OCHOBHBIE pE3yIbTAThHI
Jlutepatypa k riase 3
I'naBa 4. KpynnomacmraOHble BO3MYUIEHUSI B TEOKOCMOCE
4.1. ®uznueckue nporecchl B D-o6mactu noHocdepol
4.1.1. Pe3ynbTarsl 3KCIEPUMEHTOB C HATPEBHBIM CTEHAOM
«Cypa»
4.1.2. Pe3ynbTarsl SKCIEPUMEHTOB C HATPEBHBIM CTEHAOM
«MockBa»
4.1.3. Pe3ynbTarsl SKCIEPUMEHTOB C HATPEBHBIM CTEHAOM
«Tpomceén
4.1.4. KorepeHTHBIE CTPYKTYpPbI
4.1.5. BoiiHOBBIE BO3MYILICHUS
4.2. ®uznueckue npoiecchl B E-obmactu nonocdepot
4.2.1. Pe3ynbTaThl KOMILUIEKCHBIX SKCIIEPUMEHTOB
4.2.2. Pe3ynbTaThl BEPTUKAJIBLHOTO 30HAUPOBAHUS
noHocdepbl
4.2.3. Pe3ynbTathl HOMIEPOBCKOTO 30HANPOBAHUS HOHOCHEPHI
4.2.4. Pe3ynbrarbl HAOIIOICHUI METOJIOM HEKOTEPEHTHOTO
paccesiHus
4.2.5. Pe3ynbTaThl MATHUTOMETPUUECKUX HAOIIOICHUM
4.3. ®dusnueckue npoueccs B F-o0mactu nonochepst
4.3.1. 'enepauus xosniebanuii HHOPA3BYKOBOTO AMANA30HA
4.3.2. Bapuauuu criektpa HOHOC(HEPHBIX BOJIHOBBIX
BO3MYILEHUH
4.3.3. Kazunepuoandyeckue Bapualuu JOIEPOBCKOTO
CMELLIEHHUS YaCTOThI
4.3.4. OcoOeHHOCTH BOJTHOBBIX BO3MYIIICHUN C YaCTOTaAMHU,
OMM3KMMU K COOCTBEHHBIM YacTOTaM aTMOC(epbl
4.3.5. 3oH11pOBaHNE BOJHOBBIX BO3MYIIIEHUN METOI0M
HEKOT€pEHTHOI'0 paccestHus
4.3.6. CormnacoBaHHbIE BapyalllM JOIIEPOBCKOTO CMELIECHHUS
YaCTOThI PAKYpPCHO-PACCESIHHBIX PAJHOBOJIH U YPOBHS
r€OMarHuTHOTO TOJIst
4.4. dusnueckue MpoLEecchl BO BHEIIHEH HOHOChepe
u Marautocgepe
4.4.1. Pe3ynbTarhl CIIyTHUKOBBIX HAOJIIOCHUN
4.4.2. Pe3ynbpTaThl pacyeToB
4.5. 'moGanbHbBIEC BO3MYIIICHUS

212
214

229
229
232
234
235
236
238
239

239
245
247
249
249
262
262

264
301

305
314
334
334
348
360
396

418

466

495
495
497
501



4.5.1. Pe3ynbraThl OLIEHOK
4.5.2. Pe3ynbTathl HAOMIOACHUN
4.6. MexaHu3Mbl KPYITHOMACIITAOHBIX BO3MYIIEHUI
4.6.1. CTumMyJIMpOBaHHBIE BO3MYIIEHHUS B HUXKHEN
noHocdepe
4.6.2. MexaHu3MBbl T€HEPAIIMK BOJHOBBIX BO3MYIICHUM
4.6.3. MexaHu3Mbl reHepaluu kojiebanuit nHGPa3ByKOBOTO
nyara3oHa
4.7. BzaumMoaencTBue noacucteM B cucreme 3ANUM
4.8. OCHOBHBIE PE3YJIbTATHI
Jlutepatypa k rnase 4
3akioueHue

501
503
504

504
506

509
524
528
529
540



