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AHHOMayuss — OKCNepuMeHTanbHO UCCrnefoBaHbl N3MEHEeHUs
NMOTHOCTN 3NEKTPOHOB B cpefdHelnpotHon D-obnactn noHo-
cchepbl BO Bpemsa yAaneHHbIX CTapTOB pakeT pasHoro Tuna.
OBHapyxeHbl KpaTKOBPEMEHHbIe MyNbCUpYtoLLMe BO3MYLLEHUS
NMOTHOCTM 3NEKTPOHOB B HWXHEW MoHocdepe. Ons obbscHe-
HMSA abEKTOB MpeasioxeHa runoTesa O CTUMYMUPOBaHHbLIX
NynbCUPYIOLMX MOTOKAMWU 3NEKTPOHOB M3 MarHuTocdepbl B
HWXHIOI MOHOCdepy 3emnu ¢ aHepruen ~10%10 kaB 1 3Have-
HusiMM noTokos p ~10%- 10°m2c

|. BBepeHue

fABneHns, conpoBoXaarwLlne 3anycku pakeT, OTnu-
yarTcs MHOroobpasnemM, nNpPOCTPaAHCTBEHHLIMU, Bpe-
MEHHbIMUW, SHEPreTUYeCKUMnN N OPYruMu XapakTepucTu-
kamun. Knaccudmkauuio BO3MyLLEHNIN OObIMHO MPOW3BO-
OST MO UX MPOCTPaHCTBEHHbIM MacliTabam. Boamyue-
Husi ¢ L1 < 100 km, L ~ 100 — 1000 km u L3 ~ 1000 —
10000 kKM COOTBETCTBEHHO Ha3bIBAOT NOKaNN30BaHHbI-
MU, KpynHoMacliTabHbiMy 1 rnobanbHbiMK. Takue BO3-
MyLLeHnss Habnwpganuce MHOTUMW  UCCrefoBaTensmm
nocrne nepsbiX 3amMycKoB BbICOTHbIX pakeT O630op Kkpyn-
HOMacLlTabHbIX BO3MyLUeHU npeactaeneH [1]. no-
GanbHble BO3MYLLEHUSI B MOHOCHEpE uUccrnenyrTes,
Hanpumep, B [2]. 3HauMTenbHOE BHWMaHWe yaensieTcs
nouncky adpcbektoB B F-obnactn noHocdepsl. OgHako go
HacCTOSILLLEro BPEMEHN OCTAlTC HE BbISICHEHHLIMU Me-
XaHW3Mbl MepeHoca BO3MYLLUEHUA Ha rnobanbHble pac-
CTOSHUS, MX CKOPOCTM pacnpoCTpaHeHus, BenuynHa u
XapakTep BO3MYLLEHWI B HUXHEN YacTn noHocgepsl (D-
obnactb). B paboTe npvBeaeHbl pe3ynbTaTbl 3KCNEpU-
MEHTasbHbIX UCCreaoBaHU BO3MOXHbBIX — Bapuauuni
NAOTHOCTU 3MEKTPOHOB B cpefHelmpoTHow D-obnactu
BO BpEMSI YAaneHHbIX CTApTOB pakeT pasHoro Tuna.

Il. OcHoBHaA YacTb

MamepeHuss napameTpoB MOHOCKEpbl BbINOMHEHbI
MEeTOAOM YacTuyHbIX oTpaxenun (UO) [3] Ha annapaTtype
[4] B6nm3m 1. XapbkoBa B 1990-2003 rr. AnutenbHOCTb
HenpepbIBHbIX U3MEPEHU cocTaBnsna He MeHee 2-4
YacoB OO M nocne crapTta pakeTbl. Yncno obpaboTaH-
HbIX ceaHcoB — 56. PacyéT BbICOTHO-BPEMEHHbIX MpPo-
¢uneir  N(z,t) Ha uHTepBanax B 10 MUH Ans Bcero

nepvoga HabniogeHwun ¢ norpewHocToto < 30% Bbl-
nonHeH no metoauke [3]. YganeHue oT mecta ctapta
pakeT A0 nyHkTa HabniogeHus coctasnano Ry ~1000-
10000 kM. BbinonHeH nouck oGHapyXeHUsi BO3MOXHbIX
usMeHeHWn N(z,t)B cpeaHelmpoTHon D-obnactn Bo

BpeMSs yAaneHHbIX CTapTOB pakeT pasfnuyHON MOLLHOCTU
(rmobanbHble Bo3myLleHMs1). OTMETUM, YTO OTYETNUBLIE
nsmeHeHnss N(z,t) ydanocb 3aperucTpuposaTb He BO

BCEX aKcnepumeHTax. 310 06ycrnoBneHo psagaoM NPUYKH:
ycrnoBusi B MOHocdepe B MecTe cTapTa (noneta) u Ha-
6rogeHus, Tun (MOLLHOCTb OBuratenen) pakeTbl, CO-
CTOsIHME paaualMoHHbIX nosicoB 3emnu u ap.). Pac-
CMOTPUM OCHOBHble ocobeHHocTW Bapuaunii N(z,t) B

nepuofbl CTapToOB pakeT pasHoro Tuna. [ns paket Tvna
“Kocmoc” xapakTepHbIM OKasanocb criepywouiee (ctapt
15.11.2000): Ha BbicoTax Z =84 km yepes 40-45 MuH
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nocrie ctapta N ywmeHwanace Ha 50-100% B TeyeHue
40-50 MWH c nocneayWwUM BOCCTaHOBMNEHWEM K CYTOY-
HoMy xofy; Ha Z < 81 kM Habnoganvch KBasurapMoHm-
yeckne usmeHeHns N ¢ aN/N~50% B TeyeHue npu-
MepHo 2 yacoB. B nepuop ctapta KocMu4eckoro anna-
pata (KA) «lMpotoH» 20.11.1998 kBasnrapmoHW4eckue
nsmerHennss N Ha Z =87 km ¢ aN/N >50% c nepvo-
aoMm T >30 MMH Hayanucb 4Yepe3 ~10-15 mMuH nocne
ctapTa. B nepuog crapta KA «3eHut» 17.07.1999 Ha
BbicoTax 87-90 kM yepe3 10-15 mMuH nocne crapTta 3Ha-
yeHnsa N ymeHbwmnuch Ha ~50% B TeYeHue NpuMepHO
30 MuH, 3aTeMm (T.e. NnpumepHo Yepes 45-55 MuH nocne
ctapTta) Bo Bceln D-obnactn Habnoganuce Keasunepmo-
andeckue namereHnss N ¢ aN/N~50-100% B TeyeHue
npumMmepHo 3 yac. Bo Bpemsi ctapta KA «Coto3» obHapy-
XeHbl 0COGeHHOCTM B u3MeHeHuax N: 26.02.2001 —
kBasurapmoHudeckne mameHenmsa N Ha 81-84 km cC

aN/N~50% v nepuvogom ~50 mMuH uyepes 40-50 MuH
nocre crapTta B TeyeHune npumepHo 3 vacos; 02.02.2003
— KBasuWrapmoHuyeckme uameHeHns N Bo Bcenm D-
obnactn ¢ aN/N >50% n neprogom ~50 MuH yepe3s 40-
50 mwmH nocne crtapta B TedveHne 2-2.5 yacos;
13.08.1998 — kBasurapmoHuyeckme uameHeHuss N Ha
Z 293 km ¢ AN/N~50-100% un nepuogom ~30-40 MuH
yepe3 ~10 mmH nocrne crtapta. Bo Bpemsa crtapta KA
«Delta-1l» oBbHapyxeHbl cregyloLme xapaKkTepHble 0Co-
6eHHOCTN B M3MeHeHusx N . KBa3aMrapmMoHU4ecKue ns-
meHeHnst N Ha Z =84 km ¢ AN/N~50-100% un nepwo-
Aom ~30-40 muH Yyepes ~10 MuH nocne crapTa. Bo Bpe-
ms ctapta KA «Atlas» 21.02.2002 Ha BbicoTe 84 km N
Bo3dpacTtana yepes 10-15 MuH npumepHo Ha 80% B Te-
YeHune 25-30 MUH ¢ nocregylwum TUMNYHBIM CYTOYHbIM
xopom. B nepuop crapta KA «Ariane» 05.06.2002 Ha 84
kM N Bospactana 4epes 35-45 MuH npumepHo Ha 100%
B TeyeHue 25-30 MnH C nocneayowmyMm KBasurapmMoHm-
yeckumu namerenmamn ¢ aN/N~50-100% yvac. B ne-
puoa crtapta KA “Columbiya’m “Atlantis”otyeTnmebix
nameHeHun N, cBA3aHHbIX CO cTapTamu, He obHapyxe-
HO MOCKONbKY CTapTbl NMPOUCXOAWUNU B NEPUOL, MPOXOX-
OeHus TepMmuHaTopa B NyHKTE HabNwaeHWin 1 NosTomy
O[HO3HA4YHO MAaeHTUdMUMpoBaTe Habngaemble n3me-
HeHuss N He npefcTaBnsieTcsi BO3MOXHbIM. B nepuog
ctapta KA “Pokot”,”Discovery” u “Titan” uamenenun N,
CBSI3aHHbIX CO CTapTamu, He oBHapyxeHo.Takum obpa-
30M B nepuofbl yaaneHHslx ctaptoB KA akcnepvmMen-
TanbHO  OOHapyxeHbl OCOBEHHOCTM B BbICOTHO-
BpeMeHHbIX u3MeHeHussix N B cpegHewwmpoTHon D-
obnactu noHocdepbl: 1) KBasurapmMoHU4Yeckme U3MeHe-
s N Ha Z 281 km ¢ aN/N ~50-100% v nepuopom
~30-40 mMuH 4epe3 ~10 MUH nocrne ctapTa; 2) KBasurap-
moHudeckne nameHenna N Ha 81-90 km ¢ AN /N ~50%
n nepuogom ~30-50 muH yepes 40-50 munH nocne ctapTta
B Te4eHue npumepHo 2-3 yacos; 3) Bo BpeMs ctapTta KA
“Kocmoc” Ha BbicoTax Z 2> 84 kM yepes 40-45 mMuH no-



cne ctapta N ymeHwanack Ha 50-100% B TeueHune 40-
50 MWH c mocnepyloLwM BOCCTAaHOBIIEHNEM K CYTOYHO-
My xogy. B uenom e nosegeHue N (OTKNMK) HOCUT
fonblle HeoAHO3HauHbI XapakTep, O0OYyCMOBMEHHbIW,
Nno-BMAUMOMY, psidoM (haKTOpoB, O KOTOPbIX KpaTKO cka-
3aHo Bbiwe. Bosmywenns N npumepHo 4vepes 10-15
MuH nocne ctapta KA moryT 6biTb CBA3aHbI C reHepaLm-
en MI[-so3mylieHuin B MOHOCKEPHOW nnasme, KOTo-
pble, MNPV OfnpedeneHHbIX YCNOBWAX, BO3AEWCTBYA Ha
pagunaumoHHble nosca 3emnu, MOryT Bbi3BaTb NynbCu-
pyloLUMe BbICHINAHNA 3NEKTPOHOB BbICOKMX 3HEPrUiA.
MocnegHwe, B CBOIO oYepeAb, MOryT Bbi3blBaTb Habnio-
AaeMble 3KcrnepumeHTanbHo nsmerHednss N Ha 6onbLumnx
ypaneHusx ot mecta ctapta KA. MogobHbIi MexaHnam
paHee 6bIn npeanoxex ans 06bsACHEHNS
9KCMEepPUMEHTAarnbHbIX Pe3ynbTaToB, MOMYyYEHHbIX BO
BPEMS CUINbHbIX yAaneHHbIX 3emneTtpsaceHui [5]. Bos-
mywieHns N 4yepes 45-50 muH nocne crapta KA, no-
BMAUMOMY, CBS3aHbl C BKIIIOYEHWEM KOPPEKTUPYHOLLMX
asuratenen paket. ManoBeposiTHO, YTO Takue 3Hauu-
TenbHble BO3MyLLeHNs N cBfA3aHbl C pacnpocTpaHeHu-
€M BOSTH B HWXHen noHocoepe. bonee BeposATHO, 4TO
OHW BbI3BaHbl MyNbCUPYIOWMMK MOTOKAMK YacTul, u3
MarHuTocdepbl, CTUMYNMPOBAHHLIMU BKIIOYEHWEM KOpP-
pekTupylowmx aAsuratenen paket. Kak u B cnyyae
3eMrneTpsICeHUI No TON e MeToauke Ans obcyxaaemMblx
3KCMEepMMEHTOB MPOBOAMMUCH pacyeTbl NapameTpoB
NMOTOKOB anekTpoHoB. Okasanocb, 4YTO Habnwpaemble
kBasunepuopmdeckme Bapuvauum N B HWXHEW WOHO-
cepe MOryT ObiTb  BbI3BaHbl  MYNbCUPYHOLLMMM
NOTOKaMW 3MEKTPOHOB C 3Hepruemn 10%10 kB u
NNOTHOCTAMW MOTOKOB P, ~10%-8 10" wm?c’.Takve

3HaYeHNs MMOTHOCTU MOTOKOB 3MIEKTPOHOB CXOAHbI MO
BEMUYMHE C 3HAYEHUSIMM TMOTOKOB B  Nepuodbl
BO3MYLLEHWIA OpPYro npupoabl U He NpencTaBrsioTCcs
GOnNbLIMMU B YCIIOBUSIX CPEAHELLMPOTHON MOHOCHEPDI.

lll. 3akntoyeHue

Takum obpasom, pakeTbl cpegHen M GONbLUION MOLLHO-
CTU CnocobHbI NPOM3BOANTL KPaTKOBPEMEHHbIE MyrNbCh-
pyloLime BO3MYLLEHNS MNOTHOCTY 3/1EKTPOHOB B HUXHEN
NoHoCcdepe Ha PacCTOAHUAX A0 HECKOMNbKMX ThICAY KM.
Mo-Bnagnmomy, 3T acpdpekTbl Bbl3BaHbl CTUMYNMPOBAaH-
HbIMW MYNbCUPYIOLMMI NOTOKaMN 3MIEKTPOHOB M3 Mar-
HUTOCEPbI B HUKHIOK VIOHOCd)epg/ c 3He£:)rmel7| ~10%-10
k3B 1 3HaveHuamn notokos p ~10°- 10°m%c”
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Abstract — Changes in the electron density in the middle-latitude
D-region of the ionosphere are experimentally investigated
during the distant launches of rockets of different types. Short-
turn pulsing disturbances of the electron density in the lower
ionosphere are found. In order to explain these effects, the
hypothesis on electrons conditioned by streang from the mag-
netosphere into the lower ionosphere having energy ~10°-10
KeV and stream density p ~10°- 10°m?sec’ is investigated.

|. Introduction

Phenomena accompanying rocket launches occur in vari-
ety: spatial, temporal, power and other characteristics. Up to
now there have not been found mechanisms of carrying distur-
bances over global distances, their propagating velocity, sizes
and characters of disturbances in the lower ionosphere. Ex-
perimental research results of possible variations in the electron
density in the middle-latitude D-region during the distant
launches of rockets of different types are given in the paper.

Il. Main part

Measurements of the ionospheric parameters were made
by a technique of partial reflections [3] using the equipment
from [4] near the Kharkov city in 1990-2003. The duration of
continuous measurements wos not less than 2-4 hours before
and after the rocket launch. The number of the processed ses-
sions was 56. The calculation of the N(z,t) profiles over intervals
of 10 min for the whole period of the observations with an error
of <30% was made by the technique [3]. The distanse from the
sight of rocket launches to the observation sight was R;~1000-
10 000 km. Search of finding possible N(zt) changes was con-
ducted in the middle tattitude D-region during the distant
launches of rockets of various powers (global disturbances).
Noet that it was not possible to record clear changes in N(zt) in
the all experiments. It was caused by a number of reasons:
conditions in the ionosphere in the sight of rocket launches
(flight) and the observation sight, the types (engine capacity) of
the rockets, a state of the radiation belts of the Earth etc. During
the distant SV launches the wollowing features in N(zt)
changes were found: 1) quasiharmonic N(zt) changes at z> 80
km with amplitudes ~50-100% and the period of 30-40 min in
~10 min after the launch; 2) quasiharmonic N(zt) changes at
81-90 km with amplitudes ~50% and the period of 30-50 min in
40-50 min after the launch about 2-3 hours; 3) during the SV
“Kosmos” launch at z>81 km in 40-45 min after the launch
N(zt) decreased by 50-100% for 40-50 min with the subse-
quent recover to the diurnal deviation. Disturbances of N(zt) in
about 10-15 min after the SV launch may be connected with
generation of MHD disturbances in ionospheric plasma which —
ander certain conditions — influencing on radiation belt of the
Earh, may be cause pulsing precipitations of the electrons of
high energy. N(zt) disturbances in 45-50 min after the SV
launch seemed to be connected with a switching on adjusting
engines of the rockets.

I1l. Conclusion

Rockets of average and high powers are capable of making
short-term pulsing disturbances of the electron density in the
lower ionosphere at distanses up to several thousands of km.
Apparently, these effects are caused by the conditioned pulsing
electron streams from the magnetosphere into the lower iono-
sphere having energy ~10%-10 KeV and stream density p ~10%

10°m%sec™.
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