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[Tpu momoru pajgapa jgoriepoBckoro 3ouaupoBanus (3.3 u 3.5 MI'11) BeINOJIIHEHBI HAOJIOICHUS 32
COCTOSIHUEM cpeniHelt nonocdeps! B JHeBHOE Bpems 10 u 12 aBrycra, a takke 11 aBrycra 1999 . (nens
83 %-ro 3armMenus CoiHIla). 3aperuCTPUPOBAHBI U OOBSICHEHBI U3MEHEHHUSI TAPAMETPOB JIOTLIICPOBCKHUX
CIIEKTPOB, COMTyTCTBOBABIIMX 3aTMeHHI0. Habmonaemble mpolecchl NIMIMCch 0oJiee ABYX 4acOB U BbI3-
BaHbI B OCHOBHOM OXJI2X/IEHUEM aTMOC(EpHOro ra3a, yMEeHbIIEHHEM CKOPOCTH HOHHU3AIIUH U MTOCTIeTy-
IOIIMM yMeHbIIeHneM Ha 40 % KOHIISHTpalluu 3JIeKTPOHOB N B CpefHel noHocdepe, a TakxKe reHepa-
HI/ICI\/II " pacCipoCTpaHCHUCM KBA3UIICPHUOANYCCKUX IMPOLECCOB C NEPECMECHHBIM IIEPUOAOM U aMILIUTY-
noit AN/N =1 % (B E-o6nactu nonocdepsi). 3adukcupopanHas “peryispusaiys’ JOIIEPOBCKHUX CIIEK-
TpOB 00yCJIOBJICHA, IO-BUAUMOMY, MTOJaBIEHHEM HEOAHOPOTHON CTPYKTYphl HOHOChEPHI.

3a J101oMOro10 pajiapa JoIuIepiBChKOro 30H1yBaHHs (3.3 Ta 3.5 MI'11) BUKOHAHO CIIOCTEPEKCHHS 32
CTaHOM cepeliHbo1 ioHochepu B neHHuit yac 10 1 12 ceprns, a Takox 11 cepmast 1999 p. (nenn 83 %-
ro 3aremMHeHHsi COHII). 3apeecTpoBaHi Ta 3HAWIIIM MOSCHEHHS 3MiHM HapaMeTpiB JOMIEPiBCHKUX
CIEKTPIB, IO CYNPOBOXKYBaIN 3aTeMHEHHs. CrlocTepeyBaHi MPoLEecH TPUBAJIN O1bIIe JBOX FOIUH
i 00yMOBJICHI B OCHOBHOMY OXOJIO/PKEHHSIM aTMOC(EpHOro rasy, 3MEHIIEHHSM LIBHJIKOCTI 10Hi3alii
1 HacTynmHUM 3MeHIIeHHsM Ha 40 % koHIeHTpalii enekTpoHiB N B cepenHiil ioHocdepi, a TAKOXK TeHe-
pami€o Ta pO3MOBCIOJ)KEHHSM KBa3iMEepioAMYHUX MPOLECIB 31 3MIHHUM MNEPIOOM 1 aMILTITYI0I0
AN/N=1% (B E-obnacti ioHocdepn). 3adikcoBaHa “peryiaspusalis’ A0MIEPIBCHKUX CIEKTPiB 00y-
MOBJIeHa, MaOyTh, IPUTHIYEHHSIM HEOAHOPIHOT CTPYKTYpH 10HOC(EpH.

BBenenue

UccaenoBanuio 3¢ (heKkToB, CONYTCTBYIOMINX
3atMeHnto Comnnua (3C), mocBseHsl MHOTHE
pabotsl (CM., HalIpUMep, CChUIKHU B cTathe [1]).
OOBIYHO BHUMAaHHE yAENSICTCS U3YYEHHUIO (-
¢dexroB B F-obmactu monocdepsl, rue oHH
CJIOXHBI M3-32 MOHOC(hEepHO-TIIa3MOoC(hepHOTo
B3auMOJecTBUSA (CM., Harpumep, [2-6]). Ilpo-
[ecChl B HIDKHEH W cpefaHell moHocdepe, BbI3-
BanHble 3C, rcciaeqoBaHbl MeHbIe. Pe3ynsraTsl
HaOMIOIeHUS] BO3MYIICHUH B HIKHEH MOHOC]e-
pe, oOycioBneHHbIX 3arMenneM Cosnana 11 aB-
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rycra 1999 r, omnucanbl B pabore [1]. Tam xe
npuBeseHsl obmue ceenenus o 3C. 3aech oT-
METHM JIULIb cienytomiee. [lonoca monHoro 3at-
MEHUs MPOXOJWia BAOJbL HampasieHus Beiu-
koOputanus — Typuus. Hamu HabnioneHns BbI-
noyHeHbl B Panuodusnueckoit odcepBatopuu
XHY (B6nu3u . Xappkosa) [7]. MunumansHoe
paccTostHue 0T 00CcepBaTOPHH 10 TOIOCHI MO~
HOTO 3aTMEHHUs COCTaBIsIo okono 900 kM.
B mecte Habnwonenus 3C mpogoskaiock
¢ 12:57 no 15:29 (3nechb u pajiee UCHoab3yeTCs
KHeBCKoe Bpems). Pa3za MakCUMaJIbHOTO IO-
KkpbiTus (83 %) numena mecro B 14:13.
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Hacrosias crarbs, sSBisisich nponomkenueM [ 1],
MOCBSIIIIEHA U3JIOKEHHIO Pe3yNbTaToB HAOMIOICHUS
nporieccoB B HoHochepe Ha Beicotax 100+ 150km,
comyrctBoBaBmmx 3C 11 aBrycra 1999 r.

CpencrBa paino30HIHPOBAHUS

Jlns 30HAMpPOBAHUS CpelHEH HOHOCQEpH
(BbicoThl Z =90+ 300 kM) HCTIOIB30BAIICS IBYX-
YaCTOTHBIN JOINIEPOBCKUM pajjap BEPTUKAIbHO-
ro 3ouaupoBanus [7]. Ero ocHoBHBIE mapamer-
pol: wacrora f =1+24 MI' (u3mMepeHHs BbI-
MOJIHEHbI Ha YacTtoTax 3.3 u 3.5 MI'n), momi-
HOCTh nepeaatuuka P =1 kBT, mIUTEIbHOCTH
umnyinsca T=500 mke, 4actora MOBTOpEHHUs
F =100 I'u, ko3 GunueHT ycuneHus aHTEHHbI
G =1+10. OTpaxeHHbII CUTHAIT TPUHUMACTCS
B mmonoce gactoT 10 I'm, yTto obecreunBaeT BLI-
cokoe (Gomee uem 107 +1CF) orHomenue cur-
Haj/momMexa. DKCIepUMEeHTaIbHbIE JaHHbBIE CO-
XpaHsUINCh HA MarHUTHOHM JIEHTE B IU(PPOBOM
Buje. HCTpyMeHTaNbHas OTPEUIHOCTh U3Me-
PEHUI TOTIEPOBCKOTO CMEIIEHHUSI 4aCTOTHI CO-
crasisiiaa 0.01 T

OOmmit KOHTPOJIb 33 COCTOSTHUEM HOHOChEpHI
OCYIIECTBIISIICS TIPH ITOMOIIN CTAHAAPTHOTO HOHO-
3oH7a (1 MOHOrpamMma 3a 5 MHH, MOTPEIIHOCTh
u3MepeHus kpuruaeckux vactor fy,F2 oxomo
0.05 MI'm) 1 cienuanu3upPOBAHHOTO MATHUTOMET-
pa, KoTopbie Oosiee MOAPOOHO OMUCAHBI B pado-
te [7]. dpyrue manueie B3ATHI U3 ceTH Internet.
Oxkazanocs, uto 10, 11 u 12 aBrycra 1999 r. motox
COJIHEYHOTO paanonsnydenus Fio7 cocrasisii co-
otBeTcTBeHHO 127, 128 m 123 (B emuHUIax
10-22 Bri?>IT'!), cyMMapHBIii TIaHeTapHbIH WH-
nexc 2K, — 15, 18 u 21, a reOMarHuTHbII HH-
mexc A, — 7, 8 u 10. Takum oGpasom, mepBbie
JBa JTHS ObIIM YMEPEHHO CIIOKOMHBIMH, a Tpe-
THUU ICHb — YMEPEHHO BO3MYIIICHHBIM.

MeTtoauka u3mMepeHui
U 00pad0TKH JaAHHBIX

N3mepenus orubarolieii OueHuii MexIy KoJie-
OaHUsIMU OTIOPHOTO TEHEPATOpa M PHHSTHIM CHT'-
HajoMm BeimonHensl 10, 11 u 12 aBrycra 1999 r.
JlaHHBIE JUIs IEPBOTO U TPETHETO JHEH MCIIOJIb-
30BaJIUCh KaK KOHTposbHBIE. [eodu3nueckas 00-

CTaHOBKA B TEYEHUE BCETO MepHojia Oblia OTHO-
cuTenbHO crnokoiHo. Yactora f F2 ma mono-
rpammax ¢ 9:00 o 18:00 4 n3MensIach B mpeje-
max 6+8 MTI'm.

[To pesynsraTam U3MEpEHH JOTIIEPOBCKUM
paznapoM OLEHHMBAJHChH JIOTIJICPOBCKUE CHEKTPHI
(C) mo 512 orcueram Ha MHTEpBaJie BPEMEHU
51.2 c. [Ipu 3TOM pasperniaroniasi CrioCOOHOCTb
no yactote cocrapisuia 0.02 I'n. Madpopmanus o
JIOTUIEPOBCKHX CIIEKTPax UKCHPOBAIACH SKEMHU-
HYTHO. JIJ7151 OLIEHKU TIEPHOIOB JIOCTATOYHO ME]I-
JICHHBIX Bapualui JOIJIEPOBCKOTO CMEIICHUS
4acToThl fy (t), coorBeTcTBytomen nentpy AC,
NPUMEHSUIIOCHh ObIcTpoe npeodpazoBanne Dypbe
Ha MHTepBajax BpeMeHu 64 u 128 MuH.

Bapuanuu JIC Ha AByX OJIM3KUX 4aCTOTaX, KaK
M CIENOBANIO OXHUJATh, ObLIN MOT00HEIMU. [lo-
3TOMY JlaJiee OTHCHIBAIOTCS PE3yNIbTaThl HAOMIO-
nennii Ha vyactote 3.5 MIm.

Pe3yabrarsl HaOMI01eHAT

Juem 10 aBrycra 1999 r. nonoctepa Obiina
JIOCTATOYHO CTOKOIHOM (puc. 1). JomnepoBckoe
cmenienue yactorel fy =0. Dnu3zoguuecku Ha-
omonanock ymupenue JIC u ux “pacceinanue”,
mupuHa crekrpa gocruraia 0.5 ',

C 13:10 no 14:15 uoHocdepa ocraBanach
MPAaKTUYECKU HEBO3MYIIEHHOU. B mHTepBane
Bpemenn 14:15+ 15:35J1C Gbiim wamne “pac-
CBHIMAHHBIMU’, YEM OJHOMOJIOBBIMH. B TeueHue
CJIeIyOIIero yaca noHocdepa ObuIa CKopee He-
Bo3mytmieHHOH. [locne 16:30 B Hell BO3HHUKIHU
3aMETHBIC BO3MYIIEHUS, KBA3UIICPUOIUYECKUE
KOJICOAHHUS C IEPEMECHHBIM MEPHOIOM.

Juem 12 amrycra 1999 r. nonocdepa Obuia
YMEpEHHO BO3MYIIeHHOU (puc. 2). bompuryio
4acTh BpeMeHH umeno mecto yimumpenue JC 1o
0.7+ 0.8T1iy n ux “pacchimanue”. DMU30TIUUECKH
MOSIBJISUTACH CJIa0ble KBa3UIEPUOIUYCCKHUE IPO-
[EeCChl ¢ mepuojgoM | =6 MHUH ¥ aMILIHTY-
noit f,,=0.1 Tn. B wunTepBane BpeMeHHU
13:10+ 14 :10xapakrep curHaia mpakTHYECKH HE
mmensuics. C 14:10 mo 15:40 “pacceimanusii” 1C
MIePEMEKaICs ¢ OJTHOMOIOBbIM. B MHTEpBase Bpe-
menu 15:40+ 15:50 curuan O0bUT mpeumyitie-
CTBEHHO JIByXMOJIOBBIM, MPUYEM Pa3HOCTh JIOTI-
nepoBckux vactotT nocturana 1 ['m. TTocae 15:50
noHocdepa Oblia MPAKTUISCKH HEBO3MYIIICHHOM.
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Pesynbrars! HaOMIONEHNUS IPOIIECCOB B CpeHeil HoHOChepe, comyTcTBoBaBIMX 3arMenuio Connna 11 aBrycra 1999 .
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Puc. 1. Bapuayuu oonneposckux cnexkmpos 3a oenw 0o 3C, 10 aseycma 1999 2. (f = 3.5 MI'y). /lenv omnocuncs
K HegosmyujenHbviM. 10 20pu30HmMAaIbHOU ocu 0MI0JNCEHO JORIEPOBCKOe cMeujeHue yacmomol 6 1y,
a no 6epMUKANILHOLL OCU — KUCBCKOE 8PeMs.
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Puc. 2. Bapuayuu donneposckux cnekmpos cnycms oenv nocie 3C, 12 aseyema 1999 2. (f =3.5MIy). Jenw
OMHOCUNCS K YMepeHHO-803MyuentbiM. Ocu me dice, umo Ha puc. 1
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B nenp 3C cocrtosinue moHocgepsl OBLIO
uneIM (puc. 3). IIpumepno ¢ 9:00 u go 13:15
CHEKTp ObUT “pacChIIaHHBIM”, €r0 HMIMPHHA H3-
Mmenstach ot 0.5 go 1 I'm. JIums 3a 10 Mun 10
Hadana 3C mupuHA CIEKTpa YMEHBIIMIACH 10
0.2Tm, ac 13:15 go 14:35 on ocraBajicst 0JHO-
MOJOBBIM. BakHO, 4TO B MHTEpBaJie BPEMCHH
13:42+ 14:07 nabnronasics KBa3HIIEPUOIUYECC-
KM Tpolecc ¢ mepeMeHHbIM neproioM. [Ipeod-
nananu nepuonsl (4+ 1) u (11+ 1) mun. B 3710 %€
BpeMs nocTosiHHas cocrapistomas fy =-0.111
(MunumanesHOe 3Hauenue —0,14 ['m). [IpumepHo
14:08 no 14:18 cmemenne fy(t)=0.
B unrepraie Bpemenu 14:18+ 15:00sennunna
fq =0.1 't (MakcHManbHOE 3HAYEHHUE HE MPEBbI-
mrano 0,12 I'rr). Ha monoxkutensHOe CMEIIeHNE T0TI-
JIEPOBCKOM YaCTOTHI HAKJIAAbIBAETCS ‘pacchlaHue”
JC, a 3aTreM KpaTKOBpEeMEHHBII KBa3UIIEPUOIHIEC-
Kui mporiecc ¢ nepeMeHHbIM neprogom. C 15:10
B TEUCHHE Yaca CUTHAI ObUT TPAKTHYECKU OTHOMO-
noBbM. C 16:10 1o 16:30 nMeno MecTo yImupeHue

0300

T2

JAC no 0.3+ 0.6 T'u. B unTepBane BpeMeHHU
16:18+ 16: 28io0sBuacy Bropas MoJa CO C/IBH-
TOM M0 YaCTOTE Ha BEJIMYMHY HE MPEBBIIAOIIYIO
1.1 I'n. MHTepecHo, uTto Ha wactote 3.3 MI'1 aTa
MO/Ia PaKTHYECKU He HaOmoaanack. B octambHOM
JC na yacrorax 3.3 u 3.5 MI'1 B TeueHue Tpex
JIHENW OBLIN MOXOKHMHU.

[Mociie 16:50 B noHOC(Epe UMEN MECTO KBa-
sunepuonuueckuii mpomecc ¢ T =(7x1) mun
u f,=0.1Tlm.

Jlo6aBuM, 4TO Ha MOHOTpPaAMMax, CHSTHIX
C TEPUOJIOM 5 MUH, BCKOpE MOCIe Havaya 3aTMe-
HUsI HAOJTIOIAIOCh MOCTEIIEHHOE yYMEHbBIICHHE

f, F2, nocturmee B MOMEHT MaKCUMaJIbHOM (a3bl
0.4 MI'u. 3arem 3TOT MapameTp B TeueHue 1 4 yse-
JMYMUIICS TPAKTHYECKU JI0 MCXOJHOW BEIMYMHBI
(7 MI'n). 3aBucumoctu f, F2(t) 10 1 11 aBrycra
OBLTH JIOCTAaTOYHO ONM3KUMH, B TO BpeMs Kak
12 aprycra vacrora f, F2 Obina mMeHble B cpel-
HeMm Ha 1+ 2 MI'. D10 o3Hawaet, uto 12 aBrycra

noHocdepa OblIa c1abo BO3MYIICHHOH (HATOMHKM,
9TO MHIEKCH Ay =10, 2K, = 21).
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Puc. 3. Bapuayuu oonnepogckux cnekmpos 6 oerv 3C,

11 aseycma 1999 2. (f =3.5 MI'y). /lenv omnocuncs x

Hegozmyugennvim. Ocu me dce, umo Ha puc. 1. B 11:13 sgedeno cmewernue +1 Iy
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Pesynbrarsl HAOMIONEHUS TIPOIIECCOB B CpeHEH HoHOCdepe, comyTcTBoBaBmIMX 3aTMeHui0 Conana 11 aBrycra 1999 1.

B MoMeHT MakCMMaIbHOTO TIOKPBITUA ConH-
IHa OTHOCUTCJIbHOC U3MCHCHUEC

|AN/N|=2|af,Fd/ f,F2= 11 %.

Hapsny ¢ ymenbmennem N HaOmonancs Takxke
KBa3HIIEPHOANYECKUN MPOLECC JITUTEIbHOCTBIO
okon0 1.5 9 ¢ ammmurynoi Af F2= 0.1MI'n. [Ipu
stoM AN/N =3 %.

Pe3y.]'II)TaTI>I pacueTroB

PaguoBomna ¢ wactoToit mopsaka 3 MI1g
B JTHEBHOE BPEMs OTPa)KaeTCs Ha BBICOTE OKOJIO
120+ 130 km, e 37MeKTpOHHAsT KOHIIEHTPAIIHS
N =10" m3. Ha 5TuX BBICOTAX MOXHO MpeHed-
pedb MPOIECcCOM MIEPeHOCa 3aPSHKCHHBIX YaCTHIL,
TaK 4TO ypaBHEHHUE OajlaHCca KOHIIGHTPALIUH JJICK-
TPOHOB IIPUHHUMACT BUL!

& Sa-aN’ (1)

e ¢ — CKOPOCTb 00pa30BaHUs EKTPOHOB, O —
3¢ dexTUBHBI KOdDPHUIHEHT peKOMOMHAIINH.
Bpems u3MeHeHUs KOHIEHTpallMH SIEKTPOHOB
ty = (ZO(N)_l. Honaras s B-o6mactu nonoc-
depsr @ =310 m3d'u N =10" m3[8], no-
ayunm ty =16 c. OT0 BpeMs HAMHOIO MEHBILE
BpPEMEHHU MOKpBITUS (packpbiTusi) nucka ConHia
JlyHoii, KOTOpOe COCTaBISIO MOPSAAKAa 76 MHH.
B atom ciydae (1) cBoanTCs K ypaBHEHHIO:

gq=aN?,
OTCrOAa

- |9
N = 4 (2)

B KOHTpOnbHBIH 1eHb (B HEBO3MYILIEHHBIX yCIIO-
BHAX) ypaBHeHHUe Ui N, MMeeT oJ00HbIH BU:

“Va. 3)

B OKpeCTHOCTH BBICOTBI OTPAKEHUS PAJTHOBOTHEI
¢ gacroroit f =3 MI' ckopocTh MOHHM3AIHMK
o = 3010 m3[d!. OcHOBHOIT BKIIAJ B (, BHOCHT
COJTHEUHOE U3NTyueHue. J[pyriue HCTOYHUKN HOHH-
3aiuu E-oOmactu noHocgeps! (paccessHHOE COJ-
HEYHOE W3JTyueHHe, MOTOKH SHEPTUUHBIX YACTHIL
U METEOphl) 00SCIICUYMBAIOT CKOPOCTh HOHU3AIMU
okojio 3[0° m3[d! [8]. OueBHAHO, YTO ITHMHU
HUCTOYHHKAMH MOYKHO MpeHeOpedsh He TOIBKO
B KOHTPOJbHBIC JHU, HO U B JAeHb 3C, xorma g
YMEHBIIIAETCS Ha BEJTMUUHY, JOCTUTAIONTYTO 83 Y%,
T. €. Oy, =0.17q, . [eiicrBurensno, npu 3C

q(t) = & (1- A1), 4

rae A(t) — ynkuuns nokpsitus (puc. 4, a), ¢, —
CKOPOCTb MOHU3AI[UU B OTCYTCTBHE 3aTMEHUS.
(3mech He yUnTHIBACTCSl MOHU3ALUS U3y YCHH-
em kopoHbl Connua). Ctporo rosops, Q, Tak-
K€ 3aBHUCHT OT BpPEMEHH, IMOCKOJIbKY
Qo Jcosx t), rne X(t) — 3senuTHsIit yron. Tak
kak 3C uMeno MecTo MPUMEpPHO B TOJJEHbD,
MOJYJIb TIPOU3BOAHON OT GyHKIMU COSX () He
npessiman 300-2 u-!. B To ke Bpems
|dA/df| = 0.8 u-!. Takum 0Gpasom, MOKHO 1O-
naratk, 4to Qy(t) =const. [lonyckaemas npu
3TOM MOTpeurHocTs MeHee 4 %.
Uz (2), (3) u (4) cnenyer:

N (t)= Nyy1- A1) (5)

3aBucumocts N (t)/ N, mpuBegeHa Ha
puc. 4, 6. BuaHo, uto (N/ No)min = 0.4, a oTHO-
cuteiabHOe ymMeHbleHue N gocturaer 60 %. U3

(5) momyuaewm:

AN__ 1 A ]
N, dt  2J1-Adt ©)

Jist OLeHKH JOIUIEPOBCKOTO CMEIEHHs Jac-
TOTBI MOYKHO NTPUMEHHUTH COOTHOIIICHUE U3 pado-
ThI [9] (cM. Takxke [Ipunoxenue):

L,O1dNDO Ly, 1 dA
f=f 22— —[F-f-2—— 7 (7
ST CEN, dtE | c 2VioA dt 7
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A 2)
0.5
l ] i i
0 38 76 f, MHH
NINy 6)
0.8
0.4 1 | | ;
0 38 76 f, MHH
Sy liu B)
0.1F
| |
0 38 76 f, MHH
-0.1r
0.2~

Puc. 4. Pacuemnvie spemennole 3a6ucumocmu QyHKyuu
HOKpbImMus (@), KOHYEHMpPayuu 1eKmpoHo8 8 OKpec-
Hocmu obracmu ompadicenus: paouogoinsvl (6) u donie-

posckozo cmeupenus wacmomsoi o f =3.5 MIy,
Lg =50 xu (8)

rie Ly — rpynnoBoil myTh paamocuruana
B MOHOC(Epe, ¢ — CKOPOCTh CBETa B BaKyyMe.
Hcnonb3ys paccuuTaHHY10 (DYHKIMIO TOKPBITHS
u BeIpaxkeHue (7), MOKHO TMOCTPOUTH 3aBHUCH-
MocTh (t) (puc. 4, B). Bugno, uto cHayana
B T€UEHHE MPUMEPHO 76 MUH JIOTIIIEPOBCKOE CMe-
HICHUE OTPUIATEIbHO, OHO IOCTUTACT 3HAUCHUH
oxono —0.15 I'm. B okpecTHOCTH a3kl Makcu-
MajJbHOTO MOKPBITHA f, pe3ko ymeHblIaercs,
MEPEXOUT Uepe3 HyJb U OBICTPO BO3paCTaeT J0
0.15 I'n. Jlanee npoucxoaut MeIeHHOE YObIBa-
Hue f, (t) JI0 HYJISL.

Oo0cy:xnenue

C 3C, ckopee Bcero, cBsizaHbl Takue d3PpdeKTsl.

1. CnBUr IOTIIEPOBCKOM YacTOTHI, JOCTUTAO-
nmi 0.14 ['u, B cTOpOHY OTpUIIATENIbHBIX 3HAYe-
HU, KOTOPBII HacTynaeT npumMepHo yepes3 40 MuH
rociie HayaJla 3aTMEHUS U JUTUTCS oKosio 20 MUH
(IprMeM 3TO 3HAaYEHME 3a XapaKTepHoe BpeMms i, ,
UCTIONI3YeMO€e HIDKE NPH TEOPETUUYECKUX OICH-
kax f, ). Hemsmennocts 3nauenus fy ¢ 14:08 mo
14:18 (da3za MaKCUMaJbHOTO TOKPBITHUS
A, =80+ 83 %). CiBur 1011epOoBCKON YacTo-
ThI, He TipeBbimaromuii 0.12 ', B cTopoHy moso-
JKUTEJILHBIX 3HAYCHUH, KOTOPBIN HAOIFOIAJICS B UH-
tepsajie Bpemenu 14 :18+ 15:10( AT =52 mun).

2. 'eHepanust 1ByX KBa3HUIIEPHOANIECKHUX KO-
neGaHuii ¢ MepeMeHHBIM MEPUOJIOM KaK Ha cTa-
oK yBenuueHust QyHKUuM nokpeitusi ConHua,
TaK W Ha CTajuu ee yMeHblleHus. Ha nmepsoit
CTaJMM JJINTENHHOCTHh Tpoliecca TeHepaluu
AT =28 mun (13:42+ 14:1Q ,Ha BTOpOU —
AT =30 mun é14 135+ 15: Og .B unTepnaine
Bpemenn 14:15+ 14:45 ckopee Bcero, uMmeeT
MECTO TpeThe KolieOaHue, KOTOpoe MPHUMEpPHO
B 14:30 HakyiagpiBaeTCs Ha BTOPOE KOJcOaHME
u Bo3uukaeT “pacceinanue’ JIC. [IpogomkuTens-
HOCTb TPEThEro Kojiebanusi — okoso 30 MUH.

3. [lomaBnenue npornecca “paccoinanus’ [1C
(T. €. ux “peryispuzanus’’), KOTOPOE HACTYIHIIO
MpakTUYeCKu B MOMEHT Hadana 3C W JIUIOCH
B TEUEHHE BCETO 3aTMEHHUS (32 HCKIIOYCHUEM WH-
tepBana Bpemenu 14:33+ 14:45,korna nposs-
JsIach Apyras MpUYnHa “pacchlmaHus’”).

Paccmotpum st a2 dexrsr moppodHEe.

Wsmenenne f, npumepno Ha F0.1 I'u mt-
cst tecsiTku MUHYT. CIABUT TOTNIEPOBCKOM YacTo-
ThI MOKET OBITh BBI3BAH M3MEHEHHUEM KOHLIEHT-
paluu MEeKTPOHOB B cpeiHel noHocdepe, B TOM
Yrciie B OKPECTHOCTH 00JacTH OTpakKeHUs pa-
JIMOBOJTHBI, & TAKXKE CMEIIEHUEM ATOH 00IacTH.
Ha nepsoi#t crangun nokpeiTuss CoiHIlA YMEHb-
menue f, cBuperenbcTByeT 00 yMeHbIIEHUN N
Y IBMYKEHUU 00J1aCTH OTpakeHUs BBEPX, Ha BTO-
poii ctaguu — 00 yBeIMYCHUU N U JIBIKEHUHU
00MacT OTpaKeHHsI B MPOTHBOIIOIOXKHOM Ha-
npasieHuy. OnucanHoe noseaexue fy (t) B IIe-
JIOM COOTBETCTBYET pe3yJbTaTaM pacuyeToB
(cMm. puc. 4). B Habnionaemoli M pacueTHOH 3a-
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BucuMocTsax fy (t) €CThb HEKOTOpbIe KoJHn4e-
CTBEHHbIE pa3nuuusi. B yacTHOCTH, OTpHULIATEb-
HOE CMEIllEHHe HAacTyMaeT He cpa3y Mmocie Havya-
na 3C, u ero abCoMIOTHAS BETUYMHA MEHBIIIE pac-
yeTHOro 3HadeHus. He uckimoueno, uro 3C cTu-
MYJIUPYET TaKKe yBeIrnueHue NV, Hanpumep, B pe-
3yJIbTaTe BBICHINIAHUS 3apSDKCHHBIX YaCTHIl W3
MarHutocdepsl. OnHako Oojee BaKHON MpUYH-
HOW MOHM3AIMU CpeiHel HoHOchephl mpecTaB-
JsieTcs U3NydyeHHe HEMOKphITo KopoHbl ConH-
na. OLEHKH MOKa3bIBaIOT, YTO OHO JaeT BKJIAJ
B CKOpPOCTh MOHM3anmu okono 0.2g,. Ilpu sTom
(N/Np)_. =0.6, | fymin| = famax =0,12T. D1u
3HAYEHUS JTyUIlIe COITIaCYIOTCSI C HAOIIOMaeMBIMH.
O1eHNM BEJIUYNHBI U3MECHEHHUS KOHIICHTpa-
[[UU JIEKTPOHOB M CKOPOCTHU JABWKECHHS 00Ja-
ctu oTpakenus. [Ipu psjie ynpouarmmx mpei-
MOJIOKEHUH CpaBeasinBa Gpopmyna:

AN ¢ f,(t)

N, Ljd f

ct

dt = fdmax_r

2f L,

[Tonarasi, 4To B THEBHBIX YCIOBUSAX HA YacCTOTE
f =3.5 MI'n rpynnoBoil myTh pagroCUTHANA
B nonocpepe Ly, =50 kM, t =50 mun, s
famax =—0.14 I'm momyumm: AN/N,=0.42,
a AN =-4.2010° m3. Jlo6asum, uto L, ompe-
JIEJIEHO 110 MOHOTPaMMaM, a t, — [0 JJaHHbIM JIOII-
JICPOBCKOTO 30HIUpOBaHus (CM. puc. 3).

Ecnn nomnepoBckuil 3QexT BhI3BaH IBU-
KEHHUEM 00JIacTH OTPaKeHHs, TO €r0 CKOPOCTb
paBHa (cM., Harpumep, [9])

Otenku garor v=5 m/c. Tak kKaK yMeHbIICHHE
fy amurcsa oxono 20 MHUH, TO 3a 3TO BpeMs 00-
JIaCThb OTPAXKCHUS NOJHUMETCS BBEPX Ha HECKOJIb-
KO KHJIOMETPOB.

Ha craguu ymenpmenus nmokpbitus ConHia
YIMEJIU MECTO POocT N Ha BEJIMYUHY, HE TIPEBbIIIA-
ton1y1o 36 % ot N, U ABHKEHHE 00J1aCTH OTpasKe-
HHsI PaJMOBOJIHBI CO CKOPOCTBIO He Oonee 5 m/c

HpUMEpHO Ha 5+ 6 KM BHH3.

Bropoii addexT 3akiouaeTcss B HaOIOIECHUT
Tpex KBasunepuoandeckux xonebanuii. [lepsoe
1 BTOpPOC KOHC63HI/I$1 BO3HUKAIOT Ha CTaIUAX YBC-
JIMYCHUA U YMCHBIICHU A ITOKPBITHUA COJ'IH]_[EI. Onu
UMEIOT ONHM3KYI0 MPOAOIIKUTENBHOCTH (OKOJIO
30 mun). [1epBoe BozHuKaeT yepe3 40 MuH rocie
Hauaia 3C, Bropoe — uepe3 22+ 23 MUH moCIe
HACTYIJICHUA (1)33[)1 MaKCUMaJIbHOTO IMOKPBITUS.
Takue 3ama3apiBaHus 00YCJIOBJICHBI, MO-BUIH-
MOMY, UHCPUIUOHHOCTHIO B M3MCHCHUU TCMIIC-
paTypbl ra3a U COCTABISIIOT HECKOJBKO JECST-
KOB MUHYT [1].

Tpetbe konebanne, BO3MOXKHO, CBS3aHO C aKy-
CTO-TpaBUTALMOHHON BonHOHN (AI'B), xotopas
INPUXOJAUT II0 KpaTdyailieMy IYTH OT ITOJOCHI
MOJIHOTO 3aTMEHUs (IPUMEPHO BIOJIL MEPHUAHA-
Ha OT 10KHOM YyacTu YepHoro Mops 10 I. XapbKo-
Ba). [lnuna storo nytn R, =900 kM. 3anassI-
BaHUe KosebaHus Af; 10 OTHOIIEHHIO K MOMEH-
Ty Hadana 3C B MecTe MOJHOTO 3aTMEHHU (T0XK-
Hasi 4acTb YepHOTO MOps) COCTaBISET OKOJIO
70 mun. Ecnin yuects, 4To KonebaHue B yKa3aH-
HOM MECTE 3aTMEHHsA BO3HHKaeT 3a 30 MUH 10
(ha3bl MaKCUMaTEHOTO TIOKPBITHS, TO CKOPPEKTHPO-
BaHHOE BpeMs 3anasjbiBanus At, =40 mun. Ipu
3TOM TrOpHU30HTaNIbHas ckopocTh AI'B onenuBaer-
ca kak v= R, /At, =375 m/c. Takyto ckopocTh
HUMCIOT BHYTPCHHUC I'PABUTALITMOHHBIC BOJIHBI HA
BBICOTax mopsnaka 120 km, rae TeMmepaTtypa rasa
paBHa 330 K. 3ameTum, uto B pabore [11] 3Haue-
HUE 3TOH cKopocTH Jiisi F-o0macTu noHOC(EphI
BO BpeMs 3atMmenus 7 mapra 1970 1. paBHO
620+ 120 m/c. PeanbHOCTh MONYYCHHOW HaMU
OIIEHKH CKOpocTH v=375M/c KOCBEHHO CBHU]IE-
TeJIbCTBYET B MOJB3y Toro, uto AI'B neiictu-
TCJIbHO MOIJIa MPUXOAUTH OT MOJIOCHI IMOJHOIO
3aTMCHUH.

OreHuM najnee BeIMINHY U3MEHEHHH KOHIICH-
TpPaIMH 3JEKTPOHOB, COITY TCTBYIOLIMX KBA3UIIEPH-
oJn4YeckuM KonebanusM. s 9Toro Bocmoib3y-
eMCsl OLICHOYHOM (popMysiol u3 padoTel [9]:

AN _ fo €T o
N f 4mH

rae T — nepuon konebanuit ¢ ammautynoi fg,,
H — npuBejeHHas BBICOTA HEUTPAILHOM arMocC-
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depsl, n=0.5 — CpelHee 1O BBICOTE 3HAYEHUE
roKa3aresist IpeIoMIIEHHUS PaIuOBOJIHEL. Mcromb-
3ys OKCIIEpUMEHTabHbIe 3HadeHus fy, =0.11n,
T =10 mun u momaras H =20 xwm [12], mony-
upmM, uT0 amrututyaa AN/ N =0.012,um 1.2 %.
B pabore [11] 3HaueHue 3TOW BEJIUYMHBI COCTa-
Buio 1.5 %. Cnenyer umeTs B BULY, 4TO B [11]
OTNHCaHBI pe3ynbTaThl nccienoBanns AI'B Ha 3Ha-
YUTEIBHO OOJIBIIMX YIAJICHUSAX OT TOJOCHI MOJI-
HOT'O 3aTMEHHSI, YTO JOJKHO TIPUBECTU K YMEHb-
wenuto otHomenuss AN/ N. C npyroii cropoHsl,
B yka3zanHo#t pabore AN/ N u3mepsinocs B F-06-
JacT noHoc(epsl, Te ITa BeIUINHA UMEET O0ITb-
[IMe 3HAYEHUs (CM. HIKE).

Teopernueckyio ouenky AN/ N npoussenem
UCXOJIS U3 CIEAYIOIUX COOTHOIIEeHNH. OTHOCH-
TEeIbHOEC M3MEHEHHE TeMIeparyphl BO3IyXa y
nosepxHoctu 3emmu AT/T, =10/300= 0.03[1].
Takoro e mopsijika ¥ OTHOCUTEIbHOE M3MEHe-
Hue pasnenus Ap/ p. HerpyaHo mokasars, 4To

-7 .
JIMUIIb MaJjiasi 4acThb (r] =10 ) BCEU 3HEPTUHU BO3-

MYIIAIOMIEr0 UCTOYHMKA (OXJIAXKICHHON 00MacTH
arMocepsl) nepexoauT B sHepruto AI'B. Bonee
crporue pacyerst [13] nator =107 +10° mia
Pa3NUYHBIX yAAJICHUH OT TOJOCH MOJHOTO 3aT-
MeHus. [looTomMy B BoiHEe Ha ypoBHE 3emiu
(Ap/ p)W0 = \/ﬁ (Ap/ p)=107. Tlo mepe pacmpo-
ctpanenus AI'B BBepx ee aMIIUTy1a pacTeT Mo
3akony [12]:

OApO  OApO F dz U
OO0 =0_0 exp E!
op 0P O 2H(2H

Ipu z2=120 kv 3Hauenue (Ap/ p)w yBEJIHNYH-
Baercs mpumepHo B 3103 pa3 u gocturaer 302,
DNeKTpOoHHAas KOHIEHTpalHs Ha BBICOTAX
z< 300 kM, SBISISICH MaJiOl MPUMECHIO, MOJY-
JIUPYETCSl HEUTPaIbHOW KOMIIOHEHTOW. Jlerko
MOKa3aTh, 4TO

g
Ly

_ g
N H

B
£

e Ly =N[0z/ON — xapakrepHbiii macmTab
usmenenus N. Ilpu H =20 kM, L, =50 xm
umeem AN/N=1.2[10% = 1.2 %. 3Ta OlleHKa
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coorBerctByeT 3HaueHno AN/ N, koropoe Ha-
OMIoNIANIOCHh B HAIIEM DKCIIEPUMEHTE.

Tpetuii a3 ekt 3aKmodaeTcs B “peryispusa-
uun” J1C, T. €. B MCUE3HOBEHUH MEJIKOMACIITa0-
HBIX CIYYaiHBIX HEOJHOPOAHOCTEH B OKPECTHO-
CTH OOJIACTH OTPa)XCHUS PAJMOBOJNHBI M HUXKE.
OcHOBHas IpUYMHA TeHEpaIuyd HEOIHOPOAHOC-
Teit ¢ macmrabom | =10+ 1CF M B E- u F-o61ac-
TSIX — HEYCTOWYMBOCTH B MarHUTOAKTHBHOM
nonocdepHoii miazme [12, 14]. JInsg ux BO3HUK-
HOBEHHSI TPeOyeTCsl COOTIOICHIE ONPE/IEIICHHBIX
YCIIOBHIA: MPEBBIIICHUE TIOPOTa BO3HUKHOBEHHUSI
HEYCTOWYMUBOCTH, OCTATOYHO OOJIBILINE 3HAYCHHSI
HHKpeMeHTa u 1ap. Hapymenue 3tux ycioBuil
NPUBOJAHUT K MOJABICHUIO HEYCTONYMBOCTEH,
a 3HAYUT U K MCUYEC3HOBECHHIO HEOIHOPOIHOM
cTpykTypsl Ha BbIcoTax 100 + 150 kM. Tomuxom
K [10/IaBJIEHUIO HEYCTOMYMBOCTEN MIPU HACTYILIE-
Huu 3C SBUIOCH, CKOPEE BCETO, OXJIAXKICHHE aT-
Mocheproro raza. O0 3TOM CBUIETEILCTBYET
OoIbIIas THEPLIUOHHOCTH HAOTI0AaeMOoro Y dek-
Ta monasyieHus. Kak BUIHO U3 puC. 3, yMEHbIIIE-
HUE NIMPHUHBI CTIEKTpa HAYMHACTCS 0 ONTHYEC-
KOTO KOHTAKTa JIMCKOB HEOCCHBIX TEJ HaJI IMyHK-
TOM HAOJIO/EHUS M 3aKaHUYMBAETCS TPUMEPHO
yepe3 10 MuH moOcTe Hero.

33 80:7011 8

1. 3aperucTpupoBaHbl 1 0OBSICHEHBI Bapua-
MU JOMJIEPOBCKOTO CMEIIEHUSI 4acTOThl Ha
Bcex cranusix 3C. OHu 00yCIIOBIICHBI CHauaa
yMmenbiieHueM Ha 40 %, a 3aTeM BO3pacTaHMU-
eM Ha 36 % KOHIIEHTpAIlUH JICKTPOHOB HA BhI-
corax 100+ 150 kM.

2. 3adpukcupoBaHo nosiBneHune B TeueHne 3C
KBa3HIEPHOJUUECKUX BapHalnui JOTUIEPOBCKUX
CIIEKTPOB, CBSI3aHHBIX C TeHEpaluel u pacupoc-
tpanenuem AI'B B armocdepe.

3. O6HapyxeH 3¢ deKT “peryaspusanuu’ JI01-
JIEPOBCKHX CIIEKTPOB, COMMYTCTBOBABIIUH 3aTMe-
Huto. [lo-BUIUMOMY, OH OOBSCHSIETCS TOJaBIIe-
HUEM IUIa3MEHHOU TypOyJIEHTHOCTH B HOHOC(e-
pe Ha Beicotax 100+ 150 km.

ABTOPBI BRIPAXKAIOT [ITYOOKYO 0OJ1aroiapHOCTh
C. I. Uynakosy u C. H. IllanTane 3a momours
B MMPOBCACHUUN SKCIICPUMECHTOB.
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ITpuioxenue

be3 yuera pedpakuun gomnepoBckoe cMme-
[IEHHE YaCTOTHI NMPH BEPTHUKAIHLHOM 30HMPOBa-
HHUH U30TPOITHOTO CJIOS HOHOC(EPHI OMUCHIBACTCS
XOpOUIO M3BECTHBIM BBIpaK€HHEM (CM., Ha-

npumep, [9, 10]):

f, —2 Iat , (IL1)

— BBICOTAa OTpaXXCHUS BOJIHBI,

~(f,/ ) =JI-N/N,,

Hag vacrtora, N, = N(z ) Tak kak Oe3 yuera

— IIJIa3MCH-

nporueccos neperoca ON/0t =dN/dt un

on__ 101 dND
o 2nEN dth
TO

f_fz*%idNEd_z
d C‘!DNr ton

(I1.2)

rae (NO/Nr) — Cpe/iHee 10 BBICOTE 3HAYEHHUE

OTHOIICHUS NO/Nr' JJ1st oueHOK Mpu 30H]IH-

pPOBaHUU JTHEBHON HOHOC(EPHI HA YACTOTAX T10-
psanka 3 MI'm oObIYHO MOXHO MOJIOKHUTH

(No/N,)=1

uue (7).

, IMOCJIC Y€TrOo IOJydacM BbIpaKe-

MopnenbHble pacdeTsl MMOKa3alu, YTo Ui TH-
IIMYHBIX BBICOTHBIX I'pajJueHTOB N, M 4acTOTHI
BoJHBI 3 MI'11 cooTHoMIeHue (7) 3aBbIlIaeT 3Have-
HUS |fd| npumepro Ha 50, 31 = 5) u (14 £6) %
IUTsL JINHEHHOTO, NapaboIuiecKoro u IKCIIOHEH-
[IMaJIFHOTO CJIOEB COOTBETCTBEHHO. BHOCHUTD 00-
Cy’K/1aeMyI0 IIOTIPaBKy HE UMEEeT CMBICIIA, TaK KaK
¢dopmyna (I1.1) cama siBusieTcs MPUOTUKESHHOM
(e yuuTsiBaeTcs pedpaxiusi, MArHUTHOE TOJe
U TOPU3OHTAJILHBIE TPAAUEHTHI N).

Bripaxkenue (7) TeM TouHee, yeM OOJBIIUI
BKJIaJ1 B MHTETpaJjl aeT AUana30H BbICOT B OKPECT-
HOCTH 00JacTH OoTpakeHus. B HouHOe Bpems
paaroBosiHa ¢ yactotoi okono 3 MI'm orpaxa-
ercs Ha Boicore 200+ 250 xm. Ilpu stom mpo-
(wib N MOKHO CUMTATh JTMHEHHBIM U JIJISI OLIEHOK
PEKOMEH/I0BaTh CIIEAYIONIYI0 HOopMyITy:

o= f 2
2ct,
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Processes in Bottomside Ionosphere
during August 11, 1999 Solar Eclipse

L. S. Kostrov, L. F. Chernogor

Daytime measurements acquired with the HF
Doppler radar on 3.3 and 3.5 MHz were used to
study the conditions in the bottomside ionosphere
on August 10 and 12, 1999, as well as on August
11, 1999 when an 83 % solar eclipse occurred.
The variations in Doppler radar signal parame-
ters, which are associated with the solar eclipse,
are recorded and their interpretation is given. The
processes observed persisted for more than two
hours and are mainly caused by atmospheric gas
cooling, a decrease in ionization rate, and a sub-
sequent decrease in the electron number density
N by 40 % in the bottomside ionosphere. In the
ionospheric E-region, quasi-periodic processes
with a varying period and an amplitude of
AN/ N =1% are revealed. The Doppler spectrum
“regularization” recorded is probably caused by
the suppression of ionospheric irregular structure.
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