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Marnpa M.M. P4-99-30 
0 np11poae cBepxBpamettm1 Bepxttett aTMoccpepbI 3eMJil1 

MccneaoBaHhI CBOHCTBa 3JieKTp11qecKOro apettcpa 3apH)KeHHblX qaCT11U 110HO­
ccpepbl 3e11,m11 B IIOCTOHHHhIX nonepeqHblX reoManmTHOM 11 3JieKTp11qecKOM np11-
3KBaTOp11aJibHbIX fIOJIHX. )J:oKaJaHa l1HBap11aHTHOCTb MOllYJIH cpeatteH CKOpOCTH 
apeiicpa 11 ee ttanpaBJieH11H KaK np11 113Mettemm Jttax:a 11 Bem1q11HbI 3apaaa 11 Macchi 
qaCT11U, TaK 11 np11 BapHaUHHX HanpaBJieHHH 11 MOllYJIH HaqaJibHOH (B MOMeHT o6pa-
30BaHl1H KOHKpeTHOH 3apH)KeHHOH qacTHUbl npH HOHH3au1111 aTOMOB HJIH MOJieKyn) 
11X CKOpocTH. IloKaJaHO, qTQ paBHOCKOpOCTHOH IIOTOK apettcpyiom11x 110HOB, MO­
JieKyJI 11 aTOMOB (a TaK)Ke 3JieKTpOHOB) B emrncrneHHO B03MO)KHOM ttanpaBJieHHH, 
C Janaaa Ha BOCTOK, cnoco6ett qepe3 ynpyroe 11X B3aHMOUeHCTBl1e C HettTpaJibHbl­
Ml1 qaCTl1UaMH 110Hoccpepb1 YBJie% CJIOH Bcex HettTpaJibHbIX ee qacT11U Ha BbICO­
TaX, 6JIH3KHX K h = 300 KM, B CBepxBpameHHe. 

Pa6orn Bb!IlOJIHeHa B Jla6opaTOpHH HettTpOHHOH qJH3HKH HM. 11.M. <l>paHKa 
murn. 

OpenpHHT 06oe/lHHeHHOro llHCTHTyra l!JlepHLIX HCCJJe/{OBaHHii. i{y6Ha, 1999 

TiepeBOll H.C.2KypaBJieBott 

Matora I.M. P4-99-30 
On the Nature of Superrotation of the Upper Earth Atmosphere 

The properties of the electric drift of Earth ionospheric charged particles 
in constants of transverse geomagnetic and electric near equator fields are investi­
gated. The invariance of the module of the mean drift velocity and its direction 
by changing the charge sign and module as well as particles mass and with varia­
tions of the direction and modules of their initial (at the moment of a concrete 
charged particle production at the time of ionization of atoms or molecules) ve­
locity is proved. It is shown that equivelocity flux of drifting molecular and atomic 
ions (as well as electrons) only in the unique direction from west to east via their 
elastic interaction with neutral particles of the ionosphere is capable to carry away 
the layer of all its neutral particles at altitudes near h = 300 km into superrotation. 

The investigation has been performed at the Frank Laboratory of Neutron 
Physics, JINR. 
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1. Bae,neHHe 

ffoqTH 30 JICT npoumo c MOMCHTa OTKJ)hITIIJI B BCpXHCH aTMOCq>epe 3eMJIH Ha BhICOTC 

OT 200 .no 400 KM ee CBepXBpalIICHilll [1-2]. A3HMyraJil,Hall yrJIOB!UI CKOpOCTh B03,nyxa 0) B 

3TOM CJIOC npeBOCXO,!lHT CKOpOCTh BpalIICHHH caMOH IlJiaHCThl Oldj Ha ,!lCCHTKH rrpoueHTOB [1, 

2]. KoJIHqCCTBCHHhIC ,!laHHhIC O HBJICHHH npe,ncTaBJICHhI B ra6mme 1, COCTaBJICHHOH H3 

q>parMCHTOB Ta6JIHU MOHorpaq>HH [2]. 

Ta6mma 1 

H(KM) 200 250 300 350 400 II IT puMeqaHilll 

Olceepx/ Ol© 1,1 1,2 1,3 1,4 1,1 11 [2,c. 1so1 

N(acex qacmu/cM3
) I 109,86 109,3 108,9 108,5 108,1 11 [2,c. 1791 

N0(e"/cM3
) 105,4 105,7 105,9 105,75 105,6 II [2,c. 193) (,nHeBHhie) 

Cp. / npo6era (cM) 104,3 104,7 105,1 105,45 105,8 11 [2;c. 179) 

<l>muqeCK!UI npuquHa HBJICHilll .no CMX nop HC BI,IjjCHCHa. 

B ,!laHHOH pa6oTe paCCMOTPCHa B03M0)l{HOCTh yaJieqeHilll ynoMHHyroro CJIOH MOHO-

cipepbI B CBCpXBpalIICHIIC BCCMII ero 3apjj)l{CHllhIMII qacmuaMII, Bcer.na .npeiiq>YIOIIUiMII C 3a-

na.na Ha BOCTOK B nonepeqHI,JX reOMarHIITHOM II 3JICKTPIIqecKOM IlOJijjX, 

2. Teopilll 3JICKTPIIqecKoro .npeiiq>a 3apH,n0B B IlOCTOHHHhlX nonepeqHI,IX 
MarHIITHOM II 3JICKTPIIqCCKOM IlOJlj!X 

2.1. YpaBHCHilll ,!lBJI)KCHilll 3apjj)l{CHHhIX qacmu 

I-fa Ta6JIJIUI,I 1 CJie,nyeT, ~o B IIOHOCq>epe KOHQCHTPauilll 3apjj)l{CHHbIX qacmu .nocm­

raeT 6onee 0,1 %. BMCCTC C TCM BCChMa 3HaqJITCJibHI,J (~l KM) cpe,nHHe ,!lJIHHI,J lIX npo6era T. 
KpoMe Toro, B aTMOCq>epe IIMCCTCH xopomo II3MCpeHHOC B6JIII31I noaepXHOCTH 

ITJiaHCThl CTa61IJibHOC reoMarHIITH0e IIOJIC C ~anpjj)l{CHHOCThIO ii. B np1I3KBaTOp1IaJihHOH 

o6nacm HanpaaneHHoii c rora na ceaep, c aed1Iqmiori H ~ 0,3 3. CymecTByeT TaK)l{e II 

reHep1IpyeMoe B aTMocq>epe KOCMHqecKHk' JI)"JaMII {KJI} [3] ~anpaaneHHoe ~paKT-eCKII Ha 

~ 6t:1;..: ..... '.fi.,,t'4U 1;:.::.l'Jf I 
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lleHip 3eMJIH IlOCTOHHHOe 3JieKTpll'IeCKOe IlOJie E. 86JIH3H JeMHOH noaepxHOCTH ero 

HJMepeHHWI HanpIDKeHHOCTI, E ~ 1,3 B/cM. 

Ho 3KcnepHMeHTaJibHbIX ,llaHHbIX O BeJIHqHHax H HE Ha Bb!COTaX h ~ (200 - 400) KM 

HeT. IIoJroMy HHlKe 6y.11eM a JTOM cJioe npe.11noJiaran, aeJIHqHHhl H ~0, 1 3 H E ~ I 0-3 B/cM. 

BMecre C TeM cpe.11H aTMOCq>epHb!X 3apHlKeHHb!X qaCTHU HapH.!IY C nerKHMH 3JleKTpo­

HaMH H npOTOHaMH eCTb H MHOfOKpaTHo npeBOCXO,llHII(He HX no Macce HOHbl THlKeJlb)X 

aTOMOB H MOJieKyJIHpHb!e flOHbl. 8 CBH3fl C 3THM B ypaBHeHRHX ,llBHlKeHRH 3apHlKeHHb!X 

HOHOCq>epHbIX qacmu Hap,r.11y C CHJIOH JiopeHlla yqTeM n CHJIY rpaBHTaUHH. 

HaqaJIOM ,lleKaPTOBOH CHCTeMbl K00p,llHHaT Bbl6epeM TY roqey caepxapalI(aIOII(erocJ:J 

CJIOH HOHOcq>epbI (c 200:5:lt,;400 KM), r.11e B HaqaJibHblH M0MeHT apeMeH11 o6pa30BaJiaCb 

(HOHH3aUHei1 HeHTPaJibHOfO aT0Ma HJIH MOJieKyJibi) paccMaTPHBaeMWI 3apIDKeHHWI qacTHUa C 

Maccoii m n JapH,ll0M e (HJIH ne), npnqeM e = ±lei, n - ueJioe qHcJio. Ocb Ox HanpaBHM 

B.!I0Jib npe.11nonaraeMb1x HanpaaJieHHhIMH Ha ueHTP 3eMJIH o6ottx aeKTopoa E n g (aeKTo­

pa ycKopeHRH rpaBHTallneii c ero Mo.11yJieM g = M@G/r2 (r = ~ + h)). A ocb Oy :- B.!I0Jib 

napaJIJieJIR Ha Jana.11 n OCb Oz - B.!I0Jib BeKTopa fl Ha ceaep. O6Jiacn, paccM0TpeHRH 

OrpaHnqnM llIHp0TaMH npH3KBaTOpHaJibHblMH. 3Heprnn 3JieKTp0H0B, np0T0H0B, 0,llH03apH,ll­

Hb!X H MH0ro3apH,llHbIX HOH0B 6y.11eM cqnraTb HepeJIHTHBHCTCKHMH. 

O60JnaqHM Hz qepe3 H H Ex qepe3 E. 

Tor.11a ypaBHeHRH ,llBHlKeHHH K0HKpeTHOH 3apHlKeHHOH qaCTHllbl 6y.11YT 

cf-x!dr = eE!m + g + rody!dt} 

ro=eH/mc = ±ieJH/mc; c-cKopocn, caera). (1) 

cfy!dr = -rod.x/dt. 

B (1) yqnTbIBaeTCH .!IBHlKeHHe T0JibK0 a ITJI0CK0CTH xOy BCJie,llCTBHe paBeHCTBa Hymo 

Z-K0Mn0HeHTbl H CHJibl JlopeHua B paccM'aTPHBaeMb!X npH3KBaT0pHaJibHb!X nmpoTax H 

CHJlbirpaBHTaUHfl. 

PemeHne ( 1) HaXO,llHTCH 3JieMeHTapH0. 

Heo6xo.11HMhle HaqaJibHble .llaHHbie Xo = Yo = 0 n Vx0 = aro, Vy0 =l3ro peaJIHJYIOTCH, eCJIH 

x = (eE!mro 2 
+ glro2 + 13)(1-cosrot) + asinrot, t 

y = (eE!mro 2 
+glro2 +l3)sinrot- a{l- cosrot)-(eE!mro2 +glro2)rot.j (2) 

CoOTBeTCTBYJOII(fle pemeHHIO (2) K0Mn0HeHThl CK0pOCTH qaCTHUbl ecn, 

Vx = ( eE!mro + giro +l3ro )sinrot + arocosrot, } 

Vy= -eE/mro - giro+ (eE!mro + giro+ l3ro)cosrot- arosinrot. · 
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PeweHHe (2) co.11eplKHT a ce6e CBOHCTBa KaK anepBbie 70 neT HaJa,n paCCM0TPeHH0ro 

llenMJHOM T. H . .11peiiq>OTOKa (4, 5] 3apHlKeHHbIX qacTHU, peaJIH3YIOIIlerocJ:J B cnyqae OTCJT­

CTBHH JJleicrpH'leCK0ro n0JIH (npn E = 0) a nonepeqHbIX MarHHTHOM n rpaBHTaUHOHHOM 

nOJlHX, TaK tt JJieKTpH'leCKOro .11peiiq,a (6] a nonepe'IHbIX noJIHX MarHHTHOM n JJleKTpH­

'!eCKOM. B nocne.11HeM cnyqae a (1), (2), tt (3) cne.11yeT nOJIOlKHTb g = 0. 

2.2. Caoficrna JJleKTpH'leCKOrO .11peiiq>a JapH.110B B nOCTOHHHbIX nonepeqHbIX 
MarHHTHOM H JJleKTpttqecKOM nOJIHX 

C ueJibIO ynpoCTHTb npoue,nypy .llaJibHeiimero aHaJIH3ll npHMeM BbICOTJ h naqaJia 

Koop.nnHaT (TO'IKH o6paJOBaHHH 3apH.11a) paBHOH cpe.11Heii BbICOTe CJlOH caepxapalileHHH h = 

300 KM. 

CpaBHHM npe.11nonaraeMbie B paccMaTPHBaeMOM cnoe nOCTOHHHbIMH BeJlH'IHHbl 

ycKopeHHH 3apHlKeHHblX qacTHU 3JleKTpHqecKHM noneM C E ~ I 0-3 BlcM H rpaBHTaUHeH 

(g300 ~ 895 CM/c2)_ ,[(JIH HOHOB CO cpe.11HeH MaCCOH nl ~ 3,05 J 0-2J r OKa3bIBaeTCH 

JeEimlf g - 5,86 104
• T.e. B03,lleHCTBHe Ha 3apHlKeHHbJe '!aCTHUbl rpaBHTaUHII 6y.11eT 

npeHe6pelKHMO MaJlbIM no cpaaHeHHIO c HX ycKopetttteM a JJleKTpH'leCKOM none .llalKe npn 

BeJIHqHHe E Ha 2 -3 nopll,llKa MeHbllleH, '!eM npe.11noJIOlKeHHaH Bblllle. 

no JTOH npHqHHe ,llaJiee HCCJie.11yeM TOJlbKO CBOHCTBa JJleKTpttqecKoro .11peiicpa, 

n0JIOlKHB a ypaaHeHRHX ,llBHlKeHHH (!) n BblpalKeHHHX (2) u (3) g = 0. Tor.11a ypaBHeHHH 

,llBHlKeHHH n HX pemeHne 6y.11yT 

tfx!dr = eE!m + rodydt,} 

cfy/dr = -rod.xldt. 

x = (eE.'/mro2 + 13)(1 - cosrot) + asinrot, 1,... 
y = ( eE/mro2 + l3)sinrot - a( I - cosrot) - ( eE/mro2)rot. J 
Vx = (eE/mro + l3ro)sinrot + arocosrot, } 

Vy= - eE/mro + (eE/mro + l3ro)cosrot - arosinrot. 

(la) 

(2a) 

(3a) 

Onpe.11eJIHM, npelK,lle acero, paattoaectty10 TPaeKTopttIO JJieKTpttqecKoro .11peiiq>a 

3apHlKeHHbIX qacmu B noCTOHHHbIX nonepeqHb!X 3JleKTpHqecKOM H MarHHTHOM nOJIHX. Ona, 

KaK nerao noHHTb, HBJIJ:JeTCH npHMOH JlHHHeH, COBna,llaIOII(eH C 0CbIO Oy . PeaJIHJyeTCll ona· 

Tor.11a; Kor.11a HaqaJibHWI cKopocTb 06pa3oaaawerocH H0Ha HJIH JJieKTpoHa HMeeT e.111rncrnen­

tty10 KOMIT0HeHry, paBHYIO Vyo = -cEtH. 8 3TOM cnyqae CHJla Jlopem~a, .11eiicrny10LUaH Ha 

qacTnuy, F = e E +(e/c)[ vx H] TO'IHO paaHa HYJJIO u npu BbIweyKaJaHHoii tta•1aJib11oii 

CKOpoCTH 3apHlKeHHWI qacTnua CB060.11110 JieTHT Ha B0CT0K. CKopOCTb '!aCTHUbl Vy = -cf: H 

Ha Hett acema n0CTOHHHa. 
3 



3.necb yMeCTHO .no6aBHTb, qTQ .nn.11 qacmUbl, HaqaJibHa.11 CK0pOCTb KOTOpoii 6y.neT 

vy = -c£1H + o (o <<lvyol, o>0), np.11MonnHeiiHa.11 paaHoaecHa.11 rpaeKTopH.11 (c yqernM 

rpaBHTaUHH) npn a.ueKaaTHOH aennqnHe o npeapaTHTC.11 a OKPY)KHOCTb BOKpyr 3eMJIH 

pa.nnyca Ro+ 300 KM. 

Qqean.nHo, qrn 6nmKne K paaHoaecHoii rpaeKTopnn .npeiiqia c j3w = -cEH n lawl < 

cEIH rpaeKTopnn 6y.nyT yKopoqeHHblMH UHKJIOH,nai,m. A npn .npyrnx Ha6opax HaqaJibHbIX 

CKOpOcTeii 3ap.11)KeHHbIX qacmu aw H J3w - UHKJion.naMH BCeB03MOlKHblX BH,UOB [6). 

TTOJib3Y.IICb nepno,nnqHOCTblO 3aBHCHMOCTeii Yr H Vy (3a) OT apryMeHTa (J)( C 

nepno,noM 2it, Bb1qncneHne cpe.nHHX 3HaqeHnii o6enx KOMD0HeHT cKopocm Yr n Vy n106oii 

.11pettq>Yf01Ueii qacTHUbl nerKO Bb!IlOJIHHTb qepe3 HHTerpnpoaaHne H HOpMHpOBaHHe JIHlllb Ha 

OTpe3Kax apryMeHTa, paBHbIX 2it. Pe3ynhTaT acer.na 0KaJbJBaeTc.11 o.nHHM n TeM )Ke: Yr = 0, 

a Vy = -cEIH - nocrn.11HHoii cKopocm Ha paaHoaecHoii rpaeKTopnn .npeiiq>a. B paccMaT­

pnaaeMbIX ycnoamrx aennqnHa cpe.nHeii cKopocm .npeiiqia Vy = - 106 cMlc. HanpaaneHa 

OHa, KaK J)l(e ynOMHHaJIOCb, acer.na Ha BOCTOK. 

KaK BH,UHM, cpe.nH.11.11 CK0pOCTb . .npeiiqia JI106oii 3ap.11)KeHHOH qacmUbl y.nnBHTeJibHO 

HHBapnaHTHa. Ee Mo,nynb H HanpaBJieHHe HeH3MeHHbl He TOJibKO npn aapnaunn 3HaKa H 

MO.UYJI.11 3ap.11.na qaCTHUbl H ee MaCCbl [6). l1HaapnaHTHa OHa H npn JII06bIX coqeTaHH.IIX 

aennqnH H HanpaaneHHH HaqanbHOH (paJyMeeTC.11, Hepe!I.IITHBHCTCKOH) CKOpOCTH 

o6paJOBaBllIHXC.II 3ap.11)KeHHbIX qacmu. 

BMeCTe C TeM, KaK cne.nyeT H3 Ta6JIHUbl 1, HeCMOTP.11 Ha 3HaqnTeJibHbIH cpe.nHHH 

npo6er HOHOCq>epHbIX qacmu, HX ynpyrne n Heynpyrne CTOJIKHOBeHH.11 c HeiirpanbHblMH 

qacTnUaMH aecbMa qacTbI. TTpnqeM nocne nepe,naqn qacTn caoero nMnynbca a oqepe.nHoM 

CTOJIKHOBeHHH C HeiirpaJibHblMH qacTHUaMH KalK,nblH 3ap.11,n aBTOMamqecKH BOCCTaHaB­

;maaeT CBOH .npeiiq> C 3ana.ua Ha BOCTOK. ABTOMamqecKoe BOCCTaHOBJieHne HHBapHaHTHblX 

aennqnHbI n HanpaaneHn.11 cpe.nHero (nepe.n CTOJIKHOBeHHeM) HMDyJibca nponcxo.nnT a 

TeqeHne KOpoTKoro apeMeHHOro HHTepaana tit~ 1t!2w . .n:a)Ke ,UJI.11 N+2 OH COCTaBJI.11-

eT ~ 0,046 C. TTepe,naHHblH HeiirpanbHblM qacmuaM HMilYJibC HMeeT, ecrecTBeHHO, Han6onee 

aepo.llTHOe HanpaaneHHe Ha BOCT0K. 

OueHHM Tenepb cyMMapHYfO 3Heprn!O .npeiiqia 3ap.11,nOB, co.nep)Kall!HXC.11 B 1 CM3 Ha 

cpe.nHeif. BbICOTe caepxaparua10rueroc.11 cno.11 noHocqiepbI h= 300 KM. 3.necb ( CM. m6nnuy 1) 

nJIOTHOCTb HOHOB Ne=7,94 105/cM3. H IlJIOTHOCTb acex qaCTHU N=7,94 108/cM3. C yqeTOM 

3Ha'leHn.11 cpe.zmeif Maccb1 qacmu m = 18,36ltl,66xl0-24 r =3,05 10-23 r [2, c. 180] n 

Bb1llleynoM.11Hyrnii HHaapttaHTHOH cpe.nHeH CKopocm .npefiq>a Vy = -106 cMlc · cpe.nH.11.11 
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IlJIOTHOCTb 3Heprnn .npeiiqia E300 3ap.lllKeHHblX "!acmu Ha 3TOH BblCOTe COCTaBJI.lleT E300 ~ 
- - 2 5 3 

Ne m Vy /2 ~ 1,2 10- 3pr/CM. 

CpaaHHM ee c DJIOTHOCTblO JHeprnn HJMepeHHoro [1;2] caepxaparueHH.11 Ecaepx acex 

JIOKaJIHJOBaHHbIX B paccMarpnaaeMOM CM3 qacn1u Ecaepx = N mvcaep/12 (PaJYMeeTC.11, 

Ycaepx = 0,3w!!i(Rllt + 300) ~ 1,46 104 cMlc) Ha BblCOTe 300 KM, paBH0H EcBepX300 ~ 

5,1 10-7 3pr. 

KaK BH,UHM, HMe10rua.11c.11 B 1 CM3 3HeprH.11 e,nHHOHanpaaneHHOro .npeiiqia T0JThKO 

3ap.lllKeHHbIX qacmu Ha h =300 KM a npe.nnono)KeHnn H300 = 0, 1 3 n £300 = 10-3 B/cM E3oo ~ 

1,2 10-5 3pr/cM3 6onee qeM B 20 pa3 npeBOCXO,nHT IlJI0THOCTb 3Hepmn cBepXBpall!eHH.11 acex 
7 3 ' 

co.nep)Karunxc.11 a cnoe qacmu ~5,1 10- 3pr/cM. KpoMe rnro, KaK cne.nyeT HJ Bbllllemno-

)KeHHOro, KHHeTnqecKa.11 :meprn.11 npoaJanMo,neikrnoaaall!nx c .npymMH qacmuaMn Jap.11-

)KeHHbIX qacTHU n aennqnHa n HanpaaneHne nx cpe,nHero HMDyJihCa npaKTHqecKH acer.na 

qepe3 KOpOTKHfi nocne CT0JIKHOBeHH.11 HHTepaan apeMeHH t1t < 0,05c B03Bpall!a!OT CBOH 

HHBapnaHTHble JHaqeHH.11. 

3TO CBH,neTeJibCTByeT O cnoco6HOCTH e.nHHOCKOpOCTH0r0 IlOTOKa BCer.na .npeiiq>YIO­

IUHX 3ap.11)KeHHbIX qacmu paccMarpiiaaeMOro CJI0.11 HOHOCq>epbl 3q>q>eKTHBHO yaneKaTb ace 

HeiirpanbHble ero qacTHUbl B ,nBHlKeHne, HanpaaneHHOe C Jana.na Ha BOCTOK. T. e. OH, no­

BH,UHM0MY, n co:i.naeT Ha6JI10,neHHOe caepxaparueHHe aepXHeH aTMOCq>epbl [1-2). 

OTMemM erue O,UHO oqean,nHoe CBOHCTBO IlOTOKa .npettq>YfOIUHX B HOHOCq>epe 3ap.11,n0B 

n acero noToKa caepxapall!eHH.11. 

Bcne.ncrnne paaeHcrna 061,eMHOH nnoTHocm acex noJI0)KHTeJihHbIX 3ap.lllKeHHhIX 

qacmu B HOHOCq>epe IlJIOTH0CTH qacmu C 3ap.11,nOM orpnuaTeJibHblM, cyMMapHbIH TOK HX 

a3HMJTa!IbHOrO .npeiiqia C ero HHBapHaHTHbIMH CKOpoCTblO H ee HanpaaneHHeM Ha BOCTOK 

paaeH HyJIIO. l103TOMY BKJia.na B reoMarHHTH0e none IlOT0K CBepXBparueHH.11, o6pa30BaHHbIH 

3JieKrpnqecKHM .npettq>OM, He BH0CHT. 

3THM oH npHHUHnnam.Ho ornHqaerc.11 OT .npefiq>oTOKa lJenMJHa [4,5). B nocne,nHeM, 
' . 2 

KaK JierKO BH,neTu c IlOMOIUblO Bblpa)KeHHH (2) n (3), IlOJI0)KHB a HHX E = 0, a g ~ 895 cMlc , 

noJIO)KHTeJihHble 3ap.11,nbI (nx m ~3,05 10-23 r) HMe!OT cpe.nH1010 cKopocTb .npeiiqia Ha aocTOK 

oKono 17 cMlc, a orpnuaTem.Hbie (nx m 6nnJKa K m.,) ,npettq>YfOT (Ha Jana.n) co CKopocTblO 

npnMepHO na 3 nop.11,nKa MeHbllleii. I1 cna6b!H ,npettq>OTOK 3,necb B03MO)KeH. 
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3. 3aiunoqemie 

ConOCTaBIIM HaI16onee IIHTepeCHhJe ):{aHHhJe Ha6ruo,neHIIH II BhinOJIHeHHhlX 3,nech 

pacqeTOB. OTMeTHM, rrpe)K,L{e Bcero, TOqHoe COBIIa,neHile BhlCOThl Hall JeMHOH IIOBepxHOCTblO 

h = 300 KM KaK e,nIIHCTBeHHOro a aTMOCq>epe MaKCIIMyMa IIJIOTHOCTII JapJ1)1(eHHhIX qacmu 

Ne= 7,94 10
5
/cM

3 
(m6n.l), TaK II cepellIIHbl YJKOro IIHTepaana BhJCOT ee caepxapaJUeHIIJI 

hesepx~(200-400) KM. Ha 3Tl!X )Ke BblCOTaX, KaK 6blJIO BilllHO (m6n. I), npo6ern qacmu 

- 2 COCTaBJIJIIOT / ~ I KM, mr,na KaK xapaKTepHall KOHCTaHTa pa3MepHOCTll MIIHbl eE!mw 

perneHIIJI (2a) ypaaHeHilii llBil)l(emrn (Ia) llJIJI 3apJ1)1(eHHhix qacrnu co cpe,nHeii Maccoii B 

3TOM cnoe m = 3,05 10-23 r (18,36 a.e.) eE/(mw2
) ~ 1,9 104 CM. T.e. llJIIIHa T IIpliMepHO 

BIIJ!Tepo rrpeBOCXOllllT xapaKTepHblH "pa,nI1yc" UIIKJIOilllaJihHOii TPaeKTOplrn IIX .npeiiq,a. 3TO 

HBJIJleTCJI rapaHrneii aBTOMamqecKoro B03Bpam n106oii 3apJl)l(eHHoii qacTIIUhI, nepe,naarneii 

a oqepe,nHOM CTOJIKHOBeHIIII HeHTPaJibHOH qacmue CJIOJI qacTb CBoero IIMIIYJibCa (HaI16onee 

BepollTHO HarrpaBJJeHHOrO Ha BOCTOK) B 3JieKTPI1qecKI1H ,npeiiq, C IIHBapilaHTHhIMII cpe,nHett 

3HeprI1ett II BemfqIIHOH II HarrpaBJieHileM CKOpocm Ha BOCTOK. 

C yqeTOM BhlllleIIJJIO)l(eHHOro cyJUeCTBOBaHile caepxapaIUeHIIJI TOJlbKO B cnoe 

200 < h < 400 KM ecrecrneHHO. Hl!)l(e 200 KM 3JieKTPI1qecKI1tt .npettq, HeBOJMOJKeH IIJ-Ja 

MaJIOCTll /, a Bhlllle 400 KM - BCJiellCTBile rrpaKTHqecKII IIOJIHOro rrpeKpaJUeHIIJI reHepaUIIII 

KJI 3JieKTpocmrnqecKoro IIOJIJI IIJ-Ja Toro, qm qIICJIO aTMOCq>epHblX %emu BbllIIe 400 KM 

llJIJI reHepau;I1I1 He,nocTaToqHo. 

3KcrrepI1MeHTaJibHall rrpoaepKa a,neKBaTHOCTII rrpe,nJJO)l(eHHOH fIIIIOTe3hl MO)l(eT 6h!Th 

BhlIIOJJHeHa c IIOMOIUblO OllHOBpeMeHHoro IIJMepeHIIJI a JeMHOH a1Mocq,epe Ha BblCOTaX 

200 < h < 400 KM H(h), E(h) II Wcoepx(h) (nyqwe acero B ,nHeBHOe BpeMJ1). EcJIII JaTPaTbl Ha 

IIJMepeHIIJI cyTOqffOfO xo,na TOJlhKO yrJIOBOH CKOpoCTII caepxapaIUeHIIJI Wceepx(f) OK~YTCJI 

MeHblIIIIMII, qeM Ha IIJMepeHIIJI BhilIIeynoMllHYThle, TO IIJMepeHHhlH XOll Wcsepx (t), B KOTOpOM 

B COOTBeTCTBIIII C fIIIIOTe30ll llOJl)l(HbI 06J1JaTeJJhHO Ha6n10,naTbCJI MaKCIIMYM aeqepoM II 

MIIHIIMYM rrepe,n BOCXOllOM CoJIHUa, 6y,neT He MeHee Ha,!le)l(HbJM llOKaJaTeJihCTBOM ee 

rrpaBIIJlhHOCTll. IlpI1qI1Ha oco6eHHOCTeii xo,na oqeBll,1lHa: ,nHeM IIJIOTHOCTh Ne MHOroKpaTHo 

rrpeBOCXOllIIT ee HOqHoe JHaqeHile. 
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