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Ananmusupyetcst mpobJjieMa BO3HUKHOBEHUS U YCIIOBHUS CYIIECTBOBAHUS KPYITHOMACIITAOHBIX
VIIbTPAHU3KOYACTOTHBIX BOJTHOBBIX CTPYKTYP ¥ KPYITHOMACIITAOHBIX BUXpel B noHOochepe. Haii-
JICHbl HEKOTOPBIE TOUHBIC PEUICHUS YPABHEHUN MArHUTHON T'MIPOAUHAMUKUA U MTOCTPOEHBI HO-
BBIE NMHBAPHUAHTHI, TTIO3BOJISIONINE PACKPHITH MEXAHU3MBI 3aPOKIECHUS KPYITHOMAIIITAOHBIX BUX-
peli M TUTaHeTAapHBIX BOJIH B MOHOC(Epe MO JeHCTBHEM HEKOHCepBAaTHBHBIX cuil Kopwuonmca
1 cuiibl Amriepa. Pa3BUTBIN METO/ TPEACTABIISICTCS OJTHUM M3 BaXKHBIX M OPUTHHAIIBHBIX METOJIOB
JUTSL PELICHUST CIIOKHEMIINUX HEJTMHENHbBIX 3a/1a4 MATHUTHON TUIPOAUHAMUKU CKUMAEMOM, HEO-
JTHOPOJHOM, OAPOKIMHHON KUAKOCTH, HAXOISILIEHCS, B O0IIEM ciIydyae, B IT0jle HEKOHCEPBATUB-
HBIX cuil. K cokaneHuto, OH He TOCTATOYHO U3BECTEH MIUPOKOMY KPYTY UCCIEA0BATEIeH MATHUT-

HOU THJIPOJIMHAMUKYU W (PU3UKH TIJIA3MBI.

1. BBenenue

B mocnennee BpeMs mpobiiema M3ydeHUs
JMHAMHUKH KpymHOMacmTa6Hbx (10° +10* xm)
JBIDKEHUH B MOHOC(hepe, Ha pOoHE KOTOPHIX
MPOTEKAIOT MOYTH BCE (PUBMKO-XUMHUUECKHUE
MpOLIECChl, HAXOAUTCS B LIEHTPE BHUMAaHMS
uccienoBaTteseil BepxHeil atMmocdepsl. IT0
00yCIOBJIEHO TeM, UTO aTMocdepa Ha pac-
cMaTpuBaeMbIx BbicoTax (80600 km) npen-
craBisieT cob6oil c1abO0MOHU3UPOBAHHYIO
miasMy, 3apshkeHHas KOMIIOHEHTa KOTOpPOM
MIHOBEHHO pearupyeT Ha BCSKOE U3MEHEHUe
JUHAMHYECKOTO peXUMa HeHTpaabHONU KOM-
MOHEHTHI noHocdepsl. [Ipu 3TOM OTKIMK
noHOC(epHOH TTa3MbI HA TMHAMHYECKOE BO3-
neicTBUEe B BUAE COOCTBEHHBIX ((DOHOBBIX)
KoJIeOaHUI HOCUT 3JIEKTPOMArHUTHBIN Xapak-

Tep, paCIpPOCTPAHSIETCS B CPele CO CKOPOC-
ThIO BBIIIE | KM/C U COIACPKUT LIEHHYIO WH-
(dbopMaIio 0 BHENTHUX UCTOYHUKAX U 3JICKT-
POAMHAMMYECKHX IPOIIECcCax, pa3biIPhIBatO-
IUXCS B 3TO BpeMsl B BepXHel aTmocdepe.
OCOOEHHO YeTKO 3TU OTKIIMKHU (DUKCUPYIOTCS
B MHUPOBOM CETH NOHOC(HEPHBIX 1 MATHUTHBIX
obcepBaTOpHil BO BpeMsi MarHUTHBIX OYypb,
cy00yps [1], 3eMuteTpsicenuii [2-4], 3amycka
KocMHuueckux ammapatos [7, 8] u ap. B moc-
JICJTHEM CJTyyae OTKJIMK BBISIBJISIETCS KaK yeau-
HEHHAs KpyITHOMAcCIITaOHasi BUXpeBas CTPYK-
Typa HUKJIOHUYECKOTO U AaHTHIIMKIOHUIECKO-
ro xapakrepa. PacimmdpoBka OTKJIMKa HOHOC-
(hepHOI TIA3MBI TIPEJICTABIIICT COOOM IEHT-
paJIbHYIO 3aJ1a4y HCCieaoBaTeei BepxHel
aTMochepbl U OKOJIO3eMHOTO KOCMHUYECKOTO
MPOCTPAHCTBA.
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B oTnrume ot Tpomocdepsl, TJie ToTro1000-
pasyronme Hu3kouactotHsie (107 +107° ¢)
MPOIIECCH ITAHETAPHOTO MaciTada mpoTe-
KaloT OYeHb MEJJICHHO, CO CKOPOCTHIO MECT-
HBIX ITpe00J1aIaronux BeTpoB 5+ 20 m/c[9-11],
B MoHOchepe KpyMmHOMACHITaAOHbIE TUHAMM-
YECKHe MPOIIECChl, KaK MOKa3bIBAIOT HAOIIIO-
nenwus [9, 12, 13], UMEIOT JOBOJIBHO IIMPOKHUE
BpEeMEHHbIC (OT JAeCITKAa CEKYHJI IO HECKOJIb-
KHUX YaCOB JIJI51 9JIEKTPOMArHUTHBIX TJIaHEeTaP-
HBIX BOJIH M OT JIBYX JHEH JIO JIBYX HeEJEb
1 OoJIBIIIE JIJIsI BOJIH THIA BOJIH PoccOu) u cko-
poctHbie (0T 10+100 M/C 10 HECKOJIBKUX Jie-
CATKOB KHUJIOMETPOB B CEKYHAY) CIEKTpPHI [9].
(To, uTo BpeMs ri100aIbHBIX BO3AEUCTBUI
Ha noHOoCchEepy BBIIIEYKa3aHHBIX UCTOUYHUKOB
rornajaaeT BO BPEMEHHOM Juana3oH nepruoaoB
9JIEKTPOMATHUTHBIX TUIAHETAPHBIX BOJH [8],
MPUBOJIUT K CUJIBHOMY PE30HAHCHOMY YCHJIe-
HUIO aMIUTUTY/ 9THX BOJIHOBBIX KOJIeOaHUU
Y TIO3BOJISICT T10 3aI1a3/IbIBAHUIO BO3MYIIICHUS
YETKO PETUCTPUPOBATH MX B MUPOBOU CETH
MOHOC(EPHBIX 1 MAaTrHUTHBIX 00CEpBATOPUI,
yIAJIEHHBIX IPYT OT APYra Ha THICSYM KUJIO-
METPOB.)

XapaktepHasi 0COOEHHOCTh TMHAMUYECKUX
MpOoIlecCOB BepxHel aTmMochepbl 00ycloBIe-
Ha CYIIECTBOBAHUEM 3JIEKTPONPOBOASIICH
KOMITOHEHTHI y aTMOcdephl U JIeUCTBUEM Ha
9Ty KOMIIOHEHTY TeOMarHuTHoro mossi. Ha-
JIUYUE aHU3O0TPOITHON IJIEKTPOMPOBOJHOCTH
Y HEOJTHOPOHOTO TE€OMAaTHUTHOTO TIOJIS ITPH-
JaeT BepxHell aTMocdepe 3eMIu JTOMOJI-
HHUTEJBHYIO YIPYTOCTh 3JICKTPOMArHUTHOMN
npupoJibl. B pe3yiabraTe TMHAMUYECKUE TIPO-
1IeCChl B MOHOCHEpe, MPEACTABIISIONICH cOO0M
TPEXKOMITOHEHTHYIO HJIKOCTh, OYIyT OIlpe-
JIENISIThCS HE TOJTBKO JaBJIEHUEM HEUTPATbHBIX
MOJIEKYJ (HeHTpasbHOro raza) P,, HO U JaB-
JICHHUEM JJIEKTPOHOB (3JIEKTPOHHOTO Tasza) P,
MOHOB (MOHHOIO raza) P. U JaBJIEHUEM TIeo-
MarHuTHOTO Nojist P, = Hj / sn=0° / 8mr, e
H, — BeIMUYMHA HAIPSHKEHHOCTH T€OMarHHT-
Horo moist, Q=8.1-10" T'c/cM® — BenuuuHa
MAarHUTHOTO JIMIIOJIBHOTO MOMEHTa 3eMJIH, 7 —
pacCTOsIHME OT LIEHTPa 3eMJTU 10 paccMaTpH-
BaeMoli Touku. MaruutHoe aasieHue P, B 0O-

nactsax E u F nonocdepsr (80+600 kM) moutu
HE MEHSIETCSI C BBICOTOM M IIPUMEPHO PABHO
4-107° mun/em?. Hasnenue mosekyn P,, Hao0o0-
POT, YMEHBINIAETCSI C BBLICOTOH OUEHBb OBICTPO
(3KCIIOHEHITMAJIPHO) U yXe Ha BbicoTe 130 kM
P, = P, [15]. laBienue noHOC(HEPHOI MIa3MBbI
P, =P, + P, =2NkT, Bcerna HaMHOI'O MEHBIIIE,
yeM P, u P,. Tak, Hanpumep, 1axe 1 MaK-
CUMAJTPHBIX 3HAUEHUN KOHIIGHTPAIlUi HOHOC-
depHoit masmer N ~10" cM™ 1 TeMmepaTypsl
anekTpoHoB T, =2000 K mimasmeHHoe nasite-
Hue P, = 10~ mun/cm?. TToaTOMy [UIS HHTED-
Basia BeicoT 80+ 600 kM, uckiouas nuddysu-
OHHBIE TIpOIIecCHI [14], meficTBrueM TIa3MeHHO-
ro JIaBJeHUS HA MOHOC(HEPHYIO Cpely MOXKHO
IIpeHeOpeYb.

W3 BBIIIEN3TI0KEHHOTO CIIEIYEeT, YTO JIU-
HaMUUYECKUe MPOoIecchl B HOHOC(]epe B 3aBU-
CHUMOCTH OT BBICOTHI OYJYyT OTpeaAensThCs
100 JaBIEHUEM HelTpanpHoro rasa P, (00-
nactb BeicoT 80+130 kM), mubo naBieHueM
reoOMarHuTHOro mnoisst P, (06yacTb BBICOT
Beimie 130 kMm). MHTEHCUBHOCTH BIMSHUS
TOTO WJIM MHOTO (hakTopa OyAeT CyIIecTBeH-
HBIM 00pa3oM 3aBUCETh KaK OT CTEMEHU
MOHM3AINHU cpeabl N=N/N, , Tak U OT 3Ha-
YeHUI THPOYACTOT 3JIEKTPOHOB M, = eH, /mc,
HOHOB ), = eH ,/Mc, a TaxKe OT 4aCTOT CTOJIK-
HOBEHUN 3apsOKEHHBIX YaCTHULl JIPYTr C ApY-
rOM V, U C HEHTPaJbHBIMU MOJIEKYJIAMHU
Vous Vim- 3AECh € — dJIEMEHTAPHBIA 3apal, m
U M — COOTBETCTBEHHO Macca 3JIEKTPOHA
U UOHA, ¢ — CKOPOCTb cBeTa, N,, — KOHIIEHT-
panusi HeMTpaabHBIX MOJIeKysl. B nonocde-
pe B o6sactu BricoT 80+600 kM w, =107 ¢,
W, = (1.5+3)-10° ¢'. MakcuManbHbIE 3HaUe-
HHUS YaCTOT COYJIapeHUH B HU)KHEW 4acTu
E-o6macti nonocdepsr (80+130 kM) paBHBI
cootBeTcTBEHHO V,; =10* ¢!, v, =10° ¢,
®,, =10’ +10* ¢ [18]. TTosToMy 371€CH Beerna
BBITOJIHSIIOTCS. HEPABEHCTBA!

®,>V,,

W, KV, (1.1)

e v, =v,+Vv,,
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CnenoBaTenbHO, B 3TOH 00J1aCTH BepXHEH
aTMocdepsbl 3JIEKTPOHBI 3aMarHUTUEHBI (T€0-
MarHUTHBIE CUJIOBBIE JTUHUM BMOPOIKEHBI
B JJICKTPOHHYIO KOMIIOHEHTY), & UOHBI — HET.
HMoHbI Kak macCUBHAS MPUMECH TTOJTHOCTHIO YB-
JIEKAIOTCSl HEUTpaJbHBIMM YacTuuamu [9, 15].
Tak kak 4acTOThI COyJapeHuii OueHb OBICTPO
YMEHBIIAIOTCS C BEICOTOU, HaunHas1 co 120 kM
U BbIIIIe, BTOpoe HepaBeHCTBO (1.1) He BhIMOII-
HSIETCSL:

o>V, . (1.2)

CooTBercTBeHHO B BepxHel E-obmactu nonoc-
(epwl u B obnactu F mma3meHHas KOMITOHEHTa
arMocepbl Oy/IeT MOJHOCThIO 3aMarHUYeHa.
C yueToM MpUBEICHHBIX HEPABEHCTB OOIITNE BhI-
pakeHus 17151 K03(hOUITMEHTOB ITPOBOIUMOCTEH
Xomna o, u Ilegepcena (momnepeuHast IpoBo-
IUMOCTb) G, AJs HuxkHel E-obmactu noHoc-
¢epnr (80+130 kM), KOTOPYIO HAa3BIBAIOT TaK-
ke obrnacteio XoJuia, YIpOoIaTcs U TPUHU-
MaroT Buj [9]:

2
eNc e’N c \2
Cy=—-, o, = , —H — im s,
H, Mv, c, o

1

(1.3)

Jns HU3KOYaCTOTHBIX, MEJICHHBIX, TJIaHe-
TapHBIX BONH (MacmrTab L~10°+10* kM) B
9TOM 006sracTh aTMoc(hephl BCeTaa BBITIOTHS-
eTCsl HepaBEHCTBO M<K ; <V, , T. €. 4acTOTa
CTOJIKHOBEHMI v, Oo0Jbllle XapaKTepHOU
YaCTOTHI BOJIHBI (0 U IIMKIOTPOHHOM 4acTo-
ThI MIOHOB (;, TEM HE MEHee BOJHOBOE ypPaB-
HEHHeE JIJTs1 3TOU 00JIaCTH BepXHE aTMOChepbl
HE COJICP)KUT YaCTOTHI CTOJIKHOBEHUH 13-3a 3(-
tdexra Xomna (cMm. (1.3)), u ompenensromas
pOJIb CTOJIKHOBEHMIT MpOSBIIsieTCs B (hopme
BOJTHOBOTO ypaBHEHUS, YUUTHIBAIOIIETO THU-
pockonnyeckuii 3¢ PeKT, 00yCITOBICHHBIN
T€OMArHUTHBIM TIOJIEM.

Hust Bepxuelt yactu obnactu E u F-06-
mactu (130+600 kM) COOTBETCTBEHHO OY-
JIEM UMETh:

oy =e'N SIS Y
mow, Mo,

e l

(1.4)

_ NMc*v,,
o, = 7}_]2
0

N3 (1.3) caenyer, 4To B HIDKHENH yactu E-00-
JACTU MOHOC(EPHl MOKHO MpeHeOpeyb Iore-
pEYHON NMPOBOJUMOCTBIO G, IO CPaBHEHUIO
¢ XOJUI0BCKOM ©,. W3 (1.3) ciemyer Taxxe,
4TO G, HE 3aBUCHUT OT YacCTOTHI CTOJIKHOBE-
HUH YaCTHUII U, CIIEI0BATEIBHO, KaK OBLIO yKa-
3aHO BBIIIIE, HE BHOCHUT BKJIAJ1a B TUCCUIIAIIUIO
9HEPIHH IBWKEHUS. DIIEKTPOMArHUTHAS CHUJIa
Awmriepa, neicTByIolasi Ha €IMHUILY Macchl,

F, [jH,], oOycnosnennas tokom Xoi-

Pc
Ja, UMECT TUPOCKOIINYCCKUU XapaKTEep U ACU-

CTByeT Ha cpeny nomobno cune Kopuomnuca
N .
F, =N—[Vcoi]. B BepxHeli wactm obOiactu

m
E u F-obnactu cunma Amriepa, o0yCIOBIICH-

Hasd MpOBOAUMOCTBIO Hez[epceHa, HUMECT AHUC-
CUMNATUBHBIN XapaKTECp U IPUHUMACT BUI PEC-

N
aeeBckoro tpenuss F, =——v, V, =-AV,,

% A% _mcxopocn, HEUT-

’

rme V, =V-

paios. B o6mactit BricoT 80+115 KM cylie-
CTBEHHBIM (haKTOPOM JAUCCUTIAIINU JIBHIKECHUS
SIBIISIETCST TAK)KE TYpPOYJIGHTHOE IepeMelnBa-
nue [11, 10].

C y4eToM BBINIECKA3aHHOTO ypaBHEHHE
JIBIDKCHMSI CPEJIBI JIJTS YCIIOBUHM HIDKHEH 4acTH
E-oGiactu noHOC(Eepbl MOXKHO TPEICTABUTH
B BUJIC:

2

pg =—gradP+pg+p[V-2wo]+p,~[V0)i]+va—‘2].
dr 0z
(1.5)

Taxk kak CroJa HC BXOAUT MHAYLHHUPOBAHHOC

JIBIDKEHWEM MarHuTHOE mojie h, ypaBHeHHE
(1.5) BmecTe ¢ ypaBHEHUEM HEpPa3phIBHOCTH,

?;t)+divpV=O, (1.6)
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1 YpaBHCHHECM IIPHUTOKaA TCILIA,

i—f +yPdivV =g, (1.7

00pa3yroT 3aMKHYTYIO cucTeMy (IIpu 3a/JaH-
HOHM BelMYMHE MPUTOKA Teria €). 3aech P
u p=MN, — 1aBjieHUE U IUIOTHOCTh HEUTpA-
JIOB, g€ — BEKTOP YCKOPEHUS CHIIBI TSKECTH,
®, — BEKTOP YIJIOBOM CKOPOCTH BpAICHUS
3emuin (Bcerja HaIpaBJIieH C Iora Ha ceBep),
vV — K03 PUIUEHT TYypOyJIEHTHOT O IIepeMelTH-
BaHus, P; = M;N; — INIOTHOCTb HOHOB, Z — BEP-
TUKaJIbHAS KOOPIWHATA, Y — IMOKA3aTeNlb T0-
JUTPOTIBL.

Cucrema (1.5)—(1.7) mpencrasisier coboit
OOBIYHBIC YpaBHEHUS TUAPOIMHAMHUKN ATMOC-
(hepsl, B KOTOPBIX (PUTYypUPYET AOTIOTHUTEITb-
Hasi MEXaHMYECKasl CHJIa MarHUTHOW TIPUPO-
el Tuma cuibl Kopuonmca, oOycimoBieHHAS
HaJM4ueM reoMarsutHoro noss Hy u anexr-
POIPOBOTHOCTHIO XOJIIA.

B sToM npubmmwkennu B E-o0mact noHo-
cepbl B HEUTPAbHOW KOMIIOHEHTE, KaK U B
MOHHOM (BCIIECTBUE TOJHOTO yBJICUYCHUS
V =V.), BO3HUKHOBEHUE KpyNHOMaclTaO-
HBIX BOJIH 3JIEKTPOMAarHUTHON MPUPOJIBI HE
BO3MOXHO. CKOPOCTH 3JIEKTPOHHOU KOM-
nmoHeHThl B E-o0macti noHocdeps! ¢ yueTrom
V, >V =V, [15] HENOCPEICTBEHHO ONPEENs-
€TCsl C TIOMOIIBIO INIOTHOCTU TOKA j B BUJIE:

V,~——j=—5roth. (1.8)
4mteN

MunyuupoBanHoe MmarautHoe nosie h B aTom
clydyae HaXOJUTCS U3 3aMKHYTOT'O YPABHEHUS
Makcsena:

oh c
—=rot[V,-H,]=———rot[roth-H,], (1.9

3neck H — BEKTOp HAIPSHYKEHHOCTH FE€OMATHUT-
HOJITO TOJIs1 (BCET/Ia HAIPABJICH C F0Ta Ha CEBep),
h — ero Bosmymenue (otknonenue ot Hy).
Vpasnenue (1.9) B E-o6nactu nonochepsl
JUISL CpeIHEMACIITaOHBIX IIpotieccoB (L<10° kM)

KaK TOYHOE PEIIEHUE COJIEPKUT KOJIeOaTelb-
HYIO BETBb I'€JIMKOHOB (“aTMOC(EPHBIX CBHUC-
TOB”), a IJII KPYIMTHOMACIITAOHBIX ITPOIIECCOB
(L ~10* +10* kM), KOT/1a HENB3s MpeHeOpeyb
3¢ HeKTOM HEOJTHOPOJHOCTH F€OMArHUTHOTO
nosa (VH, #0), xak OyAeT IOKa3aHO HMIKE,
OTMCBIBACT JJIEKTPOMATHUTHBIC TIIAHETAPHbBIC
BOJIHBI (HOBasi BETBb 3JICKTPOMATHUTHBIX KO-
nebaHnit noHOC(hepHOTO pe3oHaTopa).

B F-o0mactu nonocdepsl, /e rmia3sMeHHas
KOMITOHEHTa aTMOc(hephl IMOJTHOCTHIO 3aMar-
HUTYEHA, CHia AMIIepa TPUHUMAET BHJT YIIPY-
rOM 3JIEKTPOMATHUTHOM CHJIBL:

F, =4L[r0th~H0]. (1.10)

T

M 3aMKHYTYIO CUCTEMY YPaBHEHU OJTHOKOM-
MOHEHTHOW MAarHUTHOW THAPOJUHAMUKH,
NpU 33JJaHHOM IPUTOKE TeIIa €, C YUYECTOM
ypaBHeHui (1.6) u (1.7) MOXKXHO ITPEACTAaBUTH
B Buae [9]:

pd—V =—gradP +pg+p[V-2m,] +L[roth~H0],
dr 4n
(1.11)

1 1
a—h =rot[V-H,]+rot| Hy————[roth-H,] |.
ot 41

iVim

(1.12)

Hns mwkHeit E-o6mactu noHochepbl, mpuMe-
HUB OIepalnio rot kK 00euM YacTsM ypaBHe-
Hus (1.5), w1 HecxkuMaeMoit atMochepsl, Tpu
YCIIOBUM OTCYTCTBUS JUCCUIIATUBHBIX CHII,
HaiijieM QpyHIaMEHTAIbHOE YCIOBUE COXPaHSI-
€MOCTH HOBOT'O MHBapuaHTa [16]:

helm| rotV + 20, + - —°_H, |= 0.
N, M

m e

(1.13)

3aeck oneparop helm, BBeaeHHbIN Dpuama-
HOM B 4ecTh [ enbMrobua, st 11000To Bek-
TOPHOTO moJyisi a uMmeet Buf [17]:
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helmaz?—rot[V-a]+Vdiva. (1.14)

t

PaBenctBo helma=0 o3Hayaer coxpaHse-
MOCTH (BMOPOKEHHOCTD) KaK CHJIOBBIX JIMHUHT
BEKTOpa a, TaK U UHTEHCUBHOCTH BEKTOPHBIX
TpyOoxK [17].

B orcyrcTBue marnutHoro noiusa (H, =0)
u3 (1.13) caegyer M3BECTHOE YCIIOBHUE COXpa-
HSIEMOCTH (BMOPOXKEHHOCTH) a0COIIOTHOTO
BUxps rotV +2m, [24], koTopoe Kak YacTHbII
CITy4daif COJIEP’KUT MEUIEHHbIE TIOTO1000pasy-
IollIMeE IUIaHeTapHble BoJHbI PoccOu, oOycos-
JICHHbIE HEOTHOPOTHOCTHIO YIIIOBOM CKOpOC-
Tn Bpamenus 3emun Vo, #0. B Munumymax
U MakCUMyMax TUUIAHETApHOW BOJIHBI BCerjaa
pacnonaraioTcsi TponochepHbie MUKITOHBI
U aHTULHUKIOHBI, KOTOPBIE MEpEeMENaroTcs
BMECTE C BOJIHOM CO CKOPOCTBIO CPEJTHEro 30-
HabHOTO BeTpa (~10 M/c) m pakTHUECKH OII-
penesitoT PernoHAIBHYIO TIOTOJIy B HIDKHEN
aTtMochepe 3emin.

Taxum o6pa3zom, u3 Beipaxkenus (1.13) cie-
JIyeT, 4TO B HWXKHel yactu E-o61acti nonoc-
(dbepbl TOJKHBI CyIIECTBOBATH MEJJICHHBIC
TJIaHETapHbIE BOJIHBI, OOYCIOBIEHHBIE HEO-
nHopoaHocTsamMu Vo, u VH,,.

Hns F-obmactu moHocheps u3z (1.11)
u (1.12) momyuum:

helm(rotV +2m,) = roti[roth ‘Hyl, (1.15)
47tp

helmH =0, (1.16)

rne H=H, +h.

Vpasuenue (1.15) moka3bpIBaeT YaCTHIHYIO
BMOPOKEHHOCTh a0COIFOTHOTO BUXps, a (1.16) —
MOJIHYI0 BMOPOKEHHOCTh MAarHUTHOTO TOJIS
H B F-o0nactu nonocdepsl. Ypasuenus (1.13)
u (1.15) aBasroTcss 00OOIIEHHBIMU BUXPEBBI-
Mu ypaBHeHusAMH @punmana-IerpbMromnsna
aist nonocdepnoit cpenst. Ilpu Hy,—0 oHu
Mepexo/IsT B ypaBHeHue PpuamaHna s abco-
TOTHOTO BUXpsA rotV +2w,, a npu H,—0
n Vuy, — 0 — B xmaccuyeckoe ypaBHeHue I'esib-
MTOJIBIIA TSI BUXPs CKOopocTu rotV [9]. Otu

ypaBHEHUSI 00JIaJal0T TOW 3aMedaTeTbHOU
OCOOEHHOCTBIO, YTO MTPOU3BOAHAS 110 BpEMe-
HU OT BUXPsi ckopocTu drotV /df jsist KpymHO-
MacIITa0HBIX MPOLECCOB SIBISETCS OJHUM
13 TJIaBHBIX 4YJieHOB. (DTUM CBOWCTBOM HeE
obnamarot ypaBHeHus aswkeHus (1.5) u (1.11),
B KOTOPBIX HHEPLHOHHBIHN wieH pdV /dt nipene6-
PEKUMO MaJl MO CPABHEHHMIO C OCTAJIbHBIMHU).
OTO J1aeT BO3MOKHOCTb MPU OTCYTCTBUU J10C-
TATOYHO MOJTHBIX CBEICHUH O TIIaBHBIX JICHCTBY-
IOIIKX cujiax (IpajueHT JaBIIeHUs], CUJla TshKe-
CTH) COCTaBUTh MPOTHOCTUYECKUE YPaBHEHUS
U OCYIIECTBUTH UYUCIIEHHOE MUHTETPUPOBAHHUE.
Hpyroii Ba’kHOM 0COOEHHOCTHIO ypaBHEHUS
®puamana—I'enbMromnbia, Mo CpaBHEHUIO C
ypaBHEHHEM JIBMXKEHUsI Diiiepa, sIBIIsieTcs ec-
TECTBEHHBIN ydeT 3¢h(HEKTOB HEOTHOPOIHOC-
Tel YIJI0BOM CKOPOCTU BpAUIEHHs 3eMIIU @,
n reomaruutHoro nons H,. Hakownen, ypas-
Henne @puamMana—I eTbMrosblia, Kak Oyaer mno-
Ka3aHo B JaJIbHEHIIIEM, SIBJISIETCSI OCHOBHBIM YC-
JIOBUEM JIMHAMUYECKOW BO3MOXKHOCTH JIBYIKE-
HUS, B KOTOPOM 1otV Bcerza OTJIMYeH OT HYJIS.
Vpasuenus (1.13), (1.15) u (1.16) comepxat
MOJIHYI0 UH(pOPMAIIMIO 00 IBOJIFOIMU BUXPEH
Y TUIAHETAPHBIX BOJIH, OOYCIOBIEHHBIX AEi-
CTBYIOIIMMH B )KHJIKOCTU HEKOHCEPBATUBHBIMU
ciunmamu (rotF #0). B ycmoBusix monocgepsr —
st0 cuibl Kopuomnca Fy =p[V-2m,] u Am-
nepa F, =[roth-H,]/4n.

Pestomupyst, MOkeM 3aKIIIOUUTH, YTO 3EM-
Hast atMocdepa B E-ob0mactu (80+150 kM)
Be/leT cebs1 B OCHOBHOM KakK HeWTpaiabHas
cpena. MloHHasi KOMIIOHEHTA TUTA3MBI 3]1eCh
MPUCYTCTBYET KAK MMACCUBHASI IIPUMECH U Tie-
peMelaeTcs BMeCTe ¢ HEUTPAIbHON KOMIIO-
HeHroit (V; =V) [9, 15]. Jlunamuyeckue mnpo-
LIECChI B TOHM 00JacTH BepxHEW aTMochepbl
B OCHOBHOM OYJTyT KOHTPOJIUPOBATKLCS J1aBJIe-
HHEM HEWTpallbHOro rasza P. DIeKTpoHHas
KOMITOHEHTa, KOTOpasl 3/1eCh MOJIHOCTHIO 3a-
MarHu4eHa, KOHTPOJIUPYETCS TeOMATHUTHBIM
noseM (P, /P, > 1) u, He3aBUCUMO OT HEHUTpa-
JIOB, TIEpEMEINaeTcs C APeHPOBON CKOPOCTHIO
V, =c[E-H,]/H} =V,, 06ycrnoBieHHOil BuX-
PEBBIM DJIEKTPUUYECKUM TOJIEM, BETMYMHA KO-
TOPOTO I KPYIMHOMACIITAOHBIX MPOIIECCOB
3HAYUTEIBHO MPEBOCXOAUT JUHAMO-IIONIE, Ie-
HepHUpyeMoe B HOHOC(Eepe BETPOBBIM MEXaHU3-
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mMoMm E; =[V-H,]/c. Bo3HukHOBeHHE U pa3-
BUTHE KPYITHOMACIITAOHBIX BUXPEBBIX U BOJI-
HOBBIX JIBIDKEHHMI B 3TOH 00JIACTU BEpXHEH
aTMocgepbl HEOOXOUMO UCCIIETIOBATh HA OC-
HOBE MOJIENIN TPEX)KUJAKOCTHOW THAPOAUHA-
MHUKHU: Uil HEUTpanoB U uoHoB (V=V,) —
ypaBaenus (1.5)—(1.7), miust 3JIEeKTPOHOB —
ypaBuenus (1.8)—(1.9). ®usnyeckue mporec-
Chl B HEUTpaJIbHOW KOMITOHEHTE OYAyT UMETh
TUJIPOJMHAMMYECKUN XapaKTep U JUIsl KpyT-
HOMAacCIITaOHBIX HU3KOUACTOTHBIX ITPOIIECCOB
JIOJDKHBI TTPOTEKATh CPABHUTEIBHO MEIJICH-
HO, CO CKOPOCTBIO MPeo0IIaIalomuXx HOHOC-
¢epnbix BeTtpoB (10+100 wm/c). st amekTpo-
HOB KPYITHOMACIITaOHbIE IPOIIECCHI OYIyT ObI-
crpbimu (o1 800-+900 m/c mo 10 km/c), a Bo-
HOBBIE JIBIKEHUS IOJDKHBI UMETh 3JIEKTpOMar-
HUTHYIO TPUPOJY.

B F-ob6mactu (150+600 KM) 3JI€KTPOHBI
Y MOHBI TIOJHOCTBIO 3aMarHUYEHBI, M, >>V,,
®; >V, . OHU KECTKO CBSI3aHBI C CHIJIOBBIMHU
JIMHUSIMUA T€OMATrHUTHOTO TIOJISI ¥ UX JIBVDKEHHUE
B OCHOBHOM OYAEeT KOHTPOJHMPOBATHCS IaB-
NeHueM reoMarHuTHoro nomus ((Py/P)>1).
HeuTpansl n3-3a paBeHCTBA MacC MOJIEKYJ
1 MOHOB Oy 1y T 3(p(peKTUBHO BOBJICKATHCS B JIBU-
JKEHHE, N BO3MYIIEHHS] B HEUTPAIIbHON KOMIIO-
HeHTe OYIyT pacpoCTPAHATHCS C XapaKTEPHON
ckopocreio U, =H, / \/ﬂ , KoTtopasi B 3TOU
obmactu BepxHel aTMochepbl U3MEHSETCS B
npenenax ot 100 +300 m/c o 2+10 km/c[7, §].
Hunamuueckue npoueccel B F-obmactu Heoo-
XOJMMO UCCIIEIOBATh HA OCHOBE OJTHOKHIKO-
CTHOW MOJENM MArHUTHOW THAPOJUHAMHUKHU
nonocoepsn! (ypaBuenus (1.11), (1.12), (1.15),
(1.16)). 3nech AUHAMHUYECKUE TPOIIECCHI OYIYT
MMETh MAarHUTOTHUAPOAUHAMUYECKUI Xapak-
TEp U MPOTEKATh 3HAYMTEILHO OBICTpEe, YeM
B E-obmactu nonocgepst. [1pu sTom, Kak cre-
nyert u3 ypasHenus (1.12), nBrmkeHue OyaeT Ku-
HEMATUYECKH BO3MOYKHBIM JIMIIIb TIPH CKOPOC-
TSIX, YIOBJIETBOPSIIONINX YPABHEHUIO MHTYKIINN
Makcsemna (1.12). DToT daxT, BO-IIEpPBbIX, CY-
IIECTBEHHO OTPAaHUYMBAET KMHEMATHYECKYIO
MPOU3BOJILHOCTh NIBHXeHHs B F-oOmactu
noHOC]ephl U, BO-BTOPBIX, TOKA3bIBAET, YTO
JTUHAMHYECKH BO3MOYKHBIE JBWKCHHS JOJIK-
HBI OCYIICCTBIISITHCS JIUIIB ITPU CKOPOCTSIX,

yIOBJIETBOPSIIOMMX ypaBHeHuto (1.12). Ypas-
HEHME MHIYKIMU, KaK ¥ ypaBHeHne Opuama-
Ha—['empmrospiia (1.15), ecrectBeHHBIM 00pa-
30M COJEPKUT HEOJHOPOJAHOCTH T€OMATrHHT-
HOTO TIOJISI.

Hwuxe Ha ocHOBe ypaBHEHUN NTMHAMUKU
HoHOChEephl OyIyT UCCIeAOBaHbL: (PyHIAMEH-
TaJbHBIE BOIMPOCHl YCIOBUHM JTMHAMUUYECKOU
BO3MOXKHOCTH JIBIDKEHHST B MIOHOC(EPE U KPYTI-
HOMAaCIITaOHbIE BUXPEBbIE CTPYKTYPHl TUIA
TEePEMEIIAFOITNXCS ITUKIIOHOB (AHTUITMKIIOHOB).

2. Teopembl ®puamana
JJIS1 3JIEKTPONPOBoO/siieii aTMoc(epbl

JUts xaxao# 3agaun 0 peajbHOM JIBUKE-
HHUM KUJIKOCTH B 3aJJaHHBIX CTAllMOHAPHBIX
YCIIOBUSIX B MMPUHITUTIE TOJDKHBI CYIIIECTBOBATD
TOYHBIE CTALIMOHAPHBIC PEIIECHUS] YPaBHEHUN
TEPMOTUIPOJUHAMHUKU aTMOchephl (KBa3u-
CTaTUIHOCTh, KBA3UT€OCTPO(DUUHOCTD BUIKE-
HUS U T. 1.).

Kunematuyecku 3T CTallmOHAPHBIE pellie-
HUSI MOTYT CYIIIECTBOBATH MPH JIFOOBIX CKOPO-
ctax [17], omHaKo He BCSIKOE KWHEMATHUECKOe
pereHue, gaxe eciii OHO SIBJISIETCS MaTeMaTH-
YECKU TOYHBIM, MOXET PEaIbHO OCYIIECTBUTH-
cs1 B mpupoze. OcyecTBISIONINECS B TPUPOJIC
JIBUIKEHUS I KOHKPETHO 3aJIaHHON Cpebl
JIOJIKHBI yTIOBJIETBOPATH KAK YPABHEHUSIM TU/I-
POAMHAMUKH, TaK U HEKOTOPBIM JTOIOJTHU-
TEJIbHBIM KMHEMATUYECKUM COOTHOIIEHUSIM,
Ha3bIBAEMbBIM YCIOBUSMH TMHAMUYECKOUN BO3-
MoxHOCTHU [17]. OHM moOIydaroTCs IpUMEHe-
HHEM OTiepalfii rot K YypaBHEHUSIM JIBUKECHUS.
Taxk, Hanpumep, I UICATLHOM HeCKUMaeMOM
KUIKOCTH, HAXOISIIENCS B ITOJIE KOHCEPBATHB-
HbIX cuil (rotF =0) ckopocTh cpenibl V A0JIK-
Ha yJIOBJIETBOPSTH CIEAYIOIINM JTOMOTHUTEITh-
HBIM YCIIOBUSIM:

helm(rotV) = rot(ilV =0, divv=0. (2.1)
t

OTU KMHEMAaTUUYECKUE COOTHOIIEHUS W3BECT-
HbI Kak Teopema ['enbmronbia. @puaMan Ha-
3bIBAET UX YCIOBUSAMU JUHAMUYECKOU BO3MOK-
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HOCTHU JABUKEHUS, TAK KAK, €CJIA 3TU YCIOBUS
OyJIyT BBIMTOJIHEHBI JIJIs1 33/ITAHHOTO TIOJISI CKO-
pocteil V, Bcerga MOXHO ONPEAEIUTDb €I1H-
CTBEHHBIN JUHAMUYECKUM 3JIEMEHT HECKUMa-
e€MOU JXKHMJIKOCTH — JIaBicHre P kak (QyHKITHIO
BPEMEHU ¥ KOOPJIMHAT — TAKUM 00pa30M, UTO-
OBl OBITH COOJTFOACHBI YPaBHEHMS THIPOMHA-
Muku. MHaue roBopsi, €Clu yKa3aHHbIE KUHE-
MaTUYeCKUe COOTHOIIeHUs [ 'ebmrobiia Oy-
JIyT YIOBJIETBOPEHBI ITPU 33 TAHHOM I0JIE CKO-
pocTeil, TO TOJIKHO CYLIECTBOBATH peajibHOE
JIBMKEHUE HECKUMAEMOU KUIKOCTH.

Hanpumep, B HECKMMAEMOU KUAKOCTH B
nosie cuibl TskecTu (F =pg) xkuHemaTtuyecku
BO3MOYHO, HO JTUHAMUYECKHA HEBO3MOXHO
BpAaIlATEIbHOE ABUKEHUE C COCTABIISIIOIIMMU
CKOPOCTH:

V,=-Q()y, V,=Q(2)x, V,=0. (22)

3necy 2(z) — yriaoBas CKOPOCTh BpaIlCHUS
KHUJIKOCTH.

B camowm niene, XOTs B 3TOM ciiyyae BTOPOE
ycioBue [embMrosibiia BBITTOJIHEHO, OJTHAKO
MIEPBOE YCIIOBHE OTIIMYHO OT HYJISL:

dv dQ(z)
rot, — =-2Q(z)——=y,
s @ Y
(2.3)
rotyﬂz—%l(z)%x, rotzﬂ:O.
dr dz dt

HdpyrumMu cioBamu, MBI HE CMOXEM OIIpese-
JINTH JaBJeHWe P W3 ypaBHEHUN JIBUKECHUS
Diinepa,

opP opP
- = Qz(z)x’ ?);)ZPQZ(Z))), — =P8,

ox 0z
(2.4)

TaK KakK 3JIeCh JIEBbIC YAaCTHU SIBJISIFOTCS COC-
TaBJISIONUMHU T'PaJIMCHTA, TOTa KaK IMpaBbIe
YaCTH 9TUM CBOMCTBOM He 001anarot. [Toatomy
JIaBjeHue P He MOXeT ObITh ONpesesieHO

u3 BbIpakeHus (2.4) kak (PyHKIUS KOOPIUHAT.
BrImmonnHeHue ycrroBHuil ITMHAMAYECKON BO3MOXK-
Hoctu aBmxkeHus [ epmrosbia (2.1) o3Haugaer,
YTO B CIIy4ae HEC)KUMAEMOU KUIKOCTH ABUKE-
HUe, ompejesieMoe ypaBHeHueM (2.2), Oymer
JUHAMUWYECKHA BO3MOKHBIM JIUIIH TIPU CKOPOC-
TsX ¢ £2(z) = const, TaK KaK TOJIbKO B 3TOM CIIy-
yae y0BJIETBOPSIIOTCS Bce yCIoBUs [ enbMroib-
ma (2.1) u mpaBble yacTu BbIpakeHuil (2.4)
CTAHOBSITCSl COCTABJISAIONIMMU T'pagueHTa. Yc-
JIOBUSI JTUHAMUUYECKON BO3MOXKHOCTU ['enbM-
roibiia (2.1) HarIsIHO TTOKA3BIBAOT, UTO B He-
CKUMAeMOM KUIAKOCTU, HAXOMSAIIENCS B TOJIe
CWJIBI TSDKECTH, HEOJHOPOIHOE BPALLIEHHUE KU/
KOCTH HEBO3MOKHO. 1 cxumMaeMol KUIKO-
CTH, KaK OyJeT HIKe IMOKa3aHo, T0JIe CKOPOC-
Tel (2.2) MOXET CyIIeCTBOBATh.

Teopema I'empmrosbiia (2.1), Beipakaromias
HEOOXOMMBIE U IOCTATOUHBIC YCIIOBUS TSI OII-
peneneHnst eAMHCTBEHHOT O JMHAMUYECKOT O JJ1e-
MEHTA, aBliecHus P, mo moiro ckopocrer V
B HEC)KUMAEMOW KHUIKOCTH, SBIIIETCS OCHOBOM
KJIaCCUYECKON T'MAPOJAMHAMUKH. 3HAUCHUE
ee JIBOSIKOE: C OJTHOM CTOPOHBI, OHA yCTaHABIIH-
BAET PSJ OCHOBHBIX KMHEMATHUECKUX CBOVICTB
JIBIDKEHMSI HECOKUMAEeMOU )KUIKOCTH (HAIpuMep,
COXPaHSIEMOCTh (BMOPOKEHHOCTh) BUXPEBBIX
JIVHUW TIPU ABWKEHUHU, COXPAHSEMOCTh MHTEH-
CUBHOCTH BHMXPEBBIX TPYOOK, a Takxe M3ruo,
KpYUYeHHE, PACTSDKEHUE BUXPEBBIX JIMHUHN U T. 11.),
C IPYroil CTOPOHBI, OHA CITY>KUT MOITHBIM CPEI-
CTBOM [UIs1 BBIOOpA M3 OECUMCIIEHHOI'O MHOMeE-
CTBa KMHEMATHYECKUX TOYHBIX PEIIeHUHN s
cKopocTH V TeX peasIbHbIX PEIIeHUI, KOTOpPbIE
JIMHAMHWYECKH BO3MOXHBI B HEC)KMAEMOM JKH/T-
koctu. Hakonen, Teopema I'empmromnbia (2.1)
MO3BOJIAET U3YUYUTh ABMIKEHUS HEC)KMMAEMOU
JKUIKOCTH, B KOTOPOM 3aBUXPEHHOCTD rotV oT-
JIUYHA OT HYJIS, U TEM CAMBIM MPUOIIIDKAET Ma-
TEMATUYECKOE OTIMCAHUE XKHUJIKOCTH K OoJiee pe-
aJTbHOW KapTUHE JIBIDKEHHUSI.

VcnoBust TMHAMUYECKON BOZMOYKHOCTH JBU-
JKEHUS JUTSI CKUMAeMON HEOJTHOPOTHOM Oapok-
JIMHHOM JKUAKOCTH, HAXOIIeics B 001LeM CIIy-
Yyae B I0JIe HEKOHCEPBATUBHBIX MACCOBBIX CHII
(rotF # 0), Oputn nonyueHsl Opummanom [17].
OHM Kak YacTHBIN Cllyyail BKIIIOUAIOT B ce0s
teopemy I'expmrogbna (2.1). @puaMaH UCKITIO-
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YWJI U3 YPAaBHEHMS JIBM)KEHUS U HEPA3PBIBHOC-
T JUHAaMHWYECKHUE 3JIeMEHTHI, JaBieHue P
Y INIOTHOCTH 0, U OOBbEAUHUII [TOJTyUYEHHBIE J0-
MOJTHUTENIbHbIE KMHEMATUYECKUE YCIOBUS,
HaJlaraeMble Ha BEKTOp CKOpocTu V, B ISITh
TEOpEM. DTH KHHEMATHUYECKHUE YCIIOBUSI CBSI3bI-
BalOT KOMIIOHEHTBI CKOPOCTEMN, 3aJaHHbIE CHITBI
1 UX IIPOU3BO/IHBIE IO KOOPJMHATAM U IO Bpe-
MeHu. C IMHAMUYECKON TOUYKU 3pEHUsl Teope-
Mbl @puaMaHa SIBISIOTCS HEOOXOIUMBIMU
Y IOCTATOUYHBIMH YCIOBUSIMU JJI5 OTIPEIEIICHUST
B CKMMAEMOM KUJKOCTU JaBJIEHUS P U II0T-
Hoctu p. [Ipu p =const u rotF =0 uuciao Teo-
pem ®PpuMaHa YMEHBIIAETCS 10 OJIHON Teo-
pembr ['embmronbia (2.1). Crpemsch kK Hau-
Ooubmieit obmHocTH pe3yiabTaTtoB, Opuaman
HE MPUHUMAJl BO BHUMaHUE ypaBHEHHUE MPU-
toka Teria (1.7), u Takum 00pa30M BBIBEICH-
HbI€ YCIOBHUSI JUHAMHUYECKON BO3MOXKHOCTHU
JBIDKEHUSI paccMaTpUBAINCh Kak oliiue yc-
JIOBUSI, KOTOPbIE JOJDKHBI ObUTH OBITH BBITIOJ-
HEHBI IIPH JII000M IpUTOKe Teruia. EcTecTBen-
HO, UTO IIPU 3TOM JaBlIeHue P Onpeaesnsioch
I10 TIOJIIO0 CKOPOCTEH C TOUYHOCTBIO /10 MPOU3-
BOJIbHOM (PYHKIIUM BpPEMEHU, TUIOTHOCTH P —
C TOYHOCTBIO JO MOCTOSTHHOM.

Taxk kax )KMIKOCTh, paccMaTpruBaeMast Opuji-
MaHOM, (pakTruecKu Oblia peaaTbHON MO/IEITBIO
atMocheps! 3emnn, PpuamMaHy U €ro mocie-
JIOBATEISIM YAAJIOCh TOCTPOUTH HA OCHOBE Te-
opem dpuaMaHa MHOTHE TEOPETUUYECKHE MO-
JIeTTM BXKHEHIINX TPOTOC(EPHBIX JABIIKEHHIA,
SIBJISTIOIIAXCS] PEIKUMU CITyYastMU TOYHOTO MH-
TErPUPOBAHUS HETMHENHBIX ypaBHEHUN TUAPO-
muHaMuKH Tporocgepst [17-20]. O6ob6menune
teopeM PpuamaHa I UAEATbHON CKUMae-
MOM 3JIEKTPOMPOBOJISIIEH KUIKOCTU B MOJIE
HEKOHCEPBATUBHBIX MACCOBBIX CUJI M BHELIHE-
ro MaruutHoro mnons H, B MHAYKIMOHHOM
MIPUOIMKEHUN OCYIIECTBIIEHO B [9, 16]. beuto
IMOKA3aHO, YTO B CIIy4yae 3JIEKTPOIPOBOISILIEH
cpennl mojie ckopocTelt V 1 MarHuTHOE MOJIe
H 1osmkHBI yAOBIETBOPSTh TPUHAAIATH TEO-
peMaM ycIIOBUH AWHAMHYECKONH BO3MOKHOC-
TH IBWKEHUS. B OTCyTCTBME MATHUTHOTO MOJIA
(H=0) 4uucno TeopeM yMEHbIIAETCS OO MATH
teopem Dpunmana. Takoe 06001IeHNE ecTe-
CTBEHHBIM 00pa30M MMOKa3aJ10 CYIIeCTBOBAHUE

B MAarHUTHON TMAPOAMHAMMKE JIBYX KJIACCOB
TOYHBIX perieHui. IlepBrIil Kacc pelieHui
OTBICKMBAETCSl C IIOMOIIBIO IBEHAALATH TE€O-
peM, kotopselie pu H — 0 mepexoasiT B u3Be-
CTHBIN KJIACC TOUHBIX PEIICHUM /1711 OOBIYHON
rugponuHaMuku. Hampumep, Teoperndeckas
MOJEJIb IEPEMEILAIOIIETOCS MATHUTOTMIPOIU-
HAMHUYECKOTO IUKJIOHA (AHTUIIUKJIOHA), HaM-
nennas s yenosuit: (G-B)=0, (G-T')=0, —
npu H— 0 nepexonuT B M3BECTHYIO TMAPO-
JUHAMUYECKYIO MOJIENIb LIMKJIOHA (AHTULIUKIIO-
Ha), mocTpoeHHy0 KounHbIM 115 Tporocde-
pbl [18]; TeopeTnueckass Mojelb BpallleHUSs
C BBICOTOM ITpeo01agaloero BeTpa B HUKHeN
E-o6mnactu nonocdepst npu H— 0 nepexoaut
B M3BECTHYIO T'MJAPOJMHAMHYECKYIO MOJEIb
OxmaHa—OxkepbiiomMa JJis TUIAHETAPHOTO TIO-
TPAaHUYHOIO CJ10s1 Tponocheppl; MArHUTOTU/I-
poaMHamMuueckass Monenb l'apTmaHa npu
H— 0 nepexoauT B KIIACCUYECKYID MOJIENTb
teuenns Ilyazeins u 1. 1. Bropoii kiracc Tou-
HBIX PELIEHUH, KOTOPbIE OTBICKMBAIOTCS C I10-
motisio Teopemsl 13 ((G-B)#0, (G-T)#0),
HE MMeeT aHajaora B OObIYHON T'HIPOAUHAMMU-
ke, 1 ipu H— 0 pemenus tepsoT pusmdaec-
KUl cMbICiI. IMEHHO Takne peleHNs yCTaHaB-
JMBAIOT HOBBbIE (DyHIaMEHTAJIbHbIE CBOMCTBA
JIBUKEHUS JIEKTPOINPOBOASIIEN KUIKOCTH,
1 T€M CaMbIM IPEACTABIISIOT OOJIBIION Teope-
TUYECKUH U NMPAKTUUECKUN MHTEpec IJIs UC-
clefoBaHui B 00JacTu (PU3MKH, MarHUTHOMN
TUIPOAMHAMUKHI, HOHOC(HEPHI, MATHUTOC(HEPHI
u atmocepsr ComHna. B wactHocTH, n3BecT-
Hble CTallMOHapHble perieHust AnbBeHa—YaH-
Jpacekxapa O MarHUTO-BUXPEBBIX KOJIbLIAX
[21, 22], HalimeHHBIe TTyTEM (POPMATBHOTO pac-
CMOTpPEHMS ypABHEHUI MAarHUTHOW THAPOINHA-
MUKH [1JI1 KOHCEPBATUBHBIX CUJI, 3JIEMEHTAPHO
MOTYT OBITh ITOJYYEHbl KaK YACTHBIE PEIIEHUs
u3 teopemsl 13 B BUIE:

2
v-_1 . P'=P, +i—pgz,
Janp 0
2.5)
pV? H?
p = const, —_— =
2 8n

142 Panunodusuka u paguoacrponomus, 2007, T. 12, Ne2



KpynHomaciTaOHble BUXpEBbIE CTPYKTYPBI IUTAHETAPHOTO MaciiTaba Ha HOHOC(HEPHBIX YPOBHSX

C y4eTOM HEKOHCEPBATUBHBIX MACCOBBIX CHII
HalijieHo ToyHoe perieHue [9]:

N (G -rotF)

_ B _
V= H. b= (G-B)

Janp

-(VV)V, B=

(2.6)
—rotG,

koTopoe nipu rotF =0 nepexoaur B (2.5).

ITonumas ype3BbIYANHYIO BAXKHOCTD yCIIO-
BUM JTUHAMUYECKOI BO3MOXKHOCTH JIJIs JIBUKE-
HUH 3JIEKTPOINPOBOISIIEH Cpelibl, B KAUECTBE
npuMepa MPOJEMOHCTPUPYEM METO/T UX TTOJTY-
YeHUs NPUMEHHUTENIbHO K F-00jacTtu moHO-
cdepsl. B oTCyTCTBHE TUCCUTIATUBHBIX CHIT OC-
HOBHBIC ypaBHEHHUs JTUHAMHUKH HOHOCHEPHI
MOJKHO TIPEICTABUTH B BHUJIE:

(HV)H

+pF, 2.7
4m @.7)

pdV —gradP’ +-——"—
dr

aap +divpV =0, (2.8)
t

aaH —(HV)V +(VV)H + HdivV =0, (2.9)

e P’=P+H’ / 8m — IOJIHOE JAaBJIEHHE Cpe-
H=H,+h, F=[V-20,]+g. Kax 6b110
OTMEUEHO BBIIIIE, BEIBO] YCIIOBUHN TMHAMUYEC-
KO BO3MOYKHOCTH CBOJIUTCS K TTOCTICTIOBATEITb-
HOMY UCKJTIOUECHUIO IMHAMUYECKUX 2JIEMEHTOB
P’ u p u3 ypasuenuii (2.7) u (2.8).
Bos BekTopst @punmana— G =F -dV/dr,
B =-r10tG = helm(rotV + 2, ), — KOTOpBIE UTPAIOT
OOJIBIIYIO POJIb B OOPA30BAHUU U pa3pyliie-
HUU BUXpeit, u o6o3uauenus — T =(HV)H/4m,
I'=rotT, p=exp(-@), ¢=lhw, o=1/p -
yaenbHbINH 00beM, 0 =divV, — nepenmiiem cuc-
TeMy ypaBHeHwmit (2.7)—(2.9) B Bume:

gradP’=e¢ °G+T, (2.10)

(V-grado) = 9—?;? (2.11)

helmH + 0H = 0. (2.12)

VpapHenue (2.12) MOXKHO Ha3BaTh KUHEMATH-
YECKUM YPaBHEHHEM BO3MOKHOCTH JIBUKEHUS
B MAarHUTHOW THAPOJAMHAMHUKE, TaK KaK OHO
CBSI3BIBAET MEX/Ty COOO KOMITOHEHTBI CKOPOC-
TN U MarHUTHOTO ToJisi. OTHAKO 3TO YCIIOBHE
HEAOCTATOYHO JJISI OTIMCAHUS ABUKEHUS KUM-
KOCTU. J{eICTBUTEILHO, MOKHO IMPUBECTU MHO-
ro MPUMEPOB, KOTJA TOJIe CKOPOCTEH M Mar-
HUTHOE IT0JI€ YJIOBJIETBOPSAIOT YPaBHEHUIO
(2.12), Ho ipm 3Tux 3HayeHusx V u H Henb3s
OIPENEINTh AABJIECHUE U TJIOTHOCTH CPEIbI,
U, CJIeIOBATEIIbHO, TAKHE PEIICHUS SIBIISIOTCS
(duzmyecku HepeanbHbIMU. Kak ObLI0 Mokasa-
HO B [9, 16], m1s pU3MUECKON BO3MOXKHOCTU
JIBUKEHUSI B MATHUTHOM THAPOANHAMUKE TT0JIE
CKOPOCTEN M MAarHUTHOE TOJIE TOJKHBI YIOB-
JIETBOPSTh TaKXKe NPYTMM KUHEMaTHUECKUM
COOTHOIIIEHUSIM, KOTOPbIE MOKHO Ha3BaTh yc-
JIOBHUSIMU TUHAMHUYECKON BO3MOYKHOCTH JIBYKE-
Hus [16]. Onu coBMecTHO ¢ (2.12) ofHO3HAUHO
OTPEAEINISIOT AUHAMUYECKHE 3JIEMEHTHI IBUKE-
HUS: TaBJICHUE U TDIOTHOCTb.

VpaBuenne (2.10) moka3piBaeT, 4TO €CIU
yIENbHBIA 00beM HalIeH KaK (QYHKIHS OT X,
y, Z, t, TO JaBJICHUE MOXET OBITh Ompe/erie-
HO MPOCTBIMHU KBaJpaTypaMu C TOYHOCTHIO
JIO TTPOU3BOJIBHON (PYHKIIMU BPEMEHU:

P= P(t)+f[ L6 41 Jax+| Lo, +1, |ay+
()

L.+t dz}. (2.13)
w

ITpouenypa monyueHus yClIoBUN AUHAMUYEC-
KOU BO3MOKHOCTH CBOAUTCS K 1OKA3aTEIbCTBY
CJICYIOIIEeH TEeOPEMBI.

B marHutHOU runpoauHaAMUKEe HEOOXOIU-
MBIM U JIOCTATOUYHBIM YCIIOBHEM JIJISI OTIpe/ie-
JIEHUS TTOJIHOTO JaBjaeHuss P’ kak (QyHKIUU
BPEMEHU U KOOPAUHAT SIBJISIETCSI PABEHCTBO:
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b+[gradg-G]=¢T. (2.14)

Heo6xommMocTh ToKa3bIBAeTCS IIPU IMTPUMe-
HeHuHU K ypaBHeHuto (2.10) onepammm rot. Jlo-
CTATOYHOCTD — €CJTN paBeHCTBO (2.14) HanmcaTh
B popme rot(e *G+T)=0. D10 cooTHOIIEHNE
MOKa3bIBAET, YTO MOYKHO HAWUTH TAKYIO CKaJISIP-
HyI0 QYHKIMIO P’ OT BpeMEHH U KOODIMHAT,
TpaJIueHT KOTOPO Oy/IeT yIOBIIETBOPSTH ypaB-
nennio: gradP’ =exp(—@)G +T. Teopema no-
kazana. Mrtak, eciu ypaBHEHUS MAarHUTHOU
TUAPOJAVMHAMUKN UMEIOT PEIIeHUs], TOrAa JIIs
oTpe/ieTICHUsI TIIOTHOCTU P = exp(—@Q) TOIIK-
HBI BBITIOJTHITHCS CIICAYIONINE COOTHOIIICHUS:

[grad@-G]=¢e"T - B, (2.15)
¢

(grad(p-V):O—g, (2.16)

helmH + 6H = 0. (2.17)

JokazaTenbcTBO 000OIIEHHBIX /711 MATHUTHOM
rugpoanHamMuku teopeM dpuamana—Ienpm-
TOJIBIIA, TO3BOJISIONINX OMPENETUTD INIOTHOCTD
cpenbl p u3 (2.15) u (2.16), MOTYT OBITH MOJTY-
YEeHBI U3 UCCIIIOBAHMS IIPOCTON anredpanyec-
KOW CHCTEMBI YPAaBHEHUM BU/IA:

[X-B]=M, (X-A)=m, (2.18)

rae A, B, M u m — 3a7aHHbIe BEKTOPBI U CKa-
sap, X — BEKTOP, MOJISKAIIUN OTPEICTICHUTO.
ITonarasB(2.18) B=G, A=V, M =exp(p)l' - B,
m=0-0¢/dr nu X =grade, npugem x (2.15)—
(2.16). Kak BumHO 13 cucrtemsl (2.18), HEoOXx0-
JIUMBIM YCIIOBUEM PEILIECHUS 3TOM CUCTEMBI OT-
HOCUTENIbHO X =grad(@ SBIISIETCSI PABEHCTBO
(B-M) =0, umu

(G-B)=¢€°(G-T). (2.19)

SlcHo, uTOo ycmoBHe (MCKITIOUast U3 PACCMOT-
penust cinydaii e® =0, He OTBeYarOMi KOHEY-

HOMY 3HAQUEHUIO TIOTHOCTH) OyAET MMETh
MECTO B OJTHOM M3 CIIEAYIONINX CITy4acB:

1) umu (G-T') 20, Toraa u ckajasgpHoe Ipo-
nm3BeaeHne (G- B) Takke qOIKHO OBITH OTIIMY-
HBIM OT HYJIS;

2) mm (G-I')=0, Torma MOJKHO OBITH
(G-B)=0.

B [16] moka3ano, uro ciaydaii (G-T)=0 u
(G-B)=0 nmaer 12 Teopem 00 YCITOBUSX TUHA-
MHUYECKON BO3MOXKHOCTH JIBIDKEHUS, a B CITydae
(G-I'N#0 u (G-Bb) #0 — muIIb OHY TEOPEMY.

Ha ocHOBe ycTaHOBIIEHHBIX TeopeM ObLIO
HaMIEHO TOYHOE PEeIleHHEe ITePEeMEeIIAOIIETrOCs
HectanmmoHapHoro MI'/I-iukiona B Bume [9):

Vx = aaéz’t) _Q(Z)(y_b(ZJ))a
t
v, =ab§;’t)+£2(z)(x—a(z,t)), (2.20)
V. =0,
Hx = —n(z)y+§(z,t),
Hy =n(z)x+n(z,1), (2.21)
H_ =0,
o= Lo 2@e@F20,]
p(2) 1+ Cow,(2)

’ 1 2 2 g
P =2C0{(x—q1(t)) +(y—a,(0) —2fwdz}—

- "‘Ll gdz +B(1). (2.23)

rae &(z,t) = o(z)sin Qr +B(z) cos Qt + n(z)b(z,1),
N(z,1) = —ou(z)cosQt + P(z)sin Qt — n(z)a(z, 1),
n(z), o(z), P(z) — NpouBOIbHBIE PYHKIINH Z;
v=Q(Q+2w,,), v, =n’/4n, a(z,0), b(z1),
2, = Z — KOOPJIMHATHI IEPEMEIAIONIErOcs LIeH-
Tpa BpallleHus IUKI0Ha; L2(z) — yriloBas CKo-
POCTh BpalleHus nukiona; C, =const, 20,, —
BEpTHUKAJIbHASI KOMIIOHEHTA YIJIOBOM CKOPOC-
TU BpauleHus 3emiuu; ¢,(t), q,(t) — mpous-
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BOJIBHBIC (DYHKI[MM BpemeHn; Fy(r) — mpous-
BOJIbHAS (DYHKIMS BpeMeHu. Kak BUuM, T10T-
HOCTb OIPEAEIISIETCS C TOYHOCTBIO /IO MOCTO-
ssHHOU C,, a TaBJICHUE — C TOYUHOCTBIO JO MPO-
M3BOJIbHON (yHKIMHU BpemeHH Fy(f). Ocraib-
HBIC IIECTh IPOU3BOJIBHBIX (DYHKUIMH a(z,t),
b(z,1), &(z,1), N(z,t) Q(z) u n(z) ompenens-
10TCsl U3 11ecTr A depeHIuabHBIX YpaBHE-
HOW, KOTOpBIE IIPU 3aJaHHBIX ¢, () U q,()
MOJIHOCTBIO PEIIAIOT MOCTABIEHHYIO 3a7a4y.

ITpoananu3upyeM IMOIy4eHHOE TOYHOE pe-
menue (2.20)—(2.23), obmagaroriee BCeMU OC-
HOBHBIMH CBOMCTBAMM HECTAIITMOHAPHOTO ITUK-
JIOHA WM aHTUIUKI0HA. Kak BUIHO, KMHEMa-
TUYECKasi KapTUHA JBM)KEHUSI TTOBTOPSIET BCE
3aKOHOMEPHOCTHU PeaIbHO HAOJI0IAEMBbIX LIMK-
JIOHOB (AHTUIUKJIOHOB). [lelicTBUTENBHO, U3
dopmynsl (2.20) caemyer, 4TO B KaXKIbIM JTaH-
HBIE MOMEHT paccMaTpUBAEMOE IBUXKCHUE
MOHO TPEJICTABUTh KaK BpalleHHWE YACTUIIL
OKOJIO MTHOBEHHOTI'O LIEHTPa ¢ KOOPAUHATAMU:

1 9b pplda
Ve Qor’ ¢«

I'eomerprueckoe MeCTO MTHOBEHHBIX LIEHTPOB
JUTS1 PA3HBIX BBICOT JJA€T MTHOBEHHYIO OCb JIBU-
JKEHUs1, KOTOpasi, Kak U OChb BpAllEHUs, MEHsI-
eT CBOE€ IOJIOKeHHEe U (HOpMy BO BPEMEHU.
Onpenensisi IMHUM TOKA MO YPABHEHUSIM

dx dy dz

—Q(y-y) QGx-x) 0

HaWJIeM, YTO OHHM OYAYT KOHIICHTPUUYECKUMU
OKPY)KHOCTSIMU B TOPU3OHTAIBHBIX IJIOCKO-
cTsix. s TpaeKkTopuii 4acTHIl TPOBOASIIEH
x)uakoctu u3 (2.20) Haimgem:

x=a+ Acos(Qt+ ), y=b+ Asin(Qt+ ),

z=B8B,

rae A, B 1 o He 3aBUCST OT ¢t U ONPEACIISIFOTCS
W3 HayaJbHBIX TMOJIOKEHUH yacTull. Takum

00pa3oM, TpaeKTOPUU YaCTHI] OYIyT UMETh
NeTiu U Touku Bo3Bparta. Hakonen, uz (2.20)
CJIeyeT, YTO BEpTHUKAJbHASI COCTABIISIIONIAS
BUXPEH 3aBUCHT TOJIBKO OT BBICOTHI Z U paBHA
YABOCHHOHW YTJIOBOW CKOPOCTHU BpallleHUS
Q(z), a BeMMYMHA TOPU3OHTAIBHBIX BUXPEH
3aBUCUT KaK OT BBICOTBI, TAK M OT BPEMECHH.
MarHuTHbIe CHJIOBBIE JTUHUU, KaK BUIHO W3
(2.21), mpencraBisitoT cOO0M KOHIIEHTPUYECKUE
OKPY)XHOCTU B TOPU3OHTAJTIBHBIX TIIIOCKOCTSIX
C LEHTPaMH B TOYKax: x, =-M/n, y, =&/n.
Kax Bugum, ieHTp BpareHus (a,b) 1 MrHo-
BEHHBIN IIEHTP MArHUTHBIX CHUJIOBBIX JIMHUHN
(-n/n, &/n) B3aumHO cBsi3aHbl. TakuM ob6pa-
30M, BCSIKOE€ U3MEHEHNE MATHUTHOTO ITOJIS BbI-
3BIBAET U3MEHEHUE JIBIDKEHUS 1 Ha000poT. Crie-
JIOBATEIbHO, MATHUTHBIE CUJIOBBIC TWHUU, BMO-
PO’KEHHBIE B “TeNI0” IIMKJIOHA, JOJKHBI BIUSIThH
Ha XapakTep IepeMelieHus mukioHa. Popmy-
7a (2.22) mokasbIBaeT, YTo IIOTHOCTh P =1/m
MEHSIETCSI C BBICOTOM, T. €. UMEEeM MOJEIb
HEOJTHOPOJHOU aTMoc]ephl, MpUYeM ee u3Me-
HEHUE 3aBUCUT OT yHKINH Q(z7) u n(z). Ioxa-
00pOM 3THX (PYHKIINI BCET1a MOKHO M3MEHUTh
IJIOTHOCTh O B COOTBECTBUU C JICHCTBUTEIh-
HBIMHU YCIIOBHSIMH B TIPOBOJISIIEH aTMochepe.
N3zobapuyeckue MOBEPXHOCTH OIMPEIEISIOTCS
ypaBHeHUeM (2.23), eci B HEM TOJIOKHUTH
P’ =const. DT MOBEPXHOCTU MPEICTABIISIOT
o000l mapabosIon/ibl, KOTOPbIE M3MEHSIOTCS
co BpeMeHeM. [lepeceueHnst TOCIEAHUX C TOPH-
30HTAIBHBIMH TUTOCKOCTSIMH JTAIOT CEMEUCTBO
n300ap B BUJEC KOHIEHTPUUECKUX OKPYKHOC-
TEHN C LEHTPOM B TOUKE X, = q,(f), Yo = ¢, (7).
3HaK BTOPOI Mpou3BoaHOM oT P’ 110 X, y 3a-
BHCHUT OT IIPOU3BOJIbHOM nocTtosiHHoM C,. OT-
crona npu C, >0 B 1ieHTpe u300ap OyneT Mu-
HUMYM JIaBJICHUS, ¥ B 9TOM ClTyJae HaiIecHHOe
JBUKEHUE ollpeneiseT UUKIOoH; mpu C, <0 —
B IICHTPE UMEETCS MAKCUMYM JIABJICHHSI, U JIBU-
YKeHue OyJIeT MPEeJICTABISITh COOON AaHTULIUKIIOH.
®opmyinsl (2.22) u (2.23) moka3bIBalOT, YTO
n300apuUecKue M M30CTEPUUECKHE MOBEPX-
HOCTH TIEPECEKAIOTCS TAK, UYTO paccMaTprBae-
MoOg€ JIBJKEHUE eCTh JIBI)KeHHE OapOKIIMHHOE.
DTO BUHO ¥ HEMOCPEACTBEHHO, T. K. H30CTEPH-
YeCKHe MOBEPXHOCTU () = const TPEACTaBIISIOT
c0o00# TOPU3OHTAIBHBIE TUIOCKOCTH (ITOCKOJIh-
KY O 3aBUCHT TOJIBKO OT z), a NU300apuuecKue
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MMOBEPXHOCTU HE SIBJISFOTCS TOPU3OHTAJIbHBI-
Mu (mapabdoiouasl). Kpome Toro, yuuThiBas,
YTO JIEUCTBYIOIIME CUJIbI HEKOHCEPBATUBHBI
(rotF #0) 1 rpaJlu€HTOM MArHUTHOTO ITOJIS
BJOJIb CHUJIOBBIX JIMHUM HENB3s MPEeHeOpeUb,
T=(HV)H/4m, 3aximodyaeM, 9To B paccMmar-
pYBaeMOM BpalaTEIbHOM JIBH)KEHUHU 3a CUET
OapOKJIMHHOCTA U HEKOHCEPBATUBHOCTH JICH-
CTBYIOIIUX CHJI OYZET MOCTOSTHHO MPOUCXOIUTD
0o0pa3oBaHue U pa3pylieHUe BUXPEH.

N3 monyueHHBIX HOpMYN CIEAyeT Takxke,
YTO BCS Macca ITUKIJIOHA 3aKJTI0UeHa B ITUITHH/I-
pe, PEACTABIISIIONIEM COOON TMHUYHYIO BUX-
peByto TpyOKy ¢ cedenueM S =(x—E&)(y—n,),
B KOTOPOW YaCTHIIBI BPAIAIOTCSA C YIIIOBOU
ckopocThio Q. O6o03HaUas paanyc IUKIOHA

yepes r= \/(x—él)z +(y—m,)°> =7, M nepe-
HOCHOM CKOPOCTH Y LIMPKYJISILINY COOTBETCTBEH-
HO GyneM umeTh: V,=Qr u 2QS =2Qmns .
Ecnm r — paccrosgHue oT ocu UKJIOHA B HOP-
MaJTbHOM CEUYEHHUHU 0 HEKOTOPOW TOUKU BHE
LMKJIOHA, TO U3 YCIIOBMSI COXPaHEHMs LUPKY-
JIIUA TTOJTYYUM: F=§|§Vdr=2£2n1[,2. Beuny
CHUMMETPHUH BUXPEBOU TPYOKU CKOpPOCTH V
OyeT OIMHAKOBOM B KaXKJIOU TOUKE KOHTYpa,
U ITO3TOMY €€ MOKHO BBIHECTHU 3a 3HAK UHTET-
pana. IToayuum: V- -27r= 2Qnr02, oTcroaa
V=Qr / r, T. €. TeUYCHHE BHE IUKJIOHA OYJeT
noreHunaabHbIM. CleqoBaTeNnbHO, TEUCHUS
BO3/yXa BHYTPHU U BHE LIMKJIOHA OYIyT Cylle-
CTBEHHO pa3IMYHBIMU. BHYTpHU LIMKIIOHA BO3-
JlyX OyJIeT BpamaThcs KaK TBEPIAOE TEJIO C Y-
JIOBOM CKOPOCTHIO {2, a BHE IIMKJIOHA Xapak-
Tep ABIKEHUS OyAeT MOTEHIIUATbHBIM, 00JIa-
JaromuM uupkyasauueit. ITpu atom cam 1uk-
JIOH OyJIeT TepeMeliaThesl C MOCTyNnaTeIbHOU
cKopocThio B aTMochepe. KounH HazbiBaeT
9TOT aTMOC(EepHbIi (DEHOMEH SIBIIEHUEM pac-
MPOCTPAHEHUS] LIMKIIOHA.

ITpu H— 0 mMoaenb MarHUTOTUAPOAUHA-
MMUYECKOI0 LIMKJIOHA MIEPEXOUT B U3BECTHYIO
TUJIPOJUHAMMYECKYIO MOJENb LMKIIOHA, I10-
crpoeHnyo Kounneim [18]. M3 HalimeHHOrO
pellIeHns 3JIEMEHTAPHO TOJIYYaeTCsd MOJIENb
CTaIMOHAPHOTO MATHUTOTUIPOIMHAMUYECKO-
ro nukjoHa [9]. Tem camMpIM mOKa3bIBaeTCS
BO3MOXHOCTh HEOJHOPOAHOTO BpalIeHUS
B ckuMaeMoit xuakoctu. Mccneayem cinyuai

(G- IN#0 n (G-B)#0, He UMEIONTUI aHAJIO-
ra B 0OBIYHOM THAPOAMHAMUKE. B aTOM Ccrtyuae

o_ (GB)_

=G (2.24)

w=e

Hckirouast ¢ MOMOIIBIO 3TOTO COOTHOILEHUS
¢ u3 ypaBHenuii (2.15) u (2.16), ¢ yuerom (2.20)
u (2.21) momyuum: dm/dx =0dm/dz=0. Torma
u3 ypasHenust om/ot+(V-gradm)=0 Oymem
umetrb dm/ot =0. CiemnoBaTenbHO, M €CTh
(YHKIUS TOJIBKO OT z. Berumciisist cocrasiisito-
IIKE TI0 OCSIM X U Y, TOJYYHM:

oy _ 0w _wim _

’

0z dz m oz

9A _ 04 _Adm_ (2.25)
0z dz m 0z

0B _ 9B _Bom _

07 0z m 0z ’

rae y,y,, 4, B, A, B, — usBecTHble (DyHK-
uuu. MHTerpupys nepsoe ypaBHeHue (2.25),
OTIpE/IeTIUM YJICIBHBIN 00BbeM:

_4AnQ(2)[Q(z) + 20, ]
W= 2
n°(z)

: (2.26)

NuTerpupys nBa oCTalbHBIX YpPaBHEHUS
(2.25), maiimeMm cBsI3b MeXAy GYHKIUSIMHU A
n A, Bu B,:

Yia=A+q0),  YVB=B +c(2), (2.27)
v v

rae ¢, (t) u c,(t) —Ipou3BOJIbHBIE PYHKIUH 1,
KOTOpbIE Oe3 OrpaHUYeHUs OOIIHOCTH MOYKHO
MMOJIOKUTh PABHBIMM HYITIO.

Omnpenensis MOJIHOE AaBJICHUE 110 (popMmyiie
(2.13), monyuum:

1|I1(Z) d

Pr e

(2.28)
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Jlerko moxasath, YTO HAWACHHOE PEIICHHE
00001aeT n3BecTHOE pelieHue AnbBeHa—Yan-
JpaceKkxapa O MarHUTO-BUXPEBBIX KOJbI[AX.
JetictButenbHO, ecrit d/dr =0, F=[V-2m,]+g =0,
a=const, b=const, &=const, 1= const,
Q(z)=const u n(z)=const, HaliJICHHbIC BHIIIIC
(hopMyIIbI IPUHUMAIOT BUI:

V. =-Q(y-b), V,=Q(x-a),
H =-n(y->b), H, =n(x—-a),
p—ni2 P’'= P/ =const

4nQ?’ 0 '

Orcrofia TOJyYuM CTAIlMOHAPHOE JIBM)KECHUE
AnpBeHa [21], cBsA3BIBaOIIEEe CKOPOCTh TeUe-
Hust V ¢ MarHuTHBIM nojieM H, kotopoe nuiib
1o (opMe COBITAIACT C ATbBEHOBCKO BOJTHOM,
HUYEro OO0IIero ¢ Heil He umest:

H , H)
V= , P'=Py+—" =const.

Janp

C yueroM maccoBbix cul F=[V-2m,]+g#0
OynmeM nMeTh perreHue [9]:

Ve QH,
JATp(Q +203,)Q

(2.29)

, H’:
P'=P+—-%-pgz,
8

nepexojsinee B penieHue AnbpBeHa NpHU
20,,=0 u g=0.

Takum oOpazoM, yciaoBUSI JUHAMHYECKOM
BO3MO’KHOCTH JIBWKEHHSI TIO3BOJISIFOT OTHICKATH
HEKOTOPBIE TOUHBIC PEIIeHUs CKIUMAeMOi, Oa-
POKJIMHHOH, 3JIEKTPONPOBOJISIICH Bpaliaro-
meics sxuakoctu tuma (2.20) u (2.21) npu Ha-
JIWYNHM HEKOHCEPBATUBHBIX CUJI. DTH PEIIeHUs
MPEACTABIISIOT COOOM PEIKHI ClTydail TOUHOTO
WHTETpUPOBAHUS HEJIMHEHHBIX YPABHEHUH Mar-
HUTHOHW TUAPOJNHAMMKH 1711 HEOAHOPOTHOTO
BpareHus xuakoctn (Q(z) #0).

B F-obGmactu monocdepsl ypaBHeHUE WH-
aykiuu (2.12) cHIIbHO OrpaHUYMBAET IIPOU3-
BOJIBHOCTh BPAIATEIbHOTO ABVIKEHUS U IS
YMEPEHHBIX M BBICOKUX HIUPOT JIaeT TOUYHOE
penieHue B BUJIE:

Vx(y,Z,t),

z9

V,(x,2.0), V.=V,
(2.30)

H (y,z.0), H (x,2,1), H, =H,,

rae V., V,, H, 1 H, ONpenensiorcs hopmy-
mamu (2.20) u (2.21), V;,, =const, H =const —
BEpPTUKAJIbHASl KOMIIOHEHTAa T'€OMarHUTHOIO
noyis. [loacrasnss (2.30) B ypaBaenue (2.17)
U NIPUPABHUBAS HYJIIO MTPOU3BOJIBHBIE ITOCTO-
sHHBIE, Toyunm: n=kQ, &=k& u n=kn,
e k = H,, /V,, =const. Toraa (2.30) mpunuma-
ersun: H=kV, rie H=H e, + H e, + He,,
V=Ve,+V e, +Ve, Vcnombsys napasuiesnb-
HocTb BekTopoB H n 'V, Meronom ycnosuii au-
HAMUYECKON BOZMOXXHOCTH MOKHO PACCMOTPETh
CTallMOHAPHYIO 3a1a4dy. OCHOBHBIE ypaBHEHUS
MarHUTHOM IMAPOJMHAMUKU B CTAl[MOHAPHOM
CITydae CBOISATCS K ypaBHEHUAM OOBIUHOM I'MI-
POIMHAMMKHU:

2
gradP’ = e®F — e“”—jﬂ (V-V)V,

(2.31)
(V-gradp) =0.

Hcnonp3yss teopemsl @dpuamMaHa, MOXKHO
OTBICKATh TOYHOE PEIICHUE, OIPEIEIIONIEe
CTaIlMOHAPHBIN MTUKJIOH (AHTHUIMKIOH) 11s F-
obmactu monochepnl. Cucrema (2.31) mpu
F =0 u exp(-@) =p = k*/4T naer TounOE CTa-
LMoHapHoe petenne AnbBeHa—YaHapacekxa-
pa chzHO/\/E, KoTopoe B obnactu F
NOHOC(]EPHI CBSA3BIBAET CTALIMOHAPHOE JIBUXKE-
HUE MOHOC(hEpHOU cpelibl C T€OMarHUTHBIM
nonem H, u ABiseTcs HOBOU XapaKTEPUCTH-
YECKON CKOPOCTBIO ISl 3TOM 00JacTu Bepx-
Hell atMocdephl. EcTecTBEHHO, YTO BCSKOE
MaJjoe OTKJIOHEHHE OT HEro JOJIKHO IOPOXK-
JIaTh BOJIHOBBIE BO3MYIIEHUS, UMEIOIIINE Mar-
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HUTOTUAPOJMHAMHUYECKYIO TPUpOay. B HIK-
Heil E-oGnactu moHocdephl, B HEUTpaIbHOM
1 MoHHOHN (V =V,) KOMIIOHEHTaX He Cylle-
CTBYET CTAIlMOHAPHOE pelIeHNe ThIa AJbBe-
Ha—YaHapacekxapa, 1 MarHUTOTUAPOINHA-
MHWYECKHEe BOJHBI 37IeCh HE JTOJKHBI BO3HU-
KaTb. B 3JEKTpOHHON KOMITOHEHTE YCIIOBHE
BMoposxxenHoctu JdH/ot=rot[V,-H,] ecte-
CTBEHHBIM 00pPa30M COJIEPKHUT CTALIHOHAPHOE
pemenue V, . =H, / \J4Tp, , ¥ Majoe OTKIIO-
HEHUE OT HEero JOJKHO MOPOXKAATh B 3TOMU
KOMITOHEHTE HOHOC(EPHOM IITa3Mbl BOJTHOBBIE
BO3MYIIIEHUS MAarHUTOTUAPOAUHAMUYECKON
npupoAsl. bonee neraabHO paccMaTpUBaeMble
BBIIIIE TPOOJIEMBI 1 MHOTHE MMPUMEPHI TOYHBIX
pELIEHNI HEJTMHENHBIX YPABHEHUH MATrHUTHOM
TUIPOANHAMUKY 00Cykaarorces B [9]. O00011e-
HHE TeopeM XaHTaaA3€ 71 BI3KOU C KOHEYHOU
IIPOBOJIMMOCTBIO CPEe/Ibl (J1atolee HOBbIE JO-
MMOJTHUTEIIbHBIE TEOPEMBI U PNl KaTEeropui
JIBWKEHUI) pacCMOTpeHO B pabotax [23, 24].

PesroMupys, MOXeM 3aKITFOYUTh, YTO TIPU
HCCIIEIOBAHUY BOIIPOCA O JABMKEHUU CKUMAe-
MO, 0APOKIIMHHOM, 3JICKTPOITPOBOISIICH KU/
KOCTH YCIIOBUSI JUHAMHYECKON BO3MOXKHOCTU
(B BUJIE TPUHAIIATH TEOPEM, C YIETOM JIUCCH-
MMaTUBHBIX MPOIIECCOB — MATHAAIATH) JOJIKHBI
YUUTBHIBATHCS BCET/IA. JTU yCIOBUS YacTO Ha-
KJTQJIBIBAIOT TaKue (PU3NUYECKU BO3ZMOIKHBIC OT-
paHWYEHHs Ha I0JIe CKopocTel V M MarHmT-
Hoe nosie H (koTopble Mpu MOCTAHOBKE 3a/1a-
YU MOTYT UMETb JIOBOJIBHO OOIITHE (DOPMBI), UTO
BO MHOTHUX CIy4asiX YAaeTcsi OTBICKUBATH He-
KOTOPBIE TOUHBIC PEIICHUS] HETMHEWHBIX YPaB-
HEHUII MarHUTHON TWJIPOJMHAMUKH, U, TAKUM
00pa3oM, CTAHOBUTCSI BOZMOHBIM ITOCTPOCHHE
TEOPETUUYECKUX MOJIENIeH TeX WJIU UHBIX JBUKE-
HUI B HOHOC(epe M B Ipyrux obOJACTAX Mar-
HUTHOM THIPOJIUHAMUKH.

Cunrasi TeopeMbl 00 YCIOBHMSAX THUHAMU-
YeCKOW BO3MOJXXHOCTH JBUXEHUS MMPUHIIU-
MMUaIbHO BaXXHBIMH, B KAUECTBE MJLTIOCTPAIIUN
npuBeaeM aBe u3 Hux s ciydas (GID) =0,
(GB)#0, u qnga cayuas (GI')=0, (GB)=0.

B nepBoM cityyae ycioBus AUHAMUYECKON
BO3MOYHOCTU OyIyT UMETh BUJI:

b= mF+i[Ggradm],
m

dm _

dr

(LH—(HV)V +0H =0,
t

Om,

rae m=(GB)/(GI'), 6=divV.

Cucrema He COAEPKUT yIEIbHBI 00BEM
U CBSI3bIBAET, IIPH 38 TAHHBIX MACCOBBIX CHITIAX,
KUHEMaTUUYECKUE IJIEMEHTHI IBIKCHUS: KOM-
IMOHEHTHI cKopocTu V, MarHuTHoOro nois H
U UX MPOCTPAHCTBEHHBIE U BPEMEHHBIE TPO-
u3BoaHbIe. HeTpyaHO TOCUUTATh, CKOTBKO
CKaJIIPHBIX ypaBHEHUI BiieueT 3a co0oii pac-
cMmatpuBaemas cucrema. l[lepBoe ypaBHeHUe
CHUCTEMBI JlaeT JBa CKaJSIPHBIX YpaBHEHWUS,
YTO JIETKO TOKa3aTh, €CIM €ro COCTaBJISIO-
LIYIO BAOJIb OCH X YMHOXUTb HA G, a BAOJb
ocn y — Ha G,. CkiajapIBasi U BBIYUTAS MOy~
YEHHBIE BBIPAKEHHUS U3 TOXKJIECTBEHHOTO pa-
BedcTBa m(GI) =(GB), momyynM cocTaBsio-
Y10 BAOJb ocu z. OCTaJbHbIE YpaBHEHHUS
JIAIOT YEThIPE CKAISPHBIX ypaBHeHMs. Taxkum
00pa3oM, OTyYAIOTCS IIECTh CKATIIPHBIX YPaB-
HEHUH ISl OTIpe/Ie]ICHUsI IIIECTH HEU3BECTHBIX:
TpeX COCTaBJISIOIINX CKOpocTUu V U Tpex
cocrapysitominx MaruuTHoro noJjist H. ITlosTto-
My CHCTEeMa 3aMKHYTA.

Ecnu B pasmuaHBIX YaCTHBIX CIydasX W3
paccMaTpuBaeMOM CHUCTEMBI, TIPU 3aTaHHBIX
MAaCCOBBIX CUJIaX, Oy/IyT HAWIEHBI BBIPAKCHUS
JUTSE CKOPOCTH U MAarHUTHOTO TOJIS, TO C TO-
Mombio Ghopmyisl (2.24) HEMOCPEICTBEHHO
Oy/eT onpejieeHa MIOTHOCTh CPebl p=¢ *,
a u3 cooTHomeHus (2.13) — moHoOe JaBIcHUE
cpesl P'=P+H?/8M ¢ TOYHOCTBIO [0 TIPO-
M3BOJILHOH (hyHKIMH BpeMeHH. [Ipumeps Tou-
HbIX perrennit s cnydast (GI') #0, (GB)#0
IpuBeeHE! B [9, 21, 22].

Hnsa Broporo cinyuasi, (GI')=0, (Gb)=0
paccMoTpuM Teopemy, Koraa ckaisap U= (VG)
OTJIMYCH OT HYJIA.

VYMHOXas BEKTOpHO ypaBHeHue (2.15) Ha
V u ucnonssys (2.16), moyduM BEeKTOPHOE
ypaBHEHUE JJIs1 OMpe/ieeHUs] TIIOTHOCTH
cpenbl p=e ¥

grad@=A + %‘p B +¢°C, (2.32)

t
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[BVI+0G o G _IVI]
u

Hns uckmrouennst grad @ u3 (2.32) mpume-

rae A =

HUM orepanuio rot k ypaBHenuto (2.32) u no-
JTY4YUM:

E;‘tp1>+e‘PQ+R=0, (2.33)

rae P=rotB+ {%I:B} Q=rotC+ [aa(;B}+ [AC],

R =rotA +[8AB}.
ot

Orpannunmcs ciyqaem P #0. Torna, ym-
Hoxas (2.33) BekTopHO Ha P, momydum:

¢?[PQ] =[RP]. (2.34)

s [PQ]#0 Haiigem ycioBue AUHAMUYECKOMN
BO3MOKHOCTHU JIBUKCHUS:

[[PQ]-[RP]] = (IPQIR)=0. (2.35)

VYcnosue (2.35) o3HauaeT, 4To BeKTOpHl [PQ]
u [RP] mapasienbHbl, T. €. CYIIECTBYET CKa-
asp E=&(x,y,z,t), IS KOTOPOrO UMEET Mec-
TO PaBEHCTBO:

gPQI=[RP].

CpaBHuBas 310 BeIpaxeHue ¢ (2.34), 3axito-
4aeM, YTO TUIOTHOCTbH OTIPEJIEISIeTCS] HETIOCPE/I-
CTBEHHO C TTIOMOIIIBIO 3TOTO CKaJIsApa:

(2.36)

CremoBaTeibHO, MOYKHO CUYUTATH JJOKA3aHHON
CIIEITYIONIYI0 TEeOPEMY.

Heo6XoauMbIM 1 JTIOCTATOYHBIM yCIIOBUEM
JTUHAMWYECKONW BO3MOXHOCTHU JIBUIKCHUS B

MAarHUTHOM TMAPOAMHAMHUKE B ciaydae WU #0,
P#0 u [PQ]#0 sBasercs:

(ii—H -(HV)V+6H=0, (GI=0, (GB)=0,
t

doln&
t

grad(In&) = A +

(IPQIR) =0, B+C,

e & onpenernsiercs u3 ypaBuenus [RP]=E[PQ].

3/ech yCIIOBUS TUHAMUYECKON BO3MOYKHO-
CTH, KaK B TeOpeMe, MPUBEACHHON paHee, TIpu
3aJJaHHBIX MACCOBBIX CHUJIAX, COJIEPKAT JIUIIb
xomrioHeHTBl V u H M uX mpocTpaHCTBEH-
HbIe U BpeMEHHbIe TTponu3BoaHbIe. HeoOxomm-
MOCTh YCJIIOBUHM TOJIBKO YTO ObLIa JOKa3aHa,
JIOKa)KeM UX TOCTATOYHOCTh. Tak Kak, corjac-
HO TeopeMe, BCer/ia CyIecTByer ckasp &, or-
penensembiii paBeHcTBoM E[PQ]=[RP], ToO
BBIUMTASL 3TO paBeHCTBO U3 (2.34) U yUUTHI-
Basi, 4TO IO ycnoBuio TeopeMbl [PQ]#0, or-
penenum & 1o (2.36). IToacraBisis HaliieHHOE
3HaueHue & B MOCIeaHee yCIOBHE TMHAMUYEC-
KON BO3MOXKHOCTH, TIOJTyUHM:

pgrado =[BV]+6G — ?;pG +e®[VI]. (2.37)
t
Vwmuoxkas BekTopHO (2.37) Ha G, Haligewm:

uGgrado]=(VG)b -
—~(GB)V —¢*(GINV +¢°(VG)T.

Taxk kKak, COTrJIacCHO YCIOBHUSIM TEOPEMBI,
(GIN=0, (GB)=0, nu=(VG)#0, Oynem
umeth: B+[grad@-G]=¢°T. Ho 510 BhIpaxe-
HHE, KaK OBLJIO MOKA3aHO BBIIIE, TPEICTaB-
nsieT co00il HEOOXOMMOE U JIOCTATOYHOE
yCJIOBUE IS OTIpe/IeJICHUS TpaleHTa MOJI-
Horo npasnenus gradP’ =e °G+T, 1. e. no-
JydyaeM ypaBHeHHe Dinepa (2.10).

Jsis mosmyueHusl ypaBHEHUST Hepa3pbIBHOC-
TH, YMHOXHMM CKaJISIpHO ypaBHeHue (2.37)Ha V :

w(Verad) =6(VG)- ?;f(VG).
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ITocne cokpamenus Ha i =(VG) #0 noayunm
ypaBHeHue Hepas3pbiBHOCTH (2.11). Takum 06-
pa3oM, TOCTATOYHOCTH YCIIOBUHM TEOPEMBI TaK-
Ke JoKa3aHa.

Kax Obl1O oTMeueHO BbINIE, Claydyai
(GI')=0, (GB)=0, comepxur 12 Teopem, a
crydait (GI') #0, (GB) #0 — mums omHy. B o1-
CyTCTBHE MATrHUTHOTO TOJISI YUCIIO TEOPEM
YMEHbIIaeTcs 710 It TeopeM Dpunmana.

OTMeTUM, 4TO TIPUBEJICHHOE TOUHOE pellle-
Hue (2.20)—(2.23), Mmoenupyrolee MarHUTOT /I
POIMHAMUYECKUI ITUKJIOH, HAMIEHO C TTOMOIIBIO
TOJIBKO YTO JJOKA3aHHOUW TEOPEMBI, a PEIlIeHUe
(2.26)—(2.28) — ¢ MOMOIIBIO TEOPEMBI JIJISI CITY-
yas (GI')#0, (GB)=0.

OTu TeopeMbl, Kak U TeopeMbl Dpuamana
M BBITEKAIONINE W3 HUX HNIUPOKOU3BECTHBIC
WHBAapPHUAHTBI O BUXPSIX (KOTOPBIE KAK YaCTHBIE
CIydaud BKITFOUAIOT B CeOsl HEIMHEWHBIE ypaB-
Henus Yapun—OOyxoBa Il KOPOTKUX BOJH
Poccbu n ypaBHeHus XaceraBbl 1 Mumo s
JIpeiipoBBIX BOJIH), K COKAJICHUIO, HE JJOCTATOY-
HO U3BECTHBI IMUPOKOMY KPYTY HCCIIeIOBaTE-
nielt pusuku atMocdepbl, OKeaHa, MATHUTHOU
TUAPOAVMHAMUKU U (PU3UKHU TUTA3MBI.
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BemukoMacmTabHi BUXPOBi CTPYKTYpH
NJIaHETAPHOr0 MacIITady
Ha ioHocdepHux piBHIX

A.T'. Xanranze, A. 1. I'Beneciani,
I'. B. Q:xxanpgiepi

AmnaiizyeTrbes mpobiieMa BUHUKHEHHS Ta
YMOBH ICHYBaHHS BEJIMKOMACIITAOHUX YIIBTPa-
HU3bKOYACTOTHUX XBHIILOBUX CTPYKTYP 1 BEJTH-
KOMacIITaOHUX BUXOPIB B 10HOChepi. 3Hakite-
HO JEsKI TOYHI PO3B’S3aHHS PIBHSIHb MArHiT-
HOI T1IpOAMHAMIKH Ta OOy I0BAHO HOBI 1HBA-
plaHTH, IO JO3BOJISIOTh PO3KPUTH MEXaHI3MU
3apO/KEHHS BEIMKOMAIITAOHIX BUXOPIB 1 TUTa-
HETAPHUX XBWJIb B 10HOCHEPI TiJT JIIE0 HEKOH-
cepBatuBHUX cui1 KopioJica Ta cuimm Ammepa.
Po3BuHeHN METOJ BUIAETHCS OJHUM 3 BaXK-
JIUBUX Ta OPUTIHAJIBLHUX METOJIIB JUISI PO3B’S-
3aHHST HAMCKJIAIHIIINX HETIHIMHNX 3a74a4 Mar-
HITHOT T1IPOAMHAMIKHM CTUCKYBAHOI, HEOTHOP-
11HO1, OApOKIIMHHOI PIAMHM, KOTpa rnepedyBae,
y 3arajbHOMY BHUIIQ/IKY, B IIOJIi HCKOHCEPBATHB-
HUX ciI. Ha »xaip, BIH HE € JOCUTH BiIOMHUM
NIMPOKOMY 3arajly JOCIITHUKIB MarHiTHOI
TIIpOAMHAMIKY Ta (PI3UKH TUTA3MH.

Large-Scale Vortex Structures
of Planetary Scale
in Ionosphere Levels

A. G. Khantadze, A. 1. Gvelesiani,
and G. V. Jandieri

The problem of generation and existence
conditions of both large-scale ultra-low-fre-
quency wavy structures and large-scale vor-
tices in the ionosphere is considered. Some
exact solutions of magnetohydrodynamic
equations are found, and new invariants al-
lowing to reveal generation mechanisms of
large-scale vortices and planetary waves in
the ionosphere under the effect of noncon-
servative Coriolis and Ampere forces con-
structed. This method seems to be important
and original in solving the most complicated
nonlinear problems of the magnetohydrody-
namics of compressible, inhomogeneous,
baroclinic liquid being, in the general case,
under non-conservative forces. Unfortunate-
ly, it is poorly known for a wide circle of
investigators in magnetohydrodynamics and
plasma physics.
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