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06cyJR,IJ;3IOTCll peayAbT3Tbi IIpliMhiX H3MepeHHii: .KOHI(BHTpai(HH H TBM
neparypbl nnaaMbi, a rar\me Macconoro 11 aapHp;onoro cocrana HOHOB nnaa-

1\IOC~ephr; B OCHOBHOM I1CIIOHb30B3Hbi ,IJ;3HIIbie, IIOHy'IOHHb!e 33 IIOCJIB)J;Hee 

p;eCJITIWeTHe. IJOI<a33H01 'ITO ::JTH ,ll;3IIHbi8 IIO,ll;TBepmp;aiOT Cyli(eCTBOB3Hlle 
.n;nyx aoH n nnaaMoc~epe; niiyrpeHHeii (L<3) - cra6HHbHOH, .KBaaHcrau;Ho
HapHoii H XOHO,!l;HOH (T;='E0,8 JB) H BHeiiiHeH - 06bl'IHO TeiiHOH (T;>1 JB), 
CYiu;BCTBeHHO H8CT3I(IIOHapHOli1 C 60Jib!IIHl\IH IIpO,ll;OHbHbiMH rpa)J;HSHT3MH II3-

paMeTpOB. 
rpaHHI\3 BHeiiiHOli 30Hhl - IIJI33MOIIayaa- 'IBTKO BbipaJReHa B neqepHe

HO'!Hbie '!3Chl II 06bl'!HO pa3MbiT3 B ,IJ;HeBHOM C8.KTOpe, HMeeT CJIOJRHYIO HB
CT3I(HOH3pHyiO CTpy.KTypy, CHJibHO MBHJieTCH B 33BIICHMOCTII OT reOM3THIIT

HbiX ycnonm'i 11 o6nap;aer aciiMMerpae:H no MeCTIIOMy npeMena, npii'IeM na
.n:emno Bbi,IJ;BJIJIIOTCll BB'IepiiJ<~:H I1 nonyp;eHHbiH BbiCTYIIbi IIH33MOII3Y3bi B 

;JI\B3TOpH3HbHOH IIJIOC.KOCTII. 
Con ocranneHHe ::>rHx p;aHIIbiX c TeopeTH'IBC.KHi\1H rrpep;cranneHHJIMH npn

BO,ll;IIT I\ BbiBO,IJ;y, 'ITO B H3CTOJIIu;ee BpeMJI He CYiu;BCTByeT OOiu;ellpHHliTOll MO
,ll;BHH, ap;e.KB3THO OllllChiB3IOiu;ei'J: Bee OCHOBHh!B OCOOBHHOCTH H30HIO)J;38M0ll 

crpy.KTypbl H ,ll;IIH3MH.KH IIA33MOIIayabL 

1. Bnenemie 

Co npeMeHn: rrocJiep,Hell: ny6mmau;n:n: na pyccROM JI3biRe o63opa pe3yJII>Ta
TOB n:ccJie,[(oBamur rrJia3Moccpepnr 3eMm-r [ 1 J rrpoumo 6oJiee 10 JieT. 3a 3TO 
BpeMJI HaiWIIHJICJJ o6mHpHDIM 3RCnepiiMeHTaJibHbiM MaTepn:aJI, llOJIY'IeiiH:DIM 
co cnymnRoB «<Iporno3-5-8>>; ISEE-1, -2; GEOS-1, -2; DE- 1, -2. 8TH nan
HDie OT~IaCTH IIO,[(TBepp,IIJIH rrpeamne CBep,eHHJJ 0 CTpyRType II P,HHaMIIRe llJia3-
MOCcpepDI, OT~IaCTH II03BOJIIIJIJ;I YTO'IHHTb H paClllHpHTb rrpep;CTaBJICHHJI 0 ee 
cnoii:cTBax, a TaiOI\e CTHMY JinponaJIII p,a.TII>n eii:mee pa3BHTIIe TeopeTII'IeCRHX 
MO):(eJieM ITJia3MOCcpepni. Ha pyccROM Jl3nme BbilUJIII ):(Be MOHOrpacpHH, IIOCBJl
Iu;CHHI>Ie cpii3Iif'ICCRHM rrpou;eccaM B IIJia3MOCcpepe (2, 3], O):(HaRO o6e pa60TDI 
OXBaTI>IBaiOT rJiaBIIl>IM o6pa30M TeOpCTH'ICCKHe 3ap;a'IH MO,[(CJIHpOBUHIIH cpH3H
~reCRliX rrpou;eCCOB B XOJIO):(HOH OROJI03eMHOM IIJia3Me, IIpH~IeM aBTOpni MOHO
rpacpHH [2] M. A. Rpnn6epr li A. C. Taiu;HJIIIH, 6a3HPYHCb na 3HcrrepnMeH
TaJibiii>rx ):(aHIIbiX, orry6JIHHOBaHHbiX B 70-e rOP,bi If TeopeTH~IeCHliiX HOHIJ;eii
IJ;IUIX 1'0TO BpeMeHH, rrpaRTU'ICCHII HTHOpHpyJOT HCROTOp.bie cyrn;ecTBeiiHbie 
3HcrrepHMeHTaJII>Hbie p,annnre o cpopMe rrJia3Morray3I>I, rrpHBep;eHHDie ern;e B o6-
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aope [ 1] n HO)J,'l'Hepn\)l.enHLre ;:mcnpMMeH'raMM H 70-80-x ro)l.ax, a B o6Jiacnr 
TeOpHH IIJia3MOTiay3LI JIO Cylll,eCTBY npO)l.OJiili:aiOT 6a3MpOBaTLC.fl Ha IWHJJ;elliWH, 
upe)J,JIOIIWIIHOM HMIIIII)l.oii: u EpaMCOM e~n;e B 1966 r. 8TH BonpocLr 6oJiee no)l.
po6no oGcym)l.aiOTCJI mnRe. 

IJ:eJIL IIaCTO.fllJJ;eii: ny6Jll1KaJJ;Hli- )l.aTb COBpeMeHHLIM 0030p OCHOBHLIX 31\C
IIOpHMOIITa.JihHhiX peayJILTaTCJ.B HCCJie)l.IJBaiiJ;I.fl IIJia3MOC<f>epbi 30MJIU aa IIOCJie)l.
nee p,ecrrrn;wnre B conocTaHJieHHH c rrpemHHMH )l.aHHLIMH. PaccMaTpHBaiOTCJI 
cJre,u:yiOIIl,He acneRThr: TeiTJIOtla.fl cTpyrnypa nJiaaMoc<f>epbi n pacrrpe)l.eJieHne 
ROHJJ;eiJTpan;IUI JiOHOB II 3Jlei>TpOHOB, XHMIP:IeCRHM H aapJI)l.OBbiM COCTaB TIJia3-
JifOC<}Jephi H , IIaKOHeJJ;, )l.HI-IaMHKa BHeiiiHeM 30Hbl IIJia3MOc<flepLI H IIJia3MOIIay3LI,. 
a TaKH\e J.ifX CBH3b C OCIIOHIIbiMH CTpyKTypaMH B MarHI'ITOC<flepe B CBeTe COBpe
MeiiHhiX TOOpeTU'IOClUL\: npe)l.CTaBJieHHM. 

2. Pacnpe.n;eJieHne TeMnepaTy}Jhi 11 ROHo;eHTJUlJJ;liH 
UJia3Mbl B UJia3MOCcpepe 

2. L llal\te}Jemtn co cnyTHHKOB cep1111 <<llporHoa». C11yTHHHH cep:un 
«Ilponwa>> (no cnynnm «lipornoa-8>> BHJIIO'-UITeJILHO) aanycKaJIHCL na npm\
TWTCCKH O)l.Hllai\OBLIO OpOIITLI C anoreeM 200 000 HM, C I-IaRJIOHeHHCM I{ <:lBaTO
py 65° 11 ueprro)l.o~f o6pan~eHHJI noRpyr 3eMmi ~4 cyT: och Bpa~n;emur cnyTinr
I-\a uaupaBJieHa na Comn].c. CnyTinm B Te'-IeHIIe cpaBHHTeJII.HO Roponwro nn
TepBaJra npeMeHH ( ~3 '-I) nepeceKaeT o.n;un H Te me L-oGoJIO'-II\H Ha paamr'l
nMx BhiCOTaX II IIIHpOTaX H II03BOJIJieT CYJl:HTL 0 rrapaMeTpax IIJia3MOC<f>epi-IOM 
u.-raaMhi B paaJIH'IIILIX ce'-IeHnax o.n;noM H TOM me L-o6oJIO'IIUI. 

PeayJILTaTLI oGpa6oTRn :naMepemrii Hon:u;enTpa:u;H::n H TellmepaTyphl :noHOB 
IWa3MOc<flepbi CO CIIYTIIIH\O.B «JJ porH03-5, -6>> ITO)l;p06HO OIIHC3Hbl B CTa Tb.f!X 
[ 4, 5]. B 3THX p aGoTax nprme,i),eHLI Han6oJiee THITH'IIIhre HpHBLre rrpolpHJieM 
ni (L), Ti (L) c y'-reTol\1 reoMarHHTnoii: npep;MCTOlllfll na6Jrm.n;aeMOM RapTHHhi 
pacupe)l.eJremur nonoB ( cyMMa Kp-IUI)l.eRCOB MarnHTHOM aHTHBHOCTH a a npep:
mecTBYIOI:u;nc cyTim, a TaHme BeJIH'IHIIhi D st -napna:u;HM reoManurTnoro rroJIJI 
n nepHO)l. nafimo.n;enn11:). C<flopMyJIHpyeM ocnoniibiC BLIBOJl:hi anaJrnaa peayJIL
TaTOB o6pa60TRH 31'HX H3MepeHI1M (puc. 1): 

'1) nJiaawwc<!Jepa LJacTo BeCbMa neo,n;nopo)l.na no Hon:u;enTpan;IiJiii IIJia3MLI 
rr non Hoi1: TeMrrepaType, ocoGmmo n paMone mraaMorrayaLr; 

2) IIOJIYI-IO'IHO-IIOJiy)l.eiiiia.fl aCHMMeTpHJI UJia3MOTiay3hi H:MeeT MeCTO B 

oO..'IbiUHIICTne c~ry'raeB npn MaJioM :n yMepeuHOM Mari-IHTno:ii'I BOaMyi:u;eHIIOCTH. 
' ITO HO)l;TBepm;:t:aeTCH )l;aUULIMII .n;pyrHX I13MCpeiii1M, O):(HaRO TaRa.fl aCHMM8TplUI 
ua6JIIO)l.aeTcH ue Bcer.n;a; 

3 ) )l.HeBHOJI npo<fJHJIL n i (£) B 60JILIIIHIICT.Be CJIY'-IaeB .fiBJI.fleTCH 6oJiee IIO
JIOl'HM, '!eM: IlO'IIlOM; 

4) 'JeTTW BLipa ;-KeiiiiaH IIJI33MOITaysa B BU)l;e 06JiaCTH 6LICTpOrO CITa;:t:a ROII
l(eH'rpaJJ;HH IIJICl3Mbi MOa>eT na6JIIO)l.aTLCH Jin6o na )l.HeBHOM H Ha HO'IHO:fi CTO
p one ILJia3MOC<flepLI, JII100 TOJlhKO Ha .n;nennoii HJII1 TOJILHO Ha HO'IHOM CTOpOHe, 
miGo nooo~e oTcyTCTByeT, T. e. crra.n: Kon:u;ernpa:u;nu IIJiaaM.or c yneJIH'IeHHeM L 
HilOl';:t:a MOl-I\eT OLITL UOCTeUeiiHbiM; 

5) BIIyTpeHII.fl.fl 30IIa ITJia3MOC<flepb1 (£<3), HaH rrpamiJIO, XOJIO)l.IIa.fl 
(Ti~8·103 K); 

6) BO BHOITHieM TiaCTJT IlJICl3MOC<flepbl MOJKeT HaOJIIO)l;aTLCJI TeiTJia.fl IIJia3Ma: 
(a) Ha )l;HeBIIOM H Ha IIO'IIIOB CTOpone (1'>8· 'l03 K); (6) TOJILT\0 Ha HO'IHOH 
CTOpone; (B) TOJILI\0 Ha )l;HeBIIOM CTOpone; 

7) B 01Ien.o pe,n;KHX CJIY'IHJIX ycJIOBHe r~8 ·103-10" H BbllLOJII-IJieTCJI BO 
BCeM rrJiaaMoccpepe ( Temraa aona OTCYTCTByeT). 

TaHHM oGpaaoM, HaMepei-nur co cnyTHHROB «Ilpornoa>> rroa.BOJIHIOT aaRJIIO
'IHTL, '-ITO nJia3MOCqJepa JIBJIHeTcn )l.HHaMIFIHhiM o6paaonanneM - CTPYI\Typa 
UJia3MOC<flepLI CHJILHO MeHHeTCH CO BpeMeHeM II ypOBHeM reoMari-IHTHOM aR
THBHOCTI1. KpoMe Toro, CTPYRTYPHLie oco6enn oCTH (naJIII'IHe HJII1 OTCyTCTBue 
'-JeTRO BLrpameiiHOM IJJIH3MOIIay3hi, HaJIH'IHe l1 rrpOTHI-II:eHHOCTL TeiiJIOM 30IILI, 
3RBaTopH:aJILHoe paccTomnie ;:t:o rrJiaaMorrayahr Lpp, nJiaBHOCTh xo)l.a rrpo<fJHJieM 
ni ( L) 11 T; ( L) ) o6na pymH:BaiOT CHJILHYIO aam1cHMOCTL oT MecTnoro BpeMemr. 
liaMepernm co crrynnmoB cepHH <<Ilporuoa>> rroaBOJIHJIH o6HapymHTL )].Be 
Bamnhre CTPYRTypnnre oco6eHHOCTH rrJiaaMoccpepLr: rroJiy.n;eHHo-rroJiyHO'IHYIO 
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PHc. 1. IlpHMep THIIH•IHoro pacnpe,D;eJieHHH no L-o6oJIO'!RaM JWHD;SHTpan;Hn 
(T8MHbi8 Rpyll\RH) H T8MnepaTyphi (CB8TJibi8 Rpy»mn) HOHOB B IIJia3M:O
c!flepe IIO H3Mep8HIHIM CO CIIYTHHRa «llporH03-5»: a - ,ll;H8BHbi8 IIpO!fJHJIH 
.(16.03.77 r., 10.15-11.50 MLT, Kpm= 3, 1:Kp= 14, D,1=-20); 6 - HO'!Hble 

npo!f!HJIH (08.02.77, Kpm=4, 1:Kp=25, D81=-27) [ 4] 

aCHMMeTpHIO IIJia3MOIIay3hi H HaJIH'-IHe T8IIJIOM 30Hl>I IIJia3MOC<flepi>I. 8TII pe-
3YJII>TaThi IIOATBep,ll,HJIHCh B )J,aJII>HeMIIIeM IIO ,ll,pyrrnvr )J,aHHbiM, IIO IIOCKOJibLl:Y 
PHA nccJie)J,OBaTeJie:H: npoAOJHKaeT Hx HrnopnpoBaTI>, ocTanomrMCJI ua aTHX 
¢aKTax no)J,po6nee. 

2.2. fiOJiy~eHHO-llOJiyHO'IH3JI 3CHMMeTpHH nJia3MOnay3bl, 8TO CBOiiCTBO 
rrJiaaMoc<flepbi nocJie ero o6napymennH fprmrayaoM n BeapyKHX [ 6] ohiJIO 
nOATBepm)J,eno no ,[l,aHHhiM ABo:H:noro aon~a na cnynrHr>e « Explorer-45 » [ 7], 
no ,[l,aHHbiM Ha6JIIO)J,8HHM CBHCTJIID;HX aTMOc<flepHKOB (8 ) H no ,[l,aHHbiM aKTHB
HOrO BOJIHOBoro :mcrrepHMeHTa na crryTHHKe GEOS-1 ( <maMepenHH MeTo)J,oM 
B3aHMHOrO HMne)J,aHCa» ) (9). 8TO pa3JIH'-IHe CBOMCTB IIOJiy)J,eiiiiOM H nOJryHO'-I
HOM nJiaaMoc<flep 6I>mo IIO,ll,TBepm,ll,eno no ,[(aHHhiM ,ll,pyroro ai<THBnoro BOJIHO
noro ar<crrepnMenTa- peJiaKcau;nomroro aonAa co cnyTHHJ\a GEOS-2, noJiy
•reHHhiM B 1979 r. [10]. HaK noKa3hiBaeT anamra peayJII>TaTOB aTHX naMepe
IIHM, BeJIH'IIIHbi ne B nOJI)J,8Hh cyru;eCTB8HHO Bhiiiie H CTa6HJII>Hee, 'IeM M8Hhiiiiie 
n ana•rnTeJihHO 6oJree CHJihHO paa6pocaHHhre anaqernm n. B6JIJI3H rroJrynoLJH, 
'-ITO BnOJIHe COOTB8TCTByeT peayJibTaTaM, IIOJiy'-IeHHhiM CO CllYTHHKOB cepHI'I 
d1poni03>>. )J;annhre cnyTIIHKa «llpomoa-5>> (1977 r.) H GEOS-2 (1979 r.) 
IIaXO,[J;JITCJI B COrJiaCHH C )J,aHHhiMH CO cnyTHHRa «flpOrii03>>, noJiy•reiiiihiMH 
B 1972 r.; BCe BM8CTe OHII CBII~eTeJihCTBYIOT 0 TOM, '-ITO aCHMMeTpiiH nJia3l\IO
nay3hi B nanpaBJI8HHH IIOJI)J,8Hh - IIOJIHO'Ih HaOJIIO,[I,aeTCJI BO BC8X <flaaax COJI
H81IHOrO D;HKJia. liaMepemm na cnyTIIHKax DE H ISEE Tarone no~TBep,ll,HJIH 
HaJIII'IHe <!TOM BalliiiOM OC008HHOCTH IIJia3MOnay3hi, Tal\ 'ITO Mhi eru;e BepneMCJI 
R o6cyH<p;ennm aToro Bonpoca, Y'IHThiBaJI ero o•renn)J,nyro uarKIIOCTI> )J,JIJI <Pn-
3HKH ITJia3MOCcpepbl H npo6JieMI>I D;HpHyJIHD;IIH iVIariiiiTOC<flepHOII nJia3Mhi. 

2.3. TenJiaJI aoua B nJiaaMoc<flepe. ,IJ;o 1976 r. e)J,HHCTBOHHhiMH p;aHHhiMH 
o TeMnepaType aapmr<eHIII>IX 'IaCTHD; B nJiaaMoc<flepe OI>IJIII ou;enHH T;, noJry
'lJenni>re rpHHrayaoM C COTpy,ll,IIHHaMH Ha OCHOBe H3Mepem-ru ( 11) Ha COBOT
CIWM par<eTe <<Jlyna-2 >>, H )J,aHHI>Ie Cep6y n Ma:H:epa o 1'; Jif T. [ 12 ] co cnyT
HHKa OG0-5; npn'-IeM uaMepenHH Cep6y H Ma:H:epa OI>IJIJI r~poHe;J,eHI>I npn 
MaJIMX uaimonen1mx K anBaTopn:aJII>no:H: rrJiocJwcTn. B paooTo Beapymrx n 
l'pnnrayaa [ 13] np.nBe)J,eHbl ,[l,aHHbie o T; B paamr'IHhiX ce<wmmx L-o6oJiwreK; 
noHaaano, 'ITO npn £<3, T;G;.8 ·103 H ne TOJII>HO n6Jinan r eoMarnHTnoro aHBa
Topa, HO HO BC8M nJIU3MOC<flepe, H n pe)J,JIO/I\8HO paCCMHTpimaTh IIJIU3MOC<flepy 
IWJ{ cocToHru;yro na <<XOJIO,ll,HOM>> 30HI>I (T;G;.8·1.0" H) 11 <<ropwrefr>> aonM 
( L> 3, T;)'< 1 o·- 2. 105 H, l{Ul{ OTMe'lJaJIOCh l3WJJe) ; u;eJiecooopaanee <<rOpH'IYIO» 
30HY I-Ia3I>IBaTI> «Ten JIOM>> 30HOM nJia3MOC<flepbi. 

IlOCJie 1976 r. ony6JIHHOBaHO MHOl'O <lKCnepHM8HTaJihllbiX p;aiiHbiX, CBII-
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p;eTeJI.DCTByror:u;nx o TOM, 'ITO npn L>3, T;~1-20 aB. BoJihllil!IIICTBO 3TJIX 
nyoJnmau;ni'r oTnocJITCH r< aone, uJmaKoii r< aKBwropHaJI.DIIUii rrJiocrwcTH,- ,a;an
nMe no;rytJeHhi co cnyTHHKOB ATS-6, GEOS-1 , -2, ISEE-1, SCATHA 
[ 9, '14- J 9] . E ,a;mrcTBeHHhiM cnyTiniKoM ( r;:poMe cnyTnnrwn cepnn «II porno a>>), 
rrpOBO)J)Illili8M H3M8p8HHH B nJ£a3MOC<Jl epe )J,OCTa'l'O'fiiO ,[1;3 Jl8KO OT 31-I:Ba'l'OpHaJih
HOII n~r ;; ciWCTH , HH .JI.rr ercH crrynn m DE-1. Bee 6ea ncRJIIO'Iemur ynoMHIIYTLie 
H3MepeHIU! n op;Tnepmp;aiOT cyr:u;ecTBOBamre «T8ITJIOH» 30II.bi B IIJI33MOCcpepe· 
(xoTn, T..: aR c.Tie;Iyer na npl!rEep,eHnhrx Bhiiiie ,a;ann:nrx <<llporHoa-5>>, 6r,maror 
C JIY'T~.H EOr[~a BCH II .Tia3MOCq)epa XO.JIOAH3H- Ti~1 3B). 

Cor~racno Jl:aiiiibiM co cnyTHHRa DE-l , 14.X.1981 r. rrpH L~3, 1 ounapyrKe
IIhi naoTpomlLie nporonDI c TeMrrepcrrypofr Tu·~2-2 ,2 aB n c Konu;eriTpau;neir 
nu·~500-2000 Cl\C O, a TaiHRe Hon:nr He+ c Tarwii JF;:e TeMneparypoi1: n ROH
u;eHrpau;neii nne• (140-165) CM- 3

• KpoMe roro , TaM me o6Hapy amni>I ann
aoTponHhie npoTonhi H + c reJ\mepaTypoii TH·~10 ;:J B n Ronu;errTpau;neii 
(2-5) CM-3 II HOIIbi He+ c THe• 10 aB II nae• 3-2 CM- 3

• 

qepea n ecKOJibiW MIIHYT JIOCJIO 3Toro, rwr,a;a cnyrnnK DE-1 ormaaJicn n a 
nJraaMonayae ( L~ 3,o), r.;ouu;eHTpau;nH H3oTponnhix non on H- yMen.Dnrmracb 
p;o :1 30-'160 CM-" npn roii: ti<e TeMrrepaType ~2 aB. I\ onu;enrpau;nH II anepnrn 
aHnaoTpOTmnn noHon H + yH eJIH'lHJiacr, cooTnercTnenno ,a;o 4 c:.C 3 n L) aB. 
He HMeH noaMomnoCTI!I n nacTomu;e:.I o6sope no)J:pouno ocTanan m naT.DCJI na 
M8TO,[(H'I8CKIIX BOIIpocax, 01'M8'fJiiM Jl H T.Tib , "ITO B nepBOl\I CJiy'Iae ana.:III3aTOp 
c TOpM03HIIJ;IIM noTeHu;naJioM n a <<llpornoa-3 >> ue Mor Ubi ouHapya,nTL npucy T
CTBIIH aiiii30TpOIIHOH :hOlVITIOHOII'fbi Jl JI33Mbi C nOB.biiiiOIIHOH T8:\ITI8pa Ty poi'r, 
a p;aJI 6r,r o6r:u;yro TeMrrepaTypy T;~ 2,2 an, a no nTopoM ( ecJin amraOTporrnr,re 
noTorn r norraJIH Uhi n anammaTop) - 6r,mo Ubi OTMe'reno noBI>IIIIenHe T ;. 

PeayJII>TaThi nJiaaMoc<JlepHDIX H3MepenJ-rii co cnyTnHKa DE-1, raRn:.r o6pa
aoM, ITOgTBepfK,[IaiOT I<OHIJ;8IIIJ;liiO XOJIO,[I;I-IOH H <<TOIIJIOH>> 30H IIJI33MOC<JlepLI 
(n pH 3TOM OHII CO,[Iepmar HHCpopMaiJ;HJO 0 CO CTaBe H geTaJihHOH CTpyKType 
<<TerrJioi'I» 30Hnr). Ha neKOTOpbiX aHepro-cnernporpaMMax co cnyTnnRa 
DE-1 [20 ] <<renJiaH>> aoHa nJiaaMoc<Jlepnr OT'IOTJinno paaJin'raeTcH OT xo.rro,a;
noii 30Hbi BH3yaJI.bHO. 

2.4. II31\iepemm co cnyrmnwn DE-1 11 ISEE. B npe,a;r,rp;yr:u;eM paa)leJie Mhi 
ynoMunaJur neKoTopr,re peayJILTaThi, noJiy'IeHnLie no p;anHhiM cnyTnnHa DE -t , 
11 COOTB8TCTBHH C peayJihTaTaMH H31118p8HHli KOHIJ;8HTpaiJ;HH l!I T8MII8p3'rypbi 
n IIJiaaMoc<Jlepe co cnyTnmwn cepHH «llpornoa>>. K nacroHr:u;eMy npeMeHn 
IIpOB8,[I8H 3Ha'IHT8JibHbiii: CTaTHCTIFieCIUIH anaJIII3 pe3yJihTaTOB H3Mepem r ~i 
TenJIOBOH CTpywrypLI nJI33MOC<Jlep.bi H pacnpep;eJIOHHH ee HOHHOli KOMIIOH OU
Tbi no L-o6oJio'IKaM, noJiy'Ieiinnrx co cnyTimKOB DE-1 n ISEE. Ha pe3yJILTa
rax 3THX pa60T IJ;8JI8C006pa3HO OCT3HOBHTI>CH ,[I;OCTaTO'IHO no,[IpOOifO. 

CnyTHHH DE-1 aanyr:u;en n amycTe 1981 r. na OKOJionom:rpnyro oporiTy 
c anoreeM ~4,7RE, nepnreeM nume 1000 r<M n nepnop;oM o6par:u;enHH ~7,5 'I. 
Op6HTa cnyrmma no3BOJIHJia HCCJie,[IOBaTb nJia3MY L-o6oJIO'IKH I\aK na 6oJIL
IIIIIX, TaR 1!I Ha MaJihiX BhiCOTaX, BbiJIBJIJI.ll BhiCOTHOO pacnpe,[I8JI8HH8 napaliiOT
pOB nccJie):IyeMDIX L-o6oJio'IeH. Ha 6opTy cnyTIUIKa 6biJI ycTanoBJien nonnnrii 
MaCC-CII8KTpOM8Tp C BXO,[IHhiM anaJIU30M l!IOHOB M8TO,[IOM TOpM03HIIJ;8l'O IIOT8H
I(HaJia (RIMS); ,a;eTaJILHOe Onl!ICaime aroro npn6opa npHB8,[18HO B paOOTEl' 
qenneJia u ,a;p . [ 21]. 8nepreTH'IeCHI!IH HHTepnaJI ua;v1epernri'r npH6opa oxna
ThiBaJI 0- 50 aB, npu'IeM HOHhi H+ H He+ penrcTpnponaJIHCL o,a;nonpeMenno . 
MaKCHMaJILHaa BhiCOTa penrcTpau;un IIOHOB onpe):IeJiaJiach mr6o npe,n:eJIOM 
'IYBCTBHTOJibHOCTH npnoopa, JIHOO n epeXO,[I;OM OT H30TpOnHOl'O pacnpe,[I8JI8IIJ:Ifl 
llO IIHT'I-yTJia.l\1 I{ aiiH30TpOniiOMy npop;OJI.bHOMY (B):IOJib MarHHTHOl'O IIOJIH) 
pacnpe,[I8JI8Hl!IIO HOHOB. 

CnyTHIII\ ISEE aanyr:u;en n OKrn6pe 1977 r . na cnJILHO BhiTHnyryro op6n
TY c anoreeM ~22,5RE, nepnreeM ~2RE, naH:JionenHeM ~30° II nepHop;oM 
o6par:u;emm 2,5 cyr. ArmapaTypa rwMrrJieKca <<aKcnepHMenra no nccJiep;onanHio• 
COCTaBa IIJia3Mhi>> (PCE) on:u:cana B paooTe [ 22 ), a M8TO,[IIma oop aOOTKH 
H anaJinaa p;annLIX - B [ 23]. 8nepre TI!I'IeCKHH ,a;nanaaon Ii£3Mepennii n peam
Me <<TerrJioBaJI nJiaaMa>> - 0-1 aB. TeMnepaTypa Bhi'HICJIHJiacr, no l!I3Mepen
HOMY IIOJIHOMY noToRy 'Iacnn~; B npe,a;noJiomenl!In 'IHCTO nporonnoro cocrana 
( OIIIHOKH o6ni'IHO HeBeJIHKII, y'InThiBaH npeo6Jiap;aHne rrporonon B nonnoM" 
cocrane nJiasMoc<Jlepi>I) . 
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AnaJina n oJry•rennLrx )J;aHHLrx noanoJniJI BLIJIBHTb I\al\ o6IIJ;ne qepTLI pac
npe)J;eJienna IWHJJ,erupan.nn u TeMnepa-rypLr nonon, Ta~ n o6napym:tuL paa
JITPrne npoqnmeii, o6'hHCHHIOIIJ;Hecrr naMeHeHJileM ycJIOBiillil na6JIIO)J;eHini. R •mc-
Jiy OOill,UX xapaJ.;TepnCTIIn OTHOCHTCH CJie,!l;yiOIIJ;l'le: v 

1) TeMnepwrypa noi-IOH rmaaMoc<Pepbl npn ncex MLT Bbiiiie anaTJemm, 
TIIITII'IHbiX )J;JIH uonoc<PepLr; 

2) TeMnepaTypa T; pacTeT c pocTOM L; 
3) Ha 60JILUlHX BbiCOTaX B IIJia3MOCtPepe cym,eCTBYIOT HCTO'IHiiii\11: Hvarpe

Ba liiOI-IOB, JIORbl JiralOill,lile aneprrno TJaCTiilll, npu pocTe L. OTJii ooiiJ;ne cnoncTBa 
pacnpe,!J;eJrenna tronon rmaaMoc<Pepbl uo )J;aHHbiM cnyTrnmon :DE-1 n ISEE 
corJiacyiOTCH Me,r.;,!l;y co6oi1: H c peayJioTaTa-
Mn II3Mepennii: Ha CliYTHHI\aX Cepmi n,CI',-~ T

1
K 

<<Ilpornoa>>. 
Hapa,!l;y c :nrnvr na6JriO,!J;amrcL CHJILHhie 

paaJI.H'IH:H R xapar.;Tepe L-npocJnmeii I\OH
n.enTpan.nu n TeMnepwrypLr nonon n aanncn
MOCTU OT YIJOHHH reol\IarHHTIIOii ai\THBHOCTli. 
TaH, npH BbiCOIWii 11-rarnnTnof.i noaMyiiJ;en
nocTu na6mo)J;aiOTCH ooLiqi-Io 6oJILrnue rpa
,!l;HeHTbi IIJIOTHOCTH IIJia3Mbi Ha IIJia3MOIIayae, 
nnyTpH 1\0TOPLIX peal\o noapacTaeT rpa)J;uenT 
TeMnepaTyphr. B cnoi\oH:noe npeMH rpa,IJ;IIeHT 
JIJIOTHOCTH Ha TTJia3MOrrayae He CTOJih, pe3I\O 
BLrpamen. IlocHOJILHy reoMarr-rnrnLre crmo
Bhre JIIiiHHH Jiei:l-<.:aT IIpHOJIII3HT8JibHO H IIJIOC
HOCTI1 op6HTLI DE-1, naMepenna c aToro 
CIIYTHB:Ha II03BOJIIIJIH Oll,8IUITL BbiCOTHbiH 
XO,!J; pacnpe)J;eJieinm nJia3MLI B,!l;OJib L -o6o
JIO'IHH; peayJII>TaTLI anaJinaa Ji£3Mepenui1: 
IIOKa3aJUI, 'ITO B B03MYIIJ;8IIHhiX YCJIOBUHX 
napaMeTphi IIJia3Mhi 6LIJIU lTO'ITH: ITOCTOHHHbi 
B,!l;OJih CUJIOBI>IX JII1IUIH BO BHyTpennei;): IIJia3-
MOCtPepe, B TO BpeMH IWH BO BHeiiiHeJ\'r ee 
'laCTH HaOJIJO)J;aJIHCb 3Ha'IHTeJILHbie npo
,!l;OJibHbie rpa)J;Ii£eHThi IIJIOTHOCTH H TeMTTepa
Typbi HOHOB. 
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Pac. 2. Pacnpe)l;eJieHHe no L-oGo
JIO'IKaM Te~mepaTypi>I XOJIOI(HOfi 
(KBa)l;paT.bi) II TeiiJIOH (TpeyrOJib
HIIKH) KOMnOHeHThi HOHOB H+ ll IIX 
IWHI(eHTparvm (Kpynnm) no ;J,an
HhiM cnynnma DE-1 (9.10.81 r., 

~22 MLT) [23] 

PeayJibTaTbr H3Mepennj;i co cnyTiuma ISEE yHaaLmamT na cyiiJ;eCTnonamre 
RpynuoMacniTa6HLIX CTpyHTyp, o6Lr'lno ne na6JIIO)J;aBrnHxca co cnyTHHHa 
DE-1. HanpnMep, na6JIIO,!l;aJincb cJiyTJa:u nonmHeHHH TeMnepaTypi>r HOHOB 
c pocToM L np:u L>4. 

,ll;pyroH: namnoii oco6ennocTbm TenJionoH: CTPYHTYPLI nJiaaMoc<l>epr,r HBJIH
eTCH HaJIH:'IB:e CJiaOOH IIpUMeCH Ha)J;TelTJIOBOH IIJia3Mbi BO BIIeiiiHeH 30IIe, 
o6bPIHo ne ua6JIIO)J;aeMoi1: na cpone 6oJiee rrJioTnoH: xoJio)J;noH: HOMnouenTLI 
(pnc. 2). O,n;naHo B Tex cJiyTJaax, IWr)J;a nJioTnocTb xoJio)J;noir mraaMLr ,!l;OCTa
TO'Ino IIH3I\a H ,!l;OCTaTO'IHO BhlCOHHii IIOJIOIIHi£TeJihiihlif ITOT8Hll,HaJI CIIyTmma 
CITOC06en 3HpamrpOBaTb XOJIO,!J;Hyru I\OMIIOHeHTY l!IOHOB, HaOJIIO)];aJiaCb JIHJIIh 
TenJia:fi IWMnoneHTa ( comacno ,!l;aHHLIM [ 20]). B upncyTCTBHH ,n;ocTa TO'IllO 
IIJIOTHOH XOJIO,!l;IIOi1: I\OMITOH8HTbi MaJibie H3MeHeHl!UI IIOTei-Ill,HaJia CllYTHHHa 1110-
ryT npB:BO,!I;H:TL I\ 1\aFH:yii.J;HMCH tPJIYI\TYaWiJHM T8MIIepaTypbi. 

B nei\oTopr,rx CJiyTJaHx, no ne ncer)J;a, annapaTypa cnyTHHI\a DE-1 noaBo
JIHeT paarpanHTJHTL HCTHHHI>re n Hamyri(necz tPJIYI\Tyan.rur TeMnepaTypbi 
IIOHOB, O,!l;Hai\0 3TO 06CTOHTeJibCTBO CJie)J;yeT Y'lliTbiBaTh IIIJH I1HTepnpeTall,IIH 
naMepemrH: TeMnepaTypi>r .uonon no nnemneH: nJiaalVroctl>epe. 

OcTanonnMCH Tenepr, na peayJII>TaTax CTa'rHcTHTJecKoro anamraa CTpyHTyp
I-ILrx napaMeTpon nJiaaMoc<Pepr,r no ,!l;aHHLIM cnyTHHI\OB DE-1 n ISEE, I\OTo
pbie HJIJIIOCTpnpymTCH puc. 3, 4. TenJionaa CTPYHTypa nJiaaMoc<Pepbr B cpe,!l;
HeM o6napynumaeT OCHOBHLie OC068HHOCTH:, I\OTOpbiX MOIRHO 6LIJIO 0/RU,!l;aTb 
Ha OCHOBe aHaJIH3a OT)J;eJILHbiX na6JIIO,!l;eHHH, HO cpe)J;HUH rpa)J;Ii£eHT T8MIIepa
TypLI no BHyTpenHeH: mraaMoc<l>epe OHaaaJicJI BI>rrne mHn,!l;aeMoro. CJie,!l;ywr 
Tal\rl\e OTM8TUTb, COrJiaCIIO (2,3) , 'ITO '1p83l:lbi'Iai1HO lVIaJIOe paCC8HHI18 ycpe,!J;
HeHHhiX ,n;annLrx (6oJiee 100 Ha6mo,n;enui1:, paaJIU'IHLie reoMarnHTHbie ycJio-
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PHC. 3. CpeAHHe npo<f>uJIH Te~mepaTypbi IWHOB H+ (HHTepnaJI 
ycpeAHeH.Im dL=0,2) no H3Mepemrmr co cnyTHHKa DE-1 (X -
XI.1981 r.). B mmmeii qacTH pHcymm npeAcTaBJieno qHcJio Ha-
6moAeHuii, COOTBSTCTBYIO~ee Kam,(OMY HHTSpBaJiy ycpeAHSHHH 
no L: a- MecTnoe yTpo (~7- 11 MLT), 6- MeCTHblli neqep 

(~19-22 M::...T) [20] 

mm, HnTepnaJI MLT~4 'I) na £=1,9 yr{a3LmaeT na BDICOKYIO cTaOHJibHOCTb 
nonnoii TeMrrepaTypDI B 3Toii ooJiaCni. IIocKo,rLKy TeMnepaTypa HOHOB 
B yTpenneM ceRTope rrpnomr3IITeJILHO B 1,5 paaa Bbliiie, 'IeM n ne'Iepnne 
qacnr, O'leBH~no, R YTPY ycrrenaeT noccTanoBHThCH ~Hennoe KBa3npannonec
noe anwieHne nocJie noqnoro oxJiam~eH.HJI. l-IaJiomenne TeMnepaTypnnrx 
KpHBbiX pa3HbiX U3Mepennii IIOKa3biBaeT, 'ITO Upl'l £>2,5 TeMnepaTypa HOHOB 
B yTpennne 'IaChi y~nmueJihHO CTaoHJILrra BIIJIOTh ~o caMLIX ooJILIIIJ>rx pac
CTOJinni1. HapJI~Y c anrM nnyTpH £=2,5 neqepnne Tel\mepaTypDI ana'nrTeJILHO 
IIl'Il-Ke yTpeHHHX B COOTBeTCTBlHI C TeM, "ITO B Be<repnHe qachi Ha BByTpeHHHX 
L-oooJIO'IKax naqruiaeTcJI enJir,noe oxJialH~enne InuKeJiemaiiJ,eii rwnoc<f>ephi. 
KpoM:e Toro, cTan~apTnhre oTKJionenHJI cpe~nHx ana'Ien:nii TeMrrepaTyphi 
ana'IHTeJILno Mennme Ha yTpennefr CTopoHe, 'leM Ha ne'Iepnefr nrryTpH £=3,0. 
GTO cnnJ(eTeJrhCTnyeT o TOM, 'ITO ne'Iepnnii ceRTop - ooJree 'IYBCTBHTeJihHaJI 
nepexo~naH ooJraCTh OT J(HennhiX K no'!HhiM ycJIOBIIJIM. Cpaay sa npe~eJioM 
£=3 TeMnepaTypa HOHOB I-I+ pe3KO B03paCTaeT I:I OCTaeTCH B HHTepnaJie 
104-2·10'·K (~1-2 aB), cJierRa ynemr<rnnaHch c pocTOM L. EIIJ,e o~na nn
Tepecnaa oeooeHHOCTh yTpeHHHX rrpo<f>nJiefr ni ( L)' Ti (L) - OOJiaCTh OOJibliiHX 
ana<renHi.J: cTan~apn-rhiX onmoHennii: ycpe~HenHhiX neJin'IHII, JIOI\aJinaonanrraa 
B mnepnaJie 3,1<£<3,7. 8To MomeT ohiTh cna3ano c JIOKaJIH3au;neii 30Hhi 
HPYThlX rpa~HenToB , cooTBeTCTBYIOIIJ,HX pe3HOH cMeHe ycJionnii n y3ROM 
IIHTepnaJie 3IIa'IeHnii L. 

Cpe~nHe 3Haqeunn TeMrrepaTyphr no naMepemmM co cnyTHHKa ISEE-1 
npe~cTanJierrLI Ha pnc. 4. CJie~yeT OTMeTHTb HeCROJihiW HIITepecrrhrx oco6en
uocTeii: npl>IBe,ll,eHHhiX na puc. 4 npocJnmeti. Ha ~HeBHOli CTOpone naoJIIO~aeT
CJI cna,[l, TeMnepaTyphr c pocToM L no nHyTpeHHeJ;i (£<3) 30He rma3Moc<f>epnr, 
'ITo ne anJiaeTca apTn<f>arnoM, noannRIIIHM n pe<sy JihTaTe npou;ecca ycpe~ne
nun, IIOCHOJihRY IIO~OOHhie CJIY'IaH naoJIIO)J;aJIHCb HH)J;I1:BU)J;yaJihHO [ 23]. O.n;Ha-

6 

10.5 

10 4 

• JO 3 

iDS 

JO" 

PHC. ' 
HHim 
(6 - ~ 

HO CTOJI 
JIHCh no 

.JJ:pyl 
noqHhie 
CJiep;yeT 
CUYTHHJ~ 

II HO'!Hf 
Hhrx no 
na ISEJ 
HHJil\1 II 

L-o6oJio 
al\TIIBHC 
COl10CTa 
IlpH L~ 
;xannhiM 
6oJiee n 
TaR II C 
;xennii. 
II ISEE 
H3MepeE 
Heo6xo) 
OHOH'la1 

Ana 
MarrrnTr 
(£<3) 



HJibHOCTh 
·a HOHOB 
BetiepHHe 
laBHOBeC
IaTypHbiX 
pa IWHOB 
IIHX pac
'lliTeJibHO 
{TpeHHHX 
EIOCcpepbi. 
repaTypbr 
II £ =3,0. 
fiTeJibHali 
Ipep;eJIOM 
HTepnaJie 
O,D;Ha HH
OOJibiiiHX 
30BaHIIali 
rell: soHbi 
B Y3IWM 

ISEE-1 
oco6en

DJIIO,D,aeT
. wccpephr, 
ycp e,D,ne-
1] . O,D,na-

T,K 
10.5 .-,...- ..,...----r--.--..,...---,--,..--

a 

tO"I:c- I 
xl rT Txlf 

. JO 3 

;os 

JO" 

70 3 

z 

l~TJ f !11 r••x 
11Hr!lx !I rx!Jlrxl X 

111 llilP 

'I {j 8 L 

TK 
to 5 r-'--,---r----.--~----

8 

a 

ro" 1:::-

a 

8 o a o e o x x x 
X X X 

~~~~~~~XX 

70 3 ---l..-_l_ 

10, r-,.----
z 

" 

0 X 
0 0 X 

JO" 1-

D O 0 ~ 
0 X X ;.c 

X X 

0 A X! 

~ )( .6. 

f!j X f'>. 

" 6 ~ "" " "" 
"!i{j6""' 

6 0 0 

10 3 L----L----L---~----~--~ 
1 3 5 L 

Puc. 4. CpeAH.II.e rrpo¢.11.JI.11. TeMrrepaTypr,r .II.OHOB H + no naoJIIOABHHHM co crryT
HHJW ISEE (a- A8Ho, 6-18 MLT; 6- HO'ID, 18-06 MLT) II co crrynmRa DE-1 
( e - yTpo, ~- Be'lep), ROTOpore paaAeJienor na TPH rpyrrrror: RpecTnrm - K p= 

= 0- 3- , RBaApaToi- Kp=3°-6-, Tpeyro JibH.II.RH - Kp=6° 

Ko CTOJib 6oJihiiiTie OTpu~aTeJibHbre rpap;neHThi fJT I fJL mmorp;a He r-ra6mop;a
JIHCh no p;aHHhiM crryTinma DE-1. 

,Il;pyraa ai-IoMaJihnaa oco6ennocTb - no mreumei J: nJiasMoccpepe (£>3) 
HO'IHhre TeMnepaTypor ormsam1ch sHali HTeJihno Bhiiiie p;u ennhrx. BMecTe c Te~r 
CJiep;yeT n arroMIIHTh, 'ITO corJiacno ropasp;o 6oJibiiieMy na6opy p;annhiX co 
cnyTmma DE-1 ,D;Jili 6oJiee ysKHX unTepnaJioB MecTHoro npeMenn ,D,HeBHali 
u notinaa TeMrrepaTyphr OhiJIH o,D,nHaKOBbi. CpamieHHe rrpocpHJieii:, n ocTpoen
IIhrx n o ,D,aHHhiM crryTinma DE-1 (pHc. 4, e, e), c pesym>TaTaMH H3MepeHrr M: 
Ha ISEE (pHc .. 4, a, 6), noKashmaeT, 'ITO ,D,HeBH:ore TeMrrepaTyp:or no HaMeHe
IIHliM Ha ISEE ropas,D,o mrme sHatieHHH, IIOJIY'IeHH:orx Ha DE-1, )l;Jili ncex 
L-o6oJIO'leK. BosMomno, 3TO o6'hliCHlieTCli 6oJiee HH3IUIM yponneM coJrnetinoii 
ar\THBnocnr. B To me npeMH HO'!Hhre rrpocpHJII1 no p;aHn:orM ISEE H DE-1 
COIIOCTaBHMhi B OOJiaCTH £>4, XOTH pas6poc ,D,aHHhiX BeJI:HK B OOO:HX CJiy'laliX. 
Ilpn £~4 snatieHHli 1'; ropasp;o 6:orcTpee y6nmaroT c yMeHLIIIeHneM L no 
,D,aHHhiM ISEE, 1IeM no H3MepemurM DE. 8To corJiacyeTcli rmK c BKJIIO'lenneM 
6oJiee nos,D,nnx no1m:orx 'lacon B HHTepnaJI na6mo,D,eHHH co crryTnnKa ISEE- ·1 , 
TaK n c 6oJiee rnrsKnM ypoBHeM coJinetinoi!J: a'I\THBI-IOCTH B rrepHO)l; aT:nx n a6mo
,D,eHnii:. He ncKJIIO'Ieno, 'ITO oniicaHHhre pa3Jil'FIHH HaOJIIO)l;aeMoii: Ha DE-1 
n ISEE-1 . cTpyn:Typ:or oO'hliCHHIOTCH orpanwrermocTr,ro npeMeHHoro cernopa 
nsMepeHnll: co crry THHKa DE-1, ITO)l;BeprHyToro cTaTHCTH'lecrwll: o6pa6oTrw. 
Heo6xop;r1Mo m\JIIO'IHTh B aHaJins ,D,pyrrm npeMenH:ore HHTepnam,r, tiTo6:or 
OKOH'laTeJILHO BhiHCHliiTb rrp:H'IHHY OIIHCaHHhlX paCXO/I\)l;eiiHM . 

AHaJIH3 saBHCHMOCTH TenJioBoii: CTPYKTyp:or ITJiasMoccpephr OT y pomm 
MarnHTnoii aKTHBHOCTH noKas:omaeT, B yTpeHnHe 'IaChi no nnyTpeHnei i: sorre 
(£<3) TeMnepaTypa HOHOB npaKTlil'!eCKH He 3aBHCHT OT Kv-HH)l;eKCa, B TO 
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PEIC. 5. ConocTaBJieHIIe npoql.IIJJeii TeMnepaTypr,r no uaMepeHIIlDI na oOJILIIIux 
( 1\Bap;paThl) II Ha MaJII>IX (TpeyrOJibHUKH) Bl>ICOTaX B npep;eJiaX 0}:\HOII L-OOOJIO'l

KII: a- yTpo (7-11 MLT), 6- Be'!ep ('18-22 MLT) 

Bp8MJI RaR BO BH8IIIH8If TIJia3MOCcP8P8 TIOBbiiiieiiH8 MarHHTHOM aRTHBHOCTH 
conponom.n;aeTCJI pocTOM TeMrrepaTypnr (puc. 4, 8). B ne•repmre 'IaChi 
(pHC. 4, e) IIpH CHJibHbiX B03MYID;8HHJIX RapTH:Ha CYID;8CTB8HHO HHaJI: ypoBeHb 
MarHI!ITHoH: aRTJiiBHOCTH ne cRa3LIBaJICJI mrrn:& .n;o L~2, np~<I L>2 cnJI:&noe 
IIOBb!III8IUI8 aTHBHOCTH (J(v~6) COIIponomp:aeTCJI TIOHHrH:8IUI8M T8MTiepaTypb! 
IIO cpaBH8HHIO CO CITOROiJHb!MH . HJIH yMepenno B03MYIIJ;8HHbiMI!I nepHO)J;aMH. 
B IIHTepnaJie 2<L<3 cpep;ul!re TeMrrepaTypor OJJ;I!IIIaiWBbi n cnoKOMHLie Iif yMe
peHno noaMyrn;ennhre rrepno.n;:&r, a npu L~3 yMepeHHLie noaMyrn;enHJI conpo
nom.n;aroTCJI rronMrnenaeM T; uo cpannenuro co crrorw:iiiHbll\UI ycJIOBHJIMII. He
o6xo.n;nMo rrpn aTOM c.n;eJiaTL CJie.n;yrorn;yro oronopi<y: BLr6opRa .n;mr CIIJILHO 
B03MyiiJ;eHHbiX YCJIOmrir (()<J(P<9) COCTaBJIJI8T ~10 CJiy'Iaen 3a HHTepnaJI 
na6mo.n;enHiii, a crrOIWMH:&re ~<I yMepenno noaMyrn;enn:&re ycJIOBHJI ua6Jiro,n;aJIHCL 
n 50- 60 CJI}"'aJix aa HHTepnaJI. I-IecMoTpH na aTy oronopRy, Tpe6yrorn;yro 
HaiWIIJI8Hl!Ili 60JihiiieM CTaTUCTHRJif )l;JIJI CHJILHb!X B03MyiiJ;eiiJi!FI, ITOHH)ReHiife 
TeMnepaTypoi BII8IIIII8M 30IIbi IIJia3iVIOCcpepbi B B8LI8piiH8 '-IaCbi BO BpeMJI CJifJIL
HbiX B03MyiiJ;eHH:i1 3aCJIYrinifBaeT BHI'lMaHHJI. l10-BJif)J;HMOMy, 3)l;eCb II806XOJJ;HM 
H8UOCp8JJ;CTBeHHbiM anaJUI3 rpa,n;neHTOB TeMnepaTypb! B 3aBiifCHMOCTI!I OT ypOB
Hli MarHJifTHOM ai\THBHOCTH, liOCROJILRY liOBbiiiieHne cpep;HeM TeMnepaTypbi 
na aa.n;annoH: L-o6oJio•me c nonblrnenHeM Kp-HHJJ;eRca MOiEeT 6:&ITh cnJiaano 
c npn6mnneHI!IeM H 3eMJie ne'IepneH: nJiaaMonayabl n pocTOM Tel\mepaTyp:&r, 
na6mo.n;ae.vrbiM rrpii! npH6mnr<eHHH H aTo:iir rparmu,e nanyTpn. 

ConocTaBJieHHe npocpnJieH: T; (L), rrocTpoennLrx no naMepemu:nvr ua 6oJIL
IIIHX Iii MaJihiX BbiCOTaX (puc. 5, a, 6), BhiliBJi!JII!I CJI8)l;YIOIIJ;I!Ie pa3JII!I'IHJI Men>,ll;y 
yTpeHHI1MH n Be'IepHHMn ceHTopaMn. Ha yTpenueH: CTopone (pHc. 5, a) no 
nnyTpenneii 3one (L~3) ne na6mo.n;aeTcJI BbiCOTHoiX H3MenenHM T; 
rrpn cfnmcnponannoM 3Ha'remrH L, Tal\ "'ITO npocpnmr T; ne pa3JII!I'IaiOTCJI 
na pa3ni>rx BI>ICOTax. B o nnernneii n Jia3Moccpepe (L>3) TeMrrepa
Typa ITJia3Mbi na MaJibiX BbiCOTaX ORa3hiBaeTCJI 6oJiee T8CHO CBJI3aHa C HI!GI\e
JI6rl\aiiJ;ei1: XOJIO}l;HOM liOHOCqlepHOM IIJia3MOM, '18M Ha 60Jibiiii!IX BbiCOTaX, T. e. 
na6mo.n;aiOTCJI ana•nrTeJII>Hhie npo)l;OJihiii>Ie rpa)l;nenThi TeMrrepaTypor. Ha ne
'lepneii cTopone (pnc. 5, 6) no nceit nJia3Moccpepe (ne3aBHCHMO oT L) na6mo
.n;aroTcJI ana'IHTeJILHI>Ie npOJJ:OJII>HI>Ie rpaJJ:HeHThi TeMrrepa TYPI>I. 8To corJia
cyeTCJI c oxJiamp;euneM nnmmn cJioen ne'Iepneiir nJia3Moccpephi n peayJI:&TaTe 
OXJIMRJJ;8IUUI npHJieraiOIIJ;I!IX CJIOeB H80CB8IIJ;8HHOM HOHOCcpepbi. 

TaHHM o6paaoM, no nnernueii mra:nwcciwpc (L>3 ) npop,o.'ILHoie rpa.n;nen
TI>I cyrn;eCTBYIOT BCerp;a, II83aBIICI!IMO OT ~18CTUUf0 BIJ8M81UI, a BO BIIyTp8H
Hefr - B Be'IepHI!Ie '-IaCbi, TaR 'ITO JJ;OJiff\Hbi cyrn;eCTBOBaTL IIOTOI\Iif TenJia BJJ;OJib 
CHJIOBbiX JIIIHI!IM C HCTO'IHHROM B HX B8piiiiUiaX. 

CorJiacno [ 20 ] , no JmyTpennei1 nJia3Moccpepe Ha6Jiro.n;aeTCJI TerrJioP.oe 
paBHOB8CI!Ie HOHOB f8JIHJI l!I BOJJ:Opop;a C TO'IIIOCTbiO JJ;O ~ 10%, rrpn £>3 CTaH-
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.D;apTHbie OTRJIOHeHFIJI TH,./T H neCROJibRO BoapacTaiOT, ocooenno B Be'Iepnue 
qac:oi. IIocrwJI:oRy TeMnepaTypnr nonon I-J+ :n He n aMepJIJIHCL 11 anaJin aupona
;rm c:o HeaanncnMo, aTo o6cToJITeJILCTBO rapanJ'npyeT Hap;eJrmocTb naMepemtii: 
Te:urrepaTy pni- napaMeTpa, )l;JIJI ROToporo HeT liiihiX cnoco6on nepHqnmau;tm. 

PeayJI:oTa Tbi nccJie):(onamm TeHJIOBOH cTpyHTYPhi rrJiaaMoccpepnr noanoJIJIIOT 
o..:c.(JOp:\IYJIIIpOBaTJ, c.::rep;yiOIIJ;:He npooJieMbi p;aJI:OHeHIDI1X TeopeTI1'IeCKHX HCCJie
JJOBaHnfr: 
. 1) RaROBbi ::lqJcpeRTIIBHbie MeXaHI13Mbi HarpeBa HOHOB? (KaR OHH JIORaJIH-

30BaHhi B IIpOCTpaHCTBe II RaR CBJI3aHbi C COJIH8'IHOH aRTIIBHOCTbiO H CBOMCT
B a~III m.;pyll\aTOIIJ;eii IIJia3Mbi?) 

2) RaH o6'hJICHHTh rrepeHoc T8HJia, o6ecrre'InBaiOIIJ;Hii narpen Hoqnoil: rrJiaa
llroccpepni? 

3) l10'I8My HaOJIIOp;aeTCH CTOJib BbiCORall CTerreHb T811JIOBOrO panHOBeCHJI 
nonon He+ 11 H +? 

'3. XHMJI'IeCRUH If aapH.D;OBbiH COCTaB HOHOB ITJia3MOc«flepbi 

MccJI-e,n;onarnre Macconoro n aapH,n;onoro cocTana nonnn nJiaaMoccpep:or HMeeT 
namHoe ana'lenne )l;JIH IIHTepnpeTau;rur npocT:orx aon.D;OBbiX naMepemri'r (na
npMMep, B CJiylJae, I\Orp;a JiiCnOJib3YIOTCH anaJIU3aTOphi C TOpM03JIIIJ;l1M noTeH
IJ;UaJIOM), a TaRm:e .D;JIJI BbiJIBJieHIUI UOHOB, IWTOphie IIpHCYIIJ;H HMeHIIO nJia3-
MOCcpepe, TaR 'ITO IIX oonapymerure B .D;pyrHX OOJiaCTJIX Marmuoccpepbi O.D;H0-
3HalJHO CBUp;eTeJibCTByeT 0 nJia3MOCcpepHOM npOliCXOIH.D;eHUII ::lTiol:X HOHOB. 

BniJIBJieniie Macconoro 11 aapH.D;OBoro cocTana n JiaaMoc<f>epnnrx uonon 
FIM8eT TaRII\e CyiiJ;eCTBeHHOe TeopeTMlJeCROe 3Ha~reHne, nOCROJILRY ,D;aii\e He-
3Ha~IUTeJibHaJI npnMeCb TJillieJihiX liOHOB MeHHeT YCJIOBIIJI pe30HaHCHOr o B3aii
MO.D;eHCTBFIJI ropJI'IliX lJaCTI'IIJ; ROJILIJ;eBOrO TORa C XOJIO)l;HOii ITJia3MOii:, npliBO
)lJIIIJ;ero R pa3BliTIUO neyCTOH'IliBOCTeM li Harpeny BHenmeii nJia3Moc<f>epbi. 

IIepnoHa~raJibH:ore Macc-crreRTpoMeTpuqecR:ue li3MepenuJI Honan nJiaaMo
c<f>epnr na cnyTHHHe OG0-3 noHaaamt, 'ITO 0,99 ni (ni - noJIHaJI RoH:u;enTpa
IJ;HJI HOHOB) COCTaBJIJIIOT IIpOTOHbi, a HOHbi He+ COCTaBJIJIIOT 0,01 17; ( 24). 
MaMepeHHJI Ha CIIYTHime OG0-5 nnepBbie o6napynmJI HOHbi o+ 
( ~ 0,001 nt) [ 25] . ITo Mepe rron:ormeHHJI 'IYBCTBnTeJI:OHOCTH Macc-cnei{Tpo
MeTpon Ha6Jirop;aeMbiM cneHTp l'IOHOB CTaJI oooraiiJ;aTbCH. B nepno.D; MMM 
(Mem,D;ynapo.D;IIbie HCCJiep;onaHHJI MarnHToccpep:or) Ha cnyTHHHe GEOS-1 
BnepBnle 6niJIH 3aperJiiCTpnpoBaHbl IWHbl o ++ H OHa3aJIOCb, 'ITO B6JIH3H :mBa
Tapa OTHOIDenne 11o••fno+ MO/I{eT .D;OCTHraTb ~ 1 Ha pacCTOJIHHJIX £~ 3, B TO 
BpeMJI RaR Ha cpe.D;HHX IDHpOTaX B CJIOe UOHOC<fJepbl ::ITO OTHOIDenHe COCTaB
JlJieT ~0,003. feil:cc li IOnr [ 26] noRaaamr, 'ITO UTI cpOTOHOHH3au;nJI HOHOB o + 
yJILTpa<f>HoJieTOBhiM H3JIY'J:eHimM CoJinu;a na 6oJI:omHx n:orcoTax, Hll yp;apHaJI 
HX HOHH3aiJ;UJI He MoryT o6ecrre~IHTL CTOJib BhiCOHOe OTHOIIIeHHe n0++/n0•, 
Ha6Jiro.D;anmeecJI na crryTHURe GEOS-1. B TO me npeMH noRaaaHo, ~ITO npH 
paayMHbiX npe.n;noJiomemmx o pacnpe.D;eJienun TeMrrepaTyp:or noHoB B)l;OJI:o 
CMJIOBoil: Tpy6Hn £=3 n ycJIOBHJIX panno.D;eHCTBHJI MOJHHo OO'hJICHIITb naMe
penH:ore OTHOIDeHHJI 770++/no• npou;ecCOM TeHJIOBOII .D;Hcpcpy3HH. 

ABTop:or [ 26 ] lJJiiCJieHHO liHTerpHponaJIH necTau;HonapHoe ypannenne .D;n<P
<PY3HH ):\JIJI liOHOB o++ B,ll;O.llb CHJIOBOM Tpy6RH BHYTPH nJiaaMoc!}Jep:or ; rrpu 
3TOM o++ paccMaTpnnaeTCJI RaH MaJiall COCTaBJIHIOIIJ;all ITJia3Mbi. Pac<reT Bbi
nOJIHeH B npeJJ:IIOJIOn{eHJur, 'ITO na BhiCOTe ~500 HM (£= 3), Ti= 103 K, a na 
n:orcoTe ~ 1300 RM (B6mraH ::IRBaTopa) - Ti -:::::; 10' K. Or{aaaJioc:o, 'ITO Ronu;en
Tpau;HJI l'IOHOB O++ CJiaOO aaBHCHT OT CHOpOCTll .D;Blin\eHHJI OCIIOBHOr O raaa, 
HO IIa,D;aeT Ha .D;Ba-Tpl'I nopH):(Ra npu OTCYTCTBlii'I TepMO.D;Hcpq)y3HJii. 

Konu;enTpau;HJI nonon He no naMepeHMJIM Ha cnyTHHHe GEOS-1 oRaaa
Jiac:o IIpUOJII'I3HTeJibHO Ha nopJI.D;OR BbJIDe 3Ha~IeHHH, IIOJiy'IeHHhiX B paHHHX 
::lRcnepnMeHTax Jil no ,n;aHHhiM BaJICiuepa H I0Hra [ 14] ROHIJ;eHTpau;nJI nne• 
HOHOB He+ p;ocTHraeT neJIHlJJiiHbi ~o, 1 nj. Ilo .D;aHn :orM n aMepemril: Ha cnyTnn
He DE-1 [27] BO BHemHeil: nJiaaMoc<f>epe (£>3) OTHomeHue nHe•l nw B He
CROJI:ORO pa3 npenhiiDa8T COOTBeTCTByiOIIJ;Ue anaq eHJiiJI, noJiylJeHHbie ITO H3Me
peHJiiJIM Ha cnyTHHRe GEOS-1. TaRHM o6paaoM, Ha ocnonaHrur conpeMenH:orx 
.D;aHHhiX HeJib3JI 6oJiee paCCMaTpliBaTb HOHbi He+ RaR MaJiyiO ROMIIOHeHTY 
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lTJia3MOCcpepHbiX HOHOB, a CJiep;yeT CTIHTaTb, ~ITO IIJia3MOCcpepa COCTOHT ITO 
MeHI>meii Mepe H3 ):IBYX Bal-J\HbiX IWMIIOHeHT. 

CJJep;yeT OTMeTHTI>, 'ITO anTopnr pa6oT [ 14] H [27] He o6cymp;aiOT nonpo
ea 0 TOM, UO'leMy B UOCJJe)J;HHX ;mcrrepHM0HTaX o6Hapy1IieHO CTOJib BbiC.OI\Oe 
(no cpam-IeHHIO c rrpemHHMII naMepeHHHMII [ 24, 26]) cop;epmamm He+, T. e. 
CRH3aHO JIM 3TO C MeTO)J;IIKOii: H3Mepennfr :HJJ:fl OTpamaeT CyiiJ.eCTBeHHbie Bpe
!lleHHDie napnaiJHH cop;epH,amm aTMX nonon B rrJJaaMoccpepe. TaKnM o6paaoM, 
naiiUII>rii norrpoc o conepmamur noHOB He+ B mraaMoccpepe no Cirx nop He 
MO/H8T c~nTTaTbCH OKOH'IaT8JibHO perrreHHbiM. 

11aMepeHnH co crrynnma DE-1 nnepnnie aaperncTpHponamr TaK;:Ke nonnr 
N+ n N++. Ha6mop;anrnnecH ' ana~reniui rroToRa HOHOB N + cocTaBJUITOT 
0,05-0,01 BeJJIFIHHbl IlOTORa JIOHOB o+. a HOTOI{H N++ COCTaBJJHIOT TaRyiO /P;e 
)J;OJIIO (0,05-0,01) OT HOTOHOB [28) . 

PeayJII>TaTI>I Macc-crreRTpocRoiiii'IecRHx H3Mepemr:i1 co crryTnHKa DE-1 
II03BOJIJIJIH 3aRJIIO'IUTL, 'ITO B llJiaaMOCcpepe HMeeTCH TOpOH)J;aJibHali 30Ha TH
rKeJihiX nonon; rrpnMep pacnpep;eJiennH no L-o6oJIOTII\aM ROHIJ0HTpaiJHM paa
Jrn<mnrx n::nou no p;amibiM crrynnma DE-1 nprme;J;en na pnc. 6 [27]. 

IloCROJibRY UOHbi o ++ II He+ npHCYTCTBYIOT B aeMHOM aTMOCcpepe B MaJibiX 
HOJIH'IeCTBaX II rrpaitTHTiecmi OTCYTCTBYIOT B COJIHeTIHOM BeTpe , 3Ha'IJUeJibHOe 
JIX COJ];epnWHHe B MarHIITOCcpepe BHe IIJia3MOCcpepDI yKa3hiBa0T Ha HX IIJia3MO
ccpeprroe rrpOHCXOJHJ];eHHe II MmKeT HCHOJJb30BaTI,Cfi llpii lii3Y'IeBJIH IJIIPKYJIH
IJIIH rrJia3Mhi n Marrunoccpepe. 

HpoMe TOro, HaJIIITIHe TH/KeJibiX HOHOB He+ H o++ B I.IJia3NIOCcpepe cy
IIJ.eCTB0HHO CKa3biBaeTCH na npOIJeCcaX reHepaiJHH H pacnpOCTpaneHim HOHHO
I~HI\JIOTpOHHbiX BOJIH, ITOCROJIJ>RY IIpHCYTCTBHe name MaJIDIX IIpHMeCeM TH
rHeJibiX IIOHOB B XOJIO)J;HOM IIJia3Me H ROJII,I}eBOM TORe CHII/haeT 'IaCTOTY UOH
HO-IJHHJIOTpOHHOrO pe30HaHCa H CROpOCTb pa3BHTHH CBH3aHHbiX C IUIMJI He
YCTOM'IHBOCTeM; aTo o6cTOHTeJihCTBo neo6xonn Mo yqJITbiBaTb npu pac<reTe 
Harpena BifeiiiHeM TeiiJIOBOII 30Hbl IIJJa3MOCcpepbi, B 'IaCTHOCTli )J;JIH o6'hHCIIe
IIHH nepaBHOBeCHOrO COCTOHHHH ;)TOM 30Hbl C npeHMYIIJ.eCTBeHHblM narpeBOM 
HOHOB (npH L>3, T;>Te). Ilop;po6nnrii: anamra BJIHHHHH upnMecn THJlieJiblX 
IJOHOB B XOJIO)J;HOM H ::meprwrno1i ROMIIOHeHTaX IIJJa3Mbl BO BHeiiiHeM 30He 
TIJia3li10CcpepDI Ha reHepaiJFIIO l'I pacupOCTpaneHHe HOHHO-IJ;HRJJOTpOHHI>IX BOJIH 
BniiiOJIHeH n pa6oTe HoaDipDI n p;p. [ 29]. B pa6oTe upHne;IJ;eHa o6mnpna11 
6n6mwrpacpHH 3RCIIepiiiMeHTaJibHbiX II TeOpeTHTieCHHX HCCJiep;oBaHHM 3TIIX 
IipOIJeccoB n nx nmmnl'm na CTPYRTYPY n narpen nnenmeii HJraaMoccpepnr 
BIIJIOTb p;o IIJia3MOIIay3hl. 

CorJiacrw H3JromenHhiM n o6aope [ 29] pa6oTaM, yTieT HIHIMecH THllieJihlX 
UOHOB IIptiBO)J;HT I\ CJiep;yiOIIJHM OCHOBHbiM peayJihTaTaM: 

1) 3HeprH'IHI>Ie THJI\eJII>re l'lOHhr copTa a BDI3I>IBaiOT pacr.;a'my rwJie6amri1: 
C 'IaCTOTOH j~fa (/a. - IJIIRJIO'l'pOIIHaH TiaCTOTa HOIIOB COpTa a) II IIO)J;aBJlHIOT 
JlOJIHbi C 'IaCTOTOM j > j a; 

2) oco6o acpcpewrnnHo nmmnHe THJ±.;eJIDix noHoB copTa a , ecmr ropH'IHe 
H XOJIOJ];l:lble HOHbi 3T0l'O COpTa npHCYTCTBYIOT B COH3MepHMbiX 1\0JHI'IeCTBaX 
(HarrpnMep, n paii:one necrepHero BblCTyHa npn L<4 B I\OJibiJeBoM TORe rrpn
cyTcTnyroT ropn•me HOHhl o + H He+ B TOM rHe npouopiJHII c ropHTIHl\UI upo· 
'fOHaMH, 'ITO II B XOJIO)J;HOi1: IIJia3Moccpepno:i1 JlJia3Me H+: He+ : o +=1: 0 ,1 : 
0,01; npn L>4 p;oMrmnpyrO'r ropH<rne npoTonnr); 

3) 30Ha pacHa'II\H BOJIH He HOppeJI:npye-r C rpap;neHTOM IIJIOTHOCHI HOIIOB 
fJn/fJL (L=L pp ). 

B npncyTCTBinr npnMecn Tmr;eJri>rx HOHOB yMeHbrnaeTcH cpaaonaH cRopocTn 
BOJIHDI, ~ITO C03J];aeT YCJIOBHH pe30HaHca C llvHaMH KOJibi}eBOTO TOI\a B6JIH3II 
COOTBeTCTBYIOIIJHX IJIIHJIOTpOHllbiX TiaCTOT /rxc (a- COpT UOHOB) p;ame IIpH 
oqeHn rmarwH: nJIOTHOCTH XOJIO)J;Hhrx 'IaCTIIJJ; (HanpHMep, · npn L>LP1,, T. e. 
3a rrpep;eJiaMH IIJJa3Morrayanr). 

B nprn1enennn H ycJIOBIHIM B u JiaaMoccpepe TeopeTH'Iecrme BhiBO)J;hi, npn
nep;eHubre B ( 29), ll03BOJIHIOT npep;UOJIOiEHTh, ' ITO Heyp;a'lll TeX BOJIHOBblX 
JI3Mepennit rm HA, B IWTO]JhiX ne ynana.rrocn aapenrcTpnponaTh cooTneTCT
nyiOIIJ.HX II3JIY'IeHHII, 06'hHCHHIOTCH HMeHHO OIIHCaHHbiM flbiiiie C)J;Blll'OM pe-
30JiaHCHbiX 'laC TOT B npncyTCTBIUI THJHeJibiX HOHOB o+' He+ II N+. 8To upe)l;
IIOJIOJI\eHHe u op;TBe p;.r.;p;aeTcH naaeMHI>IMH na6mop;emmMn. BrrocJiepprmnr 
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¢>paibep H ,n;p. [30] na crryTinme ISEE-1, -2 3aperHCTpi1:ponamr uonno
D;HKJIOTponnMe Pc2 KOJie6anHH n6mr3H ne-.:repne.M rma3Monay3ni (L=S,S-7,6) 
B rrepHO,!l; 3aiiOJIIIeHH:fl IIJia3MOC<f>epbi Ha <f>a3f BOCC'l'aHOBJieHHH cy6oypH Ha 
'IaCTOTe fv ea=0,1 fn;, T. e. BOJIH3H D;HKJIOTpOHHOH -.:racTII o +. B COCTane IIJia3-
Moc<f>epHbiX l:IOHOB ,!l;OMHHllpOBaJIH T8IIJI:bi8 (0-100 aB) IIpOTOHbi, a cpe,n;H 
ropH'IHX HOHOB npncyTCTBOBamr o+ II He+ (0,1-16 K3B). 

Xancen II ,n;p. [31] na6mo,n;aJIH nyJincan;nn un ,a,nMoro cne,rennH anpopaJin
HhiX p;yr H OHq-H3Jiy-.:reHHH na -.:raCTOTe /=1,3±0,3 rn;. CrreRTpaJihHbJli ana
JII1:3, rrpone,n;ennor.M anTopaMH [ 31], Bnr,n;eJIHJI Tai{me Mop;y H3Jiy-.:rennH na 
'laCTOTaX 4 H 3,5 Kfn;, COOTB8TCTBYIOIIJ;YIO 3Jie:KTpOHHO-IJ,HKJIO'l'pOHHOMy pe30-
Hancy aBpopaJinHhiX aJieRTponon B o6JiaCTH na paccTOHHHH 8000 I{M OT 31\Ba
TOpHaJinnoH: IIJIOCKOCTH. oHq-H3Jiy'leHne BOJIH3II mmme-rn6pn,n;noro pe30HaH
ca n a -.:racToTax /LHn=4-18 Rfn; na6mo,n;aJIOCh na cnyTHHRax «l1nTepKoc
MOC>> [ 32] B Bnp;e ,!l;llC:KpeTHbiX 3MHCCHH. 

Orrncannnre Bhrrrre ,n;anHhre rro,n;TBepm,n;aiOT rrpe,n;noJion\ennH o TOM, 'ITO 
3aTyXaHne Jlanp;ay llOHHO-D;llKJIOTpOHHhiX BOJIH B yCJIOBHHX BHeiiiHeH IIJia3MO
c<f>epbi MOiKeT rrpuno,n;nTh K Harpeny rrJia3Mnr B wro.M o6JiacTn [ 33]. 

4. IIoHocl{lepHo-mraaMocl{lepHniii o6MeH aapsmeHHbiMH 'IaCTHIJ,aMH 

Ilpon;eccnr HOHoc<f>epno-rrJia3Moc<f>epHoro o6Mena 3apHmennniMII 'lacTnr.w
MH n r paiOT onpe,n;eJimoru;ym poJin B ,n;limaMrme nJia3Moc<f>epnr. 3anoJinenHe 
llJia3MOC<f>epbi 3a C'IeT IIpO,!l;OJibHbiX IIOTOKOB IIJia3Mbi 113 ,!l;H8BHOH liOHOc<f>epni 
e y-.:reToM ncex cTap;HM npon;ecca (pacrnnperure B BaRyyM, rnp;po,n;HHaMII'lecKoe 
pacurnpeHIIe, yCTaHOBJI8HHe ,n;H<f><f>y3HOHHOrO paBHOB8CIIH B CHJIOBOH TpyORe) 
TpeoyrOT H8CKOJibKHX CYTOK (CM. [2, 3, 34] H D;HTIIpOBaHHYIO TaM JIHTepaTy
py). IlpoiJ,eCC:bi OIIYCTOilleHHH CHJIOBbiX Tpy OOI{ Ha IIJia3MOc<f>epHniX BbiCOTaX 
3a c-.:reT OTTORa rrJia3Mbi B no-.:rnym neocneru;ennym nonoc<f>epy xapaRTepu-
3YIOTCn rrepHO)J;OM tg~1 CyT; RpOMe TOro, arrepHO,!l;H'IeCI\ll IIpOHCXO,!l;HT OIIYCTO
IlleHHe Bn eiiineti: rrJia3Moc<f>epnr no npei\HI B03My ru;enni'r, 3a eru;e 6oJiee RopoT
KHe npeMena. T aKHM o6pa3oM, rrpocTpaHCTBenno-npeMeHHaH cTpy in ypa nJia3-
MOc<f>epni ne i\IO}ReT OhiTh noHHTa 6e3 ,n;eTaJihHoro nccJie,n;onaHHfl o6Mena 
IIJia3MOH B Cl!ICTeMe l!IOHOC<{>epa - IIJia3li.>IOC<f>epa . 

3 ncrreplirMeHTaJihHhre ,n;anrrnre rrocJiep;rrero ,n;ecnTJir.rreTHfl yRa3niBaiOT Ta:Kme 
Ha TO, 'ITO liiOHOc<f>epnaH IIJia3Ma, HCTei\aiOID;aH B,!l;OJib reOMarHHTHOrO riOJIH 
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II3 HOHOC<}Jepbl Ha BbiCOKIIX IIIHpOTaX (IIOJH!pHblfi BeTep, HOHIIbi8 <}>OHTaHbl 
n o6JiacTn Kacrra II anpopaJibHOM 30Hhi, uoJIHpHbiii )J,OJI,)J,b Ha)J, uomrpuo:H 
lTiaiiKOH), JTOCTaBJJH8T XOJIO)J,HYIO IWMIIOH8HTY B 6oJiee y)J,aJI8HHbi8 o6JiaCTII 
MariUITOC<}Jepbi (rJJia3M8HI-Ibiii CJIOM, XBOCT) II HrpaeT cym;eCTB8HHyiO pom, 
B )J,IIHaMHI{8 i\faT'HHTOCqJepbi B n;eJIOM- B <}JopMHpOBamii-I FI 3BOJIJOIJ)HI CHCT8Mbl 
MarHHTOC<}JepHOM IWHB8IUIH:H, B pa3BI-ITFIH KpaCHbiX )J,yr IIOJIHpiibiX CJ:IHHHM 
IT )J.pyrnX HBJI8HHii. aTFI IIpOI~eCCbi, B .CBOIO O'I8p8)J;b, OIIp8)J,8JJHJOT )J,HHaMIIKY 
mrenmeli 30Hbi nJJaaMoc<}>epi>I u <}>opM:uponauue rrJiaaMonayaor [ 35]. 

06MeH flOTOKaMH 3apllii{8IIHbiX 'IaCT.i'I~ M8lli)J,y ITJia3MOC<}JepOM II HOHOC<}Je
pOII .HBJJH8TCH O)J,HHM I13 BaJhHbiX <}>aKTOpOB, HO)J,)J,8pllil'IBaiOIIJ;HX CyiD;eCTBOBa
HHe HO'IHO:it HOHOC<}>epbl lia cpe)J,IHIX IIIHpOTaX B OTCYTCTBU8 COJIH6'IHOT'O 
yJILTpai!JnoJieTonoro H3Jiy'IennH. 3TOT acnel\T uoHoc<Pepno-nJiaaMoc<PepHI>IX 
CBH38H l'I3Y'IaJICH T80p8TH'I8CI{H H IIO · I\OCB8HHbiM 3I{C118pi1M8HTaJibHbiM )J,aH
HbiM na 11pOTHIJ'<8HHli 6oJiee 15 Jle'l'. 

Au amra cyTO'IHbiX napHa~Hi1: ::>KBaTopnaJILIII>IX npo<Prmei& ni (L) , rrocTpoeH
HbiX no na6Jiro)J,eHHHM CBHCTHIIJ;HX aTMoc<l>eplirKOB, noanoJIHJI DapHy [ 36] 
C)J,eJiaTb BbiBO)J, 0 cym;eCTBOBaHIHI HOTOKOB 'IaCTH~ T8IIJIOBbiX 3H8prl'Ifl U3 nJia3-
l\WC<l>epbi B I10IIOCqwpy B HO""IHOe ,npeMH ~1,5·108 

:H ~3- ·J08 CM- 2 ·C- 1 lil3 HOHO
cqJepbi n nJJaaMoc<Pepy n )J,I-IeBHhie 'Iaci>I. Do )J,aHHI>IM HeHorepeHTHoro pac
ceHHHH na cTaH~Hn MHJJCTOH- XHmr (L=3,1) 3nauc [37] uoJiy'IIIJI 3Ha'Ie
HIIH 5·107 H 3·107 CM- 2 ·C- 1 )J,JIH IIOTOKOB 'IaCTH~ H3 IIOHOCCpepbi nnepx II BHI'I3 
(n liiOHoc<Pepy) cooTneTcTnetmo, a no peayJiwaTaM [38] ( Ta ;.r;e o6cepnaTo
prm) )J,H8BHOII ITOTOK H3 Ii!OHOC<l>epbl Bnepx Ha BhiCOTe 3000 J{llf COCTaBJIHeT 
(5-7) ·107 CliC 2 ·c-t, a HO'IIWM HanpaBJI8HHbiM BHH3 liOTOI{ )J,OCTHraeT 1,5· 
·108 Cl\C 2 ·C- 1 [38). 06a peayJibTaTa OTHOCHTCH I\ Mal\CIIMYMY COJIH8'IHOM 
aKTHBIIOCTI1. 

Do )J,aHHbiM cTaH~HH HeHorepenTI-Ioro pacceHHIIH n Ap:ucn6o (L=1,4) 
an Tophi [ 39] ITOJIY'IHJIH TO'IHI>Ie ana'IennH noTOKOB nonon H + na rmaaMoc<}>e
pnr B 1101-IOC<l>epy (2-6) ·107 CM-2 ·C-1 B anrycTe :U ~· 108 CM- 2 ·C- 1

- B HHBape 
1975 r . TeopeTii[liecHne o~enl\n noqnbiX rroToi\on 'IaCTII~ na mraaMoc<}>epi>r, 
Heo6xo)J,IIMbiX )J,JIH ITO)J,)J,ep!KannH n r-wqnoe npeMH MaKcnMyMa CJIOH F na 
cpe)J,nux mHpoTax, )J,aiOT 3Ha'IeHl'HI ~2-108 CM- 2 ·c-1 

[ 40], a )J,JIH rroTOIWB H+ 
113 l'IOIIOC<l>epDI B IIJia3MOC<l>epy H3 T80p8TII'I8CIUIX 0~8HOK IIOJiy'IaiOTCH 31-!a
'IeH:UH ~ 108 cM- 2 ·c- 1 

[ 41]. TaKHM o6paaoM, o~enl\u IIOTOKOB, TeopenP-recKne 
If IIO pa3JIII'II-IbiM Ha38MIIhiM l'l3JIY'I8IIliiHM ( CBMCTHID;He aTI\IOC<l>epiiKH, 1-IeKO
repeHTHOe pacCeHHIIe), )J,OCTaTO'IHO CHJihHO pa3JIU'IaiOTCH (3 ·107

- 3 · 
·108 CM- 2 ·C-1

), Tal\ q TO He06XO)J,IIMhl rrpHMbi8 H3M8p8IIIIH TIOTOIWB ITJia3Mbl 
MeJH)J,y rrJiaaMoc<Pepo:H n nonoc<Pepoi'r P,JIH pemer-nr.rr rrpoG.neMbi no<rnoli noinr
aaiiiiii cpe)J,HernupoTnoi'r nonoc<}>epor. 

TaKoro po)J,a H3Mepenne 6biJIO BbiiiOJineno Ha paKeTe <<BepTnHaJih-10>>, 
aanym;enHo:H Ha BbiCOTY )J,O 1508 HM n pa:Hone Bomorpa)J,a (L=2) . HaMepe
mm IIpOBO)J,IIJIHCb B HHTepnaJie BbiCOT OT nepiiiHHbi Tpaei{TOpiiii ( 1508 I\M) 
}.1;0 1438 l{M [ 42). 

B peayJII>TaTe o6pa6oTI\H HpHB.biX TOpMoil'eHHH (n rrpe)J,rroJion>eHHII 
ni""' nw) 6biJIO uoJiy'IeHo, 'ITO no npeMH noJieTa paHeTbi nonhr H+ )J,Bnrammh 
H3 IIJia3MOC<}Jepbi B HOHOc<}Jepy CO CI\OpOCTbiO V=0,8-1,4 HM/c. DoTOI\U lWHOB 
H3 HJia3MOC<l>epbi B liiOHOC<}Jepy IIpH 3TliiX CI<OpOCTHX JieffiaJIJil B rrpe)J,eJiaX 
(0,8-4,0) ·108 cM- 2 ·c-1

• Cpe)J,HHH neJIH'IHHa IIOTOI\a B no<myro rmHoc<Pepy 
~2,4 ·1 08 CM- 2 

· C 1 B UpliiiiiJliiT8 )J,OCTaTO'lHa [ 42) )J,JIH ITO)J,)J,8p f.KaHHH HO'II-IOT'O 
CJIOH F, XOTH O)J,IIOro U3M8p8HiiH! H8)J,OCTaTO'IHO )J,JIH OHOII'IaT8JlbHOrO BbiBO)J,a 
0 TOM, 'ITO ITOTOKJI :HOIIOB II3 HO'IHOH IIJJa3MOC<}Jepbi HBJIHIOTCH onpe)J,8JIHIOID;I'IM 
HCTO'II-IUKOM no<mor o CJIOH F nOiwc<Pepnr. 

5. BnemHJm aona n JiaaMocl{lepbr, rrJiaaMorrayaoi H HX CBSI3b 
c RpyrrHoMacmTaOHbiMH CTPYI'TYPal\fH MarHnTocl{lepDI 

5.1. BuemHJm aoua mia3l\Wcl{lepDI H CTPYRTY}lHI>Ie rpaHIIIJbi no nuyTpeuueif 
1\farHHTocl{lepe. PeayJII>TaThi naMepemril na crryTnnHax DE-1, -2 noano.Jumn 
Xoponn~y H )J.p. [27 , 43] uccJie)J,onaTb naaHMOCTIH3b Mem)J,y uoJiomeHHeM rrJiaa
Morray3bi u cJie)J,yrom;nMII rpamriiaMn rrJiaaMeiUihiX cTpyr'TYP no nHyTpenne:H 
MarnnToc<}>epe: 
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1) rpaHIHJ,a rrepexo)J;a xoJIO)J;HT>IX nonon (Low Energy Ion Transition LEIT) 
n aHJl30TpOIIHOMY IIpO)J;OJibHOMY IIHT'l-yrJIOBOMy pacrrpe)J;GJIGHHIO (IIHT'I-yroJI 
a ::=:::O ~ ). 8ra rpaHIUJ,a ~racTo naGmo)J;aercH noJinau rpa)J;nenra nJiorHocru Ha 
mmallwnayae (nne nJiaaMonayabr) ; 

2) nnyTpeHinrH: (o6paiii,ei-IHhiii H 3e!lwe) Rpa:fr a.'reRrpoHoJJ mraaMennoro 
c:roJI c IIIJ'f<r-ynraMu a"'='90° u ~Heprnlillm Ee=100 ::>B; tO R3B; 

3) IUI3ROIIIHpOTHbie rpaii11IJ,bl anpopaJibHbiX 3JJei\TpOHOll rex me ;:meprHii. 
IICHOJib30BaJIHCb TaRme H8ROTOpbie Ha3eMHbie II CHYTHUROBI>Ie ( O)J;I-IOBpeMeH
Hbie) H3MepeiUIH BU)J;liMbiX IIOJIHpiibiX CIIHHHI1. 

Ha6mo)J;eHIIH [ 44, 45] npono)J;UJIHCb n r:w1ep neM n yrpennoM cernopax; 
OCHOBHbie BbiBO)J;bi paoOT (27 , 43) OTHOCHTCH rJiaBilbiM o6pa3ml R BG'IepHeMy 
ceRTopy (18-23 MLT). 11sMepemm noRaaMnmor, 'ITO LElT n rpann!],a SJiei{
Tponon c E=100 aB riJiasMenHoro CJIOH oohi'IHo corna)J;aioT B npe,ll;eJiax ±0,3L. 
liJia3Monaysa u o6e arn rpamnJ,hr, orrpe)J;oJreHnbre nesaBncnMo, nepeMen.~,arorcH 
conMecTHO no L cooTBercTneHHo II3JVIOHBRI1IO Kp-HH,ll;eRca: nanpnMep, npu na
MeneHim Kp OT 5 ,!1;0 o+ rpaHUIJ,bi CMBIII,aiOTCH c L.p::::::3-4 Ha OOOJIO'IRY L,p::::::7. 
OT.TJIPine na6JIIOI.l,aeTCH JIIIIIIb B rrone)JeHHH BI13RornnpoTHoii rpaHHIJ,hi aJreR
Tponnoro anpopaJibuoro onaJia: 1:1 aroH: o6Jracru penrcrpiipyiOTCH RopoTKO
rrepnoll,n'lecRne q:JJiyRTyaiJ,HII (BpcMoHnoi& Macnna6 cy66ypL). IIpn'IUIIhi na-
6mo~.~,aeMbiX OTJIH~rHif MoryT 6hiTh CBH3aHhi mr6o c 6oJIEIIIIIM op6nTaJIHibiM 
nepHOI.l,OM cnynnma DE-1 (7,5 ~r), mr6o c noonpeiJ,eJienuocnJo L-rwopll,nHaThi 
aJieRTpOHHhiX rpaHHIJ, no )J;aiiiibiM DE-2, noapacTaiOIII,err c yMenhrnenneM run
pOThi, H3-3a 6oJree oLrcrporo )J;BIImennH 8Toro cnynnma no L. 

XopoBHIJ, u ,ll;p . [27, 43] )J;eJiaiOr BhiBOIJ,, 'ITO HCcJiell,OBaHHKe rpaHII!J,hi Mo
ryT CJIYllil!ITb l!IHIJ,l1RaTOpOM IIOJIOllieHIUI 11Jia3l\WIIay3bi D BE''IepH8M CBRTOpe, 
OCTaBJIJIH OTI{pbiTbiM BOI1p0C 0 )J;IIHaMIIRB <J THX CTpyinyp B iJ,pyrHX ceraopax. 
MLT. ABTOpbr [27, 43] BhiiiOJIHHJIH cTaTHCTH'fecKHii aHaJIII3 npoqnmeii KOH
IJ,BHTpaiJ,IIH uoHOB no nnernHei1 rr.rrasMoccpepe (n6m1sn LEIT) u rrpell,JIOfRI1JIJ1 
HX CXeMaT:WIBCRYIO RJiaccmJnmaiJ,IIIO, npiiBBI.l,BHHYIO Ha pHC. 7. 0Ra3aJIOCb, 'ITO 
oTHOCHTeJILHbie rJiall,RHe (6ea oco6ennocTeif) rrpoC{:lHJIII (A) H cTynen'IaTbie 
IIJiaTO (C) HaoJIIOIJ,aiOTCH Ralli)J;biM B T8TI8HHB ~40% npeMeHH, a IIpOC{:lUJII1 CO 
ana'IHTBJihHhiMII rrponaJiallm (D u E) samrMaiOT JIHIIIh 10% rrepiioll,a Ha6JIIO
.n;enni1:. Ilpii aTOM «CTPYRTypnponanHhiB>> npoq)H.J:H xapaRTepHbi )J;JIH ne~rep
Heif rrJiaaMocC{:lephr, a rrpoC{:liiJIII 6es oco6eHIIOcreM: Ha6JIIO)J;aiOTCH oohi'IHO yTpcm. 
06napyiueuo TaRme, 'ITO nan6oJIErnne rpa1.1,neHnr TIJioTnocTn n6mraH LEIT 
Ha6JIIOI.l,aiOTCH HO~IbiO, B TO npeMJI nal{ IIJiaBHbiH CIIall, ROHIJ,ei1TpaiJ,HU B 06Jia
CTU nepexo1.1,a ll,OMIIHIIpyeT n yTpomnre ~rachl. 

Haii6oJiee nnTepecHo corrocTaBHTh o6Jiacnr rpa1.1,nenToB rrpo<f>uJieit n aamr
CUMOCTH oT MLT c rroJiomenneM LEIT B 8THX rwopll,nnaTax. P,JIH aroro auTo
phi [27, 43] auam13nponaJin cTynenqaTLre rrpoC{:lum1 (C, puc. 7) n npoqnmH 
co ana'IHTeJIIoHbiMH rrpoBaJiallm (D n E, pHc. 7). 0RaaaJIOCh, 'ITO nnyTpennn e 
rpa)J;neHTbi IIJIOTHOCTH (L=3-4) ne aaBIICHT or MLT. Ilpo<f>umr rpamn~hr 
nepexo1.1,a (LEIT) nMeiOT IJ,l'IpRyJIHpnym C{:lopMy rrpu 6oJihrnnx Kv. Ha noM 
OCHOBaHHH MOlliHO OlliHIJ,aTb, ~ITO BIIyTpeHIIUe rpa!J,H8HTbl II.TIOTHOCTH C{:lopliHI
pyiOTCli npu BblCOROii: MariUITHOM aRTIIBHOCTH (B03MOlliHO, B HO'II-Ibie ~racr,r) 
:u RopoTupymr n 1.1,pyrue ceRrophr MLT, o6paayH IJ,HpRyJIHpnyro aony BhiCOKIIX 
rpall,JIGHTOB, ll TO Bp8MH RaK BHGIIIHHH 30Ha IIJia3MOccpepbi cpopMnpyeTCJl B IIO
CJI81l,YIOIII,HB cnorwftnbre rrepHO)J;hi. 

CJie)J;yeT IIOIJ,'IepRHYTb, 'ITO Rai{ rrJiaaMorrayaa, TaR n rpanniJ,a rrepexo1.1,a 
R rrpOI.l,OJibHOMY pacnpe)J;eJieHHIO XOJIOIJ,HhiX JIOIIOB (LEJT), COrJiaCHO ll,aHHbiM 
( 43), RBa3HIJ,HpRyJIHpHbl l3 B03MYIII,8IIHbiB nepiiO)J;bl, a B CIIOROMHOB npe11m xa
paRTepHayeTCH 3HalJJ'l'fBJibllbiM IIOJIYIJ,8HIIbiM BbiCTYIIOM. 

11aMepeHHH 3JI8RTpOHHOH ROHl~BHTpaJJ,HII ne B IIJia3MOCC{:lepe IIO H3JIY'IBI-IIUO 
B6JIII3H BepxHe-rH6pH,ll;HOl'O pe3oHaHca IIpOBOI.l,HJiliCb B llOJIHOBOM 8ECIIBpHMBH
Te ua crryTHHRe ISEE-1 H orrucanhi n pa6oTe AH)J;epcona [ 46]. 8TH naMepemm 
ll03BOJI11JIH cpaBHI1Tb OCHOBHbiB CTpyRrypHbie II IJ,HHaMU~IBCRHe OC06BIIHOCTII 
nJia3Moc<flepbi, rroJiy~renHhie na ocnone nx anam1sa, c pe3yJILTaTaMn rrpHMhiX 
IIJia3MBHHbiX H3MepeHI1fi, OIIHCaHHbiX B rrpe,ll;blll,YIIJ,HX pa3)J;8JiaX, a TaRme C ll,aH
Hbll\UI naseMHhiX Ha6mo)J;ernrH: nncT.'Iepon [ 47]. ConocTanJieHne 1.1,aHIIbiX rrpo
,ll;BMoHcTpnponaJio xoporneo corJiacue ncex Tpex He3aBHCHMhiX MBTOI.l,OB H3Me
pemm. CJiell,yeT IIOIJ,'IepRHYTh, 'ITO peayJILTaTLI AHiJ,epcona [ 46] Ha)J;emno 
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Pnc. 7. CxeMaTn'lecRaH RJiaccnqmRaD;nH THllOB pacnpe}:(eJieHHH ROH
u;enTpau;an MOHOB B6JlH3H llJia3MOllay3hl, BepTHRaJibHaH JIHHHH - llO

JIOJReHHe LEIT 

Bhi)l.eJIHIOT o6a BH,D;a acH:MMeTpHU IIJia3MOclf>epbl (rroJiyp;eHHO-IIOJIYHO'IHYIO Iif 
Be'IepHe-yrpenHIOIO) B BH)l.e e)l.uHoro Bhrcryrra, rrpocTHpamm;eroc.H c yrpemmx 
,D;O Be'IepHHX 'JaCOB, npn<re:M pa3Mephi II JIORaJIH3ai!H.H BhiCTyrra 3aBHC.HT OT 
ROHI!eHrpaJ:\HH, MeCTHoro npeMeBH u yponn.H reoMarBHTBOH artTHBHOCTH. CDop
Ma ITJia3MOITay3hi ITO p;aHHbiM H3Mepemri1: ( 46) COOTBeTCTByeT rrpiiBep;eHHOM B 
pa6orax [6 - 9]. 

,/J;aHIIbie (43-45] IIO,D;TBepmp;aiOT BblBO,!l; f'pHHray3a H 8e3pyRHX [ 6] 0 3Jit,.. 
'IIITeJibHOM IIOJiyp;eHBO-IIOJIYHO'IHOM aCHMMeTpHH IIJia3MOITay3bi B CIIOROMHbie 
nepHO,D;bi, B TO BpeMJI ItaR qerrrreJI H p;p. ( 48) Ha OCIIOBaHHH H3MepeHlill CO 
cnyTHHRa OG0-5 TaRoi1 acnMMerpnn He o6napymnJIII, a aBTOphr rrJia3Moc!f>ep
Horo aRcrrepnMeHTa na cnynnme DE- '1,2 B HToroBoi1: pa6ore [27] TaRate nrHo
pnpymr aTy npo6JieMy, XOTJI BO BpeMJI YCTHOTO rrpep;cTaBJieHIUI HX )l.ORJiap;a Ha 
ceccnn ROCIIAP B TyJiy3e ('1986 r.) rrpo,n;eMoncrpnponanHhre Hl\H£ aRcnepn
MeHTaJibHbie p;aHHhie TaRJRe CO)l.epmaJIH HeCOMHeHHbie CBJI)l.eTeJibCTBa ITOJiy
)l.eBBO-IIOJIYHO'IHOH aCHMMeTpHH IIJia3MOITay3bi. 

5.2. IlJia3MOimyaa II ee CBH3h c KpyrruoMacrura6uoii: KOnBeKJ:\neii: rrJia3Mbl 
B MarHHTOC!flepe. I'paHHJ:\a XOJIO,ll;BOM ll30TpOIIBOH rrJia3Mhi - IIJia3MOITay3a -
13 TeopeTH'IeCRHX MO,D;eJIJIX o6hi'IBO OTOJR,D;eCTBJIJieTCJI C ITOCJiep;HeH 3aMRBYTOH 
3KBHIIOTeHIJliaJlhiO :3JleRTp:H'IeCROTO IIOJIJI ROpOTaiJHH H O,D;HOpO,D;HOTO IIOJIJI Mar
BHTOC!flepHOM ROHBeRJ:\IIH, a CaMa IIJia3MOC!flepa - C o6JiaCThl0 1 3arrpem;eBHOH 
,D;JIJI rrponiiRHoBeHH.H MarmiToc!f>epHoi1: riJia3Mhi. Ilpocrei1:ma.H Mop;eJib raRoro 
po)l.a npe,n;JiomeHa oRoJio 20 JieT Ha3ap; I-hrruH,n;ol'r [ 49] H Bpa:iicoM [50]. IIIH
poRoe pacrrpocTpaneHIIe aTa MO)l.eJib noJiy'IHJia 6Jiaro,n;apJI TOMy, 'ITO rrpH pa-
3YMBbiX rrpep;IIOJIOJReBHJIX OTHOCHTeJibHO ~meRTpH'IeCROrO IIOJIH yrpo - Be'Iep· 
B xnocTe MarmiToc!f>epr,r E:::::::0,5 MB/M Mop;eJih cTai!HOBapHoi1: ROBBeRJ:\HH ,n;aer 
npneMJieMr,re aRBaTopHaJibHhre pa3Mepr,r rrJia3Moc!f>epr,r II o6'hJICHJieT Be'IepHnl'r 
BhiCTyrr aRBaTopnaJibHoi1 nJia3Morray3hi. O,n;HaRo aTa MI',/J;-Mo,n;eJih rrpe,n;rroJia
raeT cyrrepii03lli!HIO IIOTeHIJIIaJIOB IIOJIH ROpOTaJ:\IHI H MarHHTOC!flepHOH ROH
BeRJ:\:HH, 'ITO cnpaBe,D;JIHBO JIHillb B CTaJ:\IIOHapHOM CJiy'Iae ll rrp.H OTCYTCTBIUI 
npO)l.OJibllbiX rpap;neHTOB IIJIOTHOCTH II TeMrreparypr,r, II03TOMY TaRIIe MO,D;eJIH 
HeRoppeRTHhi rrpn y'IeTe necTaJ:\HOHapHoro xapaRTepa MarnHTHoro II aJieRrpH
'IecRoro noJiei1:. 0)l.HaRo npe)l.cTaBJieHne o IIJia3Morray3e RaR o rrocJie)l.Hei1: 3aMR
nyToi1: 3RBHITOTeHIJIIaJIH CHCTeMbi MarHHTOclf>epnoi1: ROHBeRJ:\IIH ITOJIY'IHJIO )l.aJib
Heii:rnee pa3BHTne B pa3JIH'IHhiX napnaHTax 'IJICJieHHbiX MI',/J;-Mo)l.eJiei1: Hecra-
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rrx [ 6] o ant .. · 
B CIIOKOHHbie 
£3Mepemrii co 
IIJia3Mocq)ep
TaRme HTHO-

X: AOKJiaAa Ha 
iiMH ClKCII8pH
IIbCTBa IIOJIY-

~nell: mra3Mbt 
aa1.wnayaa -
ill 3aMHHYTOH 
lTO IIOJIH Mar-
3arrperqOHIIOH 
oAeJib TaKoro 
,M [50]. fin-
liTO rrpH pa

yTpo - neTiep 
meKD;HH AaeT 
IeT neqepHHH 
Ib rrpeAIIOJia
;flepnoii: IWH
!I OTCYTCTBHH 
aRne MOAe.TIH 
0 H ::JJieHTpH
IIeAHOH 3aMH
IIY'IMJIO p;aJin
AeJieii: HecTa-

~nunapnon Koi-wem::v·ni (eM,, nanpuMep, [2, 34, 51] n u;nnrpyeMyro TaM 
.1IITepaTypy). 

Mf A -l\IOAeJnr npeAIIOJiararoT, 'ITo HHTerpaJibi-IaH rrpoB(JAHMocTh MarinrTo
cqJepnr BAOJib MarHIITHOTO TIOJIH ~11 -+ 00 BIIJIOTb AO liOHOCq)epHbiX BbiCOT, TaH 
'ITO MarH:HTHbie CIIJIOBhie JIHHIIH HBJIHlDTCH Cli\BHITOTeHIJ;HaJIHMH ClJiei{TpH<IeCHO
ro IIOJIH, u HeAoon;ennnaroT poJih uonoc(pepn• (n qacrnocnr, o6hi'IHo rrpene6pe
raror paaJIH'II>IeM AHenHo:fr n HO"'IHOH rrpoBOAIIMocre:H nonocq)epbi). Monocq)epa 
y qurnmaercH n Mf,ll;-MoAeJIHX KaH ao1:1a npoTeHaHJJH ;.JJieKTpn<recHnx rrorrepe'I
Hhrx TOKOB, HO He Y'IHTbiBaeTCH HOHOcq)epHO-IIJia3MOCq)Opiihii1: 06MeH liJia3MOH 
u noTepn ~<ronon sa cqeT ynJieqemm Ill\HI neii:TpaJIOB B pe3yJihTare coyAapennii 
(naanMOAeii:cTBHe :uonon c neihpaJial\ni oco6enno cyrqecTnenno npn MarmrTo
cq)epnnrx B03MyrqeHIIHX c xapaHrepHL!liUI BpeMenaMH ~10" c). KpoMe roro, 
B Mf,ll;-MoAeJIHX ne paccMaTpnnaeTcH aq)q)eHT MexaHJFrecimx CHJI (r~eHTpo-
6eamoii: II rpannraq¥ronnoii), IWTOpbrii cyrqecrnenno H3Memrer npocrpancTnen
noc II IIHT'I-YTJIOB08 pacnp8A8JICHHC IIJia3MOC(pepHLIX 110HOB If npHBOAliT H II3-
MeHeiHIIO q)opMbi IIJia3MOIIay3bi. 

B peayJILTaTe, Mf,ll;-MOAOJIII necTaqnonapnoii I\OHBeiU(Ini ne onnci>maroT 
KopoTKOIIepHOAH'IeCKIIX Bapiiaquf,j: q)opMbi II pa3MepoB IIJia3MOnay3bi, a TaKJRe 
ee IIOJIYAeHHO-IIOJIYHO'IHOH aCHMMeTplHI, HOTOpaH HaUJIIOAaeTCH ClHCnepHMCH
TaJihHO II cyrqeCTBOBaHIIC IWTOpoii CJI8AYCT ll3 TeopeTIPieCKUX C006pame
HIIH [5'1]. 

,lJ;eHCTBI-Ie MeXaHH'ICCHIIX CHJI H pa3BllTIIe nepecTaHOliOLlJ-IOfi IIOYCTOH'IHBO
CTII HCCJICAOBaHO JleMapoM ( C~I. MOIIOrpaq)HIO ( 34] H IJ;IUMpOBaHHYJO B ne:fr 
miTeparypy, paapa6oTaBIIIHM aJILTepnanmnyro (ne Mf JO TpexMepuym MO
AeJib na ocnone yqeTa CJTHX npon;eccol3. MoAeJih JleMapa rro3BOJIHeT o6'hHCHHTh 
OCHOI3Hbie oco6eHHOCTl'I q)opMHpOl~aHJIH llJia3MOIIa y3hi, BI\JIIOLJaH IIOJIYAeHITO
IIOJIYHO~IHyiO aciiMMeTpHIO, HOTOpaH He OITHCI>IBaeTCJ1 cyrqeCTBYIOIIJ;IIMH Mf,lJ;
MOAeJIHMH. 0AHaHO CJI8AYeT HM8Tb B BHJJ;y, 'ITO pacHp8il,8JICHHe ::JJICT\TpH'IeCKO
ro H MarnHTHoro rroJieil:, Koropoe ucrroJih30nano 13 pac•rerax JieMapa, nocrpoeHo 
MaH-I1Jinaii:HoM [52] nyTeM ::mcrpanoJIH~HH ar<cnepiiMenraJihHLrx AaHI-IhiX , 
rJiaBI-IbiM o6paaoM rroJiy'IeHHbiX ua ocHoue naMepeunii c reocTaqnmmpi-ILrx 
crryrHHKOB; :no o6cTOHTeJILCTBO orpanHLJnnaer rrpnMeHHliWCTb MoAeJI:n MaK
llJinaiina AJIH rpexMepnoro reopernqecrwro omrcaruw npoqecca q)opM:npoBa
HHH IIJia3MOIIay3bi. 

HeAaBno 6hiJia rrpeAIIPHHHTa uoni>ITHa uocTpoei-IHH :JMtmprFrecHo:fr lVIOAeJIII 
rrJia3Mocq)ep:or no H3MepeHHHM co crrynnma DE [53]: uocTpoeHa ycpeAHemraH 
KBa3HCTaiJ;MOHapHaH Hapnma pacrrpeAeJIOHHJI IWlliJ;eHTpaqHJI HOIIOB H+ flO 
L-o6oJIO'IHaM B ycJIOBHHX yMepeHHoii reoMarHnrrwii Bo3Myrr:~;enHocTH ncHope 
IIOCJie MaHCIIMyMa COJIHC'IHOII aKTii!BHOCTU ( 1981-1 982); OAHaKo ::JTa l\10)l8Jib 
He OIIMCbiBaeT OCIIOBHbiX Oco6eHHOCTeii CTpyinypJ,I BHOIIII-Ieii: 30Hbl IIJia3MO
cq)epbi M IIJIS3MOIIaY3bi. 

HaKoneu;, AHIIaMuHa rrJia3i\iOC(pephr u q)opMnponamre IIJia3Monayai>I B ne
pHOA B03MyrqeHHII B 3Ha'niTeJibiiO:ii MOpe OIIp8):(CJIJ1eTCH pa3BHTHeM H pacna
AOM KOJibiJ;OBOTO TOKa (54]. Bmrmnre HO.ITbiJ;8BOro TO.Ka He CBOAii!TCJI K ll03HHK
J:IOBeHHIO MarHUTHOrO B03My~eHIIH If npyrrHoMaCIIITa6noro ilJieJ\TPII'lOCIWTO 
IIOJIJ1 : B3aHMOAOfiCTBI18 ropJPIIJX IIpOTOHOI3 KOJJhiJ;CBOTO TOKa C HeMTpaJibHhiM 
BOAOPOAOM reoHopoHI>I npHBOAIU I< o6pa301~anmo aHeprn'IHbiX neiiTpaJIOB [55]; 
aaTyXaHHC HOHIIO-IJ;HHJIOTpOHIIbiX BOJIH B npou;occe B3aHMOAOMCTBJJJ1 C XOJIOil,
HOH IIJia3MOCCpepnoii IIJia3MOII MOmeT OKa3aT 1:CJ1 OCHOBIIhiM MeXaHH3MOM na
rpena BIIeiiiHeH 30Hbi IIJia3MOc<!Jepbl (33] H OllpeJ~OJIHIOIIJ;HM q)aHTOpOM il,HIIa
l\UIHH rwa3Monay3I>I 130 npeMH reoMarHHTHhiX Gypr,. IIpou;ecc pa3Bunu:r r-ronno
IJ;HKJIOTponnoii neycro"i{qnnocTu B 3naqnTe~rnnoi'r Mepe aamrcHT or couepmamur 
THllieJibiX HOHOB B COCTaBe XOJIO)l;IIOii: IIJia3Mbi, OTilOCHTC.llhHO ROTOpOrO HMeiOT
CH nporunope'IHBMe AaHHI>Ie (eM. PaaA. 3). ABTopaM nacToHrr~ero o6aopa 6I>IJI 
neAanno rrpncJiaH o6IIInpHI>Iii MaTepnaJI [5o], cor~epmauwii: pe3yJILTanr nepe
cMorpa AaHHI>IX l!I3MepeHHi'r co cuyrmma G EOS-'1 oG non noM cocTaBe, TeM
nepaType Iii pacrrpeAeJieHIIIl KOHJJ,eHTpaqHH TO.IL.JIO BblX JTOHO l:l B COIIOCTaBJIOIIli H 
c AaiiHhiMH H3Mepenuii: co cnyTHHKOB ISEE-'1 H DE, a TaJm{e c na3eMHbiMU 
na:uep enHKMH 13IICTJiepo n B uepHOJ~hi HH3Roi.f coJiu eqnoii aJ{TIIBHOCTH. Hau6o
.rree cyrqeCTBeHHbiM pe3yJILTaT ()TOll paUOThl COCT<HIT, Ha IIaiii ll3l'JJHA, B IICpe
C:\IOTpe II onpeAeJIOHHOM YTO'IHOHI1H l~biCOROTO OTHOillCHHH HOHD;eHTpaqH:ii: 

'1:) 



He+jH+: no ::JTHM p;aHHbiM ouo cocraBJIJieT 2-6% H nospacTaeT B HeKoTopbrX 
cJiy'IaJix p;o nemPIHHbi, 6mrsKofr K ep;nmnre. ,IJ;amrbre [56] corJiacyrorcJI c pe
syJihTaTaMn [27], HO IIO MHeHHIO caMHX aBTOpOB 8TH pesyJibTaTbi Hy.mp;aiOTCJI 
B p;aJibHeiirneM YTO'IHemur. IIosToMy noupoc o coorHornemnr Kouu;eHTpau;Hii 
Horron He+ n H+ B nJiasMoccpepe noKa ocTaeTcJI oTKpbiTbiM, 'ITO, ecTecTBeHrro, 
sarpyp;rrJieT Mop;eJIHponam-re mrernneii: mra3l'IIOccpepbr H mrasMonaysbr. 

6. B LIBOf(bl 

IlpHBep;eHHbie Bbiiiie p;aHHbie II IIX o6cy.mp;eHHe n03BOJIJIIOT 3aKJIIO'IHTb CJie
p;yroru;ee: 

1) nJiasMoccpepa n ee rpaunu;a- nJia3Monaysa ueop;uopop;Hbr n p;rnraMIPI
Hbi. Hepep;rw p;HeBHaJI nJia3Monaysa HMeeT p;Hcpcpysubrii xapaKTep, Meuee pes
Ko Bbipa.meHa, 'IeM HO'IHaJI, TaK 'ITO He BCerp;a MOiHHO onpep;eJIHTb ee n OJIO
.meHne; 

2) pasorpeTaJI ( <<Temram>) sou a nJiasJ~-roccpepbr sa npep;eJioM L= 3 no~rTH 
ncerp;a na6Jirop;aeTcJI B HO'IHbre ~racM rr pe.me - n p;Hennbre. BnyTpeHrrJIJI 
(£<3) nJia3MOCcpepa ncerp;a XOJIOp;HaJI (T;,;(0,8 sB); 

3) HapJip;y c ne'IepnrrM BbicTyrroM nJiasMonaysbr n cnoKOMHbiX ycJIOBIIJIX 
(Kp=0-2) rro'ITH ncerp;a na6mop;aercJI rroJiyp;eHHbri1 BbrcTyn; 

4) He JICHbr npH'IHHbr 6oJibruoro pasJin~rHJI cop;epmaHHJI HOHOB He+ n non
HOM cocTane rwasMoccpepbr no p;annbiM co crryTHHKon OG0-3, -5, GEOS-1, -2, 
DE-1; 

5) B HaCTOJIID;ee BpeMJI He cyru;ecTByeT o6ru;enpHHJITOM TeOpHH cpopMHpO
BaHHJI nJia3MOrray3bi, KOTOpaJI 06'hJICHHJia 6bl OC06eHHOCTiif ee npOCTpaHCTBeH
HO-npeMermoii cTpyKTypM. IllnpoKo pacnpocTpanennaJI Mr A-Mop;eJih, B KoTo
poii IIJia3MOnaysa OTOJK)l;eCTBJIJieTCJI C IIOCJiep;HeM 3aMKHYTOM 8KBHnOTeHIJ;HaJihiO 
8JieKTpH'IeCKOTO nOJIJI MaTHHTOCcpepHOM KOHBeKIJ;HH, He 06'hJICHJieT CJiep;yiOIIJ;HX 
BaJKHbiX oco6eHHOCTeM nJia3Monay3bi: a) noJiyp;eHHbiM BbiCTyn H p;IIcpcpy3Hbiii 
xapaKTep p;HeBIIOII nJia3MOrray3bi; 6) HaJIII~rne rrpop;OJibHbiX rpap;HeHTOB nJIOT
HOCTH H TeMnepaTypbi B6JII13II nJia3l\10naysM; B) HeCTaiJ;HOHapHbie npou;eCCbi 
c xapaKTepHbiMH npeMenaMH oT ceKynp; p;o L£aca. 

0L£eBH)l;HO, 'ITO )l;JIJI ap;eKBaTHDrO TeopeTH'IeCKOTO onHCaHHJI nJia3MOCcpepbi 
H nJia3MOrray3bi IIOMHMO MOp;eJIIif IifOHOechepbi neo6XOJJ;HMbi ,!l;RHHbie 0 TJI06aJih
HOM pacnpep;eJieHHH E H B noJieii: na ocrrone rwopp;:nmrponaHrrhrx nsMepemrrr 
C.O enyTHHKOB H Ha C.eTH Ha38MHbiX CTaHIJ;HM. 
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