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BAPHAUHH HHTEHCHBHOCTH Ill CnEKTPA KH4- Ill OH4-Iil3flY4EHHIIt 
B rnABHOM HOHOC~EPHOM nPOBAnE 

X apaKTepHCTHKH MaruH-roc¢lepuoif n.i:Ia3Mbt ~BOHKHM o6pa3oM · BJIHHIOT ua csoiicT­

:sa u a6JIIO~aeMbiX B ueif HH3KOtJ:acTOTHbtx 3JJeKTpoMarHHTHbtX s oJJH, B TOM o6JiacTH 

;:poc TpaHCTBa, rAe B036ylK~aiOTCH H3JiyqeHHH, HX tJ:aCTOTa H HHTeHCHBHOCTb 3aBHCHT 

:o.aK OT COCTasa, KOHUeHTpaUHH H TeMnepaTypbl TeUJIOBOH nJia3Mbt, TaK ill OT CO CTasa, 

3BeprHH H ¢JYHKUHH pacnpe~eJieHHH ee 3HeprHt{H0H KOMUOHeHTbl [1 , 2), BAaJIH OT 00• 

.laCTH B030YJK~eHHll, B TOM MeCTe, Ky~a BOJIHbl npOHHKaiOT, npoif~H OOJiee HJIH MeHee 

p OTRJKeHHblH llYTb B MarHHTOC<tJepe, H KyAa OAIIOBpeMeHHO MOryT COHTHCb BOJIHbl OT 

eCKOJibKHX HCTO\IHHKOB, CBll3b XapaK•repHCTHK BOJIH C YCJIOBHHMH HX B036yJK~eHH.li 

acKHpyeTCR. CTpyKTypa. noJIR BOJIH B 9THX ycJIOBHRX 3aBHCHT OT JIOKaJibHbiX csoil:cTB 

- J1 a3Mbl HOT llYTill, npoil:~eHH0£'0 BOJJHaMH, 

B o6JJaCTill HOHOc¢lepuoro nposaJia i113MeHeHHH COCTasa ill KOHI.(eHTpaql111 nJJa3Mbl 

CTOJ!b BeJii11Kii1, \ITO CJie~yeT OlKHAaTb cymeCTBeHHblX H3MeHeHHH CTpyKTypbl UOJI.H HH3• 

XOtJ:aCTOTHbiX BOJLH npill cpaBHKTeJibHO ue60JJbiiB1X. nepeMemeHlUIX npilleMHiiiKa (J1C3), 

B JIMTepaType onKcaubt HeKOTOpbte xapaKTepHbte H3MeHeHI1.H noJI.a u a IIU!pOTax, r~e 
o6bl tJ:HO ua6JJIO~aeTcll Kouoc¢lepHbtii nposaJJ. TaK, ua cnyTHKKe "Ap119Jib·4" [3] 6biJJO 

fi u apyJKeHO npeKMyllleCTBeHHOe yBeJIKtJ:eHille aMllJIHTY~bl 0H 1l • I13JtytJ:eHiiiH (3,2 Krll) 

pH npOXOJK~eHMliX CllyTHiiiKa tlepe3 cpe~HellililpOTHblH rtpOBaJI KOHqeHTpai.I~Iill cpaBHiil• 

eJt bHO c aMllJIHTYAOH KHIJ·H3JtyqeuHit (0,75 Kru). 

AHaJIH3 OAHOBpeMeHHbiX perHCTpaUHit Ha J1C3 "J1HTepKOCMOCe} 0" KOHUeHTpaJ~Hiil 
3 .leKTpOHOB, HX TeMIJepaTypbi H cneKTpa OHIJ-H3JtytJ:eHiiiH noKa3aJI; tJ:TO cneuH¢lHt~ecKHe 

YMbi _HiiiJKHero rH6pMuoro pe3ouaaca OTo6paJKaiOT npHcymee rJiasuoMy nposaJiy · 

r"M e HbllieHKe KOHI.IeH'rpaUKH JterKHX I.WHOB [4), 

HMJKe 6y~yT o6cyJKAeHbl 9KCnep11MeHTaJtbHble ¢laKTbl OTIIOCHTeJtbHO BapHai~I1H cneKT• 

pa O H'I·I13J!YlleHillii ("ltlnTepKOCMoc-10") H aMnJJKTYAhi B3al1MHO nepneHAiiiKYJIRpHbtX 

o MnoueuT MarHHTHoro ill 9JteKTpillt~ecKoro ·npJJR KHIJ-soJtu ("MuTepKocMoc-14") npH 

-poxoJK~eHH.HX criyTHHKOB '1epe3 rJtaBHhtii Houoc¢lepabtH npoaaJJ. ConocTasJieaHe 9n1x 

s y x KOMllOHeHT rtoJIR KHIJ-H3JiylleH~Iii n03BOJI.HeT c~eJiaTh onpeAeJieHHhte 3aKJIIOtJ:eHH.H 

o6 M3MeHeHiiiK cTpyKTYPbi noJJ.H BOJIH. O~uospeMeHHbte perillcTpauHH KOHUeHTpal.liiiH 

.J a3Mbl Ha 9THX cnyTHiiiKaX H TeMnepaTypbl 9JleKTpOHOB ("J1HTepKOCMOc-1 0") l103BO• 

K.IIM B AeTaJIRX paCCMOTpeTb KOH¢lHrypaUHIO rJtaBH0£'0 ' 110HOC¢JepH0£'0 llpOBaJta B 3THX 

1. rJ1ABHbll7t, Hmt . CPE,QHEWHPOTHbiH, nPOBAil KOHUEHTPAUHH 
3APRHtEHHbiX 4ACTHU B HOHOC~EPHOH nnA3ME 

J13MepeHKll mHpOTHOrO pacnpe~eJieHHll KOHqeHTpaqlillil 3ap.HJKeHHblX llaCTHll (N e 
M N i ) Ha3eMHblMiil H cnyTHKKOBblMiil MeTO~aMH o6uapyX<I1BaiOT Ha!t100JJee yCTOH'IIil• 

3blii MiiiHHMYM HR reoMarHHTHbiX UI11pOTaX (50-60°) [5, 6),. 3TOT MHIJHMYM llOJiylliiiJ\ 

·a3BaHHe rJtasuoro HJiill cpeAuemHpOTHOro HOHoc¢lepuoro nposaJta. Cpa3y JKe uocJie 

.. p a BHHTeJi bHO ~eTaJtbHOro ero HCCJte~oBaHHH, nposeAeufioro MaJJ~ptO, 6btJto o6pameuo 

BBJiM aHHe Ha COOTB8TCTsKe nposaJta no L-ofiOJJOtJ:KaM nJia3MOnay3e H B03MOJKHOCTH 

ero CBH3H c npoueccaMH s MarHHToc¢lepe [5, 7]. OcuosHble Mop¢l.oJJOt:'H'I.IecKHe oco-

e auocTH llpOBaJta ycTaHOBJI8Hbl H CBO~HTCH K CJie~ytOt!leMy, 

rJtaBHbiJi, HJI_H cpe~HelllHpOTHhiK~ npOBaJJ (B03MOlKHO, Ha OOJlblliHX Bbl COTaX nposaJI 

erKiiiX HOHOBi 06 9TOM CM, HHJKe) ua6Jt10AaeTCH B MarHMTOCUOKOHHblX ycJJOBHliX Ha 

BBapHaHTHbiX lliHpOTaX 50-65°, B B03MYlli8HHbl8 nepHO~bl Ha HHBapHaHTHblX lliHpOTaX 

35 -50° B 06JiaCTH Bb!COT 200-300 KM, HaHfiOJtee '18TKO npOH'BJIHeTCll OH B HO\IIIOe Bpe~ 
H 3 MMOH B rOAbl MHHHMyMa COJIHel.lliOif aKTHBHOCTH, 0TMeTHM, tl'fO OTCyTCTByiOT 

CBe.D.eHHH 0 CTa6HJtbHOCTH CTpyKTypbt nposaJta OTO ~HH KO ~HIO B O~Hlf H Te JKe iiiHTep• 

3&lbl . MeCTHOrO BpeMeHH, _HKlKe 6ycyT npHBe~eHbl CJIY'IaH HaOJJIO~eHM.II nposaJia B aHaJIOPH'I· 

libiX r eo¢lH3H'I8CKI1X YCJJOBI1HX 3 OMO H TO JKe MeCTHOe BpeM.H C HHTepBaJIOM B OAHill CYTKI1 • 
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PaccMOTpl1M pa3,[1BJihHO ,[laHHbie o HOl!HOM Jll ,[IHBBHOM nposaJiax. 

Hol!HOH nposaJI Ha6JIIO,l\aeTca B cpasm1TBJihHO y3KOH o6JiacTJII npocTpaHCTBa, pac­

noJiolKeHHOH Ha 3KBaTopJIIaJihHOH cTopoHe osaJia noJiapHhiX CJII.l!HJIIH.· 3JIIMOH on npoas­

Jiaerca pe3qe; MeHee.· 3aMwrer{ JIBTOM Jll oceHhiO, noJiapHaa rpaHJIII.\a nposaJia Kpyqe 

( - 2 ~ 4°), 3KBaTOpJIIaJlhHall rpaHJIII.\a 60JIBB ITOJIOra (3-8°), B TBl!BHJIIB HOl!JII IllJIIpOT• 

HOB ITOJIOlKBHI1B npOBaJia JII3MBH.l!BTCll: ,[\0 ITOJiyHOl!JIIOH CMBII.IaBTCll K 3KBaTOpy, a 3a· 

TBM K BhiCOKJIIM IllJIIpOTaM. HaJIIMBHhillJIIB 3Hal!B'IJII.ll N e B nposaJie Ha6JIIO,[\aiOTCll B ITOJI• 

HOl!h. Bo speMll socxo,[la Jll 3axo,[la CoJIHQa nposaJI MeHee 3aMeTeH. lliJIIpJ,1Ha nposaJia 

3aBJ,1CJIIT OT MBCTHOPO BpBMBHJII, O;Ha MBHliBTC.ll TaKlKB B 3aJJ,1CJ,1MOCTJII OT PBOMaPHJ,1T• 

Hoii B03MYII.IBHHOCTJII (Kp ), O,[IHaKo AilHHhie o6 3TOH JII3MeHl!J,1BOCTJ,1 npoTJIIsopel!I1Bhi. 

B MaPHJ,iTOcnOKOHHOe BpBMll B nposaJ!e Ha6JIIO,[\aBTCll MaKCJ,1MYM TeMnepaTyphi Ha 

IllJIIpOTB, COOTBBTCTBY!Oll\BH MJIIHJtiMaJihHhiM 3HaliBHJIIliM N e' C pOCTOM BhiCOThi BBJlJII• 

li11Ha MaKCJ,1MyMa T e HBMOHOTOHHO B03pacTaeT, TaK, Ha BbiCOTaX - 200 KM MaKCJ,1MYM 

T e B 1,·5 pa3a npeBOCXO,[\JIIT 3HaliBHJ,1.ll Ha 6JIJ,1lKaHillJIIX IllJIIpOTaX, Ha BhiCOTB 1000 KM 

oil npesocxo,l\JIIT 6JIJIIlKaHrnJIIe 3HaliBHltll Ha 20%, Jll Ha BbiCOTax 2000-3000 KM MaKCJIIMYM 

T B 2 pa3a Bhiille 3HRl!BHJIIH TeMnepaTyphi Ha 6JIJIIlKaiirnJIIx IllJIIpOTax. B MarHJIITOB03· e u 

MYil\BHHhiX ycJIOBJ,i.l!X MaKCJIIMYM T e MOlKBT coo·rseTCTBOBaTh 3.KBaTOpJIIaJihHOJII rpaHJII· 

QB npOBaJia, a 3HaliBHJII.ll T e B MaKCJIIMYMB B 2 pa3a npeBOCXO,[\liT 3HaliBHJIIll Ha COCB,[\• 

HJ,1X IllJIIpOT.aX [8-1 0) , , 

B nposaJie yseJIJIIliJIIBaiOTC.ll 3HaliBHJIIll cpe,l\He£1 Macchi JIIOHOB, HaH60JihillJ,1B JII3Me­

HBHJI!ll B ITOJIHOlih Ha BhiCOTaX - 200 KM, BBliepOM Jll yTpOM Ha BCeX BhiCOTaX J,13MeHe• 

HJI!li cpe,l\Heii MaCChi JIIOHOB MeHhille, 3To· COPJiacyeTCli C ,[laHHbiMJII, npJIIBO,[\J,1MbiMJII HJII• 

lKe, B § 2. 

Ha 3KBaTOpJ,1aJibHOH rpaHJIIQe nposaJia JIIJIJII IllJIIpoTax, HenocpeACTBeHHO K He£1 np11-

MbiKaiOII.IJIIX, Ha6JIIO,[IaiOTC.ll cpe,l\HelliJIIpOTHhie KpacHbie AYPJII [11, 12]. B 3TOH o6JiaCTJ,1· 

no HalllJIIM ,[laHHbiM Ha6JIIO,l\aeTcx so3pacTaHJIIe JIIHTeHCJIIBHOCTJII KH'l•113JiylieHJIIH ( § 3). 

~JIJIITeJibHOCTb cyll.leCTBOBaHJ,1li KpacHbiX Ayr 6oJiee 10 li. 0HJII oxsaTbiBaiOT o6JiaCTb 

BbiCOT OT 340 AO 520 KM, MaKCJIIMYM CBel!eHJIIli HaXO,[\J,1TCli Ha BbiCOTaX 370-400 KM. 

3KB'aTOp11aJihHax rpaf!JI!Qa nposaJia HOl!biO cosnaAaeT c cy6aspopaJibHOH 30HOH He• 

O,~"HOpO,liHOCTeH KOHQeHTpaQJ,1JII 1 a IIO.IIlipHa.l! rpaHJIIQa- C BbiCOKOillJ,1pOTHOH 30HO£ii HeOA• 

HOpO,liHOCTBH [13, 14), , 

0TMBTJIIM B 3aKJI!Ol!BHJIIe 3TOPO pa3ABJia, 'liTO B HOliHOe speMli 3JIIMOH B CBBBpHOM 

noJI.yrnapJIIJII nOMJIIMO rJiasHoro nposaJia Ha6JIIOAaiOTC.li nposaJibi (aspopaJibHbiH J,1 noJixp­

HbiH), pacnOJIOlKeHHbie Ha BbiCOKJIIX IllJ,1pOTaX, 11x MOlKHO BJII,[IeTb Ha p11Co 3, 6 Jll 5 0,[\• 

HospeMeHHO c JII3MeHBHJIIliMJII JIIHTeHCJIIBHOCTJII. OH'l-J113JiylieHJIIH. KaK npasJIIJIO, B 3TJIIX 

30Hax Ha6JIIOAaiOT.Cli <lJ.IIYKTyaQJIIJII OH'l•J113JiylieHJIIH J,1 3JieKTpOHHOH n.~OTHOCTJII~ 
~HesHo£1 nposaJI Ha6JIIO,[Iae'I cx He seer A a. BoJibrne£1 liaCT.biO Ha6JIIO,[IaeTca nposaJI 

JIBPKJIIX 110HOB (H+ 11 He+), no ,[\aHHbiM or0-4 (600-900 KM) B 1967-1968 rr. nposaJI 

Ni (O+) Ha6JIIO,[\aJICli JIJIIr.iJb np11 MaKCI1MaJihHbiX yrJiaX MBlKAY COJIHeqHQ•3BMHOH Jli1HJ,1BH 

11 nJIOCKOCTbiO reoMarHI1THoro 3KBaTopa. TaKwe ycJIOBI1.H ocyll.leCTBJiliiOTca "MeCTHOH" 

311MOH B BOCTOl!HOM CeKTOpe cesepHOPO ITOJiyrnap11.H J,1 B 3ana,[\HOM CeKTOpe lOlKHOPO 

no;ryrnapJII.H, 8 paBHO,[\eHCTBeHHbiX ycJIOBI1liX nposaJI MeHee rJiy6oK, JieTOM OH B006II.Ie 

OTCyTCTBYBT, 

B p.HAe pa60T [1 0, 15] YTBeplK,llaeTCli, liTO nposaJI HJIIKOr,[la HB Ha6JIIOAaeTC.H AHeM 

Ha BbiCOTe 1000 KM, no ,[laf!HbiM cnyTHJIIKa "11HTepKOCMOC•8" npoBaJI Ha BbiCOTaX 

500-600 KM Ha6JIIOAaJiCll B 50% cJiyqaeB npoJieTa 30Hbi, CJieAyeT OTMeTJIITb, liTO npo­

BaJI, eCJIJII OH Cyll\eCTByeT, pacnOJiaraeTCll AHeM Ha JIIHBap11aHTHbiX Ill11pOTaX 60-74° 

11 ero nOJillpHall rpaHJIIQa 11Jll1 np11MbiKaeT, J11Jll1 liBJilleTCll 3KBaTOp11aJibHOH rpaH11QeH 

,[\HeBHOPO nOJillpHOPO KJie<lJTa, T, e, 06JiaCTI1 MaPHI1TOc<lJepbi, liepe3 KOTopyro B03MOlK• 

HO Henocpe,liCTBBHHOB npOHI1KHOBeHI1e liaCTJ1Q yMepeHHbiX 3Heprl1H J13 COJIHel!HOPO 

seTpa. KaK 6y,lleT noKa3aHo H11lKe, no AaHHbiM 11C3 "11HTepKOCMoc-14" nposaJI Ha6-

JIIOAaJICll B ,[\HBBHOe BpeM.H Ha BbiCOTaX 1700 KM J,1 Henocpe,liCTBeHHO llpJIIMbiKaJI K o6-

JiaCTJ,1 K.IIe<lJTa, no [\aHHbiM 11C3 "11HTBpKOCMOC-1 0" np11BO,[\l!TC.H JIJ,1Illb CJiylial1 Ha6JIIO• 

,[\eHI1.H npOBaJia B HOliHOe J,1 BBliepHee BpBMll, 3TO MOlKeT 6biTb CBll3aHO C MaJihiM q'fW• 

JIOM paccMOTpeHHhiX AaHHbix·. 

B ,[\HeBHhiB liaCbi B MarHI1TOCllOKOHHOH 06CTaHOBKe Ha h - 1000 KM B 30HB JIIOHO• 

c<lJepHoro npoaaJia T e Ha 7-8% Bhirne, a Ha h- 2500~3000 KM Ha 15-20% .sbirne no 
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lHCTBa, pac­

~ OH npO.!!B• 

1aJJa Kpyqe 

IO'IH lliHpOT• 

Topy, a 3a­

UOTc.ll B TIOJI• 

ma nposaJJa 

r eo Mar HHT· 

10p8<!HBbl, 

IepaTypbi Ha 

~O Tbl B8JIH• 

K M MaKCHMYM 

~ 1000 KM 

KM MaKCHMYM 

l !'HHTOB03• 

b HOH rpaHH• 

i.ll Ha coceA-

ollil1 8 H3M8• 

TaX H3M8H8• 

~11M biMH HH• 

, K H8H rrpH· 

roM: o 6JJaCTH 

8HI1H ( § 3) . 
'T 06JJ aCTb 

0 - 40 0 KM. 

IH 30 HOH H8• 

30HOK' H80A• 

: cesepHo M 

iblH 11 IlOJJ.!!p • 

l, 6 H 5 OA• 

10, B 3TH X 

>TH. 

~T C.ll rrpo saJJ 

rr . rrposaJJ 

:MHOH JIHH118H 

).!! "MeCTHOH" 

'e !OJKHO!'O 

<~ oH soo6me 

(aeTC.ll A HeM 

! blCOTaX 

Tb , liTO rrpO· 

ax 6 0 -74 ° 

rp aHHU:8H 

y iO B03MOJK• 

H8l!HOPO 

pOBaJJ Ha6-

biKaJJ K o6~ 

yqaJA Eia6JJIO· 

MaJJbiM li"IIC• 

30H8 HOHO• 

Yo -Bbillie no 

cpanneHI1IO c coceAHHMH nmpoTaMH. 0oJJoJKeHl1e MaKCHMyMa T e np11XOIU>I TC.ll Ha nm­

poTy 3KBaTOpVIaJlbHOH rpaHHU:bl npOBaJJa. 

CpeAH.ll.ll M a cca HOHOB B npoBaJJe YB8JIHl!HBaeTC.ll 1 HO MeHee pe3KO , '18M B HOl!HOe 

Bp8M.ll, 00JJ.!!pHa.ll rpaHHU:a npOBaJJa COBnap;aeT C Bbl COKOlliHpOTHOH rpaHHU:8H H80AHO• 

pOAHOC~eM: KOHU:eHTpaU:HH . HeKOTOpa.!! pa3HHU:a B lliHpHHe nposaJJa, 3Hal!eHH.!IX TeMne. 

paTypbl H KOHU:8HTpaU:HH B HeM AHeM H HO<!b!O MOlK8T 6b!Tb CB.ll3aHa C pa3JJH'IH8M llO• 

TOKOB 3Ji8KTpOHOB, Bb!CbiTia!OIUHXC.ll Ha nOJJ.!!pHbiX rpaH11U:aX npOBaJJ a . 803MOJKH0 1 C 

3THM CB.ll3aHo pa3JJH'IHe B H3.MeHeHH.!IX HHTeHCI1BHOCTH OHq . Ha AHeBHOH cTopoHe no­

JJ.!!pHa.ll rpaHl1U:a, KaK yKa3b!BaJJOCb Bbllli81 COBnap;aeT (HJJH 6JJH3Ka) C 3KBaTOpHaJJbHOH 

rpaHHU:eti KJJe!iJTa (IUeJJH) HJJJ1 Kacna (sopoHKI1). B o6JJaCTH KJJ e¢Ta 3JieKTpOHbi H npo­

TOHbi COJIH8l!HO!'O B8Tpa !13 nepeXOAHO!'O CJIO.ll nonap;a!OT Ha l10HOC!lJepHbl8 BblCOTbl, 

Mx 3HeprH.ll - 100 38 AJJ.ll 3JJ8KTpoHoB H - 1 K3B AJJ.ll npoTOHciB. Ha HO'IHOti cTopoHe 

Ha noJJ .!!pHyiO rpaH11U:Y nposaJJa 11 cesepHee Ha HOHoc¢epH,bJe BhJCOTbl nonaAaiOT yJKe 

3Jl8KTp0Hbl 113 IlJJa3M8HHO!'O CJIO.ll K.ije!iJTa C HOl!HOti CTOpOHbl , M x 3H8pl'H.ll - 10 K38 

AJJ.ll 3Jl8KTpOHOB H - 100 K3B )l;JJ.ll rrpOTOHOB , 

KaK yJKe OTMel!aJJOCb Bhime, rJJaBHbJti, HJJH cpeAHeml1pOTHbiti , nposaJJ pacnoJJara­

eTC.ll Ha l1HBapHaHTHblX lliHpOTax, COO'fB8TC'fBY!OlUHX ITO L - o60JJOl!KaM ITJJa3MOTiay3e , 

Borrpocy o6 3TOM cooTBeTCTBHH nocB.!IIUeHo 3Hal!HTeJJbHOe 'IHCJJO pa6oT [16 - 20] . Ec­

JJH B rrepBbiX HCCJJ8AOBaHH.!IX CTaTHCTH'I8CKH HaXOAHJJH COOTB8TCTBH8 IlpOBaJJa KOHU:8HT• 

paU:HH 3Ji8KTpOHOB TIJJa3MOTiay3e , TO nocJJe 06HapyJKeHl1.!1 6oJJee <!aCTO Ha6JJIO)l;aiOIU8• 

!'OC.ll npOBaJJa Jl8l'KI1X 110HOB C'faJJI1 CB.ll3b!Ba'fb C nJJa3MOnay30H HM8HHO 3TY o6JJaCTb· 

c Ae¢11U:liiTOM KOHU:eHTpaU:llllll JJerKHX J/IOHOB. Op;HaKo yJKe.B 1970- 1972 rr. 6blJIO o6pa­

meHo BHJ/1Moli!H8 Ha TO , liTO 3TO COOTBEl'fC'fBl18 He MOlK8T Ha6JJIO)l;aTbC.ll BC8!'_Aa H3•3a 

pa3JIJ/Il!HO!'O BpeMeHI1 BOCC'faHOBJI8HJ/I.ll 11CXO)l;HOf'O COCTO.!IHJ/1.!1 Ha M aJJbiX 11 60JJblliHX 

BblCOTaX IlOCJJe Ma!'HI1THblX 6ypb. 8 HaCTO.lllU88 'BpeM.ll .!ICHO; liTO rrpoBaJJ Jl8l'Kl1X HOHOB 

lii rJJaBHbJti l10Hoc¢epHblH rrposaJJ He .!IBJJ.!IIOTC.ll rrpocTblM OTo6paJKeHHeM no L - o6oJJoq. 

Ke nJJa3MOnay3bl [20) , CoOTBeTCTBI18 M8lKAY HJ/IMJ/1 AOBOJlbHO CJIOlKHOe J/1 MOJKeT, llO 

HallieMy MH8HHIO , B KaKOH· TO CTen8Hl1 npOCJI8lKI1BaTbC.ll no 11X CBll3H C Ma!'HH'fOC!lJep­

HblM 3Jl8KTp11<!8CKI1M nOJJeM, C03)l;a!OIUHM KOHB8KU:HIO nJJa3Mbl 11 H!'pa!OIUI1M ·cyiUeCTB8H• 

HYIO poJJb B o6pa3oBaHHI1 nJJa3Monay3hl H nposaJJos. 

2. BAP11AU1111 CnEKTPA OH4-113nY4EH111it B 30 HE nPOBAnA. 
WYMbl HHfflHErO TI15PI1JlHOrO PE30 HAHCA 

Ha116oJJee xapaKTepHblM BI1AOM OHq· I13 JJyl!eHHH B o6JJaCT I1 nposaJJa RBJJRIOTC.ll rny­

Mhi HHJKHero r116p11AHOI'O pe30HaHca, XOT.ll B03MOJKHO· Ha6JJIOAeHI1e 11 p;pyr 11x BI1AOB 

QHq•J13JIYli8HHH, a TaKJKe f'pa,ll;118H'fHO • Apeii\1JoBblX BOJJH BC.ij 8 )l;CTBI18 c yiUeCTBOBafll1.ll 

pe3KI1X rpap;HeHTOB TeMnepaTypbl 11 KOHU:-8HTpaU:11H TenJJOBOH nJJa3Mbl, 

C H11lKHHM !'H6p11AHb!M pe30Haf!COM nJJa3Mbl CB.ll3aH l(8JlbiH pap; :HBJ18HMM B H113KO• 

qacTOTHOM Al1ana30He, HeKOTOpbie 113 HHX o6ycJJOBJJeHbi pe¢paKI.(Hei1 BO J1 H B HeOAHO• 

pOAHOH-MarH11TOaKTHBHOi1 nJJa3Me, OpH TaK Ha3hiBaeMOM HeKaHaJJI1311pOBa HHOM pac­

npocTpaHeHI1H BOJJH, 8CJII1 l!aCTOTa BOJ1Hbl CO Bnap;aeT C wHr 11 B pe3yJJb'faTe pe!lJpaK-
_,. -

U:H11 yroJJ e M8lKAY k J/1 Bo AOC'fl1!'aeT TT /2' HaCTynaeT OTpaJKeHHe BO.ijH [21) . Ha l1C3 

pe!'I1CTpHpOBaJJHCb Mt!O!'Ol!I1CJI8HHbl8 CH!'HaJJbl, B Cll8KTpe KOTOpblX Ha6JJIOp;aJJHCb !10• 

p;o6Hble 3¢¢eKTbl [21-25] . OpH perHcTpai.\HI1 myMOBblX 113JJyqeHHi1 Ha MC3 TaK JK e 

6b!JIH 06HapylK8Hbl cneu;111J.l1<!8CKJ/18 31J•:j:JeKTbl HHlKH8!'0 !'H6pHAHO!'O pe30H3HCa llJJa3Mbl ­

O!'paHH'I8Hii!8 cneKTpa myMa CHI13Y Ha qacToTe wHr ·11 ycHJJ eHHe aMnJJHT Yl\hl myMa B 

B oKpeCTHOCTI1 3Toti qac TOTbl [ 22-25] . TaKI1e myMOBbie_ 113JJ;yl!eHH.ll, c xapaKTepHblM 

o6pe3aHl1eM cneKTpa CHH3y, qame sce ro Ha6JJIOAaiOTC.ll B cy6aspopaJJbHblX H a n popaJJb· 

Hb!X I1111pOTaX- 01!11 TIO .IIYli11Jll1 Ha3B3HH8 lliYMOB Hl1lKH8r'O !':116pi1AHO!'O pe30H3HCa 11 

npORBJI.li!OTCll B OCHOBHOM B 3Jl8KTplii <!8CKOil: KOMnOH8HT·e QHq• BOJIH, 3Tlll .liBJI8H11.!1 HH• 

TepnpeTHpOBa.iji1Cb KaK pe3yJJbTaT OTpaJKeHH.ll BOJIH· .113•3a pe<!JpaKU:l111 11Jll1 B036yJKA8• 

H11ll (11Jil1 YCI1Jl8H11ll) BOJJ H B ycJJOBI1.liX 1 KO!',l\ a 1J a30Bal! CKOpOCTb BOJI H l\1 aJJa, 'ITO 6JJ a­
ronp11.!1TCTByeT peaJJJ/133U:1111 HeycTOKl!I1BOCTetf [ 2 1 , 22., 26, 27). 

Ha cnyTHHKe "MHTepKocMoc- 1 0" OA HOBpeMenno 113Mep.!!JJI1Cb OHq· I13JJYli8HH.H (c 

TIOMOIUbiO 3Jl8KTp11qecKOi1 3HTeHHbl) Iii KOHU:8HTpaU:lllll 11 TeMnepaTypa 110HOC!lJepHOH 

ll.Ji33Mbl (c nOMOIUblO 30H)l;a JleH!'MIOpa), Op11 npOXOlK)l;8HI1.!1X CTIYTHHKa B cpeAHI1X 11 
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BbiCOKHX umpoTax 6biJIH o6HapyJKeHbi H3MeHeHHll KOHJ.I.eHTpaJ.IHH H TeMnepaTypbl 3JieKT· 

poHos,xapaKTepHbJe AJIH rJiasHoro HOHoc<!JepHoro nposaJia. H.a HHsapHaHTHbiX WHpo­

Tax If>">,. 50° KOHI.IeHTpal.IHll 3JleKTpOHOB yMeHbWaJiaCb Ha llOpl!AOK cpaBHHTeJib.HO C 

seJIH\{JfHOK Ha MeHbWHX WHpOTaX, a TeMnepaTypa 3JleKTpOHOB pe3KO B03pacTaJia, 

AOCTHI"M 6000 K H 60JibWe, 'qTo COOTBeTCTByeT npeACTaBJieHHliM, pa3BHTb!M B npe• 

AhiAYIIIeM naparpa<!Je, 0AHOBpeMeHHO 6bJJIO 06HapyJKeH0 1 \{TO npH BXOJKAeHHH cnyTHH• 

Ka s nposaJI (MaJibJe se.1H\{HHbi N e H 6oJibwHe 3HaqeHHll T e) noHHJKaeTCll ·qacToTa 

· HHJKHeK rpaHHJ.Ibl cneKTpa OHq·H3JiyqeHHK [ 4,28]. Ha pH c. 1 npHBBAeH npHMep sapH· 

aJ.IHK N e• T e H cneKTpa OHq·H3JiyqeHH11, 3apeniCTpHposaHHhlX Ha BHTKe 679 cnyT­

HHKa "11HTepKocMoc-l 0" 18. XI{ 1973 r. 11HsapHaHTHal! wHpoTa cnyTHHKa npH ero ABH• 

JKeHHH 110 op6HTe yMeHbWaJiaCb B npeAeJiaX 68,2 > tl> > 35°, 4, a Bb!COTa yseJIH\{J1Ba;. 

JiaCb OT h = 400 KM AO h = 1300 KM, CnyTHHK see speMl! HaXOAHJICll B 3aTeHeHHOH 

HOHoc<!Jepe (3eHHTHblK yroJI CoJIHlla Ha BbiCOTe cnyTHHKa 6oJihl!le 100°) ; PerHCTpa;. 

J.IHH N e, T e H OHq·WYMOB HaqaJiacb, K_OI"Aa cn~THHK yJKe HaXOAHJICll s nposaJie. KoH· 

J.leHTpaJ.IHll 3JleKTpOHOB COCTaBJil!Jia N e = 2 • 10 CM-3 
1 a TBMnepaTypa 3JleKTpOHOB 

T e ~ 6 0 00 K. no Mepe nepeMeiiieHHll cnyTHHKa K M8HblllHM WHpOTaM KOHJ.IeHTpal.IHll _ 

yseJIJ1'\{lfBaJiaCb 1 a TeMnepaTypa yMeHhWaJiaCb - CllYTHHK BblXOAHJI H3 06JiaCTH npO• 

saJia. npH A::: 52 + 49° cnyTHHK Bb!WeJI H3 nposaJia, H KOHJ.IeH'rpaJ.IHll ycTaHOBHJiaCb 

Ha nocTOHHHOM ypoi:lHe N e::: 2 • 104 cM-3, a TeMnepaTypa cocTaBHJia T e::: 3500 K · 

c <iJJIYK'ryaJ.IHl!MH ± 500 K. 8 sepxHeK qacTH pHc. 1 cxeMaTHqecKH H306paJKeHa cneKT• 

paJibHaH rioJioea OH11-wyMos. 8HAHO, qTo BHaqaJie cneKTP wyMa 3aHHMaJI noJiocy 

I'll = 3,5 Krll MeJKAY f H = 3,5 Krll H fs = 7 KrJ.I. rpaHH\{Hbie qacTOTbl wyMOBOli no­

JIOCbl B03paCTaJIH npH yseJIHqeHHH N e. npH nepeceqeHHH WHpOTbl A .= q7° noJioca 

wyMa pacwHpHJiacb H3·3a pe3KOI"O so3pacTaHHll sepxHeK rpaHH'IHOK qacTOTbi. HHJK• 

Hllll JKe .I"paHHqHaH qaCTOTa C He60JibWHMH <iJJiyKTyaJ.IHl!MH npOAOJIJKaJia llOCTeneHHO 

B03pacTaTb, 3TO llOBJieKJIO 3a co6o.!1 06IIIee COKpaiiieHite cneKTpaJibHOK IlOJIOCbl wyMa. 

lllyMOBbie OHq·H3JiyqeHHll Ha6JIIOAaJIHCb BllJIOTb AO II>= 47°, KOr~a B 6oJibWOM KOJIH• 

qecTBe Ha'laJIH perHCTpHpOBaTbCll CHrHaJibl CBHCTl!IIIHX aTMOc<!JepHKOB. npH 3TOM 

HHJKHHH I"paHH'qHaH qacTOTa wyMa so3pocJia AO IH::: 14 KrJ.I. 

TaKHM o6pa30M, npH npoXOJKAeHHI1 cnyTHHKa llepe3 o6JiacTb I"JiaBHoro HOHoc<!Jep­

HOI"O nposaJia 06HapylKHBa!OTCll KOppeJIHpOBaHHbie 3H a\{HTeJibHble H3MeHeHHll 3JleKT• 

poHHOli KOHJ.IeHTpal.IHH H HHJKHeli rpaHH\{HOK qacTOTbi OHq·H3 JiyqeHHH H npoTHsonoJioJK­

HbJe 110 3HaKy H3MeHeHHll 3JieK'fpOHHOK TeMnepaTypb! , 

OnHcaHHal! KapTHHa H3MeHeHHll N e, T e H. cneKTpa w yMOBbiX OHq·H3JiyqeHHH liB·· 

Jil!eTCll THnHqHOH H MHOI"OKpaTHO Ha6JIIOAa.llaCb . npH npo XOJKAeHHH cnyTHHKa "J1Hiep• 

KOCMOC•1 0" qepe3 06JiaCTb rJiaBHOI"O HOHOc<!JepHOI"O npOBaJia (3), 

Csll3b HHJKHeK qacTOTbl wyMosoii noJIOCbi bHq·H3JiyqeHHK H KOHi.(eHTpaJ.IHH 3.lleKT• 

pOHOB, llO•BHAHMOMY, MOJKHO llOHl!Tb JIHWb npHHl!B1 :<ITO 3Ta -qacTOTa 6JIH3Ka K qacTO• 

Te HHJKHero rH6pHAHOro pe30HaHca. 3To npeAnO.liOJKeHHe IIOATBepJKAaeTcl! TaKJKe H 

TeM <!JaKTOM, \{TO Ha CllYTHHKe "J1HTepKOCMOC•l4" 1 l"Ae OAHOBpeMeHHO perHCTpHpO• 

BaJIHCb 3.llel<~pH.qecKaH H Mai"HHTHal! cocTaB.lll!IOIIIHe nOJIH OHq·H3JiyqeHHI1, npH npo­

XOJKAeHHH cnyTHHKa qepe3 06JiaCTb npOBaJia WYMbl llpHIIHMaJIHCb TOJ!bKO Ha 3Jle~TpH• 
qecKyiO aHTeHHY _H He 06HapylKHBaJIHCb B MarHHTHOM KaHaJie, 3TO HMeeT MeCTO JIHWb. 

B TOM CJiyqae, KOI"Aa BOJIHa 3JieKTpOCTaTHqecKM, \{TO xapaKTepHO AJ!ll WYMOB HHJK• 

Hero I"H6pHA HOi'O pe30HaHCa (29) • 

l13BeCTHO, qTo qacTOTa HHJKHero rH6pMAHOI"O pe30HaHCa BblpalKaeTCH <!JopMyJio!i 

fnr = (l) 

I"Ae fo H fB - ll.lla3MeHHaH H I"HpoqacTOTa 3JleKTf>OHOB 1 me H mp- Macca 3JleKTpO• 
e e 

HOB H llpOTOHOB (mpfme = 1836) H m3<!J- 3<iJ<lJeKTHBHM Macca HOHOB, npH HaH60Jib• 

WHX 3HaqeHHl!X 3JieKTpOHHOK KOHI.IeHTpB,J.IHH, Ha6JIIOAaBW HXCH B6JIH3H nposaJia Ha cnyT• 

HHKe "J1HTepKOCMoc-}0" (N ::: 10
4 

CM-3 ), fo ::: 0,9 · 106 r1.1, a 3Jl8KTpOHHaH I"HpO• 
• e e 
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PM c. I. 'XapaKTepHoe H3MeHeHHe cneKTpa rnyMoB HrP, 3JieKTpOHHoii nJIOTHOCTM N . e 
M TeMnepaTypbi T e no .qaHHbiM 11C3 "11aTepKOCMoc-IO" 

'laCTOTa Ha COOTBeTCTBYIOlliHX BblCOTaX llOJieTa cnyTHHKa t8 ) 5,5 • 106 r~. Tor,lla, 
. 2 2 · e · 

Y'IHTbiBa.H, 'ITO t8 It 0 » 1, sMecTo '(1) noJiyt~MM 
e e · 

fHr = fo/vm3 <p {/!i) (2) 

TaKI1M o6pa3oM, 113 (2) cJie.qyeT, 'ITO HM:>KH.II.H rM6pHAHa.H qacTOTa nJia3Mbi B ycJio· 

BM.IIX Olli1GbiBaeMOI"O 3KCnepHMeHTa nponop~HOHaJibHa nJia3MeHHOH 'laCTOTe 3JleKTp.O· 

HOB, T, -e, (N e) l/2, B npoBaJie H3MeH.HeTC.II HOHHblH COCTaB llJia3Mbl 1 T, e, l13MeH.HeTC.II 

TaK:>Ke 11 3cpcpeKTI1BHa.H Macca MOHOB 11 KaK CJieACTBHe H3MeH.HeTC.II K03cpcpH~I1eHT llpO• 

llOp~MOHaJibHOCTM B (2): m 3 <lJ onpeneJI.HeTC.II' cpopMyJIOH 

m· 
-1 I 

(m3 rt.) ""' I ai /(--), 
't' i mp 

(3) 

I" ,lie ai - OTHOCMTeJibHa.ll KOH~eHTpa~M.II HOHOB COpT a i 1 ami - Macca HOHa COpT a i. 

B (3) npe.qnoJiaraeTc.H, 'ITO see MOHbi noJIO:>KHTeJlbHbie H O,liH03ap.HAHbie. ,li,JI.H paccMaT· · 

pHBaeMbiX BbiCOT -10.00 KM 3TH npeAllOJIO:>KeH".II BllOJIHe onpaBAaHHbl. 

·11cnoJib3Y.H npHBe,lleHHbie Bbirne cpopMyJibi H Ha6JIIO,llaeMbie 3Ha'leHM.H HM:>KHetf rpa­

HJtqHoit t~acTOTbi B OH':I-cneKTpe teo = !Hr ·" N e, MO:>KHO onpe.qeJIHTb seJIH'IHHY m 3 .p ·. 

(eM, . TaK:>Ke [30], I" ,lie paccMO'i'peHbl OTHOC.IIl.LIHeC.H CIOAa MeTO,liJtqecKHe BonpOCbl 011• 

pe.qeJieHMH m;.p)· Ha pMc. 1 M3o6pa:>KeHa KpHBa.H M3MeHeHM.H m ,dl'. Bbi'IHCJieRHa.H cor­

JiacHO npMBeAeHHOH 3,lleCb MeTO,liHKe ,!IJI.II BHTKa 679 CllYTHMKa J11HTepKOCMOC•l 0", 
BHe npoBaJia m 3 !ll - 2, T. e. B nJia3Me npeHMyl.LieCTBeHHO npMCYTCTBYIOT npoTOHbi. B 

f'JIYOMHe npoBaJill., f',lle KOH~eHTpa~M.II MHHMMaJibHa, 3cpcpeKTHBHaH Macca MOHOB Cyl.LieCT• 

BeHHO yseJIH.'IMJiaCb (m3 cp - 1 0), '3TO 03Hat~aeT, 'ITO. pe3KO yBeJIM'IHJIOCb CO,llep:>KaHHe 

MOHOB, B nepByiO O'lepe,llb MOHOB KHCJIOpOAa. TaKOH pe3yJIM'aT, HaOJIIO,llaBIIIMHC.II B 

OOJlbiiieH »'JIM _MeHbrneif CTeneHM npM scex npoXO:>K,lleHHHX cnyTHMKa qepe3 o6-
JiaCTb nposaJia, xoporno corJiacyeTC.H e Macc-cneKTpoMeTpM'IecKHMH H3Mepe­

HHHMH (CM, § 1). 
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Ta6mrna 1 

./J.ara Kp H. KM. 
VIHBapuaHT- MecTHOe ... HaH UlhpOTa 
<IJO apeMsr L T 

-- ----

-
0_7 .XII 1973 . 1 550-650 54 ... 61 
12.XII 1973 2 560-630 61-64 

64-66 
66-68 

18.Xll 1973 1+ 750-850 52-56 
56-63 

24.XII 1973 0+ 990-1088 50-61 
61-67 

25.X_II 1973 2-
3.1 1974 2+ 1085-1250 49-58 

58-64 
23.1 1974 1+ 750-1000 37-56 
4.1119_74 1+ 1100-1300 48-57 
22.11 1974 4- 10C0-1200 -49-53 

53-59 
12.III 1974 3 1180-1360 48-61 

.......,J=:I.il'"O;:i.<:tt!J;:l>-3::J::C("l0 
~:s:::c:<:<..l >'l!z:OCll'"O~!z:::O 
';"""' :s:c ~ ~>& 0 g <0 'g g ~ ::c '< 

c:c ro .
1 

o ..;~ o l.il .., 0 ro c:c 
::l::cg g~oO'"OJ;:>c:c~ 
"O:s:'<,_...,x::-: c:c~~o:s: 
o::o..: c:c~ :;:~::croro.a 
tll;s;~:?:roO\ >'lo..;~'":l ro 
~ - m ~ ~ o,~ ~ ~ ~ ~ ~ 

61-67 

::c ..e :;.: ~ '":1 '"0 
:s: ~0000 

~o::l~c:cg:oio::l 
.. tr CD 0 

::l::l;s;.:OC:CI.il;s:c>-3 
~'"0 ~ 0 ~ 
!ll00:>E<OJ::C:>:O\ 
wc:c:>Ero,_.~o~ 
3: ~ ::c ::c .. """'"'E 
I"'!" ·!=I 0 ..... <:.0""' 

Ol .., 'l:l 
e' (1) . 
~ 3: :s: 
0 ::l (") 
3: (1) • 

to '"0 I>!) Ill • 
j; ~ ~ 
::c '"0 Ill 
:s:O"'"O - ~ 

22-23 
20-22 
20-22 
20-22 
20-21 
20-21 
17-18 
17-18 
19.:..20 
17-18 
17-18 
6-7 
03-05 
23-00 
23-00 
20-22 

N e• CM-3 

2•103 
3·103 
2·104 
7·103 
8·103 
1,5·103 

(1.;.6)·103 

6•103 
6.io3-8·1o2 
(1.;.2)·104 
2•103.;.7•102 
1,5·104 .;.3•103 
2·102 
5.103 +2•102 

~ 

T e' K 

3000+4000 
3800 
3000 
4000 
4500 
5000+6000 

5000+9000 

2800 
5000-6000 

'· ... ~ 
~ 'n 

mi 3cp 
ITpRMe~ra.-

HRH 

1-2 
16 
25,5 Aapopant-
7-16 Hbrit Ul'IK 

3 
18,5 
1 
5 
1-4 
1-2 
5 
4 
1 
1 
3 
1 
5 

'- ... ~ 
~ "<> - "'· 



-3 
~,CM 

lf/J 

Ill 111111111 

Ill \f_' H I ~~ K \ ,e \ 

~ 
utltltl \ : i 

JfumuK l'.f.7J' 

/, KfU, 

1'2 

8 

I 

~t/~11111111 v., ~ ~~~~ ~~ Ill 
I I I I I I 

2DDD , , , , , , ' r 
~;~~ . ·<\~~~[ 

JfumuKitf7J II~ /, KfU, 

1'2 

l'f/J " 
~~ K 

l 
utltltl 

' I I , ~ 4 

*~-j~/J\'))(P-llillllll . 
7tltJ.t1 I I I I !!IIIII' "; I I I I I I I I I 0 

2J.II 2.1./o 2.T.It! ZJ.2tl 2.T.22 2J.21 ZJ.2u 2.1.28 2J.Jtl UT 
/.i' 2.J 2.8 J..7 1.4 .7.7 . 7.2 \. 
.r7.fl 12.8 10.2 .7.T.4 .78.!1 uz.t o.7.o 4'" 
/'Jot/ I'J8.7 1'1!1!1 1'1/'f/ I'Nf/ 1'4fl.7 IJi'fl II 

P 11 c . 2. IXapaKTepHo e 113MeHeHI1e cneKTpa OH 4-lliyMos, 3JieKTJ?OHHo!1 nJIOTHOCTI1 11 

TeMnepaTypbi AMI AByx cJiyqaes per11cTpa111111 cpeAHelll11pOTHoro nposaJia c 11HTep- I 

BaJIOM B OAHM CyTKH 

8 Ta6JI. 1 np11BeAeHbi HeKoTopbi e c Ji yl!al1 aHaJII13a pet' I1CTpali11H s rrposaJie 3 JI8KT· 

poHnoti KOHl18Tpa111111 11 CBR3anHoro c HI1M 113MeHeHI1ll cneKTpa OHlJ-IllyMos AJIR 3!1MHe· 

ro ce3ona 197 3/7 4 r. s cese\}HOM noJiylll ap1111 seqepoM·l1 nol!biO, KaK y)Ke yKa3biBa­

Jiocb B § 1, nposaJI B ycJIOBI1ll X yM e peHHOH M arH11T HOH B03MYI1\8HHOC'fl1 Hal160Jiee '18T• 

.Ko Bbipa)KeH s HO'Inoe speMl!. H e cMoTpll Ha orpaHI1'18HHoe . l!l1cJio paecMoTpeHHbiX cJiy­

qae s, MO)KHO OTM8'fl1Tb CJI8AYIOI1\118 3aKOHOM8pHOCTI1. 

8 npoBaJie m
3

<!J, KaK npaB!1JIO, B~3pacTaeT, 'ITO CBl!3a~o C KOHB8KTHBHbiM ABH)K8• 

HH8M HJi a3Mbl BAOJ!b H113KOill11pOTHOM rpaHMllbl aspopaJibHOH 30Hbl, COrrpOBO)KAaiOll\11M• 

Cll yseJIHqeHH8M peKOMDHHaliHH f!Jl a3Mbl, 0oJIO)K8HH8 MaKC11MyMa 3<lJ<!JeKTI1BHOH MaC• 

Cbl He BC8f'Aa TO'I.HO COOTB8TCTByeT MI1HI1MYMY 3Jl8K'fpOHHOH KOH118HTp ai.I~IH, HHOf'Aa 

na6JIIOAa8TCll CM8 11\8HI18 Ha H8CKOJlbKO rpaAyCOB (eM. pHC. 4 B [28]), 1i'fo KaC~8TCll 
npocTpancTBe HHoro pacnpeAeJieHHll m 3 <P B o6JiaCTIA nposaJia, TO ero MO)KHO oxapaK• 

T8piA30BaTb CJieAyiOll\IAM o6pa30M: Ha lllHpOTaX HH)K8 60° B l1HT8pBaJie BbiCOT OT 550 
AO 900 KM 3<!J<!JeKTIABHall Macca paBHa 3 MJ!H KOJie6JieTCll OKOJIO 3T0f'O 3Haq e HM5!, na 

BbiCOTa X, 60 JlblllHX 900-1000 KM, Ha T8X )K8 llliApOTaX 3<!J<!JeKTMBHall Macca pasHa 1, 
'ITO COOTB8TCTBY8T ripOTOHHOH rrJia3Me, Ha lllMpQTaX Bbllll8 60° HapRAY co·3Hal!eHIAliMIA 

.m3 <P - 1 MoryT Ha6JIIOAaTbCll IA AOBOJibHO BbiCOK~e 3Hal!eHMll m 3 <P- (5 + 18,5). B· 
p l!Ae CJiy 'laes Ha6JIIOAaiOTCll OlleHb BbiCOKIAe 3Ha'leHMll m

3
<P, BrrJIOTb AO 25,5. · TaKIAe 

3 Hali8HHll MoryT 6b!Tb 06bl!CH8Hbl H3M8H8H118M CKOpOCTH IAOHHO•MOJieKyJIRpHbiX pe1tK• 

li11H B rrpOBaJi e , B l!aCTHOCTI1 peaKliMH, nepepa6aTbiBa!Oll\11X HOHbl 0+ B MOJl8KYJillp11bl8 

[ 31]. . 
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0TM8TI1M 81118 OAHY oco68HHOCTb: 24 11 25. II HaM YAaJIOcb 3a$11KC11poBaTb rrocJI8· 

AOBaTeJibtlOe npOXOlK,li8HHe IlpOBaJia C HHTepBaJIOM B O,liHH CYTKJ.I B aHaJIOrJ.IqHbiX reO• 

$H3J.Iq8cKHX ycJIOBH.l!X (puc. 2). H8CMOTp.ll Ha TO qTo 3TOT rr8pHO.ll 6biJI B03MYIII8HHbiM 

(Kt! = 4+ H Kp = 3+ '' CTPYKTypa rrpoBaJia (rreperran N e' rroJiolKeHue HeKoTopoii cpeA• 

HeH rpaHHI.Ibi rrpoBaJia) AJI.ll 3TH X ABYX cJiyqa8B AOBOJibHO xopowo coBrra,llaeT. lttHTe• 

pecHo, qTo rrpu 3TOM Ha6JIIOA.a8Mbie BHAbi OHq·H3JiyqeHuJ.1 TaKlKe CoBrra,llaiOT, coxpa· 

H.ll.ll ,llalKe H8KOT0p08 CXOACTBO B Cll8KTpe. TaK, Ha 3KBaTOp11aJibHOH rpaHHI.Ie rrpoBaJia 

Ha6moAaiOTC.ll wurreHH.ll c HeKoTopoii Ao6aBKol1 wyMoB HrP. B rJiy6HHe rrpoBaJia Ha-

6JIIOAa8TC.ll rroJioca KHq,.ruurreimJ.1; Ha rroJI.HpHoii rpaH11ll8 npoBaJia- rroJI.HpHbie H KHq. 

rnHrreHI1.ll. TaK08 rroAo6u~ 113M.eHeHI1H wyMOB B rrpoBaJie CBI1AeTeJibCTByeT o6 11x JIO· 

KaJibHOM rrpoHCXOlKA8HHI1 u o cTa6HJibHOCTH CTPYK'rypbi rrpoBarra o~'O AH.ll KO AHIO. 

3. BAPIIIAUiillil AMnflliiTY,Qbl KH4-Iil3flY4EHIIIIil B OliflACTiil IIIOHOC~EPHOrO nPOBAilA 

8hillle Mbi paccMaTpHBaJIH 113MeHeHH.ll crreKTpa, a Terrepb rro !y1aT8p11aJiaM lttC3 

"VI HTepKOCMOC·14" (AeKa6pb 197 5 r.) 6yAeT paCCMOTpeHa BapHal.ll1.ll aMITJII1TYA Mar­

HI1THOH 11 3JieKTpuqecKoii KOMITOHBHT rroJI.H HH3JSoqacTOTHhiX 113JiyqeHHH B CB.li3H c 113• 

M8H8HH.l!MH KOHI.18HTpal.IH11 ITJia3Mbl B 30He HO HOC$epHOrO IlpOBaJia. . . 

Ha· crryTHHKe "lttHTepKocMoc-14" c rroMOillbiO c$epH.qecKHX JioByrneK rrpoBOAIIIJII1Cb 

H3MepeHH.ll. cyMMapHoii HOHHOH KOHI~8HTpal.IHI1 rrJia3Mbi ~ ni = N i . BcJI8ACTBHe KBa· 

I 

3 11 HeihparrbHOCTI1 ITJia3Mbl 3Ta B8JIHq11Ha paBHa 3JI8KTpOHHQH KOHI.18HTpal.I11H Ne. 

a 

2(/ 

0 

4fl .711 
/o.rr /o8Y 

. 0.7..f.! f/.7..7.7 
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P 11 c. 3. Bap11a111111 KOHI.18HTpa1.11111 nJia3Mhl . (Ni) 11 3JieKTpHqecKOH ( ey) 11 MarHI1THOH 

(bX) KOM!lOH8HT !lOJI.ll Ha lttC3 "1.1HT8pKOCMOC·14" 16.XII 1975 r. ' 

a- Bl1TOK 69 (IOlKHOe llOJIYUlapHe), 6- Bl1TOK 70 (ceBepHOB !lOJiyruap11e). 0yHKT11p-
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Tiyc'l'b 

IlpO,liOJibHO 

Ha.ll paMKa 

30M, qTO p 

qecKOH (e1 
CTp~11l1 OJ-

TOTe 0,72 

MarHHTHOM 

Ha qacTOTl 

KaHI1.ll KalK, 

llll1BaJII1Cb ' 

o,72 Kru, 

palliHBaJIH_C 

Ta Ha lttC3 

BAm~al 
11 . HOqbiO. H~ 

Ha.BbiCOTa 

Tbl CllYTHI11 

B aJI, JI116o, 

o,I7 Kr~.~ .• 
lK11pHa.H -

2,s Krll, c 



pOBaTb llOCJie• 

WrK'lHbiX reo-

! B03MyiUeHHbiM 

KOTOpOH cpeA• 

!,[l aeT. l1HTe· 

\ll, aiOT, coxpa­

·aHKUe npOBaJia 

' npoaaJia Ha­

.Hp Hbie K KH':I­

eT 06 KX JIO• 

.H KO AHIO, 

) nPOBAilA 

taJi aM l1C3 

mJIKTYA Mar-

3 CB.H3K C K3• 

npOBOAKJIKCb 

~A CTBKe KBa• 

lUKK. f<le , 

MarHKTHOii 

i1e), JlyHKTKp-

Dyc'l'b llJIOCKOCTb XOY KOOpi\KHaTHOH CKCTeMbl cnyTHKKa nepneHAKKyn.HpHa ero 

npo,liOJibHOH ocK. l1cnOJib3osasrna.Hc.H AJI.H K3MepeHK.H OH':I- K KH'I·K3JiytieHKH MarHKT· 

Ha.H paMKa K :;~JieKTpKtieCKKH AHUOJ!b Ha ::!TOM CUYTHKKe OpKeHTKpOBaHbl TaKi1M o6pa• 

3oM, 'ITO perKcTpKpOBaJIKCb npoeKUKK Ha ocb OX MarHKTHoii' (bx) K Ha OY ::~JieKTPK· 
tieCKOH (ey) KOMUOHeHT UOJI.H K3JIY'leHKH, KpoMe ll!KpOKOUOJIOCHOH aHaJiorOBOH perK• 

. CTpauKH OH'I- K KH'I-H3JIY'leHKii npOBOMJIHCb l13MepeHH.H aMnJI~TY~ ·I b xl K ley! Ha 'lac. ·. 

TOTe 0,72 Kf'U (/l,.f = 95 f'U) K ley! Ha tiaCTOTe 4 Kf'U (/l,.f = 500 ru). 8 npKeMIU1Ke 

MarHKTHOii KOMUOHeHTbl KMeJIC.H eme cneKTpOaHaJIH3aTOp C KaHaJiaMH, HaCTpOeHHblMli 

Ha .tiaCTOTbi 0,17'; 0,32; 0,5; 1,6; 2,5; 4,0; 6,3;· 8,0; 10,0 K 12,5 Kf'u. OoJioca' nponyc­

KaHK.H KaJKAoro KaHaJia cocTaBJI.HJia 6./ = 0,125!0• KaHaJibi cneKTpoaHaJIK3aTopa onpa· 

IIIKBaJIHCb c nepKOAOM 2 MHH 20 c. KaHaJibi perncTpaUKK I ey! Ha tiac'ToTax 4,0 H . 

0,72 Kf'U, a TaKJKe OAKH H3 KaHaJIOB cneKTpoafiaJIH3aTopa (lbxl Ha f = 0,72 Kf'U) Oll• 

parnKBaJIH_Cb 3HatiKTeilhHO qame- tiepe3 1/6 c. HeKOTOpbie noApo6HOCTH ::~KcnepKMeH· 
Ta Ha l1C3 "l1HTepKocMoc-14" AaHbi a OpuJioJKeHKK. 

B AeKa6pe 1975 r. c.nyTHHK a ceaepHOM (3HMHeM) noJiyrnapHK !laXOAHJIC.H aetiepoM 

H ' HO'lbiO. Ha yMepeHHbiX BblCOTaX 300-800 KM, a B IOJKHOM (JieTHeM) UOJiyrnapKH..;:, AHeM 

HaBbiCOTax, 6oJibiHKX 1500 KM, B 3aBHCHMOCTH OT AOJirOTbi aocxoA.Hmero Y3Jia op6»· 

Tbi cnyTHKK BJII060M noJiyiiiapKH MOr JIH6<i npOHHKHYTb B rJiaBHbiH KOHOc<!JepHbiH IlpO• 

BaJI, JIH6o, npoliA.H tiepe3 Hero, AOCTHrHyTb llOJI.HpHOH rnanKK. 

;? /fj, tM-! 

/IJ3r---------------------

/u¥ 

//J.T 

levlu.a•as 
81/ 
.tl/ 

.21/ 
0 

.1~1.as 
tfl/ 

Ill 

.21/ 

~ 

~ 

1t"r1~ 8 .as 
81/ 

411 
2/J 
0 

1-'..rl~,.z· as 
8/J 

41/ 

.2/J 

0 

0 '----!.t/JL----I.f/JL--O.L...'IJ-8...1.'8---0.L...'IJ---.f/JL-~4'. 
/JJ.f8 IJJ.I.f IJJI8 IJI/JJ ll.f2t 118/J n 
17.18 fB./J.f IB..f/J 2f..f2 1/f.H /J2..fl \.T 

0,17 Kf'U·, IIITpHXnyHKTKpHa.H JIKHHll - 0, 32 Kf'll, IIITpHXOBa.H - 0, 5 Kf'll, CUJIOIIIHa.H 

lKHpHa.H ~ 0, 72 Kf'l\, IIITpKXOBa.H TOHKa.H - 1, 6 Kf'l\, IIITpHXnyHKTHpHa.H TOHKa.H -

2,5 Kf'U, CUJIOIIIHa.H TOHKall- 4 Kf'll 
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PH c. 4. BapHal\HH KOHl\8HTpal\HH nJia3Mbl (N i) H 3Jl8KTpH'18CKOH H MarHHTHOH KOMUO· 

fi8HT UOJ!H Ha. '!aCTOTe 0, 72 Kf'l\ Ha '18Tblpex BHTKaX lt1C3 "lt1HT8pKOCMOC·!4" B IOlK• ' 

HOM noJiyrnapHH 

CnJIOiliHaH JIHHHH - BMTOK 3, 11. XII; rnTpHXOBaH - BHTOK 4, 12. XII; nyHKTHp -

BHTOK 11, 12. XII; TO'IKH - BHTOK 69, 16. XII 1975 r. • 

Ha pHc. 3 npeACTaBJieHbi THnH'IHbie npHMepbiBapHal\HH BeJ1H'IHH Ni, \ey\ H \ bx\• 
Ha6JIIOAaBrnHecH 16. XII 1975 r. CooTBeTCTBYIOil.IHe rpa¢HKH npeAcTaBJieHbi B 3aBH­

cl1Mo.cTH OT HHBapHaHTHOH IliHpOTbl '¢. Ha OCH a6Cl\HC.C OTM8'18Hbl TaKlKe 3Ha'leHI1H 

·sbiCOTbi cnyTH11Ka 11 MeCTHoe speMH Ha cnyTHHKe. P11c. 3, a npeACTaBJIHeT HBJieHI1H 

B IOlKHOM UOJiyrnapHHo BepXHHH KpHBaH nepeAaeT H3M8H8HHH cyMMapHOH HOHHOH KOH• 

t~eHTpal\11H Ni • Ha pHcyHKe npHBeAeHbi AaHHbie, KOrAa cnyTHHK HaXOAl1JICH Ha '¢ :::: : 

""'-49° 11 BbiCOTe 1680 KM. KOHl\8HTpal\HH npH 3TOM COCTaBJIHJiaNi = 1,5·104 CM-3 

w yMeHbillaJiaci:, - cnyTHHK BXOAHJI B nposaJI. MHHl1MaJibHOe 3Ha'leHHe KOHfleHTpal\11H 

B npOBaJie (Ni ""5 • 103 CM-3 ) 6biJIO 3aperHCTp11pOBaHO Ha Ill11pOT8 '¢ = -64° 11 Bb!CO• 

TW"" 1600 KM. IlocJie 3TOrO KOHl\8HTpal\HH yBeJIH'IHBaJiaCb 11 Ha Ill11pOTe ¢ ""· -35° 

AOCTHrJia Ni ""2,5 • 104 CM-3- cnyTHHK BbiilleJI H3 npoBaJia. He60JiblllOH MaKCHMYM 

Ni Ha ¢ = -63° 11 BbiCOTe - 1700 KM MOlKeT 03Ha'laTb HerJiy60KOe Up0Hl1KHOB8 HI18 

cnyTHI1Ka '1epe3 BbiCOKOiliHpOTHyiO rpaHI1l\Y nposaJia. Pa3Hbie 'laCTHKpHBO~ Ni(¢) 

O'fHOCHTCH K pa3JIH'IHbiM nep110AaM MeCTHOr.O BpeMeHl1 - ·JleBaH 'laCTb AO Ml1HHMyMa 

KOHl\eHTpal\11H OTHOCHTCH K paHHeMy yTpy (06-09hL T), a npasaH qacTb- K noJiyAeH­

HOMY 11 TIOCJieTIOJiyAeHHOMY BpeMeHH. KpoMe TOrO, BbiCOTa CTIYTHHKa TaKlKe H3MeHH• 

Jiach. Bepo~THO, 3TOMy MOlKHO npHnl1caTb HeKOTopyiO aci1MMeTp11IO KpHsoti Ni(¢). 

OcTaJibHbie rpa¢HKH Ha pHc. 3, a npeACTaBJIHIOT 113MeHeHHH aMUJII1TyAbl OfF!- 11. K!lq. 
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p (![c. 5. Bap11a~1111 KOH~8HTpa~l111 nJia3Mbl (Ni ) (![ 3Jl8KTp1148CKOll: H MarHHTHOll: KOMUO­

He.HT noJIR Ha qacTOTe 0,72 Kr~ Ha qeTbipex BHTKax MC3 "MHTepKOcMoc-!4" B cesep­

HOM noJiyrnapHH 

a- BI1TOK 5, 12.XII; 6-BMTOK 11, 12.Xll; 8- BMTOK 74, 17.XII; ~-BI1TOK 83, 
17.XII 1975r. 

H3Jiy4eHHH. KpHBhie I eyl 4 11 1 eylo 72 OTHOCRT.CR K M3MepeHMRM aMnJIHTYAbi :JJieKTPI1"' 
- ' 

qecKoH KOMnoHeHTbi, a KpHsaR I bxl o, 72 - MarHHTHOH KOMIIOHeHThi no Jill M3JIY48HHH. 

3TH KpHBbie perMcTpHposaJIHCb c 60JibiiiOH qacTOTOH onpoca. KpHiwe n Hl1)](H8H qac­

TH pHCYHKa rrpeACTaBJilliOT l-i3M8H8HI1R ·noKa3aHMH 118KOTOpbiX ApyrMX KaHaJIOB CU8KT• 

poaHaJIH3aTopa lbxl· TaK KaK :JTM rroKa3aHHR orrparnHsaJIMCb pe)](e, TO 6biCTpbie 113· 

M8118HI1R aMITJIHTYAbl B IIHX crJia)](J1BaJIJ1Cb. 3TO MO)](HO 3aM8'fYITb, cpaBHHB KpHBYIO 

-l bxlo, 72 11 COOTBe'rCTBYIOil\YIO KpHBYIO B HJ1)](H8H 4aCTI1 pHCYHKa. IIo OCH OpAHHaT OT• 

Jl0)](8Hbl 3Ha48H11R leyiH lbxl B)l;8~J16eJiaX OTHOCI1T8JlbHO ypOBHR COOTB8TCTB8HHO 

i MKB / }r;i' 11 4,5· Io-6y;Jf;: 
ConocTaBJieHHe pa3HbiX rpa<lJHKOB p11c. 3,a rroKa3b!BaeT, 4TO c rroHJ1)](8HMeM KOH· 

~eHTpa~HYI aMUJIHTYAbl MarHMTHOH 11 3JI8KTp1148CKOH KOMI10H811T ITOJIR 113JIY48H11H cy­

ll\8CTB8HHO yseJIH'limaiOTCR. Ha pa3HbiX tJacTOTax sapHa~HR aMnJIMTYAbi B nposaJie 
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pa3JUtqHa, qTo JierKo ycTaHOBHTb, cpaBH»Ba.!l KpHBbJe I ey 14 » I eyl o, 72 , a TaKlKe pa3· 

Hble Kp11Bble B Hl1lKHeH qacTI1 pHCYHKa ,[\JI.!I Maf'HI1THOH KOMUOH6HTbl, l13MeH6Hi1.!1 aMU• 

JIHTYA a KHq.qacT» cneKTpa oKa3bJBaiOTC.!I 6oJibWe, qeM Ha qacTOTax OHq, MolKHO 

o6paTI1Tb TaKlKe BHI1MaHI1e Ha 3aMeTHble pa3JII1ql1.!1 sapuaQHH aMUJIHTYA Maf'HHTHOM 

11 ~JieKTp»qecKOM KOMUOHeHT UOJI.!I Ha 0,[\HHaKOBbiX qacTOTaX, TaK, uanp»Mep,MaKCH• 

MYM lbxlo,72 Wl1pe, qeM B Kpi1BOM I eylo, 72' KpoMeTOFO, Ha KpHBOM lbxlo, 72 60Jib• 

we !PJIYKTyaQHM, 

P11c, 3, 6 nocTpoeH aHaJioruqHo p11c. 3, a 11 OTHOC»TC.!I K cesepHoMy noJiywapl1IO, 

MaJibiM BbJCOTaM 11 seliepHeMy speMeH». B Jiesoii qacTI1 rpa<PI1Ka Ni (~) xopowo BI1A• 

HO Bi<O)K,[IeHHe cnyTHHKa B f'JiaBHbiM ~fOHoc<PepHbiH npOBaJI, B HHTepBaJie 50" ·~" 60° 

KOHQeHTpaQH.!I 110HOB yMeHbWaeTG.!I OT 6 • 104 ,[\0 2 • 103 CM-3, 3aTeM KOHQeHTp8Q11.!1 

pe3KO yseJII1qJ1B8eTC.!I noqTH B 10 pa3 11 ,[\aJiee B}J;OJib caMOK BbiCOKOlll11pOTHOH qacTH 

TpaeKTOp1111 cnyTHI1Ka, B cpep;HeM Me}J;JieHHO yMeHbilla.!!Cb, CI1JlbHO !PJIYKTyHpyeT, lloc­

Jie TOf'O KaK cnyTHHK )l;OCTI1f' 11HBap11aHTHOM W11p0Tbl 65° B UOJiyHOqHOM CeKTOpe, KOH• 

UeHTp8Q11.!1 BHOBb pe3KO yMeHbWI1JI8Cb, 11 H8.qi1H8.!1 C ·~;;; 60° (520 KM BbJeOTbl) .KOH• 

ueHTpaU11.!1 so3pae'i'aJia. CeaHe perHeTpaUHH npeKpaTI1JIC.!I paHbme, qeM cnyTHHK Bbl• 

weJI 113 npoaaJia. 8hJCoTa cnyTHHKa Ha ·paccMaTp11BaeMOM yqae'l'Ke op611Tbl 113MeHI1· 

Jiacb He3 HaqHTeJibHO, scero JII1Wb Ha -150 KM. MolKHO noJia!"aTb, qTo B 3TOM eJiyqae 

cnyTHHK seqepOM nepeceK HOHoe<PepHbiM npOBaJI 11 llp0Hl1K B aspopaJibHbiH IIHK KOH• 

ueHTpauvm 110Hoc<PepHoli nJla3MbJ (~ > 62 + 65°). 3Haqi1TeJibHbJe <PJIYKTyau1111 N i ·xa­

paKrepHbJ AJI.!I 3TOH o6Jiacn1 110Hoc<Pepbl [7, 6]. 
· H3MeHeHI1.!1 aMnJIHTYAbl HH3KotiacTOTHbJX 113JiyqeH»H B 3TOM e.Jiyqae eymecTBeHHO 

OTJIHqaiO.TC.!I OT TOf'O, K8K11MI1 OHI1 6bJJII1 B IOlKHOM UOJiyruaptm (eM, pl1'Co 3,a), MolKHO 

o·rMeTHTb HeKOTOpblH poeT 11 leyl 4 Ha 3KB8TOpHaJibHOM rpaHHUe npoBaJia, qTo eosna• 

p;aeT c o6JiaCTbiO pacnoJIOlKeHI1.!1 SAR (eM. § 2). B Maf'HI1THoli KOMnOHeHTe noJI.!I 3TOT 

pOCT BblpalKeH MeHbWe, ·yqacTKaM MI1Hl1M8JibHbiX KOHQeHTp8U11H HeJib3.!1 eonocTaBI1Tb 

K8KI1X•JII160 oeo6eHiiOCTeM B Kp11BbiX 8MnJII1TYAbl UOJI.!I, 3aTO BXOlK,[\eHI1e cnyTHI1Ka B . 

aapopaJibHbiH ll11K OTMeqaeTC.!I MHH~IMYMOM BCeX· cneKTp8JibHbiX KOMUOH.eHT '\bx\ 1• 

flOBbiWeHHbiM 3HaqeHI1.!1M N i B aspopaJihHOM UI1Ke COOTBeTCTByiOT M8KCI1MYMbl 

aMnJII1TYA I ey\ 4 , I eyl 0 72 11 scex KOMnoHeHT I bxl B OHq·AI1ana3oHe (a KHq·AI1ana-
. . ' . 

30He TOJibKO Ha qaeTOTe 0,170 KrU TaK lKe XOpOWO 3aMeTeH 3TOT M8KCI1MyM); 

On~tcaHI;IbJe sap11aU1111 seJ111q11H N;, ley I 11 I bx I xapaKTepHbJ AJI.!I 6oJibWI1HCTBa 

npOXOlKAeHI1M enyTHI1Ka "HHTepKocMoc-14" qepe3 110Hoc<PepHbiH nposaJI, Ha p11c. 4 11 

5 COUOCT8BJieHbl COOTBeTCTBYIOJUHe rpa$HKI1 ,!IJI.!I pa3HbiX BHTKOB B IOlKHOM (p11c, 4) H 

cesepuoM (p11c. 5) noJiywap11.!1X, H3-3a o611JI11.11 <PJ1YKTyaul1ii Ha p11c. 5 p;aHHbie no pa3-

JIHqHbJM BHTKaM He HaJIOlKeHbl Apyr Ha p;pyra,· a H366palKeHbl OT,l\eJibHO, 

Ha.rpa<PKKax pnc. 4 MOlKHO y3HaTb see oeo6eHHOCTI1, o6eylKp;aswneca B CB.!I3H c 

p11c. 3, a. H3 HHX rJiaBHoil. .!IBJI.!IeTc.!l 3Haqi1TeJibHhJH poeT aMnJII1TYAbi I eyl H \ bx\ 
np11 Bi<OlK,!IeHl111 enyTHI1Ka B f'JiaBHbili HOHoe<PepHbiH npoBaJI, H3 qeTblpex npOXOlK,[\eHHK, 

UOK838HHbiX Ha p11Co 4, B ABYX cJiyqaax enyTHI1K Ha BbieOKOW11pOTHOM qacTH TpaeKTO• 

p1111 npoHHK 8 aspopaJibHbiK n11K (3-ii BI1TOK 11. XII 11 4-ii BHTOK 12. XII 1975 !". ). 

Ha 4-M BHTKe (wTp11xosaa JIHHH.!i) B BbiCOKOWHpOTHOM paiioHe f~ > 70°) MOlKHO o6-

HapylKI1Tb. yseJII1qeHJile KOHUeHTp8UH11 110HOB, yseJI11qeu11e 8MUJIHTYAbl 3.iJeKTpHqecKOM 

KOMnoHeHTbi 11 HeKOTopoe yMeHbWeHHe aMnJIHTYAbi Maf'HI1THOH KOMnoHeHTbi noJI.!I H3• 

Jiy'leHI1K. 3To B o6meM corJiaeyeTc.!l c 3<P<PeKTaMH, noKa3aHHbJMH tia pHc. 3, a. K co­

lKaJieHHIO, npaBa.!l qaCTb KpHBblX, OTHOe.!ILLIHXC.!I K 4•MY BHTKy, HMeeT pa3pb!B 113•3a 

KaJII16pOBKl1, T8K qro B 3TOM CJiyqae HeJ1b3.!1 paCCMOTpeTb ,[\eTaJIH BXOlK,[\eHHll B npOBaJI, 

Ha BHTKe 3 (cnJiowuaa KpHBa.!l Ha pHe. 4) c;nyTHJIIK Hef'Jiy6o·Ko npOHI1K B aspopaJib· . 

HbiH UJIIK, Ha 3TOM BJIITKe CJiep;yeT eme o6paTI1Tb BHJIIM8HI1e Ha Y3KHM MaKeHMYM, Ha• 

1 B 3ani1Cl1 I bxl o, 72, cp;eJiafiHOK e ?oJibWHM speMeHHhiM pa3peweHweM, nepeceqeHHe 

llOJI.!ipHOM rpaHHQbl npoBaJia OTMeqeHO 3HaqHTeJibHOK !PJIYKTY8U11eM, KOTopall coana• 

AaeT C HaqaJIOM !PJIYKTyaQHK KOH.UeHTpaQJ1111 B aspopaJibHOM lli1Ke. 3Ta !PJIYKTY8U11.!1 

He3aMeTHa B COOTBeTCTByiOLLieH Kp11BOK B HHlKHeK qacTH p11c. 3, 6, Cf'Jl8lKeHHOK 113•3a 

pep;Koro onpoca. 
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6JIIOAaeMbiH OAHOBpeMeHHO Ha KpHBbiX Ni, \ey\o 72 H l9-x+o 72 npH <IJ =- (73+74°). 
' ' He HCKJIIOqeHo, qTo 3Aecb cnyTHHK npowe.JJ ~QJJW-HI noJiyAeHHoro KJie<j:JTa, rAe o6bJqHo 

. Ha6JIIOA3IOTCH fiOTOKH M3JIO::JHeprHqHblX ttaCTHl.l, CllOC06HbiX Bbl3b!B3Tb fiOBblllleHHe 

HOHH33!.1HH 1.1 HHTeHCHBHOCTH HH3KO'JaCTOTHbiX H3JiyqeHHH. K colKaJieHHIO, B ApyrHx 

CJiyqaax, npeACTaBJJeHHbiX Ha p1.1c;''4, cnyTHWK He npOXOAHJI qepe3 ::JTY inupoTy B6JIH31.1 

noJiyl'.HH. Kne<j:JT 66pa3yeT y3IlyiO no wwpoTe noJJocy, BbiTHHYTYIO BAOJib AOJirOTbl, 1.1 

JiyqWe scero BblpalKeH 86JIH3H fiOJIYA8HHOro MepHAHaHa. 8· JI8BOH. lJ3CT1.1 rpa<j:JMKOB 

pUc, 4, KOTOpble OTHOCHTCH K paHHBMY BpeMeHH, KJie<j:JT, fiO•BHAHMOMy, CJia6o Bblpa­

lK8H JIH60 B0061l(e OTCYTCTByeT. 

06paTWM eme BHHM3HMe Ha llJI3BHbiH XOA KpHBbiX Ha pMC, 4, OTHOCHil\HXCH K AH8B• 

HOMy BpeMeHH 1.1 60Jibiii1.1M BbiCO\_aM, ~ llpOTt-tBOfiOJIOlKHOCTb ::JTOMy KpHBbl8, npeACTaB­

JieHHbl8 Ha pHc. 5 (Hoqb, MaJibJe BbiCOTbl), w3o6HJIYIOT <j:JJiyKTYal.IM»MM. 3To oco6eHHO 

3aMeTHO Ha BbiCOKOWHpOTHbiX yqacTKax KpHBbiX N i • TaKoe pa3JIHqHe MelKAY xapaK­

TepoM KpHBbiX Ha pHC, 4 H 5, llO~BMAHMOMy, MOlKHO flpHnHC3Tb pa3JIMqfiOMY Bp8M8HW 

c yToK H pa3JIHqHoif BbiCOTe cnyTHHKa, qTo KacaeTcH pa3HbiX npoxolKAeHHH, noKa3an­

HbiX Ha· pMc, 5, TO BO BC8X CJiyqaax MOlKHO 6e3 TpyAa ycTaHOBMTb XapaKTepHble qepTbl, 

o6cylKA3SIIIH8CH paHee B CBH3M C pMC, 3, 6, 

4. OTHOWEHHE MArHHTHOH H 3flEKTPH4ECKOH COCTABflRIOWHX 
nonA KH4-H3nY4EHHH B OlinACTH HOHOC¢EPHoro nPOBAnA 

MelKAY HHAYK!.IM8H MarHMTHoro nOJIH 1.1 narrpalKeHHOCTbiO ::JJieKTpHqecKoro nOJIH 

3JI8KTpOMarHHTHOH -BOJIHbl cymecTsyeT COOTHOIII8HHe, onpeAeJIHeMOe ypaBHeHI!IeM 

MaKcBeJIJia: · 

-a.b .. ... .. 
rote=--·-. at 

(4) 

113 ::JTOrO ypaBH8HHH, B lJ3CTHOCTH, AJIH f!JIOCKHX BOJIH B 0H 11·AH3fi330He JierKO f!OJIY• 

'lHTb [29) 

1~· 1 cuo i . - _e cuo P. J2.\(Jcos(;J\ · ,x) (5) 

(1- .\Jcos(;J.\) ~- 1 + .\2 sin2(;J +(\cosO\ - ..\)211/2 

(1-.\Jcos(;J\)2 

lei 
cuBe 

rAe cuo 11 cu 8 - IIJia3MeHHaH H rwpoqacTOTa ::JJI8KTpOHOB, ,\ = culw 8 - HOpMI1posaH-
e e · . e 

HaH qa'cTOTa BOJIHbl 1.1 (;J - ytoJI MelKAY HOpM.aJiblO K <j:JpOHTY BOJIHbl 1.1 reOMai'HI!ITHblM 

IIOJieM, 113 IIOCJ18AHeH <j:JopMyJibl CJieAyeT, qTo OTHOIIIeHMe 3MIIJIWTYA MarHHTHOrO H 

::JJieKTpH<IeCKOrO B8KTOpOB BOJIHbl rrponOpl.IHOH3JibHO KOpHIO· KBa,llpaTHOMY 1.13 KOH!.18HTpa­

l.IHH fiJI33Mbi : 

1S1 lie.\ - JN; = IN; . . (6) 

llpH perwc:TP3l.IHH BOJIH so BHewHeH MOHoc<J?epe annapaTypa, ycTaHOBJieHHaH Ha MC3, 

. MOlK8T HHOrAa OK333TbCH BHYTPW WJIH B HerrocpeACTBeHHO_H 6JIH30CTI1 OT o6JiaCTI1, rAe 

B036ylK,!(aiDTCH BOJIHbl, CTpyKTypa noJIH BOJIH B ::JTOH o6JiaCTI1 Hei13BeCTHa. MolKHO no­

JiaraTb, 'ITO cymecTayeT aHaJior11H MelKAY cTpyKTypoif noJIH B 6JII1lKHeif 3oHe ::JJieMeH­

TapHoro 1!13JiyqaTeJIH (A11IIOJIH) H B 0KpeCTHOCTI1 06JiaCTI1, rAe B036ylKAaiOTCH BOJ!Hbl 

113•33 HeCTa6HJibHOCTH nJia3Mbl, . 

PCl.CCMOTpeHI1e cTpyKTYPbi c<j:JepMqecKoil: BOJIHbi, H3JiyqaeMoi1 3JieKTpHqecKHM HJIH 

MarHH'fHblM AHf10Jl8M B MarHHTOaKTHBHOfl nJia3Me [32, 33], T3KlKe IIpHBOAMT K (6) 1
, 

CTpyK•rypa 6JII1lKHero noJIH AMnOJihHOro M3JiyqaTeJIH B MarHHTOaKTHBHOH nJia3Me oqeab 

CJIOlKHa, HO l1 TaM crrpaBeAJIHBO Jb J/\ e\· n, XOTH B OTAeJibHbiX CJiyqaax ::JTO OTHOIII8• 

· HHe MOlKeT 6b!Tb nporropl.IHOHaJibHO (Jii'; )a, rAe a> I. 

lyKa3RHHbl8 CBOHCT~a HMeiOT AOCT3TOlJHO 061l(HH xap~KTep M BbiT8KaiO'Jl H3 COOTHO· 

weHI1H: pa3MepHOCTH [b] = .!.. [e] =E. [e ]. Ko3<j:J<iJH!.1HeHT rrpeJIOMJieHHH AJIH QHq. 1.1 
~ v<ll c 
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PH c. 6. 3aBHCHMOCTb \ b xl I I ey I OT KOHQeHTpaQHl1 ( -JFi;) AJI.!I npoxOJK,l.\eHHil • cnyTHHKa 

"11HT8pKOCMOC·l4 11 qepe3 06JiaCTb ['JlaBHOI'O J;IQHOC<iJepHOI'O npoBaJia (10JKH08 ITOJiy• ' 

lllapne) 

a- BY!TOK 4, 12.XII; 6- BY!TOK 69, 16.XII 1975 r • . 

B [29] llOKa3aHo, 4TO OTHOlll8Hl1 8 aMITJIYITYA Jil06b!X COCTaBJIHl01!111X noJieH &·11 e 
B ll_JIOCKOH BOJ1H8 TaKJKe nponopQY!OHaJibHO K03tPtPHQl18HTY npeJIOMJI8HHH, qTO KacaeT­

C.!I K03tPtPHQH8HTa nponOpQHOHaJibHOCTH, TO OH 3aBHCHT He TOJlbKO CiT w, w B H (!, 
. . e ~ 

KaK B (5), HO HOT OpH8HTaQHH CllYTHHKa B )<OOp,l.\HHaTHOH Cl1CT8M8 BOJ!Hbl, I',ll.8 (k = 

= lksinO; 0; k cos(J}). · 

PacnoJiara.~~ OAHOBpeMeHHO H3M e peHHb!MH 3Ha4eHH.!IMH aMnJIHTYA MarHHTHOil: \bx\ 
H . 3Jl8KTpH48CKOH \ey\ COCTaBJI.!!lOIIIHX ITOJI.!I 3Jl .8KTpOMarmtTHOH BOJ!Hbl B KOOp,ll.HHaT­

HOH CHCT8M8 cny•rHHKa, MOlKHO COCTaBHTb l1X OTHOlll8HH8 \bx\/\lfy\ H cpaBHl1T b 8!'0 

C H3M8H8HH.!!Ml1 KOHQ8 HTpaQHH ITJia3Mbl, DpH 3TOM CJ18,l.\yeT OlKH,l.\aTb, 4TO COOTB8TCT• 

BYIOU\He OTHOllleHH.!I 6yAyT B03p_a.cTaTb c yBeJIH4eHHeM KOHQeHTpaQHH. 

Ha pHc. 6 npeAcTaBJieHhi rpa¢l1Kl1 3aBHCHMOCTH ·\bx\1\ey\ (och op,l.\HHaT) OT /iii 
(ocb a6CQY!CC) ,ll.Jl.!l ITpOXOJK,l.\8Hl1H cnyTHHKa "11HT8pKOCMOC•14" qepe3 06JiaCTb rJiaBHO• 
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I'O HOHOc<!JepHOf'O nposa.na Ha 4-M 11 69-M BHTKaX (!OlKHOe no.nyrnapAe), KaK BHAHO JA3 

rpa<lJHKOB·, B 60.ITblliHHCTB8 c.nyqaeB 110ATB8plKAaeTCH OlKHAaeMbiH pOCT OTH0lli8HJ.1H 

KOMI10H8HT no.n.a C yse.nH'I8HHeM KOHIJ;8HTpai.\HH, TaKa.a 33BHCHMOCTb Hafi.nJOAaeTCH 

He TO.ITbKO B 60.ITblli8M 'IH C.ne c.nyqaeB, HO T3KlK6 11 Ha 6o.nee 11pOTHlK8HHbiX y'laCTKaX 

TpaeKTOpHH cnyTHHKa (eM. rpa¢HKH JA3MeHeHHi.l: N i , TaKlKe npHBeAeHHbiH Ha p11c, ~); 
0AHaKo Ha OTAe.~bHbiX yqacTKax TpaeKTOpHH Jbxl/leyl yMeHhll!aeTc.a c pocTOM 

KOHu;eHTpau;nH. YYJeHhllleHHe Jbx~/ le yl c pocTOM N e He Bhi3BaHo KaKHM-.nH6o cne­

u;H¢JA'IecKHM xapaKTepoM 3anJAceH se.nJA'IHH I bxl HJIJA I eyl· Bo scex c.nyqa.ax cooT· 

. B6TCTBYIOII.IH6 B6.ITH'IlAHbl )l.OCTa'!'O'IHO B6.ITHKH 11 3H3'1HT6.IThHO npeBOCXO)l.HT noporoByJO 

qyscTBJATe.nbHOCTh npJAeMHJAKOB, BIAA 3anHcH se.nH'IHH I bxl JA Jeyl Ha yqacTKax; rAe 

lAX OTHOili8HHe yMeHblllaeTC.H C pocTOM N i, He OT.nnqaeTc.a OT ApyrHX yqacTKOB, I')l.e 

lAX OTH01l16HJA6 B03pacTaeT, 

Be yAa.noch 'i'aKlKe o6Hapy.lKHTb KaKHX-.nJA6o cneu;H¢/!'!ecKHX oco6eHHOCTei.l: s npo­

cTpaHCTBeHHhiX l13M6H6HJ.1HX KOHIJ;8HTp3IJ;HH 11.IT33Mhl (rpa)l.H8HTbl 11 T, 11, ), KOTOpbie 

MOlKHO 6b!.ITO fib! CBH3aTh C OfiHapylKeHHbiMH OCOfi6HHOCTllM11 33BJACHMOCTH Jbxl/Jeyl 
OT N j , MOlKHO yKa3aTh, pa3Be, Ha TO, 'ITO COOTB6TCTBYIOII.IH6 yqacTKH TpaeKTOpH!A 

11M810T HeKOTopyiO T8HA 6 HIJ;JAIO rpynn11pOB3TbCH 6.ITHlK6 K rro.n.apHOH rpaHHIJ;e 11pOBaJia, 

06HapylKeHHhiH ::~¢¢eKT yMeHh!lleHI1H o;rHO!lleHJA.H aMn.nHTYA MarHHTHOH 11 :;~JieKTPH· 
qecKOH cocTasJI.aJOmnx no .nett I b xi /I ey l npiA yse.nH'I6HHH. KOHIJ;eHTpau;HI1 MOlKHO o6b· 

HCHHTh Jll11llh npej.lnO.nara.a, 'ITO ua COOTB8TCTBYIOII.IHX yqacTKaX Tp36K'rOpHH cnyTHHKa 

OAHOBpeMeHHo perHcTpHposaJIWCb ABe so.nHbi cymecTBeHHO pa3Horo xapaKTep·a. B 

TOM 06CTOHT8.ITbCTBe, 'ITO Ha cnyTHHK6 O)l.HOBpeMeHHO MOryT npHHI1MaTbCH )l.Be lA 

fiO.ITblll88 'IHC.ITO BOJIH,.HM61011.1HX pa3Hbl6 HCTO'IHHKJA, HL"' HH 'l6f'O He06bi'IHOf'O, JlerKO 

YCT3HOBHTb, 0Afi3KO, 'ITO B TOM c.nyqae, KOrAa npHHHMaiOTCll ABe n.nOCKJAe 3.IT6KTp0• 

Maf'HIATHb16 BO.ITHbi, OT.ITIA'I31011.1H6 CH aMIT.ITHTy)l.OH JA HanpaBJ)6HJ.16M pacnpOCTpaHeHH.H 

()!.IT3MH 0), CYMMa lAX TaKlKe 6y)l. e T n.nOCKOH BO.nHoti; 8 3TOM C.Jiyqae OTHO.lll6flJAe 

lb J/1;;1 Bbipa3HTC.a TaKlKe ¢opMy.noti TJ.ma (5). Ec.nJA lKe OAHa IA3 npiAHHMaeMhix so.nH 

3.IT6KTpOMaf'HlATHa.a, a Apyra.H 3.IT6KTpOCT3TJA'I6CKa.a, He HM610II.Ia.H Maf'HHTHOH KOMI10• 

H6HTbi, TO B 3TOM c.nyqae Hanp.HlK6HHOCTI1 Maf'HI1THOf'O 11 3.neKTpH'16CKOf'O no.neti He• 

COI10CTaBJAMbl lA Bee BbiK.~a)l.KIA, 11pHBO)l.HII.IH8 K yKa3aHHbiM Bbllll6 <!JopMy.naM, Hecnpa• 

Be)l..niABbi, 0TcTyn.neHJAe OT npJABe)l.eHHbiX ¢opMy.n MOlKeT 6hiTb oco6eHHO 3Ha'IJATe.nb· 

HbiM, 6C.ITH AOTIYCTJATb, 'ITO 3.IT6KTpOCTan1.'16CKa.a BOJIHa B036'ylK)l.aeTCH Bfi.ITJA311 TpaeK• 

TOpiAH MC3. 

5. 3AH11104EHHE 

CosMeCTHOe paccMoTpeHHe no3BOJI~J.no ycTaHOBHTb, 'ITO B o6.nacTH rJiaBHoro HOHO· 

c¢ e pHoro nposaJia HMeeTc.a TeCH a .a cs.a3b xapaKTepHCTHK OHII- 11 KHil·JA3.ny'leHHH_ c 

JA3M6H'IHBOCTbiO KOHIJ;6HTpaiJ;HH, 06b!'IHO Ha 3KBaTOpH.a.ITbHOH rpaHHIJ;6 WJHoe<!JepHOf'O 

rrposa.na Ha6.nJOA36TCH no.noca OHil-lllyMOB. no Mepe BXOlK)l.6HI1H B npoBaJI c yMeHb• 

lli6HH6M KOHIJ;6HTpaiJ;HIA n.na3Mbl J.1 110Bbllli6HH6M TeMnepaTypbl 3.IT6KTpOHOB llOHHlKaeTC.H 

HHlKHllR rpaHH'IEJa.H qacToTa no.nocbi lliYMOB. MMeJOTC.H 3KcnepHMeHTa.nbHbie CBHAe­

Te.nbcTsa .YB6.ITH'I6HHOH Hanp.HlK6HHOCTI1" 3.IT6KTpHll.6CKOf'O TIOJUI B HHlKH6H tiaCTH CI18KT• 

pa lliYMOB [34), 3TH CBOHCTBa )l.aiOT OCHOBaHJAe i!p6)l.-110.ITOlKl!ITb, 'ITO TaKJAe lllyMhl JAM6• 

JOT 3.IT6KTpOCTaTJA'l6CKy!O 11pHpOAY J.1. 'ITO HHlKHR.H rpaHH'IHa.H '!aCTOTa HX CI16KTpa 0'16Hb 

6.nl13Ka l1.ITH COBna)l.aeT C .noKa.nbHOH B6.ITH'llAHOH HJ.1lKH6H f'Hfipl1AHOH '!aCTOTbl 11Jia3Mb!, 

Mcxo)l..a l13 ~noro npe.)l.no.nolKeHH.H 6bi.nw Bhmo.nHeHhi pactJeTbi 3¢¢eKTHBHOH Macchi 

l!IOHOB~ 0Ka3a.nOCb, 'ITO )l.OCTaTO'IHO '!aCTO m
3

<!J paCT6T npM nepece'I611Hl1 r.naBHOf'O 

uoHoc¢epHoro nposa.na seqepoM 11 HO'IbJO. Ha Ma.nbiX Bhicorax (- 500-600 KM) m3 <P 
pacTeT OC066HHO CH.ITbHO. l!I B 3KCTpeM3.ITbHbiX c.ny'la.HX AOCTJAraeT 25 6)l.11HHIJ; aTOMHOH 

MaCChi, 3TOT pe3y.nhTaT B o6meM COOTB6TCTBY6T npe)l.CTaBJI6HH.HM 0 nposa.ne .nerKH.X 

JAOHOB, '!aCTO Ha6JfJO)l.ai011.16MC.H O)l.HOBpeMeHHO C r.naBHhiM lAOHOC<lJepHhiM npOBaJIOM, 

no.nyqaJOI1.1116C.H pa3yMHbl6 Be.ITJA'!HIIbl m
3

<!J i1 lAX H3M6H'IHBOCTh MOlKHO paccMaTpJABaTh 

KaK 110ATB6plKA6H116 JACXO)l.HOf'O npeAI10.ITOlK6HH.H 0 TOM, 'ITO HHlKII.H.H rpaHHIJ;3 Ha6.niO­

A36MOH no.nochi myMoB sechMa 6.n113Ka K HHlKHeti rH6pHAHOH ·qacToTe n.na3Mhi • . B )l.aJih· 

H6H!li6M u;e.necoo6pa3HO 11p0B6CTH 3KCI16pHM6HT, B KOTOpOM O)l.HOBpeMeHHO !1p0BO)l.J.1• 

.ITHCb fih! H3MepeHH.H KOHIJ;6HTpaiJ;HH, MaCC•CI16KTpOM6Tp!1'16CKH6 11 BO.ITHOBble, 

AHaJIH3 sapHau;Hti aMn.nHTYAhi KHII~ fli OHli-H3.nytJeHHH B 30He r.nasuoro J;10Hoc¢ep­

Horo nposa.na TIOK33aJI, 'ITO Ha Bh!COTaX, 66.nhll!HX 1000 KM, )].116M qame BC6l'O 3MI1.ITH'-
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Ty,lla KaK Maf'HHTHOH, TaK J.1 ~JieKTpMqecKOH KOMITOH8HT ITOJI.ll 3HaqwJ'eJibHO YB8JIJ.1'1J.1• 

BaeTC.ll B 06JtaCTJ.1 1 f',!\8 KOH~8H'rpai.jJ.1.ll ITJiil3Mbl MJ.1HJ.1MaJibHa, 0pH ~.TOM OKa3aJIOCb, 

qTo 3aBMCHMOCTb ·oT KOH~eHTpa~J.1J.1 ITJia3Mbl OTHOIJieHM.ll aMITJIMTYA Maf'HMTHOH J.1 ~JieKT• 
pHqecKoi1 cocTaaJiaKJmMx rroJia KHq· M3JiyqeHMi1 csMAeTeJibcTsyeT o6 ~JieKTpoMarHMT• 
HOM XapaKTepe COOTBeTCTBYIOU{MX BOJIH, JlHIJib B OT,lleJibHbl X HefiOJibiJIMX yqacTKaX 

TpaeKTOpl1H aMITJIMTYAbl Maf'HMTHOH J.1 ~JieKTplfqecKOH KOMITOHeHT OKa3biBaiOTC.ll He• 

corroc'l'aBHMhi. MolKHO rrpe,llrrOJIOlKMTh, 'ITO B ~TMX o6JiaCT.HX HMeeTca 3HaqJ.1TeJibHaa 

rrpMMecb · ~JieKTpOCTaTHqecKMX BOiH, ITO-BJ.1,liJ.1MOMy, JIOKaJlbHOf'O llpOHCXOlK,lleHM.ll, 

Ha cpaBHMTeJibHO MaJibiX Bb!COTaX (< 800 KM) HO.'Ib!O 3aiTMCJ.1 aMITJIMTYA J.13JiyqeHJ.1H. 

M aapMa~MM N i HMeiOT oqeHb CJIOlKHbiH xapaKTep. 3,llecb 3aqacTyiO aMrrJiwry,lla ~JieKT­
p11:<IecKoi1 KOMITOHeHTbl ITOJI.ll OKa3b!BaeTC.ll 3aMeTHO fiOJibllle, qeM Maf'HMTHOH, COOT­

BeTCTBYIOIUMe BapHa~MH B 3TH X ycJIOBM.HX ,liOJilKHbl fihiTb 110,!\BeprHyTbl ,lleTaJibHOMY 

aHaJIM3Y Ha fiOJibiJieM. ~KCIII:)pMMeHTaJlbHOM MaTepHaJie. · 3HaqJ.1TeJibHa.H aMITJIHTy,lla 

~JieKTpHqeCKOH KOMITOHeHTbl B MHHHMyMe KOH~8HTpa~J.111 Ha MaJib!X Bb!CO'faX, ITO-BH-

. ,liHMOMy, AileT ocHOBaHMe AJI.H npeAITOJIOJKeHH.H o TOM, qTo Ha MaJibiX BbiCOTax oco6eH-

HO seJIMKa Bepo.HTHOC~b B036YJKAeHM.ll B KHq~A»arra3oHe ~JieKTpo.cTaTuqecKMX KOJie-

6aHMi1. 
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