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IlpencraBieHs pe3yabTaThl

IKCNIEPUMEHTOB

Ha MHC3 «AkTuBHbBIi», «Sampex»,

«Tiros-N», B KOTOpPBIX M3y4a/iach JUHAMUKA MTOTOKOB HU3KOIHEPTUYHBIX MPOTOHOB (C IHEP-
TUIMU OT AeCATKOB K3B 1o Heckombkmx MaB) B 006JacTM reoOMardHuTHOrO 3KBATOpa
(L <1.15) na mansix Beicotax (mo 1000 xm). IIpeacraBiaeHa 3aBMCMMOCTH TOTOKOB OT
MECTHOTO reoMarHuTHoro BpemeHu. Ha mnpumepe aHanm3a HECKOJbKHUX T€OMArHUTHBIX
BO3MYIeHHI B HOs0pe—aekaGpe 1978 r. mpeacraBieHa 3aBUCMMOCTh MOTOKA OT YPOBHS
T€OMarHUTHOU aKTUBHOCTHU. [lolyueHHBbIE pe3yabTaThl MO3BOJSIOT CKa3aTh, UTO KOJBIIEBOM
TOK SIBJSIETCSI OJHUM M3 OCHOBHBIX MCTOYHUKOB MPOTOHOB B MPHIKBATOPHUAILHOMN 006J1aCTH

Ha MaJbIX BbICOTAX.

Beenenue

OCHOBHBIM MeXaHW3MOM, OTBETCTBEHHBIM 3a MOsIB-
JIeHWe HU3KOZHEePrHUHBIX MPOTOHOB B 00JIaCTH BOJH3H
reOMarHUTHOTO 9KBATOPa, B HACTOsIIEe BPEMsl CUMTa-
eTCsi MeXaHH3M JIBOHHOH mepe3apsinku [1].

[Tpouecc nepesapsimky TNpencTaBJsieT co00H JIBYX-
cryneHyarbii npouecc (puc. 1), B KOTOpOM B HauaJje
SHepruuHble MPOTOHBI (p) BHEIIHEro paaHalhOHHOTO
nosica CTaJKUBAKOTCS C HEUTPaJbHBIMH aTOMaMu BOJO-
pona (H) sk3ocdepnl, B pesynbrare yero MpOUCXOAUT
peaxIus

p*+H—H" +p,
rome ¥ — sHepruuHble yacTuibl. [Ipu Takom mporecce
00pasyeTcsl MOTOK IHEPrHUHBIX aTOMOB HEHTpPasbHOTO
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Puc. 1. Cxema mpoluecca JBOHHOH Mepe3apsiiku Mpo-

TOHOB KOJIbLIEBOTO TOKa, B Pe3yJbTaTe KOTOPOTO MPo-

TOHBI MPOHUKAIOT B MPUIKBATOPHAJIBHYIO 06/1acTh Ha
MaJibIX BBICOTAX

BOJIOPO/a, KOTOPHIH CBOGOIHO pacrpoCTpaHseTcs B Mar-
HUTHOM TMoJie 3eMJu. B MJIOTHBIX CJl0SX aTMocdepbl
aToM HeHTpa/JbHOrO BOAOPOJAA MOXKET MPOB3aMMOJe-
CTBOBAaTb C aTOMaMH KHCJOPOAA — OIHOH M3 OCHOBHBIX
COCTaBJISIIOIUX aTMOC(epHI:

H*+0—=p*+0".

B pesynbrare 06pa3oBaBIIMCS 3HEPrHYHBIH MPOTOH
3aXBATBIBAETCSI MATHUTHBIM T10JIeM 3eMJIH.

B pannux pab6orax [l, 2] ormeuasnoch, 4TO oOC-
HOBHBIM MCTOYHHKOM TMPOTOHOB B INPHIKBATOPHAJbHOM
30He sIBJISIleTCS palMalMOHHBIH Mosic. DTO O3HAYaer,
4TO, BO-TIEPBBHIX, MOJKHA CYLIECTBOBATb 3aBUCHMOCTH
MOTOKAa TIPOTOHOB B 3TOH 30HE OT YPOBHSI Teomar-
HUTHOH AKTMBHOCTH H, BO-BTOPBIX, MOTOK MPOTOHOB
BOJIM3M IeOMarHUTHOTO 9KBAaTOpa He JOJI’KEH 3aBHCETb
OT MeCTHOTO I'eOMarHUTHOTO BpPeMeHH, MOCKOJbKY pa-
[MAIMOHHBIH TMOSIC MOYTH CHMMETPHYEH OTHOCHTENBHO
OCHM MarHUTHOTO JHTIOJS.

[lo3xke, korma Obll OTKPBIT KOJbBLEBOH TOK, BBI-
SICHeHa ero poJb B (DOPMHUPOBAHHH PAJHALHOHHOTO
nosica U OLIEHEH ero BKJAJ B AWHAMHMKY reOMarHUTHBIX
BO3MYILEHHH, CTaM0 ICHO, YTO OCHOBHBIM HCTOYHHKOM
Hu3KosHepruuubix npotoHoB (20-100 k3B) siBasiercs
KOJIbIIeBOH TOK, KOTOPbIH Ha (pase CBOEro pasBUTHS
He CHMMETPUYeH M pacriojioKeH B HOYHOH objacTu
marautocdeps! [3]. DKcrneprMeHTaNbHOE TIOATBEPXK/E-
HUe (haKTa 3aBUCHMOCTH IOTOKa NPOTOHOB HA MaJbIX
BBICOTAX BOJIM3M IeOMarHHTHOTO 3KBATOpa OT MECTHO-
r0 reOMarHWTHOTO BpPEMEHH BIepBble OBbIJIO IOJYYeHO
B skcnepumente Ha 6opTy MC3 «Kocmoc-484». B atom
sKcrepuMenTe [4] perucTpupoBaMCh MPOTOHBI C SHEP-
rueit ot 70 no 500 x3B. B pabore Oblnu 06HapyXKeHbI
BO3paCTaHUs MOTOKA NPOTOHOB BOJIM3H T€OMArHUTHOTO
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3KBatopa, B objacth oueHb Majbx L (L < 1.15,
B tom uncie u Ha L < 1.00). Ilpu stom nortoku
TMPOTOHOB B 3TOH 06JACTH PETHCTPHUPOBATHUCH TOJBKO
B HOUHOE MECTHOe BpeMs, B ~ 21" MLT. B Toi
ke paboTe coobllasock O pe3y/abTaTax HaOMIOAeHHH
MC3 «Kocmoc-378», KOTOpbI# perncTprupoBas NPOTOHBI
¢ sHeprueii ot 1 10 8 MaB B 4-7" 1 16-19" mectHOrO
BpEMeHH.

B akcnepumente Ha 6opty MC3 «Azur», B KoTopom
OBIIH 3apervCTPUPOBAHBl BO3PACTAHUS MOTOKA MPOTO-
HOB ¢ 3Heprusmu ot 0.25 mo 1.65 MsB, nporons
perucTpuposasuch B6ausn 20" MecTHOro BpemeHH.

AHasoruyHasi 3aBUCHMMOCTb TOTOKOB (0Jiee Hepruy-
HBIX NPOTOHOB (E, > 700 k3B) oT mecTHOro BpemeHH
Oblna oOHapy’KeHa W B 3KCNepUMeHTe Ha OOpPTYy CMyT-
Huka «Sampex» [5].

B Hacrosiuielt pa6ore uccienoBaHHS 3aBHCHMOCTH
MOTOKA MPOTOHOB OT MECTHOTO F€OMarHUTHOTO BPEMEHH
M aHalM3 HMX CBSI3W C TeOMAarHUTHOH aKTHBHOCTBIO
TMPOBOASITCS C HCIOJb30BAHMEM MNAHHBIX CJENYIOMINX
9KCIIEPUMEHTOB.

1. UC3 «Tiros-N» (1978 r., Beicota ~850 ®kM),
npotorbl (E = 30-800 k3B) B npuskBaTopuasbHOM
obmactu peructpupoBanuck Teseckonom MEPED (nBa
NoJyNpoBOAHUKOBLIX geTekTopa 200 MKM TOJIHMHOU
Ka)[bli), 3allUIIEHHBIM MarHUTOM, OTKJOHSIOLIUM
3JIEKTPOHBI ¢ 3Heprueil mo 1.5 MsB [7].

2. Ipubop LICA na 6opry UC3 «Sampex» (1993 r.,
BbicoTa ~600 KM), perucTpupoBas NMPOTOHbLI C IHEPTH-
smu > 770 k3B. IlpuGop npexacraBnsin co60i Bpems-
nposieTHbIH Macc-crekTpomerp [4].

3. Tlpudop SPE-1 na 6Gopry MC3 «AKTHBHBII»
(1990-1991 rr., Beicora 500-2500 kM) perucTpupoBad
npotoHsl ¢ 3Heprueit ot 30 mo 550 k3B ommMHOYHBIM
MOJIYyNPOBOIHUKOBBIM JeTeKTopoM ToJiuHoi 100 MKM,
3alIMIIEeHHBIM MarHUTHBIM (DUJABTPOM, OTKJIOHSIOUIMM
3JIEKTPOHBI ¢ 3Heprueil 1o 650 k3B [8].

3aBUCHUMOCTH OT MECTHOTO T€OMArHUTHOIO
BpeMeHH

O6HapyxeHHasi B 3KcnepuMeHTax Ha Gopty MC3
«Sampex» [4] u «AKTHUBHBII» [8] 3aBHCHMOCTb MOTOKA
OT MECTHOT'O reOMarHUTHOTO BPEMeHH Mpe[CcTaBaeHa Ha
puc. 2.

[To mauaeiM MC3 <«AxtusBubii» (1990 r.), B Hus-
KosHepruuubix kKaHasax (30-50 k3B) mosynposompHu-
KOBOTO JIeTeKTOpa BHIHBI BO3PaCTaHMs MOTOKa MPOTO-
HOB B MOCJIENOJyeHHble U OCOOEHHO BeYepHHE 4Yachl
B uHTepBate 18-21" MLT. Tlo cpaBHeHHIO ¢ HHMH
MOTOKH B YTPEHHHE M [HEBHBbIE YaChl HE3HAUHTEJIbHBI.
Boamoxuo, o6aacte 12" MLT — camas 3anamgHas
TOYKa, KyJa MpH apeide MOTYT NPOHUKHYTH TPOTOHBI
B KOJIbIIEBOM TOKe B HauasjbHOH (haze Oypu. CyliecTBy-
eT OT/IUMe B MOBeJeHUH MOTOKOB MPOTOHOB C 3HEpPrHe#
1o ~100 k3B u Gosiee sHEPrUUHBIMH YacCTHIIAMH, KaK
3TO nokasaHo Ha npumepe naHHbIX MC3 «AKTHBHBII»
Ha puc. 2. BumHo, UTO MOTOKM MPOTOHOB C 3HEPTHU-
et 100-500 3B (BbICOKOSHEpTHUHAsI YacTb CIEKTpa)
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Puc. 2. 3aBUCUMOCTb [OTOKA MPOTOHOB B MPUIK-
BaTOpPHaJbHOH 00MAaCTH OT MECTHOTO TeOMarHUTHOTO
BpeMeHH no gaHHbIM MC3 «Sampex», « AKTUBHBIH»

MMEIOT MaKCHMYyM B yTpeHHeil o6nactu, 1o 6" MLT,
yto cornacyercs ¢ naHHeiMu MIC3 «Sampex», Ha Ko-
TOPOM HMMEHHO yTPOM HAaOJIONAIOTCS TIOTOKH TOpasyio
6oJiblilke, UeM B BeuepHeM cekTope. OT/HUHe B MOBejie-
HHUH TIOTOKOB NMPOTOHOB ManbiXx 3Hepru#l (mo 100 k3B)
1 Oojiee HEPTHUHBIX YAaCTHUL MOXKeT OBITb CBS3aHO C
TeM, YTO HMCTOUHHKOM HH3KO3HEPrMYHOH KOMIMOHEHTHI
SIBJISIETCS] KOJIBIIEBOH TOK, KOTOPBIH CYyIIeCTBYeT BeCh-
Ma OrpaHHYeHHOe BpeMsi B TedyeHHe MarHUTHOH OypH,
a 6oJiee dHEpruYHble YACTHILIBI TOTMOJIHSIOTCS U3 Paju-
AI[MOHHOTO T105ICa, KOTOPBIH CYLIECTBYeT MPAKTHYECKU
Bcerna. Kpome Ttoro, morepu yacTHIl CHJIBHO 3aBUCST
OT 3HEPrud W pas3/juyeH BKJAA pa3HbIX MEXaHHU3MOB,
MPUBOASIIIMX K TIOTEPSM YacTHIl, 8 UMEHHO HOHM3AllH-
OHHBIE TIOTEPH U TMOTEPH Ha Nepe3apsiikKy.

3aBuCHMMOCTh OT reOMArHUTHOM AKTUBHOCTHU

BriepBble B3aUMOCBSI3b MOTOKOB HH3KO3HEPTHUHBIX
NPOTOHOB BOJIM3M FEOMAarHUTHOTO 9KBATOPa C YPOBHEM
reOMarHWTHOH AKTHBHOCTH Oblla MpPOaHAJH3UPOBAHA
B pabore [1], rue 6blI0 OTMEUEHO CHJIbHOE YBeJHUeHHe
MOTOKOB HU3KOIHEPTHUHBIX MPOTOHOB B PaavallHOHHOM
nosice Ha L =~ 3 ¥ moBTopsiolLiee ero 1no GpopMe BpeMeH-
HOTO TIPO(HJs BO3pacTaHWe TMOTOKOB HHU3KO3IHEpPTrHy-
HBIX TPOTOHOB. AHa/JOrMYHbIe AaHHBlE ObIIH MOJYYeHbl
u Ha MC3 «Sampex». B pa6ore [5] oTmeuasock, uTo
HabJolaeMble BO3pAacTaHUsl CKOPOCTH CueTa MPOTOHOB
¢ sHepruedt > 700 k3B cBfi3aHBl C reoMarHUTHBIMU
Oypsimu. Kpome Toro, Obli0 MOKaszaHo, UTO B MepH-
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Puc. 3. 3aBHCHMOCTb CKOPOCTH cueTa MpoToHoB B KaHanax 30-80, 80-250, 250-800 k3B mosnymnpoBogHHKO-
Boro gerekrtopa B mpubope MEPED na Gopty MC3 «Tiros»-N ot Bpemenu Ha L < 1.15 (a) u 3aBucumoctsb

HHJAEKCa reoMarH HUTHOM BO3MYIIEHHOCTH

onbl cosiHeyHoro MuHuMyma (1996-1997 rr.) notox
MPU3KBATOPUAJIbHEIX TMPOTOHOB MHHUMajeH. 3aBHCH-
MOCTh TOTOKa OT YPOBHSI T€OMAarHUTHOH aKTHBHOCTH
u3ydasnach Takxe B paborte [9], rme, mo maHHBIM
NC3 «AxTuBHBIM», OBLJIO MOKA3aHO, YTO 3Ta CBH3b
He Takasi TpsiMasi H OfHO3Ha4yHasl, Kak CJeI0Bajo M3
NpenbIAyIInX paborT.

Takast ¢BSI3b MOTOKOB NMPOTOHOB BOJIM3HU F€OMarHur-
HOT'O KBaTOpPa Ha MaJjiblX BBICOTAX C YPOBHEM reomar-
HUTHOW aKTMBHOCTH U MOTOKAMH MPOTOHOB B pajHallu-
OHHOM TM10sICe, a TaK»Ke OCOOEHHOCTH MOBEIeHUs HU3-
kosHepruuubix (10 100 k3B) npoToHOB Mo cpaBHEHHIO
¢ 6oJiee SHEPrUUHBIMH TI03BOJISIET MPEANOJOXKHTh, UTO

Dst ot Bpemenu 3a ToT xe nepuorn (6)

MCTOYHUKOM 3THX YaCTHI SBJSETCs paavalHdOHHbBIN
1osic, 8 UX HU3KOIHEPTHUHOH YacTH — KOJIbLEBOH TOK.

OnHO W3 MPSIMBIX MOATBEPXKAEHHH 3TOH THUIOTE3bl
npeicTaBaeHo Ha puc. 3. Ha Hem wu300pakeHbl pe-
3yJIbTaThl PErucTpalnuy NpoToHOB ¢ 3Heprued ot 30 10
80 k3B na 6opty C3 «Tiros»-N [7] 3a neprion co 2 no
13 Hosiopst 1978 r. [lokaszaHbl pe3ysnbTaThl U3MEDPEHHSsI
noToKa MpoToHOB Ha L < 1.15 mo cpaBHeHHIO O 3Ha-
ueHHUsIMH HHJeKca Dst 3a onuH M TOT Ke NMPOMeXyTOK
BpeMeHH. B 3TOM HHTepBase BpeMeHH NMPOH30IIJIO Kak
MUHHUMYM TPH CHJIbHBIX T€OMArHUTHBIX BO3MYIIEHHS.
M3 pucyHka BHIHO, YTO BapHalWM IOTOKA YaCTHUIL
BOJIM3H T€OMAarHUTHOTO 9KBATOpa CJEAYIOT H3MEeHEHHIO
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uHnekca Dst. Tak, Bo Bpemsi craga aKTHBHOCTH C 3
no 8 Hosi6psl MOTOK MPOTOHOB MOHOTOHHO cnajgaj. Bo
BpeMsi 6ypb 8, 10 u 12 HOsI6psi MOTOK pe3Ko Bo3pacral,
nocjie 4ero MeJIJIeHHO crajgaji Mo Mepe TMpUOIHXKe-
HUSl WHJEKCA MeOMArHUTHOH AKTUBHOCTH K HYJIEBOMY,
HEBO3MYIIIEHHOMY 3HaueHHIO.

[ToBenenue ckopocTd cuyeta B 0ojiee IHEPTHUHBIX
kaHanax (80-250 u 250-800 x»B) ne mnoxaswiBaer
KaKoU-1160 BUAMMONH 3aBUCUMOCTH OT YPOBHSI reomar-
HUTHOH aKTHBHOCTH.

TakvM 06pa3oM, MOXKHO OTMETHTh, UYTO BOJU3H
reOMarHUTHOTO 3KBAaTOPa MOTOKH MPOTOHOB C Heprueu
B JeCATKH K3B 4yBCTBHTENbHBI K YPOBHIO T€OMarHHT-
HOM aKTHBHOCTH, B TO BpeMsi KaK BeJHUHMHA TOTOKA
fosiee SHEPTMUYHBIX MPOTOHOB HE 3aBUCHT OT YpPOBHS
reOMarHUTHOH aKTUBHOCTH.

O6cyxaeHne

Ha puc. 4 cxematuuecku H300paxkKeHO pas3BHUTHe
KOJIbLIEBOTO TOKa BO BpeM$§l F€OMarHUTHBIX BO3MYyllle-
auil [3, 6]. [lokasanel mocsemoBaTesbHO TPH (Dasbl
(sranma) pasBuTHsI Oypu: HayajbHasi, Pa3BUTHUS U BOC-
cTaHoBuTe bHasA. [lokazaH BU KOJIBIIEBOTO TOKA U MPH-
3KBAaTOPHAJIBHOTO MPOTOHHOTO o6pa3oBanus. BumHo,
9TO KOJIbIIEBOH TOK (DOpPMUPYeTCs B Hauaje OypH B Be-
uepHell M yTpeHHell oO6sactsix Maruutocdepsl. [lpu
3TOM NpoToHB ¢ 3Heprued g0 ~ 100 k3B u3 xBocra
mMarHutocepsl 3adpacwiBaloTcss B Tmosic (Ha L = 6)
B OKOJIONOJIyHOUHOM CEKTOpe MeCTHOr0 TFeOMarHUTHO-
ro BpeMeHH. BcsencTBue KpPHUBH3HBI MarHWTHOTO T10-
JIi TIPOTOHBI Jpei(yIT HAa BOCTOK, T.€. W3 HOYHOH

06 Havanbhast dasa

O06JacTb nepe3apsiaku

Wonuzanus

3abpoc MOHOB M3 XBOCTa

B3aumopeiictBue
BOJIHA-YaCTULIA

®da3za
BOCCTaHOBJIEHUS

Hauano ¢asnl
BOCCTaHOBJICHMSI

Puc. 4. Pa3BuTHe KoJIbIIEBOTO TOKA BO BPeMsl reomar-
HHUTHBIX BO3MYILIEHHH U Pa3BUTHe «IOsica» MPOTOHOB
BOJIM3M r€OMATHUTHOrO 9KBATOPA

B BeyepHIO0 006sacTh MarHutocdepel. B HauasbHOH
(haze Oypu B MHEBHOU U OKOJIOMOJYIEHHOH 06JacTsix
MarHUTOC(HEepPbl CHJIOBBIE JIHMHHU PA30MKHYTHI, TO3TOMY
KOJIbLIEBOH TOK He $§IBJIIeTCS CHMMETPHUHBIM. B mpo-
mecce japeiica TPOTOHBl HCMBITBIBAIOT TIepe3apsiaKy
C HeUTpaJbHBIMU aTOMaMH1 Bofopoza 3k3ocdepsl. HacTb
00pa30BaBUIMXCS HEUTPaJoOB MOXKeT ObITb BHOBb 3a-
XBaueHa Ha MaJjbliX BblcOTaX. Tak obpasyeTcss acuM-
METPHUYHBIH <«II0SIC» M3 TPOTOHOB HA MaJBIX BBICOTAX
BOJIM3M TeOMarHUTHOTO 3KBaTopa. Bo Bpemsi pa3BUTHS
KOJIbLIEBOTO TOKA B 00JACTH BEUEPHHUX M JHEBHBIX
YacOB MECTHOT'O T€OMArHUTHOTO BPEMeHH TIPOTOHBI YX0-
OSIT U3 30HBl YCTOHUMBOTO 3aXBaTa BCJENCTBHE TOTO,
gT0 npeldoBble 060J0UKH He 3aMKHYTHL. [IpumepHO 32
OIMH 4Yac KOJbLEBOH TOK CTAHOBHUTCS CHMMETPHYHBIM.
[IpoToHBl Ha MaJBIX BbICOTAX BOJH3U KBATOPA TaKXKe
CJIelyIOT TOBEJEHUIO KOJBLEBOTO TOKa, W B OMpeje-
JIEeHHBIH MOMEHT «TOSIC» HA MaJblX BbICOTAaX BOJIH3H
9KBaTOpPa CUMMETPHU3YETCSl.

O6HapyKeHHble 3aBUCUMOCTH TOTOKA MPHIKBATOPH-
aJbHBIX MPOTOHOB OT MECTHOTO T€OMAarHUTHOTO BpeMe-
HY U OT YPOBHSI T€OMarHUTHOH aKTUBHOCTH MO3BOJISIIOT
YTBEpKIAaTh, UTO KOJBLUEBOH TOK SIBISETCS OTHHUM U3
OCHOBHBIX MCTOYHHUKOB NPHIKBATOPHAJbHBIX MTPOTOHOB.

BriBoabl

Bo Bpemsi reoMarHuTHBIX BO3MYILEHHH OTMeuaeTcs
BO3pacTaHHe MOTOKa MPOTOHOB ¢ 3Heprueit no 100 k3B,
TOTa KaK MOTOKU 0oJjiee 9HEPTHYHBIX MPOTOHOB TMpPaK-
THYECKH HEe M3MEHSIIOTCS.

[ToToKH mNPOTOHOB PETHUCTPHPYIOTCS B OCHOBHOM
B BeUyepHHe M HOUHble YacChbl MECTHOTO €OMarHHUTHOTO
BpEMEHH.

KosiblieBo#l TOK sIBJsieTCS OCHOBHBIM HCTOYHMKOM
yactul ¢ 3Heprueidt 1o 100 k3B B npuskBaTopuasbHoi
00/1acTH, B TO BpeMsi KaK MCTOYHHKOM GoJsiee SHEprud-
HBIX YaCTHIL SIBJISIETCS paaMalMOHHbBIH MOsIC.
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