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YIK 550.388.2

OCOBEHHOCTH PACIIPEJEJIEHHUY ITPOTOHOB HA MAJIBIX
BbICOTAX HA ITPUIKBATOPHUAJIbHbBIX MIUPOTAX MO JAHHBIM
CIIYTHHKOBBIX 9KCIIEPUMEHTOB. I. JHEPTETUYECKHUU
CIIEKTP

O.P. I'puropsia, M. H. Ilanacwxk, A. H. Iletpos
(HHHA D)

IIpencraBiensl pe3ynbTaThl M3MepEeHHs CIEKTpPa MPOTOHOB C 3Heprusimu ot ~ 10 k3B
10 ~1 MaB B o6nactu reomarHuTHOro 3KBatopa Ha L < 1.15 Ha BbIicoTax go 1000 km
1O JaHHBIM KCNEPUMEHTOB Ha CNyTHUKax M op6utanbHoM Kommiekce MHUP. Iloayuen
CIIEKTP NPOTOHOB BO BPpeMs F€OMarHUTHBHIX BO3MYIIEHUH U B criokoliHoe Bpems. [loctpoena
annpokcuManys CleKTpPoB Kanna-¢gyHknueid. IIpoBegeHo cpaBHeHMEe CNEKTPOB NMPOTOHOB
B IPUIKBATOPUAIBHOA 00JacTM M B KoublleBoM ToKe. IIpoBeneHa omeHka BpemeHH
JKV3HU NPOTOHOB B IIPUIKBATOPHAJNbHONA 00JIACTH € y4eTOM Mepe3apsifKu U KYJIOHOBCKOIO
paccessnus. IlonTBepikaeHO, YTO KOJIBIIEBOM TOK SIBJISIETCSI OAHUM M3 OCHOBHBIX MICTOUYHUKOB
TPOTOHOB B MPU3KBATOPHAIBHON 00JACTH HAa MaJbIX BBICOTAX.

Beenenue

C 1969 r. cnyTHHKOBble 3KCIEPUMEHTHl MOKa3a-
JIM, 4TO B 00JacTh BOJM3M T€OMarHWTHOTO 3KBATOpa
(L < 1.15) na BeICOTax 10 ~ 1000 KM mMOCTOSTHHO
Ha6/I01AI0TCSl BO3PACTaHUsl MOTOKA TPOTOHOB C 3HEp-
UMM OT JecsATKOB K3B 10 Heckoabkux MsB. Broino
MOKA3aHO, UTO WX MOsiBJeHHEe 0OBSCHSETCS MepeHOCOM
Ha MaJsible L TPOTOHOB pafiHalMOHHOTO 1osica U KoJblie-
Boro Toka (L ~ 3-6) B mpoiiecce 1BOHHOK mnepe3apsiiku
NPOTOHOB Ha HeHTpasbHBIX atromax Bomopoxa [l1-3].
Ko/blieBo# TOK — OfMH W3 TOKOB, OTPeNeJSIIOLIUX M0-
BelleHre HOHOC(EpPbl U BHyTPeHHeH yacTu Maraurtocde-
pel. OH TIOATMHUTBEIBAETCS M3 JIBYX OCHOBHBIX HCTOUYHH-
KOB — HOHOC(Epb W COJHEeYHOro Betpa. McTouHHKOM
YaCTHIL C SHepruell B COTHU K3B siBasieTcs coHeuHbIH
BeTep, a OoJiee HU3KUX 3Hepruil — noHocdepa. [losene-
HHE 3THX JABYX KOMIIOHEHT KOJIbIIEBOTO TOKa PA3JIHUHO.
AnanornuHoe pasiesieHHe CYIIECTBYeT ¥ B TOBEIEHHH
MOTOKOB TPOTOHOB B IPH3KBATOPHA/JIbHOH 30HE, UTO
yKa3blBaeT Ha TECHYIO CBSI3b 3THX 00pPa30BaHHUM.

B Gosee mosgnux padorax [4-10] 6b1 mosyuen
pS NAHHBIX, KOTOpblE He 00BSCHAIOTCS 3TOH MOJEJBIO.
DTO 3aBUCHMOCTb MOTOKA MPOTOHOB OT MECTHOTO Teo-
MarHMTHOTO BpeMeHH M 0COOEHHOCTH 3aBHCHMOCTH OT
JIOJITOTHI, BHICOTH U YPOBHSI T€OMarHUTHON aKTHBHOCTH.
[IpencraBnsiercsi HeOOXOOMMBIM [eTaNbHOE H3yUeHHe
XapaKTepUCTHK MOTOKA MPHUIKBATOPHUATBHBIX MPOTOHOB
B 3aBHCHMOCTH OT PA3JHYHBIX (DAKTOPOB C LEJbIO
oTpefie/IUTh BKJIAJ BO3MOXKHBIX MCTOYHHKOB MPOTOHOB
B OOLLMH TOTOK.

Onucanue IKCMIEPUMEHTOB

[TapameTpsl opOHTHI, BpeMsi NPOBEIEHHS SKCIEpH-
menta, tun nerekropa (IIITJ — nosynpoBOAHHKOBBIM
NIETEKTOP) ¥ SHEePTHSI PETUCTPUPYEMbIX MPOTOHOB TIPeJl-
cTaBJ/ieHbl B Tabs. 1.

JHepreTUYeCKUi CIeKTp

O6006111eHHbIH CMEKTP NPOTOHOB B NPUIKBATOPUAIb-
HOH 00/1aCTH MO AAHHBIM HECKOJIbBKHX 3KCIIEPUMEHTOB
nmokasaH Ha puc. l. B HM3KOsHEpruuHOH YacTH Crek-
Tpa BHUOHO OTJHMYHE CIIEKTPOB, 3aperUCTPUPOBAHHBIX
Bo BpeMss (D) m B orcyrcTBue (Q) reoMarHHTHBIX
BO3MYLIEHUH.
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Puc. 1. DuepreTuueckuil CHeKTp [MPOTOHOB Ha

L < 1.15 mo naHHBIM HECKOJbKHX 3HKCIEPUMEHTOB,

[lpuBenena anmpokcuMalus Kamnma-QyHKUHeH Criek-

TPOB, 3aPErHCTPUPOBAHHBIX B CHOKOHHOe Bpemst (Q)
¥ BO BpPeMSsI TeOMarHUTHBIX Bo3MyIeHui (D)
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Ta6awunma 1

KocMuuecku# Ton Beicota, | Haknonenue, Tun DHeprus perucTpUpyemMbix
amnmapar KM rpan IeTeKTOopa NpOTOHOB £,

AZUR 1969 384-3145 103 [I1a 0.25-1.65 M5B

OV1-17 1969 398-468 85.5 [I1a 12.4-180 k3B

OV1-19 1969 471-5796 100 [Ia 280-560 k3B

Kocmoc-378 1970 240-1770 71 [Ia ~1 MsB

Kocmoc-484 1972 202-236 81.3 [a3opaspsiaHblit 70-500 k3B

Esro-4 1972-1973 | 245-1175 91 [I1a 0.2-1.3 MsB

TIROS-N 1979 850 98.8 [T, 200 MM 0.03-2.5 M5B

S81-1 1982 170-290 85.5 [IT]1, macc-crnekTpomMeTp >45 k3B, >100 k3B

OHZORA 1984-1987 | 320-850 73 [II111, Teneckon 0.65-35 Ms3B

AKTHUBHBIM | 1989-1993 | 500-2500 81.3 [0, 100 MM 55-550 k3B

OK MHP 1991 400 51.6 [T, 300 MM 0.1-8.0 M3sB

KOPOHAC-H 1994 500 83 CUuHTHANATOD >1 MsB

SAMPEX 1992-1998 | 520-670 82 [IT]1, BpeMsinpoJIeTHBII >770 k3B

Macc-CIeKTPOMETP
OK MHP 1999 350 51.6 [T, 200 MM 0.3-5.0 MsB

BunHo xopollee COOTBETCTBHE CIEKTPOB, MOJyYeH-
HBIX B PA3JIMUHBIX 3KCNEPUMEHTaxX B TeYeHHe HEeCKOJb-
KHX JIeCATUJETHH. DTO MOATBEpPKAAET TOT (DAKT, UTO
NPOTOHHOe 00pa3oBaHue CTA0MJIBHO BO BPEMeHH U NPo-
cTpaHcTBe. B 1esiom, Mo maHHBIM GOJBIIMHCTBA JKCIMe-
puMeHTOB, cnekTp npu 3Hepruu E > 100 k3B umeer
CTEeNeHHOH BHA, a TPU MEHbLIMX IHEPTUsIX — IKCIIO-
HEeHIIMaJbHBIH.

J1n1s1 OlleHKH TIOTOKOB MPOTOHOB B HACTOSIIIEE BPEMS
ucnosib3yercst mogesb HACA APS8, cospannasi Ha oc-
HOBe 3KCIIepPUMEHTa/NbHBIX NAHHBIX, MOJyUeHHbIX B OC-
HOBHOM Ha CMyTHHWKAax 3a nepuon a0 KoHua 1970-x rr.
dTa Mofiesb CTIpaBel/IMBa AJisi IPOTOHOB C SHEPTHel OT
100 k3B no 400 MsB toabko B obaactu L > 1.15.
Ecau npomo/mxuth mMomeb AP8 B npuskBaTopHasbHYIO
o6macte (L < 1.15), To oKa)keTcs, UTO OHA TpejCcKa-
3bIBa€T TOTOK TIPOTOHOB, MPAKTHYECKH HEe 3aBUCSIINH
ot sHepruu (mokasaresb IU(GepeHInasbHOr0 CreKTpa
a = 0.6). Onnako, no gauubim MMC3 OHZORA [11]
M JPYrUX 3KCMEePUMEHTOB, TIPU IHEPTUH MPOTOHOB BbI-
me 200 k3B nokaszaTesb CTENMeHHOTO CTEKTpa COCTaB-
nsier o =4.4+0.2. V3 3toro cienyer, uto B 06/1aCTH
MaJblx L Mopjesb HyXKJIaeTcs B n0paboTke.

AHanu3 naHHBIX MOKa3aJ, u4To AJs CUCTeMaTH3aluu
pasHoo6pa3Hoi MH(OPMALMKU O CreKTpax MPOTOHOB Ha
MaJibiX BeicoTax Ha L < 1.15 3aBHCHMOCTb MOTOKA MPO-
TOHOB OT 3HEPTHH MOXKHO OIMHUCAThb ONHOU (hyHKIHeH,
KOTopast OAMHAKOBO XOPOIIO MPEeACTABJsSeT H 3KCIO-
HeHLHaJbHYI0 TMOJOTOCTh CIeKTpa B 00/MACTH SHePTHH
no 100 k3B, u cTeneHHy0 0COGEHHOCTb MPU BOJBIINX
9HEpPTHUSIX.

Jlnsi anmpoKCUMalUK CreKTPOB B pPagvallHOHHBIX
mosicax M 3a TpaHUIlAMH 30HBI YCTOMYHMBOTO 3aXBaTa
HCIOJB3YIOTCS HECKOJIbKO (DYHKLUHH pacrpeneseHus.
[lepeuncaum ux.

1. ®yukuns pacnpenenennss Makcgesaa nMeeT BHU]

ol £ o

rie £y — aHasor temmnepaTtypel W NpPUMEHsIeTCs M5
OTMMCaHUsl TOBelIeHHs pPaBHOBeCHOH (KBa3HWpaBHOBeC-
Hoit) myasmel. OnHAKO B MPUPOJE PABHOBECHBIH CIEKTP
BCTpeyaeTcsl LOBOJbHO PELKO.

2. Baarogapsi pa3HbIM THTAM YCKOPEHHS CTEKTp da-
CTHL B MarHutocgepe, COMHEUHBIX KOCMHUECKUX Jydyax
(M B MepBUYHBIX KOCMMYECKHX Jydax TOXKe) HMeeT
JINOO0 3KCMOHEHUHaNbHBIH

E
()= Aewp |- |, @
Jub0 CTeNneHHOH BUL
[(E)=AE™". (3)

3. B mpomexyTouHBIX c/aydasix, KOTa HH3KOIHep-
THYHasi 4acTh pacrpefiesieHNsi UMeeT BUJ, NMOXOXHH Ha
9KCTIOHEHLIMA/NbHBIH, a8 BBICOKOSHEPTHYHAS] HMeeT YeTKO
BbIPAKEHHBIH CTENEeHHON «XBOCT», 1JIs OTIUCAHUS TaKHX
pacrpenesneHui MCMOJb3YIOT (PYHKLUHH, YUHTBIBAIOLINE
06e 3T ocobeHHoCcTH. Hanpumep, kanna-GyHKIHS, KO-
TOpasi IPH yCTPEMJIEHHH HeKOoero mapamerpa k K Gec-
KOHEUHOCTH CXONUTCS K pacnpeneseHuto Makcsejna:

£ 11
fE)y=A|1+— . (4)
[ kEo}

[Ipy ananuse sKCrepUMEHTAJIbHBIX JAHHBIX MO MO-
TOKaM MPOTOHOB B TPHIKBATOPHAJBHON OOJACTH MBI
MCrosib30BaNi (pyHKUKHK pacnpenesenus (1)-(4) u npo-
BeJIM aNMpPOKCHMALUI0 CHEeKTPOB 3TUMH (DYHKIHUSIMH.
Jns annpokcrManuu Obla BeIOpaHa BCSI COBOKYMHOCTh
HHQOPMALMH O 3aBUCHMOCTH TIOTOKA TMPOTOHOB OT
9HepruM, MOoJydeHHass B Pa3HbIX IKCIEPUMEHTaX Kak
B CIIOKOWHOE, TaK Y BO3MYILEHHOE BpeMs.
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Tabnuuwa 2

Makces. Q | Makes. D | Crenennas Q Crenennas D Jken. Q Iken. D | Kanna Q | Kanma D

A 23+16 | 74453 | (5.5+6.1)-10° | (5.9+6.7)-10° | 1065+5.8 | 49.8+28 | 51 +55 | 328436

Ey | 247+23 | 227420 — — 13.1+15 10+1 30+ 16 22+ 10

y — — —2.83+0.18 -3.1+02 — — — —

k — — — — — — 23+06 | 32405

X2 14.1 16.5 4.48 5.08 5.51 6.32 3.85 4.15

r 0.56 0.57 0.85 0.87 0.83 0.82 0.88 0.89

Tabnuuma 3

BricoTa, KM 300 400 500 600 700 800 900 1000
Konuentpauus, em~2 | 1.96-10% | 1.32-107 | 9.63-10° | 7.57-10* | 6.39-10% | 5.79-10% | 5.60- 10" | 5.76 - 10°

[lonyueHHble mapameTpsl AJs1 KaXI0H U3 (DYyHKIIHH
MMEIOT BHJI, NIPEJICTaBJeHHbIH B Tabs. 2.

Haunyumunit koagpduureHT koppensuuu r- HabJo-
JlaeTcsl MPH annpoKCHMAIMY CMeKTpa Kanmna-QyHKIHeH.

CrekTp TpPOTOHOB B MAakKCHMyMe KOJIbIIEBOTO TOKa
MMeeT Te »Ke 0COOEHHOCTH, 4TO U B NPHUIKBATOPHAJb-
HOM 00/1aCTH — CTeMeHHOH XBOCT U 3KCTIOHEHIIHATbHbIN
B/ Npy MaJibix sHeprusix [12, 13]. OnHako nokasaresib
CTENEeHHOr0 CIeKTPa B €ro BBICOKOIHEPTHYHOH YacCTH
paBeH v=4.7 + 2.2, 4TO NpeBHIIIaeT 3HAUEHHS &, Ha-
6/101aeMble Y CreKTpa NMPHIKBATOPHAJBHEIX MPOTOHOB.

OOBSCHUTD 3TO OTJIMUME MOXKHO, HCIOMb3YsT HH(OP-
MallMIo O MOTePsIX, KOTOPbIe MCIBITHIBAIOT MPOTOHKI MPH
B3aMMOJIEHCTBUH C aTOMaMH BepxHel aTmocdepbl Ha
Bbicotax ~500-1000 xm.

[IpoTOHBEI MOCTOSIHHO BBIOBIBAIOT M3 pafHAlMOHHBIX
MOSICOB M KOJIBLEBOTO TOKA H3-32 MOTepPb Ha KYJIO-
HOBCKHE CTOJKHOBEHHSI C 3JIeKTPOHAMH HOHOC(EPH,
a TakXe B pesy/bTaTe Nepe3apsiikd C HeHTpasbHBIMH
aToMaMH{ BepXHe# aTMoc(epsl ¥ MUTUY-YTJIOBOTO pacce-
SHUSI.

Huxe mnpuBeneHbl OLEHKH XapaKTepHOTO BpeMe-
HH JKM3HH T JJIsI TIpollecca Tepe3apsiakKHd MPOTOHOB
¢ sHeprueit ot 100 k3B no 10 M3B na HeliTpanbHOM
kucsopomae armocgepsl Ha BoicoTe 500 kM. M3BecTHo,
4TO 3HAUYEeHHEe T CBf3aHO C CeYeHHeM [epe3apsiiKy
SHEPTHYHOTO TMPOTOHA C HEUTpPaJbHBIM aTOMOM KHCJIO-
pona ol oTHOCHTesBHOI CKOPOCTBIO MPOTOHA 1 aTOMa
KHCJIOpPOJa U W KOHIEHTpaLnel KUCaopona 1y COOTHO-
IeHneM

(5)

CeueHue B3aUMOJEHCTBHUS TIPOTOHOB ¢ HEHUTPAJIbHBI-
MH aTOMaMH KHCJIOPOfa 3aBHCHUT OT 3HEPTHH CJeIyio-
M obpasom [1]:

oM (E)=1.7-10722. E=57 cum2, (6)

rie E 3apmaercs B8 MaB. Dra annpokcumanus crpasen-
JAuBa ToJabKo npu sHeprusax ot 100 k3B u Bhime, npu
MEHbBIIUX YHEPrUsX 3aBUCHMOCTb CEUEHHs] OT JHEpPruu
He CTereHHasi U HaJI0 MCMOJb30BaTh TaONHUUHBIE 3HAYe-
HHUSL.

KoHueHTpausi aTOMapHOro KHCJ0poaa Ha pas3fnd-
HBIX BbICOTax omnpenensiercs no Mmonenu MSIS-E-90, ko-

2

Hy-1

TOpasi YUHUTbIBAE€T MeCTOINOJOKeHHe HabJ/I0[eH s, Bpe-
Msl TOJIa, MECTHO€ BpeMsl, YPOBEHb COJHEUYHOH aKTHBHO-
cTH. JlaHHBIe 0 KOHLEHTPALHK aTOMapHOTro KHCJIOpPOJa
st Houu B siHBape 1996 r. (MHHHMyM COJIHEUHOH
AaKTHBHOCTH), NpUBeNeHbl B Tabs. 3 [14, 15].

PesysibraThl pacyeta BpeMeHH XKH3HU OTHOCHTEJNbHO
npouecca TMepe3apsiiki TMpUBeIeHbl Ha puc. 2 17
HeCKOJIbKHX BblcOT B HHTepBase 300-900 xm. BuaHo,
UTO Mepesapsiika CHUJIbHO OrPAaHHUMBAET BPeMs YKHU3HH
npotoHa ¢ masno# sHepruedt (<100 k3B).
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Puc. 2. XapakTepHble BpeMeHa »XW3HHW MPOTOHA Ha

BeicoTax no 1000 kM ¢ y4eTOM KyJIOHOBCKOT'O pac-

CeslHUSI W Tepe3apsiK¥M B CPaBHEHUM C BpeMeHeM
a3uMyTasbHOTO pekida BoKpyr 3eMau

Ha pacnpenenenve 6osee 3HEPrUYHBIX MPOTOHOB
B OCHOBHOM BJIHsIET sIBJIeHHWE KYJOHOBCKOTO paccessHUs
MPOTOHOB HAa 3JeKTpoHax HoHochepbl. Bpemsi xu3HH
MOXXHO OIEHHUTH 10 (hopmyJe

7, =2.55.10% . E32N 1, (7)

rie N — KOHLEHTpauusi 3JeKTPoHOB, E — 3Heprus
npoTtoHa B k3B. KoHueHTpauusi 37eKTPOHOB B HOHO-
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chepe Ha L~ 1.15 3aBUCHT 0T (a3l COJHEUHOTO
UKJIa U cocTaBseT npuémusutensro 1.15.10° cm—3
B mMakcumyme u 1.61-10* cm~3 B mMuHEMyMe nuKIa
COJIHEYHOH aKTHUBHOCTH.

PesynbraThl pacuera npenctaBjeHsl Ha puc. 2. U3
PUCYHKAa BHIHO, 4TO NpH MaJsbix sHeprusix (< 100 k3B)
OCHOBHBIM MeXaHH3MOM, OTPEeNEeSIOUIUM MOTEPH TIPO-
TOHOB, SIBJISIETCS Tepe3apsiika, a Npu OOJbLIMX IHep-
THSIX — HOHM3aIHS.

Jlns cpaBHeHHSI Ha pUC. 2 TNPHBeIEHO BpeMsi, KO-
TOpOe 3aTpaTuj Obl MPOTOH C YKA3AaHHOW dHEpPrued Ha
npeid 1o BceM A0JTOTaM BOKPYT 3eMJH, ecsd Obl MO-
CTOSIHHO HaxomuJcsi Ha BbicoTe ~ 500 km. M3 pucyHka
caenyert, 9to Ha BbhicoTax 300-900 KM TOMBKO MPOTOHBI
¢ sHeprueil 21 M3B sBasiioTCs KBa3n3axBaueHHBIMU.
OnHako BCJIEICTBHE HETUNOJNBHOCTH 3€MHOTO MarHHT-
HOTO TIOJIS yacTHlla BO BpeMsi npeiiha He ocTaercs
Ha OmHOH W TOH ke BhIcOTe (0COGEHHO B 00J1aCTH
F0XKHO-aTJaHTUYECKOH aHOMaJiK), U BCJEACTBHE 3TOTO
BpeMsi KH3HH COKpallaeTcsi elle cHuibHee. TO ecCThb
HUKHSIST TPaHWI@ HEPTHH KBa3HW3aXBaueHHBIX MPOTO-
HOB C/IBHTAeTCsl ellle BBIIIe.

U3 puc. 2 cnenyet, 4TO NPOTOHBI C SHEPTHel MeHee
unu nopsiaka 100 k3B ncnbITEIBAIOT MOTEPH B OCHOBHOM
Ha repe3apsinKy. BciencTBue 3TOro CnekTp MPOTOHOB
KOJIBLIEBOTO TOKa, TMOCTYMAIOMIUX B MPUIKBATOPHAJb-
HYI0 06/1aCTh 32 CUET Nepe3apsiiKu, CTAHOBUTCS KeCTye
B pe3y/ibTaTe MCUe3HOBEHHS] HU3KOIHEPIMYHbIX YACTHII.
DTO MOATBEPKIAETCs 3HAUEHUSIMU TI0Ka3aTessl CTerneH-
HOTO crekTpa: 2-3 y CHeKTpa MPHUIKBATOPHANBHBIX
NpoTOHOB U 4.4 y crieKTpa KOJIblIeBOTO TOKaA.

BriBoabl

1. CiekTp MPOTOHOB MOXKET ObITh aMMNpPOKCUMUPOBAaH
Kanna-QpyHKUHeH:

HE) =A (1 + k%) -

B cnokoiinbix yenoBusix Eg =30+ 16, £ =2.3+06.
B Bosmymiennbix Eg =22+ 10, k=3.24+0.5.

2. Tlpu sueprun <100 k3B ocHOBHBIM MeXaHM3MOM,
OnpefessIOIMM [O0TepH NPOTOHOB, SIBJASETCS Iepesa-
psiiKa, a npHd OOMBIIMX SHEPrUsiX — HOHHW3ALHOHHBIE
NOTepH.

3. CnexTp NMpPOTOHOB KOJBILEBOrO TOKA, KOTOPbIE MO-
CTYNaloT B NPUIKBATOPHAJBHYIO 00/1aCTh B pe3ysbTaTe
nepe3apsiiki, CTaHOBHUTCSl 2KeCTue BCJEJCTBHE HCUe3-
HOBEHMsI HM3KOIHEPrHUHBIX UACTHII.
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