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~ H3Y4eHI1e RAepHblX B3aI1MOAe~CTBI1~ BbiCOK03HepreTI14eCKI1X 3neMeH

l* 
",J TapHblX 4aCTI111 no xapaxrepy nopoxnaeaax I1MI1 KaCKaAOB InI1BHe~1 

t,'jl'1Ii; 'I,h" 
'''If'l·"
 'ItTOpl14HOrO 113I1Y4eHI1R B aTMoc(j)epe, nporH0311pOBaHI1e paAl1alll10HHO~
 

",~ 

06CTaHOBKI1 Ha pa3I1114HWX BWCOTax, 0lle~Ka Aoa paAI10aKTI1BHOrO 113ny" 
4eHI1R, pa~npOCTpaHR~~erOCR B B03Ayxe BOKpyr YCKOpI1Tene~, 11 MHO

T'Jl " 'to.: r ue APyrl1e HaY4Hbie 11 npl1KI1aAHble aonpocu Tpe6YlOT AI1R CBoero pe

We~I1R npOCTpaHCTBe~HWX pacnpeAeI1eHI1~ 11 cneKTpOB hOT?KOB RAepHWX 

4aCTI111 paSnl14HWX Tl1nOB. 3aAa4a'CTaHOB~TCR oc06eHHO TPYAHO~, 

_ KorAa HymHo SHaTb 3TI1 BeI1114I1HW BHyTpl1 HeoAHopOAHWX no cocTaBy
h 

r ~ CI10mHWX no KOH$l1rypalll1l1 6I10KO~ Be~eCTBa - Hanpl1Mep, npl1 0lleH
1," It ~R " xax 3(j)(j)eKTI1BHOCTI1 aanycxaexux Ha 60I1bWl1e aucor u AeTeKTopOB 11,3

l, ~. r nY4eHI1~. 

"\/:::-,4 B nBTA"mUH1 COSAaHa MOHTe-KapI10BCKaR MOAeI1b 06paaOB'aHI1R 

·, 

'~, 
••
ij"

I':" v. 11 pacnpoc r oaaeuan KacKa'l\c3 4'aCTl1l~ B araocoepe /1,21. 11eToA MOH.Te
,II

Ii\":i Kapno HaI160I1ee' aJ:('e'RsaT8ft" YCJlOB"~RM 'saAa411, TaK KaK n03B0I1ReT 
i. ,,'"

1 
,", 

CpaBHI1TenbHO I1er~o aAanTl1pO~aTb ~OAeI1b K l1aMeHeHI1RM 3aAaBaeMWx 
~"
 i~
 

I1CXOAHWX YCI10BI1~' 11 Sapbl1pOBaHl11O npeAn0I10meHI1~ 0 CBO~CTBak RAep
J ~WX B3aMMOAe~CTBI1~, "ITO 4aCTO npl1XOAI1TCR AenaTb npl1 peWeHl111t ~, 

$113114eCKI1X aaAa4. T04HOCTb paC4eTOB 1- 5%1, KOTopaR AOCTl1raeTCR 
11\. npl1 npl1eMI1eMblX a a r parax SpeMeHI1 3BI1, r axxe AOCTaT04Ha AI1R '\ 

60nbWI1HCTBa 3TI1X 3aAa4. 

HCXOAHblMI1 RBI1RIOTCR 3HepreTl14eCKI1~ cnekr p 11 yrnoaoe pacnpene

p I1eHl1e nepBI14HbiX 4aCTI111 a3N(E.e,¢)~aEa¢acose. AI1R MHOrl1X 

,,'111 

:
npaKTI14eCKI1 BamHW~ CI1yyaeB 3Ta $YHKllI1R ~aKTopl1ayeTCR: 

3 ' 2' 
a N/aEa¢acose = dN~(E)/dE. a N¢rJ.¢, e)/a¢acose. 

I' 
" Hanpl1Mep, S CI1Y4ae KOCMI14eCKI1X nY4e~ nepSH4HWMI1 RBI1RIOTCR npoTtiY 

1 HW C 1130TpOnHwM yrI10BWM pacnpeAeI1eHl1eM Ha rpaHI111e aTMoC$epw 11 

3Heprl1e~, 60I1bUJe~ HeKoTopo~ MI1HI1MaI1bHO~ E , (X,e,¢,),aaBI1CRLl.\e:::i OT 
I /3/ mill 

reorpa(j)l1'o.leCKO~ :lIl1POTbl MeCTHOCTI1 X ,BMeCT.e C TeM ec r s 3aAa411

"1 Is 4aCTHOCTI1; paC4eT none~ 113I1Y4eHI1R, C03AaBaeMOrO ny4KoM yCKO
'#' II peuaux 4aCTI-111/, KorAa npl1XOAI1TCR oacc-aarpaaar s 60I1ee 06~11~ 

BI1A npOCTpaHCTBeHHO-3HepreT~4eCKOrO paCnpeAeIleHI1R nepSI14HWX
',J j\. ~ 

,>/1 4aCTI111 Ic COOTBeTCTBY~~I1M YBenl14eHI1eM BpeMeH~ c4eTa/.¥, .., 

, . .:- '-:"';~"::-l'i\,' IOlh. ~".,.. , ..J."" ,\,.C'J.iiyr 1 
~ l' f' ~:-. b ~oc ih'-' 9€.~:4,~ *"""""- p.... fWP "'" _' , ';ifJ,C;.. 'I;.:, ." ,," G~:ll!d , 

\\' ~ 1..'" '.. ',-.".,' Jl ... 
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..'	 "4aCH14a C pa3blrpaHHblMl-l 3Ha4eHl-lRMl-l E. ¢. e* r e-repnpye-r KaCKai=\..
 

BTd'Pl-l4HbIX 4aCTl-l4, l-lCnbl;rbIBaR rtepsoe CTOnKHOBeHl-le Ha pac c ronuau
 TT -'Me30HoB yLfl-lTbIBaIOTcR nor epa 3Heprl-ll-l Ha l-lOHl-l3~L~l-l1O C nOMdlJ~blO ,""' '~, 

o~pa~eHl-lR xopowo l-l3Y4eHHoro" B ?KCnepl-lMeHTaX eOOTHOWeHl-lR MeJK~Ye OT T04Kl-l BxoAa B aTMOC$epy. 3TO paCCTORHl-le onpeAenReTCR l-l3,ypaBHeHl-ll'l AfIl-lHb'~ 'l-lbHl-l3a4l-l0HHor:0 npofiera l-l 3Heprl-le~ 4aCTl-l4bl R '= f (E) 16 . 
e -> .... npl-l oac-rere nppfieroe TT -Me30HOB Y4l-lTbIBaeTcR BepoRTHoCTb " ~lX 
fdUA(E(r),r ) -int, 'pecnana AO RAepHoro B3al-lMol;\e~CTBl-lR. Pacnanaurca , B OCHOBHOM, 
o	 /1/ 

rro-Me30H~, BpeMR JKl-l3Hl-l KOTqP~X 3H~4l-lTenbHO MeHbwe, 4eM Y 3a
rAe ~;, pRJKeHHblX rr± -Me30HOB Cr±/rO - ,108 / . npl-l BbICOKl-lX auepranx , xorna
 

.... .... >, 
aeruuca BepoRTHoCTb pOJKAeHl-lFl rr-Me30HoB, B pacnaAHbl~ «auan
 

A = 1/,£ a, (E(r)) P (r )

,I I	 YXOAl-lT 3Ha4l-lTenbHaR ~aCT' 3Heprl-ll-l nepBl-l4HO~ 4aCTl-l4~.
I _ /2/ 

• Hal-l60nee CnOJKH~M RBnReTCR paC4eT B3al-lMOAeRcTBl-lR 4aCTl-l4~ C'
 

- IICpeAHl-l~ npofier B T04Ke" 
-/ 

r, a j - noruioe Ce4eHl-le B3al-lMOAe~..1 RAPOM. 3TO B3al-lMO~e~CTBl-le, oc06eHHO 0pl-l B~COKl-lX 3Heprl-lRX, KbrAa
 
.... .

CTBl-lR 4aCTl-l4bl C RAPOM COPTa i B T04Ke r, P j - nnOTHOCTb lmcna	 MorYT ~OJKAaTbCR AeCRTKl-l HOB~X 4aCTl-l4, ~6YAHO Onl-lCaTb C nOMO~blO 

3Tl-lX RAep. ~HTerpl-lpOBaHl-le B~nonHReTCR BAonb TpaeKTOpl-ll-l 4acT~4~. $eHOMeHOnOrl-l4eCKjlX pacnpeneneuaa'. B ofinacru BbICOKl-lX 3Heprl-l~1
 

'YpaBHeHl-le /17 RBnReTCR 0606~eHl-leM l-l3BeCTHoro COOTHOWeHl-lR 
,J..


nOCTpOeHl-le TaKl-lX pacnpeAeneHl-l~ caMO no ce6e'npeACTaBnReT cnOJK
, , I I ft 

e= '-A In t C nOCTORHHblM 3Ha4eHl-leM A ua HeoAHopoAHble cpenu 4	 HYIO aanavy 1 peureuayo Ill-lWb AnR uexoropux 4aCTHbiX cny-rae a / CM. , 

l-l Y4l-lT~IBaeT l-l3MeHeHl-le 3Heprl-ll-l
/ 

4aCTl-l4bl E = E(f} BAonb ee rpaexro-	 Hanpl-lMep, 1'/1 /. AnR pac~eTa Heynpyroro RAepHoro 83al-lMOAeRcTBl-lR 

Pl-ll-l ~ pe3ynbTaTe l-lOHl-l3a4l-l0HH~X np04eCCOB.	 .npl-1 auepraax E> 10 ~13B Mbl eocnons aoaanac s MOHTe-KapnoBcKo~ 

Ecnl-l TpaeKTOj>l-lR 4aCTl-l4bl He neoeceicaer 6nOKOB pacnOnOJKeHHOrO MOAeRblO BHyTpl-lRAepHOro KacKaAa, KOTopaR n03BonReT onpeAenl-lTb
 
B B03Ayxe Be~eCTBa, TO ;3Heprl-l1O l-l yrnst auner a AnR Ka>KAo~ pOJKAaIOLI~eRcR 4aCTl-l4bl ", Ynpyroe
 

CTonKHOBeHl-le pa3~~p~Banocb no l-l3BeCTH~M l-l3 on~Ta pacnpeAeneHl-lRM

Pj (Z) es POJ ~xp Ia (z - h ) I, "'lil';t
 

aw(E, e)/dcosf1. ~AepHble B3al-lMOAe~'CTBl-lR nl'll-l MeHbWl-lX 3Heprl-lRX pac/3/	 18 91 •
C,4l-lTbIBanl-lCb Ha OCHOBe MHororpynnOBo~ Cl-lCTeMbl KOHCTaHT ". 

rAe Z = Ecos e - paCCTORHl-le OT rpaHl-l4bl aTMoc$epbl / e - yron no OT . np06erl-l BTOPl-l4H~X 4aCTl-l4 onpeAenRIOTCR YKa3aHH~M B~we cnoc060M~ 
!JlI.;l.", 

IHol\leHl-l}O K BepTl-lKanl-l/, h - B&ICOTa rpaHl-l4bl aTMOCQJepbl HaA YPoBHeM 'PaC4eT npoAonJKaiTCR ~O H~4epnaHl-lR RAepH~X 4aCTl-l4 B paCCMaTpl-lBae


MOpR, a - 3KCnepl-lMeHTanbHO o,npeAenReMaR 'KOHCTaHTa, PO' - -nnor  MO~ npOCTpaHCTBeHHoR 06naCTl-l,/Hanpl-lMep, B cnoe B03Ayxa H~l-l
 

HOCTb ~Aep a30Ta ~ K~cnopoAa B aTMOC$epe Ha YPOBHe M6PR. Ecnl-l,	 BHYT~l-l 6nOKa Be~eCTBa, nOAHRToro ua onpeneneuuyo BbICOTy/. 
IKPo~e Toro, 4aCTl-lqa /He~TpoH l-lnl-l rro-Me30H/ He l-lOHl-l3l-lPyeT cpeAY,
 

..TO l-l3 /1 / cnenyer '
 

* MOp;eJIb BHyTpHJlp;epHbIx x acxanon p ac cr-ra-rpnnae-r HP;PO KaK r aa
 
e= In (1 

~
 

Aa cos e In t) / a Cose.	 ,,';. rrpOTOHoB H HeHTpOHOB B rto-r ennnam.aon HMe C P;HqxpY3HbIM rrpoc-rpan
;l 

/4/ CTBCHHbIM p acrtp ertertemrei-r , ollpe,~eJIHeMbIM H3 orrsrra , Harre-r-aiouiasr 4acTH

ua p;BHJl<eTCH B anp e , HCllbITbIBaH CTOJIK!WBeHHH C BlIyTpHHp;epHbIMH 
r- 'laCTHu;aMH.. p ac c eiin aa HX H rropoxnan HOBbIe. B 0611\HX ~epTax MOP;eJIb' 

llOXOJKa ua pacuer xacxarra B Bel1\eCTBe, TOJIbKO BMeCTO anepaux B3al1


Mop;eHCTBIIH llPOHCXOP;HT CTOJIKHOBelIHB anexenrapnux xac-ran , I1x xa

*3HepreTH~eCKHH crreKTp KOCMH~eCKHX ~acTH~ dNE/dEHMeeT paKTepHcTHKH pa3bIrpb(BaJOTCH IIa OCHOBe, H3BeCTHbIX llJelloMeHOpOrH'leC


C,jlOJKHbIH BHP;, paanaxaac s a a MHoro nopanxon na rpaHH~ax ,paCCMaT KHX paCllpep;eJIeHHH. Ilocrie auner-a JIaBHHbI KacKa,lJ;HbIX -racnn] /HJIH
 
"	 IlHBaeMoro HHTepBaJIa 3Hepn'IH E E/O,OI, 100/ T3B, H p;JIH orrpep;e llOrJIOl1\eHHH Me,IJ;JIeHlIOH HaJIeTaJOl1\eH ~acTH~bI C 311eprHeH E> I a M3B/ 

JIeJ;lHH BeJIJ1lmHbI E = E (X. e., ¢) rrpHXQp;HTCR 'lHcrie'iIHo p ema-rr, OCTaTO'lHOe clinbHO B036YJl()J;eIIHoe HP;PO p;eJIHTCH HJIH "OXJI~aeTCH",
 
ypaBHeHHe
 " "~3	 ' !IfllyteM HcrrapeHHH HeHTpOHOB. Ta 4aCTb llpo~ecca TOJKe paCC~HTW~ 

BaeTCH MeTop;6M MOHTe-KapJI~. Ilonpoonee CM: 13;7,81
 
dNE(E) max dNE(E)
 

E	 E 
3aMeTHM, ~TO MOHTe-KapJIOBCKHH llOP;XOP; MOJKHO rrpHMeHHTb H Ha CJIe,f dE. -----I r dE _ t. nyiomeii , _GoJIee rJIy6oKoH CTa,IJ;HH -,IJ;JI~ pacve r a B3aHMop;eHc:rBHH '.E , dE ' dE

min 3JIeMeHTapHbIx 'laCTH~, pacc-sar-pnaan CTOJIKHOBeHHH KBapKoB, H3 KOTOEmjn 
PbIX COCTOHT 3TH 'laCTH~bI. Op;HaKO TaKOH "TpeX3TaJKHbrH" pacxe'r CTa....
 

·3p;eCb H Be3p;e nanee t E [0, 1] - p aanor-reprro pacrrpep;eJIeHHoe- CJIy-
 IIOBHTCH CJIHWKOM rpOM03p;KHM H MOJKeT 6blTb orrp asnaa JIHlUb B 0631aCTH
'	 

~aHHoe 'lHCJIO. CBepXBbICOKHX 3HeprHH, rp;e HeT 3KcllepHMeHTaJIbHbIX naaaux 0 B3aHMO- ~. 

p;eHcTBHHX 3JIeMeHTapHbIx xac-nm 19,101	 ' 
f,.	 '3 

'.
 

2 
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TplM3Bl 

PHc.l.	 3HepreTH4eCKHH cneKTp PIfC. 2. ,3I1epreTH~ecKml crrex rp 
HeHTpOHOB, nOpOlK,IJ;eHHbIX KOCMH npOTOHOB B KacKage, nOpoJKJJ;eHHoM 
4eCKHMH JIY4aMH na BblCOTe KOCMH4eCKHMH JIY4aMIf B yCJIOBHHX 
4,12 H	 50 KM HaJJ; ypOBHeM MOpH "cnoxonaor-o COJIHu;a" aa BblCOTe 
B yCJIOBHHX "cnOKOHHoro COJIHu;a". 12 KM Hi' nornoce Ix = 90 °I, IIIH

I'eorparpaxecx aa mapo r a X=>, 42 0. po-re 421' IXI'O-l I, 1.( na arena-rope 
'CrIJIOllIHble 'rHCTOrpaMMbl - Ham I X = 0 0, x 10-'2 I. fHCTorpaMMa 
pacxe-r , nYHKTIfpHble - paC4eT Ham paC4eT, KpUDaH ~ cneKTp 
'APMCTPOHra H JJ;p.'/lO/. KpIfBbie - J nepBU4Hblli KaCMH~eCKHX riPOTO
erccnepaxe.ar-am.aue namrsie , HOB. 

MogeIlb n03BOIlfleT paCC41.1TbiBaTb nOTOKI.1 1.1 npOCTpaHCTBeHHO-3Hep
reTI.14eCKI.1e pacnpegeIleHl.1fl npOTO~OB, HeHTpOHOB, rr-Me30HOB 1.1 flgep 
OTg~41.1. B Ka4eCTBe npl.1Mepa na P1.1 c'. 1 1.1 2 nojcaaaua B3al1MOCBfl3b 
.cnexrpoe 4aCTI.111 B KOCMI.14eC,KI.1>$ IlI.1Hf'1flX OT BblCOTbl 1.1 reorpaepl.14eCKOH 
MeCTHOCTI.1. Pl.1c.3 I.1nIl~cTpl.1pyeT BbICOTHY~ 3aBI.1CI.1MOCTb 41.1CIla KacKag~ 

HblX -racruu. 
. AIlfl cpaaHeHl.1fl Ha PI.1C. 1 npl-1BeAeHbl 3KCnepl.1MeHTaIlbHbJe gaHHble 

l-1 pe3YIlbTaTbJ paC4eTOS APyrl.1x aBTOpos. KaK Bl.1gHO, pa3Ill.14HbJe gaH
Hble Ha	 p~c. 1 corIlaCY~TCfl S I.1HTepBaIle fioriee gecflTI.1 rropanxoa 
SeIll-14Io1Hbl. 

,. Ha. 3BM C 6bJCTpogeHcTBIo1eM B HeCKOIlbKO MI.1IlIll-10HOB onepalll.1A/c 
TIo1nH4Hoe BpeMfl C4eTa Ha60pa npocTpaKcTseHHo-3HepreTlo14ecKlo1x pac
npeAeIleHI.1H AIlfl ogHoro 3Ha4eHl-1fl X,C YKa3aHHoH Ha pl.1c.1 ,2 T04
HOCTbIO, COCTaBIlfleT OKOIlO 4aca 101 cIla60.3i;lBl-1CI.1T OT r or-o , nplo1 
C'1<dIlbKIo1X 3Ha4eHIo1flX BblCOTbl h CTPOflTCfl pacnoeneneaaa , BMeCTe 
C TeM ,f-\ogeIlb ofinanaer 60IlbUJO~ Yl36bIT04HOCTb~, oc06eHHO B 6IlOKe 
pacuer a flAepHblXo B3aIo1MogeHCTBI.1H, 4TO BalKHO npl.1 peweHlo1101 (l:lIo1'31014 E;:C-, 
KYlX 3aga4. ECIlI.1 lKe Io1HTepecoBaTbcfl TaKI.1MIo1 cpegHI.1M~ xapaKTeplo1C
Tl-1KaMIo1, KaK, Hanplo1Mep, BbJCOTHbJe pacnpeAeIleHlo1fl Io1HTerpaIlbHOH g03bJ 

4 

, ' 

,II	 " 
r: 
~. lOSe--.- , PUC. 3-0.	 HaNeHeHHe 4HCJ1a '3aPHi~ 

X=900,~ JKeHHbIX tt -Me30HOB B aTMoc<l;lepe
~~ 
r C .BbICOTOH· na ill.IfpOTe X = 90 °, "';i 
~~ 10' 
~~ 42° U 0°. YCJ10BUH "cnoKoHHoro 
~, 

COJIHiJ;a".~, 

x102if'"103 "~l;: 
06nY4eHI.1~, TO 6e3 3aMeTHoroX= 42° 
CHlo1lKeHlo1fl T04HOCTH MogeIlb MOlKeT~~,~. 
6blTb CYllleCTseHHO orpyfineua
 

M '
 l-1 speMR paC4eTa 3Ha4l-1TeIlbHO 
\, 

.\ CHl-1lKeHO.I' 

f 4101CllO flgepHblx s3aI.1Moge~cT
SIo1~, "Y3IlOB'! 8 KacKagHoM "Aef" ......, peBe",	 nopOlKAeHHOM OgHOI1 nep( 
aIo14HO~	 4aCT~lIeH C 3Heprlo1eH

~i' 
B HeCKOIlbKO r3B, 4~CTO AOCTl-1

t10-1 
raeT MHOrl.1X coTeH 101 Aame TbJ!j:'" 161 

Cfl4. B OCHOBHOM - 3TO CTonKHO
seMlo1fl C RgpaMl-1 H1013K03HepreTIo1I:' 
4eCKIo1X	 HeHTpOHOB. (ECIl~ HeT 

&' 102
L- , ! II I 

~: ,:;	 5 10 20 50 1"1(KM) cneuuansuax- OrpaHl-14eHIo1H, MOAeIlb05 2 ..\  .npocnexuaaer He~TpOHbl annor e 

ill.', go 3Hep("l-1H 0,02'5 3B/. Bo MHOrl-1X CIlY4aRX MOlI(HO 06p~3aTb KacKag 
r~- ua 3Ha4101TeIlbHO 60IlbLUe~ 3Heprlo1lo1*., 3TO TaKIKe· 31<0HOMI.1T MHoro ape

MeHIo1.h 
CnegyeT aaMeTIo1Tb, 4TO KacKag flAepHbJX 4aCTl-111 B aTMoc~epe COl' ~ 

npoBomgaeTcfl KacKagoM taMMa~KsaHTOS, 3IleI<TpOH-n03Io1TpOHH~~ napt 
\	 

Io1MIO-Me30HOB, po>«ga~llll.1xc!'I B npoueccax pacnanoa 1.1 3IleKTpOMarHVlT:'" 
HblX B3a101MogeHcTBlo1flX. ,Q:I1fl oacver e aroro xacxana HylKHa orriensuaa ,I '
 

v 'gpyrClfl nporpaeoaa ,
 
nOIlb3yeMcfl CIlY4aeM n06IlarOAaplo1Tb B.Vi.~aaHOBa 3a nOMOlllb Ha


} 
~ -. 

"epSOM	 3Tan~ paC4eTOB.$" 
( 

Ii, 

(. JlHTEPATYPA
 
'1\
 

11 , 1. bapaweHKoB B. C., WMaKos C.10. Tpygbl MaTeMaTI.14eCKOra coaelllaHl-1fl 

f,". no np06IleMaM MaTeMaTIo14eCKoro MogeIlVlpoaaHI.1f1 B flAepHO-~l-131014eCT 
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