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MexaHH3M B38HMO.neilCTBHR KOCMHqecKHX qacTHU 6onbWOH 

aHeprHH C 8TOMHbIMH R.npaMH 

MeTO.llOM MoHTe-Kapno paccqHTBHbl BHyTpHR.nepHbie K8CK8.llhl, 

HHHUHHp0B8HHbie HyKnOHBMH C 3Hepruen T "" ( 100- 1000) raa. B npe

.nenax CT8THCTHqeCKHX OWH60K peaynbTBTbl pacqeTOB xopowo corna

cyJOTCR C H3BeCTHhlMH 3KcnepHMeHT8nbHh!MH .naHHhIMH. TaKHM o6paaoM 

a 6onbwoa o6nacTH aHepraa OT HeCKOnbKHX .neCRTKOB Mas .no TblCRq 

raa B38HMO.neffcTBHR qacTHU C aTOMHh!MH R.npaMH npoHCXO.llRT B oc

HOBHOM nyTeM nocne.noaaTenbHhlX B38HMO.neilCTBHH C OT.nenbHhlMH 

HyKnOHBMH R.npa. 

npenpHHT 06'be,llHHeHHOro HHCTHTyTa Sl,llepHbIX n:ccne.aosaHHA. 
J].y6Ha.} 964. 

Barashenkov V.S., Eliseev S,M, P-1678 

Interaction Mechanism of High-Ei,iergy Cosmic Particles 
with Atomic Nuclei 

The Monte-Carlo method is used ,to calculate the intranuclear cascades initiated by 

nucleons with an energy T"' ( 100 -1000) GeV. Within experimental errors the results 

of calculation well agree with available experiment~ data. Thus, in a large energy re• 

gion up some dozens of MeV to several hundreds of Ge V the interaction of particles 

with atomic nuclei goes mainly via successive interactions with separate nucleons of 

the nucleus. 

Preprint. Joint Institute for Nlclear 
1964. 
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I 
pac.'ieTSMH Ha aneKTp0HHblX Maul nu ax', 6bmO no-

/1-4/ 
B, pa6oT8X '' ~enoc'pe.acTBeHHblMH' 

, - ' .,, 

Ka3aHo, '!TO- B o6nacTH ycKop_n,T/:)nbHbIX 'aneprnil T:: ( l::· 30) .ra~ ocHOBHbI; 'l_epTbl ·Heynpy:-

rnx a3anJo.ae11c·TBHi! , nyKnonoa' n ', rr -Me3onos, c aToMHbIMH si.apaMH' 06ycnosneHb1 ,~.rnx~-' 
, I , , '' ,, , -; I , ,< 

',HH3M0M BHyTpnn.aepHblX' KBCKB.U0_B. O.ana'Ko B o6nacTH 6onbll1HX 3Heprn11; JJ,0CTH)l(HMblX '5' 

onb1T~x c, KOCMH'l8CKHMH ny'IBMH,, 'sonpoc o MexaHH3M8 neynpyriix -'113anMo_.a,;~CTBHi!. aneMeH-

, TapHbIX ,~a~TH~ c- n~p~MH 'c>6~aaancn J)TKpbITbIM. _ 'I,. -,, 
• ,· I , 

! 
no-BHJJ,H1HlM)' ,', 0CH0BHbIM npennT,C:T~HeM 3JJ,eCb ''nsnnnocb, so-nepBbIX, '3aTpy ~Henne , 

' -. ': '· -.. I, • , , ·, .~ , · ,, ·~ <. . 
. 'IHCT0 Bb!'IHCnHTenbHoro xapBKTepa, CBH38HH0e C Heo6xoJJ,HMOCTblO nl!!pepa6oTKH orp0MH0ro 

• , , / 1 \ j -. I • '· 

'IHC_nosoro· MBTepnana; B0"7BT0pbIx, HeJJ,<:>CTBT0K JJ,0CT0BepH0i! HH¢opM~iinn 0 B3,8HMOJJ,eilcTBH7. 
- I -· ' ' . . --- · \ , _ "1 

HX aneMeHTBpHblX 'IBCTH!l '!1PH 3Heprnnx, T, =?,, 100 raa. ' 
' '' ~ ' ' ! _, ' -~ ' ' 

\ ,\ 

nepByJO TPY JJ,H0CTb, B HBCTOH!Uee -BpeMH M0)l(H0 _npeo.aoneTb c noM0\UblO 6bICTpo.ae11- , 

cTayiomnx ane"i'cTpoHHbIX MlllllHH. BTopan Tpy.aHoCTb ,cTana',TBK)l(e ue' c:Tonb 3Ha'~nTenbHOi! •~. · 
, , , ' , ,- j ' , • , ' a • '>- • ' • • < •' .. • . • \ , : ' ,~. , I , , '. - • C • - , 

. :'BO BCHK0M - cnyqae,. s· o6nBCTH 3HeprHi! T ~ -1000 raa - TBK KBK ceil'IBC HMeeTCH , 6onht110e·' , . 

-;;onnqec,TBCi p~3poa'iieHHl,/X: 3KcnepHMeHTBnbHbIX: JJ,8H~blX,:· cTa'THCT~~ec~ag 66pa6oTK8 .,KOT~pblX , I 
! • . \ -, . ' • . 'I • / . , , ' , , . '. \ - . ~ . 

.aaeT JJ,0CT~T0'IH0 ~aJJ,e)l(Hbie CBeJJ,eH,HH 06 ane~?'!T8pHblX B38HM0JJ,ei!CTBHHX. 'Bee 3T0 -ll03BO-

·,miio HSM BbmonHHTb pacqeTbI 'HecKonbKHX TbICH'I BHyTpnn.a~pHbtX, KSCKa.aoa, He ncnonb3yn, 
, ,.. . r , r ' · , · , ,..,,. 

CKOnb-HH6y.a!> _cyt11eCTBeHHbIX ,ynpomeHnil. ·''. 

2. · 3~cnepnMeHT~nbnbie .aaHHble, ncnonb3oB~HHble · npn pac'leTax 

,\ I ; ' >1~4/' / .a. 

TaK )Ke, KSK n B npe.Ubt.aymnx pa6oTax · , ,.; , .ann n.apa ncnonb3oaanacb Mo.aenb. , ": 
j \ - ~ \ _, ' ' ', ~· ' .... ~ -,.,,,_. .· . ~ ' ' '-~- • :-· •. .·. 

<t>epMn-:ra3a. Bee I Bbl'IHcnennn _Bblnonnnnncb .ann, cpe.anero n.apa ,¢oToaMynbCHH 'c ai-oMHbIM 
, , I ' ' , ' ' ; , , ' , , ; l/J .;.13 '; , ', ', · . ' ' ,, ' ' I • , , ;, 

BeC0M A ... 70,H pa.anycoM ,,R •1,4 -A 10', CM. 
,., .• 

npn p8CCM0T.pe~HH CTOnlCHOBeHn,il BblCOK03HepreTH'leCKHX '18CTH!l, ': HyKn0H~MH H.Upa' 

npe.zinonaranocb, 'ttTO B JC8)K,llOM ~'8KT8 HeynJiyi:-orp B38HMO.ll8ACTBHSI pO)KJl80TCSI 80% . . 1! .-~'e~ 
, r / / • ' ' ' \ ', ' \ ,-

1 
, 

30110a u- 20% , '!'~)l(enblx, '18CTH!l >- nyicnonoB, H aHTHHyKn0H?B. ( cTpaHHble qac TH!lbl , MH ne, yqn-; _ 

Thlaa1IH) • -B ·coOTB8TCTBHH C T8KHM :,plicnp"e.n~eHH8M Mace pO)K,ll8JOW:
0

HXCS' q:SCTHU ,B~1non~SI,~. 
\ ' ' ; • I ' ; ' ': \. ., ·:,:.,. J' "I . ' I V ', I' ', .'. I· 1, ,,. 

nHCb pennTHBHCTCime 'npeo6p830B8HHH OT, CHCT,eMbl neHTpa Mace CT8nKHB8lOlllHXCH '18CTl!ll, 
• ,~. . • '. . '. ' ~ I , • • • , •. , . ' ' ', 1 ': • ,1. • • ~ ; ~ , .._, • ' , ' .' :· ' .. ,. • ' •, • ,: 

, r:.ue · ;3a.uaaanHCb 'X8~~KTep!'CTRKH, 'O~RCb1B8lOIUHe_ )'.npyrne _ ff_',, Heynpyr!'e B3~HMo.aei!CTBIIR, K 

na'6~p8TOpHOi!'CHCTeMe, ,KOOp.ClHHST. npH 3T0M JJ,n~ 38JJ,8HHOrO. 3H8'1eHHH ,,3HeprHH T >' 10 raa 
; ,' ,· \. \' . '· 

3 
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', ' 

·, . ,.< . ' ' . ·; ·/j ' • 
,xapa~:repHCTHKH .po:m,nalOLUHXCll . 1T -MeaoHOB H. Tl!N<:enwc:_ qac.~HU .B 'CHCTeMe ueHTpa ~ace 

.C'IHTanHcb .o.rtHHaKOBblMH. Mb! npe.nnonaranH T8.K:)Ke, ''ITO npH '~tlHOM H TOM :me aHa'!eHHH 

. . . ( > 10 TaB) xapaK;E!pHCTHKH qacTHU, po:mnaro-~HX~ll :~ N ·N H ,r•N ~CTO:KHO-.. 
• 'i , • I ' " .r 

.. a'aeprHH T' 

BeHHllX,, He paanH''IalOTCH." A'pyrHMH cnosaMH, i:;bl npei:monarari~. ,'ITO npH !pHKC.HpOB8HHOM 
~. ' ' / • • • • ✓ I . 

~.Ha'!eHlm aHepr~ii·. Tc ·a Cffc,:_eMe ueHTpa_ Mace MHo:mecTseHHOCTb, yr110Bh1e ff aHepreTH:-
, ,, .·, 

,'IeCKHe pacnpe.neneHffll ,po:m,na!OlllffXCll '!8CTHU He 38BHCllT· OT copTa po:m,nalO!llHXCll· H cTan-:-
. ' i , ' ' • ' '' ' ' • ,'· . • ' . : ' ' 

. KHB8l0lllHXCll. '!8CTHU, l1cn'onb30B8HHe T8Koro npH6nH:lK0HHS!_ CBll38HO C TeM., 'ITO, so-nepBbIX, 
l~ . , ·. . ,_,,. ' . • . . ' . • / 

,( 1,"', a' o6nacTH aHeprHl! nOpll,nKa HeCKOnbKHX .necl!TKOB ras.ff BbIWe .O:OCT8TO'IHO Ha.ne»rno 
•• •. . . . • . • I 

F • . 

~· ~--

l C 

'H3BeCTHhl_ nHwb·. cyMM8pHble xapaKTE!pHCTHKff aneMeH-rapHbIX ,B38ffMo.nellcTBffl!, ycpeaHeHHbie 

no Tll»ren~IM H nerKHM. 'I~~THU8Mi B6-BTOpbiX, K8K STO cne,nyeT H3. i.:iHorO'IHCn~HHbIX SK~ue- •: 
, ' ' - ~' -- ~ . ' \ ,,. ~ ~ . ! . " - : ,, • 

pHMeH:i:-os, npH .aHeprffllx, 6onhwHx HecKfnbKHX ' .ne~l!TKOB rss, cpe.nH scex BTOPH'IHblX 
' \ . ' . 

'!8CTHU a N·N H ,r•N -cTon~l!OBeHffllX npH6nH3HTen.bHO 80% COCT8BnlllOT 1T -Me30HhI, KOTO-

' pb!e ff .0:8IOT OCHO,BHOl! ,BKna.n B rpynny 'I!lCTffU. 

CTaTHCTH'!ecKiie oueHKH, 
, ' ~ ,- t / 

meHHhIX · Mo.nenel!, .. noKasanH; 

BbinonHeHHble MeTO.O:OM Mo11Te-Kapno .nnll HeKOTOpblX ynp9-' -, - ' . •. ' ,,. 
'ITO ycpE!,nHeHlje xapaKTepHCTHK _aneMeHTapHhI~ ,B38HMo.nel!c:raHI! 

no copTaM po»<:.0:8!01llHXCll H CTanKHBalO!llHXCll '!8CTHU cyme~TileHHO ynpomaeT B!>l\rncneHHll, 

HO cna6o CK83bIB8eTCll Ha pesynbT8T8Xo ..... 
..._ 

/· 

Anll pacqeTa B0pOllTHOCT0l! B3affMO.rt0l!CTBHl! q·acTHU BHyTpH ll.rtpa HCnonb30BanHCb 
'• ' "-. . . . . . \ 

. 3KC:nepHMeHT8nbHble 'ceqeH1rn N - N H. ',r•·N B38HMO_.nel!CTBHli,. npH T :;, 20 raa 8TH ce-
. . ' ' . . . . , 

,qeHHll C'IHTS~HCb,,llOCTOllHHblMH :: a.((NNr.7 M6, ~~ (l,l(N)=3~· M6, ~e(,rN) ='4 ,M6, 'a,n (,rN) =20 M6.'' 

·Mb! npe.nnonaranH, 'ITO see B03MO>i<Hhl0 H30TOnH'!eCKHe COCTOllHHll l!Bnl!IOTCSI CT8Tff-
- "' • • , I ' \ ) 

', CTH'I_ec_~_H. paBHOBep?llTHbIMH.: npH 6on~WHX_ aHeprffllX T8KOe n_pH6nff:lK~HHe anonHe onpaa,naHo, 

Taic 'K8K c' pOCTOM ,airnprHH H30TOnH'I0CKall saBHCHMOCTb B38HMo.nellcTBHl! 6blCTpO ocna6nl!eT-
;, '/5/ . ' \ ' . ,· ' ' ' ' 
Cl! • B OKOH'IaTenbHblX pesynbTSTax npe.nnonaranocb, 'ITO nonoBHHa scex. Tll»<enblx 'ISCTHU 

• '1. ' ' ' 

.nae Tp0TH, 1T -Me30HOB, llBnlllOTCll' aapsi:meHHblMH qaCTHU8MH. 
....... / . . . \ ' 

Ansi onHcaHHSI yrnoBhIX pacnpe.neneHHl! ynpyrHx N -. N H ,r-N asaaMo.nel!cTBHl! 
. - .. ... i 

aHepi;'HSIX .T > ·3_0 raa, r,ne_ !feT 8KCnepffM0HT.!lnbHblX )laHHblX, ffCnOnb30B8nOCb .npH6nH-
. . 

.· -
:meHHe onTH'!eCKOl! Mo.nen_H, XOpOWO cornacy101lle8CSI C onblTOM B o6naCTH yCKOpHTenbHblX 
, ., ' - , . , ' . . -'~ , . ' ,., I, , 

aHeprHJ!., BnpoqeM,' T8K K8K ·npH 6onbWHX aHeprHSIX no.naanstl01ll8ll •'I8CTb ynpyro paccel!HHblX ' . . 

qac:TffU KoHuei:iip11pyeTcll_ B o6nacTH oqeHb MMblX yrnoa, ~o 'KOHKpeTHbll! BbJ6op' yrnOBblX 

pacnpeneneHHl! '. OKa3blll8eTCSI Hecyl'.U~~:r~iH1!blM. 

HblX 

Cne.nyeT, OTMeTHTb;"i 'ITO a'oo6m~ npH pacqeTe•'irnyTpHSl,O.epHblX K8CKa.noa, HHHUHHpoaaH-
,_ ' ·' ,·' •• \· .: ' i ·, • .-, ,, • ' - • " 

KOCMH'IeCKHMH 'ISCTHUa~rn 6onbWHX 'aHeprHl!, .neTanbHbl0 cae.neHHll 06 yr~OBblX ff 'aHepr0'" 
' ' . 

TH'IeCKffX pacnpe.neneHffllX '!8CTffU, po:m,nalO!llffXCSI B aneMeHTapHblX CTOnKHOBeHffllX, :rnaqff-

T~~bHO, MeHee. cym~cTBeHHhl/ qeM. npff pacqeTax B o6nacTH. ycKopffTem,~h;~ a~eprffl!, '.TaK KaK 
. \ ' ' . - ' 

npH' O'I8Hb 6onblllffX aHepr_~SIX xap'a~Tep yrnOBblX H sHepre:rH'I0CKHX pacnpe,neneHffl! 'I8CTffU 
-' 

\/ 

4, 
r· 

- '~-

·' ·.> 

-·~ ': 

,.· 

'I, 

. ,. 

'/ 



I, ' ,. . ', .,-· 

e ocHOBHOM 'pem1THBHCTCKHMH, npeo6p. ssoesHii'sit.iii' a_ T, HX p' sc"npe_ J:1eneHHA onpeJ:1emrnTc~ • . . . . . ·; _ _ , _. ;-

6opsTopHol!~ ~HcTeMe i«?OP.ll!{HST. -:. ' 

' .. np~· BhiqHcneHHSIX Bell ~6naCTb _aHeprHl!_ pS3J:lensinacb ,ffa ):leBHTi/HHT9PBShoe: 

.500;' 500--250; 250'... 50; 50:-10;: fo-7'; 7-3; 3-:-1; "1-0,5; \ 0,5 rae •• B,·K.;,_~~OM, . 

, H3 3Tl,IX HHTepBSJIOB XSpSKT9pHCTHKH B3S~MO_J:lellcTBHl!: 'ISCTHU 1 ' n~myqeHHhI9 ycp;.ll.H9H;~~ 

3KcnepHMeHTMhHhIX J:ISHHhIX, pSCCMSTpHBSnHCb llOCTOSIHHhlMH. ' 
' , ' ~. ,, \ ~ 

·. \ ,· '. .. .. · 
•Bee, BhI'rn'cneHHSI BhlllOnHeHhl HS aneKTpOHHOl! cqeTHOl! M8ll!HH9 MeTOJ:IO_M MoHTe·-Kspno 

. , : . I , -, . ·. . -;· "'-· . - , , 
_. C, yqeTOM pensiTHBHCTCKOl!• TpexMepHOl! KHHeMSTHKH. J.1cnonb30BSnSCb TS '>Ke' CXeMa BblqHcne- • ·· 

· ,; / . . /3/ , . . ;-·:. 
HHI!~ qTo H B ps6(,lT9 ;,; • 

BhPIHCfieHue~ ~eTOJ:IOM M oHTe-Ks_pmi · ceqeHHH · pesKUHH ., · "r H ceqeHHsi· ynpyrHx, 

He,nH~p~K~~o~HhIJC ceqeHHll ·und B ;npeileri;,_x ~TSTHCT~~:CKH~ o~H_6oK _ps9>ieis :. oKll.3h~Baior : 

CH He. 3SBHCSIIUHMH 
0

OT t3HeprHH H _ XOpOWO COI'!lSCyJOTCH C p<:i~ynbTaTSMH pscqeTOB no, onT_H-
--: - , • . .. . '. - ., - I . ' . , 

qec_KOl!. MOJ:lenH •. 3_TO BHJ:IHO,. HSnp_H_Mep, H3 TS6nHUhl 1,:, I'J:le, npHBe):leHhl . pesyiibTSThl. pacqe- _., 

TOB; J:lnH Tpex pas;rnqHMx· a~eprHA. c·eqeHHe ,·• u·, -cornacyeT_C_SI TSK>Ke. C oueHKSMH,. nonyqeH-·, 
' '. ;' ,, .. '' \ 

. Hh_IMH ,Ha 3KCnE!pHMeHTSnbHhl~ 3HS'ieHHll cpeJ:1Hero ,cao60J:1HOI'O ·npo6era :·. KOCMHqecKHX ,npo-

TOHOB B qJOT03MynbCHH 1 OJ:IHS~O 1 OWH6KH H3MepeHHl! B _3TOM· cnyqse O'ieHb eenHKH (cp. Ta6-

nHua 2,),·. ·, .• · .·, ,· 1• 

'Ta 6 n Hu a 

. CeqeHHH B3SHMOJ:lel!cTBHH. Hy Kn OHO~ co cpe.riHHM HJ:lpOM ·qio-roaMynbCHH; Bhl'iHCneHHhl9 

MeTo.lloM MoHTe-Kapno, H no onTHqecKoll MOJ:lenH (nocne-~Hii~ sHa"!eHHH yKasaHhr e 

1. 

3HeprHH nepBH'iHOll 
qa~THULI T:', rae 

IOO 
500 

1000 · 

(1 
r, 

·." . . _,-,.t, ·~:,'',,:·\:(_I> 
864 ± 49 '(860) >'•:::. 

,. 886',_ £_ 50 (860)'..(;:-,{,:, 
· s8f '±. so ·(860,)\\::' .,: 

_,,,,.,J • .• ,: .. 

89° 
~-

88 
<91 

, ~, I 

± 5 (80) 
± 5·(80) 
± , 'I , 

5 (80). L 

---------------- -------.,..:...~;f--· ---,.-------.------
', <· t'·,'.·;; ,,:, ,\ 

~' ·.';··~:' ' .. ~ ... 

I 
1-· 
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T a 6 n H u a.~2 
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• • . . I • 

Ceq~i.11ii: Heynpyrnx. HyKnoH-sia.epnbIX eaanMoa.ellcTBHl!, onpea.enennble no sKcnepHM_en-:- ·, ,,. 
' . ' 1 . ,. . /, •. ' ' 

TMbHoi\ eennqnHe cpea.nero npo6era npoTOHOB B cpoTosMynhcHH a.o neynpyroro eaanMo-·: ;· 
• ' a,el!CTBHSI, . 

:3~eprn'si npoToHa 
T' 

I?of~l< 

950' ·± · 550/7 / 

2'abo1~1 · · · 
, 

jooofa/:. 

~soof'?/ \ 
.(" . 

·. \ 

' ' 
1•· 

-TTpo6er 
r.. 

·41 ,±,io_ 

:39' ± 12 

22 ·+ IO 
6 

27 + 32 
:- IO 
20 

"r, 

490 ± 170' 
;.··, . 100 

.520 ± 240 
I30 

I 

. :·940 + 360 
. 300 

',-! 

760 + 460 · 
, - 420 
!040 : .. 

'"" ,, 

\ ,, 

' ----·-· _. ~-
- - , . ------~-~-------------~-------· 

i'·· HeaaBHCHMOCTb
0 

ceqeHH8 OT :aneprHH,SIBflSl0TCSI npSIMb!M~'cnea.cTBHeM npea.nono>KeHH!I 

.0 nocTO!IHCTBe ceqeHHl!. u( 17 N),' H' o(N N) npH T; 20 .ras'. . ., ' . . 
\ 

·' 
' . . ' . " ' . ' · ""t 

. KaK. H B o6naCTH ycKcipHT0flbHbIX. sneprHl!' ceqenne (1 .. COCT8Bfl!l0T npH6nHaH- .. 
• . ~ , ! . , '. - • • - . . .. , ·, , , nd" . . '. , , • , 

TenbHO -40% OT ·ceqeHHSI ·a.ncppaKunonnoro· pacce11nn11 na. sia.pe (nocne.nnee· ceqenne Bblqnc-
- \ . \· ,.·• \ . " ·. ' •' ; .' \i ' •,, 

1 
', 

n11nocb c poMOlllbIO · onTnqecKol! Moa.enn') •. TTonnoe ceqen_ne B3SHMoa.el!cTBHSI HyKnona co 
. . . . . , I. 

cpea.HHM si';poM cpoTOSMy~ bCHH cocTaB~SleT' .., · 1 6apH. : . 

. ,' . . . ' .. :' . ,'. '\ . '., ' ,._, \· .. l ' ,l 

Bb!qHcneHH_ble- ,aHaqe'!ns:r· cpea.HHX qncen.aap11>KeHHb!X nH!IHOBblX H KSCKS.UHbl,X ,qacTHU • 
-±• < _+. ,''~ • ,_' / .,i •' ,:•·.·. I \ /, 1 1 

n : H · n - ·npneea.enb1 Ha pHc.· 1 •. 3KcnepHMeHT H .Teopn11 cornacyIOTC!I •enonne, ya.oeneTeo-. · . 
g g . . . . . ' ,· ' - , ., . '• 

pHT0IlbHO. B npe.nenax, CTSTHCTH~OCKH~: OW~OOK pacqeTa (~n/ii 2 10%) i:p~a.nne qHC:na po>K-. 

~a1011.1nxc11 qacTHU B;apacTa~T- npH6nnaHTen~o K~K · T113 • · TaKasi cTen~iih pocTa ·;; 8 aa-:-
- ' ~ l , • \ ' 

. MeTHO BbIWe, qeM B N •N· B38HMOll.Ol!CTBH!IXi
0 

ra.e"; < :T :¼, .... YeennqeHHe snepre-rnqeCKOA •' 
• , . - ' -• . ~ s 1'::I ' • \ ,' ', ' i . - l ' ' 

.aae~cHMOCTH ·; o6ycnoeneH~ BK~a.n-;,M_ ncicne.nyrou.inx B3~H-i,rn'.o.ellcTBHl! snyTpH 11.npa •. s . . \ . ' . . . . 
. . • i 

Cne.ciyei oMn.naTb, qTo · npn eme 6onbwHx sueprH11x _'qHcno KacKa,nnb1x '!acTHU, ng 

l].OCTHI'HOT HSCbilllOHH!I H 6ya.eT H3~eHsi;bC!I oqE!Hb Mea.neHno. Kacicaa.Hb!O. qac:THUb;. noqTH 
,, I I • ,, 

> ,uenHKOM cocT011i" Ha HyKtionoe. 
. \ 5, 

, •. ·• , . • I ., , ,· \ 

Ha pnc. 2-9 npHeea.enbl 'peaynbTBTbI pacqeToB pacnpe.nenenHl! qacTHU no eennqnHe , 

' i ' HX KHHOTHqOCKOl! 9HOpI'HH Tk ; ri~n~peqnoMy HMn--;;nbCY '1 P.,L . ~ ~O y~ny BbinOT~ 0 ; Bee 
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.pacnpea.eneHH!I _OT_HOC!ITC!I K na6opaTopHoi\ CHCTeMe _KOOp.UHHST H HOpMHp0B8Hbl_ 118 100%.· 
' I ,Ha· pncyiiKax. yKaaa11a · TSK>Ke · sttepreTH'lOCKa11 aaBHCHMOCTb cpea.liel! eenHqHHbI 
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KaK BHtlHO, 'KuHeTH'!ecKaSI sHepr11si ', S -qac.;.11u 6bICTpo y'se~H'IHBa~.;.cn' c _pocTOM •a'Hep:-' 
- ' ,/ . /' " ,', t ·,, '/ I , 

nepsH'!HhlX KOCMH'IBCKHX '!IICTHU, ,s TO speMH' KaK sHe'pr11si KBCK8tlHh1x· 'l~CTHU, , 

· "nax CT8TIICT~~ecimx ~u:H~~~ 'pa~~eT~· ( ~ , 5..:. W%) oc~ae;c~ no~TOSIHHOl!; np11 T ~= 100, 500 

~- 1000 r~a HX cp~tlH~SI KIIH0Tll'!0CK8SI 9Hepr~SI Tk ='i64, 160 II 170 M~s. ·~'!TO 0'10\ib Mano 
•.• ,- • • ,., - I , . ' 

oTnH'!aeTCsi,oT, aHa-ieH11A• Tf =120:t.12 Mss H Tk :!170,Mas, no_ny'!eHHbIX a ·onbl·Tax coor-
: , , , T , g· 16, '/2,6/ , ., 

BeTCTBeHHO ·npH." = H ras '\ ... ' / ~ 

/ 
\.'..-

PacnpeaeneHHe pO}Ktl8IDIUHxcsi '18CTHU no aen11'!·11ae nonepe'!Horo HMnynbca a npeae-
' : ·,. . ,'. - 1· : • ', :'.' . , . ' . _,. -· : •,' ·. ' . ' 

CT8THCTH'l0CKHX ow1160K pac'!eTa. OK83b!B80TCSI He 38BIICSILUIIM OT sHeprHII' nepsH'IHOro , · 
;! 

,: 

pl l;ln~ 'mi~H_es:1x '18CTHU COCT8Bn~e.;. 0,49;,'."0,50 >11 
I ,. ' , I ',-' ', , . ./'/ - • 

.0,54 ras/c cooTseTCTB0HHo ansi T ;, 100, 500 lI 1000 ras:, am1 KacKaaHhIX 'iiacTlIU Pi=0,24 . 
' , ,_ - •" l ,, ' ·. . · . -

tlmll = 100 ras·• lI 0,23 ,I{' 0,24 raaic· ansi -;500 lI '. 1000 ras;. nonepe'!Hh!Ef lIMilYllbCbl , 

JIIIB~0Bh!X ''18CTlIU' B cpe.z:iHeM: rip116nlI3lIT0~bHO' B asa. paa~ ,'npesocx~~HT n~nep~~Hble lIMnynb-' 
. . ·, \ ' 

_: 11yim.0Ha, •TaK, • cpeaHee aHa'!eHlie 

, 
Cbl K8CK8t:(Hb!X '!8CTlIU, 

_.1 I - , , ·1 

'/ 

Ta· 6 n lI u a 3 
i . .. · ·- . / 

CpeaHlIA nonepe'!Hh1A··lIMnynbC lllIBHesbIX qacTlIU, po}Kaa10mKxcsi np11 aaalIMoaeAcTBlilI 
c' sinpaMlI: qJOT09MYllbClilI KOCMlI'IE:CKlIX ':iacTlIU C 'sHeprlIA T =' 102- 103 rsB . 

T, ras ,,. P.!. ," rsa/c 

163, ~- 105> ' 
. · · o 41 ± o n/~2/' , t ' . ,', , 

IO§.--~ ros. . , o,s\ ± 0,1112/ 
. ro·. '7 ro5 ; · d,5. ± 0,1112/ 
',_!' .·, 0 3 ± 0 i/13/ roo·· , ' I . '\' 

0 4 ± 0 l 9/' -250. ' . ' ..: ' ' 

· Teop0TlI'l0CK~~. ;H8'10HlI0 '. p J =. (0,50 :!:_ 0;05) ras/c, 

~ " -', ---p· . ,·· \,'; ,:., ,.J .·' J 

··- ', ':nplI'. _9He_prlimi:'· T· ~ 100 rsa nonOBlIHHbIA yrcin 0 ½ cpaBHlIT0llbHO M0tlll0HHO y6bma~T ' 
> .\ •, • , • , / , - , , • • f' '. 'fl 

C poc.ToM' aiteprlIH,·nepBlI'IHOro Hy,uioH~, T: If cnyqae -N-N, .c·T_OnKHOB0HlI~'lI3 npoc'T~IX' 

. H~Me.TlI'!e~K~x•··coo6pa}Ke~lii!, ·ocHosaH~hIX Ha npeo6pa3os~HlIS1x· nopeHua, .cneay·e;; ,qTo 
, ;:''1~·,"~.'i,'\~ ·'·:\, :;', . - ,r ;_~. ~q·,: . , ·_ , , , ,, ·,'·,..,,., 

': 0½ : ~ ',_T,: : r, •\fl plI 'B38lIMo_aeACTBlI~X '!ac_T~U C 'siapaMlI 9HepreT~'l0CK,8SI 38BHCIIMO_CT_b yrna, 

0½ : , Sl,BmI~T~SI, 6_one<:; '.cna6oA ncnet:(CTBlie·_ BlllISIHIISI nocne~y!OlUlIX CTOnKHo'seHl{A , _BHYTPlI: 
',, ... ' ·,,,·;': ._,., . ' . ' ' --:-- :, ' 

' ,gapa; COQTB0T' C;ByKJLUlIX; M0HbWlIM 3H8'10HlISIM' aHeprlilI T., noaTOMy 'licnonb30B8HlI0. COOT:.;:·, 
" -• :',,, ;:'.>~···1'_"~'-,. •. ,, ,,,. , •>. ' -, - ' ~- ,, , l . , "'' . .,r··, ·, ~-•-,_:, 

, HoweHlI~ \ y c ·=· c~~ 0½ ~nll onpeaeneHlISI aH~p~lilI nepBlI'IHOA ,'la~TlIUhii' Ka1Cs,To .(lenaeTcSI. 

,\ 
1 
.lIHoraa·•~ 9Kc'nepliM~·HT8llbHb!X' pa60TB.X 1 ~0}K9T IlJ)lIB0CTlI _K CylU0CTB01{HblM OWlI6KaM, 

.• 
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< l 
81,meT KSCKSJlH~X. 'lSCTHU, KSK _H. cne,llOBano ·;>K._!!JlSTb;. CO 3HSqHTen.bHoll • nepOS!TH,OCT~, 

- I . .· ·., . . 0 

npoHCXOJlHT H ·HS, 6onbWHe :y:rnh! 0 >90" , 

B nepe~eHHbIX i lg tg0 yrnonoe 'pacnpe,lleneHHe nirnHeBh!X qacTHU HMeeT xapaKTE!pHhll! 
.-c I ' ' ' ' ' . • \ 

Jlnyr.op6bIA B~Jl, 3'.o ,xopow'o,· BHJlHO Ha pHC, · 10 H' SIBnS!eTCSI · cn~JlCTBlieM JlByrop6onoro r 
x~paK,TEipa HCnonb30BSHHbIX npH 'pacq'eTax , yrnon~I~ pacnpe,lleneHHl! 'lSCTHU B N • N , CTOnKHO-,' 

B8HHSIX, CneJlyeT, O~HaKo,; OTMeT~Tb, - 'lTO ~THOCHTenbHSSI nenH'lHHS 'rop6on, n B~l'lHC;·eHHh!X. _. 
-,, ' • , / , ; :,,. ;'- f.,J ... , h •,, ' , • 

HSMH yrnoBh!X pa_cnpeJleneHHSIX. neCbMS cywecTneHHO 3SBHCHT, OT nnox~ . H3B8CTHb!X yrnon_h!X 

pacnpeJleneHHl!, 'lSCTHU B_ 'N ~ N CTOnBHOB8HHSIX
0 

n;H ·-T ~ . 100 Tsa; Ha rHc~orpaM~ax pH~. 7' I 

· ·. , HeTO'lHOCTH N • N yr,nOBh!X pacnpeJlen:eHHll CKS3b!BaeTc's1 3Ha'lHTenbHO' c.ria6ee, 

Wo/o r--"T'"-----,,-------.------,-----y--,---"T'"-----.-------,.-----, 

8 

' I 

-i -0.5 

·, PHc, -10: Yrnonoe pacnpeheneHHe nHnHen1>1x qacTHU a· -,aaaHCHMOCTH OT. nepeMeHHOl! 
I . 

'.'•lg tg O • 

.!ln!! cpaBH8HHSI Ha pHCyHKSX' npHB8,ll8Hhl _ 8KCll8pHM~HTanbHbie · JlaHHbie_ • .nn,SI nHBHe

Bh!X qacTHU. aKcnepHMeHT H TeopHS! cornacy10TcS1 nnonHe 'yJlonneTnopHTeribHo, On1,1THhIX ·. 

JlaHHblX JlnSI g -qaCTHU npH T .:::Yoo 'raa B ,HaCTOS!W~e- npeM·SI .. K ~o~a~eHklO, H8T, 
, . . - \' \ 

015pam'~eT Ha cel5S! _BHHMaHHe,· 'lTO xapaKT~pHCTHKH nHBH8Bh!X 'laCTHU 1 o6pa3y!OutHXCSI 

.npH' HyKm:>H-Sl,llepHbIX B3.~HMOJlellcTBHSIX,, He O'l8Hb CHnbHo OTnH'lSIOT~II OT COOTB8TCTBYIOutHX 

xapaKT8pHCTHK
0 

·qacTHU, pO)K,lla!OutHXCSI npH, HeynpyrHX N·N' H. 11-N CTOnKHOB8HHS!X, . . ,,_ 
noaTOMY. H3 pa;CM0Tp8HHSI B3S9:MOJlellcTBHll, qacTHll C aTOMHblMH S!JlpSMH 'MO)KHQ nony'iH'llb 

npeJlCTanneHHe 015 ,aneMElHTapHb!X B3aHMOJl8l!CTBHSIX B o6nacTH cnepxB_f>ICOKHX 8HeprHll, 
;,, ' I. ,, 
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'\\; '4: 3 a' K ii IO q e H. H e ) '. 

, . , ·,j i I · · -
TaKHM o6pa30M, K8K 11pH ycKOpHTeltbHblX irneprHllX· OT· HeCKOltbKHX .oecl!TKOB Mas 
•.; t • ' •. '. • t · •',. ' ,-, \ • ~' , , \ '\ \_ • I . ", I ' '• '~ ' • 

J:10. 30-ras, TaK H B'. o6nacTH KOCMnqeCKHX\3HeprHl! T > 30 ras OCHOBHble qepTbl :saanMo-
\; '. ~ - , • • ' • ,.. '. J • ' ' ' ' " • ~ ,' ( 

.ziellCTBl!II aneMeHTapHblX ,qaCTHU .C, aTOMHb!MH ,ll.OpaMH MO:lKHO o6'bSICIIHTb. BHyTpHll.OSpllblMH'·, , 
·,--,: ·_ . .' . . ' • , ,., ' ·, \' . ·.·· ·' .' . . , ; ·'r ., , . ' ' ·. , , ;. ·- .,,. . 
KaCKa.oaMH. Jlnll' o6'bllCHeHHll ll3BeCTHbJX B HaCTOl!Wee BpeMll, KOCMHqecKHX 3KC11epHMeHTanb- . 

'·\HhlX .oaHlu.i~ H~ Tp~6yeTcll' ~HKaKHX_ c11eumpn~eCKHX _MexaH~~MOB B3aHMOJ:lell~TB~ll, oTnH~Hlh: -- . . ' '.. ' - . ·' . . ~ ' ~ . , . 
" 'oT ;.:.~.- KOTOpbre_ H3-;.eCTHbl ,H!lM B ,o6naCTH ycKop11'Te1tbHbIX 3Heprnil. ' ' 

, -. ' . ' . ·- ,,· . . ' - ·. -
' • ,,. I 

,, 
)!, 

· / < 0.0HHM . iia TaKHX' c11eu~cj:,nqecKHX MexaHH3MOB, qacTo o6~y»<.o~eMbIM B nnTepaType '."1· 
1 • " ' ' '- . . ,, I • • ' 

110 KOCMHqecKHM ny_qaM; llB~lleTCll · 06paaosan11e j3 .'Iipouecce' HyKnOH.:.ll,tlepHoro'· B3aHMOJ:lell'." 
·; .• ' ' i / . . r · ' - \ . • : ' ,' . • .'_ ' ' · · ~ 

CTBHll e,n,rnol! .B036y»<tleHHOl! CHCTeMbl - ll,tlepHoll Tpy6KH. Cornacne' C 011b!TOM B 3TOM .. 
/' ,,. I ' ' • · r · ' ,, , , • t 

,'cnyqae J:lOC~Hranocb 11yreM 110,n6~pa HecKO~bKllX. CB060,t1Hbllt 11apaMeTpos. Ha11pHMep, 
,' • , .,, ' •.• I ••\ • I • , j 

. 110· H3J1.fepe'!HblM Ha. Ol1bJTe. qncny Tpe~OB ~ 3Be3ll~ · n ., H tpaKTOpy nopeHUOBCK_a'ro .11peo6pa.:. 
, . . . \ ~ . , . ' . \ , . . , I. 

· 30_BaHHll, i y~ ·.011pepe1tlll1HCb OJ:1H03HaqHO C .~HM'! :cBll38HHbJe 3HepI'Hll, 11epBHqHOl! qacTHUbl '.T 
, ' . ·/14/- , •' · .. · ' . · ·- · ., ', 

1 H ~~HH8 Tpy6K~ f ! . T_ = f(n, Ye'), f = f( n,yc)• s>AH8KO_ C 119,MO~blO, T8KOro MeT
1
o.oa . 

• \ - •, /'-- ' e • ) • 0 • • 

, J:111HHY .. Tpy6KH' MO:lKHO 011pe.oenHTb B 11I060M cnyqae. cosepweHHO He3aBHCHMO OT TOrO,'. 
,: > ••. 1:• : , ... / \ . ' • l • \ ,r • 

pean~sy;eTCll B . .oel!CTBHTenb~OCTH .~feX':HH3M Tpy6KH H11H HeT.) . \. 

' .' ' - . ' ;; - , . ~ / . ,:·, ~ .. 
·npll .6onee patpHHHposaHHblX pacqeTax c· llt1peHOl\ Tpy6Koll, He HCl1011b3YIOWHX CTqltb 

• } : ' • ~ • ' • > • • " ! . . '~ . ' 

.f50l1bWOrO 'qHcna 11apaMeTpOB1 J:lltll HeKOTOpbIX XSp8KTepHCTllK. HYK1toH-S1J:1epHbIX B38HMOJ:lel!-
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MeXaHH3M ll,tlep-. - ', . ', ~ ' - ' 

~oil Tpy6KH:; H811pl1Mep, oqeHb ManyIO pa3HHUy' cpe.OHHX 
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