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©. E pesaHc1Cuu 41uau"1e c1C uu UHCTMTIJT, 1978 

I.OAHOqacTHqHaH AHH8KHK8 c yileTOM 8CHI046TPHH 
pe~JU.HSX YCKOpffmll!llX noneU 

UenD axcnepuueHTa: o6HapyaeHHe ycxopeHIWX aneKTpOHOB H, 

BOSKO&Bo, ll08HTPOHOB H OllT.IDOl88~ HX SBeprHH H HHTBHCHBHOCTH 

no napaueTpaK ycTaBOBKH. 

Kpoue Toro , 8B8H II8p&M8Tp9 BXOAHOro H BHXO~Horo IJYllKOB 

8X8KTPOHOB H llOSHTpoHOB , MOaBO c~enaTL onpeAeneHJllle 88Kmoqe­

HHH 0 COCTOHHBH pa6oqel cpe){H B MOK8HT npOXOll'J{8HBH naaepHHX 

HK~COB, 0 BOJIHOBOI CTPYKType C8MHX HMJIYXLCOB, H 0 BllHBHHH 

a4"!>eKTOB B88HKOA8I CTBHH. qacTHq H cpe){H. 

IlOA06Hoe paclllHpeHHe ~8Jllf axcnepHK8HT8 CBH88HO c T8M 06cTo­

HTeJU.CTBOK, qTo celqac npaKTHqecKH He CYJlleCTByeT HS'AeZHlllX axc­

nepHM8HT8Jll>HHX ueTO'AOB ~880BOI H 8~TY;ltBOI 'AHSrH~CTHKH uom­

HHX IIHKOC8KYH)tHLIX HKllYJII>COB. H KOHTpomi napaueTpOB cpe,lU:il B 

MOMeBT npoX03',Zt8HBF. HunynLC8 .B TO lie BpeKH,HCHO, qTO BHqHcne­

HH8 P88nKqHfiX xapaKT8PHCTHK BHXO'Amil: IJY1lKOB ycxopaTens H cpaB­

H8HH6 I4X c axcneplillleBT8.1ILHHKH 'ASllHWIH, ll08BOllHT 'AOC T8TOqHo 

;y118peBBo BOCCOS~S!L KBPTHHY npoXOJrJteHH~ HunynLC8 B Cpe'Ae. 

PaSBHTBH B pa60T8X [I,ZJ TeOpHH ycxopeHHH B·2-BOJIHOBOK 

naaepHOK none He yqHTHBaeT peanLHOI 8CHMM8TPHH none!; paccuaT­

PHBaeTCH cnyqal acHJUITOTHqecxu Toqxoro qepeBKOBcKoro pesoaax-
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ca, <tor.na none:saH KOH<J)11rypan11a 11n11 pe: ieTKa 'ABHllteTCH co cKo­

pocTl>IO .f.i11. = I, tITO oaHatiaeT a6con.10THO TOtlHyIO JOCTHPOBKY yrna 

Mellt,ZIY HanpaBJI6H11HMM pacnpocTpaHeHlllH BOnH 11 KOa<J)@11~eHT8 npe­

JIOMJI6H11H cpe,nbl rt • B peanl>HOM aKcnep11MeHTe napaMeTpbl lf , n. 
Bb!,n6pl!UIB8IOTCH c onpe,neneBHOJ;l TOtlHOCTl>IO, T8K ae KBK 11 paBeHCT-

BO 8MilJI11TY'A BOJIH. 

B pa6oTe paccMaTp11B86TCH :sonpoc 0 'AOfiYCTll!Mb!X OTKJIOHemmx 

napaMeTpOB ycKOPHTeJIH, T.e. Bonpoc 0 m11p11He qepeHKOBCKOrO pe-

30H8HCa. 
Tipe.nnonaraeTcH, tlTO 0R0Het1Hble KacKa;zu,I naaepHhlX yc11n11Te-

nen 11MeIOT orpaH11tleHH1i1e nonepetlHble paa1.1ephl D , noaTO!IY ,n1i1cnep­

c11a cpe,nhl, OTJill!tjJ.16 J!R OT e,nHHH~, 11 8C11MM6Tp11H aMilJilllTY'A 

BOJIH He ,nOJil!llibl npll!BO'All!Tl> K cy~ecTB6HHOMY yMeHl>W6H11JO M8KC11M8Jll>­

HO B03MOlltHOrO np11pocTa aHepr1111 tl8CTHU, KOTOpb!J;l B cnyqae TOtl­

HOro peaoHaHca .naeTCH <J)opMynoJ;l 

llt~2eED, 
(I) 

r.ne C, - aaepr11H qacTH~, e - aapH'A, E - aMnn11Ty,na noJIHbl. 

PaccuoTpIDI STH TPH OCHOBHlilX a<J)<J)eKTa, onpe,neJIHIOl!\11X Bbl6op 

napaMeTpOB 2-BOJIHOBO~ aKcnepHMeHT8Jil>HO~ ycTaHOBKll! . 

I. Jllllcnepc.,11.11 ope~ 
' Pa3HHU8 uellt;Z!Y rpynnoFO~ ~ W830BOtt CKOpOCTl>IO HMilYJll>C8 ;na-

ae pHoro HSJiytleHlllH npll!BO'AHT K BlilHOCY qacTHU 113 30Hlil 6on»moJ;l 

aunJil1TY'Alil 11 npeKpa~eIDU> ycxopeH11H. 

ilyCTl> 11MnyJll>C 'ABHlreTCH B;ztOJll> OCH x I 11 KOMIIOH6HTH ero 

llOIDi npe.ncTBBJI.HIOTCH B BH,Ite HHTerpana ~ypl>e 
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00 

a(x. t) =-J Q ( w) el(p {lc.> ( 2 n(w)-t)jdc.J • (2) 
-oo 

r.ne cneKTp8Jil>H8H IIJIO!l'HOCTl> a( w) HM8e!l' BH;il 

a( w) .. 2;w~( eKp{-( GJ~<J0tJ +exp{-( W~GJ0}J J. (3) 

rayccoBa ~opMa cnexTpa Blil6paaa a.nee:& 'AID'i npocTOTlil pact1eToB. 

ilOK838Ten:& npeJIOMJI8HHH cpe;ztbl B6JIH3H m'IHHR norno~eHKH ruaeeT 

BH,lt 
i? 

n-1 4 5r flloe <! 

n 242 = .3m 

j 
c.ii. -wa 

i 
(4) 

Ilpe;ztnonaraa, l!TO IIU1p1rna cneKTpa t:i. << Wo , npe,ltcTaBKM noKa­

aaTen:& npenoJLJIBHHH B6JIHaa TotleK W .. ± <Jo B BH;Lte pa.ita Teano- · 

pa 

n(<..J) :=. n. ± (n.'-1)(rii.+2) 
~h, 

cJo(_w + <J~):;. n. ± n. 1 ( W + c.Jo), (5) 
c.l? - w. 

.f 

Tor~a nocne ITO'AC!l'8HOBK11 (5), (3) B (2) a BHtIRCJI8HWi HHTerpa­

JlOB c KBa,npaTKtIHblllH llOK838T8JIHM11 SKCilOHeHT, nonyqm.t KOMilOHeHTH 

llOJIH B :BM:~e . ' 
' a 1;tj4 f t n ~ ~n,<Jo) 1 

a(x,t)=Qo(1+ ~2n,Ct.} exp -1./!li! yll4·+ ~:11.! J · 

rP.e 

· co~{CJ• f - xn, 4c 

~ = ~n.-t 

O= >· {-tt,<Jo) a -r .J_ a;r:da ~ tt,A.aJ (6) 
1/~ .. J(I ~ 2 (JC > 
IA Ci' n, 

11. - 3H8tlemte IlOK838Te1IH npe1IOKJI8HHH 

llpK CJ=CJo • 

B ( 5) IIOJlOEKTl> 

Cw en Be nwrn HbI ~ CT8HOBKTCH HCR!il(, ec1111 

n, = o, tITO 6b!JIO 6H B OTCYTCTBHK ,ltHCnepcaa. 
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B aToY. cJIYqae ID4ny:nhc nepeMemaeTCH 6ea HCKaxeH111a 111 no;ne HueeT 

BH~ 

.. ~ 2. 

a(x,i) { :: a. 0 €Xp {- ~ J co j(.J 0 ~ , 

n.,=" ~ 
(7) 

T.e. ~asoBaH Ill rpynnoBaH CKOpOCTlll COBna~aDT, H 6 onpe~e:ruieT 

~1IHT61lhHOCTh HMilYHDCa . 

llcKallt6Hllle ~OpUhl lllMllY1lbCa CTBHOBl/ITCfi aaM6THhlM np111 yc:nOBl/llll 

x c 
c:tt,ll ~ f' (8) 

O~HaKO, aa~O.JII'O ~o Bb1IlOHH6HHff aToro ycnOBIDI qaCTlllUbl (~aS'.a KO­

TOPWC BO ·BpeVH YCKOpeHHH Il01lTlll He M6HH6TCH) 6Y7J.YT Bb16pomeHlil 

sa npe~eJihl ora6an~ea HMIIYBhca Ha-sa paaHHUH rpvnnoBott cKopoc­

TH, onpe~enaeuoa HS ycnOBIIB IlOCTOHHCTlla llOKaaaTenH 3KCllOH6HTbl 

B (5) IlpH !.__ n, ..1
2
<<1 B l!~e c 

c 
tJ;p = n + tl.1 <..lo (9) 

H ~asoBoa CKOPOCTH l!OJIHli, KOTOpaa l! npe~enax cy~eCTBeHHOtt B6-

;nHqJ4JW orz6aD~ett OK8Slil!a6TCH pal!HOa c/n • ne~CTl!HTeBbHO , 
J( 2 1 no;naraa c n, /::,. == t < < ' H paccMaTpHB8.il TOHl>KO T8Kllle SHa-

. A ( X 
qeHHH x H t 'nplll KOTOPHX 2 ~ -t) ==5 ~1, Toe. no­

Vep 

KasaTenh aKCilOHeHTH He npeBOCXO;l(lllT B6JlHqHHhl IlOPfi~Ka e~HHHUli ' 

noJIYqMJW ~Hff ~8Sbl l!Oll!W COOTHOmeHH6 BH~a 

es e f 
..+- = cJ l: - - - - Q t.cta. c 
't' o5 1+f.e 2. (] ,. (IO) 

IIpo11s:so~HaH aToro Bblpaze11IDJ no BpeueH111 npH yc;noBHH <P= con.:$ t 
~aeT WOPUYHY ~ml ~aSOBOa CKOpOCTH \.J~ Blll~a 
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<? ,,., c )-1 V. c ...1 c s / A l s c ~ - - e n, w. 
'fl= n,{1-Wo 1+t/)(f- ~,Jo f+.te n-O-a.,- (,)0

2 (11-e)e 2n ' 
I (II) 

Ll 
Ec;nH GJo C << IL.-1 

I:!.. c 
H (.Jo 2. << rt.-1 ' TO Vo z ~ H pac-

CTOHHHe e 
mmynca Ha 

t Ha KOTOPOM qacTlllUS nepeMemaeTCH c O~Horo Kpafl 

~py:roa, T.e. Ha 25' ll8I'KO :Bb11lHCIDJ6TCll B :a~e 

e = 4sc 
n, (.)o l.\ 

(12) 

e . a ...1 
Ha 3TOM paccTOHHHlll :ae1rn1lHH8 l = c n.., Li = 4 S -;::-

.....,o A 
~eltCTl!HT8JihHO UHOI'O U8Hbme 8.l(HHHIJ;li, TaK KaK O\le:Blll~HO, CJo << j 
I!O~CTaBHHJi BblpaJB:eHV.6 AIDI e B YCJIOBHH npmleHHllOCTlll rrp116;nHJ1te­

HHH V
0 
~ .£ , no;nyqr.m, qTo (12) llepHo, ec11111 

. 11.. 

fla 
(,)02 << 11...- 1. (13) 

~opum:i ( 4) , ( 5), (12) , ( 13) Heo6xo~lllMbl ]l;Hll npaBirn:hHoro 

Bbl6opa rrapaMeTpO:a cpe~li, T.e. l!6~6CTB8 G)f Hero IlHOTHOCTJ.1 ° 

N
0 

v. napaMeTpo:a naaepa-qacTOTbl <Jo ;!tJIHTe ihHOCTli1 Y.i.MIIYJI:&ca 

t;,.- 1 .I'! nonepetrn!ilX paaMepoB D ycllln.HTeneV. ;naaepH!ilx HMIIYJI:&-

co:a 

2. ~OIIYCK Ha CKOpOCTh pemeTKH. 

2.I ,llBv.xenHe qacTH~ B none cynepnosHUHH 
;ztBYX :ao;nH ,n:IDJ rrpoHSl!OJlhHO! CKOpOCTH 

pemeTKH. 

IlyCTh ClilCTeMa KOOp,n:~IHaT ( x ' :! ' 2 ) ~HKCHPOBaHa TPO~-

KOtt opTOB { e1 ' e; . e _, } • BonHa c HOMepoM ' = I ,2 xa-

paKTepHSY6TCfi Banpa:aneHH6M pacnpocTpalieHHH e,(t} H :aeKTOPOM 
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3JieKTP!lltieCKOro IT0.71H, KOTOpblH, B006me roBOpH, BpamaeTCfl B ITJIOC­

KOCTl1, neprreH,l.\lllKYllflPHOJi R HanpaBJiemuo e/ d • BbICiepeM opT 

- (L} { .._ -(o} J e e B. _ IlJIOCKOCTl1 e 1 I e I • Tor;zta aJieK_Tp!lltrec1rnw BeKTOP 

L - BOJ!Hlil npe,liCT8BJIHe TOH :R B!ll,lie 

-(L) -1tJoiL), .,,,,.,.,<LJ ;z-Cc.Jxe(t)co1¢~ ... J. 
E ==- - ee v, A · ~ 't'1 t- , e. (14) 

rAe ~aaa BOJIHhl ,liaeTCH BhlpazeHHeM 

cp ( L) '= GJ (!:!:_ ~(t} x- t) to( ( t} 
1,c c 1,e ( 15) 

x = xe', + ~ e: t- z e3 - P8.zil1YC - BeKTOP TOqKJ.1 Ha6JIIO,l.\eHlllfl , 

cJ_ 1 (,) = con!; t - ITOCTOHHl:lble rpa30Bble C;i1Bll!I'l'1. 
' 2 - ( } -- () -( l) 

Ytill!ThlBaH, tlTO 1.1arHVITHhli.1 :aeRTop t. -BOJIHhl H L == n e, Lx E ; -noJiytI!llM .zil'IB cynepnoaM~Hlll BOJIH aneKTP!lltiecKoe E lll MarH!llTHOe 
_,. 
H IlOJifl :a Bl'l,l.\8 

E" = z: {- e (,) ~(t)~lrl cp <!)+ e (l) !bt'>caj <P (l) 1 
L a 1 , 3 a 2. J' 

H- ~1 e(L)o(LJ._, .+,(L) -+(t)o(t) ,-1-,(l)j 
= t<.L - ~ t> , _,u-i 't' 1 - e 2 tic: c 06 'f' . 

L _ 2 • 

( 16) 

r-(L) -(l)l 
BMeCTO opTOB 1 e I ) ea -J Y,l.\06HO B TO~ :re IlJIOClWCTlf l10Il0Jl&-

30:B8Tl> :BeKTOpa {e:> e (t) j t CBfl38HHble C penepOM L -BOJIHhl 

COOTHOWeHlrIBMl1 

e,(L):o e,- CO~lp(.~ e(t)6t/1lf (l) ' 

ee( l)::: e, !iirt 'P (t) + e <l)co 6 lf (i) ) 

-+(l) - - (L) e(L)X e (t) e ~ :: e I)( - e ::: I C! 

-8-

(17) 

-I',l.\e co~lf'(l)= e. e,(lJ • BeK'fOP e, O.ztHOSHatIBO onpe,lieJil!eTca 

nepecetieHHHU!ll czcTeMli wpoHTOB -p;ayx :aoJIH, o6pasyiomHM!ll pemeTKY 

{
-(1) -(2) 1 

B IlJIOCKOCT!ll e I } e I ] • Koop;n;ll!H8Tbl TOtieR nepecetreHHfl 

wpoHTOB ;n;a~TCH CHCTeuoit ypaBHeH!IIW BH,l.\a 

<P ( L) =: C j/ \) ( t) (IB) 
. , 

r;n;e v (t) . - l,\emte- qzcna. PemeBze sToit cHcTei.ra npe;n;cTaBJiaeTCH 

B BH;ZJ;e 

- ( d c<X(t} 2Jrcv (l)) er (t) 
x-E --- t- --R-t n. n.CJ nc..J e;"~a(t) 

r;n;e BeKTopa o6paTHOit pemeTKlf 

-(tJ a onpe;n;ezreHH qJOpMyJISJllll 

--<Ll - (2) -a. = e, x e 3 , 
-(z)_ -e C1lir ~; 
CL - I 

-
-.(1) ..... (z) _ e, 'l(e, 

_e.3 = 'e,<·1" e; (2 ) I 

(19) 

(20) 

Ha (19 ) HaXO,l.\lfM, qTO CKOPOCTl> J3R -p;BRlreHHH Bcex ysnoB 

p eme TKH O;ZJ;ll!H8KOB8 H paBHa 

- d- -(•) 
~ XR 'I;" 0... 

J-'R::: cdt : 7 n ~ 1l)~Ct) 

- ( 1) - (e) e, +- e, 
- 11.(1 + e}•Jer<=JJ (21) 

HanpaBJI6HR8 aTott CKOpOCTlll , eCTeCTBeHHO, OTOll;n;6CTBHTl> c OpTOM - --e. ' T.e . f->R = ~R e, , r;n;e 

PR= : 
11. co~ t.p 

YpaBHelUie ;ZJ;BH:leHWi qacTHJVi B none cynepnOS!lll.U'JR -p;ayx BOHH 

ll!M68'T BH,lt 

-9-

(22) 

----.,.., 



d!('i =-{ f-re; ( ~Lt1.\ft- ne1' )f) t t(i ) (co3<f-rtet·fo)]Cf,(L~in~:1~ 

+ [ e , x e(t)_ nf x ( e(t)C O~ <p+- ii !>i tt tp)] 9~l)C01 <P ~t) ' (23) 

(t) 

r](e t' =wt 'tlt) et1.a ' ,., __ 
i,a mew 

tp :: 'P (•)-= tp<2) 

yron H8KJIOH8 Hanp8B1I6HIIIH pacnpocTp8H6HIIIff BOJllll,I K CKOpOCTli! pe­

meTIUl:. YMHOlltBH aTo ypaBHeH.11e Ha j\- f ,III yqJi!ThlBa.a, 1ITO npo­

I1IaB0.1lH8R W83bl no Bp6M6Hli! paBH8 
(l) 

cl.¢ -{t) - 1 
cl~ "'n.e, jJ - (24) 

IlOJIYllli!M IIIHTerpaJI ABIII~6HM!ff B Bli!]le 

(j\ f- 1) o + ~ 9 ;1
))-iR ~inf c o1 <j>/l)-= con. ~t . (25) 

SaMeTli!M, 1ITO BOJIHbl, nom1p1:1aoBaHHI:!e nepneH,1lli!KYJIBPHO IIJioc-
- c1> -

KOCTH ( e, J e 1 ) He .1(8IOT BKJI8,1(8 B STOT HHTerpaJI . 

2.2. IlpO;ztO~bHOe ABHlKSHJi!e B cnyqae OAIIIH8KOBblX 

8MIIJIIIITY.1l :B01IH 

Ypa:eHeH.LIB np0,1l01lbHoro ;ztBHll[6HI1IH no11yqaETCH H3 (24 ,25) npli! 

9 
(d_ 'l(z)_ e..,,. (t) -r:: = Q / (t) _ 1 - - a , r , 01. , - ~ :e EHAe 

I I I 

¢
1
(L)= W ( ~ X C 0 ~ <.p - t) r cJ.. :;_ r , 

d ~ 
cl.~ 

J3/ -
= I f.;R 1 . 

-!(). 

(26) 

(27) 

( t>-1J?,.) 0 + 29 ~i.n tpco1 r "' con.~t . (28) 

do=-- 2aJ3~in.lV. bittif. 
c{ 'C"' I 1 . 

(29) 

Ilia (27) BH,ll;HO, 1ITO npH n.co~ <f>< 1 pemeTKS no;im ;ztBHlK6TCH 

6blcTpee qacTli!J.ibl. B cnyqae o6paTHoro aHaKa aToro aepa:eeHcT:ea 

npH ~ < c R Q8CTHna OTCT86T OT pemeTKIII, a npH ~>OR one­

pesaeT e e . Ot1eBH,ZJ;Ho, 0 R , corna cHo (22) , HMeeT BH,ZJ; 

(S'R = rt. co~ lp =- ch. f'"R , (30) v h.?.Col ?. l.p -
STY iJ!opMyxy MOJKHO aHalll'ITH'leCKli! rr_p0;({01IlltilTb B o67IaCTb ti, co~ Cf< 1 

I']t6 )JR - }JR - i. !If/a • IlpOHSllO~H TaKl!e 58!.l6HY 0 = ch 14 

nonyliRM Bll6 CTO (28) CBJ'ISJ> !i6QY H81I8 1Il>HO~ SHepraeit 'Q0 = ch f' 0 

H napaueTpaMR ycKopHTenH n.. r.1 Lf B BH;zte 

ch.( }C-;c~)::: 2 9 ~in..lj)· ~h,u R ( co~+ -co ~o/ 0 ) +ch ( }'o -}JR ) (31) 

0TU6TilM BagBN~ 1I8CT!W~ cnyqa« STOro ypaBH6HHH , KO~~ah.co~lf=1 

T. e . CKOpOCTl> pemeTKH B TOQHOCTIII pa11aa CKOPOCTH cBeTa 

3;ztecr. BU:eCTO (31) RB (28) . non:yqaeTCfl CBflSl> BH~a 

e -14= e-f"o; 29 J 1- ~~ · ( co~t - co6fo) . (32) 

Yqr&TW!8H , 'ITO YCTO~tlilBOS YCKOpeHl'.le BOSllOlmO 1Ildlll1> npH 

-{" <f < O , no.uyinm yc11011oie aaXBaTa tiacTHU 11 pe:EWI aeorpaHH­

qeaHoro YCKOpeHKH ll B~e 

f'o >- - en- cq~~?. (33) 

u-



8KcnepmteHT8.lll>H8H Heonpe.i:teJieHHocu napaueTpo:B f'1.. H tf , a 

TSKBe HCKa~HID:I ~POHTOB BO.lllW He JIOSBOIDIDT peanzao:BaTli CTpo­

roe ycJIOBHe f-iR ... 1 • IloaTouy Heo6xo,Itmto ·J"IHTW!STli orpaHH11e­

HHR Ha aHeprH~, Bh!TeK8DlllH6 H3 ycnOBHH (3I). 

Ecm1 f.iR > 1 , JAR onpe.i:teIDleTCH ~OPMYnol! 

th)A£ = 11,CO~'f 
H3 KOTOpol! cne,ItyeT CBHSb U6llr,1l;Y 3KCJiepmteHT8.lll>HlilW Heonpe.i:te-

JI6HHOCTHMH t.n t Alf napS!leTpOB h t lf H B6JUftHIHOM j'R. 
BH,lt8 

e-e,u" ~ ~41 ~ - ~: (34) 

:a C1IY'J86 PR.< 1 3HaKH t. \.f H A rt Jl6HlDOTCH • 

itia aToro ycJIOBHH B.li,ItHo, llTO BeJim.11Ha }.J 12- onpe.i:teJIBeTcH 

TQqHOCTb~ YCT8HOBKH napaueTpOB 11.. ' tf • B CBOD oqepe,Itb .1'13 

( 31) CJie;zJ,yeT' qTO ,lt1IH KOHeqHb!X 3Haqemi:il J' R- 3HeprHH qaCTH-

~hi He MOaeT npHHHMSTli CKOlll> yrO,ItHO 60JILlliHe 3HaqeHHH. 

?ag' np!1 foll> 1 B.lt6CTO ( 31) IlOJIYqH!l 0,7.{HOnapa!.!eTpHqecKOe 

cer.reilcTBO KPHBhlX Ha n11ocKOCTH ( jJ.. , f ) BH.i:ta 

Mi.{,,u-,,ui<)- 4~,~in.2 t ==K,, {35) 

r.z1e napaMeTp K, -HHTerpaJI ,z(BHaeHk!H - n::;iH!il!MaeT aHaqeHHH B 

l1HTe pBaJie [ - =, °"'] H BhlpaitaeTcH qepe a HaqaJIDHYJO aHepr.mo .Id 

~83Y qacTH~ B BH,l{e 

K 
1 

:: ~ h ( f' 0 - fl R) - Li q
1 

~ l 11. '2 to 
(36) 

'V 

TOl',1(8 KSK 9, onpe,l{eJIReTCH <lJOPMJ'JIOH 

,..., I i -z 2 9, = 9 \f ch flR - n,- -5.h f'r< 
(37) 

-I2· 

Bee KpHBNe C6M6l!CTBa HM6DT MHHHMJ'M npH r = 0 H MaKCHllYJlbl 

npa t = ! jf (cu.p;rn.I)' rrpHlleM 3KCTpeMSJil>Hbl6 3Ha'ti6HHJl )" 

onpe,It61IfIDTCH H3 ypaBH6H.ldl! 

~hcf',..o.>1 -fR) = K, + 4q, 
6h.(,..u..,,n- JAR)= K, (38) 

H MoryT 6NT1' KaK IlO.IIOB.ldT6.lll>Hl:l.ILH, TSK H OTpH~STe.lll>Hl:lU.ld, nocne.i:t­

Hee COOTB6TCT:BY6T ua.110 HHTepecHOJIY cn:vqam ,l{BHZ6HKH 118CTHn Ha­

BCTpeqy BO.llHe 

p. 
8 

7 

5 

PHc.I CTpe11Ka Ha rpawHxe yxaaW!aeT HanpaBneHHe 

CMellleHHH qacTHIUi BO BpeKH .ztBD6HHll (9,,,16 2
; n-1, 1i }JR" 6) 

EcmI faR < 1 ' COOTB6TCTBYJ)lllee ceue~CTllO KP.ITT!liX ,1186TCH ypaBHe­

HH6M 

ch. ( f -!' R ) + 4 ~ 
2 

~ i 11. 
2 ~ ~ K c. 

(39) 

r.i:te K~ onpe.zte.lllleTCH
0

~0PllYXO~ 

h ( ) 
t. "' • 2 .Po K2 :. C f'o· f'R t Y9z. !llh. -y ( i+O) 

·13-



np111 

CJa-=- 9 [;h_i/".R - ria ch -a)' P. 

(41) 

YpaBH6Hllle (39) He KeHHeT CBoero BH,lla Be .TOJibKO np111 aaMeHe· * --t ' KaK (35) I HO Ill np111 }' - e.i' It?' ' ll:TO OBHStiaeT 

ClllYll6TPHD ceKelcT:Ba O"TBOClllT6.7II>HO XHHHlll f' = )' R (p111c .2). 

XapaKTep ~SBOBWC TpaeKTop111.a a~ecb cy~eCTB6HHO OTXllltiaeTCH OT 

cxyqan .foR > 1 • Tax npl4 K 2 > 1 + ~ 9
2 

, llSCTHna CK0111>BKT 

B'AOJII. BOJIH onepeESH HJilll OTCTSBaH OT WIX no ~aae B saBl/ICWIOCTlll 

OT B6lillllllllm.t H8ll8.7II>HO.a CKOpOCTlll f.lo > foR HJilll l'o < faR ,coo;:.. 

B6TCTB6HHO. EcJIH K, - 1 < 4 ~ e qacTHitfi aaXBaTimBKlTCH BO.JIHo« 

B pelilllM KOne6aHllll npO~OJibHOI WSSH. 

)I 

if 

PRc.2 CTpem<alllll OTUetieHO CKe~eHllle ll8CTlllI{ BO BpeMeHlll 

(9--.10-aj 11."" 1,1; flR= G) 

qaCTO!a .Q. STlllX xone6aBHi IlOJIYll86TCH 1113 (39) c ytl6TOM 

\27) npH ~ -}'R ' ~-0 BBlll,lt6 

; 

-.1.~ 

n.=·cJ Js<re 
~h.2 i J'R 

~h2)'R ), - :A---·· 
/\st - ~2 

(42) 

~HT6peCHO OTM6THTb, qTo np111 H6KOTOPliX SH8ll6HlllHX napaMeT­

poB ycKopHTeJIH 'AJilllHB BOJIH!il A,n lllBJIYqeHHH, lllJi'AY~lllPOBaHHO­

ro Il~KOM 8JI6KTPOHOB, SBXBBll6HlWX B peJKHM KorepeHTHliX KOJie6a·· 

HHI npo'AOJibHOI ~aaa nona~aeT B ~111anasoH CBq. HanpHuep, np111 
-2 

)JR.:. 6 , 9 = 10 , A= 1.04f' , n = ~. 3 nonyqaeTOH AJL""3 ,297cM . 

Perl4CTpa~H STOro l/ISJiytreHHH MOXeT OKSSaTbCH Ha1116onee TOqHliM 

cnoco6ou 111auepeH111H noKaaaTenH npe1.101rnemm tt BO BpeMH npo­

XOll(,IJ;eHHH nasepHoro 111uny1.1bca. 

IlapaMeTp 11, 'KaK OJie~yeT 1118 (34),~o;nxeH KOHTPOJilllPOBaTb-

CH c BliC?KOI TOlJHOOTb:O. TaK, npz P R"' G , lll.HpHHa qepeHKo:s-

cKoro pesoHaHca t KBK clJYHKI{lllH ~n. ' C;QCT8BJIHeT Beere ,1n/1, "" 

,.,,10-5 • c TaKOi TOllHOCTblO Ha;zto no;zmepuBaTb IlOCTOHHCTBO n ' 
H6CKOTPH Ha pa'AH8ItHOHHlle HSMeHeHKH cpe;zt~ H BJIVIBHHe He1IlllHe~HliX 

aciiciieKTOB naaepHoro HSJiylleHHH, eCJIH Tpe6yeTCff fiO:zIY"lllllTb M8KCH­

M8JibH:bdt Teun ycKopeHHH ll8CTH~. 

MSKCHMSJILH!ilit npHpOOT aHeprHH onpe;zteJIHeTCH H3 (29) B B~e 

o-~o~29~D, (43) 

r~e D - nonepetim.t.lt paawep ycHJIHTe.neM • 1IpH 

q ".I l~-2 , ~ "V l.0- 4 Cll 1 ;zt06SBK8 K llOpeHtt-WaKTOpy qacTH!.Ui 

COCTaB:zIHeT 1257 Ha K8Jr,1tlidl caHTHMe~p ciipoHTS BOJIH!l, T.e. TeMn 

ycKopeHHR ~ 642 Ma:B/cw. ToqHaH ciiopuyna ;ztn:a B!lq111oneHHH 

3HeprHH paBHOB0CHO~ qacTHI.Ui noxyt1aeTOH HHTerpHpOBaIDieM (29~. 

YqlllTllBSH OBH3L d:V:. -~ ft ~Lttlfd'?; IlOJIYllHM 

- .IS· 



~ do 
2q ~ D = - J !>in t 

. oo .(44) 

3a:BlrfCHMOCT:r. 

m1eeo:r B.K,1{ 

~in.+ OT r = ch fa B cxyqae . f>R > 1 

( ( ~ -f h( )]~)'/2 !>i.n f =+ 1- [co~fo+ 2 92) (1 f' 0-f'R)-!lh(14-JAR) 
1 

' 

(45) 

r ;zte SHaK (-) Bhl6lrfpaeTCfi IlPH - 5i <. t < 0 ' . SH8K ( ... ) npH 

Q < o/ < :if • .1UzH CJIY1i8H }?JR -C:: 1 8H8JIOrH1iH8fi S8BHC~-
MOCT:r. .li!J4eeo:r B.K,1{ 

e Yz 
.1i.n o/. = + ( 1- [co~ If 0 + ( 2 Cf 2.r' [ch ( fl-I' R)-ch { }'o -)'R)V) 46) 

IlPH TeX xe YCJIOBlrfflX Bhl6opa SH8K8. 

3. YcTottqlrfBOCT:r. nonepe qHhlX xoJie6a HHa H yqeT 

8CHMMeTpHlrf 8MILl1HTY;zt BOJIH 

EcnH TeopHH npo;ztoJI:r.Horo ;ztBHJEeHHR qacTHI{ B xaaepHOM yc~o­

PHTexe 6ea yqeTa pacceRHHff WOPM8JIJ.HO COBila;ztaeT C 8HaJIOrH1iHOM 

TeopHeM lIHHettHhlX YCKOPHTeJiei Tpa;ztHl41rfOHHOro Tlrfna, TO YCTQHq!rf­

BOCT:r. nonepeqHhlX KOlle6alilrflt, KOTOPBR 6y;zteT paCCM8TPMB8TJ.CH B 

STOK paa;zteJie, He HKeeT COOTBe~CTBym~ero 8B8JIOra. 

Ilpe;ztCT8B.iUI 8MWilrfTY'Ahl BOJIH, IlOJIHpHSOBaHH!iX B WIOCKOCT!rf 

(e <11 e- <
2 >) B B.K,1{6 

I ) I 

-I& 

9 ,(· J :::. ~(f+c), g,c2' =g(1-t) ; 

9 ~ ~ (q~''+ q,<a)) 
lrf nepelllrfmeM ypaBH6 HHe (23) B BH;zte 

q (•) ( 2) 
E. : I - q, 

q l•l n (2) 
1 

I 1- -,, 

?~~ · =-29 f U> in tp + E. nj\~ ) 6i n t co ~ .X - ( n. f3 e + c ~in lf) . 

(47) 

. 3 (I} (rJ (2) 2) ·co~ lf~t11.X +n. )13 co~tp ( CJ 2 co3~2 -9
2 

coJ</>2 , (48) 

~!io =- 2<:j ( n.p, - CO~ <fl) (CO:) f ~i.11.J. - C 6tl1. 'J'CO~X) -

- n.f-' 6~n.tf(9C\o~ q/')+ o(2)Co6rh(2)) (49) 
,, - 2 2. 12 't'2 

d f->3 0 ( (1) (•) (2) (2) ( d;- = q
2 

co!></>
2 

- 9
2 

co~c/Jz )\ 1- nj?,co!> <f) t 

+ n)->
2 
~in. lf(g~' 1co!:> ~:') t q/2

)coj <J>2<
2
)), ( 50) 

r;n;e t ::: c.J ( ~ x coj lf - i) + ~ ( d. ,u) +cl ,r
2>) 1 

J.. ::: GJ _t::. y ~Lt\. 10 + ..!._ (d.. (a}_ cl. (')) 
C 'f 2. I I • 

l'la (48-50 ) cne]:lyeT TaKJKe ypa:BHeHae 6anaHca :rneprm11 

=! ;:- 2q ( ~.~in.tp + tft2 C0!>4J) ~in r co6X +-

(51) 

(52) 

) 
, (),, ( (1) (I J (i!) (z{ 

+. 2q ( f. f.J, ~in. lf + f.;2 C01 lp CO!> f !:i t 11..1 t J-"3 9
2 

C01 (/J2 -q2 co1tp) 

-I?· 

~ 



14 HHTerpaJI ~BWEElHH~ (25) ' KOTOp!il nepeIIHcHBaeTCH B BH~e 

(~Rf>, - 1) at c9 f!>R ~Lrt tp( c01 f co~.i + f.. 1in.f !>in.X) =-COJ'l.1 ~ (53) 

Ilp06Kl.U1H CKOPOCTM p, Irf foe CBH88HLI c npoH3B0,11;1WllH no 

Bi)eY6HH npo~OJibBOit H nonepequoit ~aaH ~ Irf .x COOTHOmeHHH­

YH B~a 

d i} = f3/J3 - 1 j 
d't'. R 

cLx 
d't' = h. )->2 6in lf • (54) 

B ID!HeiiHOM no .x npH6JI.llae lill:H KOS<.Ixl>14l.U16HT nplil .Y. B npaBo.ll 

qacTH ypaBH6HHH ( 49) Ollpe'A6.1lli6T ycToMqHBOCTb pemeHHH OTHOCH-
Jf r.;-

T6JibHO MSJiblX nonepe1rnwc OTKJIOH6HWI qacTHL\H, Tax npH-2 <+<~ 

YCJIOBHe ycTo.£lqHJlQCTH .w.ieeT BH~ 

j3, >- COj tf 
n. (55) 

3aMeTHY, qTo Hepen:HTHBHCTCKHe qacTH!.g,i, KOTOPHe paccwaTpH­

Ba~TCH B H8B6CTHOU acTpO~H3HqecROM MeXBHHSMe YCKOpelll!H B'AOJib 

HelaTpaJII>HOl 1lHH.HH .u:arHMTHoro ll0.1lli [3 ] 7 HeycToitq}fBH• 

IlpH BHno1IHeHHH ycnoBHH (55) pemeuHe JIHBeapzaoBaBHoro 

ypaBB6HHH (49) Haxo~HTCR MeTo~oy BEK B BH'Ae 

"" -Y2 t -'k -'/z. T .X{t) =ex, ('t) ~ c..Xa (?:)+ ( (f:J) JP(1:'} 0 ('t')}(T'}~in{Jf{-r:/ci.t)rir:' 
't'. ?' ' {.56) , 

r~e 

Ji',,,( t J ~ (~1r'1'exp {:i[t !~ 'Jd ~·J, 
{57) 

-IS: 

( "= o'- .!__ J 1f-e. ..::!._ (/ 3/e qj ) 
j c dr: q ?:' J 

a cQ . 2 Q =~rv~Ln.tp(n.J,-cot.tp)co1>1y+(_!_ cf"t)_.!_ cJ.7r z~d"L 2a dt-a 

(58) 

(59) 

• 2 • 2 ( (•} "'(1) 
5'(t-)=ec. 9 rdittr.p(rift>,-co~cp)jin!.p-n p3 61n <f 92 co1.,.,,2 + . 

(2) Ai la)} ( 
6

0) 
+-Cf2 co~.,,, , 

3~ecI> WYHKW!llI o , lf , f.>, - BlirqzcJIHK>TCH no (popuy;nau 

(27-29)' KOTOp!ile COOT1!6TCT1!YJIT HyJieBOYy no ..x H t npH6XJII­

xeHH~. MeTo~ BBK npHuefilUI, ec;JJH BTopoA qneH cnpaBa B (58) , 
l!JiqJII CJISHHHI npH j = Q MHOrO M6HI>me Q ?. • Or paHHllH1!8HCI> i.rn­

HWISJII>HOA CT6II6HI>~ 9 B paaJIO&eHHHX no q j H -f ' llOJlyqWl 

aTO YCJIOBHe 1! BH~e 

. 2 

co~t » q~mlf>j~-1,(1t ~inet )(2f->(n~1)+.f->J\-1-f>- 2 ). (61) 
4 a f>tt 4 . f>R 

EcJIH Haqa;n:r.aaH aHeprHH o 
0 
~ 5 , TO npallaH qaon aToro He-

pa11eHCTB8 ~ ro-4 npH 9"' 10-2 , T. e. BEK npH6J1HzeHHe 

cnpalle~JIHllO noqTH 1!0 l!CeA o6xacTH H3M6H6HHH napaM&TpOB ~llHZe­

HWI, HCKJllltJSH Toqxz t = :!: 51/2 , TaK xax c yBellJ4l.>eimeM aHep­

I'liIH npa:BSH qaCTb (61) 6NCTpo yueH:r.maeTCH. 

3.I.~onycTHU8H 8CHYY6TPHH 8MllID'ITY'A BOJIH 

PaccuoTpWI Bonpoc o BeXHllHHB ~onycTHKOA acHuMeTpHH aunnH­

TY~ c . IIycTI> 11 Haqan:hmdl >1011eBT :BpeMeHH qaoTH~a ;:t:BHI'anacb 
$" • 

B~OJib OCH CHWol6TpHllI c HaqaJl1>HOA lf!aaoA - 2 < + 0 < 0 H 3Heprl1Ieil 

~Iq_ 



o 0 • HaJrnime acID01eTp1rn c npKBO,ll;HT K IIOHllJieHHD nonepeq­

Horo OTKJIOH6HHH ..x ( 't') • Cornacao (56-6I) 3TO OTKJIOHeHHe . 

M.ll66T lll/I,ll; 

E. (n~-1 )'fc.r0 
d.'ll' . ri n.

2
- 1 112 ~coj..p·1~ c1. r"] . 

JC(t) = fv __ ,,1.\ 1/~ eq~ittlf J (~co1f)'I~ ~ 1 nL( 29 ~intp) ]{ 7'} jinf • • ( 62) 

~o 15' . 

3,ll;eCo HHTerp.KpOllaHHe no llpeMeHl/I aaMeHeHO ll CH11Y (29) HHTerp111-

POll8HI46.ll no aaepr111111 H 1lcm,7.tY, r;1.te aTo ll03MOEHo npHHill(aeTcH 

~=.l\"'-1 .. 
TaK KaK 3HeprHH qacTHW>I noqTH He M6HH6TCH Ha nepHO,ll;e K011e-

6aHID1 nonepeqHoa qiaaY, y;1.to6ao c;1.te11aTo aaMeHY nepeMeHHO~ B 

(3.2.49) BH,ll;a 

~ co~o/" 1/2 d. o" 
- ~=1(~) 6inf" (63) 

TOr,ll;a llMeCTO ( 62) IlOJI.YtlHM l(JIH .x ( t-) C116,ltJ'illll66 l!Ypal!leHHe 

f, ~. . 

.X(i-) =(()c~t)'lti j R(f)1trt(K~)d1. (64) 
0 

r,ll;e 

.._ '/; 11/• , I 1/4 
K:. (~) 2. R( )- 'll 'jLnljJ . _(!' ::lin4' 29~itt lf> 1 ~ - (co~f ')3/1/ R ( O )- co~?>/4'f' ' (65) 

R(~) = ~011~~ i t1.ljlo ~ ::: -J~( co~~' )'/2..:i.£ 
0 co~l/~ fo . 0 ~o (I' ~itt t' . 

ECJIH paccMaTpKBaTo npO,ll;011bHOe ;itBHlleHHe B HHTepBane 

Omit1. <. 0 < 0 .... Q.. ' I',7.(6 Q lTIQ.)',' mi.rt onpe;1.te11HJ>TCH qiopMYJiaMH 

(38), (39), TO HOlEHO IIOK888Th; qTo ll KOMil11eKcHoa WIOCKOCTH ~ 

ll6JIHql/IH8 o' orpaHHqeHa fiO MO,ll;yJim HepaBeHC'l'llOH 

-£'.Q. 

I 0·1 <exp { ( / 'IJ?ii.. - 11 ) '/2J m ~ J 
2.q~lntp 

(66) 

M KOHTYP llIHTerpHp01l8Hl4H MOSHO ,7.(6~0pMHpOll8TD TBK, qTO (64) 

IIPHM6T :BH,ll; 

()o 

Y-('r:)-= cK ,11/ f-E-j[R(i.s)-eu<~0 R00 +i.s)]eKd5+K.c.}. 
(a co~t) 0 . ( 67) 

B.w;nHo , 11To pasJio:&eHHe 4.>YHK!UiH R ( ~) :a pH){ TeilJiopa ;naeT-X{ t:) 
:a :a111;ne acrumTOTHqecKoro pa;na no 'f K "' g '/2 

.X(.t'): t ""[_ i_-1~:fR(2m)(o)-R (2m)(~o)co.3K~o+ 
(Q'co~tJ /' m=O K (68) 

R
(elllH) ~in/( fo l 

+ Oo) K J' 
Y cJI01l111e lle;nneHHoro .ws11eHeHHH IJ.>YHK!Uilll R ( ~} Ha nepHo.ite Kone-

6aHHa npO,ltOJibHO~ qiasli HMeeT :BH,ll; 

890\in..lf ·(n.a_,1)»(1+ ~ co?/f)
2

!>in.-
2f ·C0.1-

3
f. (Ci9) 

Ecn.w aTo ycnol!He l!liIIOllHHeTCH :ao :ace11 paccuaTp.w:aaeMOM ;nHanaso­

He SHeprlll~ H qiaa, TO nonepellHOe OTKllOH6ID16, l!li3l!8HHOe 8CJ4)()(6-

Tplllea allnJmTY.ltY• cornacHo (68) 1U1eeT l!H,ll; 

. . v '~ 
-X(-e-):.c(t.~t- ( !0

) '1(~c;:~t0 ) t~toco~Kro. (?O) 

3aueTHK, qfo npl4 t, il' 0 << 1 :BliqHcneHHB (62) ;naeT T8KO« 

-?I-



ae peaym.!8!, KSK H yqe.T 'CJJieBa ,.., ~ :11 (68), noH~llY 60.nee 

o<SUUUI peaynHaT, cnpa:ee,tt.JUUIHI JipH YCJIOllBH (69), ll KOTOpou 

npaBaH 'l8C!ri 88118HH8TCH Ba 8JUIBHIU' (XO!rfI DO-npelllleuy paccua­

!rpHllaHCH o<Saacn _ ~ < + < ~ ~ HKeH BHJl 

f (<!. Co:\IJ.>o )'/11 R(•)(~o) 6inK~o1 . 
:1.{t)=E t3'/- - ;co~t i~toco~K ~o + (2"co~+J!f.i K ,(71) 

r.ite 

( ) 'k 2. ,,., 13. ) J R I - lfo 1111. +o ~o (1--p; a ?i.no/o (tJ-(c.o~tJ ["(~oco~to)o/•,+ 2q1in~ a.yJco!>¥tt'f,J . 
(72) 

11.11!1 onpe.iteJielUtll .itOiryC!HllOit B8.JIH'lMBH e I O'l8BH,ltBO,Heo6xo;ztH­

llO BH'CJMCJIH!i nonp&BKY K J18KCHll8JII.BO ;ztOC!rH&HKOI SBeprHH .itJIH 

KaKoro-HH6Y.itI> xapaxTepsoro 'lSCHoro cnyqafI 1tl!HaeHHH. B xaqecT­

:ee Taxoro npo<SBoro BapHa&Ta :e~epeu CJLV'lal J\ < 1 , f 
0 
= o, 

H npe;ztnono&HM, 'lTO 'l8CTmta 88XB8THB88TCH B peaHV Ko.ne<faHRa 

npo.itOJiiBOI ~88Y, TOr;zta (cK.pHc.3) B KOH8'lHOll COCTOHHHH, T.e. 

npH t == 0 , llOJIY'l&eTcs nonpa:sxa K aHepr.1u1 BKJta 

•( u -}J ) (73) 'l. ~n r·g O 

}l = 2,µR -Jlo- E. 2(n'l.-1) ~h_µR·{ch~ 0ch.fl)'/2 
a;zteci onYll{eBY q.neBY <Sonee BHcoxoro nOpH;ztKa no Y~ . BH;llHo, 

'lTO KOH8'lH8H asepr.HH 118110 'lJBCTBH!r81IiB8 K ~CWUl6TpHH BOJIH. 

--ZZ!. 

BliIIHllleK Ta:itae aBanor ~opuy;mi {39) ;ztJifI aToro 'l&CTHoro C1fY-

qa.s,(T.e. np.11 ~R < i ) 

ch(.f-J'R)+ 4q2 ~in~~= ch{)'R -)' 0 } + c eG(f,)'}, (74) 

r;zte 

G(f,JA)="' 9 ?i.1t21f - ~hc(JJR.-f'o). co~'/2"1 
l CO~'f ~' - · · · 

(75) 

1h' ()I- ,,UR) 6h
2 

{ ,.U - i'R) ·ch :!>f<,}'
0 

· co~k t
0 

- 2(n."'-1J ~h)'R·chf'.co~\f + (n.~-f) ~hJ'R' ch 'Y«ifl· co~•l~r 

Ilocne~H.lfit 'lJI8H B STOii B~pa:seHHH co~epzHT 6~cipo OC~HJIJIHpy­

l>lllH.li MHOUTem. H Oom.mym CTeneHL '/o . OH B~IIHCah, B OCHOBHOM, 

;ztJIH y~oB.neTBOpeHHH Ha'lam.Horo ycnOB.llH G- ( 0, /'o} = O • 

IlepBW!: H TpeTHI qJie.Hl:l CHJiiHO HCK8Z81>T WBBOB~e TpaeKTOp.llH npH 

t - :t 9f/2 t 'lTO DpHBO;ztHT K yueHiineH.lfll W850.i!Oro 06'.T>eUa 

aaXBaqeHHoro nyqKa. BuyTpH o6nacTH ycTollqHBOCTH SSBHCHMOC!ri OT 

¢las~ t MOUO He Y'lHTI>l.B8Ti H TOr;zta O~eHKB ,llOIIYCTHMO.li 8CHMMe­

TpHH nonyqaeTOH HS YCJIOBHH c 2/ er I<< 1 .HJIH 

1::2 ~h~(}'A. - )'o ) f 
I,_, << , 

2(n~-1) ·~ hJ'R · Ch~ 0 (76) 

IlpH .fJR _,, 6 , ()0 "-' 5 , n. -Z.. I ""O, 2 Tpe6yeTCff y,lleplltHBBTJi SCHM­
Me~pHID 8Mll.11HTY.ll HS YPOBH6 H8CKOJILKHX npo~eHTOB, T.e. 
c "" O.OI - O.I • 

XapaKTepHCTHKH BblXO.llHHX nyqxoB ycKopHTeJIH 6Y.llYT .llBHlii 

B cne,llym111en pa6oTe. '-
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B aaKnmqeHRe a xoqy .no6naro'ABPHTD A.U.AMaTyHR, B.M.ApyTio­

HRHa R M.JI.lleTpOCHHS aa CTHMYHHPYJO~He o6cylll:,'lleHHH 14 HHTepec K 

pa6oTe. 
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