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B OTqeTe paccmTpnBaeTCS CByqa~, xor.na tfflCJIO 

BTopm:tumx qacTltt B pea1titMH paBHo .nBY'M• ]!aH odsop 1umeuaT~tte .... 

CKHX cpopMyJI, yTO'Ulelta ueTO)tHKa Ott8HltH K01Il1'·18CTBa tJaCTH11, 

,nBUYJitHXCJI B HaBdOJiee BepoS'?HSX nanpa.n11eHHSIXo 
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H3 ycxopnxe,rs, Bo111■meT epe)Ut npoqwx n Bonpoe o enpa:sn:emrn:, 

B ROTOPOM OU~aetCB HaK60JI~ XOJIKqeetBO BTopwqsux 'laCTBit, M 

· 06 OiteHRe 3'1'011 Il0C118)Ullll Be~tmBLte: Pemeuue BOttpoca, 1toria tm:CJIO. _,/ 

BTOpHWUX qact•It paBHO JtBYJl, He BCfpeqaer Kal■X-JIH6o IlpHHitffllH= 
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aJiliRYX Tpy,oioc,el. ll&CTOS .• I, ortie!. IIOCBm&eH Il()3TOMY mtmi. . . 

yn~•·••m ue,:c;pa T&KXX ~QCJ'!eHflff@ 

topuy.1u1 npne.-irnue,a aeu, ·11oryrr, mx Hall msercsr, o<SJierqnr1> 

:.ntcnepDeiTaTopy· pac...-ru. ··ltpyras: qe,u, 3toro. oY'leTa - J,taTt. cBOJtEY 

H3BICTHSX DlteUa!ltttCitHX ~PMYJie 3TO ,Jte&et BBltJJa)tKlt t1o,ree CHCTe= 

UaTHQHJMt, a 'll!TaTeJIR Jr3<Sel.BRT ·ot B80dXO,lDICTII Il0318eNTLC8 ,1tpy0 

r•n. OCS30paUH no DltellATJUCI (I,2) 
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<··. ,ta-res npocteffne (f>opJlYD ctairactrixu JJ;Byxqaci11quoro pa.cnaia B 

+~doparopaon c11cTe11e otcqerae § 3 n.ocBstnteH rpatJ!tiecJCoMy cnoco6y ;-

no,1tcqeTa qHCJl8. 11e.CTRit B R8XOtOpOY HUTepaane yr~OB HnH oaeprHff~ 
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'l'aJI xe BBO,JtHTCR napixe-rp, xape.KTepR3YJJUff QHCJH) qaeTHit B H8HBepo:f..';t',.;,. 

Heflmeu uan~BJieHJnt. 

B npHJIOZ8BHstX no11e11teH PM r~l&OI.' It TaCS•rt9 HJ!D>CTpHpyn~x 
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B03H'11'"11IOT H8KOTOpl:le ROBHe. 1il\Cfttnl 'j ' fl ~ C Xftp&XTl1)aCT•XAIIII 
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1teurpa uacc (r.1t• PA-+ p8 --= o ). 3aMeTHK9 ttro, eca tmcTMrta B 

Heno,n;auna, TO rix>PMYDI xapaKTepHC?BK XOMfft\YH.It=~aC!H~U ynpomaDTCH 
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Bcer,lt8, 6aT~ c:ae.zteJUit K peaKtm1!M pac~o 

IIepett,neM K mpart~epwcrmeau BTOpMqHJa t1acTII:t ":.J H "J e B 

C'1CTeMe neHTpa Mace C oI(<tM. x), r.zte C n0KOHTCSf Hr:+ PJ* = 0 
* * * HS 3aieoHa coxpa.Hetms aHeprnm EL + E J -= m c ~ E c JierKo 

noJiytmT:& JU>Ypf;i,)lte1rn1 .1t1Ia 3Heprux Iii nmyJI.1,ca JID6ott us ttacTHn; ":J 
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x) BeJUtttHHiit,, H3MeptHHUe B 8'?01 CMCT8lit, dy.neu 00031allaTb. 
3B83,Il;Ot!KOito . 
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.H30CSpaxeu cjfytzfl, 1tor.1ta tnL ~ m d' n npe,1te111,uue yr,m J-1,,J ma.I( 

cyntectBYDl'. Tor.1ta . l/ -= 11 ( E, ) ecTJ.i xpnBas c ,1tnyua MaKcmiyuru.m 
~ . 

H O~HHU lfflHHJ.CYMOM ( 00,rcByropcsaa• KpHBan). Ilpa donimott pasuw~e MaCC 

:rtpHBaR Cl'aH0BHTCR 11110,ltHOropdon" (cu.npHJIOXeHHe I). Tau xe H30c5pa- .. 

i:eH enyqatt ... 6TCYl'~TBHSI npe,rce.1•11oro yr 118. y 0)tH0tt H3 'llaCTHq H BaJll'i= . 

ttHn · ero ·Y .1tpyron. HaxoHett, ecm.r ode ,BTOPH'll!se tracmnu aacToJt:Ltto -

3Heprm'.4Hll, tlTO 11pe,1teJ1:LHOro HanpasJieHHJJ HX ·.·,ltBJJ:ZeHW.fl 6aT1, ne 

uoxeT p TO 'ir.ns· yr,ra pa.3JI8T8. H8B03MO!IY :3Hatfemrn MeH1>me HeROTOporo 

HaHMeui,mero llmin (qept.4). Bee 1TH c.11yt1a.H BCTpettaDTCR 

Ha npaltTHKe. 
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Bepneuca K auaJm?HtrecKH:u enocoau onpe.ne.nemta 3e.111cnoct11 

E 1, ( 't1) • E,1tHHCTB8HHYI. (HeTpHBD8JliHYI) CJlyqaR, xoria (I .I9) peme.
eTca B o6~eM BH.1te, 3TO • pa■nB.)l Ha 118.CTRqY O)tHOH Maces mL=md=rn. 
BBHJtY CHMMeTpHH 38.)tatlH Ylt06HO BBeCTII B8Jllt1UIHY Q, : El.= y E c + e; 

E J = y Ee - e, , nr.1ta (I .Ia) npm.rer BH.1t 

i Ea - e,2+ rn2 - _t m2. 
cos ly = 4 c. ·-···· · · · ?, c. ) 

~(t-E~- e,2+ m2)a-£~m2' 
OTKYJta JtU Q, 'no.nyttaeTCJI <SlrICBAJJ;paTHOI ypa1ueuxe • Ero pe1teHHe 

~,." -

(I.20) 

3.1ec1> 3HaEli ± nepe.tt H 110,l KOpueu 11ex.n;y COdOI) Be CBSI38.HH. 

r~4mxt Et,= Et ( '/) np111epuo H306pazea ... qe1n~ .5 ,JtJIJI CJIYtUlJI, 

Koria HUte'fCSI 
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. npw11e11//rnin. ota~c1re~1111. Bt.O'IBBa ·ym~; noay'lae'l'CJI 13 (I.20) 

· , 5 in Y m a.K :: rn ~ / ~ m E c . 
(I.2I) 

i .• ~. ~ .. 

·, ;!CD . Ymc;tx >1 Y :>rL;Jmin . ; _TO (I.20) uono 38.llXC8.T~ B BHJte 

E· =_!_E +{~i[lE2+m.2
~., mt -+fEi_m2)~1_stn

2
1.t'mil'll t 

l, i ' (, - ' 2 4 C ' 2S,n2 Y ~ ¼ ' Sine y J . -~. ~ . -. 

t~ ~l ~~ t-~
2
~ ~t:¥-(~~-:2-)~ 1-_ ~\~:~~;:Y} 

(I.22) 

3.1tec1, nepaoe emirae~o• •· 1_ (!ilryp&Hx c1to<Sicax ,1taeT ,otpe;JOK A E ' 
:eropoe - EM 

1 
, .,1rn. 'E M-2-. · •. qepea tr rnin. 6eJ10 np1 npeodpa30B8• 

, . . . . 

HHJIX Od03HatleHO TaKOe 1itat1ea1e .· Y . , np• 1toropo11 B'Yl)6:18HRt . . •' 

no.it BHyTpeHHHU KOpHeM odpantaetca BR)'JI:L 
_. .. 

Sin Ymin= 2Pc~m~ _: 4m2' 
E

2 -
c., - 4 m 2 \ 
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QTO MOZHO taxxe npeo6pa.30Bat• K BHiy 

# ..i_ pi_ p* 2 

Ymin= a1csin 1p\p *2=a'tccos ~ ~ *
2 
= 2o:ictg('?.p*/pc)2 

4 Pc+P ½pc+P ·· 
(Io24) 

Burmmeu ante (l>op:uyny, .1ta1>ntYJ> E i 

(I .25) 

CJ.tyttaff Ee >m~ /2m npnuepao nsodJ8:11teH Ha ttept.4 9 a ypaBHeHae 

ttpJIBoff ½1 = y ( E L ) npn 3TOM mueer BH,t (I. 20), r.tte no.tt pa,tHKanoM 

HyxHO H3 ,ttByx 3HaKO! dpe.Tla JDlft +. 

.. ·" 

tlHTD 1B npH npHdJIHY!SHHOM pa:aeIJCTB8 uacc BTOpHt1Bl:itX\';:!:t~¢.'.l'Wit - TOtlHee, 

IlpH 

(I .26) 

3TO B03MOileHO, Hanp;u1epi B peaKUHSJX, r.ne nonyttaltTCSl naps rr.t. H JT
0

, 

P H rt , HYKJJOH M runepoa, ,JtBa rHnepoaa. Tax KaK no.zt me• 

UO~HO TIOHHliaTL srM>eKTHBHY!) uaccy nepBHqHHX qacTHit, B03pa.CTanntyio 
,.,, 

C pOCTOM 3HeprmH na,Jtan~eff qacTHitR (cu. /I.~/), TO npH dOJiiMHX 

3Hepr~nx BepaBeHCTBO (I.26) B~TIOJIH88TCH .ttaze npH 3HaqHT8JloHOU 

or~~~'lj(M.. uacc BTOpMttHYX qacTHit. Hu~e....-Hanwcauase ~opicy-ns noJiyqanr

cn oouqamt pasnoxeHHeM (I.I8) B PHJl Tettnopa no cteneasM 

. c)::=(md-rn~)/Zm~. 
BB8Jt8M Od03HatteHHSl 

(5 = ( m~ + rn d) / 2 rn~ ~ 

1; 1
2

: (1- 8G")E~ + 4CTm~ > 

(I,,,27) 

(I.28) 

(I.29) 
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~ (tEc rncco:>'J' /~ 7;~ -EZ cr s, n20 Ii 

.___. e1uriaHu) 

lf3 (I e33) CJtt,-yer 9 tifO J)a3UUe I llaC:CAX rtepBK'lHHX tiaCtKrt B . 

. aep1011 (no ,S ) np11<J.tne&11ir Re npaa~_ur x ieuoll BKcore •rop.. 

do1. WJ!KttrX ½1 (Et. ) i Jll3 (I .34) fl O 'aiTO ' nep10~ np1d.ona1r . .· . 

(Ie37) 

' 

lf",r1tn He ueuaercs ~ wa· (I(').35);= ttto o~ "ropoo • rrpocro c,-11r-
1~ <,'. . 

ra1>rcs na O,llRO R ro l!ffl paccrosRn -Ee -~} 8 J 113 (I.:37),-

!·' 

- -·- --- ~- ~ ---

I I 

I . I 
I 

.J t· 
..: 
): 

''i 

.. . _"I) , '.r, 

; ;t'.!:!· 
,,,;i 
~ 

~· . 't • ~· 



'tTO FIHTepBaJT 9Heprritt, np1t' ·ItOTOPHX yrllH pa3J18T8. 38.ltJmtfeR.!II ueQy 
' ;,,, ~ ' ,. ; ~-

½} rn o.i H ½1 m In B I npH<Smtzemut no CJ)aBH8Hl!I> CO CJIJ10.eU paDHHX 
~· -- . -,, .. , 

. Mace He M8HS18TCS1e, 

B o6nteM c,ryqae ml t m J He Y)f.6,8TCst .itaTL )t0CTaT0'IH0 npocr~x 
pactteTHHX q,opuy,r ,ItJISI 36BHCHM0CTH 3Hepr1nr BT0l)H'IH0ff, 'laCTXItY OT 

yrm paaJteTa@0.1t1ta1to J.IOZUO Baff't'H npBCSJ!IZ8HHOe BHpulHH8 ,ltJlft TOI 

, npH KOTopon OCYIIICTIU8TCR 

MaKCHMaJII,HEitti yron pasneta. ue'll.}!.y tm.CTHit8.UH0 3BaHae ITOI B8JlH1lBHtl 

. ·no3B0JIHT .nerK0 0Ilp8,1t8JIHTL Y rnax e C 3T0I! Il8JU,ll I YCJ'ICBJ'ie JmKCH,._, 

Ha,11;0 no~CT8.BMTl» 3HatteHH8 C-05 4J 1!3. (I 016) It HCUlltlHT!J EJ :e · 

IIo.ny,UtTCJI Ky6~qec:a:oe 0TR0CHT8JILH0 Et. ypaBHe HHe,, KOTOpoe BBe,ne-

. HJieM 6e3pa3M81)HHX B8JIMtJHH 

c~,J ~ t~J/mc, Cc, 1~/rn~ , · p <,j ~ ml,d Jm~ 
'Iii rtO)tC'I'aHOBKOi ~=El - CL Ee npHBO,ltHfCS K B1110' (Ie38') 

. 
(I.40) 

. (I.4!) 



- !4 -

Ypa1HeHIUI )tJUI 'tlaCTWil J II 1 OTD'lallTCH T0Jlilt0 3Ha!t0).{ s H 

BMellT KOpHH ~ Tattze npoTHB0ll0JI0D0ro 3Ham. ~P• Ee 7'/ Y1JL1J,c 

n11eeT CUHCJI pa.3JI0DT!. pemeHHe (I. 39) no CteneHHM E ~ 1 
( Toqsee' 

me/ E c ). B3aB 

- -~ 
~~= Ec(c<\ + ~l,EC ), 

(I.42) 

no.nytraM )tJUI d.. i.. npH6JIHZ8BHOe ypa.BH8HH8 

3 
[ 3( . l 1 2 

o( L + 2 /-t LC, J + p J C d-i t C j c,( L + ( t-,t d - ~ L ) ( f, C '."" ~ L/J. d ) = 0 ) 

(I.43) 

K0PHH KOToporo onpe.n;eJU11>tca JIHBI~ ua.cc8JOI 11act1~, yqactBYJ)lltKX B 

peaK!(KH, H He 98.BJtCffT OT. BX 3HeprHm. TaK, Jtlst peattttwH ~.=:-=-A°+ :rr
. d../\ • 0,922; JtJVI peaKIUUt /\°--r p+Ji- (/4p = 0,8894 BHe 3aBHCHM0C'tH 

oT aua qeaatt E -=-
~ •~ EA • 

Onpe,ne JIHB d.. L t · MOZHO H8.ffTH p I, 
no 41opuy,xe 

. 2 . 
~- = (tJ.i.EJ -t-1-'-J CL)d.~ +(fj- f{i )(f.c- f-t~J,,_JJ rn2 

l. 3ri.~ + 1,5( P.it j + ~ j Cl)-0,5 ~C C 
(I.44) 

,.... 

Ko3~HUH8HT ~L T8.KJ:8 He 3aB~cwr OT E c H npaKTH'!8CKH (Ka.It 

3T0 noKa3anH pactteTtf .1tn11 uettoTophtx peaKrtmtt) uan, noaTouy (p()p:uyna 

El : (o< l + £ L ) E C 
(I .44) 

(cu. (I.38')) Y.ltOBJieTB0pHTea•no npe.n:cran~aer senqaay aaeprwH 

BTOpHttHott t1acmns no.it npe.tteJlaHmr yrno1• BC1>.1tY, r.n:e Ymo.>' cyuteCTBy .... 

8'1' • TaKHU ocSpasou, ,3H8PrHB • K0T0pYp nueeT ttS.CTHY,a, ,IJ;BHra11c1, no~ 

· 11pe~e.n1>H~ YtJiou1 np1u.1epuo npono12imoHaJI1>Ha.Sif no.,mott aaeprnH 

ne~Baqsoil 11acTMY..~~ 
B np1.noxeHMH 2 sra nponopJlHOHan~aocr~ npo.n;euoucrpmpoBaHa 

ua npmiiepe peaKI~H k----JT- + rr 0 
, r.rce (I.44) Blilno.nusreics 

C OOJU,moi-I TOttHOCT:blO H )tJISI \ 1 
1 mox , H )(JUi Lr' mi n • 

/ 

( 

\ 
I 

j 

( 



~ !5 -
... ··•. < :., •. '.,;,:J,;'v\.,.',e::;:"''.; ::.:- ..... ·. . 

liHTepecHo, tlTO Jl1UI Tex \laCTHUx xro.1 11:aaa-::·uioux: 1·.:!Qi,CIC~'. : -
• . . , . 1 .. .',-.~. _ .·• '.,!,',<":., .-~::,:_l·•>.··.~,./,<,:~•.:/'.:; ',t·"·.::_·<· .. ·' 

Teue Hat160.111,mwn, KOCHHYI yr.na BHJieTa>B ~.U.M; ogwtuo~•:nROUOPJlHO!ffl.=. 
J'I811 CK0p0CTM V=.pc./Ec nepBHtlHOft _ttaCTH!JH,•··.lr~ttCTBHT8Jll,HOp 

TIO)tCTaBMB· B npeo6pa30BaHHB RopeHtta 

[. = ..f±. E·* + Pc. p*w1 J"* 
L me L me 

3Ha\leHHe E ~ M3 (L,44) H c. l . M3 (I .38) .a,_rto.1ytt1111 · 

.· -* -* m d. E 
(0 5 l)° L ~ - C05 J t :: ' C * l . _C 

. P Pc 

§ 2. QBOA~ m_gyuy.11, .ga1>llJHX pp.cnpgeJ1en1e qacrHg no· ;yr.naM 
.. ·,,.·- . -

)!JUI 01,eHKH pacnpe,2te JieHHB 'll8.CTHit no yr211 I! J18.dope:ropHOI CWCc;;;, 
. ' . . 

TeMe OTCtteTa ,l'(OJttHa dHTJ, H3B8CTHB. RJIO'f~OCTI» yrJOBtrO pe.cnpe~eJleHIUI 

B CMCT8M8 ~tBHTpa HaCC f ( r: ) 
d n ( ( * 1 * J, *) -d-*-=r P·t.L lP.t. ~ cos. (, , . 

P-t . 
4 * O.6HtJH0 f q . .l L) .... 1morot1nen no µ L (11.1111 no E i , TAK DK 113_ 

npeo6pa30BaH~ff Jiopen,_na c.ne)lye'l' 11HH8ltH8.R CBR~I» P. L'. H El : 
:~f. 

r,Ite 

*; * _ * · -1 c· 2 ,i' Cl :: - E c E L Pc p = - _( f L v) - , . G-' 

b = rnc,/ Pc p*. ) (2.4) 
YrjKiHO0 pacnpe,neJieHHe B Jl8.6~paTopHolf cncre11e ROJIYtl!U'CR_ ., TOQICTSa 

dn _ dn dµt Id Et/- ~J:.(t-tr:)··.·•··•1tJEt/ · 
~ = d t.l~ d El d~ ~-;.,:})~-t;'.id~ '..- . 

(2.5)-

3,tteci no.it d. Moxao. noHH .. Tl. ,mdolf 1s yr101 \\. , JJ , ~, wn 
HX KOCHHYCH. IIoc.ne,ttHltt J.tHO:U'feJIJ» 1 (2.5) IIODO onpt,tlllT!t ria(fllrqecKK 

. '\ . . ,,· ' . 
,1 ' . . . 

taK yr.nosott 1tO3~IUteBT KPIIBYX_ EL -=- EL ( ci) , . pacc11etpe1i1,x B · 
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npe,n;iitJtYnteu naparpacpe. Ms .(~.5) cJie,I(yEn, trTO JiaHJ1_oJiee BeposrTHhle 

HannaBJI8HMSI ttaCTltg (B KOTOpblX n.JI()THOCTI, dn.l de( 6ecK~HeqHa) 

COBI1aJXa8T C npe,n;eJII,HblMH MJIH 1vrn:11nuaJ11>HbIMM yr JiaMM ( ecJIH amt cymeCTBy ... 

ror), TaK KaK B 3THX yrJiax dct./ d £ L = O. 

Bocnom,soBaBmmc1, (I.8), (I,5), (I,6), narmmeM aHaJIHTHttecKHe 

Bblpaxe mur ,11;iu1 d n / d °' • • 
3 

d n rn-i: PL r ( . b 
du =2p* 1-E m?+£·rn-EfjT a-r E1.), (2.6) 

I L C L L t. I. . 

3 3 

dn = me . . . P~fJ ___ , _____ rr(a+ bl::)·= 
d . ? * I ~ 2 2. .r2 (E p2 E· a) e.l · -1, • ) 

C.OSly 1-PcP ,m J EL P1. - rnl. EJ f.JJ -i: l d - J PL 9,c. (2e7 

_2 p" m C . pi. J . ,.,. . Q -
=---~-----·:::----~·- . . t{O.+cE~)- (2.8) 

a pc p · l Pi. E J c p J + p (, cosy )- p J E L ( Pi. + p 3 co 5 y I I ~ 

= rnc PL PJ . _ .f (Cl+ &t \. (2~9) 
') p* I ( P· p - ) I J t / , 
~Pc EJ-Ei+cosy p:-r-,tl . 

_Q_IJ. = m c: l t g 4' J / · J_ ( n + f:, E · ) 
ciY ?.PcP* Ej-El + !1-. .fl-. J l (2 IO) 

E-Ei-02 p2 p2/ tt 

l d ~c J I. . 

B BH,Jte (2.IO) ~OpMy.na npHBe,nena B ( 3)' OTKy,na B3SIT H MeTO,It pactteTa 

dnf ~.J.. • JtaJI1>Hettm1e npeo6JXi30BaHHSI y.n;aercn c,ne.nari, B cpop11yne 

(2,6), B0Cn0~!,30BaBWHC!, (I.8). ~OXHO TI0Ka3aTL, qro 
t ~ l 

-Ee rric + Et me EL =±Pc RL ) , II03TOMY 

3 
. dn me Pt L ( 0 ) . -d - = . * . Ra T a + o EL . (2 'II) 

~L 2.Pc P L - • 
() me * 

ECJIH Pi. eCT!, 0,ll;H03Hatma11 <PYH!tI.lHR u l (npH Ee.<. m~· E \ ), 

To (2.II) c no.itctaB.neHHlilMH B Hee Pt. B RL W3 (I.9), (I.IO) 

.itacr d n / d fli. K8.K if>YHKUHIJ 'r L ~ :Ec1m :ace mx.nouy l\ coor-

BeTCTBYJ>'? ,nBa Pi. . (npa Ee)~: E~ )_, ro c.ne,Jtyer cno:nTl> ,ttBa 3Ha-

ttenun dnidp-L , H cpop11y11a. np1an1.m.er DH.It 

~---,_ .. __ _ 

\ 



B cnyqae orcyTcTBtHl npe,ne;a,Horo yr na Harrnepoar11eltmee aanpaB.1_:tetnte 

MIOJB:HO Hattr11 V£3 ycJIOBHSI MaKcm.tY!f! nJioruocrH 11acT1tit dn/do< 

B qacTHOCTH, .zr.nn yrJia 

d
2
n/dtt dpt= o > 

den /d <i. 2 = o . 
J~ (2 .I3)e :•:3atmcaauoe B BH,tte 

t) ·nput:BO,YtH! K ypa.:eaeHHI> 

OTKy,na MOjjtHO onpe,zceJIMT:b [ /, H 38.Teut) ec.1111 OHO ,netiCTBHTeJIJ>HO 

COOTl38TCTByeT MaKCHMYMY i.if,. 1 J ,u. t (lB JI tteM npo11te B~ero y6e,nHT1,CJI 

\:. . HS rpaqnnta)' HaitTH p--. i, ""' H8.iido.me~ Bep0SITH0e Han:rnB.-enme. ITpH 

'.lt30Tp0IYH0M pac11pe,ne.nemnt B CaiteM., Taltne SHa'leHl.tI ~i. (Jt B000ute c( ) 

. COOTB8TCTBYIOT TOqKaM neper116a. KPHBOlf El C°C)' 8 

TtpaKTHtfeCKHll HHTepec npe.zr.craB!liltT )T,}Ifl 3KC~ep1tMeHTa Be IYJI0TH0CTl, 



= H3 = 

npe.item,r HHTerpwpoBaHHR B lf>YJIKitHH d. e. ITpolI(e m 6Ncrpee Bcero 3To 

C,lleJiaTI» rpaq,nqecKHs, H3 rpa<}>HKOB El :: EL (o{) mJJH ~·~=I-Lt (o<) J 

OTJIHqaJ)~HXCR JtHmi uacmra6oM no OCH EL e- B qacTROCTH, npH 

j * Jl30TponHOM pacnpe,1teJJeHHH · ( /J- L ) ~Os, 5 H3 (J.I) c.ne;tyer 0tl8Hlb 

y~odaoe ;tJtR rpa~Hqeczmx pacqeroB cooTHomenwe 

An·= o 5fj. 6.E· 
~ , L > (J.2) 

Toeo JSOJIHqecTBO qactHU B H8KOTOJ)OM WHTepimne YI"JIOB npoi;ropttHOHaJI!IIHQ 

Il:BH.I!8:nt8HHD 3Heprww ~8.CTH!J B 3TO:U HHTepB~Jl!.o Ta.K 9 qHCJIO ttaCTH~ J3 I'tH= 

repBaJie (Y, )LV;:) (cu.,qepTe5) paBHO pa3HOCTH 0Tp83KOB N1N2-2 M,M2, 

ecJIH C I C 2 npHHS'IT:b 3a e,n;HHHQY Macmradao .1!a H n~l'l HeH30TpOIJHOM 

pacnpe.1teneHWH9 eCJIH TOJlLKO HHTepBan yrnoB (3Hepntff) H8B8JIHK9 npH6Jm0 

xeHHO coxpaHnercs yRasaHHaH nponop~Hoaan~aocT~ · 
' . ' ' ' 

~ n = (j-f (a+ f=> E.cpea.) AEL . 
. (3o3) 

qT06H )taT~ aHanMTWll!CKOe BUpa~!HHe 'Ana t{HCJYa qacTW~ B Haw6onee 

B~POHTHHX HanpiBneHHHX9 BCITOUHHM, QTO 3TW HanpaB!8HHB COBTTS.'AaDT 

C MaKCJtfMyi.rru.m M MHHWMyMaMM KPHBOJf E i. = E °L ( d) p H YG:T8Mg 

tlT0 dnm3 3THX Toqex KpnBas tt annp0Kcm1mpyerca napa6onoff 

~ r-11 . 2. 
~o(::;. To( . (b.EL) . 

(Je4) 

8,1tec1, mTpHX H THJIL,lta 03H8.ll8.IOT )tHtpq>epeHrtHPOBS.HMe · no [ L B TOtiEeJ 

rA ;c,· o( ?,"< tr: • OtCJ),Jta Clt,1tyeT 
. '2..I . . I . ,-.---~ 

Li EL = 2 ·"
2 

( :i'') ~2 ~ lo( - c,/, ext,J 

Illi!ueHeHRe (J.5) x _(3.3) Jt ,rcaei .•c1<0Myn o~e1uey -cmcJ'la tracTH~ 

no.re npe;teJILHHM yrnou. Mu DBe,!teM aosyr,' B!JIHtn,:ay d n/ {fdd l -

(Jo5) 

JC03qxpHIUieHT; Ha Kotopbm Ha.Ito yusomt'J.'t. ~\cl - o< ext'l. l.. , ttrocsu 

-ncnyqwr~ qicno qaerHq B narepBaJte Of ~· ~o ~ext~ .• Tor.its. X3 

(3o5) 



( 

c::, !9 = 

HanoMHHu, tlTO noJt o1... uono nonsruaTi& J11>t1on H3 yrnoB · JL l J-11 lf' 
HJffl HX KOCtmyc . (HJIH mot:syn <PYHKnHn. ·o)(Horo 113 3THX yr JIOB ), 8. npt.Ba.SI 

ttacTt- (306), ('.306~) 6eperca npn o<=o<ext,z. 

4>0puy.na (306) llpll6JmSeHHMp. H ,taeT JIHIIii OtteHKJ 'IHCJfa ttaCTHit 

B HaHdonee BepOSITHHX Hanpa~J18HMIIX0 B npHJIOXeHmr 5 npne)(ellO cono= 

CTaBJteune n:mpp2> ~aBae,.mx ('06) c mt~palfflt nonyt1enuau11 ms TQ'IHLIX 

~PMYJI0 H3 COllOCTtlBJI8HPISi BH~Ho, ttTO IHTtpB8JI yr.nos, B KOTOPOM npH= . \ 

ClJIHlt6HHHe <I>opu:ynu J;tBl!OT npt'IeMJieMyio )tJUI npaK't'KltH TO'IHOCTL, nopon ,1'(0= 

BOJU',HO B!lffiEa K COX8.J!€HiWliD 9 OJ.tl8B!ta T01U!OCTW ttO (306 9 ) !8Ci:Ma rp0M03)t~ 
,,._II/. -,, 

tta H3=3a cnoxuoro Bm~a o< n ~ 

Ae Yro~ BHneTae....,,,TOttijaR mgpuz~• KOJIHQeCTBO ~actKit B HBT8p-

Ba.Jt8 OT ~~ ~o p-t nuqneJ1aerca no (2eII) nu (2.12) •n;erpng 
J'OBS.Ht!eu or 11 ~ -1\0 pt . " · IIpoute no.1,s_OMTJaca Bee ze i!K)puy11on 

(3eI) 9 ®CJU! 8CT!» rO'l'OBHI! rprupsut 38.BHCmJOCTll 3Hepr,rz Ej_ (HD p.;f ) 

OT P.:- 9 ciuure.sr 3U. ... ~••' Et . (HD ,-.,.t ) C rpatI>wxa I aHTerp1py1 

· tU!C1l8HHOs Ha.KO_H8ll t tc'~jj•cnje,1ttJl8HH8 I Cellell0 830'tponB0 H 8CJIPI 

3Heprm, nepB1ttaort -.d.ttit,::_ Ee', mcTOJIJttto. ae•11u, tiTO c,-e.craytT · 

npe)leJn,~wn yron BHJ!t!a', • !.() KOJIH'l8CTBO '18.CTlll I RHTepna.ne 0'1' I.!~ 

JtO fi. ma.xonpe_ttlUl'fCI no (30!) (cll~'18PTe3) JlJD!HOff AB·== 6Ei. ,, 
• . (1) (2) 

t~e. pa3aoc_TW> JtBYX Kopaen Ei. m EL ■3 (I.Bi). Iloayt1setca 



'· c:;, 20 '-' 

'!'.:>2} _ .rnc :r ,: A.i.. 6n - -·•·e<"'•·-sv-~~--
µL,P.i.ma.x - p*(E~ -P/ JJ,f) (3o7) 

ITJm<SJDtl{IHl!l tgppme IYyct& l3 (3.6) c1,. = i-,t t o Tor .Ita: 

( a i- b is:1. ) ot ~ G<. max = - ( E c p */ t (pc ) = - f3: / v) 

~"= me Et/Pc p/ > 

~ Ill 2 ~ 5 
P· ~-GrnLEc/PcPi. > 

(308) 

(3o9) 

(3oI0) 
JI03TOUY · -·-- ~~-, 

on _ 2 ?.mi. 2 2 *e 2 3/~ * I ~ 3 · 

{~~;J- p*n,·cE7a Pc ·(Ecml -Ei. me) ·f(-~i./v) (3oII) 
c norpemuoctJ.JJ He CSonee izeu 

I. 1 ( 2 2 * 2 . 2 ) 1h ' . !I . 

..,. rn r" E c E c m l - E l m c . J. (·- p/r:j ) · l - . I '?. 
l ;« 43 T 11, V, µl µLma.x , 

rn,. p Ei. (3oII~) 

· 3aueTH~,, tJTO npu Ee- oo ) dn/-JiJ~L( T8.Klte ··· :;..,- oo KaK f: c , 

1 
· a onmdm pacreT KaK E i : 

I . C . 
3 . !/ t: 

dn 2. ✓ 2m1.mc <(·· _;.x . t1m·tti f· * l ''2 
\w~ll - p*rt2 r -~i )Ee+ rnfp*t(i c-~p,,) LlJJ-tl . 

(3aI2) 

BoYroJI pa.3Jtetao Totmas tiI?ML~o CHOBa ,ltJUt rto~cq~fa q11c.na 

lta.CTHit B He1toropou MHtepBaJte yrJIOB y,nodHO HCIIOJl~30Bat'I> rpacp1IK 

Ei_(WS¼J') (ecn raKOff Hldetca) ~ tf,opuyJiyr (3aI)e Ho ecJIH l"nL:;;;.h"'Jtztni 

To yiaerc~ npwBecTm w auaJJwmqecKwe !HpazeBHae Rs qepta5 cne.n;yer~ 

qro, ec.mt ly : '+'1 ' to (1 7 brc:t ~ f:, 8N1 G lip»r OOJ(CTaHOBRe B (3eI) 

pe3yJ11imi'. cJJtJlYI! 1.1101:1, 11uuy · -q1rHocr1t cpynxrtD y(tt. -½ £ c) 

~ tlf.lCTHOCTH, ,JtU IIKCJla . '4AC~I~ a ■llrtpB8.Jl8 OT ~y .D;O tr,'rinl@..'(__ o 

ecmr ! ;/ • ·" _:"1 ,{ 

. B llI'l'epMJle OT 

·cCllotiept.4) 

. . 

cyniecTByet)II Y< lt'm, r , a l'SKW )(.118 "tlYl.lt:Jla t16.C'f'1I.l 
' . . 

y ao ½-'rrun ' eca 'lm,;JA . He cytr(eC?Byer 

0 

r 
~- BN, 

6n='2_ f(~)d~} (3oI.'.3) 
0 <..,_ 



• i' 

' · .. ·: ,' ' .:, .. ::, ,.:: . ' 

r'At BN, 0 P6JtHitaJI B (I 020) co 3Haxou + i:tPH ':auytpenaeu ttopae. 

l!JXSI Y m a.x · l lp >/ Y mi rn · 
\ 

j 
~(A[+EM 1) 

An::.: 2. }(~)d~ > 

, &(At-£M,) 

rie AE 
\\ 

H EM 1 • Pfl,l'tHKaJILI B (I .22) e 

B ttaCTlIOCTH, npH M30TponHOM pacnpe.le.1811111 B c.n.11. lJIC,XO' 

tlaCTPiit Mex.n;y ,naHHW vi YaKCKUB.JIDHWl yr JIOJI. , ICJIJI .½' < y min • 

po. 'b \\0 

3ra. xe q,opuy.na npm M:aJib!x 3HeprMax ( Ee.( m~ / i m 

cynteCTByeT ;mm;, 1i r,n/n , ,ll8.9T qJICJIO '18.CTHit Mez.n;y lti. It ¼'i,nin 

· Ee.nm xe 1,1 < y 4• • [' · · ' . · Trnifl , ,, ·r ,ntU( 9 TO 

G 

. , me. ✓[ 2 2) 2 ,· a 2][ 2. · e . · . 2~ , b..n1.o:1 . Lv = 1, ·~ _ i, (rnc -Brn Ee +½mc:.m Ec-ZCmc."." 2m•.) 
lmir.,vrn(U( -i?..,:; p "' . . . 

0 (3.I7) 
~El np1i'lr/·,:z.:e.mm 6 .1v1r: p~tt.,K~~, 6 · ~.: ?., 1f , 1 npe.n;no,roxeH1111 H30tpon1111 

no (3.I5)-(30I6) pac¢ttt1'!At(a·:.,;,~1'ij·~•uoct1» 0'? lV, , IQICJ18, v.crnit 

B npoue,eyTKe or Y ·. · JO,. , YiriO:) • 
TlpHCS.nmreHHUe ogeHKHe rro.nonu B (3.6) o< = co~ y • Tor,Jta 

(cu. /I.45/) npH6HHZ8HHO 



o. + bft-= bc<iEc) 

~ 

) 

= 22 -

( d CCOSY) ~cos~ [m~ +(:_z-__~ P1, Pa cos~ -Lt q.~)t9~~1 
\gf~ pap2 

i.. '- d 
fl 

OTCIO,Ita CJie,v:yeT 

(th _ · 2 &Jr r\ P,.j f c &c ~ £ c ) 

{idalsy( '1co5ty[rn~ r(E~- 6 P,~ c,;sy-4i~)t~'\T l 

HJIH elite m1at1e 

__ ..Q..~- 2 ~✓ ?. pi, Pj $I h ~'. f ( f!Jo<LE C) 

{idtyf- . - ~ P:- .· z. -p- m? £1, EJ~ ~ 
( J~L t- ½3 J + 2 P;'/3/05 y- i'. 

(3oI8) 

(3oI9) 

(3<,20) 

(3.2I) 
Bee BeJUtttMHH B npa.Bolt llaCTH <>epyrcsr nps y :::: lrext7 • B np1uroxemrn: 4 

,11;aH TT0CTp08HHHn no (3o2I) rpa~IC 3aBHCDI0CTH ~ ?.f -~ E ) 
_ · .. !d~I ( o<1. c 

OT [ c B T0'tlKax MaKCHJ.tyJ.ta y 0 li3 rro.n;odm,1x rpacpMKOB, 3Hasr BH,11; 

cpyHK}lHH f H 38.,»:aBaSICL HHTepBaJIOM d ly ' }.!ODO JierKO onpe.n;eJif!T.!, 

nporteHT ttaCTHI.t, H.ltYlllHX TIO.it npe.1teJILHHU yrJIOUe 

Ec11H Ee >>mL 
1 
mJ , me (3Hepr1rn pacn8,JlannteitcSf ttacTHrtu 

B8JIH:rta.), TO (3.20) MOSHO npnBeCTH K 60.nee npcCTOMY BH.ItY, pa.3JIODB 
-( 

nepeMeHHil8 B8J!H'UU!H B TIJ)3.BOft ttaCTJI no cteneuau E c • O603HattH1' 

(m.r.(I.38)) P .. :c +o(·=(E*/m '+<:( 
Kl l (, t Cl L J 

·-/;r. 

f<J ~E.j+olJ =(EJ/mc)-ol.l > (3o22) 
ll0CJie npeo6pa30BaHHit nOJIYtlliM 
,' 2 2 · 

. ( dn ) -+- 2.mcfi~t, ~J_fcic:'c~c~ - ., ____ "_, ___ C ---- - _, 

E c✓I~ ¼I= ltlext'{ P * ~fc~ &;~~~(1-6k~1-d)[m~ f<Lf<J'-(~-~ f<~-~--rn~~~~)J, 
Ee~ 00 d . (3~23) 

- - -~-- ---- --------· ---- -- -
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lls · (3e20) MJIM (3.I3) !40UO noq,,HTI, JtJUI CJIY'l8JI __ rrlt=: rnd :r}1 :, 

H npH6Jm~eHHiite ~OPMYJIR 

(3o24) 

'(3.25) 

OTKy,na, Mex,zy npotmM, CJie,1tyer, tlTO npH Ec~oo dn/~ldcos~r 
pacreT Ka.K Ee , npHt1eu 'IHCJIO 'laCTHI.t B (Ym,n > lt'mo.x) 

CTpe?JHTCSI K rIOCTOsmnon B8JIHqffH8 .~ 1-(em/p*)2' • ' 

Pacq~T craTHCTlUtH peaKUHH, B R0TOpott perxc~papynTCR ode .. 

BTOPHtlHLie qacTMI.tl:il H yroJI ue~,ny HHMH, pe1toueH,1tyeTCR npOBO)tHTI> c,re,ny10 ... 

lltln,{ .. o6pa30:M e 

BTopHttHoii qacTKUlll, coorBeTCTBYJ>ntYIO HaMdoJiee BepoSITHOMY yriry pa.snera, 

sateM ITO. (I e5), (I .. 6) · yroJI pa3.neTa H rIOJIOJIC8HHe cqerqHKOB, ·H,· HaKOHeu, 

no (3.20) d n/'1Td cos lt' / • B<1JIH3H HaHBepostHettmero yr.na. 3areu, 

. sa,1taBmHc1, d cos ~' , ouenH~r d n • 

C.newyeT OTM8TMTL, 'ITO lJ + l)" -1- t,1 ,..., Lma.x . · Jma.x r Tr-na.x 

T .e ii' Tip:tt! T8,ROM pacn0JIOX8~~- Cll8TttHROB, ROr,lta RO.nH'l8CTBO perHCTpHpye-

1' ';:~( HcU) i:actHU 1.!aKOHMaJIE,HO t tJHCJIO qacTH~, npoX0.ltRltHX q9pe3 KaQLtti 
. . 

:V!3 cqel'ttlUtOB, B0BCe Ht ll8KCmm.Jlho. H Haodopor, ecmt O)tHH H3 ctteT-
, . . ' 

tJHEOB nocTaBHTi, TIO.It npe,JteJtltHHM yr.11011, qToCSH B Hero nona,Jta.no KaK 1.!0X..., 
. . 

RO 60JI~me' traCTHit J , TO Jtpyrol1 ctteTttHK, ffOCT8.BJr8HHSl! no.it yrJIOM 

Vi . , onpe,1.te11eaam.t · no (I .I4), ,1tac1: · Hedon1,moe 'IHCJfO · orc'leToB. 3ro 
a 

061,"srcH.fleTcst re1.r, ttTO (df.L 1 /dui.) . = oo • I!p1 onpe.zte.neHHH 
a r' f!L ma.x 
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aau6o.nee Buro,1tHoro pacnonoxen:vur clieTtJHKOB cne.ityer sTo 06c10JITeJI:ocTBo 

·HM8Tl> B BH.ltYo 

4o 3 a K JI ID tJ e HM e 

. B OTtJeTe .n;aHa CBO,l,;°Ka lt3BeCl'HUX (pOpttyJI H rpaqJHtJeCKHX MeTO)tOB, 

. onnc1:itBa1n1tHX KHHeua.Tmey pa.cna.n;a na .n;ie- qac:nrq1:t B .na6oparopHon _cncTeMe o 

B1me.neH1:it ipopuyns~ ,1teTaJI1>Ho x~pa.Krep:0:3y10nt11e pacna.zt na ,1tBe ttacnn.thI 

paBHOff r.ra.CCUp H np1t61m:xeUHble qfopMyJlhI )J;JUI 3KCTpeuaJU,HHX yrJIOB npH 

pacna.n;e Ha qacTHI.lU HepaBHon MaCCUo ]taH rpacpH'tleCKHtt M8TO)t 0~8HK11 

· ltOJIHtJ8CTBa ttaCTHil B. ,ItaIIHOM HHTepBaJie yrJIOB H · 3Heprnno ITpe,nJiaraeTCSI 

. np11611:mite1rnaa cpopuyJia .n;mr oneHKH tJvrc.na ttacTHI.l~ Hanrairnenm:rx rro.n; 
I 

yr Jia:mt Sl 6Jnt3ItHMH It HaHdOJiee BepOSI'!HI,IM O CJie;r,YeT no,nqepKHYl'l> 5l tJTO 

, · rre,q>HtJec,~1dt JJeTO)t. -~ non:&soBa·mrn. KoatW,11u;HeHrou dh/ ✓ dct. 
,D;0.7IXHH cynteCTBeHHO 06iiertJHT1>.npHKH)tOtJHLte pactteTH,· H8H368XHL18 

I • 

Ha nepBoff cTa.n;Htt·no.1troto:en s:rtcneprruenTao 3auetijMs; ttTo (Io44) 
·. - . .. . . . 

uoxeT 6JlTl, HCilO.n:L30BaHO ,IJ;JI.H KOCBeHHbtX H3Mepemd1 \3Hep.rmr nepBMttHOti 

qacTlUlLio ]T.eiiCTBMTeJUiHO npM pacnoJIOXemur CtfeTlJlHtOB 5) ,ItalOIJleU HaHC'.>OJibmee 
" ~ r " • • . ,_ 

.'CJM CJIO riapHHX OTCtteToB· BTOJ;>litlltl»X traCTP![(9 anepnut dom,mvtHCTBa BTOpk!tt= 
- . ,. ' '., ' . 

HbIX tJaCTHr( ·nponOp[(HOHaJILHa 3HeprMM nepBHtrHUXs, C ~3BeCTHbIM K03cpq)M= . 

. r(HeHTOH nponopnMona.nr,nootH' ( CM on·~. ,ar,ouy· rioBo,u;y ra:rtxe 4 ) 0 

IlHt,eparypa 

Ic P038HTaJI~ HoJio', Y<l?H, 2f.s, Bo3s, 405 (!954)~ 
.•·· 

·20 Blaton Jo~ Det Kglo Vidensko Selskab·o Mato ~ Fyso Meddoil 
.· . 

ll11 n 20 "(1950) o 

Jo Sternheimer RoMos, Physo Revo 51 9Js, 642 (1954-)o 

4o Sterriheimer RoMo ll Physo Re_vo r 2.§si .. 205 (1955) o i, 

* * * '-:--·-~-

9 
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