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B CBfl3H c paapa60TKOtt HOB!lX MeTO,UOB ycxopeHIDI 3aproiteHHHX 

tJ:aCTHU H npo6~eMO~ reHepau;l!lll'. CHJD,Hl:DC llpO,UOJil>HHX IIOJiett B IIJia~­

Me B no~e,n11ee BpeMJI B03poc RHTepec K pa3.1ll'I'IHilM acneKTaM B3a.H­

Mo.ne!cTBWI Dy~OB 3apimemmx llaCTHD; c BOJIHaMH, B03HRKa!OntRMK 

npz npoxoir,nemm IIJ"IKOB tJ:epe3 wra3?ey". Bonpoc o B03Hm<HOBemm 

HeJIHHeHHHX BOJIH Il:pH 'AHHlltemnI MeKTPOHHOro nyq.Ka tiepe3 IIJia3MY 

paccMa.TpHBBJlca B ~e pa6oT. B pa6oTax [I-2) 61rno IIJ?OBe.neHo 

a.HaJil'IT.HtJ:eCROe paCCMOTpetme npo6~eMl:i B CJIY'lae CTa.J.U[OHapHoro coc­

TOilHHR CHCT0MH. AHaJm3 KOHetmoro CTa.IUJOHapHoro COCTGRIDl:R CMC ­

TeMH BOJIHa-nytIOK RBJIII0Trui Hruir6o~ee fIPOCTHM CTIOCOOOM D'.'RCHeHIDJ 

B03MO.lltHOCT.H reHepa.J.U[H nOJieil 60Jibllll'IX aMIIJmTY.U H BWICHemre ux 

CBOttCTB H ROH@Iry~. B y:Ka3a.HHHX pa6oTax [I-2] 6wto pac ... :10-

TpeHO B3a.RMO,UeHCTBRe MOHOSHepreT.HtJ:eCRoro nytJ:Ka c XO~O.IJ;HOH IIJia3-

MOH. HeJil'!HeliHocTh B036yir,naeMblx B CHCTeMe rapMOH}l:tidCKHX ~o~e6a­

mm IIOJial'aJiaCl> 06yC~OBJieHHOM HeJIRHefbrnr.! xapaKTepoM B3aKMO,UeH­

CTBK!l BOJIHH c s~eRTpoHaMH nytI.Ka, ITJIOTHOCTh Jlt0 IJJ18.3Mli IlOJia:M­

Jiac:& Jll'!Heibloll <l>YH~ett IIOTe:m:um,na. B npe,D;IIOJIO.!teimH Ma.JIOCTH OT­

HOWeHWi IllIOTHOCTH saPffJJ:a ~ K ITJIOTHOCTJ! rura3Mli pa·:.v1"d'!'.f.M.Il8. 

') 
·~ 



~OCL BJllIJllil!:e 3axBaTa 3JieKTpoHOB Dy'IKB. B03lilmllle~ BOJIHott Ha He­

mmefuloe ;nHcnepc110HHoe cooTHomel:ille. 

39,na'ia 0 HeJDIHett:imx CTa.UHOHapHHX rap:MOim'!:eCKHX KOJie6ammx 

B ClilCTeMe Me~TPOHHhlil: nyqoK-lllla3M9. paccMaTJ>HBaJI.aC~ Il03,nHee B 

pa6oTax[3-4],r.ne 6bIJIK CH.liTH orpaHJlqe.mtf.t Ha OTHOWeHJIIe IIJIOTHOCTett 

sapg,n;oB ny'IKB. :e: IIJiasw, a Taroite J"!TeHa · [ 4] He.Jtime:ltaocT:b .IJ;BDe· 

lmH SJieKTPOHOB IIJ!a3MH. 

I. B HacTomnen pa6oTe w npec:Jie,rzyeM u;e.lll>E:ccJie.noBaTl. cm­

IJ;l!OHapwe ye~HeHHHe BOJllll:i, B03JraRalOllll!!e np:e: rrpO:X:OlK,IJ;emm MOHO­

aHepreTHqecxoro MeKTPOHHOl'O nyima qe~e3 IIJJa3MY c llOKO.mIU!MHCH 

ROHaMR H YCJIOBli!ll o6pa30BaHID'I TSXRX BOJIH. (J3o3MOlKHOCT:b o6pa30-
' BaHrul ye~HeHHHX BOJIH B CRCTeMe MeKTPOHmitt ny'q:OK - llll8.3Ma no-

Ka.3aHa B c."yqae Kor;n,a ny'!:OK o:tmcHBa.eTca onpe.neJieHHott (JiopeimoB­

cKol!) ®'muntel! .pacrrpe,neJiemm B pa6oTe [5] .) MH 6y;neM noJiaraT1. 

'!:TO "Ila.CT]) MeKTPOHOB IIJI.a3MH 3a:x:BaTHBaeTCH B IlOTeHIJ;mlJil>HYD HMY 
B03ID!Ka!llllel! BOJlHH. IlyCTL MeKTPOHHhlii nyqoK .IJ;BKll!0TC.fi B,Il;OJI:b 

OCR l 1! ero ,nBKJ!temi:-:? o,nRoMepHO. Hc:x:o,nHa.J1 ca.Mocor.nacoBaHHB.H 

CJ!CTeMa ypaimemtii: .IJ;Bml9Hl'ISI E HenpepYBHOCTH .n;M aJieKTpoHOB nyq­

.Ka. IQ!HeTH'!:eCKoro ypa.BHeHllJJi WLfl M01tTPOHOB IJ.Jla.3MH B yprumeHHJ'I 

IIyaccoHa I1MeeT Bii.It: 

ciU~ + u ci Ut ::. ~ 
ot !\ 01. m 

all> 
"CH. 

anti a ( - + - ll.e, Ut) = 0 at at. 
8 f C3.:f e a 4l -a J 
~ +lJ a1. + -rTI ai ~ LJ = 0 ) 

3alj.l 
~H.a ::. Lrne (ni +Ile - rlo) 

4 

(I) 

(2) 

(3) 

( 4) 

3,nec:& n f, R U f, - IIJlOTHOCTI:i H CKOpoCT:b aJieKTPOHOB ny'llVl, 

rLe. =:. J f d u lil u- - IIJIOTHOCT:b lil cxopocu MeKTPOHOB IIJia.3MH. 

J - <iJyHRil;IDI pacnpe,neJieIDUI, ljl - IlOTeHIUia.JI, rlo - WIOTHOCT:& Il0-

It0m11KXCH HOHOB. 

B CTaIJ;l!OHapHOM ~e. Kor.na Bee BeJlll"tJlilHH 3aBKCHT OT 

z = l - y <P t: • r.ne \j ¢ - qasoBaH CKOpOCTI:i ,nBWKeHl!ii BOJIHH' 

CJiICTeMa (I)-(4) npmmmeT BH,ll; : 

d__ {m(Ue,-V¢)a_e101=o 
dz 2. :r J ' (II) 

d; n.dUe,- Vq,) = 0 , (21) 

( u - v <P ) 'df + ~ 8 .'.! ~ - 0 
d~ m ot: "dlr - ) (31) 

d 2.lp 
clia =4ne( n.~+ILe -rLo )· ci> 

Ilycn npx lf = O c1t0pocu a.neKTPOHOB nyqxa LL e, = u ~ , a 
.. 0 

IIJIOTHOCT:b rl e, =- rL ~ 
0 

• Ms ypaBHeli:d (II) K (2I) TOr;n,a KMe-

eM 

n.l'..(u~-Vcp) = r1.go(U~ 0 - Vcp ); 

2. 
m\U12 -V<P) 

2. 
-e.Lf = 

n. e, 0 ~ rl.~ = 2elf 

J1 + m(Ut-0--Vq,) ~2 

rn(U to -V¢)2.. 
2- } 

' J 2 elf U12=V<j>+(U~o-Vq,) 1+ m( Ut,,-Vq,)"" 

i; 

(5) 

(6 ) 

(?) 

(8) 



06~ee pemelll'le KlllieTi.rqecKoro ·y:pa.BHeHW! (3} eCTD npoK3BOJI:h­

HaJI qiyHKIJ;l'I.ll: OT rroJIHo~ aHeprmi: '!B.CTl'Iu; IIJ.ta3M!i cp : 

f (Gp ) = ~ ( rn ( li : \/ ¢ ) <- - e Lji ) . 
\ 

Mli 6y'AeM IIICliB.Tn pemeHHl! B BJII,ll;e ye,rou1eHHo~ BOJlH!l: 

y = {JI = 0 IIpPI l - :t: 00' 

(9) 

'!i = y rn a. X IIpH ~ == Q ) 

'::f ?- 0 , 
IIOJiaI'M, "iTO Ha :!: = JilMeeT MeCTO ycJiomi:e Heil:Tpa.lll>HOCTH 38.pi!-

,na.: 

n.e,.
0

. + rl.e.o - n_o := 0 · (IO) 

Tor.na. rroTeH~aJI aHeprIII.R: U = - e LY J1IMeeT mI.D: rroTeHIJ;JII­

a..11>HOii m'1li c Umcn = - elj'mQx •. Unia.x = 0 (CM.pHc.I) Ji1 "l:B.C'n!IJI:{ 

c t p < 0 6Y"JIYT aanaii:eHH B aTY HMY. IlpH a~a6aT!t!'reCKOM sax-

BaTe aJieKTPOHOB B IIOTeHIJ)iaJil,HYl!J fill:/ yKasaHHoro nma ~ 
pacnpe'AeJieHHii aaxBaii:eHW:IX ii:acTHIJ; EMeeT npocTOK BH;D; [6] 

f,a./ J (E.,p :: Q) I 

(II) 

IIpH yCJIOBRR, '!:TO noJie•MaJIO MeHJieTCH sa BpeMff nepKO'Aa fllwmTHOrO 

,n;BIDKeHR.R: 3aXB8."l:eHHliX '!a.CTKU. YKaaamme ycJioBKe HMeeT mI.D:: 

y; '/2. V rip < < J... ( e Tm J VT > ( 12) 

r.ne V
1 
= ~ - TeIIJioBaJI citopocTD '!a.CTRU IIJJa3MH, T - TeMllepa-

TYPS- IIJia.3Mli, d_ - ii:KCJIO l"V l , lp m = lf rn "- x • 

B Kaii:ecTBe qJy'Hltu;KR pacnpene.JieHJ/IJi npOJieTHHX "ll3.CTE:U c t.P > O 

Mil Bl:l6KpaeM MaKCBeJIJI-60Jib!J1&Ui0BCKYJO cpymm;m> 

6 

'/ a 
rl.eo rn e L (cp) "' .· (2. rr Te)'/2 

'2 
m ( L! - Vq,) e lj . 

+-
2.T . T 

(13) 

Ha yCJiomm 3aXB8.Ta . tJaCTRu; c P < D orrpeneJIHeTca: o6Jiacn H3Me­

HeHWI cxopocTei Lr 't!B.CTl!u; IIJia3Mlil, aa.Jrnaii:emmx B rroTeim:waJll>HY~ 

HMY! 

(I4) · \j - J 2eL? I< U < v,t, + ~ ) 
~ m 1 rn 

a yCJIOBRe Cp > 0 03HatJaeT, 'ITO He 38.XBa"l:eHli tJaCTlIIJ;bl, ~IIIReCH 

co cxopocTm.m 

v- < \j~ - ~ 2-!~· K IJ > v ¢ + J 2 ~1.5\ I • (15) 

CYMMl!PY.R: 't!HCJIO ::i.JieK'rpoHOB c C.P > 0 III E.p < 0 > KMeeM ·.MJI 11.e : 

\/<1>-J2,;,~ 'i-4>+j2.e1J,' 

ne= JfHdu- + jfHdv + J f~dlJ 
Vq,+~e~.9i \J'?-~2..~s,' 

HHTerpKpoBB.HHe .na.eT [ 6-? 1 : 
elf 

ne== neo{e-=rt1-¢(W)j+2ffi'} 

~ u <. 

<P\~)==et.f(\)=L~e_- du. 
60 

(16) 

(l?) 

Ilo'ACTa.BJISiJI ( 7) R ( 17) B ( 41 ) R rrepexo.wi K 6e3pa3MepHb!M Be­

Jlli'IJIIHaM, IIOJIY'llllll CJie'}IyKI11ee ypa.BHeHRe n.llfI noTeHu;z:a.na lf' 

~:~ = rL eo { e ':Y [ 1 - ¢ ( J\f)] + 2 ~ j + J 
1 
+~t~ / Y ( 1 · ( 18) 

? 



3,n;ec:r, IIJlOTHOCTH R3Mep.R10Tc.a: :a e;n:mmupx :e:oHRoli pa.B"IuBecHo~ IlJIOT-

Hocrn fl o , c:iwpocrn - B e,n;wmupx M6KTIJOHHhlX TeilJIOBHX CKO-
u y _ 1-f' -::z_ I ,, t T 

pocTeli T - V ~ , L. - Qe • '-'-e = y ~JT 11.
0
ee - Pa.nRYC' 

Jl.e68.f!. IloTeHUZBJI '::9 H3MepR:eTc.a: B e;n::iunmax T / e , a 6espas-

MepHoe MeK'l'pK<IecKoe IIOJie E = E / J f.J Jr rt. 0 T
0

=("'~'"~Yr,n;e cJP -
2 ( c. e 

- nJiasMeHHM -qacTOTa ; V ~ = Lt f:. 
0 

- V 4' ) · • 

0,n;Ho:r<paTHOe IDJT6I'pRIJOBairae ( 18) I!pH yCJIOBHRX (9) .n;aeT: 

12. {~ l? 2. 2':1' T = 11. ~ 0 Y '6 t + ~ - 1 } - lf + rL ~ o f ( lJ) , 
v~ . 

(I9) 

r;n:e F ( Y') = elf [ 1 - ¢ ( '1lJ] - 1 + 2. {f + ;\G ~ *-. (I9I) 

flo.ne E onpe,n;eJIReTc.a: Bh!PruiteHli:eM 
(20) 

IEl=flf2' 
IIp:e: i:f = 0, BCJie;n:cTB:e:e yCJIOBmI Helh'pa.i:r:r,Hocrn (IO), MH RMe-

eM ':?
11 = 0, T.e. up:e: l. ~ :!: = LJ= 'f'= 1/= o. 

YCJioB:e:e ~·= 0 upHBe;n:eT K ypaBHeHmo .IT.Jlfl orrpe;n:e.neHmI MaKc:e:-
2. 2 

N'.a.JIJ,HOro 3Ha'I6mlll l:f m = ':f mo.x ( V f, ) lIJIR V {, Kalt @'HKIJ;RR> OT 

Y"' : 
V'2.- [neo F(lfm)- \J n, ] 2. 

b - 2neo n~" [F\lRm)- Lf,,,] 
(2I) 

C JCJIOBR6M 

lf,.,,<F(lf,,,)-::: 
\.\lm (22) 
n. e o 

2. 
Y c.i10BHe ( 22) ycTamBJIHBaeT orpa.IDr<I€HID! Ha BeJili'Ilffili lj) rn :e: V f, 

B 3aB2'.CHMOCTPI OT BHemHKX napa.MeTpOB rl ec .z n~o • Ha IJRC.2 !!pHBe-

neHH :Kplmli6 !lJY'HIUl;IDr F ( ~m) H ~ =- lf m /neo .n;Jlfl H6KOTOpl:lX SHB.-

8 

tzemd: ne 0. YCJIOBRe F ( lf m) ~ l.f'..,, 'n orpa.IDr•nrnaeT ,IJ;OIIYCTHMl:le , eo 

3Ha'IeIDUI lf rn • MaKCHMa.JThHO ;n:onycTHMoe 3Ha't!eime lf"l oupe-

neJIJieTc.a: TO'IKOH rrepece'!eHJ.m KpnBux F(lf,,,) H ~ = lfm /ne
0

• Hs 

pl!!Cymta Bl!!,IJ;HO, 'ITO 3TO 3Ha"'!eH>16 rrp:J neo = 0,5 eon. ( 'f"")m ci./~ 

~ 4, 78 ' HO ;n:oeyCTHM!:le 3Ha'tJeH:wI lf,.,, TeM 60.ume, "'16M M6H:b-

me 11. e o • 

To'!Hoe pemeEKe ypaBHeHIDI (19) ,n;aeTca: BHpaJ1te:imeM: 

~M 

= ± J_ r _ __ _ d q: _ __ _ 
l ~ J - ------- - - ) ( 23) 

2- lf ~c V~h1+ 2\f/ './~~ -1 ] - lf + ne cF(lf ) 

r,n;e F ( 'Y ) oupe,JJ;eJIReTCH Blipa;KeHHeM ~ 191) • 

2. PaccMOTPllM cJiyqaj MaJIHX aMWllI'l'Y.JJ; '-Y rri < < I. IIo.nara.a: 

B (I9) :e: (lgl) 60Jiee C'l'poroe RS yCJio:ed l~eo lf<'( i RJIH l.J « 1 
~o 

Pl BOCIIOJ!:bSOllEU3!11HCJ, paSJIOllteH:e:eM 

':l 2. ,: 3 1 ~s rh( S) = _c;_ ~- - t; t ---=:::. \ > 
'-f 6 )..fjf 5,J J\ 

~ << 1 (24) 

' UOJIY"Il!!M yp:i.BHeHlle: 

! ,_ fl e < 
IC. I:: - --

lj = iS ..JJf 
. ,,·, 

l .. <- I i I ·-
- { ! I 

\ fll 
(25) l+ lie_ ). 

l1HTerpI4poBaHH6 IIOJJ'Y'I6HHOro YIJaBHem'!H I!pilBOltlT R CJie.zryianeMY 

BupMOHIDO ,nJIH 4 
- ~ - {[ ~ I L 1/ 

lJ " \j; c h ! : -'-'-"_L I J'.'..!._ ) I '-i -, l 
1 t rn 1 \; 1 .- 1 l:.. '- 1:J \ Jr .J ) 

( 26) 

r ne 

·9 



lf 1/ ~ ,.__, 15 J:Jf 
"' "' 16 

( n eo v ~
2 

- 1 ) . 
nf,. 

(27) 

IlocJie,ILIIee Bhtpa.lKeHRe IIOJiy'leHO K3 (21) IIYTeM pa3JIOJKeID!.ff ~ 

Ma.JIHX lf Ill R CBB:3htBaeT a.MIIJll!TYJJY lFm c \fla30BOH CKOpoCTl>IO v 4> .nBH-

lKeIDUI BOJ!Hll, 

Hs ycJioBRH 0 ~ \.flYI« l R i13 (27) CJie,IJyeT: 

) 
2 n ~o v ~?. ==- ( u ib - v <if ~ ne o · 

(28) 

HMe.ll B BK.DY, '!TO Ha'!aJll>HaH CKOpOCTl> nytIKa U f, 0 ,IJ;OJDKHB. 61:.l:Tl> 

60JI:E>me TeIIJIOB.bIX CKOpocTeli -qacTH~ IIJla3Mht ii ap:mlllll BO BID!M1lllll8 

yCJIOBile ( 12) (B 6espa3Mepmi:x e.I(JllllmaX, ~ Ma.71b!X lp m OHO mrneT 

\/ ~ '(2 Ir);' 
BZ,IJ;: 'i <\> « 6 lfl rn ) , I!p:WCO,IJ;ZM K 3a.KJIJIT<!eHl!IO V if> « LJ e,

0 
~ \j ..Q.b • 

neo 
YCJIOBRe uf,o> l (B pa3Mep.HhtX e;nzHJJWlX Uto> VT) 03Ha'!aeT nt;/'neo 

IlpHBe.n;eM B1:1pa.JKeHID1 ~ n ~ . n e • u ~ ii E B CJiy'!ae MaJlliX 8.M­

IIJmTY,IJ;: 

16 1/2) n~"' n~,, - neo lf ( 1 - 15JJT' lp YT\ 
(29) 

4 :!./a) ne"' neo l1 +4>- ?>fi t.p ) (30) 

U U [1 neo (1 16 10''2.)} -~ : to + ~o lp - lS.[Jf Im (31) 

-v 'f ~ '? ( i - _i§_ l.P~2 ) ) 
n~o 15 [Ji' 
J ' (32) 

IEllf)I = lf ~~~ llf~I>- - ~ 1 /2.). 
Hs (31) BZ,IJ;HO, "t!TO BCJle,IJ;CTBHe uf>o>>Vq,) Ue, OKa3htBa6TCS! 6oJll>-

me U ~" , T. e. B paccm TP:zBaeMl:lX ycJiommx: npoHcxo;nzT nepe~ -qa 

aHeprm! OT BOJIHl:1 <raCTIDJ,aM, O,ZUiaKO, BCJie,IJ;CTBHe Ma.JIOCTliI ~ lf,.,, «l 
nto 

BeJ1Z'!EHa nepe~HHOH aHepI'lDl MaJia. MaKCJllMaJI])HOe 3Ha'!eHRe aJieKTpl!I-

l(l 

-qecKoro nOJISI B pasMepH!lX e.n;zmm:ax .n;aeTCH BHp:!.l!teimeM: 

-J , 6~ ~(elf,.,, )5/4 
E.,,a.,-LJnneo·KT 125 ~~fl: ,---;:r- (33) 

B CJIY'!a0 n to "-' 1012 .;. 1013 , n eo ~ 10
12 

ii T "-' ro4.;.ro5K 
E HMeeT BeJlll'!li!HY nopgp;Ka HeCKOJll>Kl!IX .n;ecHTKOB B/cM. 

ma.x 

3. PaccMOTPl'IM cJiy'!aR ooJll>nm:x a.MIJJlll'l'Y.It '-P...., >> I. Y cJioBHe 

(22) ,IJ;OJJYCKaeT OOJ!l>nme 3Ha'!eHl!II lp,,, IIpK MaJ1.bIX neo (cM.TaK­

JKe pKC. 2) • BeJm'lmHl:1 n ~ • u ~ • n e , E orrpe.n;e.m:IJDTCS: B a TOM 

CJiy'!a6 i.[Joµ.iyJia.MR (7), (8), (17), (20). ~lmUWI f (lfm ) , orrpe-

,n;eJlJieMaJ'i q;oµ.iyJioi! ( 19l) , np:I!! 60JlMIZX Ljl rn ,n;aeTC.H BHpa11teBl!eM 

. :0/2 

F (~,,,) ~ ~~ tf m 
lfm»1· (34) 

P- t, 11~0 11>-
Bl:16paB neo << l TaK, 1!T061:1 BeJI:l!!'l:l!!HB. J~ = -- lfi 6hTJia 6H 

~JJT rn 

ropas.n;o MeH:ome e~. KS (21) nOJI:'"t!IDA: 

-a \.\) n'1 ) 

v?,, '.::::'.. 2. n ~o f.J 
f-i := Y lleo 

1
/2 

:iR 4>"' << 1 (35) 

IlOCKOJll>R'Y 

Uto» V <t> 

Jil: npR 60Jll>IIIIDC l{J FT) HMeeT M6CTO ycJiom'Ie (12). TO 

, Ub ~~»'\/ ii :1!!3 (8) CJie,nyeT, '!TO :I!! B CJIY-
0 2n1..?-> "' 

-qae 60JI:blllIDC lf,.,, B8JI:l!!'ll!Ha nepe.n;aHHOH aHepI'ID'I OT BOJIH '!aCT:I!!-

D;aM HeBeJUma. 

II 



MaKCKM3 • .1ThHo e 3Ha"!eI:me 3JieKTJ>R"!ec1wro rroJm apz t.p"' »I B pa.3-

MepH!i!x e)J;W{lll.\ax orrpe.n;eJIJieTcH :eapa..~eHReM: 

E =- JLiJin T ~ ~f'ieo' I e Lf!'.1_ ) -:i/1; 
"'a. x eoK 2J2JJf' no \ t< T 

(36) 

.llJm n ~o~ 1013 , nec~I010 , T ~105 K HMeeM E. .,..o., ""- 5.105 B/cM. 

4. BlrncHHM Borrpoc o CYllleCTBO:samm pernemm B mme ye,ItRHeH­

HOli BOJIHll B .I\BYX rrpe.n;eJI:&HHX CJ1y'1Ia.HX, Ror;n;a BCe "IaCTJtmli Wia3Mbl 

3aJCBa"IeHH B IIOTeHn;RaJI:bHyIO HMy R Ror.n;a HST 3rucBa"IeHHliX "!aCTMU. 

,Il.r.!H IIOJIY"I8HRH "!HCJia "Ia.CTRU IIJia3MH Ka.R qJyHKUKl1 OT ljl B CJIY­

"Iae IIOJIHoro HX 3a'<BaTa B IIOTSHUl!aJU>H:ylO HMy. BBe.n;eM B ( 16) BMec­

TC .:fK R L, cJie.nym;yJO @'HKUHIO pacnpe.n;eJieHIDI no crtopocTJIM: 

' /2 
r -) nu. m f e[- 1v ~ 1 J \ lJ =: I 0 __ T I / 1~ l u - \ <I> - -;::;;- J J -

- 8 f \J - ( V -+ ~ 2 elJI ) J 1 - ' ct N) J 

/ In ::: 2 neo~ e. c.J 
JfT 

(37 ) 

(30) 

HeCJIOJKHlil:li aHaJm3 IIOI<a3liBaST, qTo ,ll;11.II ~ > 0 rrpz OTCYTCT:mm: sax­

BaTa ypa.BHeHil!e (18) He HMee'I· pememm B mI.n;e ye,mmeHHott BOJIH!:l . 

B CJIY'l'.ae JKe nOJIHoro 3ax:ea.Ta qacTRU It1.Ia3Mht ( (.57 ) , ( 3b)) B03MOJ!UI!i 

COJllITOHOIIO,D;OOHHe pemeHWI R ,U.."IH HID< BepHH oueHIG'!, rrpoBe.n;eHHl:le 

,nJIH 60JI:UIIIDC Lfl,,.,» I (cpopMYJil:l (34)-(36) rryHKTa 3.). 
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