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3a nocneAHee BpeMH B aayqeHHH HepeHopMHpyeMUX (HP) TeOpHli ,ll.0-

CTHrHyT onpe,ll.eneHHUl! nporpecc. Hccne,ll.OB8HHH Be,ll.yTCfl B ,ll.BYX OCHOBHUX 

HanpaBneHHHX. C O,ll.HOH CTOPOHU, npe,ll.npHHliM8IOTCfl IlOilNTKH nocTpoeHHfl 

peHOpMHpyeMNX B8pH8HTOB TeopHH (CM. H8IlpHMep/I/). C ,ll.pyroli CTOPOHU, 

paapa6aTUB8IOTCfl M8TeM8THqeCKHe MeTO,ll.N, Il03BOnHIO~He KoppeKTHO o6pa

~8TbCH C narpaH~H8H8MH HP-THna. K qHcny nocne,ll.HHX OTHOCHTCH paCCMO

TpeHHe HP-B38HMO,ll.6itCTBHll B pa1~Kax HenOK8nbHOH TeopHH nonR, 1ipe,ll.nO

lK6HHOll B pa00T8X r.B.Eq>HMOB8/2/. 

H8CTOR~8fl ,ll.HCCepT8UHH nOCBH~eHa npHMeHeHHIO M6TO,ll.OB HenoKanb

HOll TeOpl'lH IlpH IlOCTpOeHHH KB8HTOBOi\ aneKT1)0,ll.HH8MHKH qaCTIHJ, BUClllHX 

CilHHOB •' 

KaK H3BeCTHO, TeOpHH aneKTpOM8rHHTHUX B38HMO,ll.eliCTBHtt qaCTHU 

BUCWHX CilHHOB ($~I) HCilUTUB86T cepb63HUe Tpy,ll.HOCTH. Bo-nepBUX, 

BOilHOBUe ypaBHeHHH ,ll.nfl qaCTHU BO BHellJHeM aneKTpOM8rHHTHOM none ,ll.O

nyCK8IOT ,ll.BHlKeHHe CO CBepXCBeTOBUMH CKOpOCTHL\H/3/. BO-BTOpUX, KB8H

TOB8fl aneKTpO,ll.HH8MHK8 qacTHU co CilHHOM S > I/2 OTHOCH'l'CH K KJJaccy 

HP-Teopttl!. 

Hccne,ll.OB8HHe BOnHOBNX ypaBHeHHi\ BO BHellJHeM none noK83NB8eT, 

qTo TPYAHOCTb co CBepx_CB6TOBNMH CKOpOCTHMH MOliteT OUTb ycTpatteua npH 

yqeTe WH3HqeCKHX 3~WeKTOB, KOTOpue OOUqHO BUil8,ll.8IOT H3 pacCMOTpeHHH 

npH TP8.llHUHOHHOM IlO,ll.XO,ll.e K 3TOli npooneMe. B qaCTHOCTH, B paooTa/
4/ 

IlOK838HO, qTO Knacc.11qecKoe H3nyqeHHe qacTHUU BO B118llllleM aneKTpoMar

HHTHOM none .n.enaeT HeBO<IMO.CHUM ,ll.OCTHl!leHHe CBepxcBeTOBUX CKOpOCTeli. 

qTO K8C88TCH p8,ll.H8UHOHIIUX nunpaBUK, yqeT KOTOpUX T8KKe Mo~eT H3Me

HHTb CHTY8UHIO, TO npHXO,ll.HTCH KOIICT8THpOB8Tb, qTQ B H8CTUHJ\ee BpeMH 

KB8HTOBO-noneBoe OilHC8HHe B38HMO,ll.ellcTBHfl qaCTHU BUClllHX CilHHOB C 
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. aneKTpouarHH'.l'HUM noJieM OTCYTCTByeT. Ilpnqnna aroro - B nepe-

11op1.mpyeMOCTn T8KOro ll38llMO,l\eiiCTBIIH • 

J(nccepT81.lHH COCTOHT ll3 BBe.ziemrn, IlHTll rnaB ll 38KJIIOq6H11H •. Bo 

BBe.zie11n11 .ziaeTCH KPBTKliii o6aop pa3BllTliH T8OPllll qacTlll.l BUClliHX CilllHOB 

.Ii OTMeqe1m ycnexn B .11ccne,l\OB8Hl1ll HP-B38llMO.zteiiCTBllii MeTO,l\8Mll H8JIO

K8JIT,l!Oii Teopnn. 

B nepBOH rJiaBe paCCM8TpllB88TCH npone.ziypa nonyqeHllH peJJHTl1Bll

CTCI(OrO BOJIHOBoro ypaBH8Hl1H ,l{11H qaCTHUU npOll3BOnI,HOro cmma 

B ipopue, .zionyCK8IOil\8H IlOCTPO8Hl18 narpan:arnana. ~CilOJII,30B8Hlle T8XHllKl1 

npoeKU11OHHUX onepaTopoB IlO3BO11H8T nepeiiTll OT.ypaBH8Hl1H EaprMaHa

.1:lnrHepa, OJU1ChlBBlll1lero qacTnny c ~a.ziaaub!M cn11ao1.1 11 . uaccoii n npe.zicTa

B11Hlllllero co6oii CMCTeMy ypaBH8Hllit B qacTHilX npOll3BO,l\HUX, K ypaBH8HlllO 

Bll,l\8/S/ 

r.zte M8Tpl1J.1U 

Plll.\ )l11pa1ta. 

( ij3/" ~ -_ l'n) ~ (x) == 0 , 

}3.,...., BHp8llt8llTCH qepea IlPHMOe npOll3B8,l\8Hl18 

(I) 

d -M8T-

Ha ocnove ne11OKan1noro o6o6~eHHH rpynnu rpa.zi11e11Tnux npeo6paao-• 

B8Hl1ll 

r.zie I<(~) 
11OBl18M 

\

Ji_,,,.. (x) - .A,,..(}()-+~ f (,<) , 

'-Y()() ~ '-Y(')()expt-iefa$<Kf~)fc!f)3, 
'+'()() ---4 '-Y('l-)exp{iefrl;, l(.('J.e:i;)fc:,)"J' (2) 

- HenOK81!1H8H o6o6~eHH8H WYHKJ.IHH, HOPMl1POB8HH8H yc-

Jctx f<. {-; )= 1, 

B e - napaMeTp, 11MeIOilll1H CYUCJI aneMeHT8pHOit ,l\1111HH 11 X8p8KT~pl13YIO~ 

Il\11ll paauepu o6nacTll H8llOK81!bHOro B38llMO,l\8HCTBHH, CTPOHTCH H8110K81!I,-

4 

_\ .... 

HblH 11arpaHJ1tl18H 

.f.,H+ (')() = f>'+-'Cx) ~ (~x)f,,,,.,. 'f'(x). (3) 

s.ziec1 

a/' r.t,x):= f d1 K(¥)A~ r'J). (4) 

rpynna npeo6paaoBaHHii (3) rapaHTHpyeT coxpa11eHHe aneK'r poMBI'HHTHoro 

TOK8 38PHJKeHHUX qaCTMl.l, 

Bo BTOpOii rJiaBe 113yqaeTCH PH.ll T8Opl1l1 BO3MYillel!l1i1 A1lfl s -!.!8T

pl11.\U, nocTpoeanol,l no 11arpam1many ( 4). BBe.ziem1e HenoKan1nocT11 a.p.;ie1,

TllBHO npllBO,l\11T K MO,l\l14'l1K81.ll1l1 ql()TOHHOro nponaraTopa 

~ .. ('I.-~)= ~,,..~f'al( iRc1~•)1:z. e-i~{t-i) 
· (.271)"2Jt., - K 2.-iE , 

,,....._, 

r.zie /{ (l•K0 == jd)( el()(!<, Ci) 

flpe,llnonaraeTctt, qTo g,yHKU.MH 

TBopaeT ycnoB11HM (A): 

Vc-f•1t~== I_Kc.f•~) I 2. 

I) 

CKOCTl1 

Vc-E·1t~ - l.l8JI8H qiyHK!J,llH 

Koneqnoro nopH.l\KB poc•ra p~ f 
B KOMilJl8KCHOii 

, T.e. 

1 l<''f•I~ 
\Vf fv9\ ~ C, · e, Ilpll lk'.,1-=; ,,. .,, 

2) tVc-f•.r)1 = V((cl'k'•)); 

(5) 

YAOB1Je-

K.z-IlJIO-

3) V co) = 1.; 

4) vc-t·K0 npn I(~ - oo y6UB88T OUCTpee JIIDOO-

ro IlOJil1HOM8, 
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IlponaraTop 88PHE8HHOil Q8CTHUl:l onpeAenHeTCH Bl:lp8llt8HH8M 

~ - ,i }"_I ..:-ipc-t-~) cl, (P) 
(x-~)-(.wYz up e n-,%_f'":..i£. ' (6) 

rAe 
._ 25·2 

d<p>= m+~~+ <g..~)-e~f1+ ~~ ... +~9:~ 1 . (7) 

BB8A8HHe HenoKanbHOCTli B nponaraTop \l)OTOH8 CYl!l8CTB8HHO ynpo

l!l88T HCC1Ie,l.(OB8Hlie CXOAHMOCTH ,ztHarpaMM ~e£iH148H8, .l{eHCTBHTenbHO, mo-

6aH CBH8ll8H ,llH8rpaMM8 npe.l{CT8Bnl'l8T co6oi1 COBOKYilHOCTb paaOMKHYTl:lX 

nHHHH H UHKllOB, o6p880B8HHliX nponaraTopaMH aapHE6HHl:lX Q8CTH~ H qio

TOHOB. IlpH ,n;ocTaTOQHO 61:lCTpoM y61:lBBHHl! qiop1.1qiaKTopa V C-ht~) 
B eBKnl!,l.(OBOM npOCTp8HCTB6 l!HTerpanl:l, CBH88HHl:le_c HanHQl!6M XOTH 61:l 

0,llHOii qJOTOHHOil nHHl!H B Ul!Kne, CXOAHTCH, IloaTOMY, ecnH B ~eopaH 

B03MOllt6H nepeXOA K eBitnH;L(OBOil MeTpHKe, TO npa 14CCne,ztOB8Hl4H CXO,ltl4-

MOCTH ,l.(0CT8TOQHO orpaHHQl!TbCH paCCMOTP6Hl!6M 38PHllt6HHl:lX UHKnOB, 

.l{nH nocTpoeHl!H KOH6QHOil , .s -M8TPl!Ul:l He06XOAIIMO c\l)opMj'nl!pOB8TD 

perynHpH38UHOHHYID npoueAYPY, ,l.(0IlYCK8IDl!IYID BHKOBCKHH IlOBOpOT H napaMe

Tpli3YIDl!IYID paCXOAl!MOCTl!, CO,l.(6pllt8l!lli6CH B 38pHE6HHliX UHKnax. TaKaH pe

rynHpH88Ul!H CTpOl!TCH B § 3. B PHAY TeOpHl! B03MYl!l6HHil no.ztnexaT pery

nHpH38Ulll!, BO-nepBl:lX, H6JIOK8nbHl:le nponaraTOPl:l qJOTOH8 H, .BO-BTOPl:lX, 

38MKHYTl:le UHKnl:l, o6p830B8HHHe nponaraTopaMH 38PHllteHHl:lX Q8CTl!U, 

IlponaraTop qi<>TOHa perynHpHayeTCH cneAYIDl!lHM o6paaou 

r -fi-ioo ~rt 1-i 
~ (K'-)= ~

2}dv 1J('!)e(l~/('z-ic)) B>O 
z.., 5 i,n71~ ' )-

-j!+i<><> 

r.zte · 00 

V(~) = - ~in 77'1 r di. V(-0. 
7T i J' t"'+l • 
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(8) 

... 

., 
) 

~YHKUHH ~~Kz) npH 8> 0 YAOBneTBopHeT ycnoBHHM ( B) : 

I) onpe.zteneHa BO BCeH KOYnneKCHOH KL -nnoCKOCTH H perynHpHa 

Bea . .zte, KpoMe paapeaa B.ztOnb nyqa (O,-+oo); 

2) y61:lBBeT npH I K2 1--. o0 .6NCTpee mo6oro nonHHOMa ; 

3) t·wz £.> 0(1('~ = £)(k'y = Vf/'t'J . z-~o -K2 -t'c 

x!HTerpaJrn, COOTB6TCTBYIDlllli8 UHKJHIQ8CKl!M .ztHarpaMM814 <l>eilHM8H8, 
/ 

COCT8BneHHl:lM H3 nponaraTOPOB 38PHE8HHl:lX Q8CTHU, perynHpH~YIDTCH C 

IlOMOl!lbID MO,llliqJHUHPOB8HHOil npoue.ztypl:l IlaynH-BHnnapca 

3)-,);!8 ., nczs-1) 
ua 77,i(m;X,-')(z, ... )=e . Cj./\ 11 .. (A/n; ... ) . (9) 

(/ J =0 

3.zteCb 6epeTCH CYMM8 UHKROB, nonyqeHHNX li3 UHKna h.,. -ro nopH,n;Ka 

77 11 (m;. • ,) cornacHo 3BMeHe 

\

m ~Aj m. 
ll(1S-~) 

e __., g.l\J . 
Koaqx,fJHUH6HTl:l C0 =.J\o= 1, CJ (j= ◄ ,.2, .•• ~11(~·1)+8) 

Cl!CTeMe nHHeMHl:lX ypaBHeHHH 

· z_. CJ· 1tJ. = 0' I(= 0. A,2, ... 2.i, (!>-~)+ 4 , 
J=O • 

YAOBneTBOPHIDT 

(IOa) 

\

:!~B 

-3~ - r 
~ Cj/\j &~J\j ~ a~, m-<1,,0, ••. ,.,,.,i,• , cro•J 

r.zte a.,... - HeKOTOpl:le IlOCTOHHHl:le. 

Ilpoue.ztypa (9) perynHpHa B TOM CMNCne, QTO, 6y.ztyql! npHMeHeHa K UHKny 

t1. -ro nop1t11Ka, OH8 o6ecneQHB88T CXO,l.(llll.OCTb BCBX Ul!KnOB M8Hblliero 

nOpfiAK8 I(< 11.. , npHqey BCB UHKnl:l napaueTpH3YDTCH 8,1.(liHl:lM H860pOY 

IlOCTOHHHl:lX Ct..,. 
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OmW8HH8fl peryirnpl'l381.{l,lfl nO3BOJifleT nOCTpOHTI, l'IHTerpupyeMUe RO.-

3(!lqll'll.{ll8HTHU6 <l>YHltL\Hl'I B p83JIO;J(eHHl'I ~ -M8Tpl'IL\!il no HOpM8J!I>HLlM npOH3-

.lle,l.leHHf!t.' noneiA. J3 §§ 4, 5, 6 nOR83UB8eTCfl, 'ITO npl'I CHf!THll perynflpl'l-

381.\llll npeAenI>H8fl S-M8Tpl'IL\8 ae co,11ep;J(HT ynI>Tp8qiHoJieToBux p8CXO,l.lll

MOCTeH ll YAOBJieTBOpaeT YCJ!OBl1f!M YH11T8pHOC1'H, npHtrl!HHOCTl'I l'I rpa,1.1ll

e11THO;i mrnapttaHTHOCTll B R8JKAOM nopa,111te TeOplll'I BO3MYl1\6Hllli. 

'IpeTI,fi rJ!8B8 ilOCBHll!eHa p8CCMOTpeHl'JiO HeJIOR8JII,HO.ii ::JJieltTJ:)O,llllH8L!l'l

ltH qacTHL\ co .cnHHOM 3/2 B qiopMannsMe P8pl1TN-llimrnrep8/6/ (RS -qiop

M8Jil1aM). B1,1Ciop CBOOO.zlHOro JI8rp8HJKl18H8 R S - nona B qioIJMe 

r.11e 

Lo {x) == ~{)()(i ~.,.P~-farm) \ff<)() 

~,c-r = 6t 3-crp - (t<l"Hrt-+ 6'P~/'<1") "T ia-<Y' df , 
S3a--r = ~<T'f - K<T"a? , 

(II) 

npl'IBO,l.lHT l( 8BTOM8Tl'l'16CKOMY l1CKJIIOtreHHIO 1'13 T60pl1ll '18CT!t!ll CO Cnl'IHOM 

I/2. 
B § ! no,llpO6HO p8CCM8TpHB8eTCfl 38,118'18 0 HenpH'll,1liHOM nOBe.2J;emm 

R $ -'18CTHL\ BO BHell!He,.i :meRTpOM8rHHTHOM none l1 06cy:ua10TCH nyTl1 

pe ll!eHHH ::nail npodneMu. 

.o §§ 2, 3 pcry;mpl1a81.{HOH!l8fl nJ:)OL\6AYP8 (8)-(9) npl1MeHHeTCH npH 

nocTpoeHHH PHAB Teopu11 BOaMy~eHH.ii ,l.lllfl S-MBTPRllU l1 npl1 HccneAoBa-

Hlt!H yCJIOBllli CXO.~11MOCTH npOH3BOJII,HOli AH8rp8MMU ~eliHM8H8. Ilpl1 3TOM 

Olt83NB8eTCH, 'ITO M8Tp11'1HUe 3JieMeHTU S-M8TPHL\!il COA8P*BT 38BHCl1-

MOCTI, OT Tpex ROHCT8HT aa,lh,a,,. 

h § 4 npoBe,lleHO Bhl'IH.CJl8HHe ,Zll18rp8MM nonHpH381.ll1ll B8KYYM8 l1 co6-

CTB 8Hl!Oii 3lleprHH BO BTOpOM IIOPHAKe TeopHH .BO3MYilleHHii. BBH,l.ly Toro, 
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qTo WYHRL\11fl rpnHa IZS-tracT11L\U uMeeT AOCTaToqHo cnoJKHyro M8TpHqny10 

CTPYKTYPY, Bonpoc O nepeHopMUpOBRe M8CCU R. S -q8CTllL\bl ;w C'IeT one-

p8TOP8 coCicTBeHHO.ii atteprnn ~I"" (p) TpeoyeT no,11po6aoro p8c-

CMOTpeHHf!. 8TOMY Bonpocy IlOCBflll\8H § 5. Ha OCHOBe ypaBHeHUH 

( i;,cr_p P;. - j3a-y m- Lcrr(p))Gy>.Cp) = - ~<1'>, 

nonyqeno Bupalll:eHue ,1.1JIH qiyHKl.lHl1 rpmrn G~" (p) C yqeTOM 

onep8TOP8 ~" ( p) : 

Gt { ,\ . -1. 
/"' Cp) = ~r" - ~ f1 t,-+ i ( ~!' Pv-ov~)( m-t L;cp)) -

(12) 

-f f;..Pv (m-1- ~.(p)).zj (m-p+ L1Cp))-
1 

r,11e ~1 Cp) CBfl38HO C 2:/"" (P). COOTHOlll8Hl18M 

Lr, (p)= g;.v~,<p)-tl}"iL.2(P)4 ~,,..~2\(p}+f;.f L.,(p)-1-r;. (3 L5(P). 

T8RHM. oCipa3OM, nepeHop1.1HpoB1ta M8ccu RS - '18CTHL\!il HBnaeTCH 

C8MOCOrJI8COB8HHOll npoue,11ypoli. 

J{aJiee BUtrHCJlHeTca ane1tTpOM8rHHTHBH nonp8BK8 K Macce RS -
'18CTHl.l1', o6yCJIOBJieHH8fl onep8TOpOM co6CTB6l!HOH aaeprHl1 BTOporo no

Pfl,l.lK8. 

IlOK838HO, 'ITO B CJiyq8e, Kor.11a KOMnTOHOBCK8fl ,1.1Jll1H8 BOJlHU qac~ 

THU!il MHoro MeHI>ll!e ee 3ne1tTpOM8rHl1THOro pa,11ayca (llTO, no BCeii Bl1,ZIH

MOCTl1, COOTBeTCTByeT nepeXOAY It KJI8CCH'IBCKOMY npeAeJiy), aneRTpoMar-, 

Hl1THBfl nonpaBK8 He 38BHCHT OT 38Tp8BO'IHOH M8CCU H onpe,l.l6llfl8TCfl BU

paxeHHeM, p8BHUM 3JieKTpOCT8TH'leCKOii 3HeprHH KJI8CCH'leCKOli '18CTl11.{1' 

p8,l.lHYC8 e • I!OK83UB86TCH cnpaBe,ZIJil1BOCTI, 3TOrO pe3yJlI>T8T8 AJIH 'IBC

THU npoH3BOJII>Horo cnHH8. 
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H § 6 OCiCyllt,1t8eTCH BOnpoc O B!H5ope KOHCT8HT ao, Q,, Q' 11, ,,. 

CBH38HHhlX C perynHpH88UHeil 88PH~eHHhlX I.\HKnOB. 3TH KOHCT8HThl HMeIOT 

CMhlCn KOHCT8HT CBH3H, xap8KTepH8YIOll!HX HenHHeilHoe C8MO,lleilCTBHe nonH 

.;t_,u(x), KOTOpoe, K8K noK83hlB8eT paCCMOTpeHHe npOCTOil MO,llena/7/, 

OTHOCHTCH K Knaccy HeJIOK8nHayeMhlX B38HUO,lleHCTBllil. 3TO 03HaqaeT·, 

qTo ,llnH C8MOCornacoB8HHOro IlOCTpoeHHH KB8HTOBOil aneKTPOAHH8MHKH 

flS - qaCTHI.\ aneKTpOM8rHHTHOe none ..;,{/" (~) AOn~HO paCCM8TpH-

B8TbCH K8K H8nOK8nbHO8 none. 

B qeTB8PTOH rnaBe npe,llnaraeTCH B8pH8HT HenoKanbHOil TeopHH, 

OCHOB8HHllii Ha Hcnonb3OB8HHH 8CHMnTOTHqecKoro xapaKTepa PHA8 T8OPHH 

BO8MYilleHmi. Mhl HCXO,llHM H8 COBOKynHOCTH O(ih[ql(h[X (p8CXOAH~XCH) ,llH8-

rpauM <l>eilHl48H8. HenOK8nbH8H <.PYHKI.\HH I'pHHB qJOTOHB J) ( ie1 nony

·qaeTCH B peaynbT8Te CYMMHpOB8HHH onpe,lleneHHOro HBCiopa AHBrpaMM C 

IlOMOll!blO MeTOAB 1 8H8norHtrnoro MeTOAY Pe,lll!OH,llB-Eoron10CioBa-JloryHOB8-

lliHpKOBa/8/. B KaqeCTBe T8KOro HBCiopa Bh!CiHp8IOTCH AHarpaMMhl BHA8 

4- ----c::>--- -¼- -----<>--<=>----t .. <13) 

Hawa OCHOBHBH H,lleH COCTOHT B TOI!, qTo \PYHKUHH fj) ( ,l.t) H88H8nH-

THqHa no KOHCT8HTe CBH8H cf._, 'a COBOKynHOCTb ,llH8rp8MM (13) 

HBnHeTCH ee acHMnTOTHqecKHM paano~eHHeM. 

B T8KOH IlOCTBHOBKe 88,llaqa nocTpOeHHH KOHeqHoil TeOpHK paaCiHBB

eTCH H8 ABB 8TBna: 

(I) ycTpaHeHHe p8CXOAHMOCTeil H3 HHTerpanoB, COOTBeTCTBYIOll!HX 

38MKHYThlM I.\HKnaM 88pH~8HHhlX noneil. 3TO MOEHO C,llenaTb C IlOMOll!blO pe

rynHpH881.\HH (9); 

(2) nonyqeHHe \POTOHHOH IJ:>YHKI.\HH I'pHH8 10 ( 1,t.t), AOCT8TOqHo 

Cih!CTpO y6hlB8IOll!eil npH K~ .- - o0 , H HCnonb8OB8HH8 ee B AHB-

10 

rpaMM8X <l>eilHM8H8 BMeCTO CBO6OAHOro nponararopa \l>OTOH8, qTO COOTBeT

CTBY8T neperpynn11pOBK8 PHA8 TeopHH BO8MY~8HHH. 

,llnH qiyHKI.\HH ;}) ( l{.t) npe,llllOJl8r88TCH cne,llyIOll!88 (ycnOBIIH C ): 

l. J{)(K.t) - H8JIOKBnbH8. 3TO O8H8tJ88T 1 qTO npH \K~\➔ 00 

cnpaBe,llnHBO COOTHOW8HHe 
11~•f~1 J' 

TOqKe 

10cK•)\<Ce 4 S'~~ . 
II. B KOMnlleKCHOil <ii:) CK•) HM88T nomoc B 

H paa pe 8 1 H8\IHH8l0ll!HHCH B TOqKe K 1= 1( 1'>1. 
1• 

K.t - nJIOCKOCTH 

Kl= 0 

ill. CKaqoK H8 paapeae TOT Ee, ~o H B JIOKBnbHOil T8OPHH 

1 2i /'YH. TI (l(.l) , 
~+ Cd-~- Ck'9=.l71 ifj"(1<.t) = ~. (~-R.tnc~>Y-1-:h1•lJ1cl(1) 

rAe TI ( 1<.2) - one pa Top nonHpnaaunn BaKyyua BToporo nopll,ZlKa. 

TorAB 9J (I{~ npe,llCT8Blli!8TCH B BHA8 

00 

9:Jc..e•)= _"j~ft'2 -\- '{(-f•k'.lJ~u c111-<;~:;]"2.(l'u) 
l.fn.2. 

(14) 

rAe "\J.; ·(-fzK•) H \,{ (-{iKa) YAOBJ18TBOpHIOT YCJIOBHHM (A). 

B § 3 IlOK888HO, qTo B cnyqae qacTHI.\, HMeIOll!IIX cnHH s" 1, 

q>OTOHHBH \PYHKI.\HH I'pHH8 [) (I(';) , YAOBJl8TBOpHIOll!8H YCJIOBHHM (C), 

MO~eT Cih!Tb np8ACT8BJI8H8 B BHA8 

<l ,j -illcl('L)= -~ · 1-11 C1<t) 
w ( [1.¥2.) 
1(2 - k'."'o.t 

(15) 

rAe Kt HBJIHeTCH peweHH8M ypaBH8HHH 1- T\ ( l(t) = o, 8 l.\8Jl8H 

II 



lPYl!KUl1fl wct•-.c•) , CBH38HH8fl C V.. (-f•K~ H Vz (-{•,<;) 

ueKOTOPblM_COOTl!Olllel!HeM, llMeeT 38,ll,8HHOe 8CllMnTOTllqecKoe noBe,11,eHne. 

Aanee paCCM8TpllB8eTCfl sa,11,aqa O IlOCTpoeHllll uenoiii <l)yHKUll11 no ee 8CllMn

TOTnqecKOMY IlOBe,11,ellll!O U llCCJ1e,11,y10TCfl BOnpOCbl e1-1nHCTB8Hl!OCTll B Bblc5ope 

ueJJOK8Jlbl!Oro ipopMip8KTOpa. '· 

l'p1rna 

B §§ 4, 5 no,11,pOUHO paCCM8TpllB88TCfl IlOCTp08Hll8 q)OTOHHOiii <l!YHKUllll 

g:}(I(•) B cmmopuoiii ll BeltTOpHOii 3Jl8KTPOAllH8MllK8. IIpH 3TOM B 

OOOHX cnyqattx YABeTCfl H8Lill.'H nem,iqntty 3JleMBHT8pHOLi ,11,JlllHbl .e. . no-

CKOJJblty tpyH!tl\llfl 9:Jc K''-) nonyqaeTCH B pe3YllbT8Te 8CHMnTOTHqe-

CKOro Cyl.1MllPOB8Hlll! Pfl,l\8_ (13) I ::l8BHCl1MOC'rb e OT ipll3HqeCKHX napa-

MeTpOB TeOpl1H .L(OJUH8 HM8Tb llHA 

t == ~ -s(<eL) (16) 

r,11,e f (cf.._) - <j)yHKUHH ltOHCT8HTbl CBH3H 1 H88H8JJHTHqH8fl B 

TOqKe cL= 0 • .ilellcTBHT8JlbHO I B cnyqae cnHHOPHOll 3JleKTpO,ll,HH8MHKH no

nyqaeTCfl pemettHe "cBepxnpoBo,11,ttiJlero" THna/9/ 

- .ill. e =_i_ n .:l()(, (1'7) 
J.m e: 

B cnyqae BBKTOpuoiii ::lJl8!tTpOAHH8Ml,IKH pewe1rne T8K.Ke H88H8JIHTllqHo no 

KOHCT8HTe CBfl3H, O,l\H8KO 38B11Cl1MOCTb OT ~ npaKTHqec1t11 Il0,ll,8BJl8H8 

/IO/: 
,( t~ 1'1 • (18) 

CpaBHBHHe (17) 11 (18) Il03BOJJH8T c,11,enaTb BblB0,11, 0 1taqeCTllBHHO 

p83JJl1qHOM IlOB8AeHHH pe nop1,111pyeMhlX 11 He peaopM11pye1rnx B3811MOn.ei1C1'B11tl 

H8 M81Ib!X p8CCTOHH1'1f1X ■ 

lIHT8fl rnaBa noCBH~eaa p8CCMOTpeHl1~ 3JJ8K~poMarHHTHblX CB08CTB 

H8i1Tpl1HO/II/. UeJJbID 3TOd rnaBbl flBJJHBTCH ~eHOMeHO~or11qec1t11iii aH8JJH3 

12 

HellTpllHHblX 3KCnepl1M8HTOB, npoBe,11,eHHhlX B nocJJe,11,Hee BpeMH, B npe1-1no

JIOll(8HHH, qTo Hei!TpHHO HM86T OTJJHqHhliii OT HYllfl 3Jl8KTPOM8rHHTHb1Li qiopu

iI)aKTOp. Ilpe,llilOJ10~(6HH6 0 HSJIHqv.11 y H6HTPHHO BHYTP8HHeiii CTpyKTYPhl He 

npOTHBOpeqHT COBpeMeHHbIM 3KcnepHM8HTaJlbHhIM ,ll,8IIHUJ.I. no11yqeH11e 01..lBIIOK 

Ha BBJlllqflHbl, xapaKTepH3YIDi!llle BHyTpeHHIDID CTPYKTypy (B qaCTHOCTll, Ha 

38pl1,11,0Bhlli pa,llHyc) CT8110BHTCR ocooeHHO B8lKHbIM B CBH3ll C nnauHpOB8HH-

6M Ha KpynHeiilllllX YCKOPHTBJIHX cep1111 H8HTPHHHblX 3KCil6pllM811TOB, B KO

TOpblx, HapH,11,y C ,11,pyrllMH, ueodxo,11,HMO yqHTblB8Tb 3JJeKTpOM8rl!HTHblC 

cBoiicTBa ueihpmiO. 

B § l paCCMOTpeHbl npoueccbl Ve ('Ve) - pacceHHHfl B 

npe,llnonoJ:teHHM, qxo OHH 06ycnoB~e1rn cna6blM V-A B38llMOAelicTBM

e.M H sapR,ll;OBblM pa.n;Hycou HeLlTpHHO. ;i(JJH sapfl,llOBOro pa,l\nyca 3lleKTPOII

HOro HeilTPllHO nonyqeJfbl OU6HKll CBepxy: 

{ <1..':,,<) -' 0 ,67 ■10-31 cu2 IlpH 

l (1..;,~) ~l ,0•10-31 ·cu2 npH 

r,11,e G F - KOHCTBHTa 4>epMH. 

CF )0 • 

GF < 0 • 

Anfl MIOOHHOro HeHTPHHO nonyqeHa CR8,llyIDiJ!8fl oueHKa: 

0,S ■ I0-31 cu2~ ( i.j/"' > ~ l,4 ■ I0-3l cu2 • 

(19) 

(20) 

8TH pe 3yll!,T8Tbl Ha 0,llllH-.n;Ba nopH,ll;K8 ynyqw~IOT llM8IDi!l.H8Cfl .n;o CHX nop 

orpaH.11qe11MH Ha < 1.. ~). 

B § 2 np08H8JI.H3HpoBaHa B03MO~HOCTI, OO~RCH8HHfl npouecc& 

( v,,..-+ N __. ))I"<+ 8,ll,pOH!I)38 cqeT 38pH.n;OBOro pa.n;Hyca HeilTpHHO. 

Airn < "l-;.,.I') nonyqeHo sttaqeHne 

(1. ~) = 2 ■ 10-31 cu2 • (21) 
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· 0TM6THM, llTO TaKoe lll6 3HatleHHe < 1-'--.Jr) 61,mo nonyqeHO B-pa

CiOTe/12/ B paMKaX KBaHTOBOli TeopHH nona. 

3Hat1eHH6 aapHAOBoro paAHyca (21), HeOCiXO.l(HMOe A11H oCi~HCH6HHfl 

peaKUHH ( ~-+ N - v/' + 8,l\pom,1), npeBbl!llaeT :sepxHIOIO rpaHHUY (20), 

no11yt16HIIY!O H3 aHaJIH38 ve - pacceamHI. T8Kl1M oCipa30M, noKa3aHO, 

'ITO .l(llfl OO~HCH6HHH 3ICCnepHM6HT8 no rnyOOKOHeynpyrouy pacceaHHIO 

Hel!TpHHO Ha HYKJIOHe HeOCiXOAl1MO npHBJIOKaT:& .l(pyrne uexaHJil3Ml,I, HanpH

wep, rHnOT63Y H6~Tpa1lbHblX TOKOB/I3/ HJIH TlllK6JlblX 11enTOHOB/I4/_ 

B 38KJl!Ol!6Hl111 KpaTKO OOCYlllAB!OTCH noJiytJ6HHbl6 B AHCC6pT8UHH pe-

3ylll,T8Tbl. 

PaOOThl aBTOpa .l(OK,1a.l(b!BaJIJICI, Ha l.!6J1C.l(y11apO.l(IIOM COB6Ula-' 

HHH no \PYHKI..\HOH8lll,llb1M M6TOA8M B KB8IITOBO» TeopHH IlOJ!fl (MOCKBa, 

1971 r.), Ha Ill M6JKAyHapO.l(HOM COB6:JlaHHH no H6JIOKa1lbHOl\ TeOpHH Il01lfl 

(AnylllTa, 1973 r.), tta ce,.muapax JlT<l> mrnv1, 1/lT<l> AH YCCP H onydJIHKOBa-
/6. 7 9-II/ 
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