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1. B B e JJ. e H K e 

V!ccneaoeauae cucTeM Tpex Ten npeacTa&nHeT co6oA eecbMa TPYJJ.HYJO aaaa'ly. 

BMeCTe c TeM TpK B38HMOJJ.eACTBYJOIUHX qacTHUbi siBnHIOTCSI uaH6onee npocTfdM oOJ.eKTOM, 

KOTOpbiA n03BOnSieT H8M H3Y'IHTb MHOrHe B8>KHble CBOICTBa, npHCYIUHe CHCTeM8M MHOrHX 

Ten. npHBneK~TenbHOCTb 38JJ.8'1H COCTOHT erue H B TOM, 'ITO MHOrHe CBOICTBB CBCTeM Tpex 

Ten KB>KYTCSI H8M yJJ.HBHTenbHbiMH - MO>KHO O>KHJJ,8Tb KB'IeCTBeHHO HOBbiX a<jKIJeKTOB no 

cpaeueHHIO c xopowo aayqeuuoA aaaa'leA eaauMoJJ.eAcTBHH asyx qacTHU. Ta& a pa6oTe
111 

6binO fiOK838HO, 'ITO JJ,Be C!lSI38HHble '18CTHUbl (cno>KH8SI '18CTHU8) npOXO!lHT CKB03b noTeH

UH8nbHbie 6apbepbi ( suewuee none - TpeTbe Teno) cywecTseauo nerqe, ·qew o.oaa npucTaH, 

HMeiOIU8SI· TY >Ke CKOpOCTb H Macey, 'ITO H cnO>KH8SI '18CTHU8, 

B aaauoll pa6oTe Mbi paccMOTpKM 3<1JcjleKT B03HHKHoBeHKH qacTbiX peaouaacoa a npo

cToil MOJJ.ena, KOr,aa '18CTHUbl pacceKB810TCSI H8 noTeHUHBnbHOA S!Me, B KOTOpol B CBH38B-

HOM COCTOSIHHK H8XOJJ.KTCSI OJJ,Ha '18CTHU8. 

B HaCTOHI,Uee speMSI aawH npeacTasneHHSI o cTpoeHHH HJJ.ep Tpyaao coawecTHTb c 

KnBCCH'IeCKOA &apTHHOI KOMnayHJJ.-HJJ,pa, KOrJJ.a HaneT8IOIU8SI '18CTHU8 OTJJ,8eT CBOJO 9HeprRID 

pasaoMepao seeM uyKnoaaM B Rape. TaKOMY B38HMOJJ.eAcTBHIO aon>KHO olt83f>IB8Tb canbHoe 

npOTHBOJJ,eiCTBHe BnHHHHe npHHUHna naynH. npe.UCTBBnSieTCSI 6onee eCTecTBe.BIIIbiM• 'ITO 

Hane:l'liOW8SI '18CTHU8 B OCHOBHOM B38HMOJJ.eiCTByeT C HyKnOH8MH, 6nH3KHMH Il 911epreTH'Ie

CKOI noeepxaocTH <t>epMH. BoaMO>KHO, 'ITO MHorae ceoAcTBa saepHbiX peaKUHA. aanpaMep, 

qaCTbie H y3KHe pe30H8HCbl B Ce'leHHH pacceSIHHSI MeJJ.neHHbiX ueATpOHOB 88 Rllp8X• MOryT 

6biTb noHSITbl Ha OCHOBe 3H8'1HTenbHO 6onee npOCTOrO MeX8HH3M8 peaKUHR• 'leN KOMnayaa-

s.upo. 

B paa.uene 2 paccMaTpaeaeTCH cacTeMa ypasaeaal, onHCbiB8IOW8SI o.aa0111epaoe asa

>KeHHe .usyx w·aaMo.ueAcTeyiOWHX qacTHU eo &HewHeM none. B paaaene 3 noll83811a soaMo>K

HOCTb B03HHKHOBeHHSI pe30H8HCOB B T8KOA CHCTeMe. B paaaene 4 paCCM8TpRB8eTCH cpea-

HSISI nnoTHOCTb peaoHaacoe. 0Ka3bi&aeTCSI, 'ITO oua a N paa 6onbwe nnoTBOCTH oaaoqac

TH'IHbiX ypoeaeA a noTeHuaanbHOA sMe eHewaero nonH v ( N-qacno o.aao'ISCTH'IBbiX ypoe-

HeA B none v ). 

ToT <PaKT, 'ITO a pa6oTe paccMoTpeaa nawb OJJ.HOMepaaH Moaenb1 ae MeWaeT aenaTb 

BbiBO!lbl OTHOCHTenbHO nnoTHOCTR pe30H8HCOB B TpexMepHOM cnyqae, T8K K8K MelUIBH3M 

B03HHKHOBeHHSI KB83HCT86HnbHbiX COCTOSIHHA OCTaeTCSI TeM >Ke. 

B cne.uyJOWHX pa6oTax aeTOpbi npe.unonaraiOT .uaTb cTporoe o6ocHoB8&He MeTOJJ.a, 
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nperonaoro ae TOIIbKO nnH KaqecTaeaaoro paccMoTpeHHH HaneanH (nccnenoaaane o6wero 

YHCnB pe30H8HCOB, HX cpe,D.HeA nnOTHOCTH) 1 HO H .OnSI KOnHtteCTBeHHOi"O OHHC8HHSI CBOACTS 

oTnenbHbJX p930H8HCOB. 

2. OcHOBHbte ypaaaeHHH 

PaccMoTpHM nae qacTHUht, nono>Keaee KOTOpbiX Mht 6yneM xapaKTepeaoaaTb Koopnn-

H8TBMH J! H X 
2 

flyCTb B38HMOneliCTBHe qaCTHU OCyWeCTBIISieTCSI C nOMOWblO n0TeH-
I 

uHana v 
I2 

Ha o6e qacTHUhi nyCTb AellcTayeT aaewaee none v(x) • f'BMHnbTOHH8H 

cncTeMht H 
12 

3THX nayx qacTHU HMeeT ann: 

H 
12 

2 

~ 
2m 

I 

2 
+ ___1'_.z + v (x -x)+ v (x) + v (x ), 

2m 12 I 2 I I 2 2 
2 

flpH <j:>HKCHpOBHHHOM nono>KeHHH nepaoll qacTHUht naH>Keane BTopoll onpenenHeTCH 

rBMHnbTOHH8HOM H 
2 

H = 
2 

2 

~+ 
2m:r 

VI
2 

(X 
1

- X 
2

) + VI ( Jt) + V/ X 
2

) , 

raMHilbTOHHHHy H 
2 

COOTBeTcTayeT nonHblll H860p BOIIHOBbiX <j:>yHKUHil <!J n ( nyCTb 

6eraeT KHK nncKpeTHb!e, THK H aenpepbtBHhte aaaqeHHSI) 

H 
2 <ll" (x 2 ;xi) = E"(xi) <!>" (x;xi). 

(I) 

(2) 

npo-

(3) 

<f>yHKUHH <!Jn 38BHCSIT OT x1 KHK OT napaMeTpH, THK KHK X I BXOnHT B H 
2 

, flpH nto60M 

aaaqeHHH X 
1 

Mbi MO>KeM p831lO>KHTb BOIIHOBylO <j:>yHKUH!O BCell CHCTeMbl 1(1 no nonaoMy 

aa6opy <j:>yHKUHll ell : 

IJI =I </J (X ) ell (X j X ) , 
n I n 2 1 (4) -" 

floncTaBHM paano>Keane (4) a ypaaaenne Wpe.o.narepa AIIH IJI 

H IJI = E IJI , 
I2 

(5) 

YMHO>KHM 38TeM (5) cneaa HB <f> m H npOHHTerprrpyeM no x
2

, YqHTbJBBSI OpTOHOpMHpo-

BilHHOCTb <j:>yHKUHll <!J n H COOTHOUieHHe ( 3)J nonyqHM 6eCKOHeqayJO CHCTeMy ypaBHeHHil 

nmi ¢., 

2m 
I 

.;,"dE (x)-K (xJ]¢ =E¢+!. (K </>+2Q c,6').(6) 
m m 1 mm 1 m m n.f m mn n mn n 

3.o.ec b w TpuxoM o6oaaaqeao nn<j:>cpepeaunpoaaane no 11I • <PyHKUHH E., (xI) - K .,.,( x I) 

nrpa!OT ponb a<j:><j:>eKTHBHhil< noTeHtlHanoa B ypaaaeHHSIX (6), Koa<j:><j:>euneHThi [( "'" H <!.,. 1 

ocywecTannJOUIHe aauenneane ypaaaeaull ( 6), onpenenHJOTCSI cnenyJOUIHMH cooTaoweHHHMH: 

/'( mn (X I ) = J Ql m ¢'; d X 2' 

Q ( X I ) f "' 

4 

ell' d " • 
2 

(7) 

(8) 

-..... 

·w 
·~~ 

·J 

~ 
/1 

1 

I li 

(! 

I 
! /, 

\I 

l
' 

.D.n>1 DHCKpeTHhtx aaaqennll m H n aennquny Q MO>KHO 11pe.O.CT8BHTb B 6onee 

y.o.o6aoM nnn pacqeTOB an.o.e. flpo.o.n<j:><j:>epeaunpyeM .o.nn aToro (3) no 11
1

, YMHO>KHM aa

TeM o6e cTopoHhi nonyqeaaoro ypaaaeHHH Ha ell m H npoHHTerpnpyeM no x 
2 

• B peaynbTBTe 

nonyqHM: 

-_L_ 
2m

2 

f<IJ .. ~ 
a x 2 

2 

ell: dx
2

+ f 4J.,V''ll.dx
2
+f 41.,V 41'. dx 

(9) 

f '!I., E.( xI) <ll'.dx 2 = 0, 

3.o.ec b nnn coKpameHHSI aanHCH npHHSITO o6oaaaqeane Y = v
12 

(xI- x} + v / 11
1
) + v 

2 
( 11 

2
), 

flpOHJITerpnpyeM nep!lbtl\ qneH B ( 9) .O.BB>Knht no qaCTSIM, yqi!TbiB8SI 0 qTO <j:>yHKUHH <!J 

C nHCKpeTIILIM ncqeaa!OT npH H
1 

HCnOIIb3yQ (3)
1

nonyqeM; m X -> + 
2 

Q.,.= .r <ll <!J' d X = 
2 

VIa ( 10) cne.o.yeT aHTHCHMMeTpeqaocTb 

f •[l Y' •ll d X - " (tO) 

E" - E 

Q mn OTHOCHTellbHO nepeCTBHOBKH m n n • 

8 o6UieM cnyqae CBOIICTBO BHTHCHMMeTpHqHOCTH Q cne.o.yeT, ecnn nponn<j:><j:>epeaun-

pOB8Tb no X I COOTHOWe!lHe OpTOHOpMHpOBKH .O.Il!l <j:>yHKUHll ¢ m , 

8 TOM cnyqae, Kor.o.a noTeHUHBilbi VI 
2 

H VI , V 
2 

npenCTBBIISI!OT co6oll npSIMOyrOilbHbie 

HMbl, HHTerpan B ( JQ) nerKO BbJqHCIIHTb, nOCKOilbKY Y- KyCOqHO nOCTOSIHHHSI <j:>yHKUHQ 

H npOH3BOAH8SI OT Hee paBH8 CyMMe l) -<j:>yHKUHll, 

Me>KAY KOa<j:><j:>nuneHTHMH K "'" H Q mn cytlleCTByeT npOCTBSI CBSI3b, .LJ.n<pqrepeaun

PYSI (8) no xi H ncnollb3YH paano>Keane 

<ll' -~ 
p 

Q .., 
np p J ;' ( 11) 

nonyqnM 

/'( = ( Q 
2 

) mn + (!' mn ( 12) 

.D.nH .o.naroaanbHhtx K HM99M ( (! mm = 0 

K 
mm 

I Q Q =-I ( Q /. 
mn nm n mn 

(13) 

Koa<j:><j:>nuneHThi K H {! He aaaHCHT OT Bht6opa aaewaero nonst vi , .o.ellcTBY!OUiero 

aa nepay10 qacTnuy. floTeHunan vi (11I) npocTo npn6aanHeTcst K a<j:><j:>eKT!IBHbiM noTeauna

naM B CHCTeMe ( 6), 

OnpenenHM rpaanqHbte ycnoallst nnH II' TBK, 'lJT06bt H3 -oo llBLl.Bn 9.0.HHH"'HbiA no-

TOK 'IB.CTHU 1
1 

8 "18CTHUll 2 npH .X 
1
-.-- H8XO.LlHn8Cb 8 OCHOBHOM COCTOSIHHH B OOTeHUH8ne V 2 • 

flycTb aaeprnst cncTeMbt E ae.o.ocTaToqaa nnH Toro, qTo6bt qaCTlll!B 2 aaxoAnnacb B 

B036y>KAeHHOM COCTOSIIIHH npH y.o.aneHHH nepBOll qaCTIIUbl IJH 6eCKOHeqiJOCTb; 

E(+~)<E<E(+~). 
I - :l -

(14) 
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3. BoaHHKHOBeHKe peaoaaacoe 

/2/ 
BbiaenHM B cacTeMP- ( 6) nepeoe ypaeaeaae (eM. ) H aanHIIJeM ee B eaae 

" 

+E-K-E)¢=!. 0 ¢, 
1 II I n Jn n 

1 a• 
(-- --

2mt az: 
1 

(---
2 . 

_____jL___ + E -X 
1

- E ) ¢ = 0 ¢ + I 0 ¢ , ( m , n .j 1} a z 2 n I n nJ I n• • 
2mt 

I 

OnepaTOpbi 0 onpeaenRIOTCR coOTHOIIJeHHeM: 

0:1 ¢1=KII¢1+ 2 Qtl¢~· 

( 15) 

( 16) 

(17) 

X n t H c o6cTeeHHbie aaaqeHHR /i, .. x, - BeKTOpa C KOMllOHeHTaMH BeeaeM <PYHKUHH 

CHCTeMbl: 

Paano:>KHM ¢ 

1 
(--

2m 
1 

a• 
iJ -;2 + En - K nn ) X ,l - :£ 0 

I m 

B pRa 110 <lJyHKUHRM Xf 

cf> n ~ 7 c f xrl. • 

noacTaBHM (19) B (16) H HCll01lb3YR (18), ll01ly'IHM: 

x .. r= ~ 

! c. ( &. - E ) X t = 0 cf> • 

X ,1_ • (18) 

(19) 

(20) 

YMHO)KHM (20) cneea 

conpR)KeHaoro ( 18)) 

t < < n 111 1 - -aa xrl. a npoaaTerpapyeM, nony'IHM ( x • peiiJeljHe ypaBHeHHR 

•. 

noacTSBHM Tenepb 

(--1-
2m 

I 

a• 
a x • 

I 

l: f X,l ani cf> I d" I (21) 
c t &c E 

c f 
H3 (21) B (19), a aaTeM cf>

11 
H3 ( 19) B ( 15): 

" ... 
Olr X.l. f Xmt 0•1 c/> 1 dz 1 

/i,t- E 

(22) 
+E-K-E)¢=!. 

I II J m,nJ 

nycTb aaeprHR E 
cHcTeMbi 6nHaKa K aeKoTopoMy &P • OnpeaenHM aea na:aellao-aeaa-

BHCHMbiX peiiJeHHR Ill! 
ypaBHeHHR: 

-K -E)g -I o:ox.ff X ,6 ,cf> dx 
II 1:: .,,.,; f=t p /i, : E I I 

p 

= o. (23) 

(-
2 

_1 ___ a_+ E 
2m (J X 2 1 

I I 

nycTb Ill+ npeacTaBnReT co6oll peiiJellH9, B KOTOpOM cnpeea OT o6naCTH p8CC9RHHR HMeeT

CSI TOJlbKO B011Ha, HollYIIJaR aanpaBO, C ilOMOillblO <lJyHKUIIll g J + Mbl MO)KeM npeacTaBHTb 

A. /3/ -
"' 

1 
B e11ae I q - y aoeneTBOplleT ypaeaeRIIIO ( 23) c cf> = 0 

I 
;: 

6 

t ~: 

cf> = ( q i q I 0 X dx + q f q I 0 X dx 1 ) c + g , 
I t+ 

00 
t- n In np I I• .1: I+ n l n n p p t+ 

• 1 
(24) 

rae an11 <lJyHKUHll q + 
1-

npHHRTa HOpMHpOBKa q' q -q q' = J 
1+ ,_ t+ ,_ 

, If, rae Y,(q -h/2m(f£::E ). 
1+ I I 

,_L ) =1 
a ql+ x-+-eoo " . I f x 0 cf> d1t. 

mp mt 1 I c = ~ p -~ (25) 
/i; - E 

p 

noacTaBJlSIH cp
1 

H3 (24) B (25) H peiiJaSI ypaBHeHHe OTHOCHTeJlbHO Cpl 11011Y'IHM: 

rae 

p 

c 
p 

zl 

!. f )( fa II dz1 = • m mJ t+ , 

& - E - I f x o" .. 1 P d "1 
P m mf 

q,+_L q,_~ o' X dx + q f q ! 0 X d 1t. 
In np I 1- I+ n In np I 

'1 

Cornacao ( 24) Koa.p<PauaeHT npoxo)KaeHHH D HMeeT BRa: 

ft 2 
D = I c f ql !. 0 X d 1l. + 1 I . 

p • n In np I 

... 

(26) 

(27) 

(28) 

EcnH r X 0 II d 1l. H 
mp ml t+ I 

f )( 0 p dx ae cHnbHO aaBHCSIT OT aaeprHK B611H3H 
mp ml I 

/i,p 

rm f x o' P t111. 
mp m 1 I 

H MeHbiiJe1 '10M paCCTOSIHHe Me>Kay {if , TO aaBKCHMOCTb c ,., 
a, cneaoeaTe1lbHO, H D OT E KMeeT peaoaaHCHbill xapaKTep e6nKaK lio P· • .LleltCTBHTenb-

Hall qacTb Re f X 0 p d11. onpeaenReT casar peaoaaaca oTHOCKTenbHp 
mp m1 I /4/ . 

MHKMBR 'laCTb onpeaenSieT IllKpHHY r peaoaaaca. Mo)KHO O)l(KaaTb 'ITO 

&,. , a ero 

r 6yaeT 

Manoll, ecnK Bbi6paTb v
1 

,v 
2 

c napaMeTpaMH 11aepaoro noTeHuKana, a 

HyKnoa-HyKnOHHoro eaaaMoaellcTBKII. 

V C napaMeTpaMK 
12 

B cymecTBOBaHKK yKaaaHHbiX peaoaaacoe MO)l(HO nerKo y6eaHTbCH, ecnK Mana CBH3b 

Me>Kay ypaBHeHHSIMH B CHCTeMO (6) (HJlll (15), (16)), 

PaccMOTpHM anR npoc-roTb! TOJlbKO aea ypaBHeHKH 

ft 

( H 1 - E ) cf> 1 = 0 1n ¢ n ' 
(29) 

( Hn- E ) c/> n = o' 
nl (30) ¢1 • 

Paano>KHM <PYHKUHIO cp n no ll011HOMY aa6opy <PYHKUHll ¢ nf 

Hn c/>nf = Ef c/>nf' 
(31) 

1 



I 

¢n ~ r c,~ <f>,.t: 

no,llCT8Bn!HI ( 32) B ( 30) , YMHO>K8R cneaa Ha <f> np 

c 
np 

f cf'ne on1<P 1 dx 

E - E 
p 

(32) 

H HHTerpHpyR, nonyqaeM: 

(33) 

By.lleM paccy>K.ll8Tb OT npoTHBHOro. npe.llnOnO>KHM, qTO npH MBnbiX Kos¢¢HuHeHTax 

K H Q npasy10 qacT& ypasaeHHR (29) MO>KHO paccMaTpHBBTb KBK Manoe soaMymeaHe H 

¢yHKUHIO .p
1 

npH scex aaaqeaHRX E (eM. ( 14)) MO>KHO npH6nH>KeHHO aaMeHRTb aesoaMy-

meaaoA .pyaKuHeA <f>
0 

1 

H1 </> (o) .. E 
1 

<f>(O) • 
1 (34) 

Am• ¢yaKuHA .p(O) aaaqeHHR E,.~ HHqeM ae Bbi.lleneHH&Ie ToqKH aa ocR saeprHA E 
1 ~ 

To >Ke caMoe cnpaae.llnHBO .llnR f .P 0 q/0
) dJt. , TBK KBK a .p H 0 aoo6me He 

np nJ I 1 A np nJ 

BXO.llHT 38BHCHMOCTb OT 3HeprHH E • 8 06ll!eM cnyqae f </> 0 ~O)dJt. OTnHqHo OT ap nJ I I 

aynR a TOqKax E • E,. • 3aMeHa .p .. / 0
) a (33) npHBO.llHT K TOMy, qTo Cnp o6pa-

1 1 . 

maiOTCR s 6ecKoaeqHOCTb a ToqKax E = E,., a1 cne.llOBBTen&ao1 a 6ecKoHeqaoCTb o6pa-

maeTCR H npaaaR qacTh ypaaaeHH>I (29). M&I npHwnH K npoTHBOpeqHIO. K TOMY >Ke npo
(O) 

THBOpeqHIO Mbl npH,lleM, ecnH aaMeHHM tP 
1 

Ha <tJyHKUHIO, Mano OTnHqaiOll!YIOCR OT tP 1 • 
(f) 

TonbKO aaaqHTenbHbiM H3M~eaeaHeM .p 
1 

no cpaaaeHHIO c t/>1 ( -100%) s ToqKax E • E,. 

MO>KHO o6paTHTb f </>np 0 n 1 tP I dJt.1 

KOHeqHblMR. 

B 3THX TOqKBX B Hyn&, qT06bi c OCT8BanHCb np 

npH aaaqeHH>IX sHeprHH E B,llBnH OT E Mbl MO>KeM nonb30B8TbC>I HeB03MYllleH-
. rn , 

HbiMH ¢YHKUHRMH .P • TaKHM o6paaoM, Mbl BH.llHM, qTo t/>1 .llOn>KHB peaKo MeH>ITbCR 

a6nH3H E "'' qTo npHBO.llHT K peaoaaacaoMy noae.lleHHIO xapaKTepHCTHK pacceRHHR ( Koa<P

¢HuHeHT npOXO>K.lleHHH, ceqeHHR pacCe>!HH>I). 

CnyqaA 6on&IUHX Koa¢¢auaeHTOB eagaR a cHcTeMe (6) noTpe6yeT na6o gaaoro pewe

HH>I cagaaHHbiX ypasaeHHA, nH6o 6onee nocne.lloaaTen&aoro aaanaaa cHcTeMbi (6). AaTopbl 

npe.llDOnaraiOT UOCB>ITRTb 3TOMY cne,llyiOlllYIO pa6oTy. 

4. q8CTOT8 peaoHaHCOB 

fbno>KRM 111
1 

= llli 8&J6epeM 'l(Jt.) = v l"J4 B BH.lle Up>!MOyronbHOA UOTeHUHanbHOA 

>IMbl: {0 npR l<1 ~ 0; "1 ~ R (35) 

v(Jt.)• < R 
I I • V npH 0 < Jt. I • 

• 

8 

nycTb napaMeTpbl R H vo Bb16p8Hbl TaKHM o6pa3oM, qTO B >!Me v HMeeTCR N O.llHo

qacTHqllbiX .llHCKpeTHbiX ypoaaeA. EcnH WHpHaa r noTeHuaanbHOA RM&I 

0 npH I "z - "21 ~ r (36) 
v = I 

npH I "t 12 -v - "21 < r 
D 

TBKOB8 1 qTO B v HMeeTC>I TOnbKO O.llHO CBR38HHOe COCTORHHe C 3HeprHeA16nH3KOA K 
12 

HyniO,.llnR .llBYX qaCTHU c MaccoA m • TO s¢¢eKTHBH&Ie noTeHuHanbH&Ie 3HeprHR Em - K,, 

CHCTeMbl ( 6) HMeiOT cornBCHO ( 2) H ( 3) BH.ll UOTeHUHanbHbiX RM C WHpHHOA ,. R + r 

8 rny6aaoll aecKon&Ko 6onbweA, qeM V0 • KaqecTaeaao aaaHCHMOCTb noTeauaanos E -K ..... 
OT Jt.

1 
Hao6pa>KeHa Ha pHC. 1. 

£,.-K,.,.m · £. 
E-R, E- E, 

~ 

.. 
~----------------

2. ------
I \)\\ Ill/ I t --

"< < "' niT > ·~ ot-====.::===:....---=====:==== 
---·-

"'-} r, IJ 

Fac, 1. a) Sq,¢eKTHBHble noTeauaanbl. 6) YpoBHH s s¢¢eKTRBHbiX noTeauaanax. 

B) PeaoaaHCHble aaeprHR. 

B KB>K.llOA H3 N noTeauaanbHbiX RM, aao6pa)l(eHHbiX aa pac. 1, HMeeTcR N ypoa-

Hell. PeaoHaHC B CHCT9Me HaCTynaeT, KOr,lla aHeprHR E DpR6nH>KaeTCR K O.llHOMy H3 

9 



r 
3Ha'leHHit 3HepreTH'IeCKHX ypOBHelt B mo60II H3 UOTeHUHanbHb!X SIM. nocKOllbKy HaC B ,aaH

HOII pa6oTe HHTepecyeT cpe.OHS!R UllOTHOCTb peaoHaHCOB, TO C.QBHr 3HeprHH lj, f OTHOCH- • 

TellbHO UOHO>KeHHS! 3THX ypOBHell aa C'leT CBSI3ell ~e>K.ay ypaBHeHHS!MH B CHCTeMe ( 18) 

a TaK>Ke c.asHr peaoHaHCOB aa C'leT Re f x. 0 
1 

P d% .an" Hac He o'!eHb cywe-r.., at 1 

cTBeHHbi. 5icHo, 'ITO cpe.aHRR qacToTa peaoHaHcos 6y.aeT B N paa 6onbwe nnoTHOCTH 

o.aHoqacTH'IHb!X ypoBHell B noTeHuHane v • ( 3cjJcjJeKT Hano>KeHHR .apyr Ha .apyra N cHc

T9M ypoBHell eM. pHc.1). Bee peaoHaHCbi ne>KaT B o6nacTH aHeprHit E 
1 

< E < 0, 

HanH'IH9 Henpepb!BHOit '!aCTH B cneKTpe COCTOS!HHit BTOpOit 'laCTHUbl H9 M9HSieT 

KOllH'19CTBa pe30HaHCOB H HX cpe,aHelt UHOTHOCTH, a HHWb CKa3b!BaeTCS! 

HHS! HHTepcjJep9HUHH) H UOHO>KeHHH OT.QellbHb!X pe30HaHCOB. 

Ha cjJopMe (Rsne-

EcnH paccMoTpeTb Mo.aenb, Kor.aa pacceRHHe npoHcxo.aHT Ha noTeHuHanbHOII RMe, 

B KOTOpolt HaXO.QS!TCS! .QBe qacTHUbl, B3aHM0.09ltCTBY!OlllHe C HaneTaiO!llHMH '!aCTHUaMH, TO 

nnoTHOCTb pe30HaHCOB soapacTaeT B N
2 

paa no cpaBH9HHIO c nnoTHOCTbiO o.aHo'!aCTH'IHbiX 

ypOBHelt B UOTeHUHane V H T • .Q. 

8 R.Opax HM9eTCS! H9CKOllbKO .aeCSITKOB O.QHO'IaCTH'IHb!X ypOBHelt, Ha KOTOpb!e MOryT 

nepeXO.QHTb HYKHOHbl, ll9>KB!llHe Ha 3HepreTH'IeCKOII UOB9pXHOCTH R.Qpa. no3TOMY pa3yMHO 

npe.QUOHO>KHTb, 'ITO .QOCTaTO'IHO 0'19Hb He6onbWOrO ( UOpS!.OKa fiRTH) 'IHCna 'laCTHU, • aKTHB

HO• y'laCTBY!OlllHX BO B3aHMO.OeltCTBHH C HaneTaiO!llHMH H911TpOHaMH, 'IT06bl 06bSICHHTb Ha-

6nro.aaeMyiO Ha OUb!Te 'laCTOTY p930HaHCOB B Ce'I9HHH pacceSIHHS! M9.QH9HHblX HeltTpOHOB 

Ha R.apax (eM/
51

). 

AsTopbr Bbipa>KaiOT 6naro.aapHOCTb 5i.A. CMopo.OHHCKOMY aa HHTepec K pa6oTe 

~. 

H n.r. 3acTaBeHKO aa UOH93Hb!e .QHCKYCCHH. 
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