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1. B npeA~AY~eA pa6oTe 1 1 1 6~n paccMOTpeH ynpo~eHH~A Mexa
H~3M A~CC~na4~~ 3Hepr~~ 8 peaK4~RX C TR~en~M~ ~OHaM~. ~AeR 

COCTORna 8 TOM, 4T06~ TpaKT08aTb noTep~ 3Hepr~~ KaK pe3ynb
TaT 8036Y~AeH~R yp08Hel1 OC4~nnRTOpa, KOTOp~A OTO~AeCT8nR

eTCR c MOAaM~ r~raHTCKOro pe30HaHca 8 RApe-M~WeH~. r~raHT

CK~A pe30HaHC TpaKT08anCR 8 AYXe · paHH~X pa60T, TO eCTb KaK 
83a~MH~e KOne6aH~R npOTOHHOA ~ Hei1Tp0HHOI1 KOMnOHeHT nnOTHOC
T~ RApa-M~weH~. CneAY~~~e AOnonH~TenbH~e npeAnono~eH~R 6~n~ 

~cnonb308aHbl, 4T06bt CAenaT b MOAenb 6onee o6o3p~Mol1: a/ He 
y4~T~8anacb OTAa4a npOTOHHOA KOMnOHeHT~ nnOTHOCT~ Rgpa-M~

WeH~; 6/ 83a~MOAei1CT8~e npOTOHHOA ~ Hei1TpOHHOI1 KOMnOH € HT 
nnOTHOCT~ annpOKC~M~P08anOCb OC4~nnRTOpHbiM nOT€H4~anoM; 

8/ 83a~MOAei1CT8~e HaneTa~~ero ~OHa C npOTOHHOA KOMnOHeHTOA 
8bl6~panoc b 8 8~Ae npRMOy ron bHOA np~TR r~ 8a~~el1 RM~ Ha ManbiX 
paCCTORH~RX ~ KynOH08CKOrO OTTanK~8aH~R - Ha 60nbW~X 
I p~ c. 1 I ; 83a~MOAei1CT8~e HaneTa~~ero ~OHa c npoTOHHOA KOM
noHeHToA nnOTHOCT~ ~Meno AenbToo6pa3H~A xapaKrep ~ y4~T~8a

nocb 8 nep80M nOPRAKe TeOp~~ 803My~eH~I1. 3a C4eT 8036Y~Ae

H~R YP08Hel1 OC4~nnRTOpa naAa~~aR 4aCT~4a C OnpeAeneHHOA 8e
pORTHOCTb~ TepReT 3Hepr~~. np04ecc~, np~ KOTOp~X 3Hepr~R 

naAa~~eA 4aCT~4~ OKa3~8aeTCR MeHbWe, 4eM 8~COTa nOT€H4~anb

HOrO 6apbepa, npeAnaranOCb ~AeHT~¢~4~P08aTb C np04eCCOM o6-
pa308aH~R COCTa8HOrO Rgpa. 

HeCMOTPR Ha npo3pa4HOCTb ~Aei1HOI1 CTOPOH~ ¢opMan~3Ma, 

OKOH4aTenbH~e ¢opMynbl, np~8eAeHHble 8 1 , Manoo6o3p~M~ ~ 
c TPYAOM nOAAa~TCR Ka4eCT8€HHOMy aHan~3y. nanbHeAwee ~3no
~eH~e CTpO~TCR cneAy~~M o6pa30M. B n.2 M~ paCCMOTp~M OAHO
MepH~A 8ap~aHr paccMaTp~8aeMoA 3aAa4~. B n.3 6YAYT np~8eAeH~ 

pe3ynbTaT~ 8~4~cneH~A AnR MOAen~, paccMOTpeHHol1 8 1 · . HaKo
He4, 8 n.4 06CY*AaeTCR 803MO~HOCTb 3aX8aTa Ha C8R3aHHU€ coc
TORH~R. 

P~c. 1. CxeMaT~4ec
KOe ~3o6pa~eH~e Mo
Aen~, paccMoTpeHHO~ 8 
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2. PaccMaTpHeaeTcR cneAy~aR OAHOMepHaR MOAenb. 0Kono 
CHnOBOrO ~eHTpa 0 KOne6neTCR 4aCTH~a 2, B3aHMOAeHCTBy~~aR 
C ~eHTpOM 0 no OC~HnnRTOpHOMy 3aKOHy: 

2 

V 2(x 2) = kfx2 

Ha CHnoeoA ~eHTp 0 HaneTaeT 4acTH~a 1, eaaHMOAeAcTey~~aR 
AenbTOo6paaH~M noTeH~HanoM c 4aCTH~eA 2: 

V12= Woo(x1-x2) . 

noTeH~Han B3aHMOAeHCTBHR 4aCTH~~ 1 C CHnOB~M ~eHTpOM HMeeT 
BHA, noKa3aHH~A Ha pHc. 2 . To ecTb: 

V 1 (x J = ~ 0, 

( Vo, 

V(X) 

X 1 < 0, 

0< X 1 < a , X 1> b , 

a < x 1 < b 

~- .... ------, oE 

hw-n 

- -'----

a b 

v. 

~ PHc.2.CxeMaTH4ecKoe 
Hao6pameHHe paccMaT
pHeaeMOH OAHOMepHOH 
MOAenH. 

KaK H paHee, eaaHMOAeHCTBHe 4aCTH~ 1 H 2 Y4HT~eaeM e nepeoM 
nopRAKe TeopHH eoaMy~eHHH. TaKHM o6paaoM, 4acTH~a 1, naAa~
~aR cnpaea Haneeo c 3HePrHeA E I pHc.21, c onpeAeneHHOH 
eepORTHOCTb~ B036ymAaeT OC~HnnRTOPH~H ypoBeHb 4aCTH~~ 2 H 
CHOBa YXOAHT Ha 6eCKOHe4HOCTb C 3HeprHeH E = E-n ·hw . 

6 
n v 

AMnnHTYAY o HapymeHHR Ha 6ecKOHe4HOCTH oTpameHHOH 4aCTH~bl 

C 3HeprHeH, paBHOH 3HeprHH naAa~~eH 4aCTH~bl, 0603Ha4HM 4e
pe3 A3 . YcnoeHe coxpaHeHHR 4Hcna 4aCTH~ npHBOAHT K TOMy, 

2 
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4TO KBaApaT a6con~THOH BenH4HH~ K03~H~HeHTa npH naAa~~eA 
BOnHe lpaBH~H eAHHH~el AOnmeH 6~Tb paeeH CyMMe KBaApaTOB 
MOAyneH npH pacXOAR~HXCR BOnHax; TO eCTb 

2 
1 = I Aa I + ~ 1Sn l2 . 12.11 

0Ka3~eaeTcR, 4TO I A 3 1"' 1 , no3TOMY npaeaR 4aCTb 12.11 OKa
a~eaeTCR 60nbWe eAHHH~~. 3TO CBR3aHO C HapyweHHeM YHHTap
HOCTH 3a C4eT HCnOnb30BaHHR nepeoro nOPRAKa TeOpHH B03My
~eHHH. EcnH 6~ ycnOBHe YHHTapHOCTH B~nonHRnOCb, TO Ce4eHHe 
peaK~HH 6~no 6~ paBHO 

aR=1-1Aa l2 . 

~3-3a HapyweHHR ynOMRHyTOro ycnOBHR AnR B~4HCneHHR Ce4eHHR 
peaK~HH lnpH Man~x W0 I npHXOAHTCR B~4HCnHTb ec~ cyMMy 

2 
I I sn I · 
n 

2 
no CBOeMy CM~cny w n =Is n I eCTb eepORTHOCTb o6HapymHTb 

Ha 6ecKoHe4HOM paccTORHHH OT ~eHTpa 4aCTH~Y c 3HeprHeA En . 
EcnH 3HeprHR naAa~~eA 4aCTH~~ E 6onbwe e~coT~ 6apbepa, TO 
Wn MOmHO npeACTaBHTb B BHAe npOH3BeAeHHR Tpex ~aKTOpoe: 
BepORTHOCTH npOHHKHOBeHHR 4epe3 6apbep 4aCTH~~ C 3HeprHeH 
E , eepoRTHOCTH eoa6ymAeHHR n-ro ·oc~HnnRTOpHoro ypoeHR H 
eepORTHOCTH nocneAy~ero npOHHKHOBeHHR 4aCTH~~ C 3HeprHeH 
En . npH E> Vo nepe~A MHO>KHTenb npaKTH4eCKH paeeH 1. EcnH 
6~ 6apbepa He 6~no /To ecTb V o=O I, TO eenH4HHa IS~ 12 
npeACTaBnRna 6~ BepORTHOCTb B036Y>KAeHHR naAa~~eH 4aCTH~eH 
n -ro OC~HnnRTOpHoro ypOBHR. npHMeM, 4TO BepORTHOCTH B03-
6y~AeHHR OAHHaKOBbl npH V0 "' 0 H v0 .;. 0. TorAa OTHoweHHR 
1Sni

2
/IS0 1"2 eCTb BepORTHOCTb npOHHKHOBeHHR 4epe3 6apbep 4aCTH-

~~ c 3~eprHeA En, a Tn=1-1Sni 2/IS 0 nl 2 ecTb eepORTHOCTb oT-

cyTCTBHR npoHHKHOBeHHR. HaKOHe~, IS~ 12 ·Tn eCTb eepORTHOCTb 
TOrO, 4TO naAa~~aR 4aCTH~a C 3HeprHeH E B036YAHT n -A OC~HnnR
TOpH~H ypoBeHb H He 6yAeT 06Hapy>KeHa Ha 6eCKOHe4HOCTH, TO 
eCTb aaxeaTHTCR noTeH~HanbH~M 6apbepoM. HaKOHe~, ce4eHHe 
3axeaTa /cnHRHHRI onpeAenReTCR KaK CYMMa 

~ k n f n -k-an 

3AeCb He06XOAHMO CAenaTb HecKonbKO. 3aMe4aHHH. Ha-aa YA~Tap
HOCTH 4~Cn~ naAa~HX 4aCTH~ paBHO 4HCny . YXOAn~HX, TO eaTb, 
CTporo rOBQpR, 4aCTH~a aaxeaTHTCR He MO>KeT. 0AHaKO Ka>KAaR 
MOAenb, on~C~Ba~aR pacceRHHe TR>Ken~x HOAOB, C04ep*HT KaK 
OAH04.aCTH4Hille, TaK H M~otOr04aCTH4Hble acneK-T~. 0AH04aCTH4H~e 
acneKT~ npORBnRIOTCR R TOM, 4-TO Ha 60nbWHX paCCTORHHRX no
TeHqMan nl)H6nHmaeTCR K KY.ROHOBCKOM}' r H 8- caMOM Cy~eCTBOBa-
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H~~ noTeH4~anbH~x 6apbepo8. MHoro4acT~4H~e 3$$eKT~ npoR8-

nR~TCR Ha Man~x paCCTORH~RX, TO eCTb TaM, rAe nnOTHOCT~ 
CTanK~8a~~~XCR ~OH08 nepeKp~8a~TCH. np~ 3TOM npO~CXOA~T cy
~eCT8eHHaR nepecTpoi1Ka noTeH4~anbHbiX nonei1 cTanK~8a~~~xcR 
~OH08 ~ nOHRT~e nOTeH4~anbHOrO 6apbepa TepReT C80i1 CM~Cn. 

no3TOMy CMbiCn npeAb1AY~ei1 $OpMynbl COCTO~T 8 TOM, 4TO nocTy
n~pyeTCH o6pa308aH~e COCTa8HOrO RAPa 8CHK~i1 pa3, KOrAa 8 
pe3ynbTaTe 8036Y*AeH~H OC4~nnATOpH~X yp08Hei1 3Hepr~H naAa~
~ero ~oHa oKa3~8aeTcA H~*e 6apbepa. CneAY~~aA HarnAAHaA 
MOAenb ~nn~cTp~pyeT 3TO o6cTOATenbCT80. Wap~K 1, YAaPAACb 
o wap~K 2, nDA8eweHH~i1 Ha npy*~He, TepAeT 4aCTb c8oei1 3Hep
r~~ ~ MO*eT OKa3aTbCA 8HYTP~ noTeHLII.1anbHOi1 HMbll p~C. 31 . 
B KnaCC~4eCKOi1 MeXaH~Ke wap1.1K MO*eT 8bi6paTbCH 1-13 AMbl TOnbKO 
8 TOM cny4ae, ecn~ OC4~nnATOp nepeAaCT eMy 8C~ 3Hepr~~ 803-
6Y*AeH~A ~n~ 4aCTb ee, nepei1AA 8 6onee H~3Koe 3HepreT~4ecKoe 
COCTOAH~e. 0AHaKO 803MO*eH ~ APYrOi1 8ap~aHT: OCL.I~nnATOp 3a 
C4eT Han~4~H nOnA ~3ny4eH~A nepei1AeT 8 OCH08HOe COCTOAH~e 
nocpeACT80M ~cnycKaH~A $DTOHa. TorAa 4acT~4a 1 MO*eT 8~-

6paTbCH ~3 nOTeH4~anbHOi1 AM~ TOnbKO 8 pe3ynbTaTe TYHHenbHOrO 
3$$eKTa. CneAY~~aA C~Tya4~H TaK*e 803MO*Ha: XOTH 4aCT~4a 8 
KOHL.Ie KOH408 8~6~paeTCA ~3 nOTeH4~anbHOi1 AM~, HO 3TO 3aH~Ma
eT cn~wKOM MHoro 8peMeH~. IHanp~Mep, 6onbwe 8peMeH~ per!-1-
cTpa4~~ co6~T~R. B 3TOM cny4ae 3TO co6~THe ~AeHT~$~LI~PYeTCA 
KaK cn~RH~el. Han~4~e 8Cex 3T~x MexaH~3M08, He COAeP*a~~xcA 
8 ~CXOAHOi1 noTeH4~anbHOi1 MOAen~, 8 KaKoi1-TO CTeneH~ Y4~T~-
8aeTCA AaHH~M 8~we onpeAeneH~eM ce4eH~A cn~AH~R. 

npoaHan~3~pyeM Ka4eCT8eHHO OCH08H~e 3aKOHOMepHOCT~ 8 
no8eAeH~~ ce4eH~i1 cn~AH~H: np~ E -• oc ce4eH~e cn~AH~A cTpe
M~TCR K Hyn~ KaK V 0.' E , nocKOnbKy o6a ce4eH~A peaK4~~ lnp~ 
V0 ~ 0 ~ V0 ;, 0 I cTpeMATCH K DAHDMY ~ TOMY *e npeAeny. 3To 
C8A3aHO C TeM, 4TO 8KnaA OT 8036Y*AeH~H yp08Hei1, ne*a~~X 
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P~c. 3. Knacc~4eCK~i1 aHanor paccMaTp~-
8aeMO~ · OAHOMepHo~ MOAen~. 

.. 

• 

10-'f 61 

10-2 

Of • GR- GR 

10- l 

~0--1~o--2o~-Jo--~,o--s~o--6~0--7~o--s~o--g~o--1o~o-
EcuM 

p ~ C . 4 • 3a8~C~MOCT b 
Ce4eH~H cn~AH~H OT 
3Hepr~~ AnA paccMaT
P~8aeMo~ DAHDMepHo~ 
MDAen~. 

H~*e 6ap bepa, OKa3bl8aeTCA OTHOC~Ten bHO ManbiM. np~ 3Hep r~11 Ha

neTim~e_f1 4aCT114bl E , MeHbWe~ paCCTOHH11H Me*AY YP08HAMI1 OC411n
nATOpa T! w , o6a ce4eHI1A TaK*e o6pall\a~TC.R 8 HYnb. TaK11M o6-
pa30M, Ce4eHI1.R Cni1AHI1.R ADCTI1ra~T MaKCI1MyMa np11 3Heprl111 no
P.RAKa 8eni1411H~ noTeH411anbHoro 6apbepa. T11n114Ha.R KP118a.R npl1-
8eAeHa Ha p11c. 4. 

PaCCM0Tpi1M Tenepb 3a811CI1MOCTb Ce4eHI1~ Cni1AHI1.R OT OC411nn.R-
TOpHbiX napaMeTp08 a 0 ,W • np11 a 0 >> b 0C4YinnAT0pHa.R $YHK411.R 
cocpeAOT04eHa 8He noTeH411anbHO~ AMbl, c6poc 3Heprl111 npol1c
XoAI1T Ha paccTOAH11.RX, c11nbHO npe9~wa~~11x pa3Mep~ noTeH411anb
HO~ AMbl. no3TOMy 8ni1.RHI1e nOTeH411anbHO~ AM~ Hecy~eCT8eHHO, 
o6a Ce4eHI1A peaK41111 npaKTI14eCKI1 DAI1HaK08~, a Ce4eHI1e Cni1A
H11.R 04eHb Mana. np11 Man~X 3Ha4eHI1.RX napaMeTpa OC411nnATOPHO~ 
An11H~ BOnHOBa.R $yHK411A COCpeAOT04eHa B6nl1311 Ha4ana KOOPA11-
HaT. Man~M 3Ha4eHI1.RM ao I np11 3aAaHHOM w I OTBe4a~T 6onb-
WI1e 3Ha4eHI1.R Mace~ 11 KOHCTaHT~ CBA311. BepO.RTHOCTb B036Y*AeHI1.R 
TaKO~ CI1CTeM~ Mana, 11 o6a Ce4eHI1.R On.RTb-TaKI1 CTpeM.RTC.R K Hy
n~. TaKI1M o6paaoM, 11MeeT MeCTO Ta *e C11Tya411A, 4To 11 An.R 
3aBI1CI1MOCTI1 OT 3Heprl111: Ce4eHI1e Cni1.RHI1.R AOCTI1raeT MaKC11MyMa 
np11 HeKoTopoM ao . AHanori14Ha.R c11Tya411_.R cy~ecTsyeT An.R 3asi1-
CI1MOCTI1 oT 4aCTOTbl DC411nn.RTopa: np11 Iiw >> E o6a ce4eHI1.R 
pa BHbl Hyn~, T aK KC1K He XBaTaeT 3Heprl111 An .A B036Y*AeHI1.R Hl13-
wero yposHA; np11 1iw < E o6a ce4eHI1.R npi1MepHo DA11HaKos~, 
TaK 4TO Ce4eHI1e Cni1.RHI1.R OnATb-TaKI1 Mana. 
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3. nepe~AeM K TpeXMepHO~ KapT~He. 8 3TOM cny4ae OKOH4a
TenbH~e $OpMyn~ An~ ~~$$epeH4~anbH~X ~ nonH~x ce4eH~~. OT8e-
4a~~~x 8036Y~AeH~~ OC4~nn~TOpHoro yp08H~ C K8aHT08biM~ 4~C
naMM ( n ,f) , A080nbHO cno~H~ ~ ~3 H~X TPYAHO ~38ne4b Ka4eCT-
8eHH~e cneACT8M~. no3TOMY nocTyn~M cneAY~~MM o6pa30M. Pac
CMOTP~M CHa4ana CMTYa4M~, KOrAa HaneTa~a~ 4aCT~4a 1/pMC. 1/ 
83aMMOAe~CT8yeT TOnbKO C OC4~nnMpy~~e~ 4aCT~4e~ 2 ~ He 
83a~MOAe~cT8yeT c c~n08biM 4eHTPOM. TorAa nerKo nony4~Tb 
AM$$epeH4~anbHOe Ce4eH~e, OT8e4a~~ee 8036Y~AeHM~ OC4Mnn~TOp

HOrO yp08H~ C K8aHT08~MM 4~CnaMM ( n , f) 

1 1 m w 2 k a nV ( 0) " - ( - -1~- ) (2 r , 1).!._ _.!._ 1 nP Q 11 P · a 
4 n~2~ 

2 4 t n' - -- ( ---) 
. v " l'(n + p ,.!_) k 2 

2 

q p • a 
Y exp[- ( _,!. __ )2 ! 

2 

3AeCb 

k2 ., 2m 1E 1 t2-- k 2 = 
2t 1 I E 1 - h cu ( 2 n •· P ) I. 

II 2 

q2 ,= k 2 ... k2 -2kk cos 0 
nl ' nP nP 

Ce4eHMe a nl' ( 0) KaK $yHK4~~ yrna pacce~H~~ 0 ~MeeT MaKcM-

MYM npM 
a 2~ + a 2k 2 - 4N cos 0= _____ ....Jl. __ _ 

2 a 2k. k 
N 

( N = 2 n • I' l 

3TOT MaKC~MYM ne~~T 8 $M3~4eCKO~ o6nacT~ npM 

O ::; vN $. 
k·a ----------·---

1 + 
__ rl2.l __ _ 

2m 
0
cos0 

Ecn~ 3TO COOTHOWeH~e He 8~nOnH~eTC~, MaKCMMYM ne~MT n~60 np~ 
e < 0 I 8 3TOM cny4ae ce4eH~e 8 $~3~4eCKO~ o6naCTM. y6bl8aeT/' 
n~6o npM e > lT I ce4eHMe pacTeT I. 

npOMHTerpMp08a8 a 11 ~ ( 0 ) no yrnaM, HaXOA~M Ce4eHMe 8036y~
AeH~~ YP08H~ c K8aHT08biM~ 4~cnaM~ ~ n ' r ) : 

m Wo ,., 1 - ,, 
ane (E)=(~f-- .l.!!__ .5.~_.':_~ 1 ) 

4 h 2 k 2 a2 2 2 n +P n ! -

2 2 
4z <k+ k 11 p) 

j . - y N d 
------ e Y y. 

o 3 ) a2 2 r (n +r +- -- (k-k p! 
2 2 n 

6 

• 

HaKOHe4, cyMMapHoe ce4eH~e 8036Y~AeHM~ yp08H~ c 3HeprMe~ 
E

11
=N· hw pa8HO: 

2 
H 2 

- (ki k ) 
m W 2 

a N(E) = ~ a 
11

p(E) %(--1 _Q._) _1 _ _g 
2n+f=N 4h 2 k 2a2 N ! 

2 N 
f e - yyN d y /3.1/ 

a 2 2 
-- (k-k ) 

2 N 

CneAY~Me 3aKOHOMepHOCT~ cneAY~T M3 /3.1/: 
a/ npM E •a n (E I y6~8aeT o6paTHO nponOP4MOHanbHO 

E , CTpeM~Cb K 0~0~ ~ TO~ ~e 8en~4~He, He 3a8~C~~e~ 
3He pr~~ 

OT N : 

m W 0 2 2 
a N (E ) = ~ -4!f"2-) k 2a2 

E _, oo 

3TO C8~3aHO C TeM, 4TO ~HTerpan np~ 3TOM CTpeM~TC~ K N1 

8 T04HOCTM KOMneHC~py~ MHO~MTenb 1 'NI nepeA ~HTerpanOMj 
6/ npM E ·• N·h' '' o (E) TaK~e cTpeM~Tc~ K Hyn~: 

N 
a2k 2 

mW 2 1 2 ---
a (E) = ( __ ..LQ_ ) -- -- 2 e 2 

N 411 2 k2a 2 N' 

( a2k 2 N a
2

k -2--) ___ f'i_ 
2 

E •N·tcd 

TaKMM o6pa30M, "N(EJ KaK $yHK4~~ 3HeprM~ E AOCT~raeT MaK-
c~MyMa npM HeKOTopo~ 3Hepr~~ E 1 • Ha p~ c. 5 noKa3aHo 

GIE•J 

10 . 4 1 .............. ............... """"" h~ : 1 

10 -~ 

P ~c. 5 . Ce4eH~e 803 -
6y~AeH~~ KaK $yHK4~~ 
3Hepr~~ 8036Y~A€ H ~ ~ 

oc4~nn~Topa. 
") ) l;'. j t 

32 ~ 6 64 72 <. 0 <. 8 8 16 24 0 
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Gi,OilH. 

1o·s 

ol•1, hw.2 

~=1,hw•S 

"'=2,hw·2 

ci=Lhw•10 

c/•2, hw=S 

J.=2, hw•10 

P~c.6. nonHOe ce-
4eH~e ao36ymAeH~R 

KaK ~YHK4~R 3Hepr~~ 
HaneTa~~ero ~oHa. 

10

-

4 

b 10 2:V~~ 5~ 50 70 8~ 90 1!l0Efh8 

10-5 

hw·S 
A•2 

hw•10 
A•2 

10 -\ .1.1. ....... l~ 
4 12 20 28 36 44 52 

8 

P ~c. 7 .Ce4eH~e o6pasoaaH~R cocTaa
Horo RAPa KaK ~YHK4~R 3Hepr~~ Hane
TaiOIIIero ~oHa. 

• 

Ce4eH~e a036ymAeH~R a 3aa~C~MOCT~ OT 3Hepr~~ a036ymAeH~R 
OC4~nnRTOpa E• np~ E *- ~El ace Kp~a~e CTpeMRTCR K OAHOMY 
~ TOMY me npeAeny 

(m1Wo2 
4{2-) 2 k 2a2 ::. 0 .6. 10-4 ~M 2 

Ha p~c.6 npeACTaaneH~ nonH~e ce4eH~R /To ecTb npocyMM~
poaaHH~e no a03MOmH~M a036ymAeH~RM/ a 3aa~C~MOCT~ OT 3Hep
r~~ naAa~~ero ~oHa E AnR pa3HbJX 3Ha4eH~I71 OC4J.1nnRTOpHbJX na
paMeTpoa (a.w) /. B~XOA ce4eHJ.1171 Ha nnaTo AnR 6onbWJ.1X 3Ha-
4eHJ.1171 E nerKo y8~AeTb, ecn1o1 o6paT~TbCR K p~c. 5.~MeHHO 
ace Ce4eHJ.1R, np~aeAeHH~e Ha plo1C.5 , nOCTORHH~ a HeKOTOpOM 
J.1HTepaane aos6ymAeH~~. a saTeM 6~cTpo cnaAa~T. PaccMOTPJ.1M, 
HanpJ.1Mep, Kp~ay~, OTae4a~~y~ aen~4J.1He t w = 2 . 3Ta Kp~aaR 
a~XOA~T Ha nnaTo /paaHoe 6·10- 5 ~M 2 /, nocne 4ero 6~cTpo 
CTpeMJ.1TCR K Hyn~. YMHOmaR 3Ty KOHCTaHTY Ha np~MepH~I7f ~HTep

aan ~3MeHeHJ.1R N(~ 30) , nony4aeM nplo1MepHoe 3Ha4eH~e ~oH

cTaHTbl, Ha KOTOPY~ abJXOA~T non Hoe ce4eH~e I p 1o1 c. 6 I . HaKe
Hell, Ha p1o1 C. 7 npeACTaaneHO Ce4eH~e cn~RH~R, 8bi4J.1CneHHOe 
no TOI7f me MeTOAJ.1Ke, 4TO ~ 8 OAHOMepHOM cny4ae /n.2/. 

4. 3aMeT~M, 4TO np1o1 nony4eHJ.1J.1 ce4eHJ.1171 o6pasoaaHJ.1R coc
Ta8HOI71 CJ.1CTeMbl M~ J.1cnonb308anJ.1 TO 1o1n1o1 J.1HOe onpeAeneHI1e ce-
4eHI1R cnJ.1RHJ.1FI. Hanplo1Mep, 8 ' 1 ' Mbl nocTyn11posan1o1, 4TO a ce-
4eHI1e o6pa308aH~R COCTa8HOI7f CI1CTeM~ aHOCRT aKnaA TOnbKO Te 
npOJ..IeCCbl, np~ KOTOPbiX 3Heprlo1R HaneTa~~el7f 4aCTI1J..Ibl B pe3ynb
TaTe 8036ymAeHI1R OCJ..111nnFITOPH~X yp08Hel7f OKa3~aaeTCR H~me 
noTeHJ..111anbHoro 6apbepa. 0AHaKo 3TO He ecTb sax8aT 8 paMKax 
AaHHOI7f MOAen~: aonH08aR ~YHKJ..111FI 4aCTJ.1J..I~, nona8wel7f 8HYTPb 
noTeHJ..II1anbHOro 6apbepa, co 8peMeHeM 11 8bJTeKaeT" 113 Hero 8 
pesynbTaTe "npoca4118aHI1R 11 4epes 6apbep 11 npoxomAeHJ.1R Hal'. 
6apbepoM /sa C4eT Taro, 4TO OCI..IJ.1nnRTOP c onpeAeneHHOA ae-

pORTHOCTb~ MOmeT OTAaTb 4aCTb 3Heprl111 B036ymAeHI1R 4aCTI1J..Ie, 
HaXOAR~el7fcR HaA 6apbepOM/. 

H11me Mbl o6CYAI1M ao3MOlKHOCTb 4J.1CTO K8aHT080MexaHI14ecKoro 
3axaaTa Ha CaR3aHH~e COCTOFIHI1FI. PaA11 npOCTOT~ paCCMOTPI1M 
OnFITb -TaKI1 OAHOMepHy~ 3aAa4y C npOFIMOyronbH~M npi1TRri1Ba~~I1M 
noTeH411anoM I p11c. 8/ . To ecTb 

~ 
00 • 

V(x) = -v0 • 

0 . 

X< 0, 

0 < x< a, 

x > a. 

TaK11M o6pasoM, 4acTI14a 1 c 3Heprlo1el7! E aos6ymAaeT OC4J.1n
nRTOp 2, HaXOAR~~I7fCR a6n~3~ Ha4ana KOOPAHHaT, ~ ee 3Heprlo1R 

g' 



• n ~ YMeHbWaeTC~ Ha een~4~Hy, KpaTHy~ hw. OCTaB~M cne,qy~~~~ 

eonpoc: B03MOmHa n~ TaKa~ noTep~ 3Hepr~~. np~ KOTopo~ 4acT~-

4a cean~Tc~ e noTeH4~anbHy~ RMY /p~c.8/? B~n~weM nonH~~ 
raM~nbTOH~aH C~CTeM~: 

t2 a2 t2 a 2 
H=- ----2-----2 +V/xt)+V2(x2)+V12(x1-x2). 

2m1 axl 2m2 ax2 

V lXI 

f----.----- E 

X 

----
P ~c. 8. CxeMaT~4ecKoe ~ao6pameH~e 
3axeaTa Ha COCTORH~R C 0TP~4aTenb
HO~ 3Hepr~e~. 

KaK ~ paHee, eaa~Mo,qe~CTB~e HaneTa~~e~ 
TOpOM 2 B~fi~paeM B npOCTe~WeM B~,qe, TO 
cjlyHK4~~ 

4aCT~4~ 1 C OC4~nnR
eCTb B B~Ae ,qenbTa-

Vl2 = Woo(x1-x2). 

nonHy~ BOnHOBy~ cjlyHK4~~ paanom~M B PRA no OC4~nnRTOpHbiM 
cjlyHK4~RM U n (x) 

IJI=IJI0 (x1 )U0 (x ) + ~ ¢> (x 1)U (x
2 

h l ¢> (x
1
)U (x 

2
). 

2 n <.. m n n n.::: mn n /4 . 1/ 

3,qeCb IJI0 (x1 )- BOnHOBaR cjlyHK4~R, OTBe4a~aR ynpyroMy pac
CeRH~~ Ha noTeH4~ane V1 (x1 ) • Pa,q~ y,qo6cTea e /4.1/ nonHaR 
cyMMa paa6~Ta Ha 2 4aCT~, OTBe4a~~~e cyMM~poeaH~~ no nono
m~TenbH~M ~ OTP~4aTenbH~M 3Hepr~RM /nocne B036ym,qeH~R OC4~n
nRTOpa/ 4aCT~4~ 1. ct>yHK4~~ c/> 11 (~ y,qoeneTBOpR~T cne,qy~eH 
C~CTeMe A~cjlcjlepeH4~anbH~X ypaeHeH~H: 

t2 a2 
I - -2- --2 1- V 1 I¢> ; W

0 
IJI

0 
+ l ¢> W ~ E ¢> 

ml a x-1 n n m- nm n n /4.2/ 
r,qe -w mn "'I Un-(x2 )Um(x 2 )V 12 (x 1- x 2 )dx 2 . 

E 11 = E-- nt'w . 
10 

• 

npeHefiperaR CYMMO~ B npaeo~ 4aCT~ /4.2/ /4TO COOTBeTCTByeT 
orpaH~4eH~~ 1-M nOPRAKOM TeOp~~ B03My~eH~~/ , HaXOA~M 
C nOMO~b~ cjlyHK4~~ rp~Ha: 

2m 
¢> (x) =-1i 1 I G (x,x') '1'0 (x')W 0 (x')dx'. 

n 2 n n /4.3/ 

3aMeT~M, 4TO np~ n ~ m K peweH~~ /4.3/ MOmHo ,qo6ae~Tb pewe
H~R OAHOPOAHO~ 4aCT~ ypaBHeH~~ /4.2/. 3T~ peweH~R, OTBe4a~
~~e CBR3aHHbiM COCTORH~RM B noTeH4~ane V 1(x 1 ) , ~Me~T peweH~R 
TOnbKO np~ A~CKpeTH~X 3Ha4eH~RX 3Hepr~~ HaneTa~~e~ 3Hepr~~ 

E /RBnR~~XCR KOM6~Ha4~e~ ypOBHe~ 3Hepr~~ OC4~nnRTOpa ~ 

npRMoyronbHO~ RM~/ 12 1 • O,qHaKo ,qnR npo~aeonbH~x 3Ha4eH~~ 
peweH~e ~MeeT B~A /4.3/. YcTpeMnRR e /4. l/x1 K 6ecKoHe4HOc
T~, HaXOA~M ac~MnTOT~KY IJI : 

-ikx 1 ikx 1 IJI ... ( e + S0e ) U 0 + 
ik 11x 1 l S e U (x 

2
) + 

n < m n n 
/4.4/ 

- - k X 1 + lS
11

e n U (x
2

). 
n~m n 

nocne,qHRR CYMMa B /4.4/ 3KCnOHeH4~anbHO 3aTyxaeT, 4TO co
OTBeTCTByeT 3aXBaTy 4aCT~ 4aCT~4 noTeH4~anbHO~ RMO~. TeM He 
MeHee ~3 CTaH,qapTHOrO TpefioeaH~R COXpaHeH~R HOpM~POBK~ BOn
HOBO~ cjlyHK4~~ 1 3 1 BCRKa~ ~Hcj)OpMa4~R o K03ct>ct>~4~eHTax S

11 
Bbma,qa

eT. 3TO CBR3aHO C TeM, 4TO 4neHbl CYMMbl /4.3/, OTBe4a~L[\e~ 
COCTO~H~RM C nonom~TenbHO~ 3Hepr~e~, HOpM~poeaH~ Ha 6ecKo
He4HOCTb /T04Hee, Ha ,qenbTa-cjlyHK4~~ o(k-k') I' Tor,qa KaK 
4neH~ CyMM~, OTBe4a~~e~ CBR3aHH~M COCTORH~RM, ~Me~T KOHe4-
HY~ HOpM~pOBKY ~. cne,qoeaTenbHO, BHOCRT ~C4e3a~~e Man~~ 
BKna,q B nonHy~ HOpM~pOBKy. 6eCKOHe4HaR HOpM~pOBKa, B CBO~ 
04epe,qb, o6R3aHa TOMy, 4TO M~ annpoKc~M~poean~ na,qa~y~ 

4aCT~4Y nnOCKO~ BOnHOH. np~ 6onee pean~CT~4eCKO~ nocTaHOBKe 
3a,qa4~ M~ ,qonmHbl fibln~ 6~ ~3 nnocK~x eonH o6pa3oBaTb eonHOBO~ 

naKeT C KOHe4HO~ HOPM~pOBKO~ 14 1 • B 3TOM cny4ae B HOPM~
pOBKy BOnHOBO~ cjlyHK4~~ BHOCRT KOHe4H~~ BKna,q COCTO~H~R KaK 
c nonom~TenbHO~, TaK ~ c OTP~4aTenbHO~ 3Hepr~e~. np~ 3TOM 
pa3HOCTb Mem,qy Ha4anbH~M nOTOKOM ~ nOTOKOM pacceRHH~X 4aCT~4 
c nonom~TenbHO~ 3Hepr~e~ MOmHo TpaKTOBaTb KaK ce4eH~e o6pa-
3oeaH~R cocTaBHoro R,qpa. Knacc~4eCK~M aHanoroM 3Toro ReneH~R 
RBnReTcR aaxeaT 3eMne~ MeTeop~TOB. 

1l 
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