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B B e n e H II e 

B IIOCneaHee BpeMSI MHOf'O BHIIM8HIISI yaenSieTCSI MeTO)l8M y"'eTa MHO

f'IIX KaHanoB B Teopiiii SI)lepHbiX peaKUIIH. nocTIIf'HYTO 6onee rny6oKoe IIOHII

M8HIIe MexaHII3Ma B38IIMoaelicTBIISI MHOf'IIX "'acTnu. BnaroaapSI rrocneaanM 

ycrrexaM Teopnn cTano B03MO)KHbiM o6oraTIITb apceaan cpeacTB cjleaoMeHono

rn"!ecKorn OIIIIC8HIISI peaKUIIH. 

TaK 1 )lnSI IIOf'nomeHIISI "18CTIIU BO BXO)lHOM KaHane BBO)lSIT MHIIMyro )l0-

6aBKy K IIOTeHUnany, 'ITO COOTBeTCTByeT.OIITII"'eCKOH MO)lenii. Ho eCTb II 

JlPYf'OH CIIOC05 HapyrueHIISI 9pMI!TOBOCTII f'8MIInbTOHII8H8 - BBe)leHIIe liCTO"'

HIIKa. HarrpiiMep, B Teopiiii peaKUIIli c rrepepacrrpeaeneHneM "18CTIIU/l/ ecTecT

BeHHbiM o6pa30M IIOSIBnSieTCSI IICTO"'HHK. 

B aaaaoli pa6oTe rrpeanaraeTcSI B aorronaeane K oiiTII"'ecKoMy rroTeHuiiany 

BBeCTII IICTO"'HIIK B ypaBHeHIIe llJpe)liiHrepa )lnSI.y"'eTa HeKOTOpb!X OC06eH
; 

HocTeli rrornomeanSI B rroToKe rraaaromiix "18CTIIU 1 T.e. aarrncaTb ypaBHeHIIe 

llJpeanarepa B BIIJle 

( H OIITII"'.- E ) 'P + J 0 (I) 

H 8IIIIpOKCIIMHpOB8Tb J K8KOH-nii6o IIpOCTOH cjlyHKUIIeli. 

Perueaiie ypaBHeHIISI c IICTO"'HIIKOM 

HeaaBIICHMO OT cTerreHn o6ocHoBaHHOCTn ero BBeaeHnn ypaBHeHIIe 

C IICTO"'HHKOM IIMeeT TO rrpenMymeCTB0 1 'ITO 8f'O perueHIIe 38IIIICb!B88TCSI 
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cpaay qepea neperynHpnoe u 1 . n perynHpHoe B nyne u 2 pemeHHH onno

ponnoro ypaBHeHHH llipennnrepa. llocTaToqno onnH pas rronyqnTh ·u 1 

H U 2 1 qT06bi IIyTeM IIpOCTOrO HHTerpHpOB8HHH BbJqncnHTb pemeHHH .llnH BCe

B03MO)!{HbiX HCTOqHIIKOBo 

llnH HarmrnHOCTH paCCMOTpHM IIpHMep pacceHHHH S - Heil:TpOHOB 

(c op6IIT8nbHbiM MOMeHTOM f == 0) Ha IIOTeHUHane C HCToqHHKOMo f1poBeneH

Hblll HH*e pacqeT nerKo MO)!{eT 6biTb o6o6men nnH cnyqag aapH*eHHbiX qac

THU H .llnH mo6oil: napunanbHOll BOnHbl f • Bbtpa)!{eHHe nnH M8TpHUbl pacce

HHHH (6e3 KynoHOBCKOrO B38HMO.lleil:CTBHR) nnH -IIpOH3BOnbHOro f IIpHBe.lleHO 

B IIpHnO)!{eHHHo 

llnR s -- neil:TpoHoB ypaBHeHne ( 1) nnH pannanbHOil: qacTn X = Xo .(r) 

BOnHOBOll cPYHKUHH 'P "" r (2£ + 1) p e ( 0) X e ( r) I r aarrniiieTCR B anne 

2m 
Jo (r) ( 2) (E -V(r)) X X + 

h2 

rne 

J 1 (2f+l)Pe(O) Je(r) /r. 

PemeHHH onnoponnoro ypaBHeHHH U I ' u2 Bbi6epeM TaK 1 qT06bi BHe 

Rnpa, T.e. TaM, rne rroTenunan V ( r) = 0, OHH HMeJ;IH BHn 

u 1 = a cos ( k r + 0 ) , k,. (2m E /n 2 1/2 
sin (kr + 8). ) 

' "2"" b 

Torna o6mnil: ann peiiieHHH neonnoponnoro ypaaneHnH (2) 6yneT 

X=CIUI+C2U2 

·oa 

U I 

a b k 
f u 2 (r ') J 0(r')dr '
o 

u2 f u 
1 

( liJ J 
0 

( r ') dr' . 
abk r 

( 3) 

Ma orpannqeHHOCTH 11' B Hyne cnenyeT, qTo c 1 = 0. llpyroe rpannqnoe 

ycnoBHe Tpe6yeT qT06bi Ha 6onbiiiHX paCCTORHHHX cPYHKUIIR IJl IIMena BH.ll 

4 

I 

rne 

'I' 3 
I k z + fe 1 

k • /r e 

f - aMrrrmTyna pacceRHHR. 

Torna 

X ( r .. oo ) ., c sin ( kr + 0 ) 
k 

rne 

00 {"•(la+'l npH 
I • - f J o (r) 

0 _!_ u (r) npH 
b 2 

CpaBHIIBaR (4) II {5), nonyqrrM 

1 
f =-.-(TJ-1) 

2ik 

H 

I 0 ' I 0 . 
TJ == e ( e - 21 ) 

+ 
cos (kr -1 

k 

v (•) - 01 
V (r) -/. 0 

Bnnno, qTo B oTcyTCTBHe ncToqHIJKa ( I = 0) cjJopMyna 

B II3BeCTHOe Bbipa)!{eHIIe .llnR MaTpHUbl pacceRHIIH qepe3 C.llBI 

a liCToqHIJK IIpOCTbiM o6pa30M BXOniiT B cjJopMyny ( 8) nnH 

HHIIH, rrprrqeM B peaynhTaT BxonnT He caMa Bennqrrna J 
0 

oT nee • C onHOf\ CTOp0Hbl 1 9TO ycnO)!{HHeT BOCCT8HOB. 

IIO MaTpiiUe pacceHHHR TaK )!{e 1 .KaK B aanaqe BOCCT8HOBm 

no cjlaae, no, c npyroil: cTopoHbi, B cjJenoMenonornqecKOM 01 

Hy)!{HO 8IIIIpOKCHMHpOB8Tb y)!{e 

6onee rrpoCTbiX cPYHKUIIil:. 

, a ne J 0 , qTo Bo3M< 
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aay qepea HeperynHpHoe u 1 . n perynHpHoe B Hyne u
2 

pemeHnH o~Ho

,nnoro ypaBHeHIHI ill pennHrepa. LlocTaTo"tJHo onnH pas nony'IHTb · u 
1 

U 2 1 'ITOObl nyTeM rrpocToro llHTerpnpoBaHHH Bbl'IllCnllTb pemeHHH ~nH Bce-
3MO:lKHbiX llCTO'IHIIKOBo 

LlnH HarnH.l:{HOCTII paCCMOTpiiM npiiMep pacceSIHIISI S - Heii:TpOHOB 

op6nTanbHbiM MOMeHTOM e = 0) Ha fiOTeHunane C llCTO'IHllKOM. flpoBe~eH
ii: Hn:>Ke pacqeT nerKo Mo:>KeT ObiTb o6o6men ~nSI cny'IaH aapSI:>KeHHLIX ;ac

: II ~nH mo6oii napunanbHOii BOnHbl e • Bbipa:>KeHne ~nSI MaTpllUbl pacce

H (6ea KynOHOBCKoro B3allMO~efiCTBIIH) ~nH rrpOll3BOnbHoro i rrpHBe~eHO 
rpnno:>KeHnn. 

LlnH s .- Heil:TpoHoB ypaBHeHne ( 1) nmr pa~IIanbHoii 'IacTn X = x
0 

.( r) 

rHOBOiii: IPYHKUIIH 1{1 = r (2e + 1) p e ( 0) X e ( r) I r aanniiieTcSI B BIIne 

X 
2m 

(E -V(r)) X ( 2) + ~o (r) h2 

J f (2e + 1) Pe (0) Je(r) /r. 

reHIIH onHopo~Horo ypaBHeHnH 
u t ' u2 BbiOepeM TBK 1 'ITOObi BHe 

1, Teeo TaM, r~e noTeHUIIan Y ( r) = 0, OHII IIMeJ;III BII.l:{ 
. 1/2 

=a cos(kr +B), k= (2mE /11
2

) , u
2 

= b sin (kr + o). 

na OOUIHiii: BII.l:{ peiiieHIISI HeonHoponHoro ypaBH9HliSI (2) oyneT 

u X= c 1u 1 + c 2 u 2 ---=....! 
a b k 

"" 

f u2 (r") J 0(r")dr'-
o 1 

u2 
f u 1 (Ii} J 

0
(r') dr' . 

r a b k 

( 3) 

rpaHII'IeHHOCTH lp B Hyne cnenyeT, 'ITO C t = 0 • .[lpyroe rpaHII'IHOe 

me TpeoyeT 'ITOOb! Ha oonbilliiX paCCTOHHIIHX I}JyHKUIISI 1{1 IIMena BII.l:l 

4 

I 

ur I k z 
r "' e + fe 1 

k • /r 

rne f - aMn~IIITyna pacceSIHIIH. 

Tor.na 

x(r->oc)ac sin (kr + o ) 
k 

rne 

oc 
I • - f J o (r) 

0 {

sin (kr + o ) 

...!. u (r) 
b 2 

II pH 

npn 

CpaBHIIBaH (4) II (5), nony'IIIM 

H 

I] 

1 
f "' -.- (I] - 1 ) 

2ik 

e I 0 ( ~ I 0 _ 21 ) 

+ 
cos (kr + o) 

k 

V (r) "' 0 1 
V (r) f. 0 

I ' 

dr . 

(4) 

(5) 

( 6) 

(7) 

( 8) 

Bn.nHo, 'ITO B oTcyTCTBHe IICTO'IHIIKa ( I = 0) I}JopMyna (8) nepexo.niiT 

B II3BeCTHOe Bhipa:>KeHne ~nH MaTpiiUbl pacceSIHIIH qepes C~BHr <jla3bl 1"/ = e 21 $; 

a HCTO'IHIIK npoCTbiM o6pa30M BXO.l:{IIT B I}JopMyny ( 8) .l:lnH MaTpiiUbi pacce

HHIIH, npii'IeM B peaynbTaT BXO.l:liiT He C8Ma Benii'IIIHa J O t a IIHTerpan 

OT Hee I • C O~Hoft CTOpOHbi·, STO YCnO:>KHHeT BOCCTaHoBneHIIe HCTO'IHIIKa 

no MaTpUUe pacceSIHIIH TBK :>Ke, .K8K B 38.!:{8'Ie BOCCTaHOBneHIIH noTeHUIIana 

no <jlaae, no, c .npyroii CTopoHLI, B <jJenoMeHonoriiqecKoM oniicaHnii peaKuiiii 

Hy:>KHo anrrpoKCHMHpoBaTb y:>Ke I , a He J 
0 

, 'ITO B03MO:>KHo c noMOIIIbiO 
oonee IIpOCTbiX I}JyHKUIIii. 
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Paccesmne s -n p -. aeil:TpOHOB aa npRMoyronhHOM 

KOMnneKCHOM noTeHunane c 0 - o6pa3Hb!M llCTO'iHHKOM 

DnR III1niOCTp8Ullll peaynhT8TOB t KO'J\OPble ITony'IaJOTC.II ITpll BBeneHHll 

llCTO'IHllKa, paC<?MOTpllM ITpllMep ITp.IIMOyronbHOI'O . KOMITneKCHOI'O ITOTeHUllana, 

pemeane·nnSI KOToporo Momao ITony'IHTb B aaannTn'IeCKOM Bnne: 

{ 

- V 0 ( 1 + i ( ) ·ITpn r < R } 
V(r) = -

0 ITpn r > R 

CmnBaSI pemeHnSI BHyTpn n BHe Rnpa 1 ITony'InM nn.11 cnBnra 4Ja3hi 

210 
e e - 2 1 

x (A + i x) / (A -i x ) 

ll nnSI llHTerpana OT llCTO'iHllK8 

rae 

I = _j J (r) { 
0 0 

sin ( kr + o) 

sin (X+ b) 

sin x 

x .. kR , X = KR, A =X ctg X 

rrpn r > R} 
dr 

sin kr r ~ R 

K =[2m(E +V 0 )/1\ 
2 1 t/2 

DnSI CpaBHeHH.II C. 9Kcne pnMeHT8!1bHbJMll aaHHb!Mll no Clll10BblM tPYHK

Ull.IIM S - Heil:TpOHOB Heo6xoaHMO 3H8Tb 3H8"!9Hlle npOIIOpUHOH8!1bHOI'O CIIIIO

BOH tPYHKUHH TaK HilsbmaeMoro Koatfl4JnuneHTa npnnnnaHnSI T = 1-l TJ I 2 
npn 

ManhiX aHeprnHx, Koraa x << 1 • Tor.lla sin (x+B) .. (a-if3 ) x , 
2 2 2 

rae a =ReA / lA I , f3 = lm .A /lA I n 1'T =T onTn'It4Re I +0 (x ) 

rne T 0nTn'i~ -4x f3 (cM/21) 1 a I .. x • C'inTaeTcR, 'iTO I nMeeT 

TOT me nopSiaOK M8IIOCTII no X 'ITO ll T OITTll'I\ 

PaccMoTpllM Tenepb J 0 =D 8 (r- R ), TOr.lla I= -x D (a - i f3 ). 
11a nocnenHero BbipameHHH n tflopMynhl nnsr T n 'IOnT. BHilH0 1 'ITO .nocTa .... 

TO'IHO D B3HTb aefiCTBHT9!1bHb!M 1 T8K K8K llOIIH Rei 1 ITponopunoaanh-

H8H f3 1 MOmeT f i:>!Tb y'iTel!a B TOITTll'i, nepeHopMHpOBKOfi napaMeTpOB onTII

"!eCKOI'O noTeHunana; npu STOM nepeHOpMIIpOBKa ll0!1/K8 6biTb He3H8'iiiTe!1bHOfi 1 

T8K K8K ao6aBK8 OT IICTO'IHIIK8 OIKHaaeTCSI He6orrhliiOH, 

8 -.. 

Torna 

T 
a 

T (1 + D -) 
OITTH'i, f3 

TaKoe me cooTaomeane (9) 6yneT n nn.11 cunoBoil: ¢yHKUllll, 

H.IITb!X ITapaMeTpaX OITTH'IeCKOI'O ITOTeHUHana X =(2m V 
0 

, 

i ~ , rne ll 
' < "" 

0,1 < < 1 ITony'InM X =X + 

-
a --=- X·sin 2X +~sh2~ 

f3 x s1t 2~ - ~ sin 2 X 

3aBncnMOCTh ITocnenaeil: Benn'iHHbi oT aTOMHoro Beca A ('IE 

oiTpenenReTcSI sin 2X B 'illCIIHTene ll HMeeT 'i8CTOTY B 

myro no X , 'IBM o6bi'iHOe T OITTH'I •• 3To naeT 6onee To: 

Clll10Bb!X 4JyHKUHfi, 

Upn Cp8BHeHHll KpHBOH 1 rrony"!aeMoil: ITO OIITll"!eCKOH MC 

pnMeHT8!1bHb!Mll 3H8'IeHnRMll Clll10Bb!X 4JyHKUHH S - Heil:TpO 

CTH netflopMnpoBaHHbiX Rnep) aan6onee aaMeTHhie pacxoJKaem 

B aKciTepnMeHTanhHbiX aHa"!eHnSIX B6nnan A "" 110 -t 120 n 

A .. 70. UpH BBeaeann IToBepxaocTHoro ITornomeanSI B onTJ 

unane TeopeTII'ieCKaR KpnBaSI rroHnJKaeTcH npn A "' 110 -+ 1: 

BOPI:TenbHoro cornacnR aocTH'ih ae yaaeTcR. noa'heM B6nH3:1! 

KllMll Bapll8UHRMH napaMeTpOB onTH"!eCKOI'O IIOTeHUnana He ' 

Ha pnc. 1 npnBeneHbi aKcnepnMeHTanhHbJe aHa'ieHHSI c 

- HefiTpOHOB/ 4/ ( KpHBaSI 1) 1 paCC'IllT8HHOH ITO 06bi'If. s 

Monenu/2/, n ee MOillltPIIKaunR 2, nony'IeHHasr aa ctJ:eT BBeJ 

ll paCC'IllT8HH8.1I C nOMOllibJO !flop My II ( lO) II ( 9) C V 0 = 

t/a 
n R = 1,25 A tP lliiSI D = 0,5. OmnaaeTcR 1 'iTO cooTaoru 

CT8TO'IHOH TO'IHOCTbiO llOIImHO COXp8HllTbCR ll llliH HenpHMOy: 

"!eCKOI'O ITOTeHUll8!18 1 XOTSI KOIIKpeTHbiH p8C'IeT 6hm 6bJ men 

x/ /3/ 
B pa6oTe , r)le paccMaTpnaaeTcH 6onee JleTann3n: 

06bi'lH01 OIITll'l9CK8H M0Jl9!1b ll HBHbiM o6p830M Y'lHTbiB89TCH 

B036yiKJl9HllH Tp9XKB83 ll'l8CTII'!HblX COCTOHHHll1 OIIllCbiB810TCH 

T9HJl9HUllll, 
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oyronbHOM 

CTO'IHIIKOM 

~amTcn npn sseaeHnn 

rneKcHoro noTeaunana1 

~KOM BHae: 

} 
lBnra «Pa3bi 

1/2 

:n no cnnoBbiM «flyHK

rropunoaanbHoro cnno

mn T "' 1-l Tf I 2 
rrpn 

+8) .. (a-i{3 ) x , 
2 

nTn"'"!"4 Re I + 0 (x ) 

·aeTcn1 'ITO I HMeeT 

I "' -x D (a - i {3 ) • 

T. BllaHo, 'ITO aOCTa~ 

I , rrponopunoaanh-

KOll rrapaMeTpOB OIITII-

6biTb H93H8'11ITanbHOll0 

Toraa 

T "' T (1 + D _a_) 
OIITH'Io {3 

( 9) 

TaKoe ~e cooTHomeane (9) 6yaeT n ann cnnoaoil ~YHKunn. Opn o5merrpn-

HnTb!X napaMeTpaX onTH"'9CKOI'O noTeHUHana - 2 1/2 
X .. (2m.V

0
/h ) ~ > 1 

li 

' < "' 
0,1 < < 1 rrony"'nM X "' X + i ~ 1 rae ~ "' (X I 2 ll 

a 
--= X ·sin 2 X + ~ sh 2 ~ ( 10) 

{3 X sh 2~ - ~ sin 2 X 

3asncnMOCTb rrocneaaeil senH'IIIHbi oT aTOMHoro seca A 

.orrpeaenneTcn sin 2X B 'IIICnHTene II HM99T 'IBCTOTY B aBa paaa 5onb-

wym rro X 1 '!eM o5bi'IHoe T orrTn"' •• 8To aaeT 6onee TOHKYID cTpyKTypy 

CHnOBbiX iflyHKUllii. 

Opn cpasaeann Kpnsoti1 rronyqaeMoil: rro orrTn'lecKoil: Moaenn1 c aKcrre

pnMeHTanhHbiMH 3H8'19HHnMH CHnOBbiX iflyHKUHii S - Heil:TpOHOB ( BHe o5na

CTH ae«flopMnpoBaHHbiX naep) Han5onee aaMeTHhie pacxo~aeann - a To rrposan 

B 9KcrrepnMeHTanhHbiX 3Ha'leHnnx s5nnan A "' 110 -t 120 n rroa'beM s5nnan 

A ~ 70. Opn Bseaeann rrosepxHoCTHoro rrornoweann B orrTn'lecKoM rroTeH

nnane TeopeTII'IeCKan KpHBan IIOHH~aeTCII rrpn A "' 110 4 1201 HO yaoBneT

BOpHTenbHOI'O cornacnn aocTn'lb He yaaeTcn. noa'heM B5nnan A .. 70 HnK~-

KIIMH BapHBUHnMH IlapaMeTpOB OI1Tll'I9CKOI'O IlOT9HUHana He OilllCbiBaeTCn xl. 

Ha pnc. 1 rrpnseaeHbi aKcrrepnMeHTanbHbie aaa'leHnn cnnoFioii «flyHKunn 

- Heil:TpOHOB/4/ (KpHBan 1) 1 paCC"'HTBHHOii no 05bi"'HOiJ: OnTH"'9CKOiJ: s 

Moaenn/2/ 1 n ee Moan«PnKaunn 21 rrony'leHaan aa C'I~T BBeaennn. ncTO'IHIIKa 

n pacc'lnTaHHan c IlOMOIUhiD «flopMyn ( 10) n ( 9) c Vo = 50 M as1 ( = 0 1 1 

A l/3 
n R = 11 25 «P nnn D = 015. o~naaeTcnl 'ITO COOTHOlli9Hll9 .(9) c ao-

CTaTO"'l!OiJ: TO'Il!OCTbiO aon~HO COXpaHHTbCn ll ann HerrpnMoyronbHOI'O OI1TII

'19CKOI'O rroTeannana1 xoTn KOl!KpeTiibiii pac'I~T 5bm 5bi ~enaTeneH. 

x/ /3/ 
B pa6oTe , rne paccMaTpliBaeTcn 6onee neTannanpoBaHnan, '!eM 

06bi'li!01 OITTli'l9CK8H Monenb II HBI!biM o6pa30M Y'liiTbiBaeTCH B03MO)!{H0CTb 

B036y)!{}:l9HIIH Tp9XKB83 Il'lBCTII'll!biX COCTOHHIIfi1 OllliCbiBBIOTCH o6e OTM9'l9!1Hbl9 

Teaneaunrr. 
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BnnHo, 'ITO y)l<e c !IOMOIUbiO TaKoit rrpocToit Monenn 

IOTCSI ooe OTM9'19HHb19 Bbllll9 T9Hll9HUliii - IIO)l'b9M B 8KC 
' 

aHa'leHnsrx ciinOBbiX tPYHKUIIii s - Hei'i:TpoHoB rrpn A"" 70 

A ., Ito -t I20. 

llnsr p - HeiiTpoHoB tlJopMynhi aHanorn'IHbi Bbillleiipll 

6bm Bbr6paH ncTO'IHHK J 1 == x D o ( r - R ) II rrony 

T' 

rne 

a 

{3' ~ 

T' (1 + D 
OIITII'lo 

_a_ ) ' 

1 -
-sin2X 

2 

2 . 2 
- sm x2 

{3' 

sin
2 

X -.;
2
/4X 

X" 
- - 1 -

X -cos 2X ·--=sin 2X 
X 

Ha pnc. 2 npiiBeneHbi 3KcnepnMeHTanhHbre sHa'leHIISI cnnosoil: 

pOHOB/5,6/, KpiiB8SI I nnsr OObl'IHOH OIITH'l9CKOH Monenn/2/, 

2, pacc'IIITaHHasr no tlJopMyna'M ( I2) n ( II) nnsr V 0 == 50 
1/3 -R == I,25. A 1P II D == O,I. KpnBasr 2 orrncbiBaeT Ka'l 

B 8KCnepl!MBHTanbHbiX 3Ha'leHHSIX CllnOBblX tPYHKUl!ii p 

A "' 100 t- I10. lJTo6br onucaTb sToT npoBan rro o6bJ'IHOi1: ' 

nii npUXOllllTCSI BBO)lllTb IIOB9pXHOCTH09 IIOI'nOIU9HU9 0 ·6paTb. 

Tl!SI KpaSI SIMbl B llBa paaa M9Hb!JIUM 0 '19M nnsr S - HeitT] 

6nTanbHOe B3anMonet!cTBne, rrpeBb!IJJaiOruee B nBa paaa 3Ha• 

ns pacruenneHuSI HU3Kone~arunx ypoBHeit/71. 

Mo~Ho nyMaTh, 'ITO B 6onee peannCTII'leCKOM, qel\ 

SIMa, noTeHunane Mo~Ho nony'IIITb ny'IIJJIIe pesynbTaThi. 

KpoMe Toro, TaK KaK ucTO'IHIIK BBOllllTCSI tlJeHoMeHon 

paCIJJllpSITb Knacc l!CTO'IHllKOB0 HaiipHMep, MO~HO opaTb HaOI 

IICTO'IHllKOBo TaKOH BbJOOp oyneT TaK )1(9 IIpOCT B o6paiUE 

g 



2. 
I 

1 IM 150 A 

l ... :r 

:l 
1 

BnnHo, 'ITO yme c !JOMOIIIhro TaKoil: rrpocToii Monenn ny'Ime orrnchma

IOTCSI o6e OTM8'I8HHbie Bb!llie TeHneHUHH - f!OU"heM B 8KCITepn:MeHTanbHhiX , 
aHa'IeHHSIX cn:noBhiX tPYHKUHil: s - HeirTpoHoB rrpn A"' 70 n: npoBan B6nn:an: 

A "' 110 -+ 120. 

llnSI p - HefiTpOHOB tjlopMynhi aHanol"H'IHbl Bhllli8flpHB8U8HHb!Mo 3necb 

Ohm Bbi6pau HCTO'IHHK J 1 = x D 8 ( r - R ) H rronyqea:o Bbipa:>Kea:n:e 

T' .. T' ( 1 + D _a __ 
) 

' Of!TH'I. (3' 

( 11) 

rne 

-
--

1
sin 2X 

1 
sin 

2 
X -.f 2

/4X ---a 2 X" ( 12) 
f3' .; 2 • 2 - - 1 -sm X - ros 2 X ·- -= sin 2 X x2 X 

Ha pnc. 2 rrpiiBeneHbi sKcrrepHMeHTanbHbie 3Ha'IeHIIH cnnoBoii tjlyHKUHH p -HeiiT

poa:oB/5,6/ 1 KpHB8SI 1 UnSI OObl'IB:OH OflTH'I8CKOil: Monenn/2/ 
1 

ee MOUHtPHK8UHSI 

2, pacc'IIITaHHaSI rro tjlopMyna·M { 12) n: ( 11) nnSI V 
0 

= 50 MaB, (; = 0, 1, 

R = 1,25. A 
113 

tjJ n: D = 0,1. KpnBaSI 2 Of!HCb!BaeT KaqecTBeuuo uponan 

B 3KcuepnMeuTanbHbiX auaqeungx ciinOBhiX tPYHKUn:il: p - ueil:Tpouon B6mi3H 

A "' 100 t- 110. l.JToobi omicaTb 3TOT rrpoBan uo o6bi'IHoil: Of!TH'IeCKoii Mone

nn ripHXOUHTCH BBOUl!Tb f!OBepXHOCTHOe fiOI"nOIIIeHne, ·6paTb rrapaMeTp pa3Mbl

THH Kpag HMbl B UBa pa3a M8HblliHM 0 'I8M nng S - HeiiTpOHOB H CfliiH-op

OHTanbHOe B3aHMoneficTmie, rrpeBhimaromee B nBa paaa aHa'IeHIIe, uony'leHHoe 

na pacmeuneHIIR HHaKonemamnx ypoBneil:/71. 

MomHo nyMaTb1 'ITO B 6onee peann:cTn:'IecKoM, qeM upsiMoyronhHaR 

RMa, noTeHunane Momuo uony'IHTb nyqmne pesynhTaThi. 

KpoMe TOI"0 0 TaK KaK l!CTO'IHHK BBOUHTCH tjleHOMeHOnOI"li'I8CKH
0 

MO)!{HO 

paCU!HpHTb Knacc HCTO'IHHKOB0 H8flpHMep, MO)!{HO 6paTb Ha6op 8 - 00p83Hb!X 

HCTO'IHHKOBo TaKOH Bb!OOp 6yneT TaK me rrpocT B o6pameHIIH, j{8K n: OUHH 

8 
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' 

50 60 70 80 90 100 {10 A 

P11c. 2. 

10 

0 - o6pa3Hbi:if IICTO'IJHIIK ll llOMO:lK9T p8CIIIIIpllTb B03MO:lKHOCTll M9TO.[l8, 

J1CTO'lJHllK M0)1{9T OK838TbCl'l II011~3Hb!M ll Ilpll Y'I~Te K011119KTllBHbiX ( peanbHbiX 

ll BIIpTyanbHblX) B036y)KJ:l9Hll:if B SI,npe, 

ct>opMyllhi .nnH npHMoyronhHoi!: SIMbi .naroT nHIIIh npiiMep npiiMeHeHIUl 

MeTo.na 11CTO'IH11KOB. EcTeCTBeHHo, ~To .nllH BbiHcHeH11H B03MO)I{HOCTeti: aToro 

MeTo.na noTpe6yroTcH .nanbHe:ifume 11Ccne.noBaHIIH. 

B 3aKniO'I9H11e aBTop C'I11TaeT CB011M rrp11HTHbiM .nonroM rro6naro.napnTb 

B,H,3axapb9B8 38 rrpe.nnO)I{9HHyiO T9MY 11 IIOCTO!IHHbiH 11HTepec K naHHOH pa6o-

Te. 

11 

f1piillO:lK9HII9 

. f1ep9X0lll'l K p83110)1{9H1110 ITO II01111HOM8M fl9)!\8Hllp8 lllll'l 

00 

'I' (f) =L (2£+ 1 )Pe(O) Xe(r) I r 
f~o 

J (r) ~ I ( 2£ + 1 ) P f ( 0) J f (r) I r 
f=o · 

(nl) 

( I12) 

ll3 ypaBH9H11l'l ( 1) lllll'l ccf>epll'I9CK11 C11MMeTpll 1IHOI"O OITT11'1J9CKOI"O ITOT9HU118118 

rrony'I11M 

,x £'+ [ -
f(f+1) 

( f13) 
2m 2m 

- -- V (r) +--E] x f r) = J 
0 

(r) . 
0 2 112 f" L r 2 

06mee pemeane aToro aeonHoponaoro ypaaHeHHH nnH nro6oro f 3amr-

CbiBaeTcSI .qepe3 perynHpHoe B Hyne u 1 H HeperynHpHoe u .2 peiiieH11H 

OllHOpOllHOI"O ypaBH9HllSI ((f13) C paBHOH Hynro rrpaBOH 'lJ8CThiO): 

U r U 
x(r)=c 1 u +C u 2 +_..1 fJ(r')u 2 (r')dr+~fJ(r')u 1 (r') dr', 

· 12 Do Dr 
( f14) 

11 



• 

A 

' I 
I 
l 

I 
I 

8 - o6pa3Hblll HCTOqHIIK H llOMOR<9T paClliUpHTb B03MOR<HOCTH M9TO/l8 0 

J1cToqHHK MOR<eT OK838TbCSI llOnE?3HbiM H llpH yq~Te KOnneKTifBHbiX ( peanbHbiX 

H BlfpTyanbHbiX) B036yR<Jl9Hifll B 51/lpe. 

<IJopMynhi /ln5I llp5IMOyronbHOH 51Mb! /l8IOT nHIIIb llpHMep llpHM9H9HHSI 

M9TO/l8 lfCTOqf!IIKOB. nCT9CTB9HH0 1 .;<ITO /ll15I BbiSICH9HifSI B03MOR<HOCTeit 9TOI'O 

MeTona rroTpe6yiOTCSI nanbHeitiiine nccnenoBaHnSI. 

B aaKniOqeHne aBTop cqnTaeT CBOHM npnSITHhiM nonroM rro6naronapHTb 

E.H.3axapbeBa aa rrpennoR<eHHYIO TeMy n rrocToSIHHhiH HHTepec K naHHoit pa6o-

H 

ITepeXO/lSI K pasnoR<9HifiO no nonHHOMaM ne~aHnpa /ln5I 

00 

'JI {f') =~ (2£+ 1 )Pr(O) xr(r) I r 
r~o 

00 

J (r) ~ ~ (_2£ + 1 ) P r ( O) J "(r) I r 
£=0 L 

(rrt) 

( IT2) 

H3 ypaBH9Hif5I ( 1) /ln5I cljlepnqecKH CHMME!TPif'IHOI'O OllTHqecKOI'O llOT9HUHana 

rronyqnM 

2m 
( IT3) 

1i 2 

06mee pemeHne aToro Heonuopo/llwro ypaBHeHHSI /lnSI n106oro £ sanu-

CbiBaeTcSI qepes perynSipHoe B Hyne u 1 u Heperyngpuoe u {! pemeuuSI 

onuoponHoro ypaBHeHnSI ( ( TI3) c paBHoii Hynro rrpaBoii qacTbio): 

U r U "" 
X(r)=c 1 u 1 +c 2 U 2 +___l.D jJ(r')u

2
(r')dr+--2..fJ(r')u

1
(r') dr', 

0 D r 

( IT4) 



-

rae nocTOHHHaH D (apoHCKHaH ypaBHeHHH (TI3) 6e3 npaaoli qacTH) onpeae-

nHeTCH H3 COOTHOTJieHHH 

D = u ; u 2 - u I u '2 
( TI5) 

3aecb rmaeKc f anH npocTOTbi HanHcaHHH onymeH. 

CnpaBeanHBOCTb nocneaHHX COOTHOllieHHH-nerKO npoBepHeTCH noacTa

HOBKOH B ypaBHeHIIe (TI3).TaK KaK x(O) = 0 1 TO- liOCTOHHHaH C 1 aomKHa 

6b1Th paBHa Hymo, 4JyHKUIIII U Bbt6epeM TaKIIMII 1 'IT06bl Ha 8CHMliTOTIIKe 1 

Koraa r--> oo II 'a KBaapaTHbiX CK06KaX ( f13) OCTaeTCH TOnbKO k 2=2mE/1i 2
, 

OHII Benii ce6H KaK 

U I a oos (kr +O - f11/2) 

u 2 = b sin (kr + o - f11 f2) . 

<PyHKUIIH X ( r --> aomKHa HM9Tb BIIa: 

() 
-l(kr-!'11/2) l(kr-f11/2) 

X oo "' e -TJ e 

rae 7J - MaTpmra pacceHHIIH, 

OcTaeTCH TonhKO cpaBHHTh nocneaHee Bhlpa~eHIIe c x(oo) 

II3 (n4) II (n6) 

x( oo) = _.:... sin (k r + o - ~) + 
k 2 

I 

e " oos(k r+ o - ----:r-) 

k 
I ' 

(n6) 

(TI7) 

rrony'IeHHOH 

(n8) 

rae c y'IeToM ( TI4) 1 ( TI5) 1 ( TI8) rrocToHHHaH Mo~eT 6biTh npeacTaaneHa 

B BHne 

= ~ f J (r) u 
2 

(r) 
D o 

1 00 

dr =- - f J (r) u (r) dr 
b 0 

2 
(n9) 

12 
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3 npasoH qacTn) onpene-

( I15) 

KO nposepsreTCSI liOACTa

liOCTOSIHHaSI C l AOn:)!<Ha 

qTo6hl Ha aCHM!ITOTHKe, 

'TCSI TOnbKO k 2=2mE/1i 2
, 

( I16) 

( I17) 

re c x< oo) nonyqeHHOH 

I ' (ITS) 

•)KeT 6biTb npencTasneHa 

(r) dr ( I19) 
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