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1. BBE,UEHI1E 
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KaI( H3BeCTHO, peunrrs aHaJU1Tl1l1eCKl1 ypaanenae Illpezraarepa B CJIYJ,d: 
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uae npOH3BOJIbHOrO nOTeHI..\HaJIa ae ynaerca. npHXO,ll;HTCH npaôerars K lIHC
JIeHHOMY peureaaro, ,ll;JIH xero paspaõoraao MHO)KeCTBO MeTO,ll;OB. O,ll;HHM 
H3 HI1X HBJIReTCfI MeTO,ll; ePa30BbIx ePYHK[(HH (CM., aarrpasrep," 1/ ), B KOTO
pOM ypasuenae lllperraarepa npHBO,ll;HTCH K HeJIHHeHHOMY ,ll;HePePepeHI..\HaJIb
HOMY ypaBHeHHIO nepaoro nopanxa ,ll;JIH ePa30BOH ePYHKUHH. B HaCTOHl..[(eH 
paõore npertnaraerca MeTO,ll; 6JIH3KHH, HO H HeCKOJIbKO OTJIHlIaIOI..[(HHCH 
01' aero. HOBbIH nonxon OCHOBbIBaeTCH na pexyppenrnsrx COOTHOllleHHHX, 
npHMeHfIBlllHXCH ,D;JIH peurenaa aanax, CBH3aHHbIX c nepHO,ll;HlIeCKHM nOTeH
I..\HaJIOM / 2/: 31'01' nonxon OKa3aJICH lIpe3BbIlJaHHO nnO,ll;OTBOpHhIM H HMeIO
I..[(HM uiapoxoe npar-ieaeaae ne TOJIbKO ,ll;JIH peureana ypaBHeHHH Illpenanr-e
pa, HO H ,[J;JIfI peureaaa urapoxoro KJIaCCa JlHHeHHhIX ,ll;HePePepeHI..\HaJIbHhIX 
ypaBHeHHH aroporo noparnca (CM., aanpasrep, ( 3/ ) . 

2.	 AMnflI1TY,Ubl OTPNKEHI1H
 
11 npOnYCKAHI1H O,UHOMEPHoro nOTEHUI1AflA
 

,UJIH HJIJIIOCTpa[(HH MeTO,ll;a paccsrorpara aaziaxy pacceanaa aa O,ll;HO
. MepHoM nOTeHUMaJIe D( x) ,0TJIHlIHOM 01' HYJIH BHYTPH xonesaoro 01'
pesxa a:s. x ~ b , Caauana HaH,ll;eM aMnJJ~TV.I1bI OTpa)KeHHH R cnpasa 
H R CJIeBa H aMnJIHTY,ll;Y nponYCKaHHH T =: T 
6bITb HeCI1MMeTpHlIHbIM), a 3aTeM - BOJIHOBYIO 
I..\HaJIa. 

Pa306neM OTpe30K [a, b 1 
na aeôonsurae, HO rcoaenasre HH
TepBaJIbI ,ll;JIHHOH ej , Me)f(,ll;Y KO
TOpbIMH BBe,ll;eM 6eCKOHellHO Y3
xae l..[(eJIH c HYJIeBhIM nOTeHI..\Ha- 11 

= T (nOTeHI..\HaJI MO)KeT 
ePyHK[(l1IO BHYTPH nOTeH

JIOM (CM. PHCYHOK). BHYTPH 
rcaacnoro HHTepBaJIa armporcca
MHpyeM nOTeHUMaJI TeM MJIH 
HHhIM cnocoõovr, HO TaK, lIT06hI 
npn ,naHHOH annpo KCHMaUHH 

f \ 

MO)KHO 6bIJIO 6bI BHYTPH HHI, .;;T) 
.repnana ej aanacars aHaJIHTHlJe
ctcoe peurenae ,ll;JIR BOJIHOBOHr r 

Torna AlUI r a b 
l	 xE l n

q,YHKllHH.	 8 "<lh.!!!L- ' I 2 
~tn~tnl\ri{'thib~n nHC'fI'IYI' \ 
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B3HTOH IlOTeHU;HaJIbHOH crynem.rcn urapanoã f J· MO:>KHO HaHTH aMnJIHTY,lJ,hl
--lo ~ --lo t ' 

OTpa:>KeHHJI CJIeBa r j H cnpaaa r j H nponycrcanaa t j = j = t j . Cor

naCHO / 31 3TH avmrnrryzu.r pasnsr 

--lo + +-+ -+
 
1'= 1'1+ t1t1r2e12e21/(1- r1r2e12e21)'
 

(1) 
++ -+ 

t = t 1 t 2-e 12 / ( 1 - r1r2e12e21)-' 

rne rt H rk" (k = 1, 2) - ar-mnarynsr OTpa:>KeHHH k -H rpanansr nOTeH
u + ' 

U;HaJIbHOH eryneasrcn CJIeBa H cnpasa COOTBeTCTBeHHO, t k - aaanor-auasre 
avmnarynsr nponYCKaHHH, a e 12 H e 21 - cPYHKU;Hli pacnpocrpaaeaaa 
BHYTPH nOTeHu;HaJIbHOH eryneasrcn OT JI~BOH rpaaausr no npaaoá H aaoõopor , 
coórnercrneaao. ECJIH BHYTPli j -1'0 aarepaana nOTeHU;liaJI annporccar-ra
pyerca nocToHHHOH BeJIliqHHOHU j , TO 

(i v (2 Ih, ± + .e = e21=explkj_j),kj = k -Uj ) ,1 1 = 1'2 = ±(k-,-kj).I(kj +k),12 

t~=2k/(kj +k), t~=t-;=2Rj I(R j +k), 

k 2 - KHHeTHq~CKaH saeprna tIaCTHU;hl B BaKyYMe, npaxevr BeJIHtIHHa f12/ 2m, 
rne fi - xracca qaCTHU;hl, 'npHHHTa paBHOH enaaaue. Ilpn JIHHeHHOH armporc
CHMaU;HH nOTeHU;HaJIa HCnOJIb3YI()TCH cPYHKU;HH 3Hpli /4/, a npa rcnanparax
H0I1 - cPYHKu;HH napa60JIHqeCKOrO U;HJIHH.n.pa HJIH nOJIHHOMhl 3pMHTa. 

)lJIH pacnera R li T BOCnOJIb3yeMcR pexyppearasrraa COOTHOlIle

HHHMH / 2/ ,B COOTBeTCTBHH c KOTOphlMH 

--lo --lo 2--lo F --lo ~ --lo
 
R = 1'1+ t 1R l ( 1 - r 1 T = t 1T f / ( 1 - , (2)
R2) , r 1R 1) 

--lo • 
rne R 1 H T 1 - aMIlJIHTY,ll;hl OTpa:>KeHIDI H nponYCKaHHH acero nOTeHUHaJIa 

sa BhlqeTOM HHTepBaJIa P. 1. TIOBTOpHH 3TH COOTHOIlleHHH CTOJIbKO paa, 
na CK-9.JIbKO HHTepBaJIOB pa36HT OTpe30K [a, b ] , H Ilo~araH, qTO nOCJIe,n,-, 

HHe R = O H T = 1, nonyuaer-r HCKOMhle BeJIHqHHhl "R li T. n n 
BhlpIDKeHHe ,ll;JIH R MO)KHO npencraaars B anne uermoü ,ll;P06H: 

t 2--lo --lo ~ 

R=r 1 + ~ 1 2 
-r , + -:::;- t 2 (2a) 

1 r +-- 1 
2 ~ + __
 

-f 2 --lo
 

1'3+ 

,UJI(i ouearca TOqHOCTH pacxera He06xo)lHMO BhInOJIHHTb ente O,ll;HO 

BhltIliCJIeHHe, pa36HB Ka)K,ll;YIO 06JIaCTb na zrae qaCTH. ECJIH ar-mnaryzrsr orpa

:>KeHHH 11 nponycxaana nOTeHUl1aJIOB JIeBOH 11 npaaoü nacreà 06JIaCTl1 i 060

~
~ --lo
 

3HatIl1Tb xepea r i 1 ' til
 11 r i2 ' t i2 COOTBeTCTBeHHO, TO B xaxecrae 

2 

'~ 

I, 
i ~ fi ti B nsrpaxcemre (2a) cnenyer nO,ll;CTaBHTb 

I
~ 

21r i 2 1( 1ri = ri1 +. t'i - ri 1ri 2) , ti = ti 1 ti 2 I ( 1 - ri 1 1i 2) , 

~ ~ 2 ~ ~--lo
 

I' ri =l'i2 +ti 2 ril l(l-ril r i 2)·
 

~, 
, 

3. BOJIlIOBAH <I>YHKIlI1HL 
TIOJIHaH BonHOBaH <PYHKUHH BHe nOTeHI..J;l1aJIa MO:>KeT 6hlTb sanacaaa 

B nane 

l/J = e(x:s. a )] e xp'[ikr x - a j] + Rexp[-ik(x - a) 1+ 

+ e(x ~ b) T e xp[ ik (x - b)] , 

rne e - cPYHKUHH panaa enanaue, xorna YCJIOBlie, aanacaanoe B ee apry

ivIeHTe, BhInOJIHeHO, H ayrno B npOTHBHOM cnynae. BHYTpa HHTepBaJIa ej 

BOJIHOBYlO cPYHKUHlO JIerKO paCCtIHTaTb, HCXO,ll;H H3 Cne,ll;YlOIIJ;HX cooõpazce
HHH: eCJIH na OT,ll;eJIbHO B3HThlH noreauaan U j cnena nanaer aorma ena
l:lHtIHOH aMnJIHTY,ll;hI, TO BHYTPH nOTeHuHaJIa B03HHKaeT BOnHOBaH <PYHKUHH 

--lo + --lo +~ _ +
l/J = t 1(e 1+ e 121'2e2) /(1- 1'11'2)' (3)
 

nne ê 1 H ~ 2 - <PYHKUHH pacnpocrpaaeaaa, onacsmarourae BonHhl, HAY

IIJ;He OT JIeBOM H, COOTBeTCTBeHHO, npasoá rpaaausr noreanaana. TIpYI nOCTO

HHHOM U j HMeeM 

ê 1= exp[ik{X - xJ, e2 = e xpj-fk, (x - x2)] , 

rne xl' x 2 - neBhlH li npaasrã xpaa nOTeHUMaJIa U J: Ecna na 3TOT 

nOTeHU;HaJI nanaer norma cnpana c e,ll;HHl1tIHOM aMI1nI1TYlJ,OH, TO BHYTpl1 no-i: TeHUH3na B03HHKaeT aHaJIOrl1tIHaR. BonHOBaH cPYHKUHH tf;. Ecna »ce aMnJIM
'I 
~ ~ ryna BOJIHhl, nanaroureã CJIeBa, panna 1..., a cnpaBa_l - ... ~, lO normaa aorr-

d
'I HOBaH cPYHKUI1H BHYTpH...noTeHgl1ana U j panaa Aj l/J j + Aj l/J j • HeTPY,ll;HO 

nO,ll;CtII1TaTh arannarynsr A 11 A B cnyxae, rcorna I1HTepBaJI ej HaXO)l;I1TCHt~
 
BHYTpl1 orpesrca [a, b]
 

--lo ~ ~ 'c' -~ ~ --lo 
A = T _j 1(1 - R_j Rj -1) , A = T -(j + 1) R j 1(1 - R-(j + 1) R j ) , (4).;{~ 

'i rne R-k li T-k - ar-mmrryznc o rpaaceaaa li npOI]YCKaHHH qaCTI1 nOTeH-'
11jl UHaJIa, paCnOJIQ)I<eHHOH rreaee HHTepBaJIa rk ,a Rk 11 T k OTHOCHTcaII
 

1< TOH sacra nOTeHU;l1aJIaJ.$Q..1.Q'p_~HpaCnO.llIDKe..lIa rrpanee I1HTepBaJIa Ck .
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4.CBH3AHHhIE COCTOHHI1H 

;1
TIpH pacsere CBH3aHHbIX COCTOHHHH HY:a<HO BhIlJHCJIHTb --) OTpIDKeHHe OT 

lJaCTH nOTeHUHaJIa, paCnOJIO:a<eHHOH npanee MHHHMYMa, - R H OT qaCTH 
u ~ 

nOTeHUHaJIa, paCnOJIO:a<eHHOH nenee MHHHMYMa, - R. TIocKOJIbKY B 3TOM 
cnyuae R ='= e xp(i cP) , TO CBH3aHHoe COCTOHHHe orrpenenaerca H3 YCJIOBHH 
l~ + ~ = 27Tn, lJTO npe,nCTaBJIHeT C060H xopouio H3BeCTHoe npaBHJIO KBaH-

TOBaHHH. 

5. TPEXMEPHhlfl C<PEPI1QECKI1-CI1MMETPI1QHhlfl TIOTEHUI1AJI 

Bce nsnuecrcaaaaaoe npHMeHHMO H K TpeXMepHbIM CcPepHlJeCKH
CHMMeTpl1lJHblM nOTeHUHamlM. OTJIHlJHe COCTOHT TOJIbKO B TOM, lJTO cPYHKUHH 
pacnpOCTpaHeHHH HMelOT rtpyroâ BH,n. Hanpar-tep, B CJIYlJae cryrreaxaroü 
annpOKCHMaUHH nOTeHUHaJIa cPYHKUHH pacnpOCTpaHeHHH 6y,nYT ne arccno
HeHTaMH, a CcPepHlJeCKHMH cPYHKUHHMH EeCCeJIH H XaHKeJIH (CM., uanpu
Mep, 1 3, 4 1 ) . 

'ECJIH lllHPHHY HHTepBana r. j YCTpeMHTb K HYJIlO, TO percyppenrnsre 
COOTHOllleHHH CBe,ll,YTCH K ,nHcPcPepeHUHaJIbHOMY ypaanemno nepaoro no
pnmca, aHaJIOrHlJHOMY ypaBHeHHIO PHKKaTH B r-rerone cPa30BOH cPYHKUHH 

1 1 I)(CM.,HanpHMep, . 

6. 3AKJI104EHl1E 

TIpe,nJIaraeMbIH MeTO,n xopoui TeM, lJTO OH YCTOHlJHB, nOCKOJIbKY 
n03BOJ)HeT npe,nCTaBHTb peurenae B BH,ne uenaoü ,nP06H ,nJIH aMnJIHTy,nbI 
OTpIDKeHHH. B asmnaryne nponYCKaHHH, Ky,na BXO,nHT npoaaaenenae aMnJIH
TY,n nponYCKaHHH OT,neJIbHhIX nOTeHUHaJIOB, 01llH6KH oKpyrJIeHHH HaKanJIH
BaIOTCH Me,nJIeHHO, nOCKOJIbKY OHH He3aBHcHMbI ,ll,JIH cocernmx 06JlaCTeH. 
KpOMe Toro, nOCKOJIbKY npa KBa,npaTHlJ:HOH annpOKCHMaUHH nOTeHUHaJIa 
MO:a<HO HCnOJIb30BaTb aeõorrsuroe lJHCJIO pa36HeHHl1, TO MeTO,n Mo:a<eT OH:a
3aTbCH 3KOHOMHblM BO BpeMeHH. Ente O,ll,HO ero ,nOCTOHHCTBO COCTOHT B TOM, 
lJTO OH n03BOJIHeT KalJeCTBeHHO npenyransrsars pe3YJIbTaTbI no npoaeneaua 

lJHCJIeHHbIX paClJeTOB. 
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I1rHaTOBHQ B.K. P4-87-87'8 
HOBhIH MeTO,n peureaaa onnoraepaoro 
ypaBHeHHH I1Ipe,1J,HHrepa 

lloTeHUI·mJI B ypaBHeHHH IIIpenaarepa pa3,IJ;eJIHeTCH 6eCKOHeQHO 
Y3KHMH I..QeJIHMH na OT,IJ;eJIbHhle He3aBHCI1Mhle 110TeHUHaJIbHhle 
êapsepsr, aepumasi KOTOphlX a1111poKcHMHpYIOTCH KBa.npaTHhIM 110
JIHHOMOM. ,UJIH KaiK,IJ;oro ôapsepa HaXO,IJ;HTCH 110JIHaH BOJIHOBaH.q>YHK
UHH BHYTPH õapsepa, a TaK)Ke aM11JIHTY,IJ;hl OTpa)KeHHH 11 11P011YCKaHHH. 
Ilocne xero MeTO,IJ;OM pexyppearnsrx coornoureaaã CTpOHTCH aM11JIH
TY,IJ;a oTpIDKeHHH OT 110JIHOrO 110TeHUHaJIa, KOTopaH asrpazcaerca 
xepea aM11JII1TYAhl OT,IJ;enbHhIX 110TeHUl1aJIhHhlX õapsepoa B BH,IJ;e 
ue11HoH ,IJ;P06H. AHaJIOrHQHO HaXO,IJ;HTCH aM11JIHTY,IJ;a 11po11ycKaHHH 

. 110JIHOrO 110TeHUHaJIa H BOJIHOBaH cPYHKUHH B JII060H aanaaaoü 06
JIaCTH aroro 110TeHUHaJIa. 

Pa60Ta Bhl110JIHeHa B Jlaôoparopaa HeHTpoHHOH cPH3HKH OI1HI1. 

Ilpenpanr 06õe.rUiHeHHOrO HHCTHTyra anepasrx HCCJIe)lOBalUm• .uy6Ha 1987 

Ilepesozr aaropa 

Ignatovich V~K. P4-87-878 
A New Method to Solve 
the One-Dimensional Schrõdinger Equation 

The potential in the Schrõdinger equation is divided by infini
tesimal narrow gaps on separate potential ·barriers. The tops of these 
barriers are approximated by the second order polynomials. The inside 
wave function and reflection and transmission amplitudes are obtained 
for every barrier separately. After that the recursive relations are used 
to present the reflection amplitude for the total potential in the chain 
fraction form in terms of partial barrier amplitudes. The transmission 

amplitude .and the wave function at any point inside the potential are 
constructed in -the same .way. 

The investigation has been performed .at the Laboratory of Neut
ron Physics, JINR. . ,. . ., 

Preprint of the Joint .Institute for Nuclear, Research. Dubna 1987 


