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l.Baeneuue 

B KBBHTOBOli Teopuu paccesiHHll xoporno .H3aecTHa npo6neMa yqeTa TO:>K!I eCTB e H-

HOC TH 118IIeT810IUHX '18CTIUl H '18CTHU 1 BXO!IllllliiX B COCT8B MHllleHH. nocne!IHee BpeMSI 

9T8 npo6neM8 IIpHBIIeKaeT OC06oe BHHM8HHe B CBli3H C ycneXBMH TeOpKH CHIIb HOH 

CBSI311 K8H8IIOB B 8TOMHOli H suepuol! <jlH3HKe ( CM. CCbtnKH H8 IIHTepaTypy B I J I). 

Pacc MoTpHM paccel!HHe onnoli 'IBCTHUbl MHrneHbJO, B cocT a a KOTopoil BXO!IHT 

A '18CTHU, TO:>K!IeCTBeHHbiX na!l810lllell. nycTb 9 HeprHSI nanaJOmei< '18CTHUbl ueno-

C T 8 TO'IH8 !llill pacmenneHHll MHllleHH. 

BonHoaall ¢ynKUHll 111 acell CHCTeMbi A+ 1 'IBCTHU MO:>KeT 6biTb pa3 no:>KeHa 

IIO IIOIIHOMY Ha6opy <jJyHKUHll </> , COOTBeTCTBYIOIUHX pa3IIH'IHbiM COCTOSIHHSIM MH-

x) 
menu 

( I ) 

3!1eCb K09<jJ<jJHUHeHTbl oP a SIBIIlllOTCSI <jJyHKilHliMH K00p!IHH8T HaneTaJOIUeH '18C-

THUbl. C IIOMOIUbiO CT8H!18pTHOll npoue!lypbl IIOIIy'laeM J:lliSI 

llll8libHblX ypaBHeHHli . 

•/J a CIICTeMy !IH<jl<jlepen-

<l> y HKUHll IJI 8HTHCHMMeTpH'IH8 OTHOCHTeiibHO nepeCT8HOBKH '18CTI1U ( HYK-

IIOHOB HIIII 9 IIeKTpOHOB). Pa3IIO:>KeHHe ( 1) He HMeeT SIDHO a HTl!CIIMMe·rpH'IHOrO Bll!l8, 

II09TOMY H8 oP a !IOII:>KHbl 6b1Tb H8IIO>I<e Hbl rpaHH'IHbie y C IIODIIH, o6e CIIe 'IH8810WII e 

Tpe6yeMbie caollcTaa !IIIll aceli cyMMbi a (I). YinTerpan:~ Hall 'laCTb pa3IIO)I<eHHll (I) 

X) non CYMMOli B ( 1) C.'l2llyeT IIOHIIM8Tb CYMM11p0B8HIIe no !IIICKpeTHOMY H 

liHTerpHpOB8HHe no n e npepb! BHOMY cneKTpaM '1 8CTIIU. 
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COOTBeTCTByeT K8K 38Kpb!Tb!M (B036y)l{aeHHSI BHpTySnbHbiX COCTOSIHHi! MHWeHH), T8K 

H OTKpb!TbiM KBHBnBM, KOraa '18CTIIU8 1 H8XOaHTCH B CBSI38HHOM COCTOHRHH B MH-

weHR, a oaaa H3 A '18CTHU pacceHB89TCH. noaTOMy HHTerpan UO a B ( 1) He 

MOlKeT 6b!Tb OT6poweH HH B K8KOM pa3yMHOM npH6nH)I{eHHH. 

Bee CK838HHOe aenaeT p83nO)I{eHH9 ( 1) npaKTH'IeCKH HenpHrOaHbiM an!! KOH-

KpeTHbiX Bbi'IHCneHHi!. 

Mo*HO pa3naraTb 'I· B UO'IneHHQ-8HTHCHMMeTpH30B8HHbiA pHa: 

'V ~ S ! Fa¢ a!, (2) 
a 

rae S - 8HTHCHMMeTpH3YIOWHi! onepaTOp. 

npeHMyWeCTBO (2) COCTOHT B TOM, 'ITO 8CHMUTOTHK8 OTKpb!TblX K8H8nOB non-
x) 

HOCTb!O coaep)I{HTCSI B aH<;:KpeTHOi! '18CTH p83JIOlKeHHSI • 3TO U03BOfll!eT C onpeae.. 

neaaol! TO'IHOCTb!O npeae6pe'lb a (2) aenpepbiBHbiM cneKTpOM </>a • OaaaKo npH 

3 TOM an!! Fa nonyqaeTCSI CHCTeMa ypSBHeHHi!, B KOTOpOl! HCKOMble ljlyHKUHH BXD

aliT noa 3H8K HHTerpana. PeweHHe T8KBX CIICTeM Tpe6yeT na60 HCUOflb30B8HHSI Mea

neHHO CXOal!Wei!:CSI HTepaUHOHHOi! npoueaypbl, na6o pa3pa60T8HHOro ,UpyKapeBblM H 

/ 4/ 
MapHOTT.OM 6e3aTepauaoaaoro MeToaa , TSK*e eecbMa rpoMo3aKono. HanpaMep, 

npa peweHHH 3aaa'IH o paccel!HHH aneKTpoaa aa aToMe eoaopoaa c y'leTOM n Ka-

aanoe Tpe6yeTCH peWHTb "' 2n2 
p83 CHCTeMy n aaljlljlepeHUB8nbHblX ypaBHeHHi! 

eToporo nopHaKa. 

/2/ 
fleBHH npeanarae T HCUOnb30B8Tb p83flOlKeHHe THUS (1), HO He anH 'V 

npeacTaBnHeT co6oi!: aopMH-
A A+n 

11' - :£ ( -1) l> (n ) 
n= l k 

a an!! , rne ~ (n) 
k 

pOBBHHOe aOfl)I{HbiM o6p830M npOH3BeaeHHe BOflHOBOi!: ljlyHKUHH MHWeHH, H8XOaS!lllei!:CH 

B OCHOBHOM COCTOSIHHH (cp
0

{A)), H8 UflOCKYIO BOflHy, OUHCbiB810WYIO CB060aHoe aeH

lKeHH e n -oi!: '18CTHUbl OTHOCHTeflbHO MHWeHH. 0aH8KO T8KOli MeTOa CTpaaaeT T eMB 

lfl;e HeaOCT8TK8MH, 'ITO H p83flOlKeHBe IJI cornacao ( 1 ) • 

x) / 2/ 
neeaH e ceoel! pa6oTe naweT, 'ITO cocTOHHHH aenpepbieaoro cneKTpa 

TBK)!<e aa10T nKnaa a acHMUTOTHKY OTKpbiTbiX Kaaanoe. B ael!cTeaTenbHOCTH/3/, 

HCUOflb3YH HeOaH03H8'1HOCTb onpeaeneHHSI Fa B (2), MOlKHO Bbi6paTb F He 

HM910lliHMH UOfl!OCHOH 38BHCHMOCTH OT a , H B 3TOM cnyqae Henocpeac:eeHHbiH 

BKnaa HHTe rpanbHOi!: '18CTI1 (2) B 8CHMUTOTI1KY OTKpb!TblX K8H8flOB paBeH HynJO. 

4 



.[laHHaSI pa60Ta nocsgmeaa paasuTUIO Hnea flesuHa H pa6oThi H. AMapxaaosa, 

/ 5 1 
B.n. )i(uryaosa, E.H. 3axapbesa • flpennaraeTCSI 6onee p8JlUK8llbH8SI ' '!eM y ne-

BUHS, npouenypa Bbl'IUTBHUSI U3 IJ' BCIIOMOraTellbHOH tPYHKUUU <!J , TSKOH, 'IT06bi 

8CUMIITOTUK8 tPYHKUUU IJ! - <!J conep>Kana n U ill b 0 ll H y II8Jl8\0WYIO U pac-

ceSIHHYJO qacTuuy. TaK KSK acuMnToTuKa If' U3BeCTH8 HB M C TO'IHOCTbiO llO nap-

UHBllbHbiX BMIIllUTyll q l , TO MO)KHO 38Jl8Tb 8H8ilUTU'IeCKUH BUll <!J C UCKOMbiMU 

q
1 

B KS'!eCTBe napaMeTpOB. 

CxeMaTH'IeCKU MO)KHO conocTaBUTb IJI puc. 1a, rne CTpenKH , HanpasneH-

Hbie BHYTPb o6nacTu saaaMonellcTBHSI, o6oaaa<JeHHoA Kpy)KKOM, u pacxonHmuecg ua 

Hee, COOTBBTCTByJOT 8CUMIITOTUKB II8Jl810WUX HB MUIUBHb U paCCBSIHHblX '18CTHU ( BCB-

/2/ 
ro A+ 1 qacTuua). To rna paaHOCTU 

A A +n 
IJI -I (-1) J ( n ) 

n=l k 

COOTBeTCTBOBBTb pHC. 1 6, a tPYHKUUH IJ! - ¢ 

IIOCB51lllBH BTOpOli pa3JlBll llBHHOH pa60Thl. 

- puc. 1 c. KoaKpeTHOMY 

6yneT 

Bbi6opy <1> 

B paa no)KeHHH Tuna ( 1 ) nng IJ! - <I> 

'P-<1> =~x 0)4> (A) 
a a a (3) 

OTKpb!TblM K8H8ll8M COOTBBTCTBYIOT ilUIUb JlUCKpBTHbiB 3HB'IB HHH a .[lnH K03<jxjlH-

UHeHTHbiX <jlyHKUUH X B (3) npOCTO HBIIHCBTb rpaHU'IHbie ycnOBUH H CRCTCM8 

ypaeaeHUH ( 17) JlilH HHX TOrO )Ke nOpHilKB TPYilHOCTU, 'ITO U C liC T BMbl, nonyqaJOIUHe 

CSI B 381l8'1B 6e3 y'leTa TO)I{JlBCTBBHHOCTU 'IBCTUU. 

flOCKOllbKY Mbl Bbi6HpaeM 

BO BCIIOMOrSTBllbHYIO <jlyiiKUUIO 

TaKoil., 'ITO npH r ... ~ 
nf I 

<jlyHKUHSI <I> ... 'I'' 
BXOJlSIT HeH3BBCTHhle 3H8'1eHUSI BMIIilHTYil pac-

3TO npUBOilHT K TOMy, 'ITO heOJlHOpOJlHble 'lilBHbl B ypaBHBHUU (15) 

<!> H CHCTBMB ypaBHBHHH (17) llilSI X OK83biBBIOTCSI 38BUCIDUHMH OT 

UCKOMbiX q • PeWHTb CHCTBMY ( 17) MO)KHO CnenyiOIUHM o6pa30M . 3anaiUeM ( 17) 

AilS! npOCTOTbl pacCy)KJleHUH B CHMBOllH'IBCKOA M8TpU'IHOA <jlopMe, SIBHO BbiAenHSI 'lne-

Hbl C q 

Lx 
( 4) 

06wee peiUeHHe ( 4) MO)KeT 6biTb aanucaao e sune cyMMhi o6wero peiUeHHH onao

ponaoA CUCTeMhi: 

(5) 
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H 'laCTH'!Horo peweaHl! (4). CHcTeMy (5) MO]!(Ho npocTo 

3BM, 
'IHCneaao pemHTb aa 

TBK KaK B (5) He BXO.Ql!T HeH3B9CTHble q . L[aCTllOe peWSHHe (4) HMeeT K I 

I q 1 x 
1

,..J1 f'Aef;x 
1 

- 'laCTHbie pemeHHll aeo.Qaopo.QHbiX CHCTeM c KoacjlcjlHnH-
BH.Q 

eaTBMH, TBK]!(e He 38BHCliii!HMH OT q I 

I .,./ 
Lx ~M 1 ; L;c ... ;V' 

(6) 
B 3TOM npocTo y6e.QHTbCl!, no.QcTaBRS!ll I q x \1~ (4). 

I I 

Ha 8CHMllTOTH'I9CKOf'O BH.Qa pelliSHHll CHCTeMbl ( 17) Mbl MO]!(SM npe.QCTaBHTb 

HCKOMbl9 BMllnHTY.Qbl q I 
B BH.Qe H3B9CTHblX RHHelfHb!X cjlyHKUHlf OT CBMHX ]1(9 q 

3TH COOTHOlli9HHll MO)KHO paCCMaTpHBBTb KBK anre6paH'!9CK1!9 ypaBH9HHll ARll Q 

I YpaaHeHHll 3 TH npocTo pewaJOTCl!. 

Onpe.QeneHHbilf npoHaaon B Bbi6ope 
4> HH B KaKolf CTeneaH He BRHl!9T Ha O.Q-

H03Ha'IHOCTb HCKOMOf'O pemeHHll 
'1

1 
• S 1:1 aMnnHyT.Q q 1 ) • HY*HO no.QqepKHYTb, 'ITO 

cPYHKUHI:l 4> 
He cne.QyeT npa.QaBaTb CTporall: cjlH3H'!ecKHH CMbicn; npocTo aHa-

HHe ljl - 4> 3KBHBaneHTHO 3HBHI!IO IJI: 4> + ( IJI- 4> ) , TaK KBK 
4> HaM l:l3BeCTHa. 

TaKHM o6paaoM, MeTo.Q yceqeHHbiX aCHMnTOTHK CBOAHT aa.Qaqy o6 y'leTe TO]!(.Qe

CTBeHHOCTH 'IBCTI!U K pemeHHIO CHCTeMbl ( 17) AH<jlcjlepeHUHaRbHb!X 1:1 CHCTeMbl (24) 

anre6paH'!eCKHX ypaBHeHHll:, 'ITO 3HB'IHTenbHO npowe peweHHll CHCTeMbl HHTerpo-

/4/ 
AH<jl!jlepeHuHanbHbiX ypaaHeHalf • Pa3BHTI!e aToro MeTo.Qa B npHMeHeHI:lH K peaKUH-

l!M c nepepacnpe.QeneHHeM 'IBCTHU 6y.QeT .Qaao B cne.QyJOwea pa6oTe. 

8 paa.Qene 3 Bb!BO.QHTCl! HeO.QHOf)e.QHBl! C.i!CTSMa ( 17) AH<jlcjlepeHUHaRbHblX ypas-

HeHHll: ARll K03cjJ<jlHUHeHTOB X paano*eHHll (3) IJI 4> • B plla.Qene 4 .QaeTcl! 
SIBHb!H BH.Q CHCT9 Mbl anre6paH'!eCKHX ypaBHeHHlf .QRl! q 

1 

2. YpasHeHHll .QRl! acnoMoraTeRbHbiX cjlyHKUHH 4> 

Mbi orpaHH'IHMCl! paccMoTpeaaeM peaKuHll: 6ea nepepacnpe.QeneHHll 'IBCTHU. Kpo-

Me TOf'O, .QRl! llpOCTOTbl H3RO]!(eHHll 6yueM npe.Qnonaf'BTb, 'ITO B3aHMO.QeHCTBHl! B 

CHCTeMe TBKOBbi, 'ITO BORHOB8l! cjlyHKUHll npe.QCTBBRl!eT C060H npOH3Be.QeHHe Cll!IHO

BOH ee 'laCTH aa Koop.QHHaTHyJO. C'!HTall, 'ITO cnHaoaal! !jlyaKUHll cacTeMbi aaaaHa, 

6y.QeM ABRbllie paCCMaTpHBBTb TORbKO KOOp.QHHBTHyJO 'IBCTb, YAOBReTBOpl!JOlliyiO ypaB

H9HHIO illpe.QHHrepa: 
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(H-E)IJI(A+l)•O, \7) 

rAe H c T
1 

+ V 
1
+ h 

1 
, T 

1 
- onepaTop KHHeTIPieCKol! aaeprHH I -oA '!aCTHUbi, V 

1 
-

noTeanaan ee B38HMOAelicTBHSI c ocTanbHbiMH A '!8CTHU8MH, h 
1 

- raMHnbTOHHaH 

CHCTeMbl OCT8nbHbiX A '18CTHU. rpaHH'IHble ycnOBHSI H8 IJ' Bbi6epeM B BHAe: 

lk r 
n r e a t ( 8 ) 

'I' (A+1)-+ p 1¢ (A)e 0 ~+I¢ (A)Q (0 )---1. 
r ... 

00
11 o a a a 1 

1 
r 

1 

3AeCb Q a - 8MnnHTYA8 paCCe SIHHSI, MHO)f(HTenb p t l =±1 onpeAenseTCH CBOikTB8MH 

CHMM9TpHH IJI (OTHOCHTenbHO nepeCT8HOBKH K00pAHH8T '!aCTHU 1 H I ), COOTBeT

CTBYIOIIlHMH onpeAeneHHOli CXeMe J0 Hra, </>a - C06CTB9HHble ljlyHKUHH raMHnbTOHHaHa 

h l • CyMMHpOB8HH9 B (8) BeAeTCSI TOnbKO no OTKpb!TbiM KaHanaM. 0 I -yrnOBble .. 
nepeMeHHbie BeKTOpbi r 

1 

BaeAeM BCnOMOraTenbHYIO <jlyHKUHIO <f> , BCIOAY KOHe'!HYIO H o6naAaiOIIlYIO cne-

AYIOIIlBMB acaMnTOTH'!eCKH"''H caoiicTBaMH: 

OnpeAenHM <1> 

c HCTO'IHHK8MH I
1 

a 

( 9). 8bt6epeM 

Paano)f(HM 

II 
a 

H 

<1> 
. r (A + l) 

r -+oo 
0 1 

,., ;. ""tl , rAe 

npa i ;1'1, 

npa i = 1 

x) 
peWeHHSI ypaBH9HHA : 

1 I 
(T 1 + ~ 1- E ) <1> a = 1 a ( If 1) 

(9) 

( 10) 

, KOTOpble Hy)f(HO B3S!Tb T8KHMH, 'IT06b! o6ecne'IHTb BblllOnHeHH9 

I 
H <f> a B ljlaKTOpH30BaHHOM BHAe: 

(1;1'1) . ( 11) 

. 
s .. 

a no wapOBbiM rapMOHHK8M 

X) ,llnll K8)f(AOro OTKpbiTOrO KaHana B K8 lKAOil H3 A '18CTHU ( KpOMe nepBOH) 

OTAenbHOe ypaBH9HH9. 
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F1 
., I 

a Ap. 

. 
s' = I . 

a Ap. 

a 
f, ( r ) 

"/1 I 

r 
yAp. ( P. I ) 

1 

cal sat (r ) 
All Af I 

r I 
Y, (P ) 

"11 I 

(I~ 1 ) 
( 12) 

no.ncTaangg (II) H ( 12) B ( 10) H pewag nony"'eHHhl e y paaa eaag (eM. npanolKeaae K 

pa6oTe H.B. AMapxaaoaa, B.n. )i(aryaoaa H S.H. 3ax.apbeaa. npenpaaT OHHH 

P4-2983, .Qy6aa 1966), HBXOAHM: 

rae 

r 
at at ltlat 1 (I) , a t , 

f >.p. = C A 11 g A (k a r I ) J g A ( k a r I ) SA 11 ( r 1 ) d r; + 
0 

at (I) • (2) , ai , , 
+C, g, (k r )Jg, (k r )S , (r )dr + 

"/1 1\ a I 1\ a I A/1 I 1 
't 

I at a 1 ( 1) 
+-[8a 0 -ICAp.YA

11
lgA

11
(kar

1
). ka 

(13) 

y a 1 = j g( I ) (k r ) S a 1 d r ' 
Ap. 

0 
A a 1 Ap. 1 

( I) ( 2) 

g A "' k a r 1 j f (It a r 1 ) ; g A "' r 1 n A (k a r t ) 

J f ; n t' - c!f>epH"'ecKae !f>yaKnaa Secceng a HeltMaaa. 
at 

Ecna Bhl6paTb SAp. a BRAe 8 - <jlyaKnaa, Mhl nony"'HM HBHhllf BH.Q <P • Cornac-

ao (13), (9), napnaanbHhle aMnnaTy.Qhl pacceHHaH npocTo CBS!3aHbi c aae.neaabiMH 
C H y : 

ta 0 a I at ta 
q ~--c Y 

Aop.oAp. ka Ap. A 
( 14) 

Onpe.neneaaaH TBKHM o6paaoM cp y.noaneTBOpHeT aylKHhi M acaMnTOTH"'ecKaM 
ycnOBHHM. 

no.Q"'epKHeM, 'ITO YPBBHeHHH .QnH cf> CneuaanbHO Bhi6paHbl TBK, "'T06bJ pe-
W8Tb HX 6btnO O'l eHb UpOCTO. 
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' J 

3. C11cTeMa ueoanopo.QHhiX .QIIqxpepenullanbHbiX ypaeuenl!fl 

<l>yHKlliiH 'I'- <l>, cornacuo (7) 11 (B), yaoeneTeopHeT ypaeneHHIO: 

(H-E)('P- <l>) 

I~ A+ I 

I I p (V <l> I +1 1
) 

a 1,., 2 II 1 a a 

c rpan11qHbiMII ycnOBIIHMH: 

( 'I' - 4> ) -+ cp (A) elk 0 r 1 + I cp (A) Q (0 
r -+co 0 a a 

I 

('I' - <l> 0 
'l#l 00 

I k r 
e a 1 

r I 

( 3), OT.Qeni!M yrnOBbie nepeMeH!Ibte B X rl r 
1 

) = 

( 15) 

( 16) 

II 38niiWeM CIICTeMY HeO.QHOpO.QHbiX ypaBHeHHfl .QnSI 

nap!lll8nhHbiX !jlyHK!lllll. 

• 
(17) 

C rpaHHqllbiMH ycnOBIIRMH, COOTBeTCTBYIOillHMH ( 16). KoaqxpnnneHTbl !{ H HCTOqHHKH 

J onpeaenmoTcH ljlopMYnSMII: 

(lB) 

2 2 
,.. p 12 A r I f d n I y; m (0 I ) f cp*f3 ~ ( v 2 <l> a + I a ) d r A 

I 

BTopoe paeencTBO e ( 1B) o61>HCHReTCR TeM, qTo ece qneHbt cyMMbt no e liB) 

.QSIOT O.QHHSKOBblii BKna.Q B HCTO'IHHK J ~lm I 

/3/ 
C nOMOillbiO CT8H.Q8pTHOfl npone.Qypb! MOlKHO nepeiiTH B npe.QCTSBneHHe non-

HOrO MOMeHT8 j = rl + L ' rae l - nonHblii MOMeHT MIIIlleHH. B .QSnbHefiilleM Mbl 

6y.QeM pa60T8Tb B 9TOM npe.QCTSBneHHH. 
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4. CncTeMa nnHeliHb!X anre6pan'IeCKHX ypaBHeHHli anSI napunanbHbiX 

BMUnHTy a pacce SIHH SI q. 

113 COOTHO!UeHHi:'z (II) - ( 14) H ( 19) BHaHO, 'ITO HCTO'IHHKH B CHCTeMe H e oano

poaHb!X aHcjJ<jlepenunanbHbiX ypaaHeHnli 
nHHei:'zHO 38BHCSIT OT HCKOMblX BMUnHTya 

JM 

qaOLO,).OaLA • 3anHIUeM HCTO'IHHK JJM 

/3Lf 

x) 
B BHae (CM, (4) ); 

JM JM JM JM 

J f3 p ( r ) ~ L q o 0 , 0 , B f3 e , ( r ) + D f3 • ( r ) ( 20) 
L I - - - a L 1\ aL 1\ L IlL 1\ I Lt 1 

a;L 1 +>. 1~J I I 

0 0 0 
rae B H D - H3BeC THbie ¢YHKUHH, a L >. - xapaKTepH3YJOT axonaoli KaHan. 06IUee 

J M 

peiUeHHe X {3LP. ( r I) CHCTeMbl HeoaHopoaHb!X ypaBHeHHH 6yaeM HCK8Tb B BHae: 

JM 1 JM f3 JM x (r )~LC cxo) + ~ qJM (· )JM +( o) () 
f3 Lf 1 1 1 f3 LP a;,'>. " 0 L o >. Oa L 'AX f3 L P. :a L '>. X f3 LP 21 

rae 
0 JM 

(X ) f3 LP - i -e nnaellHo-He3aancnMoe peiUeHne cooTeeTCTByJOuteli cncTeMbl 

oanopoaHblX ancjJ<jlepeHilHBnbHb!X ypaBH CHHH 
B JM 

(X ) f3 e ,, - 'I8CTHOO pewenne 
L ;IlL" 

CHCTCMbl ypaBHC HHii: 

d2 
JM (- 2";;; --- + 

P.I{PI+I) 

2 2m r 
1 

+t/3 -E)(x
8

) + 

+ L 
{31 L/ I 

D JM 

d r 2 

I L {3Lf :aL '>. 

JM 8 JM JM 
K (x ) ,= B , 

/3Lf:{31L1 f 1 {3
1 

L
1 

f
1
:aL >. /3Lf:IIL >. 

(22) 

Cx l fjd - 'I8CTHOe peweHHe CHCTeMbl, nony'IBIO!UCHCSI H3 (22) 38MCHOH 

B npaabzx 'IaCTSIX B Ha C 

PeiUeHKSI (21) anSI KOHKpeTHoli cjJH3H'IeCKoli 3aaaqn aomKHbl yaoaneTaopSITb ycno

BHSIM: X (r = 0) = 0 ff 

lim X r 
eo" 

( K/3 o r - -- ) S/3 of3S 0 + 
I 2 L L 

1 . 
-sin 

k ,B 0 
anSI OTKpb!Tb!X 

fiT 
JM 1(te~-2' 

+q/3oLoP.o:{3LP e 

0 anSI 38Kpb!Tb!X K8H8nOB 

KBHanoa (23) 

BcnoMoraTenbHble peiUeHHSI X o , X 
8 

, x 0 
nonyqaeM 'IHCneHHblM HHTerpnpoeaHneM I 

H8 3BM COOTB e TCTBYIOWHX CHCTeM ancjJ¢epeHU!18nbHblX ypaBHeHHfi. 
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' 

KoacTaHTbi C 1 B (21) onpeaemnoTcR rpauaqHbiMH ycnoBHRMH ua x . B 

CHny TO>K.IleCTBeHHOCTH qaCTHU napuaanbHbte 8MUnHTyabt q , BXoamnae B Bbtpa

*eHHe (19) anR HCTOqHHK8 H B (21), MOryT OTnuqaTbCR OT aMnnHTya q paCCeg

HHR nepBOll: qaCTHUbl B (23) nHWb MHO*HTeneM :!_1, OnpeAenReMbiM COOTBeTCTByiO

meil cxeMoll: IOara. 

npa 6onbWHX r I Kos~~auueuT npH pacxoagwell:cg Bonne B x
1

, cornacuo 

(21) npeacTaBnReT C060ll: nHHeHHYIO ~yHKUHIO OT napuHanbHblX aMnnHTya 

M I + ~ N ll q l • rae M H N H3BeCTHbl . nocKOnbKy MHO*HTenb npH pac-

paBeH ( - 1- + q ) , a BO Be ex ocTanbHbtX 
2 i k 0 ° 

l 
xoamnell:cg Bonae BO BXOAHOM Kauane 

OTKpbtTbtX Kauanax q 
1 

, TO Mbt nonyqaeM npocTyro cacTeMy naueliHbtX u eoauopoa-

HbiX ypaBHeHHH AnR HCKOMblX aMnnHTYA q I 

(24} 

LlnSI BbtqacneHHSI aMOnaTya, COOTBeTCTByiOWHX apyrOH CHMMeTpHH Cl!CTeMbt, He HY*HO 

Cl!OBa pewaTb aa~~peuuaanbHbte ypaeueuaR. l1cnonb3YSI Te *e 

nonyqaeM apyryro cacTeMy anre6paaqecKHX ypaBHeHHH. 

3 a K n 10 q e u a e 

XB• 
D 

X 

Ba*HbiM BOnpOCOM TeOpHH, HCnOnb3YIOWHX TeXHHKy MHOrOK8HanbHOH CBSI3H, RB

nueTCR KOppeKTHOCTb npoueaypbl o6pbiBa OCTaTOqHbiX qneHOB B pa3nO*eHHSIX ( J}, 
/6/ 

(2}, (3). V!ccneaoBaHHIO CXOaHMOCTH pa3nOmeHHH ( 1} nOCB51WeHbl pa60Tbl 
/6/ 

MeToabi, pa3BHTbte B , MoryT 6hiTb l!Cnonb30B8Hbi anH H3yqenHH cxoau-

MOCTH B pa3nO*eHHH (3} anSI ljl - <f> CywecTBeHHbiM OKa3biBaeTCSI To, qTo ana-

HaM H3BeCTeu. Mbi npeanonaraeM noCBSITHTb Bonpocy cxoaa-

MOCTH pa3nomeuall: B MeToae yceqeuHhiX acaMnTOTHK cneuaanbuyro pa60Ty. 

YTo6bi xapaKTepH30BaTb Bhtarphiw B 3aTpaTax Tpyaa npa cqeTe no MeToay, 

141 
npeano*eHHOMY B aauuoll: pa6oTe no cpaBHeHHIO c MeToaoM MapaoTTa , OTMeTHM, 

qTo npH OnHCaHHH pacCeSIHHR sneKTpOHOB Ha aTOMe BOaopoaa C yqeTOM n KaHanOB 

141 2 
no MeToay Tpe6yeTCSI pewHTb 2 ( n + n' _:t) CHCTeM n -aa~epeHUHanbHbiX ypaB-

HeHHH. no MeToay yceqeHHbiX aCHMnTOTHK HymHO pewHTb n + 2 m + 1 CHCTeM 
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llHqxpepeHUHSIIbHbiX ypaBHeRHJ! ( m - 'IHCnO OTKpb!TbiX Kaaanoa) H npOCTyiO CHCTeMy 

(24) anre6paH'I:eCKHX ypaaHeaal!. C uem.IO npoaepKH MeToAa Mbi npoaenH pacqeTbl 

AnR aaAa'I:H pacceHHHH e Ha H C y'l:eTOM ABYX KSHanOB, COOTBeTCTBYIOWHX 

1 s H 2 s ypOBHRM H 

8bip8lK8eM 6narOA8pHOCTb C.l1. rpHWSHOBOJ!, KOTOpyiO Mbl C'IHTSeM COSBTOpOM 

ASHHOJ! pa60Tbl, a T8KlKe 11.8. AMHpXSHOBy, 0. flxaraa, M.E. ille!j!TeniO, fl.r. 3acTa-

aeHKo 1E.H. KanHHKHay, l1.H. Maxal!noay, 

H HRTepec K pa6oTe. 

!1.)1(. ITeTKOBY aa noneaa&Ie AHCKyCCHH 

ITPl1flO)!(EHl1E 

llOK838TenbCTBO OTCyTCTBHR noniOCOB B K03qxpHUHeHT8X HHTerpanbHOJ! 

'I:SCTH paanoJKeHH H IJ• - 4> 

80 BBeAeHHH OTMeqanOCb, 'ITO HHTerpanbHSR '1:8CTb paanolKe HHH (1) COOTBeT-

CTByeT He TOnbKO BHpTyanbHbiM B036yJKAeHHHM MHWeHH 1 HO H peanbHbiM npoueCCSM 

06MeHa. 3TOMy COOTBeTCTByeT noniOC B K03qxpHUHeHTe paanolKeHHH ~a (KaK ~YHK-

UHH OT a ). 

IToKalKeM Ha npHMepe ynpyroro pacceHHHH a neKTpoHa Ha aTOMe BOAopoAa·, 'ITO 

B MeTOAe yceqeHHbiX 8CHMnTOTHK, npeAnOJKeHHOM B ll8HHOJ! pa6oTe, K03qxpHUHeHTbl 

a ( 3) paanoJKeHHH 'I' - 4> He coAeplKaT oco6eHHOCTel! no a 
/3/ 

Cornacao pa6oTaM , paanoJKeHae WHKUHH 'I' , cooTBeTCTByiOwee ( 1), HMeeT 

BHA: 

'11 (;- r-)~ ~I~~ P (;-)¢ r (r.)+fdk~ r (r
1
)¢ e (r)l, 

1 2 Pm n n m 1 n m ~ k m k m 2 

(IT.1) 

T'Ae cpnfm - KynoHOBCKHe ~YHKUHH, 8 AnH ~kfm cnpaaeAnaaa ~opMyna; 

A -tfm;l0~100(r1) -
--- + B p (r ) 1 2 2 k m 1 

T(k 1-k ) 

(IT.2) ~ r (r1 ' ~ k m 

3AeCb 

A •• 100 =<¢ n ¢ IV lljl>;k=J2(E-r ), 
.tm; ktm 100 12 1 

( I - 3HeprHH CBH3H OCHOBHOT'O COCTORHHH STOMa BOAOpOA8, A H B- HBnHIOTCH 

rnaAKHMH ~YHKUHHMH k • ITon10c a nepaoM cnaraeMoM a npaaol! qacTH (IT.2) npa 
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k.= ~ o6ycnaanaaaeT BKnaJl HHTerpanbHO!'O qneHa B ( n.1) B 06MeHHOe paccesJHIIe: 
e lk1 r 1 

'l' (r1r2) .. ¢1(r2)d!11l----
' -+oo 

1 

a 77 f (k I) - KynOHOBCKHe ljla3bl, 

nepell:AeM Tenepb K ypasHeHHIO ansi 'I' - · cp = X 

!'Ae X .. 'I' a X .. 0 
r -+oo r -+oo 

I 2 

X • l: X ( ;- ) ¢ (r ) = I a , ¢ , (i' ) ¢ (;- ) , 
y y 1 y 2 yy' yy y 1 y 2 

(n.3) 

(n.4) 

(n.5) 

aaecb y= nfm ana kf m . HaM HY >KHO accneaosaTb aasHCHMOCTb ayy' OT y . 

Col'nacao (n.5) a (n.4), nonyqaeM: 

>= 

=-[< ¢¢ ,IV+V I«P > +< <i><i> . l l>]. 
y y 1 12 y y 

npeo6paayeM STO ypaBHeHne: 

= -[ <¢ ¢ , I v I 
y y 1 

«P> + < cf>¢ , 11> ] 
y y 

(n.B} 

4To6bl a , ae HMena oco6eHHOCTH npa E = E n + E , , npasal! 
Y~ Y = k 1' m y c 100 

'laCTb (n.B } JlOn>KHa B STOll TO'lKe COKpamaTbtSI CO BTOpblM qne HOM B n esoi\ 'l llCTll 
1 

(n.B }. Co!'naCHO (n.2), (n.3} <.Pkfm ¢1 00 I v12 I 'I'> = A f ' l'Jle A onpeae-

mmT napuaanbHbie aMIInHTYllbi pacceSJHHS!. 

npeACTBBHM $ B BHJl9 pa3nOlKeHHS!: 

k1 m • 100 

<1> < r1 r 2 l = <P < r ' l: d , ¢ , < ;- , . 
1 y' 100 y y 2 

Llnn d, co!'nacao (10} a (n.7), nonyqaeM yp asueaan: 
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(E 100 + Ey,_ E)d Jooy '"' <¢ Joo cf>y • l VI I ¢l > + <¢ Joo cf>y ' II>. 

OTcmna cnenyeT, 'ITO d HMeeT OC06eHHOCTb: 

0 , 
IOO y 

d 1ooy' = + G tooy' • 1 2 2 
-(k -k 2 I 

rne D H G - rnanKHe <j>y HKUHH OT y , a 

0 1oo y ' =- [ <¢ ,oo cf>y · I VI I >+<¢ 1oo cf> y'II > J. 

13 ! 

(n.a) 

Cn.9) 

(n.w) 

A nan o r nqno MO)I(HO noKa3aTb , 'ITO T OnbKO nomocHa H 'IBCTb d 
naeT BKnan 

B aCl!MnTOTHKy ¢l , a DI OOy Onp enenmoT COOTBeTCTBYIOlllHe napuHanbHbl e BMn nH-

Tynbl . H o Mhi c n euna nhno Bbi 6p anH ¢l T BK , 'IT06bi ¢l __, ·11' • C n en oaaTenbno, 

DI OO kfm = AIOO kfm 11 

a a yy' (cornacHo 

<¢dm ¢ 1oo i VI2 j 1f'>= -[ <¢,p m¢ IOO l VI I 

+ < ¢ < P m ¢ 1 oo I I > ] ' 
I 

>+ 
(n .II > 

(n.6 )) l! X y He HMeJOT OC06eJHIOCTH n o y 

0Tc 1ona cnen yeT, 'ITO npe ne6pe)l(eHue HHTerpanhnoti 'IDCTh io p aano)l(eHHH (3 ) 

COOTBeTCTBy eT HeyqeTy nHWb BbiCWHX BHpTyBnbHblX B036y >KneHl!H MHWeHH. 
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