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,..,I 

B s e, !l e H H e 

Moaenb BaH KaMIIeHa 6nnaKa K KBaHTosotl: sneKTpO/lHHaMHKe O!lHotl: aa

pmKeHHotl: '18CTHUbl, lfaCTHUa MO!lenn HaXO/lHTC.II B OCUHlin.IITOpH?tl: .liMe H 

B38HMO!letl:CTByeT C KB8HTOB8HHbiM sneKTpOMai""HHTHbiM noneM, npH'IeM TOnb-
/}/ . 

' Ko annonbHO • Ee MO)!{HO Ha3biBaTb sneKTpOHOM, ecnn noapaayMeBaTb 

HepenSITHBHCTCKHtl: 09CCllHHOBbltl: sneKTpOH,. "MaTeMaTH'ieCKHtl:", "ronbitl:" sa

KYYM 0 0 H <jJH3H'l:eCKHtl: 0 B STOtl: MO!lenH He. C0Bll8/l8IOT, 

Bee 38Jl.8'l:H MOJlenn MO)!{HO pelll!fTb TO'l:HO, B 'i8CTHOCTH, cneayiOlllyiO: 

B030Y)!{Jl9HHbltl: sneKTpOH nepeXO/lHT Ha OCHOBHOtl: ypoBeHb, HCnycKa.ll <jJOTOH, 

HaliTH sepoSITHOCTb Bbrc.seqHBaHHSI KaK <!JYHKUHIO speMeHH, 

Oobl'l:HO anSI OllHC8HH.II B030Y)!{!leHHOI"O. sneKTPOHa H ncnrmeHHOI"O <jlo

TOHa HCnOnb3YIOTC.II COOCTBeHHbie <jlyHKUHH CBOOOJlHOI"O 1""8MHnbTOHHaHa Ho 

('f-onble COCTO.IIHH.II"), B nepBOM paaaene STOtl: paOOTbl OoCy)!{Jl~eTC.II Heyaos

neTBOpHTenbHOCTh TaKOH llOCTa~OBKH 3a!la''l:H, C <jJH3H'i8CKOtl: T.O'iKH 3peHH.II, 

06ocHOBbiBaeTCSI Heo6x6aHMOCTb cneayromero noaxoaa K nonesbiM TeopHSIM 

B 9nyqae 0 f. 0 0 • 

Tiepsolf' 3a)laqelf TeOpHH B38HMO)leHCTBYIOIIlHX noneil .IIBn.lleTC.II npe!J.

CTasneHHe onepaTopos nonefi A ( x) qepea TaKne onepaTopbi pO)!{!leHH.II -

YHH'l:TO)!{eHH.II, BaKyyM KOTOpb!X COBnaaaeT C <jJH3H'l:eCKHM B8KYYMOM ( onpe

!lenSieMbiM KaK co6cTBeHHbrfi seKTop nonHoro raMnnbTOHHaHa H c HaHHH3-
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lllefi SHeprHefi), 8TH onepaTOpbl ,nomKHbl OllHCbiB8Tb ¢H3H'leCKHe '!8C.TIIUbl 

B mo6ofi MOMeHT speMeHH, a He TOnbKO npH t ... + , Jt8K in II out-

onepaTopbi, 

nnn o6Cy)KJl8eMOfi MO,nenH onepaTOpbl T8KOI'O po.na 6binli nonytteHbl 

6 
/2/ ..... ,.. . u u . 

B pa OTe ; ...-H3H'!eCKIIn CMbiCn HOBOII KOpnycKynnpHOII IIHTepnpeTaUIIII 

. nJ 
o6cy)!{.naeTcn s nepsoM paa.nene. nonytteHHbie s pa6oTe ,HOBbie onep·a-

TOpbi pO)!{AellHSI-yHH'!T0)!{9HIISI He SIBnmoTCSI eAHHCTBeHHbiMII onepaTOp8MII, 

tteii: saKyyM cosna.naeT c ¢nantteCKHM, OcHOBHOfi aa.natteii: HaCTon~eii: pa6o

Thi nsnneTcn o6cy)!{.neHHe ¢nantteCKHX Tpe6osaHHfi, noasonnsrnnx 6hi Bbi6paTb 

9AIIHCTB9HHbiM o6pa30M onepaTOpbl pO)KJleHH£1-yHH'lTO)!{eHHSI, KOTOpbie cne.ny

eT COITOCTaBnSITb C Ha6mo.naeMbiMII 'l8CTIIU8MII, 0K83biB89TCSI, 'ITO 9T8 38-

.natta .naHHOfi Mo.nenn MO)!{eT 6hiTb oxapaKTepnaosaHa KaK OAHH na no.nxo

.nos K II3B9CTHOfi npo6neMe Ollpe.neneHIISI BeKTOpa COCTOSIHIISI u H9CTa6HnbHOfi 

ttaCTHUhiu .II ee xapaKTepHCTHK: SHeprHH II speMeHH )!{II3HH. CHattana pac

C~1aTpnsaeTCSI onpe.neneHHe SHepi'IIII HeCTa6HnbHOI'O COCTOSIHIISI, OCHOB8HHOe 

Ha paCCMOTpeHIIH SHepreTH'!eCKOI'O cneKTpa npo.nyKTOB pacna.na, npyroe 

onpe.neneHne ocHOBbiBaeTCSI Ha paccMoTpeHHH paasHTHSI npouecca pacna.na 

so speMeHH. B aaKmotteHHe npe.nnaraeTCSI HOBbifi no.nxo.n K onpe.neneliHIO ¢n-

3H'!eCKOR HeCT86HnbHOfi '!8CTIIUbi, 

BbillleynoMSIHyTan aa.na'la o .speMeHH~M aaKOHe pacna.na (sTopofi paa-

.nen) npe.ncT.asnsieT caMOCTOSITenhHbifi HHTepec. 11asecTHbie aHanorH'!Hbie 

llpHMepbl TO'!HbiX perneHIIR B TeOpliH nonSI OTHOCSITCSI K MO.nenH flH II ee 

Mo.nn¢nKaUHSIM, KaK H: B STIIX npnMepax, peaynbTaT HaCTonruero pactteTa 

ITOATBep)!{A8eT Ka'!eCTBeHHOe nose.neHHe, 0)KIIJl8eMOe H8 OCHOB8HIIII 06bi'!HbiX 
/3/ . 

06lliHX ,nonymeHHR , 3aKOH pacna.na B OCHOBHOM SIBnSieTCSI SKCITOHeHUII-

anbHbiM, He9KCITOHeHUH8nbHble .no6aBKII cymeCTBeHHbl TOnbKO npH O'!eHb 

60nhlliHX speMeHax. 

4 

•j 
l 

. 1, KopnycKynnpHan HHTE 

CTByiOmero 1 

Mo.nenb onHChJBaeTcSI TaKHM raMHl 

H 1 - 2 -
2 m (p - eA] +V (q) + Hph 

Hph = -:rr f d
3 

X [ 'E 2 
(i) 

nnnonbHOe npH6nH)!{eHHe Bblp8)!{8e.TCSI B 

paTHOfi CK06Ke B (1) 6epeTCSI He B TO~ 

B TO~Ke Hattana KOOpAIIH8T x = 0 , B U< 

KaK o6bJ'lHO, h=l , c=l • 11cnonbaye 

nn6posKa divA ( ~') = 0 , ( CM., HanpHMep, 

MO)!{HO OITIIC8Tb STy MO.nenb o6bl'l 

HII9M C IICITOnh30B8HII9M HepenSITIIBHCTC 

1fr <"X> 

J{ fd
3 

x lfr*<"X> [ -V 
2
/2m + 

- ~ f d 
3

x lfr*(x) (-iV ) lfr<i 

qliC~O sneKTpOHOB COXp8HSI9TCSI 0 1I C ITO 

nepesecTH ypasHeHne lllpe.nnHrepa J{ <I> 

KOH¢HrypaUHOHHOe npOCTpaHCTBO (.nnSI ~ 

BTOpH'lHD-KBBHTOBaHHOe nonesoe onnca 
. /4/ 

-lllse6epa • Tor.na ypasHeHHe npHMeT E 

MHnbTOHH8HOM (l), ll OACTaBnSI£1 B (1 ) 
/l 

'l9CKIIM H M8I'HIITHblM MynbTIIITOnSIM 
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AOmKHbl onHCbiB8Tb tPH3H"leCKHe "18C_THUbl 

a He T011bKO npH t ->-+ 1 J(8K in H out-

MonenH onepaTophi TaKoro pona 6hinH nony"leHhi 

fi CMbiC11 HOBOH !{OpnycKynSipHOH HHTepnpeTaUHH 

/2/ 
flony"leHHble B pa6oTe HOBble onep·a-

- .. 
SIB11SIIOTCSI enHHCTBeHHbiMH onepaTopaMH 1 

tPH3H"leCKHM. OcHOBHOfi 3ana"lefi HaCTOSIIIIefi pa6o

tPH3H"leCKHX Tpe6oBaHHH 1 n03B011HBIIIHX 6hi Bbi6paTb 

pmKAeHHSI-yHH"'TO)!{eHHSI1 KOTOpbie cneny

"18CTHU8MHo 0K83biBaeTCSI1 'ITO 9T8 38-

Q)!{eT 6hiTh oxapaKTepH30BaHa KaK OAHH H3 nonxo-

Me onpeneneHHSI BeKTOpa COCTOSIHHSI "HeCTa6H11bHOH 

cTHK: 9HeprHH H BpeMeHH )!{H3HH. CHa"lana pac

aHeprHH HeCTa6H11bHOI'O COCTOSIHHSI 1 OCHOB8HHOe 

H"leCKoro cneKTpa nponyKTOB pacnana. llpyroe 

eTCSI Ha paccMoTpeHHH pa3BHTHSI npouecca pacnana 

HOBhiH nonxon K onpeneneHHIO 4m-

38A8"18 0 BpeMeHH~M 38KOHe pacnana (BTOpOfi pa3-

MOCTOSITe11bHhiH HHTepec. l13BeCTHble 8H8110I'H"'Hbie 

B TeOpHH nang OTHOCSITCSI K MOAe11H flH H ee 

H8CTOSIIIIero paC"leTa 

noBeneHHe, Q)!{HA8eMOe H8 OCHOB8HHH o6bi"'HbiX 

• 3aKOH pacnana B OCHOBHOM SIB11SieTCR 9KCnOHeHUH-

811bHhie no6aBKH CyiiieCTBeHHhl T011bKO npH O"leHb 

4 

1. KopnycKynRpHaR HHTepnpeTaUHR B38HMonefi-

CTBYIOIIIero nonR 

/1/ 
Monenh onHChiBaeTCR TBKHM raMH11bTOHHBHOM • 

2 

H 
1 - - 2 

2
m[p -eA] +V (ij) + Hph 

V (q) = mKt -q2 
2 

(1) 

1 3 -:z - - 2 
Hp h = '"'lJ7T J d X [ E ( X) + ( rot A ( xl ) ] (2) 

llHn011bHOe npH611H)!{eHHe Bblp8)!{8eTCR B TOM, 'ITO onepaTOp nonR A B KBBA

paTHOH CK06Ke B (1) 6epeTCR He B TO"'Ke HaXO*AeHHR 91leKTpOH8 q , a 

B TO~Ke H8"18118 KOOpAHH8T x = 0 1 B UeHTpe OCUH1111HTOpHOI'O noTeHUH8118o 

KaK o6hi"'HO, h =1 , c= 1 • l1cnonh3yeTCR nonepe"'HBH (KynoHOBCKaR) Ka-

- - /6/ 
11H6pOBK8 divA (X)= 0 , ( CM. 1 HanpHMep, ) • 

Mo)!{HO oriHcaTh 9TY Monenb o6hi"'HhiM nnSI noneBofi TeopHH Bhipa)!{e

HHeM C HCn011b30B8HHeM HepenRTHBHCTCKOrO onepaTOpa nonR aneKTpOHOB 

1fr <"Xl 

J{ Jd 3 x tfr*('X) [ -V 
2
/2m + V(X)] 1/J ('X)+ Hph-

2 
e 3 - - - e 3 . -2 

-Iii f d x tfr*(x) (-i V l lfr<Xl A(xl + '"'2iil f d x lfr* tfr A 

(3) 

'4HC~O 911eKTpOHOB COXp8HReTCSI 1 H C nOMOIIIbiO 06bi"'HOH npouenypbi MO)!{HO 

nepeBeCTH ypaBHeHHe llJpeAHHI'epa J{ <l>(t)=i ~<I> (t) B OAH0911eKTQOHHOe 
- at 

KOHtPHI'y.paUHOHHOe npOCTp8HCTBO (nnR 91leKTpOMarHHTHOI'O nonR OCT8B11HeM 

BTOpH"'H0-KB8HTOB8HHOe noneBOe OnHC8HHe) i CM., HanpHMep, rn.6,§8 Y 

- /4/ . 
-lllBe6epa • Torna ypaBHeHHe npHMeT BHA ypaBHeHHR lllpenHHrepa c ra-

MHnbTOHHaHOM (1). noncTaBnRR B ( 1) pa31IO)!{eHHe A(X') no aneiTpH-

/5/ 
"leCKHM H M8I'HHTHbiM MY11bTHn011RM 1 o6Hapy)!{HB8eM1 'ITO BO B38HMO-
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JleficTBHH y'IaCTByeT TOnbKO JlHIIOnbHa.ll qacTb Ad (X') orrepaTopa A(i). 

'LJ:aCTb 1"8MHnbTOHH8H8, COJl9p)I{8Ul8.1l OIIepaTOpbi p0)1(Jl9HH.Il-YHHIJTQ)K9HH.Il !jlo-

TOHOB Bb!CWHX MynbTHIIOneif, .IIBnsieTC.Il CB060JlHOH H M0)1{9T 6hiTb OTJlene-

Ha. OcTaswufic.ll raMHnbTOHHaH COJl9P*HT TOnbKO orrepaTophi JlHrronbHhiX ¢o-. 

TOHOB. 0H IIpeJlCTaBn.lleTC.Il B BHJle . CyMMbl Tpex KOMMYTHpyiOniHX 1"8MHnbTD-

·.' u u /2/ 
HH8HOB 0 K8)1{AbiH H3 KOTOpbiX HMeeT T8KOH BHJl : 

2 _ ... 2 
p mK 2 1 2 2 

h = --=...L_ + I ql+2fdk k ( q k + p k ) -
2m 2 0 

00 2 

f dk e(k) PIPk+ 
_._ [ f dk e(k) p k ] 

m 0 2m 
0 

e(k).,2ej k f(k) 
311. 

q I ,p 1] ;[q k ·P. k,] "'i 8 (k -k ') 

(4) 

(5) 

opMHTOBCKHe OIIepaTOpbl q k H p k CB.Il38Hbl C. OIIepaTopaMH. pO)I{)le-

HH.Il H YHH'IT0)1{9HH.Il !jloTOHOB cne)lyiOUIHM o6pa30M: 

+ 
a k"' ( Pk + iq k) / V2 : a k"' ( p k - iq k )/ V 2 (6) 

BMecTo KOOPJlHHaThi u H!'mynbca aneKTpoHa q 1 P 1 T0)1{9 MO)I{HO BB9C-

TH aHanorH'IHhie orrepaTOpbi a~ , a 1 ; IIepeBOJl.lllllH9 OCHOBHOe COCTO.Il-

HHe ocuunn.IITOpa B soa6y*Jl9t,IHOe c aHepruefi K 1 HaaoseM ux ¢oaoa-

HhiMH orrepaT_opaMH. BaKyyMHhiH seKTop a k H a I 1 KaK o6bi'IH01 .IIBn.ll-

eT.C.Il C06CTB9HHbiM COCTO.IIHHeM {l o CB060JlHOI"O l"aMHnbTOHHaHa : h o 

(rrepBa.ll CTpOIJKa B (4) ), COOTB9TCTBYIOUIHM HaHM9HbW9MY co6CTB9HHOMY 

3H8'19HHI0o 

faMHbnTOHH8H h· M0)1{9T 6hiTb IIpHB9Jl9H K BHJlY 

6 

.. 

h 2 >fdw 
0 

A2 
w(qw 

A2 
+Pw 

00 

1 
), T ~dw w(~ 

C IIOMOlllbiO TaKOI"O K8HOHH'I9CKOI"O ( T.e_. COXpaH.IIIOJ 

COOTHOW9HH.Il) IIpeo6pa30B8HH.Il OIIepaTopoB£ 

A 

q1"'Q1wqw 

q k " Q kWq W 

P1 p lw 

'-

pk pkW 

IToJlpaayMesaeTC.Il csepTKa-HHTerpan no w • Q 

Jl9HCTBHTenbHbiMH ( 'IT06bi q" H ; TO)I{e 6htnH : 

K8HOHH'IHOCTH HMeeT. BHJl Q P T "" (7) HM99T E 

TOHHaHa. Ecnu {l -T8KOH BeKTOp, TO. ,(' w Q, 0 JlJ 

C06CTB9HHbiMH B9KTOpaMH (7) .IIBn.IIIOTC.Il {l .. (!jlu~ 

a+ a+ n 
wl w 2 H T.Jl. 3Ha.ll C06CTB9HHbie B9KTO}: 

M0)1{9M TO'IHO peWHTb n106y10 3alla'Iy MO)lenu. 

PaccMoTpHM, aarrpuMep, TaKyiO aa)la'Iy Kowu. 

'JI 1 ( MOM9HT t = 0 ) HMeeT BHJl .a i {l 0. . ( aneK 

HOKpaTHO B036y)I{Jl9H) unu at {l (eCTb OJlHH "!"( 

AMIInHTyJla. BepO.IITHOCTH o6Hapy)l{eHH.Il CHCT9Mbl .K l 
. . 

TOp OM COCTO.IIHHH 'JI r TOI"O )1{9 BHJl8 1 Jl89TC.Il CliMB( 

-I h t 
b ( tl < 'I'r , e 'I' 

I 
> 

l.fT06bi 91"0 Bbi'IHCnHTb, H8Jl0 pa3nO)I{HTb 'JI I H 

Top aM h 

I ·
00 I A + 1 . I w, == <l>o n. +~ dw <1>1 (w) awn+ -=-ff dwl_dw2 <1>2 y2 
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'Ad <x> orrepaTopa A(x). 

COllep)KalllaSI orr epa TOphi pO)KlleHHSI-YHH'l:TQ)KeHHSI tflo

SIBnSieTCSI CB050llHOH H MO)KeT 5biTb OTllene-

H COllep)KiiT TOnbKO OrrepaTOpbl lll:!ITOnhHbiX tflo-. 

B BHlle CYMMbl TpeX KOMMYTHPYlOlllHX raMHnbTQ-

• /2/ 
TSKOll Blill • 

m K
2 

2 
q1+2Jdk 

0 

2 2 ,..-i 

k(qk+ pk)-

(4) 

00 2 

k) p 1 p k + """2"ii1" J dk e(k) p k ] 
0 

. ; [q1,pt] ;[q k ·P. k'] ,; 8 (k -k ') (5) 

q k I{ p k CBSI38Hbl C . Orr epa TOpaMH. pO)Klle-

cnellylOlllHM o6pa3oM: 

k> I .,f2 ; ak= (pk- iqk )/y2 (6) 

aneKTpoaa q 1 P 1 TO)Ke MO)KHO BBeC-

a 1 ; rrepeBOllSilllHe OCHOBHOe COCTOSI-

aaeprneii K 1 Ha30BeM nx ¢oaoa-

BeKTOp a k H a 1 1 KaK 05b!'l:HO, SIBnSI-

OSIHHeM 0 o CB050llHOrO raMHnbTOHHSHa ho 

, COOTBeTCTBYlOlllHM HaHMeHbllleMy co5CTBeHHOMy 

MO)KeT 5hiTb rrpHBelleH K BHllY 

6 

h 2 >Jdw 
0 

A2 
w(qw 

00 

.. 2 )-_I_ f dw + Pw - 2 o 
A+ A A A+ 

w(aw aw+aw aw) (7) 

C ITOMOlllhlO TaKoro KSHOHH'l:eCKOro ( T.e. COXpaHSilOlllero KOMMyTaUHOHHbie 

COOTHOllieHHSI) rrpeo5pa30B8HHSI orrepaTOpOB: 

" q1"'Q1wqw 

" 

p1 = 

..... 

p1w " Pw 

(8) 

p k = pkW 
A 

Pw qk Q kWq W 

ITO w . Q I{ p non)KHbi 5hiTb ITonpa3yMeBaeTCSI CBepTKa-HHTerpan 

t:teHCTBHTenbHbiMII ('iTO Obi q" , II ; 

KSHOHII'l:HOCTH II MeeT BIIA Q P T c: I 

TO)Ke ObWH apMHTOBbiMH) • Ycnosne 

(7) HMeeT BHA CBOOOllHOro raMHnb-

TOHHaHa. Ecnu 0 -TSKOH BeKTOp, TO ,(' w 0= 0 lln51 BCeX w , TO 

co6ci-seHHhiMH BeKTopaMH ( 7) SIBn5110TCSI o ( tPH3H'l:eCKI{H BaKyyM), ~ t 0, 
a+ a+ 0 

w1 w 2 ll T.A. 3Ha51 COOCTBeHHbie BeKTOpb! h , Mbl B rrpHHUHITe 

MO)KeM TO'l:HO pelliHTb mooyro 3at:ta'l:y MOt:tenu. 

PaccMOTpHM, HarrpnMep, TaKyro 3alla'l:y Komn. Ha'l:anbHOe cocT051HHe 

'PI (MOMeHT t = o ) HMeeT snn .a i 0 0 · ( aneKTpOHHhiii ocunnn51Top. on-

HOKpaTHO B030Y)Kt:teH) HnH at 0 ( eCTb OAHH "ronbiH" tPOTOH) H T.rr·. 

AMrrnuTyt:ta. Bep051THOCTH OOHapy)KeHH~ CHCTeMbl .K MOMeHTy t >O B HeKo-

TOpOM COCT051HHH lp r TOrO )Ke BHAa, t:taeTCSI CHMBOnH'l:ec"KHM Bblpa)KeHHeM 

b ( t) 
-lht 

< 'Pr , e 'P > 
I 

(9) 

l..{TOObl ero Bbl'l:HCnHTb, Hat:to pa3nO)KHTb '11
1 

ll 'P r no cooCTBeHHbiM. BeK-

TOp aM h 

I .oo I " + I I ( lQ) 
w 1 = cilo o. + ~ dw cilt <w> a w o + J;"ff dw 1_dw 2 ciJ 2 <w 1 ,w 2> ~;!;1 ~;!;~ o+ ••. 
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KoaciJciJHUHeHTbi pasno)!(eHHSI B npHHUHne MO)!(HO HaRTH, sHa.II npeo6pasoBa-

1 ' 1 ' 
HHe a "' 2(P+QH'+2(P-Q) ~+ , COOTBeTCTByiOmee (8). f1ocne :3TOI'O 

00 

b(tl=~ Jdw 1 

r -Hw
1
+ ... +W )t 1 

J dw <II *(w 
1 

••• w ) e ' n <II (w1 ••• w ) ( 11) 
n n n n n 

ndl 

OTHOCHTenhHO MaTeMaTH~ecKoro cymecTBOBaHH.II pasno)!(eHH.II (10) ansr "ro

nbiX" COCTO.IIHHH 3aMeTHM TOllbKO, ~TO (10) HMeeT MeCTO, ecnH o6pe3aHHe 

f(k) B (4) aocTaTO~HO aclJciJeKTHBHO. 

Hsno)!(eHHa.II nocTaHOBKa saaa~H coaep)!(HT ciJH3H~eCKHe nopoKH. TiycTb 

'1'
1 

= Q 
0 

- BHa~ane HeT HHKaKRX KBaHTOB. HeT clJ!i3R~eCKHX OCHOBaHHH an.II 

RX n·o.IIBneHH.II B aanbHefimeM. OaHaKo c noMOillbiO ( 11) MO)!(HO ycTaHOBHTb, 

~TO B n106ofi MOMeHT t. > 0 -eCTb He'HyneBa.II BepO.IITHOCTb o6Hapy)!(HTb B 

TaKOH CHCTeMe n1060e KOnR~eCTBO "ronbiX" KBaHTOB: COCTO.IIHRe n~ .liB-

n.IIeTC.II HeCTa6HnbHbiM. ,Uanee, ecnH BHa~ane 6btn0 HeKOTOpOe KOJJH~eCTBO 

"ronbtX" KB8HTOB, 'TO eCTb BepO.IITHOCTb TOI'O, ~TO BnocneaCTBH.Ii B CRCTe..; 

Me Mbl He o6Hapy)!(HM HHK8KHX KB8HTOB. LJ:T06bi T8KHX .IIBneHHH B TeOpUH 
. x) . 

He 6btnO, Haao, ~T06bi Ha6niOaaeMbie clJoTOHbl H ciJoHOHbi pO)!(aanHCb H yHH~TO-

)!(anHCb C nOMOillblO onepaTOpOB, ~efi BaKyyM COBnaaaeT CO CTa6HnbHbiM 

clJR3H~eCKUM B8KYYMOM n . TaKOI'O poaa onepaTOpbi 6btnH HafiaeHbi B pa-

/2/ 6oTe • 0Ka3biBaeTCSI, ~TO pa3nO)!(eHHe onepaTOpOB aneKTpOMai'HiiTHOI'O 

nonsr no HHM · HMeeT BnonHe ecTecTBeHHbtfi ¢~rsu~ecKHH CMbicn; 

TioacTaBH.M B pasno)!(eHHe Ad (X') no "ronbtM" aHnOnbHbiM onepa-
. n; . . 

TopaM nony~eHHOe B pa6oTe Bbtpa)!(eHHe "ronbtX" onepaTopoB ·~epes 

HOBbie, H83BaHHbie TaM "clJR3H~ecKRMH". To )!(e caMoe npoaenaeM an.11 

KaHOHH~eCKH conp.II)!(eHHoro onepaTopa -Ed (i<:) / 4 11 • Tiony~HM 

:Ad <X") =!. 
m 

00 r.;;·~ 
41T - .. J d " ·- 8 (X) p 

0 1/ 1/m 1/m 

m= x , y , z 
( 12) 

x) f10CKOnbKY pe~b HAeT 0 MOaenbHOH TeOpHU, TO TO~Hee 6btn0 6bi I'OBO
pHTb 0 clJoTOHax,·HaXOa.IIillHXCSI BO B3aHMOAeHCTBHH C ciJoHOHaMH. 

8 

... 

... 
E 

d 

00 ... ~ J _,.411· ... 
( x ) = "" d v v-- v 8 

m V "m 
( i") q -!. q 

vm m m 

... 
81/ m 

- J ->e -+ (x)= kdkA (x)X 
o kim kv 

J k 
2 

dk V 4 1T ( ()k) A e 
k kim 

c <it>= 
m --

Vmow t 

HoBbie ciJyHKUHH pasno)!(eHRSI B Vrn(;_ ): OpTOI'OHE 

pes aefiCTBHTenbHbie ~aCTH aHnOnbHbiX aneKTpH~ 

-+ e (-+) ->e ( ... ) 
A klz X =A klO X ; 

-+ e 1 [ -> e . -> e* ] 
A ktx"'--=:- Akt-t+ A-kt-t ; 

cl>yHKUHH Xkv 

HOHa w1 

V2 

, ( ( k) H nepeHOpM!ipOB8HHa.II 

/2/ 
onpeae_neHbi B pa6oTe 

KaK BHaiio, aneKTpoMarHHTHOe none Bbtpa:ll 

"clJH31i~9CKHe" ¢oTOHHble onepaTOpbl P "'(~ Vm Vm 

HO H ~epes aneKTpOHHbie onepaTopbi q . , m = x . m 

ngeTC.II ecTeCTB9HHbiM,nOCKOnbKY 3ap·.II)!(eHHb!H a. 

CBOH BKhaa B nonHOe aneKTpOM8I'HHTHOe none. 

11sBeCTHbi npyr.He· npHMepbi noao6HbiX npeJ 

CTByiOmero aneKTpOMarmiTHoro non.11. B cny~ae 

HbiH - V Cq) = 0 , BaH KaMneH nony~Hn 

-+ -+ -+ 
A d(x)=,.A~(it)+T 

-;,- J PI -q I 
m 1... -+I X -q 

/1/ -+ 
(eM. ciJopMyny (17) B pa6oTe .. ). 3aecb A ' ( 

¢oT.OHHbiM onepaTopaM,pp (q) I m ·MO)!(HO H83 

aneKTpoHa T osHa~aeT nonepe~HYIO ~acTb < 

)!(eHRSI). K co)!(aneHHIO, aHnonbHoe.npH6nH)!(eHHE 
' ffl/ 

~eCKH B cny~ae CB06oaHoro aneKrpoHa • ED 

. 9 



npHHUHne MO~HO HaRTH, 3Hag npeoopa30Ba

p-Q) :+ , COOTBeTCTByiOIUee {8). Tiocne 9TOI'O 

t -Hw
1
+ ... -t<U )t 1 

dw <II *(w
1 

... w )e : n <II (w1 ... w) (11) 
n n n n n 

oro cymecTBOBaHng pasno~eHng (10) ang "ro

{10) nMeeT MeCTo, ecnn •. oopesaHne 

sana~H coaep~HT ¢nsn~eCKHe nopOKH. TiycTh 

OaHaKo c noMomhiO ( 11) MO~Ho ycTaHOBHTh, 

HeHyneBag BepoHTHOCTh ooHapy~HTh B 

0 I'01lb!X" KBaHTOB: COCTOHHHe Q~ gB-

HeKOTOpOe K01IH~eCTBO 

TOI'O, ~TO BnocneacTBH.H B CHCTe..; 

KBaHTOB. 4TOObl TaKHX gBneHHll B TeOpHH 
x) . , 

lt6nronaeMbie ¢oTOHbi H ¢oHOHbi po~aannch H yHH~To-

~efi BaKyyM COBnaaaeT CO CTaOH1IhHbiM 

• TaKoi'o poaa onepaTopbi ObinH HafiaeHbi B pa-

_~TO pasno~eHHe onepaTopoB 91IeKTpOMai'HHTHOI'O 

ecTeCTBeHHblll ¢H3H~eCKHll CMb!Cn. 

e Ad ('X) no "ronbiM" annonhHbiM onepa-
n/ . 

Bbipa~eHne "ronbiX" onepaTopoB ~epes 

"¢nsH~eCKHMH". To ~e caMoe npoaenaeM ang 

on epa Top a -Ed (X') I 4 rr • Tiony~nM 

( x) p , m= X , y , Z 
( 12) 

Vm 

o MoaenhHofi Teopnn, TO TO~Hee obmo obi roBo
no B3aHMOaeECTBHH C ¢oHOHaMH. 

8 

' 

... 
E 

d 

00 

( x ) = ...:. d v v-- v B ... "C/ _,4rr -+ 

m v 11 m 

Bv {X) Jkdk Ae ('t)X 
0 klni . kV m 

... 
c <'X) 

m 
(X") q -I. q 

Vm m m 

... ... 
G m (x) = 

2 4rr -+ e -+ 
fk dk V--~(k)A (x). 

_,-- k kim 
v mow 1 

(13) 

( 14) 

(15) 

... ... 
HoBbie ¢YHKUHH pasno~eHng B vrn< x ) opTOI'OHanhHbi, H Bbipa~aiOTCH. ~e-

pes aeficTBHTenhHbie ~acTH annonhHbiX aneKTpH~ecKHX ¢YHKUHH 
171 

_,. e -+ -+ e 4 -+ e 1 [...., e . -+ e* ] _, e i _,. e -to e* 
Aklz(x)=AktO (x); Aktx=--=:- Akt-t+Akt-1; Akly"'_

1 
(Akl-f"Akl-1 

y 2 v2 

4>yHKUHH x kv , ~ ( k) n nepeHopMnpoBaHHag coocTBeHHag ~acToTa ¢o-

HOHa cu 1 , onpeae_neHbi B paooTe 
/2/ 

KaK BHaiio, aneKTpoMai'HHTHoe none Bbipa~aeTcg He TOnhKO ~epes 

.. .. ""+;~,- .... +;v "¢H3H~eCKHe" ¢oTOHHble onepaTOpbl P =(a +a ) V2 q =Ha -a ) 2, 
Vm Vm Vm Vm Vm Vm 

HO H ~epes aneKTpOHHbie onepaTOpbi q , m = x , y , z • 3To·· npeacTaB-. m . 

1IHeTcg ecTeCTBeHHbiM,nOCKOJ'IhKY 3apH~9HHblll aneKTpOH aon~eH aaBaTh 

CBOH BKJ'Iaa B n01IHOe aneKTpOMai'HHTHOe none • 

J.1sBeCTHbi apyr'ne· npnMepbi noaooHbiX npeacTaBneHnfi ang B3aHMoaefi

CTByromero aneKTpOMai'HHTHOI'O nonH. B cny~ae, KOI'aa aneKTpOH CBOooa-

Hblll - V (q) = 0 , BaH KaMneH nony~un 

.... ... ... 
A d ( x) = •. A~ (i') + T 

"P' I Pl-ql 
m I t-ql (16) 

3 
d q 

/11 .... 
(eM. ¢opMyny ( 17) B paooTe . ) • 3aech A ' (X'> pasnaraeTcg TOnhKO no 

¢oT.OHHbiM onepaTopaM,pp (q) I m MO~HO Ha3BaTh onepaTOpOM TOKa . 

aneKTpoHa T osHa~aeT nonepe~HYIO ~aCTh cneayromero. sa HHM Bblpl),-

~eHng). K co~aneHnro, annonhHoe npnonn~eHne TpyaHo ooocHo·IiaTh ¢nsa
/8/ 

~ecKn B cny~ae cBoooaHoi'o aneKTpoHa • Eme oanH npnMep aaeT Mo-_ -· 

9 



nenh "KB8HTOB8HHOe sneKTpOMarHHTHOe none C BHelliHHM TOKOM" (eM. pas-
/9/ -

nen 2 B paooTe ).-ECTeCTBeHHo,'qTo H MOMeHT sneKTpOMarHnTHOrO 

nonsr n ero nMnynhc Teneph TO)I(e BKmoqaJOT sneKTpOHHbie onepaTopbi. 

3aMeTnM, qTo "ronhre" onepaTopbi a k MO)I(HO Boo6me n3I"HaTh ns 

Teopnn •. l1cxonHhiH raMnn6ToHnaH ( 1) nx He conep)l(nT, a B xaqecTBe nc

xonHoro KOMMYT8UHOHHOrO COOTHOllieHnSI MO>KHO npnHSITh 

~·' a a ---- ...... I x-yl (17) [A 1 <1>. -E <Y> 14" 1 = i a a <1-Y, > -
.J . I J 417 a X 1 axj 

lcM., HanpnMep, 

P asno)l(eHne A ( t l 

/6/ 
• HanoMnHaeM, qTo xana6poBKa xynoHOBCKasr). 

no "ronhlM" onepaTopaM ¢oTOHOB osHaqaeT onpeneneH-
... ... 

Hoe KOHKpeTHoe npencTm .. meHne onepaTopa A (x l , ynoBneTBopsrromee (17) 

(npenCTaBneHne C ronbiM B8KYYMOM) • Mbi MO)I(eM BMeCTO Hero nOcTynnpo

B8Th pasno)l(eHnSI (12), ( 13), KOTOpbre TO)I(e -o6ecrreqnBaiOT BbiiiOnHeHne 

( 17), HO Ha 6aae ¢nsnqecxoro BaKyyMa. 

faMnnhTOHnaH (4) qepes "¢nsnqecKne orrepaTopbi po)l(neHnsr-yHnqTo)l(e

Hnsr" Bbrpa)l(aeTCSI cnenyromnM o6pasoM: 

W1 ., "' "' "'f 
h.= -- (at a 1 +a 1 a 1 

2 
1 J ( "'+"' "' .,.+ +-
2 

dvv a a +aa )+ 
v v ·v v 

+ J d v f ( v) [ a"'+ : 
0 1 v 

dvl~-2e 
3rrm 

"' +a 
1 

"'+ a 
v 

v£<v) 

V +W
1 

(18) 

( 19) 

K Bbrpa)l(eHniO ( 18) MO)I(HO npnnTn, rroncTaBnsrsr B ( 1) pasno)l(eHnSI (12}, 

( 13), a T8K)I(e COOTBeTCTBYIOlllne Bbipa)l(eHHSI 
.... ... 
P n q qepes HOBbie ¢o-

HOHHbie orrepaTOpbi. 

K Bnny (7} Bbipa)l(eHne ( 18} MO)I(HO npnBeCTH C nOMOlllhiO K8HOHnqec

KOrO opToroHanhHoro rrpeo6pasoBaHnsr 

10 

'~ i 
i 
i 

1 

"' a 
oO 

· fdw 0 
o 1w 

A 

a ; 
w 

"' 00 

av = J d 
0 

u 6 /2/ ( HaH_neHHoro B pa oTe . Bbrpa)l(eHnsr nnsr 0 

ns llpnno)l(eHnsr). 

' OrrepaTopbi ~ 1 H av , . He SIBnSIIOTCSI 

¢oHOHa H ¢oTOHOB C BaKyyMOM {l • llonBep 

KOTOpOM OIIepaTOp yHnqTO)I(eHHSI Bbipa)l(aeTCSI 

TO)I(eHnsr, HO He po)i{neHnsr: 

::S =U ':, 
1 ' -11 1 

+ Jdv' U 
1 

;: 
v v 

a ""U ~' +· J dv 
, u ... 
.. w' ~ v v1 

Y HOBbiX orrepaTopoB 
.. , 
a B8KYYM f?yneT' Tl 

6yneT KaHoHnqecxnM, ecnn oHo yHnTapHo: U 

Ha ocHOBaHnn xaxnx ¢nsnqecxnx. rrpnHu 

HbiH BbiOop? 

.Bbrpa)l(eHne ( 18} caMO no ce6e sanae1 

"ronbiH" (BaKyyM rrepBOH CTpoqKn B (18} 

'leCKHH COBnanaiOT, KaK n B MOnenn fln. 3a~ 

TOSIHne He MO)I(eT ObiTh CTaonnhHbiM npn mo 

BbiCBeqnBaThCSI. Mbi CTOHM nepen np96neMo: 

nn fln c HecTaonnhHOH v -qacTnue:li: xax 

HecTaonnbHOH ¢nsnqecxo:li qacTnUhi n ee · xaJ 
/10/ ' ' 

)I(H3Hn • BocrronhsyeMCSI nBYMSI nsBec 

sHeprnn HecTaonnhHoro cocTosrHnsr. 

llepBOe orrpeneneHHe SIBnSieTCSI B CYlllH 

rne:li Bosoy)l(neHHoro cocToSIHnsr aToMa HaSh 

11 
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OMarHHTHOe none C BHelliHHM TOKOM" (eM. pa3-

CTeCTBeHHO, ''ITO H MOMeHT sneKTpOMarHHTHOrO 

TO)I(e BKniO<JaiOT sneKTpOHHb!e onepaTOpblo 

onepaTOpbi a k MO)I(HO aoo6llle n:3r-naTh H3 

(1) HX He COAep)I(HT, a B Ka<JeCTBe HC-

oro COOTHOllleHHSI MO:!KHO npn:HSITh 

] = i 8 8 (-;-.... y) -
- li 4TT 

a a 1 ·' 

---- 1;--;1 a X 1 a xi 
- ( 17) 

• -HanoMn:naeM, 'ITO Kann:6poBKa KynoHOBCKaSI). 

"ronhlM" onepaTopaM ¢oTOHOB 03Ha<JaeT onpeAeneH-
.... .... 

Hn:e onepaTopa A (x) , YAOBneTBOpSIIOlllee (17)_ 

naKyyMoM). Mbi MO)I(eM BMecTo Hero nocTynn:po

( 13), KOTOpbie TO)I(e o6ecne<JHB8IOT BbinOnHeHn:e 

onepa TOpbl pO)I(JleHn:SI-YHH'ITO)I(e-

M o6pa3oM: 

l f ( ""+"' .. .. +) ) + -- d v v a a +a a + 
2 v v ·v v 

[a"'+= .. 
+a 

I 

'"+ a 

(18) 

I V v 

w
1

v v £( v) 

TTm V +W
1 

(19) 

npn:ATH, nOACTaBnSISI B ( 1) pa3nO)I(eHHSI (12), 

Bblpa)l(eHH SI 
.... .... 
p n: q qepe3 HOBbie ¢o-

MO)I(HO npn:BeCTH C nOMOlllhiO K8HOHH<JeC-

peo5pa3oaaHn:SI 

10 

I 
i 
I 

I 
"' a 

A 

f d w 0 a ; 
lw , w 

0 

"' a 
v 

00 

0 
0 ~ ' 

t-tu, w f dw (20) 

u 6 /2/ ( H8HAeHHOro B pa OTe Bb!pa)l(eHHSI J:{nSI 0 
- IW 

n: 0 v w MO)I(HO n:aane<Jh 

n:a Dpn:no)l(eHn:R). 

OnepaTopbi '; 1 n: av He SIBnSIIOTCSI eAHHCTBeHHbiMH onepaTopaMH 

¢oHOHa n: ¢oTOHOB C BaKyyMOM {l • DoAaeprHeM nx npeo6pa3oBaHniO, npn: 

KOTOpOM onepaTOp yHH'ITO)I(eHHSI Bhlpa)l(aeTCSI TOnhKO -qepe3 onepaTOpbl YHH'l

TO)I(eHHSio HO He pO:lKJleHn:SI: 

;: -U ~, 
I -- 11 a I f , u "' , + d v 

1 
,a , 

v v 

a =U ';'+fdv 
v vi 1 

'l! ,:' .... 
vv v 

(21) 

Y HOBb!X- onepaTOpOB ii' , B8KYYM 6yAeT TOT )!(e. llpeo6pa3oBaHn:e U 

+ + 
6yAeT KaHOHH'leCKHM, ecnn OHO yHn:TapHO: U U = U U = 1 ·-

Ha OCHOB8HHH KaKHX ¢n3H<JeCKHX.npn:HUHnOB MO)I(HO C)lenaTb e)lHHCTBeH

Hblll Bhi6op? 

.Bbipa)l(enn:e ( 18) caMo no ce6e aaAaeT Monenh, B KOTOpo:fi BaKyyMbi 

"ronbt:fi" ( B8KYYM nepBOH CTpO'IKH B (18) - He nyTaTh C {} 0 ! ) H ¢n:an-

<JeCKHH C0Bll8Jl8IOT1 KaK H B MO)lenn: Jln:. 3aMeTn:M, 'ITO 0JlH0¢0HOHHOe COC

TOSIHHe He MO)I(eT 6biTh CTa6n:nhHbiM npn: ni060M onpeAenennn::. OHO AOn)I(HO 

BbiCBetJHBaTbCSI. Mbl CTOHM nepeA llp!)6neMo:fi, KOTOpaSI _BCTpeqaeTCSI B MOAe-

nn: Jln: c necTa6n:nhno:fi V -qacTn:Ue:fi: KaK onpenenn:Th BeKTOp COCTOSIHHSI 

HeCTa6n:nhHOH ¢n:3H<JeCKOH qaCTHUbl H ee xapaKTepHCTHKH - SHeprn:IO H BpeMSI 

/10/ -
)I(H3HH • BocnonhayeMCR ABYMSI H3BeCTHbiMn cnoco6aMn: onpeneneHHR 

aneprn:n: HeCTa6n:nhHOro COCTOSIHHSI. • 

llepBOe onpeJlenenn:e SIBnSieTCSI B CylliHOCTH SKCllepHMeHTanbHhlM: SHep

rne:fi B036Y:lKJleHHOro COCTO.IIHHSI aTOMa H83biB8IOT 9HeprHI01 COOTBeTCTBYIO- -

11 



liiYIO MBKCHMYMY B cneKTpe HCnyweHHblX cpoTOHOB, HaiilleM TBKYIO aenH'IH

,.,+ n 
Hy llnSJ OllHOcfJOHOHHOI'O COCTOSIHHSJ a I u • Bbi'IHCnHM cneKTp HCnylileHHblX 

, "'+ n 
cfloTOHOB npH l ... ""' 1 eCnH npH t=O HMeeM COCTOSJHHe a I u 

AMnnHTylla aepoSITHOCTH b v< t l o6HBPY*HTb a MOMeHT t > 0 COCTOSJHHe 

=-+ 
'Pr =avO llaeTcSI cflopMynoft (9). I1a (20) cnellyiOT o1JeHb npOCTbte 

paano*eHHSI 
.. + 0 
at ·"*Jl H a no C06CTBeHHbiM BeKTOpaM h 

' .. ~ 
~+o =f dw o :+ 0 

1 lw w 
~ + 0 = f dw 0 ~+ 0 

v vw w (22) 

lloaTOMY bv (t) = f d W Ovw 0 1wexp(-i Wt) , I1cnonb3YSJ Bbtpa*eHHSJ llnSI 

/2/ ' 141 
Ovw If 0 lw , a TBK*e COOTHOIIleHHe (11.726) H3 

fim 

t ... ""' 

lEt 
e 

E-i c 
=277Ul<E ), 

nony'IHM llnSI HCKoMoro pacnpelleneHHSJ no v 

2 2 2 4 -1 2 . 
fimb* (t)b (d=£ (v)l [v-w 1 +rrD(v)] +TT £• (v) I ... 0 1 v v v 
t'""""' 

2 
I ""' £ (X) 

D (v) =- P f d x • 
77 o x -v 

(23) 

(24) 

2 
0Ho coanallaeT c pacnpelleneHHeM 0 1 w no coocTBeHHhtM 1JaCTOTaM non-

HOI'O raMHnbTOHHaHa. To11Ka MaKCHMyMa aToro Bhtpa*eHHSI llOn*Ha YllOB-

neTBOpSITb ypaBHeHHIO 

77 2 c'(v)£ 
4

(v) 
v-w

1 
+77D(v),. 

£ '(v-w
1 

+77D)-2dl+77D')· (25) 

2 
2 2e 

MO*HO nOK838Tb, 'ITO ( ( v) < -- w 1 << w 1 
377 

, ecnH napaMeTp oope-

38HHSI fl B r < v > - nopSillKa m HnH MeHbWe ( MO*H~, ,HarrpH¥ep, 

12 

.i 

·I 

I' 

2 2 2 2 
rrpHHSITb r ( v) = fl I v + fl ) • AHanor~'lHYI< 

nepBOM npH6nmKeHHH nOSTOMY V max = W 1 

He6perag TOnbKO npaBOH '18CTblO (25) 1 HMe~ 

v max= w I -TT D (w· I ) • 

TaKHM o6paaoM, aHeprHSI MaKCHMyMa He pa: 

"'rr D(w1 ) • 0TMeTHM, 'ITO aHepi'HSJ cfloHOHa 

BBelleHHH "cflH3H'leCKHX" onepaTOpOB, Y*e OTl 

121 
K I 

nnSI paCCMOTpeHHSI gpyi'OI'O onpelleneH 

qana H8HTH BpeMeHHOH XOll npouecca BbiCBE 

06CY*lleHHe nocTaBneHHOH npo6neMhi , 

CT86HnbHOI'O KB8HT8 6ylleT 38KOH1JeHO B 3a: 

2, 3aKOH Bb!CBe'lHB8HHSI B036y 

llyCTb npH. t = 0 HMeeM COCTOSJHHe 

llY BepOSITHOCTH b 1 ( t ) TOI'Ot 'ITO B MOlv 
. .. + 

CSI B TOM *e B030Y*lleHHOM COCTOSIHHH a 1 

. /2/ 
1JeHHOe B pa60Te Bbipa*eHHe ,llnSJ 0 IG 

""+ 
-lht 

""+ f 
b (tl=<a

1
0,e a 10>= dw 

0 

-lxt 
£2 ( x) ""' e 

J dx " 2 2 4 
0 [x -w.

1 
+rrD(x)] +TT £ ( 

D(x) CBSJ38HO C £
2 

(x) cflopMynofi (24), 
/11 I · z 

firnb6epTa cflYHKUHH, paBHOH £ < x) 

13 



11cnymeHHbtX ljloTOHOB. Hafi.neM TaKyJO BenH'IH-
,.,+ 

gat n • Bbt'IHCnHM cneKTp HcnymeHHhtX 

l= 0 "'+ HMeeM COCTORHHe at 0 

V( l) o6Hapy)KHTh B MOMeHT l > 0 COCTOSIHHe 

nofi (9). I1a (20) cne.nyJOT O'leHh npOCTbte 

no C06CTBeHHblM BeKTOpaM h 

. .-< 

=+n =fdw o ':+ n 
v vw w (22) 

OIW exp(-) Wl) • I1cnonhaysr Bbtpa)KeHHR .nnsr 

141 
COOTHOJlieHHe (11.726) H3 

no v 

2 2 4 -1 2 
t+ITD(v)] +IT £• (v) I .. otv 

(23) 

£ !!( x) 
p f 

0 
d X • 

x -v (24) 

2 
eM 0 tw no C06CTBeHHblM 'IBCTOTBM non-

MaKCHMyMa STOrO Bbtpa)KeHHR .non)KHB y.noB-

17
2 t'(v)£ 4 (v) 

2 
2e 

< """3';"' W t << .w I 

(25) 

ecnH napaMeTp o6pe-

m Hnll MeHbllle ( MO)KH01 ,HarrpH¥ep, 

12 

1 
1 
j 
': 

I 
' 

2 2 z 2 
npuHSITh f (v)= JL /v +JL ). AHanorll'IHYJO oueHKY llMeeT 11 D{v) B 

nepBOM npll6nll)KeHHil nOSTOMY J.1 = W t 1 a 6onee TO'IHO (npe_: max · 

He6perasr TOnhKO npaBofi 'laCThJO (25), llMeJOmeii nopsr.noK £ 
4 

) , 

vmax= w.l -IT D (w I). (26) 

TaKHM o6pa3oM, sHeprllSI MaKCilMyMa He paBHa w 1 1 a CJ:tBilHyTa Ha 

"' IT D (w1 ) • OTMeTilM, 'ITO ::meprllSI ljloHOHa w 
I 1 nOSIBilBili8SICSI rrpll 

BBe.neHilll "ljlll31l'leCKilX" on epa TOpOB, y)Ke OTnll'laeTC•SI OT nepBOHa'lanhHOH 

/2/ 
K I 

nnsr paCCMOTpeHilSI .npyroro onpeJ:teneHilSI SHeprllll ~OHOHa Ha.no CHa

'lana Hall Til BpeMeHHOH XO.n npouecca BbiCBe'lllB8HilSI COCTOSIHil~ i i p • 
05cy*.neHile rrocTaBneHHOH rrpo5neMhi onpeneneHilSI ljlll31l'leCKoro He~ 

CTa51lnhHOrO KB8HT8 5y.neT 38KOH'IeHO B 3aKnJO'Ielfllll. 

2. 3aKOH BbiCBe'lllB8HilSI B035y)K.neHHOr.O sneKTpOHa 

ilycTb npll. t = 0 
"'+· 

llMeeM COCTOSIHHe a I 0 • Bbi'IHCnHM aMnnllTy-

J:tY BepOSITHOCTH b 
1 

( l ) TOrO, 'ITO B MOMeHT l > 0 sneKTpOH OCTaHeT-
"'+ . 

CSI B TOM )Ke B035y)K.neHHOM COCTOSIHilll a I 0 • I1cnonh3YSI (22) H no.ily.,. 

. /2/ 
'leHHoe B pa5oTe Bbtpa)KeHile nnsr 0 tw , llMeeM. 

-lht .. + 00 -IWt 

b ) .. + a 10>= Jdwe 02 
(t =<a l n ' e 

0 
IW 

-lxt 
£2 ( x) 00 e 

J dx 
0 (X -w.

1 
+IT D ( X) )

2 + IT 
2 

£
4 

{ x) 
(27) 

D(x) CBSI38HO C £
2 

(x) ljlopMynoii (24)1 T~e. SIBnSieTCSI npeo5p~30B8HHeM 

fllnh5epTa Ill 1 ljlyHKUHH, paBHOii £
2 

( x) np11 x > 0 H paBHOii HynJO 
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npH X < 0 
/11/ . . 

Cornacno TeopeMe 95 na , TpaHc~opMaHT.bi fnnb6ep-

Ta HBIIHIDTCH npeneiibHbiMH 3Ha~eHHHMH ( np!i lm Z -+ + 0 

1i MH!iMOH ~aCTCH ¢yHKUiiii 

aemeCTBeHHOH 

<fl(z),-
1-J 
IT 0 

[(w) 
w-z 

dw. 

3 TOT nHTerpan Tuna Komn anannrn~eH acrony, KpoMe oTpeaKa ( o, "" ) 

(28) 

ae-

meCTBeHHOH OC!i (oH H83b!B8CTCH TaK)I{e !iHTCI'paiiOM lllaapua !liiH nonynnoc-
/12/ . . -1 

KOCTII , n. 44). C nOMOIIIbiD «iJopMyiibl (a.±id ,Pija+iiTt'J(a) 1 no-

ny~aeM x) 

rim <fJ ( z) "' D( X) + i £
2 

(X) -

y-++0 

<fJ 
+ 

(X ) 

fim <fJ ( z ) = D ( x ) - i ~ 2 (x) = <fl_ ( x) , 

y-+ -0 

2 
TaKyro aenu~uHy, KaK c (xl 0 06bi~HO 0603Ha~aioT ~epe3 r (X) • 

(29) 

C nOMOIIIbiD 9TOI'O BbiXO!la B KOMniieKCHYID niiOCKOCTb Mbl CMO)I{CM 

Bbl~HCIIHTb OCIIOBHOH BKJia!l B (27}, a Tai{)I{C nonpaBKY K HeMy (c JIID60H 

TO'IIIOCTbiO ) .• 

CooTnomeHaH (29) no3BOIIHIDT npencTaBIITb (27) KaK HHTerpan OT 

2rri 

-lzt 
e 

z -w +IT<fl(z) 
I 

_ tfJ ( z ) e -I z t (30) 

no KOHTYPY, npoxon£meMy no aepxncit rpanaue paapeaa oi: + <» no 0 ( c+ l 

n nanee no HHlliHefi rpannue OT 0 no· + t.o(c_) : 

. 
x)y T~T~Mapma1 11 I neiiCTBHTeiibHaH ~ac.Tb <fl ( z ) CBH3h)BaeTC.II c npooG-

paaoM, a ne c o6pa30M npeo6paaonaiii!H fiinL6cpTa. _nosTOMY liCKOTopuo 
namii ¢opMyiihi oTnu~alOTCSI oT ¢opMyn TaT'lMapnia anaKOM. 

14 

! ., 

I 

I 
j' 

·J 

I 
'\'.• 

' 

·~ 
;l 
I 

;· 
\ 

1 

-lzt 
b(tl=ftfr{,z)e 

1 c+ 
d. 

0 -lxt· 

I [J d x e f-
------ +if 
- 217 i oo x -W

1
+ rr<fl +)(x) . 

Hamen· nepaoHa~anbnon.uenbro 6y~ 

Ha llPYI'He, rne exp. (-i zt) 6yneT y)l{e , 

KHe KOHTypbl !lOJI)I{Hbl npOXO!lHT6 B HH)I{E 

9TO MO)I{HO cnenaTb nyTeM Bbi~HCIIeHHH 

KOHTYPY c., nao6pa)l{eHHOMY na pnc. 1 

c+ 

Puc 

11 



/11/ . . 
TeopeMe 95 na , TpaHccf:,opMaHTbi fnnboep-

3H8'l0HHSIMH (npH lmz ->+ 0 BO!IleCTBOHHOH 

i (w) 
dw. 

(28) w-z 

aHanHTH'lCH BCIOJly, KpOMe 0Tpe3KO ( 0, oo ) ae-,, 
aaeTCSI TaKlKe HHTerpanoM lllaapua JlnSI nonynnoc-

. _, 
· noMO!IlbiO cflopMynhr (a.± i c) =P l/a -=ti" o (a) , no-

+ ic
2 

(x);; lfJ (xl 
+ 

) - i ~ 2 (x) ;; lfl_ ( x), 
(29) 

(X) ' OObi'lHO 0003Ha'laioT qepea r (X) • 

BbiXOJla B KOMnneKCHYIO nnOCKOCTb Mbi CMOlKOM 

nan a ( 27}, a TaKJKe nonpaaKy K He My ( c nroooit 

l103BOnHIOT npeJlCTaBHTb (27) KaK HHTerpan OT 

-lzt 
c "' t/J ( z ) e -I z t 

no aepxHeii rpaHnue paapeaa oi + o.;; 

JlO + oo(c_) : 

(30) 

no O(C+) 

TenbHaSI 'laC.Tb «lJ ( z l CBSI3h:aaeTCll C npooo
npeo6paaonal!nSI fnnLoepTa. lloaTOMY IICKOTOpLIC 

OT cflopMyn TnT'IMapuia anaKoM. 
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i 
1 

\ 
I' 
J 

f 
;\ 
f 

.1. 

-lz t 
b(tl=frp(.z)e 

t c+ f -lzt 
dz+ 1/J(zle,. dz= 

c 

0 -lxt 00 -lxt 

=-1- [J dx c . + dx e ] • 
21T i oo X -W + rrlfl (x) j X- W + 1T lfJ (X ) 

I + I -

,(31) 

Hameu· nepBOHa'lanbHOH. uenbiO oyJleT 38MeHa KOHTypoa c + H c· 
Ha JlpyrRe, r'Jle exp. (-i z t) 6yJleT yJKe ObiCTpo 3aTyxaiOIUeit ¢YHKUHei1 •. Ta-

KHe KOHTypbi llOnlKHbl 11pOXOJlHT6 B HHlKHOH Z · -nonynnOCKOCTH. JlnSI 'c~_ 

STO MOlKHO CJlenaTb nyTeM Bbl'IHCneHHSI HHTerpana OT ( 30) 110 3aMKHYTOMy 

KOHTypy CIJ H30opalKeHHOMy Ha pRC. l cnnOIIIHOH nHHHeil. OTOT HHTerpan 

c+ 

\, 

'· CL \ 
:2. \ 

\ 

' 

/ 

.,.c: 
.,..,"' 

Piic. l. 
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paBeH f1Y11IO, noToMy 'ITO t/I ( z ) npll KOMnneKCHbiX z He HMeeT nomo-

COB, lleliCTBHTenbHO, H3 (28) nonyqaeM, 'ITO 

. oo £2(w)dw 

. ) ( ) -~ f )2 2 Im <I> ( z "'v x 'Y - 11 o (w- x + Y · (32) 

npu .y > o nonmKHTenbHa, a npu y < o oTpuuaTenbHa. ITosTOMY MHHMa.II 

qacTb. 3HaMeHaTen.II tfr ( z ) , paBHa.II y + TT V (X , y ) ) npll Y ,;. O B 

. ( R 
fiYnb He o5pamaeTC.II. llanee, HHTerpan oT 30) no nyre C 1 CTpeMHTC.II 

K Hymo. npn R ... oo 
R 

. , noTOMY 'ITO t/I ( z ) ... 1 I z Ha C 1 ( ll3 (28) 

/11/ ) • 0KOH"laTenbHO nonyqaeM: cnenyeT, <iTo . <I> ( z) ... ·o npn z ... 00 

J t/J ( z )e -lz t 

c+ 
dz =- { 

c1 

t/J(z)e-lzt dz (33) 

c2 

KoHTYP C + - BepxHnii Kpaii paspesa, nosToMy aHanorn"'HhiH KOHTYP 

nomKeH npOXOllllTb no pnMaHOBY nHCTY MHOr03H8"'HOH !jlyHKUilll tP ( z) 

(eM. (29)), npnKneeHHOMY K BepxHeMy_KpaiO paspesa (cooTBeTCTByeT 

arg z < 0 ) • AHanHTH"leCKOe nponomKeHne <I> ( z ) Ha 9TOT ( BTOpOH) 

nncT nMeeT BHll (cp; (3.11) B 
110

): 

rne r(z)"' f 
2 -(z) 

C OOTBeTC TBeHHO 

<I> (z)=<l> (z)+2i r (z), 
2 

T8K me 38BllCIIT OT.Z 

(34) 

, K8K £_
2

(w) OT w x) 

.IIBn.IIeTC.II xfJieHCTBHTenbHO, ecnn r - aaanHTH"leCKa.II !jlyHKUil.II, TO <!>2 

aaanHTH"leCKOH !jlyHKUHeH B HHmHeH nonynnOCKOCTII lm z -< 0 , · coBnanaiO-

meii Ha np.IIMOH ( 0, oo ) c <I> ( z) 

<I> 
2 

( X ...0. i 0) = <I>- (X) : 2 i r ( X) = <lJ + (x) 

f..121 
ITo npnHuuny HenpepbiBHoro npononmeHH.II (eM. _, n. 25) <I>., 
eTC.II nosToMy aHannTn"leCKHM npononmeHneM 

<I> ~ 

16 

.IIBn.II-

t/I ( z ) = 
. 2 

4aCTb. KOHTYpa C 2 

_I_.[ z:-

2u-i 
w 1 + u-<l> ( z ) 

, npox'?nSima.II no BT 

nyHKTHpHoii nuHueii, ITon10ca t/I 2 ( z) Ha 

rne sHaMeHaTenb h ( z) "' z -w 
1 

+ 11<!> ( z ) + 2 i 

fiYnb, ITonaraSJ r ( z) = y (X ,y) + i 0 ( x; y) 

ypaBHeHuii nnSJ . x 0 u Yo 

x 0 = w 1 ~ TT u ( x 0 •• y 0 · 

y
0

=-TTv(x
0 

,y
0

) -2 

<l>yHKUilll u, v, y, 0 conepmaT Man 

TOMy y (36) eCTb KOpeHh., 5nn3K.IIH K TO"l: 

Hoe sHa"leHue nn.II Hero nony"'HM, B3SIB B 

TO"'Ke (TO"'Hee, IIX npenenbHhie 3HS"leHH.II 

X 
0 

.. 
w -TT D ( w 1) 

I 

y =TTr(w l-211r1 
0 I 

Y"'TeHa neiiCTBHTenbHOCTb r(z) Ha BE 

C noMombiO "npuHuxma ·apryMeHTa" 

saTb, 'ITO npu nonxonmueM Bht6ope C 2 

5op C 2 38BllCHT OT Bllll8 <flyHKUH!f o5pe 

(eM, (19). B "laCTH.OCTH,-f
2
(w)=-p

2 /C:J 2 

MHII_MOH OC!I, B Ka"leCTBe C ~ Hano B3S!Tb 

BHTenbHOit OCH, non yrnOM () =-45°, 1!31 
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<JTOt/J(z) npH KOMn.lleKCHbiX z He HMeeT nomo-

H3 (28) nonyqaeM, 'ITO 

. iy 00 c 2 (w)dw 
Jm <ll ( z ) "' v ( x, y ) = -- f 

TT 0 (w-x)2 +l· (32) 

aa, a npH y < o OTpaUaTe.llbHa. ilosTOMY MHHMa.II 

t{l ( z ) , paBH85I y + TT V ( X , y ) ~ npU Y ,f: O B 

Jlanee, HHTerpan oT (30) no Jlyre c~ CTpeMHTCSI 

R 
_ , noToMy 'ITO t{l ( z l ... 1 I z Ha c 1 ( H3 (28) 

/11/ 
) • 0KOH<JaTe.llbHO nonyqaeM: ·o npH z ... 00 

-lzt 
dz =- { 

c . 
1 

t{l(z)e-lzt dz (33) 

Kpaii paapeaa, nosTOMY 8H81IOI'H'IHhiH KOHTyp 

no pHMBHOBY .IIHCTY MHOI'03H8'IHOH QJYHKUHH t/J ( z) 

EHHOMY. K nepxHeMy. Kp8!0 pa3pe3a ( COOTBeTCTByeT 

Tll:'leCKOe npOJlOmKeHHe <fl ( Z) Ha STOT (BTOpoii) 

(3.11) B /l01: 

(z),<fl (z)+2i r (z), 
2 

T8K )l(e 38BHCRT OT . z , K8K c
2
(w) 

r - 8H8.1IHTH'leCK85I QJYHKUHSI, TO <fl2 

(34) 

OT W X) 

5IB.II5IeTC5I 

B HH)I(Heii nonynnOCKOCTR lm z -< 0 

c <ll ( z) 

, . COBna)la!O-

( x-'-iO), <ll_ (xl+2ir(x), <ll+ (x) 

/-12/ 
h!BHOI'O npOJlO.II)I(eHRSI ( CM, , n. 25) <fl 2 

5IB.II5I-

npo~O.II)I(eHaeM <ll 

16 

1 . ']-1 . t/J ( Z ) = -- [ Z - W + rr<fl ( z ) + 2 i TT r ( Z) • 
2 

2rri 
1 (35) 

l.JaCTb. KOHTypa C 2 , npOX?,Jl5IIll85I no BTOpOMY '.IIRCTy, nOK838Ha H8 pHC.l 

nyHKTHpHOH .lllfHHeii. ilO.IIIOCa t/J 2 ( z) H8X0Jl5ITC5I B TO'IKBX z
0 

= X O + i yO , 

I'Jle 3H8MeHaTe.llb h ( z) "' z -w 
1 

+ rr<fl ( z) + 2 iTT r ( z ) o6pamaeTC.II B 

Hy.llb. ilO.II8I'8SI r ( z) = y (X ,y) + i 0 ( x; y) , nonyqaeM T8KYIO CHCTeMy 

ypanneHHii Jl.IISI . x 0 H Yo 

x0 ""w 1 -rru (x 0 , y 0 ·l+2rro( x 0 .y
0

l 

y 0 =- TT v (X 0 'y 0 ) -2 TTY ( X 0 ' y 0 ) • 
(36) 

cJ>yHKlllfH u, v, y, 0 CO)lep)I(8T M8.1Ib!H MHO)I(HTe.llb e 2. = 1/137 o il OS-

TOMy y (36) eCTb Kop__:Hb., 6.1IH3K.RH K TO'IKe x o=W ; y o=- 0 • Bonee TO'l-

HOe 3H8'leHHe Jl.IISI Hei'O nony'IHM, B35IB B (36) 3H8'leHHSI u, v, Y ,8 B :3TOH 

TO'IKe ( TO'IHee, HX npe)le.llbHb!e 3H8'leHRSI npH X -ow, y -+- 0 ) 

"' X "" 
0 

w -TT D ( w 
1 

) 
1 

y =rrr(w l-2rrr<w l =-"r<wl. 
0 1 I 1 

(37) 

Y'ITeHa JleHCTBRTe.llbHOCTb r ( z ) H8 nenteCTBeHHOH OCH: '8 (X ' 0) .. 0. 

' /12/ ' 
C nOMO!UblO 'npHHUlill8 apf'yMeHTa' (eM. 1 II. 23) MO)I(HO IIOK8-

38Tb 1 'iTO IIpH nOJlXOJlSIIlleM Bhi6ope C 2 JlpyrHx KOpHeii y h (z )· HeT• Bhi-

6op C 2 38BHCHT OT BlfJl8 ljlyHKUHII o5pe38HIISI f (w) 
2 

B r(w),f (cu),• 

( ( ) 2 2/ '> 2 
CM 1 19 • B 'i8CTHOCTH 1 . f (w l = fl C:J ~ + fl HMeeT IIO.II!OC8 H8' 

MHU_MOH OCI-1:. B Ka'ieCTBe C ~ Hano B3.1ITb npSIMyio, H8K.IIOHeHHY10 K JleHCT-

BHTe.llbHOfr OCH, no)l YI'.IIOM () 0 
=-45 , uarrpHMep. TorJla MO)I(HO JlOK838Th, 

17 



'ITO npa JlBa:lKeHaa Z 
no KOHTYPY 

C 
2 

oTo6pa:lKeHae w = h ( z ) cnen~eT 

( CM. cxeMaTH'lecKaii P!iC• 2). Ecna y 

onaH o6opoT aoKpyr TO'lKa w = o 

I'm h (:~1 .w-

"' 

-~c-1.8 · I Re hCi) 

Pnc. 2. 

fU) ( T.e. Y t' ( z) 
)} H9T nonrocoB BHYTpa C 2 

2 . 
ana f = exp (- ill / p. 

f2 =P.2 /w 2+P.2 

( STO T8K a eCTb 
., 

) 
0 

TO STO 03H8'189T 1 

• fnaBHble nyHKThl B cnyqae 

'ITO h (z) 
aMeeT TOnbKO onaH HYnb BHYTPH c 2 

B aTOM JlOKa3aTenbCTB9 .cnenyromae: 1) MHaMaSl qaCTb w =h(z) 

ace apeMSI 

nono:lKaTenbHa, Korna z npo6eraeT no C + 

ce6SI KaK z -w 
1 1 

3) MHaMaSl qaCTb h ( Z) 

Ha Bhtmeaano:lKeHHOrC> cnenye~ 

·. f o/ 2 ( z) e -I z t 

c2 . 

dz = f + f = 2rri 
I 

c+ c 2 . 

' 

18 

1 

2 IT i 

2) h(z ) 
.R 

Ha c2 
aeneT 

Ha c2
1 oTpauaTenbHa. 

e -lzo t 
(38) 

1+rr<l>~~z 0 ) 

CaHTerpan no c ~ 
(38), nonyqaeM 

onSITb paaeH Hynro). 06'bel 

-tx 0 t -\Y 0 \t ·. · -lzt 

b 1 (t) = _e ____ _ 

1 +rr<l>' (z ) 

+[- f t/J (z)e 
I 

c1 . 

d: 

2 0 

B nayx nocnenHaX HHTerpanax cnenae~ aaMe 

0 - yron HaKnOHa C ~ a C 12 K Jl9llCTBa1 

na 
oo :..1 e -tpsinO- itpcos 

2rr i [ f dpe e 

0 

X ( 1 .. 

-tO -tO 
pe -w +7T<l>(pe ) 

1 

-10. 
pe -wl 

3ToT aHTerpan Mo»mo· cqaTaTb qacneH 

npa6na:lKeHHO paaeH 

-i e 00 d p -t p sin e 
J=e f-ze 

0 ' (/.)1 

[ cos ( t p cos e ) - i sil 

UeftcTBHTenhHO, BB,aJlY Hana'laSI exp (-· 

pan npH t sin e » 1 I (J.) 1 
BHOCSIT TOnbK< 

MO:lKHO noKa3aTb 1 'ITO liJyHKUaSIMa' <l> · H f 
. -

aHaMeHaTene no cpaaHeHnro · c w 1 ( ~Ha c 

e 2• = 1/137 ) • · SHaMeHaTenb npeBpamaeTCSI 1 

p <<wt 

r ( 
-1 e. ) 2 < ·. -ie ) .. 

pe =f pe = 

TionyqaromaftcSI aHTerpan MO:lKHO Hail:Ta B T 

19. 



KOHTYPY C 2 oTo6paiKeHIIe w =h( z) caenaeT 

w=O ( cMo cxeMaTII'IeCKIIH p~co 2) o Ecn11 y 

.;. 

l -- 1 Re hCz} 

PHco 2o 

HeT nonrocoB BHYTPII C 2 (a TO TaK II eCTb 

2 
11n11 f = exp (- ill I p. ), TO aTO 03Ha'laeT, 

fnaBHbie nyHKTbl BHYTPH C 2 

1) MHIIMBSI 'laCTb w =h(z) BCe BpeMSI 

npo6eraeT no C+ 

MaSI 'IBCTb h ( Z) 

cneaye~ 

J + J = 21Ti 
+ cL 

' 

18 

1 

211 i 

2) h(z ) 
R 

Ha c2 B9A9T 

Ha c2
1 oTpHUaTenbHao 

e -lzo t 

(38) 
1+1T<I>;(z 0 ) 

(
• R 
IIHTerpan no C 2 OnSITb paBeH Hynro)o 06'b9AHHSISI ¢opMynbi (31) ,(33) II 

(38), nonY:'IaeM 

-tx 0 t -l:i·olt 
-1 zt e 

b 1 (t) = -------
1+1T<I>'(z) 

+[ - J t/J ( z) e 
1 

cl 

dz-Jt/J (z)e 
I 2 

-lzt dz]. 
(39) 

2 0 c2 

. . -10 
B ABYX nocneAHHX nHTerpanax cnenae~ 3aMeHY z = · p e , rae 

0 - yron HaKnOHa C 1 II C 1 K A9HCTBHTenbHOH OCII, 0 < 0 < 
2
11 o Tor-

I 2 

a a 

21Ti[ 
oo -iO -tpsinO-itpoosO 

f dpe e X. 
0 

X ( • j 
(40) 

-10 -10 
pe -ill +1T<I>(pe ) 

1 

-10. 
pe -<U1 +"<I>+ 2i1Tr 

3TOT IIHTerpan MOiKHO C'IIITaTb 'lncneHHO. Ecn11 t >> 1lw 1 

npn6nniKeaHo paBeH 

0 TO OH 

_ 1 0 oo d p -t p sin 0 _ 1 O 
J=e f--2-e [cos(tpcos0)-isin(tpcos0)]21TiT(pe ). 

0 ' 
(i)l 

,UefiCTBIITenbHO, BB,IIAY HanU'IIISI exp ( -t p sin 0 ) BKnaA B IIHTer-

pan npn: t sin 0 » I I w 1 BHOCSIT TOnbKO Manhie p << W l • .Uanee, 

MOiKHO noKa3aTb 0 .'ITO «lJyHKUHSIMII' <I> n r TOiKe MOiKHO npeHe6pe'l~ B 

3HaMeHaTene no cpaBHeHIIID · c w 1 ( ~HII conepiKaT Manhiii MHOiKHTenb 
2 I ) · 2 . 

e . =I I37 • 3HaMeHaTenb npeBpamaeTcSI B w 
1 

npocTo. HaKoHeu, npK 

p «w1 
2 -310' 

-I 0 2 , -10 ,. 4 e I 3 
rcpe ),£ (pe )= ~--p e 

371 mw 
1 

Tiony'laiDUlHllCSI HHTerpan MOiKHO HaHTH B Ta6nn:uax 
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.,. Be2 1 ....:4t0 
J "" - ---=-:a- e 3 m w 

1 

6 uO 
-:'4'" e 

t 

0TBeT He 3aBHCHT OT 0 1 

HO o6naCTb cnpaBellnHBOCTH 9TOI'O npu6nH)I{eH-

HOI'O Bbl"IHCneHHSI KOHe'IH01 3aBHCHT OT 0 ( t sin 0>> 1/ w ). -~ 1 
Mbl nony'IHnH Ka'leCTBeHHO TaKOil )l{e pe3ynbTaT, KaKoil nony'laeTCSI 

/10 13/ < 

B aHanOI'H'IHbiX Bbi'IHCneHHSIX B MOllenH nu 1 

• Ha npOTst)l{eHliH MHOI'HX 

BpeMeH )I{H3HH rnaBHhiM ~ (39) stBnsteT~SI aKcnoHeH'UuanbHhiil -qneH. ITollpo6.:. 

HOe o6Cy)l{lleHHe UOll06HOI'0 UOBelleHHSI1 a TaK)I{e CBS13H peweHHOfi 3alla'IH C . /3 14 15/ 

pacnallOM peanbHO npHI'OTOBneHHOI'O HeCTa6HnbHOI'O COCTOSIHHSI CM. B 

1 1 

llnst Hac peweHHaR 3alla'la Ba*Ha TeM, 'ITO oaa n03BOnsteT llaTb eme 

OllHO onpelleneHHe aHepi'HH OllHO~OHOHHOI'O COCTORHHSI ~+ 0 
: oaa npu-

. 1 

·HuMaeTCSl paBHOil x ~ - -qacToTe ocuunnupyromero MHO)I{HTenst B aKcno-

/10/ . . 
HeHimanbHOM -qneae B b 

1 
( t l · . OnSITb x 0 '/' w 1 • To-qaoe aHa'leHHe x 

0 

HeCKOnbKO oTnH'IIleTCSI OT · ll max Cp. (25) 'H (36). 3TO He6onbW09 pa3nH-
" < - /16/ 

'IHe llBYX onpelleneHHH OTMe'lanocb H AnSI MollenH nu • ITo-BHllHMOMy, 

cnellyeT npellno'leCTb 

llaeMOfi. 

II 
max 1 

T.K. 'laCTOTa· xo He srBnsreTCSI Ha6nro-

3 a K n 10 'I e H H e 

Mbi ycTaHOBHnH, 'ITO aHeprusr w 1 , npunHCbiBaeMast .. ~H3H'I·ecKoMy'. 
/2/ 

OllHO_~OHOHHOMY COCTOSIHHIO a""i 0 1 BBelleHHOMY B ·, , He, paBHa HH aaep-

I'HH MaKCHMyMa cneKTpa ~OTOHOB pacnalla, HH -qacToTe ocuunnupyromero 
. , 

MHO)I{HTenst B aKcnoHeHuuanbHOM -qneHe.BpeMeHHOI'O aaKoHa pacnalla. KaK 

HafiTH T8KOfi BeKTOP COCTOSIHHSl ~OHOHa, 'IT06hl ei'O aaepreTH'19CKHfi napa

MeTp w; COBUallan C aHeprHefi MaKCHMyMa.cneKTpa? 

20 

CornacHo o5hi'IHO:i1 npouenype nepeaop11 

·caTb COCTOSIHHIO ;;'(0 nepeHOpMHpOBaHHYIO 

eM: (26) • llnSl 9TOI'O BCTaBmieM B" I'BMHITbT( 

)l{eHHe ( 0 "" + "" 11 max - w l a 1. a 1 , r-ne ow = 

- ow ':: i ;:' 
1 

, B raMHilbTOHHaH B~aaMone:i1c1 

neacupyromuil -qneH "B3auMone:i1CTBH5i". TaK 

. /10/ 
HanpuMep, eM. pa6oTy , cTp. 131. ITpH 

AHTb HOBblfi BeKTOp COCTOSIHHll1 Tpe5yeTCll 'I . . . . 

)I{H3HH aecTa5unbH-o:i1 _-qacTHUhi. CymecTByeT 

.HaXO)I{AeHHll aTHX xapaKTepHCTHK. Oa onupa• 

'leCKHX CBOllCTB ~ypbe-o5pa3a ~YHKUHH paci 

xo~neHHIO ~apaMeTpOB nonxollSimero nonroce 

3TOT peuenT llOn)l{eH 6hiTb UOBeprHyT KpHT: 

0 He06XOllHMOCTH HOBOfi KOpnycKynstpHOll HE 

· O)I{HllaTb, 'ITO none cp 1 (x) _1 B38HMOllefiC 

npH HOBOll HHTepnpeTaUHH, npellCTaBnsteTCll I 

neHHll:_YHH'ITO)I{eHHSI '18CTHU COpTa 1, HO H 

nstroTCSl pa3n,o*eHHll (13), (16). IToaTOMY .E 

y)l{e He MO)I{eT 6b1Tb HCTOITKOB8H8 KBK. tPYHl 

onnoro copTa. IToastTHe l}lyli:KUHH pacnpoCTI 

MO)I{eT 6hi:'b _BBelleHO llO onpelleneHHSI ee < 

H Mbl ne MO)I{eM onupaTbCSI Ha aTO UOHllTil 

M O)I{HO npelliTO)I{HTh llpyro:it nollXOll K 

Ubi, ll810WHll OllHOBpeMeHHO H ee B9KT0p C• 

Mbi ero H3ITO)I{HM na st3hiKe aawe:it Monem 

H MOlleiTblO na). BBelleM BMeCTO onepaTOJ .. , 
"'; Hall a 1 1 

CBll38HHbie .C npe)I{HHM YHH' 

(eM. (21). Bbipa3HM -qepe3 HHX raMH,~Tc 
, 

h = ~(';; •+-;• +a' <;'+l+oo• • IToll6 
. 2 1 1 1 1 
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I -;-;;;r e 
1 

~418 6 
-:-4 e 

t 

418 

HO o6nacTb cnpaBennnBOCTH aToro npn6nn*eH-

386ncnT OT 8_(tsin8>>I/w 1 ). 

TaKOH *e peaynbTaT, KaKOH nony,aeTCH 
/10,13/ ' ,• ' 

nn • Ha npOTH*eHHH MHOI'HX 

noBeneHHH, a TaK*e CBH3H pemeHHOH aanaqn c 
/3 14 15/ 

HeCTa6HnbHOI'O COCTOHHHH CM. B 
1 

' • 

n03BonHeT naTb erne 

OllHOiPOHOHHOI'O COCTOS!HHH ~ + 0 
1 

: oHa npn-

qacToTe ocunnnnpyromero MHO*HTenH B aKcno-

/10/ ' ' 
1 

( t l' . OnHTb x
0
;. w

1 
• ToqHoe 3HaqeHne x 0 

v ~ax cp. (25) 'n (36). STo He6onbmoe paann

/16/ 
MeqanOCb H nnH MonenH flH o flo-BHllHMOMy, 

1 T.K. qaCTOTa xo He HBnHeTCH Ha6nro-

3 a K n ro q e H n e 

w 1 , npnnncbiBaeMaH ".PnanqecKoMy" _ 

/2/ ' 
, BBeneHHOMY B ' 1 He, paBHa HH SHep-

pacnana, HH qacToTe ocunnnnpyromero 

I 
.. ~nbHOM qneHe BpeMeHHoro aaKoHa pacnana. KaK 

.PoHoHa 1 qTo6hl ero aHepreTnqecKHH napa-

aHeprneii MaKCHMyMa.cneKTpa? 

20 

CornacHo o6hiqHoii npouenype nepeHOpMnpoBOK, MO)KHO npocTo npnnn-

-caTb COCTOSIHHID ::t 0 nepeHOpMHPOBBHHyro aHeprnro v max ==ill 1 -rr D ( w 1 l, . 

CM. (26) • .QnH STOI'O BCT8BnHeM B' I'8MRnbTOHH8H BMeCTO W 
1 

~+l a"'
1 

Bbipa-

)KeHne ( v - ow l ":. + 'ii' max 1 1 1 n:te ow "'v max -wl o flepeHOCHM 

- OW ';;' i ;;' l , B I'8MRnbTOHH8H- B~8RMO)leHCTBRH -KaK llOITOnHHTenbHblll KOM

neHCnpyiDII!HH qneH "BaanMOlleiicTBnH". TaK H nenaeT fleBn B Monenn fln 1 

/10/ 
HanpnMep1 CM. pa6oTy 1 cTp. 131. Tipn TaKOM nonxoAe He Hano Haxo-

llRTb HOBbiH BeKTOp COCTOHHRSI1 Tpe6yeTCH TOnbKO HaHTH SHepi'HIO R BpeMH 

*R3HR HeCTa6nnbH-oii qacTIIUbi. CymecTByeT o6miifi peuenT TeopeTIIqecKoro 

HBXO)KJleHIISI STIIX XapaKTepRCTRK. 0H onnpaeTCSI Ha IICCne)lOB8HIIe aHaniiTII

qecKIIX CBOHCTB .pypbe-o6pa3a ~YHKUIIII pacnpoCTpaHeHHH II CBOARTCSI K Ha-

b ' /10/ 
xo~neHIIIO napaMeTpoB nonxonnmero noniOca Ha BTopoM piiMaHOBOM niicTe • 

STOT peuenT non)KeH 6biTb IIOBepi'HYT KpRTI:!Ke 1 ecnn Mbl npHHRMaeM Te3RC 

0 He06XOARMOCTH HOBOH KOpiTyCKynHpHOH IIHTepnpeTal!RR TeOpiiii. Cneny~T 

· O*IIA8Tb 1 qTo none ¢ 1 (x l 1 B3anMoneiicTBYIOmee c npyriiM noneM ¢ 2 (x) 

ITpii HOBOH IIHTepnpeTaUIIII, npencTaBnHeTCSI He TOnbKO qepe3 onepaTOpbl pO)K

)leHIISI-yHIIqTO*eHIIH qaCTIIII COpT a 11 HO II qaCTHII COpTa 2. flpiiMepaMII HB

nHIOTC H pasn.o)KeHII H ( 13 ), ( 16 ) • n OSTOMY 'Benii'IIIHa BIIAa <0 I T cp 1 (X) cp 1 (y) I 0> 

y)Ke He MO)KeT 6biTb IICTOnKOBaHa KaK -~YHKUIISI pacnpoCTpaHeHRH '!aCTIIU. 

OAHOI'O COpTa. flOHSITIIe ~YHKUHII pacnpOCTpaHeHHH ~II3II'!eCKOH '!aCTIIUhl He 

MO)KeT 6bi:b _BBeAeHO llO onpeneneHIIH ee onepaTopOB pO*lleHIIsi-yHII'ITO)KeHIISI', 

II Mbl He MO*eM onnpaTbCSI Ha STO IIOHSITIIe K8K Ha IICXOllH0'3. 

Mo)KHO npenno*HTb npyrofi nonxoll K npo6neMe HecTa6nnbHoii qacTII

Uhi, ll8IOlliiiH OllHOBpeMeHHO II ee BeKTOp COCTOHHHH II ee XapaKTepiiCTIIKIIe 

Mb! ero II3nO)KRM Ha SI3biKe Hamefi MOnenH ( MO)KHO 6htnb BOCIIOnb30B8TbCH 

n MOllenbiO flii). BBeneM BMecTo on epa TopOB ;:1· n ;;: v HOBbie on epa TOphi 

::::1. i ,, :=:s, 
a 1 H a v 1 CBSI3aHHbie _c npe*HHM yHHTapHbiM npeo6pa3oBaHneM U , 

(eM. (21). BbtpaanM qepea nnx raMH~TOHHaH ( 18). Ero BHll H3MeHHTCSI: 
, 

Wt (- , +...,., 
h "'-- a 1 at 

2 
~- ""''+) n 6 + a 

1 
a 

1 
+.. . . on epeM TaKoe U 1 qT06b1 HOBblll 
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¢iOHOHHhlH ::mepreTH'IeCKHH napaMeTp W l COBUa)lan C SHeprHeH M8KCHMy-

M8 CUeKTpa ¢ioTOHOB paCU8Jl8 COCTOSIHHSI ~!} x). HHOTKyJla He cne)lY,eT,_ 

'ITO ST8 SHepi'HSI JlOmKH8 paBHSITbCSI V max onpeJlenSieMOH ¢lop My noll: (26). 

KoHe'IHO, aBTOMaTH'IeCKH H3MeHHTCSI H BHJl raMHnbTQHHaHa B3BHMOJleii:cTBHH 

(TaK 'ITO He H8Jl0 6yJleT HCKYCCTBeHHO BBOJlHTb UCeBJlOB38HMO)leHCTBHe BH-

JlB Bw:; +: 
l t 

). llocne TBKOI'O npeo6pa30B8HHSI BpeMSI )KH3HH cne)lyeT 

TeopeTH'IeCKH onpeJlenHTb KaK 1/y~ 
, 

' I'Jle Y o 
• 

-COOTBeTCTBYIOIIIHH 

napaMeTp SKCUOHeHUHBnbHOI'O qneHa B 38KOHe pacna)la HOBOI'O COCTOSIHHSI 

~,+ n 

nonb3YS!Cb cnyqaeM, 6nai'.OJl8PIO E.H. BanyeBa I{ M.K. BonKOB~ 38 

OOCY*JleHHSI. 

ilpHnO)KeHHe 
.T 

lloKa3aTenbCTBO COOTHOIIIeHHH UOnHOTbl 00 "' 1 

/2/ . 
B pa6o'l'e ObinO UOK~38H01 KBK MO)KHO Jl0K838Tb COOTHOIIIeHHSI op-

T 
TOI'OHBnbHOCTH 0 0 = 1 JlnSI orrepaTopa opToroHanhHOI'O rrpeo6paaoBaHHSI 

. T 
(20). LITo6hi noKaaaTb, 'ITO 0 0 = 1 1 H8Jl0 Jl0K838Tb 1 'ITO HMeiOT MeCTO 

paBeHCTB8 

I 
0 

2 

dw Olw =J 
d x £

2 
(x) 

2 
x-w

1 
+ITD(x)] 

<n.t > 
+IT2£4(x) 

x) 2 
MO)KHO UOK838Tb, 'ITO cpeJlHSISI "i:mepi'HSI I d w wO lw COCTOSIHHSI -;::~ n 

paBH8 W 1 • l1 (fJ; TO*e OyJleT paBHSITbCSI cpeJlHeH SHepi'Hll COCTOSIHHSI 

';: 't+ !l . lloaTOMY 38Jl8'IY t.10)KH0 c¢iopMynHpOB8Tb TaK: HBJlO JlOOHTbCSI 

COBUBJleHHSI CpeJlHeH SHepi'HH C SHeprHeH MaKCHMyMa. 

.22 

oO 

0 = f dw 0. 0 · = 
o tw VfL 

_ j . dwE(w) ([w-e 

O [w-w1 +rrD(w)]2 +rr 2 
£

4 (w) 

00 

8 (v-v'l=f dv 0 • · 0 , 
0 v w v w 

K Hv-w 1 +rrD]8(w-yl+ P 

00 

=f---
0 [w-w

1 
+~ 

dvl£ (w) 

---1!: 
w -v 

llpaBBSI 'IBCTb (ll.l) paBHsieTCSI bJ 

GCTb T8K)K9 COOT~OIIIGHHe HOpMHpOBKH ~ 

(ll.l) TO)KG MO)KHO npericTaBHTb KaK HE 

C _ , CM. p83Jlen 2 1 HO OT . .PYH~UHH tP 
H C _ JlO 38MKHYTOI'O KOHTypa T8K 1 Kall 

Jlene 2 Chino noKaaaHo, 'ITO y. t/J ( z .) .E 

PH c. 
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napaMeTp w i cosnanan c SHeprn:eii MBKCHMY-

=+ n x) 
cocTOSIHHSI a 1 •• • Hn:oTKyna He cnenY,eT,. 

onpenenSieMoii !lJopMynoii (26). 

H3M9HHTC5I H BHJl r'8MHJlbTQHH8H8 B38HMOJl9iiCTBHH. · 

HCKYCCTB9HHO BBOJlHTb flC9BJlOB38HMOJleiiCTBHe BH-

T8KOr'0 npeoopa30B8HH5I speMSI *H3HH cnenyeT 

' . 
1/y ~ 

, 
, rne Y 0 

-COOTBeTCXByiOmHii 

qneHa s aaKOHe pacnana Hosoro cdcTOSIHHSI 

M, 6nar.onapiO E.H. Banyesa n: M.K. BonKos~ sa 

flpn:no*eHn:e 
T 

CTBO COOTHOmeHHii nonHOThi 00 = 1 

noKa3aH01 KBK MO*HO JlOK838Tb COOTH~meHHSI Op

JlnSI onepaTopa opToroHanbHoro npeoopaaosaHHSI 

qTo 0 0 T, 1 

d x £
2 

(x) 

2 
x-w

1 
+ITD(x)] 

1 H8Jl0 Jl0K838Tb 1 qTo HM9IOT MeCTO 

(fl.l) 
+1T2£4(x) 

I 2 "'+ Cp9JlH5I5I SHeprn:g d W wO 1w COCT05IHH5I a 1 11 
TO*e OYJleT paBH5ITbC5I Cp9JlH9H SHeprn:u COCT05IHH5I 

qy ~O*HO c!lJopMynupOB8Tb TaK: H8Jl0 JlOOHTbCSI 

=ml'r.m c SHeprueii MaKCHMyMa. 

. 22 

oO 

0 = Idw 0 0 · = 
o 1w vp. 

_I . dwdw) 

o [w-w1+7TD(w)J2 +IT"'£"' (w) 

I [ w -w1 +IT D(w) ]8 (w-v)+P £( v)dw) w.t,> 
w -z.: 

00 00 dw 
8 (v-v'>=I dv 0 • · 0 , =I 

o VWVWO( D) 2 4 
w-w

1 
+IT + IT £ 

(II.3) 
£(v)£(w) dv')dw) 

~><I [ v-w 1 +lTD ]8 <w-r > + P ll[v'-w +11D]8<w-v ') +P 
w -v 1 w-v 

Ilpasag qacTb (fl.l) paBHSieTCSI h1 (0) , eM •. (27), H·nosToMy(fl.t)· 

"'+ eCTb TBK*e COOT~OWeHHe HOpMHpOBKH JlnSI COCT05IHH5I a 1 11 • 11HTerpan 

(IJ.l) TO*e MO*HO npericTaBHTb KaK HHTerpan no cyMMe KOHTypoB C+ H 

C , CM. paalien 2 1 HO OT .WH~UHH t/J ( z) 1 CM. ( 30) • .LlononHHM C + 
/17/ 

H C _ JlO 38MKHyTOr'O KOHTypa TaK, KaK flOKa3aHO Ha pn:c. 3 . . B. paa-

nene 2 ChinO noKaaaHo, qTo y. tfr ( z .) HeT nonrocos npH KOMnneKCHhiX z 

Pn:c. 3 • 
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TioKa~eM, ~To HeT HX n Ha gefiCTBHTenbHOfi oTpHUaTenbHOfi nonyocH. Ha 

STOll nonyOCH BeiUeCTB8HH8SI ~aCTb 3HaMeHaTenSI t/J ( z) paaHa x-w1+rrD(x). 

3TO Bblpa~eHHe BCerga . OTpnUaTenbHO, ITOTOMY ~TO, XOTSI ¢YHKUHSI D (x) > 0 

npH' x <O , HO OHa BCrogy MHOI'O M8Hb!Ue W 1 • neHCTBHT8nhHO; 

I oo r< w) d w 4e 2 I oo 2 
D (x l = - J < - w 1 [ -- J d w f ( w l ] « w 

1T o w + 1 x 1 3rr · m 1T o 1 

. .1 

TipH £2 =p.21 w2 +P.2 

TIOSTOMY 

, HanpHMep, KBagpaTHan. CK06Ka _:::: 112 npH p. :s_m • 

Jt/J(z)dz+ J t/1 (z)dz =- Jt/1 (zldz • 
(n.4) 

c + c C R 

B oTnH~He OT o6hi~HhiX cny~aea npHMeHeHHSI TeopeMhi o Bhi~eTax , 

HHTerpan no C R He paBeH HYniO, cl>yHKUHSI cl>( z) , CM, (28), CTpeMHT-
/11 I · . 

CSI K Hynro, K8K npH KOMnneKCHblX z -> oo , TaK H npH geHCTBHTenb-

Hb!X ( B H81U8M cny~ae, KOI'ga r ( x) -> 0 npH X -> oo ) • TI OSTOMY Ha 

CR RMeeM 

1 1 "' 1 I w· 
tjl(zl=-- =----[I+..::::l. +o(I/zl]. 

2 1Ti z -«J + 17 cl>(z) 2rri z z 
1 . 

MHTerpan oT 1 I z IIO CR paaeH -2rri H npaBaSI ~aCTb (TI,4) H 

(TI.1) gefiCTBHTenbHO,paBHa 1, 

CooTHomeHHe (TI .2). MO~Ho npeo6paaoaaTb K aHgy 

v-w+rrD(v) oo d 
_1 ______ = _I_ p f __ w 

[ v-w +rrD ( vl] 2 +1T2t"4(v) 1T o w-v 
1 

2 
-1Tt" (w) ( } 

'· n.5 

{[w-w 
1 

+rrD(cil]
2 

+1T 
3c"twl l 

Ebmo noKa3aHo, ~To cp(z) = [z-w +rrcl>(zl]-
1 

1 
aHanHTH~Ha B aepxHefi 

nonynnoCKOCTH (a ~aCTHOCTH). 8 TaKOM cny~ae MHHMSSI H .nefiCTBHTenbHSSI 

~acTH ee npe.nena npH cTpeMneHRH K aemecTBeHHOfi ocH caepxy .non~Hhl 

24 

6biTb CBSI38Hhl npeo6paaoaaHHeM fHn66ep'I 
' 00 

6yeM-aSI orpaHH~eHHOCTb HHTerpana f I cp ( x 

~~0 cp. ( z l -> I I z npH z -> oo )7 KaK 

STOI'O npeo6pa30B8HHSI, 

nng llOKa3aTenbCTBa (TI,3}. Tenepb ll< 
) 

~aCTb (TI.3) H BOCITOnb30B8TbCSI ¢opMynofi 

n H T e p a T 

1. N.G. van Kampen. Dan. Mat. Fys. 

2. M.A. Erano~a, M.M. llJnpoKoa. fret> .1h 1 

3. M. ronbg6eprep, K. BaTCOH. TeopHSI C1 

MOCKBa (1967). 

4. C. 11Jae6ep. Bae.neHHe B penstTHBHCTCKYI 

MocKBa ( 1963}. 

5. A.M. AxHeaep, B.E. EepecTeUKHfi. KB< 

II , §16. fMct>MnMoCKBa (1959). 

6. n. lliH¢qi. KBaHTOBaSI MeXaHnKa. §48, Ml 

7. M. Poya. Dong MynbTHnonefi. MMn, Mo 

8. M.A. EraHOBa, M.M. lliHpOKOB. TipenpHH 

ny6na ( 1968}. 

9. M.M. lliHpOKOB. fret>,.§., 672 (1968}. 

10. M.Lery. Nuovo Ciment~ 13, 115 (19 

11. E. THT~Mapm. BaegeHHe B TeOpHIO HHTE 

MocKBa ( 1948). 

12. M.A. naapeHTbeB, B.B. llJa6aT. MeTOgb 

n~peM~HHoro, fMci>Mn MocKBa ( 1958). . . 
13.R.AJ.zetta, E.d'Ambrogio. Nucl. P~ys, 

14.M.Levy. Nuovo Cim., ~ 612 (1959). 
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3 Ha ~eficTBHTeJibHOH oTpauaTeJibHOH nonyoca. Ha 

f'BeHtii:JSI qaCTb 3HaMeHaTeJISI t/J ( z) paBHa x-w I +17 0 (x ). 

oTpHUaTeJibH01 IIOTOMY 'ITO, XOTSI !flyHKUHSI 0 (x) > 0 

BCIO~Y. MHOI'O MeHbUie W I , .llefiCTBHTenbHO; 

2 00 2 
<~w1 [-1-fdwf (w)]«w • 

· 317 · · m 17 0 1 

~· 

1 
HanpHMep 1 KB8~paTHaSI CK06Ka ,:S 1/2 IIpH Jl :s_m. 

dz+ J t/J (z)dz =- Jt/J (z)dz. 
(IT.4) c C R 

cnyqaeB npHMeHeHHSI TeopeMhi o Bhi'IeTax , 

lzyJIIO, 4lyHKUHSI <I>( z) 1 CM, {28), CTpeMHT-
/11/ . 

-+ oo , T8K H IIpH ~eHCTBHTenb-

-+ 0 IIpH X -+ oo ) , TI OSTOMY H8 

_1_[1+~ +o(1/z)]. 
217i z z 

paBeH -217i 1 H npaBaSI '18CTb {TI,4) H 

1. 

npeo6pa30B8Tb K BH~Y 

- 17 £
2 

(w) ~.,_1_pfoo dw 
4 17 --

( (v) - o w,-v 

{TI,5) 

l£w-w 1 :170(w)]
2 

+17 
2£~w) I 

"" [ z -w + 11<1> ( z)] -t aHaJIHTH'IHa B BepXHefi 
1 

THOCTH), B T8KOM cnyqae MHHMast H ~eHCTBHTeJibHaSI 

CTpeMJieHHH K BemeCTBeHHOH OCH CBepxy ~omKHbl 

24 

/11/ 
6hiTb CBst3aHbl npeo6pa30BaHHeM fHJib6epTa { CM, , TeopeMa 93 ;_ Tpe-

~ 00 ;. • ' 2 . . 

6yeMaSJ: orpaHH'IeHHOCTb HHTerpana f I cp ( x + i y ) I d x cne.ilyeT H3 To;r-o, 
-oo 

'ITO ¢_ ( z) -+ 1 /z npH z -+oo ). KaK pa3 {TI,5) H stBnsteTCSI 38IIHCbiO 

STOI'O npeo6p830B8HHSI, 

.llnst ~OK83aTeJibCTBa {TI,3)'Tenepb ~OCTaTO'IHO paCIIHCaTb npaByiO 

qaCTb {TI,3) H BOCIIOJlb30BaThCSI !flopMynofi (TI,5) H !flopMynofi (8,3) H3/
2
/. 
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