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B HacTosweA pa6oTe paccMaTpHsaeTCH pacnpocTpaHeHHe cHrHana BHyTpH aneMeHTapHoA 

'i8CTHUbl. noK838HO, 'ITO HMeHHO COOTHOWeHHe Heonpe.a.eneHHOCTeA rapaHTHpyeT H8C OT CHrHa

nos, pacnpOCTp8HHIOWHXCH CO CKOpOCTblO, 6onbWeA CKOpOCTH CBeTa B nyCTOTe. 
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§ I, B D e Ll e H H e 

CospeMeHH8SI KB8HTOB8SI TeOpHSI nOnS! CyWe CTBeHHO OCHOBbiB8eTCSI H8 MHKponpH'iHHHOCTH 

B TOll: e .e cpOpMe, KOTOp8SI, B CyWHOCTH, T0)KLleCTBeHH8 KnaCCH'ieCKOJl: M8KponpH'iHHHOCTH ( c p,, 

/1/ 
Hanp, ) , C LlpyroJl: CTOpOHbl H3BeCTHO, 'iTO B38HMOLlelkTBHe B KB8HTOBOJ:I TeOpHH nonS! OnH-

, rne x 1 H x 2 npocTpaHCTBeHHo-apeMeH-

Hble KOOpLlHH8Tbl LlBYX MHpOBbiX TO'ieK, B OLlHOJl: lf3 KOTOpbiX CHrHan H3ny'iaeTCSI, 8 B LlpyroJl: 

npHHiiMaeTCSI. 0LlH8KO STa cpyHKUifSI, B ornH•!Ife OT cpyHKUHil: rpHH8 Kn8CCII'ieCKOlt TeOpHH, He HC

' 2 2 2 ... ... 2 2 
qe3aeT nnSJ npocTpaHCTBeHHoro HHTepsana s = ( x i - x 

2 
) = ( x 

1 
- x 

2 
) - ( t 

1
- t 

2
) > 0. 

TaKHM 06pa30M, Ka)KeTCSI, 'iTO B03M0)KH0 06Hapy)KHTb pacnpOCTpaHeHHe CHrHana CO CKOpOCTbiO, 

60nbwell C.KOpOCTif CBeTa, B 'i8CTHOCTH, C 6eCKOHe'iHO 60nbWOJl: CKOpOCTbiO, 

JlnSJ cny'iaSI B38HMOLleJl:CTBHSI LlBYX TO'ie'iHbiX 'i8CTifU STOT nap8LlOKC 6bin p8CCMOTpeH 

/2/ 
M. <PHpueM , 

8 H8CTOS!Well pa6oTe Mbl HaMepeHbl paCCMOTpeTb STOT napaLlOKC LlnSI sneMeHT8pHOJl: 'iac

x/ 
TlfUbi, HMeiOIJleJl: KOHe'iHbie p83Mepbl , 8 STOM cnyqae Mbl BCTpeqaeMCSI, B CyWHOCTH, C TeM 

*e napanoKCOM, nocKonbKY cpopM-cpaKTop 'iaCTHUbi F ( q) ( q -nepenasaeMbiil: npH B38HMo-

neJl:CTBHif lfMnyn bC) He lfC'ie3aeT Llnf! npOCTpaHCTBeHHO -nono6Hb!X 3H8'ieHHll q H, cnenosa-

TenbHO, 'i8CTifUe MO)KHO npHnHC8Tb )KeCTKOe npOCTpaHCTBeHHOe pacnpeneneHHe 38pS!LlOB H To-

-+ tt/'t . 
KOB. p ( x ) = f F ( q) e d 3x, cnoco6Hoe nepenaTb cHrHan c 6ecKoHe'iHO 6onbwoll: CKopocTbiO~ 

§ 2, 3HeprHSI B38HMOgel!CTBHSI 

JlnSJ H3y'iaeMOrO BOnpoca LlOCT8TO'iHO orpaHH'iHTbCSI paCCMOTpeHHeM B38HMOLleil:CTBHSI 

BHpTyanbHOrO cpOTOH8 CO CnHHOpHOl! 'i8CTHUel!, 

... 
nocne cpoToHa k ( k, k

0
) 6yneM onHCb!BSTb seKTop-noTeHuHanoM All (x), a CllHHopHoe 

none qacTHUbi p ( p, p
0
), p 2 = - M 2 (M - Macca 'iSCTHUbi) - onepaTopoM .P ( x) OnepaTop 

B38HMOLleliCTBHSI, B nepBOM npH6nH)KeHHH no 38pS!LlY e , MO)KeT 6biTb HanHCSH B BHLle; 

IV 
4 4 

f 1/J (x ) j (.X X X ) 1/J (X ) A (x ) d X d X 
3 ll 3 2 1 1 ll ' :J ' 

( 1 ) 

rne Ill (x
3 

x 
2

x
1

) nnoTHO<(Tb ToKa, co3nasaeMoro cnHHOpHol! 'i8CTHuel! (eM, i:I.HarpaMMY 

H8 pHC, 1), AMllliHTY L18 sepOSITHOCTH nepeXOL18 'i8CTHUbl H3 COCTOSIHHSI B COCTOSIHHe f 

Bbi3B8HHOrO STHM B38HMOLlel!CTBHeM, 6yneT pasHa; 

x/ n ... " 6 OLl sneMeHTapHOn 'i8CTHUen Mbl nOHHM8eM 'i8CTHUy, KOTOpaS! He MO)KeT b!Tb pa3nO)Ke• 

Ha H8 "COCT8BnSIIOUl He"' ee KOMnOHeHTbl 6e3 38Tp8Tbl SHeprHH D ,MeHbWel!, t!e)KenH C06cT-

H B 

BeHH8SI SHeprHSI 6onee nerKOl! KOMnOHeHTbl, 8 9TOM nOHSITHH 8TOM BOL10p0Ll8 HeaneMeHT8pH8SI 

'iaCTHua, TaK JCSK ero Macca mH = m + m
8

- ·n, npH sTOM D << m. ,m, ( m, 
Macca npoToHa, m -Macca sneKTpo'Ha); Hanpo.THB, npoTOH sneMeHTapHaSI qacTHua, 

D • 11 D > m , nnSJ n106biX peanbHbiX 'i8CTHU A m,. = m A + m B - m A , B 

T8K KSK 
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;· 

i W11 = f ( f I lp. ( x ) I i ) A ( x 
2 

) d 
4 

x 21 1; IL 
s 

tl (2) 

rne (I I JP. (x
2

) I i ) ecTb M8TpH'1HbiA aneMeHT nnOTHOCTH TOKa ]IL (x 
3 

x 
2 

x 
1 

) , OTHeceHHbiA 

K nepexony ·i -+ f 

(f1Jp.(x 2 )li) f'P
1

(x )'] (x x x )'P
1
(x ·)d

4
x d

4
x 

3 1L 3 2 I I 3 I 

(3) 

Mbi 6yneM C'IHTSTb B.onHOBbie cpyHKqHH 'P 1 H 'P1 npoH3B01lbHbiMH, c TeM nHWb orpaHH-

'leHHeM, 'ITO OHH RB!JRIDTCH cynnep-n03HUH9MH COCTOHHHA TO!JbKO C nonomHTe!JbHOJt 3HeprHeA; 

'PI (x3) = f c; (p) ii (p- )e lp3"3 d"p 
(4) 

3 I .1 3 

IJI I (X I ) = .{ C I ( p 1) U I ( p 1 ) e I P 1 "1 d 'p 1 

( 41 ) 

(3necb ul. ul -6HCfiHHOpbl .[I.HpaKa, c~ • cl -aMnllHTyLlbl COCTOHHHA c P03 • Po,> 0 ). 

0603H8'18H p - p = q If nOnb3YHCb COOTHOWeHHeM: 
3 1 

I I 
lpJt -lp1 x 4 4 lqx2 (5) 

( p J (x ) p ) = f e ;, 3] (x x x ) e 1d x d x = e F (q) 
3 p. 2 1 p. ' 2 1 3 1 1L > 

1 
n ony 'IHM H3 (3), (4) H (4 ): 

(fiJIL(x 2 )li} JC; (p
3

)C
1

(p
1
)u

1
(p

3
)u

1 
(p

1
)e lq"'Fp. (q)

1 

• 

(6) 

rne F p. ( q) 
I 

- OnepaTOp TOK8 B HMnynbCH0M npagC TSBneHHH. 3TOT onepaTop, K 8 K H3BeCTHO, 

MO}I(e T 6 b! Tb 38ilHC8H B BRae: 

F (q)= eF (q 2 ) + KCT q F (q 2 ) 
1L 1 p.vll1 1 

(7) 

rae e - 3 apga qacTHuw, K - ee ¥arHHTHbii!: MOMeHT, H F 
1 

H F
1 

-sneKTpH'IeCKHA H M ar-

HH THbiH <jlopMcpaKTOpbl 'ISCTHUbl, BenH'IHHbl F i H 

aonmHbi 38BHC9'Tb nHWb oT OTHOWeHHH q 
2 I q 

2 

m 

F
2 

npH TaKoM onpeaeneHHH 6e3pa3Mepnbi H 

ae!JHID !l.lee CKOpOCTb y6biB8HHH F 1 H • F, 

C OOTH OWeHHeM R !'! h 
qm 

, rae q m - neKoTopoe 3Ha'leHHe q , .onpa-

npH I q I -+ oo Pa3Me p qacTHUbi R· CBH38H c q 
m 

§ 3, Heo6xonHMbie BO!lHOBbie dJYHKUHH 

D.nR TOrO, 'IT06bi paCCMOTp eTb pacnpOCTpaHeHHe CHrHana BHyTpH '18CTHUbl, Mbl 6yae M C'IH-

T8Tb COCTOHHHR 'r1 f H ljl 
I , nOK8nH30B8HHblMH BOnHOBbiMH naKeTSMH, 

<PoTOHHoe none AIL ( x) 6y a eM TSK}I(e C'IHTaTb n o KanH30BannbiM. D.nH onpeaeneHHOCTH 

M bl nonO)!OfM: 
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( 8) 

c l (p) 

J ... ... [ ... ... ... ... ] 2 

A (") 
IL 

-I [ k (:- ;) - k0 ( t- T)) 
a e 

IL 

-z;,-.d;.-x] -~ (X-utJ-(X-uTJ (g) 
x e 

1 Bon HOBbie cpy!iKI.lHH ( 8) H ( 8 ) npe.llcTasnSIIOT co6o10 sonHOBbie naKeTbi co 
... ... 

pI ( HnH P
1 

) 1 110K8nH30B8HHbl9 npH t = 0 OKOnO X = X I ( HflH COM 

Cpe.llHHM HMnynb

;l ), npu cpeJl• 

HHX KB8.llp8TH'IHbiX OTKnOHeHHSIX; 

... 
!\ (x 2b2+ {32 h b 

a I --- I) 

( 10) 

MC 

r.lle 
2 a {3

2, 
1 • ,~f -M8CC8 '18CTHI.lbl, Te :>Ke COOTHOl!l e HHSl HMeiOTCSl H B naKe T e 

x/ 
C I (p) • 

none AIL ( x) npe.llcTasnsteT co6o10 sonHosoll naKeT BHpTyanbHbiX cpoTOHOB c xapaKTepHbiM 

BOflHOBbiM BeKTOpOM k (t 1 k 0 ) , wcKopocTbiO w pacnpocTpaHeHHH u H fl OK8fl H30B8HHW ll 

npH T = 0 
... ... 

OKOnO X = X , B o6naCTH /'o. X 2 "' a 
2 

TaKOft Bbi60p cpopMbl naKeTa BHpyTanbHbiX cpOTOHOB COOTBeTCTByeT npe.llnOnO~HIO , 'ITO OH 

xx/ 
MOl' 6bi 6b!Tb H3nyqeH peanbHOll cpH3H'IeCKOJ:I '18CTHI.lell , 

3aMeTHM, 'ITO ecnH 6blnO 6bi B03MO:>KHO HCnOnb30B8Tb 

Tp8HCTBe H BO BpeMeHH, B np.e.llene 6eCKOHe'IHO Y3KHe, THna 

~II = 8 4 
(X - X I ) I A = 8 

4 
( X - X ) TO, K8K BH.llHO 

o Ka3anacb 6bi pasaoll aenocpe.llCTBeHHO l IL ( x 
1 

1 A , x 
1 

) 

38npel!leHHOll CKOpOCTbiO 6bin 6bi YCT8HOBneH, 

6ecKoHe 'IHO Y3KHe naKeTw H s npoc -

4 
111

1
= 8 (x-x

1
), 

H3 ( 1 ) H ( 2) , aMnm!Ty na n e p exo.aa 

H cpaKT pacnpocTpaHe HHH CHrH ana c 

0.llH8KO Mbl He MO:>KeM HCnOnb30B8Tb BOnHOBbiQ naKeTbl, npOTH:>KeHHOCTb KOTOpblX K8K yro.a -

HO Mana, .[lel!CTBHTenbHO~ npHeM CH!'Hana '18CTHI.lell 38Kfll0'18eTCSl B YCT8H8BnHB8eMOM cpaKTe 

H3MeHeHHSl ee HMnynbC8 J. -+ p , 3TO H3MeHeHHe .llOn:>KHO 6 biTb 60nbl!l e p836pOC8 HMnynbCOB 
!1 I 

ft.p I , /'o.p I 1 f'..k B HCXO~HOM H KOHe'IHbiX naKeT8X 1 T,e, 

... ... 11 
... 

h ( 11 ) 
I PI PI I = I q 

11 
I » b- lk I » 

a 

0TCIO.Q8 BbiTeKaeT T8K:>Ke HepaseHCTBO 

I pI I I pI I > h ( 11 1 ) 
' T 

C Jlpyrolt CTOpOHbl 1 p83Mepbl BCeX Tpex naKeTOB .llOn:>KHbl 6b!Tb MeHbl!le p83MepOB '18CTHI.lbi,T, e , 

x/ 
no nOBO.lly BTOpOI'O H3 paseHCTB ( 10) CM, .llOnOnHeHHe A. 

xx/ CM • .llOnonHeHHe B. 
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~~-

b, a << R . 
(12) 

1 
Y cnoBHH (11) H (11 ) H (12) He npoTHBopeqaT npHHUHnaM KB8HTOBOH MexaHHKH. TaKHM o6-

p830M 118 nepBblil B3rnH.a C03.U8e TCH BC e )!{e npHHUHllH8nbH8H B03M0)!{H0CTb ynOBHTb CHrHan, H.Uy

UlHil anyTpH qacTHUbl co cKopocTb!O, 6onbweu CKOpOCTH caeTa. O.ana Ko , KaK noK83blB8eT .aanbHei!~ 

WHH pacqeT, 3 T8 B03M0)!{H0CTb OK83b!B8eTCs:! Hnnl030pHOil. 

§ 4. Pac qe T pac npocTpanenH H cHrnana 

Bbt qHc;HIM aMn;111Ty .ay ae po s:ITHOCTH S 11 ( 2) .ans:~ aonnoBblX n aKeToB 'I' 1 ( 8), 'l', ( 8 1 ) H 

A ( 9), y .aoaneTa ':lpH !OLUHX ycnoaH HM ( 11 ) , ( 11
1 ) H ( 12 ). 3Ta a~v~nnHTY .a a onpe.aens:~e T HHTeH-

CHBHOC Tb CHrnana , npHHHM8eM o r o B uenTpe qaCTHUhl H3 ee nepH¢epHqeCK OH o6naCTH . 

Cornacno (2) HMeeM: 

sll 
3 

- - b r d 3 3 3 

h 
-"312 · X 2 d t 2 { d P d p X rr 3 1 

2[ -+ -+ 2 -+ -+ ~ 
-y,b (p3-pl) + (pl-pl) j + lqll2 

e x 

( 13) 

* -l(kll-X -_1_1-+ -+l (-+-+ -+-+ 2 
x u(p)u(p)F(q)e '2) ~-2(x2-x)+(•-ut)-(X-uT)]I 

I 3 I ·1 2a 2 

np11 3TOM , qT06bi H36e)!{8Tb 1!3ni!WHI!X Bb!Kn8DOK, Mbl n onO)!{Hn H X 
I 

x
1
= 0, b

1
, b

1
=b, 

.aanee aoe.aeno o6o3naqenHe F ( q) = a 11 y 4 f IL ( q ) 

h h h , TO !!HTe rpHpo -EcnH pa3Mepbl naKeToa a H b c. o Maoro 6onbL!le H 
k 

) 
pI pI 

aanHe a (13 cpa3y awnonns:~e Tcs:I H .aaeT o6wqnwA a TeopH H pacce s:IHHH p ~3ynbTaT: 

S _ 2rri 
II - --,-- (j 

4 
(k- q)u~ (p1 )F(q 11 )u 1 (p 1 ). 

( 14) 

0.UH8KO MeCTO 110ChlnKH Cl!rHana (TOqKa x
2

) H MeCTO ero npHeMa (TOqKH X 1 H X 3 ) B 3TOM 

cnyqae nonnocTb!O ne onpe .aenenw. 

06paTHMCH Tenepb K cny qa10 Kon e qHblX pa:>Mepoa naKeTOB a , b , y.aoaneTaops:IIOLLlHX yKa-

::J8HHblM paHee ycnOBI!HM , 

no npe.anono)!{eni!!O I q I» 4 » q 
II tJ m 

, ll03TOMy MHO)!{HTenb F ( q) MO)!{HO BhiHec -

TH H3-no.a 3HaKa 11HTerpana. M bi BbiHeceM TaK)!{e u; (p
3

) , u 1 (p 1 ) , nocKO.TibKY 3TH aenHqH-

Hbl T8K)!{e Me.aneHHO Me HH!OTCs:!, 

x/ 
D.anee, 38MeTHM , q T o 

-+ 

q 0 = E ( p 3 ) - F. ( p 1) = E I - E I + vI .; - VI T) ( 15) 

~HTerpHpyH Tenepb no 

-+ 

~ ... 
~ H 

V
1 

= \ E 
1 

-+ 
p3-pl, TJ = pi-pl , 

-+ 
TJ , nony'IHM: 

V ·~ \ E , 
I I 

x/ 
CM, .aononnenHe B. 
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(16) 

rne 

<f> ( x, t) 
.................. 1 ........... l -+-+ 2 

i(k-q)x-i(k
0
-q

0
)t+ (x-v

1
t) +__l_,-(x-v1t) + 

21;"' 2b 

1 ... ... .2 1 ... ... ... ... .2 
+ _ (x - X) + _ [(x -ut)- (X - u T)] 

2a 2 2d 

( 17) 

... 
qtl 

... 
q ) • TaKHM o6pa30M -

S ll onpenenSieTCS! nepeKpblTH OM B npOCTp8HCTBe H BpeMeHH 'ieTbipex ll8KeTOB. 

3Ta CHTyauHH H3o6pa)!(eHa Ha pHc. 2. CywecTBeHH O , 'iTO naKeThi a TO'iKax it, , 0 
... 

H X "' X t , T OI'p8HH'ieHbl He TOnbKO B llpOCTp8HCTBe, HO H BO BpeMeHH T8K, 'iTO OHH 

no H8KOTOpoit CTeneHH HMMHTHpy!OT H.QeanbHbie o -o6pa3 Hhie curHanhi THna 
4 

0 (X) 

BW'iHCnOHHe nocne.aHero HHTerpana B (16) npHBOnHT K pe3ynbT8Ty: 

...... 
i I ( k X - 1< 0 T ) 

11 u; (pt) F (qtl) u,(P,) e 
-IJI(;, T) ( 18) e 

xl 
paBHO: rne '11 (X, T) 

... 
'11 (X, T) 

jj .................. -+-+ 
__ [ ( 2 X - uT) (X - u T, u)] + 
a 4 t!/ 

(19) 

c 2 2 A 
2 2 

+ t;_'1 ( k - q ) + ~ ( k o - qo ) + f m 'I' · 

\ 

KoacpcpHuHeHThi A. 2 
... 

B C .2 , /'! .2 CyTb cpyHKUHH WHpHHhl ll8KeTOB a H b 
... ... 

CKopocTeA V.
1 

V 
1 

... 
U 3Ta KBanpaTH'iH8S! cpopM8 llOnO)!(HTenbHO necpHHH_!H8 H 3KCUQ-

W ... ... ~.2 
HeHUH8nbHhiA MHQ)!(HTenb 

a 2 
"' a 2 

( HnH "' b 2 
) • 

e - ( x' T > HC'ie3aeT npH 6onblliHX I X"/ KaK e- a .2 , rne 

3TO 03H8'i6eT, 'iTO cp8KT nepena'iH CHI'Hana OT nepHcpepHH K ueHTpy 'i8CTHUhl MO)!(eT 6b!Tb 
... 

38Me'ieH nHlllb B TOM cnyqae, ecnH paccTOSIHHe oT nepHcpepHH no ueHTpa I X I He npeBhi!liaeT 

lliHpHHY na~TOB a HnH b 

B aTOM cnyqae aonHOBhie naKeThi nepeKphiB810TCSI naneKo BHYTPH 'i8CTHUhi H nepenaqa HM-

nynbC8 OCy!lieCTBnSieTCS! HenocpenCTBeHHhiM KOHT8KTOM. 

Boo6pa)!(aeMoe npoCTpaHcTaeHHoe pacnpeneneHHe TOKOB ] 
11 

( x.
3

x 
2
x) KOTopoe Morna 6bi ne

penaTb CHI'H8n C 6eCKOHe'iHO 6onblli0$1 CKOpOCTbiO, nonHOCTbiO Bblll8.Q8eT H3 HI'phl. TaKHM o6pa-

xl CM. nononHeHHe C. 
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....... 

30M npOC Tp8HCTBeHHo-npOTH)I{eHHyiO 'i8CTHUY OK83biB8eTCH HeB0,3M0)1{UbiM •ynH'i'HTb" B n epeaaq e 

CHrHana, Haywero CO CKOpOCTbiO, 60JJbWeA CKOpOCTH CBeTa, 

3TO MO)I{HO p8CCM8TpHB8Tb K8K YK838HHe H8 TO, 'ITO B CXeMy T e OpHH fl :)ml MO>KHO BBeCTH 

H 6onee ¢ ynaaMeH T8JlbHhle OTKJlOHeHHH OT npHHHTOA ¢opMhl npH'iHHHOCTH, KOTOphle H3-38 COOT

X/ 
HOW eH HH Heonpea e n e HHOCTeA OKa:a<:yTCH COBMeCTHMblMH C M8KpOCKOflH'ieCKOA npH'iHHHOCTbiO 

Aononueuue A, PenHTHBHCT.CKHA aonuoaoa naKeT 

Cpea n ee 3 Ha'lenue K'";"i = '}C'T (npu 'i = 0 ) MO>KHO uanucaTb a au.ne: 

x 2 = Sp( t/J; (x!x
2

t/Jf3 (x)dx 1 

rae t/J (X) - aupaKOBCKHJ!. CflHHOp: 
a 

t/J a (x) 

px I....,-
e __ dp . J C(p)ua(P) {iryh) y; 

npn 9TOM B 3 HTO ua (p) TOJlbKO anH E (p) > 0 

Sp u: (p)u{3(p) = oa{3 

s ~ duf3 

_1_+ npu 

p d -- = 

4!<1 2 e2 ••• 
p << Me 

p dp M2e2 

~ 
+ .. . npu » Me p 

Danee 

J C* (p) C ( p) dp = 1 

n o lJO>KHM 

c (p) - 'h t I Po (p po)> 

r ae PO - xap8KTepH3yeT WHpHHY naKeTa B HMnyJJbCHOM npOCTp~HCTBe. 

n oaC T 8BJJHH ( 2) B ( 1 ) H 3 8MeHHH .X H8 - ih _ d 
dp 

, nony'IHM: 

?: 
2 

11 s P II d[e*u;J 

dp 

0 (p - p 1 ) _E_l~~_!t_I_]_ dpdp 1 

dpl 

h2JI_f_ (pJ !2d p 
dp 

2 2 d * + h Sp J I C(p) I C(p) I _ l!a- _r!.!!..JL d p 
dp dp 

xl 

( 1 ) 

(2 ) 

( 3) 

(4) 

(5) 

(6) 

( 7) 

x l 
06Cy)l{aeuue B03MO>KHbiX ¢opM npH'iHHHOCTH

1 
OTJJH'I H biX OT npHHHTOA B C013peMeHHOA Teo-

pHH a ano e/3/ 
l • / 4/ 

xx/ CM, uanpuMep 
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nonb3yHCb Tenepb (4) H (6), nonyqaeM: 

OrKya a: 

2 
X 

2 h 2 
a-+ 

p 2 
0 

2 
h h 

{3 MC Po' 
2 2 

rae a , {3 "' 1. 3To MO:>KHO TaK:>Ke nepenHcaTb a aHae: 

(8) 

(9) 

( 10) 

(T,K, ~ .. p2 
0 

) • 0TCIO.lla BH.llHO, qTQ B penHTHBHCTCKOM cnyqae t;JC' MflUneHHee y6bi-

Ba eT C pOCTOM P_o • 0aHaKO naKeT, HMeiOLUHA 7!,.---g-'-+ 0 H nocTpoeHHbiA H3 COCTOHHHA O.llHOI"'O 

3HaKa ::IHepi"'HH) OKa3biBaeTCH BnOnHe B03MO:>KHbiM, 

AononHeHHe B. naKeT BHpTyanbHbiX dJOTOHOB 

BHpTyanbHbie cj:>oTopbi Henb3H paccMaTpHBaTb o-raenbHO oT Hx HCToqHHKa. AonycTHM, qTo 

TaKHM HCTOqHHKOM HBnHeTCH qaCTHUa, noKanH30BaHHaH OKOnO TOqKH X-+ "' 0 H COBepLUaiOLUaH 

TaM KBaHTOBbiA nepexoa OKOnO MOMeHTa apeMeHH 

xo.ne qacTHueA 6y.neT paaeH: 

t "" 0. ToK, co3aaaaeMbiA npH aToM nepe· 

( 1 ) 

none naKeTa BHpyTanbHbiX cpOTOHOB, B03HHKaiOLUHX npH ::ITOM nepexoae, OUHCbiBaeTCH ypaBHeHHeM: 

... 
AIL (x,t) 

AnH BbiqHcneHHH HHTerpanoa B ( 2), nono:>KHM: 

... 
+p 

I 

p - p = E (p ) - E (tt ) = E - E + 
03 ll 3 1 I I 

E ij-
I 

-+ 
VE 1 = u 1 \IE 1 = u 1 

(2) 

... 
E I .f + (3) 

Mbi 6yaeM cqHTaTb, qTo naKeT Man, o.nHaKo1 I q 
11 

I =I p 
1 

- p-+1 I >> h/ a. Aanee, anH npoc-roTbi 

npHMeM, qTO H3nyqaiQLU8H qaCTHUa HBnHeTCH TOqeqHoA ( T,e. 6yaeM cqHTaTb1 qTQ m 
2>> q 2 , TO!'" 

II 

aa anH noTeHuHana naKeTa nonyqaeM H3 (2) 
~-+ ..... -+ 2 -+ -+ 2 

l(l<x-1< 0t)-~[(x-u 1 t) +(x-u t)] 

AIL (X, t ) "' e 2a I (4) 
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- Bb!pa >KeHHe, KOTOpoe H 6binO npHHHTO B OCHOBHOM TeKCTe (npH ST0"6· 6binO nono>KeHO U-+
1 

= -0 , 
~ '= u... ) 

rae 

npH 

rae 

I • 

AononHeHHe C. BbPIHcneHHe HHTerpana ( 16) 

3aMe THM, 'ITO HHTerpan 

I + oo _<II (x, t) d X dt, If e 
-oo 

<ll(x,t) '= A
2

x 2 '+ Bxt+c 2 t 2 + Dx + &t + g 

.2 .2 .2 .2 
t!. = 4A C - B > 0 

I 

'I! "' A .2 --:-T & .2 + 
t!. 

, paseH 

IJI 
_hr e 

t!. 

C 
2 

D 2 -,-
t!. 

B &,D - g · • 
~}' 

B HaweM cnyqae: 

!!,. .2 

CneuHanbHO npH 

. .2 .2 
2 ( _1_ + _1_ )[ v1 +V 

a 
2 

b 2 b 2 

.2 
+ ___E_] -

a.2 

A
2 

., 1 + 1 
;;'I I?" 

... -+ 
~ 

b .2 

2 .2 .2 2 
C . '= - ~ ( VI +VI + _u_) 

b l .2 a 

... ... -+ -+ 
B =-(v,+ v , + __!_) 

b 2 a2. 

... 
D 

... ... ... ... 
i (k - q) - _1_ ( 2X - u T) 

a 2 

... 
' t: 1 ... ... 
~,; '=- i (k

0
-q

0
) + _[(X-uT,u)], 

a .2 

... 
+ _u ] 2 

a .2 

!!,. 2 2 2 .2 -+ ... 4 2 -L. [ 2 ( v + v + u ) + ( v + v . - u ) ] 
_ • I I I I a 

A 
2 

'= 2/a 2 

C .2 -!-r 2 2 2,· 
'= - (v1 + v + u J 

a I 

11 = - ~ 
a 

... ... ... 
(vI + VI + U ) • 

0TciOaa nonyqaeM: 

10 

( 1 ) 

(2) 

(3) 

(4) 

(5) 

(51> 

(52) 

(53) 

(6) 

(6 1) 

(7) 

(71) 

(72) 

(73) 



I -

(X- uT) 2 

+ _2a_2 __ 

(B) 

2 ~ _. 2 
c (k - q ) 

7 

Tax xax I m 1JI = 0 .... 
q npH , TO B (8) I m 1JI soo6me Mo>K-

HO onyCTHTb, 

KsaapaTH"!HaSI ¢opMa 'l
1 

nonO>KHTenbHO-ae¢HHHTHa. npHBeLleM ee "!aCTHbie 3Ha"!eHHSI 
npH a = b 

anSI X, 0 , T 

anSI X 0 , 

X = 0 
..1 

IJI 

0 

T ., 0 

, 1=0 , X,.fo (aaecb Xu=L(Xii) ): -
u 

2 ..... ... -+ 2 - X, 2 =2a 2 [1+ ~ (v 1 + v1 - u) ] ---,- ' a 
a (v1 + v

1 
+ u~ 

IJI x}. 
-r 
a 

1JI 
u 2 T 2 

{3 , 

2 2 2 .... .... .... 2 
{32= 

28
2 2(v1 +v

1 
+ u )+(v

1 
+ v

1 
- u) 

2 2 2 2 
2(v

1
+v

1
+u)+u 

-n H T e p a T y p a 

(g) 

(91) 

1. H.H. Boromo6os H .n.a. illHpKOB. BseaeHHe B TeOpHIO KBaHTOBaHHblX noneA. rVITTn ( 1957 ), 
rn. ill 

2. M. ¢Hpu. C6opHHK. HoaeAwee paasHTHe xaaHToaoA snexTpOLlHHaMHKH. VIn ( 1954 ), CTp. 239-
244. 

3 • .n. BnoxHHuea. 0 npH"'HHHOCTH a cospeMeHHoA TeopHH nonS! "ATOMHaSI 9HeprHSI", s ne"!aTH. 

't. A. AxHeaep H B. BepecTeUKHA. KsaHTOBaSI sneKTPOLlHH8MHKa, rJ.1<PJ.1n ( 1959), § 10. 
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/t 
p H C, }. 

1A 
I 
I 
I 

.UHarp8MM8 B38HMOLJ.eltCTBHSI npOTSI>KeHHOlt 'i8CTiiUbl C cpoTOHOM, x 1 - TO'iK8 BXOLJ.8 'i8CTK-

Ubl B o6naCTb B38HMOLJ.eltCTBHSI (aTa o6naCTb 38WTpl1XOB8H8), X J -TO'iK8 Bb!XOLJ.8, X :l -TO'i K8 

nornoweHHSI cpoToHa A. 

~JI >l ~~ 
/ 

" ---------........ / flf 
p ~/// ........ --...X/ / ' , /"- /" / 

' '\. / '-./ 
X '\. / /\ 

p 11 c • 2. 

I" '\. / / \ 
I " '\. / / \ 

'\. " / / \ 

" "~ 8 / ' I 
~ 
I 
I 

d-~>~1~$fr<, 
/ 

/ 
/ 

\ 
\ 

\ / 
\ / 
/' / 

/ ' / / 

/ /' ..... 
/ ....... 

/ 

/ 

/ .._ 

/ 
/ " " " 

- _.. 

'\. 
'\. 

I 

I 
'\. I 

, ; ' " /'. ', / 
'\, / 

/" 
/ ' _/ 

" 

' " 
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1 
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