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§1. B B e A e H 11 e 

/1,2/ 
BwcKa3biBa1IHCh npeanono:>KeHHSI o TOM, "'TO "'BCTHilhl nna3Mh!, 

H8XOASilllHeCSI BO BHemHeM CTOX8CTH"'eCKOM 3JleKTpOMarHRTHOM none, MOryT 

aarpeBaThCSI 6biCTpee, HelKe1IH H3-38 napHbiX coyaapeHHH ( T.e. H3-38 .t(:>KOy

JieBa aarpesa). <PH3H"'eCKHM apryMeHTOM B nonhay aToro n pennono:>KeB:HR 

SIB1ISI9 TC SI aaanorHSI Me:>KAY KOppenRD:IHIMH CTOX8CTR"'eCKOrO IT01ISI H napHb!MH 

/1/ 
coyaapeHRSIMH. B aTa aaano rHSI 6wna acnonbaosaaa nnSI n ocTpoeHRSI 

~eHOM9 H01IOrHqeCKOH T e Op H H CT OX8C TH"'eCK OrO Har peB a , B KOTOpOH 3~~eK

THBHOH "18CTOTOH coy aapeHHH CJiy :>KHno BBO}:{HMOe ~eHOMeHonoraqeCKH o6paT-

/ 2 / 
HOe Bp9MR HC"'93HOBeHHSI KOppenRD:H ti: CTOX8CTH"'eCKOrO n01ISI. B 6biJIH 

BbiCK838Hbl npennono:>KeHHSI 0 TOM, "'TO CTOX8CTH'IeCKOe none ( rrpH H = 0 

B006ille He .[{01I:>KHO npHBO.[{HTh K Ha rpeBy "18CTHil nna 3Mbl. 3TH apryMeHThl, IIO 

HameMy MHeHHIO, MO:>KHO C~OpMynHpOB8Th T8K 1 "'TO n10600 BHemHee none, 

CKOJlh 6bi CnO:>KHblM HR 6bi1IO e ro R 3 MeHeHHe BO BpeMeHH, MOli<HO npeaCTa

BHTh B BH.[{e paano:>KeHHSI B pan <Pyphe, K8:>K.[{8SI H3 KOMnOH9HT KOTOpOrO 

AOJl:>KHa 3aTyXBTh JlHillh H3-38 napHblX coyaapeHHH. 

TaKHM o6paaoM, aecMoTpSI aa Ba:>KHOCTh pa3BHTHSI TeopeTH"'eCKHX 

npeaCT8B1I9HHH 0 CTOX8CTH'I9CKOM HarpeBe '18CTHil nna3Mbl 1 BBHAY nenoro 

pS!A8 3 KCne pHMeHT81IhHblX pa60T1 B KOTOpblX T8KOH HarpeB nhiT810TCSI ocymecT

/3,4,5/ 
BHTh , AO CHX nop OTCyTCTByeT rrocne.[{OBaTeJlhH8SI TeOpeTH<IeCK8SI 

TpaKTOBKa npo6neM bl. 
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Uenb aacToa~eA pa6oThl - nocTpoeHHe TeopaH cToxacTH"'ecKoro aar

pesa, y"'HThlB8IDlli9fi KOppe~HORH CTOX8CTH"'9CKOrO 9R9KTpOMSrKHTHOrO ITORH. 

CneAyeT cpaay 38M9THTb, "'TO CTOX8CTH"'9CK.Hfi. HarpeB MOJKeT 6b!Tb onHC8H 

RHmh rrpH rrocneAOBaTenbHOM yqeTe aenaaefi.HhlX 9$¢eKTOB. ITo9TOMY apry-

/2/ 
M9HThl , OCHOB8HHbl9 Ha RHHefiHOH TeOpHH, OK83hlB8IDTCa He HMeiDlliHMH 

/1 I 
OTHOllieHHa K paCCM8TpHB89MOH npo6neMe, a ¢eHOM9HOROrH"'9CKaa TeOpHa , 

OCHOB8HH85! Ha MOAH<jJHK8UHH KB83H1IHHeHHOro npH61IHJK9HHH OK83biB8eTCH He-

n01IHOii, T.K. Y'IHTbiBaeT He BCe 9<jJ<jleKTbl OJlHOrO H T OrO )Ke nopHJlK8 no 9Hep

rHH CTOX8CTH'IeCKOrO n01IH. Y!a npOCTbiX C006pa)KeHHH MO)KHO nOHHTb, 'ITO 

CTOX8CTH'IeCKHH aarpeB Jl01I)KeH KB8Jlp8TH'IHO 38BHCeTb OT n1IOTHOCTH 9HeprHH 

CTOX8CTH'IeCKOrO 91IeKTpOMarHHTHOrO n0115! W x). lleiiCTBHTe1IbHO , 38nHmeM 

H3BeCTHOe Bbipa)KeHHe Jl115! JlHCCHnaUHH 9 HeprHH n0115! H3-38 napHbiX coynape-

HHH: 
dW 

dt -- 2 

w2 
.11.11. v w 

w2 9<jJ<jJ. 

Ec~ KOppenHITHOHHbie 9<jJ<jJeKTbi aaanorH"'Hbi rrapHbiM coynapeHRaM, TO 

t 1.1) 

BMeCTO V a<jJ<jJ MO)KHO 6bi 6binO nO}lCT8BHTb a<jJ<jJeKTHBRyiD "18CTOTy, XapaKTe

pH3YIDlliYID KOppe1IHUHID CTOX8CTH'I9CKOrO nona. HanH"'He IT1183Mhl HrpaeT B 

npooneMe CTOXSCTH'I9CKOrO YCK0p9HHH, K8K nOK838HO HH)K9, CSMYID cymeCT-

seHHYID ponh. Ho B nnaaMe KoppensruHH 1IID6hlX Typ6yneRTRhlX nyRbcauHlt, B 

"18CTHOCTH H pac;:CM8TpHB89MOrO CTOX8CTH'I9CKOrO nona, npOITOpUHOH8ITbHbl W 

v a<jl<jl "' W • (2.2) 

0TCIDAS nerKO y6eAHTbC51 B cnpase}lnHBOCTH yTBep)KA9HH51 0 H9nHHefiHOM xa

paKTepe npouecca CTOXBCTH"'eCKoro aarpesa. HaKoaen, HHJKe rroxa3biBaeTcR, 

"'TO 9C1IB KOHil9HTp81lHH n1Ia3Mbl CTpeMHTC 51 K Hy1IID, TO V a<jJ<jJ -+ Q , T.e. 

x) 1 t .. a o H2 
W =<-JE -dt+ --> 

41T-oo at 8rr 

E - HdUpSUKeHHOCTh aneKTPH"'eCKoro nonsr, B W y"'Teao, "'TO s nna3Me 

( " 1 
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nnn nponsnesBst CTOXaCTB~HoCTB npB sarpese ~aCTBU nna3Mhl seo6xonBMO 

n
0 

.j. 0 B B03HBB:SIOmBA a$jleKT 06SI38H HenHHeHHOMy B3aHMOneil:cTBBIO. 

§2. CToxacTB~eCKHH sarpes 6eccTonz:sosaTenbsoA 

aaMarsa~easoA nnaaMhl 

qT06bi S8H6onee npOCTO BhlHBHTh $H3H~9CB:HH CMhlCn a$jleKTOB senB

seiiSOCTH CTOX8CTH~9CKOrO sarpesa, paCCMOTpHM cny~aA CHnbHO 38MarHH-

~essoa nnaaMhl ( s npenene H ... oo ) Korns napMOpOBCKHe Kpy)I(KH MOryT 

nsHr8TbCH nHmb snonb M8l'HHTShlX CHnOBhlX nHHHH. 

npencTSBBM cPYHKUHIO pacrrpeJJ.eneHHH qaCTHU nna3Mbl B sane CyMMhl 

peryngpsoA H cToxacTaqecKoii ~acTei!:: f (a) = <l><a> + ¢(a) , <¢(a) > = 0, a=e,i; 

aneKTpOMarHHTHOe none 6yJJ.eM C~T8Tb qJ1CTO CTOX8CTH~eCKHM : 7 E z = [1;; 
. e 

<&> = 0 

¢ , E: 

nonyqHM cneJJ.yiOmyiO CHCTeMy ypaBH9HHi1 JJ,nH cPYHKUHH <I> 
' 

(a) 
me a¢ 

--- <6; ...-- > -I, 
a <I> (a) a<I>(a) 

--- +V at z a z rna a v 
z 

a <I> (a) 
(a) me k 2 

-i(w -k v )¢ =--f ff,k
1

- _.;;..-
z z k m av 

a z 

+ 

a¢ (a) 

g __ k_2 

kt a v 
z 

a¢ <a> 
- < & k

2 > ) 8 ( k- k I - k 2 ) d k I d k 2 ' k = I k' w I . 
k I av 

z 

(2.1) 

(2.2) 

YpaBHeHHe (2.2) H81IHC8HO nnsr KOMIIOSeHT cJ>ypbe HCKOMblX <!JyHKUHi!:. 

npaBaSI qacTb (2.1) OUHCbiB8eT "COYJJ.SpeHHH"' CTOX8CTH~ecKorO nonst K 

~aCTHll nna3Mbi, npasoJJ.stmHe K sarpesy nocnenHHx. nony'UIM BhlPS*eHBe 

JJ.nn npasoii qacTH (2.1) c TO~HOCTbiO no qnesos, KBaJJ.paTHqHba no aseprHB 

cToxacTaqecKoro nonn. 

npocTOTbl paJJ.H 6yJJ.eM C~HT8Tb, qTO sarpes CKOMU9SCHpOB8H, aanpH-
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,...<a) 
Mep, nOTepRMH H8 H3nyqegae, nOSTOMY <jlyHKnHR pacnpe~eneHHR ~ CT8-

(a) (a) 
UHOHapaa, <!> k =<l>o o(k). 

PacKna~hiBaR cny"!aiieyro "!aCTh <jlyHKU.lfH pacnpe~eneaag no aanpiDKeH-
(a) 1 (a) 

uocTa cToxacTH"'eCKoro nonR ¢ = L ¢ , nonyqaM 
k 1 k 

i(w -k v )¢(1)= ff, a<I>o 
z z k k---av ' (~.3) 

z 

<2> a 
i(w-kv)¢ =f-

z z k a v 

&,k &, k - < &,k &,k > a <1> 
1 2 , 2 0 

i (w - k v ) --a;---
2 2z z z \2.4) z 

.o(k-k 1 -k
2

)dk 1dk
2

, 

<8> a 
i < w - k v ) ¢ ,_ = f -a 

z z ~ v 

1 1 a 
i(w

2 
+w

8 
...{k

2 
+k )v) a;- i(w 2 -kft v 

z 8z z z .tZ z \~.5) z 

altl 
.-0-(ff, ff,k &,,_- &, < ff, ff, >-<&, &, ff, >)O(k-k -k -k )dk dk dk • a v z k 1 2 --, k 1 k 2 k 8 k 

1 
k 

2 
k 

3 
1 2 a I 2 . 8 

(1) 
J:::cna Terreph <jlyHKUHJO ¢ , orrpe~enReMyiO <jlopMynoif (2.3), rro~-

k 

CT8BHTh B (~.1), Mbl nony"'HM ypaBH9HH9, 8H8.JIOrH"'H09 KB83HJIHH9HHOMY H 

rrpe~CT8BJIRJOIDee co6oli ypaBH9HHe ~H<jl<jly3HH B IIpOCTp8HCTB9 CKOpOCTefi, 

ITpH STOM KOS<jl¢HUH9HT ~H<jl<jly3HH 38nHCbiB89TCR B BH~e 

o0
' = f 

<ff,k1ff, k2> dk dk 
I 2 

i(w - k v ) 
2 2z z 

ITono)I{HM <&, &, > =V 8 ( k + k 
k 1 k2 k 1 I 2 

, Tor~a 

o<n= J 

x) 

V 'k 1 

-----dkl. 
i( w I - k V ) 

lz z 

... 

{2.6) 

x} 

(~. 7) 

Dnn naaeMHh!X noneii v k =V: o(w -w (k)) . Ecna STO COOTHOmeaae 

no~cTaBHTh n HHTerpan coy~apeaail: tnpanan qacTh (~.1), naaeil:Rbtl!: no V k 

( T.e. B (2.7)), TO nonyqaM H3B9CTHblH KB83HJIHHeHHb!H HHTerpan coy~ape-
HHH, Cne~yeT HMeTh n BH~y. qTo v ... = ~ 1 E ,.\

2 

k 2 x 
m 

e 
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HHAeKC (1) COOTBeTCTByeT TOMy, 'ITO B HHTerpane coyaapeHHH Y'!Teaa 

(I) (2) (3) 
JIH!llh ¢ . CooTBeTCTBeHHO Bhi'IHCJISIIOTCR D H D • .HBHhie Bhtpa-

)!( eHHH AJIH HHX Mhl He 6yaeM ilpHBOAHTh, 3aiiHCaB JlHlllh OKOH'laTenhHb!H pe-

3ynhT8T, Y'lHTb!BalOII!HH BCe scp<jleKThl BTOporo IIOp5!AKa IIO V (CM. (2.14), 
k 

(2.15) ). 

KaK H3BeCTHO, s¢¢eKTHBHOCTh Harpesa nna3Mhi B.'I. KonefiaHHSIMH, 

CB5!38HHOro C KBa3HJlHH9MHOM AHcp¢y3HeM, HH'lTOX< HO Mana, TaK KaK 3KCIIo

H9HUH8nhHO Manoe 'lHCJIO 'I8CTHU H8XOAHTCH B pe30HaHC9 C BOnHaMH. IT03-

/l/ 
ToMy (HanpaMep, B ) npeanonaranoch, 'ITO 'laCTOTa HMeeT HeKoTopyiO 

MHHMYlO IIOIIpaBKy, CB5!3aHHylO C KOppeJIHUHeM CTOX8CTH'leCKOrO IIOnH 

w
1 

=w(k1)+ i 11 :><jJ. Pa3naraSI aanee (2.7) c TO'lHOCThlO ao rrepsoro rro-

PSIAKa ITO (II ,~- /w (J7
1

) ), MO)!(HO rrony'lHTh K03cpcpHUHeHT AH<jlcpy3HH, He 
3<p. 

CB5!3aHHhiti C pe30HaHCHblMH '!aCTHU8MH H onpeaenmoumil: HarpeB BCeM MaC-

Chi 'I8CTHU nna3Mbi: 

n 11 s<jJ. d I<. (2.8 ) 

0TM9THM cpa3y, 'ITO TaKOM II OAXOA HOCHT 'lHCTO cpeHOMeHOJIOrll'l8CKH H xa

p8KTep, a B8JlH'lBHa II :3cp B TeOpHH OCTaeTCSI He B hi5!CH8HHOM. Bonee TOro, 

HH)!(e Mhl IIOKa)!(eM, 'ITO HCIIOJlh30BaHHe B Ka'leCTBe II :3<jl KOppenSIUHOHHOM 

IIOIIpaBKH K '!aCTOTe, CB5!3aHHOH C HeJIHH8HHb!MH B38HM OA8HCT BHSIMH (aanpH

Mep, pacrraAbl H pacceHHHe), SIBJISI8TC5! H838KOHHbiM. 

IToacTaBnSISI ¢ <2> H 
k 

¢ (S) B ypaBHeHHe (2.1), IIOJly'lHM K03qJcpHUJa:
k 

8HT AH<jJ<jJy3HH, CB5!3aHHb!ii C HenHHeHHhiMB B3aHMOA9HCTBH5!MH H nponopnao-

H8nhHLIH BTOpO.ii: CTerreHH V k 

IToCKOJlhKy H9JIHHeHHb!e B3aHMOAGHCTBHSI HCKa)!(alOT cneKTp KOne6atm:ii 

H <jJopMyna v k = v"k 8 ( w -w (k ) l He 5!BJI5!eTcSI 6one e crrpaseana-

BOH, aeo6XOAHMO Hail:TH ypaBH9HH9 AJIH KOppeJI5!UHOHHOll: cpyHKUHII. B HHTepe-

Cy!OII!eM H8C CJiy'lae OHO HMeeT BHA 
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vk 
vk =--fv l(k,k 1 ldk 1 n <~< 1 kl 

1 Js<k.k 1.k 2lr 
+ - f v v k 8 ( k- k - k ) dk dk • 

2 TI<klil<-k-kl kl 2 I 2 I 2 

3nech 

l ( k, k I ) = l (k, k I , k , - k I ) -

I 2 

S( k,k
1

, k-k 
1 

)S(k-k
1
,k,-k

1
l 

n < 1<-1< 1 1 

2 
w s < k k ,_ l oe f d v a<t> I a v 

' 1 'A.2 :=& --- z 0 z 
no ( w - k v l ( w - k v )(w - k v l 

z z 1 1 z z 2 2z z 

(2 .9) 

• (~.10) 

(2.11) 

w 2 d l<~t,k , k ,k l= ~f vz I a 
I 2 8 z 

+ 
k2z+ksz J. 

no (w- k v )2 
z z w 2 +W 8 - ( k2z + k8z) v z w -k v 

z z 

a<t>0 I av z 

( w2 -k2zvzl(wa- k 8zvz l 

il(k)= dkl+ 

2 
kl 

k2 -w2 • dkl=1+ 

z 

( CKOpOCTb CBeTa c = 1) 

2 

woe f 
n 0 kz 

&l'io j av z 

w- k v z z 

(~.12) 

dv (2.13) 
z 

BemPIH HY V k C llOMO!llb!O COOTHO!lleHHR (2.8 ) M O)KH O Bblp83HTb qe-

2 (I) 
Vk H llOACT8BHTb B K09Q¢HUHeHT AR¢¢yUHH D • 0 6beAHHHH nanee pe3 

D (2) n<S) H cweH B D(l) ' nponopUHOH8llbHblH Is 1
2 

' nony'IHM 

, TT 2 2 D =-f(k + k ) V V jMj 8(w +W -(k +k )v )dk 1 dk , 

2 
lz 2z kl k

2 
1 2 lz 2z z 2 

(2.14) 

• 
x)B CHny CT8UHOH8pHOCTH CTOX8CTH'IeCKOrO n ong lm fi ( k) = fV k lm l (k, k 1) dk1 • 

W 2 I 
Ho llllR B.'I. nong lm n (kl .. v ( __c.e) ( v -'I8CTOT8 napHbiX coynapeHHH 

'I8CTHU), 3AeCb )Ke H8C HHTepecyeT "'secCOYll:PRT e llbHb!H HarpeB, ll09TOMY 

nonaraeM lm l = 0 • 
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s ( k t + k 2 • kt • k 2) 
+ 

~o: v >2 ( ~o: + ~o: > n ( ~o: + ~o: > 
lz z lz 2z I 2 { 2.15) 

KpoMe Toro, rroacTaHOBKa rrepBoro ~neHa {2.9) B (2.7) aaeT 

D"=rrfV V ReL(k 
k k 

• k 
2 

(~ . 16) 
t 2 

Ko3~~HUH8HT AH~~Y3HH D' COOTBeTCTByeT HHAYUHpOB8HHOMy pacceg-

HH!O CTOX8CTH~eCKOrO B.~. n OnS! H8 "l8CTHU8X rrna3Mbl, T.K. OH np o rrOpUHO-

p acce "HH " I M 1
2 

(eM. 
13 1

). B Hane H BepOS!THOCTH T8KOrO n n CBH3H C 3 THM 

ero BenR~HH8 cymeCTB8HHO yM8Hbill8eTCS! H3-38 3~8KTOB KOMII9HC8URH, 

B03HHK8!0illHX IIpH T8KOM paccegHHH. BTOpOH ~neH K8"18CTB9HHO COOTBeTCT

ByeT K03~<jJHUH9HTy AH~~ya HH, K OTOpb! H rrony~aeTCH H3 KB83HnHH8HHOrO, 

ecnH 3a ~acToTy KOppenS!URH npHHS!Th HeKyiO II 3~ • BenH~HHa 11 s <jl. c y 

mecTBeHHO aaBHCHT oT psu:ta AeTaneii: B pacrrpeaeneaan V iiw no w , T.e. 

OT B HA8 K Op pen HUH OH H OH ~YHKUHH, a T 8 K )K 8 OT B8nJi~RHbl H8 nHHe i1 Horo CABH

r a ~a CTOTbl ( CM. S3). 0TCIOJl8 cne]lyeT Bb!BOJl 0 TOM, ~TO IIpH HCITOnh-

3 0B 8 HRH (jlopMyn bi ( 2.8) OCT89TC H OTK p b!Tb ! M BOnpoc 06 HHTepn p e T SUH H B e

nH~HHbi II h • TI O- B HAH M OMY , S T8 BenH~HH8 M O)KeT Ob!Th H8 i"!Jl9H8 3MITHpH-
3 Cp . x ) 

"l9CKH 113 On hiTOB no CTOX8CTH"l9CK0My Ha rpeBy rrna 3Mb! • C Hamei!: TO~KR 

apeHHH, npe AnaraeMhiH aaech IIOAXOA no3Bon geT aarnS!JlHO HHTepnpe TRpo

BSTh rrony~a!OillH 8CS! peaynhT8Tbl. TipH 3TOM rrepBh!H "lneH COOTB9TCTBY9T 

aarpeBy ~aCT HU nnaaMbi B pe3ynhTaTe pacceSIHHH Ha HHX B.'l. Kone6aaai!:, 

B TOp o ii OITHC biB8 8 T Ha rpe B '! 8CTHD:, ~H38HHbiH, rpyo o f' OB OpH, C KOH8'!Hb!M 

X) 
0AH8KO, IIOCKOnhKY II c y meCTB8HHO 38B!iCHT OT rrapaMeTpOB nna3 M bl, 

H3MeHmomnxc H Jl8)Ke B nptuecce aarpeBa, HHTepnpeTanHg aa6niOAeHHH ae

B03MO)KH8 083 HCIIOnh30B8HHH rrony~eHHh!X HH)K8 cpopMyn, CBSI3blB8!0illHX V rt, 

" 3~ 
C II8p8M8Tp8MH nna3Mbl II 9 HeprHeH CTOX8 CTH'l8CKOrO rronH. 

9 



apeMeHeM KOppeJISliUIH CTOX8CTH"'9CKOrO B."'. IIOJISI. Y"'eT Me KOppenSlllHfi 

JIHJllh B KB83HJIHH9HHOM IIpH6JIHM9HHH H938KOH9H 1 T.K. IIpH 9TOM Bb!II8}J.8eT 

"'BCTh "'JI9HOB, OIIHCb!B8IOlllKX paCC9SIHHe, KOTOpbie tPBKTH"'eCKH T8K)K9 OIIHCbl-

B8IOT KOppeJISliU!OHHb19 9tPtP9KTbl. 

§3. HeJIHH9HHhlH CABHr "'8CTOTbl CTOX8CTH"'9CKOro 

IIOJISI H affipeKTHBHOCTh garpeBa 

Dpz paccMoTpeHHH att>tt>eKTOB B3aHMonefiCTBHSI croxacrzqecKoro rronSI 

C IIJI83MOH cymeCTB9HH)'IO pOJlh HrpaeT HeJIHH9HHOe H3MeHeHHe "'8CTOThl B."'. 

IIOJISI. Y!3 (2.9) IIOJIY"'HM, C'!HT8Sl OTKJIOH9HH9 OT JIHHeftHOrO W (k) M8Jlb!M 1 

an<u 
-+ ( W - w ( k ) ) V = V J V Re L (I< , I< 

1 
) d k • 

w(l<) k k k
1 

1 
(3.1) 

aw W= 

Ecnz Re L (I< , I< 
1 

) He 38BIICHT OT w , TO perneHHe ( 3.1) MOMeT 

6b!Th rrpeACT8BJl9HO K8K V.,. 8(w 
k I 

H 
-c.u -· 

k I 

H -+ 
wk-w(l< l= --------

a ri<~< > 

aw 

H 
JV-+Rel(w ... 

kl k 

\w=w(f) 

, rne 

__, H -+ -+ 

,I< • w ,I< I )dl<l 
rtl 

(3.2) 

B ne~iCTmrTeJihHOCTH, OKOJIO CABHrS. "'8CTOTb! (3.2) HMeeTCSl H9KHH pa36poc, 

OIIHCb!B8IOil!Hll 9tPtP9KThl KOppeJiruJHH Typ6yJieHTHbiX IIyJibC8UHH. il09TOMY 

TO"'HOe 3H8"'9HH9 AJISI C}J.BHra "'8CTOTbl He O"'eHb cymeCTB9HH01 ec.llH pac-

CM8TpHB88TCSI pacrrpeneneHHe OKOJIO Cpengero 3H8"'9HHSI. OrrpenenHM B 06-

meM cnyqae 

H -+ 
w k-w (I<) 

H 
w -+ 

k 
COOTHOLUeHHeM 

aii(I<) I fv Rel(w!Il H-+ -+ ~ W=W(k) kl t ' 'W J71'1<1 )dl< I'd WI 

10 

(3.3) 



3TO Bblp8lKeHHe OTJIH'l'BeTCH OT \3.2) TeM, 'ITO Vt 1 38MeHeHO H8 

JVk dw
1 

.Ecnu Vk =V-+ 8 ( w -w :-+ , TO \3.3) H (3.2) COBIIBJ:tB-
1 "\ I k I I 

IOT. B ( 3.3) OJ:tHBKO, ae rrpe~:trronaraeTCH 8 -o6pasHoro pacrrpe~:teneHHH 
' "' H 

qacTOT. BBeJ:teM w = w -w"t • TorJ:ta, Bbl'IHT8H H3 (3.1) COOTHOllieHHe 

(3.3), rrony'IHM 

(3.4) 

YpaBHeHHe \3.4) HBJIHeTCSI HCKOMblM ypaBH9HHeM J:tJIH OTblCKBHHH KOppenSI-

uai!.. CymeCTBeHHO, 'ITO B HarpeB (2.1!)) BXOJ:tHT 3Ha'leHHe v 
k I 

npH 

w 
1 

= w ( k 
1

) • HanH'lHe HenHaeliHoro CJ:tBHra B 'laC TOTe npHBOJ:tHT K TOMY, 'ITO 

H 
B cny'lae 8 -o6pasHoro pacnpeLineHHH V = v1 8 ( w -w-+ ) HarpeB 

k I k 

(2.16) CTporo o6pamaeTCH B nynh. HanH'IHe pas6poca rro qacToTaM (3.4) 

IIpHBOLlHT K B03MOlKHOCTH IIpOHBJleHHH acp!jleKTOB HarpeBa, OnHCbiB8eMb!X 

(2.16). Y:l3 caMoro BHJ:ta ypaBaeHIHI (3.4) cneLiyeT, 'ITO ecnH ~(k:,k 1 ) He 

38BHCHT OT W, WI , TO lliHpHH8 pa36poca pacnpeLl9Jl9HHH no '18CTOT8M 

paBHa aymo. B bipax<eHHe J:tJISI Re ~ ( 1<.. 1<. 1 ) HMeeT BHA 

1<. 2 (t
8

(1<. )-1)t
1

(1<. 
1<. = 1<. -1<. 

I 2 
t e ( k ) + t 

1 
(k: ) -1 

(3.5) 

(e) ( ) 
rAe t 1<. _ H -JIHHeHHbie AH:3JleKTpH'I9CKHe rrpOHHUaeMOCTH 

:3Jl9KTpOHOB H HOHOB COOTB9TCTBeHHO • .QnH OUeHKH mHpHHbl pa36poca no 

e ( ,_ _) , I ( ,_ ) 
'l8CTOT8M 38nRmeM .. I! < ._ CJieAyiOillRM o6pa30M: 

w2 

(a) 
(k 

w2 
oa 

)=1 +------
TT 

+h/-
2 

2 
w w 

oe ------e 8 
( 1<. v ) 

- Ta 

2 2 
2 k- VTa 

(a=e,iL (3.6} 

DpH6JIHlKeHHbiH xapaKTep T8KOi1 sanHCH, KBK 6yAeT BHAHO H3 A8JibHelimHX 

paccylKAeHRH, He HrpaeT cymeCTB9HHOH pomi • .QeiicTBHT9JlhH851 '!8CTh Bbi

palKeHHH (3.5) eCTh p8UHOH8JlhH8H cpyHKUiiH CBOHX apryMeHTOB 
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I'Jle 

1 
F(-~ 

. 1- .. -

n2 
2 

w 

k 2 v 2 
Te 

1 
--) 

- a2 n2 . 

2 a 
Te ml 

T I me 

(3.7) 

nnH OUeHKH B enHqHHhl HenHHeftHOI'O B38H M OJle HCTBH H B 38BHCHMOCTH 

OT ypOBHH 3Hepi'HH CTOXSCTH'!eCKOI'O B.'!. ITOn R MO* HO RCnOnh30B8Th $ opMy

ny ( 3.2) . E cnH BenR'!HHa 

!!.w 
H -+ 

=w ... -w (k) < k 
k 

TO $ opMyna (3.4) C yqeTOM CTpyKTyphl 

p830pOCa no '!SCTOTSM Q_., k V Te 

v 
T e 

¢ yHKUHH (3.7) JlSeT OUeHKy JlnH 

-> H ~ 
HnH 8(k)a(J(w-w ... )V xdw) oskv. 

k W Te 

B TOM cnyqa e, KOI'Jl8 CTOXSCTH'!eCKOe none JlOCTSTOqHo HHTe HCHBHO, TSK 

'ITO !!.w >> k v Te , lliHpHHS pa3 6 poca ITO '!8CTOT8M onpeJlenReTCH KSK 

lliHpHHOH CIT9KTp a B . '1 . n onR B npOCTpSHCTBe BOnH OBblX BeKTOpOB /),. k 
0 

, TSK 

R HHTeHCHBHOCTh iO B . 'I. IT OnH. IlpH 8 TOM cnp aBeJlnHBS OUeHKS 8 os /),. k << k 

IlocneJlHee yTB e p M JleHHe c ne11yeT H3 TOI'O, 'ITO UpH /),. k » ~ v ¢ yHKUH H 
Te 

(3.7) rrpHHHM SOT BHJl 

+ ---
<tr-r'J ' +>\k )2 

(/),. 1< )
2 (3.8) 

0 TC JOJla rrpH w - w ' « .'\ k c nenyeT, q To ( 3.4) He HMeeT p e meliHSI 3a 

HCKnroLieHHeM 8 - (ilY HKUHH, n o a ToMy 8 (k)= o • B rrpeJle ne ~-~ ' »!!. k 

DblpSM eHHe (3.8 ) C T pe6yeM OH T O'IflOC T biO eCTh KOHC T 8 HT 8 H, c neJlOBBTenb-

HO, 8 (k) = 0 
.. , 

w - w .. !!. k, 'I TO H o rrpe-Ilo9 T OMY OCTa e T C il n Hlllh 

JlenReT lliHpl1HY p a36poca 110 ' l ilC T OT I.l M . 
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J1Mell B BHAY BhiiiieH3nOJKeHHOe, MO>K HO OIIeHHTb s<f><f>eKTHBHOCTb Hal"

pesa sneKTpoaos rrna3Mhi c ToxacTH'ieCKHM B .'i. rroneM. PaccMoTpHM Baaqane 

HHTeHCHBHOCTb rrpouecca aarpesa, orrpeaenReMoro BblpaJKemreM (2 .16). Ec-

~W << k v Tl , TO 

<f>yHKIIHll V ( w ) H aarpeB (2.16) 

oTcyTCTByeT. ITpH ~w ~ k v Tl IIIHpHHa pa36poca V ( W ) no 'l8CTOT8M 

CT8HOBHTCll IIOpll!IK8 k v B ang OII9HXB s<P¢eKTBBHOCTB• HarpeBa (2.16) 
Tl 

cnpaseanHBa rropR!IKOBaR ¢opMyna: 

dTe k cu 8 W 2 W 
n ---sw --0-(~) (--0

-e-) ----:: W. 
0 d t oe ~ 1<

0 
w k v n m c 2 

Te 0 e 
(3.8) 

llpH JlanbHeHIIIeM yBenB'l9RHH HHTeHCJIBHOCTH CTOX8CTH'lecKoro B. 'l. 

rrong yBenR'lBBaeTCSl KaK Cpe!IHBH HenHHellHbiH CJlBHr 'l8CTOThi, TaK H mHpH

B:a pa36poca <f>yHKURH V ( w l no qacToTaM 8 • ,Ung TO'lHoro onpeaenemrg 

senH'lHIIhi 8 (k) aeo6xoaHMO peiiiaTb HIJTerpanbaoe ypaBHeHHe (3.4). Oil-

H8KO IIpOBe!leHH.hie Bhillle paccyJK!leRHR n03BOnSIIOT OIIeRHTb HHTeHCHBHOCTb 

aarpesa (2.16), HMeR B BHJly, 'ITO senH'lHHa 8 3aKniO'leHa B rrpeaenax 

fi03TOMy OIIeHKa HHTeHCBBHOCTB HarpeBa ~2.16) 

2 

d Te 
n ---

0 d t 

cu oe 
-v ~w, 

w 2 3'1' 

w 

ecnH cneKTp B.'l. rronll cocpeaoTo'leH B o6nacTH 

13 

k > 
0 

w oe ---. 
v Te 

(3.10} 

(3.11) 

H 



v <w 
a<jl"' oe 

w 
-"8 

w 

ko 

L'1 ko 

w w 
__ ( __ o_e_ )2 

2 
nOmec kOvTe 

w 
npn k < -...!!! 

0 v 

vT; 

v 
Te (3.12) 

Te 
Ilepe ilt:~eM K HCC119J:IOB8HHIO HHTeHCHBHOCTH Harpeaa, onpet:~eJJSieMoro 

<jlopMynoil (2.14). Ilepennll!eM ee a BHJ:Ie 

D'=fd8(w k v )dk dk 
-z z I 2 (3.13) 

2 
m v YMHO)l<aSI ypaaneaHe t:~n<P<flY3HH c K o a<jlcjluneaToM (3 . 11) Ha--l!._ n 

HHTerpnpySI no 
... 

d v , noJJy'iHM 

d Te 
n --- = 0 d t 

w 2 
me no J( __::__) 

k..,zvTe 

d 

(2rr)~k 

2 

w 2 I -- -( ) 
2 k -z v Te 

e 
dkldk2. 

v 
- z Te 

KaK y>Ke roaopnnocb paaee, lliHpHHa pa36poca no 'iacToTaM <jJyHKUHl1 

(3.14) 

n vk2 

8eJJH'iHHa 

He MO)l(9T npeBOCXOLIJ'!Th f'1 k 
. w 

v 
kl 

( npn f'1 k > k v ) , n03TOMy 
z Te 

k v MO)l<eT 6b!Th OD:eHeHa npn LIOCTBTO'iHOti HHTeHCHB-
-z Te 

L'!k 
-- n, cnet:~ o8aTeJJbHO, 

k V Te f'1 k 

HOC TIT 8. 'I. nOJJSI KBK 
8e11H'iHH8 (4.2) 3K-

ecnn ---- » I . 
k VTe 

CnOHeHIIH81lbHO Mana, 

Han6oJJblliY!O HHTGHCH8HOCTb HarpeB (2.14) HMeeT 8 CJJy'Iae, KOf'LI8 

cneKTp 8,'i, nOJJSI COCpet:~OTO'ieU B 06JJaCTH ko > 

npn 3 TOM OU9HR8 ero a<jlcpeKTHBHOCTH eCTb 

d T e 
n -

O d t 

rt:~e 

w 
v oe w 

a<jl oe w 

w2 
oe 

w2 

ko 

L'1 k o 

14 

v w 
a<jl 

w 

n m c 2 
0 e 

w 
--!?..!.. 

v 
Te 

HJJH w>w 
oe 

c 
v 
Te 

(3.13) 

(3.14) 



v s ¢ B Tex cnyqaruc, Kor.rta crreKTp 

CTOX8CTH'IeCKOrO II01ISI COCp9AOTO'I9H B o6naCTIDC 

(U 

1) __ ol_ « ~ « 
v 
Te 

v s ¢ 

2) lc.o « 

=(U 
oe 

wol 

v 
Te 

(U 

(U 

(U 
oe 

v 
Te 

lc.o lc.o v Te oe -:rr:.- ( 
(U 0 

( I1pH 3TOM 

v 
Te 

4 w 
) 

nom. 

w 
n m c 2 ' 

0 e 

c 

B 3THX cp0pMy1IAX lc. O -OCHOBHOA MACIIIT86 B . 'I. IIOJISI. 

( 3.15) 

(3.18) 

CpaBHKBAB: rrOll)"leHHbie peaym.TaThr, Mhi BKAKM, 'ITO, ecJIH crreKTp 

>< 06l18CT,. 1.- > -(U 
08 

, TO no-B. 'I. I101ISI COCpeAOTO'leH B KOpm' KOBOJIHOBOn .,. "'0 ,_, 
VTe 

MHHHpyeT a:arpes, casraaaa:brA c paccegueM aonH Ha aneKTpoaax nnaaMbi. 
w 

B AJl]i[HHosonaoaoA o6nacTH lc. 
0 

< ~ rrpeo6na.rtaeT TaK aaabisa eMbiH 
v Te 

"'KoppenlDUIOHHhiA HAI"pes"' ~2.18), aqxpeltTKBHOCTb KOToporo MO)KeT 6 b!Tb 

OlleHeHa IIO ¢opMyJ1e (3.12}, OAHAKO C OrOBOpKAMH, CAe.IIBHHhiMH Bbiiiie. 

flpH HCI101Ih30BAHHJI 9TOA cjlopMyJ1bl ay)KHO HMeTb B BRAy, 'ITO IIpH AOCTa-

TO'IHO MAJIOA HHT9HCHBHOCTH CTOXACTH'l9CKOI"O I101IH 

W l'o.lc.o ko v Te 2 (U 2 
-«-<---) <--) 
nome ~ lc. 0 (U oe (U oe 

Ha r pea , orrpe)lensreMhiA cpopMynoA (2.18), o6pamaeTcsr a ayllh, a To a pe

MSI K8K cpopMyJ1bl ~3.14)-(3.18} OCT8IOTCSI CIIp8B6AJ1]i[BbiMJl I1pH J1I0 6 0 H HH

TeHCHBHOCTH B. 'I. II01IH. Tiocne.rtaee yT.B9p)K.r\6HHe C1Ie.rtyeT H3 TOI"O ¢aKT8, 

'ITO HarpeB , CBSI38H.Hblfi C paCCesrfUl:eM B01IH liB 'I8CTJlll8X, IIpaKTH'IeCKH He 

38BHCHT OT CTpyKTypbi KOppeJ1SIUHOHIIOJ1 ¢yHKilHH ( HarrpHMep, IIIHpHHbl pas-
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6poca UO 'IBCTOTBM 8 } . V ( liJ ) H MOJK9T 5hi'l'b U01Iy''l8H UpH 38M9.He V (ru ) 

H8 8 -¢yBXUKJO B cpopMyne (2.14). JlpyrHMll cnoBaMH, .aarpeB \2.14) B03-

MO.lKe.H npK Clt011h yrO~HO Mano:l!: HH'r8HCJ[BHOC'l'JI CTOX8CTJI'l8CX.Oro UOJISI. 

J~ec1o cnenyeT OTMeTHTb, 'ITO .Henocpe~CTB8llliLI.A .llarpeB HOHOB \ HanpHMep, 

xa-aa paccesunur: aa llO.IlaX) CToxacTJP~ecXKM a.'l. noneM HneT a 

x) 
paa Me~neaaee, aeJKenx .~~arpea snexTpoaoa 

§4. pe3IOM8 

(~. )3 
ml 

Bhimenpoaeneaaoe xccnenoaa.HHe noaaonSieT cnenaT& cn:enyiOIIUle aax.-

niO'l9HHSl. 

1. IlocnenoaaTeJib.HBSI TeOpHSI UOlt83biB88T, 'ITO ne:l!:CTBKT9Jll:>.HO B03Mo-

JK9.H .llarpeB llJl83Mbl, CBSI38HHbl:l!: C KOppenSIIlKSIMll CTOX8CTK'l9CitOrO UOJISI. 

2. Ilony'leH9 KHTerpam.aoe ypaaae.HHe , noaaonsnomee aa.l!:TH aaaaca

MOCTb ltoppenSIUHOHHO:l!: ¢yaxQHH OT 'l8CTOThl. 

3. IlpOH3B91l9Hbl OU9HKH xapaKTepHb!X BpeMeH ItOppenSIIlH:l!:, CBSI38HHbiX 

C H9JUIH9A:HbiM B38HM Oil9:l!:CTBH9M CTOX8CTH'<J9CK OrO B. '1. llOJISl. 

4. 110K83 8HO, 'ITO scptjleKTbl KOppenSIIlH:l!: ~OJlJKHbl paCCM8TpHB8TbCSI 

COBW.eCTHO C s ¢ cpeKT8MH 5onee BbiCOKOrO UOpSIIlK8 n o SHeprHH CTOXBCTH-

qecxoro nong. 

5. 0TM9'<189TCSI, '<ITO cp9HOMeHonOrJI'lecK09 OUHC8.HH8 ltOppelUIIlHO.HHbiX 

scpcpeKToB ~aeT JlHillb '<JBC'I'b scp¢8KTOB, KOTOpble HM9IOT M9CTO B ne:l!:CTBH

T9JlhHOCTH. Jlpyrasr: 'iB.CTb onpenensreT HarpeB, CBSI38HHbl:l!: C HHAYilKPOBaH-

HhiM pacceSIHHeM sne:s:'l'poMarB.KTKhiX BOJIH sa 'laCTHil ax nna3Mhl. 

6. HHTeHCHBHOCTb aarpeaa OT xanynxpoaaaaoro pacceSIHHsr: 'ISCTO 

npeaocxonHT NKaaaxnxae:l!:Hhl:l!:r xoppensmaoaahl:l!: aarpea. 

x) 
Bonpoc o aarpeae aoa~ snexTpoMarH.HT.HhiM noneM aa-aa pacceSIH.Hsr 

paCCMBTpHBBJICSl TBKJKe B 
41• 
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7. llaHbl OIIeHO'iHble cjJOpMyJihl .[lJISI acjJcj:JeKTHBHb!X 'iBCTOT CTOXSCTH'ieC

KOrO Harpesa 'iBCTHII Iln83Mbl. 

ABTOpbl BeChMS IIpH3HSTeiibHbl .H.E.<l>ati:aoepry, B.n.illan.apo H n.l1.Py

.[l8KOBY 38 IIOJie3£1YlO .[lRCKyCC.HlO IIO 38TpOHyTb!M IlpOOJieMaM. 
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