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83aHMO)lell:CTBH6 crycTKOB '18CTHU H TOKOB ( )lBHJKYIUHXCSI H H6IIOilBHJKHbiX) 

C BOnHOBOilHbiMH ycTpOil:CTB8MH !Ip6JlCT8BnHeT HHTepec JlnH paanH'IHbiX o6naCTell: 

~H3HKH (yCKOpHTenbHOil: TeXHHKH, reHepaUHH 1 ycHneHHSI Kone6aHHil: H BOnH HJlp.). 

DpH 9TOM '18CTO paCCM8TpHB8IOTCH BO!IpOCbl B38HMO)lell:CTBHH liOnel!: T8KHX HC

TO'IHHKOB CO BCSIKOrO p01l8 HeO)lHOpOJlHOCTHMH BOnHOBO)lOB ( OTKpblTb!ll: KOHeU 

BOnHOBOJl81 llH8~parMbl, menH 1 paape3bl H T.Jl.) • 

CTporaH TeopHH nony6ecKoHe'IHoro BonHOBOila pasBHTa Bpa6oTax 

n.A. BauHIIITell:Ha c HCIIOnb30B8HHeM MaTeM8TH'i€CKOro M€TO)l8 13HHepa-Xon~a-

4>oKa ( BX4>). B pa6oTe/ 1/ pe111eHa aalla'la o llH~paKUHH aneKTpoMarHHTHbiX 

BOnH H8 OTKpbiTOM KOHU€ BOnHOBO)la. 

4>HaHqecKaH KOHKpeTH38UHH MeTolla BX4>, B qacTHOCTH, BbiHBneHHe csoll:cTB 

~aKTOpH30B8HHbiX HJlep, II03BOnHeT nony'IHTb pellleHHe 38)l8'1H 0 B036yJKJl€HHH 

BOnHOBOilOB C OTKpb!TbiM KOHUOM 381l8HHbiMH HCTO'IHHK8MH IIOnH. B H8CTOHIUell: 

pa6oTe npH Hcrron&aoBaHHH MeTolla BX4> H p~ayn&TaToB pa6oTbr/2/ Hall:)leHo 

pellleHHe 381l8'1H 0 B036yJKJl€HHH rrony6eCKOHe'IHOrO BOnHOBO)la. Dony'leHH09 

pellleHHe coJlepJKHT B ce6e KaK npe)len&Hbiil: cnyqall: pellleHHe aa)la'IH o llH¢paK-

UHH/l/ • 

KaK HaBecTHo/2/, pellleHHe aa)la'IH Boa6yJKJleHHH KoaKcHan&Hoft nHHHH 

Bblp8JK8€TCSI ~OpMynofl:X/: 

E ( w ) 
P(w) 

==j(w) Q(v) 
(1) 

xi llnH nonyqeHHH 8TOfi ¢opMynhl He06XOllHMO peWHTb HeOllHOpOllHhl€ ypaB-

HeHHH MaKcaenna, npellCT8BnHH TIOTIH H TOKH B BHlle pS1ll8 DO UHTIHHQpHqeCKHM 

son HaM l'xp i I w z + p ¢ - k c t I , w 
2 

+ v 
2 = k 

2 
, k = _<;;!__ c 
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I 

3JJ.9Cb j ( W ) - ¢Jypb9-KOMITOH9HTbi ( tPoKo) B036y)I{JJ.BIOIUHX TOKOB HCTO'IHHKa; 

P ( w ), Q (v) - aHanHTH'IeCKHe tPYHKUHH w H v , orrpenemieMbie rrapaMeT

paMH ITpOBOJJ.R.IUHX ITOB9pXHOCTetf. p (w) HM910T p83Hbitf BHJJ. JJ.nR pasnH'IHbiX 

KOMITOHeHT B036y)I{JJ.9HHOI"O sneKTpOM8I"HHTHOI"O IIOnR, tPYHKUHH lK9 j (w) 1 Q ( v) -

OJJ.HH H Te )1(9 JJ.nR BCeX COCTBBnRIOIUHX ITOnefi. <PyHKUHR ( 1) JJ.OnlKHB y6biBBTb 

ITpH W -+ t. TBK 1 'IT06hl KOOpJJ.HHBTHhle ITpeJJ.eTaBneHHSI nonetf 6hlnH KOH9'I-

HbiMH tPYHKUHRMHo Jlng STOI"O He06XOJJ.HM01 'IT06bi KOne6aHH51 TOKa ITO Z 

e Manoli JJ.nHHOH 
\ 2 7T 

BOnHbi " = -- y6biBanH C YM9HbWeHHeM ee JJ.nHHbi. 3aBHCH
W 

MOeTb TOKOB OT Z JJ.OnlKHB 6b!Tb JJ.OCTBTO'iH-0- rnaJJ.KOH. 

TaK KaK tP•K• TOKOB HeTO'IHHKOB1 paCITOnOlK9HHbiX B HHTepBane Z I< Z < Z 2 • 

eyTb OJJ.H03Ha'!Hbie aHanHTH'IeeKHe ¢YHKUHH, To E ( w) e 
i w z 2 

HMeeT He 6o-

nee '!eM CT9IT9HHOH pOCT B BepXHefi rronyiTnOCKOCTH w a E(w)eiwzl 

He 6onee '!eM CT9II9HHOH poeT B HHlKHeH ITOnyiTnOCKOCTH IIpH w-> ~ oo • 3TOT. 

pesynbTaT RBnReTCR aHanoroM TeopeMbi BHHepa-nsnH/3/, H MOlKHO yTBeplK

JJ.BTb1 'ITO ITO IIOBell9HHIO tPoKo B036y)I{JJ.9HHbiX rronetf MOlKHO eyJlHTb He TOnbKO 

0 CBMHX IIOnRX1 HO H 0 M9CTOIIOnOlK9HHH B036y)I{}:IBIOIUHX HX HeTO'IHHKOB. 

HeeKOnbKO BCIIOMOI"aTenbHhlX ITpeJJ.nO)I{eHHHo 

1. AHanHTH'IHOCTb ¢.K. ITOnetf H TOKOB Ha ITOBepXHOCTRX BOnHOBOJJ.OB 

eOOTBeTeTByeT TOMY 1 'ITO TOKH 8KTHBHbiX HeTO'IHHKOB1 B036ylKJlBIOIUHX eHCTe

My 1 OI"p8HH'I9Hbl IIO BenH'IHHe, KyeO'!HO-rnaJlKH91 H nH60 H8XOJJ.RTe51 B KOHe'I

HOH o6naCTH 1IpOeTpaHeTBa1 nH6o JJ.OeTaTO'IHO 6biCTpO y6biB810T IIpH z -. + oo • 

2. 0pH STOM ycnOBHH (1) ¢.K. ITonetf Ha rpBHHUe BOnHOBOilOB MoryT 

HMBTb Oe06bie TO'IKH ( ITOnJOebi H TO'IKH B9TBneHH51) TOnbKO 38 e'!~T tPYHKUHfi 

P(w), Q(v) 

3 · E enH E ( w ) e .' w z 2 
paeTeT He 6biCTpee, '19M ITOnHHOM B BepXHeH_ 

nonyiTnoeKOCTH, a E ( w) e 
i w z 1 

- He 6bieTpee, '!eM ITOnHHOM B HH)I{H9H 

nonyiTnOeKOCTH ITpH W -+ t "" • TO HeTO'IHHKH STHX ITonetf eocpeJJ.OTO'I9Hbi Ha 

0Tp93Ke Z I< Z < z2 

B qacTHoeTH 1 eenH E ( w ) HM99T BHJl E ( w) = L ( w) e -i w zo , rne L ( w) 

IIpH w -+ oo HMeeT He 6onee '19M eTeiieHHOfi poeT Ha Beetf KOMIIneKeHOH rrnoe

KoeTH1 TO HeTO'iHHK Hsny'ieHHSI eoepeJJ.OTO'ieH B Z = Z O 

4 

,. 
' 

,, 

EcnH BKTHBHbie HCTO'IHHKH HBXOJJ.RTCR CITpaBa HnH cnei 

TO, cornaCHO ( 3) 1 HBKnBJJ.biBBIOTCSI COOTBeTCTBy!OIUH9 Tpe60BBH 

OpH a 2 ,j "" BenH'IHHhi P(w) Q-I (v) - OJJ.H03Ha'<1Hbie 

¢JyHKUHH 1 HMe!OIUHe IIOn!OCbi rrepBOI"O IIOpRJJ.KB ITO v ITpH v 

HMeTb nonJOC BHJJ.B V-~ • Oo W STa BenH'IHHB HM99T ITOnJ< 

pRJJ.KB B TO'IKBX 

w + w 
n 

,w 
n =+ v k 2 -v 

2 
n • lm w 

n 
> 0 . 

OpH v n = k o6a rron10ea B TO'IK8X w = w n H w =- w n , 

pasy10T non10c BToporo ITopRJJ.Ka. non10caM ITepBoro ITopRJJ.I 

lOT paenpoeTp8HSI!OIUH9C51 H 38TYX810IUHe OT HCTO'IHHK8 BOnHhl 

poro nopRJJ.Ka - pe3oHaHCHhle 

BenH'iHHY P( w) Q -I (v) 

BOnHhi B o6naCTH B036ylKJJ.BIO.IU 

rrpH a 2 =I "" ITpeJJ.CT8BHM B B 

rne: 

rne: 

L (w) 

L ( w) 
+ 

p ( w) Q -I ( v) L +(w).+ L (w) 

~ 
C(w) L (w) ---. - ~ 

L x (-w n 

n=O w -w 
n n=O w + w n 

Lx(a) = lim(a-w) L(w), C (-a)=lim(a+w)L(w) 
w-+a w -+-& 

Ka)I{JJ.Oe enaraeMoe B (4) eooTB9TeTByeT BOnHOBOJJ.HOH 

BOpR!OIU9H rpaHH'iHbiM yenOBHRM IIpH r = a 1 , a 2 • OepBOe 

eOOTBeTeTByeT BOnHaM, pacrrpoeTpBHSIIOIUHMCSI HarrpaBO H T 

BTopoe cnaraeMoe - HaneBo. T aKoe pasnolKeHHe B03MOlKH0 1 

H03HB'IH851 BHBnHTH'I9CK851 tPYHKUHR. 00STOMY B036ylKJJ.9HH09 

H03HB'IHO rrpeJJ.eTBBHTb B BHJJ.9 JJ.HeKpeTHOH cyMMbi BOnHOBOJJ.Hbi 
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ljJypb9-KOMITOH9HTbl ( QJ.K,) BOaoy)I(}:{BJOIIUfX TOKOB HeTO"iHHKa
0 

HBilHTH"i9CKHe QJYHKUHH w If 
v , orrpeaenSJeMhie rrapaMeT-

X IIOB9pXHOeTefi:, p (w) HM910T pa3Hblfi: BH}:{ }:{IISI paanH'tfHh!X 

}:{9HHOI'O sneKTpOMarHHTHOI'O ITOJISI1 QJYHKUHI! )l(e j (w) 
1 

Q ( v) -

lSI seex eoeTasnSJIOIIIHX rronefi:. <f>yHKUHSI ( 1) }:{OJI)I(Ha y5biBBTb 

K 1 "iTOObi KOOp}:{HHaTHbl9 rrpeaeTaBJISHHSI rronefi: Ohllll! KOHeq

• fl.nH 8TOI'O H900XO}:{l!:M0 1 "iTOObi KOJieoaHHSI TOKa ITO Z 

\ 217 
onHhi 1\ = -- y5hiBanH e yMeHbWeHI!:eM ee anHHhi. 3asl!el!w 
z 

non)I(Ha OhiTb noeTaTO"iHo rnanKofi:. 

TOKOB l!eTO'IHHKOB1 paerrOJIO)I(eHHb!X B IIHTepsane Z I < Z < Z 2, 

i w z 2 aHanHTH'tfeeKHe QJyHKUiflf, TO E ( w) e 
!!MeeT He 6o-

fi: poeT B sepxHefi: rronynnoeKoeTH w 
' a 

E(w)eiwzl 

eHHOfi: pOeT B Hl!:)I(Hefi: rronyrrnOCKOCTJf rrp11 W -> -t_ oo • 3TOT 

Sl aaanoroM TeopeMhi BHHepa-flsnlf/3/, 11 MO)I(Ho yTsep)l(

neHHJO QJ.K, B030y)I(}:{9HHbiX rronefi MO)I(HO eynlfTb He TOJibKO 

If 0 MeeTOITOilO)I(eHiflf B030Y)I(Jl810IUHX IIX l!eTO"iHI!:KOB, 

IlOMOI'aTeJibHbiX rrpennO)I(SHJffi:, 

HOeTb QJ,K, IIOJISH II: TOKOB Ha fiOBepXHOCTSIX BOIIHOBO}:{OB 

y 
1 

'ITO TOKI!: 8KTIIBHblX lfeTO"iHI!:KOB1 B030Y)i(LlBIOIUIIX ClfCTe-

B91lli'Il!:He, KyeO'IHO-I'JiaL{Klle, II: Ill!:OO H8XOL\SITeSI B KOHS"i

aHeTBa, mr6o 

yeJIOBHI!: (1) 

ll ( fiOIIIOC hi If 

1wz2 
e· 

noeTaTo'IHo 6hleTpo y6hlBaJOT rrp11 z _, + "" . 

QJ,K, IlOJiefi Ha I'paHHUe BOJIHOBO}:{OB MOI'yT 

TO"iKll BeTBJI9HHS1) TOilbKO aa eq~T QJYHKUIIH 

' ( w) e 
paeTeT He OhiCTpee, 'IeM rronHHOM s sepxneil. 

i w z 1 

- He DhiCTpee, 'tfeM rronHHoM s Hli)I(Hefi: 
__. t. 00 , TO 

HeTO"iHHKH 8THX ITonefi eoepenoTO"i9Hbi Ha 

-i w z 
!!MeeT BHn E(w) = L( w) e 0 , rne L(w) 

9 6onee 'IeM eTerreHHOfi poeT Ha BCefi KOMIIJieKeHOH llJIOe-

any'IeHIIH cocpeaoTo'IeH B z z 0 

4 

.... 

I' 

EenH BKTHBHh19 HeTO"iHHKH HBXO}:{SITCSI crrpasa HllH cneBa OT TO"'KH Z , 

TO, eornaeHO ( 3) 1 HBKilB}:{hiBBIOTCSI eOOTB9TeTBYIOIIIH9 Tp900BBHHSI Ha E ( W) e 1 w z, 

flpH a2 i "" senH"iHHhi P(w) Q-1 (v) - O}:{H03Ha"iHbie aaanHTH'tfeCKHe 

QJYHKUHH 1 HM910IIIH9 ITOJI!Oebi rrepBOI'O IIOpSIL{Ka ITO v rrpH v i 0 , H MorymHe 

HM9Tb ITOIIIOC BHL\a v-~ • flo w sTa senH"iHHa HMeeT rronJOChi rrepsoro no-

pH}:{Ka B TO"'K8X 

flpH 

w = + w 
n ,wn =+v'k2 2 -v 

n 

V n = k OOB ITOil!OCB B TO'IKBX W 

, Im 

= w 

w 
n > 0 . ( 2) 

n H W =- W n CllHBBIOTeSI If 06-

paay10T non10c BToporo nopHnKa. f1on10caM rrepBOI'O IIOpSI}:{Ka COOTBeTCTBy-

lOT paenpoeTpaHSI!OIUHeeSI ll 3aTyXB!OIUll9 OT lleTO"iHliKa BOJIHbi
1 

ITOIIIOCBM BTO

poro IIOpSIL{Ka -· p930HBHeHbie BOIIHbl B OOJIBCTll B030Y)I(LlB!OIUHX TOKOB, 

BenH"iHHy P(w)Q-
1
(v) rrpH a 2 =I"" rrpencTaBHM B BRae: 

rne: 

rae: 

L ( w) 

L ( w) 
+ 

p ( w) Q -I ( v) 

"" I 
n=O 

C(w) 
n ----. 

w -w 
n 

L+(w) +L _(w) 

L ( w) I 
n=O 

L x (-w n 

w + w 
n 

C(a) = lim(a-w) L(w) ,Lx (-a)=lim(a+w)L(w). 
w ->a w....,-& 

(3) 

(4) 

( 5) 

Ka)I(}:{Oe enaraeMoe B (4) eOOTBSTeTsyeT BOJIHOBOLlHOH BOIIH9
1 

yaoBJieT-

BOpSIJOIU9ll rpaHH'IHhiM yeJIOBHSIM IIpll r = a I , a 
2

, flepsoe cnaraeMoe B ( 3) 

COOTBeTeTByeT BOJIHBM 1 paerrpOCTpBHSI!OIUHMCSI HarrpaBO If TaM 38'!'YX810IUHM
1 

BTopoe enaraeMoe - Haneso, TaKoe paano)l(eHHe B03MO)I(H0
1 

Koraa L (w) -on

HoaHa'tfHaSI BHBilHTH'tfeCKBSI QJYHKUliSI, flOSTOMy B030Y)I(L\eHH09 rrone MO)I(HO OLl

H03H8"iHO rrpencTaBHTb B BHL{e L\HCKp9THOH eyMMbl BOilHOBO}:{HhlX BOilH, 

~ 

5 



emPIHH8 

3p938 

L (w) y)Ke ae smnSieTCSI oaao3H8'1Hoil 4JyHKUHeil w , 

fm V = 0, SIBnSIJOIUH9CSI TO'IK8MH cryiUeHHSI IIOn!O-

aToM cnyqae L ( w) rrpeacTaBnSieTcSI B aHae: 

L(w) =L (w)+ L (w), 
+ 

( 6) 

iK +oo 
l 0 d w 

L (w) = -- I _ ___a__ L(w 
+ 21Ti w-w 0 

IK-oo 0 
0 

( 7) 
- iK 0+oo d w0 

L_(w) = _1 __ J --L(-wo) 
2 7T i w +w0 

-IK0 -oo 

UHSI L ( w ) HMeeT TO'IKH B9TBneHHSI 11pH w = + ( k + i 0 ) ) , 

HM99T OC06bi9 TO'IKH TOnbKO B B9pXHei! rronyrrnOCKOCTH, 

aefi nonynnocKOCTH w • HeoaH03H8'1HOCTb 4J,K, nonei! 

O)KeT 6biTb rrpeacTaBneao nHIUb aenpepbiBHbiM crreKTpoM 

'19CK.HX1 rrnoCK.HX, c4Jep.H'I9CK.HX) BOnH .H 'ITO T8K09 pa3-

HH09, Op.H aToM rrepexoa K KoopnHHaTHoMy rrpeacTaBneanJO 

HOBOi! 30H9 (rrp.H 6onbiU.HX p8CCTORH.HRX OT HCTO'IH.HKa) 
- . 

ao npoBonHTb MeTonoM nepeaana. DnR naaaoi! Ganaq.H 

nanaeT c 4J.H3.H'IecK.HM rrp.HHU.H!IOM f10i!reaca. 

HM B 3TY 06naCTb, Hapgay CO CTOpOHHHMH HCTO'IHHK8MH
1 

oBon ( n.B.). HaBeneHHbie aa cTeHKax ero TOKH F orrpe

biX ycnoBni!, DnR cny'laSI, Korna n.B. 38HHMaeT rrpocTpaa-

'IHoe ycnoBHe E tg =0 rrpHBonnT K ypaBHeHHJO, pellleHHe 

F Fo -L- 1 (w) f (w) ( 8) 

6 

... ...:. 

!'I 

f 

·'~· '' 

\ 

iJ: 

~ 
I 
ll 

''· .~.·. 

rne 

.n.s.; 

f(w )- rronR 8KT.HBHbiX HCTO'IHHKOB B TO'!KaX, COBrranaJOIUHX C rpaHHUei! 

L (w), f ( w ) .HM9JOT nonJOCbi ( HnH apyrHe oco5bie TO'IKH rrpn a 
2 

= oo ) , 

COOTB9TCTBY!OIUH9 BOnHaM, IIOnR KOTOpb!X YllOBneTBOpRJOT rpaH.H'IHb!M yCnOBH

RM npH OTCYTCTB.H.H n.a., F 0 (w) .H L-l ( w) .HMeJOT nonJOCbi ( .HnH npyr.He 

OC05bi9 TO'IKH !IpH a 2 = oo ) t COOTB9TCTBYIOIUH9 BOnHaM, !IOnS! KOTOpb!X YllOB

neTBOpR!OT rpaHH'IHb!M ycnOBHHM !IpH HanH'I.HH Jl,B, 

Ecmr n.B. orpaHH'IeH c onaoi! CTopoHbi z = z 
1 

, rpaH.H'IHbie ycnoBHR 

aa KOOpnHHtl.THbie Bbipa>KeHHR rronei! H TOKOB ( E tg = 0 Ha rpaH.HUe n.B,, 

F = 0 na nponon)KeHH.H cTeHoK n.B.) rrp.HMeT B.Hn: 

00 

J dw e iw"'(L F + f) = 0 llp.H z > Z I 
-oo 

l ( 9) 

00 

dw eiwz F J = 0 np.H z < zl 
-oo 

Ecn.H .HCKaTb F B BHne F 

ypaBHeH.HR ( 9) !Ip.HMyT B.Hn 

I 

F +F 0 .rne F 0 . onpenenReTcR (8), .To 

r dw eiwz L F I 0 !IpH Z > Z I 

00 I ( 10) 

I dw eiwz (F + F
0 

) = 0 
-oo 

rrpn z < z • 
I• 

~" 

B yopaBHeH.HRX ( 9) aaxonHTCR oTn.H'IHe nonei!. oT cnyqag, Korna n.a. 

OTCyTCTByeT, B ( 10) - KOI'na n.B. 6eCKOH9'19H IIO z 

OepBhlil BHn ypaBHeHHi! rrpennonaraeT HanH'I.He CTOpOHH.HX .HCTO'IHHKOB 

B o6naCTH 1 rne HeT n.B., CHCTeMa ( 10) COOTBeTCTByeT cnyqaJO, Korna HC

TO'IHHK.H HaxonRTCH TaM, rne 9CTb n.B. 

B o6meM cnyqae f 

f + f 
n n 

~ 

Fo paGnenHM aa nBe qacTH: 

F = F + F 
o on on 

7 

-I 
Fon=-L f 
~- n 
on n 

( 11) 



BenH'iHHbi f n 
H f o6yenOBlleHbl TOK8MH 1 paeiiOliO)I{eHHbiMH enpaBa 

II 

lwz1 
H eneBa OT TO'IKH 

f n 
z 1 , npH'ieM I F 

on 
I e HMeJOT ae 6onee qeM eTe-

neHHO~ poeT B eepxae~ nonynnoexoeTH, 
fn 
Fon 

lwz1 e B HH)I{He~ nony- · 

IInOeKOeTH w npH w -+ + "" 

YJCXOilSI H3 3TOrO, H8Be)leHHb!8 TOKH H8 lloBo H8XOJlHM B BHil8 

F 1 + F 
orr 

H ypaBH8HHSI THII8 (9,10) IipHMyT BHil: 

J d we iwz ( L 

Jdweiwz(F1 

F 1 + f ) 
n 

+ F 
on 

=0 

0 

npH z > z 1 

npH z < Z I I ( 12) 

CHcTeMy ypaBHeHHtl pewHM MeTOilOM BHHepa-Xon¢a-<Poxa. 3aMeHHM ypaB

HeHHSI ( 12) cnellyJOIIIHMH Tpe6oeaHHSIMH Ha IIOilHHTerpanbHbie ljlyHKUHH L F 
1 

+ fn 

H F 1 + F <PyHKUHSI L F 1+£ naHanHTH"!Ha Ha lletlcTBHTenbHolt oeH H ee MO)KHO 
orr 

IipOJl0l1)KHTb aHanHTH'i8CKH B BepXHIOIO IIOliYIIliOeKOeTb W , rJle oHa, 6ylly'IH 

I w z 1 yMHO)K8HHOlt Ha e 0 HMeeT He 6onee "18M eTeii6'HHOlt poeT IIpH W -> "" 

H He HMeeT TaM oeo6b!X Toqex. <PyHKUHSI F 
1 
+ F on aHanHTH'IHa Ha )letleTBH

TenbHOlt oeH H ee MO)KHO IIpOJl0l1)KHTb aHanHTH'i8eKH B HH)KHJOIO nonynnoeKOeTb 

w 0 
r)le OHa, 6yJly'iH yMH0)1{8HHOi1: H8 e i w z 1 HMeeT He 6onee, qeM 

eTerreHHO~ poeT IIpH w-+-oo H He HMeeT T8M oeo6biX TO'ieK. 

I F' 
HexollSI H3 aToro, Heo6xoJlHMO HeKaTb peweaHe B BHJle: 

F 1 
(w) cp (w) e 

-iwz ( 13) 

r)le cp( w)- aHanHTH'i8CK8SI ljlyHKUHS1 0 KOTOpaS! BO Beet\ KOMnneKeHOfi IInOeKOeTH 

w HMeeT He 6onee, qeM eTeneHHOtl poeT Ha 6eexoHe'iHOeTH. L cp ( w) H cp ( \\) 
HM8JOT TaKH8 oeo6hle TO'iKH, KOTOphle B eOOTB8TCTBYJOIIIHX IIOilHHTerpanbHhlX 

Bb!pa)K8HHSIX B38HMHO yHH'iTO)KaJOTeSI e oeo6b!MH TO"!KaMH TOKOB HeTO'iHHKOB, 

eo"OTBeTeTByJOIIIHX BOnHaM, IIOJlXOJlSIIIIHM K TO 'iKe Z- = Z 1 eneaa H enpaBa 

eooTBeTeTBeHHO. KpoMe aToro, Lcp(w) H cp(w) MoryT HMeTb oeo6bre TO'IKH, 

8 

~ 

eOOTBeTeTBYIOIIIHe BOnHaM, HllYIIIHM BIIOaBO H BneBo OT TOq~ 

KOTOpb!X YllOBneTBOpSIIOT rpaHH'iHb!M yenOBHSIM TaM, r)le 

npoeTpaHSIJOTeSI. 0TM8THM 0 'iTO B HaeTOSIIII8M MeTO)le paeq~T 

pb!BY B rpaHH'iHb!X yenoBHSIX eOOTBeTeTByeT eaot\ JlOIIOliHI 

H3l1y'ieHHSI. DnSI onpeJleneHHSI F 
1 

¢axTopH3yeM SIJlpa 

L(w) L (w) L (w) , L- 1
(w) =L- 1 (w) L- 1 (w) 

+ - - + 

TaK, 'iTO L H L-1 
HM810T Oe06hle TO'iKH TOllbKO B HH 

KOeTH w 
, a B eepxHetl nonynnoexoeTH He 6onee, "!eM eTe 

w L+ -· ,L+ HMeJOT Oe06hle TO'iKH TOnbKO B 
--> 0() ' . 

nnoeKDeTH w 
, a B HH)KHetl - He 6onee, "!eM eTerreHHofi po 

noaToMy L B BepxHefi rro.TiynnoeKOCTH w HMeeT Oe06biE 

L - • S!Jlpo L -1 3a C'i~T L + , B HH)KHefi - TOnbKO 3a C'i~T 

nnOCKOeTH w HM8ElT Oe06bi8 TO'iKH TOnbKO 3a eq~T L -I 
0 

B H 

+ 
3a eq~T L -' • L. , L HMeJOT rronJOebi, cooTBeTeTB - + -
IIOJISI KOTOpb!X YJlOBneTBOpSI!OT rpaHH'iHb!M yenOBHSIM TOnbKO 

Jl.B. L-
1 

, L-
1 

HMeJOT nonJOebr, eooTBeTCTBYJOWHe BOnHaM, nonS! + -

rreTBOpH!OT rpaHH'iHbiM ycnoBHSIM TOnbKO npu HanH'IHH Jl.B. L +, 

niOebi1 COOTBeTCTBYIOUlHe BOJIHaM, HarrpaBneHHb!M BllpaBO OT HC~ 

HM8IOT IIOniOCbi, COOTBeTeTBY!OlllHe BOnHaM, pacrrpOCTpaHHIOUlHMC 

TO'IHHKa. 

~CXOJlH 11'3 9Toro, F 1 
MO)KHO HeKaTb B BHJle: 

F I ( w) = 1:-1 
( \V) LA I ( w) + 13 1 ( w) J e 

+ + 
-i w z 1' 

Tor a a 

LF 
I 

L (·\1 Jll) -iwzl ·- . + + - e 

3aeeb 
I 

A+ H 
HI 

IlOJl6HpaiOTCH Tax, 'IT06b! CKOMileHeHj: 

eoOTB8TCTByJOIIIHe BOnHaM, IIOJlXOJlSIUlHM K TO'IKe z = Z I CJI 

9 
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f H 
1I 

f o6yC1IOB1I9Hbl TOK8MH 0 paCn01IO>K9HHbiMH cnpaBa 
n 

f 1I lwzl 
npH'IeM I F I e HMeJOT He 6onee qeM cTe-

on H Z I 

epxHeit nonynnocKoCTH, 
fn 
Fon 

lwz 1 e B HH>KHeit nony-

npH w ~ + ~ 

9TOro, HaBeaeHHhlB TOKH Ha A.B. H8XOAHM B BHAB 

F I + F 
on 

a ( 9, 10) IIpHMyT BHA: 

J dwe iwz (L 

J dw e iwz { F I 

F I + f ) 
li 

+ F 
on 

=0 IIpH Z > Z I 

0 rrpH z < z 
1 
I ( 12) 

aBHBHHil pelllHM MBTOAOM BHHepa-Xompa-cf>oKa. 3aMeHHM ypaB

IO!llHMH Tpe6oBaHHHMH Ha rroaHHTerpanbHbie cpyHKUHH L F 1 + f n 

KUHH L F 1+f naHallHTH'IHa Ha aei!CTBHTenbHOH ocH H ee MO)I(HO 

HTH'IBCKH B BepXHIOJO nollyiillOCKOCTb W 0 rae OHa, 6yay'IH 

I w z 
e 1 

1 HMeeT He 6onee 'IBM CTen&HHOH pOCT IlpH W 

oco6biX TO'IeK. cl>yHKUHH F 1 + F orr aHanHTH'IHa Ha aeitcTBH

MO)I(HO IIpOAOlJ)I(HTb aHalJHTH'IBCKH B HH)I(HJOIO IIOllYilllOeKOeTb 

6yay'IH YMHO>KBHHOH Ha 
e i w z 1 HMeeT He 6onee, qeM 

npH w~-~ H He HM99T TBM OC06hlX TO'I9Ko 

aToro, Heo6xonHMO HCKBTb perneHHe F' B BHne: 

F 1 
( w) ¢ ( w) e 

-iwz ( 13) 

TH'IBCKaSI cpyHKUHS1 1 KOTOpaH BO BCBH KOMIIlleKeHOH IllJOCKOeTH 

nee, qeM eTerreHHOil poeT Ha 6ecKoHe'IHOCTH. L ¢ ( w) H ¢ ( w) 

TO'IKH 1 KOTOphle B COOTB8TCTBY!OIJJHX IIOAHHTerpallbHhlX 

YHH'IT0)1{8JOTeH C oeo6hlMH TO'IKaMH TOKOB HeTO'IHHKOB1 

X BOlJHaM, IIOAXOAS!IJJHM K TO'IK8 z- = Z I Cll8B8 H cnpaBa 

KpoMe &Toro, L¢(w) H ¢(w) MoryT HMeTb oco6bJe TO'IKH, 

8 

.... 

1 H I10ll.SI 
eooTB8TCTBY!OlllH8 BOlJH8M 0 HAYillHM BnPBBO H Bll8BO OT TO'IKH Z 

1 

KOTOpbJX YAOBll8TBOpS!IOT rpaHH'IHbiM YCllOBHS!M TaM, rae 9TH BOlJHbl pac

rrpoeTpaHSIIOTCSI. 0TM8THM 0 'ITO B HaeTOSIIll8M MeTone pae'I~Ta K8)1(AOMy p83-

pbiBY B rpaHH'IHbiX yelJOBHSIX COOTB8TCTByeT CBOi!: AOI10lJHHT8llbHbiil: U9HTp 

H3lly'IeHHH • .UnH onpeaeneHHH F 1 
¢aKTopH3yeM S!Apa L ( w ) , L- 1 ( w) 

L(w) L (w) L (w) , L- 1
(w) =L- 1 (w) L-1 (w) 

+ - - + ( 14) 

TaK 0 'ITO L H L-1 
HM810T Oe06bi8 TO'IKH TOllbKO B HH)I(Hei!: I10llYI1llOe-

KOeTH 
W 1 a B BepxHei! IIOllYIJllOeKoeTH He 5onee 0 'IBM eTerreHHOil poeT IIpH 

w --> 00 .L+ 
_, 

, L + HM810T OC06bJ8 TO'IKH TOllbKO B B8pXHei!: IIOlly-

IllJOeKoeTH w 
0 a B HH)I(HBH - He 5onee 0 'I8M eTeneHHOH pOeT I1pH W --> - oo. 

ilO&TOMy L B BepxHei!: nonyiillOCKOCTH W HMeeT Oe06bJe TO'IKH TOllbKO 

3a eq~T L + , B HH)I(Hei! - TOllbKo 3a etieT L-. S!Apo L -I B BepxHeil nony-

IlllOeKOeTH w 

3a C'I~T L -J 

HMBeT Oe05bi8 TO'IKH TOllbKO 3a eq~T L - 1 
0 

B HH)I(Hei!: - TOllbKO ... 
L + , L _ HMeiOT rronJOChi, cooTBeTeTBYIOillHe BonHaM, 

IJOJISI KOTOpbiX YAOBll8TBOpS!IOT rpaHH'IHhJM yelJOBHS!M TOllbKO I1pH OTCyTeTBHH 

a.B. L-
1 

, L-
1 

HMe!OT nonJOeht, eooTBeTeTBYIOillHe BonHaM, rronSI KOTOpbiX yaoa+ -

neTsopSI!OT rpaHH'IHbiM yenoBHHM TOJibKO rrpH HanH'IHH a. B. L , L -I HMBIOT no-
+ + 

n10ebJ 0 eooTBeTeTBY!OlllHe BonHaM, HanpaaneHHbiM anpaao OT HeTO'IHHKa. L _ , L :_' 

HM810T I10JIIOCbi 1 eooTBeTCTBY!OlllHe BOJIH8M 1 paenpoeTp8HSI!OlllHMeSI BJieBO OT He-

TO'IHHKa. •.. 

11exoaH H3 sToro, F 1 
MO)I(HO HeK8Tb B BHAe: 

F 
1 

( w) = L- 1 
( w) l A 1 

( w) + B 1 ( w) j e 
+ + 

-i w z 
I' ( 15) 

Tor a a 

LF 1 1 -i w z 1 L_(A+ +B_)e 
( I 6) 

3aecb 
1 

A+ H 
HI 

IIOA5HpaJOTCSI T8K 1 'IT05bJ eKOMIJeHeHpOBaTb IIOJIIOebJ
1 

eoOTBeTeTBy!OlllH8 BOJIHaM, I10AXOAS!lllHM K TO'IKe z = z 
1 

eneBa 11 enpaBa. 
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1 
HecKOMileHcHpoaaHHbte iloniOCbi F H LF 

I ~ 
OilpellenHIOTCH ilOniOCaMH L + , L _, 

T,e, OHH 6yllyT COOTB9TCTBOBaTb BOnHaM, ilOnH KOTOphlX YllOBn9TBOpHIOT rpa

HH'IHbiM ycnOBHSIM B o6naCTH, rlle STH BOnHbl pacilpOCTpaHHIOTCSI, 

TaK KaK Hllpa L(w ) YllOBneTaopHIOT paaeacTsy 

L (-w) =L(w) ( 17) 

ilOTpe6yeM 1 'IT06bt !flaKTOpH30BaHHb19 Hllpa YllOBneTBOpHnH ycnOBHIO: 

L+ (-w) =L_(w), (18) 

KOTOpoe He ilpOTHBOpe'IHT !JJH3H'I9CKHM Tpe6oBaHHHM !flaKTOpH3aUHH H ilpHBOllHT 

K TOMy 1 'ITO llOCTaTO'IHO Bhl'IHCnHTb OllHY H3 !flaKTOpH30BaHHblX !flyHKUHll:, 

Ft + FOil 
H LF I + f ilpHMyT BHll ,;n 

F 1 + F = L - 1 (A 1 + B 1 ) e -twz 1 + F 
Oil + + - 01I 

LF 1 + f 
n 

1 1 -lwz 
L_(A++B_)e 1 + f'n 

( 19) 

( 20) 

I 1 6 6 1 
noll6epeM A+ H B- TaKHM 0 pa3oM, 'ITO bl A + CKOMil9HCHpoaano B Bepx-

Hell: ilonyilnOCKOCTH ilOniOCbl f,n B Bbtpa)!{9HHH ( 19) 1 a 8 1_ KOMil9HCHposano 

ilOniOCbi FOil a HH)!{Hell: ilonyilnocKoCTH w s paseacTse { 20). F on • f n 

HM910T ilOniOCbl TOnbKO ilepsoro ilOpHllKa, TO'IKH 1 B KOTOpblX !fl,K, ilOnell: BOnH 

HMeiOT ilOniOCbi1 YllOBneTBOpHIOIIlHe rpaHH'IHblM ycnOBHSIM ilpH OTCYTCTBHH lJ,B,, 

0603H8'1HM :!: W Jl j TO'IKH1 COOTBeTCTBYIOIIlHe IIOniOCaM <IJ,K, nonell: BOnH
1 

YllOBneTaopH!OlllHe rp&HH'IHbiM 

B6nH3H csoero ilOn10ca 

f 
n 

ycnOBHSIM npH HanH'IHH lloBo.o 0603H8'1HM :!: w k • 

s sepxaell: nonynnocKocTH w 

fh ( W n ) 

w - w 
n 

f HMeeT BHll! 
It 

( 21) 

CnaraeMoe B A: , KoMneacHpy!Olllee STOT non10c s ( 19): 

10 

~ 

• 

L-~ ( wJ 
w -w 

n 

f* 
.n 

( w ) e 
i w n z

1 
n 

B6nH3H caoero ilon10ca B HH)!{Hell: nonynnoCKOCTH w F 
on 

F 
on 

F O'il ( -w ) 
--k...: ---

w + w 
k 

CooTaeTCTBYIOIIlee cnaraeMoe B 

H8HHH (20) 
B 

1
, KoMneacHpyiOIIlee sTo 

L+(-w k ) 
X 

FOII ( 
-lw 

-wk)e kzl 
wk + w 

8 peaynbTaTe KOMneHC8UHH Bcex BOnH, liDllXDllHIIlHX K TO'IKe 
I I 

senH'IHHbt A H B IIpHMyT BHll: 
+ -

A I ( w) =- i 
+ 

C 1
(w 

- n f X ( W ) 

n n 

lw z 
e n •I 

n=O w - w n 

B I ( w) - r 
k=O 

L (-wk) F x ( ) -lwkz. --=--.__ -wk e 
w + w Oil 

k 

TaK KaK L -~ HMeeT rroniOCbi TDnbKo B HH)!{Hell: rronyil. 

B sepxaell: ilonyrrnoCKOCTH L-1 ( w ) H L (- w ) - KoHe'IHbte 
- n + k 

TaKHM o6paaoM, Bbtpa)!{eHHe ( 15) c rjlopMynaMH ( 23,24; 

o6mee pemeHHe aaaa'IH o soa6y)!{aeHHH ilony6ecKoHeqaoro BOJ 

HbiMH npOH3BOnbHO noKanH30B8HHblMH HCTO'IHHK8MH sneKTpOMa 

AsTop 6naroaapHT 8.11. YpaaaKosa aa CTHMynHPYIOIIlHe lli 
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HHbte nonJOCbi F H LF 
..I 

onpeaenSIJOTCSI non10caMH L + , L_, 

OOTBeTCTBOB8Tb BOJ1H8M1 nOJlSI KOTOphlX YllOBJleTBOpS!IOT rpa

B o6naCTH 1 rae 9TH BOJlHbl pacnpOCTp8HSIIOTCSI, 

pa L(w ) yaosneTBOPSIJOT paseHCTBY 

L (-w) =L(w) ( 17) 

hi tl>aKTOpH30BaHHbte S!llpa yaosneTBopSinH ycnoBHJO: 

L+(-w)=L(w), (18) 

HBOpeqHT ti>H3HqeCKHM Tpe60B8HHSIM tl>aKTOpH38UHH H npHBOilHT 

IT8TOqHO BblqHCJlHTb OllHY H3 tl>aKTOpH30B8HHbiX ti>YHKUHti, 

H LF 1 + f npHMyT BHil 
ii 

F 1 + F = L - 1 (A 1 + 8 1 
) e -twz 1 + F 

Oil + + - 011 

LF 1 
+ f 

n 
1 1 -iwz 

L_(A++8_)e 1 + f'n 

( 19) 

( 20) 

H B 1 
TaKHM o6pa3oM, qTo6bt A 1 

CKOMIIeHCHposano B sepx-
- + 

TH nOJliOCbi f,n B Bbip8)KeHHH ( 19), 8 8 1
_ KOMneHCHpOB8110 

H)I{Heil: nonynnoCKOCTH w B paBeHCTBe ( 20), FOil , f 11 

OJlbKO nepsoro nopS!IlK8, ToqKH, B KOTOpbiX ti>.K, Iloneti BOJlH 

YllOBJleTBOpSI!OlllHe rpaHHqHbiM ycnoBHSIM npH OTCYTCTBHH Jl,B,, 

,II ; TQqKH 0 COOTBeTCTBYIOUlHe Il01110C8M <l>oKo IlOneil: BOJ1H 0 

rpaHHqHbiM 

ero non10ca 

f 
n 

YCilOBHSIM npH H8J1HqHH lloBoo o603HaqHM + W , 
. - k 

B sepxHeti nonynnocKOCTH w 

fjt( w ) 

w - w 
n 

fll HMeeT BHJI: 

( 21) 

: , KOMneHcHpyJOlllee 9TOT nonJOC B ( 19): 

10 

~-

·,)~'I' 

j
·,;t,j._,_, __ 

' 

t·.~\ 
~<\ 

L- 1 
( wJ 

w -w 
n 

f* 
.n 

( w ) e 
n 

B6nH~H csoero non10ca B HH)I{Heti nonynnocKOCTH 

F 
on 

Fon~ ---
w + w 

k 

i w n z 1 

w F 
on HMeeT BH.Q; 

( 22) 

CoOTBeTCTBYJOlllee cnaraeMoe B 8 I, KOMileHCHpyJOlllee 9TOT nOJliOC B ypaB

HeHHH (20) 

L+(-w k ) X 

wk + w 
FOII (-w k ) 

-iw k z1 
e 

B pe3ynbTaTe KOMneHcauHH Bcex sonH, nollXOilS!lilHX K ToqKe cnpasa H cnesa, 

seJmqHHbi A 
1 

H 8 1 
npHMyT BHil: + -

"" L-
1

(w , 
iw z A 1 

( w) =-I - n f X ( W ) e n I + 
n=O w· - w n n n 

( 23) 

B 1 
( w) "" L ( -w k) F x ( ) -1 w z 

1 = - I __.j,___ - w k e k 

k=O w + w on 
k 

( 24) 

TaK KaK 
L _, 

HMeeT nonJOCbi TOJlbKO B HH)I{Heti IIOilynnocKoCTH
0 

.a L + 
B aepxHeti nonynnocKOCTH L-1 ( w 

n H L l-w ) - KOHeqHbte aenHqHHbt, + k 

TaKHM o6pa3oM, Bhtpa)KeHHe ( 15) c tl>opMynaMH ( 23,24) IlpeacTasnSieT 

06mee pemeHHe 38Jl8qH 0 B036y)KJleHHH nony6eCKOHeqHoro BOI1HOBOI18 KOHeq

HhiMH npoH3BOJlbHO JlOK811H30B8HHbiMH HCTOqHHK8MH 9JleKTpOM8rHHTHOrO noJISI, 

AaTop 6naro11apHT 3.H. Ypa3aKosa 3a CTHMynHpyJOmHe llHCKyccHH. 
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