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§ ). flOCT8HOBK8 38ll8'1H 

8 HBCTOSilllee apeMSI B CBSI3H C pB3BHTHeM MHKpOBOnHOBOll pBllHOTeXHHKH MHOrO BIIH

M8HHSI yaenRIOT HCCnellOBBHHIO BOniiOBOllOB C nepHOllH'!eCKOll CTpyKTypoll. ()pH llBH>KeHHH 

ny'IKB 38pSI>KeHHbiX '18CTHU C 6onbWOll nnOTHOCTbiO B TBKOM BOni!OBOlle MOryT OKB38TbCSI 

38MeTHblMH StP<!ieKThl, CBSI38HHhle C H31ly'lei!HeM. llosTOMy npellCTBBnSieT HIITepec 6onee 

nollp06HO HCCnellOBBTb nonR, B036Y>KllBeMble 38pSI>Kei!HbiMH cryCTKBMH B 3BMelln11101Uell 

CHCTeMe. 

Ananua aonuoaoaoa noao6Horo Tuna 6bln npoaeaeu a pa6oTax
1 t-5/. HaupnMep, r/ 2 •31 

aB. BnallHMHpCKHM paCCMOTpeua 38ll8'18 0 pacnpOCTpaneHHH BOnH B ueno'!Ke CB!I38HHbiX pe-

30H8TOpOB H nony'leHO BblpB>t<eHHe llnll WHpHHbl nonOCbl nponyCKBHHII OCHOBHOil 'IBCTOTbl. 

B 
141 

aaeTCII peweHne aaaaqu an11 HeKoTopblX BHllOB ro¢pupoaaHHLIX aonHoaoaoa. 

061UHA MeTOll peweHHSI TBKHX 38ll8'1 3BKniO'!BeTCSI B TOM, 'ITO 110n11 B BOnHOBOll8X KBK 

B npOCTp8HCTBe pacnpOCTpaHeHHSI, TBK H B IIOnOCTIIX p8CCM8TpHBBIOTCSI B BHlle 6ecKOHe'I-

/J/ 
HblX pRllOB (eM., nanpnMep, ). 3To aaeT B03MO>KIIOCTb yaoaneTBOpHTb rpaHH'IHLIM ycnc·-

BHSIM npH CBMblX 061UHX npeanono>KeHHSIX, OllHBKO, npHBOllHT K He06XOllHMOCTH HCCneaoaa

HHSI 6eCKOHe'lllbiX lleTepMHH8HTOB. 

B HeKOTophlx 'IBCTHhiX cny'IBIIX yKaaanHyJO TpyllHOCTb MO>KHO o6oi!TH. TaK, HanpnMep, 

anR aonHoaoaa, narpy>t<enHoro llHCK8MH, MO>KHO y'IHThiBBTb TOnbKo nepBhJe 'lnenhl pRllOB, 

uao6pa>t<aJ01UHx none. 

B cnyqae aonHoaoaa co we.,HMH
141 

none a npocTpaHCTBe aaanMoaeAcTBHII aocTa

TO'IHO npellCTBBHTb a· BHllO pSillB, a B peaoHBTOpllblX 061JOCTIIX - KB83HCT8TH'IeCKHM. 

B llBHHoll pa6oTe paccMoTpeHbl ycnoan!l pacnpocTpaHeHHII sneKTpo•AarnMTHhiX aonn · 

H HeKOTOpble BOnpOCbl, CBII3BHHhle C HanyqenHeM BOnH B nepHOllH'leCKOM BOllHOBOlle CO me-

nRMH. 

CxeMaTH'IeCKH uccneayeMaR CI!CTeMa uao6pa>t<eHa Ha puc. I, Ha KOTopoM yKaaatJhl 

TBK>Ke 0603H8'1eHHSI napaMeTpOB CHCTeMbl. 

B 6ecKoHe'IHOll cyMMe, OIIHChiBBJOllleil 1101111 B npocTpaucTae pacnpocTpaHeHHII, neo6-

XOllHMO y'IHTblBBTb 6onbWOe 'IHCnO 'lnei!OB, TllK KBK BBHllY HepaBHOMepHOCTH CTpyKTypbl 

OCHOBHOA BKna.a COCTBBnSUOT BOnHbl 6oJJee Bb!COKHX IIOpH.OKOB. 8 TO :a<:e apeMQ IIpH pac-

CMOTpeHHH BOnH, .O.nHHB KOTOpbiX 6onbWC WHpHHbl lUenH, MO>KHO flOnH B I.UenH npeLlnono

>KHTb KBa3HCTBTH1feCKHMH, T.e. B BH.Oe OllHOA OCHOBHOA BOnHbJ. 
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Puc. I. reoMeTpHl'l 38.ll8'1H H o6oanaqeHHe. 

--

KaK npe.aenbHhiil ( D = d) oTciO.aa nonyqaeTCl'l cnyqall ueno'IKH CBl'I3SHHbix peaoHa-

Topoa u cnyqall aonHoao.aa, Harpy»<eHHoro .llHa,PparMSMH. 

§ 2. Bbrao.a .ancnepcuoHHoro ypaaHeHH!I u ero aHanua 

none B UpOCTpSHCTBe pacnpOCTpaHeHIIl'l 6y.aeM 11306pa>K8Tb B Bll.lle CyMMbl 6eCKOHeq-

Horo 'IIicna rapMOHIIK o.aHoro aonuoaoro aeKTopa k • .ilnSJ aonH Tuna T M npo.aonbHSl'l 

cocTaBnSIIOlllSH aneKTpnqecKoro nonSJ MO>KeT 6hiTb npe.acTaaneua B Bll.lle 

A., I 
0 

(y .,r ) 0
1CW•- km• J (J) E•' = 

).. 
A ~ 

oA m=·• 

r.ae Y., = yk _:- k2 , k., = ;" ( x+m) , x- uenpepbiBHbiil napaMeTp (-Y, < x < Y,) 

m - uenoe qucno (-co <m .<co ) • 

AoA - ueKoTOpLril MHO>KI!Tenb, KOTOpbrll MO>KHO onpe.aenHTb 113 ycnoBHil uopMIIpOBKH 

C06CTBeHHbiX <flyHKUIIi! CIICTeMhl, W = kc - 'ISCTOTS, r.ae C - CKOpOCTb CBeTa B nyCTOTe. 

CooTaeTcTaeHHO, a3HMyTanhHB9 KoMnoHeHTa MarHHTHoro H paaHanbH89 KOMnoHeHTa 

3neKTpll'leCKOrO noneil B npOCTpSHCTBe paCUpOCTpSHeHII!I .ll8IOTC!I Bb!pS»<eHII!IMII 

Rcp 1 =ik A }; _1_ A., I (y.,r) ei(Wt-k., •> 
A OAm=· co y I 

d oo k m J(CUt-km z) 
E).. =iA)..!. __ ,. A.,l(y r) e 

0 m=- oo Y m 1 m 
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MH OT KOOplUIJI<lTI>I 7. 

rne 

H 38UHC8Tb B BHJle 

z 
0 

•2 
E).. 

,,, 
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A
0
,\ Z

0
(kr), 

A Z ( k r), 
OA I 

] (kr) N (kb)- N (kr)] (kb) 
(k r) = J..:.___ o o o 

] (ka) N ·(kb) -N (ka) .T (kb) 
0 0 0 0 

ZI (lcr) 
]

1 
(kr) '1

0
(kb)-NI (kr)]

0 
(kb) 

] (ka) N (kb) -N (ka)] (kb) 
0 0 0 0 

( j) 

(I I 

(5) 

(()) 

Bun ,PyuKuuil 
.z 

Z
0

(kr), z 
I 

(k r) Bbt6p8H T8K, "'T06ht y.llOBneTBOp51nHCb rpttHii411hle YCJIODJHI 

none E A HS pa.anycE> BOnHOBO.ll8 r= a paBHO uyniO M<'»<.llY wen!IMII II IIOCTO!Il!HOI! nenu-

sl 
'II!He, ua wen11, T.e. E A (a) KBK 6bi npe.acTaBnHeT co6oii pa3no>KeuHe npS1MoyronbHOll 

<flyHKUIIII f(z) C 11E>p110.llOM 

• I( z) 

r.ae 
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c =.!_ f 
m D ·-'} 
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CpaBHIIBS!I Bbrpa>K_eHHSl ( 7) 11 (d) c (I), nony'IHM 

'1m 
d 

D /0 (yma) 

Sinkmf 

!c2 

(7) 

d:. I< d m=z-
k d m2 

(8) 

(9) 

no.llCTSBnllll ( 9) B (I) II (2) II onyCKS!I BpeMeHHOi! MHO>KI!Tenb, IIOny'IIIM OKOI!'ISTenbHI>Ie 

Bbrpa>KeHIISl .an11 nonell a npocTpaHCTBe pacnpocTpaHeHH!I 

~<"' 
~A 

A~~ 10 (y,.r) 
oA D m =·.. I ( y a) 

0 m 
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11 (Y.,r) 

I ( y a) 
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)]KCHepCHOHHOe ypBBHeHHe HaXOaKTCH K3 YCIIOBHH 

• d 
Sin k'"""'J 

a 
k.,-2-

¢1 ncb: 
H.\~ A 

•llcm• 
e 

npH r =a 

(II) 

na menn. 

rJocneaHee paBeHCTBO MO>KeT 6hiTb BbiHOl!HeHO TOllbKO HpH6liK>KeHHO npH kd.<< 1 , ecnH 
¢1 

Mhi aoabMeM cpeaHee anaqenne H.\ Ha npoMe >KyTKe d 

H .:f, 
1 

(a) = i A , (k a)..!!___ ~ 
.\ o" D 

m= ... oo (y a ) I (y a) 

( 12) 1
1

(y.,a) 

m 0 

JlpKp8BHHB8H nf 1 (a) K ncb: (a), 
.\ 

nony'IHM 

z , (ka) 
.. 

= 
d I 

ka D --oo 
Sink _!__ 1 

k d 2 1 
T 

11 (y .,a) ( 13) 
(ya)l(ya) 

.. 0 

YpaaHeHHH ( 13) HBIIHeTCH ancnepcnoHHbiM ypaaHeHneM, T,e. peLUeHHH ero onpeaenHJOT 

B03MO>KHbie 'lilCTOTbi, C KOTOpbiMH MoryT pacnpOCTpaHSITbCSI BOIIHbl B aaHHOli BOIIHOBOaHOll 

CHCTeMe. 

a) i-1ccneaoBaHHe aHcnepCHOHHOrO ypaBHeHHSI anH BOIIHOBOaa CO menHMH 

3aHHll!eM ( J3) B BRae 

l(ka)m/(ya,kd). 
1 2 m m ( 14) 

KaK noKil3biBaiOT pacqeThi, BbmonHeHHhie Ha eneKTpOHHO-Bbi'IHCmJTenbHOll MalllnHe, cj:JyHKUHH 

I cna6o 38BHCHT OT ~a (npn ka <1 ), npaKTH'IeCKH OCTaeTCSI HOCTOSIHHOII H no a6co-
:l 

niOTHOll aenH'IHHe ne npeaocxoanT I. 

PeaynbTilTbi eTnx Bbi'IHcneHnll, Bbipa)!{aiOtUiie aaancnMOCTb cj:JyHKUHH 

npnaeaeHhi Ha rpacj:JnKax pnc. 2. 

I 
1 

OT ka , 

PaccMOTpHM noapo6Hee noaeaeHne cj:JyuKUKH 1/ k~). Ilpeanono>KHM, 'ITO BhmonHeHo 

YCIIOBHe a << b H BOCHOllb3yeMCSI npR6liK>KeHHhiM 3H8'1eHHeM cj:JyHKUHll, BXOaHLUHX B 

1
1 

(ka), npH MallbiX 3Ha'leHHSIX apryMeHTOB H acHMHTOTH'IeCKHM npeaCTaBneHHeM npH 6onb

WKX 3Ha'leHHSIX apryMeHTOB, 

f'tle 

8 06l!aCTH O'leHb MallblX 3Hil'letllii! k Koraa k b « 1 

I ( k a) = 
I 

~':!'~ - • » 1, 
k a (kaF Yn_2__ 

11ka 

I' =I, 77 - nocTOHHHa>I 3llnepa. 

6 
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(I) 

It• 

• u I u I ICQ. 

Pnc. 2. lloae.aeHRe npaaoA qacTH ancnepcHOHHOro ypaaHeHHH ( 13) B aaBRCHMOCTH OT ka 

KpaBaR (1) COOTBeTCTByeT cnyqaJO -?- ~100 H? =3, 8 KpHBaH (2)- cnyqaJO 

..!!... •3 H a • d • 
d 

TaK KaK 1
2 

< 1 , TO npH kb .<< 1 ( J4) He MO>KeT 6&1Tb BblnO.JIH8HO, T,e, He CyLU&CTBye 

pell!eHHI .QHCnepcHOHHOrO ypaBH8HHR, C YB8RH'I9HH8M k B811H'IHH8 kb aOCTHraeT 
z (ka) 

3H8'1eHHR lbcv (rae v·il<4~ 1(v)-O) R 1
1
---1--'!..'4 .llpnaanbi.~llwe 

o o "o o ka 
yaeRH'IeHHH k cj:JyHKUHR 1

1 
(ka} CTBHOBHTCR MeHbllle 'f. H RpHHHM8eT 3Ha'leHHe, npR 

KOTOpOM ( J4) BbiRORHReTCR, TsKHM o6pa30M, rpaHHUa nponyCKBHRR BOIIHOBO.Q8 CO LU8RHMH 

RpR6liR3RT8RbHO paBHa rpBHH'IHOll '18C~OTe pe30HaTOpHbiX ROIIOCTel. C pOCTOM k cj:JyHK-

URH f I (ka) nepeXO.QHT qepea HYRb H CTaHOBHTCR OTpHUaT8llbHOI. IloaeaeHHe 1
1 

(ka) 

RpHHRM8eT X8p8KT8p TaHreHCOHabl C nepROaOM fl (kb) c ~ • 3TB o6naCTb COOTBeTCTByeT 

kb » 1 .• HO ka<1 • ct>yHKUHR I I (ka) B 3TOI o6naCTR MO>KeT 6b1Tb npR0liH)l(QH-

HO aanaeaua B BRae 

I (kBI - .z, (ka} ::. 
1 ka 

. 1T . 2 1 . 
Y,fl(kb-4)+--;r 7i!P 
.. (kb -.!!_.) + ~2- fn _L_k 
"' 4 " I' a 

( 16) 

KaqecTBeHH&Ill aHanaa cj:JyHKUHR noaTaep>K.naeTcH pacqeTOM Ha sneKTpoHHO-Bbi'IRCIIRTenbHo 

MaWRHe (CM, pRC. 3). Pell!eHRSI ypaBHeHRSI ( !3) COOTBeTCTByiOT TO'IK8M nepeceqeHRSI 

KpRBbiX 1
1 

(ka) R I 
2 

( y., a, k .. d). KaK noKaabiBaJOT pacqeTbl na sneKTponuo-sbi'IRCRRTen 

HOI! MaWRHe, npH D » d cj:JyHKURH f 
2 

(y .,a, k.,d) He aaBRCRT (no KpaiHeA "'epe, B npe-

aenax TO'IHOCTR Sbi'IRCReHRll) OT napaMeTpa X , xapaKTepH3YJOLUero cj:Jaaoay10 CKOpOCTb 

sonHbl. O.auaKo npR yMeHbllleHHR D I d sTa aaaRCHMOCTb o6Hapy>KRBseTCH aaMeTHbiM 

o6paaoM (eM. Ta6n. I). 

7 
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Puc. 3. noae.ae'!He neaoA 'IACTH .aucnepcHOHHoro ypaBH&HHR ( 13) B aaBHCHMOCTH OT b 

Ta6nuua 

3H8'19HHR ~)'HKUHH I npH _!!_ •100 H _E_ •3 
2 d d 

rw ~ O,I 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 

0 0,214 0,2!5 0,216 0,216 0,217 0,219 0,221 0,223 0,225 0,229 

100 
0,5 0,214 0,215 0,216 0,216 0,217 0,219 0,221 0,223 0,225 0,229 

0 0,352 0,353 0,355 0,357 0,360 0,363 0,368 0,374 0,380 0,388 

Is 
0,5 0,35C 0,351 0,353 0,355 0,358 0,361 0,366 0,371 0,377 0,385 

8 

;:,,. 

:'t(li 

:r 
I ~~~ 

'ji, 

,··.0: 

/ 

'·~· :.· 

Cnu~aa~an&Ho, a oCSweM cpy.faa ~w .aonliC~l>f c.aena-r.~ awao.a. o cyw~T~O~luniJI 
Sa&HCHMOC~ OT & ' ¢yHKUHH ~~(~.a~ k~d ·,. H F'!~ell~!l ( 13) npe,ac:raap&IOT Cbt5ot~f~Jtc;. 
Jtaablli·e~bl~ npn_ocbl npony~KaHus aoat.~o>kHf1X qac;::ro:r, Ho .an's npax:ru"'~Kor~ ri~ar.,e~~.is~ 
I!J)8 D » d MOlKHO C'l~TaTb, 'ITO WHp~Ha T8KHX ~~nol!' paaHa H)'niO H cy,wec:ra~e+.' ps.!/ \"c)'.:1 

l:IRCkpeTHbiX 'IIICTOT, ·)'.OOBJl9TBOp1110lUHX .OHCD&pCHOHHOM)'.'ypaBH&HHIO. 

6) JlHa<f>parMHpOBSHHbiJI 80JlHOBOJ:l 

a pa6oTi I I DOII)''I&HO .ancnepcHOHHOe ypaBHeJIHe .ans BOJlHOBO.aa, HarpylKe~.Jio~o ·:~.;~') 
' ' ' ' ' I j > .;_' '•'.J 1:' '• • ·~ 
laM1t, T,e, l1411 cpy'1811 D •Ji . a> d , noxaX<eM~ 'ITO OHO D0Jl)''I89TCB KaK '18CTH!>ill'c~ .... :':/; 

R3 :paB&HC:TB8 (13), ,lleJICTBHT9DbHO, npR d• D H a> d MOX<HO DOJlOX<IfTb '• .. ,';,·,, .. :i0~ 
" \• . . .,. '\ 

·, ; ~~;~ :\;~~· 
y • = 21Fma ' k L=,m l,{YJ!} •1. ;·.;<,F{· 
• d • 2 ' 1 cr al · · ~w:.1o:;· 

0 • ·. ., ~>· ~- ':/;1 ··~?· 
B~Ol:IA ot5oaJta'I9HR9 k, - v k 2 

::-( ¥ ) 2 
' nep!'DHW&M ( rs) . B_ aH.ae ' " ;;~~~:" 

Z,(ka) •• 2 ,. i 11 (y.a··). 1 .. 

Ia -· (y.,a) 1(y a) ( k :£ )1 
0 .. • .2 

' I, (ljll) + d "'-'2 -; ,1. 
-- oolll1 11% ... -

~~\~ 

.. ·, 

(k a)/ (k al a" 1 
• • 1 •' 

I 0 .I : :~~ .. ·;:: ·~; ·.:} 
• - .··· . 1\:~: ,:r~~ 

• 8Topoe cnara&M09 MHOrO M9Hb!UI! E!llHHRllbl, TIIK KaK ...!!.._<1 • a , :i -;!, • 1 1 R allf~:~; .)·~:;!J;· 
\ • .. -' • .· . ' ... ·<. :: .!.~ ;;~\ 
MOlKHO npeH86p&'lb, TaKHM o6p1130M, .OIJII l:IRII~pllrMRpO~IIHHOrO, BODHOBOD.a KM88M cn•Jim: '.: ·; 
wee .aacnepcHOHHoe ypSBH.&HHe .. ir. . . .. '. ';t\~,)ti~; 

'. r: 11,\~i) 

z (ta) 1 o • ' < ri~~~~~L 
-=:L:..:...:. -' ' ' " ·~~ 
b1 (I a) I (I a) '- ' .·:~ 

I 0 I Ill ·''· 
. ~o:ropoe coanaJ:taeT c nony'leHRbiM npH -!- < J , k ~ « 1 a p46o:re .. /leaall 'lac.ora.·, \1·i 
( 17) HaMH ylt(e HCCne.ao&llllll, npoc;ne.ORM D089Q,9HH9 npaaol 'I~CTH. Tax JCIIK t 1 ... y~(..-})'t~ 

· 2 n · I ( k a ) ' • I . ·• ... "'·· · 
a k a «• l TO npH I --1-< k aenx'IRHII 1 1 · - Y.. ' · np11 H3M&HetiRH napa"';·1' ,. 

' d (k a) J(k a) ', . 
kd I 0 t ., . . , 

~eTpll & 8 npe.a_enax OT 0 .00 -r;;- , . npR ,aanb1181l1UeM yaeJlH'I8HHR .. · If . aw."'),;,;:. 

nii'IHHII k
1 

CTSHOBHTCII MIIRMoA', npR'IeM I k ,·a 1•1 ir I 2~ a » l R_ '•·\~ 

1
1 

(1
1
a) 

(k
1 

a) 1
0 

(k
1
aJ 

,, r t t,l ;., .. 0 • 

I rtt faHik,la) 0 · I ,·1 

·tCIIe.OOBIIT91JbHO, npaaaA 'IIIC:fb p8B9RCTBa ( 17) MOX<eT HM9Tb aHa'IIIHHll B npe,aenax OT 0 
I . 

llO W , 8 neaa11 '18CTb npe.OCTIIBIJII~T pA.a T8HiliiHCOH.Q, 

Bonee no.apo6Hblll aHanua no.aot5uoro cooTHoweHHsi 6bln npoae.aeu a /f!J/ 

9 
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B) Ueno'IK& CBH38HH·&IX pe3oHaTopoe 

Cnyqall· 'tl ~ d 1 a« d MO>KHO paCCM8TpHB8Tb K8K uenOqJty CBll3~HbiX pe30H&-

TOpOB. KaK 6&1110 OTMB'IBHO B a II B 3TOM cnyqae He06XOJlHMO Y'IHTbJB&Tb 60ilbWOB 'IHC/10 

'IIIBHOB B pHllY npaaoA '18CTH p8B9HCTB8 (J3), 

PaccMoTpHM CH&'I&Ila neey10 'l&CTb ( 13) npH a « d • npH a .. 0 I ( k a)+ o ~cnexTp 
f'• . 

qaCTOT nponyCKBHHll M8110 OTIIH'l89TCll OT C06CT89HHbJX 'l8CTOT pe30H8T0p8 1 KOTOpbl'al onj:le-

JlBIIIIIOTCll H3 ycllOBHll / 0 (kb)•O 1 T.e. k b • "( %+n) 1 l"JlB n - UBilblB 'IHC/18, npH 

9TOM neaall qaCTb ( )3) M8110 OTIIH'I8BTCll OT 1\ H MO)I(eT 6b1Tb npeJlCT8B119H81 CO!"I18CHO 

( !6), B BHJlB 

1 Z
1 

(k a) 

lea 
!! y, + t. lc b _2_ 

" (k a)' 
1 

(.JS) 

l"JlB 6kb - M8110B OTKIIOHBHHB BBIIH'IHHbl kb 

cnpaea B ( )8) M811 no Cp8BHBHHJO C 'IS 

oT 3H8'1BHHII n'( " +n) • B-;·opoA •IIlaH 

Hcnonb3yll H3BBCTHoe paseHCTc./ 
61 

I 

·-·-
Sin'(" x ) 

"'(m+x 12 
• 11 

npeo6pa3yeM npaay10 q&CTb ( 13) it BHJlY 

l"JlB 

I 11 (y •a ) Sin'" x = y. _ Sin'" z I 
m=··· (y a) I (y a) "'(m+x)2 "' .,_ .. 

.. 0 .. 

a' - y, .. 11 (y.,a) 

(y.,a) 1/Y.,a) 

a; 
( :!1 + xP 

( 19) 

(20) 

(21) 

_ 2n'am 
BcneJlCTBHB T0!"0 1 'ITO a << d 1 aenH'lHH& Ym a-----<< l Jlllll 6on&woro 'IHCna nepBbJX 

d l 
'!lleHOB

1 
paeHoro m • B._ TO >Ke speMII ocTaTO'lH&II cyMM& 1 6naroJlapll MHO>KHTenJO ~ 

0 (m+ x) 
Mana no cpaaHeHHJO c cyMMOA nepsbiX m 0 qneHos. nosTOMY1 B&JJlBilllll cyMMY nepBbJX 

'1119HOB
1 

Mbl y'IHTbiB&eM l"IIABHYJO q&CTb CyMMb1 1 OT6p8Cbll!l811 BBIIH'IHHY MBHbWBl"O nopllJlK8, 

.illlll 'llleHOB, KOI"Jl8 BbJQOIIHSIBTCII y a << l .. 1 
C TO'IHOCTbiO JlO BTOpOl"O DOpiiJlK& BBIIH'IH-

Hblyaia' 
l,(y,.a) "'-lh[l-.VB(ya 

(ya)l(ya)- "' 
• 0 • 

) '1 (22l' 

II, CI19JlOB8TBilbH0 1 Jl/111 ( 2) ) 6y JlBI'I HMBTb 

8 
2 

- 14 "
2

• 
2 

( • + z /. 
• "2 

(23} 

noJlCT&B/11111 (23) l!l (20) .1 nony'IHM 

10 

•;{f.<' 

'~·~. /' ' ~~ '· '. ·'"'!"':,, : ... · 

....... .or_;... 

I 11 (y.,a) 

m• - ( y a1 1 ( y a)-., 0 .. 

Sit1 2
" 11. _ 11 Sin2ft':r " 2 a2 

---~. - ,l ---- --- •o 
"2(m+x) 2 "2 Zd2 

,BenHitHHY m 0 MO>KHO OUBHIITb1 npHHHM8ll BO 8HHM8HHe, 'ITO npH m -+ 

I (y a) 
l .. .. 0 • npnpaBHIIB811 HYIIJO npa8yJO '18CTb (22). nony'IHM 

(y,.a) l,fy.,.a) 

m o = ...;T __!L • 
rra 

00JlCT881lllll (25) B cPOPMYIIY (24) H HCnOilb3YII ( )·8) 1 6yJlBM HM9Tb 

~~ +~kb _·_2_ = v2 a 
11 ( k a f 2 --;;--d 

• 2 
·an rr x 

(24) 

·I" 
8blp8>K9Hll9\ 

(25) 

(26) 

BBOJlll .o603H8'1BHHB 211" -cr- = u , nony'IIIM Jl/111 OTHOCIITBilbHOA WHpi!Hbl 110110Cbl 

~ = v2 (....!! )(..i)(lca)(l-Cosud). 
k 8 d b . 

(27) 

'l3/ 
B pa6oTe Jlllll sToro cny'l&ll BbJBeJleHa ¢opMyna 

~ = J/,3(...!!._ )(__!_ )(ka)(l-Cos u d). 
k d b -

(28) . 

Pa3nH-'IHe a qncneHHOM KO:ilcPcPHUHeHTe o6ycnoeneHo npH611H3HTen&uoll oueuKoll cyMMbl a-{20! •. 

HeTo'IHOCTb 3SKIIJO'I&eTCll B TOM, 'ITO yqTeHa TOilbKO qacT& cyMMbl OT 

II 8 K&Kolt-TO CTeneHH npOH38011BH BbJ60p 'IHC/18 mo • 

m = 0 JlO 

npOH3BBJlBM 6onee TO'IHOB Bbi'IIICI19HHB CYMMbl 8 (20): 

lh - Sitr 2 "x --"-,- I [ lh - I,( Y• a I I _1_ = lh - Y, sin 2 rr 11. 

.,.... y a l(y a1 (m+.xl
2 

a2 '/" '. 
- m 
d' 0 

:J!in'" 11. 

rr" 

11'1 o . .. 

l 
I lh (muf 
"'o 

... 
I 

"'o 

11 (y.,al '1 
---,I. 

Y., a 1,( y.,. a) ( m + 11.) 

m-•mo 

(29) 

J;ln11 m· > m
0 

cyMMY MO>KHO 3&MeHHTb HHTerpanoM, C'IHT&ll, 'ITO np11 m > m.,. ae~H":' 
_ 2ft' am 2ft' a 2rra m "' 

'IIIH8 ( m + 11.) •Ill H BBOJlll 0603Hli'IBHHII ·y a -~= y, ---,-= dy, -- o~ y • , npeou• 
"' a a d o 

pa3yeM (29) K 8HJlY 

% - a --V 
4n'd 0 

Sin'rrz- .4a ·ain 1.ft'x.flh ;~ 
ft''d y Y

2 

0 

a Jh -
.4a 

" d 
·sri 2

" x [~ + 
l6 

II 

l 

2y 
• 

f 11 ( 1) . d 1 J ] 

T 1 (1) y 
0- 0 

- R 1 , 

(30) 

/ . 

' 

·, "'· 

.,~ 



••. J·• ···""·"-~''"' ·.w~·--~$:~·.~~-· ~v-~~~ ~,~.;~:~~rr.·~-"'\ ~?'~'~ ·: t;r:~;:~:~~\{·.¥(,~·.~·1~;~~i~/~::2t:i 
.,-·. 

rAe 

BaoaR o6o3Ha~eHHe 

.·•' I 

R • j!.&L_ 
., I (y) 
0 0 

..h... 
·y' 

• "' 16 [ ....!... + _1_ ~ R 
0 16 2,. 

nony~HM BblpB>KeHH6 JlRll WHpHHbl ROIIOCbl, ~H8110rH~:oe (27) 

·,,.,· 

~k • ..U.(...L)(-&)(h)(1-Coaad). 
k 16 d b . 

~1'0 npH, D1 .. oo 86JJH~KH8 _!,/.1)_ .. ) 
I (y) 

] • 0 

, nony'IBM npHHHM8R BO BHHM8HH6 1 

H0 CI16AOB8T611bH0 1 
• - 16 £..4 + -L - _L 

0 16 2y
0 

2y
0
2 

3aM6HliA y ~epe3 Dl B KCROI1b3Yll OlleHKY m no (25), Jlllll f, 
o o · ·o o 

~ucneHH06 3Ha~eHH6 ,4. • .J_ , 

t·" 

t (32)· 

R,• 1 '. -2 t . ,., ... 

16 3,4 . ' .• 
,KaK MO>KHO BHJl&Tlo, nony~Hitac~o B.litllll'llfHa yxc• 6onee 611K3K8ll K VJ , HaMH Cibln.ll npo.:.·::/~ii·~· 
H3B6Jl6H8 T8K:IK6 OQ6HK8 8611H'IKHbl '! ~ HlitROCp6JlCTB6HHO: nyTeM 'IH~116HHOrO 'BH1'&rptrpo•jl.;.:··.~: 

HHR npu pa311H'IHblX 3H&'IeHKRX 7 • Pe3yi1JoT8Tbl pac'leToa npaae.aeNw a Ta6naue 2. 
. 0 . ' 

T a 6 n H u a 2 
'":" 

Pac'leTH&Ie 3H8'1&HBR aenK'IHRI>I R . K f. a 3aaucaMoc,..-oT y 
' . -············--· ~' 

y R f 

0,095 4,9934 4,4138 
o,1 4,7435 4,204() 

. ~~ 

-.0,2 2,2453 4,2752 ·:·, ...... 

o,s' I,4241f 4,1768 
0,4 I,Ol41f 4,1696 
0,5 0,7707 4,1688 
0,6 0,6100 4,1728 
0,7 0,5008 4,II60 
o,8 0,4165 4,1360 

-o.~ o,sooa 4,1528 
1,0 0,0968 4,1~72 

2,0 4,4212 

12 

.. ~. ~· ,.,.:::,,·· 

I· 
\ 

Vf3 T8611HUbl 2 BH,OHO, ~TO f 
0 

M8no 38BHCHT OT y H ~aeT nnH ~ BenH~HHy, 

6nH3KYIO K 1/3. 
0 16 

CornacHo paaeHCTBY (30)
1 
3Ha~enue cyMMhl B npaaoll ~acTH .aacnepcHOHHoro ypaaHeHHR 

(13) npu D = d 1 ...1L « 1 8 ix[=0,5 paaHo y, _ ~ no.aCT8BI1liA cpe,aHee 3H8~e-
d 4rrd 

HHe .ans1 • H3 Ta6m1Uhl 2, paanoe • ~4,2, nony~HM 
0 0 

4 ~ 
!!..._ • = ~(_a ) .:: 3,6.10 (_a ). 

4rr d o 4rr d d 
6bll10 RO,OC~HTaHO 3Ha~eHHe 3TOll aenH~HHbl B 3aBHCHMOCTH OT ( ka) npH 

Pe3ynbTaTbi Bbi~HcneHull npuse,aeHbl B Ta6nuue ( 3). 

T a 6 n H u a 3 

MaKCHM811bHOe ( B npe.aenax ROIIOCbl o:::_[ "I~ 0,5) H3MeHeHHe cyMMbl B ( 13) 

ka 

O,OOI 
0,002 
0,003 
0,004 
0,005 

. 0,006 
0,007 
0,008 
0,009 
O,OIO 
O,OII 
0,500 
1,000 
1,500 

OT (ka) npH D= d, ..!!._ « 1, 
d 

BenH~HHa cyM- BenH~HHa cyM-

Mbl B ( 13) JIPH Mbl B ( 13) npH 

x=O "= o,s 

0,5000 0,4963 
0,5000 0,4963 
0,5000 0,4963 
0,5000 0,4963 
0,5000 0,4963 
0,5000 0,4963 
0,5000 0,4963 
0,5000 0,4963 
0,5000 0,4963 
0,5000 0,4963 
0,5000 0,4963 
0,5163 0,5124 
0,5751 0,5704 
0,7261 0,7196 

BenH~HHa 

_a_ • 
~'ll.d. 

0 

0,0036 
0,0036 
0,0036 
0,0036 
0,0036 
0,0036 
0,0036 ,~ 

0,0036 
0,0036 
0,0036 
0,0036 
0,0038 
0,0046 
0,0070 

-2 
~= 10 • 

d 

KaK cne,ayeT H3 T86RHUbl 3, ST8 senH~HH8 COXp8HAeTCSI ROCTOSIHHOll B o6naCTH H3MeHeHHli 

(ka) annoTb .ao k a:::. 1 • Mbl paccMOTpenH ueno~Ky CBH38HHbiX pe30H8Topoa npu D =d. 

PaccMoTpHM Tenepb cny~all, Kor.aa D >> d , a OTHoweHHe _!!_ paBHO uenoMy ~Hcny 
p (o~eBH.OHO, ~To npu D >> d aTo ycnoaae He HOCHT npuHdunuanbHoro xapaKTepa). 

Tor.aa, y~HTbiB8A (22),cyMMY a npasoll ~acTH (13) MO>KHO 3anucaTb a anne: 

13 

.... 



~ 
''·I 
H 
~ I 

tl 
~: I 

-i 

i 

I 

~ ~ l,(yma) 

D m ~- oo(}' a) l ( )' a) 
m 0 

IIIIIIIIII·IJ·IILQ_J.!llll !!'I II I PIPWII ••• '1.~ .. ..__, ___ ._ . ._ ... / 

Sin 2 5f ( mu) 

[JI.d (m+x) ] 2 

D 

00 ·~ ?__ ~ [ 1 -~l Sin (.'ZH-x) 

2D m~.oo 8 [II.d(m+x) ] 2 

D 

nonO>KHM y a ~ 21Ta (m+X )I BBe,aeM 0003Hll'leHHSI 
I) 

m~q.lL+n· 
d • n ~ 0,1,2,. •• .!!.... - 1: 

d 
- (JQ <q< (XI' 

(33) 

npu'leM npH q =0, I, 2 ••• 6y.nyT Y'ITeH&I ace auaqeuusr m ~o, I, 2 ... , a npu q=-1,-2, ••• 

6y.nyT Y'ITeH&I see aHa'leHHsr m =-1, -2, -3 ... B HOB&IX o6oauaqeunsrx (33) npeo6paayeT

csr K BH.Ily 

'iHcno q 
0 

uanpHMep, 

d 

2D 

d 

2D 

I[ 1- "'a'(q.!!....+r>+x 1'1 Sin' .zy{- (n+x) 
2D

2 
d [!Ld ( q .1!+ n uj] 2 

...11.-I 
d 
I -· Sin2 .!!..S!..(nu:) I 

D q= .. 00 

D d 

1-...di!(q.E,+n + x ) 2 

202 d ~ 

112 [ q + ..tL ( n + x ) ] 2 

D 

(34) 

f. ., "o 
:: _!!_ I [ 1 - 2..!!!. I S·zttd( J]" d a2 1n -- n+x = 12--- ----;; 

~-I 
q I Sin 

2 ..!!..!! ( n + x ) ~ 
D 2D n=o 2d

2 
q •I D 2D d 

~ [ 1 - ~ ~ q 1 = 8S • az o 

0 ..... 

MO>KHO oueHHTb TBKHM >Ke o6paaoM, KliK eTo 6&Ino c.aenauo a cnyqae d •D ; 

nonarasr 1- (y.aJ'. 0, nony'IRM ~ ~ .J 2 Rna .".l!!.tl.• .!!.....; 2, q '".!!... J/.2 • 
8 D D D • 'a " 

no~J'BBDSISI B (34) 9TO 3HB'IeHRe q
0 

, Hllll.aeM 

8S-~-_1_ 
4ft 

a 

d 
..; 2. 

CooTHoweune (35) noasonHeT c.nenaTb .nsa BbiBO.na: 

(35) 

t) npn D ---a- > 1 
B a« 1 , CyMMll B npasoll '18CTR ( 13) He 38BRCRT OT napaMeTpll X 

2) 'IBCTOTB nponycKliHRSI y>Ke He paSHa TO'IHO peaOHBTOpHOII 'lliCTOTe H XllpliK'I'epxayeTCSI 

ROCTOSIHHblM C!l.BHrOM 

At ~ ~ ( ~)( ..!!__ )(ka). 
- .. - 8 b d 

Vfcnonba ysr peaynbTliTbl 'IHCneHHbiX pacqeToB, npOHJlntOCTpHpyeM paBeHCTBO (36) B 

'ra6nnue 4, 

(36) 

no <flopMyne (35) Mbl HeCKOnbKO 38HH3HJIH OUeHKy BenH'IHHbl q
0 

, H0
1 

O'leBH.I:IHO, '1!0 

C06mo.na·eTCSI nponOpUHOHliJlbHOCTb OTHOWeHHIO __ a_ R He3a&HCRI\(OCTb OT (ka), 
d 

14 

Fr ~r- sr• - -~ -- -- -, .... t"Y.-;-~ --~x .. ,..,,.....,.,. -i c---.,.,.....- J!"''t"· 

Ta6nnua 4 

To'IH&Ie aHa'leHHsr cyMM&I (33) H aenH'IHHa 15 S D 
npH a =100 

Ktt J 0,01 0,02 0,03 0,04 0,05 

&S 
~ .l 

no (35) 0,4887 0,4887 0,4887 0,4887 0,4887 ---d 10 QacJie&-
HYI pe- 0,4836 0,4836 0,4836 0,4837 0,4837 
ayJinat 

no~-(35) 0,4943 0,4943 0,4943 0,4943 0,4943 
Q 1 
J:=ro Qacli8B- 0,4917 0,4917 0,4917 0,4917 0,4918 

&Iiiii pe-
3YJIU81' 

-- ~ --

ll 3. Vfany'leHHe aapsraa, nponeTaJOmero no ocn aonuoaoaa co menSIMH 

/7/ 
B pa6oTe nano>KeH MeToa onpe.neneHHSI nany'leHasr aapsraa, nponeTaJOmero no oc 

CTpyKTypuoro BODHOBOJlll, 

Vfany'leHne MO)KHO no.nc'IHTliTb, pewasr ueonuopo.nuoe ypaaHeHHe, Kor.na naaecTHbi 

COOCTBeHHble lPYHKUHH BOllHOBO.IlB, 

nocTpOHM Bblpa:>KeHHe .!:IDS! cpyHKUHH BeKTOp-noTeHUH808 BODHOBO.I:Ill CO mensrMH 

1 >. r~ t> = :4 >. (1) q>. ( ,, • (37) 

KaK naaecTHo, <PYHKUHSI J ,\ (1) , aaancsrmasr TOobKO OT KOopnHHaT, nponopunouanbHll Koop 

.llHHliTHOlt lPYHKUBH aneKTpH'19CKOro nonH (eM. ( 10) ), 

Cne.noaaTenbHo, ansr z -KoMnoHeHT&I <f!yHKUHH ~,\ (t) M&I cpaay Mo>KeM uanncaTb 

Bbipa>KeHHe 

.( =a,\_!_ I Ia (r.r) 
D.,= ... [o (y.a) 

r.ne a:>. onpe.nensreTcH xa ycnoanH uopMHpOBKH 
• 2 2 

f I A I dV - 4 1T c • 
v ,\ 

:"¥ 
•2 

-··-· e 

Y
0

- o6oeM oTpeaKa aonuosoaa, ll.nnua KO'I'oporo paaua nepno.ny CTpyKTyp&I D • 
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nonD>KHM 

:!__ ~ l,(yma) 

D m =· oo(y a ) I { y a) 
0 

_ •• _,.!.,......_...,_,,_.......,.. ... ___ ,.~ 

Sin 2n,f (m+x) 

[JI..d (m+x)] 2 

D 

00 • • '.ll.ff :!_ ~ [ 1_~1 Sm (.'ll+x) 

2 D m=· 00 8 r il.d ( m + X ) 1 • 
D 

y a = 217 a ( m • x )I sse.oeM o6o3Ha'leHHH 
1) 

m=q_D_+n; 
d 

n = 0,1, 2,. •• _!!_- 1 : - oo < q < "" , 
d 

(33) 

npu'leM npH q =0, I, 2 .•• 6y.oyT Y'ITeH&I see 3Ha'leHHH m ,=0, I, 2 ..• ,a ·npH q-1,-2, ••• 

6ynyT Y'ITeHbl see 3HB'IeHHll m c-1, -2, -3 •.• B HOSbiX 0003HaqeHtt!IX (33) npeo6pa3yeT

C!I K SH!lY 

d 

2D 

d 

2D 

~ [ 1 _.!!!_a 2 ( q _!!_. + tl+ 11 ) 2 ) Sin 2 

2D 2 d [!Ld 

.zz...cL 
D (n+x) = 

...11.-1 
d 
.I 

<PO 

Sin 2 ..!L!!...(n+J:) ~ 
D q=· 00 

D 
( q .11.+ n +X)) 2 

d 

1-....di!(q.E.+n + 11. )
2 

202 d = 

~r2 [q +...L(n+Jt.)) 2 

D 

(34) 

f. •J "o 
~...!!_ ! [ 1- 2..!!-!. ! 

2D 2d 2 
n=O q -1 

-t·l 
Sin2 .!..<!.(n+X))='f2-_d __ ~ q I 

D 2D d 0 .,..
0 

Sin
2 ..!!..!! (n + 11.) = 

D 

Y, [ 1 - Y, _..!!._ q ) = 85 , 
d 2 0 

Y:Hcno q 
0 

uanpHMep, 

MO>KHO OUeHHTb TaKHM }l{e 06pa30M, KaK STO ObinO C.QenaHO 8 cnyqae d •D ; 

nonara11 1- (y.s)2_ 0, nony'IRM ~ = .J 2 HnH -"~- .!L..; 2, q • .!L .¥.J... 
8 D D D o·s, 

no!lCTaSnllll S (34) STO 3Ha'leHHe q
0 

, HaA.Q&M 

85 =·;..-_1_ 
411 

a 
d 

..; 2. 

CooTHoweaHe (35) no3sonHeT c.oenaTb naa BbiBo.oa: 

(35) 

I) npH _!2_ > 1, ~ << 1 1 CyMMa B npaaoA 'laCTH (13) He.'.3asRCHT OT napaM&Tpa X d a · 

2) 'IBCTOTa nponycKaHH!I y}l{e He pasHa TO'IHO pe30HaTOpHOA 'laC TOTe H xapaKT9pR3y9TCII 

noCTOSJHHbiM C.!lBHrOM 

A!_ = ...JLL ( -!.... )( ....!!__ )( i:a ) • 
k 8 b d 

Vlcnonb3 Yll pe3ynbTaT&I 'IHcneHH&Ix pacqeToa, npoanniOcTpHpyeM paaeacTao (36) a 

'ra6mtue 4. 

(36) 

no cj:JOpMyne (35) Mbl HeCKOnbKO 3aHR3HnH OU9HKY BenR'IRH!ol q
0 

, Ho, 0'19BH.QHO, '1!0 

C06niOna·eTC!I nponopUROHanbHOCTb OTHOW&HHIO __ a_ H R938BRCRI\(OCTb OT (ls), 
d 

14 

'r r 7 ., I ---' -~,~.....,.._T~"":.'"-·· -~~-,.-, .... -~·.~--,---,..,.~~-.."7"--;::z=j'!l!!ll! =--:.~.,.,.., . ....-.,..,..---.. - __ 

T a 6 n H u a 4 

To'IH&Ie 3Ha'leHHH cyMMbi (33) R aenR'IHHa 8 S 

Ket O,OI 0,02 0,03 

rs 
«-:1. 

no (35) 0,4887 0,488'7 0,4887 

« 10 liKCJieB-
HHI pe- 0,4836 0,4836 0,4836 
3yJI:uar 

rs 
DO (35) 0,4943 0,4943 0,4943 

Q_i 
~-ro liKC.I8B- 0,4917 0,4917 0,4917 

Bidt pe-
synTaT 

'-- ··-

D 
npu a =100 

0,04 0,05 

0,4887 0,4887 

0,4837 0,4837 

0,4943 0,4943 

0,4917 0,4918 

0 3. Vl3ny'leHRe 3ap11.oa, nponeTaiOwero no ocR aonaoaona co wenHMR 

171 
B pa6oTe R3no)l{eH MeTo.o onpe.oeneHRH R3ny'leHBH 3ap11.oa, nponeTaiOwero no ocR 

cTpyKTypaoro aonaoao.oa. 

J.13ny'leHRe MO)I{HO nO.OC'IHTaTb, pewag HeO.QHOpO!lHOe ypaBH9HR91 KOr.Oa H3BeCTHbl 

COOCTSeHHble cj:JyHKURH BOnHOBO!la, 

nocTpORM BblpameHRe .onH cj:JyHKURR aeKTop-noTeHuRana aonaoao.oa co wenHMH 

l A (l t) = A A (1) qA ( t) • (37) 

KaK H3BecTHO, cj:JyHKUHll ~A (1) , 3asRcHwaH TOnbKO OT Koop.onHaT, nponopuuoaanbHa Koop

LlHHaTHOA cj:JyHKUHH sneKTpR'19CKOrO nonH (eM, ( lQ) ), 

Cne.oosaTenbHo, .onH x -KoMnoHeHTbi cj:JyHKURR ;tA (t) Mbi cpa3y MO>KeM aanucaTb 

Sbipa)l{eHHe 

( =a A_!!___ ! 10 (r.r) 
D m=·.. lo ( Y., a ) 

r.oe a A onpe.oenHeTcH H3 ycnosnst HOpMHpOBKH 
• 2 2 

f I A I dV - 4 " c ' 
v A 

Y
0

- o6~eM oTpe3KB aonHosona, RnnHa KOToporo pasHa 

15 

Si kd knT 
"'2 

e ·lkm• 

nepno.oy CTPYKTYPbi D • 

(38) 



II:'. 

<lJyHKUIISI B8KTop-noTeHUHana, saBHCS!lUBSI OT Bp8M8HH, onpetlenS!eTCSI H3 ypaBH9HI!H 

2 1 
q >.. + "'>.. q >.. = -e- f j( z) A•: d V , 

v 
0 

(39-J 

Plle cu >.. - C06CTBeHHhle qaCTOThi CHCT9Mhl, j (z) - nnOTHOCTb TOKa B H8UpaBneHHH Z 

CopnacHO (38), npH r =0 HMeeM 

• d - ••• 
A, (z) = a _ I· B>.. e "' 

1\. A D m=·oo m 

B = Am 

d 
sink.,~ 

1o (y ,.a) k .!!.__ .. 2 

(40) 

(41) 

171 
8 COOTB9TCTBHII C HHT9HCHBHOCTb Hsny'I9HI!SI OUpetlenHeTCH 'lepe3 KOScpcpHUH9HTbl papMo-

HHK B),.,. (eM, (41)): 

2 

p>.. Q'v•a; d ( _!!_ / I I , 
2 D m=m .4c 

B, B' 
___ A_m __ + l . .\m 

j~ -vjm=..'f~ + vj 
d u du 

(42) l . 

CyMMHposaHHe B (42) npOBOllHTCH npH sHa'leHHSIX m = m H m=m , KOTOpbre onpetle-

nHIDTCSI yCnOBHSIMH Hsny'I9HHH 

(m' +I)~ v = "'>. , 
D 

( ,, ) 217 m ·+" __ v=-cux 
D 

V - CKOpOCTb 'laCTHUbl B z - HanpaaneHHH, Q - ee aap!!ll. 

KaK ObinO noKasaHo a § 2, "'>. npellCTaanHeT Haf5op llHCKpeTHbiX 'laCTOT 

"'.A~ (l4+n)~, n=0,1,2, • .;. 
d b 

BenH'IHHa ~ a cny'lae D >> d o'leHb Mana , TBK 'ITO npH noac'leTe 
• d u 

HOCTH Hsny'leHHH lln!l tlaHHOil CTpyKTypbl MO)KHO IIOnO)KHTb ~ ~ 0 • 
du 

(43) 

HHT9HCHB-

BcnetlcTBHe sTO!'O 'laCTOTa "'>.. 
Mano HsMeHHeTCH a npetlenax nonocbr nponycKaHHSI H 

MO)KeT C'IHTaTbCSI nocTOHHHoll. VIa UOCTOSIHCTBa "'>. a npeaenax nonocbr cnetlyeT, 'ITO 

llnH tlaHHO!'O cu ,\ MO!'YT CYlll9CTBOB8Tb TOnbKO llBa 'IHCna m , npH KOTOpblX y llOBneTBo-

pHIDTCSI paBeHCTBa (43) COOTB9TCTB9HHO: 

(m+JI)•+ _!!_ (%+n), 
- 2 bf:3 

l'll9 {3 • ~ - OTHOCHTenbHBSI CKOpOCTb sapHll8, 
c 

8 COOTB9TCTBHH C (44) 
17d 

k ...2._= ---
.. 2 2{3b 

16 

", 

(44) 

(45) 

Y., a __!!_!!_ .,; 1 - fl 2 
7j , 

f-l b 

f!=~~+n. 

rlOllCTllBnSISI (45) B (42) H Y'IHTbiBllSI
0 

'ITO H3 K8)Kll0il CYMMbl B (42) H900XOl1HMO B3HTb 

dcul\ ~ 
no OllHOMY 'lneny 11 nona!'llSI - 0 , nony'IHM 

d u 

1).= 
2 Sin 2 

( .!!..!!.:1- ) 
Qvd d 22 2Bb 
--- (- ) ">.. -:r· 2 c 2 D 1 (.!!!!!Ly 1 _ {32)( ..!!.!l.!J_)' 

o ;H 2{3b 

(46) 

HopMHpOBO'IHbill MHO)KI!Tenb a A 
MO)KHO onpenenHTh, nonb3y!!Ch cnetlyiDlllHMH cooopa)Ke.. .. Ax ( r ) a peaoHaTopHbiX nonocTHx, cor-

HHS!MH. CoocTaeHHbie cpyHKUHH aeKTop-noTeHuHana 

nacHO (3) 
0 

llOn)KHhl HM9Tb Bllll 

A,\ (:;)=a>..Z 0 (kz)., (47) 

rlpH b »a H k a« I cpyHKUHH 1,\ (t) a peaoHaTOpHbiX nonocTHX OYllYT Mano 

OTnH'IllTbCSI OT COOCTB9HHblX cpyHKUHil 38MKHYTO!'O pe30H8TOp8, 

rlocnellHH9 H3B8CTHbl H onpellenHIDTCSI Bblp8>K9HHHMH 

1 
ex= 7d 

2c 
b]t (kb) ]I (kr), 

(48) 

Plle ,\ cooTBeTcTayeT co6cTB9HHblM qacToTaM cu >.. pesoHaTopa, ana, nocKOnhKY 

~ (kb)'!.y~ JTic b o TO 

.c - v 2d c J ( kr). 
>,\ bd 0 

TaK KaK Zo (kala>.. =ex (ka) 
]

0
(ka):: 1, 2

0 
(k a) !! 1 , 

TO 

a,\= c V 2JTk 
bd 

-
_!;JL_ . I " 2'1' 

b v -d~· 

rlollCTBBn<lll (49) B (46), f5ytleM HM9Tb 

Q2,.v d 2 . Sit/( .1Li!L ) 
p- Tj( ) . 2~b • 
,\ __ b_2 _ [) 1 2 ( !!.!!!1- .J 1-d ) i __!!...!L1L ) 

2 

•.• bfJ 2{3b 

MO>KHO OU9HHTb
0 

C'IHTaH, ';ITO B03MYlll9HH9 HCUb!TblBBIDT 

(49) 

(50) 

see aonHhi, 
rlonHoe Hsny'leHHe 

lln!l KOTOphtX k a<1 , 3TO CO!'nacyeTCSI H C T9M cpaKTOM, 'ITO B rnatlKOM BOnHOBOl19 

aooome He MoryT pacnpocTpBHS!TbCH. Bhrpa)KeHne tlnH nonHblX rioTepb 
BOnHhl C k a <1 
Ha H3nyqeHH9 OY ll8T npetlCTaBnHTb .COO Oil cyMMY p ... UO 7j BUnOTb llO MaKCHMBni,HOrO 

3Hat.teHHSI 

" 
, onpellenHeMoro, HanpHMep, H3 ycnoan!l: 
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kas 1 kb~~"TJ ....!L =1, 
b MaKC b 

'1 =-~-. (51),• 
M8KC 11 a 

PaccMoTpKM Bbipa>KeHKe B KBanpaTHbiX CK06Kax B ,PopMyne (50). MaKCHManbHOe aHa'leHKe 

apryMeHTOB B ,PyHKUKHX 

( ..!!..!!.!L ..; 1 - f3 2 ) 

f3b 
H S • 2 ( .!!.!!..!L ) I ( ..!L'!JI__ ) 2, 

In 2{3 b 2 fJ b 

cor nacHo ycnoBKH (51), paBHbi 

z 
tMaKC 

'IIBTJ ---
=~C y 1-{32 ..;17 = 1fdTJM8KC =-1-(_!j_ ).(52) 

---- ' ~8KC 2 {3 b 2{3 a f3 {3b 

CnenosaTenbHo, npH {3 '!.I H d.S,a 

II M8KC << 1 ' z2M8KC < Y, 

KMeeM 

H JO( ZIM8KC) !11 1 • 
[ Sin z2MAI!:C ]~ 1 

z 
2 M8KC 

Y'IKTbiBaH naHHOe o6cTOHTenbCTBO, ,PopMyny (50) MO>KHO aaMeHHTb cooTseTCTByiOWHM 

OpH6nK>KeHHbiM paseHCTBOM 

Q2rr~ TJ 
1). b2 

Bbipa>KeHHe .on11 nonHoro uanyqeHKH 6y.oeT conep>KaTb cyMMY no TJ 

npH TJ MBKC >> 1 HMeeM 

n M8KC 

,I TJ .. I n_, 
02

M8KC _ TJ 
2 
M8KC: _2 ___ -2--

CnenosaTenbHO, .on~< nonnoro nanyqeHRSI nony'IKM 

Q2 d 2 
P= ---v(-) 

2 a2 D 

KnK .llnll pa60Tbl, npKXO.llSIWellcSI Ha O.llRH peaOHBTOp 

2 

A ~ ( ..!!.....)(~). 
2a a D 

b2 

2?BT 

(53) 

.llO TJ =TJ M8Kc 

(54) 

(55) 

(56) 

B pa6oTe181 6hino nonyqeHo Bbipa>KeHHe .on11 noTepHHHoll aHeprHH npK nponeTaHKH aapH.llB 

qepea oT.oenbHhill peaoHaTop. 

d 
¢opMyna (56) OTnnqaeTCH OT 3TOrO Bbipa>KeHK!I MHO>KHTeneM -- , xapaKTepH3YIOillKM 

L 
CKB8>KHOCTb, HanK'IHe 3TOrO MHO>KKTenSI MO>KHO 06bSICHHTb TeM, 'ITO B nepHO.llK'IeCKOll 

CTpyKType Mbl UO.llC'IHTbi~aeM pe30HBHCHOe 113nyqenKe, KOTOpOe HC'IeaaeT UpH CTpeMneHHK 

CKB8>KHOCTH K HyniO, JlnH OT,llenbHOrO peaoHaTOpa UO.llC'IHTbiBBeTCSI nepeXO.llHOe K3nyqeHHe 

llpH e.oKHH'IHOM nponeTe. aapH.lla qepea Hero. 

18 

AHanorH'IHbiM o6pa30M MO>KHO nony'IKTb Bb!pa>KeHKe ,llnSI HHTeHCHBHOCTH KanyqeHHSI 

B cnyqae D = d, a.<< d ,llnSI OT,llenbHOll nonOCbl nponycKaHHSI qaCTOT, KOTOpOe 6y.lleT 
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