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llfUmylll JldepHI>IX UCCAe<}oeaHUU ,[ly6Ha 

KaK assecTHo, ~sameHHe pengTHBHCTCKOPO KOnbUa 
aneKTpOHOB ~ 6onbWHM. sapg~OM H ·• TOKOM B npoCTpaHCTBeH
HO ·aeotJ.aopo~Hoii ycKopgromeii cHc'ie.Me npHBO~HT K sos-
6ym~eHHIO aneKTpOM8PHHTHhiX noneii:, KOTOpbte MOPYT OK8-

·3biB8Tb BnHgHHe Ha ~BHm9HH9 C8MOPO HCTO'IHHK81 CMo1 
aaripaMep, /1/. B TO me speMg ycnosHg y~epmaHHg HOHOB 
B KOnbU9 Tpe6yroT ~OCTBTO'IHO nnaBHOPO HapaCT8HHg ePO 

'CKOpOCTH. noaTOMY menaTenbHa KOHKpeTHag OUSHKa B03-
6ym~a·eMbiX noneii • 

Hame oueHKa ~enaeTcg ~ng Mo~ena.ycKopgromeii cacTe
Mhr, CfCTogmeii: H3 KOaKCHanbHbiX pe30H8TOpO.B (no~po6Hee 
eM. 12 ) • CxeMa ee ~aHa Ha pac. 1. . ·· , 

npe~nonaPaeTcg, 'ITO B nepBbiH pesoHaTOp nona~aeT 
Konbuo, yme ycKopemioe iio · cKopocTH v0 =cf3 , (3 < O,S.KaK 
6y~eT BH~Ho· HHme1 BTOpH'IHhiM nongM1 B036ym~aeMbiM KOnb
UOM1 .npH (3~0,5 • B paCCMaTpHBaeMOM cnyqae ·B OCHOBHOM 
COOTBSTCTBYIOT tJaCTOTbi , Sanpe~enbHbte ~ng BCeX 
sonaoso~HhiX o6nacTeii paccMaTpHsae~oii CHCTeMhi. YtJHThi;... 
Bag 8T01 B KatJeCTBe SKBHBaneHTa OT~enbHOMY aneMSHTY 
ycKopgromeii cucTeMht npa6nameHHO conocTasneHa coso
KynaocTb ~BYX KOaKCHanbHhiX nepexo~OB 1 CM. pac. 2a, KO
TOpbte B o6naCTH STHX tJaCTOT paCCM8TpHBaiOTCg He3aBH...; 
CHMO ~PYP OT ~pyPa. npa. STOM ~onmaa co6nro~aTbcg 
nocne~osaTenbHOCTb paccMoTpeaag: BhtneT Konbua as npa
BOPO riepexo~a ( npH. npaHgTOM HanpasneHHH ~BU>KeHHg 
KOnbUa B CTOpOHy OTpHUSTenbHhiX Z ) H nocne~yiOIUHii BneT 
B neBbiH nepexo~. CooTBeTCTBYIOlllHe nong ~onmHhi cyM
MHpOB8TbCg c aeo6xo~HMOii $asaposKoif. Cnpase~nasocTb 
aTOPO npetinonomeuag ~anee MomeT· 6biTb nposepeaa npa 
p;acc~w:rpeHHH. cna~a paCC'I.HTBHHblX tJaCTOTHhiX KOMnOHSHT 

3' 



h = 7 CM, 

-------·-----------·-----

a= 6 CM 

b = 13,25 CM1 

Pirc. 1. CxeMa cH:cTeMhi KOaKCH:anbHhiX peaoaaTopo:B. 
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P!ic. 2. CxeMbi pacnono:>KeHnSI KOaKCiianbHhiX nepexo.noa. 
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nonell: c yaenH:"'eHH:eM. qacTOThi •. Bee :>Ke cne.nyeT aaMeTH:Tb> 
"'TO ,HeyqeT B38JiMHOH 3Kp8HiipO;BKH. npii Bbi6paHHOM ilo.n- : . 
XO,ne, no-BH:AHMOMy, ABeT HeCKOnbKO · 38BbillieHHhie BenH:
"'HHbl n·onell:. 

II 

11TaK, caaqana paccMaTpliB8IOTcsi nonSI, aoa6y:>K,ne~Hhie 
.nan:>Kyll:iliMcSI aapil:>KeHHhi.M KonbuoM c · ~ToKo.M a Ko~aKcn-
anbHoM_ nepexoile, BhmonHeHHhiM na n.neanbHo npoao.nSimero 
MeTanna, eM. pRe. 26, 2a. · 

PeuieHJiH .nnSI ;o?ell:, aoa6y:>K.neHHbiX, .T8KHM JiCTO"'HJiKOM, 
'6binH nony"'eHbl B 3

• O.nHaKO ;Ji3-38 ileyqeTa 8Cii.MIITOTH"'eC
KOI'O noae.neHHSI_ liJaKTOpii30B8HHbl:lC no Bn'aepy:...Xon!lJy. ¢YHK-
unii rpliita 'npH:ae.neHHhie B 131 lPOPMY~bi OK83biB8IDTCSI ... c .• 
cnpaae.nnnBhiMii nnmQ a .nanbHeii· aoae ·- · aa · 6onb~OM pac-. 
c.'Toslaim.JbT" o6pbiBa · say,Tpeilaer6 aon~oao.na. npii paccMoT- · -. ' . ~ 

peHJiJi,.pacnpe,n~neHIHI noneii no ,nnliHe' CTpyKTypbl np!iXOAHTCSI 
y"'IiTbiBaTb acm\mToTnKy. · . · " 

. Pacnpe.neneime nnoTHOCTii aapsi.na li toKa npRHHMaeTCSI 
B Bli,l:le 

. o(r-R0 ) . . • 
p = .Q'. .2 0 ( z' + vo t). ' .. J = v • p ' rrr · · 

pt v = lv ,vcp-,:v:· .. l,. v. := 0 ,vcp""c{31· .. , v .= -v-,, ·r · ·z· r ..•.. : .. z · 0 . . 
.<. 

(l-~~2 • .)~~ 
·.' .. l.' .• . \ 

=· c{3 const ,._ Y·' l ;V 0 ' '\ 

KoM.noaeHThi <Pypbe BTopR"'Horo non·Sl: . E'cil ,· 'H'cu. onpe.nenSI
IOTcSI c noMOIUhiO cocTaanSIIOmnx : E 0zcu R E¢cu non:SI ircToq~ ·' 
HliK8, B3SITOI'O_C yqeTOM rpaHJi"'HOI'O ycnOBJiSI H8 BHemHeM 

aonaoao.ne (T.e. EO (LIZ lr,;.,b ,;,E~cp lr='b =:0 ). nnSI E~(L) 

E¢.cu (r, z) .HM~e~ Bhipa:>KeHHSI . 
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.5 
·, 

.. 
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ikz · 

ikr
2

Qe --,:r Io<krRo>K (krr) I (krb)-I
0
(krr) Ko<krb)], · Eo-. ,.; I (krb) 0 0 · 

zru "c ~ 0 ecnH ' > Ro ; 

Io<krr) [K (krRo) Io(krb)-Io<krRo>~<krb)], 
I (krh) 0 

• 

· o ecnu r .< ~o • . 
(2) ·_· 

.. , --- ...:ikz 'I (krR) · ·-

Eo ~· ikQ\Irl-leT.~ 1~ (krb~ [K1 (krr)I1. (krb) ... K 1(krb)l1 (k.rr~]_,_ 
¢> w-

2 
· . . . · . . . ecnu . r > R 0 • . 

1T c f3y . . . . . . 
,. · l I(krr) . · 

... \ krh> [ ~1 (krR0H1 < krh>-:K1 ~krb)I1 <~rR0)J,. 
1 ' .· .. . . 

ecnu r .<'H0 < 
(3)' 

l . -iwt 
3aeci. ·r = -{3 , epeMeaaofi MHO>KHTem. · e onymea, 

(JJ . y 
k= -. MeTOAHKa Haxmt<aeHHH BTOpH'iHoro nonH, Koraa c'. 
nepeli.J:aoe none npeacTaeneao e euae, . aaanorH'iHOM .(2), 
(3), xopoiuo uano:>KeHa a/4~ noaTOMy aanee '6yayT IIPHBe
A8Hbl numb OKOH'iaTenbHhie Bbtpa:>KeHHH anH nonefi. 0TMe
THM TOnbKO eme Bbipa:>KeHHH i.(lnH B036Y:>KAeHHbiX TOKOB

1
· 

TeKyUlHX no CTSHKaM BHyTpeHHero BOnHOBOAa: · 

j -, , l . , · iwz 
zw= ~ J.e · F (w)'dw · 

. 178. c ' z ; ' (4) 
. ~ " ' ' . ' ,; .. 

· . . l· . · iwz 
l,~.,_, = ·-· .. - f e F- ( ) d 

'fAA' 211a c . ¢> w w, 
1 

·csf 
: )· ~ 

rae COOTBeTCTBeHHo: c - KOHTyp, COBnaaaiDUlHH C ,!:leHCTBH-' 

6 
·, ,. 

~ 

TenbHOH OCbiD nnOCKOCTH KOMnneKCHOH nepeMeHHOH w H 
o6xoasnnufi cauay TO'iKy'u w = -k/{3, c1;- coanaaaeT c aefi
CTBHTenbHOH OCbiD, 

F (w) 
Mz 

' . z· 
( w + -~ ) y'k-w ,,tfJ (.w). 

M¢> 
F ¢> (w) = ( w) 

...... ~ 

.... ·~-------
-,--- . __ ......- '·, - .. , 

;·. 
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'e~• 
/--< !J7 

/ \11 ·. 
'.;.OS//. 

_--,.. /"'\. 11 

"" .,-
/ 
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(7) 
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Puc. 3. fpa!IJHKH E'z anH _cnyqaee"ebmeTa"H:a KOaKCHanh.:. 
aoro nepexoaa u"aneTa"e aero. 
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H M z , Mg, - KoacTailThi, KOTOphie nerKo onpenenmoTcst c 

UOMOillblO I'p8HH'IHbiX ycnoa.Hii:, <l>yHKUHH t/J _ ( w) , t/J + ( w) _ .. 
H axonstmae B aax: aenH'IH~hi npaaeneahi aa cTp, 204- Kaa

I'H /5/. HaKciaeu, ;.: 

iwaT --- --"---- 1T 
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00 
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a a ac 
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<ll(w) = <ll_ (w) <ll+ (w) = [N

1
(bv)J 1(av)-N{av)J

1
(bv)], · 

J ( bv) 
1 . 

· . 2 2 a · 2 · 11- n 2 b 2. 11-n 2 
v = y'k -w , Jmlw}> 0, a· = y'k - (-) , a = ..jk -(-b) , 

. - n a ~ 

/1- n - KOpHH ypaBH9HHSI) 1 (el =0,. a:- K·OpHH ypaBH9HH51 

- b b b h. 
[N1(vb) J 1(va) -N1(va) J1(vb)]=O, T=-ln-- (-- l) ln(--l). 
. - . a a a a 

8hip8)K9HH51 _nnst 'I8CTOTHbiX KOMUOH9HT rioneii: HM9lOT . 

BHJ:t: 
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xi 
n=l 

00 

. X 1T 
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P.n J 0 (p. n ) (a + -:q) (a -a ) 
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(am.;;._a n) (am+ 7!) (am +-p) 
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(aa.-a a) (a c_a a) (ab +k/,8) 
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(li j. 

2 • .Qng 'aneTa' ao aHyTpeHHHA aonaoaOt:t 1 KOTOpbiA Te
nepb npet:tnonaraeTcst noMemeHHbiM, KaK Ha pee. 2 a ( ot>-:
Phla aHyTpeHHero aonHoaot:t~ COOTaeTCTayeT OUHTb KOO~ 
ABBaTe z=O) ,cooTaeTCTcyJOmHe cf>opMynbi nony'laJOTC.R H3 ~ 
~(8).:..{1~) cf>opM~lnbHoA~ 3aMeaoit ,8 · a·a-,8 H z aa -z. 
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l 
f 
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· $opMy~bi t:tn.R 'ISCT<_?THbiX KOMU<:!He~T~ OCT~nbHbiX ccr-
CTaanstJOIIIHX aTopH'IHoro nonst TaK*e nerKo Bbi'IHcneTb · 
C UOMOIIIbiQ {8)-(11 ). ~ 

McTHHHast apeMeaaast 3aaHCHMOCTb arope'IHoro nonst 
nony'la~TC.R no ofJbi'IHoil: cf>opMyne ~ . 

' . . . 

E'(r,z,t) · = 2Re lj.f.'. (r,z) e-iwt dru J". · 
~ 0 CLl . 

III 

06cyt:tHM ~pHaet:teHHbie COOTHOWeHH.R. fnaaHbiA IUlTepec 
npet:tCTaan.RJOT. aenB'IHHbi. noneA .a MeCTe ~HSXO)KJ:teHH.R CSMo
ro Konbua. noaToMy a ~~{8).:.{1 i) Hat:to C'IHTa~ r = Ro., · 
z·=-v0 t •• 

{12) 
~ . _ 10 < krR 0 > _ 

8 (8);...{11) aXOAHT MHO)KHTenb~ Jo(kra) . =S(Jc,r) ·Kort:t_a 

k S(k T"'\ -<a-R-lkr ~~.. . . ~ 
aenHKO, ,._ 1 = e ~ ·-u H SMUnHTYAbi COOTaeTCTayJO-

mex rapMOHHK_ npe k, 6onbmex HeKoToporo k.~~,'o6pe3a~ 
JOTcst". Bene'IHHa a~..:: R0 erpaeT ponb "npeuenbHoro .napa
Merpa". Hao6opoT, yaenetieaee penstTHaHcTcKoro cJ>aK:ropa 

l . ~ . . . ' . . . ' ~ 

r ... ~. UOabiWBeT aKnat:t abiCOKHX rapMOHH~ aTOpH'IHOr'O 

non st. ~ · : · . ~ 

· Pacnpocrpaaeaee aropH'IHoro nonst a pa3HLie npocrpaa
CTaeHHbie o6naCTH onpet:tensteTC.R MHO)KHTen.RMH - , SMDnH-

±iwalblc~ z · ~ . ~. ±iaa1 b1 c .z~ . 0
" 

TYASMH, e n t:tnst E-aona H e n, · t:tnst 
· H -aona • .Unst ci>HKcHpoaaaaoro aoMepa n a t:tocTaTO'IHo Bbi
coKoA qacTOTbi CLl = ck aE:!nH'IKHbi w :lblc ,~ u :lblc ~ t:teA- . 
CTaHTenbHble, U03TOMy. COOTaeTCTayJOIIIHe 'IBCTOTHbie . KOM
UOHeHTbi nona pacnpOcTpBHHJOTC.R, KBK 06bi'IHbie aonHOaOA.:;, 
Hbie rapMOHHKH. llnst MeHbWHX .facroT, npH. TOM .>ice. n, · 

.a b c. . ~ a h
1 
c { ~ ) · · 

· aen&'IHHbi w n 
1 1 

, a n 1 ~ · ace ana 'IBCTb H3 HHX OKa-
3biaaJOTCSi 'IHCTO MHHMbiMH C nonOJKHTenbHOA MHHMOA . 
'ISCTbJO, H aohHOaOt:tHB.R rapMOHHKS 3KCUOHeHUH8nbHO 38-
TyxaeT. 

npH UpHH.RTOA a ASnbHeAWHX pac'leTSX MBKCHMSnbHOA 
CKOpOCTH Konbua c/3 ·= 0,56·c _HMeeM y=l,2, r.=l,S. Tort:ta 

i .•• '! ': .. ,, 
i.· 
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. ·s -1 sk . · k npH a-R 0 = 1 CM =e ', .·EcnH npHHSITb· max=1,2 
~~ ·. . . 

TO S .< e ' max.,.o ,2. Tiocne "abi6opa" rpaHH'IHOii: 'laCTOTbi 

MO)!{HO onpeAenHTb MaKCHManbHbie HoMepa n· pacnpocTpa

HSIIOIIIHXCSI rapMOHIIK. 0K83biBaeTCH1 <!To B ·-o6naCTII BHeiii-·.:. 

Hero. BOnHOBOAB ( T.e. npaKTK'IeCKH B yCKOpSIIOIIIeM npoMe
)!{yTKe pe30HaTOpa) MOI'yT pacnpOCTpBHHTbCSI BOnH.OBOAHbie 

rapMOHHKII TOnhKO C HOMepaMH n = 1,2,3,4~ BHYTPII. Mano- · 
ro - C n. = 1,2. 0IIIH6Ka 1 BHOCHMBSI 3aMeHOH CTpyKTypbi 1 

A8HHOH ·Ha· PHC. 1, CTpyKTypoii:, ·. noKa3aHHOii: Ha pHC. 2a, 

38KniO'IaeTCSI B . TOM, 'ITO: 'L) He Y'IIITbiBaeTCSI · np'oca'IHBa

HIIe .B o6naCTH MeiKAy BHyTpeHHHMH · H BHeW~H~fH. BOnHoao-· 

ABMH npOCTpaHCTBeHHblX rapMOHIIK 9TUX ABYX HOMepOB AnSI 

'l~lCTOT k = k m~x ; 2) He y'IKTbiBaeTCSI TaK)!{e, 'ITO ~- STHX 

"o6nacTSIX, npeACTaan.siromKx co6oii: KOaKCHanbHbie aonlioao.ribl, 

6YAYT pacnpocTpaHSITbCSI TEM -aonHbi acex qacToT; ,yxo- ... 

ASIIIIKe anpaao H aneao oT o6pb!Ba BHyTpeHHero aonHooona. 

B nepBOM cnyqae (cTpyKTypa ~1") 9TH BOnHbl 'Aanee OT

pa)!{810TCSI oT TopuoBbiX neperopoAoK ii npoHcxonuT aoa6y)!{-
-:. . ' 

neHHe- KOaKCHanbHOI'O pe30H8TOpa, B cnyqae · CTpyKTypbi 

"2a" STHX· -~eperoponoK HST H. a·onHbi 6ecnpenSITCTBeHHo • 

y~onSIT Ha 6ecKoHe'IHOCTb. B TOM H a npyroM cnyqae ani 

·BOnHbl He OK83b!B8IOT HenocpeACTBeHHOPO B03):leii:CTBHSI Ha 

J:lBH)!{eHHe CaMOI'O cryCTKa, T.K. He HMeiOT COCTcfBnSIIOIIIHX . 
E z·' H _ Hr • ·.. . 

IV 

<f>opMyn:bi (8)- ( 10) ·u · T.A. rpoM03AKH H HY)!{A8IOTCSI . 

B npuaeneHHH K 6onee yno6HOMY A~SI 'IHCneHHbiX pa~'leTOB 
BHny. TnaaHaSI TPYAHOCTb npH STOM aaKnroqaeTcSI a oueHKe 

6ecKOHe'IHbrx npouaaeneHuii:. I1MeSI a suny npuMeHeHue · · 

38M, MO)!{HO nonbiTaThCSI Bbl):lenHTb B np'OH3BeAeHHSix He_-

, · KOTOpbiH aepXHHii: npenen, a ocTanbHYIO 'laCTb npoHsaeneHHSI 

oueHHTb H BBeCTH rronpaBKy. TaKOft riO):lXOA paCCMaTpHBaeTCSI 

HH)!{e Ha .npHMepe 6eCKOHe'IHOI'O npOH3Be):leHHSI1 BXOJ:lSIIIIero 
B (9). 

·TiycTb 
oo (---) (--:-)J--:...) M ---- . , oo • 
rr' =IT( ) lT ---), (13) 

m=l (---) (---) (---) m=l ..,.---- m=M+l 

min mfn 
'12 .. 

/ 

rAe n .;.$HKCHpoaaHo, a M BJ:>i6upaeTCSI no~a H3 ycnoaHii:, 
... ._.;-. 

... TTM .w a,b,c 
n . 

. · .c-.lw·· a,h,c . ·.<< 1' -- » k 
- M • b 

. (14) 

. 'oo --·--
I1 MeeT ·. MeCTO TO)!{):leCTBO Q M ( n) := TT. . ( , . ) ' 

. ··-: · , m =M+l · - - - -· 

k/f3 . ' . k/(3 :> 
--) + In ( 1 + · ) 

oo a w 
exp l ~ [ In (1 - _n_) + In (1 + 

·m=M+l w h 
m 

wa 
m 

c 
wm 

(15) 

wa. w a 
- ln (1 - :...lL...) · -·· In ( i ..:. _n_· ) - In ( L + 

wa . w c. 
m in 

k/{3 ) ] }. 
b w 
m 

B (.15) Bbi6paHbi rnaBHbie aHa'leHHSI norapu$MOB H aae

Aelto o6oaHa'l.eHH:e Qn (M). ll.nSI·. 6onbm~x m (npaKTH'IeCKH 

AB)!{e AnSI ni 2: 3 ) . C XOpOIIIeit TO'IHOCTbiO MO)!{HQ nonO)I<:HTb 

; 1. 2 
!T(m-:-) ,mTT ... 

wa,b.,. y'k2-( · 4 ) , wc=v'k2~(--)2 
. m · a,b· · m a-b (16) 

. ,. 

C yiieTOM (16)· H (14) MO)!{HO paano~HTb Ka)KAbiH norapH$:M · 
a 

. w. 
a·'lflbpMyne (15) COOTB9TCTB9HHO no CTeneHSIM n HnH 

a··b c 
k/(3' . . • .. . . . . . w U:·, ... · 
· AO BToporo nopSIAKa aKniO'IHTenbHo. Tiocne paa-

wa,b,c · 
m ·· ·. · abc . · · 1 · · 

no)!{eHHSI aenH'IHH W ' ' no CTeneHSIM- TO)!{e AO BTOpOI'O 

nopSIAKa· M~nOCTH H ~eKOTOpbiX ynpomeH~H imaApaTHaSI 
cK.o6Ka .B ( 15) npHBOAHTCSI_ K BHAY.. . · 

. .. ' ~ - .... 

. ·. •· a. k b:...a .. [( a)2. (k) ·] a(b-a) ']'•1' ·;'(17) 
[---]=[I(w +-) --- w - - 2 ? ' . 

. n f3 '411 n f3 11 m- · · 
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'': 

r~e oT6pome.Hhi. TineHhi ahiCmero nopSI~Ka no -\· 3~Meaua 
oo m · 

" 1· . J dx 1 . CYMMY .._, 'J "" 2 =- ,_ nony~HM OKOH'iaTenbHO: 
m=M+l III M . x M . 

ba a2 k2 i ak 
Q (n) = exp{---[ .!!..[ (w ) -(-) 1+-(w +-)]}. (18) 

M . 7TM 1T n {3 4 n {3 

T aKHM o6pa30M, nocne abt6opa aemi'IHHhl M ( c y'ieTOM 
( 14) )', CHa'iana abi'iHCns:IeTCSl KOHe'!Hasi qaCTb npOH3ae
~eHHSl no Toqapn ¢opMyne, a aaTeM aaOAHTCSl n6npaaKa 
(18). ' . 

v 

4HcneHHhin C'ieT abmonas:~ncs:~ aa B3CM':"'6 ~nSI napaMeT
poa Konhua R0 = 5 cM (c o6mHM TIHcnoM '.N = 10 13 

sneKTpOHOB1 -?' .t. = 30) ~ H,napaMeTpOa CHCTeMhl. b ,= 
= 13,25 cM, a = 6 cM, h = 7. cM. Pac~·MaTpu:Banuch nons:~ 

a MecTe aaxom~eHHSI KOnhua, T.e. 6panuc:b r = R0 , 

z Konhua 
t =-

f3c 
Pe3ynbTaThi pac'ieTa E' (r,z,t) ~nSI ~ayx cny'iaea 

~aumeHHSI Konhua, ~ npH f3 = 0,2 ·H f3 =0 ,5, npencTaaneahx aa 
puc~ 3. TioKa3aao E~ KaK ~nSI cny'iaSI abmeTa H3 aayT
peaaero aonaoao~a, .TaK H aneTa a cneAyromun aayTpeHHHH 
aonaoaOA. TipH 9TOM1 T.Ko_ Cny'iaH abineTa H aneTa C'IH
TanHCb He3aaHCHMO, TO KOHeU "yCKOpSliOIIIei"O npoMe>KyTKa" 

.. z = -7 ~nSI cny'laSI aneTa npHHHMancs:~ 3a aoaoe aa'lano 
_oTC'IeTa ( T.e. P.n~ aneTa _sTa TO'IKa ~~anacb KaK z=O ) ~
TipH y'leTe COaMeCTHOI"O AeHCTaHSl 060HX nepeXOAOa nonH 
a MepTe HaXO>KAeHHSl KOnbUa CKnaAhiBSnHCb. 3To CYMMap-·: 
HOe no~e .nOKa3aHO Ha pHCo 4. . 

l13 rpa¢HKOa MO>KHO :cAena_Tb ahiaOA 0 HepaaHOMepHOCTH 
·pacnpeAeneHHSI nons:~ aAOnh nyTH· ':Konhua. TipH npHHSIThiX · · 
CKOpOCTSlX AaH>KeHHSl KOnhUa 9Ta HepaaHOMepHOCTb 'Slang- . 
eTcg/cneACTaHeM- AenCTaHSl HaaeAeHHbiX. Ha :Topuax ·aHyT
peHHHX aonHOa~AOa . CTaTH'IeCKHX... 3apSIAOa;. TipH n.epeXOAe 
OT {3=0 ,2 K {3=0 ,5 H~paaHOMepHOCTb HeCKOnbKO crna:itmaa-. . 

eTCSI 3a C'le'r ao3pacTaHHSI'~oTeph Ha H3ny'leHHe~ 

14 
.!' " ~· 

Puc. 4. CyMMapaoe none E'z npu nponeTe KOnhUOM ~ayx 
KOaKCHanbHbiX nepeXOAOa. 

~-

·,·. 

., 

,e=az_• 

'-; 

Y:" . ,". 
r" 

,'' -~ 

: • # • 

'/ 
'/ 

;. 

'0 
I¢·. 

/' 
I -;,..., 

./ ,.. 
I 

I 

-, 

,. 

---- , .... 
·.~-~,~~·· 

r 

. ~ -:<:·: 

~ 

,.,..-- .... 

_, ' 

.001 

... 

,. 

.j 

·Ao 

. ' -
Puc. 5. rpa¢HKH H'. ~nSl ;cnyqaea BbilleTa: HS Koa'Kcuam.aoro 

. - r. .. . 
nepeXoAa H aneTa a· aero~ · · 
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::. 

.H a puc. 5 naH~I rpa¢uKu H; ( r,z, t) • KaK aunao ua aux, 
uMeeT M~CTO aaa•uiTenbaoe cTaTII"IecKoe aaauMoneiicTaue 
HaBelleHHOI'O BTOp~'IHOI'O TOKa II TOK8 B KOnbUe. ilpll Bbi
neTe OTTanK·uaaane aTnx npoTuaonono)!{HbiX no aanpaaneamo 
TOKOB oKa3biBaeT ycKopsnomee_ neil:cTaue; a npii aneTe -
-3aMennsnomee. C. -yaenu'leHIIeM {3 aaMeTaq yaeiiU'IHBaiOTCst _ 
~oTepn aa uanyqeaue. H a· puc. 6 naaa "cyMMapaast cuna"~

neilcTsyiOIUast aa . eriiiHU'IHbiil aapf!ll: 
300 -'y2-1 

F' =· E' - v ~-
z z -y.!. 

H' (a/eM) 
r 

. · .. B z -BOM aanpaaneHIIll·. np'u·{3=0,2 F' HepaBHOMepHO pac-. z . 
npeneneaa anonh nyTH Konbua, xoTst cpenaee.ee aaaqeane 
COOTBeTCTByeT TO_p~O)!{eHUIO. C pOCTOM {3. llO 0,5 HepaBHO-

. MepaocTb .aaa'IUTenbHO crna:amaaeTcst u TOpMO)!{eHue yae
nii'IIIBaeTcst •. T aKIIM o6paaoM, Ha • pacnpeneneauu cun.bi, 
neiiCTBYIOIUeil Ha KOnbUO CO CTOpOHbi B036Y?KllaeMOI'O liM 
a "naoilaoM KoaKCIIanbHOM" nepexone BTopwiaoro. nonst, 
<?YIUeCTaeHHO CKa(.;lbiBaeTCf! CTaTII'leCKOe aaau~one.iiCTaUe 
HaaeneHHbiX . TOKOa U · 38pstitOa C aapstllOM U TOKOM KOnbUa. 
I1aaecTao, 'IT.o a cnyqae ·riuaei!HbiX aapstnoa u TOKOB To-_ 
Koaoe u qapstnoaoe aaauMoneilcTaHst, 6yny'lu, npoTuaonono)!{
HbiMH,a aaa,uTenbHOil cTenean KOMneacupyiOT npyr npyra. 
TaKast KOMneacaunst .OT'laCTH HMeeT MeCTO ~II a naaaoM· 
cnyqae. OnaaKo, no-aiillUMOMY, cKa3biaaeTcst aniistHHe Kpu
aii3Hbi, U TOKOaoa·· a381IMOllellCTaHe ocna6nsteTCf! no cpaa-. . 
HeHHIO C aapstllOabiMo .. 

'VI 

ilpOHUKIIIHe a npoMemyTOK . Me)KJlY BOnHOaOll8Mll TEM
BOnHbi MOI'YT OKa3aTbCf! npUI'OllHbiMU llnst "II3Mepeauil.- iloa
TOMy IIHTepeCHO paCCMOTpeTb apeMeHHYIO 3aBIICHMOCTb 
3TOI'O nonst a KaKoil-nu6o tPUKCHpoaaHHOH TO'IKe (rne MO)!{eT 
?biTb ycTaaoarieao nanuuapyromee ycTpoilcTao). ilpome 
acero nony'IHTb TaKyiO 38aiiCUMOCTb. nnst aTOpU'IHbiX TOKOa, 
TeKymux anonb aayTpeaaero · aonaoaona •. H anpuMep, nnst · 
cnyqast. "aneTa", Bbmonaua a ( 4) IIHTerpupoaaane no w 
( C y'leTOM ( 6), ¢opManbHO 38MeHUB {3 Ha -{3 , : Z aa -z, , 
KaK yKa3aHO abiiiie ) 1 Ha llOCTaTO'IHO 6onbiiiOM paCCTOf!HUH 

. . - . - ~ 
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I z I · oT aaqana aayTpeaaero acinaoaona nnst 'laCTOTHbiX KOM
noaeHT TEM-ToKa nonyqaeM Bbipa)!{eHue 

. cQ 1 I (krR ) 
[j (z,t)]=--.exp[-ik[·z+ct+a (--1)]{ 0 

0 
zw . 2tra · I {3 I (kra) 

X 

TEM 0 
{19) 

00 

X 1T 
m=l 

0TCIOll8 

k . c b 
(1 - ) (1-k/{3 w ) (1-k/w ) 

f3 wa m m 
. m }. 
k k k (1 - -) (1- --) (1 - ) 
wa we f3w b 

m m m 

kmax ~{3 .. 
Rei J. e -ik[z+ct+al(~)]+icp(k)p(k)dk}, 

0 
[ i z ( z, t) ] = 2cQ 

TEM. 4tr 2 a 
(20) : 

rne¢(k)- ¢aaa,_P(k)- 8MnJ!HTYll8 abip·a)!{eHHSI a (19), CTOSI
mero a ¢nrypHbiX CK06Kax.fpa¢HKH tPYHKUHH cp (k) H P(k) , 
nony'leHHbie a peaynhTaTe .•mcneaaoro c'leTa ,npiiaeneHbi 
aa puc. 7. Bnnao, 'ITO .MO)!{HO npuHSITb 

¢(k) "' 3k; P(k) "' 1- 3,3k; k max"' 0,3. · (21) 

B peaynhTaTe aMecTo (20) nony'IHTCst oueHKa . 2 . . 
. Q,15Q•c ·sin [0,15(z+ct)] 
J ( z, t) "' . 0 . . 2 
TEM 2tr2a [0,15(z+ct)]. 

{22) 0 ~ 

T .e. TOK HMeeT .Bllll OCTpOI'O HMnynhC8 1 ao3HUK8IOIUero 
B ll8HHOM Ce'leHHH Z B MOMeHT _:fipeMeHH t .,;. ..;. ~ • 

Ecmr, nanee, c noMOIUbiO (22) nonc'luTaTh ~enn'luHy 
I +oo ·.. .· . . . . 

1 2tr a f j ( z,t) dt, T.e. aapSill, npoxoi:lstmnil -qepea naaaoe 
-oo TEM I 

\ ceqeane aayTpeaaero aonaoaona, . To oa ·. oKa3bmaeTCSI.:"' Q. 
· \ B aaKniO'leane aaTOpbi Bbipa:lKaiOT 6nar~napaocTb . . 

'f.A.I1aaaoay n .A.E.Kyaaeuoay aa noneaHbie o6cy)KJ:teHH.SI. 
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Puc. 6. CyMMapHaSI cuna co cropoHhi sropH'l:Hor-o nonSI, 
.ueiiCI'BYIOill8SI Ha ellHHH'l:Hhlll 3apSIIlo 

""''' i 
2 

~ 

Y'ucr ~ 3, 01/IC 

• Qf _. - Q5: 

P(l() 

1 

(}l{tc) ~ 1.;.1,3K. -

... 

-a, /C. Qf _. IC. 

Pnc. 7. 'Tpatl>nKn: aMimnry.uhi n·c<Pa3hi .unSI qacrn cneKrpaTih
uoii tPYHKUim, ncnonhsye:Mhie'! .ung· oueHKH TEM-cocras
nSiromeii_ -BTopntiHOf'O l'OKa •. 
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