H3BECTHS BHICHIMX YYEBHBIX 3ABEAEHWA
Tom XXI, Me 7 PAJIHOPH3HKA 197.8

VIOK 621 385633

TEOPHUSA NEPEXOAHbIX NMPOLLECCOB
B PEJIITUBUCTCKOH JIOB*

H. C. T'uns6ype, C. I1. Kysneyos, T. H. ®edoceecsa

OueHeHa IJUTENbHOCTh JHHEHHOH CTagHH MNEepexXolHOro mpouecca B pedis-
TuBUCTCKON JIOB B MNpenmosIOXXKEHHH, YTO CHIHAJ BO3HHKAeT U3 CNEeKTPaJbHBIX
COCTABJIAKUIAX H3JIy4eHUs] (POHTA 3JIEKTPOHHOTO Myuka M GAYKTyauui mjoT-
HOCTH 3apsifa (Apo6OBOH 3(p¢eKT) B Imojsoce CHHXpOHH3Ma. [loxasaHo, uTO
Ha HeJMHEAHON CTajuM TPU MaJIOM IpeBbIlIEHHH 3JEKTPOHHOTO TOKa Han CTap-
TOBHIM 3HAaueHHEM AaMIVIHTYLa CHTHaJla, JOCTHTHYB MaKCHMyMa, HayMHAeT CO-
BepllaTh 3aTyXalollHe KoJeGaHHs, YTO NPHBOAUT K YCTAHOBJEHHIO CTalHOHAp-
Horo pexuma. IIpH TOKe, CYIIECTBEHHO NMPEBOCXOMSIIEM CTapTOBHI (B caydae
JIOB ¢ mambim KITJ — B 3,25 pasa), ycraHaB/HBaeTcs Gosiee CJOXHbIH aBTO-
Ko/eGaTeNbHEI PeXHM, B KOTOPOM aMIUIUTYAa BBIXOAHOTO CHTHaja MOLYJH-
poBaHa C NEpPHOZOM, COOTBETCTBYIOUIMM BpEMEHH NPOXOKJEHUS 3JIEKTPOHAMH
H BOJIHON (C TPYNNOBO CKOPOCTBIO) IJIHHBL JaMIb. DTa MONYJSIHSH, HMeEO-
mlas [epBOHAYaJbHO CHHYCOMJAJbHBIA XapaKTep, IO Mepe YBEJHYEHHs TOKa
nproGpeTaeT BHI NQC/AEA0BATEJIbHOCTH OCTPHIX NHYKOB, a 3aTeM TepsieT IepHO-
JHYHOCTD.

[Tocne mnosiBieHHs CHJBHOTOYHBIX YCKODHTeJeH 3/eKTpoHOB [!] Gouib-
il0e BHHMaHHe yaenasercs cosfanuio JIOB c HHTEHCHBHBIMH DeJSTHBHCT-
CKUMH 3JIeKTPOHHBIMH myukaMu [%3]. [TocKOJIbKY AJHTENBHOCTh HMITYJBCOB,
BeipabaThiBaeMBIX TAKHMH YCKOPHTEISAMH, OCTaToOyHo Masa ( ~ 10—100 #c)
H CpaBHHMa C JJIHTEJbHOCTBIO IpoLecca YCTaHOBJEHHs KoJebGaHui (cM.
pa3i. 4), npuMeHeHHe HECTaLlHOHADHON HEJNHHEHHON TEOPHH JJsi OUEHKH
OCHOBHBIX IlapaMeTPOB TeHepaTopa SBJsETCS MNPHHIMIHAJBHO BaXKHBIM.
Ciaenyer 0co60 OTMETHTb CYLIECTBEHHOE BJIMSIHHE Ha IJIHTEJIbHOCTb Iepe-
XOJHOTO Ipouecca YpPOBHSI HAyaJIbHOrO TOJIYKA, MPHBOLSLIET0 K BO3HHKHO-
BeHHI0 aBToKose6GaHuil. [lo-BuauMoOMy, B yabTpapensituBuctckux JIOB poab
TAKOro TOJYKA Hrpaer H3Jy4yeHHe pPe3KOro ()poHTAa 3JIEKTPOHHOrO MHOTOKa.

Haunee, onpeiesieHHOe NpaKTHUYeCKOe 3HAUeHHE HMEET aHaJH3 TaKHX
cvry60 HeCTalMOHAPHbIX pEeXHMOB OOBIUHBIX, clabopensiTuBucTckux JIOB,
KaK TeHepalHs M YCHJEHHe HMIYJbCOB, CBEPXDEreHepaTHBHOE YCHJEHHe
H T. . YKaxeM, HaKoHel, uto JIOB — sT0 mpumep pacnpesesieHHOH cHCTe-
Mbl, B KOTOPOH B NpPHHIMIE BO3MOXKHB OYeHb CBOCOOpa3HbE PEXKHMBI aBTO-
KosieOaHu#i Hapsily C TPUBHAJbHbBIM OJHOuYacTOTHBIM (cM. 1. 5). Hccaenmo-
BaHHE TAKHX PeXKHMOB HHTEPECHO KaK C TOUKH 3PEHHSI HX BO3MOKHOIO IDH-
MEHEHHs Ha NDAKTHKe, TaK H [JIsSI TEOPHH pacnpefesieHHbBIX aBTOKoJeba-
TeJIbHBIX CHCTEM.

1. TOCTAHOBKA 3AIAYH. OCHOBHBIE HCXOJHBIE YPABHEHHA

Hccnenyemas mogenp JIOB (puc. 1) mpeacraBisier coGoit coryiacoBaH-
HBII Ha KOHIaX OTPe30K MepHOAMYECKOrO BOJIHOBOAA MAJHHHI L, KOTOPHL
NPOHU3LIBAETCH 3JEKTPOHHBIM IyYKOM, HMEIOIIHM Ha BXOJE CKOPOCTb Ug.
[lyyox HampaBisieTCsi HOCTATOYHO CHJIBHBIM MPOJOJIBHBIM MArHHTHBIM II0-
JeM, TaK 4TO NMONepeyHble CMELICHHS 3JeKTPOHOB OTCYTCTBYIOT. DdpdeKTHB-

* B nanHofi paGore Gymer paccMaTpuBaThCs To/bKO JIOB Tuma O.
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HOe B3aHMOJEHCTBHE NyuKa C moJeM o6paTHOH BOJHBI BO3MOXKHO B TOM
cilyyae, ecii Kakas-HHOYIb ee NMPOCTPaHCTBEHHas rapMOHHKa HMeeT (aso-
BYI0 CKOPOCTb, GJIH3KYI0O K CKOPOCTH 3JeKTpoHOB. IIpeanono:kum, 4to B 06-
NacTH INydyKa OpPOAOJBHOE 3JEKTPHUECKOe IoJie 3TOH TapMOHHKH MOXKHO
I'Pe/iCTaBUTh B BHJE

E =Re (E (x, t)exp [i @ (t — x[v,)] } , (1)
rJAe 4acToTa Q onpe,ue.nﬂeTca Hu3 ypaBHeHl/Iﬂ
vd) (9) =Y, (2)

a MelJIEHHO MeHsAIomasaca KOMIJIEKCHAasi aMIVIMTyAa Boaus E(x,t) ynos-
JIETBOPSIET YCJIOBHIO

L IE) . 3)

QE 9t
Vep ™ Ve~ Ve
re L) 0

—_—’\/\/W_—
—®= 1y [lyuok
Muuka 5% 55 % 4 Ze- KOANGKTOR
L =

—_——— T —

Puc. 1. Cxemarnueckoe uso6paxenue peastuucrckod JIOB.

B sToM ciyuae Ha OCHOBaHHHM pe3yabTaToB paGor [%°] MoxkHO noka-

3atb ([Ipuioxenune 1), uro anasa BeanuuHsl E (x,!) cnpaBelJHBO ypaBHeHHe
BO30yXKJeHHS B caedylolleli ¢popme:

(4)

v, Of  Ox 2
rie Urp — abcCoJI0THAST BEJHYMHA T'PYNNOBOH CKOpPOCTH, K — COMpOTHBJEHHE

| 0E 0E _  BK~
- L - )

CBfI3U NMPOCTPAHCTBEHHO! FapMOHHKH Ha yactoTe 2, £ = Q/v,,

t+ 2
Q

S Iix, £) e=1 @t =6 )

t

~
I
A l{o

— MeJIJIEHHO MEHSIOIIAsicsi KOMILJIEKCHasi aMIVIMTyAa ToKa I. YpaBHeHHe
(4) cnenyer HONMOJIHMTL TPAHHYHBIM YCJAOBHEM Ha KOJJIEKTOPHOM KOHIE
BOJIHOBOJIa, BBIPAXKaIOLUIMM OTCYTCTBHE BXOJHOIO CHrHaJja:

E|sez = 0. (6)

[TepefineM Temepp K aHANM3y [BHIKEHHs 3JIEKTDOHOB B II0Jie BOJHBL
(1) u pacuery co3znaBaeMOro UMH KOHBEKLHOHHOTO TOKa, IpeHeGperas BJIH-
sIHHEM TNOJI [POCTPAHCTBEHHOro 3apsifa, ' IIpeamnoJoxuM, uTO, HayHHast
¢ MOMeHTa f==i;, TOK IyuyKa Ha BXOJe B BOJHOBOJ IIOCTOSiIHEH H paseH /.
PaccmoTpuM rpynny 3/JeKTPOHOB, BJeTEBLIHX B IPOCTPAHCTBO B3aHMOMEH-
CTBHs 3a Bpems ot ' =1, no ¢ +2x2~!. Cuuras Ha OCHOBaHHH (3), uTO
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BCE 3TH JIEKTPOHBl ABHXKYTCS B MOJIE ONMHAKOBOH aMIIHTYAH E (x, v+

+ _x_) , TIOJYyYHUM

(£

9% _ ¢ pe[E(x, t'+’-‘-)ef°«]- @)
ox  mc? T,
®%_ ¢ _2 ®)
0x  VTd) Ty
Ta ! =0 = Yo ea I x=0=a, (9)

rae e U m—3apsi u Macca MOKOSl 3JeKTPOHA, HHAEKCOM a OTMeyeHH Be-
JHUYMHBI, KOTOPble OTHOCATCS K 3JIEKTPOHY, NOMAaBLIeMy B MOMEHT BJI€Ta
rv? —1/2
’
B dhasya = 0 fy, Yo = ( — —2‘5 ) — OTHOILEHHE NOJIHOH 3HEPruu K 3Hep-
c
, X
ruu nokos, 0, = Q (t — —) — TeKymas (pasa OTHOCHTEJbHO BOJIHHL
Yo
3aMeTHM, 4TO KaxK/Jas I'pPynna JABHXKeTCS B IoJie, HABEACHHOM 3JIeKTpO-
HaMH, BJIeTeBIUHMH npH ¢ << ¢’ U, B CBOIO OuYepelb, BHOCHT B HEro HEKOTOpoe
Bo3myuieHHe. [lJis mepBoii U3 paccMaTPUBaeMbIX HaMH rpynn ¢ =, u noJe,
KOTOpOe Ha Hee JIeHCTBYET, €CTECTBEHHO 3aJlaTh B KayecTBe HayaJbHOTO
yCJIOBHSA

Z’:‘(x, ¢ + z)i) ~Ew. . (10)

]

Bug ¢ynkuuu EY (x) moka KOHKDETH3HPOBaTh He GyHeM.
da

Hcnoansys ¢opmyay (5) u 3aKoH coxpaHenus 3sapsga Idt=I,

HalijieM BbIpaxKeHHe Iad KOMILJIEKCHOH AMILJIATY ABI nepBoﬁ rapMOHHKH
CrpynnupoBaHHOTO TOKa, KOTOprﬁ co3aeTcsa B CEUEHHH X, KOrjga TyAa Nnpu-

‘

XOJAHUT paccMaTpuBaeMass HaMH Tpynma 3JEeKTPOHOB k'l‘. €. B MOMEHT

t=t’+’i):
)

7(x’ t/)z‘l_o S‘ e—ioa (-\’.t')da. (11)
T
-0

YpaBHeHHe BO30YXHeHHs (4) B NmepeMeHHBIX (x, t =1t — 5—) ¢ yueToMm
1]

(11) npunumaer dopmy
~ ~ 2n .
1 1\0E OFE B2 K1/, S' 10, (x #
— —_——_—_——— = — e—_— e « d , 12
(fuo+v,p) ot' ox 2m i (12

.

IpHYeM rpaHHYHOe yciaoBHe BHAa (6) ocTaercss B cHJe.
[lepefinem B moayueHHblXx cootHomeHusx (6)—(10) u (12) k Gespas-
MEPHHIM BeJHYHHAM .

C=pCx, [=8CL, 1=90<t'—-t,)(1+"’—°)", (13).

Urp
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~ 3 f———
E I,K
= 2C (12— 1), F = , C=‘/———°———
’ (To ) B ugC? 1o (1 4 7o) 21y 10 (1 + 7o) ’

2
rae up = ﬁ‘3—(1‘, — 1) — yckopsiomee HanpsixkeHne, C — MOAHGDHIHPOBAH-
e

HBIfi TapaMeTp YCHJIEHHs, KOTopHii GyneM cuurath MajniM (C < 1). Toraa
VCJOBHE MENJIEHHOCTH U3MEHEHHS aMIJIUTYAbl BOJIHBI (3) BHINOJHEHO, €CJIH
npousBofHass 0 F[0t He CJIHIIKOM BeJHKa M0 CPaBHEHHIO € eJHHHIIEH.
B pesyabrare 3amennl (13) umeem

00 0 0,\%?
L= —|1 — e (Felb); 14
o ( +vac) Re (Fei') (14)
2%
_Qf—g-’-:= ! S e-i%da: (15)
Ty T
90 .
00 =2, —| =0, Fle-1 =0, Flimo=F"(0), (16)
0% |c-o0

rie ypasHenue (14) moayueno u3 (7) u (8) c ucnosnb3oBanueMm Majoctu C.

Buipaxenue aas KI1J] reHepaTopa B peXXHMe CTalMOHapHHIX KoJjeba-
B¥H (aMIJIMTYZa CHTHAJa Ha BHIXOAE JiaMnbi | F | ¢-oTOCTOSIHHA) B NPHHSA-
10 HOPMHPOBKE HMeeT BH],

,,,=C(i1.‘_n_'f_°_|pﬁ=0, (17)

Otcrona scHO, uTo B cjaGopensTHBHCTCKOM caydae (7, ~ 1) cucrema
(14)—(16) npuMeHHMa TOJBKO IJs1 reHepaTopoB ¢ MaasiM KILJ, nockoJs-
Ky u3 ycaoBus C < 1 cnenyer 1 < 1. Hanporus, B yJabTpapeasTHBUCTCKOM
cJydyae ypaBHEHHsI CIpPaBelJIHBH H AJA reHepatopoB ¢ BeicokuMm KII, Tak
Kak majocte C B ¢opmyse (17) MoxeT KOMIEHCHPOBATbCs GOJIBLIIMM Hapa-
metpoM 73. [leso B Tom, uto npH BhiBOAe (14)—(16) mbl TpeGoBasm maJo-
ro H3MEHEHHs1 CKOPOCTH 3JIeKTPOHOB. B c/1aGopensiTHBHCTCKOM cJlyyae 3TO
TpeboBanHe HensbexHO BefeT K Majomy KIIJ, Toraa kak B ciayvae yJabTpa-
PENATHBHCTCKOH CKODOCTH 3JIEKTPOHOB H NPH MaJiOM H3MEHEHHH CKOPOCTH
H3MeHEHHe dHePrHH 3JIEKTPOHOB MOXKET ObITb 3HAYHTEJbHBIM.

2. O HEKOTOPbIX MPELEJIbHBIX NEPEXOIOAX B HECTAUHMOHAPHBIX
HEJIMHENHDBIX YPABHEHHUSX JIOB

YCTaHOBHM COOTBETCTBHE BHIBELEHHBIX YPaBHEHHH C H3BECTHBHIMH
pesysabratamu Teopuu JIOB B HEKOTOPHIX HpeNeNbHBIX CAydYasix.

1) B pexume caaboro curana (F < 1) npeacrasum 0. B Buae a9,
roe ¥. < 1. Torra, oGosnauas

2%

y&,e-“‘da, (18)

0

J=-1

™

u3 cooTHomeHu# (14)— (16) MOXHO MONYYHTH
0rJ F 0F OF

IR T M .19
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i

o 0, Flemt=0,  Fleo=F(0). (20

P13

Ecau Tenepp uckath pemenne cucrembl (19) ¢ rpaHMYHBIMH YCIOBHS-
mu (20) B dopme

J|(=0=O)

A A
J=J({) e, F=F(@)e~,
TO NPHXONMM K yPaBHEHHIO JJsi KOMILJIEKCHOIO TMapaMeTpa %, KOTOpoe aHa-
. ?,
JIOTHYHO HalijleHHOMY paHee B [®] (B oGo3HaueHusx [®] x = y (1 + —-“-) —
e

]
rp
—ib, cMm. Takxe [%]):

e el et
8! 85! 81 |=0, 21
81'9 82’2 8;2

rae 9y, 2,3 — KOPHH KyOHUeCcKOro ypaBHeHus: 0% (3 — x) == i .
YpaBuenne (21) umeer GeckoHeuHOe (CUeTHOE) MHOMKECTBO KOpHEH,
KOTOpble MOXKHO MPOHYMepoBaThb, B NMOPsKe YOBIBAHHS HX HeACTBUTENBHBIX

A A
yacreit. KaxxIoMy KOpHIO x, OTBeualoT co6ctBeHHble (yHkuuu J, (C) u F, (C),
npuyeM, Kak HETPYAHO NPOBEPHTb, IPH COOTBETCTBYIOLIeH HOPMHPOBKe
BBINOJIHSIIOTCS COOTHOIIEHHSI OPTOrOHAJIBHOCTH*:

lA A
[(Fy@F, =0 dt=23,. 22)
0

Hcnonb3yst (22), MOXKHO NOKasaThb, 4TO pellieHHe HauaJbHOH 3afauu
(19)—(20) mpenacraBasier co6oit Cynepmo3uLHUI0 COGCTBEHHBIX THIOB KOJe-
6aHuii (MOA), AJisi KaXKIOro H3 KOTOPHIX XapaKTepHa ONpeleseHHas KOM-
naekcHas gacrora 2, = 2 (1 — C x,) **:

J=SCh, e, F=73 CF 0 e¥, (3)
b= =
rae l =
! A
Ci=[P@QF,—0vdt. (24)
0

Mopny, nas KoTopoii AeficTBHTeJIbHAs 4acTb KOPHS MaKCHMaJbHa, Ha30-
BeM ocHOBHO# (k==1). OueBHAHO, HMEHHO OHAa ONpeJeJsieT aCHMITOTHYE-
CKOe NOBeJeHHe peLleHHs NPaKTHYeCKH NDPHU JIOGBIX HAayaJbHBIX YCJIOBHAX:

A A
J~Cyy (%) e, F~C/F () e™” mput—> . (25)

H3BecTHO, uTO OCHOBHasi Moja craHOBHTCS Hapacramwoueii (Re x, > 0) mpu
1> 1,974, a Bropas moga —npu !> 3,70. 3aBucuMocTh %, OT / HCCJENO-

* Jlns NpOCTOTH He PacCMaTPHBAIOTCS BO3MOMKHO CYIIECTBYIOIHE HCKJIOUHTENbHEIE
3HayeHHsi [, npu xortopnix (21) WMeeT KpaTHble KODHH.

** BO3MOXHOCTb TpPEACTAB/EHHS pelleHHs B BHAE CXOASLIUXCA psifoB (23) mokassi-
BaeTCcsi MeToxaMH, H3JOXeHHBIMH B ['?], mo kpafiueit Mepe, mJsi caydas, KOrAa OYHKUUS
Fo ({) nuddepenuupyemMa Ha orpeske [0, I], upuuem FO(J) = 0. 3aMeTHM, OLHAKO, YTO AMA
JajbHeflliero HaM NOHafOGHTCA He 3TO, NOBOJBHO CHJIbHOE, YTBEpKAEHHE, a JMIb COOTHO-
menns (25) u (24) (nmpr k = 1), KOTOpEe MOI'YT GHITH NMOJNYYEHHl KAK OYEBHUAHHIC CJAEACT-
BHS TeOpeMbl 06 aHaNHTHYECKHX-CBOHCTBAax yHKuHH I'puya suHeliHOH KpaeBoil 3amaun [!2]
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panace B [®]. [TosyueHHble TaM YMCJAEHHBIE Pe3yJbTAThl XOPOIIO aMIPOKCH-
MHpYIOTC (opMyJIoi :

rae m = Ioflex1 =~ 0,133, Icr1—cTapTOBH TOK OCHOBHOH Mozbl. Ilpu
1 << m << 4 omm6Ka cocrasasier He GoJee 1%.

2) B cayuae JIOB ¢ maaeim KII (v < 1) cucrema (14)—(16) cos-
najaer ¢ ypaBHeHHSIMH, BhIBeJleHHBIMH B {[®], eciu mpeneGpeus B (14) uie-
HoM, cofiepxkamuM v. Ecum, kpoMe Toro, Y,—1, 10 dopmyas (13) Takxe
NEePeXOAsiT B COOTBETCTBYIOIIHE (OPMYJBI HepeasiTHBHCTCKOR Teopuu [57].

3) IlocpencTBoM 3aMeHBI mepeMeHHEIX

— 3 3
C’=£ L (. H_dea 1/2’ A___Z_f, = (26)
2 2m

v’ v o ov
_ npeo6pasyem cucremy (14)—(16) k Bumy
20 2 0,
__a_ =T , ] R A wa ; 27
FT TG e (Ae¥s) @7
2% .
%_‘Zé.=_]§e"°“da; (28)
ax ot

Oloco=a, elomo=1,  Alomr =0,  Alumy=A0). (29)

Ecan wuckaTh CTaUHOHapHOE pellleHHe CHCTEMbI (27)—(29) B dopme
A=Ae!0 =B +) §, = 0,— (1 — B) (v" 4 '), 10 mas senuuun A’, 0., &,
nosyuaeM ypasHeHHsi pabotnl [2], mpHuem B YJbTPapeJsTHBHCTCKOM
npegpene (Y, > 1) Hopmuposka (cM. (13) um (26)) coBnamaer c NpPHHATOH
B [?].

3. JUHENHAA CTAAHMSA NEPEXOJHOIO NPOLUECCA B JIOB

OrpaHnyuMcst ciyuyaeMm, KOrZa BpeMs HapacTaHus Toka myuka /(f) or
HyJIl O CTallHOHAPHOTO 3HaueHusi I, MaJjo IO CPAaBHEHHIO C NOJHHIM Bpe-
MeHeM YCTaHOBJeHHs KoJeGanuit. Mcmosnb3ys ofiee acuMOTOTHYECKOE
npejcrapjeHne peueHus (25), MOXHO OIEHHTb NPOMOJKHTEJBHOCTD Iepe-
XOJLHOTO mpollecca CHU3Y 1o (opmyJie

142

v
byer F byer = EE_FE:E%, In| Fe/Fy], (30)

ecJIM H3BeCTeH ypOBeHb CTalHOHApHOro pexuma |Fer| ¥ HauaabHast amnuu-
TyZ2a OCHOBHO# MOAHI |Fy|. 3aMeTuMm, 4TO A5 MOJIyUEeHHs! YAOBJIETBOPHTEb-

HOH OLEHKH %,

yer IOCTaTOYHO HaHTH JHIIb NOpAJAOK BEJTHUYHHBI —;\2 , IIo-

. H
CKOJIbKY OHa BxoAuT B (30) ndn smakom Jorapudma. [Tostomy manee moso-
KuM |Fer| ~ 1 (cMm. [72] u caepyomuit pasuen).

[To-BunnMoOMy, HanGoJlee cCyliecTBEeHHbIH BKJIaj B |Fa| BHOCST mymo-
BOoe H3JydeHHe (JAYKTyalu#l NJOTHOCTH (Zpo6GoBo#i 3ddexT) W H3NyueHHE
peskoro (poHTa 3JE€KTPOHHOTO Iydyka ((PPOHT BO3HHKAET, OUEBHIHO, NIPU
JOCTaTOYHO OLICTPOM H3MEHEHHM TOKa Ha BXOJE H PaCIpPOCTPaHSIETCS BLOJb
JlaMNbl CO CKOPOCTbIO, 6/IM3KOHN K Ug). CpaBHHM cHaualla 3HAaUHMOCTb 06OHX
s¢ddexroB. Bynem cuumtaTh, 4TO IPH BO3HHKHOBEHMH aBTOKOJeGaHMIl «3a-
TPABKOH» SBJAIOTCA TOJNbKQ CHEKTPAJbHBIE COGTAB/IAIONIEE H3JYueHHs
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B moJjoce cHHXpoHusMa AQ ~ @ C. B 3TOM wuHTepBaJie 4acCTOT SHEPTHS H3-

AR
JyueHHs1 (POHTAa NPOMOPUHOHAJNBHA 195—-
™

2 X
crae o= | Itye 't

1 .
a SHeprusi IIyMOBOro H3JayueHHs — — el,AQ B cOOTBeTCTBHH ¢ (hopMyJoi
(4

lorTky n7si cpenHero KBaaparta IIyMOBoro Toka. CJiefoBaTe/NbHO, H3Jyye-
HHe (pOHTA NpeBaJMPyeT Hal IUyMaMH, eCJH

47 el
o2 > =29, 31
1o > 2 (30

[Tpu stom B KauectBe |Fy| MOXHO IPHHATH AMILIMTYLY H3JyueHHs BPOHTa
Ha vactore cunxpoHusaMa (IIpusoxenne 2):

(1+ﬂ>)“’~clm‘*’. (32)

Vyp I,

Ql
Iy

|F..|~01

B nmpotuBHOM ciyuae, comocTaB/ss HaHAeHHBIE BHILIE COOTHOIIEHHS, MOJY-

YuM
R~/ o8l 3)
0

[TpuBeneM uucJEHHBIH NPUMep, HCHMOJB3YS JJISl ONPeleJeHHOCTH 3Haye-
HHs mapaMeTpoOB, XapaKTepHble AJs yJibTpapenstTuBucTcKoi JIOB B pexu-
me, 6au3koM K ontuMasabHomy mo KITI [%]: [=2,2, v =1,85 (B oGo3Haue-
Husix (26) I'=1,2; I~ 1); 1,=4, C=0,06,2=16-10" ¢, [ = 10* 4,
Vg X Urp &~ C. [Ins naHHOro sHaueHus [
nmeeM Rex,=~ 0,26. DBymem cuuraTh, 1)

YTO TOK NyyKa HapacraeT BO BpeMeHH, Lo ——-
Kak I0Ka3aHO Ha pHC. 2, TpuHYeM
CKauyok TOka Ha Al npoucxogutr 3a
2% AT
BpeMs, MaJjoe MO CPaBHEHHIO C — ' _
e ¢ ty t, ©

(dbusnuecksn CKayoK MOKeT OBITh CBS-
. Puc. 2 HiMmyaec 3/eKTPOHHOTO TOKa.
3aH C NepexojOM OT aBTO3JEKTPOHHOH .

" on
K B3pHIBHOH aMuccuH). IlycTb, fanee, BHIIOJHSAIOTCS HepaBeHCTBA < L&

< t;c,<t2, rie cMbica £}, 2 siCEH M3 PHCYHKa. Toria OCHOBHOH BKJan

B CIEKTP Ha 4acCTOTE CHHXPOHM3Ma 2 JaeT yuacTOK CKauka TOKa, T.€. MOXK-
vo noJoxuth |[lel=~ AI/Q, a ycioBue (31) npunumaer Bup |Al/lg| >

4r e Q AT
> ——— ~ 1,4-10-5. B uactHoctH, mpu 5 ~ 0,01, u3 (30) u (32)
IC 1y
HAXOIHM t;,cT ~ 16 #c. Eciu no KakuM-1u60 TpHUMHAM H3JyueHHe (pPOHTa
He OKa3blBaeT 3aMeTHOTO BJHSHHS Ha Hayaslo TeHepaluH (Hampumep, eciu
u3jnyueHue (PoOHTAa YCNeBaeT 3aTYXHYTb O YPOBHS IIYMOB, MpexIe 4eM
;px npggmcn’r CTapTOBHIi), HCIOJIB3YsT (OPMYJInI (30) u (33), momyunm
~ 30 He,

yer
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4. HEJUHENHAS CTAIHS NEPEXOAHOI'O NPOLECCA B JIOB

YcraHoBienne KoJsebauuil B JIOB Ha HenuHellHON cTafum wucc/enoBa-
JOCh NYTe€M YHCJIEHHOTO HHTErPHPOBaHHS YypaBHeHuli Ha DBM BICM-4
KOHEUYHO-pa3HocTHBIM MeTonoM ([Tpuaoxkenue 3).

Hanomuum (I1.3), uTo ecsiu HayaJbHas aMIJIUTyAa CHTHaJa AOCTATOU-
HO MaJia, 3aBHCHMOCTb aMIJIUTYAbl NOJS OT BpeMeHH oO0s3aTeJbHO CcOAep-
XKHT GoJilee MJH MeHee IPOTSKEHHbIH y4acTOK 3SKCIOHEHLHAaJbHOTO POCTa.
VIMeHHO Ha 3TOM yyacTKe MOXHO, BOOOILEe TOBOPS, «CIIHTb» PelIeHHe, MOJY-
YeHHOe U3 JIMHEHHOH TeopuH (BO3MOXKHO C yueTOM WIYMOB) mpH {<f; u u3
HesJuHeHHOH npu ¢ > f;. Ilostomy oOwmuii xapakTep mpolecca npakTHYeCKH
He 3aBHCHT OT KOHKDETHOTO BHAA HauaJbHbIX ycaoBuH. [IpH omucriBaeMbixX
HHXKe pacyeTax 3TH yCJOBHS 3aJaBaJUCh TaK*: T

F, = const, 0<{< 0,9

5w
)

JIOB ¢ maroim KIIJT (v K 1)**. laa storo, HanGoJjiee HPOCTOro, CJIy-
yasi, KOrzla AMHAMHKa Ipoliecca ompenesisieTcsi e€IMHCTBEHHBIM Oe3pasmep-
HbBIM [apaMeTpoM [IJIHHBI JIAMIH! /, pe3yJbTaThl PacueToB NpeACTaBJEHH Ha
puc. 3—6. U3 puc. 3a BHIHO, 4TO ecau nmapamerp ! He CIHLIKOM CHJIBHO

NpEeBOCXOAHUT CTApTOBOE€ 3HAYEHHE, TO nepexozmblﬁ nponecc 3aKaHYHBAECTCA
YCTAHOBJIEHHEM CTALHOHAPOro pexuMa, npuyeM €ro aMIIATyAa KU Ionpas-

F@Q= (34)

Fosin?— (I —0), 0,9l <LK !

IFl 4=2,875

0 4 2 3 4 5 &5 1A
%)

Puc. 3 3aBHCHMOCTb aMIVINTYABl BLIXOJHOTO CHIHA-
na cnabopenstusuctckoit JIOB ot Bpemenu B npo-
lecce ycTaHOBJEHHS Kosebanuii mpu v <1, Fy=0,2.

* Ecnu Haua/bHBLIM TOJIYKOM JJIsi BO3HHKHOBEHHSI [€HEDAllMH CJYXHT CKauOK ToKa Ha
¢$poHTe NyuKa, OpHYeM BhIMOJHAETCS ycnosHe ¢ < Ljv + L/vrp (puc. 2), MOXHO CUHTATD,
YTO INepBasi W3 PACCMOTPEHHHIX B N | TpyNnm 3/1eKTPOHOB [BHXKETCA B 3afaHHOM MOJe
WcTounHKa ((PPOHTA), H3MYYAIOUIEr0 HABCTPeyy MyuKy CHTHAJI HA 4acToTe CHHXpOHH3Ma Q.
Hauanbuble yci0BHs TOrZa MOXHO 3ajaTh HENOCPEACTBEHHO B BHAE NOJS TOCTOSHHON aM-
nautyas TIpn uMcieHHOM pellleHMHM 3ajayd MX YAOGHO, KpOMe TOTO, COIVIACOBHIBaTb ¢ rpa-
HUYHBIMH YCJIOBHSIMH, YTO H CA€JNaHO NpH 3anucu (34)

** XapakTtep HenUHEHHOH CTAaZIMW NEPEXOIHOTO NPOLECcca B STOM YacTHOM CJydae OfH-
H3aKOB B caab0- M yabTpapenasTHBHCTCKOH JIOB.
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Ka K 4YaCTOTe CHHXPOHH3Ma XOPOLIO COTJIaCylOTCsi C HafiieHHHIMH B [7].
ITpubavkeHne CHCTEMBI K 3TOMY peXHMYy HOCHT XapaKTep 3aTyXaloH[HX
ocuumiasinuii ¢ mepuogoM I ~ 1,5[; HekpeMeHT 3aTyXaHHs OKa3blBaeTcs
1eM MeHbIue, yeM OoJsblie /. DKCTpamoJsilHsi 3aBHCHMOCTH JAeKpPeMeHTa
ot [ (puc. 4) mokasbiBaeT, YTO OH NpoiieT uyepes HyJb npu [=2,92, nocie
4ero CTAalHOHADHBIH peXHM, NO-BHAMMOMY, CTAHOBUTCS HEYCTOHUHMBHIM:
OTHOCHTEJIbHO MaJblX KoseOaHu#. Pa3BuTHe 3TOf HEyCTOHYHBOCTH INOJKHO
NPUBOAHTb K BOSHHKHOBEHHIO HOBOTO CBOEOOPA3HOTO PeXHMa, KOTOPLIH MBI
6ynemM Ha3bIBaTb aBTOMOAyJsilHel BeixogHoro curHazna JIOB. Xors B umc-
JIEHHOM 3KCIIEDHMEHTe HapacTaHHe MaJblXx KoJjeGaHuil He HCCIeN0BaJOCh
(sto moTpeGoBaso Gbl CHeNHAJbHOTO 3alaHHA HadYaJbHHIX YCJIOBHI — pac-
npefeleHuss NOJS, COOTBETCTBYIOLIETO CTa-

IHOHAPHOMY DPEXHMY ¢ HeGOJBbLUIUMH BO3-, |AF.
MyLleHHsIMH) *, caMa aBTOMOAYJSUMS Hei- L“KT:,:]
CTBHTebHO HalOawopanachk (puc. 36). Ilpu 0.5
He6OJIbIIIOM NpeBbIIIEHHH | Hal BEJHYHHON

2,92 wmopynsuus GaH3Ka K CHHYCOHIANb-

HOH, a INpH 3HAYHTEJBHOM — HMEEeT BH], ol )
NOC/IeOBATENBHOCTH BBICOKHX NHYKOB. B . |27 28
pexuMax pHC. 36 MOAYJISAIHUS COXpaHSeT
nepuon T~ 1,5/. CooTBeTCTBYIOIHI CNIEKTD p . A
BLIXOJHOTO CHTHa/Ia JIOB, oueBuaHO, mpes- Jl;‘&g- &g’l‘lge‘c‘:;’;"zfﬁfo o cocgon_
craBisieT co60f HaGop SKBHAMCTAHTHBIX o cnnoiiwad qHHUS — 10 AQHHBIM
JMHUE, aMIUIUTYAAa KOTOPHIX YOLIBAaeT NPH cuera; MyHKTHP — SKCTPAMOMALHS.

yAaJeHUH OT OCHOBHOH COCTaBJSIOLLEH.

3aMeTHM, 4TO OGBIYHO BO3HHKHOBEHHE MHOTOYaCTOTHHIX KoJeGaHHi
B JIOB cBfI3BIBaJIOCE ¢ CaMOBO36YXIEHHEM BTOPOH MOIBI JIHHEHAHOH TEOpUH
npu !> 3,7 4, COOTBETCTBEHHO, TOKe myuka Ip > 6,3 I or1 (cM., HampuMep,
['*]). Onnako B cBeTe CKa3aHHOrO BhHILE SICHO, YTO OHH MOSBJSIOTCS IPH
3HAYMTEJbHO MeHbWIHX ToKax (mpu ! >2,92 u [y > 3,25/¢ry). Ilpu nann-
EefilieM yBeJHYeHHH [ aBTOMOAYJSILHSI CTAHOBHTCS HENEepPHOAHUYECKOi; H3Me-
HeHue aMIUIATYJAB H (asel CHrHaJa BO BPEMeHH NPHOOGpETaeT UpesBHIYAHHO
CJ0XKHHH BUA (puc. 5). .

YTo6ul NOHATH (H3HYECKHE NPHYMHBI OCLUMJUIITOPHOTO XapaKTepa Iepe-
¥OLHOTO mpouecca, pacCMOTPHM [IHHAMHKY PaclpelesieHHs TOJs H BBICOKO-

R L
2,88\ 30 4
~

" ‘ 1} Im, (Fe~H64%)

. [FIF

Re(Fe"‘e"i) 3r

a) 1))
Puc. 5. aMeHeHHe KOMMJIEKCHOH aMIVIUTYXbI BHIXOXHOTO CHTHAJA C1aGOPEJISITHBHCT-
ckoit JIOB B mpouecce ycTaHOBJeHHs: npu V< 1, | = 5,25, Fy = 0,3; a) Tpaexkropus
KOHUA BekTopa Fexp(— 1,6 it) Ha KOMIJIEKCHOR MJIOCKOCTH; 6) saBucuMocts | F|
OT BpEMEHH.

* K MOMEHTY nyOnuKauuu CTaTh¥ TaKOH JKCHepHMeHT Obla mposefen [3], ¥ on nox-
TBEPAHJ CACNAHHOE NPEANQJIQKEHHE. . T
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-aCTOTHOr'O TOKa IO JJuHe jgaMnel npu /=3 (puc. 6). IlepBuii «kagp» npu-
MEPHO COOTBETCTBYeT KOHILy SKCHOHEHIIHaJbHOIO y4acTKa Npolecca YCTaHOB-
JieHHs1 KoJle6aHMil H JeMOHCTPHPYeT pacrnpejesieHHe MOJS H TOKa, OTBeYalo-
uiee OCHOBHOH Moge. K HekotopoMy MmomeHty (kagp 3) ammiuryna |F|
JOCTHI'aeT TaKOM BEJHYMHBI, YTO CTPYNIHPOBAHHHI TOK Yy KOJIJIEKTOPHOTO
KOHIla HauyWHAeT MCIBITHIBATh HacCHIUIEHHE, 3aTeM MafaeT HOYTH A0 HYJH,

IFl 1T/2,]
2 L

1F -

0 ——

1 2
211: W/[[{({///////////I/[l/a,
I cr727,77; //////,,(;/;

7, e X ’
Yt 7277
01 2 3 [, B e
2 8 14
- - 7"\
=< ped ™ yd N
- 7 < Pl

7
'IIIII,,,/,I/,////

7
,//!./'///////////”/Illll
cllllll//llll/////;;/;z

4 10 18
-~ - T~
,/’ \\ RN P \\
/,x \ ’,/ %
5 4 17
=~ -
>~ \\ P SN - ‘\\
7’ \ s 7
7 - 7

N~

A

I —
(///{/.{{{{{{{///Ill/,,, %
Ledzizx ™

Puc. 6. JluHaMHka pacHpejie]eHHst OIS M BbHICOKOYACTOT-
HOrO TOKa MO XiauHe gamnbl npu /=3. Kawpsit kagp noka-
3bIBaeT: BBEPXY—aMILIUTYAB noas |F| (cnnomsas JHHHS)

u toka |I| /I, (nynkTup), BHH3y—0GaacTh TOPMO3AWHUX (a3
nods (3aITPHXOBAHA) H NOJOXCHHE IEHTPa 9AEKTPOHHOrO
CTyCTKa B 3aBHCHMOCTH OT { mpu <t = const. IIpomexyTok
6e3pasMepHOro BpeMeHH MeXAy cocefHuMH kaapamu At=0,6.

MeHsieT a3y NPHMEpPHO Ha T M CHOBa HapacraeT (IeperpynmHpPOBKa 3JeKT-
poroB) (kKazapw 4, 5). OueBHAHO, Tak XKe BeleT ceGs W moJie B 3TOH 06Ja-
ctu. B To e BpeMmst mo ocrasbHO# AjuHe aamnsl |F| mpomosxaer ysenu-
yuBaTbes (BOJM3M IyIIEYHOTO KOHLA HeJuHelHble 3¢ (eKTH BoOOGLIE emme
HeCylLIeCTBeHHH). B pe3yJbraTe B cepeliuHe NPOCTPAHCTBA B3aUMOAEHCTBHs
obpasyeTcss BBHICOKHH MakcHMyM [F|, a BGJH3H KOJJEKTOPHOrO KOHHA —



H. C. I'uns6ype, C. 1. Kysneyos, T. H. Pedoceesa 1047

eme ofAMH Hebosabmoi MakcumMyM. JlaJee, Bcs KapTHHA CMeEIAeTCst BJIEBO
H3-32 pacmpocTpaHeHust ormbamouiell ¢ IPYNNOBOH CKOPOCTBIO, NPH 3TOM
06a MakCHMyMa pacTyT, TaK KakK NepBHE NPOXOAHT IO 06JacTH, 3aHATOH
XOpOIIO CrpynmHpPOBAHHBIM, a BTOPOH — NeperpynmHupOBaHHHIM IYYKOM
(kampwl 6, 7)*. :

[Tocse Toro, Kak mepBBIfi MaKCHMyM IPOXOJMT NYIIEUHHIH KOHeI, JaM-
Db, aMILIATYAa [OJIs BOJIM3H 3TOro KOHIA pe3KO HajaeT, H NOCTyHalouue
B NPOCTPAHCTBO B3aUMONEHCTBHS 3JE€KTPOHbI MOAYJHPYIOTCS MO CKOPOCTH
CpPaBHHTEJNbHO c1abbiM noseM. TakuMm o6pa3oM, OHH OKa3bIBAIOTCSA Temephb
XOPOLIO CTPYNIHPOBAHHBIMH TOJIBKO BOJIH3H KOJIJIGKTOPHOTO KOHILA, B 06Ja-
CTH BTOpOro MakcuMyma. [Tockosbky nociefanuii paHee GbII HaBeleH mepe-
TPyNNHPOBAHHBIM NYYKOM, TOK W IOJIe 3/leChb OKa3HBAalOTCA B mpoTHBO(ase,
| F| magaer noutm Ho HyJs, ¥ 3aTeM [OJe CHOBa MeHser (asy Ha <mpa-
BRUJIbHYIO». K 3TOMy MoMeHTY (Kajap 9) aMniuTyla HoJsi NQ Bced IJHHE
JaMnbl AOBOJbHO MaJa, TaK YTO HachlllleHHe TOKa CHOBa CYILECTBEHHO
TOJIbKO y KOJlIeKTOpHOro KoHua. ComocTaBnissi Kaipel /I u 3, BUAUM, 4TO
OHH MaJl0 OTJHYAIOTCS, MO3TOMY MOXKHO OXHIATh NMOBTOPEHHSI ONHCAHHOTO
nponecca. [elicTBurenpbHO, KaAphl [2—I8 [EeMOHCTPHUPYIOT TY Ke CaMylo
noc/el0BaTeIbHOCTE (as.

Takum o06pa3oM, BO3HHKHOBEHHe AaBTOMOIYJSILHH TECHO CBSI3aHO, BO-
HepBHIX, C pacnpefie/ieHHEIM XapaKTepOM CHCTeMBl, YTO IPHBOAHUT K 3amas-
KBIBAHHIO €e DPeaKUMH Ha HayaJo AeHCTBHS HEJHHEHHOCTH, H, BO-BTOPHIX,
¢ fBJICHHEM IEPErpynnHpPOBKH 3JEKTPOHOB MoJjeM O00JbIIOH aMIJIATYILH.
[TosTomMy aBTOMOAYJIALMSI HAGJIONAETCS TOJBLKO NP LOCTATOYHO GOJBIIOH
GespasmepHO#l AJIMHe JIaMilbl, Koria o6a s¢dekra MOryT CKasaTbcsl B MOJ-
HOH Mepe.

Yaorpapesarusucrckas JIOB ¢ 6oavwum KIIJT (n~ 1). Hanomuum,
4TO JJiA pexXuMoB ¢ GonbuiuM KIIJI ucxomuele HecTallMOHADHBIE YPaBHEHHS
(14) —(16) KOpPEKTHBI TOJNIBKO B CJyuyae yJbTPapeJSITABHCTCKHX CKOPOCTEH
3J1eKTPpoHOB. [last ymo6erBa cpaBHeHust ¢ pa6orToit [2], B KoTOpO# Mccaeno-
BaJicsl CTAllMOHAPHBIH peXHM yJabTpapeasTuBuctckolt JIOB, 6yaeM moJabso-
BaTbCsl MapaJieNbHo HopMupoBKaMu (13) u (26).

Xapakrep mpouecca ycraHOBJeHMs KojeGaumii (puc. 7—9) B o6uux
4epTax COOTBETCTBYEeT pPacCMOTPeHHOMY BHINe. B wacrHocTH, mpu 6e3pas-
MEpHBIX JUIMHAX, HE3HAYHTEeNbHO IPEBHIIAIOMHX NYCKOBOE 3HaueHHe, NPo-

1Al |IEl
0,51

0A
0,3

0.2k

0.4

I L 1 3 1 @ L

Puc. 7. 3aBUCHMOCTb AMIUIHTYAS! BBIXOAHOTO CHTHA-

aa yasrpapeasitusucrckoir JIOB or Bpemenn mas

IBYX Pa3NMYHbLIX YPOBHEHd HAYAJBLHOIO TOJMYKA NpU
I'=01, /=26 (v=0,855; [=22).

* Pacripenenense moas M ToKa Ha Kaapax 5—8 u 13—I6 puc. 6 cxonHO ¢ paccMoT-
peHHBIM B [7] «mepeHanpsiKeHHLIM» DPCXKHMOM. ITOT CTAUUOHAPHBIA pPEXHUM, KaK TAKOBOH,
NPAKTHYECKH HE peasiu3yeTcsl H3-3a BOHHKHOBEHHs] aBTOMOAYMSAUMH (32 HCKIIOYEHHEM, BO3-
MO¥KHO, OuCHb Y3KOI 00aacTH ! ='2,8 < 2,92). . ’ .
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LleCC HE3aBHCHMO OT YPOBHsI HAuaJbHOIO TOJIYKa 3aKaHYHBAETCS YCTaHOB-
JleHHeM CTalHOHApPHOTO peXHMa, HalleHHOro B .[2?], mpHueM NOJyYeHHBIE
snauenns KIIJ| u paccrtpoek COBNAZalOT C pe3yJbTaTaMu [[2] ¢ TOYHOCTBIO
1o 1% (puc. 7). Ilpu GoablIMX AJHHAX BO3HHKaeT aBToMoAyasuus. Cie-
AyeT MOAYEpPKHYThb, YTO 3TO INPOHCXOAHT NPH MeHbMHX [loflcry, ueM B ciy-
yae JIOB ¢ maawm KIIA. CoorBeTcTBylomas o64acTh Ha MJIOCKOCTH Mapa-
metpos I’ I'/3, 1 (uau I, v) nokasana Ha puc. 8. Puc. 9 nanmoctpupyer GoJiee

0,110,855

0,010,308

0,004 0-.485|‘2.

20 A6 78

iy

32 34 36| .4

PR TR T X S R B

17 48 49 U7

Puc. 8. Ilpumepnoe mosoxkeHne o0GJacTH aBTOMOAYJfAUHH (3a-

WTPHXOBaHA) HA IJIOCKOCTH napamerpos I, I "B oy v, L Bep-

THKasbHble JHHHE I u Il nokaswiBaioT rpaHHIBl caMOBO36yXie-
HHSI OCHOBHOH H BTOPOH MOZBHL.

|AL|IF| ﬂ

-2
0,71

4,5

-

0 ‘4 2 3 4

S

8 /4

Puc. 9. 3aBHCHMOCTb aMILVIHTYAb BHIXOJHOTO
curHaja yaetpapeinstuBHcTckot JIOB ot Bpe-

MeHH IpH
= 341).

CJIOXKHBIH aBTOKOJIeOAaTEJNbHBIH DPEXHM, KOTODBIH

I'=0,1; /'=4(v=0855; !=

MOZKHO COIIOCTaBHUTHb

¢ puc. 5. TIpu cyimiecTBEHHOM INpeBHIIIGHHH TOKa NyykKa HaJ CTapTOBHIM
XapaKkTepHO# OCOOEHHOCThJQ MEPEXOJHOro Npolecca B Hauaje €ro HeHHeH-
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HOH CTaguu SIBJASIETCS PE3KHH BCHJIECK aMIIMTYAB BBIXOZHOTO CHIHAJa.
[TukoBasi MOIHOCTH NPH 3TOM MOXKET NPEBHINATh B HECKOJbKO pa3 ypo-
BeHb, PACCYHTAHHBIA M3 CTalHOHAPHOH TeopHH. UTOOH MPaKTHUECKH HCIOJb-
30BaTh TAKO#i CYIIECTBEHHO HECTALHOHAPHEI pexXHM, HeOOXOZHMO MOAGO-
pom napamerpoB (L, vrp) ZoOUTBbCS, 4yTOOH OKOHUAHHME HMIYJbca TOKA NPH-
XOJHUJIOCh Ha KOHEI BCIIJIECKa. .

Ha ocHoBaHHM TNOJNYYEHHBIX HNAHHBIX MOXKHO 3aKJIOUHTb, U4TO INy4YOK
nepefaer 3JeKTPOMAarHHUTHOMY IOJIIO 3HAUHTENbHYIO AOJIO CBOell SHEPTHH,
€CJIH JJIHTENBHOCTb HMIYJbca TOKa B 2—3 pasa NPEBOCXOAHT [AaBaeMYIO
¢dopmyaoit (30) BeJHUHHY BPEMEHH fycr, XOTS NPOLIECC MOXKET M He 3aKaH-
YUBAThCS . YCTAHOBJIEHHEM CTAllHOHAPHOTO COCTOSIHHS.

Asropur 6aarogapsar M. U. Ierenuna u . U. TpyGelkosa 3a BHHMA-
HHe K 3Toii pa6GoTe, HEOJHOKPaTHOe OOCYXKJeHHe H NOJIe3Hble KPHTHYECKHE-
JaMeyaHHs.

NPHJIO)XEHHE 1
YpaBHeHue BOSﬁy)KD,eHHﬂ BOJIHOBOAA 3aJdHHBIM TOKOM

Kak mnokasano B paGorax [* 5], Buinmosnsisi o6paTHoe npeoGpa3oBaHHE
dypbe B ypaBHeHUX BO36YKJeHHst BOJHOBOAA [°], mas ciyuass MeMJIEHHO
MeHSIOWHUXCA aMIIHTY (cM. (3)) MOXKHO HOJYYHTh CJEAYIOLIHE BhIpaxKe-
HHS JJIsT T0JIsT 06paTHON BOJIHBL:

f+2n

1 dC- oC_ 1 .
— = — 2= s , t)Eee~2td(1%); I.
Upp Ot ox w N, Sv S. J(r, 1) Ee (27 (. 1)

s, ot
E = Re (C_.E—_.e'2?), \ (1. 2)

rfie j — BEKTOp IIOTHOCTH TOKa, Eys=E} ¢ (S, y, 2) €¥ 18s* — cobcTBenHbe
GbyHKUMA NpsiMOR K 06paTHO# BOJH, Ns— HOpMa, HMEIOIIAsk CMBICH yueTBe-

PEHHOro NOTOKAa MOILIHOCTH, NepeHocHMoro BoaHO# npu |C_g| =11, vp =
= | B, (R)|~'. Beanuunwr Eis, Ns, Urp B3TH Ha yactore 2. Ecau yuuth-
RaThb TOJIKO OJHY Pabouyio MPOCTPAHCTBEHHYIO TapMOHHMKY, CJelyeT pasJo-
JKHUTh COOCTBEHHYIO (DYHKIHIO B PSR

Ey= 3 Ein(, z)exp[~i(i@s+2’”‘)x]. (T 3)

n=—co d

rie d — nepuof BoJiHOBOAA, u 3amenuts B (I1.1) u (I1.2) E4s Ha coorBer-
crBylomuit unen paga (I1.3).

Cuprass moje paGoueii NPOCTPAHCTBEHHOH TapMOHHKH OJHOPOIHHIM
B 06J1acTH NMyuyKa, BEIGEpeM HOPMHPOBKY COOGCTBEHHBIX (YHKUHH TaK, 4TOOH
B 3T0i 06JaacTH ObO0 Eigny = F 1, Torma [®] Ns> 0. Bbluucaum uHre-
rpana B (I1.1), yunThiBasi, 4TO B HaIleM Cjayuae BEKTOD j HMeeT TOJbKO Npo-

LOJIBHYIO COCTaBJSIIONLYI0. B pesy/braTe, OUEBHIHO, MOJYYHUM BeauuuHy [

(cm. ¢popmyay (11)). Torma, oGosnauass K = oN u C_g'= E, npuxonum
K ypaBHeHHIO (4). 3ameTnM, uT0 BeauunHa K cosnfanae'r ¢ o6IIeNnpHHATHIM

CONIPOTHBJICHUEM CBA3H.
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NPHIO)XEHHE 2
N3ayuense ¢ppoHTA 3JNEKTPOHHOIO NMyYKa

Ha ocHOBanMH METOLMKH, pasBuTON B paborax [!°],. MoxkHO mokasarth,
4YTO M3JIyueHHe Ha uacToTe Q, ompelensieMoill ycjoBhueM (2), y3KOro QpoH-

x . ‘
Ta I(t')= 1 (t—-—),KOTOprI/I IBHKETCH BROJMb JuHuu AB Ha mpocrpaH-

Yo i )
CTBEHHO-BPeMeHHON amarpamMMe puc. 10, 3anumaer o6aactb ABC u umeer

aMINVIUTYRY
~ 2
|E1=BK _2llsl (T.4)

[
roe lo = S!(t’) e—i2tdy'. HWcnoaw3ys oGosmauenus (13), orciona

nosay4aem @opmy.ny (32).

it
C
X=—Vpb -+t
—
e by = !
- :
8 : AL 71
3]
:r.='tr°t 2%
x —
A Lz 9 A 2h wh 11X
Puc. 10. O6nacte Ha npocrpan-  Puc. 11. Cerka Ha mIocKocTH
CTBEHHO-BPDEMEHHOH  JMarpaMme nepemennbix X, T.

(ABC), sansTasi H3IydeHHeM Ha
uyacrote 2 (¢poHTa, ABHXKYILE-
rocst no JjuauH AB.

3aMeTuM, 4TO HECMOTpPS_Ha TO, YTO CHEKTp I2 MoxeT GHITH LIHPOKO-
ROoJIOCHBIM, MOXHO Haitu (II. 4) H HEINOCPEeJCTBEHHO M3 ypaBHeHHs (4),

nonaras [ =1I (t') e"i2¥ E = E (¢') u npoBomsi umurerpupoBanue. [efict-
BHTEJIbHO, TIPH 3TOM MO KpafiHeil Mepe BO30YKAeHHE CIEKTPAJbHBEIX COCTaB-
JSIONMX MOJSI HAa YacToTaX, GJHM3KHX K £, ONHCHIBAETCS IIPaBHJBHO.

NPHJAO)XEHHE 3

KoHeuHO-Pa3HOCTHbI METOA pelleHHs HeCTauHOHapHbIX HeJIHeHHbIX
ypaBHenuii JIOB*

PaccMoTpuM JAJs1 OmpeJieIeHHOCTH METOJ, peIleHHst CHCTeMbl ypaBHe-
HHi (27)—(29) (cumcrema (14)—(16) pelaercsi coBeplIeHHO aHAJOTHYHO).
Kaxnyiwo rpynny aaekrpoHoB (cm. I1. 2) 3aMenuM KoneunmM yucjiom K

2w
KDYNHBIX YacTHI, HayaJbHbBle (assl KOTOPHIX coc'raB.nmo'ra—_—T(g (9 =

* -Boyee mpocrofi, TpeGyouiuii MeHBIIHX SaTpaT MAMIHHHOTO BpEMeHH, HO M MeHee
TOYHHI MeToJ 651.11 npenJioxeH B pagore ['].
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=01, .., K—1). Kpome TOro, AJd yHoOcrBa pa36ueHHs HJIMHBEI TPO-
CTpaHC/TBa Bsanmoneucmuﬂ Ha Mard CHe/aeM 3aMeHY IepeMeHHBIX
T = %,—, X = 7 TaK 4TO CHCTeMa (27)——(29) NPUHHMAET BUL,
06 Jde
[ (e—2 1) = € ), * =’ Re Aetb) = A, 6.); ﬂ.5)
X (72 —1) =g () X ( ) =S ( )s
0A_0A_ ol i _y0,); (1. 6)
0T dX K g=0
0 ed ’ 0
ba|lxo=0¢ —| =0, Alxa1=0, Alrmo=A4"X). (7)
0X |x=0

Pemenne uumercs B TOYKAX CETKH Ha IVIOCKOCTH mepeMeHHbX X, T
cmarom 2 no X u <= no. T (puc. 11).

i .
1) ITo usBecTHHIM 3HaueHHsM A, Ha j-M cl0oe HO BPEMEHH BEIHYHHBI
6" u e ompejeJsIOTCS HO cXeMe NPeAHKTOpP — KOPPEKTOp:

a+l ntl Ao
e, 2—en+ F(AL 6r), 6 2=9';+é—g(ea)(npennKTop),(ﬂ.8)

1

i i L
et = ot - hf (‘_"'_%_4&1, e:+2), grt — 0+ hy (e:+2) (kop-

pEeKTOp), HOCJe Yero no HaﬂlleHHbIM 0 onpene.nmo'rca Bennqm{m Ji=J(69).

2) Tlo ussectunim Ah u AL, a rakxe Ji u Ji paccuntmiBatorcs

3HAUEHHs] KOMIUIEKCHOH aMILIHTYAH TOJs Ha caefyiomewm caoe ALT'. Ilpu
3TOM HCMOJb3yeTcst GopMyJia

At — AL AL, — AL, = Al — 24] + Al =

T 2h 2 h?
Kt (1. 9)
3 1 i wm <Kl e
= —=Jh =I5 — e " g (ea),
2 " T oK A& g
KoTOpas mpefcTaBJsier coboii annpokcuMauuio ypaBHenus (I1.6).
Besununna Alt! Beumcasercsa mo dopmyse
Al+l _ i _p ALt [ -1
M —Al Al —Al <—n At — 24l + Al +Liico @10
-t h 2 2 2

Oco6oro paccmorpenus TpeGyer Hauano cyera. JJjiss HaXOXAEeHHs 3Ha-
uenHit A}, IO U3BECTHHIM M3 (I.7) A NPHUMEHSIOTCS COOTHOLICHHSI
APt = Ab— 2 al — 4] +34)),
(T1. 11)
TS Y To 0
ArT = E(A"“ + Al_y) by (An+1 An-1) + % dy (>0),
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rne 7, & =. ITo aT0#1 cxeme PaCCUUTHIBAIOTCA HECKOJbKO IEpPBLIX IIaros
C MOCJeI0BaTe/JbHEIM yABOCHHEM IIara A0 TeX Iop, IIoKa OH HEe JNOCTHTHET-

BeJIHYHHBL T. )

OnucanHbiit MeTof, uMeer Tounoctb O (w24 h2) u ycroiuns mpu © < h.
Ilpu nposeleHun pacuerosB o6bYHO BhGHpasoch K=16; A=0,02; ©=0,01.
Bpewms cuera omnoro Bapuanra na 9BM BICM-4 okoso 3 yacos.
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THE THEORY OF TRANSIENT PROCESSES IN RELATIVISTIC BWO
N. S. Ginzburg, S. P. Kuznetsov, T. N. Fedoseeva

The linear stage duration of the transient process in relativistic BWO is estimated
in the assumption that a signal arizes from spectral components of radiation from the
electron beam front and charge density (shot effect) fluctuations in the
synchronizm band. It is shown that at the nonlinear stage when the electron current
exceeds slightly the start value the signal amplitude having reached its maximum
produces attenuating oscillations that results in setting down the stationary regime.
For the current essentially exceeding the start value (for BWO with low efficiency —
3.2 times) a more complicated auto-oscillating regime is settled down when the output
signal amplitude is modulated with the period necessary for the electrons and the wave
to pass (with the group velocity) the tube. This modulation being originally of sinusoi-
dal character becomes a succession of peaks as the currrent increases and then ceases
to be periodic.



