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9KCNEPUMEHTAJIbHOE UCCJEJOBAHHUE HEJHHEMHbBIX
HECTALLHOHAPHbBIX NPOLLECCOB B JIOBO-TEHEPATOPE

B. I1. Beapyuxo, C. II. Kysneyos

DKCIepHMEHTANbHO HCCAENOBAJICS NPOLECC YCTaHOBJEHHS KoJjeGaHHH B re-
HepaTope ofparHoit BoJubl Tuma O. OKasajnoch, YTO XapakTep Ipollecca Kaue-
CTBEHHO COOTBETCTBYET Pa3BUTOH paHee HeJHHefHON Teopud B HenpephHBHOM
pexuMe TIeHepalliH INPH [OCTATOYHOM IIPeBHIIEHHH TOKOM IyuyKa IIyCKOBOTO
3HayeHHs: Habmofajach MOAYJSIHS BBIXOLHOTO CHrHaJa, TMpeNCcKa3aHHas Teo-
peTnuecku. Bennmuuna ToKa; oTBeyaollas Haualdy MOAYJSLUMH, H €e YacToTa
YIOBJIETBOPHTEJIBHO COTJIACYIOTCS € TeOpHeil. '

1. BBEREHHE

B paGore [!] 6nlna nmpensoxkeHa HeJqHHeHHas TEOPHs MEePEXOAHBIX NpO-
IIeCCOB B PEJNSATHBHCTCKOH Jamne o6patHoii BoaHbl (JIOB) tuma O, ocHo-
BaHHAass Ha MeToJe MeJJIeHHO MEHSAIOIIUXCS AaMIJIHTYA, NOCTPOeHHas 6e3
yuyera BJHSIHHSL NPOCTPAaHCTBEHHOTo 3apsia, pa3bpoca cKOpocTeil 3JeKTpo-
HOB, pacnpeesleHHOro 3aTyXaHHs B BOJIHOBOJAE H OTPaxK€HHH Ha ero KOH-
nax. Hxas yacrHoro cayuas JIOB ¢ mansim KIIJI BoiBefeHHEIE YypaBHEHHS
C TOYHOCTBIO 10 HOPMHPOBKH COBIAJH C COOTBETCTBYIOIIHMMH YyDaBHEHHSIMH
HepessituBucTckoit JIOB ¢ maabim mapamerpom Ilupea [2] (C < 1).

Unc/neHHOe pellleHHe STHX ypaBHeHHi [!] mokasaso, yTo mHepexomHBIH
npouecc 3aKaHYHBAETCS YCTAHOBJEHHEM CTALHOHAPHOTO COCTOSIHHSI TOJBKO
NPH OTHOIIEHHH pabouero 3JEeKTPOHHOrO TOKa K myckoBoMy [/Ix << 3,25,
IpHYeM NpPUOJHKEHHEe aMIUIUTYABl K CTALLHOHADHOMY YPOBHIO HOCHT Xapak-
Tep 3aTyxalmomux Koaebauuii. Ecau xe

I > Iy = 3,25 Iy, (1)

BO3HHKaeT GoJiee CJOXKHBIH aBTOKOJeOaTeNbHBIl pexXUM (aBTOMOAYJSIHUSA),
B KOTOPOM BBIXOAHOH CHI'HaJ MOAYJHMPOBaH mo aMmauTyze u ¢dase. Mcxons
U3 JaHHBIX, MOJyYeHHBIX Ha DBM, GblJI0 HalfieHO, UTO NpH TOKaX, GJIHM3KHX
K Iv, 6e3pasMepuniii nepuon mopyasiumu T (L/vg + L/vwp)~—! paBen 1,5, T. e.
MOAYJISILHUS HMeeT 4acToTy

-1
fo = T-1 =0,67&(1+&) . @)
L Urp

3necs L — aauna JaMIbl, Up— CKOPOCTb Iy4Ka, Urp— aBGCOMIOTHAsE BeJH-
YyyHa TPYNNOBOH CKOPOCTH BOJIHB. AHAJIOTHUHBIE pe3yJbTAaTH ObLIH IOJY-
YeHBl IIPH MOJENHPOBAHHU NEPEXOAHBIX NIPOLECCOB B YJAbTPAPEAATHBHCTCKON
JIOB c Gonbmum KITII; B 3TOM cayuae aBTOMOAYJISILMS BO3HHKaJa IIPH
MeHbIIHX 3HaueHusnX I/Ig.

ITockoabKy pesyabTatsl [!] He HMelOT aHa/ora B CTALHOHAPHOH HEJH-
Heiinoft Teopun JIOB [3], npeicraBisier MHTepeC MX 3SKCHEepUMEHTAJbHAs
nposepka, KOTOPYIO, OYEBHIHO, NPOIlle BCETO OCYLIECTBHTh Ha HEpPeJATHBH-
crckoit JIOB. B u3BecTHO#f HaM JHTepaType, OXHAKO, OTCYTCTBYIOT KCIe-
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pHMeHTaJbHble JaHHBIE, KOTOPHE MOXHO OBlIO 6bl HENMOCPeACTBEHHO CONO-
cTaBHTh C [!]*.

HccnenoBanne HecTallHOHAPHBIX SIBJEHHI NMPOBOAMJOCH Ha JaGopaTop-
Hom MmakeTe JIOB tunma O c 3aMepJsioileil CHCTEMOi BCTPEUHO-IUTHIPEBOTO
THIIAa H C MarHATHOH (OKycHPOBKOH mnyuyka. ['eomerpuueckas AJHHA IIPO-
CTpaHCTBa B3auMOAeficTBHA L.= 5 cm, njomafb MIONEPEYHOr0 CeUeHHs
nyska S =&~ 2 cm?, OCHOBHHE 3JIEKTPHUECKHE IapaMeTpPhl MaKeTa SiICHBl H3
puc. 1. '

Ins
pos 78 A

1,0
.l Puc. 1. 3aBHCHMOCTb HYCKOBOTO

/ 6 TOKa M 4acTOThl Hadaja reHepa-
L I UMM HCCHAeLyeMOH JaMnb OT
0,95 n 14 YCKODSIONIEro Hamnps :KeHus.

T
1
N

0,9

1 1 1

100 150 200 Up,b
Hcnosnb3ysi xapaKTepHCTHKY NepecTPOHKH, MOXHO NPHOIHIKEHHO Hail-

TH BeJHYHHB, Bxoasumue B (2). IlonoxuM vy = vy (vUp— (pasoBasi CKo-

poctb BoJsiHB). Toraa us ¢opmyJint

vp = 5,9-107Y Uy (B), cmjc (3)
H U3 ONpe/eNieHHs TPYNNOBOil CKOPOCTH CJEAYeT COOTHOLIEHHe
14 % - 1d0gly @)

V% 2 d(g))

Ha ochoBanun (4) Beamuuna (1 +
+ vo/urp)~! Haxomuiach myTeM rpa-
¢duyeckoro auddepeHuHpOBaHUA 3a-
pucumoctd 1gf or lg Uy ¢ marom 0,1.

CxeMa 3KkcrnepHMeHTaJIbHOR ycTa-
HOBKH mnpuBelneHa Ha puc. 2. ITocro-
sIHHble HAanpsi)KeHHs Ha 3JEKTPOAbL
JaMnbl IOAAaBajJUCh OT CTAaHAAPTHHIX
HCTOYHHKOB nuTauus. [Ipu pabore B
UMNYJbCHOM DeKHMe Ha MEPBHIA aHO[,
NOfaBaJuCh OTIHPAIOUNIHE HMIYJbChI
HanpsikeHus (puc. 3a) OT HMMyJbC-
HOro reHeparopa. IlJHTeabHOCTH me-
penHero poHTa UMIYJbCa COCTABJSA-
jga 30—50 xc, 4TO 3aMeTHO MeHble
NPOJOMKUTENBHOCTH JIMHEHHOH cra-
MM YCTaHOBJEHHs KojeGaHui. Tem
xe FEHepaTOPOM OCYHIECTBJIAJICST 3a- Puc. 2. CxeMa SKCIepUMEHTaNbHOK ycTa-
NyCK XAyLleH pasBepPTKH CKOPOCTHO- HOBKH: i
ro ocuuanorpada, Ha BXOX <y» KO- I—Hccnenyegaa Jamna, 2 — UMIyJIbCHBIA
TOPOr0 HEMOCPE[CTBEHHO MONABAJCH 4o popyr, >~ CKOPOCTHOR ocunmaatop,

H 4 — CBY-ananusatop cnmekrpa, 5— HU-
BpixonaHOH curHan JIOB. B Hempe- aHanusatop cnekrtpa, 6 — I'CC.

* B paGore [¥], nanpumep, NpHBONUTCA H CPABHHBAETCA C JIHHEAHOX TEODHEN TOJbKO
NOJIHAsk JVIHTEJNbHOCTb NEPeXORHOro mpouecca npu I/l < 24.
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PLIBHOM pexHMe OJHOBPEMEHHO C HalJIoJeHHeM BpPeMeHHOH KapTHHBI Ha
sKkpaHe ocumijorpada usyuancss CBU-cmekTp curHaia M CHEKTD aMIUIH-
TYAHOH MOAYJSALHMU (TO-CXeMe NPSMOr0 JETeKTHPOBaHHSA C HCHOJb30BaHH-
€M HH3KOYaCTOTHOTO aHAJH3aTOpa CHEeKTpa).

Uas

Puc. 3. PopMa OTHHpAIONIEro MMAYIbCa, 0 0.1 0.2 taMKC

NMOZaBaeMOr0 Ha NEepBbLIH aHOX JaMImbl a)

(a), u ocumanorpaMma oru6aomeit BhIXOx- -

Horo curnaira JIOB. npu yctanoBieHHH
konebaunit ot mymos (6); Uy=150 B,

iy =~ 2.

2. IEPEXOJHbIA MNPOLECC B JIOBO-TEHEPATOPE (MMIYJIbCHBIA PE)XHM)

B uMnyJbCHOM pexuMe Ha 3KpaHe ocumijorpada Habmaofajsach Oru-
Gawouas BuixogHoro curhana JIOB B mpouecce ycTraHOBJEHHS KoJebaHHi
(puc. 36). Ilpouecc umes SBHO BbIpaXKEHHBIH (JIYKTyallHOHHBIH XapaKrep
(HauasbHBIA yYyacTOK UMIYJbca BBIXOJHOTO CHTHAJa JaMIlbl 3aMeTHO pas-
MbiT). Hemocpencrsenno u3 (ororpaduu MOXKHO ONpEeHTh BEJIHUHHY
HHKpeMeHTa KoJjebGanuit o« ~ 0,05 wc~! (mns storo yaobHee HCHOJb30OBATh
pucC. 4a, CM. HHXKe) H JJIUTEJbHOCTh.JIHHeHHOH cTafuu mpoiuecca ¢ ~ 180 xe.
Otcioma HaxoNHM, 4TO MOLIHOCTh CHT'HAJa B CaMOM HauyaJie Ipomnecca MpH-
mepHo Ha 8,7af ~ 80 05 MeHbllle, ueM B CTallHOHAPHOM DeXHMe, H COOT-
BETCTBYET IO NOPSJAKY BeJIHYHHB YPOBHIO APOGOBHIX IHIYMOB, KOTODHIH IO
ouenke [!] mosxeH cocrasiasitb npubausutenbso 101g(8w* efC/I) ~—T7505.

Uro6bl MOMYYHTH YETKYIO KapTHHY Ha 3KpaHe ocuusorpacda, or 'CC
(puc. 2, NyHKTHpP) B JlaMIy BBOJHUJICS AOCTATOUHO cJ1abblii BHEIHHI CHTHAJ,
KOTOPHIH CJYXKHJ «3aTPaBKOH» AJIS MEPEXOZHOr0 Hpoliecca M He OKa3blBaJl
DPaKTHYeCKH HUKAaKOTo BJMSHHS Ha ero JanabHeHmu# xom*.

Ha puc. 4 Bmecte ¢ ocumjiorpaMMaMu IepeXOAHOTO Ipollecca NpHBe-
JeHBl aHAJIOTHUHEIe TeopeTHuecKue rpaduku. Ilpu mocrpoenmm nocnegHHX
HCI0JIb30BAJHCh 3aBHCHMOCTH aMINIUTYAH KoJieGaHHH OT BpeMeHH, HaiJeH-
Hele B [!], KOTOpHIe *Ha y4YacCTKe SKCIOHEHLHAJbHOTO POCTa CIIHBAJHCh
¢ HOJIy4eHHBIMH U3 JIHHEHHOH TEeOPHM.

Xopollee KayecTBEHHOE COOTBETCTBHE MeEXKAY Teopuell W SKCIepHMeH-
TOM 0uYeBHAHO (puc. 4). CylIecTBEHHO, YTO OJHHAKOBEIM 00pa30M MEHSeTCs
Xapakrep npouecca npu usmeHenuu //ly. Ilepuol, HavaJabHBIA pasMax H Je-
KPeMeHT KoJeGaHHil aMOJNUTYAB OKOJIO CTAILHOHADHOI'O YPOBHSA IIPHMEPHO
COOTBETCTBYIOT pacyeTHHIM. [LJis pocTaTouHo Gosbiiux [/Ix ONHOUACTOTHBIH
CTallIOHapHLII PEXHM aBTOKOJeOGaHMH He yCTAHABJIHBAETCH, 2 BO3HUKAET

* Paccyxnas, Kak B Hayaje pasji. 2, MOXKHO HafTH, 4TO IPpH HAJWYHH BHEUIHero
CHrHaJia HayaJbHBI ypoBeHb KoJieGanuit B JIOB Gein Ha 40—50 05 HHKe CTAallHOHAPHOTO
# Ha 20—30°05 Buille ypoBHA ApoGoBOro myMa. i
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He3aTyxamolas MOAYJIAUMS (B 3TOM MOXHO GblJIO yGeLHThCS, YBeJHYHBAA
AJIATEIbHOCTb OTIHPAIOLUIMX HMIYJbCOB), paccMOTpeHHast Gojee HOAPOGHO
B CJe/ylollleM pasjiesie AJsl CJayyasi HEIPEPEIBHOIO peXuMa.
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Puc. 4 Cnesa — ocuunorpaMMsl nepexofisoro mpouiecca B JIOB npu ycTaHOBJIeHHH KoOJie-
GaHuii oT BcmomoraTesibHOro curHasna, Uy, = 150 B CnpaBa — aHaJ/IOTHUHbIE TeOpPETHUYECKHe
rpadukH, NOCTpOeHHble MO AAHHBIM [!] B NpeNnosoKeHHH, YTO MOLIHOCTh CHTHAJa B MOMEHT
t =0 na 50 05 menbue yposHsi, oTBeuawuiero F (//[4)%? = 1. Macwura6 no ocu opAHHAT
BbIGpaH Tak, 4TOGBl COBNAJM YPOBHH CTAUHOHAPHOTO DeXHMa Ha pncym(e H OCUHJIO-
rpamme a).

3. ABTOMOAYJIALHS BbIXOAHOI'O CHI‘HAJIA JIOBO-TEHEPATOPA
NPH PABOTE B HENPEPBIBHOM PE)XHMME

B HempepriBHOM pexxuMe paborsl JIOB mpu npeBBHILIEHHH TOKOM IyuKa
IYCKOBOTO 3HAuyeHHs BO3HHKAIOT OAHOYACTOTHHE KoJeOaHHs, aMIJIHTyIa
KOTOPHIX YBeJHMYHBaeTcsi ¢ pocToM ToKa (puc. 5a). Korma ToK mpeswmIaer
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Puc 5 OcuuianorpaMmer ¥ CBU-cnexTper BeIXOAHOTO curHasa JIOB-remepatopa B Hempe-

priHOM pexume npu Up = 100 B, I/Ix = 2,5 (a), 3,9 (6), 5,6 (8), 6,9 (r), 9,7 (1). Ludpul

OKOJIO CHEKTPa/bHbIX JHHHI T0KAa3HBAOT MX NPUMEPHBIA ypoBeHb B Jeunbenax OTHOCH-
TeJbHO OCHOBHOH COCTaBJSIOLIEH.
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HEKOTOPYI0 BeNHuHHY [y, MOsABJAsieTCs aBTOMOAYJsAUHsA. Popma ee BHayase
€nMM3Ka K CHHYCOHMIAJbHOM, a CIEeKTP COAEpIKHT, KpOMe OCHOBHOH, TOJIBKO
IBe 3aMeTHble GOKOBble cocraBisiomue (puc. 56). 3arem anas I/I; 2= 5,6
MOAYJSLHS TPHHMUMAeT BHUJ IOCJIENOBATEJbHOCTH XapaKTEPHHIX BCIJECKOB
c Gosiee TOJIOTHM INEPElHMM M pPe3KHM 3aJHHM CKJIOHaMu (puc. 5B — 1),
Kak 3170 u Obulo mpeickasano ['] (cM. TeoperHyeckue rpaduku pHc. 6).
CnekTp cursaja ITIpH 3TOM COCTOHT M3 Pfa SKBHAHCTAHTHBEIX COCTaBJSIO-
IHX, aMIUIUTYAa KOTOPHIX yOBIBaeT MPH YyAaJeHHH OT OCHOBHOH. OTMeTHM,
4TO CXOAHBIH XapakKTep MOLYJALMH B SKCIEPHMEHTE H YHCJIEHHOM CueTe
Ha6JII0aNICs NIPH HECKOJbKO OTJHYHHX 3HaueHHsX [/ly. YBennueHue yacro-
1bl MOJYJSILHK C POCTOM TOKa B SKCIEpHMEHTe BLIpaXkeHo 0oJiee sIBHO, UeM
B TEOPHH.
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Puc. 6. CneBa — TeopeTHueCKHe 3aBHCHMOCTH  aM-
IVIATYAbl BBIXO#HOTrO cHrHaja JIOB-reHepatopa ot
BpeMelM B CTalHoHapHOM pexume [3], //[x=25 (a),
M B peXHMe YCTaHOBHBIUEiicS aBTOMOAYJsuuu [!],
I/Iy = 3,6 (6), 5,6 (8). CnpaBa — COOTBETCTBYIOLIHE
CBY-cnexkTphl, HaliieHHEE MyTeM YHCAEHHOro Qypbe-
aHaaH3a KOMILIEKCHOfl aMIIMTYAbI cursana. Llugpu
MOKa3hLIBAIOT YPOBEHb COCTABJIAIOIHX OTHOCHTENbHO
OCHOBHOH B n,exm6enax._(

50 -mel'u. .' * i, o * IM/IH

30 xX x ] 6
X , A
X X x < i

Wr X /i F 4
E3 xx -

10} ) 12

0 L N '

100 150 200 Up.B

Puc. 7. MamepenHbie B 3KCIEpHMCHTG OTHOLIEHHS TOKa K myc-

KOBOMY, NpH KOTOpbIX HayHHAeTCH aBTOMOAYJAUMA (KPECTHKH)

H ee yacToTa (TOYKHM) B 3aBHCHMOCTH OT YCKOPSIOIEro Hamps-

xkenua. Cnyoumnsie .nmanl )peay&b)‘ra'r pacyeta mo Qopmyaam
H (2).
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Ha puc. 7 npenacrasiieHbl pe3yJabTaThl H3MEpPeHHH B Pa3HBLIX TOYKax
pabouero nuana3oHa oTHOUeHHS! [y/lq U 4acCTOTHl MOLYJSAUUH [y NPH [ = [y,
a Takxe pe3yJbTaThl pacuera 3THX BeJuuuH mo dopmyaam (1) u (2).
CoOTBETCTBHE TEOPETHUECKHX M IKCIEPUMEHTAJbHBIX 3HaueHHH Iu/lx U fu
npefCcTaBJaseTcsi YAOBJETBOPHTEJIbHbHIM. Pe3kHe BHIGPOCH dKCIEpHMEHTAJb-
HBIX 3aBHCHMOCTEH, NO-BHAMMOMY, OODBACHSIOTCS BJHSHHEM OTpaxKeHHH
EOJIHHl OT KOHILOB JIAMIIEL

TIpoBeeHHOE COMOCTABJEHHE HEKOTOPHIX pe3yJbTaToOB Teopud [!]
C 3KCOEePHMEHTOM IIOKa3hbiBaeT, UTO OCHOBHEIE HeCTallHOHAPHLIE SIBJIEHHS
H XapakTep HX H3MEHEHHSI B 3aBHCHMOCTH OT TOKa IIy4Ka ONHCHIBAIOTCSH
TeopHell mpaBuabHO. HabmlomaBuiecss pacxXoxXIeHHS CBOAHIMCH K KOJHUe-
CTBEHHHIM NONpPAaBKaM M OOGBACHAIOTCS, OYEBHAHO, (haKTOPaMH, HE YUYTEHHHI-
MH B TeopHu (OTpaxKeHHsi, NpPOCTPAHCTBEHHHH 3apsi, pacnpejeseHHoe
3atyxanne). He uckmoueno, oaHako, uro Oojiee CYIIECTBEHHOE BJIHSHHE
3TUX (PaKTOPOB MOXKET NMPHBECTH U K KaueCTBEHHOMY H3MEHEHHIO NPOLECCOB.
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CapaToBCKHil TOCYLAPCTBEHHHIl YHHBEPCHTET Iocrynuna B pelakuuio

28 ¢despansa 1977 r.

EXPERIMENTAL INVESTIGATION OF NONLINEAR NONSTATIONARY
PROCESSES IN BWO

B. P. Bezruchko, S. P. Kuznetsou

The build-up oscillations in O-type BWO were experimentally investigated.
The character of the process appeared to correspond qualitatively to the nonlinear
theory developed earlier In cw generation when the current exceeds essentially the
start beam, the predicted output signal modulation is observed. The current value at the
beginning of modulation and its frequency are agreed satisfactory agreement with the
theoretical values,



