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TYPBYJIEHTHOCTD B 3JIEKTPOHUKE CBEPXBBICOKHUX YACTOT:
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IIpencraBieH 0030p COBPEMEHHOTO COCTOSIHUS PA3IMUHBIX TEOPETUYECKHUX MOAXO0I0B K
OIMCAHMIO TYPOYJIEHTHOCTH B DJIEKTPOHHBIX IOTOKAX M AJIEKTPOHHBIX MPHOOpax
cBepxBbIcOKHMX yacToT (CBY). Brigenens! 1 paccMOTpeHbl TpH BUAa TypOyJI€HTHBIX
(HemaMUHAPHBIX ) 3JIEKTPOHHBIX MOTOKOB. [lepBrIii BUJ 00yCI0BIIEH IepeceYeHnEM
JIEKTPOHHBIX TPACKTOPHUH (HalIpUMeEp, 3a CUET TEIJIOBBIX CKOPOCTEMN) U PUCYILL BCEM
JIEKTPOHHBIM NOTOKaM. TypOyJI€eHTHOCTh BTOPOTO BUA BO3HUKAET Oiaroaaps
HEYCTONYHMBOCTH 3JIEKTPOHHBIX MIOTOKOB, U3-3a KOTOPOIl Majible BO3MYILEHUSI HApacTaloT
9KCHOHEHIMAIBbHO (K TAKUM HEYyCTOMUMBOCTSIM OTHOCSTCSA AMOKOTPOHHAS U
slipping-HeycToitunBocTh). Tpetuit Bua — BUXpeBasi TypOyJI€HTHOCTb, Ha4ajo KOTOPOM
kIa€T GpunamenTapuzanus notoka. O6pasyromuecs 3aps)KeHHbIe HUTH B3aUMOJICHCTBYIOT
MeX/1y CO0OM, 4TO MPUBOAUT K 00pa30BaHUIO BUXPEBBIX CTPYKTYP; IPUCYTCTBHUE MOCIIETHUX
MOBBIIIACT YUCIIO KOJJICKTUBHBIX CTEIIEHEH CBOOOIBI M MOXKET MPUBECTU K TYPOYJICHTHOCTH.
N310KeHbl pe3yabTaThl SKCIEPUMEHTAIIBHOTO UCCIIEI0BaHUs TYPOYJIEHTHBIX 3JIEKTPOHHBIX
IIOTOKOB ¥ T€HEPATOPOB C MX UCIOJIb30BAHUEM B ABTOHOMHOM PEXHUME U IIPH 10AaUe
BHEILIHETo curHaia. MccnenoBanbl pa3iuyHble TUIIBI IIHPOKOMOIOCHBIX T€HEPATOPOB
CBU-konebanuii. O6cyxnarorcs GeHOMEHOIOIHUECKUE MOJIEH TypOYyJIEHTHOIO
3JIEKTPOHHOT'0 MOTOKA, MPEACTaBIIAIONINE COO0M EMOYKH U3 CBEPXU3ITYYAIOUINX CTYCTKOB,
COJIeprKalINX 3JIEKTPOHBI-OCHMIIISTOPBL, EMOYKU «BUXPEID), KOTOPHIE OMUCHIBAIOTCS

MOJU(UIMPOBAHHBIMU YpaBHEHUsIMH BaH jiep [los.

Kniouesvie cnosa: IneKTpoOHHBIN IOTOK, TYpOYJIEHTHOCTh, HEYCTOMYNUBOCTh, BUXPb,
re’epaTop, mupokonojaocHass CBY-renepanus.
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TURBULENCE IN MICROWAVE ELECTRONICS:
TEORETICAL APPROACHES AND EXPERIMENTAL RESULTS
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A review of the current state of different theoretical approaches to the description of
turbulence in electron beams and electronic devices at microwave frequencies is shown. A
three types of turbulent (nonlaminar) electron beams were considered. The first type of
turbulent electron beam is caused by the intersection of electronic trajectories (e.g., due to
thermal velocity) and it is common to the flow of electrons at all. The turbulence of the
second type is due to the instability of the electron beams, because of which a small
perturbations grow for an exponentially (such instabilities include diocotron and
slipping-instability). The third type —vortex turbulence, the cause of which is
filamentarization of electron flow. Formed charged filaments interact among themselves, that
leads to the formation of vortex structures; the presence of this structures increases the
number of collective degrees of freedom and may lead to turbulence. The results of an
experimental study of turbulent flows and electronic generators with their use in standalone
mode and when an external signal were shown. Various types of broadband broadband
microwave oscillators oscillations were investigated. We discuss the phenomenological
model of turbulent the electron beam, which is a chain of superradiant clots containing
electron-oscillators, chain of «vortices» ( «vortices» are describes by the modified equations
of van der Pol).

Keywords: electron flow, turbulence, instability, vortex, generator, broadband microwave
generation
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