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Tema u nesib ucciaenoBanms. VccienoBana IMHaMHKa ABYXPE30HATOPHOTO TUPOKIUCTPOHA
muanasona 93 I'T'1 ¢ 3anmazaeiBaromieit oOpaTHO# CBsA3BIO. [IpoBeneH cpaBHUTEIBHBIN aHAIH3
JAUHAMUYCCKUX PEIKUMOB, MMOJTYHAaCMbIX B UUCJICHHOM JKCIICPUMEHTE KaK Ha OCHOBE YCPCAHCHHBIX
YPaBHEHUI, TaK U B paMKaX MOJAEIUPOBAHUS METOJOM «KPYIHBIX YaCTUL» C IIOMOILBIO
nporpammHoro komiuiekca KARAT. Metoabl. /{11 BBISIBICHMS THHAMUYECKUX CBOMCTB,
MOJIYYEHHBIX IPU MOACIUPOBAHUH PEXUMOB, IPUMEHEH CIIEKTP CTATUCTHUECKUX METOI0B TEOPUU
xaoca: pacyeT (paKTalbHBIX pa3MEPHOCTEH, oka3aTeneit Jisnynosa u ap. s HaxoxaeHUS
JSYHOBCKHUX MOKa3aTellel MCIOIb30BaH CIIOCO0 OLIEHKH UX MO0 BPEMEHHBIM psijiaM. DTOT CIocod
KpaiiHe yIo0eH, Tak Kak TpeOyeT JIMIIb OJHOM CKaIIpHON BpEMEHHOW pean3aliy B (PUKCUPOBAHHOM
TOYKE MPOCTPAHCTBEHHO PACHPECICHHON CUCTEMBI, HATPUMED, IS AMILTUTY bl BBIXOJAHOTO
mnnyderus. Kpome Toro, crmocod BoCIipon3BoauT 00pabOTKy JaHHBIX, KOTOPHIE MOTYT OBITh
MOJIy4EHBI B HATYPHOM JKCIIepuMeHTe. Pe3yabTaThl. AHAIN3 MOTYyYEHHBIX IPU YUCICHHOM
MOJEJINPOBAHUHN BPEMEHHBIX PSAJIOB IIOKAa3aJl CyLIECTBOBAHUE THIIEPXAOTUUECKUX PEKUMOB
TeHepaluy JJisi 000MX TMOAX00B K MOJCTMPOBAHUIO THPOKIUCTPOHA. TakuM pexruMaM OTBEYaroT
aTTPAKTOPHI C BEICOKOH KOPPEISIIMOHHON Pa3MEPHOCTHIO U 00Jiee 4eM OJTHUM TOJI0KHUTEITHHBIM
JISIMYHOBCKUM NoKazarenaeM. OOHapyKeHO, YTO yYKa3aHHBIE THIEPXa0THYECKUE PEKUMbI BOSHUKAIOT,
HarnpuMep, ¢ yBelmdeHueM ko3 uimenTa repenaqn 1t Henu oopaTHON cBsA3u. MHOTOMOIOBBII
«CUJIBHBIN» THIIEPXa0C pa3BUBAETCS U3 Xa0Ca, BO3HUKAIOIIETO B PE3yJIbTaTe MOCIEeI0BATEILHOCTH
Oudypraiuii yaIBoeHHUS Meprojia peryIsspHON aBTOMOIYJISAIINNA HHTCHCUBHOCTH BBIXOTHOTO
M3IIYYCHHS THPOKIHCTpoHA. O0cy:kaeHne. XaoTHIeCKHe TeHepaTophl U mryMoTpoHsl CBY nmanazona
KpaiiHe EHHBI IS Pa3IMYHbIX TEXHUUECKUX MPUIOKECHHM, HapUMeEp, B PaAUOIOKAIIUU U
IIMPOKOIIOJIOCHON KOMMYHHUKAUU. B CBSA3M € 3TUM, IOJy4€HHE MHOTOMOJIOBBIX, Xa0TUYECKUX U
TUICPXAOTUICCKHUX PEKMMOB I'CHECpAILIUN FI/IpOyCHJIHTeJIeﬁ SABJIACTCA MPUOPUTETHBIM HAIIPABJIICHUECM
CBU snexrponuku. [Ipennoxennpie B paboTe METOIbI MOACTHUPOBAHHS JEMOHCTPUPYIOT CIOKHEIE
PEXKUMBI U1 TUPOKIIUCTPOHA. OmnucaHHbIe moAaXxoAbl K aHalIu3y reHepauHﬁ YCUIIUTEIA MOTYT OBITH B
OyIymieM NMPUMEHEHBI B HATYPHOM DKCIIEpUMEHTE.
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Topic and aim. The dynamics of a double-resonator gyroklystron of the 93 GHz band with delayed
feedback is studied. A comparative analysis of the dynamical regimes of amplifier generation
obtained in the numerical experiment both on the basis of averaged equations and in the framework of
direct numerical simulation by the «particle-in-cells» method using the KARAT code is carried out.
Method. To identify the dynamical properties of system behavior we apply the spectrum of of
statistical methods from the theory of chaos: the calculation of fractal dimensions, Lyapunov
exponents, etc. To find the Lyapunov exponents we apply a method of estimating them from
dynamical time series. This method is extremely convenient, since it requires only the single scalar
time realization in a fixed in space point of spatially distributed system, for example, the amplitude of
output radiation. Moreover, this method imitates the processing of the data that can be obtained in
natural experiment. Results. The analysis of the time series obtained in numerical simulation showed
the existence of hyperchaotic regimes for both approaches to the modeling of gyroklystron. Such
regimes correspond to attractors with a high correlation dimension and more than one positive
Lyapunov exponents. It was found that mentioned hyperchaotic regimes occur, for example, with an
increase in the transmission factor for the feedback loop. The multimode «strongy» hyper-chaos arises
from chaos resulting from the sequence of period doubling bifurcations of the periodic
automodulation mode intensity of output radiation gyroklystron. Discussion. UHF chaotic and noise
generators are extremely important for various technical applications. One can note, for example,
radars and wideband communication. Thus, the production of multimode, chaotic and hyper-chaotic
regimes of gyro-amplifiers generation is a priority branch of microwave electronics. Being proposed
in this paper the mathematical modeling methods allow to detect complex regimes for gyroklystron.



Being proposed in this paper the approaches to amplifier generations analysis can be applied in a
physical experiment.
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