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AHHOTaumA
BBegeHue. CoBpeMeHHble MeTOAbl CTabuaM3aLMy YacToTbl aBTOKONebaHWI BasMpyroTCs Ha yayylleHun cTa-
6UNBHOCTY PeaKTUBHbIX MapaMeTPOB CXeMbl aBTOreHepaTopa 1 NoBbILLEeHNN JOBPOTHOCTU KonebaTebHOW Cu-
cTemMbl. CylllecTBYyeT Takxke BO3MOXHOCTb Y/y4lleHUs CTabuamnsaumm 4acToTbl, OCHOBaHHAaA Ha ABNEHUW B3anM-
HOW CMHXPOHM3aLMM MOZ aBTOreHepaTopa Mpv UCNoAb30BaHUN MHOFOKOHTYPHOM KosiebaTeNnbHOM CUCTeMBI.
PaHee 6bIn oNncaH MeToA CHXeHMs $Ga3oBOoro Lyma C CUHXPOHW3aumel AByX MOj B BUrapMoHn4YeckoM aBTo-
reHepaTope C KpaTHbIMW YacToTaMu, pa3paboTaHHbI B MpeanonoXeHn 6e3biHepPLMOHHOCTN akTUBHOTO 3/1e-
MeHTa. Vigea MeToAa CUHXPOHU3aLMN OCHOBHOMO KON1ebaHs € ero BTOPO FaPMOHMKON € MOMOLLIbHO JOMNOHM-
Te/IbHOr0 KOHTypa OCHOBaHa Ha COObPaXeHU, YTO BHyTPeHHMe GpyKTyaLMOHHbIe NPOLeCcChl B aKTVBHOM 3/1e-
MeHTe CMH}a3HO MOAYMPYIOT BCe FaPMOHMKM TOKa. OTO MO3BOSET NCMOb30BaTh "eCTecTBeHHY" B3aMMHYHO
KOppensaLmio LLYMOBbIX MPOLIECCOB C Liefibio HeNTpannsaumm nx BANSHUS.
LUenb paboTbl. MNocTpoeHmne 1 aHann3 MaTeMaTU4eckor MoAenn BMrapMoHNYeCcKoro aBToreHepaTopa C Lienbto
aHann3a pexrmoB ero paboTbl N yMeHbLUeHUst $a30BOro LWyMa BbIXOAHOr0 KoebaHus.
MaTepuanel u MeToAbl. MaTemaTnyeckast Mojenb noayvyeHa MeToAoM Me1IeHHO MEHSIOLLMXCS aMNanTy , a aHa-
J113 BbIMOMIHEH MEeTOAAMMN YNCIEHHOMO NHTErpupoBaHna 1 gnddepeHUnpoBaHms.
PesynbTathl. B cTaTbe NpoBeseH aHann3 ANHaMUYECKMX PEXMMOB BMrapMOHNYECKOro TPEXTOUYEYHOrO aBTore-
HepaTtopa, paboTatoLLero B pexunme GasoBor CMHXPOHW3aLMKM ABYX MOA. [TOKa3aHo, YTo C POCTOM MHEPLMOHHO-
CTV aKTMBHOTO 3N1eMeHTa CUHXPOHHbIA pexuM coxpaHseTcs. NonyyeHbl yKopoyeHHble anddepeHumanbHble
YPaBHEHNS CUCTeMbI ANSt MeJJIEHHO MeHSIHLLMXCA amnanTya 1 ¢as konebaTenbHblx Mog. ViccnegoBaHne Henu-
HelHOM AVHAaMWKN U CTaLMOHAPHOIO0 CUHXPOHHOrO pexuma cUCTemMbl MpoBeAeHO MeTof0oM $pa3oBOro npo-
CTPaHCTBa B KOOPAMHAaTax "aMnAnTyapl Mo — pasHocTb ¢as".
3aknoyeHne. HaTypHbI 3KCNepyMEeHT 1 TeopeTuyeckre NCCnesoBaHns NO3BOSIOT CAeNaTh BbIBOJ O BO3MOX-
HOCTW yMeHbLUeHVs $a3oBoro LWyMa B CTaLMOHapHOM CUHXPOHHOM JBYXMOZAOBOM PexXuMe, YTO MOXeT 6biTb
NCNONb30BaHO AN CTabuamMsaumm 4acToTbl aBTOreHepaTopoB PasNUYHON Gr3MYeckor Npupoabl. MexaHu3m
npeobpasoBaHnsa GasoBbIX U aMOANTYAHbBIX KONebaHUA B pexXnume CUHXPOHW3aLUM NpeacTaBnseT 3HaunTeNb-
HbIA MHTepec C yHAAMEHTaNbHOM TOUKN 3peHNS He TObKO ANA aHanm3a GaykTyaunin, HO 1 ANs Nnpeobpa3osa-
HVA MOAYIMPOBAHHbIX KONebaHNM B HeNMHelHbIX N3bMpaTebHbIX YCTPONCTBAX.
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Abstract
Introduction. Modern methods of stabilizing a frequency of self-oscillations use an improvement of the stability
of reactive parameters of the self-oscillators circuit and an increase in the quality factor of an oscillating system.
It is also possible to improve the frequency stabilization based on the phenomenon of mutual synchronization
of the self-oscillator modes using a multi-loop oscillation system. Previously, a method for reducing a phase noise
of an auto-oscillator with synchronization of two modes in a biharmonic auto-oscillator with multiple frequencies
was described. The method was developed under the assumption that an active element is inertialess. The idea
of the method of synchronizing of the main oscillation with its 2-nd harmonic using an additional loop is based
on the consideration that internal fluctuation processes in the active element modulate in-phase all current har-
monics. Therefore, it is possible to use this "natural" cross-correlation of noise processes to neutralize their in-
fluence.
Aim. Building and analysis of a mathematical model of a biharmonic oscillator in order to analyze the operating
modes of such generator and reduction of the phase noise of its output oscillation.
Materials and methods. The mathematical model was developed by the method of slowly changing amplitudes,
and the analysis was performed by methods of numerical integration and differentiation.
Results. It was demonstrated that synchronization of two oscillations at multiple frequencies in the active element
reduced the phase noise of the main oscillation.
Conclusion. In the paper dynamic modes of a biharmonic Colpitts oscillator operating in the phase synchroniza-
tion mode of two waves were analyzed. It was shown that with an increase in an inertia of the active element, the
synchronous mode was preserved. Shortened differential equations of the system for slowly changing ampli-
tudes and phases of oscillatory modes were obtained. The study of nonlinear dynamics and of stationary syn-
chronous mode of the system was carried out by the method of phase space in coordinates of "mode amplitude —
phase difference". The conducted field experiment allows one to conclude that it is possible to reduce the phase
noise in a stationary synchronous biharmonic mode. It can be used in the frequency stabilization task.
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Beenenue. TpaaunoHHbIE METOABI CTA0MIM3a-  HBIM Ha SIBICHUU B3aUMHOW CUHXPOHU3ALMHM MO,
UM YacTOTHl aBTOKoJeOaHMi Oaszmpyrorcss Ha AByX  Tak, B [6] ommcaH MeTOI CHIKEHHUS (ha30BOTO IIymMa
OCHOBHBIX MOJXOAaX: YAy4ileHuH ctabunpHOCTH pe-  (PII) Ha OCHOBE CHHXPOHM3AINUHU JABYX MO/ B OuTap-

aKTHBHBIX [IapaMETPOB CXeMbl aBToreHeparopa [1] u  MoHudeckom aproreHeparope (BAI') ¢ kpaTHbIMU ua-
MOBBIIICHUN JOOPOTHOCTH KOJIeOAaTeNbHOW CHCTEMBI  cTOTaMH [7], pa3paboTaHHBIA B TPEINOIOKECHUH
[2-5]. Onnako BO3MOXKEH APYrod IyTh, OCHOBaH-  OE3BIHEPLHMOHHOCTH aKTHBHOTO 31eMeHTa (AD).

JnHaMuYecKre XapaKkTePUCTHKH OUTapMOHHYECKOT0 aBTOTeHepaTopa 7
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Wnest MeToa CHHXPOHH3AIIMH OCHOBHOTO KOJIeOaHust
C €ro BTOpOM TapMOHHKOW C TIOMOIIBIO JOTOJHH-
TENIHHOTO KOHTYpa [6] OCHOBaHA Ha COOOPaKEHHUH, YTO
BHYTpEeHHHE (ITyKTyallMOHHBIE Ipolecchl B AD CHH-
(hazHO MOIYMPYIOT BCE TAPMOHHMKH TOKA. JTO IMTO3BOJISIET
WCTIONIH30BATh "€CTECTBEHHYIO" B3aMMHYIO KOPPEISIIHIO
LIYMOBBIX IPOLIECCOB C LIENBIO HENUTpaNnu3aliy UX BIUs-
HUSL.

DKCIIepUMEeHTaIbHO ToKa3aHo [8], uto amst BAL Ha
quomax l'anHa HaGmomaercs ymeHbineHue OIIL
B [9], [10] mccrnenoBana cxemMa CHHXPOHHM3ALUH JIBYX
HAHOPa3MEPHBIX CIMHTPOHHBIX ABTOT€HEPaTOpOB, UL
KOTOPBIX TPOJEMOHCTPUPOBAHA TaKXKe BO3MOXKHOCTD
cawkenns DI B pexuve (a3oBoil CHHXPOHH3AIIUML
B cB3u ¢ 3THM MeXaHW3M MpeoOpa3oBaHust (a30BbIX U
AMIUTUTYIHBIX IITyMOB TPYU CHHXPOHU3ALINN aBTOKONIE0a-
HUU MPENICTaBIISET 3HAYUTEbHBIA HHTEpeC ¢ QyHIaMEH-
TAIHGHOMN TOUKH 3PEHUS ISl aBTOT€HEPATOPOB PA3TTMIHON
(hr3HUYecKoi IPUPOIBL.

Ha puc. 1 mokazas npuMep CXeMbl IByXKOHTYPHOTO
aproreHeparopa (Al"). HeprwoHHbId AD TpecTaBicH
TOCIIEJIOBATENIbHBIM ~ COSIMHEHNEM  OE3bIHEPLIMOHHOTO
5IIEMEHTA ¢ BOJIBT-AMIIEPHOM XapakTepucTHKon i(U) u
JIMHUY 33€PXKKH Ha JUTNTENBHOCTD Ty. YKa3aHHas 3a-

Jieprkka BBOIUTCSI AD B TApMOHHKHY BBIXOAHOTO TOKa. Ko-
JiebareNlbHasl CUCTEMa TMPENCTaBeHa PEe30HAHCHBIMH

KOHTYPaMH C SKBHBAICHTHBIMH HHIYyKTHBHOCTAMH Ly,
eMKOCTsIMHU Cy M CONPOTUBIIEHUAMHU Ry (k =1 2).
TurmmdHas KpuBas 3aTATHBAHUS, 00CCIICUUBAIO-
m1asi CTaOMITM3AIINI0 YacTOTHI (pUC. 2), ITOKA3hIBACT 3a-
BHCUMOCTb 4YacTOT CBsI3M KoyeOaHMH @) OTHOCHU-
TEJIbHO MapLUaIbHBIX PE30HAHCHBIX YaCTOT KOHTYPOB
wok B OurapmonndeckoM pexume Al Ecnu momy-

CTHTB, YTO (DIYKTyaIlu BEIXOMHOH eMKOCTH AD TIpH-
BEAyT K YBEIMYCHHUIO YacCTOTHI MEPBOro KojieOaHus

W72 — W2
Puc. 2. KpuBas 3aTsruBaHus 4acTOT OUTapMOHUYECKOTO
aBTOreHeparopa

Fig. 2. Pulling curve of the biharmonic oscillator frequencies

((D_I_I), TO 3TO BBI3OBCT CMCIICHUC pa6oqel71 TOYKH I10

HaMpaBJICHUIO YMEHbBIIEHUS YacTOTHI BTOPOTO KoJje-
Oanwms. HanpoTuB, M3MEHEHNE €MKOCTH, TIPHBOIAIIICES

K YBEIMYECHUIO YaCTOTHI BTOPOIO Kone6aH1/1;1(oozl),

BBI3BIBACT CHIDKCHHE YaCTOTHI IEPBOIO KOJIECOAHUS.
TaxkuMm 00pa3oM, BO3HHUKAIOLINE B cucTeMe 3(P(EKThI
HU3MEHSIOT YaCTOTHI KoJieOaHU B TIPOTHBOIIONOKHBIC
CTOPOHBI, YTO IIPHUBOIUT K JTOTIOTHUTEIBEHON CTAOMIIH-
3aI[UH 9acTOT.

[Ipu pabote reHepaTopa Ha YacToTe, OJM3KOHN K
I'PaHUYHOM YacTOTE TPAH3UCTOPA, IOCIEAHUIT IPOsIB-
JIsieT MHEePIMOHHBIE CBOMCTBA. JTOT 3(hheKT mpuBo-
IUT K YXYALICHAIO YCIOBUHA caMOBO30YKICHUS KOJIe-
Oanwmii, omHaKo B JuTeparype HeT ananu3a BAI ¢
MHEPIMOHHBIM AD.

Pacuers xapakrepuctuk tunuuHoro CBY-tpan-
3uctopa [11] mokasamu BO3MOXXHOCTB YIPOILEHHOTO
ONHCaHUs Takoro AD B BHJIE HEIMHEHHOTO 3BEHA U
MOCIIEAYIOIIEeH JTMHUN 3aJI€PAKKH, I1e, B IEPBOM IIpH-
OMIDKeHUH, 3ama3iblBaHUE BBIXOJHOTO TOKA MPSMO
MIPOMOPILHOHATEHO HOMEPY T'apMOHUKH.

B HacToselt cratbe npencTaBieHbl Pe3yJabTaThl
aHaJM3a AMHamuueckux mnponeccoB BAI' u mpuse-
JIEHBI pe3yNIbTaThl HATYpHOT O 3KcriepumenTa ¢ BAT Ha
tpanzucrope MMBT3904 [12], KOTOpHIi TOATBEP AT
s¢dext ymensinenus OII B CHHXpOHHOM JBYXMOJIO-
BOM PEXUME.

Maremaruueckasi MojieJib. OnuileM BOJIBT-aM-
MEPHYIO XapakTepucTuky AD Ha puc. 1 monnHomMoM
Tpethel crenenu [7], [13]:

i(U) =cyu+cou? —cau®, (1)

rae ko3 duimeHTsl ¢, c3 >0, a ¢y —1r000ro 3HaKa.

Koa¢pdunment nepenaun JIMHAN 3a1€PKKH UMEET

BU/
Puc. 1. DxBuBaNeHTHAsI cXeMa OUTapMOHHYIECKOTO ] )
aBTOreHepaTopa Zy4 ( joo) =exp (—j(m:d ) (2)
Fig. 1. Equivalent circuit of a biharmonic self-oscillator
8 JlnHaMHu4YecKue XapaKTepUCTHKH OUTapMOHHYECKOT0 aBTOreHepaTopa
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M3zBectHO [11], 9uTO Bpems 3amep>KKu Uil KaKIOH
rapMOHUKH 3aBHCHT OT €¢ HOMepa 1 MaJIo MEHsIeTCs IIPH
MaJIbIX OTCTPOHKAX OT paccMaTpHBaeMbIX yacToT. Torna
IUI1 OCHOBHOM YacTOTHI j®1Tgy = jT, @ A1 BTOPOH
YaCTOTHI B CHHXPOHHOM PEXHME jmooTdo = j2T.

[Ipennonoxxum, 4To BBIXOMHON curHan bBAT
HAMEET BUJ

U=uy +Uy =Uycos(ep)+Ujcos(gr), (3)
roe Uy, oy — ammmurygs! U (a3sl KoneOaHuil k-it
MOJIBL, [IPHYEM B CHHXPOHHOM PEXUME P9 = 2¢q + AQ,
a Ap — o0oOmieHHas pa3HOCTh (a3, KOTopasi B CHH-

XPOHHOM PEKUME SBJISIETCS TIOCTOSTHHON BO BPEMEHHU
BEJIMYMHOM.

YkopodeHHbIe KOA((OHUIMEHTHI Tepeaayd pe3o-
HaHCHBIX KOHTYpPOB UMEIOT BHI [ 14]:

Z,(q)=Ry/(1+qTy);

Zy(a) =Ry /[1+(jAw+a)T, ],
rie Ry — pe3oHaHCHbIE CONPOTHBIEHHS KOHTYPOB;
g=d/dt -

Tk =2Qy /wok — TMOCTOSHHBIE BPEMEHH KOHTYDOB,;

“4)

oneparop  aupdepeHnrpoBaHus;

A® — paccTpoiika BTOpPOro KOHTYpa OTHOCHUTEJIBHO
nepBoro, npudeM Qy — T0OPOTHOCTH KOHTYPOB.
Cucrema

YKOPOYEHHBIX AU (epeHInanbHBIX

ypaBHeHwuii [14] ¢ yuerom (1)—~(4) npumer Bug

J_ll% = Ru[ Sa1.008(x) ~ Spy sin(1)]-1;
J_sz:_tzz R, [532 cos(r)—sz Sin(r)]—l; )
Tldd_(il = —Rl[Spl cos(t) + Sz sin (r)];

T, dd% =Ry [sz cos(21) + Sy sin (21):| -
—-AwTy,

e Sa12, Sp12 — CPEAHHME 3HAYCHNS KPYTH3HEL.

14 nonydeHus BeIpaKeHU YKa3aHHBIX CPeIHUX

3HaYCHHH Sy 2, Spy» mozcrasum (3) B (1) n BeIIe-
JIUM MHOXKHUTEIH TIPU COS((pi) u Sin((pi ):

Sa=¢ [1— & —2X3 + xob cos(A(p)];
Sp1 = —C1xobsin(Ag);

rne Xg =Uy /Uy, — HOPMHPOBAaHHBIE aMIUTUTY/IbI KOJIe-

OaHwMit; b= 4/\/E = \/4C§/(3C103), k= \/120102 /C% —

K03 QUIHEHTHI,

AD, mpuaem Up, =,/4c;/(3c3) — ammmryna kome-

0aHus B OJHOUACTOTHOM PEXUME.
Torma, nmoxcraBus (6) B (5), MOTYy4HUM CHCTEMY
YKOPOYEHHBIX ypaBHEHHUH ai1s1 onucanus BAIL ¢ yue-

OTIPECTSIIONINE  XapAKTEPUCTUKY

TOM TOT'0, UTO B CHHXPOHHOM PEXHUME Py =20 + A

Tidq _ OlRl[(l_ x¢ - 2x5 )cos (1) +
X1 dt
+Xobcos(t— A(p)] -1
Ta o _ Ry [(1— x5 — 2x¢ )COS(ZT) +
X2 dt

2
+EXACOS(21+A([))}—1;
2 X2

Mzzﬂ[(l—xf - 24§ Jsin(x) +
dt T

()

+Xpbsin (- Ag) |- Aw—

—ClT&[(l— X5 — 22 )sin (21) +
2

b x12 .
+——=3:sin(2t+ Ao) |.
2%, (20 @)}

Junamuyeckue xapakrepuctuku BAT'. ®azoBbmM
MPOCTPAHCTBOM CHCTEMBI UG (epeHIHAIBHBIX YPaBHE-
uuii BAT (7) ¢ uaepumoHabM AD SIBISIETCS] TPEXMEPHOE

€BKIIMIOBO  MPOCTPAHCTBO R ¢ KOOPIIMHATAMHU
(X, X2, Ap) [15]. OGoGwenHas pasHocTs daz A
MPEJICTABISIET COOOH MepHOaNIecKyo GyHKIm0. da3o-
BBIE TPACKTOPHMH MONydeHBI pemieHueM (7) B cpemax
Octave/Scilab [16], [17] (puc. 3). Ha pucyHKe I10CKOCTb

(X1, A®) pacrionokena ropu30OHTAIBHO, @ OCh Xp — BEp-
TUKaTBHO. [Ipu moCcTpoeHnn TpaekTopuii 3a1aHbl (ak-
TOpBI pereHeparmy Konebannid ¢ Ry =Ry, =3, 106-

poTtHOCcTH KOHTYpoB Q) =Qp =200, f; =10 MI,

T1/To =2 u xapaxrepuctiuka AD k=13 mnpu pac-
cTpoiike KOHTYpoB Awm = 0.
Ha puc. 3 npencraBiieHbl IUHAMHYECKHE IIPO-

neccel cucteMsl BATT mpu OTCYTCTBHUM 3allepKKH B
AD (puc. 3, @) v Ipu HATUYKH 33JepKKH (puc. 3, 6).

2 B -

~ ? 5 bxf _ (a30BOM MPOCTpPaHCTBE CYIIECTBYET OJMH YCTOM-
Saz =01 1-x3 —2x + Eg cos(Ag) i (6) YUBBI PEXKUM — OMTapMOHMYECKHH (TOUKa /), IS KO-
02 TOPOTO XapakTepHbl HEHYJIEBbIC AMIUIUTY[bl CHTHA-

X . .
Sp2 =01 E_lsm (Ao), 0B 1ByX KoneGanuil (X, Xp >0) ¢ To4HO KpaTHBIMH

X2

JlunaMu9ecKHe XapaKTepHCTHKA GMrapMOHMYECKOro aBTOreHepaTopa 9
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Puc. 3. ®a3osbiii noprper npu t1=0 (a)u t=25° (6)
Fig. 3. Phase portrait for t=0 («¢) u ©=25° (6)

yactoTamMu. Toukamu 2—4 OTMEYEHBI TpPEeXMEpHBIC
oco0Oble Touku THma "cemro" [15].

IIpu Hamuuum 3anmepxku (puc. 3, 6) cemionas
ocobast Touka 4 mpuOIMKaeTcsl K 0COOBIM TOUKaM Ta-
KOTO k€ Thna 2 1 3, a yCcToNumMBBIN y3en (puc. 3, a,
Touka /) mpeoOpaszyercs B YCTOWYHMBBIA Y31I0(OKyC
(puc. 3, 6, Touka I).

JJis HaDIAHOTO TPEICTABICHUS IMHAMHUKH CH-
crembl BAI" Ha puc. 4 mokazaHbl MEpEeXOIHBIE TPO-

HEeCCHl X, Xp U AQ Kak (yHKIUH BPEMEHH ! IS He-

KOTOPBIX HAyaJIbHBIX YCJIOBHH IpPU JIBYX 3HAYEHUSIX
3amepkku. [Ipu orcyTcTBHM WHEpPIUMOHHOCTH AD
(puc. 4, a) nepexomHbIe MPOLECCH MPH HadaIbHBIX
yenoBusix (HY) / u 3 ycraHaBiInMBaroTcsl JOCTaTOYHO
onIcTpo, HO Tipr HY 2 1 4 Bpems MmepexoIHoro mpo-
[[ecca yBEeNUIUBACTCA.

ITpn Hanmuuu uHepuuoHHOCTH AD (puc. 4, 0)
BO3HHKAIOT KOJeOaTeIbHBIE MEPEXOAHBIC IPOIECCHI,

X 1 X
0.75 "3 0.75
0.50 4 2 0.50
0.25 0.25
| |
0 20 40 60 80 t, Mxc 0 20 40 60 80 t, MKC
Xo )
0.75 3 4 2 0.75—
0.50 0.50 3
0.25(-1 0.25 4)//
; < 1 2
| ] | | 1 | | |
20 40 60 80 t, MKc 0 20 40 60 80 t, MKC
AQ, . 4 Ao, ...° 3
0 13¢ | A | 0 20 40 60 80  t wmKc
) 20 40 60 80 t, MKc \ ' ' ' '
-100 ~100 1 4
-200 —200 2
a 6
Puc. 4. Tlepexoaubie npoueccol ipu T=0 (a) u T=30° (6) as1 pa3IUUHBIX HAYAIBHBIX YCIOBHUI:
1- XlO = O, X20 = 0001, A(po = 0, 2— XlO = 05, X20 :l; A(po = O, 3- XlO = 05, X20 :l; A(PO = —900;
4-— X0 = 0.5; Xo0 = 0.5 A(PO =-300°
Fig. 4. Transient processes at =0 (a) and ©=30° (6) for different initial conditions:
1- X10 = 0, X20 = OOO:L A(po = O, 2— XlO = 05, X20 Zl, A(PO = 0, 3- XlO = 05, XZO :1, A(PO = —900;
4 — X0 = 05, Xog = 05, A(po =-300°
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YTO SIBJSIETCS TPH3HAKOM YCTOHYMBOTO Y3IO(OKyca
(cM. puc. 3, 6), a NTUTENBHOCTH TIEPEXOIHBIX MPOIIEC-
COB YBEJIMUUBAIOTCA. B uacTHOCTH, epexoaHbIi Mpo-
Iecc, TMpeNCTaBIeHHbIA KpUBOl 2 Ha puc. 4, 6, CTONb
MIPOJOJKUTENICH, YTO HE NPUXOAUT K YCTAaHOBMBIIE-
MYCsI 3HAYEHUIO 33 BPEMsI MOZICIUPOBAHHUSL.

U3 puc. 4 cnexyert, 4T0 Ha HAYAIEHOM yY4YacTKe Cy-
LIECTBYET Ka4€CTBEHHOE W3MEHEHHE B IIEPEXOIHOM
IpoLecce BTOPOro KoseOaHus: B 3aBUCUMOCTH OT 3Ha-
YEHHS aMIUTUTYIBI IEPBOTO KOJICOAHUS €TO MIPOIOIIKHU-
TEJIbHOCTh MOXET 3aTAHYThCS BO BPEMEHU. JTO CBS-
3aHO C T€M, YTO MPU YBEIUIECHUH aMILUIUTYAbI IEPBOTO
KOJIeOaHMs BO3PACTACT CPEIHSS KPYTH3HA, YTO IPHBO-
JUT K POCTY 3amaca MO0 CaMOBO30Y)KICHHIO JUIS BTO-
poro koje0aHus, a OHO B CBOIO OuUepeb YMEHBIIAET
CPEIHIOI0 KPYTH3HY BTOPOTO Kotebanws. B pesynbrare
BpEMS IIEPEXOIHOTO IIpoLiecca, I7e KoJIeOaH st H3MEHS-
I0TCS, YBETUYUBAETCSI C POCTOM 3aJEPKKU AD.

Takum 006pa3om, P HATTMYUH 3aASPKKH AD B CH-
CTeME  CyLIECTBYeT  YCTOWYMBBIH  y310(oKyc
C HEHYNeBBIMH amIututynamu (puc. 3, 6, Touka [),
T. €. CYIIECTBYET YCTONUMBBI CHHXPOHHBIA OHTapMo-
HUYECKUH PEKUM.

Pesynbrarsl sxcniepuMenTa. HarypHslii axcniepu-
MEHT MPOBOIWICS C HCIOJIB30BAHUEM n—p—H-TPaH3U-
cropa MMBT3904 [12]. Ha puc. 5 npencraBieHsI Criek-
TpaJibHblE TUIOTHOCTH MormHocTH PII MoHOrapMoHU-
Yyeckoro / m OMTrapMOHUYECKOrO 2 PEKHUMOB B Jvaria-
30He otcTpoek oT 10 'y mo 1 MI'n. 3mepenue nposo-
munock Ha m3Mepurene DI Anapico PNA 26.5 GHz.
BugHo, uto paboTta B OHIrapMOHHYECKOM PEKUME
ymenbinaet DI B cpeanem Ha 9 n1bu/I'. Ha otctpoii-

-100

-130

S(P, nbu/Ta

Puc. 5. CriektpaibHasi INIOTHOCTh MOIIHOCTH ()a30BBIX LITyMOB
OUrapMOHHYECKOr0 aBTOr€HEepaTopa B MOHOI'aPMOHNYECKOM
(1) u GurapmoHHYECKOM (2) pexKUMAx

Fig. 5. Power spectral density of the phase noise
of the biharmonic oscillator in monoharmonic (1)
and biharmonic (2) modes

kax oxoio 0.5 kI'm Bemrpemn mo @I nocrturaer
20 nbe/T'i. Takum 00pa3oM, SKCIIEPHMEHT ITOATBEP-
KJAeT BO3MOKHOCTb CYLIECTBOBAHUS CHUHXPOHHOIO
ourapmonnueckoro pexuma bAI™ n ymensmenust @1
KoJIeOaHUH.

3akJ/04enne. B cTaTbe NpUBOIUTCS aHAIU3 AUHA-
MHYECKHX MPOIECCOB CHCTEMbI OWUTapMOHHYIECKOTO
aBTOreHeparopa. /[okazaHo CylLECTBOBaHUE YCTOMYM-
BOIO OMIapMOHHYECKOTO PEXUMa JIBYX KoJeOaHHH c
KPAaTHbIMU 4acTOTAMU U HEHYIEBBIMU aMILIUTYIAMHU.
ITpu Hamuuuy 3anepxku B BAI™ n3-3a nHEPIIMOHHOCTU
AD TaroKe mokazaHa BO3MOXHOCTh CYITIECTBOBAHUSI Ta-
KOro pexuma. OKCIEPHMEHTAlIbHO II0Ka3aHO, 4YTO
OUrapMOHHUYECKUI PEKUM MO3BOJISIET YMEHBIIUTD (ha-
30BBIH IIIyM OCHOBHOTO KojieOanus 1o 20 nbu/T'11.

Pabota mocBsmaeTcs CBETION MamsTH AOKTOpa
TexHudyeckux Hayk JImurpus IlerpoBuua Iapankuna.
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