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Annoranusi. B copemennoit CBU snexTpoHHKe KpaifHe aKkTyajlbHa OICHKa BO3MOXKHOCTH 3(PQEKTHBHOM
TeHEepally BBICOKOCTAOMIBHBIX MOJ KOJIeOaHHH M CO3JaHHs MAJIOUIYMSIIUX TFeHEPaTOPOB MHJUIMMETPOBOTO
JMana3oHa IIMH BoJH. lledp HccienoBaHWil 3akimodanack B OINpEIENeHMH THIA BOJHBI U Haubolee
3¢ PeKTUBHBIX MOJ KojieOaHNi 1 obOecrieueHnH padoThl Pa3IMYHBIX MOJ] B PEKHME B3aUMHOM CHHXPOHM3AIHH,
KOTOpas CTAaHOBHUTCA BO3MOXHOH, MOCKOIBKY B peallbHble KOHCTPYKI[MH T'€HEPAaTOPOB MOTYT BXOAWUTH DPSJ
PEaKTUBHBIX JJIEMEHTOB, KOTOpble B Auanazone CBY GpopMupyroT psin pe3oHaHCHBIX 4acToT. B maHHOMW pabote
MTOKa3bIBAaeTCs, KaK MOXXHO OOECIeYHUTh YCJIOBUS TEHepaly Ha TOH WIM HMHOM YacToTe M OJHOBPEMEHHO
MIOJTYYUTh BBICOKYIO CTAOMIBHOCTH KOJICOAHHH.

OCHOBHBIMH METOAAMH HCCIIEIOBAHUH SIBISUIMCH: aHAIN3 M 00O0OIIEHME IHUTEpaTYPHBIX IAaHHBIX
U pe3yJIbTaToOB COOCTBEHHBIX MHCCIEOBAaHMH OCOOCHHOCTEH TIeHEpHUpPOBAaHUs KoJeOaHWil B MHOTOKOHTYPHOM
cucTeMe TeHepaTopa Ha auoje ['aHHAa M yCIIOBHi, IPH KOTOPHIX YCTaHABIMBACTCS BBICOKAs CTaOMILHOCTH
YacTOTBI; JKCIEpUMEHTAIbHBIC HCCIeAOBaHMS ¢ ucnonb3oBanmeM CBY  anamusatopoB — cmekrpa,
MHKpPOBOJIHOBBIX ~yCTPOWCTB. B paboTe paccuuTaHbl BO3MOXKHBIE YaCTOTHl T€HEpaluH, IPOBEICHBI
HCCIICIOBAHMS PEXXMMOB PabOTHl IMOJHOTO I'e€HEpaTopa U SKCIEPHUMEHTAIbHO U3MEPEHBI MX (ha30BBIC IIYMBI.
IToka3aHo, uyTO mNpH NPHOMIKEHWH YacTOTHl TEHEpalMM K YacTOTe OTCEYKH BOJIHOBOAA C IOMOINBIO
MIOJICTPOCYHBIX 3JIEMEHTOB KOHCTPYKIIUH MJIM N3MEHEHHEM HAIpPSKCHHUS MUTAHUS BO3HHKAET PEKUM B3aMMHOU
CHHXPOHHM3AIMK KOJIEOAHWH Ha BBICOKHX TapMOHMKAX C MCIOJIH30BAHHWEM THIIA BOJHBI H1p2 B OYEHb Y3KOM
JIMana3oHe 4YaCTOTHBIX ((ha30BbIX) IIYMOB.

OKCIIepUMEHTAJIFHO HCCIIEIOBAH T€HEPaTOp ¢ MHOTOKOHTYPHOHW PE30HAHCHON CHCTEMOM M IOJydeHa
HeOobIIas BeMYnHA (ha30BbIX ITYMOB /ISt 000uX THITOB BOJIH Hio1 M H1o2. [Ipy 5 TOM Hammydmime mapameTpsl 1
IIYMOBBIE XapaKTEPUCTUKU MMEIM MECTO Ha HanboJiee HU3KMX THUIAX BUIOB KoieOaHWi. JlaHHbBIE pe3yiabTaThl
001a1al0T SKCHEPUMEHTAIFHON HOBHM3HOW, YTO II03BOJSIET HAAEATbCS Ha pPa3pabOTKy KOHCTPYKTHBHBIX
peleHui, 00ecreynBaoONINX CO34aHNe BBICOKOCTAOMIBHBIX MAJIONTYMSIIIMX T'€HEPATOPOB MHILTMMETPOBOTO
JMana3oHa AJIMH BOJIH C MUHUMAJIbHBIMH MaccorabapuTHBIMU MapaMeTpaMH.

KiroueBble cjioBa: MHOTOKOHTYpPHBIC CHCTEMBI, T€HEPHUpPOBaHHE KoJeOaHUil, pe’KUM pabOTHI, TUI BOJIHEI,
cTaOMIBHOCTh YaCTOTHI, ITyMOBBIE CBOWCTBA, CHHXPOHH3AIIN TAPMOHHK, PE30HAHCHBIEC YaCTOTHI.
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Abstract. In modern microwave electronics, it is extremely important to evaluate the possibility of efficient
generation of highly stable oscillation modes and the creation of low-noise generators with a millimeter
wavelength range. The purpose of the research was to determine the type of wave for the most effective modes
of oscillation and to ensure the operation of various modes in the mode of mutual synchronization, which
becomes possible because the real design of generators can include a number of reactive elements that form a
number of resonant frequencies in the microwave range. This paper shows how it is possible to provide
conditions for generation at a particular frequency and simultaneously obtain high stability of vibrations.

The main research methods were: analysis and generalization of literature data and results of our own
research on the peculiarities of oscillation generation in a multi-circuit system of a Gann diode generator and
conditions under which high frequency stability is established; experimental studies using microwave spectrum
analyzers, microwave devices. In this paper, the possible generation frequencies are calculated, the operation
modes of the diode generator are studied, and their phase noise is experimentally measured. It is shown that
when the generation frequency approaches the cut-off frequency of the waveguide with the help of structural
elements or by changing the supply voltage, a mode of mutual synchronization of vibrations at high harmonics
occurs using the Hig> wave type in a very narrow range of frequency (phase) noise. A generator with a multi-
circuit resonant system was experimentally studied and a small amount of phase noise was obtained for both
types of Hin and Hig, waves. At the same time, the best parameters and noise characteristics occurred at the
lowest types of vibration types.

These results have an experimental novelty, which allows us to hope for the development
of constructive solutions that provide the creation of highly stable low-noise generators of millimeter
wavelength range with the minimum mass dimensional parameters.

Keywords: multi-circuit systems, oscillation generation, operation mode, wave type, frequency stability, noise
properties, harmonic synchronization, resonance frequencies.

Conflict of interests. The authors declare no conflict of interests.

For citation. Belski A.Y., Satsyk S.M., Putilin V.N. Analysis of noise characteristics of a diode generator
in a multi-circuit system. Doklady BGUIR. 2020; 18(5): 9-16.

BBeaenue

CoBpeMeHHOE HampaBlieHHE pa3BUTHS reHepaTopoB Ha nuonax [amna (I'ZII)) cBsa3ano
C OCBOEHHEM BBICOKOYAacTOTHOH dacTH (Bbimre 100 ') MummmMeTpoBoro AmarasoHa JJIUH BOJH H,
COOTBETCTBEHHO, Pa3pabOTKON M BHEAPEHUEM B yCTpOicTBa 00Jiee BRICOKOYACTOTHBIX JAMOJIOB ['aHHA
Ha OCHOBe HOBBIX MarepuajioB rpymmbl AIIIBV: InP, GaN, SiC u ap. Cospemenusie [JII'
TPAaJULUOHHO HCHOJB3YIOTCSI KaK I'€TepOJUHBI NMPHUEMOINEPEIaouX MOIYJIeH B BEepxHeWl o0iacTu
CBY- n KBY-kanHanoB mnepenaud AAaHHBIX B pagUOpENCHHBIX JHHHUAX, a TaKXKe aBTOJWHHBIC
Y TOMOJIMHHBIE MOJYJHM CHUCTeM OJNWDKHEH paguolioKallid C HH3KHUM YpOBHEM  (Da3oBBIX
urymoB —100...—110 nb/I'u npu otcrpoiikax ot Hecymiei Ha 10—100 kI'm.

OpHO U3 HampaBJCHUI UCCIENIOBAHMI M MPAKTUUYECKOTO0 BHEIPEHHUS] COCTOUT B pa3zpaboTKe
MHOTOKOHTYPHBIX KOHCTPYKLIMH MHOMOB |'aHHa MWIJIMMETPOBOTO IWAaNa3oHa JJIUH BOJH C HHU3KUM
YPOBHEM IIIyMa, MTOBBIIIEHHON BBIXOHOM MOIHOCTHIO U KIT/I.

[Ipu ananuse paboOTHI TeHEPATOPHBIX YCTPOWCTB B OONBLIMHCTBE CIy4aeB CUUTAETCS, YTO
reHepaiys BO3MO)KHA TOJIBKO Ha OJAHOM 4acTOTE, HECMOTPS Ha TO, YTO B SKBHBAJIEHTHYIO €T0 CXEMY
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MOTYT BXOJUTh PSAJl PEAKTUBHBIX DJIEMEHTOB, a B auanazoHe CBY 3Ty aneMeHTHl CO3/1at0T MHOTO
PE30HAHCHBIX YacToT. B manHOl paboTe moka3piBaeTcsl, KAK MOXKHO OOECIIEUHTh YCIIOBUS TeHEpaIiN
Ha TOW WJIM MHOW 9acTOTe M OJHOBPEMEHHO IOyYUTh BBICOKYIO CTAOMIIFHOCTD KOJIEOaHH.

Llens uccnenoBaHWil COCTOMT B BhIOOpE THIIA BOJHBI Ui HambOonee 3()(EKTHUBHBIX MOJ
KoJjeOaHuil 1 oOecrieYeHnH pabOThl Pa3IMYHBIX MO B PEXXHMME B3aMMHON CHHXPOHH3AINH, KOTOpas
MIPOMCXOANT B OYCHD y3KOM JHAra30He YaCTOTHBIX ((ha30BBIX) IIYMOB, YTO IO3BOJISIET HAEATHCSA HA
pa3pabOTKy KOHCTPYKTHUBHBIX pEIICHHH, OOECIEUYMBAIOMIMX CO3AaHHUE  BBICOKOCTAOHMIILHBIX
Manomymsmux ['II" MUITMMeTpoBOro quana3oHa AJUH BOJIH ¢ MUHUMAJIBHBIMU MaccorabapuTHBIMU
rapaMeTpamH.

TeopeTuyeckuii aHaau3

[IpocTeitmmii reHepaTop MOXKET TMPEACTaBIATh CO00M OTPE30K KOPOTKO3aMKHYTOT'O
IPSIMOYT'OJIBHOTO BOJIHOBOJA, BHYTPU KOTOPOTO YCTAHOBIIEH JUOJ, BOJbT-aMIIEPHASI XapaKTEPUCTHKA
KOTOpOTO WMEET Yy4YacTOK C OTpUIATeNbHBIM Jud¢epeHIInanbHbIM  COMPOTHBIEHHEM. Ero
MOJICPHU3UPOBAHHAS 110 CPABHEHUIO C YKa3aHHOU B [ 1] SKBUBaJICHTHAs cXeMa MPeJICTaBIcHa Ha puc. 1.
Ha »stoli skBuBanmeHTHOH cxeme: Gp W By — aKTHBHAasS M pPEaKTUBHAS MPOBOJUMOCTH JHOJA,
Lg — WHOYKTHUBHOCTH BBIBOAOB mauona, Cp — KOHCTPYKTHBHAs €MKOCTh KOpIyca [IuoOna,
L — MHIYKTHBHOCTH TOKOIIOABOISAINETO CTePXKHS, Bs 1 Gs — peakTUBHAS U aKTUBHAs IPOBOJUMOCTH
COTJIACOBAHHOI'O BOJIHOBOJA.

[ gy —
Ln Ln

Gr Bnx Con_— Bs G

Puc. 1. DxBUBaNeHTHasl cCXxeMa 3aMeIeHHs TeHEpaTopa
Fig. 1. Equivalent generator replacement scheme

YacToTa reHepalliil Ha OCHOBHOM THIIE KoJjeOaHUN BOJHBI H101 MOKET OBITH HaiineHa yepes
rabapuTHbIE pa3Mepbl BOJIHOBOAA CIEAYIOIINM 00pa3oM:

1)

rae |01 — OKBUBAJICHTHAA IJIMHA pE€30HATOpPA, OM3Kas K JUIMHE BOJIHBI B BOJTHOBOJIC 7\.]3,
a — IIMpHHA BOJHOBOJA,
C — CKOpPOCTB CBCTA.
Kak HU3BC€CTHO, OAHUM H3 yCHOBI/Iﬁ reHepanuu ABJIACTCA Oamanc AMIIIUTY

G, +G, =0. @)

B nocnenneM ypaBHeHUH

@)

rae Go= a/240nb, b — BeIcOTa BONIHOBOAA;
fi — KpuTHYECKast YaCcTOTa BOJIHOBO/IA.
Bananc (a3 onpenessieTcst ClieyONMM BhIPaKCHUEM:

B, + B,ctgBl =0, (4)

rac B 71 — PCaKTHUBHAsA COCTaBJIAIOIIAs IPOBOAUMOCTH AUOIA,
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p=2ml/)\, — MOCTOSIHHAS PACHIPOCTPAHEHHS;

| — mrHA BOJHOBOAHOTO PEe30HATOPA.

[Ipu mnepecTpoiike dYACTOTBI KOPOTKO 3aMBIKAIOUIUM MOPIIHEM HW3MEHSAIOTCS YCIOBUS
BEITIOJTHEHWS HE TONBKO OamaHca (a3, HO W aMIUIHTYyH, IMO3TOMY TpeOyeTcsi OJXHOBPEMEHHOE
W3MEHEHUE BEJIMYMHBI HANpPsDKCHUS] TMHTAaHMUSI, YTO HE Bcerja BO3MOHO. Kak mokasbiBaioT
WCCJICIOBAHUS, TIPU HEM3MCHHON BEJIWYHMHE YPOBHS HANPSIKEHUS MCTOYHUKA IMHTAHUS HAPYIIACTCS
OaraHC aMIUTHTY ¥ MPOUCXOANT TEPECKOK Ha APYTYI0 YacTOTy. Takoil mepeckok MPOUCXOIUT Yalle
BCErO0 TMpH TPHUOMIKEHWH 4YacTOThl TeHEpald K YacTOTe OTCeYKH BOJHOBONA, TaK Kak
mpoBoAMMOCTh Gs, corytacHo (3), CTPEMHUTCS K HYJIIO, M BBIMIOJIHCHUE OaJlaHCa aMIUIUTY]T CTAHOBUTCS
HEBO3MOXXHBIM. HoBass wacToTa TeHepamuu, Kak [IOKa3bIBAIOT pacyeThl W OKCIIEPHUMEHTHI,
COOTBETCTBYET THITy KoileOaHuid Hip2 KOPOTKO3aMKHYTOTO OTPE3Ka BOIHOBOJA M ITOATOMY SIBIISIETCS
0ojiee BBICOKOW M COOTBETCTBYET Oombliell BenuumHe mpoBomumMoctu Gs. [lpm 3TtOoM wacToTy
TEHEPALMKU MOXKHO PaCCUUTATh, UCIOJIB3YS CIACAYIONIEE BIPaKEHUE!

f,=+/(2c/1,)° + 2, (5)

TZI€ ¢ — CKOPOCTh CBETAa,;
loo — TMHA BOJTHOBOIHOTO PE30HATOPA, COOTBETCTBYIOIAS YaCTOTE reHepauu foz.
OpHako ecay C TOMOINBIO TMOACTPOYHBIX JIEMEHTOB KOHCTPYKLIMHU WIH H3MEHEHUEM
HaIIpSOKEHUS IUTAaHUS COBMECTUTh TEHEPUPYEMYIO YaCTOTY C YaCTOTOW HACTPOMKH, OIIPENEIIIEMON HE
IO THITY BOJIHBI H101, @ TIO THITY BOJHBI H102, TAKUM 00pa30M, YTO BBITIOIHSETCS YCIOBUE

nf,, = kf,,, (6)

TO MOXHO, COTJIACHO [4], OCYIIIECTBUTH B3aMMHYIO CHHXPOHHU3AINI0 000MX CHTHAIIOB HA TAPMOHHUKAX.
B mocnentem ypaBHeHun N U K — menblie yncia, moKassBaloIne HOMEP rapMOHUKH. Hampumep, eciu
n =10, a k =9, To B3auMHass CHHXpPOHHU3AIMI MOXET MPOU30UTH Ha yactote 90 I'T; ecimu foin = 9,0,
afo2=10,0 I'Tw, T. €. HA IECATOM U ICBSITOM TAPMOHMKAX COOTBETCTBEHHO.

BKCHepHMEHTaﬂbHBIe HCCJICAOBAHUA

HccnenoBanus mpoBOIMINCH B CAHTUMETPOBOM JAMaria3oHe JUIMH BOJH. B reHepatopHyto
BOJIHOBOJIHYIO CEKLHWIO YCTAHAaBIMBAJINCh CcepHiiHble auoabl ['aHHa. YacToTa TeHepUpyeMBbIX
KoJIeOaHuH, CIIeKTp U (ha30BbIe IIYMbI HAOIIIOIATKMCH C MOMOIIBIO aHAI3aTopa crekTpa (puc. 2).

¢ Agilent 15:55:18 Feb 2, 2611 Phase Noise I Y Scale

Carrier Freq 7.85%4 GHz Signal Track 0On  DANL Off Trig Free Scale/Div
Log Plot 1] 10.00 dB

Ref Value -68.00 dBc/Hz

Ref Value
-60.08 dBc/Hz

Ref Position
Top Ctr  Bot

Frequency Offset

Puc. 2. ®a3oBsie nryMsl reHeparopa Ha gactote for
Fig. 2. Phase noise of the generator at the frequency fo

Hawubonsimnit HHTEpEC MPEACTABIISLIN YPOBHU U CHEKTPHI (PAa30BBIX IIYMOB, H3MEPEHHBIE IS
JIBYX CITy4aeB: JUISl 4acTOThI BONMM3M YacToThl oTceuku BosmHOBoAA (fi/for = 0,90-0,99) [2, 3] (puc. 2)
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umrocie Tmepeckoka Ha Ooinee Bbicokyto yactoty (f/foo =0,80-0,88) wm moncrpoiiku Ha
CHHXPOHU3HPYEMYI0 TapMOHUKY (puc. 3). BuaHo, 9To crekTpsl (ha30BBIX IITYMOB Ha HEOOJBIIOM
paccTosHUM OT HecyIel (COTHM TepIl — KWIOTePIbl) OTINYAIOTCS HE3HAUNTENHHO, a TIPH JIECATKaX —
COTHSIX M 0OJiee X YPOBEHb BO3PACTACT, YTO XapaKTEPHO /Il CHHXPOHU3HPYEMbIX TeHEepaTopoB [5, 6].
B3anMHas CHHXpOHM3AITHS MPOMCXOAMIIA Ha 8- M 7-f TaApMOHUKAX COOTBETCTBEHHO, T. €. HA YaCTOTE
okoyo 56 I'T. Tak kak B KonebaTenpbHYI0 CHCTEMY I'eHepaTopa BXOAST TaKhe PeaKTUBHBIE 3JIEMEHTHI,
KaK MHAYKTUBHOCTH BBIBOJIOB JHMOJa M TOKOIIOJBOSINEIO CTEPXKHS, a TAKKE Mapa3uTHBIC EMKOCTH
KOpITyca A10Ja, TO HE BCET/Ia EPECKOK YacTOTHI MPOMCXOANT Ha TUM BOJIHBI Hipz U HE COOTBETCTBYET
BEIp@XEHHIO (6), T. €. TeHepaTOp MEPEXOANUT B PEXKIM B3aMMHOIN CHHXPOHH3AINHA KOHTYPOB.

Agilent  15:45:44 Feb 2, 2011 Phase Noise I Y Scale

Carrier Freq 5.84 GHz Signal Track On  DANL Off Trig Fre= Scale/Div
Log Plot I 10.00 dB
Ref Value -58.18 dBc T
Ref Value

Carrier Power -1 -50.18 dBc/Hz
f -56 H —

] Ref Position

Top  Ctr Bot

186 Hz Frequency Offset

Puc. 3. ®azosrie ITyMBbI I'€HEPATOPA HA HACTOTC CUHXPOHU3ANH
Fig. 3. Phase noise of the generator at the synchronization frequency

B cnyyae mepeckoka 4acTOTHl TE€HEpalM Ha THI BOJHBI Hip, MMena MecTo B3amMHas
CHUHXPOHM3AIUsl B OYCHb Y3KOM JHalla3oHe YacTOTHHIX ((a3oBbIX) HIyMOB (pHc. 4,5), Tak Kak
B3aMMHAasi CHHXPOHHM3ALMsI NPOMCXOAUT Ha Oojiee BBICOKMX I'apMOHHMKax: nmpuMmepHo Ha 10-i u 9-i
COOTBETCTBEHHO, T.€. Ha u4acrore okomo 92ITm. YacToTsl TreHepanmuu COOTBETCTBYIOT
BbIpakeHHsIM (1 ) 1 (5) COOTBETCTBEHHO.

Agilent  16:71:34 13 May 2883 Phase Noise | Measure

Carrier Freq 9.206 GHz Signal Track On  DANL Off Trig Free Monitor
Log Plot 1 ] Spectrum
Carrier Freq 9.205913299 GHz Spot
: 1 eR 4B . Frequency

Log Plot

Frequency Offset

Puc. 4. ®a3oBble MyMbl TeHEpaTOpa Ui THIA BOJIHBI [H101
Fig. 4. Phase noise of the generator for the Hio1. wave type
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s Agilent  15:32:39 Feb 23, 2011 Phase Noise Measure
. |
Carrier Freq 18.1 GHz Signal Track On  DANL 0Off Trig Free Monitor
Log Plat I Spectrum
Carrier Freq 10.09830767 GHz spot
Frequency
Log Plot

Frequency Offset

Puc. 5. ®a3oBble 11yMbl FeHEpaTOpa AJIs TUIIA BOJIHBI [H102
Fig. 5. Phase noise of the generator for the Hio. Wave type

IMepexoz ¢ gactoThl fon Ha acToTy for MOXKHO OCYIIECTBUTB, HCTIONB3Y TeMOUKY RyCy (pHcC. 6).

Ry

T L]

Usn

_ 1%~
1
. JIr
| ’]
Puc. 6. Cxema nepexiouenust 4actor ¢ for Ha oo
Fig. 6. Frequency-switching circuit from fo, to fo,

[lpy HaxOoXIECHUM MEPEeKNoYaTeNs B IOJIOKEHMHM | M Tojgaue HampsOKEHUs, 3apaHee
YCTAHOBJICHHOT'O Ha UCTOYHUKE MUTaHUs, (OPCUPYIOIIAsS EMKOCTh Ja€T CKAaYOK KOPOTKOTO UMITYJILCA
Ha JMOJe, YTO NPHUBOAMT K OanaHcy ammumTyn Ha vactore for. Ecim mepexirouarens HaxoauTes
B nojioxkeHuH 2, T0 RoCo memouka paboTaeT Kak criaxupBaromuii 1'-oOpasHbli GWIBTp B LENH
MUTaHKS U0/ M YCTAHABIMBAIOTCS KoJeOaHus Ha 4acToTe foz.

3akiIouyeHue

HccnenoBanbl pexkuMbI paOOTHI JUOJHOTO TE€HEPATOpa B CIIyYasX HATMIHAS HECKOJIBKUX BHIOB
PE30HAHCHBIX YacTOT B €ro KoiebaTenbHOM cucteme. [lokazaHO, YTO HAWIYYIIHE MapaMeTpbl W
ITYMOBBIE XapaKTEPUCTUKN UMEIIM MECTO Ha Hanbollee HU3KHUX THITaX BUAOB KoneOaHuid. Paccuntans
BO3MOJXKHBIE YacTOTHl T€HEepallii U SKCIIEPHUMEHTAIBHO WM3MepeHbl ux (as3oBele miyMel. llokazana
BO3MOXHOCTh B3aUMHOW CHHXPOHHM3AIlMH KOJeOaHWH Ha BBHICOKMX rapMoHukax. [Ipu ucciemoBaHuu
CTaHIAPTHOTO JWOJia B PEXHME CHHXPOHHM3AIMH BBICHIMNX TapMOHHK IIOJyYeHBI YPOBHHU (ha30BBIX
IIYMOB, TIO3BOJIAIOIIME TMOJYYUTh IPAKTUYECKOE MPEUMYIIECTBO JaXe IO CPaBHEHUIO
¢ CBY tpamsucropamu. [Ipu stom mpeumyrnectBamu npumenenust ['JIIT sBiseTcss Takxke Mablit
YPOBEHb aMIUIUTYAHBIX IIyMOB (mpumepHo MuHyc 120 ab), mpoctoTa peanmuzanuiyi KOHCTPYKITHH
TeHepaTopoOB B 4acTOTHOM auarna3oHe oT 1 mgo 150 I'T'n u Beicokast HagexxHOCTh (50—100 Thic. YacoB
HapaOOTKH Ha OTKa3).

IlomyueHnsle B paboTe pe3yibTaThl HCCIEIOBAHHI MTO3BOJISIOT ONTHMUZHPOBATH MTapaMeTPhI
reHepaToOpHO-TIPEO0Pa30BATENbHBIX YCTPOICTB B KauecTBE IeHepaTopa 0O caMOreHepHpyIOIIEero
cMecuTens (aBTOANHA) B TAKMX BOCTPEOOBAHHBIX IIPUMEHEHUSIX, KAK M3MEPUTEIH CKOPOCTH ABMKYILIUXCSI
Y BPAIIAIONINXCS] OOBEKTOB, N3MEPUTENTN MTapaMEeTPOB MaTepHAaJIOB, CHCTEMbI ONVKHEN paJroIOKaIiu
¢ HU3KUM ypoBHeM (azoBbix mrymoB —100...—110 ab/I' ipu oterpoiikax ot Hecymeit Ha 10—100 kI
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