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TEMIIEPATYPHBIE CBOUCTBA TEHEPATOPHBIX MOJYJIEW CBU

A.S1. BEJIbCKMU, A.B.TYCUHCKUH, E.H. 3ALIEITNH

Benopyccxuil cocyoapemeennviii yHusepcumem ungopmamuru u paouodiekmponuxu, Pecnybnuxa benapyce

Tocmynuna 6 pedaxyuro 2 anpens 2018

AHHOTaIII/IH. HpOBO,HI/ITCH aHaJIn3 BO3,H€I>'ICTBH$I TEMIICPpATyphbl HA HECTaOUIBLHOCTh YaCTOTHI aBTOreHEpaTopa,
BBITITOJIHCHHOI'O HAa OCHOBC MCTAJLIMYCCKOI'O BOJIHOBOJA. OIIGHI/IBaeTCH HU3MCHCHUC 3J'I€KTpO(1)I/I3I/Iq€CKI/IX CBOICTB
AKTUBHOT'O 3JICMCHTA U KOHCTPYKTUBHBIX 3JICMCHTOB CTa6I/IJII/I3I/IpyIOIHCFO pe30oHaTopa. I[aIOTCH PEKOMCHaau
IO YJIy4HICHUIO TeMHepaTypHOﬁ HECTaOMIBLHOCTH YaCTOTHI.

Kniouesvie cnosa: TemueparypHasi HeCTaOWIBHOCTD, 9aCTOTa TEHEPATOPa, CIOCO0 YITydIIeHHS.

Abstract. It's made an analysis of the temperature effect on the frequency instability of a generator made
on the basis of a metal waveguide. In addition, the change in the electrophysical properties of the active element
and the structural elements of the stabilizing resonator is estimated. Recommendations for improvement
of the temperature instability of the frequency are given.
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BBenenue

TemmepaTypHass HECTaOMJIBHOCTh YacTOTHl SABJISETCS OYEHb BaXKHBIM HapaMeTpOM
reHepatopoB. Crabmnuzammu yactorel CBY reHepaTOpoB MOXKET OCYIIECTBISTBHCS C MOMOIIBIO
IUCTIEpCHOHHBIX [1, 2], OOBEMHBIX M, B MOCIEOHHWE TOABI, AUIIEKTPUUECKUX Pe30HaTopoB [3].
Hoctatoyno mpocTod U 3((eKTHBHBINA croco0 yMEHBIIEHHs KPaTKOBPEMEHHOW HEecTaOMIBHOCTH
4acTOTHl M3JI0KeH B pabore [1]. OmHako B psne ciaydaeB HEOOXOAWMO 3HATH AOJITOBPEMEHHYIO
HECTaOMJIBHOCTH YacTOTHI MPH PadOTe TeHepaTopa B IIUPOKOM JHAaIla30He TeMIIepaTyp. DTOT BOIPOC
paccMaTpUBaeTCsl B HIDKEPUBEIEHHOH padoTe.

Teopernuecknii  aHanu3. {11 BOJHOBOAHOIO  MpPSIMOYTOJABHOTO  pE30HATOpA
MIpU TEMIIEPATYPHOM BO3IACHCTBUM W HM3MEHEHHWH IIpH 3TOM pa3MEpPOB BOIHOBOAA H3MEHEHHE
TCHEpUPYEMO YacTOThl df MOXHO OLCHHUTh C TOMOIIBIO CIEAyIome (GopMysbl, HCIOIB3Ys
BBIpayKEHHE JJIS AJTUHBI BOJHBI B IPSIMOYT'OJIbHOM BOJTHOBO/IE!

Ay =% /(A= (0, /)], Ay =C/ f. (1)
df =—(S,-Aa+S,-Al), 2)
rae
C
S = , 3
28/ a’ +1/17)"? @)
C

S = . 4
2P aR+1/1)" @

Takum 00pa3om, pe3yabTHpYIOLIee H3MEHEHNE YaCTOTHI:
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A= S alaP AP, 5)

21/ a> +1/ 17

Cnenyer yuutbiBath, uto a = f(T),l = f(T). B atux ¢opmynax: Aa u Al — u3meHeHHE

WIMPUHBL W JUIMHBL BOJHOBOAA COOTBETCTBEHHO; S, — KPYTH3HA H3MEHEHUsS YacTOThl 3a CYET
W3MEHEHHUS IIUPUHBL; S) — KPYTU3HA U3MEHEHHS YacTOTHI 32 CUET U3MEHEHUs AIuHbl; C — CKOPOCTh
CBEeTa; f — 4YacTOTa TEHEPUPYEMBIX Kolle0aHMH; @y, — KpPUTUYECKas 4YacTOTa BOJIHOBOJA;
T — Temmieparypa.

OTHOCHTENFHOE BIIMSHUE IIHUPUHBI M [UTMHBI PE30HATOPA HA TEMIIEPaTYPHYIO HECTaOMIEHOCTh
4acTOTHI MOXKHO OIIEHHTB, €CJIM CPaBHHUTH S, M S|, TIPU 3TOM TOIy4IuUM S,/S = 13/a3>>1, TaKk Kak
MPaKTUYECKU BCET/Ia BHIMONHSETCH yciuoBue | > a. Takum 00pa3oMm, BHIIHO, YTO U3MEHEHHE IIMPUHBI
3HAYUTENFHO CHIIbHEE CKa3bIBACTCH HA TEMIIEPATYPHOH HECTaOMIBLHOCTH YacTOTHI, YeM H3MCHEHUE
JUIMHBI BOTHOBOJIHOTO pe3oHaTopa. Ha puc.]l nmpuBeneHo pacueTHOEe U3MEHEHUE YacTOThl TeHepaTopa
Ha OCHOBE MEIHOrO TIOJYBOJIHOBOI'O MPSIMOYTOJIHHOTO BOJHOBOJHOTO PE30HATOpa B JMAINAa30HE
temnepatyp 100 rpagycos.
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Puc. 1. PacuerHoe m3MeHEHNE YaCTOTEl B 3aBHCHMOCTH
OT JJIMHBI PE30HATOpPA B JUANIA30HC TEMIICPATYpP 100 rpaaycoB

TemnepaTypHbIIl yXOA 4YacTOTHl ONpPEENseTcs HE TOJNBKO CBOHCTBAMH pPE30HATOpPA,
HO ¥ TEMIIEpaTypHOH 3aBUCHUMOCTBIO AJIEKTPO(QH3HYECKUX apaMeTPOB aKTHUBHOTO AJIEMEHTA (I10a).
B nmnanaszone CBY ucnonp3yercs daimie BCEro apCceHH] TajUMg #-THMA. THUNWYHAsA 3aBHCHMOCTD
YAENbHON MPOBOAMMOCTH OT TeMIepaTypsl IpuBeneHa Ha puc.2 [4]. C poctoMm TemmepaTypsl
YBEIMYUBAETCAd KOHLEHTpAIlMs HOCHUTENEH, YTO NPHUBOAUT K POCTY YIEIBHOM MpPOBOJUMOCTH
IPUMEPHO IMPOIOPUHOHATBHO 17, a TpH OdYeHh BHICOKON KOHIIGHTPALMHM yMEHBIIACTCS
TNOJBIDKHOCTh HOCHTENEH 3apsia, M HPOBOXMMOCTh IMajaeT HpomopruoHamsro T2 TIpu oueHs
BBICOKOH TeMIlepaType MPOUCXOJUT HOHU3ALUS aTOMOB COOCTBEHHOTO TIOIYIIPOBOHUKA, M YACTbHAS
3NEKTPOIPOBOAHOCTD PE3KO YBENMUUBAETCS.
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UT10,K
Puc. 2. 3aBucUMOCTB yIeIbHON NIPOBOAMMOCTH ITOIYIIPOBOJHHUKA OT TEMIIEPATYPHI
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Crenyer Takke YIUTBIBATH, YTO C POCTOM KOHI[GHTPALUHU MPH POCTE TEMIIEPATYPHI MaaacT
MOJIBM)KHOCTh HOCHTENICH 3apsAaa, a 93TO TaKKe BIMAET HAa 4YacTOTy TreHepanuu. [IpuMmepHas
3aBHCHMOCTD TIOJIBFDKHOCTH SJIEKTPOHOB M IBIPOK OT KOHIICHTPAI[MKM HOCUTENCH 3apsiia Ul apceHuia
raJs okasaHa Hioke (puc. 3) [5].

BuaHo, YTO yBENMMYCHHE KOHIICHTPAIIMM HOCUTENCH MPUBOAUT K  YMCHBIICHUIO
MOJIBMXKHOCTH MPUMECHBIX TTOTYTPOBOTHUKOB KaK p, TAK U #-THIIA.
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Puc. 3. 3aBucumocth MOABHKHOCTU DJICKTPOHOB U JABIPOK OT UX KOHLICHTPpAIlUN
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KaK HU3BECTHO, yz[enLHaﬂ HpOBO,E[I/IMOCTB (0 HOJ'IyrIpOBO)_'[HI/IKa OHpeZ[CJ'ISICTCSI BLIpa)KCHI/IeM
c=q(nu,+pp,), (6)
rae |J, — IIOABUXKHOCTH SHCKTpOHOB nu ):[BIpOK COOTBCTCTBCHHO, n U pP — nux KOHLIGHTpaI_[I/ISI. TaKI/IM
06pa30M, N3MCHCHHUC TeMnepaTprI HpI/IBO,ILI/IT K HU3MCHCHHUIO HMII€JaHCa AaKTHUBHOI'O JJIEMCEHTAa
H, CJICA0OBATCIIbHO, K K3BMCHCHHIO YaCTOTHI.

[Ipu ompeneneHnn TeMIepaTypHBIX KO3()(UIMEHTOB BENWYMHBI MHUTAIOIIUX HANPSKEHUH
WM TOKOB HMCTOYHHKA IHTAHHA, a4 TAKXKC KOB(l)(l)I/IL[I/ICHT CTOH‘{eﬁ BOJIHBI Harpy31<1/1 B AHalla30HE
TeMnepaTyp CUUTAKOTCA HCU3MCHHBIMU. B 3aBUCUMOCTHU OT BHIA 4YaCTOTHBLIX XapaKTepI/ICTI/IK
reHepaTopa MOFYT 6I>ITI> Hpe,Z[J'IO)KCHI:I TC NJIIN ):prrlxle CHOCO6I>I TepMOKOMHCHCEl]_[I/II/I.

Ha pI/IC. 4 HpI/IBeI[CHa BKCHepI/IMeHTaJ'IBHO CHATAad 3aBUCHUMOCTH 4YaCTOTBI reHepaTopa
Ha 1Uoac FaHHa OT BCIINYUHBI HaHpSDKeHI/ISI HNCTOYHHUKA IMHUTAaHUAA. ECJ'H/I HEC Hpe,[[’bSIBJBI}OTCSI KECTKHUC
Tpe60BaHI/I$I K CTa6I/IJ'ILHOCTI/I MOIIIHOCTH, a TOJIBKO K CTa6I/IJ'IBHOCTI/I HYaCTOTbl, 4YTO YalllC BCECro
HCO6X0)_II/IMO, TO TeMHCpaTypHLIﬁ yXO,I[ YaCTOTbl MOXKHO O6eCHe‘-II/ITI>, YCTaHOBI/IB, HaanMep,
TepM0p63I/ICTOp B KaKOﬁ-TO TOYKEC Kopr[yca reHepaTopa " IMoACOCAMHUB €Ir0 B OHpC,Z[CJ'ICHHBIﬁ y3€.]'[
CXEMBI CTa6I/IJ'II/I3aTOpa NCTOYHHUKA ITUTAHU .
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Puc. 4. PexxumHOe U3MEHEHUE YaCTOThI T€éHepaTopa
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Ecimu crabmnm3atop WCTOYHWKA TUTAHUS BBIIOJHEH IO CIEAYIOIIeH cxeme (puc. S),
TO TEPMOPE3UCTOP C OTPHUIIATEIBHBIM TEMIIEPATypHBIM KOI(P(MHUIIMESHTOM COMPOTUBICHUS MOXHO
BKJIFOUUTH B HIKHIOIO YacCTh JISTUTEIIS PEryISTOpa BEIXOIHOTO HAPSHKEHHS MO0 B BEPXHIOK YaCTh,
B 3aBUCHUMOCTH OT TOTO, Tl HaXOAUTCs pabouast Touka Ha ocu Uy (puc. 4).
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Puc. 5. [IpuHIMnuanpHas cxema crabmim3aTopa KICTOYHUKA TUTAHUS

Eme ogHa BO3MOXKHOCTH YAy4IIEHHS CTAOMJIBHOCTH  YacTOTHI — OSTO CHHXPOHU3AIUS
BHEIIIHUM BBICOKOCTAOMJILHBIM CcHUTHAJIOM. Kak mokaszanu wccnenoBaHus [6], CUHXPOHH3UPYHOIIUH
curHan Moxer ObiTh Ha 30...50 nb MeHbIe, YeM CHHXPOHHM3UpYEeMBIH curHal. B pabore [7]
CUHXPOHU3HUPYIOMIMM CUTHAJ OT KBaplIEBOIO I'eHEpaTopa BBOIWJICS B IeNb NMuTaHus nuona ['anHa
4yepe3 BBICOKOYACTOTHBIN TpaHchopmarop (puc. 6), 4TO 3HAYUTENBHO YIY4IIalo KPaTKOBPEMEHHYIO
Y JIONITOBPEMEHHYIO CTaOMITBHOCTh YaCTOTHI.

BY
TpaHchopmaTop
CTabuau3upyeMblit KBapuesbiii
reHepaTop reHepaTop
Ar

Puc. 6. YcTpolicTBO, NOSACHSONIEE KBAPLEBYIO CHHXPOHHU3ALMIO 9aCTOTHI

B BOJIHOBOJHOM TI'CHECPATOPC (pI/IC 7) Hauboiee MIpOCTO OCYHICCTBUTL TCPMOKOMIICHCALIUIO
yxo4a 49acCTOThI, BI>I6I/Ipa$I COOTBCTCTBYIOIIUM 06pa30M PasMEphI MEPECTPOCUHOrO IUIYHIKECpAa U TUIL
Marepualia, U3 KOTOPOro OH U3rOTaBJIMBACTCA. HOCKOHBKy JJIMHa COOCTBEHHO BOJIHOBOAA LB BCErga
Oomblire JJIMHBL ICPECTPOCUYHOr0 IITYHIKEpa Ll‘lm TO MJIA KOMIICHCAUM YXOJa 4YaCTOThI ILTYHIKED
HCO6X0)_'[I/IMO HU3TO0TaBJIMBATh U3 MaTepUalia C OOIBIINM TEMIICPATyPHBIM KO3(1)(1)I/IL[I/I€HTOM JIMHEHHOI O
pacmpeHus, 4€M BOJTHOBOM. KpOMC TOro, HeO6XOI{I/IMO OTHUM KC IIIIYHXXCPOM KOMIICHCUPOBATL YXOJ
Y9aCTOTHI, 06YCJ'IOBJ'ICHHLII71 HU3MCHCHUCM IIMPUHBI BOTHOBO/JA.

Puc. 7. KoHcTpyKkIust reHepaTopa ¢ TEpMOKOMIIEHCHP YIOLIUM HOPIIHEM

Taxum 06p330M, C POCTOM TEMIICPATYpPbl YBCIWYCHHUC [JIMHBI BOJHOBOJA JOJIKHO
NpuBOAWTL K YMCHBHICHUIO YaCTOTblI TCHCpATOpa, a YBCIWYCHUC [JIMWHBI IUTYHXKCpa —
K €€ YBCIMUYCHUIO, B PEIYJILTATC OCYIICCTBIIACTCA TCPMOKOMIICHCALIU . HOBTOMy MOXKHO 3aIllMCTh

-AF =df,, =0, (7)

rae df;m — KOMIICHCA g TEMIICPATYPHOI'O yXOAa YaCTOTHI 3a CUCT USMCHCHUSA JJIMHBI IIITYHKECpA.
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IIpu sToM B pacuerax ucmonb3yeM BbIpaxkeHue (3), cumtass a =const, a dfy,=AT).
[Mockonbky L, > Ly, TO SICHO, YTO CTEp)KEHb IUTyH)KEpa JOJDKEH OBITh M3rOTOBJICH M3 Marephaia
C TeMIEpPaTypHbIM KOI((GHUIMEHTOM JHMHEHHOr0 pPACIIMPEHHs OONBIINM, 4YeM BOJHOBOI. Takumu
MarepuajaMd MOTYT CIY)KHTh pPa3IMYHOTO BHUAA IUIACTMACCHI, HWMEIOIIME TEMIIepaTypHbIH
KOY((QHULIUEHT JMHEHHOr0 paCIIMPEHUs MPUMEPHO Ha TOPSAOK OONBIIMH, YeM Yy METaJlIoB.
DTO MO3BOJNISICT ~ 3HAYMTEIBHO  YMCHBIIUTH  JUIMHY  CTEpPXKHS, Ha  KOTOPOM  KpemuTCs
KOPOTKO3aMBIKaTellb. DKCIIEPUMEHTAJIbHAS 3aBUCUMOCTh TEMIIEPATYPHOTO YXOAa YacTOTHI JAaHHOM
KOHCTPYKIIMH T€HepaTopa Ha OCHOBE JIATYHHOT'O BOJTHOBO/Ia IIPUBEICHA Ha pHC. 8.
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Puc. 8. 3KCH€pI/IM€HTaHLHaH 3aBUCUMOCTb U3MCHCHUS YaCTOThI T'CHEPATOPA
C TepMOKOMHGHcaHHGﬁ OT TEMIICPATYPbL

U3 rpaduka (puc.8) crmemyer, 4TO TEeMIEpaTypHBIA YXOJ YaCTOTBHl COCTaBHJI OKOJO
2040 x['a Ha 1 °C, yTo mpUMEpHO Ha MOPSIOK Jy4Ille, YeM pe3ybTaThl, IPUBEACHHBIE B padoTe [3].
Pasanma temnepaTyp Kkopryca AMoia M KOpIyca BOJHOBOJA Haxomwiack B mpeaenax 7—10 °C,
YTO MO3BOJISIET PACCYUTATH TEIMJIOBOE CONPOTHUBIIEHUE [§]:

Ry =(T~T,)/P, =10/(8-0,4)=3,3°C/Br. ®)

3Has TCILJIOBOC COIMPOTHUBJICHUC, MOXHO npu KOHCTPYUPOBAHHWU, Hanpumep,
MHKPOITOJIOCKOBBIX YCTpOfICTB, paccuuTaThb H€O6XO,[[I/IMYIO mjiom@aab paguaTopa.
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