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1. OBIIAA XAPAKTEPUCTUKA PABOTbBI

AKTVRABHOCTH pPAOOTHl ONPEAEIISETCS HAPACTAIOLIMM CTPEMJIEHUEM 3HEp-
TOMaIIMHOCTPOUTENIEH, NHXEHEPOB U YUYEHBIX, K TOBBIIICHUIO (DYHKIIMOHAIbHBIX,
9KOHOMMYECKUX U IKOJOTMUECKMX XapaKTePUCTUK TETJIOBBIX SHEPreTUYECKUX yCTa-
HOBOK. 3HaUMUTEIbHOE BHUMAHUE 31ECh YIEJSIeTCS ONTUMU3ALIMU PEXKUMOB TOPEHUST
W MPEIOTBPAILIEHUIO Pa3BUTHSI aHOMAaJIbHBIX PEXXKMMOB, TIPHUBOISIIMX K y4aCTUBIIIUM-
cs aBapusiM M Katactpodam. IlocienHee OOCTOSTELCTBO OCOOEHHO 3HAYMMO JIJISI
ABUALIMOHHOM M KOCMUYECKOM TEXHUKMU.

Cyl1iecTByIole METOIbI KOHTPOJISI PEXXMMOB HE O0ECIeurBaloOT MOJHOTHI U
JocToBepHOCTH MHGpopMaii. Ho raBHBIM MX HEIOCTaTKOM SIBJISIETCSI MHEPLIMOH-
HOCTb - pe3yJIbTaThl UBMEPEHUST CTAHOBSTCS U3BECTHBI MO3MHO. DTO OfHA U3 MPUYMH
YIIOMSTHYTBIX aBapuid.

OpHuM 13 HauboJjee TepcrneKTUBHBIX MeTonoB cunutaercss CBY 3onaupoBa-
HYie BHYTPHKAMEPHOI'O MIPOCTPaHCTBA. 3[eCh MCCIeNOBaHMs MIYT B IBYX HaIpasiie-
HUSIX:

- YCTaHOBJICHHE 3aBUCUMOCTH MEXIY 2JeKTPOPU3NUECKUMU TapaMeTpaMu

TU1a3Mbl TJIaMeHU  (2JEKTPOHHOM KOHIIEHTpallMeil, 4acTOoTOM coynapeHui,

CTPYKTYPOI 3JIEKTPOMAarHUTHOTO TOJIsI, COOCTBEHHBIM DPaJMOM3IyYEHHEM) U

pabourMK XapaKTepUCTUKAMU TEIUIOBOM 3Heprernyeckoir ycraHoBku (TOY).

- CO3MaHME M3MEPUTEIbHBIX CHCTEM, OOCCIIeUMBAIOIIMX HEBO3MYILIAIOIIMIA

U OorepaTHUBHbIN KOHTPOJb.

TlepBoe 13 HampaBiIeHUI peau3yeTcsl B paboTax TeMI0(MU3MKOB psiia CTPaH:
Poccuu, Benopyceun, Utanuu, CLIA.

OCcO00EHHOCTBIO BTOPOTO HAMpaBJIEHUS SIBJISIETCSI CO3MaHUE CPENICTB HEBO3-
MYIIAIOIIETO U ONEPaTUBHOIO KOHTPOJISI pexXuMOB TOY B peasbHBIX 3KCILTyaTaly-
OHHBIX YCJIOBMSIX C TIOMOIIBIO JAaTYMKOB 3JIEKTPO(MU3NIYECKUX MapaMeTpoB. 31ech
HEJOMYCTUMO CYILIECTBEHHOEe M3MEHEHHE KOHCTPYKIIMU KaMephbl CTOpaHUs U pa3Me-
IIeHUE JAaTYMKOB B ee oObeMe. JlaTuyuMKu AOJDKHBI 00JIagaTh BBICOKOM 3PO3MOHHOM
YCTOMUYMBOCTBIO, a (hOpMUpPYEMbIE UM CUTHaJIbI - C1a00i 3aBUCUMOCTBIO OT MHOTO-
(dakTOpHOro BO3/AEiCTBUS mpolecca ropeHus. UM 3mech paboThl BeAyTCs BO MHOTHUX
crpaHax (ABctpus, CIIIA u np.) 3HauMTEAbHBIN BKJIaa B pabOThI 110 BTOPOMY Ha-
npasieHuto BHecau yueHbie KI'TY (P.A.T'acdypoB). B yacTHoCcTH 6bLIM CO3MaHbI U
9KCIepUMeHTaIbHO onpodoBaHbl CBY aBTOAHHHBIE U3BMEPUTEIU, KOTOPBIE IO 00JIb-
IIMHCTBY (YHKIIMOHAJIbHBIX XapaKTePUCTUK YIOBJIETBOPSLIM TPEOOBAHUSIM SHEPTe-
TUKOB. OCHOBHBIM HEIOCTAaTKOM JAaTYMKOB SIBJISIJIaCh HM3Kasl TeTUIoCToKocTh. Ha-
IpeB JaTYMKa MPUBOIWI HE TOJIBKO K OY€Hb BHICOKOMY YPOBHIO MOTPEITHOCTEM, HO U
SIBJISUICSI MPUYMHOM YacTOTrO BbIXOAA U3 CTPOSI.

Lenn pabotel. Llenblo gucceprallMOHHON pabOThl SIBISIETCS pa3padoTka
npuHIMIoB noctpoeHnss CBY naTyuMkoB mapaMeTpoB MJIaMeHM B (TPaHCIOPTHBIX)
TDY, obecrieynBaloMX HEBMELIATEIbCTBO B KOHTPOJUPYEMBbIii ITPOLIECC TOPEHUST U

COXPaHSIOLIMX TOYHOCTb KOHTPOJISI IPU HATPeBe CO CTOPOHBI KOHTPOJIMPYEMOTO pa-
Oouero Tena.



3azayy wccaenoBaHmii;
J 7151 MOCTUKEHUYsI TIOCTABJIEHHOM 11e/ B paboTe pellieHbl CIIeAyoIIne 3a1auu:

/. AHanu3 3JIeKTPUIEeCKUX TPOIECCOB B NAaTYMKaX, OTBICKAHWE IepelaTOuHOMN
yHK1IUH,

Z BrolIsBIeHUE CTPYKTYPHI TEMITEPaTypHBIX TIOJIEH B TeJle TaTYMKOB TPU CTaTUIe-
CKOM, (pRyKTYAUMOHHOM U CTapTOBOM HAarpeBe €r0 OTHEBOW MOBEPXHOCTU

3. OueHKa BAUSHUS TeMIepaTyphl HA HAIeXXHOCTb U MOTPELIHOCTY U3MEPEHNUS B
Tpex Ha3BaHHBIX BHIIIE peXUMax Harpesa,

4. BbIpaboTKa TEXHUYECKUX IPEMIOXKEHUIA, MO3BOSIOLIMX COXpaHUTL paboto-
CIIOCOOHOCTD JATYMKOB U CHU3UTH TeMIIepaTypHYIO TIOTPEITHOCTh C TIPUMEHe-
HUEM CXeMHBIX U KOHCTPYKTUBHBIX METONIOB; SKCTIEpUMEHTAIbHAST OI[eHKa pa-
GOTOCTIOCOOHOCTH TIPEMJIOKEHHBIX CXEMOTEXHUYECKUX U KOHCTPYKTUBHBIX
pELLIeHUIA.

Meronsl uccenoBaHusT H JIOCTOBEpPHOCTb. JWIA aHaiM3a WCIIONB30BaHBI
KJIACCUUECKWE METONIbI TeOpUM KoNeOaHWil, MpUMEHsIeMble B PAIUOTEXHUKE W Teo-
puu TeronepeHoca. [lomydyeHHbIe aHAIUTUYECKNE BBIPAKEHUS TI0 CTPYKTYpPEe CXOM-
HBI C M3BECTHBIMU, a B TPEAEIBHBIX CITydasiX COBITANAIOT C HUMMU.

Psin aHamTMTHUECKMX COOTHOIIEHUI MPOBEPEH IKCITEPUMEHTAIBHO. Pe3ybTa-
THI aHAJIN3a JEKTPUUECKUX TPOLIECCOB B TATYMKAX COOTBETCTBYIOT KCIIEPUMEHTaM
B MPOBEIEHHBIX paHee UCCIICIOBAHUSIX. '

IlpakTyeckass 1IeHHOCTh U DeaJn3anMsi. KoHKpeTHbIE TTPUMEpHI CXeM U
koHCTpyKIit CBY aBTOAMHHEIX TAaTYNKOB OPUEHTUPOBAHBI Ha TIPUMEHEHWE @ aBUa-
IIMOHHBIX M KOCMUYECKUX IBUTATEIISIX. JIJIsT MpUMEHEHMsI B TIOPIITHEBBIX ABUTATEIISIX
JOCTAaTOYHO M3MEHUTHh TIOMEPEUHBI pa3Mep JaTdvKa.

Pesynbratel paboThl B BUIE OIBITHOTO 0Opa3iia JaTIMKa MCITOJIb30BaHbI B Jia-
Goparopur TipoMbIinieHHbIX Topesiok KI'TY um. A.H. TymoneBa mpu I0BOIKE Fa3o-
Boii ropenku I'-18 1 ee MPOMBIIIIEHHBIX UCITLITAHUIA.

Meronuka MOBBIIIEHUST TETUIOCTOMKOCTU NAaTYUKOB TEXHOJIOTUYECKUX TIPO-
LIECCOB UCIIOJIb30BaHA B MeTaLTyprudeckoii mpomsiinieHHoctd B ITIBO «Tsxnpom-
3KCNopT».

Paspa6orannbii CBY natunk BHeapeH B yueGHbIN mpouece PTT B naGopa-
TopHYyI0 paboty «MccnenoBaHre aBTOAMHHEOIO riprieMornepenatarnka CBPII» o auc-
nurinHe «Feneparopsl CBY 1 KBU» 8 KITY um. A.H. Tynosnesa.

Havunas woBM3Ha. B paGore mMoOJydeHbl ClIEAYIOIIME pE3YyJIbTaThl,
XapaKTepH3YIOIHEC] HayYHOI HOBU3HOM M BEIHOCUMBIE Ha 3allWTY:

1. 3yyeHa TMHAMKKa aBTOJIMHA C MHOTO3BEHHBIM PE30HATOPOM M aHTEHHOI, U3JTy-
yaloleil B MaTepUaJIbHYIO Cpely C TepeMEHHOU IUIJIEKTPUIECKON MPOHUIIAEMO-
CTBIO.

2. HaiineHbl yCIOBUS YCTOMYMBOCTH OCHOBHOTO aBTOIMMHHOTO PEXUMa M HEYCTOM-
YUBOCTH IMapa3uTHBIX PeXXUMOB. HaiineHo couetaHne mapaMeTpoB MHOTO3BEHHOTO
pesonaropa (M3P), o6ecrieunBaroriiee cobIOnEHIE DTHUX YCITOBUIA.

3. BrisgBiieHa cTpyKTypa TeMIlepaTypHBIX TIOJICH B Telle JaTYrKa MPU CTAaTUIECKOM,
(uIyKTYyallHOHHOM 1 GBICTPOM IIJTAHOBOM Harpese, MPOUCXOMISIINX COOTBETCTBEHHO
npu CTauMOH@pHoMprHMQp, npu 3anycke TOY). Ha

| BVB/VIOTEKA I
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3TOI OCHOBE MPEIIOXKEHbI KOHCTPYKTUMBHBIC pelleHUs, 0OecleynBalolre Terio3a-
LIUTY U (yHKLIMOHMpPOBAaHWE aKTUBHOIO 3JieMeHTa (auona ['aHHa uau JTaBHHHO-
nponetHoro auona JIIJY).

4. BblunciaeHbl CTRTHYECKAA, CIyJaiiHas U TMHAMUYecKash TeMIlepaTypHbIe MOrpeli-
Hoctu. IlpemioxkeHbl M MPOAHAIM3MPOBAHBI TEXHUYECKHME PEIIeHUsI, CHIKAIOIIre
CJIyYalHYIO ITOIPEILHOCTD.

5. CosnaHbl 3KCIIEPUMEHTAIBHBIE MOJIEIN AATYHKOB, B COOTBETCTBUU C IMOJTyYEHHBI-
MU aHAJIUTUYECKUMU COOTHOILCHUsIMU. [IpoBeneHbl KCIEpUMEHTHI, TOATBEPAUBIIIKE
MOBBILIEHHYIO TEIJIOCTOMKOCTh TATYUKOB.

Bknax asropa. Hayunble maHHbIC, M3JI0XEHHbIE B AMCCEPTALIUM, ITOJIYYSHBI
JUYHO aBTOpPOM. ITosOoKeHMsT ¥ BbIBOIbI, BHIHOCMMbIC Ha 3aIlUTy, KaK U IPOBEICH-
HBIi 3KCIEPUMEHT, MPUHAIIeKaT aBTopy.

Anpo6anmun paboTui. OCHOBHEBIE MTOJIOXKEHUS ¥ PE3YJIBTAThI AUCCEPTALIMOH-
HOI paboThI noKMambBaich Ha Yakovkin Memorial 4" International Symposium on
Surface Waves in Solid and Layered Structures, 1998 International Symposium on
Acoustoelectronics, Frequency control and Signal generation and International Con-
ference for Young Researchers on Acoustoelectronic and Acoustooptic Information
Processing St.Peterburg-Kizhi-Valaam-St.Peterburg, Russia, 1998; Joint meeting of
the 13" European frequency and time forum and 1999 Institute of Electrical and
Electronics Engineers (IEEE) international frequency control symposium, Besancon,
France, 1999; na Il Bcepoccuiickoii koHpepeHuun «[IpuMeHeHNe TMCTAHLIMOHHBIX
pamoGU3NUECKX METOIOB B MCCIEIOBAHWSIX NPUPOIHON cpembl» I.Mypom, 1999;
Joint meeting of the 14* European frequency and time forum and 2000 IEEE interna-
tional frequency control symposium EFTF, Torino, Italy 2000; Ha 1-0ifi Hay4Ho-
TeXHNYECKON KOH(PEPEHIHH CTyIEHTOB M aclIMpaHToB. PaguorexHnyeckuil Gpakyiib-
TeT K S-NETHIO Maloil paguoTeXHUYecKoi akameMuu, r. Kasanb, 2000; 2000
IEEE/EIA international frequency control symposium and exhibition, Kansas city,
USA, 2000; Scuola Internazionale Di Fisica "Enrico Fermi": "Recent advances in
metrology and fundamental constants”, Varena, Italy, 2000~ nosnyyeH ceptudukar
¢du3MKa JaHHOM IIKOJIbI U (haHT 3a JYJILIUii CTeHaAoBbIN qokaan; International Forum
on Wave Electronic and its Applications, St.Peterburg-Valaam-Mandrogi-
St.Peterburg, Russia, 2000; Joint meeting of the 15th European frequency and time
forum and 2001 IEEE international frequency control symposium, Neufchatel, Swit-
zerland, 2001; IV International Conference for Young Researches Wave Electronics
and Its Applications in Information and Telecommunication Systems, St.Peterburg,
Russia, 2001,-BhiCTyILIEHHE B KauecTBe TpecenaTeNs Ha 3Toil ke KOHMEepeHIMU B
cekuuu "Acoustoelectronics”; Ha HayuHoii TexHuyeckoit KoHgpepeHUINU «ABTOMA-
THKA U JIEKTpoHHOe nipubopocTpoeHune» Kaszanp, KI'TY, 2001; Joint meeting of the
16" European frequency and time forum and 2002 IEEE international frequency
control symposium, St.Peterburg, Russia 2002; pewmenuem IlpaBieHus
MexnyHaponHoit CopocoBckoii ITporpammbl O6paszoBanusi B O6mactu ToyHbix Ha-
yk MHctutyta OTKpbITOoro O6LIecTBa MPUCBOEHO 3BaHre CopocoBCKOro ACIIMpaHTa.

Ily6anxkanun. ITo Teme onydaukoBaHo 15 meyaTHBIX paboT, B TOM 4Kcie 8
craTeil 1 7 Te3UCOB HOKJIAI0B.



2. OCHOBHOE COJIEPXKAHWE PABOTbI

Bo BBemeHNM OOOCHOBBIBAETCSI aKTyaTbHOCTh TEMBI AVICCEPTAIIMOHHONW pPabo-
Thl. JlaHa ee oOllast XapakKTepucTUKa.

B nepsoii rnase onmvcaHbl MPUHLMITBI CBEPXBLICOKOYACTOTHOM TMArHOCTUKI
TJ1aMeH, 1aH 0030p paboT B TaHHOM HAIpaBJICHWU, TPYTHOCTU M TIPEATIOCHUTKY Y-
arHocTKA TOY B 3KCIUTyaTalluOHHOM peXWMe, a Takke ChHOpMYIMpOBaHA IIETh
JIMCCePTALIMOHHON PabOTHI.

Bo BTOpOIi 1y1aBe BBISIBIICHBI YCIOBUST (DYHKIIMOHUPOBAHUS TATINKOB TIPU
BO3IEUCTBUM TIIAaMEHU U chOPMYITMPOBAHEI TPEOOBAHMS K CXeMaM U KOHCTPYKIIVISIM,
obecrednBalonmM paboTOCIIOCOOHOCTD TIPU TAKUX YCIOBUSX:

- HEBO3MYIIAMOIINI XapaKTep KOHTPOJISI, BKITIOYAs OTCYTCTBUE BIMSTHUSI HA
TIPOIIECC TOPEHUSI, MaJIble KOHCTPYKTUBHBIE U3MEHEHUsI KaMephl CTOpaHus TIPU ycTa-
HOBKE NTaTYMKa, OCTATOYHAS YHAIEHHOCTh BTOPWUYHBIX TPUOOPOB.

- cabasi 3aBUCHMOCTh (DOPMUPYEMOTO M3MEPUTEIEHOTO CUTHAJIa OT arpec-
CHUBHBIX ITOMEXOBBIX (haKTOPOB, TIPEXIE BCETO - OT MHTEHCUBHOTO W HEPaBHOMEPHO-
TO HarpeBa JaTJnKa.

- OTEPATUBHOCTh KOHTPOJISI, BKITIOYAsi HE TOJBKO OBICTPOTY OTKJIMKA Ha BHE-
3anHble aHOManK (NpefaBapuiiHyl0 CUTyallrio), HO U YIOOCTBO BTOPUYHOI 00pa-
OOTKM M3MEPUTENTHLHOTO CUTHAJIA B PeaTbHOM BPEMEHU.

INpenmpuHMaeMble paHee W B TIpOIecCe NAHHOW PaOOTHI TIOIBITKA YIOBJIE-
TBOPUTH JIEPEUMCAECHHBIM TPeOOBAHUS C TIOMOIIBIO OTHUX TOJBKO KOHCTPYKTUBHBIX
MoandUKAIMii U3BECTHBIX TUATHOCTUYECKUX CHCTEM K ycIlexXy He mpuBenu. Ham-
JIYYIIAM CPeIM TIPEIUTOXEHHBIX OKA3aJICsl aBTOAMHHBIA MPUHIUT (OPMUPOBAHUS U3-
MEPUTEIFHOTO CUTHAJIA:

- TIpeoOpa3oBaHVe AWAIEKTPUIECKON TIPOHUIAEMOCTM IDIa3Mbl TUIAMEHU B
KOMIUTIEKCHOE COTIPOTHUBIICHYE HEBBICTYTIAIONIEH 1 cTab0HATIPABIEHHOW aHTEHHBI.

- TIocJIenyloliee MpeoOpa3oBaHUE COIMPOTUBIIEHWSI B YaCTOTy TeHEpalmu -
OCHOBHOU MH(MOPMAITMOHHBIH TTapaMeTp.

- Tiepenaya chopMUPOBAHHOTO CUTHAJIA B TIPUOOPHBIN OTCEK.

INpumeHeHre TAHHOTO TIPUHITUTIA TTO3BOJIVIIO CYIIIECTBEHHO M3MEHUTHh KOHCT-
PYKIIMIO W TIOCTPOUTh KOMIIAKTHBIM MOJYJTh, TIPENHA3HAYEHHBIN IJIsI YCTAHOBKH B
CTaHIapTHBIN TyLep Ha Kamepe PII.

JaTanK TIpeACTaBisieT COO00M BBICOKOYACTOTHBIN (CBEPXBBICOKOYACTOTHBII)
TIpUEeMOTIePeNaTINK aBTOAUHHOIO THTIA OTVKHEN paTuoIOKaIllN C HEBBICTYIIAIOIEH
(mreneBoif) aHTeHHOM. JlaTynk opMUpyeT JTOKATIbHOE 30HIUPYIOIIee JIeKTpoMar-
HUTHOE TI0JIe W TIpeoOpa3yeT 3HaYeHNe KOHTPOIMPYEMOTO ImapamMeTpa B YaCTOTY 30H-
JMPYIOIIETO KOJIeOaHWIsI.

Hcxonst u3 mpuHIIMIIA pabOTHI JATYNKYU TIPUTOTHBI JIST KOHTPOJISI TEX TEXHO-
JIOTUIECKUX TTPOTIECCOB, B KOTOPHIX MHTEPECYIOIINH TTapaMeTp UMeeT OJJHO3ZHAYHYIO
B3aUMOCBSI3b C INUDJIEKTPUIECKOU MITW MATHUTHOI TPOHUIIAEMOCTBIO paboUero Tesa.
Ero ctpykrypa (puc. 2.1.1) BKiTtouaer:
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Puc.1 OGoGIIeHHBIe CTPYKTYpa (@) M KOHCTPYKLIMU AaTdrka (0)

Tosuimu Ha pHc.l: l-akTHBHEIM onemeHT (AD), 3 - pesoHaTop, 5 -aHTeHHa
(A), 2, 4, 6 - s;meMeHTBI CBSI3U pe3oHaTtopa ¢ AD, A 1 H BbixomoM, 7 -3leMeHT Ha-
CTpOWKH, 8 - puiIbTp MuTaHud, 9 - o0MyyaeMblid OOBEKT (B HALLIEM CIy4ae UM MOXET
0Ka3aThCsl He TOJIBKO TUTa3Ma ITaMEHU, HO M TIPOTUBOITONIOKHASI CTEHKA KaMephbl Cro-

panust), 10 - creHka Kamepsl, 1l-mryuep, £, - IuaieKTpuyeckass MPOHUIAEMOCThb
cpefibl  pacrpoCTPaHEHUS.

HauGonee n3BecTeH AOILUIEPOBCKHHA aBTONMH, MPUMEHSIEMBI [UIST U3MEPEHUST
CKOPOCTU JBUXEHUSI 00BeKTa 9, pacloioKEHHOTO OOBIYHO B JajlbHEU 30HE Harpas-
JIEHHOU aHTEHHBI (XOTsI 9Ta 30HA SIBJISIETCST TalTbHEl Tt aHTeHHBI, HO 1uisi PJI oHa Bce
paBHO OMXHSIS). 34eCh BCJIEACTBYE AOIUIEPOBCKOrO CMEILEHUS YaCTOThl IPUHUMAe-
Moro curHajia AD paboTaeT Takke W B POJIM CMECUTENsl, ToOUHee, Tpeodpa3oBaTesst
4acTOThl. Pa3sHOCTHAs 4acToTa TIPOXOIWT Yepe3 (UIbTp mutaHus (BbIX.2). Pexum
JOTUIEPOBCKOTO  aBTOMMHA MOXKET BO3HUKATH TIPW BUOPALMM TTPOTUBOMOIOXKHOMN
CTEHKU KaMmephl 9.

B npyrom npumeHeHUM aBTOAWMHOB OOBEKT 9 MaJIOMOABUXKEH U PACHOIOXKEH
B OJXKHel 30He aHTeHHBI. OTpakeHHBII CUTHAJ, BO3ICUCTBYS Ha aBTOTeHeparTop,
BBI3BIBAET CTATUYECKOE CMEIIEeHWE YacCTOTHI, IMPOIOPIIMOHATLHOE PACCTOSIHUIO IO
oObekTa. B Hambosee M3BECTHBIX ciydasix (TIpeIoTBpallieHre CTOJIKHOBEHUIT TpaHC-
TIOPTHBIX CPEICTB, M OXpaHHAsI CUTHAIM3AIUsI) ANJIEKTpUYecKasl MPOHUIIAeMOCTh
cpenst € =1 u mostomy Bo BHUMaHMe He puHUMaeTcsi. OMHAKO aBTOLUH MOXKET
ObIThb UCIIOJIb30BaH AHANOIHYHO Pe(IIEKTOMETPY, TO €CTh Il U3MepeHuss € , HO Ipu
YCIIOBUM U3BECTHOCTU U TIOCTOSTHCTBA PACCTOSTHUSI IO OTPaXKaTeJst.
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Haxounel B TpeTbeM BapuaHTe KCIIOJIB30BAHMSI aBTOAMHA CUTHAJ OTPaXKaeTCs
OT aHTeHHBI. DPGhEKT CBsI3aH ¢ U3MEHEHNWEM CONPOTUBIICHUS aHTEHHb!, U3JTyJaroIiei
B MaTepHaIbHYIO Cpely, OTJIMYHYIO 110 CBOMCTBaM OT BakyyMma. B mpuMeHeHUM K o~
HOKAacKaZHBIM TiepeaTynkaM 3(D¢eKT u3BecTeH maBHO. JIOBOJBHO XOPOIO M3y4eH
peXUM aBTOTEHEPATOpOB, a TaKXKe TIPEIUIOKEH PsI TEXHUYECKUX pelIeHUi, I0
YITpaBJICHUIO YaCTOTOM TeHepaluy (Kak MOIYJISIIMU, TaK M CTaOMIN3alMK), OCHOBaH-
HBIX Ha MIMUTALIMM JaHHOTO 3ddeKTa.

DcKr3 0000IIEHHON KOHCTPYKIIMKA TaKOTO aBTOAHHHOTO JaTuyyka, Ha3BaHHO-
r0 HAMU TaKXe AHTEHHO-reHepaTopHbiM MoayieMm (AI'M), co MHOTMMU YCIIOBHOCTSI-
MU, BBI3BAHHBIMU CTpEMJIEHHEM K 0000ILIEHHIO, TIOKa3aH Ha pHE.1 (0).

B ormumume oT aBYX TEpBBIX NMPMMEHEHWI aBTOAMHA 31eCh OTpakeHHe (KO-
HEYHO YaCTMYHOE) CHUTHAIa OT aHTEHHBI SIBJSIETCS YCIIOBMEM paboThl maryvika. Ilo-
3TOMY aHTEHHa 3aBefoMO paccornacoBaHa ¢ Al mpu JIOOBIX 3HAYEHMSIX IUDJIEKTPHU-
YecKoM TPOHMIIAeMOCTH. B Haillem cirydae MaTepuajbHOR Cpemoil siBsieTcsl Tiia3ma
IUIAMEHH, 3aBUCAILAS OT 3JIeKTPOHHO} KOHIeHTpaimu NV, . AHTeHHa HeHalpaBieH-

Hasl, YeMy CITOCOOCTBYIOT €e MaJible pa3Mephl, HAIPSLKEHHOCTD TMOJIST OBICTPO YObIBa-
eT ¢ paccrosiHeM. [loaToMy 25IeKTpOHHAsl KOHIIEHTpAllsl CKa3bIBaeTCsl Ha CBOMCT-
Bax aHTEHHBI BOJIM3M e PACKPHIBA, TO €CTb B OCHOBHOM B TNPMCTEHHOW 00IacTy.
IMpuaem dopma 310l 06MACTH TONOOHA OIIDKHEN 30He aHTeHHBL. C IpYroii CTOPOHbI
B CWJIy CTPYKTYpbI IUIaMEHM B ToTOKe pacripenenenue N, B ykaszaHHO# oGnacty He-

paBHOMEPHO, TI0 Mepe yAajJeHUsI OT CTEHKU KOHUEHTpauus pacter. [loatomy aBro-
JUHHBIA 3(p(deKT 00yCIOBIEH HEKOTOPOI YCPeIHEHHOM KOHIIEHTpaLKel Mo OKHen
30HE aHTEHHHBI.

OrHeBasi TIOBEPXHOCTb JaTYMKa (TO €CTh KOHCTPYKTUBHBIE 2JIEMEHTHI aHTEH-
HBI) TIOABEpPKEHA arpecCMBHOMY BO3NEHCTBUIO TIaMeHW. YacTh 3THMX BO3NEHCTBUIA -
TEPMOAPO3UI0 M OCAXKICHUE CAXKM YAAETCs OCAaOUTh 3allMTHON JIWAJIEKTPUYECKON
paavonpo3pavyHoii ieHKou. OMHaKo HarpeB 0CcJIabuTh HEBO3MOXKHO. bosblas yacth
natuuka Ha pHeC. 1(6) cieBa HaxooMTCsl BO BHEIIHER M JOCTATOYHO XOJIOMHOM Cpefe.
TeruioBoit MOTOK, BbI3BAaHHBIN MepenanoM TeMIlepaTyp BHYTPU M BHE KaMephl cropa-
HUSI, NOCTUTaeT aKTUBHOTO 3JIEMEHTa, HO TeMIlepaTypa IOCAEAHEro CyIIECTBEHHO
HIZXE, YeM Yy aHTeHHBI. CTeTneHb 3TOro MMOHMKEHU S CUILHO 3aBUCHUT OT CXEMbI I KOH-
CTPYKILIMM JaTyMKa, a MIaBHBIM 00pa3oM - OT pa3MEPOB PE30HATOpA U 3JIEMEHTOB
CBsA3M (He ToKa3aHHBIX Ha pHC. 1(6)). C npyroit CTOpoHsI ITMHA pe30HATOPA OTpesie-
JISIETCSl 30HAUPYIOLIEH YaCTOTOM, a Ta B CBOIO OYEPEIb - DJIEKTPOHHOW KOHLEHTPAaLr-

f>fu=ybN, 0)

IMoguepkHeM, 4TO POCTYy dHepreTuyeckoit apdekTuBHOCT TDY COmyTCTBYET
¥ TIOBBIIIIEHNE TeMIIEpaTyphl, U1 KOHIIEHTPAIIMU 3JIEKTPOHOB. [lepBoe TpebyeT ymim-
HEHUS pe30HaTopa, BTOPOE - €ro YKOpoueHuUs. JlomoTHUTEIbHOE 3aTpyIHEHKE 31ECh
BHOCHT IM3JIEKTPUYECKOe 3amoiHeHne pesoHaropa {€p). OHO He TONBKO MPEenoT-

BpalllaeT MPOHMKHOBEHME MMPOAYKTOB CrOpaHus BHYTPh JaT4yMKa (B pe30oHaTop), HO,
KaK Mbl yBUJITMM HUXE, ABJISIETCS Ba>KHBIM CHJIOBBIM 9JIEMEHTOM BCeil KOHCTPYKIIUH.
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Scno, uto €, > 1, yro MpUBOIUT K (PU3MYECKOMY YKOPOUEHHIO pe3oHaTOpa (B CpaB-
HEHWHM C TMycToTeNIbiM). Hakonew, ¢ TO3MIMI BBIIIECKa3aHHOTO TEILIOMPOBOIHOCTD
IM3JIEKTPUKA U TIPOBOIAIIMX MAaTepHaloB CTEHOK PE30HATOpa SIBIISTIOTCS BaXXHBIMU
TemnoPHINIECKHMHE XapaKTePUCTUKAMU. DTO Pe3KO OrpaHUYMBaeT HOMEHKIATYpy
TIPUTOMHBIX IS HAIIMX IIeJIell AU3JIeKTPUKOB.
OcHOBHBIE paboure XapaKTePUCTUKHU NaTINKa;,

* YacToTHbIi Trama3oH

* [lepenarounast pyHKiwsI,

+ Jlnana3oH KOHTPOJIs1 KOHLIEHTPALIMK 3IeKTPOHOB

Ne € (NBmm’Nemxx)

* YyBCTBUTETHHOCTD

+ HemmnHeiiHocTb

* MHeprmoHHOCTD

* YpoBeHb COOCTBEHHBIX LITyMOB 1 OTHOLICHUE CHIHAN/IIyM, TMHAMUYECKUIA
JarasoH

* MoiuHocTh (mocTaTo4Hast 1Jis1 PUBEIEHNS B AEHCTBUE BTOPUYHBIX IPH
060OpOoB)
* HapexxHoctb

YpaBHeHNe YaCTOTHI TeHEpaLuK @ ¢

X, (@,1)+ K, X 1(0,T) KX (@,6,T)= 0 Q)

e X, - peaKTMBHOE COMPOTHBJIEHUE, PE3OHATOD, JMOJ, AHTEHHA COOTBETCTBYIOT
nosutmsM 3, 1 u 5 (puc. 1(6)), K, - koapduimeHThl BKIIOUEHNS, £ - KOHTPOIM-

pyemas I, T - oboOlIeHHAs moMexa, 0TOOpaXaloIiask MHOTO(haKTOPHOE BO3IEHCT-
BHE CO CTOPOHBI pabouero Teja paketHoro asuratens P/ (miamenn).

B nuneitnom (TeiinopoBckoM) MpUOIMKEHUH YacToTa:

X6, T)=0y + 8w, (T) +Aw, (T)+Aw, (6, Ty | 3)

rae @p— HOMMHAJIbHAsL YacToTa (B Bosmyxe), A@p ;(T)-cMelleHre YacToThl, Bbl-
3BAHHOE IPSIMBbIM BO3IEHCTBIEM IIOMEXM Ha Pe30HATOP U IMOJ U
Aw,(e,T)=Aw (&) +Aw,(T), (4)

MpUYeM TepBoe claraeMoe eCTh MoJIe3HbIH 3¢ heKT, TO ecTh NepeaaTouHas (yHKINS
JaT4KKa B IBHOM BUIIE.

Bo160p HOMMHATBHOI YaCTOTHI MCXOAUT U3 YCIOBUS, YTO MUHUMAIbHOE 3Ha-
qeHUE @ py(€,T) 1OMKHO IIPEBOCXOIHTD TLIASMEHHYIO (KPUTHUECKYIO) YACTOTY:

o, &en>e,= 2::JeNm -v 5)

(b= 80(ry / s*)).



- wo 1
Jlnst aBualiMoHHbIX ¥ Kocmudeckux PI N,.. >(10 .10 );{ U no3To-

My f =@/2r > (2..—3)17' Y. TakuM 4yacToTaM COOTBETCTBYET IJIMHA YETBEPTbBOJI-
HOBOTO pe3oHaropa MeHee (40....25)MM, ciieficTBHEM Yero SIBISIETCS] HETOITYCTHMO
BBICOKAST TEMIIEpaTypa AaTIMKa B I1IeJI0M, MPUBOASIIIAS K TEIUIOBOMY pPa3pylIEHUIO
re”eparopHoro avona. Harpes anrennst nocrturaer 600 °C u Gonee.

KpyTtusna nepenatouHoit xapaKTepuCTUKU:

_dlAe)) _ de_dX, dU, . do(X,,X,)
Glel )= === N d X, T, ©

e

HanbHeiiliee conepxanye BTOPOIi IJ1aBbl COCTOMT B OTICKAHMM SIBHOTO BUJIA
3aBUCHMOCTH Glé'(N )J ¥ BKJTIOYAET MCCIIENOBAHNE aHTEHHBI, PE30HATOpA M aBTOMM-
Ha B LIEJIOM.

ITo ycnoBusIM MPUMEHEHUST B JTATYMKAX MCITOJIB3YIOTCS HEBBICTYIAIOIIME 1
craGoHanpaB/IeHHbIE aHTEHHBI, TIPEUMYIIIECTBEHHO IEJIEBbIe, KOHCTPYKIINU KOTOPBIX
M3BECTHBI.

CoOTBETCTBYIOIIAsT YacTh pabOThI CBEJIACh K BBHIOOPY ONTUMAIbHOM TSI Ha-
IIEr0 CJTyJast armpOKCUMAIIMHM, TTOCKOJIBKY aHTEHHBI paboTaioT B HEIITaTHOM, HECOo-
[JTACOBAHHOM PEXUME. :

B TpaaMIIMOHHBIX KOHCTPYKIIMSIX KOMITAKTHBIX aBTOAMHOB IUOI OTIAJIEH OT
aHTEHHBI (a y HAC 9TO M OTHEBasi TMOBEPXHOCTb) Ha PAcCTOSIHUE B YETBEPTH UTMHBI
BOJIHBI, TO €CTh NIPY HAIIMX YacToTax He Goinee 40MMm. [Ipemraraercst UCIOIB30BATh
MHorosBeHHbI pe3oHatop (M3P), npencrapistronmii coboif OTpe30K BOJIHOBOIA C
OTPaXXAIOIIMMK TIPETPaIaMy Yepe3 MOJBOIHBL. TakKe Pe30HaTOPbl MPUMEHSIIOTCS B
KBY mmarazore, HO MX CBOHCTBA, CYIIECTBEHHBIE IJTsT HAIIIETO TIPUMEHEHMSI, HE U3Y-
YEHBI.

M3P pemaer cnexyionne sanasu;

- (usnyeckoe yanuHeHHE DACCTOSIHUSI MEXIY OTHEBOM IMOBEPXHOCTHIO U
JIMOIOM, TIPUBOISIIIEE K CHIDKEHUIO pabodell TeMIIepaTyphl IMOCIETHETO 1
YMEHBIIIEHUIO TAKMM ITYyTEM TEMITEPATyPHBIX (hIIyKTyalliy 4acTOThI;

- obecrieyeHre yYCTOMYMBOCT ABTOAHHHOTO peXKMMa W IIPEIOTBpAIlEHUEe
BO3OYXKIEHMS Ha HU3KUX YacTOTax,

Haiinen mnonublii 3KBUBaTeHTHBIN KoadhduimeHT otpaxenuss B M3P kak
byHKIIMS TapIuaTbHBIX KO3 OUIINEHTOB M YMCJIa 3BEHBEB.

2

1'-." - f, _ ¥i :

I - )

. 'pN
1— e I
¥ r.v_l/rx

rne w? =1~0) F, =T, exp(io,).
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Ilpu I' <<l 37ech MOXHO y4eCTh TOJIBKO TIEPBOE OTpaKeHME Mamalolleil BOJHBI, IT10-
r(z»m)

CKOJIbKY TIepeoTpaXkeHHas BOJIHA TIPOITOPIIMOHATBHA
paXxeHus1, ee BKJIaa oyeHb cIabwiii. Torma

N .
T, sur‘[lﬂ.v‘ +yt +W”“)]+FM" =Ly y* ™ (®)
: k)

C _pOCTOM I' m N BimssHMEe aHTEHHBI YMEHbLIACTCA ITPOINOPLIMOHAILHO
T v N »
= = e =
il |ra|"rrp Wox1 a Iral {9
v Tk

s A€ m - HOMED IICPEOT-

Q

Bemnuuny &, paccmarpuBaeM, Kak KO3(GOUIIMEHT BKJIIOUEHUS aHTEHHBI B PE30HATOD

a: =-fv7_ I'padmueckn zaBucumoctn I’ (N,f') u a,(N,I") TIpeJICTaB/IeHbl Ha puC.2.

1] Fe
S
0.8 \
\\

CI.C-‘ N
o7} \\ Y

Nag
0.8} \\\
s \ N
i NN

Mt N

0.9 ~
o PO AN

NN
on OO N\

R ~

e N L N
[X] 1

NI TR 08 08 ©F 04 08 .

Puc.2 IMonublii K0a(GULMEHT OTpaxkeHUsT U KO3(MMUIIMEHT BKITIOUEHUS

INokazaHo, 4TO ¢ 2NMEKTPONMHAMUYIECKUX TTO3WIIMIA 1IeJIecO00pa3eH Tpex- 4Ye-
ThIPEX3BEHHBIH pEe30HATOpP IPY MAJIOM NapLUUATLHOM KO3(M(MUIMEHTE OTPAXKEHMSI.

Boiuncnena mooporHocts M3P, BecbMma cyiliecTBeHHass Tpu (DOPMMPOBAHUM aBTO-
JAHHHOrO 3(dekTa: ’

0y 1=y By 4y 1 (10
I

OcHoBHasl paboyast QYHKIIMS JaTYMKa OCHOBaHa Ha aBTOOIWHHOM 3ddekTe:
W3MEHEHWE YacTOThl aBTOKOJIEOAHUWI TON BIUSHUEM OTPaXeHUs TeHEPUPYeMOTo
CHUTHaJIa OT HECOTJIACOBAaHHOI aHTEHHBI.

B pabote yaeneHo BHUMaHUE IBYM BOIIpOCaM:

1) OTbICKaHUIO IBHOM (DYHKIIMOHATBLHOM 3aBUCIMOCTH ABTOJIMHHOTO
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a¢dekra OT mapaMeTpoB IJIAMEHU,

2) M3yyeHuIO yCTOMYMBOCTY @BTOAHHHOIO pexkrma.

Ilo mepBOMy BOIIPOCY MCCENOBAHUE CBEJIOCh K BbIYMC/IEHUsIM, 6asupyro-
LIMMCSI Ha Tak HasbiBaeMoM BropoM yciioBuu Kypokassl. [TosyueHHbIE pe3y/IbTaThl -
nepenatoyHas (byHKIIMsI, B TOM YKCJIe C apTyMEHTOM &,, - TTIOX0Xa (HO He COBMagaeT
B AETAJISAX) C KJIACCUYECKOM. JIMHEMHBIN y4acTOK JOCTATOUYHO MPOTSKEHHBINM, a pabo-
yast Touka nmpu @ =0 mocTrraercst BLIGOPOM IJIMHBI praepa.

dAo o [d, . dsing
= +I, —=L2
de 20, | de SR> an

®opmyna (11) orpaxkaer 4yBCTBUTEIBHOCTD (KPYTH3HY) IaTYMKa

$a10"

21
+ N

s L]
: : ! Qo
& . : @,

Puc.3 IlepenaTouHast pyHKIMSI aBTOOMHHOIO JaT4yuKa

HeycToitunBoCTh aBTONMHHOTO PEXHMMa CTUMYJIMPYETCS YAJIMHEHUEM pe30-
HaTtopa B COYETAHMU C OCOOEHHOCTBHIO OTPaXKeHMsI BOJHBI OT aHTeHHbI [lepBblit 13
s dexToB u3BecteH B aBroquHax KBY nuanasoHa. AHaiN3 yCTOMYMBOCTH TIPOBENEH
C IIpUBJIEYEHHUEM TPeThero ycaoBust Kypokasbl.

>
di, do do di, a3

HawubGosiee onmacHoi npeacTaBisieTcs: 4acToTa, [IJ1si KOTOPOii obliasi IJIrHa pe-
30HaTopa sABJIACTCA HCTBCprBOHHOBOfI. ,Hﬂﬂ TAKOM YaCTOThI MJia3Ma IJIaMEHU 3J1eK-
TPONPOBOAHA, aHTCHHA KOPOTKO3aMKHYTA 1 KO(DDUIIMEHT OTpaXkeHHsI OT Hee - eau-
HHLA.

Ler-12m, etz y
r ¥ =
L, +1va) - (14)
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To ectb pe3oHaTOp ropazno A0OPOTHEE U YCJIOBUSI CaMOBO30YXKIeHUsT Oosiee
6aronpusaTHEL. OIHAKO NMapUUalbHbIE OTPaKEHUs OT Mperpaz 3iech He ChasHpoBa-
HEI, YTO OTOOpakaeT BEKTOpHasi [Marpamma Ha puc.4.

Puc. 4 BekTopHble AMarpaMMbl HAMPSDKEHWI B aBTOIMHE Ha OCHOBHOM (a) 1
OIHOI M3 Mapa3uTHBIX 4acToT (0)

IMokazaHo, 4TO Mapa3uTHBIN PEXUM HEYCTOWUYMB e€civ Ipymrosas ¢aza orpa-
>KeHUsl Oosbliie In’/4‘.1’[onyquHble COOTHOIIIEHHSI YKa3bIBAIOT MyTh peaiu3aluM Ta-
KOro pexXrma BbIOOp MapaMmeTpoB: YKCJIO 3BEHbEB, KOA(MDOUIIMEHT OTpakeHUs, LI~
HbI pe3oHaTopa.

IIpoBeneHHbINi BO BTOpOIi IJ1aBe aHAIU3 B JIETEPMMHUPOBAHHOM IPUOJIIKE-
HUM TTOKasal (PyHKLIMOHAJIBHYIO OCYILECTBMMOCTh 8BTORMHHBIX n3Meputesein JIIT
TUIAMEHU, TIPUEMJIEMYIO JIMHEMHOCTD MEPENATOYHONM XapaKTEPUCTUKM, a nipy cobmo-
JIEHUU BBISIBJIEHHBIX MEP - U YCTONUUBOCTb. '

B Tpetbeli rnaBe mpoBedeHa OlIEHKA BJMSIHUS HarpeBa JaT4YMKOB Ha TOY-
HOCTb KOHTPOJISI ITapaMeTPOB.

Bo3znelictBue ramMeHu Ha paboO4yylo ITOBEPXHOCTb JaTYMKa BbI3bIBAET KOM-
IUIEKC TTOMEX, Cpelli KOTOPBIX 3PO3UsI aHTEHHBI M OCAXKAEHUE CaXXU Ha ee 110BepXHO-
CTH, DJIEKTPUYECKHE U JIEKTPOMATHUTHBIEC SIBJICHUS, a TakKe BUOpauuu. OmHako
HauOoJsiee CUJIbHAs ToMexa U Haubosiee CylleCTBeHHas MOTrPEIIHOCTh CBsI3aHa C He-
PaBHOMEDPHBIM M HECTallMOHAPHBIM HarpeBOM, MpPHU CpeaHei TemnepaType Ha OTHe-
Boit moBepxHoctu 10 600 °C u Gornee.

BoineneHbl TpU XapakKTepUCTUKU CHTYALUH;

- KBa3UCTAaTUYECKUI HarpeB 1 MOPOXKIEHHAs UM chUcTeMaTuyecKas 1o~

IPELITHOCTb. ’

GIIyKTYaUMOHHBIH Harpes, BbI3BAaHHAS UM HECTAOMIILHOCTb YaCTOTHI
Y - cJly4yaiiHas MOrpeiHOCTb.

OBICTPbIi1 HArpeB MPY UBMEHEHUU PEXMMA TOPEeHMsI, HAIpUMED MpU
cTapte, U JMHaMU4YecKasi OrpelIHOCTb.

B cootBercTBUM C IpeACTaBIEeHUMEM aBTOPa O MPOUCXOISLIMX MpoLieccax no-
CTpOEHa TeIlIO 3JIeKTpodu3uUecKast MoAesb JaTyukKa (puc. 5).
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Tennoduinvecxan mopen, 3nexTpuusckan

Mmonens

nO] []]]

Tl(‘) M‘A T;(‘;I
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A0 — :
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Puc.5 OnexTporemopusndeckas monens CBY narunka

HCHOCpCZ[CTBeHHOMy BOBﬂeﬁCTBHIO TEIUIOBOTO IMOTOXKa II0ABEP2KEHA aHTCHHA

M, A (M, -oneparop, A - 0GOGILEHHBIII TApaMETp aHTEHHBI), OT Hee IIPOrpeBacTCs

pesonarop (M yX ),rie TeruioBoit MOTOK pacrpocTpaHsieTcss BOOJL KOOPAUHATHI X,
dopmupysa TemneparypHoe nosie Ty (fu mocturas avona npu temneparype 1;{?).
Ornepatop My oTpaxaer yObIBaIOIlIee pacIipefeieHe TeMIIepaTyphl BIOJIb OCH pe-
30HaTOpa M CYTh pelleHUs] YpaBHEHUS TEIUIONPOBOTHOCTU (B CTaTHUKE) U TEIUIOIEepe-
naun (B nuHamuKe). Kaxkmplil a7eMeHT [UIMHBI HarpeBaeTcsl MO-pasHOMY, COOTBETCT-
BEHHO Pa3MYHO M3MEHEHUE JUTMHA U AUBJICKTPUICCKOM TTPOHUIIAEMOCTH; COBOKYII-
HBII pe3y/IbTaT HarpeBa OLICHMBAETCS MHTETPAIbHBIM orepatopoM MS M TemIiepa-
typubiMu koadduimentamu K, n B,. YureHo nsMeHeHune MoMepedHbIX pa3sMepoB

pesonaropa (M, u M), a Takxe emkocTb muona (dC 1dT ). Dnexrpuueckue ore-

TO CUTrHaJia, BbI3BAHHOI'O Harp€BOM; 3TU OIIE€PATOPbL HaﬁﬂeHbI BIIL.2.

B stom pas3acie nucceprauivm CoOCTaBJICHA Ta6.TH/IL[a QJIEKTPUYECKUX U TCILIIO-
(I)M3H‘{CCKI/IX CBOICTB Mar€puaioB, pPEKOMCHAYEMbBIX 1)1 KOHCTPYKIIMU JATYUKOB.

OCTEUH)HYIO YacTh V1.3 COCTaBIISIET OTBhICKAHUE OII€paropoB M IIpn Ccratu-
4ecKOM, QUIYKTYaUHOHHOM 1 GBICTPOM Harpese.

B cratuke antenHa HarpeBacTcsda o0 TEMIIEpATyphbl T . PaCHpeHeHeHI/Ie TEM-
repaTyphl 10 AJIMHE PE3OHATOPA.

AT, {4, exp (mx )+ A, exp {- mx )}
T(x)=T,+ (15)
H]
{1 — n)exp (mL)




rae na, 7 - koahGULUUEHTl TEIUIo0TAauM BOBHE, ATy, =

13

OCTaHOBUMCS Ha TEMIIEPAType IUOMA:

)= T,+AT,[cKmD < T, ~(70.80°C- 510 yci0Bre (DYHKLUMOHNPOBAHYIS 1aT-
yuka. PacueTHble 3HaUEHUs HarpeBa 1MoMa IIpUBeAeHbI B Ta0u. 1. B BepxHeii yacTu
TaGJIMLbI IPUBEAEHBI JATYNKU C PE3OHATOPAMM TPAAMLIMOHHOM KOHCTPYKLIMU, HO C
pasIMyHOI TOMIMHON CTEHOK, U C IM3IEKTPUYECKUM 3arloJIHeHeM. B HuxKHel ro-
JIOBUHE TaOJIMLIbI PE30HATOpA M3 AUAJIEKTPUKA C TOHKUM (TOJILMHON CKUH-CIIOS
4.... 10 Mxm) nokpertrem. JUIs Terio3aluThl AMOIa CYILECTBEHHOE 3HAYEHUE UMEET
npumenenue M3P, nossonsioree ysenuuurs ainHy pesonaropa L, He cHuxast pabo-

Yyl0 4YacToTy.

T,-T, A

2 = (l + n)exp(ZF mL)

¢ @ \
T o T I
" P i oL
. 1 ] 1 1 L}
N e T Pt
. N Teealdl > ! I o
T \3 s B NG ST [
- ST i e
1 [, ' i Poros
; ; L
L
{4 &

a

Puc.5 3aBucMMOCTb HarpeBa Iuoaa OT MaTepUaioB pe3oHaTopa ¢
npeobiagaHueM B KOHCTPYKLIMM METATMYECKUX (a) ¥ AUBJISKTpUYEeCKUX (0) neraneit

Martepuaist m(-l—] ch(mL) | T mpuT =600° | besonackas wuna pe-
M 30HaTOpa MM
Mens* 6...9 1,2...1,4 430 500
Mens*™ 15...22]1 2,4...4,6 170 150
Tutan® 14...21 2,2...4,1 190 170
Turan™ 28...40 7.4...27 35 65
Candup 31...46 11...50 10 <50
KBapi1 miasie-
HbIit 80...120 >10° <1 -
KBapu nopuctblii
200...300 >10° <107 -
Tabmuua 1

KBasucratnyeckoe TeMIIEpaTypHOE CMEIEHWE 4YacTOThl OT IMPOHAOJIBHOIO

paclIUpeHus pe30HaTopa COCTaBJISIET:
Bexpnd
@ty + o) 2l

OT MOMEPEYHOro PACIIUPEHUS:

(16)
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a=S . Nsh_(aL)
E]?P alch (@L)- (y,/dsh (@L) ' (17)

e &s) - JEKTPUYECKUE TOCTOAHHEBIE PACTIPOCTPAHEHUA U 3aTyXaHW,

1. 1+8T
=—4-ln-i-;—£_(-1£)~ wiw  N=MA,T,T(L}], C - ckopocTb cBera, CMelIeHHE OT Ha-

rpeBa IMoJa M aHTEHHbI TpeAcTaBlIeHbl rpadguuecku puc. (0):

—A
Puc.6 CMmellieHrie YacTOThI TeHepaLyu TPY CTATUYECKOM HAarpeBe pe30oHaTopa
Takum 0o0pasoM, HarpeB O4YeHb CYIIECTBEHHO M3MEHSET CPEIHIOI JacToTy,
cucTeMaTiJecKast TIOTPEITHOCTh BENHKa, HO MOXET OBbITh Y4TeHa, ITOCKOJbKY T, 13-

BECTHA.
Ina maTunka ¢ M3P BmsiHMe HarpeBa aHTEHHBI Ha YaCTOTY C POCTOM 4YHCTIa

3BEHBEB OCJTA0JICHO HECYIICCTBEHHO, OCTAIbHEBIC (PAKTOPHI OC/TIA0JICHBI CYIIECTBEHHO,
YTO YIIPOIIAET YIET CUCTEMATHIECKOM MOrPEIIHOCTH (pHC.7).
T +

- 400 [ ~ [T we
\\‘ \s\s
- Na >~
N o) NSo~-
i ~ ™ 10 N -
107 S el ST .- H=8
*a - Nt T
~ - -
~ - ey e N4
b hd
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Puc.7 3aBrcMMOCT YaCcTOTHI JaTYMKA OT TEMIIEPATyPhI IIPY Pa3HOM YHUCIIe
3BeHbeB B M3P; BIMsiHUE aHTEHHBI (a), YIJTMHEHMS pe30HaTopa A, U UBMEHEH WS 11 -
3JIEKTPUYECKOM MPOHULIAEMOCTH 4, (0).

B oTyume ot cTaTIYecKoro ciydast IpH GIyKTYauHOHHOM HarpeBe H30Tep-
MUYECKHE ITOBEPXHOCTH CMEINAIOTCS, B TeJIe JaTYMKA PacIIpOCTPaHSIOTCS TeMIIepa-
TYPHBIE BOJTHBL 3aKOH PaCIIPOCTPAHCHMSI BOJTHBI j=TOA YaCTOTHI.
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T(xf) I xexp(—pjx)ooiﬂ-—(pjx-i-y ,’)]= ‘
JV, +27‘5’-(1+%—£)
. a
=T(x,0)=T-&(p)-F(p,x)- K, p,x.1), (18)

rne p =€/ 2a(l/ M)- nocrosiHHas 3aTyxaHMs1, OHA e MOCTOSIHHASI PACTIPOCTPaHE-
HUS1 (BOJTHOBOE YMCJIO) a - KO3(MDULIMEHT TeMITepaTyponpoBOHOCTH, H - koadhduim-
eHT TEIUIOOTIauN OT OTHEBOIl MOBEPXHOCTH, Wy — arccig(l+H/p).

Taxkum 006pazoM, UMEIOT MECTO CKauKU aMILUIUTYIbl U ¢a3bl TeMIIepaTypHOI
BOJIHBI Ha TpaHULIEe CPpell, 3aTyXaHue BOJHBI M pa3Hask CKOPOCTh PacHpOCTPAHEHUSI
BOJIH pa3/IMYHbIX YaCTOT.

HcxonHslii criektp mpouecca Ty{f) NOCTATOMHO MMPOK, HO B HU3KOYACTOT-
Hoit (< 1 T'11) yacTu (bayKTyaluu MOoaBIeHbl AeCTBUEM CUCTEMBI ypaBieHus: TAY.
C apyroit CTopoHbI MO Mepe pacIpoCTpaHEeHUsI B Tejle JaTuuKa OoJiee CYIECTBEHHO-
My TOJABJICHUIO MOIBEPraeTcsl BLICOKOYACTOTHAS JyacTh (IYKTYAIHOHHOTO CrIeKTpa.
Teno marurka padoTaer Kak (puJIbTp HUXKHUX YacToT. bosee Bcero Ha KoadduLmeHT
(GuIbTpalUK BIMSIET TEMITepaTyporpoBoAHOCTb. KoadduiireHTsl duabTpauuu ais
aHTEHHBI U_pE30HATOPa COOTBETCTBEHHO PaBHbI D(p)u

= e L

1in 19)
eéqu[p(ﬁ),m,n]=mipx{l—mq{$(mi P Pexptemd
NEAT N W)
{zpad / I'y}
50 - n:\
A1 : N\
i/
AY
IS N
10 /’ : N
< /}L\- . ) .
10° 1 10 iy
2

Puc.8 CnexkrpaiibHble TUIOTHOCTH TEMIEPATYPHBIX (IyKTyallMu B pe3oHaTope
N aHTCHHE
M3MeHeHMe MOIepeyHbIX Pa3MEepPOB U MO BIMSIOT Ha 3TOT MPOLIECC HECy-
mectBeHHo. Ha puc.8 mokazaHbl crnekTpbl (UIyKTyallid MCXOMHOM TeMIlepaTypbl
rutaMeHu (Kpusast 4) , a Takke aHTeHHbI (1), 1 Pe30HaTOPOB U3 IJIABJIEHOTO (2) U TTo-
puctoro (3) kBapla.
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TIpu OTBICKAHWU PE3YJIBTUPYIONIEH CTIEKTPATBHOM TIOTHOCTH S/ (Q) ydreHa

KOPPEJISIIvsI CITyJaifHBIX TIPOLIECCOB B aHTeHHe W pe3oHatope. [1o rpy6oii olleHKe KO-
3 GULMEHT KOPPESILINN:

By, ”ﬂzexpl-Z(f—l)]"iexp[—%]wﬁ (20)

rat
R= % - YKCJIO BOJMH j~TOK YacTOTHI O [UTMHE pe3oBaTopa. OrpeieicHHYIO POJib B
/

HECTaOMJILHOCTU YaCTOThI RaTYHKa, TO SCTb U CJTy‘IafIHOfI NOrp€IHOCTU UIpacT aH-
TEHHA, YTO OINPCACIIACT OAHO M3 ITTaBHbIX HaHpElBJ[eHI/Iﬁ COBEPIICHCTBOBaHMS TETLIO~
3alIUTHBIX CBOMCTB 1aTYMKa.

YerBepTast T1aBa MOCBSIEHA Pa3pabOTKe TEPMOCTONKHMX MATIYMKOB U IKC-
TIEPUMEHTY.

Ipu pa3paboTKe CTaBWINCH IBE 3a1aqu:

. CHIDKeHHUE GAYKTYaIMOHHOHK rorpeiHocTy,
. TTOBBIIIIEHNE HAIEXXHOCTU KOHTPOJSI TIyTeM YJIydIlleHUsI TeTUTO3aIUThI
IO,

B nononHeHue K ucrnonb3oBaHuio M3P 3nech paccMoTpeHO ellle ABa TeXHU-
YECKUX TIPEUTOXKESHUS: )

- TepMOKOMIeHcHpoBasHas onmeraumueckast KITIA.

- BBITTOJTHEHWE CWJIOBBIX JIEMEHTOB KOHCTPYKIIMM AATYMKA W3 TIOPUCTHIX JIU-

2JIEKTPUKOB.

IepBoe mpemioxkeHWe pa3BUBAET UICI0 U3BECTHOUM OMMETAITMYEeCKO aHTeH-
Hbl. Ero ¢um3nyeckast ocHOBa COCTOMT B TOM, YTO JJIMHA U LIMPVIHA LU IPU Harpe-
Be M3MEHSIOT 2JIEKTpUUYeCKUe TTapaMeTphbl B TIPOTUBOIIONIOXHbBIE CTOPOHBI. B npoTo-
TUTIE 3TO CHETAHO IS COTJIACOBAHHOI aHTEHHBI U Pe3yJIbTaT MPECTaBlieH KOHKPET-
HBIM YMCJIOBBIM COOTHOIIICHUEM.

B Haurem ciydae crabuamsupyercsi Koap@ULMEeHT OTpakeHUsl OT HECOraaco-
BaHHOU aHTEHHBI, 2 COOTHOIIICHUST HAliJICHBI B OOIIIEM BUIE.

DopmynpoBKa 3a1aun: U3MEHEHNEe BEIIeCTBEHHOI M MHUMOI YacTeil Koad-
dunreHTa oTpakeHUs He MOJIKHBI MPEBHIIIATh TOMTyCTUMBIX, TP 3TOM Bapbupye-
MbIe TtTapamMeTpsl - K, JieXaT B eCTECTBEHHBIX Tpeiesiax Uil JIEKTPOTEXHUIECKUX
METaJUIOB U CITIABOB.

|dt"/dT| < 5 = DjaT

—-—-dR;;{T)ss. " “dlﬂr)s@. @1

Tocrne oncTaHOBKYM paHee HalIEeHHBIX 3HAUYeHU KO3 UIMEeHTa OTpaskeHUsT
I (1) ycmoBre TepMOKOMIIEHCAIIMY CBEICHO K CHICTEMe HEPaBEHCTB:

YK =6y + 4 <K, < YK, + 83 + 44y
Y, 2 Y,
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YK\ =84+t YK, +8, + 1y
Y, £K; < v, (22)

K..sK,sK,.,

Yl,) = Rlvz,i t R:‘sgi,: s Ys,d = —-R,VL, + a’z&'fu .
R 3(OM/rpan) - byHKUMM 2JIEKTPUYECKUX TPOBOAMMOCTEH aHTEHHBI, BXOLALIMX B
KO3(PULUMEHT OTPaXKEHUs, ¥, (6e3pasMepHa) - DYHKUMSI KOHCTPYKTUBHBIX ITapameT-
POB aHTEHHBI, &,,- NPUBEICHHBIE IOMYCTUMBIC TMOTPEITHOCTH, M- ITOIPEIIHOCTH

TelinopoBckoro npubmkeHus, K,,- KO3(hOUIMEHTbI JHMHEHHOTO PacIIMPEHM,

K s K e = TDAaHUUHDBIC 3HAYEHHA KO(DGHULIMEHTOB [1J1S1 OTHECTOMKUX M 9KOHOMUYE-

CKU JOCTYITHBIX 3JIEKTPOMEXaHUYECKUX METALIOB.

PesynbraThl pellieHUs1 HEpaBEeHCTB IpeacTaBieHbl rpaduyecku (puc.9) Ha Tpex
ocax ¢ apryMeHToM K, , paspelleHHble HEepaBeHCTBOM (22) 00JacTy BblAEIEHbI
IITPUXOBKOM (KpacHOM M CHUHEIT) U XKeJThIM 1BeToM. O0acTh nmepeceyeHus: Tpex He-
paBeHCTB (TO eCTb €€ pelleHre) MMeeT BOJIHUCTYIO INTPUXOBKY, HaJM4ue MeTajlia
(cruaBa) ¢ K, B 9TOi 00JACTH CO3MAET BO3MOXKHOCTh MOCTPOSHUSI TEPMOKOMIIEHCH -
pPOBaHHOI aHTEHHbI CO 3HAYMTEIbHBIM I PABHOMEPHBIM 110 YaCTOTHOMY IHAra30Hy
cHIKeHMeM (IYKTYalHOHHOM rorpeHoct. PacyeTHble TPUMEDDI MOATBEPKIAIOT
pean3yeMOCTh aHTeHHbI, KOCBEHHO 3TO IMOATBEPKICHO M CYIIECTBOBaHMEM HpPOTO-

TUIIA. )
YKy Y| YK,

v v Y, K
7SRRI
/ AR NN
7 N K
?Y,K.-&.: YK YKss,
v, ~ Y, 7V, :
e ¥

0 e (Ke ) |

L}
Puc.9 I'padprueckoe peliieHrue CUCTeMbl HEPAaBEHCTB

Jpyroii 3amayeil TErUIO3alllMThI SIBJSIETCS TOCTPOEHHE pe3oHaropa. 31ech
nonodop MaTepuaoB UCXOIUT U3 IBYX TPeOOBaHMIA:

- Terio3allyTa 11oaa,

- CHUZKEHUE YPOBHS (hJIyKTyalluH YacTOThbI, 0COOEHHO B OKPECTHOCTH ECSIT-

KOB Tepil.

OIHOBPEMEHHO OlIEHeHa KOHCTPYKIIMSI pE30HATOPa B BUIE TURJIEKTPUIECKO-
ro OpycKa WIM CTepXKHsI C HalbUICHHBIMU TPOBOMSIIMMU ITOBEPXHOCTIMU (3IECh
MPUIIUIOCH TOTIOJHUTh aHAJIU3 IJIaBbl 3), TOJIIMHA KOTOPHIX B MOJAOOHBIX TEXHUYE-
CKUX PEIICHUSIX PaBHA WIM HECKOJIBKO MPEBBIIIAET TOIIIMHY CKUH CJIOS.
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KpI/YTCpI/ICM JOCTAaTOYHOCTH TEIUIO3AlIUTBI BbI6paHO npousBenaeHue A€, no-

CKOJIbKY TEIUIOIPOBOAHOCTb U JUIJICKTPUYECKAA IMPOHUIIAEMOCTb BJIMAKOT Ha JIJIMHY
TIPOTUBOITOJIO>KHO.

a‘ti

e 8‘Rl:""""'~"’7}'(A Toi /AT e )]:L )
aC

"5 SRGN JarcoW AT, /AT, @9

raoe ATy =(T; "To)’ AT = (TM 'To)

Hawunyuime nokasartenu y MOpUCTBIX KepaMUK U cTekosl. HarbuieHHbIi npo-
BOIHUK TOJIIIIMHOM B CKMH-CJIOM CIIOCOOCTBYET (XOTSI M B HEOOJIBIIION CTEIIEHN) POCTY
TEIJIONEPEeHOCca, UTO YKECTOYAaeT 3TU COOTHOLUEeHWsl Ha 5...10% . Bemrpei xe y
TPamTULIMOHHBIX KOHCTPYKIIMIA IT0 TeMIIepaType Auoia — 6ojiee COTHU TPaaycoB.

OnyKTyalHOHHas TeMIiepaTypHasi BOJTHA B TAKOM PE30HATOPE OCIabisieTcsl B
crotbicsia paz ipu f =1 Tuu X=1cm.

B peasibHO OCyIIIECTBIEHHYIO IIPOrpaMMy SKCITepYMEHTA BOIIIN STAIlbl:

- M3TOTOBJICHUE W OIPOOOBAaHKE IBYX JAaTYMKOB, MOIU(UKAIMS ra30BOii Fo-

PEJIKM, OLEHKAa TPOCTPAHCTBEHHOM YYBCTBUTENLHOCTM JAaTdmKa (OIvKHel

30HbI AHTEHHBbI).

- VBMEpEeHUE <«XOJIONHOW» YYBCTBUTEIBHOCTH, T.e. KPYTH3HBI I€pPeIaTOYHOI

XapaKTePUCTUKM.

-'"HCCIeIOBaHUE paboyeil XxapaKTeprCTUKU.

- OlICHKA 3aBHCHMOCTH YaCTOThI OT TeMITEPaTypPhbL.

ITpoctpaHcTBeHHas1 00JaCTh KOHTPOJISI AOCTUMIAaeT OCU (IUIAMEHHOIO) Topsi-
IIIEr0 MOTOKa.

YyBCTBUTEIFHOCTD JaTYMKa HECKOJIBKO HIDKE, YeM B pe3yJibTaTax IpemdiecT-
BeHHUKa (A.Ua6aapoB).

IIpu mccmenoBaHUM TEIUIOCTOMKOCTH M3MEHEHNE TeMIlepaTyphl JaTyvKa JI0C-
TUTAJIOCh M3MEHEHWEM pexkrMa ropeHust. TemIiiepaTypa CTEHKH KaMmepbl, KOHTPOJIM-
pyemasi TepMoAaTIYMKOM, Jjexana B auanazoHe oT 400 mo 2500C. JIaTyuK coXpaHWI
paboTOCIIOCOOHOCTh, KOTOpasi OTMeYaIach IO PeakIIMK Ha BIPHICK B IIaMsI IIOPOIIKA
ATIOMUHMUSL.

3. OCHOBHBIE BbIBO/IbI

1. YcraHOBIEHBI aHATUTUYECKKE 3aBUCUMOCTH, CBSI3BIBAIOIIME MCXOMHBIA KOC-
BEHHBII TTapaMeTp AUBJIEKTPUIECKYIO MPOHULIAEMOCTD «XOJIOAHOIO» JATYMKA C 4ac-
TOTOM BBIXOIHOIO CHTHAMA, TO €CTh HaiileHa nepemaTouHast (hyHKIUsI AaTdyuka. Pe-
3yJIbTATHI HAXOASATCS B COIIACHUM C PaHee MPOAEaHHBIMUA U TMOJTyYEHHBIMU B TaHHOM
paboTe 3KCIEPUMEHTATIbHBIMU UCCIEIOBAHUSIMU. JlaTYNK O0OECIIeYnBaeT BEICOKHIA
YPOBEHb CUTHaJIA (IO MOIIHOCTH), HEOOXOAUMBII IUHAMWYECKUI TUATIA30H 110 BXO-
Iy U BBIXOLY.

OrnpeesieHbl YCIOBHS YCTOMYMBOCTU PaboUyero pexuma. BBUmy KOHKYpPEHLIMU
OCHOBHOTO U psiia Tapa3sUTHBIX PEXXUMOB reHepaluu (Kak ¢ 60j1ee BHICOKUMU, TaK K
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¢ Oosee HUBKUMMU YaCTOTAMM) MEPHI IO O0ECIICUECHUIO YCTOMYMBOCTUA COTIPSDKEHBI C
MOAaBJIEHUEM TTOCTICTHUX.

2. BoIsIBIIEHBI 1 ONMMCAHBI CTPYKTYpa TeMIEPaTypHBIX ITOJIe 1 MeXaHU3MBbl BO3-
NEACTBUSI HAa U3MEPUTENbHBIA CUIHAJI CTaTMYECKOro, (NYKTYallHOHHOTO U IMHAMM-
YeCcKOro Harpesa.

3. AHanu3 TO3BOJIMI TIPEIIOKUTh MEPHI, @ SKCIIEPUMEHT MOATBEPIAWI, YTO COBO-
KYITHOCTh TIPENJIOKEHHBIX Mep OO0eCIeYMBaeT TEIUIO3AIMTy TeHEPaTOPHOTO IHUOoma
(mmoma TaHHR) Ipy HarpeBe OTHEBOI IMOBEPXHOCTH JaTYMKa A0 TeMIleparyp Oornee
1000 °C.

CucremaTnyeckasl TeMIIepaTypHasi TTOTPElTHOCTh B KBa3UCTATMYECKOM PEKHME
TOpEHMST OYeHb BeJIMKA (10 HECKOJIBKUX MPOIEHTOB) OHAa MOXET OBITh yUTeHa IIpU
BTOPUYHOM 00pabOTKe CHTHaJIa ¢ MCIOJIL30BaHUEM YCTAaHOBJIEHHBIX B paboTe aHAIM-
TUYECKUX 3aBUCUMOCTEIA.

OnyKkTyailMoHHas, TO €CThb CIJIy4aiiHasl, MOTrPEIIHOCTh MMEET CrelundUIecKui
criekTp. B HeMm MHQPaHH3KOUACTOTHBIE (QIIYKTyalluM MOIABJICHBI aBTOMAaTHKOI 3HEp-
TeTUIECKON YCTAaHOBKM, a 0ojieeé BBICOKOYACTOTHBIC (IECSITKM TepIl) - TETUIOBOM
WHEPIIMOHHOCTBIO Tejla JaTdyvka. [IpemioskeHbl KOHCTPYKTUBHBIE MEpbI, WCITONb-
3YIOIIME TOCIICHEEe CBOMCTBO LISl MAJLHEHIIETO CHIDKEHUS (hIyKTyalldH.

JnHamMu4ecKasi TIOTPEITHOCTh MPOSIBIIIETCS MPU TUIAHOBOM WM3MEHEHMH DPeKrMa
SHEPreTUYECKOl yCTaHOBKM. Ee BelMMuMHa M TIPOIODKUTEILHOCTh BO BpPEMEHU 3a-
TpyaHsioT mpuMeHeHne CBY patynkoB npu 3ammycke DY

4. TIpemiokeH yCOBepUICHCTBOBAHHBIN aBTOAWHHBIN 1aTUVK Ui BHYTPU Kamep-
HOU TMarHOCTUKMU IJIaMEH B SHEPTUUECKUX YCTAHOBKaX, B uactHocth, B BPI u KPP,
Ero koHCTpyKuMs BKIIHOUaeT OMMETAIUIMYECKYIO aHTEHHY M MHOTO3BEHHBINM pe30Ha- -
Top. CchopMympoBaHbl TpeOOBaHUS K MCMOIb3yeMbIM B KOHCTPYKIIMHU 3JIEKTPOTEX-
HHMYECKHM MaTepuaiaM. BBIIBMHYTBI IPEIIOXKEHMS MO KOHCTPYKTUBHBIM MOMU(DU-
KalMsIM JaTYUKOB [Tl MPWMEHEHUsT MX NPU KOHTPOJIE TEXHOJIOTMYECKHX MPOLIECCOB
B METAJUTyPrHU, MOTOKOBBIX XMMMYECKUX TPOIIECCOB, TOJIIMHBI M KayecTBa ITOJIM-
MEpHBIX TUIEHOK W CTEHOK TpYO B Ipollecce WX M3TOTOBJIEHUS TTPU BBICOKUX TEMITe-
parypax.
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