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AHHOmauyus - MNMpuBeneHsl pesynbTathl paspaboTkm
nsmeputens 4OGPOTHOCTEN U Pe30HaHCHbIX 4acToT pe-
30HATOPHbIX CTPYKTYP MWMNMMETPOBOrO AuanasoHa. B
n3MepuTene peanusoBaHbl [Ba BapuaHTa W3MEpPEHWH:
Py4YyHON — C BM3yarbHbIM OMpeaeneHnemM UCKOMbIX na-
paMeTpoB MO ocuunnorpaMmMme, U MonyaBTOMaTU4eCKUN
— C oundpoBKON MHPOPMALMOHHOIO CUrHana u nocrne-
ayiollen ero nporpammHor 06paboTkon 1 3anoMmHaHm-
eM C noMoLblo LmdpoBoro ocuunnorpada, conpsirae-
MOFO C KOMMbIOTEPOM.

|. BBegeHue

Mpu pa3spaboTke u HaCTPOWKE W3MEPUTENbHbIX U
3KCNepUMEHTarbHbIX YCTPONCTB N CUCTEM MUKPOBOJSTHO-
BOro AuanasoHa 4OBOMbHO 4acTo BO3HMKaeT Heobxoau-
MOCTb B OnpeAeneHun amnnuMTygHO-4acTOTHBIX Xapak-
TepucTuk (AYX) anemeHTOB 1 y3noB, KOTOPbIE WCMOMb-
3yloTCs Npy ux nocTpoeHun. OBbIYHO TakMe n3mMepeHusi
npoussoaaTcs ¢ nomolubio CBY naHopamHbIX M3mepu-
Tenen k.c.e. n A4X [1, 2] unm npubopamu TMna ceTeBbIX
BEKTOPHbIX aHanu3aTtopos [3]. OgHako, Takme npubopsl,
BO-NepBbIX, AOCTATOYHO rPOMO3AKU, BO-BTOPLIX, Tpeby-
0T AOMOMHUTENbHBIX HACTPOEK AN COrnacoBaHus ane-
MEHTOB N3MEPUTENBHON CXEMbl, U, HAKOHEL,, B-TPETbUX,
He Bcerfa AOCTYMNHbI B HacTosLwee Bpems. Kpome Toro,
B OONbLUMHCTBE MPaKTMYECKMX CryYyaeB HeT Heobxoau-
MOCTM B BbICOKOTOYHOM onpegeneHun AYX tecTtupye-
MbIX 3NIEMEHTOB M CO34aHWMU OIS 3TOr0 CTauMOHapHbIX
3KCNepUMEHTArbHbIX YCTaHOBOK.

Llenbio paHHoM paboTbl sBnsieTcs paspaboTka
KOMMAKTHOrO yCTponcTBa Anst uamepeHusa AYX anemeH-
ToB 1 y3noB CBY Tpakta pesoHaTOpHOro tuna, no3so-
NSOLLEro Npou3BoAWTb yKa3aHHble U3MepeHus ¢ gocTa-
TOYHOWN A1 MPAKTUYECKMX HYXKL TOHYHOCTBHO.

II. OcHoBHas yacTb

[na peanusaunn nsameputenbHOro ycTpomcTea uc-
nornb3oBanacb TMMNOBasA CXemMa M3MepeHUs amnmMTygHo-
YACTOTHbLIX XapakTEPUCTMK C MPOXOAHBLIM BKITOYEHVEM
uccnegyemoro obwekta (puc.1). B coctaB nsameputens-
HOro ycTpomncTBa BXoasT: nsmeputensHein CBY reHepa-
Top 1 c 6riokoM nuTaHus reHepaTopa B 2, perynupy-
eMbl aTTeHoaTop 3, GeppuToBblie BEHTUNN 4, pe3oHa-
TOPHbIN YacTOTOMEpP Ha OCHOBE NepecTpavBaemMoro Bbl-
cokofobpoTHOro o6bemHoro pesoHatopa 5, uccnenye-
mbii 06bekT NO 6, CBY petektop 7, namepuTenbHbIn
npuoop UMM 8, reHepatop curHanos ynpasnexHus FCY 9.

OCHOBHbIM 3N1EMEHTOM, OMNpPeaensALMM BO3MOX-
HOCTU ycTponcTBa usMepeHus AYX, senaetcs nsmepu-
TenbHbIn CBY reHepaTtop. B kayectBe namepuTenbHOro
reHepaTtopa Mcnonb3oBarncs reHepatop Ha guoge (aHHa
C 3NEKTPUYECKON MNEPECTPOMKON 4acToTbl pa3paboTku
HMN® “NEKNC” (r. Knes). NeHepaTop nepecTtpauBancs B
npegenax 3,15 My (34,35...37,5 Tu). MNMpu aTom 3aBu-
cumocTb fr (Uynp) HOCUT CUNBHO BbIPaXEHHbIN HENMHEN-
HbI XapakTep, BbIXOAHAs MOLLHOCTb P Takke CUNbHO
MeHsieTCs B npegenax pabodvero guanasoHa 4acToT.

EcrtectBeHHO, Takon BuA 3aBUcMMOCTeN OyadeT npuBo-
ONTb K UCKaxkeHnio hopmMbl oTobpaxaemon AYX n npu-
BOAUTb K YBENMYEHMIO MOTPELLUHOCTEN U3MEPEHNIA.
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Puc.1 CmpykmypHas cxema ycmpoticmea
Fig. 1 Block diagramme of the device

[na ycTpaHeHus HenUHEeMHOCTW 4YaCTOTHOW nepe-
CTPOViKM reHepaTopa 6bino paspaboTaH reHepaTop UM-
nynbCoB crneunansHon OopMbl, KOTOPbIN opmupyeT
curHanbl ynpaerneHusi nepecTpoeyHbiM ANOAOM reHepa-
TOpa, MO3BOMSOWME KOMMEHCUMPOBATb HENMMHENHOCTb
€ro YacToTHOWN pa3BepTKM.

VMcnonb3oBaHne reHepaTtopa WMMMYnbCOB Cheuun-
anbHow cpopmebl B kavecTtBe 'CY (cm. puc.1) nossonuno
nHeapuamposaTb 3aBMCUMOCTb fr (Uynp) 3MepuTensHo-
ro CBY reHepatopa (puc.2). 3aBUCMMOCTb MOLLHOCTU
CUrHama reHepaTopa OT 4acTOTbl, MONy4YeHHas npu
3TOM, NpuBegeHa Ha puc.3.

38 T T

f, Ty 4

36

35

3 1 1
0 10 20 y,B 30

Puc.2 3asucumocms . (Uynp) nocne nuHeapusayuu
Fig. 2 Dependence f. (Uyqp) after linearization
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Puc.3 3asucumocme P; (f;) ¢ Memkol om pe3oHaHCHO20
yacmomomepa
Fig. 3 Dependence P; (f;) with a label from a resonant
frequency meter



Mpouecc namepeHna AYX B pydyHOM pexume ocy-
LLecTBISieTCS cnegyrowmm obpasoMm (puc.1): ¢ nomo-
wbto CY npousBoouTcs nepuopmyeckas nepectpovika
yactoTel uameputensHoro CBY reHepaTopa B guana-
30He ero paboymx 4acToT U OLHOBPEMEHHAsA CUHXPOHU-
3aumsa passepTkn UM, B kayecTBe KOTOPOro MoxeT BbiTb
ucnonb3oBaH ocuunnorpad. B pesynbrate Ha akpaHe
ocumnnorpadga dopmupyetca mnsobpaxenne AYX uc-
cnepyemoro obbekra. MNpuaska AYX K 4acTOTHOW ocu
OCYLLECTBNSETCA C MOMOLLbIO MepemMeLlaemMon 4acToT-
HOM METKM OT nepecTpanBaemMoro pe3oHaTtopa 4acToTo-
mepa.

B0O3MOXHOCTU M3MeEpPUTENBHOIO YCTPOWCTBA Cylue-
CTBEHHO PAaCLUMPAIOTCA W MOrPELUHOCTM  U3MEPEHUN
CHMXaKTCHA Npy ncnonb3oBaHumn B kadectse UMM umdpo-
BOro ocuunnorpada, conpsaraemMoro ¢ KOMMNbITEPOM
(MK).

[Mpn namepeHnsx wmcnonb3osanca LUMpPOBON OC-
uunnorpadg mapkn DS5152MA dupmbl Rigol.

[pumMeHeHne B n3aMepuTenbHOM CxeMe LndpoBOro
ocuunnorpadga COBMECTHO C KOMMbIOTEPOM M COOTBET-
CTBYIOLUMM MporpamMmmHbiM obecnevyeHvem no3Bonser:
nNpoBOAUTL KannMbpoBKy pasBepTKM B 3Ha4YEHWsX 4acTo-
Thbl; BbIAENATb U U3MEHATb MacwTab OTAeNbHbIX y4acT-
KOB YacTOTHOM pasBepTKW; NPOBOAWTb HOPMUPOBKY
oTobpakaemow aMNNNTYQHOW XapaKTePUCTUKN C Y4ETOM
HEpPaBHOMEPHOCTU BbIXOOHOW XapaKTepPUCTUKU U3MeEpU-
TeneHoro CBY reHepatopa; ¢ ncrnonb3oBaHMEM [OMOI-
HUTENbHON 06paboTKM NEPBUYHBLIX CUIHANoOB MpU MUC-
CNefoBaHWM PE30HAHCHBIX 3NEeMEHTOB NonyyaTb WH-
dopmaumio HENOCPEACTBEHHO O 3HAYEHUSIX PE30HaHC-
HOWM YacToTbl N OBPOTHOCTM (MPY HEOBXOOUMOCTU — UX
N3MEHEHUsX); COXPaHATb pesynbTaTbl WU3MEPEeHui B
undpoBor copme ans nocriegytowern obpabotkn u
CpaBHEHUS.

Ons  oueHKn BO3MOXHOCTEW pa3paboTaHHOro
ycTponcTBa no Busyanusauum AYX un onpegeneHuio
[obpoTHOCTM pe3oHaTopoB ObINM NpoBeAeHbl CpaBHU-
TeNbHbIE U3MEPEHNS XapaKTEPUCTUK HECKOTNbKMX pe3o-
HaToOpPOB C €ro NMOMOLLbIO U C MOMOLLbI BEKTOPHOTO Ce-
TeBoro aHanm3atopa NA 5230A dupmbl Agilent.

MuHMManbHblE 3HAYEeHUs U3MEPSIEMbIX 3HAYEHUN
[O0OpOTHOCTM COCTaBMSAT BEMUYMHY Nopsiaka HECKOSb-
KMX [IECATKOB M ONpPeaensanTCcs BO3MOXHOCTbIO BbisiBre-
HUSi Pe30HaHCHbIX KpMBbLIX HAa hoHe cobcTBeHHONM AYX
N3MepuTenNbHOro TpakTta. MakcumanbHble 3HaveHus
n3Mepsembix AOOPOTHOCTEN COCTaBNSAT BENIUYUHY MO-
psSiAKa HECKOMNbKMX ThICAY U ONpeaensloTcs BO3MOXHO-
CTblO pmKcaumMm MeTKM OT PEe30HaHCHOro yactoTomepa
npu NpoBeAEeHNV onepaLnn CONnoCTaBrneHNss BPEMEHHON
LKanbl pa3BepTky ocumnnorpada ¢ 4aCTOTHOW LUKanoMn.

[1l. 3aknrouyeHue

PaspaboTtaH u3amepuTenb OobpoTHOCTEW M peso-
HaHCHbIX YaCcTOT PE30HATOPHbLIX CTPYKTYp 8-Mu Munnu-
MeTpoBOro AuanasoHa. B unsmeputene peanvsosaHbl
ABa BapuaHTa W3MEPEHWN: PyYHOW — C BU3yarbHbIM
onpefeneHMemM MWCKOMbIX MapamMeTpoB MO  OCLUUNIO-
rpamMmme, n nonyasTOMaTUY4ECKUA — C OLUMAPOBKON WH-
opmMaLMOHHOrO curHana u nocneayowen ero npo-
rpaMmHoO 0OpaboTKOM U 3aNOMMHAHUEM C MOMOLLBIO
undposoro ocuunnorpada, conpsraemoro ¢ KoMnboTe-
poMm.

PaspaboTtaHHbIi 13meputens nos3BonsieT onepa-
TUBHO M 3(PPEKTUBHO NPON3BOAUTL U3MEPEHUS Xapak-
TEPUCTUK PE30HATOPHbIX CTPYKTYpP C AOCTATOMHOW Ans
NPaKTUYECKMX HYX TOYHOCTbIO.
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Abstract — Results of the development of the meter for qualities
and resonant frequencies resonator structures of a millimeter
range are represented. In a meter two variants of measure-
ments are realized: manual - with visual definition of required
parametres under the oscillogram, and semi-automatic - with
transformation of an information signal at the digital and its
subsequent program processing and storing by means of the
digital oscilloscope interfaced to the computer.

I. Introduction

By working out and adjustment of measuring and experi-
mental devices and systems of a microwave range often there
is a necessity for definition of amplitude-frequency characteris-
tics (AFC) elements which are used at their construction.

The purpose of the given work is working out of the com-
pact device for measurement AFC of microwave resonator
elements, allowing to make the specified measurements with
sufficient accuracy for practical needs.

Il. Main Part

For realization of the measuring device the typical scheme
of measurement of AFC with inclusion of investigated object
through passage (fig. 1) was used. For compensation of nonlin-
earity of frequency tuning of the generator was the generator of
impulses of the special form which forms management signals
the tuning diode of the generator is developed.

Application in the measuring scheme of a digital oscillo-
graph together with the computer and the corresponding soft-
ware allows: to spend development calibration in values of fre-
guency; to allocate and change scale of separate sites of fre-
guency scale; to spend normalization the displayed amplitude
characteristic taking into account non-uniformity of the charac-
teristic of the measuring microwave generator; to receive the
information directly about values of resonant frequency and
quality (if necessary - their changes); to keep results of meas-
urements in the digital form for the subsequent processing and
comparison.

The range of values of measured qualities is from several
tens to several thousand. Accuracy of definition of resonant
frequency is not worse than 0,01 %.

Ill. Conclusion

The measuring instrument of resonators qualities and res-
onant frequencies of millimetric range is developed. In a meas-
uring instrument two variants of measurements are realized:
manual - with visual definition of required parametres under the
oscillogram, and semi-automatic - with numbering of an infor-
mation signal and its subsequent program processing and stor-
ing by means of the digital oscillograph interfaced to the com-
puter.

The developed measuring instrument allows to make op-
eratively and effectively measurements of characteristics of
resonators structures with sufficient accuracy for practical
needs.
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