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AHHOmayust - [oknaj nocBslWeH aHanusy BCTPOEHHbIX
MHOrO30HAOBbLIX MWUKPOBONHOBLIX MYNETUMETPOB GONBLLIOrO
YPOBHA C AaTuMkamu Ha OCHOBEe norriowjatoiuein cteHku. Pac-
CMOTPEHbI 04HOMACTOTHBIN U WNPOKONONOCHDIA NPRGOpPLI.

|. BBepenue

MHOro30HZ0BbIE  MWUKPOBOSIHOBbLIE  MYNbTUMETPb!
npeaHa3Ha4YeHsl A8 AONyCKOBOrO aBTOMAaTU4YeCcKoro
ANCTaHLUMOHHOTO KOHTPONA CUrHanoB # pexuma paboTsl
NUHAM nepeaauu BOMbLON MOLLHOCTU B LUMPOKOM Aua-
nasoHe ANMH BOMH M U3MEPEHNA NAAAIOWEN, OTPaKEH-
HOW W NpPOXOASIUEN B AHTEHHY MOWHOCTWA, MOoAyna v
hasbl ee koadhpuLmMeHTa OTPaxeHus u npegynpexae-
HUS aBapuitHbix cuTyauui. Mpunuun pabotel MynbTW-
meTpa 0asupyeTcs Ha U3yueHWn KPUBOW CTOSMEN BOTHbY
B BONHOBOAE MEXAY HAarpysKon u reHepaTopom C no-
MOLbIO YHUBEPCArbHbIX LUMPOKONONOCHBLIX AaTYNKOB
MOLLHOCTU NPOXOAHOIO TUNa NOCTPOEHHBIX HA NPUHLMNE
nornowawwen cteHkn. C noMowbio MUKPORpOLIECCop-
HOW CUCTEMbI YCUMNEHHbIE CUrHanbl HECKOMNbKMX AaTuu-
KOB NpeobpasyloTcA B U3MepsieMble BENNYMHb!I Nafalo-
Wen, OTPAKEHHOW, NMPOXoAswen MOLHOCTU, MOARYNs U
hasbl koacppuuneHTa oTpaxeHus. [pu HeobxoaumocTu
MOXHO KOHTPONUPOBAaTL U ANUHY BOMHBI B NEpeaaioLlem
TpakTe. B peanbHom macwrtabe BpemeHn Mukponpouec-
COp peanuayeT CUHTE3UPOBAHHbBIE aNfOPUTMbI N0 XKECT-
kum nporpammam. Bnaropapa 3tomy Takke yaaetcs
CKOMMEHCUPOBATL PAA CUCTEMATUUECKUX U CrydalHbIX
norpeLwHocTen.

Ha CEI‘OB,HF!UJHMV\ ACHb CylleCTBYEeT HECKOSIbKO Ha-
NPaBneHnuii PasBuTUA MHOFO30HAOBOTO MeToga. [nas-
HbIMU NPEeMMyLIECTBaMU MyNbTUMETPa W AaTYUKOB Ha
OCHOBE NOrnowaloiiein CTeHKn ABNSIOTCA BbICOKAA TOM-
HOCTb, LUMPOKNIN YacTOTHBIM U ANHAMUYECKUA SUaNasoH,
BbICOKOE DbICTPOAENCTBUE, SNEKTPUYECKan, Tennosas n
paanaumoHHas CTOMKOCTb.
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Ans dukcnposaHHOR YacToThl K (ha3oBOro paccTos-
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Ana uameputrensHOW CUCTEMbI C U3MEHAWENCS B
LUMPOKAX Npeaenax 4actoTon U MKCUPOBRAHHBLIM pac-
CTOSIHMEM MeXay JaTuMkamu aganTuBHbLI anropuT™
umeeT Bua;
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Ons WNPOKONOSIOCHbIX CUCTEM BO3MOXHbl OrpaHun-
HYeHun B BuAe ABYX KPUTUYECKNX cUTyauui, Korga AnvHa

cosf =

BOMHLI YBEMUUNBAETCS, M NOKa3aHUA COCEAHNX JaTuu-
KOB HepasnuuuMbl W KorAa NpU YMEeHbLUEHWN LAnvHb!
BOMIHbI MEXAY COCeOHUMM Aarynkamu ykriaabiBaeTtcs
MONHbLIM NEpMoA BOMHbI, U UX NMOKa3aHWs CTAHOBATCH
OAMHAKOBBLIMM.

Torpa NpousBOAUTCA MEpPEeKoMMyTaumMs AaTyukos,
CMellas cUCTemy OTCHETOB BNPaBO WM BNEBO Ha pac-
CTOsiHWE paBHOE (ha3oBOMY PacCTOSHWIO MeXay AaTun-
kamu. Ons 3TOro ycTaHaBnNMBAETCA NATbIA “U3bbITOY-
HbIR® JaTumk.

OcrtanbHble NapameTpbl BbIYUCASIOTCA Chneaylowmum
obpasom:
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Ona onpegeneHus npoxoasiliein MOWHOCTU Ha ¢UK-
CUPOBAHHOMN 4acToTe JOCTATOMHO TPEX, YeTBepTblit Hy-
XEH ANA BLIMUCIIEHUA B AMarasoHe YacToT NONpaBoOYHO-
ro koacpcbuumenta. Ons pacwmpeHns pabodeit Nonocsl
YacToT B KOakCuarnbHbIX TPaKTax NpuxoanTca BKNOYaTh
DONONHUTENbHLIE AATYMKW, UCKNOYAA U3 CXEMbI Jatdu-
Ku, “Bbifaswve” n3-3a HeornpeaeneHHoCTy.

Hl. YHuBepcanbHbI AaTYMK Npoxoasiuien
MOIWWHOCTHN

Hatuuk (puc. 1) Ha ocHOBE nornoLaoLlen cTeHkn [3]
COCTOUT U3 UMAWHAPUHECKOTO kKOpnyca C MornoLaoLumm
3NEMEHTOM B BUAE MIOCKON METannU4Yeckon NracTuHbl,
npukpenneHHo Kk pabouyeMy Topuy kopnyca, Gatapeu
TepMonap KonbuesuaHon (hopMbl, HaMbINERHOW Ha Au-
anekTpuueckylo nognoxky. Batapes pasmewena Ha
BHYTPEHHE! NOBEPXHOCTM MOrNOLUAIOWEre 3AneMeHTa,
npu 3TOM rOpsYve crav ee pacnonoxeHs B obnacrtu
UeHTpa konbua, XonoaHdele B obnactu ero nepucepun,
3 K UEHTPY NoACOeAuHEH NPOBOAHUK AN KannbpoBku,
Ha BHewnel noeepxHocTu paboueit obnactm kopnyca
umeeTca pesbba ANA BBUHYMBAHWSA patuMka B Tpyby
BHELLHEro NpOBOAHMKA KOAKCMAaNbHOrO BONHOBOAA UMM
CTEHKY NPAMOYronbHOro BOMHOBOAA U (buKcauuM €ro
NOSIOXEHUA C MOMOWbK KOHTpranku. [lpukpennenue
AaTtyuka K pabouemy TopLy LMNUHAPUYECKOro kopnyca
yBenuuuBaetr TennoobmeHn. Manas macca, xopotumi
TennoobmeH U cMellieHne XONoAHOro Cnas yBenuymsa-
10T BeicTpogencTeve. YyBCTBUTENbHOCTL NOBbLILLAETCA
3a cuyeT BonbLoro konuvecTsa Tepmonap B 6arapee. 3a
cYeT BBUHYMBAHWA JaTuvka B TpyGy BHELHero npoBoa-
HMKa KOaKCUanbHOro BOMHOBOAA WNU CTEHKY MPAMO-
YronsHOro BOMHOBOAA TakuM 06GPasoM, UTO BHEUWHSAS
MOBEPXHOCTE MOMMOLAIOWEr0 NEMEHTa U BHYTPEHHAS
AI0CKOCTL CTEHKW HaxoAaTCs Ha OAHOM ypoBHe, obec-
NeYnBaeTCA BLICOKAsA IMEKTPUULCKAS NPOYHOCTL.
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Puc.1 YHuBepcarbHblil AaTUMK Npoxoasaule MOLWHOCTH
Fig.1 Universal passing power sensor

Y106kl 06ecneunTs MMHUMaNbHYIO YacTOTHYIO 3aBU-
cMMOCTb  Ko3dhduumenTa npeobpasoBaHua Aatuvka
NPUMEHSETCA crieunanbHan AByXCNowWHasi Mornowaio-
uan cTeHka.

Datuuk paboTtaet cneaytoumm obpasomMm. YcTaHos-
NEHHbIA B TPYOy BHELUHEro NpOBOAHUKA KOAKCUANBLHOIO
'BOMHOBOAA, AaTHUK NPOXOAALLEA MOWHOCTA BbifaeT Ha
HY pasveme 3[0C, nponopuuvoHanbHyto kBaapaTty nonst
B MECTE ero ycraHoBku. [lpoTexast no noBEpXHOCTM no-
rnowatowero ariementa, CBY toku HarpesawoT ero. B
CBA3U C TeM, YTO NOFNoLLAoWKi anemMeHT no nepude-
pUM NpUKpenneH K MacCMBHOMY KOPMycy, TO Terno oT
aToI YacTu snemeHTa HbICTpee yxoauT Ha Kopnyc BOf-
HOBOAA YEeM, OT UEHTpanbHOW 4yactu anemeHTa. Pas-
HOCTb Temnepatyp npeobpasyetcs B Tepmod[C ¢ no-
MOLLbIO KOTMbUEBUAHON DaTapen NNEeHOUHbIX Tepmonap,
ropsuse cnau KOTOpoil pasmelleHbl B ofnactu ueH-
Tpaanoﬁ YacTyt nornowjarliero anemeHTa, a xonoa-
Hble - B obnactu ero nepudbepun.

B cBsi3u ¢ Tem, uto koachduuneHT npeobpasosanna
AaT4MKa B LUMPCOKOMN NONOCE YacToT TpakTa npakTuyecku
He U3MEHSeTcs, rpagympoBaTh ero 4OoCTaTOMHO TONLKO
Ha CpefHelt uacToTe Avanasona.

[insa npoBeazsHUA NEpUoaNMEcKon kanubpoBky B LIEH-
TPEe NOFNOWAIOLLETO 3NEMEHTa NPUKPENMeH NPOBOAHUK
ANS BHEUIHEro rogorpesa nocnegHero Yyepes HY passem
OT WUCTOYHMKA NOCTOAHHOIO WMNU HWU3KOYACTOTHOFO TOKa,
KOTOPbI NErko U3MEPUTL C TPEOYEMON TOUHOCTLIO.
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Puc. 2 CTpykTypHas cxema MHOTO30HA0BOro
MUKPOBOIIHOBOrO MyfnbTUMETPa

Fig. 2 Multiprobe microwave multimeter
structure

OCHOBHbIE AOCTOMHCTBA TaKOro AaTyuKka MOCTOSHCT-
BO ko3achchmumeHta npeobpasoBaHus B NOMNOCE 4aCToT,
WNpOKMIA auHamvyeckuin ananason 30-60 ab, sbicokoe
6biCTPOAECTBIUE, MO3BOMAIOWEE WUCMOMNL3OBaTL MNped-
naraembii AaT4MK B aBTOMaTUYECKOM pexume paboTbl.

IV.CTpyKTypHasi cxema MHOro3oHA0BOro
MWKPOBOSIHOBOIO MynbTUMETpa

N3meputenbHeil 6nok (puc.2) pomkeH obecneunTs
npeasapuTenbHy0 06paboTky aHasoroBbIx CUrHamos,
NOCTYNaLLUX C NepsuYHbIX npeobpasosaTtenein, obpa-
607Ky 1 nepepayy pe3ynbTaToB BbLIMUCNEHUN HA UHAW-
Katopbl. AMNNWTYALl BXOAHBIX CWUFHANoOB [JaTJYUKOB
0.01...10 mB. MMM cOCTOWT U3 BBIYUCNWUTENBHOTO YCT-
pouctea (BY), nepBuuHbIX U3mMepuTenbsHbiX npeobpaso-
satenen (MWUM), wHAMKATOpPa, WCTOMHUKOB NUTaHWUA
(UN). BbluucnutensHoe yCTPOUCTBO BLINOSMHEHO Ha Ga-
3e OAHOKPWUCTanbHOTrO MPOrPaMMUPYEMOr0 MWKPOKOH-
Tponnepa cdupmst Intel MCS-51. MNepeuunbIi nsMepu-
TenbHbLIl npeobpasoBaTens peanu3oBaH Ha OCHOBE
mMukpokoHTponnepa PIC14000 cdupmbi Atmel, nmetowem
BHYTPUKPUCTaNNbHbLIA aHanoro-undposon npeobpaso-
satenb (ALM), Kk KOTOpOMY NOAKNIOHAETCA YHUBEPCAnb-
HbIA AaTunk npoxoasiien mowHoctTu Bonkosa. CsAsb
MeXay Beaywmm MukpokonTponnepom MCS-51 u nep-
BUYHbIMK NpeobpasoBaTensamMn OCYLLECTBNAETCA Yepes
nocnefosatensHyio WuHy 12C. BuuMCeHHbIE 3HAUEHUS
W3MEPAEMOTO NapameTpa 0ToOpaxalTca Ha XUAKOKpU-
crannuyeckom unpukatope (KKW). [daHubin npubop
MOXHO UCTONb30BaTh KaK aBTOHOMHO, TaK W. B COCTaBe
aBTOMaTMyeckux cuctem (AC) ynpasneHusi, U3MEPEHUS,
AvardocTvikvn. [Ana ceasu ¢ obopynosaHuem AC vcnosib-
3yeTca nocnegosartenbHeil ndtepdeiic RS-232.

IV. 3aknueHue

MpakTtudeckoe 3HaYeHUE NONYYEHHbIX Pe3ynbTaToB
COCTOWUT B TOM, 4TO OHU SIBNAIOTCA OCHOBOW ANA CO3Aa-
HUA HoBOro krnacca MMM ¢ ynydweHHsIMKW MEeTPONoru-
YECKUMK XapaKTepucTukamn ¥ pacCLUMPEHHbIM 4acToT-
HbIM ¥ AUHAMUYECKUM AManasoHOM.

IV. Cnucok nutepatypbl!
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MULTIPROBE MICROWAVE MULTIMETER
WITH ABSORBING WALL SENSORS
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Abstract - The report is devoted to the analysis built-in mul-
tiprobe microwave multimeter of a large level with absorbing
wall sensors. The one-frequent and broadband measurement
devices are considered.

l. Introduction

The multiprobe microwave multimeter was designed for an
automated remote signal and transmission line mode checking
for high level power in the wide frequency range and incident,
reflected, passing to antenna power, reflection coefficient
modulus and phase measurement and emergency situation
prevention. The main technical characteristics are: frequency
range — one-two octave, power measurement level - 0.5-50 W
and more, reflection coetficient modulus - 0-1, main measure-
ment error +(3-5)% (without verification error) .

Il. Device and the Action Concept

The action concept is based on standing wave expioration
in the waveguide between termination and generator with an
aid of the universal broadband passing power sensors, built on
absorbing wall principle. The amplified signals from the sensors
are transformed to measuring quantity of incident, reflected,
passing power, reflection coefficient modulus and by means of
the microprocessor system. There is opportunity to check a
wave length, if necessary. The microprocessor implements the
synthesized algorithms in accordance with program in real-time
scale. Due to this it is possible to make up for many systemati-
cal and random errors. The main multimeter and sensors ad-
vantage are a high accuracy, wide frequency range and dy-
namic range, a high speed of response, an electrical, thermal
and radiation stability

1ll. Signal and Transmission Line Parameters
Definition Algorithm

There are two emergency situations, giving restriction:
when a wavelength increases and an adjacent sensors read-
ings unintelligible and when a wavelength decreases, so a
wave period placed between an adjacent sensors and their
readings became equal one. In occasion, when an adjacent
sensor readings are equal or closely spaced quantity, to pre-
vent zero in the denominator, the sensors commutation has to
be executed in the microwave multimeter, shifting to the right or
left side on distance equal to phase distance between a sen-
sors. It requires one more sensor. Besides this, an expression
gives information about wavelength as arccos 6.The device
operates in a continuous frequency range. There are five sen-
sors operate in the given subrange. There are three of them
enough to define passing power on the fixed frequency, the
fourth one is necessary to calculate correction coefficient
(phase distance between adjacent sensors, calculated on the
basis of sensor readings, for frequency change monitoring. The
fifth one supplies uncertainty exception. So an algorithm fre-
quency independence is maintained in the given frequency
range. In case when working wavelength approaches to two
time distance between an adjacent sensors, the sensors com-
mutate, so a working sensors became that ones, distance be-
tween which is two time less than first distance.

IV. Universal Sensor for Passing
Power Measurement

Each sensor consists of a cylinder frame with absorbing
element as a flat metal plate attached to working end of frame,
a ring thermocouple battery sprayed on the dielectric base. The
battery is placed in the inner side of an absorbing element, so
that its hot junctions are placed in the center of the ring. The
cold ones are situated in the perimeter. There is a conductor in
the center. There is a thread on the outer side of frame to screw
the sensors into the pipe of an outer coaxial conductor and to
fix its situation by a nut. The frame working end increases heat
exchange. The little weigh, a better heat exchange and a coid
junction offset increases speed of response. The sensitivity
increases at the expense of great amount thermocouples in the
battery. The high electrical stability is maintained due to a sen-
sor screwing in the inner coaxial pipe or wavequide, so that the
inner absorbing element surface and the inner wall surface are
at the same level. It achieves by an end sensor frame curve
follows an inner coaxial pipe, so increases thermal stability
during high and very high power level measurement. To obtain
minimal transformation coefficient frequency dependence, apply
two layers absorbing wall.

The sensors operate in such a way: installed in the outer
coaxial pipe, passing power sensor outputs a voltage at LF
plug, the voltage is proportional to field intensity in its installa-
tion place. Running on absorbing element surface, VHF cur-
rents heat absorbing element. As well as the absorbing element
perimeter is connected to a massive frame, the heat from this
element part goes to waveguide faster than from central part.
So the center temperature will be higher than one at the
perimeter. The temperature difference converts into voltage by
the ring film thermocouple battery, that hot connections are
situated in the central absorbing element part, the cold one is in
its perimeter.

It is enough to calibrate only at the middie frequency due to
a transformation coefficient in wide frequency range stability.
The reference calorimeter is used for this purpose. There is a
conductor attached in the absorbing element center for its ex-
ternal heating through LF plug from DC or RF current source for
periodical calibration, that it is easy to measure with needed
accuracy.

V. Multiprobe microwave multimeter structure

The measurement unit has to maintain preliminary analog
signals from sensors processing and signal transmission to the
indicators. The input signal amplitudes are 0.01-10mV.

MMM consists of a computing device, sensor, indicator, power
supplies. The computing device is carried out on base of 8-bit
microcontroller MCS-51 of the Intel corporation. The primary
measurement converter is realized on base of the microcontrol-
ler PIC14000 of the Atmel corporation, it includes on-chip ana-
log-to-digital converter, the universal passing power sensor
connected to microcontroller PIC14000. The connection be-
tween the master microcontroller MCS-51 and primary convert-
ers is carried out through a serial bus of 12C type. The meas-
urement parameter calculated values are mapped on the liquid-
crystal indicator. The given measurement device can be used
as autonomous one in control, measurement, diagnosis auto-
matic systems. The serial interface of RS-232 type is used for
connection with equipment.

V1. Conclusion

The practical value of obtained outcomes is that they are a
basis for creation of a new class MMM with improved metrologi-
cal characters and an extended frequency and dynamic range.
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