WOEHTUPUKALUNA KOOIDPDPULIMEHTA NPEOBPA3OBAHUA
AATYUKOB MHOIMO30HOOBOIO MMKPOBOJTHOBOI'O MYJIbTUMETPA

Bonkos B. M., 3anyeHko O. B.
XapbKogcKuli HayuoHasbHbIlU yHUgepcumem paduoaniekmpoHUKU
2. Xapbkos, rp. JleHuHa, 14, 61166, YkpauHa
men. 8(057)7021494, e-mail: wolf@kture.kharkov.ua

AHHOmMauyusi — B poknage paccMOTPEHbl akTyarbHble Mpo-
Grnembl UOEHTUGUKALMM aMINUTYAHO-4aCTOTHBIX XapaKTepPUCTHK
[aT4YMKOB MHOrO30HAOBOrO MUKPOBOJTHOBOIO MySbTUMETPA.

|. BBepgeHue

MpuHUMn paboTbl MHOrO30HOOBLIX WM3MEPUTENbHbIX
npubopoB cocTout B 06paboTke C MOMOLLbI BbIYUCMM-
TeNbHbIX CPEACTB, B TOM YUCIIE KOMMbIOTEPOB CUIHANOB
OUCKPETHO pacnofioXeHHbIX BAOMb BOSIHOBOOHOMO Tpak-
Ta AaTyYNKOB MOLLHOCTU MPOXOAHOro Tuna, Hanpumep
[1], no anroputmMam unu dopmynam, MnonyYeHHbIM OT
peLUEeHNsi CUCTEMW YPaBHEHWUI CUrHANOB 3TUX 4ATYMKOB.
CurHanbl  6onblUMHCTBA [AaTYMKOB NPOMNOpLUOHArbHBI
MOLLHOCTM MUK KBagpaTy nons B MecTe YCTaHOBKW KaX-
poro aatyvka. OHM onpedensTcs YpOBHEM MOLLHOCTU
reHepaTopa U CTENEHbI0 PacCOornacoBaHUs Harpysku u
dhakTU4eckn Mo AUCKPETHbIM OTCHEeTaM BOCCTaHaBMU-
BaOT CTOSAYYIO BOSTHY B BOJTHOBOZE.

Mpu peann3aumn MHOrO30HAOBOIO METOAA CTPYKTY-
PHO-anropuTMM4yecknMy  cnocobamm  Havnyywunx pe-
3yNbTaTOB MO TOYHOCTU MOXHO [OCTWYb, €CMN 3HAYEHUSI
koadppuumeHTa npeobpasoBaHs OOMHAKOBBLI NS BCEX
[aTyMKoB B AuanasoHe paboymx MOLLHOCTEN M 4acToT,
BKItOYAsi  TEXHOMOrMYyeckMn pasbpoc  amnnuTygHo-
YACTOTHbIX XapaKTepPUCTUK C OAHOW CTOPOHW, a Takke
NOrpeLHoOCTU reoMeTPUYECKON YCTaHOBKM B BOITHOBO-
BOAE, TO ecTb obecneyveHe oaNHaAKOBOW CTENeHn CBS3N
0aTyMKOB C 3NEKTpOMarHUTHUM nonem BonHoBopa. Ec-
NV He yaaeTcsd 3Toro AOCTUYb KOHCTPYKTUBHBIMU CrO-
cobamu, Toraa paspaboTymky OOMMKHbI ONpeaennTb YyB-
CTBUTENBHOCTb KaXJ0ro AaTyuka npuv BbINOIHEHUM MPO-
ueaypbl KanMbpoBKKM, a MOTOM Y4eCTb MOSyYEHHbIA pas-
6poc koadppuumneHTa npeobpasoBaHus anropuTMmMyec-
KM MyTeMm.

Il. OcHOoBHaA YacTb

M3BEeCTHO HEecKOnbkO MeTOOOB onpedeneHunsi, To
€CTb WaeHTUMKaumMm, xapaktepuctuk pgatumkos [1]:
MEeTO[, COrnacoBaHHOW Harpysks, MeToA Makcumyma,
MeTon 0EeTEPMUHUPOBAHHON Harpy3ku. MNepBbIi NX HUX —
MEeTO[, COrfacoBaHHOW Harpyskum — He gaeTt Heobxoau-
MOV TOYHOCTU WMAEHTUMKALMU XapakTepucTuk, — Tak,
npuv CpaBHUTENBLHO xopotuem cornacosaHuu
(KcBH=1,05) norpewHoctb gocturaet 10%. Btopon —
MeTod MakcuMmyma — npegycmatpuBaeT cMmeHy dasbl
KoapduumeHTa OTpaKeHUs Harpysku € nomoLblo da-
30BpaLlatens Takum o6pa3om, 4ToObl MakcUMym Ha-
NPsKEHHOCTU MOMs NOOYePEeSHO UCKYCCTBEHHO Monagan
Ha Kaxabld Aatymk. Torga norpewHocTb YMeHbLuaeTcst
npubnnauTensHo B 2-4 pasa, HO AN NPUMEHEHUsT Me-
Toga Heobxogoum cbasoBpallaTtenb, CnocobHbin pabo-
TaTb Npy 6OMbWNX MOLLHOCTSX, YTO MpeacTaBnseT co-
OON CMOXHYK M Joporyto 3agadvy. TpeTtun meton — Me-
TOo4 AETEPMUHMPOBAHHOW 3arpy3ku — AN NpUMEHeHWs
TpebyeT 3HaHWSA WUNK NpeaBapypUTENBHOIO U3MEepPEHUst
mMoaynst n dasbl KoaddurUMEHTa OTPaXXEHNS Harpyan u
COOTBETCTBEHHO (Pa30BbIX PACCTOSIHWIA OO KaxJoro aat-
4YnMka OT YCMOBHOW NIIOCKOCTM Hadvana oTcyeTa. Mcnonb-
3y pacyeTbl U perynupyeMsiv hasospaiyarens, MOXHO

YMEHBLUWNTb NOrpeLUHOCTb MOEHTUDUKAUNM XapakTepuc-
TUK 4O MarblX NpUeMIieMbiX 3Ha4YeHUIN, HO peann3oBaTb
3TOT MeToA Ha OOnbLUMX MOLLHOCTSIX KpanHe CIOXHO U
[0poro, a Npy CBEPXBBLICOKUX MOLLHOCTSIX — COBCEM He-
BO3MOXHO.

CyTb npegnaraemoro [2] metoga COCTOMT B MOUCKE
MeCT OAMHAaKOBbIX 3HaYeHUN MOLUHOCTMU B BOJ/THOBOAE
Npu NPOM3BONbHbLIX 3HAYEHMSAX YacTOoTbl, MOAyNA 1 da-
3bl KOA(hPULIMEHTA OTPAXKEHNS Harpysku 1 NpPoOBELAEHNM
NOEHTUPWKALMOHHBIX W3MEPEHUI YCTaHOBIEHHbIX B
3TUX MecTax JAaTyYMKOB, A 3TOro HeobxoauMo npoaHa-
nn3mMpoBaTb BHYTPEHHee pacnpegeneHue anekTpomar-
HUTHOrO MONs B BOJIHOBOAE.

Mpu pacnpocTpaHeHun B MPAMOYrOfiHbIX BOMHOBO-
Aax BOJTH HmO Mo NX y3KMM CTeHKaM HeT NnepunoanyHOCTH,
0 YeM CBMAETENbCTBYET UHAEKC KHOMb» W, aHanornyHo,
ecnu pacnpocTpaHsieTcs BonHa Ho, , TO HET nepuoany-
HOCTU MO LMPOKUM cTeHkaM. CnepoBaTenbHO, ecnu
yCTaHaBNuBaTb WUccrnegyemble OaTYMKU B OLHOW MIOC-
KOCTU CeYeHWsi BONTHOBOAA Ha Y3KOW CTEHKE B MEepBOM
cnyyae, WM Ha LUMPOKOW BO BTOPOM, MOXHO CuUuTaTb,
YTO OHW HaXOAATCS MOoA BO3O4ENCTBMEM OOHOrO U TOro
e 3HAYeHUS MOLLHOCTU He 3aBMCUMO OT CTEMEHW pac-
COrnacoBaHuUsi Harpysku.

Puc. 1 PaameuweHue damyukos 8 pexxume Kanubposku.
Fig. 1 Sensor dislocation at calibration

[na pacyeTta norpelwHocTn koadduumeHTa npeobpa-
30BaHMS AaTyMka HENWHENHY HOPMUPOBAHHYIO (YHK-
LMIO  ONWCbIBaIOLLYI0  KO3hdUUMEHT npeobpas3oBaHns
AaTyvka pasnoxunu B psa Tennopa v OLeHUnn 3aBncu-
MOCTb KOo3dpduumeHTa npeobpasoBaHWs OT M3MEHEHUs
YacToThl U CTENEHN paccornacoBaHus TpakTa [3].

Haigem BblpaxeHue AN OTHOCWUTEMbHbIX OLUIMOOK
KanubpoBkn KO3ULMEHTOB nepefayn [aTynkoB B
npeanonoXeHny CyLLeCTBOBaHUS MarblX cuctematuye-
CKux owmnbok nsmepenuss Ui n OTCYTCTBUA CryvanHbIX
owwnbok A;. MNpeacTasnm BbipaXKeHne B BuAae

U, =aiU(2](1+Bi+ABi) M
B =I?+2ITcdo-2al), (2)
AP, —morpenHocts 3,

HenuHenHas HopMupoBaHHas QYHKUUS, ONUCHI-
BaroLasn KoadhduuneHT npeobpasoBaHnsa gaTymka

a, _U, A+B,+AB,)

a, U, (1+B+AB)
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Puc. 2. 3asucumocms omHocumernbHoU noepewHocmu
KoaghgpuyueHma kanubpoeku damyuka om MoOyrns
KoaghpuyueHma ompaxeHUusi rnpu pasHbIx
rnoepewHocmsix MoQyrisi KO3ghhuyueHma ompaxKeHusi:
1-0.52-0.1,3-0.01.

Fig. 2. Dependence of relative error of sensor calibration
coefficient on modulus of reflection coefficient at different
errors of reflection coefficient: 1— 0.5, 2—- 0.1, 3—0.01

Ill. 3akno4yeHue

MokasaHo, 4YTO NPMMEHEeHNe MHOrO30HAOBOrO MEeTOo-
na uamepeHuin napameTtpoB CBY curanoB u TpakToB
[aeT Hauvnydwme pesynbTaTbhl NPY WOEHTUYHOCTU Xa-
PaKTEPUCTUK 4aTYMKOB, UCMOMb3YEMbIX B MyNbTUMETPE.
C uenbio BblpaBHMBaHUS XapaKTEPUCTUK UCMONb3YeTCs
CBOWCTBO OTCYTCTBUSI MEPUOOUYHOCTU pacnpenenexHus
nonsi B MNpPsIMOYrofibHOM BOJTHOBOAE BOOSMb LUMPOKOW
CTEHKN Ha OCHOBHOM TuUMe BOSHbl Hmo.

MocTpoeHa mopgenb koadduumeHTa npeobpasoBa-
HWA JaTyuKka MynbTUMETpa Ha OCHOBE pasfioXeHus B
psg Tennopa.
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Abstract — The actual problems of multiprobe microwave mul-
timeter sensor transformation coefficient identification were con-
sidered in the article.

|. Introduction

The best results of multiprobe method realization can be
obtained, if sensor coefficients of transformation arejthe same
for all sensors. Otherwise it is necessary to define sensitivity of
every sensor.

Il. Main Part

There are known some methods of identification of sensor
characteristics: method of matched termination, method of
maximum, method of determined termination. The first of them
can not give necessary accuracy of characteristics identifica-
tion. The second method requires phase shifter that can work at
high power level, which is complex and expensive task. The
third method demands knowledge or measurement of modulus
and phase of complex reflection coefficient of termination and
phase distance between sensors.

The essence of proposed method is in the searching of
places of the same power readings in the waveguide at arbi-
trary frequency and modulus and phase of reflection coefficient
of termination and carrying out identification measurement for
mounted in these places sensors, for what it is necessary to
analyze inside distribution of electromagnetic field in the
waveguide. If wave Hno propagates in the rectangular
waveguide there is no periodicity on the narrow walls of the
waveguide, and for wave Hy,, there is no periodicity on the wide
wall.

So if to mount sensors under consideration in the same
waveguide cross-section at the narrow wall in the first case or
at the wide wall at the second case they are under the influence
of same power and sensor readings are independent of mis-
match.

There is proposed model of relative error of sensor trans-
formation coefficient

AT Aa,  zz,
r al' yz,-yz T yz -z

_Ap xz, —xyz

where
x, =2Isin(p+86,), y, = Z(F + cos(p + 6, )), z, = [1 +T? + 2 cos(p + 6, )],

x, =2Isin(p+6,), v, = Z(F +cos(p + 6, )), Z, = [1 +T% + 2T cos(p + 6, )]

lll. Conclusion

There is shown that application of multiprobe method of
measurement of VHF signals and tracts parameters gives the
best results if sensors, which are used in the multimeter have
the same characteristics. To make the characteristics equal, the
absence of periodicity in the field distribution on the main mode
Hmo is used. There is built a model of sensor transformation
coefficient on the base of Taylor formula.
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