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AHHOmauyus - Joknas nocBALWEH aHanMsy TOMHOCTW anro-
PUTMOB MHOTO30HAOBLIX MUKPOBOJIHOBLIX MyNbTUMETPOB B
AnanasoHe pabounx 4acToT, CPaBHUBAOTCA IKBMAUCTAHTHOE U
HEJKBUANCTAHTHOE pasMelleHue AaTuyukos. AHanM3 NPou3Bo-
AUTCA Ha OCHOBE AMCNEPCMOHHOW MaTpuubl. PaspaboTaHa
onTUManbHas METOAMKA KOMMIEKCHOW OUEHKU napameTpoB
curHanos u Tpaktos CBY B gnanasoHe yactoT.

. Beepenue

WsmepeHne npoxoaswen mowrocth CBY u napa-
METPOB TpaKTa € MOMOLLbIO MHOTO30HAO0BOIO MUKPOBOS-
HoBoro myneTumeTpa (MMM) no cpaBHEHMIO C METOAOM
HanpaBneHHOTo OTBETBUTENSA, LWUPOKO PacnpocTpaHeH-
HbIM B U3MEpUTENBHOW TEXHWKE, XapaKTepusyeTcs cna-
BoM YYBCTBUTENBHOCTLIO K BHEMOMOCHBLIM COCTABMAIO-
UMM CNEKTPOB CUrHanoB MOLWHbIX reHeparopos. Cyuy-
HOCTb MHOFO30HAOBOMO MEeToga COCTOUT B M3MepeHun
napameTpoB CurHana u Tpakta fo MNokasaHuaM Auc-
KPETHO YCTAHOBMEHHbIX B 3TOM TpaKTe HENOABMXHbLIX
AATUMKOB NPOXOAHOro Tuna. [lpu n3MeHeHMU ANnHbI
BOSIHbI BO3HWKAIOT NPOGMeMbl, CBA3aHHbIE C PuKcupo-
BaHHbLIM MONOXEHMEeM aaTtynka.

~ BHeapeHuio 8 npakTuky nsmepexnin MMM npenstct-
BYeT psijf HepelleHHbix npobnem. OaHa v3 HUX 3aKnio-
4aeTCA B ONTUMU3ALMKN Pa3MELLEHUA AaTUMKOB, TaK Kak
C ¥X pasMeLLeHNeM CBsi3aHbl anroputm obpaboTkn, u B
KOHEYHOM CYeTe TOUHOCTb OnpefeneHus MCKOMbIX na-
pameTtpoB. CnocoboB pasmelleHus CyuwiectByeT Aapa:
SKBMAUCTAHTHOE U He3dKBMAUCTaHTHoe. [lepBoe noseo-
NSET NCNOMNb3OBATL NPOCTOH W TOUHLIA anroputm obpa-
60TKW, yuuThIBAOWMIA WU3MEHEHUE YaCcTOTbl CUrHana
yepe3 NonpaBoYHbI KOIDMDULUNEHT, BLIMNCNSEMbIR HA
OocHOBe nokasaHui aatyukos. [pyu aTom CyujecTByeT
KPUTUMECKAA ANWHA BOMHLI, NPU KOTOPOW BCE AATYUKM
BblAAOT OANHAKOBbLIE CUrHafbl U BOCCTaHOBUTL KapTUHY
CTosiluen BOJSIHbI B TpakTe He yaaeTtcs. [1pu HeakBuau-
CTAHTHOM pa3MELLEHUN BEpPOSTHOCTb HanMuus nopa-
XEHHBIX KPUTUYECKUX 4acTOT 3HAYUTENBHO MEHbLLe,
XOTS1 ¥ NPU HE3KBNANCTAHTHOM pasMeweHn nokasaHua
BCEX AATUMKOB MOryT UMETb OAUHAKOBblE 3HAYEHUS,
ecnv AnuHa BOSHbl reHepaTtopa OyaeT paBHa HauMEeHb-
Wwemy obWeMy JennuTento paccToOfHUA MexXay AaTdynka-
M. B nocnegHem cnyuyae ynyqweHue YacTOTHbIX
CBOWNCTB JOCTMraeTcsi UEHOW YCMOXHEHWUA anroputmos
06paboTkn unu npUMeHeHneM MpUBNKEHHbIX anro-
pUTMOB (Hanpumep, BbIMUCMEHMEM NPOXOAALLEN MOLL-
HOCTH Yepe3 cpegHee reoMeTPUHEcKoe 3HAYEHWe cur-
HanoB AaTunkos).

3agaven vccrnepoBaHua SABNAETCH CONOCTaBiieHuE
9TUX ABYX MOAXOA0B W BbIACHEHNE YaCTOTHbIX CBOMCTB
anropnTMOoB.

YacToTHble cBOCTBA MyNbTUMETPOB ONPEeAENAIoTCA
OCHOBHbLIMW TpeMsl (pakTopamu: pasmeLleHneM 30H0B,
anroputmamu o6paboTKM CUrHANoOB SaTyUNKOB N 3aBUCU-
MOCTbIO KO3hduLumeHTa npeobpasosaHusi 4aTINKOB OT
4acToThl. YacToTHan 3aBUCUMOCTb KOoadbuumeHTa npe-
obpasoBaHnsa 4aTUMKOB OT YacTOTbl B 3TOW paboTe He
paccmartpusaeTcsi (3TO cucTeMaTnyeckas NorpeLuHoOCTb,
KOTOpas onpeaenseTca U y4uTeisaeTcs oguH pas) [1-3].

. MeToAauka OLeHKU NorpewHocTu

Korga nuHeapu3oBaHHYI0 CHUCTEMY ypaBHEHWA, rae
KaXaoe ypasHeHUe COOTBETCTBYET CuUrHany cBoero aaT-
ynKa N OTAMYAETCS OT MoceaylWwmux 3Hadennem ¢aso-
BOrO CABUra, 3anncbIBaloT B MaTpuyHon dgpopme, To no-
Ny4aloT MaTpuLy, COCTOALLYIO U3 KOCUHYCOB U CUHYCOB
hasoBbLIX PacCcTOsiHUA Mexay Aatumkamu. B Teopun
NNAHUPOBAHUA 3KCMEPUMEHTA OHA HasbiBaeTCa MaTpu-
uei nnawa akcnepumeHTa. C UENbIO NOMYYEHWs WH-
¢opmaumn o Hanbonee yAa4yHOM pasMeLleHun aarTiu-
KOB MOXHO MOAENMpoBaTb pa3MelleHue AaTyYUKoB ny-
Tem nepebopa 3HaueHu PasoBbIX PACCTOSHUNA, KaxabIN
pa3s nonyyas Npy 3TOM HOBbIE OLIEHKW, U 3aTeM CPaBHu-
saTh WX Mexay cobon. Hanbonee wWMpoko npu onTuMu-
3aUMM NNAHOB 3KCMEPUMEHTa MCNONb3yeTCsl KpUTepun
D-ontumansHocTh [4]. Ero onpesenexne cocToUT B TOM,
4YTO AETePMUHAHT ANCNEPCUOHHON MAaTpuubl, COOTBET-
cTeyloWwmnn D-onTumanbHOMY NNaHy MEHbLUE, YEM Y Jo-
6oro apyroro nnaxa. lpocneavm cBsAsb MexXay matpu-
Liei nnaxa n AMCnepeuoHHON MaTpuLen.

B obwem cnyyae cuctema n nuHeapu3OBaHHbIX
ypaBHEHUN JormkHa OblTh pelleHa OTHOCUTENbHO MpPo-
MEXYTOUHbIX nepemenHbix P, APsing, APcoso.. MNpuuem
KONMUYECTBO ypaBHeHU MoXeT ObiTe Gorblue, Yem Ko-
NIMYECTBO NPEMEeHHbIX. Toraa Ans petleHus Takou cuc-
TeMbl NPUMEHSAETCA METOA HauMeHbLIMX KBaapaToB
(MHK). CyTb ero 3akniouaercs B cnegytouwiem. [pun ns-
GbITOYHOM KONMUECTBE YPABHEHUN CUCTEMY HEMb3si pe-
WHUTb HEMOCPEeACTBEHHO, HO Ha OCHOBaHMWN MPWUHUMNG
MaKCMManbHOro npasAonoAotvsa MOXHO HaWTM COBO-
KYNHOCTb 3HAYeHWI, KOTopas ¢ HaMbonblen BePOATHO-
CTbl0 yzoBneTeopana Obl UCXOZHbLIM 3ABUCUMOCTAM.
OTa BEpOATHOCTb AOCTUIAET MAKCUMYyMa NPy MUHUMYME
YHKLNY, CTOALLER B rokKasaTene 3KCNOHEHTbI MAOTHO-
CTV BEPOATHOCTU MHOTOMEPHOrO HOPManbHOro pacnpe-
AeneHus criyyanHon BbIGOpk. PyHKUWA B nokasatene
3KCMOHEHTBI npeacTaensieT coboin cymmy KBaapaToB
owmbok. Npr Hopmanu3aumyn cUCTEMbl YPaBHEHUA MaT-
puuUy nNnaHa ZOMHOXAKT ChpaBa Ha TPaHCNOHWPOBAH-
HY10. KONnM4ecTBO ypaBHeHU B HOPManw3oBaHHON CUC-
TEMEe CTaHOBUTCA PAaBHbLIM KONUYECTBY HEU3BECTHLIX, a
nonyYyeHHan MaTpuua HOCMT HasBaHue WHOpPMaLMOH-
HoW maTpuubl Puwepa. [JeNCTBATENLHO, KONWYECTBO
uHgopmauun Guwepa npeacrasnset coboit matemaTu-
YecKkoe oxuaaHme BTOPON NPOUSBOAHON chyHKLK npaBs-
aonoaobus (MNOTHOCTM BEPOATHOCTU) B norapudmMmnde-
ckoM Buge. Bropas mpov3soagHaa yHKUMM Npaegono-
[0OUA BBIHOCUTCS W3-NOA 3HAKA WHTErPUPOBaHUS Npw
BbIUMCITEHNM CPeaHero 3HaYeHNs, Tak Kak OHa He 3aBu-
CUT OT NNOTHOCTU BEPOATHOCTM, @ TO YTO OCTAETCS NOA
3HaKOM WHTerpuposaHus obpaljaeTcss B eauHuly no
onpeaenenunio. MudopmaumonHana martpuua obpaTHa
AucnepcuoHHon. Yem Gonblue gucnepcun, TeM 6onblue
pasbpoc 8 HabnioAaeMbiX 3HAYEHUAX W TEM MeHbLUe
vHGOPMaUUM O ee CpeaHeM 3HAYeHUM 3aKIIOYeHO B
OAHOM HabmoaeHuu.

Korpa BHegmaroHarnbHble 3nemMeHTbl MHOPMALUMOH-
HOM MaTpuubl Puiepa, npeacTaBnsiowme cobon Cymmbl
TPUrOHOMETpUYecknx yHKUMIA, 06paTaTcs B HyNb, Npo-
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u3onageT makcumusauus onpepenutens. Yem Gonbe
onpeaenuTe UHPOPMALMOHHOW MaTpuubl, Tem Gonee
YCTOW4MBOE peliUeHne B AnanasoHe 4actoT obecneuu-
BaeTcs, TO ecTb BbinonHAetcs  ycnosue  D-
ONTMManbHOCTU. JTa obwan Teopus uMeeT uHTepec-
Hyl0 0COBEHHOCTb, €CNKY KONNMYECTBO AATHMKOB NPONoOp-
LIMOHaNbHO CTEeNeHW 4BOWKW, TO €CTb KONMUYEeCTBO AaT-
UUKOB PaBHO YeTelpeM, BOCbMMW, LIEeCTHaguaTh v Tak
Aanee. Toraa uenecootpasHo NPUMeEHNTb pasmeLleHe
[AaTYNKOB, KOTOPOE PACCUMTLIBAETCS HA OCHOBAaKUK KOP-
Hew nonvHoma Yebbiwesa [5-8]. 3ametum, uto npu
WMHOM KONMMYECTBE AATYMKOB YBENIMHYEHWA TOYHOCTU He
HacTynaeT, Tak kak NpeobpasoBakune CyMMbl KOCUHYCOB
B npouvsBeAeHne Ans nochneayiowen annpokcumMaumm
MONIMHOMOM, npegnonaraeT BbINONHEHUE TPYNNMPOBKU
cnaraembix.

lil. Pe3ynbTaThbl MOAENMpoBaHNs

Ons cpaBHUTENBHOrO aHanu3a TOYHOCTM B nonoce
4acTOT Ha OCHOBAHUM AMCNEPCUOHHOW MaTpuubl MC-
nonL30BanMCb JKBUAUCTAHTHLIE W HEIKBMAUCTAHTHBbI
DaTuMKM B KONUUECTBE YeTbipex WTyK. JucnepcuoHHas
maTpuLa B SAHHOM Crydae nokasbiBaeT kak TPaHcgop-
MWPYETCA WX MOrPEWHOCTL B MOrPeWHOCTb NPOMexy-
TOYHbIX NepeMeHHbIX, a Nocne BhINONHEHUs Nnpeobpaso-
BaHUSi KOOPAVHAT, - B MOrPELUHOCTb UCKOMbIX BEMUYMH
NPOXOAALLEN MOLUHOCTA, MOAYNA U a3kl koaduLmnen-
Ta oTpaxeHus. Kputepvem, n3MeHsIOWMMCS Npu Moae-
FINPOBaHUN ABNSIETCA K — OTHOLLEHWE TeKyLieW ANuHbI
BOSIHbl K CPEAHEN ANUHE BOMHLL, - TaKUM obpasom yse-
NUYEHNIO K COOTBETCTBYET YBENUUEHNE ANNHLI BOSIHLI B
TpakTe.

¥
3
1
'
|
12F
'

1
I
i
“’(l
1]

1
1
i
rt
i
¢
1

3
[}
1
1
[}
I
|
t
i
!
1
1
\
i
i
t
¢
'
]
[
)
[

CKO no npoxoasiueit MOLHOCTK
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OTHOWIEHWE TEKYLLIE! ANWHbI BOMHBI K CPEAHEN

Puc.1 3agucumocms CKO npoxodsawel mowHocmu
om omHowerusi mekywiel 0nuHbl 80HbI K CpedHel
dnuHe 80/HbI
Fig.1Passing power standard deviation dependency
from frequency to average frequency relation

[na paBeHCTBa YCMOBWA MpW CPaBHEHUN 3KBMAU-
CTaHTHOrO W HE3KBUANCTAHTHOTO pasMeLLeHUi npume-
HAMNOCL eAvHoe npeobpasoBaHWe KOOpAVHAT, aHano-
rnyHo [4]. B panbHeiuem mMoxeT ObiTb OCyuleCcTBAEH
obinin  anroputm obpaboTku curHanoB Aatuukos. B
KauyecTtee Takoro anroputma moxet eoictynate MHK.

PesynbTathl MOAENUPOBaHUA TNPEeACTaBMeHbl Ha
puc.1. Tak Kak 0cobbl UHTepeC NpeACTasnaeT npoxo-
AsiLas MOWHOCTL, nocne npeobpa3oBaHnn KoopauHat

HeobXxoAVMO BLINONHWUTL eLle OAHO nNpeobpasoeanue Ha
OCHOBaHuUn onpegeneHns I'IpOXOJ:lHIJ.leVI MOWHOCTN Kak
Pa3sHOCTU najaiowend U OTpaxeHHOW MowHocTen. W3
PUCYHKa crnegyeT YTO He3KBWAUCTAHTHOEe pasmMmelleHue
nyJdwe npu yBenu4eHun ANMUHBI BOMTHBI U XYXe Npu
YMEHBLIEHUN SNWHbI BONHbLI

iv. CpaBHeHue anropuTmMoB

MonyyeHHbie pe3ynbTaTbl MOAENUPOBaHWS CBUAE-
TENLCTBYIOT O 3aBUCUMOCTUA YACTOTHLIX CBOWCTB Mynb-
TUMETPOB OT cnocoba pasmMelleHns aatuvkos. [na ue-
ThipeX, BOCbMY, WECTHAAUATh W T.4. OATUMKOB, pasme-
LWEHHBbIX HE3KBUAWUCTAHTHO, MOTPELLHOCTb, XapakTepu-
syeman CKO, ymeHbluaeTca Npn yBENUUYEHUN YaCTOThI.
[pu YacToTax MeHblle CpeaHen No pesynbTaTam Moge-
NMPOBaHNA OKa3bIBAETCA NyYlle 3KBUAUCTAHTHOE pas-
metweHune. Kpome Toro dactoTHble ceonictea MMM on-
peaensioTcs anroputMamy 06paboTkn curHanos aatym-
KOB. [nA nofy4yeHns NOBLIUEHHON TOMHOCTN 06paboTku
CUrHanoB AaTYAKOB NPWU HEIKBWAUCTAHTHOM UX pasme-
LeHny TpebyloTCA CNOXHbIE anropuTMBI.

PaspaboTaHHble B XapbKOBCKOM HaLUOHanbHOM
yHUBEPCUTETE PAANO3NEKTPOHWKM anfopuTMbl ycoBep-
WEHCTBOBAHbLI C yyeToM Tpeboeanun cravgaptos [9],
Takum obpasom, pelteHa npobnema KpuTM4eckux YactoT
aBTOMATNYECKOW NEepekoOMMYTauueh CurHanoe Aatuun-
koB. OHa nNpovu3BOAMTCA HA OCHOBAHWW BOCCTAHOBMEH-
HOW KapTUHbLI CTOSMEN BONHbI, 3aBUCSALUEN OT hasbi KO-
adbpULMeHTa OTPAXKEHUA Harpyskn N OT YacTOTbl FeHe-
paTopa. NepekoMMyTaunsa NPOUCXOANT, eCNN 3HaMeHa-
Tens npubnuxaetcs Kk Hynio. Toraa B- 3KBUAMCTAHTHOW
nNRTEpKEe AAaTYNKOB paboummy ABNAIOTCA HE NEepBbIn,
BTOPOW, TPETUN, YETBEPTbIN AATUMK, a BTOPOW, TPTUNA,
YeTBEPTLIA, NATLIA, TO €CTb NPOUCXOANT CABUF HA OAWH
AaTynk BNPABO, €CNKN NepBbiM CYNTATL KPAWHUN NeBbin
AaTuvK B NSTEpKe, NV BreBO, ecrnn Hyneeas cutyauuns
BO3HWKAET B 3TOM BapnaHTe NOAKIIOUEHNA.

Ecnu Bce gaTunkn UKCURYIOT OQUHAKOBLIE NOKasa-
HUA, 3TO ABNSETCA KpUTEpueM nepexoaa Ha cneayio-
LLYI0 NSTEPKYy 3KBUAMCTAHTHLIX AAaTYMKOB, KOrga HoBoe
paccrosHve B ABa pasa MeHbilue npeasipyliero. Takas
CUTyauust BO3MOXHA NpU WAeanbHO COrMacOBaHHOM
Harpyske. Toraa Heobxoaumo npowssecTn 6GNOKMPOBKY
KOMMYyTaTopa Mo pe3yfnbTaTy BbIMACAEHWA MOAYNA KO-
adbduumnenTa oTpaxenun Tpakra (IIN—0).

MeTogMka OUEHKW NOTPEeLIHOCT! AN anropyvTMOB
06paboTkn, npumeHsiembix Bmecto MHK, otnuuaeTtca
BECOBbIMU KO3 PULMEHTaMN Npu nepexoae OT npome-
KYTOUHBIX NEPEMEeHHbIX K OKOHYaTeNbHbIM, BbiHUCnSe-
MbIM NO anroputmam o6paboTku CMrHanoB AATYNKOB.
OCHOBHbBIM HEAOCTaTKOM ABNAETCA 3aBMCUMOCTbL BECo-
BbIX KO3(ULMEHTOB OT TEKYWUX 3HAUYEHWA U3Mepsie-
MbIX napametpos. C APYrol CTOPOHb! Takol noaxop, K
onpeaeneHnio NOrpPeLLHOCTA B AUana3oHe YactoT obna-
[aeT NpevMyLLecTBaMun No CPABHEHUIO C NPUMEHEHUEM
ANA 3TUX uenen, Hanpumep, Akobnana, UMEHHO y4eToMm
BKNaga B NOrpeLuHocTb anroputma obpaboTku.

IV. 3aknioyeHune

Awnanui TouHocTu anroputmoe MMM 1 npeanoxeH-
Haf MeToAMKa KOMMMEKCHOW OLEHKW ero napamerpos
OManasoHe 4acToT NO3BONSIOT YNyyLlUTb Ka4eCTBO Npo-
ekTupoBaHus MMM.
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Abstract - The report is devoted to the analysis of exacti-
tude of multiprobe microwave multimeter algorithms in a range
of operational frequencies, comparison the equidistant and
unequidistant arrangement of sensors. The analysis is pro-
duced on basis of variance and covariance matrix. The opti-
mum technique of complex signals and tracts parameters
evaluation in microwave frequency band is developed.

L. Introduction

The measurement of a passing power and tract parameters
with the help of MMM has a series of advantages. The multi-
probe method essence is in measurement of parameters of a
signal and tract through sensor readings, discretely installed in
the tract. There are problems connected to immovability of sen-
sors when the wavelength was modified.

The introduction in practice of MMM measurements is hin-
dered with unsolved problems. The principal problem is optimi-

zation of the arrangement of sensors, as the algorithm of proc-
essing, frequent properties and solution exactitude is connected
to the arrangement of sensors. There are two modes of the
arrangement: the equidistant and unequidistant arrangement.
The equidistant arrangement allows using simple and exact
algorithm sensor signals processing, taking into account a sig-
nal frequency modification through a correction factor computed
on the base of a sensor readings , but there is a critical wave-
length, at which all sensors produce identical signals and it fails
to restore a standing wave picture in a tract.

Il. Error estimation method

When where each equation corresponds to a signal of the
sensor and differs from consequent by a phase shift magnitude,
a set of equations receives a matrix consisting of cosines and
sinus of phase distances between sensors. With the purpose of
deriving an information about the most successful sensors ar-
rangement it is necessary to simulate the sensors arrangement
by search of values phase distances, each time receiving new
estimation and then to compare them. The definition of a crite-
rion of a D-optimality is that a determinant of a variance and
covariance matrix appropriate to a D-optimum plan is less than
at any other plan.

The least squares algorithm assumes for the realization
availability of appropriate rather complicated and expensive
computing devices. The more simple algorithms are used in
practice. The equidistant sensor signal processing algorithms
do not concede least square method exactitude, as they repre-
sent a strict mathematical solution of a set of equations. The
more information matrix determinant corresponds, the more
steady solution is achieved. This general theory has an interest-
ing singularity, if the sensors amount is equal to four, eight,
sixteen and so on. Then it is useful to apply the unequidistant
sensors arrangement on Chebyshev polynom base.

lll. Simulation results

There were used four equidistant and unequidistant sen-
sors for the analysis of exactitude in frequency band on vari-
ance and covariance matrix base. The variance and covariance
matrix in this case shows how sensors errors are transformed
into intermediate variables standard deviation, and after coordi-
nate transformation into passing power and complex reflection
coefficient standard deviation. During simulation varied fre-
quency was used to average frequency relation. The imitation
results are shown on fig.1.

VI. Algorithms comparison

There are two emergency situations, giving restriction:
when a wavelength increases and an adjacent sensors reading
unintelligible and when a wavelenght decreases so wave period
is placed between an adjacent sensors and their readings be-
came equal. In occasion, when adjacent sensor readings are
equal or closely spaced quantity, to prevent zero in the denomi-
nator, the sensors commutation has to be executed in the mi-
crowave multimeter, shifting to the right or left side on distance
equal to phase distance between a sensors. It requires one
more sensor. Besides this, an expression gives information
about wavelenght as arccos®.

V. Conclusion

The MMM aligorithm accuracy analysis and its proposed pa-
rameters estimation methodics in frequency range permit to -
improve design MMM quality.
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