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AHHoma4uR- joKJ1ag nlOCBJqt4eH CpaBHeH4IO TOHOCTh an1-

rOp4TMOB MHOrO30HgOBbX MUKpOBOllHOBbIX MynbT4MmeTpOB B

gmanf3OHe pa60oNx 4aCTOT C 3KBuAucTaHTHbIM U He3KBHgH-
CTaHTHbIM pa3MeuAeHmeM gaTwIKOB. npU alHan13B y4TbIBaeT-
CA KaK pa3MeLeHwe gaTqwKOB, TaK U anrOpHTMbi o6pa6oTKH UIX

cMrHaJnOB

1. BBeAeHue
TpaULL4OHHO maTemaTmecKas MOmgenb MHorO3oH-

9OBOrO MWKpOBOnlHOBOrO MyJ1bTMmeTpa npegCTaBnJeTCq
CuCTeMOg nUHeUHbIX ypaBHeHLI [1]. PeweHLIeM CLICTe-

MbI C reomeTpUMeCKOA TOWKN 3peHLIR qBnqeTcl nepece-
YeHUe nllpMbIX B n-MepHoM npOcTpaHCTBe, KOJ114eCTBO
3MmepeHHI KOTOpOrO COOTBeTCTByeT KOJLI4eCTBY He3a-

BLCUMbIX nepeMeHHbIx nriioc eLite OgHO /WS CYHKLALI4
3TUX nepeMeHHblX. 3To ygo6Has MOgellb 9nJs geMoHCT-
paiLIL npo6neMbl, BO3HmKaiouLeA npu HanLMLI norpew-
HOCTeA B CLirHaJaX gaTLLKOB. JonyCTLIM MmeeTCq CLC-
Tema gBYX ypanHeHUU 6e3 norpeWHoCTe4, Torga Ha
nln1OCKOCTL gBe nlpqMbie npeceKaioTCq B OgHOA TOWKe.
Tenepb y4TeM nOrpeWHoCTb, TaK '4To nlpMbie npeBpa-
L4alOTCJq B nOnOCbl, a o6nacTb nepece%eHtv nonoc
LIMeeT C3OpMy poM6a. OKa3bIBaeTCsJ B 3aBMCLIMOCTI4 OT
KO34CLII4LIeHTOB B ypaBHeHLI41X npRMbIX, pa3Mepbl pOM-
6a MoryT BapbIpoBaTbCS, TaKLM o6pa3oM MeHReTCS

nOrpelWHOCTb pe3ynbTaTa. MaTeMaTLILeCKLI 3TO onpe-
geJn1qeTC.q KaK YCTOA4LIBOCTb CLCTeMbI ypaBHeHLIL U

O6ycnOBneHHOCTb CLCTeMbI ypaBHeHLA. npLIMeHJwI 3TO
K MyJIbTLMeTpy, c0opMynmpyeTCR 3aga4a MLHLIMLI3aLILILI
norpeWHOCTL 3a c4eT 3agaHt49I napameTpoB B ypaBHe-
HNAX, pean43ys4eeCJ Ha npaKT14Ke pwmeqeMem gaT-
LMKOB.

OgHaKO cnO)KHOCTb pac4eTOB BO3pacTaeT nponop-
LLOHanbHO pOCTy KOnJLeCTBa nepeMeHHblX. Cnoco6
yxoga OT npO6neMbi COCTOLT B nepexoge K gByMepHbIM
KpLBBIM Ha niOCKOCTL, TO eCTb OKPY)KHOCThM KaK y 3H-
reHa [2]. HO TaKas MOgenb He Y4LTb1IBaeT MOLAHOCTb,
4TO He qBnqqCb npo6neMoH gnJ gBeHagAaTtnO,nCHbIX
pecJneKToMeTpOB, He npMmeHLMO B MyJ1bTLMeTpaX,
KOTOpbIe KpOMe MOgynsF 4oa3bi KO3XocLeHTa OTpa-

)KeHLp npegHa3Ha4eHbl TaKoe Ans 143MepeHLIR MOL4-
HOCTL.

HaI6o.nee o6uAeu Mogenlbio npeguaBneMs no-
rpejWHOCTLI gn MHoroMepHoro cny4a Qny)KLIT a3nnun-
CoLI paccesHLq[3,4].

Cy4ecTBytou4ee npOTLIBOpe4Le Me)Kgy 3KBLg14-
CTaHTHbIM He3KBLItLCTaHTHbIM pa3meueHmem gaT4L-
KOB npegiJaraeTC5 paCCMOTpeTb C y-eTOM He TOllbKO
pa3MeL4eHHR gaT4LKOB, HO npegnaraeMbix anropwT-
MOB o6pa6oTKH cLIrHaJ-OB, 4To6bi nlp4H5Tb 6onee non-
Hoe o6oCHoBaHHoe peweHt4e no nOBogy npegno4T14-
TenlbHOCTH TOrO JnL LHoro anropITMa. nlpegnaraeTCs
MeTogLKa, KOTOpasq OTnLIaeTCq OT gpyrLX LI3BeCTHbIX
MeTOg14K, BO-nepBblX, y4eTOM anropwTma o6pa6oTKLI

CLrHanOB gaT4ILKOB. BTOpoe nOO)KLITenbHOe OTnL4ILe
3aKnlO4aeTC.q B y4eTe B3aLMOCBq3L Me)KAY nepeMeH-
HbIMM, BbIpa)KaioueeCJ KaK KOBapLIaL4wL. TpeTbLiM npe-

iMmyuLeCTBOM qBnqeTCq ynpouteHme MeTOg14KH 3a C4eT
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nepexoAa K 4H)KeHePHbIM 4OpMynaM OT MaTpU14HbIX
BbNMUcneHwk, KorAa npeo6pa3oBaHwe KOOpgUHaT (nOBO-
pOT), BbilnOJ1HeMbig nyrem YMHO)KeHmsi MaTP14L4 3aMe-
HseTCl Ha paBHOLeHHyio coOpMyny HaKonneHms LaCT-
HbIX norpewHocTeI.

II. CpaBHeHe e Ac4CnepCMOHHbIX MaTp4LA,
BeCOBbIX K03CpCI3MLWeHTOB U pe3yi1bTaToB
AJMR 3KBMHACTaHTHbIX U He3KBHAHCTaHT-

HbIX MHOrO30HqOBbIX CHCTeM
3aAaqa CTaBMTCq KaK CpaBHeH4e qeTblpeX30HAOBbIX

3KBHAUCTaHTHOU U He3KBMt4gCTaHTHOA CuCTeM gaTqU-
KOB, B nepBOM cny'ae anropHTM o6pa6oTKI4 ony6nrKo-
BaH B [5], a BTOPOA B CTaTbe [ 6]. OTHOCUTenbHO camoro
He3KBHIMCTaHTHOrO pa3MeuLeHHq CBeAeHLI5 COgep)KaT-
CF B [7]. 06uLwM B nogxoge RBnJeTCS; Han4wUe npoMe-
)KYTOLHbIX nepeMeHHblX, KOTOpbIe ynlOMLHaOTCSF TamKe B
CTaTbe [4yAKo].

06u.as; norpeWHOCTb 143MepReMbix napameTpoB
Mo)KeT 6b1mT onpegerieHa cormacHo 3aKOHY HaKonneHMA
qaCTHbIX norpeWHocTeU C I4CflOJb3OBaHLe BeCOBbIX KO-
3CI4Li4LIeHTOB L cpeAHeKBagpaTH4eCKHX OTKnOHeHLU
AaTqLKOB (CKO). TaK AJq npoxogsueA MOLLAHOCTU L
MOAyllq K03)CPfLI4LeHTa OTpa)KeHLI4I, OHa MO)KeT 6biTb
nonylieHa 143 )OpMyJl

JW=IW1 7 +W212Pc +W2u%Asjnq, +2WW2 COVPAPcosP

la=j p + + 2W6cf4,f + 2W4W5Wcvp, (p )

a-, = A/W7o- + W8cy,p'08,+ W s 4 + 2W8W9 covp.Ap.,,
4To6bI nlOlb3OBaTbCq 3TOU 4)OpMyflOU HagO peWLTb

gBe 3aAaYu: BO-nepBblX, onpefenffTb KO3WC4LI4eHTbl
Bnl4RHLI4l, BO-BTOpbIX, HaATH gmCnlepCLm L KOBapmaUmw.

03 BbIpaKeHLI [5] HaXOALM K03(0CIXLLLeHTbI BJllI-
HLIR KaK YaCTHbIe llpOL3BOgHbie gm1 nOrpeWHOCTL KOC-
BeHHbIX L3MepeHLm. TaK Als; npoxogqsueA MOLLtHOCTH
BeCOBbie Ko3a44LI4LIeHTbI OTHOCHTenJbHO npoMe)yToq-
HbIX nlepeMeHHbIX

-r cOSq(l+J'2) w sin (I+ F2) (2)
1P,,,,,~1-F2)' 2P,,(F2_1)1 2P,a4.d(F2 -1)

A 13 [6] nyTreM gmLctcepeHLLpOBaHMIs cpeAHero rapMo-
HmYecKoro onpeAenjem norpeWHOCTI L3MmepeHsI npo-
xoAsqu4eA MOLLHOCTL.

4 1 4 COS6Oi sin9
4E 2 4ECOS2 4E 2 i (3)
_w_ -ip

,=i=,pi, W2=12 pi, i2=1i '

,LCflePCMOHHa8 MaTpmLLa CTpOITCq, MCXOgq 13 MaTpLI-
4bl CmCTeMbl ypaBHeHMA, 6onbWLHCTBO 3JneMeHTOB
MaTpHL4bI CmCTeMbi ypaBHeHLA TPLrOHOMeTPL4eCKLIe
cyHKI4LIL, nOqBLBWL4eCq B pe3ynbTaTe paCKPbITLI.q KOCLI-
HyCa CYMMbI B BbIpa)KeHML An/J cwrHana AaTWKa. Apry-
MeHTOM TP CrOHomeTPHmecKoI )YHKL4LI RBJIeTCS cta-
3OBOe paCCTORHme MegY RaTarKaMm, KOTOpOe B CBOIO
oqepegb FBJsnieTCR ctyHKI41eA reomeTpHmecKoro pac-
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CTORHIS Me)Ay gaTI4KaMm. A,mI 3KBs4gcTaHTHoro pa3-
MeuLeH1S paccTosRHe MeBgy gaTY4KMKamm COCTaBnseT
VI6, a WS He3KBmt4,cTaHTHorO Bbl4cns;eTcs; no XOpmy-
naaM

- L1" /~~~~, 4 I

q 1
Iq+070l~

(4)

q-KO3C4CMLAmeHT nepeKpbIT14FI paBHbl4 OTHOweHM40 MaK-
CUMmalbHO1 gYUHbi BOflHbl K MIHHMallbHOU, B gaHHOM
cly4ae OH paBHeTCS; gByM LaCTOTHbl4 Amana30H KO-

aKci1arIbHoro TpaKTa cocTaBJ1s5eT HeCKOJTbKO oKTaB, TO

eCTb cyuAeCTBeHHo npeBblwaeT gi4ana3oH pa6o0mx Hac-
TOT BOJHHOBOAa. COOTBeTCTBeHHO, pa3MeLu,eHme AaTrtw-
KOB gOJ11KHO MOAL44pMLApOBaTbCS;, YTO BJ1eBeT 3a co6ok
KOppeKt4mto MeTOgtL OLAeHLBaH5s;, B 4aCTHOCT1 AOn1K-
Ha H3MeHHTbCq 4 gLcnepCIoHHas; MaTpWI4a W BeCOBbIe
KO30cpMLAweHTbl.

npU 3KBL4AJ4CTaHTHOM pa3MeLiAeHMM HOBbie gaT414K4
go6aBlnIOTCS; Ha KpaTHOM K Ha4a4IbHOMy paCTOqHH4, a

pa6O4lMM qBJISqOTCS no npe*KHemy YeTblpe AaT'4Ka, HO
CO CBOHM4 ca3OBbIM&4 paCCTOSHIU;MM, KOTOpbie 1 yY4-
TblBafOTCJ 4epe3 g,4cnepCMOHHyo MaTpH4Ly, a BeCOBbie
KO34¢"L4WeHTbI He MeHS*1Tcq, KaK He MeHRseTcs anro-
p4TM o6pa6OTK4.

np14 He3KBt4gmCTaHTHOM pa3MeLLAeHM4 KonJ4eCTBO
gaT'4KOB gOn)HO 6blTb KpaTHO 2, TO eCTb nocrie 4eTbl-
pex gaT'4KOB cneAyeT BOCbMm3neMeHTHas; peweTKa,
3aTeM weCTHagLAaT143J1eMeHTHaF 14 T.P. lM13MeH1TCq TaK-

we Ko3cP4mLU4eHT nepeKpblTMS w cTeneHb annpoKclMm-
pyiouAero 4aCTOTHYO xapaKTepfcTlKynoHOMa L4e6bl-
weBa, 'TO npiBegeT K BbY4mCJeHL41O HOBOrO paCCTOSHI45;
Mexgy gaT4t4KaMm no Xopmyn1aM aHlanorl4YHbIM Bbipa-
)KeHMI4M (4). B Bb14wCneHms;x npoxoAsuLe1 MOULHOCTH
KaK cpejHero rapMOHtw4ecroro y4aCTBYIOT BCe gaTr4KM,
3HaYMT, 3TU I3MeHeH1q yI4TbIBalOTCF B AmcnepCt4OHHO
MaTp14L4e. HTO KacaeTCs BeCOBbIX Ko34XUMLwHeHTOB, TO B

3TAX Bbipa)KeHmX npoOPLMOH-bHO yBeJlIM4TCF KO11-
4eCTBO cnaraeMbIX B Ka)gOR 'aCTHoW npOt43BOAHOA B

COOTBeTCTBLe C yBenm4eHHbIM ICnOM gaT'4KOB B CW-
344eCKOcc4cTeMe.

III. 3aKmuoWeHe
AHa.nW3 TOYHOCTL anropLiTMOB MMM m npeAno)KeH-

Has MeTOALKa KOMnneKCHOL4 o14eHKm ero napameTpoB

jgianaoHe acTOTTnO3BsOnWIT yny4W4Tb KaYeCTBo npo-
eKTpOBsaHm.q MMM.
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ERRORS OF MICROWAVE MULTPROBE
MULTIMETER WITH EQUIDISTANT AND

NONEQUIDISTANT SENSORS
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Abstract - Compared in this paper is the accuracy of two
algorithms of multi-probe microwave multimeters within operat
ing frequency range with equidistant and non-equidistant
probes location. The probes position and algorithms of their
signals processing are taken into consideration.
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