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PaccMmoTpeH BOTHOBOAHBIN METOJ] ONPEAEICHHS AUIIEKTPUUECKON P OHUIAEMOCTH MAaTEPUAIIOB C
HCIIONIb30BaHUEM ITAaHOPAMHOI'0 W3MepHTeNs KoddduirenTa oTpakeHns u nepenadn. [Iposenena
OLICHKA BJIMSHUS IIapaMeTPOB BOJHOBOAHOTO TPAKTa (JIMHEHHBIX pasMepoB, KO3((HUINEHTOB OT-
paKeHHsI MaTepHajoB) HAa TOYHOCTh M3MEPEHHH IMdJIeKTprUyeckoi nponunaemoctu B CBY mua-
Ma30He.

Kniouesvie cnosa: nuanexTpudeckas MIPOHNIIAEMOCTb, JUINEKTPUIECKHH CTep)KeHb, CTOsYast BOJI-
Ha, KOO (ULIUEHT OTPasKEHUSL.

BBenenue

Nsydyenne AUAIEKTPUUCCKUX CBOMCTB BEIIECTBA, T. €. MCCIEAOBAHHE MOBEJICHUS €0 KOM-
IJICKCHOM NUAJICKTPUUYECKON MPOHUIIAEMOCTH B 3aBUCUMOCTH OT YacCTOTHI, TEMIIEPATYPHI, TaBJICHUS,
HAMPSDKEHHOCTH 3JICKTPUYCSCKOTO MO M MPOoYuX (PakTOpoOB, UMEET BeChMa BAaXKHOE HAYYHOE U TEX-
HUYECKOE 3HAUEHUE. DTH UCCIEIOBAHUS MO3BOJSIOT BBISICHUTH HEKOTOPHIEC 3aKOHOMEPHOCTU CTpOE-
HUSI MOJIEKYJ, HEJOCTYITHBIC APYTUM METO/aM, a TaK:Ke AIOT BO3MOXXHOCTh MOJYYHTh HOBBIE HEO0-
XOJUMBIE TEXHUKE U30JISIIIUOHHBIC MAaTEpUalIbl C 3aJaHHBIMU CBoMcTBamu [1].

Bre16op mMeroma u3MepeHuil onpenenseTcss MHOTUMU OOCTOSITEIhCTBAMK: YaCTOTHBIM JIaTa-
30HOM, CBOWCTBaMHU HCCIEIyeMOro MaTepHaa, HeOOXOAMMOCTBIO JIOMIONHUTEIBHBIX BHEIIHUX BO3-
JeiicTBHUI Ha o0paser (TeMIiepaTypa, U3ydeHne, MarHUTHOS WK 3JIEKTPUYECKOE IoJie U Jp.). BaxkHo
TaK)X€ YYUTHIBATh, YTO METO/IbI, IPUTOHBIC IJI1 U3MEPEHUS 00pa3IoB ¢ HEOOBIION BETMIHMHOHN TPO-
HUIIAEMOCTH, OKa3bIBAIOTCS HEMPUTOMAHBIMH JUISI 00pa3llOB ¢ BHICOKUMH 3HAYCHUSAMH HAJICKTpUYC-
CKOM IMPOHHUIIAEMOCTH U TAHT'EHCA YIJIa MOTEPh.

[Iupoko u3BECTHBI TAKKE METOJBI U3yUEHHUS CBOMCTB MAaTEPUATIOB C UCIIOIB30BAaHUEM PAJIUO-
BOJIHOBOW TEXHHWKH, KaK BOJHOBOJIHBIC, PE30HAHCHEIC M CBOOOJHOTO MpocTpaHcTBa [1]. B caHTUMET-
POBOM JMamna3oHe JUIMH BOJIH OJHUM U3 HauOoJee yJ0OHBIX U TOYHBIX METOJIOB SBIISICTCS BOTHOBOJI-
HBI METOJI C YaCTHUYHBIM 3aIOJIHEHHEM BOJIHOBOJa (METOJ] TOHKOT'O CTepKeHbKa) [2]. B nanHoi pa-
00Te paccMOTpeHa MOTU(UKALIUS 3TOTO METO/IA C IETbI0 YBEIWYCHHSI TOYHOCTH U ONTUMHU3AIUN Ma-
TEMaTHYECKOW MOJien 00pabOTKH Pe3yIIbTaTOB.

MeTtoauka IKCIICEPUMEHTA H €r0 pPe3yJbTaTbl

B oOmem ciiyuae u3mMepuTenbHas YCTAHOBKA Ml peau3alid METo/a TOHKOT'O CTep)KEHbKa
BKJIIOYAET: TEHEepaTop; aTTEHI0ATOp; BEHTHJIb; 30HJ OTOOpa MOIIHOCTH; BOTHOBOX; oOpasel; Mmop-
LICHb; MHUKPOMETPHUYECKHI BHHT; TepMOCTaTHpyIollas pyOalika; TepMoOcTaT, JEeTeKTop; (UIBTP
CBY; u3meputens OTHOLIEHMH HampspkeHUi; yactoTomep [3]. [uanmexTpuueckas MPOHHMIIAEMOCTH
BBIUMCIIETCS Yepe3 OnpelielieHHe SKBUBAJICHTHONH HOPMHUPOBAHHON MPOBOAUMOCTH (€€ NeHCTBUTENb-
HOW M MHUMOH COCTaBJISIOMINX). PeakTHBHAS cOCTaBIISAIONIAs MPOBOAUMOCTH ONPEAEISIETCS IO CABH-
Ty TOJIOKEHHS MOPIIHS p NPU U3MEPEHUH TOJIOKEHHS MUHUMYMa Toka 0e3 oOpasma u ¢ oOpas3imom.
AKTHBHasl 4acTb NPOBOAMMOCTH ONPEAEIAETCS Yepe3 OTHOLIEHHE TOKOB, U3MEPEHHBIX B MAKCUMYyMe
0e3 oOpasla 1 B MUHIMYME ¢ 00pa3loM IpH KBaAPaTUIHONW XapaKTEpPUCTHKE JAeTeKTopa [2].
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Metoa TOHKOTO CTEepKEHbKa 06a3upyercsi Ha BBIYUCICHUN TUAICKTPHYECKON MPOHUIIAEMOCTH
TBEPBIX U KHUIKUAX ITUIIEKTPUKOB MTyTEM BO3JIEHCTBHUS 3JIEKTPOMArHUTHOI'O TOJISL HAa OOBEKT U3Mepe-
HUS ¥ U3MEPEHNH NapaMeTPOB CTOSUYEH BONHBI (0cnabiieHus curHaia u ero (asbl) Ipy 3aKOpOYCHHOM
BOJTHOBOJIE B MPHUCYTCTBHM M OTCYTCTBUHM oOpasua. Pacuer AuaneKTpuyecKoil MPOHUIIAEMOCTH OCY-
LIECTBISETCA Yepe3 SKBUBAJIICHTHYI0 HOPMHPOBAHHYIO IPOBOAUMOCTb.

OCHOBHBIM OTJIMYHEM MOIU(HUIMPOBAHHOTO METOAA TOHKOTO CTEpKEHbKa SIBISIETCS TO, YTO
JUIS OTIpEAETCHNs aKTUBHON M PEAKTUBHOM COCTABIISAIONIMX IPOBOJUMOCTH C ITOMOIIBI0 TAHOPAMHOTO
W3MEpUTENS TPOBOIUTCA U3MepeHne KO3 (OUIIMEHTOB OTpaskeHHsI B MAKCUMYME CTOSYEH BOJHBI B OT-
CYTCTBUM 00pa3la U B MUHIMYME CTOsIYEH BOJIIHBI B IPUCYTCTBUH M OTCYTCTBUHU 00pasia.

Jns peanuzaliiv JaHHOTO CIIOc00a MPUMEHSIaCh U3MEPUTENbHAS YCTAHOBKA, COCTOSIIAS U3
BBICOKOTOYHOTO reHeparopa kavaromieicst yactotel ('KY) ¢ cucteMoil aBTOMaTHUECKOro peryaupo-
BaHus MoutHoctd (APM); CBUY usmeputensHoro tpakra (1), COCTOSIIEro u3 ABYX MOCIEI0BATEIBEHO
COeIMHEHHBIX HampaBieHHbIX orBerBHUTENel (HO); yanpuuuposannoro nnaukaropa JA2P-70; o0bek-
Ta U3MEPEHUS B BUJAE IUDIICKTPHUUECKOro cTepxHs (2); arTeHoaTopa (3) 1 MOABMXKHOTO MOpIIHS (4)
(puc. 1).
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Puc. 1. CtpykTypHas cxema U3MEPUTENbHON YCTaHOBKU

Ha Beixome I'KY ¢opmupyercst 4acToTHO- W aMIDIMTYAHO- MOAynupoBaHHbI CBY-curHan
MOCTOSIHHOTO ypoBHs. [locTossHCTBO BBIXOAHOM MourHocTH ['KY monmep)kuBaercss ¢ MOMOIIBIO CHC-
tembl APM, koTtopast paboTaer mo curHainy P,’, mogaBaeMoMy U3 MHIMKaTopa B reHepatop. HOIL or-
BETBIIICT CUTHAJ, MPONOPIMOHAIBHBIN MOIIHOCTA Hajaawomed BoiHbl P,; HO2 — MomHocTH oTpa-
xeHHo! BonHbI P,. Curnanel HO nerextupyrorcst KBapaTHdHbIMH JIeTekTopamu (5, 6). Beixoanbie
HaNpsDKEHUs AETEKTOPOB TO3BOJISIOT OMPEAeTUTh MOAYIb KO3 HLneHTa oTpaskeHUs: U ocaaOneHus..
CurHaibl, MponopUruoHaANbHEIE KO3()(UIMEHTY ociaalOiaeHusl, CHUMAIOTCA C JETEKTOPHBIX TOJIOBOK,
MOJKJIIOYaEMBIX KaK OKOHEUHBIE HArPY3KH Ha BBIXOJ M3MEPSEMOr0 YCTPOHCTBA U UyBCTBUTENBHBIX K
npomenueil yepes m3mepsieMsiid 00bekT CBY MomHocTu. CurHaisl, IpornopuroHanbHble Koddduu-
€HTY OTpa)KEHUs, CHUMAIOTCS C I€TEKTOPOB, BKIFOUEHHBIX BO BTOPUYHBIE KAHAJIBI HAIIPaBIEHHBIX OT-
BETBUTEJNIEN U YyBCTBUTENBHBIX K BETMUMHE OTPAXKEHHOW OT n3Mepsiemoro yctpoiictsa CBY morrHo-
ctu [4].

OOBeKT U3MepeHus MPEACTaBISIT COOON MOMUATUIICHOBBIN MONBIN CTEpP:KEHb AUaMeTpoM d, B
KOTOpBIN MOMeIaercs ucciaenyeMbiid Mmatepuai. CrepxkeHb GUKCHpPYETCcs B CKBO3HOM OTBEPCTHH CO
CTOpPOHBI IIUPOKON CTEHKH BOJIHOBOJA IMPUHON a (puc. 2). OTHOIIEHHE d/a MOKET MEHATHCS B ILH-
pokux npeznenax (ot 0,12 mo 0,05) [2].
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Puc. 2. Honepeque CCUYCHUC BOJIHOBOAA C JUIJICKTPUUICCKHUM CTCPIKHEM
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Crioco6 u3MepeHust CBOAUTCS K OMPE/CIICHUIO B IPSIMOYT'OJIbHOM BOJHOBOJIC SKBUBAJICHTHOMN
HOPMHPOBAHHON MPOBOAUMOCTH HEKOTOPOH HEOTHOPOAHOCTH, KOTOpask BHOCUTCS B BOJHOBOJ IIH-
JUHJIPUYECKUM AUDICKTPUUYECKUM CTEP:KEHbKOM, MOMEIIAEMbIM B I[EHTPE IIHUPOKON CTEHKHU BOJIHO-
BOJla MapajieIbHO BEKTOPY HAIPSHKEHHOCTU 3JeKTpuyeckoro monst BomHel H10, pacmpoctpansio-
eiics B BOJIHOBOJIE.

[Ipennonaras, 4yro marepuan ooOpasna o0JIajaeT KOMILUIEKCHOW TUAIEKTPHUYECKON MPOHUIIAe-
MOCTBIO, MOXKHO OIPEACIUTh €€ COCTABJISIONINE Yepe3 MapaMeTpbl BOJTHOBOAHON JMHUH, Pa3Mephl
o0pasiia 1 SKCIEePUMEHTAIILHO U3MEPEHHEIE TpoBoauMocTy G U B.

[IpoBogumocTt G U B U3MEPAIOTCS ¢ IOMOIIBIO TOJABMKHOTO KOPOTKO3aMBIKAIOIIETO MOPIII-
HA. PeakTuBHAs cOCTaBIISIONIAs MPOBOJUMOCTH B ONMpeAeNnsieTcs Mo CABUTY MOJOXKEHUS MOPIIHS IPU
M3MEPCHUU TOJIOKEHHUSI MUHUMYMa KO3 UIMEHTa oTpakeHus 0e3 o0pasiia u ¢ 00pasiom:

27
B=tg—p, 1
gkp (D

g

TJI€ p — CABUT IOJ0XKEHHSI NOPIIHS; A, — AJMHA BOJIHBI B BOJIHOBO/IE.
AKTHBHAsI 9aCTh IPOBOJUMOCTH G ompenenserca uyepe3 KodQPUIMEeHTH OTPaKeHUS B MakK-
cumyme 0e3 oOpasia ¥ B MUHUMYME C 00pa3IioM:

C=T—5— 2)

10 0 -1
rae S1 u S2 — ko3 dunmenTs! oTpaxkeHus B Jenudenax B MakcuMyMme 0e3 oOpasla U B MUHHUMYyME C
00pa3IoM COOTBETCTBEHHO.

KommnekcHas nusnekTpuueckasl IPOHULAEMOCTh H €€ COCTABISIOIINE PACCUUTHIBAIOTCS MO
¢dopmynawm [1, 2]:

g=g'+g", (3)
Ay u
g'=1+ Z(gj +0,5 'm, (4)
Ay %

rac € — KOMIUICKCHAA JUIJICKTPUYCCKAsA MPOHULIACMOCTD, gue"— HeﬁCTBHTCHLHaﬂ 1 MHHMas1 COCTaB-
JIAomas I[HSHGKTpH‘{CCKOﬁ MPOHUIIAEMOCTU COOTBECTCTBCHHO, A— JJIMHa BOJIHBI B CBO6OI[HOM npo-
CTpaHCTBC, d- JANaMCTp CTCPIKCHBKA, # U V — ICPEMCHHBIC, BBCACHHLIC JId YIIPOUICHUA BBIPAKCHUA,
pacCUUTBIBACMbIC 10 (I)OpMYHaMZ

. 2

u=2'Y 1 —1,75+1n4a/nd+—g%, (6)
n=351,. n2_(2a/k)2 n a B +G

pore G (7)
a B*+G*’

TJIe a — pa3Mep IIMPOKOW CTEHKH BOJHOBOJIA.

[Ipemraraemplii METOT U3MEPEHII OCHOBBIBACTCS HA BO3MOXKHOCTH IMONTYYCHUS HHPOPMAIUN
00 aKTUBHOW M PEaKTUBHOW COCTABISIONIMX MPOBOIUMOCTH Yepe3 KO (UIIUEHT OTPaKEHHS CTOsTUCH
BOJIHBI B H3MEPUTEILHOM TPAaKTE.

OCOOCHHOCTBIO TIPEIIOKEHHON METOJIMKU U3MEPEHHU ABISICTCS u3MepeHue KO3 UITUSHTOB
OTpaKEHUs, a HE 3HAUCHHI TOKOB. [Ipu 3TOM BEIUMCIICHHE aKTUBHON YaCcTH MMPOBOJUMOCTHU IIPOU3BO-
JIUTCS TI0 BBIBEACHHOM B NaHHOW pabote dopmyne (2), B OTIMYUE OT U3BECTHOTO METO/a, T/I¢ aKTHB-
Has 4acTh MPOBOJAMMOCTU OIPENCSIETCS Yepe3 OTHOIICHHE TOKOB, M3MEPEHHBIX B MakCUMyMe 0e3
00pasna /yaxe 1 B MUHUMYME C 00Pa3ioM
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[Ipennonaraemas mocieq0BATENBHOCTD ONEPALINI TTO3BOJIAET HE MPOBOANTH N3MEPEHNE TOKOB
U COOTBETCTBEHHO HCKJIIOUUTH U3 YCTAHOBKH BEHTHIIb; 30HI O0TOOpa MOIIHOCTH; MUKPOMETPHUYECKUN
BHHT, TEPMOCTAaTUPYIOLIYI0 pybamky; Tepmoctar; ¢pmisTp CBY; wactoromep. 3a cuer ympouieHus
M3MEPUTEIBHON YCTAaHOBKM YMEHBIIAETCS BKJAJ B MOIPEIIHOCTh M3MEPEHUs, MOCKOIBKY MCKIIOYa-
FOTCSl HECKOJIBKO HHCTPYMEHTAJIBHBIX IO PEIIHOCTEH.

B Llentpe 1.9 «Hayuno-oOpa3oBarensHbli nHHOBAIMOHHBIN 1eHTp CBY TexHomoruii u ux
METPOJIOTUYECKOT0 o0ecTedeHus» benopycckoro rocy1apCcTBEHHOI'0 YHUBEPCHTETa HHOOPMATHKU H
PaZnOdRNIEKTPOHNKH Oblila MPOBEIeHa MpoBepKa paboTocrnocoOHOCTH MOAM(PHULIMPOBAHHOTO METOJA.
OCHOBOI M3MEPUTENIFHON YCTaHOBKHM, B KOTOPOH peain30BaH MPEATIOKEHHBIH CIOco0, ObUT CKamsp-
HBIN aHanmu3atop uerei P2-104, nmeromuii cieayionme MeTpoIornYecKue XapakTepUCTHKU: paboure
nuanaszonsl yactoT 0,01-18 I'T'u; 17,44-25,86 I'T; 25,86-37,50 I'T1; ocHOBHast MOrpemIHOCTh yCTa-
HOBKHM 4actoThl oT =0,1 % m0 +£0,5 % (B 3aBHCHUMOCTH OT JUana3oHa 4YacToT); JUAla30H W3MEPCHUS
KCBH 1,1-5,0; nuana3on usmepenus ocnabnenus ot 0 no —40 ab; morpemHocts usmepenns KCBH
+(5K+6) %, rme K — Benmumna usmepsiemoro KCBH; morpemmnocts u3MepeHHs OcCnallIeHHS
+(0,05A+0,5) nb, rme A — BenwuMHA U3MEpsEMOro ociadiieHus. V3mepeHusi ObLTH MPOBEICHBI HA
gactore 9,5 I'T.

[lo pesynabpraTaM HCCIEJOBAaHUIH OMBITHOIO 00pas3lia B BUAE AalleTOHA COBUT ITOJIOKEHHS
MOPIIHA p cocTaBUn 3,5 MM, pazHuna S1-S2 paBHa 6,7 nb. PaccuntanHas KOMITJIEKCHAs OUAJIEKTPHU-
Yeckas IpOoHUIaeMocTh paBHa 22. IlorpemHocts u3mMepennii cocrasisier 2,7 %. Tabnuunoe 3HaUeHNE
TUBJIEKTPUYECKON TPOHUIIAeMOCTH aleToHa 21,4.

[Ipu uccnenoBaHuM ONBITHOrO 00pasla B BHIE TPAHC(HOPMATOPHOTO MACHIa CABUT MOJIOKEHUS
NopIIHA p coctaBua 1,6 MM, pasHuna S1-S2 pasHa 14,7 nb. Paccuntannas KOMIUIEKCHAs TUAJIEKTPU-
Yeckas MpOHUIaeMocTh paBHa 2,43. Ilorpemnocts n3mMepenuit cocrasmuser 2,9 %. Tabauunoe 3Haue-
HUE JUAJIEKTPUIECKON MPOHULIAEMOCTH TpaHCPOpMaTOpHOro Macia 2,5.

[IpoBeneHbl HCIIBITAHUS C OMBITHBIM 00pa3oM B BUAE dTHIOBOrO cnupTa. CIBUT MONOKEHUS
nopiiHd p coctaBun 2,4 mm. Pazauna S1-S2 pasna 5,0 nb. PaccuntanHas KkoMIekcHasi JUAJIEKTPHU-
yeckas MpoHunaeMoctb paBHa 24,8. [lorpemHocts u3mepenunit cocrasuser 1,2 %. Tabnuunoe 3Haye-
HUE IUANIEKTPUYECKON MPOHUIIAEMOCTH 3THIIOBOrO cupra 25,1.

Hanee skcnepumenT npooamicst mist conell KCL Ilo momydeHHBIM 3KCIEpUMEHTaIbHBIM
JaHHBIM OBUIM MOCTPOEHBI 3aBHCUMOCTH JIEHCTBUTENBHONM M MHUMOH COCTaBIISIOIIMX JHAJICKTpUUE-
CKOW MpOoHHULAeMOCTH (pHC. 3) IS NSATH pa3IdYHBIX KOHLEHTpauui BogHbIX pactBopoB KCl, npuuem
PacTBOpBI TOTOBUIIMCH U3 TpeX BUIOB pyad, koHeHTpanus KCl B kotopsix cocrapmsuia 29, 85 u 96 %
(ompenerneHa Mo JaHHBIM XHMUYECKOTO aHaJIN3a).
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ur WexogHoe cogepkanine | 7 WcxoaHoe cogepranne
=p KCl 8 pyne: - I KCl e pyae:
»r ™ » 6% ] B 6 E [ o o6%]
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nf ] t 4 )
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OTHOCHTENBHOE WIMEHEHWE KOHUEHTPALMM pacTeopa OTHOCUTENBHOE WIMEHEHUE KOHUEHTPaLMK pacTeopa

Puc. 3. Pe3ynbraThl pacueToB AEUCTBUTEIBHON U MHUMOM COCTaBISIOUINX JUAJIEKTPUUECKON MPOHULIAEMOCTH
BomHBIX pacTBopoB KCl st pa3nuyHbIX KOHIICHTPAIUH pacTBOPOB

3akjoueHmne

Ha ocnoBe MCTOJa AUIBJICKTPUYCCKOIO CTCPIKCHbBKA pa3pa60TaHa MCTOJMKa aHaJIr3a IMIpo-
HEHTHOI'0 COACPIKAHUA KCl B MHOFO(i)a3HOfI CMECH, KOTOpasd MO3BOJIACT CYIICCTBCHHO CHU3UTH TPY-
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JOCMKOCTb pa60T1>1, B CpaBHCHUU C YK€ CYIICCTBYIOIMMHA BOJIHOBOAHBIMU MCTOJaMMU. ﬂaHHLIfI METO
OTIINYACTCA HpOCTOTOﬁ 1 o0ecreuynBaeT HAaJACKHOCTh MOJIYyYacMbIX PE3YJIbTATOB MpPU HU3MCPCHUU,
MHOT'OKpAaTHBIC Ha6J'HO,I[€HI/I$I TOBTOPAIOT MOJYUYCHHBIC PC3YJILTATHI. I[J'ISI OKCIICPUMCHTA Tpe6yerc;1
MaJIoC KOJIMYCCTBO UCCICAYCMOIro MaTepuaia (}_'[0 0,5 r KCI), YTO IMO3BOJISACT UCCIICAOBATH BCIICCTBA,
MOJIy4acMbIC B MaJIbIX KOJIMYCCTBAX, 4 TAKKC 00eceunTh AOCTAaTOYHYIO OJHOPOAHOCTH o6pa3u0}3 10
06’bCMy (HpI/I YCJIOBUHU pasMECIIbUCHUSA PYyAbl 1O IMMOPOIIKOBOT'O COCTOSIHI/ISI).

MICROWAVE METHOD FOR DETERMINATION OF DIELECTRIC
PROPERTIES OF LIQUIDS

N.A. PEVNEVA, A.V. GUSINSKII, A.L. GURSKII

Abstract

The waveguide method for determining the dielectric constant of materials was considered
with using a panorama meter of the reflection and transmission coefficients. The influence of the
waveguide channel’s parameters (linear dimensions, the reflection coefficients of materials) on the ac-
curacy of the permittivity in the microwave range was assessed.
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