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W3MEPEHUE AHW3OTPOIIUU JUDJEKTPUYECKOM INPOHUIAEMOCTH
AKUIKUX KPUCTAJIJIOB HA CB4 METOAOM YACTOTHOU MOAYJIALIUN

Paccmampusaromes sonpocvl onpedenenus anuzomponuy OUINEKmMpUieckoli NPOHUYAeMOCu HeMAMU4ecKux
arcuoxux kpucmannos (HXKK) no usmepenuro manvix usmeneHutl pe3oHancHol wacmomst u doopomuocmu CBY pe-
3onamopa, nazpyscennozo HXKK, memooom uacmommoii mooyaayuu. [annvlii Memoo ocHosan na anaiuse chekmpa
oaubarowjeli CusHaIa ¢ pe3oHamopa npu MOOYIAYUU RUMAIOUe20 2eHepamopa no 2apMOHUYECKOMY 3aKOHY ¢ 0esua-
yuet 4acmomsvl NopsAO0Ka NOJOCHL NPonyckanus pezonamopa. Ilpusooames pe3yromamol usmepenuli aHU30Mponuy
ouanexmpuuecxoti nponuyaemocmu HXKK xnacca 5-CB ¢ nomowpio yununopuyeckozo pezonamopa 3-cm ouanaso-
Ha ¢ konebanusmu E1g; om nocmosnnoz2o maznummno2o nons.

Kniouegvie cnoga: anusomponus OudNeKMpuyeckou npoHUYaemMoCmu, HeMamuyeckuii JICUOKUN Kpucmail,
CBY- pezonamop, uacmomuas Mooyaiayus, MazHumHoe noie.

BBeaenue

M3BecTHO, YTO MUAJIEKTpUYECKas IMPOHUIIAEMOCTb
(HXXK) moxer
NU3MEHATHCA MEXIY IBYMS SKCTPEMAIbHBIMH 3HAYCHU-

HEMATUYCCKUX KUAKUX KPHUCTAIIOB

SIMH, COOTBETCTBYIOLIIIMHU OPHEHTAIIMN MOJIEKYJ Iapall-
JenbHO U060 MEepIeHAUKYISIPHO BHEHIHeMy nomo. Ta-
Kasi aHM30TPONMs Ag =g —€ | CBs3aHA C NEPEOPUCH-

Taren JIMHHBIX HOJIIPHBIX MOJIEKYJN MHOA JeiicTBHEM
BHEIIIHUX 3JIEKTPUYECKUX U MarHUTHBIX noneit [1]. Co-
OTBETCTBCHHO B ONTHYECKOM JHaNa3oHe HaOIIOmaeTCs
ABoiiHOE JydenpenomieHne (An=n;—n 1), LIHPOKO

ucnons3yemoe B LC-nucmesx. K coxxanenuto, sBie-
HUE IUAIIEKTPUYECKON aHU30TPOIIUH JUIsl IPUMEHEHHE B
nepectpauBaeMbix CBU ycTpoiicTBaXx 0 HACTOSIIETO
BpEMEHH c71ab0 U3y4eHO.

Tak B paborax [2 — 4] onmCBIBalOTCS TIEpPBHIC TIe-
pectpanBaembie CBU BapakTopsl, GmibTpsl, (a3oBpa-
IIaTeNH, KOTOPBIE MOTYT CIYXHTh KOMIIOHEHTaMH aH-
TEHHBIX (ha3sMpyeMbIX pelIeToK. bputo oTmedeHo, 4To
HU3MEHEHHE AUDIIEKTPUYECKON IPOHULIAEMOCTH Ag, TIpU

HM3MEHCHHHU HAIPSHKCHHOCTH BHEITHETO TOJS HCITOJIB3Y-
eTcs ISt M3MEHEHHUs (Dasbl, KOTOPOE MOKET COCTaBIATh
no 12%xb. ns mseectubix KK (¢ aHm3oTpommeii
Ag, 20.2) Taxkoil (a3oBbIi CHBUI MOXET IOCTHUIaTh

50 °/nB. AHanorHuHbIe Pe3yNbTATH HAGIIOAANNCH H B
ciydyae BOJIHOBOJHOM CTpyKTyphl, 3anosHeHHor HIXKK
[5]. Tak Ha yactoTax 22-40 I'T'u 01HOMOJOBBINA BOJIHO-
BOJ, 3allOJIHEHHBI [0 TMONEPEYHOMY CEUCHHIO

(7.2x34 MM2) Tpex-MuLTMMeTpoBbiM cioem HIKK 5-
CB, oGecrieunBan (azoBblif CIBUT 110 60° IIpYU IIPUIIO-
YKEHHH TIOCTOSTHHOTO MarHuTHOTO 1ot 4500 3.

OnmauM 13 OCHOBHBIX mapamerpoB KK, ompene-
JSIOMAX CTPYKTYPY €T0 MOJIEKYJ, a, CJIeI0BaTeIbHO, U

€ro 3MEeKTPOU3NUCCKUAC XAPAKTCPUCTUKH, SBIISIOTCS
IUDJICKTPUYECKasl MPOHUIAEMOCTh € W TaHTEHC yria
noTeps tQgd . 3HaHME YACTOTHBIX 3aBUCUMOCTENH KOMIIO-

HEHT € W 1J0 MOTYT XapakTepHu30BaTh CTPYKTYPY MO-

nexyn XK u ero MexxmonekynspHble B3aUMOICHCTBHS,
a TaKXKe MOXeT OBITh MCIOJIB30BaHO IpU pacyerax BU
u CBY yctpoiicts ¢ XKK. U3mepenue € u tgd HXK Ha

CBU ocHoBaHO Ha ompejeieHin 100poTHOCTH Q U pe-
30HAaHCHOH 4acToTsl f,., MUKpOBONHOBOTO pe3oHATOpA.
Cnoco0bl M3MepeHnsT AaHHBIX MapaMeTPOB JO0CTATOYHO
moApo6GHO paccMOTpeHsI B [6, 7].J11s H3MepeHust MaTbIX
caBuroB f,e; 1 Q Hanbosee NPEANOYTHTENLHBIM ABIISAET-
Csl METOJI YaCTOTHOM MOAYJISIMHU, NIPU KOTOPOM OIpe-
JiefieHUEe JaHHBIX TapaMeTPOB CBOJAUTCS K OLIEHKE CIIEK-
TPaJbHOTO COCTaBa OTHOAOUIEH MOIyTHPOBAHHOTO
curHana, npouenamero yepes CBY peszonarop, Harpy-
xenHoro uccinexyembiM HXXK. [lanHbli mMeTon mo3Bo-
JIeT CYLIECTBEHHO MOBBICUTH Pa3pelIarollylo CHoco0-
HOCTh PE30HATOPa M TEM CaMbIM PACIIUPUTH BO3MOX-
HOCTH OIleHKH cTeneHu ann3zoTponuu JKK na CBY.

Henabio 1aHHO# padoTHI SBISETCS UCCIEIOBAHHE
nuasiekrpuueckoit anmzotpornuu HXK B 3-cm guarma-
30HE METOJIOM YacTOTHOM MOIYJISILIHN

Pe3yabTaThbl HCIBLITAHUM

B manHOU pabote wmccienoBaics HEMaTHUECKUI
KK xnacca 5CB-, tunuuneid npeacraBurenb HIXKK
Kjacca IUaHoOu(EeHUITOB (8” =19.9,e, =6.9, Ae=13

Ha yactoTe 1 MI'1).31ech UCTIOIB30BaHBI 00O3HAUCHUS:
€|, O — AMIIEKTPUYECKAs NPOHMUAEMOCTb M MPOBO-

qumocts JKK B HanpaBiaeHUM MpeuMyIiecTBEHHON OpHU-
€HTalluu NPOJOJBHBIX OCeH MOJEKyl (B HalpaBlIEHHH
IUpEKTopa), €, , G| — B HAlpPaBICHUH, MEPHCHINKY-

JSIPHOM JMpeKTopy, Ae=g —&;u Ac= o) —o  (qmbo
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o /G, ) — Mepa aHM30TPONHM JHIIEKTPUYECKOH Mpo-
HHUIAEMOCTH U 3JIEKTPOIPOBOTHOCTH.

IIpu u3MepeHusIx IUAIEKTPUUECKON TTPOHUIIAEMO-
CTH B CAaHTUMETPOBOM [Halla30He BOJH HauOonee 3¢-
(DEKTHBHBIM SBIAETCA PE30OHATOPHBIM METOJ|, HCIIOIb-
3YIOIIUH LUIMHAPUYECKUM PE3OHATOp, HArpyXEHHbIN
KUAKAM KpuctamioMm (puc. 1). B pabGorte mpumensics
LMJIMHAPUYECKUH Pe30HATOp, BO30YKIaeMbli Ha KoJie-
6anmsax thma Egg. [namerp pezonatopa 2a = 22.3 mwm,
mmHa L = 13 mm. KBaprieBsiit Kanmmuisip, 3al0THEHHBIH
uccneayemsiM JKK, pacnonarancst cTporo mo ocu peso-
HaTopa o Bced ero aynuHe. HapyxHbli nuamerp Ka-
muoripa 0.5 MM, BHyTpeHHHA — 0.21 MM. M3mepenus
PE30HAHCHOM 4YacTOTHl M JIOOPOTHOCTH pE30HATOpa,
BKJIFOYCHHOTO B BOJIHOBOJHBIH TPakKT Ha MPOXOA, OCY-
IIECTBIISUTICH METOJJOM YaCTOTHON MOIYIISAIIH.
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Puc. 1. Hunuaapmaeckuii pe3oHATOP
Ha Konebanusx Egg

IlocTossHHOE MAarHUTHOE TMOJEe, MPUKIIAIBIBAEMOS
napajuieNibHO U MEPIeHIUKYIIPHO OCH Kamuusipa, co-
crasisuio 0.128 Tn. Pacuer ¢ uccnemyemoro KK mpo-
BOJIMJICSI METOAaMHU BO3MYLICHHH M YaCTHYHBIX 00Jia-
creit (UO) ¢ mcmonp30BaHMEM NPOrPAMMHOTO IMakeTa
MathCad [5]. ®yHKIMOHANBHAST CXeMa U3MEPHUTEIbHOM
YCTaHOBKH NpPUBEJIEHA Ha puC. 2.

eI

N H B

Puc. 2. dyHkunoHanbHas CXe€Ma YCTaHOBKH
JUT u3Mepenus € u tgd

B wusmeputenbHON yCTaHOBKE NEpeCTpauBacMblil
no yactore CBY renepatop '4-56 umeer BcTpoeHHSBIH
KaJTHOpOBaHHBIN aTTEHI0ATOP W /Ba BeIXxoma. OnuH H3

BBIXOIOB MOJKIIOYEH K M3MEPUTEIBHOMY PE30HATOPY,
JPYTroii KO BXOMY AJIEKTPOHHOTO yacTtoTromMepa U3-54 A.
CBU curnain, mpomeamuil yepe3 pe3oHaTop, AETEKTU-
pyercs u monaercss Ha I1M(POBOH ocmuiorpad
DS1204B ¢upmsr Rigol. CBY curnan MomymupyeTcs
o gactote. @opma orubarommieii CUrHana, IpOoIIEAIIero
yepe3 pe30HaTOp, 3aBUCHT OT CMEIIEHHUsS PEe30HAHCHOM
YaCTOTHl OTHOCHTENBHO CpEIHEH YacTOTHl 4YacTOTHO-
MOJYJIMPOBAHHOTO CHTHAJA, €TO IECBHAIlMK M OOpOT-
HocTH. BbBIIO Mcnonb30BaHO oOpaTHOE MpeoOpa3oBaHue
®dypre u mocTpoeHs! ceMeiicTBa rpaMKoB, MO3BOJISIO-
IIUX OINPEACIUTh N3MCHEHHE PE30HAHCHOW YacTOTHI U
JOOPOTHOCTH TI0 M3MEPEHHBIM aMIUIMTyJaM MepBBIX
TrapMOHMK MOJyJHpylomeil 4vactorel. OmnpezneneHue
U3MEHEHUN PE30HAHCHOM 4acTOTHL, a CIEN0BATEIbHO, U
U3MEHEHUN UAJIEKTPUYIECKON MPOHULIIAEMOCTH, IIPOU3-
BOJIMJIOCH TIO ITOCTPOEHHBIM 3aBHCHMOCTSIM aMIUIUTY
NEPBBIX JIByX TAPMOHMK OT TMPHUBEICHHBIX 3HAYCHHUH
CMEIICHHS U ICBHALIHN.

OCHOBHBIMHU (haKTOpaMH, BIHUSIOIIMMU Ha MOTPELI-
HOCTb TIPOBOJUMBIX 143MepeH1/1171, SIBJISICTCSA HECTAOMIIb-
HOCTh M3MEPHTENHHOTO T'€HEpaTopa, HEIMHEWHOCTh €ro
YaCTOTHOM pPa3BepTKH, MHOTPEUIHOCTh B OINpeeSIeHUH
AMIUTATYZ] TapMOHHWYCCKHUX COCTaBJIAIOIIUX CHUI'HaJIa,
(ITyKTyaluu 1 TI€PEeXOHbIC TPOIECCH B 3JIEMEHTAX U3-
MEPHTEIBHON CXEMBI M YIPaBIIOIINX Hersax. Vcxons u3
TOIr'0, YTO 3HAYCHHUA 4aCTOThI MOAYJIAIIMU HE NPCBLIIIAIOT
HCCKOJIBKHX KFH, CJIEAy€T, 4TO HECTAOMJIBLHOCTD YaCTOTHI
N3MEPHUTENFHOTO TeHepaTopa 3a BpeMsl MPOBEICHHS OJl-

HOT'O U3MEPEHHMsI JOJDKHA OBITh HE XYyKe 1078,

ITorpenmHOCTs B ONpENENICHUN CHEKTPAIBHBIX CO-
CTaBJIAIOIINX CHUTHAJIa MOXKET OBITh CYIIECTBCHHO CHH-
JKEHa INpH NpeoOpa3oBaHUM X B IM(POBOI CUTHAI C
WCTIONB30BaHueM U(ppoBoro ocmmmiorpagda DS1204B.

BausHre (iyKTyarMoHHBIX MPOLIECCOB CHHXKAET-
Cs1 3a CUET IIPOBEACHUS CEPUH IKCIIEPUMEHTOB U YCpe-
HEHHS TOJYYECHHBIX pe3yNbTaToB. VICHOIB30BaHUHU OT-
HOCHUTEJIBHO MEJUICHHOW, MO0 CPaBHEHHIO C BpPEMEHEM
MEPEXOJHBIX MPOLECCOB YaCTOTHOM Pa3sBEpPTKH IO3BO-
JSeT YMEHBIIUTh BIUSHHE TOCIEAHUX. Pe3ynpTaThl
n3MepeHui auanekrpuueckoid nponunaemoctd HIXKK
Ha yactoTel0 I'T mpuBeneHs! B TabmmIIe.

HNurepnperanus pe3yibTaToB HCIBITAHUI

TCOpeTI/I‘IeCKI/I paccuuTaHHass 3aBUCUMOCTL PE30-
HAHCHOW YacTOTEI fp n Q HUMCCT YAOBJICTBOPUTCIBHOC

(B mpenenax10%) pacxoxaeHHe C SKCIEPUMEHTAIbHbI-

MH JaHHBIMMU. Bemnunna € cocTaBula

3.37;tg8=7.3-10_4. IIpu NpPUIIOKEHUH TOCTOSIHHOTO

MarHUTHOTO IIOJIST BJIOJIb OCH Kallwuisipa HaOionancs
yxoja pe3oHaHCHOM yactoTel Ha 0.4 MI'm . Ilpu sTom
MIPOUCXOIUT MEPEOPUCHTAITUS TOMEHOB M yBEIHYCHUE
AQHU30TPONMU JAUAIIEKTPUUECKONH IPOHULIIAEMOCTH 10
Ag = 0.49. 3naueHne AUAIEKTPUUECKON MPOHULIAEMOCTH
TIPH STOM 3HAYHTENHHO HIDKE, YeM Ha dactore f=10° I,

148



Bumiprosannsa ghizuxo-ximiunux eenuuun

D10 00yCIOBIEHO BO3pacTaHHEM IOTEPh B TUAIa30HE

ITu, cea3annoe ¢ Ba3kocThio JKK.

Ta6muma
PesynbTarel uamepenunii qudnekrpudeckoi nporunaemoctd HXXKK wa 10 I'T1g
Meton | MeToa Bo3MyIeHui
Pesonarop, Egig foew M | Q| 4O, ¢ € tgd

Pesonarop ¢ kammwuispom 6e3 HKK 10270.2 | 832

Kanmuip ¢ HKK, MarHutHOE mone OTCyTCTBYET 10264.5 | 528 3.60 3.37

Kanmmrsip ¢ HXKK, marauTHOE 1oje NepreHAUKYIIIPHO OCH KalujlIsipa 10263.9 | 318 3.25 3.15 0.0047
Kamwisap ¢ HXKK, MarHutHOe nosie mapajuiesibHO OCH KalmuIspa 10264.9 | 474 3.71 3.70 0.0026

IIpencraBneHHBIA OAXOJ MOXET OBITH pacIpo-
ctpaned Ha JKK-cucTeMbl Ipyrux TUIOB, B YaCTHOCTH,
cerreroanekrprdeckne KK (cmextuku-C), a taxke KK
C IWCIIEPTHPOBAHHBIMH B HUX MHKPO- M HAHOYACTHIIA-
MU (HaHOTPYOKH, KPUCTAJUTMYECKHE CETHETOIIEKTPUKH,
(heppOMarHeTHKH | T.1.).

3aKjao4YeHue

IIpoBeneHsl M3MEpeHUsT AMCIEPCHUOHHBIX Xapak-
tepuctuk €, tgd6 CBY pesonatopos ¢ XK Ha gacToTe

f=10 I'T'u, nausl oueHku crenenn anuzorporuu KK,
CBSI3aHHBIC C OpPUCHTAIMOHHBIMH 3¢ ¢ekramu. HM3me-
peHUs TOKa3ald CYIIECTBEHHOE W3MEHEHHE DIIEKTPO-
nuHamudeckux cBoiictB JKK B 3aBHCHMMOCTH OT BEIH-
YUHBl MAarHUTHOTO TMOJisA. XO0J 3aBUCHUMOCTEH Kade-
CTBEHHO COBIIaJIa€T C AHAJIOTUYHBEIMH 3aBUCHUMOCTSIMH,
MTOJTyYeHHBIMH IO CTAaHAAPTHBIM METOIUKAM.

[IpencraBiaeHHbId MOAXOA MOXKET OBITH pacipo-
crpaseH Ha JKK apyrux TUHoB, B 4aCTHOCTH, CETHETO-
ANEeKTpUKH, cMekTukh, a Takke KK ¢ mucmeprupo-
BaHHBIMH B HUX MHKPO- ¥ HAHOYACTHIIAaMHU (HAHOTPYO-
KM, KPHCTaUIMYCCKUEC CETHETOAICKTPUKH, (eppomar-
HETHKH H T.]T).

Takum 00pa3oMm, mpejuraraeMblii METOI H3Mepe-
HUS PE30HAHCHOW YacTOTHI M TOOPOTHOCTH MO3BOJISIET
pacupuTh TPAaHUIIBI O0JIACTH OMpEJENeHUs] CTENeHU
aHU30TPONHNH TUAICKTPUIECKOW MPOHUIIAEMOCTH Be-
IIECTBA U MOBBICUTH TOYHOCTh U3MEPEHUH.
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BUMIPIOBAHHS AHI3OTPOIIII JIEJEKTPHYHOI MPOHUKHOCTI PITKAX KPUCTAJIIB
HA HBY METOJOM YACTOTHOI MOIYJIAIIT

M.IL. Kyxrtin, A.1. Kouepsxun, JI.H. Jliceukuii, 3.1. UepHsikos

Pozensioaemvcs cnoci6 eusnauenns anizomponii' OieieKmpuynoi npoHukHocmi Hemamuynux piokux kpucmanie (HPK) no
BUMIDIOBAHHIO MATUX 3MIH Pe30HaHcHOl yacmomu ma doopomuocmi HBY pesonamopa nasanmaoicenoco HPK, memooom uac-
momuoi Mooynsyii. Memoo 3acho8anuil Ha AHANI3L CNeKMPAa 02UHAIOHOL CUSHATLY 3 PE30HAMOPA NPU YACMOMHIL MOOYIAYIL ceHe-
pamopa no 2apmMOHIYHOMY 3aKOHY 3 0esiayicio yacmomu nopsoKy NOIOCU Nponyckanhs pesonamopa. Haseedeni pesynomamu
sumiprosanus anizomponii dienexkmpuynoi nponuxknocmi HPK knacy 5-CB 3a 0onomozoro yuninopuunozo pezonamopa 3-cm oia-
naszouy 3 KoaueanHamu Eigy 810 nocmilino2o MacHimHo20 nois.

Knrwuoei cnoea: anizomponis dierekmpuunoi nposuxkrHocmi, Hemamuynuil piokuii kpucman, HBY-pesonamop, yacmommua
MOOynayis, MasHimue noie.

MEASUREMENT OF ANISOTROPY OF DIELECTRIC PERMITTIVITY OF LIQUID CRYSTALS ON SHF

BY FREQUENCY MODULATION METHOD

M.P. Kukhtin, A.l. Cocherzin, L.N. Lisetski, E.I. Chernyakov

Method for determination of nematic liquid crystals (NLC) anisotropy dielectric permittivity is reviewed in this article. De-
termination of this value is accessed by measuring small changes in resonance frequency and Q-factor of SHF cavity loaded with
NLC with applied frequency modulation. This method is based on analysis of envelope signal spectrum obtained from cavity
under frequency modulation. Frequency modulation of feeding generator is provided according to harmonic law with frequency
deviation of the same order of magnitude as cavity transmission band. Results provided for anisotropy measurements of nematic
liquid crystals (NLC class 5-CB) by means of cylindrical cavity with 3 cm range and Ej; oscillations.

Keywords: anisotropy of dielectric permitability, nematic liquid crystal, SHF-cavity, frequency modulation
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