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AnHoranusi. B pabore mpemnokeH ¥ OKCIEPHUMEHTAIBFHO TPOTSCTUPOBAH  aMIUTUTYIHBIA
OTITOBOJIOKOHHBIH TaTYNK SJICKTPOMArHUTHOTO ITOJIsl, U3TOTOBJICHHBINA Ha OCHOBE MTOJIOCTH MUKPOHHOTO
pa3Mepa, 3alOJHEHHOM JKUAKUM  HeMaruueckuMm  kpucrawiom SCB.  Ompenenena  ero
YyBCTBUTEIHHOCTH. [IpeioskeHpl BapuaHThI JaIbHEHIIeH MOIU(DIKAIIHH.

K.]'IlO‘{EBble cJoBa: OHTOBOJ’IOKOHHLII\/'I JaTYuK, MarHuTHO€ I10JIC, )KI/IZ[KI/Iﬁ KpI/ICTaJ'IJ'I.
BBenenune

W3MmepeHne MarHuUTHBIX M DJJEKTPUYECKHX II0JE€M B HACTOSIIEE BpeMs SBIAETCS
HEOTHEMJIEMOM 4YaCThIO IIOCTPOEHMS DJJIEKTPOMAarHUTHBIX yCTpoWcTB. B ommume or
IEKTPUYECKUX TaTYMKOB, ONTUYECKHUE NaTUYMKH, OCHOBAHHBIE HAa ONITOBOJIOKOHHBIX TEXHOJIOT X,
001aJat0T PsIJIOM 3HAUYUTENBHBIX TPEUMYIIECTB: BBICOKAs YaCTOTA CUTHAJIa M CKOPOCTh epeiadH,
AJIEKTpUYEcKasi MaCCUBHOCTh M YCTOMYMBOCTH K 3JIEKTPOMAarHUTHBIM IoMexam. B Hactosiee
BpeMsI  MUKPOpPE30HATOPHBbIE  ONTOBOJIOKOHHBIE  JATUYMKH  TOJB3YIOTCS  HaumOOJbIIen
HOMYJISIPHOCTBIO OJlarojiapsi MPOCTOTE M3TOTOBJIICHHUS, JCHICBU3HE M MaibiM pa3dmepam [1, 2].
B HexoTopbIX ciy4asx [Uisi NMPOU3BOACTBA YYBCTBUTENBHBIX JJIEMEHTOB TAaKUX JaTYUKOB
ucnonp3ytoT xuakue kpuctamuibl (OKK), xKoTopble MEHSIOT CBOM ONTHYECKHE CBOMCTBA MOJ
JICWCTBHEM BHEIIHUX 3JICKTPOMArHUTHBIX MM TeMIepaTypHbIx noseit [3-8].

MHorounciaeHHble paboThl 10 UCMOJIb30BAHUIO KUAKUX KPUCTAJUIOB JII U3TOTOBIICHUS
JIATYMKOB JICKTPOMArHUTHBIX TOJIeil onucanbl B pabote [9]. B wacTtHOCTH, mpencTaBieH qaT4unK
BBICOKOTO HaIpPsHKEHUS, KOTOPBIM MO3BOJIIET HANPSAMYIO HM3MEPSTh dJeKTpudeckoe noisie a0 800
kB/M B pacnpeneneHHbIX TOUYKax BAOJb JHHUN HiekTponepeaayn ¢ TouHocTeio 0,1% mnpu
paccrossann u3Mepenus ot 0,02 m mo 200 m. B pabdore [10] moapoOHO ommcaHa MeTOIWKa
(dbopMupoBaHUs BOJIOKOHHO-ONTUYECKOTO JaTyhka TeMIepaTypbl Ha OCHOBE MUKPOPE3OHATOpA.
B pabGorax [11,12] npencraBieHbl IaTYMKW ODJICKTPUYECKOTO IMOJS HA OCHOBE (OTOHHO-
kpucTtamaeckoro BojokHa (OKB) ¢ 49yBCTBUTETBEHOCTEIO K AJIEKTpUYeCKOMY oo B 1,1 HM/Brms.

B pabore [13] ommcaHO DIEKTPUYECKH IE€PECTPAMBAEMOE BOJOKOHHO-ONTHYECKOE
ycTpoiicTBO Ha ocHoBe uHTepdepomerpa Maxa-llennepa, korTopwiif ¢dopMupyercs MmyTem
CBApUBAHMS ydyacTKa NOJIOrO BOJOKHA, 3anosiHeHHoro JKK E7, ¢ BXOAHBIM M BBIXOAHBIM
OJIHOMOJIOBBIM BOJIOKHOM. Pe30HaHCHas JUIMHA BOJIHBI CIIEKTPA, OTPAKEHHAsl OT YyBCTBUTEIbHOU
4acTU AATYUKA, MOLYJIUPYETCS IPUIIOKEHHBIM 3JIEKTPUUECKUM I10JIEM IIEPEMEHHOT0 ToKa. Takoi
JATYMK JIEUIEB U IPOCT B U3TOTOBJIEHUM, UMEET MaJble Pa3MEpbl, BBICOKYI0 YyBCTBUTEIbHOCTh
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U XOpOUIYI0 TOBTOPSEMOCTh u3MepeHuit. B pabore [14] mnpencraBieHbl pe3yNbTaThl
UCCJIEOBAHUM CTAaTUYECKOrO JABYJIYYEIPEIOMIICHUS B HEMATUYECKOM >KHMJIKOM KpHUCTalle
MBBA. JlanHble JEMOHCTPUPYIOT, YTO B 3aBUCHUMOCTH OT TEMIIEpaTyphbl Cpellbl B CHCTEME
HaOJI0AaeTCsl CIBUT CIEKTpa MOTJIOIIEHHS, KOTOPBIA MOXKET OBITh HCIIOJIB30BaH JIsi OLICHKU
napametpa nopsaka KK, a taxxe 1 u3aMepeHus TeMIepaTypsl U AIEKTPOMATHUTHBIX MOJIEH.

B nactosmeit pabore npeuiokeH U dKCHEPUMEHTAIbHO MPOTECTUPOBAH aMILIUTYAHBIN
ONTOBOJIOKOHHBI JIaTYMK 3JIEKTPOMAarHUTHOIO II0JIs,, W3IOTOBJIEHHBII Ha OCHOBE IIOJIOCTH
MUKPOHHOTO pa3zMepa, 3anonHeHHon KK SCB.

1. xcnepuMeHTAIbHASE METOANKA
1.1. M3roToBjieHHe YyBCTBUTEIbHOI0 3JIeMEHTA

Co3aaHue 4yBCTBUTEIBHOIO 2JIEMEHTA AMIUIMTYIHOT'O IaTYHUKA 3JIEKTPOMAarHUTHBIX TOJIeH
OCYILECTBIISUIOCh B HECKOJBKO 3TanoB. Ha mepBom 3Tame Ha TOple ONTUYECKOIO BOJOKHA
¢dopmupoBanace mojocTs auamerpoMm mopsiaka 100 Mk, KoTopas oOpasyercs Mpu CBapHUBaHHUU
BOJIOKHa-IH(dy30pa ¢ 0qHOMO0BEIM BoJlokHOM SMF. B pesynbrare neiicTBUS dJIEKTPUICCKON
JIyTU IY3BIPEKU Ta3a BHYTpH AuQdy30opa 0O0BESIUHSIOTCSA, 00pa3ys B MECTE CBAPKH KaBEpPHY
obbemoM okomo 7-10° wmkm®. CkanpiBaHMe BONOKHA MO3BOIAET OOECIEYUTH JIOCTYII
K BHYTPEHHEMY 00beMY IMOJIOCTHU ISl €€ AajJbHEHUIIero 3amoIHEeHUs Pa3IMUHbIMU KHUJIKOCTSIMU B
toM uuciae JXKK. IlogpoGHee 3Tambl co3aaHus MOJOCTH, PEXKUMbI CBapKM U UTOTOBBIA pazMep
bopmMupyromieiics mojoctu omnucan B pabdore [15]. B nactosimeit pabore ObUIO M3rOTOBJICHO
Y 3aI10JIHEHO JIBE TI0JIOCTHU C INAMETPOM YCThs 68 1 125 MKM.

Puc. 1. ®oto ycranoBku (a): 1 — MUKPOKAMIILIAP, 2 — TPEXOCHBIH MO3UIIHOHED, 3 —
BHUJICOKaMepa, 4 — IIpHIeBoi Hacoc; dtanbl 3anonHenus nonoctu XKK (6, 6)

Il kouTpommpyemoro BBoaa KK B paGodyro mosiocTh MCMONb30Bajach YCTaHOBKA, (hOTO
KOTOpO mpuBeaeHO Ha puc. 1. Mukpokamwuip 1 Femtotip Eppendorf (I'epmanust) BHEITHHM
JIMaMETPOM 2 MKM (DUKCHPOBAICS B JIeprKaTelie TPEXOCHOTO Mo3uinoHepa 2. HampoTus kammnisipa
pacronarajicsi TOpel ONTHYeCKOro BoJokHA. C TOMOMIBIO TO3WIMOHEpPa TOA KOHTPOJIEM
BUJICOKAMEPbl 3 OCYILECTBISIACh HACTPOWKA COOCHOCTH 3JIEMEHTOB. Ilociie FoCTHPOBKH KOHYHK
Kanwuisipa BBOJIWICS B MOJOCTh (puc. 16) u ¢ momomipio mimpuiieBoro Hacoca 4 LongerPump
TS-2A (UK) ocymiectsisuiocs 3anonHenue kasepusl XKK 3amannoro oobema (puc. 16).
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B xauecTBe pabouero BemecTBa B MCCIEJOBAHUAX NCIOI30BAJICS HEMATUYECKUN JKUAKUHA
kpucramn SCB (TNI=35,5° C, p=1,0065 r/cM?, ne=1,7, No=1,5, K=6,5 -107 aun, y,=1,7-107 CT'CD
B3aThl npu T=20° C), MOieKyJapl KOTOPOro MOJ JACHCTBUEM BHEIIHEIO MAarHUTHOTO IOJIS
3HaueHueM H Bblllle KpUTUUECKOTO OPUEHTHUPYIOTCA 1O MOJII0, MEHSISI CBOM ONITUYECKHE CBOICTBA.
B cnyyae cnaObix mosieil CHIIBI YIPYrocTH MPEBOCXOMAAT JSHCTBUE BHEIIHETO MOJS M HEMaTHK
OCTaeTcs OJTHOPOJHO OPUEHTHUPOBAaHHBIM. [lepeopreHTanus MOJIEKya HOCUT Ha3BaHue 3¢ dekra
Odpenepukca, a ycloBHe, ONpeAessonee KpUTHIeckoe 3HaueHue noist He, paccuuteiBaercs: 1o

bopmyie
T | K
He =2 |3

rae K — aTo cpennee 3HaueHue Tpex moxyneid ®dpanka, d — Tommuna cnos XK, y, = xy — x. -
Pa3sHOCTh MATHUTHOM BoCHpuMMYHMBOCTH [16]. OueHka mopora HampsKEHHOCTH MAarHUTHOTO TTOJIS
5CB, 3aoHSIONIETO MOJIOCTh AuameTpoM 125 MkM, okasaia, 4ro BenuanHa H. pasHa 12,4 kA/Mm.

1.2. TecTupoBaHHe YYBCTBUTEJIHHOI0 3JIeMEHTA

[IpoBepka naTdyMka W OMpEJeNICHHE €r0 YyBCTBUTEIBHOCTH K BO3JICHCTBHIO BHEIIHETO
MarHUTHOTO TOJISl OCYIIECTBIISIIACH HAa YCTaHOBKE, (JOTO M ONITHUECKAs CXeMa KOTOPOI MPUBEICHBI
Ha puc.2. B Xxome oKkcmepuMeHTa Ja3epHOE W3IIydYeHHE UIMHOW BOJMHBI 1550 HM oOT
nepectpanBaeMoro yskomojocHoro ucrounnka 1 Golight (CILIA) npu moMoly HUpKyIsaTopa 2
HAIPAaBISIIOCH B UCCIETYEMYIO OJIOCTh 3.

Puc. 2. ®oTo ycTaHOBKH (@); ONTHYECKAsi CXeMa YCTAaHOBKH MO TECTUPOBAHUIO TyBCTBHUTEILHOTO
AJIEMEHTA aMIUTHTYJHOTO JIATYMKA AJIEKTPOMArHUTHBIX MOJIeH: 1 — NCTOYHHUK JIA3ePHOTO U3ITY4CHUSI, 2
— LUPKYJISITOP, 3 — ONOCTS, 3anonHeHHas KK, 4 — konbIeBble MarHUThI, 5 — ONTHYECKUN
criekTpoaHanusarop, 6 — Bugeokamepa, 7 — [1K, 8 — tpexocHslit mosurmonep (6)

[Tonocte, 3anonnenHas JXK, nmomemanace B 06JacTb OJAHOPOJHOTO MAarHUTHOTO TOJIS,
CO3/1aBa€MOr0 JBYMSI COOCHO PAaCIOJOXEHHBIMU IOCTOSIHHBIMHM KOJIBLIEBBIMH MarHutamu 4
(puc. 2a). MarauThl (BHEIIHUN AuameTp 25 MM, BHyTpeHHHH — 10 MM, BeicoTa 2 MM) ObLIH
3a()UKCHUPOBAaHbl B OCHACTKE HA PACCTOSHUM 3 MM JApyr oT apyra. KapTuHa CHIOBBIX JTUHUHN
MarHUTHOTO TOJIS JJISl JAHHOW KOHCTPYKIMH TNpHBeAeHa Ha puc. 3a. M3BecTHO, 4TO B mEHTpe
CHCTEMbI CYIIECTBYET 30HAa OJHOPOAHOTO MAarHMTHOTO TONS B BUAE IWIMHIPA, B KOTOPOU
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BEJIMYMHA HEOJHOPOJHOCTH He mpesbimaet 2 % [17]. B pabote aist CHCTEMBI HCIOJB3yEMbIX
MarHuTOB OblJIa ©3MEpPEHA MHAYKIIMS MArHUTHOTO IOJISt TECIAMETPOM € MTOMOIIIBIO TaTYMKa XO0JUIa.
PaccunTanpl 3HauYeHUs HANPSHKEHHOCTH MAarHUTHOTO Moist H Uit Todek, 0003HAuYeHHBIX Ha
puc. 3a, koropsie paBHbl H2= 191 kA/m, H3= 159 kA/Mm, H4=29,5 kA/m.

B xoze sxcrnepuMeHTa moJI0KEHUE ITOJIOCTU MEKy TOUKaMU BapbUPOBAJIOCH C ITOMOIIBIO
TPEXKOOPIUHATHOM MOMBMKKH 8. ONTHYECKHid CUTHAN, MPOIICAIINI Yepe3 BOJIOKHO U MOJOCTh
U OTpakeHHBIM OT TpaHunbl paszzgena JKK-Bo3nyX, JETEKTUPOBAICA  ONTHYECKUM
cnekrpoanaimuzaropom 5 EXFO (CIIA). Bwu3syanbHblii  KOHTpPOJIb 33 IEpEMELICHUEM

u npospauHocthio KK ocymiectBisuics Buneokamepoit 6. 3amuchk Buaeo u oopaboTka curHaia
Benach Ha [1IK 7.

2. Pe3yJbTaThl U X aHAJIN3

B xozne skcrepuMeHnTta B paboTe ObUTM M3MEPEHBI 3HAYCHHUS MOIIHOCTH OTPaKCHHOTO
curHana (puc. 36) Ui TpeX MOJI0KEHUH MOJOCTH OTHOCUTEIBHO CUCTEMBI IIOCTOSHHBIX MArHUTOB:
1 — B obmactu ¢ H1= 0 A/M, B Touke 2, rae H» umeno 3Hauenue 191 kA/m, u touke 3 ¢ Hz= 159
KA/M (puc. 3a). Touka 4 ¢ aHOMaJIbHO HU3KUM 3HaucHHEM H4=29,5 KA/M B 3KCIIEpUMEHTaX HE
paccmarpuBanach. I'paduku P(A) 17t 4yBCTBUTEIBHBIX 3JICMEHTOB C AUAMETPaMH yCThs 68 u 125
MKM TIPUBE/ICHBI HA PUC. 30 U pUC. 36 COOTBETCTBEHHO.

(7 ) ’M{@J!ﬁ@“””ﬂ:f
AT 0 L e LTI

| -
A N

P {aby)

=
!
4

= iy iy’ o TR
> (P s e T — -~ e 2t - 5

154 95 15%0 15500 15409 154095 159 L8500
A(um) A ()

o 8
Puc. 3. CusioBbI€e JIHHU B CHCTEME KOJIBIICBBIX MarHUTOB (@); pe3yabTarhl u3Mepenust P(1) st
ITOJIOCTH C THAMETPOM YCThs =68 MiM (6), d=125 MKM (8)
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W3 npencTaBieHHBIX JAHHBIX MOXHO CA€JIaTh BBIBOJ O TOM, 4YTO pa3iMyHOE
MO3UIIMOHUPOBAHUE TTOJIOCTH OTHOCUTEIIHO MarHUTOB HE BIMSIET HA POPMY U MOJIOKEHHE TUKOB
ONTHYECKOTro cnekTpa. Ha rpadukax HaOmronaercs UMb HE3HAYUTEIBHBIA POCT aMILTUTYAbI
MOITHOCTH OTPa)KEHHOT'O CUTHAJIA C POCTOM HamnpsikeHHOCTH MarHuTHOTro noyst (Tabmuua 1). [pu
3TOM OOJIbIlIee 3HAYCHUE AMILUTUTY IbI IETEKTUPOBAIIOCH IIPU HCIIOJIb30BAHUU TIOJOCTH C MEHBIIINM
IraMeTpoM ycThs. Taxke He0OXOAMMO OTMETHTD TOT (aKT, YTO BU3YalIbHO MOJOCTh OCTABAIAChH
IIPO3pAaYHOI HE 3aBUCHMO OT I10JIOKEHHSI HYyBCTBUTEIBHOIO JIEMEHTA B CUCTEME MAarHUT-BOJIOKHO
BO BpEMs BCErO IIPOBEEHUS IKCIIEPUMEHTA.

TaGnHua 1. 3Hauenue MOIIIHOCTH CUTHaJIa OT BEJIMYHUHBI MAaIrHUTHOT' O IT0JIsA

H, xA/m | P, nbm, d=68, mxm | P, nbm, d=125, mxm

0 —22,828 — 40,939

191 - 21,937 — 40,762

159 —-20,615 - 38,824
3akawuyeHue

B pabote omucaH mnpoiecc HM3roTOBIECHUS aMIUIUTYAHOTO ONTOBOJIOKOHHOIO JaTyhKa
AJIEKTPOMArHUTHOIO IOJII B IIOJOCTH MHMKPOHHOIO pa3Mepa C HCIOJb30BaHUEM JKUAKOIO
Hematudeckoro kpucramia SCB. Oxuaanock, uro Mmoseky:s KK, ciion koToporo npu HOpMaibHbBIX
YCIOBUSX TOMIMHON > 100 MKM 0OBIYHO €11a00 MPO3pavHBbl, 1101 I€HCTBUEM BHELTHETO MATHUTHOTO
noJisi OyIlyT MEHSTh CBOM ONTHYECKHE CBOMCTBA B MIMPOKUX Tpenenax. OpaHako, B paboTe ObLIO
HOKa3aHO He3HAYHUTEIbHOEC M3MEHEHHUE aMIUTUTY/IbI CHrHaa P(1), AeTeKTHpyeMOoro mpu U3MEpeHUH
BEJINYMHBI HAMPSDKEHHOCTH MAarHUTHOTO MoJis. DPQPEeKT MOXKHO OOBSCHUTH TEM, UYTO BBEACHHE
BEILIECTBA B KaBEPHY Ha TOPIIE BOJIOKHA MUKPOHHOT'O pa3Mepa yepe3 Urily 1uaMeTpoM 2 MKM MOTJIO
MEXaHUYECKU BBICTPOUTH BEKTOP AMPEKTOpa BIOJb CTEHOK MOJOCTH. OpHEHTalusi MOJEKYI
IpUBeEia K TOMY, YTO KPUCTAJLI CTall MPO3paveH, a pabounii 3JIEMEHT JaTurKa MpU 3TOM MOTepsl
YYBCTBUTENBHOCTh K BO3/ICHICTBHIO BHEIIIHETO MATHUTHOT'O TTOJIS.

B kauectBe Moaudukauuu pa3zpabOTaHHOIO YCTPOICTBa MHpeljaraercs 3aMEHHUTb
Hematuk S5SCB Ha xomectrepuk. [lyis M3rOTOBIEHHUS IOJIOCTH IUIAHUPYETCS HCIOIb30BaTh
(OTOHHO-KPUCTAIIIIMUECKHE BOJOKHA C COXpaHEHHMEM IMoyispu3aluu. M3mepeHus mpoBOAMTS,
OCHOBBIBASICh Ha CYIIECTBOBaHMU B cucteMe 3pdexra Dapases, KOTOPHIil BbI3bIBAET BpallleHUE
IUIOCKOCTH TOJIIpU3allMd  CBeTa TMpPH €ro pacupoCTpaHEHUH Yepe3 UyBCTBUTEIbHBIN
K MarHUTHOMY TOJIIO KPUCTAJLI.

Paboma svinonnena 3a cuem cpeocmes I'ocyoapcmeennozo 3adanus FSNF-2024-0001.
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FIBER-OPTIC AMPLITUDE SENSOR OF ELECTROMAGNETIC
FIELDS BASED ON 5SV LIQUID CRYSTAL

A.l. Gordeeva?, D.I. Nurmuhametov 2, R.S. Ponomarev !
! Perm State University
15, Bukireva St., Perm, 614068, Russian Federation
2 Perm National Research Polytechnic University
29 Komsomolsky pr., Perm, 614990, Russian Federation

Abstract. A new amplitude fiber-optic electromagnetic field sensor based on a micron-sized cavity
filled with 5SB liquid nematic crystals has been proposed and tested experimentally. The sensitivity of
the sensor has been determined, and options for further improvement have been suggested.

Keywords: fiber optic sensor, magnetic field, liquid crystal.
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