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,ll;H3JieKTpHqecKHH CBq·HHTep<J.>epoMeTp Maxa-n;au,a;epa 
KaK npeo6pa3oBaTeJih nepeMe:m;euHii 

Dielectric microwave interferometer of the Mach-Zehnder 
as the transducer displacement 

EopHcos B. H., AcpaHacbeB A.A. 
Borisov V.I, Afanasiev A.A. 

Hccnep;oBaHhi B03MO)KHOCTH npHMeHeHH.H CBT..J:-HHTep<PepoMeTpa Maxa-~aHp;epa 

Ha OCHOBe ,IJ;H3JieKTpH9eCKHX BOJIHOBO,IJ;OB a Ka'IeCTBe 'IYBCTBHTeJibHOfO 3JieMeH

Ta p;aT9HKa nepeMei.QeHHM. lloKa3aHO, 'ITO CHrHaJI Ha BbiXO,IJ;e HHTep<PepOMeTpa 

H3MeH.HeTC.fl npH H3MeHeHHH paCCTO.fiHH.fl Me)K,IJ;y BOJIHOBO,IJ;aMH HHTep<PepOMeTpa 

H KOHTpOJIHpyeMbiM ,IJ;H3JieKTpH9eCKHM HJIH MeTaJIJIH'IeCKHM 06beKTaMH. 

Possibilities of application of the microwave Mach-Zender interferometer on the ba
sis of dielectric waveguides as sensitive element of sensor of displacement have inves
tigated. It is shown that a signal on the exit of interferometer changes with distance 
between the waveguides of interferometer and controlled dielectric or metallic ob
jects. 

XapaKTepHOH oco6eHHOCTbiD ~H3AeKTpHqeCKHX BOAHOBO~OB HBAH

eTCH TO, qTo H3AytieHHe BOAHOBO~HbiX MO~, pacrrpOCTpaHHIDI.l.\HXCH B~OAb 

BOAHOBO~a, IIpOHHKaeT B rpaHHqHyiD C BOAHOBO~OM cpe~y Ha paCCTOHHHe, 

cpaBHHMOe C ~AHHOH BOAHbl H3AytieHHH. TaKHe BOAHbl rrpe~cTaBAHIDT C0-

6oH HeO~HOpO~Hbie BOAHbl C BOAHOBbiM BeKTOpOM, HarrpaBAeHHbiM B~OAb 

BOAHOBO~a, H 3aTyxaiDT ITO 3KCIIOHeHTe IIpH y~aAeHHH OT IIOBepXHOCTH 

BOAHOBO~a. B 3arra~HOH AHTepaType HX Ha3hiBaiDT «3BaHecu,eHTHbiMH 

BOAHaMH». TaK KaK TaKHe BOAHbl MOfJT nerKO B3aHMO~eHCTBOBaTb C 

OKpy:>KaiDI.l.\eH BOAHOBO~ cpe~OH, TO ~H3AeKTpHqeCKHe BOAHOBO~bl MO:>KHO 

IIpHMeHHTb B KaqecTBe ~aTqHKOB, OIIpe~eAHIDI.l.\HX pa3Hble CBOHCTBa rpa

HHqHOH C BOAHOBO~OM cpe~bl. TaK B pa6oTe [1] HCCAe~OBaH ~aTqHK CIIeK

Tpa IIOfAOI.l.\eHHH MeTaHOAa B HHcppaKpaCHOH 06AaCTH CIIeKTpa C qyBCTBH

TeAbHhlM 3AeMeHTOM Ha OCHOBe 0Tpe3Ka BOAOKOHHOfO CBeTOBO~a 113 

AgClo,6Bro,4. B pa6oTe [2] 3BaHecu,eHTHbie BOAHbl CTaH~apTHbiX BOAOKOH

HbiX CBeTOBO~OB HCIIOAb3YIDTCH IIpH H3fOTOBAeHHH ~aTqHKa IIOKa3aTeAH 

rrpeAOMAeHHH :>KH~KOCTH, a B [3] aHaAOfHqHaH 3a~aqa peruaeTCH C rrpHMe

HeHHeM MHKpOCTpyKTypHbiX BOAOKOHHbiX CBeTOBO~OB. B pa6oTaX [2, 3] 
~AH yBeAHqeHHH r ny6HHbl rrpOHHKHOBeHHH 3BaHeCI.J,eHTHOH BOAHbl B rpa

HHqHyiD CO CBeTOBO~OM cpe~y, qyBCTBHTeAbHbiH 3AeMeHT ~aTqHKa H3fO

TOBAeH B BH~e rrepeTH:>KKH, B MeCTe KOTOpOH Ha6AID~aeTCH IIOCTeiieHHOe 
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yMeHbiiJeHI1e, a 3aTeM yseJiw-IeHI1e p;l1aMeTpa cseTosop;a. Ho 3BaHecu,eHT

Hbie BOJIHbl BOJIOKOHHbiX CBeTOBO,ll;OB HaxO,LJ;HT OrpaHW:IeHHOe np11MeHe

HI1e, TaK KaK OHI1 pacnpOCTpaHHIOTCH B rpaHI1LJ,aX 060JIOl-J.KI1 CBeTOBOp;a 11 

npOHI1KaiOT B rpaHI1l-J.HYIO cpep;y Ha paCCTOHHI1e nopHp;Ka ,ll;JII1Hbl BOJIHbl 

cseTa, no3TOMY np11MeHeHI1e CBY-113JiyqeHI1H, p;JII1Ha BOJIHbi KoToporo 

3Hal-J.I1TeJibHO npeBbiiiJaeT ,ll;JII1HY BOJIHbl CBeTa, npep;cTaBJIHeT 60Jibllll1i1 

npaKTI1l-J.eCKI1i1 11HTepec [ 4, 5]. 

B npep;cTasneHHoH: pa6oTe np11BO,ll;HTCH p;aHHbie o B03MOJKHOCTHX 

np11MeHeHI1H 11HTepcpepoMeTpOB Maxa-QaHp;epa Ha OCHOBe ,ll;I13JieKTp11l-J.e

CKI1X CBY-BOJIHOBO,ll;OB p;JIH nocTpoeHI1H cpa3oBbiX p;aTl-J.I1KOB, nepeMeiLJ,e

HI1i1. Hccnep;osaHI1H nposop;I1JII1Cb B CBY MI1JIJII1MeTposoM 11 caHTI1MeTpo

BOM p;l1ana30Hax Ha ,ll;JII1HaX 7,5 MM 11 30 MM COOTBeTCTBeHHO. CxeMa 3KC

nep11MeHTaJibHOi1 ycTaHOBKI1 np11Bep;eHa Ha p11CYHKe 1. 

1 

1- CBY-reHepaTop; 2, 3 - CBY-BOJIHOBOAbi, o6pa3yiOI.QHe HHTep<PepoMeTp 
Maxa-~aHAepa; 4- AeTeKTOpHcu:I ceKQHH; 5- MHKpoaMnepMeTp; 

6, 7, 8 - nepeMei.QaiOI.QI1€CH nJiaCTHHKH 

PHcyHoK 1. CxeMa 3KcnepHMeHTaJibHOH ycTaHOBKH 

llpeo6pa3oBaHI1e cpa3osoH: MOAYJIHU,I111 B aMnJII1TYAHYIO ocyiLJ,eCTB

JIHJIOCb c noMOILJ,biO CBY-11HTepcpepoMeTpa Maxa-QaHp;epa, KOTOpbiH: co

p;ep:>KaJI p;sa CBH3aHHbiX p;I13JieKTp11l-l.ecKI1X CBY-BoJIHOBop;a npHMoyroJib

Horo cel-J.eHI1H 113 BI1HI1nJiaCTa pa3MepaMI1 2x5,3 MM p;JIH CBY-113JiyqeHI1H 

l-J.aCTOTOi1 40 ffu, 11 113 oprcTeKJia C nonepel-J.HbiMI1 pa3MepaMI1 4x25 MM 

,ll;JIH 1131IYl-J.eHI1H C '!aCTOTOi1 10 ffLJ,. ~JIH TOfO, l-J.T06bi 11HTepcpepOMeTp pa-

6oTaJI Ha JII1Hei1:HOM yqaCTKe rpap;y11pOBOl-J.HOi1: xapaKTep11CTI1KI1 ,ll;JII1Ha 

O,ll;HOfO BOJIHOBOp;a 6biJia MeHbiiJe Ha l-J.eTBepTb ,ll;JII1Hbl BOJIHbl 11CllOJib3ye

MOf0 CBY-113JiyqeHI1H. B Kal-J.eCTBe 11CTOl-J.HI1Ka CBY-1131IYl-J.eHI1H 11cnoJib30-

saJicH reHepaTOp f4-142, pa6oTalOILJ,I1i1 Ha l-J.aCTOTe 40 ffu,, 11 reHepaTOp 

f4-109, pa6oTalOILJ,I1i1 Ha l-J.aCTOTe 10 ffu,. Bo36YJKp;eHI1e BOJIH B 11HTepcpe

poMeTpe ocyiLJ,eCTBJIHJIOCb llYTeM pa3MeiLJ,eHI1H BXO,ll;HOfO yqaCTKa 06011X 

BOJIHOBO,ll;OB 11HTepcpepoMeTpa B BbiXO,ll;HOM MeTaJIJII1l-J.eCKOM BOJIHOBO,ll;e 
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CBlJ-reHepaTopa. Perl1cTpaLVHI cl1rHaJia Ha BhiXo~e 11HTep<t>epoMeTpa 

npOB0~11JiaCb C llOMO~blO ~eTeKTOpHOH CeKI..\1111, B MeTaJIJII1qecKI1H BOJIHO

BO~ KOTOpOH 6biJII1 BCTaBJieHbl BbiXO~Hbie KOHI..\hl 06011X ~113JieKTp11qe

CKI1X BOJIHOBO~OB 11HTep<t>epoMeTpa. Ha p11CYHKe 1 CXeMaTI1qeCKI1 llOKa3a

HO nonepeqHoe pacnpe~eJieHI1e 11HTeHCI1BHOCTI1 llOJIH BOJIHOBO~HOH MO~bl 

~113JieKTp11qecKOfO BOJIHOBO~a, 113 KOTOpOrO BI1~HO, qTO qacTb 3Hepr1111, 

nepeHOCI1MOH BOJIHOBO~HOH MO~OH, pacnpOCTpaHHeTCH no rpaHI1qHOH C 

BOJIHOBO~OM cpe~e. 

llp11HI..\11ll pa60Tbl npeo6pa30BaTeJIH 3aKJIIoqaeTCH B TOM, qTo np11 

np116JII1JKeHI111 K O~HOMY 113 ~113JieKTp11qeCKI1X BOJIHOBO~OB KOHTp01I11py

eMOfO o6'heKTa B BOJIHOBo~e npo11cxo~11T <Pa30BhiH: c~s11r CBlJ-BOJIHhi, qTo 

np11BO~I1T K paccTpoH:Ke 11HTep<PepoMeTpa. B 3Kcnep11MeHTax nepecTpoH:

Ka <Pa3bl HeO~HOpO~HOH BOJIHhl ocy~eCTBJIHJiaCb np11 llOMO~I1 ~113JieK

Tp11qecKI1X 11 MeTaJIJII1qecKI1X nJiaCTI1HOK pa3HOH ll111p11Hbl. 

K np11Mepy, Ha p11cyHKe 2 np11se~eHhi 3aBI1CI1MOCTI1 113MeHeHI1H Cl1r

HaJia Ha Bhixo~e CBlf-11HTep<PepoMeTpa, B036yJK~aeMoro CBlf-113JiyqeHI1eM 

C ~JII1HOH BOJIHbl 7,5 MM np11 np116JII11KeHI111 K BOJIHOBO~aM 11HTep<t>epo

MeTpaBI1HI1llJiaCTOBhlXllJiaCTI1HOK 
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PMcyHoK 2. 3aBMCMMOCTb M3MeHeHMH cMrHaJia Ha Bhixo~e MHTepcpepoMeTpa 

oT paccTOHHMH Me:>K~ ~M3JieKTpw-IecKoi1 nJiaCTMHKOH M CBY-BOJIHOBO~aMM 

Kp11BaH 1 COOTBeTCTByeT np116JII1JKeHI1lO nJiaCTI1HKI1 TOJI~I1HOH 2 MM 

11 ll111p11HOH 10 MM K BepxHeMy BOJIHOBO~Y 11HTep<t>epoMeTpa B 1..\eHTpaJib

HOH o6JiaCTI1 113r116a o6o11x BOJIHOBO~OB, a Kp11BaH 2 - np116JI11JKeH11IO 3TOH 

JKe nJiaCTI1HKI1 K HI1JKHeMy BOJIHOBO~Y 11HTep<t>epoMeTpa. 

Kp11BaH 3 COOTBeTCTByeT np116JII1JKeHI1lO nJiaCTI1HKI1 TOJI~I1HOH 2 MM 

11 ll111p11HOH 30 MM K BepxHeMy BOJIHOBO~y 11HTep<t>epoMeTpa, a Kp11BaH 4 -
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np116JII'DKeHJ-UO 3TOH )l(e nJiaCTI1HKI1 K HI1)1(HeMy BOJIHOBOAY 11HTep<t>epo

MeTpa. 

np11 OTCYTCTBI111 np116JII1)1(aeMbiX nJiaCTI1HOK Cl1rHaJI Ha BbiXOAe 11H

Tep<t>epoMeTpa 6biJI paseH 3,2·10-7 A. 
H3 p11CYHKa 2 B11AHO, l..J:TO CAB11r <l:>a3 B nJiel..J:aX 11HTep<l:>epoMeTpa yse

JII11..J:I1BaeTCH c yseJII11..J:eHI1eM ump11Hbi nJiaCTI1HKI1. TaK)I(e B11AHO, l..J:TO np11 

np116JII1)1(eHI111 nJiaCTI1HOK K pa3HbiM BOJIHOBOAaM 11HTep<t>epoMeTpa, 

Ha6JIIOAaeTcH pa6oTa 11HTep<t>epoMeTpa B npoTI1Bo<Pa3e, T.e. np11 OAHOH 11 

TOll )l(e BeJII11..J:I1He 3a3opa Me)I(AY nJiaCTI1HKOH 11 sepXHI1M BOJIHOBOAOM 

Cl1rHaJI Ha BbiXOAe 11HTep<t>epoMeTpa MeHhllle seJII11..J:I1Hbi Cl1rHaJia 6e3 nJia

CTI1HOK, a np11 TaKOM )l(e 3a3ope Me)I(AY nJiaCTI1HKOH 11 HI1)1(HI1M BOJIHOBO

AOM - 60Jibllle. 

Ha p11cyHKe 3 np11BeAeHbi 3aBI1CI1MOCTI1 113MeHeHI1H cl1rHaJia Ha Bbi

XOAe CBY-11HTep<t>epoMeTpa, so36~AaeMoro 113Jif1..J:eHI1eM c AJI11HOH BOJI

Hbi 7,5 MM, OT paccTOHHI1H AO BOJIHOBOAa AJIH ABYX MeTaJIJII11..J:eCKI1X nJia

CTI1HOK TOJI~I1HOH 0,5 MM 11lll11p11HOH 10 11 30 MM COOTBeTCTBeHHO. 

70.----.----.----.----.----.----.----.----.---~ 

to-8 A 

l 

2 3 4 
d ------!~ 

5 6 7 8 MM 9 

PHCyHOK 3. 3aBHCHMOCTb H3MeHeHH.H CHrHaJia Ha BbiXO,D,e HHTep<PepOMeTpa 

OT paccTO.HHH.H Me)K,D,y MeTaJIJIH"'eCKOM nnacTHHKOM H CBlJ-soJIHOBO,D,aMH 

Kp11BaH 1 COOTBeTCTByeT np116JII1)1(eHI110 nJiaCTI1HKI1 10 MM K Bepx

HeMy BOJIHOBOAY 11HTep<t>epoMeTpa B ~eHTpaJibHOH o6JiaCTI1 113r116a 06011X 

BOJIHOBOAOB, a Kp11BaH 2 - np116JII1)1(eHI110 3TOH )l(e nJiaCTI1HKI1 K HI1)1(HeMy 

BOJIHOBOAY 11HTep<t>epoMeTpa. 

Kp11BaH 3 COOTBeTCTByeT np116JII1)1(eHI110 nJiaCTI1HKI1 lll11p11HOH 30 MM 

K BepxHeMy BOJIHOBOAY 11HTep<t>epoMeTpa, a Kp11BaH 4 - np116JII1)1(eHI110 

3TOH )l(e nJiaCTI1HKI1 K HI1)1(HeMy BOJIHOBOAY 11HTep<t>epoMeTpa. 
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H3 3Toro p11cyHKa B11AHO, qTo xapaKTep 113MeHeHI1.H Cl1rHaJia AJI.H Me

TaJIJII1qecKI1X IIJiaCTI1HOK HOCI1T aHaJIOfl1l.{HhiH xapaKTep, KaK 11 AJI.H A11-

3JieKTp11qecKI1X c TOH JII1lllh pa3Hm~ei1, qTo 113MeHeHI1e ¢a3hi B cJiyqae Me

TaJIJII1qecKoi1 IIJiaCTI1HKI1 B 3 pa3a 60Jihllle AJI.H IIJiaCTI1HKI1 lll11p11HOH 10 

MM 11 B 1, 7-2 pa3a 60Jihllle Ali.H IIJiaCT11HKI1 lll11p11HOH 30 MM, qeM AJI.H CO

OTBeTCTBYIO~I1X nJiaCTMaccoBhiX nJiaCTI1HOK. XapaKTepHoii oco6eHHOCThiO 

113MeHeHI1.H Cl1fHaJia AJI.H 06011X TI1IIOB IIJiaCTI1HOK .HBJI.HeTC.H HaJII1l.{l1e KBa-

311JII1HeHHhiX yqaCTKOB Ha I1p11BeAeHHhiX 3aB11CI1MOCT.HX, KOTOphie MO)f(HO 

11CIIOJih30BaTh B KaqeCTBe rpaAy11pOB0l.{HhiX x apaKTep11CTI1K np11 IIOCTpO

eHI111 AaTqi1Ka nepeMe~eHI1H. 

HecKOJihKO 11HOH xapaKTep 3aBI1CI1MOCTI1 Cl1rHaJia oT 3a3opa Me)f(AY 

IIJiaCTI1HKOH 11 BOJIHOBOAaMI1 Ha6JIIOAaeTC.H np11 pacrrOJIO)f(eHI111 IIJiaCTI1H

KI1 Me)f(AY ABYM.H BOJIHOBOAaMI1 (p11cyHoK 4). 
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PucyHOK 4. 3aBHCHMOCTb H3MeHeHHH CHrHaJia Ha BbiXOAe HHTep<PepoMeTpa npH 

nepeMe~eHHH nJiaCTHHKH Me)K.zzy BOJIHOBOAaMH HHTep<PepoMeTpa Maxa-UaHAepa 

Kp11Ba.H 1 COOTBeTCTByeT CJiyqaiO nepeMe~eHI1.H BI1HI1IIJiaCTOBOH IIJia

CTI1HKI1 lll11p11HOH10 MM B MeCTe, rAe Ha6JIIOAaeTC.H MaKCI1MaJihHhiH 3a30p 

Me)f(AY BOJIHOBOAaMI1 11HTep¢epoMeTpa, paBHhiH 9 MM, a Kp11Ba.H 2 COOT

BeTCTByeT rrepeMe~eHI1lO B TOH )f(e 06JiaCTI1 MeTaJIJII1qecKOH IIJiaCTI1HKI1 

ll111p11HOH10 MM. 

llp11 pacnOJIO)f(eHI111 IIJiaCTI1HKI1 Me)f(AY ABYM.H BOJIHOBOAaMI1, KOfAa 

npo11CXOA11T OAHOBpeMeHHa.H MOAYJI.Hl\11.H HeOAHOPOAHhiX BOJIH o6o11x 

BOJIHOBOAOB, Ha6JIIOAaeTC.H MOHOTOHHOe 113MeHeHI1e Cl1rHaJia Ha BhiXOAe 

11HTep¢epoMeTpa, l.{TQ TaK)f(e MO)f(HO 11CIIOJih30BaTh AJI.H IIOCTpOeHI1.H AaT

l.{I1Ka nepeMe~eHI1H. B CJiyqae nepeMe~eHI1.H IIJiaCTI1HOK Me)f(AY BOJIHOBO-
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,11,aM11 11HTep¢epoMeTpa MOiKHO 113MeHHTh KPYTI13HY 3aBI1CI1MOCTI1 cl1rHa

Jia Ha BbiXO,I],e 11HTep¢epoMeTpa, eCJII1 nepeMe~aTb nJiaCTI1HKY He B o6Jia

CTI1 MaKCI1MaJibHOrD 3a3opa MeiK,IJ,Y BOJIHOBO,I],aMI1. 3TO 11JIJilOCTp11pyeTCH 

3aBI1CI1MOCTblO, np11Be,l],eHHOH Ha Kp11BOH 3 p11CYHKa 4, KOTOpaH COOTBeT

CTByeT nepeMe~eHI1lO BI1HI1llJiaCTOBOH nJiaCTI1HKI1 B MeCTe, r,11,e BeJIWil1Ha 

3a3opa MeiK,IJ,Y BOJIHOBO,I],aMI1 11HTep¢epoMeTpa COCTaBJIHeT 7 MM. llp11 

3TOM 3aBI1CI1MOCTb Cl1rHaJia OT BeJIW·:Il1Hbl nepeMe~eHI1H HOCI1T 6oJiee MO

HOTOHHbiH xapaKTep, YeM np11 nepeMe~eHI111 nJiaCTI1HKI1 B o6JiaCTI1 MaK

CI1MaJibHOfO 3a3opa (Kp11BaH 1). 
Ha p11cyHKe 5 np11Be,11,eHbi 3aBI1CI1MOCTI1 113MeHeHI1H cl1rHaJia 11HTep

¢epoMeTpa, pa6oTaiO~ero Ha ,11,JII1He BOJIHhi 3 eM. 
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PHcyHoK 5. 3aBHCHMOCTh H3MeHeHHH CHrHana Ha BhiXOAe CBY-HHTepcpepoMeTpa 
Maxa-QaHAepa OT paccTOHHHH Me}I{AJ nnacTHHOH umpHHOH 21 eM 

H CBY-BOJIHOBOAOM HHTepcpepoMeTpa 

B 3Kcnep11MeHTax np11MeHHJII1Ch pa3Hopo,11,Hbie nJiaCTI1HKI1 w11p11HOH 

21 MM: CTeKJIHHHaH nJiaCTI1HKa TOJI~I1HOH 3 MM (Kp11BaH 1 p11CYHKa 5); 
BI1HI1llJiaCTOBaH llJiaCTI1HKa TOJI~I1HOH 3 MM (Kp11BaH 2) 11 MeTaJIJIWieCKafl 

nJiaCTI1HKa TOJI~I1HOH 0,3 MM (Kp11BaH 3). 113 Kp11BbiX 1 11 2 Ha p11CYHKe 5 
BI1,11,HO, YTO xapaKTep 113MeHeHI1H ¢a3bl HeO,IJ,HOp0,11,HOH BOJIHbl 3aBHCHT 

TaKiKe OT ,11,113JieKTp11YeCKOH npOHI11..\aeMOCTI1 MaTep11aJia llJiaCTHHKH, 4TO 

MOiKHO 11CllOJib30BaTb ,IJ,JIH KOHTpOJIH ,11,113JieKTp11YeCKI1X CBOHCTB MaTepH

aJIOB. BI1,11,HO TaKiKe, YTO xapaKTep 113MeHeHI1H ¢a3bl ,IJ,JIH MeTaJIJIH4eCI<OH 

nJiaCTI1HKH COBepweHHO ,11,pyroH:, YeM ,IJ,JIH ,11,113JieKTp11YeCKHX. 

TaKI1M o6pa30M, npoBe,IJ,eHHhie 11CCJie,IJ,OBaHHH noKa3biBaiOT, YTO npH

MeHeHI1e CBY-11HTep¢epoMeTpa Maxa-UaH,IJ,epa Ha ocHose ,11,H3JieKTpHYe-
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HAYqHbiEOYEflHKAQHH ____________________________ __ 

CKHX BOnHOBOAOB MO~HO HCTIOnh30BaTh B KaqecTBe qyBCTBHTenhHOfO 

3neMeHTa AaTqHKOB nepeMe~eHHH H nono~eHHH AH3neKTpHqecKHX H Me

TannHqecKHX 06beKTOB. 
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