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Pucynok 4 — ®ororpadun Bonx BI' ipu ux renepanuu
PACXOJISIIIMMCS ITyYKOM:
a — B obpasie kpucraiuta KTP ¢ Beicokoi
HEJIMHEHHO-ONTUYECKONH OJTHOPOTHOCTHIO;
6 — B TIOJIMJIOMEHHOM 00pasIie

Bbrnaromaps BrICOKOW HETMHEHHOCTH B KpHUCTAJ-
ne KTP Tonmuno# 7 MM OblU1a BO3MOXHA BU3YaJld-
3aiusl BTOPUYHBIX MakcumMymoB BI'  Bmiots 10
BOCBEMOTO. B ciiy4ae mpoxoXKaeHHUs pacXosaIIerocs
UK nazeproro iyua depe3 aedexkTHyro o01acTb
KpUCTala, Ha OJKpaHe HaOmomaeTcs KapTHHA
B BHUJAE HCKPUBIEHHBIX WU DPa30pPBAHHBIX II0JIOC
WM 3€NEHBIX W YEPHBIX IITEH, a TAK)Ke YMEHbIIa-
€TCsl KOHTPACT MEXy MaKCHMyMaM{ 1 MEHUMYMaM{

VIK 535.5, 53.082.5

BTOpOil TapMOHUKH (PUCYHOK 4, 6). AHAIOTHYHO
TOMY, KaK HCKQ)XEHHE HHTEP(EPEHINOHHBIX M10JI0C
MO3BOJISIET OLCHMBATh JMHEHHOI OJHOPOJHOCTD,
T.€. BEIMYUHY An, TaK MCKaKCHHE «I10JIOC BTOPOH
TapMOHUKN» — JIOKAJIbHBIE HEOJHOPOJHOCTH TEH-
30pa KBaJApaTUYHON HEJIMHEUHON BOCIPUHUMYHMBO-
cru Ay®.

B pesynbrare npoBeieHHBIX pabOT U3TOTOBJIEH U
HaJI)KEH HKCIIEPUMEHTAIBHBIH 00pa3er OInTodJeK-
TPOHHOTO CTEHJIa U3MEPEHHs TTapaMeTpoB Mpeodpa-
30BaTeNeil 4acTOThI JIa3epPHOTO H3IIy4YEHUs], IPOBeE-
JIeHa KaIMOpOBKa CHCTEMBI PETHCTpAlMU H300pa-
JKEHUsI, IPOBECHBI IPHEMOYHBIC HCIIBITAHUS CTCHIA
Ha COOTBETCTBHE TpeOoBaHUAM T3, CTEHI BHEAPEH B
TeXHOJNOTHYecKnii mpomecc 3aBoma PYII «3aBog
Ontux» 1. JInga.

Wzyuyenne sddexTuBHOCTH MpeoOdpa3oBaHMs
u3nydyenus: Bo BI' mpoBoaminocs Ha obpasmax pas-
MepoM 5%5x7 MM> u 7x7x7 MM> H3TOTOBJIEHHBIX U3
kpucrtamwioB KPT, BeIpallleHHBIX KaKk B BBICOKOTpa-
JUEHTHOM, TaK U HU3KOTPaJAUEHTHOM TeMIlepaTyp-
HBIX TOJNsX. [IpenBapuTENbHO KPHUCTAJUIBI MPOXO-
U OTOPAaKOBKY MO0 HAJIMYHMIO HEOTHOPOJHOCTEH
000MX THMOB, 3aTEM ITO/IBEPTAINCH OKOHYATEIEHON
MIOJIUPOBKE ¥ HAHECCHUIO MPOCBETIISIONINX MOKPbI-
tui. Bo3Oyxaenne BI' ocymecTBisiocs u3myde-
HueM YAG:Nd* nasepa ¢ mmHOlM Bomabl 1,064 MM
U IUIOTHOCTh MOIIHOCTH m3nmyueHust 1o 110 MBt/em2.
B kpucramnax KTP, BwIpameHHbsix mMoaudunupo-
BaHHBIM MeToJOM YoXpadbCKOTO B pexUMeE
BBIHY)KJICHHOM KOHBEKIMH, KOX(QPHUIUEHT TIIpe-
oOpaszoBanus jocturan 55 % ¢ rayccoBbIM pac-
TIpeJeNIeHNEM OISl TI0 CEUCHMIO ITyuka. [Ipu aTom
0Ka3aJloch, YTO BBIXOJ M3 OJHOM OYyJIH IPHUTOIHBIX
HEJIMHEHHBIX 3JIEMEHTOB 3HAYHWTENBHO BBINIE, YEM
y KPHUCTAJUIOB, BBIPALICHHBIX B YCIOBHUIX BBICOKOTO
TEMIEpaTyPHOrO IPaAuEHTA.
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Introduction. In the fiber optic current sensors
(FOCS) the special twist and spun lightguides dif-
fering in polarizing parameters are used [1, 2]. Both
lightguides are characterized by very strong inter-
nal birefringence (BR): the first — circular, the sec-
ond — linear, with spiral structure. Existence of the
strong ordered BR levels the influence of outer
photo-elastic effects on the Faraday effect manifes-
tation — the physical mechanism of measurement of
current, but at the same time limits sensitivity of
the sensor compared to the sensitivity of the sensor
with the ideal isotropic lightguide in which only
Faraday BR takes place.
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1. Principles of modeling. To model the pa-
rameters of sensors the formalism of the Poincare’
sphere was used. Modeling was carried out on the
basis of analysis of change trajectory in the state of
polarization (SOP) of light spreading along a sensi-
tive fiber with varying parameters of lightguide,
geometry of a fiber circuit, magnitude of magneto-
optical (MO) effect [3, 4]. The lightguide was pre-
sented in the form of alternating sequence of ex-
tremely thin segments — linear (caused by built in or
externally induced photo-elastic effects) and circu-
lar (caused by optical activity of twisted around the
axis fiber or MO effect) phase plates. SOP change
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after passing through each segment was defined by
rotation of the initial position of polarization on the
sphere by the angle of BR equal to the angle of
phase shift of orthogonally polarized components,
around the fast BR axis (an optical axis of the
phase plate). From a fiber exit the light with
changed according to MO and photo-elastic effects
polarization state was speculatively divided by an
analyzer — a polarizing divider, into two compo-
nents, processing the intensities of which according
to a certain algorithm made it possible to estimate
the sensitivity of sensor in reality. In numerical
calculations, we used the LabVIEW graphic pro-
gramming medium.

2. Evolution of polarization in a twist fiber.
The polarization parameters of twist fiber are de-
fined by the relative value of the t spin of the fi-
ber around axis and the bend radius R of the fiber
in the circuit. The simplest in realization scheme
of the sensor is the one with a single light bypass
in the sensitive circuit. Trajectory of SOP change
along the lightguide is represented on Poincare’
sphere by a circle intersecting or touching the
equator. [5]. At the same time the variety range of
the SOP latitude depends on the orientation of the
plane fiber coils in space relative to the direction
of polarization of light at the input of the fiber and
makes up from —v—+v to 0—+2v where the angle of
v is defined by formula:

v = atan(Br/2p). (1)

Where p is the induced optical activity of the
twisted fiber, Bz — the difference between the phases
of orthogonally polarized components of the linear
BR caused by bending fiber in space when forming a
sensitive circuit of the sensor (p = 0,079t [6],
Bz = 0,005/R [7] — hereinafter the fused silica fiber
with a diameter of 125 pm on the wavelength of
660 nm is used).

2.1 FOCS sensitivity with twist fiber. Results of
modeling showed that at small MO angles of rota-
tion average sensitivity  of FOCS with twist fiber
is defined by the following formula:

n = cos?(atan(Br/2p)). 2)

When rotating the plane of the sensitive circuit of
FOCS in space sensitivity variations relative to the
average value are in the range £An:

An = 0,5n(Br/2p)*. 3

In figure 1 FOCS sensitivity modeling results
(vertical arrays of points) at the rotation of light-
guide circuit in space are presented for three radius-
es of measuring circuit along with calculation results
of sensitivity for formulas (2) and (3) (continuous
and dotted curves) depending on fiber spin values.
Range of rotation of circuit in space during model-
ing made 0-90 deg with an increment of 1 deg, fiber
spinning increment — quarter spin per meter.
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Figure 1 — FOCS sensitivity with twist fiber

At 2p > Bg/2 results of calculation for formulas
(2) and (3) fully correspond to sensitivity variations
based on modeling and analysis of the SOP at the
fiber exit.

3. The polarizing parameters of the spun fiber
are determined by the length of beats of the built-in
linear BR Lg and the length of rotation of its axis L,
and also the bend radius of the fiber in the circuit. At
the initial position of an axis of the built-in BR + /4
relative to the polarization vector of light on fiber
end the SOP along fiber fluctuates symmetrically
relative to the equator of the Poincare’ sphere in lati-
tude band + y:

x = atan(L+/2Lg), 4)

with the period of fluctuations 7 which is quite
accurately satisfying the empirical formula:

T = msin?*y(cosy) 1/2. 5)

At other initial position of BR axis fluctuation
gyrate curve is distorted and shifts from the equator
to one of sphere poles.

To stabilize the operating point, the polarimetric
current sensor on spun fiber is fundamentally con-
structed according to a two-pass scheme. One ver-
sion of the scheme is described in detail in [4].

3.1 FOCS sensitivity with spun fiber. Modeling
shows that average sensitivity of FOCS in this
scheme is defined by:

M = cos?y = cos*(atan(L«/2Lp)), (6)

with a range +An of sensitivity variations at rotation
of a sensitive circuit in space:

An = 2nLg/Lr = 2nBr/B. (7

Where B is the difference between the phases of
the built-in BR, Lz is the length of beats of BR in-
duced by fiber bends.

In figure 2 sensor sensitivity modeling results
(vertical arrays of points) are presented for three radi-
uses of measuring circuit along with calculation re-
sults of ranges of possible fluctuations of sensitivity
for formulas (6) and (7) (dotted curves on borders of
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ranges) at value of parameter y = 2n/L.= 1000 rad/m
and a varied parameter . Range of rotation of fiber
circuit in space during modeling made — 0-90 deg
with an increment of 9 deg, B increment — 50 rad/m.
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Figure 2 — FOCS sensitivity with spun fiber

When the condition of B2 > 20yBgR is met the re-
sults of modeling and calculation for formulas al-
most meet. Modeling results correlate with the re-
sults of experiments on a model sample of FOCS
well [4].

Conclusions. Simple formulas for the descrip-
tion of sensitivity of the polarimetric fiber optic cur-
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rent sensors are presented. Estimates of limit of their
applicability are given.
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IT'ETEPOI'EHHOE UHI'MBUPOBAHUE AKTUBHBIX HEHTPOB IINTAMEHUW YACTULIAMHU
OTHETYIIAUIET'O MOPOUIKA B HECTAIIMOHAPHBIX YCJIIOBUSAX B3AUMO/JIEUCTBUSA
Kunak A.A.

Hayuno-uccrnedosamensbckuil uHcmumym noxcapHou 6e3onachocmu u npooiem
upesgvruatinvix cumyayuti M4C Pecnybauxu benapyce
Munck, Pecnybauxa Benapycs

Beegenune. TylieHue noskapa OrHETYIIAIUM
HOPOIIKOM o0ecneynBaeTcs MABYMsS OCHOBHBIMH
IpolieccaMy: mepefadel Teria yacTuliaM IMOopoIKa
MOCPEZCTBOM HX HarpeBa M XMMHUYECKHUM HHTHUOU-
pOBaHMEM TPOAYKTOB TOpPEHHs MO0 MOBEPXHO-
CTBIO YaCTHI[ MOpOIIKa (reTepOoreHHOe MHIHOMpO-
BaHHWE), OO BEIIECTBAMH, OOPa3yIOIIUMUCS TPH
WX WCHAPEHUH WM Pa3lIOKCHUH B pe3yIbTaTe Io-
TJIOIIEHUS TeTia (TOMOTEHHOE HHTHOMPOBAHNE).

AHanu3 cxeM TyILIEHHUs IoXKapa MOPOIIKaMH C
MIPUMEHEHHEM CTPYHHBIX ITHEBMAaTHIECKUX
YCTPONCTB JOCTaBKM YaCTHI[ MOPOILIKA B 30HY TO-
PEHHS TOKA3BIBACT, YTO CKOPOCTh YACTHI] ITOPOIII-
Ka, B Ta3000pa3HOM TropsYeM CJIO€ MOXKET JIOCTH-
raTb HECKOJIIBKUX METpPOB B cekyHny. [1]. [Ipu nan-

HBIX CKOPOCTAX  AJIUTCIBHOCTDH t int

B3aMO-
JICWCTBHS YacTHIl MOPOIIKA C aKTUBHBIMH LIEHTpa-
MU IUIaMEHH B 3TOM 30He cocTasiser ~104-10 ¢
[1]. IIpumepHO TaKoro ke MOpsIKA SBISIOTCSA Bpe-
MEHa JJIHNTENFHOCTH PEaKIWH WHTHOWPOBAHUS aK-
THUBHBIX IIEHTPOB IJIAMEHM YAaCTHLAMH IMTOPOIIKA U

X HarpeBa. B cBA3M C 3TUM MOXHO MpEIIOJIO-
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XKHUTh, YTO IIPOLIECC TYLIEHHS IOXKapa OTHETyIIa-
UM MOPOUIKOM C MPUMEHCHHUEM YCTAHOBOK ITOKa-
pOTYLIEHMsI CO CTPYHMHOM IOJayeil MOpOLIKa BO
(pOHT ITAMEHM YacTO MPOUCXOIUT B HECTAIHO-
HapHBIX YCJIOBHUSX.

Lenpto HacTosmIed pabOTHI SABISIOCH N3yUYEHUE
OCOOCHHOCTEH  T€TEpPOTEHHOTO  HMHTHOHUpPOBAHHS
AKTHBHBIX LIEHTPOB IJIAMEHM YacTUIAMH OTHETY-
[IaIero MOPOIIKa B HECTAIlMOHAPHBIX YCIOBHUSIX
B3aUMOJENUCTBHS.

duznyeckass Mojeb TylleHUs noxapa. Pac-
CMOTPHM CXEeMy TYIICHHUS MOXKapa CTpyeH OTHETY-
IIAIIEeTo TOPOIIKa, [T0JaBaeMOil B 30HY TOPEHHUS IO
HAIPaBJICHUIO K (PPOHTY TIAMEHH.

B HekoTOpbIil MOMEHT BpeMeHH B 3TOH 30HeE,
KOTOpasi COCTOUT U3 00JIaCTEH MOJ0TrpeBa roproyci
Cpellbl, PEaKIi TOPCHHUS W COOCTBEHHO IUIAMCHH
(cBeTsimeiicss 30HBI), CPOPMHUPYETCS TUCIICPCHBIH
CJIOW 4acTHUIl MOPOIIKA. DTOT CJIOH 32 MPOMENKYTOK
BpeMEHH ¢ =] /v, 3aBUCAIMH OT CKOPOCTH Ya-

CTHUI] Topomka v U 3((HEKTUBHONW TOJIIHUHBI 30HBI
peakuuu [ , mokuHeT ee. YacTuupl cinos 6e3Bos-



