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N3obpeTeHne OTHOCUTCS K BOMOKOHHO-ONTUYECKUM YCTPOUCTBAM AN USMEPEHNUS CUTTbl ANEKTPUYECKOTO TOKa
B MPOBOAHUKE C Ucnonb3oBaHuemM adpdpekta Papages.



BuHaxig CTOCYETLCA BOMOKOHHO-OMTUYHUX NPUCTPOIB ANS BUMIPIOBAHHA CUIU E€MEKTPUYHOTO CTPyMy B
NPOBIAHUKY 3 BUKOPUCTAHHAM edpekTy dPapages.



The invention relates to fiber-optics devices for measurement of electric current strength in conductor with
Faraday effect application.



N306peTeHne OTHOCUTCS K BONIOKOHHO-OMTUYECKUM YCTPONCTBAM AN USMEPEHUS CUTbI ANEKTPUYECKOTO TO-
Ka B NPOBOAHUKE C UCNONb3oBaHMeM adpekTa Papapes.

Takoro poaa yCTpoincTBa NPUMEHSIIOTCS, B YACTHOCTU, B BbICOKOBOJIbTHBIX YCTAHOBKAX, YTOOLI USMEPATL TO-
KW B NPOBOAHUKAX, HAXOAALWMXCA MOA BbICOKUM MOTEHUMAnoM. Tak Kak CBETOBOAbI BbIMOJHEHLI U3 CTeKkna, Ko-
TOPOE, KaK U3BECTHO, ABMAETCA XOPOLUUM INEKTPUYECKAM U3ONATOPOM, HET HUKAKUX NpobnemM B 4acTu U3onauuu
COEAUHEHHBIX C NOTEHUMANOM 3EMIU MHAUKATOPOM MO OTHOLLEHMIO K HAXOAAWUMCA NOJ BbICOKOBOMbTHLIM MOTEH-
UManom npoBOAHUKAM, TOK B KOTOPbIX AOJBKEH ObiTb USMEPEH U UHAULIMPOBAH.

M3 3aasku PP 22 61 151, kn. G 01 R 15/07, 26.02.76 r. U3BECTHO YCTPOMCTBO TAKOro TUMa, KOTopoe sAB-
nsetca Hanbonee GNU3KMM aHaNorom K U306peTeHU0 No TEXHUUYECKON CYLLIHOCTHU.

B 13BECTHOM YCTPOWCTBE U3NYYEHUE OT UCTOYHUKA CBETA YEPE3 NONAPU3ATOP HANPaBNAETCa Ha NONynpos-
padHylo nnactuHy. OTTyAa NOnspU3OBaHHbLIA CBET MOCTYNAET B ONTUYECKOE BOJTOKHO, KOTOPOE YaCTUYHO HaMOTa-
HO B KaTYLLKY, MO OCU KOTOPON NPOXOAMT NPOBOAHUK, HAXOOALMUACA MOA BbICOKUM HaMNpPsBKEHUEM, B KOTOPOM Te-
YeT noanexalumii U3MEPEHUIO TOK. 3Ta BOMOKOHHAA KaTyLUKa UMEET 3ePKanbHyl0 NMOBEPXHOCTb HA OQHOM BbIXO4-
HOM TOPLE UNKU TaMm HaxoauTcs 3epkano. MonspusMpoBaHHbIiA CBET NMPOXOAUT BCE ONTUYECKOE BOJIOKHO, MpUYEM
BHYTPU KaTyLUEYHOW 4acCTWU BOMOKHA Ha OCHoBaHuKU 3gpcpekta dPapageda NpoUCXO4UT BpaleHUE MNOCKOCTU MNO-
napusagum B 3aBUCMMOCTW OT MAarHWTHOTO MO, KOTOPOE HABOAMT MPOTEKAIOWMA B NPOBOAHUKE TOK. Ha kOHUe
KaTyLLKW OTpakaeTcA CBETOBOW Iyd W NPOXOAUT €LUe pa3 KaTyLuKy, NPUYEeM BO3HUKAET AanbHenlee BpalleHue
NNOCKOCTM nonapusaunun. MOBEPHYTLIN B CBOENA MIOCKOCTU NONAPM3aLnmn CBET BbIXOAUT U3 ONTUYECKOTO BOMOKHA,
NPOHU3LIBAET MOJYNPO3PAYHYHO MIACTUHY U MOCTyNaeT B 6NOK OLUEHKU AaHHbLIX, yCTAHABMUBAIOLWMIA U UHOULMPYIO-
LWMA Yyron Mexay NIOCKOCTBIO NONApu3aunn CBETA, BXOSALLErO B OMTUYECKOE BOJIOKHO, U MIOCKOCTLIO NONApU-
3auUuKn CBETA, BbIXOAALLETO U3 BOMOKHA, MPUYEM BENMUYMHA 3TOTO yrna nponopuuoHansHa uHTerpany nytu o1 mar-
HUTHOMN HaMNPS>XKEHHOCTU MOMA.

BroK OLUEHKM JaHHbIX BLIMOSIHEH U3 MPU3Mbl aHaANM3aTopa, Wnu, HanpuMep, U3 Npu3mMbl BonnacroHa, ko-
Topas BbIXOASLIMIA CBET paclUennseT Ha ABa YAaCTUYHLIX CBETOBBIX My4Ka, MIOCKOCTU MONAPU3aUUM KOTOPbLIX
CTOST NePNEHANKYNIAPHO APYr K APYTY U WHTEHCUBHOCTM KOTOPbIX U3MepATCa AByms dhoTodeTekTopamu, ¢o-
TOTEKW KOTOPbLIX TOTAa PaBHbI

lt=1lo* (I +sin20)
"
lt=1lo* (I +sin20)
npu4eM yron nponopLUUOHarneH B COOTBETCTBUN C
0=V-N.I.

UnCno BUTKOB ONTUYECKOTO BOJIOKHA BOKPYM TOKONPOBOAALLEro npoBoaHuka - N. 3asucawiasa ot marepuana
NOCTOsTHHAsA NPONOPUMOHANbLHOCTU 3aJaeTCs:
V=2,6-109/A.
3 aByx bOTOTOKOB TOrga nosy4vaercsa

|1 _|2

Un =" *l2 _ sin2e= sin 2:VeNel,
rae BbIXOAHOW curHan UA, KOTOpbIA 3aBUCUT B CUHYCOUaansHOW popmMe OT Noanekalero M3aMepeHuio Toka.

Uto6bl nony4vats HEGOMbLUAE U3AEPXKKM HA PACUETbI, KOTOPLIE AOIDKHLI NPOU3BOAUTLCA B UCTUHHOM MacLU-
Tabe BpeMeHu, BbIOMpaeTca Takoin aaTuuk, YTobbl 3aBUCALLMIA OT ToKa yron 0 6bin 6bl HeGonbwMM. Toraa yHK-
UM CUHYCa MOXET NPUBNMKATLCA K MAHERHOR, NOTOMY YTO CUHYC Marnoro yrna npubnmsutensHo paBeH STOMy yr-
ny.

Kpome TOro, oueHb 6onblune TOKW, HaAMPUMEpP, TOKM KOPOTKOrO 3aMblKaHUA, KOTOPbIE Bbi3biBAKOT Bpa-
LeHMe NMAOCKOCTU nonsdpusaunun ceeta, 6onblie yem Ha 45° He MOoryT GbITb AETEKTUPOBAaHbLI ONUCLIBAEMbIMU
cnocoB6amu, NOTOMY 4YTO (byHKUMS CMHYca oBpaTuma TONbKO BHYTPM YIIIOBOTro guanasoHa ot -90° go +90°,
[Mo3aToMy, Hanpumep: B U3BECTHOM YyCTponctee (3. PPl 2541072) KOMMNEHCUPYIOWEN KaTYLIKOW WU pPerynu-
POBOYHOIW NETNEN BpalLeHUe NMIOCKOCTA MONSApM3auumn AenaeTca BO3BPaTHeIM. Ha OCHOBaHUM HEN3BEXHOTO
OrpaHUYEHUA PETYNUPYIOLUX BEMUYMH TOKA BbIXOAHOTO Kackaja AWHAMUKA U LUMPUHA MOMNOChI MPONyCKaHWS
O4eHb manbl. KpoMe TOro, BbICOKUIA pacxop SHEepruM aTUX BbIXOAHbLIX KACKAAOB NPEMNATCTBYET NPUMEHEHUIO
3TON KOHUEMUMK.

B OocHOBY U306peTeHns MoNoXKeHa 3agada co3faTb Takoe BOMOKOHHO-ONTUYECKOE YCTPOWCTBO ANS M3Me-
PEHUS CUTbl ANEKTPUYECKOTO TOKA, KOTOPOE MyTEM pasMeLLEHUA MeXAy BTOPbIM YCTPOWCTBOM ANSA pasfeneHus
nyyka CBeTa U KaxkabiM (POTOAETEKTOPOM MONApu3aTopa, NpUYEM OMTUYECKUE OCU MONSAPU3ATOPOB MOBEPHYTbI
CUMMETPUYHO APYr APYry OTHOCUTENLHO MIOCKOCTW NONAPU3aunMu BBEAEHHOTO B ONTUYECKOE BOMOKHO CBETA HA
yron, BbiOpaHHbIi B npeaenax ot 20° o 40°, no3sonuno 6bl onpeaenatb 6€3 NoBbILEHHON NOTPEBHOCTU B SHEp-
MU pacLUMPEHHbIA AManasoH 3HaYE€HUI ToKa.

OTa 3apava pelwaeTcsl B BOMOKOHHO-ONTUYECKOM YCTPOWCTBE ANA U3MEPEHNUA CUMbI TOKA B NPOBOJAHUKE C
ucnone3osaHuem agppekta Papanes, KOTOPOE COAEPKUT UCTOYHUK FMHEWHONOMAPU3OBAHHOIO CBETAa, Nepsoe
YCTPOWCTBO ANSA pasfeneHns nyvka CBeTa, ONTUYECKOE BOMOKHO, KOTOPOE OXBaTbIBAET NPOBOAHUK B BUAE OGMOT-
KW U UMEET 3epKanbHY0 KOHLEBYIO MOBEPXHOCTL, MPUYEM YKA3aHHbIE NEMEHTLI PACNONOXEHbI MOCNEA0BaTENbHO
APYr 3a ApYroM, BTOPOE YCTPOMCTBO ANA pa3feneHus ny4dka CBeTa, KOTOPOe pacromnoXeHO No Xoay ny4a, nocne-
JOBaTENbHO OTPAKEHHOTO OT 3€PKanbHON KOHUEBOW MOBEPXHOCTU OMTUYECKOTO BOMOKHA U OT NEPBOrO YCTPOWACT-
Ba ANs pasgeneHusl nyyka cseta, u asa (POTOAETEKTOpA, YCTAHOBMEHHbIX Ha BbIXOAAaX BTOPOro ycrpoicTea ans
pasgeneHus nydka ceeta, Gnarogaps TOMy, 4TO MexAy BTOPbIM YCTPOWCTBOM ANS pas3fdeneHus nydka cBeTa u
KaxxabiM POTOAETEKTOPOM PACNONIOXKEH NONAPU3ATOP, a ONTUYECKME OCK MOMNAPU3aTOPOB CUMMETPUYHO MOBEPT-



HYTbI APYr K APYTY MO OTHOLUEHUIO K NITOCKOCTU NONApU3aunm BBEAEHHOTO B ONTUYECKOE BOMIOKHO CBETA HA Yron,
BbIGpaHHbIiA B npeaenax ot 20 go 40 rpagycos.

JOCTUrHyTEIE C MOMOLLBIO U306PETEHNA NPEUMYLLECTBA COCTOAT, B OCHOBHOM, B TOM, YTO NUHERHOE Npub-
NUXXEHUE BbIXOAHOTO HanpsbkeHusa Ua cnpaBeanuBo ANs CyLWECTBEHHO GOMbLUIMX 3HAYEHUIA YINOB NOBOPOTA MIOC-
KOCTU nonspusaumu. CrneposaTensHo, AUHAMUYECKUIA AUanasoH OUEHKW, B CPABHEHUM C OLEHKOW B U3BECTHbIX
ycTpoicTBax, OyaeTt yBenuyeH. 3a cyet AononHUTensHon 06paboTku ¢ npumeHeHnem OBM, OCHOBAHHON Ha He-
nocpeacTBEHHOM UCMONb30BaHUU (POTOTOKOB |1 U |2, CTAHOBUTCA BO3MOXKHBLIM ONpeaeneHne noBopoTa MrocKoCcTu
nonspusauyun cebiwwe 45 rpaga.

N3ob6peTeHue NOACHAETCA Ha NPUMEPE BbIMONHEHUS, UMIMIOCTPUPYEMOM YEPTEXAMU, HA KOTOPLIX NPeac-
TaBMneHo cneayloulee:

dur. 1 - cxematuyeckoe npeacTaBneHMe npumepa BbIMONHEHUS YCTPONCTBA, COOTBETCTBYHOLLETO M306pe-
TEHUIO;

dur. 2 - pyHKUMSA BbIXOQHOTO CUrHamna OLEHKU YCTPOMCTBA, COOTBETCTBYIOLLErO U306PETEHUI0, B 3aBUCK-
MOCTH OT Yrria nosopoTa 0 nrocKocTu NoNsapusaLuu.

BOMOKOHHO-ONTHYECKOE YCTPOUCTBO cornacHo dur. 1 ANa U3MepeHnUst CUMbl 3NEKTPUYECKOTO TOKA COCTOUT
13 ONTUYECKOro BOSIOKHA 1, KOTOPOE OT CBOErO MEPBOro KOHUA 2, KOTOPbLIA HAXOAUTCA HA NUH3E 3, MPOXOAUT K Ha-
XOAALWEMYCA NMoA BbICOKOBONbTHLIM MOTEHUMANOM NPOBOAHUKY 4, 3aTEM CXBATbIBAET 3TOT NPOBOAHUK 4 B BUAe
06MOTKM 5 UMCNOM pacnonOXXEHHbIX PAAOM APYr C APYIrOM BUTKOB U CHOBA BO3BPALLIAETCA Hasaj B 30Hy, 6nu3skyio
K NuH3e 3, rae ero koHel 6 MMeeT 3epKarnbHy0 NOBEPXHOCTL 7, KOTOpas BbICTaBMNEHA Noj MPsAMbIM YIIOM K Npo-
DONbHON OCK BOJOKHA.

JlnH3a 3 BBOAUT NOCTynaloWMii Yepes yCTPONCTBO 8 AeneHus nydka cBeTa, U3fny4aemoro nasepom 9, no-
NSIPU30BAHHBIA CBET B OAUH M3 KOHLOB 2 ONTUYECKOTO BONOKHA 1. BHYTPU BLINONHEHHOI B BUAe 06MOTKM 5 yactu
ONMTUYECKOrO BOMOKHA 1 CBETOBOA NPEPLIBAET MATHUTHOE MONE, KOTOPOE CO34aeTCA TOKOM, TEKYLLMM MO NPOBOA-
HUKY 4. Ha ocHoBaHuu achpekta dapages NNOCKOCTL NONAPU3aLMKU HANPaBMNeHHOro CBeTa BO BpeMs npoxoaa o6-
MOTKMA 5 U, TEM CaMbIM, MArHMTHOTO MO MOBOPAYUBAETCA, NPUYEM BEMUYMHA Yrna NoOBOPOTa NPEACTaBnAET Co-
60ii 3HaUYEHUe MHTErpana nyTu oT UHTEHCMBHOCTW MArHUTHOTO Nons.

Mocne o6MOTKM 3 CBET NOCTynaeT panslie no OnTUYECKOMY BOJIOKHY A0 CBOEro ApYyroro koHua 6, rae oH
OTpaXaeTcs OT 3ePKarnbHOW KOHLEBOW MOBEPXHOCTU 7, TAK YTO OH CHOBA MPOXOAMUT MyTb NO ONTUYECKOMY BOJOKHY
1 1 yepes mMarHUTHoe none B 30He OBMOTKM 5 B MPOTWUBOMOMOXHOM HAaMpPAaBMeHWUU, MPUYEM NAOCKOCTb MONAPU-
3auUuun BTOPUYHO NOBOPAYMBAETCS, TAK YTO YroN NOBOPOTA MIOCKOCTU MONAPU3aLMu Npyu nageHuu CBETa Ha NMUH3Y
3 B UenoM yaBauBaEeTCs MO OTHOLLEHUIO Yrra MoBOPOTA MPU NAAEHUU CBETA Ha 3€pKarbHYH KOHLEBYIO NMOBEPX-
HOCTb 7.

BBoa 1 BbIBOA CBETA MPOUCXOAUT Yepes NuH3y 3. MNpu BbIBOAE CBET NOCTYNaeT M3 ONTUYECKOrO BOSIOKHA 1
yepes yCTPOWCTBO 8 AnA pasgeneHus nydka K 6roky OUEHKM JaHHbIX, COCTOALLEMY W3 AOMOMHUTENBHOrO YCT-
poictea 10 geneHuna nydka, us Asyx nonspusatopos 11, 12 u u3 asyx porogetrekropos 13, 14, B KOTOPLIX ONpe-
JenaeTca yron noBopoTa, KOTOPLIA Nony4una nnockocTb Nonsapusauuu CBETa npu nNpoxoAe no onTU4ecKkoMy BO-
NOKHY 1 1 KOTOPbIA ABNAETCA MEPOA ANA CUMbI TEKYLLETO B NPOBOAHUKE 4 3NEKTPUYECKOrO TOKA.

Monapusatopbl 11, 12 NOBEPHYTbI CUMMETPUYHO APYr K APYry Mo OTHOLWIEHUIO K oBbldHOMY yriy 45°, a
UMEHHO TaK, YTO Yyron mexay nonapusaropamu 11, 12 1 NNOCKOCTbIO NONAPU3auun BBEAEHHOIO B BOMNOKHO 1 cBe-
Ta NEXUT Mexay +20° 7] +40° unu Mexay
-20° 1 -40°. Mpu 3ToM yrne nonsapusaunun POTOTOKU paBHbI

li=lo* (I +cos (20 + 2a })

lt=1loe (I +cos (20 - 2u. ))

BeixogHoi curHan UA onpepenseTcsa BbiLIEYNOMsHYTbIM o6pa3zom u3 (POTOTOKOB. PesynbTar oTpaxaloT
KpuBble cornacHo dur. 2, NnpeacTasnaiowme BoIXoAHOW curHan UA B Buae dpyHKUMUK yria nosopoTa 6 MrockocTu
nonApusauuy ansa pasfvdHbIX YrioBbIX NOSIOXKEHUA o nonapusaTopos 11, 12. Kak MOXHO BuaeTb U3 ¢ur. 2, B 3Ha-
UYATENLHON CTEMEHU NMUHUMAPU3MPOBAHA 3aBUCUMOCTbL BbIXOAHOro curHana Ua, OT nponopuuoHansHoro noane-
Kawemy U3MepPeHuo TOKY NoBOpoTa 0 MIOCKOCTU nonapusaunM npu yriax o nonspusatopos mexay 20° u 40°.
TNuHeiHoe npubnukeHue BeIxogHOro curHana UA AeiCTBATENBHO ANA CYLECTBEHHO B0MbLUMX 3HAYEHWA NOBOPO-
Ta NNOCKOCTK nonsapusauun. CneaoBaTtenbHO yBENMYEHa AMHAMUKa MO OTHOLLEHMIO K 06bIMHOW oueHke. Bnaroga-
P OONOMHUTENLHO| onupatoweiica Ha paboty OBM oueHke, KoTopass HEMOCPEACTBEHHO YYUTLIBAET POTOTOKM |y
U l2, Takke eLle BO3IMOXKHO ONpeaeneHne noBopoTa NocKoCTU NONspU3auun cebie 45°,
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