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(5{} Tpyabl MexayHapoaHOW Hay4YHO-TEXHUYECKON KOHbepeHLnn
SO MAT 2018
e «lMepcnekTnBHbIE MHOPMALIMOHHBIE TEXHONOMNNY

N.JI. JloBunii

NCIIOJIb3OBAHUE LABVIEW UL AHAJIM3A COCTOAHNA
[HOJIAPU3ALIMN CBETA B/10JIb YYBCTBUTEJIbHOI'O KOHTYPA
MAT'HUTOOIITUYECKOI'O JATUHUKA DJIEKTPUYECKOI'O TOKA

(AO «HayuHo-HcClIe0BaTENbCKUNA HHCTUTYT
ONTHUKO-3JIEKTPOHHOTO MPUOOPOCTpOEHUs», I. CocHOBBIN bop)

Brenpenue nudpoBbix HHGOPMAIMOHHBIX TEXHOJIOTHI B MPOIECC MPOU3BO/I-
CTBa, MpeoOpa3oBaHUsl U paACIPEICTCHUS JICKTPOIHEPTUU COMPOBOKIAETCS BCe 0O-
JIe€ IUPOKUM MTPUMEHEHUEM ONTUYECKUX METOJOB U CPEACTB €€ peructpauuu. [Ipu
ATOM OOIIEH TEHACHIIMEH Pa3BUTHS ONTHUKO-3JIEKTPOHHOW ammapaTypbl U3MEpPEHUs
AJIEKTPUUYECKOTO TOKA SIBJISIETCS MCIOJb30BaHUE ONTOBOJOKOHHBIX AaTuukoB (OBJI)
Ha OCHOBE MarHutoontuyeckoro 3¢ dexra Dapajes.

B tunuunoi cxeme nosisspu3ainoHHOro OB/l 4yBCTBUTEIBHBIN 3JIEMEHT — OJI-
HOMOJIOBOE CTEKJIOBOJIOKHO - 00pa3yeT 3aMKHYTHIA KOHTYpP BOKPYI MPOBOJHHUKA C
3JIEKTPUYECKUM TOKOM. JIMHEMHO MOJIAPU30BAHHOE HU3JIyYEHHE, MPOLIEIIIEE Yepes
CBETONPOBOJ, BeaeacTBue dhdexra Dapanest MEHIET a3UMyT CBOEH MOJISpU3aIliy Ha
yroJi, paBHBIM MPOU3BEAECHUIO KOHCTAHTHI Bepie MaTepuala CTeKJI0BOJIOKHA HA YHC-
JIO BOJIOKOHHBIX BUTKOB M Ha BEJIWYMHY IMPOTEKAIOUIETO 4Yepe3 MPOBOAHUK TOKa. K
COXAJICHHUIO, UCKPUBIICHUSI CBETONIPOBOJA B IPOCTPAHCTBE MPUBOJAT K CIOKHOM IMO-
JSPU3AIMOHHON aHU30TPOINUK CTEKJIOBOJIOKHA BCJIEICTBUE MHOT00Opa3usi BO3ZHHUKA-
IOIIMX YIPYTUX HAOPSOKEHUN KakK MO BEJIMYMHE U HAMPABJICHUIO, TAK U MO MECTY UX
pacrojio’)keHusl BAOJIb BOJOKHA. B pesynbrare mnposiBienue shdexkra Dapanes B
OOBIYHOM OJIHOMOJIOBOM CTEKJIOBOJIOKHE CTAHOBUTCSI PACILIBLIBYATHIM U MAJIOMHGDOP-
MATHBHBIM ISl UICIIOJIB30BAHUS B U3MEPUTENBHBIX LeisX. [Toatomy B OB/I ucnomns-
3YIOTCSl CHELNUAIBHBIE CBETOBOJBI TUIA twist [1] unu spun [2], oTauyaronyecs Kak
TE€XHOJIOTUSIMU U3TOTOBJIEHUS, TAK U MOJSIPU3AUOHHBIMU [TApAMETPAMH.

[Tonapnstoniee OONBITUHCTBO cOBpeMeHHbIX OB/ Toka MCHOJIb3YIOT BOJOKHO
THUIIA SpUN, N3roTaBIMBAEMOE U3 3arOTOBKU C CUJIbHBIM BCTPOCHHBIM JIMHENHBIM JIBY-
ayuenpenomaenueM (JIJIIT), koTopyto BpalllaloT B MPOLIECCE TEPMUUECKON BBITSKKHU
BOJIOKHA. B TakOM BOJIOKHE ynopsiioueHHOe BHyTpeHHee nuHerHoe JUJIIT nuBenupy-
€T BIMSHUE BHENIHUX YMPYTro-ONTHYECKUX d(PPEKTOB, BOZHUKAIONIUX MPU H3rHOax
BOJIOKHA B KOHTYpE, Ha coctosinue nosisipuzanuu (CII) cBeTa Ha BBIXOJIE CBETOBOJIA U
CcTa0MIM3UpyeT peakiuio jgaruuka. [Ipu 3ToM mapameTpbl natdyuka (4yBCTBUTENb-
HOCTb, JIMHEHHOCTh XapaKTEPUCTUKH, CTAOUIIBHOCTh OTKJIMKA) 3aBUCST OT BEJIMUUHBI
BcTpoeHHoro JIJIII, BennuuHbl nponoiabHOU 3akpyTku oceu JIJIII, BennuuHbl TOKA,
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pa3MepoB U OPUEHTALMU YYBCTBUTEJIHLHOIO BOJOKOHHOTO KOHTYpa B IPOCTPAHCTBE
OTHOCHTEIILHO BEKTOpa TMOJISPU3ALMN Ha BXOJE CBETOBOJA. MoAenupysl BIMSHUAE TO-
ro uinu uHoro ¢axkropa Ha BbixogHoe CII cera, Bapbupys pa3iUyHbIC aJTOPUTMBbI
00pabOTKM M3MEPUTEIIbHBIX CHTHAJIOB JIATYMKA C BBIXOJA aHAJIM3aTopa — IMOJIIpHU3a-
LIMOHHOTO JeJIUTENIsl, MOKHO 3apaHee ONpeJeIUTh ONTUMAJIbHbIE XapaKTEPUCTUKU
UCIIOJIB3YEMOT0 Spun BOJOKHA JUIS IIOJIyY€HHUs: HeOOXOJMMBIX NTapaMeTpoB JIaTYMKa B
KOHKPETHBIX YCIIOBUSIX U3MEPEHHs ToKa [4].

Jlist uccneioBaHus npoiecca MnoJiipu3allMOHHOro npeodpa3zoBaHus CBETa MPH
MPOXOXK/ICHUU €r0 BIOJIb CBETOBOJA HCIOJIb30Bajcsa (Gopmamusm chepsr [Tyankape
[3] - npencraBienue CII B BUjie TOYKH HA €IMHUYHON cepe ¢ KOOpAuHATAMHU J10JI-
rOThl U IIMPOTHI, PABHBIMU yJIBOCHHBIM 3HAYCHUSAM a3UMyTa (@ U YIJa JJUTUITHYHO-
cti ¢ nosigpuzauuu. COCTOsIHME TMOJSIPU3AIMK TIOCIE TPOXOKACHUS TIPOU3BOIBHON
($a30BOIl IIACTUHBI ONpeessAeTcs BpalleHHeM Ha cdepe HavyalbHOro IOJIOKEHUS
MOJISIPU3ALUKN Ha YTOJ JIBYJIyYENPEIOMIICHHS, PaBHBIN yriTy cBHra (a3 OpTOTOHAIIb-
HO TMOJIIPU30BAHHBIX KOMIIOHEHT, BOKPYT MPOXOsIieit yepe3 HeHTp ceprl ObICTpOoit
OCH JBYJIy4YENpesloMIeHHs (ONTHYECKOM ocu (pa30BOM IIacTUHBI). YHCIEHHO KOOp-
nunatel CII cera (X', )/, z') HaxomsaTCa U3 MPOM3BEACHUS MATPHUIILI MTOBOpPOTa (HA
yros £ Bokpyr ocu JJIIT ¢ Hanpasistomum BektopoM (X, Y, Z)) Ha paauyc-BeKTOp
TOYKH Ha4aJIbHOTO COCTOSIHMS (X, Y, Z):

1 [ x*+(¥*+2%)cosp XY—-XYcosB—ZsinfS XZ-XZcosf+YsinfB| [x
v |=| Xv-xvcosprzsinp v +(X*+2)cosp  ¥Z-YZcosp-xsing |x|y[ (1)
2| | XZ-XZcosp-Ysinff YZ-YZcosf+Xsinf Z°+(X*+Y)cosp | |z

rze x = cos(2¢p)cos(2¢), y = sin(2¢p)cos(2¢), z = sin(2¢).

[TonspusaroHHble MapaMeTpbl CBETa Ha BBIXOJE BOJIOKHA OINPEACIISIIUCH HC-
X0/ M3 MOINaroBoil tpanchopmanuu ucxoxHoro ymHeitHoro CII npu nocnenosa-
TEJIBHOM TMPOXOKIACHUU MAJIbIX JIOKAIbHBIX YYAaCTKOB BCEro cBeToBoja. J[ns 3Toro
Spun CBETOBOJ MPEJCTABIAJICA B BUAC YEPEAYIOIIMXCS IOCIECI0BATEIBHOCTEH Ipe-
JENbHO TOHKUX CErMEHTOB — JUHEHHBIX (0OYCIIOBIIEHHBIX BCTPOCHHBIM M HaBEJCH-
HBbIMU BHEILIHE YIPYTro-OoNnTHYeCKUMH 3deKTaMu) U LUPKYJIAPHBIX (00YCIOBIIEHHBIX
dpPexrom Dapanes) Ppa3oBbIX MIACTHH. YTUIBI cABUra (a3 M IMOJIOKEHHS ONTHYE-
CKUX OCEeH JMHEHHBIX IUIACTUH BJOJbh BOJIOKHA OMPEISISUINCh MapameTpaM# spun
BOJIOKHA (BesmurHa BcTpoeHHoro JIJIII m BenMumHa 3aKpyTKM NPH BBITSDKKE) U pas-
MEpaMHu U OPUEHTAIME YYBCTBUTEIHHOTO KOHTYpA JATYMKA OTHOCUTEIHHO BEKTOpa
HaYyaJbHOW MOJIAPU3aLlUH, JIOKAJIbHAS BEJIMYMHA LIUPKYJISPHOTO JBYJIyHElperIoMiIe-
HUsl OTIpeIeNsiiach PACIpPEeICHHEM MAarHUTHOTO TMOJIsl TPOBOHUKA C TOKOM BOJIb
KOHTYpa.

B cpene LabVIEW uyBCTBUTENBHBIM KOHTYp AaTUMKA MPEACTABISIICS B BUJE
BuptyaiibHoro npudopa (VI «SPUN»), Ha BX0Jl KOTOPOro IMOAABAIMChH: HayaiabHOE
TMOJIOXKEHNE NONIApU3aLnu (@, &), MapaMeTpsl spun BOJIOKHA (IMHa L OneHuit 1By-
JTy4dernpenoMIeHus U mar L, 3aKpyTKHA BOJIOKHA), pagnyc R 9yBCTBUTEILHOTO CBETO-
BOJHOTO KOHTYpa, HadaJbHOE MoJiokeHre ocu BHyTpeHHero JUJIII m opuenTanus
TUIOCKOCTUA YYBCTBUTEIBHOTO KOHTYpAa OTHOCHUTEIHHO BEKTOpPA TMOJSPHU3AIUU BXOJI-
HOT'O M3Jy4YCHHs, BEJIMYMHA TOKA B IMPOBOJAHMKE U OTHOCHUTEIBHOC paclpeiesicHue
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HaBEJEHHON0 TOKOM MAarHUTHOTIO MOJis BOJb 4yBCTBUTEIbHOro KoHTypa BOJ. C
BBIXOJa Npudopa nocrynana uHpopmamus o Tpaekropuu usmenenus CII Bronb Bce-
ro KOHTypa (Mpu HEOOXOJAMMOCTH - C rpaUuecKuM NpPeCTaBICHUEM pPe3y/IbTaToB
JUIs BU3YaJIbHOTO aHain3a), koHe4Hble nosiokeHuss CII m ocu Bctpoennoro JUJIII.
Kombunanusa asyx npudopoB VI «SPUN» ¢ HEKOTOpHIM MpeoOpa3oBaHUEM ITpOMe-
)KYTOYHOM WH(pOpPMalMK MO3BOJISLJIa MOJACIMPOBATh PEAIbHBIN JIBYXIIPOXOJOBBIN
BO/] ¢ o6paTHBIM 3epKaIbHBIM BBOJOM U3ITyYCHHS B BOJIOKHO.

Ha puc. 1 Ha cdepe [lyankape npexcrapiena spostouus CII pacnpocTpansio-
IETOCS BJOJb BOJIOKHA W3HAYAIBHO JTUHEHHO MOISIPU30BAHHOTO CBeTa. TOUKHM IKBa-
Topa chepsl H 1 V COOTBETCTBYIOT JTMHEHHBIM COCTOSIHUSM TIOJISIPU3ALIMHA C TOPU30H-
TaJbHBIM U BEPTUKAJIBHBIM HAMPABICHUSIMH BEKTOpa TMOJSIPU3AINH, TIOJIFOCa Chepsl
R u L — mpaBo- v JIeBOLUPKYJISIPHOMY
COCTOSAHUAM ToJisipu3anuu. [Ipu Havamnb-
HOM nosioxkenuu ocu JJIII spun Bomokna
+ 45° CII nepuoan4ecku OTKJIOHSAETCS OT
9KBATOpPA HA Yroa = :

X = arctan(LT/ ZLB), ()
c mepuojgoM KkoisiebaHuit 7, T0CTaTOYHO
TOYHO YIOBJICTBOPSIOIIUM 3MITUPHYE-
CKOMY BBIPAXKEHHIO:

T = n(L./2Lg) sinxy/cosx. (3)
ITpy MHOM Ha4YaJbHOM IIOJOKEHUH OCH
JUIIT xonebarenbHast KpuBas («3MeiKa»)
UCKaxaeTcs 1o (gopme M cMeliaercs ot
JKBAaTOpa K OJHOMY U3 MojrcoB. Hc-
L KPUBJICHUE BOJIOKHA B IIPOCTPAHCTBE

(Hanpumep, npu (HOPMUPOBAHUHM H3ME-
PUTEIILHOTO KOHTYpPa) MPUBOAUT K 100aBOYHBIM BO3MylleHusM Tpaektopuu CII B
BU/IE HAJIOKEHHUS TOMOJHUTEIBHBIX KOJIOaHUI OTHOCUTEIBLHO DKBATOPA BCEH «3MEM-
KU» B LIEJIOM.

B kauecTBe nmpuMepa, Ha pUC.2 Ha pa3BEPTKE y4acTKa MOBEPXHOCTH C]epsI
[lyankape npeacraBieHbl TpaekTopuu uaMeHeHuit koopauHat CII cBera Ha necstu
%-HOM OTpe3Ke NEePBOT0 BUTKA KOHTYpa u3 16 BUTKOB paguycoM R = 10 MM u3 KkBap-
LIEBOT'O Spun BOJIOKHA CO CleAYIOIMMHU napamerpamu: Lg = 4,39 MM (Ha gyiuHe BOI-
Hbl A = 660 HM), L. = 3,33 MM, JJI1 HAYAJILHOTO IMOJIOXKEHUSI OCH BCTPOEHHOTO JBY-
nydyenpenomiuenus 0° (kpusas 1) u 45° (kpuBas 2) 1 OpUEHTALMM TUIOCKOCTU KOHTY-
pa moja yriaom 45° OTHOCHUTEIBLHO BEKTOpa BXOAHOM MOsipuU3aluu. BeijgeneHHbIe OT-
PE3KH, MPUMBIKAIONIME K KOHLIAM KPUBBIX, OTpaxaroT usmeHenus: koopauuar CII npu
IIPOINYCKAaHUU CKBO3b KOHTYP JaTYMKa MHJI000Pa3HOro IEKTPUIECKOTO TOKA aMIUIU-
tynoi + 50 KA.

Puc. 1.
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Ananuz CII cBera Ha Bbeixoje aByxipoxoaHoro BOJ[ ¢ komnencaropom B3a-
UMHOW ONTHUYECKOH aHM30TPOIMH IO3BOJIMJI BBIBECTH HEKOTOpPHIE 3aKOHOMEPHOCTH
YYBCTBUTEIBHOCTH [AaTYMKA, IMOJATBEPIKICHHBIC HKCICPUMEHTAILHO HA MAaKETHOM
oOpa3ue naryuka [4]. Tak, npu ManbIx TOKax U HEOOJBIIMX M3rMOax BOJIOKHA YYB-
CTBUTEIILHOCTD Y/IOBJIETBOPSET BHIPAKCHHUIO:

n=(cosy)’ 4)
[Ipu cunbHBIX M3rndax (HampuMmep, MPU HAMOTKE BOJIOKHA B KATYIIKY C MaJIbIM pa-
JIMYCOM JUTSI YBEJIMYEHUS YKMCIIa BUTKOB B YYBCTBUTEIIBHOM KOHTYPE) OTKJIHMK JaT4H-
Ka CTAaHOBMUTCS HEYCTOMYMBBIM, 3aBUCSIIMM OT OPMEHTALMU KOHTYpa, U 00Ias 4yB-
CTBUTEIILHOCTh ONPEEIISICTCS BhIPAKEHUEM:
n+ An=(cosy)? £ 25cos ysiny, (5)
rje Kod(pPUIMEHT O 3aBUCUT OT COOTHOILIEHUS HaBEIEHHOT'O U3THO0M M BCTPOESHHOTO
JUIII, a Takke OT ypoOBHs 3aKpyTKH Ocell mocieaHero. s miaBjaeHOro kBapiia Ha
jHe BosHBI 660 HM S ~ 0,005(Lp)*/(R*L:), 1ist TAMMYHBIX BesmunH Lg v L. ( opsi-
Ka HECKOJIbKMX MM, npuyeM L. < Lg) 3aMeTHbIe KOoJeOaHUs 4yBCTBHTEIBHOCTH (Ha
ypoBHe ~ 1 % u GoJiee) NpPOSBIAIOTCS NMPU paauycax u3ruda BOJIOKHA MeHee 2 + 3
CM. YMeHblIeHHe Lp NMPUBOIUT K IMOBBILICHUIO YCTOMYMBOCTU OTKJIMKA JJaTUYMKA K
UCKPHUBIICHUSIM BOJIOKHA B IIPOCTPAHCTBE, YBEeNU4YeHUE COOTHOWeHus Lg/L. — K 1o-
BBIILIEHUIO YYBCTBUTEJIBHOCTH JaTUHKA.

[Ipu Gonbiiux Tokax yyBcTBUTENbHOCT, BO/[ magaer u asa aiekBaTHOrO M3-

MEpPEeHHUs: TOKa HEOOXOAMMO UCIIOIb30BaTh MOMPABOYHYIO KPUBYIO.
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