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(57) M3o0perenne OTHOCUTCS K U3MEPUTENBHOH TEXHHKE, MPEIHA3HAYCHHON JI7Isl ONPE/IENIEHHsl KOJMYECTRA

BIar'd B OJIEKTPOMAarHUTHBIX YCTPOMCTBAax (MaciisiHBIX TpaHc(hOpMaropax TOKa) B HEMPEPHIBHOM
pexxume, paboTtaromiel Mo HMpUHIMIIAM HHPPAKPACHOW CIEKTPOCKONNH B auama3oHe 1,45-3,42 MxM.
[pennaraercst nHPppaKpacHBI BOJIOKOHHO-ONTHYECKUH aTYMK IS OpEJIeNICHNsT KOJIMYeCcTBa BJIark B
TpaHchopMaTOpHOM Macie, BKIIOYAONUi ucTodHuK MK-u3mydeHus, BBIMONHCHHBIM B BUAE XPOMO-
HUKEJIEBOW HUTH HaKaJIMBaHUA U paboTaromuii B quana3one ot 0,8 1o 6,0 MKM, BOJIOKOHHO-ONTHYECKYTO
cOOpKY, COCTOSIIIYI0 W3 JBYX YacTel: Iepejarolieil W NpHHUMAIOIIEH, KaXaas OOBeIUHSET MICCTh
KaHaJIOB, YEThIPE U3 KOTOPBIX U3TOTOBJICHBI M3 BOJIOKOH HAa OCHOBE KBaplia, MPO3payHbIX B TUANa30HE OT
0,2 no 2,0 MKM, J1Ba - HA OCHOBE TaToreHNI0B cepedpa cuctembl AgCl-AgBr, npo3paunsix ot 2,0 1o 15,0
MKM, C COAEpKaHUEeM B KaxkIoM kKaHaie He MeHee 300 BomokoH auaMeTpom 100 mxm. COOpKa ONTHIECKH
CBsI3aHa C KOHYCOM HapyIIEHHOT0 IIOJIHOTO BHyTpeHHero oTpaxeHus (HIIBO), n3rotoBneHHBIM Ha OCHOBE
CelIeHU/Ia IMHKa, C ANaMeTPOM OCHOBaHHUS 13 MM WM YyITIOM MEXIy OCHOBaHHEM H oOpasyromieii 45°.
Wznydenne oT UCTOYHHUKA ITOCTYTIAET B nepenatonryo coopky k HIIBO-koHycy, B KOTOPOM ITPOUCXOAUT
MpeJOMIICHHE ONTHYECKOr0 CUTHAJa U MOMIOUICHNE XapaKTepUCTUIECKUX MUKOB BOIBI U Macia. Jlanee
M3Ty4eHHE TepeaaeTcs Mo IpUHNMAoNIel cOOpKe 4epe3 onTHYeCKue (GHIBTPHI K (POTONPHEMHHUKAM H
obpabarbiBaeTcst B O10Ke 00paOOTKM CHTHAJOB Jarduka. [IperaraeMelii HH(ppaKpacHBIH BOJIOKOHHO-
ONTHYECKUU JATYMK JUIsi ONpENeNICHHs] KOJMMYEeCTBa BIAard B TPaHC(OPMATOPHOM Maciie IO3BOJISET
o0ecIieunTh HETPEPHIBHBIM KOHTPOIb 0Oe3 3abopa mpoObl, ¢ TogHOCTRIO A0 0,1 00.% u BBICOKOM
YCTOWYMBOCTBIO K JIEKTPOMArHUTHBIM TIOMEXaM.
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HUHO®PAKPACHBIA BOJIOKOHHO-OIITUYECKUA JATYUK JJIA
OIIPEJAEJIEHHUS KOJIMYECTBA BJIATH B
TPAHC®OPMATOPHOM MACIJIE

06JacTh TEXHHKH, K KOTOPOii OTHOCHTCH H300peTeHHe

M306peTcHre OTHOCHTCS K HM3MEDHTENHbHOH TEXHHKE, MpeJHAa3HaYCHHOH JUIA
OIpe/ieNIeHlsl KOJIMYECTBA BIAarM B JIEKTPOMATHHTHBIX YCTPOHCTBaX —(MACHAHBIX
TpaHcdopMaTOopax TOKa) B HENPEPHIBHOM DEXHME, paboTaroliedl 10 MNPUHIMIAM

MH(}PaKpacHO! CIEKTPOCKONHH B Juanasone 1,45 — 3,42 MxM.

IpeamecTBYIOMMI YPOBEHb TEXHHKH

B HacTofIIee BpeMs KOHTPOJb KOJIMYECTBA BJArd B TPaHC(HOPMATOPHOM HIIM
H30JIAIHOHHOM Macjle OCYLIECTBISIETCS C MOMOIIBIO J1abOpPaTOPHOrO AHATUTHYECKOTO
obopynoBaHMs ¥ YCTPOMCTB  HENPEPBIBHOTO  M3MEPEHHs,  BCTPaMBACMbIX
HeTocpesicTBeHHO B TpanchopMarop Toka. Cpead cmocoGoB, OCYIIECTBIAIOLIMX
HEeNpPEPBIBHBIA KOHTPOJIb KOJIIMYECTBA BJIard B TPAaHC(HOPMATOPHOM Maciie pa3jivdaloTcs
€MKOCTHBIE M oInTudeckue. HenoctarkoM crocoba, OCHOBAaHHOIO Ha H3MEPEHUH
eMKOCTH, SBJISETCS HH3Kasd YCTOWYHMBOCTh K JJEKTPOMAarHHTHBIM IIOMEXaM H 3aMep
KOJIMYecTBa BiIard B mpobe Macima. OnTHdeckHe CIocoObl OCHOBAaHBI HA PErHCTpaIHy
IIMKOB MOTJIOIIEHHMS IETEKTHPYEMBIX JIEMEHTOB, @ HMEHHO TPaHC(OPMATOPHOTo Macia U
BOJBI, B HE3aBUCHMOCTH OT MX arperarHoro COCTOSHMA M 00€CIEeYHBAIOT IIPSUMYIIECTBO
10 TOYHOCTH U CKOPOCTH aHAJIM3a.

HugpakpacHas CIHEKTPOCKONHs SBIAETCS ONHHM H3 OCHOBHBIX ONTHYECKHX
CIIocO60B ONpee/iEHHsT KONMYEeCTBa BIarH B TpaHCHOPMATOPHOM Macie, IOCKOJbKY
JIAHHBIA METOJ MMO3BOJSET 00€CIIeYnTh HEPa3pyIIAOIUHA KOHTPOJIb BIAroCOACPIKaHus v
HE 3aTpyJHAET AajibHelinee HCIONb30BaHHE cpelbl. Hamuume ra3obix ¢pakuui u
CTOPOHHHX IIPUMeCei TaKXKe HE OKAa3bIBAET BIUSAHHA HA TOYHOCTH U3MEPEHHUS B CBS3H C
JETEKTUPOBAHHEM XapaKTePUCTHYECKMX ITHKOB IIOITIOMIEHHS XMMHYECKUX CBsi3eil
KOHTPOJIMPYEMBIX BEINECTB Ha ONPEAENECHHBIX JIMHAX BOJH. [Ipumenenune BOJIOKOHHO-
ONTUYECKUX KaAHAJIOB JIOCTAaBKH ONTHYECKOrO0 CUTHAlla IIO3BOJISET IOBBICHTH
OMEXO3AIIMIEHHOCTh JaTYMKa 3a CUET YAAJICHHs 3JIEKTPHYECKHX KOMIIOHEHTOB W3
061acTH CHJIPHBIX 3JIEKTPOMarHMTHBIX IIOMEX, [IO3BOJNSET pacIIUpUTh 06IacTH
NpUMEHEHUs ONTHYECKOro crnocoba ¥ pealu3oBaTh MPOMBIIUICHHBIE TIOTPYXKHbIE
JATYMKH KOHTPOJISI KOHLIEHTPALXH BJIard B TpaHCHOPMATOPHOM Macile, BOCTpeOOBaHHbIE

B DHEPreTUYECKOH OTpaciIy.



M3BecTHO YCTPOMCTBO ~ H3MEpEHMs BJard B H3OJALMOHHOM —Macie  C
ucronbiopanreM nHdpakpacuoit (MK) crexkTpockonuu (LaTeHT P® Ne72071, 3asBKa
2007144137/22 ot 27.11.2007, MIIK GOIN 21/81), KOTOPOE BKJIFOYAET 1BA HCTOYHUKA
MH(PAKPACHOr0 U3ITyYeHH s, pabOTAlOIUX Ha AQHAJIMTHYECKOM U OMOPHOH JIMHAX BOJH,
COOTBETCTBYIOIIUX T0JI0CAM NOIJIOMEHHsS ¥ MPOMyCKAHHsS BOJBI, KIOBETY /UL aHAIM3A
npo6bl  M3OJALMOHHOrO — Macma,  (GOTONPHEMHHK HHQPaKPaCHOTO  HM3JIy4YeHMs,
OTP@XEHHOTO OT KIOBETHl C aHAIM3HPYeMOH npoGoii, ycunurTenb (OTOTOKA
doTonpueMHuKa, aHANOro-LHQpoBkIe npeoGpa3oBaTelld ¥ CHCTeMy 00pabOTKH JaHHBIX.
CyUIHOCTD TIONE3HOM MOJIENM COCTOMT B MPUMEHEHHH JIBYX Y3KOIONIOCHBIX HCTOYHHKOB
UH(PAKPaCHOTO M3JIyYEHHUs — CBETOJHMOIOB LED19-PR-1 u LED16-PR-1, paGorarommux
Ha miuHe BONHBI 1930 HM (aHamuTHyeckoi) u 1650 HM (OMopHO#) COOTBETCTBEHHO,
H3JIy4eHHe KOTOPBIX OTPaXaeTcs OT KIOBETHI C aHAIM3HPYEMOH npo6oit H3OIALMOHHOTO
Macia M Tonagaer Ha HH(pakpacHbii Qorommon PD24-05 ¢ y3koi JiarpaMMou
HANPAaBJIE€HHOCTH, KOTODbI YyBCTBUTENEH K H3JIYYEHHIO B AMaNa3oHe 1150-2320 uM,
BRIXOAAIMA ¢ (OTONPHEMHHKOB CHrHAI 0OpaGaThiBaeTcsi LMQPOBHIMH METOLAMH,
pe3y/IbTaT H3MEPEHHUs] BRIBOTHTCS Ha XUIKOKPUCTAITHICCKHH HHIAMKATOP. Hemocratkom
JAHHOTO YCTPONCTBA ABJAETCS HEOGXOMMMOCTH B 0T60OpE MPOOBI H3OIALHOHHOIO Macia
B KIOBETY, a TaK)K€ MCIONB30BAaHME OJHOM JUTMHBI BOJIHBI NOTJIOIICHUS BOJBI 1930 uM,
MCMOJIB3YEMOM B KauecTBE aHATMTHYECKOM, YTO MPUBOAHUT K UTUTENLHOMY M3MEPCHHIO
KOHIIEHTPAI[MK BJIard ¥ HU3KOH TOYHOCTH.

TIpOTOTHIIOM MpeAIaraeMoro JaT4MKa sBISETCS YCTPOHCTBO M3MEPEHHUS BJIAard U
pacTBOpeHHBbIX razoB SmartDGA mpomssoactsa LumaSense Technologies [LumaSense
Technologies. SmartDGA Brochure-RU - Rev. 04/15/2019 (http://smartdga.ru)], xoTopoe
OTHOCHMTCS K HEJUCIIEPCHOHHBIM HH(PaKpacHBIM NATYHUKaM U COINEPKHUT KOPIYC, BHYTPU
KOTOPOTO PAaclojiOXeHa AHANWTHYEeCKas fuelika, Cofiepalias MpoOy MapoB macna,
MCTOYHHK HH(PAKPACHOrO U3JIyYeHHs, paboTaroIKMi B LIMPOKOM JHANAa30HE CIIEKTpa 10
8 MKM, 3aKJIIOYEHHBII B O0OJIOYKY, TOIJIOMAIOIIYI0 JJIEKTPOMAarHUTHBIE H
MEXaHHYECKHE BOJIHBI, YCTPOHCTBO IS HAIIPABICHHS M3TyYEeHHs B KOJUIMMHPOBAHHBIH
Ny, TIPOXOJIANIMI Yepe3 SUeHKy U ONTHYECKHE UIBTPhI K HH(PAKPACHBIM IETEKTOPAM.
CymHOCTh HM300peTeHHs 3aKIIOYaeTcs B IPOIYCKAaHWH KOUIMMMPOBAHHOTO Jy4a
HH(PAKPACHOTO M3ITyYeHHs Yepe3 aHATHTHUECKYIO SUEHKY, 3all0HEHHYI0 IPOOOH Napos
Macia, K [PHEMHHKaM M3JIyd4eHHs i1 PErUCTpalliil IHKOB  IOITIOMIEHHUS
NpPUCYTCTBYIOHIMUX B Macje ra30B M BJAru. TMorpetiHOCTh HU3MEPEHUH JAHHOTO
ycTpoiicTBa cocTaBisieT + 2 %, oT6op mpoObl OCYIIECTBISETCS OJMH pas B 24 yaca,

3auMIIeHHOCTh Kopryca n0 4 kBA. HemocraTkoM JaHHOTO yCTpOMCTBA SIBIIAETCS
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BBICOKas IIOrPENIHOCTD M3MEPEHHs BIAarH B TpaHC(OPMAaTOPHOM Macie, HHU3Kasd
[IOMEXO3alIMIEHHOCTh, OrPaHHYMBAIOMIAs] MPUMEHEHHE NATIHKa TpanchopMaTopaMu
MAaJION MOIIHOCTH, HEOGXOIMMOCTE B 0TGOpE MPOGHI, @ TaKXKe Malag 4acTora €¢ otbopa.

CymiecTBYIOT MpoGJIeMBl U3MEPCHHS KOJMYECTBA BIArd B TpanchopMaTOpHOM
Macle, CBS3aHHBIE C HEOGXOAMMOCTBIO OTOOpa NpOOEI Macia, HHU3KOM 4acTOTOH
H3MEpEeHHs BIAroCOJEPKaHusl U C BBHICOKAMH TpeGOBaHUSMU K MOMEXO3AIIUIIEHHOCTH
cucTeM HempepsiBHOTO  KoHTpons.  Otbop npoGsl  Macna TpeOyeT —HaIHuud
KBaNH(UIMPOBAHHOTO IEpCOHasa JHO0  JOMONHHMTEIBHOTO obopynoBaHMs A
ABTOMATHYECKOrO 0TOOpa, YTO IMOBBINAET CTOUMOCTH METOJA KOHTPOILA BIIArH. Huskas
4acTOTa W3MEPEHHS BIAroCOIEPXKaHHUs CIOCOOCTBYET YBEIHYEHHUIO PHCKA aBapUHHOCTH
tpancopmaropa. Beicokue TpeOOBaHHA K MOMEXO3AIIHKIICHHOCTA ycrpoﬁdTB KOHTPOJIS
OrpaHMYMBAIOT IIPUMEHEHHE CYUIECTBYIOIMX H3MEPHTE/IBHBIX CHCTEM H HOBBILIAIOT
CTOMMOCTh AHAJMTHYECKOro OOOpYHOBaHMA 3a CHET HAIMYMA JONOJHHTEIBHBIX
3JIEMEHTOB 3aLUTHL.

Ilenplo  yKa3aHHOro H300peTeHHs — SBIACTCA paspaboTka KOHCTPYKLHH
MH(PAKPACHOTO BOJOKOHHO-ONTHIECKOTO AATYHKA JUls ONPEACICHHUA KOMMIECTBa BiIark
B TpaHCOPMAarOPHOM  Macje, 00eCHeYHBaIOMIEro HENpEPHIBHBIA  KOHTPOJIb
prarocojepxanus 0Oe3 3abopa np6651, ¢ Ttounoctbio mo 0,1 00.% | BBICOKOM
YCTOHYMBOCTBIO K SNIEKTPOMATHUTHBIM MTOMEXaM.

CymHocTh H300peTeHus

3ajiaua M306PETEHHs COCTOUT B CO3/IaHMH MOTPYXKHOTO CMEKTPAIBHOrO JaTdHka
pard B TpaHCOPMATOPHOM Macie, O0eCTeYHBAIOIIEro BO3MOXHOCTE ONPCACICHUA
KOHLEHTPAIMOHHOTO CONEPXKAHUS Macjia M BOJBI B HENPEPEIBHOM PEXUME.

TexHHYECKHH Pe3yIbTaT H300PETEHHs COCTOMT B MOBBIIIEHUH YyBCTBUTEIBHOCTH
¥ YCTOMUYHMBOCTH K 3JIEKTPOMarHATHBIM IIOMEXaM.

[MocTaBneHHas 3amaya pelieHa 3a CYeT TOro, YTo B MH(pPaKpacHOM BOJIOKOHHO-
ONTHYECKOM JATUHMKE JUIS OIpe/IeTIeHHs KONMYeCTBa BIIaTH B TPAHC(HOPMATOPHOM Maciie,
BKJTIOYAIOIIEM  HMCTOYHHK  HMH(PaKpacHOro H3JIy4eHHs IIHMPOKOro  JHanasoHa,
BOJIOKOHHBIH KaHQl1 TMepefaud ONTHYECKOro CHIHANA, ONTHYECKHS (HIBTPEI H
IPUEMHHKH H3Jy4eHHs, OTIHYAIOMMMCS TeM, YTO KaHal MEPENavn BBIOJHCH B BUJC
BOJIOKOHHOM COOPKH, COCTOSIIEH W3 6 KaHalOoB, BKIIOYAIOIIMX HE MEHES 300 BOJIOKOH,
kaxnoe nuamerpoM 100 MM, nmmHoH 80 oM, 4 Y3 KOTOPHIX U3TOTOBJIEHBEI HA OCHOBE
KBapIEeBOro CTeKja, 2 — Ha OCHOBE KPHCTAJlJIOB TallOreHU/I0B cepebpa cucrembl AgCl-
AgBr, Ha cBOGOXHOM TOpIle KOTODOH YCTAaHOBJEH KOHYC HapYyIICHHOTO IOJIHOIO

BHyTpernero otpaxenus (HIIBO-koHycC), HaxoIAIMHCSA B HEMOCPEACTBEHHOM KOHTAKTE
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¢ u3MepsieMoii Cpeio, Ha 3aKPEIIEHHOM TopIe pacronioxeHsl uerounuk MK namyuenus
1 (QOTONPUEMHHKH C (UIBTPAMH COOTBETCTBYIOILIMX 9YacTOT, IIPH 3TOM B KaueCTBe
ucrounuka MK M3IydeHHS HCIOJB3YIOT XPOMO-HHKEJICBYIO HHMTh HaKalWBaHHA,
pabotatomyto B auanasone 0,8-6,0 MxM, B KayeCTBE NPHEMHUKOB UK wusnydenus
HCIIONB3YIOT (POTOAMOABI JUIsi OIIDKHEr0o M CpeIHEro HMH(PaKpacHOro uana3’oHa
Lms25PD-05 u Lms36PD-05, coOTBETCTBEHHO.

ITpoBeneHHble aBTOPaMH HCCIENOBAHUS BBIABHIH BO3MOXHOCTb ONPECICHHS
KOJIMYECTBEHHOTO COJIEPKaHHsl Bliary B TpaHchopMaTopHOM Maciie. [Ipumenenue mectu
ONTHYECKHX KAHAJIOB II03BOJHIIO OXBaTHTh HCIOJIB3yEMBIi MaNa3oH IJIKMH BOJH OT 1,45
1o 3,42 MKM, NpudeM dYeThlpe KaHana OBUIM H3TOTOBJICHBI Ha OCHOBE KBapla,
npo3paysoro ot 0,2 0 2,0 MKM, JIBa — Ha OCHOBE T'aJIOTCHAIOB Cepedpa CHCTEMBI AgCl-
AgBr, npo3paunbix ot 2,0 1o 15,0 MKM. BBIIO yCTaHOBIEHO, 4TO HAHOO IEE HHTEHCUBHEIE
IMKH MOIJIOIEHHs BOABI HAXOJATCS IpH JAIHHAX BoJH 1,45 MM, 1,95 MM, 2,94 MKM, a
macia — 1,73 MM, 3,24 mxm. HMccnenoBanus, NpPOBENECHHBIE aBTOpaMHM, BBIABUIIN
IIePCHEKTHBHOCTE MCTONb30BAHMs BOJIOKOH Ha OCHOBE KBaplla M TaloreHMIOB cepebpa
A4 nepeaayn uHGoOpManuu 06 yKa3aHHBIX NMUKaX MOIVIOMICHHS, TOCKOIBKY yKa3aHHBIC
BOJIOKHA o6ecneuyMBalOT HeOOXOAMMBIH YpOBEHb IPO3PaYHOCTH C COXpPaHCHHEM
JUTMTENBLHOCTH CPOKa CIyObl. JlaHHBIE IPOBENEHHBIX HCCIENOBAHUA CBHICTENBCTBYIOT
Kak O BO3MOXHOCTM ONpENENICHHS KOJHYECTBEHHOIO COJNEpXaHMs Blard B
TpaHc)OPMATOPHOM Macie, TaK H O BBICOKOH YYBCTBUTENBHOCTH JaT4HKa 3a CYET
HCIIOJIL30BaHKs OOJIBIIOr0 KOJMYECTBA MUKOB IOIJIOLIEHHS.

Ilepeuens puryp

Ha ¢ur. | mokasana ontuyeckas cxeMa HHQPaKpaCHOr0 BOJIOKOHHO-OITHYECKOTO
JaT4HKa I ONpejeleHHs KOJMYECTBa BJard B TpaHC(opMaTopHOM Macne, rae 1 —
HCTOYHHK MH(PAKpacHOTO H3JyyeHHs, 2 — BOJOKOHHai cbopka, mepepawomas MK
usnydenue k HIIBO-konycy, 3 — HIIBO-konyc, 4 — BonokoHHas cO0OpKa MpuHUMAOIIast
UK wusnyuenue ot HIIBO-komyca, 5 — onrtmueckme (uiubTpel, 6 — npuemuuku WK

u3nydyenus, 7 — 610k 06paGOTKH CHIHAJIOB M BBIBOJIa HHQOPMAIIUH.

Cae/leHHs, NOXTBEPXIAI0IIHE BO3MOKHOCTh OCYIECTBJICHHA H300pEeTCHH A
WK wu3nydeHde, HCTOYHHKOM KOTOPOTO SBIAETCH XPOMO-HHKENCBas HHTh
HakajqMBaHHus, palOortaromas B auanasoHe or 0,8 no 6,0 mMxm (1) Hanpasnserca B
IEPEJAIOILYI0 BOJOKOHHYIO cOOpKy (2), cocrosmyiro M3 6 KaHanoB, 4 H3 KOTOPBIX
M3TOTOBRJIEHEI M3 KBAPIEBBIX BOJIOKOH, 2 — U3 BOJIOKOH Ha OCHOBE TaJloOreHHJI0B cepebpa

cucteMbl AgCl-AgBr, Kaxaplii kKaHaT cOCTOUT He MeHee 4eM H3 300 BOJIOKOH, KaXaoe



auamerpoM 100 MKM, OTKYZa NOCTYNAeT B HITIBO-konyc (3), H3rOTOBIECHHEIA Ha OCHOBE
CeJIeHHIa IIMHKA — ZnSe ¢ YIiioM Mexy oOpasyioliell 1 OCHOBAHHEM 45°, mpo3payHoro
B mmamazone oT 0,5 — 22,0 mkM. Ilocie MHOrOKpaTHOIrO HapyLICHHOTO IOJIHOTO
BHyTpeHHero otpaxenus B HIIBO-koHyce crekTp UK u3iydeHHs U3MEHSETCA 32 CUET
[OrJIOMECHMs] M3JIydyeHHs BOJOM Ha JUIMHAX BOJH 1,45, 1,95, 295 MKkM ¥
TpaHCHOpMATOPHEIM MACiIOM Ha JJHMHAaX BOJIH 1,73 u 3,42 mxM. [lorjomeHue Ha
YKa3aHHBIX JUIMHAX BOJH CPaBHMBACTCi C OMOPHOH JUIMHOM BOJHBL 1,6 MKM;
TOJIyYEeHHBIA CIIEKTp MepefaeTcs B INPHHMMAIOLIYIO BOJIOKOHHYIO cbopky (4) oTkyna
[OCTyMaeT 4epe3 OITHYECKHE QHUIBTPEL (5) COOTBETCTBYIOUMX JUIMH BOJH K
npueMHuKaM u3nydenus (6) Lms25PD-05 u Lms36PD-05, mpudeM (OTONPHEMHUKH
TIepBOro THOA COOTBETCTBYIOT MK H3IyueHHIo N0 2 MKM, BTOporo — Oosee 2 MKM.
Boixomsanmii ¢ (GOTONPHEMHHUKOB MHUJUTABOJIBTOBBIM CHTHAN YCHIIHBACTCA B Onoke
06paboTkn (7) IO BOJNBTOBBIX 3HAYEHHH H, MOCJIEC MPOXOKIACHHS AT, MareMaTH4eCKH
NEpeCUNTHIBACTCS B 3HAYEHMS CONCPXKAaHHA BOMABI B TpancHOpMaTOpHOM Macje ¢
toyHOCTHIO J10 0,1 06.%.

TexHH4YecKHH pe3yNbTaT HM300peTeHHs MOCTHraeTcs Onaromaps H3MEpEHHUIO
KOJIMYECTBA BJIATH B Macje ¢ MOMOIIBIO IMOTPYXHOI0 BOJIOKOHHO-ONITUYECKOro KaHaa,
KOTOpBIH MO3BOJISET BBIHECTH GNMOK 0OGpabOTKH CHIHANOB BHE 06s1acTH BO3IECHCTBUS
CHJIBHBIX 3JIEKTPOMArHUTHBIX Tomex TpaHcdopmaropa. Ilpumenenue HHpaKpacHOH
CIIEKTPOCKONHMH B JMana3oHe JUTHH BOJH OT 1,45 mo 3,42 MxM, BO3MOXHO Omaromaps
KOMOMHAIMH BOJIOKOH Ha OCHOBE KBaplia, mpo3padHbix oT 0,2 1o 2,0 MKM, B Ha OCHOBE
raoreHuoB cepebpa, npospaynsix ot 2,0 g0 15,0 Mxm. Hanuune Gonbliiero ucia, 4em
B IPOTOTHIIE, TIHKOB IIOIVIONICHHA BOIBI M Macia MO3BOJAET MOBLICUTH TOHHOCTH
usmepenus 10 0,1 06.%. BonokonHo-ontuyeckas cOopka u HITBO-KOHYC H3rOTOBJIEHBI
M3 JUAIEKTPUYECKAX MATEPHAOB, KOTOPHIC HE PEarupyloT Ha BO3JCHCTBHE BBHICOKHX
TOKOB M/HJIM HanpsbkeHui TpanchopmaTopa. Kpome TOro, B CpaBHEHHH C MPOTOTHIOM,
BOJIOKOHHO-ONTHYECKHI HaTYHK OIpe/ieieHHsl KOJMYecTBa Blard He Tpebyer 3abopa
npo6bl B H3MEPHUTENBHYIO A4YEHKy 32 CYET HAIMYHA MOTPYXXHOTO SJIEMEHTa — HIIBO-
KOHyCa, 4TO IO3BOJISCT IIPOM3BOMMTH HETPEPHIBHBIH KOHTPONb BIIArOCOACPKAHHS,

OrpaHHYEHHBIH TOJIBKO YaCTOTOH 00pabOTKH CHIHAIOB.



®OPMVYJIA N30BPETEHUSI

VH(pakpacHBIH BOJOKOHHO-ONTHYECKUA [aTYMK JUIs ONPENCNCHHS KOIMHEecTBa
pfard B TPaHC(OPMATOPHOM Macli€, BKIIOYAIOMIMA HMCTOYHHK UK wu3mydenus,
onTHYecKue (UIBTPbL, BBIE/IONIME XapaKTEPHCTHYECKAE [HKH INOTJIOIICHHS BOARL
doronpuemunku UK wusmydeHus, a TaKxke 650K 00pabOTKM CHIHAJIOB M BBIBOJA
MHPOpMaIMH 10  COAEpPKaHHIO KOJIMYECTBA BJATH B Macle, OTIHYAIOLIUHCS
HCIIONB30OBAHMEM BOJOKOHHO-ONTHYECKOH COOPKH, BBHIIONHEHHO! B BHJE Iepeiaromei
¥ IPHHEMAIOIIEH COOPKH, KaXIas U3 KOTOPBIX COJAEPXHT N0 LIECTh KAHAJIOB, HETHIPE H3
KOTOPBIX M3TOTOBIIEHBI M3 BOJIOKOH Ha OCHOBE KBapla, IPO3paiHbIX B JHANa3oHe OT 0,2
10 2,0 MKM, /IBa — Ha OCHOBE TAJIOT€HHIOB Cepebpa CHCTEMBI AgCl-AgBr, nmpo3pa4HbIX
or 2,0 mo 15,0 MxM, ¢ comepKaHHEM B KaXIOM KaHale HE MCHEC 300 BOJIOKOH
miamMerpoM 100 MKM, M KOHYC HAapyIIEHHOTO IOJHOTO BHYTPEHHCTO OTpaXCHHH,
M3TOTOBJICHHBIH M3 CeleHM/a [MHKA, ¢ IMaMETPOM OCHOBaHUA 13 MM M yIJIoM MEXAy

OCHOBaHMEM H obpasyromieii 45°.



VH}ppaKpacHbli BOJIOKOHHO-ONTAHYECKHH JaTIHK

JIJIs olpefeICHUs KOJIMUECTBA BJlard B TpaHC(l)OpMaTopHOM Macjic
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OTYET O IIATEHTHOM IIOUCKE  [Homep espasuiickoli safBku:

(crarps 15(3) EAIIK u npasuno 42 [TaTeHTHOH HHCTPYKUMH K

EATIK) 201900558

A. KTACCUOHUKALIMA ITPEAMETA U30BPETEHHA:
GOIN 21/3554 (2006.01)
GOIN 21/552 (2006.01)

CornacHo MexayHapoaHoii nareHTHoM knaccudukamun (MITK)

I5. OBJIACTD IIOHCKA:

TIpocMOTpeHHas BoKyMeHTaus (cucreMa knaccuduxanuu v unaekcs: MITK)
HO1F 27/00 - 27/12, HO2H 7/00 - 7/30, GO1J 1/00 - 1/60, G01J 3/00 - 3/52, GOIN 21/00 - 21/958, GOIN 33/00 - 33/98,
GO8B 21/00 - 21/24

3JICI(TPOHH3}I 6aza JaHHBIX, ACIIOJIB30BABLIASICS IIPH ITOUCKE (Haznanne 6a3sl U, €CITH, BO3MOXKHO, HCIOJIb3YEMBIE NOHCKOBBIC TCpMHHI)l)

B. JTOKYMEHTBI, CUMTAIOIIMECS PEJIEBAHTHBIMH

Kareropus* CCBUIKM Ha JOKYMEHTHI C YKa3aHUEM, LI 3TO BO3MOXKHO, PEIEBAHTHBIX YacTeH OTHOCHTCS K MYHKTY Ne

A Jlammosa A. A. u np. "UndpaxpacHblil JaTUUK ¢ BOJOKOHHO-ONTHYECKHM 30HIOM Ha OCHOBE 1
KBapUEBbIX U ralOreHUACEPeOPSHHBIX CBETOBONOB JUIS W3MEPEHHMsS BiarH B TpaHcopma-
TOpHOM Macie". Marepuansl MexayHapoAHOH HayyHO-TIPaKTHYECKOH KOHQEPEHUUH. AJlb-
TEpHATHBHAs M MHTEIUIEKTyalbHas SHepreTika. Bopounex, 2018 r, cTp. 67-68

A RU 72071 U1 (OBIECTBO C OTPAHUYEHHOIM OTBETCTBEHHOCTBIO 1
"HAYYHO-TIPOU3BOACTBEHHOE OFbEJJMHEHUE "CETAJI") 27.03.2008

A US 5343045 A (ONTARIO HYDRO) 30.08.1994 1

A EP 0335128 A2 (WESTINGHOUSE ELECTRIC CORPORATION) 04.10.1989 1

D TNOCICRAYIOIIHC JOKYMCHTEHI YKa3aHbl B IPOJOJDKCHHHA

«T» - Gonee MO3AHUMA AOKYMEHT, Oy GIMKOBAHHBIN N0C/E JaThl MPUOPUTETA U

* Ocofble KaTeropuu CCHUIOUHEIX J0KYMEHTOB:
NpHBEJEHHBIN [T TOHHMaHNs H300peTeHNs

«A» - JOKYMEHT, OnpeaenAouHi o6IMi YPOBEHb TEXHHKH

«D» « IOKYMEHT, NIPUBEACHHBIH B €BPA3HICKOH 3asBKE X» - OKYMEHT, MMeIoIui HauGosee 6/iM3K0E OTHOIIEHHE K NPEAMETY MOMCKa,
«E» - Gonee paHHHH JOKYMEHT, HO OfYGIHKOBAHHBIN HA NaTy NOAAYM NopovaIKil HOBU3HY HIIM H300pETATENbCKHIM YPOBEHD, B3ATHIA B OTACNBHO-
cTH

eBpa3MiicKo 3adBKH HIIM NTOCIIE Hee
«O» - IOKyMEHT, OTHOCSAIIHIACS K YCTHOMY PaCcKpHITHIO, KCIIOHKPO-
BaHUIO U T.A.

«Y» - IOKYMEHT, HMEIOMUIA Hanbornee GU3KOe OTHOMIECHHE K MPEIMETY MOKCKa,
fopoyamui n306peTaTenbCKuii ypoBEHb B COUETaHHH C APYTHMH IOKYMEH-
TaMH TOH K€ KaTErOpUH

"P" - nokyMeHT, ony6aHKOBaHHBIA 10 JaThi I0JA4H eBpasHicKoH & i
3a4BKH, HO MOCTIE AaThl UCIPaLIMBAEMOro TIpuopuTeTa” (60 = JOKYMCHT, AB/IAIOIMHCA IATCHTOM-2HaEY0M
«L» - JOKYMEHT, NPUBEACHHBIN B ApYyrux ugds

Jara npoBeieHus naTeHTHOro noucka: 24/11/2020 , / /
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Havaneunk YnpasneHus 3KCIEPTH3BI
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