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BiMsiHUe 3JIEKTPOMATHUTHOTO U3J1y4YeHHsI MOJIHUM HA BOJJOKOHHO-ONITHYECKHE JIMHUH
CBSAI3U

BEJIOBA O.C., TEMHUKOB A.T'., YEPHEHCKWUI JI.JI., KOJJECHUKOB O.B., JILICOB
H.10., TAUMIIEB I'.I1.

W3noxeHsl pe3yabTaThl PU3HUECKOT0 MOJICIUPOBAHUS BIUSHUS 3JI€KTPOMAarHUTHOTO U3TYYECHUS
pa3psiIOB MOJIHUM U TPO30BBIX 00JIAKOB Ha MOJHOCTHIO IUAJIEKTPUYECKHE U OPOHUPOBAHHbIE
BOJIOKOHHO-ONTHYECKKE Kabeau. MoaenupoBaHue pa3psAa0B MOJIHUU BBIIOJIHEHO C IOMOIIbIO
9KCHEPUMEHTAIBHON YCTAaHOBKH, MO3BOJIAIOLIEH CO3/1aBaTh UCKYCCTBEHHBIE DJIEKTPUUYECKH
aKkTUBHBIE oOsaka. [TokazaHo, 4To pa3psbl U3 HICKYCCTBEHHOTO IPO30BOr0 00Jiaka BOIU3U
BOJIOKOHHO-ONITUYECKOTO KaOeJs BHI3BIBAIOT OBICTPBIC M3MEHEHHUS yIJia IOBOPOTA TNIOCKOCTH
MOJISIPU3AITUHY U3ITYUCHHUS, IepeIaBaeMoro 1o kademto. IToT 3ddexT HabmomaeTcs u I
OpOHHPOBAHHBIX, U JUISI TOJIHOCTBIO AUAIEKTPHUECKUX BOJIOKOHHO-ONTHYECKUX Kalenen
HeOobIIoN 1MHEL. [T0THOCTBIO AMANIeKTpUYecKre Kaden OobIIel JITMHBI OKa3bIBAIOTCS
MEHEe UyBCTBUTEIBHBIMH K OBICTPBIM U3MEHEHHSIM 3JIEKTPOMArHUTHOTO TOJIsL, HO
YYBCTBUTEIbHBI K MEIJICHHBIM U3MEHEHUSAM JIEKTPUYECKOTO TIOJISL.

Knrwoueswvie cnosa: BONTOKOHHO-ONTUYECKHUE JIMHUU CBSI3M, MOJIHUS, IPO30BOE 00J1aKO,

3IIEKTPOMArHUTHOE U3ITy4eHHE, COCTOSIHUE MoJisipu3anuy, 3¢ dexr Dapanes.

The results of physical modeling of the effect of electromagnetic radiation from lightning
discharges and thunderclouds on fully dielectric and armored fiber-optic cables are presented.
Lightning discharges were simulated using an experimental setup that allows the creation of
artificial electrically active clouds. It is shown that discharges from an artificial thunderstorm
cloud near a fiber-optic cable cause rapid changes in the angle of rotation of the polarization
plane of radiation transmitted through the cable. This effect is observed for both armored and
fully dielectric fiber optic cables of small length. Fully dielectric cables of longer length are less
sensitive to rapid changes in the electromagnetic field, but are sensitive to slow changes in the

electric field.



Key words: fiber-optic communication lines, lightning, thundercloud, electromagnetic radiation,

polarization state, Faraday effect.
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O BO31eHCTBHH CHJIBHBIX 3JIEKTPOMATHUTHBIX M0J1eli HA BOJIOKOHHO-ONTHYECKHe JTUHUH
CBSI3H

KA3AHIEB C.10., BEJIOBA O.C., BOJIOTOB /I.B., EJI®OMIMOB C.A., KOBAJIEB JI.1.,
XVYJIMKOB C.C.

W3noxeHsl pe3yapTaThl PU3HUECKOTO MOJICIUPOBAHUS BO3ACHCTBHS JIEKTPOMArHUTHOTO
M3JTy4YEHUS] MOJTHUM Ha BOJIOKOHHO-ONTHYECKHUE JTMHUU CBSA3H, BHIITOJHEHHOTO C TOMOULIBIO
reHeparopa Toka MoJHUU. [Ipu MoaenpoBaHuu TOKa MOJIHUU (OPMHPOBAJIach neppas
KOMITOHEHTa TOKa MOJTHMM — UMITYJIbC TOKA IIEPBOI0 0OPaTHOIO pa3psiaa ¢ aMIUIMTYI0H Oosee
190 KA u muTenbHOCTBIO (hpoHTa 4 MKC. [I0JTHOCTBIO TUAIEKTPUYECKHI BOIOKOHHO-
ONTUYECKUN Kabeb HaXOAMIICS Ha Pa3HOM PACCTOSIHUU OT Pa3psAHOTO MPOMEXYTKA UM BHE
9KPAHUPOBAHHOTO TIOMEIIIEHUS, B KOTOPOM pa3Melajcs FeHepaTop ToKa MOJHUM. B kaduecTBe
CHUTHaJIa, IepelaBaeMOoro Mo BOJOKOHHO-ONTHYECKOMY KaOero, HCIOIb30BaAIOCh JINHEHHO
HOJIIpU30BaHHOE M3yueHue. [IoBOpOT MII0CKOCTH NOISAPU3aLUN PETUCTPUPOBAIICS IIyTEM
U3MEPEHUS] MOIIHOCTH IepEeIaBaeMOro CUrHana. BrisBiIeHO ObICTpOe H3MEHEHUE COCTOSTHUS
HOJISIPU3aLUY [IEpelaBaeMOro CUrHajla B MOMEHT pa3psiia FeHeparopa Toka MOJIHUU. CKadok
MOIIHOCTH ONTUYECKOT0 U3JIy4eHUs HaOuItojaIcs s Kaberst, MpoJI0KEHHOTr 0 BOJIU3U U Ha
OTJAJICHUH OT Pa3psiAHOrO IPOMEXYTKa. MOITHOCTh ONTUYECKOTO U3IYYEHHUs, [IEPEIaBaAEMOro
10 Kabelto, MPOJI0KEHHOMY BHE SKPAaHUPOBAHHOTO MOMEIIECHUS, IPAKTHYECKH HE U3MEHIACh B
MOMEHT pa3psja. Clienano npeanoaokKeHUe 0 TOM, YTO JIEKTPUUYECKasi COCTABIISIOIIAs
JIEKTPOMArHUTHOT'O TOJIsI, UHAYLIUPYEMOTO Pa3psiJOM MOJIHHUH, BHOCUT OoJiee CylIeCTBEHHBIN
BKJIaJ] B IOBOPOT IJIOCKOCTH MOJIIPU3ALIMU 10 CPABHEHHIO C MArHUTHOM COCTaBIISIFOIIEH.
Knrwouesvie cnosa: NOTHOCTBHIO TUAIEKTPUUYECKUI BOJIOKOHHO-ONTUYECKHIA KaOelb,

OJICKTPOMAroiuTHOC M3JIYUCHHUC MOJHHUH, TCHEPATOP TOKA MOJTHUH, COCTOSHHUC MOJIApU3alUuH.

The results of a physical simulation of the effect of electromagnetic radiation from lightning on
fiber-optic communication lines performed using a lightning current generator are presented.
When modeling the lightning current, the first component of the lightning current was formed —

a pulse of the first reverse discharge current with an amplitude of more than 190 kA and a front



duration of 4 microseconds. The fully dielectric fiber-optic cable was located at different
distances from the discharge gap or outside the shielded room in which the lightning current
generator was located. Linearly polarized radiation was used as a signal transmitted over a fiber-
optic cable. The rotation of the polarization plane was recorded by measuring the power of the
transmitted signal. A rapid change in the polarization state of the transmitted signal was revealed
at the moment of discharge of the lightning current generator. A jump in the power of optical
radiation was observed for a cable laid near and at a distance from the discharge gap. The power
of optical radiation transmitted via a cable laid outside the shielded room practically did not
change at the time of discharge. It is assumed that the electrical component of the
electromagnetic field induced by lightning discharge makes a more significant contribution to
the rotation of the polarization plane compared with the magnetic component.

Key words: fully dielectric fiber-optic cable, electromagnetic radiation of lightning, lightning

current generator, polarization state.
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CoBpeMeHHbIE H30SMOHHbIE MATEPHAJIBI U CPeAbl /151 BLICOKOBOJIbTHOMH TeXHUKH
BAPUBOJOB B.H., KOBAJIEB .M., TOJIYBEB /1.B., XYJIMKOB C.C., EJIONUMOB C.A.
B craThe BBINONHEH 0030p pa3BUTHS U30JSIIUOHHBIX MAaTEPUATIOB U CPEJl, TIPUMEHSIEMBIX B
BBICOKOBOJIPTHOM 000pya0oBaHuH 3a nocienuue 150 ner. Paccmorpen nepexos ot
TPaIULUOHHBIX TUAIEKTPUKOB, TAKUX KaK BO3AYX, (hapdop u cTeksI0, K COBPEMEHHBIM
pa3zpaboTkaM Ha OCHOBE TIOJMMEPOB U MOJIMMEPHBIX KOMIO3UTOB. OOCYXK/IaeTCsl yBETUICHHE
UCIIOJIb30BAHUS CHHTETUYECKHUX KUJKOCTEH, TAKUX KaK CHJIMKOHOBBIE U CIIEIUATN3UPOBAHHBIE
Macilia, a TaKKe MOsIBJICHUE albTepHATHB, HAIPUMED, )KUJIKOTO a30Ta JIJIsl TEXHOJIOTHYECKIX
MPUIIOKEHUH CBEpXIPOBOANMOCTH. Ocoboe BHUMaHHE YAEIEeHO MPUMEHEHHIO Pa3InYHbIX ra30B,
HanpuMep, PIFOOPOHUTPHUIIOB i KETOHOB MPHU PA3INYHOM JABICHUU B KAUYECTBE alIbTEPHATHUBEI
BO3J1yXY U 3JIeTa3y Uisi Ta30BOM U30JIALIMHA BHICOKOBOJIBTHOTO 000PYI0BaHUS.

Knrouesvie cnoea: n3onsuys, NoauMep, KOMIIO3UTHAS U30JSILNS, TUIEKTPHK,

(bIIIOOPOHUTPHIIBI, KETOHBI.

The article provides an overview of the development of insulating materials and media used in
high-voltage equipment over the past 150 years. The transition from traditional dielectrics such
as air, porcelain and glass to modern developments based on polymers and polymer composites
is considered. The increasing use of synthetic liquids such as silicone and specialty oils is

discussed, as well as the emergence of alternatives, such as liquid nitrogen for technological



applications of superconductivity. Special attention is paid to the use of various gases, for
example, fluoronitriles and ketones at different pressures as an alternative to air and gas for gas
insulation of high-voltage equipment.

Key words: insulation, polymer, composite insulation, dielectric, fluoronitriles, ketones.
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IIpo0OJiemMbl cO31aHUS NMOJUMEPHON KOMIIO3ULIMOHHOM U30JISIIUM ¢ BLICOKUMM
3JIeKTPUYECKHMH M TeIUIOBbIMM XapaKTepPUCTHKAMHU

KOBAIJIEB /I.1., BAPUBO/IOB B.H., I'OJIYBEB /I.B., XYJIMKOB C.C., EJIODUMOB C.A.
OmnpeneneHbl OCHOBHBIE KOHCTPYKTUBHBIE H TEXHOJIOTHYECKHE (DAKTOPHI, BIHUSIONINE HA
3JIEKTPUYECKYIO MPOYHOCTh KOMITO3UITMOHHOM MOJUMEpHOM n3oisiiuu. [TokazaHo BiusiHue
CTPYKTYpbl KOMITIO3UIIMOHHOW U30JISIIIMY HA 00eCieYeHNE BHICOKUX 3JIEKTPOU30IISIIUNOHHBIX
XapaKTEPUCTUK, PACCMOTPEHBI OCHOBHBIE HAINIPaBJICHUSI ONTUMHU3ALMH 3TON CTPYKTYPHI.
[IpoBenen aHanu3 BO3MOXXHOCTH M HHCTPYMEHTOB MOBBIIIEHUS SJIEKTPUUECKON TPOUHOCTH
MOJIMMEPHON 30NN C YIETOM UMEIOUINXCS TEOPETUUECKUX U DKCIIEPUMEHTAIbHBIX
uccieoBaHui. BhISBI€HBI OCHOBHBIE ITyTH MOBBIIIEHUS JIEKTPUUECKON TPOYHOCTH
MOJIMMEPHON KOMITO3UIIMOHHOW U30JISIUY B 30HE COEAMHEHUS MTOJIMMEPOB U 3aJIMBAEMBIX
U30JSIIIMOHHBIX WIIA METATUYECKHX d1eMeHTOB. ChOopMyITUpOBaHbI B 0O0OCHOBAHBI KITIOYEBBIC
HaIpPaBJICHUS TOBBIIICHHSI TEIJIOCTOMKOCTH U TETIONPOBOIHOCTH MOJIMMEPHOM
BBICOKOBOJIbTHOM H30JIALIUU.

Knrouegvie cnoga: nonumepHas KOMIIO3ULIMOHHAS U30JISLMSL, SIEKTPUYECKAsk IPOYHOCTD,

TEIUIOCTOUKOCTh, TETUIOMPOBOTHOCTD, TEPMOGITYKTYaI[HOHHAS TEOPUSI.

The main structural and technological factors affecting the electrical strength of composite
polymer insulation are determined. The influence of the composite insulation structure on the
provision of high electrical insulation characteristics is shown, the main directions of
optimization of this structure are considered. The analysis of the possibility and tools for
increasing the electrical strength of polymer insulation is carried out, taking into account the
available theoretical and experimental studies. The main ways of increasing the electrical
strength of polymer composite insulation in the junction zone of polymers and poured insulating
or metal elements have been identified. The key directions of increasing the heat resistance and

thermal conductivity of polymer high-voltage insulation are formulated and justified.



Key words: polymer composite insulation, electrical strength, heat resistance, thermal

conductivity, thermal fluctuation theory.
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BiiusiHMe MOBEePXHOCTHON MPOBOAUMOCTH HA HAKOIJIEHUE U JUCCUNIAIIHIO 3apsi/I0B
CTATHY€CKOI0 3JIEKTPUYECTBA HA MOBEPXHOCTH MOJMMEPHBIX INIJIEKTPUKOB

KYJIMKOB C.C., KOBAJIEB .1., TEMHHUKOB A.I'., KOPOJIEB U.B.

[IpuBeaeHbI pe3ynbTaThl UCCAEAOBAHUN BIUSHUS YI€IbHON MOBEPXHOCTHON MPOBOAUMOCTH Y
Ha HAKOIUJICHUE U AUCCUMAIIUIO 3apsiIOB CTaTUYECKOro 3ekTpudecTBa (CD) Ha MOBEPXHOCTH
HOJMMEPHBIX JUAIEKTPUKOB. J1J1s MiccnenoBaHuid ObUIM BBIOpaHBI 00pa3Iibl TOMMIMHON 1+5 MM ¢
yAEIbHONW 00bEMHOM MPOBOIUMOCTHIO VWOSIO'IZ om'-m. YcTaHoBICHO, YTO JJI TAKHUX
JIUAJIEKTPUKOB XapaKTEPHO OTCYTCTBUE YCTAHOBUBILIETOCS PEKUMA IOCIIE IPHIOKEHUS
HATPSDKEHUS, TaK KaK MPOTEKAIINUN depe3 00beM TUAICKTPHUKA TOK MOCTOSHHO CHUXKAETCS.
HccenenoBana 3aBUCUMOCTB Ys OT TAHIE€HIIUATIBHOM COCTABIIAIOLIECH HANIPS)KEHHOCTU
IOCTOSTHHOTO JIEKTPHUYECKOro moist Ys=AE,) B quanazone E=5-10°+5-10"B/m. YcraHoBIeHO,
YTO JIJISl AUDJICKTPUKOB C 0230BOM MOBEPXHOCTHON MTPOBOIUMOCTHIO yso<10'12 OM HaOmromaercs
HEJIMHEWHAs 3aBUCUMOCTH Ys=f(E;), IpUYeM 3Ta HEJIMHEWHOCTh PACTET MPH YMEHBIIICHUH Ys.
YcTaHOBIIEHO TaKXke, 4To OoJiee BhIpakeHHAs! HETMHEWHOCTh 3aBUCUMOCTH Ys=f(E) XapakTepHa
JUTs TUAPOGOOHBIX AUAIEKTPUKOB. BhIMOMTHEHO MaTeMaTHUeCKOe MOICTMPOBaHIE HAKOIIJICHUS U
nuccunanuu 3apsigoB CO 0e3 ydera U ¢ yueToM HelMHEeHHO# 3aBucuMoct ys=f(E;). Cnenan
BBIBOJI O TOM, YTO JUJISl JUBJIEKTPUKOB C YV60§10'120M'1 M MoxkHO YYUTBIBATH TOJIBKO
MOBEPXHOCTHYIO MPOBOJIUMOCTb, IPUYEM, €CIIU IS THAPO(DUIBHBIX AUIIEKTPUKOB Ys=const, TO
JUTst TUAPOGOOHBIX AUAIEKTPUKOB HEOOXOIUMO MMPUHUMATh BO BHUMAaHUE HEUHEWHYIO
3aBUCUMOCTH Ys=f(E:).

Knrouegvle cnosa: nonuMepHbie TUANEKTPUKU, CTATUYECKOE AJIEKTPUUECTBO, yIeTbHAs
MOBEPXHOCTHASI U 00BEMHAS TPOBOJMMOCTH, TAHTCHIHMAIbHASL COCTABIISIONIAS HAMPSKECHHOCTH

OJICKTPHUYCCKOI'O I10JIA.

The results of studies of the effect of the specific surface conductivity of ys on the accumulation
and dissipation of static electricity (SE) charges on the surface of polymer dielectrics are
presented. Samples with a thickness of 1,5 mm and a specific volumetric conductivity of
Yv60<10-12 Ohm s m! were selected for research. It has been found that such dielectrics are
characterized by the absence of a steady-state mode after voltage application, since the current

flowing through the volume of the dielectric is constantly decreasing. The dependence of ys on



the tangential component of the constant electric field strength ys=f(E:) in the range
E=5-10%+5-10° B/m is studied. It has been found that for dielectrics with a basic surface
conductivity of yso<10"? Ohm, a nonlinear dependence ys=A(E) is observed, and this
nonlinearity increases with decreasing yso. It has also been found that a more pronounced
nonlinearity of the dependence ys=f(E:) is characteristic of hydrophobic dielectrics.
Mathematical modeling of the accumulation and dissipation of SE charges is performed without
taking into account and taking into account the nonlinear dependence ys=f(E;). It is concluded
that for dielectrics with yye<10-12 Ohm st m'l, only surface conductivity can be taken into
account, moreover, if for hydrophilic dielectrics ys =const, then for hydrophobic dielectrics it is
necessary to take into account the nonlinear dependence ys=AE).

Key words: polymer dielectrics, static electricity, specific surface and volume conductivity,

tangential component of electric field strength.
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O noBBIIEHUN HAIEKHOCTH PA0OTHI JIMHEHHBIX BHIKJIIOYATEIEH IPH OTKJII0YeHUH
BO3AYUIHBIX JUHHUI JJIEKTPoONepeaay B YCJI0BUAX HE3HAYNTEIbHBIX OTPHLATEIbHBIX
TeMIEePaTyp OKPY:KaIoLIero Bo3ayxa

KAYECOB B.E., [IETPOBA H.®.

[Ipn HE3HAUNTETBHBIX OTPULIATENIBHBIX TEMIIEPATYPAX OKPYKAIOIIETO BO3/TyXa HAa IOBEPXHOCTH
bapdopoBbIX MOKPHIIIEK TUHEHHBIX BBHIKIIOYATENEH 00pa3yloTcs CHEXHbIE WIH JIeISTHbIE
MOCTHKH, IPUBOSAIINE K CYILIECTBEHHOMY CHUXEHUIO 3JIEKTPUYECKON MTPOUYHOCTH MOKPBHIIIEK.
[Tpu npoxonbHOM MPOOOE BHELTHEW U30JIALUHN OJHOM U3 JYrOracUTEeNbHBIX KaMep MOJIHOE
HaNpsDKEHUE TPUKIIAbIBAETCS K OCTAIbHBIM KaMepaM, YTO MOXKET MPUBECTH K X IPoOoIo (110
MOBEPXHOCTU BHEIIHEH M30JISIMH, MEXTYy KOHTAKTaAMH WU B pe3ysbTaTe Ipo0os AeTUTEIbHbBIX
KOHJIEHCATOPOB). OTKIIIOUEHHUE TUHEWHBIM BBIKIIOYATEIEM BO3AYIIHON JIMHUHU COMPOBOXKIAETCS
MEePEXOHBIM HU3KOYACTOTHBIM MPOIIECCOM, B KOTOPOM KPaTHOCTh MEPEHAIPSIKEHUN Ha
KOHTaKTaX BBIKJIIOYATEIISI MOKET IOCTUTATh 2,15 OTH. €1I., YTO C Y4ETOM CHMXKEHUS MPOJO0JIbHOMN
AJICKTPUUYECKON TPOYHOCTH MPUBOIUT K MPOOOIO BBHIKIIIOYATENS. AHATIN3 aBapUHHBIX
OTKJIIOUEHUH MOKa3aJl, YTO BCE OHU MPOUCXOAMIIN MTPU HE3HAUUTEIbHBIX OTPULIATEIIbHBIX
TEMIIEpaTypax OKPYKaroIIero Bo3ayxa. i CHUKEHUs BEPOSTHOCTH BbIXOJA U3 CTPOS
JIMHEWHBIX BBIKJIIOYATENIed PACCMOTPEHBI TAKWE MEPOIPUITHS, KAK YCTAHOBKA
3IEKTPOMArHUTHBIX (M3MEPUTEIBHBIX ) TPAaHCPOPMATOPOB, IPUMEHEHNE BBIKIIIOUATENEH ¢
HIYHTUPYIOUIUMHU PE3UCTOPAMU WIIM HEIMHEUHBIMU OTPAHUYUTEISIMU TIEPEHANPSKEHUM.

Knrwouesvie cnosa: nuHERHBIN BBIKIIOYATENb, aTMOC(HEPHBIE YCIOBUS, TPOOOH POIOJIEHON



U30JISILUY, ITYHTUPYIOUIUI pe3ucTOp, 3IEKTPOMArHUTHBINA TpaHc(hopMaTop HAPSKEHNUS,

LIIYHTUPYIOLIUN HEJTMHEHHBIM OrPaHUYUTENb NIEPEHATIPSKCHUMN.

At low negative ambient temperatures, snow or ice bridges form on the surface of the porcelain
tires of linear switches, leading to a significant decrease in the electrical strength of the tires. In
case of a longitudinal breakdown of the external insulation of one of the arc extinguishing
chambers, the full voltage is applied to the remaining chambers, which can lead to their
breakdown (along the surface of the external insulation, between contacts or as a result of
breakdown of the dividing capacitors). Disconnection of the overhead line by a linear switch is
accompanied by a transient low-frequency process in which the multiplicity of overvoltages at
the contacts of the switch can reach 2.15 rel. units, which, taking into account the decrease in
longitudinal electrical strength, leads to a breakdown of the switch. The analysis of emergency
shutdowns showed that all of them occurred at slightly negative ambient temperatures. To reduce
the probability of failure of linear switches, such measures as the installation of electromagnetic
(measuring) transformers, the use of switches with shunt resistors or nonlinear surge arresters are
considered.

Key words: linear switch, atmospheric conditions, breakdown of longitudinal insulation, shunt

resistor, electromagnetic voltage transformer, shunt nonlinear surge limiter.
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CxemMoTexXHHYECKHE U TEXHOJIOTHYECKHE CTIOCOObI YIyYIIeHNS TeXHUYeCKHX
XapaKTEePUCTHK CHJIOBBIX TUPUCTOPOB. YacTh 1. 3anupaemMble THPUCTOPHI ¢ BHELTHUM
ylpaBJieHHEeM

BOPOHUMH W.I1., BOPOHUH I1.A.

PaccmoTpenst crioco0b! 3 (HEKTUBHOTO YIPABICHHUS MOIIHBIMUA THPUCTOPAMH C TTOMOIIIBIO
MOII-TpaH3ucTOPOB, HHTETPUPOBAHHBIX B CTPYKTYPY CHIIOBOTO TIpubopa. [lokazansl
0COOCHHOCTH pabOThI CHJIOBBIX OUTIONIIPHBIX TPAH3UCTOPOB U 3aMMUPAEMBIX THPHUCTOPOB B
peXMMax BRICOKUX HAMPSHKEHHUH U MOBBIIIEHHBIX MIIOTHOCTEH ToKa. [IpencTaBieHbl BApuaHThI
TUOPUAHBIX KOMOMHUPOBAHHBIX CXEM Ha OCHOBE 3aIIMPAEMbIX TUPUCTOPOB C MHTETPUPOBAHHBIM
MOII-ynpaBnenuem. PaccMOTpeHbI TPOIECcChl KOMMYTAIMU 3aIIUPAEMbIX TUPUCTOPOB €
WHTETPUPOBAHHBIM YIIPABICHUEM B HOMUHATHHBIX PEKUMAX U MPU TOKOBBIX MEPETrpy3Kax.
[IpencraBneHsl AuarpaMmbl pabOTHl THPUCTOPOB C BHELTHUM YIIPABICHUEM.

Knrouesvie cnoea: cunoBble TUPUCTOPHI, TEXHUUECKUE XapaKTEPUCTHKH, 3alIPaeMble

TUPUCTOPBI, MOITYIPOBOAHUKOBBIN KJII0Y, BHEIITHEE YIIPaBIICHUE.



The methods of effective control of high-power thyristors using MOSFETs integrated into the
structure of a power device are considered. The features of operation of power bipolar transistors
and lockable thyristors in high voltage and high current densities are shown. Variants of hybrid
combined circuits based on lockable thyristors with integrated MOSFET control are presented.
The switching processes of lockable thyristors with integrated control in nominal modes and
under current overloads are considered. Diagrams of the operation of thyristors with external
control are presented.

Keywords: power thyristors, technical characteristics, lockable thyristors, semiconductor key,

external control.
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AHaJTUTHYECKOE U MOJIeJIbHOE HCCJIeI0OBAHNEe THOPUIHOM CY10BOI 3J1eKTPOIHEPreTHYEeCKOo
CHCTEMBI

I'EPMAH-T'AJIKUH C.T'., IMUTPUEB b.®.

PaccmoTpena rubpuiHas CyaoBasi 3JIEKTpOIHEPreTHUecKasi CHCTEMa, CoAepKalasi Cy10BYIO
AIIEKTPUYECKYIO CETh C IU3ENIb-TeHEPATOPHBIMU arperaraMu, BaJIOr€HEPaTOP C CHHXPOHHOM
MarHUTORJIEKTPUUECKON MAIIMHOM U JIBa aKTUBHBIX MOJIYIPOBOJIHUKOBBIX ITpeoOpa3oBarers,
00BETMHEHHBIX 3B€HOM MTOCTOSTHHOTO TOKa ¢ eMKOCTHBIM (prutbTpoMm. [Ipeobpazosarenu,
yIpaBIsieMbIe OT OTACTBHBIX CUCTEM YIPaBIEHUS, 00Pa3yl0T CHHXPOHU3UPOBAHHYIO
UH(POPMALMOHHO-3HEPTeTUYECKYIO CHCTEMY, KOTOpasi 00eCIIeYrBaeT ABYXCTOPOHHUI
SHEPreTUUeCcKUil 0OMEH MEeXy CYJIOBOM AJIEKTPUUECKON CEThIO U BAJIOM IJIaBHOTO JIBUTATeNs
IpU OTCYTCTBUM Oy(hepHOro HaKOMUTEsl YHEPTHH B LIETIH TOCTOSHHOTO TOKa MpeoOpa3zoBaTelie,
00eCTeynBaroIEero JUTUTEIbHYI0 KOMIIEHCAINIO JucOananca MOIIHOCTH BCeH CyJ0BOM
AIIEKTPOIHEPTETUUECKOM cucTeMbl. PaccMoTpeHs! crioco0s!l yrpaBiieHUs] HH)OPMaIIHOHHO-
SHEPreTUUeCcKON CUCTEMOM, MO3BOJISIONINE CHHXPOHHO U3MEHSTh HallpaBJICHUE Nepelaun
MOIIHOCTH B CYJIOBOM 3JIE€KTPOIHEPTETUUECKON CUCTEME U ONITUMU3HPOBATh €€ YHEPreTHIECKUe
XapaKTePUCTHUKHU.

Knrwoueswvie cnosa: TtubpuaHas cy1oBasi 3J1€KTpOIHEPreTHYecKas CUCTEMa, Cy10Bast
JEKTPUUYECKAs CETh, TU3EIb-T€HEPATOPHBIE arperaThl, aKTUBHBIE MOITYIPOBOAHUKOBBIC
npeoOpazoBaTey, CHHXpPOHU3UPOBaHHAs HH(POPMAIIMOHHO-3HEPTreTHYecKas CCTeMa,

SHCPTCTUUCCKHUC XapPAKTCPUCTUKHU.



A hybrid marine electric power system is considered, containing a marine electrical network
with diesel generator sets, a halogen generator with a synchronous magnetoelectric machine and
two active semiconductor converters connected by a DC link with a capacitive filter. Converters
controlled from separate control systems form a synchronized information and energy system
that provides two-way energy exchange between the ship's electrical network and the main
engine shaft in the absence of a buffer energy storage in the DC circuit of the converters,
providing long-term compensation for the power imbalance of the entire ship's electric power
system. The methods of managing the information and energy system are considered, which
allow synchronously changing the direction of power transmission in the ship's electric power
system and optimizing its energy characteristics.

Key words: hybrid marine electric power system, marine electrical network, diesel generator sets,
active semiconductor converters, synchronized information and energy system, energy

characteristics.

Onexmpomexnuxa, 2024, Ne4, cmp. 63-70

HcciienoBanue kayecTBa TOKa CeTeBOro peryasiropa ¢ pejaeitnoi u LHIAM moayasiuusiMu
KHUCEJIEB M.T'.

PaccmoTtpena paboTa Tpex(hazHOro MHBEPTOpa ¢ BHIXOJIHBIMU JIPOCCENISIMU Ha CETh (CETEBOM
PETYISTOpP) B PEKMME KOMIIEHCALIMM PEAKTUBHON MOITHOCTU. OCHOBHOE BHUMAHUE YEIEHO
CPaBHEHUIO JIByM MIPUHLHUIIHAIIBHO PA3HBIM CUCTEMAaM YIpaBieHus, OCHOBaHHbIM Ha [IITUM— un
peneitHoi Momynsanuu. PazpaboTana MOJIENIb CETEBOTO PETyIATOPa, HA OCHOBE KOTOPOH
MOJIyYEeHbI XapaKTEPUCTUKU KaueCTBa BBIXOAHOTO TOKA PETYJISTOPA U KOMMYTALIMOHHBIX MOTEPh
OT YaCTOThI MOIYJISIIMH (IIMPHUHBI NIETJIN TUCTepe3uca). PaccMoTpena pabora cereBoro
perynsTopa ¢ peieiHoi nuppoBoil CUCTEMOI yrpaBiieHUS.

Knroueevle cnosa: kauecTBO dIEKTPOIHEPTUH, akTUBHBINA punbTp, [IITUM-Moxymsus, peneitHas

MOIYJISIINSA.

The operation of a three-phase inverter with output chokes to the network (network controller) in
the reactive power compensation mode is considered. The main attention is paid to the
comparison of two fundamentally different control systems based on PWM and relay
modulation. A model of a network regulator has been developed, on the basis of which the
characteristics of the quality of the output current of the regulator and switching losses from the

modulation frequency (width of the hysteresis loop) have been obtained. The work of a network



controller with a relay digital control system is considered.

Key words: power quality, active filter, PWM modulation, relay modulation.

Inekmpomexnuka, 2024, Ned, cmp. 71-73

Hogas penaxuus HanuoHaabHoro cranaapra FOCT P 54828-2022 «YcrpoiicTBa
KOMILJIEKTHBIE pacnpeaeJnuTelbHble B METANLIMYECKOI 000/104Ke ¢ ra30B0oil H30JsIHeH
(KPYJ) na HoMuHaJIbHbIe HAanIpsiskeHUus 110 kB u Bbime. O01ue TeXHUYECKHE yCITOBUA»
KAMAUJIOB P.C., ®WUJINIIIOB A.E., HEMEPUC B.C., PBIJKKOB K.A.

[IpencraBneno onucanue HoBo penakuuu ['OCT P 54828-2022, B KOTOpOH aKkTyaau3upOBaHbI
TpeGoBaHus 1 MeTo/ bl UcTibiTanuii KPYD BricOKOro HampsikeHusi, 00ycIOBICHHbIE
HAKOILJIEHHBIM OITBITOM COOCTBEHHBIX Pa3pabOTOK 3JIeTa30BOr0 000PYIOBAHHS U €TO
SKCIUTyaTaluy Ha sHeproodwvekTax Poccun. PaspaboTka nmpemamectyromeit penakuuu ['OCT P
54828-2011 B ocHOBHOM y4HTbIBajsia OnbIT 3kcruryatarmu KPYD unoctpanusix pupm, u
JOKYMEHTBI Mex1yHapoJHOU JIeKTpoTeXHnYeckol komuccuu. B HoBoit pegakiuu 'OCT P
54828-2022 npexycMoTpeHa o0s13aTeIbHOCTh BhIMOTHEHUs TpeboBanuii kK KPY D, nomoaHeHbI
METO/IbI UCTIBITAHUN Pa3bEeIUHUTENCH, 3a3EMIIUTENEH 1 BBIKJIIOUATEIICH, IPETyCMOTPEHA
00513aTeIbHOCTD POBEICHHS IEPUOANYECKUX HCTIBITaHUH, chOpMYyIHpPOBaHbI TPeOOBAHUS K
VCIBITAHUSAM TBEPIOH U30JSALMHU U IPYTHE M0JI0KEHUS, KOTOPhIE OTCYTCTBOBAJIU B
npeamecTByrome pempakiuu. [Ipu my6numaaom oocyxaeHun mpoekra nepoit pegakuuu ['OCT
P 54828-2022 npunsim yaactue npeactaButenu 6omuee 30 mpeAnpusTHA | SKCIUTYaTaIlMOHHBIX
opranu3zanuii, 6su10 nmomyueHo 10 300 npeanoxKeHu u 3aMeuaHmii, KOTOpble pa3padoTInKaMu
HOBOH pellakliu cTaHaapTa ObUTH 00CYX/IEHBI C aBTOPAMH TTONPABOK M YUTEHBI IIPU MOATOTOBKE
HOBOM penakiuu ctanaapra. Benenue B HOBbIM ['OCT NOBBIIEHHBIX TPEOOBAHUHN K M3OJISIIHH
BBI3BAJIO HEOOXOAMMOCTh KOPPEKTUPOBKH MOJIOKEHUM NericTByromux ctanaaptoB [OCT P
55195 u 'OCT P 55194. Jlanbl pekOMeHJaluu JUIsi BHECEHUSI B HUX U3MEHEHUH 10 UCTIBITAHUSAM
o0opymoBaHus ¢ TBEPON U30JAIMEH HAMPSHKCHUEM IPOMBIIIIICHHON 9aCTOTHI.

Knwuesvle croea: KOMIUIEKTHOE PaCTPEICIUTEIIBHOE YCTPOHUCTBO € JIETa30BOM U30JISALMEH,

HaIlMOHAIBHBIN CTaHIIAPT, HOBAsI PEIAKIIHS.

A description of the new edition of GOST R 54828-2022 is presented, which updates the
requirements and test methods of high-voltage CRUE, due to the accumulated experience of own
development of gas-fired equipment and its operation at power facilities in Russia. The
development of the previous edition of GOST R 54828-2011 mainly took into account the

experience of operating cruise control systems of foreign companies, and documents of the



International Electrotechnical Commission. The new edition of GOST R 54828-2022 provides
for the mandatory fulfillment of the requirements for the CRUE, supplemented the test methods
of disconnectors, earthing devices and switches, provides for the mandatory conduct of periodic
tests, formulated requirements for testing solid insulation and other provisions that were absent
in the previous edition. During the public discussion of the draft of the first edition of GOST R
54828-2022, representatives of more than 30 enterprises and operating organizations took part,
up to 300 suggestions and comments were received, which the developers of the new version of
the standard discussed with the authors of the amendments and taken into account when
preparing the new version of the standard. The introduction of increased insulation requirements
in the new GOST caused the need to adjust the provisions of the current GOST R 55195 and
GOST R 55194 standards. Recommendations are given for making changes to them for testing
equipment with solid insulation with industrial frequency voltage.

Key words: complete switchgear with gas insulation, national standard, new edition.
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