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1. Inceprauiiina po60Ta IpUCBIYeHa BUPIIEHHIO aKTyaJIbHOI HAyKOBO-TIPUKJIAHOI 337a4i 11[0/10 BIIPOBA/I>)KEHHS
Cy4aCHHUX BUCOKOBOJIbTHUX €JIEKTPOi30JISLiHHUX KOMIIO3UTHUX CUCTEM 3 aJJallTOBAHOIO TEXHOJIOTIEI0 Ta CyYaCHUMU
CHACTEMaMU MOHITOPUHIY Ha TEXHOJIOTIYHIN CcTafii 1151 3a0€3M1e4eHHs] KOMIJIEKCY €HEPreTUYHUX XapaKTePUCTUK
€JIEKTPUYHVX MallvH. B nepmomy po3misii NpoBeeHO aHAITUYHNN OIJIS], Cy4aCHOIO CTaHy Ta BUMOT 10
XapaKTEPUCTHUK €JIEKTPUYHOI 130J1411ii BUCOKOBOJIbTHUX €JIEKTPUYHUX MAIIVH. PO3IJISIHYTO Cy4YacHi
€JIEKTPOI30JIA4LiHI CMCTEMU KOPITyCHOI TEPMOPEAKTUBHOI i30J1411ii Ha OCHOBI NIONIEPEAHBO IPOCOYEHUX
CKJIOCJIIOZIiHITOBUX CTPiYOK 260 He MPOCOYEHUX 3 BAKyyM-HarHiTaJIbHUM [IPOCOYEHHSIM B €IIOKCUJHOMY KOMIAYHT.

[TokaszaHo, 1m0 3a6e3reyeHHs HaliHOCTI i JOBrOBIiYHOCTI €JIeKTPUYHUX MallH BUCOKOi HAIIPYTy MOB'SI3aHO 3



HEOOXi/IHICTIO 3MEHIIEHHS CTYIIEHS] HEOJHOPIJHOCTI €JIeKTPUYHOTO T0JIsl, B KOTPOMY 3HaXOJUThCSI KOPITyCHA
i3oss11iss 0OMOTKH cTaTopa (CTpMXHS abo KOTyuku). HaBeeHo KOHCTPYKTUBHI pillleHHS, Ki 3a6€31e4yI0Th
3MEHIIEHHS] HEOJHOPIHOCTI €JIEKTPUYHOrO 110J1s B I1a30B0i Ta J1060B0i YacTUHaX 0OMOTOK. CHPopMyIbOBAHO
OCHOBHI HalpsIMKM Ta BU3HAYEHO OCHOBHI 3a/1a4i AUCEePTALiIHUX JOCIiIKEHDb. Y IPYroMy po3isi Brepiie
II0KA3aHO BILJIMB €J1eKTPOQi3NYHNX XapaKTEPUCTUK Ta TOBLUIMHHU CJIIOJMHITOBOTO JieJeKTPUYHOro 6ap'epy Ha
PO3IOIiJ €JIEKTPUYHOTO I10J151 B BUCOKOBOJIbTHOI KOMIIO3UTHOI i30J1411ii HA OCHOBI NONIEPeIHbO IPOCOYEHUX
CKJIOCJIIOAVIHITOBUX CTPIYOK, 1IJ0 [PYHTYETHCSI HA MOJIeJli HAKOIIMYEHHS TIOBEPXHEBOTO 3apsiy Ha FPaHUlLli po3ziny
IieJIEKTPUYHOTOo 6ap'epy Ta MiIKIAIKU Ha OCHOBI CKIIOTKAaHUHM 3 IPOCOYYBaJIbHUM CKJIaZoM. Briepie
€KCIIEPMMEHTAJIbHO [0BeleHO edeKT BIINBY TOBIIVHU JieJeKTPUIHOro 6ap’epy Ha KOPOTKOYACHY €JIeKTPUIHY
MIIHICTh MAKeTiB TEPMOPEAKTUBHOI 1301511111 HA OCHOBI CKJIOCJIIOAMHITOBUX CTPiUOK. [JOBEAEHO, 1110 MAaKeTH 3i
CTpiuKaMH 3 MiJBULIEHUM BMiCTOM CJIIOJMHITOBOrO 6ap'epy i CKJIOTKAaHUHOIO MEHIIOI TOBIIVMHYU MaloTb Ha (8-16)%
BUILi 3HAUEHHS KOPOTKOYACHO] €JIEKTPUYHO]I MillHOCTi. POo3po6iieHa MeTouKa po3paxyHKy pO3MOIiTy
€JIEKTPUYHOTO I10J151 110 [TOBEPXHI i301s111i] y340B3K JI0600BOI YaCTUHU CTPUXKHIB BUCOKOBOJIbTHOI €J1IeKTPUYHO]
MalllMHU [103BOJISIE BUSHAYUTH BEPXHIO I'PAHUIII0 [IMTOMOTO TOBEPXHEBOr'O ONIOPY HaIiBIIPOBiAHOTO MOKPUTTS 1J1s
IIJIABHOTO PO3MOJIiy eJeKTPUYHOrO MOTEHI[ialy 110 OBePXHi i30a1ii, Mo 3abe3nevyye BiiCYyTHICTh TIOBEPXHEBUX
po3psziB. JOCTOBIPHICTb YMCENBHUX PO3PAXYHKIB OBEEHO €KCIIEPUMEHTATIbBHUMMU [OCTIIKEHHSIMU PO3NOALTY
IIOTEHI1jajly 110 IIOBEPXHi HaMiBIPOBiJHOTO HEJIiHIHHOTO IOKPUTTS Y3[0BX JI000BOI YaCTMHU 3Pa3KiB CTPUKHIB
rizporeHeparopa Ha JiniiiHy Hanpyry 10,5 kB. EkcriepruMeHTasnbHO MiATBEppKeHA CTabiIbHICTh HEeNMHIMHUX
BJIACTUBOCTEN ITIOKPUTTIB B MIPOLLEC] TPUBAJIOTO €JIEKTPUYHOTO i TEIJIOBOTO CTAPiHHS CIIELiaJIbHO BUTOTOBJIEHUX
3pa3KiB, a TAKOXK 3Pa3KiB CTPUIKHIB rilporeHeparopa B IOYaTKOBOMY CTaHi i iCjI KOMIIJIEKCHOTO BILJIMBY
€JIEKTPUYHOTO I10JIs1 Hanpyroto 26,25 KB npomucioBoi yactoru i remnepatypu 1200C npotsrom 260 roguH. B
TPETbOMY PO31iJi PO3TJISHYTO HANOiNbII TUIIOBI BUU TEXHOJIOTIYHUX Je(eKTiB IPU BUTOTOBJIEHHI KOMIIO3UTHOI
€JIEKTPOI30JIALTHOI CUCTEMU Ta IPOAHAJi30BAHO YYTJIMBICTh YaCOBOIO TPEHAY OIOPY i30JIs1ii 0 BUSHAYEHHS
TEXHOJIOTIYHUX [1ePEeKTiB y BUCOKOBOJIbTHOI KOPITYCHOI i30J1s11ii 04AaTKOBUX I10JIIOCIB MAarHiTHOI CUCTEMHU TSTOBOTO
€JIEKTPOJBUTYHA IIOCTIIHOTO CTpyMmy. IlinTBepIkeHO e(EeKTUBHICTb peecTpallii 4aCTKOBUX PO3PSAiB Y KOMIIO3UTHOI
KOPIIyCHOI i301s1L1ii 06MOTKM cTaTopa TypOo- i rijporeHepaTopiB 151 BUSBJIEHHS TEXHOJIOTIYHUX AedeKTiB Ha cTafii
BATOTOBJIEHHS €JIEKTPOI30JISALIMHUX KOHCTPYKIIN Ta HAJAMITYBAaHHS TEXHOJIOTIYHOTO IIpoLecy. Brepie
OOI'PYHTOBAHO €(PEKTHBHICTb BUSIBJIEHHS TEXHOJIOTIYHUX Ae(EKTIB 32 TAHTEHCOM KyTa JieJIeKTPUYHUX BTPAT Ha
PE30HAHCHIN 4aCTOTi 1714 OL[iHKMA CTaHy KOMIIO3UTHOI TEPMOPEAKTUBHOI €JIEKTPOI30IALiiHOI cucTemu. [lokaszaHo
IOL/IbHICTh 3aCTOCYBaHHS KOMIIJIEKCHUX ialrHOCTUYHUX 00CTE>KeHb 1151 BUSIBJIEHHS! NedeKTiB Ha TeXHOJIOTIUHIN
CTaJlii BATOTOBJIEHHS i B €KCIUIyaTallii €JIEKTPUYHMX MAIIMH Ha IiICTaBi aHaJli3y XapaKT€PUCTUK KOPITYCHO]
€JIEKTPOI30JIALIHOI CUCTEMU B PEXKMMI BUMIPIOBAaHb CYKYITHUX Ji€JIEKTPUYHUX IIaPaMETPIB Ta iHIYKTUBHOCTI 1
IOOGPOTHOCTI Ha PE30HAHCHII 4aCTOTi 3pa3KiB €JIEKTPUYHOTO JBUTYHA. Y YETBEPTOMY PO3[iji BIIEpIIE OOIPYHTOBAHO
3aCTOCYBAHHSI OIIOPY 130141l B SKOCTi iHTerpasibHOTO NapaMmeTpy CTabiIbHOCTI TEXHOJIOTIYHOTO [IpOoLecy
BUTOTOBJIEHHS BUCOKOBOJIbTHUX €JIEKTPOI30JSILIIHUX CUCTEM 1715 3al100iraHHs N0sIBU Ae(EKTIB B €1IEKTPUUHUAX
MamuHax. [lokazaHa e(eKTUBHICTb CTATUCTUYHOIO PETYJII0BAHHS Ta PO3POOJIEHO METONUKY KOHTPOJIIO
TEXHOJIOTIYHOrO IIPOLIeCY BUTOTOBJIEHHS €JIEKTPOI30JIALIHOI cucTeMy, 10 6a3yeThcs Ha TOOYOBi i aHamisi
crelliasibHUX rpadikiB iHIMBigYyabHUX 3HaU€Hb | KyMYJIITUBHUX CYM oIoOpy i3ossuii. HaBeneHo aHasni3 cTabiibHOCTI
TEXHOJIOTIYHOrO MPOLECY [JI TPhOX BapiaHTIiB KOPIIYCHOI 130JIALii MAarHiTHOI CCTEMMU TATOBOTO €JIEKTPOABUTYHA
IIOCTIIHOTO CTPyMy. Briepiie 06rpyHTOBaHO BUKOPUCTAHHS KOHTPOJIbHUAX KapT KyMYJISTUBHUX CYM OIOPY i30J1s1ii
L7151 aHaJi3y CTabiIbHOCTI TEXHOJIOTIYHOTO IIPOLieCY BUTOTOBJIEHHS €JIeKTPOi30JSILiHUX CUCTEM, 1110 103BOJISIE

BU3HAYUTU paHHi po3iagn B TeXHOJIOI‘i‘{HOMy npoueci BUTOTOBJIEHHSA €JIEKTPUYHUX MAIIIVH.

2. The dissertation is devoted to the solution of the actual scientific and applied problem on introduction of
modern high - voltage electroinsulating composite systems with the adapted technology and modern monitoring
systems at a technological stage for maintenance of a complex of power characteristics of electric machines. The
first section provides an analytical review of the current state and requirements for the electrical insulation
characteristics of high-voltage electric machines. Modern electrical insulating systems of hull thermosetting
insulation based on pre-impregnated glass mica tapes or not impregnated with vacuum injection impregnation in



epoxy compound are considered. It is shown that ensuring the reliability and durability of high-voltage electric
machines is associated with the need to reduce the degree of inhomogeneity of the electric field in which the
housing insulation of the stator winding (rod or coil). The constructive decisions which provide reduction of
inhomogeneity of an electric field in groove and frontal parts of windings are resulted. The main directions are
formulated and the main tasks of dissertation researches are defined. The second section shows for the first time
the influence of electrophysical characteristics and thickness of the mica-dielectric barrier on the distribution of
the electric field in high-voltage composite insulation based on pre-impregnated glass mica tapes, based on the
model of surface charge accumulation at the interface of the dielectric barrier and impregnating composition. For
the first time, the effect of the dielectric barrier thickness on the short-term electrical strength of thermosetting
models based on glass-mica tapes was experimentally proved. It is proved that the models with tapes with a high
content of mica barrier and fiberglass of smaller thickness have (8-16)% higher values of short-term electrical
strength. The developed method of calculating the electric field distribution on the insulation surface along the
front part of the rods of a high-voltage electric machine allows determining the upper limit of the resistivity of the
semiconductor coating for smooth distribution of electric potential on the insulation surface, which ensures no
surface discharges. The credibility of numerical calculations is proved by experimental studies of the potential
distribution on the surface of the semiconductor nonlinear coating along the frontal part of the samples of the
hydrogenerator rods at a linear voltage of 10,5 kV. The third section considers the most typical types of
technological defects in the manufacture of composite electrical insulation system and analyzes the sensitivity of
the time trend of insulation resistance to determine technological defects in high-voltage insulation of additional
poles of the magnetic system of DC traction motor. The efficiency of registration of partial discharges in the
composite body insulation of the stator winding of turbo- and hydrogenerators for detection of technological
defects at the stage of manufacturing electrical insulation structures and adjustment of the technological process
is confirmed. For the first time, the efficiency of detecting technological defects by the tangent of the dielectric
loss angle at the resonant frequency for the assessment of the state of a composite thermosetting electrical
insulation system is substantiated. The expediency of application of complex diagnostic tests for detection of
defects at the technological stage of manufacturing and operation of electric machines on the basis of the analysis
of characteristics of case electrical insulating system in the mode of measurements of aggregate dielectric
parameters and inductance and Q-factor on resonant frequency of electric motor samples is shown. The fourth
section substantiates for the first time the use of insulation resistance as an integral parameter of the stability of
the technological process of manufacturing high-voltage electrical insulation systems to prevent the appearance
of defects in electrical machines. The efficiency of statistical regulation is shown and the technique of control of
technological process of manufacturing of electroinsulating system based on construction and the analysis of
special schedules of individual values and cumulative sums of resistance of isolation is developed. The analysis of
stability of technological process for three variants of case isolation of magnetic system of the traction electric
motor of a direct current is resulted. For the first time the use of control maps of cumulative sums of insulation
resistance for the analysis of stability of technological process of manufacturing of electroinsulating systems that
allows defining early frustration in technological process of manufacturing of electrical machines is substantiated.
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