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AHOTALIISA

Mipuyk 1. A. TligBuIIeHHS eKCIUTyaTalliiHUX XapaKTEPUCTUK CyIHOBUX
KaOelB 3a paxyHOK TEXHOJIOTIYHHUX PEXKHMIB OXOJIOJDKEHHS Ta pajiaifiHOro
OTIPOMIHEHHS €JNEeKTPUYHOI 130iamii. — KBamidikariiiina HaykoBa mparisi Ha mpaBax
PYKOITHUCY.

Hucepraiiisi Ha 3100yTTS HayKOBOTO CTYIEHS KaHAMJlaTa TEXHIYHUX HAYK
(moxTopa ¢inocodii) 3a cnemianpHicTio 141 «EnexTpoeHepreTrka, eneKTpOTEXHIKa
Ta ejexkrpomexanikay (14 — Enextpuuna imkenepis) — HanionanbHu TeXHIYHUAN
YHIBEPCUTET «XapKIBChKUI MOMITEXHIYHUM IHCTUTYT», M. XapkiB, 2020 p.

Huceprarniitna poOoTa MNpUCBSYEHA TMIJIBUINCHHIO  EKCIUTyaTal[iiHUX
XapaKTePUCTUK CYJHOBUX KaOeNmiB 3a paxyHOK TEXHOJIOTIYHUX PEXKUMIB
OXOJIOJPKEHHSI Ta pajlaliifHOrO OMPOMIHEHHS 130JiA1ii 1 OOOJIOHKM Ha OCHOBI
CY4YacHHX, SIK1 HE OLIMPIOIOTh NOJIyM s, O€3raJIor€HHUX MOJTIMEPHUX KOMITO3HUII1H,
o 3a0e3MeuyroTh HEOOXIMHMA KOMIUIEKC €JEeKTPUYHUX, (HI3UKO-MEXaHIYHUX
napameTpiB MPH BiAMOBIIHOMY KOHTPOJI1 TEXHOJIOTTYHUX MPOILIECIB.

Jlns nocsirHeHHS 1€l MeTH OyJIv ITOCTaBJICH] 3aj1ayi:

— JIOBECTH JOLUIBHICTh TIOCTYHOBOTO OXOJOKEHHS TMOJIIETHUJICHOBOI
130J1A1111  BHUCOKOBOJIBTHMX  CHJIOBHX  KaOemB a8 3a0e3medyeHHs K
eKCIUTyaTalllfiHUX TapaMeTpiB, TaK 1 CTaOUIBHOCTI XapaKTEPUCTHK B IpoIleci
eKCIUTyaTallli;

— OOIpyHTYBaTH 3aCTOCYBaHHS METOJly €JEKTPOTEIUIOBOI aHajorii s
noOyZJ0BM MaTeMaTUYHOI MOJENI OXOJOJDKEHHS 130JbOBAHOT CTPYMOTPOBITHOT
UM 3 YpaxyBaHHSIM PO3IOALTY TEMIEPaTypH IO TOBIIMHI 130J511i B HECTAIOMY
TEIUIOBOMY PEKUMI;

— pO3pOOUTH METOJUKY PO3PAaXYHKY TEXHOJOTIYHUX MapameTpiB pexUMY
OXOJIOJKEHHSI CHJIOBHX KaOeliB, 10 TIPYHTYETbCS Ha PO3PAaXyHKY HENIHIHHOT
TEIUIOBOT CXEMH 3aMIIICHHS 130JbOBAHOT CTPYMOIPOBITHOI XWJIA B HECTAJIOMY

TEIJIOBOMY PEXHMI 3 ypaxyBaHHSM 3aJIEKHOCTI BIJl TeMIIEpaTypu TEIIOBOIO
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OMopy 1 TEIUIOEMHOCTI 130JIAIlii MEeTOAaMH JUCKPETHHX PE3UCTHUBHUX CXEM
3aMIIIEHHS 1 By3JI0BUX MTOTEHITIAIB,;

— BU3HAYUTHU BIUIMB TEXHOJIOTIYHUX PEKHUMIB OXOJIOPKCHHS Ha PO3IOILT
TeMIepaTypy MO TOBIIMHI €KCTPYAOBAHOI 130JIA1l1 Ta OOTPYHTYBAaTU TPUBAIICTh
NEPEXIAHOTO MPOLECy, IO BiJAMOBIAA€ JOCATHEHHIO OJHAKOBOI TeMIIEpaTypH IO
BCIM TOBIIMHI 130JIAL1i CUJIOBHX KaOediB PI3HOTO KOHCTPYKTUBHOTO BUKOHAHHS B
PI3HI MOMEHTH 4Yacy B 3aJI€XKHOCTI BiJl TEMIIEpaTypHu BOAM, 110 OXOJIO/IKYE;

— €KCTIIEpUMEHTAIIBHO MEPEBIPUTH €(EKTUBHICTh BUSBICHHS TEXHOJOTIYHUX
nedeKTiB B KOHCTPYKIli CHUJIOBOTO CYJHOBOTO KaOeIio 3a XapaKTEepPUCTHKAMU
YaCTKOBUX PO3PS/IIB;

— CTBOPUTH METOAMKY ONTHUMI3alli CHJIOBOIO CYAHOBOTO KaOelro
KOAKClaJIbHOI KOHCTPYKIIT JjIsi 3a0e3Me4eHHs] MaKCUMaJbHOTO PO3CIIOBaHHS
MOTY>KHOCTI TEIJIOBOTO TMOTOKY B HABKOJMWIIHE CEPEIOBHINE, IO OOYMOBIIOE
30UTBIIIEHHS] CTPYMOBOTO HaBaHTAXKEHHS, 32 YMOBH TEIUIOBOI CTIMKOCTI 130JIA1111;

— JIOBeCTH €(PEeKTUBHICTh 3aCTOCYBAHHS 3aXMCHOI MOJIMEPHOi OOOJIOHKU 3
BUCOKMMH TEIUIONPOBITHUMHU BIIACTUBOCTSAMH IS TIABUIICHHS CTPYMOBOTO
HABAHTAXKEHHS CUJIOBUX CYJHOBHUX KaOelliB;

— BHU3HAYUTH BIUIMB €HEPrii MPUCKOPEHUX EJEKTPOHIB HAa MEXaHIYHI Ta
CJIEKTPUYHI XapAaKTEPUCTUKU CYIHOBUX KaOeliB Ta BCTAHOBUTH Jllalla30H
KoedillieHTa ~ ONMpPOMIHEHHS  130JiIii, 1m0  3a0e3medyye  IiJBHUIICHHS
EKCIUTyaTallliHUX XapaKTEPUCTUK, Ha MIACTaBl KOPEJAIINHOTO 3B’SI3KY MIXK
CICKTPUYHUMH Ta MEXAHIYHHUMH XapaKTEPUCTUKAMHU padiariiiHo-MoaudikoBaHOl
BHCOKOHAIIOBHCHOI ~ aHTHIIpPEHAMH O€3rajloreHHOI KOMIIO3MIli Ha OCHOBI
CHIBIIOJIMEDPY €TUJICH-BIHIIAETATY;

— TMepeBIpUTH €(PEKTUBHICTH PO3MOJILTY MOTIUHEHOI 03U IO MEePUMETPy |
JIOBXKMHI MPU pajiiallifiHOMy OMNPOMIHEHHI CYJHOBUX KaOeNiB 3a pe3ysibTaTaMu
Gb13MKO-MEXaHIYHUX Ta TEIJIOBUX BUMPOOYBaHb O€3rajoreHHoi, sika HE MOIIUPIOE
MOJIyM 51, TIOJIIMEPHOI 3aXUCHOI 000JIOHKU Kabento;

— BHU3HAYUTH Ha MiACTaBl MPUCKOPEHOTO TEIUIOBOIO CTAPIHHA TEIUIOBY

CTIMKICTh paaianiiHO-MOAN(IKOBAHOI O€3ralloreHHo1, sIKka He MOIIUPIOE TMOIYM s,
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MOJIIMEPHOI 3aXMCHOI OOOJIOHKH, I MPOTHO3YBaHHSI CTPOKY CIIY>KOU CYJHOBHX
kabesiB Ta OOIPYHTYBaTH MOJKJIMBICTH POOOTH B YMOBaX IiJBHIIIEHOI BOJIOTOCTI 1
BHCOKHX POOOUYNX TeMIIepaTyp HEEKpaHOBAHOTO KaOEIt0 Ha OCHOBI HEEKPAaHOBAHUX
KPYYEHHX Tap 3 TEPMOILIACTUYHUMHU 130JIAIII€I0 1 3aXUCHOI0 000JIOHKOIO.

OO0’ €eKT TOCTIKEHHS — TEXHOJIOT1UH] PEXUMHU OXOJIOJIKEHHS Ta paaialiiitHoro
OTIPOMIHEHHSI CJIEKTPUYHOI 130JIA11i1 Cy/THOBUX KaOelliB, BATOTOBJICHOI 3 HATIOBHEHO1
aHTHUIIIpEHAMHU O€3raJIoreHHOT KOMIO3UIIli Ha OCHOBI MOJIi0JIeiHIB.

[IpenmeT mocmimKeHHS — eKCIUTyaTalliiiHi eneKTpuyHi, Pi3uKo-MexaHiuH1 Ta
TEIJIOBl XapaKTEPUCTHUKU TMOJIMEPHOT 130711111 1 000JOHKH, Ha OCHOBI HAarlOBHEHOI
aHTHUITIpeHaMH 0€3rajJOreHHOi KOMITO3HIIli, CYJHOBHX KaOeiB.

Meroau npociigaxenHs. TeopeTHuHI Ta EKCHEPUMEHTANbHI JOCHIIKEHHS
0a3yl0ThCsl HA BUKOPHUCTAHHI METOJIIB YMCEIBHOTO Ta (DI3MUYHOTO MOJICTIOBAHHS
TEXHOJIOTIYHUX  PEXKUMIB  OXOJIO/DKCHHSI Ta  padialiifHOro  OMpOMIHEHHS
MPUCKOPEHUMHU €JIEKTPOHAMU EJIEKTPUYHOI TOJIIMEPHOI 130JIS11i1 Ta 3aXUCHOI
00O0JIOHKM CyAHOBHX KabemniB. Meroau Teopii HeCTalllOHAPHOI TETUIOMPOBITHOCTI
JUISL  PO3PAaxyHKY pEeXUMY OXOJIOJKEHHS TIOJIMEpHOI  130Jiilii  Kabenro.
JudepeHiniitHi - piBHSHHS TEIUIONPOBITHOCTI Ta EIEKTPOIPOBIAHOCTI. Merton
€JIEKTPOTEIUIOBUX aHAJIOTIHN U1 BU3HAUYEHHS PO3MOJUTY TEMIEPATYPU MO TOBILMHI
130JI411ii B pI3HI MOMEHTH Yacy, B 3aJIeKHOCTI BIJl TeMIepaTypud BOAH, UIO
OXOJIOJKY€E CYAHOBHUH CHUIOBUH Kabenb. HemiHilHI TeruioBa Ta €eKTpUYHA CXEMHU
3aMIIIEHHSI 130J1bOBAHOI CTPYMOIIPOBIAHOI KWJIA B MEPEXITHOMY TEILIOBOMY
pexxumi. HessBanii meton Eitniepa Ta MeTOT By3JI0BUX MOTEHIUAMIB JIJISI OTPUMAHHS
pO3MOJITy TeMmepaTypyd MO TOBIIMHI 1301l kabemo. Meton onrtumizaiii
KOHCTPYKIIi CHUJIOBOTO KaOelr 3a YMOBHU 3a0€3MEUeHHS OXOJOJPKEHHS B
eKCIUTyaTarlii Jyisi MiABHUINEHHS CTPYMOBOTO HABAaHTA)XCHHS. PIBHSHHS TEIIOBOTO
OanmaHCy A/l BU3HAYEHHS TEIUIOBOI CTIMKOCTI 130Jis1ii B eKcIutyaTaiii. Teopis
pamialifiHOTO 3IIMBAaHHS JJII BH3HAYCHHS ONTHMAJIBHOI 03U OIPOMIHCHHS
nosiiMepHoi 13ouisii. Teopist TErIoBOTO CTapiHHS 1301 JUIS TPOTHO3YBaHHS
CTPOKY  CIy)kOM  CyaHOBUX  KabOemiB B eKcIulyaTalii.  AmnpoKcuMarlis

EKCIIEPUMEHTAIbHUX  EJIEKTPUYHHX, ¢Gi3MKO-MEeXaHIUHUX W TEMJIOBHUX
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XapaKTepUCTUK  pajiaiiHo-Moau(IKOBAHOT 1307111  CYJHOBUX  KaOemiB.
Kopensmiitauii Ta perpeciiHuil aHai3 EJIeKTPUYHUX, MEXaHIYHUX W TEIUIOBHX
XapaKTEPUCTHK B TPOIIEC pamiamitHOro Moau(iKyBaHHS MOJIMEPHOI 130JIAIIi1 Ta
3aXMCHOI 000JIOHKM Cy/THOBHUX KabelniB. TexHika peecTpallii YaCTKOBUX PO3PSAIB Y
BHCOKOBOJIBTHIN TBEpIid TMOJIMEpHIN 1305dmii 17 BUSBICHHS JAe(EKTiB Ha
TEXHOJIOTT4HIN CTajil BATOTOBJIECHHS CHJIOBUX Cy/IHOBUX KaOeiB.

B po6oTi oTpumMaHi Taki HAyKOBI pe3yJIbTaTH.

VY nucepTariiiHiii poOOTI BUPILICHO HAYKOBO-TPAKTUYHY 3a]auy 3 i BUILIECHHS
EKCIUTyaTallliHIX XapaKTePUCTUK CYIHOBUX KaOelB 3a PAaXyHOK TEXHOJIOTTYHUX
PEXUMIB OXOJIO/PKEHHSI Ta OMPOMIHEHHS €JIEKTPUYHOI 13071511111 Ha OCHOBI CYy4aCHUX
0e3raJloreHHUX NOJIMEPHUX KOMIO3HIIIN, SIK1 HE TOLIUPIOIOTH MOJIyM Sl

VYAOCKOHaNeHO  MaTeMaTH4Hy  MOJENb  TEXHOJOTIYHOTO  MPOLECY
OXOJIOJKEHHSI 130JIbOBAHOI CTPYMOIIPOBIHOT JKWJIM B HECTAJIOMY TEIJIOBOMY
peXUMI [NUISIXOM ypaxyBaHHS TEMIIEPATypHOI 3aJIeKHOCTI TeTUI0(iI3nYHUX
XapaKTEPUCTUK TOJIMEPHOT 130111 MiJ9ac po3paxyHKy pO3MOALLY TeMIepaTypu
10 TOBIIMHI MOJIETHJIEHOBOI 130JIAL1i B Pi3HI MOMEHTH 4Yacy B 3aJIEXHOCTI BiJl
TEMIIepaTypyu BOJU TPU MOCTYMOBOMY OXOJIOKEHHI, 110 JO3BOJIMJIO BU3HAYUTHU
yMOBU JJIsl 3a0e3MeueHHs] CTaOUIbHUX XapaKTePUCTHUK CYIHOBOTO CHJIOBOTO
Ka0eJto B eKCIuTyaTallli.

3anponoHOBaHO KPUTEPIN I BHU3HAYEHHS TEXHOJOTIYHUX IapaMeTpiB
pPEXKUMY OXOJIOJKEHHSI CUJIOBHX CYJHOBUX KaOeniB, AKUH ABIsSE COOOI0 Hac
NEPEXIAHOTO TMPOLIECY OXOJIOMKEHHS 130JbOBAHOI CTPYMOIIPOBIIHOT KWJIM ISt
JIOCSITHEHHSI OJTHAKOBOI TEMITepaTypH IO BC1i TOBIIMHI MOJTIMEPHOT 130JIA111].

BcraHoBiieHO ONTHUManbHY TOBIIMHY MOJIMEPHOI 3aXMCHOI OOOJOHKH 3a
YMOBH JOBTOTPHBAJIOI TEIJIOBOI CTIMKOCTI paaialiitHO-3IIMTOI 130711111 Ha OCHOBI
noiiosieini, mo 3ade3neuye miaBuieHHs Ha 30 % cTpyMoBe HaBaHTa)KCHHS
CHJIOBOTO CY/THOBOTO KaOeIt0 KOAKC1aabHOT KOHCTPYKIIIi.

Busnaueno  miamazoH  koedillieHTa  ONPOMIHEHHS  MPUCKOPCHUMH
€JIEKTPOHAMU O€3rajoreHHoi, [0 He MOUIMPIOE TMOJIYyM s 130JIALil CYJHOBHUX

kabemiB, 10 TapaHTye€ MABUINCHHS EJIEKTPUYHOTO OIOpYy  PpajialiiHoO-
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MO (IKOBAHOI MOJIIMEPHOI 13011111 OUIBIN HIK B JBa pas3u, MPOOMBHOI HAMPYTH
Ha MOCTIMHOMY cTpyMi B 1,3 pa3u BiIHOCHO HEOIIPOMIHEHOTO CTaHy.

BcranoBieHo — Kopendliro  MDK ~ MEXaHIYHMMHM 1 €JIEKTPUYHUMU
XapaKTepUCTUKAaMU  pajliaiiiiHo-MoaudiKoBaHOi 1301l 3  Oe3rajoreHHoi
KOMITO3MINI Ha OCHOBI ToJionediHiB, B 3aJ€XKHOCTI BiJ JIHIAHOI IIBUIAKOCTI
MPOXOPKEHHS KaOenio MiJl MyYKOM EJEKTPOHIB MPU HE3MIHHOMY CTpyMi IydyKa
CJICKTPOHIB.

BcranoBieHo, B 3aJeXHOCTI Bil TEXHOJIOTIYHUX MapaMeTpiB PEXUMY
OTPOMIHEHHSI CYJHOBHUX KaOeiB, PO3MOJLI MOTIMHEHOI J03H MO IMEePUMETpy 1
JIOBXKHHI TIOJIMEPHO1 3aXHMCHOi OOOJOHKH 3 0Oe3rajloreHHOI KOMITO3HMIIII, sSKa He
MONIUPIOE TIOJYM sl, 10 JO03BOJII€ BU3HAUUTH 103y OINPOMIHEHHsI KaOeniB, siKa
3a0e3nedye MABUIICHHS CTIMKOCTI 3aXMCHOi OOOJOHKM 1O i arpecMBHHUX
XIMIYHUX PEYOBHUH MNpHU 30€pekKEHHI BUCOKHUX (DI3UKO-MEXAHIYHUX XapPAKTEPUCTUK

ExcniepuMeHTansHo, Ha MiJICTaBl MPUCKOPEHOTO CTapiHHS HEEKPAHOBAHOTO
Ka0emo Ha OCHOBI HEEKPAHOBAHMX KpPYYEHUX TMap, 3 TEPMOIUIACTHYHOI
MOJTIETUIICHOBOT 130JISI1[1i B 3aXMCHIA OOOJIOHIII HAa OCHOBI MOJIIBIHUIXJIOPUIHOTO
MJIACTUKATy 3a YMOBH aJ€KBAaTHOTO CTapiHHS B €KCILTyaTallii, TOBEISHO CTIHKICTh
KOHCTPYKI[li /10 MIiABUIIEHOI TeMIepaTypu Ta BOJIOTOCTI, IO JO3BOJISE
MPOTHO3YBaTU CTPOK CIYXOM CYJHOBUX KaOe€JliB B 3aJ€XHOCTI BiJ poOouoi
TEeMIIepaTypH.

Po3pobsieH0 MeTOAMKy pO3paxyHKy TEXHOJOTIYHUX MapaMeTpiB PEXUMY
OXOJIOJKEHHSI CHJIOBHX KaOeqliB, 10 TIPYHTYETbCS Ha PO3PaXyHKy HENIIHIHHOI
TEIJIOBOI CXEMU 3aMIIEHHS 130JIbOBAHOI TTOJIIETUIIEHOM CTPYMOIIPOBITHOT KUK B
HECTaJOMYy TEIJIOBOMY PEXHMI, 3 ypaxyBaHHSM 3aJ€XKHOCTI BiJ TeMmMIepaTypu
TEIJIOBOTO OMOPY 1 TEIIOEMHOCTI, METOJaMH JUCKPETHUX PE3UCTUBHHUX CXEM
3aMIIIEHHS 1 BY3JIOBUX MOTEHIIITIB.

3anponoHOBaHa METOJMKA Ta AJITOPUTMU MOXXYTh OYTHM 3aCTOCOBaHI s
BU3HAYCHHS TEXHOJIOTIYHUX PEKUMIB OXOJIOKEHHS MOJIMEPHOI 130711111 KabeiB
0e3 3acToCyBaHHS JOPOrOBApTICHUX HATYpHUX EKCIEPUMEHTIB, 110 OCOOJIMBO

BQXJIMBO IPH OCBOEHHI HOBUX MaTepialiB Ta KOHCTPYKIIH, a TakoX Ipu



MOJIEpHI3allli 1CHYIOYOTO Ha KaOelbHMX MiANPUEMCTBAX OOJaJAHAHHA, IS
OXOJIO/PKCHHS CUJIOBUX, CAMETPUYHUX, PAJ10YaCTOTHUX Ta ONTUYHUX KaOeJiB.

JloBenieHO e€peKTUBHICTh PEECTpAIlii YACTKOBUX PO3PSAIB Y BUCOKOBOJIBTHIN
TBEP1M 130JI41111 JJIs1 BUSBIICHHS Je(EKTIB Ha TEXHOJOT1UHIM CTajii BUTOTOBJICHHSI
CHWJIOBHX CYIHOBHUX KaOeliB, a TaKoX JUIsl HaJAITyBaHHS TEXHOJOTIYHOTO
MIPOIIECY OXOJIOIKCHHSI.

Po3pobsieH0 MeTOAMKY pO3paxyHKy TeIuionepeaadi B OJHOKUILHOMY
CHJIOBOMY KaOeJsi KoakciadbHOI KOHCTPYKII Ha MiJCTaBl KpUTEPlaIbHUX PIBHIHD
MPUPOIHOT KOHBEKIIIT, 11 ONTUMI3aIlil KOHCTPYKIIT CUIIOBOTO CYJHOBOTO Ka0ero,
JUIs 3a0e3MedYeHHsT MaKCHMAaJIbHOI JIHIMHOI HIIJIBHOCTI TEIJIOBOTO TMOTOKY, IIO
PO3CIIOETHCS 3 TOBEPXH1 Kabelto.

[TokazaHo e(peKTUBHICTh 3aCTOCYBAHHS IMOJIMEPHUX MarepiaiiB Ha OCHOBI
MIKpPO- 1 HAHOKOMIIO3UTIB 3 BHCOKUMH TEILIONPOBITHUMH BJIACTUBOCTIMHU JIJIS
3aXMCHOT OOOJIOHKM CHJIOBMX BHCOKOBOJBTHUX CYJAHOBHX KaOemiB, IO
3a0e3MeuyIoTh 301IbIIICHHS PO3CIIOBaHHS KabeeM TermioBoi moTyHocTi Ha 30 %.

BcraHoBiieHO, 10 €Hepris NPUCKOPEHHMX eNeKTpoHiB Ha piBHI 0,5 MeB
3a0e3nedye OUIbII BUCOKWMW CTYMIHb 3IIMBAaHHS TMOJIMEPHOI Oe3rajJoreHHOl
130J1511111 HA OCHOB1 BUCOKOHANIOBHEHOI aHTUIIPEHAMH KOMIIO3ULIi B MMOPIBHSAHHI 3
enepriero 0,4 MeB npu onHakoBOMYy KOe(IIIEHTI ONMPOMIHEHHS, CTPYMI My4YKa 1
KUJIBKOCTI1 MPOXO/IIB 130J1b0BAHOT KHJIU 1] ITyYKOM €JIEKTPOHIB.

JloBeieHO  MIABUILEHHS MEXaHIYHOI  MIIHOCTI MpU  PO3TATYBAHHI,
eJIEKTPUYHOTO OMNOpY 13011l Ta MPOOMBHOI HANPYrd Ha MOCTIMHOMY CTpyMi
pamiariitHo-Moau(piKOBaHOI TOJIIMEPHOT Oe3rajoreHHoi 130Js1i 3 KoedilieHToM
ONMpOMiHEHHS 5—/ M/(MA‘XB) MpHU CTaJIOMy 3HAYEHH1 BIJIHOCHOTO MOJIOBXKEHHS MPHU
po3puBi 13o0Jsmii Ha piBHI He MeHmie 120 %, mo 3abe3neuye KOMIPOMIC MiX
€JTACTUYHICTIO 1 )KOPCTKICTIO CYJTHOBOT'O KaOeto.

BcranoBneno 3pocranHs B 1,5-2 pasu yacy JOCATHEHHS KPUTUIHOTO
napamMeTpa — BIJJHOCHOTO TOJOBXKEHHSI TIPH PO3PHWBI pajlialiifHO-MOAU(IKOBAHOT
MOJIMEpPHOT 3aXHMCHOI OOOJIOHKM Ha OCHOBI O€3rajoreHHoi KOMIIO3HIlii, B

NOpIBHAHHI 3 HE MOAM(PIKOBAHOI TEPMOIUIACTUYHOIO  OOOJOHKOI, IO
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CKBIBAJICHTHO 30UIBIIEHHIO CTPOKY eKkcruryaramii B 1,5-2 pa3u CyJaHOBOTO
KOHTPOJILHOTO Kabelro B 00J1acTi MAaKCUMaJIbHUX POOOYUX TeMIIepaTyp.

Martepianu nucepTauiifHOi poOOTH BUKOPHUCTOBYIOTHCSI B HABUYAIBLHOMY
mporieci Ha Kadeapi eIeKTpoi130JAliiiHOI Ta KabenbHO1 TexHiku HarioHansHOTO
TEXHIYHOTO YHIBEpPCUTETYy «XapKIBCBKUN TMOMITEXHIYHUA 1HCTUTYT» TIpU
miaroToBilli  OakamaBpiB Ta  MaricTpiB  3a  chemiambHicTIO  «141 —
CJICKTPOCHEPTEeTHKA, EJIEKTPOTEXHIKA Ta eJIEKTpoMeXaHikay cremiamizamii «141.04
Enekrtpoizonsuiiina, kabenpHa Ta ONTOBOJOKOHHA TexHika»; y TOB «A3oBcbka
ka0enpHa KOMIaHis» (M. bepasHchk) mpu po3poOlll 1 BU3HAYEHHI ONTUMAIbHUX
TEXHOJIOTIYHUX TMapaMeTpPIB PEKUMIB BUTOTOBJICHHS O€3raJIOreHHUX CYJAHOBHX
Ka0OeliB, 110 HE PO3IMOBCIOJKYIOTh TOPiHHSA, acolaiii «YKpelaeKTpokadenby, B
[TAT «3aBop «IliBnenkadennb.

Hucepramiiina pobora BukoHana B IIpAT «YkpalHChKHII HayKOBO-
JOCIIITHUNA THCTUTYT KaOEJbHOI MPOMUCIOBOCTI» (M. bepasHChk) Ta Ha Kadeapi
CICKTPOI3OJIAIINHOT Ta KabeapHOiI TexHIKM HallloHaJTbHOrO  TEXHIYHOTO
YHIBEpCUTETY «XapKIiBCHbKUU MOJMITEXHIYHUA I1HCTUTYT» (M. XapkiB), 3TiAHO
nporpam HaykoBuxX gociimkenb [IpAT «YkpaiHchbkuli HayKOBO-TOCIHITHUN
iHCTUTYT KabenbHOI mpomumcioBoctiy ([IM ENIOB.505.564-2018 «BuBueHHs
TepMiuHOi cTiikocTi oOononku kabemto mapku CIIOBEnr-FRHF 12x2,5 no Tta
micasi OMPOMIHEHHS MBHAKUMHU enekTpoHamu», [IM  ENMIOB.505.584-2019
«Bu3HaueHHA BEJMYMHU Ta PO3MOJALTY MOIVIMHEHOI J03W MpU pallaliitHOMY
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ABSTRACT

Mirchuk I.A. Increasing the operational properties of shipboard cables due to
technological modes of cooling and electron beam irradiation of electrical
insulation. — Qualified scientific work presented as a manuscript.

Ph.D. thesis undertaken in research specialization 141 "Electric Power
Engineering, Electrical Engineering and Electric Mechanics" (14 — Electrical
Engineering). — National Technical University "Kharkiv Polytechnic Institute",
Ministry of Education and Science of Ukraine, Kharkiv, 2020.

The dissertation is devoted to increasing of the operational properties of
shipboard cables due to the technological modes of cooling and electron beam
irradiation of insulation and sheath based on modern flame retardant halogen-free
polymeric compounds, which provide the necessary complex of electrical, physical
and mechanical properties with appropriate control of technological processes.

To achieve this, the following tasks were set:

— to prove the expediency of gradual cooling of polyethylene insulation of
high-voltage power cables to ensure both operational parameters and stability of
properties during operation;

— to substantiate the application of the method of electro-thermal analogy for
the construction of a mathematical model of cooling of insulated conductor taking
into account the temperature distribution over the thickness of insulation in a non-
constant thermal mode;

— to develop a method of calculating the technological parameters of the
cooling mode of power cable, based on the calculation of a nonlinear thermal
equivalent circuit of insulated conductor in a non-constant thermal mode, taking
into account dependence the thermal resistance and heat capacity of the insulation
from the temperature by methods of discrete resistive equivalent circuits;

— to determine the influence of technological cooling modes on the
temperature distribution in the thickness of extruded insulation and to justify the

duration of the transition process, which corresponds to achievement of the same
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temperature over the entire thickness of power cables insulation various design at
different time points, depending on the cooling water temperature;

— to verify experimentally the efficiency of detecting technological defects in
the design of the power shipboard cable by partial discharges values;

— to create a methodology for optimizing the power shipboard cable with
coaxial construction to ensure maximum heat flow power dissipation into the
environment, which causes an increase in current load, if insulation thermal
resistance provided,;

— to prove the efficiency of the use a protective polymer sheath with high
thermal conductive properties to increase the current load of power shipboard
cables;

— to determine the effect of accelerated electron beam energy on the
mechanical and electrical properties of shipboard cables and determine the
irradiation coefficient range for insulation which provides an increase of
operational characteristics, on the basis of correlation between the electrical and
mechanical properties of filled with flame retardants halogen-free compound based
on ethylene-vinyl acetate modified by electron beam;

— to verify the efficiency of absorbed dose distribution along the perimeter
and length of shipboard cables after irradiation according to obtained results of
mechanical and thermal tests of polymeric halogen-free flame retardant protective
sheath of cable;

— to determine the thermal stability of the halogen-free flame-retardant
polymeric protective sheath modified by irradiating, on basis of accelerated
thermal aging, to predict the service life of shipboard cables and to substantiate the
possibility of operation in conditions with high humidity and high operating
temperatures for unscreened cable with unscreened twisted pairs and thermoplastic
insulation and protective sheath.

Object of research — technological modes of cooling and irradiation of
electrical insulation of shipboard cables, based on halogen-free filled with flame

retardants polyolefin compound.
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Subject of research — electrical, mechanical and thermal operational
properties of the shipboard cables polymer insulation and sheath based on filled
with flame retardants halogen-free compounds.

Research methods. Theoretical and experimental studies are based on the use
of methods of numerical and physical modeling of technological modes of cooling
and electron beam irradiation of polymeric electrical insulation and protective
sheath of shipboard cables. Methods of theory of non-stationary thermal
conductivity to calculation of cooling mode of polymeric cable insulation.
Differential equations of thermal conductivity and electrical conductivity. The
method of electro-thermal analogies to determine the temperature distribution in
the thickness of insulation at different time points, depending on the temperature of
cooling water for shipboard power cable. Nonlinear thermal and electrical
equivalent circuits of insulated conductor in transient thermal mode. Implicit Euler
method and nodal potentials method for obtaining temperature distribution in
thickness of cable insulation. A method of optimizing the design of the power
cable provided cooling during operation to increase the current load. Thermal
balance equation to determining the thermal resistance of insulation during
operation. Irradiation crosslinking theory to determine the optimal irradiation dose
of polymeric insulation. The theory of thermal aging of insulation to predict the
service life of shipboard cables. Approximation of experimental electrical,
mechanical and thermal properties of modified by irradiation insulation of
shipboard cables. Correlation and regression analysis of electrical, mechanical and
thermal properties after modification by irradiation of polymeric insulation and
protective sheath of shipboard cables. Partial discharge detection technique in high
voltage solid polymeric insulation for defect detection on technological stage of
production power shipboard cable.

The following scientific results are obtained in the work.

The dissertation solves the scientific and practical problem of increasing the

operational properties of shipboard cables due to the technological modes of
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cooling and irradiation of electrical insulation based on modern halogen-free flame
retardant polymeric compounds.

The mathematical model of technological process of cooling insulated
conductor in unsteady thermal mode, by taking into account dependence of thermal
and physical characteristics of polymeric insulation from the temperature, for
determine the temperature distribution throughout the thickness of polyethylene
insulation at different time points depending on water temperature under gradual
cooling, has been improved. Mathematical model allows to determine the
conditions for ensuring stable characteristics of the shipboard power cable during
operation.

The criterion for determination of technological parameters of the cooling
mode of power shipboard cables, which is the time of the transitional process of
cooling the insulated conductor to achieve an equal temperature throughout the
thickness of the polymeric insulation, is proposed.

The optimum thickness of the polymeric protective sheath on condition of
long-term thermal stability of irradiated cross-linked based on polyolefin insulation
has been established. It provides a 30 % increase current load of the coaxial design
shipboard power cable.

The range of irradiation coefficient for halogen free flame retardant
insulation of shipboard cables when guarantees increasing electrical resistance of
polymeric insulation modified by electron beam more than twice, the breakdown
direct current voltage 1,3 times relative to the non-irradiated condition, is
determined.

The correlation between mechanical and electrical properties of halogen-free
based on polyolefin insulation modified by electron beam, depending on the linear
velocity of the cable under the electron beam and constant value of electron beam
current.

The distribution of the absorbed dose along the perimeter and length of the
halogen-free flame retardant polymeric protective sheath depending on the

technological parameters of the irradiation modes of shipboard cables, is
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established and allows to determine the irradiation dose for cables, when protective
sheath provides increasing the resistance to aggressive chemicals while high
physical and mechanical properties is still available.

The stability of the cables structure to high temperature and humidity is
experimentally proved on the basis of accelerated aging of unscreened cable with
unscreened twisted pairs, with thermoplastic polyethylene insulation and protective
polyvinylchloride sheath with adequate aging during operation. It allows predicting
the service life of shipboard cables depending on the operating temperature.

A technique for calculating the technological parameters of the power cable
cooling mode by the methods of discrete resistive equivalent circuits has been
developed. A technique based on the calculation of a nonlinear thermal scheme of
substitution of conductor with polyethylene insulation in a non-constant thermal
mode, taking into account the dependence of thermal resistance and heat capacity
from the temperature.

The proposed methodology and algorithms can be applied to determine the
technological modes of cooling cable polymeric insulation without using expensive
full-scale experiments, especially important for the new compounds development
and cable constructions, as well as modernization available at cable factories
equipment for cooling power cable, data cable with twisted pairs, radio frequency
and optical cables.

The efficiency of determining partial discharges in high-voltage solid
insulation has been proved to detect defects at the technological stage of the
producing of power shipboard cables, as well as to adjust the technological process
of cooling.

The methodology for heat transfer in a coaxial design single-core power
cable based on criterial equations of natural convection has been developed to
optimize the design of the power shipboard cable to ensure the maximum linear
density of heat flow dissipated from the cable surface.

The efficiency of application of polymeric materials based on micro- and

nanocomposites with high thermal conductivity for sheath of high-voltage
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shipboard cables, providing a 30 % increase in thermal dissipating of power cable,
is shown.

It is established the energy of accelerated electrons 0.5 MeV provides a
higher degree of crosslinking of polymeric halogen-free insulation based on filled
with flame retardants compound compared to the energy of 0.4 MeV at the same
irradiation coefficient, electron beam current and the number of wire passages
under electron beam.

It is established an increase of tensile strength, electrical insulation
resistance and breakdown DC voltage of crosslinked polymeric halogen-free
insulation with irradiation coefficient 5-7 m/(mA-min) with constant value of
elongation at break not less than 120 % which ensure a compromise between
rigidity and flexibility of the shipboard cable.

It is established an increase in 1,5-2 times the time of reaching the critical
parameter — elongation at break of the modified by electron beam polymeric sheath
based on a halogen-free compound compared to the same thermoplastic non-
modifying sheath. It is an increase service life of the shipboard control cable at
maximum operational temperatures in 1,5-2 times.

The materials of the dissertation are used at the educational process
Department of Electrical Insulating and Cable Technique of National Technical
University "Kharkiv Polytechnic Institute” at education bachelors and masters in
disciplines of specialty "141 — Electric Power Engineering, Electrical Engineering
and Electric Mechanics™" (specialization "141.04 Electrical Isolating, Cable and
Fiber-Optic Technique™), at “Azov Cable Company” (Berdians’k) at development
and determination of optimal technological parameters of production modes of
halogen-free, flame retardant shipboard cables, Association ‘Ukrelectrocable”, in
PJSC "Yuzhkable Works".

Dissertation work was performed at the PJSC “Ukrainian Scientific and
Research Institute of Cable Industry” (Berdians’k) and Department of Electrical
Insulating and Cable Technique of National Technical University "Kharkiv

Polytechnic Institute" (Kharkiv) according to research programs of PJSC
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“Ukrainian  Scientific and Research Institute of Cable Industry”
(PM EIUV.505.564-2018 “The research of thermal stability of the sheath cable
SPOVENg-FRHF 12x2,5 before and after exposure under electron beam”,
PM EIUV.505.584-2019 “Determination of the quantity and distribution of the
absorbed dose after irradiation of the sheath of shipboard flame retardant cables”)
wherein the applicant was one of the program developers and executor of
individual sections.

Keywords: shipboard cables, electrical insulation, protective polymeric
sheath, halogen-free compounds, cross-linked insulation, technological cooling
modes, irradiation, electron beam, current load, electrical properties, physical and
mechanical properties, thermal stability of insulation, accelerated aging, service

life prediction.
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