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AHOTAIIISA

Bapmamosa 1.C. OOrpyHTyBaHHS mHapaMeTpiB I1CKpPOBOTO pPO3PSIHUKA IS
BHCOKOBOJIFTHOTO Ta30pO3PSAIHOrO ycTaTKyBaHHA. — KBamidikariiina HayKkoBa mpats
Ha TMpaBax PyKOIHCY.

Hucepraiiiss Ha 3100yTTsI HAYKOBOTO CTYIEHS KaHIMJaTa TEXHIYHMX HAyK 3a
criemianbHICTIO 05.09.13 «TexHika CUIIBHUX €IEKTPUYHUX Ta MarHiTHUX MOdiB» (14 —
Enextpuuna imxeHepiss) — HarloHanbHUN TEXHIYHHMM YHIBEPCUTET «XapKiBChKUMN
MOJTITEXHIYHUHN THCTUTYT», M. XapkiB, 2021 p.

HuceprariitHa poboTa MpUCBAYEHA OOTPYHTYBAHHIO IapaMETPIB 1CKPOBUX
PO3PAIHUKIB AJI1 BUCOKOBOJBTHOTO €JIEKTPOPO3PAIHOTO yCTaTKyBaHHS Ha MiACTaBi
BUSIBJICHHS BIUTMBY JOBXXHUHHU PO3PSIIHOTO MPOMIKKY Ta MOYATKOBOTO THCKY ra3y Ha
Ta30pO3PsIIHI IPOIECH.

Jyist MOCSTHEHHS 3a3HAYE€HOT METH OYJIM TTOCTABJICH] 3a/a4i:

— Ha MIACTaBl OMISAY JITepaTypd MPOBECTH aHali3 BIUIMBY MapaMeTpiB
ICKpOBOTO PO3psIHMKA Ha PO3BUTOK ICKPOBOTO PO3PANLY, MPOAHANI3YBAaTH TEXHIKY
JOCIIJKEHHSI ICKPOBUX pO3PSAIIB y Tra3ax BHCOKOTO THCKY 3 BHU3HAYCHHSIM
0COOJIMBOCTEH BHMIPIOBaHHS TAJIHHS HAIpPYTW Ha €JIEKTPOoJax Ta Ta30opO3psAHOMY
KaHaJl B MPoIleci PO3IUPEHHS ICKPOBOTO KaHAIY;

— TIPOBECTH 4YHCEIbHE JOCHTI[DKCHHS BIUIMBY MapaMmeTpiB  iCKPOBOTO
pPO3pSIIHUKA HA PO3BUTOK ICKPOBOTO PO3pSAAYy Ha TIACTaBi  yJIOCKOHAJIEHOI
MaTeMaTHUYHOI MOJIENl PO3LIMPEHHS ICKPOBOTO KaHAIY HUIIXOM PO3MIMPEHHS 00JacTi
PO3paxyHKy IO MOMEHTY 3HW)KCHHSI TEMIIEpaTypi ra3y y CTpyMOIPOBITHOMY KaHaJi
no 8000 K Tta mnpoBecTH HOCHIAKEHHS BIUIMBY IOYaTKOBOIO THCKY Ta3y y
PO3PSITHOMY MPOMIXKKY Ha MPOIIEC Ta30JMHAMIYHOTO PO3IIMPEHHS iICKPOBOTO KaHATY
Ta BBEJICHHS CHEPTii y Ta30p0O3psATHUIN MPOMIXKOK;

— PpO3pOoOHUTH TEXHIKY EKCIIEPUMEHTAIbHO-PO3PAXYHKOBOTO JOCIIKEHHS
NaJiHHS HANpPYTd Ha EJIEKTPOJax Ta Ta30po3psSAHOMY KaHami 3a pe3yJbTaTaMu

BUMIPIOBAHHS CTPyMY Ta HampyTy Ha PO3PSAHOMY MPOMIXKKY:;
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— MPOBECTHU JOCIIKEHHS BIUTMBY MICIS MIAKITIOYEHHS MITFHAKA HAMPYTH HA
PO3BHUTOK MEPEXiAHUX EIEKTPUUYHUX MPOLECIB Y PO3PSAHOMY KOJi 3 HABaHTAXKEHHSIM
y BUTJISIA1 ICKPOBOTO MPOMIKKY;

— IIPOBECTH €KCIEPUMEHTAIBHO-PO3PAXyHKOBE JOCIIIXKEHHS BIUTUBY JTOBXKHHU
PO3PSAAHOTO TMPOMDKKY Ta IIOYaTKOBOTO THCKY Ta3y Ha BBEACHHS €Heprii B
PO3psAAHNN KaHaJl.

OO’ eKT DOCHIIKEHHS — Ta30pO3PsAHI MPOIIECH, 1110 BiIOYBAIOTHCS Y 1CKPOBUX
PO3pSAAHUKAX BUCOKOBOJIBTHOTO €JIEKTPOPO3PSIAHOTO YCTATKyBAHHS.

[Ipenmer mocHiKEHHS — Ta30Bl PO3PSAHUKH Y  BHCOKOBOJBTHOMY
eJIEKTPOPO3PSTHOMY YCTaTKYBaHHI.

Meronn  mocmimxkenHs. Meroau — Teopii  €NEKTPUUHUX KA,  Teopii
eNIEKTPOMArHITHOTO  MOJIA, Tra30JWHAMIKM, IUIa3MOXiMii, BHKOPUCTAHO  IJIst
YHUCEIbHOTO MOJIETIOBaHHS. B eKCHepuMEeHTaIbHUX JOCTIIKEHHAX 3aCTOCOBAHO
ocuuiorpaQyBaHHs ISl peecTpalii cTpyMmy, Hampyrd Ta BUMIPIOBAHHS THUCKY JUIS
JOCITIJIKeHHS BIUIMBY THCKY Ta JOBKUHH PO3PSAIHOIO MPOMIKKY Ha MaJiHHS HApyTH
y 1ckpoBoMy po3psai. OOpoOka eKCIepUMEHTaIbHUX pPe3yJbTaTiB 3/1HCHIOBAIACh
METOJIOM HaMEHIINX KBaJIpaTiB.

B po6oTi oTpumMaHi Taki HAyKOB1 pe3yJIbTaTH.

Y  aucepramiiiHiii poOOTI BUPILIEHO HAYKOBO-TIPAKTUYHY 3agady 3
OOIpyHTYBaHHsI MapaMeTpiB  ICKPOBHX PO3PSAHUKIB JUIi  BHCOKOBOJIBTHOTO
eNIEKTPOPO3PSIHOTO  YCTAaTKYBAaHHS Ha TiACTaBl BHSBIEHHS BIUIMBY JOBXHHU
PO3PATHOTO MPOMIKKY Ta MOYATKOBOT'O TUCKY ra3y Ha ra3opo3psAHi MPOLIECH.

[TpoBeneHo aHami3 BIUIMBY MOYATKOBOI'O THCKY Ta3y Ta JOBXKHUHH 1CKPOBOTO
OPOMIKKY Yy ICKPOBUX PpO3pSAHMKAX HAa PO3BUTOK ICKPOBOrO po3psay. 3a
pe3yiapTaTaMu  aHalizy JITepaTypHHX JDKEpel BHU3HAYeHO, M0 3pOCTaHHS
MIOYaTKOBOTO THCKY ra3y BIUIMBA€E HA OMIp PO3PSIHOTO KaHay, Ha MPOLEC BBEJCHHSA
eHeprii B ICKpOBUH KaHaj, TOIIO. TakoX 3pOCTaHHs JOBXKUHHU PO3PSIHOTO MPOMIKKY
NPU3BOAMUTH 10 3POCTAHHS €HEprii, 10 BUAUISETHCA B iCKpoBOMY po3psiai. Pazom 3

THUM, HC BUIBJIICHO BaHC)KHOCTeﬁ, 3a AKAMH MOKJIMBO KIJBbKICHO BH3HAYMTH BILINB
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MOYaTKOBOTO THCKY Tra3y Ha pO3BUTOK ICKpPOBOTO poO3psiAy Mg yac ioro
ra30JMHAMIYHOTO PO3MIMPEHHS, IO, B CBOI 4YEPry, HE J03BOJISIE OOIPYHTYBAaTH
napamMeTpyu ICKPOBUX PO3PSIHUKIB. TakoX Takui BIUIMB HE OCHIKYBaBCS IS
YMOB, KOJH 3pOCTaHHS PO3PSAHOTO MPOMDKKY CYINPOBOKYETHCS 3HAYHHUM
3MEHILIEHHS PO3PSAHOTO CTPyMY.

Ha mincraBi aHamizy ICHYIOYMX METOMAIB BHUMIPIOBAHHS MPUETIEKTPOIHOTO
NaJiHHS HAMpyTd B iCKPOBOMY pO3psii BHU3HAYCHO HEMOKJIMBICTh 3aCTOCYBaHHS
30HJIOBHX METOJIIB y 3B’S3KYy 31 BIUIMBOM 30HJa Ha PO3BHUTOK ICKPOBOTO pO3pSdy.
3acTocyBaHHS METOAY HAOMMKEHHS EJEKTPOIIB YCKJIAaTHEHO 13-3a HEOOXITHOCTI
CIIIBHAKJIAJIaHHS Yy 4Yacl pe3ysbTaTiB PI3HUX BHUMIpIOBaHb. Tomy iCHye moTpebda y
PO3BUTKY TEXHIKM BUMIPIOBAHHS MPHUEIEKTPOJHOTO MAJIHHSA HANpPyTd B ICKPOBOMY
pO3psAMl i1 BU3HAYEHHS CKJIAJ0BOI BUJILICHHS eHeprii moonm3y enekTpoiiB. Taxi
JOCTIPKEHHS T03BOJISITh BUSHAYUTH (DAaKTOPH, IO BIUIMBAIOTH HA €JIEKTPOPO3PSIHI
IPOLIECH, 1 Yepe3 BILIUB Ha 111 (JAKTOPU YIOCKOHATIUTH 1CKPOBI PO3PSATHUKH.

Po3pobnena uymcenbHa MOJENb PO3IMIUPEHHS ICKPOBOTO KaHATy J03BOJIMIIA
JOCTIANTA TIOYATKOBUM BIUIMB THUCKY Ha (OpMyBaHHA ICKpM B a3oTi. byio
BCTaHOBJICHO, II0 MOYaTKOBE 3POCTAHHS THCKY BUKIIMKA€ OOMEXKEHHS y PO3IIMPEHHI
ickpoBoro  kanamy. lle mpu3BOAMTH 10 MIABUIICHHS  TEMIIEpaTypH Ta
eJIEKTPOTIPOBIAHOCTI B EJIEKTPONPOBITHOMY KaHall Ta MIJBUIICHHS OIMOPY I1CKpPH,
BUJIICHOT €HEprii, Hampy>XKeHOCT1 €NEKTPUYHOTO TOJisA. AJie MOYAaTKOBE 3POCTAHHS
TUCKY TMPUCKOPIOE MaIiHHA THUCKY Y ICKPOBOMY KaHal 1 3HAYHO MEPEPO3NOIIsie
eHepreTuyHuil OanmaHc eHeprii, mo BUAUIAEThCA. OTKe, eDEeKTUBHICTh BBEICHHS
eHeprii MBHUIKO 3pOCTa€, KOJIM MOYATKOBUN TUCK 3pOcTae. Pe3ynpratu MOIETOBaHHS
noKasajiu, M0 3MiHAa €MHOCTI KOHJEHcaTopa He MPU3BOJUTH OO 3MIHM TEHACHIIII
BILIMBY THCKY.

Ha ocHOBiI umcenpHOI MOIEN PO3IMIMPEHHS ICKPOBOTO KaHaIy IPOBEICHO
MOPIBHSHHSA €BOJIOIIT ICKPOBOTO PO3PSAY B a30T1 IS BUMAKIB HOTO 130T€PMIYHOTO 1
an1a0aTUYHOTO CTUCHEHb. 3'ICOBAHO, 1110 MPU OJJHAKOBOMY Yacl po3psiay 301IbIIEHHS

MOYaTKOBOTO THUCKY TMPHU3BOAUTH 10 3MEHUICHHS CTpUOKAa TUCKY B yAapHINA XBUII.
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301IbIIEHHS TMOYaTKOBOTO THUCKY MPHU3BOAUTH JO 30UIbIIEHHS €Heprii, Mo
BUJIUIIETHCSL B ICKpOBOMY po3psai. Kpim Toro, Oisibill BUCOKA KIJBKICTh €HEPrii, 1110
BUJIITISIETHCS, TOCATAETHCS B 130TEPMIYHO CTHUCHYTOMY Ta3i. Y pa3l 130TepMIYHOTO
CTHUCHEHHSI KUTbKICTh BUITPOMIHIOBAHO1 €HEPTii 301IbIIYETHCS MBUIIIIE, 1 30LTBIICHHS
KIHETUYHOT €Heprii cTa€e O1IbII 3HAYHUM MPHU 301JIBIIIEHH] THUCKY.

JIis KiAbKICHOT OILIHKHM BIUIMBY IMOYaTKOBOTO THCKY Ha BHUAUIEHHS €Heprii
BBEZICHO KOE(III€HT KOpesllii. 3amponoHOBaHO BUKOPHUCTOBYBATH CEPEIHE 3HAYCHHS
koe(diIieHTa KOpesiii JyIs iMiTallli €KBIBAJICHTHOTO 1CKPOBOTO HABAaHTAXEHHS IS
Oy/Ib-SKOTO IMOYaTKOBOTO TUCKY B ICKPOBOMY PO3PSII.

VY 10CKOHAJIEHO TEXHIKY JOCHIIKEHHS MPHUEJICKTPOJIHOTO TMaJIHHS MOTEHIaTy
JI03BOJISIE CIIPOCTUTH TEXHIKY MPOBEACHHS OCIIHKCHHS. MeTon 3acHOBaHM Ha
BUMIPIOBaHHI HANpyrd Ha 1CKPOBOMY IMPOMDKKY 1 pPO3paxyHKOBOMY BHU3HAYCHHI
HANPY>KEHOCT] eJIeKTPUYHOTO MO 1 HETIHINHOI IHIYKTUBHOCTI ICKPOBOTO KaHAITY 3a
eKCIIEPUMEHTATIHHOIO KPUBOIO PO3PSTHOTO CTPYMY.

JlocTmimKEeHHSIMU 10 €KCTIEPUMEHTATbHO-PO3PaXyHKOBOMY METOIY BU3HAUCHHS
MIPUEJICKTPOTHOTO MAiHHS MOTEHIIAy B 1ICKpl MIATBEPIKEHO IMIABUIICHE IaIIHHS
HANPyTH B TPHUETEKTPOJHUX OOJIACTAX B MEPIOJ 3pOCTaHHS PO3PATHOTO CTPyMY i
BCTAHOBJICHHSI HAIlpyrd, ONU3bKOi [0 CTAlllOHApHOi Oyrd B 00JacTl HU3BKUX
MOXITHUX PO3PSAHOTO CcTpyMy. Ha mimcTaBi eKCIEpUMEHTATbHO-PO3PaXyHKOBUX
JOCTIPKEHb BIUTUBY JOBKHWHU PO3PSTHOTO MPOMIKKY Ta MMOYATKOBOTO TUCKY a3y Ha
BBEJICHHS €HEprii B PO3PSAIHUN KaHAJI BUABIEHO, IO (DAKTOP JOBKUHHU MPOMIKKY B
OlNBIIM Mipl BIUIMBAa€ Ha BBEICHHS €HEprii B pO3psAAHUN KaHaji, HIX (akTop
MOYaTKOBOTO THUCKY.

Martepianu aucepTamiitHOi poOOTH BUKOPUCTOBYIOTHCSI B HABYAIBHOMY
nporieci HTY "XIII" anst cryneHTiB cnemiaabHOCTI "141 — eleKTpoeHEepreTHka,
CIIEKTPOTEXHIKA Ta eJIEKTpOMEXaHika"', KypCOBHX MPOEKTaX, JAUILIOMHOMY
MIPOEKTYBaHHI Ta HAYKOBO-JOCIIIHUX poOOTaX, 10 MPOBOJAATHCS Ha Kadeapi.

Hucepraiiiiina po6oTa BHUKOHaHAa Ha Kadeapi 3arajbHOI €JIEKTPOTEXHIKH B
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ABSTRACT

Varshamova 1.S. Substantiation of spark arrester parameters for high-voltage
gas-discharge equipment. — Qualifying scientific work on the rights of the
manuscript.

Dissertation for the degree of Candidate of Technical Sciences in specialty
05.09.13 "Technique of strong electric and magnetic fields" (14 — Electrical
Engineering) — National Technical University "Kharkiv Polytechnic Institute",
Kharkiv, 2021.

The dissertation is devoted to the substantiation of the parameters of spark
arresters for high- voltage electric discharge equipment on the basis of revealing the
influence of the length of the discharge gap and the initial gas pressure on the gas
discharge processes. To achieve this goal the following tasks are defined:

— on the basis of the literature review to analyze the influence of the parameters
of the spark arrester on the development of the spark discharge, to analyze the
technique of research of spark discharges in high pressure gases to determine the
features of measuring voltage drop;

— to conduct a numerical study of the influence of the parameters of the spark
arrester on the development of the spark discharge using an improved mathematical
model of the expansion of the spark channel by expanding the calculation area to
reduce the gas temperature in the conductive channel to 8000 K, on the basis of
which to study expansion of the spark channel and introduction of energy into the gas
discharge gap;

— to develop the technique of experimental-computational study of voltage drop
on electrodes and gas-discharge channel based on the results of current and voltage
measurement on the discharge gap;

— to study the influence of the connection point of the voltage divider on the
development of transient electrical processes in the discharge circuit with a load in
the form of a spark gap;

— to study the experimental and calculative impact of the length of the discharge
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trough and the initial gas pressure on the introduction of energy into the discharge
channel.

The object of research — gas discharge processes occurring in spark arresters of
high-voltage electric discharge equipment.

The subject of research — gas arresters in high-voltage electric discharge
equipment.

Research methods. Methods of electric circuit theory, electromagnetic field
theory, gas dynamics, plasma chemistry, used for numerical modeling. In experimental
studies, oscillography is used to record current, voltage, and pressure measurements to
study the effect of pressure and the length of the discharge gap on the voltage drop in a
spark discharge. Processing of experimental results is carried out by the method of
least squares.

The following scientific results are obtained in the work.

In the dissertation the scientific and practical problem on substantiation of
parameters of spark arresters for high-voltage electric discharge equipment on the
basis of detection of influence of length of a discharge interval and initial pressure of
gas on gas-discharge processes is solved.

The analysis of the influence of the initial gas pressure and the length of the
spark gap in the spark arresters on the development of the spark discharge is carried
out. According to the analysis of literature sources, it is determined that the increase
in the initial pressure of the gas affects the resistance of the discharge channel, the
process of energy input into the spark channel, etc., and the increase in the length of
the discharge gap However, no dependences have been identified that can quantify
the effect of the initial gas pressure on the development of spark discharge during its
gas-dynamic expansion, which does not allow to justify the parameters of spark
arresters, nor has such an effect been studied for conditions discharge current.

Based on the analysis of existing methods for measuring the electrode voltage
drop in the spark discharge, it is determined that it is impossible to use probe methods
due to the influence of the probe on the development of the spark discharge. The

application of the method of approximation of the electrodes is complicated due to
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the need to overlap in time the results of different measurements. Therefore, there is a
need to develop a technique for measuring the electrode voltage drop in the spark
discharge to determine the component of energy release near the electrodes. Such
investigations will allow to define the factors influencing electric discharge
processes, and through influence on these factors to improve spark arresters.

The developed numerical model of spark channel expansion allowed to
investigate the initial effect of pressure on spark emission in nitrogen. It is found that
the initial increase in pressure causes limitations in the expansion of the spark
channel. This leads to an increase in temperature and electrical conductivity in the
electrically conductive channel and increase the resistance of the spark, the energy
released, the electric field strength. But the initial increase in pressure accelerates the
pressure drop in the spark channel and significantly redistributes the energy balance
of energy released. Therefore, the efficiency of energy input increases rapidly as the
initial pressure increases. The simulation results showed that changing the
capacitance of the capacitor does not change the trend of the pressure.

Based on the numerical model of spark channel expansion, a comparison of the
evolution of the spark discharge in nitrogen for the cases of its isothermal and
adiabatic compressions is performed. It turned out that at the same discharge time, an
increase in the initial pressure leads to a decrease in the pressure jump in the shock
wave. An increase in the initial pressure leads to an increase in the energy released in
the spark discharge. In addition, a higher amount of energy is achieved in
isothermally compressed gas. In the case of isothermal compression, the amount of
radiated energy increases faster, and the increase in kinetic energy becomes more
significant with increasing pressure.

A correlation coefficient is introduced to quantify the effect of the initial
pressure on energy release. It is proposed to use the average value of the correlation
coefficient to simulate the equivalent spark load for any initial pressure in the spark
discharge.

The technique of studying the electrode drop potential in a spark at the stage of

its gas-dynamic expansion in high-pressure gases has been improved, which
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simplifies the research technique. The method is based on the measurement of the
voltage at the spark gap and the calculation of the electric field strength and nonlinear
inductance of the spark channel on the experimental curve of the discharge current.

Studies on the experimental-calculation method for determining the electrode
potential drop in the spark confirmed the increased voltage drop in the electrode
regions during the period of growth of the discharge current and the establishment of
a voltage close to the stationary arc in the region of low discharge current derivative.
Based on experimental calculations of the effect of the length of the discharge gap
and the initial gas pressure on the energy input into the discharge channel, it is found
that the factor of the length of the gap affects the energy input into the discharge
channel more than the initial pressure factor.

The materials of the dissertation are used in the educational process of NTU
"KhPI" for students of specialty "141 — Electrical Power Engineering, Electrical
Engineering and Electromechanics", course projects, diploma theses and research
work conducted.
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