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INVESTIGATION OF THE INFLUENCE OF CONSTRUCTIVE-TECHNOLOGICAL
PARAMETERS ON THE DIRECT GRAPHITIZATION PROCESS OF ELECTRODES IN
CASTNER FURNACES

A. KARVATSKII", YE. PANOV?, A. PEDCHENKQ®, S. LELEKA®, T. LAZARIEV?,
V. DERKACH", O. TYUTYUNNYK*

! Department of Chemical, Polymer and Silicate Engineering, Igor Sikorsky Kyiv Polytechnic Institute, Kiev, UKRAINE
3 Faculty of Chemical Engineering, Igor Sikorsky Kyiv Polytechnic Institute, Kiev, UKRAINE

2 Research Center "Resource-Saving Technologies", Igor Sikorsky Kyiv Polytechnic Institute, Kiev, UKRAINE

4 PrJSC "Ukrgrafit”, Zaporizhia, UKRAINE

ABSTRACT The numerical research was held to determine possible directions for improvement and modernization of the modern
domestic technology of direct graphitization. The influence of the changes in circular gasket internal diameter and contact electrical
resistance between electrode artifacts on the state in Castner furnace was investigated. It was found out that the diameter decrease
leads to overheating in the central axial part of the electrodes. In turn, the diameter increase leads to significant temperature drops.
It was also determined that the usage of gaskets with the increased value of electrical resistance during the graphitization process
increases the temperature drop in the central artifacts. Based on the obtained results, the following measures to enhance the
energetic efficiency of Castner furnaces operation were proposed.: the usage of gaskets with the internal diameter, which is 50-70%
from the external artifact diameter; the usage of gaskets with the increased value of electrical resistance on the ends of electrode
candles. As a material for end electrocontact gaskets, it is possible to use graphite intercalation material with an increased value of
electrical resistance, a multilayer structure, which consists of two paired layers of thermo-extended graphite of high and low density,
graphite powder, etc. These measures enable to decrease the time for carbon production graphitization, diminish energy expenses
and enhance the quality of the electrode products.

Keywords: graphite electrodes; Castner graphitization furnace; electrocontact gasket, contact electrical resistance.

Beryn

binpor Hixk 40 % yciel cTami y CBITI BUIUIABISETHCS
B CINEKTPOAYTOBHMX CTAlCIUVIaBHIBHUX TI€4ax, 1 Ied
MMOKa3HUK 3 KOXHHUM pokoM 3poctae [1,2]. OcHOBHUM
KOHCTPYKTUBHHM €IIEMEHTOM EJIEKTPOJYTOBHX Iedeil €
MAaKeT  EJIEKTPOJiB, BUTOTOBJICHUX 13  INTYYHOTO
rpaditoBoro  marepiamy [3,4]. Y  mpommCIOBHX
MacmTabax it rpadiTyBaHHs BYTJICIICBUX CJICKTPOIHUX
3arOoTOBOK paHillle HaiOUIBIIOro momupeHHs  HalyB
meron Auecona. [Ipore inmmii meton — meron Kacruepa,

SKMH J1Ta€ MOXKJIMBICTh OTPUMYBAaTH IpadiToBi eneKTpoan
3 MEHIIMMH INUTOMHMH BHUTpaTaMH EJIEKTPOEHeprii Ha
OIMHUINI0 BHPOOJIEHOI MPOAYKIII Ta 3a MEHIIUH Iepiox
gacy, 3a OCTaHHI POKHM TaKOXX HaOyBae MOMyJSIPHOCTI Ha
BITYM3HSIHOMY PUHKY ByTJerpadiToBoi mpomykmii [5,6].
OCHOBHOIO BIIMIHHICTIO Tieuei rpadiTyBaHHs, 1110
mparoTh 3a MeroaoM KacTHepa Bim miedeld, 110
MpaIiol0Th 32 METOJAOM AUecoHa, € TpsIMHUA HarpiB
BYIJICLIEBUX 3aroTOBOK, SKMH IMOJSrae y NPOIYCKaHHI
MOCTIHHOTO €JEeKTPUYHOTO CTPYyMYy Kpi3b eJNEKTPOAIHI
3arOTOBKU Ta BHJIUICHHS B HHUX JDKOYJICBOI TCIUIOTH. Y

© KAPBALIBKHIA A. 51, TAHOB €. M., [IEJJYEHKO A. 10., JIEJIEKA C. B., JJA3APEB T. B., JIEPKAU B. B., TIOTIOHHHK O. B., 2017

30

BICHUK HTY "XIII" Ne 32 (1254)


mailto:admin@rst.kpi.

ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPLA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'IAX"

Ieyax TMpsSMOTO  HArpiBy  €IEKTPOAHI  3arOTOBKH
PO3MIIIYIOTh TOPHU3OHTAIBHO CTHK-Y-CTHK B OJUH abo
KiTbKka  KOJOH  (CBIYOK) 1 TIOKPHBAIOTh  IIApOM
TeIIoi3osiiiHOro  Marepiany.  Jlns  mokparieHHs
KOHTaKTy MDK 3aroToBKaMHM B MiCIIX 1X KOHTaKTy
PO3MIIIAIOTH KUIBIEBI €IeKTPONPOKIIAIKH, BUTOTOBJICHI 3
THYYKOTO Marepiaiy, SIKMA MO)X€ BHTPUMYBAaTH 3HA4HI
TeMIlepaTypHi HaBaHTaXEHHS [7].

3anns MOYKJIUBOCTI KOHKYpYyBaTu Ha
MDKHApOJHOMY PpHHKY  BYDUIErpadiToBOi  HpPOIYKIil
BITYM3HIHOMY BHPOOHHKY TOTPiOHO MPOBOTUTH 3aXOIHU
IOI0  MOJEpHI3allis Ta  yIOCKOHAIEHHA  Iedel
rpadiTyBaHHS, [0 MPAIIOIOTe 3a MeronoMm KacrtHepa.
Tomy mpoBeneHHs [OCHIIKEHb, CIPSIMOBAaHUX Ha
BHU3HAYCHHS MOKJIMBOCTEH YIOCKOHAICHHS, MOAEPHi3arii
KOHCTPYKIIIH Teuei MpsIMOro HarpiBy Ta TEXHOJIOTIYHOTO
IpoLecy MPSIMOTOYHOTO TpadiTyBaHHS € aKTYaJIbHOIO
3a7a4elo.

AHAaJIi3 OCTaHHIX A0CTIIKeHb Ta MyOJiKkamii

JoctymHa y  BIAKpUTOMY JOCTYIi HayKoBa
JiTeparypa NepeBaKHO MpPUCBsYeHa Meyam AYecoHa Ta
HenpssMOMy MeToAy rpaditryBaHHs ByrierpaditoBoi
npoaykitii. [Ipote HasBHA iH(OpPMAILS OO0 TOCTIIKCHD
medeil sK TOPAMOro, TaKk 1 HENpsIMOro HarpiBy
€JIEKTPOJHUX 3aroTOBOK, Ja€ pPO3YMIHHA HANpsIMKY
BJIOCKOHaJICHHS ITeuel rpadityBanHs Kactrepa:

—o0’eqHaHe BHPOOHWIITBO IHIIMX Martepiaiis,
Hanpukiaan, kapoixy kpemdito (SiC) [8];

—BUKOPHUCTaHHS B  TEIUIOBOIMALIiHOMY Imapi
TpyOUacTHX TEIUIOOOMIHHHKIB 3 METOI0 peKymeparii
TEIUTOBOi €HEepril Ta 3MEHIIICHHS Yacy OXOJIOJKCHHS Tedi
rpacdityBanus [9];

—BU3HAYCHHS MMapaMeTPiB CHUCTEMH ITiIBCACHHS
€JIEKTPUYHOI SHEPTii 0 eyl Omopy B PEKHUMI peabHOrO
yacy aisi 3a0e3MeUeHHs] ONTUMAaJIbHOTO PEXUMY POOOTH
[10];

—BHU3HAYEHHS  JIOMYCTHMHUX  3HAYeHb
CTHCKaHHS  CNIEKTPOJHMUX  3aroTOBOK 3
3a0e3meueHHss 1X MeXaHIYHOI IUIICHOCTI
npouecy rpaditysanns [11-13];

—3MEHIIEHHS BUKHUIIB Ta3iB, MO BHIUIIIOTECS y

CHUIIN
METORO
BIIPOJAOBK

mporieci  rpadiTyBaHHA ~ €NEKTPONHOI MPOAYKLii, V
HaBKOJIMIIHE cepenopuie [ 14-16];

—3MCHIICHHS BTpaT TCILIOTHU Ta BUTpaAT
eJIEKTpOeHeprii  3a  JIONOMOTOI0 BUKOPHCTAHHS

CHeliaibHO MiAIOpaHOro CKIaay TerIoi30MsAIiHHOrO
Marepiary Ta OOKOBHUX IUIUT, BUIOTOBJICHUX 13
BYIJICLIEBOTO TEIUIO- W ENEKTPOI30NALiifHOro MaTepiaity
[17].

Merta Ta 3aBIaHHSA

BusHaunTH Ta  3anpoONOHYBAaTH IIPOCTI  Ta
e(eKTHUBHI METOIU 3 MOJEpPHI3aIlii Cy4acHOT TEXHOJIOTIi
NpsSMOTOYHOTO rpadiTyBaHHs [yl 1 BIPOBAPKEHHS Ha
BITUM3HSIHUX I IIPUEMCTBAX.

Hdns JIOCSITHEHHS MIOCTaBIIEHOT
c(hOpMyJILOBaHO HACTYIIHI 3aBJaHHS:

METH

—BHUKOHATH YMCJIOBI JOCIHIUKEHHS TEIUIOBOTO
crany meui KactHepa 3a pi3HHX KOHCTPYKTHBHO-
TEXHOJIOTIYHUX TTapaMeTpiB;

— IIPOBECTH 3ICTABJICHHS OTPUMaHHUX Pe3yJIbTaTiB 3
TEMIIEpaTyPHUX MOJIB BIPOAOBK KaMIMaHil rpadiTyBaHHs
3a pi3HUX BapiaHTIB (pOpMyBaHHs €IEKTPOJAHUX CBIUOK;

— BU3HAYUTH MOXJIMBI HaNpsMK{ YZAOCKOHAJICHHS
KOHCTPYKIIii IIeYeid psIMOTO HarpiBy.

Buxiax ocHOBHOT0 MaTepiay

Yucnosi JTOCTIPKCHHS MIPOBOMITUCS 3
BUKOPHCTaHHSIM  BepH(DIKOBaHOI  YHCIOBOI Mozl
TEIUIOeNIEKTPUYHOTro cTany mneui KactHepa, ommcanoi B
pobori [7].

Hwxye  HaBemeHO — pe3yibTaTH  YHCIOBHX
eKCIICpUMEHTIB i3 BH3HAYCHHA BIDIMBY pPO3MIpiB
CIICKTPOKOHTAKTHUX  MPOKIAJOK 1  KOHTaKTHOTO
enexktpuaHoro omopy (KEO) wmikx enekrpogHuMH

3aroTOBKaMH y CBiUKaxX Ha TEIUIOBHI cTaH nedi KacTaepa.

UwncnoBi AOCHIHKEHHS 13 BHU3HAYCHHS BIUIMBY
po3mipy niamerpa BHYTPIIIHBOTO OTBOpY
€JIEKTPOKOHTAKTHOT MIPOKJIA/IKK Ha PO3MOILT
TEMIIEPAaTYPHUX MOJIB y 3aroTOBKaX MPOBOJMIMCS LIS
CXEMH 3aBaHTaXEHHsI Iedi rpadiTyBaHHs y JBI CBIYKH.
Po3mip miaMeTpiB €IEKTPOTHMX 3aroTOBOK 1 30BHIIIHIX
niaMeTpiB  mpokiagok  craHoBuB 435 MM.  Posmip
BHYTPIIIHIX JiaMeTpiB NPOKJIaI0K MaB 3HaueHHs 120 MM,
220mm 1 320 mm. Kpurepiem 3akiHUeHHS HpoIECy
rpadiTyBaHHs CIIyTyBajO JOCATHEHHS 3HAUYCHHS TUTOMHUX
Butpar enekrpoeneprii 3700 kBt'ron/t. Y pesynbrari
TIpoIIeC MiABEeICHHS eJICKTPUIHOI eHeprii 10 Imedi CKIIaaaB
6inst 12 ron.

Y pesynpTaTi aHamizy OTPHMAaHUX YHCIOBHX
JMAHUX 3°sICOBAHO, IO 3aBASKH 30UIBIICHHIO DPO3MIpy
JiamMeTpa BHYTPIIIHBOTO OTBOPY €JIEKTPOKOHTAKTHOI
npokiankd Bix 120 MM 1o 320 MM TiABHIIYETHCS
MiHIManbpHa  TeMIepaTrypa B  KpaWHIX  TOpLEBHX
3aroTOBKax YNPOAOBXK KaMmaHii rpadiTyBaHHs Maike Ha
100 °C (puc. 1), a B iHIINX 3aroTOBKAaX — HE NPU3BOJUTH
JIO CYTT€BOI 3MIHM MiHIMaJIbHOI TeMITepaTypH.
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Puc. 1 — 3mina minimanvnoi memnepamypu Kpavnix
3a20M0OBOK 8 eeKMPOOHUX CEIUKAX NIO Hac ix HaspieanHs
¥ pasi GUKOPUCMAHHS KiTbYeBUX eIeKMPOKOHMAKMHUX
NPOKNAOOK 3 PI3HUM 3HAUEHHSIM PO3MIDY 6HYMPIUHbOZO
diamempa: 1 — D120 mm; 2 — D220 mm; 3 — D320 mm.
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BusiBneHo, mo 3MiHAa 3HAYEHHS BHYTPIIIHHOTO
JiaMeTpa MPOKIAaJOK Maibke He BIUIMBAE Ha 3HAYEHHS
nepenagy TeMIEpaTypd y KpaWHIX 3aroToBKax, IIPOTe
fioro 30unbIeHHs Big 120 MM 1o 320 MM MPU3BOIUTH 110
NiIBUILEHHS T[epenagy B IEHTPAIbHUX 3aroTOBKax
maibke Ha 200 °C BhponoBx Kammasii rpadiTyBaHHS
(puc. 2), mo MoXe HEraTMBHO BIUIMHYTH Ha SKIiCTbh
TOTOBOI €JIEKTPOAHOT MPOIYKIIi.

o 1200 A

= 1000

S 800

o

S 600

-

E 400

5 ot el

5 200 st

& .

B0 S
O 2 4 6 8 10 12 14

Hac, rog

Puc. 2 — Piznuys misc maxcumaivHumu ma
MIHIMANbHUMYU 3HAYEHHAMU MeMNepamypu 6 3a20moeKax
¥ pasi 6UKOPUCMAHH KibYEBUX eeKMPOKOHMAKIMHUX
NPOKNAOOK 3 GHYMPIWHIM OlaMempom Pi3HO20 PO3MIPY:
1 (9320 mm), 2 (0220 mm), 3 (D120 mm) — nepenad
memnepamypu y Kpaiinix sazomoekax; 4 (9320 mm),
50220 mm), 6 (D120 mm) — nepenad memnepamypu 6
YEeHMPANbHUX 3A20MOBKAX.

BcraHoBiieHo, 110 pamiaabHi 3HAYCHHS PO3MOILTY
TEMIIEpaTypHUX TMOJIB Yy CEpeAHid YacTHHI 3aroTOBOK
Maibke He 3MIHIOBAIMCS y pa3i 3MiHH BHYTPILIHBOTO
JiaMeTpa eNeKTPOKOHTAKTHHUX MPOKIIAIOK.

PamianbHi mepenagu Temmeparypu B TOPLEBUX
YaCTHMHAX 3aroTOBOK BH3HAYAIWCS B IONEPEUYHOMY
nepepizi Ha BigctaHi 50 MM BiJg TOpISL 3arOTOBOK.
[epenan TemmepaTypn BH3HAuYaBCs SIK PI3HUNS 3HAYCHb
TEMIepaTypd MK IIGHTPOM 1 cCepemHiM 3HAYeHHSIMH
TEMIepaTypd Yy TOYKaX, PO3TAIIOBAaHWX HAa BiACTaHi
50 MM Bix epudepii (puc. 3).

Puc. 3 — Touku 0na eusHauenHsa senuyunu padiaibHo2o
nepenaoy memnepamypu 6 mopyesiti 4acmumi
3a20moe6ok: 1 — yeumpanvra 0oc1ioHa mouka,

2 — nepupepiiini 00Caioni mouKu.

Y  pesynbrari nopiBHSHHS  rpadikiB  3MiHH
paniabHOTO Hepernajay TeMIlepaTypy B TOPLEBil YacTHHI
EJIEKTPOJJHUX 3ar0TOBOK YIIPOIOBXK KaMIaHii

rpadiTyBaHHS BHSBICHO, IO 3MEHIIEHHS BHYTPIIIHHOTO
niamerpa eNEeKTPOKOHTAKTHHX IPOKIAJ0K  Jae
MOXKJIMBICTh 3HAYHO 3MEHIINTH Iepenaj TeMIeparyp y
LEHTPaJIbHUX 3aroToBKax 3a
npotuecy rpadityBanHs (puc. 4).

BHCOKHUX TeMIIepaTyp
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Puc. 4 — 3mina nepenady memnepamypu 8 mopyesii
YACMUHI YEeHMPATbHUX 3A20MOB0K NI0 YaC IX HASPIBAHHSA
6 pasi 6UKOPUCIAHHA KITbYe8UX eNeKmMPOKOHMAKMHUX
NPOKNAOOK 3 GHYMPIUHIM OiamMempom PisHO20 PO3MIPY:
1—0320 mm; 2 — 9220 mm; 3 — D120 mm.

3MiHa pajiadbHOTO Tepenaxy TeMIeparyp y
TOpIEBill YacTHHI KpaifHIX 3arOTOBOK XapaKTepPU3y€ETHCS
3MIIIEHHSM MaKCHMAJIbHUX IOr0 3HAa4YeHb y CTOPOHY
OlmbIl  BUCOKMX TeMIeparyp Yy pas3l 3MeHIIeHHs
BHYTPIIIHBOTO JliaMeTpa MiXKEJIEKTPOIHHUX MPOKIAI0K 10
120 MM (puc. 5), 0 MOXe HEraTUBHO BIUIMHYTH Ha
SIKICTh TOTOBOT €JICKTPOTHOT IPOTYKITIT.
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Puc. 5 — 3mina nepenady memnepamypu é mopyesiii
4aCMuHI KpAuHix 3a20Mo80K Nio uac ix HaspieanHs é pasi
BUKOPUCMAHHS KLTbYe8UX eleKMPOKOHMAKMHUX
NPOKNAOOK 3 GHYMPIWHIM OlamMempoMm Pi3HO20 PO3MIpY:
1—0320 mm; 2 — 9220 mm; 3 — D120 mm.

UncnoBi JAOCHiKEHHS 3 BH3HAUCHHS BIUIMBY
sHagenHss KEO MK 3aroroBkamMm Ha  PO3MOJILT
TEMOEepaTypHUX TOJIB B  ENEKTPOJAHMX  CBIYKax
MPOBOAMIIMCS 13 BUKOPHCTAHHSIM CXEMH 3aBaHTaXKEHHS
neui rpadiTyBaHHs y /aABi cBiuku. Po3mip niamerpis
€JIEKTPOJHUX  3aroTOBOK 1  30BHILIHIX  JliaMeTpiB
MPOKJIQJIOK CcTaHOBUB 435 MM. Po3Mip BHYTpiLIHBOTO
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CHCKTPOKOHTaKTHOi CKJIaJgaB

nIiamerpa
220 MM.

ITig wac YUCIOBOTO aHATI3y TEIUIOEIEKTPUIHOTO
crany mneui KacrtHepa TemmeparypHa —3aJIeKHICTh
3naueHHs KEO [18] 30inbiryBanacs Ha koedillieHT £, 1110
npsSMONpOIopLiiHO  30uIbmIyBasio 3HaueHHs KEO B
YCbOMY TEMIIEPATypHOMY Jliarma3oHi.

AHami3  OTpUMaHUX  pe3yJbTaTiB  YHCIOBHX
EKCIICPUMCHTIB TMOKa3aB, [0 30LUIbIICHHS 3HAYCHHS
KoegirieaTa k (BixmosimHO i 30imbireHHs 3HaueHH KEO

TIPOKJIaAKHA

MDK 3aroTOBKaMH) Ja€ 3MOTy [emI0  ITiJBUIIUTH
MiHIMaJIGHY — TeMOepaTypy |y KpaiHIX  TOpIEBHUX
3arotoBkax (puc. 6).
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Puc. 6 — 3uina minimanonoi memnepamypu Kpaunix
3a20MOB0OK NiO YAC IX HAZPIBAHHS 8 Pa3i 3MIHU 3HAYEHHM
KEO mioc enexmpoonumu 3acomosxkamu: 1 —k=1; 2 —
k=10.

36inbmenns 3nadeHHss KEO Takox CnpHYMHIOE
3HIKEHHS Tepenay TeMIepaTypy y KpaiHiX 3aroTOBKax
3a BUCOKHX TeMmueparyp o0pooku. Ane 36inpmenHs KEO
B 10 pa3 npu3BOOWTH A0 MiJABHIICHHS TIepenany B
[IEHTPAIbHUX 3arOTOBKaX EJNEeKTPOIHOI CBIUKH OinmbIie
Hbxk Ha 100°C BHOpomoBk KammaHii TpadiTyBaHHS
(puc. 7), mo MOXe TPHU3BECTH IO 3HIKCHHS SKOCTI
TOTOBOI €NEKTPOAHOT MPOIYKIIiT.
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Puc. 7 — Ilepenao memnepamypu 6 3a20moekax y pasi
sminu 3Havennam KEO mioic enexmpoonumu
saeomoexamu: 1 (k= 1), 3 (k = 10) — nepenao
memnepamypu y kpaunix 3acomoskax, 2 (k= 1),

4 (k = 10) — nepenao memnepamypu 6 YyeHMpPAaIbHUX
3a20MOBKAX.

OO0roBopeHHs pe3yJIbTaTIiB

VY pe3ynpTari IpOBEICHHS YHCIOBUX JOCIIIKEHBb
BCTaHOBJICHO, 110 ONTHUMAJBHUM JiaMETPOM OTBOPY
€JIEKTPOKOHTAKTHUX KUIBLIEBUX IIPOKJIAJOK € OTBIp,
pO3MipH  SKOro CTaHOBJATH Omm3pko 50-70 % Bix
30BHINIHBOTO JliaMeTpa 3aroTOBOK. MEHIe 3HAuYCHHS
JiaMeTpa OTBOPY MPHU3BOIUTH JO MEPErpiBy MEHTPATBHOT
YACTHUHH CJICKTPO/IIB, a OUTBINE — IO 3HAYHUX paTialbHUX
TepernaiiB TeMIIepaTypu.

ENeKTpOKOHTAaKTHI TPOKIagKA 3  ITJBUIICHUM
3HAYCHHS €IIEKTPHIHOTO oropy JIOLILTBHO
BUKOPHUCTOBYBATH JIMIIE HA KIHIIX €IEKTPOAHUX CBIYOK,
e BOHM JalOTh 3MOTY MiJBUIIATH MiHIMaJIbHY
TeMIepaTypy KpaiHiX 3aroTOBOK BIIPOAOBXK KaMIIaHii
rpadiTyBaHHsI. A 1ie, BIAMOBIAHO, 3MCHIIYE TPHBAICTD
MiZBEICHHS CJIEKTPUYHOI €Heprii A0 Mme4i Ta MHTOMI
BUTpaTu eNeKTpoeHepril. Y sKOCTI Marepiany Juis
TOPIEBUX EIEKTPOKOHTAKTHUX MPOKIAOK MOXKIIUBE
BUKOPHCTaHHS TPpadiTOBOrO iHTEPKAIALIHHOTO MaTepiaity
[19,20] 3 migBUINEHNM 3HAYCHHSAM CICKTPUIHOTO OMOPY,
0araTomrapoBoi CTPYKTYpH, sSKa CKIAJAETHCS TOMApHO 3
IapiB TEPMOPO3IMIUPEHOTO TpadiTy BHCOKOI Ta HHU3BKOL
ryctund [21], rpadiTOBOTO MOPOIIKY TOIIO.

BucHoBkH

[IpoBeeHO YHUCIOBI JOCTIMKCHHS TEIIOBOTO
crany neui rpadiryBanus KactHepa 3a pi3HHX pO3MipiB
BHYTPIIIHBOTO J{iaMETpa CJICKTPOKOHTAKTHHUX KiTBIIEBUX
npokiaamok 1 3HaueHHAX KEO Mik eneKTpoIHUMHU

3arOTOBKaMH.
BrkoHaHO TOpPIBHAHHS OTPUMAaHHX pPE3YJbTATIB
TeMIepaTypHUX TIOJTIB YIPOJOBX KaMnaHii

rpadityBaHHs. Y pe3ysbTaTi BCTAHOBJICHO, IO 3HAYHE
3MEHILICHHST JllaMeTpa KITbLEBUX EJICKTPOKOHTAKTHUX
MPOKJIQJIOK TPHU3BOAUTH IO TMEpPEerpiBy IEHTPaIbHOT
OCBHOBOi YaCTHHH EJEKTPOIHUX CBIYOK, a 30UTBIICHHS —
JI0  BUCOKMX  3HAYeHb  pajiaJbHUX  IepenajiB
TeMnepaTypu. BUKOpHUCTaHHS KUIBIICBHX MPOKIAIOK 3
MIBUIICHUM EJICKTPUYHAM OIOPOM IOIUIbHE JIHMIIEC Ha
KIHIIAX €JICKTPOTHUX CBIUOK.
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