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EJIEKTPOITPOBIJTHICTh I'PA®ITOBUX JIETAJEN PE3UCTUBHOT' O
HATI'PIBAHHS, BUT'OTOBJIEHUX IIJIAXOM ITPECYBAHHSA

Busuennsa xapaxmepucmux ma 00CHiONCEHHS VMO8 BUSOMOBNEeHHA Oemanell i3 2pagimosux
mamepianie 0isi CMPYMORPOGIOHUX Oemaiell KOHMeUHepi8 GUCOKUX MUCKIE € AKMYANIbHUM 3A80AHHAM Ni0
yac nposedeHHs: MEeXHON02IYHUX Npoyecié 018 KOHMPOIOBAHHA 3A0AHUX elacmueocmel. [na eusHaueHHs
3HAYEHb NUMOMOI eleKMPONPOIOHOCII YO 3ACMOCOBAHO MeMOO BUXPOBUX CHPYMIB, AKUL 0dE 3MO2y
OMPUMYBAMU 3HAYEHHST NUMOMOL e1eKMPONnPoBIOHOCMI Mamepianie y JTOKAIbHIL 001acmi ompumyeanHux
demaneil. Taxooic 6yn0 00criddHCEHO Xapakmepucmuxy epapimosux mamepianie ma oemanei, ULOMOBIEHUX
ULTAXOM OOHOBICHO20 NPECYBAHHSL I3 YUX MAMEPIANie, Ma GU3HAYEHO 0COOAUBOCT POPMYBAHHS IONOBIOHUX
enacmugocmeti. Ompumani pe3yromamu 0ar0meb 3M02y 6api08amu AOUMUGHICIb DEe3UCMUBHOI cucmemu
Ha2pisanHsa peaxyitiHozo 00’ 'emy KoHmelnepy 8Ucoko20 mucky. Llinnicms ompumanux pe3yibmamis noisi2ac
Y MOXNCIUBOCMI OMPUMAHHI Oemanel 3 HeEOOXIOHUMU eleKMPONPOGIOHUMU — BAACUBOCMAMU Ol
3a6e3neyents pe3ucmusHO20 HAcPiBants peakyilinozo 06 emy KOHMeUHepie BUCOKUX MUCKIB.

Knrouoei cnoea: enexmponpogionicmo, epagim, pe3ucmusHe HASPIBAHHS, KOHMEUHEDP BUCOKO20
MUCKY, anapam GUcok020 MuckKy.

I'padit € oxniero 13 Moaudikaliil Byriemno, cTabiIpHU 3a aTMOC(EepHOro THCKY, HE Ma€
($a30BUX MEPETBOPEHb B MIMPOKOMY Jiana3oHi TeMIepaTryp 1 TOMY BHUKOPHCTOBYETHCSA SIK
CTPYMOTIPOBIIHMM MaTepiayl JUIsl PEe3UCTHUBHOTO HarpiBaHHs [1]. BuroromneHHs HarpiBajabHUX
eJIeMEeHTIB 3 rpadiTy nependayae ix GopMyBaHHS pi3aHHAM 13 CIIEYEHUX MOMIKPUCTATIIYHUX OJIOKIB
a0o mpecyBaHHA 3a1aH01 popmu (3a3BUYaAl MWIIHAPUYHUX JeTajei) 13 mopomkiB. OcTaHHIN METOA
€ OUIBII MPOCTUM Ta €KOHOMHHM, ajie /Ul HbOTO HEOOXiJHO BUKOPUCTAHHS CIEIialbHUX MapoK
rpadiTy Ta KOHTPOJIb T'PAHYJIOMETPUYHOTO CKiamy. (s 1mporo HaiOuLIbIIE MAXOASTh MOPOIIKH
npupoaHuX rpaditiB (ueinoncekuit rpagit, Tuny 'CM-1, 'CM-2), TepMidHO po3mmpeHuii rpadit
(TPI') Ta BupoOu 3 HuX. Taki rpadiTu MarOTh BIAMIHHI M’k COOOI0 XapaKTEPUCTUKH, 110 3yMOBJICHO
iXHBOIO BHYTPIIIHBOIO CTPYKTYpOIO [2].

CyTTe€BUM HEIONIKOM EJIEKTPONPOBIIHUX JeTaneld, OTPUMaHUX ILISXOM IpECcyBaHHA 13
rpadity, € iXHsI HEOJHOPIAHICTh B OCKOBOMY Ta paJiaIbHOMY HANpsMKY, 110 € HACHiAKOM €(eKTiB
NPeCyBaHHs, B Pe3yJbTaTi YOO BHHUKAIOTH TPATI€HTH TEMIEpPATypH, IO ICTOTHO BIUTUBAIOTH Ha
npoliec HarpiBaHHs HEOOXIIHOTO eKcIepUMEHTaNbHOro 00’eMy. JlociiKeHHs eIeKTPOIPOBITHUX
xapaktepucTuk rpaditiB mapok ['CM-1, TM3 Tta TPI' Oyn0 BUKOHAaHO 3 BHUKOPUCTAHHSIM
BUXPOCTPYMOBOTO METOJY BHMIPIOBAaHHS IHUTOMOI €JIEKTPONPOBIAHOCTI, peasi30BaHOIO Yy
O6araTopyHKI10HAJIBHOMY MPHUCTPOi BUMIpPIOBaHHS reoMeTpuuHux napamerpiB “Koncranra K6” 3
neperBoptoBaueM  [1D-MD-30-Y1. lleid npunmaag  mpuU3HAuYEHUM 111 BUMIPIOBAHHS
€JIEKTPONPOBIAHOCTI ByryierpadiToBux marepiaiis [3].

3pa3Ky BUTOTOBJLSUTM y BUIJISI JUCKIB JllaMeTpoM 36 MM Ta TOBIIMHOIO 3 MM i3 Mapok
rpagitiB [CM-1, I'M3 ta TPI' 3 po3mipom gactok Big 20 g0 300MKM IUIIXOM MPECYBaHHS AETajei
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3a cepeguboro Tucky 0,15-0,2 I'Tla. Bwmict 30mu (amopduoi (asu Byruieiro) BiANOBITHO 10
MapKyBaHHS JUIsl KOKHOI 3 MapoK rpadiTy 3riIHO 3 TEXHIYHUM perjiaMeHToM [4—6] nogaHo y Tadm. 1.

Tabnuug 1. 'panuunumii BMicT 30011 y rpaditax

Mapka rpadity I'CM-1 I'M3 TPI"

Bwmict 30mmm, % 0,1 0,03 0,035-0,5

Y BuroroBneHux 3paskax i3 rpadirie mapok ['CM-1 Ta I'M3 cnocrepiraerscs
napaboJIiYHUN PO3IOALT €JIEKTPOIPOBIAHOCTI (puc. 1, 2), 10 3yMOBJICHO CXEMOI HAaBaHTAKECHHS
3pa3KiB Mij yac X BUTOTOBJICHHS 130CTATUYHUM IPECyBaHHSIM.
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Puc. 1. Po3nodin enexmponposgionocmi epaghimy mapku I'CM-1 83008021 diamempanvhoi ninii 015
oucky diamempom 36 Mm ma 8UComor 3 Mm
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Puc. 2. Po3nooin enexkmponposionocmi epagimy mapxu I'M3 6300601 diamempanvHoi ninii 0
oucky diamempom 36 Mm ma eucomor 3 Mm
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3pa3ok A JOCHTIJDKEHHS eJIeKTPOINPOBIAHOCTI rpadity Mapku ['M3 Oyiio BUTOTOBJICHO 13
JIpibHOAMCIIEpCHOI (ppakiii HOro MaTepiaiy 13 3epHHUCTICTIO -20 MKM, 110 3yMOBMJIO 3MEHIIEHHS
KOJIUBAaHHS 3HAUEHHS €JEKTPOIPOBITHOCTI B3AOBXK JiaMeTpaibHOi JiHIl. Mamuii KoedilieHT
Bapianii enexTponpoBigHocTi rpadity 'M3, 3yMoBieHHH BETUKOI IAUCHEPCHICTIO (pakuii, aae
3MOTY IIUIbHIILIE KOMIIAKTYBAaTH MaTepiai, a TAaKOX JaHUH CUHTETUYHHUNA rpadiT Maex Majaui BMICT
30JI4, TI0 KOHTPOJIOETHCS TEXHIYHUMHU YMOBAaMH BUTOTOBJICHHSI.

IMuroma enextpornpoBiaHicTs Tpadity mapku TPIT 3amexHO BiJf PO3MIIIEHHS TOYKH
BUMIPIOBAaHHS 1010 IIEHTPY 3MIHIOEThCA B Meskax Bi 263,127x10° Om!m! 10 287,217x10° Om ML,
HaiiMeHini 3HaueHHs €NEKTPONpPOBIAHOCTI € y LEHTpaibHId YacTuHi 3pa3ky (puc. 3). Cepenne
3HAYEHHs TUTOMOI eJIeKTPONpPoBigHOCTI — 272,595%10° OM'm!.
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Puc. 3. I'paghix 3anescnocmi enexmponpogioHocmi OUCKY MepMIYHO pO3ULUPEHO20 2padhimy
630082iC OlamempanvHoi MiHii 3pazka 0 OUCKy oiamempom 36 Mm ma 6ucomor 3 Mm

Ak BuaHo 13 rpadika, rpapit Mapku TPI' mae piBHOMIpHO CTaOUIBHUII PO3MOALT
eJIEKTPONPOBIAHOCTI  Ta  KoedimieHT Bapiaumii  2,5%. IlpuumHOO  Takoro  po3moiily
eJIEKTPONPOBIAHNX XapaKkTepucTHK rpadity mapku TPI € ioro BHyTpimHs OymoBa.

Cepenni 3HaUY€HHS BHU3HAUEHOI MHUTOMOI EIEKTPOIPOBIMHOCTI MOCHIIKYBaHUX TpadiTiB
HaBeJIeHO y TaluI. 2.

Tabnuus 2. 3HaYeHHs] MUTOMO] eJIEeKTPONpPoBiIHoCcTI rpadiTiB pi3HUX MapoK, BU3HAYEHHX 32
JI0TIOMOI'0X0 BUXPOCTPYMOBOI'0 METOY

Mapka rpadity I'CM-1 I'™M3 TPI'

CepenHe 3HaY€HHS TUTOMOT 118,005x10° 222.375x10° | 272,595x10°
enexTponposigHocTi, Om 'm!

3 orsany Ha cepeHi 3HAYEHHS MUTOMOI EJIEKTPONPOBIAHOCTI y BHUTOTOBJIEHUX 3pa3Kax
rpaditiB (Tabs. 2), MOXKHA 3pOOMTH BHCHOBOK, 110 HAMOLIbII palliOHaIbHUM MaTepilaloMm s
BUTOTOBJICHHS TpyO4aTux HarpiBauiB € rpadit mapku [ CM-1.
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JlocmiJpkeHHs: TpyOYaTHMX HarpiBauiB Jjisl amapaTiB BHUCOKOTO THUCKY, BUTOTOBJICHHX 13
rpadity mapku I'CM, mnokaszanu, MmO JeTajli LbOr0 TUIY MAalTh MapabOIIYHUNA PO3MOJIILIT
€JIGKTPONPOBIAHOCTI 3a BUcOTOIO (puc. 4) i3 koediuientom Bapiauii 17,3%; Takuii posmnonin
3yMOBJICHUH OCOOJMBICTIO BHUTOTOBJICHHS I[hOTO THIY JA€Talieid. 3pa3kh SBISIOTH COOOI0
TOHKOCTIHHUHN IMJIIHAP BUCOTOIO 13,3 MM.

Enexaponposiguicrs & # 107
‘:]H IHM 1

0 2 4 6 8 10 12 14

Biacrans BIJ0B#& BHCOTH, MM

Puc. 4. Po3nodin numomoi enexmponpogionocmi y mpyouamomomy Hazpieayi 3a UCOMOI0 i3
oiamempom 42 mm ma eucomoio 13,3 mm

Jlis yHUKHEHHS MOAIOHOTO PO3MOJLTY €JIeKTPOMPOBIIHOCTI AJs JeTaliel 13 JAUCIEPCHUX
rpa¢iTiB MOKHA 3aCTOCYBAaTH TaKWM MIAXi: pO3AUINTH 3arajibHy BUCOTY TpyO4aToro HarpiBada Ha
MaKCUMajbHI 32 BHCOTOI CKJIAQJOBI 13 HaWMEHIIUMHU BIIXWICHHSIMH €JIEKTPOIPOBIIHOCTI.
ExcnepumenTtanbHo Oya0 BHU3HAYEHO, IO HailMeHIN (iaykTyaiii MUTOMOI €JIeKTPOIPOBITHOCTI
MaroTh TpyOuaTi HarpiBayi 3 BUCOTOIO:

h=2x(D—4d), (1)
Jie h — Bucora B MM; D — 30BHILIHIN AlaMeTp HarpiBaya B MM; d — BHYTpIILLIHIN JAlaMeTp HarpiBaua B
MM.
OTpuMyBaH1 TakMM CHOCOOOM KUIbLSI MarTh KOe(]IIleHT Bapialii elIeKTpONpOBIAHOCTI
3,5%. IloganpIie BUKOPUCTAHHS IIMX KUIELb MOXE MaTH J1Ba BapiaHTH:
1. JlomatkoBe mpecyBaHHsS Kulenp y TpyOKy, IO MaTtuMmMe MapaboiIiuHUN pPO3MOJLIT
€JIEKTPOMNPOBITHOCTI 13 KoedimieHToM Bapiatii 1o 4% (puc. 5).

2. Buxopucranas HaOipHOro Oi4HOrO HarpiBaya, IO 32 YMOBH HAaBaHTA)XCHHS amapary
BHUCOKOTO THCKY OyZe y MoJAiOHOMY 10 MepIIoro BapiaHTy CTaHi, aje MacoBa YacTKa
Matepiajly BIIpi3HATUMEThCS.
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Puc. 5. Po3nooin enexkmponpogionocmi y mpyouamomy Hacpieaui, npeco8anomy i3 Kiieyb,
sucomognenux iz epagimy I'CM-1 i3 oiamempom 42 mm ma sucomoio 13,3 mm

Bukopuctanus 000X BapiaHTIB Jla€ 3MOTY OTPUMYBAaTH OUIbII PIBHOMIPHHM PO3IMOJILT
TEMIIEpaTypu Yy peakuiiHoMy o00’€Mi KOHTEHHepy BHCOKOTO THCKY IOpPIBHSHO 3 TpyOudaTuM
HarpiBaueM BEJIMKOT BUCOTH, 1110 BUTOTOBIISETHCS HIUISTXOM 130CTATUYHOTO IIPECYBaHHS.

BucnoBku

Jlnst BUTOTOBJIEHHS CTPYMONPOBIAHMX JeTajeil, a TaKOo)XX HarpiBaJIbHUX €JIEMEHTIB
KOHTEHHEPIB BUCOKOI'O THCKY HEOOXITHO BUKOPUCTOBYBATH AMCIIEPCHO-KOMIO3MIINMHI CyMilll, 10
CKJIaay SIKUX BXOJATH TpadiTh pi3HUX MApOK Ta MOXO/KEHHS, 110 J1a€ 3MOry 3a0e3neyyBaTu pi3Hi
3HA4YEHHS €JIEKTPONPOBIAHOCTI OTPUMYBAHUX JI€TAJICH.

Po3monin enekTponmpoBiAHOCTI y JAETalsIX, BUTOTOBJICEHWX OJHOBICHUM MPECYBAHHSIM,
3MIHIOETBCSI 32 BHCOTOIO, IO 3YMOBJIEHO DO3IMOJAIJIOM Ta Iepeladero 3yCHuld Ha Martepial.
BusHavyeHHS1 yMOB BHTOTOBJICHHS JI€Talel i30CTATUYHUM TPECYBAHHIM JIa€ 3MOTY 3a0e3MedyBaTh
PO3MOAIIEHHS TMUTOMOI eNeKTPONpOoBiAHOCTI 13 KoedimieHToM Bapiamii Bix 4 mo 17,3% B
OTPUMaHUX 3pa3Kax.

OTpumaHi pe3ynbTaTd MOXYTb OYTHM BHUKOPUCTaHI JUIsl CTBOPEHHS HEOOXiHUX YMOB
HarpiBaHHsS KOMIPOK BUCOKOTO THCKY, a TAKOK BapIIOBaHHS PE3WCTHUBHOTO HarpiBaHHSI.

Uszyuenue xapaxmepucmux u uccne008aHust YCio8Ull U320MOGIEHUs Oemaned u3 2pagumoswix
mMamepuanos 0Jia MOKONPOBOOSWUX Oemanell KOHMENUHePO8 BbiCOKUX OaB/leHUll ABIAemCcsa aKMYalbHbIM
60NPOCOM NpU NPOBEOCHUU MEXHOIOSUYECKUX NpOYeccos Osi KOHMPOJSs 3A0auHblX ceolicmg. [[ns
onpeoeneHusi 3HaueHUull YOenbHOU INeKMPONPOBOOHOCMU DbLI NPUMEHEH MeMO0 BUXPEBLIX MOKO8, KOMOPbIiL
n036015€m NOIYYAMb 3HAYeHUe YOEeIbHOU INeKMPONnposoOHOCY MAMEPUAI0s 6 JOKATbHOU obaacmu
nosayuaemvix oemarneti. Taxoice ObLiU UCCIE008AHBL XAPAKIMEPUCUKU 2PAPUMOBLIX MAMEPUANO8 U Oemanel,
U320MOGNEHHLIX NYMeM O0OHOOCHO20 HPEeCCO8AMUs U3 IMUX MAMEPUANOs8, U ONpedeieHvl 0COOenHOCmU
dopmuposanus coomseemcmeyrowux ceoiicmg. Ilonyuennvie pe3yrbmamsl NO380AANM  8APLUPOBAMNb
A0OUMUBHOCMb CBOUCME PE3UCIMUBHOU CUCHeMbl HAZpesa PeaxkyuoOHHO20 00bema KOHMmelHepa 8blCOKO20
oasnenus. L{enHocmb NONYUEHHBIX pPeE3VIbMAMO8 3AKNOUAEMC 8 B03MONCHOCMU HOJYYeHUU oOemainel ¢
HeoOX00UMbIMU — DNEKMPONPOBOOAWUMY — CBOUCMEAMU  ONd  ODecneyeHus  pesucmueHo2o  Hazpesa
PEeaKyuoHH020 00vemMa KOHMeUHEPO8 BbICOKUX OABIEeHUIL.

299



Buwinyck 21. IIOPOJJOPA3PYIIAIOLJUN U METAJIOOBPABATBHIBAIOIIAH HHCTPYMEHT — TEXHHKA
U TEXHOJIOI'UA EI'O U3I'OTOBJIEHUA U IIPUMEHEHUA

Kntoueevle cnoea: snekmponposoOHocmyb, epagum, pe3ucmueHvili Hazpes, KOHMelHep 8blCOKO20
dasnenusi, annapam 6biCoK020 0ABIeHUs.

0. V. Savitskyi, V. V. Lysakovskyi
ELECTRIC CONDUCTIVITY OF RESIST HEATHING DETAILS PRODUCED BY PRESSING

Studying characteristics and conditions of the production parts from graphite materials for
conducting components of high pressure sells is an issue in the process. It is nessure to control the specified
properties in technological processes. it have used the method of vortex currents to determine the values of
specific conductivity. This method allows to get the values of the specific electrical conductivity of materials
in the local area. The properties of graphite materials and details made from those material were also
investigated. The simlpes were made due one-sided pressing. There ware determinaded features of the
formation of the corresponding properties. The obtained results are allow to vary the additivity of the
resistive heating system of the reaction volume of the high pressure sells. The possibility of production parts
for high pressure sells with necessary electrical conductive properties has technical and scientific values.
Becouse it is provide necessary resistive heating of the reaction volume of high pressure sells.

Key words: electrical conductivity, graphite, resistive heating, high pressure sell, high pressure
apparatus.
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