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XMeNbHULBKHI HALliOHATBHUH YHIBEPCUTET

MNEPCHEKTUBHU 3ACTOCYBAHHS TA OIJISA[ TEXHOJOTTI IHAYKIIHHOI O
HATPIBAHHSA EJIEKTPOITPOBITHUX MATEPIAJIB B EJJEKTPOTEXHIYHIN
IMPOMHUCJIOBOCTI

B paHivi cTatTi rMpoBegeHo aHasi3 Cy4acHoro CTaHy €/1EKTPOTEXHIYHOI MPOMUCIOBOCTI Ta MEPCEKTUBU ii pO3BUTKY 3a
ZI0MOMOIO0 HOBITHIX TEXHO/IONU. PO3r/ISHYTO 06/1aCTi 3aCTOCYBAaHHS TEXHOJOI IHAYKLIIHOrO HarpiBaHHS Ta HABEAEHI XapaKTEDHI
HANpPsIMKK  ii 3aCTOCYBaHHS B E/IEKTPOTEXHIYHIV POMUC/IOBOCT], 30KPEMA 11l Yac HAaHECEHHS abpasnBHOIro [OKpUTTS |
3arapToByBaHHs METa/IIB.

Kto40BI C/10Ba: e/IeKTPOTEXHIYHA MPOMUC/IOBICTb, IHAYKTUBHICTD, IHAYKUIVIHUA HArpiBay, el1eKTpOrpOBIAHI MaTEDIa/N.
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PROSPECTS OF THE APPLICATION AND REVIEW OF THE TECHNOLOGY OF
INDUCTION HEATING OF ELECTRICALLY CONDUCTIVE MATERIALS IN THE
ELECTRO-TECHNICAL INDUSTRY

In this article the analysis of present status of electrical industry and prospects of its development using the latest
technologies. The paper considers the application of technology of induction heating and bringing the characteristic areas of its
application in electro-technical industry, in particular during the application of abrasive coating and hardening of metals. The
necessary stage of the design of induction heaters is the preliminary determination by calculation of the electrical and geometric
characteristics of the induction coils, taking into account the design and technological details that are subject to induction heating.
The heater must meet the following requirements: 1) provide the heating of the parts to the desired temperature with the required
speed; 2) not to change the physical and chemical properties of the material of the detail; 3) to be safe, reliable and economical in
operation, convenient in service and repair. The complexity of manufacturing of the induction heaters is in high labor costs, which in
this case determine the perspective of inductor constructing. The use of parametric design with the help of modern CAD allows
significantly reduce labor costs while induction heating designing. The application of induction heating technology in the
electrotechnical industry is a huge leap forward in metallurgical production. This technology makes it possible to significantly
increase the heating and melting speed of any conductive material in any environment. Therefore, all researches implemented in
this direction are relevant, and the obtained results and equipment will be practically used.
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BCTVYIIL. EnekTpoTexHiYHAa MPOMHUCIOBICTh — Tady3b MAIIMHOOYAYBaHHSA, IO 3AIHCHIOE HAayKOBE
OOIpyHTYBaHHS, KOHCTPYKTOPChKE PO3POOJICHHSI Ta BUTOTOBJICHHS MallliH, anapariB, NPUCTPOIB, MPU3HAUEHHX IS
BUPOOHMIITBA, NIEPETBOPEHHS, NEPEAaBaHHs, PO3MOALTY 1 CIIOXKUBAaHHS eleKTpoeHepril, Bunukia y 1870-x pp. Ha
OCHOBI JIOCATHEHb EJIEKTPOTEXHIKH.

[MianpueMcTBa BITYM3HAHOI €NEKTPOTEXHIYHOT Tajly3i Ha JaHWIl MOMEHT HE B KPAalllOMY CTaHi, IPUYUHOIO
YOro € He TIIbKU HecTabilbHA €KOHOMIKa, ajie ¥ BiJICYTHICTh TEXHIYHOTO TIEPEOCHAIEHHS, afanTalisi MiAMPUEMCTB
JI0 30BHINIHBOTO CEpEeOBHINA, HEpalliOHaJbHE BUKOPHCTAHHS pECypCiB, 3MEHIICHHS IHBECTHLIH, IOraHo
chopMoBaHi LI MiINPUEMCTB Ta MapKETHHIOBI CTpaTerii.

Sxi TpeHau OynyTh BH3HA4aTH PO3BUTOK raiysi B HalOmmxk4i poku? PHHOK eneKkTpoTexHIYHOI
MPOMUCIIOBOCTI TNPOJOBXKY€E IHTEHCHUBHO 3pocTaTH. Y cerMeHTi O(iCHOTO OCBITIEHHS MOMITHO BHUIHO
3pOCTaHHsS 1HTepecy He TiNbKM (DYHKIIOHYBaHHS, aje i €CTeTHKH. B moOyToBOMY OCBITIIEHHI TOJOBHY
poJIb TpalTh cydacHi TeHJeHNii B odopMieHHI iHTep’epy. CnoxuBadi CTalOTh OiAbII BUMOTJIIMBUMHU Ta
gacTimie BiAJAlOTh MepeBary SKiCHIIIMM BUCOKOTEXHOJOTIYHHM CBITOBHM HMPOAYKTaM, a HE BITYU3HIHUM,
AKi € Oimpm gemeBmuM. Po3poOka muUpokoi HOMEHKJIATYPH CBITHIBHHKIB JTO3BOJHUTH JOCATTH BHCOKHX
MMOKa3HUKIB peamizamii. [liniioMy 3araidpbHOr0 CTaHy YKpaiHCBKOI €KOHOMIKM MOJXXHA JOCSTTH, BUWIIOBIIH
Ha HOBHUH, MOTYXHIIINNA 3a AU3aHHOM Ta TEXHOJOTIYHMMH XapaKTEPUCTHUKAMHU PiBEHb CBITIOTEXHIYHOTO
BUPOOHUIITBA.

[HayKiliHe HarpiBaHHS — II€ HArpiBaHHA MaTepialliB eNEKTPUYHUMH CTPyMaMH, SIKi 1HIYKYIOTBCS 3MiHHUM
MarHiTHUM rosteM. OTxe, Iie HarpiBaHHs BUPOOIB 3 NMPOBIHUX MaTepiaiiB (IPOBiIHHKIB) MATHITHUM TOJIEM 1HIYKTODIB
(Iokepen 3MIHHOTO MarHITHOTO 10JIsT). BOHO BiIOYBa€THCSI BHACIIIOK SIBUINA EIICKTPOMATHITHOT 1HITYKITIT.
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IHayKuiliHMI HAarpiB Pi3KO MiJIBHIILYE MPOIYCKHY 3JaTHICTh BUpOOHMITBA. lle Haa3BHUYaiHO MIBUIIKHH TIpoLiec,
i3 BEJIMKMM PECYpCcOM TTOBTOPIOBAHOCTI, 3 MOXKIIMBICTIO JIeTKO1 iHTerparii y BupoOHudi JiHii. [Tpu 3actocyBanHi iHIyKIil
3BHYHOIO € iHIMBimyanbHa 00poOKa OKPEeMHX 3arOTOBOK. 3aBISKU I[bOMY KOJKHA 3aTOTOBKA TapTYETHCA 32 OKPEMHMH
TOYHO BH3HA4YEeHWMH mMapamerpamu. Lli mapameTpn A KOXKHOI 3arOTOBKM MOXKYTh 30epiraTticsi Ha BalllX CEpBEpax.
3arapTyBaHHS 3 JOTIOMOTOIO iHAYKIII — YHCTe, Oe3MeyHe 1 3a3BUYaif 3anuiIae Mo co0i He3HAUHHH CITil. A 3aBISKH YiTKiH
JIOKaJIi3arii B eBHiil YaCTHHI 3arOTOBKH BOHO IIIe 1 Ha/I3BMYAaHO eHeproe(eKTHBHE.

AHAJII3 OCTAHHIX JOCJALIKEHD I MYBJIKAIIN. YV Mamus06yIyBaHH] [11s HarpiBy geTaeit
UL CKIamaHHsA (po30MpaHHs) IHPOKO 3aCTOCOBYIOTHCS IHAYKIIIHI HarpiBadi 3 XUBJICHHSIM OOMOTKH CTPyMaMH
npomucioBoi yactotd (50 I'y). JlouwinbHICTh 3aCTOCYBaHHS IHIYKLIIHHMX HarpiBadiB Juis 30MpaHHs 1 po30upaHHA
3'eJIHAHb 3 HATATOM JOBeJeHa 0araTopiyHOI0 IMPaKTHKOI. BUKOpHCTaHHS IHIINMX CIOCO0IB PO30MPaHHs IOB'SI3aHO 3
HEOOXiJIHICTIO MaTH jgopore oOyiajHaHHS (IPEcH BEIMKOi IOTYKHOCTi), a00 HasBHICTh JDKEpeN ITiJBHIICHOT
HeOe3neku (BiAKpuTHil Borons). KpiMm Toro, iHAyKIiiHUI HAarpiB, IPH SIKOMY TEIUIO TeHEPYEThCS Oe3M0cepeHbO B
Jgetayi, € OuTbIl mporpecMBHUM 1 epekTHBHUM. HaiOuibml edexkTHBHUMM IHOYKUIHHMMH HarpiBadamu,
3aCTOCOBYBaHMMH JUIS PO30MpaHHs 3'€lHAHb 3 HATATOM, € HarpiBadyi, IO IpAIfOIOTh Ha TOKaX MPOMHUCIOBOI
yacToTH. BOoHN He BUMaraioTh JOPOTHX IEPETBOPIOBAUIB YACTOTH, TPOCTi 32 KOHCTPYKINEO 1 JO3BOJSIOTH AOCSITTH
O1TBIIIOT PIBHOMIPHOCTI HarpiBy.

HeoOxigauM eTamoM MpoeKTyBaHHS IHAYKLIHHIX HarpiBadiB € IMOTEpPENHE BU3HAYCHHS PO3PaXyHKOBHM
IIJSIXOM €JIEeKTPUYHUX 1 TEOMETPHYHNX XapaKTEPUCTHK IHAYKIIHHUX KOTYIIOK, 3 ypaxyBaHHAM KOHCTPYKTHBHHX 1
TEXHOJIOTIYHUX JeTajeH, Mo MiAIATal0Th IHIYKIIIHHOMY HarpiBy.

HarpiBad noBHHEH 3aJ0BOJBHATH HACTYITHIM BHMOTaM:

1) 3a0e3nieuyBaTy HarpiB geTai 10 3a4aH0i TEMIEpPaTypH 3 HeOOXIHOK MIBUAKICTIO;

2) He 3MiHIOBaTH (Hi3UKO-XIMIUHI BIACTHBOCTI MaTepiaiy AeTali;

3) OyTtu Oe3neyHuM, HaJIHHUM 1 eKOHOMIYHMM B €KCIUTyaTallii, 3pyYHUM IIPU 00CITyroByBaHHI i PEMOHTI.

CkJ1aHiCTh BUTOTOBJICHHS 1HAYKIIIHUX HarpiBayiB IOJISITA€ Y BUCOKUX TPYJIOBUTpATax, sIKi MPU LOMY
BU3HAYAIOTh MEPCHEKTUBHICTH KOHCTPYIOBAHHS iHIYKTOPIB.

CyTTeBO 3MEHIINTH TPYJOBI BUTpATH NpH npoekryBaHHI [HY n03Boisie BUKOPHCTaHHS MapaMeTpHIHOTO
MIPOEKTYBaHHA 3a gonomoror cydacHux CAIIP.

Tpagumifine enekTpoMmarHiTHe mpoekTyBaHHA [HY cmmpaeTscst Ha METOAHM, MO BPaXOBYIOTh
eJIEKTPOMArHiTHI TpPOIIECH B MAacWBi JeTalli, IO HAarpiBa€ThCs, 1 MOOMyCTUMI 3a TEIUIOBUMH OOMEKCHHSIMHU
eJIeKTPOMAarHiTHI HaBaHTa)XCHHS B OOMOTIII i MAaTHITOIIPOBOIi HarpiBaya.

PisHOMaHITHICTh TeOMETpUIHUX (HOPM 1 pO3MIpiB AeTanel, M0 HATPiBAIOThCS, BIIMIHHICTH YMOB HarpiBy
NPY CKJIaJjaHHI 1 po30MpaHHi BU3HAYAIOTh BEJIMKE YMCIIO BYKUBAHUX KOHCTPYKTUBHUX PIllICHb.

Tepmiunuii BIUIMB — HarpiB ()epOMarHiTHOrO ejneMeHTa (YepeBUKa) BHKOPHUCTOBYEThCS SIK ITiATOTOBYA
orepariis Iepel OCHOBHOI OIEpali€ld pO3'€HAHHS E€JEMEHTIB BHPOOY, HIO BHKOHYETHCS 3a JOIOMOTIOO
MEXaHIYHOTO BILJIHBY.

Cucrema «iHIYKTOpP-3arOTOBKa» SBIsE C000i0 TpaHchopmarop 0e3 ocepias, B SIKOMY IHIAYKTOP €
MEPBUHHOI0 OOMOTKO0. 3aroTiBisl € HIOM BTOPUHHOI OOMOTKORO, 1[0 3aMKHEHA HAKOPOTKO. MarHiTHUH MOTIK Mixk
0OMOTKaMH 3aMHKA€THCS IOBITPSIM.

NEPCIHEKTUBU TA 3ACTOCYBAHHS. PosrnsHemMo [mocTymi 1 MOXIHBI  3aCTOCYBaHHS
IHAYKIIHOTO HarpiBaya B Mail0yTHHOMY.

1. lEayKuifauit HarpiB pi3KO MiJBHIIYE TPOIYCKHY 3HaTHICTH BHpOOHMITBA. lle Ham3BHYAHO IIBHAKUI
TIPOIIEC i3 BEIMKIM PECYpCOM HOBTOPIOBAHOCTI, 3 MOXKIIMBICTIO JISTKOI iHTerpallii y BupoOHmdi miHiil. [Ipu 3actocyBanHi
IHIYKIIT 3BUYHOIO € IHIMBiJyallbHA 00pOOKa OKPEMHX 3aroTOBOK. 3aBISKH I[bOMY KO)XKHA 3arOoTOBKa TapTYeThCs 3a
OKpPEeMHUMHU TOYHO BU3HAYeHMMHM napamerpamu. LI mapamerpu Jjisi KOXHOI 3arOTOBKH MOXYTh 30epiraTucsi Ha Ballux
cepBepax. 3arapTyBaHHs 3 JOTIOMOTOIO iHAYKINI — yucTe, Oe3neyHe 1 3a3BUUail 3ayimimae 1o codi He3HAUYHWH ciim. A
3aBJISKH YiTKiH JIOKaTi3allii B MEeBHIi 9aCTHHI 3arOTOBKU BOHO IIIe i HAI3BUYAHO eHeproe(heKTHBHE.

2. 3araptyBaHHs MaTepiamiB. MeTta IHAYKIIHOI MOBEPXHEBOTO TapTy: OTPHUMAaHHS BHCOKOi TBEPAOCTI
MMOBEPXHEBOTO APy MpH 30epekXeHHI B'SI3K01 cepeaquHu aetani. [[si OTpuMaHHS TaKoro 3arapTyBaHHS MPOBOJASATH
MIBUAKUN HarpiB feTalli Ha 3a/laHy TJIMOMHY CTPYMOM, IHAYKOBAaHMM MOBEPXHEBHM IIAPOM METANly 3 HACTYIHUM
OXOJIOJDKEHHSIM.

3. O0OpoOka ApiOHKX jeTalneH, siki MOXKYTh TOLIKOIUTHCS I1iJ1 Yac Ta30IoJIyM sTHOro abo JyroBOro HarpiBaHHS.

4. Po3nmiieHHss rerepy i mporpiBaHHsA  (AaKTHBalis) KaTOLy B Tpoleci BUPOOHHMITBA BaKyyMHHX
CJICKTPOHHMX TTPUIIAJIB.

5.3He3apaxkeHHS  MeIUYHOro  IHCTpyMeHTy. OCKUIBKM  pO3irpiB  BeaeTbcs 32  JIONOMOTOI0
€JIeKTPOMArHiTHOTO BUIPOMIHIOBAaHHS, BIJICYTHE 3a0pyAHEHHS 3aroTOBKM NPOIYKTaMHU TOpiHHS (akenma B pasi
ra30IoyM STHOTO HArpiBy, ab0 MaTepiajoM eleKTpoaa B pasi JyroBOTO HArpiBy.

6. Jlerxka aBTOMaTH3alis oONagHAHHSA 1 KOHBEEpHMX BHPOOHWYMX JiHiH. [IpocToTa ympaBmiHHSA IHUKIAMH
HarpiBaHHA Ta OXOJOKEHHS. [IpocTe perymroBaHHA 1 YTPUMYBAaHHSA TEMIIEpaTypH, CTabimi3amis HOTYXXHOCTI,
1ojaya i 3HiMaHHS 3ar0TOBOK.
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7. IHAYKTOp MOXHa BUTOTOBHUTH OY/Ab-sIKOi (OPMH; Lie JO3BOJHMTH PIBHOMIPHO IIPOrpiBaTH MO BCid
MTOBEPXHI JIeTalli CKJIaTHOT KOHDIryparii.

BUCHOBKM. 3acTocyBaHHS TEXHOJIOTIi iHAYKIIHOTO HATrpiBaHHS B €NIEKTPOTEXHIUHII MPOMHUCIIOBOCTI —
Il BeJMYEe3HHHA CTPUOOK BIEpe] METAIypriifHoro BHpOOHWITBA. Ll TeXHOIOTisS Jae 3MOTry 3HAYHO 30iTBIIUTH
IIBUIKICTH HArpiBy i IUIaBJICHHS OyIB-SKOTO €IEKTPONPOBIAHOTO MaTepiany y OyIOb-sKoMy cepemoBuii. Tomy Bci
HAYKOBI OCTIKEHHS Ta PO3pOOKH, 0 OyAyTh MPOBEACHI Ta 3AIMCHEHI B IIbOMY HAIPSIMKY, € aKTyaJbHUMH, a
OTpUMaHI Pe3yJIbTaTH Ta YCTaTKyBaHHSA MAaTUMYTh IPAKTHYHE 3aCTOCYBAHHS.
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