CrneuianizosaHii Bueniit pani /1 12.052.01
HBH3 «lIpuazoBcbkuii jep:kaBHUH TeXHIUHUI yHIBepcUTeT»
MOH VYkpainu

BIAT'YK
odiLiifHOro onoHeHTa
JLT.H., eKCIIepTa 3 MaTepialliB Ta 3BaplOBaHHs
TOB «bropo Bepirac Ykpaina» m. Mapiynosns
MAJIIHOBA Bonoanmupa Jleonizopnya
Ha aucepTauiiftHy poboty Arcesoi Mapunu Bosoaumupisnn
«PO3BHUTOK HAYKOBUX I TEXHOJIOT'TYHHHUX OCHOB
EJIEKTPOAYTOBOT'O HATUTABJIEHHS [ 3BBAPIOBAHHA 3 AICIO
KEPYIOUMX MATHITHUX T1OJI1B»,
[pejicTaBAeHY Ha 3100y TTs HAYKOBOTO CTYTEHs JOKTOPa TeXHIYHUX HayK
3a crietianbHicTiO 05.03.06 - 3BaproBanHst Ta CIIOPIAHEHH] MPOLECH 1 TEXHOJIOT 1]

JuceprauiiiHa poOoTa ckjajgaersest 31 BCTYMy, O PO3ALIIB, 3arajbHUX
BUCHOBKIB, CIIMCKY BHKOPUCTAHMX JiTeparypHux mkepen 3 291 HaliMeHyBaHb.
JaranbHuil oOcsar pMceprauii cknamae 343 CTOPIHKM MAIIMHOMMCHOTO TEKCTY,
Brmovarouu 121 pucynok, 12 Tabnauus ta 3 101aTKH.

AKTYaAbHICTHL TeMH AucepTanii. Criocodu enexkTpoyrosoro HanjaasIeHHs Ta
3BAPIOBAHHS 3aHMAalOTh O/HE 3 HAWBAXJIMBIILIMX MiCLb NIPH 3 €/IHAHHI Ta Bi/IHOBIIEHHI
KOHCTPYKUIH Yy ranysl maummHoOymyBamis i MeTanypriiHoMy Ta IPOKaTHOMY
BUpOOHUUTBI. EdexTHBHICTL 3acTOCYBalHS JyIOBOr0 HAIUTABICHHS Ta 3BapIOBaHHS
[i/1 (pIIOCOM IIABHULYETHCS IHTEHCH(IKALIEIO MpoUecy po3ILIaBlIeHHs eJeKTPOJHOTO
APOTY, KepyBaHHSM MIMOWHONIO 1 (OPMOKO 30HH [MPOIIABIEHHS OCHOBHOIO MeTaly,
nojpiOHeHHAM MeTany HallapleHHX BajdvKiB 1 3sapHuX wWBIB. KepyBaHHs uLHUMH
npouecaMu MOZJIMBE 33 PAaxXyHOK 3aCTOCYBAHHS 30BHIMIHIX KEPYHOUHMX MAarHiTHHX
MoiB (MO3J0BKHLOTO 1 MOMEPEeUHOro), U0 BIUIMBAIOTE Ha KPaIlIio, AYry 1 plaKui
MeTan 3BaploBajibHOI BaHHHW. B MOpPIBHAHHI 3 IHWMMH crocodamMu KepyBaHHS
MartiTHe Mae€ [MepeBard, OCKUIBKM BOHO 3AIHCHIOETBCs 0e3 Oe3nocepeaHboro
KOHTAKTY NPUCTPOIB 3 30HOK HAIUIABJIEHHS! 1 3BAPIOBAHHS Ta HOTO 3aCTOCYBAaHHS He
BUMArac CyTTEBUX 3MiH CTAHJApTHOIO YCTATKyBaHHsA. 3acTOCYBAaHHs MarHITHHX
MOJIB MpH  €JeKTPO/JYrOBOMY HarUlaBlIeHHl 1 3BaplOBaHHI 3HA4YHO MMIJIBHUILIMTD
MPOAYKTHBHICTL LMX IpOleCiB, SKICTh, HAMIABICHONO LIapy 3a paxyHOK
e(peKTUBHOrO MepeMilllyBaHHs PIAKOro MeTally B 3BaplOBalbHIM BaHHI; 3€KOHOMMTD
enektpoeHeprito. Tomy po3poOka HayKOBO OOIPYHTOBAHUX TEXHOJOTIH IyroBoro
HarJjaB/leHHs Ta 3BAapPIOBAHHs APOTOM Mia (IIOCOM 3 JIE€I0 KepylouHX 30BHILIHIX
MAarHITHHX MOJIB € aKTYalbHOIO IPo0IeMOI0.

Cryninb  oOrpynToBaHocTi #H  J0CTOBIPHOCTI HAYKOBHX M0OJIOKEHD,
BHCHOBKIB i peKOMeHAaUiil, c(popMYJILOBANHX Y JIHCePTALLT

HaykoBi mnoso:keHHSI, BUCHOBKM 1 pekomenjalii, siki copmynpoBani B
Juceprauiidid podoti Areesoi M.B., jloctaTHbo OOIPYHTOBAHI 13 3aCTOCYBAaHHSIM
CYYACHOTO eKClepHMeHTalIbHOro odnajinanis, po3pobleHuX MeTOAMK Ta MeTOIB
AOCIIKEeHb.
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Jns oOrpyHTYBaHHS BCTaHOBJIEHHMX 3aKOHOMIPHOCTEH aBTOPOM BHKOHaHI
yycelbHI TEOPETHYHI Ta eKCTIepUMeHTaNlbHI 10CiKeHHs. Po3pobieHi po3paXyHKOBI
METO/IMKM BH3HAYCHHS MIiHIMaJbHOIO PIBHA KOMMOHEHTH IHAYKUIT TNOMepeuHOro
MarHiTHOIO MOJis, 110 BHAQJIsE Kparuli 3 TOPHUs CJIeKTPOJHOTO APOTY i BU3HAUEHHS
piBHS IHAYKLIT 1 4aCTOTH 3HAKO3MIHHMX MO3A0BXKHLOIO 1 MOMNEPeYHOTO MarHiTHHX
[10JIiB, 110 3a0e3medyioTh edeKTHBHE NepeMIlIyBaHHs PIIKOro MeTany BaHHU NpPH
AVIOBOrO HarjlapleHHi 1 3saploBaHHi apotom g ¢uaocoM. [Ipu  nocnaiakeHi
MIKPOCTPYKTYPH 3BapHMX IIBIB 3acTOCOBYBaJiM Mikpockon MIM-8, mertoau
CKaHyl4ol eNeKTPOHHOI MIKpOCKOMii | MIKpOpeHTreHOCNeKTpanbHOro aHamisy 3
BUKOpUCTaHHAM Mikpockony JSM-35CF | enmeproamcnepcioHHOro CreKTpPOMeTpy
INCA Energy-350. Pesynbrary TeopeTHdHUX Ta e€KCIEepUMEHTAIBbHUX JOCIIIKEeHb
MiATBEPIAKEHI BIPOBAIUKEHHSIM Ha nixnpuemctsax Ykpainu. BunpoOysaHHs Ha
3HOILYBAHHS 1 CTIIKOCTI [IPOTH TEPMIYHOT BTOMM HArJIaBl€HWX LWIApIB MpH
NIJABHIICHUX TeMAepaTypax, MexaHiuHl BUnpoOyBaHHsI NPOBOIMIN Ha ATECTOBAHOMY
o0naaHaHHI 13 3aCTOCYBAaHHAM CTaHAAPTH30BAHUX METO/IHUK.

OOrpyHTOBaHICTb  HAayKOBMX TMOJ0XeHb, BHCHOBKIB 1 peKoMeHpauil,
copMyIbOBAHUX B POOOTI MIATBEPAKYETLCS NMOPIBHAJIIBHUM aHA1130M pe3ylbTaTiB
PO3PAXYHKOBUX 1 €KCIIEPUMEHTANBHUX JOCII/KEHD 3 IITepaTyPHUMH BIIOMOCTSIMH.

HaykoBa HOBH3HA aHcepTauiiiHol poOOTH [M0J5ra€ B PO3BUTKY METOAOJOrIT
pO3paxyHKY ONTHMaJbLHUX MapaMeTpiB 3HAKO3MIHHUX TO3/0BKHEOTO 1 IIONEPEUHOro
MarHiTHHX [10J11B; PO3LUIMPEHH] YABIEHb MPO MEXaHi3M NoApiOHeHHS MeTaly BalUKIB,
HATIJIABJCHUX 3 [11€H0 MAarHiTHMX NOJIB; po3polill TeXHONOri i AYroBoro HaraBaeHHs
Ta 3BApIOBAHHS @JISKTPOAHHUM APOTOM MiA (IOCOM 3 €10 30BHILIHIX MarHiTHUX
OB,

ABTOpOM BIEpiIe HAa OCHOBI TEOPIl BEKTOPHOTO MAarHiTHOrO [MOTeHUIany B
CTalllOHAPHUX TIJIOCKOMEPHAIAHHMX MarHiTHUX [10Ji1X BU3HA4YE€HO BIUIMB MarHITHHX
BJ1ACTHBOCTEH BMPOOY, NPOTY Ta OCeplsl [PUCTPOK BBEAEHHS MAarHiTHOIO 078 Ha
Xapaxkrep Ppo3MoAily 1 3HaueHHs 1HJAYKUIT MariiTHOrO [ojisi HpH  I1yroBOMY
HAIMNABICHHI 3 AI€10 N0310BXKHbOIO MarnitTHoro nosst. [lokaszano, 110 came MarHiTHi
BJIACTHBOCTI €JIGKTPOAHOrO APOTY CNpaBisiioTh HAHOIMbLIMK BNIMB HA BKazadi
MapamMeTpH.

Otpumano 10JaiblInil PO3BUTOK YSIBJICHHS, 110 HAa OCHOBl aHamoril Mixk
MarHiTOCTaTHHYHUM 1 @JeKTPOCTATMUHMM [10JIeM MOYK/IHBO BH3HAUHTH pO3I10Jii
IHYKUIT MarHiTHOro mnoJs B 30H1 Kpamiil nia topueM GepoMarHiTHOrO enexTposy i
3BaploBanbHOI BalHH, AKLO BUPIO 3 HeMaruiTHoro ado 3 pepoMarHiTHOro Marepiaiy.
[MokazaHo, 1110 B 30HI eJleKTpojanol Kpari Ha Bijacrani 4...7 MM Bia oci ehexTpoa
3HAUYeHHS KOMMOHEHTH IHJAYKWIIT 3MeHwycTtbes B 3...6 pasiB, a norepeuna
KOMNOHEHTa IHAYKLIT [0Cirae TOJOBUMHH 3HA4YCHb [MO3A0BKHLOT KOMIIOHEHTH
IHAYKLIT LBOIO 1015,

Beranosieno, 1o npd AyroBoMmy HAaILIABIEHHI M1ijl  ¢uiocoM 3 €0
3HAKO3MIHHOI'O [OI1I€PEYHOrQ MArHiTHOTO NMoJsl IpH Horo 4yacToTi B Mekax 5...10 ['u
B jlanasoni ctpymis 400...1000 A s poris jiamerpaMy 3...5 MM MiHIMaTbHUIA
PIBEHb IHIYKIIT, 1110 BHJIANSEC KParuio 3 TOPLM €IeKTPOJHOr0 JIPOTY, CKIIaJlae
50...100 wmTa. e 10o3Boauno  NIABUUIKATH  NPOAYKTHBHICTE — PO3IIABIEHHS
CJIEKTPO/IHHUX JIPOTIB TIPH AYrOBOMY HArlaBiCHH] 1 3BapioBaHHI 3 JAI€10 Takoro
MAarHiTHOTO 1015,



Briepuie BCTaHOBIICHO, 11O CTOCOBHO AYIOBOrO HaIUIaBIeHHA 1 3BaprOBaHHA
APOTOM Mia (UIocoM OpH IHAYKUIl MOCTIHHOIO MOIEPEeYHOro MAarHiTHOTO MONs B
mexxkax 30...35 MTa koediuieHT posiuraBieHHs JAPOTIB CYUUJIBHOIO mepepisy |
[OPOLIKOBUX APOTIB 3 (PepOMArHiTHHUX 1 HepepOMarHiTHUX MaTepiajiB 301/1bLIYETLCS
Ha 23...30 %. OOGrpyHToBaHO, WO MNpH 3017bLIEHHI YacTOTH 3HAKO3MIHHOTIO
nonepeyHoro MaruitHoro noss Ao 20 I'u i ingyxuii 25...30 mTxa edekt niaBHLIEHH:A
KoedillieHTY pO3IUIABIEHHA €1eKTPOAIB 3HUKY€eThCs Bl 30 % 10 HY/IbOBHX 3HAYEHb.

[MokazaHo, 1O IpH 3BApIOBAHHI CTHKOBMX 3'€/HAHb MJAaCcTHH 3i cTani
[2XT8HIOT ToBUIMHOK 4 MM 3 JIi€K0 3HAKO3MIHHOTO MOMEPEUHOro MarHiTHOro nofs
L inaykuiero 25...30 MTa Ta yactotolo 5 'l MILHICTB METaly LIBA MAd€ MAaKCHMalbHy
MilHICTh | ninBHIyeThest Ha 11,5 %, a npu Ail 3HAKO3MIHHOIO [10340BKHBLOIO
Martithoro noast — Ha 11,0 %. [lpu usomy cnoctepiraerecsi noApiOHeHHs! 3epeH
MeTany 3BapHUX [UBIB MpakTH4HO B 2 pas3f, 1110 00YMOBJIEHO MepeMilllyBaHHAM
PLAKOro MeTany B BatHi [1PH 3BaplOBaHHI 3 A1€10 MArHiTHHX OB,

ABTOpOM Briepile BCTAaHOBIEHO, U0 C(eKTHBHE MepeMIiIlyBaHHS pILAKOro
MeTany B BaHHI MPH AYrOBOMY HaINMaBiCHHI i ¢uiocoM 3ade3nevyeThes Npu piBHI
IHAVKUIT 3HAKO3MIHHOTO TO3A0BXKHBLOr0 marditioro noas 25...30 mTa 1 gacroti
uboro nonst B Mewax 2.4 ', a takox npu il 3HAKO3MIHHOTO [MOTNEpPeyHOoro
MArHiTHOTO nojs — fpH piBui inaykiuil 25...100 mTa 1 yacToTi noxs B jianazoHi
[..31Tu. Lle Ttaxkoxk miaTsepikye HeOOXIAHICTE 3a0e3ledeHHs epeMillyBaHHs
PLAKOTO MeTa1y B 3BaploBaibHil BaHHI 3a paxyHoK il MarHiTHHWX T0JiB.

[Moka3zaHo, 110 BIAHOBJIEHHS J1yTOBMM HATMJIABICHHSM MiJ1 (QIHOCOM 3HOLIEHHX
[OBEPXOHb  JleTajeldl  MertanypridHoro  oQiajiHaHHs, AOUITbHO  BHKOHYBAaTH
CNCKTPOAHUMH  JpOTaMH  PI3HOTO  CTYNEHIO JICTyBaHHS 3 JI€I0  Kepylouoro
3HAKO3MIHHOIO MO3A0BKHBOIO MarHitHoro nosst. [lpH oMy MIABHLLYCTHCS
CTIMKICTD HAIIABAEHWX WIAPIB JIO TepMiYHOT BTOMM B 2 pa3u, a 3HOCOCTIHKICTh IIpH
temnepatypi 600 °C — na 20...25 %.

[IpakTHune 3navenns oaep:kanux pes3y abTaTiB. [Ipy BuUKonaHHi pobOTH
OTpPUMaHI pe3yabTaTH, L0 MAIOTh MPAKTHYHE 3HAUCHHS:

Po3polbrieHl TexHonoril AyroBoro HamiapieliHs 1 3BaplOBaHHS BHPOOIB 13
3aCTOCYBAHHIM KEPYIOUMX [MO3J0BKHBOIO 1 MOMEPEYHOr0 MArHiTHHWX ITOJIB, SIKi
J03BOJIMIIA KEPYBATH MIKPOCTPYKTYPOIO HAIUIABIEHUX BalMKIB Ta 3BApHUX ILBIB,
NIABHILMTH NPO,TYKTHBHICTE 10 30 % 1 eneprozdepesxenns 10 20 % npouecis, a TaKox
Npaue3 aTHICTb  HAMAaBAeHHX | 3BapUUX  KOHCTPYKUIH  MeTanypriHoro i
MalHHOOY AIBHOrO BUpoOHHLTRA Ha |1 Yo.

BrockoHaneHl KOHCTPYKTHBHI PO3MIPH  [IPUCTPOIO BBEICHHS MONEPEUHOrO
MarHITHOrO MoJisl A71sl €MeKTPOIYrOBOr0 HAIUTABACHHS Ta 3BApIOBAHHS 1 po3pobieHa
TEXHOJIOTIsl  IYTOBOI'O  3BapioBaHiisl IUIAaBKMM  €JIeKTPOJIOM CTHKOBHMX 3 €/lHAHbL
MIACTHH 13 MATHITHUX | HEMArHITHHUX CTalCH 3 /€10 MONepeyHoro MarHiTHOro 1o,
11O MIZABHILMIIO NPOAYKTHBHICTh LIMX 11POUECIB.

Po3pobiieni npakTuuHi pekomeHaauil /st BOPOBAKEHHS Y BUPOOHUUTBO MpH
BIIHOBJIEHHI 3HOLICHWX TIOBEPXOHL JeTajci meranypriiiHoro BUpoOHHUTEA,
HampHKIal, PONHKIB MalliiH Oe3lepepBHOTO JIMTTS 3aroTiBOK, eJIeKTPOYyTOBOIO
HanJaaBnaeHHs wapis  enekTpoanumu  apotramu  Hn-30XI'CA, [II1-15X4MdDC,
II1-12X13 nmia wapoMm duitocy 3 3acToCyBaHHIM 3HAKO3MIHHOTO [MMO3/10BXKHBOIO
MarHiTHOIO 10/,



Bnposam:kenust  pesyabtatiB. Ha o0oCHOBI  OTpUMaHMX  IMCEPTAHTOM
Pe3ybTATIB  TEOPETHMUHHMX Ta eKCIEePUMEHTAIbHUX JOCHIKeHb —peanizoBaHi
TEXHOJIOTIT JIYTOBOTO HAMIABICHHSl Ta 3BAPIOBAHHS APOTOM MiaA (UIIOCOM 3 JIEIO
KepYIOYHX MarHiTHUX MOJIiB AeTaned MeTalypriiiHoro Ta npokaTHoro BUpOOHMUTBA Ha
nianpueMcTBax Y KpalHH.

B vmosax TlpAT «Kpamatopcokuil ¢epocnnaBHuil 3aBoa» NpH BIIHOBIEHHI
3HOWICHHX TUIMT, O APoOsiTL depocnnasy, BIPOBAAKEHO TEXHOJOINH AYrOBOroO
HaIlJIABJIEHHS. 3 BHKOPUCTAHHSIM [0340BXHBOIO MArHITHOIO 110/ 3 €KOHOMIYHUM
epextom 478400,5 rpu. B ymoax TOB «HBO Mapinenn» (M. Mapiynons) Oyna
BIPOBA/’KeHA Y BHPOOHHMUTBO TEXHOJOTIS eNeKTPOAYTOBOrO 3BapIOBaHHs 3 JI€l0
[1OMePeHYHOro MaruiTHoro nong ¢guannis craneBux tuny Jy-500 31 crani BMCt3cn 3
HArHITATBHHM TPYyOONpPOBOAOM 3 eKOHOMIYHMM ederTom B posmipi 530,01 Tuc. rpH.
Ta TeXHOMNOriT eNeKTPOAYTOBOr0 HAILTABICHIIS BAJIB PEYKTOPY 3 AI€0 MO3/10BKHBOIO
MATHITHOI'O MMOJI 3 €KOHOMIYHWUM edexToM B po3mipt 720,3 tuc. rpH. 3arajibHuii
SeKOHOMIUHHI e(eKT BiJ BIPOBA/UKEHHS ¥ BUPOOHHLTBO pe3y/bTaTiB AUcepTaliiHol
podotu cknae 1 728,8 TUC. IpH.

Psa po3po0oK BNPOBA/LKEHO B HARBYAILHMH NpOLEC B paMKax BHKIIAJaHHs
HaBUaIbHUX AMCLMMIIH «TexHosorisi Ta ycraTKyBaHHsI 3BaplOBaHHs IUIABIEHHAMY,
«HanuneHnst ta HarsaBneHHs», «Crneukype 3a HanpsMKOM MaricTepchbkoi poboTH»
kadenpu «OOnaaHaHHs 1 TEXHOJNOTIH 3BaploBajibHOrO  BUpoOHUUTBA»  [IJIMA
(M. KpaMaTopebk).

IloBHoTa BHKJAaAYy OCHOBHHX pe3yJbLTATiB aHceprauii B  ¢axoBux
BHIAHHSIX.

OcHOBHI TOJIOYXEHHS 1 pe3ynpTaTh auceprtallil onybnikosano y 49 poborax y
ToMy uncni vy 1 monorpadii, 22 crartax y crienianizoBaHux (axoBUX BUIAHHAX, 3
HUX 6 crareil, wo BxoaaTh a0 HBJ[ Scopus, 3 sxux 5 crareit Q3; 5 crarTax vy
crieuiagi3oBaHuX BMAAHHAX, 3 narentax Ykpaind, |8 Teszax gonopigedl Ha
KoH(pepeHUisax Ta 2 ceprudikarax yyacHHka MibKHApOAHUX KOH(EPEHIIiH.

ObcsAr apykoBaHHX podIT Ta iX KIALKICTH BIAMOBIAalOTHL BuMoram MOH
YrpailHd wojo nyOnikauii OCHOBHOrO 3MicTy auceprauii Ha 3400yTTS HayKOBOrO
CTYIEHIO TOKTOPa TeXHIYHMX HayK. 3MICT aBropedeparty € IAeHTHYHUM [0 3MICTY
JMCePTaLl | JOCTATHLO MTOBHO Bi/I0OPaKac OCHOBHI ITOOKEHHS J1OC/IIKEHHS.

Ananis 3mMicTy auceprauii.

Huceprauiss Mae Betyn; po3ain | «lIpobGnema migBuieHHs ¢deKTHBHOCTI
poileciB eNeKTPOAYIOBOIO HAIUIABICHHS | 3BAPIOBAHHA», po3ain1 2 «BusHaueHus
napamMeTpiB KepylOUHX MarHiTHUX MONIB B 30HI €1eKTPOAHOI Kparui i 3BapioBaibHOl
BAHHU [IpU €JIeKTPO/lyrOBOMY HAIUIaB/AeHH] 1 3BaploBaHHI»; po3ain 3 «Bnous
MArHiTHHX [OJIIB HA TNPOAYKTUBHICTL PO3IUIABJIEHHS CIEKTPOJAHOIO MeTaly IpH
eJIeKTPO/LYTOBOMY HAIABIEHHI Ta 3BapioBaHHI»; po3ain 4 «BmiuB MarHiTHUX 1ONIB
Ha [POMNIABJICHHsS OCHOBHOIQ MeTany [pd AYIOBOMY HAIUIaB/IEHHI 1 3BAPIOBAHHIN,
po3ail 5 «BruiMB MarHiTHUX 10J1iB Ha MepeMillyBaHHS MeTaly Y 3BaploBajibHii BaHHI
I CTPYKTYpY HAIUIaBJEHOrO MeTaly BalWKIB 1 WIBIB MpH JIYTOBOMY HAIUIaBICHHI M
3BaploBaHHI»;, po3aul 6 «Po3pobka pexomenjauiil [Uisi BUKOPUCTAHHS KepyKOUHX
MArHiTHHX IOJIB NPH AYTOBOMY HaIllJIaBJCHHI 1 3BapIOBAHHI B [IPOMHCIIOBHX YMOBAX»;
3aranbHi BACHOBKM; CMTUCOK BUKOPUCTAHUX JKEPEIt; IOJaTKH.



Y Beryni guceprant Areesa M.B. oOrpyHTyBana axkTyaslbHICTL TEMHM
auceprauil, chopmynioBana MeTy 1 3aaaul  JOC]IIKeHb, HAyKOBY HOBH3HY i
MPaKTHYHE 3HAYCHHS OTPUMAHMX pe3yNbTariB, HAaBea BIIOMOCTI Mpo iX anpoballiio,
0coOMCTHI BHECOK aBTOpa Ta Mpe/icTaBWia nepeialk nyduikauid 1o  Temi
aucepTauiifHol podoTH.

Y nepuwomy po3aiai npoBeaeHO aHali3 Croco0IB KepyBaHHS po3Mipamu
BaJMKa 1 LIBA MpPWU JIYTOBOMY HAIUTABJIEHHI 1 3BAPIOBAHHI TUIaBKHM €JIEKTPO/IOM,
Ors/1 B3a€MO,1IT 30BHINIHIX MAarHiTHUX TI0J11B 31 3BapIOBadBHOIO AYTOl0, Kparsjielo Ha
TOpUl eNeKTpoia 1 PIAKMM METaloM 3BapioBaibHOl BaHHM. Binsnaueno, wo aig
MArHiTHUX TOJIB TpH AYFOBOMY HAIUIABJICHHI Ta 3BapIOBAHHI NPU3BOJIWTL J10
MiZBUILIEHHS TIPOJIYKTHBHOCTI PO3MIaBieHHs eleKTpojHoro apoty. [Tokazano, 1o
dopma, po3mipu wBa B nepepidl 1 AKicTb (OpPMYBaHHS IIBIB BHM3HAYAIOTHCS
XapakTepoM pyxy piakoro MeTajly B 3BaploBajibHid BaHHI MIA €0 KepYyRYHX
MarHiTHUX 10J1iB. BiA3Ha4yeHo, 110 iCHYIOHI pO3PaxXyHKOBI METOJIMKH BH3HAYEHHs
03/I0B/KHBOT BeJIMYUHU IHAYKLIT 475 [103/I0BKHBOTO MarHiTHOI'O MOJIs 1 NONepeyHol
— QU1 [ONEePeYyHOro MAarHiTHOro nojist ckiajHi y BukopucTansi. [lokaszano, wio
BIACYTHI pPO3paxyHKOBI METOJMKM Ul BU3HAUYCHHS ONTHMAIbHUX [1apaMeTpiB
MArHITHUX MOJIB 7% NPaKTUYHONO BUKOPUCTAHHS MpH JAYTOBOMY HarlJaBAeHH! |
3BapIOBaHHi; HE YTOUHEHWH MeXaHI3M MojApiOHeHHsT CTPYKTYPH HIBIB MPU IyTOBOMY
HAIIABICHHI Ta 3BAPIOBAHHI.

Y po3aini 2 naBeaeHl po3poOJeHH] pO3paxyHKOBI METOIMKH BH3HAYEHHS
IHAYKIT KEPYIOUHX [1O30BXHBLOIO 1 MONepeYHOro MarHiTHUX MOJB B 30HI Kparuli i
3BAPIOBAILHOT BAHHM 715 €JIEKTPO/yTOBOTO HAMIABICHHS 1 3BAPIOBAHHS APOTOM ik
(rrocon. Ha 0CHOBI BUKOPHCTANHS METOAY BEKTOPHOIO MArHiTHOrO MOTEHLIaTy B
CTALlOHAPHHUX  [UIOCKOMEPHIIaHHMX  MAarHiTHUX T10JsSX  BCTAHOBJEHO  BIUIMB
(epOMarHiTHUX JpoTy, OCepisl COJeHOILy 1 BUpoOy Ha 3HAUYEHHsS 1 Xapakrep
PO3NOAIAY MO3710BXKHBOI KOMIOHEHTH IHAYKUIT TMO3J0BXKHBOIO MarHiTHOIO I10JId.
[loka3zaHo, WO MpH AyroBOMY HalJaB/ieHH] Ta 3BaplOBaHHI OCHOBHUHN BIIJIMB Ha
BEJIMUMHY THIVKUIT 11071 HAAal0Th (PepoMarHiTHI BJIACTHBOCTI €JIEKTPOJIHOTO JIPOTY.
Po3podiena po3paxyHKoBa MeTOAMKA BU3HAUCHHS YMCEIbHHUX 3HAUYE€Hb KOMIOHEHT
IHAYKUIT NOonepevyHoro MarHiTHOrO 1oJisi B 30HI il TOPLSIMU CTPHIKHIB MPHCTPOIO
BBEIEHHS ULOrO I0Jd. BHKOHaHI po3paxyHKH YHCEABLHMX 3HauyeHb I1HYKUIT
MOMEPEUHOr0 MarHiTHOrO MoJis B TOJOBHIH 4acTHHI BaHHU TPH  J1yrOBOMY
HanapjeHH! 1 3BapIOBaHHI APOTOM T (PIIOCOM.

Y po3aini 3 Ha OCHOBI AHAJIOTIT MK MartiTOCTATUYHUM 1 €NeKTPOCTATUUHHM
MOJsIMH po3poldiieHa po3paxyHKOBAa METOAMKA BW3HAYEHHS paalaibHOI KOMITOHEHTH
IHAYKUIT N03A0BKHBOIO MarHiTHOIO MOl B 30HI €IEKTPOHOT Kparuii, sSKIO BUPIO
HEMAarHiTHUH, 010 J103BOJMIO OLIHMTH MOBCAIHKY Kpamnii Ha TOpLi elekTpona i
3BaplOBaibLHOI IYTH [IpH AYIOBOMY HallJIaBleHHl 3 AI€l0 LIBOIO MAarHiTHOIO MO,
llokazaHo, 110 B 3011 eJeKTpOAHOI Kpalll Ha BlicTaHl 4...7 MM Bia OCl eJeKTpo/ia
3HAYeHHS KOMIIOHEHTH IHJAYKUIT 3MeHwyersess B 3...6 pasiB, a nomnepeyna
KOMIOHEHTa IHAYKLIT A0cArae IMOJOBUHM BE/IWYMHMU [10310BKHBOI KOMMOHEHTH
IHAYKIIT 1 Ueid BUCHOBOK [IITBEP/UKYCTLCS CKCHePUMEHTATLHHMH aanumu. [pu
()epOMarHiTHUX eJeKTPOAl 1 BUPOOI B pO3paxyHKOBIH METOAHMI 3aCTOCYBaAU METO/1
BijloOpaskeHb, TOOTO Mij MNOBEpXHeI0 BUPOOY-MNACTHHU PO3MICTHIN  (PIKTHBHI
3apAaM, 110 piBHI THM, sKI OynW po3millledi Ha MoBepxHi enektpoja. Orpumadi






3HAYeHHsl MarHITHOT TIPOHMKHOCTI 3BapioBajlbHMX MarepiamiB 3a J0MOMOrOIO
BJIOCKOHAIEHOT  METOAMKM  PO3PaXyHKOBO-€KCIIEPUMEHTANBLHOrO  BU3HAUEHHS
MarHiTHOI IPOHUKHOCTI LIMX MaTepiaiis.

[lpoBeneHi HOCHIJDKEHHs Ail [ONEPEYHOro MArHiTHOrO MOJs Ha KoedilieHT
PO3NNABJIEHHsl eJeKTPOAHHUX JpOTiB AlaMeTpaMH 3.5 MM [pH JIYroBOMY
HarjapieHHi nijg gurocoM. BeTanosiaeno niAsuuleHHs Koe(ilieHTy pO3IIaBieHHs
€IeKTPOAHMX APOTIB 3 (epomMarHiTHUX 1 HEMarHITHUX MaTepiaaiB CyYLIIBHOro
repepisy i opoikoBux ApoTiB Ha 23...30 % npH 1yroBOMY HaIulapjieHHI 3 JU€IO
MOCTIHHOTO MONMepevYHoOro MarHiTHOro noisl. Ilokaszano, WO MpH AiT 3HAKO3MIHHOIO
MmornepeyHoro  MarHitHoro mnoas wactoroio  10..20 o edexr miaBUIICHHS
KOoe(pilllEHTa PO3IIaBICHHS JAPOTIB 3HMIKYETLCS /10 HYJIBOBUX 3Ha4deHb. 3 METOIO
[MOSICHEHHST BIJIMBY YAaCTOTH 3HAKO3MIHHOTO [IONEPEUYHOrO MAarHiTHOrO mnons Ha
Koe(hiLIEHT pO3NIaBAEHHS ENeKTPOAHUX JIPOTIB  po3podieHa po3paxyHKoBa
METOAHKA BM3HAYEHHS MIHIMAJIBLHOIO 3HAYEHHS MONEPeHHO! KOMIOHEHTH IH YKLl
[oJIsl, 110 BUJAJISIE KPAILIIO 3 TOPUS €JeKTPOAHOIO JIPOTY HPHU JaHii 4acToTl UbOro
nonst. lle 103BOJTHIO peKOMEHAYBaTH ONTHUMalbHI napaMeTpd Takoro mMoss s
IYTOBOIO Hall/IaBACHHS | 3BaplOBaHHS.

V po3aini 4 HaBeneHl eKCIIepUMEHTAIbHI JOC/IIKEHHs! BINTHBY M103A0BAKHBOIO
I NOrMepevyHOro MarHiTHUX MOJIIB Ha NMPONJIABIeHHS! OCHOBHOTO MeTajy NpH J1yTOBOMY
HAMJIABJIEHHI Ta 3BaploBaHHI JpoToM T1ia  (mocoM. BceraHoBieHo, wo npu
3BapIOBAHHI CTHKOBHX 3'€AHAHb MeTajy TOBLIMHOIO 4 MM 1 MeHUIE JOULIbLHO
BHKOPHCTOBYBAaTH 3HAKO3MIHHI MarHitHi nosas dactoroio 3..101'u npu pisHi
IHAYKUIH Takux noaiB B Mexkax 25...30 mTu. [lpu gyroBomy HamnaeneHHi nia
(arocoM 3 BHKOPUCTAHHSAM OPOTY 1 IJIACTMHHM 3 HEMArHITHUX MaTepianiB s
3HAKO3MIHHOI'O 110I1EPEYHOr0 MarHiTHOro 1noJist yacTotoro Bij 3 1o 10 [ no3Bonuia
3MEHIUMTH [NIHOWHY MPOIIaB/IeHHs OCHOBHOro Metany Ha 15...20 % npu He3HauHii
3MIHI LUMPHHH HAMIaBJI€HUX BAJIUKIB.

Y po3aili 5 10CHiIKEHO BIUIMB MO3/0BKHBLOIO 1 MONEPEYHOr0 MarHiTHHX
NOJIB Ha CTPYKTYpy MeTaly BalMKiB 1 1UBIB IPH AYIOBOMY HalllaBJleHHI Ta
3BaprOBaHHI. B po3aini MIicTATLCSI AaHl PO CydyacHe NpeCTaBIIEHHs PO MEXaHI3M
KpHcTanizamli Metany HiBa.

BukoHaH! 10CI/KEHHs 110 BCTAHOBJIEHHIO MeXaHi3My KpucTtaiizauii metany
[1PH JYTOBOMY HAlUIaBIEHHI 3 JI€H KePYHOUHX MarHiTHHX TTOJIB 3 METOK BUpILIEHHS
NHTaHHA: Ha AKIH cTaxgli npouecy kpucrtaniizauil BiaOyBacTbes noupiOHeHHs
CTPYKTYPH BalMKiB ado WIBIB. 3 BUKOPUCTAHHAM MOJCALHOIO CIJIaBy Ha OCHOBI
3a7113a, SKUI He 3a3HaB NoJIMOP(QHUX 1TepeTBOpeHb [IPH KpUCTali3aLil IpH JIyroBoMy
HanjaaBlIeHH] MOKa3aHo, 110 eeKT NoApiOHEHHS CTPYKTYPH MeTally, HallJaBIeHOro 3
JI€10 MO3/10BKHBLONO MAarHiTHOTO T0Ms, BIA0YBACTLCS MU MEepBUHHIA KpHcTasi3anii.
Ilokazano, 1110 e/leKTpoMarHiTHe nepeMillyBaHHs PIIKOro MeTaldy B 3BaploBajibHil
BAHHI N AI€10 3HAKO3MIHHOIO [103/10BKHBOI0 MArHiTHOrO noJist yactorow 6...24 T
MPH3BOANNO 10 3MEHIUEHHS, I0BKHMHHU 1 WWMPHHK KpucTaniTis B 1,3 ta 1,3...1,5 pa3u
BIUTOBIAHO, 110 NO3MTUBHO BIUIMJIO Ha MCXaHI4HI Ta €KCITyaTauldHl BIAacTHBOCTI
HaMIaBICHOrO MeTaly.

Ha ocnoBI fpociiaKeHb BMAMBY MariiTHHX NOJIB HAa MILHICTH 3BapHHUX ILUBIB
BCTAHOBJICHO, IO MPH 3BapIOBaHHi CTHKOBHUX 3'canampb naacTud 3i crati 12X18H10T
TOBUIMHOIO 4 MM 3 JI€10 3HAKO3MIHHOIO TONEpeHioro MarHiTHOrO Mosis MOKa3HHK



MII[HOCTI MeTaJly IlBa IIiJIBUIIY€ThCS MakcumansHo Ha 11,5 %, a mpu gl
3HAKO3MiHHOIO MO3J0BXHBOro MarHiTHoro mons — Ha 11,0 %. Ilpu ubomy
CIIOCTEPIirajioch MOJAPIOHEHHS 3epeH MeTaly 3BapHHMX LIBIB NPaKTUYHO B 2 pasi, IO
O0OyMOBJIEHO MepeMilllyBaHH]IM pIJKOro MeTaly B BaHHI IIPU 3BaplOBaHHI 3 MI€l0
MarHiTHUX MOJIB.

CTOCOBHO QYroBOro HaruiaBlIeHHsl, KOJIM BUKOPUCTOBYIOTECS JliaMeTpU JPOTiB
3, 4, 5 MM, ctpymu HamasneHHs Bin 400 mo 1000 A i mBHAKOCTI HamjaBlIeHHs
5...40 m/ront, nnsi eeKTUBHOrO MEPEMILIYBaHHs PIAKOro METally B 3BaplOBaJIbHIN
BaHHI pO3paxyHKOM BH3HA4Y€HiI ONTHMaJbHI [apaMeTpH MAarHiTHHUX MOJiB, SKi
CKJIQJIM: MPH il MO3J0BXHBOIO MarHiTHOTO mois — piBeHb iHAyKWii 25...30 mTn i
yacroTa nojs 2...4 I'u, npu Ail monepeyHOro MarHiTHOTO MOJs — piBeHb IHAYKLII
25...100 MTn i yacrota monsa 1...3 I'n.

Y po3aini 6 po3pobieHi TeXHONOTIYHI pekoMeHpaauil MAasid IyroBOro
HaIlIaBJIeHHs JPOTOM MiJ (QIIIOCOM 3 i€ 3HAaKO3MIHHOTO MO3/10BXXHBOIO MarHiTHOTO
TMOJIsl 3HOLIEHHWX TOBEPXOHbL JAeTajiel MeTalypriiHoro BUpPOOHMLTBA (HaNMpUKIa,
pPOJIMKIB MamuH Oe3nepepBHOro JWUTTA 3arotoBok) B yMmoBax I[IpAT MK
«A3zoBcTanb». [TokazaHo, 1110 A/ 3MILHEHHS 3HOLIEHUX TOBEPXOHb BAJIKIB 1 POJIUKIB
nouinbHo BUkopucTaHHs craieil Tumy 30XI'CA,15X4M®C 1 12X13. Bukonasi
BUNPOOYBaHHs Ha 3HOLIYBAHHIO MPH poOOTI MPU 3HAYHHX KOHTAKTHUX HaAIPYKEHHIX
1 Ha CTIMKICTh NMPOTH TEepMi4HOI BTOMM Ipu poboTi B ymoBax Harpiy no 600 °C.
BcTaHoBneHo, 1m0 mpH Aii Kepyrodoro 3HaKO3MiHHOTO IO3JOBXXHBOI'O MAarHiTHOTO
nojis 3 iHAykuiero B Mexax 25...30 mTn i ugacrororwo mons B mexax 3...611
CTIHKICTh HAIJIaBI€HHMX LIApiB MeTaly 31 CcTajiedl BKa3aHOIO THILY MPOTH TepPMiuHOI
BTOMH MIJABUILYETHCA B 2 pasd, a 3HOCOCTiHKicTh mpu Temmeparypi 600 °C — Ha
20...25 %.

BrockoHaneHi KOHCTPYKTMBHI pO3Mipy TNPUCTPOIO BBEAEHHS IONEPEedHOro
MarHiTHOro mosist i po3pobieHi TeXHOJOril AyroBOro HarulaBlIeHHS 1 3BapIOBaHHs
CTMKOBUX 3’€[HaHb IUIACTMH i3 ()epoMarHiTHUX 1 HEMarHiTHUX cTajeil 3 Jieio
MONEPEYHOr0 MarHiTHOIO I10JIsl, 0 NiABUILKIO IPOAYKTUBHICTh LUX MPOLECIB.

[IpencraBineHo  BHOPOBaKEHHS  pO3pOOJEHHX  TEXHOJOrIH  JYroBOro
HaIlJIaBJIEHHS 1 3BaplOBaHHS JPOTOM MiJl (PIIOCOM 3 €0 KEPYHOUHX MO3I0BXHBOIO
Ta TONEPEeYHOr0 MAarHiTHUX TONiB JAeTaleldl MeTalyprifHOro 1 NpPOKaTHOTrO
BUpOOHHUI[TBA Ta MalIMHOOYJyBaHHs. Ha psll MiANpPUEMCTB YKpaiHu. B ymoBax
IIpAT «Kpamaropcekuii ¢epocriaBHUH 3aBO» NPH BiTHOBJIEHHI 3HOLIEHUX IUIMT,
o ApoGnaTh (epocIuiaBH, BIPOBA/KEHO TEXHOJIOTII0 JYroBOTO HAIUIaBIEHHS 3
BHKOPHCTAHHAM MO3J0BXHBOI0 MarHiTHOTO MOJIs 3 eKOHOMIYHNM edektoM 478400,5
rpi. B ymoBax TOB «HBO Mapinenn» (M. Mapiynons) Oyna BOpoBakeHa Y
BHPOOHMITBO TEXHOJOTis €JIeKTPOAYrOBOrO 3BaplOBaHHS 3 JI€I0 TOMNEPeYHOro
MarditHoro mons ¢naHuiB craneBux TtHny Jly-500 3i crami BMCt3cn 3
HarHiTaJIbHUM TPYOOMNpPOBOAOM 3 €KOHOMIYHHMM edekTom B po3mipi 530,1 THc. TpH.
Ta TEXHOJIOT] eJIEKTPOAYTrOBOr0 HAIUIABIEHHS BalliB PEYKTOPY 3 AI€I0 MO3I0BXHBOTO
MAarHiTHOrO IoJisi 3 €KOHOMIYHHUM edektoM B po3mipi 720,3 Tuc. rpH. 3arajabHHN
€KOHOMIYHHI edeKT BiJ BIPOBAIKEHHS Y BUPOOHMIITBO pe3ysIbTaTiB AUCEPTALliHHOT
pobotu cknaB 6au3bko 1 728,8 THC. rpH.






