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YUCEJBHE MOJAEJIOBAHHSA ITPU PO3PAXYHKAX TEXHOJIOITYHUX CUCTEM
EJEKTPOMATHITHOI OBPOBKH. YACTHUHA I: PO3IOBCIO/KEHHA EJTEKTPOMATHITHOT'O
moJis

VYV crarri po3risiHYTO INpoOJieMy YHCENBHOTO MOJENIOBAHHSA IIPH PO3pPAaXyHKaX PO3IOBCIOJUKCHHS EIEKTPOMArHITHOTO IOJNS Yy CHCTEMax
@JICKTPOMArHITHOI ()OPMOBKH. 3 IIPOBEICHOTO aHANI3y BIIKPHTHX iHGOpMAIiHHKUX JpKepeN BUILIMBAE, IO IPOOIeMa YHCENBHOI0 MOJEIIOBAaHHS IIPU
CTBOPCHHI HOBHX TEXHOJIOIIYHHX OIIEpaLliil eleKTpOMarHiTHol (GOpMOBKH abo MpPH yIOCKOHAJICHHI BXKE ICHYIOUHMX € aKTYaJlbHOK Yy HayKOBOMY Ta
[paKTUYHOMY CeHCi. Lle moB’s13aHo i3 HeOOXIAHICTIO BHKOHYBAaTH aIeKBAaTHHI YMCEIbHE MO/ICIIFOBAHHS PO3PAXYHKOBHIT aHANI3 TEXHOJIOTTYHHX CHCTEM
i TeXHOJOTIYHMX OIlepaliif Ha eTall CTBOPEHHS Ta yJOocKoHaleHHs. CTOCOBHO TEXHOJIOTIYHHX CHCTEM EJIEKTPOMArHiTHOI 0OpOOKH po3paxyHKOBI
CXeMH 1 MoJeni MOBHHHI HaJaBaTH 3MOTY JOCII/UKYBAaTH PO3MOBCIO/PKECHHS HECTALIIOHAPHOTO EJIEKTPOMATHITHOIO IIOJIS Ta DOCIIDKYBAaTH HPOLECH
HeNiHIHOTO AeOpMyBaHHS TEXHOJOTIYHHX CIEMEHTIB, K€ BHUKIMKAHO CHJIOBOI B3a€EMOJIEI0 HABEJCHOIO EJICKTPOMArHITHOIO IIOJS i3 IOJeM
JpKepera. AJJeKBaTHE YMCEIbHE MOJCIIOBAHHS MOBUHHO CIIMPATHCh HA BIAOBIAHI PO3PaxyHKOBI HPOLETYPH, OCHOBOKO IS SIKUX € YHMCEIbHI METO/H.
V crarTi 00rpYHTOBaHO HEOOXiIHICTh BUKOPHCTAHHS YHCEIBHHX METOAIB JUIS IIPOBEICHHS PO3PAXyHKOBOTO aHAII3Y, SIKi JO3BOJSIOTH CTBOPIOBATU
PO3paxyHKOBI CXeMH HaOJIMKEHI JI0 pealbHOCTi y OUIbIIiif Mipi y HOpIBHSHHI i3 BUIAJAKOM BHKOPHCTAaHHS aHAIITUYHUX MHiIXOIIB Ta METOIIB.
Haii6inbmr e(eKTHBHHM YHCCIBHAM METOJAOM € METOA CKIHYCHHHX CJIEMEHTIB, SKHH JO3BOJSIE IPOBOJUTH aHaNi3 HECTAlliOHApHOTO
@JICKTPOMATHITHOTO IONs Ta JeOpMyBaHHS B paMKax onHiel i Tiel 5k po3paxyHKOBOi cxeMH. Y IIbOMY BHIAJKy B paMKaX METOXNY CKiHUEHHHX
€JIEMEHTIB MOXYThb OyTH CTBOpEHI iTepaliifHi CXeMH, IO I03BOJAIOTH BPAaXOBYyBaTW HelniHiWHI edextn. TyT HenmiHiHI epeKTH MOXYyTh OyTH
00YMOBJICHI 3aJIC)KHICTIO MEXaHIYHUX Ta eNCKTPO(i3MIHUX BIACTUBOCTEH Marepiaily BiJ TeMIlepaTypH, IIACTUYHUM XapakTepoMm aedopMyBaHHS, a
TaKOX HEOOXIZHICTIO 00Ky KOHTaKTHHX siBHILI. HaBeseHO pe3ysbTaTi 3 MOJIEIIOBAHHS PO3HOBCIOIKCHHS €JIEKTPOMATHITHOTO II0JIs1 OAHOBUTKOBOTO
iHAyKTOpA.

Kuio4oBi cioBa: 4ncenbHe MOZCIIOBAHHS, PO3PaxyHKOBHI aHalli3, CJIEKTPOMArHiTHE Moje, AepOpMyBaHHS, €JICKTpoMarHitHa (opMoBKa,
METOJI CKIHUCHHUX €JIEMEHTIB.

K. BARBIN, D. LAVINSKY

NUMERICAL SIMULATION IN CALCULATIONS OF TECHNOLOGICAL SYSTEMS OF
ELECTROMAGNETIC PROCESSING. PART I: PROPAGATION OF THE ELECTROMAGNETIC
FIELD

The article deals with the problem of numerical modeling when calculating electromagnetic field propagation in electromagnetic molding systems.
From the analysis of open information sources, it follows that the problem of numerical modeling when creating new technological operations of
electromagnetic molding or when improving existing ones is relevant in a scientific and practical sense. This is due to the need to perform adequate
numerical modeling and computational analysis of technological systems and technological operations at the stage of creation and improvement. With
regard to technological systems of electromagnetic processing, calculation schemes and models should make it possible to study the propagation of a
non-stationary electromagnetic field and to study the processes of nonlinear deformation of technological elements, which is caused by the force
interaction of the induced electromagnetic field with the field of the source. Adequate numerical modeling must be based on appropriate calculation
procedures based on numerical methods. The article substantiates the need to use numerical methods for calculation analysis, which allow creating
calculation schemes closer to reality to a greater extent compared to the case of using analytical approaches and methods. The most effective numerical
method is the finite element method, which allows the analysis of the non-stationary electromagnetic field and deformation within the same calculation
scheme. In this case, within the framework of the finite element method, iterative schemes can be created that allow taking into account nonlinear
effects. Here, nonlinear effects can be caused by the dependence of the mechanical and electrophysical properties of the material on temperature, the
plastic nature of the deformation, as well as the need to account for contact phenomena. The results of modeling the propagation of the electromagnetic
field of a single-turn inductor are presented.
Keywords: numerical modeling, computational analysis, electromagnetic field, deformation, electromagnetic molding, finite element method.

Beryn.  Enextpomarnithe mome  (EMII) e
HEBi €MHUM YHHHUKOM eKCIITyaTarii Ta
(YHKI[IOHYBaHHSI 0araThOX TEXHIYHUX Ta TEXHOJOTIYHHX

00poOKHM aJIst  TOCATHEHHST KOMIUTeKcHOro edexty. EMO
Ma€ HH3KY IepeBar TOPIBHSHO i3 IHIIMMH METOJaMHU
00po0ku. TyT ciix Bim3HAYMTH: OC3KOHTAKTHICTH (HEMae

00’ekTiB. Y TEXHOJNOTIYHUX TMpoIecaXx Ha Cy4aCHOMY
erami pO3BUTKY Bce OUIBII OXOIUIIOIOYHUMHU CTaloTh
omeparii enekrpomartitHoi 00pooku (EMO). EMO — 1e
TEXHOJIOTIYHHUI MpoLeC, y IKOMY JUISl 3MiHH BIACTUBOCTEH
MarepianiB a0 KOHCTPYKIiH BHKOPHUCTOBYIOTH E€HEpIiO
EMII. EMO mae mmpoke 3acTOCYBaHHS B Pi3HHUX Tary3sx,
TaKUX SIK METATYPrisl, MAIIMHOOYAyBaHHS, €IICKTPOHIKA Ta
1HII.

3acrocyBanas EMO Mae gekinbka TI00abHEX
HampsIMKIB: /i Ha Marepial 3 METOI 3MIiHM HOro
CTPYKTYpH  (3MEHIIEHHS  BHYTPIIIHIX  HaIpYXXCHB,
MiIBUINEHHS MIIIHOCTI Ta IUIACTHUYHOCTI);, BIUIMB Ha
eNeKTpo(i3NYHI XapaKTepUCTHKH; KOMOIHOBaHa i —
moeaHaHHs BBy EMII i3 TpagumiiHUME METOHaMHU

Oe3rocepeIHFOr0 KOHTAKTy iHCTpyMEHTa 3 MaTepiajiom,
0 3MCEHIIIY€ 3HOUIYBaHHS Ta ITOLIKOKEHHS); TOYHICTD
(xoHTpONBOBaHicTh  mapamerpiB ~ EMII  nozBomsie
MIPENH31HHO PEryJIioBaTy MpoIiec); eHeproe(heKTUBHICTS.

Omnnm 3 mpuknaniB EMO, ne 3acTocoByeTbest
cunoBnii BiumB EMII € enexrpomartiTHe (opMyBaHHS
(MarHiTHO-iMIyJIbCHa ~ 00poOKa  MeTadiB, MAarHiTHO-
IMITyJIbCHa IITAaMITOBKA), sIKa BHKOPUCTOBYETBHCS JUIA
0e3KOHTaKTHOro (OpMyBaHHS MeTadiB abo  IHIMIKX
MPOBITHUX MaTepiamiB NuitxoM B3aemonii EMIT mxepena
(immyxropa) i3 ingykoBauuM EMII y 3arorosui.

UncenbHe MOJETIOBaHHS TP pO3poOIi HOBUX
omepariii enexrpomartitHoro gopmysanas (EM®) abo
TIPY yIOCKOHAJICHHI BXKE ICHYIOUMX Ma€ BEJIMKE 3HAYCHHS
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B CydYacHIi imKeHepil. AKTYalbHICTh IBOTO MiIXOAY
MOSICHIOETbCS. ~ HU3KOIO ~ TPUYMH,  TOB'A3aHUX 3
ocobmuBocTssMiu EM® Ta CKIAmHICTIO TIPOIECiB, sKi
Ba)KKO ITepe0adnTy 3a JOMOMOTOI0 TPAAUIIIHHIX METO/IIB
aHaIizy.

Cepex  mpuyMH  aKTYJIBHOCTI  YHCENBHOTO
MojemoBaHHs npu EM® MokHa BHIUIMTH HaCTYIIHI:
CKJIQIHICTD (Hi3UYHMX IIPOLECIB, MOXKJIMBICTH ONTHMIi3allii
BHOOPY TEXHOJIOTIYHUX MAapaMeTpiB, 3HIKCHHS BUTpAT Ha

HaTypHI EKCIEpHUMEHTH, MOXJIMBICTh IPOTHO3YBATH
SIKICTh TOTOBMX BHPOOIB Ta iHIIE.
TakuM 4YMHOM, 4YHCENbHE MOJCNIOBAHHS IIpU

po3paxyHKax TexHosorigaux cucreM EMO € akTyasisHOIO
HaYKOBO-ITPaKTHYHOIO IPOOIEMOIO.

AHai3 ocTaHHIX gocTiKeHs 1 myOJikamii.
@dyHoaMeHT 3 BHKODHCTaHHS €HEprii CHJIBHUX Ta
HagcwibHuX EMII, B TomMy umenmi # y cuctemax EMO,
BUKIaneHi y poborax [1-4]. Teopermuni 3acamu
CTBOPEHHS TexXHoJIOTiuHNX onepauii EM® Buxmaneni y
knmacwyHid mpani [5]. CywyacHuit ctaH cmpaB y po3poOii
TEeXHOJIOTIYHUX cucteM EM® BucBitieHo y podorax [6-
8].

Crinparounich Ha aHami3 MIPEACTaBICHNX
iHpOpMaiHHUX JDKEpET MOXKHA 3pOOWTH BHCHOBOK, IO
EM® mnoenHye naekimpka B3a€EMONOB'S3aHUX (DI3HUHHIX

SIBHII: €JIEKTPOMArHiTHI MOJs, IHAYKOIHHI CTpyMH,
IIaCTUYHA nedopmartis Marepiairy, JUHAMIYHI
HalnpyXeHHA. AHQJIITHYHI METOAM pO3paxyHKy He

MOXYTh TOYHO OIMCATH I nporecu. HaromicTs uncensHe
MO/ICITIIOBAHHS JIO3BOJISIE BIITBOPUTH BCi €Tany B3aeMOil
MarHiTHOTO TOJISl 3 MaTepiajioM, [0 BKJIIOYAE B3a€MOZIIO
IHIYKOBaHUX CTPYMIiB 3 METAJIOM, PO3BHUTOK MEXaHIYHUX
Harpy>keHb Ta iX po3noAii mia BIumBoM cui JlopeHma.

Joxmanuuii  aHami3  ImOJO  3acTOCYBaHHS 1
0co0nMMBOCTE BUKOPHCTaHHS YWCEIBHUX METOJIB IS
nocmipkeHHss  posnoBciomkenHss EMII  naBenmene y
MoHorpadii [9].

Y TOoMy BHNAAKy, KOJIM BHHHUKAE HEOOXITHICTH
BUBYEHHS TIIporiecy Ae(OpPMyBaHHS  TEXHOJOTTYHHX
cucrem EMO, Hai6inbm e(peKTHBHUM € BUKOPHUCTAHHS
Merony ckindeHHHX eneMeHTiB (MCE), ockinbku BiH He
HaKJIQ/Ia€ MPAKTUYHO HiSIKMX OOMEXEHb Ha MOJJIMBOCTI
o0y 0BH PO3PaXyHKOBUX Moernen HaWOUIBII
HaOMMKEHUX 10 peanbHOCTi. TakoX BiA3HAYMMO, IO
MCE no3Bossie BpaxoBYBaTH pI3HOMAHITHI HeJiHINHHI

SIBUILA (3anexHicTh €JIEKTPO-(Pi3UKO-MEXaHIIHIX
BJIACTHBOCTEH MaTepiajliB Bifx TemIepaTypu, BEJHKi
nedopmarii, HempyxHe aehopMyBaHHS, KOHTAKTHI

SIBUIIA) 32 PaXyHOK MOOYZOBH BiAMOBIAHMX iTepaIlifHIX
mporenyp. 3acTOCYBaHHA Ta OCOOIMBOCTI BUKOPHUCTAHHS
MCE nnst ananisy neopMyBaHHs 32 YMOB TEXHOJOTTYHUX
omnepaniit EM® npencrasieno y pobdorax [10;11].

Merta crarri. Ha cygacHoMy erami po3BUTKY
TEXHIKM 3HaXOIATh 3aCTOCYBaHHS HOBI TEXHOJIOTIUHI
npouecu EM®, nanpukinan, cipsiMOBaHi Ha MIPUTSITHEHHS
TOHKHMX 3aroTOBOK 3 pi3HMX MatepiaiiB. IlpakTnune
3aCTOCYBaHHS ~ TEXHOJIOTiii  JaHOTO  CHPSIMyBaHHS
OB s3aHE i3 TPOBEACHHSIM PEMOHTHHUX POOIT KOPIYCHHX

€JIEMEHTIB TpaHCHOpPTHUX 3acobiB [12;13]. BaimBoro
HAayKOBOK  33Jau€l0 € MPOBEJEHHA  YHUCEIHLHOIrO
MO/ICITIFOBaHHSI ITPH aHai31 TeXHOJIOTYHUX cucteM EMO® 3
METOI0 BH3HAUCHHS palliOHATBHUX EKCIUTyaTalifHUX Ta
KOHCTPYKIIHHUX mnapaMeTpiB. IlepmmM eramom Takoro
MO/ICITIIOBAHHS € JIOCHI/PKEHHSI po3noBcrokeHHss EMIT y
€JIEMEHTaX CUCTEM.

Amnauni3 pesyabTariB. Y crarti [12] 3anporionoBaHo
BUKOPUCTaHHS OJHOBHTKOBOI'O IHIYKTOpa i3 KOHIYHOO
pobouoro 30HOI0. BiH BHKOHYETBCS 3 HEMarHiTHHX
MarepiajiB, MpU3HAYCHHUI BiH JUIsl IPUTSATHEHHS TUIOCKHX

(epOMarHiTHUX 3aroTOBOK 3 METOI0  ITOJAJIBIIOTO
neopMyBaHHS.

Y  poborax [14;15] mpencraBieHO — IOBHY
MaTeMaTu4Hy MIOCTaHOBKY 3amaqi aHaIizy
Hecramionapuoro EMII  Ta  mpyXKHO-IIACTHYHOTO
neopMyBaHHS CHCTEM TMPOBITHUX Till, IO MOXeE

BUKOPHCTOBYBATHCh /ISl YHCEIBHOTO  MOJETIOBAHHS
TexHoyorivanx cucreM EM®. TaMm ke HaBeneHl IiaxXOoqu
JI0 YHCEJIFHOTO PO3paxyHKOBOTO aHalizy. Bonm Oymm
3aCTOCOBaHi Uil JIOCHI/DKEHHS  PO3MOBCIOKEHHS
Hecramionapuoro EMII y cucremi, mio MIcTuTh
OJTHOBUTKOBHH 1HAYKTOp Ta TOHKY 3aroToBKy. ['eomerpis,
0COOJIMBOCTI HABAaHTAKEHHS Ta 3aKPIIJICHHS JI03BOJISIOTH
po3TIIsiAaTH 3a1ady y BicecMMeTpWuHil mocraHoBmi. Ha
puc. 1 mpencrasneHa po3paxyHKOBa cxeMa 3ajadi, a Ha
pHc. 2 — TeOMEeTpUYHA Ta CKIHUCHHO-CJIEMEHTHA MOJICNh
IHIyKTOpA.

3aroToBka

I

Puc. 1 — Po3paxyHkoBa cxema po3paxyHKOBa cXxemMa
CKJIQIEHOTO OHOBUTKOBOTO 1HIYKTOpA Ta INIOCKOL
3arOTOBKH

68
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Puc. 2 — T'eoMeTpr4Ha Ta CKiHUCHHO-EJIEMEHTHA
MOJIENb IHIYKTOpa

Po3p’si3anHs  Oynmo TPOBENEHO I HACTYITHUX
TCOMETPUYHUX MapaMeTpiB:

R =0,0075m,
R, =0,02 M,
Ry =0,05Mm,

R,=0,Im,

H=0,0144wm,

h=0,0005m,

d =0,0005m .

Po3mipn MOBITPSIHOTO CcepefioBHINA, IO OTOYYE
CHCTEMY, BapilOBaJMCS 3 METOI0 BH3HAYEHHS TaKWX, IPH
skux kommoneHTH EMII 3aTyxaroTh Ha BiJaleHHI Bin
mokepena EMIT (imgykTopa).

B sxocti mxepena EMII posrisiiaBes enexkTpuaHun
CTpYM, pIBHOMIPHO pPO3INOJUICHHH 10 BHYTPIIIHIN
MOXWJIIH TIOBepXHI OTBOpY iHAyKTOpa (ToBepxHs [2).
OxpyxHa (HETpHBiaJbHA) KOMIIOHEHTa BEKTOPY T'YCTHHH
CTpYMY 3MIHIOBAJACh Y Yaci 3a 3aKOHOM:

je)=1,e™ -sin(2nft),
JIe aMILIITy/1a CUIIN CTPYMY
I, =30KA,

JacToTa

f=2xln,
BITHOCHUH KOEQII[iEHT 3aracaHHs
6=0,3.

I'pannuHi ymMOBH 3ajmaBaliuCh Ha TOBEPXHSX, SKi
0OMEXYIOTh ~ PO3paxyHKOBy  00NacTb,  3allOBHEHY
MOBITPSIM, TaKWMH, IO MOAETIOITH 3aTtyxanHs EMII Ha
BiJIAJICHHI Bi HOro JoKepena, Uil  HEHYJIbOBOI
KOMITOHEHTH BEKTOPHOTO MarHiTHOTO IIOTEHIi ATy

Ay =4
BOHHM MArOTh BUIIIAI:

4, =0.

Tabnuus 1 — EnexrpodiziyHi mapameTpy eJIeMeHTIB

CHUCTEMHU
IHJIYKTOP, | 3aroTOBKa, HoBiTps
MiJb cTaigb
My, 1 13 1
v.Om-m)" | 7107 | 02107 0

30 (men)

3.21736+€07

[(N/m~2]

SurfaceAcForce

Puc. 3 — Po3mozin eneKTpoMarHiTHOro TUCKY
Y3/I0BXK MOBEPXHi 3aTOTOBKH

JocroBipHicTh pe3ynbTariB YHCEIBHOIO
PO3B’SI3aHHS Ha TIEPIIOMY €Tami BCTAHOBIIIOBAJIACh
nusixoM 3MiHM KinbkocTi CE iHgyKTOpa Ta 3aroTOBKH Ta
MOPIBHSHHS ~ MaKCHMalbHUX 3HAUeHb  HANpYKEHOCTI
MarHitHoro noms. IIpy KO)KHOMY pO3paxyHKY KUTBKICTH
CE 30inpmryBasiach ynBidi — BiJmoBinHa iH(pOpMAIis
HaBeJeHa y TaOi. 2, 3BLAKM BUIHO, IO BXKE Y BHIIAJIKY
nogBoenHst KinbkocTi CE pesynbrat, mo mnepeBipseTsest
3QIMIIMBCS  CTAIMM, 1 came Taka Kibkicte CE
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pO3TISIIANack TpPH TMONANBIIMX PO3paxyHKax. Takox
HEOOXiTHO BiJ3HAYUTH, M0 MAaKCHMAIBGHE BiIXHUJICHHS
pe3ynmpTaTiB B 3amekHocTi  Bim  kimbkocti  CE
CIOCTEpIrajioch y 30HaX, A€ (IKCYIOTbCS MaKCHMaJIbHi
3HAYCHHS KOMIIOHCHT HAIIPYKEHOCTI MarHiTHOTO TIOJIS.

Tabmuis 2 — Brmus kinskocti CE Mozen Ha 3HaUeHHS
HAIpy>KeHOCTI MarHiTHOTO ITOJISt

Kinbkicts CE, . 640 [ 1280 [ 1280 | 2560
MakcumansHe. ~8 ~ 2,25
BiaxuiaeHus, %

Kinbxicts CE, mr. 2560 | 6120 | 6120 [ 12240
MakcumanbHe. ~ 1,35 ~ 1
BiaxuiaeHHs, %

Takox BIICHIAKOBYBAJIOCh, SIKHW BIUIMB 3IIHCHIOE
BEJIMYMHA KPOKY 32 YacOM Ha Pe3yJlbTaTH pPO3B’S3aHHS,
Oyl TIpOBeNIeHI PO3PaxyHKH, y SIKMX KpPOK oOHpaBcs
pisauM: 0,0003 c; 0,00003 ¢ Ta 0,000075 c. Bussuiocs,
IO IpY 3MEHIIEHHI KPOKY Y JeCATh pasiB pe3ysIbTaTH
3MIHIOIOTECS Ha 4,3%, TIpH MOJANBIIOMY 3MEHIICHHI y 5
pasiB pe3ysbTaTh 3MiHIOIOThCS Jnie npuoim3Ho Ha 0,1%.
Takum  uwHOM, 3°SCOBaHO, IO JUIS  IOMIOHWX
PO3paxXyHKOBHUX CXEM KPOK IO yacy, sikuii ctaHoBUTh 0,01
BiJl YacOBOTO IHTEpBaJly € TakuM, IO 3abe3nedye
JIOCTATHIO TOYHICTb PE3YJIBTATIB.

Jani posrisiHEMO JesKi  pe3yibTaTd  PO3B’SI3KY.
MaxkcumanpHi 3HAYEHHS OCHOBHHUX KUTBKiCHUX
xapakrepuctuk EMII, y Tomy uumcni ¥ HampyKeHOCTi
MarHITHOTO TIOJIi Ha TOBEPXHI 3arOTOBKH, (IKCYIOTHCS
0e3mocepeIHbO ¥ 11 IeHTpi

_R,
r=R/ .

BimzHaunMo, 10 SKiCHO 3MiHA HAIPY>KEHOCTI Yy Jaci
no/i0Ha /10 3MiHHM y 4Yaci TYCTHHHU CHIIU CTPyMY JDKepela,
BOHAa Ma€ SICKpAaBO BUP@XEHHH MakCHMyM Ha I0YaTKy
immyneey (mpubmmszao 0,00015 ¢) ta mBuHIKO 3aracae y
gaci. B3arami, momiOHa 3aleXHICTh BiJ] 4acy B JaHOMY
BUNAJKy € CIpaBeIMBOIO ISl yCiX OCHOBHHX
xapakrepuctuk EMII, i me Hamae HaM MOXIIMBICTH y
MOJabIIOMY TIPH PO3paxyHKOBOMY aHaji3l Mpy>KHO-
TUTACTUYHOTO nedopMyBaHHS KOpPHCTYBaTHCh
KBa3iCTalllOHapHUM  HAOJIMKEHHSM 1  BpaxoBYBaTH
€JISKTPOMArHiTHI CHJIH, IO BiJIIOBINAIOTh MAaKCHMaIbHIM
3HaueHHAM y yaci kommoHeHT EMII. IIlo crocyerscs
MIPOCTOPOBOTO  PO3MOAITY, TO MAaKCHMalbHI 3HAYECHHS
HOPMaJIbHOI KOMIIOHEHTH HAaIpy>KEHOCTI MarHiTHOTO
TI0JIsI Ha TTOBEPXHI 3arOTOBKM BUHHMKAIOTH OE3I10CEPEIHBO
HaBMNPOTH WEHTPY IHAYKTOPY, a JOTHYHA KOMIIOHEHTa
HaBIaKW TYT JOPIBHIOE HYJIO 1 HAOyBa€ MaKCHMaJIbHHUX
3HA4YeHb NPUOIM3HO B OKOJI TOYKH 13 paiajbHOIO
KoopauHaTolo. Tak camMo 1 MakCHMaibHI 3HAYCHHS
CJICKTPOMArHiTHOTO THCKYy BHHHMKAalOTh Ha TOBEPXHI
3arOTOBKM 0O€310CepeIHbO HABIPOTH POOOYOro OTBOPY
irgykTopa (puc. 3).

eJIeKTpoMarHiTHoi (opMOBKH. 3ampoIloOHOBaHA 3arajibHa
pO3paxyHKOBa CTpateris, sika Irepeadadae BUKOPHCTaHHS

METOJy CKIHYCHHUX eJIEMEHTIB JUIS  ITOCIiJOBHOTO
PO3B’sI3aHHSA 3a1a4 3 BU3HAYCHHS  PO3IOMALTY
CIICKTPOMATHITHOTO  TOJII  Ta  aHami3y  MPYKHO-

ractTnyHoro nedopmyBanns. HaBemeHi po3paxyHKOBI
pe3yibTaTh 3 PO3MOAILY EJIEKTPOMAarHiTHOTO MO JUIS
TEXHOJIOTIYHOI CHCTEMH i3 OZJJHOBHTKOBHM IHJYKTOPOM Ta
3aroToBKoto. [laHi pe3ynbTatu y moJajiblIoMy OYyIyTbh
BUKOPHCTaHI JUIs JIOCITIPKeHHS HEeJiHIHHOTO
neopMyBaHHS.
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