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AHAJIM3 MPOLIECCOB B UHAYKTOPHOM CUCTEME C NIPUTSATUBAIOIIUM
3KPAHOM, BO3BYXKJIAEMOM BHEIITHAUM KPYTI'OBBIM COJIEHOUIOM

Y emammi npeocmaenenuii meopemuunuii ananiz npocmMopoeo-4acosux po3nooinie iHOyKosanux cmpymie i cuil npumAaHHA 6
«IHOYKMOPHII cucmemi 3 RPUMAZYIOUUM eKPAHOMY, WO 30Y0HCYEMbCS RIIOCKUM KPY20GUM COJIEHOIO0M, POZMAULIOBAHUM i3 306-
HiWNb020 OOKY donomircnozo ekpana. Ilokaszana, docums eucoka epekmusnicms cucmemu, w0 00360714€ peKOMEHOy8amu ii AK
IHCmMpyMeHm 306HIWHbO20 DUXIYBAHHA 6M 'AMUH 8 KY308HUX NOKpummsax asmompancnopmy. bion. 9, ta6n. 1, puc. 1.

Kmouosi crosa: MarHiTHO-iMITyJIbCHA 00pOOKa, MPHUTSITaHHS METAJIIB, IHAYKTOPHA CHCTEMa, KPYTOBHH COJICHOI, IPUTSTYIOUYHIT eKpaH.

B cmambe npedocmasnen meopemuueckuii ananu3 npoCmpaHcmeeHHO-6PEMEHHBIX PACAPeOeneHUll UHOYUUPOBAHHDIX MOKOG U
CUl RPUMANCCHUA 6 CKUHOYKMOPHOU cucmeme ¢ RPUMAUBAIOUWUM IKDAHOMY, 6030YHC0AEMOIl NJIOCKUM KPY206bIM COJIEHOUOOM,
PACRONONCEHHBIM C 6HEUHEll CMOPOHbL 6CnoMozamentno2o kpana. Ilokazana, docmamouno evicoxkas Ipdhexkmusnocms cuc-
membl, YMo NO36011em PeKOMEHO06amyv €€ KAK UHCMPYMEHM GHEWHEIl PUXMOBKU 6MAMUH 6 KY308HbIX NOKPLIMUAX A6MO-

mpancnopma. buodn. 9, tabén. 1, puc. 1.

Kniouesvie cnosa: MarHUTHO-UMITYJbCHas 00pabOTKa, MPHUTSHKEHHE METAUIOB, HMHAYKTOPHAs CHUCTEMa, KPYroBOH COJICHOUS,

NPUTATUBAIOLINN SKpaH.

Beenenne. Paspabotku B cdepe  MarHuTHO-
uMITyIbcHON 00paboTku metamwioB (MHMOM) maxomst Bce
OoJblIee MPUMEHEHHE B COBPEMEHHBIX TEXHOJIOTHSIX IIPO-
W3BOJICTBA M PEMOHTA aBUAIIMOHHOW, aBTOMOOWIBLHON W
JPYTOi TEXHUKH, TaK KaK SBITIOTCS SKOJOTUYCCKHA YUCTHI-
MH ¥ 3HEProcOeperaronMy, B CPaBHEHNH C KIIACCUYECKH-
mu noaxonamu [1, 2]. OmxHO#M U3 OCHOBHBIX COCTABJISFOIIMX
yerpoiicts MUOM  siBisieTcss WHCTPYMEHT-HHIYKTOP WITH
WHIYKTOPHBIE CHCTEMBI C TMPUTATHBAIOIINAM SKPaHOM
(UCIID). Ansa onernku >¢pdextuBHOCTH padoTsl MCIID 65I-
JIa B3STa CHCTEMa, OTIMCaHHAsl aBTOpaMu paboThI [3].

AHanu3 autepatypsl. HeoOxommmMele s aHanmza
pacu€THBIE 3aBUCHUMOCTH UII BO30YXIA€MBIX TOKOB H
QJICKTPOAMHAMUNYCCKUX CHUJI MPUTSKCHUS B I/ICCHe}IyeMOﬁ
WCITID Beinuiiem u3 paboTsr [4].

OTMeTl/IM, YTO YKa3aHHBIC COOTHOIUCHUS IMOJTYUCHBI
JUIL HU3KOYaCTOTHOTO PEXMMa BO30Y)KIAEMbIX IIOJIEH,
KOTZla MMEEeT MECTO MX CYyLIECTBEHHOE NPOHHKHOBEHHE
CKBO3b TOHKOCTEHHBII METaJUl 3KpaHa U 1epopMupyeMon
3arotoBkd. Kak ObUIO paHee TMOKa3aHO, JAHHBIA PEKUM
siBIsieTCsl HanOosee YO (HEKTUBHBIM C TOYKU 3PEHHSI CHIIO-
BOTO BO3/IeicTBUA Ha 00BEKT 00paboTkm [5-9].

Heab paGoThl — TEOPETUUECKUIN aHAIN3 MPOCTPaH-
CTBEHHO-BPEMEHHBIX PACIpeAeICHUH HHIyIHPOBAHHBIX
TOKOB U CWJI NPUTSDKEHUS B HUHIYKTOPHOH CHCTEME C
NPUTATHBAIONINM  3KPaHOM, BO30YXIAaeMOH IUIOCKUM
KPYTOBbIM COJICHOMJIOM, DAacCIIOJIOXEHHBIM C BHEIIHEH
CTOPOHBI BCIIOMOTaTEIBHOTO 3KpaHa.

Pacuérnsblie 3aBucumoctu. [Ipennonaraercs «anek-
TPOIMHAMHUYECKAsT TOHKOCTEHHOCTB» IPOBOISIIHUX dJie-
MeHTOB uccnexyemoii UCIID, 9T0 cOOTBETCTBYET CHUTYya-
uH, GOpMaNBEHO ONMCHIBAEMOW HEPaBEHCTBOM [9]:

oT<<l1, (D)
rie © — IUKJIAYEeCKas YacToTa 3JIEKTPOMArHUTHBIX IPO-
LIECCOB, T = Hgyd” — XapaKTepHOE BpeMs IPOHMKHOBEHHS
BO30YXK/TaeMBIX MOJIEH CKBO3b HEMAarHUTHBINA MeTaJInye-
CKHH CJION C 3IIEKTPOIPOBOAHOCTHIO — Y M TOJIIWHOM — d.

3KpaH M 3aroToBKa — JIMCTOBBLIC METAJIJIBI OAUHAKO-
BOM TOJIIUHBI — d C OJMHAKOBOH YIEIBHON 3JICKTPOIPO-
BOAHOCTBIO — .

Wrak, uccrnemyemass MHIYKTOpHAs CHCTEMa IIpen-
cTaBisieT coOOl TMOCIOWHO pacIOIOKEHHBIE MapalIeib-
HBIE IDIOCKHE KOMIIOHEHTBI: BO30YXIAIOMHUK KPYTOBOI

9KpaH, HEMarHUTHBIE METAJUINYECKHE BCIIOMOTATEIbHBIH
JUCTOBOU 3KpaH M JIUCTOBAS 3aTOTOBKA.

B cucrteme BO30yk1ar0TCsl MHIYIIMPOBAHHBIC TOKU C
JIMHENHOHU IUIOTHOCTBIO:

a) B MeTaJle BCIOMOIaTeNIbHOTO IUIOCKOTO JKpaHa,
PacIoI0KEHHOTO Ha PAacCTOSHUU — /I OT BO30Y KIArOIIETO
Kpyrosoro conenonza (popmymna (34) us [4])

© i) M)
(2d2) dt A
rae j(f) = j,j(f) — IIOTHOCTh BO30YXJAIOIIETO TOKA B
HHAYKTOPE, j,, — aMIUIUTYTHOE 3HaUeHHe j(f) — BpeMeHHast
Ry
3aBUCUMOCTD, f()) = I r-Ji(Ar)dr — Pypbe-beccenes
Ry
o0pa3 (yHKIMM PaBHOMEPHOTO PaJHajbHOIO paclpeje-
JICHHUs BO30YXKIAIOIIEr0 TOKA, /1 — PACCTOSHUE OT BO30Y-
KJIAIOILETO COJICHOU 1A JI0 dKpaHa, d — TOJIIIHA SKpPaHa.

0) B MeTaJUIe JINCTOBO 3ar0TOBKH, PacIioj0KEHHOH Ha
paccrostanu — (34 + d) OT BO30YXAAIOMIETO KPYrOBOTO
conenounnaa (popmyna (35) uz [4])

. £ —Ad
Jf)(t,r) = —7(2:12) % : J-f(k) . M3h+d) .¥J1(M)dx (3)
0

IO ) == Jro- 50 2)
0

@®opmyrna A BBIYUCICHUS paclpeaeI€HHON CHIIBI
NPUTSDKEHUS, KOTOpast TP JKECTKO (PUKCHPOBAHHOM 3K-
paHe OyleT NPHUTIATHBATh JIMCTOBYIO 3arOTOBKY K €ro pa-
00u4eil TOBEpXHOCTH.

r

Fo (1) = 1o - I (t,1)- I (8,7)- TR

“

Tae Jf)(t,r), Jd()g)(t,r) — ONpEIETCHBI 3aBHCUMOCTSIMHU

(2) u (3), COOTBETCTBEHHO.

OTMeTuM, YTO B MPUHITOM MOCTAHOBKE PELIAEMOM
3aaun (HU3KUE 9acTOTHI JACHCTBYIONINX ITOJICH) Ha oOpa-
OaTbIBacMBIl 00BEKT OyIeT JEHCTBOBATH TOJBKO CHIIA
AIIEKTPOAMHAMHUYECKOTO TPHUTSHKCHUS (3aKOH AMIiepa).
WuTerpanpHas BO BpeMeHH ICHCTBEHHOCTh CHUJI OTTAJIKH-
BaHUS U PaAHAIBHOTO PACTSHKEHUSI-CKATHSA, 0OYCIIOBIICH-
HBIX B3aWMOJIEHICTBHEM BO30YKIAIOMNX M MHIYIHPOBaH-
HBIX TOKOB (cmisl Jlopermna), OyneT kpaiftHe Manoil 1 UMH
MOXHO TIpeHeOpeub [5-9].
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Bripaxenns (2 — 4) npuseném K BUAY, yI00HOMY B
BBIYHCIICHUSIX.

B HecoOCTBEHHBIX MHTErpajax 3aBUCHUMOCTEH (2) u
(3) BBeIEM HOBYIO MEPEMEHHYIO WHTETPUPOBAHUS X = A'd,
x€[0; o). Kpome Toro, moioxnm, 9T0 TOK B BUTKE WHITyK-
TOpa M3MEHSIETCSI BO BPEMEHH T10 3aKOHY JKCIIOHEHIHAIIb-
HO 3aTyXalollei CHHYCOUIBbI, XapaKTEPHOMY IS peasbHON
MarHATHO-MMITYJILCHOM 00paboTKH MeTawIoB [5-9]:

JO) = e sin (@) = jpy e~ -sin (y),
TZe ji,, — aMIUITy 2, ¥ = ot — ¢asa, 6 U 6y — abCOIIOT-
HBIIl 1 OTHOCHUTENBHBIH JIEKPEMEHTHI 3aTyXaHHsI.

B TepmuHax HOBOI mepeMeHHON (pOpMyITBI ¢ yuéTom
(OpPMBI INIOTHOCTH BO30YXKIAIOIIETO TOKA B BUTKE MHIYK-
Topa BeIpaxeHus (2) 1 (3) MPUHUMAIOT CIIEAYIOMHNI BUA:

a) 9KpaH
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YucJieHHbIE OIEeHKH, pe3yJbTaThl aHaau3a. Yuc-
JICHHBIC OLICHKHW W aHaJIM3 BBLINIOJHUM IJI51 3KCHepl/IMeH—
tanpHOi Mozxenu VCIID, Bo30ykaaeMoll BHEIIHUM BHT-
koM ¢ R3=0,025Mm, R4= 0,03Mm.

Ha Bxon mHIyKTOpa TONAETCS TOKOBBIA HMITYNIBC C
paboueii yacrorort — ® = 27 1500 ['1; OTHOCHTEITHLHBIM JICK-
pemenToM 3atyxanus — oy = 0,2; ammmrynoit — 7,, = 50 KA.

BcnoMorarenbHblil 3KpaH M JIUCTOBAsk 3arOTOBKA —
HepKaBeromas ctaib ¢ TommuHol d = 0,001 M u ynens-
HOI JIEKTPONPOBOAHOCTBIO ¥ = 0,4-107 1/0M-M.

IIpu mmpune BuUTKOB — AR = Ry — Ry = Ry — R3 =
= 0,005 M mpuHATas aMIUIATYa TOKa MOXET COOTBETCT-
BOBaTh MAaKCHUMAaJIbHON BEIWYHMHE JTUHEHMHOH IIIOTHOCTH
~jmax = 107 A/m.

BpeMeHHbIE XapaKTepUCTUKU TOKOBOT'O UMITYJIbCA U
napamMeTphl JIUCTOBOW 3arOTOBKH COOTBETCTBYIOT Tpe-
OyeMOMY YPOBHIO €€ «IIPO3PAYHOCTI VIS JCHCTBYFOIINX
oJieH, a UMEHHO,

m-r=(2n-1500).r:”r=u0yd2 ~16-1075¢

J .ﬂ——e_)C)Jl(xL)dx .(6)
X d

=0,015<<1.

PesynbraThl BBUUCIEHHWHA C TOMOIIBIO (OPMYII
(4) — (6) mpuBeICHBI HIKE.

I'paduaeckyro 3aBHCHMOCTB Ui pacIpeienEHHON
CuITBl TipuTsDKeHus (puc. 1,0) (aHANOT DaBICHHUS MIPH OT-
TAJIKUBAHUU) MOXKHO JOIOJHHUTh PACYETHBIMH JaHHBIMU
JUIS. UHTETPaJIbHOW CHUJIbl MPUTSKEHUS, HAWJIEHHOW HH-
TETPUPOBAHUEM PACIPEACTIEHHBIX CHJI MPUTSDKCHUS IO
mIomagsaM ydacTtkos: {r < 1,2, R, = 0,036 m, ¢<[0; 2n]}.
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PI/IC. 1 PaZ[I/IaHI)HBIe pacnpeacicHus B036y)KI[aeMBIX TOKOB
1 CWJI: @ — IUIOTHOCTH TOKOB, MHIYIIMPOBAHHBIX B 9KpaHe — j(f)

U 3arOTOBKE — j(¢), 6 — pacrpenenéHHast CHia IPUTDKSHUS
3ar0TOBKH

Jlnst HATJISITHOCTH B BOCHPHSITUU PE3YJIbTATHI BbI-
guciaeHni ohopMuM B Buze Tadi. 1.

Tabnuua 1
Ne| TMnomams | Cuna npu- Cpeiee suatenne pacnpene-
) NEHHOM CHJTBI IPUTSKEHHUS,
/| ydactka, M° | Txerus, H
MIla
1 0,004072 1400,25 0,344

[IpoBeieHHBIC BBIYUCICHUS [TOKA3aIM, YTO WHJIYIIHU-
POBaHHBIC TOKH, KaK B 3KpaHe, TaK U 3ar0OTOBKE, OJHOHA-
MIPABJICHBI U UX B3aWMOJCHCTBHAE B COOTBETCTBHH C 3aKO-
HOM AMrIiepa OmnpejeNiseT aMIUIUTY/bl BO30YKIaeMbIX
cut nputspkeHus (puc. 1). Ocobo ciexyeT OTMETHTH -
(DEeKTUBHYIO JEHCTBEHHOCTh PACCMOTPEHHON HHIYKTOP-
HOW CHCTEMBI, BO30YKIaeMO¥ BHEITHUM KPYTOBBIM COJie-
HOMJOM. 37eCh IPH JOCTATOYHON MPOCTOTE KOHCTPYK-
TUBHOTO WCIIOJIHEHUS MMEIOT MECTO JOBOJIEHO BEICOKHE
3HAYCHHUS Pa3BUBACMBIX CHJI MPUTSHKCHUS U UX CPEIHUX
BennuuH (Tabn. 1). @usmuecku, Oojee BBHICOKAs CHIIOBAsS
3P PEKTUBHOCTH CHCTEMBI C «BHEITHHM» BUTKOM B CpaB-
HEHUU C CHCTEMOMi, IJIc BUTOK PACIIOJIONKEH BO BHYTPEH-
Heil MOJIOCTH, OOBSCHSETCS OTCYTCTBHEM «IIPOBAJIa» B
panuagbHOM pacipesieneHl Bo30yxaaemMbix cuil. JlaH-
HBIH «IPOBaj» B KOHCTPYKIHH C BUTKOM MEXAY JIMCTO-
BBIMH METaJUTAMH OOYCJIOBJICH €r0 3KPaHUPYIONIUM JIeHi-
CTBHEM B OTHOIICHUU CWJI MPUTSKCHUS MEXKITY MHIYIHU-
pOBaHHBIMU TOKamH [7, 8].
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BoiBOABI.

1. IlpoBeneH TeopeTHHecKUi aHAJIN3 MPOCTPAHCTBEH-
HO-BPEMEHHBIX paclpelelieHHid HHAYIIUPOBAHHBIX TOKOB
U CUJI IPUTSKEHUS. B «MHAYKTOPHOM CHUCTEME C MPUTSITU-
BAOIIUM 3KPaHOM», BO30Y>KAaeMOH IIOCKAM KPYTOBBIM
COJICHOMJIOM, PACIIOJIO)KEHHBIM C BHEIIHEH CTOPOHBI
BCIIOMOTATEIFHOTO DKPaHa.

2. ITokazaHo, 4TO «MHIYKTOpHas CUCTEMa C MPUTATH-
BAOIIUM 3KPAaHOMY» TPH BO30YKICHUU BHEIIHUM KPYToO-
BBIM COJICHOHMJIOM C TOKOM ~50 KA oOecrieuyuBaeT CHIO-
Bble MoKazaTenu nputskeHus 1o ~1400 H na momanu
mmcroBoro meraiia ~ 0,004 M.

3. loctatoyHo BbICOKast 3PEKTUBHOCTH MPEIIOKEH-
HOTO BapuaHTa WHAYKTOPHOH CHUCTEMBI ITO3BOJISIET PEKO-
MEHJ0BaTh €€ KaK MHCTPYMEHT BHEIIHEW PUXTOBKU BMSI-
THH B Ky30BHBIX MTOKPBITHSAX aBTOTPAHCIIOPTA.
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Analysis of the processes in an inductor system with an
attracting screen excited by the external circular solenoid.
Introduction. Developments in the field of magnetic-pulse
treatment of metals (MPTM) are increasingly used in the mod-
ern technologies of production and repair of the aviation, auto-
motive and other machinery, as they are environmentally
friendly and energy-efficient in comparison with classical ap-
proaches. One of the main components of the device MPTM is a
tool — inductor or the inductor system with an attractive screen
(ISAS). The calculated dependences to calculate the inductor
system with an attractive screen were taken from previous
works. The ratios were obtained for the low-frequency mode of
the excited fields, when is place their significant penetration
through a thin-walled metal screen and a deformed workpiece.
As it was shown earlier this mode is the most efficient from point
of view of a force action on the object of a processing. Purpose.
The theoretical analysis of the spatial-temporal distributions of
the induced currents and forces of an attraction in the inductor
system with an attractive screen excited by a flat circular sole-
noid located on the outside of the auxiliary screen. Methodol-
ogy. The calculations are shown that the induced currents both
in the screen and the workpiece are unidirectional and their
interaction, in accordance with the law of Ampere determines
the amplitudes of excited forces of attraction. Let’s note the
effective validity of the considered inductor system excited by an
external circular solenoid. With sufficient simplicity of the de-
sign take place rather high values of the developed forces of
attraction and their averages. Results. Physically, a higher
power efficiency of the system with an «externaly coil in com-
parison with a system where coil is located in the internal cav-
ity, can be accounted for lade of «failurey in the radial distribu-
tion of the excited forces. This «failurey in the design with a coil
between the sheet metal is caused by its screening action against
the forces of attraction between the induced currents. Practical
value. It is shown that the inductor system with an attractive
screen when it is excited by outer circular solenoid with a cur-
rent of 50 kA ~ provides attractive power rates to about 1400 N
on an area of sheet metal ~ 0.004 m’. The sufficiently high effi-
ciency of the proposed options of an inductor system allows us
to recommend it as a tool of the external straightening dents in
the bodycar surfaces of vehicles. References 9, table 1, figure 1.
Key words: magnetic pulse treatment, attractive of metals,
inductor system, the circular solenoid, attractive screen.
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