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[IpakTHdyeckoe WUCIONB30BAaHUE SHEPTHH HMITYIIhC-
HBIX 3JIEKTPOMArHUTHBIX IOJIEH MPENIOCTaBIAeT YHHKAIb-
HBIE BO3MOXKHOCTH [UI CO3IAHUS HOBBIX COBPEMEHHBIX
TEXHOJIOTUil.

OTIMYUTENFHONH OCOOEHHOCTBIO KOTOPBIX, SIBJISETCS
OTCYTCTBUE HEMOCPEICTBEHHOIO KOHTAaKTa ¢ 00pabathi-
Ba€MbIM MaTC¢pUaJIOM. B sTom HeT HeO6XOIll/IMOCTl/I, 110-
CKOJIbKY TpaHC(hOpMAaIHs JHEPTHHU TOJISI B MEXaHUUECKYIO
paboTy IMPOUCXOIUT COOCTBEHHO B MaTepHale 3arOTOBKH,
moiexkaimeii oopaborke. I[IpakTHUecKHil CMBICT 3TOM
0COOCHHOCTH TIPOSBISICTCS, HAIPUMEP, B CPABHCHHUU Me-
XaHUYECKON LITAMIIOBKH C 3JIEKTPOMAarHUTHOU. Tak, s
peanu3anyuy TOCJIEIHEH Ha COBPEMEHHOM YPOBHE HM-
IMyJIECHOM TEXHUKH He TpeOyercs myaHcoH. bornee Toro, B
HEeAaJeKoM OyAyIIeM Takue TEeXHOJOTHH TO3BOJIAT 00pa-
0aThIBaTh MaTepHaIbl UCKIIOUUTEIBHO CHIAMH TIOJIS 3a-
JJAHHOW IIPOCTPAaHCTBEHHO-BPEMEHHOU reomerpuu. B
3J'IeKTp0MaFHIdTHOI7[ MTaMIIOBKEC HCYE3HET W Marpulia,
dbopmy KoTOpoil TpeOyercs mpumaTh 00padaThIBaEMOM
3arotoBke [1, 2]. Kak wu3BecTHO, NpPOU3BOJACTBEHHOU
MIPaKTUKOH  Hambosiee  anmpoOMpPOBaHBI ~ MAarHUTHO-
AMITYJIbCHBIE METOABI 00paOOTKH MAacCHBHBIX METaJUIU-
YeCKHX OOBEKTOB C BHICOKHM 3HAYCHHEM YICITBHOM DIIeK-
TponpoBogHOCTH. COBpEMEHHBIE TEXHOJIOTUH TPEOYIOT
pacupeHuss W BKIIOYCHHUS METaJUIOB C HU3KOI MpOBO-
JUMOCTBIO B HOMEHKJIATYpy MAaTEpHajoB, IMOAJIECKAIINX
00paboTke cuiIaMu MarHMTHOTO JaBieHHs. lIporeccs
BSaHMOﬂeﬁCTBHﬂ 110JIs1 ¢ TOHKOCTCHHBIMH 3aroTOBKaMu U3
IUIOXUX MPOBOJHHMKOB O0JAIalOT LEIBIM PIJOM O0COOEeH-
Hocteit. Cpenu HUX He ToJbKO augdy3ust moJsl, HO U I0-
SIBJICHUE WHTEHCHBHOW HOPMaJbHONH KOMIIOHEHTHI Mar-
HUTHOW HaNpsDKEHHOCTH, CYIIECTBEHHO HCKaXKarouien
HAPaBJICHUS NEHCTBYIOIIMX IOHACPMOTOPHBIX CHJI U
KapTHHY BO3MOXKHBIX Nedopmanuii B meiom [1, 3].

B skcnepruMmenTax ¢ HM3KO4YacTOTHBIMU (~2.5 kI'Ir)

OJHOBUTKOBBIMH HHAYKTOPHBIMH CHUCTEMaMHu ObLIO 3a-
(PMKCHPOBaHO HE IMPOCTOE NPHUTSHKEHHE TOHKOIO MeTajl-

JUYECKOTO JINCTA K padovel MOBEpXHOCTH BHUTKA, a 00pa-
30BaHHE BMATHHBI chepruueckoil GOpMBI Ha MOBEPXHOCTU
IIJIOCKOM 3aroTOBKH [4].

B wuszBectHON Mepe, 3TO MPOTHUBOPEUMUT IMPAKTHUKE
TPaJMLUUOHHON MarHUTO-UMITYJIbCHOH 0O0pabOTKH MeTal-
JIOB, KOT/Ia CHJIOBOE BO3JICHCTBHE Ha 3aroTOBKY BEJIET K
OTTAJIKMBAHUIO MeTajula OT HuHAyKropa. OnpexeneHue
BEKTOpa CHJI IIPH 3TOM HE BBI3BIBAET COMHEHHI: €ro am-
IUINTYy/la TIPONOPLMOHAIBHA PAa3HOCTH KBaJpaToB Kaca-
TEJIHBIX KOMIIOHEHT HANpsDKEHHOCTH MArHUTHOTO TIOJIS
HAa TPAaHWYHBIX IOBEPXHOCTSIX 00pabaThiBa€MOr0 MeETal-
Jla, HANpaBJICHHE — B CTOPOHY €€ MEHBIIEro 3HAYCHUS.
CuitoBoe B3aMMOJEWCTBHE TMOJS C MPOBOSIICH cpemoi
obycnoBneHo mosiBienueM cmi Jlopenma. Mx Hampasie-
HHUE YCTAaHABJIMBACTCSI B3aUMHBIM PACIOJIOKEHHEM BEK-
TOpa MarHUTHOW HAaNpsSHKEHHOCTH M BEKTOpa TOKa, BO3-
OyXIaeMoro B Meramie oOpabaThiBacMOMN 3aroToBkH [1,
3]. B 370}t cBSI3M BONPOC O BUXPEBBIX TOKAX BBI3BIBACT HE
TOJILKO HAyYHBIH, HO M IPAKTUYECKUH UHTEPEC.

Crenyer OTMETHTb, YTO OJIM3KHE 3JIEKTPOIUHAMH-
YecKHe 3aJadd paccMaTpHUBaluch aBTopamu [4, 6], a ¢
MpUBIICUCHIEM (HU3NICCKON MAeaNn3alui "TIpo3pavyHbIX "
MIPOBOAHUKOB BO30Y)XIECHHE WHAYIHPOBAHHBIX TOKOB
ommcaHo B pabote [5]. BeiBoabl mccnenoBanuii TpeOyrOT
0000IIEHNH AJISI CITydaeB, PealbHbIX B IIPAKTUKE MAarHUT-
HO-UMITYJIbCHOW 00pabOTKN METAIIOB.

Ilens HacTosimel pabOThI — TEOPETUUECKUI aHAIN3
MIPOLIECCOB BO30YKIECHUSI BUXPEBBIX TOKOB, HWHIYLHUPO-
BaHHBIX I10JIEM IUIOCKOTO OJHOBUTKOBOTO COJICHOMJIA, B
IJIOCKHMX JIUCTOBBIX 3aroTOBKAaxX M3 METAJJI0B ¢ KOHEYHOM
BEJIMYMHOMN yNEJIHOM AJIEKTPOIIPOBOAHOCTH U OIIpe/esie-
HHUE COOTHOLICHUH MEXIy BPEMEHHBIMH XapaKTepPHCTH-
KaMH HHIYyIUPOBAHHOTO TOKA M TOKA HHAYKTOPA.

Jns mpoBeneHus pacu€ToB M aHaIHM3a IPOLECCOB
BO30Y’KIE€HUS BHXPEBBIX TOKOB PAaCCMOTPHUM HHIYKTOD-
HYIO CUCTEMY M3 OZHOBHTKOBOT'O COJICHOMJA M IUIOCKOH
JINCTOBOW METAIITMIECKON 3aroToBKH (puc.1).
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[Ipunstast (GU3UKO-MaTEeMaTHUECKass MOJICIb COOT-
BETCTBYET pEaJIbHOM KOHCTPYKLMM HHIYKTOPHOW CHUCTe-
MBI, nepBOHaqaano l/ICHOJ’lb30B3HHOl7[ B 3KCHepl/IMeHTaX
BSaMMOﬂeﬁCTBHﬂ HU3KOYACTOTHBIX MAarHHUTHBIX HOﬂeﬁ CO
CTAJIbHBIMHU 3aroTOBKaMHU.

[pu pemeHny 3ama4u MPUMEM CICAYIOUINE JOITY-
HICHUS.

— llpuemniema THMIMHIpUYECKAas CHCTEMa KOOPIMHAT,
CBsI3aHHAsI C PacCMaTPUBACMOI MOJAEIHI0 HHIYKTOP-
HOM CHCTEMBI.

—  BwuTOK MHIYKTOpa TOCTaTOYHO TOHOK M "mpo3padeH"
i aercTByrommx moyelt (A — 0), Tak 9To ero me-
TaI HE OKA3bIBACT HUKAKOTO BIUSHHS Ha TPOTE-
KaroIUe AIEKTPOMArHUTHEIC MTPOIICCCHI.

— Cucrema o0OmajgaeT aKCHAIBHOW CHMMETPHEH, Tak

YTO ai =0 (¢ - monApHEI yrou).

— Ilonepeunsle pa3Mepbl MHIYKTOPHOW CHUCTEMBI Ha-
CTOJIBKO BEJMKH, YTO B paMKax IIOCTaBJICHHOH 3aja-
Y1 UX MOXKHO CUMTATh OECKOHEUHBIMH.

— B unaykrope Tedér Tok I(f), BpeMEHHbIE MapaMmer-
pBI KOTOPOTO TAaKOBBI, YTO B Pacuérax BIIOJNHE MPH-
€MJIEMO M3BECTHOE YCJIOBHE KBa3UCTAI[IOHAPHOCTH
MIPOUCXOAIINX IEKTPOMATHUTHBIX INIPOIIECCOB, TaK

(O]
gyro — -/ <<1 (3HCCL O - NUKJIMYCCKad 4aCcTOTa Ipo-
Cc

ecca, ¢ - CKOpOCTh CBeTa B Bakyyme, /- HauOOJIb-
IIMA XapaKTepHbI FeOMETPUUECKUN pa3Mep CUCTe-
MBI, B JaHHOM cClly4yae - 3TO IONEpeyHbI pa3mep,
{>>2Ry).

— JlucroBasi 3aroToBKa SIBJISIETCS JOCTATOYHO TOHKO-
N . d
CTCHHOW C I€OMETPUYECKO - —— << 1 U 3yeKTpo-
Ry 5
JUHAMUYECKON - ®-T << 1Touek 3peHus (B mocie-
HEM HEPaBEHCTBE: T=|lg Y d 2, lo- MarHuTHas
MPOHUIIAEMOCTh BaKyyMa, 7Y - VJelbHas 3JIEKTPO-

MPOBOJTHOCTH METAJIJIA 3aTOTOBKH, d - €€ TOJIIUHA).

Ypasaenus MaxkcBeria st BO30yKIaeMBIX COCTaB-
TSFOTIHAX BEKTOpa JJIEKTPOMArHUTHOT O TIOJISt
(EtP #0, H, , #0), npeobpasoBannbix mo Jlamacy c

y9ETOM HyJEBBIX HAaUaIbHBIX YCIOBHI, UMEIOT BuA [1]:

oH,(p,r,z) OH,(p,r,z .
}"(p )_ I(p ) :J(p(p’r’z); (1)

oz or
OE,(p,r,2)
FLLD g H ), ®)

riae p — mapamerp npeobpasosanus Jlamnaca; i (4,7,2) -

IJIOTHOCTh CTOPOHHETO
pe, Eq(p.r.z) = L{E,y(t,7,2)}
H, . (p,r,z)= L{Hr,z (t,r, z)};

TOKa B HUHAYKTO-

I(p) .
Ry-R’

f(r)— QyHKUMS paguaIbHOTO paclpeieieHHus ToKa B

Jo(p.r,2) = j(p)- f(r)-8(z+h); j(p) =

BUTKE WHIYKTOpa; O(z + h) — nenbra QyHkuums Jupaxa.

2R,

Puc. 1. Cxema HHAYKTOPHOW CUCTEMBI C OTHOBUTKOBBIM
cosieHou1oM (1) ¥ MII0CKO¥ JIUCTOBOM 3aroToBKO# (2),

(€,,€q,€;) - HanpaBIIAIOWKE OPTHI LMIHHIAPHIECKOIE

CUCTEMBI KOOPpAUHAT

WuTerpupoanue (1) - (3) mpoBeném ams Kaxmon u3
YCIIOBHO BBIZICTICHHBIX 00JIACTEH:

a) TOJIyIIPOCTPAHCTBO BHE JIMCTOBOW 3arOTOBKH CO
CTOPOHBI HHIYKTOpA - Z € (— oo,O] ;

6) obxacts JUCTOBOU
zel0,d];

B) CBOOOJHOE IOJYNPOCTPAHCTBO C BHEIIHEW CTO-
POHBI JIUCTOBO# 3aTOTOBKH - Z € [d ,oo) .

McETajuia 3aroTOBKH -

B pamMkax NpUHATBIX AOMYyLICHUHA YpaBHEHUS IS
A3UMYTAJIBHOW KOMIIOHEHTHI HANpPsKEHHOCTH DJICKTpHYC-
CcKoro momst £, (p,r,z) B KakI0i U3 BBIICICHHBIX 00Iac-

Tei omydnm u3 uddepeHnnansHoi cucremsl (1) - (3).
Bue meramia 1MCTOBOH 3arOTOBKU CO CTOPOHBI UH-
JykTopa (z € (— oo,O]) HaXOJUM, 4YTO
2
0°Ey(p.r,2) L of10

02 orlror (- Eg(p.r,2) | = pojo(pir.2)-(4)

B MeTanse 11ucToBOH 3aroTOBKH ( z € [O,d ]) UMeeM:

62E (prz) o1 o0
(I) sl
522 or rar(r- i(p(p,r,z)) Pty ‘P(1 1,2) 0(5)

BHe Meranna 1MCTOBOH 3aroToBKHU (z € [d,oo)) 3a-

IIMUChIBACM, YTO:

O’Ey(prz) (1 0

(p 27
e O L O (B (pr2)) =0 (6
022 or r@r(r (p(prz)) ©)

YcrnoBuio OrpaHNueHHOCTH PaAHAIBHOTO pacipesie-
nenust Ey(p,r,z) n3 ypasHenuii (4) - (6) mpu r=0 u

F =00 YIOBJETBOPSECT HHTErpalibHOE IpeoOpazoBaHKe
®ypoe-beccens [6]:
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Eg(p.r2) = [ Eg(phoz)-J1Orhdh,  (7)

rae Jy(Ar) — dyskuua beccens nepsoro nopsxa.

B cootBerctBuu ¢ (7) ypaBHenus (4) - (6) npuso-
JITCSL K OOBIKHOBEHHBIM M (depeHINaIbHEIM YPaBHEHH-
SIM BTOPOTO TIOpsIZIKA:

a) BHE MeTaJula JINCTOBOM 3arOTOBKH CO CTOPOHBI
UHIYKTOPA, Z € (— 00,0] :

d*E A,z
L_;ﬁ E (p,h,z) =

dz? ¢ ' ®)
=K(p,N)-d(z+h),

rae K(p,\)=po-j(p)-f (V) f(A) = If(r)-J1(l'r)rdr;

6) B MeTaJlle JIUCTOBOM 3arOTOBKH, Z € [0, d ] :

d*Eg(p..2)
— (P + g W) Eg(p,2,2) =0, (9)
dz
B) BHE M€TaJlIa JIICTOBOM 3arOTOBKH, Z € [d,oo) :
d*E (p,\,z
L)—kz-E(p(p,k,z)ZO. (10)
dz*

OoOmwme unTerpansl ypasHenuit (8), (9) u (10) mis
BBIJICJICHHBIX 00JIaCTeil HMEIOT BHI;

a) B TIOJIyTIPOCTPAHCTBE BHE JINCTOBOI 3ar0TOBKU CO
CTOPOHBI BUTKA MHIYKTOpa (z € (— oo,O]) YCIIOBHIO OTpa-

HUYCHHOCTHU IIPU Z —> O YIOBJICTBOPACT (l)yHKIII/IFIZ

E(l)(p,k 2)=C(p, L)’ +

L Kp.n) (a1
A

———=n(z+h)sh(z+h),

rne C(p,)\) — IPOU3BOJIBHAS IOCTOSHHAS MHTETPHUPOBAHUS;

0) B MeTaJLIe JIMCTOBOM 3ar0TOBKH ( z € [O,d ] ):

E(E)Z)(pa}";z)=D1(p’}\,).eCI(p,7»)-z+ )
+D2(p,x).e—q(p,x)~z’

rane Dj(p,)\), D, (p,A) IpOU3BOJIbHBIE HOCTOSHHBIE WH-

TerpupoBanus, g(p,\) = A+ PUoY s

B) B IMPOCTPAHCTBE 3a JICTOBOH 3arOTOBKOM
(ze[ ,oo)) YCIIOBUIO OIPaHUYEHHOCTH IIPU Z —> O

YIIOBJIETBOPSIET (QYHKIIMS:

ESQ (pr2)=B(ph)-e™,  (13)

rne B(p,A)— Npou3BoJIbHAS OCTOSIHHAS MHTETPUPOBAHYS.

U3 ypasuenus (3) ¢ nomomsto (11), (12) u (13) Ha-
XOAUM TaHTE€HIMAIBHYI0 KOMIIOHEHTY HaIpsHXKEHHOCTH
MarHuTHOT'O IOJISL:

a) ze (— oo,O] :

HO(p 1,5 =— ()¢ +
Py

(14)
K(p ) “Nz+h)-chz+h));
0) ze [O,d].
Héz) (p,A,z)= M(D1 (p, 1) ed(PA)z _
PHo (15)
—Dy(p,)- e~1(PA)7y
B) z€ [d,oo):
H((p3)(p’7\,,z):—LB(p’)\‘)e—kz' (16)

PHo
%] yci0BUs HENPEPBIBHOCTU KaCATEIIbHBIX KOMIIO-
HCHT HaHpH)KéHHOCTI/I SHCKTPOMaFHI/ITHOFO I10JIs1 Ha rpa—
HUIIaX BBIICICHHBIX 00JIaCTel MOJyYaeM CUCTEMBI aireo-
panqecxux ypaBHeHuﬁ JUIA onpeaeneﬂua HCEU3BCCTHHBIX

IIPOM3BOJIBHBIX ITOCTOSIHHBIX MHTETPUPOBAHHS B BBIpaske-
Husix (11) — (16):

z=0:
Cpa+ proi(p) L shih) =
=Dy(p,M)+Dy(p,2);
f( an
C(p, M)+ proj(p)- -ch(\Mh) =
= LB (1) Db
z=d:
Dy(p,2)-e1PM 4 Dy (p,h)-e 4P =
=B(p.1)-e
(18)

=Dy (p,2)-e 1Py = —B(p,n)-e

B KOHEYHOM HTOre Hac MHTEPECYET DIIEKTPHUYECKOES
0JIe B METaJLIE 3ar0TOBKH.

Hckirouas IMPOU3BOJIbHBIC MMOCTOAHHBIC UHTCIPUPO-
Banusi C(p,A)u B(p,\)B cucremax ypaBHenuit (17) u
(18), HaxomMM HEW3BECTHBIC TPOW3BOJIEHBIC KOHCTAHTHI
unrerpupoBanust Dy(p,A) u Dy(p,\).

[Tociie COOTBETCTBYIOLIMX IMOJICTAHOBOK B (hOPMYJTY
(12) u BeimonHEHUst oOparHOTo MpeodpazoBanust Pypbe-
Beccens noyuaem, uro

EP (p.r.2)=-2ppoj(p)x
o —\h
" fO)-e
| G
_4q(p,M)
A

(sh(g(p,\)(z-d))- (19)

~ch(g(p,M(z~d ))j} ~J1(A-r)dh,

rac
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2
R AT e

2
_(1 +Mj Lt hyd.
X

Bripaxxenne (19) TOMHOXHM Ha yIENBHYIO SJEK-
TPONIPOBOJHOCTh METaJlla 3arOTOBKU M IPOHHTEIPHPYEM
110 €€ TOJIUHE.

[Monyyu™ JIMHEHHYIO IIOTHOCTH MHAYLHUPOBAHHOTO
TOKA.

d
Jo(pr) =7+ [ Eg(p,r.2)dz =
0

oofm-e“’sh(ﬁp,?o‘;]
=4 -v-p-j(p)f
o G@.M)-q(p,h)

x [sh(q( », x)%} q(pT’Mch(q( », x)%D Ty (r)d .

®opmyma (20) mocne WHTETPUPOBAHKSI U BBEICHHUS
HOBBIX 0003HauCHWI MPUHUMAET BUA, JOCTATOYHO yI00-
HBII U1 OCEAYOIIMX MAaTEMATUYECKUX ONIEPALIUMI:

(20)

B =y
I, =—%-(uov)pj(p)-I%'F(Pak)'dks 2D
0

A
rae F(p,\) = B
A(p.) = [@] sh(q(p.1)d) + ch(g(p.)d)—1,

B(p,\)=q(p,h)x

2
x %[H(Q(”T’Mj ]-sh(q(p, d) +

+ (@] -ch(q(p, k)d)}

B Belpaxkenun (21) ciepyer BBINOJHUTH 0OpaTHOE
npeoOpazoBanue Jlamnaca. [laHHas omeparus MOXET
OBITh OCYIIECTBJICHA C IIOMOIIBIO alapara TEOpHU
(GYHKIMH KOMIUIEKCHOTO EpEeMEHHOTO [6].

Jlyist BBIYMCIIEHHST OCOOBIX TOYEK IOJABIHTETPAILHOM
¢yakoun B dopmyne (21) mpousBemeHHE MPOAOIEHOTO
BOJIHOBOTO YHWCJIa HA TOJIIMHY JIMCTOBOM 3aroTOBKH
MIPEACTaBUM KaK MHUMYIO BEINYNHY:

(q(p,M)d) =i-By . (22)
[MoxcraBnsis (22) B 3HameHatenb F(p,A) u mpu-
paBHuBas ero k Hymo (B(p,\)=0), momydaem ypaBHe-

HUE JUTS BEJIMYMH [

B ot

Kaxk cnenyer u3 (22) u mpencrasienns (23), ocoObMu
TOYKaMH (YHKIMA KOMIUIEKCHOTO TepeMeHHOTo F(p,A)
SIBIIFOTCS IIPOCTBIE OTIMYHBIE OT HYJIS HOJIOCHL — Py

pe=—2 22 (24)

Jlanmee, B COOTBETCTBHM C TEOPEMOH 00 OpHUTHHAIE
JpOoOHO-palMoOHANbHOM (QYHKIMH U C TEOpeMOii oOpaie-
HUS CBEPTKH U3 BhIpakeHHs (21) HaXOqUM COOTBETCT-
BYIOLIYIO BPEMEHHYIO 3aBUCUMOCTb!

) S Aph) i) p
. . by . Lelrt (2
p-j(p)-F(p, )<—>k§) Bt e (25)
dp

[Moncrasnsist BeIpaxenue (25) B ¢popmyiny (21), Ha-
XOUM OPHUTHHAI Ul TOKA, UHIYLUPOBAHHOT'O B JINCTO-
BOI1 3arOTOBKE.

fm e
I (f)=
o) [M ] [-

o . 26
3 AR A iy
“(dB(py,n)) dt
dp
Hpo;[om}(as{ BBIYUCIICHUA, or[pez[enﬂeM
Iq,(t)—l I f(k) e
ditt (Bk+(ld) ) @7
xZoD(Bk,x) 0. .
Trac
o x)_(cos(ﬁk)—(id) sin(By) - 1)_
e (cos@k) —By -sin(B) _J
rd

1

(Bka _ [eos®B) _ Bx
rd 2 (d)?

®opmyia (27) ¢ noacraHoBKoW 3aBucUMocTei (23),
(24) mpencraBisier coOOH aHAIMTHYECKOE PELICHHE MO-
CTaBJICHHOHM 3agaudl O BO30Y>KJIEHHH BHXPEBBIX TOKOB B
JIMCTOBOM 3aroTOBKE IPH IPOM3BOJILHBIX YacTOTax Jei-
CTBYIOIINX MAarHUTHBIX TOJICH.

T'oBOpst 0 JOCTOBEPHOCTH HAWIEHHOIO PE3YJIbTATA,
HEOOXOAUMO OTMETHTH, UTO (popmymna (27), momydeHHas
Ul TIPOM3BOJIBHBIX TapaMETPOB IEKTPOIMHAMUYIECKUX
MIPOLIECCOB B MHIYKTOPHOM CHCTEME, CBSA3aHA M COIJacy-
eTcs C paHee TOJIyYeHHBIMH PE3yJIbTaTaMH B IPEIENIbHBIX
(U3MYECKUX CUTYaLUSIX.

9Ty CBs3b MOXHO YCTAaHOBUTDL, €CJIU IIPU BBIYUCIIC-
HUM OpWUIHHAJa, COOTBETCTBYIOLIETO BhIpakeHHI0 (21),
¢yukumo F(p,\) npeACTaBUTh B BUJIE OTHOLICHUS

sin(By ).

A(p,\)
F(p,h)=————, 28
= B 28)
1 A 2
rie Bl(p,X):q(p,k).[?[n(ﬂl; )j ]X

S
xsh(q(p,x)d){%jch(q(p, x)d)j.

IIpencrapnenue (28) MO3BOIAET B MOITYICHHOM OpH-
TUHAJIE BBIICTUTH CJIaraéMoe, COOTBETCTBYIOIEE COCTaB-
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JAOEd MHIYLMPOBAHHOIO TOKA - I40(f), 00yCIOBIEHHOE
JOCTaTOYHO HU3KMMH YacTOTaMH BO30Y)KIAIOILEro CHI-
Hana (Jpuoy|<<i’ u ¢(p,A)~\) Win, TaK Ha3bIBACMYIO, HH3-
KOYaCTOTHYIO COCTABIISIONLYI0 HHIYLIUPOBAHHOTO TOKA.

C yuérom mpunsTOrOo AN F(p,\) TpencTaBIeHUS
(28) BpeMeHHast 3aBUCUMOCTh 13 BhIpakeHus (21) B cooT-
BETCTBUU C TeopeMoil XeBucaiina U TeopemMoit 00 u30-
OpakeHnM CBEPTKU (PyHKLMI 3anMIIeTCs KaK
3y IO Ap=01)

dt B(p=0, X)

& Ap)  [dEO  dO) . @9
2 dB(pm[ T ] ’
T

- j(p)-F(p,

k:Op

IJie py — MPOCThIC, OTJIMYHBIE OT HYJIsI, KOPDHU 3HAMEHATE-
s gpo6wu (28).

[oncrasnsas Bepaxenue (29) B hopmymy (21), opu-
THHAJI JUIsl TOKA, MHAYIMPOBAHHOTO B JINCTOBOM 3aroTOB-
K€, MOKHO 3al1cCaTh B BUAC CYMMBI IBYX CJIara€MbIX:

L(t) = Lo (t) + L (1), (30)

rae /y(f) — HU3KOYaCTOTHAas KOMIIOHEHTa MHIYyLIUPOBAH-
HOI'O TOKA,

,@0@:_( er.d/(t). f0) Ap=02)
2d dt 0 A B(p=0,A)
Lp(f) — BBICOKOYACTOTHAs KOMIIOHEHTa WHIYLMPOBAHHO-
IO TOKa,
_ A (K) A(pg.2)
T ()= ( ) I dB(pi,)
k Opk Rt~ S A ARA
dp

{dz J© dj(O)] i
aﬁ dt

[Tpocteie nomoca — p; Obu HaiineHb! paHee. OHH
OIIPEIETISIOTCS BEIpaykeHneM (24).

Bbruncnnm caraemple  MHIYIMPOBAHHOTO TOKa B
tdopmyme (30).

J1s1 HHM3KOYAaCTOTHON COCTABIISIOIIEH MOJy4YaeM,

. o —Ah
1@0(,)__‘1]_0). L.Jf(x).e—kh ﬁ_:—z)dk (31)

HaiinenHass HM3KOYacTOTHAsh COCTABIISAIONIAsl MHIY-
LIMPOBAHHOTO TOKA ITOJHOCTHIO COTJIACYETCSl C pe3yJbTa-
TOM, paHee TONXy4YeHHBIM B pabote [5], I mueann3amun
"Mpo3padHbIX" IMCTOBBIX 3aTOTOBOK.

[Tponomxkast BBIYMCIEHHS, HAXOAUM, YTO:

A A
@) =Lk

P dp

—2d(cos([3k)_[37f'5in(ﬁk)_IJ

- (B2 +0a)?) ’
X | )
cos(By) =By sin(Bx) | (Bx i -1
"d Ad
y 1
“)Sgﬁfc)_(g’f)zsin(ﬁk)}

rne Py — KopHH ypaBHeHus (23).
Tenepb BbIpaxkeHUE VISl BBICOKOYACTOTHOM KOMIIO-
HEHTBI HHIYLIMPOBAHHOIO TOKA l¢(t) NPHMHUMAET BUJIL:

AW)
T ()= (2612}[ Zq)(BkJ»)x
dej2(t)_e . +@.e : t-dk.(33)
t

®opmyia (30) ¢ noacraHoBkoil 3aBucumocteit (31)
u (33), Tak ke Kak U paHee MOoIy4eHHOe BeIpaxkeHue (27),
MPEJCTABISCT COOOM aHAIMTHYECKOE PEIICHUE MOCTaB-
JICHHOH 3a1audl 0 BO30YKICHUU BUXPEBBIX TOKOB B JIHC-
TOBOW 3arOTOBKE INPH MPOU3BOIBHBIX YacTOTaX JEHCT-
BYIOIIMX MarHUTHBIX Toyiel. OTIMYUTETHHONH 0COOCHHO-
cthio 3aBucHMOCTH (30) siBisieTcs BBIICICHHE HU3KO U
BBICOKOYACTOTHBIX KOMIIOHEHT HHIYIHPOBAHHOTO TOKA.

[IpoBenéM KOIMYECTBEHHBIE OICHKH, WILTIOCTPH-
pyromme pa3BUTHE BO BPEMEHHU 3JIEKTPOMArHUTHBIX IIPO-
1IeCCOB B 00pabaThIBa€MbIX 3ar0TOBKAX.

Tak ke kak u panee B pabdore [5], pacu€Tsl mpose-
€M 1711 MHIYKTOpHOM cuctemsl ¢ #=0.0005Mm, R1=0.05M,
R2=1.25-R1=0.625 M, paboTaromieli B 4aCTOTHOM Juarma-
3one X100 kI

()

JAaroTOBKA

e [ z 4 5%12_,{4 ®, pan.
-0.5
-0.7s

-1

a)
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1
o.s
o SaroToBKA
.25
o O
-0_Z5
-0.5
-0.75
-1

0)
Puc. 2. BpeMeHHas 3aBHCUMOCTB TOKa, HHIYIIUPOBAHHOTO B
3aroTOBKE U3 JIUCTOBOM Meau TomuHOH ~ 0.001 M,
a) paboyas dactoTta aeictByromero noist f~100 kI 'i;
0) pabouas yacrora aeiictByromiero nons f=7.5 k'

Pe3ynbTaThl IPOBENCHHBIX PacdéTOB WHIYLMPOBAH-

HBIX TOKOB B OTHOCHTENBHBIX EAWHHIAX (HOPMHPOBKa

MIPOM3BOAMIACH HAa COOTBETCTBYIOIIME MAaKCHMAalbHbIE

BEJIMYHMHBI) PEACTABIECHBI HA PHC. 2.

W3 pe3ynbTaToB BEIYUCIEHUH CIIENYET, YTO

— OIIPEIEICHUE BBICOKOM WM HM3KOM 4YacTOThI B pac-
CMaTpUBAaEMOM 3JIEKTPOMAarHUTHOM TIPOLECCE TECHO
CBS3aHO C BEIWYMHOMN yAEIbHOM 3J]1EeKTPOIPOBOIHOCTH
MeTaiia oOpabaTbiBaeMOil 3aroTOBKH (IIPU OIMHAKO-
BOM Te€OMETPUYECKON TOJIINHE);

— Ha BBICOKHMX YacTOTax JIEHCTBYIOIIMX MOJEH Ul 3aro-
TOBOK M3 XOpPOIIMX IPOBOAHUKOB HMHAYIHPOBAHHBIN
CHUTHAJ C BBICOKOH CTENEHBbIO TOYHOCTH IIOBTOPSET
¢opMy TOKa B MHIYKTOPE, HO MMEET NPOTHBOIOJIOXK-
HOE HAaNpaBlCHUE, WM, YTO OJHO U TO K€ - MMEET
caBUT 1O (ha3e OTHOCHTEIBHO TOKAa B HMHIYKTOpE Ha
Ap=r (puc. 2a);

— Ha HU3KUX YaCTOTax TOK, MHIYLIMPOBAHHBIN B 3arOTOB-
K€, OTHOCUTENBHO TOKa B MHIYKTOPE MMEET CIBUI IO
¢aze na Ap<0.57 (puc. 20);

— CTporue pacuéTbl, BBINOJHEHHbIE 0€3 YIpPOIIAOIINX
MIPEIOI0KEHUI 0 XapaKkTepe MPOTEKAIOIUX IEKTPO-
MarHUTHBIX MpoLEeccax, IOJHOCTBIO IOJATBEPKAAIOT
JIOCTOBEPHOCTb DE3yJIbTaTOB, HAMIEHHBIX IS IIpe-
JIeNTBHBIX (U3NYECKUX CUTyalui B padbote [5];

— U3MCHEHHMS HaNpaBlCHUS WHIYLUHPOBAHHOTO TOKa MO
CPaBHEHHUIO C PEKUMOM PE3KOTr0 TOBEPXHOCTHOTO (-
(eKxTa HEe IPOUCXOMIMT.
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OYUUPOBAHHOTO TOKAa OTHOCHUTEIHHO TOKA B HWHAYKTOPE
3aKiroveHa B uateppaie A €[0.57, «t] .

3. B pexume pe3koro moBepxHOCTHOro 3¢dexra
HaIpaBJIeHHE BUXPEBBIX TOKOB B 3ar0TOBKE MPOTHBOIIO-
JIOKHO HAampaBJIECHUIO TOKAa B HMHIYKTOPE, MPHU CYILIECT-
BCHHOM NPOHWKHOBCHUU I10JIA HAIPaBJICHHUEC HAaBECACHHO-

IO OTHOCHUTEIBHO MHAYLHMPYIOLIEro TOKA He W3MEHseTcs,
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