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PACCESIHUE
DJIEKTPOMATHUTHBIX BOJIH
JIMHEMHOW PEINETKOW
PE3OHAHCHBIX
MATHUTOINDJIEKTPUYECKHNX
COEP

KO3APb A U.

IIpennaraercd pelieHWe 3aJa4d O PACCESIHUM BJIEKTPO-
MarHUTHBIX BOJIH JIMHEMHOW pEelIeTKONM pe30HAHCHBIX
MarHUTOIMAJIEKTPUYECKUX cep, C yueToM BIUSIHUS pe-
LIETOYHBIX CTPYKTYPHBIX PE30HAHCOB Ha BHYTPEHHUE
nonst chep peuietkd. OMUCHIBAIOTCS BBIPAKEHMS IS
paccesTHHBIX ITOJIeH ISt OJIVDKHEe ! 1 MaJIbHEeM 30H, a TaKKe
BBIPaXXEHMUS [J1s1 PE30HAHCHBIX YCIIOBUIA KOMITOHEHT BHYT-
PEHHUX MoJiell cep peleTKH.

1. Beenenne

OrpenesieHHBIN MHTEPEC IIPEICTABIISIET UCCIeI0BAHNE
paccestHUSI 3JIEKTPOMArHUTHBIX BOJIH Ha MPOCTpaH-
CTBEHHBIX pellIeTKaX, Y KOTOPbIX CTPYKTYPHOE 3JIeKT-
POMarHUTHOE B3aMMOJIEICTBUE MEXKIY PacCeMBaIOLLIM-
MM 3JIEMEHTAMU PEIIeTOK M CAaMU PacCerBaIOLLINE dJie-
MEHTBI 00/1aJa10T pe30HAHCHBIMU XapaKTepUCTUKAMU.

1lenvro pabompt IBNISIETCS pELLICHUE 3a1a41 O paCCESTHUN
3JIEKTPOMATHUTHBIX BOJIH JIMHEMHOM PELIETKOM O -
HaKOBBIX MAJTBIX OMHOPOIHBIX pe30HAHCHBIX MATHUTO-
manexTpudeckux cpep [1-3]. B nanHoi 3amave mimHa
paccerBaeMoii BOJIHBI MOXKET ObITh CPaBHMMA C TTIOCTO-
SIHHOM pelIeTKH, YTO MO3BOJISIET YYECTb BIMSIHUE
PEIIETOYHBIX CTPYKTYPHBIX PE30HAHCOB JIEKTpOMAar-
HUTHOTO B3aUMOJIEMCTBUS MeXIY cpepamMu Ha BHYT-
peHHUE Pe30HaHCH cep peIIeTKM W UX TOHKYIO
CTPYKTYPY, a TAKXKE UCCIIENO0BATH 00J1aCTH aHOMATbHOM
JVCTIepCUH pellieTKU. byneM ucrosib3oBath pe3yibTa-
TBI peIIeHUS 3aJJa4UM, pACCMOTPEHHOM B paboTe [ 3].

2. ITocTaHOBKA ¥ pelIcHHE 321a91

PaccMoTpyM TUHEHYIO pellIeTKY Y3JI0B, IOpOXKaae-
MYIO B IEKApTOBOM CHCTEME KOOPAUHAT KOOPAMHAT-
HBIM NpeacTaBIeHneM Buaa [3] (Xps = X3 Yp ¢ =V ):

Xe =[s={(=1)° ~1{0.510 = (1) %20 (s =0,£1,22....).(1)
Yt =¥t=0 =O’Zp =Zp=0 =0,

rae BesmmurHa d ornpenessieTcs yenoueM x =0, x =d
a X5=0> Yt=0> Zp=0 — KOOPIMHATHI y3/1a, TIOPOKAAIOLLIE-
T'0 pEIIeTKY M HAXOIIIETrocss BHYyTpy obaacty (puc. 1):

0< Xg=0 < d, Yi=0 = 0, Zp:0 =0 . (2)
KoopauHatsl xg,y; =z, =0 3a1ai0T IONOXEHNs y3-
JIOB BHE 00J1acTH (2), KOOpAWHATA X ABISAETCS (PyHK-

1yeil 3HaYeHUI KOOPIMHATHI X . B KoopauHaTHOe
4

npeacrapieHue (1) MOXKHO BBECTU 3aBUCUMOCTb OT
BPEMEHH, €CJIN KOOPAWHATY y3J1a X, BHYTPH 00JIaCTH
(2) cuurath HEeKOTOPOI (hyHKIIMEH BpemeHu. Kaxkno-
MY Y371y peIIeTK! COITOCTARIISIETCSI UMCTIO S , BBIICIICH-

HOMY y3JIy pellleTKI —YHcIio s’ . 3amaBast MaKCUMaTb-
HOE 3HAYEHME YHCIa s , MOKHO pacCMaTpUBATh KOHEY-
HBIe ¥ 66 CKOHEYHBIE PEIIeTKH.

Ecnu koopauHatel y3ia ajist oonactu (2) yaoBiIeTBO-
pAIOT YCIOBUIO X¢_g=d/2, yig=0, Z,o0=0 , 10
BO3HMKAeT 9KBUAUCTAHTHAs IMHEHHas peleTka, rue d
— ee TIOCTOSTHHASL.

MoxxHO nepecTpauBaTh NPOCTPAHCTBEHHYIO KOHMUTY-
paLINIo pEIIeTKH , MU3MEHSIST ITOJIOKEHMS y371a, HaXoIsI-
1Lerocs B mpeaeax oonactu (2).

B y3nb1 pemietku (1) momelaemM LIEHTPbl MaJlbIX
OIHOPOMHBIX PE30HAHCHBIX MATHUTOANAJICKTpHUIEC-
KUX chep C MPOHULIAEMOCTSIMU €, |L 1 PAIUYyCcoM cep
a . PaccTostHue Mexxny neHTpamu cpep s U s’ mpen-
craBuM (cM. puc.1)

3)

Puc. 1. JIuneitHas pelieTka ¥ TeOMETPUS 3a1a4n

ITpoHMLIaEMOCTH 3aIIOJTHEHUS ITPOCTPAHCTBA BHE Cep
— gq,Ho - 1oy Oyaem 3anuchIBaTh B BULE

E(r,t) = E(r)e'!; H(r,t) = H(r)e'".
BHe cdepsnl a/ A << 1 1 MoxeT 66ITb d/A™ 1, HO BHYTpHU
cep BO3MOXEH Pe30HAHCHBII CITyJail a /hg ~1,TH€ A

— JIJTVHA pacCcenBaeMOi BOJTHBI BHE cep, a o T UMHA
BOJIHEI B cepe.

ITonaraem, yTo Ha IMHEHHYIO pelleTKy cdhep nagaer
TJIOCKast 3JIEKTPOMarHuTHas BOJIHA, paCIpOCTPaHsIIo-
masicss B HampasiaeHun ocu Z (cm. puc.l). Ilpm
pellieHUU JaHHOM 3aJa4r HY>KHO paccMaTpuBaTh JBa
CJTy4ast MOJISIPU3aLl K IaIatoLe i BOJIHbI OTHOCUTE b~
HO ocU 0x , KOTJIa BEKTOPBI Eox WIN ﬁoy napajienb-
Hbl ocu 0x (cM. puc. 1). O61uii ciaydyait Ipor3BOIbHOM
MOJISIpU3aliMy Tafalolieil BOJIHbI CBOJUTCS K 3TUM
JIBYM cirydasiM. Tak Kak cnoco0 pelieHus o0enx 3amay
OIMHAKOB, TO OTPAHUYUMCS PACCMOTPEHNEM TOJILKO
MepPBOTro BapMaHTa.
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PaccesaHOe 10J1€ 110 M3BECTHOMY BHYTPEHHEMY TTOJTIO
—)
pacceuBartesieil onpeneauM yepes aekTpruueckuit 11
¥ MATHUTHBI 11 TTOTeHLNABI I'epiia:
= =5 =M
Epacc = (VV + kzgo}lo )H —lk}.lo[v,n ] ,
— v (@)
Hpace = (VV—i-kstuO)H +ikeo[V,I ],
ITorenuumansi I'epiia paccessHHOTO OIS B TTPEATIONOXKe-
HMU, 4TO I0JI€ Majaloleii BOJIHbBI
EOX (Z, t) — Eoel((ﬂt—klz) ; ﬁoy (Z, t) — ﬁoel(wt—klz)
BHYTPpU cep pelleTKu U BHYTpeHHee I1oyie cdep
—0 — —0 —
pewrerku E (r',t); H (r',t) MUMEIOT COOTBETCTBEHHO
ONIMHAKOBbIE 3HAYEeHUs IJIs1 Bcex cdep pelleTKu,
MpeACcTaBUM B BUE [3]
—3 ~ .
IT (r,t)= k—3(sm kja—kjacoskja)x
1

e 0 — s o ik
{L‘i’— JEO(r',t)ze
—S

s
I

3[€ech KOOPIAMHATHI (X,y,z) ONpENeNsioT BHe cdep
TOYKY HaOJIONEHUS TIOJNSI, PACCETHHOTO JTMHEWHOMN
peleTkoi cdep, a KOOpANHATA X, — TOYKY HAXOX/Ie-
HUS LIeHTpa pacceuBaroleit cepsl pemetku (1)(cm.

puc. 1), €54 Hygy —3hGbEKTUBHBIE TPOHULIAEMOCTH |3,
4]

€49 = & F(kayJe), Moy = n-F(kafep)
F(kayep) = ——Cin ka2 — kayfep cos kaq/zp)

. @@
(kzazspﬁl)sinka\/aﬁLka sp,coska\/a )

JI1st TMHEWHOM pelleTK OMMHAKOBEIX c(pep, pacItoo-
SK€HHBIX BIOJIb OCH X (CM. puc.l), BHyTpeHHee moJjie

chep EO(?, t); ﬁO(F’, t) (5) HaiineM U3 are6panyecKoit
CHCTEMBI YpaBHEHW I, KOTOPYIO JJIST JAaHHOTO CITydast
MpeacTaBuM B MaTpuuHoit opme (puc. 2) [3].

OcHoOBHasl MaTpULia CUCTEMbI ypaBHEHM I (CM. pUC.2)
COAEPXKUT CBeAeHUSI 00 OCOOCHHOCTSIX BJIEKTpOMar-
HUTHOTI'O B3aMOIEMCTBUSI chep TMHEITHON pelIeTKH.
Ha puc.3 npencraBieHbl 0COOEHHOCTU MOBEACHUS
Re F(6) (crutourHas kpusas) U Im F(0) (MyHKTUPHAst
KpUBasi) B 3aBUCUMOCTHU OT Re 6 mpu pa3HbIX 3Have-
HUSIX TAHTeHCA yI/1a JUIEKTPUYECKUX TOTEPD tg 8, ,

31ech 6 = ka\/; .

0 0 0 ] Eo®)]
0 0 vy Ey(s-0) (1)
0 Yo 0 E(z)(s=0)(;')
WY+ 0 0 Eg(s:O)(f—')
0 wwHwy 0 B
0 0 v vl | ED (g0 (1)

Puc. 2. Cucrema ypaBHeHUI1

€0 S
—M ~ 1 ©)
I (r,t) = —— (sinkja —kja coskja) x
kj
0 — s e ki
{”ﬂ— I}HO X,
Mo - I
rae r, —\/(x—x )2+ 2472 (6)
s = s y +z ,
[ 50 3
r ] + 0 0
on(s:O) (") Vxx T Wxx o i
0 0 Yy +VWyy 0
o || o 0 ya+yy
0 0 0 0
Hoy(s:O) (I”) 0 0 W?{O
0
- - 0 vy 0
ImF(©) ReF(6)

Puc. 3. ®ynkius F(e) i1 —tgd,=0; 2—1tgd,=0,05 3 —tgd,=0,1
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DJIeMEeHTbl OCHOBHOU MaTPUIIbl CUCTEMbI YPABHEHU (CM.
puc. 2), BXOAsSILIKME B CTPOKY, CBS3aHHYIO C ES(S:O)(Y'),
MPEACTABUM B BUIE

0
(\V)a(x + W?{x) =
S
= Ag -AB Y [(cXX cosk Ty +a,, sinkrg) +

-s
(s#s'=0)

+i(a coskyrg —Cyy sinkrg)],
CBSI3aHHBIE C Eg(s:O) (f’) NpeacTaBUM
30 3 N _
(\Vyy + Wyy) -
0 S
=Al-AB Y [(c

-$
(s#s'=0)

yy Cosk Iy +ayy sinkyrg) +

+i(ayy coskyrgg —cyy sin klrssv)}

S
\ng(l = _kHOAuB 2 (=D [(Cx coskr —ay sinkrg) -
=S
(s#s=0)
—i(a, coskjry +c,y sin klrssv)],
CBSI3aHHBIE C Eg(szo) (r.’) 3anuieM
0
oz +V5,) =
S
0 .
=Ag—-AB Y [(cy coskrg +a,, sinkirg )+
—=S
(s#5'=0)

+i(a,, coskrg — ¢, sinkirg)],

S
\V])\(/[O = kHOApB Y (D [(Cx coskyrg —ay sinkyrg) -
(s¢;'s=0)
—i(a, coskjLy +cy sin klrss|)].
DJIeMEeHThl OCHOBHOI MaTpulbl CUCTEMbI ypaBHCHI/IfI

(cM.puc.2), BXOOSIINE B CTPOKY, CBSI3aHHYIO C Hg(szo) (F’ ),
MIPEACTaBUM B BUIIE

0
(\VI;(AX + ng(lx) =
0 c .
=Au—-AB Y (—D)[(cxy coskyry +ay sinkyrg) +
(s¢;'s=0)
+i(a i coskyrgg — ¢y sinkyrg)],
CBSI3aHHBIE C H3(5:0) (f’) , IpeACTaBUM
S
v =kegA B Y (—D[(cy coskyrg —ay sink;rg ) —
=S
(s#s'=0)
—i(a, coskrg +c, sinkrg)],
MO Mo\ _
(Wyy +Vyy) =
0 S
=A -AB X (—l)[(cyy coskr +a

-s
(s#s'=0)

yy Sink L) +

+iayy coskyrgg —cyy sin klrssy)],

CBSI3aHHBIC C Hg(szo)(r’) 3anuiinemM

vy = —kgygA B ZS: [(cy cosk L —ay sink rg) —
(s%520)
—i(a, coskyrg +cy sinkrg)],
(W i) =
= Aﬁ -A,B ZS: (=DI(c,, coskyr +a,, sinkr )+
(s45'=0)

+i(a,, cosk it —c,, sin k1))

3necn (1), (3), (7) k=2m/%, ki =Koy,

&
€p Ho
I .
B= _3(Slnkla —kjacoskja), 912 = 1<2a2801/l07

1

L0 (B +200)+ 072, +10) (9 +220)

e -
3806191 }
2 .
o (Mag T210) + 0714 +10; (Myg +210)
A“ = o 5 Iggt :|XS _XS':O,I’
3“06 1
1 |2 51
Cxx:kl_ 3 _kl_’
Igs! I Iss!
2 1 1
Gy =Cz =K T T3,
Tss! Igs'
2 1 1
o =kig Ay =ag =kl-o A=
I Iggr Lgg!
1
CX :kl_
Iss'

st cheppl S TMHEWHOM pelleTKY pellieHUe CUCTe-
MbI YpaBHEHUI (CM.pHC.2) UMEET B/,

=0 . 1 O TN, P (o iot
E (r’t)_ﬁ( 2 Eox (r')+pB Hoy(r)) €

—0 —
H (1',t)=

( BMﬁoy(F’)+gMEOX(F’)) ¢l (8)

b

AaM

rme A — olpenenuTeslb OCHOBHOM MaTpUIIBI
CUCTEMBI YPABHEHUIA.

s cirydast, Koraa 3J1eKTPOMarHUTHBIM B3aUMO-
JENCTBAEM MEXIY c(hepamMu peIIeTKI MOXKHO ITpe-
HeOpedb, BRIpAXKEHUS IJIT BHYTPEHHETO TOJIS ITPO-
U3BOJIBHOM chephl peleTKU (8) MpruoOpeTatoT BU

(7):

o 0, B
E (1) = 32806 Eox (7,t)
(€3¢) +280)+61 €3¢ +i91(83¢, +280) i

—0 — 3 i6; —
H (r,t)= Ho® Hoy (2, 1)

(ko +2H0) + 07 Loy +i0y (11, +2110)
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aTnoTeHIMabl ['epiia paccestHHOTO 1oJIsI (5) 3armieM
B BUIIE

I (f,t) = %(sin kja —kjacosk;a)x
k

1

10
(e,4 —&g)e" !
X 3(1) 0 X

(€ +280) + 07, +10) (8,9 +220)
1k1r

XE ox (2, t)z

S

o (r,t) :_—3(sin kqa —kja coskja)x
ki
(Hogy — o)™

X X
(R +2M0) + 07 g, +i0; (o, +2110)
1k1r

xHoy(z t)z

S
Ha puc. 4 npencrasneHsl 3aBucuMocty Re, Im, Mmomyiisa
1 apryMeHTa ¢ BBIpAKEHUS

M _ (Msgp —Ho)e
(R +210) + 07 1y +10) (1o, +211)

BXOIISILLETO BBIILIE B COCTAB (GOPMYJIBI 1Tt 11 (r,t) ,0T

JUTMHBI ITAJaIoIe i BOJIHBI B 00J1aCTH TEPBOro BHYTPCH-
HEro pc€30HaHCa ccbep MAarHmMTHOIO TUIIa, KOrjaa

a=0,1145cMm, ¢=174, u=1, po=¢y =1.

i0,

3 3,05\, cMm

100

% m'

3T 3.05 Aem

-50 1

Puc. 4. 3aBucuMocTb BeJMUUMHLL N™ OT JUIMHBI BOJHBI A
PaccesiHHoe peltieTKoii cpep mosne moxyuum us (4), (5):

- - S
Epace(r, t) = Z% (sink;a—kjacoskja)x
k

-s k3
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x{[gii’q}isﬁo(?)—ikuo[“ 2 —1J(—1)f’sﬁo(?)}X
€0 Ko

><ei((nt—klrs) ,

= = 31 ®
Hpace(r,t) = Z—3(sm kja —kjacoskja)x
k

—s Kj

x {(“ﬂ- 1] (-DLH’ (7) + ikeg (83—‘13— 1] BE’ (F)}x
Ho %o

><ei((x)t—klrs) ,

rae I:S u 13S — (byHKIIMOHAJIbHBIE MATPUIIBI, KOTOPEIE
WMEIOT BUJT

0
Px lny Vyz 0¥, \Py
T . p 0
Li=[¥y ¥y Yy [[R=¥] 0 ¥y g
P ox \sz Vo, ‘Yy ‘Pg 0

BenuuuHel, BXopsiiiye B QyHKIIMOHAIbHbIE MATPULIBI
(10), 3armmiuem B Buze (1), (6):

2 2
1k2+|3(x—xs) K2 (x—Xg) |+

Y ==K —kj
SRS ‘ R 5 ‘
‘3(){ —xy)? 12
+k| ————,
4
rS
1 3y? 12 ‘33’ —r
‘Pyy:—k%+u—k12y +1k1—,
5 4
Is I rs I
372 — 12 ‘32 —r
v, L2, 2 = —k” +iky ——,
I I s I
by, PR 2 Coxy S xy
5 3 4
I Ig | I
_y :|3(x —SXS)Z _klz (x—;{S)ZLik1 3(x —4xs)z ’
| I I | I
3yz 3yz
‘ijZ :‘sz k k1—4,
I'S S I'S
B8 g %) oy
IlS rS

=Y ik L g0
Yy=3+ik3, ¥y=-¥,
rS S

z
‘PZ 3+1k1 2, \IJ -¥

Is

z

IToJe B ipon3BOIBHOM TOYKE IIPOCTPAHCTBA, JIeXKallei
BHe cep peLIETKH, IIPEACTABIM B BUJIE

ﬁ(;, t) = ﬁoy (Z, t) + ﬁpacc (;, t) .

751 ciyyasi, Korna MOXHO MPeHeOpeyb SJeKTpoMar-
HUTHBIM B3auMoJIelicTBreM chep, KOMITOHEHTA pacce-
AHHOTO MONA Hy ycc (T, 1) (9) KOHEUHOIM peIeTKM 1Tt
OJvKHe 30HbI uMeeT BUl (7) (e‘lklrs ~1):



Hypace (1,t) = k13(sin kja —kjacoskja)x
1

~ (Mo — T
(Rogp + 2M0) + O g, +10 (1o + 210

| | .
(—54- lkl —4J - 1k£0 X
rS rS

£ —E0)E ! S i
« ( 3(1)2 0) : Eozi elmt’
(83(1) + 280) + 91 €3 + 191 (83(1) + 280) —s I

X X

(11)

3y2 —rs2

S
XHO Z
—S

a JJIs1 JaJIbHEM 30HbI IPEICTaBUM €€ KaK

Hypace (r,t) = k%(sin kja—kjacoskja)x
1
2 (Mo — Ho)e'™
x| =kj 5 . %
(Ko +280) + 07 Koy +101 (Hog +210)

(12)
y2

T3
I'S

S| 1 ik,
XHO z —+ c I's
I’S

+ klkp,o X

—S

Eapp —€0)C ) s ik |
N ( 3(1)2 0) EoZZe - clot
(e +280) +01Esp +101 (659 +289) - I

M3 onpenenutens (8) cucteMbl ypaBHEHUI (CM. puC. 2)
HAaXO/SITCSI PE30HAHCHBIE YCIIOBUSI IJIsI CIydast, Korma
a/hg ~1 BHYTPH cep. Ecnu ¢, p ognHaKoOBBIX cep
PEIIeTKA AeCTBUTEIIBHBI, TO Pe30HAHCHBIE YCIOBHS
JUTSI THIYITUPOBAHHBIX B c(pepe 10 OCSIM X, y, z KOMITO-

HCHT BHYTPCHHETO ITOJIA ITOJTYYUM U3 BhIPAXKCHUA

detRe|l o [0 (13)
paspenias ero OTHOCUTENBHO GYHKIUU F(ka+/ep) (7)
IUTSL BBIIEJIEHHOW cdeprl, The || oy || — OCHOBHas

MaTpUlia CUCTEMbl YpaBHEHU (CM. IIJ)I/IC. 2).

AHanu3a peleHus (8) cucteMbl ypaBHEHU (CM. puc. 2)
MOKa3bIBAET, YTO KOMIIOHEHTbl BHYTPEHHETO MOJIS
EX(#, 1), HO(F,t) cdep pelleTKy Mo ocsaM CUCTEMBI
KOOPAMHAT X,y,z (CM. puc. 1) MMeroT pa3Hble pe3o-
HaHCHBIE YCJIOBUS, UTO TPUBOANT K BOSHUKHOBEHUIO
TOHKOW PE30HAHCHOU CTPYKTYPBI BHYTPEHHETO TTOJIS
cep u paciIeruieHI o pe30HAHCHBIX KPUBBIX.

Ecam a1eKTpoMarHuTHBIM B3aMMOIEUCTBUEM MEKITY
cepamu pelieTky npeHedpeub, TO YCIOBUS 151 pE30-
HAHCOB BHYTPEHHETO 3JIEKTPUUYECKOTO M BHYTPEHHETO
MarHMTHOTO MOJIeil MPOU3BOJILHOM Chephbl pelIeTKH U3
(13) umeroT BUA

F(kaqfop) = -

2g(cos 0 +6;sin6;)
8[(1+612)cos 6, + 9 sin 61)} ’

2po(cosB; +6;sin )
u[(ne%)cosel +0, sin@l)J

F(kayfsp) = -

IMopsinok ypaBHeHUsI (13) MOXHO IMTOHU3UTh, €CJIU B
HeM cllaraeMbIMM, CBSI3aHHBIMHU C 1ot, IIpeHeOpeyYb B
cuny ux manoctu. Toraa (13) pacnagaeTcst Ha LLIeCTh

8

He3aBUCUMBIX YpaBHEHUI ITEPBOTO MOPSIIKa, U3 KOTO-
PBIX MOXKHO HalTU UCKOMbIE PE30HAHCHBIE YCIOBUS
JI71s1 KOMIIOHEHT BHyTpeHHero moJisi cep (8). Ho mpu
TaKOM YIIPOIICHUM B BBIPAKEHMSIX JIJIT KOMIIOHEHT
BHyTpeHHeTo I10Jis1 cdep (8) Tepsiercss HeKoTopast
nHGOpPMAaLIKS 0 TOHKOM Pe30HAHCHOM CTPYKTYpE BHYT-
peHHero 1oJis coep.

B s3ToM npubavke HUM YCIOBUS TSI PE30HAHCOB KOM-
TMIOHEHT BHYTPEHHUX MOJIEHA Eg(szo) (") n Hg(s:O) ("
pelreTku umerot Buj (13) (61 << 1) :

2 3
€p 2(1+61)+TXX
F(kayfep) = - [ — } (14)
e(1+267 —1,4)
2 M
Fn 2D 5 |
pn(+265 —’Eyy)
rae
5 3 .
Tox =—3(smk1a—k1acosk1a)><
ki
S
x k12l +%—k1ZL X
—s Tss' rSS' rss'
(s=s'=0)
2 .
xcos kg + Ky —=sinkir |,
3 I‘SS' (15)
Ty =—5 (sinkja—kjacoskja)x
1
S
x > (=1 klzL+—% X
- I Iig

(s#s'=0)

1.
xcoskytggr +ky | ———|sinkyrgg.
Iss!
Eciu pasnoxuts GyHkuuio F(ka/ep) (7) B BbIpaxe-

Husix (14) B psia Teiinopa B OKpeCTHOCTY pe30HAHCHBIX
ycJIoBUT 17151 CBOOOAHOM chepsl [5], To u3 (14) MOXHO
MOJIyYUTh PE30HAHCHBIE YCIIOBUS IJIsI Chep TMHEMHOMI
pelIeTKH B O0Jiee IPOCTOM BUIE.

Hust muanexTpuueckoit cepsl (1 =1) o1 IepBoro

HM3IIEro pe30HaHCca KOMITOHEHTHI Eg(szo) (r"), xorma

€=40, U n-TO pE30HAHCA KOMIIOHEHTHI H(y)(s=0) ("
PE30HAHCHBIE YCIOBUS MPEACTaBUM KakK

2 )
4’384:2na\/g+8_0[2(1+91)+rxx _2) 1

e | 14200 -7, )0,472>

omave [ 201+67)+1) ™
m= + DR -2
A 14207 — 13y

2nn

rae n=1,2,3 —nopsIoK BHyTPEeHHMX pe30HaHCOB Mar-

HUTHOIO TUIAa. BeanauHbI tix,rl;‘y (15) yuuTbIBaoT
CTPYKTYPHOE 3JIEKTpPOMarHMTHOE BiIUsHUE chep pe-
LIETKU Ha BbIAEJIEHHYIO0 cepy s’ =0 (puc. 5).

PU, 2004, Ne 2



Ha puc. 5 npencrasieHa 3aBUCHUMOCTh Tl;/dy (15) ot
JUTVHBI IAIAOLLIEN BOTHBI ), 151 CTydast, KOTa paaryc chephbl
a = 0,15 cM,TIOCTOSHHAS PEILIETKU d = 2,3 CM, X¢—o = 1,15em.

W3 Beipaxkenus (15) u puc. 5 ciaemyer, 94To Koraa JJIMHA
pacceMBAEMOM BOJTHBI COM3MEPYIMA C TTIOCTOSIHHOM PELLIETKA
A ~ d ,TO BpeLlIETKe BO3HUKAIOT PELLIETOYHbIE CTPYKTYp-
HbIE PE30HAHCHI AEKTPOMATHUTHOTO B3aMMOJENCTBUS
cdep ABYX TUIOB — JIEKTPUYECKOTO M MArHUTHOTO.

AHaM3MPYsl pe30HAHCHBIE YCIIOBKS, HAIEM, YTO MPU
cOMmDKeHNY cep pellie TKIA pe30HAHCHBIE 3HAYCHIST ITH
BOJTH JJIs1 BHYTPEHHUX DJIEKTPUIECKIX Pe30HAHCOB chep
YBEJIMUNBAIOTCS, A TS BHYTPEHHMX MarHATHBIX pe30HaH-
COB cep YMEHBIIAIOTCI OTHOCUTEIEHO aHATOTMYHBIX
PE30HAHCHBIX 3HAYECHWIA IJTH BOJTH OWHOYHOM ChephI.

A
0,016 4 T

0,008 |

20,008

M
Puc. 5. 3aBucumMocTb BeIMYMHBI T

vy OT JUTUHBI BOJIHBL ),

3. 3akmoyenne

ITonyyeHHOE B JaHHOM 3amaue pelleHue YYUTbIBaeT
BIIMSIHUE CTPYKTYPHBIX PE30HAHCOB 3JIEKTPOMATHUT-
HOT'O B3aMOJECTBIS MATHUTOIURJIEKTPUUECKUX Chep
pelLeTKY Ha BHYTPpEHHUE PE30HAHCHI chep, BXOISIINX
B COOTBETCTBYIOIIME pe30HAHCHBIE 30HBI cpep [5], m nx
COBMECTHOE BJIMSIHME Ha pacCessHHOE MoJie, YTO pac-
CMOTPEHO BITEPBHIE.

OTO pelieHue MOXET OBITh II0JIE3HO IIPU CO3IaHUN
KOMIIO3UIIMOHHBIX MAaTepHAaJIOB C CHJIBHOM TMCIIEPCH-
eli C MCIOJIb30BaHUEM 00J1aCTH AHOMAJIBHOM A CIiep-
CHM PEIIeTOK,, U3YIEHUH BIUSHUS 1e(hEKTOB PEIIETKHI
Ha paccessHue M pacIipoCcTpaHeHNE TIOJIeH, a TAaKsKe TS
pa3paboTKU YCTPOMCTB IO YITPABAECHUIO MTOJIEM U3JTY-
YEHMST 2JIEKTPOMArHUTHBIX M3ITy4aTeseil, B KOTOPBIX
HCITOJIB3YIOTCSI TOHKME 3(GeKThl B3aUMOOAEHCTBUS
PEeLLIETOYHBIX CTPYKTYPHBIX PE30OHAHCOB Y BHYTPEHHUX
PEe30HAaHCOB cep pelleTKH.
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OIIEHKA ITAPAMETPOB MOJIEJIEN
JIMHEMHOTI'O MPEJICKA3AHUA 110
CIHEKTPAJILHOH INIOTHOCTH
MOIIHOCTHA

THXOHOB B.A., IOPOBCKHH B.B.,
TOPEJIOB JI.10., TUXOIIEPCTOB E.C.

IMpuBomUTCSl crocod pacyeta MapameTpoB MoOJeNel aBToper-
peccum 1 CKOJIB3SIIIIETo cpeaHero 1o 3anaHHoi CITM ciydaiiHo-
ro npouecca wim AUX nvHeiiHoi cructeMbl. ONMUChIBAIOTCS
CUCTEMbI YpaBHEHMIA ISl pacyeTa rnapameTpoB Mozesieil. AHa-
JIM3UPYIOTCS BOBMOXKHOCTH TIPUMEHEHHST TAKOTO METOJIa OLICH-
KU MapameTpoB Mozeneit 1j1st pazmiuHbix popm CITM mim AYX.

Monemasroperpeccuu (AP) uckonsasinerocpeaHero (CC)
LLIMPOKO IMPUMEHSTIOTCS B AHATI3e KOPPETUPOBAHHBIX CITy-
YalfHBIX TPOLIECCOB, HAPUMED, IIPU ITOJARICHIN KOPPe/IU-
pOBaHHBIX TTOMeX [ 1], m1st KOppeKLK KaHaIOB CBSI3U [2],
BCUCTeMaxX KOTMPOBAHUSI-IEKOIMPOBAHUSI peUEBbIX CUTHA-
JI0B B LM(POBBIX crcTeMax cBssu [3]. Monemm AP u CC
WCTIOJB3YIOTCS BITApaMETPUUECKOM CITEKTPaIbHOM aHa-
JIM3e, KOTOPbIN MMEeT psii IPeMMYIIeCTB Haj KJIacCH-
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YECKMMU METOAAMMU CIIEKTPATbHOTO OLIEHUBAHUSI ITPU
aHaJIn3e BEIOOPOK KOHeYHOI inHHI [4]. Kinaccuuec-
KMM IIPMMEPOM YCIEILIHOIo IpuMeHeHus Mmoaeau AP
SIBJISICTCS aHAJIN3 COJIHEUHOM aKTUBHOCTH [5].

ITapamerpsl mogeneit AP u CC HaxomsTcs 1o U3BeC-
THBIM BBIOOpPKAM CUTHAJIOB [ 5], PYHKIIMSIM KOppes-
v v mapamerpam CITM ciydaiiHoro mporiecca [6,
7]. OnHako npobjieMa OLeHKH MapaMeTpOB MOJEIN
JIMHEHOTO NpeACcKa3aHusl Mo 3aaHHbBIM CIEKTPalb-
HBIM OTCYETaM, KakK MpaBUJIO, HE pacCMaTpUBaeTCs.
Bwmecte ¢ TeM, pu pelieHn U psijia 3a1a4 HEOOXOAUMO
oleHuTh napameTpbl moaeneit AP uwiu CC, ecniu
u3BecTHBI oTcueThl CI1M mpoliecca vy 3a1aHbl 3Ha-
yeHuss AYX HekoTopoii 1nHeliHo# cucTeMbl. HalineH-
HbIE€ TaKMM OOpa3oM IMapaMeTpbl MOAEJE MOXHO
WCTI0JIb30BaTh JJ151 aHATM3A CITyYalHBIX [TPOLIECCOB WA
CHUCTEM C U3BECTHBIMU CITEKTPaJIbHBIMU XapaKTepuC-
TUKAMM, JIJ1s1 IIOCTPOEHUS MOAEIEH TMHEMHOTO IIPE-
CKa3aHUsI, IJIs CUHTe3a (POPMUPYIOIIMX NN O0ETISII0-
mx GuibTpoB. C mOMOIIbI0 (POPMUPYIOIINX (DUTb-
TPOB MOJTyYaloT UMUTALIMOHHbIE CITydaliHbIE TTPOLIECCHI
C3aJaHHbIMU CTaTUCTUUYECKMMU XapaKTepUCTUKAMU.

1leavio pabomet ABIISIETCS CO3MaHNE METOAVKM pacyeTa
napameTpoB Mozaeseii AP u CC no n3BecTHBIM 3HaYe-
Husm CIIM.
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