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Mopenb TpexXMepHOro MarHUTHOro noJssd cratopa
UMNUHAOPUNYECKOro 3yfiIeKTpoMmarHMuTHOro nepemMeLumBaTtens
C y4yeToM pacnpegerieHnA TOKOB HAMarHW4eHHOCTU

no NOBepXHOCTU MarHuTonpoBoAa. Il

B pesynbrare yrnpolieHus: BEKTOPHOM CUCTeMbl HHTETpalibHbIX ypaBHeHuit (CUY) miis TokoB Ha-
marandeHHoctd (TH) Ha moBepXHOCTH MarHMTONPOBOJA AJIEKTPOMArHUTHOTO IEpEMEIIMBATEIs
(OMII) nosnyueHa MOJIEIb TPEXMEPHOTO MarHUTHOTO TIOJIS UTHHApUYeckoro OMII, B ocHOBe KO-
Topoii nexutr ckansipHass CUY. HensBecTHbIMU B HEH SIBISFOTCSI POSKIIMKM BEKTOPOB IUIOTHOCTH
TH, nexanmx B KacaTeIbHOM IIOCKOCTH K TIOBEPXHOCTH MarHUTOIPOBOIA.

B pe3yinbTarti CIpolleHHs] BEKTOpHOI cucTeMu iHTerpanbHux piBHaHb (CIP) ms crpymiB Hamar-
HiuenHocti (CH) Ha moBepXHi MarHiTONMPOBOAY eJeKTpoMarHiTHoro nepeminryada (EMIT) otpu-
MaHO MOJIEJIb TPUBUMIPHOTO MarHiTHOTO ToJisl 1niHapuuHoro EMII, B OCHOBI sIKOi JIGKUTH CKa-
nsipua CIP. Heiomumu B Hili € npoexiii BekTopis miibHocTi CH, 1110 J1e)aTh B JOTUYHIN IUIOMINHI
JI0 TIOBEPXHI MarHiTOIPOBOLY.

Knwuesvle cnoesa: mpexmepHoe macHuninoe noJe, 3ﬂ€Kmp0M(l2Hl/lmellz nepemeuiusamelin,
MaeHumonposoa, MOKU HAMACHUYEHHOCMU, 6EKMOPHblE UHMeZPAlbHble YPABHEHUA, CKAIAAPHAA
cucmema uHmezpantbHulX ypagHeHul.

IIpeoOpa3oBanne BeKTOPHOI0 HHTErpajbHOro ypaBHenus (11) k ckaasip-
Hoii CY. 3anumem BekTopHoe ypaBHeHue (11) B pa3BepHyTOM BUJE:

M,

2; 5,(01, 0+ ] g, G“3(Q1 MOl
S

Yo, m,

n, G M n, G , M
J-[ O 123(Q1 2)] "SMZ '-[ 0 133(Q1 3)] I 3
N Yo, m N o, m
2 1 M2 3 1 M3
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+J‘ |:ﬁQ1G143(Q1"]\44)](1,5‘A/[4 Z_DSIOkSOk’ Ql ESI, (15)
Sy rQ1M4
3xaech
éll(Ql7M1)=Ep(Ql)Gllp(Q1’Ml)+é(p(Q1)Gllq)(Ql’M1)+EZG112(Q1’Ml);
(16)
élZ(Ql’M2)=ép(Ql)G12p(Ql’M2)+é(p(Ql)G12q)(Ql’M2)+EZG12Z(Q]’M2);
(17)
G13(01, M3)=2,(0,) Gi3,(0y, M3)+2,(0)) G13,(0y, M) +e.G5. (0, M),
(18)
614(Q1aM4)=ép(Q1)G14p(Q1,M4)+E¢(Q1)G14¢(Q1>M4)+EZG14Z(Q1aM4);
(19)
ﬁQl =-e;
(%)) €,(01) e,
[ﬁgléll(Ql’Ml)]: 0 0 -1 =
Gp(Q1, M) Go(O1. M) Gy.(0), M)
=¢,(01) G11(Q1, M) —e,(0)) G, (O, M, ); (20)
€, (9)) e,(01) e,
[ﬁglélz(Ql,Mz)]Z 0 0 -1 =
Gip(Q1, My) G0(01, M) G, (0, M,)
Zép(Ql)GIZQp(Ql7M2)_EQ(Q1)G12p(Q1’M2); (21)
€ (9)) e,(01) e,
[ﬁQ1613(Q1’M3)]: 0 0 -1 =
Gi3p(Q1, M3) Gy3(Q,M3) G3.(0,,M3)
:Ep(Ql)G13(p(Ql’M3)_EQ(Q1)G13p(Q19M3); (22)
€, (91) e,(01) e,
[ﬁQ1§14(Q1,M4)]= 0 0 -1 =
Gip(Q1, M) G0, My) Gy (0, M)
zép(Q1)G14(p(Q1>M4)_E¢(Q1)G14p(Q1aM4)~ (23)
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[Toacrasus (16)—(19) B (15), nonyuum

2—“@ (0600 (Ql,r)+2”é (01)6 40, (01, )+

1”3 SMI
O M,

+I ep(Ql)Gllcp(Ql’Ml)_e(p(Ql)Gllp(Ql7M1)d

[ SO 01 M) 8,0 G @1 M)
S Yo, m,
[ O G@M) Q)G M)
S3 "o, m,
QGO MOEOG@M) 5 s,
Sy 0, M,

24

[Tounenno npounTerpupyeM (24) U BeIHECEM OPTHI 32 3HAK WHTerpaia. Torja
3alIuIIEeM

2n_

*e (Ql)GpQI(Qlat)Jr*e (Q1)0 40, (Q1,1)+

+Ep(Q1)I M dsyy, _é(p(Ql).[ Mdle +
Q1 M, "o, m,

+ep(Q1)IGU‘P(Q“) ds,, _é(p(Ql)J. wdst +
o, m, o, M,

_,_ep(Ql)IG”‘P(Ql’) ds,, _E(p(Ql)J. &1’)&&13 +
o, m, "o, m,

+?p<Q1)I el sy, e (an M‘% i
Q1 M, "o, m,

:_DSIOkSOk =€, (Q1)F1,(Q1)—eg(Q)F (@) —e-[1:(Q1), ) €5

(25)
IIpupaBHsiB BEIpaXeHHs IPH €, (0, ) 1 e,(Q; ) crpasa U ciesa, MoxyIum

llq)(Ql’M ) +J‘ Gl2(p(Q1:M2)
M1 3
Ql M, S, Yo, m,

G, (01.0)+ j

dsy, +
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G130(01, M3) Gl40(01, M)
+ J e +J. sy, =—Fy(01). 0y €S
S; "o, m; S "o, M,
2n G, (01, M) G291, M>)
7G¢Q1(Ql’t)_J.p3—dsM1 _J.p:;—dSMz_
X S o, m, S, 70, 1,
G3.(0,, M3) G4(Q1, M)
_IMdSM3_J‘MdSM4Z_FI(')(QI)’QIESl.
S5 "o, m, S "o, M,

(26)

27

Hyist Toro utoGbl Haity 3HaueHus Gy, (O, M), G5, (0, M), G13,(Qy, M 5),

Gap(O, My), G1,(Q1, M), Gy (01, M), Gi3,(Oy, M3), G14y(O), M) u3
(26), (27), packpoem BekTOpHbIe npousseneHus (16)—(19) mist Gy, (Qy, M),

G,(0,, M>), 613(Q1 , M3), 614(Q1 s M y):
G1(01, M) =2,(0))G,1,(0, M) +e,(0))G,,,(0), M) +

+e.G.(Q, M) =[rp 4, 0,(M,0)].

[ToncraBus B (28) hopmynbl u3 Tadm. 1

_ _ P - ®
rQlMl :ep(Ql)rQlQ&l—i_e(p(Ql)rQlﬁ}l P
G (M)=¢,(0))0, (M)+e,(Q1)0 4o (M),
rue
ro =P, €08 (@ 4, —0 0 )=Pgs Tl =Par, SN 4, —P o),
u
Cpp, (M) =c0s(® y1 =P o, ) Oy (M) =SIN(Q ;=P o ) O gy, (M),
G oo, (M) =8I0(Q 1y =@ o ), (M) +€0S (P 3y =P o ) O s, (M),
HOJIY4YUM
Ep (Ql ) E(p(Ql ) EZ
Gll(leMl)z[FQ]Mlal(Ml’t)]: ’”glgﬁ',[l FSIQAI/[I 0|=
Gle(Ml) Gle(Ml) 0
- 7Po 7o _po %0
=e QlMl QlMl :ez(l"QlAllIG(PQl(Ml)—rQl]\lllgpQI(Ml)).

) Gle(Ml) G(PQI(Ml)

(28)

(29)

(30)

€2))
(32)
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Orcrona cinemyer
Gup(QlaMl):O,
G11¢(Q17M1)=0
G11:(Q1, M) =108 6 g0, (M) =158 oo (M)

G,(0,,M,) =¢,(01)G12,(01, M) +€,(0,) G 150(0, M)+

+e.G . (01, M) =[ry y,0,(M,,1)].
IToncrasus B (35) ¢popmyiier u3 Tadm. 1

o, =8 Q1o +80(01)rg 57, +2:(Q0)rg i,

u
Gy (M;)=ey(M;)0 gy, (My)+e.(M;y)o . (M;)=
:ép(Ql)Gle(M2)+E@(Q1)G(le(M2)+ézcz(M2)7

rie

le _pMZCOS((PMZ (PQI) Po, _R2COS((PM (Pgl) Po,-
Fod, =P, SIN(® 4y, =0 o )= Rysin( 4, —0 g, ),
rQZ1Qﬁl/lz :(ZMz —Zo ):ZMz ~Z,
Opp, (M) ==sIn(Q y1, =0 o, ) O 1, (M),
G o, (M) =C0s(Q 1, =@ o, ) O g, (M),
TOJTY9UM
Ep (Ql ) E(p(Ql ) éz
G12(Q1, M5) =[rg u,0.(M,,1)]= ’”glgj,fz ”Sﬁyz FQZIQAI,IZ
GpQ](MZ) G(le(Mz) c.(M,)
—€(QO(@®<5(AQ) For o0, (M)~ e(QJ(pm 0. (My)~
QQA} Gpp, (M) +e_(r, ( le G(le(Mz) le(Mz))
CnenoBarennHO,

GlZp(Ql:M2) (pQI ,0 S(M;)- Yo Ql G(le(MZ)a
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(33)
(34)

(35)

(36)

(37

(3%)
(39)

(40)
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12¢,(Q1a]\42)—_’”pg1 c (M2)+’” 2 Gle(MZ) (41)
G,.(0,,M,) = ”le ,%00, (My)-r, (PQI Gpgl(MZ)

G13(01, M3)=2,(0) G35 (Q1, M3)+2,(0) Gy3,(01, M3) +

+e.G3.(0), M3)=[rp y,03(M3,1)]. (42)
Tenepsb hopMyITbl
Four, =€(Q1) 1, +8,(Q1) 15 +e.(01) 15 (43)
63(M3)zép(M3)GpM3(M3)+EQ(M3)G(;)M3(M3):
zép(Ql)GpQI(M3)+é(p(Ql)G(pQ](M3)’ (44)

rac

Po,

Yoo, ZPM3COS((PM3 —(Pgl)—PQ1 —pM3s1n((pM3 (le)

l
Q1M3 =(zy, —29,)=23—2,,

Oy, (M;)=cos(¢ M; ~Po )GpM3 (M 3)—sin (¢ M; ~Po )G(pM3(M3 ), (45)
G oo, (M3)=sIn(@ ;. =@ o )Gy, (M3)+C08(Q 1, =@ o ) O gy, (M3), (46)
noAcTaBuM B (42) 1 moaydnm
Ep(Ql) é(p(Ql) EZ
G13(Q1, M) =[Fg 1, 55(M3,0)]=| 12 o ol |=
’ O1M; ’ O\ M; oM, O\ M;
Gle(M3) thQl(M3) 0

=Ep(Q1)(_’”5[QAI,13G¢QI (M ))_é(p(Ql )(_FQZ]QAI/[3GpQ1 (M3))+

+e (’”le G(le(M3) le(M3))
Orcrona cinemyer
Gi3p(Q1, M3) =15 G oo, (M3), (47)
G13q>(Q1>M2) ”Q GpQI(M:i) (48)

G3.(0,,M;) = (”le GQQI(Ms) To Ql Gle(MS));
G14(01, M) =2,(01) G145 (1, M) +€,(0) G140(Q1, M) +
+e.G 4. (Q1, My) =[rp ,04(My,1)]. (49)
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Tenepsb hopMyITbI
Fout, =& (0l +eo(01)rg S +e.(01)rp S (50)
"
G (My)=e,(My)0 gy, (My)+e.c.(My)=
=2,(01)0,0, (M) +2,(0,)0 o (M) +e.0.(M,), (51)
rae

51Q1 _pM4cos((p M, ~Po, )—le =R,cos(¢p m, ~Po, )_PQI >

Fo, =P, SO vy, =0 o ) =Rysin(e y, ~0 ),

’”QM4 _(ZM4 ZQ) (ZM -Z)),
Gpp, (M) ==sIn(Q y1, =0 o )T oy, (M), (52)
G oo, (M 4)=C0s(Q 4, =P o, ) O g1, (M), (53)

mojicTaBuM B (49) u noiayyum
Ep (Ql ) E(p(Ql ) éz
G4(01, M) =[Tp 1 O4(My,0]=| 7% ro rol =
14321> 7% 4 oMy~ 4 4> oM, oM, oM,
Gle(M4) G(le(M4) GZ(M4)

=2,(01) (ry5 0. (M) =15 040 (M) =2,(0) (%l 0.(My)~

QZQA} O, (My))+e. (”le G(le(M4) pQ4(M4))
Takum 06pazom,
G14p(Q17M4) (pQI ~ (My)- rQM @QI(M4) (54)
14(p(Q1,M4)——’”pQ1 o (My)+ry - 1,900, (M4) (55)

G4:(01, M) = pQ G(le(M4) ”(PQ Gle(M4)'

[ToncraBuB B ypaBHeHus (26), (27) Beipaxkenus (33), (34), (40), (41), (47), (48),
(54), (55), nomyuum

51%3425 (Mz)"‘” 2 M,%p0, (M)
ds M, J. 3
Q1 M, S, Yo, m,

Spo, (Ql,r>+j

dsy, +
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roou, 0 (M) 415l 600 (M)

J'VQQI\1/13 PQl(M )dSM3+J‘

3 3 SM4 -
S5 o, M, Sy Yo, m,
=—F,(Q)), Q1 €8, (56)
7o 70,
2n 0 QMGZ(Mz) Yo,m,% 90 (M,)
=040, (01,0~ [ ——dsy, — [ =2 : : Sar,
Sl rQl M] S2 rQl MZ
Z0 Po
_J‘_rQlﬁl430¢Ql(M3) J- QA24G (M4) (PQl(M )dsM _
3 3 4
83 rQ1 M, Sy rQ] M,
=—F,(0,), O, €85,. (57)
Wurerpainel B (56) u (57) mpeacraBuM B BUJIE cyMMH JIBYX UHTETPAJIOB:
glgj‘l/fz :(M3) Q1M2 le( 2)
le(Qlat) I— _[—dSM2+
Yo, m, S, Yo, m,
Y rPe
J. I"Qlllll3 le(M ) J‘ Ql‘}tl46 J. Q1M4 le )dS
e S— T S— M, =
S Q1 My Sy Q1 M, Ql M,
:_Flp(Ql)a QlESI’ (58)
r 2 c.(M,) i (M)
M 2 M,% 90
G o, (O1,1)— J. —Ql : J. S 3 1 dsy, +
Q1 M, S, Yo, m,
Z0 Po
rQ1A1’13G‘pQ1(M3)d _ Q1A1’140- (M4) Q1M4 (le(M )d _
+.[ 3 Smy I 3 I Sy, =
r v
S5 0 My Sy 0, M, Sy Ql My
Z_Fl(p(Ql)7 Ql ES]. (59)

[Toncrasus Beipakenus (31), (32), (38), (39), (45), (46), (52), (53) B ypaBHEHUS
(58), (59), nomyunm
pQ1 204
2n r SIN(Q 4, =0 o, )0 gur, (M)
7Gle(Qlat) _[ Q1M2 I QM 23 1 o SM2
X Q1 M, o, m,

J- QM(COS((PM3 —0 o, )0, (M3)=sin (¢ y, (PQI)G(pM3(M3))d
s
3 M
"o, m,
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5%{4 (M4) B ’”QZ]Q,C,,4 sin (¢ M4_(PQ,)G¢M4(M4)d 3
I M4 I 3 SM4 -
Ql M, Sy rQI My
:_Flp(Ql )a Ql ESl’ (60)
roo 7221 cos(Q 4. —P o )G (M)
Mm,0 M, M, Po M 2
(le(Qlat) j Ql 2 I 0, 23 1 oMy SM2+
0, M, "o, M,
I ”QQA',[ (sin(o M, _(PQI)GpM3(M3)+COS((P M3_(PQ1)G¢M3(M3)) ds. _
3 M
o, m,
5%1440 rQQAl4 cos (@ 47, =P 0,) O gur, (M) .
I Q M '[ ’”5 M e
Sy 1 My 1 My
:_Flcp(Ql)a Ql eSl‘ (61)
VYpasuenus (60) u (61) 3anmimem B Buae
(@ y, =9 9, )0 o, (M)
M 0 M 2
L 6,0,(01.0)- j A S L ds,y, —
2 rQl MZ
J’ (SQ/:/fz I rQQAl/[ cos (@, =@ g, )GPM3(M3)ds -
Q M ”5 M s
1 2 1 3
VQZ]QAI/IS sin (¢ M, _(PQI)G@M3(M3)d
_.[ 3 SM3 -
o, m,
ZQ . pQ
_J~ rQIA}451n((PM4 _(le)G(pM4(M4)dS _J- Tom,C = (M4)ds 3
3 My 3 My —
! Yo, m, Sy o, m,
:_Flp(Ql)a Ql ESl‘ (62)
2n Toom, €08 (@ v, = © 0, )G g, (M)
—Oyp, (Q1,1)+I M, 23 e dsy, =
X S Yo, m,
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o, 01

rcl o (M,) r sin (¢ ®p )0 (M)

oM, 2\ 2 oM M 0,)%pm 3
—I—l 23 ds”2+‘ =3 33 . ’ dsy, +

S, rQl M, S5 rQl M

+I ”Q]QAI,,3COS((PM3 _(PQI)G¢M3(M3)d

,/-3 SM3+
S3 Ql M3

Z0 _ o
L[S R0 O (M) 1O
M,y

3 3 Smy =
Sy O M, Sy O M,

=—Fi,(01) Q1 €. (63)

C yuetrom BBeJIeHHBIX B [ 1] 0003HaueHHIt s/1ep MHTErpaIbHBIX ONIEPATOPOB
ypaBHeHus (62), (63) mpuHUMAIOT BUT

2
;‘cpgl (010~ [Z8(01. M) 0 oy, (M) ds r, ~ [CR(Q1.M ) 0. (My) ds ., +
SZ S2
+[ZC(Q1, M3) 0y, (M) ds yy, = [ZS(01, M5) 6 g, (M) ds g,
S3 S3
- JZS(Qla My)o g, (My)dsy, — ICR(QD M,)o.(My)dsy, ==F,(Q)),
S, Sy
0,€8,. (64)
2
;c(pgl (Q1.0)+ [ZC(Q1.M)) 6 gyy, (M) ds g, = [SR(Q1,M)) 0 (M) ds, +
S2 SZ
+ [ Z8(01,M3) 05y, (M) dsyy, + [ZC(Q . M3) 6 g, (M) disyy +
S3 S3
+J.ZC(Q1 M) gy, (My)dsy, - J.SR(QI My)o (My)dsy, =—F,(Qr),
S, Sy
0,€8,. (65)
3anumiem ypaBHenus (64), (65) B onepaTopHOM BHUJIE:
2n

;Gle (O1,0=ZS 5,6 gu, =CR3 6 2, +ZC 13050, =28 130 o1, —

=280 ou, ~CR14 0y, ==11,(01), Q1 €Sy, (66)
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76&0Q1 (Ql 7t)+ZC126(pM2 _SR12 GZMZ +ZS13GPM2 +ZC13G(pM3 +

+ZC 140 g, = SR140 oy, =—F1p(0), Q) €. (67)

Cwmpbicn BBeJIeHHBIX B (66), (67) onepatopoB Clie Iy O ii:

J.ZS(Q1 5M2)0¢M2(M2) dSMz :ZSqu)Mza
S,

[CR(O1. M3)o.(My) dsyy, =CRy0 .y,

S,
j ZC(Qy, M) 6y (M) dsyy =ZC 136
S3
IZS(Q13M3)G@M3(M3)dSM3 225130¢M3»
S3
IZS(QlaM4)G¢M4(M4)dSM4 =28 145 gu, »
Sy
ICR(QI’M4)GZ(M4)dSM4 =CR 140y,
Sy
jZC(QlaMZ)G(pMZ(M2)dSM2 :ZC125¢M2:
S2

_[SR(Q1 sMy)o (My)dsy, =SR 56 2y,

S2

J.ZS(QI s M3)6 5y (M3)ds )y, =ZS 50,
S3
IZC(QlaM3)G(pM3(M3)dSM3 ZZC13G¢>M3:
S3

.[ZC(QI sM4)G<pM4(M4)dSM4 =2C140 g1, >
Sy

ISR(Q1>M4)GZ(M4)“’SM4 =SR4 6 2y,

Sy
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IIpeoOpa3oBanue BEKTOPHOI0 MHTErPAJBLHOr0 ypaBHenus (12) k cka-
asipaoii CY. IlpesncraBum BekTopHOE ypaBHeHHe (12) B pa3BepHyTOM BHUJIE!

2162(Q2,t)+.[ no, 21(Q2, 1)]dsM1+
X Qz M,
n, G M n, G M
+J-[ 0, 223(Q2 2)]dsM +I[ 0, 233(Q2 3)]dsM N
3
) er M, Sy rQ2 M;
(7o G14(0,5, M )] - (68)
+_[ — dsy, ==Dg 000> 02€8,.
S4 rQ2 M4

31ech

G1(0,, M) =¢,(0,)G51,(02, M) +€,(02)G11,(04, M) +e,G,.(0,, M),
G2(0s, M5)=2,(02)G 125, (Q, M) +2,(02)G (05, M) +€,Gy (05, M),
G3(02,M3)=€,(0,)023,(0r, M3)+e,(02)G130(0r, M3)+e,Gos. (0,5, M),
G4(Qy,M ) = €5(92)G245(O, M 4) +€,(02)G24o(Qr, My ) +e.Goy (05, M),

nQ __Ep(QZ);
B 2(05) 2y(02) e.
[EQZG21(Q25M1)]: -1 0 0 =
Gop(Qy, M) Gy1(Q2, M) Gy (02, M)
=E@(Q2)G212(Q27M1)_EZG21¢(Q2>M1 ) (69)
B 2(05) 2y(Q2) e.
[19,G2(Q2, M3)]= -1 0 0 =
GZZp(QZ’MZ) G22(p(Q2’M2) G.(0,, M)
=éq)(Q2)Gzzz(Q2»Mz)_Eszmp(Qz,Mz)a (70)
B %(05) 2y(Q2) e.
[EQZGZB(Q29M3)]= -1 0 0 =

Gr3p(Q2, M3)  Gp3p(Q2, M3)  Gr3.(02, M)

=E¢(Q2)G23Z(QzaM3)_52G23¢(Q2>M3)a (71)
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e,(0,) e,(0,) e,
[ﬁQ2624(Q2:M4)]: -1 0 0 =
Grp(Or, My) Gruo(Qr, M) Gy (0r,My)
=€4(0,) G4, (Q, M) —e.G (O, My). (72)

[ToncraBus (69)—(72) B (68), momyunm
2—“(%@2)%@ (0)+2.(0,)5.(0,)+

_ Gy1.(0,, M, Gr1p(05, M)
+e(p(Q2>jMd e [T
Yo, m, S, Yo, m,
_ Gy (05, M) _ ¢ GOy, M)
+e(p(Q2).[ —22z0%2>° 727 3Q2 2 dst—ez.[—zz(p3 272 ds y, +
S, Yo, m, A\ 0, m,
~ Gy;.(0,,M;) _ 1 Gag(Q,, M5)
+e(p(Q2)J. —23r3 20773 417SM3—(3ZJ‘—23¢;3 23 ds ., +
0, M, S 0, M,
_ e (Qz)G24z(Q2aM4) — G24¢(QzaM4)
+ep(Q2)I ds M4_ez_[3—dSM4 =
rQ2M4 Sy Yo, m,

:_DSZOkSOk :_E(p(QZ)FZ(p(QZ)_EZFZZ(QZ)ﬂ 0,€S8,.

IIpupaBHsIB BEIpaXCHHS TIPH €,(0, ) ¥ €, CIpaBa U CIICBa, MOIyIHM

2 G z ’M G Z ’M
G(PQZ(QZ)_,_J'MCJS J'Mds%+
S, To, M, S, 0, m,
G M, Gy (Qy, M
L Mds N IMdSMﬁ_FM(Qz),QﬁSZ, (73)
S5 "0, Sy "0, m,
G M G M
S, rQ2M1 S, erMz
Gr30(0,,M3) Gr4p(0r, M y)
[Tt g, [ T g = F, (0.0, €8, (74)
S, To, M, Sy Yo, m,

Onpenenim Bxozsiuye B (73), (74) aneMentsl Gy, (Q,, M), Gy, (04, M),
G23q>(Q2 ’ M3 )a G24(p(Q2 ’ M4 )a G212(Q2 > Ml )a GZZZ(QZ ’ M2 )7 G23z(Q2 ’ M3 ),
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G4.(Q,, M ). L1t 5TOTO paCKpOEM BEKTOPHBIE IPOU3BEICHHS J1JIsI G, (Q,, M),
G (05, M), G3(Q,, M53), Go4(Q,, M)

GZI(QZ’MI):ép(QZ)GZIp(Q2’M1)+é(p(Q2)G21(p(Q2’M1)+
+e.G,.(Q,y, M) =[rp,y,61(M,)]. (75)
[ToncraBus B (75) Gpopmyiisl

_ _ _ [0 _ z
erMl :ep(QZ) Q}\Z/[ +e(p(Q2) Q?\j +ez(Q2)rQ2?él )

El(Ml)=Ep(Q2)GpQ2(M1)+EQP(Q2)0-(pQ2(M1)a
rje

P ¢ ;
QZQ2 =P um, cos (¢ M, —9P Qz)_R2’ rQZQA%II =P, sin (@ M, ~Po )

erMl _(ZM ZQ2)=ZI_ZQ2’
GpQ2(M1)=COS((p M, 9P Q2)GpM1(M1)_Sin((p M, —9P Qz)Gq)Ml(Ml)a (76)
O oo, (M) =sIn (¢ yy =0 o, )0y (M) +C0s(Q 1, =0 o, ) O s, (M), (77)

3allUIIeM

ézl(Qz’M1)=ép(Q2)Gzlp(QzaMl )+€,(0,2) Gr1p(0r, M) +e.Gy,,(0r, M) =

6(Qy)  ey(Q,) e
=[P, 61 (M)]= (SQAZ/Il rgfﬁ;l FQZZQAZ =—EP(Q2)r529A2410(PQ2(M1)+
Sp0, (M) S0, (M) 0
+24(02)r % Gpo, (M) +e. (1% G40, (M) =% 0o, (M)
Taxum o0pa3om, rnosryyaem

Ga1p(Qa, M) =155 640, (M), G1p(Qy. M) =1p% S0, (M), (78)

G11.(0y, M) = "o Q2 G(PQZ(Ml) "o Q2 GPQz(Ml) (79)
ézz(QzaMz)=Ep(Q2)Gzzp(QzaMz)+5¢(Qz)Gzz(p(Qz,Mz)+
+e.G5). (0,5, M5)=[rp,11,6,(M>)]. (80)

[ToncraBuB B BekTopHOE npousBeaeHue (80) hopmytbt
= = P = ¢
Fou, =€,(05) QQK/[ +€,(0,) o, QAj +eer ﬁj ,
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6(M2):é(p(MZ)G(pMZ(MZ)+EZ(M2)GZ(M2):
:Ep(QZ)GpQQ(M2)+E@(Q2)G@QZ(M2)+EZGz(M2))

rae
pQ2 —PMZCOS((PM2 ¢ o,) —R, =R,¢08(9 )1, — 9 o, )Ry,
Foly, =P, SIN(Q 1, = 0 g, ) =Rysin (0 4, = 0 g,
FQZ,QAZ/Q _(ZMZ_ Z9, )
GPQZ(M2):_Sin((P M, —P Q2)0¢M2(M2):
G, (M) =c0os(P 1, =0 o, )0 o1, (M),
MOJTY4UM

e (0y)  eyl(Q,) e.
GulOo M) M= 5 1
sz(MZ) chQz(Mz) c,.(M,)

=2,(0)) (1% 0. (M) =155 640, (M2))=2,(0,)(rp% 0. (M;)~

~ 1o 00, (M) +e.(rp% 6 40, (M) =1p% Gy, (M)

CreloBaTensHO,

Gyop(02, M3) =1y 6.(My)=1,% 640, (M)),
Gp(Qr, M) =, pQZ 0 (Mz)"‘” GpQZ(MZ)a
Gy (02, M5)= ”pQ G¢Q2(M2) sz(Mz)
623<Q2,M3)=ép<Qz)G23P<Q2,M3)+ap<Q2>Gm(Qz,Mm
+e.Gp3.(0y, M3)=[rp,u,63(M3)].
[ToncraBuB B BeKTOpHOE Mpou3BeAeHUE (85) BEIpaKeHUS
’7Q2M3 Zép(Qz)VQQf/[ +e (Qz)” e +eerﬁ4 ,
6(M3):Ep(MS)GpM3(M3)+é(p(M3)Gq)M3(M3):
=2,(0,)0,0,(M3)+2,(05) 5 0, (M),
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rae

ro%. =P s, €08 (@ 4= B 9, ) =P o, =P ar, COS(P 4, ~ @ o, )~ Ry,

00 . _ 29, B 5
sz _pMSSln((pMs (sz)’ rQ2A243 _(ZM3 ZQZ)_Z3 20,

Gsz(M3):COS (o My (pQZ)GpM3(M3)_Sin((P My~ @ QZ)G(pM3(M3 ), (86)

G o0, (M3)=SI(P ;. =P 5, )y, (M3)+COS(Q .= @ o, ) O gy, (M33), (87)
MOTYyYUM
¢,(0,) e,(0,) e,
G23(02, M3) =17, G5 (M3)]=| 1% rod Tt =
> O,M3>3 3 QM O, M5 O, M,
sz(M ) cy(pQ (M3) 0
—e, (Qz)’” 2 G(sz(M3)+e (Qz)’” 2 Gsz(M3)+

p o
+e (r 2 G(sz(M3) rQQQj\il3GpQ2(M3)).

Torma
G23p(Q23M3)_ rZQ2 G(pQ2(M3)9

Ga3p(0r, M) = rQ o, (M3), (83)

G- (02, M3) =152 6 0, (M3) =155 Gpo, (M3); (89)
524(Q2,M4)=EP(Q2)GZ4P(Q2,M4)+E¢(Q2)Gz4¢(Q2,M4)+

+€.Gy:(02, M) =[rp 1, 54(M )] (90)

[ToacraBuB B BekTopHOE npousBeacHue (90) BLIpa)KeHI/IH
?Q2M4 :Ep(QZ) QQA2/1 +E(p(Q2) FQ ?\; +ez Q M s
G(M,)=e,(My)0 gy, (My)+e.o.(M,)=

:Ep(QZ)GpQQ(M4)+E(p(Q2)Gq)Qz(M4)+Ezcz(M4)7
rae
ro%y. =P a1, €08 (@ 4y, —0 o) =P g, =R4c08(¢ 7~ cpgz) R,,

(PQZ _pM4SIH((PM —0 o, ) =Rysin( y, (PQZ) (ZM4 Zg, )
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G, (M 4)==sIn(P 1, = ¢ o, ) oy, (M), 2y
G oo, (M) =C0s(Q 11, — P o, ) O o1, (M), (92)
HOJTy4UM
e,(0,) e,(0,) e,
G4(0,, M) = [Fo,m,04(M4)]= gg& gfﬁ4 QZZQAZ/I4
Op0, (My) G0, (M) o.(M,)
=e (Qz)(” O-(My)~ ”ZQ o0, (My))—e (Qz)( i,0-(M )=

FQQ]%/[ GpQZ(A44))+e (},.sz Cy(sz(]‘44) l" Q2 Gsz(]\44))

Tornma
G24p(Q2>M4) %z 0 A(My)- "o, 2 G@QZ(MU,

Grp(Qr, M y)= r"QZ 0.(My)- rZQ2 O, (M), (93)
Gy (07, M y) = (”pQ2 G0, (M4)= ”q)Q Op0,(My)). (94)

[ToncraBum B ypaBuenus (73), (74) nonydennsie Boipakenus (78), (79),
(83), (84), (88), (89), (93), (94):

702 M Qz M
27[ Q M (p ( ) 7‘ cpr ( )
G 0, (02)+ J. 21 3 - dsy, +
S, "0, m,

PQ (PQ
J. szf/[z 90, (M2) y Gsz(M2)

g dsy, +

S, "0, m,

e o (Ms) (PQZ Gsz(Ms)

Q2M3
+I 3 dsy, +
S Yo, M3
"ovit,O o0, (M) =rg S0, (M)
o] S ; sy, =~Fog(0s). s S5 (95)
Sy Yo, m,
20y M PQ2 M)+ Z0, M
2n To,it,Opg, (M1) 11,0 (M) 47575 Opo, (M)
() [ e Ty, [ O : 2 sy, -
Sy "0, M, s, Yo, m,
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}’Qz Pch(M) rQZG (M)

O,M; Spo Q MOz 4 0,Mm,900 4
.[—2 J. 3 : dsy, =—F,.(0,),
S, Yo, m3 o, M,

0,€eS8,. (96)
Hurerpansl (95) u (96) npeacraBuM B BUJE CyMMBI JIByX HHTEIPAJIOB:
pQZ M (PQ2
on b ‘PQ M) Fou1,%p 0, (M1)
<PQ2(Q2)+_[ : - I 271 ds, +
Q2 M, S Qz M,
P 790
o0, M) (e T % M)
3 3 M,
5> "0, M, S5 Yo, m,
pQZ (PQZ
Pl ) (T M)
3 3 M
53 "0, M, S3 Yo, M,

PQZ (M ) (pQ2 (M )

4 3 2 J‘LCZSM4 =_F2LP(Q2)’Q2€S29 (97)
Sa "o, m, Sy "o, m,
pPo2
M sz\42—(M2) B
5.(0,) j i+ -
Qz M, S5 Qz M,
P02
M Q2M3 PQz(MS) J.Mds .
3 3 M,
5 70, M3 Ss "0, my s, To My
My)
ot Op0, (M4

I sy, =—F.(0,), 0, €5, (98)

Sy Qz My

[ToncraBuB Beipaxkenus (76), (77), (81), (82), (86), (87), (91), (92) B ypaBHEeHuUE
(97), nomyuum

((PM1 (sz) QQA24 COS((le_(pQZ)

QM
G40, (0,) I — 3 Gle(Ml)dsM] +
"0, M,

Po Po
+I Toor, COS(@ ar, =0 0, )47 SIn(Q y, —0o,)

3
Yo, m,

cs(PMl(Ml)afsM1 +
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P02

0,

© 0, )70 i, SIN(P 4, =0 ,)

S5

rP

o[ T cos(@ ur, ~

3
Yo, m,

0,

q)gb)'_’ibﬁl3cos(q)ﬂl3'_q)gb)

+‘j Qbﬁlasnl(q)A13-_

S3

Po,

+-I rébﬂfscos(qDA43

3
o, M,

— Poy -
(PQ2)+7”Q21§[3 Sin (¢ 7, =0 o, )

3

csq)Mz(Mz)cz’sM2 +

GpM3(M3)dSM3 +

G onr, (M) dsy +

S5 "0, M,
Po, 0y
r cos(® ;=@ )+r sin(o ,, =9, )
oM o oM M o
[ = = S t PG, (M) ds,, =
S4 ,Zb A14
=—1,,(0,), O,€8,. (99)

[TpeoOpa3yem 4YMCIUTENN HOJBIHTETPATbHBIX BBIPAXKEHUH B YpPaBHEHUH

(99):

P
7 02

: Po _
oo, SI(Q 1, =0 0, )70 5 COS(Q y —Pp,)=

=P 4y, €08 (P py, =@ 0,)SIN(P py, =P o, )= RysIN(Q )y~ )~

=Py, SIN(P 4y, =P 9,)COS (@ 1y, =0 o, ) == Rysin (¢ 4, =0 p,).

Ucnone3ys o6o3HaueHue, BBeneHHoE B [1],

RS(O,M)=

PSPy —¢p)

3
FQM

3anumiem (100) B cienyromeM Bue:

POy _ _,%0 _ —
”Qzﬁz,flsm((PMl ?o,) ”sz\fflcos((PM1 Pp)=

=P 4y, €O (@ pr, =0 0, )SIN(P 4y, =P o, )= RysIN(P py — )~

=Py, SI(P oy, =P 0, )COS(P yy, —P o, ) =

=—R,$in (¢ 1, =9 0,) =—RS(Q, M) 5 1,

rsz

®0,

Qbﬁ4lcos(q)A41'_q)gb)_kribﬁllShl(q)All'_q)gb)::

=P, cosz((p M, —® Qz)—R2COS((P M, P Qz)‘*'PM1 sinz((p M, —P Qz):
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=p 3, (€O (P 4y, =@ 0,) +5i0*(@ 4, —9 9,)) = R,C08(@ 4y, —P g, ) =
=Py, —R,c08(9 ;¢ p,)- (102)

Ucnoneiys o6o3HaueHne

PCOS(Py =P o)—P

3

RC(QO,M)=

sarmmiem (102) B Bume
rpZy €OS(® 4y, 0 0, )+ SIN(Q 4y~ o) =P, €087 (@ 4y, —0 g, )~
~Ryc08(9 31, ~0 5, )P 1, SIN*(@ 41, =9 0,) =Py, (COS*(Q 4y, ~0 g, )+
+5in*(@ 4, =0 0, ) —RyC08 (@ 0 o, )=
=p y, ~Rc08(9 4y, =0 9,)==RC(Qy, M) 1,1, (103)
rp%y, COS(0 vy, =@ 0, ) +1p% SN0 4, ~9 )=
=P 31, €08%(@ 37, =P 9,) ~RyCOS (4 yr, =P 9, )+p , SIN*(Q 1, ~9 )=
=P 1, (€05* (9 1, =0 9,) +8I0*(¢ 41, =0 5, )~ R,c08(9 1, ~9 )=
=Py, ~R2c08(0 , =0 ,)- (104)
3arem (104) mpeobpaszyercs anaorngHo (102):
rp%y €08 (@ 47, =0 o, ) +rp% SIn(® 4y, 0 )=
=P 11, €08% (@ yr, =P 9,) ~Ry08(( yr, =P 9, )+p , SIN*(Q 1, ~9 )=
=p 3, (€O (P yr, =@ 0,) +5I*(@ 4, —9 9,)) =R, c08(@ 4y, ~P g, ) =
=Py, ~R208(0 yy, =0 5,)=~RC(Q, M3) 15y, (103)
ro%y SN 4y, =@ 0,) =% €OS(@ yy, ~P ) =
=P 4y, €08 (@ pr, =9 0, )SIN(Q yr, =P o, ) =RySIN(Q )y, =P g, )~
= Py, COS(Q 1, =@ 0, )SIN(P =P o, ) == Rysin (@, =0, ). (106)
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Hanee Beipakenue (106) mpeoOpasyercs anamorngso (100):

Po ; o _
Touin, SI(@ =0 o, ) =75 COS(Q =@, )=

=P 1y, COS(@ 4y, =P 0, )SIN(P 4y, =P g, )~ R8I (P y, —P )~
= P, COS (P y, —@,)SIN(Q 4, —Pp,) =
=—Rysin(@ v, =0 o) =—RS(Q, M3) 1y 11 ; (107)
rp%y COS(0 vy, = o, ) 7% SIN(P yr, ~® 0,) =P, €08” (@ yy, ~® g,) =
~RyC08( 3, =9 0, ) +P y, SIN* (9 41, —9 )=
=p 1, (€08” (@ 4y, =P g,) +sin” (9 31, —0 5, )= Ry08 (9 3y, ~P g, ) =
=Py, ~R2c08(9 ), =0 g,) (108)

Bripaxxenue (108) npeobpa3zyercst ananornyso (102):

Po Po . _ 2
Touir, €08 (@ ar, =@ 0, )+ 3 SIN(P 4, =@ 0, ) =P, COS™ (=P g, )~

~RyC08( 4, =@ 0, )+ SIN” (9 41, —9 )=
=Py, (€05* (@ 3, =0 g,) +sin” (¢ 3y, =9 )= R,08(9 4, —9 )=
=Py, _RZCOS((PM3 _(PQZ):—RC(Q2>M3)7”52M3§ (109)
ro% €08 (@ 4y, =0 0, )47, % SIN(@ 1, —0 o) =P, €08” (@ 41, —P )~
~Ryc08(0 1, —0 g,) +p yy SIN* (@ 4y, —P ) =
=PM4(0052 (@, —¢ Q2)+Sin2 (@ ar, =P 0, )= RyC08(Q 4, =9, ) =
=Py, ~R2c0S (0, =9 p,) - (110)
Bripaxkenue (110) takxke npeoOpa3zyercs ananoruyso (102):
ro%y €08 (@ 4, =0 0, ) +7p % SIN(@ 41, —0 g,) =P, €08” (@ 41, —P g, )~
~RyC08( yr, =9 0, ) +P y, SIN” (9 41, —9 )=
=p 1, (€08% (@ 4y, =P g,) +sin” (9 31, =0 g, )= Ry08 (¢, ~P g, ) =

=pM4—R2cos((pM4—(pQZ)z_RC(QZ,M4)r52M4. (111)
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[ToncraBuB Beipaxkenus (101), (103), (105), (107), (109), (111) B ypaBHEeHUE
(99), nomyuum

2;0<,>Q2 (0,)- IRS(QZ’Ml)Gle (M) dsM, - IRC(Qz’Ml )G(le (M) dSM1 -
S S
~[RC (03, M1) 0y, (M) dsyy, — [RS (05, M3) 0y, (M) dsyy,
S, S5

_IRC(Qza M3)G gy, (M3)dsy, — IRC(Qz, M )G gpr, (M y)ds yy, =—F54(0,),
S, S,
0,€8,. (112)
3ammmem ypaBHerue (112) B orepatopHoit popme:

2n
;G(pgz (QZ)_RS2IGpM1 _RCZIG(le _Rczchmz _RSZ3GpM3 -

_RC23G(pM3 _RC24G<pM4 :_qu)(Qz), 0,€8,.

AnanorngHo nipeoOpasys ypaBHeHue (98), morydaem

21

X

Py ®,

+28530 4, 728340, +CRpG . =—1.(0)), O, €S5,.

Pm

IIpeoOpa3zoBanne BeKTOPHBIX HMHTerpajibHbIX ypaBHenui (13), (14) k
ckassipuoii CY. IIpeoGpasyem BekropHsle ypaBHeHus (13), (14) mono6HO TOMY,
Kak ObLTH TTpeoOpa3oBanbl ypaBHeHus (11), (12). B pesynbprate moayanm

2;% (03)=ZC 3101y +785 316 oy +CR 3G . +783,6 01y +CRy,0 . +
+Z8340 o =—F3,(03), O5€85,

2;0% (Q3)=28316 1 =ZC 316 gy +SR3,0 . =ZC 3,6 g +SR3,0 . =
_ZC34G(|>M :_F3¢(Q3), 05 €85,

2;‘0% (04)+RS 416y +RC 416 oy +RC 4G oy +RS 45,1 +
+RC 36 oy TRC 4G oy =—F30(0s), Q4 €Sy,
2;Gz(Q4)+ZC410pM ~Z8 416 gur =L 430 gy —RC 456 . +ZC 130, —
~Z8 130 ou =28 140 oy ~RC 440 . =—15.(Qy), 04 €S,
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Takum oOpa3om, pesynpTupytomas ckaxsipHas CUY, momydeHHas mocie
npeobpaszoBanus Bekropuoit CUY (11)—(14), umeer Bujg

2n
;Gle (01)=Z28156 gr1, =CR56 .y, +2C 136 501, =28 130 our, —

_ZS14G(pM4 _CR1402M4 Z_Flp(Ql)v 0,€8,,
2n

+ZC 140 gy, =SR140 2y, ==F15(01), Q1 €S,

2n
_RS2leM1 _RCzl%M1 +; G40, (Qz)—Rczzﬁan2 _RS23GpM3 -

_RC23G(pM3 - RC24G(pM4 Z_FZ([)(QZ )» O, €8,

P,

2n
o o ZSZZGQ)MZ + zcz(Qz)WLCRzzG E ZC23GpM3 +

+7S5 50 +ZS24G(|)M4 JFCR24GZM4 =—1,,(0,), 0, €S,

Py 3

2n

+CR34GZM4 =—F3(03), O3 €83,

2n

+SR34GZM4 =—F3,(03), O3€83,

RS, 0 1 +RC, 0 1 +RC 4,0 +RS43c5pM3 +

Pum Py Pty

2n
+RC 40, +; S0, (Q4)+RC44G([)M4 =—F3,(04). Q4 €5y,

ZC4169M1 _ZS4IG(PM1 _ZS426(PM2 _CR4ZGZM2 +ZC43GPM3 -

2n
~28430,,, ~ZS40,,, +;GZQ4 (Q4)=CRyo ., =-F4(Q4) Q48,4

bosnee narnsaano nosyuennas CUY npencrasinena B Ta0m. 3.
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BoIBOaBI

B pesynbrare nmpeodpaszoBanus Bekropaoit CUY mist imotHocTn TH Ha xaHO-
HAYECKHUX ydacTKaX MMOBEPXHOCTU MarHUTONPOBOJAA LUIMHApHUYeckoro DMII
royty4yeHa 9kBuBasieHTHas ckassipHasi CUY OTHOCUTENbHO NPOEKIINi BEKTOPOB
TH Ha ocu MUIMHAPUYIECKON CUCTEMBI, JISKAIIHNX B TIIOCKOCTH KacaTeIbHOU K
MOBEPXHOCTU MATrHUTOIIPOBOJAA. JTa CUCTEMA YPaBHEHHH COCTaBISET OCHOBY
MOJIETI TPEXMEPHOT0 MarHuTHOro mnojs uwinHapudeckoro DMII. Ee neob-
XOJUMO HCIIOJIb30BaTh IPU MOJEINPOBAHUN BUXPEBBIX TOKOB U 3JIEKTPOJIHU-
HAMUYECKHUX YCUJIMH B )KUAKON (ha3e HEeMPEephIBHOIUTOMN 3aTOTOBKH.

A model of three-dimensional magnetic field of the cylindrical electomagnetic stirrer (EMS)
based on the scalar system of integral equations (SIE) was obtained as a result of simplification of
the vector SIE for magnetization current (MC) on the magnetic circuit surface of the EMS. This
system unknowns are projections of density vectors MC which lie in the plane tangential to the
magnetic circuit surface.

1. Esooxumog B. @., Kyuaes A. A., Ilempywenxo E. U., Kyuaes B. A. Moneib TpeXMEPHOIO
MarHUTHOTO IO CTAaTOpa IMIHHAPUYECKOTO AIEKTPOMATHHTHOTO MEepeMEMMBaTeNs C
Y4YETOM pacIHpe/eiIeHNs] TOKOB HAMArHUYCHHOCTH 10 MOBEPXHOCTH MarHuTomnposona.l /
OnexTpoH. MozenupoBanue. — 2012. —34, Ne 1. — C. 48—51.

[Moctymmma 28.09.11

EB/IOKHUMOB Buxmop ®@edoposuu, 0-p mext. Hayk, ui.-kop. HAH Ykpaunwt, oupexmop HUn-ma npobnem
Mooenuposanus 6 snepeemuke um. 1. E. [Tyxosa HAH Yxpaunwl. B 1963 e. oxonuun Xapvkosckuii nonu-
mexHuueckuil un-m. QOIACMb HAYYHBIX UCCTIEO08AHUL — MenOoObl U YCmpoticmea O Mamemamuyec-
K020 MOOENUPOBAHUS, MAMEMAMUYECKoe U KOMNbIOMEPHOE MOOETUPOBAHUE IHEPLEMUUECKUX CUCTEM.

|KYVYAEB Anexcandp Andpeesud|, 0-p mexu. nayk, eed. nayu. comp. omoena MIJ] duzuro-mexno-
J102UYecK020 uH-ma memannos u cniasos HAH Ykpaunvl. B 1978 2. okonuun Kuesckuil un-m unsicene-
Ppo6 epascoanckol asuayuu. O0OIACMb HAYUHBIX UCCIEO08AHUL — MOOETUPOSAHUE INEKMPoMaz-
HUMHBIX HOJE.

HIETPVIIIEHKO Eszenuii Heanoguy, Kano. mexH. HAyK, CMm. HAY4Y. COMP., 3d8. OMOeLoM Mamema-
MUYECK020 MOOETUPOBAHUS DNEKMPOMASHUMHBIX nonell Mn-ma npobnem moodenuposanus @ snepee-
muxe um. I'. E. Ilyxoea HAH Yxpaunwsi. B 1960 . oxonuun Hogouepxacckuti noaumexnudeckuil uH-m,
a 61963 e. — Pocmosckuii cocynugepcumem. Q01acms HAYYHBIX UCCTE008AHUL — MOOETUPOBAHIE
INEKMPOMACHUMHBIX NOJLELL.

KVYAEB Bumanuii Anexcanoposuy, acnupanm Hu-ma npobiem mMoOeiuposanusi 6 sHepeemuke
um. I'. E. Ilyxoea HAH Ykpaunvl. B 2002 2. oxonyun HayuonaneHelil mexuuueckuil yHugepcumen
Vrpauner « KITH». Obnacmo nayynuix ucciedos8anuii — Mo0enuposane dieKmpomMacHummbLx noael.
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