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INFORMATION IN ENGLISH
MAIN DEVELOPMENTPROSPECTS OAUTOMATIC ELECTRIC DRIVE

OmelchenkdE.Ya.

The proceedings of the VIII International (XIX All  razvitiya elektroprivodg[lssues and prospects of electric drive
Russian) conference on the automatic electric drive have beedevelopment] Proceedings of the VIII International (XIX All
summarized by general and theoretical issues of the automatiRussian) conference on the automatic electric drive AHI14
electric drive, new drive systems, motors, convertemstrol Saranskpp. 5-9.
devices, topical issues of automatic electric drive in the sectors of 2.Geifman E.M. Sovremennoe sostoyanie i perspektivy
industry, energy, utilities, new educational technologies, trainingpazvitiya poluprovodnikovyh priborov na osnove karbida
of engineers and scientists in the field of Energy and electronics. kremniya[Current $ate and prospects of semiconductor devices
development on the basis of silicon carbid&joceedings of the
VIl International (XIX All-Russian) conference on the automatic
electric drive AED-2014 Saranskpp. 913.
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[ Olj gOIdyd ¢ OV

HodY-f v HOdL j dz

f2 = sym('a235 * x3 * x5 a246 * x4 * x6 + a289 * x8 * x9

Bts H ifdis j L HHoOE27 10 dad ¥ x1(H afQ0jad20 * x2- a222 * x2/2");

Euydlsr o O h Ow ©OBElkk Hobkr IsBeEsm(al3*Peddtod)ss, &syjls
BT 5! §dmMOdO fdzj Hizs h j2  fddiFsym@sn* x3 & add Sxdzsad35dz2™ &5);
HQW W jtej daydOdz d 7 EZteOo dzj dzd 2 f5 = sym('ab5 * x5 + a56 X6 + a524 * X2 * x4');
f6 = sym(‘a65 * x5 + a66 * x6');
d_’i:aixz:f f7 = sym('a77 * X7 + a78 * x8 + a729 * x2 * x9;
dt 2 b f8 = sym('a87 * x7 + a88 * x8");
dX2 f9 = sym('a99 * x9 + a910 * x10 + a927 * x2 * xX7");
—= = QXX — By Xy X + f10 = sym('al09 * x9 + a1010 * x10";
dt X = [f1; f2; 13; f4; 15, 6; 17; 18; 9; f10];
+ — X, X410 — o0 — Y1 =10; 0; sym('1); 0; 0; 0; 0; 0; 0; OJ;
B00"8%0 ~ 871070 ~ Foo Y2 = [0; 0; 0; 0; 0; sym('1’); 0; O; 0; OJ;
— 8y — 8% = o) Y3 =10; 0; 0; 0; 0; 0; 0; sym('1'); 0; OJ;
d Y4 =[0; 0; 0; 0; 0; 0; 0; 0; 0; sym('L)];
d_)% = By % + A5,%, +U11 = f3 + Ull; X = [sym('x1") 'x2' 'x3' 'X4'x5"' 'x6' 'X7' 'x8' 'x9x10'].
dx, . #dMmlsj BO ktOodzj dzd2 (1) sy
T X+ QyaXy + B0 % = Ty} C Whsttds) JGbdsomMites bo&-Cr ¢
Isd o dzf te O { W4 4spaly, ¥z, y,}, M'=
d
OI—)t%:a55x5+a56x6+a524x2x4 = f,; D —spany,Y,.Y.Y. LY, LY, LY, LY} d M? ndw
LIsts? Is j afY, L. Y,]V,} | czd gzj 2 dzOw
dy X Tl sl fd 4§3$p ALYV T "EfﬂiZJ
at = 855X T 86X +Uy = T +U5; B tdsyYs O Yavi g B slig §k=14)T §f te s ¢
otsHdzr | [ oHBdz majC ksiodesE s §
Z_?:a77x7+a78x8+a729x2x9:f7; Y, (k=14) . ltesdLosHdz j [ ¥ or ydf
hdds sBt.OL BA3:
dx 2 2
— =a X + +U =f, +U’";
dt 8g7%7 + 8gg%g U, g Y1 LXYk:[X’Yk]:%X_%Yk:—C’;—XYk:
d X
d_)f:agg)(g+ag,1o)(10+a9,2,7xzx7: fo; of, ofy of,
d){lO 2 5 ax’l aXz aXlo
—= = Qg% T A %0 TU; = fp+U3,
R A S S A
CGHY TteOMmMMmtswdedj, tlmydlr 80} d3134:_lslsaxlc1@;u®%o_ qu\#k’teklzcﬂ_

dZzOt T 9 toj dBlY, 8,08, - Bgg By | § BMIs W dadz" §
Bt H|d] g
Ho dyX.dd Y xMisfijls Oo O;

i hfcw dbtsle
H o B @lsq, dzj IR, sIs s C gy § dz

ff whtstlso j sMise j dedzs  j Botsets] d { OBBEEC Mak 2 ®
azO ffote v W §f pdzy dzd ' tots DIt la)s Hdfle' e fedj 4 C o &

Cst WWdydj dalsr
X T M stetsmls
fslssC sy § dj dzd W
olststesE ts
dzd v
5§ R Ug (q=12) 1 § 5O h

osets ( lovissHdmSeats Ho ¢ Olsj dzj 2 . TRy
/\ i
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o Mdmisj B2 HAWWJ
fow.L Oder ojCltstedz §

X()=|f fo fo Fa fo foo Fr fo fou fu'
Y,=[0,0,10,0,0,0,0,0, ¢,
Y,=[0,0,0,00100,0 0,
Y,=[0,0,0,0,00,0,1 0,0,
Y,=/0,0,0,0000,0,0,1,

s dzw

f Ot StOCdsd "JtedotsH O;

.afl aflO . 81:10
IS hisp gt

fito

LOL OB SIS O«

ddeo sdzt Isd o detsyls d
(involutivity) .

fsmdzj Hse Ols j dz
Y, X, N) oL OO O

dzs G s
involutivity(M, x)
dzj dd v dztse d W
Jd mdzd  dzj Is.

l otso joeRazs dzs Isd o detsis d ME @MY to |
fO0Cilkjy MatlLab ddgsydts thEd-j mise
L 5d3:

MO =[Y1,Y2, Y3,Y4];
involutive = involutivity(MO, x);
>>jnvolutive = 1

Y odffts L dzj 3 dals OBO o £ dzdstp
oLt O] Is 1, -jfmdzd
ddzo szt Isd o desfjlsd o

cebsEr) o (0TI Matlab - dse s nt s o O BsEll g &
s . 'd3. &', bkt oMW ddozpdedls do dis- d
H = sym(al2*x2); s fls)  te O fdmMA 54 dad v
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l es50dzOdzd L ez j 03 ME'Q ) fHtalgwH j dd$
MdzOyodzo shizh jhmsedd o udimdzj ded ™

C1_1 = Dif_Li(X, Y1, X, 2);

M1_1=C1_1(, 1 (size(C1_1, 2} 1));

C1_2 = Dif_Li(X, Y2, X, 2);

M1 2 =C1_2(; 1: (size(C1_2, 21)):

C1_3 = Dif_Li(X, Y3, x, 2);

M1 _3=C1_3(;, 1: (size(C1_3, 21));

C1_4 = Dif_Li(X, Y4, X, 2);

M1_4=C1_4(, 1: (size(C1_4, 21));
M1=[M1_1(;,1), M1_2(:,1), M_3(;,1), M1_4(;,1),

M1_1(:,2), M1_2(:,2), M1_3(;,2), M1_4(:,2)];

involutive = involutivity(M1, x);
>>involutive = 0

1 sitej HMmise j dzdeOW

um,ts)ﬁﬂxls W= (g =

dm

l 1 Isdfi GBBLAOUYjddvs tOMh d
LOf dMr 9 0jIsmw Mmdzj Hizs h dd3 tsBLOL
d
di/l_(pl a,Y;;
dyZ_ + —
dt Py = r35Y3Ys ~ QoueYs Y7 T AagoYioYi2
- az 7, 10Y9 Y13 ~ So00 ~ Qa20Y2 — Ar00Ys

dy,

GHJ X, X1 9jCltteds | f ts dzw de a3zt dgigls o O
MY YL YL LY, LY, LY, LY} d ©0de0 &Okedy g
B| :||Y1'Y2'Y3'Y4’ LXYl’ LxY2' Lst! LxY4’[Xi’XJ']|| U Eﬁﬁ_ dy5

LT 9 0jls, vylst ®OM ovedjjddy ddofgdz P5-
Isd o dzr o, SHdOCE oMy jet

M, =span¥,.Y,,Y,Y,,L.Y.}, k=

w9 de Btg_fr]W

q dz8¥

_ N iy
f &%) ©¢ 0o fnCtsditsg(pg agcfy3[a34y5 Ya

9, =0;

a43y3 + a44y5 + a425y2 y6’
fBHteOMY tcj H dzj dzd W

=0 = A55Ys T A56Y7 T 3524Y5 Y5

dzs Isd e dz" 3 : dt

M11=[M1_1(:,1), M1_2(;,1), M1_@B,1), dy7

M1_4(;1),M1_1(:2)]; . =07 = 8s5Ys T 367 T Ve
involutive = involutivity(M11, x); dt

>>involutive = 1 dy.

M12=[M1_1(:,1), M1_2(:,1), M1_3(;,1), 27— O, = AgsYs + s Ys + Yo
M1_4(:,1),M1_2(:,2)]; dt

involutive = involutivity(M12, x); d

>>involutive = 1 B _y.. 0, =0;
M13=[M1_1(;,1), M1_2(;,1), M1_3(;,1), dt » °°

M1 _4(:,1),M1_3(;,2)]; dy

involutive = involutivity(M13, x); =2 =0y =, Yy + g0t AraoYo Yin,
>>involutive = 1 dt

M14=[M1_1(;,1), M1_2(:,1), M1_3(;,1), dy,

M1_4(;,1),M1_4(.2)]; _d%[O = ®10 = g7Yo T gg¥10 T Yius
involutive = involutivity(M14, x);

>>involutive = 1 dMl =U,; ¢,=0;

I 51 Bk HEf ol d d j- §J tISJ &) 2zl d  d das
CtcOltster By dzs 99 tsHJIs! dzs Bts ZQOdz d
JHdZOCts 99 jHjdzd)] BHSEts, Holkzn 11{5&%%‘1%%%?%6%@9@%&139 )
zgE BT jJ COdzOdzr dzj fBLOBAVjI tGJh 1 ftesB dzj Bz ¢ sdzkz y
dzd W d dzo Szt Isd o dzts 6N HIGHDYTr) i@ jdldin  dz =P13=ApoY12 T A010Y13 1 Yias
dzs2 MmdMmisj &3r . MOfMf @dete g didsefgay j d dzo ts
sdeodz d3 Istsdz jdzdfite s Haasp 5 ddalsi ¢t Ols sUYP P 0
CONHT2 COdOdz 5B jCSO BYtwOodzj ded® . g -4 P~

[ dzw ttOMmh d tej dzdzts 2 BsHjdzd GBI jCIsO "k teOo dzj dad W
99jHJjdB MdzjHEENd] BBBLAEOYI BIYYy 1552 ®sHjd 8 BI jCKO k1t

L dy, dzdw s d0O0Cjilk0O Midj alles M L ®geC Is
y =%, i=13 =U11; U :d_4; f s5dzw :
t dy Y_new= [(1; (i2; (3; G4; U5; (i6; G7; U8; (19; (110; G11;

— 1. _Hs. 3412 (113, 414);

Yo =X Yo =% ¥7 =% Ya=Us Uy t’ Y1_new = [0; O; 0; sym('1"); 0; O; 0; 0; O; 0; 0; O; 0; 0];
dy, Y2_new = [0; O; 0; 0; 0; 0; 0; sym('1); 0; O; 0; 0; O; 0];

Yo =% Yio=Xs: y11=U12; US:—l; Y3 new =[0; 0; 0; 0; 0; 0; 0; 0; @; sym ( "; 0; 0; OF;
dt Y4_new = [0; 0; 0; 0; 0; 0; 0; 0; 0; 0; 0; 0; 0; sym('1")];
y_new = [sym('yl") 'y2' 'y3' 'y4' 'y5' 'y6' ‘y7' 'y8' 'y910'

y11''y12' 'y13' y14]
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GHJ

41 =sym(‘al2 * y2";

(42 = sym(‘a235 * y3 * y6 a246 * y5 * y7 + a289 * y10
y12-a2710 *y9*y13- a200- a220 * y2- a222 * y2/2");
(43 = sym('a33 *y3 + a34 * y5 + y4");

44 = sym('0");

(5 = sym(‘a43 *y3 + a44 * y5 + a425 * y2 * y6');

(6 = sym(‘a55 * y6 + a56 * y7 + a524 * y2 * y5');

(47 = sym(‘a65 * y6 + a66 * y7 + y8');

48 =sym('0";

(49 = sym('a77 * y9 + a78 * y10 + a729 * y2 * y12");
(10 = sym('a87 *y9 + a88 * y10 + y11";

G411 = sym('0";

(412 = sym('a99 *y12 + a910 * y13 + a927 * y2 * y9);
(13 = sym('al09 * y12 + a1l010 * y13+ y14");

(414 =sym('0").

1 M sdz' € 2 Yl geddys toY@_newY, ,

involutive = involutivity(M2_new, y_new);
>>involutive= 0

[Hd2OC s ddzo tsdzé Isd o dzr &3

dzj dzd v 6 OMYMES H § dzj dad W
MZ =spany,,Y,,Y;,Y,, LY/,
LY Ly Ya LY LY ),
M 22 = spanYl* ’Yz* st* ’Y4*’ LYYl*’
LYz LY, LY LY )
MZ =spany,.Y,.Y;,Y,,L.Y,,
LYz Lo Ya LY, LYa),
M7 =spany,.Y,.Y;,Y,,L.Y,,
L,Y,,L Y, LY, , L2Y,}.

Y3_new-Y,, Y4_newY, §&MissY dede’ , J b BMZF_ﬁ)emq—‘ fﬁll‘-i_q_neW(:,l), M1_2 new(;,1),

dzj dzMiJ =spafy;.Y,.Y;,Y;} d dzo tsdz¥ Is d o dzts.

MO_new=[Y1 new,Y2_new, Y3_new,Y4 new];
involutive = involutivity(MO_new, y_new);
>>involutive= 1.

vOS CO¢ fwtsdLoatHdy j [ Y

M1_3_new(:;,1), M1_4_ new(:,1),

M1_1 new(:,2),M1_2_new(:;,2), M1_3 new(:,2),
M1_4_new(:,2), M1_1_new(:,3)];

involutive = involutivity(M21_new, y_new);
>>jnvolutive = 1

oMRB dew = PV] G inenE, daeMid 2 ngvi: do)

9 jCIststody % (K=tda) 2wo dzwe sigvw f sMisSstewed) Mlg4 new(,1),

0jCltsttO’]:

*

LYYl* = [Y’Yl*] = aYl Y _a_YYl* =
oy oy
=10,0,-1,0,0,0,0,0,0,0,0,0,0,0";

LY; =[V.¥;1=-20¥; =

=0,0,0,0,0,0-1,0,0,0,0,0,0,0";

LY <[ ¥1=- 0, =

=(0,0,0,0,0,0,0,0,0,-1,0,0,0,0";

uﬁ=mﬁhi%ﬁ=

=0,0,0,0,0,0,0,0,0,0,0,0,-1,0",

sts Oy te MH jHdizw dzdigiOfmh d tcj dzdats 2
dzv j Isfmw d dze sdzs Isd o dgr 3.

ltotse jteC O ddzo szt Isd o defiyds d
=spany,.Y,.Y;.Y,, LY, LY, LY, LY, LY;,
LY, BY;L LY.L
[ oltttsets fsWHS O,
ddzo sdzs Isd o dz' 3.
M2_new = [M1_1_new(;,1), M1_2_new(:,1),
M1_3_new(;,1), M1_4 new(:,1), M1_1 new(:,2),
M1_2 new(:,2),M1_3 new(:,2), M1_4 new(:,2),
M1_1 new(:,3), M1_2_new(:,3),M1_3 new(:,3),
M1_4 new(:,3)];

M1 1 new(:,2),M1 2 new(:,2), M1_3 new(:,2),
M1 4 new(:,2), M1_2 new(:,3)];

involutive = involutivity(M22_new, y_new);
>>involutive = 1

M23_new =[M1_1 new(:;,1), M1_2 new(;,1),
M1_3_new(:;,1), M1_4_ new(:,1),

M1_1 new(:,2),M1_2_new(:,2), M1_3 new(:,2),
M1_4_new(:,2), M1_3_new(:,3)];

involutive = involutivity(M23_new, y_new);
>>involutive = 1

M24_new = [M1_1_new(:,1), M1_2_new(:,1),
M1 3 new(1), M1 4 new(:,1),

M1 1 new(:,2),M1_2 new(:,2), M1 _3_ new(:,2),
M1 4 new(:,2), M1_4 new(:,3)];

involutive = involutivity(M24_new, y_new);
>>involutive=1

JV\LS dzw

(et SCOLT 90 MY HEMsOlEY

HZzOBd ud ME 52 dddj OttdL oydd d

dzj 2dz 7 HAWW jtojdzydOdz dzF Ak-FtOs

dzso M G 5.

10 thdse Odzdd Gs-j tste

dzj dzls OF HdzW dzj dzd dzj 2 dz' Az fOBYEQY d dzd

dzj degdv &sd [ 11] ¢ sdzlz yd o5,
dZBdMbs®s Yd3j jls yjls' 6]

¢ C
CdzjlsCd

Knax H 2% HEO dadatsicj CIsO Qo jdz yjlIsT to

G gt S0 T

Gliyj (k=14)i ftotsdL o 5H dz' %: - i:m’ i -4, 8, 11
f5C0L" p0jlsdt yk's Gdis dgj we dwjlsmw

d_z‘zvl; d_zszvz; %:VS; %:
dt dt dt dt

GHY(j=14)ik{ 0o dzj dzq W .
1 sMStsd Sk dsHj d

Vg,

Bl jCkO

2014
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d3 i b Qestseg,
ey WEAAWAEL4)
dz j] tOMmh dtej dzdats 2
Bj deder | BBHjdzd o Wistedsd

z2=T\(y) zZ=Ty(Y) Z=T(y), z,=T,(y)

[dsHdC O 6{ tcjWHzjdejyidd2Y d*LlS)OH:ﬁ]dIZS dz@é—ﬁ](a?z%)z
w a W B w
Lisd R

flsjd §ihdHsse @sj d dats ca’ts[( a”ci’ sza”%zméz ?qzisy&%

9§ © Nty dath)s BUY, tfi-ts dzv

11]. 1 HOdzdesdz Mz yOJ t5dzd-
03(1 fshis 0o dzv & " y@HY, .¥.5.Is SRLO
WikdC yd?2
dchW 9 H ts dz!

+UY, +UY, By dets dfldsidzizay’ e Oy j dagf »
dzj dzd v
Z,2,% (dL
TY)) =z z,(duL

Wz dgynda, z, (di
WU d d

dzd 2, z, 2, fp f sdgtsh 4o

M tis &4Zs i I edjL dzdasz @YY, d d
ledzgu
COqunlsmp

0 woOMmMimdslsteddz f tsdzlzyj dZ-CfJJ-LGSd
T dz€ [y def) - Cffn 1z 42

st dzj 587 EH-d B Bﬁdﬁéazgyg‘}z¢‘%z4ey5%#'égsgyloyu
ftoj sBteOL Mzt 0 d j

BEH] dzd jsBi j ClO 7&0&’9951@93@93 ~ L2~ azzz%z
JtGIZOZtSSff]QtSGtS d%

IIJtGJ

=L, (LTy(y) =

o(Ly (a0,)) _

S H s C s s dzj dzls dz

— B946Y7P5 + Ap35Y3P6 — az4ey5(P7 -
5§~ 7HoY14Pg T RogoY1 P10 T

+ QygoY10P12 — 7, 10Ye®P13]-

i% dyde &3 ®BteOL 53,
T.(Y) = =
lsj/l’ H dzJ . Isffﬂt%; HGJtG%tgdg,f .

H dzw

L OH O

dzw tsl]’ tj HJ dzj dzedw sl Odz
HEj Bscts tBl jCEO  Hfyeds dzﬂtslch“ls m(ﬁ%géts;adé]g !
Blzz, =,. q
= [sym('y1))]; 4= d_ = y3Ys + QY5 T Aya5Yo Yoo
[Z_2_3 4, V1] = brunovsky(Y_new, [Y1_new], T1,
y_new, 4); _dz .
Z 2 3 4 =simplgZ_2_3 4) Z; = E = 4303 T 4405 + By5Y6 P2 + Ayo5Yo P
FdgW¥ ¥ jtejdydeezMy)brdidzydow j CIs tg@ G iazts@s T 844P5 1 R455Y6Pr + 34p5Y,P6 0,
fsd d kydls' 920% . Wt fesdL o s ddtj o) dy; '
LOodMmwls sk EfwOsdjdd?, b §odsh! dz {EECEOBE  fsd
ud ds: 4y = dt 7Y + Q7810 T G720Y2 Vi3
>>7 2 3 4= dz,
[al12*y2; 2 = = yp9¥10; T Qg7 Pg + AgP1g T By20Yo P10
-al2*(a222*y2"2 + a220*y2 + a2008289*y10*y12- dt
a235*y3*y6 + a2710*y13*y9 + a246*y5*y7): dz,
al2%(a220 + 2*a222*y2)*(a222*y2"2 + a220*y2 + a200 45= dt A99Y12 T 8910Y13 T Q927Y2 Yo,
a289*y10*y12- a235*y3*y6 + a2710*y13*y9 + Zl
a246*y5*y7)- al2*a246*y7*(a43*y3 + ad44*y5 + 3_ i 4 4
ad25%y2*y6)- a12*a2710*y13* (a78*y10 + a77*y9 + 077Gy T Bear¥oP2 T %zrYaPo T BodPiz T Bz
a729*y12*y2) + al2*a235*y3* (a55*y6 + a56*y7 + . . ;
a524*y2*y5) + a12*a289*y10%(a910%y13 + a99*y12 + L Ged g2y dod njd  §LBEyJ M
a927*y2*y9)- al2*a2710%y9*(y14 + al09*2 + fsgesh & O] BOdUjMEdAddsH | d
a1010*y13) + a12*a235*y6*(y4 + a33*y3 + a34*y5) + fp fodsh &y t6dssHdedz 2 ((BHJ df
a12*a289*y12*(y11 + a88*y10 + a87*y9) (2)) §6C0OLOds dL dgjdej dzgdjd-ot s
al2*a246*y5*(y8 + a65*y6 + a66*y7)]; L J <Ijz 4 LHBSd tOmmilstsw dzd W ftod 3
UOQq’d3 SRS EAd § ) D HHO 60% q,te1sadz.13d3 IzuOfr]lsQé; Oxd;rd
¢ Psted) Jtbdsefisces j&Bsels “Bqlles*TI | : LB
H th’d3 SBtOL 5d3: dL a3d dzmﬁmmtsmlseﬁtsmdmpdz f sdstz yJ dzo
dz Bsh s dBsHY dzd (%), d§ B ghizdadzO?
z=53 " T(y) = d3j dzdzQ$OC o dHdzs A4 = BdMHz@8 P&
o 5o B8, , 22 worehony wn g
_ _ 1 o . (o) sets 1Codo i
dz, 108/ dYr1RL R [RyVLIT [
=—2=L.(LT, =
% dt L (LTY) { OLOBOd (HcetOR®BI-j Mt
148(LT(y)) IsdL qu’q’ ftcl cBtcOL 59 OdzgdWw h dtets€
=L, (a,y,) =Y 2 —a .0, = MdMmlsjd € dddzj 2desdsz osdHl o {§C
NG, qomdzs sdodz 7 tOMYtejHJdj ded2 &4t
i tcOo dzj dzd W 1 sz yj dz@  dzdsozj 2 dzC
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HJ dz! Hody jtetfY L Mm@ L $ dz'C Odats dzd y j B Otishi K., Dgsu@ g jAdhesion control of electriotor
Jtezdzso MSsEts, ColbtstOw Eydls' @aehbased pndogsecarie) ngdmmommdnﬁgﬁz
Hobkn lkwaetso'n HodeOlj dj?2. 1‘\%6&@ %@wol ?3@92332 éa@dzq’;
cffr]l]’tsdzJ Lis&Of §fMC O { Isq’d3OdzJ
s OC ¥ HdzZw dMMmdzj Hise Oded W %‘hz fﬂ%/@ Bd:?z(%g%g%%% &U?Dw'}fsqus
f OuOLE] & Gs? o8Bl Hoddos] / 2 8 ey 202
4 SHj dzdtesea Odzdj d GflsdddL Oydw
X1, 21, I3 gsdzlstgtsdzw ZsCsBslsdotse / | sPeso |
700} . . . . . fsdzcemMCd?2 1. R., [iBdztse w. Y- m. :
! & ", 2003. 248 .
6°°| A 5.0telsj Bj dzSts ¢. 1. wdMmlsj i30d Oolstsc
500! o0V EZLMBOE s e sotsets L dzj Clste€ftcodots
! ; besosL O // 1" fMmdd¢ st Bj deykzy’ $s¢
400[ X 1 "B, [ dRO2dts [MssEtOHM (e, 20
300} L ] 58.
| 61 e fOCtsody .1. [ GHjdss
2°°i' pr ot 1 COREdsS flsdBOd ddn ‘f®tc®dj i’ Lod
100l 5 | ROl j BOIdydzsj BSHj dz¢ 9 Odedz 5O * de¥ s
\ 1 df . .1891454
N B T > 7.y B lsted j g ©C ko pstetslsdz 2 ddd.  wc
0 10 20 30 4o 50 60te BOd dz 7 L OCtdtse EftcOodzj dzd W -lsw G ts
tdfip) so dHJdedd UXl@A%dMFCBszqlsBHOdsq qWWJthdzudodzJ dts? ¢ jzsdkj st
0,25, 8 RO / /i3 dEiEstgsB Cd ' dz¥ st ROy’ -51. 2009
¢ dy- — 8f dlssHT CdzOfnfr]dmfnCB? d Bsotjd
sl ) sdui ME et kY0 dsded visits HOY ) 8 s & o
L sflsdddL Ooydd MmdMmisj d OolssdBOISdyj M¢
50 : 1 s. bk Ss00 d RIJ.: [ fcdzsas a@I€ R0 dz0,
w0l 22\ 200417 44 fy.
9. [jbtHr Cd&OMMdujMSs?2 @- Mot
30+ sdui MéBses k¢ tOo dzff dzds's:d308 U J Bsdzd €5 @ @
ol ST % fMsotej digj dedzts 2 s jtstedd bk tcOo dzj dedw /
1.1. [(GCkdeso®s Hf Jsbuv dd&. 1.C1 10k
0/ 784 M.
3 10y B3 Istedlj.dpS.ts [ tsH j dzdtetseo Odzd §
0 10 20 30 40 50 60 t,c UJTB'SU déqmlsmtfc?' dac EU tGOq)S d§4 ded W(Iié:qt;'tﬁm Lifﬁ'ﬂg‘ﬁ?id
S : . d , LYl M 159 L
t B 50§ Hjdad uzummm,ndudzd’“zm et s mois.
Bl Ru[s JRUT[OUVUL 3 11.s 6 Ofdatsh vy uj & ¢" jl dzRty J dizd Uz 2 dz" |
lLiokzite m. 1. [fIlsdBOd detsj d titefdnyisyj ey O dadsyj sipdsistfed! MPEEPUAECO d)tsfnddzls
Ldzj SlstetsotsL j ) btjrnWOLdz d3dasy cfsp s o5 \dlafdpApe=gD ./ 2005 dkzj6520 ).
Histets e d1 OR8 TG 1023 .

INFORMATION IN ENGLISH

CONVERSION OFNONLINEAR CONTROL SYSTEMS TOEQUIVALENT LINEAR ONES INCANONICAL
BRUNOVSKY FORM

DmitrienkoV.D., ZakovorotnyjA.Ju.

The authors developed a specialized program for the 1.Baujer H.P. Optimalnoe ispolzovanie stceplenija na
universal package of simulation MatLab that automates thgelektrovoze s trehfaznym tjagovym privod@ptimum applia-
conversion of a wide class of nonlinear control systemnthé tion of coupling at electric locomotive with a thrpkase traction
equivalent linear form in the canonical Brunovsky form using drive]. Zheleznye dorogi miral987 no.8, pp. 1623.
involutive distributions of geometric control theory in the space 2. Ohishi K, Ogawa Y.Adhesion control of electric motor

f "input - state". This article provides an example of an coach based on force control using distunte observelEEE,
application program to obtain the equivalent linear mathematicalAdvanced Motion Control. April, 20Q@p. 323328.

model of the motion of diesel trains, which consists of ten 3.Shapran E.N. Sovershenstvovanienikroprocessornyh
ordinary nonlinear differential equations with four control circuits sistem upravlenija s vysokim ispolzovaniem sil stsepl¢hija
and describes the drive with two parallel running traction provement of microprocessor control systems with intengive a
asynchronous motors. Thus the synthesized linear model iplication of adhesive forcesY ‘snik NTU "HRU, 2006 no. 23,
Brunovskyform has four cells and controllability index equal to pp. 145154.
four. The resulting linear motion model of a diesel train can be 4. Noskov V.1., Dmitrienko V.D.Zapolovskij N.I., Leonov
used to find the optimal controls and to study the slipping andS.Ju.Modelirovanie i optimizacija sistem upravlenija i kontrolja
skidding processes. lokomotivov[Simulation and optimization of locomotive control
system] Harkov,HFI "Transport Ukraiy", 2003248 p.

5. Artemenko A.N. Sistema avtomaticheskogo
vyrawivanija nagruzki tjagovogo elektroprivoda karyernogo
REEERENCES elektrovoza[System of automatic load balancing for traction

electric drive of opemast electric locomotive] V'snik

Keywords: Brunovsky form, geometric control theory,
mathematical model of diesel train movement.

Ceds. ~4(25). 2014 13



UrJtRCRItOsursd ¢Juff ¢urmIRtIIP1\ J4L ST rsutfItRISTO

Kremenchuc'kogo derzhavnogo ‘wversitetu ‘m. Mihajlo K.A. Pupkov and I.D. Egunov. bscow Bauman MSTU, 2004
Ostrograds'kogo. Kremenchuk: KD ‘m. Mihajlo 784 p.

Ostrograds'kogo. 201®o0l. 4, part3, pp. 5658. 9. Metody klassicheskoj i sovremennoj teorii
6.Pritula M.G, Shpakovich R.R. Modeljuvannja ta  avtomaticheskogo upravlenijMethods of classical and modern

rozrahunok optimal'nih paramatr ruhu pdzdv. Fziko- theory of automatic antrol]. Textbook in 5 volumes. Vol. 5:

matematichne modeljuvannja taformacjn' tehnolog . 2007. Methods of modern control theordnder the editorship of K.A.

Is. 5, pp. 139145. Pupkov and N.D. Egunov. dcow Publishing house of Bauman
7. Dmitrienko V.D, Zakovorotnyj A.Ju.Sintez optimalnyh ~ MGTU, 2004 784 p.

zakonov upravlenija tjagovym elektroprivodom metodami 10.Dmitrienko  V.D. Modelirovanie i optimizacija

differencialnoj geometrii i principa maksimuni{®ynthesis of  processov upravlenija dztieniem dizeboezdo\[Simulation and
optimum control laws for traction electric drive using differential optimization of control processes of dietrelins movement] /
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INFORMATION IN ENGLISH

IDENTIFICATION PARAMETERS OFTRACTION INDUCTION MOTOR OFDIESEL TRAIN USING GENETIC
ALGORITHMS

MezentseW.V., GejkoG.V.

Quality management system of asynchronous electric drive REFERENCES
assumes knowledge of exact values of its parameters. However,  1.Dmitrienko V.D, Zakovorotnyj A.Ju. Modelirovanie i
some of the parameters (this applies mainly to the rotor axis) cadptimizacija processov upravlenija dvizheniem dpmézdov
not be directly obtained. This paper déses a mathematical [Simulation and optimization of control processes of diéséhs
algorithm based on which one can estimate the physicamovement].i Kharkov. Publishing center of "HTMT", 2013
parameters of the traction induction motor by measuring thep48p.
currents and voltages of the stator windings and the rotor speed. 2. Beshta A.§ Valahonce\A.V., Hudoj E.G.Identifikacija
At the base of the algorithm is the mathematical madehn koordinat asinhronnogo dvigatelja v uslovijah drejfa aktivnyh
asynchronous traction drive with the limitations provided in the sogrotivlenij [Induction motor coordinate identification in case of
fixed reference frame (U, b, acfve resistAnte deftElekitiehiRa tacefektraenergeaika®og mat i
model of the traction drive was given where the values whichno 2, pp. 5264.
could not be obtained directly, were excluded. Some parasneter 3. Afanasyev K.S. Glazyrin A.S. Identifikacija skorosti
were determined using the method of least squares. To find thasinhronnogo elektrodvigatelia  laboratornogo ewstla s
remaining parameters it was proposed to use a genetic algorithmomoshhju filtra Kalmana i nabljudatelja Ljuenbergei@peed
This approach can be used to construct an observer for thealculation for laboratory induction electric motor using Kalman
correction of the existing controls in the movement control filter and Luenberger controllerElectrical and control systems
systemof traction rolling stock. 2012 no4. pp. 6669.
4.Ha |-J., Lee SH. An onlineidentification method for

Keywords:asynchronous traction drive, the method of least both stator and rotor resistances of induction votor withoat rot

squares, genetic algorithm
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tional transducerslEEE Transactions on industrial electronics. 7.Louson Ch. Henson R. Chislennoe reshenie zadach
200Q vol. 47, no.4, pp. 842 852. metodom naimenshih kvadratfMumerical solutions usinghe

5. Duran M.J., Duran J.L., Perez F., Fernandez J. Induction least square methad{loscow Nauka 1986 232 p.
motar sensorless vector control with online parameter estimation 8. Stephan J., Bodson M., Chiasson J. Riea¢ estimation
and overcurrent protectiofEEE Transactions on industrial ele  of the parameters and fluxes of induction mattEEE Transa-
tronics. 2006, vol. 530.1, pp. 154 161. tions on industrial electronic&994 vol. 30, no.3, pp. 746 759.

6. Zorkaltsev V.l. Metod naimenshih kvadratov: 9. SimonikP., Hudecek P., Palacky P. Estimation of icxdu
geometricheskie svojstva, alternatje podhody, prilozhenija tion machine electrical parameters based on genetic algoritms
[Least square method: geometric properties, alternative a Progress in electromagnetics research symposium proceedings.
proaches, applicationdjlovosibirsk: VO Nauka1995 220 p. Malaysig 2012 pp. 999 1002.
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INFORMATION IN ENGLISH

THE REALIZATION OF HIGH-SPEEDELECTROMECHANICAL SYSTEM STRUCTUREUSING THYRISTOR
CONVERTERMICROCONTROLLER OFDIRECT CURRENTSIMOREG 6RA70SIEMENS

ZyuzevA.M., Dvoynikov D.A.
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COMPARATIVE ANALYSIS OFACTUATORS FORMECHATRONIC SYSTEMS

Sarvarov A.S.Vasilyev A.E.,Danilenko K.V., Menshchikova E.V.

This article presents a comparative analysis of the maird o me nn o i p e c h i [Delagtnent dfl Mhcbatronic
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CoMPUTERMODEL DEVELOPMENT FORLIQUID ELECTRICAL INSULATING MATERIALS TESTING
Konese\S.G., MuhametshirA.V., KonevA.A., ShayahmetoV.l.
The article is concerned with a computer model Strizhev D.A. Novye shemotehnicheslie resheniya rezonansnoi
development using Elcut 6.0 application, which will assess thevysokovoltnoi ispytatelnoi ustanoviilew circuit design sal-
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tests. of electric drive, el ectrical e
. . Ufa, UGNTU, 2012pp.178183.
Kteywor((jjs.lbreakdown voltage, transformer oil, breakdown, 3.Konesev S.G., Muhametshin A.V., Kirillov R.\Xybor
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REFERENCES high voltage testing unit circuit for resonance mode operation]
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BILLETS BEFOREDISCHARGE

Parsunkin B.N., Andreev S.M., AkhmetoWwJ,, Akhmetova A.U.

The system of software and tool control of billet REFERENCES
temperature prior to discharge from the furnaaes wieveloped. 1. Belenkiy A.M., Dubinskiy M.Yu. et alUstroistvo dlya
The research group conducted the study to determine th&mereniya temperatury nagreva obyektov v metallurgicheskih
reasonable accuracy, objectivity and efficiency of the developehechah [Temperature measuring device for objects heated in
system. The possibilities of the system under conditions of armetallurgical furnaces]. RF useful model patét.720611 1.
industrial furnace were shown. 2008.No.9.

Keywords: quality of heatiy, optimal control, energy 2.Parsunkin B.N., Panferov V.Xontrol progreva metalla

saving mode, intensification of heating temperature of the procesg%retal preheating control]. Proceedings of Universities Ferrous

. - L etallurgy, 1981n0.10, pp. 127129
Z?f'(f:élrc;?ceugiﬁig?%tigmbeltlﬁt, thermal - conditions, - temperatur 3. Ahdreev S.M., Parsunkin B.NOptimizatsiya rezhima

upravleniya nagrevom zagotovok v pechah prohodnogo tipa
[Control mode enhancement of billet heating inotlghtype
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ENERGY CHARACTERISTICS OFPLASMA-ARC CURRENTLEAD DURING SLAG-METAL MELT HEATING

Agapitov E.B., Tikhonov A.V.

The article presents results of experimental studies andhe plasma jet of molten steel ladle treatmeidgrald of Nosov
engineering study of a slag melt heating by the slag layer heatiniylagnitogorsk State Technical University. 20bb 4, pp.8890.

with electrical resitance of the in plasrec current lead.

Keywords: plasma arc current lead, ladle treatment, slag,

plasma, slag resistance, melting rate, heating.
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OF INDUSTRIAL ENTERPRISE

Nikolaev N.A., Nikolaev A.A., Lednov R.A.

It is noted that monitoring and diagnosis of transformersnical state continuous monitoring system for transformers of ele
technical state is a mandatory requirement for Smart Grictric arc melting unit] Steel waker, 2014 no8, pp. 53 59.
technology implementation in industrial electrical networks. The 9.Gun I.G., SalganikV.M., Evdokimov S.A., Sarlibaev
main characteristics of transformers operating in the mainA.A. Osnhovnye neispravnosti i metody diagnostirovaniya silovyh
production shopsf the OJSC"Magnitogorsk Iron and Steel transformatorov v usloviyah ekspluatafdifain faults and mon
Works' (OJSC"MMK") are given. It is found that there is a toring methods of power transformers operdtidBulletin of
tendency to aging of transformer facilities. Functions of diagnosisNosov Magnitogorsk State Technical University, 204@1, pp.
system are explained. The authors describe the configuration df02 105.
the monitoring systemniroduced in power transformers of 10 Lukyanov S.l.,, KarandaevA.S., Evdokimov S.A.,
electrical networks and substations of the OJSIBIK". They SarvarovA.S., PetushkowW.Yu., Khramshin V.R.Razrabotka i
offer examples of trends, which make it possible to control testvnedrenie intellektualnyh sistem diagnostirovartstanicheskogo
parameters ofine. The main benefits of the system sostoyaniya elektricheskogo oborudovanifzevelopment and
implementation are listed. The research graet the task to implementation of intelligent systems for technical state monito
develop engineering methods of multiparameter monitoring,ing of electrical facilities] Bulletin of Nosov Magnitogorsk State
which might make it possible to isolate and identify the defect byTechnical University, 201,401. pp. 129 136.
the complex of diagnostic properties. 11.KarandaevA.S., Evdokimov S.A., KarandaevaO.l.,

Mostovoi S.E., Chertousov A.A. Kontrol tehnicheskogo
' sostoyaniya silovyh transformatorov metodom akusticheskogo
diagnostirovaniya[Technical state monitoring of power tsan

Keywords: smelter, power transformers, technical state
monitoring system,requirements, configuration, introduction,

efficiency. formers using acoustic diagnosidulletin of the SoutfUral
REFERENCES State University. SeriegPower engineerirggy .Issue 10, 2008
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