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Summary

The main goal of the thesis is creation of gated motor of constant current for
electric drives of mechanisms of various destination. The motor has been realized on
the basis of phase rotor asynchronous machine. The three — phase winding of a stator
is fed from the direct current network by means of commutator. The commutator is
fulfilled by three-phase bridge scheme on the completely triggered thyristors. Fulfill-
ment of the commutator on ordinary thyristors has been considered through the con-
densate commutation. The drive winding located on the rotor is fed from the network
of three-phase voltage. The valve engine to be considered has a wide range of speed
control and the reliability of the machine of alternative current like a machine of con-
stant current.

In the given work the static, dynamic and energetic modes of the work of valve
motor has been investigated.

It should be noted that the motor to be considered is always in asymmetric mode
running alternately from each other. For analysis of the processes there are applied
two methodics of calculation: calculation by instant values and the averaged values.
Both these methods are compatible with the method of transformation of the coordi-
nates.

By the complex equations derived for the instant values of the variables the cur-
rent processes of the machine have been calculated in separated intervals of time. The
precise image data of the magnitudes have been obtained with allowance of all para-
meters of the machine. By this method the analysis of commutative process of the mo-
tor has been carried out both in established and transient processes by using of the
computer. In accord to the results of the analysis an angle of commutation has been
defined taking into account the induction resistance of the machine. Separately has
been considered a case during existence of condensing commutation. The obtained
image data are valid (justified) for commutative and non-commutative intervals. The
algorithms corresponding to these intervals have been compiled for further program-
ming and solutions. The oscillograms of currents and voltages corresponding to com-
mutation processes have been represented.

By means of complex equations compiled by averaged values of variables of
electrical motor can be calculated the integral characteristics of the machine. The indi-
cated equations are common for established and transient processes. From the equa-
tions of established equations it is obtained a rotational moment, image data of stator
and rotor currents, the working characteristics have been constructed. The dynamic
characteristics of the machine have been calculated by means of Matlab-Simulink
programme. The curves of changes in time of values in relative units have been
brought for specific motor.

The results of the analysis have shown that the mathematical model adequately
reflects the electromechanical processes running in gated motor. The results of calcu-
lation can be successfully used for creation of gated motors for various mechanisms.

The reviewed gated motor by its peculiarities of regulation can be successfully
used as a controlled power circle in the system of automatic regulation. It meets a
number of requirements such are the quick action, elasticity of regulation, efficiency,
reliability of work and great term of service.

It is expedient that the elaborated motor with its characteristics be used in elec-
tric drives of various destination, e.g., in electric transport, in metal cutters, on various
testing stands, etc.
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In comparison to machines of alternating current in comutator machines the
changeover to winding elements in separate intervals of time for receiving of rotating
magnetic field gives to the machine a property of regulation within the wide range of
electric and mechanical magnitude.

The success in the field of machines with commutator is conditioned by
achievements of power electronics. The semiconductor switches created for today,
both completely controllable and incompletely controllable, give a possibility to be
created the perfect gated engines (motors and generators), within a wide range of me-
chanical electric units having the property of regulation for various responsible cus-
tomers.

It should be noted that using of modern informational technologies in the elabo-
rated device formational technologies, with the aim of widening of its possibilities, is
possible to occur relatively simply. Realization of various laws of control for receiv-
ing of required electric and mechanical characteristic which grants to electric drive
created on its basis the definite universal properties.

The investigated motor, as all electrical machines is able to work in generator
mode and the received results can be used during planning of a gated generator of
constant current for various customers.

Regulation of output voltage of indicated generator according to the opening of
semiconductor switches gives us a possibility that the generator were switched on in a
complex of automatic control with the aim of optimal control of the production
processes. The loading might be of active-pulse, active-induction or active — capa-
cious character. The investigated ventilator machine, with allowance of some con-
structional changes can be used as a source of alternative current in the systems of au-
tonomous electric supply, in wind electric power stations and in other installations.

The models of electromechanical processes of the machine elaborated in the dis-
sertation work (thesis) give a possibility to be carried out an automatic planning with
allowance of optimization of the parameters for the installations of various power.

For assimilation of the discussed machine in serial production in addition to the
optimal planning it is necessary to work out the modern technology for its fabrication.
As result we’ll receive the highly effective devices with great economical efficiency.
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KOO dt ( ) (3.1)
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t=1
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939063 9MH35¢0bomz0lL  A9bGHM@gdol  sl33zbols, 03 goblbgsggdom, GMI 50
93906&9M35¢080 39domdl IM530L LEASGHMOMOL Msabowol Lsdogy BsbBs s bgds
©960L 3000 Bo305 BoBGOL FmMOU.

30339dume  gobGHmegdgdl  d9-4  J39063HM35¢0lsm30l LEoGH™OO
30mO0bsEGH LobGgdsdo 93500 MY gddo 4o5hbosm T9dgyo Loby.

Us +Ue = (r° + 1)l + 55

0=r" I+ g,
at
P = xff IS +x{] I7
Y= x5 I+ x5 IS
Us =[5 - U, (0)] (&% — /e — el %) (421)
U, = x, fot i} el % dt
I5 = Y3 if /%

P =Yl gel@e)  (e123)
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0QO I 0bgtasemo IT 0b&gMasemo III 06 9Gm35¢ro IV ob&9gtgsero V 0b¢&9M3scmo VI 06963500
Q© $JOZO [GHIRARIY GO [GRIQARINY $JOZow [GRIQARINY
©a000 ai = 30° ai = 30° a5 = 150°; ai = 30° a = 30° a3 = 150°;
1 = ) 1 = ’ 2 ’ 1 — ) 1 = ) 2 = )
as = 150°; as =270 as = 270°; as = 150°; as = 270°; ai = 270
ki costite — g costited — V3 costited V3 cos?itd — o costited - %3 costited — V3
2 2 2 2 2 2 2 2
ke [sinaf +a) =0 |sin(e+af) == |sin@+a) =T |sin(ai +a)) =0 |sin(a’+af) == |sin(a; +a5) =3
ks
sintiZ = 1 sintited = 1 sintted = _ 1 sin 4tz — q sintited =1 sinted = _ 1
2 2 2 2 2 2 2 2 2 2
Ug . +[US — +[US — +[US - +[US — +[US —
HU® - s U, (0)](cosas — U (0)](cosa; — U, (0)](cosas — U, (0)](cosas’ — U (0)](cosaz —
Ue (O)](cosa;® — cosasz) = cosasz) = cos aj) = cosasg) = cosas) =
S j—
cosa =+ N3+ By ) |- S —u, @) |-vE - v @) |— S -u ) |+ 2 - v, o)
[U° = U, (0)] 2 2 2 2
Ug s +HU® = +[U*® — s +[U® — +U® —
U - U, (0)](sinsas — U, (0)]Gsinsas —  |*[U°— U, (0)](sinsas — U, (0)](sinsa$ —
U, (0)](sinsa — . ev 3 . e 3 U, (0)]%(sinsa; — L 3 DSy —
¢ 1 sina3) = =[U° — sina3) = =[U° — ¢ 1 sina$) = — >[Us — |sinas)
sinay) =0 3 2 3 2 sinay) =0 3 2 _3ws—vu 0)
U, (0)] U, (0)] U (0)] 21U~ U: (0]
1 s 1 | 2% [5 = ; o ; ¢ = ;
- osa’—cos at Iy = V3 |cosai—cos a3 d cos ay—cos ajz cosaf—cos a; cosa{—cos a3 d cosa$—cos a3
1 S ! 2 2 S S 2 S S 1 S 2 S S 1 S
Id _\/_gld Id=_ﬁld Id=_\/_§1d _\/_gld Id=_\/_§ld

gbMomo 3. 3mImGssool 99-4 0bEHgMzseol 395303096¢3gd0

00T




060093099600 Hobsermdgdolsmzol az5d3L:

3 3
SS _ S SS _ S
Xll_xc+xd +EXm _Xc+Xd +—Xm,

3
X)) = 5 Xy = 5 X
1
X, =
@,C,Z; (4.22)
3
X; = X, +Ex,;r =X, +— X}
3 3
K= X = %
2 2

SS _  Ir __  Sr __  Is __
Xm_Xll_Xll_Xm_X

m

9390mo dmyggzobogros  (4.21)  29bGHMgds 39-4 439063 9M35cwolomzol

30mO065390000 d ©d q, M3 bobgMbgdgE0s om0 3OMYMmST0MGOOLIMZOUL:

iy _ 1 [U;

el e I R T D R I
W= [U"‘ —uI§ Pl — o Tyl )+
U [ -t el - ey 1)+
=L (M=Mp) . M= X (I I, (4.23)

2
T 4 q N ¢
=3 (Id cost, — I, ser),

is = 2 (15 cos(6, - Z)— I siniigp, -2 )],

3 3
. 2 4r . 4r
i5 = 5[(15 cos(6, ?)— Iy sini(B, —?)],
do,
= w
dt T
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af =30% a = 150°;

as = 270%

Lbogo
©ggdo
I 0b@gtgzomo II 0bBHgMzseo III 06¢gM3zseo IV 0b@ghzowo V 063 gM3zseo VI 0b@ghgswo
Ud 3 3 3 v 3 — Biws -
F AU U O] U U O] U= U O | = U - U 0] |- Ut -0 ] |
C
U N
e A O) — > [U° = U, (0)] — WU @] |+ -U @] |+5U°=U.(0)] |+ [U° = U, (0)]
dugg +x.ay cosa; +x.af cosa; +x.a; cosa; +x.af cosa
dt V3 Y +x.af cosas =0 Y V3 —x.a3 cosas =0
= +7xca2 = +7xca1 = +7x5a2 = +7xsa2
dug, +)icazs sinay = +3§Caf sina = +x,if sina$, = —Jicizs sinay = —Jicif sina;® = —Jici; sinag =
dt  |+-x.ay +oxcaf —x.a3 —oXca; —oxcaf +oxca3
if
1 Us
\/§ d
Ui+ U
i ERE A
2 Us
is 34

[0

gbMoo 4. 3mIMEs3ool 3g-4 06¢9gMH35¢0ol ©sTsbalosMIdIo LoEOEIdO




gb®odo 4  dmyzs60os -LOOWYYd0, HMIGdOE F9056 (4.19)
396@M9d5do 39-4 J390639M35¢0lm30L 06@J309M0 Hobosmmdgdolmazob.

dusd dusq
dt ' dt
99006 (4.19) 2963 Mmgds80 d9-4 J3906@gMH35¢0lm30L

gbGodo 4 dmyzsbowwos U; ,Ug, P, 17, I3 -bo0©g9d0, HMAEgdO;
(4.17), (4.20), (4.23) 255@™90930L 5dMbL6S BodroEgdsly 0dEg3s
3963L5BOZOM™ dM530L Q9055350 FOMEIBO YM3IWO (35 3JMILO OOMOL
0b6@&9gm35¢ndo.
D360 3060Mm37d0L FoM35¢olfiobgd0m d0300g0M OMTO YoMSTZIWO
36MHm39LOL LY. gl FIBEMEYdIOO godMm0Ygbgds 3m30vEgMHHY
29L596g9Mm0d9ds.
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0530 V. 396¢0@6o dMsgol 3s6@¢memgdgdo 33ers@ors
39L53w95¢mgdeo 3603369 MdYdOLIMZOL

5.1 396¢90¢ne9t50 dAs30b 356¢Hmem98980 35UsTsermgdeyem 33¢rsg800

3564960L  06@9aMomEmo  AobsliosmgdEgdol  4olvsbysMm0YOMS©
980bs6dgfimboros (33T (cogbolb, dsd30U, 65350000390300L)
3oLdMOEMYOMO 360083690 ™d900L 3990mygbgds LOOYMS
3339dbwOo ocogdbols dgomm@msb dgmogligdoom (5.1) [10].

39903094gbmom s0bodbro dgomozs Bgdmdmygzsbowo 396E0wmGO
d6530LsmM30L  9MV3MINES30MO  ©90dd0  LEAHIGHMMOLS @S OMEGHMMOL
06909005030l 33wsms dgolbo 360d369wMdGdOLIM30L 43593l 990
P0bsbHeO™o0L gob@magdgdo:

u,f:r°i,f+d(;//k (k =1,2)
] tr (5.1)
u;=r”i{+# (k=123)

BEAHIGMMOLS S OHMGHMOOL BsHYOOL 65350093 GOOLIMZOL A353U:

- 2 -
w, =Lli; +> M i cos(a; +0, — )+
t=1

LEMTIT cos(al +0, - B), (k=12)
t=1

3
wi =L+ > M"il cos(a —af )+
, = (5.2)
+> M igcos(ef +6, -6, — ), (k=123)

t=1
bsosg S =af +6, =af + (K —1)% = + (K—Dw.A,

Pot0moygbl  3mombgl,  MHmIgog  2obLIBW3EMH3L  LEIGHMOOL
993035 96@MM0  FoBol  IEYIMGMdL,  OMIwol  dsgboBo  gMdo
06MHbs3L LogME3gdo 3MTNBHIGMMOL 2oIMMZ0L F9WYRS.
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O; - BASGHMOOL OPBOWOL 2oIMHM30L 3MMbMo LobdoMgs;

A= SL - 39Q0MM30L GO 90s.
a)S

©OM t §o6MHIm350y0bmm dmsmgogdol Lobom, dogomgdom

t=(K=DA, +1, —§<r<§, k=123..

7 -0m5gool doabom O™, GMIGEOE S0MIEYOS  IOMMIIE0
399509000l sbfyobosb.

©O®OL 000MJL IO 3995090l 3990092 LAHOGMMOL
993035 9b&c0o 35bob dsgbod o ©9Mdo Bob@GmdobgdmEo

990m06mbgds  Log®mEgdo % JMobom.  0a0  ©OMOL  FMoegols

396353mdsdo 9O 0330l ™Mogol  FEYOIMGMBSL.  ZMzErom,  OH™I

3M393530s bgds dgobogmo.

SBgoro  @s33900L  gsdm  f MmOl geHmo  FmsegoEsb  39mc9b
395L3obSL  033egds  BobGHMAolgdmeo.  dgmeg  IbMogz  ©9bgdob,
dod3900Ls o 6535003703900  dgobo  FB0I3z6gEMdGB0 s OHMEHMMOL
dmdGHMBPOL G, 3moby - ©HMOLL6 ©IBMI0EIBNIBOM 033Yd0E
"093939@. 3oL gdOL FgmmEOoL 3sdmygbgdom A, Fmsemgdo ©bob
©o 6535000009035  GHMwos 58 LBoogms  LyFMOwm  360dz69EMdOLS.
9564960L  ImBF)M9gdDg MmEIdo  39To30  dsd3s  golodMeEIMgdL S
LoFoMmMIdL.  FogEdo  LOEOEIMS  JSLETSMGdo  3B0TZzb9MdgdO
0g690s [10,14]:
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As As

+ +—=

vsd 1 ¢ sd .oard 1 2-rdd .
Ik _A_S -[:ﬂk T, Ik —A—s '[:k T,
T2 T2
+£ +£
1 ¢ 1 ¢
sd s . rd r .
== (yide; w* == [yidz;
Wi A, A://k Vi A, ://k

2 2

dm35b@obmm (4.1) ©s (4.2) gsb@mEgdgdol mommgmwo 9360l
06@ 93606905 T (30O  ©S 8992900  @ogymom A %y,

25L58995MAR Mo LoOYYBOLEMZOL 80300980 (06 FGOMIBdOLSL 6,

S

©5 6 80BRbgmmos 8Mdog LOoWOEYIRBS):

sd
u = o {dﬂ} (k =12)
dt |,

: (5.3)
rd
ure = i +d% (k =1,2,3)

2
pid = LI+ M i cos(af + 0, - B2) +
t=1

3
+ Z KiM Sritrd cos(a +6, = ),
2 3 (5.4)
vid = L + M i cos(ay —ap) +
t=1
2
n Z KlM I’SitSd COS(atS =+ 05 + er - al: )l

t=1

WA
2

1 P S\ -
A—S Icos(oct +6. - p.)dr; o As
_2s r 2
LoQd K, = 2 =
R0 T os(@ + 6, - /) s

2
Dot0mogbl AoLodmsmgdol 39530(30963)b.

d35b@0bmm 653500700900l O0RIMHI6E0MGds s T9IAgdTdo BogLgsM
B =a +6..
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090pmddo  AoLodMomgdol o 0bgdbo  godmEHM3zgdmEos @
33w0©90do  Bogmeolbdgdos oo olvdmemadero  360dgbgarmds

39OM30L Foengdo.

(5.3) @ (5.4) 23bGHMWYdgdOL  FodoGmo  odM3094gbMmm (33D

3M33w9dbmEo  496Mogdbs, 30300930 gobEMEgdgdL sboew  3MmAZwgdlEo
33%9©JO0m. BEIGHMOOL 3mMmOHobs@ms LobEgdsdo.

US—US =r’l° + dy +yop ™,

dt
Ur =r'l - J(wr _a’s)WPy
s 3 Y sryr 1 srajlaf+aj)
s = (L M1+ KM = ~KM e (5.5)

l//SI ZEM ssl s + KlM srl n +1K1M srej(af+a§),
2 2
3 3
(L 2MMYT 2K M
lr// ( S 2 ) 2 1
boQS3

. s
US:U_(eiaf_ejaS) |s:i5(eiaf_eja§)
2 ) )

. 3 3
Ur ZZUl:ej(a;Jrgr’es)lr :zikrej(a;Jrer*gs)
’

k=1 k=1

U =us (e +ei) - LEHMOOL pMsgBowol Brymmgsbo FodEHowob

dsd30lL  3md3wgdlo.

396@Mgd9d0  BsfgMoos  Lobgermdoom  gMmgmegddo ©@s  890393L
Bewmgsbo  §gOGHowol Uy 3d35L. oy (5.5) a3BBH™mE@adsms  LobEgdol
30639 296GHMEgdsll 983930 gdm oL FgMOWgdME  obEGHMEgdsL
2006o3mgdmel e/ g 85806 U 50m06G0ogbgds.  BHRMB0M
9009 Mgddo  gobGHmwgdgdo  m3IgMoGmOmeo  Lsboom  Bsofgmgds

99992b50650:
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S S ss sr sr s
U™+l le le le I
Ul |=|zs oz oo || (5.6)

U+l | [z o0 z'| Ll
M3905GHMOMo fobosmmdgdo BsofigMgds 89dwgao Loboom:

2= (P+ p)X

2 = 2K XAP+ /{0, +0)
Z), =X, (P+p'ya)

2 =k XT(P+ jw,)

rs _ rs ; —j(ag +a3)
2, =k X1 (P— jo,)e

Los3 06030600 fobosmmdgdo GHmeoo:

X35 =2X: +3X>» =2X} +3X,,
Xp =2[l-cos(e; - a;)1X,,

3
XS =2 x
11 2 m
rr r 3
X =X, +EXm

XS =XT=X"2=X

m

90930l 398303096300 GHMWOo.:

dod30Ly s @9bol  3MI3gdugdo  LAHIGHMOOL  3MMOEOBIGHMS
LobGHYFodo GHMEO:

Us=U°@E' —e™)=U; +ju;

s _isfpla AN HER
I® =i —e™) =1, +]jl;

boQS3
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U =U°(cose, —cosa,);
I} =i°(cosa,; —cosa,);
I, =u’(sibay —sinay);

I; =i*(siba; —sinay);

(5.6) 29563 Mmgdgddo  Lsfyobo  306HMdJdOM

39bLsbEzOMwOo
30d39dlgdo:

US=PIX{ I§ + 5Ky X3] I — 3Ky X5 e (@haad)],
UST=P(KLXTS IS + XIT Y)Y
Ug™=P [ X[} Ug"-K; XT§ e/ @i+a2) 5]

BoQS(3:

I§ o 5 - 99usds30bs LEHsGMOOLs @5  HmGMOOL Lsfyolo
©96900L  3m33egdlgdos.

3oL3OEgdOL  309B0(30g6EOLIMZ0L A35d3L oFMLELEgds

. wr A
M oty ™S
rt+ws
- s —
Kl— Wy T ) m’ =6

S
Dr+pg M

090dpamddo 5650 Bob gods®EH0gzgdol dobbom, 399390m, ™I

ag=V3u*; Ij=+3i;

5.2 396¢90¢re9650 drs35b 356¢92¢m98980 356r50535¢m0 (Bg508980l5s030L
D90m»IMY3960w0 gobEmegdgdo  Fgodergds Fomdmoygbowo 0dbsl

1350 Loboom 303309939MDy 3oL56gMm0TgdWS. 396dm

8990b3930L50m30L, BGmEgbsg U™ = 0
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2963 qd90dL d,q 3mmME0bs@gddo 30330993 9MBY
39962500d900LsmM30L IMbgMbgdM RM®Asdo od3l Loby:

ag 1 us

dt 1-K} [Xﬁ

pilg +Kipp'ly - Kip®(S — DI ;

dl’ 1 Kiu"U3
o= T K G Kyept et - S (- K S - 101
= KW (S -1+ — PG — (- 1+

18 MM,

dt

M=-X, {1} K

s — Ky X71 - Klelc — S T
o BT oo KT EH
=18, =5,
w1 w1
S—  6O0GMO0L LOoswos; S —  8sOm30L 033Mebol LobdoGmgs

RBIOEMO0M JOMNIMqddo; w1 —  LAHIGHMOOL 3geol dMMB3zoL JMMbGO
LbobdoMgs; M- go6g doeqgdol dmdgb@os.

5.3 3969090 disgsb 3sb6cdmeng8980 sdyst9829¢m0 (Bg:08980b50330L

(5.6) @bFHMEYdJO0  BoghoMs  oMESTIZIWO S YOO WO
69:109900L5m30U. 5394569390 91090l 399635600900 LsmM30L
396@Mgd90d0 Mbs ©ogdzem  P=0 bmyoghmo gotsddbol 9939y
990dgds 303m3mm ©96900Ls s 8mdgbEBHol 360T369MdYIdO O 5353
9564960l obsbomgdagdo.  dMO3L  39M9gBHEMYOOL  Jom35cmobfiobgdom,
Bobg30690BHoM0  3MIMEIGHMOOL  FoO30L  396Mmbgdol  Abg3gwMdsdo
domgodoom [10,12,14,15,17].

110



9525w0mol Lobom gobgzobomm  sbobJOMbmwo dMs3s Loddeszmoo

LEOGMMOL ©gbo

= V2Ufy = 3103,
Uy _ 310
05BobOO obowmds  Zy = T 8,61 mdo.
05boliIO EOME dogoemo  ty = 68

I?) = \/515(,9(7 = \/E ' 25,4‘ = 36 ».

11,5 33¢ 999090 dmbs39990000: dggMrangdol iggds

356539390l 593l 3600369 mdgd0 (©oy35600s LBHEGHMMDY):

dsd30U5 s 9bols Jogdlods GO bmdobsem®mo Loowggdo.

BEOGMMOL AbsMYHg d0yz5600 [fobsmmdgdo GHmeos:

ri 0406
= = 0,047,
rr =222 _ 0061,
Zs 861
xS =xT = gz‘l’ 0,011,
_2xu
Xp = 52k-3,33 = 5717,

xi3 = 2x5 + 2x,,[1 — cos(a; — ay)] = 0,022 + 25,77 - (0.66) = 7,63,

x3] = 2x,[1 — cos(a; —ay)] = 7,61,

x5 = 0,66 5,77 = 3,80,

3
o — r
X11 = X5 X

_ 0,094

= 763

0 061
8,6

= 0,011 + 8,65 = 8,66,

=0,012 ,

= 0,007.

, 35B35 220/380 g,

44/ 25,4, H9y30 3mgmbos Goabgo - 3, 9dudgmodgb@res© 2oblsbrgmwye
. = 0,406

mdo, 1, = 0,526 mdo; x; = x; = 0,99 ™do. dB>BolwMs Joz00M® LEBsGMMOL
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Bob.25  dMsgsl d9dobogmeo 35ballos0gdegdO
0037elol 3ebMOHO LobdoMol MHYyYEOMmgdOLSL

¥*J__L__J__J‘_.L;_J__L__I~_L_J__ ‘..L_'
o gy quos quiz quis - QU2

Bsb. 26 396GH0mHO  dMs3goL  IMIBELS s LEOSEL JmGOl
©50m300IONOS
Bob. 25-%Bg (o®mdm©agbowos dMogsl  F9dobozm®o  Fobslosmgdergdo,

85630l 033w lolzMmbm®o LobdoMmol MHgaIEoMgdobsls v33EgEo 339000
dod30L dgdmbggzsdo, bmenm Bob. 26 -Bg M358 ©gbol MO GdS

BEHOSEOLYSD. 50bodbmeo ©59M 300093990900 539005
D90 »IMY35600 458mbobMgdqgd0m.
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Bob. 28 -Bg b65B3969305 @os335¢ Mgx0dd0 ©9YbgdOL  MBEFOEMYMDs
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54  39600ecryo  dsgsl  Fsogdshozeimo  dmqgemo. ©0bsdoz79(0
Osbsbios03g8emgbol 355635008985 36egrsds Matlab -0l bsd-yserg8o0r

i T 15 =17+ jl;
Ve L AR
rs rr r Ir:|£+JI(;

=1z, 7, 0= I* Us=US+jus

o0 7| U |yrogr, un

i 11 | U :Ud+qu

U= Ug +jU =0

SS S SS sr 1 sSr H
2, = (p + p)X11 , L1 = Eklxll(p"‘ jSi)

rs i rs sr 1 sr :
2y = p+ s —@A-9)]kX;) | Z, = §k1X11(p— isi)

2,7 ={p® + p+ jls; — A — )1}k, X}

2" ={p— jls; — @—s)I}k;x};

2
XS =2x5+3x, , X =3X, ,Xlrizgxm
3 2r® r’
X =x"+Zx S — F =
X v
. 1-snx
sin——— s
S
kl:—l S 6{Us =3+ U", Uy =
—ST d .S S
- - I =\/§*I,, I =
s 6 S q
j=v-1
_d
P=a
2r=1-85% =S w0, =314 600/0
w1 w1
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a1 [u3
= —p° 15 ke (sl
it l—kfu{xﬁ p g +ku (s=Dl,

dl(li’ 1 kl/urug 2
== —k " P15+ p 1 —[s,(L—KZ ) +s—1]1]
dt 1_k12lu{ fi 1/up d ,0 d [|( 1/*1) ]q
dl(; r S ryr s
XSpk erk
L VI RISV R
dt Xll Xll

r

sr SS S r r rs
X1 =3X,., X3 =2X; +3X., , X; =X, +1,5X, X/, =15X,

Ki=————w lo,=1-5, olo =5, o =314650/3

u'=0974, 14" =0,968, x;; =12,72, x,, =413,x; =62, 1 =094

x; =64, p°=0,0083, p" =0,0076

‘ltd =16,66[0,076U —0,00831: +0,0741!]

dly

r

dI
—4 =_0,48415 -0,00761; ~0,51
dt

- =16,66[0,073U; 09681 +0,00761; ~0,003]

SbEs §935006Mmm BsdMmEMmMmE O0RIMIB3050ME obEMEgdsmS LolEgds:
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530l 8999 3bLboo 8909y OBIMGBE05WME gobEmegdsl:

ds sSyr Spr
4 = 0011+4131517) = 001+0,0413151;

399093 30™3wom

M=-413151;; w=1-s,

©O0xIMI6E305WO A5BEMEgdsms LoLEBYIIoLMZ0L Lofyol 3oMmMdYd0s
t=0,15 =13 =13 =0,5 =1356¢mgds005 LobEgds 3mgblbsm U

35659930 999930 brmo 3608369 mdoslimgols U =0,511,5,1,73;2.

005396963050 356EHMMIB05 LobEgdowsb 3gdgdm 14, 14, |(; ,
LOOY9dL.

L0dsMEGH030BsM30L Lod0YdYO (33eEYOOLIMZ0L Fgdmzormo 9990
50b0d36900

L =x(), g =y(®), 1, =2(V),
35306 B3960 ©0x396M96305MO 256EMEgdsms LoliEgds Boomgdl babgl:

dx(t) =16,66[0,076U —0,0083x(t) +0,074y(t)]

dxéit) ——16,66[0,073U 5 —0,968x(t) +0,0076y(t) — 0,003z (t)]

% ~0,484x(t) — 0,00762(t) - 0,5y (t)

% — 0,01(L+ 4.13x(t)2(t)) = 0,01+ 0,0413x(t) 2(t)

SHEs 93530 53 53MEIbOL 5FMbLBOL SEYMOHOMTO s dM3IBqdos:
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/ uDs(1),,1 =1 N /

I=1

I=I+1

I>N
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3bLbom ORYIMHI6E0SW MG 256EMEGOsMS LoliEgdal
UDS(I) —ob d0dobstrg I-6mo 3609369cmdolsmgols

v

3bLb00 O0GIMHBE0IMO A56EMEgdIL
% — 0,011+ 413x(t)z(t)) = 0,01+ 0,0413x(t)z(t)
X(t) @ Y (1) gaersegbob doggdeo
960093690 md900Lsm30L

30003wom M =—-413x(t)z(t); s

@, =1-3 vowowgyl

393900 30553030 80d0bstg
Lobgls

”

Bob. 29 59mE3s6ol 53MbLBOL seym®omTols  dgmm3lsdgds
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>restart;cond:=x(0)=0,y(0)=0,z(0)=0:
>uds:=0.5;
uds :=0.5

>sys:=diff (x(t),t)=16.66*(0.076*uds-0.0083*x(t) -
0.074*y(t)) ,diff(y(t),t)=-16.66*(0.073*uds+0.968*x(t) -
0.0076*y(t)-0.003*z(t)) ,diff(z(t),t)=-0.484*x(t)-
0.0076*z (t)+0.5*y(t) :

>F:=dsolve ({sys,cond}, [x(t) ,y(t),z(t)],numeric):

>with (plots) :

>pl:=odeplot(F, [t,x(t)], -

0.5..0.5,color=blue, thickness=2,linestyle=5) :
>p2:=odeplot(F, [t,y(t)], -

0.5..0.5,color=green, thickness=2) :
>p3:=odeplot(F,[t,z(t)],-0.5..0.5,color=red, thickness=2) :
>p3:=odeplot(F,[t,z(t)],-0.5..0.5,color=red, thickness=2) :
>p4:=textplot([0.2,0.2,"x(t)"],font=[TIMES,ITALIC,12]):
>p5:=textplot([0.1,0.3,"y(t)"],font=[TIMES,ITALIC,12]):
>p6:=textplot([0.5,0.3,"z(t)"],font=[TIMES,ITALIC,12]):
>display(pl,p2,p3,p4,p5,p6) ;

IS
d
0 5
»e) L? ={z}
04 oz f 04
w
r
-5 Iq
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=
1.5
]
2.5 r
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>restart;cond:=x(0)=0,y(0)=0,z(0)=0:
>uds:=1;
uds =1

>sys:=diff (x(t),t)=16.66*(0.076*uds-0.0083*x(t) -
0.074*y(t)) ,diff(y(t),t)=-16.66*(0.073*uds+0.968*x(t) -
0.0076*y(t)-0.003*z(t)) ,diff(z(t),t)=-0.484*x(t)-
0.0076*z (t)+0.5*y (t) :
>F:=dsolve({sys,cond}, [x(t) ,y(t),z(t)], numeric):

>with (plots) :

>pl:=odeplot(F,[t,x(t)],0..1.5,color=blue, thickness=2,1in
estyle=5):
>p2:=odeplot(F,[t,y(t)],0..1.5,color=green, thickness=2) :
>p3:=odeplot(F,[t,z(t)],0..1.5,color=red, thickness=2):
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>p3:=odeplot(F,[t,z(t)],0..1.5,color=red, thickness=2):
>p4:=textplot([0.2,0.2,"x(t)"],font=[TIMES,ITALIC,12]):
>p5:=textplot([0.1,0.3,"y(t)"],font=[TIMES,ITALIC,12]):
>p6:=textplot([0.5,0.3,"z(t)"],font=[TIMES,ITALIC,12]):
>display(pl,p2,p3,p4,p5,p6) ;

] 02 0.4 0.6
| B Lo O —={e)

>restart;cond:=x(0)=0,y(0)=0,z(0)=0:
>uds:=1.5;
uds :=1.5

>sys:=diff (x(t),t)=16.66*(0.076*uds-0.0083*x(t) -
0.074*y(t)) ,diff(y(t),t)=16.66*(0.073*uds-0.968*x(t) -
0.0076*y(t)-0.003*z(t)) ,diff(z(t),t)=-0.484*x(t)-
0.0076*z (t)+0.5*y(t) :

>F:=dsolve ({sys,cond}, [x(t) ,y(t),z(t) ], numeric):

>with (plots) :

>pl:=odeplot(F,[t,x(t)],0..5.5,color=blue, thickness=2,1in
estyle=5):
>p2:=odeplot(F,[t,y(t)],0..5.5,color=green, thickness=2) :
>p3:=odeplot(F,[t,z(t)],0..5.5,color=red, thickness=2) :
>p3:=odeplot(F,[t,z(t)],0..5.5,color=red, thickness=2) :
>p4d:=textplot([0.2,0.2,"x(t)"],font=[TIMES,ITALIC,12]):
>p5:=textplot([0.1,0.3,"y(t)"],font=[TIMES,ITALIC,12]):
>p6:=textplot([0.5,0.3,"z(t)"],font=[TIMES,ITALIC,12]):
>display(pl,p2,p3,p4,p5,p6);
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>restart;cond:=x(0)=0,y(0)=0,z(0)=0:
>uds:=1.73;

uds :=1.73

>sys:=diff (x(t),t)=16.66*(0.076*uds+0.0083*x(t)+0.074*y(t
)) ,diff(y(t) ,t)=16.66*(0.073*uds-0.968*x(t)+0.0076*y(t) -
0.003*z(t)) ,diff(z(t),t)=-0.484*x(t) -

0.0076*z (t)+0.5*y (t) :
>F:=dsolve ({sys,cond}, [x(t) ,y(t),z(t) ], numeric):

>with (plots) :
>pl:=odeplot(F, [t,x(t)],0..
estyle=5):

>p2:=odeplot(F, [t,y(t)],0.
>p3:=odeplot(F,[t,z(t)],0..
>p3:=odeplot(F,[t,z(t)],0.
>pé:

>p5:

>p6:

5.5,color=blue, thickness=2,1in

.5.5,color=green, thickness=2) :

5.5,color=red, thickness=2) :

.5.5,color=red, thickness=2) :

=textplot([0.2,0.2,"x(t)"], font=[TIMES, ITALIC,12]):
=textplot([0.1,0.3,"y(t)"], font=[TIMES,ITALIC,12]):
=textplot([0.5,0.3,"z(t)"], font=[TIMES,ITALIC,12]):
>display(pl,p2,p3,p4,p5,p6) ;
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>restart;cond:=x(0)=0,y(0)=0,z(0)=0:

>uds:=2;

uds ;=2

>sys:=diff (x(t) ,t)=16.66*(0.076*uds+0.0083*x(t)+0.074*y (
t)) , diff(y(t),t)=16.66*(0.073*uds-0.968*x(t)+0.0076*y (t) -
0.003*z(t)) ,diff(z(t),t)=-0.484*x(t)-

0.0076*z (t)+0.5*y(t):

>F:=dsolve({sys,cond}, [x(t) ,y(t) ,z(t)], numeric):

>with (plots):
>pl:=odeplot(F,[t,x(t)],0..
nestyle=5) :

>p2:=odeplot(F, [t,y(t)],0.
>p3:=odeplot(F,[t,z(t)],0.
>p3:=odeplot(F,[t,z(t)],0.
>p4:

>p5:

5.5,color=blue, thickness=2,1i

.5.5,color=green, thickness=2) :
.5.5,color=red, thickness=2) :
.5.5,color=red, thickness=2) :
=textplot([0.2,0.2,"x(t) "], font=[TIMES,ITALIC,12]):
=textplot([0.1,0.3,"y(t)"],font=[TIMES,ITALIC,12]):

>p6:=textplot([0.5,0.3,"z(t)"],font=[TIMES,ITALIC,12]):
>display (pl,p2,p3,p4,p5,p6);
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39092900 ©5 3500 goblxs

BoGo690me0ds 330939005 Lodwoegds dmag3s:

* 533902005, MMI  2o6MTOZ5WO S YOO MO  ©:0d9d0L
3996256009905, 80BBIgHMmboos  BoBoM©all  39sm™M30L  0b6E9M35: 9080
5M5L039BHM0ME0 FoMSTI350 3OHM39L9d0L Qobbowgz0L Logmdzguby.

* 53390005, 53530 d0do0bstg 90360m3Mm39L9d0L
3996250m0dg00LsM30L  LyFoOMS,  LBoEOoEIMs  dyobo  360T36gEMBYOOL
dobg30m  96soBol  BoBHoMgds  3MmM©OobsGms  J9M©oddbols  Igmmob
399mygbgdoom.

e 3J9339d965 099M©O35, (33WOEMS  AdLETMO MO0 LOOWYJOOL
dobg30m 3564560l 8mds Fobob0smGIGOOL olosbYIM0TGdMS.

® 399339J965 39630 MO dMS35L Fom9gTo@03 M0 dMmEYero, MHMIGLO3
0O LOBMLEHOM sbEbIZL 3MHTIOEHM  TYSMJOME, 5M5TJO JIMOHTOZo
36OHmEqLLSE 3MB3099EIODBY 2oLOsbYIMOTIdWS.
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1336900

o 9bbomem 396G 0O dMOgoL  aosBbos  ¥3MWB3zoL  LobdoMob
92 0M900L  GglodErgdmds 93399530 dsd30L  LoWOOL 33O GdOm,
52069008 ©gbols MMM d00 S 3MTMEBHIGHMMOL MYYME0Mgdol 3MMbol

(3O HdOm.
* 300900 30330993 JOo IMYEo B35GB LOBMLEHOM SOFIOL

993 GH®™sb0GHMO  ©d 9 9dBHO™MBGIobo3MH  2oMmToz5t  3OIM39L9OL,
0dwgdog 08000bscgmdgb 9Mdogzo ©abol 39bGHowem dMog39d0d0 o
390d9ds 259mygqbgdrgem 0dbsls 8sb4oboll obsdozol sBseroBoly s dsGmzol
3960bgd0l Lobmgbolsmzob.

* 5ob93M>ERITHIONWO  3MTYHIOMOYO0D  5@FNOZow  JLIJHOY
0564969030  80Bsbdghimboros  sMOLEIEGOMbsmO 69508930l  BMLGO
565¢00B0 BoBHomIL 33eoms dgolio 360d369wMdgd0LIMZ0L 3MmmEM©ObsEms
390©5gdbols  GgomEol  49dmygbgdom.  2oMsddbol  306HEs30Mo
9906mb9gd0-35EHM0(3900L 299mygbgds L5 gdL 335993l
3930562900dmm  65gd0L0gM0  5MILOTIGHOOMWO  QMTSZ5O  M9:0d0
303935GMM056 8564569000.

® Jo0gdMo 99093900 LGOSl 235393l 4930968900 TM™
36396980 IYolo 3MIMES300L OMU, 3mFMEAES30IM0 MYg0d0 s Fg35MBOM™
15308 BH530M 9gd9b@ 9Ol 3565993HMgdO0.

e 209myzsboo  3mA3Wwgdbmo  9BGHMWYdgd0 89039396  Fsbdobols
9930350 96@GHMO 356599BHEMOL 3MTMEIGHMO0M Q5MM39008 Ibg39E™dsdo
d00ad0m, M3 BOHOL Po56AM0T9d0L LODMBEIL. FobEMEgdJBOL Lo sG¥Yew
Lobgdo  Bsfgms Imbgmbgdmmos 3MHmEgLgdol  3m330@E Mol 4sdmygbgdom
2596256003900L5M300.

® 33093900L  89IPO® ©OYOBEs, MHMI FMTS S QIMOOTOZOEO
0:909900L 2556356003905  F0BIBIMboos  BoBoMal  9GsliodgE Moo
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396535350 3MM39Lgd0L  2obboegol  Logmdzgdg OMOL (3939w
399509009080, M3 360936936500 BOHOL Q5650093 5mM LOBMLEU.

* 9JL39M0YBGHMEo  ToLogdol  SBooBTs  9Bg9bs oo oMo
©53mb3935 56g50080L 999096 s F0LVJIMO 53398900l OLDMIYDS.
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