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Abstract

The work of the dissertation deals with the actuality of the topic, purpose of
the work and objectives of the research; methods of research; major outcomes of the
work and scientific innovations; the field for application of outcomes, publications,
approbation of the work and the structure of the dissertation.

There is given a review of the content of the dissertation. There are shown the
issues reviewed in the introductory part. The issues given in the first chapter about
mathematical modeling of processes in semiconductor valvular transforming systems
of substations. There is established a character of transient and stationary processes in
three-phase semiconductor transformers.

The transforming system is reviewed as semiconductor aggregates as well as a
unified system of contact net, railway and locomotive traction with impulsive
modulation.

Because of existence of traction engines the abovementioned system is
characterized with periodically time- variable parameters. Equations to phase
variables are reduced for solving to essentially difficult differential equations system.
Application of phase variables were denied and for simplifying the equation there are
introduced new complex resulted dependant variable. Usage of variables
transformation causes reception of simple differential equations with such permanent
coefficients solving of them is available analytically. There is used a spectral-
operational transformation model in valvular electric cycles. On the base of
combination of these two models there was get a new modernized method of
transforming systems processes analysis which uses complex and spectral-operative
transformation of variables. This method allows to consider the main parameters of
power transformer and commutative and non-commutative generalized intervals in
semiconductor transformers with consideration of distribution into columns.

By application of spectral-operational transforming method we get an infinite
system of referent equations which is solved by reduction method. As a result of the
work there are made corresponding conclusions.

The second chapter deals with issues of unified transforming system of
tractions substations with the scheme “two inverted stars with equalizer two-phase
reactor”. A unified transforming system considers a dynamic movable load. For this
there are composed dynamic equations considering potentials and electricity in rails.
There are presented solved equations for potentials and electricity in rails. There is
reviewed calculation of processes for commutative and non-commutative time
intervals and are get integral power images.

For program digital modeling of the system under study there are composed
structural schemes of transitive process models.

The are processed calculative schemes of the unified inventor transforming
system of a traction substation for the train start, traction and recuperation and braking
regimen with cross-impulsive modulation of the traction engine. With consideration of
rail-net parameters in commutative and non-commutative time intervals.

The third chapter deals wit issues of the modernized transforming system of
traction substation with a universal three-phase current-converter circuit. Unlike the
existing in our case there is applied a cross-impulsive modulating circuit assembled by
IGBT transitive modules for traction motor control excited with the permanent
locomotive power. There are presented calculative schemes for different working
regimen. There are considered relevant generelized time intervals there and in
composed equation systems there is considered an engine anchor mechanical capacity
for transitive process of constant power engine speed. Initial equations by application



of complex transforming method of variables are converted into complex equations to
resulted complex powers. Back-forward transforming matrix of variable allows us to
define phase value.

The forth chapter deals with issues of mathematical and computer modeling of
electromagnetic and electromechanical transition processes in the three-phase
current-converter modernized unified transforming system.

There are shown accounting schemes for each time interval and structural
schemes for models of transition processes. There are given corresponding
conclusions according to each chapter. There are presented integral images
appropriate for computer and mathematical modeling of the process for each
accounting scheme. There is demonstrated structural schemes of transition processes
models of the current and in the anchor of the traction engine for each time interval.

There is presented how to make a matrix equation of systems condition
variables which is the basis of appropriate solutions in the face of recuperated
differential equations.

There is presented the list of author’s published works in respect with the
presented dissertation and there is demonstrated the author's personal contribution to
the fulfillment of the thesis work.
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Lob9dob:
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\
vh = Liij + z [M1! cos(al, — ay,) i}, +

n=1
12 I _ 00,
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3
yil = LI + Z[MZZ cos(all —ajl)ill +

n=1
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10O0Y9d0L dgols 360369 MdYOL FMMOL 3530060L QobEGHMEgdSL [27]:
i = pu(t)ia; 9)
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3Om3gbol  EOML @, = const. 5300  3MINGHIE00L MMl (33¢0Ewgdol
39320 35M53535¢ 3MHM3LbY MY ZIVILYNBO. gb ©TZIDS, HMYMOS
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%% = 2 ()i (p) + 2 M 2pi1 (p); (21)
~0"(p) = 21 ()M (p) + 5 M pl (p); (22)
~i1p) = 2502 31, — ja; (23)

2

Ua(p) = §c05§ /(@ )01 (p + jo) +;

+e (aP -%-%) gl (p—jw); (24)
Ua(®) = Zu P)La(P) + -2, (25)
Lo

Z'(p) = R'+ (L +31M") p;

; (26)
Z"(p) = R" + (LI +3M?) p; Z,(p) = Ry + L ()
59 m39M9GMOME0  39b6GHMWgd00sb  godmzdogbmom  mbmdgdo.

"), u" (p)sdobsmgzol (23) %ogbgom (21), (22)-80 s 30300gdm:

3 Upe'tu 9\/‘5 _

2t 7 o)) + 2252 e DMy (p — ), 27)
34/3 sin i r . -

01 () = 2252 e )71 )1, (o  jo) + M2l () 28

2

(28)-056 U*T(p) a59clobeemgdolsmgols g3593L:

) = 2y 2L o)
vim g
x Ig(p + jw) +>M2pl (p); (29)

(28)-do0 p 99333°CMm» p + jw-00, bmowm (29)-8o 30 - p — jw-oo,
d9L50500b5 J0300gd:

343 sm
Ul +jw) = =27 (p +jw) — = -

X Ia(p) = > M2(p + jo) (p + jo); (30)
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3v3sing oy
U" (p— jw) = 21 (p Jw)——],2 e/ (et

X Ig(p) =3 M2(p — jo) I' (p — jw); (31)
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(30), (31) BogLgosm (24)-80 S 9GS OO ASMOJdbol F9dwgY

3090MEMOm:

18 siny 3v3 Y
Ud(P)_—ﬂ— ” Z1pl, (p)+—M12cos§><

. y m .
% [/ (T2 + jo)i (p + jw) +

xe () m - jo)1' (- o)l (32
(27) 3956@Me0gd0ol 89990900 gobEMmegdolsmzol g3543L:

i Ume_”’ 1 | _9\/—5 ] a.+L
= I ()~ e ()

XMYZP I (p+jw) (33)

5035600, (25), (27), (32), (33) M39MGHMOM  A3BGHMEdgddo
250mM0ogbywos 11 (p), U (p) m3965@m6m¥@wo Loowggdo. 53 gsbEHMMgdsMs
LoLBHYIoL  5MbLBOLIMZOL  SMEOEGdJ0s  gu  2BEHMEGdSMS  LoLE YIS
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@960l 808s60. sdolsm3z0L (27)-do p 8933395 Mm® p + jw-mo s (33)-do 30
p — jw -0, 99b50530Lo© 3435J3L:

Y

. . 3 Upel®u 9V3 _j Y\ sins pM12(p+4j )

" 3 Upe—ou 93 i Y sml 2(_ )
2

Lo

3
Zl(p + jw) =R' + <L?g +§M11> (p + jw);

7'~ j) = R + (12 4+ 5M1) (p o)
(34) > (35) BogLgom (32)-do s 800gdYo gobEMmegdgdo (25)-msb
OO 53M3bLBIm, 5M5 MO F5MogdbgdoL F9wgas® 0300900 909
M396M5GHMOM g58mbobmgdgdL:

ZI%:O pk(Um ag+Empmbi) .
p Xi_o APk ’

Ug(p) = (36)
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Z%:O pk (Um Ci+Empmdy) .
p i Akp"

I;(p) =

(37)

(36) s (37)-80 89953500 993035¢09bEGM0 35601539GM9O0LIMZ0L 33543V

39900920 25dmbobyengdgdo:
9v3 Y V .
a; = %M [RlR sin(a, + + @) + oL,z cos((p —a, —>—w)l;

a, = \/—Mlz(LlR + L Rl)cos sin(a, + +l//)

as = fMlleL cos— sin(a, + + )

Co = 9\/_Mlzzlcos sin(p ' —a, ———l,y)

1

ag = lezRHz cos <

9v3
C, = FM”LI cosg sin(a, + g + @)

dO — (ZI)Z. dl — 2R1L1.d — (Ll)Z.
=1L+ M11 L' =L +> M22

= arctga;—,; z! = J(R)? + (wl!)?

i 2 ’ "
b — 18 siny [Ga)Mlz) R + (wLY)?R ];

2y

18 sin sin y

2 ’
b, = [ZR LR+ @lL + (SoM'?) L];

b, = ;2 =L [R”(Ll)2 +2R' 'L @M”)2 R'];
by = 18 sin y [Ll I — GMlz)z]Ll;
Ao = R,(z1)?* + i—f S“‘TY[R” (z1)? + R (%leZ)Z];
Ay = 2R R,L! + Ly(z1)? + == 20X [ZR 'R +L (z)? - ( leZ)Z Ll];
Ay = 2RI L, + R, (11)? + = ¥ [ZR MM + (LY)2R” GM“)2 Rl];
Ay = (LH2L, +18 S“”Ll [LlL11 ( Mlz) ];

50939600, 900gd0s Lafilgolo OBIMIB305MMO  Q9BEGHMEGd9dOL
59mbsblbo  m3gMoGmOmwo gm®mdsdo. (36), (37)-do @sdwol  mgmE9dol
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0690 4395 J0MO0MHO 356589EMYO0L Jom3zserobfjobgdom. (36), (37)-do
30L56M90M®D  WH3SLOL  BOZOMEO  MIMEYIs s F0300JOM

39950000 dod30L5 O 29FIMMNE0 IHOL A5TMBbMEgdJIL STY>MIGOVIEO

69:3090BomM30U:
cosa — cos(a +y)
Udsgy = Uae
9 kZ + kiR,
%leZ Ry

tEuy ] <%wM12>2 — ; (38)
RH+§kS = R +R
cosa +cos(a+y) Eqpy
lasay = Uar TR,
2 3"Z¢ + k(R
7(1)M12
2 " wl
Ry +5ksR [1—(—2—) }
X ] (39)
2 " R §“’M
Ry+gksR" | 143 ( . ) l
Lo
27 siny , oM*? 2 R
ks=— — R;=R ——;k=1+k;—
T z 3 "Ry (40)
; 3V3
a:“p‘l"l’u_(P;Ud":TUm )

@', Z!-0ls 86083690 md9d0 339905 993035e9bGMO0 356589EM9dOL
2500LsbMgdgdMob JOMo. 39360 300Gz Bgdmbgggzsdo R! K wl!, L «

%M“,R” K oll!, LI « %Mzz,@o (38), (39) @90mbobengdgdo  Fgodergds

29956 &039U:
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(41), (42)-8o0 p  3m9803096G0  sbollosMgOL  otsdddbgwro

G®BLRMOToEHMOOL gM536009dL ImGOL dsabo@we 353806L: u = M2 / Mt
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__Ugo cosatcos(aty) Eoyy .
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399625003900L5m30L 25dMYyqbgdol 0EMlEHME0s 3MB3IMgEH™ME dsyseomo 1-
%o
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OMAMO3 (48), (49)-oob  BBL GO0l gobloBzmeo
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BormBHotgdeoq [27, 28].

ab-b g98m3zergzolsol  dogdmeros  dbgzgermdsdo  (3bmdoo
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AmbobgObgdgw, s65e0B MO godmbsbrergdgdo.
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©ORIMOIB3050ME gobEMEgd9dL:
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ut =R'i, + %
—ull =R, + % ( =Y
ubh = i R+ L S5

! = o + ufh

3
Vi =Ly + z M cos(al —a}) i} +

n=1

3
12 11 1y 11
+Z M*“ cos(a, — ay) iy,
n=1
3
w,! = Lyl + Z M?2 cos(al' — aft) il +
n=0

3
+Z M2 cos(al — ail) i}, k=1,23; uiy (k=1,23),
n=0
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090Gl dmMob,

43



aj = (k- 1)2?” (k=1,2,3;z=LII) - ®5BLgm®ds@m®ol 30639es@0
@ 89MmM50 20560 gd0l BsBIooL Fogbod Mo gMdgdol gobaboBrzmgwo
3bgqd0o.
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3939060 g58m0obobgds 999ga0 296G MEgdgd0m [28]:

e = iapi(t)
3

Ug = Z uppi(t)
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063960GH™O0L 30009)GHo30O0 53mbd309000 (Fosmo dMrM©ado dmyzs60¢0s bob.
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LobBYIob 5dMbLBOLSL FgodeErgds As30m3z5oLHobM®m 35G>dMb03gdOL LsFoMm
6oEbgzo,  0sa6sd  BsHgMol  dmEMmdol  8933930bsm30L  93RgMgdom
dbmemE 3060390 356HMb03gdby. gi, MmamGa BsBL [28]-0, 0dsl Bodbsgl,
™I 5bg0Mm0d0  [oMmImgdL  (339mMS  AoLYTMgdmEo  60d36gEMdIdOL
30356 m, 9. 0. 39WbE00L 2omm35eolobgdwsc.

3M39E530M0 5369 30900L doMHOMIO 3563mbo3gdols
3°0035¢00{0bgd0m (51) 3538060 4obEGHMWgd9d0 B00Mgd9b Lobgls:

2v3 2m) )
i§(=T\/_idsin wt—(k—l)? L
23 3 o . (52)
u; = o u;, sin [wt —(k—1) ?]J
k=1

33Wo™s  3M33egduMo  2oMmoddbol  Igmmol  Lygmdzgendy
399m300Mm0 B0 (33900 - LYIBIDS BHOMIBLBMOToBHMOHOL 306390
@5 gm0 4M5360qdol OB EH0MYOIMEo 3mA3wgldo ©9bgdo s
dodgqg00 [27, 28]:

3 3

0= > upe, P =) ez =11 (53)

k=0 k=0
9B GH0MOPRMwo  3m33gdubeo  Bowo)gdosd 659300
13510 BLOWOWYJOYBY 399 F9VZLOLIMZOL H30EGOJ0S F0LIMRIOTMO
39900920 25dmbobvengdgdo:
uf = %(Uze‘j“i + l:]Zef“IZf)
if =3 (I7e7t + [7e/et) (54)
k=123, z=11I
(54)-80 OB EHOMIPNWo 3mI3gJLr® 9GO LoEowIIdO
359m3Lsbmm dosmo d, q 3qbgegdol JodsMrm, GqLsdsdobo 23969ds:
2
up = §(U§ cosay + U7 sin at)

if == (1 cosaf + I sinaf),k =1,2,3, z=1L1I, (55)
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(53) s (54)-0bL gom3z5¢olHobgdom s MO Fotsddbgdol 9909
(50), (52) 296¢™gdgd0 HomdMmzsA0bmm MYHBYEwEHOMGdMEo 3m33egdlwyeo
999dGHm0o LoEoY oL oot d9dgy Lobgdo:
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Ed = ZR@(;)ld + ZLQJ@E + Uy, (56)
w1 _ plijl I 20\ | 3 al

U —RI+(LS+3M)dt+2M - (57)
il _ plljll iy 322\ dd! 30 pall

gl = RUj +(L5+2M )dt +oM2E (58)

3 3

| 1 |

Ull = §<Z Rk,,>1” +§(Z Ry e/“i’) X
k=0 k=0

dI'II

. 1 a1 oo H
X I'+ 2 (Cio LkH)?‘l'g(Zi:l Lin elza") X (59)
. . H .

0" =y (Si-e*F ) + Uff (60)
uy = vﬂ_ﬁ [Ul el @t=3) L ef(wt—;)] (61)

ig= @ileﬂ'(“’t—% 1
3 3 ¥ (62)

gl = Z wll, ejail,z ol — ol

=1 =1 )

domgdmo  (56)-(62)  g9bGHM@gdgdo  FoMdmoaabgb  3gMommen
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3033gdbe  BmEIsdo. 90 gobBHMmgdgddo aodmzmogbmm  FMswg©o
M3bmdgdo o 930000 9BGHMWId0m  Fg0YoM0  LOLEGHGIS  IZ0Y35bM™
B953ow0 iy ©BOLS s OGHZ0OMZ0L X5FMGO ©gbgdols [ I 8085600 155D
396@Mgdom 9996 LoLEHTsbY. sdolbomgol (61) Bsglbgsm (56)-3o s (57),
(62)-0b go035¢0{0bgd0m 565 MO 25MmJIbgd0L F90gy do300gdm:

.y g7l
t_E)dl ;
dt

bbgs dbMog, (60), (62)-0b gomzsenobjobgdom (58) s (59)-sb

+M, e @ (63)

30900

) oo mydi ,
0 = wMyi et + Mye! @ z>d—td+Rzl” +
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il - 0t
+Ly S+ Ry T + Ly S (64)
dqLsTg A9BBHMEgdsl 80300900 (64)-s6 333w gdumMo Loogdol
0500039 8971090 gdOm FY33w00:

. i Ty di
0 = wMyi e @t + Mye ™ @t z>d—td+RH1*” +

drl! ; di'!
+Ly——+ R,I" +Ly——; (65)

(63)-(65) 356¢3™9090d0 459mygb9g0e0s 89990 S0bodzbgdo:

3
18 g1 )
R1 ZZR@@‘}‘FR 5 RZ =R +§ZRKH,
k=1

3 3
1 . 1 .
Ry=3 ) Rgne; Ry =2 Ryye 2
k=1 k=1

3
18 3 3 1
_ I ). gl 222 e
L1—2L@$+F(LS+EM ),LZ—LS-I-ZM +32LKH: (66)
k=1
19 °
LH = §Z LKHe]Zail; L;l = —Z LKHe—]de(I
k=1 k=1
3vV3 93
M, = MIZ, _ _MIZ
17 2m 27 2m %

(66)-do 30039dlwyeo 9930350 9b& M0 fobswmdgdo QS
060099930990 ™d9d0 F90deqds Ho0dmagboero 0gbsls 99dge Labgdo:

Ry = ByelPH; Rf; = Bye P, Ly = Ayel®t; Ly = Aye % (67)

bosg  (67)-8o0 Ay, By,ay, By 3098030963900  sbslosmgdgb
©SHZ0MM30L M5 LOTYIEHOOYMOOL HsMOLLL s FoMdmygboos Jgdgyo
3900bObMEgd00:

1 1\ 72
Ay = {1/9 (LlH —5lan - §L3H) + 1/12 (Lay — LZH)Z}

1 1\ 72
By = {1/9 <R1H - ERLZH - §R3H) + 1/12 (R3y — RZH)Z}

ay = arctg AE M] (67°)

T
2 Lig—5(Lan+L3n)
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V3 R3y — Ry
By = arctg > 1
Riy — 5 (Ray + R3p)

3b-ob LodYBHOOEO IBHZ0MMZ0L JgdNb3z935d0 (66)-(67°)-6 435d3L

9900090 36093690 mdgd0:
Rin = Roy = R3y = Ry; Lip = Loy = L3y = Ly;
Ay =0; By =0; ay =0; By =0. (68)
(63)-(65) 9bGHMgdsMs  LoLEBHYIOL  SBIWOBMMOE  SFMbLBOLIMZOL
390053000907 3500 33Ol M3GMSEHMEIME odmbobYgdqdbY:

1 .
EEd = (Ry + Lip)I;(p) + Mye?/2(p + jw) X

X 1 (p + jw) + Mye™"/2(p — j)I" (p — jw);

0= Mye " 2ply(p — jw) + (Ry + Lyp)I" (p) + (Ry + Lyp)I' (p);  (69)

0= Mzejn_/zpld (p+jw) + (Ry + EH'P)I:”(P) + (R + sz)i”(P);

(69) 255GHMgdsms LobBgdsdo M3s65L36gco MO obEHMEgdoLD
2563L5%bmzBmm  11(p), I (p) gsdmlsbrmadgdo I;(p + jw) ©s Ii(p — jw)
2500L5bryEmgd9Bol 0dsGm. omgdaeo I(P) ©gbol g5dmbsbeyangdsdo p
m3965¢™mO0 B93335am (P + jw) Mm39MsGm®mom, bowe I*(p) dowgdwmw
253mlsbrgdsdo (p — jw)-cm3gs@meom. dowgdrwo I(p + jw), I''(p — jw)
969000 g59mbobmgdgdo Bogligom (69) LoLEGIoL 3oMm3zge RbEGHMWgdsdo,
DMP0gMH0 SOOI  ocsddbgdol 999y 0300900  39MHOMPOYIE
3098030963006 Dmas©0  B6J30MmboME  2obEMEgOIL  2odsMME0
99L535¢0 ©YHOL M3GMOGMOHYO BMbObMEgdgdol d0dsEI:

E, . ,
> = ~Dap® Fj)la(p +j20) + Zp(P) la(p) =

_ZZng(p _jw)ld (p _jzw); (70)
b5, 9930350 96& 60 3M9803096@ 900l M3905GHMOW0
2590bsbY9d900 Ho®mdmygboeos 898ga0 Labood:

MMy (p + jw)*Zy(p + jw) _
Z2(p+jw) = Zy(p + jw)Zj(p + jw) |’

Z,(0) =Ry + Lip — 2Re
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2
aNk+1:, 1 _ MiMa(p+ (=D jw ) [(k=1)x
Ziggglp + ("D ol = == )

XZy(p—jw)—(2—k)Zy (p+j) k=12
—Zy(p+(—-D*jw)zZy[p+ (- jw] ’

(71)
beewem Mm3965GMOo §0b50mdqd0l 259mliabwagdgdls sz d90gao Loby:
Zy(p) =Ry + Lap,  Zy(p) = Ry + Lyp,
Zy(p) = Ry + Lyp, Z;(p £jw) = Ry + Ly(p £ jw), (72)

Zy(p£jw) =Ry + Ly(p £ jw), Zy(p £ jw) =Ry + Ly(p £ jw),
(67)-(72) 299mbsbye 909006 BobUs, (OIuYs! ©H30MHM30L

565039 EHM0MEMdOL 39035¢0lfobgdom (70) 9D EGH0OOME
29630530, 2oMsdddbgeol 9glegswo ©gbol I, (p)-L Bodsmo EsHgMowo,
IOPOOOMYWIEO BoRYOHOMIdI6 bsdo MEbmdo Loowqggdo:. I;(p * j2w), 1;(p).
5303™md  (70)-s6 9mdewgdgwos  MdMeem©  2960LsHPIOML  Lydogdgwro
boog - I;(p) ©@gbo. I;(p)-L gobLsBOZHOLOMZOL  Swy30Egdgos  (70)
396@Mgds  J9303Lmm BTG F9BGHMWGdGd0m. o0 dobboom (70)-do P
M39M5GHMM0 J93(3350mo 9b6dodg3emdom p + j2w, p * j4w, ..., p * j2kw
£=1, 2, 3 .., ©3905¢m6Ogdom, 095806 doz00900 M9316096E Mo
3906GMgdsMs MUBsliBMEm LobEHIIsL, OMIGEms SIMbLBEOLsmM30L 30949bgd™
©9ddzooL dgommEL [22, 28]. 89w9ae© 80300900 dgLogswo I;(p) ©gbol
565¢0BME 25dmbobengdsL:

2(k— 1)
&o €2k
I,(p) = =2 + Re Z( 1)k 2k 1_[ (73)
a\p a Az an
Lo
Ea = e+ Zya[p + (2K D] &0, )
p+j2ke 7 az(k 1
k_
sk = Z.lp + j2keo] + Za,fp +(2k - Do) 25|
az(k-1) 74
b2k = —le[p +j(2k+1)w],k= 112r3l"'I2m’ ( )

E, .
& = ?J ag =Z,(p); bg = —Z1,(p + jw) )
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(73)  390mbobmergdols  36ModBHo3meo  go8mygbgdolisl  2oMsdsgzso
36MHmEqLoL  1305MOLsE  DBMUE  TobOLOIMYdJWL  0dEg3s Folo  JOMOMSO

09360:
Eq

_E0 _
la(p) = S (75)

(75)-80 079 Bogb3o30 Z 1 (p) 358mUobergdsl (71)-sb, 85806 (67), (72)

3990bObME9d900L QoM35¢obfobgdOm 30O MdM:
E4 Y=o Axp"
P Yo Bip*
boog, Ak (k=0,1,2,3,4) © B, (k=0,1,2,..,5 3m9503096¢9d0-

Ii(p) = (76)

Lom30L 235d3L 9980980 odmbobmgdgdo [28]:

1
Ay = [L3 <—2 — a)2> — B + w?A%)% +
To

TRy 2
+4w [T—Lz — Ay BycositiBy — ay)]
0
2
Al = Z[T_LZ - ZAHBHCOSEJQBH — aH)] X
0

1
x [L3 (T_Z — w2> — Bf + w?A%] + 8w? (L5 — A%) x
0

1 oy el
X [;L% — Ay Bycosi{iBy — aH)] ; (77)

2
Az = 4(1)2(1% - AIZ_I)Z + [EL% - ZAHBHCOSE._'@BH - (XH)]Z +

1
+2(L3 — A%)[13 (T—Z — a)2> — B% + w?4%];
0

As = 2(1% — A%) [%L% — 2Ay By cosi{iBy — aH)]

Ay = (Lzz —A121)2;

By = R1Ag + 2M; M, L, w? % [L% (% — w2> —B; + wZAi,l +
+4w*MM, L, [ . L5 — AyBy cos(By — aH)] ;

To

5
Bl = R1A1 + L1A0 - 2M1M2Lza)2[L22 (30)2 — T_2> +
0
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2
+3(Bj — w?A%) + aAHBHcosifé;BH —ay)] -

2 2
— 4M; MLy w?*[— L5 — — Ay By cos(By — ay) +

To To
+w?(Af — L3)]; (78)

1 1
Bz = R1A2 + L1A1 - 2M1M2L2 [’[_OLZZ (’[_2 - 8(1)2) -
0

122 20 2
_T_BH + —w Af + 6w AyBycostBy —ay)] —
0 0

5 2
—4M M, L, w? T—L% - T—A,Z, —3AyBy cos(By — ap)|;
0 0

3
B; = R1A3 + L1A; — 2M1M2L2[L%(T_2 - w?) —
0

2
—B% + w?(44% — 313) — T—AHBHcosifQ;GH —ay)] -
0
—12M; M, L, w? (L5 —A%);
1
B, = RjAy + L1A; — 2M1M2L2[a 3 (L5—-A4%) —
—2Ay By cos(By — ap)]; To = Lz/Ry;
Bs = Ly Ay — 2M My Ly [(L3—A%)
99dGH™M3sxboGHMMH0  3OM3gLYIOL  osbysm0dgds  360d3bgemgbo
3oMFH0309ds, ) ab-ob  IBHZ0MO™M3s  LOIgBHOMOoMWos. 98 ©OML  (70)
9B EH0MPOMEo  ABGHMgds  (68)  250mlobegdgdol  mobsbdo
©5093956905 BoMEH03  Mm39M5GHMOM  2obBMmgdsHg s Fglogswo  ©9bol
M39M5GHMO0 459mbobwqdolsmzol 4394690s:

2 I
EqXYi-o Akpk

la(p) =5 % (79)

bosg Ay (k = 0,1,2); B, (k = 0,1,2,3); 30983030963900bsm30L 33593l
39900920 29dmbobengdgdo:
Ay = 802%; A} = 284RyLy; Ay = 8¢ L5 ;
By = 8o(R1Z% + 2w*M;M3R,);
By = 8¢[L1Z2 + 2L, (R1 Ry — w?M; My];
By = 8[RyL% + 2Ry(LyL; — M{M,); B3 = 1; (80)
8o = [La(Lily = 2MyM2)]™Y Z5 = RS + (wly)?
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@©5dol mgm®gdol, 96 LEGHBIOEHMEo  BOOEgdOL  F5TmYygbgdol
boggmdzgandg  (76), (79)-00 099  250935¢®  MOOYobswgdHy,  F5dob
99lodegdgEos  4obobsbEgdml, iy (t) ©gbol  dgolbs 360336 gEMds.
iq (), I;(P)go0mloboemgdol  goblsbmg®ol  890gy  bgdme  dmyzsbogro
3906G™Mgd900L  Bogwdzgebg TgbodErgdgeros  gobolsbEgmMml  AsMmdLobo
LoLEYIob IBbsMBIbo G 9GO LOEOEIIOOL FodMbEbYgdGd0, MMM
3960053535¢, 515939 YOO ME0 M9:0oLIMZOU.

900900 5BsoBMMHO  2odmbobmegdgdo  odmygbgdmeo  ogdbos
290©59Jdbgero  LobGHdol  9od3900Lsll  oMOTez35¢o  3MME]LYdOL
3oL3bgM0TYO s BBZoILBZS 356589xEMOLIMZ0L. J390mo Imyz560w0s Mo
35250mMOUL go5b625Mm0d900L M9HBMESEHJ00.

9525W0m0 2. 300900 565¢0BMMO godmbobgdqdol bygmdzgedy
399625000900 0dbs  gotsdJdbger  LolLEgdsdo  9wgdE®MIsyboEIGO
39M©53535¢00 @5 BESE0Mmbowmo  3OmEqlgdo  (bsb.  4)  doGomso
3565393900l 99900930 LOWOWY9dOL FoM35eoLfobdOM:

Ey = 2203; Ry = 0,9 @3 R' = 0,878 md R"' = 0,561 md,

Rip =208 Ryp =168, R3y =308 Lys = 0,096 36
LL=1732-107° 36, L) =251-107° 36 M'! = M??> = M'? = 0,145 36,

Ly = 0,104 36, L,y = 0,08 36; L3y = 0,02 36, w = 314 1/5(9
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MJ:%'\" 2 RI=R"+R, +R! {003(20:,’ —150%?} RY, =R [sin(2a! —150°)-1}

Yy 21[1_%(:03 Z(a,' +1200)} Ly =L +L, +L} {cos(Za,’ —1500)_§} +M" B_

—g(&ECOSZa,'—Sin 20! )} M g;=%M Zsin 2(er! +120°), L= L [sin(2er/~150°)-1] +

J3 1 NE) 1

R [1_%(00820{: +3\/§sin Za,' )} zi{cos@a,’ —1500)_—} =

4 c,dl C, 2 [ C,,

=Ci[sin(2a,f ~150°)-1] R!=R![L+sin(2/-150°)} R!,=R"+R —R! cos(2er/~150°)

A

M (;'1% M Zsin 2(a} +120°), M =M 21[1+%cos 2ot} +120°)}, L" = LY [sin(2r ~150°)+ 1] -

V3 1 . . 5
_T M" [1+3 (cosZa,' +34/3sin 2a/ )} Ly, =L +L, — L3 cos(2a,’ -150 )+ M" [4+ (118)
+§(3\/§ cos 2a, —sin 2a, ) R [sin(2a,’—150°)+1]; LI icos(20¢,’—150°)

12 ngl C, CﬂqZ Cy

99dGH®MsboGMOHo @ 9w9dGH®MmIgdobozmeo 49035350
36MHmEqLgooL  499Mm33w93900L Boywmdzwro ©I3L Lb3sILb3s 3MIMaMxdOL

35393900 259mygbgdom 5099530300 s 30d30E OO FMEIL0MHYDS.
099 (117) 2563 ™egdsms LolGgol Jo0rs3Jdboo 0b@EgaMowwe Lobgdo

@5 3935009600 oLM30L 2oMHTo35¢0  3MME9LOL IMEYEol bEGHYJEHMEOrE
Udgdsls, 35906 gl 3965L369geo FgoiEegl 0bgMEowmwo gurgdgb@gdol go69dy
3MmBGHMOOL, 53 9033094350l 5TMEIBOL 95T AMO®  STMBLBLMSD. 53
39099mgdol  45dmbsdogbo  (117) 4obGHmegdsms  LobiEgds  sdmoblbgds

©96900L  (o®BMgdMwqdol  B0dsmo  (doygzsboero  0dbs  BmOIsem
3906@Mgdsms LobBHYdsBg) s Fbmewme sdol Jgdgy  doyzsbowo odbs
0639305 Lobgdo, GMIgdoE LOFSOMNE0D0sS QBDMPsMYdME 9GS
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L53M3MBHOE30M 0bGHYM3oegddo wt, , = (n —1)(2?” + yj ©b6 ot = n(%[ + }/J -y

(n=123...0 0639gM35¢g00L bmdgMos)-0y):

t, |
I'=J. §U—mcos(a)tJroz'+¢)+(p')—il'+il'+il”+il“—_|‘(a)zl”+a)2I”)dt dt+1;(0)
d 2 :1 I d Tl:j d 2|d q 3|d d T4Id q a1 d 2d g a \Y)s
(119)

t |

[3u]! 1 1 1 1 120
I'—I{2U5|n(a)t+a,'+go—¢;)+I;—I'+I(}'+IIq"+I(a)fqlg'+a)22ql")dt}dt+l(;(0), (120)

th1 3

q q q
(vE) Tlth TZIq T3Iq T4q

t |

t|13U 1 1 1 1 121
1= [ 220 cos(mt+a! + 9+ 0" )= 14— 1 4= 10 =0 (w21 — w21 " Kt [dt+ 1" 0), (121)
dtﬂu;( T N e

ty 1
I = J.BLFCOS(@H%I““(D—%I)JQI}..|J—.|.1”|$+T1..|d”+.|.1..|<;l+_|.(wszq|;' -kl )dt:ldt+ OF (122)

th 0 1q 2d 3q 4q

Losi (119) — (122) 496GHmegdqd8o 993035¢9b@GH«eo 0bydiom®mdgdo -
Lom30l, 3MMbggdoLsm30L, MHMOL 39T039d0LsM30L s 993035 9bEWGO
3MobmMo LobdomggdoLIM30L, §35J3L:

L, = A/(Jsfl +5§1) L, = A/(,/5§2 +52 ) LY = A/(,/afg +5§3) Ll = A/(Jali +52 )

P4 = arCtg(521 on )v (Pc; =arctg (512 /62 ), ¢4 =arctg (523 /01 ), (PL;I = arctg (514 /O ),

T =A/RIG,, Th =A/RISy, Th=48/RUN6,-RES,) Th=2/RALS, -RS,)

Th =A/RiS,. T4 =A/RI6,, Ty =a/Rh6, -RLS,) Th=48/R}6, ~RES, )

T =A/RIG,, TA=A/RIS,, TV =A/RIS,, Ta=A/RLS5,-RLS,)

Th =A/RLS, —RYS,) TA =A/RIG,, Ta =A/(RLS, —RES,) T =A/RYS, —RYS., )
a)lzd = (531 /C}IdlA)_ (541/C}7q1A)‘ wzzd = (531 /C}YdZA)+ (541/C;742A)v a)lzq = (532 /C;MA)_ (542 /CﬂqlA)’
a)zzq = (532 /C}MZA)+ (542 /Cﬂqu): a)32d = (543/Cﬁq1A)_ (533 /CﬂdlA)l a)fd = (543 /Cﬂqu)_(533 /CﬂdZA)’
a’azq = (534 /C;mA)_ (644/C}7q1A)’ a)jq = (534 /C}ZdZA)+ (544/C;742A)

(123)

(123) 399mbobmegdgddo A, J,,(M=123,4,n=1234) 389Lsd5d0L5
©9AHJM0bsbGH0 s 9w9dgb@BHgdol dobm®mgdos, domqdmeo (117) LolLEgdol
©939M30656¢0©6 "m” LEHMOJmbob s "n” bggBoL Fodols s  (-1)™" .-by
3996530 q000.

(113) = (122) 350mbsbregdgddo 14(0), 13(0), 14 (0), 14 (0) d.q
30m6O0bsGgddo  Jglsdsdolbo  MHgBMEEBH0MIdMmo  ©gbgdol  Lsfyolio
3608369039005 0™ 5M6L53MTMEHIG0M OMOL 0b3gMH35egddo:
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., =(n _1)3(%” v y].

(0]

(114)-(116)-056 H930L BHOIBLBMOT>GHMOOL BoBMYOO YbxdOLIMZOL o

©SHZ0MM30L5m30L 30GOMWMdM d,q  JMMOHPObIEHJOTO MYHBMEEHOMIOO
96900l 3035600 999099 3odMbObLYIgdIOL:

i :E{I; cos[a,' +(k—1)2?71+ I sin[a,‘ +(k—1)2?”},

i = _Z—Jgsin(a,' +240°)1 " + @cos(a: +240°)1",
3 3 (124)
i, :%sina,‘ g —%cos(x:lg',

i =+3sina 1) —v3cosal 1.

39905330930  39Ms3Jdbgero  LoLEBHYIOL 3OHMYMHTMO  (308OWYO
dmY0Mgdolom3zoL, 930 gdgwos  9agl  ROMHTo35to  3MMELOL
dm9eob LEOJEHMOHYwo Bggds (119)-(122) godmboboyergdols boggmdzgenby.
50 0900bgg35do  450m35¢olfobgds (39390 gagdgb@e®vyeno
35093530300  m396M530900L  IMIWOMYOI©O  Jargdgb@gdol  Bs3Mgdo
MO090HgMHYIol 306HMmdgd0L FglMvIengdols gomzswoljobgdom.

©30039wglb  gm3zwols  obgzobowmm  LGHOMIGHMOMo  ImEYEoL
999963900l doMomoo  ™30L9d900,  MHMIGdoE  39dMmYgbgdmE0s

06590090569 659OM™3To. 9engdgbEgdols asdmlobggdo 893Lgdos 89dsgzswo

3M9803096G0m, M3 30MGHMIWNG dm©Il bol MAOH™  M35eLoBobmU
[7,30]:

5) MMoL dmbs3gdgdo, At - 450053535000 3MMELOL Gogbgzomo dgommpom
399625009 g00LOL  EMMOL  06BHIMZo0, t-  gosbasMm0dGOoL  IFMSZMOOL
©OMD.

—|T|>0<t<t,;
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d) 89936900, Ki, K2 s K3 - 09900do30 3m9803096¢9005, | X1, X2, X3 -

090535000 (3302500900
X, = | K
X,—=> | K, |2 |=2Y =KX, +K, X, +K; X,
X;s—=>| K,

3) LObMLMOMOHO BMb300L Foxm®IoMmgdgo, K - 31dozo 3mgx503096¢GO,
X - 990535¢00 (33Q05Q05.
X — —Y =sinkK-X ;

©) 33%9©0 X - o 393030 K 3095303096¢ B9 9450586030 qd9e00:

X— —Y=KX;
9) K 89008030l dm(3995, 39535000 (330090 6 560U

— Y=K;
3) 0639205360, X - GgLs35¢0 33Ws@0s, K - 399008030 3098303095630 ©s Y

-bofyolo 3609369crmdss Y 3mbdizools.

K t
x| | —>Y:KE|;th+YO;

b) 399mx30L 9wgdgbdo, Ki s Ka- 3mdogo 3098030963900, X1, ©5 X2

99L53500 (33C05YO0S:

Xi— ﬁ .
Xo= | K, K, X,

0) 3959653900l 9EgdgbGHO X1, @O X2 FBO35W0 (33X5YdO0Y:

X1—> 1
Xo— | 1

X | ->Y= X_lx X2 .

(119)-(122)-80 BsGgeol 899m3wqdol doBboom LEGHMMIEGMOwo Ldgdolb

53900UsL (Bob.12) G9dmgommo 393ga0 50bodzbgdo:
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U
Ly

i4 :1/T4Idv is :]7/T1lw ie :1/T2qu i7 :]7/T3Iq' is :l/TAIq’ i9 :1/T1:1|! ilO :1/T2|$1
(125)

i11=1/T3IdI’ ilzzl/Talcljl i13=1/T1:4|- iM:]/TZ';, i15=]/T3IqI' i16=1/T4IcI|' KJ.:I(;(O)’

u| 3ul L L |
- u,=— " '1:1/T1dv I, :1/T2dv I3 :1/T3dv
o, T2

m

_3U,
2L,

_3
2

_3
2

LIl 2 3

KZZI(;(O), Ky =14 (0), K4:|<;I(O)a P =0y, P,=0y, Pazwlzqv F)4:“’22111

LEAHOMIGHMOMEo IOl GergdgbEgdol ™M30LgdgdoLs s (119)-(122)-8o
(125)-0b  2o035¢0lobgds  LsFMOoErgdSl  az0deg3l  szsmm {930l
AGOBLRMOSBHMOOL  OHBMGHOMGIMwo  Logogborm  ©gbgdol  GMOL
1bJ30580 BMOHI0MOOL deMm3-1gdds [Bsb.12]. sbsermyom®o aboom (124)-ob
Lo93Mmdzgebg J0300900 (19308 BHMIBLBMMTSEHMOOLS O WIBHIOMMZOLIMZOL
3DMMH0 ©969g00L COMT0 FMOI0MYOOL deM3-Idqdsls (Bob.13).

Bsb.12 @ bsb. 13. dewm3-Udgdol FgMEgdoLLl MBI EHOMGdIMWOo
96900 "d9L535¢0-358mBs35eol” 9O E0Wwgddo, 80300930 A56MTJIbgo
LoLEBYIOL PoMs8535¢0 3MMEILYOOL FomgToBH03IMHO s 3MI30EHIOHYO
9m9wo®mgdol  LEGHM®MIGHWOMw bdgdsl 0d3MbmMo  doGmzom  ddoz0
©9b0L 530l JOMOMHO 356539EBHMOOL gomzsrolfjobgdoom.

300900 bLAHOYIGHMOMo JmEgErol bdgds LBodmogdsl 0dwrggzs

35903033 0Mm Qo 3930563900 dmm 9 9dGH®M3sxbo GO0 Qo
994 GHM™Igdsbo3MMo  aoMsdsgoo  3OHmEqLgdo  bbgosbbgs  3wdsmdols

9:709900L5mM30L  2o6BMYSMGIM  5GMLSIMTNBHIGOM @S 3MIMES30M0

©@OHMOL 06¢)9M35¢0980LsM30L t = 1 (n— 1)(277[ + 7) -36
®

t, = EHZ—” + 7) - 7} -009-
0] 3
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L H— ilOG_»l . || PGG 12 6
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”'LZ KI l, gk FEHTR .
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Bob.12. §930L BHMBLRM®I
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I,
1
III Id
q
I Idl 1
o
o |K —~ 1] cos |~ 2 |G | RN i
q — X
% 1] sin I 22 |G %X_’_»l
3
al II
I d 1
—11 = .
— = 1| cos [~ % |G X1 Iy
120° |K 1 L Iy e E L
1| sin |~ 23 G T[X
o Iy T *
e Y [1]
- = 1] cos ~ % |G il o I
240" |K 1 I nk
1
L 1] sin | % G =X
Iy
[ 1 .
—={ 1] sin —»2\@3 G - XL 5 iy
. Sy kel e
1
{1 cos 23/ G mk
Idll
1
OL: . 2\/5 TX -l
1] sin [ 4 G [ L»iz Iy
q 1
| [1f, |
1| cos _,2@3 G 7| X
| Idll
e - ix .
1]sin =~ J3 |G 1 LLZ i
III 1
o : LXJ
1]cost~l /3 |G 1

Bob.13. 9308 GHOBLBMOTGHMOOL s OGZOMMZ0L BsBWOO ©YHYdOL Tgols
360083690 Md900L Bm®OIoMGdOL derm3-bgdds:

2.4. 25M©594369¢ LolEgdsdo 3MTMAESEOMMmO 3MM3gLgdOL J50935BH03MMO ©S
3Md30 GO IMEIE0MmYds

39630bowmm gsddsGmm3gdo  J0dobstg 3mIMEHIE0MO 3MM39LYdO,
Omgds 930 BHOBLBMOTsGHMOOL  FgmMeo  gMogbogdol  3oM3zgeo
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39033930l MG BsHdo ool Y600 WS 30MZsEolfobgdm (930l IMS30L
(Q533060m30L) JOMOMS® 3565393 JOL (b5b.14).

dm39dwo  LssbasModm  Ldgdobomzgol  3mINGHs3oe  3OHMELYOL

39630bowsgm  gobBMmsMgdM 0bEgMzswgddo wt, = n(%r + ]/j -7

ot = n(z?ﬂ-+ 7), n=1,23,...,0 -09. 5 n - 3MINE30M0 0bEIMH35¢gdol
B™39609; v - 3m3MES300L 3PbYs;

MO0 BHBoL  3009EHSE00LIL  S©0dMPBEds g FsBgdo  IM3w g
d900mbo Tz s Ts GHoMHoLEHMMGO0L 4o3w0m. 53 90mmbgzg35d0 05MLYdIOL
3009953000 ©J60, GOl 583oEE HOwo 0dbgds 1, =+6U" /(2X)
Loog X - GoMoLEHMMOL BmGmo [Mgool 0bwdsom®o Fobswmdss.
3obboer J9dmbggzsdo ik 3MIMES300L ©gbo  FoMdmodmds §3doggdol
Bbgsmdol U —ul =+/6U " sinat. 8mgdggdoo. ol s030Mgdl i) ©3EH30HM30L
©9BL Bmasdg 9m8s BsDsTo s BOHEOL ©dHZoOMZoL i bl 0,5 i
L0OYIEY FMTomdsd0 FJIYIOO  Gobodo.  3MINMEOE0S 3MAGYOS t=H @
MO 35635300Md330. 58 @OML i BosmPggl byel, b i) dosefigal 0,5
I LoEOIL. 0630 MMMIOL oMo FJ30MHYOS 3MTMES300L gbol
53303 Qo 0BOYds 3009 BHs300L 3mobg (65b.15):
cosy ~1—1-x/ (\/EUZ"@ ), ooz I - @93smovemo i @gbol  Lsdrsmm

9609369 mdss, U, - 3963060 36sabo@ols 3sbwemo dsdgss [3,33].

96900l 3m3MES300L ITMO3MYOoL dMdgbEHdo ddsmdsdo GRYdS MG
Ts @5 Ts GHoMOLEGHMOO s 9MJIBYOL 458MLsg5eBg dsd3s dgologkmo
0DMmOYds RoBMMO dod3900L bobgzomX535d©g.  ©IBoL 3MIMEIE00L godm
399039990 2535600 5330l BZIMAIOO BHME0S.

Au, =]/27[ J.EUZ"@ sinwt dot.
37 2

tn
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9943035 96@M0  5JBHoO0 Fobomds Bgdmddggdl 3mdMES3o0lL Y
3mobgBg 0dob 8909a5©, M 0BOEIds LEOWWOo Fobswmds ©s F30MHPYdS

3039353008 ©9bol 330G, 95MJN3g 033w0s FMFomdsdo Tgbogzsbo
39530 gdol  313smdol  dmdgbEo. 3735 EHoMOLEHMMIOOL XyMRBoL BsBMOO

dod30lL 9993060 900L godm 0,5 IIR" Loowom,  033wgds 8m8smdsdo
d9Log3sb0  990amdo  BHOMOLEHMMGOOL X MBoL  FMTomdsdo  Ifygdol
dmdgbBHo Ao 3moboom (bsb. 15,9).

9 3Mbg 990dwgds 303m3Mmm 9990 dMLEbgd0sb [8, 33]
Jaull sin(%—Aoj =J2u), sin[%+Aoj—0,5l R",

bsosbog sin4, =0,51R" /(V6U ., )
ymgz9geogg  Sdob  pomgzowolfobgdom v - 3mIm@Essool  3mombyg
3960LsB3MIBS 296EMEgd0s6:

!I(l_ o R/t ): \/ELZJz"w {sin(ﬁo +arctg(ol! /R" o7/ )— sin(A0 +arctg a;:‘,f —~ yﬂ

83069 R" Gobsmmdol 8990mbgzq3580 30m8w@s300l ©gbols 5330 s
©> 7 - 3mobg 2960LsbE3MgRs asdmbsbragdom: 1, =~+6U" /(22) o
cosy ~1-1Z/(V6UL, ), bscosg Z =+/(R" ) + (L}

T BoOOLEHMOOL bmELs s 9335MM3900L  350MmEL  dmGol
0060003905 934 35035, HMIGELSE 993V 93w MMM S BHME0S 5653w ds
@5 39985 BHoMmoLEMMGIOL 9bMmEdl ImEOOL dsd35ms LbgsMdOLSs. 3MIMES300L
©5305360900L ImI96EHT0 3)FomdOl sFSFMS3MGdI 396G 0Dy BBYdS 399
dsdg0l bob@mdo: AU, = Jeu 2y SINY 533@0E MO ©932935830L5 BHME0s BoDgdL
Bmmol 358306 583@odmEols  ABU! . w3 dsdgol gm@dsby aegwgbsl
b6l MmOH™e39 356133530l BHOMOLEHMMYOL IMEMOL Y67dOL 30TMEBSE0s.
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Bob. 14. §930L  J39LoPMOOL  oMsdJdbgwro  LobBgdol 3Mobiodmwo
909dGOMwo Udgds  mOBIBs 2505056506093 90 MgodEHmMosbo
390050mM39wol  dmPomdol  3m3NGHo3oe  0b@gegzswdo, T -
AOMOLEHMMOL o09d0LsL 180=0, ice=0, in=0.
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09308 BHMBLRMOTSEGHMOOL 3060390000 s FJMEIBEO  JMIZbogdOL

909dGOMo  Hmbsbim®mmdol  gob@BHmmgdgdl RIBMGO  (33ws©gdol  dgobs
3600836903900l 800600 5d30 Loby:

u, =U' sm{a)t +o+ (K- 1)—}

. . . di dil'  di 1 ... de'!
_ I 1 I 1 3 5 3
O0=i3 Ry +1g Ryp+|R3+Laa+Lyp( ot + ot +C” Jldt+ :

- <l 1] “
ozi;'Ryp+ig'Rgl+iRg+Lgﬂ+Lyp[d'3 d'SJ 7 _[ldt 5 ,

dt dt  dt
0=i,/ Ry +L,, dolli +iRY +L% 3; é idt + dl‘;““
O=i—iy —ig =i, , i =i +i . (126)
v, Pl K=l L n=3,4,5, 6535008908980 dgobs 86033690 mdgdo

2960L5bM3MGB0E BmamG3 iy ©s 1 ©6980L 553508983980l 39JGHMGYBOL

393900900L x50  2oblobowrggmo  1sBgdol Fogbod e ©gMdgdby [6,33]:
Il 5

) =il + > M il coslah —ak )+ MBI cosle! -k )+ Ml cosla? —af ),
m=| =

n;4

5 3

Pieo = Lsiko + 2 M i cos(ar']' —a,’fo)+M S cos(a4 —aK0)+ZM 2! cos(a —a,(o)
n=3 m=.
n=4

5 11

v =i, + MUy cos(a4 —a] )+ZM BN cos(a” —a; )+ZM i cos(a,.'n —af)
n=3
n=4

K=, 11, I1l; Ko=35; (127)

J
C}I; = Kf@z

oM0moagbl  §g30L  IMo30L  LoBJsMOL  QoMsds35¢0

3Mm3gLoLLL IMO30L VMBOL 993035¢gbEHWG BH3oMdL [14, 33]; ] - AdGMWbsgo
Bsffoegdol 0bgmEool dmdgbBHos; @ - NBob  Bspbo@eo  bs35000;
PN

K, = 5 ;0 2 p- fyzomdmmabos MHogbgzos, 23 - 300 IGHmms
a-zrx

©oEbz09; N - ©1HBol aMoaboegdols gmmgdol Loghmm GoEbgzos. IMs30L
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RS0 M0 MH0  ©I6gdoL dmddggdol asdm  dspbo@wmo bs3sw0
390d9ds Bsom39¢ml 399dog boog [33].
Ry,=R"+R_, Ry =R, +R,+Ry, +R, +R,; L5 =Ly +Ly +Log +Lp.

(126), (127)-80  (33Wwoos  3Mm33egdlwydo  gocsgdbols dgomeols
bo93x9dz39WDBY 309 Md MHJHBMEEH0MFIMWO Log®msgborm 3ma3wgdum®o
L0O0Y900L 001 F98IY FIBGHMGdsMS LoLEGHYISL [33].

3U ej(mt+(/;+a,) Rlll +d_l{ll
2 max dt !
| - |
0= R+ REJY + (R R, LRI 40, )0 e O
w7 dt W dt
1l dlu Il 2(a{+60°) M L " dy‘/l"
sl C”jl dt+C” e, dt j| d+ =

dt dt

0=(R"+R!)i" —R" [I'l“ 1 e“(“"”‘:“"’)} —L d [l';' 1, el +15°°)} (K )—d" -
1 * d St/”
I n_ I ejZ(a,+150) dt I “dt ,
o { } +or I " (128)

(128)-8o0  MH9BMEGH0MdMEo  3mA3egdumMo  653500d90d9d0LsmM30L
03273Vt

' :(L' +§M'j|" RV VT
T2 27 20

AR VIS —%M g i2le) 60 fl+(L's' +%M ” jl'l“ +%M NI B —%M ngilel ) |

1

,{',||:_M13|'| 1 1
22

* | * 1l
—EM“e"?(“"*WH+EM23I'1“+(L!+M”)I'Z" S e

M Bailels ) | (129)
(128), (129p56@megd9d80 M7bMEEGH0MmgdMwo  3m33wgdumdo s
om0 90900 ©96900L s 6535000933900 LsMZ0L A3593L:

|':ZiLeJ“2' |1II _zlllela . |'2|| _|4e(a+240)
o
! :ii}ie‘jalk ’ y}lll _ ZSUKIIejaL' ’ SI‘,ZH :%uej(ahzmﬂ),
K=l
K=4
*1 1] o * o
L =Yl Ly, =yl ) (130)
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33W9PMS 3R9M9ddbol oBMo3gdol godmygbgdols Logmdgzgw by [6]
©OHZ0MM30L5 O FoBMMHO ©Ybgdol dgols 3609369 MdgdOLIMZ0L 435J3L
[33]:

K

iII — @{ I Ile*j[a(+(m—2)30°] + ill ej[a,’+(m2)30°]}’ m= 3,5 :

(o) +240°)

i =1'e .

* 1
il :%(I'|eja;'<+| ejmij’ K:L“’“l’

N L
i =i;' +i5" _ Ilnef](aﬁeo)_i_ll ej(a|+60),

yp
* 1l
i — iz|1| + iyp — |'1|| e—j(a, +60°) + Il ej(al +60°) _ |2|| e—j(al +600). (131)

(128), (129)-@sb o6  s6Holb  dbgewo  doz00mm  bm®IsErmMo
©OxBIOIB(305MM0  23bEMEgdgd0 MBI GHOMGIMwo  Loowggdol d,q
9009969900l d0dsG0):

COS(a)t+(p+all)— R'I,

max

Eu'
2
gU,Laxsin(a)t +(p+all)— R'I
- R Rl 1l + Rlglly o [t = [1de+ [
1q1 1d2 1d3

~ RIS~ R+ A1 - [t = - [1dt+ S [1 40t

1g1 1092 193

1 1 1
~RA Rl - Rlolf + h Ut 3 [1lde- T [

2d1 2d2 2d3

~ RIS+ Rlaby — Rlgldy [+t - [ 1t
L 2ql 292 203 i
L 0 M2 0 ME 0 ][ di/dt]

0 L! 0 MZ 0 M2 dl, /dt

Mii  —Mu Ly Lgs —Loe  —Myg, || dlg/dt 13
M M. Lil Lil MmN _Lil dlll/dt . )

1q1 192 ql q2 193 q3 1q

Mai  Ma, Ly Ly Lz O dl, /dt
My My Ly Ly 0 Loe || I/t |

(132)-30 993035¢096GH“IM0 356599EHMO0LOMNZ0L 235g3L:
R =R}, =R, R, =R} +R} + (R;' +R, )COS 2(0{,’ + 60°),

1d 3 1931 \d1
R, =Rl =(RY +R, Jsin2(a; +60°); R!, =R! +R% —(R! +R, )cos2(a; +60°)
Ry, =R![1-cos2(e; —30°)], R, =R} =R!"sin2(a! -30°), (133)
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R, =R! =R!+R", R' =R"[1+cos2(c/ —30°);

293 ) 211 V2q2

1 1 o 11 1 .

Cl“ C“ [1+c052(a +60 )] Cféz_cfél C” cosZ( 30)

1 a1 1 .

e =G [1 cos 2(a’ +60°)] o [1—cos2(a’ —30°)],

1 1 1 N e

o ngl_ﬁsm 2(a! —30°), cr “or [1+c052(a 30°)], (134)
Cls =Chy =Cp =Cys =C;

=L oM, L =L+ M L L+ L cos2(a + )

%
noo_ l no_ ¥ E n\?
Iﬂ.dl_‘:4(M Lyp L3) +4(L}p+L3)j|

¢£Ql=arct9[x/_/['v|“u,—lﬂ Ly, = Ly = L, sin(2e) +g,).

L., =-L'+M 23[1+%cos 2(a,’ + 60°)]
L EM "L L (2 I I )
L1q2 ) + 2 + Vp + ) lel Cos CZ, +(01d1 !

L =-L+M 2{1—%005 2(a! + 60°)]

L :%M z_ |l +[Lg +%M 23jcosz(a} ~30°),

L'z'dz—L'z'ql—(Lg—%M”jsinZ(a,’—%"), L, =L, =L+l +L'+M", (135

293

L, = (%M #_ ng[1+ cos 2(a! —30°)|.

M;2=§M12, M13=§M13, MII

1 / o
5 ‘=3 S M12|:1—§C052(05, +60 ):|,

1d2 1qg1 1d3 1q3

M), =M, :%M21sin2(a,’+60°), M)\ =M, :%M23sin2(a,’+60°),

M/, =M 2{1+%cos 2a! + 600)} M = % M1+ cos 2(a’ +60°)),

M, =M —%M 2sin 2(a; +60°), M}, :%Mm[l—cos 2(a’ +60°)]. (136)
(132) 496@Hmegdoms LobEgds sdmgblbsm  ©9bgdol Fomdmgdwyergdols

3d00om 5 dbmermE Sdob 909y 39Ms3Jdbsn F9dgy 0bEHIYMIME

Lobgdo, LsFIOMNE060 FobBMAIOMIGIMWO 33 BHO30OO  0bGHYMZoegdd0 th-

@56 tw1-0009, (N=1,2,3,...,0):
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o, 1 Mdt}dt +1'(0), (137)

3

; M»

I = T{T%“cos(wwa,’ +p+ol)+ ZG:I—T

9 K=1 1

7(

A

L [ 6 4
1) = J{Mcos(wt+a, +¢+¢M)+z II +Zwﬁﬂmj‘lm+2dt}dt+ 1! (0),(138)
t, 2 Ln/w K :lTnKﬂ m=1

A=d,q; n=12 I =15, =1, L= l,=1g Il=1 I =1, (139
(137), (139)608(01)0@3@363680 3j3030@36@)*gﬁ)0 3M9%3030963 900 s
3mobggdo L, LY, T, T .., ¢, ¢ (A=d,q; n=1,2; K=1,2, 3,

ot Tk Tk @nas
6; m=1, 2, 3, 4) 23960LsB3Mg00s6  (133) —(136) 9930350 9bGH™MEMO
3965393900, A ©9&9MI0b6EOL s (132) LoLBgdob G IMHI0BI6EH0WE "m”
LEHOOJmbols  “n” LZggEHOL FFodwol TgYAsE FoMIOWMWO G, FobmEOU,
250605390l (-1)™" %y, dobggom; 1,(0), 11(0) - d,q 3nm®Hobs@gddo
d9Ls0sdobo  MYBMYWEHOMOYPOMo  ©Ybgdol  Lsfyobo  860IzbgEMdYdOS
50515303 BHOEGOM 06@ 9635900l dmemdo, 56 303935309600
063960350900l sLsfyoldo.

(131)-0b Logwydz9gE Dy 30IOMEMIM FoHBYOO EIHJdOL, IGHZOMMZ0L
©96900L8 @5  go8500bsdMGOgo  MmOBIDs  BYodBHMmOol  gbgdoL
3990bsbMgdqdL d,q 3MOobsEgddo.
i|

g(l'cosa +1,sing, ;i :—%Id'sin(al' +30°)+§I; cos(a! +30°);
} =—§ 1! cos(e! +60°)—§Iq' sin(c, +60°);

i) = %ﬁ[llﬂ cos(a,‘ + 30°)+ I sin(al' + 30°)];

i =—§\/§[Il'; sina/ — 1, cosa, ] il =—1) cos(a! +60°)- Iz“qsin(a,' +60°);
i, —2I” cos(c! +60°)+2I sin(a! +60°);
i = (21 — 12 )eos(e +60°)+ (21,1 — 1! )sin(a; +60°). (140)

399mls33eg30  oMmsdgdbgwro  gMHmosbo  LoliBgdol  3GMmaEmsdeo

GOBROMo  3mEIEoMgdolomzol 930 gdgos  dgagbocro  0gbsl
39M534dbgewo  LoLEBHYIOL  PoMTSZoo  3OMME9LYdOL  BmEYEoL

LEAHOYIGHOMEOo Bggdgdo (137)-(139) godmbobyergdqdol Logwmdzgua by [33].
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Bofgeol d9dm3zergdol dobboo LEHOYIEHMEMme Bdgdgddo (6sb.16,17)

(137)-(139) 0b&gatome  459mbobmwgdgddo  dgdmmadeos 99990

50b0dgzbgdo:
2 U 3ul, .. 1 .1
Ulz—'T,..., UGZ—T, 1:_|""’ IBGZT’
3 Ld3 2 qua Tld T2q6
K,=1(0),..., K,=12(0); P=a},.., P,=cl,. (141)

LAHOMIGHMOMEo  ImEIol  9gEgdgbGHIooL  doMomsEo  ™MZ30LYdJOOL
3o0myqgbgdoom  (137)-(139) o (140) g50mbsbMgdqgdol  Logwydzgw By

30939 MOm JGLodsdolo 69Ol BMOI0MGOOL deMm3-Idqgdgdl (bob.16-18):

Bob.16 o Bob.17-Bg 99gmfiydol sa0wgdol s©0dbodzbgero Gogomo
BmdmgdoLsmgol 1,2,3,..., 9 33593L 9990 50bodzbgdo:

1 1 1 1
I | + I 1 + I 1 + I 1] + I .
I q noid [[I—} nad - "2q?
1q1 quZ qu3 T1q4 T1q5 qu6
1 1 1 1 1 1
I+ I+ 1"+ 1"+ I+ 1 (142)
T n d T 1] q T 1] 1d 1 1q 1] 2d T 1] 2q
2d1 2d2 2d3 2d4 2d5 2d6
1 1 1 1 1 I 1 It 1 1l 1 1l
ndi -I-|| Iql + 1" Ild + I Ilq + 1] I2d + 1] I2q’
2q1 292 293 2q4 2q5 296

4 ol [Lydt+ o, [ 130t + ol [ 1ydt+of, [ 15,dt,
5 0l [ 1dt+ @}, [ 1Lhdt+ @}, [ 1ydt +2, [ 1dt,
6— o}, [ Ludt+ o), [ 1dt+ o, [ Ldt+al, [ 1dt,

7 o, [ Ladt+ ol [ Lidt+ of, [ 1y dt+ol, [ 1dt,

8 o) [Lidt+ e}, [Ladt+ el [1dt+a], [ 1dt,

9 o}, [ 1ydt+l, [ 150t + @2, [ 1ydt +l, [ 15,dt.

2>

3>

dodrwo LOOIIOIOILO dnEIgdo o bBHIZIL 33>dwg3l
390M30330Mmm 5 353056356M08mm  Lbbgoolbgs 695009000 o

396BMA500MgdMo 3nFNEHIEGH0OHO EOHMOL T, = l{n(%[ + }/j - 7/} - b
@

t ., =£n(2§+}/j, n=1, 2, 3, . . o0; -89 06&9M35¢9080 gegd@Mmdsabo-
@

AGMO0 5 99JGH™MIGJ56039M0 2oMmToz5¢0 3MMmEqLgdo [33].
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iy

Bob.16. H9BMGH0MGOMOo Loa®msabowm ©gbgdols
53mOHI0MGIOL derm3-ldgdo.

G
1]cos G . - i
” ;
. 1]
1
L “>[ 1, 61
g B Y 1} _—
2P O ] L ]
9—:_]_2 1jcos G > IZI!J is G 1
2 P cos G 1
= >
»‘JL—Z 1jcos G Tuq
1d
> P cos G I |Gj—~1
[ [ol~1]
el
— BERE
11> L - ]
|—>TZ KJ. 1 ]G i
i, [G} > 1
(1] T | Y d
F;+Z*rf il
ZG;IZIL
;—% Z*l _[ | ¢
== S ||d=||—|—|i13 Sing}!
Gy i14 T
|1I<L i |
_>:% z—»ij. ||| 135 i
= > iL[G 1
i Jm—
Y] f—=
[’ 1 s el 2g i |G 1
<3
\—:+ »i <4
rTZ &Ii <5
|
= 7
— | g
E— | <9

d,q 3mm6OHobs®qddo
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1
1d

>

2dy

A== 1_1_1_1 =] A== [ — A==
O] 0] 0] [© l Ol 9] 9] [© [©) ©)
m o’ o] [ " ol |l | [ o Q']
Y Y Y 'Y
f i | —
Il il N
A= ]— =] =] IR
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i [
X 3
o > %17 cos ’2/3|Gi /] 1izi
; |>——>l|XI-l
: sm ;Z/BIGE =[]
o, .y
> ] «; +30° = 3 L% .
30 K——{ 7] 1] sin] "l Ul M
5 '**LXII
cos >~ ;_ G ;i_
o, ] a! +60° ""']X
60°| K ‘;TZ '@ ﬁ‘% G| ';]. —Liz -
/! L
- 1] sin ~ITToH-[1[
'I; >/
L’ i—‘\/? G ,TX 71 i”
7 jbfzm’
L» i_ﬁ G 7X
.lr!:, 2_\/"3-' =i'
Nl o G X .
} 3 ] E [)”
= e
2|6 gt
i
11 E i’
i i ’]
= 116 {1
al E i
:ix
» /
]h’ |
> 2d ;i
)IH L G ;]XTL
2q
:iX 7
2]6 =EohT |
Y
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Bob.18. 930U BHMBLBMOToEHMMOL BB IHJBdOL, IEHZ0MMZ0L IboL s
390505650090 go  MmORsDBS  MYodBHMOOL  ©gbgdol  FMEMI0MYdOL

dem3- bqdo.
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0530 3. {930 J39U5MOL FmIMBEOBYdIMEO 3s0s3JdbgEo
bobi@gds 9b039MLSEMO LsABSBS dMYM@O 53d5MMZ9w-

0b3gMGHmOmMmo bdgdoom
3.1. 796039MLsErMo lidgdol 8gdsagbermds s dmddgwgdols 3Gobisodo.

93530l 930L dMogz0l  gobgME-083mEbyMo Jsemzol {Mgdo
3Mm3gbgdOL  FoMmMZ0L  PodsMBH03900LsM30L  BHOMOLEHMOWWO  goliv®gdoL
Mobgdo  @odmoygbgds  IGBT  (Insulated  Gate  Bipolar  transistor)
G®56BobGHMEOMEo dmpmwgdo [36,37].

909G 9mdMsg0 8905090 mdol  (93d) 983900Ls s {930l
695009030  (9856MHmM30L  M9g0ddo)  3GMM3gLgdol  BMuEo  sehgMolsmzols
SMEOWYOI0s  Aobbome  0dbsll bl  doerosbo  3m33wrgduo,
OHMPMO3 9000560 gocsdddbgero LoliEgds, sfiygdmeo 930l Jaglsawmeol
10 33 (3350 ds030L  JugeroEsh, BMHZ3MYIMWo gardsgerol d)doz0
@960l  §g30L  dMsg0m  Bogmb@oddHm o Loosbogm  §Mggdol
39035¢0Lobgdoo.

39053Jdbgwo  LolEgdol  OBHZ0MMZ0L  (33¢0gdol  Mgg0do
bob0SMYdS QM350 3OM(39U9d0m, MHMIGELOE 9J3L MMMEo bsLosMO.

39605353500 3OHMELOL MOMMIMwo EMMOL 06EIMZ50BY 9w 9dBHOwo
L0OEYJOOL LFYolo 30MHMDYOO 033 Jd0.

50m3sbols  doBsbos  FoMdmygbowo  49Msdddbgeo  LobEgdol
999dGH®™3s3b60GMOH0 o 9E9dGHOM™MIgJob03MMm0 2MToz5wo  3MMEILYOOL
3996925009905 993-0b 4583900Ls s 930l M95089030, HMYMEO [ A9MIJIBgo
Lob9dgdols QOO 36515303 BHOE0M, olg 3M39353099M0
06396350 900L5mM30L. 3OHME9LYOOL o5bQM0TYdOLS S M 33193900 BsMZ0L
15305M0LOS BoGo®mgl 0509353039600 dmY0M9gds (33O
3033gdbmEo  396MHogdbol Fgmm@om s 3OMYMITME0  IMOILOMHOS
3mEYoMgB©0 Jrrgdgb@gdol 3OgdrIoEsd Fow3grwo gergdgbdsrwo
85009953030L Mm3965309d0L gygboom [33,37].
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IGBT @656%B0b@mM9d0; 36 - doermgzsbo 396@0wo; 38 - 43 - #HMobBoliEmMgdols
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a =kIR' /L. a2=§k5R'/Lg; ag =kl /LY -y a4=gko'|/ij;

3 3 3
by =kqR' /Ly; b2=§k;'R'/Lg; b3=§k('4/ij; a4=5k('j/Lg;

3

cL=2ka R/ Lgs € =ka1 Ry /Ly Cs=2k 1/ La Gy k /Ly
= 2ki' R ILYs dp=kih-R' /L dy =kl /L
(189)

(190)

(188)-c0s6 0OMMY IO ©96900LsmM30L 339J3L 999920
0639305 mM0  259mBobmEngdgdo:

2
j alg+a,l} +a3jl "t +
[ . (191)

+a,U , cos(at+¢p )Jdt + 14 (0)

3

lg = f [—bll(; +bylg +b3U, sin(at + g )Jdt + 14 (0) (192)
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1] :sz[cllé +Cyl —c3sz I dt—
th th (193)

—c4U , cos(at + g )Jdt + 1 (0)

|'—f2[d|' dold —dy 11t
d—f 1q+2q SI d
t, th (194)

—dgU, sin(at + ¢ )]dt + IGII (0)

J390mom  6sB3969%05 (186), (187) o (191)-(194) @o8mbobvyergdgdols

bo®3x9dz9WDBY 953900 (3350l FOMT535¢0  3MM(39L9doL  dmgErol
LEAHOMIGHOMEo UBggds. bBob.21,6 bdgdolb t, <t<7, Tdglodsdobo  @OMOL

06@ 96359080 (65b.26).

3) 050995303100  ImEgmotgds 7, <t<t ., = i{n (% - 7) + ;/} ©6Hhmob
1)

0639m35¢0gd80 (6sb .21.3).

Bob. 21,3-%g 65396900 bd9gdobomzgols 9B EGH0M90M0

3033w9dbEo (33e05900LsM30L 435d3L F98IR0 FIBEMEgdsMs LoliEgds:

3y, eiletron) gl AV (195)
2 dt

. i I *l
oz[R“ +§(3R+2R1)}I” +§(3R+2R1+R” S

L T
+%(3L+2L1+3L)d(;—t+§(3L+2L1+L'S')e'zal dIT (196)
thi1 . P | . Al
+inf l(l” +el? ”jdt+dL
Cf 9 3 dt
v =(L'S+%M')|" +%M12|‘“ (197)

wl =(LISI +2M12J[u +gM12I. (198)
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< II I‘y\ zl
q ) 2
o t 1
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I
a
al |k Hos| 1 [cos[P|23 |G >[1]y]
= > 1 L 1 i/{
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kI 1]sinPl23] 6 S 1 Xﬁ 1 [~k =123)
IH > ]
al d
all | x KL 1 [cosPP|23] 6 > 1
—s 1| L i
k=123 aé[ 1g lzk_>
5 Siné 2/3| G > ] Xﬁ 1 (k=1,2,3)
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]
Bob.26 69BN GH0MJOMO 3033w dbmeo 96900l d,q
0a9bgargdols s 930l BHOBLBMOToGHMOOL  BIBMGO  ©gbgdoL

3905353500 3MM3gLYdOL Mol BEGHOWIGHMGWMwo  bdgds t, <t<r7,
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§930L  dMog0l  Bo3gBHOowo  3mbEHMMolomzgol  (Bsb.21,0) 93543V
53539 3MBEHYOOL IpMBoOIMdIMS BGAHME OO0 ©Ybob 9.8. doobs e,

@5 0MH5do 458535¢0 IGHZ0M™MZ0L iy, ©9bol dodsGro:

1t
€ = [ 1yedt+eg(0) (199)
@ 71
tna e R +R,, i
o= [ |-—2 R dt +iy4(0) (200)
1| L+l Li+Lyg

(195)-(198) 3m383egdumo 4obGHMmgdsms LobGgdosb Jgladegdgeos

9009dmo 0dbsl 33¢sgdol d,q  8yabgargdol 035G UZos®vEo
3906@Mgdsms LolEgds oGO3 RMOIsdo:

EUmcos(a)t+(p0)—R'|gI Ly O %M” 0
§ ; di} /dt
U sin(et+g)-R'IN [0 Ly 0 “mi2 |
U ) > [t ot 201)
thit 3. 17 1
—inleé'dt—Ré'lé' EMl 0 L!j' 0 dltillldt
Ct 7 2 dig' /dt
~R"1) 0 E|v|12 0 Ly

boog (201)-8o 9d3035gbG o 356539EMd0LOM30L 435J3L:

RO'I‘=R”+%(3R+R1); L{,:L's+g|v|' ;
Ly = VYl Ly = +f(3|_+ L) (202)
q 2 q 3

3oBMMH0  ©9gbgdols  dgols 603369 MdJIOLMZOL 93593l F9dgA0
3990bsbagdqdo:

iy :g(lé cosay + g sin aﬁ) (k =1,2,3) (203)

129



i =§(Ié' cosay +1q sin ad') (k =1,2,3) (204)

©) 3003093960 dmEgeoMgds 7, <t<t = l{n (% - 7/) + 7} Mol
@

06@g635¢mgddo (6sb.21,).

(201) BoBHmoEMEo 396EMEgdsms LobBHgdol sdmbsblbo ©gbgdol d,
q d9bgegdols §o63m90egdols dodoGmm HomImoa bl

t, = %{n(%— ;/H <t<r, ©@MMoL 0b6@gM3swgddo (bsb. 21,5) dowgdremo

(188),(189),(190) 53mbsblibgdol 5b5EMQ0mMOL, dbmem Lo FoMms
390035¢0L{obgdmwo 0dbsL 0bGHgaMadoL 39 7, @S ., Bgs  BOzIGO,

C,-ob  3ogogzMdo©  C; AI3o0Mds @ (202)  99mbsbuyergdgdol

©

Logmdggdg Ry, Ly 30659936 g0.

ymggerogg  bgdmo  dmygzsborol qsmzserobfjobgdom 7, <t<t,
©@MHMoL  06¢gM35gddo Mommgero ©gbgdol d,q  9ybyrrgdolsmzol

33593L:

| thi1 | T tha I
Id: _[ [—alld +3.2|d +4dj J. Id dt +
5 o (205)

+a,U , cos(at + @ )Jdt + 14 (0)

thel

0= [—bll(;+bzl(;' +haU , sin(at + g )t + 14 (0)  (206)
72

[ t”fl[ |l (i tnfll”dt
d = Clg +Colg —C3 d dt—
75 (207)

—c4U , cos(at + g )dt + 1 (0)
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1 t”“[ | I tet )
q = J. dllq +d2|q —d3 J. Id dt—
; i (208)

—d3U,, sin(at + gq )Jdt + 14 (0)

domado  (199), (200), (203) s (208)  @o8mbobMYEgddOL

Log3mdzgandy 5390 396M053535¢00 36MH™3qLgooL dmgeob
LEAHOYIGHOML  bJgdsl og3l Bob.25 s Bob. 26-Bg b5B3969d0 Lobggdo.

dbmm  9dog  goLsmzgaoliobgdgmos  0b@gaMgdol  J3gs T, Qo
b9t b3z960, Co =Cr OM@MdS &, (k=1234), b(k=123),
¢ (k=1234) o d (k=123), 3098303096¢)7880 (202) 250mbsbeyEmgdBOL
Bolido.

43  BHoMPEol 9393903090  IFMBOHMFJOOL 91009080
36m3gLgdols  FomgdoBHo3Mo ©s 3mI30vBIHIEo  IMEYEoMgds OMOL
3M3BO3MINBHO30m 063 gM39¢gddo, 5, & —MOMEs tn_lzi(n—l)(%— 7j£t£rl

®
©OHMOL  06BHYMH35¢d0  BHMmBEBoLEHMOMO  golomgdo 37 298mMHME0d
1

(656.22,5) @5 @ — Mmgs 7, <t<t, =—n (%— )/J 6ol 06¢gM3z5¢w80
®

A®36BoLEGHMOMO gslsmgdo-37 BsMmyemos (69b.22,d).
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5) 8309854037160  8m@gmothods i(n—l)(ﬁ— 7j£t£rl @G0l

06@gMm35¢mqddo (65b.22,5)

33O 3MA3gdubmMo  QeMsddbol  dgormol  2sdmygbgdom
50b0dbmEo  0bBHIMZoeol  FgLsdsdobo  BggdoLomgol  (Bsb.22,5) 43593

3906@Mgdsms  LobGHYds OIBMYWEHOMGOIMo  3MI3EgJumMo  BLoWOWYgdOL
dodseon [49]:

il olt—th4)-= . .
gume[ " 6}=R'I'+—d:'j”t (209)
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_RU LY (210)

Sodf dt
3 iG]
v :LUIJFE YU LS YET NN P (211)
(57 (57
i) ()
g =LY —gM“ fle L6 "Jyqlgle P (212)

boQs(3:
wt,_y = (n—1) (% - y): ¥ - 3099(>300b 3obgs;

Lo3gsBS (33090 JugEol BsBMGO dsd39000:
ul = U, sin [a)(t —ty) - - (k- DZ (213)

Ry =2R" +3R+2R;+Ryq; Ly =2L" +3L+2L5 + Ly (214)

E..c 5ol 3969M0@MOMe Mg0d80 sOLYdMo Hg30L IMs30L doge

©50b@NJ30M90No 9.0. doo;  ap- GHOOOLEAMMIOOL FoIdOL 3JObYS.

3 T
2UmCOS|:a)(t—tn_1)—6:|—RIICI|
BU,sin oft—t,_)-=|-R"I! | =
2 m n-1 6 q
i
Eys ~Rlg
215)
L's+§MI 0 3\/§Mlzcos(ap+”j
2 2 61 Jard /at
1 31 3 12 i |
= 0 L+ M —E\@M sm[ap+6jxdlﬂldt
dil! /dt
~\3M* cos(ozp +5é[) —\3m*? sin(ap +5é[) L
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(209)—=(212)  356GH™M@gd00©s6  3090MMmdm 909y LISEGHE
2963 MEadsms LOLEYIL 33eoIdol d,q 8969 gdolL dodsmo (215).

3) 30830m86Gmmo  BnEgmotyds l(n—l)(ﬁ—yjstgl ©bmol

w 3

06@gm35¢mqddo (bsb. 22.5)

(215) A96GHMgdsms  LoLEAOL  sdmblbs g bgdol  Ho@dmgdmegdols

800500 335d¢93L J9993 FoBHOOEM odMLobwgdgdl:
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| 1 | | I ||, Eaos
dilrdt|==|-dR" —eR' —fRY |x[1} |+ 28] ]
N A [ [ 1 Al A I
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2 2 T b
Va‘ +b* cos| ot —t,_; )——+arctg —
6 a
+ 3. 9m 42 167 cos olt—t, ;)-Z —arctg> (216)
2 A 6 d
Vg2 +k? cos[a)(t—tn_l)—%+arctgg}

Logo3 (216)-do 9gbsdsdolo  3mgxn0E0g6EJOOLIM30L 335938 F90ga0
3990bobyagdqdo:

A:(L'S+SM'){LL’(L'S+%M'j—%(MlZ)ZCOSZap} (217)

a=LY (L's +§M 'j—%(M 12)2(—%+c032ap);

2

b=g(M lz)z(g—sin ZapJ;

3 12(,1,3 |] ( ﬂj
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9( 122(V3 .
d:Z(M )2(7+Sln2ap]
L1, 3001 91201 ,
e:Ld(LS'FEM )—Z(M ) (E+00520{pj,
3 v 11 L3 e 7).
f:E 3M (LS +§M jS”‘](ap +€j,

12( 1, 3,1 57 ).
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k = v3M* (L’S +§M’) sin (ap +5?n);

l=@4+§MQ2

(216) 259MbObgd9006 oMM I67dOLIMZOL 3G MOD

9990092 06393M0w6 A5dMmBobmEgdgdL:

1
1= T hayld+a,! —agi! +
tnfl

+a,Up, cos{a)(t —ty 1) % +arctg g} ~asE, . }dt +14(0)

1= b b1l b +
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e
+b,Up, cos{w(t —ty ) % — arctg d} + asEmg}dt +14(0)

-||_T1{ y Uil
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th-1

+c,Up, cos{w(t —thq)- % +arctg %} +C5Ey 6 }dt +i)'(0)

i :%(Ié cosay + g sinad) (k=1223)i' =i}

(218)

(219)
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(221)
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(219)-(221) 993035¢96&"IO0 3958030963 JdOLM30L 2353L:
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alz—; a2 =— a3 =— a4:_'_ 5 a5:_; (223)

A A A 2 A A
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| I T 2 2
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9B EGH0MOMo 3033 gduOHo  LoOEYJOoL dJodsMm 35d3L 90O
30339dbmEo 49BGHM@gdsms LolEgds:

i|olt-thg)-= . A
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19 gt =(2R" +3R+ R, ! + IV (227)
Ct 7 dt

s e
W':L'S|"+EM'|"+\/§M12i1”e 6 P (228)

V3 l —j[5l+“pj Xl J(Slmpj
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LOLEYIL 33eo@9doL d,q 8ygbgegdol Bodsto:
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1 n,4 2
R4y =R +§(3R+2R1+Rdﬁ,)cos a,

Ra1 :§(3R+2R1 +Rye )sin 20, (248)

p

Ry, =R" +§(3R +2R; + Ry, )sin’

3 4
L =(L's' +oM . j+§(3L+ 2L + L + L%)cosz a,

Ly = 2[BL+ 2Ly + LY + Ly Jin2a, (249)

LY, = (L'S' +§M " )+%(3|_+ 2L + LY + |_m)sin2 a,

0) 303303 IOHMEo  BmEgo®gds t, = i{n [—— yﬂ <t<r, MmOl
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06@gm35¢mqddo (65b.23,5)

(247) 953030 2ob@EHmeadoms LobBgdol s3mbLbs ©gbgdol d,q

dg9bgergdols §o63m90egdols GIelNIOTe)) 335993l 3990099
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6 ay
— Bg COS a)(t—tn)—£+arctgb—2} ~ %
3 i 6 b1 Bg
+_.Um _ - +E“6 (250)
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2
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2
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H R
la| 72]| A2 =By -Bs =By |lg
= j X +
Ié' ol ¢ -C2 C3 G4 IG'|I
||| _Dl —D2 D3 D4 |||
q q
A cos{a)(t —t,)-Z +arcty b
6 &
I _ 15(0)
B cos| ot —t, )—%-l— arctg%2 BAG 11(0)
3 L i 6 g
+§'Um 1T Baas C dt+) (260)
7 dy 6 141(0
—Cs cos| ot —t, )——+arctg —=
i 6 2 | —hs 141(0)
Ds cos{co(t —t,)-Z—arcty by
6 ay |
i (k=123) o iy (k =1,2,3) 35%4960 ©969d0Lm30l a35d3U:
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32 (261)
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doado  (260)  (261)  a50mLobmengdol  Loxwdlzgabg 9390w

©969%0L 2963350 3OM39LgdoL  FmEgwol  LEHOMIGHMOME  Bdgdsl
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a
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3) 050935303MmM0 dmEgeo®gds 7, <t <t ;= i[n (% - ;/j + )/} Mol
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0b6@gMm35¢mgddo (6sH.23,0)

50b0dbmo  06GHIM35wgdol  FqLsdsdobo  bdgdobosmzol  (bsH23,0)

9B EGH0MOMwo  3033¢gdlymo  LoEOYJdoL FoToM 35J3l 9O
30339dbmEo 9BGHM@gdsms LolEgds:

i| olt-tha)-= . /|
gume[ " 6LR'|'+—“'O|‘”t (262)

t ) - Xl
_1 [il' gt :{R” +§(3R+ Rl)} . +§(3R +R P

Cs 7
2( 1 di"
+—\Lg +3L+1L )J—+ 263
[ o (263)
_ Xl g
+E(L'SI +3L+ Ll)ejzap al v
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l/}“ :(Llsl +§M||jl-|| +§M12I-| (265)
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. di
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LoLEYIL 33eo@gdol d,q 8969 gdolL d0BsGo:
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EUm COSl:C()(t—Tz)—E:|— RI Ié
E m SIn (O(t—Tz)—E - q

1 tn+12 .
~Ritld —Rgilg —— | g(l('j' cosa, + Ig smaq)dt
Ct [2)

IR IRl
~Ri5 1Y —RAI

(L'S+%M'j 0 ng2 0

di} /dt

0 (L'S+g|\/|'j 0 %Mlz i /dt

= X
|
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O 12 ] I
0 M L Loz (267)

boos (267)-do0  9d3035¢09bGMo  sdBHowmemo  §obsmmdgdolsmgol s
06009993090 Mdgd0LM30L 239436 F99ga0 ASTMBobMEgdgdO:

4 2 .
RiL=R" +J@R+2R)Jeos’ @y Ry =R +Z(3R+2R;Jsin2a,

4 : 2 :
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0930L BHEMBLBRMEOTGHMOOL BsDBMMO ©YbgdoLsm30L g3543L:
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| :%(u cosa) +1!sina! ), (k=123) (269)

iy :g(lé' cosay +lg singy ) (k=1,2,3) (270)

doMado  AbGHMgdsms  LobEBgds  (267) s  (269),(270)
399mlobgdgdo  Lodwowgdsll 093096  Bo@otgl  3m330vEHYH IR0
3 0Mgds 50bodbme 0b3gMzswdo.

©) 30m330M3HIOHMEo  dmEgmobgds 7, St<t ;= —{n (ﬁ - yj + y}

©mHmol 0b@gM3zs¢gddo (656.23,0).

(267) 2390GHMEgdsmS Lobgdol 5dmblbo 96900l d,q

dp9bgergdols §o63m90egdols GIelNIOTe)) 335993l 3990099
3990bsbYgdqdL oGO3 BmEOISJ0:
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= +
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12 B
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063 96M350lsmz0L  239dq3l 8999y 006G Mo mE  25dmUobyengdgdl
969006 d,q 8agbgegdol Bodscro:
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3 i by |
+E-Um +
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b
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~% 11(0)
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(269), (270), (272) 50mLobmEngdgdol  LogwydzgeHg  dglodErgdgeros
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(266) 296@™MEg00L Fo®mdmagbs sbgm Lobgdo:
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al k 1 |cos B I;(O)
Bl
; o
L 1| sin| s
> Gy Z%tnﬂ I
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o ~ z 4 I
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a
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/ Il 1 L 1 7
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> 1
1
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T
I 1 Ik
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65b.31. H®9BMEGHoMgdMo ©969d0L d, q 8agbgegdols s FobmGo

969000 2560535350 3MM39LYdOL dMmEgEol LEM®WJGHMOMwo Ldgds
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. tn 1 . R .
g = | (Ems 1 e L—O}“ +iy(0) (273)
) 0 0

Logos (273) —do §3543UL:

RO = Rl + R()ﬁ) 5 LO = Ll + Ld(g) (274)
E‘an S }l/-o
tn+1
bo | _ Ro Z 1
— |

S u | [ [ oyt
ﬁ 1
'am(o)

65b.32. §930L B30l YL AoMsdsz5eo 3OHMEgLOL dmEgErols
LEAHOMIGHOMEo bdgds EOMOL 7, <t <t,,; 063HgM35wqddo (65H.23,9).

45 gmHmosbo oMEsgdbgero LoliGgdols TaMasMgMmdsms (33¢sgdols
3536030 256EMEgdgd0L s0mblbs 9s83980Ls s fg30m0 Mgz0a9d0L
t, 1 <t<7;, ©O®MOL 06FIMZsemgdolsmgzols (6b.20,5) ©s ©93939M>30ME0
©33MbOHMFgdols BGgg0dolL t, <t <7, EOMOL 0b6EIM35¢gdolsmzolL (bsb.23,5)

5) 2533900l s ffgzomo Mg:00900L t, ; <t <7, O™l 0bdEghzsemo
(65b.20,5)

(163)-(165) 296¢)mqdgd0L 45HomdMgd0m 30gdmdm [50]:
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Lod3 (275)-00 FoBM03gd0LsmM30L 335J3UL:
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4 a, as —a a, ag

[W=ltg)s A= ba s [B=] bs s JAI=|-b-by bs|;
iy —C4 —Cs € —C —C3
Umcos(a)t+go0 +¢é)
Ju )= Umcos(a;t+go0—goé) ; (276)

Upn COS(a)'H—(pO +(p1” )
(275) B53HM030 296EMEgdol STmMbLbLL 39dgdm sLgom Lobgdo:
)| = el ko) (277)
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(278)-80 gom35¢0Lfobgdmeos d909a0 2odmbobyagds:
I %e“ = |AelAlt = el a (279)
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(280) BsgLgom (277)-80 s 8030090m:
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0
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e 0] =47 fr(kr) +
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