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Summary

There are presented in doctoral dissertation the following parts: topicality
of research; goal and object of research; methods of research; main results and
novelty of research; area of potential use of research results; publications;
approbation of work and structure of dissertation. There is presented the content
of dissertation and shown the issues considered in introduction part.

The following issues are considered in Chapter 1: non-traditional and
renewable energy sources conversion and using technologies in power industry;
current state and perspectives for use of non-traditional and renewable energy
sources; reserves of energy recourses; strategic objectives of the use of renewable
energy sources and the role of the development of renewable energy sources;
physical basis of solar energy conversion processes; solar radiation intensity;
photovoltaic properties of P — n junction; volt-ampere characteristics of solar
batteries; solar batteries designs and materials; wind energy and possibilities for its
use; wind generation; wind zones of Georgia; classification of wind motors by
operational principles; operation of wind motor blade surface under the impact of
wind power; lead-acid battery’s charging and discharging processes under
conditions of parallel operation with hybrid power supply system; development of
generic structural and schematic electric circuits of impulse converter hybrid
parallel power supply system.

There is established the classification of non-traditional and renewable
energy sources by primary energy sources, natural conversion of energy, technical
conversion of energy and secondary energy consumption.

There are presented the zone electric power diagrams of P — n junction
during lightening for cases with short circuit, off-load and switching on load
resistance.

By using the off-load, short circuit and optimal parameters, as a result of
interpolation of Lagrange formula’s volt-ampere characteristic, there is obtained
the mathematical model of volt-ampere characteristic in the form of quadratic
trinomial.

By charging and discharging voltage and current of battery, there are
presented the so-called force and internal resistance calculation formulas.

There are developed the technologies of obtaining and using of non-
traditional and renewable energy sources in power industry and presented the
appropriate structural and schematic electric circuits.

Chapter 2 refers to the issues of mathematical and computer modeling of
electromagnetic transient processes in autonomous hybrid power supply systems
of direct and single-phase alternative currents of non-traditional and renewable
energy sources; non-traditional and renewable energy sources in Georgia; by
means of developed scheme there are shown the mathematical and computer
modeling of electromagnetic transient processes in hybrid power system,
regulation of the battery charging and discharging processes and construction of

Vil



structural schemes of transient processes; controlling of autonomous hybrid power
supply systems of direct and single-phase alternative currents by means of pulse
converters; there is created the electric network of operation regulated by
converting device of direct and alternative voltage power systems; there are
defined the operation principle and electric quantities regulation and control
issues.

There are determined the regularities of rectifier stitching-in angle in
transient processes by inverter transformer circuits.

There is designed the generalized vector diagram of single-phase
transformer voltages and currents in autonomous power systems of renewable
energy sources.

In Chapter 3 there are considered the issues related to the modeling of
parallel operation dynamic processes of hybrid autonomous power supply systems.

There is created the uniform system of solar photovoltaic power plant,
accumulator battery and three-phase alternative current network.

There are established the main twelve joint operation modes of elements in
the mentioned system; the regulation and control of these systems are shown as
well.

There is set up the electric state equation of generic even and uneven
parallel operation modes of hybrid autonomous power supply systems towards
instantaneous values of variables.

There is carried out the procedure for solution of equation system and
obtained the expression of variables instantaneous values as for transient, so for
steady modes within the generic time n intervals.

There is carried out the computer modeling of electromagnetic transient
processes in hybrid parallel power supply systems.

There are considered the major properties of the structural scheme
elements of the model of transient processes during operation of hybrid
autonomous power supply systems.

There are designed the structural schemes of the computer-based model of
hybrid autonomous power supply systems within generic time intervals of even
and uneven modes.

There is executed the numerical solution of variables state matrix equations
of the dynamic systems of hybrid autonomous power supply systems.

There is carried out the optimization of hybrid autonomous power supply
systems operation modes and studied the federated system’s sustainability. There
are designed the amplitude-phase-frequency characteristics for even and uneven
generic modes.

There is presented the list of author’s publications related to the
background of this dissertation, and shown the author’s contribution to execution
of the dissertation part of this research.
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f(t)=a't+ b — disiﬂ,(mt +yy + arctgwT,) - g Ti 4+

3

+disin(wt + 1, + arctgwt,)-e = (67)
u, £ t :
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W

B3|
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(67,68) a59cLobmagdqddo a,a’, b, b, d,, di, d,.d3, ¢y, €5, 03,8, T4, T,

9943035 96&1M0 3998303096@9d0LsM30L 335d3L G99 gR0 FodMbObBLIgdqdO:

_ I
a_ ==
2T
b= T,(11,)* 1, (1)* _ 21,7, 1, Iy, 2ty L Iy sin(f + arctgewr,) —
2T 2T (1347)T 71+ (wr,)? '
2,1, 1!
— ,‘lm—lmqsin(ﬁ' +arctgwt, );
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1 2T : 2T 0 (ny4r)T
2t 0, I 2,1, If 1
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Ty 14 (wry)? Ty 1+ (wt,)? 2T
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b, = Z,sin (14!:1 + arctg R—H), b, = Lysinyy;
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u, (t) = - U, sin[wt + ¢, (0)]; i,(t) = ey cus(mt+ P gy ):

—

. A wl
u,(t) = . ‘~,||| (wL)? + R ,cos (mt e arct.gR ) ;
L2

I

a
B(t) = arctg —
Qg

g = RI[(RH + RL:]E + CU:[L + Lf + Mﬂjz] - Wg(MuMn](RH + RL:]:
ay = w(L] + M™)(RY + R.,)* +
+@* (L + LY + M**)[My; My + (L0 + MM (L + LY + M*3)];

' B gt (0) % Ay = Rgb, + °
i =—; = ; = arctg—; = —a
dwsoy ~ p_ °~ B b, Py ctg% 0 d% T 330
Rgt+R E
i = dgsge + AgTy—— — =2,
oafy cosfy (Hind ¥ RRRH RR
. 4 Al . 1
losayz = " lagpay s Prosbyz = arctg ;

o T~
Mo/ (1 4+ w?t3) WTy
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©539b@30L 3OM3gL0 Fs3MYdS s 030 S (33O ©EIbol {Mgwdo
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©96095; A— OMMMHO 3Mm9RB030963H0; @ = %; k — dmeo30s60L 3vdogss, T —

dmds 399396M5GHv6o, & — 99dG®™Mbob 3MbEos [2]. ] gbolimgols g3543UL:
v
J=1, (eﬂ— 1) (70)
(70) go0mbobMgds FoMdmoaqbl ol B35EHM0gdoL  sboliosmgdgen
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p. = [E;da)z ( Rd + R'ﬂ{:-a )2 .
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darg,
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%$=Ep—h(@w—1}g+ﬁﬂp =
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3obboyer 9696mbobE9dsdo IODNRSD
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ZaN

Z11
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(83) 3963 Mgdsms LoLEJAoL sdmblbs 3bmdo gbgdol JodsMm 35de9g3L

9990099 3°0mbobgdqdl:
iy () = Ipy — gyu(t); (84)
i(t) = I, — gqu(t); (85)
ig(t) = —Ipg + gy u(t); (86)
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Il.d (t] = Iﬂ.q_ _H4u(t]a (SBJ
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B 1
1 = [R'p —I—RS)T‘
1
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2
1
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U—Uy= lghy dr (91)
(L + M™T)di, M,,di,
=7 RI 2 - H 92
u, = R+ R + I (92)
M, di, (L1 + M™)di,
—————=1i,R" = =+ u,; 93
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u,(t) = q, J t. (t)dt; (95)

0

uy(t) = u,(t) - ©(t); (96)
i (t) =i, (t) - 2(t); (97)
u=ugR; + Eg, (98)

uq (t) = nu,(t); (99)
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o (131)-9b6 2960L5B03MGds 1.4 503Y;

o (122)-056 3960LsD®3M9gds i ©9bo;
396@Mgd9080 99953500 39803096@9d0 6583969005 Bob.17-byg.
III &ggg0do (%ﬂ T wt= E?ﬂ):

g =ic; (132)

Uge = Uy = Uge = Ugp — Ui (133)
wy, = —U,_sin(wt +90%); (134)

Upg = U,y sin(wt + 30%); (135)

U g =uy, = —V3U, sin(wt + 60°); (136)
i=c, Sy, (137)

Uy = Ugy T Ugeps

Uaep = Li_ t U (138)
: d*‘cs
iy = C3— 5+ iy (139)
= : 1, .42)\di
V3U,, sin(wt + 60°) = 2R,i, + [ + M=y )2, (140)
V3U,,, sin(wt + 60°) = 2R;ic +2 (Lo + M —Im1?) e (141)

V 6gg000 (? S wt= %):

ig=ic; (142)

Upy = Uy, = —V/3U, _sin(wt + 60°); (143)
Ugy = —U__sin(wt + 30%); (144)

Upp = U, sin(wt +90%); (145)

i=C, 2e e, (146)

Uy = Ugg T Ugepi (147)

Ugeo = Ly ZE +u (148)
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dupg

i = G 4y (149)
V3U,, sin(wt + 60°) = 2Ryi5 +2 (L + M — 2 y1?) 2L, (150)
V3U,, sin(wt + 60°) = 2Rcic +2 (Lo + M — Iy12) &, (151)
T Tn

VII 695030 (? < wt = ?):
g =1i,; (152)
Ugz = Uge = Upg = Upp — Ugpi (153)
Ugy = —U__sin(wt + 90%); (154)
uy, = U, _sin(wt + 30%); (155)
Upy = Uy, = —V3U,_sin(wt + 60°); (156)

I ©9bo, U,y 05039, Uz 05035 QO Ir1 ©I6O 20dMm0olobgdosd (146), (147),
(148) s (149) 359mbobeEngdgd00.

V3U,, sin(wt + 60°) = 2Ryi5 +2 (L + M — 2 y1?) 2L, (157)

V3U, sin(wt+ 60°) = 2R,i, +2 (L, + M — 2112 )24, (158)

IX 693000 (? T wt = E):

&

I (159)

Ueg = Uge = Uy = Upgp — Uygps (160)

Upp = —U, _sin(wt + 307%); (161)

uy, = U, sin(wt+ 90%); (162)

Uy = Uy, = —3U,__sin(wt + 60°); (163)

V3U,, sin(wt + 60°) = 2Rcic +2 (Lo + M* — Ip37) 25, (164)

V3U,, sinwt + 60°) = 2R,i, +2 (Ly+ M — Iy12 ) 24, (165)
5953 s XI ®gg0dolsmgzol

[, Ugy, Ugep O I3 LOOWYPIO R9BOLIBWIMGO0sD Tglsdsdolo  (146)-
(149) 259mbsbvyargdgdom.
XTI ®gg080 (% = wt = HT“):
e =1ig; (166)

Upg T Uy T Upg = Upg — Upggs (167)
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Upp = —U, _sin(wt +90%);
Ugy = U__sin(wt+ 307);
= —/3U, _sin(wt + 60%);

ucﬂ = udc

V3U,, sin(wt + 60°) = 2R;ic +2 (Lo + M -

V3U, sin(wt+60°) = 2Ryig +2 (L + MY —

Bsb.18-0  Uggdosb  fio  M9708900LsM30L

2396393900 dgobs 3b0dzbgermdqdol JodsG0d:
II égg0do E = wt = %ﬂ):
Lg=lpi Lyp3 =0; I =15
Uge = Ugp T Ugeoi Ugep = Upg T Ugei
Uge = Ugz = Ugp — Uppi
Uy, = —U,__sin(wt+ 607%);
Ugg = Upsin(wt + 120%);

Uge = Ug=y3U,_sin(wt + 90°);

U, 5in60°sin(wt +90%) = Reiy + (Lo + M* —

IV égg030 (E?ﬂ S wt= ?):

1, 12 di
:Mit)_r::

1 qa di
:ML) B,

1 40 di
:Mla) 4,

dt

dt

33543

dt

(168)
(169)
(170)

(171)
(172)

399930

(173)
(174)
(175)
(176)
(177)
(178)

(179)

g39ws 930 6950000 Lodo®omosbos (173)-(178) s9mLobmengdgdo

i =15 GOEmdol goes.

d9L50580bo 53 B7:70880 33593L 990 J9BGHMWgdYdO:

Ly =1lg;

U, sin60%sin(wt +90°) = Reiy + (Lo + MM —2y%2)

VI éggodo (% T wt = %):

lg = 1r-;

VIII Ggg000 (?e_ﬂ = wt = ?):

Uy 5in60°sin(wt +90°) = Reip + (Lo + MM —1m12)

dig

]

dt

dig

’

dt

(180)
(181)

(182)

(183)

(184)

(185)
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o= iy (186)

U, 5in60%sin(wt +90°) = Reic+ (Lo + M — Im12) 2, (187)

XII égg000 (11?11 Twt = Hﬁﬂ ):
o= ip; (188)

U sin60%sin(wt +90°) = Reic + (Lo + M — Im1?) 25, (189)

OMamO3 800900 49bGHMMgd900b BBL 5 gom35eolobgdmeos
Lo9GIBS (330 ©3bol  Jugerol 943035t gbBHMo 9B MOO
foboomds  2Ri(K =4,B,C) ©> 993035m9b&vco  0bomdzom®mds
2(Le+ MM —IM) (K = 4,B,C) bosg Lx(K = 4,B,C) :00092mo 3ol
060193096mdss, M mommgmmo gsbol B 06wJ3owOHmdss, brwm
MY 30 55B9dL mGHOL ¥YH0gH 0630 OMDS.

39Ms  5dobd,  396¢) 699009030  993035¢9bGHMMo  Lobmlmogdol
593wod©qool  8b0d3bgemdgdo mbxgé  dgBHos @ Gggoddo
9930350 96@ M0 LobMlMmoYdOL 533 0EYdDY.

00MMJM0 095039080 FoOdm©ygboo obEGHM@gd9d0lL Lygdzgu by

d9L505dobo  BgqgdoLomzol  Yzgws  gE9d@G®Mwo  LowoYgdol  LEMEs©
29BLsBEZOOLIMZ0L 309496900 I M9g0dolomgzols Pomdmepqbogn

5CMmOHOmMIGOL.

3.4 3030 533HMbMIo©o gemgdBOmgbgMagEozmwo
LolGgdgdol gemgd@ o fmbslfm®mdols

29633900l 59mblibs.

(122) s (189) 9wad@®meo {mbsbfm®mmdol gob@megdgdols sdmblibol
360Hm3qldo  99dmz00mom 990930 993035 gbGHIMH0  356539GHMIO0L o
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993 GHOMEo LoEOYqdOL 0OMMY )0 6921099000 Lofgolo
36009369wmd900L dm39dmo 356509936M90bg ©59M 300090900l

3990bobgdqd0:
o LsdxsBs (33wso  ©Ybol  Jugeol 943035 gbGHGo Lo
fobomds:

Z,=RZ+ (@l )% (190)

* 993035096 MM0 LEMEo 0630 IOMDdY:
Lo=Ly+ M — M2 (191)
o L53xYBS (33190 ©IBOL Jugeol BsBME dsd35Ls S babME ©9bL
6ol dzeol  3mmbols 90°-8g 99053198900  (©T5FHId000)

3Moby: @, = arctg j‘ ; (192)
* (33500 @960l Jugerol O™l ddogs:
T =1g, (193)

£ RE’
e Jugwol bsBMOHo  ©I69d0L 943035 gbGHMM0 5830 GHMIdOL
396BM509gdwo 3093030963900 Bgdolidogmo n -
06 9M350900Bsm30L 69d0ldogco k-g35%900bsm30L

(k=AB,C; n=123..)

_gin=1_ Y3 Ume g _ 3 Ume
liem1™ = 2z ! Lem1 = V3~ z.
o s (194)
i Um':li-‘* whe “RE} jin_ — 2 JmeRe
kml R§+I:mif}: ! “kem z':_i

* (3350 ©I6oL Jugarol bosbMmo ©gbgdol  FoBEDMYsYIMWO
Lofgolo 360d3bgemdgdo bgdolidogho 1 - Mgg0dol FqLsdsdobo

0b@96M350900Bsm300:

A
r i

, - DY Y WS 3
2771(0) = 1270 (0)e VR R — 123, cos [2(n— 1)+, +90°] -

T

—:-:n-ﬂ?-rf, k=A,B,C; n=2,34,... (195)

.
_rn
Lema€

T

-t T
VET - 12 cos [(2n— 1) —to+ 60°] +

iZ7(0) = iZ"*(0)e

T

+f;{2:&1€_l:2n_ﬂ5f;—-rf’ k=A,B,C; n=1,2,3, ... (196)

107



e 0d9©Jdog30 6oL 2o®sdJdbgerols (8y) AOTMUOgobg U,

dsd30L 9d303509bG M0 8pIbIgdOL 3mgBoEEIdHIBO:

[ury

Udzfoi = {[‘"Eumc (WzLica —1)+ wl, - [kE:u . 595@':]‘ + [mLisz:;liSm@c]:}: (197)
L fon

Uz, = 2 1i2"(0) —Ignsle ™=, k=AB,G; n=1,23,... (198)

=

o Us, 0903585 o Iy =11 @96l GO0l 9d3035¢gb@«éo dzmob

3moby
wLylgn, sing,

V3U, (2L Cy — 1) + @l I3 cosg,

92, = arctg (199)

* 350300 9J30359bG M0 36wl 3:m9BoEEIbHYdO:

= {[V3U, (@L,G — 1) + wLy I35 cose,]” + (wLyI2tsing,)* |7 (200)

ul, =2[710) + 123", k=ABG n-123, .. (201)

Cx

o 3MGHMIWIIHOMo  LOEYMOOL  qodmbogoebg b dy-ol
d9L535¢%Bg I ©IboL 3Mm9RB0(3096(3)Jd0:

il =\3U,, - we, {[le (wes+26,) - 1]‘ +(3 BEmLJ}:; (202)
A L

Lon—1 = —f [ii”'liﬂj + U, - Ti (B, — ﬁss)], (203)

ign = |I'E'i["r:vnr:':"-"‘c"z{[‘:"-:”11."1(‘:"-”:-:El + Gc] - 1]2 + (‘:L:Ligcjz}i: (204)

il = 42120 - 2,6, (205)
el -

e JgLodsdol 0bGHMgzogddo I ©ibbs o Uz  dsdzsl ol

993035¢096& 0 gm0l 3Mmbggdo:

. %CUL:LBC
@, = arctg 1 ; (206)
wLy (wC; +56,)—1
i CA'.F'L:LEG
@,  =arctg (207)

wl(wCy+G)—1
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o 15IxEIDBS (3390 6oL JugErol odBHomMo G, S MgsjGoIwo B,

24593oMMdIYd0:
G. = R 208
° R+ (wl, ) (208)
wl,
B =——2°% . (209)

* T RZ+ (wL)?
396@Mgdgd0lL  s3mbLBoL  FggRO©  POMMIMEo  gargdGHOEo
L0EO0YYdOLOM30L 30YdIMWMdm bgdoldogho 2n —1 39630 s 2n wufjo
69:09980L5030L 99 3>FMLobmgdqdL[9,10]:

_bom_ s

ity _y) = —i) _,cos(wty, 4 + @/ +60°) —il e = ;
k=A,B,C; n=1,23, ... (210)

_Ean

- i ! T
i%n(t,,) = —L’:ncos[mtm +@! + 90'}) —iye Te;

k=A,B,C: n=1.23, ... 11)
i M tgoy) = 122(t,) = 0; (212)
uli” 1(::«,1 D =Uy;  ul(ty,)=U,; (213)
WS W (tgny) = Ugp —lysin(@ty,_y + @up +60°) +ulhe™ % ;
k=A,B,C; n=1.23, ... (214)

Ea

r ¢ ——an
P (tan) = Ugp —ul, gsin(wty, + @uu, +90°) + U/ e ™;
k=A,B,C; n=1,23, ... (215)

_bom_ s

-1 — -1 ] In—-1 .
udco (tzn 1j udcoi‘gl’n(wt"n 1 + q’-'l..uico + 60 ] — Ugepz € e

k=A,B,C; n=1,23,... (216)

_Ean

ut (t,,) = ult_,sin(wt,, + .5 +90%) — udm,.e To
k=A,B,C; n=1,23, ... (217)

(216) 353mbsbyegdsdo 3m9803096EJOOBIMZ0L A3593L:
st = (VAU (@116, — 1) + 0Ly 125 050, ] + (0L, 1253 sing, )
k=A,B,C; n=1,23, ... (218)

_Ion-a

wid =B EEl0) 4 izgtle T v, k-ABG n-123,.. (218))
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993035¢096& M0 3Mmmbolsmzol az593L:

In—1 ‘:L;Li[k:;.;.ls{l’ﬂg]c
qjl‘!?écﬂ = ﬂ'TCtg = - a 1
V33U, (@?L,C;— 1) + wL, .7 cosg,
k=A,B,C; n=123, ... (219)
iff_l[tzn—lj = - "E.Umc : mcac‘:’s[m‘fzn—l + E'DD:] -

Eon—s

It cos (ty_y + @, +60°) + [i°1(0) + 15 te e
k=AB,C; n=1,23, ... (220)
(7 (ty,) = — ’EUW - wegcos(wt,, +90°%) —

1

2 " . _Ban
—I. cos(wt,, + @, +90%) + [i;*(0) —I.",]e Tc;

T

k=A,B,C; n=1,2,3, ... (221)
Eon—s
i (1) =L cos(wty, g + @, +60%) + [771(0) + 155 e
k=AB,C; n=1,2,3, ... (222)
Eon
iin (tznj =‘*r:f§11595(0-’t:n +@. + gﬂﬂ':] + [iin (0) — IE;:]E e
k=AB,C; n=1,2,3, ... (223)

dogdmo  (210)-(220)  99mbobmEgdgdo L8 e gdgdL  0derg306
3963L5BOzOM®m  dglodsdolbo  gwgdBHOMo  LoOEIJO0,  OHMYME3
59945693, 55939 29MsT935¢ 3GIM(39L9dT0.

939> 9IJOOVIWo LoEOEY HMOL JOEMO s 0Fg) dmIIBGHTo sefig3l
05300 5394090 3603369 mdgBL.

0d0bom3z0L, MM 4oboLIBOZIO™ML  0od 1 0bFgMZswol  bmdMol
86093690 ™d5, H®MIol EOHMLYE 894sMgds ©sdysegdmwo 3Mmmaqlo s fobs
39530 0639M35¢80 HMIgodg 9egdBOIo Lsdmsem 860d3bgwmds GHmwo
bgds dmI93bm o 0bGHgM3zsedo 00539 99dGHOwo  LooOb
bodmoem  360d36gemdols,  LoFoMms  BoGHIOIL  Sbgmo  4osbgam0dgdol
36e39L0:

3009000  bmasmdol  Fgbemosgs LTty —y) o (i)
3900bObMEgd9d0L 96003690 ™d90L d9L5d5dobo© 2n — 1gob 2n
06@ 9635w gd0Lom3z0L. (210), (211) godmbobrengdol bsgdzge by mommgme
06396350 do 59 960l LsdwysEom 3603369cMds A5TMOLsbYds BMMIMwom:

110



. T
Lﬂ?ﬂ—l}g

, 1 5
e [ e, Jdt, ) 1=128. (229
K8
Eln—ljg
ong
5 1 5
pr=— [ eenden) n=123.  (229)
T
(En—l}g

(210)59mbobmemgdol Bolds (224)-0o beenm (211) godmbobwyargdols Bslids

(225)-30 35605gdb9g00Ls S 0bEJAMOol 5TMMgdoL 999 3393¢93L 9999
960093690 md9dU:

sy B m—3 w _(2n-1m/6 _n/8
" == Hcos( > -E-l-rp;” )—B‘mrce @re .l 1—e @i
T
n=1,23,... (226)
. 6 in—1 wm . _Inm/E _m/e
" =— Ccﬂs( 3 -g—l-cp;”)—ﬂmrce @ie «|1—e @
T
n=1,2,3,..., (227)

oo (226),(227)  50mbobwegdgddo  99dsgscno  993035¢96@w60
356599@GH®900LsmM30L 23593L:

A=—3U,, - Y2h )
_ -1 V3 =z
B =—u[iZ"1(0) + 2 v, (B, -36,)|: -
C =—3U, - ¥
D=—pu [t,ﬁ”(nj—‘;—aumc-sc]. )

(228) 993035 9bGHMOO  356599FBHMGOOL  25dMbObIgd9dTdo  Fglsdsdolio

933035960 3mIB0E0YIEAIOOLIMOL 53573
1

w?L,C, . 55
u= [wri:];: q_r;t‘n -1 EI'JI} + m“r:‘tg 21 i 1 H
; (wC:—51) + 36
Zn 0 Bc
w; =90" + arctg 1 ;
wCy —le)Jr G,

In—1 _ 2 1 1 : 1 i
FEIjS = w Llcz I:(CUCE - _CdLl)+ EGC] + (EBG) H
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1/2

- , 1 z )
2 = wlL,C, {[(wﬂ'a - m—Li) + GE] + 3;} ; (229)
5305 9900093  3939GM@Mm  9eHmdsbgol T TTgbol  Lsdvyeeem

960936900mds 17" 960l Lsdwgsem 3603369wmdsls:
I:n—l — I:n (230)
(226), (227) @500bobengdgdol  gom3zseobfjobgds (230)-do, dmagzi39dL

399099 GH™MEMdsl:
p (4n—3 T’E.'+ 2n_l) c (4n—1 ?r+ zn)_
- cos > gt - COS S gtet )=
/6 (2n-1n/6 Inm/6
= wT, (1—&“:)-[8-& @t —D.eg @ l; (231)

(231) BHmermds g gds bmemE s dbmermE 0d dgdmbgggsdo,
OMES (39390039 GME@dolL do6rx39bs TboMg s oMEbgbs TboGgg SOl
Bmeol  Gmero. 530l Qom35¢olfiobgdom  (231)-sb  309dMEMdD MG

599300939 BHMEWMBSL:
Trem1_ T\ _ (. Ioem T,
A-cos(n-E-l-cpi 4) C cas(n E—I-cpz- 12)—13, (232)
B-e @% —D-e @%=0; n=123.. (233)
(232) Bmeomdoqsb 435J3L:
3 Asin (rpf”_i —%)— Csin(fpf” —%) 3
n=——arctg . = -I-E[-’-l-kil]; (234)
T Im—1 __ Tt} 2n __ Tt
Acos (:;J:. 4) Ccos (cpi 12)
(233) BHmMEmd0b 435J3L:
=14+ ° L i 235
n= —wrln; (235)

(234) ©> (235) (o6mBmogb9b (231) 9B6GHMgdol  99d3035¢9bEGHME
59mbobbU. (228) Bogligom (235)-do s d90mz00Mmm 50bodgbs:
\."'E u

Q) = — . 2. 236
) =5 oy (236)

35d0b dogomgdo:

1+72(0)(B._— 36
1—2r2(0)-G.

n=1+—wrt.ln
i
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(237)-80  350035¢0bobgds  ©sdYsMGOMEo  3OME3gLOL )Y OO
©0969000L Lsfigolo 3609369 MdGdIOL GHmerMmds:

it (0) = i (0); (238)
(237)-0s6 Bobls, Gad :
B, > V3G,;
1 239
6: < 5oy’ (239)

(239)-80 g530m35¢mobfjobmm (236), dog0090m:

I"'|
2 i 0]
G, < ||_B.:' I (0)
‘\‘3 U?‘J"I.G

(240)

(240)-80 019 3530m35¢0obfjobgdm (208),(209) s d030090m, HMI

4

wl

c

ctg@, = » 35006 baderoerenco g394bads:

. 3
(7(0) > S Uy, - Goctg0 (241)

503565,  ©3YoMdMo  3OmEglbo  8Yshgds  od  m-ob
360093690md0LsL, HMIOL EOMLSEG OEE0s (241) MGHMEMDdS.
3g00bgggoloogol,  Geogs  12M(0) < SU,. - Getgo; X960 30003

8000b656(MOL 456053535000 3OHMEQLO.

3.5. 3000 53EHMbMIom™o gumgdEHmgbytagdoldmwo

35M5engeom® Lol gdgddo 9egdd®mdsgbodm®o
39053535¢00 3MM39U9d0L 3083049GHYMHME0 FMPILOMYDS.

9600560 303(0EMEO 3565 MHo  gbgembolBqdgdol (122)-(131)
85oBOM@RIPRO  3obbmpsPw 396G  2(n—1 =ty = (2n- 1)

06396359030 oGO0 BmMIsdo sbig BoofgMgds:

Zn—1 df[:tz:*:— j
a1 Yar,

= At v ums DI, (242)
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boo@ (242)-8o mommgmo (j930900Lsm30L 2oblboer dymdsdgmdsdo
03°73V:

I
R
[
J (o]

]
Y
[ T e T I

Azt = ; (243)

o T e Y e T e T e T e Y
I
.:..:..:.I—"l:":'l:'
L
o T o TR e N s Y s Y s I
o e Y e T e e Y

o0 O
oo o,
oo

£

L=}

duirt
dt!n—l

2n—1
dusy
dt!n—l

duig_i
II"itz;'z—l
df (t31) _ [ - _
de, || = dt, _,||; k= ABC n=123. (244

2n—1
du;g
dt!n—l

rIn—1
dij]
dt!n—l

» 2n—1
di;;
dt!n—l

|If1(t2n—1’u2nfc_1j” =

0
i:n—l
cIn—1 _ Im—1
fz1 - —liypa
= rIn—1 0 rIn—1 ; (245:]
11~ — Iy
2n-1 Zn—1
Ugeo — Uge

U, .sin60? - sin(wt,, _, +60%) — R_iZ"" 1

k=A4,B,C; n=123, ..

(242)-0ls 5Bcablsbs || 4 (E2n- 1j/dt 308600 33dg3L:
Zn—1
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df(tzn—lj/dtﬂ

= 1A= || £ (tpep 2D (246)

LoS3 (246)-0b MmomMmgMo (936M9d0Lsm30L FobLboE FyMIsMgmdsdo
8393U:

I(a®= )7 =
1 1 1
/e, /c, — /e, °o 0 ° 0
1 1 1
/c, /c, /c, o 0o o 0
0 -1/ L 0 0 0 0
1 2
1 1 1 1 1
A Ye, Mot Ye) ~(Me,tYe) o 0 oo
0 0 1 -1 0 0 0
/e, Je,
1, _1
0 0 0 0 XLl ;Ll 0
sin60°
0 0 0 —R 0 0
/ L, LC,
df (t,
f( *”‘J/ dt, . 390mlobmegds  (246)-8o  FoMImepgboeros  (124)
390mbObMEgdo:
LG 1
55531
i
Ity 22D = i ; (248)
ug’
uge
U sin(wt,, _, +607)
k=A4,B,C; n=123, ..
NOSDO () () (o) SMO (@) “MLO O (@)
9O®0560  303MOEYWO  35MOIW YO0 9bgEMLOoLGBIoL vy

69:109900L5m30L shgMoo (173)-(189) 456EHMgd900 gobBMASIdIEo

(2n — 1]& <t, <In i, k=A4B,C n=123, .. 0639635wgdobsmgol

Po8m350306Mmm oGO0 3mGdsdo:

4 df(t, 4
[ En) o M = e il =123, (249)
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LoS3 (249)-d0 MoMOMgo (936M900Lsm30L 4obLBOE JAMTsGgMdST0

33°J3L:

A% = ;n=1,2,3,...,

[ T e R = [ o T o T
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