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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.

In chapter 1 the following items are considered: classification of wind-
powered generators; the regimes of asynchronous generators, Instant values on
wind-powered generator clamps; physical basics of solar energy conversion
process; volt-ampere characteristics of solar photoelectric element; forming
general structural scheme of hybrid parallel energetic system; working on
autonomic hybrid energetic system principal calculating electric scheme while
working in variable electricity network. We have discussed three groups of
schemes of wind-wheel devices and their positions according to wind generators.
Functions of asynchronous generators motor , generative and anti-circuit and
brake regime are shown . Regulation of reactive power and compensation items
are studied. Asynchronous generator excitation items are processed.

The general theoretical images of three- phaslc voltage straightway
meanings on asynchronous generator output clamps are received including wind,
the shaft wing and the following parameters of receiving variable current power
supply network . Hydrodynamic ratio of the wind-driven wheel resistance;
average wind speed; wing’s circular movement; wind density; ratio of using wind
energy; the area of equivalent Wing surface; the voltage meaning in the
entrance of receiver variable current power; the meaning of voltage on the
output clamps of wind three-phase generator; shift angle between the voltage in
the output clamps of the generator and in the entrance of receiver variable
power; the complete circuit equivalent active inductive impedance.

Electric scheme of solar element substitution and its volt-ampere
characteristics during different temperature meanings and in various solar
radiations are discussed. With the help of Lagrange’ interpolation formula and
Theylor's rows collapse processes volt-ampere characteristic image we have
received three square form for complete accuracy of engineering calculations. We
have presented the structural scheme of general modern hybrid parallel power
grid, In which we considered both constant and variable power voltage systems.

Principal electronic scheme of impulsive regenerator of constant and
variable current single-phase voltage hybrid parallel power grid is processed.

chapter 2 deals with regime determinations which relate to sustainable
modes while working in autonomic hybrid power grid; regimes of hybrid power
system; analysis of problems related to small and nontraditional power grid are
performed and the main technical requirements that are in energy supply
autonomic system are complied with.

The general structural scheme of hybrid parallel power system is
presented, where wind power station, solar power station, accumulator battery,



constant power generator, three-phase network inventory follower and three-
phase alternating current receiver network take a main part . Functions and
regimes of each element and variable power receiver network are discussed.
Principles and working conditions of these elements are focused.

We have proved time variation of hybrid power energetic united system
during some period, while working at power network, stable general six odd and
six even regime. Therefore, electrical properties in the abovementioned generator
system is studied, control impulses and commutative functions, time dependent
regularity algorithm. In hybrid autonomic electrical system in parallel working
for calculating odd and even regimes which calculate principal electric schemes
are studied.

chapter 3 focuses on the universal method of math and computer modeling
in mathematical and magnetic transitional processes in autonomic hybrid power
system, while working simultaneously with power network, general odd and
even time interval electric balance equations are made to resulted complex
electric magnitude on the basis of processed variable conversion method. We have
clarified the equivalent parameters of united generative system and their ratios.
On the basis of complex reversibility matrix of resulted variables, adequate
phasic electric magnitude instant values are received.

Solving equations resulted in the fact that appropriate expressions are
acceptable  for each electric magnitude. Theoretical existence of interval
expressions depend on the given parameters, on the basis of 2n-1 odd and 2n even
intervals by equalizing electric variables. Electromagnetic processes of computer
modeling perfect work is done for odd and even time intervals. Each electric
magnitude that is in time produced expressions in matrix form. By equating
determinant to zero we get the condition, when derivatives are huge and with
equivalent inductance, the product is considered to be boundless magnitude. It
means that we have a chance to get a ratio between parameters and ratios, for
which determinant does not become equal to zero. And therefore, commutative
overstrain does not happen. While computer modeling it appeared that it’s
essential to use extra solar element volt-ampere characteristics.

For constructing electromagnetic process structural scheme, adequate
mathematic operations are analyzed. Transitional process modeling schemes are
made for odd and even intervals. They provide us with the opportunity to visualize
mathematic links among magnitudes including basic meanings.

In united generative system the position of variables matrix the method of
making equations are processed and their numerical solving for adequate intervals.
Appropriate difference equations, as a recurrent formula is received. They are
compatible to calculation of numerical method by computer programs.
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_ 7 i .
Ugco = Lq 7 T Ucess

. _ duc3 .,
i1 = C3 T + iy;

Uge = Uez + Ugcos

Uygo = —Upesin(wt + 30°);
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(80)
(81)
(82)
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(84)

V3U, sin(wt + 60°) = 2R, i, + 2 (LA + MU — % Mlz)ﬂ. (85)
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J (87)-0096 30m35¢00L{0bgdm» EHMEomdsls Uge = Ucs;

J (82)-009b 2563LsbL3Ms3m i1 ©IbL;

J (81)-005b6 2563L5DWIM93 Uy Fo0ZOU;
o (83)-005b6 2560L5BMZMGIS U, I5O3IS;

o (88)-0056 2560L5BMZ3MGdS Uy F5O3IS;

J (79)-096 2960L5BP3M5ds T ©bo;

84



III ®gg0do (%ﬂ Swt< 3—“):
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dt
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1
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2

V3U,sin(wt + 60°) = 2Rgip + 2 (LC + MU — %Mlz)
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mc c‘Cc C 2
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iB = iA 5
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dt
dic
dt’
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dt ’
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dt’
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(97)
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(99)
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(102)
(103)
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(108)

(109)
(110)
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Ucs = Uge = —V3Upesin(wt + 60°);
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IX égg000 (%ﬁ <wt< 9?n):
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Ucs = Uge = —V3Upesin(wt + 60°);
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V3Upesin(wt + 60°) = 2Ryiy + 2 (LA + MM - %Mlz)%;
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Uge = Uez=V3Upcsin(wt + 90°);
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Upmesin60°sin(wt + 90°) = Reiy + (Lc + MM - %Mlz)%;

VI 6gg080 (%ﬂ <wt< 6?ﬁ):

iB = lc,
diB_

Upnesin60%sin(wt + 90°) = Reig + (Lc M= %Mlz) ls

VIII égg000 (7?“ <wt< 8?“):
ip=1ls;
U,,.5in60°sin(wt + 90°) = R, ip + (Lc + Mt — %Mlz)ﬂ;

dt

101

X (gg000 (9?11 <wt< T):
lc=1la;

dic |

Upnesin60%sin(wt + 90°) = Reic + (Lc + M1 — %Mlz) <,

XII éggodo (117“ <owt< 12711):

iC:iB;

(137)

(138)

(139)

(140)

(141)

(142)

(143)

(144)

(145)
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39Ms  8doly, 396 091009030 9930350 9bEHMMO  Lobmlmogdol
5330@M©qool  360336gwmdgdo  mOxgH  dgBHos @l  Hgg0ddo
993035 96&19M0 LObMLMOWYdOL 5330 IODY.

00MJMo ©9:5039080 oMmdMm©gbowo 496GHM®WgdgdoL Logmdzgw By

d9L50530bo  Lggdobomzol  yzgws  gugdBHMMEo  LBooggdol  LOYIES
39bLsBE3OOLIMZ0L 3099699, I 951090LsmM30L HomImeggbogr

5CMmOOmMIGOL.

3.5. 303G0EE0o 53¢MbMIoMO 9H0sb0 3Msdddbgeo LolEgdol
99330 FmbslfimrmHmdol gsb@Ememagdgdols samblbs

(136) o (146) 9gargd®HOMo  HmbobfmOH™dol  25bEMEgdgdol
53mblbol 3Mm3gbdo dgdmgzommm 990930 993035 9bEWGmO  3565d9GHMYOOL

@S 99dGHeMEo LoEOYqdOL 00MMYM 095009000  Lafigolo
36009369c™mdgd0l  dmEgdwme 35659990y  ©99M 300 gd0l
3990bobyegdqdo:

159gIBS 33O IBOL JugErol 993035¢9bEHMMO GO fobommds:

Zc = JRZ + (WL)%; (147)
993035 96&HMB0 LEMEO 06YIEOYHMDY:

L, =L, +M1— %M“; (148)

88



159G 33190 IHOL JugEEol BIBME dodgzoLd S bsBMG bl FmMol
9360 3mmbol 90°-8g 89853b9d9e0 (@b@b@g&omo) Jmoby:

Qe = arctg (149)
33190 6ol Jugerol Mol dmdogs:
T =25 (150)

Jugeols bsbmeo 96900l 9930359660 53303900l
3906BM50g0Mmo 3953030963900 Bgdoldogmo n - 0bEHgMm3z5egdolsmMz0L
6900Ld0gM0 k-g3obgdobsmgol (k = A4,B,C; n=123..)

—J2n-1 — \/— UmC 1 \/§ Unnc
km1 2 ZC km1 — ZC
V3 3 (151)
Umc(Tch_ZRc EU -R
IZn—l _ I _ 2 mc c
fam2 RE+ (L2 = 7z )

33W9®0  ©9bol  Jugerol bsBMMo  ©g6gd0L  FoBBMPsIdIMo  Lsfyobo
360083690 md900 6300LdogMHo N - Mg0dol Jglodsdolo 0bEgMzscgdolsmzoU:
T
o10) = Ve TR — 128 cos [2(n — D 2+ g +90°] -

2(n—1)—6a’;

—I2 e k=A,B,C; n=234,... (152)

—2(n-1)—"— T
i2"(0) = iZ" 1 (0)e 2 Vg, I cos [(Zn -1 gt et 600] +

+IEngle @ VR, keABC; n=123,... (153)

33030 @960l  goMsdddbgerol  (dp) dodmbogodg Uy,  d5030L
99303596 ¥M0 by gdol 3mggoE0gbdgdo:

1
Uit = {[\/_Umc(a) LiC3— 1)+ wlLy - IFY, - cosgoc] +(a)L11kmlsm(pc)2}2 (154)

tan

waZ:Ll [i2"(0) — I2",]e *, k=AB,C; n=123,... (155)

Ugeo 9503585 Q5 icy = i1 ©©96L Mol 994303596@w60 d3cmol 3mby:

2n 1
- wLqligmSing,
= arct ; 156
Pudco g V3Upe (W2L,C5 — 1) + wL, 21 cosq, (156)

Ucp 95030L 993035¢96@M0 dqbgegdol 3mgn03096G 900!
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1

—u/, {[\/_Umc(w L,C3—1) + wL I,?,’,‘lllcoswc] + (lel,f,',,lﬁlsinfpc)z}z (157)
uly = 2[iF"1(0) + 125", k=ABG; n=123, ... (158)

B GH™I9JAHO0 LYol A5TMBOgsbg 96 Y-0l Fqlogsebg i gbols
3008060gbdg%o:

N[

ién_l = V3U, - wC, {[a)Ll (a)C3 +%Gc) — 1]2 + (%Bca)Ll)z} ; (159)
]y = 2 [iE71(0) + Upe - 2(B. —36.). (160)

il = V3Upewe{[wly (wCs + G) — 117 + (0L B2 (161)

i), = 42 [#(0) = F UneGe] (162)

d9L50530L 0bBGHYMZ9e9gddo I EIbLS s Uy 350358 MGl 9J30359bEGO

dgmob 3mmbgqdo:
/ %leBC
@; = arctg 1 ; (163)
wly (0C; +76.) = 1
wlL.B
<pl-// = arctg 1 (164)

le(a)C3 + GC) - 1
Lo9GIBY  33o©0  ©IBoL  Jugwol  sdBHomdo G, ©s MgedBHomwo B,
259BHoMOMBIO0:
R, _
RZ + (wLc)?’
wL, _
RZ + (wLc)?’

G, = (165)

B, = (166)

396@Mgd9d0L 5dmblibols 9909250 0OMNMI IO 9 9JGHeo
LOEOEOLSMZ0L  30JOMMdm bgdoldogMo 2n—1 39640 ©s 2n vfo
69:709900L5m30L 39809y 399MLObEgd9dL

2ty q) = lén scos(wty g + (pl +60°) — 12n 1e_t2?c_1;
k=AB,C; n=1,23, ... (167)
2™ (tyy) = Léncos(wtm + go// +90°) — e Tc;
k=A,B,.C; n=123, ... (168)
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i M) =0; i (tn) = 0; (169)

2n 1(th 1) - Udc' ug{l(th) = Udc; (170)
2n 1 U _ 600 // - 2-? 1.
(th 1) =Ugc—u ZSln(thn 1+ Quez + ) + Uu, ¢
k=A,B,C; n=123, ... (171)
uggl(th) = Udc - uécoSin(thn + Pudco + 900) + ué/coe TC ’
k=A,B,C; n=1,23, ... (172)
-1 2n- -1 0 2n—-1 ~famms
udco (th 1) Ugco1 Sln(thn 1 + (pudco + 60 ) — Ugeoz € Te )
k=A,B,C; n=123, ... (173)
_lan
ué?o (th) = u?i?olsin(thn + (pigco + 900) - ué/coze fe )
k=A,B,C; n=123, ... (174)

(173) 359mbsbmeqdsdo 3m95303096GH)00LsM30L 33543UL:

1
2
uinl = {[\/_Umc(a) L,C3—1)+ lel,ET’,‘lllcOS(pc] + (WL IF1 sing,)? }

k=A,B,C; n=1,23, ... (175)

t2n—-1

udnl =2 [iin_l(o) +Ign-te , k=AB,C; n=123,...

993035960 3Mmmbolsmzol az593L:
wL IF sing,
B3Upc(w?L,C3 — 1) + wLy IFE T cos,

2n-1

Pudco = arctg\/_

k=A,B,C; n=1,2,3, ... (176)
iﬂl_l(th—l) = _‘/§Umc ) wc3cos(wt2n_1 + 600) -
_bon—
—I2Mtcos(wtyp_q + @c + 60°) + [i2771(0) + 125 e T ;
k=A,B,C; n=1,2,3, ... (177)
i (tyn) = —V3Upe - wescos(wty, +90°) —
_ton
Ikmlcos(thn + @ + 900) + [i,%n(O) - Ikmz]e Te;
k=A,B,C; n=1,2,3, ... (178)

oan—-1

(2" (tgn—1) =-IFk1 cos(wtyn_q + @ + 60°) + [(Z*71(0) + IZ5 e = ;
k=A,B,C; n=1,23, ... (179)

_t2

il%n(th) :_Ilgrrrlllcos(thn + @+ 900) + [ n(o) - Ikmz] e

S
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k=A,B,C; n=1,23, ... (180)

domgdemo  (167)-(180)  259mUobmengdgdo  Lsdwmoegdgdl  0dgg3056

3963L5BMzOM®m  dglodsdolbo  gwgdBHOMwo  LoOEYJo0,  OMYME3
594569390, 55939 29MsT935¢ 30MM(39L9dT0.

9395 JIIOONWO LOROY PHMOL JOMO s 0E3Y dmTIBGHT0 s>efig3l
05300 539690 36033690 mdIOL.

090bom30L, MM QoboLIBOZIO™ML  0d N 0bFIMZswol  bmdMob
360083690mds, HMIol EOMLSE 84s6MHgds ©sdYsMgdmwo 3Mm3gbo s fobs
395¢ 0b39Mz35wdo  MHmIgody  99dBHOwo  Loool  LsdMsEom
d6003690mds  Hmeo  bgds  dmdgzbm @i 0bGHgM3sdo 00539
99dGH®wo  LoooL  Lydswm  360d369eMdOLs, LsFoMms  Bo@oMmIL
b9 2o56256Mm0d9d0L 3GMEqLo:

3009000  Begomdol  gbom©sgs® M H(tymo1) @0 1% (tan)
2590bsbyegd9d0L 36003690 ™dq0L d9L5d5FoLo© 2n—1¢qos2n
06@ 9635 9d0Lsm30L. (167), (168) godmbobvyargdols Lsggwydzgu By mommgme
06@® 963530 59 ©gbols Lsdmsem 3609369 Mds 25dMOLsbgds BMOIME0:

(2n-1)g
12n—1 — i 2n—1 d . =123 . 181
/6 l (wtan_)d(wtzy—1); n 2,3, .05 (181)
2(n-1)g
Zn%
1
= f ity )d(wty); n=123,.  (182)
(2n-1)g

(167) g59mbobegdols Bolds (181)-do bmgom (168) as9mlsbmengdol Rolids

(182)-30 3565gdbg00Ls s 06E M0l SdMMgdol 9999y 335d¢g3L 99909y
36003690 md9dU:

6 4n—-3 7w _(@n-Vn/6 _m/6
7t = - [Acos ( g + <Pi2n_1> — Bwt,e  ®Tc - (1 —e ch)l

2
n=1,2,3,... (183)
2 6 4n —_ 1 T on _2n1r/6 _7'[/6
I"=; Ccos( > 'g"“Pi )—Dwrce Wl -|1—e @
n=1,2,3,..., (184)
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oo (183), (184) @50mUobmengdgddo  dgdogsero  9d3035¢9b@weo
356539¢3M900Lsm30L 33543L:

—V3Ume Yy )
B= [2” 10) + 3 2 e (B — V360)|
\ (185)
‘/_U 3:]3'
DZ—M[ n(o)_ Unc G] y

(185) 993035 9b@GHWEO  356599BHMGOOL  godmbobrgdqgddo dglsdsdolo

9330350960 3mIB0E0IHEIBOLIMOL 335d3L:

(UZLlCz %BC
U= o)’ ;o @t =600 + arctg T T
Cc —_ —
(wCs le) + 706
B
@™ =90° + arctg Cl ;
wC3 - w—Ll) + Gc
1y 1.7 1"
-1 _ 2 :
1 2 1/2
— )2 2.
YOdS w L1C2 {l:(ng - a)_Ll> + GC] + BC} ) (186)
5808 8989y 393HME@@mm  9eHmBsbgol 7 rEgbol  Lodmsenem
96093690 ™d5 ©5 1™ ©9bol Lodwgoem 36093690 ™ds:
j2n=1 = p2n (187)

(183), (184) g58mbobergdqdol  dsmgzscolfiobgds (187)-do, dmagz3qdL

0990092 GMEMmdsL:
4n —3 m 1 in—-1m
A-cos( > '8 + @; ) C-cos( > g"“PL )
/6 _@n-Dr/6 2n-m/6
= WT, <1 — e“’fc> : lB e Wic —D-e 9 l; (188)

(188) Gmmds Igbmrmergds dbmewmo ©s dbmwmo 08 d9dmbggzsdo,
OMES (393939 GME@doL Jobrx3gbs dboGg o FoMmEbgbs dbostgis SM0OL
Bmeoll  Gmero. 530l gomgzowolfjobgdom  (188)-sb  309dMwmdm M6
©53M9300GOJ BHMEMBSL:

A-cos(n §+<p12"1—%)—C-cos(n-g+<pi2"—%)=0; (189)

93



B:e @c —D-e wTc=0; n=123,.. (190)
(189) BHMeMdosb a3593L:

3 Asin ((pl-zn_1 - %) — Csin ((pizn - %) 3
nz—Earctg PP » = +§(4ki1); (191)
n-— —) — n_
Acos ((pl- - 4) Ccos ((pi 12)
(190) BHMemdosb a3593L:
6 B
n=1+ ;wrclnﬁ; (192)

(191) s (192) Go60mo9b69b (188) 2963 ™MEgdol  9d3035¢0gbE M
59mbobbU. (185) Pogligoom (192)-do s d9dmz00mm 50bodgbs:

v3 U
m0) = — =1 193
d5d0b dogomgdon:
6 1+ r#(0)(B. — V3G,)
n=1+ ;wrcln 1—2r27(0) -G, ; (194)

(194)-80  350m35c0L{Hobgds  ©sdYsMgdMo  3OHMEILOL  FYgd0b
©969000L Lsfigolo 3609369 MdgdOL GHMEMds:
ig"(0) = " (0); (195)
(194)-056 BsbL, O™ :

B, >V3G,;
(196)

Ge < 2oy’
(196)-30 a530m35¢0LHobmo (193), dogowgdom:

2 i£"(0)
G. < §BC U (197)
(197)-80 v a930m35¢0L{obgdm (165),(166) s> J030090m, ™A
R
ctgp. = j, 35906 LEdME MM 343946900:
c
iZ(0) > 2 Upe - GeCtgpes (198)
50239605,  ©5dYsMHgdMwo  3MmEglo  39smYds n-ob  od

360093690 md0LsL, HMIOl EOMLIE EE0s (198) MEHMEMdS.
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B99mbggzolomgol,  Gmags  iF"(0) < %Umc “Geetgpe; X 3093

8000b5(gMOL 45053535000 3OHMEQLO.

3.6. 300M0EYOo $33MbMI0MMO gHm0sbo ssdddbgmo LolEgdoL
999 GHOMA5360G MO0 3G:m3gLd0L 3m3301YGIOHEP0 IMPYEOMYDS.

960560 30000 3569 MM0  9bgMAMLOLEYIgOOL  (79)-(88)
290BMEadgd0  gobbmysgde  396¢)  2(n—1) % Stpm-1 <(@2n-1) %

06396359030 oGm0 3 BmMIsTdo sbig BsofgMgds:

_ df (ty,— -
A== fGan 1)/dt2n—1 = lfi(tzn-v, ume DI, (199)

Looss (142)-do mommgmeo §930M0Lsm30L  asblbog dymdsdgmdsdo
03°73V:

; (200)

O o o oo
©C oo o oo

1

0

0
lazn-t=|lo -1 1

0

0

0

N elNoBeNeloNe)

o~
)

2n-1
duzy
dtyn—1

2n—1

df (t3n-1) _ |[4uaco / L L

2n-1 /dtzn_1 = dt,, (|| k= AB,C; n=123,.. (201)

duZi1
dtyn—q

-2n—1
dij]

dtyn_q

2n—1
diy

dtyn—1
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I f1(tan—1, ume DIl =

i2n—1

on—1 _ :2n—1
lr1 lyps
_ 0 .
- .2n—1 .2n—1 g (202)

5% 5

2n-1 2n-1

Ugeo ~ — Ugc

Upnesin60° - sin(wty,_1 + 60°) — R i7" 1

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

(199)-0b 53mblbs df(tzn—1)/dt2 . 800560 335393
n-
df (tn- e _
Pl = 1D 1 Cnn i (203)

Lo (203)-0b Mo0MgMeEo 9300LsM30L AoblBow dEYMTsMgMdSTo 335g3U:
@z H 7l =

Ye, Ye, -, o0 0 0

e, e, -, o 0 0 0
0 -, e, o 0 0 0

A Ve, e+ Ye) (e, +e,) o 000 il
0 0 Ye,  =Ye, 00 0 0
0 0 0 /.
600

0 0 0 ~Rp 0 0 Slzlglo

df (tzn-1) /dtz ) 290mbobyemgds (203)-80 Fomdmagboos (204) s
n—

(205) g99mbobmegd00d:

i2n—1

i2n—1
VD3
i2n—1
L1
— 2n—1
||f1/(t2n—1'urznnc 1)” = "
2n-1
Ugco
uzz

UmeSin(wty,_1 + 60°)
k =A,B,C; n=12.3,..

: (205)
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960560

300600

356590

96963mbobEgdol

ofo

60:309900b5m30L  sfigMowo  (130)-(136) 2963 MEdgd0  496BMYPsIdMwO

s s
@n-1)Z <ty <2nl,

0963m35020b6m F5GHM0oEME 3m™Mdsdo:

k=AB,C; n=1,23,..

df (t
oz || En M= ot BN, 7= 123,

06@96M35¢0900Bsm30L

(206)

L5053 (206)-do oMM Eo §930M0LsmM30L Aoblbon IEYMTscgMdSTo 3353L:

A7) =

df(th)/dt —
2n

1 f2 (tan uime) Il =

1 0 —1 -1 0 O
0 ¢, C,b 0 0 0
0 0 C, 0 0 O
01 —-1-1 0 O
00 0 0 C;3 O
0 0 0 0 O L
0 0 0 0 0 O
auzn
dt,,
du?l
dt,,
du?
dt,,
duZn
dw/dth ; k= A,B,C;
du?y
dt,,
di?}
dt,,
di"
dt,,
0
l'Zn
irr
0
Gy

k=A4B,C;

2n 2n
Ugeco — Uqgc

0

0
0
0
0
0
L

Upnesin60° - sin(wty, +90°) — R iZ"

n =123, ..

C

n=123,..

)

;n=1,2,3,..

., (207)

(208)

(209)
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(206)-0ls 5Beablss || (tZ")/dtz -0l 808560 335deggaL:
n

), 1= 1@ [ o )|

s n=123,.., (210)

Loss (210)-do0 mommgmeo §930M0Lsm30L  Asblbog dymdstgmdsdo
83°J3b

1A=~ =
Ye, 00 0o 0 0
1, _1
/e, =Ye, O 0 0 0
ol o0 0 0 0
1, _1
_ /e, —/c, O 0 o 0 . 211)
0 Y ~Ye, 0 0 0
1 1
A
sin60°
0 o -R 0 0
/LC L.
iZTL
iy
2N
i
[IACHEAIE 2n ; (212)
dco
uge
Umnesin(wty, +90°)

k=A,B,C; n=123,..
(203) 3990bsbYe 9006 06@ 93050l 59M90d OHMOL
0639035 9d0LsmM30L - 2(n — l)i Styp1 < (2n—1) % , 339093l 99992

06393050 259mbobmegdgdl, Bsdogdgwro  (33sEIdoL  dodsdo  39bEo
69:309900LsmM30L:

(2n—1)%
If (E2n-DIl = j {l@a#=H=1 - ||f1/(tzn-1,urzr{’c_1)||}dtzn-1 +
Z(n—l)%
+If [t2n-1(O1I; n=123,.., (213)

Lboog (213)-80 |[f[tzn-1 (O]l 6oL |If (t2n—)Il 33s0gd0L  Lsfgolbo
9600836903900 goblsboggge 0bE9gM35w9d0L obsfyoldo.[31].
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(210) 3990bsbYe 9106 06@ 93050l 50mM09dS OHMOL
0bBHM35egdolbsmgol - (2n—1) % <ty < Zni 335993l 99992

06393050 953mbobyegdgdl  Lsdogdgo  (33¢9YdOL  dododmo  rfio
69:309900Lsm30L:

@n)gg
1f Cean)ll = j A2 |1 a2 ||} it +
(2n-1)z
+If [t2n (O]l n=123,..,k =4,B,C; (214)

Lsog  (214)-80  |If[tzn (Ol 560b  [If (t2)ll  33@gd0L  Lafgobo
9600836903900 gsbLsbogzge o 0bEgMzswgdol slisfigolido.
dBolb  BMEHMIWgIBHOMwo  LyEyMGOL  dm3gdMEo 3505393 MYdOL
d99my39bo 399600005690 30060 M 39659 )©
99 HOMIBIOFIH0ZN  Uggdgddo  fo®dmgdl  dbob  gegdgb@ol M-
593900 sboliosmgdeol  s0dfgmo  (40)  335MsGHMwo  LdF93MOL
bog3dzgwdy [19]:
Uje = A1) = (1+ A)i* + 1, (215)
LoS3 A1 309B0(3090GHO JoTMOMZEGds Sbyg:
A = Jacosey ! (216)
i:;e,@(i:;e@_l) b3y

Uge @5 1" goOHOMd0m 9009w qddo §omdmagbowo Looggdobsmgol

2n—-1 2n
33°J3b: Uge = ZZ 3960 06BHIEZBOLIZOL, b Uge = 4 corno

cobs Udcoy.is

06 96M350900L5m300. 31939 339J3L i @960l RBIOOMOOMNO

360093690 mdobsmgob:
R i2n—1
it = 3960 06396356 930LsM30U,
Udcgj.b
. Rgi?m
i = o 0b3gMH35¢gdolomz0U.
Udcg.b

(215)-q56 59mgbLbsm i* BsMEOMdOMO 36033690 Mds Uy, dsd30L BoM©OMI0MO
360093690 md0l d0ds6ron s Jglsdsdolio d03009dm:
39530 69:503900L5m300:
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it = A+ JAg + ALy, (217)

o Gg703900Lsm300:
= AL+ 4L+ AUz (218)
LoQS3:
/:1+A1_Ud1’j.[) 3
! A, 2R
/ 2 2 3141
dcoy.b
/ 4R2A,
3 qugb J

(219) g99mbobmgdgddo s Uy, i* $9GMd00 LOoEWOWYJddo d5BOLYH
Bo@OEY 509005 Ugewm s 350300 860836900mds ¢)ddo bgerolsl[26].

396BM5090M 396¢) 095009000 ©353HYd0m FLIMRGOCMdM TJGIWOIRO
0%9M96(305¢ M0 256G MMgdom:

2n—1
dug;

dtyn_1

on—1 _ :2n—1 _ :2n-1
lypz3~ =11 ~ —1 + ¢

; (220)

(213) o (214) 59mbobwqd9gddo gog30m35¢olfjobma dglsdsdols (201),
(204), (205) s (208),(211),(212) 358mbobwemgdgdo, 35HoMmmor (204) s (205)
3oBM03900L, saMgm39 (211) s (212) FoGH®03gd0L MOPDOIMM A5IFMZW 9D,
oL 890929053 0300980  gbo  Lobgdo  Lsdogdgwo g gdEHOHIo
100Y900L 999 0b6FJAMIWME 25TMbObYIEgd9dL:

5) 296D MYogdMwo 39660 2(n—1) % <tpm-1=<(2n—-1) %,

063 96M350900Lsm300.
o e 1 1 1
vitt= [ (gt e - B de + URTO 220)
Gy Gy &}
Z(n—l)%
(2n-1)g
1 1 1
= [ (G - ) de O (222)
&} &} &}
2(n—1)%
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1 1
= [ (g - ) e B0 (229)
C, C,
Z(n—l)ew
(Zn—l)ﬁn
2n—1 2n 1 1 2n—1 __ 1 1 2n—1
Ujco ™ = + G, +Cz lyp3 C_+C2 ir7 |dtyp—q +
2(n—1)6’z)
+U3z 1(0) (224)
(Zn—l)%
_ 1 1 . ~
ug™ = f <C3 L 1)dt2n_1 +ugz ™ (0); (225)
2(n-1)g=
(2n—1)6w
1 1 o
= [ (pdst - ) de H O (226)
Ly Ly
2(n—1)
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3906@MgdsL. 00  F9mogLgdsos  3MA30EIOo  Bgdbmermaoqdol
3996950m0d900L MHo(3b300 IgNMOJIMb.
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