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Abstract

In Georgian and Turkish power systems have connected to each other in
parallel asynchronous operation through the b2b station. It was bossible Georgia
was exported 700 MW power through Akhaltsikhe b2b.

Such connection will create high frequency harmonics in both of power
systems, which causes sinusoidal voltage waveform distortion. The main reason of
such distortion is a nonsinusoidal characteristic of a load of the converter blocks.
Voltage distortion creates several problems in both of power systems (worsening of
power quality, additional heating of generators and transformers, increased losses
in power system elements, earlier crocking of insulation and etc.) and it’s
necessary to estimate the rate of nonsinusoidality and in case of inevitability to
provide appropriate activities.

In the work is carried out harmonic analysis for Georgian power system in
case when Georgia in asynchronous operation exports 700 MW power to Turkey
via Akhaltsikhe b2b station. For harmonic analysis the mathematical models of
high voltage of b2b station are created.

In a chapter I, it is discussed HVDC technology, high voltage converters
classification, their sphere of utilization and their main advantages and
disadvantages. It is also considered in general environmental factors caused by
HVDC system.

In a chapter II, it is considered main circuits and power constituents of
back to back station. It is also described 12 pulse converter scheme and all
canonical harmonics generated by it. It is shown thyristor module and it’s
auxiliary circuits. In general it is discussed important buses of a
conventional converter station.

There is also a constant power supplement built on the basis of the IGBT
type driven transistors. Compared to LCC type HVDC and VSC type HVDC
systems. The IGBT type constant power tab system is included. HVDC is built on
the basis of superconducting machine type transformers.

In Akhaltsikhe HVDC system the rectification and inversion processes are
done by AC system’s grid voltage (natural commutation), it means, that for
switching of thyristor is used systems voltage. In case of such commutation for
normal operation of HVDC converter, supplied voltages must be sinusoidal
and symmetrical.

In the third chapter, it has been investigated the work of converter in the
regime of inversion and arrangement. It has been cited equivalent scheme of
duble-bridge converter and It has been explained regime of a second, starry and
triangular connected scrolls. Equivalent Scheme has been composed for the two
double — bridge transformer, tank. Which has results of analysis and it is possible
to spread on the scheme for the one three-scroll transformer tank.

On the same chapter, it has been investigated the work of rectifier in the 4-
5 regime and has been explained sepuence of ventiles work. It has been analysed
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the regime of double — bridge converter, when it does not happen current
commutation simultaneously in the double bridge.

Also it has been explained the work ofinvertor in the 4-5 regime and has
been solved calculating formulas of the angle of switching off in the 4-5 regime of
invertor work.

In the fouth chapter, it has been examined. The main currents of
transformer tank, and strains, alternating current and capality of converter. It has
been investigated the meanings of stary, a second and triangular connected scrolls.
Current.. It has been cited duble-bridge converter scheme and has been explained
12 phases, in the fase of conventer, different numbers of harmonics how are they
conenecting inside the scheme.

In the same chapter, it has been carried out capality analyse on the opening
of converter. Ti has been examined the occasion, when loading current with
grouing, it shortens relative meaning of high harmonics in the input current and
that is why I(1)/I approaches to 1. For example for the duble-bridge converter,
when a=0 and y=30° ratio I(1)/I = 0.982.

Cosy (1) carryes out the important role in the coefficient of converter it has
ben examind the shortening ways of current harmonics in the given line of
substation outlet furniture, It maybe shorten high harmonics of current.

The fourth chapter deals with working modes of synchronous compensator.
Vector diagrams of simultaneous compactor and curvature of active and reactive
capacities are given. Analysis of transition regimes in the competer is based on the
Gorev-Park Equations. The images of the denominator values have been obtained.
The equations have been solved for the constant values of the frequency rotation
of the compensator, with the operative method taking into account the parameters
of the car, the corresponding currents of the currents are given.

The fifth chapter discusses the ways of decreasing power harmonics in the
permanent power transmission line. The circuits of the sub-station device filter
filters are designed to reduce the high order harmonics.

In the same chapter it has been examined possible versions of compensation
of reactive capality. It has been shown and cited schemes and formulas according
eapacity compensation, where in the regime of rectifier converter works
practically at the time of constant a angle and by the constant § angle in the
invertor regime.

At the end of the work, with the example of the Akhaltsikhe substation
have been researched several coefficients of distortion caused by the constant
power insert. There are also graphs in the special program that really reflect the
ways of reducing harmonics.
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Bob. 26. LobJOmMbmmo  39bgMsGMMIOOL  M33mgbody
09L5degdEMdgdOL  AGMEO
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Sy = 60,00 MVA PF = 0,00 Iy = 1189 A

Uy =11,00 kV SCR=0,78 fn =50 Hz
Iy =3,149kA Iy =461 A
2
U7 Uy Iy
1,4
,.-—-"'/- - 1,3
1,2 / 1.6

i

0,8

0, / ~ 0.3
/ - 0.6
0.4 =

0,4
0.2
- 0,2
0 L]
0 0,2 0.4 0.6 0.8 1 12 14 16

e lamd sob watinn Ir [KA]

m=iv o lina

Bob. 27. <40 LgamsBy 3ox M90S ©d 8m33eg8gMHm30L Tsbslinsmgdgmo

» - 3530 boboom gog3wgdmwos dbgdo.
» - OXO0M 500605 vdd bgasbY QoxIMGdS.
> mmeee- foogro 3mbd@BHoMmom sg90meos Imzrg dgmHm30L ©9bo.
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ESCR = 0,78 60 99539d@mMo 0dm3wgdg@mgol  Loddesgz®mols
3M9803096@0  (effective short circuit ratio). s6¢9 /b sbsengobols dsaseomols
d9dobgg3sdo gl 3965dgBHMo  Homdmoygbowos  ghmo  Bsbdsbolimgol,
B30mwgdM03 3060Mmdgddo 30 TglodwgdgEros MmMO SLBYMO  356M539GHMYOOL
dJmbg sb64obols dmdomds. b BodMEm ¥53do Q05X MdGLYdL SCR-L o
33946905 2 * 0,78 = 1,56.

50 99dmbggzsdo LobdOHMbMEo 3MmA3gLsGHMEmOL fowo s6ob:

ESCR = 1,56.

096 /b sbsewizobgdo LobdOmbmwo  3m83b6gLsEHMOOL oL
(300 gdMBy  dmmbmzbowos doM3ger  Mogdo  ESCR  gomdxmdgligdol
dobBbom, GgmMg TbMOZ dod30L  ITHEBHIO0MO  MJRMOMGOO @S  S1Y3Y
6959300 LoddwszMol 3md3bgLszool Jobboo.

94399m» 8my3560o0s ggds s 396599GM900, OHMIWgdog  gLodsdgds
Jb  9bosgwzobg 500-do  sOLYdME  LobdOHMbme  3MA3GUOGHMEML.  33¢09g30L
bog3mdzganbY 9290 0dbs gl s s dmyzsb0 0dbs BGOW O GMIgedos
300093 0s  gLsdsdolo  356589GMYd0, Loz  SLObMos  LGsGMEMOL
©9bols  @s s3B6gdolL  dod30lL  ©olsTZ900 B3MGOO EOMOL  LblsIlbIS

bsbaMdeogzmdom.
Sy = 60 MVA PF = 0,00 Iy = 1189 A
Uy = 11,00 kV fx = 50 Hz Teold air = 35.0 C°
Iy = 3,149 kA ny = 3000 rpm
6™ [§] 10 30 60 120
LAoGMOoL abo /Iy [%] 226 154 130 116
5366900b dsd35 Ur/Ury [%] 208 146 125 112

3bMowo. 3. LAsEMMOL Ibols s s5BBYPOL dsdz0l
©59M30090v)mgds  EOMDY
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6 [f]
Bob. 28. LBHIGMOMOL bo s 53BBYOOL d5d35 M I0EYdUYO
©OHMBY

e LobgOmbmew 3m33gLsGHMOT0  LAHOGHMMOL bmdobsermMo  gbols
35(%905 115339005 130%-00m 1{m-0b 2obdsgemdsdo.
e 53bHbydols dod30L  2oBMms  oLLdggd0s  125%-000  1fom-ob
3968530™d5d0.
MmM039 356599 BHM0L M gdol 530 gdMds  dmmbmgbogros
3M5gbowgdols $9939M5@GHMMoL Bmdobsgrmeo 9 MB56Mm9Md0©b

259m30bs6.
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0,1
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0 100 200 300 400 500 BO0
lo [A]
Bob. 29. Bofjsliorsb dm3engdgMmzols gbols 89Bmry3s Mmby
50030090 gd0o)

Io [A]  9ofsbosb  dm3zarg  FgOomzol  ©abol  sdMm30YdEgds
Byo@®ocrol FgdEowdo.

O™ [§] 8m3999os Ih-00306 @OMOmo d9HBMMZs, MM 9300
0969L 530090990 BEGHSGHMMOL FMAb0WOl IBOIBYdS.

093930 09ds0mdoL L3900 DBP3MYdO:

dodbodsgrmMo dsdgs:  +10,0% dogdbodsgrm@o Lobdodg +5,0%

d0b0doem®o dsdgs:  -10,0% dobodserm®o bobdomg -5,0%

39005393 o030l O 50 Lobdo®mol G9dmbggzsdo gombs s 03539
©OML MOH039 35659GHMOL  A5sbMs  MhgzgBHo IMTomdol Mgg0ddo  SMOL
dguEywo:

30035 +/- 5% Lobdotyg +/- 2%
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Bsb. 30. LobJMrMboBsEool @sLisdzgdo MBI MHowmdgdo
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B99m0o dmyzs60 1ggdsbyg obboeryemos dsgogromo:

BoBJom0l ©olisd3900 goob®s + 0.54% odu.

0
300bg00 grmdowwyds +7 { 353300 @3b5839%0 Lbgsmds + 10.7% 854,

4.3 Lobgdmmbymo 3m3396Ls¢mMol BsMM30L 9Ms3535¢0
36migbo

LobJMMbMo  Bsbgobol  Foso35¢0  3MMEgLo  sofigegds  3630-
3MM930L  ORIMIDE0SME  ABGHMWgdsms  LobBgdom [5]. 29bGHMEgdOL
LOME LoLEYIL ©II3RIOMWOo 3MBEEHMMHIIOL SOLYdIMdOL Fgdmbgzggzsdo d, q
09639030 FoMOMBO®  GOMYJYgddo  (xgq LOLEHYTS) 593l Loby.

—ey =dd—l/id—lpq(1+s)+ra+id;
—e, = di" + (L +5) + 1, + iy
U = C;—l/f+rfif;
0= dd_lff-l_ Tolg;
0= d:i” +1yig;
ey = diQ + 1410;

2
TM_ + lpqid - wqiq = MH'
d.z

a6 _ 4—-1
i S. ( )
5) eq.eq —  LAHGHMOOL d, 9 9WHYGHOMI>IMIM539dg0 5 dO;

Ya, Vg Y5, Y, Yo d, q b653500003903900, Yy — 03Bbgdol
3693600l B5350000990055. la, lg e ip, g BGHIGHMOOL goMoaboegddo
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©969%0, T — LobdOMbmwo ©H™ (MsE); Q — JMombgs Jugerols dsdzol
399G™M0LS S q VIOV YSMHYMR0O J0T>MYGdsls mMOb.

S = (0, — ws)/ws = bEOSWO; Wg — LObdOMbMEo LoBds®g; w, — OMEGHMOOL
LoBdo®gs. My — @o3060Hm30L dmdgbdo; Ty — 9396530 39960Ddol 0bgdEools
dmd0gs.

Ya = Laig + Mgrqls + mopip = Xglq + Xgqls + Xapip;
Yq = Laiqg + Myglg = Xqlq + Xaqlg;

Yr = Mgsqis + Leis + mepip = Xqpip + Xl + Xppip;

Yp = moplip + Mepiy + Laip = Xgqola + Xppis + Xpip;

(28) — 8o 9ol 36539EHM9d0 56Jobol Mogbowgdol,

(27) 256@HMgdoms LobBgds 990AEgds o0IOHML dsd30L RsGIZol
6053090l 99dnb3z93580, HMEILSE LEOSO J00PIIL YO0 8B0TZ69W MBS
OGO BoRJoMg 53 8900bz93580 B5309000 LobdMHMbBmE LoBJoMgby. A35d3L

39b@GMmgds:
d
U, = ;’bd — (1 =g + 14ig;
T
d
U, = ;pq + (1= $)Pa + iy
T
dyy
Ur = + 17if;
r=a Ty
d
0= ;IJD + TDiD;
T
dyy .
0= d_T+TQlQ,
d?6 ]
TMd_Tz-I_ lpqld - ¢q = My;
de B 4_3
i =s. ( )

boog  Ug, Uy —d, 36pBoBy ImEgdrEo dsd3900s.
Bobobo 31 —Bg bsBg9bg00s om0 2odmaLEb3gw0o 39dGHMGMYd0
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c

g

Bob. 31. 3s6g4obol ggdBHMOH¥EmO EOsYMTs

39630bowmm 3m3396LsEHMMOL bobdmzwrg 2sdmMmgs, dsbgsbols dermbzol
boBJotg o  36Jobol 306509 BHegdo  dmdozo  LoOYgd0s s  (4-3)
3906@Mgdsms  LobEBgds  HotIMoYIbl  ORIMIBE0IMG  F9BEGHMW9dHOL
093030 3M9x803096EJd0m s dobo sdmblbs Fgodwgds Mm39MOEGHOMWO
dgomom.  x4(p) @5 x5(p) 39O GHMONO 356599EHMJOoL FJIMNYdS
50563H0390L  9bseobU. 399m30ygbmm  bggdol 36M0biodo.
©O0xBIMIB3050ME  256GMEgdsms OO LolEgds gogymm m® LoLEdom

OMIwgdog 99gbsdsdgdosh  gwgd@®mdsgbod e ©s gargddHO™m  dgdobolz e
39M58535¢  3OHM3gLYRL.  9gdBHO™  FoRboGMO  oMToZ35¢  3MHMEgLYOL
30331930 OMGHMOOL ddogzo 3Gbgzol LoBds®ol dgdmbggzsdo gobowogm
3906@Mgdsms MmO LobGHYIoL. 3060390 bobgds SOl Bsbdbols LGsEGMMOL
90960905 JugBg, BMES 953BBYdOL gMsybowo Mg ML JgMomyeo.

396GMgd90L sd3m Loby:
dy ,
U; = - a_ (1 =5)Yq + 14ia;
dy .
U, = qu — (1 =)y + 150
d
0= lpD + rfif;

de
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_dy

0 d-,; +rDiD;
d

. 4-4)
d;

3906@Mgdsms  dgmdg  LolEgds  dggLlodsdgds  LEIGH™OOL  Im3wgE
99000 465360l @y dmdog ddsDg PoGomven  saHbgdoL  4Mmoabowls:

0= d;/id — (1 = )YPgt+ryia;
0= d;/id + (1 = s)Ygtraig;
U = ddllrjf + 17l
0= d:i/jTD + 1rpip;
0= d;pTQ +1pig. (4-5)

(30) 296@™9d900 M3gMOGH0 BmMTsdo sbyg BoofigMgds:
Ua(0) = pa(®) = ¥ao — (1 = $)Pq(p) + 1214 (P);
Ug(0) = p¥q(p) = Pqo + (1 = $)Ya(p) + 1414 (p);
0 = pyYyr(p) — Yo + 1575 (P);
0 = pp(p) = ¥po + 1p7p(P);
0 =pYo(P) — Ygo +1oro(P). (4-6)

oS3 Yaor Vg0 Yror Yoo
Lohgolo 3603369 Mdgd0s.
653500 909930L5m30L 030090 4obEHMMgdHdL:
Ya(p) = x41q() + Xaqiy () + xapip (p);
q(p) = xqiq(D) + Xagio(P);
Yr(p) = xpir(p) + xgqia(P) + x7pip (p);
Yp(P) = Xapia(P) + xppir (p) + Xpip (p);
Yo () = Xaglq(P) + Xqlo (0). (4-7)

Yoo — d9L0530LO B350 T9dTgd0L

84



Bogoo 0993900l 3600369 ™mdgd0  Mm3gMoGHomwo  [obosmmdgdol
39035¢0{0bgd0m BHmoy:
xq(P), %q(P)
Ya(p) = xa(P)ia(p);
() = xq(P)iq(p). (4-8)
©531935m P, =0 5 B3hgh™mm LEsGHMOOL iMgol 49bGHM®wgdqdo

do®oEE babgdo:
Up) +ao | |PXa® — A=) p) | [ @
- | X (4-9)
Uq (p) + lpqO l (1= 5)xq(p) bXxq (») J lq(p)

(35) 396&HMEgdsms LOLEBHYB0WIL 33MMdM LBsGHMOMmOL ©IbIdL
|Ua®) + a0 + [Ug @) +vgo] | 1 =)
[p? + (1 - 5)*] xa(p) '

|Ua®) +Wg0 = [Va®) + aol]| (1 = 5)
[p? + (1 —5)2] x4(p) '

Ug, Up, Uc FODBNOO dod300m 053030 256057Jdbgd0l BmMIMegdom

iq(p) = (4—10)

iq(p) = (4—-11)

39900LbgdS BEGHIGHMEOOL dsd30L d, q 990ca9bgdo:

2 21 21
Uy =3 [Uacosa+chos(a——> + Uccos<a+—>];

3 3
2 _ _ 2m _ 21
Ug =75 [Ua sina + Uy sin (a - —) + U, sin (a + —)],
3 3 3
Lo
21
Ug = U cosy; Yy=1t+VYo Ub=U0C05<V_?>}
2r T
T = wst; UC=UCcos(y+?); a=(p+E.

653 MHgx0ddo 3935md0Lolb @ = (1 —S) Y + @o + ¢ = —sT+ 6y ©o
Ug Q5 Ug 517 3o30bobgdy;
U; = U,sin(st — 6,) = U, sin(—0);
Ug = U sin(st — 6,) = U, cos(—6),
9.0. OHMEGMO0L 39d030 3MPbBYOO LoBJsMom dMY630Lsl s = const, uy
5 Ug oMy g696 @OMOL 35mH>3Mboer 53bd3090L.
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0 37oboll sgdomo 860d36gemds gqlisdsdgds  a9bgcod My
69:00L, borm MoGYmaBomo — I3 M90db. Jgusdsdolo 93543l uy =
U Sin6 Uy = Uy cosf . dM537)0 (970030l Uz S Uz 35039d0L:

qus + Udo(P) .
p2 + SZ

—Ugos + qu(P)
p2 + SZ '

Ug(p) =

Uys(p) =
Bogbgom gl 360d36gcrmdgdo (36) — To s 8030090 ©YbgdOL
M39605GMO 458mbobmemgdsls:
iq(P) = {P*Wao + P*[Uao + Ygo(1 — )] + p[Ugo (1 — 25) + Pgos?] +
+Ua0(1 = 8) +gos’(1 = 8)} {(®* +5) P* + (1 = )*Ixa ()} !
iq(p) = {P3¢qo + PZ[qu —Pao(1 — 5)] - P[Udo(l —2s) — wqosz] +
+Ugo(1=9) +Yas?(1 =)} {2 +9) [p2 + (1= )?x, (@)} . (4-12)
boog  Ug =Us sinf 5 u; = u; cosf.  HOGHMOL LobdHmbmwo
LoBdsm00 dOHMB30LIL MOzl JugErdo BsM30LLL 9.0. S=0 ©s B - b Lafigobo
36003690mds Gy  GHmeros 3Mmbol 3600369wmdols ©sdgs®gdmw MHgx0ddo
(38) Hemdgd0 J00qdlL Labgl:

P*WPao + pUgo + ¥q0) + U

p(P* + Dxy(p) '
P*YPq0 + P(WUq0 — Yao) — Uao
p(p? + Dxq(p)

lg @ Iz ©96900L (33¢00gdol bsllomo ©sdm30EgdMos (39) — ol

ia(p) =

iq(p) = (4-13)

doboliosmgdgeo  ob@GHMmmdgdol xglggdby. p = 0 Bmemgsbo  ggligo
99L5d59ds ©IBIOOL WsTY>MJOIE 860TZbgEMBSL. ig(n) @ ig(n) —L
_ Uccoseo_ . Ucsinby

= ; l = —
xd(p)pzo n xq (P)pzo

35GMoE Lobgdo 23593l 296E MM LoliEgas:.

lan (4—-14)

lle Xd Xad XaD id (P)
[ ol = [and PXf 4Ty Pxrp | X [ig(@)|. (4—15)
0 PXap  PXfp PXp +1p ip(p)

(41) b 4963L5BOZzOM™
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i ):lpd(p)Ml(p)
d p Ap ’
Loog Ap — bobGgdob gEgMIobsbE0s;

M; (p) — LobGgdolb dobmeo

396053090 Fobsomds x4(p) % , 56

xa(P) = xq — [P?(XaaXa — 2XaaXpXap + xipXs) + P(XipT> + XapTy)]

[pz(xf - —foD) + p(x2p + anrf)][pz (xfxD —xZp) + p(xfrD + xDrf) + rfrD)]_l.

Omgs p = 0, x4(p) = x4, 9.0. M39M0GH0M0 [oboMdS oYM
(9gx08do  GHMmwos Lobdmmbmwo o0bwmddommo obosmmds. acmsabowgdols
@OML 300303MmdOL 45035¢oLobgdom az5d3L:

i(p) = P DUap +1)
P T Taop + D(Tgop + 1)

(4 — 16)

bosg Ty = ;C—Z Tao 93B6900L 2653600l @O dm@dogs dmzewgo

3900 9M5360ls s goblbowo ©gddxzgH o ymsabowols d98mbggzsdo.

XD

Xg = BAHOGHMMOL 3003600l 3oM©s3535wo Fobswmdss. Tyg =~ oy a®dogo

©99389gOMwo  3m6GHMGOL  OML  37©dogzs  LAHIGMMOLS s syHbgdols

30bGHEdol Imzergo dgmm30Lsl; Xp = Xp % — 08539 306Md9dd0
d

30d030  ©Y3ZIOYwo  3MbbAOYIGo0L 933035 IbAYMO  0bGIzoGo
Fobomds; x; — LAHIGHMOOL 3MI0Z0 BJASOWT35wo [obommds; xp, — 4Mdoz0
©993890mo  3mbGMOHOL  933035¢9b@G MO0 0bMJzomco  Hobommdss
LEAHIGMOLS O 9aBBYdOL aMogbogdols goblbols dgdmbggzsdo. d s D

365360900l 3530600l 3mg1303096EH00L Iby39wMdsdo JoRmgdom:

2

! an_

Xp = Xp — — = Xp Oap,
Xd

L5553 Oap — LEHIGMOOL ©s 93BG 3MBGHMOL MOl §sbEZo
3M9803096@0. 565¢0Ma0MEMs© 4560LIBOZIMGdS
Xq (p) ®3905@0Mo [fobowmds:
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[lpq(p)] _ [ Xq Xaq ]X[iq(p)
0

PXap DPXg +7p io(p)
Lo0IbsE3
() = e () (pxq +19)
; xq(pxq +19) — Pxip
2
_ _ pxaQ
*q(P) = %q pxxg + 7
2
X&o
SqQ =1- XX
Q'Q

359039 md53d0 J03000m, O™ 5 g0 — LEAIGHMMOL FMORBOGOLS

©933RB9OM 3006GHOL Mol BobGHZ0L 3mgn030gbG0s, bowm T, = i—z ,

Bos3 T — 9M0ob Q. ©933BIOHI0 3Msbogrol ™ol 3vydogs.
(43)  95GHM™Mgds sbg Gg0degds hoghgHmon:

_ pTQG'qQ + 1

xq (p) - pTQ + 1 xq ’

pTy +1

ob xq(p) = x4

5 Tq' o0l Q ©9d3xn9Oo 3Mogbowol @Mm 390dogs doblboero
BEGOGMMOL 45600l 98mbgggzsdo.
Boglgom (42) s (44) (39) godmlobmegdsdo o ob3LsbBLZOHM™

doboliosmgdgeo  gob@mmgdols x8qliggdo. P, = — %‘,l, @S p3 = _Tlé

39BLsbO3M396 134 (T)  @YboL s3gMomenme 8gdagbl, bowmn pPus = +j
9m3399L i42(T) ©960L 363mbowye J909bUL.

Lofgol  29bFHMEdgddo 96  ogm  A5M35¢oLHobIdMEO  5JEH0MOO
Dobomdgdo, 3ol 25dm Fobslosmgdger 49BEHM@WgdOL Bqliggddo o6 3593L
Bsdg0o bsfoero, HmIgeog 0035¢olfobgdl gbsdsdolo gbols 99daqbol
dogzoll 53 J9dgbols dogngzs Bofloermd®mog 8godegds  gobolisbrgzmml
6535000039030L  3EB03MdOL 3606303006 BYRsTBHIMO  3MbEHMMYdIOLIZ0L.
M3 HOGMOOL iOgoolb Hobspmdgdo 17 = 0, p = T =0, 590 3odm
xXq(P), xq(P) ©9OMIMdL 36093690 MdYOL:
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xa(P) = x4, xq(p) = xg .
BEAHGHMOOL  dod3900L  A9BBHMWGdJO0  BEGHIGHMEOOL  gMsgbowols 1y
5930M0 Fobommdol bgzgermdsdo domgdoom Roofjghgds d99gao Loboom:

Ua(p) +Yao| _ pXq -(1- s)x(’]’l iq(p) }
luq(p>+ wqol‘ [(1—s)xz; o+ | X [tq@) (4-17)

(45) LobLEBHYIOL YEIMTOBIBEL 593L Loby:
Ay (p) = (pxf + 1) (pxf +15) + (1 —8)%x]x] .
(45) —ob g3gLggdo

2
o1y (g xg) 2 (g g Ty
p1,2 - = E T o e -

" "= 2
Xqg txq 4 (xc,il —xl! Xgq Xgq

50 89LggdoL bsdgowo bofowo & asbLsbZMEZL Iy, g ©9bYdOL

3563mbovero 999960l doerggzsl:

_ 1 2x4xg x
a — a_ ra(xé,_xé, - ra'
BoO3 Xy ©993890mo  amsabowol  dJmbg  dsbgbols

32990800936™d0L Fobommdss.

©539935m, ™A 3567obol 4393es M9ab0w0 0o MmO 498EBHMYOOS
(ra=0, 17=0, i, =0, 15=0). OOGHOOL dOY630L LORJsOY SHEPMSS
LOBJOMEME M. Sbgmo 30OHMBGdO 33593L 33900L bobdmzerg 89hy3z9@0LsL. 0
30619030 M39MGHMMME0 96900l godmbobgdgdl 530 Loby:

P*Pa0 + PUao + PPq0 + Ugo _

)= PG + Dxy '
2
. P Yq0 + PUgo — PWao — Uao
- _ ) 4 —18

Yag o Yg 6535008903900 33980 Fgfigggomol  dgdmbggzsdo
3960LsB3MIOS BHMEMdYGO00):
Ya(P) = —xaa(@)ir(p);
Yq (p) = —Xaglo (»), (4—-19)
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boo3  Xga(P), Xao(P) — Bglodsdols ©Bol MYod3ool M3gMa@orwo
Dobowmdss aMdog mgmddg LEoGMMol aoblbowo aMsabogrol s 89300
©99353960)0 M53b0ols 39000b393580 @ LEIGHMOOL A6MsabowLy s 25603
0933539609 305260l GOl YYOHM0gHP0bMJ3ool fobsmmds.

(41) LobH900s6 gbolEDMZOGds  Xqq(P):

Ya(p) _ A
ir(p) My(p)’

Lboog My"(p) 960b (41) LobiEgdol dobm®o. bgwggurmdsdo dog00mm

Xad (p) =

ds90b

Xad (p) = Xad

(48) LobiEgds (49) — ol gom3z5olobgdom doomqdl Lobgl:

Tpop+1
Va®) = i) 20

D+

I/Jq ) = ig (p)xaQ.
53%6900L  ir(p) obolBNIMYOS RobBHWYPd0H

U
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3Mb@GmMol d90mmbggzsdo.

Xfo (p) 3960L5BOZOIBS FobEMWGBSMS LolEJB0s6:
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0 =pyYp(p) +1pipP. (4-21)

pYp(P) = xepir(P) + Xppip(P)  BHaEMdOL Fomzowolfjobgdom (4-20)
39b6@MgdsmMs LobBgds 80@)603{3@ bbbg"ao abg Poofigtgds:
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530b086m» x7o(p) = Y5 (p)/ir(p), 35806

2
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Xfo(P) Xr pxp + 19 ( )
Xip — U @dm30wolfiobgdom  (52)  dgodergds g Boofgmmb
_ pTDO'fD + 1
xfo(P) = Ty +1

(50) GHMEWMd0B bo sLg 2oboLIBLIMGDs:
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BogLgoo (52) o (53) — do s dbgggwmdsdo dogowmm Ty > Tp,

[(ur/p) + ¥ro] Tp + 1)
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(p + T‘ﬂ)) (p + T_f> XfTposp
LobJOHMbMEo 3m339LoEMMOLIMZOL 95883900 dMsgbowom Fgodwgds
©5309Omm Xap K Xp 5 Xfp/Xp < xp, 85806 65350m8d> a@dog
©96MdBY
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ig = LASGHMMOL TY>MYdIMo E9bo d gMHIol AoLF3MO3.
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X x
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X X
q q
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390mOm30L 909y
u Ugo — X
ig(7) = <$ sint — qo—,,lpdocosr) e Ta +
d Xa
1 1 5
+ (u - —]ea
(o= ) (57~ 37)
1 1 7
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