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ioc9 + i0(1+ i0(5 = i0(3 + i0(7 + iall’ 603092360)
i . . . . .
Ip= 7 (laz ~lg9 = ig11+igs);

. 1, ) .
I'g = 7 (g7 -lg1 - lg3 +1ig9)s (3-4)

g1 . . ,
I'¢ —\/_3(10c11‘1a5 - g7 +1g1)-

dgmEg  BHOBLRMOTSGHMOOL  aMogbowgddo  ©gbgdo 396G B0l
096990 Lsdwsegdom S BsofgMgds:

ip = % (iaz - iag -~ lg11 + las) + iqs - 10

ip = 7 (a7 - a1 - o3 + i) + o - Loz (3-5)

ic = % (lq11 - las = Iz + lg1) + i1z - las-

Bg0mm  dmyzsbowo  RMOIMNWId0  LBoBsOMW0sbo  A9Ms3JabgEol
ddomdolb 43zges dqladerm M95030bsm30L OMOL BydoLdog® 0b@EgMzsendo.
Bob. 4 - By 933035w96FGH OO bdgds Fgagboos MM MMYGIRBOE0sbO
AOBLRMOsGHMOOLMZ0L.  9bseoBol  F99gagd0  Fgodwgds  o3M (39 IL
bd9gdoby 9H»0 FRGPYORY X sToTueloN 7o) AMBLBMGOIsEGMOOm. B396
0900308563900  250H©3Jdbgerol  3MFsmdol  doMOMOO  Mg5009d0L
5b65E0Bom. sbgm M9:0990L J093Mm3690s 293FoMINZ90ls s 0b39OEMMOL
3dds0md0b 6908900 39630930l HOYMHOPMI00 F)TomdOLL. Mg 10d0 4 — 5 o
6951000 5 = 6, 3565 530Ld JoBsOHM3geol 950330 5 396300l 9P OHMYO
9domds (M9:5080 5) s 6 39600l 9O OHMMEo FFsmds (095000 6).

MOHdMQ0560 505dJdb9e0l FFomdols 53 Lsfyol Mgg0do 3mFEHs3Eool
3mobg y < 30° o 2599mMgd0L 063 M350 0, HMmIgero 99509bL 30° - b 23543l
©OMoL 06@9M35w0, MHMEILYE MO39 dMYSdo JONOOMMEISE 5O bgds
@960l 30m8MFBHo30d, 98 8995¢gdo bsbaMdmogzmdom 30° - y bl s@GHocmgdl 4
395300, bonwm OHMmob bbgs d95¢gdo 303930 30d0bstgmdls gho -
96 dmysdo (*5d 9ogdo bobaMdeozmdom vy bl s@otqdl 5 396@owo
390092900 30901 Mdo 396¢0gdol 3domdols 4909y 808930MdL.
1-2-3-4; 1-2-3-4-5 2-3-4-5 2-3-4-5-6;
3-4-5-6 5.9
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MO™Es 9O - 9OH® dMYSTo bEgds 3M3Eo3E0s, 3500b FgmMg dmAs30 3M3E o3l
5SRO0 56 593L. 9OH® - gMm dMYSd0 3MINEHOIG0MOO 3OMEIBO Q93 GbIL S
5bgbl  dgmeg dmgasdo  dodobsmyg  3OMEglBy.  obzobowmm  ©9bol
303935305 2 396300sb 6 - BY. 93 3MINEO30O F95¢gEdo VOS SMOL
396¢0w9do 2-3-4-5-6; 3330005 ©3)9MH™M0.

la3 = laa = las= lg, la6= ks (3.6)
boog Ik 0530M3MGH0M9dgeo  ©9gbos, GmIgwoi §oMdmodmds 2 ©s 6
396¢0gd0m d9ddboe MmGmRsBs Imzwg 994dboer 3mb¢MTo.
3969 G6MBLEMEOTsGHMMHOL 535H9ddo ©9bgdo:

i"a=1lq, ip=-(a-i)  i'c =-ik (3-7)

96900 Jugerol BsBgdTo FHME00s:

.2 . 1 .
ia= 7 la+1a ig=- 75 la- (Iq - 1) (3-8)

. 1 .
Ic =- % Id - 1k.
3M91E53099600 3OM3EgLoLsmM3z0L (BsBgdo B, B, C, C" s 396@0wgdo 2

@5 6 §36056 Im 39 9O 306G MOL) 335938 FobEBHMgds:
=€p-€c (3-9)

dic
de

diB diB// diCII
X,—+X
blar "0 ae

ao

_‘)((5

- X,

56 vy dbgggermdsdo dogomgdm g, g, ic” s ic  ©96gdol
2990bobygdqdL o Id = const, 2394690s:

2Xy+ Xy) Sh=ep - e (3-10).

4-5 3009530900 3OMm39b0 J0dEObIMYGMBL 039, CMAMOG GO dMYS
193500 2-3 950380 30099EHO30IM0 b 4353L:

_ V3Eum )
i = 2%, (cosa + cos 0);
cos(a +y)=cosa — j:;’:i =cosa — % L. (3-11)

_Eom

Logoi: gy = %,
M6 300560 2533563900l Q9IMOMWOo dsd30l dmdogo dgdgbo
4-5 ©950800 GM00oo:

Ug. =cosa + cos(a +y) =2cos(a + %)COSE (3-12)
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L5 39035 BIMOMOOM JHJ IGO0 SMOb:

3
. Eq==V3Epm.

Ug =
Ug. = 2(cosa - % Ig.) (3-13)

B 29bGHMgd0s 235839600l oMy Fobslbosmgdergdls o - b
360093690 ™md900Lsm300.

A®bLRMOIsGHMEOOL 996990 3093600l 39MB3MWS35
3996000900L5L oL BsBJddo b obOLEBOZMGOS 58 BsDILME BogMmgdmwo
39640¢0900L sbmEM@o ©9bgdoo.

15300 BHo30M M19:50880 O = a s O = a + Y 06GH9gM35¢To 93593L:

.. V3E
iy = i} = —== (cosa — cosH);
2%,

39650 Y60 FoMOMB0” MM gddo

iy = % (cosat — cosB); (3-14)

E2m

bogoi d9Bolweo gbo 105 = R
©OmoL  dmdg3bm  Fmoergdo O=a+y 6 O=o+120°

ipe =1a, 330d600s:
Ig V3

Igse 2

iy [cosa — cos(a+y). (3-15)

©@OMOL 9995¢9d0 0 = o + 120° -sb 0 = o + 120° + y 93593L;
Iy =iy -l . BIOOMOO0 9O gdJo:
iy, = % [cos( - 120°) — cos(x + Y)] (3-16)

d9mOgMero  ©9gbol dmddgo 86503369 mds:

2
I, =\[§1d /1 —% (3-17).

A®9bLRMOIsGHMEMOL 99690 3093600l 39MB3MW535
39960090056 B339 DBY 45LZEOLIL 396¢0gdol bmMHo ©9bgdols
BOOIS Y)EZLIL0.

Lo93mbgs© JggMmgooLLl bobMmo ©gbgdol dobgwozom RsBMMO
096900 2960L5BP3MYOS SbY:
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l2aa = g(iZA -l2c);  l2aB § (i2p - i24);
izac =5 (iac - izp).
159390bgOL BB DO, OMEILSE iz24 = Iy

iZB Z‘Id, IZCZO' @)(’Q@Ob:

. 1, . 1

l2na=73 (l2a=lzc) =5 Ia - (3-18)

©OMOL 8909 domgdo  iru =1z, ILc=-I; ©5530%™I
. 1 2

tana=3 U+ 1q) =35 Ia- (3-19)

03 J9dmbggzsdo, MHMEILSE 9gwgddHO™ LolbGHdgdl dmGol 353060
33150 360l bsbom ©s3953806M9dos dmzwrg dgemol (0.9.) ©gbgdols
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AmbyBO3Mg 9egd@Ge™ LobEgdsdo.
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05B5BY 39300090905 9bsoBo 08 Fgdmbgzglzobmzol, OHMmEILLE  9.8.b.
dglbgmbBg 900OH0-gMH BsHsdo Fmbs IM3g Ggem3s. 53 d9dmbggzsdo dm3ery
d90m0b ©9bo 33593L C-83sBsdo.

M990 36Ma6Ms35d0 Bsbl, HMI dB-ol 0639HGHMMOL dbotgl (9..b.
dgbbgmbyg) Imdbs®mo Imzerg Fgemzol ©gbo 9O 3MEIwYds  dh-ob
3908500390l Ibscgl (LogdoGM39wMb gegd@®MLOLEYdsT0).

50 3MMG350  BoBggbgdos  BbB-ob  983sMm39w-0639MEHMMOL
(3Mb6396EGHMOHM0) GHOMIBLRMOTsGHMOIOOL oo dsd30l FboGgl sGLYdMEO
A, B, 05 C 5359900 dsd3900.

94390m» dmygzs600s ™Mo LobEgdol Jgdsgmomgdger bosdbg dmzwg
99MH 030l sbserobBol 9dudg@modgb@ o dgwgao.
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Bob. 8. LobgHMbmo 3mB3gLsGHMMOL BESGHMMO

LobdOHMbMEo  Fobgdobols Ao0oTo35¢0 3MM3gbo  sSOfigMoos 35030
3MM930L  O0RIMI6E0SXMO  ABGHMWgdsms  LobEgdom [1]. 29bE™MEgdoL
LOHME LoLEYISL ©YI3RIOMo 3MBEHMMHGIOL SOLYdIMdOL Tgdmbgzgzsdo d, q
09639030 GoMHOMBOm JMYEqddo (Xqq LOLEJIS) 593L Lobg.

9564960L B5350009009000:

Ya = Laiqg + Mgpqis + Mmopip = Xglq + Xgals + Xapip;
Yq = Lalg + Mgglg = Xqlq + Xaqlg;
Yy = Mysqiy + Leip + mepip = Xgplp + Xplp + Xppip;
Yp =mopip + mepls + Laip = Xgqlq + Xppiy + Xpip;
Yo = Mgqlg + Lolg = Xaqlq + Xglg. 4-1)
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3963 Mgdsms LolGgds Tgodwgds BsofgMmlb dsdzol RsGmzol Mgs0dol
99d00bg935d0, OHMEILsE BEOSEO FooEgOL Y0 I60dz3bgEPMBdL
OO GHMOOL bLobdsg 53 99dmnbgzgzsd0 653wgd0s LobdHMbme LobJsegby.

23533V 3obGHMEgody:

_ i
d,

dy,
dy

Ud - (1 - S)lllq + Taid;

Ug =

+ (1= $)Pq + 14l

dipy
dq

_dy
d,
dy,

0=—4r1yip;
dr QtQ

Uf = +T'flf,

0

+ 1pip;

a2
Tw 7+ ¥qla = Vg = Mu;
T2
ao 4_2
d‘[ =Ss. ( )

Boo3  Ug, Ug — d, 3660wy Bm©gd o dsdgzgd0s.

c

'g

Bob. 9. 200maLsb3gwo 39dEHMM9d0

39630bowmm 3m339Lo@GMMOL bobdmzeg 2odmMm3s, dsbJobols dErmbB30L
boBdotg s  8564obol  396989@HGMgo0  ddogo  LOWOWYgdos @S  (4-2)

3906@Mgdsms  LoLEgds  HomIMoYIbl  ORIMIBE0IMG  F5BEHMEGBIOL
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33030 3Mm9x803090@Jd0m @5 dobo sdmblbs Fgodwgds Mm39MOEGHOWO
dgomom.  x4(p) @5 x4(p) ™39MGHMOMO 3565FgBHEMYO0L TgBm©gds
5356MFH0390L  9bsEoDBU. 399m30ygbmm by gdol 360b303do.
©O0xBIMIB305ME  45bEBHMMGdsMs LOHMWO LobEBHYIS goggmm MmO LobEgdoso.

OMIwgdog 999Ls05990056  9egd@G®MIsRboGHMOH ©s gwgdBHO™  89dsbo3 M
396M53535¢  3MM39LgOL.  gargdBHOm  FoboB IO FIMOB535w  3MIM(39LYdL
30331930 OMEGHMOOL 3dogzo 36¥b3z0L LoBds®ol d9dmbzgzs8o gobowrsgo
396@MWgdoms M LobBgdsl. 30M39wo Lolgds gl dsbdbol LBEsGHMMOL
30960905 JugEBg, MG 53HBYdOL JMsbowo Mg SMHOL JgMHmro.

390@GMgd90L 5430 Lsby:
d .
U = 5% = (1= $)Wg + Tala;
dy .
U, = y 1 _(1-9s)yy, + Ty
T
0= d;”f + 7l (4-3)
dy .
0= dTD + plp;
d
dr

396@Mgdsms  LolEgds Tggbodsdgds LEHIGHMMOL dm3wgE 9O
309360l s  Bwmdog  ddSBg B saBbgdol  aeogbonls;

_dyy

0 4.

-(1- S)¢q+raid;
d
0= %+ (1 =5)YPq +1,4ig;

s -
a4, +Tflf,0

dp
0= + rpip;
dr D'D
— o
=

Uf=

0

+ 1plp- (4-4)
3906@Mgdsms LoLEZHYFI0IL 33MMEMdM LGHSEHMMOL EIbYIL

|Ua@) + a0 + [Ug @) + o] | 1 = )
P> + (=T xa() '

iq(p) = (4—5)
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[Ua@) + g0 = Wa®) +Waol] (1 = 5)
02 + (1 = )2 24 (p) |

Ug, Up, U BODBMOO 350300 [OR030 4560©J36900L BMGIMEgdoo

iq(p) = (4—-6)

39900LHGdS LEGIGHMEOOL dsd30L d, q 90 9bgdo:

2 21 21
Ui =3 [Uacosa+chos<a—?> + Uccos<a+?>];

2 . ) 2T ) 21T
Ug =73 [Uasma+Ub sm(a——) + chm<a+—>],
3 3 3
BoQS3
21
Ug = Uccosy; vy =71+Yo; Ub=Uccos<y—?>;
2m s
T = wst; UC=UCcos(y+?>; a=<p+§.

3653 M950330 3985mdoLoLl @ = (1 —s) Yy + @o + ¢ = —sT+ 6y ©o
Ug OS5 Uy 517 godolobgds;

U; = U, sin(st — 8,) = U, sin(—0);
Uy = U sin(st — 6,) = U, cos(—6),

9.0. OHMEGHMOH0L 399©do30 3MPbBYOO LoBJsMom dMWb30LLL s = const, uy
5 Uy oMoy gb96 OMOL 35G>3Mbovyer 53bd3090L.

0 3Mobol ogdomo 360d3bgemds FgqLodsdgds 39bgsdmermen
09:00L, boerm MoGmymaBomo — dMs3ME M9g0dl. dgLodsdolo §35J3L: ug =
Uc Sin@  uy; = U cosf . IOz M9g030Lbm30L Uz S Uy 35039dOL:

UgoS + Uqao(p)

U =
(@) p? + 52
—UgoS + Ugo(p)
Uqs(p) = pZ + 52 '

dgbmog 09330  obbowrmwos 8h-ob JogH 4gbgMHoMmgdMo Foswo
600L 3063Mb03900 s 399306980l bgMbgdo
OMaMO3 306300, 3559398 bosBdo  omsro  Mogol  35G»3Mmbozgdo
oMHYMBom 353w gbsl  sbgbl  Jugol  39698gGHMgdbY.  Fomowro Mool
3560H3mbozgdol  dqd;3060900L  FoBbom  Mbolidogdgdl  5EHeMgdgb  F9dgy0
9035Mm0)Egd0om:
1) @gbob 3563mbo3gd0l d9bewmgs bsbdo;
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2) 3900053936900l Foboms MHoEbgol goHBMOL, 450d0L (MgawoMgdols)
390bggdols 890306905L;

3) J39L5AMMHOL  o3MTo35¢0  IMFYMOOEMIGOOL  Lodw)sEgd0m  MToerglo
3563b03900L BoHAMOIL 5 BoGHMSE0S;

4) 3560mboggdol  dogrgzol  gobMEOl  JoBbom  bsBol  3565dgBHMIODY

b90mgdggdsl.
Bob. 10 - %g 653969005 J39LoEYMMOL  QodMLOZswo  dmfymdowmdOls
R0 G900l bdgdgdo.
A B C
TT 312/24 DT 12/36 C-Shunt
85 MV Ar 85 MVAr 72 NV Ar

Bob. 10 gow@®mgdol Lggdgdo

Bo®o®admeo  33c0g30L  Logwydzgebg  dowgdero  356MImbozmeo
©535bobxgdol  3mgx03096¢H s 3600369 ™dgdIOL  gomzoeolobgdoom,
sbaenzobols 3mb39MEHMOMWo J39LsMOLM30L dg30MHBogm (33O dsd30L
TT 3/12/24, DT 12/36 5 C gow@®mgdol 6sdgbodg deomzo. TT 3/12/24, s
DT 12/36 gow@®mgdol LobdoMmero dsbsbosmgdegdo (bsb.11, 12) sefgmowos
V 0530L J3935603615539030.

Al d¢m3o Homdmoyqbl TT 3/12/24 (Triple Tuned - LsdOGHBMO6LOSOO,
3500300 bsd LobJomgbg) FHo30L FowEBHML, Mdmdgwog 50 3963 Lobdomgby
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9oboli0s0gdE0sb (Bob.11) 396000 BB, HMT 439 sHg B0 Fobowmds Aol
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Summary

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

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 re-
gime 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 the re-
gime of double — bridge converter, when it does not happen current commutation sim-
ultaneously 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 1(1)/1
approaches to 1. For example for the duble-bridge converter, when a=0 and y=30° ra-
tio 1(1)/1 = 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, 1t maybe shorten high harmonics of current.

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 eapaci-
ty compensation, where in the regime of rectifier converter works practically at the
time of constant a angle and by the constant d angle in the invertor regime.

There is discusses operator equations of grid connection of the transition
process after a brief shutdown in of synchronous engine (condenser). There is
received as a result of transformation of the stator currents drawn up taking into
account the operational parameters for all the images of a generator. Currents
camerawork images from the original dissolution occurs theorems or images and
tables of correspondence from the originals
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