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Bobobo. Ne2. 56593580m 3m©gE0®mgdol 0bEHgmod@ovmo bmaso derm3-lidgds

LoQo, dati — i 339630l LosMMIM030 HBHZ0MMIY; riski — i IGHZ0OHMZ0L
33956d0L  dmmbmgboo  Bosmmd®moz0 Mool ©Mbgs; RB;i (dat) — i 3396dol i
53300m30L Yi ®olzolb ©mbybg go3wgbol glgdols dsB396909w0 dem30s;
RB; (riski) — | 933060 ™M30L 3356d0L i Hob3ol MboL Yi ®oligol mbyby go3wgbol
PoLgdols 35396909 dem30s; Yi,..,Yi — i ©oG30MH™mM30L  3356d0L  Fgx3oL9dIE0
oL30L MBS, YS - 9angdBHMmgbgMagdozmwo Lboli@gdol ymgzgubosmmdmogo
dolomgdo ®oligol mbgs.

8990)8539dw0s  9adHO™63OE Ao LobBHdol  M3gHGHOYLO
M9HgM30L  gm39wlosmmd®m030  LOOEOL  obALEBEOIMgMO  sEaMGomdo,
Mmdgwog sbobmwos 3bGoer Ne3-do:
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gb®owo Ne3. gagdBHmmgbgdag@oldmwo Lob@gdol m3gMo@omwo MHyHgezol
4m39ebo500MmdMH030 LOEOOL FbALSDBWIMYO sEaMMHOMTO

1 QsLOhyolo
2 b3gboo Ne 1, 2, 3, . . N  gm®do6mgds
3 d9L50530b0  50M503580M MYO30L FMEIEPOL s YmMm3gElissmmdMogo t

15039MMdOL ™Mbl BMOHI0MYdS

P2 Prsy (13) Z3 Py, (I I, Py (15) B, Prn (16) X5809%0

4 5¢d5mMd900L @S Yt 99009690
5 Yt <= B, P,,., (17) 85806 ZE, P, (18) 5¢mdsnmdol Jglododolo Ne 1,
2, 3, . . N bggbo®ol s®Bg3s (19)
6 50mMBgmeo N Bgbs®ol dglsdsdobo P bgerdolsfzmdo Loddensgol
d96MBg35
v t LosmOLbmM30L Fobodo s LByFOMHM M3gMOGHOMWO MYHBYMH30
Rt = D;—P (20)
8 3OO0 ®9HgMH30L  Rai, Ra, ..., Ran 3m®306M9ds
(Ran= Dt~ i=4 Pg) (21)
099 Ran >= Ry, (22) 85906 95806 LolLGgdsl o6 gbsFomMgds ToEHJO0m
M39M5GH0Mwo M9HgM30 Mm3GH0sMH0 Mm39MoGHomwo MgbgM3z0:
9 Ro = Ran; (23)

0¢) Ran< Ry, 35806 95806 LobiEgdsl gloFoMmgds sdsEgdom
Rf = R Ran (24) m3965@0mwo ©9HgM30;
M3&005¢0OH0 M3gHoG0wo MgHgm30: Ro= Ran + Ry (25)

36MM3MOE00L 890mEOoL 250mygbgdom Ro m3E035erHo m3g6e@owgeo
10 (9BgMO30L 4ob5fowgds 3sMowgw Mo mdmdsgg dsgbgbo®mgdgwn
0996HM98%9

11 Q5LOILOIEO

36OM3mMOH300L  IgomEol  4sdmygbgdom  sdBHomemo  Loddgsgzmols
M39M5GH0Mwo  MG9HIOH30L  M3BH0TIMMO  BLOEOWIYJOO  F9IBIHOEgdMOs
35M@I Mo 8md8sgg  3g6YOGMOIODBY. 9 gdHOMIBIOEIHOINW
LobBgdsdo  sOLYIMWO g gdBHOMYSO3gIoL  bsBgddo MMl  yoM339e
9mb533980  god@IMIMBsmMdOL  5MLGdMdOL  dgdmbggzobmgol  993)dsg3o
M33H00Bs300L  BMYso  BMbJ30s FgBOM©3g00m @O 393609 BH0MJdGI0
seamMomdo (0b bMowmo Ne4), GmIgeog sbgbl m3ghsdomemo ®9Bgm30L
@5 bB0BdHzMgmMs 0LYM oI gdsL LoliEgdsdo, GMI bmEMIsErmEmO @

535600 69509900L O Mol VtelyTule) 3909GHZ060H M0
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99dBHOMPs53990L  bsbo 9B bsBgdo  JoboGz0MmmMgds. FoBbol G630l

99D0©039900 5J3L 9090 BMYso Loby:

X=min  90%bolb gmbjsos (26)

39berggdo:
—_ E?:l':sf*cf}_ _ Af&Bf:—cCi .
D:= Efag (27) F, = Di+Ei=1€; (28)
_ . P A
G,=C; —Fi;(EQ'] H;= —Hixﬂ'irfﬁ I,=G;+H; (30)
_ ~Gigam *50 _
I Kg *E?:l G[-+;'lf$p$|:E—E?:1 i) d (31)
E?: 1[:("?: - Ca_gu.m]
= ‘.‘16- :(32) Aizﬂz:"':AE:EEEJ
i= L

D, =3 ,6G;(34)G;:G,: .-G, = Cy:Cy: ... C;

it

(35)
Iy:ly: I, =Cy:Cy: .0 C [:35:]2 F, =R, (37)
i=1

X=1I; (38) or I, +1, +--+1; (39

bS53,

D; - 99d@H6MH™M9bgmagB03wo LolGHgdol LEs@GHozmmo dobsbosmgderols
QIBOHOWMIOL 3953030963 0s;

B; - i 29696053mMm0b UBEo03memo dobolosmgdwol  @sbmowmdols
309B030I0G0;

C; - i 3969605@™MH0L bmdobserrMo (85gduodscMo) BLoddwsgzMgs;

F; - i 2969600@¢m6Obg 3606™m3mOH3000  obsffoergdmmo  H9bgo3zol
LOWOYS;

A; - 3565Woeo©  dm3dsgg  2969Mo@GHMmM9dBg  29bLsBL3zmHWO
M9H9M30L LogMHoM MHoMEIbMDsY;

G; - i 3969605@™M0L (omdmgds bmdobscrmemo gi0dol M™U;
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H; - i 29596053m60b 3096 ©5953)9d00 45630056900 Boddsgzgs
535M0o  M97080L  306:Mm0g0T0, MMIY0d) Gigam 3IDIOIGHMOOL  535MOYWO
3958mOHM30L MMU;

I - Gigam 23909053™MO0L  535G0Mwo  go8mGOmgol  dgdmbggzsdo
LobEgdolb LoboMOL 2oEobMY;

I, - 535000 699000 30039030 i 9bgMoGMEmOl X sdMMO
Do0mgdos G; 4969MGHMOOL 53500 Q5dMOHMZ0L EOMU;

Gigam - Gigam 3909053HMMOOL  298mO®M358©) dolo  Bog@ovyeo
2003 853905;

Ki - ©533000306 UES®H031900  35bsbosmgdeol  ob®owmdols
3098030J0G0;

M - LEOGH03NMO FobslosmMIdEOL EIBOOWMdOL 3M9IBOE0IDG0S Gigam
3969605GH™MOOL 535000 sdmOmmM30L dgdmbggzsdo;

£ — LOAAEs3MOL MHgHBIMZ0L 39BOE0YbEO;

Cigam — 935M00mo©  2odmOmImo  3969Mo@G™MmoL  bmdobserm®mo
(05gb0dseym0) LOIAE3695;

X — 2505330600090  9egdGHOMMmasoggdol bsbol 93399530 3356d0L
200M33539005.

Ry; —i ULo-olb @O0  ®m3@0dsmdo  m3gmsGormo  MH9bgMH3zol
LOWOYS;

D; — i Lo-0L EOML GZ0MM30L 33560980l AMbsMIGOSs; i = 1,..., 1

3bOoo Ne4. 3530m60994EH0MJOI0  SEMOHOMT0

1 QsbOhyolo

3905 g)Mo dmdMBogg 3539696009090 figsOrmgdol t bor—ols
Do68mgdol s 3MHM3MOEool Igom©ob godmyggbgdoom sy
393bsfowadmmo Ri m39GmsGomwo H9bgH3ol Loool dobgz0m
B0 MH0 5 535600 Mg000L 306HMBIOT0  Je9dEBHHMAS(39dol
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bsHg0do LOIIWH3MJMS 23b65Howgdol LoTVIESE0S

LodMS3E00lL 9IRS F0MIONIEO JEgdBHOMYOEJIIoL boBgdols
13993H0MM0 3H300m0L J9sMgds LYIZ39d ASTEHMY6MH0IBMBSE

Bn®om® s 93500 Hg70d9d0L EOMU:
3 0% Plinefacti = Plineperi (40) 85806 1 bsBo 56 5O 4905330600 wo0,
95806 goo0 7 93a3bHY
0% Plinefacti = Plineperi (41) 85806 1 bsBo go0s33060mM@os ©o
3905©0 893093 - 3 93319

4 i=1,....n 2500533060mwo HsHYOOL FMOA0MIGOS

953694 3H0M909w0 Mm3GH0dobs30ol Bbdiool 39d39mdom
35059 Mo 8mdMTsgg 9s969b06M909w0 fystrmgdol t Lm-ols
5 Pom8mgdol s 3MM3MOmE00L 8gom©OL 2sdmygbgdom dombyg
390565f0wqdmmo Ri m3gGs@omwo HgbgMH3zol sbowo Loogol

29bLoBE3MS

B®H3o o @O 535000 Mg70d0l 3060HMdJdT0  9egdGOMYssE3gdol
bsHg0do Loz IS ABIHoEgOdOL LOTV)ESE0S

7 QOLOLOIEO

99JHO™96gH3H0ZNw  LoLEAHIFTo MO IL Mo ImFTs39
300MHMYgdBHOMBIEAOIOLS S IGHZ0MHM30L 33960900l IEHZOMHMZYOOL
296mLsDE3MIEMdGOOL b5g3dz9ebY Bo0MY5e0890E00
999 BHM™gbgmygAH03Mo  LobEgdobomgol  gmz9gElbosmmdmozs  LosFoMm
594300 LoddwszMoL M3GMSEGHOWo MHIHYMH30L 0b0dsE MmO M3EH0ToE MO
LOOEOL A5TMBOMZYE0 SEAMOOoMTo (0b. FbMowo Ne5).

3b®oo Ne5. 9w9dEHOmgbghag@dozwo LolEgdol sdGowdmo Loddwrsgzmol
39605300 MH7HgM30L d060TowMo LoEoOL A9BALEHBEIMIWO sEAMGHOMNIO

(39561L5BP3MIMBOL  gomzscolifjobgdom)

1 QsLOPyolo
2 i (i=1,...,24) LSsMOLMZ0L 35MOEIg Mo TMIMTsgq
30Q0MHMYE9dBHOMLoyMm9doL K (k=1,...,n) 4969MsEHMMgdolL Lool
RMOHToOHGOS
3 i (i=1,...,24) LSsMOLMZ0L 3sMOEIg Mo TMIMTagq

30Q0MHMYE9dGHOMBoYMOgdoL K (k=1,...,n) 4969MsEHMMdOL s
LobFgdob OBH306MH™M30L LoWOYJOoL BMOTOMYdS

4 I (i=1,...,24) LssmoLMZ0L 35M9W Mo mdMdogy
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300MHM9gdBHOmbIymqdol K (k=1,...,n) 3969Ms@mOMm9d0L o
LobEgdol sGH306MM30L LoEWOYgdol Fglsderm 3OHMEIbEH™MWOo
39HMJOOL BMOHT0MGdS

5 I (i=1,...,24) LssOLMZ0L 35S TMIMTsz9
30MHM9gdBHOmbIymqdol K (k=1,...,n) 3969Ms@mMm9d0L s
LobEgdol IEH306M™M30L LOWOYJOIOL ASBMIIOL Dgs WS J39s
D036M9008 BMOHI0MYOS

6 9mb3g-396ml 39Ol 5 96530 gobsforgdols 356mbols
bo%3)d39eBY 1 (i=1,...,24) LssMOLMZOL 35GMOEgWMMsE dMIMTsz9
300MHMggdBHOM™LIYO9d0L K (k=1,...,n) 496965@M™M9d0L s LobEgdol
©9H3060mM30L LOWOYJOOL F5IBOGOOL bLbgoslbgs m (m=1,...,j)
139696900l BMOI0OYOS

7 |1 (i=1,...,24) Losoolm30oL 9ergdBHOMIbIORIA03Io LobEHIIOL 5dEHowOO
boddagmols AF i Q905bLYdEMBGOOL 1(3965MI9d0L FMEOI0MYdS

8 i (i=1,...,24) L3sMOLMZ0L 5JFHOMO Loddsgmols AF "
Q9B5bLYOEMBYIOL Lodoerm sHOMIYEH03Mwo M s
U3OBIOEHIO 2obOOL S 360d369wMdGOOL BMOHT0GMYdS

9 B350 gobsfowgdol 39bmbols Loggwmdggambyg |1 (i=1,...,24)
Losomobomgols AF " Q905bLYOMBGIOL FglsdsdoLO  SEOIIMDYdOL
3900m3s s 6®Toe Mo gobsfoegdols Mol o905

09099053900 565935300 Mma030L dMmEYrom JowgdmEo
10 4m39bosmmd©MH030 doLsrmgdo Golizol mbggdols dobgzom
Bn®docm®o 49bsfiogdol 3Mmosb Tglsdsdolo sEdIMdIdOL

AP Q90SbLYOdMdGdOL FgemBg3s

11 QOLOLOIEO

B90m0bodbmwo 9907 MEMYO0L 36543030 336005309

2396bM®309 900y 9egdBHOMMm9bgmag@ozo  LobEgdol  dogoomBy o
9009gdMos  dgLsdsdobo  99gagd0.  LoIMESEos FIbbmM309gdME0s
PowerWorld, Fuzzytech coss Ms Excel 360ma®msdmwo 35393 g00L  g00mygbgdoo.

dgbsGg os300 — “9em99dO969639¢90329¢ Lbobdgdsdo 369396600
9065980l 3H085¢ 1650 33980357 — Bo@BoMgdemo 33e930L 9999o0L
00bg3g0m ©37)8539d0s JEgIAO™IbIMRIGOINL LoLEHIIsdo Tgdsgoww
9696m™d093d3H90bg 9MLYIMWO FMFYMOOWMDI-IBIYIMGOOL Bgdbozm®-
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9306m303900 9aMmIsM9gmdol 3mA3wgdumeo F9x3sL9d0Lm3zol dgmBgmer odbs
0MMIYAH0 BoJBHMMH9d0:

X1 - 999dGHOM©sb5005M0L 80d0bstg 3H9dbozmeo dymIocmgmds
(30000 )M0), JOws;

X5 - 390bmbserol MLoROMbMYdsBy Bgdmddgwgds, Jmwns;

X3 - 9994 GO™9bgmH9GH0 3O LobEgdol L50dgEMMdsBY
b90mgddggds, Jows;

X4 - 3960990y B9g0mddggds, Jmemo;

X5 - 909dGHOM©b6500PM0L 0MGOIMGds, GO;

X6 - 9@9dEHOMEBIYPO0L 535000 godmOHm3gdol  Lobdomy,
36 396¢30/100;

X7 - 9099GHOM©65005M0L HgIMbEHOL O™, LssMO;

Xg - 909dBHOHMOBsAM0L  M9dmbGHOLmMZoL  LoFoMm  LatgImbEHm
396LMbsEOl MoMm©gbmds, 35303

X9 - 99dBHOMb5PM0L 9Ju3emo@o30sdo gmgbol bobaMdwogmds,
fowwo;

X0 - 9@9dGHOHMEbsysmol  3H9dbozm®o  dymIsmgmdol  goBma30L
89092900, JOwo;

X11 - boba®dogmds (dmeml Bo@o®mgdviemo MH9dmbEosb), fgwo;

X12 - 993 GHOHM650A5M0L Bodmoem OGH306MM3s, 3MM(396¢0;

Y4 — 99436660l 30d@obstrg Mgo@obyo, Jmws.

Yi — @050 Jmms  (G9o@obyo) s0bodbogl, 9wgd@Hemabsgs®ols
3w 9090bsmg 39dbo3m®m-93mbmdolgme ByMdsMgmdL.

XX 12 B9JGH™MMGO0L F9x3589dsms LobiEgds dm3gdmeos sbMoe Ne6-do:
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gb®owo Ne6. X1,.,.X12 8od@Bmcmgdolb s Yd ®go@obaol dgxsligdoms Lolb@gds

995351905005 LobBgds
N | gogomeo (806080@‘36?)%@3 abjboab@é'géo ©036900)
1 X4 1 (399000) 2 (bLodwg5M) 3 (3560)
2 X5 1 (ogo0) 2 (Lodwg5M) 3 (03069)
3 X3 1 (©ogo0) 2 (Lodwg5M) 3 (03069)
4 Xy 1 (©ogo) 2 (bLodwgoM) 3 (830M9)
‘Yglboggsligdbgano Iply,... I 90.0sbsyscMgd0L Z3,
5 Xs Zy,....Zn 00O gdg0L dcmMol 3060350
dodbodsgMo 86003690 Mds
d9LoxzoL9dgo I1D,....In 9w.sbsYsMgd0L Gy,
6 X6 G2,...,Gn 935600 250mMmM3900L LobdoMmggdl ImEOL
906005 ®0 s Fodbodogrmmo 3609369 Mds
d9Loxz5L9d9wo I1,D,....In 9w.sbsYsMgd0L T1, To,..., Ty
7 X7 LoMIMbBHM OHMYOL FmMOL JoboToeMo s
dogdbodsgryMo 8600369 mds
d9LoxzoL9gdgo I1D,... . In 9.s6sYIMHGOOL
2 X 9dmbEGHOLmM30L LoFo®mm Py, Pa,...,.Py Lo®gdmbEm
396LMbsEIOl MHoMmgbmdgdl Mol dobodseryMo o
dogdbodsgryMo 8603369 mds
d9Loxz5L9dgo ID,....In 9w.sbsYsMgd0L E1, Ey,...,Ex
9 Xo 996353530500 ymxzbol bobyMderogzmdgdl dmemol
906085 m0 s Bogdbodosemo 3609369 Mds
10 Xy 1(gnwo) | 2(Bmpeem) | 3(35630)
d9Lox35L9089wo0 I1,D,.. . .In 9.565YIMGOOL drermls
1 Xy, Bodogdmeo 09gdmbEosb Ki, Ka,... K,
bsbgMd03mdgdl dmGol dobodswrm®mo ©o
95dbodseMo 8608369 Mds
12 X1 0 % (9306M9) 50 % (LsGmoM) 100 % (©o@o)
13 Y 1 (3000) 2 (Lo8moEM) 3 (35630)

96960md0993H90%bg 5ML9dMEo 9mfymd0MdI-sbsYsM9gd0L

39946036-93bm3o 3o 9 MIomgmdols 3033wgdumGo d9935L9%00

953995303296 dmgl 543L Bobs® Ne3-Bg dmEgdmeo bobg.
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Bobobo #1. mgmdOMds-bsAMGd0L 3gd603296-93MbMT03MEMO IYMTMHgMdOL
3033 9dLM0 F9x35L930L 561593580M WMY030L F53)dsGH032IM0 IO
36939630mwo 699mbEgdoLm30L 359MYMBOEO 39B0M©MEo
009x9AHOL  30MHMdGddo,  MIMbBHTo  ologzsbo  9agdBHOMboYsMmdOL
Mm3GH0oMOmo  MHomEIbmdol  JgMBg30l ™33H0doBszool  i3mbdisos
73mMIoMGOMos J390mo dmyzsboo 300@H)MH0d9d0L Logzydlzgwby:

L. 36939630 M90mbGHdo  oloyzsbo 9w .dmfiymdowmdgdols

509bmdol dsgdlodmdo;

2. 36939630 ©90mbGdo  doboyz3960 VB  Mgodobaols dJmbg

9@0.9mgmdomdgdols dsgdlodmdo;

3. 309396300 H9dmbEHolm30l 2sdmymaomo msbbol gsdmygbgdols

dogdubodwmdo.

959953032965 ™330dobs00L 539969309, d9B0M©3900m

39800bLbgds F999Abs0MS:
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L — max (42)
39beM3900:

D+R-Y;=L

D,+D,+-4D, =D
(43)
R,*D,+R,*D, +--+R_*D_ =R
Y1 * Dy + ¥y * Dy + -+ ¥, * D, = ¥
R < B,

R=B; D,D,..,D_:01

n"

Loo3, Yd — 9e0.obsaoMgdol  xsdMMo  MgoBobyos; R (Bg) —
369395300 M93MbEHGOOLOMZ0L  odMYMmBOEIo XITMMO B0MXIGHOL 056bsY;
Di—0an1 (0 gu.sbspeMo o6 993990gds0gds 36939630 MgambAL, 1
9-s65oM0  99398BsOIRs 3939630 OgdmbAL); D - 369396300
©90mbBHTo oo Ge0.obsPIMGOOL  XSTMOO  MoMm©gbmdss; Y — i
9@0.00965005M0L 80d0bstg Mgo@obyos.

Bo0MYo0d90)0s 993 GH™M9b9MH93H0 3o LobEgdol
9696amMd0gdBHBg  9OLYdMEo 99 BHOMEBIYPMGIOL/TMHYMBOEMIGOOL
d000bstg $H9db0396-93mbmMmI03zMMO IaMIsMIMdOL Fgg3oL900L  SEPYMMOMI0
(ob. gbGowo Ne7).

3bGoo N7, 9aadBHmgbatag®oaamo bobgdol 9BgeHammdogddby s6lgdumo

90.00565005609d0l/dMfymd0owmdgdol dodobstg 3H9dbozmmM-93mbmadozmmo
daMdoMgmdol F9zsLgd0L sSErymGomdo

1 sbOhyolo
d9L55358989w0 I1,D,....In 9e.05650y5M980L ool BMOHToMHYds
I.L,.. . Jn 900.005650096M900L 99x351905m5 LobGgdol BmOI0MGdS
(006005¢0 M0 @5 85gLoBseIHO BM3MYd0)
4 99L39O G0 Fgi3sligdol LExdz9wwbg Xi,.. X  Foboslosmgdergdols
Y4 ©90&0baHg 2930960l o@H®0Eol 3mMToMgds
Y4 690¢0baolb s X Xo,..., X 8od@GHmMmgool s60593580m
L0IMO3WgDY Y3965
6 Xy, Xo,..., Xp 0™ g0l Yy 6903H0baBg 2930gboli do@®oiol n
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650096Md0L BsIMYse00gdmo [Hobgdol BmEOHI0MGdS

7 90.00965003560L  333¢gJumo 3gdbozMMo dyMdsmgmdol
399359008 IMYEol BMOT0MHYdS
d9L5x35L9089wo I1,D,....In 909dGHOMEIBIYIOHOBIMZOL
&99603796H0 3T gmdol F9xoLgds @S Ydi,..., Ydn 998oB9dsms
L0IMS3WOL FMOHTOMJOS
36939630wo H9dmbEHgdobsmzol asdmymaowo By d9bemmeo
00X 9IGOL 3060MdYdT0 Ydi,..., Yan 9985L9dsms LodMogugqool

? Lov)dz9w Y M3GH0F0BsE300lL JoBEOL BMbJs00L (3G0EHIH0MIGOOL)
@5 d9Lsdsdobo J9HM3900L BMOTOMYOS
8999853900 Mm3GH0dobsEgool gbdool bogwmdzgudy
10 36939630 H9dmb@GHTo 2ob5g3560 ge0.bsYIMGdOL ool
53mOHT0MGOS
11 @OLOLEOYYO

909dBHMm™MIbgOgH03M  LobBgdsdo t MmOl  dmbs3zggmdo
959696069090 {gommadols  Ggdmb@Egdol  m3BH0ToMo  ©993d30L
395L5)Y39BHOL  BJOMPOMEMP0Ss  5BHIMJOL 333 gJlyE  bsbosmlb,  dslido
3om35¢0olLfobgdmmos Mm3EGH0dobsiool 99dgao 3M0GHIMH0mdgdo:

L. m39M5@ 0o GgHgmh3oL dsduodmdo (933¢-d0) R——>max;

2. 3000MHM9g9d@GHOH™LoaMMgdol doge grol godmygbgdols dsdlodmdo
(3O d9BH®do) H ——>max;

3. ©g0mb@Tdo  slsy3z960  gqabgMSBHMMGIOL  535M0MW0  QSTMOMNZYdOL
3Ed50MO0L (3m980309bEHOL) dsdubodmdo O——>max.

Bgdmopbodbmwo 3 3M0@HgMomdol dobgzom  39696sd™mEmqd0L
36939630mwo  H99mb3Hgool  m3EH0doeMo  ©RgRd30L  Heromdo (330609900l
dobg30m) M9x3030L §OR030 M3GH0I0DBSE300L BMbJ30sL 593L oo Laby:

90Bbol bdgos X ———>MaX (44)

39bm©39d0:
X=R-H+0
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AL,L+A,+A, L+ AL =1

AL+ AL+ A+ .+ A =1

A, +A, T+ A+ A, =1

Gldadg > 'Aj_l -+ szadg > '6‘_1_2 + ...+ Gndadg* 'Aﬁ_n == |:>:Lremont
Gldadg ol A21 -+ GZdadg ol A22 -+ ...+ Gndadg* AZn - PZremont
Gldadg > ASZn -+ GZdadg > A52n -+ ...+ Gndadg* A52n - pSZemont
R:L - Gd — Dl — ID:I.remont

R, =G, — D, — P,

2remont

R, =G4 — D, — R

52remont

R=R + R, +...+ R,

H, = h:.l*'o‘z_l_'_kl_l_z*’D&_z_'_---_'_hJ_n*’D&n
H, = h21*A21+h22*A22+---+h2n*A2n

Heo = hgoy ™ Agoy + N ™ Agos + -0+ Dgo, ™ Ay
H=H, +H, +...+ H_, (45)
O, =0, A, +OL* A, +...+ 0, A,

O, =05, Ay + 0, Aps + ...+ 0, 7 Ay,

Oy, =055, Agoq + 0555 Agon + .o+ Og, ™ Aoy
O=0,+0, +...+ O,

'Aili 'A‘iz ----- /A\in = Oorl
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boog,  Ay—i 330005, | 39Bg0oGm®ol  6gdmb@Gdo  goygsbol
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- 9©@9dBHOM9bgMool  Homdmgdol  Lodwmsgrm  dgfimboero  Googo —
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89dryeggdoe:
153090 (33WoY00: Py, Pryu Pis) Py

3969653HMM0l BLEHIGHMB0: X, X, Ko, Xy
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003m6F0: o) E; < D; 35906 E; ipore = D; — E; (47)
bbgs 990:bg93580 E; ipmper: = 0
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26



3M95303d0 dogdbodogrmo dmbsfocngmdols 50360393690 (3OO
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X90MM0 EOI-03MOHO FMEIEMdSs, dewb. 33;

B - 929JHO™I6IOBIHOIN bobBgdsdo SOLYOYEO
00099 GHOMBIAYOIOOL K9TMMO ELI—HTMOO LHMDdMIOL bobrxos, 33/Lo;
¢ - 9adHO™g6gm3H03w  LobBYdsdo ORI  oMYYNWOMIBILO
300MHMYgdGHOMBIAYOIOOL X 9TMMO OVI—sdNOHo yolb botxos, 33/(0;

c - 999HOM9bgMHR9G 03w Lobgdsdo 5MbgdMo
003099 GHOMBIAYOIOOL X 9TMMO I-0sdmeo CO2 9dolools IMEwEMdss,
33/bo;

S - 929JHO™969H3IHOZ bobBgdsdo SOLIOYEO
999 BHOMBOYMM9O0L  gergdEHOmgbgdaools Ho®dmqdol 99z90bgdgdol Mool
X99MM0 MI-0sdNYOHO ©mby;

Puo — J Losolb K 9969605@ ™Mol ga.gbg6ao0ol 4580399353905
(35695900 70)0 30OMIYIHOMLIEYMO), T3¢ L%~

Pioo - 7 Lol 0 2969053mc0L  gw.gbgMaools  250tmdmdsg39dss
LgBMbMOO 300MHMYIE9JEGHOMLIYMM0), dg33).Lod;

Pie - j Losob f  g9696M5¢mMol  gw.gbgMyool  4s0mdmdsggdss
(00mg HOMLIEYIOO), Fa3H Lo

Fip - 1 Looodb Yy 396905@™cM0L  ga.gbgMaool  4s8mddsggdss  (Lbgs
396965300L {gsmrm), 9az@.Lod;
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Xio - 1 Looob 0 39696M5@™Mm0L dymdsMgmdss (0 - @o8mMHmYIEos, 1
- BoIONmME0y);

Xir - ] Lol T 39690530l 90amBs6gmdss (0 - gsdm®mvywos, 1 -
BoMME000);

Xy - J Losb Y 296965@M™mM0oL dyMTo®mgmdss (0 - A50MEOHMWO0,
1 - Bs®m000);

E; - J Losob gangd@mmgbghagdolznwo bob@gdsdo gargd@d®mmgbgdaools
390003998539d55, 323.Lo;

Erimpore =] Lol 9egddOegbyhaadoggwo  bobhgdsdo
0033mM G090 9e9dGHOMgbgmaool FmEEmdss, 933@.Lo;

D; - | Lssoob gawgd@mmgbgmagdolzneo  bolEgdol ©s@G300mm3ss,
333¢).bo;

Eyevpore - 1 Lol geogddOmgbgthagdogawo  bobhgdowsd
99L3MOGH0MIOMO GEgdGOMIbgMRO0L FMEEMds, 333E.Lo;

35693069890  30©MHMYmgdBHmbsymMgddo:

- 999 BHmMgbgtaool 3530 3mds390s 3560L5BM3M9ds 099900930
393mbsbEgdoo:
m 24

Erpp(reg) = E Erppireg)i  Enppiregyi = Erpp(reg)i
i=1 i=1

n

Erppireg)i = Z Erppiregiie  Enppiregiie = Pk
k=1 (48)

Piomin = Pie = Py max
09 Pigmin < P 05806 X =1
bbgs 99dmbggzsdo Xy =0
BoS(3,

I — Lssmos;
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I — 9569306093900 30000MggdGHOHMBIEAOOL 6MmgHos;

m - 90994 GHO™9bgmH9GH0 I Lobgdsdo 5MLgdMo
9569310050900  3000MMYYJAHOMLOIEYMOOL MM YbMdsY;
n — 1 0s09amwomgdger  30000Mm9g]GOmMLoy®by  IysM0

39696053H™MM900L MM gbMdss;

K — 1 0560939000909 300060M99dGH®mmbiameDg  sOLYdMEO
39696053MM900L bMIMYd0.;

Piemin — 1 boo00b K 996305@ ™Mol 3096 gw.gbgcaool dobodscrwydo
3900399853905, d83¢).bod;

Piemax — § 1ol K 296905@m60ol 3096 guw.gbgtgool dsglodservydo
2500099353905, d83¢).bod;

Py - — J bosolb K 2969M5¢meol doge ga.gbgcaool 4s0mdmds39dss,
3333 .bo;

Erppireg); - 1 Lo000L 3560939069090  30000M9gd@©OHmboy®ol
X907MH0 250t F)3539d55, d93¢).Lod;

Erppregy: - 1 8950030000 0)@0  300OMI@odHOMLa@y)Ool 8o
9.96962008 MI-s3MOHO 25dmTMdsgq0ss, 3@ Lo,

Erppiregy - 000JOOM9690390030  Lob@Hgdsdo  s6GLgdwo
95693009090 30OMYEgdEMmboymmol  dogh  gw.9bgMaool Y-
0330 godm3mPs39955, 9a33).Lod;

- ©53H300mM30L  3Msx03d0  Fsglodserymo  Fmbsfoamgmds  0sbysM0dgds
RMOHIMom:

[
=

Ghm: - G}' hpp G}' hpp D}' o Ehw'irﬂg}}'

e
1
[y

(49)

Lo,
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D; — J Lol  9gwgd@dmmgbgdagdolznwo  bobEgdol  xsd46o
©OBHZ0M™M355, 933@.Lo;

Ginge — 1 LOOOL  9wgdBHmmgbgdagdoznwo  bob@gdol  xs8v&o
©BHZ0MM30L5 s B0 JOIE0  300MOMI9JGHOMLIYMMJOOL KX sFMOO
Dom0mgdol dmMol Bbgomdss, 933 .Lo.

- fgeol bstrxo gs8momgegds:

™m 24
Crppireg) = Crppiregli Crppireg)i = Z Crpp (reg)i
i=1 =1 (50)

n

thﬂ (reg)i — Z 3600 = thﬂ (reg)jk thﬂ (reglit — Dk + b}'k ij + Cik Pﬁ{
k=1

b5,

Qi By, € - F LOOOL | B3OYYE0MHVIO  30OMYJBHOMLIEYYGHOL
K 3496905¢mM0oL  flgewol  bsdxolb  96gMagBHozmeo  dsbslosmgderols
30803090HIB0;

Qrpp(reg) ik - j Losomls [ 396929 0MYOIO
3000MHMg9dBHOMLIEAMOOL K 996g05@m@ols Py 9gbsdsdolo  @oG300Hm30L
Dyeols botryxos, 33/(0;

Qrpp(reg); - j Losomls [ 39692900 JOJE0
3000OHMY9dBHOMLIEAMOOL K 996905@m@0l Py Ggbsdsdolo  @oG300Hm30L
Pgarol Losomd®mogzo botrxos, 93/(0;

Onpregri = 1 850JpYQ0OIBI0  30QOMIIIOOMLIEEIO0L  ©QY-
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Orppireay  —  0QJOOMIBIO3IO030@  Lobgdsdo  sOLgd Yo

956930090900 3000MMYgJGHOMBOIEYMMGOOL  XSTMNOHO  MY-0FMYOO
Pgarol botrxos, 93/(0;
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- Pgyeol dsgmsbbo obolsBE3zMgds 898¢0ga0 dsdmlisbyymgdoo:

Vijer = V; 73600 = H; — 3600=Q; — 3600=W;; V,, =V,

! 24 m
0 Wy Wy W= ) Wy W=D W, W=)W,
k=1 i=1 i=1 (51)

b5,
Vi - J Lol 1 0560937w00gdgwo  300060mgwgdGeOmboym®dol
Dgolisgogdo sMLgdmEo fywwol dmErermdss, derb. 93;

Hy - J Losob 1 05M93090060g0900  30000mgmgdBOmboym®dol
Dgolisgogdo figarol dmbgd®mogo hsdmbsgbos, 33/§0d;

Qi - J Losob 1 0509200010900 300MOMYmgdBHOmboymcol
Dgarol botrxos, 33/H0, gegd@BOmgbgtaool Ho®mdmgdsty;

W, - 7 bosolb 1 0569290060g0900  30000MmgmgdGOmMmLOaIM0©b

039q00m 4583900 Yol dmEermdss, 33/(d;

Wik max - j Losmb i 35693990 9BdJE0

300MHMYgdBHOHMBIOAOH0EID 0dMgdom 9593900 Yol dodbodsgrmeo
(Q91583900) mEMEEmdss, d3/(0;

W; - 1 8560030@wo0g09wo  30OMI@IIHOMLIEYIO0©0B Y-
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4 - 9099 GHMM9bgMHAgEH0 3w Lboligdsdo N0l ytelyTule)
956930090900 gorlisEs30sb 0dmwgdom 99939dwo  fgmolb  xsdmemo
dmEmEmdss, 93/(0.

- 9994 BHMM9bghhaool 3s9mdmTdsggdoll Holigzol ©mbol Tgxsligds Fomdmgdl
390G Mmagd00m:

m 24

Shpp(reg) = E Shpplregli Snpplregli — E Shopireg)]
i=1 j=1
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0}

Shppireg) = E Shopiregiic Snpplregiik — Rrpplrsg)je * Pix

k=1 (52)
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I — bLssmoo;

I — 9569390060939w0 3000MMIgdGHOMBIEAOOL bMmIgHos;

m - 9994 GHOM9bgMH9BH0 I LobGgdsdo 5MLgdMo
3569310650900 3000MMYYJAHOMLIEYMOOL MroMmEYbMdsY;
n — 1 0s09amwomgdger  30000Mm9g]GOmMLoy®bg M0
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39696053 ™M900L bMIMYd0.;

Py - — J Losol 1 30693069090 30000mgmgd@emmboaam@ol K
39696053 ™O0L dogh 9e.969Ma00l A50MIMTsz9055, 3233 Lo;

Ryppireg) ji - j Losomls [ 396929 0MYOJO
3000MHM9gdEHOMMLIYOOL K 2969003HMMOL 250mO™MZOL SEIdIMMDS;

S nppireg) ji - j Losomls [ 396929 0M9dG0

30Q0MHMY9dBHOMLoyMOOL K 949bgMo@memol Gobzol ©mby;
Shppireg); — 4 LoooL 1 3509290009090 3000MHMYEgdEGHOMbYMOOL
200m3M853990L MoL3ol mbg;

Shpptregii . — 1 8569379@069090  30060M9gdGOHMLey Mol

3900399353990l PY-MsdMMHO HoL3OL ©™bY;
Sweptres) T 020JOO™I6IORIO03I  Lobgdsdo  sGLgdo

95693100 5d9w0 3006OMY9gdGHO™LOYMMHJOOL QOI-053MOO
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fhw (reg) — Z *rhm: (regli *rhpp(rag}i = Z ‘rhw (reg)i
i=1 i=1 (53)
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lippregrs = E Lappiregiine Tnpp(regiic = Thoptreg)jie * ik
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I — bLssmoo;

I — 9560930093900 3000MMYgdGHOMBIEAOOL bMmdghHos;

m - 9994 GHOM9bgMH9BH0 3 Lobgdsdo 5MLYdMOo
3569310050900  3000MMYYJEHOMLIEYMOOL MM YbMDsY;

n — 1 856092900 gdger  300000m9w9]EOmMLoymbg  Iysm0
39696053 ™MMO0L MM gbMdsY;
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Abstract

In phd dissertation “Mathematical modeling of optimal modes of power systems
operation and optimal planning of preventive maintenance in power facilities” in oder to
solve the problem on the modern level it’s studied world experience of short-term
demand forecasting of electricity, optimal planning of operative reserve of active power,
optimal planning of preventive maintenances and in overall optimization planning of
power system operation modes. Based on that it is set task of developing of power
system’s operational modes optimal planning methodology and algorithm on the basis of
business-engineering principles by using of modern mathematical methods of
optimization of power system’s operational processes.

Dissertation works consists of an introduction, drawings and tables lists, four main
chapter (with sections), conclusions and the used literature.

According to set task in the early stage by using of neural networks method it’s
developed multifactor economical-mathematical model and corresponding algorithm of
short-term electricity demand forecasting. The results of the testing of the proposed
method are carried out on the example of four system.

On the second stage it’s solved problem of planning of operative reserve of active
power | power system and its optimal allocation on power-generating facilities. Through
this direction was chosen multifactor criterion of optimality. Because of uncertainty,
problem is solved by using of fuzzy logic method. Bsed on experimentally determined
block-scheme multivariant simulation is done and according to criterion optimal values
of operative reserve of active power are determined. By this way it will be possible to
plan (hourly or daily) with high precision optimum operational parameters of operative
reserve of active power. Developed model has universal character. It makes possible in
any configuration of the power system to optimally allocate operative reserve of active
power on power-generating facilities. The proposed method is implemented by the
approbation of the practical example of power system.

On the third stage due to the fact that in power system’s operation modes one of
the most important factor is optimal planning of preventive (planned-warning)
maintenance, problem of optimal preventive maintenance planning is solved. By a
complex approach to the problem, based on multifactor criterion of optimization, by
using of linear programming method is performed mathematical modeling, Appropriate
algorithm is developed and based on this model in the context of a different annual
periods (weeks) preventive maintenance schedules are determined. Testing is carried out
from the results obtained from the proposed method on the example of the power system.

On the fourth stage based on scientific analisys of world experience optimization
criteria of the modes of operation of power system are formed. These optimality criteria
factors are:

* The regulatory (reservoir) hydro power plants electricity generation — maximum,
maximum participation in electricity demand schedules, Not used water flow (spillage)
and used for generation water flow — minimum;

« Seasonal hydro power plants electricity generation — maximum, Not used water
flow (spillage) — minimum;

* Minimum fuel cost in thermal power plants;

* Minimum CO; emissions in thermal power plants;
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*Minimum average weighted tariff of produced electricity;

*High reliability of operation of power system and minimum electricity production
interruption risk.

Based on non-linear programming method with taking into account the prediction
parameters of short-term electricity demand, optimal planning indicators of operative
reserve of active power, schedule data of preventive maintenance, station and other
system constraints solved in previus stages multifactor mathematical model and its
corresponding algorithm of optimization of operational modes of power system has been
developed. Testing is carried out from the results obtained from proposed method on the
example of the power system.

The research results can be used successfully in production areas, where we are
dealing with a business-engineering principles of system’s managements. Practical
implementation of the research results can bring great effect on the socio-political field
and can accelerate technical progress. This is due to the fact that optimal management of
operational modes of power system ensures improvement of technical-economical
indicators of organizations, accordingly, objectivity of electricity tariff setting and
requires of setting new progressive technologies in production.
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