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U3CJNIEABAHE HA ONEPAUUUTE

* IlHbopMaLMOHHUTE TEeXHONormMmM ca Adan Ha TexHukaTta, YMATO OCHOBHAa 3ajava e
aBTOMaTM3npaHe uU cuctemaTmsnpaHe Ha paboTtaTta ¢ MHGOpMaUUS C nomMoLyTa Ha
n3ymucnuTenHa TexHuka (KOMnTpn).

» l3cnegBaHe Ha onepauyunte (MNO) e HaydeH noaxoa KbM aHanmMaMpaHe Ha
npobnemun 3a B3emaHe Ha peweHune. Llen Ha NO e ocurypsaBaHe Ha pauunoHanHa
ba3a 3a B3eMaHe Ha pelleHune, No3BonsBalla npeackasBaHe MOBEAEHUMETO Ha
cuctemmnTe n nogobpsaBaHe Ha TAXHOTO U3NON3BaHe.

= IO e uHTepauCUUNNNHAPEH KINOH Ha NpUnoXHaTa maTteMaTuka, KOMTO M3non3Ba

CbBPEMEHHM  aHaNMUTUYHKM  METOAM  KaTo  MarteMaTuyecko  mMmoaenupaxe,
CTaTUCTUYECKM aHanmM3 1 mMmaTteMaTuyecka OonTuMmusauusi 3a onpegensiHe Ha
ONTUManNHW unNu OnM3KNM OO0 ONTUMANHUTE peLleHnd Ha CNoXHU npobnemu,
CBbp3aHM C B3eMaHe Ha peLleHus:.

» HecTo TEe3n npobnemun ce cBexpaTr OO0 ornpedensiHe Ha onTumariHa CTOMHOCT —
MakcuManHa ne4danta unm MUHUMArHM pas3xoan MO OTHOLUEHWE Ha pearnHu
Kputepun 3a epekTUBHOCT.

Page = 2




U3CJNIEABAHE HA ONEPAUUUTE

» KpanbrbneH kambk B MO e matemaTtnyeckoto mogenupaHe. To € Heobxoammo

3a npunaraHe Ha KOnu4ecTBEeHWM MeTOoAM 3a u3cnegBaHe Ha OobekTute unu
npowecure.

* [lp nocTtposiBaHe Ha MaTeEMaATUYECKM MoAdesT ce onpenensart Hau-BaXHUTe
3aBMCUMOCTM Ha cucTemaTta, OnuMcaHM C NOoMOoLWTa Ha ajekBaTeH
MaTemMmaTmndeckm anapat. Onpenenar ce KonMyYecTBeHUTE BPBb3KU, NapameTpuTe
Ha peLeHneTO W WU3XOOHU pesynTtaTtu, W3Nof3BaHM KaTo WHAOUKATOp 3a
eeKTUBHOCTTa Ha PeLLUEHUNETO.

= O0WwKM MeToan 3a MNOCTPOsIBAHETO Ha MaTeMaTUYEeCKUTEe MOOENN He
cblUecTByBaT.

» 3a BCEKM KOHKPETEH Crly4yan ce umarpaxga KOHKpPeTeH MoAeri, usxoxgawkm oT
cneyndomkata Ha npodbnema.
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a BT e 'H napKk OOMKHOEEHO € onpegesiiHa nnot.
ol IOJIOKEHMETO He T B napka He MOXe ga Ov 0n3BonHo. CuiuecTByrar
Pa3fIM4YHM OrpaHnydeHn. . Kouto TpsibBa pa 0102 B3etu npeoBur, EgHO oT
OCHOBHWUTE OrpaHUYeHUd < CBbP3aHO ¢ akT- ‘g Bcaka BT ce¢ dopmupa
NPOCTPAHCTBO, KbAETO CKOp ~TTa u-~ 1 U UHTEH3MIIHOCTTA Ha

TYpOyneHTHOCTTa Ha Bb3ayxa ce
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ONTUMAJTHO NPOEKTUPAHE HA BETPOEHEPIr'MAHU NAPKOBE -

EAHOKPUTEPUANIEH ONTUMUSALMOHEH MOAEN

3a uenuTe Ha nNpPoeKTUpaHeTo Ha min {mf ]
TO3M Knac CUCTEMU € NpearoxeH
enQHOKpUTEpUaneH onTUMU3aLUOHEH
MoZen, onpenensi, eaHOBPEMEHHO

IIPH OIPaHUYIESHIT

costs = N[§—+ ;—exp( ~0.00174 N 2)]

TMNa, Opos n pasnonoXeHWeTo Ha P = h,nNP
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ONTUMAJTHO NPOEKTUPAHE HA BETPOEHEPIr'MAHU NAPKOBE -

EAHOKPUTEPUANIEH ONTUMUSALMOHEH MOAEN
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Que. 2. Pa3snornoxeHue Ha BT npu esimbp om 8cuU4KU NMOCOKU U
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ONTUMAJHO NPOEKTUPAHE HA BETPOEHEPIrMAHW NAPKOBE -

EAHOKPUTEPUAJIEH ONTUMUSALMNOHEH MOAEN

Rectangular shape with dimensions 4 km x 1 km
and different restrictions.

250 m 250 m
L <>
£ £
<:>$ <:>$
I I
o o
333.3m 200 m
o >
& (B N N N N N N N N N N N N N N N N N
o0

S 00000000000 OCGOCGOGEOGINOIGIDS
> ® 'i'i‘i‘i““‘i““
000000 000O0POGNOGNOGIOGOEOGNOSGNONOIGEIOS |ﬁ":‘=

T 000000060 06 0
000000 06 0 ¢

Fog. 3. Location of WT within wind farm with uniform wind directions and rectangular shape
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ONTUMAJHO NPOEKTUPAHE HA BETPOEHEPIrMAHW NAPKOBE -

EAHOKPUTEPUAJIEH ONTUMUSALMNOHEH MOAEN

Square shape

with dimensions

2 K X 2 Km,

different restrictions
and predominant wind
direction.
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ONTUMAJTHO NMPOEKTUPAHE HA BETPOEHEPIr'MAHU NAPKOBE -
EAHOKPUTEPUANIEH ONTUMUSALMUOHEH MOAEN
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Fig. 5. Location of WT within wind farm with predominant wind Fig 6. Location of WT within wind farm with predominant wind
direction and rectangular shape direction and rectangular shape



ONTUMAJHO NPOEKTUPAHE HA BETPOEHEPIrMAHW NAPKOBE -

MHOIoOKPUTEPUANIEH ONTUMUSALUMUOHEH MOLEN

max FPower

A multicriteria model for designing of wind
farm solving by following solution methods:

= weighted sum method

Power — Power ™ Costs ™ — Costs
mdx wﬁ' e min + wt‘ ¥ler min
Power — Power Costs — Costs

Wy T we=1

min Costs

IIPU OTPaHY SHITS
Power = hy,nNP,,

Costs— E+l€—o.oo1?w2 :
3 3

SD, = kD SD, =k, D,

SD, = kD

N = NNy

Ny = (Ly/SDy) + 1, Ny — integer
N, = (L,/SD,) + 1, , N, — integer
ki <k, <k k, >0

M <k <k™ k_ =0

P = i x, P,
D, = ixp;

ixl. =1, xe 40,1}




ONTUMAJHO NPOEKTUPAHE HA BETPOEHEPIrMAHW NAPKOBE -

MHOIOKPUTEPUAJIEH ONTUMU3ALIMOHEH MOJEN

WT#13 wind WT#27 wind WT#22 wind
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Fig. 8. Location of WT for different wind directions and w,=0.9, w,=0.1)




ONTUMAJHO NPOEKTUPAHE HA BETPOEHEPIrMAHW NAPKOBE -

= | exicographic Method:
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ONTUMAJTHO NMPOEKTUPAHE HA BETPOEHEPIr'MAHU NAPKOBE -

MHOIOKPUTEPUANEH ONTUMUSALUMUOHEH MOLEN

WT#27 wind WT#26 wind WT#30 wind
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Fig. 10. Lexicographic order Power, Costs and ¢= 0.9




ONTUMAJTHO NMPOEKTUPAHE HA BETPOEHEPIr'MAHU NAPKOBE -

MHOIOKPUTEPUANEH ONTUMUSALUMUOHEH MOLEN

Predominant H Weighted sum method

U[1|f0r[1] . H Weighted sum method Pr'edor[ﬂna?t M Weighted sum method wind direction M Lexicorgaphical method:Power, Costs
wind direction g Lexicographical method: Power,Costs wind direction M Lexicographical method: Power, Costs M Lexicographical method: Costs, Power
U Lexicographical method: Costs,Power J’ l l M Lexicographical method: Costs, Power a5 =>
40 40 40
35 35
)
S @
£ 30 g 30
2 o
S 25 E 25
c
2 20 E 20
7 H
2 15 =
=
£ 10
5
0
314309 255442 473040 435196.8
Wind farm power output, MWh/year 1d farm power output, MWh/year Wit

Fig. 11. Comparison of investment costs and expected power at various DM preferences







A TWO-STAGE ALGORITHM FOR DETERMINATION OF DESIGN ALTERNATIVES

AND CHOICE OF THE MOST SUITABLE ONE

I
Step 1.2. uses multi-objective combinatorial optimization as an analytical simulation
tool for generation of different wind farm layout design alternatives:

. g v AED — h o ND . fige
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L — aTQ00174N2N | omieesta e NS
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Step 2.3. uses s::ggeeﬁirrl]tg_rlon optimization subject to
maxy y akwkAk
i=1 d k=1

subject to

]
Vi=12,.., M (Yk=12,.. K AF = Z ak. x;)

J
j=1 i S ,.
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m
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RMINATION OF DESIGN ALTERNATIVES

MOST SUITABLE ONE

arent weights of DMs
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1) mixed-integer nonlinear
optimization model for
determination of the optimal
wind turbines number and
layout,
2) linear optimization model for
determination of location of
Iven number of turbines for

WhICh the distances to the
point of common coupling are
minimal.
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OPTIMAL PLANNING OF WIND FARM LAYOUT AND INTEGRATION

TO ELECTRIC GRID INFRASTRUCTURE

Layout of turbines for maximum wind farm capacity orviewing wind drection 3
P - . 2 @ 10} 10} o 0]
under minimum cost per unit of annual energy: ° o ° :
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MIXED-INTEGER MODEL FOR PLACEMENT OF OBJECTS

AVOIDING FORBIDDEN ZONES

Generalized mixed-integer
programming model for max F(N°)
placement of objects O; subject to
. . _ W, N,
avoiding forbidden zones: N iij
i=l j=1
N, = (Ly/d,)— 1, nteger
N, = (L,d,)— 1, teger
Vie{l,... N.}: Jy=ai+(Cy;
Vie{l,...N,}: Jr=ai+ (s

d, = k,Dg and d, = kD¢

2

-2 . ) 2 .2 .y

+ 1 27.+4(27.) —MR" —i" —12i
) vie{l,...,Ng:Z, = / \/( o) (
2

AR A 0, Vje{l,...,Ny}:JlEJ'EJZOI’

1, otherwise

Vie{l.,N}:0, _{




MIXED-INTEGER MODEL FOR PLACEMENT OF OBJECTS

AVOIDING FORBIDDEN ZONES

The results of optimization task
define 160 turbines of given type
to be installed outside of
forbidden zones using grid
layout with separation distances
d,=1.75 kmand d, = 0.361 km.
The output energy per unit of
costs for particular offshore wind
farm is equal to 32850.00 MW/h.
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Offshore wind farm optimal layout avoiding forbidden zones
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