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Sl Stels 82O YAz sledey B OGO, Yyoe kkzter dz BO2HOC
Yyi &zt ¢, ~ll2Is4 dz B O2 dzO.

4 OQdzn ddz' R ZHEOROYd esdzdaiz HOdzZm d diziz s OHD@ABE 02 &zOR  y(d
Ats2H, AB2H LHNGLIM OydedzZOGHHOG. [ 5dzc tealf 2 Hacdzr
skztch MOdzm d ¢ 103 dE D Btz - o ydzt dz B Otekzlkzdz -~ 52
Ned22de HBAAE Y B dzso Yy r tslscd tstd 16 HCO dEOdcr@edzc Z 6 H Q@
BOtkzlzdz LIl tellll ydedz Mi dz MOdze d L sdzn d dzdzts.

vj B | Oz EEddD? stedyr X ddzd2 dz HEdzH @p dds Pttt sk
Hizdzn Oy s j @0P6 B80S oL z dzr @ddAaPer@? dz0. r ddkzd2dz HE
000" dz Isj B j 6Ok 2¢ dzlsw@d, M QR QR & LB P dzkz
Lif) SN2kt dz BGBBLE Rk SstesdzH’ dz2 D slse e, Istsdt
6%)-0 O, L) = Il 2 ISYEGRE 60 E ¢ AN 2 Gz B  g@O ez Purl 160

HZZOOdz EOR@WGEdz X ddzd2 dz H ()@ fils jRdyy2ise Qlis zdekz Is O ¢ |
YL oHi Gl DEM SO®EMOH B G B35G6 ° 1l D o AP -SWGARE O tzOIs
TNy RNRtsderHkdr b dd e Oy i Sty I G - OdH O¢

-
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1t AR dzzlsed2dz Rt By L L dzH A tsdats(¢16P@)dz ¢ Nz dzH O I8 P!
nr2eOYyO00O HEEZNPBOL nDtcddz -6 d2" Otzis! ¢ DEIT-&O M e Mts
Mdzdadlteh d 7 dzzlsczzHOH 1 det AkZEOYOO 5 MOt 7T tode
nOkZOOsEdde dz' dz T teei dzydzt 7 AEZEOYOO jtwMdzZmd2HMM Ist

U B JtcOlskztoydzdzd dz2 getc ®c O0Ote 3O dzH dz', &l LHdOHHO @ P OM O o
H141h D EEtMEM ICBOOKISid ddsj BB j tOlskztc dz BzEtcH O
Bsdzso Yy LOtcdd3 bsndtsdzHtsdzH | @Q&O0@tcB @2 b Pdgf jl ¥ Oz & d
WodzOOY d ¢ dfOdgH Ola®L c Hdzd2 G Isj s j tcOIskzter dz ddze j o) B
Co zdRddg tc Odzn dBts dz6 s dz ctOOdg" + i ~dzd dgldds j e B O ktco Iz
sdzydzse etstedd3 BT el dzht dz StsGlsHBGE EZyttOOMm G OL o dz
Rdzo Jtclfd2 ¢ R ORBeOrn EdHEGCEEWK d2@ GOLtr dz GOHOEO ¢t
Gl Y Odzg@LdteizOdz G OH Otc e OO H E ot Oo3FRCAK G | 1 to 1521 O3 O &5 tlgH
ddzo jtemMd?2¢e YEMXRZEEI OO0t dOdzHdzr dz ddgo jtefp G141

Odzlsd yd ¢ dzsdz" o &g tcEndzBtOP T ¢ 2P de®dz" ddzo jtofp 1 11
[cdegetsdz Stedz’ dzgzlsOcls dri1tc OYdce dzOGHORE BAD . Il Il dz0
| sdzsdi3ls dz2 vefm O02d@Bedldz Iseso uwBRBEAdE Sdf 23sE sz OE O
HEZdzOOdz Oc O0Otc Issclssdstsf) Bsdy yYyd§dasd BEkzskz W
steyd3” dz ddzo j tcf dz@ HOLOOR ="l H "iHlId LOBOOt 1T

- AOyteOc d 2 dz zdizoljlitciflz@® H P OM@Rtc” WOEWBEBHOFHDO - t
OBOr Odd 1A HIEW,00 n OO dz@ HEZAEZOOdz it 94 L tet L 11 dzH!

BEMEdZ GOHOWLGGEO HLI L1t NIMHL G.
- VizdzL f edzjs@dzn 112 NNjH &zEZOBBEOdZ OQ@GOt ) dzH ¢
I lcfgzt .

- dbHOJ S yd2lael d dzo fac PEEODPEOdz O OO0t " ddzyddz dtct -

- MOotc" dz-8f @0 PEEMYOM dBGEM - O2dZOR IIjH GCOLtW" d G (
nO2 &zl ZOR OH L Ot WiOD BGAeEE Oz dHizlitiH R EGE R Skzdz
OO0t dz B s dtcH dzts ts N2 BliAR dry tot o[ U s dgke | Hotfpt to 11 1
b cO0ls dall l i Il FdARz ~RdRdz! Bykedesidz d - + gt dzt + iy B tsd
W dzg OtcOn HEZEZOOdz ¢ Istsclststsdz BOt! 3 ddzo jtemr dz HOo R

Otc cd?2effddid lak fstcsSIEBHO GlIAIL dzhyflddzd3t 6 E Htcd 22680 ssts
SdetsE B E3¥30 02 6WAE dzOtc [ dOfi20R 1 itz fg Chtdze ' deOtddz ¢ d 2
EcOyo0 ZO0Ret2GOBHCDORV]R I d 85 cektSROHIDX
st dzyt 3, HEdz-BGR AR 1B 4 {HOEHZ | Re@ B\ pttsd M OtekzkzH G 1 dz

)
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12 [ sded Bied s dnPislafl derdfy zlsdzO ¢ H Odz B O2 H Oz

UBHBEABS2 RkZKHISO2 OCOO0Ot' dz ke Od ¢ MmMOd: d
2,6% MOd&Eddzr {dzjtecd Bbdzsdz "odtedz®. 4 &zid2dz O
Stewizizlsc d 2 dg { MO dEhdey d @B dz ZteMce Odz niMmt nt H: oL Ot
PL 00t 31 rotdfuv, L¢P 31 1CLy GdzdzBa NNl Glsi 2

‘mEm T T
0 10 20 30 40

Nitrate (umol kg™")
1 2tc@Qq 1ldzn d2dz2 O O0Ote BOdzH dzr dz jtcMdemn d2 [

1 Otedzr YyoyteOec 6§ ¢Co Olststt2-1d8 ¢ eyl it tHts Isit dlay Msidrfiyidsy B O 6 O
yqdledzi 6 nOdzzzdz Od @ Myeizozlz Ezfet® diz tfip2@dz B O EZteH |
FtcmMOda®. E 8 O E tc E GLO-IsIteCydRtsdgH Mtc , drn HOttOdzIklsO?, nlz
PtczlzH OfR 60Hbtc MEtc@de tcE 6 toll-td  Bytd & Eidc B8k ¢ &0 MdzH Mtc, B O
HOtOdzlsls©@2 yd2cdzi ¢ ! tctitiidc@cd® Qe ude BGAsHR
steyd3" dz MdzH Mte H OtcQOdzlsls ©2 nt ISORdz dRdAR@terydz BLOW I
~nEHE d@GEEdH BGteh  dzts.

(n COLOK Bodksd HOEO2 Isidcdmn, ddHF IGIKEYR { g @0
btefc Odzr ¢ B Il ) clzbdsled B&ONB@DH MOk cOHOLEERE b
COLEkEEOOMm {5 EOLOL tkk ydcedt Ml d emeOd 11 f
COL Ot thkbk, AN2kdd? bddwOdkH {5 cOLLOON kMOd ¢
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Qg tisdz dzklse d2 dz MOdR g

[tesdz dzzlsed2dz MOd&Ed dz EdzHE tc b B[ dzfs ©lizO &zE Bze (kR ¢ 2 &
bdr dz stes? tokl, hEdQEHEE bbd d sSts? sydkssh -
Il 1 fry dzt

[ O®z0?2 skd MOdEddy Lteydd Sntdeg? dwwE yd?2 d
41 tGl 1 GHLI A Lteydds nllyded?2 dzOBtSKOIsSBSted2dz ( NREL)
OlsizOfMls L OOMdzO0te dBOdO2 stcdz'C die@AzB O&lkz HzO ¢ ) © @S fif dzt
Nyd2ce nN2dHol todt dzd2cdz L stedzdzOdzs O0Ote Oh d ¢ zOZ  dz
ydzd 2 dzEEY dRlsi 2 BUM dkzlsOe dd2l dzlsOc Hi oM@
eydds Al yded?2 dze ey HHORdEEOR2 BAGT) daz@sdeseds? Hil st e 00 to
teyddz mlly N2dzHo 1 tcdzi n Bz By Iss2 s d3. Nided2¢ MO
nhyddz W deTQt dzo + dz 1, 100, 000 cOtekz?2 [l BO xd¢
12 dzH & BisdizisAZY Ists?2 B O26 00 c1 Ml fzl WOO.M [BEREAX Il 2 dzfifHEHL
teydds ~llyded?2 dEEYLL 2 13 ORIBOH BO2I0 BZOE NISdR 1
BO2 dzO. & Odzn d eg'-70§/ HplzHBAD? nn BidGs dztso Y E 8 dzd 2 dz Iz dzd tc O dz
ktsdictsntsd MO&Zrdds § OteS 2 dz Oy d dzdzOr MO&R ddzr R kzteH

OCOOte dz iemeOdz 11t B¢ HO sz 0wz [l ddskvls ¢ d 2¢dz ¢ ¢
rotof v, bl o0t PIBdztzbd v NJIBdZE@B ! Biesdz 4 bkdzdtd dz
sj B j cOIlskzter dz =41 dzB{ dzL + dz E dzH E tg, EtcGEtGEG BO Ed
dze dze E dztzs . dzztczzZH " dz B O2teh ddz, EdgHEth ddz L1 teGg 1 1 My
nOted dzyOdz OHddze 2. | klsed?2 dz ricRABusOiz@deloredz dadE te d
dz2 Oc OO0t dzg steyddz ~EHEdRZGEEd]?2 ILk2d d Wttsdls' d
ydsdzsdz BO + fMtet ¢ yd ¢ dztsdz, [k dzd tede? dz datf &6 @ @@ O@fgzH " |

~ 11 11

—
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yd ¢ dzts dzr Oz zZE e &zdze Etc dr HOOMzISISO2, H Iz dzO O dz' zd
HEO & Bl Md2dz OO0 iite! dz qis! & lskdz BOCO HOBOd
Mongolia - Wind Resource Map
(SIS
Wind Power Classification ‘
:T:‘C. ::m“" :)Vm”:;o;.:;om r.n“{ggim. had 1% Hg’ 1% 300 ”54; 000 Kicrmotees
Marginal Moderste |00 200 45-56 e
Moceutn Good 5.6-64
Excallent 300 400 64-71 U.S. Department of Enecgy
Excefient 7.1 81 National Renewable Energy Laboratory
E 300 8.1-89 The wind resource classification is
900 1000 89-98 specific for both utlity scale and rural
*Wind speods are bouvd 00 an clovasion of 1400 m and 2 appiications and appies to areas with
Webull k value of 1.8 low surface roughness, ¢.g. grassiand. S adh A a
| bteBd Blze 5z Stedd MOd&D ddrr MMy, Istt dzd 2
bl v dz #itegi 1 dHLI A Ctoydd mihyded?2 nNdzHt Mdzd?2 [ OBt
EdzH t@E @Ot &z bemMcOd dz COH]d ] delsd2 ¢  ElrprdgaO todzO to ¢
" shesd Std MHOdh gde  dis & dye ) salz OsEEOHE H [ ©dzd S &z
dZEEYyd2ce 5 OdecddzOdzH R ko OOMOdz BO2HOCG.
mifldzl ¢ls 1.1. [tk std Hodh
[ . H 4 Odzn ddzr dEEYd2]eOdznddzr r ko 4 Odzm d dzr 4
U 8] (]
1.0 tco dedze ylst 2 400-600 7181
2.|402dz dze E ylst 2 300400 6.47.1
3./]1 EEYlst 2 200-300 5.66.4
4.1 zdzH O9 s Ot dze E ylst 100-200 4.55.6
5| H®BOG dze E ylst 2 100H tstsh 4500f HBH{
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[sdzesdz tstoder dzgzlsOCGIls L tsdem ddzse MOdzR ddzr dze EYy B s
L Il 2 dz dzE nlAE dzHizdzE .

T 1OLter d2 HzdzH OH st dze dfyp, MmOt Is1 dzcdm, ¢tcOdz dzkz

T

BOtekzzdz vwdBdtcd?2dz IsOdzOter O dzzlsOa, s OL OC MisO

nlzztc 0?2 OO0t dz dzE &zZEEGEEt Il Mt A OO0t dz
GtcOHd j dzlsd 2 dz dze dze E ¢ E EdeH tdiqiRfiplz -y Ofds = A td HidS &2  d
Lot dzlst + ) NWHHL dzlst 2 ddzgjteyd2dz nlly, stteddst
BOtokzkzdz nts2 detstsf) LIllldz Edgdze L Ile tellll ydedzo Mt d

dzzls O H1 ofmMetl tls tstey dteHi @ B O2 dzO.

r4{ dzrnd?2 dz20ter ¢ Ists? olsld dAszi & L dp! @z H B fgas s D
rdz EdEYECG Isecldiisdz NNlifMety BO2HOE EyttOOfy dzC
ZOtcdz" {6y IskMcOdz { CoOlststec” dz HOGEE - BO2A
wWhkn Wdhn OOt nat2h 1Ml dz EZtOeh hdydy BO2 dzO.
JEdZn d?2 yYyduSlkzdzwyd2dz BO2tcdzOdz + C o Olststelsts?2 R~ C
FtceOeh Sts2h hddzydes L1tect 1 tc EEtYOZEdzZSEH EtISE
mMelstesf S d2dz dn BO BOGCO HOKLOMSISO2 000K’ d
hddzydy B O2 dzO.

[ sdze sz bk dzfipriddzrdgl2IsO B E BB Etcyed2dz mns2H 7 Oc Ofyr
st dzcdmt 1 OdzMdzOcHOd ¢Ld Isded2dz Isee A4
Alltcd 4 dzt GHL Y, HOdZzO2dz Isiehdzt t i H4 LN E dzH E tG |
sj 3 j tOIskzter dz { tey EE teydze dzlslst 2. [BORRORQdzAzdz) f
HOdzZO2 bl d"cecdMmi i1 OdzifdzOCHOdZ HOZO2dz Isil oM dat 1
nlMicels IOz B! 1 ML EdZHEt EEZdZMHOOt =~llted !
Mt tennnelitc, R"kte yd2c¢ BOCOOISOt, OO0 dz Isj d
dmr R4 dzB! dzL HEHAEQ O da| d 20BE EBYO YHJ dzt + i Yy ddzH ~ ko' MO
BO2HOG bkdz MOz ddzr dEEY, yYydcecdz dz, ctstedd3 L4
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13 sdz@ sz stedgr L+ttdz MdsdgMH BT Md2dz fOdR  dz

[ 0dz0?2

KOG

T
T
T
T
T
T
T
T
T

\OX¢]

T
T
T
T

bkt dz2 fls Odzy:

1 Otedzr YOO ddsDdzy,

MEHEE Oy On ki22dz fiys@xdz\z z o' dz
1 85 Y067 LkfiplssO diy ,

AOG BEZEkt'idz OHOTG

MEHE IZGEE dzs yOd, kter dz tcOH Ots

Md2 B &z HOGEZEdzr dz d Hi L Rlde{dz Oo0OcYy

zstessdz " Zztcc Odd 1 10 yfls@dyizls © dz
\ 2zter dz2 MkzH4,0dz¢ OO dzr
[ EfMisdze ¢ fAlz HighORiZiz iz sz sz B O2 dzO.

: * Llar yypbiH epTee, xapyynbiH
| rasap3yvH 6anpwwun

TaHux Tamaar

s YNCHIM XWUN
ARMIMAN Xun

eHgepwmn

. High : 4297.27
. Low : 626.172

1 Eteleld sdze sz stedyr YyOE kbkter dz Misls MM,
bkter &z ROkl d:

MEHEE O) Onrk2dz Y4 BkZEztr dz ~Okzkzd
v dzr RIABX Z dz

AOYytcOecd2dz - W deBkzIs" dz -~ Otclzlzdz

P GO0 dz YoOdzOter dz 136" dzgOdzls™ dz =~ Otclzlz dz

dzM My

bdzfyr dz Ef) Y3 7k byd cdz Lzined Gty kd@rtiziz, y1 81 R
B2 yltste 0w dzOdzls T dz 2124 1dzQpOsstc (idds iz Oo s s 5OIs M ls O dzy

I

n Otz Iz dz’
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T miidt &3y d2dz Rd2dz T4 cdzOckzls' dz R Oteklzdz
T AEdy ddzlsd2 dz R W dz@bdBlsd de GG 2 dz

CHGL 1t YyoOce kktr dz MmMlsOoday, nOQtezzdzzZH " dz2 MOdzm d dzr
Lsted EdzOzs OOt Oh d6e dzO- OH EkEyte HEZISOGHOMISO2 BO2HC
g4 Calzd?2 MIsOdzy BOtdrm GOLGr dz dge EYyd2c6 1dat dzt s HL L N
H141h OReOUOO® BB dzls Rdldz yeedzkz dzOr dz2 L 11 21Ist 2
sd2d3t L L dzt Al IsE fdzd 2 ezd FEdpOB 2730 42848z @ 50  dZHO 2 O3
Lteydds rllydzd?2 LstedlzdzOdzlsO0Ote Mizkzted dzk 2 dzOr MO dza d ¢
I dzt dz€dR ~ L sted 2 dzOdzls ©OOte  dzt d3t dzls 1 €39 d dzls zd @&z
Uylzg dzlz z dzfip O dz

apxyy
o

7 Li!"
Ketzauin //adoi'-\'ﬂ o

Ynaanw6aatap
@

Mowuron
Yne

umal

= '

Eeijing
ALK
®

| Lel@amt By ddzls Rd2fMi dz cOLter dz ¢OLOte L T2dz

Ml ddzlsd2dz MlsOdey Miktedidik b doste d k de@dpleds 02 " 00!
Clidydasd2e 1 ydid2d SkcOy0OdH 2d2 i d

U 6O0dzi ddzr "ktoH "1 d@Yda Odzj BsdB] Ists,
0 eO0dzrnddzr ydedzt d&z m1 BBy dey,

i 6cOOtr dz Isj B jteOlkte R4 dgydey,

c:

OOt dz HOtOMzls =41 BBy d6 \y,

yd2ehddz f1 ddydcey

c:
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U1 Otedg OHdOY nt dpjd -~ M bk idefoddiasaglp@dh dz  Azisdy Fdz
Yk ¢ dzbk i dzf) O dz.

ML a3y d dzls d 2 da Ois@@&y I1dalzH M4 dz2 EGEGHIZd2dz ~OBBY dY Oten
- 4Oz ddzr HizdMPSHsEROEBRH R 1 Hg izl dz2 ECEC
s Odzn ddz" - OB ddeE B OBRtcyze dzk z dzhOdz - Od3e d 2 dz

4 Odze d dz" - Pdian dfidalz ydedzt dzd2c "1 BBy drHL 4 Il dzH 1
MjClststels Alzo OOy, M@ T Te®BecclsBdhydRecy tzt 2 2 , 5

- 40dzrnddz’ cbkteHdy MEOdBOdkBISE @GL DRezByO00OdzH =1 d3y
TbtHd Och dézcL Blruky dgy L E ©®H ¢ O dzdzO.

[Ed Ms@@dzr dzdz" N dzHM! dz EGEGHMIRZEEM GOHAZO YOc kbt

A CH todidddzn Oy Is j e3fGds OdstizlacO dsH =4 a8y d Xy H bk dzH Oy &zO T,

A CHtodzddzn O OcC OO Odz EGis@dgls -t &3y d A

A CHtEd®Red®Otl’ dz H Iz dziy@p sdzdsaddsfidz 7 4 dsy d 7

A vskoiO2d GOLOEK dizlsOclyOnNPLMOdZzeE @' &Iz ts,z dz
EHtodsXsds, N tstestsdz Btsdzsdz { dzipt dz Pt OISO2 E HteC
Gin 3l s d3t Hi te@dzd2 ¢ Ykedzkzizd

Ctoyddzs mllydzed?2 LtstedlkzdzOdzsls©2 dr YOHA dz MOdzm d dz
Ndzt dzt Bz sdzsdz 2 2z BZO MO @ @@z S G IsH+ + W S kz@
Al dddzls ~md2) EGE G HAAQR@H dBOE Disodtcdzplz@2R60 @ &z E G E G
98%d Of) dmisc@ELL 2 .

14.f sdze sz StetsdzH uffladzdec] d20L HIMMOgD + et T H, ISt HG1 1 tod 2

[ 0dz02 tstosdzH0 ofAdeh, -BOL ydiAs ,-5 5 0dgdds MOdzme ddz yOR d dz
MlsOdzy EOod2dz t eyddz mrllydzd?2 MmMdMmilsj dglst 2 AtsdzBBGEHTS
[ Oteal @z [ 1 Is, [iddedz@td Gsdzi 145 AfElcls, T410d3f Uts, 30 so !

f 11, 11t Ufde ¢ dzls ©2 MmEdrmdm 18AI ~fd2ls dzOtcdz" YOn ddze C
2@ d dzzOG OO WwW! EZlzdzy B @2 deO dz@ 20 tduehy" de HAdeEeCpe  B2ts d3ts dz
Ltieydds Mdgdrd 231 " sdzBSeHMBsdz + teyddz ~llydzd?2 + 2 1
mMztcd ZOGHMOdz Rl wddz YOHdzr ¢ R Otz zdzO
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1 2tel®d sdze tsdz v dzfipr dz Is Mo
ttTMmMol et THd2dz cOLOtLT2dz BO2tcdzOdz BO Mkizts

MoHron YncbiH TeB 6onoH ©MHea (MFoBuitH) 6YCUIAH 3p4YUM XYYHUIA
CUCTE MMH BHOBINIH 3X YYCB3PYYAWWH rasap3yiH 6avpnan 6a

Jlapxan
JANC, 59 MB1

Vmaanbaamap
ANC-4,749 MBT

ApwroT
JUIC, 3x12 MBT

Vmaanbaamp
JUIC-2,24 MBT

Vaaanbaamap
JIIC-3, 198 MBT

“Mamansaqran ™ AIC 9 MBT (3x3 MBT)

“Vxaaxyiar " J{IIC 18 MB7 (3x6 MBT1)

cyypunaracaH Xy4uH yagan

o

”---_

-

=

Japxan
PV, 10 MBT, 1309.4 casn kBr.n

Monunapan
PV, 10 MBT, 1471.98 cas xBr.n

Boxer
PV, 15 MB1, 2279.78 cas xBr.i

Cymép PV, 10 MBr1, 1554.3 cas kBr.u

Toss PV,
30 MB1, 4134.8 cas xBr.u

_ AuC-bin wuinbap 4. CLC-biH HUC-biH
ﬁ XyY4uH Yadan, I\ HUGN63p Xy4uH - = HUUNG3p Xy4uH
1093 MBm vadan, 155 MBm yadan, 90 MBm

L n

Btsdztsdz C d3dzMH

Toron PV, 15 MBT, 19993 cas kBr.u

Aumaii cym PV
10 MB1+9XX, 26.815 cas xBr.n

10

(1 B9d2dg

Bt g2

Ctoydd3 mrllyded?2 MOdzB Ot dz 2022 dzf

Hzc OOt MOt dz

MmIl Mdd.26 lIse 1 tcG41 L GH1 7

tieydd =

I yded 2

(2022.11.08dz" E)HE to
e ——— — 2021 oH 2022 oHel 10-p cap 2022 oM
MeH ye ryiu Ten |  rymu | xyme Bccen ayH
1] ePreH yYuc: uax  |mam kBT 464495 1,972.00 2,048.11 103.86% 24322.73
2 “TARLMP YLICT uax [msnxBry 2,463.36 2,232.00 741.84 33.24% 21654 42
? "ryYMWH YLIC" uax |mam.xBr.y - 50,00 41,78 B83.52% 452 47
E % "BOTOLIH MO YUC* uax  msmxBr.y 127.80 8.70 100.00% 3407 85
|5 “TOCOHUSHIIN YUC* uax  ms xBr.uy 218.70 102.00 9716 95.25% 910.5
i "XYHIYI YLIC" uax [mam.xBT.y 18.20 10.00 10.10 101.00% 23B8.53
T "TAMYYTARH YLIC™ uax |mam kBT 15.50 10,00 1.30 13.00% 202.07
8 SCANKMT CLIC™ XXK uax |mam xBr.y 11,633.62 13447886 10,005.60 T4.40% 124939.056
(o] & [uoum cucox uax |wmixBru | 1224353 15834] 1477643 | 93.32% 138201.976
E CARHIIAHL CLIC uax |mam.xBr.y 12.901.68 12818.908 15,187.13 118.47% 139276.896
il ANTAR cym HUC uax  |MAn.xBT.Y 26.24 72313 T4.58 10.31% 434.46
12 "HAP HLICT0K uax s xBry 1,439.50 8a1 1,414.42 158.75% 14772.329
13 "MOHHAPAH® HLIC X)X uax [mssxBry 1,568.11 1354 1,504.03 111.08% 1B638.704
E §' "FArasH HUC" uax [mmsBry 2,130.72 2155.176 2,156.01 100.08% 20627.178
15 “CYMB3P HLC® uax s BTy 1,802.58 1497.5 1,523.40 101.73% 16448.985
161 “EEXEr HLC” uax  |man kBr.u 2,550.81 1941.032 2,284.12 118.19% 25401.112
? "rOBk HUC" uax |mmxBr.y 4 483 86 4029228 4.028.86 99.949% 44 324 78
ayH uax U 58,169.25 59,067.86 55,915.48 94.66% 552,252.05
CR Mktteo Odzy: Ctoydd "Nl yded?2 w O,
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1 Ote, MOdRd, Ekmdr MsOdykzkzH ISE dzE o @EBEG? d2 Yy o
2yl lsct dzlst 2 Oy dkzkzOMOdz B 02 &zO.

Ctoyd dd Uzl z@- tcfddgtsBIl ydzed2 2020 tsdf2 diplsOlsd
sO2czO@@d - OtcOR OH dzd2ls 8, 850.5 foOw ¢CidRcy 1 ter
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db2Becd2dz Iseo | OdzOdzL OH ¢ Olsits thfifs Is5 6d@  Cudglz OLO@RB 1OADAS. O te |
nl Y1 L dzgH R OMEd2 de fedisalis Ac6 5H, 100 fygvidildd2 SBd® ~ Il dz O3
3,4 CoO0OHEKGOI Cddztsd3j Iste dzzlsOGls 1 ~udz 13,2 Co Ot
fMzkte! h dy B O2 dzO.

MypeaHT3C

1 ke T dazMcORedic d 2 dzL k@O &' dz
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1 02¢0d YyOE bkbktrd Rko!H Lt 542630 R¢ €@ ey df Iiztizl
TH2l H! €, HEZA&ZOOdZ -3 B dzd & Oeziz 5 O éfbrBelef disj j C3, & to H ChLG «
3445 &/ Mj.C [FudeBdz Stedy MOLIddzr dEEY ROBEdd d

D d3dze GARad30 G Ohdcels BOdzIsd@ZOdzr dz 80 cOtkz?2 stH, 20
[tk bsdkes?, 1 Oted 2 dgfpzn O2 Is MstcOlsjed2dz Oy =~ts
SsclstssGHEsY dzd2Ils dgzls©Oe¢ Hi ofMmei ted2dz 4 A3yt L dgH /
stsdze 52, jCfipizjtadiy, d [t& demn dztsYy dz Mzeo O O, [ kzdz & Odz' ,
Y dzr[ X Oted2dz Mkzr ©21s, w0k etBd Mt dHufm, »dDME-" L
Litei @ 14 CoBfOddkzH Oh dcéls d@Odls 3ZOd dz tudBds tc dzts dzl
zter O2dz | HG ! | t6G Ca s Sde'ts dze dsdgiH G tsoa d2dz B Il Md2 dz
nltel gdzt 1t dzgd?2 ddat derv lEdzolfRtcr G2 det Cdycidsem Il yded 2 "4
skzdz 1 +OOrp + eyddz "y dizf stclsdztsy B O2 dz0O.

mT fdet dealsdi3ARE. cCORodse d 2 dz MEzdBH EEZH st HGE1 L ted2dz dzlzls

_ flzey o E Hzlzndg; déd;SrE(l '2%?331 I; }:V.V./(éabd;q
1. 1 OV dzH O zO 2 651 15,751 0.22
2. 1 OYdE s 544 15,474 0.15
3. | e Odz 929 8,498 0.32
4. Lkte Odzlst f 1,842 27,967 0.14
5. [ OkOdzL OH G Of 30,880 476 37.70
6. [ O dzn[Ceds 5 603 7,433 0.30
7. | OdzdzO? 608 15,418 0.20
8. L BY &z 401 20,550 0.12
9. | B dBE & dz 787 19,468 0.15
10 wloted 2 709 8,095 0.27
11 MOdzE 5 G H 1,361 15,151 0.21
12 MO dz3 5 dz€ 5 ts 616 9,931 0.24
13 Ml te d3t dz 495 12,393 0.14
14 Ao s 619 6,526 0.26
15 A6yl yd 2 1,043 7,246 0.36
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https://mn.wikipedia.org/wiki/%D0%91%D0%B0%D1%8F%D0%BD%D0%B4%D0%B0%D0%BB%D0%B0%D0%B9_%D1%81%D1%83%D0%BC
https://mn.wikipedia.org/wiki/%D0%91%D0%B0%D1%8F%D0%BD-%D0%9E%D0%B2%D0%BE%D0%BE_%D1%81%D1%83%D0%BC_(%D3%A8%D0%BC%D0%BD%D3%A9%D0%B3%D0%BE%D0%B2%D1%8C)
https://mn.wikipedia.org/wiki/%D0%91%D1%83%D0%BB%D0%B3%D0%B0%D0%BD_%D1%81%D1%83%D0%BC_(%D3%A8%D0%BC%D0%BD%D3%A9%D0%B3%D0%BE%D0%B2%D1%8C)
https://mn.wikipedia.org/wiki/%D0%93%D1%83%D1%80%D0%B2%D0%B0%D0%BD%D1%82%D1%8D%D1%81_%D1%81%D1%83%D0%BC
https://mn.wikipedia.org/wiki/%D0%94%D0%B0%D0%BB%D0%B0%D0%BD%D0%B7%D0%B0%D0%B4%D0%B3%D0%B0%D0%B4
https://mn.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BD%D0%B4%D0%B0%D0%BB-%D0%9E%D0%B2%D0%BE%D0%BE_%D1%81%D1%83%D0%BC
https://mn.wikipedia.org/wiki/%D0%9C%D0%B0%D0%BD%D0%BB%D0%B0%D0%B9_%D1%81%D1%83%D0%BC
https://mn.wikipedia.org/wiki/%D0%9D%D0%BE%D1%91%D0%BD_%D1%81%D1%83%D0%BC
https://mn.wikipedia.org/wiki/%D0%9D%D0%BE%D0%BC%D0%B3%D0%BE%D0%BD_%D1%81%D1%83%D0%BC
https://mn.wikipedia.org/wiki/%D0%A1%D1%8D%D0%B2%D1%80%D1%8D%D0%B9_%D1%81%D1%83%D0%BC
https://mn.wikipedia.org/wiki/%D0%A5%D0%B0%D0%BD%D0%B1%D0%BE%D0%B3%D0%B4_%D1%81%D1%83%D0%BC
https://mn.wikipedia.org/wiki/%D0%A5%D0%B0%D0%BD%D1%85%D0%BE%D0%BD%D0%B3%D0%BE%D1%80_%D1%81%D1%83%D0%BC
https://mn.wikipedia.org/wiki/%D0%A5%D2%AF%D1%80%D0%BC%D1%8D%D0%BD_%D1%81%D1%83%D0%BC
https://mn.wikipedia.org/wiki/%D0%A6%D0%BE%D0%B3%D1%82-%D0%9E%D0%B2%D0%BE%D0%BE_%D1%81%D1%83%D0%BC
https://mn.wikipedia.org/wiki/%D0%A6%D0%BE%D0%B3%D1%82%D1%86%D1%8D%D1%86%D0%B8%D0%B9_%D1%81%D1%83%D0%BC

vsd2dt 1 g 4 dat BIlfp dzkzlsOGls dr YOH& d2 MOkzrddz YyO-
d i3 stels™ ¢ B EZEztckaEzZIAMORdz =Oded @Azt 1 yOO"h dH 11 mouv tkzlz
BIltcl dz B tsdztsd3y MBI 69405:RR2431 A eNO dze d dz YO~ d dze OOdz Mmls O
GOLt" dz MOdzR ddgr 1 teydd3 = Il ydad 2 dzE" EGY dHA0MS takzdg! tsdaa + 1

O2Bed2dz MOdzr d dz Ltoydds Il ydedd mizE & yefR dzi 1 7ot
L stedzdzOdzls s © 2 dn YOHdzZr dz MOdzmrddz YyOrddze ©OOdz Ml
BO2tch dz@ ¢ IstsHtsStorn 52 dzfyts dz.

Annual Wind Speed

km/h mifs
18.0-19.8
19.8-216 55-6.0
216-234 B60-8B.5
23.4-252 85-7.0
252-270 T.0-7.5
270-2838 T7.5-8.0
288-3085 B0-85
306-324 85-9.0
324-342 ©0-9.5
342-36.0 95-10.0

= 36.0 =10.0

iE

| N

| L e BC dBzMORoBe 2 dz MOd&E ddzr 1 tsydds ot yded?2 dzM

Cdet nllll L ZtcOc ddpBROEHBIHDEORd@H BOdz02 tstodz' n Od36 d
dZEEYlst 2 BlUM dezlsOc BBd&ZSO Y BIl 7 dzlnsSkElOOfe? df Odfiin \d diz
GOL Ols/cigh? dz mrzZtcHIsO2 MOdzid Ltsdemddzy BO2cG0OO BEGE
BOtkzkzdz mts2" ydcdzt mt dz rfif Q-2 dizlzr i) Ol tef izl s i zedn20dz0 .~ |
H11d0L Otc dzzls ©Oc dzd 2 i o tels Is dndztizlz dzf @defi @ d&ts MNE 3" di ts
Hd2dzt dzgr "i Ml e, [ OdzdzO2 Mk, AMmQdR scp O dgl GH EZ BH
o, 16@Betd Mkd d "2H "1 Ml c, ! dl tckk dzg O dz Off idz
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dzd2Ils dzzls©Oe Hi1 oMmei te, 1 BYdz dwiotel2, | EkZtcoOdzlsti fy
BO2C0O0O LEkteOEdkzOdz ¢ OtcfOdz.

# Odzm d dz' Bz tOH

4 Odzn d dz" Bz t&H

d4 Odzn d dzr DOk tOH

4 Odzm d dz" <150z teH

| Ete®®R 23 YOH &' &z MO&Iddz YyOR ddze OOdz flsOdzy BO2G kb

lzdzc Odgf o BtsGIsT OdzOdzL OHG OH, AGlsyt yd?2, -[ » ®&dzH Odz
Mzddr dz dzzls©Oc H1 oafet tels 1 CMftstels” dz L sted zdzOdzls s ©2
BO2CGkEZdkzOR Bdsdylsts2 ¥ .

Cdzt nllll "OBIsOteMOdz IsE fiyltiss 694R : R0R1zM ¢ 6 tzH dzdzts Q @&T d dzc ©
MisOdzy BOtedrn cOLt' dz MOdzh d dz' Lteydd3 =~ llyded?2 dze
Btsdzso Mtczkzdzy B OLd&zzZEZZOR, bdDHRRZEGCSI! O2dBed2d MOd
OtcG OYdzOdzr dzdi O Bl df di2 inOdzmn d dz YyOr d dze OO dz Mis Odzy B
SsHBKR 82 d&zsn B O2 MOdz.
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retolrny@nf GCrm vorf 31 swo¢f mrL AOMR[ 001 wUO
vean sl fletoofomér zZootrf o1 ovos 10l

416 Odzrnddz yomrddzc 0O0dz MisOdzy"™ dz B O2teh dzr dz IsE dze 9 dze dz

sOkziddz YOnddzc00d MisOdyr dz BO2t" d dz IsE dzE o dzE dzls
Bllted2dz bsRdesdybts? BO2tKh d ¢ SBHBGRB2 &ZER 112 d

sOdzrddz YOrddze OO0dz MlsOdzy”™ dz B O2teh dzr dz IsE dze 9 dze
BOted d3ls ©OdzdzO. 1Nl dzH :

a) e Odzn ddz YyO=r d dze ©Oddz Il 11 frieyidiids dr2Ilcy diff®RdzreddzH E 6 dzv G |
Mk kted dzkz z dzdzO .

b) 4 OdzR ddz IsktcB JdzzlzH ™ ¢ IsE o dze tc Ml Hakze ssEE dzElz B O2 G Iz

) aOdznddz YyoOrmr ddze ©0Odz NnNiumenit mbtstetsdgHr dz MOdzm d o
BO2- 00t btsystsdatsd mMEzEztod dizEz dzdo.

d e Odzn ddz YyOnr d dzc ODdizE dglhs P2z’ Rla sEwE! MOzmddzr -~k
steydzr dze d&ze E, BOtL GOh ddz, MOOH Istslse.stc ~ i to
e) | OL Otc dgzlsed2dz dge mydzd2 ¢ MOAIsOtc MikzH Odzipder 1 d

Mkted dzz 2 ZO7 15.0dzB ©2 ¢ fyts dzG ts dzts
fl uOdzn ddz yOr d dze GO dp 1ligidig call, Il tdfl2iwte dsdzlz 2 202 H OO 112
dzE n YE iz BBz dz Sdzsdz EZdzlr dz MisOdzH Otelsr ¢ YO dzH dzC
) 4 Odzrnddz YyOr ddzc O0dz MlsOdzyr ¢ ISeE dze 9 &ZER HEE H1 1 f
GOHWO {1 B~ YLt eyt 2, NLidylkt2 BO2-0O00Ot IseE dze o

A

A

A

5 POTOpBIH JIH aMeTp

» CalIXHHBL 30HXHIOX HHITINI

Cyypuny yraxaixud Ty pouHb Gaiip i

Camam Ty pOHRY Y 1iitH oHOBUTOl Gaiip s
TO/I0p XOILTOXO/IAIIHITIAX. HAI' POTOP BIH

\ J

Y JaMeTp

7 pOTOPBIH JIHAMETP

1 btedd@ Ozl ddz yOR d dzc O0dz MlsOdzy’ dz s Md&zMo dz
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s4O0Odznddz Yyornddzc ©O0dz MilsOdzyr ¢ IsE dze o 2@ & @ drer) 20N dzts
BOCOM®O NIMeia BO Lodidtdsns MOk ddr ydcedt dist
Yyorddze00dz numennted?2 e MnzkicedddazzOR @@ d dis E 0z0 9 dz
Ninmenntiuddd? dz ~nststesdzH™ dz L O2 dz@ HOBOdE d2dz 11
Ntex Il Il dzfisliddisyi2l B O2 - BO BOGCGOMdZO r~tsStesdzH' dz L O2 ¢
Al 3yt ils1 2 BO2-0O0Ot Misdze sdzts

4 Odzn d dz Mt dzf dzfD42085%E dz2 DEW

| ZtAQ@ Odzn ddz YOR d dz@ O0dz MlsOdzy HOR! MOdZRddz yOF-

lEEYQd2dz LE®OC®OdZ MOdidd Ldiddsr yded &
TOKROOLkL &ZOdz MOdE ddz YOR d dzc O0dz MlsOdzy’ dz IsE dze o dze
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4. 2q ded 2 dz

Lteydds ~llyded?2 112 dzH ot todzt dz

HOdR ddz ISE D Bt @ya Adeyud i S ydzd?2 N2dzHe ! tedzt dz  d
N2 dzHo Bitsded®s YORJddzcOOd teydds Rl yded?2 dzd?2 dzB i telst
wddzd2de L wydd SN yded2 N2dHol tdd zd2 ¢ HOBOOR Istsd

¢ dzH ,

8760

Pi

fi

4 Odzn d dg’

AEP=876Q P f (4.1)

i=1

A ddzd 2 day @ 2 Is
MOd&R ddz RlEtHdy , ddzlsjtoo Odz dz stst

YOH Mz dz Bzt lz? dz ( dzistg tdrpGHzZHd de' O te-clA
12 dzH & Y©@dzdzh dz ,~ 1 Sddyls ;¢

e Odzn d dz" s ZtoH dz' J dHOjCHOH @zioriztz (A0

TkiHdy qdasj tee Odz ISiRME b eziztc dz? dsO G5O E @O dz

WkdC yt 1 tc Iststsydats

¢ dzH ,

€ 3y, ‘59 &g«
f; = expé aevi 8gexp e-—zge (4.2
ect ~u CRE

itc MO&Rddy RbwHdr ddzsj o Odzr dz
zIs a3d;,Mm
l j2Bhdzdzr dz SOth Odzls T dz

==

ZdzC yd 2 dz

l j2Bhkdzdzr dz sOQOtern Odzls™ dz W kzdz€ yd?2 dz
CsL WWdydgj dals.
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mthdzt gls 4. 1. HOdRdd YyORddec0ood MisOdy HOR! MOd:ddz

4 Odn ¢ d dzd
4 defpdd 16 M| 2t M| 366 f 46 f| 56 f| 666 M| 7tc f| 8t f| 9 M| 10t f 11t fy) 124c @ H 2 deH
HEzeOd C1 4.
Wo1 1461.6 | 1192.9 | 14235 | 1303.0 | 1512.0 | 1053.8 | 866.3 | 991.0 | 1151.3 | 1460.4 | 1241.0 | 1521.9 | 15178.8
W02 1430.2 | 1186.6 | 1412.1 | 1307.0 | 1532.1 | 1096.7 | 887.2 | 1037.9 | 1151.9 | 1442.1 | 12432 | 14850 | 15212.2
W03 1421.2 | 1173.1 | 13865 | 1279.5 | 1506.0 | 1056.4 | 850.6 | 1004.3 | 1120.9 | 14315 | 1234.4 | 1481.8 | 14946.4
W04 1451.6 | 1186.0 | 14139 | 12857 | 14982 | 1023.8 | 838.6 | 955.9 | 1128.0 | 14458 | 12185 | 1510.8 | 14956.8
W05 1399.7 1146.5 1363.6 1256.1 1476.8 1021.1 815.8 958.0 1087.5 1405.2 1187.4 1455.4 14573.3
W06 1451.7 | 1184.9 | 1410.7 | 1280.7 | 1492.1 | 1011.4 | 830.3 | 942.7 | 11200 | 1441.8 | 12143 | 1511.1 | 14891.8
W07 1401.8 | 1144.7 | 13652 | 1250.2 | 1471.8 | 1011.0 | 812.7 | 942.4 | 1073.8 | 1400.4 | 1179.9 | 1453.3 | 14507.2
W08 1451.8 1184.3 1410.0 1279.8 1490.8 1008.8 831.4 940.0 1114.9 1441.8 1216.8 1512.7 14883.2
W09 1393.2 1141.0 1359.5 1241.1 1463.7 1002.1 795.8 927.7 1064.2 1391.4 1161.2 1438.8 14379.7
W10 14542 | 11855 | 14119 | 1279.1 | 1491.9 | 1008.5 | 830.7 | 938.3 | 1114.8 | 14441 | 1213.1 | 15145 | 14886.6
w1l 1404.2 | 1152.9 | 1367.9 | 1248.8 | 14733 | 1003.2 | 797.3 | 932.1 | 1072.1 | 1406.4 | 11865 | 1463.3 | 14508.0
W12 1457.5 1187.9 1415.1 1280.4 1492.4 1006.9 829.9 935.4 1113.8 1447.1 1214.8 1517.3 14898.4
W13 1398.9 1145.7 1360.3 1241.5 1464.7 992.8 791.1 918.7 1060.3 1398.3 1177.3 1457.6 14407.2
W14 14540 | 1185.4 | 1409.4 | 1274.5 | 1486.4 | 1000.0 | 823.2 | 925.8 | 1104.1 | 1442.1 | 1209.9 | 1514.3 | 14828.9
W15 1405.0 | 1150.3 | 1366.1 | 12455 | 1469.4 | 996.1 | 7935 | 920.3 | 1064.0 | 1404.4 | 1181.0 | 1464.7 | 14460.2
W16 1456.1 1186.8 1410.9 1275.8 1487.8 1001.2 824.4 926.7 1105.1 1444.8 1210.4 1517.2 14847.2
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w17 1419.1 | 1166.9 | 1382.9 | 1257.2 | 1482.6 | 1007.5 804.8 930.4 1079.3 | 1420.0 | 1194.2 | 1483.0 | 14627.8
W18 1473.8 | 1206.5 | 1432.2 | 12915 | 15054 | 1017.5 839.4 942.0 1125.6 | 1466.6 | 1228.3 | 1539.7 | 15068.5
W19 14219 | 1168.8 | 13815 | 1256.8 | 1482.5 | 1006.9 804.8 932.8 1077.8 | 1422.6 | 1199.2 | 1486.5 | 14642.1
W20 1457.7 | 1188.8 | 1411.7 | 1273.7 | 1487.3 997.5 819.2 920.2 1100.9 | 1445.4 | 1210.5 | 1518.8 | 14831.6
w21 1406.3 | 1153.4 | 1364.4 | 1241.0 | 1463.3 986.7 783.7 907.0 1053.2 | 1399.2 | 1175.6 | 1466.7 | 14400.4
w22 1460.9 | 1191.7 | 14141 | 1273.4 | 1489.0 995.4 817.7 917.9 1098.8 | 14485 | 1211.4 | 15245 | 14843.3
W23 1420.5 | 11619 | 13714 | 1248.4 | 1468.6 991.6 793.7 912.6 1059.1 | 1408.3 | 1188.4 | 1481.2 | 14505.7
w24 1468.9 | 1206.5 | 1421.3 | 1281.8 | 1504.2 | 1005.6 827.4 928.8 1108.9 | 1464.9 | 1210.2 | 1545.8 | 149744
W25 1472.2 | 1205.6 | 1421.4 | 1279.3 | 1503.1 | 1008.9 821.2 932.0 1097.9 | 1467.4 | 1226.1 | 1537.1 | 14972.1
W26 1503.3 | 1240.5 | 1459.1 | 1311.4 | 1540.9 | 1046.5 866.2 973.1 1142.7 | 1509.5 | 1250.5 | 1580.1 | 15423.9
w27 1508.0 | 1252.0 | 1460.3 | 1318.0 | 1551.2 | 1061.1 870.4 993.0 1149.6 | 15199 | 1276.0 | 1590.8 | 15550.3
W28 1514.3 | 1269.2 | 1477.3 | 1335.7 | 1579.0 | 1096.2 893.0 1031.7 | 1168.9 | 1533.8 | 1292.3 | 1592.2 | 15783.7
W29 1467.8 | 1229.2 | 14351 | 1308.7 | 15515 | 1082.1 868.9 1012.7 | 1130.6 | 1482.9 | 1256.4 | 1535.0 | 15360.6
W30 1438.1 | 1195.3 | 1399.9 | 12755 | 1503.6 | 1033.7 829.6 953.1 1086.6 | 1442.4 | 1206.7 | 1508.6 | 14873.0
W31 1451.3 | 12225 | 14285 | 1304.6 | 1546.0 | 1082.9 867.3 1013.1 | 11240 | 14724 | 1248.3 | 1518.0 | 15278.7
W32 1421.7 | 1178.1 | 1382.7 | 1261.7 | 1490.6 | 1023.7 816.3 946.2 1072.6 | 14249 | 1205.7 | 1486.9 | 14711.1
W33 1440.6 | 1208.8 | 1412.1 | 1293.3 | 1538.0 | 1076.1 857.7 1010.1 | 1112.3 | 1460.1 | 1237.8 | 1502.1 | 15148.9
w34 1421.8 | 1175.2 | 1379.6 | 1260.9 | 1489.9 | 1021.9 815.6 947.7 1072.4 | 14254 | 1210.7 | 14855 | 14706.6
W35 1430.0 | 1198.7 | 1401.3 | 1285.4 | 1529.9 | 1068.1 849.7 1001.3 | 1102.4 | 1448.5 | 1229.7 | 1488.5 | 15033.3
W36 1410.8 | 1165.3 | 1369.3 | 1251.8 | 14825 | 10134 803.0 937.4 1063.8 | 1414.4 | 1199.5 | 1473.0 | 14584.1
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W37 1426.9 | 1190.9 | 13955 | 12785 | 1521.2 | 1061.1 843.7 995.2 1095.4 | 14448 | 1225.3 | 1482.1 | 14960.6
W38 14119 | 11675 | 13749 | 12554 | 14875 | 1016.3 807.1 940.9 1070.7 | 1416.0 | 1198.3 | 1474.3 | 14620.8
W39 1424.3 | 1187.6 | 13944 | 1280.6 | 1521.6 | 1064.9 847.4 1000.3 | 1098.9 | 1441.8 | 1225.2 | 1476.7 | 14963.7
W40 1406.9 | 1163.3 | 13724 | 1252.9 | 1485.0 | 1014.6 805.0 940.0 1068.4 | 1413.1 | 1197.3 | 1467.2 | 14585.9
w41 1424.4 | 11895 | 1392.9 | 1279.9 | 1521.6 | 1063.5 846.7 1000.2 | 1099.1 | 14415 | 12245 | 1477.2 | 14960.9
w42 1401.6 | 1157.4 | 1370.0 | 1250.3 | 1479.2 | 1013.6 804.0 934.9 1066.3 | 1406.6 | 1183.3 | 1455.1 | 14522.4
W43 14219 | 1186.4 | 1390.9 | 1277.9 | 1521.4 | 1062.0 844.9 998.8 1099.4 | 1438.7 | 1223.6 | 1474.1 | 14940.0
w44 1392.7 | 1148.0 | 1359.8 | 1243.2 | 1471.6 | 1008.1 797.1 930.0 1059.6 | 1397.4 | 1174.0 | 1445.1 | 14426.4
W45 14153 | 1178.8 | 1385.8 | 1276.3 | 1516.1 | 1061.7 845.4 998.9 1097.1 | 14315 | 1219.3 | 1464.3 | 14890.2
W46 1403.1 | 1158.4 | 1360.4 | 1250.5 | 1474.2 | 1018.4 808.0 946.6 1068.9 | 1406.6 | 11825 | 1459.2 | 14536.7
w47 1415.3 | 1183.0 | 1392.3 | 1284.3 | 1524.2 | 1072.4 854.7 1011.0 | 1106.7 | 1433.8 | 1221.2 | 1467.1 | 14966.0
W48 1389.5 | 1151.1 | 1360.2 | 1251.9 | 1480.9 | 1031.0 813.5 962.0 1079.8 | 1397.0 | 1166.3 | 1440.3 | 14523.5
W49 14195 | 1186.9 | 1394.8 | 1290.8 | 1520.9 | 1081.6 860.1 1013.3 | 11129 | 1439.6 | 1216.4 | 1466.9 | 15003.7
W50 1405.7 | 1168.6 | 1379.2 | 1279.8 | 1507.3 | 1073.7 853.2 1011.6 | 1113.6 | 1419.8 | 1216.1 | 1461.1 | 14889.8
Sum 71660.7 | 59136.8| 69816.0| 63691.0| 75030.8 | 51560.1 | 41499.2| 48023.8 | 54910.9| 71852.8| 60620.7 | 74674.0| 742476.8
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HIGHLIGHTS

Rotor equivalent wind speed calculation model based on equivalent power is proposed.
Wind shear, tower shadow and wind turbine operation characteristics are considered.
The proposed model matches the actual power control effect of wind turbine.

The proposed model contains the power loss caused by actual power control deviation.
The proposed method can improve theoretical power accuracy verified by real cases.

ABSTRACT

Wind speed spatial variation in the whole wind wheel rotation plane caused by wind shear and tower shadow effect becomes
more obvious with the increase of rotor diameter and tower height, thus the hub height wind speed is not sufficient to represent
the actual wind speed effect and the rotor equivalent wind speed should be used. However, the existing rotor equivalent wind
speed calculation models do not consider wind turbine operation characteristics, which cannot match the actual power control
effect, thus ignoring the power loss caused by actual power control deviation. To address this problem, a rotor equivalent wind
speed calculation method based on equivalent power is proposed in this paper, which comprehensively considers wind shear,
tower shadow and wind turbine operation characteristics. The rationality of the proposed model was qualitatively evaluated
from different power control stages of wind turbine and the validity was quantitatively verified from the aspect of theoretical
power calculation. The results demonstrated that the proposed model can effectively reflect the variation law of rotor
equivalent wind speed under the actual control effect of different power control stages, which contains the power loss caused
by actual power control deviation, thus improving the theoretical power calculation accuracy.

Keywords: Wind turbine; equivalent power; rotor equivalent wind speed; wind shear; tower shadow

1. Introduction

Wind energy is one of the most significant and potentially useful renewable energy, which has attracted widespread
attention all over the world and has developed rapidly in recent years [1]. The global installed wind power capacity is
estimated to exceed 800 GW by the end of 2021 [2]. In the context of the rapid development of wind power industry and the
continuous innovation of wind power manufacturing technology, wind turbines present the trend of large-scale development
with increasing blade length and tower height [3]. Wind speed spatial variation in the whole wind wheel rotation plane caused
by the combined effect of wind shear and tower shadow increases with the increase of rotor diameter and tower height [4-6],
and its impact on the generation performance of wind turbines is more and more obvious and can not be ignored [7]. Therefore,
only the hub height wind speed is not sufficient to represent the actual wind speed effect in the whole wind wheel rotation
plane [8], and the rotor equivalent wind speed considering wind shear and tower shadow effects should be used, which is of
great significance to improve the accuracy of wind power prediction and theoretical power calculation of wind turbines.

Many scholars are dedicated to the study of wind shear and tower shadow effects. Shen et al. (2011) [9] used a lifting
surface method with time marching free wake model to investigate the periodic unsteady nature in the wind shear. Holtslag et
al. (2017) [10] extended the diabatic surface layer wind shear model for offshore wind energy purposes to higher altitudes
based on Gryning's wind profile and the resistance functions proposed by Byun, and analyzed the influence of adopting this
extended shear profile for wind energy in terms of the kinetic energy flux and blade root fatigue loads experienced by a wind
turbine. Sintra et al. (2014) [11] constructed wind shear and tower shadow models of three-blade variable speed wind turbines
in Matlab/Simulink, and studied the model construction methods of reducing mechanical stress and torque oscillation and
improving aerodynamic efficiency under rated wind speed. Zhang et al. (2014) [12] studied the aerophysical characteristics of
wind turbine intelligent load control caused by extreme wind shear. Gualtieri et al. (2016) [13] used the wind shear coefficient
of atmospheric stability to improve the precision of wind resource extrapolation. Pedersen et al. (2012) [14] studied the effect
of tower shadow on the fatigue life of wind turbine blades, and performed Monte Carlo simulation method for random
analysis.
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In addition, many literature have studied the combined effects of wind shear and tower shadow on the aecrodynamic
characteristics and power quality of wind turbines by constructing the rotor equivalent wind speed calculation model that take
into account both wind shear and tower shadow effects. Rotor equivalent wind speed refers to the wind speed that can
represent the actual wind speed effect in the whole wind wheel rotation plane. The existing rotor equivalent wind speed
calculation methods are mainly divided into two categories: (1) Rotor equivalent wind speed calculation method based on
kinetic energy theory. Choukulkar et al. (2016) [15] constructed a rotor equivalent wind speed model considering wind shear
effect, wind direction fluctuation and turbulence intensity, and analyzed the influence of various factors on wind power. Clack
et al. (2016) [16] constructed a rotor equivalent wind speed model that takes into account vertical wind shear and directional
shear, and applied it to wind energy resource assessment. Redfern et al. (2019) [17] constructed a rotor equivalent wind speed
model based on kinetic energy theory, and applied the rotor equivalent wind speed to wind farm parametric weather prediction
model. Wagner et al. (2014) [18] used the calculation method of rotor equivalent wind speed based on kinetic energy theory in
IEC 61400-12-1 standard, and compared the difference between the hub height wind speed and the rotor equivalent wind speed
for wind power curve modeling under different conditions. Scheurich et al. (2016) [19] constructed a rotor equivalent wind
speed calculation model based on kinetic energy theory using the measured wind speed of different heights of laser radar, and
used it for wind turbine power curve test. Kavari et al. (2019) [20] studied the effects of wind shear on aerodynamic
performance and energy generation of horizontal-axis wind turbine based on improved momentum-blade element theory. Jeon
et al. (2017) [21] proposed a method for calculating the rotor equivalent wind speed based on the measured wind speed in the
cabin, and used to improve the performance prediction accuracy of wind turbine under wake conditions. (2) Rotor equivalent
wind speed calculation method based on equivalent torque. Dolan et al. (2006) [22] constructed an equivalent wind speed
calculation model considering both wind shear and tower shadow effects. The simulation results show that tower shadow effect
is the dominant factor causing wind turbine torque 3P oscillation when the dynamic torque is determined. Wan et al. (2015) [23]
constructed the wind turbine model, yaw error model and equivalent wind speed model including wind shear and tower
shadow effects, and studied the influence of yaw error on the operation characteristics of wind turbine under different wind
speeds and control stages. Fajardor et al. (2011) [24] constructed the per-blade equivalent wind speed model considering wind
shear and tower shadow effects, and used it to model and simulate the high-order transmission system. The simulation results
show that the wind speed determined by the per-blade equivalent wind speed model in wind turbine high-order transmission
system is less conservative than that determined by hub height. Wan et al. (2017) [25] constructed the equivalent wind speed
calculation model of large-scale n-blade wind turbine considering wind shear and tower shadow effects, and analyzed the
variation of equivalent wind speed with the parameters such as rotor radius, hub height, tower radius, distance between blade
and tower center, wind shear coefficient and number of blades.

In summary, many scholars have studied wind shear and tower shadow effects, and proposed the rotor equivalent wind
speed calculation methods based on kinetic energy theory and equivalent torque, but there are still some problems as follows.
(1) The rotor equivalent wind speed calculation method based on kinetic energy theory requires the measured wind speed and

wind direction of multiple heights in the wind wheel rotation plane, the commonly used anemometer tower data cannot

meet the calculation requirements, and the effect of tower shadow is not considered in this method.

(2) The rotor equivalent wind speed calculation methods based on kinetic energy theory and equivalent torque are ideal
methods, which ignore wind turbine operation characteristics. Therefore, the actual power control effect of wind turbine
and the power loss caused by actual control deviation cannot be reflected.

To solve the aforementioned problems, considering wind shear, tower shadow and wind turbine operation characteristics,
the rotor equivalent wind speed calculation method based on equivalent power is proposed in this paper. The main
contributions of this study are as follows:

(1) The rotor equivalent wind speed calculation method based on equivalent power was proposed. The proposed method
comprehensively takes into account wind shear, tower shadow and wind turbine operation characteristics, and the rotor
equivalent wind speed has the same output power with the actual wind speed in the whole wind wheel rotation plane.

(2) The rationality of the proposed model was qualitatively evaluated from different power control stages using the design
data of wind turbines with different capacities. Compared with the method based on equivalent torque, the proposed
model can effectively reflect the variation law of rotor equivalent wind speed under the actual control effect of different
control stages, which matches the actual power control effect of wind turbine and contains the power loss caused by
actual power control deviation.

(3) The validity of the proposed model was quantitatively verified from the perspective of wind turbine theoretical power
calculation using the design parameters and measured data of 2MW and SMW wind turbines in different seasons.
Compared with the rotor equivalent wind speed calculation method based on equivalent torque and hub height wind speed,
the proposed model can effectively improve the theoretical power calculation accuracy.

This paper is organized as follows. Section 2 analyzes the influence of wind shear and tower shadow on the wind speed
spatial distribution. Section 3 introduces the rotor equivalent wind speed calculation method based on equivalent torque, which
is used as the comparative benchmark model. Section 4 describes the construction method of rotor equivalent wind speed
calculation model based on equivalent power. Section 5 verifies the rationality and validity of the proposed model from
different power control stages and theoretical power calculation. Section 6 concludes this paper.

2. Wind speed spatial distribution due to wind shear and tower shadow
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