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°[Zo} 4.8)
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333mbabgemgdade (1.7) @ (1.8) godmygbarns mihas6 Bmdaengbasbo dngamdnn s Ladsbagmasbs, arg
derfaagob 3oBeggbnenmds Joab 3x3braggumafrgeee dndsdorgrginn boghdbmdemor @ngn.
233390, dmfade bbb dmngh gogrgbdb Jofeb bojogby, Gy aebumgamabfebpgrans Jod-U
Feobigol @b, ooy, ool @rboreab sgnemol bodocenal Bdabdnghn (samancagds gogegbob
byl Johels 6343y 33obenob gharoe, bndocameb 5%-0s63> BBt yBsd Fndemgds 3odmafgnemb Joshl
bsBgogmem boRJodnls 5%-ns60 Bées @, FoBodobogg, bnddemsgiob 15%-nsbn dmdaggbs (J78-0b mfédels
bodorpmgby). Gorgemn mémadegonh s@aorgBde Jofhab Ggbm@lgob 306bsbegtabsb, Gmame Fabn,
393mynBaBo. 93 Forkiggarddn Gngsbmdinge Amegmgbabs @ dgmmegdeb 3odmyyds agrbegds.

2L

69b. 1.15. Mémgnemipo omprmgo dextgob Yyime, dex gy GPmdpnbod Jorobss @ dolio fapad
mag¥g Jobaboorgols. 6Bgp Pos boahdals mxtin Jobg@eda, Gmdmmpag balioacn B b 6o ph: L — 8o 90ds
BulsslinsarB gemn Yends, ted gy ol dob babgpa@lingab o, 68 qqbad ol @b gYg | —ofndagrapin
G @mBoon ok Bals Fefradodalin badogmy.

1.5. Jo6éols 3MQ3Q063&'-IJ go"in d'ﬂﬁo boggdaqaﬁo

Johals -)OQ\)anl J™b@gaEee roa‘adsaﬁmno :]M‘mb 30“00,330': 30150033330[! 3 Jmﬁajonﬁaamn aQOaaob
3930455930l o 8 3mbog39g30l 3Bormnbg LelBnfigemn 396503730l #368065080. ymeig]gas Sgndemgds
3d43omgh o6 33bm3ggdols Gngeb bagymdagrby, memmggme ao"omanqn bongal 43AmsJdbea, 56 dgbedadabio
bnlﬁ%aa&nb 3369Formgda0als 99@hgs0a. 29bmagndab ﬁnaa&vll aoﬁqodasob o Q)&)Oa&mo 2°9mysbagdada,
ﬁmaaqmo 2%Bbormas kv '33an Y| ooqml.mb anﬁsaﬁ'an; 360)-36010 -\'Jamn Qoaao:]ao - 6Mn lnoo-
b3ggogngnde goBmdggdab Gogel gmAdakgds Imegmetigdal dgbobfogmoe — safgéommas [8]-3a.
nbgafgdame 3mIdomdyGagme dmegen, ©ogqdbgdamn babBamgms 396 nrmgdall ash@e]dbaty,
Gyoemnbgdaemns @abanb GagnmBarmyin madmdagmant (Rise) dema@adsda “Wind Atlas Analysis and
Application Programme™ (WASP). 53 3mpy09:3n 303mygbgdame J3pdmegmgde safgtemas Jgpma.
Jotoals abaaahaanb J°0mbgda sy3mbgghemb Imbobrmghy 996530

Q:]Qoang'nb %aonﬁmoE dmdogbogy ooanbgaénb gas\)h :ﬁnQa&) ooaﬂ)llgaf‘mb anho%Q:}ﬁa 0‘33&) (\)3:.5) ab
ggbo 3%@aregds 100 3 bodopemaesb (3mf3pearn qudnb s3nbeabs @ Jofink @damn boRjsnb pAmL) 2
Jommdg@sdrg (Bagbmmel Imfagmnm @ogh). 93 ggbeb J3gee Bofornl gfmegde dafabbams qibs,
Gmdgmagy 396alobmghigds dormnsb Jafmdnmag @ dmaggegh dmbabmahy 6ol bedogenol 10%-@y. Joanls
P5ax8g380. boreg Fayargbhegee Jarmidimyreb Jeb @dorn bohdsGydh, sbBrbeymb Srlubaghy
o\msnl.\ bnbda amﬁsas.) Ebrmgdon 1 Ja-nb O, 33oborsh arﬁnh“da@ oJaGnl.l q’n%n e Josms:]&n
aoamnmﬁa&i abmme Jagee 100-33660050 «aaﬁnl»maoh

Joiols Jomormn LaBsgqdals @Al dnbn gofdagommgdn demgnre 3Gdyxme @ bodmp ghmygamgba
Baesdatial ma%s Jofaoe 3mQ3Q06Q33o mmgafnndnemn J.)GmEnb Qobaoﬁsbnm
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u(z)= —ln— (1.9)

lMQoG ll(Z) - ;]of‘ml.l Mﬂoﬁﬂ Z bna-\QQ:]'ﬁa ananJ %{]Q"M“Q‘)G'

2, = Byeodahab bodjabnb Johody e,

x=04- J-)ﬁaosoll amana\),

n, - babvasn[.l lmﬁdoﬁa (friction velocity), o6 Qnsaao J'Uﬁn boﬁ‘-]aﬁa, @ Joagnﬁaa-aqn 'Baqo)nﬁm

ododgembabensh & Bpdgan @xdmyaegbympben [19):
fr|= pul (1.10)

l»qoe r - Joaf‘mb bnadaﬁnaa
Jofonls Beodagtoe ohJshggdol @Ambgy go FoB3majdbps gembigde mmastondnmn maamaeab, o
Uodoarmg 2 opdathgds Gadreged) sy dxghl. aorabigde Fo@drnidbgds s3fgge dormgdel (buoyances
forces) Fyegast, Grdtagbeg aoblnhrdybyeans dybdmmgbtmbe. dibmb, Bypsdaab badjoly 430 spses
Py gfthmen, gy goblabrghagh Jofab g o Mbmeaeml: o gbes ayemb dygigdaen
%No‘}nﬁmn ma‘nﬁn [ doqnb Moaaoﬁaanm. %OQOMnlJ Q.sanb aoonsaanbob 6063m350‘36n Gaqo
Il o Jofinb gedemngéiobo bdagrmglens ghemarg bigyds geyfien ygpmen. o e, el gomdmbds
ofaasb gmbgadrate BrgedampbmBab 3o b, Gmdxmn( gsbalefirmdadl Johel ahm drmyhy Mmeormb.
93 BPabggsde gyt gemghe dGmgorn Sgndmgds snefgfrb Brgae gedmbibigmmban:

u(e)="2 e/ 20)-w /L), (1.11)

bogsy ¥ — g3nfogmma 33blobrygme gobiue (20, 21),

L—- Moa;bf‘m, Gsmaoqm ‘manﬁe Mﬁ-n&abnanb 3&%0&12
kg H,
boqoo T, - -\anqwﬂﬁn 00330600'06& %.']Q')M‘SQ'" 35n'3353Qm30;

H,— m&a‘m [ JOan %Wmn asngasmmao;

€, = Byfhob bomdeyzoeemds dedngn FBgeb @heb,

8 — oogobgore ool Bsdpda. @aEs@hbo logagyrde 336lsbghyme ey gge.
63nl&06n9~3Qn bobobals Jobmbo s aamboﬁngﬂqn Jo60

oty3mbigggel Ambobgfy gpbedn Jofin Fo@3maldbgds bobmdgnsnée sJ@eghmdon 333mF3yneme Foggeb
3Booghdyel gogeagha. ogAmbafaml BBy gggbab Léjerghnb b Bame Liéage Gyedges FBggb
03‘:'“‘:’33"%3 'a"ot‘russaquﬂngb anoquoanm Vmsomeﬁnaob vsaanl.l BﬁaQnas(f)nm Voﬁamdaan dogmabo o
dnfols °03Q03n6°63 Bobgsnl! dogmals Femanbs. obamn FmbolfmGmds Gydqgao mamﬁnanaQ e nds-)b
aoamluaaﬁmb E:]“O"“Q‘O"" Frbalfmemdals nanQn%aavaqn Jociemdgdaboogals, ﬁnaq;ﬁne '3300.)3[1 anb
booemsoﬁmaob, 36.»33.;603633.;1;.; @ Baﬁmoﬁn.?mmaob (vsaanb B“"‘Q"UEO" 3-3Q3n3na ooanbgaﬁmll
3mbo°0Q363 @bobs 3‘“3Q L\nQ633°03).

FobobfmEmdnl Jndmds S0 Gomain dpahopmdnbimgal Infggmoe emgdam ndbs [22]-3a

2GgfoeRgmn syl Gmgyme babgbols 136mbrb babino (geosirophic drag law) — awbogaEmds @bodngaf
i, bohotagiss @ axbbmargemn Jonb G boboigh Bméeb:

L=- , (1.12)
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= [I::[};]—A] +8? (1.13)

. Bu.
sinq=—-—~
xG

’

boga & — gogonby Baesdafurm gBs3n Johab BndoGammabols @ ggrbymargma Jofob
3ndothorengpob Inhels (3§ 43960l demgemgb”),

f- dmﬁannl!nl.l 306033@6".,
A=18 o B=45- annﬁanQn aﬂQanwan.

33mb®6mg'aqn daén GQndQ:Jao 3d0m3enen nds-)b vsasnb %OQ"M'UQ“ 66°Q°350°|" baca'adaaq“oa @
dnﬁnmoQoQ ngo oqamﬁEQaaa oqub ;]ot‘ml: bnﬁdoﬁabmos, 6«,33‘:..10 n%maaﬁo 6¢Qm%m5q38ncn 3mb-)%Q363
(Basnll %33007. 63mb®ﬁmc3-amn B.)B‘nsnls J\)Gmsn gaodg:-aao aoamwsaa‘aq ndSob Ganof‘h\q'aﬁn 3Q360Qnﬁnb
aﬁoﬁbaananh Qémboo, o7 dngomgder dbgEgyrmmBada, 6md A @ B dnwdaggde o3 '3330)33330’30 ndoaao
aQaéananb 306033®f‘mb cs-as;]onaaaq. ﬂb 3060330611 aosbo%QMQm 6mamﬁo

[

= (1.14)

2

1.6. 3Q36oqnﬁnh anQDQo

Jocals mmgd@nmdme Iegaeal (33memgds, F963mJ3orn opBmlgghml sRdpafopmban, bdnmoe
D IRIBIIGorzes Jordob Pohiamimitb(amanb goblsbrghnlab, Go afags 3adsbyrm grmdnmgdydh,
3963 09300 Jothal @adagon boRJodggdal @Amb. sEenolidn 393mygbgdam dmEgmee 33pgMorman
3@3&0330»5 © Josgnﬁﬁmn 'aabﬁ'mﬁaaaan Basnboqaao, f‘nﬂamﬁe Jnf‘mmoQo San@ﬁ)g‘at‘m 3Q603-)63030b
3ty '33'33(*10733330.

Joceg %wﬁnﬁﬂqn @by 63 g3enl bydmdgegdal Fogzeligdrmor godmaygbgdo 39356ngydme dmmgmmn,
ﬁmaaqne 338%cmes ByesdaGagma @dahe bojogeb Jodsgmermgo@e Lodgemm @ Ladgeme
Jﬁ"Q("’o‘ﬂQ“ asngssmnanb 60301335330"63. anQaqm anQaamm aamboﬁmgmn Bob-ﬂsah Josnsnho @
Jools 36mo‘3nqoh bocB"adaaQ'Ba, cna-aﬁn bs J.)an 60m30anVn533mn Jofggmo t‘maob 'aabﬁ'nﬁaaaanb bobae
Vs e ) 3pgmdsfigmbaliagdn. odoliosb (1.13) ebsggetipmdals gogphgegrome Pagmgme G, 7, @0 f
6ol oQBnﬁEQaao Beo.

iG=¢c "‘-Gl:(ln——A(u)](d"'——dy]+BZ—5dﬂ] 0 (1.15)

/R K® u, du

(1.12) @ (1.13) 00bsgohpmdgdeeib @ dmagnenaﬁ@aanb BgngBorng@n 3603g65mmdadals
30030malbfabgd00
dA dB

AQ0)=18. B(O)=45 "=-02 =402
©) (©) W W

du. g
Moo B an
. I:ﬂ‘o(l'p(,":l‘ (1.16)

_6003036:»3‘1 JmBUEbEne ¢ = 2.5. A bagy Gremds 3 dmogybgds gamef{»aBaBnh 'agboqaobaaqu i,

Sanoé‘)a‘aén 3Gngasaqmanbomsnh %ag-ﬁnﬁ‘omn 0)8‘2]60 S\)JQQDL\ ([’I ba'a'aoqum JQOBOONQF’I&O“Jén
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3adgbgemmgdob Loggdaarby, bgzy grpioegegdeb 1. bodpon yeabagygme Fedgbymmdgdob
gbogebgdenor dH-a30b LoBgpme y3opAoggme adafn Bsjopal @bdeAgdan. 3 37dabgqzeda
wnhoﬁmgmn dat‘mb G LoRfsmge dnamgds dnbo 3503353Qm3a Gmdgeng ggsdodgde Jothals 35366""[’
bnd ygfngeb 336sForngdals 33Jundmdl (ob. dssa. 1.10.). Joinbs bofJstals Enaggb3nornn mobsaqyo@mdsdn
(1.11) 53 33mbg3e8n Bmemne!

dnfz)=1" [In(z/zo) w(/L)-2 ‘(’l'% 5,'5 dH (1.17)

Qwaﬂvhll %maaﬂﬁﬂQ\\G z"' bﬂa-)QQﬂbmaﬁb, 6!"73Qﬂll %aaﬂﬂ‘) bnaen(mli Maaqﬂ ‘N')aﬂb 'aabVN‘naaaan
Bygadefiols xdgrhn bagogaluageb JEs @ Fyegase danbadds Johab bohjstnb (330agdo@mdal BnbedarigBa
(du(z,, ) = 0) FBa3gbambgda. Jmgesnizngbiyiob Gxdarmmbn Fondgbpmmdgobs @ (1.16) rbogorrgmdab
3vogeobfebden dangyds gedmbabigmads

) ( , ] o (1.18)

bogagy gmblisobrtys @ gobaliabrahgds, GimamAy Y-gabindb ok Baaghorgh dramdahgmdada o ofgh

%Iy grmmddo 4-g6 5-3rg sydnbeygéam (eahamn, ByrtyGarman 16 shedraaen) Gagogn ety

ﬁ)g? J@aaimaaam bob'asnb 603060n333mn aQOnls aoamaasaam Gaooﬁéq-aén o@ambgsﬁml»manb
1 JEdgmedn

Uy _ 0.5

G in(Ro)- A(0) (1.19)
msaaaﬁqvﬁo (1 A 8) 'aandqsao v.)ﬁanmaosm '333%30 babam:

Ll const - Ro(ln(Ro )~ N

et} t- Ro(In(Ro)~ A(0)) (1.20)

bogagy const =1,
Ro — &el3ob Sggadafrgan Gogge, Grdgrang gebabsbrgnds gsdmbobgmgdon
_ G

Ro= 2 (1.21)
393mbsbaemgda (1 20) 2¥mJLndnfimgds badnbbmddage dmo@Pgren:

zm/zo=a-Ro (122)

l»QoG 3%3mygbgdmmmes ymBlgbEgde a = 2.0- 107 © p=09.

bognﬁno oQoGnmmb, “md bnama z‘" l"‘{)l-‘@°Q nosga&\ Lo JaomQ [egl 0360@0160330'.\ r.noa“da, Zn-'ba
(boknblsan 0.1) Uity badabbesdAngo @33mgregdarmgdel 303m. 33dmbojrmabl Go@dmomagbl Brygol 63dncia,
Lo 2, Bagob mogby sdmfbegbe gasbompdon méxyh 6sgrmpde, gredy B3gmgmel sarmmaeyhe
gy

Gsn@(wq-nﬁn 3Q66.\Qm3nb oﬁoﬁba%m%ob Qﬁnl} 396N e %noanqn Jmﬁad@ﬂﬁQaao doénb bo?-aoqm
'anﬁ;]oﬁnb JQ"3°0"Q"6"'36“ 350’3353@073330& @ 2 M%&Qm JsoQé.\ovaqn 60@)560[) Qobaoﬁﬂanrn,
gl Bmygborzn godmbotgrgBydel gedmygbydoo.

(33°gtoemdal dnbadarnathn bodomemy Z,, 3960bobrmgBgde (1.22) 593mbobmemgdamsb. +3 bndsmmyby
ln%oqn bnﬁjoﬁnb @AEmdamn 2GS 3nba Gnno(‘onvaén 350‘3353Qn3nQoG 2°6nbsbmg@gdo f‘mamﬁo

goalépengden AH
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Aul(z,) _ Ax. 'V(Z../ Ly )+ v(zn/L,,)
/A S N ' (1.23)
Uo(zu) g In(z./2)
bogsy L — 3mGoG-m3<nbnsob 3.)()'30030 Gemdgron Igobedsdgds AH . b,
”"‘ '333[»&)333-) o (amﬁanh Jmmnonaﬁ@n.

gmhdab jmaqyogagbe omaoqnhﬁ'aﬁaﬁb Joiab bohdornls aorpabaol méim omogma 36nBgBgrmmdgdabioggf 2,
bodorrng by, Imaome @ s@dmpFomn dofmdgdabangal W-gggbneb 3968303780 gméanboaos

353mdgnbaciy. gb Asbl [18]-e6 scapdigemn Y-gybarob Bkt aodmbiobrgempbagb:

b, bygog F,

s

) (1—16%}/‘-1 s633gahon JofhedgBnbomga
<

Z
aaliry dpaHoren Jnfmdydabiscgals
stasdrea g Z Wrmagorn b gl @odm gagdgragdo gbadofimdgdl Jusiol Lok oel gagabiils 2, Ladsaemghy
od '3330153330‘3110 3™ 6@3[»0 b.)'a‘ﬂ.\Qn %Wﬁmﬂ ma-sén 6o 3o Gvaqmll Oan (Gab. 116)
Jofab Lodmorm boRJstal qofigmdamn baBagornm 2030l U @ Lgebeofggme aomibiab O,
33600 J-\Qvaf‘m qunqa&) L‘oanquﬂQ 6\)31'10'»533.):

(1.24)

@ 1+ -1 2 (1.25)
O 6| (1.26)
bocga(s Mmggomnls gyz6(300 f12) BocgBoes Jofogaeen ageb (z) godrbolieaghol @ubdodigon:
Ve __z_ln(z,,,/zo)
f(2)=1 () (1.27)

bndsgemy (9]

o {
" 15 a0

3.«."1. bnﬂjoﬁa [a/53)
6ob. 1.16. Jxols Imempmls dobsicsnBapo: B sfs 36 P aghaff P e MegnePab
3936290 (@ pySobiggmm Pobn), Geadgmag FghRdedBo agmbybmggamn Jusc Joadog bohjadds 10
3/53 @ Bxlord g o n 6a panb g Pob Badars Elobebl; dxs 3o 6 mePo IppBedPs
3gbEmamn e boffsdip G = 20 3/53 @ bynlo o o upin 6 pronb 0dagy @aslobmbb.
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oogn 1

b 33mbalinemadada as3mnynbods IfsFrbgidabomab Fbsbgramn dmbagygdgdol dpghormdnl dmegemnls
©3 Joals dabobosangdrmgdols asegarmabfobodac, Lbgomebbgs Lndammel o Bjmadodal Jofmdgdoliscgal.
16dm, Brmgnb Jpdgmborgn@gdal dmBaggdyde Indemade aodmunbyBum sl b3gmnc sy Jofinl Jafhmdgdals
'aabagobaaqu. m%ﬁén EodoQaﬁnb aosbba.)aa%nb 6»@3¢Q0b$n533nm. bobodntrm (-’wnnsabob doﬁnh éaﬂnan
nfnaQJBo 3"’6@‘3“3‘)(:’ 63308.;Q %Qan‘z]t‘mQéG JmE@nGanoQ-aénUo das. JﬁojOndﬂQoQ 3[.! ﬁaoqn%Qaaa
joé3n6-) ana-)‘m'nQaancn E&néoaga X aosdnqnb aomaognbv\nsaanmo ® w Jm:]csnonaSOnb 603m33€33ncn
Bamaml» @ %Qanl.\ maa"oﬂ 3Q66\>Qm60b amQaqnh gstmﬁﬂaaBnb onEnrnI

we min (.\'.c) (1.28)

[4
lJ\\QOG [ogd boGanf-’vm %nSnb Qaaob.\bmmaaagn bﬂa-)sa, 10 Ja 6060‘10.

1.7. %3Q03060b lmaﬂolmb a"’Q{]Q“

363060 FBGnEE no o aGmaGmabom. Tabssmd 31908391930, 2300l EAmL To®dmaldEads
R 302J00 JNRFMIeIR QORI °09UC3 33NJY0 @ J

G(\onangaaaan, 6m3q33n0 @9, J&a'&nﬁa&mm 30Q03mb boadnbnb 306o33®6nb M‘m%*abo aosboﬁiqaﬁabmos.
bnadnbnb "waﬂ@gﬁnn 306033@60 360360 JE 3nlin Eaanl.\an:fm aamr')Qnm 6o3mm3qnl»l: Qoam JnQJBvJQno
Joool @ 3ncigp8ab Lndomemgby. 398062 yrmnll GoA3moma bl Bbmenme bndJabob a6ty als 3%6babg@nls
LoBgarme Bymadngemn ©3dodmmmds @3 Jofnls bohjscrg ¥Bg@sdntinl 9m(3099c2 F3P®nedn aoGoha“ﬂQaéaao
%QNQ °03Q\>3nt‘mb bnadfbaaaom, ﬁmaaqne 6£Q0603‘3Qm aoﬁ 333 305an'33 d-)ﬁ.)oﬁo anaoﬁmgQaanm.
e ool Sy ez Togyh o oo bl B bl
©33yoegdals AmbiobogBy Qbodn. gb 96dnrmea IGmdmzomeos Gebdal G/ Gogorglinby, Qoaobobmmaﬁamn
36n3369nmbdom 10-@5 100 39-9cg. Jotab LnkBodomn BoSQVnQQBnbomanb bogdséabins a9b3nbogmee
%JQ“J““'DQ”’ 306mdgdnb ao3mqbs ds6dnm Yy oobmmgdon 1 Oda-aQa. 2paerdr)dstgmdal
93nrgdelidgednsbo 3606ma06m3bgd3al Bgdobynaeda bo 3336nlins 3mbogls Breadabamn @adedemmmdals
(33eoaegdels dmEgmntigds Jofal dmdGomdabal Jhon Besdafomst UndJnbab L&y Gon Z,,- 3gmeay
‘BaQ-ﬁnﬁ\)ﬁQa bnadohnb bﬁoaaoﬁnm Z,, o3 'aaambmso’an Qo:jnoanb 'Bn@ ba%qaﬁnb bnaoqqa h o%ﬁQaao
Jobuias aoaoﬁmmaanm X 336dormals aoj'oﬁqabmos gfoee bodjolals (33emnegdel segnmn@s6, [23]-3n
Bnqaamn aoambob-agaaaaob Fgbad53nbisge:

h h X
—,(Iu—,—l]=consl~—, (1.29)

% % %

7 = max ("-01 +202)
h bnaoQan %33007 33600 JOQ«Jﬁn 36mgoqn 6533-) 'aaﬂ'arammoamn. 3'3Q3n3.) const-b 350‘3353Qn6o
msagoﬁQmao'an (1 .29) Gmes 0.9. 33306n‘3Qn B%ncn oqanRGQo. Ged %JQJMﬂQn Qnsoand-aén Lmﬁdoﬁnb
Qanmgds bsdomp Brlidor onbobizds 3ydmagn aedmbobigmadem, Gmdgmng dogdenns Joals BodGormg@e
33"6“ e 3601:5@330'4 mosbaaQﬁnm ] bnaoQQ:]“Oa:
sty _In (h/z0,)
., In(hfz)
L‘#Qoo u,, = Jotnls ©0bodn 3960 boRJség asblabnenage Vaﬁ@nq'an,
1, = Jofnbs Qnsaand-aﬁn bnﬁ;]oéa da(‘ﬁnéo 3ndotrorgmmgdna.
@3yl Bngps bsBengfénls JaBeo, Jonb ahJotab g9 gormgfn 3manmn JgmBnmmgdymns @ @6adn e

beRJs@y o6 Fgndemgdo 3%8mmgmorn 0Bl Jodols @aggnfgndame LaRjsdgpdapsbd mmasfondgerme obmbal
aéamws;]anm. 336603 adb3360335®mn 3n5.>(33332>n [24], b3y 6m6n60 6n05m36n3n amQaQnéaanh [25])
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Mg 3G00damn Bofarnl jmddnbatigdas!

. I"(Z/Zm) o < \
el om) e

n(z)= u'+(u'—u')% oy chzch (1.31)
e s

boagy 1" = (g /ic)-tnle,hf26,)s 17 = (103 /5c)- Inleshf 20y) @3 ¢, = 0.3, ¢, = 0.09.

(1.30) @ (1.31) 399mbobnmndqdamb aoamaqnsoﬁamab, 6m3 ©6sdngahae bofdodrg 1 o, Gedgemng
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1.9. ﬂéﬁaéogﬂ‘aqﬁ aﬂQJQO
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0399080 scafggl 4.0. — 4.5 3/F8 (Jyomscba, Lodagmos).

LadbAgo Lagatmggenmb dmaesbymda, otesmgools ©d dglibgmals Jgegdel LsdbMgm gmegdds,
sboengomogdols ImagmBg BogdLedaczyo Lohgemggdo dg0dhbggs @30l @d macal basogddo.
Jochols boBgaols Fenogo Lgems

Lagomorggmml g ggogmefasl sbalinomgdls Jothal boBjamol Jeheadooe Faoyto bgae,

Geagglbog LoRdarhggdals dogledy8o dmemol Igdmemamds — Bsdmols JgMomeBy. 8s3mbs jenobls
Fomdmaragbl Lodbmgo Logoamggemml modrybodg 8mbo, Lo 3708Rbggs Jotols Lofjathggdols

Fezogo gyglgeo.
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39335bombals 50smBmosbyodo Lofigsdggdels 33gdladgde dmeab (jog Jgtomedy, BmgBdmogsb
356550y, BogbymBo go bofigathggdo Bobodacyins. Lofdaggdols skgmo gobsfomgds mmdo
Lagome ©sdsbalindmgdgmos dswsemdomnsbo Bmbgdobamgols, Joboasb dogdls @s bymdgdl
Bmals (yoth 37e0ag0s, HMgEoy Jomatiegdd JPGm rdsm 8mbgdda, 5ok gMygmrgds 3000
3-89 93¢ LoBocrmyBy.

L33bhgon Lagoorggeml doosbymdy, Bmgomsre, Lofdsmggdal dsgbadmde FgodhRbygs asbgst-
35830, 7830 LHBbGHYo o xagabgoab Jawgddy, FmBgmms Lodsmeny 3000 AgeMl sagdoggds,
LoBgotiggdols Bogdlodhdo dmeob ogbob-bgdegddg™Bg. brd dwebodbml, Hmd 53 Jgegdols
2dlimenng7™o Lodsemmol bogegoel Bogbgragsr, dsma Lodsmeny xogabgool Jensgml embols
308a6an (1400 — 1600 3gg60) 3gomagbl 1000 — 1600 3ga®l, Moy byl 3Fgmdl dmgdls ©s
bgmdgdls dmfols o 3esgects 4s6gomatigdals 38 Joegdels ggHamdgdol dmgm Lodsmag8y.
Joebgool @sdemmddo, dglibgools @ mGosmgaek Jorgdol ggGremdygddy, sbamdomogel
JenogmBy LoBgarggdol Bodlind780 Bmmob 0sbg5(-3othgdg, Bobad7do 3o — agmoli-bndggBd9™dy.
35330bombols Jaeob Lsdgomm mosh 8mbyddo, smdmbagmgm bagommggmml dmgdlidge
©odemdgd8o o 4odsgmbyd7ee dmgdlis @s bymdgdl ol (306 3gmagools 4s3m LoBgsthggdols
30glio8730 obopgegdl sdGocr-0gmalily, abodydo jo — mgamBdgM-rg jgddgdy.
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owge2

JorSols LoBdachols Lyg3bymirioge Lgeas

2g3mbiggembs 35 3Gemdabidgadyto o ygeesgeol 0bggBloBmds 33bogrob g0 ey pgeoegdol.
gogoeno boddmos jog3atab gafogmosdy Jomol boRdool Lo 76gmdege ygocgdoemdals
o6ommado [5, 37] ag0h39693L Jotals bohdatggdal g9j0Mgdsl 1966 — 1980 Fengdol IgGomedo
Fobs mpmsse Fammsb Bgrsmgdeo. 8m;gdgm Igtomedo Jotals baBdaggdal Bgdyomgds
25353306907 mos dmaoro sgdmbggymo ot ygmopool Bgbabegdolmsb, Gmdgma
859mfgg7mes d36mo aMarogbggdols Bgdjamydom deMomorsr mibagmgo (j08dotal
63M0gmMasdy. Bab. 3.5-89 dmygebomnos Jatol baBdatal bag 336gmacioge gmols JolgmaModgda
Ls3o Agggmbaamobsmgols, Gmdgamms msg0fggdgdels JgMomee dgoeagbl 100 FamoFocl,
2 mobo 3gggmbaegtobsogol, Gmgmms sbammgayto BoBgabydgmos 40 FomoFawmoa.

UoBsciols afdgendgfomensh gomesgagdl By gregds 1 - 3-Fezesbo gogezgda. badgacem fago
Lofigothols gencglio adeabigde bedgsmm dmagsmfamoyio bohjsmorsb Bgorpgbl badsmme
25— 30% 93 jogemgddo @3, Hmameiy a33mbs jezolo, safgal 50 — 70% (denygPe Goombyddo.
Jormabs Jeeglie Lofidamggdo @sgodlomgdnemos 1938, 1941, 1942, 1944, 1951, 1953, 1958, 1959
Y0930, 98patigle — 1940, 1943, 1945, 1947, 1949, 1950 s 1960 Femgdda [5].

23 IGmglol gmb3y 3936 3g8gmbogayMBy godlemgdymo Lobdamggdol Igdpomagdads
39Ua3Rbgg aogmgbel sbrgbls gmyaghol mosemdnl wyadsmsyes. gl Imgegbs 3 ogame
899mabags Jmxtols 3gggmbory M8y (Bob. 2.5-d). 53 L als BoBrgdety gogmMasdy 50-
6o Fengdabs alss§yobdo memageze aym bygda. bygdols Bhirsliensd gHomse gragagol gosgmds
Ipoteydmes @, Bgbsdedalisrg, Jpemegdmes Jotol goglamgdyme bohdstggda.
sbormmangfo dmgagbs 399Rbyymes dms-Lodgganls Bgggmbaeaedy (Bob. 2.5-f), Hmdgmey
396203993 Jacel abg38y. Fgegmbamgytol goblibols, 1936 Faml, syol bagatio
39Oemddy Imsghegdmes. 80-096 Fmgddo gyob Logsmds mbydol @mbyl dosmfos s
3989mba=a My goglofgdgemo bohgsggde 9.5 8/§8-wsb 3.8 8/§8-3wy 933;0keo.
97300l codrmdols 3gdyahgds 396599605bgdals 308m sbabiosmgadl mebisbagdgm I76gaaddn
dgdamg 3gagmbargmgdl, Moy Jofase Babl ammol o badymols Igggmbamyygdal
3oa0mom8y (6sb. 2.5-b o 2.5-g).

LsFygolo 3mbsygdgdol (msge IV) 8mdBorggdols wo sbsmnBol @Mml yggms gb gogemean,
93demgdolieopgomam, gomgomolifebgdmemo aym.

bob. 2.5. Joeiols bobgaols b gyabmgobo byl giogo 990 7 dgggmbscg gricbsargals

' aem ondarzolio-cligMgagmifos
o
' o P
(7] -y . + ; S . L.
1 i ‘ ! } ' &
a) 'Yy e S (. —_ _-.i..__
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msg0 3. LoFyalo 3mbs(3g9gdo

3.1. Logomggeml Igggmliseayigdols Jugmmoe

3039 100 §aendy dgg00 badamuggenmdo Jodols Gogodo Gigageeatrjesse odmigds.

1891 §geul vdocabols dsabogm-3agmBmemanyt mdbghasgmtosile, Gmdgezoy oo
@796 w0 1837 Foenl, woofym ool bohatiol @o dodsGoreghol avdmiggde gomeols
8lpdgdaudnegosbo garag®oel asdoygbgdeor. edagy Facal sbigoo asdmdygdol Hagatinds
@aolym am@do, sdaborgdobls @d badamada, beeam 1900 Yemowsh - bimbdls s adstesdabida.
1919 fgab Lodagem Imgol gobgomamgdsbosl wajagdomydon . gmmda asebbbs
dggambaeg o, bowag, safigmgy, 08mdgdmws Jofols Giggedo.

@333007390980 gofegdmes bidxgm Jbmammg eael gobdsgeamdsdo. 1936 Faoeab ik -ols
Jogm Igggmbveggos Jugmdy Jgdmugdgee oym mobgomoshe gsdmiggde seaommdoge
efimaoo 1,7, 13 @o 19 basmBy. 59 ammabsmgol Ladsmmggaml ggfogmtasty aghjembatides
130 3589mboeagie, GmIgmms Gamagbmdsd 1940 Faobsmgol 165- Josafes. Jydanmd
JgMomedn Bmao borg Mo @aob7Me, Bmgoe gorsgaboaa aym Lbgs sepocully, 3man jo Gadebody
Yoo Fyggems owgol gbpomborgdsl. yggeme gl gotigdmgds asmgocolifobgdyeca aym
deabdo 3odmlaggbydgema dgggmbsmgydgdels Bg@higgel IGmgLda.

40-056 Frmgdol dmezmb 9gggmbaegygdgdol 339p9l Gofemda @admbgoggdymoe aym gociwals
oo gagago: Agdgde gotigegoo — MBJI, gofmogols dsbs 200 a, @s 3dody gofvjogom —
®BT, gotigogols 3obs 800 3. DBJI-ab Ladgscgdem Jotols ahatiggde 1 8/§d-wsb 20 3/{3-darp
08m39ds. 20 3/§3-0b bobgotol @Mmmb Jsgdzde gomgogs @gdgemdls moojdol ImModmbaser)®
IamBothgmdsls s dmem § 30016 g ds. PBT-b gsBmdgols @naJadmbo 4 — 40 /§3 Tgamg bl
F7a9Mgdo dmbgogmpds 10 3 Lodswemol 36d938). Ig9ggmamgabol Igdmasdghidoe
odM magdgdol skligdmaals gdmbgggeda, gergantol abrocgol mogoesb sbsjomyderse
36dab Lodsacry 0BMrgdmaes 15 85gMadey (38].

goeol gargagmndoel gpges 363 godab Lbgomslbsgs dmeogogogeals 363dmeddmdyatigdom
@d0fym 60-036 §egddo, 859063y Jgdmrgdgme aym Mgogognsbe msjgociggdgde. o3
bamloFymgdal golsdsemmgdal obgymgomoe 10 Fyob Fgompgbl.

3.2. 3yggm3mbapgdgdo

sgealidn aadmyabgdymes dgggmbamptgdel Mmsgocmaygo gobisdgscmgdgme dmbaggdgoe
(36mdMd0e6 [5], Bgggmbampanmgdol bastidogm dmbsygdnde wd dsezeg dgagmabdgddy
domgdymoe dmboygdgde.

B3390k LyIgoydoo Jowgdyee dmba(jgdgdals 899my36330lols gomgomolFabgdyee Jlcs
aymls ol 43693myds, @A gl Amboyg8gdo 860d36gmmyobinmoras wsdmjagdywe
@33 jg0Mggdaols bgdegda e go)emmdy. a08magydol dgomeo jols dgladadobisr @ jgomygdyeto
2 fnoob go63sgemmdade s 306@gds Yerypgdael gomgogol Mbgggdl o godjscyto
ogologdls 08 § jofhol Gndgil, Hmdwol Lesbarmgglsyg dgtygmdls goMgoso, 96 03 § jotjdol
6mamgdl, Hmdgmms Imol FgGygmdls gofejogs. gJHoRMM @R @sd ygofggdgee sxbadbsgh
08 §3omol 6mdg@al, Gmdgwag Tggbadadnds o8 mea Fymoel asblogamdsde gotgugab
3a;JieBaen @ ad@obsls, Moy Godlameyds Bmamey Jatols doledacayfao @ofGmens. OBJI-obs
Lodyamgdom 0dmdgds Jotal Lobstggde 10 — 12 & §d-ay. gutun Jogaczo babotggde o
admdnds PBT-b bsdyomgdeo.

ad8mdggdali Goggdal sbomodo aqobggladl, Gmd Jotul bufjstiggde 11, 13, 15, 19, 21. 22, 23,
25, 26, 27, 29 ¥/§0 wad jg06g90eagdel dogi IGe]gogensn o6 godbafieyds, adagy ol
Amdoggdgens 9, 14, 20, 28 @d 34 I/ Lol Jsmagdel warjorlaigdul Jgdmbggagde. sbomgaezols
>@qdols Ygemds 28 — 40 /§3 bob:|stgqdol wHml 4 — 6 H/§D Dgowagll. gb Vg emBgde soblbgds
geraa®ol Joblbggdocl oagobgdyMgdgdeo, bsjdome Jotase sab Agbfageocne [16, 38]
@ 3mbayy9dgd0b bgagobge gyto @ail-gdaggdol @mml beyds o8 Dyyemdgdel jomyg|gamgda [5].
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ongel

goeol geyagtol @ 3653mGddmdgg Mol Lodjsmydom Jowgdywmo Imbaggdgdals
Bgbawatmdals b jooba Tghfsgeroos [40]-Uo. jgfdmw, boliggbgdas, Gmd MBJI-ob Bgybyds 6
— 17 UF0 boBJotgqgdols @osdodmbio 5 — 7%-om dmiloggdymos M-63M-1 Nig9bgdsborsb
dgeaigdear. GBT-b Bgqbydgde asblibgagugds Jutio dygor. Goag bailtimigddae [39, 41]
woragbomes, HmA Jatol @adowe (5 A/Fd-Uwy) baBsmggdel wBmb swubodbyds dsfiggbgdengdals
woffgq9 M-63-89 gocowol gergagtol dahiggbydmgdmsb dymetgdon. 51 aarsbgdels dodgdgdols
2baenBo ggabgqbgdl, M@ JoMomse Mmab Msdsdmdl bgday]gndo gojemta, Goy
©33sboloaogdgenos geaagGol asdmygbgdom hogamgdyeno ao8mdggdolamgals.
Lagamoggmml Gogends Mgwoggds gobsdotimds dogeego Jgegmaobdgdell @odmbeaggdols
aypeegdcomds. doybaesgow 0dobs, Gmd Agggmboggoyes abggw Jgoedogym Jemmdygdy
30 336mgabos, s5dmbggmml myesdefablom@s Ihgde, Ggmogyel asgegbols gsdm,
J0dagMo go]amegde 356oy@osh LfGag (j3omgdormdsl. gblss 3gmdgdem gl gbgds Jothals
9:00b. J3959000 BgEsdo@abs @ Ggemogqol stagforggahmybgdols asgemgbol 45dm Jotol
boBdahg LoaMdbmdmor aygmgdd Hodwybedy jocmdggol dobdoBy. Jotols bohdotols
bogMyggme 0bggMImeopool sGlgdgme Igomegdo [42] dmosbo Hamoggol JoHmdgddo
gLodegdgmos godmgoygbmor mowe g8agrggdem. 16508 “dgggmbaegyio-s6smmaoa”,
hmdgmog 3949 seaomol Jommdgdde dgladmgdgamns 50 — 70 33 336domBs degdomgmdegl,
300056 fgmoggdo s3Mb Jomgagl [43].

Gorgmo Mgmoggol Jommdgddo Joboamgde Ledbgom ool gbgmageniamo Imggbynomols
9390330l Jomgds Jgbodmms Gopbmdmoge mBmamagogmn dmrgmol 43dmygbgdem. sugmo
dgomee Ggomadndmos jmdIogeg®m JGHmamedado WASP o jota 39@qaqdl adenggo 949
seaogdobsmgol, admmatgdym ©o bs jmgdsm yopodm Imoamgbamgdabamgol. dgemdgde
29 Jothmdgddo o omgdaggds 10%-L.

JA3Hm Gogm aBmamogegm JoGmdgdde GogbmdMago dmegmol a38mygbgdooc 10
Jor2mdgetidy dgg IsbdomBy dgbsdengdgmos bamogbgsyom Jggobgdgdol Bomgds, sy oG
339symagorngdl Jotiab 9bgHagge jols dmmbmgbadl.

§0bs3iggdaiy sgmsbiols 954360l IGmgldo Gopgemoe Gymmoggoel Jommdgddo Jotol Hggodals
Labem Joboboomgdmygdols Jnmgdel d08bom Bogomgdgmo oym Jotmal LobJomal o
0dohoryengdel djomm 338m3ggde NRG gotdal dommago dgagmobdgdols 4sdmygbgdoo.
9613m35gMgd0 @mbadggdgmos 40 3 s 10 3 Lodommggd8g, gegagto — 40 8-83. ymggen 2
§53d0 docgdgenn Jotobs bofdomols @s edsmorymndel sbamgamgde afmgrgds Hgaokg@agmeon.
10 §go03be Jgtommels dmeaml brgds wogMmgammo dmbsygdgdab asliadpommyds, LaBgsmals
bodgomm jyorMogene aoxsb®obs o JodLodomymo I6edgbgmmmdol goblaBmgms. gl
™JIgMogogde gofwgds mMagy geyageol ws 3693mBgeMals sbomgmgdoboogols. sdggotor
©30°9d5390 30 dmbapgdgde ofaMgds Agbliogmigdab bsggeage Hodgdlo, Mol B9dwgasy gogee
obyg Igminggds. MyanbgMogmtol geogdg®m jggdolsogol godmaygbgds mo dagathgs.
9dg89mabdgda @odmbeo;gdm@es 0d dwgommgdide, bowsy, LageMojwmae, Jotol
endembagaamgdals 5390:ds gbadegdgenos.

acenog dgggmabidgddn 10 Iggols LodaweagBy ao8mdggdel Bagatgds dgwamgdols Lad joagdal
odezggo sbenm Jagdardy IgggebswygM9ddn dowygdyen Jobiajgdgdmsh. Jatols bobstal mm
woelighg (10 @ 40 3) aaBeilggdols Bogagds agsdenglb badgaangdols sagagmam Lobjamols
960,100 IGxngocsgbo bbgawslbygs mmmataguyjes JoGndgddo.

gbMoeagdio 3.1 — 3.5 deygalboezos Jomol bolifamggdoels gadgojsemydo ggeroagdob
Jognepeghgade, Hodeagdoy asogesueos Jofisdoto 438mdggdals dabaglgdels godmyagbadon
@ gobbmaswmad geres Lbgowslibys galuls Mygenoggadelsmgol. 3 jerguoponbeel bgdmbgmo
pgenoengdal gomyscrolifobydols dadboor gomjgengdo ogatigdygeros §awofowol mobogy
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Lg8mbalsmgol. saMgmgn, asblsBurgyeoes ool bobfomol gaFge jseagto IHmaocmols
9J6IeGy6gol bamabbol dsbggbgdgmoe m. Lafyobo sbamgegdols Maggdol babamdenogmds
Jgowaqbls 1 — 4 Fagcals, 535bmsb wsjsgdotngdom dmpdae danbaygdgdl Jeiggqbaes st sgm
oo bodglsggds.

JorAols LaPgomol 8reals 3magma3onbagde o8dmliggHiml ymsdafalidads 3gdo

@0d sBommgdyemo dmyoezo gbGoesa. 3.1
Lg3mbo 10 40 60 80 100 m
dodmoamo 1.00 1.27 1.36 1.43 1.49 0.17
5oBogbyae 1.00 124 132 138 143 0.16
Bogbyce 1.00 127 136 1.43 148 017
dgdmagmds | 1.00 125 1.34 1.40 145 0.16
Tace 1.00 126 134 141 146 0.17

8gols Jemogo pbGoce. 3.2
Lg8mbo i0 40 60 80 100 m
Gadoatho 1.00 1.48 1.66 1.80 1.92 0.28
98sqbymo 1.00 1.31 1.41 1.49 1.56 0.19
8ombyemn 1.00 1.23 1.30 1.36 1.41 0.15
9gdmeamdd 1.00 1.43 1.58 1.70 1.80 0.26
focao 1.00 134 1.46 155 1.63 0.21

3o¥Hm ahdogo bymdo obGoa. 3.3
Lgdmbo 10 40 60 80 100 m
Bodootca 1.00 1.32 1.43 1.52 1.59 0.20
a8smbyce 1.00 1.20 1.27 1.32 1.36 0.13
Bogbyco 1.00 122 129 134 139 014
990meamds 1.00 1.27 1.36 1.43 1.48 0.17
oo 1.00 124 132 138 143 015

GoHonem atdoge Jgodyeme gbGocse. 3.4
LgBmbo 10 40 60 80 100 m
3odmato 1.00 1.43 1.59 1.71 1.81 0.26
3985qbgea 1.00 1.37 1.50 1.60 1.68 0.23
Boqbyeun 1.00 1.46 1.63 1.77 .88 0.27
Vqdmaamds 1.00 1.45 1.62 1.75 1.85 0.27
Vacoo 1.00 1.43 1.59 1.71 1.81 0.26

a8560go Jarals obgde nbfocze. 3.5
Lg8mbo 10 40 60 80 100 m
dsdmotha 1.00 1.28 1.37 1.45 1.50 0.18
PUT TP 1.00 126 134 141 1.46 0.16
daqbgeno 1.00 1.25 1.34 1.40 1.46 0.16
Vgdergpeds 1.00 1.28 1.37 1.44 1.50 0.18
LA 1.00 1.26 1.35 1.42 1.48 0.17
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3.3. gmImaGogo7mo dmbsygdgdo

amImgogoqmo abgm@dsgool dogdol doBamowe Fyotmd gmimaMangogmo Gy gdo.
Lagomgymmb Goyewoe Ggmoeggol asdm Jomdy 360dg6gmmgabes dggnmboryyMgdol
JHeabsggdel 3bgo aablbodegs, gobsewsb Jg;emdad Maedeybedyg slig o 3ygtol goGaengddo
Jgbadeagdgeos 6adgzbgrmabor Jgpgoeamb Mgwogm o Jommdgdo dgggmboea ol asmdgile
77,3989 igoer g dSeaoeadegdafmgmdabionsh Jedotogdao. 30dmygbydeo oym Jlatsggbae 1:25 000
3abTgodols gmImaMogogee (ryyqgdo, Jmmeeebsggdol algo 4oblsdagMabisorgols 3o —~ 1:10 000
3oLdgodab g 4gdo. bagdgm J9dabggggddo gomwydmaes gbdgeopegde.

Bocmogo Jggnmabdgdel jmmMreeboggde asblsdag@mmo aym seaoeimolb dobosesygdab adoor o
1:10 000 56 1:5 000 3oLdgodols (ry3gdol a0dmygbydoor.

Jmmheebsggdol @odjliggdel 3g9ega brgdmes gggmbaca ol oagemog 5 3@ Gowoglios G0l
GsFomol gogfrym gmmdado gomoygebs. joage gmEdsde gorsygebom 74087 s@0bodbydmes
3999000 8gedotol Ladgolol jmolgdob Bmbgde, s@lgdyme ©IdG mengdgdol Bmbydo w@s
Jgafygoemds. yggms JoGgmaGogogma mdoglgo (Igbmds, Jomasdjege Bmemo)
ogbgogogemgdyme ogym g ol Jobdgodol Igbsdsdobor, 8my Bg9mbgygede jo gadyscyo
QINgIegigdol o Jigomm addmdggdol adoo. aomgomelFabgdyemo oym, saMgogg, ob
@obadogg Mo ggeemgdgdo, Hmdmgdoyy Imbrs (g 3ol Vgegnbol BgdmamB IgGHomada.

3.4. 3gp9mlsma7godol s dsmemogo dgggmsbdgdols Bsdmbsmgammo

Logsmoggmml ggogmEnsdy, @ofygdgme 1936 Foowsb, g36pombamgdes 165 8gggmbomg o,
dg2abda asdmboygbgdemam 99 Mopbgaesh SdmENyymes 43 Bgggmbarg e, s9mEhgzol dotamacoe
JFaggmogde aym Jools LoTacm IMsgarnfenngo Labstg. 3abosb gHmse gsogomobfabgdyoe
ogm 3g89mlseagMal @osemds, ©sj30Mhggdals IgGomaee, ©oj3eMgadals BgFygagel 3gMemee o
Logggtol bbgs srgomdy asmogsbs.

Bob. 3.1-8g dmygobornos Lagotogammb Lgdsgde hyge, MmIgmBamey 63Bggbgdes yggme
3g89mbaeayfol, Bsamoge 3589mo6dpdel o 08 gggmbsragmgdol seaemBrgdatigmds, Mmdgems
3mbs(3989%0 08mygbgdgmes sgmolide. 53 barayMgdol sMhggol mBmb as@sdFyggee J30Msggbmds
960390m@s ool Lodgomm IMmogomfeog® Lobgsmgl, goboawsb swaotngde, Loy gb Lobdsty
2005203, 33Gomto LaobggMHglim 56 stol Jotiol 9bgMagen ol mgambisdmoboo. 53al Bogbyeagos,
733460l gaogmteal @06sbsMa Rigatgals B086ac Losda haBaymns Madrybodg 8gggmbacy yto,
Loog ageguoigdyme Jotols badgomm dGogamfemoydo boBdomg 3 8/§-8g 6o jeugdoo.

Loado (gbtheezo 3.6) Immoglgdgenes dotomsmo 3bmdgde Ig@hgymo Bgggmbaorggdol Dglabgd.
bools 3ymig Lgggde s Gy a8y (Gob. 3.1) IgggmbioraMmgdal @sbmAMgs Dgglodedgds bydgmagast
[5)-8a.

3989mboeaMgdnls o Jsrnoge Igggmebdgdal Labgfmeydgdo 963360l Bobywgeo gobemoggdywo
gbGacaol Bgladg bggedo. ggmatogeemo Jmmieobsggde Igmmby @s Jgbjorg bggeyddo, Lodsormy
8agols wmboweab 3gy:abyg Lggedo wadyliggdgeos gmimatGogoamo M7 jgdal @y srpoegddy
a%9m 393900l bodgomgdoo. dgdgemy, 39Mgg ws Igpbog Lggendde dmygsbons gerya)Gols
Lodoeng, @s30tggdydol JgMameo @5 Jools badpseam oo lohdamy.

30 Lggedo Jomygaboeros oMol bod jgGogg. Gmdgeoy 4asbaamodgdgeoes dsndggryeno
aeGYywol 23dmygbndem bgabwoterywo sgdmbygambaogol Sagol @mbgdy 3sgmel 15°C
8093580l © 31993gMeg Gl dgulogo gMe0 JaeGo atogonhgolbsogols—6.5°C ymgnes 1000
By,

doGudaan biggde Gabignfighos sguusbiol 0l aggteob 6ed)to, Gmd)eadyesy dmggsboos
Dbadadolio gowsbgbryeso Dabaggi)do.

U.sqq'(';;]n 989m56dydals Lo (ghtucze 3.7) Fomdmawaglb ghtowo 3.6-0l aouGdgengdsl ol
adbbbgaggem, G 3930wy bggedo Jmyggaboezos ab)dmidyeGaaols mo 36 Lode Lodaqery ws,
Iybadailobsw, 3Ly byggdo — Jool e 36 Lada badgoenm Lalijotg.
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Hocesaemen navsmu akadesmuxa
Tuen 'edconoeuna Ceanuoze

NPEAMCNOBHUE

B ATiace npHBeAcHbt perHOHANBHBIC OLICHKH BETPOIHCPreTHUCCKOro rotcHwuta (B1T) mo kpiirepiio
YACALHOIT MOLLHOCTH BETPOBOTO noroka. Mccneaobannami oxeatciia ses Tepputopns [pysin.

Mavrepuanst, NPUBEACHHBIC B ATIACC, COACPXKAT BCC HCOOXOAMMDIC AAHHLIC WIS BRIOOPU NTOHANOK
O/l CTPOHTCBCTBO BeTpo3neKTpocTaHLii (BDC) 1 OLCHKI TCXHIIKO-DKOHOMIHUECKHX MOKA3ATCNCH.

B ATiiace Mcnonb3oBal ikl MHOTOACTIHE Aatnibie MeTeocTanLmii (MC), KOTOPbICIOMOHCHLI OTHOCHTCIILHO
KOPOTKIIMI (2 — 5 JICT) pAIaMI§ H3MCPCIIHI1 CKOPOCTIL 1§ HATIPADACHIIA BCTPA 114 BLICOTIILIX MCTCOMAUTAX
(BMM), yCTaHOB/IEHHDBIX B BOCHMH 11an6o0Jiec ICPCNCKTHBHLIX MccTax [py3in.

ATIAC OCTPOCH 110 COBPEMCHHOIT MCTOAMKC, pa3paGoTaioii Jatckoit Hawonwibnoit JlaGoparopreii
Risg 1 ncnonb3opanHoll npu co3nanid Aiaca Berpon Enponnt u Arnaca Betpos Poccun. Ha
CCrOAHAILHMIT IEHB 3TA MCTOAHKA ABJACTCA obuicnpisHatHoit npit onpeacncuitit B3I 11 nonbope
TUTOLLAAOK A71s cTponTenbeTsa BOC. Mertoauka peantizonana B gopMce nipikiaanoft nporpammst WAsP
(Wind Atlas Analysis and Application Programmc), Bepclist 8.1 koTopoii Hcronb3opasa npH paspaGoTke
HACTOALLCTO ATRAaca.

McToniika 00ecneuHBAET AOCTOBCPHBIC PE3YILTATDI B OTKPLITHIX PaBHIHHLIX MccTaX. B ycnosusax
CNOXHBIX PENLC(POB MCTOAHKA MOIBOJIACT BLIABMTH NICPCMICKTHBHDIC PAitoHLI, ONHAKO, A NOAYyUCHIis
nanHbix o B3I ¢ Heo6XxoaMoit TOMHOCTBIO, B BLIABACHHBIX MECTAX AOMKHBI ObITh MPOBEACHDLI
MHKPOMACLUTAOHLIE NCCNCAOBAHNS.

Berposncpretiucekuit ATnac Ipysui paspabotas Hayunsim LicHtpom Berpoatepremiiku “Kapancpro™
B pamKax nipoekTa G-539 Mexaynapoaroro Hayunio-Texnnueckoro Licntpa (MHTLY npu itiianiconoii
MOA/ICPXKC NPABHUTENBCTBa SIMOHNH.

ADBTOpbI BLIPAXAIOT 61arOAAPHOCTb HCNOMHIITCNbHOMY AipekTopy MHTLL r-uy Miixasmo Kpéunnry
H, B cro nuuc, corpyanukam MHTL. AsTops! iickpeHHe 6aronapHs! kypatopam npockTa MHTLL
G-539 r-Hy Jlcony Xoposnuy i r-xc Hatanbe Cononyxnnoii. 6naroxcnarenspHoe BHIIManie i
BCCCTOPOMHAA MOJACPHKKA KOTOPbIX BO MHOTOM OTIPCACHI I YCIICLLIHOC BLITIONHCHIIC MPOCK T2,

MbI TOCTOAHHO MOJB3IOBAMHCH NOMOWBIO r-kN Upitiinl Xomepnkis it r-Ha 3ypada Cuxyawmpiuin
(Tpy3mickoe otacneinne MHTLD) b peticinit Bocx BO3HIIKaBILIIX IIPOGCAL.

BosibIuoii BKIAD CBOIIMIL COBCTAMIL It KOHCYBTALUIAMIT BLICCAI! KONNAGOPATOPLI NPpOCcKTa I.I. Baran
TFepoprisn (NREL), Knaye-Dimep imavaunt (ENWERTEC), One Bek (NEG Micon), Mirspaipo XaasaHo
(PF1JAPAN), Manymita Xukapy (AIST).

Mut 6naropapin r-xy Prikke Anre HisnseeH (Rise), paspeiiniBinylo iepenciaTky HeCKOMBKIIX T/IAB 13
ATnaca Berpon Enponol, 1t r-Ha Onc Mnanbuepra (Risg) 3a 11X HCI3MEINIO BHIMATCLHOC OTHOLICHIIC K
Hmameii pabore.



IMpemicnosite

Jitckyceitn i o6cyxacHa ¢ Haummit kosuieramu T.r. Penazom A poenaase (Mapnament Cpysim), Aemn
Jlaownunn (TexHuucckii Ymmepentet), AnckceeM Mipnanawsiinn (denaptamMent Hayku u
Texuonoruii). Bakypom Beputausinn (Mucrntyr F'naposcTeoponori), Feoprisem Koprsaxus
(AcnapramcuT Mapomcreoponoriti), Cpriropitem Jlaapuenus (Mpysnuckoe Arciicteo UNFCCC),
Cumonom Bapamiunze 1 Baagypom Yxaiase (dueprorehepauns), Anckcanapom MNipuxananwsmm u
Anusbapom Ipnctasit (Komiccns no perynnpopatinio B diepretitke), OtapoM Fornuanmsmn
(Anxapekan ucproxomMnanni), Aiopom tiranasa (Iinposncpronpockr), Mananoii Jagnany u
leopriem AbGynawnsnnn (Lleutp 3nieproawpekThanoctit), Encrioii Homaxnnse n Fypamom Kyremis
(ENECO) oboraTini coacpxatnic ATaaci M No3BoAMIH I136CKaTh MHOTHX oLuiGok.
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BBEAEHHUE

Cospaie BCT[)O')IICPI'(.‘TH‘ICCKOI‘O Arntaca l'py:mu APCCACAYCT LCIIL OLCHKI BCTPOICPICTINMICCKIIX
PCCypeon. KOTOPLIMIL pacrionaracT l'py'suu, N HX PACHPCICICUTA 110 TCPPUTOPHE CTPALILL.

AT PabOTA MPOJIOIIAACT. 112 COBPEMCINIOM YPOBIIC. HCCICIIOWANIA, TpoBotitRiuices B Ipy i, Haunnas
¢ 50-x ronos XX ncka. B 1959 roay 6eii1a onydntikonanta padota [1]. p koTopoii 6uimt 060611cHb!
PCIYNLTATH OTACHLHBLIX IICCICNOBAIINIT 11 TPHBCACHIBI TCOPCTIMICCKIC OUCIIKI BETPONICPICTINMICCKIIX
pecypeon Ha Teppirropin [pysinn. [is 2Toit oletxin HelonboBalt clocod “cpeiuicKIZIOMCTPIHMECKOT
MOILIHOCTH ", T. €. CPCNICIOOBOIT MOLITIOCTI. KOTOPYIO MOXKIIO MOJY'HTE C HAONGLDT | KM B s CHIMOCTI
OT cpealicii CkopocTil BeTpa. JUIsA BLIMICACIIA NPOAOIIKITCILHOCTH PadomiIX ckopocTeit neTpa
HCHONbL30BANIICH H3RceTHBIC Tabmiiuwt [MoMopiiena {2). rac npiseack bl pacticTIBIC pacTipeacsicnis
ckopocTeil BeTpa st pasHitHHOIT Esponciickoii yactit CCCP. Henosibsopatiic 3Tix Tad: 1 B yoIoBHax
ropHoro pesneda FpysHin onpeaciisio opHeHTHPOBOMIILIT XaPAKTCP MOMYHCINILIX pe3yanTaTos. B oM
xe rojty 6vina onyonnkopara pabota 3. B. Cyxumusuni [3], rac Takke HCHONb3OBANCA MCTO
“cpeanckunoMeTpHUccKoit Mottioctir”. B [4] iocTaTor 10 MoAPOGHO 113yt CHBI PCCYPCBI MICPIHH RCTPA
1a Yepromopckom nobepexse I'pyatir.

B 1968 roay ysuncn caer Cnpasounnk no knumary CCCP [5], rac ¢ 6onsioii mositoToli npeactasiciibl
CTPYKTYPHBIC JICMCIITBI pe:kUMa BeTpa Wit 6onbiucii uactu Mcrcoctadunii Ipyanit. B padore [6]
NPpOBCACH NOAPOGHBIIT AHATIN3 PCAHMA BCTPa Ha TeppuTopiill I'py3int v Jana oucHKa Pecypcos no
“cpedHCKINOMCETPHUCCKOI BuIpaboTke anepruy™ (kBru/km?). B 1987 roay Geut nasan
dyHaaMCHTANbHBIA TpyA “ Bo30o61opascMbie aHepropecypeit Fpysuir” [7], e uinpoko HenonbIonaHbl
COBPEMCHHBIC CTATHCTHUCCKHE MCTOIbI H OLICTICHLI HICPTCTHHCCKIC PCCYPChl BETPaA 10 KPHTCPHIO
MPOIOIKHTCIBHOCTH PARTIYHBIX CKOPOCTEii BCTPa.

Hacroswmnit ATnac, ABisfick TOCHYECKIM NMPOAOMACIHHCM NCPCUHCIICHHBIX puGOT, GZI'JIIP)’CTCH Ha
COBPCMCHHBIX NOAXOAAX, KAK B MCTOAAX MCCNCAOBAHNIT, TAK H B KPHTCpPHAX.

KnumaTonornucckoit ocHOBOH ATiraca ABAAIOTCA MHOTOJICTHHE PAAbI H3MCPCHHII CKOPOCTH M
HANMpaBJICHHA BCTPa Ha 165 mereocTaHunax [py3uil, KOTOpLIC AOMONHCHBI CPaBHUTCALHO
KPaTKOCPO'IibIMH PAAAMH H3MEPCHH{T Ha BLICOTHBIX MCTCOMAYTAX, YCTAHORICHHAIX B IIPOLICCCE CO3LAHHSA
ATnaca B BocbMH Hanboce NepcneKTHBHEIX MccTax. C LCIbIO ZOCTHIKCHIIA BBICOKOI JIOCTOBCPHOCTH
OLICHOK BCTPOIHEPICTHUCCKOro NOTEHLHANA NPH MOAGOPC M IOArOTOBKC HCXOAHbIX MCTCOPOMOMTHCCKHX
JAAHHBIX ABTOPbI AT/ach pyKOBOACTBOB:UIICH PAIOM COOGPakCHHIT:

- B Atnace HCNIONB3YIOTCS, B OCHOBHOM, faltHbIe TeX MC, psibl HabnoacKHHiT KOTOPBIX 1IMCIOT
AnuHy He MeHee 20 net. Kak HCKIOMCHIIC, B TCX CAYUasiX, KOTHA MCCTOHaxoxAeHie MC
NPCACTABAACT 0COBBIIT HHTCPCC, HCMONBL3OBAHBI If 60JICC KOPOTKIIC PAIIbE.

- BcBasn c e, uto naunuan ¢ 1985 r Muorne MC 6L1mH 3aKpbIThI, 06BCM HabJtoACHIN Ha
OCACTBYIOLUIHX CYIICCTBEHHO COKPATIVICA, 4 KAUCCTBO MPOBOMIIMBIX I1IMCPCHIiH JaMETHO
YXYAUII0CH, B ATIACC 11C IICNOJb3YIOTCH AAHHbIC, MoMyucHHbIc nocne 1980 rosa.

- PacnonoxcHiie MC, naniinic KOTOpbIX IICNOAL3YIOTCA B ATHace. 06CCNCIBACT OTHOCHUTCABIIO
PAaBHOMCPHBIT OXBAT TepplTOpInt Fpy3i.

- Ha ocriopaunin npeasapliTeasioro aHa i MioroneTix aaHuvix MC [5] n pesynbtaTos.
nonyucHHLIX B (3, 4. 7] 113 paccaoTpenns Hekaoucn paiiolist Pyt XapakTepisyiownecs
MJILIMIT CKOPOCTAMIL BCTPit. C TOUKIL3PCIIA BCTPOIUCPTCTIKIL ITH PATioHbBI CAICYCT NPHIIHATD
HCNCPCHICKTHBHBIMIL.

- BycnoBisx ropnoro pesthedpa pacteTiibic OHCHKI BCTPOIHCPTCTINCCKOTO NOTCHLUKUIA MOAKIIO
T cuNTATh NOCTATOMHO HAJIC/KILIMIL TONBKO B OKPCCTHOCTI MeTeocTali. Jns nosbicHnn
IJICAKITOCTI ITHX OLCHOK B HallBOJICC IHTCPCCHLIX. € NOMIINIT Uencii ATiuca, MCCTax
yeranosiactn BMM (iipaist NRG (CLLIA). Maxepeutiin CKOPOCTI1 BCTpa NPOIBBOIRTCR Hil ABYX
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ypoBHsx: 40 M 1t 10 M: HantpaBncHMA - na yposiic 40 M. M3Mepceinis ckopocTcii Ha yposiic 10 M
JICHACT 11X CPABIIMBIMIL € 13MepelnaMi ta MC, rae ctanaapTias BLICOTA YCTAHODKH
ancmoncrpa coctasaseT 10 M. Kpoye 3Toro, HIMcpeniis Ha ABYX YPOBHRX 11O3BOAAIOT
IKCICPHMCIITATNBIIO HCCACAOBATh I 0606UUITL BCPTHKANbIILIC TPOGHAN CKOPOCTI BETPA B
PAVUIYIIBIX OPOrPUMPHUCCKIX YCIIOBHSX, HTO, 6C3YCNOBIO, HOBLILACT HAACKIIOCTD ITOJIYHCINILIX
OLCHOK.

- Yuuruipas npocTpancTaCHINYI0 O/IHOPOJIIOCTb MCTCOPOTOTKtICCKOiT 06CTalioBKIl Ha GonbLinx
(COTHI KBAAPATHLIX KHIOMCTPOB) MAOILAJIAX 11 BLICTPYIO MUKpOMACILTAGI1YIO HIMCHUHBOCTD
CC 1O BAHAHIICM MCCTHBIX OCOOCHITOCTCE Penbe(pil, PCNATCTBHIT, XapaKTCPa MOACTHIIAIOWICT
noscpxiocTi. ans Kaxaoit MC n BMM nposeaciio Toulioc onpeacnciie X KOOPAHHAT,
COCTAB/ICHBI ACTANBHAIC ONNIICaHIIA Penbeda, HPCNATCTBII H LLICPOXOBAaTOCTH NOBCPXHOCTH. DTH
ONNCAHIIR COCTABJICHBI C HCNONB30BAIEM Tonorpadiricckux kapt (Macwtab - 1:10 000,
1:25 000, 1:50 000), nacnopTOB MCTCOCTAHUIN H BI3YANbHOTO OGCACAOBIHHA MECTIIOCTH.

B ocHoBy nocrpocHiA AT/aca NONOXKCHA METOAHKA, Pa3paboTuHHua HauvoHanbHoit JTaGopaTopucii
Rise (Nanus) npit coanannn Atnaca Berpos Esponsl u Poceiu [8, 9, 10]. DTa MeToanka HCnonbayeT
UIICIICHHOC MOACTHPOBAHMC MCCTHOIO H PCTHOHUIBHOrO PC/KMMa BETPA B IPH3CMHOM CIOE ATMOC(ICPbLI.
B xauccTbe BXOAHbIX MapaMCTPOB MOACIN HCMONbIYIOTCA AaHHbIe HabmoneHuit Ha MC u BMM,
XapaKTCp NOACTIIAIOLLE] NORCPXHOCTH, 3)(CKTHI JATCHCHIIA OT NPCIATCTBHIT H 0COBCHHOCTIN penbedia
okpysarouleii MccTHocTH. Ha pric. 1.1 npeactapncHa cxema, MOACHAIOWIAA MCTOAHKY MOACTIIPOBAHHS
[8.9].

[TpubcncHuan Ha puc. 1.1 MeToaMKa MOACIIPOBAHIIA COACPXKIT, MO CYILECTBY, ABC Jaaayu. Jlceas
YacThb PICYHKa HWNIOCTPHPYET 3aJady aHAINIA PEXHMA BCTPa B MCCTE IPOBCACHISA H3MCPCHIMH.
BXoaHBIMH JaHHBIMH B 3TOIT 3a1a4€ SBIAIOTCA ONpPeNCIeHHBIM CNOCO60M ChOPMHPOBAHHBIC JAHHBIC
TICPBHYHBIX H3MCPCHH{T CKOPOCTH M HanpamieHnit BeTpa 1, hopManH3oBaHHbIe ONUCAHHUA 3ATCHAIOLLHX
MPENATCTBHIT 2, IEPOXOBATOCT! NOACTHNAIOWET NOBEPXHOCTH 3 H penbed)a MECTHOCTH 4 B paanyce
5 - 10 KM OT TOYKH HIMEPCHHA. Pe3yneTaTOM MOACTHPOBaHHS ABAAIOTCA PACCYHTAHHBIC NAPAMETPbI
PerMoHaNILHOrO peXuiMa BeTpa 5. [1paBas 4acTs pUCyHKa WUTIOCTPHPYCT 3aa4y CHHTE3a PCKMMa BeTpa
6 B 11060M BbIGpaHHOM MECTE C OT/IHYAIOUIMMHCS pebeoM, LIEPOXOBATOCTAMMU H NIPENATCTBHAMM.

OnHCaHHAs MCTOAMKA PCANH30BAHA B PHKIIaAHOM nporpamme WASP.,

B ATnace Hcnonb3yloTcA MHOTOJICTHHC AaHHbie 43 MC, oTbcuaiowmx Tpe6oBaHHAM, HINOKECHHBIM
BbILLIE M PC3yIbTaThl H3MCPCHHI Ha BocbMH BMM.

BeTpoaHepreTHiuecktil NOTCHLHAN OLICHISBACTCA 3HAUCHIICM YACNbHOI MOLHOCTH BETPOBOro TOTOKA
Bt/m2. Takas oucHKa ABMACTCA YHHBCPCANBHOM 11 O6LLETPHHATOM.

ATIac COCTOHT 113 4 [14B, KOTOPBIC ACAATCA Ha naparpagbwl.

B I'nase I, TcopeTirueckne ocHOBBI NMOCTPOeNiA AT/aca, HINOKCIIA MCTOANKA MOACTHPOBAHUA
BCTPOBOTO NMOTOKA € YUCTOM BANAHIHA Ha ero OpMHPOBAHKHC YCNOBHIT penbeha, 3aTCHAIOLMX TPeNATCTBHI
W XapaKTCpa LICPOXOBATOCTY NTOACTIIAIOLLCHT TOBCPXHOCTH. [lance n3noxeHsI TCOPCTHUCCKHE OCHOBD
MO/IC/IMPOBAHIA BCTPO3HCPreTHYCCKOro NMOTCHUHANA. 3ACCh UCNONBL3YIOTCS OCHOBILIC JAKOHbI
A3POAMHAMMKII 11 4MNaPAT MATCMATHYCCKOII CTATHCTHKN.

J1a5 110CTPOCHHA MOACNCH BCTPOBOTO PEKIIMa H BCTPOIHCPICTHUCCKOTO MOTCHUWANA 11CMOJILIYCTCA
uiscaentoe Mojcposaniie. C mo6eanoro paspeuicius asropos Atnaca Berpos Esponu, rie ati
BOIPOCH! 1I3JI0KCHBI 110APOGHO 1 € BOALILOIT 1I0JNOTOM, 3T HACTh ATIACA ABNACTCA UNTIPOBAHIICM
COOTBCTCTHYIONUIX 171aB ATnaca Berpon Espoiint. B Tekere ATHaca 3TOT MATCPIHAN BLUICACIH HITLIM
IpHgrost.

[aasa 1l. Pexum Betpa na Tepputopnn Ipyann. DTa wacTb jlacT odlice npeucTaBaACHIC O
¢)opMIIPOBAININ PCAIIMI BETPA B YUIOBHAX CNOAHOIO pasibepa I'pysHin. [TpopelicH annasiis poxiiMil BCTpa
B 11c)10M 110 ['py3im1 11 b npeacsinx OTACALHBIX ICOMOPYOIOTHUICCKHX CTPYKTYP.
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Puc.1.1. Cxeaa MemoduKt MOOCAUPORGIIA PEICUMA GeNIpd.

Cnasa 111. Ucxoausie aannsie. C UCALIO OLCHKH CTCIICHII IPHTOAHOCTH MCTCOAUHHBIX TTPHBCIACH
KPATKIiT HCTOPIMCCKILT 0630p Pa3BIITIA [ COBPCMCHNOIT CTPYKTYpBI MeTcocyx6b1 [py3iii. MeToOB
HIMCPCHHA, CHCTCMATIIIALNH H O6PaBOTKH UHHBIX, TIOMYUCHIHBIX 11 MCTCOCTAHLITIAX. & TAKAKC JKUHIIBIX
WIMCPCHITIT HA BLICOTHBIX MCTEOMAUTAX. KOTOPBIC OLUII YCTAIIOBACHBI B PA3AHUNLIX MccTax [py3imt B
NCPHOL, NpeANIccTRYIOWA{T pa3paboTke HacToALIEro ATaaca.

OBumii aHanI3 peKRIa BeTpa Ha TeppuTOpint [ pysin olipeacmiil BLIGOP TCX MCTCOCTAHLLI. JLbble
KOTOPLIX HCNONLIYIOTCA B ATNace. Crincox 311X MCTCOCTAHIUI 11 BRICOTHBIX MCTCOMAUT COACPRIT
CUC/ICHITS O PACIIONOMKCHITI CTAIILIIIL, KITACCC OTKPBITOCTIL, HICPIO/IC HADIIIOUCHITT H CPEIHCMHOTOJICTHCH
CKOPOCTH BCTpa.
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B [aase 1V, Kaaactpossic AaHiibic, MPIRCACHLI PC3YNATATLI PICYCTOB B BHAC PCTHOHANMbHBIX OLCHOK
BDI. PacucT RCTPOIHCPIETHUCCKOrO NOTCHUIIANA GasMpycTCa 11d HCXORIIBIX MCTCOJLHHBIX,
XAPAKTCPHIYIOWIIX CTPYKTYPHLIC 3JICMCHThI PCkiMa BeTpa no Kaxaoit MC n BMM. Pacuctw
APOBCIACHBI C NOMOLLIO Aporpanabl WASP (aepeits 8.1), paspabotainioii Haunonasiioii JlaGopatopeii
Risp (Manuis). [ns yructa Rnusitg penbodil, 3ATCHAIOIIX NPCNATCTBHI 11 1LCPOXOBATOCTI [IOBCPXHOCTI
HCcNonb30BaNbl Tonorpaditucckne kapTel B uikhposom (opmaTte, oporpadHueckne onncania i

obcneaoBiHItA MCCTHOCTH,
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MABA 1. TEOPETUYMECKME OCHOBbI MOCTPOEHUA
BETPO3HEPIETUYECKOIO ATITIACA

1.1. OCHOBHble NOHATUA

OnpenenexHne BAMM ocywecTeNAeTCA Ha NPakTuke B HECKOMbKUX BUAax: OT OUEHKU cpeaHen
MOUWHOCTY BETpa, XapaKTepHoi AnA GonbWOR TeppUTOpUN U HalbIBaeMoW ‘peauocHansbHol
oueHxol"”, Ao NPOrHo3a cpeaHerogoBoit BeIpaboTku BETPO3IHEPreTUMECKOn ycTaHoBku (BIY)
B 3a0aHHOM MecTe — “ripuesasku Kk mecmHocmu” (siting). B oboux cnydasx ucnoneayotca
CXOAHble MeTOAbl, OCHOBAHHbIE HAa aHanuie Tonorpaduu, CBOUCTB NoacTunawlen
NOBEPXHOCTU Y PEMMOHANBLHOro BETPOBOrO KnNumara. 3amMeTuMm, YTO NPU NPUBA3KE K MECTHOCTH
TpebyeTca Gonee noapobHaa uHbopMaLus, Yem 8 CriyHae perioHanbHOW OLEeHKK,

OCHOBHbIMK haKTopamMu BAURHUA Tonorpacdun NOBEepPXHOCTU Ha BETPOBYID aKTUBHOCTb
ABNAIOTCA 3aTeHeHue, WepoxosaToCTs U oporpadus, onpegensieMble U y4YuTbiBaeMble Npu
MOAeNUpPOBaHWKM Nonen BeTpa.

K aaTeHsiownm NPenATCTBUAM OTHOCATCA Pa3snuyHble 3AaHUA, COOPYXKEHUA U np.
BepTukansHbiin MaclwTab 30HbI UX BAIMAHUA Ha BETEP PACMpPOCTPaAHAETCHA NPUMEPHO Ha BbICOTY,
BTPOE MNpEeBbIWaKWyl BLICOTY NPENATCTBUA, @ FOPUIOHTaANbHLIA — HA paccTosaHue,
npesbiwaouiee BbicoTy npenaTcTevna B 30 — 40 paa.

Takve oporpaduyeckne 3NeMeHTbl, KaK XONMbl, YTecsl, KpyTbie Hackinu v rpeGHu rop,
0Ka3blBaOT A0NONHUTENbHOE BAWSHWUE HA BeTep. Y BEPLIMHLI TaKUX dNEMEeHTOB BeTep
ycKopsieTcs, @ Y UX NOAHOXbLA U B AONUHAX 3aMeanAeTCs.

1.2. WlepoxoBaToCTbL NOBEPXHOCTHU

LepoxoBaTocTe ONpedeneHHoro yyactka nosepxHocTu onpeaenseTca pasMepom u
pacnonoOXeHUEM 3MEeMEHTOB LEepPOXoBaTocTM (HEPOBHOCTHU). NS NOBEPXHOCTU CylWwK
OCHOBHbIMW 3NIEMEHTAMU WEePOX0BATOCTH 06bLIYHO SBNAOTCA PACTUTENBHOCTb, 3aCTPOEHHbIE
obnacTu v TMN Nouesl.

B coortBetcTsuM ¢ ncnonbayemon B ATnace Betpoe Esponeul (9] knaccudukayuedn,
noacTunalowan nNoBepxHOCTb NOAPA3AENAETCA Ha YeTblpe Knacca, KawaomMy u3 KoTopbix
cooTeeTcTBYeT napameTp wepoxosatocTu z, > 0. Knaccol wepoxosatocTu
NPoOUNAKCTPUPOBaHLI Ha puc. 1.1 — 1.4,

__LA U P e S e s

L — .

Puc. 1.1. Mpumep mecmHocmu, coomeemcmaeyiowed knaccy wepoxoeamocmu 0: 600HbIE
npocmpaxcmea (z, = 0.0002 m). Imom Kriacc onucsIeaem noeepxHoOCmu mMopel u 60NbuLx
o3sep.
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Puc. 1.2. MNpumep mecmHocmu, coomeemcmeyioweil knaccy wepoxosamocmu 1 (z, = 0.03
M). nnockue (803MOXHO, CRe2Ka XONIMUCMbIE) U OMKPbIMble npocmparHcmea ¢ pedkumu
npenamcmeuamu 0ns eempa 8 sude omoeskHbLIX hepm, Oepeebes U KycmapHUKOE.

K.

Puc. 1.3. Mpumep mecrmHocmu, coomeememeyrowel Kknaccy wepoxoeamocmu 2 (z, = 0.10
M). cenbxo3y200ba C 3aWUMHbLIMU 110/10CamMu U 3acmpolikamu, cpedHee paccmosnHue Mexdy
xomopsimu He meHee 1000 m. [TosepxHOCMb 110CKan U ceaka xonamMucmas npu Hanuyuy
MHO204UCNeHHbIX CmpoeHull u HacaxOeHul u 6OMbWUX OMKPLIMBLIX NPOCMPAHCME Mexdy
HUMU.
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Puc. 1.4. [pumep mecm+ocmu, coomeemcmeyloueﬁ Knaccy wepoxosamocmu 3 (z, = 0.40 m):
2opodckue u cenbckue paloHsl, 1€Ca U CeMbXx03y200bA ¢ MHOXECMBOM 3auUMHbIX 110510C CO
cpedHuUM paccmoaHuemM Mexdy HUMU TopAadKa comeH Mempos.

an BbIMUCNEHUU permoHanbHLIX KNUMaTonoruid Ludposble KapTel MECTHOCTU U pacHeTHble
Moaoenu UCnonb3yrwTCcA AnA npeo6paaoBaHunA nNepBUYHbLIX AaHHbIX NO CKOPOCTAM U
HanpasneHunM BeTpa ANA KaAOW U3 CTaHUWIA K TaKuM AaHHbIM, KOTOpble 6bisin 6ol nony4eHbt
8 NAaHHOM MeCTe NP BbINOAHEHUU cCnegyounx ycnoauﬁ:

+ OKpYXalowas MecTHOCTb ABNAETCA NNOCKOW Y OQHOPOAHOIA;
B6NU3N HET HMKaKNX 3aTeHRALWMX 06BEeKToB;
M3MepeH1n npoBegeHbl Ha BuicoTax 10, 30, 50, 100 1 200 m.

Mpwv Hanu4uKn YeTbipex KNaccos WEPOXOBATOCTH U NATU CTAHAAPTHLIX BLICOT HAGOP AaHHbLIX
ANA KaKA0N U3 43 MeTeocTaHUUN 1 B BLICOTHLIX MeTeoMauT npeobpasyeTtcs 8 20 rpynn 4aHHbIX.
3TY AaHHbie falT NpeacTaBneHne O PerMoHansHOM BETPOBOM PEXUME, MOCKONbKy B Xxoae
npeobpa3losBaHvii oHu Gbinu ocBobOXKAEHBI OT BAUAHMA MECTHbLIX 0COBEHHOCTEen.

MpocToe aMnupuYeckoe COOTHOWEHUE MeXay 3NeMeHTamMu LWepoXoBaToOCTU U NapaMeTpom
LepoxoeaTocTu AaHo B pabote [11). dneMeHT WepoXxoBaTOCTU XapakTepu3yeTca BbICOTOMN It
v ero nonepeyHbiM ceveHnem S. [iNA 3NeMeHTOB LIEePOXOBATOCTH, pacnpeaeneHHbIx 6onee
vnu MeHee PaBHOMEPHO NO NMOW3AK, BBOAUTCA AONONHUTENbHLIA NapameTp — Nnowans A,,
NPUXOAALLANACA Ha OAMH 3NeMeHT. Toraa c, oNUCLIBAETCA CReayoLUM COOTHOWEHNEeM:
h-S

o =05——

o Ay (1.1)
OTO COOTHOLWIEHNE CNPABeANUBO Npu A, >> S. Npy CPaBHUMBIX BENUHUHAX A, N S COOTHOLIEHNE
(2.1) paeT 3aebleHHbIe 3HAYeHNA ©, BCNeACTBUE TOro, YTO BO3AYWHLIA NOTOK Kak Gbt
NpUNOAHUMAETCA Han GNUanexalMy 3nemMeHTaMu LWEepoXoBaTOCTH.

[daHHOe COOTHOLWEeHWe OCHOBAHO Ha AONYyWEeHUU, YTO NPOHUMLAEMOCTb 3NEeMEHTOB
WepoxoBaToCcTU Bnn3ka K HyNo, YTO CNPaBeanneo AN CrOWHLIX U TBEPAbIX 3NEMEHTOB.
AANA NpoHMUaeMLIX 3/1EMEHTOB LIEPOXOBATOCTL NOBEPXHOCTY 2, B COOTHOWeEHWW (1.1) cneayeT
YMeHbLWUTL NPONOPUWOHANEHO KO3 DULMUEHTY NPOHNLEAEMOCTH.
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CooTtHowenwue (1.1) MoXHO ucnons3osaTh ANA BLIMUCNEHUA NapameTpa WepoxoBaTocTh
MECTHOCTU C 60MbLINM KONUYECTBOM AOMOB (€CNK 3TO, HanpuMep, NPOBUHUNANLHBLIA FOPOAOK).
LWepoxosaTocTe npu /i =5 M, § = 100 M n 4, = 1000 M? cueHuBaeTcA cneaylowmm obpasom:

2 =0.5-5:100/1000=0.25 ™

Omnupuyeckoe cooTHoweHue (1.1) ANA NPOTAXKEHHbLIX HENPOHULAEMbIX BETPOBLIX
3arpanaeHwn (noAcos aateHeHus) Npy S NPUMepHO pasHol /i-L, A, pasHon /'L, rae L —anvHa
BETPOBOro 3arpaxgeHus, a [ — pacCToAaHWe Mexay noscamu, npuobpertaer Bua

73=05-1" /1 (1.2)

ONA TUNUYHBIX BLICOT nopsgka 10 M 3aBUCMMOCTb LWEepoXoBaToCTu ¢, OT PACCTOAHMA MexAay
nosicamu | npueseaeHa Huxe.

1 [M] 1000 500 200
zo M) | 0.05 0.1 0.25

CooTHoweHue mexay napaMeTpoM WEepOoXOoBaTOCTW, XapaKTepUCTUKaMKU NOBEPXHOCTU W
KNACCoM LLepoXoBaTocTy aAaeT puc. 1.5, MapameTp WwepoxoraToCcT NOBEPXHOCTM, NOKPLITON
pPacTUTEeNsLHOCTLIO, MOXKET U3MEHATLCA B 3aBMCUMOCTY OT CKOPOCTM BETPA 3a CYEeT HaknoHa
cTebnei unNu HaNUYUA NUCTLEB. AHANOMUHBIV 3thdEKT UMEET MECTO ANA BOAHLIX NOBEPXHOCTEN
3a c4eT 3aBUCUMOCTH BbLICOTHI U HOPMbI BOSIH OT CKOPOCTU BETPa, BbiBedeHHON 8 [12, 13] us
Coo6paeHnin pasMepHOCTH B NpeHebpexeHut agdekTamn BA3KOCTM U NOBEPXHOCTHOrO
HaTAXEHWA BOALI:

o=bullg, (1.3)
roe b = 0.014 — sMnupuyecKas KOHCTaHTa,
g — yckopeHue cBob60aHOro NaaeHun,
u, — ANHaMm4eckan ckopocTtb (cm. 1.10).
Ans onucanna WepoxoBaToOCTU BOAHLIX NOBEPXHOCTEN B ATNace, B OCHOBHOM, NCNONL30BAHO

hUKCUPOBaAHHOE 3HaYeHue z, = 0.0002 M, koTopoe 6nunako K aHaueHuo z, U3 COOTHOWEHUA
(1.3) Npy ymepeHHbIX 1 6ONbLLIMX 3HAYEHUSX CKOPOCTY BETPA.

Boobuie roops, napameTp LWEpPOXoBaTOCTH CrieayeT paccMaTpUBaTh KaK Ce30HHbIM napamerp,
32BUCUMOCTL KOTOPOTO OT HANUYMA NUCTBLI, PACTUTENBLHOCTH, CHEXHOrO NOKPORA W Np. crneayeT
y4uTbiBaTL NPU ONpeaeneHMu NapamMeTpos BoulpaboTku BIY.
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'naea 1

z M) Knaccudpmkauma noacTvnaowen nosepxHOCTH Knace
i LIepoXoBaTacT

1.00 ]~ ropon

1 Jec

0.50 Mpuropoa

3

0.30 | Nonoca sateHenun

1 Depesba nivnu kycto!

0.20

0.10 T 3akpeiTle Cenbxo3yroaba ‘llr 2
I

OtpuiThIe CenbXo3yroavLn

0.05 -lL

CeanOJyFOAbﬁ C MHOTOYMCAEHHBIMU MOCTPOAKAMU,
003 T AEPEeBLAMMU U T.A., 30HL! a3PONOPTOB C NOCTPONKAMMN U

AepeBoAMKN

BanetHsie nonock asponopTos

0.01

T Nyra
5-102 T  ronas nosepxrocts

107 I°  Crewnan nosepxHocTe (Fnaakas)

o

3 -107* ‘I Necuyanan nosepxHocTs (rnapxas)

10~ + BoAHoe NpocTpaHcTso

Puc. 1.5. CoomHoweHue napamempa wepoxoeamocmu, muna noeepxHocmu u knacca
wepoxoaamocmu. Knaccbi Wepoxoeamocmu OmMeYeHbl 6ePMUKansHbLIMU Ompeskamu.
LieHmpansHbie moqku — ONopHbIe 3HaYeHUN, a OnuHa ompesKa yka3sieaem Ha munuYHbIU
UHMeEpPBan NospewHOCMU NPU OUEHKe Wepoxoeamocmu.
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1.3. 3aTeHeHue BeTpa NPENATCTBUAMN

K 3areHsAowmum seTep NPEnATCTBUAM OTHOCATCA OTAENLHLIE 3AaHNA, COOPYXEHUA, AepeBbs
W 1p., BbI3bIBAKOLME CHUKEHWUE CKOPOCTU BeTpa 8 AaHHOM TOYKE MECTHOCTU B 3aBUCUMOCTHU
oT:

e PacCTOAHUA OT 3aTEHRAOLWEro NPensaTCTBUA A0 paccMaTpuBaemMoro mecra (.v);
e BbICOTbI 3@aTEHAIOLWEro NpensTeTBuUg (I1);

s BbLICOTbI paccMaTpPUBAEMO TOYKU Had NOBEPXHOCTLH (11);

* [lonepeyHoro paamepa npenATcTeus (L);

* NpoHWU@eMocTu npenaTcTsua (P).

CHwieH\e CKOPOCTW BETPa NoA BAMSHUEM 3aTeHeHWA OT 6ECKOHEHHO ANVMHHOTO (OBYMEPHOro)
NPEenATCTBUA C HYNEBOW NpPOHUUaAeMOCTbio unncTpupyeT puc. 1.6. SddekT 3arteHeHUs
ocnabeseaet, ecnu nonepeyHblii pasmMep NPEATCTBUA KOHEYEH UNK ero NPOHULAEMOCTb
HEeHynesas.

O6bI4HO AN 34aHWIA NPOHULIAEMOCTL NpuHuMaeTcst pasHon 0, ana aepesbes 0.5. Mpynna
OQMHAKOBbLIX 30aHUA C PACCTORHUEM MeXAy HUMKU NopsaKka TPeTU ANUHLI 30aHUA nMeeT
npoHuuaemocTe npumepHo 0.33. [inA BeTpoBbIX 3arpaKAeHU MOXHO WCNONbL30BAaTh
XapaKkTepucTuku, NnpueeaeHHble B 7abn. 1.1.

MpoHuuaemocTe AepeBbLEB 3aBUCUT OT HANUYUA NUCTBLI, U, KaK U NapaMeTp LWepoXoBaToCTy
z,, €€ cnegyeT paccMaTpuBaTh Kak ce3oHHbiM napameTp. KoadduumeHT HenpoHuuaemocTi
OUEHUBAETCA C NOMOLLLIO BblpaXeHna P =1 - P,

4

1

BhbicoTa H.y.3./ 8bicoTa NpenATcTBNA
N

A1

0
0 10 20 30 40 50

PaccTosHue A0 NPEenNATCTBUA BbiCcoTa NPENATCTBMA / BbICOTA NPENATCTBUA

Puc. 1.6. CHuxeHue cxopocmu eempa (R,) e % nod enusHuem 3ameHeHUs O8YMepHbIM
npenamcmeauemM coenacHo [14]. B 3awumpuxoB8aHHOU 30He e20 UHMEeHCUBHOCMb 3asucum
om 2eomempuu npenamcmeus. Ckopocms eempa 0bbiyHO pacmem 661uU3U npenamecmeusn
U Ha0 HUM aHanozu4Ho 3ghgexmy yckopeHuUa Had xonmamu. 1o 2opu3oHManuU — paccmosHue
om npenamcmaus, OIMHECeHHOe K e20 abicome. [lo eepmukanu — abicoma Had yposHem
3emsu, OMHEeCeHHan K ebicome npenamcmeus.
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Tabnuua 1.1. NpoHuyaemocms eempoebix 3azpaxdeHud.

BHewHwni BuA NpenaTCTBnA

MpoHuyaemocTts P

CnnouwHoe HenpoHuuaemoe 0
CnnowHoe NNoxo npoHuyaemMoe <0.35
Cnabo paapexeHHOe NpoHULaemoe 0.35-0.50
PaapexeHHoe nporuuaemMoe > 0.50

Apyrum napameTpoMm, y4uTbiBaeMbIM NPU KOPPEKTUPOBKE BETPOBLIX AAHHbLIX, ABNAETCA
norepeyHLIi paMep NPenATCTBUA L. SMNUpUYEeckue 3aBUcMMoCTH, B TOM YUCNe NONyYeHHbIe
8 [14], Hanbonee To4HO onUcbiBalT 3(PEEKT 3aTEHEHUA ABYMEPHBIMA N3rOPOASMU UMW

nosicamu 3aTeHeHus “6eckoOHeHON" NPOTSHKEHHOCTU U AAIOT 3aBbllUeHHOe ocnabneHue BeTpa
N0 CpaBHEHUK € TpexmepHbiIMU 06bekTaMu. MNMonpaBoYHbIN KOIMDUUMEHT R, K IHAYEHUIO,
NoNyYeHHOMY U3 puc. 1.6, AN NepneHAVKYNAPHO PACNONOXEHHOro NPENATCTBUA NONEPeYHOro
paamepa L MOXHO OLEHUTb, UCNOSb3yA CNeayowme BbIPaXeHUn:

-1
(1 +0.25J npn =203
L X
R, =
21‘. npu L <0.3
X X
CneposartensHo,
Uy = (I - R: ) Rl (l - P))
rae  u,, — CPEAHAA CKOPOCThL BETPa ANA 3aTeHeHHbIX YyCNoBuii,

4 — CPeAHAR CKOPOCTb BeTpa ANA He3aTeHEHHbIX YCroBui,
R, = Au/u —KO3MPULNEHT CHIKEHUA CKOPOCTU BETPA OT ABYMEPHOrO NPenaTCTBUA

cornacHo puc. 1.6.

(1.4)

(1.5)

From European Wind Atlas, ib Troen and Erik Lundtang Pelersen, 1989 © Risoe National Laboratory
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1.4. Bnuanue penseda MEeCTHOCTU Ha CKOPOCTL BeTpa
Ana y4eta oporpadmyeckux pasnuyuii Mexay CTakuuaMK U onpegeneHus npegenos
NPUMEHUMOCTU Pe3yNbTaTOB UIMEPEHUA CKOPOCTU M HanpasnNeHWA BeTpa ANA OKPYXaloLmX
paifoHoB, BCe pervoHsl U NaHAwadTbl packnaccudMUnMposBaHbl N0 NATU TURam
(puc. 1.7 - 1.11).

Puc. 1.7. /landwaghm muna 1: pasHuHbI, BOOHLIE yHaCMKU U HUIMEHHbIe palioHbl 6danu om
20p. Bemep y nosepxHocmu 3emnu U3MeHRemcs mMonLko Nod enusHUeM Wepoxoeamocmu

1086PXHOCMU U 3ameHsaIoWuUx npenamemeud.

>

—_— e ———d

Puc. 1.8. flanOwaghm muna 2: cneaka xonmMucmeie palioHbl, y0anenHsie om 20p. TunuyHble
20pu3oHmManeHLie pamepsi XonMoe — 60 HeCKoNbKUX Kunomempos. Bemep ebnusu
noeepxHocmu 3emnu uUsMeHAemcA Nod enuaHueM nepemeHHol wepoxoeamocmu,
3ameHAOWUX npensmcmeuld U 8 3agucumMocmu om penbega MecmHoOCmu, Hanpumep, &
C8R3U C YCKOPEHUAMU 8empoebixX MOMoK0o8 Ha 8EpLUIUHAX XONMOE.
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Puc. 1.9. NaHdwaghm muna 3: CunbHO XONMUCMaa U 6038bIWEHHAaA NOeepxHocmb ¢
XapaKmepHbIMU 20pU3OHMAaNbHLIMU Pa3MePaMuU XOIMO8 MOPAOKa HECKOMbKUX KUNOMempOoe.
Bemep y nogepxHocmu 3eMnu MeHAEIMCA 8 COOMSemcmeuu ¢ monozpagued, kak u e cryyae
¢ naHowaghmom muna 2. Opozpaghuveckue xapakmepucmuku 6onee KpynHozo Macwmaba
MO2ym 6bi3bI8amb CUSILHYIO NepecmpolKy 6ce2o rozpaHuyHo2o Cnos ammocgepsl.

Puc. 1.10. landwagm muna 4; npedzopbs. B nodobHbix palioHax 603HUKAaIOM eecbMa
cneyugbuveckue u ycmolyuseste cucmems! 8030yWHbIX NOMOKOE, makue kak cber, busa, 60pa,
mucmpans. 3mu eempsi hopmupyromcs nod enuUAHUEM MepMo2udpoduHamMuecKux
agpdpexmos Ans cneyucpudeckux ¢popmM pensvegha: 20pHbiXx GONUH, ywenud, CKNOHOS,
nepenados ebicom U np.
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Puc. 1.11. Jlandwagpm muna 5: 8bicoKk020pHbIT Maccue, uspe3anHiil 2ry6okuMu donuHamu.
Bempbi Ha sepuitHax o caoum ceolicmeam G/IU3KU K C80600HbIM ammochepHLIM eempam
Had GaHHbIM peauoHoM. Bempsi € 0onuHax onpedensiiomca 8 OCHOBHOM MEePMUYeCKUMU U

CmMoKo8bIMU Ighchexmamu u cnabo Koppenupym co c60600HbIMU amMOChepHLIMU
eempamu.

YCTaHOBNEHO, YTO PErnoHansHas cTaTkcTyka, Nosly4eHHan ANa CTaHLwiA B 30He naHawacdTos
1-10 v 2-ro TUNa, MOXET CMONb3IOBATLCA AN OKPECTHLIX TEPPUTOPHIA C PAaNYCOM NOPAAKA
200 km. Paguyc penpe3eHTaTUBHOCTY CTaHLWIA B 30HaxX NaHAWadToB 3-ro u 4-ro TMNa umeeT
TaKoM e NOPAAOK UMM MEeHee B 3aBUCMMOCTU OT KOHKPETHOM cuTyaumn. CTaTucTuka setpa
Ans cTaHUKiA B 30He NaHawadTa 5-ro Tuna KNMMMaToNorMYeckn penpeseHTaTUBHa TONLKO ANA
HEenocpeACTBEHHO NPYMLIKAIOWIEN K CTaHUUW TEPPUTOPUN.

MprMepom 3aBUCHMOCTM CKOPOCTU BETPA OT penbeda NOBEepXHOCTU ABASIOTCS PeaynbTaThl
MeXAYHapoAaHbIX NONeBbiX IKCNepUMEHTOB Ha Xonme AckepBeiH Ha ocTpose KOxHbIA FOcT
(Tebpuabi) [15].

Ha puc 1.12 nokasaHa Tonorpacus xonma AckepeeiiH. JluHua, saons KOTOpOM

PerucTpuposanucb CKOpocTb U HanpasneHue BeTpa, o6o3HaveHa MeTeoponorn4eckKumu
BbllWWKamMn.

Ha puc. 1.13 npueeneHsl akcnepumeHTanbHble AaHHbIe M3MEepPEHN OTHOCUTENLHOIO
V3MEHEHUA CKOPOCTU AS NPW HanpasneHwn BeTpa, NEepneHAuKYNAPHOM NPOLOMbHOA OCK
rpe6Hs Ha BbicoTe 10 M Haa NOBEPXHOCTLIO, N0 MEpe yaaneHus! oT BeplmHLI. 3aechb
ity —1t
As=—=—1 (1.6)

1,

rae i, — CKOPOCTb BETpa Haa BepUJMHOﬁ xonma,

it, — HEBO3IMYLL|EHHan CKOpOCTbL Haberatowero BETPOBOro NOTOKA Ha TOM e BbICOTE OT
NOBEPXHOCTH 3eMnu.
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Puc. 1.12. Tonoepachus xonma AckepgeliH.

1.0

= 08

g 06 [—

5 04

e -

§ 0.2 ~

8 -0.0 AT a o

g - Q= MY < gL e
- = s B

§ 0.2 N .

§ -04 n .

:.s-) -0.6 :

e -08 |-

o -1.0 [ 4 1 I 1 | 1 1 1 L 1 1 1 1 1 1 1 i A 1
-1000 ~500 0 500 1000

PaccrosiHue OT BepLUUHBI XONMa, M

Puc. 1.13. Om+ocumensHoe U3MeHeHUe CKOPOCMU 6empo8o20 MomokKa rpu obmekaHuu xonma
AckepeelH Ha gsicome 10 M Had yposHem nosepxHocmu. [aHHbie usmepeHuld o603HaveHs!
moykamu, pesynbmamesl pacvemod no opoepaguyeckol modenu — keadpamamu.
Pesynsmamsi om 08yx Opyaux 4ucnossix Modenel nokasaHs! ¢ NOMOWbIO CrnowHod u
wmpuxoeoil nuHuil. Mo 20pU3OHMaNU — PaccmMOosHUE OM 6ePWUHbI XONMa, M; 10 8epmuxany
— OMHOCUMENLHOE USMEHEHUE CKOPOCMU.

Ha pvc. 1.13 Take npueegeHbl peaynbTaThl, NOMYyYEHHLIE C NOMOWDBIO TPEX YUCNEHHBLIX
Monenen: Moaenu, ucnonb3losaHHou B ATnace [16], u apyx apyrux monenei [17). Hanbonee
BaXHLIMK NPeaCcTaBnATCA crnedyowme ocobeHHocTy puc. 1.13:
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e CKOpOCTb Ha BeplmHe npumepHo Ha 80% npesbiwaeTr HEBO3MYLLEHHY) CPeAHIo
cKopocTb HaGeralowero Ha Xonm BeTpa;

» CHWKEHWEe CKOpOCTU nepen u 3a xonMoM pocturaeT 20 — 40% no cpaBHEHUO C
HEBO3MYLLIEHHOW.

1000

100

10

0.1

0.01 1 1 1 1 1 ] 1 1

0 2 4 6 8 10 12 14 16 18
Puc. 1.14. BepmuxansHbie npoghunu HeeoamyuweHHo20 Habezaroule2o eéempa (neean npamas
nunus) u eempa Had eepwuHol xonMma (npaean nomaHas nuHuA). MNapamempet L u | noka3arel

Ha puc. 1.15. Mo 2opusoHmanu — ckopocmb eempa, mic; No eepmuxanu — esicoma Had
noeepxHOCMbI0 8 nozapugmuyeckoMm macwmabe, M.

Ha puc. 1.14 nokasaHbl BbICOTHbIE NPOhUNYU HEBO3IMYLLIEHHOrO BETPa U BETPa Had BEPLUUHOM
xonma. BbicoTHan 3aBUCMMOCTb HEBO3IMYLLEHHOro NOToKa 6nun3ka K norapucmMuyeckon,
npoduNbL e Haa BEepPWUHOW XONMa UMeeT U3INoM Ha BbicoTe /, COOTBETCTBYKWel
MaKCUMansLHOMY OTHOCUTENbHOMY YCKOPEeHUI0, CKOPOCTL HafA BEPWWHOW XONMa Ha BbICOTE
BbillE W3INtomMa NPaKTU4EeCKn NOCTOAHHA W paBHa CKOPOCTU Haberalowlero Ha xonm eeTpa Ha
BbicOTe 2L, rae L — xapakTepHbid paaMep XonmMa, NPUHUMaEMblil PaBHbIM NONOBUHE €ro WPUHbI
Ha ypOBHE NONOBUHLI €0 BLICOTbI (CM. puc. 1.15). MNpubnukeHHsbIe BoipaXeHus Ans AS u |
npusegeHs! B [18]:
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AS=2h/L, .7

[ 0.67
/=().3-zu(—‘] (1.8)

<o
3asucumocTtun (1.7) u (1.8) BoiBegeHbl B ABYMEPHO! NOCTaHOBKE W cnpapeanvebl, ecnu
NPOTSKEHHOCTb XONMa B HanpaenNeHuy, NepNeHANKYNAPHOM HanpaBneHuio BETPa, BENuKa.

Taxkum 06pa3aoM, XONMbl OKa3bIBAOT CUNbHOE BNMAHWE HA BETPOBOIR NOTOK, 4TO cneayer
yuuTbIBaTL NPU ouerkax B3M. Ha camom gene niboe usMeHeHne BbICOTLI MECTHOCTU BNUAET
Ha seTpoBoi NoTok. Mpu atoM 5%-Hoe yBenuuyeHue BbICOTHI MOXKET Bbl3biBaTe §5%-Hoe
BO3pacTaHue cpegHei CKOpOCTH BETPa U, cooTBETCTBEHHO, 15%-Hoe yBenuyeHvie ynenbHon
MOLLIHOCTH BeTpoBOro notoka. Mpu onpegeneHun BeTPOBbLIX PECYPCOB B MECTax CO CNOXHON
oporpadueii, KaK NpaBuno, He ygaeTcA UCNONb3oBaTb NPOCTble Moaenu v opmMynbl,
aHanorvyHble cooTHoweHuam (1.7) u (.8), U B 3TUX crny4asx NpUxoguTCA UCNONbL3OBaThL
YUCNeHHbie Moaenyu u MeToabl.

Puc. 1.15. Mpoghunu Had udeansHsiM xonMom 0nsa Habezalowe20 Ha XonM gempa u eempa
Had eao eepwuHol. lMokaszaHbl dea Macwmaba GnuHbl, xapakmepu3ayuiue Momok:
L — xapakmepHbiil pasMep Xxonma, paeHbill e20 NonyuwupuHe Ha YPOoBHE MOI08UHbI €20 8bICOMbI;
| — 8biCOMa MakcuMarnbHO20 OMHOCUMENbHO20 YCKOPEHUS.

1.5. Puanyeckme ocCHOBbI MOAENNPOBaHNA BeTpa

KoHuenuua ATnaca ocHOBaHa Ha MCNONbL3OBAHWUWU MOAENen, KOpPexTUpPYLWUX AaHHble
W3MEpEHU BeTpa, U aHanu3e aTuX AaHHbLIX B TEPMUHAX YacTOTHBIX pacnpeaeneHni. Koppexkuyua
MoxeT 6bITb BbinoNHeHa NMG0 Ha OCHOBE psda U3MepeHWid, nocpeaAcTBoM Npeobpa3losaHnA
Kax o naMepeHHoW senuunHel, Nubo noabopoM noaxoasniero NpeobpasoBaHUA YacTOTHBLIX
pacnpegeneHuii. MpeobpasoBaHne paaa UaMepeHnuin nMeeT NPUNOXKEHURA, paccMoTpeHne
KOTOPbIX HE BXOAMUT B Lienu ATnaca; 0AHO U3 Takux NPUNOXEHUA ~ (hOPMUPOBAHNE peanbHoOro
CanT-cneyuduU4HOro paaa UaMepeHuin ANA UCNOoNb3OBaHWA B U3YyYEHUN MOASNUPOBAHUA —
onucaHo B [8). HTerpupoBaHHan KOMNbOTEPHAA MoAenk, OCHOBaHHanA Ha npeobpasosaHun
4aCcTOTHLIX pacnpeaeneHuil, peanvwaosaHa 8 nporpamMme, paspaboraHHo B B HauynoHansHow
nabopartopuu Risa ([Janus), u uasectHoi nog Hassanvem “Wind Atlas Analysis and Application
Programme” (WAsP). Moamoaenu, ncnoneyemele 8 paboTe 3Toi nporpaMMel, onucaHbi HUXE.

3akoHbl Nogo6buA BeTpa B NOrpaHUYHOM cnoe atmocdepsl

MpuMbIKAOLLMIA K NOBEPXHOCTY 3emMNy cnoii atMocdepe! HA3LIBAETCA NOrpaHUYHbLIM CNoeM
arMmocdepsl (MCA). 3TOT cnoii NnpocTMpaeTcs A0 BbICOTL! OT COTHU METPOB (NPY ACHO HOYHOW
norofie N HA3KMX CKOPOCTAX BETPa) A0 2 KM B ACHBIA NeTHUA AeHb. HWKHAA YacTb 3TOro ¢nos
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HasblBaeTCA NPU3EMHBIM CIIOEM, KOTOPLIN ONPeaenseTca BeCbMa YCINoBHO U OXBaTbiBaeT OKONO
10% OT BbLICOTL! NOrPaHUYHOIO CNOSA. B BETPOAHEPreTuke, rae obbiMHO NpeHebperaT HU3KUMU
ckopocTAMU BeTpa, TonwmHa MNMCA cunTaeTcs paBHOW OKONO 1 KM, Npu 3ToMm cbuanyeckue
3aKOHbI NPU3EMHOro CNOA UCNONb3YIDTCA NUWL ANSA HYWXHero 100-mMmeTpoBOro cnos.

Mpy BLICOKKX CKOPOCTAX BETpa ero BepTMKanbHbIi NPOMUNL Haf NNOCKOW U [0CTATOMHO
OAHOPOAHOW NOBEPXHOCTHK XOPOLLIO MOAENMPYETCA C MOMOLLBK) NOrapudiMUHECKOro 3akoHa

u., T
. u(:.)=—-ln— 19
K ' (1.9)
rae wu(z)-—- CKOPOCTb BeTpa Ha BbICOTe Z Hag yPOBHEM 3eMnu,
-, — NapaMeTp WepoxXOoBaTOCTU NOBEPXHOCTH,

"

K = 0.4 — nocroaHHan KapmaHa,

4, — CKOPOCTb TPEHUS, UNN ANHAMUYECKAn CKOPOCTb, CBA3aHHARA C NOBEPXHOCTHbIM
HanpsKeHWEM ¢ cneaylollen 3aBucUMocCTbIo [19):

frl=pul, (1.10)
rae p — NNOTHOCTbL BO3ayXa.
Daxe Npu yMepeHHbIX CKOPOCTAX BETpa BO3HUKANOT OTKNOHEHWA OT NorapudMUYecKoro
npocbunn, €CNu BLICOTA z NpeBblliaeT HeCKONbKO AeCATKOB METPOB. OTKNOHEHWA BO3HUKAIOT
scneacreuve NOAbEMHDLIX Cusl, OGyCJ'IOBJ'IeHHle TypsyneHTHOCTblO. an ITOM WEepOoXoBaToCTb
NOBEPXHOCTU OKa3bIBABTCA yXe He eANHCTBEHHbIM (bal(TOpOM, onpegenaowum BepTMKaﬂbelﬁ
l'lqu)VInb BeTpa, oHa AOMmkHa 6bITh AononHeHa napaMeTpaMu NOBEPXHOCTHOro TennoBoro
notoka. MpyU HOYHOM OXNaWAEHUW NOBEPXHOCTU TYPBYNEHTHLIE O6MEH YMEHbLLAeTCA U
HapactaHue BeTpac BblCOTOW cTaHOBUTCA Bonee KPYTbiM; U HaOGOpOT, AHEBHOEe HarpeeaHwe
Bbl3blBAET yBENUYEeHUE KOHBEKTUBHONM TYpByneHTHOCTH, 0Bycnosnusaiowein Gonee NNaBHbIk

npocuns Betpa. B atom cnyyae BepTUKanbHbIA NPoduib MOXET BbiTh ONMUCaH C NOMOLLbIO
BbIpaXEeHWH TUNa

u(:)=";'[1"(2/ 20)-w(z/L), (1.11)

rae  y — aMnupudecku onpegennaeman dyHkuma [20, 21],
L —napameTtp, naeectHblit kak macwtab MoHuHa-Obyxopa:
Tu c‘,u.3
kg Hy '
rae 7, — noeepxHOCTHOE 3HadYeHue abConoTHON TemnepaTypel,
H, — nosepxHOCTHOE 3HaYeHWe TEeNNoBOro NOTOKA,
¢ = TENNOEeMKOCTb BO3dyXa NP NOCTORHHOM AaBneHuu,

p
¥ —YyckopeHne cso60HOro NaaeHus (ocTanbHbIe BENUYIMHL! Bbinv onpeaeneHbl Bbille).

(1.12)

3aKkoH reocTpociecKoro TPeHUs 1 reocTpoduyeckuin setep

Betep B NNCA BO3HMKaET NoA BNUSHWEM rPAAMEHTOB AaBNEHUS, BbiIBAHHLIX CUHOMTUHECKON
aKTMBHOCTBIO. [locTaTtouHo BbicTpas peakuns CTpykTypul MCA Ha M3MeHeHuWe AaBneHus
obecneuusaer npubnuautencHoe pasHOBECUE MeXOy CUMOR, CO3AaB3EMON rpaaneHToM
NAaBneHnsa, U CUNon TPEHWA Ha NOBEPXHOCTU 3eMnu. Takoe pasBHOBECME MOXHO ONvUcaTb
TEOPETUYECKN ONA MACANNIUPOBAHHLIX YCMOBUIA HEWTPANBHOrO PasHOBECUA arMocdepst,
BK/TIOHAIOWMX €€ CTAUMOHAPHOCTL, OAHOPOAHOCTL W 6APOTPONHOCTL (rPadMeHT AaBneHus
nocTosHeH no scen rnybune MCA).
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Ycnosue pagHoBeCUs ANs HENTPanbHOW yCTOMYUBOCTI Bnepabie GbiNo nony4eHo B [22] B Buae
TaK Ha3blBaemoro 3aKoHa reocTpochM4eckoro TPEHUA — COOTHOLWEHUA Mexay AVHaMU4ecKon
CKOPOCTBIO 11, N CKOPOCTLIO reocTpoduyeckoro Betpa (-

(1.13)

rae o — yron mexy HanpasreHueM BeTpa B fTOBEPXHOCTHOM Cnoe U reoctpodu4eckoro
BeTpa (AeneHvwe JkMaHa),

f — napameTtp Kopuonuca,
A =1.8 u B =4.5 - aMnupu4eckne NOCTOAHHbIE.

MeocTpocbuueckuii BeTep MOXHO paccyuTaTh Ha OCHOBE NOBEPXHOCTHOrO rpaaveHTa gasneHus,
1 06bIMHO OH OKasbiBaeTcA 6NM30K K CKOPOCTUM BeTpa, M3aMepsieMOW paauoaoHaamun Hag
norpaHv4HbIM cnoem. 3aKoH reocTpohrHECKOro TPEHNUA MOXHO NCNOMNL30BATL U NPY OTCYTCTBUK
HENTPanbHOW yCTOMYMBOCTU, NPUHAB BO BHUMaHWEe, YTO NOCTOAHHLIE A ¥ B B 3TOM cny4yae
CTaHOBATCA DYHKLUUAMU NapameTpa yCTOMYMBOCTY, ONPeaenfemMoro Kak

u=—r (1.14)

1.6. Mogenb ycTonunBocT!

NameHeHueMm norapudgmuyeckoro npoduna sertpa, Bbi3biBAEMbIM aTMocdepHoun
HeyCTOWYMBOCTbLIO, YacTo npeHebGperaoT npu onpenenennu BOIM, 4To npuBoauT K
HE3HaYUTenNbHLIM NOrPeLIHOCTAM, OCOBEHHO NPU HN3KKWX CKOPOCTAX BeTpa. B ucnonsayemown
B ATnace Moaenv nonpasku, CBA3aHHble ¢ 3ddekTaMu HeYCTOMYMBOCTH, PACCMATPUBAIOTCA
KaK Marble BO3MYLLEHUA K OCHOBHOMY HEWTPanbHOMY COCTOAHUIO.

0nAa oueHKU BOIAESWCTBMA Ha BETEP NOBEPXHOCTHOrO TENNOBOrO NOTOKA NPUMEHAEeTCA
ynpoLjeHHas Moaenb, NOCTPOEHHan Ha UCMNONL3OBAHUU KIMMATONOIM4ECKOro CpeaHero 1
cpeaHekBagpaTUYHOIo 3HavYeHUA NOBEPXHOCTHOro Tennosoro notoka. Moaens nonyyeHa Ha
OCHOBE 3aKOoHa reoCTpodUYEcKoro TpeHUs 1 NpodunAa BeTpa € Y4eTOM TENnNoBOro NOToKa B
Buae NONpaBoOK NEpBOro NOPAAKa K HedTpanbHOMy cocTosiHui. [pu aTom anddepeHuman
CooTHOLWeHuA (1.13) Npu NOCTOARHBIX G, z, U f OKA3bIBAETCA PasHbIM

-0

dG =G|t —aG) | B A g e BB au |0 (1.15)
iy k-G w, dp /"]

W3 cootHoweruit (1.12) n (1.13) u ¢ yueTom HelTpanbHbIX aHaveHui koadhduyneHToB

A0)=18, B(0)=4.5, M 02 P02
du du

B npeHeBpexeHU NnonpaskaMn Manoro Nopsaka cneayeT COOTHoOWEHWe

el B dan
W | MMy, 0G* (1.16)

€ YUCNEHHOW KOHCTaHTOM ¢ = 2.5. 3TO COOTHOLWEHWE UCNONL3YETCA ANA OLEHKU NONpasoK k
HeiTpanbHOMY 3HA4YEHUI0 ., Ha OCHOBE CPeAHero KNMMaToNOrMYecKOro 3HaueHus
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NoBEpPXHOCTHOro TENNOBOro NOTOKA /1, a Taioke ANA OUEeHKU CpeAHEeKBaAPAaTUYHOro 3HaYeHns
nyKTYaumin ¢ NOMOLLbIO CPEeAHEKBAAPATUYHOrO TENNOBOIO NOTOKa ANA /. B aToM cnyvae 8
KayecTpe CKOpocTu reocTpoduveckoro setpa G bepeTca ee aHadYeHue, CooTBeTCTRyloLlee
MakCcUMyMy B pacnpeaeneHuy NNoTHOCTU dHeprun BeTpa (cM. pasgen 1.10). Quddeperunan
CKOPOCTU BETPa B COOTHOLWeHWU (1.11) B 3TOM cnyyae paseH
w, dy dL

= lnGeiza)- w25 (1.17)
[nA BLICOTLI HAg ypoOBHEM 3eMNu -',..- Bblle KOTOPOI NONPaBKK NEPBOro NOPAAKA MANoCTN ANA
NOBEPXHOCTHOrO TENNOBOrO NOTOKA NCHE3at0T 1, Kak cneacTave, HabnoaaeTcA MUHUManNbLHoe

3HayYeHNe U3MEH4UBOCTM ckopocTU BeTpa (di(z,, }=0), C y4eTOM HENTPanbHBLIX 3HaueHUi
k03chhuyneHToB 1 cooTHoWweHun (1.16) cneayeT BuipaxkeHue

In( ,,,/,o) [nK)fG: (1'1.8)

rAe KOHCTaHTa @ oNpPeaenAeTca kak HaknoH y-yHKUUK B HEWTPANbHOM COCTOSHUWU U UMeeT
3HaveHue oT 4 A0 5 B 3aBUCMMOCTH OT CTPaTUdUKaLMKU aTMocdepbl (YCTOWIUBOR, HEWTPanbHOM
WK HEYCTONHMBON). Vicnonb3ys ynpoLLeHHyo MOAENk TPEHUA ANA HERTPa NbHOW aTMocdeps!
[18], nony4aem

(Iu.

du(z)=

Ho__ 05 (1.19)
G In(Ro)- A(O)
CooTHouweHue (1.18) npeacrasvmo B cneayolleM Buge:

#{7;) = const - Ro(in(Ro)- A(O)) (1.20)

roe const» 0.1,
Ro — NoBepPXHOCTHOE YUCno POCCGVI, onpeaenaemMoe BblipaXeHuem

G

Ro= T (1.21)
BripaxeHue (1.20) annpokcumMuUpyeTcs CTeneHHoW 3aBUCUMOCTbIO;
Zul2 =a-Ro” (1.22)

rAe UCnonbayemble KOHCTaHTbl o = 2.0-10° U S =0.9.

CneayeT oTMeTUTL, YTO BbICOTA z, cnabo MeHReTcA Haa AocTaTouHO Gonbluvmu
TeppuTOpUAMM u3-3a cnaboin CTeneHHon 3aBMCMOCTH OT z, (B cTenenu 0.1). UcknioyeHun
MMEIOT MecTo Ha nobepexbnx, rae =, Hag MOPEeM OKa3biBAeTCA NPUMEPHO BABOE MeEHbILe
aHanorn4HbIX aHaYeHUA Hap, CyWwen.

MNpu oTcyTCTBUM HEWTPaNbHOA YCTOMYMBOCTU BEPTUKANbHbLIA NPOdUnb KOPPEKTUPYEeTCA C
NOMOLLBLIO KNUMATOMOINMYECKUX 3HavYeHWh cpedHeW CKOpPOCTU BeTpa U ee
cpeaHeKBaapaTUYHOro OTKIOHEHMA € UCMONb30BAHWEM NPUBEAEHHBIX BbilE BbipaXKeHUIA.

BbicoTa MUHUMaNLHOA U3MEHUMBOCTU = ONPEeaenaeTcn 13 cooTHoweHuna (1.22). Ha atoit

BbLICOTE OTHOCUTENbHOE OTKNOHEeHWEe CPeAHel CKOPOCTU OT ee HelTPanbHOro 3HadeHun
onpegennaeTca Kak Cymma OTKNOHEHWIA, Bbi3BaHHbLIX OTKNOHEHWEM CPeAHEro TeNnNoBoro NOToKa

AH,,, v ero pnykTyauuamu AH

[0

A"( m) A“ II’ (‘ n ul' )+ w( oy ! l‘llu\ )
1, (._,,, ) I s/ z) !

rae I, —macwtad MoHuHa-O6yxosa, cooTercTayowmin A,

(1.23)

[ coorBeTcTByeT F. -AH, ,roe F, . —ko3addpuuneHT hopmbi.

ron run ! oy
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KoadbduumeHT hopMbl yUuTbIBAET CMellleHUue CKOPOCTU BeTpa B CTOPOHy Gonee BLICOKUX
3HayYeHW Ha BbicOTe = BCNEACTBUE PasnNUunA opMbl ¥-DYHKUUU ANA YCTORUUBLIX U
HEYCTONYUBLIX YCNOBUIA. DTO BUAHO M3 TOYHBIX BLIPAKEHUA ANA y-PYHKLUMK, BIATbIX 13 [18]:

1z
1- |(.;J -1 O HEYCOTMUEHIN COCMORII

w(/L)= ( Ly (1.24)
—-4.7= QAR YCINORMUGHIN COCINORNNTT ’
L

Cna6an 3asMcuMOCTb OT = HeycToMYuBOro Npocduna obycnoenveaeT CMeLWEeHUe CKOPOCTH
BETPa Ha BbICOTE =, Aaxe B Cly4ae, Koraa CpeaHuid NOBEPXHOCTHLIN TENNOBON BO3AYWHbLINA
NOTOK paBeH Hynt (puc. 1.16).

BepTukansHoe nameHeHue OTHOCUTENbHBLIX CPEAHUX OTKNOHEHWA CpeAHER CKOPOCTU BETpa i
W CTaHAaPTHOTO OTKIOHEHWA 5, OKOHYATEeNbHO ONPenenATCA B CneayloweM euae:

z Au,
u(e)= gl 1+ 28d g (o)) 21 ] (1.25)
0( m)
A
0'..(3)'_'0'..0(7-)_( +—"'—*’|f (L)) (1.26)
rae npodunbHan hyHKUMA () NonyveHa ¢ NOMOLLbLIO NONPaBoK 1t( =) Nepeoro NOpAAKa:
oz In(alz)
fi@)=1 ) (1.27)
lOO—"
4
T ]
]
&
lO—.-
0 T B ) IT(: i 15 i k)

CkopocTe 8etpa {m/c]
Puc. 1.16. Xapaxmepucmuku npogbuna eempa: /1esbie Kpuebie unncmpupyom pasbpoc
npoghunel eempa (3aWMPUX08EHHBLIT y4acmoK), coomeemcemayouwux NoCMoAHHOU
ckopocmu 2eocmpoghuveckozo sempa G = 10 m/c u munuvHoMy OuanasoHy usMeHerul
nogepxHOCMHO20 Mernnoeozo 8030YWHO20 MOMOKA; Npasble Kpuebie coomeemcmayom
ckopocmu 2eocmpogbuyeckozo sempa G = 20 m/c u makomy xe uana3soHy nNoeepxHOCMHO20
mennoeozo 8030ywWHO20 NOMOKa.

3TH BbIPaKEHNA NPUMEHAIOTCA ANA NONPAaBOK C YYETOM MOAENU YCTORMMBOCTU BXOQHBLIX
AaHHLIX U BETPOBLIX XaPaKTEPUCTUK ANA PA3fiUuHbLIX BLICOT U NOBEPXHOCTHLIX ycnosui. B
4aCTHOCTH, AAHHBLIE MOPCKUX METEOCTaHLMIA MOXHO UCMONb30BaTh ANA OLUEHKN BETPOBbLIX
yCNOBUIA Ha Cylwe, NPUHWUMAA BO BHUMAaHUE pa3nuuve TennoBbIX NOTOKOB. B 3TOW CBA3M
BETPOBOW pexum NpubpexHbIX panoHOB CHUTAETCA NEepexoAHbLIM OT MOPCKOro K
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KOHTUHEHTanNnbHOMYy. l'lpaKTqucxM 3TO peann3lyeTca y4eTOM pacCTosHUA A0 6epera B
HaBeTpeHHOM HanpaseHuu x U BasewnBaHUeM NoNpaBokK Mogenu YCTOW-IMBOCTM Haa cyu.|e|7|
1 Hag MOpeM C NOMOLLbIO koadhcpuumeHTa i
min(x,¢
o= in (3.) (1.28)

c
rde ¢ — XapakTepHas WUpUHa NpuBpexHoN 3oHLI nopaaka 10 km.

Bonee noapo6Hoe onucaHue NPaKTU4ECKOro UCNONBb3OBAHWUA MOAENU YCTOWYUBOCTU AAHO B
pasgene 1.11.

1.7. Mogenb wepoxoBaToCTU NOBEPXHOCTH

Jlorapudmnuecknin npocunt BeTpa AaeT HaaeXHble pe3ynbTaTel TONbKO B CAyyae, ecnu
MECTHOCTb C HaBETPEHHOW CTOPOHLI ABNAETCS OOAHOPOAHOA. B NpoTusHOM crniyyae npwm
pacyeTax BO3HMKAKOT NOTPELHOCTU, CBA3AaHHLIE C HETOYHOCTLIO OnpeaeneHUs napamerpa
WepoXxoBaTocT MeCcTHOCTU. “DhdhekTUBHLIA" napamMeTp WepoXoBaToOCTN NPaKTUMECKU Npu
niobom meTone ero onpeaeneHWs 3aBUCUT OT BbLICOTLI HabnogeHus setpa. UcknoueHue
cocraenfseT NUbL MeToa onpeaeneHUs nNapaMmeTpa WepoXoBaToCTU Ha OCHOBE 3aKoHa

reocTpoU4ECKoro TPeHuA.

CpenHee noeBepxHOCTHOE HanpAXeHWe 6 U CKOPOCTb BETpa B AAHHOW TOMKE NOBEPXHOCTU
ONpPeaensitoTCA TONLKO WEePOXOBATOCTAMM NOBEPXHOCTW, PAcNONOXeHHbIMW HA HEKOTOPOM
PacCTOAHKM B HaBETPEHHOM HanpasneHun. YaaneHHbie NPeNATCTBUA MOMYT He YYUTbIBATLCA
BCNEeAcTBUE YCTEHOBMEHUA B rPaHUYHOM CNOe paBHOBECUA Mexay rpaAvueHTOM AaBNeHus v
TpeHueM. 3To paccToAHWe NPonopuMoHanbHO paanycy Poccbn G/f ¢ xapakTepHbIM 3HaYeHUeM
o1 10 Ao 100 kM. inA yacToTHOrO pacnpeaeneHna BeTpa AOCTaTONHO paccMaTpuBaTh BNUAHWE
NOBEPXHOCTHLIX YCNOBUA A0 paccToAHWIA nopsigka 10 kM. B cnyvae menkomacwtabHbix
HEOIHOPOAHOCTEeN MECTHOCTH AOCTAaTOMHO CMOAENUPOBaTb U3MEHeHWe NOBEPXHOCTHOro
HanpsXXeHWA Npu1 ABWHEHMM BETPaA OT OAHOM NOBEPXHOCTYU C NapaMeTPOM LEePOXOBATOCTY z,,
K OpYrow ¢ NapameTpoM LUEPOXOBaTOCTH z,,. B 3TOM cnyyae BbicoTa BHYTPEHHER rpaHnb
pasaena i ysenmuueaeTtcs B NoABETPEHHOM HanpasNeHuy ¢ yBenuyeHUeM pacCTofHUA x OT
MeCcTa U3MEHEHUA LUEPOXOBATOCTU B COOTBETCTBUN € BbIPAXEHUAMMN, NONYYEHHbIMK B [23):

h I X
—| In——1 |=const-— (1.29)
20 20 %’

25 = max (Zm-zoz)

Boiwe /1 BepTukanbHeIli npocuns 0cTaeTcA HEBO3MYLLIEHHbIM. 3HaueHNe NOCTORHHOMR cons! B
cooTHoweHuun (1.29) pasHo 0.9. DMnNupUYeckum NyTeM YCTaHOBMEHO, YTO MaMeHeHue
NOBEPXHOCTHOA AMHAMMUYECKOA CKOPOCTU [OCTATOYHO TOMHO OMUCHLIBAETCA BbIpaXEHWeM,
NONyYeHHbIM COBMeLLleHUeM HeATpanbHbIX BEPTUKANbHbIX Npodunei BeTpa Ha BeicoTe /:

.y _In (W z01)
e In{ifzg,)

rae  u., — AMHaMu4eckas CKOpPOCTb BETPa B PaccMaTpuBaemMoin Touke,
u,, — AMHAMUYECKAs CKOPOCTL BETPA B HABETPEHHOM HANPABIIEHUN.

(1.30)

Huxe BHYTpeHHe# rpaHvubl pasgena BepTUKansHelil NPodynb CKOPOCTU BeTpa sABNAETCH
BO3MYLLEHHBIM U AUHAMUYECKAA CKOPOCTb He MOXeT ObiTb BbiMMcneHa u3 Habniogaembix
cKkopocTel BeTpa C wucnonb3osaHuem norapudmuueckoro 3akoHa. OpaHako
3KCNEPUMEHTaNbHbLIE AaHHbIE [24] 1 pe3ynbTaThl YCNHEHHOTo MoaenupoBsaHuA [25] ykaabisaoT
Ha BO3MOXHOCTbL MoAenuposaHuA BO3MyuleHHoro npoduna kombuHauyuen Tpex
norapudmMu4eckux HacTen:
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" [”(?-/:m)
I"("lh/:m)
u(z)= u'+(u'-u')M 0 c;h<z<ch., (1.31)
n(e,/c,) ) l

. In(z/z0)

" In(ch/ o)

dan z2ch,

o zSqh,

rae ' = (., /x)-lnle,h/zg,), 07 = ey /x)-In{cshtfz0,) M ¢, = 0.3, ¢, =0.09.

W3 Buipaxennid (1.30) u (1.31) cneayeT, 4To AMHAMUYECKaa CKOPOCTb «,, COOTBETCTRYIOLIas
M3MEPEHHOW CKOPOCTU BeTpa, MoxeT BbiTb CBA3AHA C AWHAMUYECKOW CKOPOCTbLIO,
COOTBETCTBYIOLIEH HABETPEHHON CTOPOHE W3MEHEHUS LUePOXOBATOCTU nosBepxHocTU. fins
HECKOMNLKUX U3MEHEHWA WepoXoBaTOCTU NOBEPXHOCTU crnefyeT nocneaoBaTenbHoO
“cnonb3oBaTeL cooTHowenune (1.30), u B 3TOM cryyae UaMepeHHasl CKOpPOCTb BETpa MoXeT
6bITb NCNONb3oBaHa ANA BLIYUCIIEHNS NOBEPXHOCTHON ANHAMUYECKOM CKOPOCTU AANEeKo BBEPX
no TeveHnio. OaHako NnocneAoBaTeNbHbIe M3MEHEHUS LWEePOXOBATOCTU A0MKHBbI BO3HUKATL He
cnuwkom 6nusko Apyr oT Apyra, ¥ NO3TOMy NpuMeHsieTcA cneaylwui metoa. Ecnv v, —
paccToaHue A0 #-T0 U3MEHEHUA LUepoXOBaTOCTU NOBEPXHOCTU, TO WEepPoxXoBaTocTb B
HaBeTPEeHHOM HanpasneHuu cnedyeT onpedensTh Kak cpefHee ee 3HaveHue ana obnactu
MexXay pPacCTOfHMEM x, U 2x, B paccmMaTpuBaeMOM a3avuMyTansHom cekrtope. BuiGop
Ko3thuLmeHTa 2 NPOM3BONEH U MOXET MEHATBLCA B TeX Criy4anX, koraa obHapyxeHbl YeTkue
rpaHnUbl U3MEHEHMUSR LWepPOX0BaTOCTH, HanpuMep Ha 6eperoebix MUHUAX.

Mo mepe yaaneHuns Beepx No Te4eH1o MoAenNb U3MEHEHUA WepoXoBaToCcTh, ONUCaHHan 3Aech,
AacT peaynbTaTbl, PacXoARLWMECA C AeNCTBUTENLHOCTbIO, TaK KaK OHa He yduTbiBaer
paBHOBECHOE COCTOSHWE norpaHuyHoro crnof. Kax u nonpasku B Moaenu ycTOMYUBOCTH,
NOrPELIHOCTYN YYUTHIBAIOTCH Kak Manble BOIMYLLEHUA C NOMOLLLIO NPOCTOR acCUMNTOTUYECKOA
moaenu. BnuaHvue Ha NOTOK NOBEPXHOCTHbIX LLEPOX0BAaTOCTEN, HAaXOAAWUXCA HA YAANEHHbIX
PacCTORHUAX C HAaBETPEHHOW CTOPOHBI, ocnabesaeT npu GorblinX 3HaAYEHUAX NapameTpa
x/D, rae D — paccTosHWe, Ha KOTOPOM yCTaHaBNMeaeTCA HEBOIMYLLEHHbIN NPOM UL, YCNOBHO
pasHoe anecb 10 kM. CoOOTHOLEHWA, NpuBeAEHHbIE Bbille, MOryT BbiTb CNONL30BaHL! NULWL
ONA 3Ha4YeHuin x << D. N3amMeHeHue WepoXoBaTOCTU YUYUTLIBAETCA C NOMOLLYLIO BECOBOIO
KoapdmumenTta W :

W, = ex, (-‘3] (1.32)

BMecTo paccMOTPEeHUA U3MEHEHUA LIEPOXOBAaTOCTU OT 2, AO Z,,,,, H8 PACCTOAHWY -, BeNu4nHa
In(z,,,) 3ameHneTca Ha In(z, )+W In(z, /-, ). UCnonb3ya AaHHelk NOAXOA, MOXHO
onpeaenuTb Kak NOBEPXHOCTHYIO CKOPOCTb TPEHUA Ha yAaneHHOM HaBeTpeHHOM PaccTOAHUM,
TaK U COOTBETCTBYIOUYI0 PABHOBECKOMY COCTOSIHWIO BENWHKMHY NapaMeTpa LepoxXoBaTocTi,
MCNONb3yeMylo B 3aKOHE reocTPogU4ECcKOro TpeHus.

1.8. Mogenb 3aTeHeHHUA

TpeHve BeTpa Ha MOBEPXHOCTU BbI3bIBAETCA CONPOTUBNEHUEM NPENATCTBUA Pa3fMYHOro
macwTaba: oT OTAeNbHbIX NECHUHOK, TPaBbl, NUCTLEB U T.A. 40 GoNblUUX AepeBLEB, 3QaHUi,
ckan u np. KonnektTusHbi agdexT oT 60NbLOoro KoNUYecTBa OAUHAKOBLIX NPEnATCTBUN
MOAENUPYETCA Yepes NnapameTp LIepoXoBaToCTH, Kak Obino onvucaHo ebiwe. YTO KacaeTcs
oTAENBLHOro NPENATCTBUSA, TO NPOUNDL BETPa OKalbiBaeTCA BOIMYWIEHHLIM Ha PACCTORHUAX,
CPaBHUMbIX C €r0 BbICOTOW, OCO6EHHO No3aau NpenfaTcTBUA. Takue o6beKTbl, Kak rpynibl
AepeBbEB UNU 30aHWIA, OKa3bIBAIOT CYWeCTBEHHOe BNMAHWE Ha NPogunu BeTPOBOro NOToka B
CMyTHbIX CTPYAX 3@ HAMU HA PACCTORAHWAX, HE NPEBbLILLIAKLLMX XapaKTepHYIO BbiCOTy o6bexTa
B 5 pas, u Ha BbICOTax MeHee YABOEHHON BbICOThI NpenaTcTBuA. Mpocunb BeTpa 8 CNyTHOW
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CTpye No3aau 3QaHWUA 3aBuCUT, HaNPUMep, OT reoMeTPUK KpbilwK, yria HaberaHus setpa u
Apyrux napametpos [19). MoaenvpoBaHie BETPOBLIX NOTOKOB 3a NPEnATCTBUAMU HAMHOMO
YCIIOXHAETCA B CNy4ae NepeceyeHnn CnyTHLIX CTPYHA OT HECKONbKUX GNnanexalymux o6bLeKTos.

AKTyanLHOCTbL ynoMAanyToi npobnembl nNpexae Bcero cBs3aHa C TeM,'YTO YacTb
UCNONL30BAHHLIX NPY cocTaBneHun Atnaca MeTeodaHHbIX NosfyvyeHa ¢ METEOPONOrM4eckUX
CTaHUMi, HaxoaALWMXCA B 30HEe BNUAHUA Bnuanexalumx NnpensaTCTBUA.

Mogens 3aTeHeHus, ucnonbayemas B8 ATnace, ABNAETCA WHCTPYMEHTOM KOPPEKTUPOBKX
MeTeoAaHHbIX OT CTaHUMIA, HAXOARLLUXCA NOA BIUSHUEM OAWHOYHBIX, AOCTATOUHO yAANeHHbIX
Apyr OT Apyra NPensaTCTaui, B NPEANONOXeHUU ManoCT BO3MYLLIEHWIA U OTCYTCTBUA HANOXKEHNUA
CNYTHBIX CTPYA.

Ona npocTeix AByMepHbIX NONYGECKOHEYHbIX NPenATCTBUA, TaKuX, KakK AMWHHLIE pAdbl
AepesbeB, CTEHbl WNW W3ropoAuw, WCNONbL3YKTCA BbLIPAXEHWUA, MNONyYeHHble
3KCNepuMeHTanbHbLIM NyTEM B aspoanHamudeckoin Tpybe [14]:

Au Z "
= =9-8(,—;) 2(1-Pymexpl-0.671'?), (1.33)

pofaf 032 x
rae hlin(hjzy) h (1.34)

P —npoHVMUaeMOoCTb, paBHasn OTHOLLEHWIO OTKPLITOR NNoWaau K obuwiein nnolwanu
NpenaTcTBuA,

I — BbicoTa npenaTcTBUA,
Z, — BbICOTa pa3metllleHna aHemMomeTpa,
X — paccTosiHMe BHU3 NO TeYeHuto.

N

Tpyn KoHeuHbIX pasMepax NPEenATCTBUA U KOCbIX Yrnax Haberanvsa BeTpa 3 eKT 3aTEeHEHNA,
Boo6Lue rosops, ByaeT pasanuuHbIM. HekoTopsie NpocTbie ykasaHus No aToMy nosoay 6uinu
npeacTaenexbl B pa3gene 1.3.

Ana kaxaoro ua nyyei, NCXoasWMX U3 PACCMaTPUBAEMON TOUKM, OTMEYEHbI PacCcTosHWE U
BbiCOTa 06beKTa, NepecekaemMoro AaHHbLIM My4oM. Ecnu nyd nepecekaet HECKONbKo 06bLEKTOB,
K2XAbIA U3 HUX pacCMaTpUBAETCA Kak NoNyGeckoHeuwHoe NpenaTcTane. CyMMapHoe 3aTeHeHue
OT BCex NPenATCTBUA BHM3 NO NOTOKY BbIYUCNAETCA NOCeA0BaTeNbHO, HA4YNHAasn ¢ Haubonee
yAaneHHoro obbekTa. Ecnm saTensiowme o6bekThl pacnonoxeHbl 6rnMako Apyr K ApYry v 30Hb
MX BMVAHWA CONPUKacaTcA, TO 3chdeKT 3aTeHEHNA OT NPENATCTBUA BHM3 NO TEYEHUIo
YyMeHbLIaeTCA NPonopLUoHarnsHo NNowaan, NoNaaarowei B 30Hy 3aTeHEHWA OT NPensTCTeusA
BBEPX MO TEYEHWIO.

MNpn 3Tom 06nacTb BOIMyLW|EHNA C HABETPEHHOW CTOPOHLI OT ABYMEPHOro NpennaTcTevA
OfpaHuyeHa NPAMONA NUHWEN, COeAUHAOWENR BEpPLMHY NPETIATCTBUA C NOBEPXHOCTLI0 Ha
PaccTOAHWUW, BABOE NPEBLILLAOWEM BbICOTY NPENATCTBURA, U aHANOrUYHLIM 06pa3oM — BHU3
No TEYEHWIO Ha PACCTOAHUM, NPEBLILAIOLEM €ro BbICOTY B 5 paa.

Mocne BbluUCAEHUA 2aTEHEHUA B TOMKE OT KaXAOro oTAaenbHoro obbekTa onpeaenseTcs
CyMMapHoe 3aTeHeHue OT Bcex 06bekToB. C NoMolblo Takoro Npuema oueHuBaeTcs
cyuwiecTeyloumin AedULUT KONUYECTBa ABWKEHUN Ha rpaHuue cnyTHoi cTpyu. U, HaxoHel,
BbIMMCNAETCRA CpeaHsn BenuiuHa achdeKToB 3aTEHEHUS B a3UMYTanbHOM CEKTOPEe C NOMOLLbHO
CYMMWPOBaHUWA 3aTEHEHWH, BbIMUCNEHHBIX ANA KaXAoro U3 BOCbMU Ny4Yeir 8 3apaaHHoM 30-
rpagycHoOM asumyTansHOM CeKTope.
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1.9. Oporpadunyeckan mogens

MNopgobHo MoaensAmM, oNUCbIBaOLLUM BIMAHVE Ha BeTep 3DMEKTOB U3MEHEHWA LIEePOX0BaTOCTH
W 3ateHeHUs, oporpacduyeckas MoAenb UCNONbL3YETCA ANA KOPPEKTUPOBKU WU3MEPEHHbIX
BETPOBbLIX AaHHBIX C YYETOM NOKanbHbIX Nepenaaos BbiCOTbl MecTHOCTU. OCHOBHOE BHUMAaHUe
npy¥ MoaenupPoBaHuK yaensetcs 3cdekTam BOMHUCTOCTU MECTHOCTU € FOPU3OHTaNbHLIMK
pasmepamu A0 HECKOMLKUX AECATKOB KUNOMETPOB, DTa MoAENb OYEHb CXOXa C CEMEUCTBOM
moaeneii MS3DJH, ocHOBaHHbIX Ha aHanu3e NOTOKOB Hag xonmamu [(26]. AHanorudHble
nogxoAab! pass1Banuch paHee paaomM astopos [27, 28).

Ha nepsom aTane moaenuposaHnsa NPOBOAUTCA pacyeT BO3MYLLEHUA NOTEHLWANbHOTO NOTOKA,
BbI3BaHHOIO OpPorpacuieckuMmn 0COGEHHOCTAMYU MECTHOCTU B HanpaseHU HeBO3MYUEHHOro
BeTpa no cneaywoueli cxeme. Mone ckOpocTU CBA3AHO C NOTEHLUANoM cneayowmM o6paaom:

i=vy, (1.35)
rae ¢ — noTeHuwan,
ii — TpexMepHblii BEKTOP BO3MYLLEHWUA CKOPOCTH, it = (i, v,w).

B NpeanonoXxeHumn, 4To NOTeHUWan obpalaeTcs B HyNb Ha paccTosHuu R, obuwee pelweHve
ANA NOTEHUMANEHOro NOTOKA B MONSAPHLIX KOOPAUHATAX ONUCLIBAETCA CYMMOW YrieHos suaa

n . P4
= K"j.l,,[c, %)exp (inv) exp(—c, E] (1.36)

rae Knj — MPOU3BONbHbIE KO3PDULMEHTBI,
J, — dbyHkuua Beccenn n-ro nopsgxa,

r —paguyc,
@ —a3ammyT,
z — BbICOTa,

¢; —j- Hynb dyHkumu Beccens J,.
KoahcpuumeHTbl oNpeaensiioTes 3 KUHEMaTUHECKUX rPaHUyHbIX YCNOBUA
9
dz

rAe  w, — BepTukanbHaa CKOPOCTb, onpeaensemMan 0CO6EHHOCTAMU MECTHOCTH,

Wo ==X |.co= it - Vi (r.0), (1.37)

l—lo — BEKTOP CKOPOCTU HEBO3MYLLUEHHOro NOTOKa,

I — BblCOTa MECTHOCTU.

n r - -
dyHkumm J ..(C,- E) COCTaBnAKT OPTOroHanbHLIA Habop uMnuHgpudeckux dyHkuui Pypse-

Beccens AnA kaxaoro n, a aammyTansHble PYHKUWN exp (inp) 06pa3yloT opToroHaneHeld 6aauc
dypoe. KoacbduumueHTsr K, MOXHO BBIMUCANTL HE3ABMCUMO, NOCNEAOBATENLHO NPOEKTUPYA
NpaByK CTOPOHY cooTHoweHUA (1.37) Ha ovepeaHoA 3neMeHT nony4eHHoro 6aanca yHkuuiA.
MaTemaTudeckue aetanu 3Tux npecbpa3osaHuii onucaHbl B pabore [29).

Vicnonb3oBaHne nonsapHbIX KOOpAUHAT MO3BONAET NpU COBMEWEHWU LEeHTpa moaenu ¢

VUHTepecyoLei Hac Toukow (r = 0) HenocpeACTBEHHO NONYUNTL 3HAYeHUE BO3MYLLIEHUA B 3TON
TOUKE B COOTBETCTBUM C BbiPaXEHNEM

3]

Y e
x|

1, . ¢ .
Vi, = E(I,I)K” ('_\‘p(— ¢, ] (1.38)
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Takum 06pa3oM, KOHEYHbIM pPe3ynbTaToM NepBOro 3Tana MOAENMPOBAHUA ABNATCA
HaxoxaeHne koauumeHToB K, n onpeaeneHue BO3MYLIEHNA NOTEHUUAENbHOTO NOTOKA
cymmuposaHuem uneHos Buaa (1.38). Kaxaomy cnaraemomMy pana cooTBeTcTByeT CBOWA

ropU3oHTanbHbIA MacwTab L; = R/ c} , NPeACTaBNAOLLUIA XapaKTePHYo rMyBuHY BO3MYLL@HWIA.

BTopoti 3Tan MoaenMpoBaHnA COCTOWT B HAXOXAEHUW pelleHust ANA NOTEHUNAaNbLHOro NOTOKa
C y4eToM 3hheKTOB NOBEPXHOCTHOIO TPEHUA.

MoTeHumnansHOCTL NOTOKa NoApPa3ymMeBaeT PABHOBECUE MEXAY rpagueHToOM AasBneHus v
anseKkunen KonuyecTea ABMXEHUA B COOTHOLWEHWAX KONUYECTBa ABUXEHUA, a Takke
ncyesHoseHue TypByneHTHOro nepeHoca konuyecTsa ABMXeHUs. B6N13n NOBEPXHOCTU HeNb3A
He yunThLIBaTL TYpOyNeHTHLIM nepeHoc. BHyTpu cnos rnyGuHon ’, << L noBeaeHWe NoToka
oTnMYaeTcA OT noTeHuuanbHoro. B gaHHo# Mogenu aHadeHne /. onpepenserca, cornacHo
[18], kak

0.67

L,
1;=03- 29, — (1.39)
t.ol
fAe <t — napameTp WepoXoBaTOCTV b paauyce Ll. Ans ogHopoaHbIX ycrnosuii Zy, =2, ann

HEOAHOPOAQHLIX MECT napameTp LIEPOXOBATOCTU NOBEPXHOCTM GepeTcs Kak
3KCTIOHEHUManbHO BIBeWeHHoe CpeiHee 3Havewwe oT r =0 po r = 5L 8
HaBETPEHHOM HaNPaBNeHWM C BECOBBLIM KOachUUMEeHTOM /(= ).

[nn BLICOT, HAMHOIO MEHbLLLNX {, Typ6yneHTHsI NnepeHoc ofecneuneaeT paBHOBECHE MEXAY
HanpsxeHuem 1 CABWUIOM BeTpa, NPUBOAS K NOraputMrUyYeckoMy Npodunio BO3MyLLEHWUA
ckopocTu. Boicotam, cpaBHUMBbIM ¢ /,. cooTBETCTBYET MaKCUMarbHOe BO3IMYLLEHVE NOTOKA,
npesblwatolLlee 3Ha4YeHre, NpeackasbiBaeMoe U3 NOTEeHUWaNLHOTO NoToka. B aaHHoi moaenn
Npodunb BO3MYWEHUA MOASNMPYETCR ANA Kawaoro YneHa suga (1.36) nyTem onpeaeneHun
BO3MYLLEHMA A, ANA BLICOTbI 2!

a7, () _ ot )

T VA
|“o(:)| |“° (z; )l- s (1.40)

rae  u,(z) — HEBOSMYWEHHAR CKOPOCTb Ha BLICOTE z U Z; = max(z,1).

Bbluncrienne koadbduumeHTos K, NpOeKUNOHHLIM METOAOM BKMIOYAET YUCNEeHHoe
MHTEerprpoBaHve no asvmyTty u paauycy (puc. 1.17). PagnansHaa cetka aenaeTtcsa Havbonee
NNOTHOM B UeHTPe v peaeeT B 1.06 pa3a Npu nepexoae k KawaoMy nocneayioLLemy yany ceTku
Nno Mepe yaaneHus oT UeHTpa.

Boo6uie roBops, Heo6X0AMMBIM BXOAHLIM NapamMeTpoM pac4eTHO MOAESTN SIBNAETCA BbICOTa
MECTHOCTU B KXAO0M y3ne ceTku, Ho 6onee yao6HbIM 3aiaHUeM BbICOTbI ABNSAOTCA KOHTYPHbIE
NMHUN PaBHOA BLICOTbI, NPMBOANMBIE Ha CTaHAAPTHLIX Tonorpaduueckux kaprax. Cerka
cocTout 13 100 pagmanbHbIX y3noB, o6ecneunBaiowmx BbICOTHOE paspelleHne NPUMEPHO B
2 m B6nuan yenTpa Ans mopenu ¢ R = 10 kM 1 okono 10 M npu R = 50 kM. MNpakTuyecku
paspeweHve moaenu OrpaHMYEHO TONbKO TOYHOCTBLIO U NAIOTHOCTLIO KOHTYPHbLIX NUHWUA Ha
Tonorpaguyeckmx Kaprax.
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Puc. 1.17. MNonspHaa macwmabHasa cemka, ucnonb3yemas Ons ebIYUC/IeHUs MomoKa e
cnoxHold mecmHocmu. Cemka HalloXeHa Ha MeCIMHOCMb U KOHUEHMPUPYemca 6 moyke
pacrnonoxeHuUs Memeocmanuuu. Pasmep cmopoHel eepxHell yacmu pucyHka pageH 12 km,
HUXHUO pucyHok demMoHcmpupyem 6 yeenuuyeHHom macwmabe hpazmeHm rnoeepxHocmu
co cmopoHoi 2 kM. BepmukansHbild macwmab yeenudeH & 5 pas.
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1.10. OCcHOBBLI CTAaTUCTUHECKOTO MOAENTUPOBAaHUR
OcHOBHbIe NOHATUA

Ha6niogeHus uav waMepeHvs BeTpa Ha MeTeoCTaHUUAX OBHapYXUBAKOT 3HaYUTENbHbIe
BPEMeHHble Bapuauuu ero CKoOpoCTW WM HanpapneHus, 4To BuaHO u3a puc. 1.18. Ha nepeom
rpacpMKke NOKA3aHO U3MEHEHWE CKOPOCTU BETPa, U3MEPAEMONA HenpepbIBHO B TedeHue 100
AHer. lanee nocnenoBaTensHO CNEAYIOT rpadivMkvM CKOPOCTEN BeTpa 3a yMeHbllawmnecs
nepuoasl BpeMeHu. Jlerko BuAeTb, YTO OTHOCUTENbHbLIE M3MEHEHUS CKOPOCTW BeTpa
YMEHbLUAIOTCA C yMeHblUeHUeM nepuoga HabnioaeHus.

100 gHen I 8 yacos

e
i N MM"L‘ i W‘k« WW\W“#WW JN‘\-W

Iy n|
;Aa' i w s {"

" ". i ;'n \,U,:‘ N

- e e —— ey s Sy e e e
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15 pHel . i 1 vac
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$\ wa“i ,,,cf’ N N /{41 *M [\\\ ;,H‘lﬂ‘\‘w \‘M\‘u\ ,M« ‘l-,\ﬂ\ .\, ;.,N f\’\, i‘ilf'\‘ﬁ""
‘I.N\}ﬂ

", /
"‘|-.__ I

¥

Puc. 1.18. Ckopocms eempa, usmepeHHas Ha ebicome 30 M Had nnockold oOHOPoOdHOU
mecmHocmbio e [aruu no darHbiM [30]. Ha 2pagbuxax nocnedosamensHo npueedeHs OaHHble
usmepeHuld ckopocmeill eempa 3a yMmeHbwaruwuecs nepuods: epemeHu. Konudyecmeo
OmMemoK nNo 20pu3oHmManu e kaxdom epacuke pagHo 1200, m. e. kaxdaa mMouka
coomeemcemeyem ckopocmu, ycpedHexHol 3a 1/1200 yacmb daHHoz20 nepuoda. 1o
eepmukanu — ckopocms éempa om 0 do 20 m/c.

MameH4MBOCTL BETPa ANA Pa3nuyHbIX BPEMeHHbIX MacluTabos unntocTpupyeTtca rpagukom
cnekTpanbHoOi PyHKUMM Ha puc. 1.19.
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MoMuMo BpeMeHHOro GbiCTPOro U3MEHEHUA B KAXAON OTAeNbHOW TOUYKe, CKOPOCTb U
HanpaeneHWe BeTpa B AaHHLIA MOMEHT BPEMEHW MEHSAITCA B NpocTpaHcree. [pudnHon
BPEMEHHBbIX U NPOCTPAHCTBEHHbIX Bapuauuii BeTpa senseTcA TypbyneHTHocTs B NCA.

Mecay, OeHb Munyta
[ T 7 I I I |

L [ 1

log Hepenn Yac CexyHaa
Puc. 1.19. CnexkmpansHas hyHKUUSI CKOpocmu eempa, uamepaemoll HenpepnieHo Had
paeHuHHoU o0HopodHOT mecmHocmbio 8 Hanuu [30]. M3mepeHus ckopocmu eempa
npogodunuce @ meyeHue 200a ¢ wacmomoil enibopku 8 I'y. Cnekmp npueedeH 6
noeapughmuyeckom macwmabe.

Mpn MaMepeHnn CKOPOCTM BeTpa BaXHEHWMM NnapaMeTpoM AIBMSETCA Nepuoa ocpeaHeHun T.
B naeane naMepeHus criedyet NPOBOAUTE C NOMOLILI0 MIHOBEHHO pPearvpytoLLIEro Ha M3MeHeHUs
cxopocTu npubopa ¥ 0CpeaHsTbL AaHHbIE B COOTBETCTBUM C thopMynomn

- 1 [A
u=—7—_J.u(l)(Il‘ (1.41)

0
rae ; —cpeaHee 3HaueHue CKOPOCTM.
Ha npakTuke B CBA3N C OCOBEHHOCTAMM U3MEpPUTENbHOro 0GOPYACBAHUA U OTAUYNAMU B
MeToaMkax peructpauuu um o6paboTkM AaHHbLIX Nepuoasi ocpeaneHuna konebnwoTes ot

HEeCKONbKMX MUHYT Ao 4aca u Gonee. [laHHble, ucnonbayembie 8 Atnace, B OCHOBHOM
COOTBETCTBYIOT Nepuogy ocpenHeHUA 10 MuH.

Kaxabith ¥3 Ucnonb3oBaHHbLIX B ATnace HabopoB AaHHbLIX OQHO3HA4YHO onpegenser
CTaTUCTUYECKYK BEMUYUHY ,, PACCHYUTAHHYIO NO 3TUM OCpPEAHEHHbIM 3HAYEHUAM U
npepcTaBneHHylo B Buae Tabnwvy NOBTOPAEMOCTU CKOPOCTU B PA3NUUHbLIX AnanasoHax W
HanpaeneHusx, a Tawke NapameTpos pacnpeaenerun Beibynna.

[anHule MeTeoRabnioaeHuin He cogepXXaT MHopMaLUK 0 BETPOBLIX (NyKTyaursax 3a Nnepuoab!,
HamHoro 6onee kopoTkune, yem epema ycpeaHeHua 7. CneayeT, oaHako, UMeTb B BUAY, 4TO 3TU
KOpOTKOnepuoaHule TypbyneHTHbie (hnyKTyaLun, TeM He MeHee, HECYT ONpeaeneHHyIo 4acTb
CNEeKTpansHOW MOLLHOCTU BeTpa U NO3TOMY MX NO BO3MOXHOCTU CneayeT yuvTbiBaTb NpU
ouenke B3Il
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YnensHas MOWHOCTL BeTpa, onpeaenseMasl 3a BpeMeHHol uHTepsan 7, B obuwem suae
ONUCLIBAETCA BbIPaXEeHUeM

T
=_1 4 11 a
E—Epu —E-F}[pu (I)(II' (1.42)

B 3TOM BbIpaXeHUM NNOTHOCTL BO3AYXa C NOTPELHOCTLI0 He Bonee HECKONbKUX NPOLIEHTOB
MOXET CUUTaTbCA NOCTOAHHON. MoaToMy BhIpaxeHue (1.42) MOXHO NnepenucaThb B Buae
£=05pu" (1.43)

MrHOBEHHYI0 CKOPOCTb BETpa MOXHO npeaAcTasnUTb Kak CyMMy CpegHero aHauvueHus v
OTKNOHEeHUR:

w=u+1' u=u+u (1.44)
NpocTbie npeocbpazopaHuA AaloT

=0,

,,_'-_,,_’_,7’. (1.45)

w u +u +3u

OGo3aHauan BenM4nHy CPEenHEKBAAPATUNHOIO 3HaYeHUA TyPBYNeHTHBIX NyNbcaLuit Yepes s,,
a UHTEHCWBHOCTL TYPBYNEHTHOCTW Yepes i, MOXHO 3anucaThb:

2

ol=u?, i=Ze, E=05pu’(1+3?) (1.46)
u

YacTtoTHoe pacnpegeneHue CKOpocTU ; onpepenser YAENbHYI0 MOWHOCTb E C TOYHOCTbLIO
A0 nonpapBouHoro uneHa 3i°. MHTeHCUBHOCTb Typﬁy.HEHTHOCTVI 3aBUCUT OT NOBEPXHOCTHbIX

YCNOBUi U BbICOTbI. [iNA OAHOPOAHON LWEPOXOBATOCTU W HEMTPanNbHLIX YCoBUA 0BLIMHO
UCNONb3YeTCA NPOCTOE COOTHOWeHWe

1
= In (Z/Zo) (1.47)

MonpasouHbii YneH B CooTHOLWEHKK (1.46) 06bIMHO He NPEBLILAET HECKONBKUX NPOLEHTOB
(6% ans z =30 M, -, = 0.03 m).

BaxHo MeTb B BMAY, YTO ITOT pe3ynbTaT OTHOCUTCA K NNOTHOCTW 3HEPTUU B OOHOW TOUKE, a
MOLLUHOCTb BETpoarperara onpeaenseTca 3Hepruei BETPOBOro NOTOKa, pacnpeaeneHHoi no
BCei nnoljanu, oMeTaemoii BeTpokoriecoM. B Atnace He paccMaTpupaeTca Bo3newcTsue
TYPBYNEHTHBIX NynbCcauuii, a Takke KOHCTPYKTUBHBIX ocobeHHocTeli BOY Ha ebipaboTky
3NEeKTPO3HEPY.

PacnpegeneHne Benbynna

[nA xoMNakTHOro NPeacTaBNeHUA IMNUPUYECKUX AaHHbLIX O NOBTOPAEMOCTH CKOPOCTU BeTpa
8 ATnace ucnonb3yeTcs AByxnapaMeTpuyeckoe pacnpenenexvie Beiibynna [31, 32):

e —il‘_l,‘. _'_'k
== A) ex; (A) , (1.48)

rae f(u) — pyHKUMA pacnpenenenus, UM NOBTOPAEMOCTHU, BeTpa NO CKOpocTaAM u. [lea
napametpa Beibynna, onpeaenswlme pacnpefeneHue, NasecTHbl Kak MacwTabHbIn
napameTtp CKOpoCTu A n napameTp popmMbl KpUBOR pacnpenenenus k. Ha puc. 1.20 nokasaHo
BNuAHME Ha dopMy f(1) pa3Hbix 3HaveHud napametpa cdopmbl &. AnA k& > 1 makcumym
pacnpeaeneHun (MoaanbHOE 3Ha4YeHNE) CKOPOCTU NEXUT B oGnacm u>0,anpm0<k<1
byHKLusA Berbynna MOHOTOHHO yMeHbLuaeTcs.
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PacnpegeneHue Beinbynna sbipoxaaerca B gBa ocobbix pacnpeaeneHun — g
3KCNOHeHuuansHoe nNpu k = 1 u pacnpegeneHue Panes npu & = 2. NocneaHee, AOCTaTONHO
4acTo BCTpevaruweecs NpM anNpPoKCUMauun BETPOBbLIX AaKHbIX, UCMONb3yeTCA ANA
npubnuxxeHHoro ux npeacrtaeneHusa. 3aeck Xe ucnonbayetcA Gonee obGuiee

ApyxnapameTtpuyeckoe pacnpeaeneHue Beinbynna.

)

o
— ]

Puc. 1.20. Bud pacnpedenerus Belbynna ons paanuyHeix 3HayerHul napamempa ghopmbt k.

WnTerpansHoe pacnpeaenexue Benbynna F(u) BaeT BEpOATHOCTL TOFO, YTO CKOPOCTL BETPa
npeBbiWaeT 3Ha4YeHUe u, U ONUCLIBAGTCA C NOMOLLbIO BbipaXeHUs

.
Flu)=exp -[%) (1.49)

Pacnpenenerne Beitbynna nopoxpaaeTt cooTseTcTeyolme BeWbynn-pacnpeaeneHHoe
MOMEHTbI BbICLUMX NopAAkos. Tak, ecnu v ABNseTcA Bebynn-pacnpeaeneHHon ¢ napameTpamu
A n k, To u" — 3To Belbynn-pacnpeaeneHHan GyHKUWA C napameTpamu A™ n

kin.
MoMeHTbI U Apyrve BaXHbie XapakTepucTuku pacnpeaeneHus Beibynna, sbiBeaeHHbIEe U3

CoOTHoLLeHUsA (1.49), npuseaeHb! HUxe

1
ATl 1+ % | — cpenvee snaverne;

Azl'(l+

/‘"f( I+ J — cpeaHekyGuuHOe 3HaueHue;

> N

] — CpeaHeKkBaapaTUYHOE 3HavYeHue,

-

k

,.. m
A "[H' h ] — cpenHee 3HaueHwe m-ro nopaaka;

(1.50)
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. 2 oy, ]
A-[r(nz]—l"'[HIJ] — pucnepcus;

7k
k-1
A( J — MOAanbHOe 3HavYeHue,

A(ln2)’* - mennana.
YaenbHas MOLWHOCTL BeTPoBOro noToka £ [BT/mM?] nponopunoHansHa cpegHemy kyGy ckopocTu

seTpa:
| B 3
E=—pA'T| 1+
5P 11 k), (1.51)

rae - NNOTHOCTbL Bo3dyxa, pasHan 1.225 kr/m® npu Temnepatype 15°C u craHaapTHOM
pasneHum 1013 mbap. :

Makenmym yaenbHoi MotwHocTh (1.51) aocturaetca Npu ckopocTy BeTpa

5 (V43
ey =A(k%] (1.52)

Hanpumep, ana pacnpepenequs Panes CKOpPOCTb BETPa, COOTBETCTBYIOWEA MakCMMyMy ero
3Hepruu, B cCpeHeM B 2 pasa NpPeBbIWaeT MOQanbLHOE 3HaueHne CKopocTH,

CyluecTBylOT HECKOMBLKO pa3nuyHbiX cnocoboB HaxowaeHus napameTpos Belbynna, ¢ To#
UM MHOW TOMHOCTbIO aNNPOKCUMUPYIOLLIMX TUCTOTPAMMbl NOBTOPAEMOCTU BETPA B Pa3NUYHbIX
nHTepBanax ero ckopocTu. Ecnu AaHHbIe U3MepeHnil XOpoLWo NpeacTaBneHb! pacnpeaeneHnem
Beribynna no scemy cnekTpy CKOpocTei, TO CNOCO6 HaxoxaeHust napaMeTpoB MOXeT
BblbVpaTbcA AOCTATOMHO NpouaBonkHO. OaHako B BonbwMHCTBE cnyyYaes Habnwonaemble
rUCTOrpaMmbl N3-3a pAAa NPUYUH OTKNOHAKOTCA OT TeOopeTUYEeCKUX, U NoaTomy nogbop
onTumansHon dyHkUMKM Beribynna aomueH ocyllecTBNSATLCA HA OCHOBE COOTBETCTBYHOLLErO
OAHHOMY NPUNOXEHUI0 ChexTpa ckopocTelr BeTpa. lNpu aToM akueHT genaeTtcsA Ha Gonee
BbICOKME CKOPOCTM BETpa W UCMONbayeTca MeTof MOAroHKU MOMEHTOB, KOTOPbIA OTaaer
npeanoyTeHne BbICOKMM, HO He SKCTPeManbHbiM CKOPOCTAM BeTpa.

AnsA kaxpaoro asuMyTansHOro CekTopa NapaMeTpsl Beitbynna onpeaensioTcs B COOTBETCTBUN
¢ Apyms TpeGoBaHuaAMM:

1) cymmapHble 3Heprun BeTpa B annpoxcUMUpylowem pacnpeaeneHuu Beiibynna u B
Habniogaemom pacnpefeneHvuy paBHbl;

2) BepOATHOCTW BO3IHWKHOBEHWSI CKOPOCTEel BeTpa Bbile HaGniAaeMoro cpeaHero
3HAYeHWs TaKke PaBHbI,

Kombunauma stux asyx TpebosaHuii NPUBOAUT K COOTHOLUEHWIO TOMbKO OTHOCUMTENLHO K,
peLsaemMoro ¢ NoMOWL0 CTaHAAPTHOMO anropUTMa HaXOXAEHWA KOPHSA.

Hanboneumne TpyaHOCTM annNpokcuMauun 3MNUPUYECKUX AaHHbIX BO3HWUKAKOT Npu obpaboTke
OYEHb HU3KUX W OYeHb BbICOKUX CKOpOCTel BeTpa. MakcumanbHble CKOPOCTU BeTpa, kak
npasuno, HeAOCTaTOYHO CTaTUCTHUYECKH 0ByCnoBneHbl, U ANA AOCTOBEPHON annpokcumMaumn
3KCTpeMarbHbIX BETPOBLIX YCNOBUIA HAA0 MCNONL30BaTh cneunansHbie metoabl [33]. Takon
aHanu3 He BKMioYeH B ATnac, u pacnpeaeneHva Beiibynna, npuBeaeHHbie B ATnace, He
cneayeT vcnonb3oBaTh ANA OLEHKWM YacTOT BO3HWUKHOBEHUS CKOPOCTEN C BEPOATHOCTLIO
Hwxe 1%.

TPy HU3KNX CKOPOCTAX BETPA HETOYHOCTb U3MEPEHUA, oﬁycnoaneHHan KOHEYHOW CKOPOCTLI0

peakuynm npubopa, oLWKUBKON CHATUA U OKPYINEeHUA AaHHBLIX, MOXET NPUBECTU K 3HAYUTENbHLIM
MOrpewHOCTAM, B YaCTHOCTU K aHOMAIbHO BLICOKUM MNOBTOPAEMOCTSM 3aTtuwuii. [ina BAY
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TOYHaA hopma KPUBOY NOBTOPAEMOCTH CKOPOCTEN BeTpa Huxke cpeaHer He umeeT Gonbworo
3Ha4YeHUn, YTO umenocbL B BUAY NPy pa3paboTke AaHHOro MeToAa annpokcumauuu. OaHako
Hago 3aMeTUTb, YTO ANA METEOCTaHUUA CO cpefHell CKOpPOCTbIO 3 M/C UNU Huxe,
PacnoNOXEHHbIX B OTHOCUTENbLHO BETPEHOM, HO CUNbHO 3aTEHEHHOM MECTe, BblMUCNEHHbIN
pervoHanbHbIi BETPOBOW KNUMAT OKa3biBaeTCA HeToYHbIM. OTMETUM Taloke, 4TOo uanudeckue
Mogenu, ucnonbayemMbie NPU aHanu3e HU3KUX CKOPOCTEW BeTpa, TOXe ABNAKTCA
HEeCOBEePLIEHHbIMW.

OnucaHHbIR BbilLe METOA anNPOKCUMaUM CNONb3yeTcA ANA oueHkM napameTpos Beiibynna
B KaXOOM M3 paccMaTpvBaeMbiX CEKTOpOB, @ TakkKe ANA NOCEKTOPHOW annpokcumauuu
YacTOTHbLIX pacnpeaenexuit, NonyYeHHbIx U3 moaenn. MapameTpel Beitbynna, onuceisatowue
ocpeaHeHHoe No BCEM HanpasnNeHusM pacnpefeneHne BeTpa, NOMyYaloT MOArOHKOW K
B83BEWEHHLIM CyMMaM NOCEKTOPHBIX MOMEHTOB NEPBOrO U TPETLEro NOPSAAKOB.

1.11. O6paboTKa gaHHbIX B ATnace

Nepewmbie pAALI AaHHLIX O
CKOPOCTU U HanpaBneHw eeTpa

]
" — MocexTopHLIe MCTOMaMMe! NoB-

—> v =Y TOPREMOCTW BETPa MO CKOPOCTH
sa yveHTH ANA NPENATCTBURA PR pa

OnucaHvue MeTeonnoLanKu

T
C

N KoppekTupyoiuve koadxhu- CKOppexTUpoBaHHbie
->| Oporpadh LMeHTBI ANA oporpadum rucTorp
_ 1
Koppextupyiowme koadhuyu- n .
= pamoe npeobpazosanue. MCTo-
L—»! Mogent wepoxosatoctn g panon rPaMMBI FEOCTROGVNECKOro BETpa
| AddexTneHan HaBeTpeH- O6parHoe npeobpalosaHue:
HaR wep TOCTL rmcTorpamMmel ANk 10 M H.y.3. M
CTAaHAAPTHOW WepoXo8aTocTu
.
MapameTpst Benbynna ona 10 M
M.y.3. VM CTaHO3pTHOW
WepoxoBaroc™
UncopmaywonHan 6ala Avna- K Norapudmudeckan ancTpano-
ca: Beirby ANR i ANA Moaenu NRUvA napameTtpoa Benbynna
CTBHNBPTHLIX yCnoswh yeronuueocTu K CTAHQapPTHOW BLICOTE

Puc.1.21. Cxemamuyeckoe npedcmaesneHue aHanuia daHHbIX, NpumeHsemMo20 8 Amnace.

Mogens aHanuaa cocTouT U3 psga nogamoageneit (puc. 1.21), onucaHHbIX B NpeabiAyuUmX
pa3spenax. PeroHanbHan BETPORAA KIMMATONOMMA B TepMUHaAxX NapameTpoe Bewbynna ans
CTaHAAPTHbIX YCNOBUIA BLIYMCMAETCA HAa OCHOBE AaHHbLIX BETPOBLIX HabnioaeHU, onUcaHnAx
NoKanbHbIX tLEPOXORATOCTEA MEeCTHOCTU U 3aTEeHAWWUX NPEeNATCTBUN, a Takxke
TonorpagHeckux BbICOTHBIX AaHHBIX. [INA KaXA0h METEOCTAHUUM Y BLICOTHOW METeoMauThbl,
npvBeAeHHbIX B ATnace, BXOAHbIE U BbIXOAHLIE NapaMeTPbl NPUBEAEHLI Ha ABYX CMEXHbIX
cTpaHuyax Atnaca (nasa 4).

Cxema BbMUCNEHUA BLIMAANT Cneaylowum o6pa3oM: BXoaHbIe AaHHbIe NCNONb3YIOTCA B BUae
rucrorpaMm NOBTOPAEMOCTU CKOPOCTU BeTpa ANA KaXxaoro U3 BOCbMU 45-rpafycHbix
asnmyTanbHbIX CEKTOpPOB ANA AWana3OoHOB CKOPOCTWU C wWwarom 1 M/c. Ha nepeom 3tane
BLIMUCIAKDTCA TPU rPyNnbl HE 3aBUCAWUX OT CKOPOCTU NONPABOYHbLIX KoacpchrymeHTos ANA
Kawaoro cekropa:

o KO3hDUUMEHTBI, ONUCHIBAIOWNE BIMAHWE NPENATCTBUA, BLIMUCNEHHbIE C NOMOWBIO
MOAENN 3aTeHeHun U 0603Hataemble kak €, ONA j-fO CEKTopa;
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*  KO3hHUUMEHTBI, ONUCLIBAIOWMNE UIMEHEHME LIEPOXOBATOCTU NOBEPXHOCTU C/ n

o
no3sBonAwWne yCTaHOBUTL COOTBETCTBUE MeXOYy CKOPOCTLID, M3MepeHHoN Ha
MeTeocTaHUUu, U CKOPOCTbLIO BETpa € HaBeTPEHHOW CTOPOHLI OT UIMEHEHUs
wepoxoBaToCTU MECTHOCTW. ycpenHeHMe NOBEPXHOCTHOW LWepoxoBaToCcTh NO nnowaau

naet acbdpeKTUBHOE 3HaYeHue napamMeTtpa wepoxoeaTtoctu c HaBeTpeHHOﬁ CTOPOHbI zé(;

e NONPaBoYHble KO3IPDULNEHTH Ha oporpaduio, BbIYUCNEHHbIE C NOMOLbLIO
oporpam4eckoil MOAENU U Y4UTbIBaKOLLME NPOUNU BETPa OTAENBHO ANA KaXAoro
cekTopa. Kak 6bino onucaHo 8 pasgene 1.7, napameTpbl WEPOXOBATOCTH Takke

y4acTByloT 8 oporpacduyeckoii mogenu. OTcioaa BuMMCNAIOTCA KO3ahuLmeHTbl C/ 1

D’{m, roe D'{m OMUCBLIBAIOT YrAbl NOBOPOTa BEKTOPAa CKOPOCTK BETpa, BbMUCNEHHbIe C

NOMOLLbIO oporpaduyeckod mogenu.

Ha BTopom 3Tane napaMeTpbl BeTpa ANS Ka¥4oro HanpaeneHWa U rpagaunu CkopocTy
paccuuTLIBaKOTCA € y4eToM 3Tux koadoduuymeHToB. Mpu paccmoTpeHUu j-ro cektopa u
WHTEepBanNa CKopoCcTU BeTpa oT #* fo u*+) ucnonbaosaHWe NONPaBOYHOrO Ko3dhguUUmeHTa

C:{b,- AJeT rpaHnYHblE 3HAaYeHNA UHTEPBaNoOB CKOPOCTU N HanpasneHwn, COOTBETCTBYOLNE

OTCYTCTBUIO NPENATCTBUA. AHANOrMYHO nonpaeku Ha oporpaduio n Ha wepoxoBatoCTb
MCNONbLAYOTCA ANA pacyeTa rpaHUYHbIX 3HaYEHUI C HaBeTPEHHOW CTOPOHbI.

O deKTnBHasA NOBEPXHOCTHAA WEPOXOBATOCTL zJ UCMOMb3YeTCA ANA KAKAOK HOBO rpaalyvmn
B 3aKOHe reocTpohuyieckoro TpeHun (1.13) ANA BLIMUCNEHUA rPAHNYHBIX 3HAYEHUI CKOPOCTU

G% 1 G**'Y 1 COOTBETCTBYIOLNX PAHUUHBIX 3HAYEHWIA HANPaBeHns Dl v D,‘,",'K’,, . Mpu aaHHOM

npeo6pa3oBaHMK COXpPaHAETCA YacToTa BO3HUKHOBEHWS BeTPOB B Ka[o# rpagauvu.
FeocTpodudyeckuii BeTep B NpuHUMNE MOXeT BbITb UCNONL3OBAH B KA4ECTAE pervoHanbHOW
XapaKTepUCTUKN KNMMATOMOIMHEeCKUX 3HAYeHMiA BeTpa. OgHako Npouecc NpoAoMKaeTca Ans
nony4eHus pacnpeaeneHus BeTpa AN CTaHAAPTHbIX TUNOB NOBEPXHOCTHOM LWIEPOXOBATOCTY.
OnA 3Toro onpeaenAlOTCA 3HAa4YEHUA u, ANA NOBEPXHOCTU KAaXAOro TUNA C YHETOM

BBILLIEYNOMAHYTbIX NapameTpos GY, G**4, pDii n Dt,g’,, CooTBeTCcTRYIOWUE 3HAYEHUA

CKOpOCTEi BETPa Ha HYXHEM CTaHAaPTHOM ypoBHe (10 M) HaxoAATCA U3 NOrapUdMUYECKOro
npochuna (1.9). B pesynbraTte NOABNAIOTCA YeTbipe HaBopa BXOAHbLIX FMCTOrPamMM, OTHOCALLIUXCA
K HWKHEMy cTaHOapTHOMY ypoBHi0 10 M W OAHOMY U3 YeThbipex KaccoB LEepPOoX0oBaTOCTU.
NapameTpb! Benbynna ans kaxnoro cektopa onpeaenstoTCA C NOMOWbLIO NPoUEeAYpPbI NOAFOHKY,
nanoxexHot 8 paagene 1.9. NapameTpbl Belibynna, cooTseTcTayOWME BLICLUIMM CTAHAAPTHEIM
YPOBHAM BbICOTH! z, 3aTeM BbIMUCNIAIOTCA, Kak OnucaHo B pasaene 1.4, ¢ y4eTom Nonpaskuy K
norapuMUUEcKOMy 3aKOHY NpU M3MEHEeHNAX NOBEPXHOCTHOTO TennoBoro NoToka. CpeaHue v
cpeaHeksaapaTUYHbLIE 3HAYEHUA TeNNOBbLIX NOTOKOB ONPEeAENAKTCA HE3aBMCUMO AMA CYLUU 1
mopsa. [Ina Bcex aHanuMaMpyembix CTaHUWA NPUHATH Credylowme 3HaueHUA napameTpos
TEeNnoBOro NOToKa:

CpeaHwii Tennosoi NOTOK HaA cywel = -40Bt/m’
CpegHuid TENNOBOW NOTOK Haa Mopem = 15Bt/m?
CpeaHexsagpaTuqHbIA TENOBOA NOTOK Hag cywelt = 100 Bt/m?
CpeaHexsagpaTuyHbIi TENNOBOKA NOTOK Hag MOpeM = 30 Br/m?

CootHowenus (1.25), (1.26) aatoT nonpaBoyHble KOIPDULUEHTHI C y4eTOM moaenu
YCTOAYMBOCTM Ha CpeaHUEe 3HAYEHUS U CTaHAAPTHbie OTKMAOHEHWA. JTU BblpaXeHus
MCNONb3YIOTCA ANA KOPPEKTUPOBKM BXOAHBIX 3KCNEPUMEHTANBHBLIX A@HHbIX C YHETOM BbICOTH!
aHeMomeTpa, PAcCToRHUA Ao Hepera v ycpeaHEeHHOM WepoXoBaTOCTU NOBEPXHOCTU BBEPX M0
TEYEHNIO B KAWOOM CeKTope. AHaNOMMYHO BLIYUCNAKOTCA NONPaBKK ANR BCEX CTaHAAPTHbIX
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BbICOT, @ OTHOWEHWA 3TKX 3HAYEHWUIA K IHAYEHUAM Ha BXO/1e UCTIONb3YIOTCA AN KOPPEKTUPOBKY
napameTpos Benbynna, BblMMCAEHHBIX C NOMOULLIO NorapucdmMuueckoro npoduna.
CooTteeTtcTayOWMe CpeAHUE 3HAYeHUA U CTaHAApPTHbIE OTKMOHEHWA BLIYUCAAITCA Ha
OCHOBaHUKM cooTHoweHna (1.50), 3aTem BBOAATCA NONPaBKU U C NOMOWbIO obpaTHOW
npoueaypel HaxoAnaTCsA NapameTpbl Beilbynna, cooTeeTCcTBYOWUE CKOPPEKTUPOBAHHBIM
3HAYEHURM CPegHUX N OTKNOHEHWIA.

1.12. NpnknagHoe ucnonb3oBaHue ATnaca

Mogenb, onucaHHas B NpeAbiayLeM palgene, UCMoNb3YeTCA ANA peweHUR 3anaym Nepsoro
TUNa — onpeaeneHus pervoHanbHbIX XapakTepucTUK BETPOBOro knuMara. B pastioi cteneHun
Ba)XHOW ABNAETCR MOAENb, CO3AanHan AN peweHnA obpaTHoi 3aaayun — pacyeTa napaMeTpos
BETPa B 3aAaHHOM MeCTe Ha OCHOBe perMoHansHol knumartonoruu. Cxema Moaenu flaHa Ha
puc. 1.22. Takaa moaenb MoxeT BbiTb UCNONbL3OBAHA ANA NPOBEPKU BLIYUCIEHHOM
pernoHansHoR CTaTUCTUKK, a TakKe B Ka4eCTBe UHCTPYMEHTa ANA NPUBAIKU K MECTHOCTH.

PacuerHbie paHHble: cpeaHee
3HaveHwe, BoipaboTka
OnncaHue MecTa YCTaHoBKU aHepruu BIY u T.4.

B3y

Koppexrupyiowue koadcu-

—> Moaens 3a UMEHTH ANA NPENATETBMA
KoppekTupylowue koachchu- MapameTpul Benbynna
—>! Oporpadguueckan mogens UMEHTb! ANs oporpadun P P 4

Koppektupyouume koachdu-

L5 Monens wepoxosatocTu UMEeHTbI ANA HABETPEHHON
WepoxoBaTocTy

OhbeKTUBHAR HaBeTPeH-
HaA WepoxosaTtoCTb

1

VHTerpauua K ebicote MNocexToprbie napameTpel
B3Y ynna ¢ HaBeTpeHHoW
CTOPOHbLI
Wndpopmaynouxan 6aza AT- Koppekuua AnA moaenu
naca: napameTtps BeiGynna YCTORHUBOCTH
ANR CTAaHAAPTHLIX YCNOBWA

Puc. 1.22. Cxema npuknadHoeo ucrons308aHus Amnaca eempos.

Hannas Mogenb aABnAeTCH, YCNOBHO rosopsi, o6paTHOH k modenu aHanuaa. MNonpasku,
yuMThIBaAKOWME NPENATCTBUA, OPOrPacvio U LWEPOXOBATOCTL B 3aAaHHOM MECTE, BbIMMCMIAIOTCA
KaK 1 Npy aHanuae.

AnA paccmatpubBaemoli BLICOTBI M3 ATNaca W3BNEKaloTCA 3HA4EHUA NOBTOPAEMOCTU f 1
napameTpos Beibynna A, u k, B KaXQOM cekTope. ONA BLICOT U NOBEPXHOCTHLIX
WEepOoXoBaTOCTEN, OTNIMYAIOLMXCA OT CTaHAAPTHBLIX 3HAYEHWUIA, UCNONL3YEeTCA Norapudmmuyeckan
VHTeprnonauua. 3HaueHuA NnapaMeTpoB WepOoXoBaTOCTU ANA KKAO0Mo CeKTopa BbIYUCNATCA
no Moaenu nameHeHua wepoxosaTtocTu (pasgen 1.7). K napametpy A npumeHaoTca
nonpaBoYHble Ko3hdULUMEHTbI ANA KaXAOoro CeKTopa, 3HaveHvue napameTpa k£ OCTaeTcR Npu
3TOM HEen3aMeHHbIM. HakoHey, onucaHHbIM Bbilwe cnoco6om NPoM3BOAUTCA KOPPEKTUPOBKA C
y4eToM MOAENU YCTOWHUBOCTM.
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TOYHOCTL METOAUKN NPOBEPAETCA CPAaBHEHNEM U3MEPEHHbIX XapaKTepUCTUK BETPa Ha KaKOW-
nmbo MeTeocTaHUWK C BbIMMCNEHHBIMUA XapPaKTEPUCTUKAMU NO AAHHLIM pernoHanbHOu
knumatonoruu. bonbWwoi MeToauYeckuid N NPaKTUYecKUn MHTepec nNpeacTaensAeT Takke
MCNONb30OBaHUE PErnoHansHOW KNUMAaTONOIMK, NOMYYEHHOR C OAHON cTaHuuu, ANA
npeAacKa3aHuA NoKanbHoOM kKuMaronorum apyroi (cMm. [9)).

1.13. NMorpewHocTn gaHHbIX U Moaenen

MockonkKy TOYHO onpeaenuTbL NOrPEWHOCTH METOAWKW ATnaca NPaKTU4ECKUn HEeBO3IMOXHO,
AOCTOBEPHOCTb NONYYEHHbIX Pe3ynNbTaToB Haunyvywwum obpaaom nposepAetca
MEXCTaAHUMOHHbIM cpaBHeHueM [9]. B aaHHOM pasgene Mol BKpaTue obcyaaeM OCHOBHbIe
NOrpelHoCTH MeToauku ATnaca.,

Nwbble namepernna HeusbexHo cBa3aHbl ¢ owubkamu. Beibop cpeacTs uaMmepeHuin u
06paboTku AaHHLIX BLINONHAETCA C LUENnbi0 AOCTUXKEHUA OnNpeneneHHOR TOYHOCTH.
KavecTBeHHbIN TUIaTeNbHO NPOTAPUPOBAHHLIN AHEMOMETP MOXET U3MEpPATb C TOYHOCTLIO
nopsaka 2% npu ckopocTax BeTpa 6onee 3 M/c [34). OgHako Takaa TOYHOCTb HEAOCTUXUMA
ANA METEOoPONOrMHECKNX ¥ KIMMaTONOMMYECKUX AaHHBIX, ABNAIOLMXCA OCHOBOW ATnaca. Kpome
CUCTEMATUHECKNUX NOrPELLIHOCTER, KOTOPbIE MOMyT BO3HWKAaTbL NO Pa3HbIM NPUHMHAM, TAKUM
KaK nnoxan kanubposka aHemMomeTpa, cneayeT AOMNyckaTb Hanuune NOrpewHocTn ~5% B
AaHHBIX O CKOPOCTU BeTpa. HekoTopule pAAbLl A2HHLIX MOTYT COAEPHATb 3HAYUTErbHbIe
CKpbiTble NOrpewHoCTH, Boi3biBaloLMe 3HAaUYUTENbHbIE CMELEHUA B KOHEYHbLIX peaynbTaTax.
Taknum o6pa3om, oueHka BOMN aaxe B To4ke M3MepeHUA BETPa MOXET UMETh NOMPELWHOCTL A0
15% v 6onee.

HanomkuMm, 4TO NnpumeHaemble aHemMoMeTpbl UBMEPAKDT CKOPOCTL BETpa B Lienbix eauHuyax
m/c. Takum 06p330M. NOrpewWwHoCTb, 3aNOXeHHan B UCXOAHBIX CTAaTUCTUHECKUX AAHHbLIX ATnaca
W, COOTBETCTBEHHO, NOrpeLwwHocTb onpeaenenus BAMN ellle Bbiwe yKasaHHbIX 3HaAYEHWA.

MNpeoGpasoBanne AaHHLIX, ONUCaHHOe B NpeabiAYWMX pasfenax, noapasyMesaeT
BO3MOXHOCTb BbIYMCNEHUA BETPOBOM CTAaTUCTUKU BAASIM OT TOUkW M3amepeHus. MpuMepoM
ABNAETCA METO OYMCTKW AaHHbIX OT BNUSAHUA MECTHbLIX 0COBEHHOCTER noBepxHocTh. 370
OOCTUraeTCA 3KCTpanonsAuvei NO rOPU3OHTANU M BEPTUKANU AaHHbIX ¢ Gnuanexalwmx
meTteocTaHuuii. MpaxkTudeckoe nNpuMeHeHwe ATnaca BKNOYAET Talke IKCTPanoNAUMIo No
BpemeHy (oT neproaa HabnoaeHUA B NPOLWNOM K NPOrHO3Y aHeprossipaboTku B Gyayliem).

NMomumMo norpewHocTei B U3MEPEHHbIX AaHHbIX, YUCNEeHHaA MeToAuKa, OCHOBAaHHAA Ha
NPUBAVKEHHBLIX MOABNAX U KNUMATUUECKUX XapaKTEPUCTUKaX, a Takke napameTpax
WepoxoBaToCTU NOBEPXHOCTU ANA KAKAOW CTaHUWK, Takke NPUBOAWT K BO3PACTaHMIo
CYMMapHSIX NOrPeWHOCTeR B ONpeAeneHun pacyeTHbIX pesynsTaTos.

PaccmMoTpum OCHOBHbI€ yNpoLLeHys Moaenei, orpaHuuvsalowMe TONHOCTb MeToaMKN ATnaca.
3akoH reocTpoduyeckoro TpeHun (1.13), KOTOPbIA NeXUT 8 OCHOBE MeToAWKW ATnaca,
npumeHnM, BoobLte roBops, TONLKO NPY OMNPeAeneHHbIX W BeCbMa CTPOrMX OrpaHUYEHUsX.
MpuMeHeHue 3TOro 3aKoHa ANsA BbIYUCNEHUA re0CTPOMUHECKOro BeTpa No AaHHLIM OTAENbHOM
MEeTeoCTaHLMM NPUBOAUT K BO3IMOXHOW NOrpelwHocTu +15% u 6onee. 3Ta NOrpewwHoCcTs B
OCHOBHOM 06ycnoeneHa armMocepHo HeCTaUMoHapHOCTLIO U GapoknuHHOCTLIO [35). B ToO
Xe BpemMs NorpetuHoCcTb oNpeaeneHnn NOBTOPAEMOCTU BETPA Ha OCHOBE AAHHbIX HECKOMNbKUX
CTaHUuiA C pa3nUyHbIMKU YCNOBUAMM WEPOXOBATOCTU HA NPAKTUKE 0Ka3biBAETCA CYLECTBEHHO
MeHbLlen. 3To NOATBEPKAANT Pe3yNbTaThl MEXCTaHUMOHHOMO CpaBHEeHKsA, NPOBeAEHHOro B
[8, 9], cnpaBeanuesie, NO kpailHe Mepe, AN PaBHUHHBIX TEPPUTOPUIA.

Ana moaenu 3sateHeHns, ONUCAHKOM B paagene 1.8, OCHOBHbIE NOrPELUHOCTU MOXHO OLIEHUTL
no AaHHbIM [14]. [lonoNnHUTEeNbHbIe NOrPELUHOCTU CBA3aHLI C MOAENUPOBAHUEM TPEXMEPHBIX
peanbHbix 06bexToB. AP eKTbl IaTeHeHNsI TUNUYHBIMU NPENATCTBUAMN YaCcTo He NPEeBLIWAINT
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HeCKONbKMX MPOUEHTOB, U B 3TOM CNyyae gaxe 3Ha4YUTe/lbHbIe OTHOCUTENbHbIO
NorpewHoCTU B BbIYUCNEHUAX 3aTEHEHUR HEe NPUBOAAT K CYWeCTBEHHbIM OWwnbkKam
paccyUTaHHbIX BETPOBLIX CTaTUCTUK. Fpn 60nblunx 3hdekrax 3aTeHeHUA MorpeLsHoCcTy
onpeAeneHNa pernoHanbHOW CTaTUCTUKM MOTYT OKa3aThCA 3HAYUTENbHLIMMU.

Mopaenb uaMeHeHUA LWIEPOXOBATOCTU U 3apaHVe NapameTpa LWepoxXosaTocTy NOBEPXHOCTU
cogepxaT NorpeLHoCcTH, KoTopble Tem 6onblue, 4em Boille napameTp wepoxoBaTocTu. Tak,
HETOYHOCTb ONpPeAerieHun LLepoxosaTocTy NOBEPXHOCTY HA OCHOBE TonorpaduyHeckux KapT
MoOXeT gocturatbe 50%, 4TO NpUBOAUT K owmnbkam onpegeneHua cpefHUX 3Ha4eHun
cKOpPOCTK 10 5% ANA OTKPLITON POBHON NOBEPXHOCTH (Z, < 10 cM ) U Ao 15% AnA cuUnbHO
3aLluLLIeHHbIX NOBEpXHOCTen (Z, > 40 cM).

HdononHutenbHaa ANA KaXAOW 3aTE@HEHHOW CTaHUWU TPYAHOCTb CBA3aHa C TeéM, MTO AaHHbIe
MaAMEPEHUN MMEIOT TEHOAEHUMIO K CMEeLWeHnio B CTOPOHY HU3KUX 3Ha4YeHUW U3-3a
OTHOCUTENbHO BbLICOKOro Nopora 4YyecTBUTENbHOCTU 6onblUKHCTBA an60pOB, UamMeparnwmnx
CKOpPOCTb BeTpa.

Han6onbwune norpewHocTU MeToAMKU AThaca CBA3aHbl C BbIMUCNEHWEM BETPOBbIX
XapakTepuCcTUK B YCNOBUAX CNOXHOW oporpaduun. IMOUPUYECKU U3BECTHO, 4TO
oporpachuyeckas Mogenb paéoTaeT AOCTAaTOMHO XOPOLIO NPU NPEACKa3aHUAX BO3MYLLEHNA
noTOKA Haf He CNULLKOM KPYTbIMWU XONMaMu u rpagamu. TunuyHaa owunwbka npu 3ToMm
cocrasnsieT okono 10% npu oteHkax OTHOCUTENbHOMO NPUPALULEHNA CKOPOCTU BETpa Ha
BEPLUMHE XONIMa, UMEIOLLIEN0 rOPU30HTaNbHbIE paamMepbl MeHee 1 = 2 KM U CKNOHbI KPYTU3HOW
mMeHee 30°. [inA Gonee KpyTbiX XONMOB u rPRA MoAenb 3aHwxaer ocnabnexue serpa y
NOGHOXWIA, KaK M Apyrve aHanoruyHole mogenu (36], oco6eHHo B8 cny4ae, Korga noTok
nosagv xonma pasgennercs.

Oporpadmyeckme XapakTepucTukn NOBEPXHOCTU HA PACCTOAHWUAX Gonee 10 KM urpaoT
BEeCbMa CyLIECTBEHHYIO POflb, OHAKO OHW HE Y4MTBIBAIOTCA B AaHHOW Mogenw. B uenom
TPYAHO OLEHUTb BEMWYMHbI CBA3AHHLIX C 3TUM TUNWUYHbIX ownEok. EaMHcTBEHHOE, YTO
rapaHTUpyeT gaHHas mopenb, 3TO TO, HTO NPU OUEHKEe BETPOBbIX YCMOBWIA Hepaneko ot
TOYKW U3MEpPEeHUA peaynbTaT MOYTU He 3aBUCUT OT CBOWCTB NOTOKA HAa 60NbWUX
paccToaHunAX.

[aHHble MeTeocTaHUuiA, NCNONb3OBaHHLIE B ATnace, OTHOCATCA K NPU3eMHbIM BbiCOTaM,
06bI4HO 10 — 12 M. [ANR BLICOT 6onee 50 M CBOMNCTBA NOBEPXHOCTHOrO TENNOBOro NOTOKA
CTaHOBATCA BCe 6onee cywecTBeHHbIM (paxtopoM. Mo 3ToW NpuyMHE TOYHOCTL
BEPTUKANBLHOW JKCTPaANONAUMK Ha 60NbLINX BbICOTAX CHUXAETCA.

NamepeHun ckopoctu BeTpa Ha AByx BbicoTax (10 u 40 m), npoeeaeHHble Ha BMM, noasonunu
3KCNEePUMEHTaNbLHO NOCTPOUThL BEPTUKANbHLIE NPOhMIM CKOPOCTU B pasHbIX penbedax 1
W3Y4UTb UX CE3OHHYI0O U3MEH4YUBOCTL (CM. pa3dpen 3.2).

From European Wind Atlas, Ib Troen and Erik Lundtang Petersen, 1989 © Risoe National! Laboratory lo 3



TJIABA 2. PEXWM BETPA HA TEPPUTOPHUN I'PY3UH
2.1. At™ocdepnas 1HpKyImMA 4 oporpadmdeckoe crpoenue I'pysun

I‘py:wm PacrnoNOXXeHa Ha CEDEPHOIT TpaHuLe Cy6TPONUUECKOro Nnosica BLICOKOrO DAMJEHUA, B I0XXHOMN
YAacTU yMEPEHHbIX WUPOT, U HAXOOWUTCA NOL Bo3deicTbHeM aTMOC(bCprlX UHPKYAAUKOHHbIX
MPOLECCOB, AMIAIOLMXCA COCTARHON YacTLIO OOWeH UMPKYAsSILMH CEBEPHOro MOoaywapus, ¢ obLuMM
HalpaBJl€eHUEM € 3anana Ha BOCTOK. XapaKTep peTpa ONpeaensaeTCst rpaaMeHTaMu AaBACHHUA.

B 31MHuMiT mepHon ceBepHule paiioHbl Ebponbl ¥ A3uM, b TOM uucne paiionnl 3anaaHoii Cubupu,
OXBayeHbl aHTUUMKIIOHIUecKoi cucTeMoit. Ha xinmat KOxHoro Kapkasa cuibo pansieT Cubupckuii
AHTUUHKIOH, 3aNaAHbIif OTPOr KOTOPOro yacTo focTturaeT tora Esponbl. B 9To Xe spems Ha 3anane
dopmipyeTCA LIMKNOHHMYECKAn CHCTEMa C LEHTPOM B pailoHe A3OpPCKHMX ocTpopon. I'padueHT
DapieHus, onpenensiemMblii Co3nanHbIMM 6apiuecKMMM MOASIMM, HANpaRAeH ¢ 3anafja Ha BOCTOK, W, D
COOTBETCTBHH C 3THM. npeobianaomiMKM B 3MMHKIT nepron Ha KOxHom Kapkase asnasiores peTpul
BOCTOUHBIX pyM6oB.

Tpn nepexone OT XONOMHOTO K TEMIOMY CE30HY MPOMCXOAMT MepecTpoiika BapHUeCKMX noneil.
CHOMPCKHit aHTHUMKAOH CMELLIaeTcsl K BOCTOKY M PacnafaeTtcsl, a ero MecTo 3aHWMaeT oBilMpHbiil
uMKIoH. ONHOBPEMEHHO B palioHe A3O0pPCKHX OCTPODBOD (POPMHDPYETCH YCTONHUMBLIH aHTHLUMKIOH.
I'panieHT mapneHHs HanpabjeH Ha 3anad, M BeTPbl NPHOBGPETAIOT MpPEHMYLIECTBEHHO 3amnamHblif
XapaKkTep.

OnpenenéHHoe BAMSIHME Ha aTMOCKHEPHYIO UMPKYIALMIO Ha TeppuTopHeil ['py3um oka3uipaioT
NoNsipHblE aHTHUHKJIOHDI, KOTOPble BbI3bIBAIOT NMPOHIMKHOBEHHE XONOMHLIX MAace Bo3gyxa B o6xon
[naBHoro Kaska3sckoro xpe6Ta, 3MMO# ¢ BOCTOKA, BLOJML 3aMagHOTO OTpOra cUBHMPCKOro
aHTHLIMKIIOHA, NIETOM - €O CTOpOHbl YépHoro mops.

OCHOBHBIE HanpaBleHHA NMepPeHOCa BO3AYWIHLIX MAacC - BOCTOUHOE M 3aMafHOE - COBMAa;aloT C
HanpasaeHneM MTKBapu-PHoHCKOl TeKTOHMuYecKo# menpeccuu u obpamnsiownx eé Kaskasckoro
xpe6ra u KOxHo-T'py3rHcKkoro Haropbsl, UTo cnocoGCTByeT ABMXEHMIO DO3AYXa BAOJL OCH 3TOit
nenpeccuy. ONHAKO Ha 3TO HanpapAeHHe HAKIAALIBAKOTCS BO3MYLLAIOIIME DO3LEHCTBUA B HUXHHX
cnosx atMocdepbi, Bbi3BaHHble OCOBEHHOCTIMH peabeda NOACTMNAIOUIEH NMOBEPXHOCTH.
MHoroumcaeHHble XpebThl, yilebsl U AOMKMHBI CHABHO BIMSIIOT Ha HanpabieHHe BETpa M ero CKOPOCTS.
HepasHoMepHBIii Harpes BOOHON MOBEPXHOCTH M CYLUH, CKIOHOB Xpe6TOB M NOJAHH BbI3LIBAIOT
MECTHYI0O TEPMHUYECKYIO LUMPKYJSLMIO B BUAE OPHU30B U TOPHO-OOJMHHLIX BETPOB.

BeTponpoBoaniumnii KOPUIOpP OrpaHHueH C ceBepa rOpHOI cuctemoit MnapHoro Kapkaickoro xpebta
- Konopckum, Drpucckum, PauuHckuM, T'omBopckuM xpebTamu ¢ MX MepUAMOHANbLHO
HanpaBleHHbIMKW OTpOramy, a ¢ tora - xpebramu IOxHo-T'pyanHckoro Haropba: MecxeTcKHM,
UmMepeTHCKMM U TpHaneTcKuM.

Mexny 3THMH rOpHBIMM CHCTEMaMM PacnoNoXeHa TEKTOHMUeCKas OenpeccHsi, MpocTHpaloLwancs
Ha BocTok no Kacnuiickoro Mops, Ha 3anan - 10 YépHoro mops. Ocobo cnenyetr otmMeTUTb JInxckuit
xpebet, coenuHsmownit [napnblit Kapkasckuit xpeber ¢ KOxHo-I'pyauHckum Haropsem. BuicoTa ero
B IOXKHOW M cpelnHeit wacTax coctasnseT 1000 - 1500 M. OH sensieTca nperpamoi WIS ABUKEHHUS
BO3MYIIHBIX Macc, ONHaKo, 61aroaaps OTHOCUTENLHO HEGOMLLLONM €ro BbICOTE, BO3AYX MepebaNuBaeT
yepe3 HEro Kak B 3anagHoM, Tak M B BOCTOYHOM HanpanieHusix. KOxHbIe LMPKYNSILMOHHbIE NPOLIECCD!
OXBaTbIBAKOT, B OCHOBHOM, FOXHO-I'py3nHckoe Haropbe, oporpaduieckoe CTpoeHUe KOTOpOro
OKa3bIpaeT 3aMeIAIOLLee BO3ACHCTBAE HA HOXHLIE BTOPXKEHHSA, BIIOTL A0 MX MOJHOrO 3aTyXaHHS.
Ha puc.2.1. npencranpnena cxema oporpaduyeckoro crpoeHusn I'pyauu [6].
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2.2. Ce3oHHbEA X0/1 HANPaRIeHUA M CKOPOCTH BeTpa [4, 5, 6]

CnoxHocTs peabeda 06yCNORINBAET COXKHbBIFI U pa3HOOOPa3HbIH PeXHUM BETPa, B CBA3U C UEM MMEET
CMbIC/I NPOBECTH PACCMOTPEHKE PEXHUMa BETpa B Npelenax OTAeNbHbIX reoMOpdONOTrHYECKHX
CTPYKTYp.

Hanpasnenns serpa
Koaxudcxan nusmennocmeo

Ha Konxiuackoii HH3MeHHOCTH NpeobnafaloT ABa JOMHHUPYIOLWKX NOTOKA - BOCTOYHLIN M 3anafHblii,
ONHAKO Ha HMX HAKIANbIBAIOTCA NMOTOKM JOKANbHOM UMPKynsuMH. B cenepHoii wacTn (MeteoctaHumn
Myxypu, [arpa, CyxymH) nobbliieHa NOBTOPAEMOCTb CEBEPHON COCTapAAIOLWIEH, YTO Pbi3DAHO
6nusocTbio cHexxHbIX BepwuH [nasHoro Kaskaickoro xpeGra. FOxHas uacth (Anxapus, [ypus)
HaxomHTCA NOA BAHAHMEM 3aNanHblX MOPCKUX BETPOB M TONBLKO B 3UMHHE MECSILbl MOBTOPAEMOCTb
BOCTOUHLIX HanpaaneHuil CyLlecTBeHHO Bo3pacTaeT. XOTA 3Ta YacTh 3allMLLEHA OT BOCTO'HbIX BETPOB
ropHoli cucTeMoit Mecxetckoro u LllaBweTckoro xpe6Tos, cnycKaloWMXCA K CAMOMY MOPIO, 31€Ch
Pa3BHTa TepMHUecKasa LUMPKYIALKA M B OTKPbITbIX K MOPIO ylienbax (MeteoctaHuus Kanananba)
BOCTOYHasA cocTaBasioulan npeobnapaet.

OTKpLITOCTb LeHTpaIbHON YacTh KONXMAcKko# HMIMEHHOCTH B LUIMPOTHOM HaNpaBieHHY CO3AET
6naronpusTHbIE YCIOBUA WIS Pa3BUTHA BETPOB BOCTOMHOTO W 3aNadHOro HanpamieHMs, NO XapaKTepy
npubmvKarownXca K MyCCOHHLIM. TTo Bcell npuieraloLueit kK Mopio Tepputopuu (MeTeoctaHuuu [oTH,
3yrauau, Camrpeana, KyTaucu) 4éTko BbipakeHb! NeTHHI (BeTep ¢ MOps1) W 3UMHHIL (BETep ¢ CyLuK)
pexiMbl BeTpa. B BocTouno#t yacT KonxuACKOH HM3MEHHOCTH, B npearopbax Jiuxckoro xpebra
3aMETHYIO pPOJb HauMHalOT WrpaTh FOPHO-NOJWHHBIE BETPbI, YTO YBEJHYMBAET NOBTOPAEMOCTh
BOCTOYHOM COCTaBAsioLledl B JieTHUe Mecsubl (MeTeoCTaHuMn Xaparayau).

Brymy

J UHCKAA |

BeTtep BO BHyTpeHHexapTanMHCKONA paBHMHE MMeeT B OCHOBHOM 3aMalHOE M cedepo-3alamHoe
HanpasneHue. [TOBTOPAEMOCTL BOCTOUHBIX HAMpaBAeHUil MeHblue, YeM 3amadHbiX. 3aMeTHYIO
NOBTOPSAEMOCTL HMEIOT CeBepible BETPLI B MEPHAHOHANLHO HaNpaeHHbIX YLIeNbsX, 06pa3opaHHbIX
oTporaMu FnaBHoro KaBkasckoro xpe6ra.

Huxcuekapmanunckaa doauna

Pacnonoxexne Kapranunckoro xpebta n cucteMbl BOCTOMHBIX 0Tporos FOxHo-T'py3suHCKOro Haropbs
obycnannMBaioT cesepo-3anafgHble HanpapieHWst BeTPoB B HuKHEKapTAMHCKON NONAHHE, ONHAKO B
OTHENbHBIX €€ MeCTax BLICOKA NMOBTOPAEMOCThb IOr0-BOCTOUHBIX W CEBEPHBIX HampaBAeHHH
(ueHTpanbHas yactb T6unucn u MerteoctaHunn Tapnabauu, Henonnuc-llkapo, MapHeynu). B
BOCTOYHOM 4YacTH paBHMHLI NpeoGnaialoT 3anagHble ¥ Cebepo-3ananHblie BeTPbl (METEOCTAHLIUK
Basuanu, Camropu, Téunncu-aaponopr).

Hxcasaxemcxoe nazopve

Ha IlapaxeTckoM Haropne rocnonCTBYIOT BETPbl IOXHBIX W CEeBEPHLIX pyMGOB ¥ Ce30HHas CMeHa
HanpaefeHunii Xopowo BbipaxeHa. B loro-3ananHoit yacty (MeteocTaHuun Axankanaku, Edbpemorka)
npeobnanalor neToM cesepo-3amafHbie, @ 3MMOM - I0ro-3anafaHble BETPLI.

Cpeanse CKOpocTH BeTpa

CKOpOCTb BETpa CHMALHO 3aBUCHUT OT 0COBeHHOCTEM penteda M CTeMeHM 3aLUMIMEHHOCTH MECTHOCTH.
Ha cywmecTpyiowmeil ceTu MeteocTaHuuii 3adpUKCHPODAHDLI CPeAHEronoBble CKOpPocTH oT 0.4 M/c
(meteoctanuma Llovu) ao 9.2 M/c (MeTeocTaHuus Mrta-Cabyetn).

HauMeHnblMe CKOPOCTH OTMEYAIOTCA B Y3IKUX M3BUAMCTLIX YWNENLAX pek, cTekalowux ¢ [nasHoro
Kaskaackoro xpe6ra u KOxHo-I'pyauHCKOro Haropba B MepUIMOHAJIbLHOM HamnpaBleHHH, B
KaxeTHHCKON monuHe, 3alMIEHHON XpebTaMu ¢ cevepa, 3anada K 10ra, B IOro-3anagHod MacTy
HuHeKapTATMHCKO paBHUHDI, TaKXe JAMIEHHOR C TPEX CTOPOH.
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Ha Koaxuackoit HU3IMeHHOCTH, Y3Koii nonaoce Amxapckoro nobepexbs épHoro mops, BHyT-
PEeHHEKaPTANUHCKOM paBHUHE, JLKaBAXETCKOM Haropbe, B CEBEpPO-ROCTOMHOIM acT HuXHeKapTanMHCKOM
PaBHWHbI CpeHHE rONOBbiE CKOPOCTH BeTpa HaxoasdTcs b npenenax 2.1 - 4.0 M/c, XOTA B 3THX paiioHax
BbLIGNAIOTCA 30HbI, [Ae CpelHerononbie CKOpocTH BeTpa pasHb! 4.1 - 6.7 M/c.

Ha pbicokux M oTKpbiThIX MecTax - Kaiberis, MTa-Cabyetn, Lixpa-Likapo, MasucoHn - cpenxeronosuie
CKOpPOCTH cocramasior 6.5 - 9.2 m/c.

Ha puc. 2.2, 2.3 u 2.4 npencramieHa obwan KapTHHa pacnpenencHis HanparteHnii H cKopocTeii neTpa
B CpeIHEerogopoM paspe3e U no ces3oHam [6]. CTpenku, uayuie K LCHTPY KPyAKa, NOKa3lbLiBatoT
HanpamieH1e, NpUYEM MTWHA CTPENKU COOTBETCTDYET nosTopsieMocTH (undpa y cTpeakil, %) atoro
Hanpannesus. Lindpbl y Kpy)KKOB K CTpenoK 03HaualoT Uicio caytaed WTivis B roa u3 1460 Habmoacnuii.

CyToublii X0 CKOPOCTH BeTpa

Ha Bceit Tepputopun I'pysun cyTOYHDI XOA CKOPOCTH BETPA DIPWKEH B TE'lEHIIE BCEro roga. AMILTHTYAA
CYTOYHOTO xona Gosblle B TEJIoe BpeMs roaa, YTO CBA3AHO C YBENHIEHHEM BEPTHKATLHOrO rpafHeHTa
TEMMepaTypbl M, COOTBETCTBEHHO, YCUAEHHEM TEPMUUECKOH UHPKYASLMH.

Hawnbonvlune ckopocTH Habn100aOTCA MPeUMYLUECTBEHHO BO BTOPOH MONODHHE OHH, HAHMEHbLIHE - D
HOYHble M YTPEHHME Yachl, KOrda TeMNepaTypHLIE KOHTPACTLI Mexidy BEpPTHKAILHBIMI 30HAMH penveda
crnaxypalotea. Ha CyTouHbli X0a CKOpPOCTH 3HaUWTeNbHOe RIHAHIE OKa3LpaloT 0cobeHHOCTH peabea.
B BbICOKOropHO#t 30He, ANA KOTOPOH XapaKTepHO 3ana3fiuiDaHHe Pa3BHTHA KOHDEKTHBHLIX MOTOKOB,
MOBbILIEHUE CKOPOCTH BETPa Ha CKIOHAX rop HabniojaeTcs B pe'lepHie U HOUHDLIE Hachi (MeTeocTaHuUMA
Ka3s6eru »/r).

B MexropHbix nonuMHax BoctouHoit [py3nn cyTouHulil xoa NOAMMHSETCH OOLIEMY NPABILAY, OAHAKO B
oTaenbHLIX nyHkTax (Caprabaun, asponopt TowHcH) B teTHHE Mecauwl, a B AxmeTe u Jlaromexin - 8
TEUEHHE BCero roja, OTMEYAETCsl YCHIEHHe DeTpa B HOMHLIE U YTpeHHuWe vachl. CheayeT oTMETHTD, UTO B
KaxeTHHCKOM MeXTOpHOiI1 HM3KHE CYTOMHbLIH XO& CKOPOCTH DbipaXKeH cnabo. OTUETNHBO BLIPAXEH B
TeueHue BCero roaa CyTOUHLI xon Ha nobepexse YepHoro Mopsa i b Konxniackoit HH3IMEHHOCTH.
CYTOUHbIE aMIUTUTYAIbl CKOPOCTH B LeHTpanbHOMU YacTu [pyaun (Kytaiicn, CamTpeatia) B NeTHHE MeCHUb
aoctrraer 4.0 - 4.5 m/c.

Ha HOxHo-['py3uHCKOM Haropbe, Ha I0XHbIX oTporax Tpuanerckoro u Mecxetckoro xpe6ros H Ha
AXaNKanaKcKOM NIaTO MaKCHMaibHble CKOPOCTH HACTYMAlOT BO BTOPOi MONOBHHE AHA, MHHHMYM
HabnlopaeTca B HOUHbIE M YTPEHHHWE Yachl.

TonoBoit xod ckopocTH BeTpa

Ha Bceit Tepputopuu I'pyauu npocnexupaercs npamoit ronosoit X0A CKOPOCTH € MaKCHMYMOM,
NPHXOLSILLMMCA Ha OCEHB-3UMY. MckloueHHe COCTANISIET NHILL HECKOALKO 30H B KOxHO# [pyaust. roe
HUMeeT MecTo 06paTHBII roaonoii xoa.

B BuicokoropHoi 3oHe Kapkaickoro xpebra Hanbonbiuve cpenHemecsiHbie CKOPOCTH BETpa NPHXOONTCA
Ha XONIOAHbIi Nepuoa, ¢ Honbpa no MapT. JleTHHe MecALLI XapaKTEPH3YIOTCH MHHHMATLHbIMIt CKOPOCTAMLL
Takoe pacnpeneneHne CKOPOCTEN XapaKTepPHO NSl BLICOKOTOPHLIX 30H, MOCKOMLKY FOPHO-QOAMHHAA
LIMPKYJISILMS, pa3BUBAIOLLAACA B 60ee HM3KMX 30HAX, AOCTUIAET DuicoT He Gonee 3000 M.

Ha 10x0-I'py3HCKOM Haropbe B UeNOM MaKCHMalbHble CKOPOCTH BeTpa Hab101al0TcA B AHBape-MapTe,
xoTa Ha CamcapckoM M J[kapaxeTCKOM xpebTax ¢ BbicoTamu okono 2000 am Hanbombluie CKOPOCTH
MPUXOOATCA Ha MIOHb-CeHTABPL. Cneayer OTMETHTL, YTO MpH 6onbLO aBcomoTHOI BulcoTe ITHX XpebToB
(2600 - 3200 ™M) npebbilieHHe MX Hal JDKapaxeTCKHM [U1aTO, CpeaHAs BLICOTa KoToporo 1400 - 1600 m,
coctamisier 1000 - 1600 M.

B Konxuackoit HU3MEHHOCTH, Ha cknoHax Mecxetckoro v TpHateTckoro xpe6ToB, Ha Axankanakckom
MnocKoropbe HaubosbllIMe CKOPOCTH BETPa NMPHXONATCA HAa AHBAPb-MApT, a HaHMEHbLWHE - HA HIONb-
CEeHTHOPbD.

B cpeaHeropHbix 30Hax Kapkasckoro xpe6Ta, b MeXropHbIX HH3MHaX Boctounoit Tpysui, 6aaropaps
npeo6nagaHvio TOPHO-AOAMHHON LIMPKYNAUMH, MAaKCHMYM CKOPOCTEH CMELLaeTcA Ha anpeib-Hiob,
MHHUMYM - Ha OKTAGpb-nexabpb.

107



[napa 2

Cyxymu

YepHoe
Mope

Puc. 2.2. Ckopocmu u nanpaenenus éempa. [00.

. 6 i
[ 46 wrc

108



[nasa 2

d/N

o/n

>
|
9t
9<

Fa
EER
=Y
[

‘adpony "Dduias ¥nHvepduDH 1 muodoN) €7 nd

109




Tnasa 2

Puc. 2.4. Ckopocimu u nanpaenerun sempa. Hiono.
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Beronoii XojL ckopocTi nerpa

PIrrencusiioers MakpoMaciiTabHON aTMoc|iePHOTT THPKYAALUI MORCP/KCHA LUTKICCKIM IFMCICTITIAM.
ATLULITS BEROBOIT IIMCUMIBOCTIN CROPOCTH BETPR (1 teppriropnn duisinero CCCP(S, 37] ykanipact na
VMCHDLIHCITHE CKOPOCTIH BCTP B 111101 1966 - 80 ro7108 110 CpUBICHING CHPC/LELY NN TPILUATILICTHCM.
OclOBHBIM (HAKTOPOM OOLILTO YMCHBUICILITH CKOPOCTI BCTPA AseTest ocnabueniie odmieli atsocdepioit
TPKYASIIN B VKASATHBIT ICPHOJL COSIATIHLIX € JAMCTIILIN YMCHLINCHIIC OaPIMCCKITX TPANCHTON.
NPOABIBIIIMCH B MAKCHMaNLNOI cTenetin 1 3anazmoit Cudnpi. Ha prc. 3.5 npuscitennt 11C1 o1 pinMabl
BCKOBOTO X0 LIS 3-X METCOCTAHILILL PHALI HAGINOCHHIT KOTOPLIX COCTamIAIOT okojo 100 et 1 4-x
MeTeocramuii ¢ 40-J1eTHA Bepiio/IoN 1abatodetmii.

Ha winsHonepojuibie Baphating ckopocti nerpa nagrasisactes 1 3-roatnsic oot HanGosnniune
OTKIONCIIIA CPCUICTOAOBOI CKOPOCTI! RCTPA OT CPCAICMIIOrONCTIIEH B ITIX HIIKIAX COCTABINCT, B
cpe:uieM, 25 — 30% 11, Kak 1CKI0UCHIIC, B HCKOTOPLIX pitifoliax — io 50 - 70%. HanGoanwune ckopocris
ncTpa mabmogannct B 1938, 1941, 1942, 1944, 1951. 1953, 1958, 1959 ro;wl. nanyehvinie - n 1940,
1943, 1945, 1947. 1949, 1950 11 1960 ot [5).

Ha (l)OHC 37T0ro lpouccca Ha NoHIKCHIIC ([)IlKCIII))’CMbIX HA MIIOFIIN MCTCOCTalILIAX CKO|)()LTCii nerpa
3AMCTHOC BTHAMIC OKABLIBACT ACCPAAAINIA OTKPLITOCTH (l)J'IIOI'Cpél. Hanbo:iee oTueTaBo H7o Baac
NMPOCHCKUBACTCAH Mt MCTCOCTAHILUAI KOﬂ‘/I\'O])Il (puc. 2.5-d). TC|)|)I ITOPIA BORPYI” MCTCOCTAHIUTH 1 LI UIC
50-x ropon 6b1na 3acaxncHa ACPCBbLAMI. o MC]XC POCTA JAICPCBLEB OTKPLITOCTDL dmlort':pu yMclHbLULaTACH
11, OAHOBPCMCHHO, CHIDKAINCH (bm(cupycmuc CKOPOCTI BCTPA.

ANanornutele sBiacHIA Habmogalores 1 Ha MetcocTanum MTa-Cabyern (pric. 2.5-f). Ctanims
pacnonoxcHa 1a rpebne xpedTa. CKAOHDLI XPeOTa IHOKPLITDLI ICCOM. ONYLIK) KOTOPOI'O Hil MOMCHT
OTKPBITHA CTaHLMIL, B 1936 roay, 6uima Hamioro 1pke rpedis. K iiacrosiiemy BpeMctin nce no;uisiacs
Ha rpeBHeByIo yacTh XpeBTa 1t HKCHPYCMBIC CKOPOCTI NOHIHAKCL ¢ 9.5 Mfc 10 3.8 nm/c.

ITonmxeHna OTKPBITOCTII (iiorepa, BLI3BAHHBIC 3ACTPOIIKOIT, XapaKTCPHLI N4 MCTCOCTAIILUIH,
PACTIONOKCHHBIX B HACCAEHIIBIX ITYHIKTAX, YTO XOPOLIO BHAHO Ha nphMepe MercocTaHwii Fopr it Xautypn
(pHc. 2.5-b 11 2.5-g).

ITpu aHaMI3Cc H NOATOTOBKE HCXOAHBIX HaHHLIX (I'napa IV) pee 2T PakTOpLI, NO BOIMOKIIOCTH,
YUUTDIBATNCD.

Puc. 2.5. Fpaghuru aexosozo xoda 03a 7 semeocmainu.
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TJIABA 3. MICXOJHBIE JAHHDLIE
3.1. Cernb mercocranumii Cpyanm
Perynapribic isMepenns pexnma setpa 8 [pysing upososates yae 6once 100 aer.

B 1891 roay Ha Tonancckoii Marnnro-MceTtcoponoriucckoii obcepsaTtopiin, ocHosannoii s 1837r.,
HAYaNHCh INIMCPCHNA CKOPOCTH 1T HANPABJICHIIA BCTPa € 1IcNoABL30BatieM (siorepa Bitibaa c fierkoii
Jtockoii. B ToM ske roay Takne ismepennis natwuni nposogitses b Fopi, AGactymarin. Cakapa, a ¢ 1900
rona ~ 8 Cyxymi i Capaadann. B 1919 rony. b cosian ¢ passitriieM MOpekoro nopta B r. [ToTw Guina
OPraHII3OBAHI MCTCOCTAIILIIA, [C TAKKC BCAIICH II3MCPCHII PEXIIMA BCTPA.

Ha6noaciis nposonmnisck Tpi pasa B cyTKi TOAbKO B AticBHoc BpeMsa. C 1936 rona Ha pecii ceTn
mctcoctanunii CCCP 6bin ocywuccTaneH nepexon Ha YCTLIPCXCPOUHBLC HanMepelna s 1, 7, 131 19w,
MmecTioro spemciy. K atomy spemchn 8 [pysun Qynkumonnposana ceth 13 6onec ucsm 130
MCTCOCTAHLUIIT, 1HCN0 KOTOPLIX K Kolilly 40-X roaos aocTiirno 165. B nocncayiowuiie roas HEKoTopsie
MeTeocTaNLn GBI JaKPLITHL. B paBoTe HCKOTOPBIX APYINX HaBMIOAANNCh NICPCPLIBLL B paboTe
JMITEIbHOCTBIO B HCCKOSTLKO JICT, ICPCHOCH! Hil HOBOE MCCTO. DTH OGCTOSTC/ILCTBA YUIThLIBASICH NPH
BLIGOpE MCTCOCTAHUINI, AAHHBIC KOTOPBLIX HCNONL3YIOTCA B ATJIace.

K konuy 40-x ronos Ha Sonblucii 4ACTH MCTEOCTAHLNIT 6bIO YCTAHOBJICHO 11O 1B (pmiorepa Busbaa:
®BJT c nerxoit zockoii, Maccoii 0.2 kr, n BT ¢ Taxcnoii mockoit, Maccoii 0.8 kr. C nomousio PBJI
H3MCPAIOTCA CKOPOCTH BCTpa B Anana3soHe 1 — 20 m/c. [1pn ckopoctn 20 M/c AOCKA YCTAHABRAHBACTCA
Y BCPXHEro WTH(Ta H NPHHIMACT NOYTII TOPHIOHTANBHOC MoNoxcHHe. Juanaion namcpenna GBT
coctasnset 4 — 40 m/c. DRIOTCPb! YCTAHABINDBAIOTCA Hd MCTEONNOWWAAKE Hd MayTax BbicoToll 10 M,
XOT# B HCKOTOPBIX CIy4dsiX, MPH HAJIIYHII 3ATCHAIOLLUIX MPCIATCTBUIT, BBICOTA MA'IThI YBCTHYHBANACH
no 15 m[38].

C 60-x rOfOB Ha MCTCOCTAHLIMAX HAYANACH 3aMCHa (itorepos Bunsaa aneMopym6omcepami M-63
pasHbix MoAndKawnii. Toraa xe 6bUT 0CyLICCTBICN EPCXOA HA BOCLMICPOYHbIE CPOKH HaBGIOACHI.
MuTeppan ycpeaHcHinsa npH M3MepcHHH CKOPQCTH BCTDA 3THM npu6opamu cocrapnset 10 MuH.

3.2. MecTcoaanupic

B ATnacc 6bLn1t HCNONb30BAHBI MHOTONIETHHC AAHHDIC MCTCOCTAHLINH, NOMCLLEHHLIC B [5], ApXHBHBIC
ZIAHHBIE MCTEOCTAMLIMIT 1f MAHHbIC H3MCPCHIHIT HA BLICOTHLIX MCTCOMAYTAX.

ITpi uenonu3osanin naHHBIX Habn1oACHHIT MO hMOrcpaM CCAYCT yUHTEIBAT, 4TO 3T HAGTIOACHHS BO
MHOTOM 34BHCAT OT CY6BCKTHBHBIX (hakTopoB. McToAHKa uaMeperHii [38] cocTOMT B TOM, 4TO
HabnioaaTens B TcueHHE 2 MIH HabMIONACT 32 KONEGaHUAMN DOCKH hIIOTEPA H BU3IYATILHO OTMCHACT
HOMCP 1WITH()TA. OKONIO KOTOPOro, HAH HOMCPA LITH(TOD, MEXAY KOTOPLIMH KO/CGACTCA KOCKA.
OaHOBPEMCHHO OH OTMCYAET HOMCP LITH(TA, COOTBCTCTBYIOILCTO HAHGOMBIIEMY, 32 3TH 2 MUH.,
OTKJIOIICHHIO A0CKH, “ITO (IIKCHPYETCA Kak MaKCHMaIbHLL noprie. HabmopncHis senyTtes no MBJI npn
ckopocTax BeTpa ao 10 - 12 m/c. Bivtbwme ckopoctH nabmoaaiorca no GBT.

AHANNI PCIYALTUTOB HIMCPCHNT IOKARUL, YTO HAG/NOAATC/IAMIT IPAKTITYCCKI HE QHKCIPYIOTCH CKOPOCTI
11.13,15.19.21.22,23.25,26,27, 29, 31 M/c. B T0 K€ BPEMA OTMEMACTCH 3aBLILICIIIC Ulicaa Wabsiosenii
ckopocteii 9. 14. 20, 28, 34 M/c. Ounibka oTcucta no duiorepy B IHTCPBaJIC CKOpocTeii 28 - 40 Mic
AOCTHIACT 4 — 6 M/C. ITILOINGKIT OGBLACHIAIOTCA KOHCTPYKTIHBILIMH OCOGCHITOCTAMII (JIOTCPa. 01N
6u1ait nocrarouno noupobito 1sytcnl {16, 38). 11 npn craTnernucckoil 06paboTke AaIILIX 110
BOIMOXKIOCTH YCTpatiamics [5).

13 [40] tsytreH BOnpPOC CPABIIIMOCTI PC3YALTATOB IMNMEPCIHI ¢ NOMOIILIO orepa Bivme 1 mintonoro
anemopysooscepa. [okasano, » vacrnocetin sro noka kg DBJT B anasone ckopocteii 6 - 17 mlc
BABLILIAIOTCA it § - 74 N0 OTHOICIUND K Hoka N M-63M-1.
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[Moxasans OBT otanuaiores cuie 6onklice. B pasne pabot [39, 41] yeTanosACHO, YTO HPH IIH3KHX,
0KOAI0 5 M/c. CKOPOCTAX BCTPit HABIIOIUCTCR FKUBIACIIIC IOKAKHIIT 11t M-63 110 OTIHOMICHNIO K NOKASAHHAM
dunorepa Bitin . AT NPUCGIH ITHX OTKAOHCHH{T HOKASLIBACT. UTO OHIL, B OCIIORTIOM, 00yc:ionnelint
CYOLCKTHBIBIMILQARTOPANIL, TPHCYLUIIMILIIIMCPCTHIAM € TIOMOULbIO imorepa.

Heo6x0/11IMOCTL YCTAHOBKII BLICOTHLIX MCTCOMANT 00yCOMICIta CHOAHKM pesibedom Tpyanst.
HeeMorps 11a To, Y10 OLHOPOMIIOCTE MCTCOYCIIOBHIT COXPAHSCTCSH Ha TCPPHTOPHAX B COTIN KB IPATHLIX
KIIJIOMCTPOB, B IIPHICMIIOM CIIOC ATMOC(ICPBI HAGMIOLACTCH OBICTPUS HAMCIMIIBOCTL OTACLILIX
KanMarodopmupylomux Gaktopos. Ocobeltno 9To oTnoCHTES K peakiMy etpa. CKOpocTh nerpa
CYILICCTBCHIIO 1I3MCHACTCA Ha HCOOJIBLUIX PACCTORINIAX MO BIAHIICM 1HICOMI0POIHOCTH NoJICnuatoleii
HOBEPXIOCTH 11 peiibetha. CyILCCTBYIONINE MCTOAD! IIPOCTPANCTBCIION IHTCPIHOISIIIN CROPOCTH BCTPIL
B YCHoBligx ropioro peaseda Tpyams upiiserinyit ¢ Gonsiunmis orpamitieini [42]. Monsrie
“MCTCOCTANILINA-AHATIOr”, KOTOPASA B PABIIIITIOI MCCTIIOCTII MOKCT PACIIONATATLCA B patyce S0 - 70
KM, B YCIIOBIISX I'OPIfOro peibedha TepseT cpoii cmbicn [43].

OLICHKY BCTPOIHCPICTHYCCKHX PCCYPCOB B IOPILIX PAitolaX ¢ MPHCMICMOIT TOUIIOCTLIO MOAKNO MOy HTh
C IOMOLBIO YHCACH IO Oporpadircckoii MOACTH. DTOT MCTOA peani3opai B uporpammc WAsP u
HACT XOPOLUMC PCIYALTATLI ANTA PABHHHHLIX YCAOBHIT H HIOMHPOBAHIBIX H HC OUCHB KPYTLIX FOPHLIX
rpsa. OuniGKY B 3TIX CIYUASIX HAXOAATCA b npeacnax 107,

B Gosce cnoxHbIx OpOl'pEl(.l')ll‘lCCKlrlx YCIIOBHAX NPl PACCTORHHAX B 10 n 6onee KIUTOMCTPOB uficacIian
MOACAb MO3IBOAACT NOJYUHTh JIHLUIb OPHCHTHPOBOUMHbLIC OUCHKH, KOTOPLIC 1IC YAOBJICTBOPAIOT
TPCGOBHHI‘IRM BCTPO3HCPICTHKH.

C UeBIO MONTYYEH IS AOCTATOMIIO HAACKHBIX X4 PAKTCPHCTIIK PCKHMA BCTPA B YCAOBHSX CIIOKHOI0
penbeda B MPOLICCCE CO3RAHNS HACTOALICTO ATIIaca GbUTit MPCANPHHATL IPAMDIC IIMCPCIHA CKOPOCTIE
H HATIPABJICH A BCTPA C IICMONB30BaHICM BLICOTHLIX McTcoMauT Qnpmut NRG. DTit MauTLl BLICOTOR
40 M 060pyROBAHBI YALLICHHBIME AHCMOMCTPaMH, (IMIOrCPOM H PCHCTPATOPOM. ALICMOMCTPbI
yCTaHOBAEHBI Ha ypoBHaAX 40 1 10 M, pmiorep — Ha yposHe 40 M. OTCUETDI CKOPOCTH H HANPABCHIIS
BeTpa GepyTest kKaxable 2 ¢ B TeMeHHe 160 10-, mn6o 60-MHHYTHOTO ITHTEPBANA H HAKAIAIIBAIOTCA B
perucrpatope. 1o HeTeucHHH HHTEepBana NPOH3BOMITCA YCPCAHCHHC CKOPOCTH M ATNPABICHIISNA,
ONPpEaenAcTC CPEAHCKDAAPATHIHOC OTKIIOHCIIHE H MAKCHMATLHOC 311AUCHIIC CKOPOCTIL. DTH ONCPALLHI
NPOBOASTCA JUTA JAHHBIX OT KaXUIOTo aHCMOMCTpa i dpniorepa. OBpaboTAHHBIC TAKIIM 06pa3oM JAHHLIC
3AMUCBIBAIOTCA B CMCHHBIT YUHI AaHHBIX, [TOCMC YEro BCCh LMK/ MOBTOPACTCA. DACKTPONNTANIC
PCTICTPATOPa OCYILCCTBIACTCS OT ABYX baTapcii.

MeTeoMauThl YCTAHOBJICHBI B MCCTilX, MOTCHUHAMABHO MPHTOAHBIX JUIA CTPONTEAbLCTRA
BCTPOICKTPOCTAHLIHA.

Wamcpenus ckopocTH BeTpa Ha yposiic 10 M ICNAIOT 11X CPABHIIMUIMK C AANIILIMH MCTCOCTaH U,
CHHXPOHIIBLIC H3MCPCHHSA CKOPOCTIT BCTPa Ha ABYX (10 11 40 M) BLICOTAX TO3BOMIIIH IKCNCPIHMCHTATIBIIO
H3YYHTb BCPTHKANLIILIC PO CKOPOCTI BCTPA B PAINYHBIX OPOrPAdIICCKIIX YCTOBHRAX.

B rabanuax 3.1 — 3.5 npCACTABACHDLI PACCHHTAIIHDIE [10 IANHBIM IIPAMDIX 13MCPCHIIT 1 ododuenne
LUTS PABNIHBIX THITOR Pebehos KO3 IUICNThE BEPTIIKANLHOTO H3MelCHI ckopocTit BeTpa. C uenblo
YUCTa CC30HHOTO HIMCIICHIIS 3TOI'0 KO3(MILICIITA PACUCTBI NPOBCACHIL /LI MCTLIPCX CCIO0NO0B MO,
Onpeacnen TakkKe NOKABATCAL CTCHCHN 21 IKCHOHCUTBI BEPTHRANBITOTO TPOMGILIA CKOPOLTIE BETPAL.
JUINTCHLHOCT NCXOUTLIX PAIOD ITIMCPCHIIT COCTABAARCT | — 4 rofta, B CBASI € MCM HIPIBCICHTIBIC
ZANIILIC HE NIPCTCILAYIOT 1T BLICOKYIO TOUIOCTh,
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Kosgpmivtenter Bo3pactanns ckopocTi BeTpa B upnseMiiom ciaoe arsocdepn

OTKpLITOC BOIKLIINENHOE MECTO Tubn. 3.1
Cezon 10 40 60 80 100 m
3nnma 1.00 1.27 1.36 1.43 1.49 0.17
Becna 1.00 1.24 1.32 1.38 1.43 0.16
Jleto 1.00 1.27 1.36 1.43 1.48 0.17
Ocenn 1.00 1.25 1.34 1.40 1.45 0.16
I"on 1.00 1.26 1.34 1.41 1.46 0.17
Mopckoit nank Tabn.3.2
Ccion 10 40 60 80 100 m
3inia 1.00 1.48 1.66 1.80 1.92 0.28
Bcena 1.00 1.31 1.41 1.49 1.56 0.19
Jleto 1.00 1.23 1.30 1.36 1.41 0.15
Occiip 1.00 1.43 1.58 1.70 1.80 0.26
"on 1.00 1.34 1.46 1.55 1.63 0.21
¥Y3koe npoaoannoe yuieane Tab6n.3.3
Ce3on 10 40 60 80 100 m
3ima 1.00 1.32 1.43 1.52 1.59 0.20
Becena 1.00 1.20 1.27 1.32 1.36 0.13
Jleto 1.00 1.22 1.29 1.34 1.39 0.14
OccHb 1.00 1.27 1.36 1.43 1.48 0.17
[on 1.00 1.24 1.32 1.38 1.43 0.15
LUnpokas npouoauliag KoTA0BHNA Tabn.3.4
Ce3aon 10 40 60 80 100 m
3uma 1.00 1.43 1.59 1.71 1.81 0.26
Becera 1.00 1.37 1.50 1.60) 1.68 0.23
Jlero 1.00 1.46 1.63 1.77 1.88 0.27
Qcciy 1.00 1.45 1.62 1.75 1.85 0.27
[on 1.00 1.43 1.59 1.71 1.81 0.20
IpeGens nonepeuttoro xpedra Tabn. 3.5
Ceson 10 40 60 80 100 m
31ina 1.00 1.28 1.37 1.45 1.50 0.18
Becna 1.00 1.26 1.34 .41 1.40 0.16
Jlero 1.00) 1.25 1.34 |.40) 1.46 .16
Ocertn 1.00 1.28 1.37 1.44 1.50 0.18
I"on 1.00 1.26 1.35 1.42 .48 0.17
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Trranit X

3.3. Tonorpadiucckie aannsic

OcHOBHBIM HICTOMIINKOM TOHOrPai rIceKoit MKPOPMAIIITH CYRIVIN TOHOIPIRICCKIIC KApPTLL. Yuirrbinas
cnoxnbiii pesised Ipysine. seenMa BaKNbIN aKTOPOM SBJIMCTCA TOUHOC OHPCACACHNC KOOPANIIT
MCTCOCTAIILIMIT, IHOCKONLKY OLUIOK: B IICCKO:IbKO COT MCTPOB MOACT KAPUIIAILIIO NIMCHITTL YCITOBI S
pensedia BOKPY CTANLULI 11a KapTe MO OTHONICIIIO K PCiiblioMy pictionoskciino. [ IpesnouTernie
0TAABANIOCH KapraM Maciirrada 1:25 000. s yTouncing Koop;umniaT HCNOALIOBLIICH KAPTh MaciTala
1:10 000. B coMItTCABLIILIX CAAYIHX TIPCAUIPHHIIMAIINCD IKCHCANLI,

KoopAnHATLI BLICOTIBIX MCTCOMAMT YCTAIABANDBUNICD ITYTCM MPHUBASKIL K MCCTHOCTIN I OHPCUCTCHIA
KOOPIINIAT € NOMOULLIO KapT Macurtaba [:10 000 r 1:5 000,

TMocnc ToUIOro OnpPCACCHIIA KOOPUIHAT YHACTOK KAPTHI B PAAIIYCT HE MCIICE 5 KM BOKPYI MCTCOCTATIUTI
oulpposbiviics. [pcoSpasopalitas B WPPOBYIO FOPMY KAPTil HCHORLIOBATACH B KU'ICCTBE BXOUINX
JANHOLIX VIS YHCIICHIION MOCII. YustTuinatoutcii pesibedy, 3aTCHAIoNUIC NPCIHTCTBI If IICPOXOBATOCTh
noacTualoweii nosepxtocti. KapTorpadiitieckiic 06bEKTLI (BCTPOIANINTHLIC MOJOCHI, OTHCIBIILIC
CTPOCHS), #BIAIOLHCCS JATCHAIOLLINMIL IPCTIATCTBIAMM, HACHTH(IIUHPOBATIICH B COOTUCTCTRIN C
MacwTaboM KapTbi i, HACTO, MYTCM BH3YANILHOTO OCMOTPa.

KaxaoMy 061LCKTY. BLIACACHHOMY 14 KAPTC H OTAHYAIOWEMYCH OT COCCAHIIX XAPAKTCPOM
TIOACTIULUOLLCH MOBCPXHOCTH, PHIHCHIBIUICH COOTBCTCTDYIONUIf MapaMcTp iucpoXxosatocTil. [Tpiatom
0Cco60e BHHMAHIIC YACHANOCH YUCTY TAHAWAQTIBIX H3MCHCHINT 32 BPCMA, NPOLICALICE C MOMCIITA
COCTABJICHHA TOMOTPAPHUCCKHX KapT.

3.4. Cniscok MeTeocTaMii 1 BLICOTILIX MCTCOMAYT

Ha tepputopun I'py3un, HauitHas ¢ 1936 rona, gynxuiionnposano 165 mercocranunit. M storo uicia
IUTA UCTIONBIOBAHMA B ATAACC 0TOOP:aHO 43 McTcocTaHLiil. OCHOBIILIM KPHTCPHEM (1PH JTOM ABNISIOCH
3HAYCHHUE CPEAHCMHOTOJICTHCH CKOPOCTH BCTPa. KpoMe 3Toro, yuHToIbaics KNace OTKPBITOCTI CTALILIIN,
nepHos Hab10aCH i, NepepbIBbl B HAGMIOACHHAX 1 ICPCHOCHI CTaHUuIL.

Ha puc. 3.1 npeacTarncita cxeMaTiuccKasn kapra I'pyanis, Ha KOTOPOIl TOKA3aHO PaCMONOKCHIIC BCCX
MCTCOCTAHLINIT. BBICOTHBIX MCTCOMAYT H TCX METCOCTAHLLHIT, JaHHBIC KOTOPLIX IICMONBIOBAHLI B ATAuCC.
Tpu BBtGOpC NOCACAHHX ONPCACAAIOLLYIO PONb HIPATd CPCAHCMHOTONCTIHAA CKOPOCTD BCTP:L, MOCKONBKY
MCCTa C MaJIbIMM CKOPOCTAMH BCTPA 4NPHOPH HC NPEACTUABARIOT HUTCPCCA C TOUKI IpCius
BCTPOIHCpreTHiki. TeM He MeHee, € LeLIo Gonec IUIH MCHCE paBHOMCPHOTO NOKPLITI A BCCii TCPPHTOPIH
[py3uu cron4 BKAIOUCHBI HECKOMLKO MCTCOCTAHLIIE CO CPCAHCMHOTOACTICIT CKOPOCTBIO BETPA MCHCL
3 Mmlc.

B crincke McTCOCTAHLMI (Tab1. 3.6) NpHBCACHBI HanBOoCE BAXHBIC CBCACHITA O TCX MCTCOCTAHLINAX,
HANHBIC KOTOPBIX JICMOMB30BUHLI B ATnace. Hynmepatig MeTCoCTaHUNI BO BTOPOI1 KOJIOHKC CITHCKA 1 114
kapTe (piic. 3.1) cCOOTBETCTBYIOT HYMCPALUTH, NPIHATOR B [5).

HassaHiis MCTCOCTAHLIIT PACTIONONKCHDLI B TPCTheit koNnoHKe B anduiBiTiioM nopsike. Feorpadicckie
KOOPAHHATLL, NPHBCACIHLIC B YCTBCNTOI 11 NATOI KOJIOIIKAK, BLICOTA HiA YPOBHCM MOPA B IICCTOI
KOMONKC YTOUIAIICH IO TONMOrPA(PIIMCCKIIM Ka PTant 11 NYTEM 00CHCAOBAINIA 1L MecTaX. B ceibatoi,
BOCLMOITT 11 ICBATOIT KOJIOIIKAX YKa3Jalibl BLICOTA (MIorepa. nepios iiabrio/iettii i epeiiieroionas
CKOPOCTB BCTPil COOTDCTCTBRCINIO.

B accaroll KONOHKE HPHACACHA TUIOTHOCTD BOBAYXL. 3NAaMCUNA NIIOTHOCTH PACCUITALL IO
SUPOMCTPHNCCKOG (POPMYIIC WA CTAIIAPTION ITMOCIPH P TCMUCPETYPE BOBIVNQ Hit YPOBIC MOPH
15"C 11 HOCTOAINIOM BEPTHRATBIIOM FPTICHITE TEMICPaTYPol -6.5°C ua 1000 M.

B o:unmamiitoii kosonke YRIBIBCTCSR OMCP CTPRUTHLIbL ATnaca. rac HUPHBCACHLI COOTHCTCTBYIOWIC
KiIACTPOBLIC fIUINbIC,

1?7
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C1icoK BBICOTHBIX MCTCOMAMT (TEIGJI. 37) ABJIACTCA NPOHAOCILACHIICM CIIICKA MCTCOCTANUNIT H
OTIIMACTCR TONLKO TCM, MTO B CCALMOII KOMONKC YKl 3UILULBC T TP BLICOTLE YCTAHOBKIT AT ICMOMCTPOU

11 B KOJIOHKC JICBATh YKU3aHLL. COOTRCTCTBCIIIO, ABC HITH TPIH CKOPOCTH BCTPA.
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Mereoctanmmmn Taba. 3.6
Biacora] Brcota | Hepuoa | Cpeaneroa. | Haormoct.
Naswanme (&1 njl wya, | dmorepa, | nadawae- | ckopocte. | Boanyxac. | Nectp.
\ \ ni M.C xi'm'
12 1930 Y00 22 1.2 [EY]
Axicikasaku MO 12 1936 - 1960 30 1038 186
Larvmi-anponupe in 1947 - 19350 10 1.220 188
Lo i 1030 - 1900 21 1 165 1)
Jacunain 7 1917 - 1953 37 1130 My
arpenuii Xpedel 1" 1936 - 1960 Y 1 1550) 192
“upaadaun 1] 1391 - 1976 21 1 190 [
Hepenaa Foacpain 2025 1] 1941 - 19060 s 1010 196
Lopn 588 " IN91 199 4 1157 1495
Nirarn- 1941 - 1048
10] 6 |/txmapn 42702730 6% 10 1930 - 1960 47 1102 266
11] 81 L'luromu 43447 4306 1) 1950 . 1957 39 [WES 202
12] D18 Phwumen 255 1] - 1900 2N [ M)
13] IS JEdpevonsa 2112 12 1960 31 1010 204
141 9 . nw/r 30663 11 1960 od 0511 216
15] 165 |Kanawnda 4134 TR 20 & 19411949 53 1.220 210
16] 42 |KopSovan 42147 432807 794 11 1039 . 1960 3.9 1134 212
17] 20 |Kpeciowntii uepen  J41730°157144°27715 7] 23%0 1] 19060 20 0461 208
18] 41 |Kvrai "M 42714527 2 37400 14 1" - 1950 50 1.246 21
o] § [Maweor FTEFE PR S 254 7 1936 - 1960 54 0032 24
Heperad
201 107 [Mapucvan 11°29° 44749 406 13 1935 - 1970 1.8 1179
211 83 [Mapreonn 115487207 J4570040° 7] 895 11 1961 4.4 1423
221 57 [Mra-Cadvern 'MC 43729° 1248 10 1940 - 1990 92 1050
23] 70 Mvapann d1°50° 533 11 1924 . 1990 3.6 1157
241 113 jloka 43°48° 2080 9 1943 38 1107
25| 46 loru-nopt ‘41439712 3 16 h - 1980 £.) 1.226
20] 108 l'aanokenka JH3tsicioc] 175 10 1936 - 1900 4.0 1010
271 103 IU'verann 45027507 372 1l 1949 - 1960 1.8 1150
28] 89 [Cavropn TMC 41427407 [4475390 7] 549 12 1952 - 1970 67 1158
291 44 |Cantrperua 42-10°10° 42°20°25° 24 11 1941 - 1975 2.8 1.220
3 65 |Ckpa 4200720 007 12 1941 - 1961) 4.5 1150
3] 94 'Iéuancu-aponopr [41°¢ 480 11 1934 - 1950 58 1.1
321 39 |Txndvan 4272071542759 524 11 1937 - 1960 28 1.165
331 105 |Vaadno 41°30° 45°24° 763 12 1951 - 1960 39 1.13%
34] 60 |Naparovau 4270120431290 278 t 1942 - 1980 28 1.197
As| o4 [Xawvpn 337340307 M7 1l 1938 - 1990 3.2 1140
36] 161 [Nwao K 12°19710° | 023 11 1937 - 1973 20 1.122
7] 100 Jtlaaka 417307 140620 1470 13 3. 1970 2.0 1,059
38] 63 |flnna 41°59°40° 432630 673 11 - 1960 iR 1.156
391 98_[Lliopn 41737407 46101 22 1 1950 - 1970 1o 1.207
401 123 JTlxommann 42°14° 43°59° 862 10 1941 - 1900 40 1.124
413 93 |lixpankapo 41740° 2306 11 1938 - 1963 54 1) YN0
421 164 [Yapuaan 417347207 | 110 12 1952 - 1960 30 1 190
31 114 T upakp R 502 M 19611 12 S
BoicoTnsic METCOMAUTL Tadn. 3.7
. Bucoia Cpeaerolt. | Hhoimoens
. | Neno . ITepnon .
Ne Hapanne (411} B 3 duarorepa. - | cxopuere, | sosayxac, | Necip
KapTe 1R101K0.1¢C-1Mi R
A M MO LU R
| $ [Kviancu 42 M50 (42742 25° 80 20440 199X 2000 3945 [N X2
2 4 _{Muen 4130 44245 048 10240 2002 - ue i 2434 1150 272
2 7__IMa-Cadvern [42 02 4329° 124% 20150450 1995 199 | 650w7 s ) 2]
4 2 flluu 42 09°30° 035 107410 IR - i 1140y 3337 | 226 )
3 I__{Canropu 4] 44" 033 11740 19 - i 4875 0 1150 270
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I'NTIABA4. KAJACTPOBBIE JAHHBIE

Hakapre 4.1 npesicrasaenio pactipesisicrinie B i reppiroping Fpysinijung nticotst 50 M 11aa ypoprcM
M. Ke PoBRhe ZREHIBIC PaceTanb AU 43 MeTCoCTanni it 8 RHCOTIHBIX MCTCOMAUT (CM. CTP.
183 --2835). KKa;tacTponsic Anie LI KaAC0iT MCTCOCTAINII 11 BRICOTIOf] MCTCOMAUTHI Pa'IMCIICHB
10 2IBYX CMCAKTIBIX CTPAlINITAX.

Ha siesoit erpannue nosentenu:

e Onucanite MeTeocrani, KoTopoe CoJpCPAIT mosep. npunstuii 8 [3], 1 naspanne
MCTCOC BTN, TASININY € KOOPIHIKITAMIL BLICOTOI 1511 Y POBICM MOPA. BhicoToii dutorepa i
nepuosom nadnionennii. Jasice eneinyet Kpatkoc (pirsiko-reorpauitcckoe onsicanne
OKPCCTHOCTCH MCTCOCTAII. TADIHIE CPCIIICMCCA'ITILIX CKOPOCTEil neTpa.

s Kapra szorunc, nocrpociniag nyresm ondponki Tortorpalsicekoii kaptil. Ha xapty
IMOTHIC BAICCEHDBT IHCPOXONATOCTIN TIOBCPXIIOCTI. MecTopaciiookeinie MereocTalig
OTAMCHCHO CHAMBOJIOM ANCMOMCTPA.

Ha nipasoii cTpaniiuc npiseacni:

¢ Tadauua, coicpKillas CPCANCIOLOBYIO CKOPOCTh 11 Y/ICJALIYIO MOIIIOCTh BCTPOBOIO
NOTOKA, BbIMICACHNLIC MO AAINIbIM 13nmepenitii 1a mecte (Observed). Te we sentunme
no noaoGpanHLIN MapaMcTpaM pacnpencncuns BeiiGynna (Weibull fit) n
NPOrHO3NPYCMBIC 3IAUCHIISA, BBIUHCACHILIC AN ITOr0 AC MCCTA C IHCMOMLIOBAIIICM
noao&pannoro pacnpeacnemns Beiidynna (Predicted).

e [PPo3a BETPOB I THCTOrPAMMA CYMMApHOro PACHPCAC/CHNN CROpocTeil no rpaaaiumm,
Po3a BCTpoB MOCTPOCIIA MO BOChMI PYMGAM 1t 11 Heil OTMCUCHBE PYMOBI, JNePreTireeKi
GRArONPHATIILIC (3ECILIC CCI'MCNITLI) 11 HeBNAroNPHATIIbIC (KpacHbic ccrMeHTDbE). [iicTorpayat
IpagIUCCKH OTPHAKACT CYMMa PHOC PACTIPEACIHICINIC CKOPOCTC DCTPa 10 IPadaian. Ha lice
nwiokcla kpias noaobpaitHoro pacnpeacchiis BeiiGysna,

*  Boixoanas Taénuna peruonaiLioro pekiMa BETPa COUCPKNT CPCAHCTOAOBYIO CKOPOCTh
11 YACHLIYIO MOLIHOCTE BCTPOROTO MOTOKL, XAPAKTCPI3YIOMIIX HIIbIEl PCrTION. DTIL 3aUct s
DABBI LA 5 BLICOT 11 4 KIIACCOB LICPOXOBATOCTIH, MPCACTABACHIIBIX UTIHOIT WicpoxosatocTit. B
Tabmiue npcacTasacubl Takke kodpduuncHrsl pacnpeacickns Befibynta. Janubic,
TIPEACTABACHHEBIC B TABAIILC, MonyucHL! MyTeM 06paboTkil nporpanaioli WASP MiorosicTitx
PAAOB HilGMOACHHTT Hil MCTCOCTAHLIIAX 1T Hil BLICOTHLIX MeTcoMayTax. [1pi yToM yuTeto susnuie
penbedia, I TCHAIOWI X MPCMATCTBI. YMACTKOB IHOACTIVIAIOULCTT TOBCPXHOCTI C PasiIIHOIl
1UCPOXOBATOCTLIO 1 BCPTHKANLHBIX Mpodiuicii CKOpocT BeTpa.

DTa TaGMILA COBMCCTHO C PO30IT BCTPOB 11 IICTOFPAMMOIT ABACTCA KOHCHIILIM HIPOAYKTOM
ATnaca.

OopagacT 1 ceBs BIIMAMAHNC PACXOA!ICHIIC OLUCHIOK YO MOLIHOCTI BETPOBOro NOTUKA IR O;UI0r0
1 TOFO KC MCCTil, PACCHITANIILIX MO MIOrOACTINM JaribiM MC 1t no maimsiz winepentii na BMM
(manpisep. Crpa. Kananmi6a). [Tpr qoctaTouno Xoponics coBnaAcHIN CPCUIiX CKOPOCTCii BeTpi
HABIIOMICTCH 3NAMIITCABLHOC PACXOA/ICHIC B HIKOIAX PACIPC/CICINA BCPOATHOCTCH CKOpoCTeii.
I1BecTno [3). uro JocTatounto YeroiiMnBLic 31 e 1A CPEANNIX CKOPOCTCTT BETPit MOIY 1 OLITL Oy UCHLE
138 - 10CTHIX pAZIoB HaGmoacI i, LU 1HoCTPOCHINIA SKONOB PAclIPCICTICHIA BCPORTIOCTeli cRopocTeil
BCT Pat AT PHAOR HaOMOCTIT AOIATEN cOCTABIATE 30 ~ S0 JICT. B TO BPCMS, KOK PHALI HaGI0ACH i
1a BMM cocrammior neero | -4 rofa. ITiM 11 00LACHACTCH PACXOAICIIIC JAKOIOB paclipeiciicims
1L CNCOBATE LG, OICHOK YACTLIOT MOINOCTH BETPOROTO HOTOK:. TAKIM OOpiIos, npC;itoTeIe
IR0 OT U BATLCH OLICHKARL, TIONYUCHIIBIM 12 OCHONE MIOTOACTIIX JRUIHBIX MCTCOC Rt
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PREFACE

The regional estimations of the windenergy potential (WEP) are given according to the criterion of a
wind current specific power in the present Atlas. The whole territory of Georgia has been investigated.

The materials, given in the Atlas. include all the necessary data for the selection of the grounds, available
for wind farms (WF) building as well as for the estimation of technical/economical indices.

The meteostations many-years' data, used in the Allas, are supplemented by relatively short (2 - 5 years)
wind velocities and direclions measurements series at HAMM, installed in the most perspective eight
sites of Georgia.

The Atlas is constructed according to a modern method, developed by the Risg National Laboratory
(Denmark). This method has been used, while creating the Wind Atlases of Europe and Russia and
presently is generally accepted under WEP definition and selection of the grounds for WFs building. The
method is implemented in the form of WAsP Programme (Wind Atlas Analysis and Application Programme)
8.1 version. This Programme has been used at the development of the present Atlas.

The method provides reliable results in open and flat sites. In the conditions of complex reliefs it permits
10 reveal perspective regions. However, for obtaining the data according to WEP more precisely, some
microscale investigations should be carried out in the revealed sites.

The Wind Energy Atlas of Georgia has been developed by the Scientific Wind Energy Center
KARENERGO in the frames of G-539 project of the Intemational Science and Technology Center
(ISTC) wilh the financial support through ISTC by the Japanese Government.

The authors express acknowledgement of thanks to the ISTC exccutive director Mr. Michael Kréning
and in the person of his to all employees of ISTC. The authors express their candid gratefulness to the
curators of ISTC G-539 project Mr. Leon Horowicz and Mrs. Natalia Solodukhina. whose benevolent
attention and thorough support made the project’s fulfilment rather success(ul.

We constantly used the assistance of Mrs. Irene Khomeriki and Mr. Zurab Sikmashvili (The Georgian
ISTC Department) if any problems arose.

The praject collaborators Mr. Vahan Gevorgian (NREL). Mr. Klaus-Dicter Lictzmann (ENWERTEC),
Mr. Ole Back (NEG Micon). Mr. Michihiro Famano (PFI JAPAN). Mr. Matsumia Hikachi (AIST) put
a great contribution in the project. while giving the advices and consultations.

We would like to thank Mrs. Rikke Anne Nielsen (Risa). who kindly gave the permission {or reprinting
some chapters from the Wind Atlas ol Europe, and Mr. Ole Flyvbjerg (Riso) for their attentive concern
o our work.
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Prefuce

The discussions and the debates with our colleagues Mr. Revaz Arveladze (Georgian Parliament), Mr.
Alex Mirianashvili (Scicnees and Techmology Department), Mr. Bakur Beritashvili (The Institute of
Hydrometeoralogy). Mr. Georgi Kordzakhia (Department of Hydrometeorology). Mr. Gregori Lazriev
(The Georgian Agency UNFCCC). Mr. Simon Baramidze and Baadur Chkhaidze (Encrgogeneration).
Mr. Alexander Pintskhalaishvili and Elizbar Eristavi (GNERC), Mr. Otar Gogichaishvili (Adjar Power
Company). Mr. Anzor Chitaniva (Hydroenergoproject). Mrs. Manana Dadiani and Mr. Georgi Abulashvili
(The Energoefficicncy Center). with Mrs. Helen Chomakhidze and Mr. Guram Kutelia (ENECO) made
the Atlas content richer and permitted to avoid a lot of mistakes.
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INTRODUCTION

The creation of the Wind Energy Atlas of Georgia pursucs an object of the estimation of windenergy
resources, existing in Georgia. and their distribution over the whole territory of the country.

This work procecds the up-date investigations. carricd out in Georgia. starting from 50-s of XX century.
[n 1959 the work [ 1] was published. where the results of scparate investigations were generalized and
some theoretical estimations of windenergy resources on the territory of Georgia were given. For this
estimation the method of “*mean-kilometrical power™, i.c. average annual power. which can be got ([rom
the square of 1 kin®. depending on the wind average velocity, was used. To estimate the duration of wind
operating velocities the well-known tables of Pomortsev | 2] were used. where caleulated distributions of
wind velocities for the European plain part of the USSR were used. These tables usage in the conditions
of a mountain relief of Georgia defined a tentative character of the obtained results. [n the same year the
work of E.V. Sukhishvili |3] was published, where the method of “mecan-kilometrical power™ was used
as well. In [4] the resources of a wind force on the Black Sea Coast of Georgia are studied in sullicient
details.

In 1968 “The Reference-Book on the Climate of the USSR™ [5] was brought out, where the wind regime
structural elements for the most part of the meteostations of Georgia were presented with a great
completeness. In the work [6] a detailed analysis of the wind regime on the territory of Georgia is carricd
out and the estimation of the resources according to “mean-kilometrical energy production™ (kWh/km*)
is given. In 1987 a fundamental work “The Renewable Energoresources of Georgia™ [7] was published.
where the up-date statistical methods are broadly used and the wind energoresources according to the
criterion of the duration of wind different velocities are estimated.

The present Atlas is a logical continuation of the above-listed works and is based on modern approaches
both in the methods of investigations and criteria.

Many-years’ measurements series of wind velocities and directions at 165 metcorological stations of
Georgia (MS) are put into a climatological base of the Atlas. Those series arc supplemented by
comparatively short-term measurements series at high-altitude meteorological masts (HAMM), installed
in the most perspective eight sites in the process of the Allas creation. To achieve a high certainty of
windenergy potential estimations the authors of the Atlas were influenced by a number of considerations,
while selecting and preparing of initial meteorological data. Those considerations are:

- The meteostations (MS) data. having the length of observations series not less than 20 years, are
mainly used in the Atlas. With the exception of those cases. when MS location is a special
interest, shorter series are used.

- Taking into account the fact, that from the beginning of 1985 a lot of MSs were closcd and the
volume of observations at the functioning stations was essentially reduced, that resulted to the
decreasion of the quality of the measurements carried out. the data. got since 1980. have not
been used in the Atlas.

- MSs location, the data of which are used in the Atlas. provides relatively even range of the
Georgiun Lerritory.

- On the base of the preliminary analysis of MS many-years’ data |5] and the results. got in [ 3. 4.
71. the regions of Georgia. characterizing by wind low velocities. have been excluded from the
consideration. From Wind Energy point of view these regions should be considered as not
perspective.

~ Inthe conditions of a mountain reliel. caleutated regional estimations ol a windenergy potential
can be considered as sufficiently reliable ones only in the outlying districts of a meteostation. To
increase these estimations reliability there were installed HAMMSs of NRG firm (USA) there in
the most interesting sites (from the position of the Atlas objectives). Wind velocitics measurements
are being carried out on 1wo levels: 40 mand 10 m. while directions measurements ~ on 40 m.
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Tntroduction

The measurements on 10 m make them comparable with the measurements at MS, where a
standard height of an anemometer installation amounts (o 10 m. In addition. the measurcments,
carricd out on Iwo levels. give the possibility experimentally to investigate and to generalize a
wind velocities vertical profiles in the different orographical conditions. No doubt. this fact increases
the reliability of the obtained estimations.

Taking into consideration a spatial homogeneity of a meteorological situation at the large squares
(hundreds of quadratic kilometres) and a fast microscale variation of it under the local peculiarities
of a relief. obstacles and the character of it bedding surface. a precise definition for each MS and
HAMM coordinates is carried out and detailed descriptions of a relief. obstacles and surface
roughness are made. These descriptions are made with usage of topographical maps (1:10 000;
1:25 000; 1:50 000 scales). meteostations certificates and a visual observation of a site.

The methodology. worked out by the Rise National Laboratory (Denmark) while creating of the Wind
Aulases of Europe and Russia 8. 9. 10]. is put in the base for the Georgian Atlas making. This mmethodology
uses a numerical modelling of a local and regional wind regime in the ground layer. The observations data
at MS and at HAMM, the effects of shading against obstacles and the peculiarities of a relief surrounding
are used as the model input parameters. The diagram. presenied on the Fig. 1.1, explains the method of
modelling [8.9].

Fig, 1.1. The diagram of the method for wind regime modelling.
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The method of modelling, prescnted in Fig. 1.1. in essence. contains two tasks. The left part of the figure
illustrates the task of the wind regime analysis in the site, where measurements are being carried out.
The input data in this task are definite-way-formed data of wind velocities and directions primary
measurements 1, formalized descriptions of shading obstacles 2. of a bedding surface roughness 3 and of
a site reliefl 4 in the radius of 5 - 10 km from the point of a measurement. The result of this modelling are
calculated parameters of a wind regional regime 5. The right part of the figure illustrates the task of the
wind regime synthesis in any sclected site with a distinguishing reliel, roughnesses and obstacles.

The described method is implemented in WAsP Application Programme.

Many-ycars® data, got at 43 MSs. which meet the above-mentioned requirements, and the results of
measurements at eight HAMMs are used in the Atlas,

The windenergy potential is estimated through a specific power value of W/m’® wind current. Such an
estimation is considercd (o be an universal and generally accepted.

The Adlas consists of 4 Chapters, which are divided into paragraphs.

In the Chapter [ - The theoretical basis of the Wind Energy Atlas construction — the method of
modelling for wind current formation in consideration of the influcnces of a relicf conditions, shading
obstacles and the character of a bedding surface roughness is stated. Further, the theoretical bascs of the
windenergy potential modelling are set forth. In this case, the laws of acrodynamics and a body of
mathematical statistics are used.

For construction of the models for a wind regime and for windenergy potential a numerical modelling is
used. With a courteous permission of the authors of the European Atlas of Winds, where all these points
are stated in all details and more completely. this part of the Georgian Atlas is a quotation of the proper
chapters, taken from the European Atlas of Winds. In the Atlas this text material is written in a special
typing.

Chapter II. The wind regime on the territory of Georgia. A gencral presentation concemning the
wind regime formation in the conditions of a complicated relief of Georgia is given in this Chapter. Wind
regime analyses were carried out all over Georgia and within the limits of separate geomorphological
structures.

Chapter I1. Initial data. With the object of the estimation of meteostations’ availability degree, a brief
historical survey related to the development of the Georgian Meteoservice's present-day structure. is
presented, and the methods of measurement, systematization and processing of the data. got at the
mcteostations, as well as the data measurements at high-altitude metecomasis. installed in the different
sites of Georgia in the period of time. preceding the present Atlas development. are also given.

A gencral analysis of the wind regime on the territory of Georgia has provided the selection of those
meteoslations. the data of which arc uscd in the Atlas. The list of these meteostations and high-altitude
meteomasts contains the information about a station’s location. a class of openness. the observations®
period and average many-years® wind velocilies.

In the Chapter 1V. — The cadastre data — the results of the calculations in the form of WEP regional
estimations are presented. The calculation of windenergy potential (WEP) is based on the initial data.
which charucterize the structural elements of the wind regime according o cach MS and HAMM. The
calculations are carried out with the usage of WAsP Programime (version 8.0), worked out by the Riso
National Laboratory (Denmark). Taking into account the influence of relicl. shading obstacles and a
surface roughness. topographical descriptions and site observations are used.
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CHAPTER 1. THE THEORETICAL BASIS OF THE WIND ENERGY ATLAS
CONSTRUCTION

1.1. General concepts

Estimation of the wind resource ranges from overall estimates of the mean energy content of
the wind over a large area — called regfonal assessment — to the prediction of the average
yearly energy production of a specific wind turbine at a specific location - called siting. The
information necessary for siting generally needs to be much more detailed than in the case ol
regional assessment. However, both applications make use of the general concepts of
topography analysis and regional wind climatologies.

In order to calculate the effects of topography on the wind it is necessary to describe
systemalically the characteristics of the topography.

Close to an obstacle such as a building, the wind is strongly influenced by the presence of the
obstacle. The effect extends vertically to approximately three times the height of the obstacle,
and downstream to 30 to 40 times the height. If the point of interest is inside this zone, it is
necessary to take into account the sheltering effects.

The collective effect of the terrain surface and obstacles, leading to an overall retardation of the
wind near the ground, is referred to as the roughness of the terrain. Vegetation and houses are
examples of topographical elements, which contribute to the roughness.

Orographic elements such as hills, cliffs, escarpments and ridges exert an additional influence
on the wind. Near the summit or crest of these features the wind will accelerate, while near the
foot and in valleys it will decelerate.

For a given situation, there are thus three main effects of topography on the wind, namely:
sheiler, roughness, and orography. Hence, as a general rule, it is necessary to specify the
nearby sheltering obstacles, the roughness of the surrounding terrain and orography.

1.2. The roughness of a terrain

The roughness of a particular surface area is determined by the size and distribution of the
roughness elements it contains; for land surfaces these are typically vegetation, built-up areas
and the soil surface. The different terrains have been divided into four roughness classes, each
class corresponding to a certain value of roughness length z, > 0. The roughness classes are
described and illustrated in Figs. 1.1 - 1.4.

- )‘\é—“—"— ——— - e ]

o

Fig. 1.1. Example of terrain corresponding to roughness class 0: waler areas (=, = 0.0002 m).
This class comprises seas and lakes.

From European Wind Allas, Ib Troen and Erik Lundtang Petersen, 1989 © Risoe National Laboratory
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Fig. 1.2. Example of terrain corresponding to roughness class 1 (z, = 0.03 m): flat (or gently
undulating) open areas with few windbreaks. Single farms, trees and bushes can be found.

Fig. 1.3. Example of terrain corresponding to roughness class 2: farm land with windbreaks, the
mean separation of which exceeds 1000 m, and some scattered built-up areas (z, = 0.10 m).
The terrain is characterized by large open areas between the many windbreaks, giving the
landscape an open appearance. The terrain may be flat or undulating. There are many trees

and buildings.

From European Wind Atlas, Ib Troen and Erik Lundiang Petersen, 1989 © Risoc National Laboratory 131
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Fig. 1.4. Example of terrain corresponding to roughness class 3: urban districts, forests, and
farm land with many windbreaks (z, = 0.40 m). The farmiand is characterized by the many
closely spaced windbreaks, the average separation being a few hundred metres.

For the calculation of regional climatologies, the station descriptions and the models were used
to transform the measured data set from each station to what would have been measured at
the location of the station, if the surroundings were as follows:

flat and homogeneous terrain;

no nearby obstacles;

measurements had been taken at heights of 10, 30, 50, 100, and 200 m.

With four roughness classes and five standard heights, the data set from each of the 43
meteostalions and 8 high meteomasts is transformed into 20 data sets. These 20 data sels
form the basis of the regional wind climatology, because through the transformation procedure
the data sets were freed from the influence of local topography to become regionally representative.

A simple empirical relation belween the roughness elements and the roughness length has
been given by Letlau (1969) [11). A roughness element is characterized by its height h and the
cross-seclion facing the wind S. Further, for a number of roughness elements, distributed more
or less evenly over an area, the density can be described by the average horizontal area, 4,,
available to each element. Then

_ NS

=05—
29 A, (1.1)

This relation gives reasonable estimates of z, when A, is much larger than S. It tends lo
overeslimate ¢, when A, is of the order of §; this is because, when the roughness elements are
close together, the flow is “lilted” over them. Then only a fraction of § and /1 contributes to lhe
roughness. Furthermore, the lifting of the flow requires measuring the height above ground
from somewhere between the 1op of the roughness elements and half the height of the elements.
This height is referred to as a displacement length. The displacement length must often be
taken into account on siles with forests, cilies, and tall vegetation. Finally, Eq. 1.1 assumes that
lhe porosily is approximately zero, i.e. the roughness elements are solid. For porous roughness
elements, z, from EQ. 1.1 mus! be reduced by a fraction equal to the porosity.

"y

132 From European Wind Atlas, Ib Troen and Erik Lundtang Petersen, 1989 ® Risoe National Laboratory
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Empirical equalion 1.1 can be applied to calculate the roughness length of a terrain with a large
number of houses (e.g. a provincial town). The roughness is estimated from h=5m, § = 100
m? and A, = 1000 m%

5, =0.5-5-10071000=0.25 m
The empirical relation may also be applied to windbreaks (shelter belts) by letting S - /-1. and

A, ~ 'L, where L is the length of windbreak and / the distance between windbreaks. Hence, Eq.
1.1 becomes:

=050 /1 (1.2)
For a typical height of 10 m, the influence of / on ¢, can be illustrated by the following table:
1 [m] 1000 500 200
z, [m] 0.05 0.1 0.25

It should be noted, that the porosity was assumed to be zero in the above calculation. For
windbreaks of trees and bushes, the porosity is approximately 0.5, which leads to a decrease
in the distance / between the windbreaks by a factor of two in order to give the same roughness.

Figure 1.5 indicates the relation between roughness length, terrain characteristics, and roughness
class. The roughness length of surfaces, covered by vegetation, may vary with the wind speed.
For example, the bending of stalks by the wind can change the form of the surface. A similar
phenomenon occurs for water waves, where both the height and the form of the waves are
dependent on wind speed. From dimensional arguments, the following equation can be obtained
for the roughness over water, when viscous effects and the surface tension of the water are
neglected (Charnock, 1955} [12, 13]:

o=bul/g, (1.3)

where b is a constant (b ~0.014), g the gravitational acceleration, and «u. the friction velocity
(see Eq. 1.10).

In the Wind Energy Atlas it has been aitempted to use both Eq. 1.3 and a fixed value for the
roughness of water areas, roughness class 0. It turned out thal a fixed value of 0.0002 m gave
results as good as Eq. 1.3 from the moderate to high wind speeds of interest to the Wind
Energy Atlas, hence all statistics in the Wind Energy Atlas are obtained with this value.

It should be noted that, in general, the roughness length, as applied in the Wind Energy Atlas,
has to be considered as a climatological parameter because the roughness ot an area changes
with foliation, vegetation, snow cover and so on. The energy production of a wind turbine must
be determined on the basis of climatology, primarily, because of the variations of the weather;
however, the seasonal variations in the local terrain characteristics can also have a profound
influence.

From European Wind Alias, Ib Troen and Erik Lundtang Pelersen, 1989 © Risoc Nationat Laboratory 133
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= [m) Terrain surface characleristics Roughness
class

1.00 -} city

forest

0.50 suburbs

3
0.30 | shelter bells
0.20 T many lrees and/or bushes
010 T farmland with closed appearance

farmland with open appearance

f——l f—t—|

005 T
003 T farmland with very few buildings, trees elc. airporl 1
' areas with buildings and trees
4 airporl runway areas
0.01°7 mown grass
5.107° -T bare soil (smooth)
T
103 | snow surfaces (smooth)
I
3-10"% 1 sand suraces (smooth)

104 _[_ waler areas (lakes, fjords, open sea)

Fig. 1.5. Roughness length, surface characteristics and roughness class. The roughness
classes are indicated by vertical bars. The central points give the reference values and the
length of the bars indicates the typical range of uncertainty in roughness assessments.

134 From Europosn Wind Allas, ib Troen and Erik Lundtang Petersen, 1989 © Risoe National Laboratory
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1.3. Shelter behind obstacles

Shelter is defined as the reiative decrease in wind speed, caused by an obstacle in the terrain.
Whelher an obstacle provides sheiter at the specific site depends upon:

« the distance from the obstacle to the site (x)

* lhe height of the obstacle (/)

* the heighi of the point of interest at the site (//)
» the length of the obstacle (L)

« the porosity of the obstacle (/)

Figure 1.6 shows the reduction of wind speed due to shelter from an infinitely long two-dimensional
obstacle of zero porosity. The sheller decreases with diminishing lenglh and increasing porosity
of the obstacle.

4

i

Heighl a.g.l. / height of obstacle
~N

\

4 1 1 [
0 10 20 30 40 50
Distance from obstacle / height of obstacle

Fig. 1.6. Reduction of wind speed (R,} in percent due to shelter by a two-dimensional obgac{e
based on the expressions given by Perera (1981) [14). In the shaded area the shellering is
very dependent on the detailed geomelry of obstacle. In addition, wind speed is usually increased
close to and above the obslacle — similar to the speed-up effects over hills.

As a general rule, the porosity can be sel equal to zero for buildings and » 0.5 for lrees. A row
of similar buildings with a separation between them of one third the length of a building will have
a porosity of about 0.33. For windbreaks the characteristics, listed in Table 1.1, may be applied.
The porosily of trees changes with foliation, i.e. the time of year and like the roughness length,
the porosity should be considered a seasonal paramelter.

0

Table 1.1. Porosity of windbreaks.

Appearance Porosily P
Solid (wall) 0
Very dense £0.35
Dense 0.35-0.50
Open >0.50

~
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The effect of porosity, P (0 < P < 1) is approximalely accounted for mulliplication by (1 — p),
Another consideration relevant to the correction of wind data is the lateral dimension L of the
obstacle. Most empirical data, including the data in Perera (1981) [14], are concerned with two-
dimensional fences or shelter bells corresponding to “infinite” lateral dimensions. The shelter
from obstacles with finile lateral dimensions is decreased because of lateral mixing in the
wake; furthermore, the elfect on the average wind speed in a given azimulh sector is decreased
because of the finite angular dimension of the obstacle, as seen from the site. In a given sector
the reduction in average wind speed (R,) can be approximately estimated by reducing the shelter,
obtained from Fig. 1.6, using the following expressions derived from simple geometrical
consideralions:

-1
(|+o.2i) for L>03
L X
R, = (1.4)

2= for

Hence,
., =u-(1-Ry-R,(-P)), (1.5)

cor

where u and u are the mean wind speeds corresponding to sheltered and unsheltered
conditions, respectively, and R, = Aulu is the fraclional wind speed reduction from Fig. 1.6.

1.4. The effect of height variations in the terrain

How regionally representative a transformed data setis, depends on the complexity of topography
and obstacles surrounding the station. The representativeness of a station is severely reduced
with increasing complexity of the surrounding orography. In order to distinguish the stations and
to judge their applicability to the surrounding regions, all regions and landscapes have been
classified in 5 types (Figs. 1.7 - 1.11).

Fig. 1.7. Landscape of type 1: plains, waler areas and lowland regions far from mountains.
Winds near the surface are modified by changing surface roughness and shellering obslacles
only.
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Fig. 1.8. Landscape of type 2: gently undulating and hilly regions far from mountains. Typical
horizontal dimensions of the hills are less than a few kilometres. Winds near the surface are
modified by changing surface roughness, sheltering obstacles and — most important — by the
acceleration, induced by the hills.

Fig. 1.9. Landscape of type 3: strongly undulating and highland regions. Typical horizontal
dimensions of the hills are several kilometres. Winds near the surface are modified by the
topography as for landscape type 2. In addition, the larger scale orographic lealures may induce
strong modifications of the entire atmospheric boundary layer.
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Fig. 1.10. Landscape of type 4: foothill regions. In these broad sloping regions distinct and
persistent flow systems occur, such as: Fohn, Bise, Bora, Mistral. These flows are caused by
processes like channeling, deflection, leeside descent, and hydraulic intensification.

Fig. 1.11. Landscape of mype 5: high mountain massifs cut by deep valleys. The winds at the
peaks may be representative of free atmospheric values, depending on the specific conditions.
In the valleys thermally induced mountain valley winds dominate the wind climate. The winds in
the valleys are decoupled from the free atmosphere winds.

Translormed statistics from stations in landscape types 1 and 2 can be assumed to apply toa
region of approximalely 200 km radius. Statistics from stations in landscapes of types 3 and 4
might apply to a region of similar size or smaller, depending on the specific situation. Most often
stalistics from stations in fandscape type 5 will be representative only of an area close to the
station.

The eflects of height variations in the terrain on the wind profile can most clearly be demonstraled
by the resulls from the international field experiments al the Askervein hill on the isle of South
Uist in the Hebrides (Taylor and Teunissen, 1987; Salmon et al., 1987) [15]. Figure 1.12 shows
a perspeclive plot of the Askervein hill. The line, along which measurements of wind speed and
direction were recorded, is indicated by the meteorological towers.
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Fig. 1.12. Perspective plot of the Askervein hill.

The experimental data are shown in Fig. 1.13 with the relative speed-upASat 10 ma.g.l. plotted
against the distance from the crest. The relative speed-upAS is defined as:

1ty =iy

AS= _ (1.6)

u

where 1, and u, are the wind speeds at the same height above ground level at the top of the hill
and over the terrain upstream of the hill, respectively.
The data in Fig. 1.13 are obtained for a wind direction almost perpendicular to the orientation of
the ridge. The results from three numerical models are also shown: the model, used in the
Wind Atlas [16], analysis and two other models (Beljaars et al., 1987) 1 7). Some noteworthy
characterisiics from Fig. 1.13 are:
the speed-up at the crest is 80 per cent as compared with the undisturbed up-stream
mean wind speed
the negative speed-up (speed-down) in the front and lee of the hill is 20 to 40 per cent as
compared with the undisturbed upstream mean wind speed.

1.0
0.8
a 0.6
2 0d
B 0.2
-0.0 =
~-0.2
-0.4
-0.6
~-0.8
-1.0 P S S S U S WU SN N N S T S SR SN SH SR SR U
-1000 ~5(H) U 500 1000
Distance from hill cresl. m

Relative spe

Fig. 1.13. Relative speed-up ratios for flow over the Askervein hill at 10 m above ground level.
Measuremenits are indicated by dots and resuits from the orographic model by squares. Resulls
from two other numerical models are shown by a full and dashed line, respectively.
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Figure 1.14 shows wind profiles, recorded simultaneously upstream and on top of the Askervein
hill. Note that the upstream profile is logarithmic with height whereas the hill-top profile has a
knee at the height /, the height of maximum relative speed-up. The profile is conslant with
height above the knee until it malches with the upstream prolile at the height 2L, where Lis a
characleristic length of the hill, lypically the half-width, as shown in Fig. 1.15. Approximate
expressions for AS and / can be found in Jensen et al. (1984) [18]:

AS=20/1L, (1.7)

L .67
=().3~:0[_—] (1.8)
<0

These formulae often work well, when the dimension of the hill perpendicular to the wind direction,
is much larger than L; so the problem can be considered to be two-dimensional.
1000 T T T

T T T T T
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Fig. 1.14. Wind proliles, recorded simultaneously upsiream and on top of the Askervein hill
(Jensen et al., 1984) [18]. The symbols indicale mind speed measurements. Up-stream profile

is the straight line to the left; hill-top profile is the line to the right. The two length scales 1. and|
are defined in Fig. 1.15.
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Itis evident from the above example that hills exert a profound influence on the llow, and this
has to be taken into account as carefully as possible. But one should be aware that all the
height changes in the terrain influence the flow: a 5% height increase can have a 5% impact on
the mean wind speed — possibly at hub height — resulting in a 15% increase of the available
power. It is often difticull ~ and impossible in complicaled terrain — to apply simple formulas
such as Egs. 1.7 and 1.8 1o determine the wind resource at specific locations. For this reason
it is necessary in most cases to use a numerical model for the calculations.

21

Fig. 1.15. Flow over an idealized hill with upstream and hill-top wind profiles. The two length
scales, characterizing the fiow, are indicated: L is a characteristic length of the hill, here —
following traditional nomenclature ~ the half width at the middle of the hill; | is the height of
maximum relative speed-up.

1.5. The physical basis

As it has already been described in the introduction to this book, the Wind Energy Atlas concept
is build upon the use of a set of models for the correction of measured wind data and an
analysis of the corrected data in terms of their frequency distributions. In principle, the correction
can be performed on the basis of either a time series, thus transforming each measured value,
or by suitable transformation of the frequency distributions. The Wind Energy Atlas work was
initially concentrated on the time-series approach. The transformation of the time series has
applications beyond the purpose of the Atlas; one such application is the building of realistic
site-specific time series for use in simulation studies, as described in Petersen (1986) [8]. The
present model is based on the transformation of frequency distributions. The integrated
computer model, used in the analysis, is called the Wind Atlas Analysis and Application
Programme (WAsP). The submodels are described below.

Surface-layer similarity laws

The layer closest to the ground is called the atmospheric boundary layer. The layer extends up
to about 100 m on clear nights with low wind speeds and up to more than 2 kilometres on a fine
summer day. The lowest part of this layer is called the surface layer, which is sometimes
defined as a fixed fraction, say 10% of the boundary layer depth. For the purpose of climalology
relevant to wind power utilization, we can neglect the lowest wind speeds, so only situations,
where the atmospheric boundary layer extends to approximately 1 km and surlace-layer physics
apply in the lowest 100 m of the layer, are ol concern.

At high wind speeds the wind profile over flat and reasonably homogeneous terrain is well
modelled, using the logarithmic law:

u <
Il(..)—?hl:— . (19)
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where u(z) is the wind speed at height z above ground level, , is the surface roughness length,
K is the von Karman constant, taken here as 0.40, and 1. is the so-called friction velocity related
to the surface stress r through the definition {19]

|T|=pu‘2. (1.10)
where p is the air density. Even at moderate wind speeds, deviations from the logarithmic
profile occur, when : exceeds a few tens of metres. Deviations are caused by the effect of
buoyancy forces in the turbulence dynamics; lhe surface roughness is no longer the only relevant
surface characteristic but has to be supplemented by parameters describing the surface heat
flux. With surface cooling at night time, turbulence is lessened causing the wind profile to increase
more rapidly with height; conversely, daylime heating causes increased turbulence and a wind
profile more constant with height. Similarity expressions for these more general profiles are
given by:

u(z )-—[l”( /20)-w (/L) (1.11)

where w is an empirical function (Busmger, 1973; Dyer, 1974) [20, 21]). The new parameler
introduced in this expression is the so-called Monin-Obukhov length L:

70 'Y M.

Kg Ilo '

L=- (1.12)

where T, and /4, are the surface absolute temperature and heat flux, respectively, c, is the heat
capacny of air at constant pressure, g the acceleration of gravity and the remalnlng quantities
are defined above. The inclusion of the effects of surface heat flux in the present model is
described in section 1.5.

The geostrophic drag law and the geostrophic wind

The winds in the atmospheric boundary layer can be considered to arise from pressure
differences, caused mainly by “"synoptic” activity, i.e. the passing of high and low pressure
systems. As the boundary layer structure has a rather rapid response to changes in pressure
forcing, an approximate balance is found belween the pressure gradient force and the frictional
force at the surface of the earth. This balance can be theoretically derived under idealised
conditions of stationarity, homogeneity and barotrophy (the pressure gradient being constant
over the depth of the boundary layer). For conditions of neutral stability the balance was already
described by Rossby and Montgomery (1935) [22]. The result is usually expressed as a relation
— called the geoslrophic drag law — between the surface friclion velocity «, and the so-called

geostrophic wind G:
. i ) >
G=;— [h{jTﬂ]_A] +8° (1.13)

Bu

ARG '

in which « is the angle belween the near-surlace winds and lhe geostrophic wind, /is the
Coriolis parameter and  and /3 are empirical constants (here 4 = 1.8, # = 4.5). The geostrophic
wind can be calculaled [rom the surface pressure gradient and is ofien close to the wind speed,
observed by radiosondes above the boundary layer. The geostrophic drag law can be extended
to conditions of non-neutral stability, in this case lhe above constants .4 and I become funclions
of the slability parameter g, defined by:

sing =—

n -—’T
(1.14)
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1.6. The stability model

The stability modifications of the logarithmic wind profile are oflen neglected in connection with
wind energy, the justification being lhe relative unimportance of the low wind speed range. The
present model treats stability modifications as small perturbations to a basic neutral state.

In order to take into account an approximate manner of the effects of varying the surface heat
flux without the need for delailed modelling of each individual wind profile, a simplified procedure
is adopted, which only requires input in the form ol the climatological average and root-mean-
square of the surface heat flux.

The model is derived from the geostrophic drag law and the wind speed profile by a first order
expansion in surface heat flux from the neutral state. The differential of Eq. 1.13 is (keeping G,
and f constant):

Iy

du. du.  dA dB
IG = G——— In—=A — —-—dit |+ B—du|=0
G ==" GII”[ 0)][ i l] " ] (1.15)
Using Egs. 1.12 and 1.13 and inserting the neutral values of the various coefficients
1B
AQ0)=18, BO)=45 “-_02 “C.i02
dut dp
and disregarding the small terms, the following relation is found
du |8l (1.18)
i, jTO(.’,pG '

with the numerical constant ¢ = 2.5. This equation is used to evaluate the offset from the neutral
value of i, taking the climatological mean value of the surface heat flux as 4/, and to evaluate
the root-mean-square of fluctuations of v, using the rms heat flux for d/1. In this application the
geostrophic wind speed G is taken equal to the value where wind speed frequency distribution
has a maximum in energy density, see Section 1.10.

The differential of the wind profile, Eq. 2.11, is:

0. dy dL
dnfz)= —[/n(e/q,) (z/L)]—l?%:IT dH (1.17)

Inserting neutral values of the coefficients as above and using Eq. 1.16, an expression is obtained
for the height above ground z,, where the first order effects of surface heat flux modulations
vanish, and as a consequence there is a minimum in the wind speed variance (setting

du(z,)=0) results, viz.

T < )ul
In(z,, /7 u)( J/(.-' (1.18)

where the new numerical constant a is the slope at neutral of the y-function with a value between
4 and 5, depending on whether expressions for stable or unstable conditions are used. Using
the simplified neutral drag law (Jensen et al., 1984) [18]:

iy, 0.5

—_=— 1.19
G In{Ro)- AlD) (1.19)
Eq. 1.18 can be more eleganlly expressed as:
- /-
=l < constant - Ro(ln(Ro)—= AQ)) : , (1.20)

(5,010
where the constant = 0.1 and the surface Rossby number is defined by:
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G
Ro=—— (1.21)
T

Finally this expression can be approximated with a power law:

2wl =a-Ro", (1.22)
where the conslants used are @ = 2.0-10? and = 0.9. It is noleworlhy that the height :_is
essentially constant over large areas because of the weak dependency of z, (~ --' power). An

exception is encounlered at coasts, where : over sea is found to be roughly half of the over-
land value.

The effects of non-neutral stabilities are modelled through their effects on the vertical profile of
the climatological mean value and standard deviation of wind speed, using the above expressions.

The height of minimum variance :_ is determined from Eq. 1.22. At this height the relative
deviation from the neutral value of the mean speed is determined as a sum of the deviations,

caused by an average heat flux devialion denoted AH,,; and a contribution from the varying
heat flux Al/

(120

Auz,,) _Au. ¥ (:,,. /L., )"’ v(z./ L,.)
PR 5 R ¥ ey i B (123

where L is the Monin-Obukhov length corresponding to and L corresponds to . The factor
F... is a form factor, which accounts for the fact that because of the difference in the form of the
w-function from stable to unstable conditions there will be on the average a bias toward higher
values of wind speed at the height z_. This can be seen from the explicit forms, which are here
taken as (Jensen et al., 1984) [18]:

-\
(/L)= (l—l(\ Z) -1 Jor unstable conditions
o : (1.24)
—4.72 Jor stuble conditions

The much smaller variation with z of the unstable profile causes the wind speed at z, lobe
displaced to the unstable side, on the average, even in the case, where there is a zero average
surface heat flux (Fig. 1.16). The effective positive heat flux is assumed to be related to the
rms-value by the factor F_ . Here a value of 0.6 is adopted.

The vertical variation of the relative mean deviation of mean speed i and standard deviation q
are finally specified in the form:

o=t 1+ 200 129
0.(-)= a,,,,(:)[ [+ A": " r(e) ] (1.26)

with the profile function ft-) derived from the first order expansion of u(:):

(1.27)

~m
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Fig. 1.16. Wind profile characteristics: graph to the left shows a range of wind speed profiles
(shaded area) corresponding to a constant geostrophic wind speed of 10 ms’ and a typical
range of surface heat flux. The graphs to the right correspond to G = 20 ms™ and the same
range of surface heat flux.

These expressions are used in the analysis to calculate the degree of “contamination” by stability
effects in the input data and to reintroduce proper values of contamination, when calculating
conditions at different heights and surface conditions. In particular, a data set from a
meteorological station, situated at sea, can be used to estimate over-land wind conditions,
taking into account differences in the heat flux parameters for over-land and over-sea conditions.

In this connection coastal areas are treated as the intermediate between over-land and over-
sea areas. This is done by considering the distance to the coast in the upwind direction (x)and
applying the stability corrections pertaining to over-land and over-sea conditions weighted with
a factor w:

e min (\ (.')

(1.28)
-

where ¢ is the width of the coastal zone, taken here to be 10 km. A more detailed account of the
application of the stability model is given in Section 1.11.
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1.7. The roughness change model

The logarithmic wind profile applies only, if the upwind terrain is reasonably homogeneous. If
this is not the case, devialions will be observed and it is not possible to assign a unique roughness
length to the terrain. Even though “effective” roughness lengths can be assigned by different
methods, these will depend on the height of observation. An exceplion to this is the effective
roughness length implicitly, defined by the geostrophic drag law.

The average surface stress 4 and surface wind speed must depend on surface condilions only
up to a certain upstream distance; distant obstacles are "forgotten™ by the tendency of the
boundary layer to approach equilibrium between the pressure gradient force and friction. The
distance scale involved is proportional to the Rossby radius G/fand is of the order of 10 — 100
km. For the wind frequency distribution it is assumed here that it is sufficient to consider surface
conditions out to distances of the order of 10 km. From simple considerations pertaining to the
surface layer, it is possible in the case of small-scale terrain inhomogeneities to model the
change of surface stress, which occurs when wind flows from a surface characterized by a
roughness length z,, fo another surface with a roughness of z,,. In this case an internal boundary
layer (IBL) grows downwind from the roughness change; considering a point at a distance x
downwind from the change, the IBL has grown to a height /i given by (Panofsky, 1973) [23):

h Ini =1 |=const BEN
ZO ZO B za (1 29)

2 = max (201, 202)
Above /i no change is felt whereas the wind profile has been perturbed in the layer below h. The
value of the constant is here 0.9. It is empirically found, that the change of surface friction
velocity is well modelled, using the following relation, which can be derived from matching of
neutral wind profiles at the height i:

Moy _In (W z0))
Uy “n (h/z::) (1.30)

where «,, is the surface friction velocity at the point considered and «,, the surface stress
upwind from the change. The wind profile is perturbed in the IBL and the surface friction velocity
cannot be calculated from observed wind speeds, using the logarithmic profile. However,
experimental evidence (Sempreviva et al., 1989) [24), as well as results from numerical models
(Rao etal., 1974) [25], shows that the perturbed profile can be well modelled with three logarithmic
parts:

o In(zfz0) N
" ’Il(c,h/q") Jor z2¢h,
u()={u"+0’ ~u )'" '-/C /') foresh<zseh,
(/<o o
/,,(T,,_",) for zsch,

where u'=(u., ) Inle,hiz, ). u”= (0 2 k)in(esh s, ) and ¢, = 0.3, ¢, =0.09. From this equation
and with the aid of Eq. 1.30 and 1.31 the surface friction velocity « . corresponding to a measured
wind speed can be related to the friction velocity upstream of a change in surface roughness.
For more roughness changes Eq. 1.30 can be applied in sequence, and thus a measured wind
speed can be used for calculating the surface friction velocity far upstream. However, successive
roughness changes must not occur too close to each other, and therefore the following distance
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rule is applied. If x_is the distance to the nth change in surface roughness, then the upstream
roughness must be estimated as an average covering the area belween the distance x and
2.x,in the azimuth sector considered. The factor 2 is somewhat arbitrary, and the rule may be
deviated from in the cases, where clear roughness boundaries are found, e.g. at a coastline.

Moving further upstream, the roughness change model, just described, will give results deviating
from reality, because it does not incorporate the above-menlioned boundary layer approach to
equilibrium. As was the case with stability corrections, the discrepancies are considered to be
small perlurbations and a simple model is constructed by considering the asymplotic behaviour.
The far-upstream surface conditions musl lose imporlance, as x/D becomes large, where 1 is
the chosen equilibrium distance (here taken to be 10 km), and also the above surface layer
relations must apply for x much smaller than . This behaviour is obtained by a simple weighting
of the roughness changes by a factor W :

X,
W =exp| =22 .
" “I’( D] (1.32)

Instead of considering a change from z, to z,,,, at distance v, the value In(z, ) + W In(z,/z,,,,}
substitutes In(z,, ). By application of this weighting in sequence, a value of the surface friction
velocity far upstream is obtained together with a value of the corresponding equilibrium surface
roughness, to which the geostrophic drag law applies.

1.8. The shelter model

The frictional effect of a land surface is caused by drag on surface-mounted obstacles, ranging
from individual sand grains, grass, leaves efc. to large trees and buildings. Their collective
effect is modelled through the surface roughness length as described in section 1.2 and the
sections above. Close to an individual obstacle, at dislances comparable to the height o_f the
obstacle and at heights likewise comparable to the height of the obstacle, the wind profile is
perturbed, particularly, in the downstream wake, and the object must be treated separately. In
the wake immediately behind a blunt object, such as a row of trees or a house (less than ﬁye
object heights down-stream and at heights less than twice the height of the object) the details
of the object exert a critical influence on the effects. The wake behind a building depends, _for
example, on the detailed geometry of the roof and the incidence angle of the wind, to menl:on
two parameters [19]. In addition, wakes from other nearby objects may interfere, causing the
problem to become very complicated.

The main reason for addressing the problem here is that some of the meteorologigal data sets,
used in the present study, come from meteorological stations at which the wind data are
influenced by nearby obstacles. As far as the application of the Wind Energy Atlas in siling is
concerned, the problems are usually small.

In the light of these remarks, the shelter model constructed for use in the analysis should be
seen as a tool for correcting data influenced by single obstacles thal are sufficiently far away to
make the perturbations small and to avoid the intricacies of the nearby wakes.

For simple two-dimensional semi-infinite obstacles such as long rows of trees, wal_ls. or hedges,
the expressions, given by Perera (1981) [14] and obtained from wind-tunne! sludies, are used:

014
A ()8(-,—‘) I—\(I - Phyexpl-0.0m' 5), (1.33)
] ]

3
where

04T

- M
Y L (1.34)
I In(h/:.(.) h

and
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P = porosity = open area/total area

h = height of obstacle

z, = height considered (anemometer)
x = downstream distance

With finite obstacle lengths and skew incidence of the wind, the sheltering of an obstacle will, in
general, be different. In section 1.3 some simple guidelines were indicated; however, the model,
actually used in the analysis, is slightly more refined.

For each of a number of radial lines or rays originating from the point considered, the distances
to and heights of objects, crossed by the ray, are noted. If a single ray crosses several obstacles,
each of these crossings is initially treated as a single semi-infinite obstacle. Starting with the
most dislant one, the shelter on all downstream obstacles is calculated in sequence. If objects
are so close to each other that their zones of separation join, the downstream sheltering is
reduced by the relative area of the downstream obstacle, which is embedded in the separation
zone of the upstream obstacle.

In this connection, the separated zone upwind of a two-dimensional obstacle is considered to
be limited by a straight line from the top of the obstacle down to the surface at a distance twice
the height of the obstacle, and similarly downstream to a distance of five times the height.

Subsequent to this calculation of the shelter at the point considered from the sequence of
objects, the sheltering for each ray is mixed with neighbouring values. This is done to model the
actual mixing of momentum deficit at the edge of the wake. Finally, the average shelter is
calculated over an azimuth sector by summing up the sheltering calculated on each ray in the

azimuth sector. Here eight rays are used per 30° azimuth sectors and an eftective lateral
spreading over an angle of 12°.

1.9. The orographic model

Like the change-of-roughness and shelter models, the orographic model is used to correct
measured wind data for the effect of local terrain inhomogeneities; in the present case this
means differences in terrain height around the meteorological stations. Emphasis is placed on
the effects of terrain undulations with horizontal scales up to several tens of kilometers, and the
model was especially developed to serve this purpose. It has strong similarities with the MS3DJH
family of models, based on the analysis of flow over hills by Jackson and Hunt (1975) [26].
Readers, who wish to become acquainted with these models, should consult the papers by
Walmsley et al. (1982) [28], Troen and de Baas (1987) [27). The model is different, however, in
a number of respects, the most important being the high resolution and polar representation.

The first slep in the model is the calculation of the potential flow perturbation, induced by the
terrain and corresponding to a unit wind vector in the undisturbed wind direction. This proceeds
as follows: the velocity perlurbation is related to the potenlial by:

i=Vy, (1.35)
where yis the potential and j7 the three-dimensional vector of velocity perturbations ii = {i.v, ).

If vanishing potential is assumed at a given outer model radius K, a general solution 1o lhe
potential flow problem in polar coordinates can be expressed as a sum in terms of the form:

X, = I\’,”J,,[ I % ]m‘/; (ino) c.\p[ -t —I-; ]. (1.36)
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where K, are arbitrary coefficients, J, the nth order Bessel function, r radius, o azimuth, :

height, and ¢/ are the jth zero of J . For a specific problem, the coefficients are determined by
the boundary conditions, which are here the surface kinematic boundary condition:

" =%Z|:=0=ﬁo -Vi(r.0), (1.37)

where 1, is the terrain-induced vertical velocity, i, the basic slate velocity vector and i the

" r
height of terrain. The functions J,.(", -

R
Bessel series) for each n, and the azimuth representation exp(ino) likewise forms an orthogonal
set (Fourier series). The coefficients K, can therefore be calculated independently by projecting
the right-hand side of Eq. 1.37 onto this basis of functions. The mathematical details of these
transforms are described in Oberhettinger (1973) [29].

The polar representation has important advantages over the more common Cartesian as used
in the above-mentioned models, while maintaining the advantages of spectral decomposition.
By defining the model centre to coincide with the point of interest, it is possible to concentrate
the model resolution there and also to restrict the calculations to the perturbation at this point.
For the centre point r = 0, the following solution is found:

) form an orthogonal set of radial functions (Fourier-

1
1o ¢ c
in=E(I,J)KU-F'e.\'p(—(‘;;] (1.38)
The final result of the first step in the model is thus a series of coefficients K, from which the
solution of the potential flow perturbation is given as a sum of the lerms stated in Eq. 1.38. Each

term has an associated horizontal scale L, = R/c} , which is also the characteristic depth to

which the perturbation penetrates.

The second step in the model consists of a modification of the potential flow solution to
accommodate in an approximate sense the effects of surface friction.

Potential flow implies a balance between the pressure gradient force and advection of
momentum in the equations of momentum and vanishing turbulent momentum transfer. Near
the surface the turbulent transfer cannot be neglected. The deviation from the potential flow
behaviour is restricted to a layer, which depthis of the order [ with/ << L,. In the present model
the value of / is determined, following Jensen et al. (1 984) [18] as:

0y

L 067
/,=0.3-:o,.[_—’] (1.39)
where z_is the surface roughness length of the scale considered. For homogeneous conditi_ons
%, = 2, For inhomogeneous sites the surface roughness length is taken as an exponentially
weighted average from r=0tor= 5L, in the upwind direction (weighting In(z,)).

For heighls much smaller, than I turbulent transfer forces a balance belween stress and wnpd
shear, leading to a logarithmic profile of the velocity perturbation. For heights compa_rable with
! maximum flow perturbation occurs, and this perturbation exceeds the value pred|cleq from
potential flow. In the present model the perturbation profile is modelled for each term in the
above expansion, by assigning a perturbation to the height - of magnitude Ax,.

A, (2) el )

+Vx, (1.40)

Iu,.(_ )I B !“n(‘-.‘r )| .

. e
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where u (2} is the basic state velocity at height z and Z, is equal to max(z, 1.

The calculation of the coefficients K, through the projection method involves numerical
inlegrations over azimuth and radius. This is performed on a grid illustrated in Fig. 1.17. The
radial grid size is the smallest at the centre and is increased by a constant faclor (= 1.06)
oulwards for each grid cell. In principle, the necessary input is the height of terrain at each grid
point, but a much more convenient representation of the terrain height is the contour lines (lines
of constant height), as given on standard topographical maps. The model was designed,
therefore, to directly accept arbitrarily chosen contour lines as input and integrates the estimation
of grid-point values and the numerical integrations in one process. The grid consists of 100
radial stations, and the resulting resolution near the centre is approximately 2 m for a model
with R = 10 km, and approximately 10 m for R = 50 km, etc. Therefore resolution is limited in
practice only by the accuracy and density of the contour data from the topographical maps.

Fig. 1.17. The polar zooming grid employed by the model for the calculation of flow in complex
terrain. Part of the Great Glenn Valley in Scotland is seen from a point above Loch Ness. The
grid is superimposed on the terrain and cenlered on the meteorological station Fort Augustus.
The side length of the upper figure is 12 km and the lower figure a smaller part with a side length
of 2 km. The vertical scale is exaggerated by a faclor of 5.
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1.10. The statistical basis
Basic concepts

Observation or measurement of wind at any location reveals, that both speed and direction
which are rapidly varying in time, as illustrated in Fig. 1.18. Wind speed, measured continuously
over 100 days, is shown on the first graph, followed by graphs, which in sequence zoom in, on
smaller and smaller parts of the series. It is easy to see the much larger relative variance in the
longer time series, as compared with the time series covering hours or less. This partitioning of
the variance on different time scales is further illustrated by the power spectrumin Fig. 1.19.

. |
100 days i 8 hours
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Fig 1.18. Wind speed measured 30 m above flat homogeneous terrain in Denmark (Courtney,
1988) [30]. Each graph shows the measured wind speed over the time period indicated. The
number of data points in each graph is 1200, each data point correspondlng to the speed
averaged over 1/1200 of the period. Vertical axis is wind speed, 0 —20 ms'.
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Month  Day Minute
i T 7 T | I

Year Week Hour Second
Fig. 1.19. The power spectrum of wind speeds, measured continuously over a flat homogeneous
terrain in Denmark (Courtney, 1988) [30). The data were collected over one year with a sampling
frequency of 8 Hz. The spectrum is shown in a log-linear, area-true representation.

The mechanisms, that cause the wind to blow, are in contrast changing only slowly with time —
as the weather changes. In addition to the rapid change at a single point, speed and direction
change from point to point at any given instant. The reason for the variations of the wind is the
turbulence in the atmospheric boundary layer. In order to define in a meaningful way a measured
wind speed it must be referred to an averaging period 7. Ideally, measurements should be
taken with a fast-responding instrument and the average formed by integration:

M=3_-“[u(l)dl' (1.41)

where the mean value of « is indicated by an overbar (this notation is used in this section of the
Atlas only, for the sake of clarity).

In practice, due to differences in instrumental setup, data reduction and reporting, averaging
periods range from a few minutes to hours. The data, used for the Atlas, correspond mostly to
an averaging time of 10 minutes or 1 hour. Each observation in these data sets, thus, gives one

value of ;, and the bulk of this book deals with the statistics of these averages, mainly, in the

form of tables of frequency of occurrence and Weibull distributions, as discussed in the following
section.

The data contain no information about wind fluctuations over periods much shorter than the
averaging time 7. These faster turbulent fluctuations do however contribute to the theoretical
wind power densily and consequently they must be taken into account, when the data are
applied to the estimation of wind power potential. The wind power density available over a time
interval T'is given by:
- I

S R B I

= 2/)" =, T{pu ()etr , (1.42)
In this equalion the air density may be taken as a constant with an error of less than a few
percenl. Hence Eq. 1.42 becomes:
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E=05pu" (1.43)

The instantaneous wind speed can be written as the average value plus a deviation from the
average:
n=ir+u (1.44)
Straightforward operations give:
i”'=0
S (1.45)
W= W
Denoting the magnitude of the rms-value of the turbulent fluctuations g, and the turbulence
intensity i, one may write:

o=, i=Ze, E=05pu(1+37) (1.46)

The frequency distribution of ;; determines £ except for the correction term 3:°. Turbulence

intensily depends on surface conditions and height. For homogeneous surface roughness and
neutral conditions a simple relation is found:

1

“in(zfz)
The correction term in Eq. 1.46 will typically amount to a few per cent (6% for z = 30 m and
7,=0.03 m).
Itis important to note, however, that this result applies to the power density at a single point, and
that the extraction of this power by a wind turbine involves the effect of simultaneous winds over
the entire rotor disk. The present study does not include a more detailed evaluation of the effect
of the turbulent fluctuations on the power production by a wind turbine, nor will other aspects,
depending on details of the turbine design be discussed here.

The Weibull distribution

The presentation of wind data makes use of lhe Weibull distribution (Weibult, 1951) {31, 32] as
atool to represent the frequency distribution of wind speed in a compact form. The two-parameter
Weibull distribution is expressed mathematically as:

k{u . w )
(w)=—] = exf -~
I ) A(A] /{ (,\]] (1.48)
where fu) is the frequency of occurrence of wind speed « (as elsewhere in the Atlas, except in
the previous section, the indication of mean value « is not shown explicitly). The two Weibull
parameters thus defined are usually referred to as the scale parameter 4 and the shape
parameter k. The influence on the shape of fiu) for different values of the shape parameter is

ilustrated in Fig. 1.20. For k > 1 the maximum (modal value) lies at values « > 0, while the
function for 0 < & < 1 monotonically decreases.

The Weibull distribution can degenerate into two special distributions, namely for & = 1 the
exponential distribution and for k = 2 the Rayleigh distribution. Since observed wind data exhibit
frequency distributions, which are olten well described by the Rayleigh distribution, this one-
parameter distribution is sometimes used to represent wind daia; here, however, lhe more
general two-parameter Weibull distribulion is used throughout.

i (1.47)
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Fig. 1.20. The shape of the Waibull distribution for different values of the shape parameter k.

The cumulative Weibull distribution F(x) gives the probability of the wind speed, exceeding the
(1.49)

value «, and is given by the simple expression
L}
F =e) - —
(ll) er/{ (A ] ]

The Weibull distribution generates Weibull-distributed higher powers: if i1 is Weibull-distributed
with parameters 4 and , then i~ is Weibull-distributed with the parameters A~ and &/m.

Moments and other important characteristics of Weibull distributions are easy to derive; a list of

the more common characteristics is given here for reference:

1
mean value: A l‘(l + ;)

2
mean square: Az"(' +;]

3
mean cube: A"r( 1+ E)
(1.50)

- n
mean mth power: A I‘(l+ ; ]
Al -| 2
i <A + -1+
variance: { 2 ] ( v ]
. | 171
modal value: A( X ]

. '
median: A(n2)"*
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The available wind power density is proportional to the mean cube of the wind speed:

b 3
E=gm I{HIJ. (1.51)

where [ is power density (Wm?), pis air density (~1.2 kg m? for a temperature of 15°C and a
standard pressure of 1013 mb).

The wind speeds at which the highest power densily is available is given by:

. - 1/%
u,,:A(‘:'] (1.52)

Thus, for a Rayleigh distribution, the wind speed, which contains the highest energy on the
average, is twice the most frequent speed (modal value).

Many different methods can be used for the fitting of the two Weibull parameters lo a histogram
giving the frequency of occurrence of wind speed in a number of intervals (bins). If the observed
data are well represented by the Weibull distribution over the whole range of speeds, then the
fitting procedure can be chosen at will. In general, however, observed histograms will show
deviations due to a number of causes, and a fitting procedure must be selected which focuses
on the wind speed range, relevant to the application. Here the emphasis is on the higher wind
speeds and a moment fitting method is used, which focuses on the higher but not the extreme
wind speeds.

For each azimuthal sector, the two Weibull parameters are determined by the requirements
that:

1) the total wind energy in the fitted Weibull distribution and the observed distribution are
equal, and

2) the frequencies of occurrence of wind speeds higher than the observed average speed
are the same for both distributions.

The combination of these two requirements leads to an equation in & only, which is solved by a
standard root-finding algorithm.

Most difficulties in fitting to observed data are related to the treatment of very low and very high
wind speeds. The highest wind speeds, say the uppermost percentile of observations, are
statistically very uncertain and special methods (i.e. Gumbel, 1958) [33] must be employed in
extreme wind analysis. This analysis is not included in the Atlas, and the Weibull distributions
given here should not be used for the estimation of frequencies of occurrence much below
0.01.

Atlow wind speeds, limitations in instrument response, reporting praclices and data truncation,
can lead to substantial errors in the frequency of occurrence. Sometimes such errors give rise
to an abnormally high frequency of recorded calms. For wind power applicalions, the precise
form of the frequency curve for wind speeds lower than the average is of litile concern and the
present fitting method is designed with this in mind. It should be noted, however, that tor
meteorological stations with mean speeds of ~3 ms" or lower, located in a reasonably windy
climate, but locally heavily sheltered, the calculated regional wind climate from such stations
becomes inaccurate because of these difficulties. In addition, the physical models, used in the
analysis, are deficient at low wind speeds.

The fitling method, described above, is used to estimate the Weibull parameters for each of the
observed azimuth sectors and for the sectorwise litting of model-derived (or transtormed)
frequency distributions. The parameters pertaining 10 the associaled lotal or azimuth-independent
wind distributions are obtained from the seclorwise distributions fitling to the sums of the first
and third moments.
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1.11. The Wind Energy Atlas analysis model

The model is composed of the submodels, described in the preceding sections. By means of
measured wind data, descriptions of local lerrain roughness, sheltering obstacles and
topographical heigh! data, a regional wind climatology is calculated in the form of the Weibull
parameters, pertaining to standard conditions. For each of the meteorological stations, used in
the Atlas, the input to the model is summarized on the left-hand pages and the model output is
given on the right-hand pages in the station statistics (Chapter 4). A schematic representation
of the analysis model is shown in Fig. 1.21.

Time-saries of wind speed and

Description ol wind direction
observation site

LVl

Sector-wise histograms of

Shelter model (o correction factors wind speed frequencies
O i i .
I—>{ Orographic medel > la’col?:rrasphlc correclion Corrected histograms

)

Correction factors for Upward transformation:
L] Roughness change model upsliream roughness Histograms of geostrophic

winds
Ellective upsiream Downward transformalion:

roughness Histograms at 10 m over
slandard roughness

y

Weibull paramelers at 10 m
over standard roughness

Wind Atlas dala sel: Loganthmic extrapolation of
p al Stability cc ion Waeibull p to
condilion slandard heights

Fig. 1.21. A schematic representation of the Wind Energy Atlas analysis model.

The calculation procedure can be summarized as follows: input data are in the form of histograms
for each of 8 azimuth sectors, giving the frequency of occurrence of wind speeds in bins of 1
ms* width. First, wind speed-independent correction factors are calculated for each azimuth
sector. Three sets of factors are considered:

« The obstacle correction factors calculaled, using the shelter model, here are denoted

as ¢}, forthe /m azimuth sector.

» The roughness change factors ¢/, . The roughness change model relates the velocily
at the station 10 the velocity upstream of the specified roughness changes. In addition,
the area, weighting of surface roughness, gives an effective upstream surface
roughness ;| .

« The orography correction factors, calculated by application of the orographic model.

The model is applied, using as inpul a wind profile wilh direction in the centre of each
seclor. As described in Seclion 8.5, the aclual surface roughnesses are taken into
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account as parameters in the orographic model. From this ¢/ and p!  are obtained,

oo

where p/  is degrees of turning of the wind vector, calculated by the orographic model.

Secondly, each combined azimuth and wind-speed bin is transformed using these factors.
Considering the / sector and the wind-speed bin from «* to «*** application of the obstacle

correction factor ¢/, gives the corresponding values, which would pertain, if the obstacles

were removed. Similarly, the orographic corrections and the roughness change corrections
are applied to transform the bin boundaries to values for upstream conditions. For the turning of
the azimuthal boundaries, the orographic turning angles are applied, using the average of the
two values nearest the boundary considered.

The effective surface roughness 7 is used with each of the new bin boundaries in the geostrophic
drag law, Eq. 8.5, to calculate the corresponding boundaries GY and G'*" with associated

directions D!/ and D}

i way from the low and high side of the original azimuth bin. In this
transformation process the frequency of occurrence in the bin is conserved. The geostrophic
wind could be used as a means of representation of the regional climatology, but the
transformation process is instead continued to obtain the wind distributions over the standard
values of surface roughness. Again, using the geostrophic drag law, u.-values for the standard
surlace roughness are obtained from the above G“, G**!# and wind directions from the D-
values above. From the logarithmic protile (Eq. 1.9), the corresponding values for the wind
speeds at the lowest standard level (10 m) are obtained. At this stage the contribulions to each
of the “standard” azimuth and speed (1 ms™) bins are calculated. This procedure is repeated
for each azimuth/speed bin in the input data, and the result is four sets of histograms of the
same form as the input histograms, but pertaining to the lowest standard level of 10 metres and
to each of the four roughness classes. For each azimuth sector, the corresponding frequency
of occurrence is extracted and the Weibull parameters are determined using the fitting procedure,
described in Section .4. The Weibull parameters corresponding to the higher standard levels z,
are then calculated, as described in Section 1.5, using a modification of the logarithmic profile,
which takes into account the effects of the variation of surface heat flux. The average and root-
mean-square heat fluxes are specified independently for over-land and over-sea conditions.
The following values are adopted for all the analysed stations:

Average heat flux over land = —40 wm?
Average heat flux over sea = 15wm?
Root-mean-square heat flux over land = 100 wm?

Root-mean-square heat flux over sea = 30 wm?

Equations 1.25 and 1.26 give factors of “contamination” by the stability effects on mean values
and standard deviations, respectively. These expressions are evaluated for contamination in
the input data, using the anemometer height, distance 1o the coast, and upstream equilibrium
surface roughness in each azimuth sector. Similarly, the contamination is calculated for the
different standard heights, and the ratios of these values to those on input are used to correct
the Weibull parameters calculated, using a logarithmic profile. The corresponding means and
standard deviations are calculated, using the expressions givenin Eq. 1.50, the corrections are
applied, and an inverse calculation is performed to determine the Weibull parameters
corresponding to corrected values for means and variances. In this calculation, roughness
class 0 refers to conditions over water and the three other roughness classes are corrected 10
conditions well inland beyond any coastal influence.
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Equations 1.25 and 1.26 give factors of “contamination” by the stability effects on mean values
and standard deviations, respeclively. These expressions are evaluated for contaminalion in
the inpul data using the anemometer height, distance to the coast, and upstream equilibrium
surface roughness in each azimuth sector. Similarly, the contamination is calculated for the
different standard heights, and the ratios of these values to those on input are used to correct
the Weibull parameters calculated, using a logarithmic profile. The corresponding means and
standard deviations are calculated using the expressions given in Eq. 1.50, the corrections are
applied, and an inverse calculation is performed to determine the Weibull parameters
corresponding to corrected values for means and variances. In this calculation, roughness
class 0O refers to conditions over water and the three other roughness classes are corrected to
conditions well inland beyond any coastal influence.

1.12. The Wind Energy Atlas application model

For the construction of the Atlas itself, the analysis model described in the preceding section, is
completed. Equally important, however, is the model built o enable an in- verse calculation of
site-specific wind speed distributions from the regional climatology. The model is shown
schematically in Fig. 1.22. Such a model can be used to check the calculated regional statistics
and can also be offered as a siting tool to the Wind Energy Atlas user.

Derived data: Mean values,
power output Irom WECS ele.

— Description of WECS sile

—>{ Shelter model Obstacle correclion factors |—

Orographic correction s] Weibull p S
lactors

[—>{ Orographic model

Correclion factors lor
upsliream roughness

—>! Roughness change model

Eflective upstream

roughness
Interpolation to WECS height Seclorwise upstream Weibull
parameters
Wwind Atlas data set: - 5
parameters al standard Stability correction
condition

Fig. 1.22. A schematic representation of the Wind Energy Allas application model.
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The model incorporated in WAsP is designed to be as close as possible to the inverse of the
analysis model. The correction factors for local shelter, orography, and roughness changes
are calculated exactly as in the analysis model, now, of course, using the obstacle list, roughness
description, and orographic data pertaining to the site, where the Atlas data are to be applied.

For the height considered, the Wind Energy Atlas table is referenced and the appropriate Weibull
parameters 4 and k, for each azimuth sector are extracted in addition to the sector frequency /.
For heights different from the standard heights and for surface roughnesses different from the
standard values, a logarithmic interpolation is used. The surface roughness values, used for
each sector, are the values calculated in the roughness change model :,  (Section 1.7). The
correction factors are applied to the 4-parameter for each sector, while keeping the k-parameter
values at the table values. Finally, the stability correction is performed in the manner, described
above.

For a given height above the terrain and from a specification of terrain roughnesses, sheltering
obstacles, and orographic details, the model therefore calculates values for the sector-wise
Weibull parameters, and sector frequencies for a chosen regional climatology. Internal
consistency is checked by calculating the station climatology, using the regional climatology,
derived from the same station via the analysis model. Of more interest is the intercomparison
using the regional climatology from one station to predict the local climatology of another nearby
station.

1.13. Limitations of data and models

It is not possible to give strict error bounds for the data, given in the Atlas, and the reliability ot
the Atias is best assessed from data intercomparisons such as those, presented in [9]. To put
these intercomparisons in some perspective a short discussion of uncertainties in the data
and methods of analysis is given below.

Measurements are necessarily associated with uncertainties. The instrumentation is selected
and the data handling is performed with a certain accuracy of the end product in mind. A good
quality, carefully calibrated anemometer can measure with an accuracy of +2%, when the
wind speed is above 3 ms™ [34). However, this accuracy cannot be assumed for the synoptic
and climatological data, which forms the basic input to the Atlas. Excluding systematic errors,
which may arise for various reasons, such as a wrong calibration of the anemometer, an
uncertainty of ~5% for the wind speed data must be assumed. Some data sets may contain
larger undetected errors, which may cause larger biases in the final results. This means that
the estimation of the wind resource at the exact point, where the wind is measured, may be in
error of ~15% or more with respect to the mean power.

The transformation of data, described in the preceding sections, is a procedure for the calculation
of wind statistics away from the points of measurement. Equally it can be considered a method
to clean data from the influences of loca! terrain characteristics, as explained above. In either
case it is an extrapolation in the horizontal and vertical to a real nearby site or to an imaginary
idealized location. Also the practical application of the Allas involves an extrapolation in time
from the past period, covered by the measurements into the future.

In addition to errors and inaccuracies in the measured data, the transformation involves models,
the specification of climatological parameters, and of parameters such as surface roughness
to each measuring station, and as a consequence uncertainties will accumulate.

The submodels, described above, are each based on simplifying assumptions, necessary in
order to make the analysis tractable. The geostrophic drag law (Eq. 1.13), which can be
considered the central hub, around which the models are built, is striclly applicable only under
an idealized and limited range of conditions. Application of the drag law to calculate the
geostrophic wind speed from an individual surface wind observation is associated with an
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uncertainty +15% or more. This uncertainty is mainly caused by instationarity and baroclinicity
(Clarke and Hess, 1974) [35). In the present context of relating the wind frequency distributions
at conditions of different surface roughnesses, much smaller deviations are found in practice.
This is illustrated by the results of the station intercomparisons in (8, 9], in particular, for stations
not situated in mountainous terrain.

For the shelter model, described in Section 1.8, the basic uncertainties can be estimated from
the data of Perera (1981) [14]. Additional uncertainty is introduced in the model by the application
to three-dimensional real objects. In the calculations the typical effects from sheltering obstacles
amount to a few per cent only and therefore even rather large relative errors in the shelter
calculations have only a limited influence on the calculated statistics. If the shelter reduction
factors are large, the uncertainty, altached to the derived statistics, will be large as well.

The model for roughness change and the assignment of surface roughnesses introduce
uncertainties, which are largest at the higher end of the roughness scale. Estimation of surface
roughness from topographic characteristics is only accurate to within a factor of 1.5
(approximately). This translates into expected errors of ~5% for mean speed values, estimated
from stations in generally open terrain (z, < 10 cm) and up to ~15% for very closed terrain
(z, > 40 cm).

For very sheltered locations there is the added difficulty that the measured data are often
biased towards too low mean values due to the relatively high threshold of most wind speed
measuring instruments.

The largest expected errors in the Atlas are related to the calculation of flow in complex
orography. Empirically, the orographic model is found to work well for the prediction of flow
perturbations over not too steep hills and ridges. The model-induced typical error is of the order
of 10% in estimates of relative increase of wind speed on top of a hill, which has horizontal
dimensions of less than 1 — 2 km, and slopes less than 30°. For steeper hills and ridges the
model will underpredict the degree of speed reduction in the lee of the hill, as will other similar
models (see e.g. Salmon et al., 1987) [36]. This effect becomes quite pronounced for steep
hills, where the flow behind the hills separates.

Larger scale orographic features render the model increasingly deficient, because of the
importance of the dynamics not present in the model. 1t is difficult to estimate the magnitude of
typical errors, but some relief is given in the present application, where the model setup ensures
that for estimation of wind conditions, close to the point of measurement results, will be only
marginally influenced by the details of flow on larger scales.

The basic data, used in the Atlas, pertain to low heights, usually 10 m. For heights above 50 m,
the climate of the surface heat flux becomes an increasingly important parameter for the vertical
extrapolation of wind distributions. For this reason, a general decrease of the reliability of the
Atlas should be expected for the prediction of winds at greater heights. The comparisons with
data from high masts in Chapter 9 are to some extent contradictory to this expectation, but this
test of the stability model cannot be considered conclusive due to the limited data sets available.

Wind velocity measurements at two altitudes (10 and 40 m), carried out at HMM, enabled us to
construct experimentally verlical profiles of velocity in different reliefs and to study their seasonal
changes (see Section 3.2).
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CHAPTER 2. THE WIND REGIME ON THE TERRITORY OF GEORGIA
2.1. Atmospheric motion and orographical structure of Georgia

Georgia is situated on the northern line of the subtropical zone of a high pressure, just in the southern
part of middle latitudes and is affected by the processes of atmospheric motion, which is constituent
part of the Northern hemisphere's general atmospheric motion with a common direction from west
10 east. A wind character is determined by the pressure gradients.

At winter period of time the northern regions of Europe and Asia, including the regions of the West
Siberia, are enveloped by the anticyclonic system. The climate of the South Caucasus is much affected
by the Siberian anticyclone, the western spur of which very often reaches the southern part of Europe.
Just at this period of time the cyclonical system with the cenltre in the region of the Azores is formed
in west. The gradient of pressure, determined by the created baric [ields, is directed from west to east
and commensurate with it the winds with east rhumbs predominate in the South Caucasus during the
winter period of time.

While a cold season is changed by a warm one, baric fields are changed too. The Siberian anticyclone
is shifted to east and is split then, while a rather vast cyclone occupies its place. Simultaneously a
persistent anticyclone is formed in the region of the Azores and the pressure gradient is directed 10
west. As a result of it, the winds obtain predominatingly a western character.

The Polar anticyclones exert a definite influence upon atmospheric motion over the territory of Georgia.
These anticyclones cause air cold masses’ penetration, going round the Kavkasioni from east alongside
the western spur of the Siberian anticyclone in winter and from the Black Sea’s side in summer.

The main directions of the air masses’ transfer are eastern and western ones and they coincide with
the direction of the Mtkvari and the Rioni rivers' tectonic depression and with the directions of the
Caucasus Range, as well as with the South-Georgian Upland which frame it. That fact promotes the
air to move alongside the axis of this depression. However these directions are laid over by disturbing
influences in the lower and in the ground strata of aimosphere, caused by the peculiarities of the relief.
Numerous ranges, gorges and valleys have a great influence upon a wind direction and its velocity.
The nonuniform heat of a water surface and a land. as well as the slopes of ranges and valleys, result
1o the local thermal atmospheric motion in the form of breezes and mountain-valley winds.

A wind-conductive passage is limited by the Kavkasioni Mountain system, consisting of the Kodori.
the Gombori, the Egrisi, the Racha Ranges with their meridionally oriented spurs from the North and
by the ranges of the South-Georgian Upland. consisting of the Meskheti, the Imereti and the Trialeti
Ranges - from the South.

Between these mountain systems a tectonic depression is located, extending to the eastward of the
Caspian Sea and to the westward of the Black Sea. The Likhi Range, connecting the Caucasus range
with the South-Georgian Upland, deserves a special attention. The height of the Likhi Range in the
southern and in the middle parts amounts to 1000 - 1500 m and it plays a role of barrier for the air
masses moving. However due to the relatively small height of the Likhi Range, the air passes over the
Range to the west and to the east dircctions. The southern atmospheric motion’s processes cover
mainly the South-Georgian Upland, the orographical structure of which slows down the southern
intrusions up to their complete damping. A chart of orographical structure ol Georgia [6] is presented
in Fig. 2.1.
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Fig. 2.1. Orographical siruciure of Georgia.
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2.2. The season motion of wind direction and velocity (4, 5, 6]

The relief’s complicity is the condition of a complex and diverse wind regime. In this connection,
it is reasonable to consider a wind regime in the limits ol separate geomorphological structures.

Wind directions
The Kolkheti Low-Land

Over the Kolkheti Low-Land two dominating flows - weslern and castern - prevail, however they are
laid over by the flows of a local atmospheric motion. In the northern part (Mukhuri, Gagra, Sukhumi
meteorological stations) the recurrence of the northern component is increased. It is caused by the
nearness of the Kavkasioni's snowy summits. The southern part (Adjaria and Guria) is affected by
the western sea winds and only during winter months the recurrence of the eastern directions is
essentially increased. Though this part is under the protection of eastern winds. blowing from the
mountain systems of the Meskhelti and Shavsheti ranges, which arc slopping down just to the Sea. the
thermal atmospheric motion is developed here. and as a result of it. an eastern component prevails in
the gorges, opened to Lhe sea (The Kapandiba meteorological station).

The Kolkheti Low-Land’s central part openness over the vast direction creates the favourable conditions
for the development of the east and west winds directions, which by their character approximate to
monsoon. Over the whole territory. adjacent to the sea (the Poti. Zugdidi. Samtredia. Kutaisi
meteorological stations), the wind regimes are distinctly expressed: a summer regime (the wind from
the sea side) and a winter one (the wind from the land). In the eastern part of the Kolkheti Low-Land
and on the foothills of the Likhi Range the mountain-valley winds begin to play a great role and this
fact promotes increasing of the eastern component recurrence during summer months (the Kharagouli
meteorological station).

The Internal-Kartli Plain

The wind in the Internal-Kartli Plain has mainly west-and-east directions. The recurrence of eastern
directions is less than western ones. In the meridionally oriented gorges the northern winds have a
noticeable recurrence. These gorges are formed of the Kavkasioni spurs.

The Low-Kartli Valley

The locations of the Crest Kartli and the system of the eastern spurs of the South-Georgian Up-Land
cause north-west direction of the winds in the Low-Kartli Valley. However in the separate parts of this
Valley the recurrence of the south-east and north directions is rather high (central part of Tbilisi and
the Gardabani. Dedoplis Tskaro. Marneuli meteorological stations). In the eastern part of the valley
west and north-west winds prevail (the Vaziani. Samgori, Tbilisi-airport meteorological stations).

The Javakheti Up-Land

In the Javakheti Up-Land the winds of the southern and northemn rhumbs predominate and a season
changing of the directions is very well expressed. In the south-western part (the Akhalkalaki and
Efremovka meteorological stations) the winds of the north-west directions predominate in summer,
but only in winter they have south-west directions.

Wind average velocities

Wind velocity is much depended on the reliel's peculiarities and the site’s protection degree. At the
existed meteorological stations’ net average annual velocities from 0.1 m/s (the Shovi meteorological
station) up to 9.2 m/s (the Mta-Sabueti meteorological station) are fixed.

The lowest wind velocities are noticeable in the narrow and twisted gorges of the rivers, flowing down
from the Kavkasioni Range, and from the South-Georgian Up-Land in a meridional direction, and in
the place of the Kakheti Valley, protected by the ranges from the North, the West, and the South. The
same siluation is marked in the south-western part of the Low-Kartli Plain, which is also protected
from three sides.
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Average annual velocities are marked within the limits of 2.1 - 4.0 m/s in the Kolkheti Low-Land, in the
narrow Adjaria coastline of the Black Sea, in the Internal Kartli Plain, in the Javakheti Up-Land and in
the north-east part of the Low-Kartli Plain. Though in these regions some zones are distinguished, where
wind average annual velocities amount to 4.1 - 6.7 m/s. In the open and in the high places as Kazbegi,
Mta-Sabueti, Tskhra-Tskaro average annual velocities are marked in the limits of 6.5 - 9.2 m/s.

In the Fig. 2.2, 2.3 and 2.4 a general average annual scene of the wind directions and velocities (Fig.
2.2), as well as according to the seasons, is presented [6]. The arrows, going to the center of the circle,
show a wind direction, while the length of an arrow corresponds to the recurrence (number near the
arrow) of this direction. The numbers near the circles denote an annual number of calm out of 1460
observations.

Daily motion of wind velocity

Over the entire territory of Georgia a daily motion of wind velocity is marked during the whole year. The
amplitude of a daily motion is larger in a warm period of a year. This fact is connected with the increase
of a vertical gradient temperature and, respectively, with the intensification of a thermal circulation.

The highest velocities are mainly observed in the second half of a day, while the lowest ones - at night
and morning hours, when temperature contrasts have been already smoothed over. A daily motion of
the wind velocity is much affected by the peculiarities of a relief. The acceleration of the wind velocity on
the slops of mountains is watched during night and evening hours just in the Alpine zone, which is
characterized by a lag development of convection currents (e. g. the Kazbegi meteostation).

In the valleys. localed between the mountains of the East Georgia, the daily motion is subject to a
common rule. However, in the separate places (as Gardabani, airport of Thilisi) the intensification of
the wind is noticed during night and morning hours in summer months, while in Akhmeta and in
Lagodekhi the same phenomenon is watched for the space of a year. It should be noted, that in an
intermountain low place of Kakheti the daily motion of velocity is marked poorly. But it is distinctly
marked on the Black Sea Coast and in the Kakheti Low-Land the whole year round. The daily velocity
amplitudes in the central part of Georgia make up 4.0 - 4.5 m/s in summer months.

On the Southem-Georgian Plateau and on the spurs of the Trialeti and Meskheti Ranges, as well as on
the Akhalkalaki Plateau, the velocities reach their maximum in the second half of a day and minimum -
within the night and morning hours.

Annual motion of a wind velocity

On the whole teritory of Georgia the direct annual motion of the velocity is traced through with its
maximum during the autumn-winter seasons. The exclusion makes up only several zones in the South
Georgia, where the reverse annual motion takes place.

In the Alpine zone of the Kavkasioni Range the highest average monthly wind velocities are observed
during a cold period of time - from November till March, while the summer months are characterized by
minimal velocities. Such distribution of the velocities is typical for Alpine zones, because a mountain-
valley circulation, which develops in lower zones, reaches the heights not more than 3,000 m.

On the South-Georgian Plateau maximal wind velocities are observed within January - March, as a
whole, though on the Samsari and on the Javakheti Ranges with the heights of about 2,000 m, the
highest velocities are noticed within June-September. It should be noticed that though the altitude of these
ranges makes up 2,600 - 3,200 m above sea level, they raise above the Javakheti Plateau more than
1,000 - 1,600 m, since the average height of the Plateau amounts to 1,400 - 1,600 m.

In the Kolkheti Low-Land, on the slopes of the Meskheti and the Trialeti Ranges, as wel! as on the
Akhalkalaki Plateau, the highest wind velocities are related to January-March, while the lowest ones -
July-September.
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In the average mountainous zones of the Kavkasioni Range and intermountain low places of the East
Georgia the velocity maximum is shifted to April-July and minimum - to October-December due to
the predominance of a mountain-valley circulation.
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Sukhumi

Fig. 2.2. Wind velocities and directions. The whole year.
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Batumi

Fig. 2.4. Wind velocities and directions. July.
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Centenary motion of a wind velocity

The intensity of a macroscale atmospheric motion is subject to cyclic variations. The analysis of a
centenary motion of the wind velocity on the territory of the former USSR (5, 37] points to the
deceleration of the wind velocity within the period of 1966 - 80's in comparison with the previous
three decades. A main factor of a general deceleration ol a wind velocity is the weakening of a general
atmospheric motion in a certain period. This weakening occurred because of the decreasing of baric
gradients, which proved to be in a maximum degree in the West Siberia. In Fig. 2.5 the histograms ol
a centenary motion for 3 meteorological stations with series of about 100 years' observations and for
4 meteorological stations with 40 years' period of observations are presented.

On the long term of wind velocity variations, 1 - 3 years’ cycles are imposed.

Maximum deviations of an average annual wind velocity from a mean [asting one in these cycles. in
the mean, makes up 25 - 30% with the exception of 50 - 70% in some regions. The highest wind
velocities were observed in 1938, 1941, 1942, 1944, 1951, 1953, 1958, 1959. while the lowest ones
- 1940, 1943, 1945, 1947, 1949, 1950 and 1960 [5].

In the background of this process, the degradation of a weather-vane's openness noticeably influences
the decreasing of the wind velocities, recorded at many meteorological stations. Most distinctly this
influence is traced at the Kodjori meteorological station (Fig. 2.5-d). The territory around the
meteorological station was planted with trees in the beginning of 50's. The weather-vane became less
open and the recorded wind velocities decelerated at a time, as the trees grew.

The analogous phenomena were observed at the Mta-Sabueti meteorological station (Fig. 2.5-0). The
station is located on the crest of a range. The slopes of the range were covered with the forest. The
edge of this forest was much lower, than the crest by the moment of the station’s putting into operation
in 1936. By the present time the forest has reached the crest part of the range and the recorded
velocities decreased from 9.5 m/s to 3.8 m/s.

The fact, that the weather-vane became less open, was caused by buildings growth, which is typical
for the meteorological stations, set out in some inhabited localities. The Gori and the Khashuri
meteorological stations are the best illustrative examples of it (Fig. 2.5-b and 2.5g).

In the process of the initial data analysis and their preparation all the above-mentioned lactors have
been taken into account as far as possible.

Fig. 2.5. The charts of a centenary motion for 7 meteorological stations.
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CHAPTER 3. THE INITIAL DATA
3.1. The net of the meteorological stations of Georgia
The regular measurements of a wind regime have being carried out in Georgia more than 100 years.

In 1891 the measurements of the wind velocity and direction started at the Tbilisi Magnetic
Meteorological Observatory. founded in 1837. The Wield weather-vane with a light plate was used
while carrying out the measurements. In the same year (he analogous measurements were undertaken
in Gori, Abastumani, Sakara, while in Sokhumi and in Gardabani - since 1900. In 1919 the seaport
in the city of Poti was developed, and with this connection, there was established the meteorological
station there, where the measurements of a wind regime were carried out also.

The observations took place three times during daylight hours only. Since 1936 the whole net of the
meteorological stations in USSR has been transferred to four times measurements: 1, 7 a.m. and 13,
19 p.m. of a local time. By this moment of the time the net, consisting of more, than 130 meteorological
stations, had been functioning in Georgia, and by the end of 40-s the number of the stations had been
increased up to 165. In succeeding years some of the meteorological stations were closed, and some
breaks in the work of those with duration of several years were observed. The displacement of the
others took place as well. These circumstances have been taken into consideration while selecting the
meteorological stations, the data of which are used in the Atlas.

By the end of 40-s in the most part of meteorological stations the Wield weather-vanes by twos were
set up: both WWVL with a light plate and mass of 0,2 kg and WWVH with a heavy plate and mass
of 0.8 kg. Using WWVL, one can measure the wind velocities on the range of 1 - 20 m/s. When the
wind velocity reaches 20 m/s, the plate is set up nearly an upper stud and takes almost a horizontal
posilion. WWVH s applied for the measurements of velocities in the range of 4 - 40 m/s. The
weather-vanes are mounted in a meteorological sile on the masts with the height of 10m, though in
some cases. when sheltering obstacles existed, the mast height is increased up to 15m [38].

Starting from 60-s, the anemorhumbometers of M-63 with different modifications replaced the Wield
weather-vanes, and at a lime the eightterm observations were realized. While carrying out a wind
velocity measurement, using these instruments, one can see that the interval of averaging makes up to
10 min.

3.2. The meteorological data

The many-years’ data, got from meteorological stations and presented in the [5] alongside with the
archives data of meteorological stations and measurements data, obtained from the high-altitude
meteorological masts, were used in the Atlas.

On using the observation data, according to the Wield weather-vanes, one should take into account
that these observations much depend on subjective factors. The essence of measuring methodology
[38] is that an observer watches the swings of a weather-vane plate during 2 min and visually marks
the number of a stud or the numbers of the studs, between which the plate produces its swings.
Simultaneously he (or she) marks the stud number, which corresponds to the largest deviation of the
plate during the interval within 2 minutes. This deviation is recorded as the maximal gust of a wind.
The observations are being carried out according to WWVL with the wind velocities up to 10 - 12
m/s. Provided the velocities are higher, then they are observed by means of WWVH.

The analysis of measurements results showed that the velocities of 11, 13, 15, 19, 21, 22, 23, 25, 26,
27, 29, 31 m/s practically were not fixed by the observers. At the same time the raising of 9, 14, 20.
28, 34 m/s velocity observations numbers are marked. An error of the reading according to a weather-
vane with the interval of 28 - 40 m/s velocities reaches 4 - 6 m/s. These errors can be explained by
the constructional peculiarities of the wealher-vane. They have been studied enough in detail {16, 38]
and removed [5], as far as possible, during statistical processing of data.
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The point, concerning the comparison of the measurements results by means of the Wield weather-
vane and of an anemorhumbometre, is studied in [40). It is shown, in particular, that the readings on
WWVL in the range of 6 - 17 m/s velocities are raised at 5 - 7 % versus the readings of M-63M-1. The
readings of WWVH differ even much more. In some works [39, 41] it was set forth that with the low,
of about 5 m/s wind velocities, the readings on M-63 were dimished versus the Wield weather-vane.
The analysis, carried on for revealing of deviations reason, shows that they are provided, mainly, by
the subjective factors, which are inherent in the measurements, carried out by means of a weather-
vane.

The necessity of high-altitude masts installation is the condition of a reliel complicity of Georgia. In
spile of the fact that homogeneity of meteorological conditions is held out on the territories with
extension of some hundreds of quadratic kilometers, a fast variation of the separate climateforming
factors is observed in the atmospheric boundary. Particularly, such a phenomenon is related to a
wind regime. A wind velocity essentially varies at small distances, being under the influence of a
bedding surface heterogeneity and of a wind velocity spatial interpolation in the condition of a
mountainous relief of Georgia and can be applied with great restrictions [42]. Such a meaning as
“meteorological station - analogue™ in a flat site, which can be located in the radius of 50 - 70 km.
loses its sense in the conditions of a mountainous relief [43).

One can get the assessment of windenergy resources in mountainous regions with an admissible
precision by means of a numerical orographic model. This method is realized in WASsP program and
shows the good results for the conditions of a flat relief and for isolated and not {00 abrupt mountainous
ridges. In these cases the errors are in the limits of 10%.

In more complex orographical conditions with the distances of 10 or more kilometers the numerical
model allows getting only tentative estimations, which do not meet the requirements of Wind Energy.

In order to get enough reliable characteristics of a wind regime in the conditions of a complex reliel.
the direct measurements of a wind velocity and direction with usage of NRG firm’s high-altitude
meteorological masts have been undertaken in the process of the present Atlas's creation. The height
of these masts equals 40 m. Moreover, they are fitted out with cup anemometers, a weather-vane and
loggers. The anemometers are set out at the heights of 40 and 10 m, while the weather-vane - at the
height of 40 m. The readings of a wind velocity and direction are produced each 2 sec during either
10 min or 60 min interval. Afterwards they are stored in the logger. On the expiry of the interval, the
averaging is carried out and both a root-mean-square deviation and a maximum value of the wind
velocities are defined. These operations are carried out for data acquisition from each anemometer
and from a weather-vane. After the data processing has been completed, the data are logged in the
replaceable chips. On doing it, the whole cycle is repeated again. The power supply for the logger is
realized from two batteries.

The meteorological masts are installed in the sites, which are virtually useful for wind farms’ building.
The measurements of the wind velocity at the height of 10 m make them possible to be comparable
with the data, got from meteorological stations. The synchronous measurements of the wind velocity
at the two heights (10 m and 40 m) allowed experimentally to study the vertical profiles of the wind
velocity in the different orographic conditions.

The wind velocity vertical variations coefficients, which were generalized for different types of reliefs
and calculated according to the direct measurements data, are given in the Tables 3.1 - 3.5. The
calculations have been carried out for four seasons of the year. Taking into consideration the coefTicients
of seasonal variations, m index of exponential curve for wind velocity vertical profile has been defined
as well. The duration of initial series of measurements amounts to 1 - 4 years, that is why the presented
data cannot be precisely calculated.
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Coeflicients of wind velocity increment in the atmospheric boundary

Open platecan Table 3.1
Season 10 40 60 80 100 m
Winter 1.00 1.27 1.36 1.43 1.49 0.17
Spring 1.00 1.24 1.32 1.38 1.43 0.16
Summer 1.00 1.27 1.36 1.43 1.48 0.17
Autumn 1.00 1.25 1.34 1.40 1.45 0.16
Year 1.00 .26 1.34 1.41 1.46 0.17

Sea beach Table 3.2
Season 10 40 60 80 100 m
Winter 1.00 .48 1.66 1.80 1.92 0.28
Spring 1.00 1.31 1.41 1.49 1.56 0.19
Summer 1.00 1.23 1.30 1.36 1.41 0.15
Autumn 1.00 1.43 1.58 1.70 1.80 0.26
Year 1.00 1.34 [.46 1.55 1.63 0.21

Narrow longitudinal gorge Table 3.3
Season 10 40 60 80 100 m
Winter 1.00 1.32 1.43 1.52 1.59 0.20
Spring 1.00 1.20 1.27 1.32 1.36 0.13
Summer 1.00 1.22 1.29 1.34 1.39 0.14
Autumn 1.00 1.27 1.36 1.43 1.48 0.17
Year 1.00 1.24 1.32 .38 1.43 0.15

Wide longitudinal hollow Table 3.4
Season 10 40 60 80 100 m
Winter 1.00 1.43 1.59 1.71 1.81 0.26
Spring 1.00 1.37 1.50 1.60 1.68 0.23
Summer 1.00 1.46 1.63 1.77 1.88 0.27
Autumn 1.00 1.45 1.62 1.75 1.85 0.27
Year 1.00 1.43 1.59 1.71 1.8) 0.26

The crest of a cross range Table 3.5
Season 10 40 60 80 100 m
Winter 1.00 1.28 1.37 1.45 1.50 0.18
Spring 1.00 1.26 1.34 1.41 1.46 0.16
Summer 1.00 1.25 1.34 1.40 1.46 0.16
Autumn 1.00 1.28 1.37 1.44 1.50 0.18
Year ].00 .26 .35 1.42 1.48 0.17
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3.3. The topographical data

A main source for obtaining of topographical information was topographical maps. Taking into consideration
the complicity of the Georgian relief. a very important factor is the obtaining of an precise definition of
meteorological stations' coordinates, as fur as an ervor with i lew hundred meters may cardinally change
the conditions of the reliel around the station on the map versus its real location. A preference was shown
for the maps of 1:25 000 scales. For more precise definition of the coordinates the maps of 110 000 scale
were used. In some doubtful cases expeditionary trips were undertaken.

The coordinates of high-altitude meteomasts were being installed by means of siting and the definition of
the coordinates was made with the help of 1:10 000 or 1:5 000 scale maps.

After the coordinates’ having been precisely defined. a section of the map in the radius not less than 5 kim
around the meteorological station was digitized. and the map. transformed into a digital form. was used as
input data for a numerical model. taking into account a relief. sheltering obstacles and a bedding surface
roughness. Cartographic objects (windbreaks, separate buildings), which are considered as sheltering
obstacles, were defined according to the scale of a map and often by means of a visual observation.

To each picked out on the map object, which differ from the adjacent ones by its character of a bedding
surface, the parameter of roughness was assigned. On doing it, a special attention was puid to registration
of the landscape variations within the interval of time, passed from the moment of topographical maps*
compilation.

3.4. The list of metcostations and high-altitude meteomasts

165 meteorological stations have been functioning on the teritory of Georgia since 1936, but out of this
number only 43 meteostations have been sclected for their usage in the Atlas. An average many-years’
value of wind velocity was taken as a main criterion for this procedure. In addition. a station class of
openness, the period of observations, the breaks of obscrvations and displacements of stations have been
taken into account.

InFig. 3.1 the schematic map of Georgia is presented, where the lay-out of all meteorological stations,
high-altitude metcorological masts and just those meteorological stations, the data of which are used in
the Atlas, are shown. On the selection of the last, a drastic role played an average many-ycears’ wind
velocity, since the sites with smalt wind velocitics (a priori) is not of interest from Wind Energy point of
view. Nevertheless, with the object of a more or less even coverage of ihe whole territory ol Georgia.
few meteorological stations with an average many-years’ wind velocity less than 3 m/s are also involved
inthe list of meteorological stations.

The most important information, concerning these meteostations, is used in the Atlas and presented in the
list of metcostations. The meteostations numeration in the sccond column of the list and on the map (Fig.
3.1)corresponds 1o the numeration. used in [3].

The names of the meteostations are arranged in the third column. in an alphabet order. The geographical
coordinales are presented in the fourth and in the fifth columns. The altitude above sei level, presented
in the sixth column. was being made more precise according to the topogriaphical maps and by means of
observations, carricd out on the sites. The weather-vane height. the period of observations and average
annual wind velocity are shown in the cighth and ninth columns. respectively. The air density is showa in
the tenth column. The deasity values are caleulated according to a barometric fonmulae. for the standard
aumosphere at the wmperature of 15'C on the sea level and with a constant vertical temperature gradient
of -6.5°C with increasing of the heightatevery 1000 m. In the eleventh colunn the page number of the
Atlas is shown. where correspondent cadastre data are presented.
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The list of high-altitude meteomasts (Table 3.7) is the conlinuation of meteostations list. They differ from
cach other only by the seventh column, where two or three heights of ancmomcters installation are
shown. while in the ninth column two or three wind velocitics are presented. respectively.
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Meteostations Table 3.6
Ne ol Al | Al of Aver. annual Air density
Ne| refer. Name Latitude fLongitude| a.s.l..| weather | Period | wind speed. u,‘s':) Table
book m | vanc. m /s p. kg'm page
1 1] 42724° “34° 3 12 1930 1960 22 126 1N
21 112 41723° 2975077 | 1722 12 1936 - 1960 30 1.03R Va6
3] 162 417367127 10 10 1947 - |90 16 1220 18%
41 110 41727° 538 12 1936 - 1460 21 Lio% 190
51 164 410347207 310 12 1932 - 1960 10 1 1) 230
6] 115 A1 1Y 1255 It 1036 - 1960 >4 14059 K1)
1] 8 11747° 136 1 1950 - 1057 39 [ED 202
g
8| o 42°43°307° [42402°307 | 26% 10 :Z::) ::; 417 1.192 266
91 20 di30°15 7 la4m2705 | 2380 11 1036 - 1960 2.0 0.961 208
0] 11 4111730 [43 48 2112 12 1936 1960 il 1010 201
1 K rian Range 13°10° 0717’ 1590 1 1936 - 1961) 29 1.050 192
121 1 abani 1729° 15705° 308 11 1891 - 1976 21 L 1w 194
13] 166 [Goderdzi pass 41743° 42731 2023 11 1941 - 1960 54 [ 196
14} 68 {Gori 141°59°30 " J44+05° Su8 11 18491 - 1990 4.1 1.157 198
15] 165 |Kapandiba 410347 414175307 20 [ 1041 - 1949 5.3 1.226 210
l 9 _|kasbegi Alpine 424045 7[44°327107 | 30665 1] 1936 - 1960 [ 0844 246
| 42 |Korbouli 42°14° 4 4077 794 11 1939 - 1960 3.9 [EY] 212
] 60 |Kharagouli 42°01°20°]43°12710 " 275 1 1942 - 1980 25 1197 )
| 64 |Khashuri 42°00° 43°34°30°° 747 11 1938 - 1990 a2 1.140 262
2 161 |Khulo 41°39° 12°19°10° 923 11 1937 - 1975 2.6 1.122 264
2] 41 [Kuwisi GMS 42°14°327 (42037730 | 114 11 1935 - 1980 50 1216 44
22] 8  [Mamisoni pass 417427 13748 2854 7 1936 - 1900 5.4 0932 214
23] 107 [Maruculi 41°29° 14°49° 106 13 1938 - 1970 [k 1.179 216
24] 83 [Mankopi 4148720 [45°00°40" | 895 11 1956 - 1961 44 1IN s
251 57 |Mua-Sabucu GMS [42703 43°29° 1248 10 1940 - 19%) 92 1.039 220
26] 71 |Mukhrani 44435° 41v50° 358 1] 1924 - 1490 3.0 1.157 iEN]
271 113 [Poka 41°24° 43748’ 2080 9 1936 - 1943 A8 1007 40
2 46 |Poti-port 42°10°30"" K 3 10 1930 - 1950 1.3 1116 242
291 108 |Radionovka 41°26°45 7 [43°51°30 | 2175 10 1936 - 1960 40 1.010 224
30| 103 [Rustavi 41°34° 4502’50~ | 312 1 1949 - 1960 48 1.180 226
] 89 JSampori GMS 41°42°40 " [44°5340 | 549 12 1952 - 1970 6.7 LISK 23
2] 44 ISamiredia 42°10°10° |42°20°25° a5 11 1941 - 1975 28 1220 230
3] 114 |Shiraki 41°24° 46°20° 502 11 1936 - 1960 1.2 1.158 8
3] 65 |Skra 42°00°20°°]43°53°12 | 607 12 1941 - 1960 45 1150 232
5] 94 |Thilisi-airpont 41°39°40°7]44v57°30 | 180 11 1934 - 1950 5N 1.169 208
6] 39 [Tkibuli 427207157 ]42°59° 524 11 1937 - 1960 28 1.165 23
371 100 41°36°__ [44°0620° | 1470 13 1939 - 1970 20 1.059
381 o3 41°59°40" [43°26°30” | 673 I 1936 - 1900 33 1.156
391 98 4173740 J36°01 222 1l 1950 - 1970 1.0 1.207
0] 133 [Tskhinvali 42°14° 43°59° §62 10 1941 - 1960 10 1.1
411 93 ['Fskhratakaro pass [41°40° 43°32° 2166 11 1958 - 1063 5.4 0.930
42] 105 [Udabno 41°30° 45°24° 768 12 1951 - 1960 39 1138
431 93 Vasianm 11°38° A3°03° 612 7 1947 - 1953 37 1 150
High-altitude metcomasts Table 3.7
Ne ol . AlL Al of - .‘\\"cr. annual f (o demity| Table
Xelrefer.| Name | Latitude |Longitude weather Period wind speed. 3
) asl.m pokg/m | page
book vine, m n/s
7] 3 |Chowokhi 41433750740 4ncas 20 10140 2001 - unuil pr 1600 1220 234
$ |Kutaisi 120950 142 12 35 36 2040 19958 + 200 30095 1218 282
2] 4 Jiisi 14474077 [4442 35 648 1040 2002 - until u 24,34 1156 an
A Mta-Sabueli [12702° 43°29° 124% VIS0 1998 - 14999 6509778 [T 274
4 2 |Puui 427007307 413926 0.3 10:40 2000 - unuld ju 3447 1220 280
3 Sanmgori 41447 4450750 055 102400 1994 - until ju FEE 1 136 2706
¢ Skra 4200° 437G 09" Gl3 2030740 | 2003 - anul po 2.3 5 1 156 27N
S 5 ]Yarludia 4173371577 |44756°23 736 10740 20002 - untid e 3 1139 270
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Fig. 3.1. The net of metcosiations of Georgia
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CHAPTER4. THE CADASTRE DATA

Onthe map 4.1 WEP distribution on the territory of Georgia is presented for the height of 50 m above the
ground level.

These data were calculated for 43 meteostations and for § high-altitude metcomasts (see p.p.
183 - 285). For cach metcostation and each metcomast the Cadastre data were arranged in two adjacent
pages.

Inthe left page the following information is put:

* The metcostation description, which involves a metcostation number. accepted in (5] the
name and the able. consisting of coordinates, the altitude above sea level. a weather-vane
height and observation period. Further. a brief physical-geographical description of a meteostation
outskins and the table of average monthly wind velocities follow.

o Anisohypses map is constructed by means of a topographical map digitizing. The roughness of
the surfacc is imposed on the isohypses map. A metcostation location is marked by ancmometer
symbol

Inthe right page the following information is given:

» The table. which comprises average annual velocity and a wind current specific power. calculated
according to the measurements of data on the site (Observed). the same values according to the
selected parameters of the Weibull distribution (Weibull fit) and predicted values. calculated for
the same site with usage of the selected Weibull distribution (Predicted).

¢ Wind rese and histogram of velocitics total distribution according to gradations. Wind
rose is constructed over cight rhumbs with favourable rhumbs (light segments) and unfavourable
rhumbs (dark segments) mark on it from viewpoint of power engincering. The histogram
graphically shows velocities total distribution according to the gradations. and the curve of the
sclected Weibull distribution is superimposed on it.

* The output table of a wind regional regime. This table involves an average annual velocity
and a wind current specific power. which characterize a given region. These values are given
for 5 heights and 4 classes of roughness. The coelficients of the Weibull distribution are also
presented in the table. The data in the table were obtained by means of WAsP program processing
many-years’ observations series at meteostations and at high-altitude meteomasts. A relief effect
as well as the influence of sheltering obstacles. the plots of bedding surface with different
roughness and wind velocity vertical profiles have been taken into consideration.

This table together with the wind rose and the histogram can be considered as a final product of
the Adlas.

It is worthy 10 note a divergence of assessments of wind flow specific power for the same place.
calculated according o many-years data of MS and according to the measurements on HMM (for
example Skra. Kapandiba). With a good coincidence of wind average velocitics. a considerable divergence
in the laws ol velocity probability distribution is observed. 1t is known [$] that rather steady values of
wind average velocities can be obtained from 8 — 10 years® observations. To make the laws of distribution
of wind velocity probabilitics. the length of rows of observations must be 3 — 50 years. while the rows of
observitions on HMM only 10 | -4 years. That is the cause of divergences of distribution laws and thus
of assessments of wind {Tow specific power. So the assessments. received on the basis of many-years
data of metcostitions. must be preferred.
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31. 3boyenod Anaklia Anaxana

=424 | a=a1®a ] 3masi. ] H=12m |  1930-1960

baea o asbmaghgdgmos jmmbymob gademdol Aeuenm-wsbsymgonm, yggenads) @sdsw dagelidats Gofeeio,
Aga7mbaeyGiols 4061053m Bgeagee Famdmawagbl dago Begel babadofm 8menab 4o jobs. J0degdsty ggFogminnls
Jeoegbo Gofomo @sjag)dgemos ol s bbya bdgGmdo jgee Jama7figial Jesbgsgugdom. Igggmbawy o
a°0moaggdgemos jogfiabadels 366gmdel ggMogmMostly s adGMdgdmGgydgwos joalgdoms ws Jombagago
Bmegdem. babsdatm badn Degdafigmdls dgsgmbseafowsb @absgengman 2.5 — 3.0 33 dabdacudy s 39 dobs j3qmby
33l 3gGomsbyee Jadoforyeyda.

CTaHLiR PACNIONOKENA B CEDEPO-3anamioii NpHEpexkIOii, camoii Nit3koii vactn Konxyackoii 1in3MeriocTH.
Pensed) OKpy elHa METeOCTaNLIIN MPEACTABAAET coboil paBHIy npnépexiloit nonocs! Yepuoro mops.
Bonbiuas YacTh npiuieraoleii MCCTIIOCTI! alATA MAANTAUMAMK Has it APYTHX cyBTPONMMUECKNX KYNbTYp.
Meteonnowanka pacnonoxeia 1a TeppUTOPIN UHTPYCOBOTO XO3ANCTBA, B OKPYXKENHII HACKAEITi
pi3H006pa3NbIX LHTPYCOBLIX KYIBTYD I BETPO3aUMITIIBIX NoNoc. Beperopas niina naxoauTesa ¢ 3anamitoii
CTOPOHBI, 112 PACCTORHNIT 2.5 — 3.0 KM 11 HIMEET 112 3TOM YHacTKe MEPHAIIONANBIIOE ItanpaBieliie.

This station is situated in the north-west. off-shore and the lowest part of the Kolkhid Lowland. The relief of the
meteostation surrounding presents the plain of the Black Sea's coastal strip. The most part adjacent (o the site is
occupied by tea plantations and the other subtropical growings. The meteorological site is located on the territory
of the citrus — growing. surrounded by diverse citrus plants and wind-breaks. The coastal line is on the distance of
2.5 -3.0 km from the west side and has a meridional direction in this plot.

Forals bsd psemm orgoio bllsragpo  Cpednertecsrmvie ckopociu eempa  Average monthly wind velocities

Month 1 11 111 v Vv VI VI | viII | IX X XI X1l Year
Velocities | 2.8 | 28 | 28 | 25 | 2.0 1.7 1.6 1.6 16 | 20 2.8 2.5 2.2
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31. abogemos Anaklia Anaknua

iy dwgocmdogo G gyodo

Mecmnnni peacunt genipa

Rieebaeyatide

Merteoc

The wind climate for the site

Obsenved Weiball 1t Predicied
Mean wind speed 200 s 2.00hmis 1.95 avs
Mean power densin 66 Whn o6 Wi 68 Wi’

SstFals BgaembscpBa (g 080

Pezuonanvinotii pexcunt eempa

(%]

z\
.

0

u(mis)

20,00

Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [m/s) 25 1.7 15 1.2
100m Weibull k 0.80 0.73 0.73 0.74
Mean speed U [m/s] 2.89 2.04 1.78 1.42
Power density P [W/m?] 169 83 55 26
Weibull A [m/s] 2.8 2.0 1.8 1.6
250 m Weibull k 0.81 0.76 0.75 0.76
Mean speed U [mvs] 3.15 242 2.18 1.80
Power density P [W/m?] 210 120 89 53
Weibull A [m/s] 30 24 22 1.9
50.0m Weibull k 0.83 0.79 0.79 0.79
Mean speed U [m/s] 3.37 275 2.51 221
Power density P [W/m?| 241 149 117 79
Weibull A [m/s] 33 29 27 24
100.0 m Weibull k 0.82 0.85 0.84 0.84
Mean speed U [m/s] 362 318 293 262
Power density P [W/m?] 304 186 149 107
Weibull A [m/s] 35 35 32 29
200.0 m Weibull k 0.81 0.84 0.84 0.85
Mecan speed U [m/s] 3.94 .80 3.48 a2
Power density P [W/m?| 417 325 255 174
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112. sborgjocdgo 3o Axanxanaxn 'MC Akhalkalaki GMS

9=412¥ | A=412930" | 1722masl. |  H=12m |  1936- 1960

99a0mImgeabe dgghofigmdl docnadesb 2 jecamdyatiol wadmtgloo LadbA)m-eabiagmgorls dhatipl @
830601335070 39GmImBaal sLon@nh JebemBddy yogene btesh cos wo LFmG seyoedy. dgagmderyebols
@abogengo dbaigl 533693 1ev0s Mo Jagd6s ghmbamogeanabe bsbeze. sgimbagenguom, Igggedmgaboest 100
a0k ImImGrgbom, gorab aftag,jaj0ee sbaeggaezago — boboFdabuws. Igggmbiaggials Dgdmaatingho w1999 jezes
2649 babbag-bamglio ebegMeo, 017 36 Bagemgdn Ihgeggenmdade gocs,jgen Gatgsggdb.

Mertconnowanka NaXOAHTCA 11a TEPPITOPIN NOCAAOHIIOTO MOAR AIPONOPTA B ABYX KinoMeTpax k 103 or
ropoaa, Ha POBHOM OTKPLITOM CO Bcex cTOpolt MecTe. C 3anaanoii cTopolibl OT METEOMIOWAAKI I1AXOMAHTCA
2pa 11e60nbILIIX ORNOITAXKNBIX AoMA. B 100 M K BOCTOKY OT METEONIOILAAKH MPOXOAIIT LWIOCCCiiIag ROPOra
Axankanakit - Hmtoummina. ipesectioii pacTHTenbilocTs, 3a HCKITIOHE!INEM OTAENbIBIX 1ACAX /el 11|, B paiiolle
TOpPOAa IeT, BCA OKPYKAIOWAA MECTHOCTDb JA1IATA NALLTIAMIL M JIyTaMH.

The meteorological site is situated on the territory of the airport landing ground at the distance of 2 km lowards SW
of the town. This area is plane and open from all sides. Two small one-storeyed houses occupy the territory from the
west side of the meteorological site. The Akhalkalaki - Ninotsminda motorway p in 100 m to the east of the
meteorological site. There is no wood vegetation in the region of the town, and the whole surrounding area is
occupied by ploughed fields and meadows. with the exceplion of some separate plantings.

Jofinls bodgocam orgaghin bafldogpe Cpednesecuunvie ckopocinu gempa Average monthly wind velocities

Month 1 11 1l v v A4 | VII | vlll | IX X XI XII Year
Velocities | 3.7 | 37 | 38 | 36 | 3.1 27 1 27 ] 28 | 22 2.1 2.7 3.2 3.0
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Mecmnuiir pexcun gempa

MeTteocTaitunn  Metcostations

The wind climare for the site

Pnls 5.980mbo copptio 59080

Pezionaavnvni peycus eempa

Observed Weibull fit Predicted
Mean wind speed 292 w/s 292 m/s 293 mis
Mean power density 94 Wi’ 94 Wim® 101 W/m®
N
6.0 Sector: Al
A 2,9ms
k: 0,
U: 2,92 nys
P: 94 Wim?
(%)
1
| %
o ulmis) 2,00

Regional wind climate summary

Class 0 Class 1 Class 2 Class 3
Weibull A [nvs) 44 29 2.6 20
100m Weibull k 1.08 0.96 0.96 0.97
Mean speed U [nvs) 425 3.00 2.61 2.07
Power densily P [W/m?] 234 109 72 35
Weibull A [m/s] 48 36 32 27
250m Weibull k 1.10 1.01 1.00 1.0l
Mean speed U [m/s] 4.64 3.55 320 2.70
Power density P [W/m?] 295 162 120 71
Weibull A (m/s) 52 3.2 38 33
50.0 m Weibull k 1.12 1.07 1.06 1.06
Mean speed U [m/s] 4.96 4.05 3.70 323
Power density P [W/m?] kLX) 207 162 108
Weiball A [m/s] 55 49 45 4.0
Weibull k L1 1.14 1.15 1.14
100.0m |\ fean speed U [mis] 5.34 470 433 3.84
Power density P [W/m?] 440 281 218 153
Weibull A [nvs) 0.0 59 54 48
., Weibull k 1.08 112 112 1.15
200.0m Mean speed U {nv/s| 5.83 5.64 5.19 4.59
Power density P [W/m?| 610 512 391 260
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162. dsorpBo-sgm3mthgo Batymit-Asponopr Batumi-Airport

0 =41%3612"

A = 41%36"20"

10 mas.l.

|

H=10m

1947 - 1990

Agagmmgiesho Jedafigmdl spfimimigel @slidg@igh dabemmy @od ©s biimm segewéy, 59HmImGgal Jnagsta
gbmdarsh 50 3gaak J5Gdady Ladbryymom. Jedegdamy Mambile aodemocans goglgdab Jezabgoyende, bocols
doegdo @s Jombisgoge dmengdo.
MerTeomniowanka 1aXonNTCA 114 TEPPHTOPHN NOCAAOYHOTO NMOJIA AIPONOPTA 11d OTKPLITOM 11 POBHOM MECTE, I1a
paccrosinin 50mMK 10Ty OT I'TABHOrO 34AIIHA A3PONOPTa. Pacturensiioctsb OKpyXarowero pﬂﬁOIlil COCTOMNT 13

UHTPYCOBBIX NJIalITalIi|, JPYKTOBLIX CANOB, NOJEH 11 BETPO3ALHTIILIX NONOC.

The meteostation is situated on Lerritory of a touchdown field of the airport, on the open and level ground. apart 50
m to the south from a major building of the airport. The vegelation of enclosing region consists of citrus plants,
orchards. fields and wind-breaks.

Jorals bodpoezm orgoin bafsmgmpdoe Cpeduesecsuivie ckopocnii gempa Average monthly wind velocities

Month

1

1v

Vv

VI

VII

VIII

IX

X

XI

XII

Year

Velocities

7.2

6.4

4.7

3.8

3.0

3.1

2.8

3.1

3.2

4.6

5.7

7.3

4.6
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162. 35n330-39mIohgo BaTymi-Ajponopr Batumi-Airport

Pnd swyoceNiago Gymia

Mecnuwiit pexcunt aempa  The wind climate for the site

Obscrved Weibull 11t Predicied
Mean wind speed 4001 w/s 4.01 mi's 196 nvs
Mean poawer densit 62 Wi’ 162 Wr© 165 W/m

10,0 Sectm: A
A4 ek
[ I8
LY
"R we!
%)
Py
[ e [ ] u(n) A
S
Py Fggombscagio Bggdo  Pezuonansusiit pexcun eempa  Regional wind climate summary
Class 0 Class | Class 2 Class 3
Weibull A [nvs] 6.2 4.3 38 3o
100 m Weibull k 1.24 113 1.13 LIS
’ Mecan speed U [m/s] 5.80 4.15 3.62 2.86
Power density P [W/m?] 445 198 130 63
Weibull A [mvs] 6.8 5.2 4.7 39
250m Weibull k 1.26 1.17 1.17 LIS
- Mean speed U (nvs| 6.32 4.88 440 n
Power density P [ W/m?] 562 299 218 131
Weibull A [ovs) 73 59 54 4.7
50.0m Weibull k 1.29 1.23 1.23 1.23
Mecan speed U [m/s] 6.74 5.51 5.05 4.41
Power density P [W/m?| 653 88 3t 201
Weibull A [ows] 7.8 0.8 0.3 5.0
Weibull K 1.27 1.2 1.32 [R]]
1000m |\ ean speed U [mis| 7.2 0.27 s81 518
IPower density I° [W/in?] 820 503 J(H) 289
Weibull A {nvs) 8.1 7.0 7.3 0.0
W0 M Weibull & 1.24 1.29 I..E(? 1.3
AMaean speed Ui .77 1.29 0.78 om
1"ower densay 1P JW/m?) 1072 N0 030 438
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110. 3mebolso Boanuch Bolnisi
=417 | a=43y [ 535masl. |  H=12m | 1936-1960

Joczagols godal @alisbezgds dmeubabio Jegdatigmdls drabatyg Badagy@ol bymdado, hgmdol Jadamamyengds
dothomarde 3dbnges. bgmdol 953§36gma Jgmgdn, Amdmgday FoMdmoragbyb mGoscgaals Jgwel gmagdl,
dadstagens bymdal gl ygeeesb 300 - 400 3 Ledsae)dy ©s bobiesmegdnsb eadmgyo, gokam gMmabefgdme
g9Femdgdon. sbeymdsbmm gyggde o6 3Fob @3 gyMegmGns dafomd@a ©s)a):)d7ez0d dagghom, 56abgdao,
Jo20deon @ dffgdeor. 1958 Femodag Jgggmbacgytio drgdomgmndes wibabagdnen Igblaob sedebsgegm
Bofomdo, geiggen @o @3l Lsdbrigor ggMemddy dmGadmbal jompo bomgoamdaom. 1958 faomab dnsgmdmyesbo
Argdafigmdls 3gtim @od srgeedy, geedy §oregIbsdey. nengagmgde maygbidyemos gHhmo @ mAbaGmmasto
Lobengdals babyhaggdsg.

TMocenok roponckoro THna Bonmmicit pacnonoxken B nonune p. Mawasepa. Hanpasseinie 01, b OCHOBIIONM,
untpoTHoe. Cnararounie A0ty Xpe6Tbl - 0OTporn TpHANETCKOro XpedTa — BOIBLILIATOTCS 1141 ee AoM 11a 300
—400 M, XapaKTepI13yI0TCA IONOHMH, NPOCTOPIIBIMH TEPPACHPOBAINIbIMIL CluToltaMil. Jlecon B Gminkaiiwem
OKPYAEILI 11ET, 32 HCKTIoUeNeM HeGONBLIIX POLYIL ITH KYCTapHHKOB. Bes npHiieralowan MeCTHOCTS 3aHATa,
B OCHOBHOM canaMi, BHHOTPaaIiIKaMI1, NOAAMH H nyraMH. MeTeocTanuns 1o 1958 r Haxoaunack B BOCTOYHOI
YacCTH HaceNelHOro MYHKTa, Ha MPOCTOPHOM MONOTOM CKOME C I0XKIION IKCMO3NLHET, B yCIOBUAX XOpoLueil
NpoCMATpHBAEMOCTH ropi3onTa. Mereonnowanka ¢ 1958 r naxoaures na 6oee OTKPHITOM MECTe, YeM 10
nepeHoca. Mniorepbt YCTaHOBJEHbI 112 KPbILUE ABYX3TAKHOTO H ORHOITAXIIOTO AOMOB.

Bolnisi — the settlement of a town-type - is situated in the Mashavera River valley. The valley has. mainly, a
latitudinal direction. The spurs of the Trialeti Range form the ranges of the valley with the heights of 300-400 m
above its bottom. Those ranges are characterized by the spacious, terraced slopes with a gentle declivity. There are
no forests in the nearest surroundings. with the exception of small groves and bushes. The whole adjoining area is,
mainly. covered with orchards, vineyards, fields and meadows. Till 1958 the meteorological station was located in
the east part of a built-up area, on a spacious slope with a southern exposition, in the conditions of the horizon’s
good overlook. The place, where the meteorological site has been located since 1958, is more open in comparison
with the place before its displacement. The weather-vanes are fixed on the roof of one-and-two-storeyed houses.

Jottols bsdpenm avgnrpBio baifabggdn Cpedienecaynsie ckopocniu gempa Average monthly wind velocities

Month 1 11 11l v v VI VII | vlil | 1X X XI X1 Year
Velocities | 1.8 | 20 | 22 | 25 ] 23 | 25 | 25 | 25 2.2 1.9 1.6 1.7 2.1

“ 2om ) bk Soam
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110. dmenbolio Bommuicn Bolnisi
Pds sggoeendago Ggqodo  Mecmmmiit pexcuy eempa The wind climate for the site

Observed Weibull fit Predicted
Mean wind speed 1.87 nv/s 1.87 m/s 1.88 nv/s
Mean power density 28 W/m'® 28 W/’ 32 Wim'
N
70,0 Sector: Al
A: 1, 8mfs
k: 0,95
U: 1,87 mjs
7 P: 28 Wjm?
‘ '{ o) Y/
,%
. o /77%
. 4,0% o umis) 20,00

N

JotFols (980m0 e o mggodo  Pecuonaisnotit pexcus genipa Regional wind climate summary

Class 0 Class 1 Class 2 Class 3
Weibull A [mi/s] 34 2.3 20 1.6
100 m Weibull k 1.00 0.89 0.89 0.90
Mean speed U [m/s] 343 242 2,12 1.67
Power density P [W/m?] 149 72 48 23
Weibull A [m/s| 38 28 25 2.1
25.0m Weibull k 1.0l 0.93 093 0.93
Mean speed U [mi/s] 3.74 2.88 2.60 218
Power density P [W/m?| 186 106 78 46
Weibull A [nvs) 4.1 33 30 2.6
50.0 m Weibull k 1.04 1.00 0.99 098
Mean speed U [nvs| 4.01 i 3.02 2.62
Power density P [ W/m?] 214 131 104 70
Weibull A [/s) 4.4 39 37 32
100.0 m Weibull k 1.03 1.07 1.08 1.07
Mecan speed U [nm/s] 1.32 383 3.55 RN d
Power density P [W/m?] 278 176 136 96
Weibull A Jm/s| 4.7 4.7 4.4 19
200.0m Weibull k 1.00 1.05 1.06 1.07
Mean speed U [n/s] 4.72 4.02 4.27 375
Power density [* [\W/n?| 387 23 248 166
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129. asatiols Jgeeo Carpeknii xpeber The Gagrian Range

=41y | =317 | 159 masl H=1lm |  1936-1960

bawa@io aabiomaghgdees dwabatigadals ey jgatabis @a goaogiols 5 38030k Fyswasdymep. ayger mibiddy. o1
awnﬁ.\ﬁ\ﬂnn\nll l\nm?ﬁ:]hnlm‘mf- :l.\l‘nm\n-‘n(-m. ml\n?ln @add w Joilatroryenos i’vqanh dacigh 30-5 -aabo wabGomdao.
a0l Gryjenugere dhedghgeamghag @aesinens ws doashos. dogdo. Dsmo dotrowal walygdgese 490 g
lodogengile) wanatigees TG e, dgagbow, bhogalio ggggdao etier dagacso ebs @amatijenns sed;fio
degeampdoo. daqmierjesiio ws bawgGolsmgol kgesarfae s)ligdgeno Jagatis Dybods adfiogbgd ges
dnderGgae intgiy 3 ds godomdon. degebowsh wabageagowe ws sadobagenmon 150 - 200 ol Dalidocsily
395 dyEnes sezl o @sbabengdgdo 8§yndbgdels dmbidem. dmgeatio wamGigd e giob Jofowal 160 - 600
9gtal daldoezom.

Cranwia yerpoena nia Seanecnon rpebiie nosopasaena Gaceeiition pek Xoakpapa it Farpiino, co ckatami s
ywienbs 31X pek. I'peGeity oTKpuITELT, 06paién B cTopoily Mops ¢ yknotionm s 3° — 5. Pentbe() okpyskenia
ropislii. 3namresbito nepeceuéinblit. CRIONDI rop K0 1EKOTOPOIT BLICOTLL, HAMIIIAR OT HX OCHOBATNIA, IOKPLITLI
CMELKLIIBIM IECOM, IPCIMYLIECTDEINI0 3PENOTro BospacTa. Bonee poasbiucias sola 3anata aabmuiickiMm
Ayramit. MeTeonnoulnka 1t CREWANLIO NOCTPOCINILIT ANA Craliwnt 11¢GoALUIOIT TOM, pasMeweIs na
obsetpentoii conke pasmepost okono 3 ra. C 3 1t B ita paccromnin 150 - 200 M, pacnonoskensl anbitiickie
NOCENKIE € THICTYWBIMII XJIKITHAMIL PACCTOSAIIE 10 ONYWIKI JIeCd NaXoATes b apeaeax ot 160 - 600 M.

The meteorological station is arranged on the woodless crest of the Jockvara and the Gugripsh Rivers® watershed.
The crest is open and faces the sea side with gradient of 3° - 5°. The reliel s surrounding is mountainous and rather
broken. The mountains slopes up to a definite height. beginning [rom their foot. are covered wilh mixed woods.
which. principally. have reached their maturity. More clevated zone is occupied by the Alpime meadows. The
meteorological site and 2 small house. which was built specially for it. are arranged on u weather-beaten knoll with
the size of 3 hectare. At the distance of 150 - 200 m from W and E the Alpine setttements with shepherd's shacks
arc located. The distance up to the edge of a forest is in the limits of 160 - 600 m.

atals bodl goeaam 019090 balifaigmde Cpednesiecsunvie ckopocn éempa Average monthly wind velocities
Month | Il 111 v Vv VI VII | VI I1X X X1 X1l Year
Velocities | 4.2 18 3.6 3.3 2.8 2.0 1.7 2.0 2.4 2.8 3.2 3.5 29
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129. aoafols oo Marpekumii

LCerbage ;o

xpeder The Gagra Range

s dgocod@oga Ggaqodao

Mectnmte pexciin gempa

MeTeocTanuuy  Meteostations

The wind climate for the site

ks figgombs co xHo o q0do

Pezuonaionni pedictnt senipa

u(ms]

Observed Weibull fit Predicted

Mean wind speed 277 wis 2.77 mis 3.04 mis

Mean power density 120 W/n® 120 Wim'® 145 Wim'®
N

W: 2,77 mis
Pz 120 Wim!

Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [nvs] 2.0 1.8 1.5 1.3
10.0 Weibull k 0.88 0.80 0.80 0.83
.0m <
Mean speed U [rvs] 2.80 200 L.75 1.41
Power density P [W/m?] 113 50 37 18
Weibull A [nvs] 29 22 19 1.7
25.0 m Weibull k 0.90 0.83 0.83 0.85
Mean speed U [nv/s] 3.05 2.37 215 1.85
Power densily P {W/m?] 140 82 60 3o
Weibull A [ovs] 31 26 24 2.1
500 m Weibull k 092 0.90 0.§9 0.90
Mean speed U [m/s] 327 272 250 222
Power density P [W/m2] 162 99 79 53
Weibull A [nv/s) 14 31 29 26
Weibull k 0.90 0.95 0.96 097
100.0 m
Mcan speed U [mv/s] 353 kWL 294 2,60
Power density P [ W/im?2) 213 135 104 73
Weibull A [nv/s] 30 38 s a2
200.0 m Weibull k 0.88 0.93 094 0.97
Mean speed U [ovs] .80 3.88 350 120
Power density 1 [ W/And| 302 2358 193 128
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111. a560dobo Capaabann Gardabani

9=41% | a=4ss | 308masl. |  H=1Im [ 1891-1976

Lmeigeme gatiesdsbio degdathgmdl Jagidm Jofimenols ggaals dbado. gijazo Jgdefmdocas b aligmals denthpyggden
@ dageamdgdoo. ggmo dmeznaboe e afeos dafigamgabe g ggdbagame jpeng@gaeh Gsmgligdan. htgowsm-
wslisgage baYoezdo bajggmagde wo jaggdgezes ggbabydoos o boegels daggdea. 1961 Feoaduwy dgggmdmgasbe
8°0m33Lnd e oyer b jeveaa-ubag@liogal ggtogmtinsdy, b supoendy. obeoeiglo laggdedydo wagauagdgun
oym 70 - 100 3gptioon. 1961 Feaols dvobido Dyggmdmguabio gowagabocos 700 - 750 J)g6uo hfigocmgman,
3bezmgdom sbscmaaer® Ggenogy G Joimd dde,

Ceno Fapna6banu pacnonosketto b pafione Hinkie-Kapranmickoii pasiiisi o cremioii 3one. Crenb okaiimnseres
NPEAropHbIMII XONMaMH i1 BOIBLIWeEIHAMIL. CTenb 114 BCeM NPOTHKENINT 3A1LATA MOCEBAMI! 3EPIOBbIX I
TEXNHYECKUX KyAbTYP. B C3 uacTil 1IMEIOTCR YUACTKII, JalIfThie BINOT PAAIIITKAMIL, & TAKKE MUIOAOBLIMIT CALAMIL
Meteonnowaaxa no centabpa 1961 r naxomuach 1a ycalbbe WKONLI-MUTEPHATIL, 114 POBHOM MecTe.
Bmitkaiitne crpoeima Gbimit pacnonokens 1a paccrosnun 70 — 100 M. B mae 1961 r meTeonnowanxa
nepenecetia la paccrosinimn 700 — 750 M K cepepy OT NPEKIIEro ee MECTOIIAXOXKACIIIA, NPIMEPIIO B alANOTHYIIble
pesnbedHbie YeIoBNA.

This village is situated in the region of the Low-Kartli Plain. in the zone of a steppe. The steppe is bordered with
foothills and heights. Cereal and forage crops occupy the territory along the whole length of the steppe. There are
some plots in the north-west part, covered with vineyards and orchards. Till September of 1961 the meteosite was
located on the plane place within the limits of a boarding school estate. The other nearest buildings were arranged
at the distance of 70 — 100 m. In May of 1961 the meteostation was displaced at the distance of 700 — 750 m to the
north of its previous location with the analogues conditions of a relicl.

Foials bod ez ogogriio bellfaigmpo Cpeduexiecsiunvie ckopocmu gempa Average monthly wind velocities

Month I 11 111 v Vv VI VIL | vl | IX X X1 X1 Year
Velocities | 1.5 ] 22 [ 25 ] 27 | 24 | 26 ] 3.1 24 2.1 1.8 1.0 1.0 2.1

15000

0 . 5000 10000

194



aogn 4 Thaapa 4 Chapter 4

111. 33203560 Mapuadain Gardabani

el sepocmdogo 7 gqoda

Mecmunilt peacut aempa

Agiripe bt égdo

MetcocTanuun  Mcteoslations

The wind climate for the site

j)tﬁril ﬁganmﬁo o ﬂ?;],ynan

Pezuonanvuiii pencust gempa

Observed Weibull it Predicied
Mean wind speed 1.69 m/s 1.69 m/s 1.97 nvs
Mean power density 113 W' 113 Wim' 116 W/m’
N
100,0 Sector: Al
A 1,1 mfs
k: 0,59
U: 1,69 mjs
P: 113W/m?
”
(%)
V]
/
7
7
e 5% o ulinis) 2,0

Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [nvs] 1.9 1.3 1.2 1.0
100 m Weibull k 0.68 0.65 0.67 0.69
Mean speed U [nvs] 242 1.77 1.58 1.31
Power density P [W/m?] 176 84 54 27
Weibull A (im/s] 20 1.6 1.5 1.4
25.0m Weibull k 0.69 0.67 0.68 0.71
Mean speed U [m/s] 2.63 2.08 1.92 1.71
Power density P [W/m?) 223 123 90 55
Weibull A {m/s] 22 1.8 1.7 1.7
500m Weibull k 0.69 0.69 0.70 0.72
Meun speed U [m/s}] 2.81 2.34 220 2.03
Power density P [W/m?] 258 150 122 82
Weibull A [nvs] 2.3 2.1 2.1 2.0
100.0 m Weibull k 0.69 0.7? 0.73 0.76
Mean speed U [nv/s) 3.00 2.05 2353 2.38
Power density P [W/m?] 315 192 153 115
Weibull A [nv/s] 25 25 24 24
200.0 m Weibull k 0.69 0.72 0.74 0.78
Mean speed U [mi/s] 323 3.07 294 2.80
Power density P [ W/m?] 402 292 237 171
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166. amegidals Jmgmegboene Tepenan Fogepasn The Goderzi Pass

o=41"3 | a=42’ | 2025masl. | H=lIm 1941 - 1960

gagmboweg®o asbadagdgcos sGboabol diwol 9baace® Gofoeado, sbaexpaby-dourgdol afiag, japjecols
Jegeaggbocsol deibos jo0idg. e2abedagaoe Famdmawga bl dawaes, melsy wadetiygocs Jenagmb. stlioslols Jwals
9Gemdgda, 450605 jp0iFgdem @sbageagw Maih, wagstijenna TGy geno gudsbo gyggdeu, berenm (gligfHaeayto,
:mgmoﬂn Dadwen dmbo, @, ;.\336';](-00 .\QJ'Jﬂm @ lpRacd)to l'Q;]Qm;)h(un. adog J900e0 dooryl n-l‘r"lqm-
.\on;]aQ'h:]o, Giondenols ﬁﬁquq\mﬂm Ul\.\ﬁi;]h (-l,.ﬁﬁwawh':'qnn ﬂ;]é:](-lﬂmuwaﬁn, aowoly "1Q3Q()3hngmh wmdo ().\l:l('lw;].
o;] 630[! Boezo a.\@nll daq-nol} .\bqvm ﬂ.\ﬁduo\-vﬂa, binenen mgom 'JQ;)QN]th'dn 0oL ) geze l);m(’m g 0D,

Meteoponoritueckia cTanws yCTpoeril B UCHTPATLION HaCTI! APCHICKOTO XPeGTa, 1 MCPEeBALIIOM yUacTke
aopori Axanwixe - Barymi. JTanawadT npeacranneln BbIcOKo PACTIONOMKCHIILIMIT CIIErKa XOJIMIICTLIMI AT,
Crnonst Apenarickoro Xpe6ta. 0coGetiio ¢ 3anamioii CTOPOILI IOKPLITBI FYCTLIMH JICCAMIT CMEIUANTIBIX OPOL,
i LUeNTPpANbIAA. CAMAA DLICOKA 3012, SAlATA AABLMUICKIMIT 1 cyGanbiniick M iyraan. MeTeonnowanka
1AXOANTCA 1A CEBEPIOIL cTOpOlle NepeBablioii wocceiintoii noporit Axanunxe-Xyno-Gatysi. koTopas
NpoXoNIT NO My rySokoii koTnoBINLL. Jleciaa nofoca 3aech NPOXOMIT oelh GAIr3KO, 1 caMOM nepeniie
PacTyT OTACbHbIE ACPEBBA.

The meteorological station takes place in the central part of the Arsian Range. on the passing plot of the Akhalisikhe
- Batumi highway. The landscape presents a high and a little bit hilly plitcau. The slopes of this Range. especially
from the west side. are covered with thick forests of a mixed type. while alpine and subalpine meadows occupy the
central zone, which is the highest one. The meteorological site is located on the north side of the Akhaltsikhe -
Khulo — Batumi passing highway. This highway passes over the bottom of a deep hollow. A forest region passes
in a close vicinity of it and just on the Pass some separate trees grow.

ool bodgsenm o170, 160 bofigsigpe Cpedueecauitvie ckopocimi gempa Average monthly wind velocities

Month 1 11 111 v Vv VI VIL | VIIL] IX X XI X1l Year
Velocities | 7.1 70 | 58 ) 54 | 47 | 46 | 43 42 4.3 4.8 5.2 6.0 54
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MeTeoctanun  Meteostatons

166. am@dols Jrgmggbomme TMepenan Tojaepisn The Goderzi Pass

iy degoeGogo 6g.qoio

Mecnuniit pesctst gempi

The wind climate for the site

Observed

Weibull fit

Predicted

Mean wind speed

5.28 wmfs

5.28 /s

5.78 nvs

Mean power densily

104 W'

104 W'

998 W/m’

Joiols Bag00ibs o M ggodo

Pecronaaviniit pescus gempa

%)

Ay

ird

s

Sector: A
A S, Swds
k13
k5,28 ms
P 404 Wim®

uewis)

40,00

Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [m/s] Sl 58 5.1 4.0
10.0m Weibull k 1.15 1.07 1.08 1.09
Mean speed U [n/s] 7.75 5.67 4.94 .90
Pawer density P |W/m?] 1248 567 371 177
Weibull A [nvs) 8.8 6.8 6.1 5.2
250 m Weibull k 1.15 1.08 1.09 1.10
Mean speed U [nvs) 8.42 6.60 595 5.03
Power density P | W/in?] 1590 871 033 370
Weibull A [ms] 9.4 76 7.0 6.1
500 m Weibull k 1.16 1.10 1.10 112
Mean speed U [nv/s| 894 7.33 6.74 5.90
Power density P [W/m?) 1877 1148 891 586
Weibull A [nv/s] 10.0 8.5 79 7.2
100.0 m Weibull k 1.17 114 1.13 .14
Mcan specd U [nvs] 948 8.12 7.58 0.82
Power density P [W/in2) 2210 1459 1193 S$58
Weibull A [m/s) 10.6 9.5 89 8.2
200.0 m Weibull k 116 115 1.15 117
Mean speed U [m/s) 10.08 9.03 §.51 7.80
Power density P [W/m?) 2090 1977 1643 1223
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68. a0 Copu Gori
0=41%930" | A=4s’0s | 588mas.l H=1lm | 19411990

8989m3myabo 33beoagdgemos . amGal Argommgone, da. dggtel JoGiybgbs LabadeGmb g5 g seaoedy.
@sbagezgoea, 100 — 120 dgafiels @sdmfgdoor goal amie-pbabgoczels adog,)gpecte, Gmdcmol 3oLFgag
39996937208 Jolaage 3gBordggdols Becngde.

Merteonnomaaxa pacnonoxeita k cenepy ot ropoga I'opn na nesoGepesxioit pasnnue pexit Kypsl, Ha
paccrosrint 100 - 120 M k 3anany npoxoant wocceiinas aopora Fopn — Lixuinpann, Baons KOTopoit TaeTcs

Mo/I0ca BETPO3ALLHTIIBIX Nacaxaemlii.

The meteorological site is situated to the north of the Gori lown, on the left bank of the Mtkvari (Kura) River’s Plain.
Al the distance of 100 — 200 m to the west the Gori ~ Tskhinvali highway passes and a strip of windbreaks is
siretched along this road.

Jofals bodgocam orgnpiio boBgsfgmo Cpednesecauivie ckopocniu gempa Average monthly wind velocities

Month 1 11 111 v v VI VII | vl | 1X X XI XI1 Year
Velocities | 3.2 | 40 | 49 | 5.1 46 | 43 | 46 | 43 | 4.2 3.5 3.4 2.9 4.1
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68. ac5o Fopu Gori
Py swgoeedBago Ggqoido  Mecmuvit pexcuyt sempa  The wind climate for the site
Observed Weibull fit Predicted
Mean wind speed A.87 s 3.87 nv/s 183 s
Mean power density 179 W/’ 179 W/in' 182 W/m®
N
0.0 Sector: AN
A: 4,0mjs
k: 1,08
U: 3,87 mfs
P: 179 Wim*
(%)
y
0% To ulmis) 2,00

14,]

Joab Ggsombecoxmo Gagoda  Pezuonansnuit pexcunt sempa  Regional wind climate summary
98 < I /

Class 0 Class | Class 2 Class 3
Weibull A [nvs] 8.1 58 5.1 4.0
0.0 m Weibull k 1.09 1.05 1.05 1.06
Mean speed U [nvs] 7.87 573 4.99 3.91
Power density P {W/m?| 1468 615 402 191
Weibull A [ns] 8.8 6.8 6.1 52
250m Weibull k 1.09 1.06 1.06 1.07
Mean speed U [m/s] 8.55 6.66 6.00 5.04
Power density P [W/n?| 1865 941 682 401
Weibull A [mVs] 94 76 70 6.1
50.0m Weibull k 1.10 1.08 1.08 1.08
Mean speed U [m/s) 9.07 7.39 6.78 591
Power density P |[W/m?] 2194 1242 963 630
Weibull A [w/s) 10.0 8.5 719 70
Weibull k 1.10 1.10 1.10 1.10
100.0m 1 \tean speed U [mis] 9.62 8.16 7.61 6.80
Power density P | W/m?) 2592 1584 1294 925
Weibull A [n/s] 10.6 9.4 89 8.1
200.0 m Weibull k 1.10 1.11 l.!] 1.13
Mean speed U [m/s] 10.20 9.03 8.51 7.75
Power density P | W/m?] Al 2113 1741 1297
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115. 8360Lo JIMamicit Dmanisi

0=419 | a=4d12 1255 ma.s.l. H=1lm [ 19361960

bimggeno @dsbolin dendaigedh Brobatg bkadal DatixggBa Uyhs jowols, duabatig Dodaggiab ges dorash bymdado,
LaAbEgoeEab ©8 badbmgm—rabagegangab 100 - 150 dgaiels Mawoybilo Ugggmiegusbo gamdydmigydewos
B e babergdoo @ bd pailawodm 6 jggogdoo. LadbGymom, aBols asescds, offyds JobugMagdo ws deqeamgdo.
Jbenes Tdmaatinbde aynqdo 36 oiab. Boomboe vgRuing @sfodos bals Gatigaggdoo. momflols dorean dodegdary)
BG0gmAnd @)3g97ee00 Jobeggdeo ws dugermgdoo.

Ceno JIMalncn pacnoioxello B mpocToplioit ropuoii nomme p. Mautapepa, npasoro nputoki p. Xpamit.
Merteonnolaaka pacnonoxena ia okpantie cena. B paanyce 100 ~ 150 M ¢ 3anamnoii i 1oro — 3ananiof
CTOPOII NAOIMAAKY OKPYXKAIOT OTAENbIILIE ZOMA, UepeayloLitecs ¢ npitycanebubimu yuactkamit. C 1oxkioii
CTOPOIIBI, YEPE3 AOPOTY HAMINAIOTCA NToNa 1 nyra. Jlecon b Gminxaiitiem oxkpyxenuit ner. BooGiue paiion
Gemenl apeBecioii pacTNTenb11ocTbIo. [ouTI BCA NpiIeraloan TEPPUTOPHS JAUATA Y FUMIt If OAAMIL

This village is situated in a spacious. mountainous valley of the Mashavera River. which presents the right
tributary of the Khrami River. The metcorological site is located on the environs of the village. In the radius of 100
— 150 m from the south and west sides the site is surrounded by separate houses with their adjoining plots. Across
the road. from the south side. fields and meadows begin to spread. There are no forests in the close vicinily. On the
whole. the region is poor in its wood vegetation and almost the entire adjoining territory is occupied by meadows
and fields.

ool bodgocam ogoxho bafixbggdo Cpeduesiecaunmie ckopocinu eenipa Average monthly wind velocities

Month 1 11 11 v Vv VI VI | vl | IX X X1 X1 Year
Velocities | 3.5 | 3.6 | 34 28 | 24 1 22 {24 ] 23 2.2 2.6 2.6 3.2 2.8
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Mecemumie peycust sentpa

Ao bingy aéigdo

Meteocranuin  Melcustations

The wind climate for the site

Observed

Weibull fit

Predicted

Mean wind speed

2.87 /s

287 mhs

277 wis

Mean power density

100 Wim®

100 Wim®

102 Win®

Py @ ga0mbs o G ggodo

Peeuonalonili peictar gempa

0.0 Sextor: Al
A:29afs
520,95
u: 2,87 -ls'
P 100 Wim*
7
./
(87 %
7
ok
T ulwish =0

Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [nvs] 3.7 25 22 1.7
10.0 m Weibull k 0.92 0.85 0.86 0.86
Mean speed U [nvs] 3.80 2.75 240 1.89
Power density P [ W/m?| 261 118 77 7
Weibull A [nvs] 4.1 3.1 28 23
25.0m Weibull k 093 0.88 0.88 0.88
Mcan speed U [m/s]| 4.22 335 293 2.46
Power density P [W/m?) 332 178 130 76
Weibull A [mv/s| 4.4 30 33 23
50.0 m Weibull k 0.95 093 0.92 0.92
Mean speed U [m/s] 4.51 37 3.39 294
Power density P [W/m?] 388 228 177 118
Weibull A [m/s) 4.7 4.3 a9 35
100.0 m Weibull & 095 0.99 0.99 0.98
Mean speed U [m/s] 4.85 4.30 3.90 3.50
Power density P | W/m?| 477 299 237 160
Weiball A [m/s] s 5.2 1.8 12
200.0 m Weibull k 0.94 1.01 1.01 1.01
Mean speed U nv/s] 3.28 5.5 4.74 4.18
Power density P | W/m?] 630 491 382 264
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81. coqmBe JAuromn Dighomi

9=41%7 | A=da’d’ 4masl. |  H=Illm 1950 - 1957

3583mImgrabo 3bmaglgdiesns babmgerm-LiadygGligm dabsbgdel bagasdmpuem bawa ol
8F0gntGasdy, aﬁ.\o‘munmh 39bLbgelisdel Bemenolis @y Jobeamyglio boggdmdal wabagerymnn 100
- 200 dggfiol Dabdoculy. sbemedegdomy Tgdmastinbie s Iemdoxbagg dogdals by dbs ws
4gfemdgdiy aynade 36 Mok, sGols Joenmeme Gatiasggde badsmyeamb badbyedo adob meiey;)
badgl.

MeTeomnolu:Ika NOCTPOEH: 11 TEPPHTOPIIN HICNBITATEABIION CTAILMIE C-X MALTINL, 112 PACCTOAINNI OKoso 100
- 120 M K 3anaay OT NONOCH! OTHYXKREINIA LWocceiitloii Ropori i Gmykaiiwnx nocTpoek. Jlccon b Smuxaiiwenm
OKPYXKCIINMIL & TAKKE 1A CKAOIX 11 TPeGuAX NPIIeralownx rop. 11eT, HMEIOTCA TONBKO 11aCAKAEHHR BAOAL
obenx cropon Boeno-Ipysinicxoii noporit.

The metcurological station is built on the territory of the experimental station of agricultural machines at the
distance of about 100-120 m to the west from the strip of motorway and from the nearest buildings alienation. There
are no forests cither on the slopes or on the crests of the adjoining mountains. and only some plants grow along the
both sides of the Military-Georgian highway.

Jarfab b ovgoio balidsmama Cpedneniecsinwie ckopoc empa Average monthly wind velocities

Month 1 11 {1 v A4 VI vil | vl IX X X1 X1l Year
Velocities | 3.7 | 39 | 46 | 45 | 44 | 40 ] 52 ] 40 ] 33 27 2.9 3.1 319
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Ao baenatgde  MeTeoc

81. woemBo Slnroyur Dighomi
Py dwpocedogo Gagede  Mecmmnuiit pexcust sempa The wind climate for the site
Obscerved Weibull it Predicted
Mean wind speed 4.00 m/s 4.06 m/s 4.09 m/s
Mean power density 286 Wim® 286 W/m® 299 W/m®
no Soctor: AR
. A: 4,0mfs
;’% k0,9
y / U: 4,06 mfs
4 é P: 286 wia'
%%
%%
%7
%7
/
|4

Saids B ga0mbopmo 94080

Pezuonansustit pexcun 6empa

N

Regional wind climate summary

Class 0 Class | Class 2 Class 3

Weibull A [m/s] 0.6 48 4.1 33

100 m Weibull k 0.95 093 093 094
Mean speed U [nvs] 6.72 4.95 4.30 338

Power density P [ W/m?] 1280 544 355 169

Weibull A [m/s) 71 5.6 5.0 4.2

25.0m Weibull k 0.95 0.94 093 094
Mecan speed U [m/s| 71.29 5.75 5.17 4.36

Power density P [W/m3] 1621 832 010 354

Weibull A [m/s) 7.6 6.2 5.7 5.0

500m Weibull k 0.96 0.95 0.94 0.95
Mecan speed U [m/s] 7.74 0.38 5.84 5.11

Power density P [W/m?] 1915 1096 851 557

Weibull A [nmv/s] 8.0 0.9 6.4 5.8

100.0 m Weibull k 0.96 097 0.90 097
Mean speed U [nvs] 8.19 7.03 0.54 5.88

Power density P | W/n?) 2251 1394 1145 813

Weibull A [nvs| 8.3 7.7 7.2 6.7

300.0m Weibull k 096 097 097 0.99
Mean speed U [nvs] 8.08 7.76 7.29 6.69
Power density P [ W/im?) 2706 1§32 1522 1120
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118. gogdmggs Edpemonka Efremovka

0=41°L30" | A=43%45 | 2U2masl. |  H=12m | 1936-1960
benggeze 956g9mg e daydahgmdls sbaeagaenarfols Byaabiols yggmeBy slscenydyen dugowsb. babligoinwab oy
Tdebaduginenes jganonb @adsce Jgmeom, bmeze fhgoczmy 6 — xa3gabymols Jomol @adewenmgdgden.
39a9m3mgesbe dmgdarinmdl bewgeal Afeoczmyo 6aFaczdo, bs jotdoadm G jggmensh. Fgdmaatigbe fiyaeoe
@udd @3 dofomaiea @ 599d:es baondgdem, badmgGganes @s babbag-baogle doffgdom bygdels soiily).

Ceno E¢ipemMoBKa pacnionoxkeHo 11a caMoii BOIBbILIENTION YacTlt AXANKIAKCKOTO Mockoropaa. C roxnoii
CTOpONBI MECTIIOCTh PACTIONOXKENNIA cefla orpalniveHa HebbicokiiM Keryrckin xpebTom, a ¢ cepepnoii —
oxonyanuami ikasaxerckoro xpe6ra. Meteonnowanka pacnonoxeia 8 ceneplioii uacTi cenenns, oKono
npitycanc6noro yuactka Habnionatens, B ycnopiax nomtoii oTkpeTocTi. Jpesecian pacTUTeNboCTh B
OKPECTIIOCTAX NONHOCTHIO OTCYTCTBYET. OKPYKAIOUIAA MECTIIOCTb HCMONLIYETCA, B OCIIOBIION, MO MOCEBbI,

CeHoKoChI It nacTonwa.

The village is situated just on the elevated part of the Akhalkalaki Plateau. From the south side the arca of the
village is limited by the low Keguth Range, while from the north side — by the Djavakheti Range terminals. The
meteorological site is located in the north part of the village in the vicinity of an observer’s plot, adjoining the farm,
in the conditions of a full openness. The wood vegetation on the environs is absolutely absent. Crops, hayfields
and pastures. mainly, occupy the surroundings.

Joiols bodpoeam ogogin beBgsigmdo Cpediteriecaqvie cxopoc éempa Average monthly wind velocities

Month 1 11 1 v v VI vil | vl | 11X X X1 Xll Year
Velocities | 39 | 40 { 39 | 32 ]| 30 ]| 25 | 28 | 29 | 24 26 | 29 3.4 3.1
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18, g99dmg s Edperonxa Efremovka

il SEROCHIOOG0 (19 g0dlo

Mecmuniin peycnst aempa

Arpmbayaéode

Metcoc 1

The wind climate for the site

Pals M ga0mbs cox@o i gg0do

Pezuonanvnviit pexcust sempa

Observed Weibull (i Predicted
Mean wind speed 312 whs 12 mh 3.08 nvs
Mean power density 86 W/m'® $6 W/m® 87 Wim®
N
60,0 Sactor: A
A3, mjs
k1,02
Ui 3,12mfs
//' P: 88 Wim!
Y \ H
(T | %)
W, i
AR 4
\ &
v //
= b
25,0% [1}
0 ulmis) 25,00
S

Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [nVs] 4.2 28 25 20
100 m Weibull k 1.23 1.06 1.00 1.07
Mean speed U [m/s] 3.96 2.78 242 1.90
Power density P [W/m?| 145 68 45 22
Weibull A [m/s] 4.7 35 3.1 26
250 m Weibull k 1.26 [.13 1.12 1.12
Mean speed U [m/s] 4.33 331 2.98 2.50
Power density P [W/m?] 181 100 74 44
Weibull A [m/s) 5.0 4.1 a7 32
50.0 m Weibull k 1.29 1.24 1.22 1.20
Mean speed U [m/s] 4.65 181 348 3.01
Power density P {W/m?] 214 128 100 67
Weibull A [nvs) 54 19 45 39
100.0 m Weibull k 1.26 1.33 1.33 1.35
Mean speed U {m/s] 5.03 4.49 4.12 3.62
Power density P { W/m?| 282 183 141 94
Weibull A [nvs] 59 6.0 54 4.8
2000 m Weibull k 1.21 1.29 1.29 1.31
Mean speed U [nv/s}) 553 351 5.02 4.39
Power density P [ W/m?} 406 158 270 175
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95. 3980060 Baznaun Vaziani

=419 [  a=45%3 | 632masl | H=7m | 1947-1953

4 jobogBals Laag e gatlaalin, Gmileols galilibgoligdols mendlo dmfymdomos Dgggmbisgy g, dugdatigmdl badymeiols
bamdal fithecnm-sedmbagego, sdsaengdyen Gofowido. bawa ol Jgdmaamnba Fomdmaeagll woa, 3iyem
abelsggol 3mBab bygdol adindy, Emdgenny dofomswsr addmaygbyds Lobbag-bamgbow @y bsdmgmgdsw.
9989m3mgeabe 3s6magligdaesos G yabogdowsb wabagengoiam, 20 Iggtol Dabdondy. Madwybawily 3dseengdgen
sgpoendy, gFobatoyeaesbe Dgbmdgdob sbeamb.

-1 cranuns Baananit, 1a TeppiTopItil OTHYRAEHIMA KOTOPOIT GbI1a YCTPOEId METEOPONOTHUECKAN CTAINIHA,
UAXOMIITCA B CEBEPO-BOCTOUIIONT BOIBLILIEIION yacTit CaMropckoii 40am1ibl. OKPeCTIOCTb CTaIILIIL, el ias
ApeBeciioii PacTHTENBIIOCTH, NPEACTABAAET OTKPLITYIO Geasoanyio naiuadTityo 3011y, HCNONLIYEMYIO, 1
ocnosloM, noa nactéiwa i nawinn. MeTeonaowanka HAXOANAACH 11a paccToANNN 20 M K 3anany oT *-I
noNoTiIa, BGNI3IT OT ORIOITAKIILIX MOCTPOEK, 113 1IECKONLKO NPHITORNATOM MeCTe.

Railway station Vaziani is located in the north-east. the high part of the Samgori Valley. Just on the alicnation
territory of this railway station the meteorological station was arranged. The environs of the station look like an
open. waterless zone without any wooden vegetation and used for grasslands and ploughed fields. The meteosite
is at the distance of 20 m to the wes! of the permanent way, in the vicinity of one-storcyed buildings, on the slightly

lifted place.

Fotnls bad gocom orgoghio ballfsagdn Cpedieatecsinvie ckopocimiu gempa Average monthly wind velocities

Month I 11 111 v A4 VI VIl | vl IX X X1 XII Year
Velocities | 4.2 | 43 ] 45 3.8 3.5 36 | 45 3.8 3.7 3.9 2.3 2.8 3.7
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dyeygebowgn@yde MeTcocTanumu Meleostations

95. goBosbo Bazwanu Vaziani

Peds segocmdtiogn Gggedo  Mecmutit pexcust sempa The wind climate for the site

Obscrved Weibull lit Predicted
Mean wind speed 119 ws 319 m/s 315 mis
Mean power density 369 Wi’ 369 Wim® 358 Wim’
N
“0 Sector: A
A:2Swfs
i k0,72
U: 3,19as
P2 369 Wia!
/
'
[$2}/
’
7
%
Mﬂ‘ [ ulmfs] €08
S

Poriob Fggombseryiio Ggyodo  Peeuonavneitt pexcus éempa  Regional wind climate summary

Class O Class 1 Class 2 Class 3

Weibull A [nvs] 36 27 23 1.8

100 m Weibull k 0.71 0.70 0.70 0.71

Mcan speed U [nv/s] 4.56 3.37 294 230

Power density P [W/m?] 1018 437 283 134

Weibull A [m/s] 4.0 3l 28 24

25.0m Weibull k 0.71 0.70 0.71 0.71

: Mecan speed U [mv/s] 4.95 391 353 296

Power density P [W/m?] 1276 668 480 285

Weibull A [m/s] 4.2 35 3.2 28

500m Weibull k 0.71 0.71 0.71 0.71

Mean speed U [mvs] 5.25 433 398 347

Power density P [W/m?] 1521 808 676 448

Weibull A [nvs] 4.5 38 16 2

100.0 m Weibull k 0.72 0.72 0.72 0.72

Mean speed U [nv/s] 5.56 4.76 445 399

Power density P |W/m?] 1766 1109 905 037

Weibull A [nvs] 4.7 43 4.0 37

2000 Weibull k 0.71 0.72 0.73 0.73
2000 m ” -

Mean speed U [nvs] 5.88 5.22 4.94 4.52

Power density P [W/m3] 2132 1407 1167 870
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94. mrdonolio—sgmImego Tonancu-Asponopt Thilisi-Airport

0=4193040" | A=44°730" | 480masl. |  H=1lm | 1934- 1980

9989mboeg )Mo degdarmgmals odocaabols 5)BmImMgol gafogmGosdy. 1962 Fensdeyg 3gggmdmgesbe 0dymeagdmes
396mg850mab sbemmb, bmmer 1962 Fraok 12 (v gmddhoab gogogobomos sg3timImbgal aos ggedy, Fobs
sgecndmgdafigmdaest 1.5 jocmdyg@ig LsdbMgo-sqdmlsgezgorno.

MeTeocTaliLA HAXOAUTCA 11a TeppiTopIt THIAICCKOro ajponopta, npHuém no 1962 r. MeTeonnoiaaka
HaxoAnnack B6MM3I1 a3poBoK3aa, a ¢ 12 okTaA6pa 1962 r - 11a oTKpLITOM nosie asporopTa, B 1,5 kM k 10B or
APEXHEro e MECTOHAXOMACHIIA.

The meteostation is on the territory of the Tbilisi airporL. Till 1962 the meteosite was located in the vicinily of the
airport building and only from October 12 of 1962 it was displaced to the open airport field, in 1,5 km (o the south of
its previous location.

Fools badpsezem angogio bofigadiggdo Cpednenecaunivie ckopocmut éentpa Average monthly wind velocities

Month I 11 11 v Vv VI vl | vl | IX X X1 XII Year
Velocities | 54 | 68 | 64 | 64 | 59 | 63 | 7.2 5.8 5.6 5.1 4.1 44 5.8

W) i 2 W\
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9. odomolio—sgmm3mergo Tonancn-Adponopt Thilisi-Airport

Fds sgnocandogo Gggdo  Mecmnniit pexcust sempa The wind climate for the site

Observed Weibull fit Predicied
Mean wind speed 5.39 m/s 5.39 /s 5.96 m/s
Mean power density 971 Wim® 971 Wim' 979 W/m®
N
20 It AR
A4 mfs
k: 0,83
U: 3. P miy
) B 47| Wim?
() L
H
g -
Ay :
}///.7“", .
. oL G 2
W, 0 ulmis] 40,00
S

Pials B gaombo oo Gggodo  Peeuonansistii pedctar aempa  Regional wind climate summary

Class 0 Class | Class 2 Class 3

Weibull A [nv/s] 7.4 5.3 4.6 36

100m Weibull k 0.93 091 091 091
Mean speed U (m/s] 7.60 5.52 4.77 373

Power density P [W/m?] 1945 789 515 246

Weibull A [nvs) 8.0 6.2 55 4.6

250m Weibull k 0.93 0.92 091 0.92
Mean speed U [mv/s) 8.26 6.42 5.75 4.81

Power density P [W/m?) 2494 1228 890 516

Weibull A [nVs] 8.5 6.9 6.3 54

50.0’ m Weibull k 0.94 0.93 0.92 092
Mean speed U [nvs] 8.77 7.14 6.51 5.65

Power density P {W/m?) 2951 1629 1250 826

Weibull A (nvs) 9.0 77 7.1 6.3

100.0 m Weibull k 0.94 0.94 0.94 0.94
Mean speed U [m/s] 9.30 7.92 733 6.52
Power density P [W/m?) 3482 2123 1719 1213

Weibull A [nvs] 9.6 8.7 8.1 73

200.0 m Weibull k 0.94 0.96 0.96 0.95
Mean speed U [mvs) 9.88 8.82 8.23 7.46

Power density P [ W/m?) 4126 2775 2285 1734
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165. 353560ds Kananan6a Kapandiba
9=41’ | A=41%130" | 20masl |  H=8m | 1941-19%9

3989m3mgeabo Iuatigmdl de. Jmmbols Datxgghs LsGsdaMmBy, dobie FysmByety Jomadmaoesh 1.5 - 2
Jomdgatiol @sdmigden, adcnmdal @mbyBy. dgagmdmgelosb 50 — 100 dgatiol dmdmeigdea aabamaagdyees
$33e)body gHobsGomyaesbe babeme, Hmdgens domds gocab dom7da-byenml Imabigocogndieze alag,gyocze.
sbenmiegdamg dmgdab ggamedgddy qbge 3pgbatig e bagatos.

Merteomtomaaka naxoairca 11a npasom 6epery p. Yopoxi, 1ta paccrosiinu 1.5 — 2 KM oT Mexcrioro ero
pycna, 11a yposiie nomibl. B 50 - 100 M 0T MeTEONMIOUIAAKIE PACMIONOXKENO HECKONBKO OMIOITAXKIIbIX JOMOB,
a 3a MM NPOXOANT acanbTipoBamias gopora batymit - Xyno. Cxionst 6amxaiiwix rop oTan4aloTes

obwinem pacTNTeNnbHOTO MOKPOBA.

Meteosite is situated on the right bank of the Chorokhi River apart 1.5 — 2 km from its watershed. at a level of a
valley. In 50 - 100 m from meteosite some one-storeyed houses are disposed, and behind then the Batumi — Khulo
asphalted road passes. The slopes of the proximate mountains differ by abundance of vegetation.

Forrob bodpsem orgngtio baBfxdggido Cpednerecrunbie ckopocmu aempa Average monthly wind velocities

Month I 11 1 v A\ VI VII | VIII | IX X X1 XII Year
Velocities | 75 | 65 | 46 | 46 | 42 | 40 | 36 | 3.7 | 43 6.3 6.7 7.9 5.3
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Mecmntt pescust gempa

daAyge sy nGydo

MeteoctaHuun Mceteostations

The wind climate for the site

Observed Weibull fit Predicted
Mean wind speed 4.81 m/s T 481 s 5.03 m/s
Mean power density 289 Wm'® 280 W/m® 428 W/m®
N
109,01 Sector: Al
A:S,1 ms
k: 1,16
U: 4,01 mfs
P: 209 Wjm?
(%]
/ %\
2 /
o / / A2 ey
55.0% ) ulmis) .0

ol G g80mbs o 5 gg0do

Pezuonanvnbiii pexcust eempa

Regional wind climate summary

Class 0 Class | Class 2 Class 3

Weibull A |m/s] 10.1 72 6.3 4.9

100m Weibull k 1.32 1.26 1.26 1.27
Mean speed U [nvs] 9.32 6.72 5.83 4.56

Power density P [W/m?] 1661 671 438 209

Weibull A [nvs] 11.0 85 7.6 6.4

25.0m Weibull k 1.33 1.29 1.29 1.29
Mean speed U [m/s] 10.14 7.86 7.05 591

Power density P [ W/m?] 2106 1038 751 441

Weibull A [m/s] 11.8 9.6 8.7 7.6

© 50.0m Weibull k 1.34 1.32 1.31 1.31
Mean speed U [m/s] 10.79 8.80 8.05 6.97

Power density P (W/m?] 2500 1398 1075 703

Weibull A [mvs) 12.5 108 100 89

Weibull k 1.36 1.38 1.37 1.36

1000 m |\ ean speed U (ms] 11.49 9.89 9.16 8.13
Power density P [W/in?| 2962 1826 1472 1048

Weibull A [m/s) 13.4 124 11.6 104

200.0 m Weibull k 1.37 1.45 I.-l_-l 1.42
Mean speed U [m/s] 12.30 11.28 10.51 9.44
Power density P | W/m?] 31599 2511 2059 1529
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42, jodmgemo Kop6oyan Korbouli

9=4214 | A=432840" | 794masl. |  H=llm [ 1939-1960

Lemggmo jmadmgae drgdaigmil coobols Jaeel Ateacm-eslsgmge JgFoggmasdy, Jogas dwebamy eydacal
bymdada. bymdal, Bmdeel bgaby @osbmmgden ghma jommmBgeios, daamsmsw ogl Jadstorgegds BAeomem-
srdmbogagmorsb Ladbdgm-esbogmgmaljgh. Jmgezn gl segomn FamBmoragbl aygm s 360dgbmmgboe
2dsregdyge Smbab. gagmdmgrabe gobmoggdgmos e @ydomel Fafixggbs LabsdommBy, adsg jgyocomb
Ly3bHgenoo 20 - 25 3ggols Jsbdecndy.

Ceno Kop6oynut pacnonoxeHo B ceepo-3anamioi nepugepmn Jiuxckoro xpedra, B aonme 11e6onb110ii pexH
JAymana. JlonuHa, IIMPHHON OKONO OAHOTO KHJIOMETPA, HMEET B OCIIOBIIOM, HaNpaBelIHe C CEBEPO-BOCTOKA
NHa oro-3anan. Bea 3ta MecTHOCTS NpeaCTaBaAET cOBOM 6E3NECHYIO H 3HAYHTENLIIO BO3IBLILIEHHYIO 3011Y.
Mereoruomanka ycrpoena 11a nparo6epexnoii cropoite p. lymana, Ha paccrosnun 20 — 25 METPOB K I0TY OT
roccefinoif aoporu.

Korbouli settlement is situated in the northwest periphery of the Likhi Range, in the valley of the little Dumala River.
The valley’s width amounts to about one kilometre with a direction, mainly, from the northeast to the southwest.
The whole area presents a woodless and a high zone. The meteosite is built on the right bank side of the Dumala
River at the distance of 20 - 25 km to the south of the highway.

Jools bodgocam mgozho bieBgeFggdo Cpednevecauinie ckopocu eéempa Average monthly wind velocities

Month 1 11 111 %Y A VI VII | VIII | IX X X1 XII Year
Velocities | 34 | 4.9 4.6 36 | 25 1.8 1.4 1.6 1.4 2.0 3.9 3.4 2.9
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42. 3o@degemo Kopboysnn Korbouli

oty a@gocmdoga 5080

Mecmunutin pesrcust gempa

Ayerbingop qGydo

Metcoctanunn Meteostations

The wind climate for the site

Jotials B ga0mbocyHo (95030

Pezuonanvnoiii peacun éempa

Obscrved Weibull fit Predicted
Mean wind speed 344 mvs 344 m/s 346 m/s
Mean power density 74 Wim® 74 Wim® 81 W/im’
N
100,0 Sector: Al
A: 3,8 mjs
ke 1,41
U: 3,44 mjs
P: 74 Wim?
(%]
\
7
‘A7
0 u[mfs) 25,00

Regional wind climate summary

Class 0 Class 1 Class 2 Class 3
Weibull A [m/s] 8.1 517 5.0 39
100 m Weibull k 1.44 1.32 1.33 1.33
Mean speed U [mvs) 71.35 527 4.59 3.60
Power density P [W/m?}] 707 299 196 94
Weibull A [m/s) 8.8 6.7 6.1 5.1
250 m Weibull k 1.45 1.36 1.36 1.37
Mean speed U [m/s] 8.00 6.18 5.56 4.66
Power density P [W/m?] 897 457 333 196
Weibull A [nvs] 94 1.6 7.0 6.1
50.0m Weibull k 1.48 1.42 1.41 1.40
Mean speed U [mvs] 8.52 6.93 6.35 5.52
Power density P [W/m?] 1053 603 468 309
Weibull A (m/s) 10.0 8.7 8.0 71
100.0 m Weibull k 1.47 1.51 1.51 1.49
Mean speed U [mv/s] 9.09 7.82 725 6.44
Power density P [W/m?| 1288 789 629 451
Weibull A [m/s] 10.8 9.9 9.3 83
200.0 m Weibull k 144 1.49 1.50 1.51
Mean speed U [m/s] 9.76 8.97 8.36 751
Power density P { W/m?] 1640 1215 971 695
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ABHambsean@gde  Mereoctanumuu Melcostations

8. 3530lmbols pmacmagborno Mamucorickitii nepesan Mamisoni Pass
p=41%2 | a=a3%g | 2854masl | H=7m | 1936-1960

Bevedanosbo Loga g Tobmbob Jrgmpgbommn 306maglgdymes Jugenggbocols dmbs jggois. Jog,jebumbols 3gdem
Lamgyemal 8mBode. gagmboeygab 40bcaggdel seaoe Ig0degds dng agbmb send y6ie degeamgdol Jdocegl
8mbals. 4yggdels Bmbols Ladagade aseael 600 - 800 3gatoo @edems. 3xagmImgmsbe degdomgmil Jagmagbomeash
LoBbMgmac 200 3ol JoGdaenBy. 40 Anaec dorend @ 30 Byanm Ladbmgoabs jab a3beoongdcos Loy el
896mdo. Badgoge Jmmndbod go geggds daink Jabgdnb 6aggbgdoliagab.

Bricoxoropnas cranuus MaMiconcxisit nepepan pacnonoxena 11a nepenanblioM yyacTKe B 3olie BepXiero
nosca KaskacioHit. MecTHoCT pacnonoxeiti ig METEOCTAI LI MOXIIO OTIECTH X 1aBbICLUEIT SO1IE ANbMIIICKIX
JTYTOB; YPOBEHB IpalliiLibl IECHBIX 30H NpoXoanT 11a 600 — 800 M 1unke Mo ciutolam. MeTeonnolLaAKa 11aXoalTes
na 200 M 1oxHee nepesana i1 11a 40 M poite. B 30 M x 1ory pacnonoxen aom craintin. [Tousa ckamicran,
COCTONT 113 06JTOMKOB ropiiblx MOpoA.

A high-mountain station — the Mamisoni Pass - is situated on the crossing plot. in the Kavkasioni upper belt. The
place. where the meteostation is located. may be considered as a zone of alpine meadows. The level of the forest
area boundary passes at the height of 600 — 800 m, below off slopes. The meteosite is at the distance of 200 m to the
south of the Pass, and at 40 m above, in 30 m to the south, the station building is located. Here the soil is rocky and

consists of rock fragments.

Month 1 11 11} v Vv VI Vil | v | 1X X X1 XII Year
Velocities | 6.6 | 67 | 62 | 52 | 44 | 47 | 48 | 46 | 48 5.6 5.5 0.2 5.4
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Appebaeyndo

MecTeoc

8. 8580limBols gamqcmggborme  Masuconckuii nepenas Mamisoni Pass

"lﬁt & .)qﬂm{wh‘)ﬂu b 4 m"l'r[l wlo

Mecmotit pexcisr sempa

The wind climate for the site

Observed Weibull fit Predicied
Mean wind speed 533 s 5.33mis 345 ms
Mcan power density 45 Wm'® 345 W' 418 Wi’
N
0.0 Sector: AY
A:S,7ms
k1,24
U: 5,33 mfs
P: 45 Wim?
.m{%
55,0% °"—‘A
4 0 u[mis) 35,00

Jofols Bggombs o igyodo

Peruonanvronii peaicust aempa

Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibuil A [nvs) 7.6 54 4.7 37
100 m Weibull k 1.19 1.14 1.14 1.14
Mean speed U {m/s] 7.14 5.18 4.50 353
Power density P [W/m?| 911 379 247 119
Weibull A [mvs] 83 6.4 5.7 4.8
2%50m Weibull k 1.20 1.16 1.16 1.16
Mean speed U [m/s] 1.77 6.06 545 4.57
Power density P [W/m?} 1151 581 425 250
Weibull A [m/s] 8.8 7.2 6.6 5.7
50.0m Weibull k 1.21 1.20 1.19 1.19
Mean speed U [mv/s] 8.20 6.79 6.21 5.39
Power density P [W/m?] 1360 769 596 392
Weibull A [mV/s] 94 8.2 7.6 6.7
1000 m Weibull K 1.22 1.23 1.24 1.23
Mean speed U (mvs| 8.80 7.64 7.06 6.27
Power density P | W/m?| 1623 1003 803 577
Weibull A [m/s] 10.0 94 8.7 7.8
200.0 m Weibull k 1.21 1.28 1.27 1.27
Mecan speed U [m/s] 942 8.71 8.08 1.27
Power density P [\W/m?] 2017 1430 1156 845
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107. 3s6g7mmo Mapuieyan Marneuli

0=4120 | a=ad®9 | 400masl | H=13m | 1938-1970

@305 D6l gemo degdoMgmdbs ggdm JaGaennls 9o 1ol tigueamgo Bafoenilo, Bmdgezeg FoMdmawails dw. Dg,jgols
@3 dabo Ig6sorydol. bAHsdobs @ dcmagoiol bymdydal gaga@oimgdsl joMasw addm jgquoenn gaislieme
Laggbygdem. D9dmaatigbols Hgeogge aygm © dmbiguabos. men]dal dogeso gaBoam@Bos ©s 1aggd ey
atpgemmgabe Jy@aagdom. dacgden, ggbabgdom, Jeasbgopugdoms ws dmbgbgdow. dgagmidmywalio dandstgmil
d. seppgoels bymdals Jatgbnbs Lsbadomm Gafoendo. Igdompatighe balinomeyds Gyeaugojol Gadwybawdy
@3 gome dmbadyemmdan.

TMocenox Mapueynis pacnonoxerr b cepepiioii uactis Hipkne-Kapramnickoii pasinnisl, npeacrasasioweii coboii
pacuunpentie Rosibt pekit Kyphi 11ee npuToKxos X pamit 1t ANIFeTI € XOPOLUO BBIPAZKENIBIMH TEPPACHPOBAIILBIMIL
crynelamit. Penbed) okpyxaloiteii MECTIIOCTH PABILIINIO — XOAMICTbI. JICCIBIX MACCIIBOB B OKPYKellI 11eT,
NOYTII BCA TEPPHTOPIA PaDIIIILI JANATA VTAKOBLIMIL KYIBTYPAMIL, CARAMIL, BUTIOFPAMINIKIMII, TUTALITALUAMII I
oropofamii. Mereonnowaaxa 1axoantes B aepobepexitoit vactn poninsl pexu Anreti. Okpyskaioiwan
MECTHOCTb OT/IHYACTCA HECKONBKO BCXONMIIEIINILIM OMEpTalllteM penbeda.

The settlement is situated in the north part of the Low-Karuli Plain. The Plain presents the cxpansion of the Mtkvari
(Kura) River’s valley and its tributaries — Khrami and Algeti — with their well-marked and terraced stages. The relief
of the surrounding terrain is flat-hilly. There arc no forest tracts in the nearest surrounding and crops. gardens.
vineyards. plantations and vegetable-gardens occupy almost the whole territory of the Plain. The metcosite is
located on left bank part of the Algeti River’s valley. The surrounding terrain is notable for its hilly outlines of the

relief.

JoGols bodppenm orgoghio baligamggdo Cpednevecuvie ckopocnne aempa Average monthly wind velocities

Month 1 11 111 AY Vv Vi VI | VI IX X X1 X1I Year
Velocities 16 ] 20 ] 22| 23| 20 1.9 1.9 1.8 1.7 1.5 1.2 1.2 1.8
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107. 3566y emo Mapuieyan Marnculi

hds dgocodGayo Gggoido

Mecmumit peycuys eempa

N T

MeTcocTanyuu Meteostations

The wind climate for the site

"/\)ﬁmb Ir)l']anmﬂa & F)Jlr/n(']n

Peevonaioniit pescuy aenipa

Observed Weibull fit Predicted
Mean wind speed 1.63 m/s 1.63 nv's 1.62 nvs
Mean power density 29 W' 29 Win' 32 Wim®
N
.0 Sector: A1
Al aws
k08
U 1,83 mys
L £: 29 Wim?
f[%)
N
] Z
—_— 0 u(mjs] 20,00

Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [m/s] 1.9 1.2 1.1 09
100 m Weibull k 0.88 0.77 0.77 0.78
Mean speed U (m/s] 2.07 145 1.27 1.02
Power density P [W/in?] 45 25 17 8
Weibull A [nv/s] 22 1.5 14 1.2
250 m Weibull k 091 0.81 0381 0.82
Mean speed U [m/s| 2.27 1.74 1.57 1.34
Power density P [W/m?] 55 35 26 15
Weibull A [nVs] 24 1.9 1.7 1.5
500m Weibull k 0.93 0.89 0.88 0.88
o Mean speed U [nvs] 243 2.01 1.84 1.62
Power density P [W/m?] 64 40 32 22
Weibull A [m/s)] 25 23 2.1 1.9
100.0 m Weibull k 0.91 095 0.96 0.9§
Mecan speed U [m/s) 2.64 2.37 2.19 1.95
Power density P [ W/m?] 87 57 43 29
Weibull A [nv/s) 2.7 28 26 23
200.0 m Weibull k 0.87 0.92 0.92 0.96
Meun speed U |nv/s| 291 294 2.09 238
Power density I [W/m?] 133 118 88 56
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83. 8xFaymgo Maprkonn Martkopi

@=41%820" | A=450040" | 895masl. | H=llm | 1956~ 19l

bmggemo datayman Degdatigedls Joforcob Joeol dmenm Gafecile, balgmol ggezobs @s oyols 88360k
Jotadod). Datrgymyol sbeam Baeasdmgdde ggggd0 o sfioks. mgommb Lewpges Datrgymaio dygtos boezols @
Jogezols bygdo, gaGabgde. dgagmdmgeabe gabomaglgdnemes bmygeal @sbagegor 3aladoms hafocde, babimgee-
03536369 Daliobgdal Jath jobs ggngmtaady. B3 ygguie Lo @s gass, Ladbfgonlis, 196 96edyGyerem wagsbybon.
3obeomgbio g6mds Deegdoigmdls Igagmdmyeboab bailbfigone, 50 IaMeb dobdoczd;).

Ceno MapTxonit pacronoxeiio B Kone4noii yactit Kapramuickoro xpe6ta. 1ta cTbike CaMropexoii Aoms n
Hopckoro miockoropea. Jlecon B GnikaiilicM okpykcHiin cena MapTKOMH 1ET, B CAMOM Cclie MIOro
(pYKTOBBIX H OPEXOBLIX ACPEDbEB, BIIIOTPAAINIKOD. MCcTeOMmIOILAAKA HaXOAHTC It 3aITannoii okpaiic cena,
112 TEPPUTOPHII NAPKA CCTb-X03 MaWINI. YHACTOK PODIILIA, OTKPLITHLIT, € HE3HAUNTEADIILIM YKSIONIOM K 10T,
Bmikaitwnii aoM 11axoantea na paccroamn S0 M. K iory ot Mereonnomanxm.

Martkopi setllement is situated on the extremity of the Karuli Range. on the junction of the Samgori Valley and the
lori Plateau. There are not any forest tracts in the vicinity of the settlement. while many fruit and nut trees and
vineyards exist in the central part of it. The meteosite is located on the west outskirts of Martkopi. just on the
tervitory of agriculural machines park. The terrain is plane. open with a little declivity (o the south. The nearest
house is al the distance of 50 m 10 the south of the meteosite.

Jotfels bsFpcam ovgnyBo bigorigmde Cpediuesecsuivie ckopocnne eempa Average monthly wind velocities

Month 1 1l 1 v v Vi Vi vin | IX X X1 X1l Year
Velocities | 44 | 65 [ 49 | 43 | 40 | 38 ] 4.1 4.7 4.7 43 4.0 2.9 4.4
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83. dogymae MaprTroun Martkopi

0ymbayaGgdo

Mereoctanuii  Metcostations

P spoextogo Gagofta Mecnmstit pexcust 6empa The wind climaie for the site
Observed Weibull fit Predicted

Mean wind speed 422 mhs 4.22 s +4.54 m/s
Mecan power density 573 W' 573 Wim® 588 Wim’

Il Gasombacy N0 (Hg4000

Pezuonansnoiit peacus gempa

1)

\;\\_\N“.i‘.:.f_-.---__.__

[

uims)

6,00

Regional wind climate summary

Class 0 Class | Class 2 Class 3

Weibull A [m/s] 74 53 4.0 o

10.0 m Weibull k 0.86 0.83 0.83 0.84
Mcan speed U [nv/s] 7.94 5.88 5.10 4.00

Power density P [W/m?| 2774 1243 813 385

Weibull A [m/s] 8.0 6.2 5.6 4.7

25.0m Weibull k 0.80 0.84 0.84 0.84
Mecan speed U [m/s] 8.62 6.83 6.14 5.15

Power density P [W/m?| 3550 1918 1392 810

Weibull A [n/s] 85 6.9 6.3 5.5

50.0 m Weibull k 0.86 0.84 0.84 0.85
Mecan speed U [in/s] 9.15 7.57 6.94 6.03
Power density P [W/m?2| 1236 2572 1981 1284

Weibull A {ns] 9.0 17 7.1 6.4

100.0 m Weibull k 0.87 0.85 0.85 0.85
Mecan speed U [n/s] 9.68 S.:4 7.76 6.94

Power density P | W/m?) 49061 3304 2701 1901

Weibull A [/s] 9.6 8.0 8.0 7.3

200.0 m Weibull k 0.87 0.87 0.87 0.87
Mecan speed U [nvs) 10.25 9.19 8.05 7.89
Power density P | W/m?) 5808 1187 3539 2679
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57. 8o-ldggowm Mrta-Cabyetu Mta-Sabueti

©0=42°0¢ | A=4329 | 1248masl. | H=10m 1940 - 1990

dona-Ladygoo. GmBenol madyy obdBy asbeoapgdgcos Iyagmimgrabe, yggezaly doswas wobal Jawob 53
3mBaggoBy. 33 Jaeel Ggaggol o1ageligdHgdas ol Ged Job Joryin LoadnBy Sdacengdyen segoaydh jgb 9o 9
bobname gggteene ggekemdgdel Bmdogfe wsgsbgdea. Jacel Lajdame aBdgmo Imbs jggmgde @agatigenas
892200 @ Jegamgdoo. gagmdmgmabo 3obeaggdgmes dmals dgyge by, gyols Jacinesl Gadwgbawdy
@3migd00, 9EnbaGoeebo Jogdmo babmewsb sadmbiagesgono, 30 - 40 gl Jobdocdy.

Fopa Mta-Ca6yeri, 11a nonorom rpebiie KOTopoit ycTpoeita MCTEONIOWIAAKA, ABAAETCA CaMOii BbICOKOIT 11a
3TOM ydacTke Jlnxckim xpe6Ta. OTnuirensHoii 0cobeH110cTbIO penbedha ITOro XpebTa, 11a BeeM NPOTAKELINH,
ABAAETCA PaBHHHIIOE OYEPTaHIIE CTO BOIDBILIENHBIX YACTEH U yMepelllas XPYTH311a GOKOBbBIX CKIOMNOB ¢ 06enx
cropoll. Cxnonibt 1t rpeGitt na AnnINoOM oTpe3xe XpebTa IANATH AHCTBEIHLIMH JICCAMM 11 JTYTaMH.
MerTeonnowwanka ycrpoena 1ia nockoM Mmebie ropel, B 11€KOTOPOM YRANCININ OT OMYLUKIE JIeca, [1a PACCTORIIHH
30 - 40 M K BOCTOKY OT OHO3TaXCHOTO lleGonbiioro aoma.

The Mta-Sabueti mountain, on the crest of which the meteosite is arranged. is the highest one on the territory of the
Likhi Range. A distinguished peculiarity of the Range is that the elevated parts of it have plane outlines. while flank
slopes from both sides have a moderate steepness along the whole length of the Range. The Range’s slopes and
crests are occupied by deciduous foresis and meadows. The meteosite is built on the plane crest of the mountain,
a little bit far from the edge of a forest and at the distance of 30 — 40 m 1o the east of a small one-storeycd house.

Jardal badpsenm ogozprha beBgsiggdo Cpednestecavnvie ckopociu gempa Average monthly wind velocities

Month [ 11 111 1V v Vi | vil vy 1xX X X1 XII Year
Velocities | 88 | 92 | 96 |100] 89 | 83 | 79 | 88 | 94 | 9.7 | 106] 9.1 9.2
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§7. 8oo-Lodgoe MTa-Cadyerin Mta-Sabucti

s degoexndoge Gggedo  Meenmiit pescust aempa The wind climate for the site

Obaerved Weibull it Predicied
Mcean wind speed 9.34 /s 9.4 /s 9.95 m/s
Mean power density 1476 Win' 1476 Wim'® 1605 Wim®
N
0.0 Sector: Al

A: 10,3mfy

ki 1,42

U: 9N mfs

P: 1478 Wim?

(%) @
N

" N e

Ay 0 u{mis) 40,00

S Fgaombocoybo Gggeda  Peenonanvubil peaciyt dempa Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [m/s) 9.8 7.0 6.1 48
10.0m Weibull k 1.43 1.36 1.37 1.38
Mean speed U [m/s] 8.88 6.39 5.57 4.37
Power density P [W/m?| 1257 509 333 159
Weibull A {m/s] 10.6 82 74 0.2
250m Weibull k 1.44 1.39 1.39 .40
Mean speed U [nvs]) 9.66 749 6.75 5.67
Power density P | W/m?] 1607 789 574 338
Weibull A [m/s] 14 9.3 85 74
500 m Weibull k 146 1.44 1.44 .44
Mean speed U [m/s} 10.29 841 7.71 0.71
Power density P |W/m?) 1900 1055 8i4 535
Weibull A [in/s] 12.1 10.5 9.8 8.7
100.0 m Weibull k 1.47 1.52 1.51 1.50
Mecan speed U [nvs| 10.98 9.50 8.51 7.84
Power density P [W/m?] 2278 1402 1130 802
Weibull A m/s) 13.0 12.2 i3 10.2
200.0 m Weibull k 1.47 .58 1.57 1.50
Mean speed U [nvs] 11.78 1091 10.18 915
PPower density P | W/m?] 2817 2013 1640 1203
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71. 83bs60 Myxpann Mukhrani
=445 | A=a10 | 558masl. | H=1lm | 1924-1990

A3bRsbols gogmia Fardmaraghl 83m Jofmezals gajols a0aMdgcydal @ Jofoamagse 3369gboes 33bgmols
30d>taryengdoc. ol bog by berggen IgbMobol Gsombda safggl 8 - 10 jemmdgal. ogoo bymdaio gyggde o6
3fbs. 39990 el Fbmeame Adgocamgonl dbamgls Brgdacy dorgdels gaemdgdily. IgagmImgusbn 3obmaggdgmes
bimgy. 37bMabeols Bgomm Ad6adeMal, badomorgaaml Labmgam-badyy@bym ablgoggaels dggbobymdabs @
3gmgabgmbdals LaliFagenm JgaMbymdal ggtogmaesly.

Myxpanckas KOTN0BI{11a ABAAETCA NpoaomxkeltiteM Bepxne-KapTaminickoit pabiiHHbI H DLITAIIYTa, B 06LUEM
wIpoTHOM Hanpasnen. LLnpuna e¢ b pafione cena Myxpain nocturaet 8 — 10 kM. Jiccon b 6ankaiimem
OKpY#eHH B CAMOf IONHHE 11ET, ITMEIOTCA 01K TONBKO 112 CKJIONIAX FOp, PACMONOKENIILIX C CEBEPINOii CTOPOILbI.
MeTeonnowanxa HaxOAHTCA Ha ceBEpHOIl OKpanile cefla Myxpaim, 11a TeppluTopHil yucGlloro copxo3a
BHIIOrPafapeTBa H Biionenia Ipysuniickoro Cenbcxo-Xoasiicteennoro Hictirryra.

Mukhrani valley presents of the Upper-Kartli Plain’s continuation and. on the whole. is streiched to a latitudinal
direction. Its width reaches 8 — 10 km in the region of the Mukhrani village. There are no florests in the nearest
surrounding of the valley and only the slopes of mountains from the north side are covered with wooden vegelation.
The meteosite is located on the north outskirts of the village, on the territory of the training Statc Farm of wine-
growing-and-making, attached to the Georgian Agricultural [nstitute.

Fardals bodsemen ovgnzrin beBfamggde Cpednevecrunie ckopocin éempa Average monthly wind velocities

Month 1 Il I v v VI vil | vl ] 1X X X1 Xil Year
Velocities | 33 | 44 | 47 | 46 | 40 | 37 | 40 | 32 ] 32 | 30 ] 28 2.6 3.6
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WO oea@ade  MeTteocTantsns  Meteostations

71. 3pba6a Myxpann Mukhrani

Observed Weibull ful Predicied
Mean wind speed 1,49 mv/s 3.49 m/s 3157 mis
Mcan power density 138 Wim'® 338 Wim' 336 Wim®
N
A Swror: M
A: 30 mfs
k0,77
U 3,49mfs
P 3B wfn!

1%1h

:_AZZW—.—.—,

s %6 tns) A

Jaids Bggambscryo Gyyede  Pezuonansuutii pesicust eempua  Regional wind climate summary

Class 0 Class | Class 2 Class 3

Weibull A [m/s] 5.3 38 33 2.6

10.0 m Weibull k 0.8l 0.79 0.79 0.80
Mean speed U (m/s] 5.95 4.32 375 2.95

Power density P [W/m?] 1408 586 381 180

Weibull A [mV/s] 5.8 4.5 40 34

250 m Weibull k 0.81 0.80 0.80 0.80
Mcan speed U [nvs] 6.47 5.05 4.52 3.8t

Power density P | W/m?] 1783 903 650 382

Weibull A [m/s] 6.2 5.0 46 4.0

500m Weibull k 0.82 0.8l 0.81 0.81
Mean speed U (m/s) 6.88 5.64 5.15 449

Power density P {W/m?) 2111 1182 912 595

Weibull A [mVs] 6.6 5.7 5.3 4.7

Weibull k 0.82 0.83 0.83 0.83

1000m f \can speed U (mvs) 732 631 5.83 5.21
Power density P [W/m?] 2502 1534 1247 889

Weibull A [m/s] 7.0 6.6 6.1 55

200.0 m Weibull k 0.83 0.86 0.85 0.85
Mean speed U [m/s] 7.81 7.13 6.63 6.00
Power density P [W/m?] 3001 2006 1683 1260
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108. Goombmggs Paanononka Radionovka

0=412645" | A=4a35130" | 2175masl | H=10m [ 1936 - 1960

@obabrgds Gowombmg o aabmdggdgezns dowsedmasbio gamagbol gdol Galdofal sudmbagengom, ©@dMyg
9femddy. malsbengdols segomdrgdastigmds gadmamfiggs Mymaggoel Gdace dmbadcmdoo. obamglio dorgdals
FgFemdgde @IMgse 907930 goraghals gdelis j96. Gagumbmg jada @s sbaczomagol Joge Bgpdb3g maorfdals s
0Bigds bggde. xa)mBmgesbe 3abeagdyees Gocombmy,jal Lodbigorsadmbsgmgm aobadofob, gdal Byewadotidy
Bomens, LaGaJommeeal 800 - 900 dgaials JsbdomBy sadmbsgemoo. Jobramgbo baggdmdgde dgggmdmgebowsb
bojdame esdmfgdgezas.

INocénok Paanonoska PAcnoyIOKeEIll 11 MONOTOM CKIIOHE BOCTOUIONO cherﬂ BBICOKOTOpIloro oiepa nilpﬂﬂil"".
MecTiiocTb pacnonoxexns nocénka Pamiononka oTnHYaeTcA MATKHMH ouepTamiaMi penbe(l)u. Cknorisl
Gmnkaiiwnx Trop NOJOTro CNyCcKaloTCA K 03epy napilnﬂ"". ﬂpcﬂec“ilﬂ PacTUTENLIOCTL B pﬂi’iollc nocénka
Panionoska Kak H 11a BCEM AXUTKQIaKCKOM TUTIOCKOTOpbE, NOUTII OTCYTCTBYET. MeTeommowanka Haxoanres
Ha 10r0-BOCTOMOI OKpauHe noc. Panitonoska, 11ecKOABbKO Dbille JEPKANA O3€epa H 11a PacCTOANIIN OKOJIO 800
- 900 M Kk BOCTOKY OT ero 6epera. Bninkaiiwte nocTpoiiki yaanellbl OT METEONMMOWANKH 112 3AUHTENbIIOE
paccronliie.

The settlement Radionovka occupies a gently sloping area of the high-mountain Paravani Lake’s east bank. The
place, where Radionovka is located, is distinguished by its relief”s soft outlines. The slopes of the nearest mountains
are descending down to the Paravani Lake. The wooden vegetation in the region of the settlement and over the
whole Akhalkalaki Plateau almost is not observed. The meleosite is on the south-east outskirts of Radionovka, a
little bit above of the lake’s surface and at the distance of about 800 — 900 m (o the east of its bank. The nearest
buildings are located at the remote distance from the meleosite.

Joials bodpecom orgazpo baigoggde Cpedieatecsuimie ckopocimt eempa Average monthly wind velocities

Month 1 1T 111 v v VI VII | vt ] 1X X XI XII Year
Velocities | 49 | 55 | 4.2 3.8 3.4 3.3 3.8 3.6 3.2 3.5 4.1 4.4 4.0
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108. Fsgombmg s Pajmonoska Radionovka

s spocomdiogo Ggyodo  Meemustic pexcust aempa The wind climate for the site

Observed Weibull fit Predicted
Mean wind speed 4.61 mis 4.61 m/s 4.50 m/s
Mean power density 228 W/m’ 228 Wm® 224 Wim’
N
50,0 Sector: Al
a4,9eys
k1,23
U: 4,61 mjs
P: 220 Wim?

H

N

%)

0 ufmis) 50

Potols FBggombocogiin Mgyodo  Pezuonansnviii pexcunt sempa  Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [mvs) 8.1 5.8 5.0 39
10.0 m Weibull k 1.25 1.17 1.17 1.18
Mcan speed U [nv/s] 7.52 544 4.73 3.70
Power density P [W/m?) 960 412 270 129
Weibull A [mvs] 88 67 6.1 5.1
250 m Weibull k 1.26 1.19 1.19 1.19
Mean speed U [m/s) 8.18 6.35 5.71 4.79
Power density P [W/m?) 1220 034 460 271
Weibull A [m/s) 94 7.6 6.9 6.0
50.0m Weibull k 1.28 1.23 1.22 1.22
Mean speed U [m/s] 8.70 7.09 6.49 5.64
Power density P [W/m?]” 1434 834 0648 420
Weibull A [mvs] 10.0 86 79 70
100.0 m Weibull k 1.28 1.29 1.28 1.26
Mean speed U [m/s] 9.26 793 7135 6.54
Power density P [W/m?) 1717 1069 866 623
Weibull A [nv/s) 10.6 9.7 9.0 82
200.0 m Weibull k 1.26 1.29 1.29 1.29
Mean speed U [m/s) 9.89 8.90 8.36 1.54
Power density P [W/m?] 2141 1533 1246 907
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103. Frjumsgo Pycrasu Rustavi
@=4134 | A=45°0250" | 372masl__|  H=lim |  1949-1960

d- Fybooge degdsmymdl de. D afal Jedwgdaty nMpge Jady, Gmdgmey aaweswel gRadowde o
seBmbsgmgonesb 3g8magamyaed 3ofig- jobgornls Baabob jamargdoom. duabatig g jyMals magg babsdathe
©IGIGYmod gmmmmyabe bggdol jmGmdgdel Jagat-dagatia Jm6dgen)dom. dgpgmdmgmsbe goborogbygdyees
Lagdmbam- 860 ;300 Lara7Mnls g3Mngmibnsdy, Gmdgemoy Famdmanabl goy jobgmals agiel 8yaabals joconl
g e @2dMY( gaHem3l.

I'opoa Pycranu pacnonoxen B o6wnpHofi [pixypitickoit pasiinie, nepexoasuueii B crens, okaiMnénnyio ¢
BocTouHOIi cTopoIib! yerynamn Iape-Kaxetnitckoro itockoropbs. Jlpesecitan pactTiiTebHOCTb BAOAb 06011X
6eperos p. Kypei npeacrannieiia HeGonbLIIMI OCTPOBKAMH POIHL AHCTBENIILIX AEPEBLEB CPEAIETO I IPENOro
Bo3pacra. MeTeonuiomanxa 11axoaNnTes Ha Tepputopitt PTC (peMonTiio-TexHHYeCKas CTalllin), KOTopas
npencrasnsct coboil oGunipneiit monorii ckion ¢ 10xioii 3xkcnoznuneit yeryna Iape-Kaxetnuckoro —
Hopckoro niockoropss.

The Rustavi town is situated in the vast, adjoining to the Mikvari (Kura) River's Plain, so called the Prikurian Plain,
which turns into the steppe. edged with spurs of the Gare-Kakheti Plateau from the east side. The wooden vegetation
along the both banks of the Mtkvari River looks like small isles of groves. consisting of deciduous trees of a middle
and maturity age. The meteosite is on the territory of MTS (maintenance-technical station). which presents a vast
and sloppy spur of the Gare-Kakheti — and the [ori Plateau with the south layout.

JoBols bodgocam argazpriio bofgforiggdo Cpedneviecsunmie ckopocmu sempa Average monthly wind velocities

Month 1 11 1 v Vv VI VIL | vl | IX X XI X1l Year
Velocities | 44 | 60 | 53 | 49 ] 52 | 54 | 60 | 49 | 45 | 42 3.1 3.4 4.8
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103. rylnage Pyctanu Rustavi

Observed Weibull fit Predicted
Mean wind specd 4.16 m/s 4.16 mvs 4.29 m/s
Mean power density 493 W/m’ 493 Wim’ 482 Wim’

N
0.0 Sector: Ml
A3, mis
i 0,01
U4, 16ms
\ Pr 493 Wim!
%)
%
?
%
N7
50,0% "o u(mis) 0,00
S

Poels Fggombacymo Ggyodo  Peeuonanvheii pexicum éempa  Regional wind climate summary

Class 0 Class 1 Class 2 Class 3
Weibull A [nvs] 5.1 37 32 25
10.0 m Weibull k 0.83 0.81 0.82 0.82
Mean speed U [m/s] 5.58 4.11 3.61 2.82
Power density P [ W/m?] 1061 459 300 143
Weibull A [mvs] 55 4.3 39 33
250 m Weibull k 0.83 0.82 0.83 0.83
Mean speed U {m/s] 6.06 478 4.34 3.63
Power density P [W/m?) 1359 698 514 297
Weibull A [mvs] 59 4.8 4.5 39
50.0m Weibull k 0.84 0.83 0.84 0.33
Mean speed U [m/s] 6.43 5.30 491 426
Power density P [W/m?| 1600 923 711 471
Weibull A [mvs) 62 54 5.1 45
100.0 m Weibull k 0.84 0.85 0.85 0.85
Mean speed U [nvs) 6.81 5.85 5.50 4.90
Power density P [W/mn?] 1875 1173 946 679
Weibull A [m/s] 6.6 6.0 5.7 52
200.0 m Weibull k 0.84 0.86 0.87 0.87
Mecan speed U [m/s] 7.22 6.47 6.14 5.58
Power density P |W/m?2) 2233 1518 1266 947
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89. Ladamin, Fyommlisgoge Camropn, sogoxpamuanme Samgori, Reservoir

0=41%240" | a=aa"3a0” | s49masl. | H=12m | 1952-1970

3989baaGol Igdmaotigbo Fordmawagbl oMol Jymols LadbEHgor @odmemgdol Jetige wobgnes, Imash-
3 g0a6 Jbaal, Gmdgmoy LadbMgeracdmbagagomon gowowel 30 3930, Fgagmbseg )Mo dorfdgwgdls 1952 Feoals
m)emddoesh. 1958 Fezol 5 sdMomnwab 3gggmesygoatigdgde aotegdmes shaey 3)ggmdmgusbdy, Gmd;wmay
3gdatymdl dggmorab Bhgoecimymom 250 — 300 3ga6idg, 830e-Japobg@ac o o(bob glators)mab sbamb.
338)mImgeabe asbroggdnmoes bsdgmeial Fysmbagagol Ladbigoe Gadatagsh 200 Igaciol, bmene Bydn-
Bdgabgdanyio SGbaealb 100 IgaGols Dabdocndy. Igggmdmgubomal bsdbiigomonm 100 Iga™do afysds wababeagds
L3,

OKpy*alolas METEOCTRHLINO MCCTIIOCTh NPEACTABNAET cNabo nepeceuélinyio, roplio-XONAMHCTYIO I0KIYIO
okolleyitocte Kapraniuckoro xpeGTa, KOTOpas K 10ro-BoCTOKY NepeXoAnT B obwylo pasunny. Jata
oprainsatni MereocTanwi - okTa6pn 1952 r. C 5 anpens 1958 r MmeTconaGnioneniis npon3BogHINCS lia
HOBOI METEOTUIOLIAMIKE, PACTIONOXCINIOIi OT cTapoit 11a 250 - 300 M b cepepiioM HanpasaciHIL, GIHXKe K yCThIO
BEPXIIe-MATHCTPANbIIOTO Kanata. MeTeomoluaaka iaxoanted 1a paccroanin 200 m x OB ot 10xuoi
6¢cperopoii mnni CaMropekoro Bopoxpariuia 1 3 100 M k 3anamy o BepXite-MariucTpajbioro katana. I
10Ty OT MeTeorutolaaki B 100 M naunitaetca nocénok CaMropir.

The terrain, surrounding the meteosite, looks like a broken, mountainous-hilly. south extremity of the Kartli Range.
South-westwards this extremity turns into the common plain. The date of the meteostation foundation is October
ol 1952. But since April 5. 1958 the meteoobservations has been already carried out in a new mcteosite, situated in
250- 300 m from an old one. in the north direction. closer to the upper-main canal. The meteosite is at the distance
of 200 m 10 the south-east of the south coastal line of Samgori Reservoir and at the distance ol 100 m 1o the west of
the upper-main canal. To the south of the meteosite. in 100 m the scttlement Samgori begins.

Jortols bodpseam orgozpio baligotBagda Cpednesecawiie ckopocnut sempa Average monthly wind velocities

Month 1 II 111 v Vv VI VIL | vlil | IX X X1 X1l Year
Velocities | 6.8 80 | 65 64 1 65| 70 | 8.0 70 | 6.8 6.2 54 59 6.7

N :—_'\‘:3\\\ g _P-

TN
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89. LadamePo, Fysanlisysgo Camropn, Bopoxpanumine Samgori, Reservoir

P sgocmdtiogo Gggodo  Mecnmwiit pescun gempa  The wind climate for the site

Observed Weibull fit Predicted
Mecan wind speed 4.03 m/s 4.03 m/s 4.20 m/s
Mean power density 206 W/im® 206 Wim’ 327 Wim'®

40,00

Jotols Fggombs o Fgyoda  Pezuonansisnt pesicus éempa  Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [m/s] 6.2 45 39 il
100 m Weibull k 0.84 0.8! 0.82 0.83
Mean speed U [m/s] 6.82 5.00 4.39 347
Power density P [W/m?] 1885 835 548 263
Weibull A [m/s] 6.8 5.2 4.8 4.1
250 m Weibull k 0.85 0.81 0.82 0.83
Mean speed U [m/s] 741 5.81 5.28 4.47
Power density P [W/m?] 2382 1294 943 547
Weibull A {m/s) 712 5.8 5.4 48
500 m Weibull k 0.85 0.83 0.83 0.84
Mean speed U [m/s) 7.87 6.46 599 525
Power density P [W/m?] 2810 1695 1332 873
Weibull A [nvs] 1.7 6.5 6.2 56
100.0 m Weibull k 0.85 0.84 0.85 0.85
Mean speed U [m/s] 8.24 7.15 6.74 6.06
Power density P [W/m?] 3304 2205 1791 1287
Weibull A {nvs] 8.2 73 7.0 64
2000 m Weibull k 0.85 0.83 0.860 0.87
Mein speed U [nv/s] 8.86 795 7.58 693
Power density PP | W/m?] 3953 2858 2411 1821
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44. Ls3gMgreos Camrpeana Samtredia

0=4°1010" | A=42"2025" |  24masl | H=1lm | 1941-1975

1. by3amgs degdaigmdls Gambals bymdals jabaGaey@ bafoczde, Gimdgenng Formdmaragbl yjmebgomels modeamiels
ae)byady sBomemgdym Bmbab. Joemagals @3 dalio Dgdmpaingbel Ggzogge 10 53-8 3940 Rownylao: §oGdmawygBs
gy, 599 dgremb. badgtgeas gsdmatiiiggs Bigbarigydel FJoemm Lagaton. gyggde sbeamdsbem G sta,
o3G0 doenab dygMas docgda, 33Gabgdo @ fsel Jemabaogugde. 1941 Froowsh Jga9mdmgeabo odymggdmes
Il Jobbal g8mde, Jowgato Jgbmdarab sedmbageagemon 25 — 30 Jga@miy. 1961 Feoob 25 @g gddtneab
3987mImaEabo 3deagb0em 06> Jobgm®do, mdaczobin-gmar G joGagdol badol LadLEHymen 0,5 13-0ls Dsbdacyly
@ Jobemmglie 306 batGorgeadba bobagdersb @slsgezgmon 50 geal J30dowmdy.

T'opon CamrTpenna pacnonoxeH B LENTPanbIioi yacTi PHolickoit aonmimel, npeactasasiowes coboii 11eckonbko
npunoanATyio tia obuieM doire so1y Konxinackoii iniameroctis. Penbed) MecTiOCTH pacrionosxelna ropoaa i
ero okpectiocTeii paanycoM 6onee, uem 10 kM, naocxnit, pasimmeblii. CaMTpenia oTnH4aeTcs 0611IHeM
pacTiTensloro nokposa. XoT# fecon B GaxaliieM okpyxells 11eT, 3aT0 HMEETCA OUellh MIIOrO CafoB,
BUIOTPAXHNKOB, YaiiibIX NaanTaunit. Mereonnowanxa ¢ 1941 r naxoaunacs Bo aABOpe xye6o3apona la
paccrosii 25 - 30 M X BOCTOKY OT IaBIloro 3aaHus. 25 nexkabpsa 1961 rona Metconnowanka 6bu1a neperiecelia
Ha nonepoit yyacTok, Ha 0.5 kM K 10ry oT nosioTiia x-a Tounucu-TloTi 1t 1a 50 M k 3amany oT Smtkaiiwmx
ONHOITAXIIBIX HITH ABYX3TAXKHbIX IOMOB.

The Samtredia town is situated in the central part of the Rioni Valley, which looks like a slightly elevated. on the
general background. the Kolkheti Lowland zone. The reliefl of the place and its outskirts in the radius of more than
10 m is flat and plane. Samtredia is known for its vegetable covering abundance. Though, there are not any forests
tracts in the nearest surrounding, nevertheless there are a lot of orchards, vineyards and tea plantations. The
meteosite was located in the yard of a bread-baking plant at the distance of 25 — 30 m to the east of a general
building. But in December 25 of 1961 the metcosile was displaced to the field plot at the distance of 0,5 km to the
south of Tbilisi-Poti permanent way and in 50 m to the west from one-storeyed and two-storeyed houses.

Jorob badgsemm avgogro bogsggdo Cpednetecruiivie ckopocni gempa Average monthly wind velocities

Month 1 11 11 v Vv VI Vil I vill ] 1X X X1 bl Year
Velocities | 32 | 34 | 36 { 34 | 28 | 23 1.8 1.8 1.8 23 3.0 3.6 2.8

0 1003
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44. LadgMgreos CamTpeana Samtredia

s sesocxmdogo Ggqoite  Mecmmnsi pexciun sempa - The wind climate for the site

Observed Weibull fit Predicted
Mean wind speed 271 /s 271 w/s 2.65 m/s
Mean power density 133 W/im® 133 Wm® 142 Wiy’
N
i arsr: Al
& ZAmps
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Jatnls B g80mb0 cyto Bggoedo  Peenonatvionit peycust aempa Regional wind climate summary

Class 0 Class [ Class 2 Class 3

Weibull A [m/s] 53 38 3 26

100m Weibull k 0.83 0.81 0.82 0.81
Mean speed U [m/s] 578 4.21 1.67 2.87

Power density P [ W/m?| 1183 501 321 156

Weibull A [mv/s] 57 44 4.0 33

250m Weibull k 0.84 0.82 0.82 0.83
Mean speed U [m/s] 6.29 492 4.43 371

Power density P [W/m2] 1498 759 557 322

Weibull A [nv/s] 6.1 5.0 4.6 4.0

50.0m Weibull k 0.84 0383 0.83 0.83
Mean speed U |m/s] 0.08 548 5.04 4.37

Power density P |W/m?] 1772 1007 782 510

Weibull A (nv/s) 0.5 5.6 53 4.7

100.0 m Weibull k 0.85 0.85 0.86 0.85
Mean speed U [nvs] 7.10 6.12 5.70 5.07

Power density P [ W/m?| 2069 1303 1039 74

Weibull A |nvs) 7.0 04 6.1 55

2000 m Weibull k 0.85 0.88 0.88 0.87
Mcan speed U [m/s] 7.57 6.88 047 5.85
Power density PP [ W/m?| 2508 1712 1401 1000
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65. byHs Cicpa Skra

0=420020" | A=43s312" |  607masl | H=12m [ 1941-1960

Lng. U361 dggdatigmdls de. Ay jgthal Jstxggbs bsbsdammdy, GmIdgeoy Fomdmaragbl 83dm Jatorzols o obs
a030dgengdob. 33 dgoendy dg jgMals bymdols gl 436gweal Jadahmgedals 306age, demega Jotigdua gorMygown,
g gbels Lobg. gyggde sbemm Fgdmadgbdo o6 Sab, mGasmgoel Jgeel gmegdol 85dm Gofornals yataa.
9959mdmgeabe a3beagdgeEed @odace Lodoaemol bomal domgdda. Logrgene Lagy Mol gitiogmmoady,
39d0ambgdgee sqdmbagmge @d Rabagagm Jomgdels gotrogamelm asbmaggdgees dggbomngdols Jombsgage
3mezgda. Bmeagdl Imfols Jabdacze T9aepg0l 200 Jga@h. Pobeumgl 8menodeg ds6docze sadmbiogeagmam Jgawengll
150 3347, abagezgernc 50 9k, 503L0136 @alsgegme Bmeno Bs jemgdac blntina, goriy swdmlisgeagme Bmo.

Ceno Cxpa pacnonosieno B npapoGepe:kitoii vacT gonmuiist p. Kypbl, npeacrasnsaioiueii co6oii npomomkerive
Bepxue-Kapramtuckoii pasumnel. Jomina p. Kypsl 11a DaiioM Mecte niMeeT LIMPOTIOE HanpaBieliie H
NPCACTARAETCA B BIE WHPOKOTO KOPHAOPA, CIUTLIO NPORYBAEMOTO BETPOM. JlecoB b GimnxaiiLieM okpyeltiu
11eT, 3a HICKIIoYEHeM BepXlteii yacTi oTporos Tpuanetckoro xpe6ta. McTeonnoimanka niaxoamnnach cpea
HH3KOPOCABIX PPYKTOBLIX Hacaxaennit. Ha TeppuTopHt ONbITION CTAIUMH, NOTIEPEK FOCTIOACTBYIOLIHX
3anamHbIX H BOCTOYHBIX BETPOB, MPOXOIAT MOJIOCH] BETPOIALNTIIBIX Hacaxcdelmii. PaccTon1ine MeXAy nonocami
200 m. PaccTosHiie ao 6nipkaiiieii nonock! ¢ BOCTOKa — 150 M, a ¢ 3anana - 50 M, NpHyéM 3anaanas nojoca
MeHee r'ycTas, tieM BOCToulas.

The settfement Skra is situated on the right bank part of the Mikvari (Kura) Valley, which presents the prolongation
of the Upper-Kartli Plain. The Mtkvari River’s valley in this place has a latitudinal direction and looks like a wide
corridor with winds blown through. There are no forests in the nearest surrounding. with the exception of the
Trialeti Range spurs™ upper part. The meteosite is localed among undersized (ruit plantations. On the territory of a
lesting station. across the predominant west and east winds the windbreaks are passing. The distance between
windbreaks is 200 m. The distance up to the nearest windbreaks from the east is 150 m, while from the west-50 m.

Jarals badgoeam orgoro ballfshgado Cpednesecavnvie ckopocniu eemipa Average monthly wind velocifies

Month 1 11 11 v v VI VII | VIII | IX X X1 XII Year
Velocities | 39 | 46 | 58 | 58 | 47 | 43 ]| 47 | 43 4.5 40 | 43 34 4.5

:._,-‘f\.,—\
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65. Lo Crpa Skra

s socmdtiono 6 qodo

Mecmuontt peycust aempa

AerbsgeyGido

MeTteocTaiiuny  Meteostations

The wind climate for the site

Observed Weibull fit Predicled
Mein wind speed 4.63 nvs 4.63 nv/s 4.63 m/s
Mean power density 185 W/m’ 385 Wim’ 386 Wim’
N
100,0 Sector: Al
Ad46mfy
k0,98

Jorrals 5 g50mbo ez po g o0do

Peauonanviolli pexcuat sempa

[+ 3]

25,00

Regional wind climate summary

Class 0 Class } Class 2 Class 3
Weibull A [m/s] 7.0 5.0 44 35
10.0 Weibull k 1.00 0.97 0.98 0.99
.0m

Mean speed U [nv/s] 6.97 5.10 447 353

Power density P [W/m?] 1236 531 347 165

Weibull A [nVs] 7.6 59 53 4.5

250m Weibull k 1.01 0.97 0.99 1.00
Mean speed U [mV/s] 7.56 593 538 4.55

Power density P [W/m?] 1568 816 591 347

Weibull A [mvs) 8.1 6.5 6.1 54

00m Weibull k 1.01 0.99 1.00 1.01
Mean speed U [m/s] 8.03 6.57 6.08 5.33

Power density P [W/m?] 1856 1070 822 543

Weibull A [nvs] 8.6 7.3 6.9 6.2

100.0 m Weibull k 1.01 1.02 1.03 1.03
Mean speed U [m/s] 8.51 7.26 6.82 6.14

Power density P [W/m?} 2188 1347 1096 792

Weibull A [nvs] 2.0 8.1 7.7 7.1

200.0 m Weibull k 1.0l 1.02 1.04 1.05
Mean speed U [mvs] 9.02 8.03 7.62 6.99
Power density P | W/n?) 2658 1803 1476 1110
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39. ayodgemo Trnbyan Tkibuli

9=422015" | =429’ | 5Mmasl_ |  H=tim | 19371960

Lacga 7ol 3)Ampa6inols G go Fgangds AEagacafapbeigabo goes, jese donsbo Doeamdndoliansh, Gedengdoy
Yo3maranbah Fyscuasiymae daqemdgdals 39800, )e2985w asdmpae, 199993 Gofoeols, Joor merols ygacusdy
a0 Bogatacol gien, Fmilycmoy AgdmbaBergfagls ool Mkocsmgmels dbhacab. 1964 Feoli 22 dhaczadey
3gagmbaanio gabeuapgdese oym Jacaadol Jg9de Gafocuia, 6 jobogBals Laa 7ol galibgeligdels Bmendo,
6jobogBorsb sedmbagagmon. 30 g4tMob 336domdy. gobramglio Bopgdmdgda gsliczaggdyene uyg090
Agagmbaaforsb @iliagagonm 15 - 20 0940l 36d0ezdy). 1964 Fezols 3dGi0cdo 9g98gmbawg 60 gowsgaboes
0g6s Joczagols bbgs GoForndo, Faba deaoedegdsfgmdoeaal Mgoenm agdel Jeny 2 )8 dabdoendy). Lawa e
a9bmaghes Gagghacmals fgmols Jfer-gicn gmaol @336 Bghamddy, deMemsee @3g36g30m Reocrm-
@sbagezgoinesl badbmym- eobsgengmols 90daiorgengdon. glemdls, Laeag 396e2oagd7enns Lawyghol aaty
@barzgafigde, sfgl Afieamm-salmbagergon dadshorgenyds.

Penved oxkpyxenns cranwin cocToNT 113 MIIOFOMHCAEINIBIX OTAENBIIBIX TOPIbIX BO3IBBILUENIIOCTEIT,
npeactasnaiownx coboii Gosnece 1w Metiee 060coBHBILIECS UACTII BOAOPAIAETBIBIX BOIBBILIEINIOCTEIT, cpeau
koropeix xpeGer Hikepana, orpaintuns:ionniii ropoa c cesepiioii CTopolibl, caMblii Bbicokitii. MeTcocTana
20 22.04.1964r. naxomunack B INLKIIEii MACTH ropoaa, B NONOCE OTUYKALIIHA XK-I BOK3ANA, 11a paccToanui
0K0710 30 M K BOCTOKY OT nonoTiia &-a. bmsxaiiunie nocrpofikil axoantes na paccrosim 15 - 20 m x 3anazy
ot MeTeoctanum. B anpene 1964 r cramwin nepenccena wa paccronnie 2 kM k CC3 ot npexitero o
MECTOMONOKENNA. B APYIYIO ACTh FOPO/A, 114 MOAOMN{I CKNOI 0100 113 0Tporos IHakepanbekoro xpebra, ¢
OcHOBIbIM Hanpassenitem ¢ C3 1 JOB. Cknoi 0311a4eIIOro 0TPOTA, 1A YUACTKE PACTOTOKEIIA HAPYKIILIX
YCTAHOBOK CTAIILUIN, IIMCET CEBCPO-BOCTOMIIOE 1lIpaBRENiIe.

The reliefl of this station surroundings consists of numerous separatc mountain sublimities. which look like more or
less isolated parts of watershed heights. The highest among those is the Nakerala Range. restricting the town from
the north part. Till 22.04.1964 the meteostation was located in the low part of the town, in the alicnation region of the
railway station, at the distance of about 30 km 10 the east of the permanent way. The nearest buildings are at the
distance of 15-20 m 10 the west of the meteostation. In April 1964 the station was displaced at the distance of 2 km
to NNW of its previous location, 1o another part of the town. on the slope of the Nakerali Range’s one spur to the
main direction from NW to SE. The slope of the mentioned spur has the north-east direction of the station’s external
devices arrangement.

Joals boT gy engogiio baigaigmdo Cpednenecautwie ckopocnii éempa Average monthly wind velocities

Month | Il 111 v v A4 VIl | vl | 11X X X1 Xl Year
Velocities | 29 | 27 | 32 ]| 32 | 26 | 22 18 | 26 | 28 24 3.0 3.3 2.8
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39. ayodyemo Trubyan Tkibuli

ool segocxdMoyo G g4000

Mecmuiit pexcun aemipa

eaembseyabighe

MeTeoctauumit Mcteostations

The wind climate for the site

ol Fgg0mbscpFo @gg0do

Pezuonanvnsiii pediciy aempa

Observed Weibull fit Predicted
Mean wind specd 2.51 nvs 251 m/s 2.5 m/s
Mean power density 191 W/m’ 191 W/m® 156 Wim’
N
10,0 Sector: Al
A:2,0mfs
k: 0,69
U: 2,51 mfs
P: 191 Wim?
2
(%]
7
“o olmis) 20,00

Regional wind climate summary

Class 0 Class | Class 2 Class 3

Weibull A [nVs) 22 1.6 1.4 1.2

10.0m Weibull k 0.77 0.74 0.76 0.79
Mecan speed U [m/s] 2.53 1.90 1.69 1.39

Power density P [W/m?] 128 61 4] 20

Weibull A [nvs] 24 1.9 1.8 1.6

25.0m Weibull k 0.78 0.77 0.78 0.81
Mecan speed U [m/s] 2.77 224 207 1.82

Power density P [W/m2) 161 91 00 40

Weibull A [m/s] 26 23 21 2.0
50.0 m Weibull k 0.79 0.8l 0.81 0.84
Mean speed U [m/s) 2.90 2.56 239 2.17

Power density P [W/m?| 187 114 90 61

Weibull A [m/s] 28 2.7 26 24
£00.0 m Weibull k 0.79 0.85 0.87 0.90
Mean speed U [nv/s] 318 296 2.80 2.58

Power density P [W/m?) 236 150 116 84

Weibull A [nvs] 3.0 a2 il 29
200.0 m Weibull k 0.77 0.84 0.87 0.90
Mean speed U [m/s| 34§ 354 KA .08

Power density P [W/m?] 125 263 204 140
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105. 3sd6m Yaabuo Udabno
0=41%" | a=4as2¢ | 765masl ] H=12m 1951 - 1960

9g0bgatgmdal Ignebymbda, Mmdmels ggtiogmihasdyy 3s6oaglgdgens dgagmlary o, degdarigmdls gadliol
873960l asbemmgde 370 GoFoezdo, L jdome gFpge, defiggdoms @s @docn JawgMgboezgdeo 3afdgdmmgydyen
#ogmdda. 39a9mImymabe Imfymdowaes Jogofs dormmdul mbjddy, ggmdals pobaMace e Gaxgdmdydogsb
LdbMgor-esbagemgmoo. gobezmgle 996mds 3ga3mImyeborsb hhremm-gabsgmgmen wodmGyd jees 60 3
8abdorm8y. 3gpgmbaraal JgMm @adems, 50 -70 dgaMol Iobdocady gomel 0gdBats, EmIcal goligting

©3Magmes bygda.

OBLepoaYeCKHIT XOIANCTBO, Ha TEPPHTOPHH KOTOPOTO YCTPOENa MCTEOCTAIILINA, PACIIONOXKEIl, TPUMEPIIO, B
uenTpanbioii yact Tapckoro naockoropbs, b 10BOALHO OBUBIPIOI BNaaHIle, OKPYKEINION XONMaMH 1|
HeBBLICOKMMH rpAdaMi rop. MeTeonnowanka ycTpoeHa 1ia rpebiie HeGoNbLIoi BOIBBILIEHIIOCTH, K I0r0-3anany
OT LEHTPaNbHbIX MocTpoek depmbl. Bmkafiwinii AoM naxoAHTCA Ha paccTOAHHKIL 60 M K BOCTOKY-CCBEpPO-
BOCTOKY OT METEOIIOILAAKH 1 ITiKe YPOBIIA MeTeocTaliumis, B 50 — 70 M npoxoauT npocénouiias aopora,
BIOJTb XOTOPOIT NOCakKel bt AEPeBbA.

The meteostation is located on the territory of sheep-feeding state farm. which is in the central part of the Taris
Plateau. in a rather spacious hollow, surrounded with hills and low series of mountains. The meteosite is located on
the crest of a small loftiness, to the south-west of the farm’s central buildings. The nearest house is at the distance
of 60 m to the east-north-east of the meteosite. Below of the meteostation level, in the distance of 50-70 m a country
road passes with trees, growing along its both sides.

Joiol bodpseam orgozgia beBigxama Cpeduesecauvie ckopocinu eempa Average monthly wind velocities

Month 1 1l 111 v Vv VI VI | vIII ] IX X X1 XII Year
Velocities | 43 | 53 | 43 | 42 | 39 37 | 4.1 3.5 34 3.2 34 3.8 39
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105, 7esdbm Viabuo Udabno

s degoemddiogo Dggodo

Mecmupiic pexcunt gempa

Aeliapryacigdae

MeTeocTatigiit Meteostations

The wind climate for the site

ol G ga0mbs coxio 5080

Peeuonanonotit peacum gempa

Observed Weibull it Predicted
Mean wind speed 3.00 nvs 3.00 m/s 28y m/fs
Mean power density 257 Winr' 257 Wim' 242 W'
N
a0 Sector: A
A2 S
%073
U: 3,00
P: 387 wim!
L]

u[nys) 3.0

Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [m/s) 28 20 1.7 14
10.0m Weibull k 0.76 0.72 0.73 0.74
Mean speed U [m/s] 333 241 211 1.67
Power density P [W/m?] 306 137 91 43
Weibull A [m/s] 3.1 23 2.1 1.8
250 m Weibull k 0.77 0.74 0.74 0.75
Mean speed U [m/s] 3.62 2.82 2.56 2.17
Power density P [W/m?] 382 200 153 90
Weibull A [m/s) 33 2.7 25 22
500m Weibull k 0.78 0.76 0.76 077
Mean speed U [m/s] 3.86 317 293 257
Power density P [W/m?] 446 266 209 136
Weibull A [m/s] 3.6 3.2 29 26
100.0 Weibull k 0.78 0.79 0.79 0.79
.0m
Mean speed U [nvs] 4.12 3.59 335 3.01
Power density P [W/m?] 534 331 268 194
Weibull A [nvs] RE ] kN 5 31
200.0 m Weibull k 0.78 0.8l 0.81 0.82
Mecan specd U [nv/s] 4.44 4.15 3.88 351
Power density P | W/m?| 677 484 390 281
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93, amgmagbomme boFystim Iepepan Lxpauxapo The Tskhratskaro Pass
@=410 | =433 | 2466masl. | H=1lm | 19581963

B0 b Fgotien, Frmdezol eobidgengo m yagedy sdoampdge Gofoeo gabeooggdyens dyambary o, Jgeol
La3bGgm Lagdsoggemmb dunsbgmels dcgdal babagBade @ Famdmomagbl muscagomoel Jgeeb gipjee dmasbe
3batob @aloFyoll. Loyl gabeaggdel Goambda dygbamgee Lagsta doMomase bgdaeadyta babasawlbss
Formegbefiobel dhagien. 3gagmdmgesbe 3abemoggdgmes Lagggmob doMomar 6539dmdydmab dsbeamls,
®s3bezmgdoa 100 dgaials 36damBy doygasbo-sbomocaagdol prgemagbomdy 3odagocme adols Imbajggornesb
lbogegono.

Fopa Lixpauxapo, Ha 3anaaoit 1 caMoii BO3BbIILEHNO{] YacTH KOTOPOI#i YCTPOEHa METEOPO/IOTHYECKAA CTAIILIMA,
BXOANT B cucTemy rop KOxmo-IpysuHckoro naropes 1 ABNAeTCA HayajuoM o6wupnoil ropuoi obnacri -
Tpuanerckoro xpe6Ta. PacTHTenbHeli NOKPOB B paiiole PACNONOKEHHA CTAHLMH, NPEHMYLIECTBEHIIO,
CyGamLnIdickoro xapaKTepa ¢ 3apocisMK POAOALILAPONA. MeTeomnnoLnanxa 11axoANTCH 1IEAANEKO OT OCTIOBIILIX
€€ OCTPOEK, Ha paccToRINI 0kofo 100 M X 3anafy oT NepeBanbIIOro yuacTka aopori bakypuanu-Axankanaku.

The Tskhratskaro Mountain is involved into the mountainous system of the South-Georgian Upland and is the
beginning of a vast mountain region of the Trialeti Range. The meteostation is arranged on the west and the highest
part of this Mountain. The vegetation covering. in the region of the station location bears. mainly. the subalpine
type with a great amount of rhododendron bushes. The meteosite is located not far from its main buildings, at the
distance of about 100 m to the west of the Bakuriani-Akhalkalaki motorway's pass ploL.

Jafals bodgoeom argogrie befigerigmdo Cpeonexecauivie cxopociu eempa Average monthly wind velocities

Month 1 n 111 v v VI | vl JvIll] 1X X XI Xl Year
Velocities | 68 | 68 | 63 | 56 | 50 | 43 | 50| 47 | 45 | 40 | 53 | 6.0 54
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HoaebawynGgde

MeTteoctanumn  Metcosiations

93. Jopmggborzo (bAHaYysthm Tepesan Lxpauxapo The Tskhratskaro Pass

ol dwsocpmdfugo 5000

Mecmnuitt pexciy eempa

The wind climate for the site

Pols 5 980mbscrgbo 6 gy0do

Pezuonansustit pexcust gempa

Observed Weibull fit Predicted
Mean wind speed 5.18 mv/s 5.8 nvs 5.25 m/s
Mecan power densily 297 W/m® 297 Wim'® 314 Wim®
N
10,0 Sextor: A
A S.6mfs
k129
uS, 130
P: 297 Wia!
%]
1
e uledsl =m

Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A (nvs] 8.3 59 5.1 4.0
100 m Weibull k 1.22 1.15 1.16 117
Mean speed U [m/s] 7.79 5.58 4.88 3.83
Power density P [W/m?] 1118 464 304 144
Weibull A [m/s| 9.1 6.9 6.3 53
25.0m Weibull k 1.23 1.17 1.19 1.19
Mean speed U [m/s] 8.48 6.54 592 4.96
Power density P [W/m?] 1424 717 519 306
Weibull A [m/s] 9.7 78 7.2 6.3
50.0m Weibull k 1.24 1.21 1.22 1.22
Mean speed U [m/s] 9.03 736 6.76 5.86
Power density P |[W/m?] 1680 953 732 479
Weibull A [m/s] 10.4 9.0 83 7.4
Weibull k 1.26 1.28 1.28 1.26
1000m | \fean speed U (mys] 9.64 832 7.72 6.84
Power density P [W/m?] 2004 1252 998 708
Weibull A [m/s) 111 104 9.7 8.6
200.0 m Weibull k 1.26 1.33 1.32 1.31
Mean speed U {nvs| 10.35 9.58 8.90 795
Power density P [W/m?| 2481 1783 1441 1048
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113. gm 3o TMoxa Poka

0=44' | A=43%8 | 2080masl | H=9m 1936 - 1943

Lenggeno gm s gobemaggdyenos sboenjoemsgals 8939687, docomdmaabo gomagabols gdals Ladbigm babademmdy).
3mgoabn, Jpofgr @asMgme Gigenagge Famdmaragbl xogabgmals ol @sdBy() gyfuemdl. bmgeols
B0a3mgddo gyggde 3 sl ©a Jogene gl Bmbs @ogaGigenes sendyfin dgyemgdom w@d Loblisge dafigdea.
3389m3m b 3abmaglgd7ees imggendo, gaagabob gdols Badatiomali0,5 jocamdgaoli @sdmtigdoor. babengde
39 3oF:5M0b g0dabiso, doFols Bgesdotorst 1,5 - 2,0 3 badocenobo.

Cenenne lMoxa pacnonokelo 1ta AXalKanakckoM NAOCKOropbe, 11a Gepery 10k110ii okolleuocTit
Bbicoxoropnoro o3epa [Mapasaint. Penbed MecTitocTit xonmucTsiii, cnabo nepeceuéitibiii, npeacrasnaect coboii
nonoruii cknon Jxasaxerckoro xpebra. Jpeseciias pactiTenbIIOCTL B paHoOle PACNONONKEIINA Ceta
OTCYTCTBYET: BCAA 3TA MECTHOCTb NPEACTABAAET ORILY CTUIOWINYIO ANBIISIICKYIO 301ty JIYTOB 1 NAXOTIIBIX 3CMCb.
Merteomnowanka IHaxoxHTCA B UCPTE CCNA, 11a paccToAlm okono 0,5 kM oT Gepera o3epa [Mapananu. Joma
3nech HHIkHe. 1.5 -2 metpa.

This seulement is situated on the Akhalkalaki Plateau, on the south extremity bank of the high-mountainous
Paravani Lake. The relief of this place is hilly, with slightly broken terrain and presents the Javakhet Range’s slope
with a gentle declivity. There is not any wooden vegetation in the region ol the village and the entire place looks like
an all-round zone ol meadows and sowing lands. The meleosite is within the boundary of the village. at the distance
ol about 0.5 km from the Paravani Lake bank. The houses here are low with heightof 1.5 - 2.0 m.

Joiiols bl psem ongopfio bfigaiggpe Cpeduestecrumie ckopoci aempa Average monthly wind velocities

Month 1 1l I v v VI VI | vill | IX X XI X1l Year
Velocities | 5.1 44 | 44 3.7 3.3 3.2 3.3 3.3 34 3.5 35 4.6 3.8

240



oognd Taasa4 Chapler 4

113. gmgs INoka Poka

g ' dhoedogo (gqoio

Mecminoiic pexcunt sempa

By mbawnatgdoe

MeTeoctaHuud Mcteostalions

The wind climate for the site

Observed Weibull fut Predicted
Mean wind speed 342 m/s 342 mis 337 wis
Mean power density 92 W/m® 92 W/m® 95 W/m’
N
S0 Secer: M
A2 7mb
k9,24
® I 2es
P2 Wt
!
%]
%
M
2 /
% /
® 7 // A 772
@ u(mps) 2059

Psiols B gaombs copo 69090

Pezuonansnvur pexcus aempa

Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [nvs) 6.8 4.7 4.1 32
100 m Weibull k 1.18 1.10 1.10 [l
Mean speed U [nvs] 6.42 4.58 3.98 313
Power density P [W/m?] 667 282 185 88
Weibull A [nvs] 74 56 5.0 4.2
250m Weibull k 1.20 1.13 113 113
Mean speed U [in/s) 6.99 5.38 483 4.06
Power density P [W/m?] 840 431 314 185
Weibull A [nvs] 79 6.4 59 S
50.0m Weibull k 1.21 1.18 147 1.16
Mean speed U [m/s] 7.46 6.07 5.54 4.81
Power density P [W/in?] 992 568 439 290
Weibull A [nvs] 85 74 6.8 6.0
100.0 m Weibull k 1.22 1.2§ 1.24 1.23
Mcan speed U [m/s] 7.97 6.91 6.37 5.64
Power density P |W/m?] 1205 744 593 418
Weibull A [nVs] 9.1 8.7 8.0 7.1
200.0 m Weibull k 1.21 1.27 1.26 1.26
Mecan speed U [im/s) 8.59 8.04 742 6.60
Power density P | W/m?| 1540 1140 904 640
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46. gmao-dmgo MoTu-Tlopr Poti-Port

0=d10%0" | A=41932" | 3masl | H=lom | 19361980

3gagmbdeaGio 3oebl6s 1912 Fac 4. gmanls ImGgals 89GogmMosdy, bogloran@ls @ dm. Gombals htheoemm
8mal Imthols, LadbAga Imezmb dofMagsb sedmbagegmon. Byggmbaeg e Gadmeybedgxg® ofbs yowsgobocze
sham seaem)dBy. 9870951 ol 396moggdgees Jomaols higocam 3abalamal, @adeumd 6adaiBy, Fywoals joworsb
500 3ggtols do6dnendy.

MeTeocraiuusa 6suta oTKpbITa B 1912 r 11a Tepputopini Ilopra r. [ToTH, Mexy rapaliblo H CEBEPIILIM PYKaBOM
p- Protn, x BOCTOKY OT KODIA I0XKHOT0 MOJIa. MeTeocTalltis 1eCKOIbKO Pa3 MEPEHOCHIIACH 1a 110B0E MECTO.
B nacTosliee BpeMs OHa pacnoioxKeHa Ha CeBEPHOI OKpanHe ropoaa, 1ta Hu3mMeiitiom Gepery, B 500m ot ypesa
BOJIBL.

The meteostation was opened in 1912 on the territory of the Port Port. between the harbour and the northern
sleeve of the Rioni River, to the east from the radical of a southern mole. The meteostation was carried on a new
place several times. Al present il is disposed on the northern environs of the city. on a low coast, in 500M from
a water boundary.

Jorol bsdgeenm agogia bafigsriggdo Cpeduemecaurivie ckopocn aempa Average monthly wind velocities

Month 1 11 111 v v VI VII | viIl | IX X XI XII Year
Velocities | 5.2 | 53 | 50 | 43 36 | 32 3.2 2.1 3.2 4.0 4.9 5.3 43
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46. gmoe-Iemigo MoTu-Ilopr Poti-Port

Fub vegocmdtogo Gagodo  Mecmuiit peacunt sempa  The wind climaie for the site

Observed Weibull fit Predicted
Mean wind speed 4.14 m/s 4.14 m/s 4.15 m/s
Mean power density 243 W/n® 243 Wim® 251 Wim®

%)

0.0 % Sactor: M

: AlL4,2 s
ki 1,03
U 4,14 mfs
Pi 243 wim?

%

?

%

7

40,0% e ulmis) 40,00

P Fggombscrppo Ggy0do  Pezuonarshbiil pexcum dempa  Regional wind climate summnary

Class 0 Class | Class 2 Class 3
Weibull A [m/s] 53 37 33 26
10.0m Weibull k 0.98 0.92 0.92 0.93
Mean speed U [m/s] 5.39 3.89 339 267
Power density P [W/m?] 608 270 178 84
Weibull A (m/s) 5.8 44 40 34
25.0m Weibull k 0.99 0.94 0.94 0.95
Mean speed U [m/s] 5.87 4.56 4.10 3.47
Power density P [W/m?] 761 400 299 176
Weibull A [m/s] 6.3p. 5.1p. 4.6p. 4.1p.
500m Weibull k 1.00 0.97 0.97 0.97
Mean speed U [m/s] 6.25 513 4.69 4.10
Power density P |[W/m?| 893 529 410 271
Weibull A {m/s] 6.7 59 54 48
100.0 m Weibull k 1.00 1.03 1.02 1.02
Mean speed U [m/s] 6.67 5.80 537 4.80
Power density P |W/m?] 1086 673 539 385
Weibull A [m/s) 7.2 6.8 6.3 57
Weibull k 0.99 1.03 1.03 1.04
2000m |\t oan speed U fvs] 717 6.68 620 5.60
Power density P | W/m?] 1374 1009 809 580
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41. ggonolo a8 Kyrancn T'MC Kutaisi GMS

0=421432" | A=42%740" | ldmasl | H=llm | 1935-1980

baygie 356magligdgmes die. Goambob bymdaTa dgabatil Botpggha babsJoGmBg. Bgagmdeyyeabo Gadmybedyxg
oym asweagoboema, 1962 Fezob 18 ool baeayMe 0dymggds Jobem™By Jomagal Goggdmdgdowsb ws
L3R Fggemem LsFoMmImgdosb Logdom @dmGigdoo. @asbezmgdam jfmo jommmdyatals Gagoglde 3G afol
23700360 Baggdmdda, 3o6es ghma Jagas gRhmbatorgeadbo sggmoels babazals, Gmdyeay wasl Igagmdmgebels
edbagegmen 50 3gaols 25Gdomdy.

Cranusa yctpoena B npasobepexuoii yacTi ponuisl p. PHoun, na oxpamie roposa. Mereonnowanka
nepexocinack Heckonsko pa3. C I8 anpena 1962r. cTauuMa 11aXOAUTCA 112 NOJIEBOM YUACTKE, 31AHYNUTENbIIO
yAanénom oT ropoACKHX MOCTPOEK 1 MPOMBILLTENNIbIX MpeAnpPHATHA. B pamsyce npiMepiio oanoro kuaoMerpa,
KpoMe OAHOTO 11e60NBILOr0 OXHOITAKHOrO KHPIHYIIOro 3AaIMA, CToAWero 11a pacctoannn 50 M k 3 ot
METEOTMUTOWANKIT, IHKAKHX MOCTPOEK I11eT.

The station is built in the right bank part of the Rioni River’s vallcy, on the marches of the town. The meteosite’s
displacement was carried out several times. Since April 18, 1962 the station has been localed on the field plot.
remoled from urban buildings and industrial enterprises. There are no buildings in the radius of one kilometre,
except of one-storeyed house at the distance of 50 m to the wesl of the meteosite.

Jorol bsdpem agnhn baBgorapo Cpedieniecaunsie ckopocmu eempa Average monthly wind velocities

Month 1 11 111 v Vv VI VIl | vill | IX X XI X1l Year
Velocities | 56 | 56 | 59 | 57 | 46 | 3.7 | 30 | 34 36 | 48 7.2 6.7 5.0
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41. dyoreolo 286 Kytancn 'MC Kutaisi GMS

"/ﬁrll dgoemdfioge Moo

Mecmmwit peactat aempa

The wind climate for the site

Ao aebswyaGdo Merteocranuun Meteostations

Jobols 5 980mbs o B0 5y 080

Observed Weibull fit Predicted
Mean wind speed 4.34 m/s 4.3 m/s 4.75 nvs
Mean power density 638 W/m’ 638 W/m’ 638 W/m’
7.0 Soctor: M
A:3,7mds
k0,77
U: 4,4 mis
P: 638 Wim!
%] |

umis) 40,00

Pezuonanshsri pesicun dempa  Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [m/s) 6.5 4.7 4.1 32
100 m Weibull k 0.83 0.81 0.81 0.81
Mean speed U [rvs] 7.22 529 4.61 361
Power density P {W/m?] 2338 1008 658 309
Weibull A [m/s] 7.1 55 5.0 4.2
25.0m Weibull k 0.83 0.81 0.82 0.82
Mean speed U [n/s] 7.86 6.18 5.57 4.66
Power density P [W/m?] 2963 1557 1124 659
Weibull A {m/s] 7.6 6.2 57 5.0
500 m Weibull k 0.84 0.83 0.83 0.83
Mean speed U [m/s) 8.35 6.91 6.35 5.50
Power density P [W/m?] 3511 2075 1585 1030
Weibull A [nvs] 8.1 7.1 0.6 58
100.0 m Weibull k 0.85 0.85 0.85 0.85
Mean speed U [mvs) 8.89 173 7.19 6.38
Power density P {W/m?] 4108 2705 2180 1522
Weibull A [m/s] 8.7 8.2 1.7 6.8
200.0 m Weibull k 0.85 0.88 0.88 0.87
Mean speed U [mv/s] 9.49 8.75 8.19 7.36
Power density P [W/m?] 4868 3468 2888 2178
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9. 3583330 Gomemm3arnsbo KaiGern suicoxoropnas The Kazbegi Alpine
0=42%045" | A=443210" | 3665masl. |  H=llm | 19361960

2g8ambagge dgdsmgmdl jagyelombal ygbafacyth Bafacde, JoMoregee amgezel, dyobyatigdabs >
oo ggegdols BmbGado. dgagmlisny e 30bemoagdgemes Jgebgatfggels LadbGgor ggGemdals 1000 7. 3946l
goGamdol dmighsdy. Igagmbacaytali 30Md5dm @ Jgggeo, 2000 Igafals bodaaegdeg sGogemsto
3agBaciggramds o atfab. Ry byerbiaFymgdo esygbadgmes domsezlonibo bary ol Aheacmyeea, 15 dgaficl
336dormBy.

Merteocraimuma pacrnionosxelia B uerrpansioii yactu KapkacHoli. b 3011€ BE4NIbIX CIIEroB, IEMIHKOB H GHPIOBBIX
nosneii. Ha MOpeHe MNowWanLIo 0xoNo 1000 M2, 112 10XKIIOM CKSIOHE Fopbl MKKIIBAPH. B OKPYKeIHK MeTeocTanuHit
1 Hitke €€, 10 BhIcOTH! 2000 M, 11€T 1HKaKoft pacTiTensHocTH. Hapyxiibie npisGops! yCTaloRnelibl 13 paccTOAHHT
15 M B C oT 3naiun BLICOKOrOpIOiT CTaliLmi.

This meteostation is situated in the central part of Kavkasioni, in the zone of everlasting snow, glaciers and lields
of a glacier slope. just on the moraine with the square of 1000 m* and on the south slope of the Mkinvari Mountain.
There is no vegetation up to the height of 200 m in the meteostation surroundings or below it. External devices are
established at the di of 15 m 1o the north from the building of the alpine station.

Jarals bsFpenm orgoyrin baligamgme Cpeduesecaunnie cxopocmu éemipa Average monthly wind velocities

Month 1 11 1l v v vl vil | v | IX X X1 Xu Year
Velocities | 7.0 | 75 ] 74 | 70 | 6.1 48 | 501 54 ] 64 | 7.1 66 | 68 6.4
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kb fnde  MeTeocTainigt Meteostations

9. ysB¥ga0e smamBmosbo Kusdern hicororopitan The Kazhegi Alpine

dxFinds samocxndioge Gagodo  Mecnmoiic pescuy cempa The wind climate for the site
h el 1 MAl !

Observed Weibull fit Predicted
Mean wind speed 7.23avs 7.23 mfs 6.99 nvy
Mean power density 1023 Wim® 1023 Win'® 996 W/m"
N
1000 Sector: Al
A:7,6mis
ki 1,14
U: 2,29
P: 1023 Wim?
(%)

e

NN
Y

85,0 u(ms) 40,00

o

Jaals FBganeiliscyio Gggodo  Peznonaisnotii pescuyt empa  Regional wind climate summary

Class 0 Class 1 Class 2 Class 3
Weibull A [nV/s] 7.3 52 4.6 30
10.0m Weibull k 1.06 1.03 1.03 1.04
Mean speed U {m/s] 7.09 5.17 4.50 3.55
Power density P [W/m?| 1138 477 312 149
Weibull A [nv/s] 7.9 6.1 5.5 4.7
250m Weibull k 1.06 1.04 1.04 1.05
Mean speced U [m/s] 7.7 6.02 543 4.58
Power density P [ W/m?] 1449 735 534 312
Weibull A [nvs] 8.4 6.9 6.1 55
50.0m Weibull k 1.07 1.00 1.06 1.07
Mecan speed U [imvs] S.19 6.71 6.17 5.9
Power density P | W/m?| 1711 965 748 491
Weibull A |m/s] 920 7.7 7.2 0.5
100.0 m Weibull k 1.08 1.10 1.10 1.10
Mecan speed U [nvs] 8.71 748 0.96 06.24
Power density P [W/m?] 2017 1239 1000 719
Weibull A [m/s] 93 8.7 8.2 75
200.0 m Weibull k 1.07 1.1 111 112
Mean speed U (ovs| 9.29 S840 7.88 7.17
Power density I | W/m?| 2491 1714 1404 1033
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114. 3othago Iupaxn Shiraki

=412 | A=d46200 | S62masl | H=11m [ 1936-1960

Laaig o {5.\I;Q.\616"|Q¢m dofiadols 4 ol ghg@ocr )6 Gafoenda, Hredygerog Voo, I)']r)ll Dgwaigon
aMpge. ?""('U'J"“l' d ld"bl’ degals @mbowsh baiysezee 500 - 550 0ge® lmtl.)gq‘]d'] Lawa ol yo l']ﬂ(n s j s
woe Jabdocnfg o6 b sE3gematin byjgdo. da enobols bagatio maoi]del yoy; e d "Ql) hl]‘]?)b dn)(lo-lnl\ o jezols
Hdol, dofomswae bn@degol bvogbow. Hagmikmgwstio

Amamo googeidos yadmoyglgds datygecergabo

aolimdglidess doGumage bagghmdgdobags ) obggaes jiggdem.

Cranung HaxonnTes B ientpaibiioii nacrs Wnpakekoii crenn, npeactapnsiomeii codoit cpapiiTensio
oBLUNPIOE XONMUCTOE NAOCKOTOphe, cO cpemieii BucoToill oklo 500 - 550 M naxn yposies aops. Ha
INAMMTENBIOM PACCTORITINE B OKPYRCUIT CTANIUNI HCT IIMKAKOI1 Apenectioli pacTiTe/ihb1ocT, Tpansioii nokpon
JICTOM, MOUTH KikABIT 1ol puichixaet. Bea Tepputopns Wnpakckoil uw cocennnx creneii nenonbiyioves
APEHMYILICCTBCINIO NO ITOCCHB! JTAKOBLIX KYNLTYP. B OCHOBIOM. HILCHIbL. MCTCOIIOMAKA 11aX0aTCs
HECKONLKO B CTOPOIIE OT OCHOBIILIX OANOITWAIILIX 11OC] POCK.

This station is in the central of the Shiraki sieppe. which presents rather vast and hilly plateau with an average
height of about 500 - 550 m above sca level. At the long distance. in the station’s surroundings there are not any
wonden vegetation. but a grass-covering in summertime dries up almost every year. The whole territory of the
Shiraki steppe and the other steppes is used for sowing of cereals. mainly, for wheat. The meteosite is located a litle
bit apart from the main onc-storeyed buildings.

Joials boidlpserxn angozgio belifotgpo Cpednexieesnuivie cropocinn sempa Average monthly wind velocities

Month 1 11 111 \Y Vv VI VI | Vil 1X X X1 Xl Year
Velocities 1.1 1.4 1.0 1.4 1.3 1.2 1.2 1.3 1.1 1.1 1.0 0.8 1.2

0 S0 10600 15600 2000(
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114, Botddo Llnpakxn Shiraki

Fdy dwnocaadiBHogo 6y W

inaelaegaGgde

Mecmnntit pexcuat sempa

Mercocranm  Mclcosattons

The wind climate for the site

Observed

Weibull i

Predicied

Mean wind speed

0.95 m/s

(L95 mi

"0.99 /s

Mean power density

16 W/m®

16 Wim'®

18 Wim'®

Py Bagombs oo M ggodo

100,0 Sextor: Al
A: 0,6 mfs
k0,61
U: 0,95 ms
1 P 16 Wjm?
1)
[ ZE Dy
0 umys] 20,00

Pecnonansuniit pencun aempa

Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [nvs] 1.3 0.6 0.6 0.7
10.0 m Weibull k 0.77 0.61 0.63 0.73
Mean speed U (m/s] 1.47 091 0.83 0.79
Power density P [W/m?] 25 15 10 5
Weibull A [m/s]) 1.4 0.8 0.8 0.9
250 m Weibull k 0.79 0.064 0.67 0.77
Mean speed U [nv/s] 1.61 1.08 1.03 1.04
Power density P | W/m2) 30 20 15 9
Weibull A [nvs] 1.5 1.0 1.0 1.1
500 m Weibull k 0.81 0.70 0.72 0.82
Muean speed U [nvs) 1.73 1.25 1.21 1.20
Power density P [ W/m?| 35 22 18 13
Weibull A [nvs| 1.6 1.2 1.2 L5
100.0 m Weibull k 0.79 (Or 2] 0.78 0.92
Mean speed U [nvs| 1.87 1.48 (K} 1.52
Power density P [W/im?] 48 30 23 16
Weibull A [0 1.7 1.5 1.5 1.S
2000 m Weibull X 0.75 0.71 0.73 0.89
Mean speed U [ovs] 2,07 1.84 177 1.80
Power density P | W/im?| 76 63 49 A2
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164. Borabormo Yapuaman Charnali

0=41°0420" | A=41%3550" 30masl | H=12m 1952 — 1960

3gggemdomyuasbe Bgdoriymdl 35309m0l 8gasbols gtho-yfhe dhgyge I 9Mgecndy J9dmastigbobawcde
monddol emdabomgdgen Jgamotigmdsdo. Igggmdmgesbol hthwowmgman, @dsbamgdom 50
B0l 3sbdacndy offygds asgy, Gmdgmop goeseeb dagol Jots wsdermddo. LodbHgmowsb
398mImgeabl gdoxbgdesh pocsjggme docermdgde @ fyeydol gmg)do.

MeTeonnouianka HaxoarTes wil ftockoii Bepuniic omtoii 1t posssluictinocteii Lapwerckoro xpedta 1 no
OTIOLIEHIIO K OKPYKEINIO FNIIMACT MOYTI AOMINNIPYIOLLICE Moo keltie. K cencpy oT METEOMNOWANKH, 11
paccToannm oxono 50 M. MCCTIIOCTDL pesko oBpeIBAETCS, MEPEXOAS B MPIMOPCKYIO 1H3MEINIOCTD, € 10Ta K
MCTEONMOILAIKE IPHMBIKAIOT OTACAbIIbIC BOIDLILUCHIIOCTI 11 OTPOTH FOPILIX XPCOTOB.

The meteosite is situated on a Mat wop of one sublimity of the Shavsheti Range and. in relation to the surroundings.
occupics almost a leading position. To the north from the meteosite. 50 m apart. the terrain breaks sharply. passing
ino a seaside lowland. The separate sublimities and the spurs ol the mountain ranges arc adjoined to the meteosite

from the south.
Jasols bod ez ogoo boligomgpdo Cpednestecrunvic ckopocim aenpa Average monthly wind velocities

v A4 Vi VII | vl IX X X1 X1l Year
KR 3.0

Month 1 11 111
Velocities | 3.9 | 44 34 2.8 2.4 2.0 2.0 2.3 2.3 2.7 1.7
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164. BoAGacno Uapuam Charnali

Py swgoendoge 6 ggoio

Mecmmnniii peycun eempa

iy by atpho

The wind climaie for the site

MeTeocTannuu  Metcostaions

Observed

Weibull (it

Predicied

Mean wind speed

3.08 nvfs

3.68 m/s

372l

Mean power density

122 Wim®

122 Win®

133 Wim'®

Jods B gnombiocryho &ag08o

Peeuonabintli pesiciar gempa

Sactor: A
A1 ),9 mfs
7 ¥: 1,20

4 U: 3,60m/s

¥ P: 122 Wim?

/)

(%)
1 \
"o uefs) .00

Regional wind climate swnmary

Class 0 Class | Class 2 Class 3
Weibull A {im/s) 6.2 4.4 38 kX1]
Weibull k 1.22 1.12 1.12 1.13
10.0 m
Mean speed U [m/s] 5.84 4.19 3.65 2.87
Power density P | W/m?| 475 209 136 06
Weibull A [m/s) 0.8 52 4.7 39
Weibull k 1.23 1.15 113 1.10
250m
Mean speed U [(m/s] 0.37 4.92 443 Ry x]
Power density P [W/m?| 599 315 230 136
Weibull A [m/s] 7.3 59 54 4.7
500m Weibull k 1.26 1.2! E.'.’I 1.20
Mean speed U [mi/s] 6.79 553 5.08 4.42
Power density 2 | W/in2) 700 408 319 210
Weibull A fmifs| 7.8 0.8 .3 5.0
100.0 m Weibull k 1.25 1.30 1.30 1.28
Mean speed U /s 7.26 6.30 5.84 5.18
Power density P [ W/m?| S66 528 420 301
Weibull A [mis] 83 79 73 0.6
200.0 m Weibull k 1.22 1.27 1.28 1.30
Mean speed U [fs] 7.82 7.32 .80 6.08
Power density P [ W/imn?| 1140 803 0678 474
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123. bobgocmo Lixmmeann Tskhinvali

=414 | A=43"0 |  se2masl H=10m | 19411960

gagebiseg o degdatigmdl . gbaligsesals badbGym-sadebogwyor Gafowzdo, ghgges bowol dagilo,
Iagedmuboesb eabsgagmuom 60 daciuls Dsbducsiy s0ghgdagezes 5 - 6 3 budowemols bgsbudfiggure bobesa.
ffigoenmgonm jabamglio babezo 50 3;aGob dshdocdgs. wasbeamgdom sdagy dabidocnBigs haggdmdgdo wabaliyfio
daGm7eagdgdoo. sbezo Bgdeasti)hilo, Guamy g9 50 obig Jmash haFoeoydde gyggde 36 sGab.

Mertconnoluaaka piucnonoAelli B 10ro-poctonioii yacti ropoaa Lixmnnasur, epean oGunpiroro pyxrosoro
cana. Ha paccrosiints 60 M K 3itnafty OT METCONIOMILAKI HOCTPOEN CTAIIAPTIIBLIIE A0M BLICOTOII 5§ - 6 M.
Bmitkainiii ZoM maxoantes i pacctoatms 50 M k cepepy oT MeTeonnoiaakin. [pinepito na Takoe #xe
PACCTOSANIIC YAANETIBI NOCTPOIIKI C OCTANLILIX cTOpoN. Jlecon B Gmpkaiinies OKPYACINIL KAK B paBIBNIoii,
TAK 11 B TOPIOIi YACTAX lICT.

The meteosite is located in the south-cast part of Tskhinvali town, among a vast orchard. At the distance ol 60 m
10 the west of the meteosite a standard house is built with the height of 5-6 m. The nearest house is at the distance
of 50 m 10 the north of the metcosite. The buildings from the other sides are almost in the same distance from the
melteosite. There are no forests in the nearest surroundings cither in plain or in mountainous part.

Forals bodpyeqen orgogho balifomgado Cpednexecsratvie ckopoceniu genipa Average monthly wind velocities

Month | 11 {1} v Vv VI Vi vy IX X Xl XI1I Year
Velocities | 3.2 39 | 47 | 52 | 47 | 46 | 44 4.2 4.2 3.8 3.0 2.6 4.0
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123. gbabgocno Llxmimasm Tskhinvali

"/fu 1 .\'\u"sul;vlm'lﬁu e m.‘l.'/‘ wlo

Mecmunniit pewcuy 6empa

e bagyatyde

MeTeucTannt  Meteostations

The wind climate for the site

atials G gaombacr o 94030

Pezuonaionoit pexcun gempa

Observed Weibull (it Predicted
Mean wind specd 340 wfs 340 s 3291/
Mean power density 190 \\’/m2 190 Wim* 230 W/’
N
700 Sector: Al
A:3,2ms
k: 0,90
U: 3,40 mfs
P: 190 Wim?
7
(%)
! / Z .
N . e 0 u(mys) 20,00

Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [nv/s] 54 38 33 2.6
10.0m Weibull k 0.96 091 091 0.92
Mean speed U [nvs] 5.46 3.96 344 271
Power density P [W/m?2] 075 294 192 92
Weibull A [m/s) 58 4.5 4.0 . kR
250m Weibull k 0.96 0.92 092 0.?1
Mean speed U [nv/s] 5.94 4.02 4.16 3s1
Power density P {W/m?) 8§59 447 326 193
Weibull A [m/s) 6.2 5.0 4.6 40
500 m Waeibull k 0.97 095 0.95 095
Mean speed U [m/s] 6.32 3.7 4.74 4.14
Power density P [W/m?] 1001 583 450 299
Weibull A [avs] 6.6 5.8 53 4.8
100.0 m Weibull k 0.97 0.99 0.98 0.8
Nean speed U [m/s] 0.73 5.79 5.38 1.81
Power density P | W/m?] 1200 738 599 411
Weibull A [m/s] 7.1 0.5 0.1 5.0
2000 m Weibull k 0.90 0.99 1.00 1.00
Mean speed U [m/s] 7.19 0.50 6.14 355
Power density I [\W/m?2) 1504 1035 855 027
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100. Gormgs Llanka Tsalka

=41 | a=44%620" | 1470mast. [ H=13m | 1939-1970
bmggene Foan,)d Jagdamnmdl bailbigor bags@uggenmb donabigmols Jyedeila. ggMagmos bngnes patilydm
baliesorgdo Tugd e gocaaoligd jo Hgenageeo, by @ogfoligdom htheoenmagmobs jb. Fac jobs Faeabagagel
Dodstorgmgdom. Igagmbsen)@in pobeooggdenos bmg. Fougjob swdmbagesgor aaliadodab, adog, jqeerowsl
LodbAgownm 100 Igaols Dabidocsdy. aedmbagengmen 50 Jyatide alhl)daccos mElstmygeaosto Jgols bobeoa,
Athgocrmgoam, 1.5 jocamidgatinb dalidoesty 8agdatig dodgels oibgdol bedlawesy Jgowanil 1660 D6k, Mty
Fotidmara gl smd g6 ws ligdaeat 4t deblial, Gedgeog gadmoy:lgds badmgBgdae,. datygeamgaho gy ptigdobs

@ pPOgogemebomyols,

Ceno Uanka pacnono#eno b 1ernyGokoii kornosmic I0xno-Ipysitnckoro Haropus. Okpyikalontas ceno
TEPPHTOPIA XUPIKTEPHIYCTCA ICTKIM BOMIOOGP3IbIM Peibe(pod ¢ OGLINM YRIOIOM K CCBCPY. B ¢ TOpOIly
Liarkuickoro soaoxpaingaifik, MeTcocTalung paciionokeni 1ta Bocroroii okpanne cema Wanka, o 100
METPIIX K 10Ty OT wocceiinoii aoporit. B 50 M k BocTOKY HaXOMNTCR ABYXITAKILIT KazMettnLiii aos. B 1.3 kMK
cChepy BOIBBIWAETCA XONM ¢ BbicoToill rpedim 1660 M. McecTiiocTh npencTaBasct codoii ANLMIICKYO 1l
CyQANBNNIICKYIO 3011y, 1ICHONb3YEMYIO NOA MICTOIIUA. TOCEDDLI JIEPIIOBLIN KYALTYP 1t KapTo(ein.

This village is situated in the shallow basin of the South-Georgian Up-Land. The territory. surrounding the village.
is characterized with a light undulating relief with its common declivity to the north. just 1o the side of the Tsalka
Reservoir. The meteosltation is arranged on the east outskirts of Tsalka at the distance of 100 m 1o the south of the
highway. In 50 m to the east there is a two-storeyed stony house. In 1.5 km to the north the hill with the crest height
of 1660 m is rising. The terrain presents the alpine and subalpine zone, which is used as grasslands and lields for
sowing corn and potatoes.

Frias bod e ovgug@o baligadggo Cpedneviecaunie ckopocmu eempa Average monthly wind velocities

Month I 1l 1 v Vv Vi VI | vill | 1X X X1 XIl Year
Velocities 2.7 27 | 24120 20 1.8 1.7 1.4 1.5 1.7 1.6 2.2 2.0
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100. §oemgos Hanka Tsalka

Sd s@pocandoga G goio

Mecmuntie pescunt eempa

ey a@pho

MeTteoctanuuir Melcostations

The wind climaie for the site

iy B gaombserymo MHyqgoilo

Pecunotianonntit peacus aempa

Observed Weibull fit Predicted
Mean wind speed 1.76 /s 170 nvs 1.92 m/s
Moan power deosity 74 W' 74 Wim® 74 Wim'
N
100,0 Sector: Al
A:1,3mfs
k: 0,67
1 Y: 1,76 mfs
P: 74 Wijmt
s
4
%) Y]
4
11
A
aﬁf
g
’ / A
0 vinis) 25,00

Regional wind climate summary

Class 0 Class 1 Class 2 Class 3
Weibull A [ms] 1.7 1.1 1.1 0.9
100 m Weibull k 0.77 0.71 0.73 0.78
Mean speed U [m/s] 1.98 144 1.31 1.10
Power density P | W/m?] 6! 32 22 10
Weibull A fny/s) 1.9 14 14 I3
25.0m Weibull k 0.79 0.74 0.76 0.81
Mecan speed U [nv/s] 217 1.72 1.61 1.45
Power density P [W/m?] 75 46 kL 2
Weibull A [m/s] 2.1 1.8 1.7 1.0
50.0m Weibull k 0.80 0.80 0.82 0.86
Mean speed U [m/s] 233 1.98 1.89 1.75
Power density P | W/m?| ]7 54 43 29
Weibull A [n/s) 22 2.1 21 21
100.0 m Weibull k 0.79 0.84 0.88 0.95
Mean speed U [mv/s] 252 234 225 211
Power density P { W/mz| 118 70 59 39
Weibull A [nvs] 24 2.6 25 25
200.0 m Weibull k 0.76 0.81 0.85 092
Mean speed U [mis] 278 290 2.76 257
Power density P | W/in2| 178 160 120 77
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63.Fomo Llnna Tsipa

p=41"940" | a=43%20"30" 673 mas.l. H=tlm 1936 1960

ool Bmenile aabeadggdienos Jyggabiswgg@o, Ju)dotigedls de.
o Joilararezydol byebdailo, hgebda hiteo oioegal
om, berese bailbgegeah o )bt s thnoabo
.\(n('] )

& yobogiol bawagMo Fous, (u'ulin) ‘5-\lllll\Jull'
BbyGaigessl )Gorgfhim
Dgilenbsai Al
lmll(\-](]nh |(nn-'](mm ﬁ(-vﬁ . diols op i ARId% |Qu.\ h'{ln(m e l '-‘mul

lmﬂmnqﬂmm [
Gl
160 Dgptiols Dabidocsds). nl.\lulugu :,.\l\g-uu'lm ln.\u.]?uni‘n‘,i‘mv\nl- Gaidene)bodly) soygeze dgados,
adlicaapgdgenos dgageidergebol wd 6 jaliugiiol webowal gapoegdoor dagess.

o LT l)() =
aail obolio

HK-neranus Linm, p nonoce oTuyALCHIs KOTOPOIT YCIPOCIL MCTCOCTANNUTH, PICHOMOAKCIEL B OUIOM 15 CUNMBIX
rAYOOKRIX YIeanii p. UNepusessi, KOTopast 41cch NPHITAMACT NIPOTIOC Hanpasacinie. Viehe ¢ cenepioti
CTOPOIILI OFPAIITICHO KURULIBLIMIL Pirsne raacinsain Jhixekoro xpedii, a ¢ 10/KN0I - 0/UtIM 13 oTporos
Meexereko-Tpianetckoii ropioii cetembl. CKRONLE FOP HOKPHITHE IYCTBIM JICCOM. CKIONBI 1O (paBodepeR b,
11 KOTOPOM pactiosoketio ceno L. e oTanuaetest o01siest pacTiieibioro HOKpoBa, IMCIOTEN 01o/EHLe
CRAANCTHIC MECTi. MeTCOMTOMAAKA IKIXOUITCS B NPHOPCKUOIT YACTI YHICALS, 112 PACCTOsNNT OKoNl0 20 - 23
M K cenepy oT nosotitt A-1 11 150 = 160 M K sitazy OT i BOK3UL A-1 CTaiuni. Pacerosinie o
BSIMEKATIUNN MOCTPOCK IECKOIBLKO ACCHTKOB METPOB, 11O 0111 BCC PACHONOKRCIILI SHAUHTC B0 BLINIC YPOBIA
METCONAOULKLIRI 11 HOAOTHA A-1.

The Tsipa railway station is located in the deepest gorges of the Chkerimeta River. Just in this place the railway
station tikes latitudinal direction. The meteos nged in the alicnation region. The gorge from the north
side is restricted by the Likhi Range™s west forks. while from the south side by one of the Miskheta-Trialen
mountainous system’s spur. The mountain slopes are covered with thick forest. The slopes of the mountiins,
where Tsipa is located. is not distinguished with their abundance ol vegetation covering and there are even some
bare rocky places there. The meteosite is arcanged in the part of the gorge. adjoining to the river at the distance ol
ahout 20-25 m to the North of the permanent way and at the distance of 150- 160 m o the west of the railway station
building. The nearest buildings arc in the distance of few tens metres. but all of them are located much higher than
the meteosite and the permanent way level.

Faiols bsilpreas mygo@o hligs@gpe Cpedncueorunsie ckopoennt éempa Average monthly wind velocities

Month 1 11 n v Vv Vi Vil | vl 1X X XI X1l Year
Velocities | 4.0 3.9 4.2 4.2 3.7 3.2 3.0 3.3 .o 17 4.8 4.2 18
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MeTeoctanunn Mcteostations

Observed

Weihull 1

Predicied

Mean wind speed

REQRHYN

REQ RIS

3.60 s

Mean power density

234 Wim®

234 W'

219 Wim®

Sty @ gnomba e yio 4 gqoilo

N

Pecvonaannni peacust aempa

10,0 Sector: A
A: 3,4ms
k0,89
U: 3,61 mis
P: 234 Wim?

=)
7
/4
/ %
%
1]
?
)
o / bororss il
0 u(m/s) 2,00

Regional wind climate sunmiiry

Class 0 Class | Class 2 Class 3

Weibull A [nv/s) 59 4.2 37 29

10.0m Weibull k 091 0.88 0.88 0.89
Mean speed U [m/y] 6.23 453 394 KA

Power density P [W/m?) 1145 487 s 150

Weibull A {nvs) 0.5 5.0 4.5 38

250m Weibull k 091 0.89 0.89 0.89
Muan speed U [nv/s] 06.77 5.27 4.76 4.00

Power density P [W/m?| 1470 741 53 39

Weibull A [nvs] 6.9 5.0 5.1 45

50.0 m Weibull k 0.92 0.90 0.90 0.90
Mecan speed U [ofs) 7.19 5.87 540 1.71

Power density P [W/m2] 1720 986 757 501

Weibull A javs] 7.3 0.3 39 52

100.0 m Weibull k 092 0.‘33 0.93 0.‘){‘
Mean speed U {nvs] 7.63 0.54 6.10 545

Power density P [W/m?) 2034 1249 1014 JAR]

Weibull A ji/s] 7.8 7.1 0.7 0.1

2000 m Weiball k 092 094 093 095
Muean speed U [avs] S.12 7.32 089 0.20
Power density PP [ W/ne] 2451 1670 [RE 1028
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98. F6meho Llnopu Tsnori
g=41%790" | a=4cor [ 222masi | Il=1im 1950 - 1970

wabiabegdo oo degdatigmdls (jag)- amileiGals fawols fgdm Gafaezol swilebsgengor @sil@y o) Guemdity). Eroidgenog
299900 senatibabs ggenilo. dgdogatighol Myenogepe wow Jabdowtiy dhaggenoa. gagol dabioggda dheesong . seoadaliols
G.\Juﬁlganh 3.\I|V;|ﬁm3.m. .\Q.ﬁ“‘mll e Q.\J.\a;]«‘r;]g-u.\ beGesob. |m<'ln(':Q1||1.i'ﬂ;]lr;]ilc"’mﬁ».ﬂm @y el rpen
Jaaaegdel Gamglgduer. dgageleguabo asbmagldgeses s)fundmtigols @alise@glie derjabiols gatmlofal,
Lifrgenow @ns swgocndy. sgGierletauls Jogada g@Embatijezostio Dalieadiogsh olisgezgmam 100 i eGals abidoesiiy),
LadbHgmao, wasbermydeo 30 dgaGiol dalidoeiy aowol gdoy jgoeso Fhotio-cospmebo-talamaesa. Dalioeso de.
sexaBliab atixggls GadeFaidey Dgowygll wasbezemgdom 10 joeesilyails.

Mocenok LLopit pactioNoxeit 11 BOCTOMIIOM MOAOTOM CKIONe HivKleii yacti Llis-Iomdopesoro xpedra.
cnyckaonemca B Anazanckyto nosmy. Pesibed) ok pyaaiowteii MecTinoeTit 1t SOJBIHONM PACCTOHIN POBILLII,
Jlecnbie MACCHBBI IMEIOTCA TOALKO BAOAL Geperos p. AJrsiiit, ANaSaHCKAA JOJIINA KT HOCCHaMN
e nubl, KYKYpy3vl. TOACOMITYXa 1 GAXHUCBLIX KVILTYP. METCONAONEIRA HAXOMITCR 1T KPRIO HOCAAOIIOrO
HONA aIPOLOPTA, 1 COBEPLICINIO OTKPLITOM MecTE, B 100 M K 51iily OT HeGONBIIONO 0INO A TION0 OMUK
AIPONOPTA. CIOKINOIT cTOPOIILL. NIPpiMepNo B 50 M npoxoanT mwoceeiinas jlopora Linopin - Jlare; exi - 3axaram.
PaccTosime no npasoro 6epera p. Anasanit okono 10 k.

This scutlement is situated on the slope of the Tsivi-Gombori Range™s low part. descending to the Alazani Valley.
The relief. surrounding the place. is plane over a wide area. The forest tracts are observed only along the Alazani
River’s banks. The territory of the Alazani Valley are occupied by sowing lands of wheat. maize. sunflower sceds
and melons and gourds. The meteosite is located on the edge of the airport anding licld. which is absolutely open.
at the distance of about 100 m to the west of a little one-storeyed airport house. The Tsnori-Lagodekhi-Zakatala
highway passes at the distance of about 50 m from the south side. The distance o the Alazani River’s right bank is
approximately 10 km.

Jorals bodgsenn orgogio boifstgpdo Cpednexecsrumie ckopoci eenmpa Average monthly wind velocities

Month 1 11 11 AY Vv VI VIL ] viln] IX X X1 Xl Yecar
Velocities | 0.7 1.2 1.3 1.3 1.2 1.2 1.1 09 | 09 0.7 0.7 0.5 1.0
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MeteocTanuiit Meteostations

The wind climate for the site

Sy Oreaombocy)io 6 gqoilo

Pecvwonaasuniin pexcus aempa

Observed Weitwll fit Predicted
Mean wind speed 0.68 nv/s 0.68 m/s 0.87 nvs
Mean power density 11 Wim'® 11 Wim® 13 Wim'®

100,0 Secvon:
A 0,4 mds
k0S4

7} uo.sa-(g
‘ P Wt
/]
/]
/]
%
%) ;
;
’
9
7
/]
7
/4
J
0 ulmvs) 20,00

Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [nvs] 1.2 0.5 03 0.6
100m Weibull k 0.76 0.59 0.60 0.72
Mcan speed U [nvs] 1.18 0.82 0.74 0.75
Power density P [ W/m?] 22 13 9 4
Weibull A [nvs) 1.3 0.7 0.0 0.8
250m Weibull k 0.78 0.62 0.63 0.76
Mean speed U [mifs] 1.51 0.98 091 0.99
Power density P | W/m?| 27 18 14 8
Weibull A [nvs| 1.4 0.9 0.8 11
50.0m Weibull & 0.79 0.67 0.07 0.81
Mecan speed U [ivs] 1.63 113 1.07 1.19
Power density P | Wim?| 3l 20 16 12
Weibull A [nvs) 1.5 1.1 1.0 14
100.0 m Weibull k 0.77 0.71 0.72 0.90
Mean speed U [nvs) 1.76 .34 1.27 144
Power density P [W/im?) 43 20 20 14
Weibull A [avs] 1.0 1.3 1.2 1.0
2A00.0 m Weibull k 0.7-‘1 0.09 07y O.88
Mean speed U f/s] 1.95 [.66 .35 L.76
Power density P | W/m?) [ 30 4] 29
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60. batwamyeno Xaparoyan Kharagouli

0=42%170" | A=431210" | - 275maus.l. H=1tm | 1942-1980

Mangmdegesbe dugdatigmadl momjdob dmel gawedol dotile. da. BlgGaiy
wxbamgdom jow joeeilgatiol Jsbdecay ws pobegermbio Gy dodgdowsl. G
el wadanas gabepapgdese, 20 - 30 dgatiol eadomigdoo. wal )
abaggnoesom. Gedgeay aaeeh Soob gogade o) dols do@ida. byl
2.0 jocmilgath. as@dnder dogdol gygfuomdgde dofomaga @ (a0 gees
3 affBatum. Jagadd, IgwaGigdum wailfigno fGaandgde wd AdaGuIeId je geado @
3abadem @ bedobaol Gamglizdom,

MecTeonmouaaka 1aXoANTCH NOUTILY HOAIOKLA CKIQI FOPL. it PACCTORNIIT OKONO OJIIIOTO KM O JICHOTO
Sepera p. Uxepinena 1 n 20 -30 M o7 Grinkaiiimix nocTPoOCK. MPHHEs GOLILIMICTIO I3 MIX PACHOSIORCIIDI
HIDKC YPOBIA METCOTUIOULUIRIL, € KUK MCTEOISTON LUK OTPUIIICIEL IOCCCiiNOii A0poroii, KOTopas 11poxonT
B10JIb NOANOABA KPYTOI'O CKAOIA FOPBL. LLINPItim Ao = Yinesins 1 9ToM Mecte ne apenmiiser 1.5+ 2.0
kM. CKIO11H OKPYAQIOIINX FOP JMIAT] NIPCHMYILECTHCNNIO INIIKOPOCTILIM ACCOM I KYCTAPIBIKAAL. HeOOsLIIme,
CPUBNNTCABLIO NOJIOMIE CKACHLL 1 PACKINPENIBIC JIOMIILL, SIATE CUGIMIL, BIHOTPAIISIIKAMIT I IIOCCBanMI
KYKYPYyibl.

The meteosite is almost near the foot of the mountain slope at the distance ol abouwt one kilometre from the left bank
of the Chkherimela River and in 20 - 30 km from the nearest buildings. It should be mentioned. that most of these
buildings are arranged below of the meteosite level. From the west side the meteonite is cut down by the motorwiy.
which passes along the foot ol the mountain steep slope. The width of the gorge in this place is not more than 1.5
=2.,0km. The slopes of the surrounding mountains are. mainly. covered with undersized forest and shrubbery. while
orchards. vineyards and Indian corn occupy small and gently sloping slopes and valleys.

Jorrab bodpxn ogogie baigsigpo Cpedneseesumie chopocne eempa Average mowthiy wind velocities

Month 1 11 11 v Vv Vi VIL | vl IX X X1 X1l Year
Velocities | 2.2 | 2.5 | 3.1 28 | 2.2 1.9 1.7 ] 20 ] 23 2.7 3.7 3.1 2.5
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60. batsacyena Xaparoyan Kharagouli

ud oo sdoge Dygoie  Mecmmntin pecust wempa The wind climate for the site

Observed Weibull it Predicted
Mean wind spueed 207 s 217 mis 245 mh
Mean power density 124 W/m’ 124 W' 151 Win'
N
1.0 Sector: Al
A l,7mis
k: 0,69
U: 2,17 mys
P: 124 Wjm!
& 7
%
i) Y1
Z
1
9
%
"o u[mys) 25,00

IO G gnombacogmo Gageile  Peevonazonsiit pexcuy aempa Regional wind climate sunmmary

“Class 0 Class | Class 2 Class 3
Weibull A [ovs| 22 1.5 1.4 1.2
10.0m Weibull k 0.71 0.08 0.09 0.72
Mean speed U [nvs] 278 201 1.79 1.49
Power density P [W/im?| 224 103 08 23
Weibull A [m/s] 2.4 1.8 1.7 1.6
250 m Weibull k 0.72 0.09 0.70 0.4
Mean speed U [ows] 3.02 2.30 217 1.93
Power density P [W/m2| 284 156 113 067
Weibull A [/s] 2.6 2.1 20 19
500 m Weibull k 0.73 0.71 0.72 0.75
Mean speed U [nvs] 3.22 2.65 248 229
Power density P [W/m?] 323 199 153 104
Weibull A {m/s) 2.8 25 24 23
100.0 m Weibull k 0.73 (2] 0.75 0.79
Mean speed U [nvs] Add 3.00 2.84 2.9
Power density I [W/m?] 393 241 198 143
Weibull A [m/s) 3.0 29 28 28
200.0 m Weibull & 0.72 0.7-! 0.76 O.S!
Mean speed U [m/s| 370 345 A9 ALs
Power density P [ W/ne| 508 209 296 213

201
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64. b333%0 Xumypn Khashuri

@=4200" | a=43%30" | Imasl. | H=ilm | 193-19%0

Joemay] bail gl WS daeee gl Sdm datiaeguls 5o ol wabofyjobo, de. 33960l dertrxendols @fida bymdawsh
3dBmbabigezgeols oo wobgids Joidaforeagdoon. wdlagesgunet 5o 5 Tydebaberenns crabol dewo, dalidome
Giemdeadegy o swgiloggda 7 - 8 Joellga®l. Jocmagob fitwgoeamagma dbaciy DgdebisBeyineos wobols ol

D

®333ez0 336dgmadgdom ws ik ationeoals go ol @Befigoczo Tocezedgdoo. dgagmidenaabio galiessygdeo
Qoo @ Wfm6 swgocsdly. 6 jobogBols badnesh bailb@goon, waabesmydon 0.7 - 0.8 jowmiyaiols wadeGrdom,

sbane Vgdlerg stinbde, Geagentigy dongges g, 1. 9@ ool gyols GoTghgezenatio Dobinggdo.

Topon Xaurypn sainimaet TeppiTopIio navana Bepxie-Kapranumickoii paniinbi. HeckonLko ke suixoaa
p. Kyps1 113 rnyGokoro Bopwonckoro ymenus. C anaanoii CTOPOIDI PABIING OrpanBieTes JIXeKI
xpe6ToM, paccTosinie no KoToporo He npeobiuaet 7 - § k. Cepepnas cropotia ropoza orpaitienia
1EBBICORIIMII Pa3BETRACHNAMN JINXCKOrO XPeGTa 1l XOMMICTHLIMII BOSBLILCHIIOCTAMI CEBEPO=3a1A IO HACTH
Bepxue-Kaprammickoii pasitnnibl. MeTeonowanka naxomres i OTKPBLITOM 11 POBIIOM MECTE. 11t PACCTORNIIN
oxoo 0.7 - 0.8 kM K 10Ty OT nonoTHA -1 B Gnxaiiwem oxpyseinnn TOpol, Kak 1l no neeit pasninne, ner
3NAUNTENABIBIX JIECHBIX MACCIIBOD.

This town occupies the initial territory of the Upper-Kartli Plain. a little bit below of the Mikvari (Kura) River outlet
from a deep Borjomi Gorge. From the west side, the Plain is restricted by the Likhi Range with the distance up to it
not more than 7 — 8 km. The north part of the town is limited both by low forks of the Likhi Range and by hilly
heights of the Upper-Kartli Plain’s northwest part. The meteosite is situated on the open and plane place. at the
distance of about 0.7 - 0.8 km 10 the south of the permanent way. There are no significant forest tracts cither in the
nearest surroundings of the town or over the whole Plain.

Fafols bodgoezer oy ghio baligsiggdo Cpeduexecsunvie ckopocnie gempa Average monthly wind velocities

Month 1 11 111 v \4 VI VIL | v | 1X X X1 Xl Year
Velocities | 28 | 28 | 35 | 4.2 3.5 34 1 35 37 3:5 2.8 29 2.4 3.2

10000 12000
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64. bs33Go Xamypn Khashuri

Anidy dwnpeandmogo Gapodo  Mecntit pescust gempa The wind climate for the site
h e 0 C0)p I ]

Ohserved Weibull it Predicicd
Mean wind speed 31l nvs 3.EEms .06 m/s
Mean power density 214 Whn' 214 Whn' 215 Wim®
N
1030 P
AT
[[¥ice. 0
l 1571 ¥ lengss
[ =
1
WA
i
[
7
) —
i T @ ey 2540
S

Jaabs Grgaombocayia Gggoda  Pecuonaibuuni pencus sempa  Regional wind climate summary

Class 0 Class 1 Class 2 Class 3
Weibull A [nvs] 4.6 33 29 23
10.0m Weibull k 0.78 0.76 0.77 0.78
Mean specd U [nvs] 5.30 3186 137 2.66
Power density P [W/m?] 1116 471 306 145
Weibull A [m/s) 5.0 39 A5 30
25.0m Weibull k 0.79 077 0.78 0.78
Muean speed U {mv/s] 5.76 4.50 4.06 343
Power density P [W/m?| 1407 718 518 307
Weibull A [nv/s] 54 4.3 4.0 35
500 m Weibull k 0.79 0.78 0.78 0.79
Mecan speed U [nvs) 0.12 5.00 4.00 4.03
IPower density P [\W/m?| N 955 730 482
Weibull A [nvs] 5.7 49 4.0 4.1
100.0 m Weibull k 0.79 ('_)1?‘0 (‘).SO 0.80
Muan speed U fin/s] 049 5.50 58 4.00
Power density I? [W/m?] 1950 1204 Y77 709
Weibull A jimds) 6.1 35 52 4.8
5000 m Weibull h 0.7v 0.81 O.K1 081
Muan speed U [m/a] 6.90 .20 384 s
I'ower density P [W/im?} 2341 1597 1313 1001
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161. byeom Xyao Khulo

o=d1"9 [ =490 ] 923mas) | H=1im | 1937-1975

Twrwgegene b ez ihandd
adatob, bereom badby

oi) gezos sedobs

Jegdon. byeda g,

rlpeznd sboslioh ofieob goggdoos, 6

ez Poaggdals up)Grgend

antobag pezo dmeato habiosow,

Polsaggpdao, bery ibeaeo Soligda )0 wa D gdaesd o djy e )
lseneg. by geaels Bgoeneryn hagio [ Jacialiyena dadixgaglis haliaJainds. Jagatia buls |y

ﬁﬁig-u(;-m"nmm [0 .\Qﬂl'-h.\uq-"ulmn u\':'”"?m botkliwols l).\un;)h;'n‘m wo un.\(l?;.\;h-lh Jezaligagogde.

Ceno Xyno taxoantes s ysxoii omuiie. s sepxoshax peknn A ukapne- Lk, Jonmia orpaimiiena ¢ cenepa
Axxaperin. ¢ wora - Wameteknn xpedtasin. B padione Xyno ona naeet opay yitestna, ¢ ocnoninis
IUIPAICHIEM € BOCTOK: 12 31t 1. C DOCTORI YIUCIBE KIMBLIKACTCR OTPOTAMII Apianckoro Xpedtia. Peiinedy
MECTHOCTH NMECT ABNO BhIPaRCHILWIT ropnnii Xapartep. Craonn 3 rpedin $ojiee INTIKIX FOP 5ati bl MIcCHNaMI
CMELIANINOTO JICCAL, il GUIICE BRICOKIE JO1ILT — AWIBLIBHICKOI 11 CYGUILIIICKON PACTHTEALIOCTHIO. MeTconionuika
PACIONOACIA b cepeproii wacTin cera Xyno. na npanos Gepery pekn Ankapric-Likam. cpejus neBoniunx
AepeBAbIX nocTpock. C cenepit 18 BOCTORA 1IN0 TCA KYKYPYIHLIC HOCEBBI 1 TABAUNLIC IR TN,

The village is in a narrow valley. on the upper reaches of the Adjaris-Tskali River. From the north the Adjarns Range
limits the valley. while from the south the Shavshetis Range does it In the region of Khulo this valiey has a form of
a gorge with main directions from the east to the west. From the east side the gorge is locked by the Arsiani
Range's spurs. The relief on the arca is overtly marked by mountainous character. Mixed forest wacts occupy the
slopes and crests of smaller mountains., while alpine and subalpine vegetation occupies higher zones. The melteosite
is situated in the north part of the Khulow settlement. on the right bank of the Adjarts-Tskali River among small and
wooden buildings. From the north and the east parts the Indian crops and 1obacco plantations start their beginning

Jols bodpyenn oo iy Cpeonesiconunwie ckopoci seniypa Average momthiy wind velocities

Month 1 11 m v Vv Vi VIL | vl ] IX X Xl Xl Year
Velocities | 2.8 | 29 | 28 2.8 2.5 24 | 2.2 2.2 22 2.4 20 2.8 2.6
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161. byenm Xyuo Khulo
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Mecmunitt pescust vempa

FIR o vy

MeTeocTaimum Meleostations

The wind climate for the site

Observed

Weihull 11t

Predicred

Mean wind speed

235 w/s

235 mhs

2.67 s

Mean power density

20 Wim'®

20 Win'

38 Wim'

ol Oga0mbscryio Hggodo

30,0%

Pecuonaavnotit pexcuy 6empa

70,0

\ Sechor: A
A; 2,5mfs
$:1,57

/ U: 2,35 mjs
/ P: 20 Wfta}
(%) 7%
A\
W 7040
0 u(mfs)

Regional wind climate sunmmary

Class 0 Class | Class 2 Class 3
Weibull A [m/s] 5.0 ad 30 24
10.0 m Weibutl k 1.50 1.28 1.29 1.30
Mean speed U [m/s] 4.54 318 337 2.19
Paower density P [W/m?| 157 09 40 20
Weibull A [nv/s) 5.5 12 3.7 al
2350m Weibull k 1.54 1.37 1.37 1.37
Mecan speed U [m/s] 497 180 342 2.88
Power density P [W/m?] 197 103 77 46
Weibull A [nv/s] 6.0 49 4.4 18
50.0m Weibull k 1.58 1.52 1.49 147
Mean speed U [nV/s) 5.4 4.39 4.01 347
Power density P | W/m?] 237 138 108 72
Weibull A [m/s} o4 5.8 53 47
Weibull k 1.53 1.62 1.63 1.05
R L P — T 579 521 478 419
Power density P | W/m2] a3 212 162 107
Weibull A [/s] 7.1 72 0.6 5.7
200.0 m Weibull k 146 136 1.537 1.60
Mean speed U [a/s] 640 647 5.89 AR R
Power density P | W/im?| 433 427 318 o
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6. 3c35¢0 [xpapn Djvari

1941 - 1948
_ 49™1710" ~ 49%0°30" 9 1=
@ =42"43"30 A =42°02730 268 ma.s.| I=10m 1950 - 1960

Lewgyemo 200 thgdatigendl Fuyoerahyg dauliaig gy ol byeabo, joredhiymols wadezedol dowyost ieolifolyools
Heofiols il byeidals gatlodiabgennennab. Juilendoiy Sovduols a2 Faedgdo wag s jesos giyggdous, bail n ooy
56 bfmGo sepoengda ggagbog e jogdaesos haagligdoon. dganeiligesbio Dagdacigeds b
wobagezgor Gafaezio, ba jadowailm ba paagdol Dok, duuliatiy dagabial datyh6s badufowal @sabezeybon 70
- 80 @3 duealiaig bugawsl 150 DgaMal wallefydom.

s litfoem -

Ceno Ixsapn pacnonoxeiio B aonnne Miorosoanoii p. Murypii, y suixona e€ 13 riyGokoro vie/ins s
XOMIMIICTYIO Npearopityio 3ony Konxivtekoii insmernioctit, CKAONLL NPHACTAIONIIX FOP MOKPLITLI IICTBCHNBINIT
Jiccamil, € 10ri Soce PORILIE MECT RUIATHE NPENMYILECTBAINO nocenamil. MeTeonnomanka naxomres v
ceBeno-3anaanoli YACTI ceni, cPpealt NPHYCAneSIbIX YHICTROR. 114 paccToani okono 70 - 80 M oT jsicooro
Bepera p. Marana n 150 M ot p. Hurypu.

This village is situated in the valley of the Inguri River. having high water-level. near the outlet of a deep gorge.
turning into a hilly. foothill zone of the Kolkhid Lowland. The slopes of the adjoining mountains are covered with
deciduous forests. while more plane places are. basically. occupied by crops from the south side. The metcorological
site is located in the north-west part of the village among the plots. adjoimng the farm. at the distance of about 70-
80 m from. the left bank of the Magana River and in 150 m of the Inguri River.

Jorfiols boilpseam ongoyrin ballfsfiggdn Cpednevecnutmie ckopocntie eempa Average monthly wind velocities

Month | 11 11 v A4 VI VIL | VIl ] IX X X1 X1l Yecar
Velocities | 69 | 63 | 46 | 44 | 38 ] 28 | 2.2 2.7 335 5.4 6.4 7.8 4.7
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6. xgotho Luapn Djvari

s segoendGiogo Gggaito  Mecmmin pesicuse aempa The wind climare for the site

Observed Weibull fit Predicted
Mean wind specd 4.06 m/» 4.1 avs 4.09 nvs
Mean power density 447 Wim® 447 W/’ 486 Win'

afs
k0,81

NS U: 4,06 /s
~ P: 447 Wjm®

L]

G200 e

Iy Brganoibocyxmo Gggodo  Pecuonaionotit peacuy sempa  Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [nvs] 5.3 39 34 27
100 m Weibull k 0.77 0.76 0.70 0.77
Mean speed U [iv/s) 6.19 4.56 397 312
Power density P | W/in?| 1876 788 513 4
Weibull A [ns) 58 3.5 41 a4
250 m Weibull k 0.78 0.76 0.77 0.77
Mcan speed U [mvs] 6.72 529 4.1 4.02
Power density P [ W/m?] 2358 1209 873 511
Weibull A [m/s] 6.1 5.0 4.0 4.1
50.0n Weibull k 0.78 0.77 0.77 0.78
Mean speed U [nv/s) 7.13 5.85 5.39 4.70
Power density P |W/m?] 2811 1609 1235 806
Weibull A [nvs] 65 56 5.2 37
100.0 m Weibull k 0.78 0.78 0.78 0.78
Muan speed U [nvs) 7.54 0.44 6.02 540
Power density I* |W/m?) 3273 2068 16065 1180
Weibull A [w/s) 6.9 6.2 59 54
200.0 m Weibull k 0.78 0.79 0.79 0.79
Mean speed U [(nvs] 797 7.06 6.09 0.12
Power density P [W/m?| 3934 2597 2170 1660
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20. gthol gegenagborme Kpecrosutit nepepan The Djvari Pass

0=d3015* | a-a"2715" [ 280masl. | li=1im 1936 - 1960

Jdloeioly

gagehay o aalicavad e balamgeznts adbeam atol xg@ob jregespgboczel ol jgqmis). |
Jaterery® dmoezgonls Jowoh b, lorge Joilagdat o) CoamGies wansGrgemns Jagacsilonabio sl )t
Bebols denenmgdom byndols astiyil). dganeideryeatio dendacimdls ;) agebiogey 3Gl babezol badhGigmam 10 daal
Dahdocit. bagadogaeseb bailbgyue adul atsliols werligidey, Dalsgaly wabidgezgoon, daqebacgy )@l ga@ilyde by

Gagdmdzyda s ks,

MeTteocTanuwig pacnoaokel it ce/uosne Kpecronoro nepeniuta Boenno-Fpysinickoii opor, ia rpeBiie
napunensiioro Kankacnonn Mriyactekoro xpedra. [ipenecisas pactiiresniiocr copepillciiio oTey TeTuyer.
BCA NPIVIERNOLWAN MECTHOCTh NOKPLIT: YTUMIS BLICOKOTOPIOIT aILHIICKOI 301th. MeTconmontka Haxouimes
HEAWICKO OT AOMA MCTCOCTANITNIL € 10ANHOIT cTOPoNL Na paccTositnt 10 M, k 3 o7 Tpacewt Bocuno-1'pynckoii
OPOTIL, I OMNEIKOHOM Ypoune ¢ lteii. APyrix mocTpoeK B OKPYAEIITI MCTCOCTAIILUIH 1IET.

The mcicorological station is located in the saddle of the Cross Pass of the Military-Georgian road. just un the crest
of the Mtiuleti Range. which is parallel 10 the Kavkasioni. The wooden vegetation there is absolutely absent and
the whole adjoining area is covered with the alpine meadows. The meteosite is located not far from the incicostation
building. from the south side at the distance of 10 m 10 the west of the Military-Georgian road linc. at the same level
with it. The other buildings in the meteostation’s surroundings are absent.

Jaiols boidgrean oigo o buligsgpo Cpedneaecsinmie ckopocnie gempa Average monthly wind velocities

Month 1 11 11 v Vv A4 VIL | vill | IX X XI Xn Ycar
Velocities | 2.2 | 24 2.2 1.8 19 | 20 19 1 20 ] 20§ 20 1.9 2.2 2.0
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e bag, @gdo

20. xgfol pegeegbomme Kpecronntii siepesast The Cross Pass

oy spocndoge Gl

Mecnmtit peycunt cempa

Mereocratin - Meteostations

The wind climate for the site

Observed

Weibull it

Predicied

Mean wind specd

212 mis

212 s

203 s

Mean power density

32 W/m*

32 W'

30 Wi’

iy 3 nombs o Gggoido

Peruonaavnutin pexncun aempd

20 Sector: Al
A 2,2afs
ke 1,04
U: 2,52 mfz
P: 92 Wim’
g
2
%)
2
7
.
9
JH ///
] ulmiz) 0m

Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibutl A [m/s] 30 2.4 2.1 1.7
10.0m Weibull k 097 0.88 0.88 0.89
Mean speed U [imv/s) 3.63 2.56 223 1.76
Power density P [W/m?] 188 87 57 28
Weibull A [nV/s] 4.0 29 20 2.2
250m Weibull k 0.99 0.92 0491 0.92
Mean speed U [mv/s] 397 3.03 273 2.30
Power density P | W/m?) 235 129 93 56
Weibull A [m/s) 4.3 34 3 2.7
50.0 m Weibull k 1.01 0.97 0.96 0.96
Mean speed U [nvs] 4.25 k¥ Y a7 2.76
Power density P [W/m?| 275 165 128 86
Weibull A [avs] 4.6 ER| A8 Al
100.0 m Weibull k 1.01 1.03 1.03 1.4
Mean speed U [nvs] 4.58 4.03 A71 329
Power demsity P [W/m?] 348 221 173 119
Weibull A [nvs] 5.0 4.9 4.5 4.0
200.0 m Weibull k 0.99 1.04 1.04 1.05
Mean speed U [m/s] 5.01 4.80 446 394
Power density I | W/m?] 477 84 290 201
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1. ooyl Jomo Xpeber Arnynxa The Yagluja Ridge

0= 4193315~ l ) = 44°56"22” J 756 mas.l. l H=40m 2002 — until pr.

09pgmabdd @aybydyezon ool mbyddg. fgwe 336n960e208 sadmbsgeryu-gobagaymo 8odatiorjendon
@aabenmydom 9 Joenmdya@y. el itiwocumguo joadem gg@iemde g da. dg 9ol byedolia 396, Ladbigae
@dfipo Bgfemde asesweb 3oMesdbol ggeio. o3 qyfiemdidy dofymdoios Ladsey bajgnogda Jagsts
Gapgdedadam. Jywo @oupajeons dugemgduo.

MeTteonmauta yeranosnena iia rpebue xpebra. Iporamennocrs xpetTa 0Kono 9 ki, oN HANPapaeil ¢ BOCTORA
na sanag. Cepepptii KON XPedTa KPYTO CHYCKacTeH K panniite p. Kypbl. 10511 - 110JI0TO HEPeXoT B
Capaadanckyio cTenb. M 2ToM ckioNe IIXOAATCA CAAORLIC YUACTKIL € [ICGOMLLIIIMIT HOCTPOfikar, Xpeder
TMOKPHIT JIYronoil piacTITEABIIOCTLIO.

The metcomast is erected on the Ridge crest. The extent ol the Ridge is about of 9 km. It is directed from the cast o
the west. The Ridge north slope is steeply going down to the Mikvari (Kura) River. while its south spur is gently
sloping down and wrning into the Gardabani steppe. Some orchard plots and small buildings are located on this
slope. The Ridge is covered with meadow vegetation.

Jorol hod goexn orgugmo blifamggde Cpedneaiecaunvie ckopocnne gennpa Average monthiy wind velocities

Month I 11 11 v v VI VII | VIII IX X X1 X1 Year
Velocities 34 3.3 4.3 4.5 4.8 63 0.5 4.0 3.9 4.0 2.6 3.0 4.3
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ilggemhidybo

I. oscmmygxols Joeo XpedeT Arnvika The Yagluja Ridge

s segocmdogo Ggagoile

Mecmuntit pexcuy aenipa

MeTecomauTtet Mctcomasts

The wind climare for the site

Sl Bgg0mbs coxBo (5gqodo

Peevonansiiii pexcin gempa

Observed Weibull fit Predicted
Mean wind speed 4.22 mils 4.22 s 4.38 nv's
Mean power density 174 Whn® 174 Wim® 175 Wi’
100 Sector: Al
A:4,Smfs
k1,24
U: 4,22 mjs
P: 174 Wjm?
(%]
.@5
4N
99%%%%
7
o A
0 u(mjs) 20,00

Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [n/s] 1.3 29 2.6 2.0
10.0 m Weibull k 1.34 1.20 1.20 1.20
Mean speed U [nv/s] 393 276 240 1.90
Power density P [W/m?) 121 52 34 17
Weibull A |m/s| 4.7 3.0 32 27
25.0m Weibull k 1.37 1.26 1.26 1.25
Mecan speed U [m/s] 4.30 3.30 297 2.50
Power density P | W/m?| 153 80 58 35
Weibull A [nvs] 5.1 4.2 38 a3
< Weibull k 1.39 1.37 1.34 1.33
50.0 m
Mean speed U [m/fs] 4.62 382 148 3.02
Power density P [ W/m2] 184 107 84 56
Weibull A [m/s] 5.5 5.0 1.0 4.0
100.0 m Weibull k 1.30 1.42 143 1.45
Mean specd U [nv/s] 501 4.54 4.4 3.04
Power density P | W/m?] 244 168 128 85
Weibull A [m/s) 6.0 6.2 5.6 4.9
2000 m Weibull k !j«l !.38 l_..‘\‘) 1.42
Mean speed U {n/s] 5.54 5.04 .10 4.44
Power density P [W/in?] 350 210 249 159
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2. coolio Jlucu Lisi

0=41%4a0" | A=44%245" |  648Bmasl. 11=40m | 2002 - uniil pr

39a7m0603 waygGydgezes ¢ odnezabiol gabagesor galiadoial M@l @atiganlo. EaGgoge Gationgugds ws
aggb ojabyhs sclimbageagumabiaggfi. ilganboe enndieses dreasboos @ (oez e wmeo bygdoon.

MereomauTa ycTanonncin B ierayBokoii noxGie ia sanaanoii okpamie r. Toincn. JloxGiuia, pacuipsscs,
ineeT obumii yknon k poctoky. ITpeoGmaacT TPABANNCTAR PACTHTEILIIOCTD € OTACALULIMIT KPYTIbINMI

ACPEBBAMIL.

The meteomast is installed in a rather shallow narrow on the west outskins of Tbilisi. While extending. this narrow
obtains a common slope to the cast. Grass vegetation and separate large trees are prevailing here.

Jotras b g3ezen ovgogio baligoBgpde Cpedneaecanie ckopocmit sempa Average monthly wind velocities

Month I 11 m v v VI VII | VI | 1X X Xl X Year
Velocities | 25 | 34 | 45 | 34 | 39 | 53 | 43 | 33 | 25 15 2.3 2.2 3.4

m
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ilgtaebdybda

o Jlncu Lisi

P dggocedogo Gagqodo  Mecmuonc pesciust gempa The wind climaie for the site

Observed Weibull (n Predicted
Mean wind specd 13I8 mi 338 mis 1.85 nvs
Mean power density 186 Whn' 186 W/m® 190 W/m'®
N
o Sector: Al
A:3,2mjs
k0,91
U: 3,38 mfs
P: 186 W/m?
E )
W NS S0y _
S E ) 4
s
5
R
. 0 £
. R o ulnvs) 25,00

Pial Gagsombocoy@o tggodo  Peauonaionsilt pexcuy sempa  Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [nv/s) 4.9 34 3o 24
10.0 m Weibull k 1.02 0.96 0.98 1.00
Mean speed U [avs) 4.83 345 .04 241
Power density P [W/m?] 397 166 109 52
Weibull A |nvs) 5.3 40 17 12
25.0m Weibull k 1.03 0.99 1.00 1.01
Mean speed U [nvs] 5.27 4.06 3.70 .14
Power density P [W/m?] 505 255 187 110
Weibull A [n/s] 57 4.6 4.3 a8
50.0 m Weibull k 1.04 1.02 1.03 1.04
Mean speed U [m/s) 5.02 4.59 4.26 an
Power density P W/m?) 597 341 204 175
Weibull A (V] 0.1 5.4 5.1 45 -
100.0 Weibull k 1.04 1.07 1.08 1.08
Om <
Mean speed U [m/s) 0.02 5.25 4.92 4.40
Power density P [W/m?| 726 453 67 260
Weibull A |im/s) 6.6 0.3 6.0 54
- Weibull k 1.04 1.08 1.10 1.1
000m |\ can speed U [avs] 651 6.15 5.78 5.10
Power density P fW/m?) 920 704 5067 405
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3. 8os-lsdggao MTa-Cabyern Mta-Sabueti

¢ =42%2’ | 2 =439 l 1248 ma.s.l. H=50m 1998 — 1999

Dyagenalids Q.\Uaﬁnhngru.\ Inagmbacy;® flm.\-ll.‘-?)""‘-]nmh TI:]I](-IBuQ.)ﬁ l'lﬁm\luqmuonun 80 2g¢Muls “-\rjdogr?yﬂ_ enoboly
:];]in) ull\:]lloll e (lol‘-qml{)ﬁa. Bohwmtio Q.\!:].)Fr;]qno daezaboor, ()lb;]ﬂol) ﬂ;]ﬂ)ww?;ubn 'Q".l“ﬂ:]?’.'lw“" l‘qnan('n:].\fm
agoom. ayols JoGo 36dumalb sedmbagezgoan 50 Jgatides, bieoe wabagengoom 80 dyaGila.

MeTeomuauTa yeranonicita s 80 s K cenepy or 3namis setcoctannnt Mra-Cadyerns, na oSunipnoii nonsie
rpedienoro niato Jlnxexoro xpedti. Monaita nOKpuITa TPUBOIL. CKNOILI XPeGTa 341117 b1 SNICTBCIIILIM JIECOM,
OMYIIKa KOTOPOTO ¢ DOCTOKA IIUXOAUTCH Hat PaccTtosm 50 a. ¢ sanafa a pacerosiin 80 M.

The meteomast is established to the north of the Mia-Sabucti meteostation on the vast glade ol the Likhi Range’s

crest plateau. Grass covers the glade. while the Range slopes are occupied by deciduous forest, the edge of which
is in the distance of 50 m from the cast and in the distance of 80 m from the west.

Jools bodpsenem argogin holidoGgde Cpedneatcesiuie ckopocmt eenpa Average monthly wind velocities

Month 1 I 11 1V \4 Vi Vil | vl X X X1 X1l Year
Velocities | 7.6 79 3. 8.5 7.5 8.0 7.5 7.0 8.9 8.4 9.1 7.8 7.8

n

10000
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3. 3o>-badggmo Mra-Cabyern Mta-Sabueti

Sy Swaoendmoge 0 gq0ido Meemmit peaicunt gempa The wind climate for the site
< ol N Il / /

Observed Weibull fit Predicted
Mean wind speed 7.04 w/s 7.04 m/s 7.92 nvs
Mean power density 555 Wim' 555 W/m® 572 Wim®
N
50,0

L

(%)

Py Bgaombscopmo Gggodo  Pecuonaiviotit pexcuy genpa  Regional wind climate summary

Class O Class | Class 2 Class 3
Weibull A [nv/s) 9.2 6.5 5.0 4.4
100m Weibull k 2.02 1.84 1.85 1.84
Mecan speed U (/s] 8.14 574 4.99 191
Power density P [W/m?] 0624 242 158 77
Weibull A [im/s) 10.0 7.6 6.9 58
25.0m Weibull k 2.05 1.91 191 1.90
Mean speed U [n/s] 8.88 6.78 6.10 5.11
Power density P [W/m?] 800 182 278 165
Weibull A [m/s] 10.7 8.7 79 6.9
50.0m Weibull k 2.09 203 201 1.97
Mean speed U [nvs| 9.50 771 7.4 6.09
Power density P | W/m?) 960 529 408 268
Weibull A [nvs] (A 10.0 93 8.2
100.0 m Weibull k 2.08 2.18 2.17 211
Mean speed U [nvs] 10.20 8.90 8.20 7.22
Power density P | W/m2| 1193 760 596 418
Weibull A [nvs) 12.5 12.0 11.0 9.7
200.0 m Weibull k 207 2.'.’_2 22] 217
Mean speed U [nvs| 110 10.59 9.74 8.59
P'ower density 1 | W/m?| 1544 1259 987 087
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4. badgmeo Camropit Samgori

@=41%4 I 7 = 44"50°50” l 655 ma.s.l. | [=40m I 1999 — until pr.

3“. """mﬂﬂ"l‘
1 daezabea,

Dganeabids coay)bydenns bailyeitinls Fyscsbapagoah abegels, v, 19 Dezpdaciy deifggol S e ol
aAaGiEemdgdo @dgaeses daeaboo @y e jggene wsdaseze Foligegebo bygdeor. ohgdtyg b
Dageabdorali bailtbFgo-sgdmbagergmom 80 datal ialiduesiy) adgtind gezes GEmbadorgezoslio babero

MeTeomauTa yetanonaeni BN CAMIOPCKOI0 BOAONPIUINIING 1L OTALHBIO PilCHONOKCTIION NOJIME ¢
nnockoit nepiunioii. CKAONLI XOAMI HOKPBLITLI TPABOIT 11 OTAALIILIMI HEBLICOKHMI XIOTIHLINITCPEBLANN,
NAOCKasA BEPUING — TONBKO TPitBOIT. B 80 M K I0r0-BOCTOKY OT METCOMNT I HAXOUITCA QU0 LUATILIILLOM.

The metcomast is installed not far from the Samgori Reservoir. on the separately located hill with a plane peak. The

hill stopes covering consists of low pine trees and grass., while the plane peak is covered with grass only. In 80 m
10 the south-easl of the meteomast there is one-sioreyed house.

Jotiols bodpscnm o fin bilighs@agadn Cpeouereemumie ckopocniu aemipa Average monthly wind velocities

Month 1 1l 111 v \ Vi ViL vt | X X XI Xl Year
Velocities | 45 | 5.7 | 66 | 54 | 68 7.4 5.] 0.2 5.3 4.8 4.1 5.7 5.6
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4. bydaymo Cayropn Samgori

Py samoedmaosgo G ggoio

Meennmie pecunt aempa

Tyl

Mereosmautil Meteomasts

The wind climate for the site

Observed

Weibull fit

Predicted

Mcan wind speed

5.8 m/s

5.8 o/

553 s

Mean power density

355 Win'®

355 Wi’

349 Win'®

frols 6 gaombs o Gy goda

—

S

Peevonaronumii pexcust sempa

40.0

i2s)

Sextor: A
A 5,5 mis
s0,02
U: 5,138 nys
P: 355 Wita®

ufrofs)

30,00

Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [m/s] 7.1 50 24 34
10.0 m Weibull k 1.35 1.23 1.24 1.25
Mean speed U [nvs] 6.32 4.05 4.07 3.20
Power density P | W/n?) 548 235 153 74
Weibull A [n/s] 7.8 5.9 5.3 435
250 m Weibull k 1.37 1.28 1.28 1.29
Mcan speed U [m/s] 7.10 547 4.95 4.17
Power density P [W/m?| 693 357 201 1535
Weibull A [m/s| 8.3 0.7 6.2 54
50.0m Weibull k 1.39 1.35 1.35 1.34
Mcan speed U [m/s] 7.58 6.19 5.09 4.95
Power density P | W/m?2| 815 169 3606 242
Weibull A [nvs] 89 7.8 7.3 04
Weihull k 1.3 144 1.45 {44
1000 m 1 an speed U [avs] 8.12 7.08 0.58 584
Power density P [\W/n?) 10135 031 501 354
Weibull A [m/s) 9.6 9.1 8.3 7.6
200.0 m Weibull K 1.35 1.42 1.44 146
Mean speed U [m/s) 8.78 $.29 7.73 6.89
Power density I* [\W/m?| 1320 1038 §22 571

n
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5. lses Cxpa Skra
¢o= 42%0 | ) = 43"56°09" 6iSmas.l. H=40m 2003 — until pr.

tnanmahids eayghydpeos dyagembiaen@owah b e seldombayergmon 3 )3 dabdoeaty. boesol dagols gyPogmMoads)
(b0l boilaeesg waabezerdom 4 = 5 gaGos). sbdagal wabiagezgmam, 30 dygioh Dolidoesdy odighndgezos 6 Jyafols
bodbagezols mfbstoryaoalio dghmda, 33 Thhamdob gagegbob gsdlaGopbgol SoiiGoor s6gdmigegde waygl;)dgemes
20. 30, @240 ilyaGiol bodawrengydiy. shdols I
asgilehageagoob ditioeal aawobs daesiy d;

ileaatinho wd jaggdgesns byhoezob 3aghoms wa Jagatis byagdedgdoeor,

be)fo Jatibagage teeze,

The meteomast is installed in 3 km to the east of the Skra meteostation. on the terrttory of an orchard (the trees
height is 4 — 5 m here). At the distance of 30 m. 10 the west a two-storcyed building with the height o' 6 mis located.
To avoid the influence of this building on the anemometers. they are lixed at the heights of 20. 30 and 40 m. The
rerritory around the meteomast is occupicd with orchards and small buildings as well. From the cast side appertaining
zone 1o the protection of the forests passes.

MeTeomauTa ycTalonnena b 3 kKM K BOCTOKY OT MeTeocTain Ckpi. na Tepplutopitil PpykToBOI'o cana
(BBIcOTa aepenbed 4 - 5 M). K sunany. 1a pacctoaini 30 M PACHIONONKEIIO ABYXITMKIOE 3AT111E BLICOTOI 6 M.
JINA 1IcKNIoyeI A BANAILIA ITOMO JAalIA ANEMOMETPbI YCTATIOBAEIIL! 11 BhicoTax 20, 30 11 40 M. Oxpyxaloutan
TepPPNTOPNA TAKAE 3alATa (PYKTOBLIMIT cagamit It HecGoabwA nocTpoiikamit. C BocTounoii cropolis!
MPOXOMIT NECO3ALUTIAR MONOCA. CIABIIO palpexelan.

Fardols bodgsezm orgogrio baligsmggda Cpednesecaunvie ckopocmu eenipa Average monthly wind velocities

Month 1 11 11 v Vv VI vl | viil ] 1X X X1 X1 Year
Velocilies 35 | 45 56 ] 58] 55 57 | 48 1 45 53 57 59 4.4 5.1

ISR RN <3
S r)"".}ﬂ. % =
2000 )
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5. Lymo Crpa Skra

Mycaeshigho MceTcomauTl Metcomasts

Py deggoeandage G goido

Mecmuin peycun cempa

The wind climate for the site

Sl Gya0mbs oo Ggqoio

Peeuonaaonviit peacuar ecmpad

Observed Weibull 1l Predicted
Mean wind speed 5306 w/s 5.6 s 5.16 m/s
Mcan powcer density 194 W/ 194 W/m'® 191 W/m:
N
190,01 Sector: A
&: 6,0mis
V1,87
U: 5,3 mjs
P: 194 Wim!?
i)
04
[ D W S S G} o u[mds) 20,00

Regional wind climate summary

Class O Class 1 Class 2 Class 3
Weibull A [av/s] 0.5 4.4 s 10
10.0 m Weibull k 1.78 1.52 1.52 1.53
Mean speed U {m/s] 5.74 398 247 2.74
Power density P [W/inz2) 251 103 08 33
Weibull A [nvs] 7.1 5.3 4.8 4.0
25.0m Weibull k 1.83 1.62 1.60 1.60
Mean speed U [mvs] 6.28 4.706 4.27 1.60
Power density P [ W/m?) 119 16 118 71
Weibull A [n/s] 76 6.2 5.6 49
50.0 Weibull k 1.87 1.78 1.74 1.72
50.0m C o
Mean speed U [m/s) 6.75 5.50 5.01 4.35
Power density P [ W/nd) 86 222 171 1t
Weibull A [nv/s] 8.2 7.3 6.7 59
Weibull k 1.82 1.87 1.88 192
100.0m 1 \ i speed U [mis) 7.32 6.52 597 524
Power density P | W/im?) 307 349 265 170
Weibull A (/) 9.1 9.1 8.3 7.2
200.0 m Weibull K 1.74 181 I.S? 1.87
Mean speed U [ovs] 8.0 s.10 7.35 06.40
Power density P | W/im?| 722 0693 513 329
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6. gmow Moru Poti

¢ = 42°09°30" I 2 =41"19"26" ] 0.5mas.l l H=40 I 2000 - until pr

o) ezes ;I. el iGwxnemgm 5.\5.\31-1‘5\(\. n.\:]n i'-quuh ll.\l-u.]lﬁlmﬂ;), v:]qmb Jugun{-.\rl 300 ﬂ;l(gﬂmll

Toygpemoluds vy

Mldoclly). @ M s@poeze Failmaeanll dGgygen Juoilush dezagh, el @ad aliflaa
gageabidoeal silebagesyoum, 100 @G0k daldoesdy saqbiezes Giai)bod;) wsdaezo jmanxo.

MeTeoMalTa YeTanopaei ita cepeplioii okpaiie r. Mori na Gepery Hepnioro Mopsa. 8 300 M 0T ypesi soas!.
MeceTo YCTAoBKII NPCACTIBIACT cO80ii MIOCKNIl HECUANBII INIAA, NOKPBITLII IBISKIM KYCTapisikom. 13 100 v
K BOCTOKY OT METCOMIUTHI PACTIONOACHO HECKOALKO IEALICOKNX KOTTCAACIL.

The metcomast is installed on the north outskints of Poti. on the Black Sea’s coast. in the distance of 300 m from
water-cut. The place looks like a plane sandy beach. covered with low bushes. In 100 m to the east some low

cottages are locaied.

iy boid pream ongoyio baliga@gpde Cpedneeerume ckopocniu sempa Average monthly wind velocities

Month 1 1l 11} A \ \ Vil v Ix X X1 X Year
Velocities | 48 | 46 ] 65 | 50 ] 40 ]| 43 2.7 3.8 3.7 53 54 59 4.7
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6. oo IMoTn Poti

s D@0 Girg g e vttt pedicist gempa The wind climate for the site
Uhserved Weibult (it Predicted
Mean wind speed ERYNTIVN 441 s 445 /s
Mean power density 144 W/’ 144 W/’ 147 Whn®
N
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Joiols G gaombacagiio Gagmdo  Pecuonanvnoiit pescun sempa  Regional wind climare summary

Class 0 Class | Class 2 Class 3
Weibull A [n/s] 5.2 36 32 25
Weibull k 1.38 1.23 1.24 1.24
10.0 m PN <
Mean specd U [m/s] 4.79 3.38 295 2.32
Power density P | W/m?) 208 90 59 29
Weibull A [nvs] 58 4.4 a9 R
250 m Weibull k 141 1.30 1.30 1.29
- Mean speed U [nv/s] 5.24 4.03 3.03 3.05
Power density P [W/m2] 263 137 100 0l
Weibull A [mvs] 0.2 5.1 4.7 4.0
Weibull kK 1.44 1.42 1.40 1.38
500m
Mean speed U [nvs] 5.62 4.64 4.25 .68
Power density P [ W/im?) RIR] 182 141 95
Weibull A [w/s} 6.7 6.1 5.6 49
Yoi ! ] ]
1000m | Weibull k 142 151 1.52 153
Mean speed U (m/s}) 6.08 547 5.03 142
Power density P (W/m?] 408 270 208 140
Waibull A [m/s] 7.3 7.4 6.8 59
200.0 m Weibull k 1.37 1.47 I.-l? 1.50
Mean speed U [na] 6.08 0.72 0.15 337
Power density P W/t 377 320 393 258
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7. gaorsolso Kyrancn Kutaisi
©=420050" | A=d2225" |  Somasl | H=40m | 1998 - 2000

gagmabda @aygbydzces Jamacborab LadbGgmoen. gacigebiol Fyscsbogagol wabagezgor babadotiody). Yol
annqaﬁ 800 ﬂ;mﬁmb Ual‘n]ng-ﬂ;). Gyenegne ?pﬁlh”u!‘\“nh, ';.(]ﬁn'n'l:]l]ng-('l b.\uﬁi(nm Q.\:l.\ﬁﬂc‘m(n Qall.\”v-\--"'umh.\lml}.
agitmbagenoen 500 d)e6ilo Segda@gmdl @absbe)do. bewgm wabiygegmom. 500 - 700 dga6ila - bybowels dawgdo
@ gyhabyda.

MeTteonmuuta yeranosaena k 1ory ot Kytanen na sanaionm Sepery Bapuixekoro sonoxpatmminit, » 800 at

oT ypesa poatbl. Penney nockiii ¢ oG HeSTAtIITEbIBIN YICION0M K 3anay. B 500 A x BocToky pacnionoxen
padounii nocenok. ¢ sanaaa, » 500 - 700 M pacHoNOKCIDL (PPYKTOBLIC C:LbI H BUHOFPAAIIIKI,

The meteomast is installed to the south of Kutaisi. on the west bank of the Vartsikhe Reservoir., in 800 m from the

water-cut. The reliel' is plane with a linde slope to the west. In 500 m o the east a worker sctilement is located. while
from the west in 500 — 700 m orchards and vineyards arc arramnged.

ool bodpseam argomo balifamgpa Cpedneaeenunvie ckopocemi gempa Average monthly wind velocities

Month 1 Il 1 v v VI VI | VIl X X X1 Xl Year
Velocities | 4.3 50 | 54 5.1 4.1 4.1 39 3.0 4.0 4.1 5.5 5.6 4.5
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7. dyorsolio Kytancn Kutaisi
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The wind climate for the site

Meleomasis

fsticls Ggsomlioey o 60

Peevonaivnoni peactint gempa

Observed Weibull it Predicted
Mean wind speed 4.52 w/s 4.52 mis 446 nv/s
Mcean power density 204 Wim® 204 Wim'® 201 Wim®
N
0.0 Sector: AU
A: 4,9mjs
k1,27
U: 4,52 mfs
P: 204 Wim?
LAD]
7
%%
70
o
40.0% 0 ulms) 5,00

Regional wind climate summary

Class 0 Class | Class 2 Class 3
Weibull A [nvs] 5.7 3.9 34 27
10.0m Weibull k 1.35 1.19 1.18 1.19
Mecan speed U [(m/s) 5.25 3.70 3.21 253
Power density P {W/m?| 286 127 84 40
Weibull A [ovs] 6.3 4.7 4.2 36
25.0m Weibull k 1.38 1.25 1.24 1.24
Mein speed U [nv/s) 5.74 4.40 394 3.32
Power densitv P { W/m?) 359 192 142 84
Weibull A [mv/s] 6.8 55 50 4.3
50.0m Weibull k 1.41 1.36 1.33 1.32
Mean speed U [m/s] 6.15 5.05 4.59 399
Power density P [W/inmz2| 427 250 197 130
Weibull A |m/s] 7.3 0.5 6.0 5.3
100.0 m Weibull k 1.38 1.44 .44 1.46
Mean speed U [m/s] 6.04 593 542 4.78
Power density P | W/m?2| 558 1068 282 190
Weibwll A [m/s) 7.9 79 7.2 6.4
200.0 m Weibull k 1.32 1.40 I.-'.IO l_.43
Mean speed U [mv/s] 7.30 7.24 6.57 5.77
Power density P [ W/ 792 702 527 RN
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8. 3mhmbo Yopoxn Chorokhi

@=41%350" | A=41%020" 0masl. |  H=d0m 2001 - until pr.

Byaamabids waynbydgezos dg. Jetunbols bygmdaila, Tyggebaey g jodaligedaesh wilisgesyumon 1 jocmilyaol
Dahidoends. Loty b o i ) [ byyeda Dgdebatien 6, Ty rje0 gijogtoo @audgesn dogdom,
baedol bagalin dgawpg il 8O0 - 1000 336 5 Fogaitos Midol aaGidydo @ ) dgad pesos Baidoliczols yaligdaom,

MeTCOM:INT:l YCTANOBACIE B yieAbe pekit Hopoxn 1k pacctosnin | KM K sty oT Mereoctanunn Kanananda.
C 1012 11 ceBepa YWICABE OTPRIINCHO FOPAMIL NOKPLITLIMI CMEULUINGIM JiecoM. LLprur yitenns coctanirer
800 - 1000 M. TeppiTopIA BOKPYT MAMTDLL HUIATA KYKYPYSHBIMIT DULUITALSMIL

The meteomast is installed in the Chorokhi River gorge at the distance of 1 km to the west of the Kapandiba

meteostation. From the south and north sides the gorge is restricted by mounmtains, covered with mixed woods. The
porge width consists of 800 - 1000 m. The territory. surrounding the mast. is occupied with Indian corn plantations.

Jarials bodgocam ovgegio balifotiggdo Cpedneniecssumie ckopocn eempa Average monthly wind velocities

Month I ) 11} v \4 Vi VIL ] vl 1X X X1 XII Year
Velocities | 7.9 JB | 57 ] 43 ] 5.1 48 | 43 4.7 5.7 8.1 9.7 8.1 6.0
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8. 3o:Gimbo Yopoxu Chorokhi

Snd owsocadmaogo 6 ygodo

Mecnmmte pexcunt aempa

Ip0neshdgéo MoeTeoMasuTid Metcomasts

The wind climate for the site

Sy By ol L0 (g0l

Peznonansunit pexcus sempa

Observed Weibull It Predicted
Mean wind speed 5.4 /s 5.14.m/s 5.55 m/s
Muean power density 319 W/m'® 319 Wim® 66 Wim®
N
i e
[ S AT
| R Wiy
e 5, Y4 myn
& rg e’
Lix2]

ulms] nw

Regional wind climate summar:

Class O Class | Class 2 Class 3

Weibull A [nvs] 9.3 0.6 5.7 4.5
10.0 m Weibull k 1.28 122 122 1.22
Mean speed U [mvs) 8.62 6.20 5.38 4.21

Power density P [W/m?] 1395 566 370 177

Weibull A [nvs) 10.1 7.8 7.0 5.8

I5.0m Weibull K 1.28 1.24 1.24 1.24
Mecan speed U [nvs] 9.38 7.24 6.51 545

Power deasity P [W/m?] 1777 878 635 374 i

Weibull A [nvs) 10.8 8.7 8.0 6.9
wom | -bullk 1.30 127 1.26 126
Mean speed U [mifs) 9.98 8.11 7.42 643

| _ ] Power density P {W/n2) 2093 1167 903 592
Weibull A [nv/s] 1.5 99 9.1 8.1
L s Weibull k 1.31 1.33 1.3 1.30
Mecan speed U [m/s] 10.63 9.10 843 748

Power density P {W/im?] 2488 1523 1236 $31

Weibull A [nvs) 12.3 1.3 10.5 9.5

200.0 m Weibull k 1.31 1.3 3 1.37 1.35
Mean speed U [m/s) 11.37 10.35 9.05 §.067
Power density P [ W/m?| 3034 2102 1726 1283




Jocab 9GyGagan el Ladgpbegtm yha “dadnbyGam ™=l alsb jae2nggdol godnyuocyds Jataly
ahgGagaogol LggGnda: Bggambydols Jocols abgGagae, e GrgLyebgdab Tygalingds, fotols
aeenfa®mbaweaymgdel aobmagbydol mdgedsargto segoesgdol Iy@Ehyge wa Idamo gydGoyye
200bm8oy7Ge Jabynbydeydol Dy aaligds. “JatighyGam’™-b gsafibos IGma@ods WASP-ob (Wind
Atlas Analysis and Application Program) cuopgbdatigdgenn gg@bos @d oggeendgee Jo@dimie
313G 7Hd LaIGmgdger-badegdm Lad:glamydal Babagatgdensw.

BggGe bogmbaodgm dmbaygdgda:
daca: (995 32) 617205

gagboe: (995 32) 351551
E-mail: karcnergo@gol.ge

Hayunsiii ucHTp BecTpodHepreTikl «Kapancpro» MMECT ONLIT MCCACAODBAIIi B 06aacTH
BCTPOJ1ICPICTHKH: OLCHKA BCTPOIHCPreTHYCCKIIX PCCYPCOB PCriOIOB, BEIGOP ONTHMANLHLIX
MCCT Pa3MCUICHHA BCTPOMCKTPOCTAHLUMIT H OUCHKA HX TCXHHKO-IKOHOMHUCCKHX NOKa3aTCACH.
«Kapsncpro» pacrnionariacT niUCH3HHHOA Bepcueil nporpamMbl WASP (Wind Atlas Analysis
and Application Program) u Hco6xonnMoit BeTpon3MepHTEIbHOM annapaTypoil Ans NPOBCACHHUA
NPOCKTHLIX M3bICKATCALCKBIX PaboT.

Hawmn KOHTaKTIILIC AaHHbIC:
Ten.: (995 32) 617205
dakc: (995 32) 351551
E-mail: karencrgo@gol.ge

The Scientific Wind Encrgy Centre “Karenergo™ has an cxperience in the investigation in the
brunch of Wind Encrgy: evaluation of rcgional windcnergy resources, sclection of optimal
sites for Wind Farms arrangement and their technical/cconomical indexcs estimation. “Kare-
nergo” has a licensed program WAsP (Wind Atlas Analysis and Application Program) and
nceessary windmeasurement apparature for carrying out feasibility study.

Our contact data:

Tel.: (995 32) 617205

Fax: (995 32) 351551

E-mail: karcnergo@gol.ge



