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Background. This paper study statistical data gathered from wind turbines located on the
territory of the Republic of Poland. The research is aimed to construct the stochastic model that
predicts the change of wind speed with time. Purpose. The purpose of this work is to find the
optimal distribution for the approximation of available statistical data on wind speed. Methods. We
consider four distributions of a random variable: Log-Normal, Weibull, Gamma and Beta. In order
to evaluate the parameters of distributions we use method of maximum likelihood. To assess the the
results of approximation we use a quantile-quantile plot. Results. All the considered distributions
properly approximate the available data. The Weibull distribution shows the best results for the
extreme values of the wind speed. Conclusions. The results of the analysis are consistent with the
common practice of using the Weibull distribution for wind speed modeling. In the future we plan
to compare the results obtained with a much larger data set as well as to build a stochastic model of

the evolution of the wind speed depending on time.
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I. INTRODUCTION

This work is devoted to the problem of stochastic mod-
eling of speed of wind, which is used to generate elec-
trical power in wind plants located on the territory of
the Republic of Poland. As a first step several distri-
butions for accuracy of the wind speed approximation
will be examined. For this purpose Log-Normal, Weibull,
Gamma and Beta are chosen. All these distributions
have shape-location-scale parametrisation. For statistical
data processing the authors used Python 3 with numpy,
scipy.stats [1] and matplotlib [2] libraries and also
Jupyter [3] — an interactive shell.

We used books [4-6] as reference materials for distribu-
tions properties. Articles |7, 8| are the primary sources in
which the Weibull distribution is presented for the first
time. Articles [9-12, 147 | describe the use of the Weibull
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distribution in the modeling of wind turbines and wind
speed.

II. THE DESCRIPTION OF THE STATISTICAL
DATA STRUCTURE

The set of statistical data is stored in the file csv
consisting of the following columns:

1. T'— time of fixation of wind speed and direction by
sensors installed on the wind power turbine (hh:mm
format);

2. X; — output power of wind turbine [kW] (the nega-
tive values mean the power is consumed rather then
generated);

3. Xy — wind speed [m/s| (measured by anemometer
installed at the top of wind turbine nacelle);

4. X3 — wind direction [deg] (measured by anemome-
ter installed at the top of wind turbine nacelle;
measured clockwise, the value 0 to the N);

5. X4, — wind speed 10 m [m/s] obtained at 10 m
above the ground m;
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Figure 1. Histogram of wind direction at three levels of height

6. X5 — wind direction 10 m [deg] (obtained at 10 m
above the ground; measured clockwise, the value
from 0 to the N);

7. X¢ — wind speed 50 m [m/s| (obtained at 50 m
above the ground);

8. X7 — wind direction 50 m [deg] (obtained at 50 m
above the ground; measured clockwise, the value
ftom 0 to the N).

The indicators of wind speed and direction were read out
from the sensors every 10 minutes for about 9 months. In
total, the table contains 39606 entries.

To make an initial choice of distributions that may be
suitable for wind speed approximation, the histograms
of wind speed are drawn. Visual assessment of these
histograms suggest that the adequate choice will be a
"heavy-tailed" distribution. But for the wind direction
approximation these distributions are not suitable, as can
be seen from the figure ?77.

To read out the data we used the function genfromtxt
from numpy [1] lib.

wsl, ws2, ws3 =
np.genfromtxt ( 'data.csv’,
delimiter=";’, skip header=True,
usecols=(2, 4, 6), unpack=True)

where ’data.csv’ is data file, delimiter="’; is columns
separator, skip_header = True specifies ignoring of the
first line as the names of the columns, usecols=(2, 4,
6) makes function to use only 2, 4, 6 columns (numbering
begins with zero) and unpack=True — contents of each
column should be written in separate arrays ws1, ws2 and
ws3 for further analysis of the data separately.

III. PROBABILITY DISTRIBUTIONS

Each of distributions is parameterized by three param-
eters: o — shape factor, I — location factor and s — scale
factor. In the case of the beta distribution the second
scale factor is added, denoted by (S-letter. All distribu-
tions parameters are positive real numbers: «, 3,s,] € R,
a,B,s>0,1>0.

The probability density function (PDF) of a Log-
Normal random variable X is:

fLN(Jf;Oé,Z,S) =

i () o

0; T <l

The probability density function of a Weibull [7, §]
random variable X is:

fw(l';a,l78) =

— exp |— , x>l
= S S S

07 T <.

The probability density function of a Gamma random
variable X is:

(x —1)*Lexp (— (‘Ts_l))
5T () ’
0, x <l

fl—‘(‘ra «, l7 S) =

where I'(a) is gamma-function.
The probability density function of a Beta random
variable X is:

fB(JI;Oé,,B,l,S):
Ta+8) [z—1\"" P A

- sr<a>r<m( s ) (1‘ 5 ) ozt
07 1’<l

If in PDF formulas of Log-Normal, Weibull and Gamma
distributions let [ = 0, and for Beta distribution let s = 1,

we get the formulas of distributions most frequently used
in [4, 6].

IV. DETERMINATION OF DISTRIBUTIONS
PARAMETERS

In scipy.stats [1] following objects are defined:
lognorm, weibull_min, gamma and beta. These objects
implement distributions we work with. Every one of these
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Figure 2. PDF of Log-Normal distribution compared with
data histogram

objects has PDF function pdf (x, a, [b,] loc, scale)
and CDF (cumulative distribution) function cdf (x, a,
[b,] loc, scale), where x — function argument, a, b —
shape parameters «, (and 8 for Beta-distribution), loc
and scale are location and scale parameters.

For parameters estimation of our distributions the
library scipy.stats provides the function fit(data),
which calculates the parameters of distributions by maxi-
mum likelihood method and the empirical data. We used
this function to calculate parameters of the considered
distributions. Then we used pdf and cdf functions to
compute values of the probability density function and
cumulative distribution function.

There is the example of the code for the case of Log-
Normal distribution:

s, loc, scale =
scipy .stats.lognorm. fit (wsl)
xs = np.linspace (np.min(wsl),

np.max(wsl), 1000)
logN_PDF = scipy.stats.lognorm.pdf(xs,

s, loc, scale)
logN_ CDF = scipy.stats.lognorm.cdf(xs,
s, loc, scale)
The results are presented graphically on fig-

ures 2, 3,4, 5,6,7,8,9and 11, 10, 12, 13. The figures
were plotted for theoretical distributions, the parameters
of which have been determined on the basis of the entire
dataset. From the analysis of the quantile-quantile plots
(Q-Q plots) we can conclude that the Weibull distribu-
tion is best suited for approximation of available data
(although only slightly), outmatching them only in the
approximation of extreme values of a random variable.

We also performed computations with the considered
distributions parameterized by only two parameters (let
1 =0, and for Beta distribution an addition let s = 1).
After plotting the results of calculations we found out
that the two-parameter Weibull distribution has superior-
ity over other two-parameters distributions (Log-Normal,
Gamma and Beta), which is not true for three-parameter
case.
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Figure 3. CDF of Log-Normal distribution compared with
empirical distribution function
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Figure 4. PDF of Weibull distribution compared with data
histogram

V. CONCLUSIONS

The results of statistical data processing correspond
to the results presented in the literature, where Weibull
distribution is the most often used distribution for the
wind speed approximation [9-14].

Our future work will be aimed at the construction of
stochastic models that can approximate the wind speed
depending on time [15]. On the other hand, we expect to
verify the results of this work by using more dilated and
large data array.
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IIpeanoceinku. B pabore ucciemyorcst CTaTHCTUYECKNE JaHHBIE, COOpaHHBIE C BETPOYHEPTreTHIe-
CKHUX yCTAHOBOK, HAXO/AMXCsl Ha Teppuropun Pecnybsuku [losbinu. nccieioBanusi HapasieHHbI Ha
MMOCTPOEHNE CTOXACTUIECKON MOJIENH, MPEJICKA3hIBAIONIEN M3MEHEHNe CKOPOCTH BETPa B 3aBUCUMOCTH
ot BpeMmenu. Ilesibio manHOil pabOTHI SBISETCA MOUCK HAMOOJIEE ONMTUMAJIBHOTO PACIPEIETICHUS TSI
AIMPOKCUMAIMY UMEIOIINXCsI CTATUCTHIECKUX JAHHBIX 110 cKopocTu BeTpa. Meroawr Paccmarpusa-
FOTCSI YeThIpe PACIpeie/IeHusT CIyYaifHOW BEeJIMYWHBL: JIOTHOpMaJibHOe, Beiibysura, ramma u 6era. 13
MaCCUBa CTATUCTHYECKUX JIAHHBIX METOIOM (DYHKIIUU MAaKCUMAJbLHOIO [IPABJIOIOI00MS HAXOAATCS Ma-
paMeTpbl JaHHBIX pacrpeaeneHuit. [[Jist OleHKN anmpoKCUMAIMKA UCIIOIb3yeTCsl KBAHTUIb-KBAHIUITh
(Q-Q) rpadux. PesyabraTsel Bece paccmarpuBaemble pacrpesesieHusi UMEIOIUECs JaHHbEe. Pac-
npejiesienve BeiiOyiuia moka3pBaeT JIydilne pe3yabTaThl allllPDOKCUMAIIAN JJIsi KPAWHUX 3HAYEHU
ckopocTu BeTpa. BeiBoabl Pe3ybTarsl aHaIM3a COTIACYIOTCS ¢ OOIMIENPUHSITON TPAKTUKOM MCIIOTB30-
BaHWs paclpejesienns Beiibyiuia st MOIeIMpOBaHus CKOPOCTH BeTpa. B nasbHeiinem mianupyercs
CPaBHUTH TOJIyYEHHBIE PE3YJIBTATHI C TOPA3I0 OOJIBIINM MACCUBOM JIAHHBIX, & TaK>Ke IMOCTPOUTH
CTOXaCTUIECKYIO MOJIE/Ib SBOJIIOIUN CKOPOCTU BETPA B 3aBUCHMOCTHU OT BPEMEHU.

KuroueBblecsioBa: anmpokcuMarys, pacupeneienne Beitbyiuia, JorHopMaIbHOE paclpeielieHne, raMMa pacipe-
neseHue, 6eTa paclpejiesieHue, CKOPOCTh BeTPa, CTATUCTUYECKUE JaHHbIE

I. BBEJEHUNE

Jamnast paboTta mocBsIeHa IpobIeMe CTOXaCTUIECKOrO
MO/JIEJTUPOBAHUST M3MEHEHUsST CKOPOCTH BETPa, UCIOJIb3ye-
MOTO JIJIsl T€HEPAIUN JIEKTPOIHEPIUH Ha BETPOIHEPTeTH-
YECKUX yCTAHOBKAaX HaXOJAINUXCs Ha Teppuropuu Peciry6-
skn [Tonsmu (Republic of Poland). B kauectse nepsoro
STalra BBIOUPAETCS BHJI TEOPETHIECKOTO PACIIPEIEICHUST
CJIyYaifHOM BEJUYIMHBI W, KOTOPAsl JOJIKHA AIIIPOKCUMU-
poBaThb CKOPOCTH BETpa.

B nanmnoit pabore MbI ncciie10BaIN HECKOIBKO PACIIPEIe-
JIEHUH HA [PeJIMET AIIPOKCUMAIINN PACIIOJIATAEMbIX HAMA
JAHHBIX, & UMEHHO: JIOTHOpMaJibHoe, BeiiOysia, a Tak-
ke OeTa 1 raMMa pacrpejiesenust. Bce paccMarpruBaeMble
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pacupeiesieHns UMEIOT TTapaMeTPU3aIuio Kodddumen-
ramu ¢opmbl, casura u Maciraba (shape-location-scale
parametrisation). st 06paBOTKM CTATUCTUIECKUX JAH-
HBIX IpuUMeHsiics 36K Python 3 B cBsizke ¢ bubanoreka-
Mu numpy, scipy.stats [1] u matplotlib [2], a Takxe
MHTEPAaKTHBHO 0bosiouKoil Jupyter [3].

Mg ucnosnb3oBamu Kaurn [4-6] B KauecTBe CpaBOUHBIX
MaTEpHUAJIOB 110 CBONCTBAM HCIOJIB3YEMbIX HAMH PACIIPe/ie-
nenuit. Crarbu [7, 8] — HEPBOUCTOYHUKH, B KOTOPBIX Pac-
upegiesienne Beitbysuia npeacrasieno suepsbie. Crarbu [9—
14| onmceiBatoT ucnoaB30BaHNE pactpeneaeHns Beitbysia
[IPU MOJIEJIMPOBAHIY BETPOIHEPTETHIECKUX YCTAHOBOK U
CKOPOCTH BeTpa.

II. OIIMCAHUE CTPYKTVYPBI
CTATUCTNYECKUX JAHHBIX

Craructuyeckue JaHHbIE PEICTABIISIOT CODO TaOHILY
BesimarH B (bOPMATE CSV COCTABJIEHHYIO U3 CJIEJLYIOIIIX
KOJIOHOK:

1. T' — Bpems duKcaluu CKOPOCTU W HAITPABJICHUST



BETpa JATYNKAMH, YCTAHOBJICHHBIMUA Ha BETPOSHED-
rerudeckoil Typbute (B dpopmare dda:MM);

2. X; — momHocTh TypOuHs! [KBT| (oTpunaresbHbie
3HAYEHUsI O3HAYAIOT, YTO JIEKTPOIHEPIUs HE IIPO-
U3BOJUTCS, a HOTPeOJIIeTCs );

3. Xy — cxopoctb Berpa Ha [M/c| (u3MepseTcs aHeMo-
MeTPOM Ha BEepIINHE IOHJOJIbI BO3LYIIHOH Typ6u-
HBI),

4. X3 — HanpapjieHue Berpa [rpajiychl| (u3mepsier-
csl AaHEMOMETPOM Ha, BepIIUHE TOHJOJIbI BO3 Ly ITHOM
TypOHMHBI; U3MEPSAETCA 1O YaCOBOI CTPEJIKE, 3HAYe-
Hust ot 0° 1o N°);

5. X4 — cKopocTh BeTpa Ha ypoBHe 10 MeTpoB OT
[IOBEPXHOCTH 3eMin [M/c];

6. X5 — mampasiienne BeTpa Ha ypoBHE 10 METPOB OT
[IOBEPXHOCTH 3€MJIU [IPAJYChI];

7. X¢ — cKopocTh BeTpa Ha ypoBHe 50 MeTpoB [M/¢|
OT TIOBEPXHOCTH 3EMJIH;

8. X7 — nampasiienue BeTpa Ha ypoBHE 50 METPOB OT
[IOBEPXHOCTH 3eMJIM [FPaJIychi|.

[Tokazarenn cKOPOCTU U HAIIPABJIEHUS BETPA CHUMAJINCH
¢ JaTYNKOB Kazkaple 10 MUHYT Ha IPOTSIXKEHIU OKOJIO 9
MecsitieB. B obreit ciioxkunocTn Tabsmiia cogepxkut 39606
3anmceii.

YT00BI OCYIIECTBUTDH TEPBOHAYAJBHBIN BHIOOD pacipe-
JleJIeHni, KOTOPbIe MOTYT IOMOUTH It AIIIIPOKCUMAIIUN
CKOPOCTH BeTPa Mbl HAPUCOBAJHU I'MCTOI'DAMMBI PacIIpe-
JleJIEHUsI CKOPOCTell BeTpa. BusyajibHasi OIleHKa TUX I'd-
CTOrPAMM ITO3BOJIUJIA MIPE/IIOJIOXKUTD, 9TO AJeKBATHBIM
BBIOOPOM OYIyT pACHpPENEeIEHUs] C «THAKEJBIMI XBOCTA~
Mu». Jl71g anmpoKCHMAITMU HaIpPaBJIEHWI BeTpa Takue
pacupejiesieHust He OOy T, B 4eM MOXKHO YOeIuThCs
IIOCMOTPEB Ha TUCTOrPaMMy Ha puc. 1.

L1t cAnTBIBAHUA TAHHBIX MbI UCIOIB30BaIM (DYHKIIAIO
genfromtxt 6Gubamorexn numpy |[1]

wsl, ws2, ws3 =
np.genfromtxt (’data.csv’,
delimiter=";’, skip header=True,
usecols=(2, 4, 6), unpack=True)

rae ’data.csv’ — daiir ¢ nanabivMu, delimiter=’;’ —
pa3ieuTesb KOJIOHOK, skip_header = True — yKa3bIBa-
€T Ha He0OXOIMMOCTh UTHOPUPOBAHUS [IEPBOI CTPOKHU, TaK
KaK B Hell IlepevYnc/ieHbl Ha3BaHMs KOJIOHOK, usecols=(2,
4, 6) — UCHOJIB30BATH TOJBKO 2,4,6 KosoHKu (HyMepa-
[Msl HAYMHAETCs ¢ Hyss) U unpack=True — comepKuMoe
KaxKJI0l U3 KOJIOHOK cCJle/lyeT 3allicaTb B OTJieJIbHbIE Mac-
cuBbl Wwsl, ws2 u ws3 JJIs JaJIbHENIIEro aHaan3a JaHHBIX
II0 OTJEJBHOCTH.
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Puc. 1. Histogram of wind direction at three levels of height

III. UCIIOJIB3YEMBIE PACIIPEAEJIEHN A

Kazxktoe u3 paccMarpuBaeMbIxX B paboTe pacipeiee i
apaMeTpU30BaHO TPEMs IlapaMeTpaMu: o — Kodddumu-
ent dopmbl (shape), | — koabdunuent casura (location)
u s — koaddunuent macuraba (scale). B ciyuae Gera-
pacrmpe/iesieHnsi T00aBIISeTCsI ellle BTOPOil KO3 hDUIIUEHT
maciraba, obosnadaeMblit 6yksoit 5. st Bcex pacmpe-
JIEIEHUH TTApaAMETPhI MOJIATAIOTCS TTOJMOKUTETBHBIMA /1T
CTBHUTEJILHBIME unciamu: «, 3,s,1 € R, o, 3,5 > 0,1 > 0.
HamoMHEuM OCHOBHBIE OIpe/ie/IeHHs.

Cayuaitnas Bemmanna X pacrpeiesieHa 0 A02HOPMAAD-
HOMY 3aK0HY, eciu (DYHKIUS MJIOTHOCTH BEPOSITHOCTH
3aJ18€TCsl CIIe Iy oITel (hOpMyJIO:

fLN(LU;Ck,l,S) =
1 1 (ln(x—l)—lns)2
——exp | | ———— . x>l
=< (x —l)av2rm 2 a

0) Z‘<l

Cayuaitnast Beqmanaa X pacrpejesiera 1mo Betioya-
4y |7, 8], eciin dyHKIMS NIIOTHOCTU BEPOATHOCTH 38/12€T-
cs cremyrorieit hopMyIIoit:

fw(l';a,l,S) =

exp |— , x>l
= S S

s
0, x <l

CayuvaitHast BejguunHa X [OMYUHEHA  2GMMA-
pacnpedeseruro, ecian QYyHKIMS IIOTHOCTH BEPOSITHOCTH



3aaeTcs CIIeyIorei hopMyJIoit:

(x —1)* texp (—@)

>
fp(SC;Oé,Z,S) = SO‘F((]) »rz !
Oa x <.
rje I'(a) — rammva-dyHKIus.
Cayuaitnass  Bequmumaa X TOAYWHEHA  Oema-

pacnpedesenuto, eciar GYHKIHS TJIOTHOCTH BEPOSITHOCTH
3a/71aeTCs caeayoleit hopmyioit:

felz;a,8,1,s) =
Ta+8) (z—1\""" z—1\""
Naera () (-5) e
0, z <.

Ecaun B dopmynrax MmaoTHOCTH BEPOATHOCTU JIOTHOP-
MaJIbHOTO, Beiibysuia u raMma-pacipeieeHuil moJIoKUTh
l =0, a y 6era pacupefesieHus: B 100aBOK s = 1, TO MbI
[OJIy9UM BWJI, JJAHHBIX PacCIpejiesIeHnil, HanboJjee 4acTo
UCIONB3yeMbIil B smreparype [4, 6].

IV. OIIPEJEJIEHUE IIAPAMETPOB
PACIIPEAEJIEHNN

B 6ubamoreke scipy.stats [1] onpe/eseHbr 06BEKTHI
lognorm, weibull_min, gamma u beta KOTOpEBIC peaansy-
0T paccMaTpuBaeMble HAMU PacIpeesieHus. Y KayKI0ro
U3 JAHHBIX OOBEKTOB IIPEILYCMOTPEHBI METObI, KOTOPHIE
peanu3yoT (QYHKINIO IIOTHOCTH BeposTHocTH pdf (x, a,
[b,] loc, scale) m (pyHKIUIO pacIpeieeHUsT BEPOsIT-
moctu cdf (x, a, [b,] loc, scale), rie x — apryMeHnT
dyukuu, a, b — mapamerpnl Gopmbr «, (u 5 B ciydae
Gera-pacupeziesenus), Lloc u scale — mapamMeTpbl CMellie-
HUA U MacITada.

s HaxoKIeHus I1apaMeTpPOB PACCMATPUBAEMBIX Pac-
npeJiesieHnit B scipy.stats mpeaycmorpena GyHKINA
fit(data), KoTOpasi BEITUC/ISIET METOIOM MAKCHMAJIBHO-
r'0 MPAaBIOIOA00Us TapaMeTPhl COOTBETCTBYIOIIErO PAC-
npejiesienns. Mbl ucrosib3oBaan JaHHY0 MYHKIUIO I
BBIYHUCJIEHUsI TIAPAMETPOB PACCMATPUBAEMbBIX HAMU PacC-
npenenenuii. [locae gero ¢ momommpio dyukmit pdf u
cdf ObuIM BBIYUCJIEHBI 3HAYEHUs] (DYHKIIUNA IIJIOTHOCTU
BEPOATHOCTH U (DYHKIIUU PaCIpPeIesIeHns.

IIpuBeném npumep KoJa JJjisi CJIydasi JJOrHOPMAJIbHOIO
3aKOHA.

s, loc, scale =
scipy .stats.lognorm. fit (wsl)
xs = np.linspace (np.min(wsl) ,

np.max(wsl), 1000)
logN _PDF = scipy.stats.lognorm.pdf(xs,

s, loc, scale)
logN_CDF = scipy .stats.lognorm.cdf(xs,
s, loc, scale)

== Theor. PDF
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Wind speed

Puc. 2. PDF of Log-Normal distribution compared with data
histogram
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Puc. 3. CDF of Log-Normal distribution compared with
empirical distribution function

V. PE3VJIBTATBI

Pesynbrarsr ucciemosanus npecrasieHsbl B rpadute-
CKOM BH/Ie Ha PUCyHKax 2, 3, 4,5,6,7,8, 9u 11, 10, 12, 13.
Jannbie n300paskeHust ObLIN Oy YeHbI JJIsSl TeOPEeTHIe-
CKUX PAacCIpeJieJIeHni, apaMeTpbl KOTOPBIX OIpPeeis-
JINCh HA OCHOBE BCEr0 MACCUBA JAHHBIX. I3 paccmorpenus
KBaHTWIb-KBAHTUIb I'PA(MUKOB MOXKHO CHEJIATh BBIBO/I,
9T0 pacupe/iesenue Beitbysia HamydmmnM o6pa3oM moji-
XOJIAT JIJIsi AIMIIPOKCAMAIINNA UMEIOIUXCsT Yy HAC JTAHHBIX,
XOTsI ¥ MIPEBOCXOUT JAPYTUE PACIPEIEIeHNs] JINIIb He3HA~
YUTENBHO, 00X0/S UX JIUIIH B TOYHOCTU AIIPOKCAMAITIN
KpaiHuX 3Ha4YeHui CiryvaiiHOl BeJIMYNHbI.

Mp1 Tak2Ke IIPOBEJIH BBIYHUCIEHHUS C PACCMATPUBAEMBIMHI
pacnpe/ieJIeHusIMI TapaMeTPU30BAHHBIMI TOJIBKO JIBYMSI
napamerpamu (nosoxus [ = 0, a B 6era pacupeie/ieHun
nmonosHuTesnbHo § = 1). Iocse upezjcrasienust pe3yibra-

o — Theor. PDF
[ Data
N

10 15 20
Wind speed

o
&

Puc. 4. PDF of Weibull distribution compared with data
histogram
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Puc. 5. CDF of Weibull distribution compared with empirical
distribution function
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Puc. 6. PDF of Gamma distribution compared with data
histogram

TOB B IpadUIeCKOM BUJIE OYEBUIHO SBHOE IPEBOCXOJCTBO
JBYXIIAPAMETPUIECKOTO pacupejesnenns Beitoyiia Ham
OCTAJIBHBIME JBYXIIAPAMETPHIECKUME PACIIPEICTCHIAME
(JlorHOpMAIBLHOrO, raMMa U GeTa), 9ero He HabJIOIAETCs
B TPexIapaMeTpUIecKOM CJIydae.

VI. 3AKJ/IIOYEHHNE

PesymbraTh! mpoiesiantoit cTaTuCTUYeCcKO 06paboTKI
JIAHHBIX COOTBETCTBYIOT PE3YJIbTATaM, U3JI0KEHHBIM B JIU-
TepaType, e pacupejesenue BeitOyiia Hanbosee 4acTo
UCIIOJIb3YETCsl JIJIsl AIlllIPOKCUMAIIUU CKOPOCTH BeTpa [9—
14].

HanpHeitmas nama padora OyieT HAIPaBIEHHA HA I0-
CTPOEHNE CTOXACTUIECKON MOJIEH, CIIOCOOHOM aIrmpoOKCH-
MHPOBAThH CKOPOCTh BETPA B 3aBUCHMOCTH OT BpeMeHn [15].
C apyroii CTOpPOHBI, MBI PACCUUTHIBAEM BEPUMDUIITPOBATH
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Wind speed

Puc. 7. CDF of Gamma distribution compared with empirical
distribution function
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Puc. 8. PDF of Beta distribution compared with data
histograms
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Puc. 9. CDF of Beta distribution compared with empirical
distribution function

DPe3yIbTATHI JJAHHOM PabOThl HA CTATHUCTHYECKUX JTAHHBIX
¢ TOpazao HGOJIBIIIM YHCJIOM 3alMCeil, YeM UMEIOIIecs: B
HallleM PaCHOPS?KEHNH Ha JTaHHBIH MOMEHT BPEMEHH.

BJIATOOJAPHOCTH!

Pabora wactuuno nmomaeprkana rpantamu POOU Ne 15-
07-08795, 16-07-00556. Takzke mybJyiMKaIusi BBIIIOJTHEHA,
upu dunancoBoii nomuepxkke Munobpuayku Poccun (Co-
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Puc. 10. Q-Q plot for LogNormal distribution
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rarmenre Ne 02.a03.21.0008). Pacuérer nposeseHsl Ha
BeruncauTebHoM Kaactepe «Felixy PYJIH u ma T'etepo-
reHHOM Bhrauc/mTebHOM Kjacrepe «HybriLITs Muoro-
(BYHKIMOHAIBHOIO IIEHTPa, XpaHeHusl, 00pabOTKN U aHa-
Jm3a ganasix OMAN.
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