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AHOTALIA. B pobomi po3enadacmvcs nNUmManHsa auanisy iMOGIPHICHUX XAPAKMEPUCIUK 2eHePYBANHA BIOHOBNIOBANbHUX Odicepen
enexmpoenepeii, 3okpema consunux enexkmpuunux cmanyii (CEC). Ilpoananizoeano 3axon po3nodiny 2eHepy8amHs COHAUHOL
eneKkmpoCcmanyii Oisl Ne6HO20 NPOMIICKY 4acy 00bu npomszom poky. [Ipedcmasnena mamemamuuna Mooens 2aycosux cymiwieil, wo
00380/1410Mb OMPUMAMU OCHOBHI XAPAKMEPUCIUKYU IMOBIDHICHO20 Xapakmepy 2eHepy8anHs COHAYHOI enexmpocmanyii. Oyineno
MOACTUBICID Y3200ICEH S 2eHePYBANHS  COHAYHOI enekmpocmanyii 3 0obosumu epadikamu cnoxcusanns. Busnaueno imogipuicmo
nokpumms 3a0ano2o epagika naganmaicenns eenepysannuam CEC npomszom nesnozo uacy 006u 6npooosiic 6cb020 poKy

Knrouosi cnoea. nomyoscnicms cenepy8anHs, COHAYHI eleKmpocmanyii, epagik HA6AHMANCEHHA, AKMUBHUL CHOHCUBAY, 2AYCOBI
cymiwi po3nooiny, iMoSIpHICHI XapaKmepucmuxiu.

EVALUATION OF PROBABILISTIC GENERATION CHARACTERISTICSOF
SOLAR POWER PLANTSIN THE PROBLEM OF INTELLECTUALIZATION OF
LOCAL ELECTRIC SYSTEMS

P. LEZHNIUK", V. KOMAR, S. KRAVCHUK

Department of power plants and systems, VinnitsaoNatiTechnical University, Vinnitsa, UKRAINE.

ABSTRACT Growth of the share of renewable sources of energyeictric energy balance of the country is stipethboth by state
preferences and certain reduction of the priceshet world market for the elements of such sourcetar $ower plants are
developing at a rapid pace. Some consumers stacbtstruct plants of direct conversion of solar rggyeas a means to provide
certain level of energy independence. These corrsueeve the group of “passive” and join the groap“active” users and are
able to influence the operation mode of local eyergstem.

In new conditions the coordination of the work ofiaetconsumers, sources of distributed generatiod distributive electric
network is impossible without intellectualizationtbé& process of generation, distribution and constionpon the level of local
electric system , using Smart Grid technologies.

Greater part of renewable sources of energy is espnted by solar power plants (SPP). Their operatimde depends on natural
conditions of the region, where they are locatedatT® why the problem of SPP stability estimati®iniportant in the problem of
covering the daily schedule of energy consumptidme aim of the research is to evaluate the prolitgbdf providing the
consumption schedule by means of correspondingsaur the base of statistic data.

The authors try to solve the given problem, usivyagorithm. The authors could not select the laveBP generation distribution,
applying direct analysis of statistical data, thabuld satisfy the character of data change, ituggested to divide the data into the
series of mixtures, each of which would corresponddonal law. EM algorithm enables to select optintal, the criterion of
maximum of probability, amount of mixtures. Byvhkies of characteristics of these mixtures théophilities of emergence both of
certain generation and consumed power could be pbthiTo reduce the negative impact of random factoharacteristic for
certain periods of the day, statistic data were éd@®d by half hour periods of the day.

As a result, the authors succeeded in determirfieggeneral coefficient of source stability. Probitieis of covering the possible
load in determined period of the day are definddenables further to evaluate necessary volumeeséme and start-stop
characteristics of energy sources that can be asetthe reserve..

Keywords power generation, solar power, load schedule, actigonsumer, Gaussian mixture distribution, prokgbil
characteristics.

Beryn

BigcoTkoBa yacTka BiIHOBITIOBAHOI €HEPTETHKH B
OamaHci kpaim €Bponu i YkpaiHu, 30Kpema, MPOJIOBXKYE
3poctati. OJHMM 3 BHU3HAYAJBLHUX YWHHHUKIB IIHOTO
MpoIleCy € JIep)KaBHE CTUMYJIOBAaHHS Ta BIJHOCHE
3IICIICBJICHHS BIHOBIIIOBAHUX JPKEPEN CHEPril.

JIOCTYNHICTD  BIJJHOBIIIOBAaHMX JDKEPEN eHeprii
BiJIKPHBA€ HOBI MOJIMBOCTI IJIsi CIIOKUBAUiB HA IUIAXY

10 Tx enepronesanexnocti [1]. [losBa BiacHOro Jkepesa
eHeprii y CHoXuBavya J03BOJIIE MEPEHTH HOMY Bif
MACHBHOI'O JI0 aKTUBHOT'O YYaCHHUKA €HEPrOPUHKY.

Jns  eHepretukn  YKpaiHM — aKTyalbHUM €
CTBOPEHHS 3araJlbHMX METOJOJIOTIYHUX 3acajl i 3aco0iB
JIOKOpiHHOT MoJepHi3auii pOo3NOIIBHUX EJIEKTPUYHUX
MEpex TaKMM YHHOM, LIO0 BIPOBAKCHHS HOBUX
TEXHONOTiH, (opmyBanHs Mikpomepex (microgrid) [2],
K MEPCICKTUBHOTO HanpsMy BHUKOPHCTaHHS
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po3ocepeKeHoT reHeparii (PT) TIPUHOCHIIH
MaKCHMAJIbHUN MO3UTUBHUN €(PEKT y MIaHi MOKpAIIECHHS
TEXHIKO-€KOHOMIUHMX Ta HamiiHiCHUX [3] MOKa3HUKIB 1X
byukuionysanust [4].

3HayHa ~ YacTHHA  MPHUPOCTY  MOTYKHOCTEH
BigHOBIIOBaHUX JKepena eHeprii (BJAE) B VYkpaimi 3
mouatky 2015 poky, mnpumagae Ha TeHEpYBaHHS
enekrpoeneprii CEC ta 6% Bix uporo npupocry Ha CEC,
0 BCTaHOBJEHI Oe3nocepesHbO Yy  CIIOXKHMBAya.
30inbeHHs Kinbkocti ukepen BIE cymnpoBomkyeTbes
BUHHUKHEHHSIM JIOJIaTKOBUX PHU3MKIB, MOB'sA3aHUX 3 IX
IMOBIDHICHOIO ~ NPUPOJOI0 1 MEHII  cTablIbHUMHU
XapaKTePUCTUKAMH, IO MOXKE MPU3BECTH 10 3HMKCHHS
HamidHOCTI  enekTponocradands [5, 6, 7] Ta sgxocti
enektpoeneprii [8]. us 3MeHIIEHHsS BKa3aHUX DPU3HKIB
HEOOXiTHO 3IiHCHIOBATH JBOCTOPOHHIO KOMYHIKAIIilo,
OUTbIII  iHTEHCWBHO  BIPOBA/DKYBATH  iHQoOpMaIliiine
3a0e3MeueHHs Ta «iHTEJIEKTYaIbHUN» KOHTPOJT.

Mera po6oTu

3pocTaHHs YAaCTKA  BIJHOBJIIOBAHUX  JDKEPET
eHeprii, 30kpema CEC, y G6anaHci eHepreTH4Hol CUCTEMHU
KpalHM BUMAara€ po3B’s3aHHS 3aJadi  OI[IHIOBaHHS
CcTa0lILHOCTI CEC i MOKJIMBOCTI OCTaHHIX
3a0e3rmeuyBaT HaJAilHE 1 SKICHE EJIEKTPOIOCTadYaHHsI.
[IpunnumoBoto € iHpoOpMAaIliss IMIOAO CTaOiIBHOCTI
JoKepena B 3amadi po3poOKH pexnMy (YHKIIOHYBaHHS
aKTHBHOTO croxuBada. OTOX METOI HaHOi poOOTH €
OLIHIOBAHHS IIOKa3HMKa CTaOlIBHOCTI Ha  OCHOBI
iMOBipHICHHX XapakTepucTuk TeHepyBanHa CEC Ta
CIIOKMBaYiB.

BukJjag ocHOBHOTO MaTepiaJry

Posrnsaemo CTaTUCTHUYHI nafi 11000BOT
moTy>XHOCTI TeHepyBaHHs enektpoeneprii  CEC Ta
MOTYKHOCTI HaBaHTaxeHHs (prc.l) mporsrom 2013 poky
B po3pi3i KOkHOT 100K B mpomixok dacy 12:30 - 13:00
(puc.2), ompaifoBaHHs Ta aHAJi3 JAHHUX 3MIMCHIOETHCS B
CTaTHCTHYHOMY TpOrpaMHOMY cepenoBmmn Statistica.
Maemo cratuctuuHy Bubipky M=365 (inbKicTs IHIB B
poiii), mo 3HaveHHsAM reHepoBaHoi motyxHocti CEC Ta
MOTYXHICTh HABAHTAKCHHS BU3HAYAEMO 3aKOH PO3MOILTY
BUIIJIKOBOT BEJINUHHH.

Piunuii rpagix renepyBanus (puc. 2) roBOpPHTbH
npo HeBucoky 3aatHicTh CEC camocrtiiiHO mokpuBaTH
rpadik HaBaHTaXCHHsI MPOTAroM Beboro poky [9]. V [10]
OIIHIOBATH IMOBIPHICTh TIOKPUTTS 3amaHoro rpadika
HABAHTAXKCHHS MPOTIOHYETHCS 3a JIONIOMOT 010
koedimieHTa cTabiTbHOCTI.
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Puc. 1 —Jlobosuii epaghix nasanmasicenus ma
eenepysanus CEC
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Puc. 2 —Piunuti epaghix Hasanmasicents ma 2eHepy8anHsi
CEC 6 npomiocky uacy 12:30-13:00

Jns Bu3HAuYeHHS IMOBIPHICHMX XapaKTEPUCTHK
notyxHocti renepyBanHs CEC (puc.3) ta moTyxHOCTI
HaBaHTaxeHHs (puc.5) BH3HAYaEMO 3aKOH PO3MOIITY
BEITHYHHH.
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Puc. 3 —T'icmoepama winbrnocmetl nomys’cHocmi
eenepysanus CEC
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Expeckd Homal Value

Puc. 4 —Ilepegipka na HopmanvHicmes po3nooiny
nomyoicnocmi eenepysanns CEC

lcTorpaMa OIIBHOCTI MOTYXKHOCTI Te€HEPYBaHHS
(puc. 3), Mae mNONIMOJANBHUI  3aKOH  PO3MOIITY
(nasBHicTP 1BOX 1 Oimbmie Mox BubGipku). Taxa
NOJIMOJAJIBHICTE MOXE OyTHM BHKJIMKaHA 3aJISKHICTIO
rpadika rernepyBanas CEC Bix 3MiHHHX MOTOIHHUX YMOB
a00 Ce30HHMX 3MiH.

IIpoBiBmM TepeBipKy HA HOPMANBHICTD IS
posmoziny moryxkHocti redepyBanuss CEC  (puc. 4)
poOMMO  BHCHOBOK TIPO  HEBIAMOBIAHICTH  JaHHUX
PO3MOIIIB HOPMaJIbHOMY 3aKOHY.

IMpoBogumo anami3 rpadika HaBaHTaXEHHS B
3amanuil mpomixok vacy (12:30 — 13:00).

.
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Puc. 5 —Ticmoepama winorocmeri nomysicHocmi
HABAHMAIICEHMHS

Expeokd Homal Viue

Puc. 6 —Ilepesipxa na Hopmanvricms po3nooiLy
HNOMYAHCHOCIT HABAHMAICEHHS

Sk Buano (puc. 3, puc. 5) rpadiku reHepyBaHHs
CEC Tta HaBaHTa)k€HHS MAIOTh IOJIMOJAJIbHI 3aKOHU
pO3MOIiTy.

B TtEx Bumagkax, koiu «hopmy» po3MoAiy HE
BIIAETHCS OTHMCATH OJHHUM PO3MOJIIJIOM, MOXKHA OIUCATH 1i
3a JIOTIOMOTO0 cyMmitri posmoAini. Cepen 1HIINX, MOXKHA
BUIUIMTH MOJIENb TaycoBoi cymirri [11], ska npejacTaBiisie
co0010 3BaxeHy CyMy K KOMIIOHEHTIB, IHiJIBHICTBH
PO3MOALTY SKOTO Ma€ BUTJIS;

P(x)=> w R (%, (1)

e P (X)— GbyHKUiS  IiTBHOCTI  po3moainy  j-Tol

KOMIIOHEHTH CyMmii, W, — Bara j-TOT KOMITOHEHTH CyMiIii

k

(anpiopHa iMOBipHiCTB) ZWJ- =1, w20, j=1.k-
j=1

KiJIbKICTh KOMIIOHEHT B CYMIiIlIi.

OyHKIIIS IMITHPHOCTI PO3MOIITY Ma€ BUTIISLI

l T _l

(et fbenlalenl]

p] - K 1 ' ( )
(2m)2c; |2

e pj— MaTeMaTHIHe OYiKYBAHHS |-TO] KOMIIOHEHTH, Gj—

KOBapialiiiHa MaTpuls j-TOI KOMIIOHEHTH, II0 Ma€ 3MiCT

CEPECAHBOKBAAPATHUIHOI'O Bi,I[XI/I.HCHH}I.

DyHKIIIT MpaBAONONi0HOCTI HaJeKaTh

#(x;6)i

napamerpa

napamMeTpu4HOMY  CIMEHCTBY  PO3NOALIIB

BiJIPI3HSFOTHCS TIIBKHU 3HAYEHHIMH

pi (9 =¢(x6).6 ={n .5}

(ikcoBaHa QyHKITiS.
[HmmMu cnoBamu, BHOpatu 00'€KT X 13 cymimni

npu  upomy ¢ -

p( X) o3Hauae BuOpaTH HOro i3 posmoainy p; (X) 3

IMOBIpHICTIO Wj.
3ajaya poO3LICIUICHHS CYMIllli BUPIIIYETHCS KOJIU

matoun Bubipky X™ BMIAmKOBMX BeNMYMH 3 CyMimni

p(X) , 3Hatoun uucio K i ¢yHkmito ¢, 1oTpibHO
OLIIHUTH BEKTOP MapamMeTpiB
©; =(w.6). ©

B 3ajmaui BH3HAYCHHS PO3MOJINY BHUIAIKOBOL
BEJIMYMHM HA TMEBHOMY MPOMIDKKY 4Yacy, 3arajbHa
MareMaTudHa MOJeNIb PpOo3MoAlly Oylae OIHMCyBaTHCh
piBasiHHsAM (1). 3acTocyBaHHs TayCOBHX CyMilleil s
BH3HAUEHHs 3akoHy posmoairy reHepyBaHHs CEC Ta
MOTYXXHOCTI ~ HaBaHTaXeHHS  OOYMOBIIEHO  JBOMa
OCHOBHUMH MpUYAHAMH. Mepiua, MOXITHBICTh
BpaxyBaHHsS Pi3HUX (DAKTOPIB, IO BIUIMBAIOTh HA 3MIiHY
reHepyBanHs (IIOTOJHI YMOBH, 3MiHY CE€30HIB), Ta JUIs
MOTYKHOCTI HaBaHTAXEHHS (PEKUM BEIMKHAX T4 MAllMX
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HABaHTAXEHB). J[pyra, BUCOKA 3[]aTHICTh rayCOBOI CyMiliri
IO alPOKCUMAIii JOBITBHUX PO3IOILIIB.
PosmieruienHss raycoBoi CyMilli MPOBOAMMO 32

JIOIIOMOI0K0 METOJY OIHKM-MakcuMizamii (expectation-

maximization) npasgomnoxiorocti [12]. EM-anropurm
CKIIQJIA€ThCSA 3 ITepalliifHOro MOBTOPEHHS IBOX KpoKiB. Ha

E-kpori BupaxoByeMo ouikyBaHe 3HaueHHs (expectation)

BEKTOpa TNpuXoBaHMX mapamerpiB G 3a MNOTOYHHM
npuOIIIDKeHHSIM BekTopa mapamerpie ©. Ha M-kpoui
BHPIIIYETHCS 3a/lada MaKCHUMi3amii TpaBIoOTOaiOHOCTI
(maximization) i 3HaXOIUTHCSA HACTYIIHE HAOIIHMKEHHS
BekTopa O, 3a MOTOYHHUMM 3HAYCHHAMH BEeKTOpiB G Ta

O.

E-kpox. Tlo3HaunMoO IMUIBHICTE IMOBIPHOCTI SK
p(x,Hj), Toro mo OO0 €KT X OTpUMaHuil 3 j-TOl

KOMITOHEHTH CYyMIllli.
HWMOBIPHOCTI:

3rimHo 3 (HOpMYNIOI0 YMOBHOI

p(x6;)= P(X)PE; IXF w p (X;

Tosnaunmo, g; = P(6 | X ). Lle nesinoma anocrepiopua

IMOBIpHICTB TOTO, IIO Xj OTPUMAHHUN 3 j-TOI KOMIIOHEHTH
cymimm. [IpuiiMaemMo i BETMYMHU B SIKOCTI MPHUXOBAHUX

6=(g)=(a~g) s g- pi
croBOenp Matpuni G. Otxe, KOXeH 00’ €XT Moxe OyTn
3T€HEPOBAaHUN JIMIIE OJHOI KOMIIOHEHTO. 3TigHO
(hopMyITH TIOBHOT IMOBIpHOCTI MaEMO YMOBY HOPMYBaHHS
k
s G, 2. Gij
j=1
3uatoun mapametpn W; .6 ,

3MIHHUX, TOOTO

=1, ma Beix i=1...m.

MO>XXHAa BH3HAYUTH

0; 3a popmynoro baiteca:

W pj (x)

9 = ®)

ZWS ps(xi)

s=1

M- kpok. Maroun 3Ha4eHHS MPUXOBAHUX 3MIHHHX
9 BHPINIYEMO ONTHMI3aIliHy 3a/1ady:

|n|-| PO )= Z'nZw R (%)~ max@ )(6)
i=1 =

k
11 OOMENKEHHS Y wj = 1. 3anmmemo narpanxiaH miei
j=1
onTUMIi3amniiHol 3amayi;

L(@;xm)=iln %Wj p(x)]-2

[TpupiBHIOEMO 10 HYJIS OX1HY JIarpaHXiaHa 1o
Wi

-A1=0,

L_$ P i (%)
Wi |—1sz_‘1wsps( )

j=1.k @8)

[ToMHOXHMMO JiBy Ta TNpaBy 4YacTHHH Ha W,
noxamo Bei K mux piBHOCTEH, i 3MIHUMO MICHSMH 3HAKH
JIOJ[aBaHHs 32 | Ta I

k . D k
w; p; (%)

N
Izlj:lzws ps(xi) )=

s=1

3 yoro BumuuBae, mo A =m. Temep 3HOBY
MOMHOXHMMO JliBy Ta mpaBy dactuad (8) Ha W,
mijctaBuMo A =M, i Bigmivatoum cxoxicte 3 (5),

4) OTPUMAa€EMO BHpA3 Bard KOMIIOHEHTIB Hepe3 IMpHUXOBaHi

3MIHHI:
1 m W; p 1 m
W :E kll# Tnz i i=l.k. (9
IlZWSpS( ) i=1
s=1

Jlerko mepeBipuTH, MO OOMEKEHHS-HEPIBHOCTI W =0,

OyIoyTh BHWKOHAaHI Ha KOXHIA iTepartii,
BHKOHAaHI JIJIs1 T0YAaTKOBOI'0 HAOIMKEHHS.
[pupiBHIEMO HYIIO TOXIIHY JarpaHXiaHa 3a HJ- :

SAKIIO BOHH

_._ "
= ZWS ps(xi)
s=1

a 0 0
= L — .
iZZ;.QU ae] npj(%()

=g§q Inp (x)=0,

] i=1

OTpumana yMoOBa CITIBMaga€e 3 HEOOXiTHOIO
YMOBOIO MaKCUMyMy B 3a7adi MaKCHMi3allii 3Ba)K€HOi
TIPaBAOIONI0HOCTI:

6) - ma{d ),

BusHauuMo ONTUMATBbHY KUTBKICTH KOMIOHEHT B
3arajbHI MOJENi CyMIllli TaycoBOTO pO3MOATY, 3a
JIOTIOMOTOI0  «KPYTOTO CJIOHa», TPH LOMY BHPIIIYEMO
3amady JeKijgbka pa3 s TIOCTYIOBOTO 301TbIIECHHS
(3MeHmeHHs) 3HaueHb K, I sgKoro OymyemMo rpadik

i=1,..k  (10)

igij In¢(>g ;
i=1
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3anexxHocti mpaspomoaibuocti Bubipku (5) Bim kK, i
obupaemo Haiimenure K, mpu skomy rpadik BimoOpaxae
PIi3KHUil CKa4OK MPaBAOIONiOHOCTI.

Merton ~ «kpyToro  cioHa»  gobpe  cebe
3apeKOMEH/IyBaB, JUIS HAIIOi 3ajadi, TaKk SK MOXKHA
Bi3yaJIlbHO OIIIHUTH MPHUOJIU3HY KiJIbKICTh MOJ Yy BHOIpIIi.
HasBHiCTE «KpyTO cnoHa» Ha Tpadiky 3ale)HOCTI
CBITYHTH PO Te, IO MOJEIH A00pe migiopaHa.

THoTjICT rer e CEC
TR FINSETs KIATOESTE

21

]
u
-

EIMICTE KOMmORESTE | K

Puc. 7 —I'pagix 3aneaxcnocmi nocapupmy
npasoonodionocmi 8i0 KitbKoCmi KOMIROHEHM 8 CyMilli
nomyarcnocmi ecenepysannsi CEC.

MoTyeioTs HamaeTa——
OITMAMSNDSHS KINSKICTS ROMAOHESTIE: 2

K
[

FIneioTs RomSHSTIS | K

Puc. 8 —I'pagix 3anexcnocmi nocapugpmy
npasoonodionocmi 8i0 KitbKoCmi KOMIOHEHM 8 CyMilli
HOMYAICHOCI HABAHMANCEHHSL.

OnTuManbHa KUTBKICTh KOMIOHEHTIB KOYKHOI CyMIIIT ISt
Mmozeni noTyxkHocti renepyBanns CEC (puc.7) — 3, 1a
MOTY>KHOCTI HaBaHTaxeHHs (puc.8) — 2.

Pesynpratn  peamizaumii = anropurMy — OL[HKH-
MakcuMizauii npasmonoaioHocTi (1) momani rpadivHO
(puc.9), 06e3 BpaxyBaHHS BaroBux Koe(dilli€HTiB, a
napameTpu 3BefieHi 10 Tabmumi 1.

Mo RHE T e epEaREa CEC

LIk ICT b | W3R 1 OcT |

0.04
a@ :.
Q.00

am
a

10 20 3 40 50 &0

% [ DTy esenyEasss CEC)
— Clster — Clsier? — Cisiers

Puc. 9 —I'pagiune 306pasicenns mooeni KOMnNOHeHM
eaycosoi cymiwi ons nomyaxcrnocmi eenepysanns CEC

Tabmuusa 1 —Ilapamerpu mMozelni raycoBoi cyminri
noryxHocri renepysanns CEC.

Iapamerpu K1 K2 K3
Mar. ouikyBanns, U | 6.92 26.19 42.46
Cp-Bigxunenus. O 2.25 5.86 2.84

Koed. Bapiamii, V 0.325 0.224 0.067
Bara,w 0.3965 0.3211 0.2823
MiH. 3HaYeHHS 0.6240 13.62 37.02
Makc. 3HaYeHHS 13.48 36.348 49.304

Awnaniz otpuManux ngaHux (tabm. 1), mae 3mory
JlaTH XapaKTepHCTHKY CyMillli HOPMaJIBHHX PO3IOJLUIIB
redepyBanass CEC B 3aganmii mepionm. Tak, mepmmit
kommonedT (K1)  momemi  cymimn — MOTYXKHOCTI
redepyBanHss CEC Oyme maTu mapameTpw XapakTepHi
HHU3BKIM  MOTY)XHOCTI TreHepyBaHHs (CE30HHHM Ta
MOTOAHIM BIUIMB Ha TE€HEPYBaHHs) HaWJacTilie Taka
MOTYXHICTh TEHEpYBaHHS 3yCTPIYa€ThCA B 3UMHIN
nepion, napyruii kommoneHt (K2) mns  cepemHbol
MOTY>KHOCTI TeHepyBaHHs (OMUCYE PEKUM T'eHEpyBaHHS B
HECOHsIYHi AHi), a TpeTiit kommoneHT (K3) xapaktepusye
notyxHicTh reHepyBanHs CEC, mo BiAnoBizae BeaMKid
noTyxHocti reHepyBanHs CEC (3a3Buuait ne miTHii
nepio, b0 IHi 3 XOPOIIOK, COHSYHOO [TOr0I010).

MompsHc T H323HTE e HA
012

019

LK1 KTk IWORR 100 |

0oz

0,00

-z

a 5 10 15 20 ] k] 35 40 45 50 =5 L]
% {Momyxelo® Hasa TR
— Clusier 1 — Clusier 2

Puc. 10 —I'paghiune 3006pasicents mooeni KOMROHEHM
2aycoBoi cymiwuti 0151 ROMYACHOCIT HABAHMAICEHHS

96

BICHUK HTY "XIII" Ne 18 (1190)



ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPIA "HOBI PILIEHHS B CYYACHUX TEXHOJIOI'TAX"

Tabmuus 2 —Ilapamerpu Mozelni raycoBoi cyminri
MOTYXHOCTI HABAaHTAKCHHS.

Iapamerpu K1 K2
Mar. ouixyBaHHS, | 23.03 40.66
Cp-Binxwinenns. O 5.71 3.82

Koed. Bapiamii, V 0.248 0.094
Bara,w 0.7487 0.2512
MiH. 3HaYeHHS 3.96 35.64
Makc. 3HaYeHHS 35.04 50.28

[TapameTpu cymimii MOTYXXHOCTI HaBaHTaXCHHS
(Tabn. 2) maroTh 3MOTY OLIHUTH pexumu Benukux (K2) Ta
Manux HaBaHTaxkeHb (K1).

BpaxoBytoun  BaroBi  KoeQillieHTH  KOXHOI
KOMIIOHCHTH CyMillli, OYyAyEMO pO3MOALT BUIAJKOBOL
CTaTUCTUYHOTO BETMYMHH NOTYKHOCTI reHepyBanHs CEC
(puc.11) Ta moTYXHOCTI HaBaHTaXxeHHs (puc. 12),

a0

&0

NoofObse vations

40

/

£ a 5 10 15 20 25 30 » 40 s 50 55
MoTykHICTE Fes epyEarsa CEC, kBT

Puc. 11 —I'paghiune 306pasicennss po3noodiny
nomyachocmi cenepysannsi CEC 3 ypaxyeannsm 6azogux
Koeghiyicumis KoMnoneHm cymiuti

&80

[14]

No of Obse vatio i

40

a 5 10 15 20 25 0 35 40 45 50 55
MOTYRHICTE: HISAHTIKEHHA, BT

Puc. 12 —I'paghiune 306padicenns po3nooiny
NOMYHCHOCTNI HABAHMANCEHHA 3 YPAXYBAHHAM 8A208UX
Koeghiyicumis KoMnoneHm cymiuti

BisyanbHe oOIiHIOBaHHA Tpadika BiJIOBITHOCTI
3aKOHY pO3MOJUTy TayCOBHX CyMIIIEH eMIipHYHUM
JIaHuM, MiATBEPIKYETHCS MIPOBEACHUM TECTOM
KomnMoroposa-CMipHOBa, 3TiIHOTO SKOTO  3HAYCHHS

p=0.68 s posnoxiny notyxHocti CEC (puc. 11) Ta
MOTY>XKHOCTI HaBaHTaxkeHHs (puc. 12) p=0.77 o 3Ha4HO
oiteme 0.05, ToMy MOXEMO BBaKaTH, IO PO3MOILT
redepyBanHs motyxHocti CEC Ta HaBaHTa)XeHHS
BiZOyBa€eThCA 32 MOJIEIUIIO raycoBoi cymimri (1).

OTpuMaBImIM JlaHi PO PO3MOMIT TOTYKHOCTI
renepyBans CEC (ta6n. 1) ta HaBaHTakeHHs (Tabi. 2),
MOXHA OIIIHATA IMOBIPHICTh TIOKPHUTTS IOTYXHICTIO
renepyBanus CEC 3amgaHoro rpadika HaBaHTa)KCHHS
(puc. 13).

Jist GinpIl TOYHOTO aHaNli3y MOKPUTTS Tpadika
HaBaHTaXeHHs Ta (abo) 3abesmeueHHs  GamaHcy
MOTYXKHOCTI, TIPONIOHYETHCSI PO3OUTH KOXKHY KOMIIOHEHTY
TeHepyBaHHSI 1 HaBaHTaXKEHHS Ha CKJIQJOBI 3 KPOKOM
1kBT.

0.06

pl(x)0.04
pl(z)

0.02

-10 0 10 20 30 4 30

Puc. 13 —I'paghix winonocmeii nomyosicnocmet
nasanmaoicenns pa(x) ma zenepysanns CEC pi(X) 3
VPaxy8aHHAM 8a208UX KOepiyicHmie

Jlost iMOBipHOCTI  TOSIBU  U-TOi
rpadika HaBaHTaXEHHS 1
reHepyBaHHA Ha TpoMibkky dacy 3 12:30-13:00
CKOPUCTAEMOCS IHTErpAJIOM IMOBIPHOCTI, SKHH JUIs
HOPMAITLHOTO PO3MOALTY Oy MaTH BUTIIS!

BHU3HAYCHHA
CKJIaJIOBOI  KOMIIOHEHTH

R t2
L e gp
F(R)=—= [ e 2dpP,
( U) 2” Pm"l-n
u

(R -#)
JU

net= a Py BinmoBigHO mipuiiMae 3Ha4eHHS Pmin
Ta Pmax KOKHOT CKJIa0BOi KOMIIOHEHTH T€HEPYBAaHHS X
HaBaHTAXKCHHS.

Bu3HauynBIIM iIMOBIPHICTh TOSIBH U-TOi CKIIQIOBOL
KOMITOHEHTH TeHepyBaHHS Peoy Ta HaBaHTaxeHHS Py,
BU3HAEMO IMOBIPHICT MOKPHUTTS U-TOT KOMIIOHEHTH
HaBaHTaxxeHHs reHepyBaHHAM CEC:

d
F:wxp.u = Pny z Pz,

u=u+l
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qe d — 3aranbHa KidbKICTh CKIQJOBUX KOMIIOHEHT
TCHEPYBaHHS.

A TIOBHa IMOBIPHICTh TOKPUTTS HaBaHTAXCHHSI
redepyBanHsM CEC Ha 3a7aHOMY 4acCOBOMY IMPOMIXKKY
Oyle MOpiBHIOBATH CyMi iMOBIpHOCTEH TOKPHUTTS BCiX
CKJIaJIOBMX KOMITOHEHT HABAHTA)KCHHSI

4

2. Poop,

u=1

P -—

nokp ~

(11)

JIe Z — KITbKICTh IMOBIpHOCTEH MOKPHUTTS CKJIaJOBUX
KOMITOHEHT CYMIillli HABaHTaXEHHS.
Jns  3amaHHOrO MpOMiKKY dacy mobm 12:30-13:00
IMOBIPHICTD MTOKPHUTTS 3aJIaHOTO Tpadika HaBaHTAXKCHHSI
renepyBanHsiM CEC cTanoBUTh Ppop= 0.398.

3a BKa3aHUM AITOPUTMOM, IPOBOAUMO
PO3paxyHOK Py, 3 KopokoM 30XB B po3pisi K0xHOT 100H
NPOTATOM POKY, PE3YJIbTATH PO3PAXyHKY IOKa3aHi Ha

rpadiky (puc. 14)

045
04 P
035

o N N

o

o fad \

/ N

01 ’r \\
UFOE.W..H..H‘u.----wmiv e

O0:00-00: 30
01:00-01:30
02:00-02:30
03:00-03:30
04:00-04: 30
05:00-05: 30
06:00-06: 30
O7:00-07:30
08 00-08: 30
09:00-09;: 30
10:00-10:30
11:00-11:30
12:00-12:320
13:00-13:30
14:00-14:30
15:00-15:30
16:00-16:30
17:00-17:30
18:00-18: 30
19:00-19:30 4
20:00-20: 30
21:00-21:30
22:00-22:30
23:00-23:30

Puc. 14 —['paghix 3anescnocmi imogipHocmi nOKpummsi
epagixa nasanmasxcenus eenepysannsm CEC 6i0 uacy
000U

OTpuMaHa 3aJeKHICTh JTO3BOJISIE BU3HAYUTH IMOBIpHICTh

MOKPUTTSA 3aaHoro Tpadika  CHOKUBAaHHSA TMPOTATOM
noou:
1 14
P}’lOKp.d - ;z ancpv
a=1
e V — Ie KiIbKICTh YacOBHX TPOMDKKIB, Ha SIKHUX

BH3HAYAJIACH IMOBIPHICTH NIOKPHUTTS, B0,

— IMOBIpHICTB
MOKPUTTS V -TOTO 4acOBOT'O NMPOMIKKY, BU3HAYAETHCS 32
(11).

Jns  mpukiagy, IO PO3MIAOAEThCsl B POOOTI

TCHEPYBaHHs HA COHSYHHX CJICKTPUYHUX CTAHINSX, TaK i
MPOIIECY CIIOKUBAHHS.

3a OTpUMaHWUMH XapaKTEPUCTHKAMH BiJHOCHO
MIPOCTO MOXHA OTPUMATH IMOBIPHICTD IMOKPHUTTS rpadika
HaBaHTAXXCHHs BIIMOBIIHUM JDKEPETIOM BiTHOBIIOBAHOI
eHeprii.

OuiHtoBaHHS 1IMOBiIpHOCTI 3abe3meueHHs Tpadika
HaBaHTaXXCHHSI TIPOBOAMWTHCS B POOOTI 3a MiBrOAMHHAMHU
mepiofaMu, Ha sKi pos3dbura moda. Ile, mo-mepie,
JIO3BOJISIE YHUKHYTH TOMWJIOK aHANi3y 3YMOBICHHX
IHAMBITyaqTbHUMH OCOOJHMBOCTSIMU MEPIONy, MO-APYTe,
OTpHMaTH BHUXIiJHY 1H(OpMALIIO Ul BU3HAYEHHS 00’ €My
pe3epBy Ta HOro MaHEBPCHUX XapaKTCPUCTHK.
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AHOTALIHA B pabome paccmampusaemcsi akmyaibHblii 60NPOC AHANU3A 6EPOAMHOCMHBIX XAPAKMEPUCTIUK 2eHepUPOBAHUs
60300HOGIAEMbIX UCHIOUHUKOG INEKMPOdIHepeul, 6 uacmuocmu coaneunvix anexmpocmanyuii (COC). Ilpoananusuposan 3axoH
pacnpeoenenus 2eHepupoBaAnUs COTHEYHOU INeKMPOCMANYUYU 0151 ONPeOeleHHO20 8peMenU CYMOK 6 meyenue 2oda. Ilpedocmagnennas
MameMamuieckds Mooeb 2ayccosblx cmecell, No360asIouUe NOIYUUMb OCHOGHbIE XAPAKMEPUCMUKU EPOAMHOCMHO20 XapaKkmepa
2eHepuposanus connedrol snekmpocmanyuu. Oyenena 603MOACHOCb CO2NACOBANUS 2CHEPUPOBAHUS COTHEUHOU INEKMPOCMAHYUU C
cymounvimu epaguxamu nompebnenus. Onpedenenvl 6epoAmMHOCHbL NOKPbIMUA 3a0aHH020 epadura nazpysku zenepuposanuem CIC
6 meyenue onpeodeneHHo20 6peMeHl CYMOK 6 meueHue 6ce2o 200d.

Knrouesvie cnosa. mowHocms 2enepayuu, cONHeuHble NEKMPOCMAHYUU, SPADUK HASPY3KU, AKMUBHbII NOMpeOUmenb, 2ayccosbl
cmecu pacnpeoeienis, 6eposmHOCHIHbLE XaPAKMEePUCMUKU.
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