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ABSTRACT

Klen K.S.Theoretical principles of construction of converter control systems
based on entropy divergendeManuscript. The dissertation of doctor of technical
sciences on a specialty O05. 091 Na®onai Se
Technical University of Uk ai ne fAl gor bBykechbhycKynsgt
2025

In the dissertation work, the theory of semiconductor power converters control,
which are an integral part of modern local power supply systems, is further developec
The theory is built on the basis of the application of the Heisenberg uncertainty
principle, the calculation of entropy divergence and taking into account the
characteristics of energy generation and consumption flows. It has been proven the
taking into account the specified features when building converter control systems
allows to increaséhe overall efficiency of local power supply systems. The obtained
results as a whole are a theoretical generalization and a new solution to an importal
scientific and applied problem of increasing the efficiency of primary flow energy use
in local powersupply systems with semiconductor power converters.
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The first chapteranalyzes the conditions for increasing the efficiency of
electricity use in local power supply systems witktallations basedn renewable
energy sources by means of converter technology. It is shown that in order to increas
efficiency, it is necessary to implement intelligent mechanisms for managing
distributed energy resources and their system integration using electric epeagg st
which will reduce the share of unregulated load in the system.

At the same time, an important task is the implementation of control of
semiconductor converters in local power supply systems instlallations based on
renewable energy sources and storage devices, taking into account the significant si:
of the data space, the heterogeneity of their flows, as well as ensuring the guarante
power supply of the load during a predetermined time interval.

It is shown that the implementation of effective control of converters in local
power supply systembs necessitates the
which includes: 1) application of Heisenberg uncertainty prinsipEnalogug
2) involving the provisions of the theory of entropy and fractal analysis; 3) the
development of the theory of moment transformations and the theory of martingales
and the creation of effective algorithms and control systems based on it.

In the second chaptermathematical modeling of the primary energy flow

structure is carried out. It is shown that, on the basis of taking into account the
Heisenberg uncertainty principgeanalogue for effective control of the local power
supply system, it is necessary to have two control channels: for theriasial to
ensure the necessary level of energy for the battery charge and for the minimur
duration of the observation interval to ensure the necessary level of the maximun
possible energy obtained from renewable sources.

It has beershownthat with the random nature of the load connection or power
source power change during the observation interval, the fluctuations of
electromagnetic processes in the local power supply system correspond to the Wien
process, which brings the system te thode of unstable operation. To maintain the
stable operation of such systems, it is necessary to have some previously know

additional reserve of the amount of energy, which is determined according to the law



of the repeated logarithm, and is used when connecting the load or changing the pow
of the input energy source.

The use of integral estimates of changes in system parameters, which do nc
require a significant number of calculations to reduce the dimensionality of the data
space while preserving useful information about the system, is substantiated. One sur
integrd estimate of solar radiation power on the surface of solar panels is the virtual
density of cloud cover, which is calculated based on the inverse and Fourier transforr
methods. In addition, parameters of primary energy fluxes, such as radiation intensit:
and wind speed, can be determined indirectly from the accompanying data on ai
temperature, pressure and humidity, using correlation analysis.

It is shown that taking into account the fractature of energy generation and
consumption processes allows to increase the accuracy of power forecasting in loc:
power supply systems.

Thethird chapters devoted to the features of converter control based on entropy
divergence calculation. It is shown that the implementation of predictive control of the
distributed generation system using the first sample entropy as an integral characterist
of the sygsem state allows to evaluate and compare the random processes of enerc
generation, consumption and storage without finding the laws of their distribution.

Formulas of the theory of moments for the construction of the restoring and
forecasting polynomial are given, which allow with an error not exceeding 23% to
forecast the time distribution of the Shannon entropy for the consumption power. An
11% increase irfiorecasting accuracy is achieved by taking into account the fractal
nature of the energy consumption process and using it in the Renyi entropy
calculations.

For forecasting the output power of solar panels, a new method of combining
nearest neighbors akemeans clustering is proposed, which allows to achieve greater
accuracy compared to the classical method of nearest neighbors, and to reduce tl
prediction error by 25% on average.

Control method for the chargischarge device of the storage device based on

the use of the entropy divergence function is proposed, which allowed to increase th



efficiency of the use of the storage device3d%% due to the reduction of the time
intervals when the storage device is fully charged and fully discharged.

In the fourth chapterthe influence of the dual structure of energy flows of

generation and consumption on the calculation of entropy divergence is analyzed. It i
shown that the use of an additional storage device, which provides a deterministic valu
of energy consumptiorreduces the value of the confidence interval and allows to
increase the minimum necessary charge energy, which allows choosing a smalle
capacity of the main storage device.

Taking into account the statistical dependence of the energy change functions &
the output of the renewable energy source and the load indicates the need to use for t
calculation of entropy divergence, instead of Boltzmann or Shannon entropy,
conditiond entropy for the current distributions of energy flows of generation and
consumption.

It is shown that in order to ensure the efficient operation of the accumulator, in
which the width of the zone of controlled operation is determined by the magnitude of
the wind speed forecasting error, it is necessary to obtain data with a lower desgeten
and choose a wind speed forecasting method that provides a minimum forecastin
error.

Formulas for calculating the probabilities of overcharging and excessive
discharge of the storage device using the theory of martingales are presented, whic
allow for the formation of control signals when calculating the entropy divergence to
take into acount the entropies of overcharging and excessive discharge of the storag
device.

Thefifth chapterdescribes a new way of controlling the chadiggcharge device
of the electricity storage in the local power supply system, based on the determinatio
of the difference in entropy divergences from the source and load side, which allows
to reduce the durian of the time intervals when the storage is uncontrolled. The key
control signal that switches the storage is formed according to the algebraic differenc
between the values of the entropy divergence of the energy flow at the outpet of t
renewable source and the values of the entropy divergence of the energy flov
consuming the load. If the value of the entropy divergence of the source exceeds th
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value of the entropy divergence of the load, the accumulator is charged, acting as ¢
additional load. If the value of the entropy divergence of the source is less than the
value of the entropy divergence of the load, the accumulator is dischargedaadcimg
additional source. In the event that the key is always closed, the storage device |
always connected to the system, and works in buffer mode, ensuring the operation ¢
the renewable energy source in the mode of maximum energy extraction. If tise key
always unlocked, the drive is disconnected from the system.

To implement the specifiezbntrol features, software was developed that allows
you to implement predictive control of the local power supply system based on entropy
divergence calculation.

Thesixth chaptecontains information on the features of managing the processes
of generation, storage and consumption of energy in local power supply systems
Taking into accounthe Heisenbergincertaintyprinciples analogue principle of
synergistic development and cognitive control indicates the need to create a ne\
highest level of the control hierarchy, which implements the principle of preemptive
control, which implements in an anticipatory manner the elimination of the threat of
systen destructiorand the localization of technical objects that generate the threat, that
Is, the system is restarted after some time of long work, during which predictive
contextdependent control of the system is implemented.

It is shown that integration into the context of information coming from various
types of renewable energy sources, accumulators and consumers allows to obtain
model of the current state of a real local power supply system, on the basis of whicl
the contol system can generate the necessary control solution for converters of electri
energy parameters from a set of possible solutions.

The manuscriptsolves the scientific and technical problem of increasing the
efficiency of the use of primary flow energy in local power supply systems based on
the construction of a theory of control of semiconductor converters based on the
Heisenberg uncertainty pripde, entropy analysis of primary energy flows and
consumption energy, taking into account their dual structure and fractal nature.

For the first time, a method of controlling the chargthigscharging device of the
storage device has been developed based on the determination of the difference
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entropy divergences of the energy flows at the output of the renewable energy sourc
and the load, which allows to reduce the duration of time intervals when the storage
device is uncontrolled: fully charged or fully discharged.

The results of the work were implementechen improving the program for
forecasting the generation of electrical energy by solar photovoltaic stations of Proloc
Solarinvest LLC and Energyline LLC; to create methods and recommendations for
increasing the efficiency of electricity use in systemith renewable energy sources
by the public organization «Association of Scientists of Ukraimethe educational
process at t he Nati onal Technical Un
Pol ytechnilci llensttdaa ahierog wt he di sci pline
Converterso, AEl ectronic systems for o

Keywords: entropy analysis, fractal analysis, Heisenberg uncertainty
principle, local power supply systems, semiconductor power converters, Wiener

process
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ConsiyHa eHepris
Oani incoasuii J, Bm/m?

/! /i
- Kyt Haxuiry CoHus d;

- IHTEHCHBHICTb COHAYHOTO
BHUIPOMiHIOBaHHS W;

- mBHAKicT pyxy CoHus v,
1110 BU3HAYAETBCS HOrO
KYTOBHM TIEPEMIlIICHHSIM;

- WBHKICTb PYXY XMap Vs,

KinbKicmb, KpoK, nepioo

BUMIDIOGUHb

\

CynyTHi napaMeTpH HABKOJIHITHLOTO

cepeloBuina

I J
- TCMIIepaTypa IoBiTps f;
- THCK p;

- BoJioricts h;

- TIpo30picTh aTMochepH;
- HasBHICTb XMap;

- HIJIBHICTH XMap;

- reorpaditHe MONOKEHHS;

KIAbKICMb, KPOK, nepiod
GUMIPIOBAHb

Enepris BiTpy
Oani wguoKocmi simpy vg, M/c

1p 1p
- HampsM BiTpy;
- HasBHICTh TOPHBIB BITPY

KIAbKICMb, KPOK, nepioo
BUMIPIOGATb

- XapakTep HiICTHIIAI0YOT II0BEPXHI

\J

BitpoBa enekTpocTanmis

CoHsiYHA CJICKTPOCTAHIIs

Y

Hasanraxenus

- KiJIBKICTB BITPOTrCHEPATOPIB /

p 'p
- HOTYKHICTb P}
- AiameTp BiTpokoneca D;
- TYCTHHA HOBITPS p;

p P Oani nomyxcnocmi P, Bm - CXeMa POo3TalllyBaHHS;
- HOMiHQJIbHA OTYKHICTb Py, p p - THII F€HepaTopa;
- Hatpyra xosoctoro xoiy Uy - THII HABAHTAKEHHS; - piBeHb mIyMy;
- CTPYM KOPOTKOT'O 3aMHKAHHA /., - XapakTep HABAHTAKCHHS - pisenb BiGpaiii
- eheKTHBHICTD MOJLYJIB 773 - AaKTHBHA P/peal\TH.BHa o/ KiTbRICHD, KPOK, NEpiod
- Ajana3’oH poboynx TeMIepaTyp 1I0BHA S 110TYKHICTb; — eumipiosans
Lo s - PIBCHb 3a/I0BOJICHOCTI TIOTPEO
- KyT HaXuJly COHSIMHMX NaHeseit a; CIIOKHBAYA
- KUTBKICTB COHSYHHX maHeneit N, KinbKicmp, Kpok, nepiod
- THII 3’€/IHAHHS COHSUHMX sUMIpIOGaHD
TIaHEJICH;
- KUIBKICTh MOMJIMBHX 3’€/JHaHb N,;
- piBeHb 3a0py/IHEHOCT HaHeei
KiabKicmb, Kok, nepioo
BUMIPIOBAHY \
y
MPOCTIpP Pi3HOPIAHHX JAHHX BEJTHKOI PO3MipHOCTI
- HOTOYHI 3HAUCHHS Hacy;
=PO3PAXYHOK == . B i e : = =PO3PAXYHOK =
I_- - MUTTCBI, CCPC/IHI T 111041 3HAYCHHS HATIPYT Ta CTPYMIB; |
| - AMILTITY/IH TIOTYXKHOCTEIH Ha BUXO/1i JDKepell Ta HABaHTAKEHHS I
S 3
N Y $
Ey peaitizailis iHTEPBAILHOIO KEPYBAHHS HA OCHOBI 3
T BpaxyBaHHs npuHimy I'eiizenGepra >I
EH’iOlliﬂ. BPaXyBAHHS BILTHBY TPEHILY Ta durykTyaniit *
enTpoiiita MOTOKIB eHeprii ®pa@@br|a
JIMBEpPreHiis * PO3MIpHiCTB

MiHiMi3allis po3GiKHOCTI NOTOKIB eHepril Ha
BXOJIi Ta BUXOJIi CHCTCMH

'

OIliHKa MiHIMaJIbHOT HEODXi/IHOT €MHOCTI
HaKOITH1yBaya

'

TIPOTHO3YBAHHS CTaHY CHCTEeMH
Ha HACTYITHOMY iHTepBasi

'

- HASBHICTH IHTCPBATLHOTO KCPYBaHHS;
- IPOTHO3YBAHHSI;
- KOHTCKCTHO-3aJICKHICTh;
- IPEEeMIITHBHICTh

CucteMa KepyBaHHs (<& #| [Iporpamue 3abe3ncucHHs

{ M1l 1e2j BO Y sttdizo Odzdz" 1 tetsfls ts te iz deff) s jolztsQ
jdzj Slstesy do dzj dzdzv
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v OB dZ4yW L dzOY dzdzy Wk dzS y' ° h® &3 d

L1 2 3 4 5
h(t) 10,31,0,32/0,32]0,33] 0,33

1 0 t@2PO.sBtcOY jdets 3D dBsHj dz' o' tlskzOdz! dzts
HS fdsh' 77 ftetsj Sy’ dO HO9s Oy'  Mmtsdzw ydzt
Csdz stk §s8COLOd Styd 10% h' dz detsfyls’
HiMwWIsCtsodd3 HicB B&.

Y

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0 0
V. M 0 50 100 150 200 }x,.u
tdB20 3D &BsHjd o tlskzOd dzs’™ h ' dzt dztsfls
ftesj Sy ' dzO HOe Oy' Mmtsda” ydets'™ j

CC odHMAR0L heddig.dz Mls! & &kOted L & dgs * st fr
ftcd B' oz h Iydd: tsL©LOSkdS 08 NS &OHO' o
" dzls § dzfnd 9 detsfyls odtf etsd3’ dzt 9 O dzdzW 99 0 0" it
' a2 dzsfyls’ 7 ROtd dzO@ dzOfls 2 f et |9 Cetdgj@dy Is of diz'd] 2 f
L dzO Y j dzdzv , dz@@04j HA iz f pic jsOB @y dedz” Wk dzS y'
HiSL o tsdzw MftescdesL o Olsd fslskzy dz' fis: dzO

122



odtesBdIlsd o' Hf s9 ' Hd& MdcdzOdzd € j telzo Odzdz™
tcsB sSlskz fps@ROgeddd Y &3 o  HBtStelkz dOSC Md 30 dz
Fdisce dzQo Ctsdzdh dz'.sets MjtejHBadM O

1 0ftesf sBdzgtso OdzO B SSHJEC O HESL 9 tsdzw L C
HdMGCtcj Isdesets § jtojlsotstej dadgv Alztcd 9 dL dzO"
HOded d3d o j dzd yddzed MmMtsdew ydzsets o df tetsdz30O8O&EL P 0

Il L dzOyd dzdzv ff jtod HOo Odd telzfs " Wtz Pt wiadl' o3
odytotsd3’ dz¥ © Odzdz" wetfy dz' FlskOtc i  § tdAs g’ Isdzfrpr O dz
LOCBdesd3 1L @@ dzdzyy CBJW' y' ' dzs©O dz' dz' 2 detsg
L dzOyj dedzv dzgd h * dz' detsfls’ ~ d@3Oted o IstsyS On 1 te
MBOteded 2  5C todio diEdsysjo Bz OB sts B O Olssh Otetso
~n 30t dzO to'iLedz' H? HojdifyEdL H g ) ekls Gdgip oS LHods: L dats
Wietedstss . 1 dzv By dzg€d eof dzdekz d3desy ddzd to' L d
2O o dzduyddzz j dzj 66" zO0 o d 38 8 tstc difisitiapya
‘dzlsj Gl Odz dzif R ¢ o OdcOdzj dzisd2O dffyidE D @ d D ts9 Iz
we e jdduddlz (¥ @ses, IdEakdzy oz ey dfd dziz o ¢

[152, 153.

[ dzv o dL dzgOyj dzdz? o' tlskzOdz! dzets’™ h ' dz' dgsfyls
L HyWw s fJttj HO9o Odz! dzts® WEZdeC y' ‘v, .
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[ ' dz' BOdz' dz' dz' dz' 2dz L i3 od § @BEYLoys
o dL dzOY 0¥ Is! =gy DX SrigEIC. NN =gy/ O, n, =1L..N,, [Bxj
@y i dz' dz' 2z’ tetsL &3 tod | dj=¢y/ dils ® @Y/ DCits d3’
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Block Parameters: Battery
Battery (mask) (link)

Implements a generic battery model for most popular battery types.

Temperature and aging (due to cycling) effects can be specified for
Lithium-Ton battery type.

Parameters  Discharge

Type: Lithium-Ion
Temperature
[ simulate temperature effects
Aging

[ simulate aging effects

Nominal voltage (V) | 7.2

Rated capacity (Ah) |0.5

Initial state-of-charge (%) |80

Battery response time (s) |30
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E(t,)=kKt, sort.)=Kt,, kk sk 1 SsjW' y' * dadlsd wgOMmh I
oL & todbfid@idgfo HY s Hdbs.

L s O ' HBEStlz BOC M d ROk Gztzts o € § dzj 2O
o' Hdztso dzs 9 O dzB A= ri)stf jistefj de® L dzd 7 L dzOy j dadzv 7t
RMLosjLfjuykz s: mMw hdwoitsd $jtokzeo Odaddy. Mk
l jdkzdyudded Mlsttbdkz LOLwhHE, & d KOk dts’

ZOSCtsf dyzo Oyo® L Odzj yOls! o' H MIlsOIsdmlilsd ydzd -
o d o iMsOdzse C d 0 Hz@ dzs fydzls b OdzsE s HY j 6 ZO | o
BOIs j B3O Is d dzd AM gis yi) SlE@IPRIY)] ;o ) foigre fi) 2s ©
D[R (]: O Cite) dvy' K g ests 3 B d3lsdzly zts fls v 3
EsOdzso € do 'da@dztsddzts® Odzisc s HY jtoj &ZO SO dzOo
I MmMe " dz € d hodHC"' Mis! 9 " ldzs 15 olzl) dfiptizafigldsis ¢
odftesds dzk o Ocdzgdzy, ° odyOHSBots o j ddyddass
2O o d HsOdzse €  dz®' H tzEelatze b OdzsE s HY |
(o jligts Is to 5@)ESO dzp s Bz@ BB j () 0 0 O3 Olsd BJ B o (1
WedCy' "5 L fjodedds dzOBtstdgsdsl. o f OH SS9 R &
v odfOHSBat’ WkdSy' &~  fMkOkdmlsdyds
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1) oBOIsjy &3OIsdydzed sy’ ¢ 29 Odzdzv

Mg, (O Han-l % r)% : (4.3)
2) HdMYjtm W
Dg[lrz(t)kaég t@(([)itk @’l(t)”zﬁ/ﬁ ]’); 4.4)

3) Cftej dzvy' 2dzd2 Bsd3j dzls

KJ[[(t ,E)?égfﬁ (rt)[ i 1@/' t( )Jm Sk(t}" y rt[ ié (M }/(%11-)',(4.5)

LO LdOyj dedz" 3 wCtsets odL dzOy®:ty: f'ez0 B3Ot
WEdS Yy W 99030 5N fiids O MisdzO o de®#j dz' o d

V lsOBddZ Yyd®Oo jHjds HJC dz CO wjPQd) z®dY"
9 drBH MOt dEIl ect ric WE10, {§tslsizyd ml
2016 tsE€B) ,( BOkj BOdydsy BY' $ ko Odedzv,
Ctef dzv y' 2 detdg it B dig dzls Wzt - §)g IG-da; © Lk 4120B o
iHjC dzr €O tjOdz L OY'RA) @ O & sats’ B dziz 6z y
B Ol GBOJVISSV481 90, ftslkzyds fMlse 190 Il €5y dac
=31, dBOLj BOIdydsj By SkeoOdedzv, HM{ jteh
Ko, (t ) 1z dzlfti t)o IGdatn.
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209



MR, @)

A
/, N
4 .\\ :
Q)
M|[pcs(t,)]
A
B
[
f% A\
[ 1 1|k
0 ) Jrsltéé r_< r;;" £
B )
tdm.3. oW ¢d Mt (B &)@y 2 s)
) 2O yd GwOW" ¢ LB ded Whkd€y'Mg, g BC
odH' dzv' B ' dzsj teo Odzd s Oy, SdEDedshHEL W
990 0)Olsddzj dits tsSHdztstc’ H dats s L dgj L dzOydzd &3

HJ VW Gftpjctsj Hdz' Bets L dzOyJd dzdew . 1 ted yYytsdsz dz f
Ctsdzdo Odz' daj L OLdzO% Is! fklsls' adf L &5 dz dzO
10ftcdS &zOH, bk odfOHSE, SCtdd o W&

o dCstedMistse lzMis O alfOOIS s §,Job OUL Ry (Y iz’ dz' 2 dat

LicsMlsOr YO,

210

O (teld) 1" dizlsde'tcd sz’ M OH dz0.

ceh
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sOBAg Y™ 1 S dz CO tjOd LR, ? dalyjapEismoyslz WeadzSOUZ o’ O dzdzv
Csteg dzv y' 2 detg it e diz dzls ezt - &)o O ozt

A4

t

H [ L(t) tl t2 t3 t4 t45 t46 t47 t48

g, (X |640 1250 | 640 270 .. 270 640 270 270
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G, (X [3430 |5120 |5120 |5120 |.. |1250 |2160 |1250 | 1250

tg ()X |640 1250 | 640 270 640 640 640 270
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D[t,, { V)] | 2069236 | 2665546 | 2588179| 3692465| ... | 2866665| 3125288 2738221 3085102
K, {t.}) |2069236|1063653|1023066| 1225834 ...  |25901,53 262756,2 31978,2 | 116292,1
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g s(} |0 0 14 15 3 0
G.,(X |0 0 104 746 262 0
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tg (X |0 8 88 792 277 0
G ,5(X |0 0 72 241 12 0
G (X |0 0 378 130 26 0
G (X |0 0 7 26 0 0
G (X |0 0 0 782 277 0
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D[t..(t)] |0 1504,178 70492,86 - 90660,86 |8169,5398 ... |0
Ko (t ) |0 0 8845,281 ... -2429,1634 | -566,9645| ... 0
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O HdMmifileds™ ° 7 fHod“ffif jfodH 25 ded2 S tstej dzv y'
Dg, (3+ () & &)X +#& Olp2r t, (4.7)

1 Ovedz MIs! HBHOWRS O E o9dedzwH' fBHO 2
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dzO o Odzls Oy j dadz™ L O tcOn kz dats € W tstc d3lz o O dzdzw
iCo' 00dzj dzlsdzts @ 5H, ZOSES @B PP Uk H ]t
f slskzy dztsfmls” zOo Odzls Oy § dzdzvw (W E 4 odL d&zZOyo
sy CkZoOdzdzw OBB HOCMdBZOdz! dad d3 L dzOy j dadzv d
Ctstej dew y' 2 daef 2, . Biscsj dals

[dzv dzO@o jH | desets oS &zOHE & odfOHS Lk, ¢

odCtstedfistsolz’ Ist fyw o' Mgl WIrEDsSE, ,
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dzO ¢ 1 d yHz ey O5 0 B600H O * H 50006 O¢ ) O L OB Lt
Hylsjtodd detso Odeséts toj yddzz tetsBtslsd dzOC s d ykz
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el Odz' L' Is+ mpw KB jotizp OYddzxy Ode' ‘drjB stesdz BOC M
o' Hdetso dzt 9 Odaetsets H Y j toj dzO, O LOMmtsMmize Odz
LOBJ LY jyk" Hylsjteds detso Odzj L dzOyJ dzdzv | dad
Hise ' tocytsets ' dzlsjtcoOdze IsO HtsL o tsdzw ‘" 8ff ' LHGtawWh
SO HtsLoBdw' BBWKOISd d&j dz" & * d3dz’ Mils+ tshdatseo

1 OWodz Mis! HBSHOR O E oadedvH' ftHe' ' 2d
ftes MIsOBdmMisdydzz L Odzj » dz' Mmls WEdCy 2
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Dy = Higea -H (tj ot )Teal =

(4.8)

=H.,, gea pi(t ) a p( .t oo ), ) /
i J

Hip(t, Jt)izdstse &z0 ' dsse ' tedz fls: .

{MS" &z €d LO L Oy dd"d @t z0 | dzstets
jdalstetstf " 2 dzes’ HoejwEjdzy' T, WG L' flstsists da
Miststesdzd dzOa @dzls® > jzdzdpsmo § sSHOdz' h sz 9 ff «
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ZOHdZzdh Csoats’” (OB dgj HBMISOIsdz 57 ) Jjdzgjtec '
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tetsL Gz HO' IsMIENO dzsooCfXc fdzO® L tsded € jtetso Odzs’
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