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SUMMARY

Kovalenko I.Ya. Autonomous nommultiplication wind powerinstallation with
axiaHlux generator: Qualifying scientific work on manuscript rights.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in th
specialty 141 Electric power, electricalgameering ancelectromechanics in the field of
knowledge 14 "Electrical engineering'National Technical University of Ukraine "lhor
Sikorsky Kyiv Polytechnic Institute”, Kyiv, 2023.

The dissertation study is dedicated to the research and solutiomctiuahscientic
task, which consists in substantiating the methods of regulating the output power and
developing a mathematical model of the generator equipment of a mulisiser
autonomous wind power plant, taking into account these methods, by ofiesimsilation
modeling with variable rotation frequency of the wind turbine rotor.

In this work was performedliterature and patent search on the topic of the
dissertation research. An assessment of the general state of wind energy in the reg
context was carried ot, and global trends in the development of this industry wer:
generally assessed. The types of -nautiplication wind power plants are considered,
their advantages and disadvantages, typical areas of application are analyzed. Accordil
the results othe analysis of literary sources, it was established that the multiplierle:
systems currently make up a20% of the
small power units. They are successfully developed and compete with geanssyasse
they hae a number of fundamental advantages, such as simplicity of design, higk
reliability and efficiency. In order to assess the existing methods and means of regula
the initial parameters of autonomous wind turbines, an analysis of methods of stabiliz
the initial parameters of wind turbines was carried out, their advantages and disadvant:
were analyzed. The subject of regulation of wind power plants is: output voltage, out
frequency and output power. The analysis showed that there are practacatieans for
regulating the output power of multiplicative wind turbines combined with
magnetoelectric generators with axial magnetic flux. A specific type of electromechani
energy converters is used for autonomous -maitiplication wind turbines. T

requirement to adjust the output parameters of such a system requires the use of spe
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designed electric generators. A comparative analysis of théypadgenerator with a
traditional cylindrical generator with excitation from lga@wer permanent ngaets was
carried out. Given the advantages of the-gm# generator, this type of generator was
chosen as the basis for the work. The paper calculates the parameters and characteris
a magnetoelectric generator with an axial magnetic flux and lal@lstator.

In the work, a comparative analysis of the aerodynamic characteristics of wil
turbine rotors for known profilestraditional ¢ -w,@-6, BS10, BS10, p11-18), profiles
of the GA(W)1 series and laminated FX is carried out. When calculdtiegenergy
characteristics of the generator of the wind turbine, it was established that the rotor:
wind turbines with blade profiles dhe traditional group allow to obtain the maximum
values of mechanical power of 91.8...93.3 W/m2, with the valuesviofl energy
utilization coefficients3=0.33...0.44 in the speed range z=4...5. Rotors with profiles c
group 2 allow to obtain maximum vas of mechanical power of 114.3...115.7 W/m2 at
3= 0.54...0.55 in the speed range z = 6...7. The aerodynamic enstacst of the wind
turbine rotor were reconciled with the mechanical characteristics of the electric genera
which made it possible teet the limits of its correction in terms of moment and power a
different values of the nominal wind speed. Thus, the blade profile of the GA(W)
series, it is 22% in terms of moment, and 9.5% in terms of power (at a nominal speed
m/s relative tahe upper limit of the range of nominal values of 8 m/s). To implement th
given task, it is proposed to analyze tworrection methods: connecting additional
capacitors to the generator stator winding and using an additional generator st
magnetizatiorwinding

As a result of the study, the method of comparative analysis of the aerodynar
characteristics of the rat® of wind turbines was further developed by taking into accoun
the rational interaction of the coefficient of wind energy utilization #wedspeed module,
which made it possible to reconcile the aerodynamic characteristics of the rotor of
wind turbine with the mechanical characteristics of the electric generator and set the lin
of its correction in terms of torque and power for diéfg values of the nominal wind

speed
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Numerical simulation models were developed in the dissertation researcleds as:
the possibility of correcting the output power of an autonomous wind turbine. On the ba
of the developed model, options for stabfliaa of output power and voltage were
investigated when: using a generator of a wind power plant witisidieel arragement of
rotor magnets; correction of the output power of the generator using the introduction
static capacitors at discrete valuesh® wind speed; correction of generator output powel
using additional excitation at discrete values of wind spestdigua magnetoelectric
generator with an axial magnetic flux of an autonomous wind power plant with a bilate
arrangement of the rotor magts. According to the results of mathematical modeling, the
following was performed: a comparative analysis ofdbgection of the output power of
the generator using the introduction of static capacitors at discrete and random value
the wind speed;comparative analysis of generator output power correction usin
additional excitation at discrete and random wipélesl values.

In the dissertation research, the mathematical model of the multiplicationless wi
power plant in the composition with the nm&goelectric generator with orseded and
two-sided arrangement of the rotor magnets was clarified, which, unkk&nbwn one,
takes into account the presence of the influence of the parameters of the double stato!
an additional winding for magnetigj the magnetic system, which made it possible tc
determine the limits of the adjustment of the output power of¢éimerator . The nature of
the influence of the correction of the output power of a magnetoelectric generator w
axial magnetic flux usinghe introduction of static capacitors and additional excitation o
the generator stator was substantiated by meamssructural simulation modeling and
experimentally confirmed, which made it possible to estimate the amount of correction
the output powr under random changes in wind speed. When connecting capacitors to
generator clamps, an increase in output@aow b-30% & Bbserved. At the same time,
the voltage on the clamps, in this case, decreases by 1.8 times, which is explained by
voltage drop on the internal resistances of the generator and the growth of the active
reactive components of the gem at or ar mature current b
way of correcting the output power is to use an additional magnetizing windinge of tl

magnetoelectric generator. When applying a voltage to the excitation winding of Uf=8
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an increase in the outpptower of t he gener-4%acompared too
without regulation. It was established that the size of the capacity depends on

parameters of the generator armature winding, the amount of mutual inductance, the ne
and size of the load. Fahe studied generator, the capacitance values range from 4.3
32.1¢F for a purely active load and for a power range of O to 87 W.

In the dissertation study, an experimental stand was developed for the study
parameters and characteristics of an m@omoous magnetoelectric generator in a
composition without a multiplying wind power plant. With the help of the develope
stand, the possiliiy of correcting the output active power of the generator in differen
modes of its operation was evaluated, namilg structural diagram of the autonomous
operation of the wind power plant with the correction of the generator power by
additional magetizing winding was analyzed; an analysis of the experimental results
generator power correction with an additd magnetization winding was carried out;
comparative analysis of the results of the experiment and simulation modeling of
generator paer correction, the convergence of the results is withib0%, which
confirms the adequacy of the developed modals the reliability of the obtained results.
The use of magnetization with an additional winding allows you to increase the out
active paver by: 44%, 35.5%, 18.07%, 21.6% at rotation speeds of 200 rpm, 350 rpm, &
rpm and 650 rpm in accordance. 6. Untlee condition of maintaining the output voltage
of the generator U1=14.4 V, the output power at the generator terminals also increase
30% at 200 rpm, 12.5% at 350 rpm, 9.7% at 550 rpm and 17.6% at 650 rpm.

Keywords. Renewable energy sources, wind grogéant, multiplierless wind power
plant, autonomous wind power plant, local system, wind power plant, wind turbine, wil
power generatorsynchronous generator, axial flux magnetoelectric generator, electr
network, reliability, autonomous system, adyramous generator, autonomous power

source.
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Parameters

Mominal mechanical output power (W):
124|

Base power of the electrical generator (VA):
86

Base wind speed (m/s):

3

Maximum power at base wind speed {pu of nominal mechanical power):

0.73

Base rotational speed (p.u. of base generator speed):

12

Pitch angle beta to display wind-turbine power characteristics (beta ==0) (deg):
1]

Display wind turbine power characteristics
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Configuration Parameters Advanced

Stator phase resistance Rs (ohm):

8.8

Inductances [ Ld{H) Lg{H) 1:
[0.0220.022]

Specify: |Flux linkage established by magnets (V.s) -

Flux linkage established by magnets {\.s):
0.16%1.0

Yoltage Constant (V_peak L1 [ krpm):
116.0832
Torgue Constant (M.m / A_peak):
0.95
Inertia, friction factor and pole pairs [ 1(kg.m2) FN.m.s) p(]:
[2.26e-005 1.349e-005 4]

Initial conditions [ wmirad/s) thetam(deq) ia,ib{A) ]:
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[0,0, 0,0]
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- L3 dgt “Ist mw hodHGC' MIsy B tolsOdadey tots
o H'dz f OO dgjclstzdnds O'dai'o Sy’ 2 dz' 2 dBsHjdz© (" G
- tetsL tcOn BldzO) dgazy Mistez 3z, dz2Ofteckzecd IscC
tdLidz sOIsd dsHJ dzt 9 Odzdzy ff OtePdij St b 6 jhiy
Hdzw hodHCtsSMIISO oF Isdy/tdh dzdzid E)fnls® B j tols O dzdzv ,
HEHOIsCtsoats™ BRSSCdrEPodass0 @A dz0o j Hj d2' ¢
1 Sistcd B®ded BOdz'olaf H dzts hs dzO2B dzz P jJW ¢
BOSC Md 3O dz! dzts f slskzy desfls® ‘ o d ¢ 8 td3P 82O dz
Gjdzj tOIsstcO.

3.3 [ Ols jakoydz®  BtsH j d ¢jdzj tOSELO o' |
HosMisttesddz o5 tesL SON o Ocdzdz 5 BOE dz Is' o totsk

1 OcOdz' dz2d?2 odcedzvH dBOIsj BBOIsd ydzSi mudtsiH gy kdz
Hisdz' HY j dzdaw mMdmlsjdif CsetbpRpe@s®ls f tcd
HSHOISSCtso s rdslsSsy @ wmic'L sSBltcdody,j dissS: dz0

- 9 HMmMklds 2 Lotstetslsdzg 2 Lo' wLiBC 9o Mmdml

- shdztso dzgd 2 dBOGcdz Isdzgd?2 f¢tsls' € ¢ dzj cOIstsH
BOcdz' s 9 G jdz] cOIssLO;

- oditstedmissolz’ Is+ MW ylza Gsteliz? Oc § tzj OIS tztc (
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- L OC Bgetclzo Odgdz? Mistczd@iscdz HEBSHOLS o B
Misstesdzdz’ d3 Y J tcOlststets d3;

- 9 HMklsdz HBHOISCBO ' CtdzH j dzZMOIststcd o

1 O tcd e ff sX.0L Odzts odaedzvH tetsL totsB dzj dats
d dzj Sstetse j dzHiBED)isiAS ta Qolz * fis® dpg@H * ¢ ds teffstiz dh Is P dzis d3C
Gjdzj cOlsst® HBSHOISCSo S B BESISC B |

t dBl6l dedzvH " 3 IsOy' 2 dzts’ d3SH J DG dz dyikzSo Ot
HBHOISC s s B RBEISCEBHE

b dzctstcdlsdz twsLtcOrkdilz HdEZvW o0t Odzlskz
HSH OIS tso tstf ' HeBOIsd Eginan Gz stc © dzOMiIskz §f dzd 2 :

- LOHO" dssmw Y sMmils’ 2dzdd3 SO SERE dz00 Odzls (

- hodHC"' Mis! o Istcz LOHO' Is! Mmw f smis’® 2
dz00 Odzls Oy jdzdz? o Hftseo '  Hdets (f OtOd3j Iste " Wi nc

- LOHO" dssmw § sMmis’ 2dzd d3 € te® g dzuze-chistzO f t

- Ld3" dg¥ ‘ Is! iqw hodHGC  Mis! BjtelsOdgdz" tofs
on Hd HOttORBjIsted o' Istesots’™ skt  dd o ' d3

- tesLtcOrBBolz' Isy Mw L dzOyd dedey Mstckz Bz, dz
H 5 dz'IsH »npv ;
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td Lzdz! SOIsd d3steQ dige o t©O dadzv ) of iPls fidgdj € ds'tclsste'ty @
Hdzw hodHCtMIISO oF Isdg/tld) dedz’'dd? Mh o JH C tsMiIs’ tsB J |
HEHOIsCtsoats tBRCd rId@P ¢wss BA dz0o j H | dzs ¢

lted LB dzX M j dzdz hodHCBMIS'Is jds" IO Isu W 5
X Isdo dets fslskzy dzsfmls” sO &Oftekzecd ftod f 1
1 B dz' b j dzdzw Mmistcz Bz ) sB dBBtsls Yy wetstgw i
f swidzs * Is Mw tsMistsdy tcj OCIsd o dzs’™ dzOBOG dz' Yk

3.4 0 dzOdz' L toj uiOdz'j lsHDEs' oy des E 5 dBSH j dz¥ o O dzdk
fOLOd) st o Bjj Loz el IskasdoiOdr” 0 @' j HnpsOtms®s

3411 ste" adgv dz ded?2 OOz’ L CBj Sy~ odr’
Hf sd3ices® 99 jHJdzdz?" MISOIsdydzedr S tsdzH J dzMOls
L Ol & hodHS M o' bk

Il ] Odz dzgdr Ed@Zco On r~OKOCIsjtc o' Istolkz datst
hodHC Mis! o' Istcz Hdzvw VSO ded Ctdzdo OF Is! fMmw
o' stz L Odzj s ' H fseHdd~ Edtse, yofmk
o » ' Hdzts’ { tslig oyOdstisfipld® BdzjH | BOId & ddzde d2 =

lted totsLtesBY' B30Is j 30O Is of yldais ts Is jidaga L jlsits ¢ fj diz
ftoed LB dzdesdsz o " Iste*, hts detsfpdls! odf OHEC ts8
s dMOdz0 E (5§ Jjtcj Hdz tsd3be Otfizdzm tc By Zdafy '5.15 I5 |s dz'd
odEtstedmMlssolz’ Is! Mw BdES "Uni form Random |
HOdetsGe s BdzsCEz LOBjJLY jyk' Is! Mw W stcdilz o Odadzaw
yomez odJy OHEC B S 9 J dzd yd dzts® , tctsL f sH Oz
f Ot O&EE tc Gy ).
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Mirimum:
[3 |

Maximum:

Sample time:

[0.001 |

Interpret vector parameters as 1-D

Cancel Help
t 817} Ote O3y sted BAZESEZ Uni form Random

VL Yydmddzs OO Istc’ 8 dzOdzOh Is Iz 9T1Odi&flzy dzVvB dais,
odi OHSC Bt 9] dzduyddzd HdzvT 9 jote[rHEMS frids’ Y @ ° bispiack
Initial seedi § sigOtseo jJ L dzOyJ dzdz? B OL d 6 j dzj te Ols tsitc O
HdMGtejIls yomik, ssBlsts yofMm, YyJtegr wed22 L
o' Istolz.

1 0 LB dzOo JHJjdes L Odzj 3 dz' Mis! hodHCMIS'
ZzO zOh Islzo Ozday Ff BuiAs€o dr yYydMmd dz

{ d.B18) Odzgz Mls! hoduSEsMis' o kkk
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1 OcO0dz dzgd?2 o9dcedzv"H @Ol BOIsd ydets'™ BSH J-dz'
jdzj Clstets@ j dzj cOlstste Htod f° HABBOGCdZ ylkzo Odzdz
hodHCtsMIs' o' Istckz off jHHtadz Lidzw ‘A dfpw fPets:H  f S

- 9 ' HMMklsdz 2 Leotsslsdey 2 Lo' wLtsC o MmdMml

- hodHC' Mist o' Istek ' dzgj CtdzmMlsOdzlstse , (

- shdeseo dzd2 BOcdz sdzd?2 (¢wsls’® € ¢J dzj tcOlIst
fsmis' 2dedr BOGdz Is' 9 ¢ j dzgj cOIsstcO;

- dzJ odSted Mists &£ B Isf ‘M d30E rlalg iz Gdadz s tc O
o' HiMklsdz 2 or" " Hdzd 2lsHd 6 P tizH dzff 2] P BB O j C

- " 3dz’ Mis HSHOIStse dn CtsdzH | dzl OIststc’ o
ftoed2 BO' Is! Mw  sfyls’ 2 dats s .

1 0 ©3dif§.dzOe j Hj d&2O dBOIsj B3OIsd ydzOO sdgtsiD] do
o' btoskzmisOdsoa Cd ftod ' HABOGd Ylkzo Odedz’ 5B A3t

File Edit View Simulation Format Tools Help
DEEa 0w pod [Nomal BB BrE®E

nnnnnnn 100% (]

{ dB19) dedzvH ' & kOY' 2des’  BsHj A jdzjCls
lsstetsdadz 56 * dgdz’ flse
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J HOdsd3dE o df OHCE dtfb gy o Gdedfr { tistitss 2
zOo Oddisi®Y jG j dzgj eOlststc® ( ddsH j dzv 9 Odzdzg ff tod L
GJjdej 6Olststc®) IsO ftod ftsMmls' 2dzg 2 HBSHOISCSO " 2

b dzctstcdlsdz tetsL tcOrzdzC E HdzZYW HOdSets 9 Otc’ O

- L OHOMWs §f sMiIs' 2 dzd?2 G " tc dzOo Odzls Oy j dzdgw

- hodHC  MIsy o' Istelz LOHO' Is' Mw B AzsC A3

- L OH O8 Is! fmw zOMmis z 4 dz' L dzOyJ dzdzv HSH O
Gjdzj tOlststc® =10 @A, & =30 dBA, =100 d3n;

- teSL OBk’ Is MW L dzOyJ dedev figlg teldg dploO,ls tsds

1 Odzy ¥ dz2' Mmis! 9 d As ' H dztf S ls zdfjdes@ms " ydztetsIs s tc O
odJf OHSC Boa Rk L dzOyd dzdz® M o d BEOSMIs® o Istelz dzC

{ d.B20) Odzj ¥ dz' Mls' dwsdj ZskfefssEPOat beisa
hodHS M o' ik

viMdtedHdzjdzgj (MJjtej Hdz t5C 9 OH tc Ols d uidag]) tc QLIsdaC
Coy jdz Bsdzd dzls yOMmMIR1dzO0e j H | dets O tod .
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t diB2ly jtoj Hdz 8B8C O OHIOIdydzj L dzOyj dedzy dzO
odtf OH S Bo sd3lz HLCAEGUS] dzde ' 19 told

HjtojHA SCO90OHBOISdyYded L dzOyYJ dedzv Mmistelz Bz
hodHS sMiss j ' dasBAARO e d ).

t dB22vMmj o Hdzd dzaJ L dzOyYd dedzv Mistelz 3z

1 Odzj y dz' Mls! odo ' Hdzs® OClkdodas’ {flskyd
hodHCBMis' o' k©B23Z00 j Hj dZz0 d&2O tdf.
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t d.823) Odzj ydz' Mis! odr Hdz' ( sBE dizEptshiss

1 ste' o dgW dzdz?y RBdIsls' atsets L dzgOyj daedew dzOff tolz «
Ctcdo©®) SO BjL tojclzdzs 0o Odedz?y (dedy dzv Ctcdo O)
hodHC M o IstoiB24z09 j Hj dats dzO tod f).

{ d.B24) Odzj y dz' Mls' ddlsls’ o] @Dk & & @

10 tojLizdz OO dtsH j dzt 9 Odgdzg? o dff dzd @ ©
odrBBH' Gjdzj tOstc® fHted §tod® HAdzOdedzZ HIESHOIs
hoadHCBMIS' o' stekz o HE' LdwE sy mMw o' H dz2O tc
O ez d ‘tHeEDd 8 * dgdalgis HtededzdL dzs o 1, 8
LB dzt M jdzdgw d3 § OH ' dzdzg" dOftelzcd dzZO HBHOIS t5¢
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f tod * H dzO dzdz' HSEHOLS So t5° ‘ Rdzts fls dzts i) f Is
ZOSsf dyd des’™ o ' dgdetsfls’ j dzj e’ .

1 stc’ o deWfiglgdwyj H dzj dzts G s (MjtojHde 5C 9 OHtEOIsC
CtdzH | dZMOltstcOd3d 30 RBCA SO BjL toj clzdzt 9 Od
Yofmkz dz@a0] HBZ%gts

t 8258 jtej Hd2 BC 9 OHteOIsdydzj L dzOy,j dzdzv dz

1 WHB/Mdz vz ,jHdES s P BHIcOIsdydzaj L dzOyj dzdz
ftoed ftod' HdzOdzdz' HEBSHOISCtats' ' dgdetsfls’®  d3j dzh
ZOftezed ftod dzOW o detsfyls' HESHOLSC o s’ * dzdatsfil

] Ste o dzW dzdzv kM jtoj Hdz] s L MpPig | ddz Db @k
Gjdzj OO dOftekzed L CtsdeH j dzMOlststeOdsd 30
hodHGCtsMIs® o SteB26ZO09 j Hj dzj d&O todf.
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{ dB26VMjtej Hdzj dai L dzOUJj dedz? Mistek B

djJtjHd 5C9 OHWGOIsd ydzj L dzOy jsdao@s € fisle plk o312 C
BEA BO2YJ o 2,2 twoOLd odhj dz ¥ BJL to]
HSHOLS s ' HdBBOGdz yYykze¥ ys' tj OCIsdo dzs’™ M§
] Oclsts otcORBolze OlIs(d, hs yj fHtedLoeotsHdlIs! H
sB @Il WCEsBBtsEPdz] to

] ste’ 9 dgWvdadz?y L Odzj ) dzsfls’ odnm' Hdzts’ O0CIsd
CtsdgH j dzM OlststcOdzd 30 BBEA IsO BJjL to] ckzdzt 9 Odz
dzO B.97fn.

{ .B27) Odzj Y dz' Mls! odn  Hdss' (lsky dtsfmls'
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) slsbkyds BB odhtH' ¢jdzjtcOlsBed 4§ tod- 108 dz
B'dz2hj dzg )y BjL toj Glkzdzs 9 Odzda” . Kj ftwidss
Westlew LO ©ORbkdsS tsfOuscidstebdlz. s ' H dC

3421 Btc’ adzgv dzt dzd?2 OdzOdz' L Ctej $y° ' O dwmeo
HElf sdii3sG sk HSHOISCtSotsSEts LBEHYjJddY ftcd H(
hoaodHECBMIS' o' Istekz

1 OcO0dz! dz2d?2 odedzvH dOIsj BOIsd ydzets’™ dGEsH j-dz
jdzj Clstetse jdzj cOtste ftod ° HBOGd: yYkzo Odzadz Ht
"stclZ LaZvAtls) MW o' H L BBtOY | dats’ zO0 tdMm.
"HA dzdzts s ‘Is dEip 2 dgttsa dzj dz'

- 9 ' HimMklsdz' 2 Lotstslsdz 2 Lo' wL ¢ o MmdMml

- hodHGC Mis! o  Istekz ' dzgj CtdmlsOdzlstse
' H yYomk;

- tsdats o dzdlQdzdiROcGtdSIs* € G j dzgj tOlsstcO® klso tst
BOcdz s 9 ¢ dzj tcOls 4GS olstO  LfCB HigBRE izt |0z 0 HOEZALD

- odCtstcdmistsolz’ Is! fmw sB BslsC O f' Hd@ROGd
fsHO Is! Mw on "  Hdd?2 MdcecdzOdz dz0O 9o~ H ¢ gazgz
Gjdzj tOlIststc® "signal 11" ;

- o' HMElsdy HBHOLSCBe' CtsdzgH j dzZMOIlststed o

1 © dig. 28 3dz09 j H p dgls dzW H tesL tetsB dzj dats” d3C
ddzj Clstets G j dgJHEOMsAS toidz * HE GpOH o' steskmls Odats o
HSHOIKCtso s B Lz .{f " H i3OG dz' Ykz

©

©
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t dmM28l §edzvH " &3 sOY" 2des’™ BBHJ Az Jdzj Cls
HEHOISCso s B ABESISE BH

J HOdsdsz o df OHCE H | dzt 9 Odzdgy ftotso St
dzO0 9 Odzls Oy j dzdz GJdzj cOIststc® ( d@BSH j dz¥ 9 Odzdzv  t
CGJ Az cBIOSH@®)] oHBMPISEshi™ * d@dsMmis' dz2O L Ols

bz stedIlsds tetsL teOrbkzdzC 2 HdZW HOdZBE B 9 Ote’ O

- LOHO" dssmw Y Mmils’ 2dedd3 S stesd3 dz09 Odals (

- hodHC Mis! o' Istcz LOHO' Is! Mw BA&CAd '

- LOHO' s Indzj Jusdg®yJ dedz? dz2Of tclzcd dzO ¢ o -
"signal 11";

- eSL OBz’ sy MW L dzOyd dzde" Mtz dzz, da
GJjdzj tOIstscO;

1 Odzy 3 dz2' Mmis: odnr ' HO B34 » Odz" ydats’ fslskz
f 5C0O0L Odets 2920 td . 3.
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t dM29) &j 3 dz' Mls' Bsdj sk ©sssLO o' Is

1 Odzj 3 dz' Mis Bdlsls’ asets L dzOyj dzdzgv dzOff tolz «
3" dzdzd o " 2 hoadHCtsMIs' 80. stclz fCOL Odzets dzO tecC

o
HM}{

LRI KR UL ECCOA R CRR KXAERAR
MMM UMM AMAMAM

.\w.wm
H[ HHH\I "“WH\M

tdm.Of §lsB" 9 L dzOyJ dedz? dzOftelzcd dzO L Olsd
9 Istc’

l jeh dzCtcdo © 9 Hftseo HO' BdIlsls’ o tsd3lz L dz
toj ¢ zdz¥ 9 Odadz" , dzdy dz2?¥ o Hitseo' HO' tcsBSls
sBdislsy’ . [BdHeo' Ctodo ¢ ff mBAHOHICCD' S GHISOZWG 59 |
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o' stelk o yom' . [dklsflzcdd®yfzgezOlssED § tzt§’
B RBESIsC s 20" "% P Y1 ted o HMmEklsdze sk tj ckz

1 ste' o dgv dzdgw i tej Hdzj dztsG 5 (MitejHdz 5Co
ftcd ' HA2OEHMBESC S0 58 sB BISC 58 sO BJjL tc]j G lkzdz
Ctoy d dz BB ARl L EBRABIRZO td . 3.

t dM3luFtejHdz 5Co OHWOIdyYdzj L dzOyj dzdzv dz

1dydzv CtedoO31O HiEEM. HB. tisB IS’ G J daj
HSHOICtso &5 B dBB&E Az, Ykzo Odadz”

] St o dzW dzdzv L Odzj y dzsfyls' o d R Halsw | dzp GO
sB BsISE 58 ' Hd&EO@G dB julz o @dgzdztz dzt © Odzdzy  tod o3
dzO0o j WzPdzts g2fn. 3.
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t dM32y) ®dzj ydz' Mis! odr  Hdets™  Slskzy desfls’

1 dydzv Ctcdo © { tSBtdzdH’ tsHod@eld QAU Getsfo * 2 tsB A3 IS
otprndz?" o HitOo HO' tjyddBBz ttsBBlsd 6 j dzgj tOIsKk

1 Blslzy dz' Mmis ZzO odrmtsH' G J dzj tc Ols s tc B0-40P0ts d
B'dz2hj dg ) BJL tjcokzdzt 9 Odgdagw. Aj W mdzs "’
Jdzj Clstotse j dzgj eOlsstc® L O twOBELZEAE' b dg®ls Sl
LtesMsO' d&Oo jHJBZO o BBEBRSIY' Wittt [ 4

3.5 (GBBlO fdde totsdedats & ts ) s j20egctaieifs ts 5D G
f' HBOCGd Ykzo Odzdz’ Misttetsdady 55 * di3dz' flss

10 ! sésHdy Mddemtetsdzds’ ¢ j dzj cOlststcd alz f
OQolstsdetsdzded n G j dgj cOlstste’ © HdzWw IsteOHdY"' 2 dzd =
fJjtojlsotstej dzdzv d3j » Odz’ Yydktds'tc d judizizte ¢ '1 'j tog ‘o O rzts
MdMmlsjd ‘ MO &z LOY' W odi' HdzdR fOLO®K,Is
jdzj o' B assstE ke EGs jfdzj Clsted ydgz. [ Hdzddz L
f OOBjlste' 8 * ' HBOCd Yo Odzdzy ' jindgj S Is tf 1Az
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Yyom fdlsOdedzt htsHts tesLtOrRkzdEz HEY' d dets’
Gjdzj cOlsstce® ftoedH' ' dvOdsd . MW dzj HsMIsOldzy 5 k&

rdzv sy’ d¢d mMlsOldyded = r~ Ot O Slsigjt€dsiddsdcS) dal
fsmis’ 2 ded d©gd dZOCG daRusHORY" CHzte W'lsdf' ditsts L tctsB dzj dzlz
BsH jdz2 o Mmjtej +¥naubhk.® MATLAB

r dzv L teOrlzdSz o] dzZdyddzd ‘' BRBesMislsS dw ¢ &€
g1l f, oditttdMmMlsOdOd L OMiskzy dzB@33Mry BBEEL " 5 &
ftcOys o Oo ls tulgets G3datz @Bz tc A5G Is O ° Yyomilstsls
5B jtolsOdedz? ftedo HdAzBG tstctlgh b d jddd s EHas®  f t
sBdBRsIsCd WwWEBster O digetizhf ud dztss dzOo Odzls Oy § dzdzv ¢

&Ry
u F /’?J"g??‘\ -
I L
Y k
1 F
- Es U | /7 j X,
e F F F? ) %

t dmM33) ®MmMlskzf d&zO Mnrj BO w1 [

10 twd3l.odBtsted fls Odz' s 2@ yd(dpdd?: S setstelzn
' dHEC s OdzO 9 B ditslsy’ W C tstew i, gt & tzdzds T d3 @&
5B BslSCd W SEBGBWIsdRR] 2 dzHzCIsdodzd?2 ' 6 L
Rt «ih OCIldodzd?2 15O ' dzHOm OlsizssOdes] gdasiyls ez dxdz o
CtdzH j dzZM O ste O Iy@MEEE® MLz BEzZF 2 dof tekic d
" dgHEZSCIsdoded?2 Yt oL O B’ dgHES yYsdzd dz ey
oLO B dzHEZSY' ® & 3 §oltsStsd s’ 2dedn  RBC

It ‘' dHbkCldods sitted LOMskzydts’ Mo joc
sBBEISCd MsOtstt® F O o teitssdicds’ ¢ jul)fifdsaddst:
dzj SBS ' Hdzs otcOF 5o bod@R9d, SN e dedocisd o'tz dze
o dzd yddets® , WECO L Odzg >y dflde’d edetsHi3' alzOdiAf da] &d YC
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L Odzj ¥ q s+ o'H f(OLOd®jlste' 8 jdjSlslsjn d
&0 B0 ¢ dalzr,kz 0'OUD KOl j BOsdydes s dMmEz’ s v Sk
0 .

- ® 0te Rie Qie 0 (327)

L o' o fetsgeile’ Yo 'kezleds QksB yd mdzs s Is! Mw & M f
sHddzdy! LO o' HE®RHPIBR OdectstedlsBORd [ 4

[ dzv L tekzydesfmils' B yYydmdzj dzdzg? dzj 5B = ' wHdASS
om' BItsted LOMkzyds MadJ B LOBHWIS! HTISOE
Z3:

v
5 — @ 328
O =5 © (3.28)
oD (3.29)
@ Y .
: 5 © @
® © Y (3.30
nO nO b

{ " odwdzadz" o' Hfo' HOsI! Mitwsh jd' 2334 0fls

[ IB34uf thj@EPsky dz2O0 Mo j BO ) [

sz3Otcdzd?2 " to Mftetsh j dets’  L3IBA)Is kz Jodat § tshig:
fjtohtsessl @F mfldGniz’ Is' v IsOC dd3 to' o dzgv dzdz" d3:
Zi&Zy+ 2o+ Z3 (3.31)
wA Z0 (3.32)
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] fqder Hj S d ST kO BOsdudedn fjtjlsets
S Skt ZS ZOHOs 5! MW & MdMmlsj ke L Heot: fsd

gf, =Im(Z;) =0
i (&) ~ (3.33)
i fz - Re(ZT) =0
ANzdzCyt T e Mdsfflsindg™ Ists ‘e ddisd@Wd s o d te
fl=aF+aF+aF+aF'+ask (3.34)
f2=bo+bF*+bF2+bsF+h,F (3.3)
HYy SBjW' y' ‘" ds@soita o dzv dzdz
. . . (3.36)
C - ® YO, oo -0 -
® OO0 RO YO ] R ¢ O 1o
. o 3 (3.37)
w CWl w Y]

;W g &8
1 dz0Oyj dzdzv o M m i @iy, yibbs Bz, Vgl oad L dzOYOF Is-
odOL Od] :

N OO, W;0 Yp ©;

. N o ) (3.39)
W YO 0,0 Yo 0w Yy, O

. "c“ B . e d# . % " (3.39)

- WWy WKy Y ;- Yg o ;- Wy O ;
I Yaoo ;T Y ;T YgY ;1 Y Yg! Ye Y, (3.40)

1 AT [ [
; (3.41)
| f ¢ Il Qg

]l JtcOLdz] 5B~ ' H dafs tctsLodOwWLEzo Ols(d H dzw o (1
" dzH2C Isd o dzsls ' dSLOO ‘deffte’ ' daHEEd\GT L 2Oy J dzd i S
ftcd YOMisIs' Mstezds" © SO dOftezed o B ABES
slstcd BOO UgtpPtc OL
f(X)=0, (3.42)
HJ
‘0 "0 "0

=[x, F] (343)
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[dzw  tetsL o 6w L Sk dndfIsts didls ted b ‘ddy 'dn v T ok chiftstaiz
[ Odzd 2 d3j stsH ' dz@2B ' dz2 b ftesMmisddg SO jJWjCLk
[ dzv o d L odgswpjrdzdavdzts 9 J dzd ud dzd ° dztizts i |f dats
L OMiskzy detsy MEjaEEy WOfttkzcO dzO L Olstg@ ¢ @Yo
odL dzOy0oO* Is+ impw wg¢

5

% (3.44)

CChs fed2dlsd LO Ghdseslk ftodfbkzh j dadzv,
s OB sdej dzj OB O { 5o d dadOte ¢ 3G ' d3EzS Y GA® fids tetzts
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3ATBEPJDKYIO ATBEPJDKYIO
Jlnpertop HHI eneprernin, Jlupexrop
(ﬁ;ﬁsﬁ THRH I eneprosdepemenns IHETHTYTY BUIHOBIOBAHOT CHEPICTHRN
Vipainn 1 SepaiHi
HayK, npogpecop 3 '|c.yﬂcup. HAHY

C.O. Kyaps

o 12 a202ip.

AKT

BHKROpuCcTanns pesyastaris H/IP

3a  1emo10:  «POo3podaCHHA  GEIMYAbMUNIIKAMOPHOT  6IMPOCICKMPOYCMAHOGKU 6
cucmemi niOGUUECHHA CKOHOMIMHOCMI mMa  eKOA0IMHOCHIT MPAOUWIHHO20 2eHEPAMOPHOL0
00aa0HanNna», 10 BUKOHYBajach 3a Jlorosopom 3 HAH Ypaitm No HLE. 4.11-19 gix 02.05.2019p..

O)a suKkonana

poGora «PO3POONCHHA __MAMEMAMUMHOL __MOOH 0151 GUIHAYCHHA __naApaMenmpis

2CHEPAMOPa De3MYAbMUNIIKAMOPHOT l!il?y)ﬂt’.'lé’l\'"!pl)l'(‘nl(lll()(!l\'ll» g

¥ BHIISLL: seimy 3 H/IP;

OIHC BHPOBALARCHOT NPOAYKIIT: 6 _podomi nasedeni Memodusuni 3acaou _ 6usHauenns

II(IQ(I.'IL‘I?I[)il! SeHepamopa (76’1.\[]‘.'Ib"lllll.'lil\'(ll"()[)ll()]' (Ii”ll)()l!.'l(‘l\'l?_l[)(l]'(‘Ill(lll(NH\'H ma enue na

HUX Q0OAMKOGOT OOMOMKU NIOMACHINY8AH A | KOHOCHCEMOPIE

nepeirada JUist BHKOPHCTAHHSL ) HAGUAIbHOM) nPouect ma_HAYKOBUX _QOCATONCCHHAX

rageopu eaexmponocmavanns iv. npody. B.M. Cunvkosa HII enepeemuru, asmoyvamuru i

enepeosoepedcenns HYBill Yipainu, 0341, . Kuie-41, ay.1. epoie QOdoponu, 12.

Pe IVVIBTATH BHPOBAUZKCHH ST llp()ll)’l\‘lli'f MAI0Th II&lC'l'_\'llIli nepesaru:

HoBusua 1a NepenerTHBHICTL 3alIPOHOHOBAHNN DILICHL  3ANPOROHOGANT _Memodusni

NOAONCCHHA 00 GUSHUYCHHA Il(ll)ll.\l(’l)l[)ilf Jenepamopa OCIMY AN KAMOPHOT

aimp()e.7el\'mp0)'cmlmom\'u ma_6naue _Ha_HUX _000UmKo6ol _00MOMKU Ill‘().lllh’lll"l]'({{lllli}l i
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K()ndeucamopia. WO _00360510Mb_NPOCECMU_AHALI3 Il[?()llt.’('il{, AKI npoxXoosin, 6 OaHill

2. Texuiumi i eKOHOMIUHI nHeEpeBarn B HOPIBHSIHHI 3 BUIOMHME  aHa/10raMi

3ANPONOHOBAHA _MOOCIAb _00360.14€ OL1bL_4INMKO VAGUMIU_XAPAKMEPUCHIUKI_NPOUCCIB, 1O

NPOX0OANMb 6 GIMPOCHEP2CMUYHII YCHIAHOBUI HA__NEPUIOMY  emani _Q0CHONCCHHA  MaKoT

cucmemu.,

3. Inmi nepesBaru: GUKOpUcCHIans MEMOOUMHUX NOA0NCCHD 00 BUSHAUCHHA NAPAMEMPIE

SeHepamopa (7("3."]'.'ll:ﬂlllll.'II.I\'(IHI()[)II()]. (lil”[)()L’.'l(!l\'Hl[)(l)‘('III(III(M’KII na 6naue Ha Hix

Q00AMKOGOI 0OMOMKU RIOMACHIYYGUHHA | KOHOCHCBMIOPIB, O036018€ CKOPONIU YAC HA

NPOGEeOCHHA QOCAIOHUULKUX POOIM.

Hionucu

Binx HHI eneprerunkm, Biz IHeTHTYTY BIAHOBIOBAHOT CHEPI CTHRH
ABTOMATHKH i eHeprozoepeReHHst HAH Ykpainn

HYBIll Ykpaiun Ik, 1 kar.

3aBiayBau kadeapn e
npo¢p. B.M.Cunbko

P

« » 2021 p. « » 2021 p.

CRTPONOCTAMAHHST M. BiULLLY BiTpOCHEPTeTHRI

<
B.B. Ko3unpebrui I.51. Kosaaenko



3ATBEPJDKYIO

B.o. nupexTopa
IncTary AHIKH T2 ABTOMATHKH

AKT

BHKOpHCTaHHA pe3dyabTaTtiB HIAP

Ilin wac mnpoBegeHHs [ucepTauniiinoi poGorm 3a Temolo: «AemonomHa
0e3MyIbmUnNiKamopHa GimpoeneKmpuyHa ycmaHoeKa Ha 0a3i 2eHepamopa mopuesozo
muny», IO BUKOHYBAJIACh 3 IUIAHOM aCIiPaHTCHKOT MTZITOTOBKH, 0)/1@ UKOHAHA

acHCTeHTAa KadepH BiIHOBIIOBAILHHUX JzKepe1 eHepril KoBanenko Ipunu SIkiBHn

pobota («llopieHANbHUI AHANI3 eKCHEPUMEHMANbHUX 00CAI0NCeHb ma iMimauiiinozo

MOOeNI08aAHHA Kopekuii HOMYMCHOCHI 2eHepamopa Oe3mynbmuniikanopHoi

GIMpOeNeKmpoyCMAaH08KU __3d__Q0HOMO2010 _000amK080i 0OMOMKU _NiOMAZHINY8AHHA i

KOHOCHCamopieyn;

Y BHIJISIAL 36imy;
OnHC BOPOBAXKEHOI NPOAYKIIL: ¢ podomi Hase)eHUl pe3ynbmam nopieHANbHO20 AHANIZY
eKCnepuMeHmy _ma__iMimauiiiHo20 MOO0eNl08aHHA _KOPeKUWil nomyjcHocmi_2eHepamopa

0e3MYIbMURNIKAMOPHOL _GIMPOeNeKMPOYCMAHOBKI 3a _0ONOMO2010 000amK080i 06MOmKU

RIOMAZHIYYEAHHA | KOHOEHCAMOpIie

nepeAaHa Uisi BAKOPUCTAHHS Y HAVKOGUX 00CNIQHCEHHAX IHCMUmymy.

PesyabTaTi BOpPOBAaKeHHS NPOAYKIil MAaIOTh HACTYIHI NepeBaru:
HoBu3Ha Ta mepCHEKTHBHICTH 3aNPONOHOBAHUX pilleHb  3ANPONOHOSAHI _MenmOoOu4Hi

NOJI0NCCHHA _NOPIGHAILHO20 _AHAII3Y eKCHepUMEHmY ma__iMimauiiiHo20 _MO00eal08aHHA

KOpeKuii nomyjicHoCmi_2eHepamopa 0e3my1bmuniikamopHoi gimpoeneKkmpoycmanosku _ma

GNJIUG HA HUX 000AMK080I 0OMOMKU NIOMAZHIYYBAHHA | KOHOEHCBMOPI8, 10 003601410Mb

nposecmu aHaliz nPouecie, AKL NPOXo00AMy 68 OAHI cUCHEeMI.

2. Texuiuni i exoHOMiIUHI @epeBarH B MNOPIBHAHHI 3 BiIOMHMH aHAJOraMu

3ANPONOHOBAHI Pe3yIbmamiul 00360A10Mb OLIbUL YIMKO YAGUMU XAPAKMEPUCMUKU npoqecie,
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WO NPOX0dAMmY 6 GimpoeHepzemuyHiil YCMAHO8Ui HA NEPUIOMY emani 0ocnidyceHHA maKol

cucmemu.

3. Inmi mepeBaru: @UKOPUCHIAHHA PE3V1bMAMie 0OCNIOHCEHHA 00 GUSHAYCHHA
napamempie zeHepamopa 6e3mMyibMUNAIKAnoPHOL 6imMpoeneKmpoyCmano6Ku ma 6naug Ha

HUX 000aMK0B0I 00MOMKU NIOMAZHIYYEAHHA | KOHOEHCEMOPIE, 0036011A€ CKOPOMUmMU 4ac

HA NPO6eeHHA JOCIIOHUUbKUX PODim.

3aB.xad. BJIE,
JIOKT. TEXH. HAayK, JOL[EHT g Bacuns BY JIBKO
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3SATBEPKYIO»

JlexaH ¢axynbTeTy

€JIEKTPOEHEPrOTEXHIKH Ta aBTOMaTHKH

HarlioHabHOro TeXHIYHOTO YHIBEpPCHTETY

X@m&i’lﬁm CHKHI MONITeXHIYHMM

‘meriTyT iMéti-lhops Cikopeskoro”,
[ ipodecop |

aBTOMATHNA

angp SIHJTY JIbCHKUIA

BHKOPHCTAHHSI HAYKOBHX i IPAKTHYHUX Pe3yJIbTATIB ANCEPTANLiitHOI poGOTH HA TeMy
«ABTOHOMHA 6e3MyJILTHILIIKATOPHA BITPOEIEKTPHYHA YCTAHOBKA Ha 6a3i renepaTopa
TOPLEBOr0 THITY»

acucTenTa Ka)epy BiAHOBIIIOBAHHX /KepeJI eHepril

Kosasenko Ipunn SIkiBHH

AKT CK/IaZieHo B TOMY, IO HAyKOBi Ta MpaKTWU4HI pe3yJbTaTH AMCepTaliiiHoi po6oTH
«ABTOHOMHa  0e3MyJIBTHIJIIKATOpPHA BITPOENEKTpPUYHA YCTaHOBKa Ha 0a3i reweparopa
TOpLEBOr0 THMy» acucTeHTa Kadenpu siaHoBmoBanux Jokepen eueprii KIII im. Irops
Cikopcbkoro Kosanenko Ipvnn SIKiBHM BMKOpUCTaHO Ha Kadelpi BiAHOBIIOBAHHX JUKepen
eHeprii (aKyJbTeTy €NeKTpOEHEeproTeXHiKM Ta aBTOMAaTHkM HallioHanbHOro TEXHIYHOro
yHiBepcuTeTy Ykpainu "KuiBebkuil mositexHiunuii incrutyt imeni Irops Cikopcekoro" mnpwu
pukonanni HJIP "KomriiekcHi cucTeMu eHepro3abesrieueHHss aBTOHOMHMX 00’€KTiB Ha 6asi

BHKOPMCTAHHS BiJHOBJIIOBAHMX JuKepe eHeprii” (Tema Ne2037, Ne JIP 0117U004325).

Koganetko I.51. npoBena NOpiBHANBHUI aHai3 pe3ysbTaTiB eKCIIEPUMEHTY Ta iMiTaliiiHoro
MOJIE/IOBaHHs KOpeKLiT MOTYXKHOCTI reHeparopa 6e3MyJIbTUILITIKATOPHOT
BITPOENEKTPOYCTAHOBKM ~ 3a  JOMIOMOTOK)  JOJATKOBOi ~ OOMOTKM  MiAMarHiuyBaHHs i
KOHZeHcaTopiB. HoBM3HA Ta MeEPCHEKTHBHICTH 3aMpONOHOBAHMX pillleHb  3amMpoOMoHOBaHi
METO/IMUHI MONOYKEHHs MOPIBHAIBLHOTO aHajli3y eKCMEepUMEHTY Ta iMiTalifHOro MozemoBaHHs;

KOpEKLii MOTY)KHOCTI reHeparopa 6e3MyIbTHIIIKATOPHOT BITPOEIEKTPOYCTAHOBKH Ta BIUIMB Ha







