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AHHOTAIMSA

Tema wMarucrepckoii auccepramum: lccnenoBanue pexuMoB padOTHI
ruaporenepatopa ¢ [TNI-konTposuiepom 1poOHOro mopsiika.

O0bem nucceprauum cocrasisieT 41 crpanuu, comepxkut 31 pucyHok u 19
dbopmyn. Ciucok JUTepaTypbl COCTOUT U3 13 HAaMMEHOBaHUH.

O0beKkTOM HcCIeOBAaHUA NPH HANMCAHMU PaldOThI MOCIYKHJIA CXEMa C
(GYHKIIMOHATBHBIMU OJIOKAMU, UMUTHPYIOIIUMU pexuMbl padoTsl ['IC.

IIpeamer uccaemoBanuss — mojenb ITMJ[-koHTposiepa npoObHOr0O mopsaka
TUApPOreHepaTopa.

Marucrtepckass guccepTanMs COCTOMT M3 aHHOTAalUu, aBTopedepara,
COZIEpKaHMs, BBEICHUS, TpEX TJIaB, 3aKJIIOYEHHUS, HOMEHKIATypbl M CIHUCKa
MCMOJIb3YEMOMW JINTEPATYPHI.

IlepBas rimaBa nocesinieHa ananusy nenounciieHsoro [ /1-perynsaropa n [TN/1-
KOHTpOJIJIEpa APOOHOT0 NOPSAKA.

Bo BtOpoii rnaBe mpencraBiieHa paspadoraHHas mognens [IW/[-perynsropa
IpOOHOTO  TOpSAJIKA, CHUCTEMBbI  BO30YXKICHUS, THAPABINYECKON  CHUCTEMBI,
TUAPOTYPOUHBI, CHHXPOHHOTO T€HEepaTop, JMHUU AIEKTponepenay, Harpy3KH.

B  Tperbeldi  rmaBe  NIPEACTABICHbl  PE3yJbTAaTbl  MOJAEIMPOBAHUS
THAPORJICKTPOCTAHIIMU TIPU PA3JIUYHBIX PEeXHMax paOOThI, BHIIOJHEHHON B cpefe
Matlab / Simulink.

B 3akntoueHnn nprBeaeHbI BHIBOBI.

KaroueBbie caoBa: snekrposHeprerudeckas cucrema, [IHM/[-konTposuiep
npoOHOoro mopsiaka, uenouucieHusii [ ]J[-perynstop, npoOHOE UCUYHUCIEHUE,
uHTerpanpHbie U Auddepenimanbabie KoddhuimenTsl, onepatop Pumana-JInysumis,
byHkiusa Dinepa, MOJACIUPOBAHHE, TUAPOTYpOMHA, CHCTEMa BO30YXKICHUS,

CUHXPOHHBIN T€HEPATOP.



ABTOPE®EPAT

Brimycknas kBanudukaruonHas pabora Ha Temy «McciaemoBanue pexuMOB
paboTsl runporeneparopa ¢ [11MJ]-koHTponnepoM ApoOHOT0 NOpsiAKay.

AKTYaJIbHOCTDH PaldoTHhI.

B cOBpeMEHHBIX HHKEHEPHBIX CHUCTEMax JUIsl YIIPABICHHS B OCHOBHOM
IPUMEHSIOTCS PETYISATOPBI IPOOHOIO MOPsJIKa, TaK Ha3bIBAEMbIE IPONOPLUOHATIBHO-
unTerpanbHo-nuddepennmansusie  ([INM) perynaropsl. Takue peryiastopsl s
peanu3anryd MOJENM MMEIT HIMPOKO HCIIONb3yEMBbI MaTeMaTH4eCcKui ammapat. He
BCEr/1a BO3MOXKHA aJIcKBaTHAs pealn3ais MaTeMaTHIeCKOM MOIETH ISl KaKOH-J1100
WHXEHEPHO- TexHuuyeckor cucteMmbl. [IM/[-perynstopel He Bcerga o0ecCneYMBaIOT
TOYHOCTB PETyJIMPOBAHUS TEXHUYECKUX [1apaMETPOB. BBICOKYIO TOUHOCTH U CKOPOCTH
pPEryIMpPOBAHUS TEXHUYECKMX TmapameTpoB obecneunBatoT [IJ[-perynstopsl
npobHoro nopsanka. Marematuueckass mozaens [11][-perynsitopa npoOHOTO mopsiika
pa3paboTaHa Ha OCHOBE METO/1a IPOOHOT0 UCUUCIICHUS.

JlaHHBI METOJ HAIIEN IIMPOKOE MPUMEHEHHUE ISl YIpPaBJIEHHS OOBEKTOB C
obpatHoii [1]. B coBpeMeHHOW TeopuM aBTOMATUYECKOTO YIPABICHUS METO[
IpOOHOTO HMCYMCIEHHUS] TO3BOJISIET CHAENaTh TOYHOE MaTeMaTH4YEeCKOE OIMHMCAHHE
TEXHUYECKOT0 00BbEKTa WIIU CUCTEMBI. [IprMeHeHne enouYncIeHHbIX MOIeNIel B CBOE
BpeMsi OBLJIO 3aTPYJAHEHO OTCYTCTBHEM OO0J€€ COBEpIIEHHOIO MAaTeMaTH4eCKOro
anmapara [2]. CoBpeMeHHasi cucTeMa aBTOMaTUKHU MO3BOJISIET IPUMEHATH aJICKBATHO
pa3paboTaHHbIE AITOPUTMBI JJIS1 ONITUMAIBHOIO YIIPABJICHUS CUCTEMaMHU.

eab padoThl.

[lenpt0  JaHHOM  JUCCEPTAIMOHHOM  SIBJIIIETCA ~ CO3JaHUE  MOJEIHU
TUJIPOSJICKTPOCTAHIIMM W BHEJIPEHUE B HeEE MaremaTthdeckyro wmoxaenb [IA]]-
KOHTpOJIepa IpoOHOT0 MOPSIKA.

JIns MOCTHXKEHUS TIOCTaBJICHHOW II€JIM HEO0OXOJUMO PEIIUTh CJICAYIOIIHE
3a1a4H:

1. Coop u aHaIU3 UMEIOLIUXCS JAHHBIX, JIJIsl CO3/IaHUs] UMUTAIMOHHONW MOJIEIH;



2. Pa3paboTaTh pa3znuyHble KOMIOHEHTHl MaTemaTuueckux mozenei ['29C B
Matlab / Simulink;

3. PazpaboraTts Momens ruapoaniekTpocTanimy B Matlab / Simulink;

4. Jlob6aBieHre B MOJEIb THUAPOIIEKTPOCTAHIIMA MAaTEMAaTHYECKYIO MOJIEh
[TN]]-koHTpOIIEpa IPOOHOTO OPSIAKA;

5. MonenupoBaHue W aHaIU3 padOThl THIPOSJIEKTPOCTAHIMHU B PA3THYHBIX
pexuMax pabOThl: CHIKEHHE M YBEIWYEHUE HArpy3ku, KOPOTKOE 3aMbIKaHUE Ha
BBIBOJIaX T€HEpaTopa.

O0bekT M npeaMer uccjenoBaHusi. OOBEKT HCCIEAOBAHUSI — CXeMa C
(GyHKIHOHATBHBIME OJIOKAaMU, UMUTUPYIOIUMH pexuMbl padotsl ['IC.

[Ipenmer uccnenoBanusi — Mognens IIW/[-koHTpoiepa ApoOHOTO MOpsIKa
TUApOreHepaTopa.

Metoasl  ucciaenoBanusi. B paboTe  HCMONAB30BAIUCH  METOJIbI
MaTeMaTUYECKOr0 MOJICTUPOBAHUS, a TaKXKe€ MOJEIUPOBAHUE C MCHOJb30BAHUEM
BU3YaJIbHOTO MTPOTrPAaMMUPOBAHUS UMUTAITMOHHOM MOJIENH ycTporcTBa B Simulink.

Hayuynass  woBu3Ha.  [IpousBeieHO  MOJACIMPOBAHME  CXEMBI  C
GbyHKIHOHATBLHBIMY OJl0OKaMu. PerieHsl 3anauu:

1. Pa3zpabGorana martemaruueckas wmojaenb ¢ I[IAJl-perynsitopom ApoGHOTO
MOPSIAKA;

2. Monenb mo3BOJSET pacCUUTaTh ONTUMANBHBIN pexkuM ['DC npu usmMeHeHun
BHEIIHUX BO3/ICHCTBUI;

3. Peanu3oBaHa WHTEIJICKTyaJllbHAas CHUCTEMa YIPaBIEHUS Ha OCHOBE
texHonoruit FACST;

4. Co3iana UMHUTAIIMOHHAs Moielb B cpene Matlab/Simulink;

5. ObecrnieunBaeTCs MOBBIIICHUS KaUECTBA U HAAC)KHOCTD AJICKTPOCHAOKEHUS C
MPUMEHEHUEM UHTEIJIEKTYaJIbHBIX YCTPOUCTB.

IIpakTnyeckasi uweHHOCThL padorbl. Marematnueckas wonens [IN/I-
peryisTopa JIpoOHOTO TOpsAKa pa3paboTaHa Ha OCHOBE MeToAa JpOOHOTO
WCUYUCIICHUSI, TAaHHBIA METOJ] TTO3BOJISECT ClIeJIaTh TOYHOE MaTEMaTUYECKOE OMUCAHUE

TEXHUYECKOTO O0OBEKTA U CUCTEMBEI.
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ABSTRACT

Final qualification work on the topic "Research of operating modes of a
hydrogenerator with afractional order PID controller”.

Relevance of the work.

In modern engineering systems, fractional controllers are mainly used for
control, the so-called proportional-integral-derivative (PID) controllers. Such
regulators for the implementation of the model have a widely used mathematical
apparatus. An adequate implementation of a mathematical model for any engineering
and technical system is not aways possible. PID controllers do not always provide
accurate control of technical parameters. Fractional PID controllers provide high
accuracy and speed of regulation of technical parameters. The mathematical model of
the fractional order PID controller is developed on the basis of the fractional calculus
method.

This method has found wide application for controlling objects with feedback
[1]. In the modern theory of automatic control, the fractiona calculus method allows
you to make an accurate mathematical description of atechnical object or system. The
use of integer models at one time was hampered by the lack of a more perfect
mathematical apparatus[2]. A modern automation system allows the use of adequately
developed algorithms for optimal control of systems.

Pur pose of work.

The purpose of this dissertation is to create a model of a hydroelectric power
plant and introduce a mathematical model of afractional order PID controller into it.

To achievethisgoal, it is necessary to solve the following tasks:

1. Collection and analysis of available data to create a ssmulation model;

2. Develop various components of mathematical models of hydroelectric power
plantsin Matlab / Smulink;

3. Develop amodel of the hydroelectric power plant in Matlab / Simulink;

4. Adding a mathematical model of a fractiona order PID controller to the
hydroel ectric power plant model;



5. Modeling and analysis of the operation of the hydroelectric power plant in
various modes of operation: decrease and increasein load, short circuit at the generator
terminals.

Object and subject of research. The object of research is a diagram with
functional blocks that simulate the operating modes of a hydroelectric power station.

Subject of research - Model of a PID controller of fractional order of a
hydrogenerator.

Resear ch methods. The work used the methods of mathematical modeling, as
well as modeling using visua programming of the simulation model of the devicein
Simulink.

Scientific novelty. The simulation of the circuit with functional blocks has been
made. Tasks solved:

1. Developed a mathematical model with afractional order PID controller;

2. Themodel makesit possibleto cal culate the optimal mode of the hydroel ectric
power station when changing external influences;

3. Implemented an intelligent control system based on FACST technologies,

4. Created a ssmulation model in the Matlab / Simulink environment;

5. Improvement of the quality and reliability of power supply with the use of
intelligent devicesis ensured.

The practical value of the work. The mathematical model of the fractional
order PID controller is developed on the basis of the fractional calculus method, this
method allows you to make an accurate mathematical description of atechnical object
or system.

Approbation of work.

The main research results presented in the dissertation were presented:

- a the VIl extramural stage of the All-Russian Scientific and Practical
Conference of Young Scientists, Specidists, Postgraduates and Students
"Hydroelectric Power Plants in the X X1 Century" (Cheryomushki, 2020);



- atthe VIl All-Russian Scientific and Practical Conferenceof Y oung Scientists,
Specidlists, Postgraduates and Students "Hydroelectric Power Plants in the XXI
Century" (Cheryomushki, 2021).

Publications:

The main provisions and conclusions are set out in 2 publications in scientific
journals, which are included in the RSCI.

Personal contribution: the results submitted for the defense were obtained by
the applicant personally.

Thesis structure: 41 pages, contains 31 illustrations and 19 formulas. The list of
used literature consists of 13 titles.

Keywords: eectric power system, fractional order PID controller, integer PID
controller, fractional calculus, integral and differential coefficients, Riemann-Liouville
operator, Euler function, modeling, hydraulic turbine, excitation system, synchronous

generator.
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BBEJAEHHUE

B coBpeMEHHBIX HMH)XEHEPHBIX CHUCTEMax [JIsi YIpaBiICHUS B OCHOBHOM
MPUMEHSIOTCS PETYJIATOPBI IPOOHOTO MOPSIIKA, TAK HA3bIBAEMbIE MTPOIIOPIIUMOHATILHO-
unTerpanbHo-nuddepentmansupie (IIW1) perymsaropsl. Takue peryastopsl s
peanu3alydd MOJEIH HMEIOT IIMPOKO MCIOJb3yeMbld MaTeMaTUYeCKUM armapar.
Marematnyeckas monenb [IW][-perynsitopa apoOHOTO TOpsiaka pa3paboTaHa Ha
OCHOBE MeTofa ApoOHOro ucurciaeHus. JlaHHbIi MeTO HAalIEN MUPOKOE TPUMEHEHNE
JUIS yIIpaBIICHUS 00BEKTOB ¢ 00paTHOM CBA3bIO [1].

[Ipu  cosmanmu  Mozenu  THIapodIekTpocTanmmu B Matlab/Simulink
UCTIOJIB3YETCS JAOMOJHUTEIbHBIN TporpamMuslii maker Matlabh FOMCON, kotopsrit
no3Bosisier no0aButh [IW]I-perynsitop apoOHOro mnopsaka. OTOT HHCTPYMEHT
IIOCTPOEH Ha OCHOBE YK€ HMMEIOUIMXCS WHCTPYMEHTAIbHBIX cpeacTB Matlab u
MIPEIOCTABIISIET YA00CTBO JIJIsl UCTIOIB30BaHUS PA3IMUHBIX (DYHKIIHM, a TAaKKe HOBYIO
(YHKIMOHAJIBHOCTb.

B pabote pazpaborana moxens [TM][-koHTpoiiepa ApoOHOTO TOpsiAKa IS

aHalin3a pCKUMOB pa6OTBI B I/IMI/ITaHI/IOHHOﬁ MOJICIIX TUAPOIJICKTPOCTAHINHN B CPCIC

Matlab / Simulink.

10
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(Denepanbﬂoe rocy;:[apCTBeHHoe ABTOHOMHOEC
o6pa3oBaTebHOE YUPEKACHHE
BBICILICTO 06pa3()BaHHi[
«CUBUPCKHWI ®EJEPAJIbHBIM YHUBEPCUTET»
CASIHO-LIUYIIEHCKWN ®GUJTUAJ

Kadeapa ruiposHepreTHKH, THIPO3IEKTPOCTAHIINH, 2IEKTPOIHEPTETHIECKHX

CHCTEM H IJICKTPHYCCKHUX ceTen

YTBEPX/IAIO

sy 78
LZ ]

NOAMUCh HMHHLKANDI, (haMUIHA

«Z/ » ﬂ/ 2021 r.

MATHCTEPCKAS TUCCEPTAIIMA

HUCCJEJOBAHME PEXXUMOB PABOTHI THAPOT'EHEPATOPA C ITA-
KOHTPOJLIEPOM APOBHOI'O MOPSIAKA

13.04.02 DneKTpo3HEepreTHKa H JIEKTPOTEXHHKA

13.04.02.06 I'uaposnekTpoCTaHLUH

PyxoBoautens gﬁ 77.06.2 7 [OLIEHT, JL.B. Tonctuxuna
NOJAMKCHb, AaTa KaHJ.TEX.HAYK.

HHHIMaL, Gamunus

DOIKHOCTb
BhImyCKHHK LA C.M. KapamaimieBa
HCh, AaTa HWHHMLaNb!, paMuIHs

HNuxenep 1 kareropuu

o cayx6s1 P3AuM
PeueHzeHT % ~ /1960077  dunmana IIAO A.B. Cenesnesn
NOMKCh, AATa «Pycl'uapoy - «CasHo- MHMUHMANbL, PAMUNMA

Ilymenckas ' 9C umenn
I1.C. Henopoxuero»
JOJDKHOCTH

HopmMoxkoHTponép %/ L2064 1 A.A. Ya6GaHoBa

NOANKCh, AaTa

HHHLHANI, aMHIIHS

CasHoropck; Yepémyuiku 2021



