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AHHoTanms. PaccmarpuBaeTcs MOJEnMpOBaHUE CUCTEMBI YIPABICHUS HACOCOM OXJIAXK/ICHHUS TJIaBHOTO IU3ETs B cpesie
MATLAB Simulink. MonesupoBaHie BBIIOIHACTCS C LENbI0 JAEMOHCTPALHU PabOThl MOJACPHU3UPOBAHHON CHCTEMBI
OXJIKJIEHHMS TJIaBHOTO au3eist. HeoOxoquMocTh MOJepHU3ANH CUCTEMBI YIIPABICHUS] HACOCOM O0YCIJIOBJICHA TEM, UTO
B UCXOJHOH CHCTEME OTCYTCTBYET BO3MOXHOCTbH PETYJIMPOBKH CKOPOCTH BPAILCHUS SJICKTPOABUraTeNsl, PeryJIHpPOBKa
TeMIIepaTyphl OXJIKIAIONIEH KUAKOCTH OCYIIECTBILIETCS] TOJIBKO II0 JAHHBIM C JaTdMKa TEMIIEpaTyphl Ha BBIXOJE W3
TJIABHOTO JIM3EIIs, A TaloKe He IPEyCMOTpEeHa PEeryJIMpoBKa CKOPOCTH BPAIIEHUs SICKTPOABUTATeNs, YIUTHIBAIOIIAs Pe-
XKHUM palOTHI IMIAaBHOTO IH3el. MOIEpPHU3UPOBAHHAS CHCTEMA YIPABICHUS COCTOMT M3 HYETHIPEX NATUYUKOB (HATUUK
TeMITepaTypbl OXJIKIAOIIEH KUIKOCTH, PACHIONIOKEHHBIH Ha BBIXOJE U3 TIaBHOTO JU3EINs, JAaTYUK TeMIepaTyphl OXJia-
JKIAIOIICH JKUIIKOCTH, PACIIOJIOKEHHBIM HAa BXOJIE B TJIABHBIN JIU3€IIb, JATYUK TEMIepaTypbl 3a00pTHOM BOJBI U Taxore-
Heparop), KOHTpOJIepa HEYETKO JIOTHUKH U ITpeobpa3oBaTesst 4acToThl. [IpeoOpasoBarenb 4aCTOTHI U3MEHSIET BEUUYNHY
W 9acTOTy HalpsDKEHHMs, IT0JaBaéMOro Ha 3JIEKTPOJBHTATElb, B 3aBUCUMOCTH OT BEJIMUHMHBI CHTHANA C KOHTpOJUIepa
HEYeTKOH JIOTMKH. BenmmunHa curnana ¢ KOHTpoOJUIepa HEUETKOH JIOTHKHU 3aBHCHT OT BEJIMYUHBI CUTHAIOB C JATUMKOB
TeMIIepaTyphl U TaXOreHepaTopa U OIPenesieTcss B COOTBETCTBHH C aJlTOPUTMOM, IponcaHHbM B Simulink. HoBast cu-
creMa 1o3BoJHT Gosiee 3(P(EKTHBHO OXJIAXKIATh JBHUTATeNb, T. K. OyIeT YIUTHIBATh PEKUM pabOTHI IMIABHOTO AW3EI
(CKOpPOCTH BpaIlECHNUST) ¥ COXPAHATH PEKOMEHIOBAHHYIO Pa3HHIy TEMIIEPATYp OXJIAXKAAOIISH KUIKOCTH Ha BXOJIE U BBI-
XOJI€ U3 TJIABHOTO U3EIsL.

KiioueBble ci1oBa: mpeoOpa3oBareiib YacTOThI, KOHTPOJUIEP, OXJIKAAIOIAs KUAKOCTD, JaTYUK TeMIepaTypbl, TaXxo-
reHeparop, u3elb
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Abstract. The article considers simulating the main diesel cooling pump control system in the MATLAB Simulink envi-
ronment. Simulating is performed to demonstrate the operation of the upgraded main diesel cooling system. The need to
modernize the pump control system comes from the fact that in the original system there is no possibility of adjusting the
speed of electric motor rotation, the coolant temperature is regulated only according to the readings from the temperature
sensor at the outlet of the main diesel engine, and adjusting the rotation speed of the electric motor in relation to the oper-
ating mode of the main diesel engine is not provided. The upgraded control system consists of four sensors (coolant tem-
perature sensor located at the outlet of the main diesel engine, coolant temperature sensor located at the main diesel inlet,
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sea water temperature sensor and tachogenerator), a fuzzy logic controller and a frequency converter. The frequency con-
verter changes the magnitude and frequency of the voltage supplied to the electric motor, depending on the magnitude
of the signal from the fuzzy logic controller. The value of the signal from the fuzzy logic controller depends on the value
of the signals from the temperature sensors and the tachogenerator and is determined in accordance with the algorithm
written in Simulink. The new system will make it possible to cool the engine more efficiently, due to taking into account
the operating mode of the main diesel engine (rotation speed) and will maintain the recommended temperature difference
between the coolant at the inlet and outlet of the main diesel engine.

Keywords: frequency converter, controller, coolant, temperature sensor, tachogenerator, diesel
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BBenenne

CucremMa 3JIEKTPOIPHUBOAA HACOCA OXJIANKIACHHS
[JIABHOT'O Jn3els cyaHa (puc. 1) cocTout:

a) U3 YeThIpeX JaTYHKOB:

— JaT4hKa TeMIepaTypbl OXJAXIAIOUIEH KHUIKO-
CTH, PACIOJIOKEHHOTO Ha TPYOOIPOBO/IE, BHIXOIAIIEM
13 TJIABHOTO JW3EIIS;

— [aT4hKa TeMIepaTypbl OXJAXIAIONIEH KHUIKO-
CTH, PACIOJIOKEHHOIO Ha TPyOOIPOBOJE, BXOJSIIEM
B IIABHEIN U3€EIb;

— ATYMKaA TEMIIEPATyPbl 3a00PTHOM BOJIBI;

BieiE =

— TaxoreHepaTopa, M3MEPSIOLIEr0 CKOPOCTh Bpa-
LIEHUsI BaJla TJIABHOTO JIU3EJIS;

6) neuerkoro koHtposepa (HK), 3anaya koroporo —
BbIJABATh AHAJIOTOBBIM TOKOBBI CHTHAJI BEJIWYHHON
4-20 MA B peobpazoBarens gacToTsl (ITH), B cooTBeT-
CTBHH C TIPOTpaMMoOi, onmcanHoi B cpere MATLAB;

B) mpeoOpa3oBaTeis 4acTOTHI, 3a/1a4a KOTOPOTO —
PETynHNpoBaTh CKOPOCTh BPAIIECHHUS 3JIEKTPOIBUTATEIS
Hacoca B 3aBUCUMOCTH oT curHana ¢ HK;

T') BJIEKTPOJBUIATENSI HACOCA — ACHHXPOHHOT'O JIBU-
rareinst (AJIK3) ¢ nBoitHoii 6ennubeit KIeTKOM.

Puc. 1. Cucrema «/latunku-ITIK-ITY-AZIK3» [1]

Fig. 1. Sensors-PLC-FC-ADSCR system [1]

Mogenupyercss pa3oMKHYTasi CHCTEMa OXJIaxIe-
HUS, T. K. Ha JAHHBII MOMEHT 3TOT THUI CUCTEMBI
OXJTaXK/ICHUS HanboJiee pacpocTpaneH [2].

Moaeans AJIK3
B cpeme Simulink mogems AJIK3 mpencrarnena
eauHBIM O110KOM Asynchronous Machine [3] (puc. 2—4).
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Puc. 2. AJIK3 ¢ nBoitHOl Oenuubel KIeTKOH
B cpeze Simulink

Fig. 2. ADSCR with double squirrel cage
in Simulink environment
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&l Block Parameters:

Asynchronous Machine (mask) (link)

Implements a three-phase asynchronous machine (wound rotor, squirrel cage
or double squirrel cage) modeled in a selectable dq reference frame (rotor,
stator, or synchronous). Stator and rotor windings are connected in wye to ar

internal neutral point.

Configuration
Rotor type:

Parameters

Advanced

>

~

Load Flow

IDouble squirrel-cage

Preset parameters
Squirrel-cage preset model: :No

Double squirrel-cage preset model:

Mechanical input:

Open parameter estimator

iTorque ™m

Reference frame:

i Stationary

Measurement output

Use signal names to identify bus labels

[ox ][ cancel |[ Hep Apply
Puc. 3. ITapamerpsr AJIK3, c1p. 1
Fig. 3. ADSCR parameters, page 1
=

[®al Block Parameters:

Asynchronous Machine (mask) (link)

Implements a three-phase asynchronous machine (wound rotor, squirrel cage
or double squirrel cage) modeled in a selectable dqg reference frame (rotor,
stator, or synchronous). Stator and rotor windings are connected in wye to ar

internal neutral point.

Configuration Parameters

Advanced
Nominal power, voltage (line-line), and frequency [ Pn(VA),Vn(Virms),fn(Hz) ]

~

Load Flow

[[1-498e+04 380 507

Stator resistance and inductance[ Rs(ohm) Lis(H) ]:

[[0-705 0.0009025]

Cage 1 resistance and inductance [ Rrl1' (ohm) LIrl" (H) ]:

[[0-3266 0.005161]

Cage 2 resistance and inductance [ Rr2' (ohm) LIr2' (H) ]:

I [0-4935 0.0009025]

Mutual inductance Lm (H):

[0.04477

Inertia, friction factor, pole pairs [ J(kg-m~2) F(N.m.s) pQ 1:

[[ o.085 0 2]

Initial conditions

[[1,0 o0,0,0 0,001

[J simulate saturation
<

Plot ~

Cancel | | Help Apply

Puc. 4. ITapamerpst AJIK3, cTp. 2

Fig. 4. ADSCR parameters, page 2

[MapaMeTphl 3JIEKTPOABHUIATEs] BBOAATCS C IOMO-
w0 KoMaHael Open parameter estimator. Ha BXon
Tm momaeTcss MOMEHT HAarpy3KH B BHUJIC€ KOHCTAHTBI
C BeIxOga m uepe3 Bus Selector momaroTCss CUTHAIBI
Ha OJIOKH Scope, ¢ TTIOMOIIBIO KOTOPBIX H3MEpSIeMbIe
BEIMYMHBI 0TOOPAXKAIOTCSI B TpauecKoM BHUJIE.

MowmenT Harpy3ku, H-M, paccuutsiBaercs o ¢op-
myne [4]

M=P/w=15000/156 =96,

25

rae P — akTHBHAs MOIIHOCTh JJIEKTpPOJBUTATEls, BT;
W — HOMHHAJIbHAsi CKOPOCTh BPAIEHHS HIEKTPO/IBUTa-
Tens, pajy/c.

Mogpeas ITY
Mogens ITH [5] (puc. 5) mpencraBiser coboit
2 6moxa — cuioBoi 610k (puc. 6) u 670K yIpaBIeHHAS

(puc. 7).
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Puc. 5. Mogens ITH

Fig. 5. FC model

@ [Cont olled Vokage Source
»

IGBT/Diode3

Puc. 6. Cunosoii 6ok ITH

Fig. 6. Power block of FC

Puc. 7. baok ynpasnenus [T4

Fig. 7. FC control block
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CusoBoii  OJIOK TpencTaBiisieT coboil 6 OJIOKOB
IGBT/Diode, ¢ KOTOpBIX TEPEMEHHOE HaIpsDKCHUE
moctymaer Ha AJIK3, a Ttaxxke Omox Controlled
Voltage Source. bnok ympaBieHus NpeACTaBIIET CO-
o0oii 4 Onoka Tree-Phase Sine Generator, a Takxe
Habop OmoxoB Goto wm From, mpenHa3HaYeHHBIX IS
Mepejauyu CUCHAJIOB ISl YIIPABICHHS JHOIaMU.

Brok Controlled Voltage Source mnpeaHasHaveH
JUIS TIOJJa4¥ TIOCTOSHHOTO HANpsDKCHUS Ha OJIOKH
IGBT/Diode. Ha Bxon S mogaeTcsi CUrHaj, BEJIUYHMHA KO-
TOPOTO U SIBISICTCS BEIMYMHOM BHIXOIHOTO HATIPSDKCHHS.

Yacrora OTKPHITHS OHOIOB 3aBUCHT OT YaCTOTHI
CHTHaJa, IIoiaBaeMoro ¢ 6joka From Ha Bxox g. Camo
HaMpsOKCHWE Ha TUOIBI MOHACTCSA B 3aBUCHMOCTH OT
nosisipHOCTH OO0 Ha BXon C (+), mubo Ha BXxox E (-).

B Oisioke ympaBieHHs KIIOYEBYIO pOJIb HIPAIOT
onoku Tree-Phase Sine Generator, T. K. AIMEHHO C HUX
BBIIACTCS CHHYCOMJANBHBIA CHUTHAJ, KOTOPBIHA MOCIE
peoOpa3oBaHus U 3aJ1aCT YaCTOTY OTKPBITHS JHOJIOB.
UroOs! 6110k Tree-Phase Sine Generator 0CyIEeCTBISII
BBIJIJa4y CUTHAJNA MO OJHOW (a3e, HEOOXOAMMO yna-
JIUTH B HACTPOUKax JBa curaana (puc. 8, 9) [6].

|"&) kz_itog3 P [Pa| Three-Phase Sine Generator4 P Pa| Model

Integrator

{1
s
Freq
[0 -2*p¥3 2*pii3] +
+

toRad

Pha

e
= |

Mag

d
Uabc

Puc. 8. Tree-Phase Sine Generator 10 n3MEHEHHS

Fig. 8. Tree-Phase Sine Generator before changing

|P&| kz_itog3 P [P Three-Phase Sine Generator2 P |Pa| Model

Integrator

Freq
[0}

pi/180

toRad

Pha

—
(20 }— wt
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CO—

Mag

Uabc

Puc. 9. Tree-Phase Sine Generator 1ocie u3sMeHEHHUS

Fig. 9. Tree-Phase Sine Generator after changing

Ha Bxon | u | M0JJaeTCsl CUTHAJI, 33/1al0Inil BeJIn-
YUHY BBIXOJHOTO cHrHana c Onoka Tree-Phase Sine
Generator. Ha BXxon < u mojaercst CUrHaJI, 3aal0ui
HavyaJIbHbIN yros cunycounsl. Ha Bxon Freq nomaercs
CHTHAJI, 33/IaI0LIHI YaCTOTY CHHYCOHBI.

Mopeas HK

Mogems HK [7] (puc. 10) mpencraBieHa O10KoM
Fuzzy Logic Controller with Ruleviewer, Iporpamma Juist
KoToporo nponucaxa B nporpamme MATLAB (puc. 11).

27

Fuzzy Logic
Controller
with Ruleviewer

Puc. 10. bnok Fuzzy Logic Controller with Ruleviewer

Fig. 10. Block Fuzzy Logic Controller with Ruleviewer
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nput varisble "DT2*

Onet - -~ o Currert Variable Curtent Membership Function (click on MF 10 select)
e = - - MName. o12 =D OuHuax.
- n
e = Type gt Type amt S
= - - o e [ e |
I — ‘ Display Range 152167 I Holp Close |
Puc. 11. Ilporpamma B Matlab mst 610ka Puc. 13. ®azzuduxarnus 61oxa D12
Fuzzy Logic Controller with Ruleviewer
Fig. 13. Fuzzification of the D72 block
Fig. 11. Software in Matlab for a block
Fuzzy Logic Controller with Ruleviewer — e
7 e e g o e o
[Iporpamma ocHOBaHa Ha M3MEHEHUHU BBIXOAHOIO SUE
CHTHaJa B 3aBUCHMOCTH OT KOMOHMHAIIUN W BEJINIHHBI
BXOIHBIX curHajoB. CurHamel B Omok Fuzzy Logic
Controller with Ruleviewer TOCTyHaroT ¢ YeTBIpEX b R
JIATYUKOB: >9<J T e
— DTl — patduk TeMIepaTyphl OXJIaXKAalomieH e T RS GO
KHUJIKOCTH Ha BBIXOJIE M3 TIIABHOTO JH3EIIs; = e - ouie
— DT2 — partyuk TeMmepaTypbl OXJaXKAArollen e = :'__ o -
JKUJKOCTU Ha BXOJE B IVIABHBIN IU3EIIb; - o =
— speed — TaxoreHepaTop; S vosa = L= ]
— DT3 — nar4uk TemMrepartypbl 3a00pTHOH BOJIBI.
Curnansl ¢ JaTYUKOB TeMIIEpaTypbl HU3MEHSIOTCS Puc. 14. ®assuduranus Gioxa Nagr
o Toky (4-20 MA), a ¢ TaxoreHeparopa — 10 Hanps- ) ) .
>1<eHmoy (0-10 B).)Benwmm,l CI/III)"HaHI())B, HOCTyneFfo— Fig. 14. Fuzzification of the block Nagr
mye B KOHTPOJUIEP, PACCUMTAHBI MCXOIS W3 OIIBITOB, — —
IPOBEJIEHHBIX B TA6OPATOPUH. e - —— -
b Jmnsa xaxmoro z[agqm(g OBUIO YCTAHOBJIEHO COOT- @ |
BETCTBHE MEXIY YHCICHHBIMH 3HAYCHHUSIMH BXOJHOU
TIEePEMEHHON CHCTEMBI HEYETKOI'O BBIBOJIA M 3HAYCHH-
eM (yHKIMM npuHaIe)KHOCTH (puc. 12—15).
- L pr—
YY1 AN B " NS il toon on tomn
M _ — o
ﬁ‘ ‘ Diplay Range arey | Hap close ‘
=
XX‘ = e Puc. 15. ®az3uduxarus 61oxa D13
or3
Care Varatie Care et Focin ek n E 1o ) Fig. 15. Fuzzification of the DT3 block
Hame on Harse [
- ot e m 5 [IpuHIDMOD TOCTPOEHUS YYacTKOB (GYHKIMH IS
- o b 215 KaXJO0T0 JaTYMKa OJMHAKOBBIM.
oo — | = i = | | HUckimouenue cocrasiser DT3 (cMm. puc. 15).“
J1st Hero MpUHSTO yCIOBHE OKa3aHUsI BO3IEUCTBUS

Puc. 12. ®a3suduxanus 61oka D711

Fig. 12. Fuzzification of the DT'1 block

Tosibko mipu HU3koi (ot 0 o 5 °C) u mpu BBICOKOH
(ot 32 o 37 °C) Temneparype 3a00pTHOH BOJBI.

daz3udukalys BHIXOJHOTO CUTHAJA TPEACTaBICHA
Ha puc. 16.
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tunction plots

FIS Varisbies

Maan cpawem  BuuCpen  Bmcox

output varisbie

‘Current Mambarship Function (chck on MF 10 select)

HName ' Name OB

Type output = ik o
Params

@ (1617 18)
uo

20] | Help Close. I

Puc. 16. ®az3uduxarys BHIXOJHOTO CUTHAIA
Fig. 16. Fuzzification of the output signal

[TpuHuMn BeIOOpa KOHKPETHOTO ydyacTKa Ompeje-
JSIeTCsl MPOTMCaHHBIMK NpaBuiaMu (puc. 17).

1. If (DT1 is OuHu3x) and

DT2 is OuHuax) and (Nagr is OuMean) and (DT3 is Huax) thon (Iis Mun
2. 1f (DT1 is OuHuax) and (DT2 is OuHuax) and (Nagr is OuMean) then (I is OuMean) (1)
3. If (OT1 is OuHuax) and (DT2 is OuHuak) and (Nagr is OuMean) and (T3 is ewcox) then (I is Mean) (1)
4.1f (DT1 is Huak) and (DT2 is Huak) and (Nagr is Mean) and (DT3 is ewcox) then (I is cpeanas) (1)
5. If (OT1 is Huax) and (DT2 is Huax) and (Nagr is Mean) then (I is Mean) (1)
6. If (DT1 is Huak) and (DT2 is Huax) and (Nagr is Mean) and (OT3 is Huax) then (I is OuMean) (1)
7. If (OT1 is Cpoa) and (DT2 is Cpea) and (Nagr is Cpea) and (DT3 is Bucox) then (I is BeiwCpea) (1)
8. If (OT1 is Cpen) and (DT2 is Cpea) and (Nagr is Cpea) then (1 is cpeanan) (1)
9. If (OT1 is BuweCpea) and (DT2 is B ) and (Nagr is B ) then (1 is BuwCpea) (1)
10. If (OT1 is BuiwoCpen) and (DT2 is BuiweCpoa) and (Nagr is BuiweCpea) and (DT3 is Huax) then (I is cpoann v
< >

and and Then
DT1is OT2is Nagris lis.
Mean =
BuiweCpea pea
OuBuicox OuBuicox OuBuicox puuCpea
Huax Huax Mean
Cpea BuweCpea Cpea Homunan
Buicox < cox | [Bucox - - |E,,, ~
[ not Jnot [Jnot. [Jnot [Jnot
Connoction Waight:
Oor
@ and 1 Deletervle | | Addrle | | Changere | =
I FIS Name: cont3 I I Help | Close |I

Puc. 17. [IpaBuna onpenesneHust BBIXOJHOI'O CUTHANIA

Fig. 17. Rules for determining the output signal

u

st mpeoOpa3oBaHKs CUTHANA ¢ KOHTPOJUIepa MC-
NoJb3yIoTes 3 O10Ka:

— 6nok Gain ¢ xo3pdunuentom 2.5 — aus npeod-
pa3oBaHMsl CHUTHANA B BEJIMYMHY YacTOTHI, MMOJaBac-
Mylo Ha Bxol Freq 6noka Tree-Phase Sine Generator
(puc. 18);

— 6soxu Gain u Sqrt nyis IpeoOpa3oBaHUs CUTHAIA
¢ Omoka Gain ¢ kxo3¢p¢umperToM 2.5 B BEIUYHHY
HAINpPSDKEHUS, B COOTBETCTBUU C 3aKOHOM CKaJISIPHOTO
ynpasienus [I4 U * 2 / f= const (puc. 19).

Fuzzy Logic S
Controller
with Ruleviewer

Puc. 18. bnok amst mpeoOpazoBaHus cUrHana
B BEJIMYMHY YACTOTHI

Fig. 18. Block for converting a signal
into a frequency value

+
@ Controlled Voltage Source

[}—
Constart4
Zu .
=. wh cpaua2 =
comans [ DY
TheePhae
Sine Generatar1
Constant? I_. ol
~ I\ > o> o
Gain Gaint Sat
Fuzzy Logic
Controller
with Ruleviewer

Puc. 19. bnoku Gain u Sqrt nias npeoOpa3oBaHus CUTHANA B BEJIMUNHY HAIPSDKCHUS

Fig. 19. Gain and Sgrt Blocks for converting a signal to a voltage value

Moneaun 1aTYnKoOB
B nanHoii cuctemMe naTYMKH MPEICTABICHBI B BUJIE
4-x 6moxoB [2] (puc. 20).
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t-pa Ha BbIX0oAe

N\

t-pa Ha BXDAe

N\

CKOpOCTb

121

t-pa 3abopr

Puc. 20. daruuku B cucreme «Jatauxu-ITJIK-ITY-AJIK3»

Fig. 20. Sensors in the system of sensors-PLC-FC-ADSCR

[uB

w.paze

DT1-2 wu Nagr npexncrtaBieHsl B BHAE OJIOKOB
Repeating Sequence Interpolated — nnsi Toro 4To0BI
0TOOPa3UTh N3MEHEHNE [TapaMETPOB BO BPEMEHH.

DT3 npencrasinen B Bue 61oka Constant (T. K. TeM-
mepatypa 3a00pTHOW BOABI B PEANBHBIX YCIOBHAX
HE M3MCHSACTCS PE3KO).

bnok Mux HeoOXomum Uil NEpeAadd CUTHAIIOB
¢ matunkoB B Omok Fuzzy Logic Controller with
Ruleviewer.

Pabora cucremnl

Ha puc. 21 npuBenen rpaduk M3MEHEHUs] CKOPO-
CTH BpAlllEHWs aCHMHXPOHHOI'O JBHUIaTelisi HPH IOBbI-
LIEHUH TEMIepaTypbl OXJIaKAAIOIIEH J>XHIKOCTH Ha
BBIXOZIE M3 TJIABHOTO IM3€JIsl U HA BXOZE B IVIABHBII
JM3€Tb, BBI3BAHHOM YBEIMUYCHHEM CKOPOCTH Bpallle-
HUSI TJIABHOTO JW3els, Ha puc. 22 mpuBeneH rpapuk
W3MCHEHHS HANpsDKCHUS, MOJAaBAEMOTr0 Ha 3IIEKTPO-
JBUTATEIb.

Puc. 21. MI3amMeHeHue CKOPOCTH BPALLCHUS IEKTPOABUTATENS

Fig. 21. Changing the speed of rotation of the electric motor

Puc. 22. I'paduk n3MeHEHNs HAPSHKCHUS

Fig. 22. Graph of voltage change
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Ha rpaduke ecTh 8 y4acTKOB YBEITHUCHHS CKOPOCTH
BpAIICHUS] M CHIDKCHHSI CKOPOCTH BparieHus. V3mene-
HHE CKOPOCTH BBI3BAHO W3MECHEHHEM BEIMYMHBI CHTHA-
JIOB, TIOCTYTIAIOIINX C JATYHKOB, H IIPOUCXOANT B COOT-
BETCTBUU C POMMCAHHON MPOTPaMMOM yIpaBiICHUsI.

B pesynbrare BBINOIHEHHOTO HCCIEIOBAHUS Yaa-
JIOCh CMOJIETIMPOBaTh PabOTy CHUCTEMBI YHpaBIECHHS
HACcOCOM OXJIX/ICHHS TJIABHOTO IBHIaTellsl CyIHA Ha
0a3e KOHTpoOJUIepa HEYETKOW JIOTMKH B COOTBETCTBUH
C NMPONMCAHHOM MPOrpaMMON YIpaBJIeHUs, OCHOBAHHOMI
Ha BEJIMYMHE CHIHAJIOB C JIATYMKOB TEMIIEPaTyphl
1 CKOPOCTH BpAICHUSL.

3akaioyeHue

PazpaboTana MoJenb MOJEPHU3UPOBAHHOW CHCTE-
MBI YIIPAaBICHUS HACOCOM OXJIQKICHHS TJABHOTO -
3ens1 Ha Oasze mporpammHoro komruiekca MATLAB
Simulink, koTopasi TOYHO OTOOpakaeT MEPEXOIHbIC
MPOIIECCHI NPU PETYIUPOBAHUUA CKOPOCTH BPALICHHS
JJIEKTPOJABHUraTeNsl, IO3BOJIIET CO3/aTh MPOTPaAMMY
VIOpaBJICHUS [UIS KOHTPOJUIEpPAa HEYCTKOH JIOTHKH
1 00eCIeUnTh PEryJIMPOBKY BPAIICHUS IJIEKTPOBHUIra-
TeJIs B COOTBETCTBHH C 33/IaHHOU TIPOTPAMMOIA.
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