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HOCTpOQHI/Ie MOA€/IN YIIPaBJICHUA AaBTOHOMHOM 3HeKTp03HepFeTI/I‘leCKOﬁ

CE€ThIO

P.B. Konocos, B.I'. Tumos, I'M. Mupscos

Huoicecopoockuii cocyoapcmeennviil mexnuyeckutl ynusepcumem um. P.E. Anexceesa,
2. Huorcnuii Hogeopoo

AnHoTanusi: B cratbe paccMOTpeHbI OCOOCHHOCTH MPOECKTHUPOBAHUSI CHUCTEM YIIPaBJICHHUS Ha
OCHOBE BO300HOBJISIEMBIX U HETpaAUIHUOHHBIX HCTOYHHWKOB OHCPIUH. anaBneHHe MU
OCYILECTBIIIETCA C TOMOMIbIO HEYETKOTO JIOTMYECKOro 3JIEMEHTa [0  CHElHalIbHO
chopmMupoBaHHON  0Oaze mpaBwia. PaccMOTpeH  HOBBIM  TOIXOJ IO  IOBBIMICHUIO
9HEeprod3(pPeKTUBHOCTH aBTOHOMHBIX CUCTEM 32 CUET U3MEHEHHON CTPYKTYphI YIIPABICHUSI.
KiaroueBbie cioBa: Bo300HOBIsieMblEe HCTOYHHUKHA OHCPIrur, HCTPAAWULNUOHHBLIC HCTOYHHKHU
SHEPruu, MOJEIUPOBAHUE, OIICHKA, IUIAHUPOBAaHHUE, SHEProdPPEeKTUBHOCTb, MOHUTOPUHT,
IMPOTrHO3UPOBAHUC, HCUYCTKAA JIOTUKA, YIIPABJICHUC, ABTOHOMHBIC CCTH.

Pa3Butre u BHelIpeHHE BO30OHOBISEMBIX U HETPAIUIIMOHHBIX UCTOUHUKOB
SHEPIUHU B COBPEMEHHOM MHUPE PACTET C KAXIbIM r'OJ0OM, O YEM CBUJIETEIILCTBYIOT
JOKJIaJbl KPYIHBIX MHUPOBBIX areHcTB [1,2]. Poccust oTcTaer mo cpaBHEHHUIO C
Pa3BUTHIMHU CTpaHaMH, HO BCE K€ HCCIIEJJOBaHMS B OOJACTH BO30OHOBIIAEMOHN H
HETPAaJULIMOHHOM DSHEPreTUKM B HaAIlel CTpaHe BeayTcs Yyxke AaBHO[3].
AKTyaJlbHBIM BONPOCOM Ha CErOAHSIIHUN JAeHb sBIAETCS d(P(HEKTUBHOE
yIpaBJICHHE BO30OHOBIISIEMBIMU M HETPATUIIMOHHBIMU UCTOYHUKAMHU SHEPTHH [4].

Pa3zpaboTtannas cuctema MnpeAcTaBisieT U3 ce0s HECKOJIBKO allbTepPHATUBHBIX
WUCTOYHUKOB. TakOBBIMH HMCTOYHHUKAMH MOTYT OBITh: BETPOIHEPreTHUCCKAS
yctanoBka (BOY), conneunsie 6atapeu (Ch) u TomnmuHbIl snement (TD), a Takxke
JM3eNib TeHepaTopHasi ycTaHoBKa [5,6]. B pabore ucmonab30BaH HOBBIM MOJXOJ
o0ecrnevnBaroIni MOBBIIICHHE SHEPTO3(PPEKTUBHOCTH aBTOHOMHBIX CUCTEM.

OYHKIMOHAIBHOM OCHOBOW IS MHUTaHUS TMOTpeOuTeNeld B HACTOSIICH
pabore sBisitorcss BOY u Cb, koTtopble npu n30bITKE BbIpadaThIBAEMOW MOLUTHOCTH
o0OecrieynBaeT MUTAHMEM YCTAHOBKY IIOJYYEHHUS BOJOPOAA, a TAKXKE 3apsaKy
akKymMyJsiTopHbix Oatapeit (AbB). Ilpu oTcyTcTBMM BeTpa W COJHIIA, B paboTy

OyAeT BKIIIOUATHCS TOIJIMBHBIN JIEMEHT U OyAeT paboTaTh Ha MOJHYIO HATPY3KYy.

Ia)
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Jns penieHus 3aaa4u ONTUMAIBHOTO YIIpaBieHUs] HEOOXOAUMO ONPEICIUTh
XapaKTEpHbIE MapaMeTPhl, KOTOPHIE CIEAYeT KOHTPOJIUPOBATH B TIpoliecce padOThI
[7,8]. Haubonee uHPOPMATUBHBIMU [IJISi OMPENEICHUS COCTOSIHUS aBTOHOMHOM
CETH SIBIIAIOTCS CIEAYIOIIUE MTapAMETPHI:

e MomHocTh, BeIpabatsiBacMas BOY;

® MOIIHOCTb Harpy3Kyu aBTOHOMHOMW CETH;

e HamnpsbkeHue Ha Ab;

e BelMuMHA 3apsjaa Oarapeii;

® MOIIIHOCTh, BhIpabaThiBacMas COJTHEYHBIMU MAHEIISIMHU.

Bo Bpems pa3paboTku 06a3bl 3HAHUH IKCIIEPTHOW CHCTEMBI HCIIOJIb30BAIUCH
pe3yJibTaThl MOHUTOPHUHTA, KOTOpblE MpeoOpa3oBaHbl B MATh JUANAa30HOB
3HAYEHU MapaMeTpoB Uil TPEX JIMHIBUCTHYECKUX MEPEMEHHbIX: ‘‘HHU3KOe",

"cpennee" u " Beicokoe" (Tabmuia Nel).

Tab6mauma Nel

3HavyeHus MapaMeTPOB B PA3IMYHBIX JUalla3oHax

3Ha4YeHUE MapaMeTpoB
HanmenoBanue | O6o3Ha4yeH
Huzkoe Bricokoe
napameTpa ne Cpennee
(0) ()
Mo1HoCTh
BbIpa0aTbIBaeMas | Pycyoystanovki [0..0.4] [0.1...0.9] [0.6..1]
BBY
Mo1mHoCTh
Harpy3Kku Pragruzki [0..0.4] [0.1...0.9] [0.6..1]
aBTOHOMHOM CETH
Hanpsxenue Ha
AT Ubattery [0..0.4] [0.1...0.9] [0.6..1]
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Bennunna 3apsaa
Battery [0..0.75] - [0.25..1]
Oarapei
MouHocTh
BbIpabaThIBacMast Psolnca [0..0.4] [0.1...0.9] [0.6..1]
Cb

BxoaHbIMy iepeMEeHHBIMU TSI MOJICJIM SKCIIEPTHON CUCTEMbI PUHSTHI MSATh
napaMmeTpoB: Pyeyoystanovkis Pragruzki> Ubatterys Battery, Pgoinca TaK Kak 11t OOJIBILETO
KOJIMYECTBa BXOJOB JKCIEPTY TpyJHee cHOpMyIUpOBaTh HEUYETKHE MpPaBUIIA,
00yCIIOBIICHHBIE TTPUYMHHO-CIICICTBEHHBIMU CBSI3sIMU 00BbekTa. [lamsaTh uenoBeka
MOXXET ONEPHPOBATH OJHOBPEMEHHO HE Oosiee 7+2 MOHATUAMH-TIPU3HAKAMHU.
CrnenoBarenbHO, KOJWYECTBO BXOJHBIX MapamMeTpoOB HE JOJDKHO MPEBBIIATH 3TO
gucino. TakuMm oOpa3oM It BBIOPAHHOTO KOJIMYECTBA BXOJHBIX JIAHHBIX
pa3paboTaHa CTPYKTypHas cXeMa JUIsi HEUYETKOW MOJENM SKCHEPTHOH CUCTEMBI
BeranciutensbHo cpeast MATLAB R2009b B makere Fuzzy Logic Toolbox.
CnenuanbHble cpeiacTtBa HeueTkoro mogenupoBanus B MATLAB mnozBoistor
MPOU3BOJIUTh BECh KOMILUIEKC MCCJIEIOBAaHUN MO pa3pabOTKe U MPUMEHEHHIO
HeueTkux mozaeneit [9,10]. Umenno nosromy cucrema MATLAB cTtana ocCHOBHBIM
IPOrPaMMHBIM  CPEJICTBOM, OOECHEUYMBAIOIIMM pEAIU3alUI0 TEOPETUYECKHUX

KOHI.[GHI_II/Iﬁ HCUCTKHUX MHOXKCECTB U ITPOUCAYpPbl HCUCTKOI'O BBIBO/IA.
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{mamdani}

Qale
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D aller ~
Vodorod

Do,

FIS Mame: proba FIS Type: mamdani

£nd method = || Surrent Yarisble

O method 1 Mame Pvetroystanovki

Type input
Implication

Range [01]
Aggregstion

Defuzzification

Updating Rule Editar

Puc. 1 — CtpykTypHas cxeMa cucTeMbl Ha 6a3¢e 3JIeMeHTa HEUETKOM JIOTHKH

Ha puc.1 npeacraBneHa CTpyKTypHas cXxema B OKHE PENAKTOpa CHCTEMBI
Heu€tkoro BbiBoma MATLAB R2009b. Bxomamu SBISIFOTCS —TMapameTphl,
MOJIYYEHHbIE C PAa3JIUYHBIX JATYMKOB CUCTEMbl MOHUTOPUHTA. BBIX0IOM SIBJISIETCS
YOPaBISIONIME CUTHAIBI JIJI 3alyCKa TOIUIMBHOTO AJIEMEHTAa U CHCTEMBI JJIA
BBIPAOOTKH BOJOPO/IA.

[Ipu co3maHuM MOJENM MPOXOJUT HECKOJIBKO 3TarnoB, OCHOBHbIC
0COOEHHOCTH KOTOPBIX MPUBEACHBI HUXKE.

Ha srtane dazsudukanuu 3HaueHUs] BXOJHBIX MapaMeTPOB MPUBOMISITCS B
COOTBETCTBUH C WX HEUYCTKUMU JIMHTBUCTHUCCKUMU TIepeMeHHbIMU (Tabmuiia Nel)
C TMOCHEAYIOIIUM BBIOOPOM 3aKOHA HM3MEHEHHS (YHKIUU MPUHAJICKHOCTH.
JIuHrBUCTHYECKAS OLICHKA 3HAUYCHUS KaXKJI0OHW NEepeMEHHON (puc. 2) IPOU3BOIUTCS
¢ nomombio 3 TepmoB: (“Huskoe", "cpeanee", "Boicokoe") miu (“low", “medium",

Hhigh").
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File Edit View

plot poirts:

i FIS Variables Membership function plots 181

all Medium High
2 1

Pvetroystanovk————
@up\h{niilemant
Pnagruzki I "A

'
w
3

Batte! o i T N i3 T T

0 0.1 02 0.3 0.4 05 06 0.7 0.8 0.9 1
input variable "Pvetroystanovkrr

Currert Vatisble Currert Membership Function (click on kP to select)

Matne Pyetroystanovki Fhiie: Small

Type = |
Type input W trimf -

Params
[-0.400.4]
Range [0 1]

101] Help Close

Puc. 2 — 3a,Z[aHI/I€ JIMHTBUCTUYECKOM OLICHKHN BXOJHBIX CUI'HAJIOB

[Ipu ompenenennn GyHKIMA TPUHAAICKHOCTH HEOOXOIUMO, YTOOBI
CTENICHU TIPUHAJICKHOCTCH TpaHMII HWHTEpBaja KpalHUM TepMaM ObUIH
npuOIIKEHbl K eAuHMIEe. TakuM 00pa3oM OyAeT BBIMOJIHATHCA MPABUIIO, YEM
MeHbIlle (0oJbllle) 3HAYEHHWE TIEPEMEHHOW, TeM B OOJbIICH CTEINEeHH OHO
COOTBETCTBYeT kpaitHeMy Tepmy "Hu3kui" ("Beicokuid") [11]. JIuHrBUCTHUECKAs
OIICHKA 3HAYEHUS BBIXOJAHBIX MEPEMEHHBIX MPOU3BOIUTCS C MOMOIIBIO 3 TEPMOB:
“nuskoe", "cpemnee", "Beicokoe") wim (“low", “medium", "high"). IlpuunaHO-
CIICICTBCHHBIC CBSI3M MEXIY 3HAYCHUSMU BXOJHBIX TapaMeTPOB M BBIXOIHBIX
JAHHBIX (DOPMANHM3YIOTCS B COBOKYITHOCTH HEUETKUX JIOTMUECKUX IpaBuil. bazoBoe
npaBuwio BbeIBoAa B (opmare «eciau — To» (if — then) HaspiBaeTcs HEUYETKOU
uMmIUnkanue. Heu€rkas 6aza 3Hanuii ¢ nHpopmalmendn o 3aBUCUMOCTH «BXOJ -

BBIXOI» COACPKUT JIMHI'BUCTUUCCKHUC ITPABUJIA.
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B Rule Editor: proba
File Edit View Options

I dis Medium) and ( dis Medium) and (Ubattery is High) and (Battery is +) then (Toplivnil_element is 0)(Vodorod is Small) (1) ~
If (Pvetroystanovki is High) and (Pagruzki is Medium) and (Ubattery is High) and (Battery is +) then (Toplivni_element is 0)(Vodorod is Medium) (1)

If (Pvetroystanovkiis Small) and (Pnagruzki is Medium) and (Ubattery is High) and (Battery is +) then (Toplivnii_element is 0)(Wodorad is Small) (1}

If (Pvetroystanovki is Small) and (Fnagruzkiis Medium) and (Ubattery is Small) and (Battery is 0) then (Topivnii_element is 1)(Vodorad is Small) (1)

If (Pvetroystanovki is Medium) and (Pnagruzki is Small) and (Ubattery is High) and (Battery is +) then (Toplivni_element is 0)(Vodorod is Medium) (1)

6. 1f (Pvatroystanovii is High) and (Pnagruzki is Small) and (Ubattery is High) and (Battery is +) then (Toplivnii_glement is 0)(\Vodarod is High) (1}

7.1f (Pvetroystanovki is Small) and (Pragruzkiis Small and (Ubattery is High) and (Battery is =) then (Toplivni_element is 0)(Vodorod is Small) (1)

8. If (Pvetraystanovki is High) and (Pnagruzki is High) and (Ubattery is High) and (Battery is +) then (Toplivnii_element is 0)(Wodorad is Small) (1}

©.1f (Pustroystanovki is Madium) and (Fnagruzkiis High) and (Ubattery is High) and (Battery is +) then (Toplivnii_slement is 0)(Vodorod is Small) (1)

10. 1f (Pvetroystanovki is Medium) and (Pnagruzkiis High) and (Ubattery is Small) and (Battery is 0) then (Toplivni_element is 1)(Vodorod is Small) (1)

11. If (Pvetroystanovki is Small) and (Pnagruzki is High) and (Ubattery is High) and (Battery is +) than (Toplivni_slement is 0)(\Vodorod is Small) (1)

12. If (Peetroystanovki is Small) and (Pragruzki is High) and (Ubattery is Small) and (Battery is 0) then (Toplvni_clement is 1)(Vodorod is Smal) (1}

<] ] ]+
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It and and and and
Puetroystanovki i Priagruzki is Ubattsry is Battery is Psolnca is

medium
nigh
none

[ not

—  Connection

Cor

‘@ and Change rule | P =

FIS Mame: proka | ‘ Heip | B | |

Puc. 3 —®parmenT penakropa 6a3bl MpaBuil

[IpaBuiia 3aar0TCst SKCIEPTaMU Ha OCHOBE CYOBEKTUBHBIX MPEANOYTCHUN U
HE HOCAT cilydailHOro xapakrepa. Ha puc.3 mpencraBieH (parMeHT peaakropa
0a3bl TpaBUJL.

[Ipu uccrenoBaHUM HEYETKOM MOJENH MOJIb3yEMCS POrpaMMON IMTPOCMOTpa
npaBui (puc. 4). [lonyunts 3HaUYeHHE HEOOXOIUMOW BBIXOJHOM TMEpeMEHHOU
MO>KHO, 33]1aB KOHKPETHOE 3HaU€HHE BXOAHOU nepeMenHoi. Ha rpaduke pyHkuunii
IIPUHAJUICKHOCTH BBIXOJHOW IIEPEMEHHOM YKa3blBA€TCAd 3HAYECHHUE BXOJIHOU

IIEPEMEHHOM.
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File Edit View Options
Pvetroystanovki = 0.295 Pnagruzki=0.811 Ubattery = 0.265 Battery = 0.371 Psolnca = 0.265 Toplivni_slement = 0.686 Vodorod = 0.166
'] I N e I P \ | ] ]
[ A | 0 I R I Pl I N |
S S I I R I il | =] 1
S | B B | | = & ]
¢ | 1 g L] I N |
s 1 10 [ L= ] | =1 [_J
S S e B \ | O] B ]
o 1[4 [ | \ | [ ]
e | 4 [ | \ | 1 ]
o] | A4 B B | | e =]
npl ][4 [ | \ | [ ]
IS 3 B B=1 | | e ]
0 1 0 1 0 1 0 1 ] 1 ! !
0 1 1] 1
s [0.2855 0 8106 0.2652 0.3712 0.2652] (A (LA 101 L left | right | down up |
Opened system proba, 12 rules Help | — ‘

Puc. 4 — Ilporpamma npocMoTpa npaBuil

CpaBHUTEIBHBINA aHAIU3 3HAYEHUU BXOJHBIX MEPEMEHHBIX, PACCUUTAHHBIX
M TOJYYEHHBIX C IIOMOILIBKD MOJEIMPOBAHUS, IIOKA3bIBAET  HEIUIOXYIO
COIVIACOBAHHOCTh MOJEIM M TOATBEPKIAET €€ aJCeKBATHOCTh B paMKax
paccMaTpuBaeMoOUN MOJEIH.

JlocTyrnieH BHU3yajbHBIM aHAIU3 MMOBEPXHOCTH BBIBOJA i1 HEHWPOCETEBOM
MOJIENIM, YTO MO3BOJISIET MPOU3BOJIUTH OLIEHKY 3HAUYEHUS BBIXOAHOW MEPEMEHHOI.
BeITIOTHUTE  aHAIM3  HEUPOCETEBOM MOJEIA MOXHO YEPE3 BU3YAUIU3ALUIO
MMOBEPXHOCTH HEYETKOTO BBIBOAA, C MCIIOJIb30BAHMEM NPOTrPAMMBI IMPOCMOTPA

MOBEPXHOCTHU CUCTEMbI HEUETKOTO BbIBOJIA (pHC. 5).
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% (input): Ubattery - (inpLt); Battery « | Z (output): Topiivnii_ele.. ¥
X grics: 15 N grics: 15 Evaluate
Ref. Input: [0.5 0.5 NaN Nah 0.5] L 10 Help | Close |

Ready

Puc. 5 — [IporpamMmma npocMoTpa MOBEPXHOCTU CUCTEMBI HEUETKOI'O BBIBOIA

[ToBEepXHOCTh HEUETKOrO BBIBOJA JA€T BO3MOXKHOCTh YCTAHOBUTH
3aBUCUMOCTh 3HAQUE€HHN BBIXOJHOW NEPEMEHHOW OT 3HAYEHUW BXOIHBIX
MIEPEMEHHBIX HEYETKOM MoAenu. JlONMOJHUTENTbHO MMEETCS BO3MOMXKHOCTH
YCTAHOBJICHHUSI 3aBHCUMOCTH BBIXOJHOM NEPEMEHHOW OT OJHOW W3 BXOJHBIX
MEPEMEHHBIX. BBIsSBIEHHE Takux 3aBUCUMOCTEW  CIIY’)KMT OCHOBOM  JUISt
MPOrPaMMHPOBAHUS KOHTpOJIIepa 1281071 arnmapaTHOM peanun3amuu
COOTBETCTBYIOIIETO HEUETKOTO aJITOPUTMA B (hOopMe TaOIUIIBI peIICHUH.

[Ipenmaraemass cucrema ynpaBlICHUS AaBTOHOMHOM CEThIO Ha OCHOBE
3JIEMEHTOB HEYETKOW JIOTMKHU IO3BOJSET MAaKCUMAIBHO MCIOJb30BATh SHEPTHUIO

BO300HOB/IIEMBIX U HCTPAJUIMOHHBIX HCTOYHHUKOB.
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