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AHAJII3 AKOCTI ®YHKHIOHYBAHHA CUCTEMMU HEYITKOI'O YIIPABJITHHA
3ACITIOKOIOBAYEM XUTABUIII PEAKTUBHOI 11

Cyono, nio uac iio2o0 excniayamauii 6 yMoeax MopcbKo20 X6UII08AHHA, HOMPeOY€ GUKOPUCMAHHA
000amMKOBUX RPUCMPOI6 ma cucmem 011 cmaodinizayii c6020 NPOCMOPOEO20 NOJIOHCEHHA MA IMEHUIEHHA
He2amueHo20 GNJIUBY DIZHUX 6UOI6 XUMABUYI HA eKina)y@c ma 001a0HAHHA. 3ACNOKOI06aUl Xumasuuyi
Maoms 4uUMaso 6apianmie KOHCMPYKYiil, 0CHOGAHUX HA 6UKOPUCMAHHI Pi3HUX (hi3uunux npunyunies. /Ina
CyOeH Pi3H020 WYiNb06020 NPUSHAYEHHA GUKOPUCMAIOMb AK NACUGHO20 MUNY 3ACNOKOI06adi, AKi He
nompeoyiomo ni0ge0eHHA eHep2ii 0na €6020 (DYHKYIOHY6AHHA, MAK I GKMUBHO20 MUy, sKi,
BUKOPUCMOGYIOMb YACMUHY ROMYMCHOCMI CcyOHoeux Oxcepen enepzii. Iloxazano, w0 axkmueni
3aCnOK0I06a4i CK1A0AIOmMby 3HAYHY YACMKY 6I0 6cix ix 6udié i 3HAYUHO eeKmueHiuie 3MEHULYIOMb
XUumasuyio, Xoua i CRPUHUHIOIOMb CYMMEGI enepzemuyni sampamu. Bionogiono, akmueni 3acnokoroeaui
nompeodyoms eleKmuenoz0 ynpaeninHa iIX pooomol, w0 Mac 3adezneyyeamu 2apHi 3HAUEHHA
napamempie cmaoinizayii nPOCMOP0O6020 NONOHCEHHA KOPNYCy CYOHA NPpU OONYCHUMUX €HEP2emUYHUX
3ampamax.

Y oaniit pooomi poszensaoacmuvca cucmema ynpaeniHHA PI3HOBUOOM  BOOOCHPYMUHHOZO0
3aACnOKo06a1a Xumasuyi, AKUI cmaoinizye Kopnyc cyoHa 3a paxyHoK CeopeHHs MeXaHiUHUX MOMEHMIE
6i0 peakmuenoi Oii cmpymeHié 600HO-ROGIMPAHOT CYyMiuwii, W0 GUKUOAIOMbCA 13 3ACHOKONGAYaA Y
nOmMpiOHOMY HANPAMKY.

/losedeno, wio npouec ynpaeninnua pooomoro 3acnoKo06a4a KOMNAEKCHOI KOHCMPYKUIL (aKum,
30Kpema, € 6000CMPYMUHHUIL 3ACNOKOI08AY PEAKMUGHOT 0ii) € 00OCHIAMHBLO CKIAOHUM: GKII0YAE YUMATIO
PDI3HUX 3a CBOEI0 NPUPOOOIO 6XIOHUX MA GUXTOHUX 3MIHHUX, 4 MAKOMC 38'A3KU | 3A71€HCHOCMI MidIC HUMU,
AKI 6a)cKo nionazarome hopmanizayii ma cK1aoHo i0eHmupikylomsca npu nooyooei oemepminosanoi
cucmemu YnpaeaiHHA Cmadinizauii, AKa MAaAKo)HC He MOolce 6PAX08y8amMU HEBUZHAYEHOCH 6KA3AHUX
eéeauuun. Ilokazano, w0 Ooyinvno peanizyeamu cucmemy YnpaeiiHHA 3ACHOKONEAYEM XUMAGUUI
PpeaxmueHoi 0if Ha 0a3i NPUHYUNIE WMYYHO20 THMEEKNY, 00HUM 3 Di3HOBUOI8 AKO20 € GUKOPUCHIAHHA
meopia HewimKux MHOMCUH. Y OaHill pobomi npoeedena peanizayia HeUIMKO20 KOHmMpOJepy O
YHPAGNIHHA 3ACHOKOI08AYEM XUMAGUYL 6000CHMPYMUHHO20 MUNY, A MAKOM}C NPOBEOCHO 00CTI0NHCEHHA
eghexkmuenocmi 1020 YyHKYioOHY8aAHHA 3a 00nomo2010 cucmemu Matlab/Simulink. Ompumani pezyromamu
HOKa3anu, w0 3anPOnOHOBAHA HEYIMKA CUCHeMa YRPABIIHHA MAE 3A008i1bHI NOKAZHUKU pOOomu i Modice
Oymu pexomenHoosana 00 peanizauii 6 pamKax po3poOKU 3ACHOKOWEAUA XUMAGUUI 6i0n0GiOHOT
KOHCMPYKYil.

Kniouoei cnoea: 3acnoxoreau xumaeuyi, 6000CMpPyMUHHUIL 3acnokorosad, fuzzy logic, neuimka
cucmema, MoOen06anHs, eheKkmueHicme.

Beryn Ta noctaHoBKa 3a1a4i. 3aCIOKO0Bayl XMUTABUII € BAKIMBUM €IEMEHTOM CYKYITHOCTI
CYTHOBUX IIPHUCTPOIB, 10 3a0e3MeuyoTh KOM(POPT IJIs MACAKHUPIB Ta EKIMaxy, a TAKOXK — 3aJ0BUIbHI
pexxumMu poOoTu oONagHaHHA CyJHA Ta HaJe)KHE BUKOHAHHS HHUM HOro (yHKIIOHAIHHOTO
MPU3HAYCHHS. YC1 KOHCTPYKIIii 3aCMOKOIOBAaYiB MOYKHA PO3JIIJIMTH Ha IMACHBHI, IO MOTPEOYIOTh
3aTpaT eHeprii Ha CBOIO poOOTYy, Ta aKTHBHI, IO X BUMaramTh. O4eBHIHO, aKTUBHI 3aCIIOKOIOBaYi
moTpeOyIOTh OpraHizamii palioHaJIbHOTO YIpPaBIIHHA, SKE JM03BOJSLIO O MiHIMI3yBath (abo
OOMEXUTH) 3aTpaTu eHeprii mpu AocTaTHix (abo, BIAMOBIAHO, HAMKpANIMX) 3HAYCHHSX OOpaHUX
MMOKA3HUKIB SKOCTI iXHBOT po00TH [1]. TakuM YnHOM, aKTHBHI 3aCITOKOIOBAaYl XUTaBHIIl TOTPEOYIOTh
BUKOPHUCTAHHS aBTOMATH30BaHUX CHUCTEM YIPABIiHHS iXHBOIO pOOOTOIO.

Y nonepenHix myOmiKamisx, Hampukiaaa, [2], 3ampomOHOBaHO KOHCTPYKINKO 1 cmocid
3aCMOKOEHHS TMO3/I0BXKHBOI Ta TIONEPEYHOI XHWTaBUII Cy/AHA, OCHOBAaHMI Ha BHMKOPHCTaHHI
PEaKTHBHUX CWJI, IIO MIIOTh HA KOPIYC CyAHA NMPU BUKHIAHHI 13 PI3HUX MICIbh Yy MOTPIOHOMY
HAMpPsIMKY BOJHO-TIOBITPSHOT CyMimli (MIPUHIUI Aii BOAOMETHUX 3aCMOKOIOBaviB XUTaBuIll). Taka
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CHUCTeMa Ma€ 4YMMajo KEPOBAHHMX EJIEMEHTIB, SKUMH € 3aCiHKU Ta IBUTYHH, SIKi 3[IHCHIOIOTH
HarHiTaHHS CyMIIII MIPH MMoJa4l Y HEOOX1THOMY HanmpsAMKY. BiamoBigHo, GyHKITIOHATBHICTE CUCTEMHU
YIpaBIiHHS MOAI0HAM 3aCTIOKOIOBAYEM XHUTABHIII € JOCUTh CKIIATHOIO, a MOOYI0Ba IETePMiHOBAHOT
MaTeMaTHYHOI MOJIeNl aBTOMATUYHOI CHCTEMHU YIPABIiHHSA MOXXe OyTH YTPYAHEHOIO. Y TakoMy
BUIIAJKY JOIUTHHO 3aCTOCYBATH MiJXiJ, 3aCHOBAaHWU HA TEOpii HEWITKUX MHOXHH, Ta OyIyBaTH
HEYITKY CHUCTEMY YIpPaBIiHHA TEXHIYHUM IPUCTPOEM — AaKTUBHHUM 3aCIOKOIOBAYEM XHTABHII
PEaKTUBHOT ii.

Takum yrHOM, HEOOXITHO MPOBECTH peaTi3allifd MaTeMAaTHYHOI MOJEIl HEYITKOI CHUCTEMHU
YIpaBIIiHHS 3aCIIOKOIOBAaYEM XHMTABHUIlI PEAKTHBHOI Aii Ta Ha 1 OCHOBI MPOBECTU aHaIi3 SKOCTI il
(yHKIIIOHYBaHHSI, BIEBHUBIIKNCH y BIJICYTHOCTI SIBHMX HEOJIKIB, MPOBECTH OIIIHKY ii OCHOBHHUX
MOKa3HHUKIB €EKTUBHOCTI.

AHaJi3 ocTaHHIX A0CTixXKeHb. B 1iomMy, pi3HI IPUHITMIN POOOTH Cy4aCHUX 3aCTIOKOIOBAYIB
XHUTaBUII, 110 OMUCYIOTHCS, HAPHUKIAL, Y [3], MOXKYTh CHPUYMHIOBATH JIOLIJIBHICTE BUOOPY TOTO, YU
THIIIOTO CTIOCO0Y YIPaBIiHHS 3aCIIOKOIOBaYeM MIEBHOI KOHCTPYKIIii, ik onrcaHo B [4]. B Toit ke yac,
y 0araThoX JKepenax JIjs 3aClOKOIOBAYiB OJHOTO M TOTO K THITY MPOIMOHYIOTHCS Pi3HI CIIOCOOH
YIpaBIiHHS.

Tak, 175 3acOKO0BAYIB, 1110 IPALIOIOTH HA OCHOBI BUBEJCHHS 13 KOPITYCY Cy/IHA KEPOBAaHUX
KUTIB B JIITEpaTypi TMPOIMOHYEThCSI BUKOPUCTAHHS HEHPOHHUX Mepex (Hampukian, y [5]), mio,
OYEBHJIHO, TIOB’S3aHO 13 OYPXJMBUM pO3BUTKOM Ta 3pOCTAHHSAM IIOMYJISPHOCTI JIaHOTO
MaTeMaTHYHOTO arapary, almpoOOBaHUMH 3aCTOCYBaHHSMHU. TakoX, JJIsl YIPABIiHHSI KEPOBAaHUMHU
KUISIMH TIPH 3aCTIOKOEHHI TTOTIEPEYHOT XUTABUIl TIPOTOHYIOTHCS [6] 1 OUIBIT TpaAuIIiiHI TIXO0AH, SKi
peanizoBaHi Ha OCHOBI OOYZOBH JCTEPMIHOBAaHUX MAaTEMaTUIHUX Mojeiei. Takoxk omTumizaiito
po0OTH 3aCTIOKOIOBaYa XUTABUIlI HA OCHOBI II1IBOJTHUX KLUJIIB OTMMCAHO Y [7], OTHAK OCHOBHA YaCTHUHA
i€l poOOTH MPUCBIYEHA camMe OMTHUMI3allli TeoMeTpii KiJIiB, 110, OUYEBU/IHO, TTOBHICTIO MPUB’A3YE 1l
710 TaHOTO KOHKPETHOT'O TUITY 3aCIIOKOIOBAYA.

[HIII0r0 TOMYJISIPHOIO0 KOHCTPYKITIEIO 3aCITOKOIOBAYIB € TIPOCKOIIYHI, 3aCHOBaHI Ha (i3WYHIN
3TaATHOCT1 MaCHBHOTO TiJIa, 10 00epTa€eThCs, 30epiraTu BIaCHUHA MOMEHT IMITyJIbCY (i, BiAMOBIAHO,
3aramiaTy KOJMBaHHS KOPIYCY CYIHA, 3 KK T1POCKOII € OB’ si3aHuM). Tak, B po0oTi [8] omucyroThcst
HeNiHIAHI edekTH, MmO MaloTh OyTH BpaxoBaHi NpH KEPyBaHHI 3aCHOKOIOBaYeM TMOAIOHOI
KoHCTpyKItii. OmgHak, 3aCTOCYBAaTH Il BIIOMOCTI JO 3aCMOKOIOBavYa XWTABHUIIl PEAKTUBHOI Mii HE
VSIBIISIETHCSI MOKJIIMBUM 4Yepe3 0COOIMBOCTI HOTO KOHCTPYKIIIT.

3araigbHi TPUHITUIN YIPABIIHHSA pOOOTOI0 3aCIMOKO0BaYa OOPTOBOT XUTABHII TPUBOASATECS Y
[9], onHak, oCHOBOIO MaTeMaTU4HOI MOJIEINI MPONOHYEThCS OpaTh neTepMiHoBaHe Au(epeHIianbHe
piBHsHHS (PikaTTi 2 IOpAIKY), SIKE HE JO3BOJISIE BpaXyBaTH HEBU3HAYCHOCTI, TPUTAMaHHI 3MIHHHUM,
SK1 ONUCYIOTH MPOLIEC 3aCTIOKOEHHS OOPTOBOI XUTaBUIll. AHAJIOTIYHUN Heolik Mae 1 mpans [10], ne
ONITUMAJILHE KEPYBaHHS POOOTOI0 aKTHBHOT'O 3aCTIOKOIOBaYa XUTABHIII (3aCHOBAHOTO HA KEPOBAaHUX
KUISIX) 3A1MCHIOETCS Ha 0a3i JIIHIHHO-KBaAPATUIHOTO PEryIsITOpa. BiAnoBiaHo, OLIbLI JOUITBHUM €
BUKOPHUCTAHHS METO/IIB Taly3i ITYYHOTO 1HTEICKTY.

Tak, nanpuknan, y [11], mpomnoHyeTbcs afanTyBaTH 0 3ajadi KEpyBaHHS 3aCIOKOIOBAYEM
XUTABUIl TaKWi TIOMYJISIPHUN HAa CHOTOAHINIHIA y HAYKOBUX JOCHIDKEHHSX I1HCTPYMEHT, SK
HeiiponHa Mepexa. OHaK, sIK BiJOMO, JUI eKCIUTyaTallii J10BiUIbHOT HEMPOHHOT Mepexi ii criouaTKy
Tpeba HAaBYUTH, IS YOTO HEOOXITHO MaTH BEJIMKUN OOCST YHCIIOBUX JaHUX (JaTa-ceT), IO OMHCYE
MPOLIECH KEPYBaHHS IUILOBUM TEXHIYHHM MPHUCTPOEM (3aCIOKOIOBAYEM XMTABHIIl) Ta BiIIOBIIHI
peakmii kopnycy cyana. O4eBHAHO, IO MpU Po3poOIll CHCTEMH YIMPaBIiHHS I 3aCMOKOKOBaya
XUTaBUIl OPUTIHAJIBHOI KOHCTPYKIl TakKUi JaTa-CeT € BiICYTHIM. AJIBTEPHATUBHUM IiXOJIOM 3
rany3i I, o Moxke OyTu 3aCTOCOBaHMI JIsl CHHTE3Y CUCTEMHU YIPABIIiHHS TAKUM 3aCIIOKOIOBAYEM
XUTaBUIll, € BUKOPUCTaHHA Teopil HEUITKMX MHOXHH abo fuzzy logic, nampukiax, [12-14]). Sk
B1JIOMO, TaKW¥ MiJXiJ BUMarae po3poOKH 0a3u MpaBWJI HEUITKUX MPOAYKINH, IO € BUPAKCHHIM
JOCBIY Ta JIOTIKHM YIPaBJIiHHS MPUCTPOEM, 110 OTPUMAaHI BiJ TOCBIIYEHOTO (axiBLs Yy BiAMOBIIHIH
raiysi (ekcrmepra 4d ix rpynu). TakuMm 4UHOM, JUISl CHHTE3Yy CUCTEMH YIPABIIHHS 3aCIIOKOIOBAYEM
XUTAaBUIl peaKkTUBHOI nii migxix Ha 0a3l METOMIB HEUITKOI JIOTIKM BHUAAETHCS HANHOUIBIN

28



NEPCHEKTUBHUM 1 TOMY 3aCTOCOBAHUHN y AaHil poOOTI.

Buxiax ocHoBHOro Mmartepiajy. Sk BijoMO, MPUHIKAT POOOTH HEYITKOTO KOHTPOJIEPY MOJIsTaE
y LMKIJITYHOMY MIOBTOPEHHI HACTYITHOI MOCIIIIOBHOCTI OTepartiii:

- asudikaris BXITHUX 3MIHHUX;

- arperyBaHHsl MiAYMOB JUIsl THX MpPaBUJ HEUYITKUX MPOIYKIIH, SKI MaroTh CKIAIHI
aHTEIE/ICHTH;

- aKTUBI3allisg IMIiJBUCHOBKIB (TOOTO 3aCTOCYBaHHS YCIX AaKTHBHHUX TMPaBHJ HEUITKUX
TIPOJYKLIIT);

- aKyMYJTIOBaHHSI BUCHOBKIB (VIS TUX 3MIHHUX, SIKi BXOJATh Y KOHCEKBEHTH OLTBII HIkK OJHOTO
MpaBujia HEYITKUX TMPOTYKITIN);

- nedazudikaris BUXITHUX 3MIHHHX.

OdyeBuaHO, 10 HAWBAKIMBINIY POJIb Yy PoOOTI HEUITKOTO KOHTpOJIepy Mae 0a3a mpaBui
HEYITKUX NPOAYKIiH, OCHOBa sKOi AJs BUNAJAKY, IO pPO3MIIAJAEThCA y JAaHid poOoTi Oyrna
3amporoHoBaHa aBTopamu y [13, 14]. Beporo posrisganocs 8 HEUITKUX 3MIHHUX 10 3-5 TepMiB y
KO>KHO1, JIe BChOTO pealizoBaHo 12 mpaBuil, Moka3aHuX Ha puc. | y BUTIsAI mepeniky. 3Ha4eHHs yCiX
3MIHHUX HOPMaJIi30BaHi J0 OJWHUIN NUISXOM [IJEHHS Ha MaKCHMajbHE JOMYCTUME 3HAYCHHS
KOXKHOT BEIMYMHU. Y SKOCTI BXIJTHUX 3MIHHUX 3alPOINIOHOBAHO BUKOPUCTAHHS IIBHJKOCTI KiJTbOBOT

XUTaBUII (B7) Ta OOPTOBOI XUTABUII (Bg ). Y [13] obrpyHTOBaHO, 110 3Ba)Kal0YM Ha XapakTep

KOJIMBaHb KOPITYCY CyAHA MMiJ Yac 000X THIIB XHTABHUIIl y MEPHIOMY HAOIMKEHHI JOIUIBHO
OOMEXKHTHCS caMe KYyTOBHUMH IIBHIKOCTSIMU KOJIMBaHb KOPIYCY, a HE BeJIMYMHAMU AU(PEPEHTY Ta
KPEHY BIJIMOBITHO (Y1 KYTOBUMH MPUCKOPEHHSIMH, SIKi MOYKHA B3SITH J0 YBaru Ipyu Mo0ym0B1 OUTbIII
JeTabHOT MOJIEITi Y MOAANBIIIII MePCIEKTUBL).

V sKOCTi BUXIJHUX BHOPaHO HACTYIHI 3MiHHI:

- By — BEIMYMHA OTBOPY JIIBOI MOBITPSHOI 3aCIIHKY;

- B, — BEIMYMHA OTBOPY NPaBOi HOBITPSHOI 3aCIIHKH;

- B3 — BeJIMYMHA OTBOPY J1BOi BOJHOT 3aCIIHKH;

- 8, — BEIMYMHA OTBOPY IIPABOi BOJHOI 3aCIIHKH;
- B5 — TOTYXXHICTh HarHITalOUYOTO MPUCTPOIO JIIBOTO OOPTY;

- Be — MOTYKHICTh HATHITAIOUOTO MPUCTPOIO MIPABOTO OOPTY.

3BakalouM Ha Te, 1110 B JAHOMY BUTIAIKy 0OpaHO /1Bl BX1IHUX 3MIHHHUX, 3pyYHO IPOAHAIII3yBaTH
OTpUMaHi IOBEPXH1 HEYITKOTO BUBOY [UI BKa3aHUX BUXI1JAHMX 3MiHHUX. J[714 BEIUYMH ;1 B, BOHU

MOKa3aHl Ha PHC. 2, IS Bg 1 B, —Hapuc. 3, 14 B5 1 [35 — Ha puc. 4.

JItst mocipKeHHS BC1€T CUCTEMH YIIPABIIHHS PeaTi30BaHO MOJIENIb 00’ €KTY yIpaBIIiHHS, PHC. D,
sIKa TAKOX BKITFOYAE 30BHIIIHI BIUTMBU Y BUIJISIII MOMEHTIB, IO JiIOTh HA CYJHO 3 OOKY XBHJIbOBOT
MmoBepXxHi 1 po3pobsieny B Simulink Ha ocHOBI MaTepiamis [14].

Monenp Bci€i cucTeMH YIpaBJiHHS, 32 JOIMOMOTOIO SIKOi NMPOBOAMBCS aHaNi3 e(eKTUBHOCTI
3ampoIOHOBAaHUX pillleHb, HaBeleHa Ha puc. 6. Y skocti Fuzzy Logic Controller Bukopuctano
HEYITKUNA KOHTPOJIEP, ITAPaMETPH SIKOTO HaBeJIeH1 Ha PUCYHKaX 1, ..., 4; y IKOCTi 00’ €KTa yrnpaBIiHHS
BUKOPHCTAHO MOJIEIb, HABEICHY Ha pUC. 5. Pe3ynbTaTi MOACTIOBaHHS OI[IHFOBAIIUCS 32 JIOTIOMOTOIO
BUBOJy Ha BipTyalibHi ociiuiorpadu, mokasasi Ha puc. 6, a TaKOX Ha pHc. 5.

AHai3 OTpUMaHUX MUITXOM MOJCIIOBAHHS PE3yJbTaTiB MOKa3aB HACTYITHE:

- 3aCMOKOI0OBa4 €()EeKTHBHO MpOTHIi€ OOPTOBIM XHUTABHIll, 3MEHIIYIOUM ii aMIUNTYyAd 0
HECYTTEBUX 3HadeHb (KoedirieHT 3acrokoeHHs Outbmie 0,9, TOOTO IOCITAETHCS 3MEHIICHHS
amrtityau Ha 90 %);

- e(eKTUBHICTh TPOTHU/IIT KIJTLOBIM XUTABHIII € 3HAYHO MEHIIIOO, 1110 OYEBUIHO CIPUYUHIOETHCS
3HAYHO OUTBIIOI0 €HEPTri€l0 MO3JI0BKHIX KOJMBaHb y JiaMeTpalbHill IUIOMKHI Cy/IHA, 1 CKJIaJae He
6iapre 0,6;

- y cyaHa 3’sBIs€ThCS TOCTiHMHA audepeHT Ha kopmy Onusbko 10-15 rpaaycis, mio
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CIPUYMHEHO OCOOJIMBOCTSAMHU KOHCTPYKILIi 3aCIIOKOIOBaua, SIKUH PO3MIAAaeThCs (BOAOCTPYMHMHHI
MOJYJIi BCTAaHOBJIOIOTHCS, B OCHOBHOMY, Y TIEpEAHIN YacTHHI Cy[HA); JaHA BEIWYMHA HE BILJIUBAE
CYTTEBO HETaTHUBHO Ha pOOOTY 0OJaTHAHHS Ta €Kilax, a 3 TOUYKU 30py MOPEXITHUX XapaKTEPHUCTUK
MOe OyTH HaBITh KOPUCHOIO, MTOKPAITYIOYH MOBEIIHKY CY/HA HA XBUJIX;

[N - L R SRR

If (b7 is NM) then (b1 is Z)(b2 iz Z)(b3 is Z)(b4 is Z)(b5 is Z)(06 is Z) (1)
I (b7 is PB) then (b1 i PB)(b2 is PB)(b3 is PB)(b4 iz PB)(bS iz PB)(bS iz PB) (1)
I (b7 is PM} and (b8 is PB} then (b1 is PB)(b2 is PB)(b3 is PM)(b4 is PB}(bS is PB)(6 is PB) (1)
I (b7 is PM} and (b8 is NB) then (b1 is PB)(b2 is PB)(b3 is PB)(b4 is PM)(bS is PB)(bS is PB) (1}
I (b7 is P3) and (b8 is PB) then (b1 is Z)(b2 is PB)(B3 is Z)(b4 is PB)ES is Z)(b6 is PB) (1)

I (b7 is P3) and (b8 is NB) then (b1 is PB)(b2 is Z)(b3 is PB)(b4 is Z)(bS is PE)(LE is Z) (1)

I (b7 is PM} and (b8 is PM} then (b1 is PB)(b2 is PB)(b3 is PB)(b4 is PB)(bS is PM)(b6 is PB) (1}
I (b7 is PM} and (B8 is NM) then (b1 is PB)(62 is PB)(b3 is PB)(b4 is PB)(bS is PB)(bS is PM) (1)
I (b7 is PM} and (b8 iz Z) then (b1 is PB)(b2 is PB)(b3 is PB)(b4 is PB)(bS is PB)(bS is PB) (1)
10. If (b7 is PS) and (b8 is Z) then (b1 is PB}(b2 is PB)(b3 is PB}(b4 is PB}(bS is PM)(b6 is PM) (1)
11, If (b7 is PS) and (b8 iz PM) then (b1 is PB)(b62 is PB)(b3 is PM)(b4 is PB)(bS is PM)(BG is PM) (1)

12, If (b7 iz PS) and (b8 iz NM) then (b1 iz PB)b2 iz PB)(b3 i= PB)(b4 iz PM)(bS iz PM)(BS i= PM) (1) ]
If and Then and and ant
b7 is bl is bl is b2 is b3 is
NB A~ ~ A~ ~
NK PK Pl PM Pl
PS Zz PB PB PB PB
PM PM none none none noi
PB PB
none
W W W LY W
[ not ] not [ ] not 1 not [ not ]
Connection Weight:
(Jor
® and ’7 1 Delete rule £dd rule Change rule | Pac il e
Ready Help | Close ‘

Pucynok 2 — IToBepXHi HEYITKOTO BUBOLY: @ - Ul 3MIHHOI (31, 6 — I 3MIHHOI B,
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Pucynok 3 — IloBepxHi HEUITKOTO BUBOAY: @ - JAJISl 3MIHHOI B3 , 6 — U1 3MIHHOI B,

- TIOKa3HUKH SIKOCTI CHCTEMHU YHPABIIHHS 3HAXOATHCS y JONMYCTUMHX MEXax, a came 4ac
peryitoBaHHS (BUXOJy Ha NOCTIHHY 3MEHIIEHY aMIUTITYAy KOJUBaHb OOPTOBOI XMTABHUIIl) CKIIA/1a€
He Oureme 10 c, a mepeperyitoBaHHs (NEPEBUIEHHS AaMIUTITYyad OOPTOBOi XWTaBHINl HaJ
CTaIllOHapHUM 3HAYEHHSIM IiJ] 4ac MepeXiIHOTo NpoIiecy) ckianae ue ounbire 20 %;

- GHEProcCIOKMBaHHS 3aCTOKOIOBaYa XWUTABHIl, HEOOXIMHE UIsi MWOro e(heKTHUBHOI poOOTH,
MOXe OyTH JTOCUTh BHCOKHM, TOMY OKPEMOIO 3a/aycio, sika MJIAHYETbCsA y TMOAaNbIIiid poOoTi, €
OMTHUMI3aIlisl PEKUMIB POOOTH MPUCTPOFO IS ITiIBUILICHHS HOTO €HeproeeKTUBHOCTI.

Pucynox 4 — [ToBepxHi HEHITKOTO BUBOY: @ - JAJII 3MIHHOI B5, 6 — 11 3MIHHOT BB
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ut {batat)

&

u2 (beta)

ul (betad)

D
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&

w5 (betaf)

>

wb (betat)

Ibela_telatots

sqril

Bfafn

]

sqriZ

seta*omegal)_teta_squared

omegall_teta
omegal_leta_squared

beta?

0

betal

.

psitomegal_psi_squared

amegal
omegal)_psi spuared R

Pucynox 5 — Moaenb 00’ ekTy ynpaBimiHHS (KOPIyCy Cy/IHa, HA KU TIFOTh PEAaKTUBHI CHIIH,
CHpUYUHEH] pOOOTOIO 3aCMOKOI0BAaYa XUTABHII1), BKIIOYAIOYH 30BHIIIHI BIUTMBY HAa KOPIYC CyIHA
B1JT XBUJILOBOT TTIOBEPXHI
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Pucynox 6 — Mojens cucTeMH ypaBiIiHHS 3aCIIOKOIOBAaYEeM XHTABHUIII

BucnoBku. TakuM 9WHOM, Yy JaHiii poOOTI OMMCAHO TPOIEAYPY MOJECITIOBAHHS CHUCTEMH
VIIPaBITiHHS JJIs BOJOCTPYMHHHOTO 3aCIIOKOIOBaYa XUTABHIN PEaKTUBHOI [ii. OCHOBOIO CHCTEMHU
yIpaBIiHHA BUOpPAaHO KOHTPOJEp, IO Mpalloe 3a MPUHIUIAMU HediTkol Joriku. IlpoBeneHe
JOCITIJDKEHHS IT0Ka3aJj10, 10 MPUCTPIi 3aJ0BIJIbHO BUKOHYE CBOIO 33714y, 3MEHIIIYIOUH SIK OOPTOBY,
TaK 1 KiJIbOBY XWUTAaBHUIIO CyIHA (IEII0 y MEHIIH Mipi, yepe3 0COOIUBOCTI PO3MILICHHS MOIYIIB
3aCTIOKOI0OBava — B TIEpeIHIM YacTHHI cyHa). [oka3HUKM SKOCTI CHCTEMH YIPaBJIiHHS, BA3HAYEH] Ha
OCHOBI JOCIIIJDKEHHSI MOJIENI, 3HAXOJIATHCS y IOMYCTUMHUX MeXaX, TOMY cama CHCTeMa yIpaBIIiHHS
MOXe OyTH pEeKOMEHJOBaHAa [0 TMPAaKTHYHOI peami3aiii y TMpOTOTHIl 3ampOIOHOBAHOTO
BOJOCTPYMHUHHOTO 3aCIIOKOIOBaYa XUTABUIIl PEAKTUBHOT JIii.
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Haisha O.0., Doc. of Tech. S. Onishchenko O.A., PhD Haisha O.0O.
FUNCTIONING QUALITY ANALYSIS OF THE FUZZY CONTROL SYSTEM OF A REACTIVE
SHIP STABILIZER

A ship during its operation in conditions of sea storm requires the use of additional devices and
systems to stabilize its position and reduce the negative impact of various types of rocking on the crew and
equipment. The corresponding devices, ship stabilizers, have many design options based on the use of
different physical principles. Thus, this work considers a type of water-jet ship stabilizer, which stabilizes
the ship’s hull by creating mechanical moments from the reactive action of jets of a water-air mixture, which
are ejected from the stabilizer in the appropriate direction.

All ship stabilizers can be divided into passive ones, which do not require the supply of energy for
their operation, and active ones, which usually use part of the power of the ship’s power plant. It should be
noted that active stabilizers make up a significant share of all their types and significantly reduce ship
oscillations, although they cause significant energy costs. Accordingly, active ship stabilizers require
effective control of their work, which should ensure good values of the stabilization parameters of the ship's
hull at acceptable energy costs.

It should be noted that the process of control the operation of a complex design stabilizer (which, in
particular, is the mentioned reactive water-jet ship stabilizer) is quite complex: it includes many input and
output variables of different nature, as well as dependencies between them, which are difficult to formalize
during construction deterministic control system, which also cannot take into account the uncertainty of
the specified values. Taking this into account, it is advisable to implement a control system for a water-jet
ship stabilizer based on the principles of artificial intelligence, one of which is the theory of fuzzy sets. In
this work, the implementation of a fuzzy controller for controlling a water-jet-type ship stabilizer was carried
out, and its effectiveness was also studied using the Matlab Simulink model. The obtained results showed
that the proposed fuzzy control system has satisfactory performance and can be recommended for
implementation within the framework of the development of a ship stabilizer of the corresponding design.

Keywords: ship stabilizer, water jet stabilizer, fuzzy logic, fuzzy control, efficiency modeling.
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