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Y cmammi po3se/isioaembCsi MemMOoOUKa CUHME3Y HEYIMKO20 Cyrepsi3opa, kKopekyil koegiyieHmis IMl4-peaynsmopa
Ha niocmasi iHghopmayii npo nomusKy ma ii moxioHy Po32/1siHymo Memoouky asieopummy adanmauii peakyii 06’ekma
ynpas/iHHS 00 308HiWHIX 30ypeHb Ha rMniocmasi OUiHKU MOMUJIKU KepyBaHHS ma i MOXIOHOI 3 BUKOPUCMAaHHAM HeYim-
K020 cynepsizopa. 10esi 3acmocyBaHHS HEHIMKO20 Cyrepsi3opa ro/is2ae 8 op2aHizayii 08opisHesoi cucmemu, y sKili
Ha HUXHbOMY pigHi nepebysae 3suyalHull 1]-peaynsimop, a Ha BepPXHbOMY — Hedimkul. Hewimkul cynepsi3op
nio’edHaHo napasnesibHoO knacuyHomy [l-peaynamopy. 3acmocysaHHsI HEYIMKO20 cyrnepsizopa dae Moy adarl-
musHO nidnawmysamu chikcosaHi nepedamoyHi koepiyieHmu ll[-peaysssmopy npomsi2aoM ycb020 nepexioHo20
rpoyecy, wWo dae 3mMo2y 3Ha4HO MidBUWUMU pobacmHIiCmb cucmemu KepysaHHs1. 1i0BULWEHHST pobacmHocmi 00Cs-
2aeMbCS MUM, WO HeYImKi pe2yiimopu HesiHIlHI 3a CBOE0 Cymmio ma MOXYmb Kepysamu /iHIGHUMU 06’'ekmamu
Kpauwje, HK K1acuyHi, | Hagimb Kepysamu HeniHiGHUMU 06’ekmamu, 0715 SIKUX JTIHITHI peayismopu HerpuoamHi.

KnacuyHa meopisi yripasniiHHs OpieHmoBaHa nepesa)Ho Ha CUHME3 MHIUHUX pe2y/1imopis 07151 makux 06'ekmis.
Bnacmusicmb AiHIGHOCMI dae 3M02y ompumamu 3pyYHI a120pummu OYiHKU Makux BaX/1uBUX CUCMEMHUX 8/acmu-
Bocmel, sik cmilikicmb, KepoBaHiCMb, criocmepexysaHicmb mouwjo.

lpome Bci peasibHi 06’ekMu € HeAIHIGHUMU, i lIHeapu3ayisi IX MameMamu4HOo20 Orucy suMazae po3a/sidy nes-
HOI po6040I MOYKU, WOA0 SIKOI G0C/TIOXYHOMb Masli BIOXU/IEHHS.

3a pesysibmamamu cuHme3sy He4imko20 cyrepsizopa nobydosaHo mabsuyi HasiawmysaHHs JliH2BICMUYHUX
npasus1 sMiHU nepedamoyHux koecgpiyieHmis lI/]-peaynssmopa, nosayyeHo spacpidHe ysie/ieHHs! osepxeHb KepysaH-
Hs1 Cynepsi30pHOt0 cucmemotro. [opisHIHO Habymi epacbiku nepexioHo20 npoyecy 06’ekma KepyBsaHHS Mid Hac BUKO-
pucmaHHs knacu4Hoz2o ll-peaynssmopa ma HeHimKo20 cyrnepsizopa, Kopekyil koedhiyieHmis llg-peaynsmopa

Knrouosi cnosa: cynepsizop, Hedimkuli pe2yisimop, KOPeKmMyBaHHSs, po6acmHicCmb, rnomMusika, noxioHa.

Razzhyvin Oleksii, llinskyi Mykhailo. Synthesis of a fuzzy supervisor, adjustment of PID controller
coefficients based on information about the error and its input

The article considers the method of synthesis of a fuzzy supervisor, corrections of coefficients of the PID controller
based on information about the error and its derivative. The method of the algorithm of adaptation of the reaction
of the controlled object to external disturbances based on the estimation of the control error and its derivative using
a fuzzy supervisor is considered. The idea of using a fuzzy supervisor is to organize a two-level system in which
the lower level is a conventional PID controller, and the upper level is a fuzzy controller. The fuzzy supervisor is
connected in parallel with the classical PID controller. The use of a fuzzy supervisor allows for adaptive adjustment
of fixed transfer coefficients of the PID controller over the entire transient process, which allows significantly
increasing the robustness of the control system. The increase in robustness is achieved by the fact that fuzzy
controllers, which are inherently nonlinear, can control linear objects better than classical controllers, and even
control nonlinear objects for which linear controllers are unsuitable.

Classical control theory is mainly focused on the synthesis of linear controllers for such objects. The property
of linearity allows us to obtain convenient algorithms for estimating such important system properties as stability,
controllability, observability, etc.

However, all real objects are nonlinear, and the linearization of their mathematical description requires
consideration of a certain operating point, relative to which small deviations are considered.

Based on the results of the synthesis of a fuzzy supervisor, tables for setting linguistic rules for changing
the transfer coefficients of the PID controller were constructed, and a graphical representation of the control surfaces
of the supervisory system was obtained. The acquired graphs of the transient process of the control object when using
a classical PID controller and a fuzzy supervisor, corrections of the coefficients of the PID controller were compared.

Key words: supervisor, fuzzy controller, adjustment, robustness, error, derivative.
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BcTtyn. CuHTes knacuyHux [ll4-perynaTtopis
noB’si3aHnii 3 BUOOPOM TPbOX MapameTpiB: Npono-
puiiiHOro KoedilieHTa, KoeduilieHTiB Npu iHTerpani
Ta noxigHin. HassHi MI4-perynstopy MoxHa pos-
OiIMTY Ha ABa Knacwu: perynsatopu 3 ¢ikcoBaHuMm
HanawTyBaHHAM Ta aganTtusHi [MI4-perynaropu.
Perynatopu 3 hikcoBaHVM HastalTyBaHHAM Cro-
psmLkalTb 04HOPa30BO, Hanpuknag, 3a anroput-
Mom 3irnepa — Hikonca [1-3], ogHak 3acTtocy-
BaHHA L€l METOANKA Ma€E Hepfosliku, CPUUYNHEHI
3HAYHUM NeperysBaHHAM Ta 36iNbLUEHHAM IHep-
LiiHOCTI nepexigHoro npouecy. B aganTuBHMX
Mia-perynsatopax KoegilieHTM MOXYTb 3MiHIOBa-
TUCA B peasibHOMY 4aci, W0 BUMarae BUKOPUC-
TaHHA 004ATKOBMX 3HAHb MPO NPouec ynpas/iHHA.
3acTocyBaHHSA HEUITKMX CynepBi3opiB peanisyoTb
NPOCTI aNropuTMK1 aganTauii Ha nigcTasi OUiHKK
NOMWJ/IKN KepyBaHHsI Ta 1l NOXi4HOI.

Meta cTaTTi — pO3MMAHYTU METOAMKY aJslro-
puTMy aganTtauii peakuii 06’ekta ynpaBniHHA [0
30BHILLHIX 30ypeHb Ha MigcTaBi OLHKA MOMWSIKM
KepyBaHHA Ta 1 NoXigHoT.

Metoan Ta MeTOAUKN AOCAiIMKEHHA. |aeA
HEeYiTKOro cynepsi3opa nonsrae B opraHisawii
[BOPIBHEBOI CUCTEMMU, Y SAKIA HA HUKHBOMY PiBHI
nepebysae 3BuyaiiHnin Mi4-perynatop, a Ha Bepx-
HbOMY — HeuiTkuiA (puc. 1) [3].

HITP
K | K| K
gt) | e na u(?) O6'exr y()

Puc. 1. CTpyKTypHa cxema HeudiTKoro
cynepBizopa

Mpu3HaYeHHs HediTKoro perynstopa nonsrae
B TOMY, LLLOG aBTOMATUYHO 3MiHIOBaTK KOEIiLieHTH
Mi4-perynatopa Ha pi3HMX cTagisgx nepexigHoro
npouecy. HeuitTknii perynatop mMae 3MiHHUIA Koe-
QuiLiEHT NocuneHHsa. Y Heuitkoro MI4-perynsaropa
ue TpW BXiAHI 3MiHHI, TOMY BBaXaTUMeTbCH, L0
Moro KoeqilieHT NOCU/IEHHA MICTUTbL TPW cknag-
HUKN [5]:

Kop =Ko+ K + K.

Po3rnaHemo BapiaHT opraHisauyii HeuiTKoro
cynepsi3opa, Yy SKkoMy KopekLuis koedpiuieHTis M1A-
perynaTtopa Bifg0yBaeTbCA Ha nigctasi iHpopmadi
Npo NOMUNKY Ta il NOXigHy.

Mpunyctnmo, WO BigOMI Aiana3oHun, Yy SAKuX
MOXYTb 3MiHIOBATUCA KOeiLieHTH K, 1a Kk, [3; 6]:

K e[K K
p p

.min’ p.max]’

K,elK, . K

d.min’ " "d. max]'

Bubupatoun pgianasoH 3MiHW  KoediujieHTiB,
MOXHa KepyBaTucs Takumu oopmyiamm:

K, n=032K; K =06K, @)

p.min
K, .=008KT, K, _=015KT  (2)

d.min uu d.max

Ae K, — MiHiMasibHe 3Ha4eHHs koedilieHTa nocu-
neHHs M-perynartopa, y AKOMY BUHUKaKOTb aBTOKO-
NBaHHA 3 nepiogom T .

BBaxatMmemo, WO 3Ha4YeHHA KoedilieHTiB
HOpMaJsli30BaHi:
K' = Kp _Kp.min - K = Kd _Kd.min
p ! d ™
Kp.max - Kp.min Kd.max - Kd.min
3BiAKN:

K =(K -K J)K'+K
P p.max p.min P p.min

Kd = (K KdAmin)Kc,i +K
3rigHo 3 meTogukoto 3irnepa — Hikonca,

NOCTiiHa Yacy iHTerpyBaHHs 3a/1eXUTb Bif, NOCTIR-
HOro Yacy andepeHLitoBaHHs:

d.max d.min.

Ti=al,
TOMY:
2
K = K, :—(K”) .
al, ak,

Cynepsi3op MiCTUTb 6e3i4 npasu BUaY:
Akwo (e(t) = A) Ta (de(t)/dt = B),
TO (K,; =C)i(K,=D)Taa=oa.;
i=1,2,...,m,

ne A, B, C,i D,— HEUiTKi MHOXWHW, o, — KOHCTaHTa.
NinreicTnuHe onuc e(t) Ta de(t)/dt nokasaHo Ha
puc. 2.

NB NM NS ZE PS PM PB

Ly e

-1 o] e().Ae(t)

Puc. 2. NMiHrBicTUYHUI onNnUC NOMUMKK Ta Ti
MPUPOLLEHHSA

NiHreicTMYHMIA onuc K Ta K, nokasaHo Ha puc. 3,
e BuKOpWCTaHO nvwe asa Tepmu: Big ta Small
(«Benvke» i «mMasie»), oA iX onMcy MOXyTb OyTu
BMKOPUCTaHI A3BOHOMOAIGHI (PyHKLT HaNIeXHOCTI.

[na onucy npasBua 3MiHW KOedIiLieHTIB po3-
INSAHEMO XapaKTepHi TOYKM TUNOBOro nepexigHoro
npouecy (puc. 4).

Ha nouatky nepexigHoro npotecy (Touka a,)
MOTPIGHO BeNMKe 3HAYeHHA CUrHasly KepyBaHHSA
ONA OTPMMaHHA Maslioro yacy HapoCTaHHSA. Tomy
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Puc. 3. NliHreictuunmii onuc K 1a K;
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Puc. 4. BaxaHuii nepexigHuii npouec

Mig-perynatop NoBUHEH MaTu BeJIMKE 3HaYEeHHSA Kp
Ta K, a 3HaveHHa K, mae 6yt1 masmm, To6T1o K'
MOBUHEH MaTun 3Ha4YeHHs Big, a K', —Small [3].

Ana  3abesneyeHHst BE/IMKOTO 3HA4YeHHs K,
(MOPIBHAHO 3 BUXIQHUM 3HAYEHHAM, OTPUMAHUM
3a MeTodom 3irnepa — Hikonca) Tpeba, 106 3Ha-
yeHHs a 6yno mano. Y metogi 3irnepa — Hikonca
T, 3apaeTbes BUeTBEPO Ginbwie T, (a = 4). Tomy
AKWO a HabyBae 3HauyeHHA MeHLwe 4, To BM/vB
iHTerpasia nocueETLCA, Tak y ToULi @, cnpasef-
N1NBO NpaBunio BUAY:

Akwo (e(k) = PB) 1a (Ae(k) = ZE), TO (K,; = Big)
Ta (K, =Small) Taa = 2.

BenvunHa o MOXe po3rnagartuca sk CUHrie-
TOH (puc. 5), Ae BUKopUCTaHi no3HavyeHHa S-small,
MS-medium small, M-medium, B-big).

H1 s Mms
2 3 4 5 o
Puc. 5. JliHrBiCTUYHMIA onuC BapiaHTIiB
3Ha4YeHb o

B okonuui Toukn b, (auB. puc. 4) curHan kepy-
BaHHA Mae 6yTV ManUM ANS YHUKHEHHST BEIMKOrO
neperynwBaHHa. Tomy [I4-perynatop noBUHEH
Martun masi Kp Ta K, i Benuknii K. Lii ymoBu onucye
npaswuso:
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Akwo (e(k) = ZE) ta (Ae(k) = NB),
TO (K’p =Small) Ta (K, = Big) Ta a. = 5.

MoBTOpOOYN HaBefeHi MipKyBaHHS, MOXHa
onucati npasuna sMiim K 1a Ky Burnsiji tabnuiib
(av.. puc. 6)

Tabnuus de(t)/at
mpaBunKy N MM NS ZE PS PM  PB
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Puc. 6. Ta6nuui HanawTyBaHHA NIHIBICTUMHUX
npasun 3MiHn Kp, K,Taa



HaykoBuin XXypHan MeTiHBecT MonitexHiku. Cepis:

TexHiuHi Hayku, Ne 3, 2025

H Y(t) =
PIDu ressy Sample based | T=10.000 Rg:dy : . Sin\:g h;g;daT=mn;:
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t —»{ PID P P P
o . i s+1 s+3 s+3 s+3
PPpid

Puc.7. MatemaTtuuHa Mmogesib 3aMKHeHOI cuctemMu ynpasniHHsA 3 MI4-perynsatopom

Pesynbrartu. NpoBefemMo CUHTE3 cynepsisopa
Ha nigcTasi iHthopMauii Npo NOMWUAKyY Ta il noxigHy
B Simulink MatLab ans o6’ekta, 3agaHoro nepe-
OATHOK DYHKLEH:

27
(p+1)(p+3)

Ha nepwomy etani MogentoBaHHSA A5 3aMKHe-
Hili cucTemMn ynpaBniHHA OG'€KTOM Yy BUrNAAI
nepegaroyHoi yHkuii (3) 3 Mi4-perynsatopom
(auB. puc. 7) BM3Ha4YalTbCA nepenaToyHi Koe-
QiLieHTn perynatopa LWISXOM 3acTOCyBaHHSA
B6ypoBaHoi pyHkuii TUNER. Pesynsratu Hana-
LWTYBAHHA NepefartoyHux KoediuieHTiB peryns-
Topy Ta rpadpik nepexigHoro npouecy o6’ekTa
ynpasniHHA npu M4 3aKoHY KOpekLUili nokasaHo
Ha puc. 8.

Ha ppyromy etani po3po6sieHO mMaTemaTuyHy
MOAeNb CUCTEMW YMpPaBAiHHA i3 3aCTOCYBaHHAM
HEUITKOro cynepBi3opa KopekKuili napameTpiB Cur-
Hany ynpasniHHa 3 MI4-perynsatopa (avs. puc. 9).
Mig vac BubGOpY AianasoHy 3MiHW KoeiuieHTiB
3actocoBaHo hopmynu (1) Ta (2).

W(p) = 3)

PIDsupviz2

Step Plot: Reference tracking
12 T T T T T

Tuned response
== == Block response

Amplitude
o =)
(] -]

o
kS

02

0 L I I I I
4

3
Time (seconds)

Puc. 8. Pe3synbrat HalawiTyBaHHA
nepegaTtouHux KoedpilieHTIB perynaropy
Ta rpadik nepexigHoro npouecy

Ha TpeTboMy eTani npoBOAMTLCA CUHTE3

HeuiTKOro cynepsizopa B pefaxkTopi cuctemmu
HeuiTKoro BucHoBky (Fuzzy Inference System —
FIS). BiKHO Ha/nawTOBYBaHHA TO/IOBHOMO BiKHA
pefakTopa HeuiTKoT N10rivYHOT CUcTemMmn HaBegeHo
Ha puc. 10.

HHE

PIDsuperv

[

®
PIDsupviz

)
+
w

Puc. 9. CTpyKTypHa cxema MaTemMaTU4HOI MoAesli CUCTEMU YNpaB/liHHSA 3 HEUITKUM CynepBi3opoM
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PO
XX

dE

PIDsupv3

(mamdani)

/XX

ALK

} FIS Name: PIDsupv3 FIS Type mamdani

And method min v Current Variable
Or method e N Name E
T it
Implication min v i i
Range [11]
Aggregation max

Defuzzification

centroid v ‘ Help ' Close l

Puc. 10. HanawTyBaHHA iHTepdelicy FIS editor

Y FIS editor 3afaeTbCsi ONNUC CUCTEMU HEUIT-
KOro /10riYHOro BUCHOBKY Mamdani. [Ana cTBOpto-
BaHOI CUCTEMW 0BUPAETLCA BUJ TOTIYHOTO 3B’A3KY
(And method — min) ta (Or method — max), Buz
imnnikayii (Implication — min), cnoci6 arperysaHHs
BMCHOBKIB npasun (Aggregation — max) Ta MeToj
nedhasundpikauii (Defuzzification — centroid). Jopa-
H0TbCA 2 BXifHi 3MiHHI 3 po3Mipom 6a30B0i LIKau
(Range = [-1 1]) Ta 3 BuWXigHi 3MiHHI 3 PO3MipOMm
6a308B0i Wkam (Range = [0 1]).

[na onucy BXigHUX NOTYHUX 3MIHHMX Y pejak-
Topi dhyHKUiN HanexHocTi (Membership Function
Editor) pnsi KOXHOT 3MIHHOI 3aBaHO TPUKYTHY
(PYHKLLIO HAUTEXHOCTI.

TepMu NiHrBICTUYHOIT 3MIHHOT «[omu/iKa ynpas-
NiHHSA» PO3MILLYOTLCA BignosigHO Ao puc. 11 i3
7 napameTpamu OyHKLIA Ha/1eXHOCTi:

i q oint noints: 181
FIS Variables Membership function plots

7 NBe NMe NSe Ze PSe PMe PBe
y.‘ !
AWAN

2O X
N

a

input variable "E"

Current Variable Current Membership Function (click on MF to select)
Name E Name NBe

T o Type trimf v

Params [-1.333 -1 -0.6666]
Range 1]

Display Range [11] ’ Help | Close | |

Puc. 11. Pe3ynbrat HanawTyBaHHSA (PYHKLil
Ha/1eXXHOCTI BXiAHNX 3MiHHUX «Momunika
ynpaBniHHA»

Name = “NBe”; Type = “trimf”; Param
[-1.33 -1 -0.66];

Name = “NMe”; Type
-0.66 —0.33];

Name = “NSe”; Type = “trimf”; Param
[-0.66 —0.33 0];

Name = “Ze”; Type = “trimf”; Param =
[-0.33 0 0.33];

“trimf”; Param

Il
—
|
=

78

Name = “PSe”; Type = “trimf”; Param =
[0 .33 0.66].

Name = “PMe”; Type = “trimf”; Param
[0.33 @0.66 1].

Name = “PBe”; Type
[0.66 1 1.33].

“trimf”; Param

TepMuy BXiAHOT NIHIBICTUYHOT 3MiHHOT «lMoxigHa
NOMWUSIKW yNpaBAiHHA» c)OPMOBaHO PIBHOMIPHO.
[ns onucy 3MiHHMX Y pefakTopi YHKLIA Hanex-
HocTi (Membership Function Editor) Ans KOXHOI
BUXiAHOI 3MIHHOI 3aCTOCOBAHO TPUKYTHY (PYHKLO
HasexHocTi. 3 napameTpamu:

Name = “NBde”; Type = “trimf”; Param =
[-1.33 -1 -0.66];

Name = “NMde”; Type = “trimf”; Param
[-1 -8.66 -0.33];

Name = “NSde”; Type = “trimf”; Param
[-6.66 -0.33 0];

Name = “Zde”; Type = “trimf”; Param =
[-0.33 0 0.33];

Name = “PSde”; Type = “trimf”; Param
[0 ©.33 0.66].

Name = “PMde”; Type = “trimf”; Param
[0.33 0.66 1].

Name = “PBde”; Type
[0.66 1 1.33].

“trimf”; Param =

Pe3synbraT HanawTyBaHHA OYHKLi HANeXHOCTI
BXiAHMX 3MiHHUX «[lToXigHa NOMUAKM YNpaBAiHHA»
HaBefeHo Ha puc. 12.

i i Iot it
FIS Variables Membership function plots ™" """ 181

X0 N

3 b

3 A
N

a

NBde NMde NSde Zed PSed PMed PBed

input variable "dE"

Current Variable Current Membership Function (click on MF to select)

. & Name NBde
Type input Tvee = :
Params [-1.333 -1-0.6666]

Range 11

Display Range [ | Help ‘ Close ‘ |

Puc. 12. PesynbtaT HanawtyBaHHA OYHKLil
Ha/1IEXXHOCTi BXigHNX 3MiHHUX «lMoxigHa
NOMWJIKU yrpaBiHHA»

[Ona onucy BUXIQHOT NOrYHOT  3MiHHOT K
y pepaktopi hyHKuiii HanexHocTi (Membership
Function Editor) pnsi KOXHOI BWXiAHOI 3MiHHOI
3aBJaHO A3BOHONOAIGHY (PYHKLLKO HANIEXHOCTI.

«gbellmf»; Param

Name = «Sp»; Type
[0.5 2.5 0];

Name = «Bp»; Type
[6.5 2.5 1].

«gbellmf»; Param
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FIS Vari Membership function plots " """~ 181
sp ok
X !
XX XX
= P
dE d
a
output variable "p*
Current Variable Current Membership Function (click on MF to select)
e P Name s
Type output Type o =
Params 05250
Range 01 [ )

Display Range [01] ’ Help ‘ Close ‘ |

Puc. 13. Pe3ynbTaT HanawtyBaHHA QyHKLIN
HaJ1eXXHOCTI BUXigHOT 3MiHHOT K,

Pe3ynstar HanawTyBaHHA (PYHKLUi HAUTEXHOCTI
BUXIiHOT 3MiHHOT K’ Ha puc. 13.

s onmcy BUXIAHOT NOTYHOT 3MiHHOT Ky pefak-
Topi oyHKUili HanexHocTi (Membership Function
Editor) pns KOXHOT BUXIAHOT 3MIHHOT TaKoX 3aBiaHo
[A3BOHOMOAIOHY (OYHKLIH0 HANEXHOCTI:

Name = “Sd”; Type = “trimf”; Param
[0.5 2.5 0];

Name = “Bd”; Type = “trimf”; Param
[0.5 2.5 1].

Pesynstat HanawTyBaHHA (PYHKLi/ H/TEXHOCTI
BXiAHMX 3MiHHMX HaBefeHo Ha puc. 14.

[na onucy BMXIiAHOT NOMYHOT 3MIHHOT @ B peak-
Topi QoyHKLiA HanexHocTi (Membership Function
Editor) pnia KOXHOT BUXiAHOT 3MIHHOT 3aB,aHO Tpu-
KYTHY (OYHKL,iO HA/TEXHOCTI.

Name = «Sa»; Type = «gbellmf»; Param
[0.5 2.5 0];

Name = «Ba»; Type = «gbellmf»; Param
[0.5 2.5 1].

PesynbtaT HanawTyBaHHSA (QyHKLiA 3MIHHOT a
HaBefeHo Ha puc. 15.

nint noints: 181

FIS Membership function plots

output variable "d"

Current Variable Current Membership Function (click on MF to select)

Name d Name sd
Type output = gbellmf ™
Params [0.5250]

Range 01

Display Range 01 | Help | Close ‘ |

Puc. 14. PesynbraTt HanawTyBaHHSA (QYHKL,iA
HaNeXHOCTi BUXiAHOI 3MiHHOI K,

Membership function plots "' ""'* 181

@ L a2 a3 a4 a5
XX

output variable "a"

Current Variable Current Membership Function (click on MF to select)

Name a Name

Type output Type trimf
Params
Range [06]
Display Range (06 ‘ Help Close ‘

Puc. 15. Pe3ynbtat HanawTyBaHHA (pyHKUiNA
HaJ1€)XXHOCTi BUXiAHOT 3MiHHOT

Micna onucy NIHrBICTUYHMX 3MIHHUX 34IACHI0-
€TbCS onuc npaswun y BikHi pegaktopa Rule Editor,
KINbKICTb NMpaBua ANs Lboro sunaaky — 49:

1. if (E is NBe) and (dE is NBdE) then
(p is Bp) (d is Sd) (a is a2) (1)

2. if (E is NBe) and (dE is NMdE) then
(p is Bp) (d is Sd) (a is a2) (1)

3. if (E is NBe) and (dE is NSdE) then
(p is Bp) (d is Sd) (a is a2) (1)

4, if (E is NBe) and (dE is ZdE) then
(p is Bp) (d is Sd) (a is a2) (1)

5. if (E is NBe) and (dE is PSdE) then
(p is Bp) (d is Sd) (a is a2) (1)

6. if (E is NBe) and (dE is PMdE) then
(p is Bp) (d is Sd) (a is a2) (1)

7. if (E is NBe) and (dE is PBdE) then
(p is Bp) (d is Sd) (a is a2) (1)

8. if (E is NMe) and (dE is NBdE) then
(p is Sp) (d is Bd) (a is a3) (1)

9. if (E is NMe) and (dE is NMdE) then
(p is Bp) (d is Bd) (a is a3) (1)

10. if (E is NMe) and (dE is NSdE) then
(p is Bp) (d is Sd) (a is a2) (1)

11. if (E is NMe) and (dE is ZdE) then
(p is Bp) (d is Sd) (a is a2) (1)

12. if (E is NMe) and (dE is PSdE) then
(p is Bp) (d is Sd) (a is a2) (1)

13. if (E is NMe) and (dE is PMdE) then
(p is Bp) (d is Bd) (a is a3) (1)

14. if (E is NMe) and (dE is PBdE) then
(p is Sp) (d is Bd) (a is a3) (1)

15. if (E is NSe) and (dE is NBdE) then
(p is Sp) (d is Bd) (a is a4) (1)

16. if (E is NSe) and (dE is NMdE) then
(p is Sp) (d is Bd) (a is a3) (1)

17. if (E is NSe) and (dE is NSdE) then
(p is Bp) (d is Bd) (a is a3) (1)

18. if (E is NSe) and (dE is ZdE) then
(p is Bp) (d is Sd) (a is a2) (1)

19. if (E is NSe) and (dE is PSdE) then
(p is Bp) (d is Bd) (a is a3) (1)
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Puc. 16. NpachiuHe nogaHHA 3aKOHY ynpaBiHHSA K, K,

NSe) and (dE is PMdE) then
Bd) (a is a3) (1)

NSe) and (dE is PBdE) then
Bd) (a is a4) (1)

Ze) and (dE is NBdE) then
Bd) (a is a5) (1)

Ze) and (dE is NMdE) then
Bd) (a is a4) (1)

Ze) and (dE is NSdE) then
Bd) (a is a3) (1)

Ze) and (dE is ZdE) then
Bd) (a is a3) (1)

Ze) and (dE is PSdE) then
Bd) (a is a3) (1)

Ze) and (dE is PMdE) then
Bd) (a is a4) (1)

Ze) and (dE is PBdE) then
Bd) (a is a5) (1)

PSe) and (dE is NBdE) then
Bd) (a is a4) (1)

PSe) and (dE is NMdE) then
Bd) (a is a3) (1)

PSe) and (dE is NSdE) then
Bd) (a is a3) (1)

PSe) and (dE is ZdE) then
Sd) (a is a2) (1)

PSe) and (dE is PSdE) then
Bd) (a is a3) (1)

PSe) and (dE is PMdE) then
Bd) (a is a3) (1)

PSe) and (dE is PBdE) then
Bd) (a is a4) (1)

PMe) and (dE is NBdE) then
Bd) (a is a3) (1)

PMe) and (dE is NMdE) then
Bd) (a is a3) (1)

PMe) and (dE is NSdE) then
Sd) (a is a2) (1)

PMe) and (dE is ZdE) then
Sd) (a is a2) (1)

49. if (E is PMe) and (dE is PSdE) then
(p is Bp) (d is Sd) (a is a2) (1)
41. if (E is PMe) and (dE is PMdE) then
(p is Bp) (d is Bd) (a is a3) (1)
42, if (E is PMe) and (dE is PBdE) then
(p is Sp) (d is Bd) (a is a3) (1)
43, if (E is PBe) and (dE is NBdE) then
(p is Bp) (d is Sd) (a is a2) (1)
44, if (E is PBe) and (dE is NMdE) then
(p is Bp) (d is Sd) (a is a2) (1)
45, if (E is PBe) and (dE is NSdE) then
(p is Bp) (d is Sd) (a is a2) (1)
46. if (E is PBe) and (dE is ZdE) then
(p is Bp) (d is Sd) (a is a2) (1)
47. if (E is PBe) and (dE is PSdE) then
(p is Bp) (d is Sd) (a is a2) (1)
48. if (E is PBe) and (dE is PMdE) then
(p is Bp) (d is Sd) (a is a2) (1)
49, if (E is NBe) and (dE is PBdE) then
(p is Bp) (d is Sd) (a is a2) (1)
15 ()
1 L
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Puc. 17. 'padhik nepexigHoro npouecy
B CUCTEMi YnpaBJliHHA 3 HEUITKUM
cynepsizopowm Mig-tuny
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Mocunikn B mpaBunax noe’dA3adi (connection)
3a pgonomorot onepaudii and. YeepgeHe npa-
BUMO 3abe3nedyeHe BaroBuUM  KoedqilieHTOM
(Weight = 1).

Micna onucy npaswn 3a [OMOMOIOK iHTep-
theiicy Surface Viewer nonyyeHo rpacpivHe
NnoAaHHs 3aKOHY yrnpaBniHHA (AB. puc. 16).

Ha u4eTtBepTOMy eTani [AocnigkeHo rpacdik
nepexigHoOro npouecy B CUCTEMI YnpasniHHA
3 HediTkum cynepsizopom Mi4-perynatopa (ave.
puc. 17). Ha matematunyHiii mogeni (ane. puc. 9)
Yy MOMEHT yacy 12 ¢ gogaHo 36ypeHHs. AK BUOHO
3 rpacpika nepexifHOro npouecy, CMpoEKTOBaHa
cucTema ynpasiHHA NOBHICTIO KOMMNEHCYE 36ypto-
Bas1bHi BM/INBU.

BucHoBoK. [11[]-perynatopu Hady i LWMPOKOro
NOLMPEHHA B MPOMMUC/IOBOCTI 3aBAAKA NPOCTOTI

CBOEI CTPYKTYpKX Ta HaAINHOCTI B LUMPOKOMY Aia-
nasoHi poboumx ymoB. Po3pobka uux peryns-
TOpiB NoB’sA3aHa 3 BMOOPOM TPbOX NapameTpis:
NPOnopLUiiHOro KoedilieHTa, KoeqilieHTIB npu
iHTerpani Ta noxigHi. HaasHi Mif-perynatopu
MOXHa PO34i/IMTM Ha [Ba Knacu: perynsaropu
3 (pikcoBaHMM HanawTyBaHHAM Ta afanTUBHI
Nig-perynatopun. Perynsatopy 3 hikcoBaHum
Ha/lalTyBaHHAM Ha/1allTOBYHOTb 0O4HOPA30Bo,
Hanpukniag, 3a aaroputmom 3irnepa — Hikosnca.
B apantuBHux [I[-perynaropax KoeqilieHTu
MOXYTb 3MIiHIOBATUCA B peasibHOMYy 4aci, Lo
BMMara€e BUKOPWUCTAHHS [00ATKOBMX 3HaHb Mpo
npouec ynpaeniHHA. Po3rnsHyTuii BapiaHT pea-
nisauii HeyiTKMx cynepBi3opiB peanisytoTb Npo-
CTi anroputmu aganTauii Ha nigctaBi OUiHKK
NMOMMWJIK/ KepyBaHHSA Ta ii MOXiLHOT.
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