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IMOCTPOEHUE APXUTEKTYPbI HEUPOHHOM CETH JJIS
OIITUMUBAIIMA ITPOLUECCA ITIPOMUHA JIBHOTPECTBI.

JL.LB. MOYAJIOB, B.I'. IPO310B, A.C. EOPEMOB.
(KocTpoMckoii rocy1apcTBEeHHbIH TEXHOJOTHYECKNH YHUBEPCHUTET)

B cmamve paccmompeno nocmpoenue apxumekmypbl HeUpOHHOU cemu OJisl
ONMUMUZAYUU NPOYECCa NPOMUHA TbHOMPECMb.

ApxuTekTypa HEHUpOHHOM ceTu i1 ONTHUMH3ALMK Ipolecca IIPOMHHA
crpoutcs B nporpamme MATLAB B naketre Fuzzy logic toolbox [1,2]. B anmapare
NPEJUIOKEHBI 3KCIIEPTHBIC CUCTEMbI HEueTKoW Jiornku Sygeno wim Mamdani (B
HaleM ciydae OblT BbIOpaH BTOpOit). [locTpoum Tabnuily Ui cO3AaHusI HEUPOHHOM
cetu. Jlyist 3Toro pazoObEM BXOAHBIE (OTACISIEMOCTh, BIAKHOCTh, MPOYHOCTH) U
BbIXO/HbIE (IUIyOMHA 3axoxaeHus pudieil) napaMerpbl Ha TPYHObl (TEPMBI).
Jlannble B Taba. 1 mpuBeaeHsl s iepBoro Baybla (quametp 118 mm, 12 pudneit).

3HaueHus! TIIyOMHBI 3aXO0KIEHUS Ul IPYTMX BAJIKOB MOXKHO PacCUUTATh U3
paBeHcTBa: i, -z, =i, - 2, =....=i, -z, [3].

JlanHas TaOnuia MOCTpO€HAa Ha OCHOBAaHMM IPOBEICHHBIX SKCIEPUMEHTOB

[4,5,6], ucriop30BaNIMCh M pe3yIIbTAThI PaHEE BHIOJIHEHHBIX UCCiIeoBanwmii [7,8,9]

Tabmuua 1
Tabnua s o0ydeHuss HeWPOHHOM CeTH
OTHAEJIAEMOCTD, | BJIAXKHOCTD, ITPOYHOCTHD, '’ TYBUHA
ell. % maH 3AXOXIEHUA
PUDJIEN, MM
4 195__1149 7 1 BBIIIIE 10
6 195- _1149 7 ¥ BbIIIE g
9-14 6 1 HIKE 3
8 15-19 6 1 HIKE 4
9-14 7 1 BBILIIE 7
15-19 7 U BbIIIE 8




3HayeHHs IS OTAEIIEMOCTH JIbHOTPECTHI YCJIOBHO pasleiicHbl Ha TPH
IPYIIbI, KOTOPbIE COOTBETCTBYIOT Hemosiexkanon tpecre (rpymma 1), Tpecte
HOpMaJIbHOM BBUICKKH (rpymnma 2) u mnepenexkanoi tpecte (rpymma 3) puc. 1. Ilo
BJIIQ)KHOCTH JIBHOTpECTa pa3bura Ha 2 rpymmsl puc. 2. 1o IpoYHOCTH JBHOTpECTa

pa3duTta Ha 2 Tpynnsl puc. 3.

Mepexon Hepexor
OT TPYIIIEI OT IPYIIIBI
K TPYIIIe K TPYIIIe

il =

| rpymma l rpymma 2 A rpymma 3

1 1 I 1 1 1
2 ] 4 5 [ 7 a 3 0

OTI[@J'DICMOCTB JIBHOTPCCTHI, CL.

Puc. 1. PazOnenne TPCCTBI HA I'PYIIIIBI 110 IIOKA3aTCJII0 OTACIIACMOCTHU

HMepexon
OT TPYIIIEI

K IpyIIIe

Mf(x) | rpymma 1 rpymma 2

Brnaxnocts nbHOTpEecTHI, %

Puc. 2. Paz6uenue TpecTbl Ha TPYIIIBI MO MOKA3aTENI0 BIAKHOCTH

Mepexon
OT TPYIIIET

K TPYIIIe



MIi(x) - TpyHamia 1 rpyIima 2 J

[TpounocTs IbHOTpECTHI, HJaH
Puc. 3. Paz6uenue TpecTsl Ha FPYIIIBI [0 MOKA3aTe0 MPOYHOCTU

rae:Mf(X) — byHKIusS IpUHAIICKHOCTH

Boruncnenue pynkuuu npuauMaercs B auanasone ot 0 no 1. Iycts ¢ —
MHOXkecTBO, Toraa Mf.(x)e [0,1]

ect Mf.(X) =1 3TO 03HaYaeT CTONMPOICHTHYIO MPUHAIICKHOCTh K MHOXKECTBY,
COOTBETCTBEHHO HOJIb O3HAYaeT OTCYTCTBUE MPUHAMIECHKHOCTH K MHOXKECTBY. 3a
CYET 3TOr0 MOXHO TOYHO OIKMCaTh MIPOLECC C IOMOIIbIO JIOTUYECKHX ITPaBUIIL.
Kaxnoe mnpaBuio COCTOUT W3 COBOKYHHOCTH cOObITHH. Jljis 00paboTKM mpaBuil
UCHIOJIB3YIOTCSl pa3iuyHble (PYHKLUMU: TparneluueBHUIHAsL, TPEYToibHas — JIMHEHHbIE,
rayccoBa — HEJIMHEWHass (OJHOMEpHas W [IBOMHas (WMEroIas JBa BXOJHBIX
apryMeHTa)), OJHY W3 KOTOpPbIX MOKHO BbIOpaTb NPU CO3JaHUU APXUTEKTYpPHI
HeliporHo#t cetn [1]. B kaxkmom mpaBuie MOXKeT OBITh HECKOJBKO (DYHKIIHIA
NPUHAUIEKHOCTH, Ul KaXI0H I'PYMIbl MOKET OBITh MCIOJb30BaHA OJHA (YHKIUS
npuHaanexHocTd. [lpm HacTpolike perynsaropa Obula HCIIOJIb30BaHA TIayccOBa

byHKIMS..

OnwuceiBaercst HopMyIIoi:



exp ((x - )2 (— 2a12 )) x{(c,
ecnu c{c2,mo p(x) =11, c,<x<c,

\exp((x —C )2 (_ 2a," )) X;)C;

exp((x —-c )2 (— 2a12 )) x(c, "
ecnu clyc2, mo u(x) = exp(x - cl)/(_ 20, )exp((x -¢,) /(_ 2a," )) c, <x<c¢
exp((x -G )2 /(‘ 2“22 )) x)e

rae: ecm cl{c2, TO mapaMmeTpbl IPUHAIICKHOCTH cleayronue: ¢l(c2) - MuUHUMaIbHOE
(MakcuManbHOE) 3HAYEHHUE SIAPA HEUETKOTO MHOXKECTBA,
al(a2) — koappuHMeHT KOHIIEHTPAIIUU JIEBOM (ITpaBOi) YaCTH MPHUHAJJICKHOCTH,
c1>c2- HeueTkoe MHOXKECTBO MOJTy4aeTCs] CYOHOPMAIIbHBIM,
X-BEKTOD, JIIsl KOOPAUHAT.
[Topsiok 3aganus mapaMeTpoB BeITIAANMT Tak: [alcla2c?]

Ha ocHOBe nony4eHHbIX JaHHBIX pazpaboTaHa HEHPOHHASI CETh HA HEYETKUX

MHOJKECTBAX C UCIMOJIb30BaHueM aaroputma Mamdani (puc. 4)

BraxHocms, %\ /l
. peuyeckue
S

Omaesgemocie, ed PO
P [ youKa
[lpoywocime, dar JaXOXTPHUA

ﬂUgZ)/]E’U MM
Puc. 4 HeiipoHHast ce€Th C HEYETKMMU MHOXECTBAMU
[Ipy moctynieHuM OaHHBIX Ha BXOJ HEWUPOHHOW CETH ONPENEISIOTCS Beca

OPUHAUIEKHOCTH K TOM WM HWHOW Tpynme 3HaueHWH B JaHHOM ciydae (K

4



BJIQKHOCTH, OTAENSEMOCTH M MPOYHOCTH). 3aTe€M MPH HCIOIH30BAHUM JIOTUIECKUX
IpaBUJI ONpPEAEIAIOTCA Beca MPUHAIIEHKHOCTU K TPYIIaM BbIXOJHBIX MapaMeTpoB,
T.e. K TpyIIaM TIyOuHBI 3aX0aeHus puduieid. Jlornueckue mpaBuia OMUCHIBAIOTCA
TakuMu omneparopamu, kak If (ecmm), and (u), then (rorma), Hampumep, eciu
ornensiemMocts 4 en. BiaaxHocTh 12%, mpounocts 10 maH, Torma rimyOuna

3axoxenust 10 mm. Ha puc. 5. otoOpakeHo (HopMHpOBaHUS TOTUUECKUX MTPABHUIIL.

u - | e |

Puc. 5. ®opmupoBaHue JOTHYECKUX MTPaBUII

I'myOGuna 3axoxxaeHust pudieil ycaoBHO, pa3jieiieHa Ha BOCEMb TPYII, depe3

KKJbIN MIJTUMETD, PUC 6.

Mf(X) sl . 1 | \ p. 3 .4\ Ip. 5| .6 rp. 7 p. 8 -

T'myGuHa 3axokneHus pubmeii, MM

Puc 6. Paz6uenue TpecTsl Ha rPyMIbl IO BRIXOHOMY TapaMeTpy (TayOnHe
3ax0xKAeHUs pudeit)

B nannoMm ciiydae ykpymHEHUE TPy PE3KO CHUKAET THOKOCTh YIIpaBJICHHUs, a

pa3bueHne Ha OoJjiee MEJKUE TPYIIbl He OyIeT JaBaTh CYIIECTBEHHON pa3HUIIBI IPH
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nepexo/ie OT TPYIIbl K rpymnmne. Pe3ynbTar BBIYMCICHUN TIIYOMHBI 3aX0XKICHUS
pudieii HyXHO OKpPYIJIUTh JIO IeJbIX 3HaueHuil. HelipoHHas ceThb o0sagaeT
CBOMCTBAMHU aMMpOKCHUMAIIMU, YTO TIO3BOJISIET MPOBECTH BBIYUCICHUSA TIIyOUHBI
3ax0JieHusl puduieid BO BCeM Jauana3oHe W3MEHEHHM BIIaXKHOCTH M OTICISIEMOCTH
JBHOTpPECTBI. B pe3ynprare 3TO AaeT BO3MOXHOCTb MOCTPOHUTH PE3YJIbTUPYIOIIYIO
HOBEPXHOCTH (puc. 7, 8).

[TockoapKy TIp IPOBEPKE U OOYIECHUH HEUPOHHOM CETH OBLIN MCTIOIH30BaHbI
perpeccCMoHHbIE MOJIeNIM, TO B Hee Oblia 3ajokeHa omrbka ombita 5% U omudka
uzMepenuit ot natunkoB 0,25%. [1o pe3ynpTaTam npoBepKu ObUT IPOBEJICH TECTOBBIM
pexum (Tadiuia 2).

PaboTy HelipoHHOI CeTH MOXKHO MPOJAEMOHCTPUPOBATH Tak (puc. 9):

OtzensemMocTs BraxHocTs TIpodHoCTh TyGiHa 3axokIeHIA pHIelt
Or=44en. W=14% I1=10.5 naH =10 MM

| / A
TN A
| il

J\

I
il
il
- — A

V) I
yuxmm QysuuKammn
Y L Pesynbrar

Puc. 9. PaGoTa HelipoHHoO# ceTu

Tabmuna 2

Pacuer rimyOunbI 3ax0sx1eHus pudIiel mpu NOMOITY HEUPOHHOM CETH C YU€TOM
MOTPEUTHOCTH OT MOJIeNIEH U TaTYUKOB



T'nyoHHa
3aX0KIESHHT,
OTremieMocTs, -6 +6 B.na}{:}lom, -6 +6 |IIpounocms, | —6 | +6 MM
ell. %%
naH

-6 +6
4.4 4.14] 4.66 12 1128 12.72 11 1034[11.66] 10 | 10
5.5 5,17| 5,83 13 1222] 13,78 15,9 1495 16,85| 9 9
6.8 6.39| 7.20 10.8 10.15| 11.45 3.9 8.37 | 9.43 | 8§ 3
8 7.52] 8.48 11 1034 11.66 10 940 | 1060] 7 7
9 8,46 9,54 12,7 1194 13,46 14 13,16 1484 7 7
10 9.4 | 10.6 19 17.86| 20.14 12 1128]12.72] 8 8
5.3 4,98 5.61 15,6 14.67| 16,56 9 8,46 | 9,54 9 9
9 8,46| 9,54 13,6 12,78 14,42 2,7 2,54 | 2,86 3 3
9.9 9,30 10.49 10,2 9.59 | 10,812 12 1128[12,72] 7 71
10 9.40 | 10.60 10.8 10.15| 11.45 9.9 931 |1049] 7 7
5.8 5.45| 6,15 17,8 16,73 | 18,87 7.8 733827 ] o 9
8.5 7.90] 9.01 15 14.10| 15.90 2 1.88 [ 2,12 3 3
9.3 8,74| 9,86 14 13,16| 14,84 3 2,82 | 3,18 3 3
3 7.52] 8.48 17 1598 18.02 7.9 7.43 837 | 8 3
3.9 3.67] 4.13 19 17.86| 20.14 5 4,70 | 530 | © 9
5.7 5.36| 6.04 12 1128] 12.72 6 564 | 636 | 9O 9
3 7.52| 8,48 13 1222 13,78 10 94 [ 106 | 7 7

T'imy6uHa 3ax0KaeHus pudie, MM

OTOensieMoCTb, efl.

BrnaxxHOCTB, %

Puc. 7. Pe3ynbTHpyroniasi HOBEpXHOCTh IPU
POYHOCTH JIbHOTpecThI 6 naH.
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w
i
i

©
i

85 -

7.5

I'imy6GuHa 3axoskaeHus pudei, MM
L=
i

BnakHOCTB. %

Puc. 8. Pe3ynbTHpytoiias moBepXHOCThb IPU
MPOYHOCTHU JIbHOTpeCTHI 14 maH.

Kak cnenyer u3 puc. 7, 8 HaubompIas rryorHa 3axX0KIeHUS] HE0OX0aUMa TpH
HU3KOM OTAENSIeMOCTH, BBICOKOW BIIQKHOCTH U MPOYHOCTU JBHOTPECTHI, a 00JIaCTh
HAaUMEHBIIIEH TITYOWHBI 3aX0KICHUS MPUXOIUTCS HA 30HY BBICOKOU OTIEISIEMOCTH H
HU3KOU BIAKHOCTU W MPOYHOCTU JIbHOTPECTHI.
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