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Uimena B. H., 3aey H. A., lIpokoneHs O. H., Jlyukasi H. H.

BEPOATHOCTHbIE HEMPOHHbIE CETU B 3A0AYAX YIMPABJIEHUA
KOMBUHUPOBAHHbLIMU CUCTEMAMU BOOOOYUCTKHU

BeepgeHue. Yka3 lMpesugeHta Pecnybnuku benapycs Ne 166 ot 22
anpens 2015 roga “O npWOPUTETHBIX HanNpaBREHWAX Hay4Ho-
TexHuueckoil destensHoct B Pecnybnuke Benmapych Ha 2016-2020
rogbl” npu3BaH 0OECTMEYUTb KOHLEHTPaLMI PECYPCOB HA CO3LaHUM
MPUHLUMIUANBHO HOBbLIX 060PYAOBaHUs 1 TexHomnoruit V u VI TexHonoru-
YEeCKVX YKMafoB, a TaKkKe CO34aHWM BbICOKOTEXHOMOTUYHbBIX MpON3-
BOZCTB, KOTOPble 06€CNeYnBatT paLMoHanbHOe NPUPOAONONb30BaHe.

OuyeBMAHO, YTO NOBTOPHOE VCMONb30BaHNE CTOYHBIX BOJ B TEXHOMO-
TUYECKUX NpoLeccax MoBbIaeT adeKTMBHOCTb UCMONBb30BAHMS Pecyp-
COB MPEANPUATUSIMU 1 COOTBETCTBYET MPUOPUTETHBIM Hay4HbIM Hanpas-
nenmam. OfHaKo TEXHWYecKas peanus3auums Takoi 3apadum XxapakTepuay-
€TCS CMOXKHOCTBIO, MOCKOMNbKY HEOOXOAMMOro pesynbTaTa MOXHO A0-
CTUTHYTb, TOMBKO UCTIONb3ys KOMOWHMPOBAHHbIE CUCTEMbI BOGOOUMCTKY,
BKITIOYaIOLLE HECKOMBbKO M3 6a30Bbix METOA0B [1]: MexaHN4eckuin, Xumu-
YeCKUil, N3NKO-XUMUYECKII U BUONOTNYECKMIA, T. €. 3arps3HUTENK 1Me-
10T pasHyto Npupoay (BMoNornYeckyto, XMMUYECKYH, (PU3NYECKYHD).

HeraTuBHO AEMCTBYIOT Ha 3(h(EKTMBHOCTL CUCTEM YMpaBneHUs
cnegytowme daktopbl [1]: MHOrO(aKTOPHOCTb M MHOrOCTaAMIAHOCTb O1o-
(OU3MKO-XMMUYECKMX MPOLIECCOB, HEJOCTAaTOYHas HOMEHKnaTypa uame-
puTenbHbIX NpUBOPoOB CMOCOBHLIX paboTaTh B pexvMe peanbHOro Bpe-
MEHW B arpeccuBHON Cpefie, NOCTOSHHOE AECTBUE BO3MYLLEHWI.

C y4&TOM BECOMOCTM BEPOSTHOCTHOM COCTaBMsIOLLEN, Ans onpeaene-
HWsI CTpaTeruii NoBeAeHUs: KOMOMHMPOBaHHbBIX CUCTEM BOAOOYMCTKM Npu-
MEHsleTCsl MaTemaTtudeckuit annapat Teopuu wrp [1]. Ons paspabotku
MOLCACTEM MPUHSTUS PELUEHUA WUCTIONb3yeTcsl UrpoBOM mogxoAd. Ecnm
paccMOTPeTb CUCTEMY YNPABMEHUS C €€ CTPEMIIEHNEM MOMy4UTb MaKcu-
MarnbHYK pecypcoaddeTUBHOCTL B NpoLiecce (DYHKLMOHUPOBaHMS, BKITO-
yasi u obecneyeHre 3KonorMieckon 6e3onacHoCTH, C OJHON CTOPOHLI, a
Ka4ecTBO CTOYHOI BOAbI, KOTOPOE TOYHO OMPEAENUTL HEBO3MOXHO, C ApY-
IO CTOPOHBI, TO B3aUMOZEICTBIE STUX CTOPOH MOXHO OnUCaTb Kak Urpy,
npu4em — Kak cTatucTudeckyto urpy. Ctatuctudeckas urpa — ato Geckoa-
NMUMOHHAs NapHas MaTpU4Has urpa B YKCTbIX cTpaTerusix. B npouecce
NPUHSTUS YNPaBMSIOLLIET0 peLlenus cuctema obnapaeT MHdopmaLmeis,
4TO OKpYaloLLasi Cpesa MOXET NPUHSTL OHO U3 HECKOMBKIX COCTOSHUN —
cTpateruit (peanusauuii U3MEeHeH!si NapamMeTpoB KayecTsa BOb! BO Bpe-
MEHM) U CTamnKUBAETCS C HEONpeAEeNeHHOCTbH) OTHOCUTENBHO TOrO KOH-
KPETHOrO COCTOSIHUSI, B KOTOPOE BCTYMUT Mpupoaa B Onuxaiillee BpeMs.
Takas urpa onucbIBAETCA NNaTeXHON MaTpuLei, knaccudukaumio 06pasos
MOXHO NMPOBOAMTb HA OCHOBE TEOPUN CTATUCTUYECKIX PELLEHNIA.

OpHako 6bIno ycTaHOBNEHO [2-3], UTO Takue anropuTMbl UMEKT HeAo-
CTATOK — CyLUECTBEHHYIO HEYYBCTBUTEMbHOCTb K Havary CMEeHbl OfHOro
0bpasa Ha Apyroii, 4To, B CIly4ae CUCTEM BOLOOYMCTKM, MOXET NPUBECTM K
KkaTacTponyeckM MocreacTusM. XOTS NMpy OnpefeneHHoN cTaumoHap-
HOCTW noOKa3aTeneil kayecTBa BOMAbl TEOPWS CTATUCTUYECKMX PELLEHWI
[EMOHCTPUPYET HeobX0aMMOE NpeanKaTUBHOE Ka4YeCTBoO.

Mcxops 3 HeoBXoaMMOCTV afeKBaTHO OLIEHKU Hayana CMeHbl OfHO-
ro obpasa Ha [pyroi, ¢ y4EToM (DyHKLMOHANBHBIX OCODEHHOCTEN W aHanu-
3a 1ccrnefoBaHui apyrux aBTopoB [4], Anst peLleHus Takon 3apayun Obino
NPearnoxeHo NPUMEHEHWE MaTEMaTUYECKOro arnnapara BEepOSTHOCTHbIX
HENPOHHBIX CeTel.

MocTaHoBka 3apayu. C LeNbio KOMMEHCALUM HEJOCTaTKOB TEopUN

CTaTUCTUYECKMX PeLUEHWI NpY yNpaBneHun KOMOMHMPOBAHHBIMM CUCTe-
MamW BOJOOUNCTKW, CO3AATb Ha OCHOBE BEPOSITHOCTHBIX HENPOHHBIX CETEN
afeKBaTHbI W YyBCTBUTENbHBIN K HAa4any cMeHbl 06pa3oB KnaccudmkaTop.

Matepuanbl u meToguka uccnegosanuin. Popmyna balteca no3so-
NSeT OnpeaenuTb BEPOSTHOCTb OMpeaeneHHoro cobbiTna (rnoTesbl) npu
HanM4MM TONbKO KOCBEHHbIX MOATBEPXKAEHUA (AaHHBIX) [5], KOTOpbIE MOryT
coAep¥atb HETOYHOCTH, 4TO 0COBEHHO BaXHO AN PELLEHNS HaLLet 3aaayn.

3anuck hopmynbl Baiteca
P(A[B)P(A) )

PB)
roe P(A) — anpropHasi BEpOSITHOCTb rMnoTesbl A;

P(A|B) — BeposTHOCTb runoTesbl A mpu HacTynneHnn cobbitns B
(anocTepnopHas BEPOSTHOCTb);

P(B|A) - BeposiTHOCTb HacTynneHust cobbiTus B npu MCTUHHOCTY
rmnoTesbl A;

P(B) - BeposTHOCTb HacTynmneHus cobbiTust B.

BaxHoe cnepcteue copmynbl baiteca — popmyna nonHow BeposiT-
HOCTW COBbITMS, 3aBMCUT OT HECKOMbKMX HECOBMECTUMbIX runoTes (W
TONBKO OT HUX)

P(AB) =

PB)=3 P(APGIA). ®

rae N — konuyecTBo runotes.

C yyeToMm (2) npuxoauM K BbIBOAY, YTO BEPOSITHOCTb HACTYMNeHUs
cobbiTus B 3aBucuT OT pspa runotes Aj, eCriv W3BECTHbI CTeneHu
[OCTOBEPHOCTW 3TUX TUNOTES3 (Hanpumep, SKCNepUMeHTanbHble AaHHbIe
Mo Ka4ecTsy BOAI).

lMocTpoeHHas Ha Takux TeopeTuyeckux ocHoBax baiiecoBckas ceTb
SBNSETC BEPOSTHOCTHOW MOAenblo, KkoTopas npeactasnseT  coboi
MHOXECTBO ~ MEPEMEHHbIX U WX  BEPOSTHOCTHBIX  3aBMCUMOCTE.
®opmanbHo, GaiecoBckasi CeTb — HanpaBnEHHbIA aUMKIMYECKui rpad,
BEPLIMHAMM KOTOPOrO SBMIAIOTCA NepemeHHble, a pebpa KoaupyoT
YCMOBHbIE  3aBUCUMOCTA  MEXOYy NepeMeHHbIMW.  BeplmHbl  moryT
MpencTaBnsTb  MepeMeHHble  MobbX  TMNOB, ObiTb  B3BELLEHHBIMU
napameTpamy, CKpbITbIMWA NepemMeHHbIMU Unu runotesamu. Ecnn pebpo
BbIXOOWT M3 BepluMHbl A B BeplwuHy B, To A HasbiBatoT oTuom B, a B
Ha3blBalOT NOTOMKOM A. MHOXECTBO BEpLUMH-NPEAKOB BepLMHbI  X;
0603Ha41m Kak parents (Xi). Toraa COBMECTHOE pacnpefeneHue 3HaueHui
B BEpLUMHAX MOXHO pacnucath kak pesynbTat nokarbsHbIX pacnpeaeneHini

P(Xpe X,) = |‘I P(X|parents(X,)), (3)

roe N — KONMYECTBO NoKanbHbIX pacnpeneneHui.

K yacTHomy cnyyato 6ailecoBCKUX CeTell OTHOCATCS BEPOSITHOCTHbIE
HelpoHHble ceTu (probabilistic neural networks — PNN). 310 - Bug
HENPOHHbIX CETeN, KOTopble APEEKTUBHO NPUMEHAIOTCA ANS PELLEeHUs
3afay krmaccudukauun, rae NNOTHOCTb BEPOSTHOCTW MPUHALANEXHOCTM
Knaccam OLEeHUBAETCS C NOMOLLbIO SAEPHOMN annpoKCMMaLmu.

Mpu peleHun 3apady  KnaccupukaLum BbIXOAbI CETU  MOXHO
WHTEPNPETMPOBATH KaK OLIEHKN BEPOSITHOCTU, YTO SNIEMEHT NPUHAANEXUT
HekoTopoMy knaccy. CeTb (haKTUYECKM Y4uTCS OLEHMBATb (PYHKLMIO
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NMOTHOCTM pacnpefeneHns BepOsiTHOCTH.

AHanornyHas nonesHas MHTepnpeTauus MOXeT MMeTb MecTo W B
3ajayax perpeccum — BbIXOA CETW paccMaTpuBaeTcs kak OXuaaemoe
3HaYeHWe Mofenu B JAaHHOW TOYKe MPOCTPaHCTBA BXOAOB. JTO OXuaae-
MOe 3HayeHue CBA3aHO C MIOTHOCTLIO BEPOSTHOCTM 0bLLUero pacnpepe-
NEHS BXOAHbIX U BbIXOAHbIX AAHHbIX.

B boree obwem cnyyae baitecosckas CTaTMCTUKA [AeT BO3MOX-
HOCTb OL|EHMBAaTb MNOTHOCTb BEPOSTHOCTM pacnpefeneHns napameTpos
MOfEnM Mo UMEeWuMes AaHHbIM. [ins Toro 4tobbl MUHMMM3NPOBATH
owmbKy, BbibMpaeTcs MoAenb C TakuMW napameTpami, Mpu KOTOpbIX
NMOTHOCTb BeposTHOCTM byaeT Hamborbluei. Mpu pelweHnn 3apayn
KNaccudmKaLm MOXHO OLIEHUTb MIOTHOCTb BEPOSTHOCTA ANS KaXAoro
Knacca, cpaBHUTb Mexay coboi BEPOSTHOCTY MPUHAANEXHOCTI pasniy-
HbIX KNaccoB 1 BbibpaTb Hanbonee BEPOSITHbIN.

Ha camom Jene MMEHHO 3TO NPOMCX0aWT, Koraa Mbl 06yyaem HelpoH-
HYl0 CeTb pellaTb 3adady knaccudukauum — CeTb MbITAETCS ONpeaenuTb
(annpoKcMMMpOBaTb) NNOTHOCTL BEPOSTHOCTU KaXKAO0r0 Knacca.

B ocHoBy knaccucpukauum B cetu PNN nonoxeHa uges, 4to ans
kaxgoro obpaslia MOXHO NPUHATL pelleHne Ha ocHoBe Bblbopa Haunbo-
nee BEPOSTHOIO Krnacca U3 Tex, KOTopbIM Mor Obl MpuHagnexatb aToT
obpasel. Takoe pelueHne TpebyeT oLEeHKN YHKLMM NAOTHOCTM BEPOAT-
HOCTW AN KaXAOro Knacca. JTa OLeHKa yCTaHaBNMBaeTCs B pesynbTaTe
paccmoTpeHnst yuebHbIX AaHHbIX. [paBunom sBnsieTcs To, YTO Knacc ¢
NAOTHBIM pacnpedeneHneM B obnactu HenssecTHoro obpasua Gyaet
Boree MHOrOYMCIIEHHBIM N0 CPABHEHMIO C APYIMMM Knaccamu. TOYHO Tak
e OyfeT UMeTb NPEUMYLLECTBO U KNAce C BbICOKOW anpuopHoON BEpPOsIT-
HOCTbHO MIK BLICOKOW LieHOM OLUMBKI KnaccudmkaLmm.

[ns gByx knaccoB A u B, cornacHo aTomy npasuny, BblbupaeTcs
Knacc A, ecnu

h,CAfA(X) = hycf (X)), )
rie h — anpropHas BEpOSTHOCTb; € — LieHa oLnbKu knaccudukaumm;
f(X) — dyHKLMS NNOTHOCTM BEPOSTHOCTEMN.

BepHas oueHka owwmbkn knaccudmkaLm TpebyeT 0CHOBAaTENbHOTO
3HaHWs NpeAMETHOIN 0BNacTK, HO BO MHOTUX CIy4asix OHa W anpuopHble
BEPOSTHOCTM BbIGUPAIOTCS OAMHAKOBBIMU 151 BCEX KIMaCCOB.

OueHuTb tyHKLMN NOTHOCTY pacnpeaenenns BEPOSTHOCTEN MOXHO C
nomoLLbio MetoAa MapLeHa, B KOTOPOM UCTIONb3yeTcs BecoBas PYHKLyS,
MMeloLLast LIeHTP B TOYKe, koTopas MpencTasnseT yuebHbiit obpasel, Ta-
kas BecoBas (DYHKLMA HasbiBaeTcs (DyHKLMe MOTeHuuana uinm SApoM.
YalLe Bcero B kayecTBe sgpa ucronb3yeTcs dyHkums Maycca. Ytobbl no-
CTPOMTb (PYHKUMIO pacnpefenenns Knacca, Ans Kaxaoro Bektopa pac-
cmatpuBaeTcs (yHKUMA aycca C LEHTPOM B TOYKE, COOTBETCTBYIOLLEN
3TOMy BekTOpy. 3aTeM dyHKLym [aycca CyMmmupyioTes, B pesynbTaTe Yero
nonyJaeTcs uckomas yHKLMS pacnpeaeneHms.

TpagunumoHHo ucnonb3yetcs bonee npoctas dopma dyHkumm Maycca,
codepxallias KagpaTbl 3BKIMAOBbLIX PACCTOSHUI OT HEM3BECTHOMO 0Opasa
K anemeHTam cros 06pasLioBbIx 06pasos

2
~[x=x

90 = Y exp ), ®

rae O —napameTp, KOTOpbIi 3aAaeT WHpKHY YHKUMIA [aycca;

X — HEU3BECTHBIN BXOLHOI 0bpaseLl.

Ucnonb3oBaHne BepOATHOCTHON HEMPOHHOW CETU ANS OLEHKM
00pa3oB nNapameTpoB KayecTBa CTOYHbIX BOA. B nakete npuknaaHbix
maTemaTuyeckux nporpamm "Statistica" cuHTE3MpoBanu 1 apeksaTHoO
HacTpounu (cpeaHekBaapaTyHas norpewHocts — 2,05%) HenpoHHyto
ceTb KoxoHeHa (puc. 3).

Mpu  atoM  npumeHsncs
npeanonararoLui:

1) MHMUManM3auMio CMHaNTUYeCKNX BECOB B CETW (C WUCMOMb3OBaHWEM
Aatynka cryyanHbIx yucen);

2) KOHKYpeHuuto (competition) — ans ntoboro BxogHoro obpasa w 4ns
BCEX HEMPOHOB CeTW BbLIYMCMSIETCA 3HA4YeHWe AUCKPUMUHAHTHO
(yHKUMM, KOTOpas SBMSETC OCHOBOW KOHKYPEHLUWM, U HEpoH C
MaKcuMarbHbIM 3HAYEHMEM AUCKPUMMHAHTHOM (DYHKLMW CTaHOBUTCS
nobeputenem;

3) koonepauynio — Heilpor-nobeanTens onpeaenseT NpPoCTPaHCTBEHHOE
pacronoxeHue cocegHUX Bo3BYxaeHHbIX HEPOHOB;

anroput™ camoopraHusauun,

4) HacTpoiKy BECOBbIX KOI(PPMUMEHTOB (aganTauus) — 3HaueHue
AVCKPUMUHAHTHON (PYHKLMN BO3DYKAEHHbIX HEAPOHOB YBENNYMBAETCA AN
JaHHOTO 00pasa MyTeM HaCTPOMKKM BecoBbIX KoahduumeHToB. [Mpu
aganTaumm OT3blB HeiipoHa-nobeautens Ha Onuskui BxogHOW 06pa3
YBENU4MBAETCS.

Ha Bxop nopgasanuch pesynbTaTbl SKCNEPUMEHTaNbHBIX AaHHBIX [1],
roe napameTpami KkavectBa Bofbl Obinu  npuHsThl:  BIK, pH,
KOHLIEHTPaLWs B3BECEM, KOHLEHTPaLMs HuTpaToB. OByyatoLas Belbopka
cogepxana 680 Habopos.  OcyuwecTtBnsnacb npoBepka  Ha
"nepeobyyeHne”. C UCNONb30BaHWEM HEWPOHHOM ceTh KoxoHeHa
nony4yeHo 4 obpasa BXOAHbIX NepeMeHHbIX (Tabn. 1).

Tabnuya 1 - O6pa3bl NapaMeTPoB KaYecTBa BOAbl

Homep BIK, rive oH KouueHTvpauuﬂ KoHueHTpauus
obpasa B3BeceW, /M3 | HUTpaToB, Mrin
O6pas 1 | 345-349 | 6,56,7 550-561 46-55
O6pa32 | 398-403 | 6,7-7,1 558-701 73-78
Obpas 3 | 430-447 |6,9-7,8 865-904 59-64
Obpaz4 | 453-481 | 7-8,3 873-910 52-73

Mpn cuHTese  PNN-knaccudomkatopa 00pasoB  kak — BXOAHblE
VCNOMb30BaNM Te e BENUYMHbI, YTO U MPU NPOBELEHNN 3KCMEPUMEHTOB
(rabn. 2).

Tabnuya 2 - [InanasoHbl U3MeHeHUst BXOAHBIX JaHHbIX

BIIK, rive oH Kouueutpauuﬂ KoHueHTpauus
B3Becew, r/m*® | HUTpaToB, Mr/n
350-500 | 5-9,5 500-3000 45-80

Bbixon HelpoHHOI ceTn — HoMep knacca (obpasa), k koTopomy
OTHOCUTCS NMOMYyYeHHbIA HABOP BXOGHBIX BEMMUMH.

HeiipoceTeBoi crnoit [obaBneHUs UMEET MO0 OJHOMY 3NEMEHTY Anst
Kaxgoro kmacca W3 obyvalollero MHOXecTBa [faHHbIX. Ko Bcem
3nemMeHTaMm 3TOro Cnos WAYT CBSA3W TOMbKO OT SMEMEHTOB Cros
06pas3LioB, NpUHaANeXaLUMX kK COOTBETCTBYIOLEMY 0Bpa3y.

AKTMBHOCTb 3fiemMeHTa cnosi 06pa3os paBHa

- (W-- - x.)2
o, =exp(% ) ©)
rae Wi — 3HaueHust BECOBbIX KOS(MULMEHTOB.

BecoBble 3HaueHNst CBsA3eiA, UAYLLMX OT 3NEeMEHTOB crnosi 06pa3sos K
anemeHTam cnos fobasnenns, OUKCUpYKTCA paBHbIMK 1.

OnemeHT cnos [o6aBneHns NPOCTO 3aKMoYaeT NCXOAHbIE 3HAaYEHNS
3MEMEHTOB Crosi 06pa3oB. ATa CymMma AaeT OLEHKY 3HaueHns dyHKLMM
NMOTHOCTM ~ pacnpeferneHns  BEeposTHOCTM  Ans  COBOKYMHOCTU
3K3eMNIAPOB 3TOrO knacca. BbixoAHble anemeHTbl NpencTaBnsoT cobo
AUCKPUMUHATOPBI MOPOrOBOI BENUYMHBI, YKa3biBAIOLLME SNEMEHT Cros
pobaBneHnst C MakcuMarbHbIM 3HaYeHMeM aKkTUBauuW (TO  ecTb
yKa3bIBaKOT Ha OANH 13 4 06pa3oB ka4ecTsa BOAbI).

[na Takoi cet He Tpebyetcs 0byyeHMe B TOM CMbiCre, KOTOpoe
TpebyeTcs 4ns ceTeli TMNA NepcenTpoHa, paguansHo-6a3ncHON yHKUUK 1
T.0., TaK kak Bce napameTpbl PNN-CETH (4MCMO 3MEeMeHTOB U 3HaueHWst
BECOB) OMPEAENSOTCH HEMOCPEACTBEHHO Y4eBHLIMM AaHHBIMM.

lMpouenypa eé 1cnons30BaHNs ABNSAETCS OTHOCUTENLHO NPOCTON [5] —
nocne Toro kak CeTb NOCTPOEHa, HEM3BECTHBIN 3K3EMMNAP MOXHO NodaTh
Ha BXOf CETW, U B pesynbTare NPAMOro MPOXoAa Yepes CeTb BbIXOAHOM
CITO YKaXeT KIiacc, K KOTOPOMY, CKOpee BCEro, MPUHaanexuT obpaseL).

B KoHTEKCTe Haleil 3afjayn, WHTEpPeC NpefCcTaBnsieT He CTONbKO
AVUCKpeTHas KnaccudukaLms o6pa3os, CKOMbKO 3HaueHue BbIXoAa Cros
pobaBneHns, KOTOPbIN  BbICYUTLIBAET ~MAOTHOCTU — pacnpefeneHns
BEPOSTHOCTM ANS  COBOKYMHOCTW  3K3EMMNAPOB  COOTBETCTBYIOLLETO
obpasa. To ecTb Mo BbIXOAY 3TOTO CIIOSi CMOXHO OTCMEXMBATL AMHAMUKY
N3MeHeHWs (NoTeHLManbHoN CMeHbl) 06pa3os kavecTaa BOAbI.

Vicnonb3ays aKkCnepuMeHTanbHble AaHHble, B MaKkeTe MpuKIagHbIX
MaTemaTiyeckux nporpamm Statistica peanusosanu PNN-ceTb (puc. 1).

BodoxoazsticmeeHHoe cmpoumersibCmeo, merijiosHepeemuKa u 2e0dKosiocus
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Cnon NPUMEHATL WX nepen Onokamu NPUHATNA pELUEHVIVI B CUCTeMax
nobaBneHnA yrPaBIEHIs| KOMBIHMPOBAHHbIMM YCTAHOBKAaMM BOJOOUMCTKY (pyC. 3).
Hudopmanns faoxes B But
epOATHOCTE sIG0p cTpaTerHH
/I Y / ¢"-‘“’1]’;““““ H3MEHEHHA ﬂﬁpajﬂs YIpaBJeHHH CHCTEMAMH
BMK o ’ dopympoBanns ofpasos F——
PH F BepoaTHOCTHAR IoacacTemMa BrIfopa
HeHpOHEAN CeTh OMEHKH cTpaTernii yopasienms
KOHLI,eHTpﬂI.I,IJﬂ H3MeHEHAH 00pasos CHCTEMAME BOJ009HCTRE
B3peceil

KoHueHTpauma
HHTpaToB

Brigop

Knacea PucyHok 3 — CTpyKTypHas cxema 1cnonb30BaHus BEPOSTHOCTHOM

HEVPOHHON CETU NPU YNpaBNeHUN KOMBUHAPOBAHHBIMY CUCTEMaMU

BOJOOUMCTKA
PucyHok 1 - ApxuTexTypa BEpOSITHOCTHO HEPOHHOM CETH Mpu 3Tom aaHHble Ha PNN-ceTb noctynatoT ¢ 6rokos dunbTpaLum
knaccudukaLyy 06pasLios kayecTsa BoAb! MHopMaLMK (C AaTYMKOB KayecTea BOfbI) M hopmMMpoBaHns 06pa3os,

HanpuMep, C UCMOMb30BaHUEM CaMOoOpraHU3yoLLUXCs ceTel KoxoHeHa.

3akntoyeHne.  BeposTHOCTHble  HEAPOHHble  CeTM  MOXHO
1CMONb30BaTh 1S OLEHKU AWHAMMKM M3MEHEHUs! kadyecTa BoAbl B
KOMOMHMPOBAHHBIX CUCTEMAX BOAOOUMCTKM, MOCKOMbKY KaYECTBO OLEHKM
NOATBEPKAEHO pesynbTaTamm MOZEenMpoBaHus - BEPHO
knaccuuumpoBaHbl Bee 25 yuebHbix 00pasos.

[na vccnepoBaHus KavectBa knmaccudvkauuy (yHKLMOHANbHOM
ahdhekTMBHOCTM)  co3gann 25  BO3MOXHBIX  HAabOpOB  BXOAHbIX
napameTpoB, NMPUHAZANEXALLMM K pas3HbIM knaccam (tadn. 1).

BeposiTHOCTHasi HEWpOHHasi CeTb BEPHO knaccuduumpoBana Bce
Habopbl C YeTKUM MpeuMyLLeCTBOM Ha BbIxode cnost AobaBneHus

NMOTHOCTU pacnpeneneHna BepOﬂTHOCTeI;I COOTBETCTBYHOLLMNX o6pa303- B cuctemax ynpasnenust PNN-CETV pekoMeHayeTcs ycTaHaBnmeaTs

nobepueneit (puc. 2). nepep nogcuctemon Boibopa cTpaTerwii nocne 6nokoB dunbTpaLumn u
fnoTHocrs “op agantueHoro  chopmupoBaHus  0bpaso. [l atoro  Heobxoaumo

g OCYyLYEeCTBUTb  [JEKOMMO3NLMI0 WX apXWUTEKTYpbl C  nocnegytoLen
nporpamMMHOV peanu3aLuen.
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SHTEPA V.M., ZAIETS N.A., PROKOPENYA O.N., LUTSKAIA N.N. The probabilistic neural network in the control problems of the combined
water treatment systems

The shortcomings of the modern systems of the selecting management strategies in times of unforeseen factors and the shortcomings of the cur-
rent approaches in the management of water treatment plants combined are analyzed. The theoretical foundations of probability theory of the neural
networks and Bayesian networks are considered. On the basis of self-organization formed Kohonen network the quality of water, where the control
parameters used BOD, pH, concentration of suspended solids and the concentration of nitrate the probabilistic neural network evaluation of dynamics of
images is synthesized. It has tested its functional efficiency and confirmed the prospect use. The block diagram of the corresponding control system
with integration into it PNN-network described. The direction of the future research is formulated.



