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Svitlana Klepikova (Ukraine)

NEURAL NETWORKS APPLICATION IN
MANAGING THE ENERGY EFFICIENCY
OF INDUSTRIAL ENTERPRISE

Abstract

The article is devoted to the creation of a method for using of neural networks approach in solving
problems of energy efficiency management at the industrial enterprise. The method allows to obtain
an approximate expected value of the energy intensity of production, depending on the values of the
main factors affecting it. The multilayer perceptron was chosen as the type of neural network, synthe-
sis of which was carried out by using the genetic algorithm.

When sampling for the synthesis of a neural network, we used the results that were obtained by means
of a priori ranking, correlation and regression analysis based on the statistical data of industrial enter-
prises in machine-building profile.

The recommendations of the use of the method and the application of its results in the practical
implementation at the industrial enterprise are given. Calculations based on the aforementioned
method ensured a high precision of prediction of energy intensity values for industrial enterprises
that were included in the sample during the synthesis of the neural network, and an acceptable error
while testing on industrial enterprises from a test sample.

Keywords energy efficiency of the industrial enterprise, energy intensity, a
priori ranking, correlation and regression analysis, neural network,
genetic algorithm, multilayer perceptron

JEL Classification C45, Co1, Q40, M11

C.B. Knenikosa (Ykpaina)

3ACTOCYBAHHSA HEMPOHHMX MEPEXK
B YINPABJ/IIHHI EHEPTOE®EKTUBHICTIO
MNANPUEMCTBA

AHoOTaUiA

CraTTs mpucBAYeHa PO3poOIi METOAMKYM BMKOPMCTAHHA HEPOHHMX MEpeX IpU BMPpilleHHi
3aBJjaHb YIpPaBIiHHA eHeproeeKTUBHICTIO MiIIPUEMCTBA, 11O JO3BOJSAE OTPUMATU HabIIDKeHe
O4YiKyBaHe 3HAYeHHS eHePrOEMHOCTi BUPOOHMITBA B 3aIEKHOCTI Bijl 3Ha4eHb OCHOBHMX (aKTOPiB,
AKi BIVIMBAIOTH Ha Hel. TUIIOM HePOHHOI Mepexi 06paHO 6araTOMIAPOBUIT MPSIMOCIIPSIMOBAHMIL
HepIENTPOH, CUHTE3 IKOTO 3/IiliCHEHMIT i3 3aCTOCYBaHHAM METOJly TEHETUYHOTO aITOPUTMY.

ITpu popmyBaHHI BUOIpKM J/IA CUHTE3y HENPOHHOI MepeXXi BUKOPMCTaHI pe3y/lbTaTi, OTpUMaHi
METO[IOM aIpPiOPHOrO PAaHXXUPYBAHHA 1 KOPEIALIHO-PErpecifiHoro aHalisy 3a CTaTUCTUYHUMU
JaHMMI IPOMUCIOBYX HMIiAIPUEMCTB MAIINHOOYAIBHOTO Ipodio.

HaBezieno pexoMenpjanii o0 BMKOPMCTaHHA METOAMKM i 3aCTOCYBaHHA il pe3ynbraTiB IIpu
HpaKTUYHil iMIvlemeHTanii Ha nignpuemcTsi. [IpoBeneni Ha ii OCHOBI po3paxyHkM 3abe3neunm
BIICOKY TOYHICTh IIPOTHO3YBaHH: 3HaYeHb €HePrOEMHOCTI [/IsA MiTIPUEMCTB, SIKi 6y/I1 BKITIOUeH] 10
BUOIPKY IIpK CUHTe3] HeJIPOHHOI Mepexi, i MpUITHATHY OXMOKY Ipy HepeBipiii 3a MiAIpueMCcTBaMH,
BK/IIOYEHJIMI JIO TECTOBOI BUOipKM.

eHeproeeKTNBHICTD MiIPIEMCTBA, EHEPTOEMHICTD, allpiopHe
PamKyBaHH:A, KOPEIALIIHO-Perpeciiinuii anais, HelipOHHa
Mepexka, TeHeTYHNUIT aITOPUTM, 6araTomapoBMii IIepLenTPOH

C45, Co61, Q40, M11

KawouoBi c0Ba

Knacudikauia JEL
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C.B. Knenukosa (YkpanHa)

NPUMEHEHME HEMPOHHbIX CETEM B YINPABJEHUMU
SHEPIr03d®EKTUBHOCTbIO NMPEANPUATUA

AHHOTauuA

Cratbst HOCBIIIEHA CO3AAHII0 METOVIKI MCIIO/Ib30BAHNS HEIIPOHHBIX CeTell IIPU pelleHNH 3a/ad YIIPaBIeHus 9HeproaddeKTUBHOCTHIO
[PeANpPUATIAS, TO3BOJISIONIEN MOMYYUTh NPUOTIDKEHHOE OXKIJAeMoe 3HadeHUe SHePrOeMKOCTM IPOM3BOACTBA B 3aBUCUMOCTU OT
3HAYEHMII OCHOBHBIX (PaKTOPOB, BINMSIONINX HAa Hee. B KaueCcTBe HENPOHHON ceTV BBIOPAH MHOTOC/IOVHBII IPSIMOHAIIPAB/IEHHBII
IePLENTPOH, CHHTe3 KOTOPOrO OCYIeCTB/IEH IPJYIMEHEHIEeM MEeTOAA TeHeTIIeCKOT0 a/ITOPUTMA.

[Ipn ompepenenuy BBIOOPKM M/ CHUHTE3a HEPOHHON CETM MUCIOMb30BAHBI Pe3Y/NbTAThl, IMONYYeHHbIE METOLOM AIPUOPHOTO
PAHKMPOBAHMA ¥ KOPPETALMOHHO-PETPECCHOHHOTO aHAMN3a 110 CTATUCTUYECKVMM [AHHBIM IPOMBILUIEHHBIX IIPENIPYATIIL
MAIIMHOCTPOUTEIBHOTO IIPOUJIA.

[IprBeseHbl peKOMEHAALMY UCIIONb30BAHNUA METONVKI VI IPUMEHEHNS e€ Pe3y/IbTaToOB [IPY MIPAKTUYECKOI Peanu3aljun Ha IpeSIpUuATINL.
IIpoBenieHHBIe HA €€ OCHOBE pacyeThbl 06ecIedr BbICOKYI0 TOYHOCTD IIPOTHO3MPOBAHYISI 3HAYEHIT 9HEPTOEMKOCTH IS IIPENIIPUATIIN,
KOTOpbIe OBUIN BKIIOUEHBI B BHIOOPKY IIpU CHHTe3e HEIPOHHOI CeTH, I IPMeMIEMYIO IOTPEIIHOCTD PV IPOBePKe IO MPeAIpIATIAM,
BK/IIOYEHHBIM B TECTOBYIO BBIOOPKY.

KaroueBble ¢/10Ba 9HeproahGeKTUBHOCTD IPeAIPIUATIL, SHEPTOEMKOCTb, AIPHOPHOE PAHKIPOBaHIE, KOPPETIALMIOHHO-
PerpeccuoHHbIN aHa/IN3, HEMIPOHHAA CeThb, TeHETHYECKMI a/ITOPUTM, MHOTOC/IOMHBIN IepLenTPOH

Knaccudumrauma JEL - €45, C61, Q40, M11

BBEAEHUE

PasBuTne skoHOMuKM 1106011 CTpaHbl TpeOyeT palMIOHAJTbHOTO VMCIONb30BaHMA YHEPreTHYECKMX PeCypcoB.
[l YKpanHbl, UMIOPTUPYIOLLEil OKOJIO IOTIOBUHBI HEOOXOAMMBIX CTPaHe SHEPropecypcoB U 3aTpadyyBaIoOIIeit
Ha 5TO OTPOMHbIE Ba/IIOTHbIE CPE/ICTBA, IOBBIIIEHNE SHePro3PeKTUBHOCTY SKOHOMIKY 0c060 aKTyanbHo. 1o
OLIEHKaM 9KCIIePTOB, YKPaWHCKIe IPEeANPUATIA 3aTPadMBaOT BO MHOTO pa3 60JIbllie SHEPreTUYeCKMX PeCYyPCcOB
Ha [IPOM3BOJCTBO eVHULbI IPOAYKIMM, YEM MX KOHKYPEHTBI B 9KOHOMIYECKM PasBUTHIX CTPaHaX.

Kabunerom MuHmcTpoB YKpauHsl ofobpeHa DHepreTnyeckas CTpaTerns YKpauHbl Ha nepuop fo 2035 ropa
«be3onacHOCTb, 9HEProa(HeKTMBHOCTb, KOHKYPEHTOCHOCOOHOCTb», IIPefyCMAaTpPMBAIONIAs [OCTMXKEHUe
sHeprocbepexxeHys B pasMepe 9% I10 OTHOLIEHMIO K CpeflHeMy SHepronoTpebnenuto 3a mepuoy 2005-2009 rr.,
YTO COKOHOMUT 6.5 MJIH TOHH 3HEPropecypcoB, a OOI[uil NOTeHLMal SHeprocOepexeHMs B YKpamHe K
2030 1. coctaBut 570.3 MIH TOHH ycmoBHOro TomuBa [1]. CocTosiHMe M HEepPCIeKTUBbI Pa3BUTUsI TOIIMBHO-
9HEPreTNYeCcKOro KOMIUIEKCa YKpauHbl 0TOOpaskeHbl B padote [17].

B pabore [2] ormewaercsa, uTo Hambompmmit ypenbHblt Bec (53-58%) B CTPyKType IIOTEHIMasa
sHeprocbepexxeHNsA B YKpauHe JMMeeT IPOMBIIIIEHHOCTb, B YaCTHOCTY, BC/IEACTBYME OTCTABAHMA B TeMIIaxX
06HOB/IEHIS1 000PYIOBAaHN S, BHEPEHISI HOBBIX TEXHOJIOTHI U APYTruX ¢pakTopoB. [Ipy 3TOM CriefyeT y4uThIBaTh
B3aMIMOCBs3b IIOBBIIIEHNUS OOIErOCY[apCTBEHHON 3HeproapeKTUBHOCTY KOHKPETHOTO IPEeANpUsITHs C
APYTUMHU CEKTOPaMM SKOHOMUKH, B COOTBETCTBUU C «IIMPAMUJAIBHBIM IOAXONOM», PEKOMEHIOBAHHBIM
MexiyHapOHBIM 3HepreTndeckuM areHTcTBOM (International Energy Agency, IEA, MOA) [6]. IToBbiieHnIo
9HeproapPeKTUBHOCTY IIPOMBIIIIEHHOTO NPEANPUATUA CHOCOOCTBYeT Hay4YHAas OpraHM3aLus yIpaBIeHN
IIPOLIECCOM 9KOHOMMUY 9HEPTreTUYeCKIX pecypcoB, YTO HAIJIO OTpakeHue B paboTax [3; 7; 13; 18; 19].

[Ipu pereHny SKOHOMIYECKVIX 3a/5a4 BCe B OOJIbIIIel Mepe VICIIO/Ib3Y0TCA METObI MATeMaTUYeCKON CTaTUCTIKI
Y IHTEJI/IEKTya/IbHble METO/bI YIIPaB/IeH)sI: HeYeTKOI JIOTMKY U MCKYCCTBeHHBbIX HelipoHHbIX ceTeit (VIHC) [4;
8;9; 12; 14; 16].

Hp]/IMeHeHI/Ie BbINIIEYKAa3aHHbIX METONOB /I pEUIEHNA 3aad 3KOHOMMKIM B OCHOBHOM OTHOCHUJIMICH K obmactu

(MHAHCOBOTO MEHEe[)KMEHTA: IPOTHO3MPOBAaHME PbIHKA IIEHHBIX OyMar M Ba/JIOTHBIX KOTMPOBOK, OLICHKa
(MHAHCOBBIX, BATIOTHBIX M KpPEAMTHBIX PUCKOB, KaTeropyusalysa KoMmaHmit u jp. Jna pemeHusa 3amad
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ynpaByeHus 9HeproadeKTUBHOCTHIO IIPOMBIIIIEHHOTO MPeIpUATIA B paboTe [16] MCII0/Ib30BaNINCh METO/bI
MaTeMaTNIeCKOIl CTATUCTUKIA: METOJ allPYOPHOTO PAHKVPOBAHMS ¥ KOPPE/IALMOHHO-PETrPECCHOHHOTO aHAIN3A.

1. ULE/1b UCCNEAOBAHNUA

Ilenp Hacrosiielt paboTsl — pa3paboTaTb METORMKY IPUMEHEHNs MCKYCCTBEHHBIX HEPOHHBIX CeTell it
OIIpefie/IeHV s SHEPTrOEeMKOCTY IIPOM3BOJICTBA B 3aBUCUMOCTM OT Haybosiee BIMAIOIMX HA Hee (PaKTOPOB.

[1s1 BOCTVM>KeHM A TTIOCTABIEHHOM Lie/IM HeOOXOVIMO PelnTh CIIeAYIOLye 3aaun:

o orobparb BiusApmMe GaKTOPLI, UCIONb3yeMble B Ka4eCTBe BXOZHbBIX BE/IMYMH HEPOHHON CETH, a TaKXe
II0Ka3aTe/lb 9HeProagPeKTUBHOCTI B KaueCTBe BHIXOJHOTO Pe3y/IbTara;

e BBIOpATb BIJ HEIIPOHHOII CETH, ee CTPYKTYPY, XapaKTep aKTUBALMOHHOM GYHKLMU U METOZ, 0Oy YeHN;

o chopMMpOBaTh BBIOOPKY M1 OOy4eHMsS HEIPOHHOI CeTM Ha OCHOBE CTATUCTMYECKUX NAHHBIX YacTH
IpefupuATHIl (CMHTEe3MpPOBaHHAA HEMIPOHHAA CEeThb NO/DKHA 00eCcIeunBaTh JIs KaKAO0TO0 U3 IPeIIpuATIIL
COOTBETCTBME PACUYETHBIX M CTATUCTMYECKUX 3HAUCHMIA);

e IIPOBEPUTH a[JeKBATHOCTb (PYHKIMOHMPOBAHNUA CHHTE3MPOBAHHOI HEMPOHHON CeTM IO NMPeRNpUATHUAM,
He BK/IIOYEHHBIM B BBIOOPKY, 1 OLICHUTb CTElleHb PACcXOXKAEHMS IONTYyYeHHBIX Pe3y/IbTaToOB pacyera CO
CTaTUCTUYECKMMU JAHHBIMM;

e  IIPOAaHA/IM3UPOBATh, B KAKOI Mepe HOMYCTMMO UCI0/Ib30BaHMe CHTe3upoBaHHbIX VIHC;

e TIPOBECTM aHaIM3 U IIPEACTAaBUTh PEKOMEHJALMM, Ha KaKMX 3TallaX OPraHMU3alMM YIPaBIeHUA
9HeproaPPeKTUBHOCTDIO IPEfIPUATIA BO3MOXKHO rcnonb3oanne VIHC;

e TIIPOBECTM CpaBHMTEJIbHBINI aHaNM3 IpeIJIOKEHHOIO IIOAXofa Ha ocHoBe ucnonb3oBaHusa JVIHC co
CTaTUCTUYECKMMI METOLJAMH, B YACTHOCTH AIIPMOPHOT0 PaH XM POBaHU A Y KOPPENALIIOHHO-PErPeCCUOHHOTO
aHa/M3a, A/ OIpefieleHN s 00/IaCTY X 1e7leCO0OPasHOro MPYMEHEHM L.

2. UBNNOXKEHUE OCHOBHOIO MATEPUA/IA

s moBblleHNs: 9GQEKTUBHOCTY  yIPaBAe€HNs IPOMBIINUICHHBIM IIPEANPUATAEM BaXHO JMETh
MaTeMaTUYeCKMil aIIapaT, I[O3BOJIOMMII OCYLIECTBIATh OLEHKY M IIPOTHO3MPOBaHME IIOKa3aTess
9HeproapPeKTUBHOCTM B 3aBUCHMOCTM OT 3HAYEHUII, BIMAIOLMX Ha Hero (GakTopoB. [Is 9TOro HeoO6X0AMMO
IOJTYYNUTh MAaTEMATHYECKYIO MOJIe/Ib, aleKBaTHO OTOOPaKaM0IYI0 B3aMMOCBA3Y MEXAY TaKMMM paKTOpaMu 1
HoKa3aresieM 9HeproapPeKTMBHOCTH.

S dexTUBHBI MHCTPYMEHTAPUII MIOMCKA TAKMX 3aKOHOMEPHOCTEl MPefOCTaB/IseT TEXHOMOTS TOCTPOCHMS
JICKYCCTBEHHOI1 HeJIPOHHOII CeTH, KOTOPasi MOXKeT OBITh CMHTe3MpoBaHa (00y4yeHa) 10 CTaTUCTUYeCKUM JaHHBIM
0TOOpaHHBIX [IOKa3aTesIell, IPeSOCTaBIeHHBIX PN PUATUAMIL.

[Ipn paspaboTKe MeTOAMKM CUHTe3a HENPOCeTM MCIIONb3yeM pe3yIbTaThl APUOPHOTO PaH>KMPOBAHMUSA
¥ KOPPENALMOHHO-PErPECCHOHHOTO aHalIM3a [geCsATV IPefUpUATHII MalUIMHOCTPOUTENIPHOIO Ipoduis,
npuBefeHHble B pabote [16]. OOyueHne MpoBOAMIOCH ¢ mpuMeHeHueM nporpamMmbl Mendel4 [11], koTopas
peanusyeT AVIUIOMJIHYIO BepCUI0 TeHeTwdeckoro amroputma [10], paspaborannyro B HTY «XIIM» n
anpoO6MPOBAHHYIO IIPY PELIEHNN TEXHNYECKNX 3aad.

17151 pelileH1 s IOCTAB/IEHHOI 3a/1a4y IIPEXX e BCETo OblIa CO3MaHa 9KCIIePTHAS TPYIIIIA U3 JeCATH CIIEL[MaTNCTOB
9HEPreTUYECKNX 1I€XOB, IOAPA3Ie/IeHNII TEXHONIOTMYECKO I SKOHOMIYECKOI ITOATOTOBKM MIPOM3BOACTBA 1
IpefiCTaBUTENel PYKOBOACTBA MpeanpuATuil. KaXx oMy skciepTy 65110 IpeIoXKeHO OIPeeNTh BANsSHNE HA
SHEPrOeMKOCTb Ka)koro u3 15-Tu BamsAiommx Ha Hee ¢akTopos (X, X ,....X,,), OlleHMB UX MeCTOM (PaHTOM)
ot 1 o 15 mo creneHu BnusiHus B nopsinke yopiBanus. C nomougpio koadduimenta koukoppanuu Kengenia
OBI/I0 IO/ TBEP>K/IEHO OIIPefieleHHOE COTIacue MEXX Y 9KCIIepTaMI, a 1o Kputepuio [InpcoHa — He CIy4ailHOCTD
COT/IACHsI 9KCIIEPTOB.

64 http://dx.doi.org/10.21511/nfmte.7.2018.04
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Ha ocHOBe IIpMCBOEHHBIX dKCIIepTaMu KaxkzioMy us 15-tu pakropos X ,x =1,15, ornenok 6pima mocrpoena
ampyopHas guarpamMma panro M (ot 1 mo 15) u ompepeneHbl yenbHble Beca GaKTOPOB g IO CTeNeHM UX
B/IVMSIHUSL Ha 9HEPTOEMKOCTb:

_2(15-M, +1) o
T 51541y
rfie x — HoMep daKkTopa, a CyMMa BecoB BcexX 15-T1 paKTOpOB paBHA efMHNULIE:
15
g, =1. @)
x=1

Bostee O/I0BMHBL 9TOr0 3HaYeHNsI obecredrBaaa CyMMa AT (HaKTOPOB, IPU3HAHHBIX Ha1bo/Iee BIAVSIOWIMN
Ha II0Ka3are/b 9HeproaPeKTUBHOCTY NpefIpUATHUA:

+  yHiembHas MaTepuanoeMKOCTb Ipopykuum — X, py6.;

s  MHBECTMIMM B IPOTPaMMbl 3Heprocbepesxenns — X, MiH py6.;

+  BBIPaGOTKA 3HEPTeTUYECKMX PecypcoB COOCTBEHHBIMM MCTOUHMKaMM 3Hepruu — X,, HO/nA OT obmiero
HOTpebIeHNsT;

*  3aTpaThl Ha COfiep)KaHe IHEPrOCHAOKAIONINX ceTelt mpeqnpuaATus — X,, M py6.;

+  00beM BbIITycKa IpofyKuum — X,, M/IH pyo.

3HaueHMA VIMEHHO 3TUX (akTopoB OyjeM MCIONb30BaTh B KauyecTBE BXOHBIX BEIMYMH IpPM CUHTe3e
HEIPOHHOM CETM.

CraTuctideckye JaHHbIe IeCATI IPEAT PUATHIA 110 ILATH BbIlleyKasaHHBIM akTopam X, — X, 11 9HEProeMKOCTH
Y npencrasnens! B Tabnuie 1.

Ta6suna 1. Biusionue GakTopbl ¥ 9HEPTOEMKOCTH ITPEATIPUATUHH

Ne npeanpuatua Y X, X, X, X, X,
1 0244 080 09 010 09 2658
2 0163 . 068 08 03 19 6700
3 0.212 f 0.73 f 0.1 f 0.06 f 0.7 f 164.2
4. L0261 079 0 008 1A
. Lo e A e 08 BT
10 0.173 : 0.66 : 2.6 : 0.70 : 3.9 : 9200.0

IIpu Be160pe Buma VIHC yunTbiBaeM, 4TO AJIs 3a/jad MOIe/TPOBAHNS BellleCTBEHHBIX IIePeMEeHHBIX OKa3bIBaeTCs
3¢ deKTUBHBIM IPUMeHeH Ve HeIPOCeTH TUIIA IPSIMOHAIIPaB/IeHHbIVl MHOTOC/IOVMHBIN nepuenTpoH [15]. [Toxgxoper
K pelIeHNMIO 3a/ja4 9KOHOMUKI C CeThIO JaHHOTO BUZIa OBUIN ONMCAHBI aBTOPOM B pabore [8].

CTpyKTypa HAaHHOJ CeTM Ipefo/araeT Hajaudye BXOZHOTO CJIOs, OZHOTO VI HECKOIBKMX BHYTPEHHNX
(CKpBITBIX) C/10€B ¥ BBIXOFZHOTO c1os1. [Ipu BbIOOpe unmcia cioeB NCXOANM 13 11e1eCO00pa3HOCTH HayaTh IPOLecc
CMHTe3a CEeTH C OZHOTO CKPBITOTO CJIOSI, YBe/IMUNBAsI X IPU HEOOXORAMMOCTIL.

[Ipepnaraemas [isi CMHTe3a HellpOHHas ceTh 0603HavaeTcst NN:5-71-1, 4To 03HaYaeT: HEVIPOHHAS CETh C MATHIO

BXOfIaMU, 1 HEPOHAMM CKPBITOTO C/IOSI (KOMMIECTBO KOTOPBIX MOXXET BAPbUPOBATHCS) U OFHUM HEPOHOM
BbIXOfHOTO cr1ost (PucyHok 1).

http://dx.doi.org/10.21511/nfmte.7.2018.04 65
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PucyHoxk 1. HeiipoHHas ceTb /J1s1 ypaBJieHUuA 3HeprodgpdeKTUBHOCTHIO IPEATIPUATUA

Oyuknuonuposanne VTHC nponcxonut cnepyomum o6pasom. Ha mepBbiii c/10il MOJAITCS HOPMUPOBAHHbIE
3HAYEHU S BAUAKIUX HAKTOPOB
* X P
Xk = . > k = 1: 5 > (3)
X
6

rae X, - BenmuuuHa BxofHOro dakropa, X, — 6asopoe 3HaueHne Qakropa (kak mpaBuio, HanboMblee 3HAYECHNE
dbakTopa, 4TO6bI 3HAUEHME HOPMUPOBAHHON BXOJ[HOI IIepeMeHHOI X, HaXof[uI0Ch B Ananasone ot 0 fjo 1).

Kaxjjoe 13 HOpMUPOBaHHBIX 3HAYEHMIT BXOZHOTO (aKTopa YMHOXAeTCsl Ha BecoBoil Koadduiment wik, rue
i — IOPSIIKOBBIII HOMeP HellpoHa CKpBITOro ¢1os (0T 1 o n), a k — mopsAaKoBbIl HOMep HelipoHa BXOJHOTO C/IOSL.
[NocTynuBine Ha Ka>K/bIil HEMPOH CKPBITOTO C/I0A CUTHAJIBI CyMMUPYIOTCA ¥ CyMMa CUTHAJIOB Ha KaXK/IOM 3
HIX paBHa:

5
net, = ZX Wi 4
k=1
T.€. net,= X, w,+X,w, +X,w,+ X, w, +X.ws,

net,= X, w,; + X,wy, + Xyw,, + X wy, + Xswys,

net,= X, w,+ X,w, + X;w,+ X,w, + X;wy,

net,= X, w, +X,w,+ X;w,+ X,w,, +Xw,;.

66 http://dx.doi.org/10.21511/nfmte.7.2018.04
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CyMMapHbIi BXOTHOI CUTHAI Ka>K/IOTO HEMPOHA CKPBITOTO CIOS TAK)KE CIABUTAETCS HA BETMYMHY ¢, T.€.

X, = net,—,. )

[lamee cABMHYTBII curHan X; 1peobpasyeTcss aKTMBALMOHHON CUTMOMAanbHON QyHknuein f(X),
obecrieynBalolieil HelMHelHOe IpeoOpasoBaHMe IOCTYIMBIIETO0 Ha HelpoH curHanma (Pucynok 2). Takum
06pa3om, BBIXOf i-TO HelpOHa CPBITOTO C/IOsI CeTH {; paBeH

a=f(x). (6)

B maTpuuHoIt popme mpeobpasoBaHe CUTHAIOB IO COOTHOLIEHNAM popMyIt (4) — (6) TpeACcTaBIAeTCA CUCTEMON
YPaBHEHMIL:

net =w x X* )

a = f(net-9),

roe net — BEKTOPp CYMMBbI CUTHAJIOB, IIOCTYIIMBIINX Ha HeﬁpOHbI CKPBITOI'O C/104
ner,

net =
net,

net

n

W — MaTpMIla BeCOBBIX KO3 PUILIMEHTOB NPy Iepefiade CUTHAIOB OT BXOHOTO CJI0S1 K BHYTPEHHEMY

flx;)

Sx) =

1+e~%i

N
»

Xi

PucyHoxk 2. CurmMmouiajibHasi akKTUBAIIMOHHAS PYHKITUS
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X - BCKTOP HOPMHUPOBAHHBIX BXOAHBIX BEJIMYHWH BJIHUAIOIINUX (baKTOpOB

*

i

*

>

*
*

»
1
e

*

>

ie

A — BEKTOP BbIXOOHbIX CUTHA/IOB HeﬁpOHOB CKPBITOT'O C/104

a

a

n

() — BEKTOpP CABUTOB

?,
P,
0= ;4
P,
Ps

BpIixofHOe 3HaYeHMe SHEPTOeMKOCTH) Y olpefiensaeTcsa Kak CyMMa pe3yIbTaTOB pacyeTOB HEIIPOHOB CKPBITOTO
/1051, YMHOXXEHHBIX Ha COOTBETCTBYIOLINI BeCOBOII K03 PUIMeHT, T.e.

n
Y=>ap, ®)
i=1
roe ﬂl — BE€COBBbIC KOC—)CI)(i)I/I]_U/IeHTbI Hepeuafm CUTHAJ/IOB OT Hef/’IpOHOB CKPI)ITOI‘O C/l104d K BI)IXOI[HOMY He171p0Hy.
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O6yueHne (cMHTe3) HEMIPOHHOI CeTY 3aK/II0YaeTCsl B HAXOXK/JEHNM TaKMX 3HaUeHUIT BECOBBIX KO3 UIMEeHTOB
wik, i 1 x0aPuureHTOB cABUTra @i, KOTOpble ObI 00OecIIeYnBaIy YAOBIETBOPUTE/IbHOE COBIA/IeHNe pacyeTa
CeT Ha OCHOBE BXOZHBIX (PaKTOPOB I peabHbIX 3HAYCHMII IHEPTOEMKOCTIA.

Ot1MeTnm, 4TO, HaIpuMep, npu 20 HellpoHaX CKPBITOTO C/105 ONTUMM3ALNY NOAIEXUT 140 3HaYeHUTT BeTUMUNH
wik, i u @i, a mpu 50 Heltponax - 350. PelreHue 9Toil HEIPOCTON 3aja4yy CTaJO0 BO3MOXKHBIM Oaropaps
KOMIIBIOTEPM3ALMM TIpoLiecca 00y YeH .

O6yuenne, T.e. TOZOOP 3HAYEHNII BbILIEYKAa3aHHBIX TAPAMETPOB OCYLIECTB/IAETCA MHOTOKPAaTHBIM IIOBTOPEHVEM
pacyeToB C M3MeHeHMeM K03 PUIMEHTOB 10 ONIpefie/IecHHOMY aIropuTMy. BecbMa 4acTo B KadecTBe airopurma
pacueTa ImapaMeTpOB HEPOCETM IePCeNTPOHHOIO TUIIA IMPUMEHAETCA METOJ 0OpaTHOrO paclpoCTpaHeHMA
OLIMOKM, OTHAKO M3BECTEH HEJOCTATOK 3TOTO METO/A — «3aBUCaHMe» B TOYKAX JIOKAJIbHBIX 9KCTPEMYMOB.

B HacrosImeit paboTe CUHTe3 HEPOHHONM CETM OCYIIECTB/IS/ICA IIPY IOMOIIY TeHEeTUYEeCKOro aJrOpUTMA.
CyLIHOCTb JaHHOTO MeTO/ja IPYMEHNTE/IBHO K pelllaeMoil B HaCTOsALIell cTaTbe 3ajjade onyucana B [10]. [JaHHbII
MeTOJ;, KOIMPYeT 3aKOHBI CeeK1uu, HabmoaeMple B Ipupoze. «XpoMOCOMaMu» TP 9TOM SIB/ISIOTCSA HAOOpBI
3HAUeHMIT BEeCOBBIX KO3(PPUIMEHTOB ¥ K03 UIMEHTOB CABUTIA, INpefCcTaBjsieMble B [JBOMYHOM KoOfe M
PACIIONIO>KEHHbIE B CTPOTO OIPeJie/IeHHOM MOC/IeN0BaTeTbHOCTI. KaXkblil BeCOBOI KOS PUINEHT ABIAETCA
«I€HOM» XpOMOCOMBbL. Habop «XpoMOCOM», IMOMIEXAIUX <IIONAPHOMY CKpELVBAHMIO», IPeNCTAB/IAET
«TIOIY/IALINION.

COBOKYITHOCTD «XPOMOCOM» B ITOMY/ISILIVIV CO CTOXACTUYECKI OTIPeieleHHbIMU 3HAYEHI MU «T€HOB» SIB/ISIOTCS
«PORMTETAMI», KAXKIBII X KOTOPBIX MMeeT CBOil HoMep. Kak 1 B Ipupofie, CTOXaCTUIeCK Y OIPEeie/II0TCSI HOMEpa
CKpellBaeMbIX PORUTENel I HoMepa sideek, 0 KOTOPhIM IIPOUCXOUT «CKpeluBaHue». [Ipu «cKpeumBaHnm»
obpasyercsi HOBasi XpOMOCOMa, COCTOsIIIAsi U3 4acTeil xpoMocoM poputerneil. Criocob o6pasoBaHMsi HOBOII
XPOMOCOMBI-«IIOTOMKa» Pas/indeH: KpOCCOBEP, MHBEPCHSI, MYTALVis, pean3yeMble C BEPOSTHOCTHIO, OIM3KOI K
Hab/rogaemoii B mpupoge [10].

Ins KaXpoit M3 «XpOMOCOM» PAacCYMTBIBAETCS BBIXOHOE 3HA4YeHMe HeMPOHHON ceTy (B HalleM cydae
3Ha4YeHNe SHePTOEeMKOCTHU) ¥ OIpefeNnseTca N0 BBIOPAHHOMY KPUTEpHIO OMM30CTb COBIIAJEHMSA pe3y/lIbTaTa
CO CTATMCTMYECKUM 3HayeHVeM. VI3 IOy4eHHOII ToC/Ie Cepum CKpeIMBaHuil Map «XpoMOCOM» (IIOC/Ie 3IIOXU
00yueHNs) MCK/II0YaeTcd HEKOTOpOe YMCIO XPOMOCOM, 00ecCIedMBalolNX HauXyjllee 3HaYeHUe KpUTepus
OpUOIVMKEHNA PAacYeTHOTO 3Ha4YeHMA Y K CTaTMCTMYECKOMY, TaK YTOObI COXPaHWMJIOCH YCTAHOBJIEHHOE /I
HOMYIALUM KOTMYECTBO XPOMOCOM.

CroxacTu4ecKuil mpoLecc CKpeIuBaHys MHOTOKPATHO ITOBTOPSIETCS O TeX IIOp, IOKa /IS aHAIM3MPYeMbIX
HNpeAnpuATHiL He OyZieT MoJoOpaHoO TaKoe coueTaHMe 3HaYeHNII BeCOBbIX K09 PuumeHTOB 1 K03pPuumeHTOB
CABMTIa, KOTOPOE IIPY pacyeTe Ha CTATUCTIYECKUX TaHHBIX BXOLHBIX (aKTOPOB Oy/eT 06ecredBaTh IpreMIeMOe
COBITaieHVIe COOTBETCTBYIOIIMX MM CTATUCTUYECKIX 3HAYCHMIT 9HEPTOEMKOCTH.

B kauecTBe 0Oy4aoIeir BHIOOPKM ObIIM MCIIONIb30BaHBI IAHHBIE IIEPBBIX CEMU NPEANPUATII U3 UCCTIeLYeMO
6a3bl JaHHBIX, a OcTaBIIMecs Tpu npepnpuatus (c 8 mo 10) uConb3yeM KaK TECTOBYIO BBIOOPKY /IS IPOBEPKMU
aJIeKBaTHOCTY QYHKIVIOHMPOBAHNU I HEPOHHOIL CETH.

Jlns cuHTe3a HEMIPOHHOII CeTV B COOTBETCTBUY C IOCTAB/ICHHOJ B HACTOSILEl CTAaThe Lie/IbI0 Obl/Ia HamycaHa
nporpamma Ha ssbike FreePascal ¢ ncnonbsoBanmem IDE Lasarus, ocyluecTsisomas ciaenymouye QyHKIN:
HOPMUpPOBaHMe CTaTUCTUYECKMX NAHHBIX BXOJHBIX (paKTOpOB, POpMUpPOBaHME CTPYKTYpPbl HEIIPOHHON ceTn
(BBIOOp KOMMYECTBA HEIPOHOB B CKPBITOM CJIO€), BUJI aKTUBALMOHHON (QYHKLMY, ONTUMU3ALUA ITapaMeTPOB
VHC mno omnmucaHHOMY Bblllle AJTOPUTMY B COOTBETCTBUM C BBIXOJHBIMM CTATUCTMYECKUMMU NAHHBIMU
sHeproeMKocTi. Kpurepmem ocTaHOBa ONTMMM3ALMOHHOTO IIPOLieCcCa YCTAHOBJIEHO 3aJlaHHOe abCOMOTHOE
3HA4YeHMe Pa3SHOCTU MEXNY CTaTUCTUYEeCKMM 3HAuY€HMEM SHEPIrOeMKOCTM M PACCUMTAHHBIM. ABTOP BbIpa>kaeT
00/BLIYIO IPU3HATENBHOCTD cTapuieMy npenogasareno HTY «XIIV» M. O6pydy 3a moMolb IIpyu COCTaBIeHNN
IpOrpaMMBbl.
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IIpuMeHeHNe BBILIEONMCAHHON METOAMKM K peEIIaeMOil B JAaHHOM CTaTbe 3aflade OCYLIECTB/IANIOCh IpU
ClIefyIOLNX ITapaMeTpax:

e YIIC/IO HEMIPOHOB CKPHITOTO c/10s — 50;

e YIIC/I0 XpOMOCOM B nonynanuu — 100;

o KO3 PuLMEHT AaBIeHNs 0TOOPa (KOMMIeCTBO XPOMOCOM, UCKITIOYaeMBIX U3 00ydeHN 3a OfHY 910XY) — 10%;

e popurenbcKasA rpymnmna — 100%;

e XapaKTEPUCTUKM CKpeIMBaHUA: Kpoccosep — 1, BepoaTHoCcTb MyTauui — 0.0004, BEpOATHOCTD MHBEPCUN —
0.0002, BeposaTHOCTD TpaHCcHoKanuu — 0.0005.

C LI€/bIO OIIpENE/IEHI A 6bICTpOTbI CXOAMMOCTU ITpOoL€CCa CMHTE3a H€I7[p0C€TI/I A/1AyCTaHOB/IEHM A pallMMIOHA/IbHOTO
o6beMa pacueToB OBLIO MIPUHATO 3aBELOMO OOJIBIIIOE YNCIO SII0X, PaBHOE 1 MJTH, @ TAK)Xe KONYeCTBO HEVIPOHOB
CKpBITOTO c710s1, paBHOe 50. CuHTe3 HeilpoHHOI ceTn morpe6osan 1 gac 40 munyT (mpoueccop — Intel Core i7-
2.600 CPU @ 3,40 I'Tu, Socket 1155 LGA; mamsts (O3Y) - DDR3 16 I'6 1.333 MTI'u; Bupeokapta — Radeon RX
580 8 I'6).

HOBepO‘IHbIe paC‘{eTbI IIOKa3a/n, 4YTO 414 HpaKTI/I‘{eCKI/IX LI€}I€]7[ KO/IN4YeCTBO HeI‘/'IpOHOB B CKpI)ITOM CJII0€ MOXET
ObITH COKpaleHo 10 15-20, a ynco snox orpanndeHo 50.000. ITo 3HAYUTENBHO COKpATUT BpeMsi cunresda VIHC,
HE IIOBJ/INAB CymeCTBeHHO Ha €€ TOYHOCTD. BI)ICTpOTy HPI/I6}II/[)KCHI/IH Heﬁ[pOHHOf/I CeTU K CceTn, YJIOBHCTBOPHIOH.[eIZ
3aJJaHHBIM 3HAUeHIAM OIIMOKY pacyeTa, WUTIOCTpupyeT Prcynok 3.

V3 Pucynka 3 BUZHO, 4TO Ha Ha4Ya/IbHOM 3Tarlle CuHTe3a HeitpoceTy (1o 50.000 a110x) npubnmKeHne K 3aJaHHOMY
KPUTEPUIO MPOVICXOANT BeCbMa OBICTPO, a IIPY YBEIMYEHUY KOIMYeCTBa 910X OT 450 ThIC 10 1 MJIH CHIDKEHMe
HOTPEHIHOCTY IIPOMCXOUT He3HAYUTEIbHO.

Ins ymobcTBa CcrMHTe3a HeilpoHHOI ceTu mporpamMma Mendel4 copmep)kuT OKHO BBOAAa M BBIBOJA JaHHBIX
(PucyHok 4).

Pe3ynbraThl pacyera SHEproeMKOCTH NIPEATIPUATUI HA OCHOBE JaHHBIX BXOJHBIX PaKTOPOB C MCIIOTb30BAHUEM
CUHTE3VMPOBAHHOI HEJIPOHHOII CeTV epPCEeNITPOHHOTO TUIA IIPeACTaBIeHbl B Tabnuie 2.

Taﬁnnna 2. 3HayeHU I BXOJAHBIX U BHIXOJAHBIX IaHHBIX

Ne : BxopHow BekTop Cratuctuueckoe  BEXOR _  ouu6ka,

npeanpuaTMa - X X X X : 3HaveHwe Y : Heugequ-;ﬂou : %
1 2 3 4 5

e o0& . 09 . 010 . 09 . 2658 0.241 0240 046
,,,,,,,, 2 ... 068 08 03 . 19 ' 6700 0.163 0163 . 026
,,,,,,,, 3 . 073 01 -~ 006 : 07 . 1642 0.212 o216 168
,,,,,,,, 4 ....0rd 0 003 11 124 0.261 0261 008
,,,,,,,, 5 ... o0& 07 . 007 ' 05 & 472 0.226 0231 222
,,,,,,,, 6 . 076 ¢ 13 - 015 ¢ 03 : 372 0.184 o181 144
,,,,,,,, 7 077 18 ¢ 047 © 06 @ 874 0.193 0194 044
,,,,,,,, 8 . 0678 ~ 10 . 013 05 & 587 ° 0.242 0198  18.38
,,,,,,,, 9 ... 669 i 16 i 019 ¢ 12 ¢ 172 0.198 0182 . 8M

10 066 . 26 070 . 39 92000 0.173 . 0204 1775

AHanus pe3y/IbTaToB, Ipe/ICTaBIeHHbIX B TabnuIe 2, TOKasbIBaeT, YTO HOCTPOEHHAS HeIIPOHHAS CETh C BeCbMa
BBICOKOJ TOYHOCTBIO PACCUMTBIBAET PE3Y/IbTAThl 9HEPTOEMKOCTY MPEANPUATHI IO CTATUCTUIECKUM JaHHBIM,
Ha KOTOPBIX IPOBOAMJICA ee CMHTe3. TaK, M3 ceMM IPefIpUATHIL, IONABIINX B OOYYAIOLIYI0 BBIOOPKY, IO
4eThIpeM IOTPENIHOCTD pacyeTa cocTaBuiaa MeHee 0.5%, y OCTabHBIX Tpex — MeHee 2.5%.

Kak ormeuanoce B pabote [4], HelipoHHas1 CeTh MEPCENTPOHHOTO TUIA 06MagaeT 0000IIAIIMMIU CBOMCTBAMIA,
MO3BOJIAIOLIVMIY BBIAB/IATb BHYTPEHHME KOJNMYECTBEHHO HeEOIpefie/ieHHble, XapaKTepHble IIA O0BbeKTa
MOJIeIMPOBaHNA B3aVIMOCBSA3Y, BIMAIOIYE HA BBIXOAHYI0 Ben4nHy. [IpoaHanusupyeM 1o gaHHbIM Tabmuist 2,
B KaKOJI Mepe IPOsIB/IAETCS 9TO CBOVICTBO HA IPMMepPe CTAaTUCTUYECKIX JAHHBIX IPEANPUATHI, He TONABIINX B
BBIOOPKY IIpY CHHTEe3€ HeliPOHHOI CeTH.

70 http://dx.doi.org/10.21511/nfmte.7.2018.04



A Mendel 4 - economics
3agaua Mpaska Pabora Mapamerpw Cnpaska
DEe-8 | p | B | X

Uenesas dyrxiun loﬁmmrmocal

Neuro-Fuzzy Modeling Techniques in Economics, Volume 7, Issue 1, 2018

Hassamme  |JmeprosbderxTisHocTs ...
BubmuoTexa |D:\WORK)\... \economics.dll
Tun [[Frer———

Cosnawa  |11.11.2018 13:25:39

CraTueTika ——
Pewerse 10,001976868447 X
3noxa | 1000 000

Bonascnensi 10000 100
Bpena cueta F013608_- {61:24:43 '
Bpens Ha snoxy |5,1mC [5,0mc
MNonynsuts R

3dd. paguyc  |8,163575
PasHoofpasie [0,0008422523

L laclioflellv] o002

|
|l EA 2

Pucynoxk 3. [Ipornecc onTumuzannu BecoBbix koadduiinenToB MHC 1 cABUTOB HEHPOHOB B
nporpamme Mendel4

7 SnepreTnueckan 3bdeKTMBHOCTL NpeanpuaTna  — O MG

PacueTHeiil gapuanT

Bapwanut 5 v

YaenoHan

WHeectnumun 8
nporpammel cBepexenns

BoipaGoTka 3HEpropecypcos
coBCTBEHHBIMK
WCTOYHHKAMW SHEPTHN

—_ I
3atpartel Ha coAepXaHne

sHeprocBeperaromx ceTen
npeanpuaTua

QOGrem euinycka
NPoAYKUHKM

124, 1

matepuancemkocts HeWpoHHana cets NN5-50-1

Pacuer

IHepreTrdecKan
s dexTueHOCTE
NpeaAnpPHATHA

3nauenwne
PaccuwrtaHHoe

S

WNseectHoe
U201

MorpewHocTs, %

nTO

TounocTs

1
4

PucyHoxk 4. OkHO BBO/Ia-BbIBOZIA JAHHBIX B Tporpamme Mendel4

http://dx.doi.org/10.21511/nfmte.7.2018.04

71



Neuro-Fuzzy Modeling Techniques in Economics, Volume 7, Issue 1, 2018

[TorpemHOCTh pac4yeToOB TMOKa3aTelss OSHEPrOEMKOCTM IO TMPeNIpPUATUSM U3 TECTOBOW BBIOOPKMU
(8-10 B Tabmuue 2) HaxoguUTCA B Ipefieniax 19%, 4To CyliecTBeHHO O0Ibllle, Y4eM Ha JAaHHBIX 00y Yatolell BHIOOPKI.
YunTeiBass AMCKPETHBIN XapaKTep CTOMMOCTM OOOPYAOBAaHMS, 3aKyIaeMOTO JIsI MOJEpHMU3alLlMM, @ TaK>Ke
APYIMX IIOKasaTeslel, 3aK/IafiblBAeéMbIX B IJIAHBI MEPOIPUATUI NPU YIpaBACHUU SHEProsdeKTUBHOCTBIO,
IpJYMeHeHNe HePOHHBIX CeTeil JIA pacyeTa IOKasaTe/ls SHEPrOeMKOCTM CJIeflyeT CYUTATh ONpaBJaHHBIM.
IaHHbBIe pacueThl HAIOT OPMEHTUPOBOYHOE 3HAUEHUe MOKas3arens 3HeprodadpdeKTUBHOCTU TPU ONpefe/ieHUN
11e71ec000pa3HOT CYMMBI CPEJICTB Ha MOJCPHU3ALNIIO.

Hannune 3HauMTeIbHBIX MOTPEITHOCTEN MOXKET TaKyKe YKasblBaThb Ha Ha/lu4ye He BBISABIEHHON CIIelVPUKU
B3aMIMOCBSI3€l1, XapaKTePHBIX /I 9TUX IPeI pUATHI, M Ha I1e7IeCO00Pa3HOCTb IIPY MICIIONb30BAHNM HEPOHHBIX
ceTell JIsl yIpaB/lIeHNsA 9Heprod(pPeKTMBHOCTBIO NPEANPUATII IPOBEeAeHNA KIaCTepU3aluy IpeaIpusITUiL
1O TUIY ¥ 00beMy BBIITYCKaeMOJ IPOAYKINY, IO XapaKTepy TeXHOTOTMYeCKOro Ipolecca U T.II. B pamkax
OIHOTO TIPeAIpPUATUA MMeeT CMBICT IIOIIOJIHEHMe YNCTa BBIOOPOK B padpe3e €XEerOffHbIX CTATMCTUYECKUX
[IAHHBIX C YBe/TMYeHMeM YJIC/Ia BXOTHBIX (PaKTOPOB, BIMAIONINX Ha IIOKa3aTe/lb 9HeproapPpeKTMBHOCTI JAHHOTO
NpeAnpUATHA.

OtMeTum, 4TO paspaboTKa IpeIoKeHHON B HACTOALIEN CTaTbe METOAMKM IPUMEHEHMS HeIPOHHON ceTu
OCHOBBIBA/IaCh HA CTATUCTUYECKUX JAHHBIX, KOTOPBIe OBIIV MCIIOIb30BAHBI IIPU CO3[JAHUY METOAVKY Ha OCHOBE
aIPUOPHOTO PAHXKMPOBAHMA 1 KOPPETAIMOHHO-perpeccoHHOro aHanu3a [16]. ITockonbky 06a sTu mopxona
HaIpaBjIeHbl Ha JOCTVDKEHMM OFHONM M TOV )Ke IeMy — yIydlleHMe 9HeprosgQeKTUBHOCTY NMpeIpuITu,
BBITIO/IHVIM UX COIIOCTaBJICHNE.

MeTon, anmproOpHOTO pPaHXMPOBAaHMA OpPraHM3ALMOHHO Oolee TPYHOEMOK, TaK Kak TpebyeT mombopa
JIOCTAQTOYHOTO YMC/Ia KBa/IM(UIMPOBAHHBIX 9KcIIepToB. KpoMe Toro, Kak 0TMe4asnoch B [16], k ero HegocTaTKaM
OTHOCUTCS OIIpefie/ieHHasl CyObeKTUBHOCTD, IIOCKO/NBKY IIPM OLleHKe TeX WIM VHBIX (aKTOPOB SKCIIEPTHI
HOTb3YIOTCA CBOMM IIPEKHMM OIIBITOM MM B3I/IsAfaMu. KpoMme Toro, B crydae HeCOOTBETCTBUA KPUTEPUAM
koHkoppanuu Kanpenna n CnupMena TpeOyeTcs aHa/mu3 NPUYNMH 3TOTO HECOOTBETCTBUA, BO3MOXKHASI 3aMeHa
COCTaBa 3KCIIEPTOB U IOBTOPEHM S PacyeTOB.

HPI/I MCIIO/Ib30OBaHUN Hpe]l}IOX(eHHO]Z METOOMKNM Ha OCHOBE HeﬁpOHHbIX ceTell Bce pac4yeTHble ollepaunn
BBITIOTHAOTCA KOMIIBIOTEPOM 11O paSpa6OTaHHbIM a/IropuTMaM.

BeinreykasaHHBIe TIOfIXOABI He IIPOTMBOpeYaT, a MONONHAKT APYr Apyra. MeToauka, OCHOBaHHas Ha
CTaTUCTUIECKUX METOMIaX, MOXKET OBITh MICIIONIb30BaHa 151 OTpefieneHust GaKTOPOB, BIMAIIINX Ha TIOBbIIIIEHIE
sHeproadpekTUBHOCTY MpeAnpusTUsa. MeToquKa, OCHOBaHHAs Ha IIPUMEHEHUY HePOHHOI CeTy, MO3BOsET
HONTYy4YNTb HpUOMVDKEHHOe 3HadeHNUe IOoKasaTels SHeprodPp@eKTMBHOCTM HpM TeX MIM MHBIX 3HAYEHUAX
BIUAOIINX GaKTOPOB.

BbIBOADbI

[IpuMeHeHVe Npy OpraHM3aLMM IpoIlecca yIpaBIeHNA SHeProspPeKTUBHOCTBIO MPEANPUATIA HENIPOHHBIX
ceTeil, CMHTe3MPOBAaHHBIX METOJIOM F'€HETMIeCKOTO aITOPUTMA, I1e/1eCO0OPA3HO [/ IOy YeH N A TPUOTVIKEHHOTO
3Ha4YeHNs IIPOTHO3MPYEMOIl SHEPrOEMKOCTH, YTO MOXeT ObITh JCIO/Nb30BaHO IIPM OIpefie/ieHnM obbema
CPeJICTB, BbIfie/IAeMBIX Ha MEPOIPUATIA, 00ecIeynBaoLyie CHUKeHe IOTPeO/IeHN s SHEPTUML.

ITpoBefieHHBIE HA OCHOBE IIOCTPOEHHOII HElf POHHOI CETH IIEPCENTPOHHOTO THIIA PACYETHI TPOAEMOHCTPUPOBATIN
BBICOKYIO TOYHOCTD IIPOTHO3VPOBAHN A 3HAYEHNIT 9HEPTOEMKOCTH /1A IIPEATI PUATUIL, KOTOPbIe OBUIN BKTIOYEHBI
B 00y4alollyI0 BBIOOPKY, ¥ IIPUEM/IEMYIO IIOTPEIIHOCTb Py IPOBepKe IO MPefIpUATUAM, BKIIOUYCHHBIM B
TECTOBYIO BHIOOPKY.
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[TokasaHa Ije/1ecO0O0pasHOCTD JJaTbHENIIEr0 PasBUTUSA IIPEIIOKEHHON B CTaTbe METORMKY MOJENTUPOBAHMS
9HeproapPeKTUBHOCTM IMyTeM KIAacCTepU3alVyl IIPOMBILIUICHHBIX NPEANPUATUII IO BUJAM BBIIYCKaeMOIl
HpOAYKINM, 06beMY IPOU3BOACTBA U APYTUM (PaKTOpaM.
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