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ITpumenenue HEHPOHHBIX CeTel A PelIeHHs 3a1ad Pa3INIHON HAIPABICHHOCTH, K KOTOPBIM
MOXKHO OTHECTH 3aJlaud KIacCHU(HUKAMU (B YAaCTHOCTH, 3aJa4d pacHoO3HaBaHHs 00pa3oB Ha
N300paXEeHNUAX), 3a[Ja9l CETMEHTHPOBAHMUS, IIPOTHO3UPOBAHNS H JMHAMHYECKOTO IIPOrpaM-
MHUPOBAHHUSA U JIpyrUe, NpUOOPEsIo JOCTATOYHO OOJIBLIYIO MOIMYJISIPHOCTh B HACTOSILEE BPEMSI.
Ho crout oTMeTHTh, 4TO IpeAIaracMble PEIIeHHs BCEX MEPeYHCICHHBIX 3a1a4 OCHOBBIBAIOT-
csl Ha IPHMEHEHHU METOJOB 00ydyeHHs HEHpPOHHOI ceTu ¢ HCIOJIb30BaHUEM I'PaJUEHTHOIO
CITycKa MM er0 MOJu(GHKAINii, 4TO BiIedeT 3a co00i HabOp HEIOCTAaTKOB: HEONPEASICHHOCTD
B 3alaHUH HadaJbHBIX 3HAUYCHUH, OTCYTCTBHE 0OOCHOBAHHBIX PEKOMEHAIUi 0 BHIOOpY Ia-
paMeTpoB aNropuTMOB 00ydeHUs (11ara oOy4eHus U Apyrux) U Apyrue. B cratee paccmaTpu-
BAeTCS METOJL IIOCTPOEHHsI HEHPOHHOM CeTH, OCHOBAHHBIN HA 110CIIEN0BATEILHOM 100aBICHUI
HEHPOHOB UL COCAUHEHHUs] HOBBIX «OMKAHIINX» TOYEeK U3 00y4aeMOro MHOKECTBA IPHU IO-
Mo (yHKIHU aKTHBALMK BbIIpsMUTENs (relu), a B HEHPOHE BBIXOAHOIO CIIOS — JIMHEHHOM
¢ynxnun. B crathe 9TOT crocod mpuMeHsieTcs Ha MpUMepe allpOoKCHMAanuy GyHKIHH Iapa-
Ooibl. B pesynbraTe monydeHa HelipoHHas CeTb, alIIPOKCHMHpYIOMAs (YHKIMIO Mapabobl.
CTpyKTypa HEHpOHHOU CETH HpeJCcTaBisieT co00i OXHOCIOWHEIN NePCENTPOH ¢ MHOXKECTBOM
HEWPOHOB B CKPBITOM CJIO€ C OJJHUM HEHPOHOM BO BXOIHOM M BBIXOJHOM ciosX. [Ipennarae-
MBIl B CTaTbe METOJ MO3BOJISET allIPOKCUMHUPOBATh HE TOJNBKO (YHKIUMIO Mapaboibl, HO U
00y10 Apyryto GyHKLHIO OHOM NEPEMEHHOM ¢ 3alaHHON TouHOCTHIO. [IpuBeiens! rpadguku
CpaBHEHHsI OPUTUHAIBHON (DYHKIMU U aIIPOKCHMHPOBAHHOHN C IIENIBIO JEMOHCTPAIHH IIOIY-
YEeHHBIX Pe3yIbTaTOB, TAKOKE IPHBEICHA YaCTh CTPYKTYPHI OTyIeHHOI HEHPOHHOII CeTH.

KunroueBbie cioBa: HelipoHHEIE ceTH, ceTn [leTpn, MCKyCCTBEHHBIH MHTENIEKT, Ipeobpaso-
BaHMsA, PyHKIMA aKTHBaLMH, keras, perysapusanus, o0ydeHue
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BBEJAEHUE

Metompl o0y4deHnsT HEHPOHHBIX ceTeld [1-9], KOTophIe UCTIONB3YIOTCS ISl HHU-
IUaM3alU HadaJdbHBIX 3HAUYCHWH HEWPOHOB M HETOCPEICTBEHHOTO IOJTyYEHHUSIX
X OKOHYATEJIbHBIX 3HAYCHUH, HA CETONHSIIHMN IeHb MMEIOT HEKOTOpBIE OO0IIHe
HEIOCTaTKH, KOTOPbIE €CIIM HE OTPaHHUYUBAIOT UX HCIIOIb30BaHKE, TO MPUBOIAT K
HEOOXOAMMOCTH y4eTa HEKOTOPHIX MpoOieM Ha mpakTuke. K TakuM mpobiemam
MOXHO OTHECTH OTCYTCTBUEC OAHO3HAYHBIX H O6OCHOBaHHI>IX peKOMeH}IaHI/Iﬁ 1o
BBIOOPY HaYaJIbHBIX 3HAYEHUI HEMPOHOB, IArOB OOYUYEHHUs, BpeMeHH (MM KpUTe-
pust ocTaHOBa) Mpoliecca 00y4YeHusI HEHPOHHOM CeTH.

B cratese uccnemyercsa UTepaTUBHBIN MpoLecC MOCTPOECHUSI HEHPOHHOU ceTH, B
KOTOPOM J00aBJICHHE HOBOTO HEWPOHA OCHOBBIBACTCS HA COCTUHCHUU ONMKalmen
TOYKH C HOBOH TOYKOH B MHOXKECTBE BXOIHBIX 3HAYCHUH.

1. OMIMCAHME 3AJAYHN

[MocraBnenHolt B pabore 3amavell sBIsIeTCsT pa3pabOTKa MeToJa CHHTE3a
HEHPOHHO CeTH TS 3a7auyl allpOKCUMANUU QyHKIHH mapadossl (puc. 1).

Puc. 1. T'paduk anmpokcuMupyeMoi GpyHKIHN
napabosr f{x) = x

BX0IHBIMU JaHHBIMH IS OTOM 3a7auu ABJISIETCSA HAOOP MAHHBIX I O0yUCHHSI
CO 3HAYCHUAMH (DYHKIMH B AUana3oHe ot [—3, 3] ¢ marom, paBHBIM €HHHIIE.
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2. PEHIEHUE

OCHOBHOM HIEH TpeIaraeMoro pereHus sBISETCS UTEPATUBHOE MOCTPOCHHE
HEHPOHHOM CEeTH C OJHUM CKPBITBIM cjioeM (TIepCeNnTpoHa) U OJHUM HEHPOHOM B
BBIXOZHOM ciioe. [IpiueM HEHpOHBI B CKPBITOM cjloe OyAyT HCIOJIB30BaTh HENU-
HEHHYIO0 (QYHKIINIO BRIIpSMUTENS (relu), rpaduK KOTOPOU MPUBEICH HA pPHUC. 2, a B
HEeHpOHE BBIXOAHOTO CJIOS — JIMHEeHHyIo (GyHKIH0. PaccMoTpuM MeTon mpesiarae-
MOTO pelIeHus MoJpoOdHee Ha MpPUMEpE ampoKCHUMalUU NMapaboandecKoi (yHK-
ouu (cM. puc. 1).
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Puc. 2. T'padux HenuHeHHON QYHKIMN HEHPOHOB
ckpbITOoro cnost relu: fix) = {0, x <=0; x,x> 0}

AmnrnpoxcumMariysi (yHKIUH BBINOJHSETCS MO Iaram. [1epBeIM Iarom siBisieTcst
TIOCTPOEHHE MPSIMOI MEXIy NEpBOI NMapoi BXOAHBIX M BBIXOAHBIX JAHHBIX, JJIS HC-
CITeTyeMOT0 TIpuMepa dTUMH JaHHBIMU OyIyT mapsl Touek (x1, y1), (x2, ¥2): (-3, 9),
(-2, 4). loctpoenne mpsiMoit y = ax + b Mexay AByMS TOUKAMH BBIIOIHIETCS
n3 cootHomrennit: a = (y1 —y2) / (x1 —x2), b=yl — (y1 —3»2) / (x1 — x2) x1.
Juis paccMaTpuBaeMBIX Iap TOYeK IpsMast Oyaer uMmeTh BUX y = —5x — 6. Ilpum
9TOM HEHpOHHas ceTb OyNeT COCTOSATh M3 OJHOTO CKPBITOTO HEHpOHA M OJHOTO
HelpoHa B BBIXOJIHOM CJIO€, T/Ie HEHPOH CKPBITOTO CJI0Sl MOYKHO OnucaTh (QyHKIHeH
relu (-5x — 6). BaxxnHo oTMeTHTh, 4TO TpaduK BHILIETIPUBEACHHON QYHKIIMHA UMEET
HEHYJICBbIC 3HAUCHUs B Juama3oHe (—oo, —6/5). Bropoii mar moctpoeHus HEHpOH-
HOM CeTH cBs3aH ¢ 00pabOTKOH ciexyronell TOYKH BXOJHBIX JaHHBIX, KOTOpas SB-
nsercs Ommkaiimei k Toukam (-2, 4), (-1, 1). Torna nuamazon xe(-2, —1], MOXHO
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pa3IenuTh Ha IBe YacTH: x €(—2, —6/5](—6/5, —1]. Takoe pa3meneHue HeOOXOAUMO,
TaK KaKk B IMEPBOH YaCTH JAWANa30HA UL ONHCAHUS Pe3yNbTHUpPYIOMEH (yHKIUA
HEO0OXOAMMO YYHTHIBAaTh BIHMAHHE (QYHKOUHU relu (—5x — 6), a BO BTOpOH — HET.
Torma pesynerupyromas ¢GyHKOus aias oTpeska (-2, —6/5] OymeT WMeTh BHI
fo(x) = fi(x) + ax + b, Tae fi(x) — GyHKOWA, MOCYUTAHHAS HA MPEIBIAYIIEM IIare, a
ax + b — HewsBecTHas 4acTh, KOTOPYIO CIEQYyeT ONpenennuTh. M CTOUT 3aMeTHTh,
410 (QYHKIHMSA f>(X) OyAeT sBIAThCS KOMOHMHauMei nunHeiiHoi ¢ynkuuii. [Tapamer-
Pl @, b MOXXHO OIPEIETHUTh M3 BBHIMIETIPUBEACHHBIX COOTHOIIEHHH C ITONPAaBKOM
Ha cMemeHus: a = 2, b = 4. Jlanee IoTMKa BBHIYHCICHUI MOBTOPSETCS: (YHKIUS
y = relu (2x + 4) uMeeT HeHyJIeBbIEe 3HAUCHUS, HAUYMHASI OT TOYKH X = —2, & BBIYHC-
JIEHWE BTOPOH YacTu auarnaszona (—2, —1] BBIIONHSAETCS aHAIOTHYHBIM 00pazoM, Te
fi(x)=2x+4+ax+ b, Torma a =-5, b =—6. BaXHO OTMETHTB, 4TO TaK KaK 3HaUe-
HUE (PYHKIMH BBIYUTAETCS OT OCTANBHBIX, TO HEOOXOIUMO B3ATh 3Ty (YHKIHIO CO
3HakoM MuHyc: —relu (Sx + 6). Jlanee mporece onpeaesieHHs] OCTANbHBIX cilarac-
MBIX ()YHKIUU BBIOJHICTCS aHAJOTMYHO, M B UTOTE IOJTydaeTcs HEHpOHHAs CETh
omrchIBaeMasi BeIpakeHueM relu (—5x — 6) + relu 2x + 4) — relu (5x + 6) +
+ relu (2x + 2) + relu (2x) + relu (2x — 2) + relu (2x — 4), 9aCThb CTPYKTYPBbI KOTOPOU
TIpYBe/ieHa Ha puc 3, a Ha puC. 4 MoKa3aHbl TpaUKU OPUTHHAIBHOW M allpOKCH-
MHUPOBAaHHOH (PYHKITHIA.

Puc. 3. YacTb CTpYKTYpbI CUHTE3UPYEMOIi
HEHUpPOHHOM ceTn
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Puc. 4. T'paduxu ¢yHkmu napaboisl U am-
NPOKCUMUPOBAHHOU 110 CEMH TOYKaM (yHK-
UK napadossl

U3 puc. 4 BUOHO, YTO BBIXOJHOE 3HAUCHHE CHHTE3NPYEeMOW HEHPOHHOH ceTH
MTO3BOJISIET AOCTATOYHO TOYHO OBTOPUTH IpaduK ammpoKCUMUpPyeMOi GpyHKINH.

3AK/IIOYEHHUE

B cratbe nccnemyercs mporece anmpoKCuMaIyy (yHKIUA TapadoIsl IPH T0-
Moy HeiipoHHOU cetn. HoBH3HOI mpeayaraeMoro crmocoba ammpoKCHMAannd SB-
JISeTCsl TPOLIeCC CHUHTE3a HEWPOHHOM CEeTH, OCHOBAaHHBIM Ha IOCIIEI0BaTEIbHOM
JIOTIOJTHEHUN HEHPOHOB B CTPYKTYPY OJHOCIOMHOTO nepcentpoHa. B ganHoM mpo-
IIECCE UCIOTIB30BAIICH PA3IMIHbIC BapHalny (YHKIIAN BRIIPIMATEINA (relu), OJHA-
KO MOTYT HCIIOJIB30BATHCS M ApyTrue (PyHKINH aKTUBAIIH HEHpOHa.

CToUT OTMETHTH, YTO BOIPOC pa3pabOTKM aJropuTMa anmnpoKcuManuu (GyHK-
MU HECKOIBKUX MEPEMEHHBIX, KOTOPHI COOTBETCTBYET CHHTE3Y HEMPOHHOU CETH
C HECKOJIbKHMH BXOJIaMH, SIBJISICTCS BOIIPOCOM JaJbHEUIIINX UCCIIEeOBAHUH.
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The use of neural networks for solving problems of various orientations, to which classifica-
tion problems (in particular, image recognition problems on images), tasks of segmentation,
forecasting and dynamic programming, etc., have become quite popular at the present time.
But, it is worth noting that the proposed solutions to all these problems are based on the use of
neural network training methods using gradient descent or its modifications, which entails a
set of shortcomings: uncertainty in setting initial values, lack of well-founded recommenda-
tions on the choice of parameters of algorithms training (step of training and others) and oth-
ers. The method of constructing a neural network is based on the successive addition of neu-
rons for the connection of new "nearest" points from the learning set using the function of ac-
tivating the rectifier (relu), and in the neuron of the output layer it is a linear function. In this
paper, this method is applied to the approximation of a parabola function. As a result, a neural
network approximating the parabola function is obtained. The structure of a neural network is
a single-layer perceptron with a set of neurons in a hidden layer with one neuron in the input
and output layers. The method proposed in the article allows us to approximate not only the
parabola function, but also any other function of one variable with a given accuracy. The
graphs of comparison of the original function and approximated for the purpose of demon-
strating the obtained results are given, as well as a part of the structure of the obtained neural
network.

Keywords: neural networks, Petri nets, artificial intelligence, transformation, activation func-
tion, keras, regularization, training
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