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IIpuMeHeHne HEHPOHHBIX ceTel AN pelleHus 3a7ay pa3In4HON HaNpaBIEHHOCTH, K KO-
TOPBIM MOKHO OTHECTH 3aJayH KiIacCH(pHKaLuu (B YaCTHOCTH, 3alayd PacHO3HAaBaHHs
00pa3oB Ha H300paKEHUSX), 3aJa4ll CETMEHTUPOBAHHUS, IPOTHO3UPOBAHUS U AUHAMHYC-
CKOTO NIPOrpaMMUPOBAHHUS U APYTHE, IPUOOPENIO JOCTATOYHO OOJBIIYIO MOMYISPHOCTS B
HacTrosmee BpeMsa. Ho CTOUT OTMETUTH, 4TO HpeaJaraeMble pelieHHs BCeX MepedyrciIeH-
HBIX 33724 OCHOBBIBAIOTCS HA IPUMEHEHHH METOJOB OOY4YEeHHUS HEHPOHHOH CeTH C HC-
[I0JIb30BAHUEM TPAJUCHTHOTO CIyCKa HIH ero MoAauduKamuid, 4To BiedeT 3a coboi
HA0Op HEIOCTATKOB: HEONpPEJENEeHHOCTh B 3aJaHHM HAYaJbHBIX 3HAUYEHHH, OTCYTCTBHE
000CHOBAHHBIX PEKOMEHAAINH IO BBIOOPY MapaMeTpPOB aITOPHUTMOB OOydeHus (Iara
oOydeHHsl U Jpyrux) U Apyrue. B cratee mccieqyeTcs mpouecc anmpoKCHManuu (QyHK-
LUH ABYX MEpPEeMEHHbIX IPH IOMOIIU aJrOpUTMa IMOCTPOSHUs HEHPOHHOH ceTu, KoTopas
He TpeOyeT oOyuenus. OCHOBHAs Hesl aIrOPUTMA 3aKJII0YAaeTCs B pa3feleHHU Bcell mo-
BEPXHOCTH BXOJHBIX KOOPJUHAT Ha MPOEKLUH MOBEPXHOCTEH, Yepe3 KOTOpble IPOXOAUT
IUIOCKOCTh (QYHKIUH aKTHBALUU HelpoHa (B cTaTbe HCIOJIb30Baach (YHKIHsS BBIIPS-
MHUTeNS — relu), U JadbHEHIIEM pacyeTe BHIXONHOTO 3HAYECHHUS, OCHOBAHHOTO Ha CIeXy-
IOIKX dTanax: 1) ompeneneHue NpUHAJIEKHOCTH BXOJAHON EPEMEHHON OTHOMY U3 JHa-
Ma30HOB, T. €. MPUHAJIE)KHOCTU OJHOHM M3 MPOEKIUH y4yacTKOB IUIOCKOCTEH TOYEK M3
00yJaromero MHOKECTBA; 2) HCXOMs U3 ONpeesIeHHOH MpoeKuuu GOpMHPYETCS BBIXOA-
HOe 3HAa4YCHHE IPU MOMOIIM HeWpoHa M (YHKIMHM aKTHBAI[MH 3aJalolleil IOBEPXHOCTH.
ITpennaraemslii cnoco® cHHTE3a HEHMPOHHOH CETH MO3BOJIAET OHNPENEIHTH JOCTATOYHO
MaJjloe KOJIM9YEeCTBO HEHpOHOB, KOTOpOe TpedyeTcs A IMOCTPOCHHS HEHPOHHOH CeTH, a
Takke UX 3HadeHus. [locnenHee OCOOEHHO BaXKHO, TaK KaK II03BOJISET CYIIECTBEHHO
YCKOPHTb IIpoliecc OOy4eHHMs, a TOYHEe, 3aMEHUTh €ro HPOIECCOM pacdeTa 3HauCHUi
00yJaromux mapaMeTpoB. BaxHoil 0cOO€HHOCTBIO MOAeNell MAaIIMHHOTO OOYYEeHUS SB-

JIA€TCS UX MMOBEACHUE B TOYKAX 3a NIpEAeIaMUu o6yqa}ome1‘z’1 BbI60pKI/I.

* Crarpa noxyuena 20 okts6ps 2017 r.
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BBEJIEHUE

Ha ceroansmnmii neHp B mpolecce pa3pabOTKH CUCTEM, OCHOBAHHBIX Ha HC-
MTOJTL30BaHUK HEUPOHHBIX ceTel [1-9], caMbIM 3aTpaTHBIM SBIISIETCS MPOIEcC 00y-
yenus. C apyroii croponsl, B padotax [10, 11] oO6cyskmaroTcs ciocOObI TOCTPOSHUS
HEWPOHHBIX CHCTEM B TAaKOM BHJIE, YTO OHU He TPeOYIOT 00y4eHHs, a OCHOBaHbI Ha
pacuete ko3¢ duIreHTOB HelipoHHO# ceth. Tak, B uacTHocTH, B [10] paccmaTpuBa-
eTcsl IpUMep NMOCTPOEHUSI HEHPOHHOM CeTH IS PeIIeHHUS JIOTHKO-apH(pMETHIECKIX
3amad, B [11] — mpumep copTHPOBKH MaccHBa YUCEN C UCIOIh30BaHUEM HEHPOHHBIX
CeTel U Opyrue.

B crartpe uccnenyercs npouece anmpokcuManui GpyHKIUH IBYX MepeMEeHHBIX
NIpY IOMOILY AJITOPUTMA IOCTPOEHHSI HEHPOHHOM CE€TH, KOTOPBI OCHOBAaH Ha pas-
JIeIeHNH BCel MOBEPXHOCTU BXOIHBIX NEPEMEHHBIX Ha YacTH, ONpEeNICHHH IMPH-
HaJUIEXKHOCTH BXOJHOH TOUKM OJHOM M3 yacTeil 1 pOpMHPOBAaHHN BBIXOJHOTO CHTI-
HaJla IIpY TIOMOIIH (PyHKIMH aKTHBAIlMK HEHpPOHA.

IIOCTAHOBKA 3AJIAYM U EE PEHLIEHUE

IlocraBieHHOM B paboTe 3amayecii SBISIETCS pa3pabOTKa METoJa CHUHTE3a
HEHPOHHOM CeTH Ui 3a/aui arlpOKCUMAliH (GYHKIMH HECKOJIBKHUX MEPEeMEHHBIX
Ha npuMepe (YHKIUH MapaboJIouabl, THIIEpOOIHYecKoro mapadojonaa M APYTHX
¢GbyHKUMiA. BXOIHBIME MaHHBIMH JUIS 3TOH 3aJaudl SIBISIETCS HAOOp NaHHBIX JUIs
00y4eHUsI cO 3HAYCHUSIMH (QYHKIIHH.

B ornmume ot cuHTEe3a QYHKIMH OJHOM NMEpPEeMEHHOHN, NPH cHHTE3e (YHKINN
HECKOJIBKUX TEPEMEHHBIX JOCTATOYHO CIJIOXKHO BBIMOJIHATE MOCTPOEHHE ILIOCKO-
cTell (B3STBIX C CYMMBI BXOJHBIX HEPEMEHHBIX Iepes (pyHKIMeH aKTHBAIMH) TakK,
YTOOBI TUIOCKOCTH, MPOXOZSIINE Yepe3 HOBBIE TOUKH, HE MEHSUIM 3HAUYCHHS YXKe
ITOCTPOEHHBIX IUIOCKOCTel. TakuM 00pa3oM, OCHOBHOW HAeeH IpemiaraeMoro pe-
LIEHMs] SIBJIIETCS. UTEPATUBHOE IIOCTPOCHUE HEUPOHHOM CETU C JBYMS CKPBITBIMU
CJIOSIMHM M OJTHUM HEHPOHOM B BBIXOJHOM cioe. IIpudeM HelipoHBI B IEPBOM CKpPBI-
TOM cJI0€ OYAyT OINPEAEISITh MPUHAUIEKHOCTh BXOAHOW TOYKU K YaCTH MPOEKIUH
Ha IIJIOCKOCTb BXOAHBIX NEPEMCHHBIX, a HeﬁpOHLI BO BTOPOM CJIOC HYKHbI JId
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(hopmupoBaHus 3HaUCHUS (PYHKINH HA IDIOCKOCTH, COSAUHSIOMEH OMmmKaiime Tpu
TOYKH B IpOCTpaHCTBe. L{eNblo0 Takoro MOCTPOEeHHUs SABISETCS MOTyuYeHHe HeHpoH-
HOM CETH C YK€ «00y4eHHBIMI» K03 HUINEHTAMH.

Pemenne BrIIEIPUBEACHHOM 3a1a4y NPSIMO BBITEKAET U3 €€ TIOCTAHOBKH:

1. IlepBbIM IIaroM ajJropuTMa HEOOXOIUMO BBIOpATH JIIOOYIO TOUKY W3 BXO/I-
HOT'O MHOYKECTBA U JIBe OyvpKaiiime K Hel.

2. IlocTpoeHne onpeaenuTesns MPUHAIISKHOCTH TOUYKH K YaCTH TTOBEPXHOCTH
BBINOJTHSIETCSI TPH MOMOIIN BEKTOPHOTO MPON3BEAEHHS BCEX Map CTOPOH TPEYTOJIb-
HHUKa (00pa30BaHHOTO OT TpeX TOYEK s NMpoBeJeHHs MoBepxHocTH). Eciu Bce
3HAaKH{ BEKTOPHOT'O MPOU3BENEHUS Map CTOPOH OJHOTO 3HAaKa UM HyJEBbIE, TO TOU-
Ka MPUHAIISKUT JacTH moBepxHocTH. CormacHo [8, 10] Takyro GYHKIIHIO MOXKHO
HOCTPOUTH TIPU MOMOIIM HEHMPOHOB. BBIXOJHBIM 3HauCHUEM JaHHOW (YHKIWH SIB-
nsiercst MO0 HOJb, JIMOO €OMHUIIA, YTO COOTBETCTBYET NMPUHAJICKHOCTH TOYKH
YaCTH TUIOCKOCTH.

3. ®opmupoBaHue 3HaYCHUS] (QYHKIUM B BBIUUCISIEMONW TOYKH BBITIOJIHSIETCS
IpU TIOMOIIYA CYMMBI CUTHAJIOB HEHPOHOB ¢ (pyHKIMEH aKTUBALMU BBIPSIMHUTEIS
(relu). Bpraucnenne o0y4aeMbIX KOA(pGHUIMEHTOB HEWPOHHON CETH I JTaHHOMH
(YHKIIMM MOET OBITh BBIOJIHEHO IIPH TTOMOIIY PEIICHHS CHCTEMbI JIMHEHHBIX
ypaBHEHMH C HCIIOIB30BAaHMEM YPaBHEHUS IIJIOCKOCTH, NMPOXOIIINI uepe3 Tpu
TOYKH.

OnHolt 13 0cOOEHHOCTEH TaHHOM CXEMBI IOCTPOCHUS HEHPOHHOW CETH SIBIISCT-
csl TO, UTO B CIIydae, KOTAa TOYKa JIEKHUT Ha CTOPOHE MPOEKIUH TPEYrOJNbHHKA, B
JAHHOI cXxeMe OHa ompejersercs AByMs HEHpOHAMH OIpEeAETHUTeNs, YTO BEJeT K
JBOHHOMY CYMMHpPOBAHHWIO B BBIXOIHOM Heiipone. [yl ycTpaHEeHUs! TaHHOM Ipo-
O51eMBI HE0OXOTUMO JTHOO YUUTHIBATH IEPECEICHNE CO CTOPOHOH TONBKO JJIST OJHO-
T'O TPEyrojbHUKA, JINOO UTOTOBYIO CyMMY JAEIUTHh Ha KOJIHYECTBO CpabaThHIBAEMBIX
onpeeNuTene.

Vcrionp3ys BBIIENPUBEICHHBIA alTOPUTM, MOXHO TOJNYYHTh CTPYKTYpY
HEHpPOHHOM ceTH, MpUBeJeHHYI0 Ha puc. 1. IIpu momMoImy 3Toi CTPYKTYphI U BhIIIIE-
TIPYUBE/ICHHOTO aJTOpPUTMa OBUTM IMOJy4eHb! (pyHKIMH napaOoJouabl, THIIEPOOIH-
YyecKoro napabdononaa u apyrue (puc. 2).
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Puc. 1. CtpykTypa HEHpOHHOM ceTH At (POPMHUPOBAHUS 3HAUCHUH
(YHKIHHT JBYX TTePEeMEHHBIX
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Puc. 2. T'paduky noBepxXHOCTEH, TOCTPOSHHBIX IPH IIOMOLIH CTPYKTYPhI HEHPOHHOI! ceTH,

n300paxkeHHOW Ha puc. 1. [IpuBeneHbI MOBepXHOCTH Mapaboaouia (xl2 +x2%= y), OTpHIa-

TenpHOro runepdononna (—x1° — x22 = y), runepbonuueckoro napadomonna (x12 — x2* = y)
¥ (yHKIHH TpeThero mopsaka (x1° —x22 + 1 =y)
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W3 puc. 2 BUOHO, YTO BBIXOJHOE 3HAUEHHE CHHTE3NPYEeMOW HEHPOHHOH ceTH
ITO3BOJISIET JOCTATOYHO TOYHO OIUCATh 33aHHbBIE TOBEPXHOCTH.

3AK/IIOYEHUE

B craTpe uccnemyercs mporiecc anmpoKcHManuy GyHKIMHA ABYX ITepPEeMEHHBIX
MIPH TTOMOIIX AITOPUTMA TIOCTPOCHUS HEWPOHHOU ceTH, KoTopas He TpedyeT 00y-
yeHHsa. OCHOBHas Hes arOpUTMa 3aKIII0YaeTCs B Pa3/ieIeHUH BCell MOBEPXHOCTU
BXOJHBIX KOOPIMHAT Ha MPOEKINH MTOBEPXHOCTEH, Yepe3 KOTOpPBIE MIPOXOAUT ILIOC-
KOCTh (DYHKIIMHM aKTHBALMU HEWpOHA (B CTAThE HCIIOIB30BANACH (DYHKITUS BBIIPS-
MuTens — relu), U JambHEHIIEM pacdeTe BBIXOAHOTO 3HAYECHUs, OCHOBAHHOTO Ha
CIIEIYIOUINX dTamnax: 1) ompeneneHue NMPUHAIICKHOCTH BXOJHOW MEpeMEeHHOH oJ1-
HOMY W3 THAITa30HOB, T. €. IPUHAIIC)KHOCTH OTHOHN M3 MPOCKINA yJaCTKOB ILIOC-
KOCTell ToueKk U3 00yJaroIIero MHOXKECTBA; 2) UCXOAS U3 ONpeJIeNICHHONW MPOEKINH
(bopMupyeTcsi BBIXOJHOE 3HAUY€HHE IPU IMOMOIM HelpoHa W (GYHKIMU aKTHBAIMN
3a/1a01lel IOBEPXHOCTH.

[Mpennaraemslii crioco® cHHTE3a HEHPOHHON CETH IO3BOJISIET OINPEAEIHUTH JI0-
CTaTOYHO Majioe KOJIMYECTBO HEHPOHOB, KOTOpbIE TPeOYyIOTCA UL MOCTPOEHUS
HEHpOHHOI1 ceTH, a Takke nx 3HaueHuA. [lociemqHee 0COOCHHO Ba)KHO, TaK Kak MO3-
BOJICT CYIIECTBEHHO YCKOPUTH MPOIECC OOYYEHUs, a TOUHEee, 3aMCHHUTh €T0 IIPo-
[[ECCOM pacueTa 3HauCHHH 00yJaroIIUX MapaMeTpoB. BakHoW 0COOEHHOCTHIO MO-
JieNieil MalTMHHOTO O0YYeHNS SBISIETCS MX MTOBEJCHHUE B TOYKAX 3a MpeieinaMu o00y-
YaroIei BRIOOPKH.
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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 article investigates the process of approximation of functions of two variables using
the neural network construction algorithm, which does not require training. The main idea of
the algorithm is the separation of the entire surface of the input coordinates into the projection
of the surfaces through which the plane of the neuron activation function passes (in the article
the rectifier function was used) and further calculation of the output value based on the steps:
1) determining the belonging of the input variable to one of the ranges i.e. the belonging of
one of the projections of sections of the planes of points from the learning set; 2) based on a
certain projection, the output value is formed using a neuron and the activation function of the
master surface. The proposed method of synthesis of a neural network allows us to determine
a sufficiently small number of neurons, which are required for the construction of a neural
network, as well as their values. The latter is especially important, because allows significant-
ly accelerate the learning process, or rather, replace it with the process of calculating the val-
ues of training parameters. An important feature of machine learning models is their behavior
at points outside the training sample.

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