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B crathe mpuBOAUTCS IPHMEp pealu3aluy HEHPOHHOU ceTu mpu nomomu cetu Iletpm, uro
MO3BOJISIET 100ABUTh ACHHXPOHHOCTH B HEHPOHHYIO CETh — 3TO OOJIBIIE COOTBETCTBYET pabo-
T€ YEJIOBEYECKOI0 MO3ra U, CJIE[0BATEIbHO, MOKET UMETh NMEPCIEKTUBY HMPUMEHEHUs IS
pelenus 3ajay UCKyCCTBEHHOI0 MHTeIekTa. Maremaruyeckuii anmapar cereit Ilerpu, ¢ ox-
HOH CTOPOHBI, IO3BOJIIET MOJEIMPOBATh [OBEEHUE aCUHXPOHHBIX CUCTEM, a C APYroi — 1o
CBOHU CTPYKTYpE B JOCTAaTOYHOH CTENEHH IOXOX Ha CTPYKTYypYy HEHpPOHOB, YeM U OOOCHOBBI-
Baetcs BbIOOp cereit [lerpu. [IpuBenen npumMep peanu3anuyd HEHPOHHOH CETH Ul PEIICHUS
3aga4n XOR Kak CTaHJapTHOM 3a/1auu B 00JIaCTH MAaIIMHHOTO 00y4eHHs. B pamkax pemeHus
9TOH 3a1auu GYHKIIMU CYMMHPOBAHHS B HEHPOHHOMH CETH IIpe/ICTaBICHEI B BUJIE IEPEXOI0B, B
KOTOPBIX TIPU NEpeiaue METKU B MECTO MPOUCXOJAUT CYMMUPOBAHHE 3HAYEHUI BXOAHBIX Me-
ToK. DYHKIMM aKTUBALUK TAKXKE MPEJICTABIEHbI B BUJIE NEPEX0J0B, B KOTOPBIX UIS BBIXOA-
HBIX JyT BBINOJNHSACTCS BBI30B (DYHKIMII akTHBalMi (CHIMOMAAILHOW (YHKIMH B JaHHOM
cirydae). CTOMT OTMETHTb, YTO IIPU MOJIEIUPOBAHHHU PEalM30BaHHAs HEHPOHHAs CETh SBIISET-
Csl ACHHXPOHHOH JIMIIb YaCTUYHO (B YACTHOCTH, IS CpaOaThIBaHHS IEPEXOI0B Tpebyercs
HaJMYUe METOK BO BCEX BXOMSINHMX B Hee MecTax). JlaHHBIH BapHaHT HEHPOHHOW CeTH IpH
nomomu cetet IleTpu sBiseTcs He €AMHCTBEHHBIM. B 4aCTHOCTH, MOXKHO TAaK)KE UCIIOIb30-
BaTh OTAEJIBHBIC MECTA U METKH JUIS MOIGIUPOBAHHS BECOBBIX KOA((MHIIMEHTOB, YTO HO3BO-
JIUT BBINOJIHATH 00y4YeHHe HEHPOHHOH ceTn 0e3 MoauduKaluu ee CTPYKTyphl. JdanbHedmmm
HaIpapJIeHUEeM HCCIIeI0BaHus SBIIETCS peaan3anus Ipouerypsl 00yueHus: HeHpOHHOI ceTH ¢
ACHHXPOHHOCTBIO.

KiioueBble c10Ba: HeipoHHbIE ceTH, ceTH [leTpH, HCKyCCTBEHHBIH HHTEIUICKT, Ipeobpa3o-
BaHUs, QYHKIUS aKTUBAIWY, keras, perymspusaiis, o0ydeHune
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BBEJIEHUE

Ha ceropHAmHMil MOMEHT BCE HCIOJb3yeMbIE Ha MPAKTUKE MOJEIH HEHPOH-
HBIX CeTel, K KOTOPBIM OTHOCSTCS MOJETH paclio3HaBaHWS W300paxkeHuit [1], pe-
4 [2], reHepanu Ha3BaHUH n3o0pakeHuit [3] u npyrue [4—17], peanmn3oBaHbl Ha
JIOTHKE WX CHHXPOHHOW pabothl. [Ipm 3TOM paboTa HEKOTOPHIX YacTel deloBede-
CKOT'0 MO3ra SIBISETCS ACHHXPOHHOM, 4TO SIBISETCS MOTHBATOPOM JUIS pean3alui
MOJIENIM HEMPOHHOM CETH, B KOTOPOU NPUCYTCTBYIOT ACUHXPOHHBIE OIIEPALlMM MEX-
Iy HelipoHaMmu. B craTthbe mpemaraercs MoJelb HEHPOHHOM ceTH A pelIeHus
KJIACCUYECKOH 3aa4ll MAlTMHHOTO 00Yy4eHUs — 3a/1a4uM HCKiIroyaromero win (XOR)
peanu3oBaHHOM Ipu omoutu cetu Iletpu.

PEAJIM3ALIASI HEMPOHHOM CETH

Jns mpumepa peanuzanuu ObUTa BhIOpaHa KJIacCHMYecKas 3aadya MAaIIMHHOTO
00yUYeHHS — pealTu3alis MOACIH [T PELICHUS 3aJaui UCKITtovaromero wik (XOR),
KOTOpasi HEOJHOKPATHO pelianach B padote [4].

OnuH U3 BO3MOXKHBIX BapUaHTOB pEIlIEHUs JaHHOW 3a7ayll NPUBEIEH B UCCIIE-
noBaHusx [4, 5]. B Hem npeanaraetrcs HeUpOHHAs CETh, COCTOSIINASA U3 IBYX BXOJOB
7 TpeX HeWpoHOB (OIWH HEWPOH B CKPBITOM CJIOC), a TAKKE MpPEJIaraloTcs Ipea-
paccUUTaHHBIC 3HAYCHHS OOyJaeMBIX HapameTpoB. Ha OCHOBaHWM TpPHUBEICHHOM
HEHPOHHOI CeTH MOKHO MOCTPOUTH ceTh [leTpu (CM. pHCYHOK).
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Jannas cets comepxut ABa Bxona — x1 u x2. [lepBriii HelipoH cocTonuT 3 x1 1
x2 BXx0mnoB, bl — cmemenus, sigl — OydepHOro MecTa Uil CyMMHUpPOBaHUSA U 1l —
BBIXOZHOIO 3Ha4Y€HUs HEeWpoHa. BTOpol BXOAHON HEHPOH U HEHPOH B BHIXOAHOM
CJI0€ YCTPOEHBI TakuM ke oOpa3oM. B HelipoHax MpUMEHsIeTCS CUTMOHUAATbHAsS
(bYHKIMS aKTHBAIHH.

IIpu MonenupoBaHMU JaHHAs HEMPOHHAs CETh ABISAETCA aCUHXPOHHOW JIMIIb
yacTiyHO. B wactHOCTH, Ui cpabareiBaHMs mepexona suml TpeOyercss Hamuuue
METOK B MecTax nl u n2.

3AK/JIIOYEHUE

B cratee mpennaraercss peanuzanysi HEHPOHHOM CETH AJIs pELICHMs 3aJadd
XOR npu nomonm cereit Ilerpu. Mcnons3oBanue cereit Iletpu misa peanuzanun
HEHPOHHOW CeTH NPHUAAeT MM ACHHXPOHHOCTh CpadaThIBAHUSA IEPEXO0B, UYTO
00JIbIIIe COOTBETCTBYET paboTe uenoBeueckoro Mo3ra. CTOMT OTMETUTbh, YTO JaH-
HBIIl BapHaHT HEUPOHHOM ceTH Npu nomoiu ceteil [leTpu aBnsercs He eqUHCTBEH-
HbIM. B 4acTHOCTH, MOYKHO TakXe HCIOJb30BaTh OTAEJIbHBIE MECTa U METKH IJis
MOJICTUPOBAHUS BECOBBIX KOA((HIIMECHTOB, YTO TO3BOJHT BHIMOJIHATH O0yUYCHHE
HEHpOHHOIT ceTn 6e3 Moan(UKaNU ee CTPYKTYPHI.
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The article gives an example of the implementation of a neural network with the help of a Pe-
tri net, which allows adding asynchrony to the neural network, which is more in line with the
work of the human brain and, therefore, can have a perspective for using to solve problems of
artificial intelligence. The mathematical apparatus of Petrie networks, on the one hand, allows
one to simulate the behavior of asynchronous systems, and with another in its structure is
quite similar to the structure of neurons, which justifies the choice of Petri nets. An example
of the implementation of a neural network for solving the XOR problem is given as a standard
problem in the field of machine learning. In the framework of solving this problem, summa-
tion functions in the neural network are represented in the transitions where the value of the
input labels occurs when the label is transferred to the place. Activation functions are also rep-
resented in the form of transitions in which the output arcs call the activation functions (the
sigmoid function in this case). It is worth noting that in the simulation, the implemented neural
network is only partially asynchronous, in particular, the presence of labels in all the places
entering it is required to trigger transitions. This variant of the neural network with the help of
Petri nets is not the only one, and in particular, it is also possible to use separate places and
marks for modeling the weight coefficients, which will make it possible to train the neural
network without modifying its structure. The further direction of the research is the implemen-
tation of the procedure for training a neural network with asynchrony.

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