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Abstract: In this paper key phrases in the field of neural networks are examined in terms of usage in recent
scientific publications. For the purpose of the research several on-line academic databases are explored:
Science Direct, Scopus, Google Scholar, Springer Link and others. The examined period is from year 2000 to
present with focus on last decade. The terms are examined in two main directions: used paradigms and aspects
of neural computing. Calculations determining the change rate of the usage of concepts and also calculations
concerning the changes in their respective share in the papers on the topic are made. The data is used to draw
some conclusions about the state-of-the-art of the field.
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l. MoTuBauus Ha U3CJIeIBAHETO

W3kycTBeHWTE HEBPOHHM MpPEXKH ca KOHLENIMS, HWMHTHpAIla OCHOBHUTE MNPHUHLOUNH HA
(YHKIMOHMpaHETO Ha OHMOJOTMYHWTE HEBPOHHHM Mpexu. Hauyanoro Ha u3cneABaHMATA BBPXY H3KYCTBEHH
HEBPOHHU MpexHu € mocraBeHo mpe3 1943 r. or Yopsa MakKswinok u Yontep Ilurc [3]. Ilpe3 cnenpamute
JleCeTHIIeTHsI KOHLENIMATa Oenexu 3a0eIekKnTeHO Pa3BUTHE, KaTO AHEC NPH 3aJadl KaTo pa3lo3HaBaHEe Ha
o0pa3u M pa3lo3HABaHE HA peY HAKOM HMMIUIEMEHTALlMd Ha HEBPOHHH MOJENH IOCTHIaT 3a0eNeKUTeTHH
pesyaratu. J[MHamMuKaTa Ha Pa3sBUTHETO Ha HEBPOHHUTE MPEXKH € TolsiMa B INOCICIHUTE TPH AECETHIIETHS,
3aTOBa HEJIeKaTa 3aJa4a 3a Pa3No3HAaBaHETO HAa TEHICHIIMH M CUCTEMaTH3UPAHETO Ha JAOCTIKEHHS B 00JacTTa €
KpalfHO HeOOXOAMMa 32 BCAKO HayYHO H3CIIEBAHE.

1. He.]'l H IIOCTAHOBKA HA M3CJI€¢IBAHETO

Ilenta Ha HACTOAIIOTO M3CJIEABAHE € Ja OTKpUE AKIEHTHTE B HaydHATa NPOLYKIHMS OT IOCIEAHHTE
TOIMHH, KOETO OT CBOS CTpaHAa MOXeE Ja IIOCIYKH KAaTO OCHOBAa 3a OBJEIIM I0-33IbJIOOYECHH M IIO-TSICHO
CHelHaI3upaHy aHAM3W. 3a/laud Ha W3CIEIBAHETO ca Ja ce n3bepe KommdecTBeHa MsIpKa 3a 00ocobsBaHe Ha
TE3W aKIEHTH, OLeHKa Ha MyONMKalUHTe criopen M30paHaTta MspKa W aHAJIW3 Ha IOTYYEHUTE PE3YITaTH.
N3bpanaTa mMspka e Opoii myOnuKamuy, ChIbPIKAIIN ONPEAEICHN TEPMUHH OT 00JIACTTAa Ha HEBPOHHUTE MPEXKH.
JloITbIIHUTEITHA METPUKA € PEHTHHT Ha aKaJeMUYHH W3IaHMS C HACOYEHOCT HEBPOHHH MPEXH, M3IIOI3BAHI KaTO
¢buiTpupam KpuUTepuid NpH HAKOM TBPCEHHS C ToisM Opod pesyaraTd. [leprmonbT Ha mpoBexIaHe Ha
m3caenBaHero € 16.03.2016-31.05.2016r. 3a kpaTKoCT, 3aHampex B ITyONUKAIMATa TEPMHUHUTE ‘‘HEBPOHHU
MpeXu’ U “U3KyCTBEHH HEBPOHHH MPEXH ™ Ca M3IOI3BaHU €KBUBAJCHTHO. Ta3W MPaKTHKa € YeCTO U3IMOI3BaHa B
myOIMKauUTe, KOETO € TPUYMHA KaTo KOHTpoiHa ¢paza ma Obae wm3moi3BaHa ‘“neural network”, 6e3
yrounenmuero “artificial”. M3nomBanute (pa3u 3a ThpceHE CHABPXKAT KIFOUOBaTa (Ppa3a, a M3KIIOUCHUITA ca
MOCOYSHH HW3pUYHO. B TabnmimTe H3MUCBaHETO Ha KOHTPOJHATa (paza € YMHUIUICHO NPOIYCHaTO 3a
TperyieHocT Ha pesynratute. KirouoBute (pasu, M3MON3BaHM B THPCEHETO, ca IOIAPENCHU B 2 KaTErOpHH —
TepMHHH, 0003HAYaBaIlM MAapaJirMd Ha HEBPOHHH MPEXH, M TEPMHUHH, OIMCBAIIM ONpPENCIICHN aclleKTH Ha
aHaM3a Ha HEBPOHHHM Mpexu. M3mon3BaHuTe (ppa3su oT mbppBaTa KaTeropus ca “quantum”, “fractional-order”,
“Hopfield”, “multilayer perceptron”, “self-organizing”, “fuzzy”, “delay”, “radial basis function”, “cellular”,
“stochastic”, “feedforward”, “echo state”, “recurrent”, “associative memory”, “chaotic”, “impulsive”, “spiking”,
“instantaneously trained”, “deep”, “restricted Boltzman machine”. ®pa3ute or BrOpara rpyma ca “training”,
“synchronization”, “stability”, “regression”, “batch learning”, “online learning”, “reinforcement

learning”,”competitive learning”, “overfitting”, “hidden markov model”, “gradient descent”, “delta rule”,
2 3

“convergence”, “backpropagation”, “local minimum problem”, “cross-validation”. Karo pedepenTan nanuu ca
B3€TH TIpe]] BUJ Te3u oT 0a3zaTta nanuu Science Direct. B cieaBammTe Tabnuim ca cucTreMaTn3upaHy JaHHHUTE 32
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mepuon or 16 romuam (2000-2015) u mamam ot 2016, 3a JONBIHWUTEIHO TOTBBPKIABAHE HAa OTKPUTHUTE
TeHaeHIMH. He BCHYKM MOTYYCHHU TaHHU Ca TPEICTABCHA B IYOIMKAIMATA TIOPa TOIEMHUS UM 00eM.

II1. U3cnenBane

B Ttabmumm 1-3 ca cucremMaTH3MpaHW pe3yATAaTHTE OT TBPCEHETO Ha W30paHUTE TEPMHHH,
0003HaYaBaIly MapaurMu Ha HEBPOHHH MpeXH, B 0azata naHHu Science Direct.

Tab6auna 1.
roMHa Neural network Quantum Fractional order Hopfield ‘ Delay ‘ Impulsive
2016 8510 285 396 122 ‘ 2480 ‘ 279
2015 19544 668 799 260 \ 5427 \ 550
2014 16579 562 668 228 ‘ 4680 ‘ 423
2012 14285 465 494 233 ‘ 3907 ‘ 332
2010 11703 367 348 190 ‘ 3298 ‘ 264
2008 11049 439 320 246 ‘ 3251 ‘ 254
2006 9813 413 289 232 ‘ 2671 ‘ 168
Taoauna 2.
roamna Chaotic MLP AM Recurrent ‘ Fuzzy ‘ Feedforward
2016 361 350 386 829 \ 1606 ‘ 1148
2015 784 803 951 1700 ‘ 3416 ‘ 2491
2014 614 687 825 1522 ‘ 2766 ‘ 2040
2012 534 570 722 1262 ‘ 2380 ‘ 1805
2010 421 459 633 1005 ‘ 1698 ‘ 1401
2008 433 428 662 1052 ‘ 1627 ‘ 1288
2006 357 388 535 959 ‘ 1413 ‘ 1144
Taoauma 3.
roauHa RBF Spiking Self- Echo state | Stochastic Deep RBM IT
organized
2016 914 684 1222 591 1148 ‘ 2091 ‘ 92 ‘ 50
2015 1999 1668 2774 1247 2638 ‘ 3962 ‘ 113 ‘ 102
2014 1576 1404 2140 1038 2141 ‘ 3314 ‘ 71 ‘ 107
2012 1310 1185 1930 888 1625 ‘ 2614 ‘ 16 ‘ 75
2010 1046 1041 1456 679 1312 ‘ 2037 ‘ 23 ‘ 66
2008 920 987 1451 510 1284 ‘ 1803 ‘ 29 ‘ 56
2006 723 820 1120 424 1153 | 1633 | 18 ‘ 49

[lerte mapagurmMu ¢ Hafl-TOMSIMO yBENMYEHHE Ha Oposi ClIOMEeHaBaHUs myOnukanuy 3a mepuoaa 2000-
2015 ca “restricted Boltzman machine”’(1614.3%), “echo state”(997.6%), “fractional-order” (719.8%), “radial
basis function”(569.5%), “stochastic”(568.5%). Ilerre ¢pa3u ¢ Hall-rOISIM OTHOCHUTENEH AsUI OT OOmus Opoit
myonukanuy mo temata mpe3 2015 ca “quantum” (34.2%), “delay” (27.8%), “cellular” (24.1%), “deep” 20.3%),
“fuzzy” (17.5%). C6opbT € mo-rossim ot 100%, 3a110To MMa IPUIIOKPUBAHE HA CIIOMCHABAHHUSTA B CTATHHTE.

Crien aHanm3 Ha Toiydenure ot Science Direct pesynratu, ce 3a6ensi3Ba, ue HEBPOHHHUTE MPEKH Ca
TeMa C HENpeKbCHATO pACTAlla IOMYIAPHOCT Mpe3 MOCIeNHHTe 16 TOAMHH, KaToO pacTeXxbT Ha Opos
MyOIMKAINK, W3IIN3ay Ha roguHa, ¢ 402% 3a menwus n3cinenBaH NepHoT; Hall-TOMSAM PBCT Ha MTyOTUKAIHATE Ce
HabmomaBa nipu (pasure restricted Boltzman machine, echo state, fractional-order, radial basis function,
stochastic; Haii-roisiM OTHOCHTENIEH U1 Ha MapagurMure mMmaT quantum, delay, cellular, deep, fuzzy; or
pasTiIeXIaHUTE KOHIENIINK €IWHCTBEHO MpeXnuTe Ha XOom(uilng mMar MUK Ha croMeHaBaHero mpemu 2015
roguHa (mpe3 2009), Makap 4e W IpH Ta3W KOHIIETIHA ce HaOnroqaBa Bh3pakJaHe Ha MHTEpeca B IOCIECAHUTE
roguHA. OT meTTe Hal-TIOMyJSIpHU KOHIETIIMK CpeNl Pa3TIIeKIAHUTe, SUHCTBEHO MIPU KIETHYHUTE HEBPOHHU
MpPEXH HUMa CHaJ Ha OTHOCHTENHHS U1 CHpsAMO oOmms Opod myONMKaluu, a Hail-rofisiM pBhCT MMa MpH
KBAaHTOBHTE HEBPOHHM MPEXH; IIPU MOYTH BCHUYKH TeMH ce Habmomasa criax npe3 2010 r. cipssmo 2009 1, mpu
HSKOW KOHLENIMHM CIIaAbT M BB3CTAHOBSBAHETO €A M3MECTCHHM C TOAWHA C W3KJIIOYEHHWE EIMHCTBEHO Ha
HEBPOHHHUTE MpPEXH OT JApoOeH pex, He3abaBHO OOYYEHHWTE M TE3HM C €XO CHhCTOSHHE; BBIIPEKH CIana, ce
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HaOJlIolaBa BB3CTAHOBSIBAHE W PACTEeX Mpe3 CIEABAIIUTE TOMMHU MPU BCUYKU KOHUemuu. HaGmomaBanute
TEHJCHIIUH NTOKa3BaT MHANKAINK 3a 3ana3Bane mpe3 2016 r.

B Tabmmia 4 ca npeACTaBeHH PE3YJITaTUTE OT ThPCEHETO Ha TEPMHHH, CBbP3aHH C HAKOHM ACIIEKTH HA
aHaJM3a Ha HEBPOHHUTE MpexH. ThpceHeTo € 0THOBO B Science Direct.

Taoauna 4.
roauHa regression stability Fractional order ‘synchronization ‘ training
2016 2591 2330 1649 \ 658 \ 4178
2015 5743 4654 3481 \ 1397 \ 9169
2014 4822 3979 3027 \ 1156 \ 7582
2012 3882 3144 2522 \ 911 \ 6367
2010 2910 2459 2053 \ 805 \ 4980
2008 2593 2473 1946 \ 685 \ 4798
2006 2134 2170 1843 \ 605 \ 4037
Taoauma 5.
Regression Online learning Synchronization Stability Training
668.6% 594.1% 550% 470.6% 431.5%

B Ttabnuia 6 ca NpeACTaBEHH PE3Y/ITATHTE 32 CIIOMEHABAHUATA Ha COPTYEpHH MPOAYKTH 3a CHMYJAlMs Ha
HEBPOHHU MPEKH B Oazata AanHM Ha Science Direct.

Taoauma 6.
roguma MATLAB | mathematica SNNS Neural Lab \ PDP++ \ PMLL
2016 377 62 6 2365 \ 47 \ 18
2015 1052 35 20 874 \ 43 \ 9
2000 216 11 13 384 \ 25 \ 2

Pesynrature or crpaBkara B Science Direct MHIuKHMpar, de Hali-M3cle[BaHaTa TeMa BbB BPB3Ka C
HEBPOHHHTE MpexH € o0ydenuero uM (“training”). HabmonaBa ce 3HaUUTENIeH PHCT B MyOIMKAIMUTE, KbJETO
HEBPOHHHUTE MPEXH CE€ aHAIM3HUpPAT KaTo TEXHHWKU 3a perpecus. [Ipu momynspHuTe codTyepHH NPOLYKTH 3a
pabora ¢ HEBpOHHHM MpEXH ce 3abessi3Ba cnaj Ha uHTepeca kbM MATLAB, 3a cMerka Ha yBenuueHue Ha
uHtepeca kbM Neural Lab.

Crenpamoro ThpceHe € B Scopus, Oubmuorpadcka 0a3a NaHHH, ChIbpKallla IMTATH OT CTATHH.
Iokpusa 6130 22 000 ot 5000 aBTOpa. CobcTBeHOCT Ha Elsevier. M3cnenBanero e HampaBeHO ChC CHIIUTE
KIIOYOBH TEPMHUHH KaTto ToBa B Science Direct, HO caMo pe3yiTaTté ¢ AByHU(pPEH Opoil clioMEeHaBaHHS ca
npencraBeHd. llopagm Mankusa Opoil IMyONWKAIlMH, W3CIEOBAHETO B ScCOpUs € YacTHYHO M HMa CaMo
OpHUEHTHUPOBBYHA I1e]1. PesynTaTtute ca mocodeHu B Tabnmma 7.

Ta6auna 7.
stochastic ‘ fuzzy ‘ guantum ’ cellular ‘ fractional order ‘ delay ‘

35 ‘ 46 ‘ 20 ’ 52 | 125 | 31 ‘

Haii-MHOro criomeHaBaHHsl Ha HEBPOHHH MPEXH ce HAONIOAaBaT B 00JAaCTH KaTO KOMITIOTHPHH HayKH,
MaTeMaTHKa, HEBPOHAYKM M WH)XEHEPCTBO, a Haii-MaJKO B IICHXOJIOTHS, MKOHOMHKa W OusHec. Haif-mHOro
myonukanuy uMa tipu gpasute fractional-order neural network, cellular neural network, fuzzy neural network,
stochastic neural network, delay neural network.

3a HyXIMTe Ha CIEIBAIIOTO ThPCEHE € HalpaBeHa CIpaBKa 3a HAYYHH H3JaHUS C HACOYCHOCT
KOMIIOTHPHU HayKH. 3a CIIpaBKaTa ca W3Mmoia3BaHu MeTpukuTe impact factor m SJR. Ilo-momy € mocodeH cnmchk
C W3/aHMSA Ha TeMa KOMITIOTBPHHM HAyKHM Cc BHCOK impact factor (mo-romsim or 2) 3a 2014 r., mompenenn
HHU3XOJAILO.
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IEEE Transactions on Fuzzy Systems 8.746
IEEE Transaction on Pattern Analysis and Machine Intelligence 5.781
Proceeding of the IEEE 4.934
Artificial Intelligence 3.371
Neural Networks 2.708
Evolutionary Computation 2.366
Neurocomputing 2.083
CrenBammsT CUCHK € Ha u3anus ¢ BUcok SJR 3a 2014r.
Foundations and Trends in machine learning 9.855
IEEE Transaction on Pattern Analysis and Machine Intelligence 8.741
Molecular Systems Biology 8.571
ACM Transactions on Intelligent Systems and Technology 5.452
IEEE Transactions on neural networks and learning systems 3.323

W3nanusara oT Ta3u chpaBKa ca M3MOJ3BaHM Npu u3ciensanero 4upe3 Google Scholar. [lopanu ronemust 6poit
WHJICKCUPAaHH IMyOJNMKAIlMKd OT Thpcaykara, NPHIOKEH (QUITHD MO KPUTEPUH W3AaHMs JaBa IO-HAISKIHA
uHpopmaiys. Pesynrarure ot ThpCceHETO Ha TEPMUHHM ca B Tabumu § -12.

Ta6imua 8 - “Neurocomputing”

roamna Neural network |Fractional order Delay Deep ‘ Fuzzy ‘ Quantum
2015 716 100 291 115 \ 359 \ 40
2007 218 17 79 14 ‘ 104 ‘ 1
Ta6auna 9 - “IEEE Transactions on neural networks and learning systems”
roguHa Neural network | Fractional order Delay Deep Fuzzy Quantum
2016 12 3 0 16 ‘ 7 ‘ 80
2012 119 10 4 58 | 53 | 15
Tabauuna 10 - “Artificial Intelligence”
rofMHA Neural network Quantum Fuzzy ‘ Delay ‘ Fractional order
2015 707 39 317 ‘ 101 ‘ 64
2007 621 20 233 | 108 | 46
Taoauua 11 - “Neural Networks”
roJMHA Neural network Quantum Fuzzy ‘ Delay ‘ Fractional order
2015 819 53 247 ‘ 261 ‘ 105
2007 1190 20 314 ‘ 285 77
Tabauna 12 — MyJaruaucuMnIdHaAPHA U31aHUs
uymamme (2016 2015 [2014  [2013  [2012  [2011  |2010 \2009 ‘2008 \2007 ‘2006
Nature 188  |426 |289 261 245 193 185 ‘281 ‘197 ‘174 ‘169
Science 1230 |6560 |7050 (9290  [11800 (8520  |7400 ‘6970 ‘6200 \5410 \4440

[Ipn Bcuukm M3maHuWsA ce HAONMIOAaBa yBENWYEHHE B Opos MyONMKaluW, M3JIM3ally Ha roxuHa. Haii-
TIOMTYJISIPHAAT BHUJ HEBPOHHU MPEXH CIIOpeN OpOSAT IMTHUPAHUS € Pa3sMHUTH HEBPOHHH Mpexu (B 4 M3aHW:A),
CIIeZIBaHU OT TE3W ChC 3aKBCHEHUS (B 2 OT M3AHUATA ) U IIBIIOOKM HEBPOHHU MPEXH (B 2 OT M3HAaHUATA ).
HaGmiomaBa ce TeHnmeHmusitTa 3a BpeMeHeH cmajn B myonukamumure mpe3 2010 cmpsimo 2009 romuHa, c
n3kiroueHne Ha m3manuero Proceedings of IEEE. Benpekn ue KBaHTOBHTE HEBPOHHHM MPEXH IPEACTABISBAT
HE3HAYWTENIeH A1 OT oOmust Opoil myOnmkamuu, ce HaOnromaBa PhCT HA HWHTEpeca KbM Ta3HW KOHLICTIIHS.
ChIoTO BaXXM M 32 HEBPOHHHUTE MPEXHU OT ApoOeH pen. IIpyn MynTHANCIMIITMHADHNTE U3/IaHMs ce HabironaBa
PBCT Ha MyOJMKaIMMTEe MO Temara 3a mociexHuTe 10 romuHM, Makap MUKBT MO TeMara Ja € B Ha4yaJloTO Ha
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HACTOALIOTO JeceTwieTne. M3aaHusATa ¢ Hall-MHOTO CriOMeHaBaHus Ha (pasata ca usganusra Artificial
Intelligence, Neurocomputing, Neural Networks.

Mendeley e nporpama 3a croziensiHe 1 MEHa)KUpaHe Ha HAyYHH MaTepualli, Ch3/laJIeHa IIpe3 aBrycT
2008 ronuHa. B cneaBamuTe pegoBe ca IOMECTEHU PE3YJITaTUTE OT ThPCEHETO HA TEPMHUHUTE, CBBP3aHU C
aHaJM3a Ha HEBPOHHU MPEXH, KaKTO 1 KOMOWHHMPAHETO Ha KOHTpOJIHATa (pasza ¢ Gpasu, CBbP3aHH C
TIPUIIOXKHUTE 00JIACTH Ha U3IOJI3BaHE HA HEBPOHHM Mpexu. V3ciienBaHeTo Ha KOHTpOIHATA (hpaza OTUYUTa O0OLIO0
103130 Hamuuay myonukaruy, 3a 2015 - 4837, 3a 2006 — 5300. OcrananuTe pe3ynraTu ca B Tabmuy 13-15.

Ta6auua 13
character recognition | image recognition ecology signal processing classification
533 419 479 3922 17384
19 45 13 135 887
1 12 84 198 863
Ta6auua 14
agriculture medicine time series routing knowledge artificial
‘ discovery ‘ intelligence
603 2675 3972 481 | 45 | 689%
38 130 197 14 2 | Bu
28 174 191 1 % | 8%
Ta6auua 15
regression stability training synchronization ‘ stability
9515 4337 20373 825 | 115
549 ar 1045 4 | n
464 255 941 2 | %
00110
2015
2000

HabGmronaBa ce Hamanenue Ha Oposi CTaTHH 10 TeMa “‘HEeBPOHHHM Mpexu” B 0a3ara manHu Mendeley 3a
nocnegaute 10 rogumau. Cpex KIIOYOBHTE OYMH, CBBP3aHH C NPUWIOKEHUATa HA HEBPOHHHTE MPEXH, Haii-
nonynspaute ca classification, artificial intelligence, time series, signal processing, medicine, decision making,
agriculture, character recognition, ecology, image recognition. Haii-nonynsipaure mapagiurMu HEBpOHHH MPEXH,
YCTaHOBEHH IIPU NPEIUIIHUTE U3CIEABAHUA — CbC 3aKbCHEHHS, Pa3MHTH, ABJIOOKH - U TYK UMaT roisMm Opoi
CIIOMEHABaHUs, KaTO M3KJIIOYCHUE NPaBST KBAHTOBUTE HEBPOHHU MPEXH. YBEIWYEHHE HAa CIOMEHABAHUATA CE
HaOronaBa mpu KitodoBute TymMu “classification”, “supervised learning”, “unsupervised learning”, “regression”,
“stability”, “training”, “synchronization”, “fractional-order stability”. Konrponupanoro odoyuenue (supervised
learning) e mo-moMyNIPHO OT HEKOHTPOIUPAHOTO.

arXiv e XpaHWIHIIE 32 HAyYHH MaTepHAIU C MYJITHAUCUUIUIMHAPHA HACOYEHOCT, CTAPTUPAIO Hpe3

1991, c vax | munmon cratiu kbM 2014. Tabnuma 16 06o61maBa pe3ynTaTure OT ThPCEHETO B arXiv.

Ta6auua 16
Neural delay deep training | regression| stability |supervised un-
roquHa | network learning | supervised
learning
2015 1000 20 611 601 67 | 338 | 10 | 76
2006 98 2 2 5 o | 4 | 1 1

HabnromaBa ce 3HaumTeneH pheT Ha mybOnukanuuTe mo Temarta (Ham 10 mpti). Jbpn0okuTe HEBpOHHH
MpEXH C€ OTKpOSBAaT KaTo JoMuHHpama (pasza (cnomeHaBanus B Hajg 50% or oOmms Opoit myOnmkamum) n
orbers3BaT Ha-ToimsiM pbeT 3a mocnennure 10 rogmam (Han 300 mbeTH). Haii-cmomMeHaBaHMST acmekT Ha
HEBPOHHHUTE MpEXH € o0ydeHHeTo WM. [Ipy BCHYKHM KIIOYOBM IyMH HMa pPBCT Ha CIOMEHABAHUITA.
KonTponupanoro o0ydeHue U TyK JOMHHHPA.

Wnrtepdeiicbr Ha Thpcaukata Springer Link mo3BonmsBa mpersien Ha pe3ynTaTHTE IO TeMaTHYHU
obyacTé ¥ BUIOBE ITyOJMKALIMM, 3aTOBA OCBEH PE3yNTaTHUTE 3a MapajAurMU HA HEBPOHHM Mpexu (Tabmumm 17-
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18), ca npuitoXeHN U pe3yATaTH 110 TEMH U BUJIOBE HaydHHU TpynoBe (Tabmuima 19). [TyOnukamumnTe, chabpxain
KOHTpoJHaTa (pasa ca odmo 174 840.

Ta6auna 17 — 00110 nyoJauKanuu

Hopfield | Delay |Impulsive |Quantum | AM Kohonen | Fuzzy ‘ FO ‘ FF ‘Stochastic‘ Deep
2194 1765 78 128 396 496 3718 ‘ 23 ‘ 6321 ‘ 528 ‘ 796

Tabauua 18 — ny0yiMKanuu 1Mo NPUJIOKHH 00/1aCTH M NAPAAUTMHU
Hopfield Delay | Impulsive | Quantum AM Kohonen | Fuzzy FO ‘ FF ‘Stochastic ‘ Deep ‘ obaact

1134 971 45 67 213 226 2208 13 239 ‘ 514 ‘ Al

768 621 30 X 156 122 1242 8 Computer

Science

164 211
125 397
processing

351 256 X 23 61 111 802 6 7 344 Data bases

391 270 X X 66 74 X X X X ICommunications

| |
632 594 29 X 113 115 933 7 ‘ 1594 ‘ ‘ Image

| | |

| | !

Taonuma 19 — 06110 Ny0JIMKALMHU 110 TEMHU

cTaTum | )KypHajiu kHuru| KommioTspHU Haykn l/IH?KeHepCTBO‘ ¢pusuxa ‘Me;mum[a ouosorust
80 706 3 359 96 314 47 492 ‘ 35708 ‘ 19 926 18 893

Iletre TemMu, B KOMTO MMa HaW-TOJSIM HHTEPEC KbM HEBPOHHUTE MpPEXHU Ca KOMIIIOTHPHHM HAYKH,
UHXEHepCTBO, (usnka, MenunuHa, ouonorus. Ilerre obnactu, kpaeTo ce HaONIOAaBa 3aCHIEH MHTEPEC KbM
HEBPOHHHUTE MPEKHU Ca M3KYyCTBEH MHTENEKT, TCOPHs HA KOMITOThPHHUTE HAyKH, 0OpaboTKa Ha M300pakeHws,
6331/1 JAaHHU W KOMYHHUKaIUHU. le/l IMOBEYCTO M3CICABAHM KOHLCIIIHMM HMa pasMHHABaHE MEXKAY pe€aa Ha
obylacTuTe, B KOUTO ca MOMNYJISPHU, W peJa Ha o0llacTUTe, B KOMTO € MOMyJsipHa KitouoBata (pasa T.e.
pa3IUYHUTE MAPaAUTMH HUMAT pas3inuueH (OKyC Ha NpHIOKeHUsATa. [Ipy KBaHTOBUTE HEBPOHHHM MPEXH HUMa
CIIOMEHABaHUsI OCHOBHO BBB Bpb3Ka C 0a3M NAaHHM W U3KYCTBEH MHTENEKT. Mpexxure Ha Xonduii ca Haii-
HOMYJSIPHH B 00JaCT KOMYHHMKanuW. J[bIOOKHTE HEBPOHHM MPEXH, KaTo INOHATHE OT IpaKTHKaTa, He ca
KOHIIENIIUS ¢ ToJIIMa TOMYJIAPHOCT CpeJ] TCOPETULINTE Ha KOMIIOThPHUTE HayKH. B m3cienBaneTo ca o0XBaHaTH
U MaTeMaTH4eCKd TEXHUKHM 33 aHaJW3 HAa HEBPOHHM MpPEXH, KAKTO M TEXHHKH 3a MAIIMHHO OOy4eHHe.
Topcenero ¢ B Science Direct. Uetnpure Hali-MOMyIIpHE TEXHUKK 3a MAIIHHHO 0o0yuenue ca “Instance-based
learning” (6826), “k-means” (6576), “Support vector machine” (6495), “Neural network” (4554). HeBponuute
MpEXH ca cpel IeTTe Haii-ClloOMeHaBaHW TEXHHKU 32 MAalIMHHO OOydeHue OT m3ciensaHute. [Ipu apiGokoro
oOyueHue ce HaOmopaBa Hail-roiasiM pbeT (74 IBTH) Ha CIIOMEHABAaHHMATA B CPaBHEHHE C IPYTUTE BUIOBE
MAaIIMHHO 00YyYeHHe, KaTo Hal-3HauMM € CKOKbT mpe3 2014 r. [Ipu BcUYKK TepMHHH , CBBpP3aHH C HEBPOHHHU
MpEeXH, ce HabJo/1aBa CTaOMJICH PhCT Ha CIOMEHaBaHMATA ¢ MUK mpe3 2015r.

1V. 3akniouenune

B moutn Bcuukm n3cnenBaHu 0a3u JaHHM M M3JAaHUS ce HAaOMIOAaBa PBHCT Ha IMyOIMKALMHUTE HA TeMa
HeBpoHHH Mpexu. HabmromaBa ce cmamg B Opos myOmukamm mo TemaTta mpe3 mepuoma 2009-2010, o B
TIOCJIEIHUTE TOIAVHU € HaJWIE BB3CTaHOBsiBaHe. Cpen Hail-NIOMYNISpHUTE BHIOBE MapaJurMH Ha HEBPOHHU
MpEXH Ca TE3H ChC 3aKbCHEHHA, PA3MUTH U ABIOOKH. J{pyru MOMy sipHA BUIOBE Ca KIEThYHM M KBaHTOBH. Cpen
M3CIIeIBAHUTE BUOBE HEBPOHHU MPEXU KBAaHTOBUTE U TE€3M OT APOOEH Pex ce paaBaT Ha Hail-roysMm pbeT. Haii-
pa3TIeXNIaHUTE aCleKTH Ha HEBPOHHHTE MpPEXH ca OOYUYCHHETO MM, CHHXPOHM3ALUsTa, CTaOMIHOCTTa H
yrmorpebara UM KaTo TEXHHKH 3a perpecus. HeBpoHHHTE MpeXH MMaT IIMPOKO MPWIOKEHHE B O0JIACTH KaTo
N3KYCTBEH MHTENEKT, MEIUINHA, ONONOTHs, HHXEHEPCTBO, (hM3MKa, MaTeMaTHKa, KOMIIOThPHHU HaykH. Hecto
Ce M3MONI3BAT KaTO TEXHHUKH 32 00paboTka Ha CHTHAJH, KIaCH(HUIIMpaHe, pa3llo3HaBaHE Ha 00pa3y W CHMBOIIH,
perpecusi, pabora ¢ 0a3m JaHHW, KOMyHHKarmu. KoHTpoimpaHOTO oOydeHHe ce CIIOMEHaBa I0-9eCTO OT
HEKOHTponupanoto. OHNaiiH 00y4eHneTo € cpel Hal-TIONYyJISIPHUTE TeXHUKHU. M3maHus ¢ BHCOK peHTHHT, mpu
KONTO WMa CHJICH HMHTEpeC KbM HeBpoHHHTe Mpekm ca Artificial Intelligence, Neurocomputing, Neural
Networks. B MynTuauciuminHapHy W3aHUS CHIIO MMa MHTEpeC KbM Temarta. [lomynmsipHHM MHCTpyMEHTH 3a
cumynanus Ha HeBpoHHH Mpexu ca MATLAB u Neural Lab.

OcBeH OIeHKa Ype3 U3MOJI3BAHUTE METPUKH, B M3CIIEIBAHETO Oellle HampaBeH U (parMeHTapeH mperies
Ha ITyONHMKAIMK OT TocieaHnTe roxuHM. [Ipm mperyiena Osixa 3a0ensi3aHM MHOBAaTHBHH HWJIEH, KOUTO HMaT
TIOTEHIMAJ /1a Ce MPEeBbpPHAT B ObJeNIM HampaBieHWs Ha uHTepec. Exum or yuenm or Google paszpaborsar
HEBpOHHAa MpeXka, CcHocoOHa Ha Cbh3/laBaHe Ha W300pakeHHe Ha Oaszata Ha NpPUIOOMTO OOydeHHeE.
JleMoHCTprpaHaTa CIIOCOOHOCT € CXOfHa C YOBEIIKOTO BHOOpaXKEHHE 3a TeHepupaHe Ha o00pa3W BbBB
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BBOOpakeHneTo. MozenbT € uMIuieMeHTHpaH dpe3 yeO cucrema mox mmero DeepDream [1], kosto mma
JIEMOHCTpallMOHHA IIeJT W MOXKE Jla C€ H3I0JI3Ba 3a Ch3JaBaHe Ha JHUIHTATHO rpaduuHo HM3KycTBO. Jlpyra
WHOBAaTMBHA WJEsl € W3IOJ3BAHETO Ha CBOJIONMS B MarepHaid 3a aJpecHpaHe Ha NpoOJeMH, TUIHYHO
aJlpecpaHd OT HEBPOHHM MpexH. [pyma ydeHMm mpemiarar apxXUTEKTypa 3a pellaBaHe Ha NpoOJIeMH Ha
KJIacu(uKanusaTa, 3a IpbB IbT U3MOJI3BAHKK EBONIOLMS B MaTepualiy 3a nopoOeH pox npodiemu [2]. B mpyra
myonmkanus or 2013 e npenokeHa HEBpOHHA MpEka ¢ eMOoIuH [4].
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