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PE®EPAT

Junnomuas pabota: 61 crtpanuna, 18 pucyHkoB, 14 wuCHOIB30BaHHBIX

HNCTOYHHUKOB, 1 IIPUIIOKCHUC.

HEMPOHHBLIE CETH, TIOJIHOCBSI3HBIE HEWPOHHBIE CETH,
OYHKIMU ITOTEPb 1 AKTUBALIU, ABPOPAJIBHBIE CBEUEHMA

Obvexm uccnredosanusi — aBpoOpaJibHbIC CBEUCHUS.

Llenv pabomwr — pa3paboOTKa MOJTHOCBI3HONW MCKYCCTBEHHOW HEHPOHHOU ceTu
UL KJIacCU(UKAlUM  aBPOPAJbHBIX  CBEUEHUHM MO  UX  CHEKTPaJbHbIM
XapaKTEPUCTUKAM.

Memoovl  uccredosanusi — HEUPOHHBIC CETH (S3BIK MPOrPaMMHUPOBAHHS
javascript u rexnosioruu nodejs, tensorflow)

B nccnenoBanum UCOIB3YIOTCS pa3InyHbIE CIIOCOOBI OCTPOCHUS U 00yUEHHUs
MOJTHOCBSI3HBIX HEHPOHHBIX CETEH, TAKHE KaK MOCTPOCHUE CEeTEH Ha sI3bIKe jJavascript u
python, co3manue HOBBIX CeTe WM HAa OCHOBE YKe¢ OOYYCHHBIX, TaKXKe B
IKCIIEPUMEHTAX HCIIOIB30BAINCH pa3iMuHbie OnOMMoTekH, Hanpumep tensorflow wu
brainjS ¥ MHCTPYMEHTBI 11 IOCTPOCHHUS ceTel Bpoje |S u Nodejs.

B pe3ynpTaTe mpoBeNEHHOr0 HCCIENOBAaHUS ObUIO YCTAaHOBJIEHO, YTO MOYHO
HCITIOJIb30BATh TOJIHOCBS3HBIE HEHUPOHHBIE CETH ISl KJacCU(PHUKAIMK aBpOPATbHBIX
CBEUYEHUH C JIOBOJBHO BBICOKOM TOYHOCTBIO — caMasi BHICOKAsi TOUHOCTh COCTABJIsIA
75%, B cBOIO ouepenb cpeaHssi TOUHOCTH cocTaBisiia 60-70%. /lanHbie mapameTpsl
OBLTM TIOJY4YeHBbl TPU HUCIOJIB30BAaHUU (PYHKIMN aKTHUBAllMM TAHTCHCUAILHOW U
softmax, co cpeHIM KOJUYECTBOM HEHPOHOB paBHBIM 256.

Taxxke OBUTM TPOAHATM3UPOBAHBI PE3YJIbTATHl PA3TUYHBIX TMOTHOCBSI3HBIX
HEHPOHHBIX CETEH: C OJIMHAKOBBIMU M PA3IMYHBIMU CJIOSIMHU, C Pa3HBIM KOJIUYECTBOM
HEHPOHOB Ha CJIOSAX U C pa3HbIMU (DYHKIMSIMU aKTUBALIMU U IOTEPH , MIOCTPOEHHBIX IO
W3BECTHBIM CIOCOOAM M OKCIEPUMEHTaNbHO. [IpoaHanu3upoBaHbl PE3yJabTAThI
oOyueHust U paboThl TaHHBIX CETEH, KOTOPbIE TOBOJBHO XOPOIIUE JJIs MOJHOCBSI3HBIX
CeTei, KOTOpble B OTJIMYME OT CBEPTOUHBIX IJIOXO pabOTaIOT C KiIacCH(PHUKAIUEH.
JlanHble pe3ysibTaThl ObUIM TOJYYEHBl OJjarojaps Xopouiemy noadoopy (yHKIHi
aKTUBAIIMM, OOYYEHHUIO M HKCIIEPUMEHTAJbHBIM JAHHBIM, Ha KOTOPBIX OOydYaluCh

HEHUPOHHBIE CETH.



PODEPAT

JpiruiomHas npana: 61 craponka, 18 manmtonkay, 14 BeIKapbICTaHBIX KPBIHIIL, 1
TIPBIKJIATaHHE.

HEMPOHABBISA CETKI, TIOJJHOCBS3HBIE HEWPOHABBIS CETKI,
®VHKIIBII CTPAT I AKTBIBAILIBII. AYPAPAJILHBIA CBATJIEHHSI

AOG'eKT nacnenaBaHHs aypapaibHbIs CBITICHHS.

MbTa mpatiel — pacmpaioyka MOJHOCBSI3HOM MITYy4YHAl HEWpOHaBail CeTKi i
KJ1acidikalibli aypapajibHBIX CBIUSHHAY MMa 1X CIIEKTPaIbHBIM XapaKTaphICThIKAX.

Mertanpl nacieaBaHHs — HEHPOHABBISA CETKI (MOBa MparpamMaBaHHs javascript i
TIxHajorii nodejs, tensorflow)

VY nacnenaBaHHI BRIKaPHICTOYBAIOLIIA PO3HBIS criocalObl a0y 10BbI 1 HABYYaHHS
MOJTHOCBSI3HBIX HEMPOHABBIX CETaK, Takis sSK mady/oBa CeTak Ha MOBE javascript i
python, cTBapsHHEe HOBBIX ceTak a00 Ha acHOBE VKO HaBy4YaHbIX, Takcama Yy
HKCIIEPBIMEHTAX BBIKAPBICTOYBAJICA PO3HBIA O010/1AT3KI, Hanpbikiaaja tensorflow 1
brainjs 1 IHCTpYMEHTHI J1Jis1 Ta0YyIOBbI CETaK HAKIITANIT s 1 node;js.

VY BBIHIKY MpaBe[3eHara JaciefaBaHHs ObLIO YCTaHOYJEHa, IITO MOXKHA
BBIKAPBICTOYBAIlb MOJHOCBS3HBIC HEMPOHABBIS CETKI JIJIs Kiacipikaibli aypapaibHbIX
CBSUDHHSY 3 JIaBOJI1 BBICOKAM JakiaJHACIlO-caMas BBICOKAs JaKjIaJHACIb CKJajalia
75%, y cBato yapry cap3aHss nakiaaaHacp ckinagana 60-70%. Jan3eHsis napaMeTpbl
OBl aTphIMaHbI MPbI BEIKAPBICTAHH] (DYHKIIBIA aKThIBALbll TAHT€HIIbIMHAM 1 softmax,
3 CSIPIJIHIM KOJIBKACITIO HEMpoHAY poyHBIM 256.

Takcama ObUTI TIpaaHasli3aBaHbl BBIHIKI PO3HBIX IMOJHOCBSI3HBIX HEHUpPOHABBIX
CeTak: 3 aJHOJBKAaBBIMI 1 PO3HBIMI TUTaCTaMi , 3 PO3HAM KOJBKACIIO HEHWpoHay Ha
miacTax 1 3 poO3HbIMI (PYHKIIBISIMI aKThIBAIlbll 1 CTpaT, MadyJaBaHbIX Ma BSJIOMBIX
cnocabaM 1 HJKclepeIMeHTaNbHA. [IpaaHanizaBaHbl BBIHIKI HaBy4YaHHS 1 TIparlbl
JaJI3EHBIX CETaK, SIKisl 1aBOJI JOOPHIsS JJIsI TOJTHOCBA3HBIX CETaK, KIS Y aJpO3HEHHE a/l
CBEPTOYHBIX JIPAIHHA MPAIYIOIh 3 Kiacidikanbisaid. J[an3eHpist BbIHIKI ObUTI aTphIMaHbI
I3IKyr0ubl  Jo0pamy — manbOopy — GyHKUBIA  akThIBallbll,  HAaBYyYaHHIO 1
AKCIIEPHIMEHTAIBHBIM JAJ3€HbIX, HA SIKIX HaBy4alicsi HEHPOHAaBbIS CETKI.



ABSTRACT
Thesis: 58 pages, 18 drawings, 14 sources used, 1 appendix.

NEURAL NETWORKS, FULLY CONNECTED NEURAL NETWORKS,
LOSS AND ACTIVATION FUNCTIONS. AURORAL GLOW

The object of the study is auroral luminescence.
The purpose of the work is to study auroral glow and neural networks,
classification of auroral glow using neural networks.

Research methods — neural networks (javascript programming language and

nodejs, tensorflow technologies)

The study uses various methods of building and training fully connected neural
networks, such as building networks in javascript and python, creating new networks
or based on already trained ones, various libraries were also used in experiments, for
example tensorflow and brainjs and tools for building networks like js and nodejs.

As a result of the study, it was found that it is possible to use fully connected
neural networks to classify auroral lights with fairly high accuracy - the highest
accuracy was 75%, in turn, the average accuracy was 60-70%. These parameters were
obtained using the tangential and softmax activation functions, with an average number
of neurons equal to 256.

The results of various fully connected neural networks were also analyzed: with
the same and different layers, with different numbers of neurons on the layers and with
different activation and loss functions, constructed by known methods and
experimentally. The results of training and operation of these networks are analyzed,
which are quite good for fully connected networks, which, unlike convolutional
networks, do not work well with classification. These results were obtained thanks to
a good selection of activation functions, training and experimental data on which neural
networks were trained.



