SCIENTIFIC ELECTRONIC

INTERNATIONAL SCIENTIFIC REVIEW LIBRARY.RU

INTERNATIONAL SGENTIFIG
AND PRACTICAL CONF ERENCE
S

0,
&LEMS OF sc‘f‘

/\ ISBN 978-1-64655-135-4

HTTPS://SCIENTIFIC-CONFERENCE.COM

KKVI INTERNATIONAL CORRESPONDENCE SCIENTIFIC SPECIALIZED CONFERENGE

INTERNATIONAL SCIENTIFIC REVIEW
OF THE TECHNICAL SCIENCES,
MATHEMATICS AND COMPUTER SCIENCES

LIBRARY OF
CONGRESS (USA) Boston. USA. December 22-23, 2022

«3INII9S YILNIWOD ANV SOILVIWIHLVIA ‘STINIIDS TVIINHOAL FHL 40 MIAIATY DIJILNTIOS TYNOILYNYILNP IONIFHIANOD A3ZITVIDAdS JIHILNIIOS FIONIANOJSIHUOD TVYNOILYNYILNI IAXX



ISBN 978-1-64655-135-4
UDC 08

XXVI INTERNATIONAL CORRESPONDENCE
SCIENTIFIC SPECIALIZED CONFERENCE
«INTERNATIONAL SCIENTIFIC REVIEW OF
THE TECHNICAL SCIENCES, MATHEMATICS
AND COMPUTER SCIENCE)»

(Boston. USA. December 22-23, 2022)

BOSTON. MASSACHUSETTS
PRINTED IN THE UNITED STATES OF AMERICA
2022



INTERNATIONAL SCIENTIFIC REVIEW OF THE PROBLEMS OF THE TECHNICAL
SCIENCES, MATHEMATICS AND COMPUTER SCIENCE / COLLECTION OF SCIENTIFIC
ARTICLES. XXVI INTERNATIONAL CORRESPONDENCE SCIENTIFIC SPECIALIZED
CONFERENCE (Boston, USA, December 22-23, 2022). Boston. 2022

EDITOR: EMMA MORGAN
TECHNICAL EDITOR: ELIJAH MOORE
COVER DESIGN BY DANIEL WILSON

CHAIRMAN OF THE ORGANIZING COMMITTEE: VALTSEV SERGEI
CONFERENCE ORGANIZING COMMITTEE:

Abdullaev K. (PhD in Economics, Azerbaijan), Alieva V. (PhD in Philosophy, Republic of Uzbekistan), Akbulaev N.
(D.Sc. in Economics, Azerbaijan), Alikulov S. (D.Sc. in Engineering, Republic of Uzbekistan), Anan'eva E. (D.Sc. in
Philosophy, Ukraine), Asaturova A. (PhD in Medicine, Russian Federation), Askarhodzhaev N. (PhD in Biological Sc.,
Republic of Uzbekistan), Bajtasov R. (PhD in Agricultural Sc., Belarus), Bakiko 1. (PhD in Physical Education and Sport,
Ukraine), Bahor T. (PhD in Philology, Russian Federation), Baulina M. (PhD in Pedagogic Sc., Russian Federation), Blejh
N. (D.Sc. in Historical Sc., PhD in Pedagogic Sc., Russian Federation), Bobrova N.A. (Doctor of Laws, Russian Federation),
Bogomolov A. (PhD in Engineering, Russian Federation), Borodaj V. (Doctor of Social Sciences, Russian Federation),
Volkov A. (D.Sc. in Economics, Russian Federation), Gavrilenkova I. (PhD in Pedagogic Sc., Russian Federation),
Garagonich V. (D.Sc. in Historical Sc., Ukraine), Glushhenko A. (D.Sc. in Physical and Mathematical Sciences, Russian
Federation), Grinchenko V. (PhD in Engineering, Russian Federation), Gubareva T. (PhD in Laws, Russian Federation),
Gutnikova A. (PhD in Philology, Ukraine), Datij A. (Doctor of Medicine, Russian Federation), Demchuk N. (PhD in
Economics, Ukraine), Divrenko O. (PhD in Pedagogic Sc., Russian Federation), Dmitrieva O.A. (D.Sc. in Philology,
Russian Federation), Dolenko G. (D.Sc. in Chemistry, Russian Federation), Esenova K. (D.Sc. in Philology, Kazakhstan),
Zhamuldinov V. (PhD in Laws, Kazakhstan), Zholdoshev S. (Doctor of Medicine, Republic of Kyrgyzstan), Zelenkov M.YU.
(D.Sc. in Political Sc.,PhD in Military Sc., Russian Federation), Ibadov R. (D.Sc. in Physical and Mathematical Sciences,
Republic of Uzbekistan), l'inskih N. (D.Sc. Biological, Russian Federation), Kajrakbaev A. (PhD in Physical and
Mathematical Sciences, Kazakhstan), Kaftaeva M. (D.Sc. in Engineering, Russian Federation), Klinkov G.T. (PhD in
Pedagogic Sc., Bulgaria), Koblanov Zh. (PhD in Philology, Kazakhstan), Kovaljov M. (PhD in Economics, Belarus),
Kravcova T. (PhD in Psychology, Kazakhstan), Kuz'min S. (D.Sc. in Geography, Russian Federation), Kulikova E. (D.Sc. in
Philology, Russian Federation), Kurmanbaeva M. (D.Sc. Biological, Kazakhstan), Kurpajanidi K. (PhD in Economics,
Republic of Uzbekistan), Linkova-Daniels N. (PhD in Pedagogic Sc., Australia), Lukienko L. (D.Sc. in Engineering, Russian
Federation), Makarov A. (D.Sc. in Philology, Russian Federation), Macarenko T. (PhD in Pedagogic Sc., Russian
Federation), Meimanov B. (D.Sc. in Economics, Republic of Kyrgyzstan), Muradov Sh. (D.Sc. in Engineering, Republic of
Uzbekistan), Musaev F. (D.Sc. in Philosophy, Republic of Uzbekistan), Nabiev A. (D.Sc. in Geoinformatics, Azerbaijan),
Nazarov R. (PhD in Philosophy, Republic of Uzbekistan), Naumov V. (D.Sc. in Engineering, Russian Federation),
Ovchinnikov Ju. (PhD in Engineering, Russian Federation), Petrov V. (D.Arts, Russian Federation), Radkevich M. (D.Sc. in
Engineering, Republic of Uzbekistan), Rakhimbekov S. (D.Sc. in Engineering, Kazakhstan), Rozyhodzhaeva G. (Doctor of
Medicine, Republic of Uzbekistan), Romanenkova Yu. (D.Arts, Ukraine), Rubcova M. (Doctor of Social Sciences, Russian
Federation), Rumyantsev D. (D.Sc. in Biological Sc., Russian Federation), Samkov A. (D.Sc. in Engineering, Russian
Federation), San'kov P. (PhD in Engineering, Ukraine), Selitrenikova T. (D.Sc. in Pedagogic Sc., Russian Federation),
Sibircev V. (D.Sc. in Economics, Russian Federation), Skripko T. (D.Sc. in Economics, Ukraine), Sopov 4. (D.Sc. in
Historical Sc., Russian Federation), Strekalov V. (D.Sc. in Physical and Mathematical Sciences, Russian Federation),
Stukalenko N.M. (D.Sc. in Pedagogic Sc., Kazakhstan), Subachev Ju. (PhD in Engineering, Russian Federation), Sulejmanov
S. (PhD in Medicine, Republic of Uzbekistan), Tregub I. (D.Sc. in Economics, PhD in Engineering, Russian Federation),
Uporov I. (PhD in Laws, D.Sc. in Historical Sc., Russian Federation), Fedos'kina L. (PhD in Economics, Russian
Federation), Khiltukhina E. (D.Sc. in Philosophy, Russian Federation), Cuculjan S. (PhD in Economics, Republic of
Armenia), Chiladze G. (Doctor of Laws, Georgia), Shamshina I. (PhD in Pedagogic Sc., Russian Federation), Sharipov M.
(PhD in Engineering, Republic of Uzbekistan), Shevko D. (PhD in Engineering, Russian Federation).

PROBLEMS OF SCIENCE
PUBLISHED WITH THE ASSISTANCE OF NON-PROFIT ORGANIZATION
«INSTITUTE OF NATIONAL IDEOLOGY »
VENUE OF THE CONFERENCE:
1 AVENUE DE LAFAYETTE, BOSTON, MA 02111, UNITED STATES
TEL. OF THE ORGANIZER OF THE CONFERENCE: +1 617 463 9319 (USA, BOSTON)
THE CONFERENCE WEBSITE:
HTTPS://SCIENTIFIC-CONFERENCE.COM

PUBLISHED BY ARRANGEMENT WITH THE AUTHORS
Attribution-ShareAlike 4.0 International (CC BY-SA 4.0)
https://creativecommons.org/licenses/by-sa/4.0/deed.en



Contents
TECHNICAL SCIENCES

Kasimova S.R. (Republic of Azerbaijan) METODS OF MEASURING THE
DIELECTRIC COEFFICIENTS OF HIGHLY ABSORBING SOLID AND LIQUID
SUBSTANCES / Kacumosa C.P. (Azepbanimxanckas Pecmybmmka) METOIbI
U3MEPEHUA ANSJIEKTPUYECKUX KOSODOULMEHTOB CUJIBHO..........ccoveeenneee

Schukina A.V., Belozerov O.I. (Russian Federation) ONLINE EDUCATIONAL
SERVICES USING GAMIFICATION AS THE MAIN TOOL OF THE
EDUCATIONAL PROCESS / I]yxuna A.B., bernosepog O.HU. (Poccmiickas @eneparius)
OBPA30OBATEJIbHBIE OHJIAMH-CEPBUCHI, HCIIOJIB3YIOUIUE
T'EMMUOUKALMIO, KAK OCHOBHOU MHCTPYMEHT OBPA30OBATEJIBHOI'O
TIPOIIECCA ...ttt ettt ettt et et e e e taeeetae e s aaeeetseesaseeeaseesavaeeasessseeenreeans

Bozhenko Z.M., Chernobrivets V.O., Kostin 1.V. (Russian Federation) INVESTIGATION
OF CHANGES IN THE STRESS-STRAIN STATE OF A BERTHING STRUCTURE
MADE OF CAISSON BERTH DURING THE CONVERSION OF THE BERTH /
boowcenko 3.M., UYepnoopusey B.O., Kocmun H.B. (Poccuiickas Denepars)
UCCIIEJOBAHUE M3MEHEHHA HAIIPSDKEHHO-JE®OPMUPOBAHHOI'O
COCTOSHIS ITPUYAJIIBHOT'O COOPYXEHUS M3 MACCHUBOB-TUTAHTOB
ITPY IIEPEITPOOUITNPOBAHUI TTPITUAJTTA ...

Sinelnik K.E., Limanova N.I. (Russian Federation) CREATE A PROGRAM THAT CAN
RECOGNIZE DRAWINGS DRAWN BY THE USER USING A LEARNING
NEURAL NETWORK IN THE OBJECT-ORIENTED JAVA LANGUAGE /
Cunenvnuk K.3., Jlumanosa H.U. (Poccuiickas @enepars) CO3/JATh [TIPOTPAMMY,
KOTOPASA CMOXET PACIIO3HABATH PHUCYHKHM, HAPUCOBAHHBIE
[TOJIB3OBATEJIEM C TTOMOIIbIO OBYYAIOIIENCS HEMPOHHOM CETU HA
OBBEKTHO-OPUEHTHUPOBAHHOM S3bIKE JAVA.....coiiiiiiieeeeeeeeee e

Karnaukhov A.V. (Russian Federation) HOW ALPHAGO WORKS - THE FIRST
PROGRAM TO BEAT A HUMAN IN THE GAME OF GO / Kapnayxoe A.B.
(Poccwmiickas @enepannsi) KAK PABOTAET AJIb®AI'O - TIEPBAS TTPOTPAMMA,
MOBEXIAIOIIAS UEJIOBEKA B UTPE TO......ccuiiiiieeeeeeeeece e



TECHNICAL SCIENCES

METODS OF MEASURING THE DIELECTRIC
COEFFICIENTS OF HIGHLY ABSORBING SOLID AND
LIQUID SUBSTANCES
Kasimova S.R. (Republic of Azerbaijan)

Kasimova Sevda Rasim — PhD in physico-mathematics Sciences,
Associate Professor,
ENGINEERING PHYSICS AND ELECTRONICS DEPARTMENT,
AZERBAIJAN TECHNICAL UNIVERSITY,
BAKU, REPUBLIC OF AZERBAIJAN

Abstract: the dependences of the wave reflection coefficient on the
layer thickness of a liquid absorbing dielectric and a magnet in free
space and in a TE waveguide are studied. The functional relationships
between the position and the magnitude of the extreme of these
dependences and the values of the dielectric or magnetic properties of
the substance are determined.

Keywords: dielectric loss, dielectric constant, liqguid and solid
substances.

METOAbI UBMEPEHUSA TUIJTEKTPUYECKUX
KO2OOUIIUEHTOB CUJIBHO ITOTJVIOIIAKOHINUX
TBEPABIX N ’KNJIKUX BELHLIECTB
Kacumosa C.P. (A3epOaiikanckas PecnyOsmnka)

Kacumosa Cesoa Pacum evizvl — kanouoam uzuxo-
Mamemamuyeckux HayK, OOYeHm,
Kagheopa unxiceHepHou Qu3UKU U INeKMPOHUKL,
A3epbaiiodxcanckuii mexHu4ecKull YHusepcumem,

2. baky, Azepbatioscancras Pecnybnuxa

Annomauyusn: uccnedo6ambl 3a8ucuUMocmu Koa¢hpuyuenma
OMPAdICEHUsT BOJHBI OM MOJWUHBL CHOSL HCUOKO20 NO2NIOWAIOUe20
OUIIEKMPUKA U MASHemuKa 6 c80000HOM npocmpancmee u 6 10
8oH0600e. Onpeodenenvl QOYHKYUOHAbHBIE 3ABUCUMOCU  MEHCOY
NONOJCEHUEM U BEIUYUHOU IKCMpemMymMa >Smux 3a8ucuMocmei u
BEUYUUHAMU OUDTIEKMPUYECKUX UTIU MACHUMHBIX C8OLICNE 8eUiecmaa.



Knioueevle cnoea: ousnekmpuueckue nomepu, OUIIEKMPUYECKAS
NPOHUYAEMOCMb, HCUOKUE U mEepoble eujecmad.

UDC 621:3.035.222.7.:621.317.335.3

A number of microwave methods for measuring the dielectric
properties of liquid and solid substances with #65<0.8, have been
developed with the use of a resistance transformer in the measurement
circuit. Their practical application allows obtaining reliable
information on the dielectric and magnetic properties of liquid objects
of research, and on their basis about their molecular structure. In
particular, the analysis of the behavior of the frequency and
temperature dependences of the permittivity and dielectric loss of polar
liquids and their solutions allows us to determine the dipole moments
of polar molecules, polarizability, relaxation times, and energy
activations of dipole relaxation, the nature of the orientations of the
dipoles and a number of other important molecular characteristics of
the substance [1]. It is very promising to apply it, to assess the
influence of the nearest environment on the relaxation processes of
dipole molecules when analyzing the dielectric properties of
concentrated solutions, the components of which have different
molecular nature [2]. They allow to determine the possibility of the
formation of molecular associates and complexes due to the action of
inter- and intramolecular hydrogen bonds.

In this regard, one of the relatively simple methods for determining
the wave impedance and the associated values of the dielectric
coefficients of a substance is the inserting of a thickness-adjustable,
flat layer of a non-absorbing liquid located on the surface of the study
into the measurement circuit blown substance [3]. Measurement
scheme ¢’ and €" using a waveguide water-guiding system, in which
as an analogue of a variable resistance transformer a flat quarter-wave
non-absorbing dielectric that is adjustable in position is used the plate
is shown in Fig. 1.

As matching liquid, it is permissible to use non-polar liquids that do
not have absorption, for example, benzol, hexane, etc. [4]. To measure
the standing wave coefficient, two directional couplers 10 are used, the
outputs of the detector sections 11 of which are connected to the
standard voltage standing wave meter 12.
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The consideration of Fig. 2 implies the possibility at definite choices
of the dielectric properties of the coating material to achieve one of the
minima of the function p(x) of zero value. It is characteristic that, with
a decrease in wave attenuation in matter, the interface between the
normal and anomalous regions shifts toward higher x values. The latter
indicates that the conditions for the complete absorption of incident
radiation in the dielectric layer are satisfied. It is associated with the
appearance of zero minima of the function p(x).

Fig. 1. Block diagrams of measuring the dielectric coefficients of
highly absorbing solid and liquid substances using a panoramic
standing wave coefficient meter and using a quarter-wavelength plate
(a) and matching liquid (b). 1 - klystron generator with an attenuator
and a wave meter; 2 - a directing path; 3 - directional coupler, 4 -
detector, 5 — coefficient of stand wave’s meter, 6 - plate; 7 -
measuring cell; § - thermostat; 9 - measured substance,; 10 - matching
liquid; 11 - piston; 12 - micrometric device
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Fig. 2. The dependences of the modulus of the reflection coefficient of
the wave p on the thickness of the layer [ of the substance with values
of its loss factor y equal to 0.6 (a), 0.3 (b), and 0.1 (c). 14 is the
wavelength in the substance
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ONLINE EDUCATIONAL SERVICES USING GAMIFICATION
AS THE MAIN TOOL OF THE EDUCATIONAL PROCESS
Schukina A.V.', Belozerov O.1.” (Russian Federation)

ISchukina Alena Viktorovna — Student;

’Belozerov Oleg Ivanovich — PhD in Technics, Associate Professor,
DEPARTMENT OF COMPUTER ENGINEERING AND COMPUTER
GRAPHICS,

NATURAL SCIENCE INSTITUTE
FAR EASTERN STATE TRANSPORT UNIVERSITY,
KHABAROVSK, RUSSIAN FEDERATION

Abstract: the article deals with issues related to the introduction of
gaming teaching methods in the educational process. The analysis of
several successful educational resources using gamification has been
carried out. Using the example of three online services, it is
considered what specific specific tasks gamification solves, what game
mechanics are used and how it improves learning. The choice of
gamification as the main method for working with students allowed the
described educational platforms not only to increase attendance, but
also to increase the interest of participants in the learning process.
Keywords: learning, learning platform, gamification.



OBPA3OBATEJIBHBIE OHJIAWH-CEPBUCHI,
NCHOJIBb3YIOINUE TENMUPUKALINIO KAK OCHOBHOU
NHCTPYMEHT OBPA3OBATEJIBHOT' O ITPOLNECCA
Ilykuna A.B.', Beaozepos O.H.” (Poccuiickas ®exepanus)

IlllyKuHa Anena BuxmoposHna — cmyoenm;

’Benosepos Onee Heanosuu — Kanoudam mexsuueckux Hayx, 0oyeHm,
Kagheopa 8bIuUCTUMENbHOU MEXHUKU U KOMNbIOMEPHOU epaghuKu,
Ecmecmeenno-nayunwiii uncmumym,
Lanvuesocmounulii 20cy0apcmeenHwlli yHugepcumem nymetl
coobuenusl,

2. Xabaposck, Poccutickas ®@edepayust

AHHOmMauua: 6 cmamve paccmampusaromcs 60NPOCyI, CA3AHHbIE C
BHEOpeHUeM USPOBbIX Memo008 O0OVYeHUs 6 YUeOHbll npoyecc.
IIpogeden ananu3z HeCKOIbKUX YCNEeUHbIX 00pA308aMENbHBIX PECypCos,
ucnonv3yrowux eetimugurxayuro. Ha npumepe mpéx omnaiin-cepsucos
PAccMOmMpeno, Kaxkue KOHKpemHvle cneyuguueckue 3aoaqu pewiaem
eelimupurayus, Kakue usposvle MexanuKu UCNOIb3YVIOMC U KAK MO
yayuwaem obOyuaemocmov. Bvibop eetmugpukayuu, 6 Kavecmee
OCHOBH020 Memooda 0 pabomul ¢ YUEHUKAMU, NO3680JUL ONUCAHHBIM
00pazosamenbHbiM niamgopmam He npocmo NOOHAMDb
nocewaemocms, HO U Y8eIUUUMb 3AUHMEPECOBAHHOCMb YUACMHUKOS 8
npoyecce 00y4eHus.

Knrwueswie cnosa: ob6yuenue, yuebnas niamgpopma, ceumupuxayusi.

B Tpu roma kaxaplii peOEHOK HaYMHAET MO3HABATh MUP UYepe3 Urpy.
HecmoTtpss Ha TO, 4TO, B3pociesi, 4YENOBEK YK€ CIOCOOeH
(dokycHpoBaThCS Ha 3a7ade IPOJOHKUTENLHBIE OTPE3KH BpPEMEHH,
CTaBUTh ceO€ 1M M CPOKH BBHINOJHEHHUS pabOThl, Urpa BCE emié
OCTA€TCSl CaMbIM MPOCTBIM METOJIOM MO3HAHUS. Y Ka3aHHbIA MEXaHU3M,
pEeaTM30BaHHbBIN B BUJE WUTPOBOM (HOPMBI B3aMMOJCHUCTBUS, YCIEIITHO
WCIIOJB3YETCS MHOTMMH CEPBUCAMHU I TNPUBJICUYCHUSI U YICp KaHUS
BHUMAaHUs TOJIb30BaTenel. Ha maHHBIE MOMEHT MHOXXECTBO OaHKOB
UCTONB3YIOT KAII-OeKk 1yisi mpuBieueHus kimeHtoB [1]. Kem-6ex
BBICTYNAET, KAK MEXAHUKA «/[OCTI>KEHUI - 32 ONPEACIIEHHBIE OKYIIKU
KJIMEHT IOJIy4Ya€eT HArpamy.

He yauBuTensHO, 4YTO U OHJIAH-00pa3oBaHue BCE yallle Mpuoderaer K
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reiimudukanuy. Takoi moaxoa crmocoOeH pelMTh pa3HbId KpyT 3ajad,
HO YaIle BCETO UCTIONIb3YETCs I PELIECHUS! CIeIYIOIIUX MPooieM:

OTCYTCTBHE BOBJICYEHHOCTH B 00pa30BaTEIbHBIN MPOIIECC;

HEXBAaTKa COLUAJILHOTO B3aUMOICUCTBHUS;

OTCYTCTBHUE MMOHUMAaHUS COOCTBEHHOTO ITporpecca.

Hanee, Ha mpumepe TPEX OHIIANH-CEPBHCOB, OYyIET PacCMOTPEHO,
KaKre KOHKPETHBIC CIeNU(pUIecKre 3a7addl perraeT TedMuduKams,
KAKWE WIPOBBIE MEXAHUKHA MCIIOJNB3YIOTCI W KaK 3TO  YJIy4dlIaeT
00y4aeMOCTb.

VYueOnas margopma Memrise [2], coznanHas oM Kykom u ['perom
JleTpe, B OCHOBHOM OPHUEHTUPOBAHA HA U3yUYEHUE NHOCTPAHHBIX SI3bIKOB,
HO 3/IeCh MOXKHO HaWTH WM Jpyrue TeMbl Juia usydeHus. [lnardopma
aKTUBHO Pa3BHUBAETCA 3a CUET IOJIb30BATENILCKOrO0 KOHTeHTa. Co3/maBast
CBOI HA0Op KapTOYEK, MOJIL30BATENh MOXKET UM TIOJICIIUTHCS C IPYTUMU
y4qacTHUKaMu 11aThopMbl. OCHOBHBIE MEXAHUKHU, KOTOPBIE HUCIIOJIb3YET
CEPBUC — OTO BH3yalIHd3alUsl MPOrpecca, IOCTHXKEHUS, KBECThI C
3aJaHUsIMA, OrPAHUYEHUE BPEMEHHM, IEPCOHAIBHBIA pPEUTUHI U
exXenHeBHbIE 3anaHus. OCHOBHOM YIIOpP CEPBHUC [ENAET HA SAPKYIO
BU3yAJIN3AIMI0 KOHTCHTA. AHAIOTUS MOJYYCHUS 3HAHUM 37IECh 3aBsI3aHa
Ha MEXaHUKE B3pallluBaHUs COOCTBEHHOro caaa. s Kaxmoro
M3Y4aeMOI0 CJIOBA MCHOJB3YETCSI CBOE PACTEHUE, POCT KOTOPOTO
otoOpaskaeT mporiecc ycBoeHus. CepBUC OUYEHb MOMYJISIPEH U UMEET Kak
Bepcuto i [1K, Tak u Bepcuto A1 MOOMIIBHBIX YCTPOMCTB.

Hpyroii cepBuUC, B TIIEPBYIHO Ouepelb OPUECHTUPOBAHHBIA HA
MOATrOTOBKY MIKOIRHUKOB K EI'D u OI'D, HaspiBaetcs Castle Quiz [6]. B
OCHOBE JIaHHOTO CEpBHUCa JICKUT MeXaHuka aysiien. Kaxmas maysiib
MIPUHOCUT TIOJIB30BATEN0 OYKH, KOTOpPhIE OH MOXET MNOTPAaTUTh Ha
YIy4YlIEeHUE CBOEro 3amka. [lonb30oBaTenb MOXKET BCTYNAaTh B KJIAHBI,
MpUIJIAIATh JPYy3€dl W MapajlieIbHO IMPOKAYMBATh CBOU 3HAHUS IO
onpenenéHHol teme. Kaxaplii OO B uUIrpe MNPOXOAUT C KUBBIM
OIIMOHEHTOM, YTO T0OABJISIET a3apTa NMpy OTBETE Ha BoMpockl. [Ipodiema
3aKJIFOYAETCS B TOM, YTO MHOT/IA OYEHb TPYJHO HAUTH CONEPHUKA U 3TO
MOXeT OTTONKHYTh. Ha manHeiii MomeHT B wurpy Castle Quiz yxe
chirpasio Oojiee 3 MWUIMOHOB YEJIOBEK M KOJUYECTBO TMOJIb30BaTENeH
MOCTOSIHHO PACTET.

Emé€ oaun  mpumep  ymayHOro  Keuca,  MCIOJIb3YIOLIErO
reiiMudukanuio, 3to odydaronmii kBecT «IlyTe BomonTEépa» oT caiita
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Dobro.ru. KBecT npusBaH moMoub BOJIOHTEpaM-HOBHUYKAM OCBOMTCS B
CUCTEME W HAWTW CBOW YHUKAJIbHBIA IIyTh BOJOHTEpa. [ 3Toro
OHJIAWH-TIPOEKT HCIOJIb3YET CJCAYIONIME MEXaHUKU: BU3yaJIM3aLIUs
mporpecca, Harpajibl, BEJIKOM-CIICHapUl, KBECT C 3aJaHUsIMHU,
BO3MOKHOCTh ~BTOPOW  TMOMBITKH, TPOKauyka ypOBHEH, mpoduib
MOJB30BATENS] W JOMOJHUTENBbHBIA  KOHTEHT, KOTOPBIA MOXHO
pa30JI0KMPOBATh B MPOLIECCE MPOXOKICHHUS.

Cam caiit Dobro.ru mo3ummoHHpyeT ceOsi, KaK SKOCHCTEMa IS
BOJIOHTEPOB [12]. Ero rmaBHO# 3a1auel sSBIseTCS BOBICUEHUE OOIBIIIETO
KOJIMYECTBA T0JIh30BaTeN e B JOOPOBOJILYECKYIO aKTUBHOCTh. KBeCT Kak
HEJB3s JIy4llle MOAXOAUT JIsi TOTO, YTOObl HOBUUOK CMOT OCBOMTHCS U
HalTU CBOM MyTh BOJOHTEpA. Kaxkaplii 3aperucTpupOBaHHBIMN
MOJIB30BATENb IOJIy4a€T BO3MOXKHOCTh NIPOMTH OJMH W3 IIyTEi:
BOJIOHTEP-KYJBTYPbI,  BOJOHTEP-MEIUIMHBL WM  JII00OE  Jpyroe
HampapiieHue. BpiOOp 3aBUCUT OT WHAMBUAYAIBHBIX MPEATOYTCHUIMA
nosib3oBarens. Jlanee, ydaCTHUK KBeCTa MPOXOAMT 27 3aJaHUM, KOTOPbIE
MIOMOTYT €My Pa3BUThCS Ha BEIOpaHHOM ITyTH. Uem Oosibllie aKTUBHOCTH,
TEeM OOJIbIIIE IIAHCOB MOMNACTh, B IOCIEACTBUM, B Ty OpraHU3alllIo, Ky/ia
XO4YEeT Cam BOJIOHTED.

B naHHOll cTatbe OBUIO pPAacCMOTPEHO TpPU VYAAYHBIX Keiica
MPUMEHEHUS TeiMupUKau B 00pa3oBaTesibHOM Mpotecce. Kaxapiii u3
HUX HMMEET CBOU crenuduueckue OCOOSHHOCTH, XapaKTepPHBIC IS
JTAHHOTO 00pa30BaTEIbHOTO HampaBieHus. Bwibop reiimuduxaryu, B
KayecTBE OCHOBHOTO METOAa JJisi PabOThl C YYEHHUKAMH, MO3BOJIMII
ONMUCaHHBIM O00pa30BaTENILHBIM IIATGOpMaM HE TMPOCTO TMOAHSTH
MOCEIIAEMOCTh, HO U YBEJIUYUTh 3aUHTEPECOBAHHOCTH YYAaCTHUKOB, B
nporiecce oOydenusa. Urpodukarmuss 00pa3oBaTenbHOTO — IMpolecca
MO3BOJIUJIA COXPAHUTh CEPBHUCAM ayAMTOPHIO, a yYECHUKaAM TIOIY4YUTh
HOBBIM OTIBIT U MPUOOPECTH KAUECTBEHHBIC 3HAHUSI.
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Abstract: the article analyzes changes in the stress-strain state of
berthing structures made of caisson berth, with changes in the
category of regulatory loads, other things being equal.

Keywords: caisson berth, stress-strain state.

NCCIEAOBAHUE N3MEHEHUS HAITPSI2)KEHHO-
JAE®OPMUPOBAHHOI'O COCTOAHUSA ITPUYAJIBHOT'O
COOPYXEHUSA U3 MACCUBOB-TUHT'AHTOB IIPU
HEPEITPOOUINPOBAHUU ITPUYAJIA
Bo:kenko 3.M.', Yepnoopusen B.0.?, Kocrun U.B.?
(Poccuiickas Penepanus)

"Boowcenko 3axap Muxaiinosuy — cmydenm,
*Yepnobpusey Braoucnas Onezosuy — cmydenm,
Kocmun Hzops Bradumuposuy — doyenm,
Kagheopa 600HbIX nymeul, NOPMO8 U 2UOPOMEXHUYECKUX COOPYIHCEHUIL,
Axademusi 6001020 MpaHcnopma
Poccuiickuii ynusepcumem mpancnopma (MHUHUT),
2. Mockea, Poccuiickas @edepayus

Annomayua: 6 cmamve AHATUSUPYIOMCSA UBMEHEHUS HANPINCEHHO-
0eopmMuposanHHoc0  COCMOAHUSL  NPUYATILHOU — KOHCMPYKYUU U3
MAcCCUB0B-2U2AHMO8, NpPU UBMEHEHUU Kame2opuu HOPMAMUBHBIX
Ha2py30K Npu NPoYUx pasHbix.

Knwuesvie cnosa: maccus-cueanm, HANPANCEHHO-0ePOPMUPOBAHHOE
cocmositue.

B Hacrosimiee Bpems noptoBoe xo034icTBO Poccuiickont denepanuu
HacuuThiBaeT 184 mopra. B Hamel crpaHe skcruyatupyrorcs 67
MOpCKUX U 117 pedHbIX mOpTOB.

3HaunTeNbHAS YaCTh CYIIECTBYIOIMIUX MOPTOB ObLIAa MOCTPOSHA WIIH
pekoHcTpyupoBaHa B 60-80-¢ roasl mpouuioro croyietus. Takum
00pa3oM CpOK CITy>KObI MHOTHX MOPTOBBIX COOpY>KeHM mocTturaet 50
u Oonee neT. B cBSI3u ¢ ITUM B HAcTOsIIEe BpPEeMsS OCTPO CTOWT
mpo0jemMa PeKOHCTPYKIIMU M PEMOHTA CYIIECTBYIOIIMX COOPYKEHUH,
KOTOpPBIE€ 32 JJIUTENIbHBIA MEePUOJ MX AKCIUTyaTallu MpeTepriesid Kak
¢u3nyeckuil, Tak MU MoOpaibHbI wu3HOC. Ocoboe MecTo cpenu
MOPTOBBIX THUAPOTEXHUYECKUX COOPYKEHUH OE3yCIOBHO 3aHUMAIOT
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[pUYaNIbl, UTPAIOLIUE BAKHEHIIYIO pOJIb B OOECIEUEHUU IpPy30- U
acca)xupoodOpoTa POCCUHCKUX MOPTOB. Tak ke CTOUT YHOMSHYTb,
y10 B niepuox ¢ 2007 mo 2020 roasl MOITHOCTh POCCUHMCKUX MOPCKHUX
IIOPTOB BBIPOCIIA B 2 pa3a U MPOJI0JIKAET PACTH.

VYuutbiBass (akThl, W3IOKEHHBIC BBIIIE, MOXKHO YTBEPXKIAaTh, UYTO
Poccun TpeOyercss mpoBecTH OOJbIION 00BEM PabOT MO PEMOHTY U
PEKOHCTPYKIMH CYIIECTBYIOIIUX IOPTOB, MX COOPY’KEHUH, a TaKXKe
paciMpeHue NOpTOB U HapalMBaHUE UX MOLIHOCTEW. OJJHUM U3 IyTel
HapalBaHUs MOILIIHOCTEN  SABJIAETCS nepenpoduiIMpoBaHue
CYILLECTBYIOIUX IPUYAIBHBIX COOPYKCHHUM ITyTEM YCTAHOBKM Ha HMX
COBPEMEHHOI0 0o0Jiee MOIIHOTO MEpPEerpy304HOro 0OOpYJOBaHUS,
MIEPEOPUEHTUPOBAHNUS IPUYAJIOB JUIsl IPUEMA CYZOB HOBBIX THIIOB U T.
1. IIpu 3ToM vacTo npouecc nepenpoGuanpoBaHusl puyaga IPUBOJAUT
K HW3MEHEHMIO KaTeropuu JEHCTBYIOIIMX HA HEr0 HOPMAaTHUBHBIX
AKCIUTyaTallUOHHBIX HAarpy3oK, KOTOpPBIE OIPEAEISIOTCS COTJIacHO
tpeboBanusam CII 350.1326000.2018 «HopMbl TEXHOIOTMYECKOTO
ITPOEKTUPOBAHUS MOPCKHX ITOPTOBY [8].

B cBsI3u ¢ 3TUM MpeaCcTaBisieT UHTEPEC UCCIENOBAHUE U3MEHEHUS
HaIpsHKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUS IPUYATEHOTO
COOpPY)KE€HHS B Cly4ae ero nepenpo@uiupoBaHus, YTO U
paccMaTpuBaeTCsA B JTAHHOM CTaThe.

Ienbto paOOTHI SABISETCS MPOBEACHUE UYKCICHHOIO HCCIEI0BAaHUS
M3MEHEHUS XapaKTepa BHYTPEHHUX YCUJIUHI B AJIEMEHTaX MPUYAIBHOIO
COOPY’KEHHUs NPU 3aMEHE JEHCTBYIOIIMX HA HEro 3KCIUTyaTallMOHHBIX
Harpy3ok (co 2-i KkaTeropuum Ha HyJeBywo). T. e. ucciemyercs
BO3MOKHOCTb HCIIOJIb30BaHUs ITPUYAJIA MO IEUCTBUEM YBEIMYEHHBIX
Harpy3ok 0e3 Kakux-Ju00 JOMOJHUTENbHBIX MEpPONPUSITHH TIO0
YCUJICHUIO COOPYKEHHUS.

B nmanHOM crarbe B Ka4eCTBE MCCIEAYEMOW KOHCTPYKIMU
MPUYATIEHOTO COOpYKEHUs paccMaTpuBaeTcs npuyan
IPaBUTAIIMOHHOTO THUIIA WX MAaCCHBOB-TUTaHTOB. [[nsi mpoBeneHus
MCCJIEIOBAHMS UCTIONB3YIOTCS CIIEIYIONINE UCXOAHBIE TAaHHBIE:

- OTMETKA JIHa y puyaia -9,75 m;

- KaTeropusi HOPMaTUBHBIX HArpy30K Ha mpuyail — 2, U3MEHEHHas
KaTeropus - 0;
- IOPTAJIbHBIN KpaH ANTbOATPOC, B KOJIMYECTBE 2 MITYK;

- MaKCUMaJbHasi CKOPOCTh BeTpa — 25 m/c;
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- Martepuan OOpaTHOM 3acChIKM - I[ECOK, TPYHT OCHOBAHMS -
raJIeYHUK.

OTMeTHM, 4YTO CKOPOCTh BETpa, a TaK K€ TPYHThl OCHOBaHUS,
oOpaTHas 3achIlKa U pa3Mepbl MaCCUBA-TUTAaHTa HA3HAYAIUCH YCIOBHO,
a 3HAYMUT, B 3aBUCUMOCTH OT HW3MEHEHMs TIeOJIOKaUWW MpUYana,
MIOJIyYE€HHBIE PE3YyJIbTaThl OyIyT OTIIMYATHCS.

CocraBineHHass 1O HCXOJHBIM JIaHHBIM  pacyeTHas cxema
Ipe/icTaBiieHa Ha puc. 1.

PesynbpTaThl pacueToB npecTaBiieHbl B Tabmumax Nel, 2, 3, 4.

b=135m

g.=100da

2 KaTENopHUA HOPMAaTUEHBIX
Harpy3oKk 0,5q:=14,7 Wla
(0,50,=19,5 Wlla)

=294 KMa
(G:=39,2 kTa)

(0 kaTeropua HOpPMAaTHBHEIX
Harpy3ok) ‘ | |

b=275 M | bz=10,5m Im
} }

+3

r ; 1:+0,6

P30
V=10 W/

03 02

1 = 2

r 975

he=38m

) )
oL A

Puc. 1. Cxema K pacuemy npudaia u3 maccueo6-cucannios, C
Kamezcopusiamu HOpMAmuBHsvlx HAcPY30K 2u.
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Tabnuya 1. 3nayenus akmusHo2o 0agieHus 2pyHma.

o(x X X X
:{(,H/M3 X hax h, M %Ha Ki_[Zl’ &c)/,MZ i,l'[a fclgl’a (Tc)/’MZ
2 KaTeropusi Harpy3ok 0 xaTeropusi Harpy3oxK
18 3 0,258 | 0 0 0 0 0 0 0
18 0,6 0,258 | 2,4 0 11,12 1,12 0 11,12 | 1,12
2 18 0,6 0,298 | 2,4 0 12,87 1,29 0 12,87 | 1,29
= |18 0,165 10,298 12,835 |0 15,2 1,52 0 15,2 1,52
:( 18 0,165 | 0,298 | 2,835 | 294 | 23,96 2,4 39,2 | 26,87 | 2,69
g [18 0 0,298 | 3 294 | 24,84 2,49 39,2 | 27,776 | 2,78
= 10 -9,75 10,298 | 9,75 29,4 | 53,87 5,39 39,2 | 56,79 | 5,68
§ 10 -9,75 10,249 | 9,75 294 | 44,97 4,5 39,2 | 47,41 | 4,75
= | 125 . 0,249 | 3,8 29,4 | 56,78 5,68 39,2 | 59,22 | 593
= 13,55

Ta6ﬂuz4a 2. Bnauenus COPUSOHMATIBHBIX CU U OI’IPOKuabZQCZlOI/L{eZO

MOMerRmdA.
2 kaTeropus 0 xaTeropus
T'opusonTanbHas OnpoxuabiBarommii I'opusontanbHas | OnpoxuabIBaIOLIMIA
cHJja MOMEHT cuJia MOMEHT
TC kH/m TCM kH*m TC kH/m TCM kH*m
Eqy | 40,63 | 406,27 | M, | 190,6 | 1906 Eq | 43,5 | 4352 | M, | 205 2049,18

Tabauya 3. 3nauenus 6epmMuKAIbHLIX CUT U YOEPHCUBAIOUJUX

MOMEHMO8.
2 KaTreropust 0 kateropust
Beprukanbnas YaepxuBaromuii Beprukanbuas cua Y aep:xuBaromui
cujia MOMEHT MOMEHT
TC xkH/m TCM kKH*m TC kH/m TCM kH*m
G 116 | 1157 | M, | 595 59494 | G, | 117,37 | 1173,66 | M, | 607,16 | 6071,59

Tabnuya 4. Hanpsoicenus na kamenHyo nocmens u 2pyHm
OCHOBAHUS.

HanpsiskeHusi Ha KaMEHHYI0 mocTeJb 0e3

y4yeTa HOPMATHBHOM HATrPy3KH

HanpsizkeHUs] HA KAMEHHYIO NOCTeJb € yyeTa
HOPMATHBHON HATPY3KH

2 KaTeropus 0 xaTeropus 2 kaTeropus 0 xaTeropus

omax, klla 217,2 | omax, klla 225,84 | omax, klla 231,32 | omax, k[la | 239,11
omin, xI1a 31,21 | omin, Ila 26,16 omin, xI1a 85,64 omin, kl1a 94,61
I'pyHT OCHOBaHM#

2 kaTreropus 0 xaTeropus

o'max, klla 180,59 o'max, klla 184,88

o'min, klla 100,36 o'min, x[la 105,31
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CBOAHBIE TUCTOTPAMMBI:
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NpoBepKa Ha casur
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Puc. 2. Ceoounvie ecucmazpammeoi.
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HarnsinHoe mpoTHBONOCTABIEHUE PE3YIbTATOB B BHUJE 3MMIOp OyAyT
NpUBEICHBI HAa pUC. 3.

g - 100177
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Puc. 3. Oniopvl 6ok06020 0asnenus u HANPsCEHUSE OM KAmMe20putl
HopmamugHvlx Hazpy30k 2 u ().

BoiBOJ

B pesynbrare MmpoBEeACHHBIX MOBEPOYHBIX PACUETOB YCTAHOBIIECHO,
YTO IpU NepenpoUIMpOBAHUM YCIOBHOTO MpHUyana 00ecrneurnBaeTcs
YCTOWYUBOCTh W MPOYHOCTh MPHUYATIBLHOTO COOPYXKEHHUs, a pOCT
HarpsbkeHnd He npesbimaer 10%. 9To gaeT oCHOBaHWE yTBEPXkKAATh,
YTO JJIsl aHAJOTUYHBIX MO KOHCTPYKTHBHBIM PELIEHUSM MPUYAIOB MX
nepenpouiIMpoBaHUE BO3MOKHO 0€3 TOMOIHUTEIbHBIX MEPONPUATUI

110 YCWJIEHHUIO.
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CREATE A PROGRAM THAT CAN RECOGNIZE DRAWINGS
DRAWN BY THE USER USING A LEARNING NEURAL
NETWORK IN THE OBJECT-ORIENTED JAVA LANGUAGE
Sinelnik K.E.!, Limanova N.L.> (Russian Federation)

ISinelnik Karim Eldarovich — student;
’Limanova Natalia Igorevna — Scientific Supervisor, Head of the
Department,

DEPARTMENT OF INFORMATION SYSTEMS AND TECHNOLOGY,
VOLGA REGION STATE UNIVERSITY OF
TELECOMMUNICATIONS AND INFORMATICS,

SAMARA, RUSSIAN FEDERATION

Abstract: this article describes how using the object-oriented Java
language, as well as using a library with a neural network, a program
was created that can recognize the drawings that the user drew in the
program window. The essence lies precisely in the learning process of
the program, how and with what it determines what is drawn, the article
pays much attention to the learning process of a neural network. The
program code and screenshots also presented, which show how the
application works. In conclusion, experiments presented in which it is
seen how the neural network copes with the difficulties encountered
during the issuance of the result to the user of this program.

Keywords: neural network, drawings, learning, programming
language, java, development.
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CO3AATDH ITPOT'PAMMY, KOTOPAS CMOXET
PACIIOSHABATHb PUCYHKH, HAPUCOBAHHBIE
MNOJBb30OBATEJIEM C IIOMOIIBIO OEY‘IAIOL[[EﬁCSI
HEMPOHHOM CETU HA OBBEKTHO-
OPUEHTUPOBAHHOM S3bIKE JAVA
CuHeJbHUK K.3.1, JIumanosa H.N.2 (Poccuiickas @enepanus)

! Cunenvrux Kapum dnvoaposuy — cmydenm,
Huemumym ungpopmamuru u kubepnemuxu,
*JTumanosa Hamanvs Hzopesna — nayunwlii pykosooumers,
3asedyrouas kageopot,

Kkagheopa Unpopmayuonnvix cucmem u mexHoiocuu,
Tlosonowcckuii 2ocyoapcmeeH bl yHUgepcumem meieKOMMYHUKAYUl u
uHgopmamuxu,

2. Camapa, Poccuiickaa ®edepayus

AHHOmMayua: 6 OaHHOU Ccmamve pAaAcKaA3aHo, KAK ¢ NOMOWbIO
00bEeKMHO-0PUEHMUPOBAHHO20 A3bIKA Java, a mak dHce UCHOIb308aAHUS
oubuomeKku ¢ HeUpoHHOU cemvlo, Oblia CO30AHHA NPOCPAMMA,
KOMOpas, Modxcem pAacno3Hasams pPUCYHKU, KOMOpble HAPUCOB8AT
noavzosamenv 6 okHe npozpammvl. Cymv 3aKI0YAEmMcs UMEHHO 8
npoyecce 00yYeHUsI NPOSPAMMbBI, KAK U C NOMOWDbIO 4Ye2o OHA
onpeoensiem Ymo HAPUCOBAHHO, 8 CMAMbe YOeleHO MHO20 8HUMAHUS
npoyeccy o6yuenus HeupouHou cemu. Tax e npeocmasien KOO
npoOSPaMMbl U CKPUHWLOMbBL HA KOMOPbLIX BUOEH NPUHYLIN pabombl
npunoxcenus. B 3aknouenuu npedcmasieHHbl IKCHEPEMEHMbL 8
KOMOpbIX BUOHO, KAK HeUpocems CHpAGIAemcs ¢ GO3HUKUWUMU
MPYOHOCMAMU 80 8pPEMs 8blOAYU Pe3YIbMaAma NoIb306amMeNI0 OaHHOU
npOCPaAMMbL.

Kntouesvie cnosa: meiiponnas cemv, PUCYHKU, OOVUeHUe, SA3bIK
NPOCPAMMUPOBAHUSL, java, pa3pabomka.

[Iporpamma  Obula  BBIMOJHEHA  C  TOMOINIBIO  S3BIKA
MPOTPaMMUPOBAHUS java script s OONbIlIei CKOPOCTH pabOThl U
MIPOU3BOAUTEIIBHOCTH, TOICPKKE CKPUITOB BCEMH TOMYISPHBIMU
Opay3epaMu, TOHITHOMY CHUHTaKCHCY JJIsI HOBUUKA.
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B xome paboTel MBI HCIOJB30BaM brain js-3T0 OMOJIHMOTEKA C
OTKPBITBIM KOJIOM Ha si3bIke JavaScript, ucnonb3yemast 1Jis 3amycka u
00pabOTKH HEMPOHHBIX CETEH.

\

N

Neural Networks

in JavaScript

Puc.1 6ubruomeka Brain js.

Brain.js ucnons3yercs, kak npasuiio, ¢ Node.js uiam ¢ 6pay3epom Ha
CTOPOHE KJIMEHTa JJIsi TPEHUPOBKH MOjENIed MAIIMHHOTO OOy4YeHHUS.
OnHa Mo3BOJIET JIETKO CO37aBaTh HEHPOHHBIE CETH, a 3aTeM 00y4aTh
WX Ha OCHOBE BXOJIHBIX / BBIXOJIHBIX TAHHBIX.

Taxxe umerorcst npyrue OMOIMOTEKU ISl HEMPOHHOM CETU TaKHe
KaK:

o Limdu.js

Oto atdopma MaIIMHHOTO 00y4eHus, ucnoib3dyemas 1y Node.js.

Limdu.js uaeaqbHO TOAXOAUT [JIsi BUPTYAIbHBIX COOECEIHUKOB
(4aT-60TOB), OOPAOOTKM €CTECTBEHHOTO SI3bIKA U JIPYTUX JIUAIOTOBBIX
cucreM.stdLib.

&stdliby

Puc.2. bubruomexa stdLib.

Orta Oubnuotexka JavaScript wucnonb3yeTcs I8 CO3JIaHHS
IPOJABUHYTBHIX CTATHCTHYECKHX MOJICICH M OMOIMOTEK MAaITUHHOTO
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oOyuenusi. Kpome Toro, oHa MOYET HCIOJIb30BaThCs B IpapUUEcKUx
CpeacTBax OTOOpaxkeHWsl MH(pOpMalUuu Ui Pa3BEJOYHOTO aHaIu3a
JAHHBIX, a TAKXKE BU3yalu3aluu NTaHHbIX. Ho 1ig Hamel paboTel Oblia
BbIOpaHa brain js.

Yro Takoe HelipoOHHBIE ceTH?

Heiiponnsle ceT BO3HUKIM W3 HUCCIEIOBaHUNA B  00JacTU
MCKYCCTBEHHOI'O MHTEJUIEKTa, & UMEHHO, U3 IMOMNBITOK BOCIPOU3BECTU
CHOCOOHOCTh  OMOJIOTUYECKUX HEPBHBIX CHCTEM O00y4yaTbCcs U
UCTIPABJIATh OMIMOKH, MOJENNUPYS HU3KOYPOBHEBYIO CTPYKTYPY MO3ra.
B mpocreiimieM ciydae OHa COCTOMT M3 HECKOJBKHX COEIMHEHHBIX
Mexay co00i HEMPOHOB.

MaremaTu4ecKuid HEHPOH

Hecnoxubiii aBTOMaT, NpeoOpa3yroluil BXOAHBIE CHTHAIBI B

PE3YJIbTUPYIOUINNA BBIXOHOM CUTHAIL.
1l

Xy
W,
f(x)
W,
. f(x)=y
W
X3

Puc.3. Mooenv mamemamuueckoeo HelpoHa.

Curnaner x1, x2, x3 ... Xn, mocrymnas Ha BXOJ, IPeoOpaszyroTcs
JUHEWHBIM 00pa3oM, T.e. K Telly HelpoHa MOCTymaroT cuibl: wlxl,
w2x2, w3x3 ... wnxn, i€ Wi — Beca COOTBETCTBYIOIIUX CHUTHAJIOB.
Heiipon cyMmupyer 3T CUTHajibl, 3aTEM NPUMEHSET K CyMMeE
HEeKOTOpYI0 (pyHKIHIO f(X) ¥ BBIIAET MOJYYCHHBIA BBIXOJHOW CHTHAI.
y. B kauectBe pynkmmm f(X) dare BCero MCHOMB3YETCS CHUTMOMIHAS
WJIM TIOporoBasi PyHKITUH.



0 < T o T
a) moporopas 6) CHr MOHIHaA

-

Puc.4. Buowi ¢pynxyuti nonyuennoco 8bIx00H020 CUCHAA.

[ToporoBast (yHKIUS MOKET NPUHHUMATH TOJIBKO JBA JUCKPETHBIX
3HaueHuss 0 wmmm 1. CMeHa 3HaueHHs (QYHKUUMU MPOMCXOAUT MpHU
nepexoe yepes3 3aaanubii nmopor T.+

CurmounyHas — HempepbiBHas (QYHKIUS, MOXET MPUHUMATh
0OEeCKOHEYHO MHOI'0 3HaUeHUH B aquarazone ot 0 mo 1.

Tunbl HEMPOHHBIX ceTel

3a mepuoj pa3BUTHS, HEUPOHHBIE CETH MOACIHINCHh HA MHOXECTBO
TUIIOB, KOTOPBIE NEPEIUIETAIOTCS MEXAY COO0I B Pa3IMYHbBIX 3a/1ayax.
Ha naHHBII MOMEHT CJOXHO KJAacCU(PUIMPOBATh KaKylo-1H0O CETh
TOJIBKO IO OJHOMY MPHU3HAKYy. JTO MOXXHO CHE€JaTh IO NPHUHIUILY
NPUMEHEHHUs, THUILy BXOJHOW HWHGOpMalUH, Xapakrepy OOydeHus,
XapakTepy CBsi3ei, chepe MpuMEHEHHUSL.

CBepTouHbI€e

OnuH U3 NOMyISAPHENIINX THUIIOB CETH, YaCTO MCIOJIb3YEMBIA IS
pacno3HaBaHMs TOM WM UHOM MHpOpMalUu B GOTOrpadusix U BUAEO,
o0paboTKe s3bIKa, cUcCTeMax [l pekoMeHganuid. (OCHOBHbIE
XapaKTEPUCTHUKU:

. OrnuyHas MacmTabupyeMocTb — MPOBOAST pPaclo3HaHUS
00pa3oB J1r000Tr0 paspenieHus (kakoe Obl He OBLJIO OHO 0OJIBIIIOE).

2. Hcnonb3oBaHue OOBEMHBIX TPEXMEPHBIX HEHPOHOB — BHYTpU
CJI0sl, HEMpPOHBI CBA3aHBI MalbIM TOJIEM, UMEHYEMbl PEUEHTUBHBIM
CJIOEM.

3. MexaHu3M OPOCTPAHCTBEHHOM JIOKAJIU3AIMU — COCEHUE CIION
HEHPOHOB CBS3aHbI TAKUM MEXaHU3MOM, 33 CUET Yero 00ecreunBaeTcs
paboTa HenWHEWHBIX (GUIBTPOB M OXBaT BCE OOJBIIETO YHCIA
MUKCeJIeH rpauaecKoro n300paKeHusI.

Nnes cimoXHOM CHCTEMBI 3TOrO THIIA HEUPOCETH BO3HUKIIA IIPU

TIIATCIbHOM HM3YUYCHHNUA 3pPIT€J'IBHOI>i KOpbI, KOTOpasa B OONBIINX
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NOJIyIIApUAX  MO3ra  OTBe4YaeT 3a  00paboTKy  BHU3yallbHOM
cocTaBiisronieii. OCHOBHOM KpUTEpU BbIOOpPA B TMOJIB3Y CBEPTOYHOTO
TUIIA — OHA B COCTaBE TEXHOJOTUH TITyO0oKOoro o0yueHus. CX0oxXuil THII
C IMEpUENTPOHOM, HO pa3HULA B TOM, 4YTO 3/I€Chb HCIOJIb3YETCs
OrpaHMYEHHas MaTpulla BECOB, clBHUraemas 1Mo oOpabaTbiBaeMOMY
CJIOX0, BMECTO ITOJIHOCBA3HON HEUPOHHOM CETH.

PexyppeHTHBIC

OTOT TUN HEMPOCETH, B KOTOPOM CBSA3U MEXY 3JIEMEHTAMH MOTYT
00pabaTbIBaTh CEPUU PA3IUYHBIX COOBITHI BO BpEMEHU WM PabOTaTh
C MOCJIEIOBATENIbHBIMY LIETIOYKAMU B IPOCTPAHCTBE. TaKoOM THUIT 4aCcTO
NPUMEHSIOT TaM, IJIe€ Y4TO-TO Liejoe pa3duTo Ha Kycku. Hampumep,
pPacno3HaBaHWE pEYM WIM PYKOIHUCHOro Tekcta. OT Hee MOLUIo
MHOKECTBO BHJOB Ce€Tei, B TOM uuciae Xomndpuinga, OIMaHa U
J>xopnana.

BXOOHOR
(pacnpenenmTensHER)
ncesnocnon

CHPBITEIE (MPOMENYT OYHEIE) CNoM BbXOAHOR
CroiA

BEXO0HBIE CUIHA MBI
|FIBHIMD a19H D098

Beca wi

Puc.5. Apxumexmypa neuponoti cemu - Perceptron.

ApXuUTeKTypa HEHUPOHHON CETH MOXET OBbITh pPa3HOW, MBI
paccCMOTpUM OJIHY W3 MNPOCTBIX peanu3aluid HEUPOHHOW CETH —
Perceptron.

EcTs croit BXxoHBIX HEWPOHOB (T1ie nH(MOPMAITUS TTOCTYAeT U3BHE),
CJIOW BBIXOJHBIX HEHPOHOB (OTKYyJa MOKHO B3ATh pPE3YyJIbTaT) U P,
TaK Ha3bIBAEMBIX, CKPBITHIX CJIO€B MEXTy HUMHU. HelpoHbI MOTYT OBITH
PACIIOJIOKEHBI B HECKOJIBKO CI0€B. Kaxkmasi cBsI3b Mexay HEHpOHAMHU
uMeeT cBoi Bec Wij.
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BxoaHble M BBIXOIHbIE CUTHAJIBI

ITepen Tem, kak MmojaBaTh CUTHAJIBI HA HEHMPOHBI BXOJSIIETO CIIOS
CETU HaM UX HYKHO HOpManu3oBaTh. HopManuzaius BXOAHBIX JaHHBIX
— 3TO MPOIECC, NPU KOTOPOM BCE€ BXOJHBIE [AHHBIC MPOXOJISAT
MPOLIECC «BBIPABHUBAHUSY, T.€. MpUBEACHUS K uHTepBaiy [0,1] wm [-
1,1]. Ecnmu He mpoBecTH HOpMaIU3allMIO, TO BXOJHBIC JaHHBIE OyAyT
OKa3bIBaTh JIOMOJIHUTEIBHOE BIUSHUE HA HEUPOH, UTO TMPUBEACT K
HEBEPHBIM pelIeHUsIM. J[pyruMu cioBamu, Kak MOXKHO CpPaBHUBATH
BEJIMYUHBI PA3HBIX MOPSIKOB?

Ha HelipoHax BBIXOJHOTO CJIOS Y HAcC TOXKE HE OyaeT ducTor «1»
umu «0», 3T0 HOpManbHO. ECcTh Hekuit mopor, mpu KOTOPOM MbI OyieM
cuuTarth, 4TO mnoayunid «l» wm «0». IIpo uHTEpHpeTanuo
pe3yJIbTATOB IIOTOBOPHUM I03XKE.

OO0yuyeHue HEHPOHHOM CeTH

Jlnss  KOHCTpyHMpOBaHHUSA Tporiecca OOydeHHs, TMPEXKIEe BCETO,
HEOOXOAUMO HMMETh MOJICNIb BHEIIHEH Cpeapl, B  KOTOPOM
(YyHKIIMOHUPYET HEHUpPOHHAsT CETh - 3HATh JOCTYHHYIO [JIi CETH
MH(}OpMAIHIO.

Mpouecc oby4yeHUA
6asa HeupoceTu i
OaHHbIX
* pacnpocTpaHeHue =
CHUrHana no HEF’!DOCETH
ceTk oby4yeHa

BHGOP OLUMBKa
npumMmepa o oreeT mana
cetH

pacuert

| ' OWKnBbKK

- owmnbKa

1 noAcTpoMKa Benuka
BECOB CeTH

Puc.6. Cxema npoyecca obyuenus nelpoHHol cemu.

Orta Mojenb ompenenser mapaaurmMy oOyudeHus. Bo-BTopbix,
HEO0OXOAMMO MOHATH, KaK MOJIU(UIIMPOBATH BECOBBIE IMApaMETPhl CETU
- Kakue ImpaBwia OOyYEHHUs YIPaBJSIOT MPOLECCOM HACTPOUKH.
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AnropuTMm 00yudeHHUsI 03HAYaET MPOUEAYPY, B KOTOPOM HUCIONB3YIOTCA
npaBuiia 00y4eHuUs JJIsl HACTPOMUKH BECOB.

CyliecTBylOT TpH mapagurMbl oOyueHus: "c yuutenem", "Oe3
yanutensa' (camooOydeHWE) U CMemaHHas. B mepBoM ciydae
HEHWPOHHAsI CETh pacrojaraeT MpPaBWIBHBIMA OTBETaMH (BBIXOJaMU
CETH) Ha Ka)XIbplil BXOJHOM npumep. Beca HacTpauBaroTcsi Tak, 4TOOBI
CETh MPOM3BOJIMIIA OTBETHI KaK MOXXHO Oojiee OMM3KHE K M3BECTHHIM
MPaBUJILHBIM OTBETaM. Y CHJICHHBIH BapHaHT OOYYCHUS C YUHTEIIeM
npenanojaraer, 4YTOo U3BECTHAa TOJIBKO KpPUTHUYECKas  OICHKa
NPaBUJIBLHOCTH BBIXOJIa HEUPOHHOW CETH, HO HE CaMH IpPaBHUJIbHBIC
3HaueHus Bbixoja. OOydeHwe Oe3 yuuTenss He TpeOyeT 3HaHUA
MpaBUJIBHBIX OTBETOB HAa KaXXIbI mpuMep oOyuaromie BeiOOpku. B
ATOM CIllydyae pPAaCKpBIBACTCS BHYTPEHHSS CTPYKTypa JaHHBIX WA
Koppensauuu mexy oOpasliaMu B CUCTEME JaHHBIX, YTO IO3BOJISET
pacnpenenuTs o0pa3iel Mo kateropusaM. [Ipyu cmenranHOM oOydeHHH
94acTh BECOB OMPEICIISICTCS TMOCPEICTBOM OOYUCHHS C YUUTEIEM, B TO
BpeMs KaK OCTJIbHAS MMOTYYaeTCs C TTIOMOIILI0 CaMOOOYICHUSI.

Teopuss 0o0ydeHHsT paccMaTpuBaeT Tpu  (PyHAAMEHTAIbHBIX
CBOWMCTBA, CBSI3aHHBIX C OOydYe€HHEM II0 TIpUMEpaM: EMKOCTbh,
CJIO)KHOCTBH 00pa3IlOB W BBIYMCIHTENIbHAS CI0KHOCTh. [0 eMKOCThIO
MMOHUMAETCS, CKOJIbKO 00pa3lloB MOXKET 3allOMHUTh CETh, M KaKHE
GYHKIMM W TPAHUIBI TPUHATUS PEHICHUH MOTYT OBITh Ha Hel
chopmupoBanbl.  CJIOXHOCTH  OOpa3IOB  OMNpENENseT  YHCIO
00y4JaromuX MPUMEPOB, HEOOXOIUMBIX JIJIS TOCTHKEHUS CITIOCOOHOCTH
cetu K 0000meHuto. CIHIIKOM Majloe YHCIO MPUMEPOB MOXKET
BBI3BaTh  «MEPEOOYyUYEHHOCTb»  CETH, KOrja OHa  XOPOIIO
(GYyHKIMOHUPYET Ha MpUMepax oOydaromie BHIOOPKH, HO TUIOXO — Ha
TECTOBBIX MpUMEpax, MOJIYMHECHHBIX TOMY JKE€ CTaTUCTHYCCKOMY
pacnpeneneHuto. M3BecTHbl 4 OCHOBHBIX THUMA MPABUI OOY4YEHUS:
KOppekuus 1no omwuOke, MammHa bonblimMaHa, npaBuiio Xebba u
00y4eHHE METOJIOM COPEBHOBAHHSI.

[IpaBuno xoppekiuu mo omwuobke. [Ipu oOydeHUn ¢ yuurtenem s
Ka)XJI0T0 BXOJHOTO MpUMeEpa 3aJaH xkejgaeMblii Beixoj d. PeaybHbIi
BBIXOJT CETH Yy MOXET HE COBMaJaTh C JKelaeMbIM. [IpuHIUI
KOPPEKIIMU IO OIMMOKe NMpH OOYYEHHH COCTOMT B HCIOJb30BAaHHUH
curHana (d-y) ana  wmoaudukanmuu  BECOB, OOecmeYrBaroen
MOCTENIEHHOE YMEHbIIeHHEe OmnOKu. OOyueHne UMEeT MECTO TOJbKO B
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cilly4yae, Korja mnepuentpoH oimubaerca. W3BeCTHbI pa3iuyHbIe
MOJAU(PUKALIUU 3TOTO AITOPUTMA 00YUYEHUS.

O6yuenne bonbrvana. IlpencraBiaser co0olf  CTOXacTHYECKOE
MpaBuUjIo OOy4YeHHUsS, KOTOpOE CleAyeT U3 HH(POPMAIMOHHBIX
TEOPETHUECKUX M TEPMOJUHAMUYICCKUX MPUHITUTIOB. [[enpio 00yueHus
BonbiimMana sBisieTcst Takasi HACTpOika BECOBBIX KOA(DPHUITMEHTOB, pH
KOTOPOH COCTOSIHUSI BHJIUMBIX HEUPOHOB YIAOBJICTBOPSIOT JKEIAEMOMY
pacrnipeneneHuo  BepositHocTed. OOydenue bonblimaHa MOXKeET
paccMaTpUBATHCA KaK CHEIHATIbHBINA ClTydyaid KOPPEKIMH 10 OLIMOKE, B
KOTOpOM TI0J1 OIIMOKOW MoHUMaeTcs pacxoxzaeHue Koppensiuit
coctosHuii B nByXx pexumax I[IpaBuno Xe66a. CampiM cTapbiM
oOydJaronuM MpaBUJIOM SIBIISIETCS MOCTyJaT oO0ydeHus Xebb6a. XebOO
OMHPAJICS Ha CIEAYIONINe HeHPOoPU3noIornuecKue HaOMIOACHUS: eClu
HEHUPOHBI ¢ 00EUX CTOPOH CHUHAIICA aKTUBU3UPYIOTCS OJTHOBPEMEHHO U
pEryjsipHO, TO CHJIa CHHANTHYECKOM CBS3M BoO3pacTaeT. BaxHou
OCOOEHHOCTBIO 3TOTO TMpaBWia SBISIETCS TO, YTO W3MCHEHHUE
CHHANTHYCCKOTO BeCa 3aBUCUT TOJBKO OT aKTUBHOCTH HEHPOHOB,
KOTOpBIE CBSI3aHBI JTAaHHBIM CHHAIICOM. JTO CYIIECTBEHHO YITPOIIACT
nenu ooydeHus B peanuzaruu VLSI.

OOydeHue METOAOM COpeBHOBaHUA. B oTiauuue ot o00ydeHus
Xe0ba, B KOTOPOM MHOXECTBO BBIXOJHBIX HEHUPOHOB MOTYT
BO30Y)X/IaThCsl OJHOBPEMEHHO, TPH COPEBHOBATEIBHOM OO0y4YeHUU
BBIXOJIHBIE HEHPOHBI COPEBHYIOTCS MEXIY COOOM 3a aKTUBH3AIHUIO.
OTO sBJIEHHE W3BECTHO Kak mpaBwio 'mobemurens Oeper Bce'.
[TogoOHOEe OoOydeHHE HMEET MECTO B OHOJIOTHUECKHMX HEHUPOHHBIX
CeTsIX.

OOyueHure mocpeICTBOM COPEBHOBAHUS TMO3BOJISIET KJIACTEPU30BAThH
BXOJIHBIC JIaHHBIC: TOJOOHBIC TPHUMEPHI TPYIIUPYIOTCS CEThIO B
COOTBETCTBHUM C KOPPEIANMSIMH W TPEACTABISAIOTCS  OJHUM
sanemeHToM. [lpm oOydenun wmoauduUMpPyIOTCS TOJIBKO Beca
"mobenuBuiero" HeilpoHa. D¢ EeKT 3TOro mnpaBuiia JIOCTUTAETCS 3a
CYET TaKOro HW3MEHEHUsI COXPAaHEHHOro B ceTH olpasma (BeKTopa
BECOB CBsI3ell MOOEIUBIIEr0 HEHPOHA), IPU KOTOPOM OH CTAHOBUTCS
9yTh OJIFKE K BXOJHOMY IIPUMEDPY.

Koa nporpammbl

st paboThl ¢ HEHUPOHHOM CEThIO OBUIM CO3MaHBI CIETYIOIINE
Gaitibl.
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) Index.html- B nanHol @aiine Oyner NpPoOUCXOAUTH
OCHOBHasl pabora.

[ NOOKNHOYEHH

Puc.7. Index.html.

Puc.8. Style.css.

e App.js — KoJ java script.
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getContext

Puc.9. App.js.




toN
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.drawLine

drawConnectingline

Puc.11. App.js.




addToStatistic =

Erlcalkepresentatlior toNumericalRepresentation

addToStatistic(prompt

Puc.12. App.js.




JUis  aHanM3a  CTaTUCTUYECKUX JAaHHBIX U IOCIEAYIOLIEM
yrajblBaHueM HM300pakeHUs, caMblM BEpPHbBIM Oyner pa30ueHus
M300pakeHMSI(MI0JI0OTHA) HA CETKY, KOTOpast OyAEeT MPOBEPSITh KaXKAbIN
MUKCEIb, €CJIM THKCENb 3aKpalleH, TO CTaBUTCA |, €Clii TMHKCEINb
IIyCTOM, TO cTaButcs 0.

Jlnia sToro B mporpamme cozaan Meron DrawGrid, kotopsiit Oyner
pUCOBaTh JAHHYIO CETKy, YTOOBl HE CO3/1aBaTh KOJ Ha 4YepUyCHHE
JUHUM, MOXHO caenath (QyHKIHMIO, KOTopas Ha3zBaHa DrawLine,
KoTopasi OyJneT NpUHMMAaTh HayalbHbIE M KOHEYHbIE KOOPJMHATHI
TOYKH, ITUPUHY JTUHUH U LBET.

.drawLine(x

.drawLine(

.clearRect(

Puc.13. Co3z0anue cemxu.

Puc.14. Co3z0anue nunuu 011 cemxu.
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Puc.15. Buo nonyuennoii cemxu.

Tak BBITIAINAT pa30OMCHUE MATUTPBI, TIC KaKIas KIETKA SBISCTCS
nuKceleM u OyAeT 3aKpaliuBaTh 3apUCOBAHHBIC TMHUKCEMH IS
COXpaHEHUS CTATUCTUYECKUX TaHHBIX.

Jlanpie, eciau KJIETKa 3aKpalleHa I0Jb30BaTelieM, TO YTOObI
HEWpoceTh TMOHMMaJla, YTO OHa 3akKpalieHa, BCA KJeTKa Oyner
3aKpalieHa CHHUM U CTaBUTCS 1, eciu kiieTka mycra, 1o 0.

Hnst storo 0wl cozman  meton DrawCell, xotopwiii Oyner
3aKpalInBaTh AYEHKY. Tak Ke CO3/1aH METOJ
ToNumericalRepresentation,- 3TO SIBJISICTCS YUCJIOBBIM
MPEACTABICHUEM  SYCHKW, ObUIO  ommcaHo paHee (manuTpa
nepeBoautes B 1 u 0).

Puc.16. Pazbouenue nanumpsoi Ha syetiKu.
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toNumericalRepresentation(shouldBeDrawn

resentatio

.getImageData(x

sToDraw. forEach

Puc.17. HYucnosoe npedcmasnenue suetiku.

JKCNEPUMEHTBI ¢ PUCYHKAMM

Cnauana MbI IPOBOAMM KpaTKOe 00ydeHHE HEUPOHHON CETH, YTOOBI
y HEro TMOSBWJIUCH CTaTUCTUYECKUE TAHHBIE PUCYHKOB, C KOTOPHIMHU
OHa JOJDKHA OyJeT CpaBHHBATh W300paKEHHE HAPHUCOBAHHOE
MOJIb30BATEJIEM M 3aT€M BBIJIaBaTh €My Pe3yJbTar (OMpeAeuTh, YTO
HapHUCOBAaJI MOJIb30BATEND).




IIpumep 00y4eHus:

1. Hac npuBeTcTByeT HauyajgbHBIM SKpaH, Ha KOTOPOM
HUYErO HeT.

Puc. 18. Hauanvuoiu sxpan.

2. MBI pucyem n300pa’keHrue Ha HEM.

Puc.19. Hapucosanmnoe uzobpasicenue na sKkpate.
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3. BHocuM Hail pucyHOK B 0a3y JaHHBIX HEHPOCETH.

Puc.20. Buecenue pucynxa 6 6a3zy 0aHHblX HeUupocemu.

4, Bunm, 4To HEHPOCETH 3aIIOMHUJIA HAIIl PUCYHOK.

Puc.21. Heupocems 3anomunaem Haui pucyHox.

J. PucyeM Ham pUCYHOK M NPOCUM Yy HEUPOCETH NATh
pe3ynbTaT, ¥ KaKk BUJIUM OHA 3TO JeNiaeT Oe3 OMMUOKH.
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Puc.22. Hetipocemwv evioaém pesynomam.

Teneps MbI BHECEM B 0a3y HeilpoceTH 3 pUCyHKa, KOTOpble OyayT
SIBISTHCS CIOKHBIMH, MO0 TMPOCThIE PUCYHKH HEUPOCETh yraJpIBacT
JIETKO, TOCJIe MBI OyZIeM COCTaBIIATh CTATUCTHUKY, KOTOpas MOKaXerT,
HACKOJIbKO 4aCTO HeMpoceTh OyJeT coBepillaTh OMMOKH, MPHU MOIBITKE
yrajiblBaHus PUCYHKA HAPUCOBAHHBIM MOJb30BATEIIEM.

1. Kot

MoatBepauTe AelicTBre

YTO NB0BPAXEHO?

Puc.23. Buecenue pucynxa 6 6azy netipocemu.
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MoaTBepanTe AcACTEME

YTO V30BPAXEHO?

e

Puc.24. Buecenue pucyuka 6 6asy neipocemu.

[TanbeMBI

4 G

NogreepauTe feficTEMe

Puc.25. Buecenue pucynuka 6 6asy Heipocemu.
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Mpl BHECIH pUCYHKH B 6a3y HEHPOCETH M Tereph MOYKHO HaYHHAThH
skcnepumeHnT. Hapucyem 100 pHCYHKOB M TMOCUMTaeM KOJHYECTBO
HEBEPHBIX pe3ynbTaToB. OTTANKUBAsCh OT CTAaTUCTUKHU, COCTABUM
rpaduKk HEBEpHBIX PE3yIbTATOB.

CraTucTuKa owmnbokK

Mpaduk ownbor
40-60

0-20 20-40 60 - 80 80- 100

Puc.26. I'pagux owubox netipocemu Nel.

Kak moxaszano Ha rpaduke, HeilpoceTh 0o0ydayiach, U C KaKIbIM
MOCIEAYIOIIUM PUCYHKOM BEpPOSATHOCTh TIOJIYYEHUS HEBEPHOTO
pe3yJbTara yMEHbIIAIACh.

Tenepp yCrnoXHUM 3ajauy Ui Hallle HEUPOCETH, Mbl HAPUCYEM
cHoBa 100 pHCYHKOB, HO yX€ HE MO LIEHTPY HAYaJIbHOTO 3KpaHa, a
rae-Hul0yab B YTy, pUcOBaTh (UTYpPhl Pa3HOTO pa3Mmepa, MpsiMbIe
JUHUM JieNlaTh OoJiee KPUBBIMH, M TIOCMOTPUM, KaK H3MEHUTHCS
rpaduk omrOOK HEUPOCETH.
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Cratuctuka ownbok

30
25

20

— [pA@ME OWMBOK
0-20 20-40 40 - 60 60 - 80 80 - 100

Puc.27. I'pagpux owubox netipocemu No2.

Kak ™Mbl MOXeM 3aMeTUTh, B TEPBbIX [ABAJAUATH PHUCYHKAX
KOJIMYECTBO OIIMOOK PE3KO YBEIMUMUIIOCH, KaK B MOCIEIYIONIUX, HO MBI
MOXEM OTCIEIUTh TMOJIOKUTEIBHYIO JAUHAMUKY, HOO BHIHO, YTO
HEWpoceThb TaK K€ TMpoAOoDKaeT oO0ydarbesi W OMIMOOK €
MOCJEAYIOIIUMU PUCYHKAMU CTAaHOBUTHLCS MEHBIIIE.

3akiroueHue

BbiBoa: Omarogapsi, 3TUM TEOPETUUECKUM JaHHBIM, HEHPOCETH
Brain.js u BO3MOXHOCTSIM s3bika JavaScript, Mbl CMOIJIM CO3/1aTh
porpamMmy, KOTopast MOXKET C MOMOIIbI0 HEMPOHHOW CETH HAYUYHUTHCS
ONpeNeNiATh TO, YTO HApPUCOBaJl MOJIb30BATElb, 3allOMHHATh 3TO U
BBIBOJIUTH COOOIIEHUE TOJIH30BATENI0, B KOTOPOM HAIMKCAHO, YTO OH
HapHCOBAJl HA SKPAHE.
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HOW ALPHAGO WORKS — THE FIRST PROGRAM TO BEAT
A HUMAN IN THE GAME OF GO
Karnaukhov A.V. (Russian Federation)

Karnaukhov Arseniy Viktorovich — undergraduate Student,
DEPARTMENT OF APPLIED MATHEMATICS,
NATIONAL RESEARCH UNIVERSITY HIGHER SCHOOL OF
ECONOMICS,

MOSCOW, RUSSIAN FEDERATION

Abstract: this article analyzes the game of Go that has long been
considered the most difficult of the classic computer games because of
its huge space of possible positions, as well as the difficulty of
evaluating them. The breakthrough in the field of computer Go was
made by the AlphaGo program. AlphaGo was the first program to beat
a professional player in Go. It was developed by the Google DeepMind
in 2015 and described in the article [1]. The purpose of this paper is to
give the reader a clear understanding of how the AlphaGo algorithm
works and what ideas it uses.

Keywords: AlphaGo, network, Go, move, position.
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KAK PABOTAET AJIB®AI'O — IIEPBAA ITPOI'PAMMA,
HOBEXIAIOIIASA YEJIOBEKA B UT'PE I'O
Kapnayxos A.B. (Poccuiickas ®eaepanusi)

Kapuayxoe Apcenuii Buxkmoposuy — cmyoenm bakanagpuama,
Kagheopa npuKiaoHol Mamemamuxu,
Hayuonanvnoii uccneoosamenvckuil ynugepcumem « Bvicuias wikona
9KOHOMUKU,

2. Mockea, Poccuiickas @edepayus

Annomayun: 6 oanHolu cmamoee ananusupyemcs uepa 1o, komopas
0one0e  @peMs  CUUmMAIach CaMoOU  CIONCHOU U3  KIACCUYeCKUX
KOMNBbIOMEPHLIX USP U3-3A O2POMHO20 NPOCHPAHCMBA B03MONCHBIX
no3uyuu, a makodce crodcHocmu ux oyenxu. lIpopvie 6 obracmu
KomnvlomepHo2o 20 cogepuiuna npoepamma AlphaGo. AlphaGo 6vina
nepeou npocpammot, obviepasuieli npopheccuoHaIbHO20 UCpoKa 8 20.
Ona 6wi1a paspabomana Google DeepMind 6 2015 200y u onucana 6
cmamve [1]. Llenv smoii cmamvu — oOamv yumamenio yemkoe
npeocmasieHue 0 mom, kak pabomaem ancopumm AlphaGo u rkaxue
uoeu oM UCNOJIb3Yem.

Knwueswie cnosa: AlphaGo, cemo, Go, x00, no3uyusi.

I. About Go and convolutional neural networks

Go is a complex deterministic board game, with complete
information, requiring intuition, creativity, and strategic thinking.
Computer Go has long been considered a challenge for artificial
intelligence.

Approaches that have shown excellent results in other board games
have not yielded significant results here. This is partly due to the
difficulty of creating a position estimation function, partly due to the
very depth and width of the tree of possible moves (if in the chess tree
the width is =35, and the depth is =80, then in Go the width is =250,
and the depth is =150).
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e Briefly about the rules: Stones are placed on a 19 x
19 board (9 x 9, 13 x 13).

e Stones are removed when they are surrounded.

e The one who occupies the most territory (plus the
stones eaten) wins.

CTABAT Ha gocky 19 x 19
% - _] (9% 9,13 x 13).
.: I - KamHu cHUMalTCH, Korga
=% v OKPYHAIOT.
1 g. « NoBewnaeT TOT, KTO 3aHUN
' = Al Gonbwe Tepputopun (NN
ChefleHHbIe KaMHM).

Recently, deep convolutional neural networks have achieved
unsurpassed results in areas such as: image classification, face
recognition, Atari-like games. Convolutional networks use multiple
layers of neurons arranged in overlapping tiles. This is done to create
increasingly abstract, localized representations of an image. The
authors use a similar neural network architecture in the AlphaGo
algorithm. The network takes a position on the board as a 19%19 image
and uses convolutional layers to interpret the position. This approach
has achieved unprecedented performance in the task of estimating the
position and predicting the.
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II. Computer Go before AlphaGo

1. Variations of tree search

One of the traditional methods 1s minimax tree search. It consists of
modeling all hypothetical moves on the board up to a certain point, and
then using an evaluation function to select the move that leads to its
maximization. The process is repeated every move. While tree search
was very effective in chess, it was much less effective in Go. This
happens because of the nature of the game. It is difficult to create an
effective board evaluation function, and also because there are
numerous of reasonable moves that result in a large branching factor in

the tree.

®
TN
9. 9

2 RoE R
00000000
2. Playing according to preset patterns and rules

Beginners often learn from game recordings of old games played by

experienced players. There are also many books describing the basic
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principles of Go. Early works often included attempts to teach Al
heuristics of human-style Go knowledge.

Two ways were suggested: learn common stone configurations and
positions, and concentrate on local battles. However, as was seen later,
this approach lacks both quality and quantity of knowledge.

3. Monte Carlo tree search (MCTS)

One of the main alternatives to using manually coded patterns is to
use Monte Carlo methods. The algorithm creates a list of possible
moves and for each move, thousands of games are randomly played on
the resulting board. The move leading to the best ratio of random game
wins for the current player is declared the best. The advantage of this
method is that it requires very little subject matter knowledge or expert
input, and the trade-off is increased memory and processor
requirements.

4. The use of machine learning

The level of knowledge-based systems is closely tied to the
knowledge of their programmers and associated subject matter experts.
This limitation makes it difficult to create really strong Als. Another
way is to use machine learning techniques. In them, the only thing
programmers need to program are rules and simple algorithms to
evaluate how to analyze the value of a position. During the learning
process, the machine itself generates its own understanding of patterns,
heuristics, and game strategies.

III. How AlphaGo works

AlphaGo is the first computer program to defeat a professional Go
player, the first to defeat the World Go Champion, and arguably the
strongest Go player in history. AlphaGo algorithm is based on a Monte
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Carlo method, which additionally uses convolutional neural networks
to optimize the tree width and depth.
1. Shrink the tree in width

Idea:

B 3

B~

/
.

Train a neural network that will predict the most likely moves of
professional players by their position on the board. Then at each
moment of branching the tree, we can consider only the most likely
moves, which greatly reduces the width of the search.

Implementation:

Feature

# of planes

Description

Stone colour
Ones

Turns since
Liberties
Capture size
Self-atari size
Liberties after move
Ladder capture
Ladder escape
Sensibleness
Zeros

(5%

Player stone / opponent stone / empty

A constant plane filled with 1

How many turns since a move was played

Number of liberties (empty adjacent points)

How many opponent stones would be captured

How many of own stones would be captured

Number of liberties after this move is played

Whether a move at this point is a successful ladder capture
Whether a move at this point is a successful ladder escape
Whether a move is legal and does not fill its own eyes

A constant plane filled with 0

30 million games of strong players (KGS 5+ dan) are taken for
training. On this data we train a 12-layer convolutional neural network,
which the authors call SL-policy network. The input is a tensor of size
19x19x48. 19x%19 is the size of the game board, 48 is the number of
features after encoding them using One-Hot Encoding method:

The output is an array of size 19%19 - for each square the probability
is predicted that the professional player goes exactly there. It is trained
using stochastic gradient descent, maximizing likelihood. The
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accuracy of the predictions of this network is 57.0% (the prediction is
chosen as the move with the highest probability). Interestingly, if we
leave only the "Stone color" trait, the accuracy will be 55.7%. As the
authors note, even a small increase in accuracy greatly affects the final
strength of the game. The previous accuracy result in this area was
44.4%.

2. Reduce the tree in depth

4 /uﬁl \

Idea:

1. Train a neural network that will give the probability of winning
this game based on the position given to it.

2. Let's train a very fast model, which will predict the most probable
move of a pro.

Now, coming to a new node that we don't know anything about yet,
we can quickly estimate the outcome of the game from it using neural
network 1, as well as playing the position to the end of the game using
fast model 2.

Implementation:

The network architecture is similar to the SL-policy network (the
same 12-layer convolutional neural network), except that at the input it
receives one more additional attribute - whether the player plays black,
and the output is one number - the probability of victory. In the article,
this network is called the value network.

If to teach the value network on the same 30 million games as SL,
the problem of overlearning appears (many positions belong to a game
with the same outcome and the network starts to learn to remember the
game).
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To solve this problem, the authors use the following strategy: the
SL-policy network is copied and called RL-policy network, then RL
starts playing a game with a randomly chosen its previous version (the
first game is played with itself). At the end of the game weights of RL
network are updated so that the network learns to win instead of
predicting a professional's move (the gradient sign depends on game
result), the updated RL is added to the pool of its versions. This
approach results in a neural network that already wins the best Go
programs 80% of the time.

Each game played between RL networks takes a random position
and sends it to the training dataset for the value network. So, this
whole self-game process is only needed to collect data to train the
value network.

2. A very fast model is trained, softmax linear regression, which the
authors call fast rollout policy, on the same 30 million batches as SL.
This network has a not very good accuracy of 24.2%, but it is 1500
times faster than SL. It uses a lot of preset patterns as features:

Feature # of patterns  Description

Response 1 Whether move matches one or more response pattern features
Save atari 1 Move saves stone(s) from capture

Neighbour 8 Move is 8-connected to previous move

Nakade 8192  Move matches a nakade pattern at captured stone

Response pattern 32207 Move matches 12-point diamond pattern near previous move
Non-response pattern 69338 Move matches 3 x 3 pattern around move

As a bottom line, one can estimate a random position as follows:
take the value network estimate with a weight of A, and play that
position to the end of the game using fast rollout policy, and take the
bottom line with a weight of (1 - A).

3. General scheme of the described neural networks
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Rollout policy SL policy network RL policy network Value network Policy network Value network
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To summarize, we have:

- Fast rollout policy (on the picture Rollout policy) is a very fast
model that predicts the professional's move in a given position. It is
used to play the position to the end of the game to find out the result.

- SL policy network - says on this position with what probability
each

Possible move will be made by the professional player. It is needed
for choosing the direction of descent in a tree.

- RL policy network - needed only to prepare training data for the
value network. It is obtained from the SL policy network by playing
with itself.

- Value network - by position tells us what chances we have to win
the game.

4. Tree search

a Selection b Expansion c Evaluation d Backup
: S LA
¥ i L H
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Tree of positions is built, with the current one at the root. For each
vertex the value Q is stored - the average of all the results of parties

that are reachable from that vertex - essentially how much the given
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position leads to victory. This tree goes through many iterations of the
following algorithm:

At each iteration, we go from the root and go down to where more Q
+ u(P). u(P) is a special additive that encourages exploration of new
paths in the tree. u(P) is the greater the probability of that move in the
SL-policy network prediction, and the smaller the more often we have
walked through that node. When we reach a new leaf, it is evaluated
through the value network and fast rollout policy. The resulting score
updates all nodes on the path from leaf to root.

As a result, the best move is the node which was used most often
(this 1s more stable than choosing the maximum by Q).

5. Result

Algorithm iterations during tree search are run in parallel, on
multiple graphics cards (176 GPUs in AlphaGo, which played at the
championship). As a result, we have a top-1 Go algorithm - AlphaGo
which has beaten all top Go programs with the score 494 out of 495
games, and has also beaten multiple European champion Fan Hui
(professional 2 dan) with the score 5:0.

Conclusion

The authors have succeeded for the first time in developing a
program for playing Go, AlphaGo, based on a combination of deep
neural networks and tree search, which plays at the level of the
strongest human players. It was also the first to develop effective move
selection and position estimation functions in Go, based on deep neural
networks.

A further line of work was AlphaGo Master and AlphaGo Zero,
which cemented the computer's breakthrough in the game of Go by
beating professional players (including top-1 Lee Sedol) 60-0.
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