SN -

JOURNAL OF TRANSPORT

".II'.'
iy,
ALIET

.....

ISSUE 3, 2026 vol. 3
E-ISSN: 2181-2438
ISSN:3060-5164

RESEARCH, INNOVATION, RESULTS



TOSHKENT DAVLAT
'I r TRANSPORT UNIVERSITETI
Tashkent state

transport university

JOURNAL OF TRANSPORT

RESEARCH. INNOVATIO N, RESULTS

E-ISSN: 2181-24338
ISSN: 3060-5164

VOLUME 3, ISSUE 3
SEPTEMBER, 2026

[=] 5 =]

[m] 285

jot.tstu.uz



TASHKENT STATE TRANSPORT UNIVERSITY

JOURNAL OF TRANSPORT
SCIENTIFIC-TECHNICAL AND SCIENTIFIC INNOVATION JOURNAL
VOLUME 3, ISSUE 3 SEPTEMBER, 2026
EDITOR-IN-CHIEF
SAID S. SHAUMAROV
Professor, Doctor of Sciences in Technics, Tashkent State Transport University
Deputy Chief Editor
Miraziz M. Talipov
Doctor of Philosophy in Technical Sciences, Tashkent State Transport University

The “Journal of Transport” established by Tashkent State Transport University (TSTU),
is a prestigious scientific-technical and innovation-focused publication aimed at disseminating
cutting-edge research and applied studies in the field of transport and related disciplines. Located
at Temiryo‘lchilar Street, 1, office 465, Tashkent, Uzbekistan (100167), the journal operates as a
dynamic platform for both national and international academic and professional communities.
Submissions and inquiries can be directed to the editorial office via email at jot@tstu.uz.

The Journal of Transport showcases groundbreaking scientific and applied research
conducted by transport-oriented universities, higher educational institutions, research centers, and
institutes both within the Republic of Uzbekistan and globally. Recognized for its academic rigor,
the journal is included in the prestigious list of scientific publications endorsed by the decree of
the Presidium of the Higher Attestation Commission No. 353/3 dated April 6, 2024. This inclusion
signifies its role as a vital repository for publishing primary scientific findings from doctoral
dissertations, including Doctor of Philosophy (PhD) and Doctor of Science (DSc) candidates in
the technical and economic sciences.

Published quarterly, the journal provides a broad spectrum of high-quality research articles
across diverse areas, including but not limited to:

Economics of Transport

Transport Process Organization and Logistics

Rolling Stock and Train Traction

Research, Design, and Construction of Railways, Highways, and Airfields, including
Technology

e Technosphere Safety

Power Supply, Electric Rolling Stock, Automation and Telemechanics, Radio Engineering
and Communications

Technological Machinery and Equipment

Geodesy and Geoinformatics

Automotive Service

Air Traffic Control and Aircraft Maintenance

Traffic Organizatsion

Railway and Road Operations

The journal benefits from its official recognition under Certificate No. 1150 issued by the
Information and Mass Communications Agency, functioning under the Administration of the
President of the Republic of Uzbekistan. With its E-ISSN 2181-2438, ISSN 3060-5164 the
publication upholds international standards of quality and accessibility.

Articles are published in Uzbek, Russian, and English, ensuring a wide-reaching audience
and fostering cross-cultural academic exchange. As a beacon of academic excellence, the "Journal
of Transport"” continues to serve as a vital conduit for knowledge dissemination, collaboration, and
innovation in the transport sector and related fields.

jot.tstu.uz Research, Innovation, Results



mailto:jot@tstu.uz

Journal of Transport ISSN: 2181-2438 Volume:3|lIssue:3|2026

Received: 5 June 2026 | Accepted: 23 July 2026 |  Published: 30 September 2026

Synthesis of a relay operation algorithm aimed at creating a neural network

Abstract:

Keywords:

model of its operation

A.R. Azizov*®?2, |.V. Bondarenko!
1Tashkent state transport university, Tashkent, Uzbekistan

The replacement of obsolete relay devices with microprocessor-based systems has become the primary
method for improving railway automation and telemechanics systems in Uzbekistan. The implementation
of solutions based on microprocessor technology makes it possible to reduce operating costs through
service-based maintenance methods, as well as to increase reliability due to the automatic recording and
collection of data on failures, malfunctions, and other factors. At the same time, such technical solutions
have a number of disadvantages. The design process, procurement of equipment, and reconstruction of
individual sections requiring their shutdown from the technological process demand significant resource
investments. Moreover, the rapid progress in microelectronic technologies and the tightening of
transportation safety requirements lead to the rapid obsolescence of the applied digital systems and
necessitate substantial investments in their modernization. The development of components combining
the advantages of both systems can address these issues and minimize the associated disadvantages. This
article examines the relevance of implementing neural networks and microelectronic technologies in
railway automation and telemechanics devices in the context of the development of train traffic safety
systems on high-speed railway sections, using the example of replacing contact relays with contactless
microprocessor modules.

automation and telemechanics, railway transport, block route relay centralization (BRRC), relay,
mathematical model, discrete mathematics, recurrent neural networks, neural network training, activation
functions, error gradient, LSTM layer, dropout layer

Cunre3 aaropuTMa padoThl pelie, ¢ HEJbI0 CO3TaHUsI HelipoceTeBOI MoIeIH

ero padorsl

Asuzo A.P.192 Bonpapenko U.B.!

TamkenTckuil rocynapcTBEeHHbI TPaHCIIOPTHEIA yHHBEpcUTET, TalkeHT, Y36eKucTan

AHHOTAaIMA !

KnroueBsie cioBa:

3aMeHa yCTapeBLIMX pPENEeHHbIX YCTPOWCTB Ha MHUKPOIPOLECCOPHbIE KOMIUIEKCHI CTaja OCHOBHBIM
METO/IOM YCOBEPILEHCTBOBAHMSA CHCTEM aBTOMAaTHUKH M TENEMEXaHHUKM Ha JKEJE3HBIX J0porax
V36ekucrana. [IpumeHeHre pelieHuii, OCTPOSHHBIX Ha MUKPOIIPOLIECCOPHOM 0a3e, 03BOJISIET CHIU3HUTD
pacxo/pl Ha SKCILTyaTalHio 32 CYET CEPBUCHOTO METO/A 00CITY)KUBAHUS, & TAKOKE TOBBICUTh HAIEKHOCTh
Onarojiapsi aBTOMaTH4YeCKOMY (HUKCHUpPOBaHUIO U cOOpy INaHHBIX 00 OTKa3ax u cOOSX U JAPYyTrUM
(akropam. BmecTe ¢ TeM no100HbIE TEXHUYECKHE CPEJICTBA UMEIOT PsiJI HeloCTaTKoB. [IpoekTupoBanue,
npuobpereHne 00OPYIOBaHUS, PEKOHCTPYKIMS OTACNBHBIX YYacTKOB C HEOOXOJMMOCTBIO HX
BBIKJIIOYEHHUS M3 TEXHOJOTHMYECKOro Ipolecca TpeOyIOT 3HauMTENbHBIX BIOXKEHUH pecypcoB. boiee
TOT0, HPOrpecc B Pa3BUTHU MUKPOAJIEKTPOHHOH 06a3bl M yXecToueHHe TpeOOBaHMI K 0€30IaCHOCTH
NIEPEeBO30YHOr0 Mpolecca MPUBOIAT K OBICTPOMY MOPAIBHOMY HM3HOCY IPUMEHSEMBIX LH(PPOBBIX
CHCTEM M HEOOXOIMMOCTH 3HAYMTENBHBIX BIOKEHHH B MX OOHOBieHHe. Co3gaHHE KOMIIOHEHTOB,
COYETAIOLINX MPEUMYIIECTBA 00EHX CUCTEM, MOXKET PEIMTH JaHHbIC 3aJa4i U MUHUMH3HPOBATh 3TH
He#OCTaTKUM. B crarbe paccMmarpuBaercsi akKTYalIbHOCTh BHEOPEHHS HEHPOHHBIX CceTed u
MUKPOSJIEKTPOHHBIX TEXHOJIOTHH B YCTPOMCTBAX >KENE3HONOPOKHOW aBTOMATHKH U TEJIEMEXaHUKU
(OKAT) na ¢one pazBurusi cucreMm Oe3onacHoct asikenus moe3noB (BJIIT) Ha BhICOKOCKOPOCTHBIX
y4acTKax, Ha MPUMepe 3aMEHbI KOHTAKTHBIX pelie OeCKOHTaKTHBIMH MUKPOIIPOLIECCOPHBIMH MOYJIIMH.
aBTOMAaTHKa M TEJICMEXaHHUKA, JKEJIE3HOIOPOXKHBIM TpaHCIOPT, OJIOYHAs MapLIpyTHas peleiHas
nentpanuzaimst (BMPLI), pene, maremaruueckas Mojenb, OUCKPETHAas MaTeMaTHKa, PEKYppPEHTHBIE
HEeHPOHHBIE ceTH, 00yUeHHe HEHPOHHBIX ceTell, PYHKINKM aKTUBALKMH, rpagueHT ommboku, LSTM-cnoi,
dropout-cioit
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1. BBeaenue

AKTYa/IbHOCTBb NPOBEAEHHOI0 HCCIICI0BAHUSA

Bonpoc cHuwkeHHs KOIUYECTBa aBapuil, KpyILICHUHA U
TPaBM OIACHBIX CHUTYaIMii Ha XeJIe3HBIX Joporax Tpedyer
0co00ro BHHMAaHHUS CO CTOPOHBI €ro pabOTHHUKOB Ha
MIPOTSHKEHUH BCETO BPEMEHH CYILECTBOBAHHS JaHHOTO BUIA
TpaHcropra. C MOMEHTa IEPBBIX aBaphil CTajo SICHO, YTO
OoJbIasi 4acTh YPE3BBIYAWHBIX CHUTYyaIllMi CIydaercs IO
BHHE desloBedeckoro ¢akropa. B cBa3m ¢ atuM, Bcé
OOJIBITYI0 aKTyalbHOCTh HAaOWpaeT BOMPOC pa3paboTKH U
YCOBEPIIEHCTBOBAHMSI ~ CHUCTEM  aBTOMAaTH3allMd U
YIpPaBIICHHS JKEIE3HOI0OPOXKHOIO TPAHCTIOPTA.

Hcropusi pa3BUTHSI CHCTEM >KeJe3HOTOPOKHOI
aBToMaTnKu u TejJemexanukn (C/KAT)

IIpumuTHBHEIE ycTpoiicTBa CHUTHAIU3aLHH,
neHTpanusanuy 1 oimokupoBkH (CLB) mosBuimcs B KOHIE
XIX Beka. bonbiiasg 4acTe 3THX CHCTEM IpeICTaBIISLIN
co0oif Hemelkve ¥ aHIrIMiickie Hapabotku. Jlo Hagama
IlepBoit MupoBoii BOWHBI Ha 87% NPOTHKEHHOCTH
JKEJIE3HBIX JJOPOT NIPUMEHSIIOCH PETYINPOBAHNE IBIDKSHUEM
TI0€37I0B, TOCPE/ICTBOM TeJerpadHO-TeNepOHHBIX CPENICTB U
UIEKTPOXKE3ToBOi  cuctembl. OpHako, k 1920 roxy,
MOBBIIIIEHHE CIPOCa Ha TIEPEBO3KH IKEIE3HOIOPOIKHBIM
TPaHCIIOPTOM norpedoBaio BHEJIPEHUS Goiee
3¢ PeKTUBHBIX CpeNCTB.

B nepuon ¢ 1930 no HelHemHue aHU ycrpoiictBa CLIb
Mpouuty  OOJBIIYI0 TpaHCOPMANUIO, OT OJHOITYTHOM
peneiiHol 4eThIpéx3HauHOH aBTOONOKMpOBKH (AB), mO
MHKPOTIPOLIECCOPHBIX CHUCTeM. HemaoBaxHyI0 poJib B 3TOM
BOIIPOCE CHITPAJI ¥ HApaOOTKH B chepe MOTyHPOBOIHUKOB
U MHKPO3JIEKTPOHHKH.

Pazeutue u s3xcnayartauus C/KAT Ha TeppuTopuu
Y30ekucrana

Ha cerogmsamuuii fAeHp Ha JKEIE3HBIX JOPOrax
V36ekucrana MPUMEHSIOTCS peneliHble u
MHKDOIIPOLIECCOPHBIE ~ CUCTEMBI.  PeneliHble  cHCTEMBI
00J1a1al0T BBICOKOI HaJEXHOCTBIO X IPOCTOTON MOHTaXa, a
TaKKe JACCATWICTUAMH O3KCIUIyaTalldd, HapabOTOK M
yIydimeHui. MUKponpoIecCopHbIe CUCTEMBI HUBETUPYIOT
HEJIOCTaTKH peJelHbIX cucteM. B uacTHocTH, 3aMeHa
pENEHHBIX CHCTEM MUKPONPOLECCOPHBIMU  MO3BOJISIET
CHM3UTh PACXOJbl Ha 3KCIUTyaTalluIo, 32 CYET CEPBUCHOTO
MeTo/ia 00CITy)KUBaHUsI, TOBBICUTH HAIEKHOCTD, Oaroaapst
aBTOMaTHYeCKOMY (DUKCHPOBAaHHIO M COOpY HAaHHBIX 00
OTKa3aXx M cOOAX CHUCTEeMbl U psija Ipyrux (HaKTopos.
OpHako,  Mambli  ONBIT  3KCIUTyaTallud  JAHHBIX
MHKPOIIPOLIECCOPHBIX CUCTEM, JJIOPOrOBH3HA NMPHOOpETEHNE
U YCTaHOBKM OOOpYNOBaHHSA, OrPAaHUYCHHBIH  CPOK
JKCIUTyatauuu B mpezpenax 10-15 ner, HeoOXoauMocTh
BBIKJIIOUEHHUS] y4acTKa U3 TEXHOJIOTMYECKOro Mpolecca, Ha
JTane pPEKOHCTPYKIMH U  OTCYTCTBHE BO3MOXKHOCTH
yHUDHUKAMHA TPOrPaMMHOIO KOZa, TPeOYIOT MpPOBEACHMUS
HCCIEOBAaHUA C  LENbI0  ONTHMM3AlMU  JAHHBIX
HEJIOCTATKOB.

2. MeToauka MccJjiel0BaHus

B kauectBe pemieHus, MNPOBEAEHHOW  HAy4HO-
U3BICKATENILCKOH PabOTBl, PAacCMOTPEHBI BO3MOXKHOCTH
MPUMEHEHUs  MHKPOIPOLECCOPHBIX  YCTPOHCTB, €
HUHTEerpanuein HENPOCETEBbIX TEXHOJIOT U, B
cymectBytomux cuctembl BMPILI.  Takoe pemenue
MO3BOJIUT UCIONB30BaTh COBOKYIHOCTh MPEUMYILIECTB Kak
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3apEKOMEH/IOBABIINX CBOIO  HAA&KHOCTH
penedHbIX cHCTeM, Tak H  Ooiee
MHKPOTIPOLIECCOPHBIX TEXHOIOTHH.

Kpatkue cBegenust 06 ycTpoiicTBe KOJOBBIX pese B
om1oxax BMPLI.

Biioku BMPI ¢hyHKIIMOHANEHO KIIAaCCHPUITUPYIOTCS HA
2 rTpynmsl: HaOOpHYI0 M WCHOJHUTENBHYI0. B pamkax
HCCIIEJIOBAaHUS PAcCMOTPEHBI OJIOKM HAaOOpHOM TIpYHIIHL,
BBITIONHSIOMME (QYHKIMH (opMHpoBaHUS M  (HUKCAINU
HaOpaHHOI'O MapIIPyTOB.

KirtoueBoit GyHKIIMOHAIBHBIN 3JIEMEHT JJAHHBIX OJIOKOB
— HEHTpaJIbHBIC pejie BTOPOro Kilacca HAaAEXKHOCTH THUIA
KAP1 u KJIP1IM (puc. 1). IlpuHimn geficTBUs OCHOBaH Ha
SBJICHMH DJISKTPOMAarHuTHOM wHAyknuu. [lpm nopmaue
HaINpsDKEHUS HA OOMOTKY 3IEKTPHUYECKHM I0JIEM CO3aéTcs
MarHMTHBII NOTOK, mpuTsaruBaromuii sspmo. Ilocnennee c
TIOMOIIBI0 TATOBOTO MEXaHW3Ma IepefaéT yCWiIus Ha
KOHTAKTBI, TIepeKJItoyas ux.

yCrapeBuinx
COBPCMECHHBIX

ap**

Puc.l. Ipuamunnansnas cxema pesae KAP1 n KAP1M

MartemaTu4eckasi MoJeJIb padoThbI peJie.
IocranoBka 3ajma4yn: paspaboTaTh MaTEMaTHYECKYIO
MOJIeNIb HEHTPAJIBbHOIO pelie, ONpeNeNsIONLyl0 COCTOSHHUE
€ro BBIXOJOB (KOMMYTAIIMIO KOHTAaKTOB), Ha OCHOBE
BXOJJHBIX XapPaKTEPUCTHK.
MaremaTnueckass  MoJenb  pele
HOBE/ICHHUE, KaK JIMCKPETHOTO
WHULMAIU3UPYIOIIETO0  €ro  BBIXOAHOE
3aBUCHMMOCTH OT BXOZHBIX [IAPAMETPOB:
AKTHUBHOE CONPOTHUBIICHUE 0OMOTKH R ¢
WNunykruBaocts 06MoTkH L ¢
HomunansHoe Hanpsioxenne oomotku U_H
MuHuMasbHOE HanpsDKeHHe TIOJIHOTO
nputsoxeHus U p
Hanpsixenue ormyckanus sikopst U_o
Bpewmst 3ameieHus Ha cpabaTbiBaHue t_C
Bpewmsi 3ameyieHus Ha OTIyCKaHHE t O
. MugyxtuBHOCTH OOMOTKH pere L ¢
CocrosiHue pesne f. ompepensieTcss €ro BXOAHBIM
HanpspkeHueM U, B MOMEHT BPEMEHH t:

OTpa)kaeT  ero
YCTpOHCTBa,
COCTOSIHHE, B

HowpE

oNov

1,npua
f(u@),t) = 0,mpub (1.2)
f(x,t) —1,mpuc
a=U)=zU,ut =t 1.2)
b=U({t)<Uyut=>t, 1.3)
c=U, <U@)<Upmmt, <t <t (1.4)

Hanunune rucrepesuca B yCI0BHH KOMMYTAIIUU MOJIETH
SIBISIETCSL OJTHAM M3 OCHOBHBIX (haKTOPOB €€ HAIEIKHOCTH.
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HCXOJIS u3 BBIIICONICAHHOTO, 3aBUCHMOCTh
KOMMYTAlIHOHHOH 4YacTH f,, OT COCTOSHHs cojeHoupaa f.
OIMCAHO ypaBHEHHEM (2)
£(F) = {1, npH f; 1 @
Ve O,mpuf. =0

[ocTostHHas BpeMeHu cpabaTsiBaHns (00ECTOUMBAHM)
3aBUCHT OT TIapaMeTPOB MHIYKTHBHOCTH peie. Tak, y pene
KJPIM-120 B cepleyHUK BCTpOSHA MeEJIHAs THIIB3a,
BHOCSIIAsl 3aMeieHne B ero pabory. biaromaps sromy
OTIpeIessIeTCsl BEIMUMHA CKOPOCTH IIEPEXOJHOTO Iporecca

O

T=— 3)

CkopocTh mepexoza OIpelersieT BpeMs, 3a KOTopoe
00MOTKa OK)KET BO3JICHCTBHE HA KOHTAKTHYIO Ipyminy (4).

I C
pab.
tcpa6. =—1xln (1 - T) (4)
U o
e I = R_ — YCTaHOBUBIINHUCS TOK
C
cDOpMyJ'Ia 3aBUCUMOCTHU  HAIIPSKCHUA B MOMCHT

BpEeMeHHU t OT TOKa | W MHIYKTHUBHOCTH L. Oyner mmerh
cienyronmii Buz (5).

Al
U(t) = Le* -+ R+ () (5)

I'paduk 3aMeuieHns akTHBAIMU U 00ECTOUMBAHUS pelie
MpeJCTaBJIeH Ha puc. 2.

|«—— Bospacrauue Y6
100
L —
B ] \
e
i \
:gw
g8
§g %
=
" &
e
: W\.

1 2 3 B 5
0 1 2 3 4 5

MNocTosHHan BpemeHn
Puc. 2. 'paduk MHAYKTHUBHOIA YacTH peJie

MopeJib HelipOHHOIi ceTH.

IocraHoBka 3amaum:  pa3pabotath ¥ OOYy4HUTH
HEWPOHHYIO ceThb MPOTHO3UPYIOLIYIO MOMEHT
cpabarbIBaHUS pejie B MOMEHT BPEeMEHH t, IPH 33aJaHHOI
BPEMEHHOM 3aJiepxKKe t;, HA OCHOBE UMEIOIUXCS JAaHHBIX U
rmapamMeTpoB ~ CHUCTeMbl.  BxXomHbiMum  mapameTpamu
HEMPOHHOMN CEeTH NPUHATH, MOTy4YaeMble C JaTYMKa JaHHBIE
o Hanpsokenun U(t) u toke I(t) B TeKyliuii MOMEHT
BpeMeHH t. Takxke, ¢ eIbo ONpeAeNIeHNsI KaueCcTBa CUrHaIa
YUUTBIBaTh BXOJHBIE JAHHBIE B IIPEABIIYIIHE MOMEHTHI
BpEMEHU L — Nn.

Onucanue apxuteKTypbl. ONTHMAJIBHBII BHIOOD WIS
pelieHys MOCTAaBJICHHOW 3aJaud — CO3JaHHe HEHPOHHOU
CeTH, ONHUPAOIIEiics BXOAHBIE TAPAMETPBI, U B TO XKe BPEMsI
aHAIM3UpYOLIeH cBOM mpeaplayne pacuérel. C 3TOM
3aJaueil OTJIMYHO CIPABISAIOTCA PEKYPPEHTHbIE HEHPOHHBIE
cery, ¢ Long Short-Term Memory (LSTM) sueiikamu.
Takoe pelieHHe CHUKAaeT BEPOATHOCTh OLIMOKH, Jiesias CeTh
Oonee Ham&XKHOM, a €€ OTBeThl OOJiee JOCTOBEPHBIMH.
Opnako, Bcé emé ocTaércsi BECOMBI MHHYC CeTH — &
CKJIOHHOCTh K mepeoOydenuto. st penieHust npoGiieMbl
NpUMEHSIOT  dropout-ciioif, HUBENUPYIONIMM  JaHHbBIE
Henocratki. CTpyKTypa CeTH moJbHpanach SMIMPUYECKH,
U BBITJIAJMT CIIETYIOIIMM 00pa3oM:

101
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. Bxoznbie mapamerpsl — Hanpspkenue U(t) u Tok
I(t) B TeKymIMii MOMEHT BpeMeHH t

. LSTM-cnoii (32 HeitpoHa, METOZ aKTHBALMH —
runepOOIMYecKHil TaHreHC) — AaHaIM3UPYeT BXO/IHBIC
rapameTpbl

. Dropout-cioit (BepositHOCTS oTceBa — 0.2)

. LSTM-cunoii (16 HelipoHOB, METOJl aKTUBALUH —
TUNEPOOIMIECKUH TaHI'€HC) — YIIIyOmsieT aHaIn3 BXOIHBIX
JAHHBIX

. Dropout-coii (BepositHocTh oTcesa — 0.1)

. CKpbITBIH 1ol (8 HEHPOHOB, METOJT AKTHBAIMN —
ReLU) — u3Biiekaer BHICOKOYPOBHEBBIE MIPH3HAKU
. BrrxoaHoii cnoii (1 HEHpOH, METOJ| aKTHBAIIUH —

sigmoid) — onpenensiet BEepOSTHOCTb BKITFOUCHHS peie

Pacuér meiiponnoii cern. LSTM-suelika copepxut
TPHU BEHTWJISI U BHYTPEHHEE COCTOSTHHUE:

. 3a0siBarornuii BeHTHb (f(t)) — peraer, Kakyro
HH(POPMAITUIO 3a0BITh U3 COCTOSHHUSA sTuekku (6.1, 6.2);

. BxoxnHoii BenTIib (i(t)) — ompenensier, Kakylo
HOBYIO nH(popMaIuio coxpanurs (7.1, 7.2);

. BeixoHO# BeHTHIIB (0(t)) — KOHTPOIHUPYET, YTO
Oynet BbIBesieHO U3 stueiik (8.1, 8.2);

. Cocrosinue siueitku (C(t)) — «monrocpovHas
mamate» (9.1, 9.2, 9.3);

. Ckpsitoe coctostaue (h(t)) — «KkpaTkocpodHas
nmaMsAThy», BeIXo stueiku (10.1, 10.2, 10.3, 10.4).

OYHKIMM  aKTUBalMM  BEHTWIEH  ONpEeAeNstoTCs

CJIEAYIOIINMU BbIPaXKCHUAMMU:

Zf = [ht_l,xt] * Wf + bf (61)
ft(Zf) = 1+e% (6.2)
zi = [he—q, %] *1Wi + b; (7.1)
Wz) =1 (7.2)
Zo = [he—q,x¢] % Lo + by (8.1)
= 8.2
0u(7) = 155 82)
OyHKIMH ~ aKTHBALMM  BEHTHJICH  OMpPEACIsIOTCS
CIICIYFOLIIUMH BBIPKCHHAMU:
zg = [he—q, 2] * We + b (9.1)
et —e %
€20 = o ©2)
C = ft(zf) O] Ct—l(Z(':_) + it (2g) 9.3)
O Ci(z0)
DyHKIUS HEHPOHA CKPBITOrO COCTOSHUSA:
zp = [he_1,xc] * Wy + by, (10.1)
e-e™ 0.2
0:(20) =CEZO T %_ZO (10.2)
e~t —e Ut
o =—" 10.3
C=—rom (10.3)
he = 0:(20) © Gt (10.4)

Drop-out BEIOOPOYHO «OTKIIFOYAET YaCTh HEHPOHOB BO
BpemMs OO0ydeHus, OOHyJsII MX BBIXOABL Takoil Merton
Ha3bIBACTCA  «KOJUIGKTHBHBIM  OOy4YeHHEM», TPEHHUPYS
HEHpOHBI BBIZIABaTh TOUHBIA pe3yNbTaT, HE IOJarasch Ha
JIpyrue HelpoHbl. MaTeMaTn4ecky alropuTM JAHHOTO COs
peanusyercs ClieyrouuM 00pazom:

Ilycts y Hac ecTh ci0oil akTUBamMii U3 M-3JIEMEHTOB
(12):
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a
% (11)

Q
I

am
Co3pmaanM MacKy U3 m CIydaiiHbIX BeIHIrH bepHymm,
T7ie P — 9TO BEPOSITHOCTH OOHyeHwst aktusarmu (12):

1L,opul-—p
mi = { 0,pu p (12)
Torma Ha BbIXOAE TOJYYHM CIEQYIOIIUN IO
AKTUBAIIHINA:
ad=a@®m (13)
Ha stane npejckazanvs noxydaem:
Arina = a*(1—p) (14)

HemocTaTtkoM Takoi cucTeMsl siBjsiercst To, uro dropout
cioit paboraer Jymmib Tpu oOydeHmd. Ho Ha 3rame
MPEJICKa3aHusi BCE HEUPOHBI CJIOS aKTHBHBI, YTO MOYKET
BBI3BaTh JUCOQJAHC CHUTHAJIA W 3HAYHUTEIHHO CHH3HTH
TOYHOCTh BceW HeHpoHHOH ceTu. Pemienuem sBisiercs
3amena npsimoro dropout ua inverted dropout. PaGoraer sto
CIIEYIONM 00pa3oM.

Bo Bpemst 0OyueHHs CIIOW aKTHBAlIMH, MPOLICAIHIA
gepe3 Macky (13) mpoxoauT Taxke Macirabuposanue (15),
9TOOBI COXPAHUTH CPEIHIOI0 CHITy CHTHAJIA:

a®Om
! = 1
@ =T (15)
Ha stane npenckazanns noxyanM (16)
Qfinal = a (16)

Jnst GyHKIMM aKTHBAIlMM HEHPOHOB CKPBITOTO CIOS
CIpaBeUIMBBI CIIEYIONINE PABEHCTBA:

ZA=WA*a+ bA (17)
fa(zy) = max(0,z,) (18)

@DyHKIMS aKTHUBAaUMM BBIXOJHOTO CJIOS HEHPOHOB
onpezneneHa BelpaxkeHusMH (19, 20).

Zg = Wp *X + bo (19)
1

= 20

foe) = 1oz (20

Pacuér ¢pyHkuum norepb u Meroanl o0y4yeHus. s
pelieHns 3ana4 OMHApPHOM KiaccU(pUKALMU IPUMEHSAETCS
GyHKLMSA OTepb, UMEHYeMast OMHAPHOH KPOCC-IHTPOIHSL.
Hannass ¢yHkuust (21) mo3BOJNSET OIpPENeNIUTh CTENCHb
OLIMOKH, YTO BAXKHO, Ul pacyéra TOYHOCTH HEHPOHHOI
CeTH.

Ci =y *log(fo) + (1 =)

+log(1 = fo:) (LD
L(6) = — %Ct (21.2)

rae

N — pa3mep Oatya

y; — ICTUHHOE 3HauCHUe

foi — npenckazanue cetu

6 — MHOECTBO BceX 00yyaeMbIX IapaMeTPOB CETH

IpoGiiemMbl 00y4YeHUsT peKYPPEHTHBIX HEWPOHHBIX CeTei
3aKIIOYAIOTC B MX TPAaJUEHTHOM CIIycKe. I'paaneHThl
YMEHBIIAIOTCS P OOPaTHOM PAacIpOCTPAHEHUH OLIMOKU
(sABNEHME WCYE3AIOIIEr0 TIPAAUCHTA), 4Yepe3 JUIMHHBIC
MOCJIEA0BATENBHOCTH, YTO NPUBOJUT K 3aMEAJICHUIO WIIH
MOJIHOW OCTaHOBKE 00y4eHHs, JINOO HA0OOPOT, CTAHOBITCS
CIIMIIKOM OOJIBIIMMH, YTO MNPHBOIAWUT K HECTAOMIBHOMY
oOyueHnto cetu. JlaHHBIII BOMpOC pelIaeTcs BBIOOPOM
MPaBUWJIBHOTO ONTUMM3ATOpa. Pe3ynpraTaMu nccieoBanuit
ONTHMATBHBIM BapUaHTOM BBIOpaH omrumm3atop Adam.
Jlanublii  onmTMMH3aTOp 00JamaeT  XapaKTEePUCTHKAMHU,
MO3BOJLIIOIMMHE  00ECTIeYNTh OBICTPYIO CXOIHUMOCTh, U
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BEICOKYI0 HanékHOCTh it RNN cereid. [Tpu aToM rpajaueHt
oTepsh OyIeT UMETh Cileyrommit BUx (22).
dL

dé,
dL
9e =VoL(8:-1) =| de, (22)
dL
de,
rae 6 — BEKTOp BceX OOy4YaeMBIX ITapaMeTpoB CETU
(BecoB u cMeleHui).
Ilpu 5TOM OLIEHKA CPEeAHEro rpajueHTa, OyneT UMeTh
Bup (23):
my=Pyxme g +(1—p1)* g,
rae f; - KO3 QHUINEHT 3aTyXaHHs.
OneHka cpeHero rpaJueHTa IOKa3blBaeT MMITYJIBC U
HalpaBJIeHHE  JBIDKCHHWS  OIIMOKH, obecreunBas
crabunmsanuio oOy4yeHHs 3a CUéT CrIaXHUBaHUS LIyMa,
YCKOPEHHSI CXOJUMOCTH M HUBEINPOBAHUS CTOJIKHOBEHUM C
JIOKaJbHBIMH MUHAMYMaMH.
OueHKa JIMCTIepCHH rpaueHTa Oyaer uMeTh Bu (24):

Ve = Paxvey + (1= B2) * gf (24)
rae f, - koddduuneHt 3aTyxaHus.

OueHka JuCIIepcuH MOKa3bIBaeT pa3dpoc rpaJleHTOB
0 KaKIOMy mapamerpy. UeM HIKe TIpaiueHT, TeM
cTabuibHee cucTeMa.

Ipy MHULMATM3ALUY ONTHMHI3aTOPa BEKTOPHI M U U,
HMEIOT ~ HyJeBble  3HA4YeHWs, YTO  IPHBOAUT K
CHCTEMATHYECKOMY 3aHIDKCHHIO OLCHOK MOMEHTOB Ha
HAaYaJBHBIX [arax OOy4eHWs. OTO INPHBOAUT K
3HAYUTEIBHOMY YBEIHMUEHHIO IIara, YTo I0JIe3HO Ha CTapTe,
HO CHIDKAaeT CKOpPOCTh O0OydeHus B jaibHeifmiem. Bo
n30eKaHHe JIAHHOTO HENOCTaTKa BBEAEM KOPPEKIMIO
cMmenienui (25, 26)

(23)

. m
~ _ t

roe M;, ¥; — HeCMCUEHHbIE OIEHKH CpEIHEro
rpajneHTa 1 JUCIICPCHH.

Ha ocHOBaHMM MOJNY4YEHHBIX JaHHBIX OOHOBUM
rapaMeTpbl BXOJHBIX mapaMeTpos (27):
me
O =0 g —a*— (28)
VU t+ €
rie €=10"% — 3Hauenme, BBeAEHHOE U
npenoTBpaLieHus aenaeHus Ha 0;
a — ckopocth O0y4yeHus HeliponHou cetu (29),

BBIYMCIIIEMAs, [UTS KaXKIOT0 apamerpa 6, MHINBHIYaIbHO.

my
Or =01 —a*— (29)
\/12 + &
3. 3akaoueHue
UccnenoBanus, mnpuBenéHHbIE B JAaHHOHW CTaThe,

TOKA3bIBAIOT MEPCHEKTUBHBIE BO3MOXKHOCTH HPHUMEHEHUS
HEHPOHHBIX CeTe B CHCTEMax >KEeJIE3HOAOPOKHOM
aBTOMaTHKM M TeneMmexaHHkd. ONMCaHHas peaau3alyst
LSTM HeiipoHHO# ceTH — NuUIlb MaJiasi 4acTh MOTEHIHANIA B
chepe OezomacHOCTH ABWKEHHS Moe31oB. Hecmorps Ha
CYIIECTBYIOIINE OTPaHUYEHMS], MEepexof K HeHpOCeTeBBIM
PEIICHUSIM MOXET IOBBICUTh T'MOKOCTb M aJalTHBHOCTH
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CUCTEM YIIPABJICHUS, OTKpbIBAsl HOBBIC NEPCIEKTUBBI IS
Pa3BUTHSA KEJIE3HOAOPOXKHON HHPPACTPYKTYPEL.
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