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Annotation

This qualification paper explores the application of fiber-optic sensors (FOS) and
neural networks to enhance railway transport safety and efficiency through track occupancy
and rail integrity monitoring. A critical analysis of existing monitoring methods is
performed, highlighting their limitations, and the advantages of FOS, such as immunity to
electromagnetic interference, long-distance monitoring capabilities, and cost-effectiveness,
are substantiated. The principles of operation for various FOS types (FBG, DAS, DTS,
Rayleigh) and their application in detecting deformations, vibrations, and anomalies are
detailed.

The novelty of this research lies in the development and substantiation of a
fundamentally new approach to utilizing existing Distributed Acoustic Sensors (DAS) for
railway track monitoring. Unlike traditional localized sensor applications that only react to
direct triggering, this work proposes analyzing vibrations and acoustic signals generated by
the train itself to obtain information about the track condition at a significant distance ahead
of the rolling stock. This enables proactive detection of rail integrity breaches and foreign
objects on the track long before their approach, providing critically important time for
response and prevention of potential incidents.

Vibration analysis is conducted to understand the propagation of rolling stock-
induced vibrations along the rail and to detect rail integrity breaches or foreign objects based
on signal spectrum changes and reflected waves. Significant attention is given to integrating
neural networks (CNN, LSTM, Autoencoder) for automated processing and classification of
sensor data, enabling effective event recognition and anomaly detection with high accuracy.
A hazard classification algorithm is proposed, based on three state levels (normal, warning,
critical), ensuring timely responses to potential threats.




AHoTarisa

VYV kBamiikamifHii poOOTI AOCHIIKEHO 3aCTOCYBAaHHS BOJOKOHHO-ONTHYHUX
ceHcopiB (BOC) Ta HeWpoHHMX Mepex Jyis MiIBUILECHHS Oe3neku Ta e(hEeKTUBHOCTI
3aTI3HUYHOTO TPAHCIOPTY MLUIAXOM KOHTPOJIIO BUIBHOCTI KOJIi Ta LUIICHOCTI pPEHOK.
[IpoBeneHO KpUTUYHUI aHAJII3 ICHYIOUMX METO/IB KOHTPOJIIO, BUCBITJIEHO iXH1 HEJOMIKH Ta
obrpynroBaHo nepesaru BOC, Taki ik HECIPUUHATIMBICTD O €IEKTPOMArHITHUX 3aBajl,
MO>KJTUBICTH MOHITOPUHTY Ha BEJIMKHUX BIJICTaHSAX Ta €KOHOMIYHA €()eKTUBHICTb. JeTasibHO
posrisinyto npuHimnu  podotu pizHux Tumie BOC (FBG, DAS, DTS) Ta ixue
3aCTOCYBAaHHS JJIsl BUSIBJICHHS AedopMmaltii, BiOpaliiil Ta aHOMaTii.

HoBuzHa pocnimkeHHs nojsrae y po3poOiii Ta o0IpyHTYBaHHI TPUHIIMIIOBO HOBOTO
MiIXOAY 0 BUKOPUCTAHHS BxkKe icHYrouux DAS nist MoHiTOpuHTY 3aii3HMYHOI KoJjii. Ha
BIZIMIHY BiJI TPAIUIIHHOTO JIOKATBHOT'O 3aCTOCYBaHHS CEHCOPIB, II0 pPearyroTh JIMIIE Ha
Oe3rnocepeiHE  CIpallbOBYBaHHSA, JlaHa po0OTa TMPOIOHYE aHali3yBaTH BiOpamii Ta
aKyCTHYHI CUTHAJIH, 1110 TeHEePYIOThCS MOT3/I0M, JIJIsi OTpUMaHHs iH(OpMaIlii Mpo CTaH KoJii
Ha 3Ha4HIi BIACTaHI Momnepeay pyxomoro ckiuany. Lle mo3Bosnse 31CHIOBATH MPOAKTUBHE
BUSIBJICHHS TOPYIIICHB IUTICHOCTI PEeHKM Ta CTOPOHHIX IMPEAMETIB Ha KOJii 33aJI0Bro J0
iXHBOTO HAOJMMKEHHS, HA/IAI0UM KPUTHYHO BAXIIMBUHN Yac JJIsl pearyBaHHS Ta 3aro0iraHHs
[IOTEHIIMHUM THIIAICHTAM.

Buxonano BiOpamiiiHMi aHami3 I pO3yMiHHS MOIIMPEHHS BiOpariii mo pewii,
BUKIIMKAaHUX PYXOMHM CKJIaJI0M, Ta BUSBJICHHS MOPYIIEHB IUTICHOCTI pEHKHU YU CTOPOHHIX
NpeMETIB Ha OCHOBI 3MIHH CIIEKTPY CUTHATY Ta BITOMTUX XBWJIb. 3HAYHA yBara MnpHiijieHa
iTerparii Heiiporanx mepex (CNN, LSTM, Autoencoder) mis aBTomaTnaHOi 00poOKH Ta
kacudikarii CCHCOPHUX JAHUX, IO JO3BOJISIE €PEKTUBHO PO3ITI3HABATH MOJI1 Ta BUSBIISATH
aHOMaJTii 3 BHCOKOIO TOYHICTIO. 3ampOTIOHOBAHO AITOPUTM Kiacudikaili HeOe3NneKu Ha
OCHOBI TPHOX PIBHIB CTaHy (HOpPMAaJbHHM, MOMEPEKCHHS, KPUTUYHHI), 1110 3abe3rnedye

CBO€YACHE pearyBaHHS Ha MOTEHIIIHHI 3arpO3H.
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Abstract

This qualification paper investigates the application of fiber-optic sensors and neural
networks to enhance railway transport safety and efficiency by monitoring track occupancy and
rail integrity. The work consists of four main sections. The first section analyzes initial data and
develops a structural diagram of the control and monitoring system. It reviews traditional
railway track condition monitoring methods, such as visual inspection, non-destructive testing
(ultrasonic, eddy current, magnetic particle, radiographic, and penetrant testing), track-
measuring trolleys, track circuits, and axle counter systems, highlighting their drawbacks,
including subjectivity, labor-intensiveness, limitations in detecting hidden defects, and
susceptibility to environmental factors. The advantages of fiber-optic sensors are emphasized,
including their immunity to electromagnetic interference, long-distance monitoring capability,
cost-effectiveness, and real-time data acquisition. The second section outlines the technical
requirements for the module. The third section focuses on vibration analysis, which is crucial
for assessing rail condition and detecting obstacles. It provides a detailed description of the
nature of vibrations generated by rolling stock (passenger and freight trains), their propagation
along the rail, and attenuation mechanisms. Calculations for the speed of longitudinal and
transverse waves in steel are presented, along with attenuation coefficients for freight and
passenger trains. The section explains how rail integrity breaches (micro-cracks, complete
breaks) affect the signal spectrum and how these changes can be detected using fiber-optic
sensors, particularly Distributed Acoustic Sensors (DAS). The detection of foreign objects
based on reflected vibration characteristics is also discussed. The fourth section concentrates on
the application of neural networks for signal processing. It justifies the selection of
Convolutional Neural Networks (CNNs) for pattern recognition, Long Short-Term Memory
(LSTM) networks for time series processing, and Autoencoders for anomaly detection. A
comparison of event recognition accuracy among these models is presented, and factors
influencing their performance are identified. An algorithm for hazard level classification is
proposed, encompassing three levels: normal, warning, and critical, enabling prompt responses
to potential threats. The paper spans 76 pages, includes 18 figures, 6 tables.




Pedepar

V nmaniii kBamidikariitHii poOOTi JOCTIHKYETHCS 3aCTOCYBaHHS BOJJOKOHHO-ONITUYHUX
CCHCOPIB Ta HEHPOHHUX MEPEK IS MiABHUINECHHS OC3MeKH Ta €()eKTUBHOCTI 3aTI3HHYHOTO
TPaHCHOPTY IUIIXOM KOHTPOJIIO BUILHOCTI KOJIi1 Ta HUTICHOCTI periok. Po6oTa ckinamaeTses 3
YOTHPHOX OCHOBHHUX PO3/IUTIB. Y TIEPIIIOMY PO3JILTI BUKOHAHO aHANI3 BUXIIHUX JAHUX Ta
PO3pOOJICHO CTPYKTYPHY CXEMY CUCTEMH KepyBaHHS 1 KOHTPOIIIO. PO3rIsIHYyTO TpauitiitHi
METOIM KOHTPOJIIO CTaHy 3aTi3HUYHUX KOJIiH, TaKi K Bi3yaldbHUN OTJISJ], HEPYHHIBHI METOAU
KOHTPOJIIO (YIBTPa3BYKOBHM, BUXPOCTPYMOBHUI, MarHITOTIOPOIIKOBUH, patiorpadidyauii Ta
KaruIIpHUA KOHTPOJIh), KOJTIEBUMIPIOBAIBHI BI3KH, pEHKOBI KOJIa Ta CUCTEMH JITYCHHS BiCEH, Ta
BUSIBJICHO iXHI HEIOJIKU, 30KpeMa Cy0'€KTUBHICTb, TPYJIOMICTKICTh, OOMEKEHHSI 1010
BUSIBJICHHS PUXOBAHUX JIE(EKTIB Ta UyTIUBICTH JI0 30BHIMIHIX (hakTopiB. BUCBITIEHO
niepeBary BOJIOKOHHO-ONTHYHUX CEHCOPIB, BKITFOYAIOYH TXHIO CTIHKICTH /IO €IEKTPOMATrHITHIX
3aBajl, 3[ATHICTh 0 MOHITOPUHTY Ha BEJTMKUX BIFICTAHSIX, CKOHOMIYHY €(PEKTHBHICTh Ta
MOXJIUBICTh 300py TAHUX Yy peasIbHOMY Yaci. Y apyromy po3aiii 0yjao CTBOPEHO TEXHIYHE
3aBaHHs. TpeTii po3auT MPUCBIYCHUM BiOpalliifHOMY aHali3y, KWW € KIIFOUOBUM JIJIsl OLIIHKH
CTaHy PEWKH Ta BUABJICHHA Nepeliko/l. JleTanbHO onKrcaHo Npupoy BiOparlii, 1110
TEHEPYIOTHCSI PYXOMHUM CKJIa10M (ITaCaKUPChKUMH Ta BAHTAXHUMHU MO13/1aMH ), IXHE
NOUIMPEHHS 10 PELll Ta MEXaH13MU 3aracaHHs. HaBeleHO po3paxyHKH MIBUKOCTI
MO3/IOBXKHIX Ta MOMEPEUYHUX XBUJIb Y CTaJll Ta BU3HAYEHO KOe(DILIEHTH 3aracaHHs JJis
BaHTAXHUX Ta MaCaXUPChKUX MOi3/1B. PO3MIIAHYTO, SIK MOPYHIEHHS LIUTICHOCT pEHKH
(MIKpOTPIIIMHY, TOBHI PO3PUBH) BILTUBAIOTH HA CIIEKTP CUTHATY Ta fK 11l 3MIHU MOXKYTh OyTH
BUSIBJIEHI 32 JIOTIOMOT'O0 BOJIOKOHHO-ONITUYHUX CEHCOPIB, 30KkpeMa DAS. Takox 06roBopeHo
BUSIBJIICHHS] CTOPOHHIX MPEIMETIB 32 XapaKTepoM BiIOUTOI BiOpalii. YeTBepTuil po3ain
30CcepeKeHUI Ha 3aCTOCYBaHHI HEMPOHHUX Mepex Juid 00poOku curHaiiB. OOrpyHTOBaHO
BUO1p 3ropTKoBHUX HelipoHHUX Mepex (CNN) i po3mnizHaBaHHS 00pasiB, Mepex Long Short-
Term Memory (LSTM) mi1st 06poOKuM 4acoBUX PsiZiiB Ta aBTOKOIyBaJIbHUKIB ISl BUSIBJICHHS
aHoMauiii. [IpoBeieHO MOPIBHSIHHS TOYHOCTI PO3IMI3HABAHHS MO IMMU MOJICIISIMU Ta
BU3HAUYEHO (PaKTOPH, 110 BIUIMBAIOTH HA iXHIO €()eKTUBHICTb. 3aIIPOMIOHOBAHO ATOPUTM
KJacuikaiii HeOe3NeKr 3a CUTHAJIOM, 10 BKITIOYA€E TP PiBHI: HOPMaJIbHUM CTaH,
TMIOTIEPE/DKEHHS Ta KPUTUYHUIN CTaH, 10 JO03BOJISE ONEPAaTUBHO pearyBaTy Ha MOTEHIIIHI

3arpo3u. PoOota mMicTuTh 75 CTOPiHOK, 18 prcyHKiB, 6 TaOnHIIb.
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Beryn

3a1i3HUYHUN TPAHCIIOPT € OAHIEI0 3 HAMBAXKIMBILIKX JIAHOK CBITOBOi TPAHCIIOPTHOT
HPPacTpyKTypH, 110 3a0e3neuye NepeBe3eHHsI 3HAYHUX OOCATIB BaHTAXKIB Ta MAaCaXKUPIB.
EdextuBHicTh, O€3M€Ka Ta HAIIWHICT 3TI3HUYHUX TIEPEBE3EHb 0€3MOCEPEIHBO 3aJIeKATh
Bl CTaHy KOJIi, 30KpeMa LUIICHOCTI Ta CTaOUIbHOCTI peiok. byab-aki nedexkru uu
MIOLIKO/IKEHHSI pEHKOBOI KOJIIT MOKYTh NMPU3BECTH J10 aBapiid, 3aTPUMOK y pycCl Ta 3HAUHUX
€KOHOMIYHHUX 30UTKIB. TpaAuiliiiHI METOAN KOHTPOJIIO CTaHy KOJii, [0 YaCTO IPYHTYIOThCS
Ha Bi3yaJIbHHUX OIJISAaX Ta pyYHOMY BUMIPIOBaHHI, € YaC03aTPATHUMH, BUMAratoTh 3HAUHUX
JIFO/ICBKUX PECYpCiB 1 HE 3aBXIU JO03BOJIAIOTH BUSBISATH MPUXOBaHI AEPEKTH HA paHHIX
CTaIsIX.

VY 3B'3Ky 3 1MM, ICHye HarajpHa MoTpeba y po3poOIli Ta BIPOBAKEHHI
IHHOBAIlIHHNX, AaBTOMAaTU30BAHMX CHUCTEM MOHITOPHHTY, 37aTHUX 3a0e3leuyBaTH
Oe3repepBHUI Ta BUCOKOTOUHHUI KOHTPOJIb CTaHy 3ai3HMYIHOI KOJTii. OCTaHHI TOCATHEHHS
y raiy3i BOJIOKOHHO-ONTHYHUX CEHCOPHUX TEXHOJIOTIH BIIKPUBAIOTH HOBI MEPCHEKTHBH
JUTSL BUPIIIEHHS 1T1€T Ipo0sieMy. BOJIOKOHHO-ONITUYHI CEHCOPH, 3aB/ISIKU CBOIH CTIMKOCTI 10
€JIEKTPOMArHITHUX TEPEIIKO, MOXJIMBOCTI pOOOTH Ha BEIMKUX BIJCTaHSIX, BHUCOKIN
YyTJIMBOCTI Ta 3JaTHOCTI IHTErpyBaTUCS B ICHYIOUY 1HPpacTpyKTypy, CTarOTh
NIEPCIIEKTUBHUM 1HCTPYMEHTOM JIJIsl MOHITOPUHTY 3aTI3HUIHUX IIISAXIB.

s poGora mpHCBIYEHA IOCTIKEHHIO Ta aHaTi3y MOMKIHMBOCTEH 3acTOCYBaHHS
BOJIOKOHHO-ONITHYHUX CEHCOPIB y TMOEAHAHHI 3 aKyCTHUYHMMH CUTHAJaMH Ta BiOpaliisiMu,
0 TEHEPYIOThCS PYXOMHMH TOi3/1aMHM, JUISl JIarHOCTUKH CTaHy PEHKOBOI KOl JajeKo
nornepeay moTsAra. 3okpema, OyAe poO3MNISHYTO, SK 3a JIOMOMOIOI0 PO3MOIUIEHUX
BOJIOKOHHO-ONITUYHUX CHUCTEM UYTIAMBOIO THITy MOJXKHA PEECTPYBAaTH aKyCTHUYHI Ta
BiOpalliliHi KOJMBaHHS, BUKIMKAaHI PyXOM II0i37]a, Ta BUKOPHUCTOBYBATH Il JIaHi JJIs
BUSIBJICHHS aHOMaJiii Ta JedekTiB y peiikax. AKTyalnpHICTH poOOTH 0O0yMOBJICHA
3pOCTalOUMMU BUMOTaMH JI0 O€3MeKH Ta €PEKTUBHOCTI 3aJII3BHUYHUX MEPEBE3EHb, a TAKOK
MOTEHITIAJIOM 3allPOMOHOBAHOTO TIIXOAY /O 3HIDKEHHS EeKCIDTyaTalliiHUX BUTpPAT Ta

3armo0iraHHs aBapiiHIUM CUTYaITisIM.
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BucuoBku

VYV naniit kBamigikaiiiiHiii poOOTI OyJl0 MNPOBEIEHO KOMIUIEKCHUN aHali3 Ta
OOIPYHTOBAHO JOIUIBHICTh 3aCTOCYBaHHS BOJIOKOHHO-ONTHYHUX CEHCOPIB Ta HEUPOHHUX
Mepex s TiABUILEHHS Oe3neku Ta e(EeKTUBHOCTI (YHKIIOHYBaHHSA 3aJII3HUYHOIO
TPAaHCHOPTY LUIAXOM MOHITOPHHTY BUIBHOCTI KOJIIi Ta LIUTICHOCTI peiok. JlochimkeHHs
MIATBEPAMWIO, IO TPAAMIIAHI METOIM KOHTPOJIO, MOMPHU IXHIO ICTOPUYHY 3HAUYYIIICTb,
MalOTh CYTT€BI HENOJIIKH, TaKl SIK CYO'€KTUBHICTb, TPYAOMICTKICTb, OOMEXKEHICTh Y
BUSIBJICHHI MPUXOBaHUX /1€(DEKTIB Ta BPA3IUBICTh J0 30BHIIIHIX (DaKTOPIB.

3anmponioHoBaHMi miaxin, mo 6azyerbcas Ha BOC, neMoHCTpye 3HAuUHI NepeBar.
30Kpema, BOJIOKOHHO-ONITUYHI CEHCOPH € HECTIPUHHATIMBAMHE JI0 €JIEKTPOMAarHiTHUX 3aBa/l,
0 KPUTUYHO BAXIMBO B 3aII3HUYHOMY CEPEIOBHINI 3 BHUCOKOBOJBTHUMH JIHISIMHU
eJIeKTporiepeadl Ta CJIEKTPUYHUM OOJIaHaHHAM. BoHM 3a0e3medyroTh MOHITOPUHT Ha
BenmkuX BiacTaHsx (1o 100 kM ans DAS) 3 ogHOTO CEHCOpPHOrO OJIOKY, 3MEHIIYIOUU
noTpedy y BEIMKIM KUTbKOCTI JUCKPETHHUX JIaTYMKIB Ta MOB'I3aHO1 3 HUMU 1H(QPACTPYKTYpH,
IO CIpUsi€ 3HIKEHHIO BUTPAT Ha BCTAaHOBIEHHS Ta obOciyroByBaHHa. Kpim Toro, BOC
JI03BOJISIIOTH 30MpaTH JIaHl B peaibHOMY 4aci, M0 € (yHIaMEHTAJIbHOI0 MEePeBaroo Jyis
OIEPATUBHOTO BUSIBJICHHS MOTEHIIHUX MPOOJIEM Ta BXKUTTS MIPOAKTUBHUX 3aXO/IIB.

JleTanpHuii BiOpalliifHUI aHaJi3, MPEJICTaBICHUA Yy PoOOTi, JO3BOJIUB 3PO3YMITH
npUpoly BiOparliii, 10 TeHEPYIOThCS PYXOMHUM CKJIQJIOM, Ta iXHE MOIIUPEHHS IO PEHIIi.
Byno nokazano, 110 pi3Hi1 TUIK TO3AIB (BaHTaXHI Ta MAacCaKUPChKi) TEHEPYIOTh BiOparlii 3
PI3HUMH YaCTOTHHMHM CIEKTPaMU Ta aMILUTITYAaMU , IO BIUIMBA€ Ha JANBHICTh IXHBOTO
nomupeHHst Ta 3aracanss. 3natHicte BOC, 30kpema DAS, dikcyBaTu 111 BiOpailii J03BOJIsIE
BUSIBJSITH TIOPYIICHHS LUTICHOCTI pedkd (TPIMHHA, PO3PUBH) 3a 3MIHOIO XapaKTepy
3aracaHHsl CUTHAJly Ta CTOPOHHI MpPEAMETH Ha KOJii 3a JOMOMOTOI0 aHami3y BiOWTHX
XBHJTb.

KnrouoBuM HOCSTHEHHSM 1i€l POOOTH € PO3LIMPEHHS MapaJurMU BHUKOPUCTAHHS
BOJIOKOHHO-OMITUYHKUX ceHcopiB. Ha BimMiHy Big ICHYIOUMX MAXOMIB, SIKI YacTo
(OKYyCYIOTBCS Ha JIOKAJILHOMY BHSIBIICHHI IO O€3MTOCepeHBO B TOUII CIIPAIlbOBYBAHHS
CEHCOpa, MOE JIOCITIPKEHHS TPOTIOHYE HOBHM CHOCIO BUKOPUCTAHHS BXKE BIOMOT CUCTEMU

DAS. I 3ocepemxych Ha aHami31 BIOpaIliiHUX Ta aKyCTUYHUX CUTHATIB, IO TEHEPYIOThCS
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caMMM TMOI3[I0OM, JUIdi MOHITOPUHTY JUISTHKM Koiii mnonepeny Hboro. lle mo3Bossie
3[1CHIOBaTH MMPOAKTUBHE BUSBJICHHS MOTEHUIIMHUX HEOE3MEK, TAKUX SK Ne(EeKTU peHKU YU
CTOPOHHI MpEeAMETH, Ha 3HAYHIN BIACTaHI 0 HAOJMKEHHS MO0i371a, HA/Ial0ud J10JAaTKOBHMA
Yac IS pearyBaHHS Ta YHUKHEHHs IHIWACHTIB. TakuM YMHOM, s HE JIMIIE MOKPAIIyIO
TOYHICTb 1 HAJIMHICTh MOHITOPHUHTY, aJie ¥ BIAKPUBAEIO MPUHIIMIIOBO HOB1 MOMJIMBOCTI JJIsI
3a0e3neueHHs 0e3MeKu pyxXy Ha 3aII3HUYHOMY TPAHCIOPTI.

3acTocyBaHHS HEWPOHHUX JI03BOJIsiE €(EKTUBHO OOpOOJSATH BENUKI 00CATH
CEHCOPHUX JJaHUX Ta BWIIyYaTH 3 HUX 3HauyIly iHopmaiio. OOrpyHTOBaHUI BUOIp TaKUX
apxitektyp, sk CNN i1 BHITy4eHHS MPOCTOPOBUX O3HAK Ta PO3Mi3HABaHHsA 00pasiB |,
mepexki LSTM  nans  MopaenmioBaHHST 4YacOBMX — TOCHIJOBHOCTEH Ta  3aXOIUICHHS
JOBrOCTPOKOBHX YaCOBHUX 3AJICKHOCTEH Ta aBTOKOAYBAIBHUKH JJISI HEKOHTPOJIHOBAHOTO
BUSIBJICHHS aHOMAJliid, MIIKPECIIOE IXHIO YHIBEpCAIBHICTh Ta €PEKTHBHICTb y PI3HUX
3aBJIaHHSAX MOHITOpHHTY. [IOpIBHSUTBHMI aHai3 TOYHOCTI IUX MOJENEH CBITYUTH TPO
BUCOKI TOKAa3HUKU pO3MI3HABAHHA O, OCOOJMBO TpPHU BUKOPUCTAHHI TIOpUIHUX
apxiTekTyp, Takux sk CNN-LSTM, siki o€ IHyOTh TiepeBaru 000X ITi1X0/T1B.

3anpornoHoBaHU anropuT™M Kiacudikaiii HeOe3NeKu, 10 BKIIYAaE TpU PiBHI
(HOpManbHUN CTaH, TMOMNEpPEKEHHS Ta KPUTUYHUNA CTaH), JIO3BOJISIE OMNEpPATHBHO Ta
aJIecKBaTHO pearyBatu Ha BusbieHl mnomnii. Lle 3a0e3nedye cBoeyacHe OMOBIICHHS
NepcoHANly Ta, 3a HEOOXITHOCTI, BKUTTS HETaWHUX 3axOJliB JJIs 3aroOiraHHs aBapisiM Ta
MiHIMI3a11ii PU3HUKIB.

TakuM 4ynHOM, 1HTETparlisi BOJOKOHHO-ONTHYHHX CEHCOPIB Ta HEUPOHHUX MEPEK
BIIKPUBAE HOBI MOJJIMBOCTI JIJII CTBOPEHHS IHTENEKTYaJbHUX Ta HAIIMHUX CHCTEM
MOHITOPHHTY 3aJlI3HHYHOI 1H(PpacTpykTypu. Ll cuHEpris 103BOJIMTH 3HAYHO ITiBUITUTH
piBeHb OE3MEeKH pyXy IOI3/iB, ONTHUMI3yBaTH IMPOIECH TEXHIYHOTO OOCITYrOBYBaHHS,
3MEHIIUTH EKCIUTyaTalliiHi BUTpaTH Ta 3a0€3MEeYUTH JOBIOCTPOKOBY IIUTICHICTB
3ani3HUUHUX Mepex. [lomanpiii JoCHipKeHHS MatOTh OyTH CIIPSMOBAHI Ha pO3pOOKY OLTBII
CKJIaHUX TIOpUAHUX MOJEJCH, BHBUCHHS TEPEIOBUX METOMIB HaBYaHHS (TaKuX SK
TpaHcepHE Ta HAIMIBKOHTPOJIbOBaHE HaBuUaHH:) Ta iHTerpamito manux BOC 3 iHmmmwu
pKepenamMu  iHGoOpMaIlil T CTBOPEHHS Ie OUTI KOMIUIEKCHUX Ta CTIHKHX CHCTEM

MOHITOPHUHTY.
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