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from microplasma for radiography tasks have been demonstrated.
He developed precision optical and nonlinear optical methods for
real-time monitoring of the process of laser microprocessing of
materials, including biological tissues.

More than 300 scientific papers have been published by
V.M. Gordienko in leading domestic and foreign journals. He
is a member of the Program Committees of a number of major
international and domestic conferences on laser physics, nonlin-
ear optics, super-strong fields in plasma, etc. He was supervisor
of nineteen PhD of physical and mathematical sciences in laser
physics, nonlinear optics and photonics. Among his students,
there are also representatives of the teaching staff from a num-
ber of regional universities. The Laboratory of Nonlinear Optics

named after Academician Khokhlov,
which he directs, continues the tradi-
tions lay down by this world-famous
scientist.

V.M. Gordienko has been the RFBR
scientific expert for many years, he was
Deputy Chairman of the Expert Coun-
cil on Physics, and the Guest Editor of
the topical issues of the RFBR Journal
themed as “Photonics and Advanced La-
ser and Laser Information Technologies”
(2014) and “Contemporary Challenges of
Infrared Photonics” (2023).

becnnnorHbie TpaHCIIOPTHBIE CPEACTBA B <\YMHOM ropope» —
METOAbI M MHTE//IEKTYa/IbHbIe CICTEMbl MOHUTOPMHIA
U YIIpABIE€HNA NBIDKEHNEM

3a nocyegHMe HECKONIbKO AeCATIIETUI ypbaHusauus cTa-
j1a I106a/IbHON TEeHIEHIEN PasBUTUA SKOHOMMKM U yCTIOBUM
xusHepesATenbHoCTH. CyliecTBylommas mpobneMa pocta ropoj-
CKOTO HaceJleHus TpeabsaB/sieT BCE Ooybline TpeOOBaHMS He
TO/IBKO K PasBUTHMIO HOBBIX TEXHOJOTMII M MHQPPACTPYKTYPHL,
HO 1 K rpaxzaHam. Kak cenctBue atoro, Tpebytorcs apdex-
TUBHbIE U 9KOHOMMYECKV Ije/lecO0OpasHble pe3yabTaThl IIPU
COOTBETCTBYIOLIEl MHPPACTPYKTYPHOI HOATEpXKKe /I KOM-
dboprHOrO roponckoro oburaHus. PerneHue 9TOil MPOOIEMBI
COCTOUT, IIOMUMO IpOYero, B 3¢b(eKTUBHOM pa3BUTUM TPaHC-
NOpTa, NHPOPMALMOHHBIX ¥ KOMMYHUKAI[VIOHHBIX TeXHOJIOTUIL.
O6na4yHble BBIYMCIEHNS, MCKYCCTBEHHBIN MHTE/IEKT, MAIINH-
Hoe o0ydeHMe — BCE 3TO CYIIECTBEHHO BJIMsAET KaK Ha TEH/IEH-
VIV Pa3BUTHA, TaK U HAa AVHAMYKY OCHOBHBIX COIIVIaJIbHO-9KO-
HOMMYECKMX II0Ka3areseil «yMHOro ropoga». Ocob6eHHo ocTpo
3TV U3MEHEHNA CKa3bIBAIOTCA Ha IVIABHBIX ITapaMeTpax «yMHOTO
ropoja», Cpeiyt KOTOPBIX, HAPSAY C yIydllleHeM KadecTBa XKI3-
HI1, 000CTpsIeTCs BHUMaHMe K YPOBHIO 6€30IIaCHOCTY 1 3alljiTe
OKPY>KaIoLel Cpefibl.

[TpuMeHeHVe TiepefOBBIX MH(OPMAIVIOHHO-KOMMYHUKA-
IVIOHHBIX TEXHOJIOTUII B JXVM3HENEATEIbHOCTM «YMHOTO TOPOHa»
SIBJISIETCSL OCHOBOIIO/IATAONE TeHJeHIIMel. « YMHBI TPAHCIOPT»
U «YMHO€ TOPOJICKOe YIIpaBJ/ieHMe» TPAHCIIOPTHBIM [IBVDKEHUEM
MeHsIeT MOAXOMbI K TOPOJICKON MOOVIBHOCTI 1 K PearnpoBaHIIO
Ha YpesBbIYaliHble CUTyaluy C OJHOBPEMEHHOI ONTUMM3alyen
TPAHCIIOPTHOTO [IBYDKeHMsI. BO3HMKaeT He0OXOMMOCTD pa3pador-
KV METOJJOB ONTVMA/IbHOTO YIIPAB/IeHMs JIBVDKEHMEM OeCIIoT-
HBIX TpaHCopTHbIX cpefcTB (BTC) u cooTBeTCTBYIOMNX I UX
peam3anyy MHGOPMAIVIOHHO-KOMMYHVKAIVIOHHBIX TeXHOIOTHIL
CoBpeMeHHbIe TEXHOJIOTMY OPraHM3ALVM «YMHOTO TPAaHCIIOPTa»
HI03BOJISIIOT C/IE/IaTh IlepeMellleHie 10 TOpofy 6oree yIOOHBIM 1
6or1ee 6e30IacHbIM O/1arofaPsl COYTAHNMIO ICKYCCTBEHHOTO MHTEI-
nexra (V) u mammmaHOrO0 06y4eHnsa (MO), nockonexy V1V mosso-
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JIfeT aBTOMATUSVMPOBATh PYTUHHBIE TIPO-
neccel, a MO maeT BO3MOXXHOCTDb aHa/IM-
3MpoBaTh OOJBIIIE 0OBEMBI JAHHDIX 151
BBIAB/IEHNS CKPBITBIX 3aKOHOMEPHOCTEIL.
ObdeKTUBHOCTD  3TUX  COBPEMEHHBIX
TEXHOJIOTUII Y>Ke Celtdac MOATBEePK/IaeT-
Cs CTATUCTHKON YMEHBIIIEHNS «de/loBede-
CKOro (haKTOpa» IpM aBTOKATACTPOdax.
C mpyroii CTOPOHBI TOPOJA-METaIONNChI
HACBIIEHbl TPAHCIOPTHBIMIU CpECTBa-
MU I TIOSTOMY HOPOXKHasA MH(PPaCTpyK-
Typa HOABep)KeHa OOMBIINM HArpysKaMm,
YTO TPUBOAUT K CHIDKEHUIO CKOPOCTHU
THIepeIBIDKEHNA 110 TOPOJY, YBEINYEHIIO
BpeMeHI HAaXOXMeHWUs B TPAHCIIOPTe
U, KaK pe3y/nbraT, K BO3HUKHOBEHIIO Y
BOZIUTe/IEN CUMITOMA JieKpeMeHTa Ofu-
TeibHOCTU. [losIB/IeHMe B HacToslee
BpeMsl «YMHBIX aBTOMOOWIEN» C MHTEN-
JIEKTYa/IbHbIM 97IEKTPOHHBIM ITOMOLIH-
KOM IIPMBOJNT ellle 11 K TOMY, YTO BHIMa-
HIe BOJNTEIIA MOXKET CHIDKATbCS, @ COH-
JIMBOCTD 32 Py/IeM pa3BUBAeTCs ObICTpee.
XPpOHMYIeCKUII CTpecc, MPUCYIIMIA SKI-
TE/IAM METAIo/NNCa, BIUAEeT Ha Ka4eCTBO
BOXX/IEHUS 11, COOTBETCTBEHHO, MOBBIIIIA-
et uncio omm6bok. [TosToMy BOSHMKAET
HEOOXOAMMOCTb  BBIPAOOTKM IPOCTBIX
KPUTEpUEB M MHCTPYMEHTOB ISl MOHM-
TOPUHIA B PEeXIMe peajlbHOTO BpeMeHN
COCTOSIHMA BOAMTENIENl aBTOTPAHCIIOPTA,
YYacTBYIOLIMX B JIBVDKEHNM HA JOpOrax
MeTaIoNnyca.
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OpHa 13 HOBBIX TE€XHOJIOTMI «yM-
HOTO TOpOfia», KOTOpas B IOC/IeNHUE
TOIBI CTa/a IPEIMETOM OCOOOTO BHM-
MaHNs, CBs3aHa C BHeJpeHueM Oec-
IIOTHBIX JIETaTe/IbHBIX  aIllapaToB
(BIIVIA) B pasnmuHble cdepbl ropop-
ckolmt xusHemeaTenbHOCTU. BIT/IA 11e-
PEeMeIAI0TCsI aBTOHOMHO VTN C IPUMe-
HeHVeM AVCTAHLVOHHOTO YIIPaB/IeHNA,
obecreunBas MpeVMyIIeCTBA B HOBBIX
BO3MOXKHOCTSAX IO JOCTaBKe, HAINpU-
Mep, HeOO/IBIINX IPY30B U T. 1. B aToM
KJII0Ye HOBOW ¥ MPVHIMIINAIBHO BaX-
HOIT 3aj1aveil sIB/ISIeTCS CO3aHNe CUCTe-
MBI aBTOHOMHOJ HaBUTAIMI 0eCMIoT-
HBIX TPAHCIOPTHBHIX cpefcTB. Heobxo-
AuMa paspaboTKa MHTE/IEKTYa/lTbHON
CUCTEeMBI YIIpaBJIEHUA pacIpesieieH-
HBIMJ CpPeACTBaMU /Il OOHAPy>KeHVs
00BEKTOB MajIOpa3MepHOIl  aBUALIUU
B YCIOBUAX IUIOTHOM TOPOJCKONM 3a-
crporiku. Vicnonb3oBanme BIIIA wur-
paeT pelIanllyi0 poab M B HMOALEpXKa-
HUM 6€30IIaCHOCTY «YMHBIX TOPOJIOB»,
oOHapy>XuBast ¥, TeM CaMbIM, IIPeIOT-
Bpalasg BO3MOXKHbIE yrpo3bl. [Ipu aTom
BO3HUKAeT OYeBU/HAS HEOOXOAMMOCTD
PasBUTUSL CPEACTB ONEPATMBHOIO MO-
HUTOPMHTA caMMX ABDKymuxcs BITUIA,
B TOM 4YMC/Ie HECaHKIMOHUPOBAHHO
IPOHMKAIIINX B IPOCTPAHCTBO «YM-
HOro ropopga». HemamoBakHO Takxke
cosnanne 9QQeKTUBHBIX CEHCOPOB U
CEHCOPHBIX ceTell, 00ecreunBaIMX
pacniosHasanue BIUIA m MOHMTOpMHT
nx pBwxeHus. Ilostomy paspaborka
METOJIOB  BBIAB/IEHVS] OeCIMIOTHBIX
TPAHCIIOPTHBIX  CPEeACTB,  HECYIINX
yrpo3y (YHKUMOHMPOBAHUIO CUCTEM
«YMHOTO TOPOJa», U IPOTUBOAECTBUS
UM SBJIAETCA KIIOYeBOM 3ajaveil. Bcé
BO3pacTalas BePOSTHOCTb WCIOJb-
soBanna BIIJIA B ycmoBusx «ymMHOTO
ropozia» Heu3OeXHO OymeT COIpOBO-
JKIAaThCs MIPOSIB/IEHNEM OIIpefe/IeHHBIX
CHCTEMHBIX U KOMIUIEKCHBIX IpoOIeMm,
OJHVM U3 K/TIOUEBBIX 3BEHbEB KOTOPOIT
SIBJISIETCS YeTIOBEK-OIIEPATOpP M €0 IICU-
X03MOLMOHaNbHOe cocTosiHme. Ovue-
BUIHO, YTO B YC/IOKHEHHBIX YCTIOBUAX
«YMHOTO TOPOJia» IIPOLeCC YIPaBIeHNA
BIUIA cBsA3aH ¢ HapacTaHMEM IICUXO-
9MOLMIOHATIBHOTO HAIPsDKEHUS U 3pU-
TEJIbHOTO YTOMJ/IEHUA OIepaTOpPOB, YTO
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MIPUBOANT K 3HAYMTE/IBHOMY BO3PacTaHNIO IX KOTHUTUBHOJ Ha-
Ipy3Kn. Bcé aT0 cosmaeT NpeANnoChIIKY [/ IPOSBIEHUI KOTHN-
TUBHBIX YAI3BMMOCTEI 4eloBeKa-onepaTopa. [losTromy BosHMKa-
eT eCTeCTBEeHHasi HeOOXOMMOCTD PaspabOTKM 1 CO3[JaHNUS KOM-
IUIEKCHOI CUCTeMBl [jIsi obecredeHrst 6e30MacHOCTU IOeTOB
0eCIMIOTHBIX TPAHCIOPTHBIX CPECTB B €JVHOM BO3[YIIHOM
IIPOCTPAHCTBE «YMHOTO FOPOfa». B OCHOBY ee pelleHMsI MOXeT
OBITH IIOJIOKEHA B3aMMOCBA3b 3aflad ONTHMMU3ALNY IKCIUTyaTa-
IIVIOHHOI ¥ (PYHKI[MOHAJIbHOI 6€30IIaCHOCTY Il MUHMMMU3a-
uyy puckoB Kpymenuit BITIA, a Taxoke MMHMMU3aLNsA NPOsIB-
JIEHUI KOTHUTUBHBIX YA3BMMOCTEN Ye/I0BEKa-0IepaTopa.

Takum 06pasoM, «yMHBIII TOPOMI», ABJIAACH COBPEMEHHBIM
METaIo/ICOoM, JO/DKeH 00IajaTh afjaliTUBHBIM YIIpaBIeHIEM
CUCTeMaMM JKM3HeOoOecIiedyeH s, KOTOPOe OCYIIeCTBIIACTCS IPU
IIOMOIIY THHOBALVIOHHBIX IVI(PPOBBIX TeXHOIOTMIL. B mmpoxom
cMbIcTe 3P GEKTUBHOCTD IKCIUTyaTaLMN X MOOMIBHOCTY OecIy-
JIOTHBIX TPAHCIIOPTHBIX CPEACTB B «yMHOM TOPOfie» OIIpefeis-
€TCA He TOJbKO YIIpaBJIeHMeM, HO ¥ MHTE/UIEKTYalbHbIM KOH-
TPOJIEM 33 CAHKIIIOHVPOBAaHHBIMU U HECAaHKIMIOHVMPOBAaHHBIMU
HepeMeIeHNsAMY Ha3eMHbBIX, BO3AYIIHBIX ¥ BOZHBIX MOOWIIb-
HBIX YCTPOVICTB KaK B CaAMOJ TOPOJICKOM, TaK M OKPYy’Kalollleil ero
cpenax (BO3IYyX, aKBaTOPUN).

IIpepmeTom MexaucHMIUIMHApHOTO KOHKypca PODI «DyH-
JlaMeHTaJIbHble IIPOOIeMBbl YIIpaB/ieHNsl OeCIVIOTHBIMU TPAHC-
HOPTHBIMY CPeACTBAMM “YMHOTO TOpOfia”» KaK Of{HOTO 13 BaXKHell-
VX HaNpaB/leHNil (YHKUVMOHMPOBAHNA COLMAIbHO-9KOHOMU-
YeCKOJI CHCTEMBI B YCTIOBYSX ypbaHM3anum» ObIIO pacCMOTpeHe
KOMIIIEKCA 3afiad, BO3HMKAIOIINX, B YaCTHOCTH, M3-3a PacTyIIEro
BHeipennst bTC. BTC mepepsuraiorca B pasaMyHBIX Cpefax U
obecIeunBaIOT TIepeMellleHe JTIOfiell 11 TPY30B KaK B IIpefiefiax ro-
POZia, TaK M Ha MPWIETAINX K HEMY TepPUTOPMAX U aKBaTOPU-
ax. Cos3faHme METONOB M IIOfIXONOB, HAIIPABIEHHBIX HA CO3JaHIe
a¢dexTHBHOI cucTeMbl MOHUTOpPKHTA 1 yrpasnenusa BTC, a Tak-
e 00eCIeurBaNINX B YCTOBIUAX MX MAaCCOBOTO MCIIONb30BAHMS
6esonacHoe PYHKIMOHMPOBaHME Y MAKCUMA/IbHYI0 MOOW/IBHOCTD
TPAHCIIOPTHON CUCTEMBI, AABJIAETCA O HUM 13 YCTIOBUI peaTn3anymn
KOMIIJIEKCHBIX IUVTAHOB Pa3BUTHA COBPEMEHHBIX «YMHBIX TOPOJOB».

MoO>XHO KOHCTaTMpOBaTh, YTO peIleHNEe O IPOBENEHNUN
MEXIUCINIUIMHAPHOTO KOHKypca Poccmiickoro ¢onpma ¢yH-
IaMeHTa/IbHBIX ucclegoBannii «DyHIaMeHTanIbHBIe HpoOiTe-
MBI yIpaB/IeHNs 6eCIMIOTHBIMYU TPAHCIOPTHBIMM CPENCTBAMMU
“ymHOrO roposa’», koropoe 6pi10 mpuHATO CoBeToM DoHpa B
2019 1., npeABOCXUTIIIO TEHACHIMN U T€ BBISOBBI, KOTOPBIE BIIO-
CNIef,CTBUY IPOM3OLIUIN KaK B MUpE, TaK U B Haell cTpane. Cy-
IIeCTBEHHO U TO, YTO PeLIeHVI IOCTaB/IeHHON (PyHIaMeHTa Ib-
HOII 3a/ja4M, TOTyYeHHbIe Ha IIaT(hopMe MeKAVCIVITINHAPHBIX
MCCNIEOBaHNI, JEeMOHCTPUPYIOT TapMOHM3ALNIO IOJAXOMOB U
HOBbIe (PyHIaMeHTa/IbHbIE Pe3y/IbTaTBhL.

ABTOpBI CcTaTell, My0/MINKyeMbIX B 9TOM BBIITYCKe JXYpHa/Ia
«Bectauk PODV», mpefcTaBIA0T pe3ynbTaThl MCCIENOBAHMNIA,
BBITTOJTHEHHBIX IIpM (puHAHCOBOI noppepx ke POOV B pamkax
BBILIEYTIOMAHYTOTO HayYHOrO HanpasjaeHN:A. Hazerocs, 4To Ma-
TepMasbl BBIIYCKa OKaXKyTCs MHTEPECHBIMU IIMPOKOMY KPYTy
quTaTesnen.
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Unmanned Vehicles in a Smart City - Methods and Intelligent
Systems for Monitoring and Traffic Control

Over the past few decades, urbanization has become a glo-
bal trend in economic development and living conditions. The
current problem of urban population growth places increasing
demands not only on the development of new technologies and
infrastructure, but also on citizens. As a consequence of this, ef-
fective and cost-effective results are required with appropriate
infrastructural support for comfortable urban living. The solu-
tion to this problem lies, among other things, in the efficiency
of development of transport, information and communication
technologies. Cloud computing, artificial intelligence, machine
learning - all this significantly influences both development
trends and the dynamics of the main socio-economic indicators
of a “smart city”. These changes have a particularly acute impact
on the main parameters of a “smart city”, among which, along
with improving the quality of life, there is increasing attention to
the level of safety and environmental protection.

The application of advanced information and communica-
tion technologies in the life of a “smart city” is a fundamental
trend. “Smart transportation” and “smart city traffic manage-
ment” are changing approaches to urban mobility and emergency
response while optimizing traffic flow. There is a need to develop
methods for optimal control of the movement of unmanned ve-
hicles (UVs) and information and communication technologies
appropriate for their implementation. Modern technologies for
organizing “smart transport” make it possible to make moving
around the city more convenient and safer thanks to a combi-
nation of artificial intelligence (AI) and machine learning (ML),
since Al allows you to automate routine processes, and ML makes
it possible to analyze large volumes of data to identify hidden pat-
terns. The effectiveness of these modern technologies is already
confirmed by statistics on the reduction of the “human factor” in
car accidents. On the other hand, metropolitan cities are saturated
with vehicles and therefore the road infrastructure is subject to
heavy loads, which leads to a decrease in the speed of movement
around the city, an increase in the time spent in transport and, as
a result, to the emergence of a symptom of vigilance decrement
among drivers. The current emergence of “smart cars” with intel-
ligent electronic assistants also leads to the fact that the driver’s
attention may decrease, and drowsiness while driving develops
faster. Chronic stress inherent in metropolitan residents affects
the quality of driving and, accordingly, increases the number of
errors. Therefore, there is a need to develop simple criteria and
tools for monitoring in real time the condition of vehicle drivers
participating in traffic on the roads of a metropolis.

One of the new “smart city” technologies that have re-
ceived special attention in recent years is the introduction of
unmanned aerial vehicles (UAVs) in various aspects of urban
life. UAVs move autonomously or using remote control, pro-
viding advantages in new delivery capabilities, such as small
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cargo, efc. In this vein, a new and
fundamentally important task is the
creation of an autonomous naviga-
tion system for unmanned vehicles. It
is necessary to develop an intelligent
control system for distributed means
for detecting small aircraft objects in
dense urban areas. The use of UAV
also plays a decisive role in maintai-
ning the security of “smart cities” by
detecting and thereby preventing pos-
sible threats. At the same time, there
is an obvious need to develop means
of operational monitoring of moving
UAVs themselves, including those un-
authorized penetrating into the “smart
city” space. It is also important to cre-
ate effective sensors and sensor net-
works that provide UAV recognition
and monitoring of their movement.
Therefore, developing methods for
identifying unmanned vehicles that
pose a threat to the functioning of
“smart city” systems and countering
them is a key task. The ever-increasing
likelihood of using UAV in a “smart
city” will inevitably be accompanied
by the manifestation of certain sys-
temic and complex problems, one of
the key links of which is the human
operator and his psycho-emotional
state. Obviously, in the complicated
conditions of a “smart city” the pro-
cess of controlling a UAV is associated
with an increase in psycho-emotional
stress and visual fatigue of operators,
which leads to a significant increase
in their cognitive load. All this creates
the pre-conditions for the manifesta-
tion of cognitive vulnerabilities of the
human operator. So there is a natural
need to develop and create a compre-
hensive system to ensure the safety of
unmanned vehicle flights in the com-
mon airspace of a “smart city.” Its so-
lution can be based on the relation-
ship between the tasks of optimizing
operational and functional safety to
minimize the risks of UAV crashes, as
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well as minimizing the manifestations
of cognitive vulnerabilities of the hu-
man operator.

Thus, a “smart city”, being a mo-
dern metropolis, must have adaptive
management of life support systems,
which is carried out using innovative
digital technologies. In a broad sense,
the efficiency of operation and mobility
of unmanned vehicles in a “smart city”
is determined not only by management,
but also by intelligent control over the
authorized and unauthorized move-
ments of land, air and water mobile
devices both in the city itself and in its
surrounding environment (air, water ar-
eas).

The subject of the interdiscipli-
nary RFBR competition “Fundamental
Problems of Managing Unmanned Ve-
hicles in a «Smart City»”, as one of the
most important areas of functioning of
the socio-economic system in the con-
text of urbanization, was the considera-
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tion of a set of problems arising, in particular, due to the growing
introduction of unmanned vehicles. UVs move in various envi-
ronments and ensure the movement of people and goods both
within the city and in adjacent territories and water areas. The
creation of methods and approaches aimed at creating an effec-
tive system for monitoring and managing UVs as well as ensuring
safe operation and maximum mobility of the transport system
in conditions of their mass use is one of the conditions for the
implementation of comprehensive plans for the development of
modern “smart cities”.

It can be stated that the decision to hold the Interdiscipli-
nary Competition of the Russian Foundation for Basic Research
“Fundamental Problems of Managing Unmanned Vehicles in a
«Smart City»”, which was adopted by the Foundation Council in
2019, anticipated the trends and challenges that subsequently oc-
curred both in the world and in our country. It is also significant
that the results of the fundamental task, obtained on the platform
of interdisciplinary research, demonstrate the harmonization of
approaches and new fundamental results.

The authors of the articles published in this issue of the
RFBR Journal represent the results of their investigations which
have been financed by the RFBR within the framework of the
above-mentioned scientific direction. I hope that the materials
in this journal issue will be of interest to a wide range of readers.
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