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O pemakTOope TeMaTM4eCKOTo 610Ka
npodeccope Bsauecnape Muxaitnosuue [opanenko

o 3asedyrouuii nabopamopueii HenUHeHO
ONMUKU U C6EPXCUTHBIX C6€MO0BBIX Noell
um. akademurxa P.B. Xoxnosa Mockosckozo
20cy0apcmeenno20 yHugepcumema
umenu M.B. Jlomonocosa (MI'Y)

o IIpedcedamenv K0OpOUHAUUOHHO20 cOBemMA
Pusuueckozo Ppaxynvmema MI'Y
1o meOuyuHcKoli pusuxe

o Ynen Bropo poccuiickozo omoenenus Obujecmea
onmuxu u pomonuxu (SPIE)

o Head of Academician R.V. Khokhlov Laboratory
of Nonlinear Optics and Ultrastrong Light Fields
of Lomonosov Moscow State University (MSU)

o Chairman of the Coordinating Council of the
Faculty of Physics of MSU for Medical Physics

o Member of the Bureau of the Russian branch
of Society of Photo-Optical Instrumentation

Engineers (SPIE)

« 3amecmumenv npedcedamens IKCNePMHO20

cosema PODII no pusuxe Physics

BavecnaB Muxarnosud [opivieHKO — XOpOLIO M3BECTHBIN

B Halllel CTpaHe U 3a py06e)KoM BeyIInii CIeMaIicT B 06/1acTu
na3epHoit GUIMKY, HEMMHEITHOI ONTUKN ¥ POTOHMKIA.

B.M. Topauenko B 1969 r. okoHuMI Gpusmdecknit Gpaxymp-
teT MI'Y. B 1970 r. Havas TpyauTcs Ha Kadepe BOMTHOBBIX IIPO-
neccoB ¢uandeckoro ¢paxymprera MI'Y um. M.B. JlomoHocoBa.
B 1977 1. samuTua KaHAUOATCKYIO Aycceprannio, a B 1998 r. -
TOKTOPCKYIO 1o y1azepHoit ¢usuke. B 1999 r. emy 6bU10 TIpU-
CBOEHO 3BaHue mpodeccopa. B HacTosIee BpeMs AB/IAETCA 3a-
BeyIOLIVM J1abopaTopueil HeMMHETHOI OITHUKM MM. aKaJeMuKa
PB. XoxyoBa xadenps! 0611eil GU3NKM U BOTHOBBIX IPOLIECCOB
¢usmyeckoro daxynprera MI'Y um. M.B. JlomoHOCOBa.

B.M. ToppneHko ABIAETCA OFHUM U3 OCHOBOIIOTOKHNMKOB
HOBOTO HAaIIPaBJIEHNUs B POCCUIICKOI JTa3epHOI (pusMKe, CBSI3aH-
HOTO C B3aMIMOJIeJICTBJE€M CBEPXCUIbHbBIX CBETOBBIX IONIEN C Be-
uiecTBoM. IToj ero pykKoBOACTBOM Ha OT€YECTBEHHON TEXHOJIO-
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 Deputy Chairman of the RFBR Expert Council in

T4eckoit 6ase paspaboTaHbl IPUOPHK-
TeTHBIE pelleHNs [0 CO3/IaHMI0 MUKO- U
(beMTOCeKyH/IHBIX JIa3epHBIX CHUCTEM
Y® u VIK nnana3oHoB [ peanusanun
peXuma CBEpPXCUIBHOTO CBETOBOTO
nosnA. BHenpeHne ma3epHBIX CICTEM HO-
BOTO ITOKOJIEHMSI TTO3BOJIM/IO €My IIpO-
BECTHU CepUI0 OPUTMHATbHBIX MCCIeNO-
BaHMII IPOLIECCOB, OTBETCTBEHHBIX 3a
HeJMHEeNHOe B3auMOJIEVICTBME WMHTEH-
CMBHOTO MUKO- U (HeMTOCEKYHIHOTO
JTa3€pPHOTO M3TY4EeHUs C BEIlleCTBOM B
CUJIbHO HEPAaBHOBECHOM COCTOSTHUM.
Hayunbte nnrepecer B.M. Topanu-
€HKO CBH3aHbl C TaKMMM OOIacTAMMU,
KakK j1asepHass (u3MKa ¥ HelMHeiHas
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OINTMKA, a TaKXe C YyIpaBJI€HUEM U
crabumusanyeil IapaMeTpoB Y/IbTpa-
KOPOTKUX TBEpPJOTENbHBIX J1a3€POB,
MOIIHBIX TMKO- ¥ (eMTOCeKYH/IHBIX
nasepHbIX cucteM YO, suanmoro u VK
OVIAIIa30HOB. VIM BBITIOJTHEHBI IIMOHEDP-
CKM€ SKCIEPMMEHTBI II0 HEIMHENHON
pelaKkcanuyu CUIbHO BO30YXK/IEHHBIX
MHOTOATOMHBIX MOJIeKy/n1. Paspabora-
HbI OVCTAHIIMOHHbIE METOIbI M3MeEpeE-
HYSI CKOPOCTM a3PO30JIbHBIX HOTOKOB
B arMocdepe Ha OCHOBE BETPOBBIX JIO-
wiepoBcKkux mupapos. Iop ero pyko-
BOILCTBOM IIPpOBENEHBI OPUTMHAJ/IbHbIE
IKCIIEpUMEHTA/IbHbIE MCCIENOBAHNA T10
BSaMMOJIeﬁICTBV[IO CBEPXCUIbHBIX CB€-
TOBBIX IIOJIEl C MMKPO- ¥ HaHOOOBEK-
TaM (KIacTepamim) C Lje/IbI0 TeHepaLyn
BBICOKOTEMIIEPATYPHOI /1a3€pHON Ha-
HOIIVZIAa3MbI 1 9aCTUI BBICOKMX SHGPI‘I/H‘/'I
(371eKTPOHOB, MOHOB, HEMITPOHOB), IIO-
JIy4aeMbIX B TOM YMCJI€ IIPU CBEPXKPH-
TUYECKMX Ha4Ya/IbHbIX YC/IOBUAX. HpO-
ILEeMOHCTPUPOBAHBI (C UCIIONb30BaHMEM
HU3KO9HEPTETNIECKUX BOJIOKOHHBIX

KOJIOHKA TEMATHYECKOrO PEJAKTOPA @ BECTHHK Pdrbi

(eMTOCeKyH/IHBIX /1a3€POB) HOBbIE Pe3y/IbTaThl 10 3P (HeKTUB-
HOJl TeHepaluy MMKPOIUIa3MEHHOTO PEHTTeHOBCKOTO M3JTyde-
HYS U1 33724 paguorpagun. VM pa3paboTaHbl IIper3OHHbIe
OIITMYECKNE U HEeTMHETHO-ONITYeCK/Ie MEeTOAbI KOHTPOJIA B pe-
aJIbHOM BpeMeHM IIpoljecca J1a3epHOil MUKPOOOpabOTKM Mare-
pUaIOB, B TOM YMCTIe U OMOTIOTMYECKIX TKaHeIl.

Bonee 300 crareit onmy6nmkosano B.M. [opauenko B Beny-
I[MX OT€YECTBEHHBIX U 3apyOeXHbIX XypHanax. OH sBIAeTCA
YJIEHOM IIPOTPaMMHBIX KOMWUTETOB psAfa KPYIHBIX MeXJyHa-
POZHBIX M OTeYeCTBEHHBIX KOH(epeHLMil IO nasepHoil ¢u-
31Ke, HeJIMHETHOI ONTHKE, CBEPXCYIbHBIM IIO/IAM B IIa3Me 1
np. bt HayYHBIM pyKOBOAMTENIEM AEeBATHAAATY KaHANIATOB
¢usuKo-MaTeMaTMYECKUX HAYK B 001aCTM /1a3epHOI (USUKY,
HeJIMHEeHO onTUKY U GoToHMKN. Cpefiut ero CTyAEeHTOB eCTh
TaKXXe ¥ MpeJCcTaBUTeNN MPOQecCcOpCKO-IIPeIoaBaTeIbCKOTO
COCTaBa psifia PerMOHANbHBIX BY30B. Jlaboparopus HenmHeli-
HOJl ONITUKM MMeHM aKajeMuka P.B. Xox/noBa, KOTOpbIM OH py-
KOBOJINT, IIPOAIO/DKAET TPAJULIUY, 3a/I0)KEHHDIe 9TUM yYEeHbIM
C MUPOBBIM VIMEHEM.

B.M. Topanenko muoro et 6bu1 sxcreprom PODV, 6611
3aMecTuTeNeM IpeficeiaTesil DKCIIEPTHOTO COBETa 110 (PU3MKe,
BBICTYIIAJI IPUIJIAIIEHHBIM PeJaKTOPOM aKTYa/IbHBIX BBIITYCKOB
Bectnnka POOU «PoTOHMKA M MEPCNEKTUBHBIE JIa3€pHbIE U
Na3epHO-ITa3MeHHble MHPOpMAIOHHbIe TexHomorum» (2014),
«CoBpeMeHHbIe Tpo6IeMbl MHPpaKkpacHOt GoTOHUKI» (2023).

About the Editor of the Themed Section
Professor V.M. Gordienko

Vyacheslav Mikhailovich Gordien-
ko is a well-known scientist in the field
of laser physics, nonlinear optics and
photonics in our country and abroad.
V.M. Gordienko graduated from the
Physics Department of Moscow State
University in 1969. In 1970, he began
working at the Department of Wave
Processes at the Faculty of Physics of
Lomonosov Moscow State University.
He got his PhD, as well as his Doctor
of Science Degree, in Lomonosov Mos-
cow State University in 1977 and 1998,
respectively. In 1999, he was awarded
the title of Professor. Currently, he is
the Head of the Academician Khokhlov
Laboratory of Nonlinear Optics, De-
partment of General Physics and Wave
Processes, Faculty of Physics, Lomono-
sov Moscow State University.

V.M. Gordienko was one of the
founders of a new field in Russian laser
physics related to the interaction of su-
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per-strong light fields with matter. Under his leadership, priority
solutions for the creation of pico- and femtosecond laser systems
of UV and IR ranges for the implementation of a super-strong
light field mode have been developed on the domestic techno-
logical base. The implementation of a new generation of laser sys-
tems made it possible to carry out a cycle of original research ma
processes responsible for nonlinear interactions of intense pico-
and femtosecond laser radiation with a substance in a highly
nonequilibrium state.

Vyacheslav Gordienko’s research interests are in areas such as
laser physics and nonlinear optics, as well as control and stabiliza-
tion of ultrashort solid-state lasers, high-power pico- and femtose-
cond laser systems in the UV, visible and IR ranges. He performed
pioneering experiments on nonlinear relaxation of strongly excited
polyatomic molecules. Remote methods for measuring the velocity
of aerosol flows in the atmosphere based on wind Doppler lidars
have been developed. Under his leadership, original experimen-
tal studies were carried out on the interaction of ultra-strong light
fields with micro- and nano-objects (clusters) in the interests of
generating high-temperature laser nanoplasma and high-energy
particles (electrons, ions, neutrons), obtained, among other things,
under the supercritical initial conditions. Using low-energy fiber
femtosecond lasers, new results on the efficient X-ray generation

RN /




BECTHHK Pl @ KOJIOHKA TEMATUYECKOI0 PE[JAKTOPA

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).

becnunorHbie TpaHCIIOPTHBIE CPEACTBA B <\YMHOM Iropope» —
METO/bI I MHTE/VIEKTyaIbHbIe CICTEMbl MOHUTOPMHIA
U YIIpABIE€HNA ABIDKEHNEM

3a mocegHMe HECKOIbKO AeCATIIETUI ypOaHu3auus cTa-
j1a TI06a/IbHOIN TEHIEHIMEN PasBUTUA SKOHOMUKM U yCTIOBUM
xusHepesATenbHoCcTH. CylecTBylommasn mpobreMa pocta ropoj-
CKOTO HaceJIeHVs IIpefbsAB/IsAeT BCE Oonblume TpeOOBaHUS He
TO/NBKO K PasBUTHUIO HOBBIX TEXHONOTMI M MHQPPACTPYKTYPHL,
HO 1 K rpaxzaHam. Kak cienctBue atoro, Tpebyrorcs agpdex-
TUBHBIE U 9KOHOMMYECKV Ije/lecO0OpasHble pe3yabTaThl IIPU
COOTBETCTBYIOLIEl MHPPACTPYKTYPHOI HOATEp)KKe /A KOM-
dboprHOrO TOpOACKOrO ObUTaHUsA. PeleHue 9TOil MPOOIEMBI
COCTONT, IIOMMMO IIPOYeTro, B 3()(eKTUBHOM Pa3BUTUM TPAHC-
NOpPTa, NHPOPMALMOHHBIX ¥ KOMMYHMKAI[MIOHHBIX TeXHOJIOTUIL.
O6navyHble BBIYMCTIEHNS, MCKYCCTBEHHBI MHTE/IEKT, MAIINH-
Hoe o0yd4eHMe — BCE 3TO CYIIECTBEHHO BJMAET KaK Ha TEHNIEH-
IV Pa3BUTHA, TaK U Ha AVHAMYKY OCHOBHBIX COIIVIaJTIbHO-9KO-
HOMMYECKMX II0Ka3aTeneil «yMHOro ropoga». Oco6eHHo ocTpo
3TV M3MEHEHNA CKa3bIBAIOTCS Ha IVIABHBIX ITapaMeTpax «yMHOTO
rOpofa», Cpey KOTOPBIX, HAPSAMY C yIydllleHeM KadecTBa XKI3-
HI1, 000CTpsIeTCsA BHUMaHMe K YPOBHIO 6€30IIaCHOCTY U 3alIjyTe
OKPY>KaIoLel Cpeibl.

[TpuMeHeHVe TepefOBBIX MH(OPMAIVIOHHO-KOMMYHUKA-
IVIOHHBIX TEXHOJIOTUII B JKVM3HENEATETbHOCT «YMHOTO TOPOHa»
SIBJISIETCSL OCHOBOIIO/IATAIONEN TeHJeHIMe. « YMHBI TPAHCIOPT»
U «YMHOe TOPOJICKOe YIIpaB/IeHMe» TPAHCIIOPTHBIM JIBIDKEHUEM
MeHsIeT HOAXOMbI K TOPOJICKON MOOMIBHOCTI 1 K PearnpoBaHIIO
Ha YpesBbIYaliHble CUTyaluy C OJHOBPEMEHHOI ONTUMMU3ALMEN
TPAHCIOPTHOTO JBIDKeHVsI. BO3HIKaeT He0OXOAMMOCTD paspaboT-
KV METOfJOB ONTVMA/IbHOTO YIIPABJIEHMs JIBVDKEHMEM OeCIIoT-
HBIX TpaHCopTHBIX cpefcTB (BTC) u cooTBeTCTBYIOMNX WIA UX
peaym3anyy MHGOPMAIVIOHHO-KOMMYHVKAIVIOHHBIX TeXHOTOTHIL
CoBpeMeHHbIe TEXHOJIOIMY OPraHM3aIMI «YMHOTO TPAHCIIOPTa»
HO3BOJISIOT CE/IATh TlepeMellleHNe 10 TOpofy Ooree yIOOHBIM 1
6or1ee 6e30IacHbIM 6/1aTOfAPs COYETAHNUIO ICKYCCTBEHHOTO MHTEI-
nexta (V) u mammmaHEOTO 06y4eHnsa (MO), nockoneky V1V mosso-
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B.M. Iopouenxo

JIfeT aBTOMATUSVMPOBATh PYTUHHBIE TIPO-
neccel, a MO faeT BO3MOXXHOCTDb aHa/IM-
3MpoBaTh OOJBIIIIE 0OBEMBI JAHHDIX 151
BBLABJIEHNS CKPBITBIX 3aKOHOMEPHOCTEIL.
IddexTMBHOCTD ITUX  COBpPEMEHHBIX
TEXHOJIOTMII Y)Ke ceifdac MOATBEeP)KIaeT-
Cs CTATUCTMKO YMEHBIIIEHN «de/loBede-
CKOro (hakTOpa» IpM aBTOKATACTPOdax.
C mpyroil CTOPOHBI TOPOJA-METaIoNNChl
HACBIIeHbl TPAHCIOPTHBIMIU CpeCTBa-
MM U TI03TOMY JJOPOXKHask MHQPACTPYK-
Typa HOABep)KeHa OOJIBIINM HarpysKam,
YTO HPMBORUT K CHIDKEHMIO CKOPOCTH
TIepefIBYDKEHNS 110 TOPOZY, YBEIMIEHUIO
BpeMeH) HAXOXKJeHNMs B TPAHCIIOPTe
U, KaK pe3y/braT, K BO3HUKHOBEHNIO Y
BOJUTE/IEN CYMIITOMA JieKpeMeHTa Ofu-
TembHOCTU. [losIBIeHMe B HacToslee
BpeMs «yMHbBIX aBTOMOOWMIEl» C MHTeN-
JIEKTYa/IbHbIM 97IEKTPOHHBIM ITOMOLIH-
KOM IIPYBOJNT ellle 11 K TOMY, YTO BHIMa-
HIie BOJIUITEISI MOYKET CHVDKATBCS, @ COH-
JIMBOCTD 32 Py/IeM pa3BUBaeTCs ObICTpee.
XPpOHMYIeCKUII CTpecc, MPUCYIIMIA JKM-
Te/ISIM METAIlO/ICa, BT Ha KadyeCTBO
BOXKJIEHVSI 1, COOTBETCTBEHHO, IIOBBIIIIA-
er uncio omm6bok. [TosToMy BOSHMKAET
HeOOXOAMMOCTb  BBIPAOOTKM HPOCTBIX
KPUTEpUEB M MHCTPYMEHTOB I MOHM-
TOPMHIA B PEXUMe PeasbHOrO0 BpeMeH!
COCTOSIHMSI BOAUTeIEl aBTOTPAHCIIOPTA,
YYaCTBYIOLIMX B JIBVDKEHMM Ha JOpPOrax
MeTaIoNnyca.
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OpHa 13 HOBBIX TE€XHOJIOTUI «yM-
HOTO TOpOfia», KOTOpass B IIOC/IEHIE
TOIBI CTa/a IMPEIMETOM OCOOOTO BHMU-
MaHNs, CBsi3aHa C BHeJpeHueM Oec-
IMIOTHBIX JIETaTe/IbHBIX  aIlllapaToB
(BIIVIA) B pasnmuHble cdepbl ropof-
ckoit xusHemeaTenbHOCTU. DBITJIA 11e-
PeMeIAI0TCsI aBTOHOMHO VTN C IPUMe-
HeHVeM AVCTAHLMOHHOTO YIIPaB/IeHNS,
obecreunBas IpeUMyIeCTBA B HOBBIX
BO3MOXKHOCTSAX IO HOCTaBKe, HAINpU-
Mep, HeOO/IbIINX TPY30B I T. I. B aTom
KJII0Ye HOBOW ¥ MPVHIMIINAIBHO BaXK-
HOIT 3aJ1aveil SIB/ISIeTCS CO3aHNe CUCTe-
MBI aBTOHOMHOJT HaBUTAL[UU OeCIIUIOT-
HBIX TPaHCIOPTHBIX cpefcTB. Heobxo-
AuMa paspaboTKa MHTEIEKTYalTbHON
CUCTEMBI YIIpaBJIEHUA pacIpesieieH-
HBIMJ CpPeACTBaMU /Il OOHApy>KeHUs
00BEKTOB MaJIOpa3MepHOIl aBUALIUU
B YCIOBUAX IUIOTHOM TOPOJCKONM 3a-
crporiku. Vicnonb3oBanme BIIIA wur-
paeT pelanllyio poiab M B MOAAepXKa-
HUM 6€30IIaCHOCTY «YMHBIX TOPOJOB»,
o6HapyXuBasi 1, TeM CaMbIM, IIPELOT-
Bpalas BO3MOXKHbIE yrpo3bl. [Ipu aTom
BO3HUKAET OYeBU/HAS HEOOXOMMMOCTD
PasBUTUS CPEJCTB OMEPATMBHOIO MO-
HUTOPMHTA caMMX ABVDKymuxcs BITIA,
B TOM 4YMC/Ie HECAaHKIMOHUPOBAHHO
IPOHMKAIINX B IPOCTPAHCTBO «YM-
HOro ropopma». HemamoBaxHO Takke
cosnanre 9QQeKTUBHBIX CEHCOPOB U
CEHCOPHBIX ceTell, 00ecreunBaoINX
pacniosHasanue BIUIA m MOHMTOpWMHT
nx pBwkeHud. Ilostomy paspaborka
METOJIOB  BBIABIEHUS OECIMTOTHBIX
TPAHCIIOPTHBIX ~ CPEACTB,  HECYMINX
yrpo3y (yHKIMOHMPOBAHMIO CUCTEM
«YMHOTO TOPOfia», I IPOTUBOJEIICTBIA
UM SBNIAETCA KIIOYeBOM 3ajaveil. Bcé
BO3pacTalllas BePOSTHOCTb JCIIOJIb-
soBanna BIIJIA B ycmoBusx «ymHOTro
ropofia» Heu30eXHO OymeT COIpOBO-
JKIAaThCs MIPOSIB/ICHNEM OIIpefe/IeHHBIX
CUCTEMHBIX U KOMIUIEKCHBIX IpobeMm,
OIHMM U3 K/IIOUEBBbIX 3BEHbEB KOTOPOII
SIBJISIETCS YeTIOBEK-OIIEPATOP M €0 IICU-
XO9MOIMIOHA/IbHOE  cocTosiHMe. Ode-
BUJIHO, YTO B YC/IOKHEHHBIX YCTIOBUAX
«YMHOTO TOPOfia» MPOLeCC YIPaBIeHN
BIUIA cBsA3aH ¢ HapacTaHMeM IICUXO-
9MOILMIOHATIBHOTO HAIPsDKEHUS U 3pU-
TEJIbHOTO YTOMJ/IEHUA OIepaTOpPOB, YTO
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IIPUBOIUT K 3HAYMTE/IbHOMY BO3PaCTAHNUIO X KOTHUTVBHOI! Ha-
Ipy3KI. Bcé aT0 cosmaeT NpeAnoChIIKY [ IPOSB/IEHUI KOTHN-
TUBHBIX YAI3BMMOCTEI 4eloBeKa-onepaTopa. [losTromy BosHMKa-
eT eCTeCTBEeHHasi HeOOXOMMOCTD PaspabOTKM M CO3[JaHUSA KOM-
IUIEKCHOJ CUCTeMBI Ajisi obecriedeHrs 6e30IacHOCTHU IO/IETOB
0eCIMIOTHBIX TPAHCIOPTHBIX CPEACTB B €[VHOM BO3[YIIHOM
IIPOCTPAHCTBE «YMHOTO TOPOfa». B OCHOBY ee pelleHMs MOXeT
OBITH IIOJIOKEHA B3aMMOCBA3b 3a/lad ONTHUMU3ALNY IKCIUTyaTa-
IIVIOHHOI ¥ (pYHKI[MOHAJIbHOI 6€30IIaCHOCTY Il MUHUMMU3a-
uyy puckoB Kpymenuit BITIA, a Taxoke MMHMMU3aLNsA NPOsIB-
JIEHUI KOTHUTUBHBIX YA3BMMOCTEN YeTIOBEKa-0IepaTopa.

Takum 06pasoM, «yMHBII TOPOM», ABIAACH COBPEMEHHBIM
METaIo/INCoM, JODKeH o0afaTh afjaliTUBHBIM YIIpaBIeHIeM
CUCTeMaMM >KM3HeOoOecIiedeH s], KOTOPOe OCYIIeCTBIIACTCS IPU
IIOMOIIY THHOBALVIOHHBIX IVI(PPOBBIX TeXHOIOTMIL. B mmpoxom
cMbIcTe 3P GEKTUBHOCTD IKCIUTyaTalMM X MOOMIBHOCTY OecIn-
JIOTHBIX TPAHCIIOPTHBIX CPEACTB B «yMHOM TOPOfie» OIIpefesis-
€TCA He TOJbKO YIIpaBJIeHMEM, HO ¥ MHTE/UIEKTYalbHBbIM KOH-
TPOJIEM 33 CAHKIIIOHVPOBAaHHBIMU U HECAaHKIMIOHVPOBAaHHBIMU
HepeMeIeHNsAMY Ha3eMHbBIX, BO3AYLIHBIX ¥ BOJZHBIX MOOWIIb-
HBIX YCTPOVICTB KaK B CAMOJ TOPOJICKOM, TaK M OKPYy>Kalollleil ero
cpenax (BO3IyX, aKBaTOPUN).

IIpepmeToM MexauCHMIUIMHAPHOTO KOHKypca PODI «DyH-
JlaMeHTajIbHble IIPOOIeMbl YIIpaB/ieHNsl OeCIVIOTHBIMYU TPAHC-
HOPTHBIMY CPeACTBAMM “YMHOTO TOPOfia”» KaK OJ{HOTO 13 BaXKHell-
VX HaNpaB/lIeHnil (YHKUMOHMPOBAHNA COLMAIbHO-9KOHOMU-
YeCKOJI CHCTeMBI B YCTIOBYSX ypOaHM3anum» ObIIO pacCMOTpeHe
KOMIUIEKCa 3a/lad, BOSHMKAIOIIVX, B YAaCTHOCTH, M3-3a PACTYILETO
BHeipenust bTC. BTC mepepsuraiorca B pasaMyHBIX Cpefax U
obecIeunBaIOT TIepeMellleHe JIOfieil 11 TPY30B KaK B IIpefiefiax ro-
POfia, TaK M Ha MPWIETAINX K HEMY TepPUTOPUAX U aKBaTOPU-
ax. Cos3faHme MeTONOB M IIOfIXOOB, HAIIPAaBJIEHHBIX HA CO3JaHIe
addexTHBHOI cucTeMbl MOHUTOpPKHTA 1 yripanenus BTC, a Tak-
e 00eCIeuVBaOIIMX B YCTIOBUAX VX MacCOBOTO MCIIOb30BaHII
6e3onacHoe QYHKIMOHMPOBAHME Y MAKCUMa/IbHYI0 MOOW/IBHOCTD
TPAHCIIOPTHON CUCTEMBI, AABJIAETCA O HUM 13 YCTIOBUI peaTnsanumn
KOMITIEKCHBIX I/TAHOB Pa3BUTHA COBPEMEHHBIX «YMHBIX TOPOZOB».

MO>XHO KOHCTaTMpOBaTh, YTO peIleHNEe O IPOBENEHNUN
MEXIUCUNIUIMHAPHOTO KOHKypca Poccmiickoro ¢onpma ¢yH-
IaMeHTa/IbHBIX ucclegoBanmnii «DyHIaMeHTanIbHBIe HpoOiTe-
MBI yIpaB/IeHns 6eCIMIOTHBIMYU TPAHCIIOPTHBIMM CPENCTBAMMU
“ymHOrO ropopa’», koropoe 6p110 npunATo CoBeroM PoHpa B
2019 1., npeABOCXUTIIIO TEHICHIIUN U T€ BBISOBbBI, KOTOPBIE BIIO-
CNIefCTBUY IPOM3OLIUIN KaK B MUpE, TaK U B Hamell cTpane. Cy-
IIeCTBEHHO U TO, YTO PeLIeHVI OCTaB/IeHHON (QyHIaMeHTa Ib-
HOII 3a/ja4M, TOTyYeHHbIe Ha IIaTGopMe MEeKAVCIVITIHAPHBIX
MCCNIeOBaHNN, JEeMOHCTPUPYIOT TAapMOHM3ALNIO IOAXOMOB U
HOBbIe (PyHIaMeHTa/IbHbIE PE3y/IbTaTBL.

ABTOpBI cTaTell, My0/MINKyeMbIX B 9TOM BBIITYCKe JXYpHa/Ia
«Bectauk POV », mpefcTaBiA0T pe3ynbTaThl UCCIENOBAHMNIA,
BBITTOJTHEHHBIX IpK (uHAHCOBOI noppepxke PODV B pamkax
BBILIEYTIOMAHYTOTO HayYHOrO HanpasaeHN:A. Hazerocs, 4To Ma-
Tepuasbl BLITYCKA OKXXYTCSA MHTEPECHBIMU LIMPOKOMY KPYTY
YUTaTeNeNn.
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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 AI 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

No 1 (121) aHBapb—mapT 2024 r.



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 UV's 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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