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OT PEOAKTOPA
C 1992 2. ™Mbl pezynsipHo npobodunu & CaHkm-Memepdypze Wkony-
ceMuHap-Beicmabky «/lazepel 815 MeduuuHsl u duonozuu». C 1994 2. y
Hac  nosBunack U 3Konozudeckas  memamukd.  Mamepuanb
nydnukobanuce B omevecmbeHHbix XypHanax, omdenbHbie GokANaAdbI
noMeweHsl B «Tpydel MexdyHapodHozo odwecmba no onmuyeckol
mexHuke» (SPIE). Meozpadusi yyacmHukod, Bkawyas u 3apydexHsix,
doBonbHO odwupHa, meMamuka pa3pacmanacb, NO3MOMY BbiN0 NPUHAMO
pewerue ¢ 2000 2. npobodumb KoHdepeHuuw «/lazepbl dns MedUUUHbI,
duonozuu u 3konozuu». Kpyz paccmampubaembix Bonpocob — 3mo
odnacmu, B komopbix nasepel Gawm HeCOMHeHHoe npeumMywecmbo,
paspadomka nasepoB dna 3mux odnacmel, npuMeHeHue nasepob B
mpaduuuoHHbIXx 0dnacmax MeduuuHbl, duonoz2uu u 3konozuu. BaxHo
NOHAMb Npu4uHbl 3¢PpekmuBHoz20 npumeHeHus nasepoB B ykasaHHbIx
OMPACAfX HAYKU U NpU peweHuu npuknadHeix 3ada4. C 2007 2.
meMamuka KOHQEepeHUUU ewe pacwupeHa, Beicokue mexHonozuu He
02paHUYEHbl  nasepamu,  ompaxeHsl  Bonpockl  mexHocdepHol
desonacHocmu u  HaHomexHonozul. C 2007 2. MexdyHapodHasa
KoHdepeHuus «Beicokue mexHonozuu B MeduuuHe, duonozuu U
2eo3konozuu — 2007» npobodumcs B HoBopoccuucke. C 2014 2.
KOHpepeHuUs npoBodunuck B locydapcmberHoM MopckomM
yHubepcumeme um. admupana ¢. ®. Ywakoba. B 2019 2. koHdpepeHuus
cHoba npobodunack Ha Ba3e HoBopocculckozo noaumexHU4eckoz0
uHCcmumyma (dunuana) KydaHckozo 2ocydapcmbenHozo
mexHonozu4yeckozo  yHubepcumema. C 2021 - hHa  Oase
Hobopocculckozo  ¢unuana  benzopodckozo  2ocydapcmberHozo
mexHonozu4eckozo yHubepcumema umenu B. . Wyxoba.
Ha koHn¢epenuuu 2022 2. npedcmabnensl 112 doknadob no ykasaHHoU
memamuke. ABmopbl doknadob padomaiwm B pasznuYHbIX  HAY4YHbIX
yypexdeHuax u  yHubepcumemax  Cankm-lemepdypza, Mockbul,
Tpouuka  Mockobckod  odnacmu,  PsisaHu,  Wxebcka,  Camapdl,
Bonzozpada, Yoo, Ekamepundypza, Tomcka, Hobocudupcka, Kypcka,
Pocmoba-Ha-loHy, KpacHodapa, Hobopocculcka, MuHcka (Benapycs),
Buwkeka (Kbipzbiacman), Xapbkoba (Ykpauna), benzpada (Cepdus).
MocnedHue 20861 HA KOHPEpPEHUUU Heckonbko 3aday pewanucb
«M03200biIM  wmypMoM».  Pesysabmamamu cmanu  nydaukauuu B
XypHanax.
Mo mamepuanaM Hawux KoH¢pepenuud, npowedwux B 2007-2008 2z,
u3daHbl BecmHuku  CM30  AkadeMuu  UHXEHepHbIX  HAYK
uM. A. M. MNpoxopoba (N° 3-5). Mamepuansl npexHuUx KoHdepeHuud
onydnukobaHel B 8 momax Proceedings of SPIE. B 2009-2014 2.
exez00Ho nydnukobanucb 3—4 moma Tpydob, usdabaeMsix
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usdamenbcmbom CMBMMY. Pad cmamed, omodpaHHeix OpzkoMumemoM,
dbin onydnukoBaH B omevecmbBeHHbix U 3apydexHbix XypHanax. Hawel
kKoHdepeHuuu nocbaweHsl omdensHele Beinycku Onmuyeckozo xypHana
(Bbinyck  N°3-2015 u  Beinyck  N°5-2016), usdabBaemozo B Cankm-
MNemepdypze (nepeyeHs BAK u SCOPUS). Mamepuansl Hawed
KoH¢epeHuuu pasMeweHsl makxe B Beinycke N°6  Onmuyeckozo
xypHana 3a 2017 2. Cmambu 2017 2. pasmeweHsl B Bbinyckax N°4—9
Onmuyeckozo xypHana 3a 2018 2. B Hawux mpydax neped
oznabneruem daHa uHpopMauus 0 XypHanax, ocywecmbaswowux
UHPOpMAUUOHHYl noddepxky Hawel KoHdepeHuuu. Psd cmamed
2008-2021 2. onydnukobaHel B xypHane «Optical Memory & Neural
Networks (Information Optics)».

C npednoxeHusMu u 3a cnpabkaMu oBpawambcs K npodeccopy
B. E. MpuBanoby o} CaHkm-llemepdypackud nonumexHu4eckud
yHubepcumem MMempa Benukozo, (195251, CaHkm-lemepdypz, CM3MY,

yn. NonumexHuyeckas, 29), no 31eKMPOHHOU noyme
vaevpriv@yandex.ru u K npogeccopy B. I'. WemaHuHy ]
HobBopocculckud dunuan benzopodckozo 2ocydapcmbBeHrHozo

mexHonozu4eckozo  yHubepcumema (353919, Hobopoccuick, ya.
Mbicxakckoe wocce, 75) no 3nekmpoHHoU novme vshemanin@mail.ru.

FROM THE EDITOR
Since 1992, we have regularly held fthe School-seminar-exhibition
“Lasers for Medicine and Biology” in St. Petersburg. Since 1994, we
have also had an enviconmental theme. The materials were
published in domestic journals, some reporfs were placed in the
Proceedings of the International Society for Optical Engineering
(SPIE). The geography of participants, including foreign ones, is
quite exfensive, the fopics grew, so it was decided to hold the
conference “Lasers for Medicine, Biology and Ecology” in 2000. The
range of issues under considerafion is the areas in which lasers
provide an undoubted advantage, the development of lasers for
these areas, the use of lasers in traditional fields of medicine,
biology and ecology. It is imporfant fo understand the reasons for
the effective use of lasers in these branches of science and in
solving applied problems. Since 2007, the subject of the conference
has been expanded, high technologies are not limited to lasers, the
issues of fechnosphere safefy and nanofechnologies are reflected.
Since 2007, the Internaftional Conference “High Technologies in
Medicine, Biology and Geoecology - 2007" has been held in
Novorossiysk. Since 2014, the conference has been held aft fthe
State Maritime University. Admiral F.F. Ushakov. In 2019, the
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conference was again held at the Novorossiysk Polytechnic Institute
(branch) of the Kuban State Technological University. Since 2021 -
on the basis of fthe Novorossiysk branch of the Belgorod Stafe
Technological University named after V. G. Shukhov.

At the conference in 2022, 12 reports on this ftopic were
presenfed. The authors of fhe reports work in various scientific
institutions and universities of St. Pefersburg, Moscow, Troitsk,
Moscow Region, Ryazan, Izhevsk, Samara, Volgograd, Ufa,
Yekaterinburg, Tomsk, Novosibirsk, Kursk, Rostov-on-Don,
Krasnodar, Novorossiysk, Minsk (Belarus), Bishkek (Kyrgyzstan),
Kharkov (Ukraine), Belgrade (Serbia).

In recent years, at the conference, several problems were solved
by “brainstorming”. The results were publications in journals.

Based on the materials of our conferences held in 2007-2008,
Bulletins of the St. Petersburg Academy of Engineering Sciences. A.
M. Prokhorova (No. 3-5). Proceedings of previous conferences are
published in 8 volumes of Proceedings of SPIE. In 2009-2014, 3-4
volumes of Proceedings published by the SPbSPU publishing house
were published annually. A number of articles selected by the
Organizing Committfee were published in domestic and foreign
journals. Separate issues of the Optical Journal (issue No. 3-2015
and issue No. 5-2016) published in St. Petersburg (listed by VAK
and SCOPUS) are devoted to our conference. The materials of our
conference are also placed in issue No. 6 of the Optical Journal for
2017. Articles of 2017 are placed in issues No. 4—9 of the Optical
Journal for 2018. In our works, before the table of contfents,
information is given about the journals providing information support
for our conference. A number of articles from 2008-2021 were
published in the journal Opfical Memory & Neural Networks
(Information Optics).

For suggestions and information, please contact Professor
V. E. Privalov at Peter the Great St. Petersburg Polytechnic
University (195251, St. Petersburg, SPbPU, Politekhnicheskaya St.,
29), by e-mail vaevpriv@yandex.ru and Professor V G. Shemanin fo
the Novorossiysk branch of the Belgorod Stafte Technological
University (353919, Novorossiysk, Myskhakskoe highway st., 75) by
e-mail vshemanin@mail.ru.
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YOK  52-626+535.361+340.624.411
MPHTU  29.33.51
BAK 1319

JnekmpoduHaMuyeckas Modenb paccesHUs NAQ3epHO20 U3AYYEeHUs
Knacmepamu HeodHopodHbix duonozuveckux yvacmuy b cayuae /n vifro.
"TonoBuukuld A. M, Konuebas B. I, Kynukod K. T
Lankm-llemepdypzckuu nosumexHuyeckud yHubepcumem
[lempa Besukozo
195257 Poccus, 2. Cankm-llemepoypz, ya. llosumexruyveckas,29
email: “alexandergolovitski@yahoo.com

C npumereHueMm Memoda T-mampuu [1] npobeden ModenbHbil pacyem
XOQPAKMepUCMUK PacCesHHO020 NAQ3epHO20 U3AYYEHUS Manoul MowHocmu
duonozuYeCKUMU HOCMUUAMU, UMUMUPYKWUMU GOPMEHHbIE 3/1EMEHMbI
kpoBu, a makxe ux azpezamaMu (knacmepamu). HobbiM sBasemcs
ydem HeodHopodHoU BHympeHHeu cmpykmypbl 4acmuu U 3dpekmobd
MHO20KPAMH020 cbemopaccesHus 30H3UpYKWe20 Na3epHo20
u3nyyeHus. MNokasaHa makxe Bo3moxHOCMb adekBamHozo
BoccmaHoBbneHus ¢yHkuuu pacnpedeneHus 4Yacmuu NO PA3MEpaAM Ha
ocHoBe daHHbIX 3KCnepumMeHma no paccesHuw cbema knacmepamu
duonozuyeckux yacmuy /17 vitro.

Ha ocHobe nocmpoeHHoU Mamemamu4yeckoU Modenu paspadomaxo
npozpaMmMHoe oBecneyeHue, komopoe no3Bonsem  paccyumbibamb
napaMempsl  PaccesiHHo20 NAa3epHO020  U3/AYYeHUs dzpezamaMu U3
CAOUCMbIX ~ YACMUU  NPU  MHO20KPAMHOM  PACCESHUU, KOPPEKMHO
Boccmanabnubame pacnpedeneHus yacmuu no npubedeHHbiM paduycam
u npu 3moM omcaexuBamb u3MeHeHus ¢opMbl pacnpedeneHus 3mux
4yacmuu.

OdHapyxeHo, 4mo azpezauust ¢opMeHHbIx 3neMeHmod kpobu Moxem
cywecmbenHbiM 0dpasom Bausmb HA ee onMUYECKUE XAPAKMEePUCMUKU,
B ocodeHHocmu, Ha 3dpekmubHocmb nNoznoweHus u paccesHus Kpobbio
cnadoz0 nasepHozo0 u3snyyeHus. YcmaHobnewa konuvecmbennas cbasb
ONMUYecKUX  XOPOKMepUCMUK  KoMnaekcob  Buovacmuu  C  ux
duonozuyeckumu  cBoucmbamu, uymo  npuHuunuanbHo  BaxHo U
akmyanbHo dns pasbumusa HoBbix onmuyveckux Memodob, ucnonb3yeMmsix
B pasnuyHbix odnacmax Buonozuu u MeduuuHs, B moM 4Yucne dna
usyy4eHus ¢pomoduHaMmuyveckol u ¢domomepMudeckol decmpykuuu
KNemok u mkaHed, anq paspadomku HobBbIx Memoduk
4yybcmbumenbHoz2o aHanusza kpobu, HobBeix nodxodob B onmuyeckol
KozepeHmHoU moMozpaduu, 3HGOMUKpOCKONUU U m. 4.
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Cnucok numepamypbl

[1 P. C. Waterman. Numerical solution of electromagnetic scattering
problems. In "Computer Techniques for Electromagnetics”, Pergamon
Press, 1973, pp. 97-157.

An electrodynamic simulation of laser radiation scattering
by inhomogeneous biological particles /i vitro
Golovitskii A. P., Kontsevaya V. G, Kulikov K. G.
St.Petersburg Polytechnic University
195251 Russia, St.Petersburg, str. Polytechnicheskaya, 29

The calculation of characteristics of weak laser radiation scatfering
by Dbiological partficles imifating blood corpuscles and ftheir
aggregations (clusters) as well, has been performed with the model
using of T-matrix method [1l. The novelty of the present work is
that the ingomogeneity of internal structure of particles and the
effects of multiple scattering of probing laser radiation were taken
into account. It is shown besides that it is possible to restore
adequately fthe size distribution function of biological particles from
the dafa of experimenfs on the laser radiation scaffering by
clusters of such particles /mn vitro.

Basing on the mentioned model the corresponding soffware has
been developed which make it possible to compute the parameters
of laser radiation scattered by clusters of layered particles
through multiple scaftering, fo resftore correctly the reduced radii
distributions and - by the way - fo monitore the changes in the
shape of these distributions.

It is found that the aggregation of fthe blood corpuscles can
significanfly affect the optical characteristics of blood, especially
the efficiency of absorption and scaftering of weak laser radiation.
It has been also established the quantitative relation beftween
optical characteristics of blood corpuscle aggregations and their
biological properties, which is important in principle and fopical for
developing new optical methods for using in various branches of
biology and medicine including photodynamic and photothermal
destruction of cells and biological tissues, in designing of new
sensitive methods of blood fests, new approaches in optical
coherence fomography, endomicroscopy etc.
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YK  52-626+535.361+591.111.1
MPHTU  29.33.51
BAK 1319

/n vive onpedeneHue XxapakmepUCMUK PAcCesHUU Aa3epH020 U3AYy4eHus
knemkaMu kpobu, a makxe ¢yHkuuu pacnpedeneHus ux NO pasMepaMm
"TonoBuukuld A. M, Koxuebas B. I, Kyaukod K. T
Lankm-llemepdypzckul nosumexHuyeckuu yHubepcumem [llempa
Benukozo
195257 Poccus,z. Canxkm-Ilemepdype, yna. [TonumexHuyeckas, 29
email: “alexandergolovitski@yahoo.com

B cnay4ae /n vivo cnadoe (Hepaspywawuwee) Aa3epHoe U3/AYYeHue
Hanpabnsemcsa npsaMo Ha noBepxHocmb KoXu, Nod CAOEM Komopod, a
makxe nod cnosMu  dpyzux OuomkaHed  (HanpuMep,  CMEHOK
kpoBeHocHozo cocyda) Haxodsmcs nodnexawue aHAAU3ly KAemku
kpobu. CocmabneHa coomBemcmbBywwas mamemamudeckas Modens,
Bnepbble  onuceibawwas  npouecc  pacnpocmMpaHeHUss  NG3epHO20
usnyveHus B nododHoU cnoxHoU Buonozuyeckol cucmeMe, uMekwel
MHO20C/0UHYI0 CMPYKmMypy u codepxauwed HeodHopodHble
pacceubanwue vacmuusl.

Monyyenbl aHanumuyeckue BbipaxeHus, no3bonswowue paccyumbibams
ompaxeHHoe none 2ayccoBa nydka B cayyae  p-nonspusauuu
nadawwez0 u3Ay4eHus npu  npousBonbHbIX Yyznax nadeHus U
3HQ4YeHUsX nokasamens npenoMmneHus nobepxHocmu. Modens Bnepbuie
nosbonsem paccyumsiBamb  cnekmpansHbie  3abucumocmu  ceyeHul
No2/M0WeHUs, paccesiHus U 3kcmudkuuu [1] & usyvaeMol cnoxHol
cucmeMe, 4@ Makxe uHmMeHcuBHocmu  paccesiHHO20  NA3epHO20
u3ny4eHus, dabas ocHoby ans kavecmbeHHo20 aHanusa
duoxumuyeckux npoueccob 6 30 HeoBHopodHbIx cpedax.

Pasbumas modenb daem Bo3moxHocmb koppekmHo Boccmanabaubamb
pacnpedeneHus ¢opMeHHbIx 3nemMeHmob kpobu no pasmepaM c yyemom
UX CMPYKMYpHeIX ocodeHHocmeld u pezucmpupobamb  u3MeHeHus
WUPUHLI pacnpedeneHus ¢popMeHHbIXx 3nemeHmod kpobu dns cayyas /n
vivo.

Pesynbmamsl meopemuyeckozo aHanuza u npednoxeHHsie Memoduku
mMozym dbimb ucnonb3oBadel npu  paspadomke Memodob peweHus
odpamHbix 3ada4 B onmuke pacceubamwwux cucmem u CcmMpYkmyp,
codepxawux Makpockonuyeckue od0beMHble HeodHopodHoCmu, npu
co3daHuu ycmpoucmb dna HeunbasuBHou duazHocmuku napamempob
duocucmeMm B odmanbMonozuu, zemMamonozuu U dpyzux 0dNACMAX
duonozuu U MeBUUUHbI.
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Cnucok numepamypbl
[11 BbopeHn K., XapMeH 0. MoznoweHue u paccesHue cbema MansiMu
yacmuuamu. Mep. caHzn. M: Mup, 1986. 664 c.

In vivo evaluation of characteristics of laser radiation scattering by
blood corpuscles and their size distribution function as well
Golovitskii A. P., Kontsevaya V. G, Kulikov K. G.
St.Petersburg Polytechnic University
195251 Russia, St.Petersburg, str. Polytechnicheskaya, 29

In the case /n vivo the weak (nondestructive) laser radiation should
be directed fowards the skin surface, under which and additionally
under layers of other biological tissues (e.g. blood vessel walls)
there are the blood corpuscles to be analyzed. The corresponding
mathematical model has been developed which first describes fthe
process of propagation of laser radiation through such complex
biological system having multilayer structure and including fthe
inhomogeneous scattering particles.

The analytical expressions have been derived which enable one to
compute the reflected field of a gaussian beam in the case of p-
polarization of the incident laser beam at arbitrary incident angle
and surface refraction index as well.

Our model enables us to calculate the spectral dependences of
cross sections of absorption, scattering and extinction [1] and the
total infensity of scattered laser radiation in the complex system
under study, which provides a basis for the qualitative analysis of
biochemical processes in 3D inhomogeneous media.

The proposed model provides the opportunity fo restore the size
distribution of blood corpuscles taking into account their
characteristic sftructure properties, and fto monitor the changes in
the shape of these distributions /7 vivo.

The results obfained from theorefical analysis and the proposed
methods can be used in elaborating methods of solving inverse
problem in fhe optics of scatfering systems and structures
confaining macro 3D inhomogeneities, in designing equipment for
noninvasive diagnostics of biological systems in ophthalmology,
haematology and in other branches of medicine and biology.
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NpuMeHeHue Memoda cnekmpockonuu KoMBuHAUUOHHOZ0 paccesiHus dns
udenmuukauuu cmapunokokkod ¢ 2emonumuyeckod akmubrocmeio y
nauuedmob c napodoHmumomM
" Tumyenko E. B, 'Tumyenko M. E, ? Namun A. B, 2 baxymoba WU. B,
2 Tpynuw 0. A, 2 ®ponod 0. 0., *Bonoba N. T, '3omoba A. B.

' Camapckuu HauuoHanskeld uccredobameibckud yHubepcumem uM.
akademuxa L[l Koposeba
443086, Poccus, 2. Lamapa, ys. Mockobckoe wocce 34
2 Camapckud zocydapcmbenrsid MeGuuuHckud yrnubepcumenm,
OSuomexHonozuYeckuy ueHmp «buoTex»

443079, Poccus, 2. Lamapa, ys. [azapunall
email: ~laser-optics.timchenko@mail.ru, zotova_alena@bk.ru

B cobpeMeHHoM Mupe wupokoe pacnpoCMpaHeHue  npuodpenu
pasnuyHble BocnanumenbHbie 3adonebaHus pomoBol nonocmu. OHu
mMozym Obimb Bbi3BaHel MHoxecmbBoM ¢akmopob. OdHuM u3 Bo3MoXHbIX
y4acmHuko® namonozuyeckozo npouecca npu 3adonebaHusx nonocmu
pma Moz2ym Obimb dakmepuu, B 4acmHocmu, kodzynazoHezamuBHbie
CmMapunoOKOoKKU € onpedeneHHsIM ¢(paKMOPOM NAMO2EHHOCMU, KOMOPbLIE
HQ  npomsaxeHuu nocnedHezo  cmonemus  abaswmcs  Haudonee
3HOYUMBIMU ~ ONNOPMUHUCMUYECKUMU namozeHamu B  MeduuuHckol
npakmuke [1]. Panee yxe npobodunuce uccnedobanus, nocBsuweHHble
uccnedobaHusaM  cmagunokokko®  cnekmpansHeiMu  Memodamu  [2].
OdHako, HecMomps  Ha  Hanu4ue cywecmbBeHHozo  konuyecmba
¢dakmopob NamozeHHoCmu, K KOMOPbIM MOXHO omHecmu
2eMonumuyeckyl akmubHocmb, ponb GOHHO20 MukpoopzaHusma b
namonozuu  opzaHo®  nonocmu  pma  Bce  ewe  ocmaemcs
cnadousyyerHod. [3]

Lenbiw padombl  sBnsnocb npuMeHeHue Memoda CNEKMPOCKONUU
KOMBUHOUUOHHO20  paccesHus  dna  udeHmudukauuu  wmammobd
3nudepManbHO20 CMAdUAOKOKKA C 2eMonumuyeckol akmuBHocmbio.

B kavecmbe odvekmo® uccnedobanul dbino ucnonb3obaHo 12 wmammob
Staphylococcusepidermidis, BeideneHHbIX U3 KAUHU4ECKO020 Mamepuanad
om nwdel B8onbHbIX XpOHUYeCkUM napodoHmumoM. WdeHmudukauuio
Bcex BroideneHHbix wmammob npobBodunu ¢ ucnonb3oBaHuem Memoda
MALDI-ToF macc-cnekmpomempuu Ha npudope MicroflexLT (Bruker) c
ucnonb3obaHuem  cmawdapmHozo  Memoda  npodonodzomobku U
dudnuomek Macc-cnekmpob. [lononaHumensHo Yy Bcex  u3sonamob
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onpedensnu zeMonumuyeckyw akmubHocmb, npu 3moM 50% wmammob
odnadanu BeipaxeHHol zemonumu4veckol akmubBHocmbi, BuisbneHHou
npu nobece B a3podHeix ycnobusx Ha 5% kpobsaHoM azape ¢
dapaHbeu kpobbw. W3 cymoyHbix kynbmyp wmammoB cmadunokokka
8ns  nocmaHoBku  3kcnepuMeHma  noayvanu  uHokyawM 10 no
Mak®apnaHdy B ¢usuonozudveckoMm pacmbope, 4ymo coombemcmBobano
3x108 KOE/mn. B ponu OoMmpuUUaMenbLHO20 KOHMPOASR ucnonb3obanu
HeuHokynupoBaHHLIU pu3uonozuyeckud pacmbop.

B  kavyecmBe  ocHoBHoz0  memoda  uccnedobaHus  wmammoB
3nudepManbHO20 CMAPUAOKOKKA C 2eMonumu4veckol akmuBHocmblo dbin
npumMeHeH Memod cnekmpockonuu KP, nodpodHo onucadHbll B
padome [4]. Bce 3kcnepumenmbl npobodunuck Npu MowHocmu nasepa
350 MBm u BpemeHu 3kcnosuuuu 60 cek. [locnedywwas odpadomka
cnekmpob KP ocywecmbBnsnace & npozpamme Mathematica, Ha ocHobe
pecypca «Ramantool v.1.0.175» u QuCKPUMUHAHMHO20 GHAAU3Q.

B pesynbmame npobBedenHbix uccnedoBaHul ¢ noMowbi Memoda
CNeKMPOCKONUU  KOMBUHAUUOHHO20  paccesiHus U demanbHol
mMamemamuyeckol odpadomku cnekmpob KP  dbinu HaddeHsl omauyus
wmammo®  3nudepManbHO20  CMAUAOKOKKA € 2eMoAumuYeckol
akmuBHocmble U 8e3  2eMonumuyeckolu akmubBHocmu, Komopbie
Hadnwdawmcs Ha NUHUU KP ~1650cM™ (Amidelvibration
(collagenlikeproteins)).

B danbHelweM, NonyYeHHble pe3ynabmambl Mo2ym BbimMb UCNONbL30BaHbI
i} kayecmbe 3KCNpecc-oueHkU Mapkepob namozeHHOCMU
cmadunokokka u dpyzux ycnoBHo-namozeHHbIX MUKPOOP2aHU3MOB.

Cnucok numepamypbl

1. A 0. NMecmoB, A. B. NaH4eHko KonoHusauus nonocmu  pma
cmadunokokkamu npu  napodoumume // Becmuuk BonzlMY, 2011
Beinyck 4 (40). cmp. 62-65.

2. Evelin Witkowska, Anna M. Lasica, Krzysztof Nicinski, Jan Potempa
and Agnieszka Kaminska. In Search of Spectroscopic Signatures of
Periodontitis:  ASERS-Based Magneto microfluidic Sensor for
Detection of Porphyromonas gingivalis and Aggregatibacter
actinomycetemcomitans // ACSSens. 2021, 6, 1621-1635.
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The use of Raman spectroscopy for the identification of
staphylococci with hemolytic activity in patients with periodontitis
' Timchenko E. V., ' Timchenko P. E, 'Lyamin A. V.,

2 Bazhutova I. V., 2Trunin D. A, 2 Frolov 0. 0, % Volova L. T,
' Zotova A. V.

" Samara National Research University named after
N N. Academician S. P. Koroleva, 443086, Russia, Samara,
st. Moscow highway 34
2 Samara State Medical University, Biotechnological Center
“BioTech’, 443079, Russia, Samara, str. Gagarin 20

In the modern world, various inflammaftory diseases of the oral
cavity have become widespread. They can be caused by many
factors. One of the possible participants in the pathological process
in diseases of the oral cavity can be bacteria, in particular,
coagulase-negative staphylococci with a certain  pathogenicity
factor, which over the past century have been the most significant
opportunistic pathogens in medical practice [1]. Previous studies
have already been conducted on the study of staphylococci by
spectral methods [2]. However, despite the presence of a significant
number of pathogenicity factors, which include hemolytic activity,
the role of fthis microorganism in the pathology of the oral cavity
organs is still poorly understood. [3]

The aim of the work was fo use the method of Raman spectroscopy
to idenfify strains of epidermal staphylococcus with hemolytic
activity.

As objects of research, 12 strains of Staphylococcus epidermidis
isolated from clinical material from people with chronic periodontitis
were used. All isolated strains were identified using MALDI-ToF
mass spectrometry on a MicroflexLT instrument (Bruker) using a
standard sample preparation method and mass spectrum libraries.
Additionally, hemolytic activity was determined in all isolates, while
50% of the strains had a pronounced hemolytic activity, which was
detected by hanging under aerobic conditions on 5% blood agar
with sheep’'s blood. From daily cultures of staphylococcus strains
for setfing up the experiment, an inoculum of 10 according to
McFarland in saline was obfained, which corresponded fo 3x108
CFU/ml. Non-inoculated saline was used as a negafive control.
Raman spectroscopy, described in detail in [4], was used as the
main method for studying strains of epidermal staphylococcus with
hemolytic activity. All experiments were carried out at a laser
power of 350 mW and an exposure time of 60 s. The subsequent
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processing of fthe Raman spectra was carried out in the
Mathematica program, based on the Ramanfool v.1.0.175 resource and
discriminant analysis.

As a result of the studies using the Raman spectroscopy method
and defailed mathematical processing of the Raman spectrag,
differences were found between strains of epidermal staphylococcus
with hemolytic activity and without hemolytic activity, which are
observed on the Raman line ~1650 cm-1 (Amidelvibration (collagenlike
proteins)).

In the future, the results obfained can be used as a rapid
assessment of pathogenicity markers of staphylococcus and other
opportunistic microorganisms.
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Onmuyeckue Memodsl ucciedobanus cocmaba 2udpozened konnazeHa Ha
ocHobe mkaHed yencbBeka 8na 30-duonpuHmuHza u pezeHepamubHol
MeduuUuHbI
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Ha cezo0HswHUU deHnb Bo Bcem Mupe omMmevaemcss meHdeHuus
ybenuyeHus 4Yucna nauueHmoB, cmankubawwuxcs ¢ npodnemol
BoccmanoBneHua kocmHou u xpaweBol mkaHu. Ha cobpemeHHoM 3mane
pasbumusa pezeHepamubHol MeduuuHbl akmyanbHeIM HanpabneHuem
abnsemcs 3D-duonpuHmuH2 unu duoneyamsb mKaHeU C
ucnons3obaHuemM 2zudpozened (ocHoBHozo KoMnoHeHmMa GuoYepHuUn,
NPpuMeHsieMblx 819 uMumauuu u  ¢opMupoBarus BHeknemoyHoz0
MampuKca mMKaHed), NOAYYeHHbIX Ha ocHoBe annozeHHozo Mamepuana
B koMduHauuu C KAnemkamu camozo nauueHma. [1,2]. Onmuyeckue
Memodsl WUPOKO ucnonb3ywmes B pasnudHeix odnacmax [3-5] u Mozym
Obimb NpuMeHeHbl 315 oueHku cocmaba z2udpozened.

Llenbio daHHod padombl aBnsemcs ouenka kadecmbeHHozo cocmaba
GNN02EHHO20  KOANOQ2EHA, NOAY4YeHHozo0 U3  deMuHepanusobaHHoU
KOCMHOU MKAHU C noMowbl onmuyeckux MemodoB® uccnedobaHus.

B kavecmbe odbekmoB uccnedobaHul  dbinu B3amel  odpasubl
2udpozenel  konnazeHa, BeideneHHozo u3  deMuHepanu3obaHHoOU
2ydyamol KkocmHoU mMKAHU coedUHUMENbHbLIX U ONOPHbIX MKaHel
yenobeka. Bein  nonyyeH zudpozen Ha ocHoBe  konnazewa
annozeHHozo npoucxoxdeHus. B cpabHumenbHoM acnekme npoboduncs
aHaNU3 ucxo0HO20 Mamepuana - MuHepanu3obaHHOU KOCMHOU MKOHU C
nocnedywweu deMuHepanusauuel u BrideneHueM U3 Hee Konnazewa.

B kavecmbe ocHoBHbIx mMemodo® uccnedobaHul Bbinu ucnonb3obaHsl
WK-Pypbe-cnekmpockonusa u Memod CNEKMPOCKONUU KOMAUHAUUOHHO20
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paccesHus. Memod cnekmpockonuU KOMBUHAUUOHHO20 PpaccesHus dbin
peanuzobaH C noMowbk 3KCnepuMeHmanbHoz20 cmeHdd, nodpodHo
onucaHHozo B padome [4]MNocnedywwas oBpadomka NOAYYEHHBIX
cnekmpob KP bina BbinonHena & npozpamme Mathematica, Ha ocHobe
pecypca «Raman tool v.1.0.175».

B pesynbmame npoBedeHHbix 3kcnepuMeHmoB dbino ycmaHobnewo, 4mo
B uccnedyembix odpasuax 2udpozeneld  koanazeHa omcymcmbywm
nunuu 956 cm' (PO,> (v,) (P-0 symmetric stretch)) u 1065 cm™ (CO,
(v1) 3aMeweHue B-mung, C-0 nnockocmHoe BaneHmHoe), Komopbie
XapakmepHbl 815 MUHepanbHO20 KOCMHO20 KoMnoHeHmd. [lpu 3moM
nonocskl amudHbix 2pynn, npucymcmBywwux B KonnazeHe coxpaHsomcs
1200-1300 cm' (Amidelll-Due to C-N stretching and N-H bending),
1539-1585 cM”' Amidell (Parallel / Antiparallel B-sheet structure) u
1633-1700 cv™' Amidel vibration (collagenlike proteins).

Mpu nomowu Bmopozo nodmBepxdawwezo Memoda WK-cnekmpockonuu
ycmaHoBnero, ymo & uccnedyembix 0dpasuax UMEHMCA AUHUU YUCMO20
konnazena - 1650,97, 1554,54 u 1242,09 cM™, komopble XxapakmepHsl
dnd amuda |, Il u Il (konnazeHa). OcHoBHol nuk amudalll Hadawdaemcs
npu 1242,09 cv’, a makxe Ha auHusx 1203,51 u 128259 cm. B
konnazeHe -0H zpynnsel 2udpokcunponuHa yyvacmbByiwm & BodopodHbix
cBa3ax Mexdy uensmu, wupokas BepwuHa nuka Ha 3000-3500 cu”
coomBemcmByem cBbssanHomy -0H. [lna npoauna u 2udpokcunponuxa
xapakmepHsl  AuHuu 877 cM”, umo  makxe nodmbepxdaemcs
numepamypHbiMu  dadHbiMu [S]. Takum  oBpasoM, ¢ noMouwblo
onmuyeckux Memodob dbin npoananusupobaH 2udpozenb annozeHHoz20
KO0NNQ2eHa, NOAY4eHHo20 u3 BeMuHepanu3obBaHHOU KOCMHOU MKAHU U
nodmbepxdeHa ezo cmpykmypa. Mcxods U3 NOAYYEHHbIX CNEKMPA/bHbIX
XOQpakmepucmuk, MoxHo 20Bopumb 0 NoAHOM YdaneHuu MUHepanbHOz20
KOMNOHEHMA KocmHoU MKaHU U3  uccnedyembix  odpasuoh. B
danbHelweM, uccnedyembil B padome annozeHHbll KonnazeHoBuid
2udpozens dydem ucnonb3obambcs dna dopmupobaHus opzaHuYeckozo
MOMPUKCO ONOPHbIX MKaHed (kocmHoU u xpswebou) B HanpabneHuu
30-8uonpuHmuHaa.

Cnucok numepamypbl
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Optical methods for studying the composifion of collagen hydrogels
based on human tissues for 3D bioprinting and regenerative medicine
'Timchenko P. E., ' Timchenko E. V., 2Ryabov N, 'Frolov 0. O,
ZVolova L. T, "lvanov S. S.

" Samara National Research University named after N.N. Academician
S.P. Koroleva, 443086, Russia, Samara, str. Moscow highway 34
2 Samara State Medical University, Biotechnological Center “BioTech’,
443079, Russia, Samara, str. Gagarin20

To date, there has been a worldwide trend towards an increase in
the number of patienfts facing the problem of restoring bone and
cartilage tissue. At the present stage of development of
regenerafive medicine, 30 bioprinting or bioprinfing of tissues using
hydrogels (the main component of bioink used to simulate and form
the extracellular matrix of tissues) obtained on the basis of
allogeneic material in combination with the cells of the patient
himself is an actual direction. [1, 2]. Optical methods are widely used
in various fields [3-5] and can be used to assess the composition
of hydrogels.

The purpose of this work is fo evaluate the qualitative composition
of allogeneic collagen obtained from demineralized bone tissue using
optical methods of research.

The samples of collagen hydrogels isolated from demineralized
spongy bone fissue of human connective and supporfing fissues
were taken as objects of research. A hydrogel based on collagen of
allogeneic origin was obtained. In a comparafive aspect, the inifial



Tp.Mexd.koHo. /INT-2023  Cekuus «/lasepHas GuU3UKA U MEXHUKO»
thsi//bqfu—nvrsk.ru/reseurch/conferences/lif/2[]23/info

19

material was analyzed - mineralized bone tissue, followed by
demineralization and the release of collagen from it.

IR-Fourier spectroscopy and Raman spectroscopy were used as fhe
main research methods. The Raman spectroscopy method was
implemented using an experimental bench described in detail in [4].
Subsequent processing of the obtained Raman spectra was
performed in the Mathematica program, based on the Raman fool
v.1.0.175 resource.

As a result of the experiments, it was found that in the studied
samples of collagen hydrogels there are no lines 956 cm™ (PO43-
(vl) (P-0 symmetric stretch)) and 1065 cm™ (C032-(v1) B-type
substitution, C-0 planar valence), which are characteristic of the
mineral bone component. At the same fime, the bands of amide
groups present in collagen are preserved at 1200-1300 cm™
(Amidelll-Due to C-N stretching and N-H bending), 1539-1585 cm™
Amidell (Parallel / Antiparallel B-sheet structure) and 1633-1700
cm™ Amidelvibration (collagenlikeproteins).

Using the second confirmatory method of IR spectroscopy, it was
found that in the studied samples there are lines of pure collagen
- 165097, 155454 and 1242.09 cm™, which are characteristic of
amide |, Il and Il (collagen). The main peak of amide Il is observed
at 1242.09 cm™, as well as on the lines 1203.51 and 128259 cm™ In
collagen JOH groups of hydroxyproline are involved in hydrogen
bonds beftween the chains, the broad top of the peak at 3000-
3500 cm™ corresponds to bound -OH. Proline and hydroxyproline are
characterized by lines at 877 cm™, which is also confirmed by the
literature data [5]. Thus, using optical methods, the hydrogel of
allogeneic collagen obtained from demineralized bone tissue was
analyzed and ifs structure was confirmed. Based on the obtained
spectral characteristics, we can falk about the complete removal of
the mineral component of the bone tissue from the studied samples.
In the future, the allogeneic collagen hydrogel studied in the work
will be used to form an organic matrix of supporting tissues (bone
and cartilage) in the direction of 3D bioprinting.
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BosMoxHocmb co3daHus  Hobeix muno®b uMnaaHmob B Meduuune,
odycnobnubaem  HeodxoduMocmb  noucka  HoBeix  MemodoB  ux
uccnedoBbaHua u nodmbBepxdeHus 3ddekmubHocmu npu BeinonHeHuu
G0KANUHUYeckux ucneimaHud. [lpedcmabnsem uHmepec uccnedobaHue
uMnnaimod ¢ duoakmubBHeIMU nokpeIMusiMU, Komopele nodbBepzawmcs
pe3sopduuu nocne BbinonHeHus cBoel duonozuveckol, nevedHol
¢yrkuuu. OueHka ckopocmu  pe3opduuu  makux  nokpsimud B
mMakpoopzaHusMe sbasemcs BaxHol 3adaveld. Tak Kak NoOKpeIMus
gonxHbl  BoinonHams  cbow  ponb  onpedenenHoe  Bpems u
cnocodcmBobamb cmuMyAnauuu u ecmecmBeHHoMy meyeHu
¢usuonozuyeckux npoueccod B opzanusme. B pasHeix odnacmsx
pezenepamuBrol xupypzuu B Hacmoswee Bpems paspadambiBawm
UMNAGHMbI C NOKPLIMUAMU aHMudakmepuanbHLIMU npenapamamu [1, 2].
Lns  ouewku makux uMnnaHmamoB  Mozym  dbiMb  NPUMEHEHbI
onmuyeckue Memodsl [3, 4], a makxe Mamemamuueckue Memodsl
odpadomku onmuyeckux cuz2Hanob. Tak 0OHUM U3 PacNPOCMPAHEHHbIX
onmuyeckux ™Memodob, npumeHseMmbix B BuoMeduuuHckux 3adayax,
abnsemcs  Memod CNEKMPOCKONUU  KOMOUHOUUOHHO20  PACCESHUSA
(CKP) [4]. Cywecmbywwue ™Memodsl CMAMUCMUYECKO20  4HAAU3A
Bknwyaom B ceda pezpeccuoHHble, KOPPENAUUOHHbIE U JUCNEPCUOHHbIE
vemodsl aHanusa odpadomku onmuyeckux cuzHanob.  Odwako,
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pezpeccuoHHbll Memod aHanusg, B omaudue om nocnedHux a@byx,
no3Bonsem donee moyHo ycmaHoBumb ¢yHkuuoHanbHyw 3aBucumocmb
Mexdy nepemeHHbiMu [5].

Lenbiw padombl sbnsinoce npobedeHue xeMoMempu4yeckozo0 aHanu3a
CNeKmpanbHbIX U3MeHeHuU nobepxHocmu mumanobBeix umMnaaHmamod,
nokpeimbix 2udpokcuannamumoM B  JOKAUHUYECKUX UCNLIMAHUAX Y
XuBomHbIx

Mamepuanamu uccnedoBaHus abasauce odpasusl umMnaaHmod Ha ocHobe
mumaHa BT6, uszomobBneHHele no  mexHonozuu  cenekmubHozo
nasepHozo cnekaHud - ¢ 200 MukpomempoBbiM  nokpeimuem
2udpokcuanamumoM  kanbuus  (FCAM) u  odpasusl € QHGA02UYHBIM
NOKpbIMUeM, Ha Komopoe QJONOAHUMEAbHO OblAQ HAHECeHA NAEHKQ,
codepxawas avmudakmepuanbHbll npenapam. Bce odpasubl  dbinu
npocmepunu3sobadbl cmaHdapmHbiMU - MemodaMu, NpuMeHsieMbiMu B
MeduUUHCKUX KNUHUKOX. 0dpasubl il 3KCNepUMeHManbHOM
uccnedobaHuu y xubomHbix nomewanu B kocmb nonamku kpeicam u B
duHamuke oueHubanu ux BausHue Ha opzaHu3aM xubomHbix. Kpbic
Bbibodunu u3 3kcnepumeHma Yepe3 odHYy Hedenw, oduH Mecsu nocae
uMnaaHmauuu odpasuoh. UMnaawmsl uzbnekanu, ocmopoxHo npoMbiBas
ux ¢usuonozuyeckum pacmbopom, omnpabasnu B nadopamopukw dns
BoinonHeHus CKP  ux nobepxHocmu. AHanozuyHoe uccnedobaHue
BbinonHsAu do umnaasmauuu odpasuob.

MUccnedobaHus  npobodunuce ¢ noMowbi Memoda CNEKMPOCKONUU
KOMBUHOUUOHHO20 paccesHus, kKomopell 8bin peanusobaH ¢ noMowbio
cmenda, Bknwyawwezo B cedd nonynpobodHukobeid nasep (LML-
785.0RB-04), onmuyeckud Modynb KOMOUHOUUOHHO20  paccesiHus
(PBL 785), cnekmpozpa¢ (Sharmrock SR-303i) c¢ uHmezpupobaHHol
uuppobol kamepou (ANDOR DV-420A-0E), oxnaxdaemol 8o -60°C, u
KOMNblmep.

Lns  nobBbiweHus uHbopMamubHoCmMU  NOAYYeHHbIX  cnekmpob
KOMOUHOUUOHHO20  paccesHus dbin npousbedeH  HenuHeUHbIU
pezpeccucHHell aHanus cnekmpob, cocmoswul & ux pasnoxeHuu Ha
CnekmpanbHele AuHUU. MonHas oBnacms cnekmpa 380-1780 cM™ Beina
nodeneHa G8AA @HOAU3Q HA Yemblpe CNEKMPAAbHbIX KoHmypa: 1 —
380..508 (adjR2 = 0,9999), 2 — 508..1136 (adjR2 = 0,9978), 3 —
1136..1491 (adjR2 = 0,9998), & — 1491.1781 cm™' (adjR2 = 0,9998).
[fpoBedeHHbil demanbHLIU @HAAU3 AUHUU KOMBUHAUUOHHO20 paccesHus
¢ nomowbi dekoHbBoawuuu ¢yrkuuu laycca u xeMoMempu4eckul
aHanus ¢ ucnonb3obaHuem Memodob knaccupukauuu  Memodom
nozucmuyeckol pezpeccuu U cmamucmuyeckozo adanusa  (LDA)
uccnedyembix 08pasuob mumaHa € pa3AUYHLIMU NOKPLIMUAMU NOKA3aA,
4MO NO UuCMeveHuw 08HO20 MecAud NOCAe UMNAGHMAuuu XuBomHbIM
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odpa3uod umnnaHmamob c¢ koMAuHupoBaHHLIM NOkpbLIMueM npoucxodsam
CnekmpanbHele U3MeHeHus, o8ycnobneHHble pacmBopeHueM nAeHKU ¢
aHmuduomukoM. YcmaHoBneHo, ymo nocne 1 Hedenu cpoka U3MeHSMCS
3HOYEHUS OMHocumenbHoU uHmeHcubHocmu AuHud KP ~ 1260 (Amidelll-
Due to C-N stretching and N-H bending), ~1416 (CH deformation),
~1665 (Amidel vibration) u 1748 cm™ (v(C=0estergroup), phospholipids
(Lipidassignment) Mony4eHHble pesynbmamsl Mo2ym
cbudemenscmbobame o moM, 4mo  Memod  CNEKMPOCKONUU
KOMOUHOUUOHHO20 paccesiHusi Moxem Obimb NpuMeHEH B duHamuke dns
oueHku BpemeHu pesopduuu duonozuyveckux NOKpeiMuU uMNAaHmoB.
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The possibility of creating new fypes of implants in medicine
necessifates the search for new methods of fheir research and
confirmation of their effectiveness in preclinical tests. It is of
interest to study implants with bioactive coatings, which undergo
resorpftion affer performing their biological, ftherapeutfic function.
Assessing fthe resorption rate of such coafings in the
macroorganism is an important fask. Since the coatings should fulfill
their role for a certain time and contribute fo the stimulation and
natural course of physiological processes in the body. Implants
coated with anfibacterial drugs are currently being developed in
different fields of regenerative surgery [1, 2.

Optical methods as well as mathematical methods of opfical signal
processing can be used to evaluate such implants [3]. Thus, one of
the common optical mefthods used in biomedical tasks is Raman
spectroscopy (RS) [4]. Existing statistical analysis methods include
regression, correlation, and variance methods for analyzing optical
signal processing. However, fthe regression method of analysis,
unlike the latter two, allows us to establish the functional
dependence between the variables more accurately [5].

The aim of the work was fo carry out the chemomefric analysis of
the spectral changes of titanium implants surface, coated with
hydroxyappatite in preclinical fests in animals.

Materials of the study were the samples of fthe implants based on
titanium  VT6, manufactured using selective laser sinfering
technology - with 200 micrometers calcium hydroxyapatite (HAP)
coating and samples with the same coating, on which the film
containing antimicrobial agent was additionally applied. All specimens
were sterilized using standard methods used in medical clinics.
Samples in the experimenfal study in animals were placed in fhe
scapula bone of rats and ftheir effect on fthe animal body was
evaluated in the dynamics. Rafs were removed from the experiment
1 week, 1 month after implantation of the samples. The implants
were extracted, carefully washed with physiological solution, and
sent to the laboratory fo perform RS of their surface. A similar
study was performed before implantation of the specimens.

The studies were carried out using Raman spectroscopy, which was
implemented using a bench including a semiconductor laser (LML-
785.0RB-04), an optical Raman module (PBL 785), a specfrograph
(Sharmrock SR-303i) with an integrated digital camera (ANDOR DV-
420A-0E) cooled to -60°C, and a computer.

To increase the information content of the obtained Raman spectra,
a non-linear regression analysis of fthe spectra was performed,
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consisting in their decomposition info spectral lines. The full
spectral region 380-1780 cm™ was divided for the analysis into &
spectral confours: 1 — 380..508 (adjR2 = 0.9999), 2 — 508..1136
(adjR2 = 0.9978), 3 - 1136..1491 (adjR2 = 0.9998), & - 1491.1781 cm™
(adjR2 = 0.9998).

A detailed analysis of the Raman lines using Gaussian function
deconvolution and chemometric analysis using the methods of
classification by fthe mefthod of logistic regression and stafistical
analysis (LDA) of examined samples of ftitanium with different
coatings showed that after 1 month affer implantation in animals
samples of implants with combined coating undergo spectral changes
caused by the dissolution of the film with antibiotic. It was found
that after 1 week the relative intensities of RS lines ~1260
(Amidelll-Due to C-N stretching and N-H bending), ~1416 (CH
deformation), ~1665 (Amidel vibration)and 1748 cm!
(v(C=0estergroup) change, phospholipids (Lipidassignment) The
results obtained may indicate that the Raman spectroscopy method
can be applied dynamically fo esfimate fthe resorpfion time of
biological implant coatings.
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WUccnedobaHue duraMuku onmuyeckux cbodcm® 3manu u pomoBod
xudkocmu 3ydob nauuenmoB nocne npouedypsl opucHo2o omdenubaHus
" Tumyenko E. B., " Tumyenko M. E., '®ponod 0. 0., ?Bonoba AN. T,
2Mazcymoba 0. A, "Kosnoba T. B, ?MonkaHoba B. A,
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B cmomamonozuyeckod npakmuke npouedypa omdenubaHus 3ydob
docmamoyHo pacnpocmpaHeHa. OHa pewaem npodnemy u3MeHeHHbIx B
ubeme 3ydob. B Hacmoswee Bpems Bce donbwee konuvecmbBo nwdel
odpawawmca B cmomMamonozuyeckue KAUHUKU dna  npobedeHus
npouedypbl omdenubaHus, mak kak BaxeHn 3cmemuyeckud Bud 3ydob,
HO daHHas npouedypa MAkxe Moxem HedNa20NpusMHO CKA3aMbCSA HA
3dopobbe 3ydob. Mpouedypa  conpoboxdaemcs U3MeHeHueM
MUHEepanbHoz20, opz2aHu4eckozo cocmabob mbepdeix mkaHeu u pomobol
xudkocmu, 4mo B nocnedywwem npubodum Kk  nobBeiweHHou
4ybcmbumensHocmu 3ydob [1, 2]

Onmuyeckue Memodsl  uccnedoBaHus  wupoko ucnonb3ywmcs B
pasnuyHeix  3adayax [3]. Cpedu Hux wupokoe pacnpocmpaHeHue B
peweHuu MeduuuHckux 3ada4 HAweén Memod  CNEKMPOCKONUU
KOMOUHOUUOHHO20 pacCcesHus.

B uccnedobarusx duHamuku onmuyeckux cBoucmb 3ydob u pomobol
xudkocmu nocne  npouedypbl opucHozo omdenubaHus  npuHsAnu
y4acmue nauuenmsl 6 Bo3pacme om 18 do 32 nem. bBeina uccnedoBaHa
3Manb  3ydob nauuenmob in vivo, a makxe pomobas xudkocmsb.
PomoByiw xudkocmb codupanu ympoM, B cmepunbHbie npodupku c
danbHelwel 3aMopo3kol npu memnepamype -20°C. Pa3Moposky
npodupok ocywecmBbnsnu B meveHue 10 4vacob npu memnepamype
+3°C.

B  kayecmbe  Memoda  uccnedobaHuu  dbin BuiBpaH  Memod
CNeKMPOCKONUU  KOMAUHAUUOHHO20 omdenuBaHus, peanusyemsil ¢
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NOMOWbLK 3KCNEpPUMeHMAnbHoz20 cmeHda, nodpodHo onucaHHozo 6
padome [4]. B npozpammHol cpede MagicPlotPro 2.7.2. &wino
npobedeHo pa3deneHue cnekmpoB komMBUHAOUUOHHO20 PpaccesHus Ha
cocmabnswwue AuHuu, onuckiBbaeMblie ¢dyHkuued Maycca, Yymo nobbiwaem
uHpopmamubHocme  cnekmpoB KP [5]. [lanee 3bina  ucnonb3obaxa
npozpamma SPSS Statistics 19 dns aHanusa odpadomaHHbix cnekmpob.
B pe3synsmame npobedenHbix uccnedobaHul BuisBneHsl cnekmpanbHbie
usMeHeHus B cocmabe pomobou xudkocmu nocne npouedypsl 0PUCHOZ20
omdenubanus: Ha AuHusx 1740 cM”' (phospholipids), 1426 cM™ (CH2
scissoring  vibration  (lipidband)), 1570 M’ (CO0-), 876 M
(hydroxyproline), cBsisaHHble C u3MeHeHueM AUNUGHO-OP2aHUYECK020
cocmaba.

CnekmpanbHble uaMeHeHus 3manu 3ydob nauueHmo® nocne npouedypsl
oducHozo omdenubarHua nposbasomcs Ha nunusx KP 956 cm
(PO3~(v;)  (P-Osymmetricstretch)), 1000 oM’ u 1030 M
(phenylalanine), 852 cm™' (proline), 877 cm™' (hydroxyproline), 1152 cm™
(proline) u cbsAsaHbl C YMEHbWEHUEM OP20HUYECKUX KOMNOHeHMOB
3ydob no omHoweHuw K MuHepanbHbiM cocmaby, 4Ymo odycnobnero
okucneHueM konnazeHobou mampuubl B npouecce omdenubaHus 3ydob.
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Study of the dynamics of the optical properties of the enamel and
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procedure
™ Timchenko E. V., 'Timchenko P. E,, 'Frolov 0. 0, ?Volova L. T,

2 Magsumova 0. A, "Kozlova T. V, ?Polkanova V. A,

2 Dzhalilova N. V.

" Samara National Research University named after NN. Academician
S. P. Koroleva, 443086, Russia, Samara, st. Moscow highway 34
2 Samara State Medical University, Biotechnological Center “BioTech’,
443079, Russia, Samara, str. Gagarin 20

In denfal practice, the procedure for tfeeth whitening is quite
common. It solves the problem of discolored fteeth. Nowadays, more
and more people furn to denfal clinics for whitening procedures,
since the aesthetic appearance of the teeth is important, but this
procedure can also adversely affect the health of the fteeth. The
procedure is accompanied by a change in fthe mineral, organic
composition of hard tissues and oral fluid, which subsequently leads
to increased sensitivity of the teeth [1, 2I.

Optical research methods are widely used in various problems [3].
Among fthem, the method of Raman spectroscopy has found wide
application in solving medical problems.

Patients aged 18 to 32 years old took part in studies of fthe
dynamics of the optical properties of teeth and oral fluid after the
office whitening procedure. The enamel of the teeth of patients in
vivo was examined, as well as the oral fluid. The oral fluid was
collected in the morning, in sterile test fubes with further freezing
at -20°C. The test fubes were thawed for 10 hours at a
temperafture of +3°C.

Raman bleaching spectroscopy was chosen as a research method,
which is implemenfed using an experimental stand, described in
detail in [&4].

In the soffware environment MagicPlotPro 2.7.2. The Raman spectra
were separated into component lines described by the Gaussian
function, which increases the information content of the Raman
spectra [5]. Next, the SPSS Statistics 19 program was used to
analyze the processed spectra.

As a result of the studies, spectral changes in the composition of
the oral fluid affer the office bleaching procedure were revealed:
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on the lines 1740 cm™ (phospholipids), 1426 cm™ (CH2 scissoring
vibration (lipidband)), 1570 cm™ (C0O0-), 876 cm™ (hydroxyproline)
associated with changes in lipid-organic composition.

Spectral changes in the enamel of patients’ teeth after the office
whitening procedure appear on the Raman lines 956 cm’ (PO_L"(3-
J(v_1) (P-0 symmetric stretch)), 1000 cm™ and 1030 cm™
(phenylalanine), 852 cm™ (proline), 877 cm™ (hydroxyproline),
1152 ecm™ (proline) and are associated with a decrease in the organic
components of the teeth in relation fo the mineral composition,
which is due fo the oxidation of fthe collagen matrix in the process
of teeth whitening.
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Bosdedcmbue nasepHozo u3nyYeHUs HA NOpUCMblE MUWEHU U3
Npo3payHLIx MamepuanoB
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B padome coodwaemcs o psde ¢u3udeckux sabaeHul, 0BHAPYXEHHbIX
npu Bo3delcmBuu na3epHo20 U3AYYeHUS HA NOPUCMbIE NPO3PAYHbIE
mamepuansl. C ucnonb3obaHuem ypabHeHus enbMzo0nbua paccMompeHo
npoxoxdeHue  u3ay4eHus 4epe3 cnol  npeccoBaHHbIXx  Yacmuu
MUKpPOHHO20  pa3mepa. [lokasaHo, 4mMo nNpu  pacnpocmMpaHeHuu
usny4yeHus ¢ uHmeHcubHocmblo Huxe nopoza nobBpexdeHus Bewecmba
MuweHu, odpasobaHue nasepHozo ¢akena Moxem Bbimb 0dycnobnero
uHmepdepeHuueld  nadawwezo, NPeNOMAEHHO20 U  PAaCCEAHHO20
usayyeHuu. Mo 3mold npuyuHe uHmeHcuBHocmb B  Hekomopbix
nokanbHeix odnacmsax B decamku pa3 npebbiwaem uHmMeHcuBHocmb
nadalwez0 u3nyyeHus, 4mo odecneyubaem pasbumue onmuyeckozo
npodos no odHoMy u3 u3becmHbix MexaHusMmoB. YcmaHnoBneHo, 4mo
uHmeHcuBHocmb u3ayyeHus B makux AOKAAbHLIX Makcumymax 3abucum
OM NoKAa3ameAns NPeNOMAeHUs, pasMepd Yacmuu U dAuHbl  BOAHbI
usny4veHus. bonee mozo, pacyeémsl, BeinonHeHHbie dna ZeSe, nokasanu
4mo ycuneHui nodbepzaemcs MoAbko 4Yacmb NAGANUWE20 U3AYYeHUs.
KpoMe mozo HaudeHo, 4mo uHmeHcuBHocmb u3nyyeHus B nokanbHbIX
MakcumMymax Hapacmaem ¢ ybenudeHueM nNokasamens NpenoM/AEHUS.
lletcmbumensHo, pesynbmamsl 3kcnepuMeHmoB nokaszanu, 4mo Bpems
3ana3dbibarus nosbneHus nasepHozo ¢dakena YymeHbwaemcs HA MPU
nopsdka npu ybenuveHuu nokasamens npenomneHus om 14 do 1,75. B
xode 3kcnepuMeHmob ycmaHobneHo makxe, 4mo 2nyduHa Kpamepa,
odpasoBbaHHo20 u3nyveHueM ummepduebozo nasepa B MuweHu u3
npo3payHozo Mamepuana, B 6..8 pa3 2aydxe, 4em B «kpamepe,
odpasobaHHoM us3nyyeHueM nasepa (0, ¢ mou xe 3Hepzauel
usnyyeHus B umMnynbce, 8N KOMOPO20 3MOM MAMEPUAN HE NPO3PAYEH.
3mom pesynbmam odycnobnen nepexodoM om napobol Kk napo-
kanensHou adnauuu, komopas abnasemca donee 3pdekmubHoU C MOYKU
3peHus ydaneHus Mamepuana. [lapo-kanenbHas adasuua  dbina
odHapyxeHa ¢ noMowblk BbicokockopocmHol ¢omozpaduu cbeverus
nasepHozo wnelda.
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MNpedcmabnerHsl Mamemamuyeckue Modenu, O0ObACHAKWUE NPUYUHbI
nposabneHus ykasaHHeix npoueccod u ¢pakmob.

MonyyeHnHble  pesynbmambl  no3boaunu  onmumusupobamb  pexum
NO3epHO20  CUHME3d  HOHONOPOWKA,  KOMOPbIU,  HANpuMep  npu
ucnonb3obaHuu Muweneu u3  Fe:ZnSe, odecneyuban nony4yeHue
HaHonopowka ¢ npousbodumensHocmei 100 2/yac npu  cpedHed
mMowHocmu nasepa 300 Bm.
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Padoma BbinonHeHa npu noddepxke npoekma PHP N°22-29-20039

The effect of laser radiation on porous targets made of transparent
materials
Osipov V. V., Plaftonov B. V., Lisenkov B. V., Tikhonov E. V.
Institute of Electrophysics of the Ural Branch of the Russian
Academy of Sciences
106 Amundsen Str., Yekaterinburg, 620016, Russia.

The paper reports on a number of physical phenomena detected
when exposed fo laser radiation on porous fransparent materials.
The passage of radiation fthrough a layer of pressed micron-sized
particles is considered using the Helmholtz equation. It is shown
that when radiation propagates with an intensity below fthe
threshold of damage fo the target substance, the formafion of a
laser flare can be caused by interference of incident, refracted and
scaftered radiation. For this reason, the intensity in some local
areas is fens of times higher than the intensity of incident
radiation, which ensures the development of optical breakdown by
one of fthe known mechanisms. It is established that the intensity
of radiation af such local maxima depends on fthe refractive index,
parficle size and wavelength of radiation. Moreover, the calculations
performed for ZeSe showed that only a part of the incident
radiation is amplified. In addition, it was found that the infensity of
radiation aft local maxima increases with an increase in the
refractive index. Indeed, the experimental results showed that fhe
delay fime of the appearance of the laser forch decreases by fthree
orders of magnitude with an increase in the refractive index from
14 to 175. During the experiments, it was also found that the
depth of the crater formed by the radiation of the ytterbium laser
in a target made of transparent material is 6-8 fimes deeper than
in the crater formed by the radiation of a CO2 laser with the same
radiation energy in a pulse for which this material is not
transparenf. This result is due fo fthe transition from sfteam to
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steam-drop ablation, which is more effective in terms of material
removal. Vapor-drop ablafion was detected using a high-speed
photo of the glow of a laser plume.

Mathematical models explaining the reasons for the manifestation of
these processes and facts are presenfed.

The obtained results made it possible to optimize the mode of laser
synthesis of nanopowder, which, for example, when using Fe
targefs:ZnSe, provided fthe production of nanopowder with a
capacity of 100 g/hour at an average laser power of 300 W.

Thanks

The work was carried out with the support of the RNF project No.
22-29-20039
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0 cucmeme B cBsizke «/lasepel. M3MepeHus. IHepzemukax»
" Mpubanob B. E., 2 llemanun B. T.
" Canxm-llemepdypeckui nofumexHuyeckul yHubepcumem
[lempa Besukozo, Cankm-llemepdypz, Poccus,
2 @uauan BI'TY um. B I Uyxoba 6 2. Hobopoccuicke, HoBopoccuick,
Poccus,
e-mail: vaevpriv@yandex.ru

Nasepbl  wupoko npuMeHsalmcs B u3smepeHusx. [locnedHue 200bl
ucnonb3yiomes u B 3nepzemuke (cM, Hanpumep, [1]). Cnekmp
NPUMEHEHUS NOKA He o04eHb wupok. B doknade Mbl neimaeMcs
cucmemamu3upobame Bonpoc. Yawe nuwym o BodopodHolU 3Hepzemuke,
m.k. Bodopod npu cxuzaHuu Beidensem donbwe 3Hepzuu, 4YeM dpyzue
3nemMeHmbl madauubl 1M MeHdeneeba. Ho MoxHO nonyy4amb 3Hepzuik U
dpyzuMu cnocodaMu, Hanpumep, 3nekmpoxuMu4veckuM. HabepHsika
Haudymcs u dpyzue cnocodbl NOAYYEHUS 3Hep2uu, ucnonb3ys Bodopod.
Mo-Budumomy, uccnedys u CcucmeMamu3upys pasnuyHsie  monauba,
MOXHO npedcka3bibamb HobBble u HaxoOumb HemMPAdUUUOHHbIE CNOCOdbI
usbneyeHus u3 Hux 3Hepzuu. [lpubedem npumepsl. [lepebo B
3Hepzemuke ucnonb3ywm 4acmo B Bude dpob. OdHako, npobeds
nuponu3 depeba, Mbl nony4aemM dpebecHblil Y20/b, KOMOPLIU 20pUM NpU
3amemHo Oonee BeicokoU memnepamype. Bo3MoxHo, Haudymcs Memodbl
odpadomku depeba, komopbie dadym Bonee Bbicokul 3HEpzemuyeckul
3dpekm. Pomonus, B moM 4Yucne nasepHbil, Moxem nomModb B 3moMm.
Mpu Hedmenepepadomke (kpekuHze) dusensHoe monaubo sbasemcs
omxodamu npou3bodcmba BdeH3una. [losmomy paHee Bcezda BdeH3uH
cmoun dopoxe dusenbHozo monauba. B odbiyHom  [IBC  deH3uH
Bocnnamensemcs uckpou B 3nekmpudeckol cBeve. JHepzusa zopeHus
odecneyubaem BpaweHue Bana. Mo3dHee BuiscHunoch, Ymo duamonaubo
npu BeicokoMm dabnenuu B uunuHdpe Bocnnamensemcs de3 cbewu u
2opum npu Oonee Bbicokol memMnepamype, Pacmeém 3Hepauf, ¢
komopou B63pbib dusamonauba dabum Ha nopweHb. [lpocnexubawmcs
dpyzue Bo3MoxHocmu. Mel, no-npexHemy, ydensem BHuMaHue
Bodopody [2] u nomHuM, 4mo Bodopod - eduHcmBeHHbld 3neMeHm,
komopbll 3aHumMaem B madauue [N Mendeneeba dbe knemku. M om
Hezo euwe dydym copnpuU3bl.
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About the system in the bundle «Lasers. Measurements. Energy»
™ Privalov V.E., *Shemanin V.G.
" St Petersburg Peter the Great Polytechnic University,
Saint Petersburg, Russia,
? Filial of Belgorod State Technological University named after
V. G. Shukhov in Novorossiysk, Novorossiysk, Russia,

Lasers are widely used in measurements. Recent years have also been
used in the energy sector (see, for example, [1). The range of
application is not yet very wide. In the report, we are trying to
systematize the issue. More often they write about hydrogen energy,
because hydrogen emits more energy during combustion than other
elements of the Mendeleev Dl ftable. Butf it is possible fo obtain energy
in other ways, for example, electrochemical. Surely there are other
ways to gef energy using hydrogen. Apparently, by investigating and
systematizing different fuels, it is possible to predict new and find
unconventional ways to extract energy from them. Let's give examples.
Wood in the energy sector is offen used in the form of firewood.
However, affer pyrolysis of the tree, we get charcoal, which burns af
a noticeably higher temperature. Perhaps there will be methods for
processing the free that will give a higher energy effect. Photolysis,
including laser, can help with this. In oil refining (cracking), diesel fuel
is a waste of gasoline production. Therefore, previously, gasoline
always cost more than diesel fuel. In a conventional internal
combustion engine, gasoline is ignited by a spark in an electric candle.
The combustion energy provides rotfafion of the shaft. Lafter if turned
out that diesel fuel at high pressure in the cylinder ignites without a
candle and burns at a higher temperature, the energy with which the
explosion of diesel fuel presses on fthe piston is growing. Other
possibilities can be traced. We still pay attention to hydrogen [2] and
remember that hydrogen is the only element that occupies two cells in
the D.I. Mendeleev table. And there will be surprises from him.
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Adanmauus Memoduku mopuebod ModobBol cnekmpockonuu 815
usMepeHus napaMempob mpéxMepHbix onmuyeckux BonHoBodob
CBucmyHob . B.
Lankm-llemepdypzckuu nosumexHuyeckud yHubepcumem
llempa Besukozo, 195257 Poccus, 2. C-llemepdype,
yn. losumexnuyeckas 29
e-mail: svistunov@mail.ru

Memod mopuebou Modobou cnekmpockonuu 8bin NpednoxeH U
NPuMeHeH 4NA U3MEPeHUS XApOKMEPUCMUK NAGHAPHbIX ONMUYeCKUux
BonHobodob [1]. B 3mol Memoduke ucnonb3yemcst HaKNOHHOE nadeHue
BonHoBodHou Model Ha BbixodHoU mopeu BonHobBoda. Mockonbky dns
pasHeix Mod xapakmepHbl omAaudawwuecss dpyz om dpyza 3HAYeHus
3bodekmubHbix nokazamened npenoMaeHus, odpa3obaHHble 3MuMu
mModamu cBemoBbie nyuku usnyyawmes u3 mopua BonHobBoda, umes
pasHble HanpabneHus B nnockocmu, napannenbHou noBepxHocmu
nnacmurbl. [lpu npoBedeHuu u3MepeHud onmuyeckas cxema BBoda
usnyyeHus ¢opmupyem napannensHele BonHoBodHbie nyyku. Tozda
Bolwedwue u3 mopua BonHoBoda cBemobeie nyy4ku ocmawmcs
napannensHsiMu B naockocmu nobepxHocmu naacmuHbl, deMoHCMPUpYS
3HaQ4umenbHyw pacxoduMocmb monbko B  HopManbHOU K Hel
MepuduoHansHOU NAocKocmu.

M3mepswomca  yzael  Beixoda  cBemobbix  nyykoB B nnockocmu,
napannensHou nobepxHocmu odpasua. 3vas 3adabaembil ycnobusmu
86008a u3nyyeHus u zeoMempueld ucneimyemMozo odpasuad yzon nadeHus
BonHoBodHo20 nyyka u3Hympu Ha BbixodHOU mMopeu  NAGCMUHSI,
€02710CHO NPOCMOMY COOMHOWEHUK ONpPedensilom 3HAYeHUS NOCMOSHHbLIX
pacnpocmpaHeHus BonHoBodHbix Mod.

Mpu nodzomobke odpasua k u3MepeHusaM u3szomabnubaemcs kocol
cpe3 BbixodHO20 mopua NAQcMuHbl. 3Ha4eHue yzna cpesa BuixodHozo
mopua omHocumenbHo BxodHoz0 mopua naacmuHbl  Beidupaemca ¢
ydyemoM oxudaemMozo duana3oHa 3HAYeHuUd cnekmpa Mod. 3mom
duanasoH npudnusumensbHo oueHubaemcs, ucxods u3 ucnonb3oBaHHOU
mexHonozuu ¢opmupobaHus BonHoBodHozo cnos. BBod usnyyeHus B
bonHobod  mopuebbiM  MemodoM  no3bonsem  Bo3dydums u
aHanusupobamb Bece cnekmp Mod BonHoboda pasHbix nonspusauud.
Mpu 3moM, onmuveckass cxema BBoda wusnyveHus odecneyubaem
BHympu  BonHoBoda  pacnpocmpaHeHue  NAPAANeNbLHO20  NYYKaA
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B03dyxdeHHbix Mod, u Bce Modbl nadawm Ha BbixodHoU mopeu nod
0odHUM U meM xe yznoM, ymo mpedyemcs npu npoBedeHuu u3MepeHul.
Wcnonb3obanue mopuebozo cnocoda B6oda u Buboda cbema npu
U3MepeHusx MemodoMm mopuebou modobou CNeKMPOCKONUU
odecneyubaem 3momy Memody BaxHoe npeumywecmbo neped
MpaduUUOHHBIM  MemoGOM  CNEKMPOCKONUU  M-AUHUL  (ONUCAHHBIM,
Hanpumep, B padomax [2, 3] u dp), mak kak nosbBonsem
aHanusupoBamb  3az2nydneHHbie  BonHoBodHbie  cmpykmypel, K020
usMepeHus mpaduuuoHHbiM Memodom ympayubawm docmobepHocms.
Haudonee nepcnekmuBHou odnacmbi npuMeHeHus Memoduku mopuebol
mModobol cnekmpockonuu npedcmabnsemcs ee ucnonb3oBaHue dns
aHanusa MPpeXMepHbIX BonHoBodob (uHmezpanbHooNMUYeCKUX
nonockobeix U KaHanbHeIX, d makxe onmuyeckux BonokoH). OdHako,
npumMeHeHue Memoda dnsa 3mux odbekmoB® cdepxubanocb mem, 4mo
Boixodawue u3z  mopuob maxkux BonHoBbodob cbemobeie  nyuku
GeMOHCMPUpPYKM 3Ha4yumenbHYw pacxoduMocmb U B mMepuduoHanbHoU, U
B cazummanbHol nnockocmax. 3Jmo  odcmosmenscmbo  mpedyem
Modudukauuu Memoduku.

B doknade npedcmabned BapuaHm nocmpoeHus cxeMbl Memoda
mopuebou ™ModoBou cnekmpockonuu, nosBoaswwul NPUMEHUMb 3Mom
Memod 4nA U3MEpeHUS ONMUYEeCKUX XOPAKMepUCMUK MPEeXMepHbIX
BonHoBodob.

Cnucok numepamypbl

1. Svistunov D. V. End-fire mode specfroscopy: a measuring
technique for optical waveguides // B «kn. Emerging Waveguide
Technology. Ed. Kok Yeow You. London: IntechOpen, 2018. p. 259-276.
2. Tien P. K, Ulrich R. Theory of prism-film coupler and thin-film
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Adaptation of the end-fire mode spectroscopy fechnique for
measurement of parameters of 30 optical waveguides
Svistunov D. V.

Peter the Great Saint-Petersburg Polytechnic university, 195257
Russia, St.-Petersburg, str. Polytekhnicneskaya 29

The end-fire mode specfroscopy fechnique had been developed and
applied for measurement of the characteristics of planar optical
waveguides [1]. Tilted incidence of the wavequide mode to the
output sample face is used in this method. As different waveguide
modes indicate different values of the effective mode index, they
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form the light beams which are radiated from the waveguide end
face having different directions in the plane that is parallel to the
sample surface. The optical scheme forms parallel waveguide beams
when it launches the modes in measuring. Then the output space
light beams remain parallel in the plane of the sample surface while
they demonstrate significant divergence in the meridional plane that
is normal to the sample surface. The measured values are fthe
output angles of the light beams in the plane that is parallel to
the sample surface. As the angle of incidence of the waveguide
beam to the output face inside the plate is known (it is defined by
the conditions of mode launching and also the sample geometry),
the values of wavequide propagation constants are defermined
according fo the simple relation. Tilted slice of fthe output sample
face is fabricated in preparing procedures. The meaning of the slice
angle befween the output and input sample faces is defermines
considering the estimated range of fhe values of the mode
spectrum. This diapason is evaluated approximatively basing on the
used technology of waveguide formation. The end-fire technigque of
mode launching allows exciting and analyzing the whole waveguide
mode spectrum of different polarizations. As the input optical
scheme provides propagation of parallel beam of excited modes into
the sample, all modes have the same angle of incidence fo the
output end face, and just this condition is required in measuring by
the mentioned technigue.

Exploiting the end-fire method for input and output fthe light beams
in measuring by the end-fire mode spectroscopy fechnique provides
the important advantage of this technique in comparison with fthe
traditional m-line spectroscopy method (that is described, for
example in [2, 3] etc), because it allows analyzing the buried
waveguide structures when the measuring by the traditional method
becomes unreliable. It seems that the most perspective area for
application of the end-fire mode spectroscopy technigue is analysis
of 30 wavequides (channel and strip integrated optical, and also the
optical fibers). However, application of this technique to that
objects was restricted due to peculiarity of the outpuf light beams
which demonstrate significant divergence both in meridional and
sagiftal planes when 30 waveguides are excifed. This circumstance
requires modification of the ftechnique. The report presents fthe
variant of the scheme of the end-fire mode spectroscopy fechnique
that enables application of this method to measuring the optical
characteristics of 30 waveguides.
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200 klu ycunumene spkocmu Ha napax Memannodb dns ckopocmHol
Busyanusauuu odbekmob
" Mucopob W. C, ? Tpuzyd M. B, " EBmywenko I. C.
' Tomckui nosumexHuveckud yHubepcumem
634050, Poccus, 2. Tomck, np. /leHuHa 30
2 Ycmumym onmuku ammocgepsl (0 PAH
634055, Poccus, 2. Tomck, na. axad 3yeba BE 1
7 Hm PUHKL T
123317, Poccus, 2. Mockba, ys. Aumoroba-Obceenxo 13/1
email: ‘musorov@yandex.ru,trigub@igo.ru, evt@tpu.ru

Mpu paspadomke  akmuBHbix  onmuyeckux cucmem  (AOC) ¢
ycunumensMu spkocmu (Y9) Ha camozpaHuyeHHsix nepexodax B napax
mMemanno® dns Busyanuzauuu odbekmob (nudo npoueccod, B mom
yucne B ycnobusx  BHewwel, nudo  codcmbenHol  3acBemku),
Heodx0duMbIM mpedobaruem abnsemcs peanusauus pexuma
cBepxusnyyeHus. U ecau dns yacmom noBmopeHus umMnyabcob Hakayku
om eduHuu do decamkob klu [1, 2], a 3amem u do 100 «lu [3] 3mo
dbino peanusobaHo, mo dna donee Bbicokux 4vacmom Bo3Hukaem psd
npodneM. OcHobHoU u3 Hux sbndemca caM  dakm  nNoAY4eHus
cbepxusnyyeHus npu  makux Yacmomax. Wcnonb3zobaHue pexuma
NOHUXEHHO20 3Hepzobknada B pa3pad dna Hakauku CuBr-nasepa
nosbonuno docmuyb 4acmom nobmopeHus uMnyabcob usnyyenus (u
YCUNEHUSs) HO caMOO2paHuU4eHHbIx nepexodax amomob medu (510,6 HM U
578,2 um) 200 k[u, @ 3ameM U MOKCUMGAbLHO20 HA Ce200HS 3HAYEHUSA
300 klu [4].

BMecme ¢ meM, k Hacmoswemy BpemeHu 3kcnepumenmob  no
Busyanusauuu odvekmob ¢ yacmomou 200 kfu u Bdonee He
npobodunocs. W ocmaBanocs He fAcHLM — a dydem Au GOCMAMOYHO
nonydvenHeix B padome [4] 3Ha4eHud MowHocmu u3nydeHus (decsamku
MBm) u ko3dduuuenma ycunewuss (0,07 * 0,01 cm™') 8ns ycnewwod
padomsl 8aHHo20 Y9 B cocmade AOC [3]. PeweHuw 3mod 3adayu u
nocbawerna davHas padoma. B 3kcnepuMenmax B kavecmbe ycunumens
ucnons3obanack 2asopaspsidHas mpydka (MFPT) duamMempoM akmubHou
30HB 7 MM u OdnuHou 40 cM, ¢ He3abucuMbiM, KOHMpOAUPYEMbIM
HazpeBboM koHmeuHepoB c nopowkom CuBr. B ka4ecmbe dydepHozo
2a3a ucnonb3obanca Ne, dabneHue komopozo cocmabnsno 20-30 mop.
AkmubHas cpeda Mozna padomamb B pexume ycunumens U
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2eHepamopa (nasepa) ¢ yvacmomoU cnedobaHus umnynbcod (HCK) om
100 do 300 klu. Pexum noHuxenHozo paspsada B pa3psd peanusoban,
kKak u B padome [4], ucnonb3obaHueM paspadomaHHozo UCMOYHUKA
HOKOYKU, 30 c4em ykopo4yeHus ¢poHma do 20 HC u daumenbHocmu
uMNYAbca Hakadku (no nonybeicome) do 30 Hc. MMpu 3mom, BBodumas B
pa3psd 3Hepzus B duanaszone 4yacmom 150-200 klfu He npebBbiwana
70 mkllx/cM’ 30 umnynec. 3mo nosBonuno peanusoBamb  pexuMsl
cBepxusnyyeHus u odHonpoxodoBoz0 ycunewHozo u3nyyeHus B
ykasaHHoM duana3oHe Yacmom. 3Hepzusi cBepxusnyyeHus Ha odeux
nuHusax (510,6 u 578,2 HM) yMeHbwaemcs ¢ ybenuyeHueM 4acmomsl, HO
ocmaemcs 3HayumensHol (= 0.1 MKﬂ)K/CMB), 3Ha4yumensHo npebbiwas
3Hep2ull  CNOHMAHHO20 u3nyveHus (codcmbenHozo wyma YHA). C
ucnonb3obaHuem peanusoBaHHozo BY-ycunumens sapkocmu cocmabe
AOC - nasepHozo MoHumopa npoBedeHa Busyanusauus mecmoBozo
odbekma Ha 4vacmomax 100, 150 u 200 klu. B kavecmbe mecmobozo
odvekma Beicmynano nepexodHoe omBepcmue neyamHoU  nAambl
duamempoM 0.6 MM. Busyanusauus npoBodunack ¢ ucnonb3oBaHueM
CXeMbl N03epHO20 NPOEKUUOHHO20 Mukpockona [1]. CBepxusnydeHue,
¢opMupyemoe akmubHoU cpedol ycunumens SPKOCMU, C NOMOWbIO
nuH3bl  Hanpabnsnocbk  Ha  nobBepxHocmb  mecmoBozo  odbekma.
OmpaxeHHaa 4vacmb cbBepxusnyyeHus nonadana & akmuBHyw 30HY
ycunumens spkocmu, 20e ocywecmBaanocb ycuneHue u CNEKMPAnbLHASA
yskononocHas ¢unbmpauus (4mo nompedyemcs npu padome B
ycnobuax  BHewned, nudo  codcmbeHHol  3acBemku  odbekma
HadnwdeHus). [lanee, ycuneHHoe u3ny4eHUE, Hecywee UHMOPMAUUK O
mecmoBoM odbekme, ¢ nomowbl Bmopol AuH3bl Npoeuupobanock Ha
3KpaH, c KOMOP020 u ocywecmbBasanach pezucmpauus
BoicokockopocmHoU kaMepol. Beidepxka kamepbl noddupanack MAKUM
odpa3zoM, 4modbl U30dpaxXeHuUe, NOAYYOEMOE NPU NOMOWU KAMEPSI,
¢dopmupobanock 0GHUM UMNYNbCOM ycuneHHozo U3NyyeHus.
Pesynbmamsl  Busyanuzauuu mecmobozo odbekma npobedeHbl Ha
yacmomax cnedobaHus uMnynbcob UBHQHEHUH/I:]CU/IEHUFF 100, 150, u
200 klu, nokasevibawm, 4mo Ha u3odpaxeHusx omyvemaubo BudHel
KOHmMypsl nepexodHozo ombBepcmus u ezo MemannusupobaHHozo
ydacmka. B nonyyeHHbix u3odpaxeHusx omcymcmByiom  3HA4UMbIE
uckaxeHus, 4mo  2o0Bopum o  pabBHoMepHoM  pacnpedeneHuu
Ko3¢duuueHma ycuneHus no duamempy [PT. C pocmoM 4Yacmombl
KOHMPACMHOCMb  CHUXAEMCS, YMO MOXHO O0dbSCHUMb UMEHbWeHUeM
Ko3pPuuueHMOM  ycuneHus, Ho odbekm ocmaemcs  BuduMbiM.
Hadnwdaemcs  makxe  y4acmok  NAGmMbl € HE3HAYUMEAbHbIM
«nepecbemom», ymo cBbudemenscmbyem o HackiweHuu akmuBHol cpedsl
ycunumens SpKOCMU.
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MonyyenHbie  pesynbmamsl  cBbudemenscmbywom o Bo3moxHocmu
ucnonb3obaHus  co3daHHozo  ycuaumens  apkocmu B akmuBHbIx
onmuyeckux cucmemax dns ocywecmbneHus Busyanusauuu pasnuYHbIX
odbekmob u  deicmponpomekawwux  npouecco® ¢ BpemeHHbIM
paspeweHueM do 5 MkC. Mbl nonazaeM, 4mo, ¢ yyemoM BbicokoU
cnekmpanbHoU sipkocmu cBepxusnyveHus u 2nydokol cnekmpanbHoU
GunbMpauUU OMPaXeHHo20 om 00bekma u3ayyeHus (U Hecywezo
uHpopMauuk o Hem) B YA, Busyanusauuw MoxHo dydem npobodumsb, U
B npucymcmbuu ¢oHobou 3acbemku, kozda mpaduuuoHHbie Memodbl
nasepHol nodcbemku «He padomawm» [S5]. 3Imo u Bydem npedmemoM
nocnedywuwux padom.
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In the development of active optical systems (AOS) with
amplification amplifiers (HA) based on limited self-terminating
transitions in metal vapors for heavy objects (either processes,
including those under environmental conditions, or in the presence
of illumination), a necessary requirement is the implementation of an
ultra-high level scale. And if for fhe frequency of pump pulses
from the norm to the frequency [1, 2], and then up to 100 kHz [3],
this was realized, fthen for a higher frequency, a number of
problems arise. The main one is the very fact of detection of
superradiation at such frequencies. The use of the mode of reduced
energy input into the discharge for pumping the CuBr laser made it
possible fo reach the radiation pulse repetition frequency (and
amplification) at self-terminating transitions of copper atoms (510.6
nm and 578.2 nm) of 200 kHz, and then the maximum value of 300
kHz to date [4]. At the same time, to date, experiments on
visualization of objects with a frequency of 200 kHz and more have
not been carried out. And it remained unclear whether the values
some tens mW of radiation power and gain about (0.07#0.01 cm-1)
obtained in [4] would be sufficient for the successful operation of
this CO as part of AOS [3].

This work is devoted to the solution of this problem. In the
experiments, a gas discharge tube (GDT) with a core diameter of
7 mm and a length of 40 cm was used as an amplifier, with
independent, controlled heating of confainers with CuBr powder. Ne
was used as a buffer gas, the pressure of which was 20-30 forr.
The active medium could operafte in the mode of an amplifier and a
generator (laser) with a pulse repetition rate (PFR) from 100 to
300 kHz. The mode of a reduced discharge into a discharge is
implemented, as in [4], using the developed pump source, due to the
shortening of the front fo 20 ns and the durafion of the pump
pulse (at half height) to 30 ns. In this case, the energy introduced
into the discharge in the frequency range of 150...200 kHz did not
exceed 70 pJ/cm® per pulse. This made it possible to redlize the
regimes of superradiance and single-pass amplified radiation in fthe
specified frequency range.

The energy of superradiance on both lines (510.6 and 578.2 nm)
decreases with increasing frequency, but remains significant
(= 0.1 uJ/cm®), significantly exceeding the enmergy of spontaneous
emission (intrinsic noise of the UY). Using the implemented high-
frequency brightness amplifier as part of an AOC - a laser monitor,
a test object was visualized at frequencies of 100, 150 and 200 kHz.
A PCB via hole with a diameter of 0.6 mm served as a test object.
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Visualization was carried out using the scheme of a laser projection
microscope [1]. The superradiance generated by the active medium of
the brightness amplifier was directed to the surface of fhe test
object using a lens.

The reflected part of the superradiance fell into the active zone of
the brightness amplifier, where amplification and spectral narrow-
band filtering were carried out (which is required when working
under condifions of exfernal or own illumination of the object of
observation). Further, the amplified radiation, carrying information
about the fest object, was projected onto a screen with the help of
a second lens, from which the recording was carried out by a high-
speed camera. The shutter speed of the camera was selected in
such a way that the image obtained by the camera was formed by a
single pulse of amplified radiation.

The results of visualization of the ftest object were carried out at
rudiu’rion/guin pulse repetition rates: 100, 150, and 200 kHz, showing
that the images clearly show the confours of fthe via and its
metallized area. There are no significant distortions in the obtained
images, which indicates a uniform distribution of the gain over fthe
GOT diameter. As the frequency increases, the contrast decreases,
which can be explained by a decrease in the gain, but the object
remains visible. There is also a secfion of the board with a slight
“overexposure”, which indicates safuration of the active medium of
the brightness amplifier.

The obtained results indicate the possibility of using the created
brightness amplifier in active optical systems for visualization of
various objects and fast processes with a fime resoluftion of up to
5 us. We believe that visualization can be carried ouf even in the
presence of background illumination, when traditional methods of
laser illumination “do not work”, taking into account fhe high
spectral brightness of superradiance and fthe deep spectral filtering
of the radiation reflected from the object (and carrying information
about it) in the brightness amplifier [ 5]. This will be the subject of
subsequent work.
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PaMaHoBckas cnekmpockonust 818 ouexku deHmuHHbIX Mamepuanoch 6
npouecce ux uszomobneHus
" Tumyenko E. B, ' Tumyenko M. E, ' ®ponod 0. O, *Bonoka /. T,
2Bnacod M. 10, 2 3wdun M. A, "Wunko C. C.
" Camapckud wauuoHansHeid uccredobamessckul yHubepcumem uM.
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yn. Mockobckoe wocce 34
2 Camapckud 2ocydapcmbBenneid meduyuHckul yHubepcumem, 443099,
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Frolovaleh@gmail.com, volovalt@yandex.ru, s.shipko567@gmail.com,
zybin_m.a@mail.ru, mvlasovi@rambler.ru

B Hacmoswee Bpema onepauuu uMnaasmauuu  conpobBoxdawmcs
npouedypod HanpabneHHoU kocmMHOU PpezeHepauuu, uenbw kKomopol
abnsemcs pezeHepauus kocmu, conpoboxdaeMas HU3KUM PpuUCKOM
BeposamHbIx 0cnoxHeHUU C kopomkuM nepuodoM BoccmanoBnenus. K
UMNAGHMAUUOHHBIM duoMamepuanam npedbabasiomcs makue
mpedoBaHua  kak  omcymcmbue  peakuuu  UMMYHO/N02UYECKO20
ommopxeHus, cnocodHocmb K adcopduuu u duodezpadauuu [1]. Ouenka
duomamepuano®, nonyyeHHbix U3 CeMuHepanu3obanHoz0 JdeHMUHa,
abnsemcs  akmyanbHod  3adayed, MAK KOK  OCMEOUHME2PAUUS
npousbodumozo duomamepuana Hanpsmyw 3abucum om ezo kavecmba
odpadomku. Lenbto uccnedobanud sbnsnockb uccnedobaHue
CMPYKMYpHbIX ~ ocodeHHocmel  deHmMuHHbx  duomamepuanod B
3abucumMocmu om cmeneHu ux GEMUHEPaNU3aUUU U HAAUYUS 0YUCMKU C
ucnonb3obaHuem Memoda PamaHobckol cnekmpockonuu.

OdbekmaMu uccnedobaHul abnsncs deHmuH, nonyyeHHsid u3 30dopoBbix
KopeHHbix  3ydob 4enobeka, odpadomaHHbix € ucnonb3obaHueM
BakyymHol ovucmku u deMuHepanusobaHHeix B 1,8H u 2,4H pacmbope
conaHol  kucnomsl.  [nas  u3szomobneHus  Suomamepuanod  Buina
npuMeHeHa mexHonozus «/IMOMNAACT» [TY-9398-001-01963143-2004],
Bknwyawwas ynompasbykobyw odpadomky mkaHed das nepbuuHol
cmepunusauuu Mamepuana u BupycHou uHakmubauuu.

B kavyecmbe ocHoBbHo20 Memoda avanusa duomamepuanod u3 deHmuHa
dbin ucnonb3obaH Memod PamaHoBckou cnekmpockonuu, peanusyemsil
C NOMOWbI  3KCNEPUMEHMANbHO20  cmeHda,  COCMOAWUM U3
pamaHobBckozo npodHuka RPB-785, Na3epHoz0 Modyns
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LuxxMasterLML-785.0RB-04 u uu¢ppobozo cnekmpoMmempa Shamrock
sr-303i co BcmpoenHolu oxnaxdaemol  kamepod  DV420A-0E.
YcpedHeHue  cnekmpob  npobodunock B  npozpamMmMHOM  nakeme
Mathematica 8. AHanu3 cnekmpob ocywecmBasincs B npozpamMmHol
cpede MagicPlotPro, a makxe c noMouwbi Memoda JUCKPUMUHOHMHOZ0
avanusa (LDA) B npozpamme IBMSPSS Statistics [3].

B pesynbmame npobedenHbix uccnedobanul  dbiau ycmaHobaeHsl
ocHOBHbIE cnekmpanbHble u3MeHeHus duomamepuano® u3 dewmuHa B
3abucumocmu  om  cmeneHu deMuHepanusauuu U ucnonb3obaHus
BakyymHou oyucmku. [lokasaHo, 4mo Mamepuansl U3 OJeHMUHQ,
deMuHepanusobanHeix B pacmbBope consHou kucnombl 1,8H, coxpaHsim
donbwee konuvecmbo opzaHuyeckux komnoHeHm B cpabHeHuu ¢
duomamepuanamu, demuHepanusoBaHHeiMu B 2,4H consHoU Kucnomel, O
yeM cBudemenscmByem ybenuyeHue uHmencubHocmu AuHuG 1415 M
(C=C strefching inquinoidring), 1035 <M (Phenylalaninemode).
Mcnonb3obaHue BakyymHol ovucmku npuBodum k coxpaHeHuw donbwez0
KonudecmBa  MUHEPANbHbIX ~ KOMNOHEHM U MeHbWwez0  Konudecmba
opzaHuyeckux, o 4eM cBudemenscmByem ymeHbweHue uHMeHcuBHocmu
nuHUG cnekmpob Buomamepuanod ¢ oducmkod 898 oM ((C-0-C) skeletal
mode), 1585 cM” (Amide Il) u yBenuyenue uMmeHcuBHocmu  AUHUG
cnekmpoB Buomamepuanod Be3 ovucmku 854 cm' ((C-0-C) skeletal
mode of a-anomers), 1242 cm™' (Amide |ll). [uckpuMuHauuoHHas
adekbamHocms Memoda xapakmepusyemcs 3HadeHueM AUC = 1, 4mo
cbudemenscmbyem 08 omaudyHoM  kayecmbe  duazHocmu4eckoz0
uHcmpymenma.  Cmawdapmuas  owudka SE cocmabuna 0 %,
dobepumenbHbil uHmepban AUC nexum & npedenax 1-1. OnmumanbHas
moyka omcedveHus npedcmabneHHozo anzopumMad, onpedeneHHas
coznacHo  ycnobuam  danaHca  Mexdy  4ybcmbumenbHocmbiw U
cneuupuyHoCcmbio, coombemcmbobana 0,5. [Mokaszamenu
4ybcmBumensHocmu u  cneuuduyHocmu  dudzHocmuyeckod Modenu B
daHHoU moyke omceyeHus cocmabunu 100 %.
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resected bone fissue // Journal of Physics: Conference Series.
2018. Vol. 1038. Issue 1.

Raman spectroscopy for the evaluation of dentinal materials
during their manufacture
" Timchenko E. V., ' Timchenko P. E., "Frolov O. O,
ZVolova L. T, ®Vlasov M. Y, ?Zybin M. A, "Shipko S. S.
" Samara National Research University named after
N N. Academician S. P. Koroleva, 443086, Russia, Samara,
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2 Samara State Medical University, 443099, Russian
Federation, Samara, str. Chapaevskaya, 89

Currently, implantafion operafions are accompanied by a guided bone
regenerafion procedure, the purpose of which is bone regeneration,
accompanied by a low risk of possible complications with a short
recovery period. Implanfation biomaterials are subject to such
requiremenfs as the absence of an immunological rejection reaction,
the ability to absorb and biodegrade [1l. The assessment of
biomaterials obtained from demineralized dentin is an urgent task,
since fthe osseoinftegrafion of the produced biomaterial directly
depends on its processing quality. The aim of the research was fo
study the structural features of dentinal biomaterials depending on
the degree of ftheir demineralization and the presence of cleaning
using the Raman spectroscopy method.

The objects of research were dentin obfained from healthy human
molars, processed using vacuum cleaning and demineralized in 1.8N
and 2.4N hydrochloric acid solutions. For the production of
biomaterials, the LIOPLAST technology [TU-9398-001-01963143-2004]
was used, which includes ultrasonic treatment of fissues for
primary sterilization of the material and viral inactivation.

Raman spectroscopy was used as the main mefthod for the analysis
of biomaterials from denfin, implemented using an experimental
stand, consisting of an RPB-785 Raman probe, a LuxxMasferLML-
785.0RB-04 laser module, and a Shamrock sr-303i digital
spectrometer with a builf-in cooled chamber DV420A-0E . The
spectra were averaged using the Mathematica 8 software package.
The spectra were analyzed using fthe MagicPlotPro software
environment, as well as using the discriminant analysis (LDA)
method in the IBMSPSS Statistics program [3].
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As a result of the studies, the main spectral changes in
biomaterials from dentin were established, depending on the degree
of demineralization and the use of vacuum cleaning. It has been
shown that materials from dentin demineralized in 1.8 N hydrochloric
acid solution retain a greater amount of organic components in
comparison with biomaterials demineralized in 2.4 N hydrochloric
acid, as evidenced by an increase in the intensity of the 1415 cm™
lines (C=C stretching inquinoidring) , 1035 cm™ (Phenylalanine mode).
The use of vacuum cleaning leads to the preservation of a larger
amount of mineral componenfts and a smaller amount of organic
ones, as evidenced by a decrease in the intensity of the lines of
the spectra of biomaterials with cleaning 898 cm™ ((C-0-C) skeletal
mode), 1585 cm™ (Amide ll) and an increase in the intensity of the
lines of the spectra of biomaterials without cleaning 854 cm™ ((C-
0-C) skeletal mode of a-anomers), 1242 cm™ (Amide ). The
discriminatory adequacy of the method is characterized by the
value AUC = 1, which indicates fthe excellent quality of the
diagnostic tool. The SE standard error was 0%, the AUC
confidence interval was 1-1. The optimal cut-off point of the
presented algorithm, determined according fo the conditions of
balance between sensitivity and specificity, corresponded to 0.5.
The sensitivity and specificity of the diagnostic model at this cuf-
off point was 100%.
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TeneBol ¢oHoBbIl Memod Kok DeckoHmakmHbIU cnocod onpedeneHus
meMnepamypHozo hons paspsada Ha nobepxHocmu onmuyecku
Npo3pasyHeix du3nekmpukob
Kopomkux W. W., Manaxob 0. U, CkopHsakoba H. M.
HauuoHanbHell uccnedobamebckud yHubepcumem «M3IN»,
Poccus, 111250, Mockba, KpacHokasapmerHas ya, d. 17,
email: korotkikhii @mpei.ru, yumalakhov@yandex.ru, nmskorn@mail.ru

Padoma nocbauwena Busyanusauuu memMnepamypHoz20 nons
3nekmpuyeckozo pa3psda, BosHukawwezo Ha noBepxHocmu onmuyecku
npo3payHbix  du3nekmpukoB. [aHHell pa3psad ucnonb3yemcs  Npu
co3daHuu, uccnedobaHuu, koHmpone napamMempodb o3oHamopob, dns
odecneyeHus ux cmadunbHoU padombl, G MAKXE KOAK UCMOYHUK
ynbmpaduonemobozo usnyyeHusa. llokazaHa Bo3MoxHOCMb NpUMEHeHUs
meHebozo ¢poHoBoz0 Memoda dns onpedeneHus MeMNepamypHoO20 NOASA
paspada Ha noBepxHocmu cmekna unu naacmukd. [lpedcmabnena
mvemoduka HopmupoBbku no meMnepamype, Memoduka onpedeneHus
nons MeMnepamypbl Kak caMou noB8aoxku, Had komopoU npoucxodum
pa3psd, mMak  MeMnepamypbl  NAQ3MEHHO020  CN0f  HAd  Hed.
MNpodemoHcmpupoBaHel  pe3ynbmambl  c03daHUs  ONMO3/1EKMPOHHO20
koMnnekca dna onpedeneHus MeMNepamypHozo nons paspsda Ha
cmeknsHHou nobepxHocmu npu ammocoepHom dabnenuu. MccnedoBaHsl
ocodeHHocmu  ucnonb3oBbaHuas meHeBozo ¢doHoBozo0 Memoda npu
duazHocmuke cnadouoHu3upobaHHbix cped.
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Background oriented shlieren method as a contactless way for
determinationof the tfemperature field of dischargeon the surface of
optically transparent dielectrics
Korofkikh I, Malakhov Yu., Skornyakova N.

National Research University “Moscow Power Engineering Institute’,
Russia, 111250, Moscow, Krasnokazarmennaya str, 17

The work is devoted to the visualization of the ftemperature field
of an electric discharge fthat occurs on the surface of optically
transparent dielectrics. This discharge is used in the creation,
research, confrol of the parameters of ozoniers, fo ensure ftheir
stable operation, and also as a source of ultraviolet radiation. The
possibility of using the background oriented shlieren method for
determination of the temperafure field on glass or plastics
surfaces is shown. A ftechnique for deftermination of the
temperafure bos on the dielectric surfaces where the discharge
takes place and the temperature of the plasma layer above it. The
results of creating an optoelectronic complex for defermining the
temperafure field of discharge on a discharge on a glass surface at
atmospheric pressure are demonstrated. The features of the use of
the background oriented shlieren method in the diagnostics of
weakly ionized media are investigated.
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BpeMeHHas 360nwuua napaMempob akmubHol cpedel MHo20B0/1HOBO20
nasepa Ha napax CMpOHUUA
Yedomaped I. 0.
WOxnbiu pedepansHsiu yHubepcumem, 344006, Poccus,
2. PocmobB-Ha-fony, ys. b Cadobas 105/42
email: “gdchebotarev@sfedu.ru

B akmuBHou cpede nasepa Ha napax cmpoHuus Bo3MoxHaA peanusauus
3¢ppekmubHou MHozo0BonHOBOU 2eHepauuu B wWUPOKOM CNeKMpanbLHOM
duanasoHe Ha PekOMBUHAUUOHHBIX U COMOO2PAHUYEHHbIX nepexodax
cmpoHuus [1l. B 4Yacmuocmu, nasep Ha napax CmpoHUUs u3Ayvaem c
BbicokuMu 3HEepzemuyeckuMu xapakmepucmukamu B BuduMol odnacmu
CNeKMPa HA  UOHHbIX  PEKOMBUHAUUOHHbIX Nepexoddax CMPOHUUS
(A= 4305 u 416,2 uM Srll), a makxe B WK odnacmu cnekmpa Ha
COMOO2POHUYEHHBIX Nepexodax amoma u uoHa cmpoHuus (A = 1033 u
1091 UM Srll, A~ 3 mMkMm Srl u A= 6,456 mkMm Srl). B Hacmoswed
padome B8bina demanbHo YucneHHo uccnedobaHa BpemerHas 3Bonwuus
napaMempo® nna3Mel uMnynbcHo-nepuoduyeckozo paspada B cmecu
He-Sr, komopsle onpedensim CKOPOCMU HAKAYKU Na3epHbix ypobHel u
BbixoOHble  xapakmepucmuku MHoz20B0nHOBLIX na3epob Ha napax
cmpoHuus. YucnenHsie pacyemsl npobodunuce C ucnonb3obaHuem

camocoznacobaHHol  Mamemamuyeckold — Modenu [2].  Pesynsmamsl
mModenupobaHus  nokasanu  xopowee  cozAdcue € JaHHbIMU
3KCNepUMEHMANbHbIX u3MepeHul napamempob nAA3Mel u

XOPAKMepUCMUK  Aa3epHol  2eHepauuu.  AHanu3  NOAYYEHHbIX
pesynbmamod  nosbonun  ycmawobumb  psd  3akoHomepHocmel
¢yHkuuoHupobaHua akmubHeix cped MHoz20B0nHOBLIX nasepob Ha
napax CMpoHUUS.
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Temporal evolution of the parameters of the active medium of a
multiwavelength strontium vapour laser
Chebotarev G. D.
Southern Federal University, 344006, Russia, Rostov-on-Don,
str. Bolshaya Sadovaya 105/42

In the active medium of a stronfium vapour laser, it is possible to
realize efficient multiwavelength lasing in a wide spectral range on
recombination and self-terminating transitions of strontium [1]. In
parficular, the strontium vapour laser emits with high energy
characteristics in  the visible region of the spectrum on
recombination transitions of the strontium ion (A= 4305 and
416.2 nm Srll), as well as in the IR region of the spectrum on self-
terminating transitions of the atom and ion of strontium (A = 1033
and 1091 nm Srll, A~ 3 ym Srl and A = 6.456 pum Srl). In the present
work, we numerically studied in defail the femporal evolution of the
plasma parameters of a repetitively pulsed discharge in a He-Sr
mixture, which determine the pumping rates of laser levels and the
output characteristics of multiwavelength stronfium vapour lasers.
Numerical calculations were carried out using a self-consistent
mathematical model [2]. The modeling results showed good
agreement with the data of experimental measurements of plasma
parameters and lasing characteristics. An analysis of the obtained
results made it possible to establish a number of regularities in
the functioning of active media of the mulfiwavelength strontium
vapour lasers.
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MonoxumenbHeil cmond paspsda nocmosHHoz0 moka B nasepHeix
mpydkax nepeMeHHoz0 duaMempa dns dbyxkoMnoHeHMHo20 2a3a
KoxebHukob B. A, * Mpubanob B. E, Pomuadu A. 3., AmMmocod A. .
Lankm-llemepdypzckuu nosumexHuyeckud yHubepcumem
llempa Benukozo, 195257 Poccus, 2. Cankm-llemepdype,
ya. lMosumexrnuyeckas, 3. 29.
email: * vaevpriv@yandex.ru, moraval@mail.ru, aefotiadi@yandex.ru,
ammosovlex@gmail.com

B paBome [1] Bbin paccMompeH nonoxumensHbid cmond (MC) paspsda
nocmosiHHo20 moka B munuyHbix dn8 akmuBHbix cped 2a30beix nasepob
pa3psadHbix  ycnobusx B mpydkax nepemeHHozo duamempa. Beinu
nony4ensl BuipaxeHus, cbaswibawwue Brewnue napamempel MIC c ezo
ocHOBHbIMU  BHympeHHuMu xapakmepucmukamu. B padome [2] ¢
NOMOUWbI NoAy4eHHbIx BbipaxeHud Bbina nocyumaHa MOWHOCMbL na3epa
C NPsSMOY20/bHbIM ceyvyeHueM akmubBHoz0 3nemMeHma, Ppesynbmambl
pacyema XOpowo C02AACYlMCA C 3KCNEPUMEHMANbHLIMU  GAHHbLIMU.
OdHako  ™Modenb B  padome [1]  B3eina  nocmpoeHa  4ns
0GHOKOMNOHEHMHO20 2a3a, 0ByxkoMnoHeHMHbLIU 2a3 oHa onuckiBana
npudnuxeHHo. [loamomy Hamu Bbina nocmpoeHa Modens [1C dns
d0byxkoMnoHeHmMHo20 2a3a. M3 kuHemu4eckozo  ypabHeHus U
coombemcmbywwux ypabHeHuld MoMeHmod [3] Swbina nonyveHa cucmema
dudpdepeHuuansHbix  ypabHeHud, onuckibawwas MNC & mpydkax
nepeMeHHozo duaMempa dns 2a3a U3 namu koMmnoHeHm (dBa Buda
amomob, dba Buda coombemcmbywwux uoHoB, 3InekmpoHsl). B
Hacmoswee Bpema Bedymcs YucneHHble pacyemb, @ MAKXE NONbIMKU
GHANUMUYECKO20 PeweHUs 3moU CUCMeMsl.

Cnucok numepamypbl
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Positive column of OC discharge in laser tubes of variable diameter
for two-component gas
Kozhevnikov V. A, * Privalov V. E, Fotiadi A. E., Ammosov A. P.
Peter the Great StPetersburg Polytechnic University
195251 Russia, St.Petersburg, Polytechnicheskaya 29

In [1], we considered the positive column (PC) of a direct current
discharge under discharge conditions typical for active media of gas
lasers in tubes of variable diameter. We have obtained expressions
relating the external paramefers of the PC with ifs main infernal
characteristics. In [2], using the obtained expressions, we calculated
the power of a laser with a rectangular cross section of the active
elemenf; the calculation results are in good agreement with the
experimental data. However, the model in [1] was constructed for a
one-component  gas; it described a two-component  gas
approximately. Therefore, we have constructed a PC model for a
two-component gas. From the kinetic equafion and the
corresponding equations of moments [3], a system of differential
equations was obfained that describes the PC in fubes of variable
diameter for a gas of 5 components (two types of atoms, two
types of corresponding ions, electrons). At presenf, numerical
calculations are being carried out, as well as aftempts fo solve
this system analytically.
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Uccnedobarue xapakmepucmuk MnCl,, u MnBr,-nasepob
"usHob 0. B, ¥ EBmywenko . C.
" Wricmumym onmuxu ammocgeps um. B. F. Jyeba [0 PAH, 634055
Poccus, 2. Tomck, na. Akademuka 3yeba 1
2 Pecnydaukanckui ucciedobameibcKul HayYHO-KOHCYAbMAU UOHHEIU
ueHmp 3kcnepmu3sl, 127055, Poccus, 2. Mockba, ys Odpaszuoba 12 k.2
email: siyanov73@mail.ru, ~evt@tpu.ru

Nlazep Ha nepexodax amoMa Map20HUAG U3AY4deM HA HECKOAbKUX
dnuHax Bonn B Budumol u dnuxHel MK odnacmsax cnekmpa. OcHobHbie
u3 Hux: 0,534, 0,542, 1,289 u 1,329 mkm. OcodeHHocmb 3moz0 nasepa
3aknw4aemca B moM, 4Ymo HuxHue nasepHble ypoBHu dns Budumou u
MK odnacmu abaswomcs odwumu. B cBbsasu ¢ 3muM, Bo3MoxHa
KOHKYPEHUUs Ha 3mux nepexodadx, U Npu u3MeHeHuu ycnoBul Hakauku
(B HekomOpbIX CAY4AAX) MOXEM MEHSMbCS COOMHOWEHUEe MowHocmel
zeHepauuu  Budumod u WK oBnacmu. BonbwuHcmBo padom  no
uccnedoBaHu Mn-nasepa nocBsweHsl nd3epy Ha NApax Yucmozo
mapzadua [1, 2. 3ma axkmubHas cpeda odnadaem  BeicokuM
Ko3dpopuuueHmoM ycuneHus, 4mo nosbonsem wucnonb3ocbamb ee B
kavecmbe ycunumens sipkocmu usodpaxenud [3]. BMecme ¢ meM, Mano
BHumaHus ydenanocb 2eHepauuu B consax 3mozo Memanna. B moxe
bpems, wumeHHo B MnCl,-nasepe peanusobaHa zeHepauus Ha
MakcuManbHol vacmome cnedoBaHus umnynscol (HCWM) — 125 klu [4].
W 3mo daem ocHobaHue nonazamb, 4mo makou nasep nepcnekmubeH
819 npuMeHeHUs B CKOPOCMHbLIX NA3EPHLIX MOHUMOPAX.

llawHas  padoma  nocbsweHa  uccnedobaHul  3Hepzemuyveckux
xapakmepucmuk nasepo® Ha napax zanozeHudod MapzaHua.
Mccnedobanuce zaszopaspsdusie mpydku (FPT) MnCl, u MnBr,-nasepob
0 cmaHdapmHol Hakaykol (BHYmpeHHue 3nekmpodbl), 4 makxe
MnBr,-nasep ¢ emMkocmHoU Hakaykou (BHewHue 3nekmpodsl). [uamemp
Bcex [PT cocmabnsan 2 cM, a dauna 50 cM.  [ns  usydeHus
Bo3MoxHoCcmu  noBbiweHus 3Hepzemuyeckux XApAKMEpUCMUK  3Mux
nasepob bBce NPT ocHawanuce zenepamopamu HCL u HBr. B kavecmbe
koMmymamopob B cxeMe Hakayku ucnonb3obanuce mupampoH TIU1-
1000725, a Ha YCW cBbeiwe 25 klu - macumpoH Try1-1000/ 25.
MacwmadupobaHue dabneHus dypepHoz0 2a3a HEOHA NOKA3QN0, YMO
ONMUMANbLHOE  3HOYeHUe xapakmepHo 4dna  nasepob Ha napax
2anozeHudob memanno® u cocmabnsem nopsadka 20 mopp, npu4eM
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mowHocmu MnCl, u MnBr, — nasepob conocmabumel. Cmoum makxe
omMemMuUMb, 4YMo 3aMeHd OydepHoz0 203a Ha zenuld He npuboduna k
3HOYUMEeNbHOMY NAGeHU Xapakmepucmuk 3mux nas3epob, 4mo Henb3s
Cka3amb 0 d0Nee MAXEeNbIX UHEPMHbIX 203aX - GP20HE U KPUNMOHE.
OnpedeneHue onmuManbHoU memnepamypbl cmeHku [PT nokasano, 4mo
& omaudue om CuBr — nasepa (T = 650°C) 8n% 3mux cucmeM oHa
cocmabnsem 780-790°C. YBenuveHue MoOwWHOCMU HAKAYKU 34 CYEM
noBbiweHus moka u HanpsxeHus unu ybenuveHus YCWU npuboduno «
nuHelHoMy pocmy BeixodHol MowHocmu nasepob. Bce ckasanHoe
xapakmepHo 0n8 nasepob co cmaHdapmHOU U eMKOCMHOU Haka4kod.
MakcumanbHas MowHocmb u3nyyeHus 2,5 Bm peanusobawa B MnCl, —
nasepe ¢ BHympeHHumu 3nekmpodamu c¢ dodabkol HCl. 3mo 3HauveHue
MowHocmu sbnsemcs pekopdHbiM dns nasepod Ha napax zanozeHudob
mMapzaHua. [pu 3mom MowHocmb u3nyyveHus B Budumou odnacmu
cnekmpa npebeiwana MowHocmb Ha WMK-aunusx B 15-2 pasa. [ns
naszepoB co cmaHdapmHoU HakavkoU onmumanbHas YCW cocmabuna
17 kl'u, a dna MnCl,-nasepa c¢ eMkocmHoU Hakaykolu — 42 k[u. Ha
3mol Yacmome MowHocmb 2eHepauuu docmuzana 1 Bm (c dodabkol
HCl). Ha w4acmomax do 45 klu dons BeixodHol MowHocmu 8ns
Budumozo cnekmpa npebbiwana donw MowHocmu dns UK auwud. Mpu
danbHelweM nobbiwenuu YCW 8o 80 klu kapmuHa MeHanacb Ha
npomuBononoxHy.

Pesynbmamsl padomsl no3bonsiom Hadesmbca Ha mo, 4mo cywecmBywom
Bo3mMoxHocmu  danbHelwez0 noBblweHUA 4ACMOMHO-3HEP2EMUYECKUX
xapakmepucmuk nasepoB Ha napax zanozeHudod MapzaHua, Hanpumep,
NPU ONMUMU3AUUU HAOKAYKU € ucnonb3obaHuem cxeM, noBeiwanuux
HaNpsXeHue Ha paspsadHOM NpPOMeXYmKe.
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Study of the MnCl,, and MnBr,-lasers characteristics
'Shiyanov D. V., ¥ Evtushenko G. S.
"'V. E Zuev Institute of Atmospheric Optics SB RAS, 634055,
Russia, Tomsk, 1 Academician Zuev square
? Federal research center for projects evaluation and consulting
services, 127055, Russia, Moscow, Obraztsova Str. 12, Bldg. 2

The laser on the manganese atom fransitions emifs at several
wavelengths in the visible and near-IR range of the spectrum. The
main ones are: 0.534, 0542, 1289 and 1329 um. The peculiarity of
this laser is that the lower laser levels for the visible and IR
range are common. In this regard, competition is possible at these
transitions, and when the pumping conditions change, in some cases,
the rafio of ouftput powers in the visible and IR range can change.
Most of the Mn laser studies are devoted to the pure manganese
vapor laser [1, 2]. This active medium has a high gain, which allows
it to be used as an image brightness amplifier [3]. At the same
time, very litfle attention has been paid fo generafion in salts of
this metal. At the same fime, it is the MnCl,-laser that implements
lasing at maximum pulse repefition rate (PRR) of 125 kHz [4]. This
suggests that such a laser is promising for use in high-speed laser
monifors.

This work is devoted to the sftudy of the energy characteristics of
manganese halide vapor lasers.

Gas-discharge tubes (GDOTs) of MnCl, and MnBr,-lasers with
standard pumping (internal electrodes) and a capacitively pumped
MnBr,-laser (external electrodes) were studied. All GDTs were 2 cm
in diameter and 50 cm long. To study the possibility of increasing
the energy characteristics of this lasers, all GDTs were equipped
with HCl and HBr generators. A TGI1-1000/25 thyratron was used
as switches in the pump circuif, and a TGU1-1[][][]/25 tasitron was
used at PRF above 25 kHz. Scaling the neon buffer gas pressure
showed that fthe optimal value is typical for metal halide vapor
lasers and is about 20 Torr, and the powers of the MnCl, and
MnBr,-lasers are comparable. It should also be nofted that fthe
replacement of the buffer gas by helium did not lead to a
significant drop in the characteristics of these lasers, which cannot
be said about the heavier inert gases - argon and krypton.
Determination of the optimal temperature of the GDT wall showed
that, in contrast to the CuBr-laser (T = 650°C), for these systems
it is 780-790°C. Increasing the pump power by increasing fthe
current and voltage or by increasing the PRR led to a linear
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increase in the ouftput power of fthe lasers. All of the above is
typical for lasers with standard and capacitive pumping. The
maximum output power of 25 W was realized in a MnCl,-laser with
infernal electrodes with HCl additive. This is a record value for
manganese halide vapor lasers. In this case, the output power in
the visible range exceeded the power on the IR lines by a factor of
15-2. For lasers with standard pumping, the opfimal PRR was
17 kHz, and for a capacitively pumped MnCl,-laser, it was 42 kHz.
At this frequency, the generation power reached 1 W with HCl
additive. At frequencies up to 45 kHz, the percentage of fthe output
power for the visible spectrum exceeded the percentage of fthe IR
lines power. With a further increase in PRF to 80 kHz, the situation
changed fo the opposite.

The results of this work allow us to hope fthat there are
possibilities for further improvement of the frequency and energy
characteristics of manganese halide vapor lasers, for example, by
optimizing pumping using circuits fthat increase the voltage across
the discharge gap.
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Nazep Ha napax Medu c eMKkocmHbIM cnocodoM BosdyxdeHus
"WusHobd [I. B. ¥ EBmywenko T. C,
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B Hacmoswee Bpems OapbepHbil paspad (npodonbHLID eMkocmHoul)
ycNewHo ucnonb3yemcs 018 Hakadku nasepob Ha napax zanozeHudob
memannod [1]. HecMomps Ha mo, 4mo u3-3a Hanu4us dapbepa makue
nasepsl ycmynawm no  3ppekmubHocmu  cboum aHanozaM  co
cmandapmHou Hakaykolu ¢ BHympeHHuMu 3nekmpodamu, makolU cnocod
Bo3dyxderHus umeem cBou npeumywecmBa. 3Ha4umenbHo ynpowaemcs
KOHCMpykuus 2asopaspsdHod mpydku (FPT) u cxema Haokayky, a
makxe odnezyvawmca ycnobus padombl komMmymamopa. M3onsauus
3nekmpodo® om akmuBHoU cpedbl CHUXOemM CMEeneHb UX PA3pyweHus
3a c4em omcymcmbua KOHMAKMA C XUMUYECKUMU peazeHmaMu NAd3Mbl.
Tem cameiM ybenuyubaemca cpok cayxdel MPT.

B cBbssu c 3mum, npedcmabasem unmepec danbHeuwux uccnedobaHul
daHHo20 cnocoda Hakayku nasepob Ha napax Memanno®, B yacmHocmu
HQ Napax Yucmelx Memannod.

Bnepbbie  Bo3MoxHocmb  nNpuMeHeHus  makozo  paspada  0Ad
Bo3dyxdeHus nasepa Ha napax ™Medu nokasaHa Hamu B [2]. B
npedcmabnenHol padome npodonxeHsl uccnedobaHus  YacmomHo-
3HepzemuYyeckux xapakmepucmuk nasepo® Ha napax Medu ¢
eMKocmHoU Hakadykou. Mccnedobanuce dbe NPT ¢ duamempoM kaHana
6,8 MM u dauHol 295 u 400 MM, coomBemcmbBeHHo (c 0OLEMOM
akmuBHod 30Hb V = 8,3 u 20 cM). Koncmpykuus 3mux [PT munudua
dna nasepob Ha napax MemannoB. OmnaudumenbHas ocodeHHocmb B
MOM, 4mMo 31ekmpodsbl, BbiN0AHEHHbIE U3 ¢0/Nb2u HUODUS, PA3Mewanucb
nobepx kbapuebol odonoyku Ha mopuax [PT. WUx codcmbenHas
eMkocmb  fbnsinack padoyed HakonumensHou. [fns  nepbou [PT
usMeHanca duamemp BHewHeU kbBapuebol odonouku, 4mo nosbonsino
Hapady c u3MeHeHueM dAuHbl 3nekmpoda usMeHsimb BenuyuHny padoyed
emkocmu.  OueHka eMkocmed no  $OpMYyne  UUNUHOPUYECKO20
KoHdeHCcamopa nokasand, 4mo ux BeauvuHsl MOXHO BbIN0 MeHAMb om



Tp.Mexd.koHo. /INT-2023  Cekuus «/lasepHas GuU3UKA U MEXHUKO»
thsi//bqfu—nvrsk.ru/reseurch/conferences/lif/2[]23/info

57

100 Go 230 n®. B «kavecmbe kommymamopob & cxeme Hakayku
ucnonb3obanuce mupampox TFU1-1000/25 u macumpon TTY1-1000/25.
MNpoBedeHbl uccnedoBaHus 2eHEpPAUUOHHbLIX XAPAKMEPUCMUK ONUCAHHbIX
MPT & 3abucumocmu om dabneHus dydepHozo 2030 HEOHA, HACMOMbI
cnedobanus umnynscob (YCWM) u MowHocmu Hakayku. Pesynsmamel
nokasanu, 4mo padodvee 3Ha4eHue dabneHus BdydepHozo 2a3a
cocmaBbasgem munuyHyl 8ns 3moz0 knaacca nasepod Benuyuwy 20-
30 mopp. Cmoum omMemums, 4mo YCW dns nasepob Ha napax Medu c
BHympeHHUMU 3nekmpodaMu u ManbiM 0dbemoM He npebeiwaem 20 klu.
[Lna Hawux TPT onmuManbHble 3HaveHus Yacmombl (no  BeixodHou
MOWHOCMU u3ay4yeHus) cocmabunu 55 klu (V = 83 cM®) u 35 klu
(V = 20 cM’). 3mo moxem Bbimb cBAzaHo ¢ meM, 4mo B BapbepHOM
paspsde HeodxoduMell nNo Hakadke 3Hepz0Bknad (npu padome ¢
MQAbIMU  HOKONUMEAbHbIMU ~ EMKOCMAMU) docmuzaemcss Ha Oonee
Boicokux 4yacmomax. Mpu onmuManbHeix 3Ha4eHusx dabneHus Ne u HCU
ybenuyeHue MowHocmu Hakadku do 12-13 kBm dna MPT c odbemom
8,3 c’ no3Bonuno nonyyumb MowHocmb u3nyveHus 15 Bm. fas [PT
¢ odbemom 20 cM® npu MowHocmu Bo3ByxdeHus 1,7 kBm BbixodHas
mMowHocmb docmuzna 2,6 Bm. Mpu 3mom c ybBenuyeHueM MowHOCMU
HOKQYKU  poCMm  MOWHOCMU  2eHepauuu  npoucxodun  AUHedHo.
Pezucmpauus 3nekmpuyeckux uMnynscodb Ha MPT nokasana, kak u B
nasepax Ha napax 2anozeHudod Memannod c emkocmHoU Hakavkol
2eHepauus npoucxodum Bo Bpems 3apada 3nekmpodHbix eMkocmed.
[lnumenbHocmb uMNyAbCa 2eHepauuu, Kak u B cmaHdapmHeIX NA3epax
cocmabnana 10-20 Hc.

Takum o08pa3oM, Ha ocHoBaHUU nNOAYYEeHHbIX pe3ynbmamobd MoxHO
cdenamb  BbIB0G, uymo 3nF  NOAYYEHUS NPAKMUYECKU  3HAYUMbIX
MowHocmel 2zeHepauuu nAa3epod Ha napax Yucmbix Memannob ¢
Hedonbwum  odbemoM  akmuBHoU  30HBI  MOXHO  ucnonb3oBamb
E8MKOCMHOU pa3psd.
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Copper vapor laser with capacitive excitation
"Shiyanov D. V., ?Evtushenko G. S.
"V. E. Zuev Institute of Atmospheric Optics SB RAS, 634055,
Russia, Tomsk, 1 Academician Zuev square
? Federal research center for projects evaluation and consulting
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At present, a barrier discharge (longitudinal capacitive) s
successfully used to pump metfal halide vapor lasers [1]. Despite the
fact that due to the presence of a barrier, such lasers are inferior
in efficiency to their counterparts with standard pumping with
internal electrodes, this method of excifation has itfs advantages.
The design of the gas discharge tube (GDT) and the pump circuit
are greafly simplified, and the operafing conditions of the switch
are also facilitated. The isolation of the electrodes from the active
medium reduces the degree of their destruction due fo the absence
of contact with the chemical reagents of the plasma. This increases
the service life of the GDT.

In this regard, it is of interest to further study fthis mefthod of
pumping lasers on metal vapors, in particular on pure mefal vapors.
The possibility of using such a discharge to excite a copper vapor
laser was shown for the first time in [2]. In the present work,
studies of the frequency-energy characteristics of capacitively
pumped copper vapor lasers are continued. GOTs with a bore of
6.8 mm and a length of 295 and 400 mm, respectively, were studied
(with active volumes V = 8.3 and 20 cm’). The design of these GDTs
is typical for mefal vapor lasers. A distinctive feature is that the
niobium foil electrodes were placed over the quartz shell aft fhe
ends of the GOT. Their own capacity was a working sftorage. For
the first GDT, the diameter of the outer quartz shell was changed,
which made it possible, along with a change in the electrode length,
to change the value of the working capacitance. Evaluation of
capacitances according to the cylindrical capacitor formula showed
that their values could be changed from 100 to 230 pF. A TGI1-
1000/25 thyratron and a TGU1-1000/25 tasitron were used as
swifches in the pump circuit.

The lasing characteristics of the described GDTs have been studied
depending on the pressure of fthe neon buffer gas, the pulse
repetition rate (PRR), and the pump power. The results showed that
the operating value of the buffer gas pressure is 20-30 Torr,
typical for this class of lasers. It should be noted that the PRF
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for copper vapor lasers with internal electrodes and a small volume
does not exceed 20 kHz. For our GDTs, the optimal frequency
values (according to the output power) were 55 kHz (V=83 cm’)
and 35 kHz (V=20 cm’). This may be due to the fact that in a
barrier discharge the energy input necessary for pumping (when
working with small storage capacitances) is achieved at higher
frequencies. At optimal pressures Ne and PRR, an increase in the
pump power to 12-13 kW for a GDT with a volume of 8.3 cm® made
it possible fo obtain a radiation power of 15 W. For a GDT with a
volume of 20 cm® and an excitation power of 17 kW, the output
power reached 2.6 W. In this case, with an increase in the pump
power, fthe output power increased linearly. The registration of
electrical pulses on the GDT showed that, as in capacitively pumped
metal halide vapor lasers, generation occurs during the charging of
electrode capacitances. The lasing pulse duration, as in standard
lasers, was 10—-20 ns.

Thus, based on the results obtained, we can conclude that a
capacitive discharge can be used to obfain practically significant
lasing power of pure mefal vapor lasers with a small active volume.
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HoBeie Memodbl co3daHus 2a30Beix akmubHbix cped
"MaHyenko A. H, Tapacexko B. ®.
Uncmumym cunbHomoyHou 37exkmpoHuky (O PAH, 634055, Poccus,
2. Tomck, np. Akademuyeckuu 2/3
email: ~alexei®loi.hceitsc.ru, vft@loihceitsc.ru

B Hacmoswee Bpems nasepbl Ha ocHobBe 2a3opa3psdHeix akmubHbix cped
Haxodsm  wupokoe npuMeHeHue npu npoBedeHuu uccnedobanul
B3aumodetcmbus  usnydeHus ¢ BewecmbBboM, B  MHO204UCAEHHBIX
MEeXHON02UYeCKUX NPUnoXeHusx, MeduuuHe, Buonozuu, Npu CuUHMEe3e
HoBbIx Mamepuanod u Modugpukauuu ux cboucmB®, pomocmumynupobaHus
pPa3nuUYHbIX XuMu4eckux npoueccob, B ¢omoduonozuu, domomeduuuHe,
m. 3. [1, 2]. No3amomy nouck HoBbix Memodod ¢opmupobaHus akmubHbix
cped Ha ocHoBe o8bemHbix pa3psdod C uenbl YAYHWEHUS NA3EepHbIX
napamMempob, nouck HoBeix pexumob padomsl  2a30Bbix  nasepob
ocmaemcs 4aKmMyanbHolu 3adaded, uMewwel Bonbwoe HAy4Hoe U
NPaKMUYECKOe 3Ha4eHue.

Llna  ¢opmupobaHus axkmubHbix cped Ha ocHobe caMocmosmensHbIX
pa3padob B 2a3ax Beicokozo dabneHus, kak npabuno, ucnonb3ywmcs
28HEpamopbl, 0CHOBAHHbIE HA EeMKOCMHbIX Hakonumensx 3Hepzuu (EH3),
komopble He Bcezda nosbonsiom peanuzobamb MakcuManbHbIE PEXUMbI
padombl na3sepob.

B Hawem doknade paccMompeHsl HoBble cnocodsl  popmupobaHus
o8beMHbIx pa3padodb uHdykmuBHLIMU HakonumensMu 3Hepzuu (MH3) [3]
U 2eHepamopaMu HC uMnynbcobB, npu ucnonb3oBaHuu  KOMOPbIX
duddysHas nnasma ¢popMupyemcs ydezawwuMu 3nekmpoHamu [4].

Mpu ucnonb3obaHuu UH3 onpedeneHsl ycnobus 3¢pdpekmubHol padombl
akmubHbeix cped Ha ocHobe cmeced SF, ¢ H, u D, nonyyeH
npedenbHeil knd HF(DF) - nasepob. Peanusoban pexum padomsl
3KCUNNEKCHbIX naszepob ¢ daumenbHOCMbI UMNYALCA U3AYYeHus 4o
500 Hc npu 3Hepauu u3y4veHus OGonee 1 0x u knd donee 1 %.
MonyveH pexuM 2eHepauuu NPsMOYz0ibHbIX YP-umnyascod wa CM -
B3I'Ig nepexode N, € nonHou daumenbHocmbio donee 50 HC u BbicokuM
knd. [lokasaHa Bo3MoXHOCMbL Ppa32py3ku HuxHezo ypobHs nepexoda
E3I'IU—B3I'I9. BbiHyxdeHHbIMU  nepexodamMu  nepbou  nonoxumenbHou
cucmeMsl B3I'Ig—A3Zu*, nosbonsowas  ybeausums  dnumenbHoCmb

usnyyeHua Ha A = 337,1 M 8o 100 Hc
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B akmuBHbix cpedax Ha ocHobe duddysHozo paspsda, opMupyemozo
® HeodHopodHOM 3nekmpu4eckoM none ydezdwWuUMU 3NEKMPOHAMU,
peanu3obanel npedensHble knd padomsl N, u HF nasepoB®, nonyyena
MakcuManbHaa 3¢dekmubrocms BYP F, nasepa. [lokasado, 4mo
dodabku BdydepHbix 2a300 npubodam k ybenuyenuw daumenbHocmu
UMNYnbCa U 3Hepz2uu u3ayveHus BYP nasepa Ha MonekynspHom
Bodopode.

MccnedobaHue BeinonHeHo npu ¢uHaHcobou noddepxke Munucmepcmba
Hayku u Bbicwezo odpasobanus Poccudckol Pedepauuu, CoznaweHue
N° 075-15-2021-1026 om 15.11.2021.
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New methods for obtaining gaseous active media
Panchenko A. N, Tarasenko V. F.
Institute of High Current Electronics SB RAS, 634055, Russia,
Tomsk, Academichesky Av, 2/3

Currently, lasers based on gas-discharge active media are widely
used in studies of the interaction of radiation with matter, in
numerous technological applications, medicine, biology, in the
synthesis of new materials and modification of their properties,
photostimulation of various chemical processes, in phofobiology,
photomedicine, etc. [1, 2]. Therefore, the search for new methods
for the formation of active media based on volume discharges in
order fo improve laser parameters, the search for new operating
modes of gas lasers remains an urgent task of great scientific and
practical importance.

As a rule, generators based on capacitive energy storage (CES) are
used for the formation of active media based on self-sustained
discharges in high-pressure gases, which do not always allow
realizing the maximum operating modes of lasers.

In our report, we consider new methods for the formation of volume
discharges by inductive energy storage (IES) [3] and generators of
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ns pulses, using which diffuse plasma is formed by runaway
electrons [4].

When using IES, fthe conditions for efficient operation of active
media based on mixtures of SF, with H, and D, were defermined, and
the ultimate efficiency of HF(DF) lasers was obtained. The mode of
operation of exciplex lasers with a radiation pulse duration of up
to 500 ns oufput over 1J and an efficiency over 1% has been
implemented. A mode of generation of rectangular UV pulses on the
(5M,-ByM, band of N, with a total duration of more than 50 ns and
a high efficiency has been obtained. The possibility of quenching the
lower level of the Cifl,-BjM, transition is shown. Forced transitions
of the first positive system Biyll,-AsL,’, which makes it possible to
increase the radiation duration at A = 337.1 nm up to 100 ns.

In active media based on a diffuse discharge formed in an
inhomogeneous electric field by runaway electrons, the ultimate
efficiency of N, and HF lasers has been realized, and the maximum
efficiency of the VUV F, laser has been obtained. It is shown that
the addition of buffer gases leads fo an increase in the pulse
duration and output energy of a VUV molecular hydrogen laser.

The study is funded by fthe Ministry of Science and Higher Education
of the Russian Federation within Agreement no. 075-15-2021-1026 of
November 15, 2021.
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Cnekmpbl U3AY4eHUst KceHoHa u apzoHa B odaacmu 120-800 HM npu
Bo3dyxdeHuu dudpdysHbiM cYdHAHOCEKYHBHLIM pa3psdoM
* Tapacenko B. @., MaHuerko A. H.
WHcmumym cunbHomoYHou 371ekmpoHuku (O PAH, 634055, Poccus,
2. Tomck, np. Akademuyeckui 2/3
email: ~ VFT@loi.hcei.tsc.ru, alexei®loi.hcei.tsc.ru

N3nyyeHue Bmopbix KoHMuHYyymod duMepob kceHoHa U QpP20HA WUPOKO
ucnonb3yemcs 0ns co3daHus UCMOYHUKOB cnoHmMaHHo20 u3ny4veHus B
BY® odnacmu cnekmpa, cM, Hanpumep, padomsl [1, 2] B wupokoMm
duana3oHe dabneHul usnyyeHue Bmopbix KOHMUHYyMoB uHepmHbix 2a30B
doMuHupyem npu  ¢opmupobaHuu duddysHozo paspsda  UMNYAbCAMU
HanpsxeHus cydHaHocekyHdHou GaumensHoCmu, onpedenss CNeKmpbl
KceHoHa U apzoHa [3, 4] Mpu 3moM, makxe pezucmpupyemcs
U3Ny4yeHue MPembUX KOHMUHYymod uHepmHbix 2a30B. KonmpazupobaHue
pa3pada npubodum k nosbaeHul WUPOKONOAOCHO20 PeKOMBUHAUUOHHO20
u3nyyeHus, uHmeHcuBHocmb komopozo Haudonbwas B npusnekmpodHol
odnacmu u u3 uckpobozo kaHana.

OdHako uMewmcs nydnukauuu, cM, Hanpumep, cmamblo (5], B komopsix
ymbepxdaemcs odpamHoe. [lpu Bo3dyx0eHuu KCeHOHA KOPOMKUMU
umMnynscamu  u  dopmupobaruu dudpdysHozo paspada coodwanocb O
HadnwdeHuu B  odnacmu  150..430 HM  MowHO20  nnaHkoBckozo
usnyyeHus, uHmeHcuBHocmb komopozo He 3aBucena om dabnenus
kceHoHa B duanasone 100..300 kPa u ybenuyubanack ¢ ymeHbweHueM
dnunbl  Bonuel.  U3nyveHue dumepob  kceHona abmopamu [5]  He
pezucmpupobanock.

B G0HHOM doknade npedcmabneHs dono/AHUMENbHble
3KCNepUMeHMAnbHble  pe3ynbmamsl N0 pezucmpauuu  cnekmpob
U3NYYEHUS KCEHOHA U apz2oHa npu cydHaHocekyHdHoM dudPysHOM
pa3psde B HeoGHOpPOGHOM 3/71eKMPUYECKOM None, POPMUPYEMOM 34 CHEM
ydezawwux 3nekmpoHob. Bo3dyxdeHuu UHEepMHbIX 20300
ocywecmBasnock uMnynbcamu HanpsxeHus daumensHocmbio 0,7 HC.
MpobedeHHble 3kcnepumeHmsl nodmbepduau, 4YmMoO NPU  UMNYAbLCHOM
dupodysHoM paspade cydHaHocekyHdHou daumenbHocmu  Bmopbie
KOHMUHYyMbl duMepoB kceHoHa u apzoHa dawm Haudonbwuu Bknad B
3Hepaulo u3ay4eHus. lpu 3moM, uHmeHcubHocmb u3nyy4eHus Bmopozo
kKoHmuHyymMa bospacmana ¢ pocmoM dabneHus.
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CyumaeMm, 4mo npu u3MepeHuax napamempoB usnyyveHus B BYP
odnacmu cnekmpa abmopsl [5] He yynu BausHue duHaMuyeckozo moka
CMeweHus Ha nuH-0uod. 3mo npubeno k pezucmpauuu KOpOMKO20
cuzHana, daumenbHoCmb U amMnaumyda komopozo He 3abucenu om
dabneHus kceHoHa.

WUccnedobaHue BeinonHeHo npu ¢uHaHcoBol noddepxke Munucmepcmba
Hayku u Bbicwezo odpasobanus Poccuuckol Pedepauuu, Coznawenue
N° 075-15-2021-1026 om 15.11.2021.
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Emission spectra of xenon and argon in the range 120-800 nm upon
excitation by a diffuse subnanosecond discharge
" Tarasenko V.F, Panchenko AN.
Institute of High Current Electronics SB RAS, 634055, Russia,
Tomsk, Academichesky Av., 2/3

The radiation of the second continua of xenon and argon dimers is
widely used to create sources of spontaneous emission in the VUV
region of the spectrum, see, for example, [1, 2]. In a wide range of
pressures, fthe radiation of the second contfinua of inert gases
dominates during the formation of a diffuse discharge by voltage
pulses of subnanosecond durafion, defermining the spectra of xenon
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and argon [3, 4] At the same time, the radiation of the third
confinua of inert gases is also recorded. The confraction of the
discharge leads fo the appearance of broadband recombination
radiation, fthe intensity of which is highest in the near-electrode
region and from the spark channel.

However, there are publications, see, for example, the article [5],
which state the opposite. When xenon was excited by short pulses
and a diffuse discharge was formed, it was reporfed that powerful
Planck radiation was observed in the region of 150..430 nm, the
intensity of which did not depend on the xenon pressure in fthe
range of 100..300 kPa and increased with decreasing wavelength.
The radiation of xenon dimers was not recorded by fthe
authors of [S].

This report presents the results of verification experiments on the
emission spectra of xenon and argon during a subnanosecond
diffuse discharge in an inhomogeneous electric field formed by
runaway electrons. Inert gases were excited by a voltage pulses
with a duration of 0.7 ns.

The experiments carried out confirmed that, in the case of a
subnanosecond pulsed diffuse discharge, the second confinuums of
xenon and argon dimers make the largest confribution to the
radiation energy. In this case, the radiation intensity of the second
confinuum increased with increasing pressure.

We believe that when measuring the radiation parameters in the
VUV region of the spectrum, the authors of [5] did not take into
account fthe effect of the dynamic bias current on the pin diode.
This led fo the registration of a short signal, the duration and
amplitude of which did not depend on the xenon pressure.

The study is funded by fthe Ministry of Science and Higher Education
of the Russian Federation within Agreement no. 075-15-2021-1026 of
November 15, 2021.
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BonokoHHo-onmuyeckud pedpakmoMempuyeckul cnocod duazHocmuku
kadecmbBa npospayHbix xudkocmed
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Llenb padomel - paspadomka BonokoHHO-oNMuUYeCKo20
pedpakmoMempuyeckozo0 cnocoda usMepeHus dns  duazHoOCMuKu
kayecmBa npo3payHeix dna Budumozo u WUK-usnyveHus xudKOCMHbIX
cped, B nepbyw o4vepedb, B cucmemax xusHeodecneveHus.

Ka4ecmbo npupodHbiX U MexHO2eHHbIX XuGkocmeld MOXHO onpedensimb
N0 U3MEeHEHUKW UX KO3dpPuuUeHMA NPeNOMAEHUS NPU PACNONOXEHUU
xudkocmu B npo3payHol Mukpompydke, pacnonoxeHHoU B paspeibe
BonokoHHo-onmuYeckozo mpakma [1].

MpednazaeMbll  cnocod  u3MepeHUSs  NOKA3amens  NPenoMAeHUSs
xudkocmu nosbonsem cHU3uMb UHCMpYMeHmManbHYyw cocmabnswwyio
nozpewHocmu B3aumodelcmbus usMepumenbHozo npeodpasobamens c
xudkocmbi (komopol mpedyemcs Manoe konudecmbo dns pasMeweHus
B Mukpompydke), a makxe Memoduyeckyw cocmabaswwyw 3a cyem
npocmomsl peanusauuu cnocoda u3MepeHus; npoBodumb 3Kcnpecc-
usMepeHus napamempod xudkocmu B meyenue 5..20 c.

bnazodapHocmu

Padoma BbinonHeHa npu noddepxke PH® zpanm N° 23-29-10017

Cnucok numepamypbl

1 badeeba E. A, Badeeb B. A, MypawkuHa T. W. u dp. MNMameHm Ha
usodpemeHue 2796797 Po, BonokoHHo-onmuyeckud cnocod
onpedeneHus ko3d¢uuueHma npenoMneHus npospayHozo Bewecmba u
peanusywwuld ez2o BonokoHHo-onmuyeckul PpedpakmoMempuyeckul
usMepumensHbll npeodpasobamens. Onydn. 29.05.2023

2 MypawkuHa T. U, Badeeba E. A. BonokoHHo-onmuyeckue Npudopbl U
cucmeMbl: HayyHele paspadomku HTL “HaHomexHonozuu B0n0KOHHO-
onmuyeckux cucmeM”’ [leH3eHckozo z2ocydapcmbenHozo yHubepcumema
4 | / CNs.: MonumexHuka, 2018. 187 ¢. — ¢. 68
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Fiber-optic refractometric method for diagnosing the quality of
fransparent liquids
* Murashkina T. |, Badeev V. A, Aksenov A. M.
Penza State University, 40 Krasnaya str, Penza, 440026, Russia

The aim of the work is fo develop a fiber-optic refractometric
measurement method for diagnosing fthe quality of liguid media
transparent to visible and IR radiation, primarily in life support
systems.

The quality of natural and man-made liquids can be determined by
the change in their refractive index when the liquid is located in a
transparent microtubule located in the gap of the fiber-optic path
(1.

The proposed method for measuring the refractive index of a liquid
allows to reduce the instrumental component of the error of the
interaction of the measuring transducer with a liquid (which requires
a small amount to be placed in a microtubule), as well as the
methodological component due to the simplicity of the measurement
method; to carry out express measurements of liquid parameters
for 5 .20 s.

Thanks

The work was carried out with the support of the RNF grant No.
23-29-10017
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Ucnone3obanue nonynpobodHukobeix nasepob B nonspusauuoHHo—
onmuyeckoM Memode onpedesneHus codepxaHus 2nymamuHoBol Kuc/ombl
u eé coned B pacmbopax
Kyuenko C. A.

Bonzozpadckuu eocydapcmberrsit yHubepcumem
400062, Poccus, 2. Boszozpad, Yrubepcumemckuu npocnexkm 100
email: svetlana_kutsenko®@volsu.ru

['nymamuHoBas kucnoma u npenapambl Ha eeé ocHoBe wupoko
npumMensiomcs B ¢papmakonozuu, MeduuuHe, nuuebod NPOMbIWAEHHOCMU.
Hanuque u konudecmbeHHoe codepxaHue AMUHOKUCAOM  O8bIYHO
onpedenswom mMemodamu Xxpomamozpaguy, mumpoBaHus (11,
cnekmpockonuu. B davHoU paBome npedcmabneH Memod, ocHobBaHHbIG
Ha 3aBbucumocmu noBopoma naAockocmMu  NOASPU3AUUU  NO3EPHO20
usnyyeHus, npowedwezo 4yepe3z pacmbop om ezo0 koHueHmpauuu. B
ka4yecmbe UCMOYHUKOB u3nyyeHus ucnonb3obanuck
nonynpobodHukoBeie nasepel ¢ dnuHamu Boan 650 HM, 532 HM U
405 WM. [lonyyeHHble nuHelUHble  3aBucumocmu  yznob  nobopoma
NAOCKOCMU NOASPU3AUUU OM KoHueHmpauuu pacmbopob nosbonswm
ucnonb3oBamb ux 8ns onpedeneHus konuvecmbeHnHo20 codepxaHus
aMmuHokucnomsl. [lokasaHo, 4mo 4yBcmbumensHocms Memoda 3abucum
om dauHbl BoAHb U3Ay4eHus u kucnomHocmu pacmBopo®. HaumeHbwyio
koHueHmpauuw 0,04 % znymamuHobou kucnomsl u 0,8 % z2aymamama
Hampus  ydanocb onpedenumb Npu  ucnonb3oBaHuu  NA3epHo20
usny4veHus Ha 0nuHe BonHbl 405 wmM B BodHoM pacmbope ¢ PH = 7.
IkcnepuMeHmManbHbLIe Pesynbmambl XOpPoWo cozadcylmcs € daHHbIMU
kbaHmoBoxuMuyeckux pac4emod XapaKmepucmuk onmuyeckou
akmuBHocmu uccnedyeMbix Beuwecmd [2].

Cnucok numepamypbl

1. TocydapcmbeHHas ¢apmakones Pocculckol  Pedepauuu.  XIV
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(ICONO 2013). Moscow, Russia, June 17-23, 2013, ITuQ@23.
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The use of semiconductor laosers in the polarization-optical method
for determining the content of glutamic acid and its salts in
solutions
Kutsenko S. A.

Volgograd State University
400062, Russia, Volgograd, University Avenue 100

Glutamic acid and preparations based on it are widely used in
pharmacology, medicine, and the food industry. The presence and
guantitative conftent of amino acids are usually determined by
chromatography, titration [1], and spectroscopy. The method, based
on the dependence of the rofafion of the plane of polarization of
laser radiation passing through a solution on ifs concentration is
presenfed in this paper. Semiconductor lasers with wavelengfths of
650 nm, 532 nm, and 405 nm were used as radiation sources. The
obtained linear dependences of the angles of rotafion of fthe
polarization plane on the concentration of solutions make it
possible to use them to determine the quantitative content of the
amino acid. It is shown that the sensitivity of the mefthod depends
on the wavelength of the radiation and the acidity of the solutions.
The lowest concentration of 0.04 % glutamic acid and 0.8 %
monosodium glutamate was determined using laser radiation at a
wavelength of 405 nm in an aqueous solution with PH = 7. The
experimental results are in good agreement with the data of
guanftum chemical calculations of the characteristics of the optical
activity of the studied substances [2].
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OcodenHocmu padombl demekmopa 08uHOYHbIX ¢pomoHob Ha ycmaHobke
EMQOS 1.0, conpsixenHou ¢ AD/C
'Buxgc A. B, KazaHueb C. 10, Kasueba T. B, Myenkuna H. B.
Mockobckuu mexHuyeckuu yHubepcumem 63U U UHPOPMAMUKU,
1711024, Poccus, 2. Mockba, yn. Abuamomopras 8a
email: ~a.v.bahus@mtuciru, s.ikazantsev@mtuci.ru,
t.v.kazieva@mtuci.ru, n.v.pchelkina@mtuci.ru

PaHee @8bina nokasaHa nepcnekmuBHocmb ModynbHoz0 nodxoda K
co3daHuUl cucmeM amMocdepHol onmuyeckol cBA3u, 3aWUWEHHOU no
mexHonozuu KPK Ha ocHobe npumeHeHus cepuuHozo odopydoBaHusg,
BoinyckaeMbix poccudckumMu dupmamu [1]. Wccnedobanus [2] Beisbunu
HeodxoduMocmb dopadomku cepulHbix mepMuHanodb AO/C, nocne 4ezo
B [3] dbina npodemoHcmpupobaHa ycnewHas peanusauus KPK wa
Hay4yHo-odpa3zobamencHoM komnnekce EMAQOS 10 & memHoe Bpems
cymok. B Hacmosweu  padome  npedcmabneHsl  pe3ynbmambl
uccnedoBbaHul  3¢dekmubHocmu U vacmomsl  meMHobBbix  omyemob
demekmopa oduHo4Hbix ¢omoHo® HOK EMQOS 1.0. noBkawyeHHoMy k
mepMmuHanaMm  AOAC, aWanozuuwo [3] npu  pasHod ocBewenHocmu
mepMuHana. MokasaHo, 4ymo ycmaHobka ~ dononHumensHo20
cnekmpanbHoz0 ¢unbmpa no3bonsem ycmpaHumb decmpykmuBHoe
BausHue BHewHel ¢oHobol 3acbemku Ha padomy kBaHmoBol
ammocpepHol cbsasu.
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1. boeb A. A  u dp. BosMoxHocmb nocmpoeHus Mody/nbHOU CUCMEMbI
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2. Bolotov D. V. et al. A Method for Estimating Losses in a
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Wave Electronics and ifs Application in Information and
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3. Bolotov D. V. et al. Modular Facility of Quanfum Key Distribution
in a Free Space //2023 Wave Electronics and its Application in
Information and Telecommunication Systems (WECONF). — IEEE, 2023.
— pp. 1-5.doi: 10.1109/ WECONF57201.2023.10148017.
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The feafures of the single photon detector on the EMQOS 1.0
platform, connected with the AOCL
Bahus A. V., Kazantsev S. Yu, Kazieva T. V., Pchelkina N. V.
Moscow Technical University of Communications and
Informatics, 1711024, Russia, Moscow, str. Aviamotornaya 8a

The previous research has shown fthe potential of a modular
approach fo creafting atmospheric opfical communication systems
protected by quantum key distribution (QKD) technology using serial
equipment produced by Russian companies [1]. Studies [2] have
idenfified the need for modifications fo the serial terminals of
atmospheric  optfical communication lines (AOCL), after which
successful implementation of QKD was demonstrated on the EMQOS
10 scientific and educational complex during nighttime [3]. This
paper presents the results of efficiency and dark count rate of the
single-photon detector on the EMQOS 10 sefup connected to AOCL
terminals, similar to [3], under different terminal illuminations. It is
shown that installing an additional spectral filter allows for fthe
elimination of fhe destructive influence of exfternal background
illumination on the operation of quantum atmospheric communication.
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KbanuMempuyeckud aHanu3 mendeHuud pa3bumus kBaHmoBeix
mexHono2ud
“3omoba A. M, Kazanueb C. 10, Muenkuna H. B.
Mockobckuu mexHuyeckuu yHubepcumem cBa3u U UHPOPMAMUKL,
1711024, Poccus, 2. Mockba, yn. Abuamomopras 8a
email: ~ zotovaam2015@mail.ru, s.ikazantsev@mtuci.ru,
n.v.pchelkina@mtuci.ru

[pozpecc B kbanmoBbix mexHonozusx okasesibawm 3Ha4umenbHoe
BausHue Ha pasbumue pasauyHelx  odnacmed HAYKU U MEXHUKU,
nosmomy nnaHupobaHue u onmuManbHozo pacnpedeneHue uHBecmuuul
B smu mexHonozuu upesbbiyalHo Baxwbl [1]. Mpedcmabned aHanus
meHdeHuud pa3bumus kBanmobBbix mexHonozul, komopbie paszdensnuck
Ha mpu ocHoBHbie o0dnacmu: kbBanmobas ceHcopuka, kBaHmoBbie
KOMMYHuUKkauuu u kBanmobeie koMnblomepsl. MokasaHo, Ymo, ucnonb3ys
daHHble HaykoMempuyeckux 8a3 u Memoduku, onucaHHsie B [2, 3],
MOXHO KkavecmbeHHO oueHumb cmeneHb 2omoBHOoCMU MexHoNo2uy,
npobecmu cpabHumenbHbil aHanu3 meHBeHuUU pa3Bumus pasnuYHbLIX
mexHonozu4eckux HanpabneHul, a makxe Bbisbumb ocHobHble MoYku
pocma mexHonozuu, 4mo no3bonsem Bonee 3dppekmubHo ynpabasmb
pecypcamu dna docmuxeHuss nocmabneHHou uenu. [lpednoxeHHbid B
padome nodxod ©dydem noneseH B cpepe oOpasobaHus npu
pacnpedeneHuu cmydeHmo® u acnupasmo® no  cneuuanbHOCMSAM,
coombemcmbywowumM pasHbiM HanpabaeHusM kBanmoBeix mexHonozul.
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[MepeBodHaaHzaulckul
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Qualimetric analysis of trends in the quantum technologies
Zotova A. M, Kazantsev S. Y., Pchelkina N. V.
Moscow Technical University of Communications and Informatics,
1711024, Russia, Moscow, str. Aviamotornaya 8a

Progress in guanfum technologies has a significant impact on fhe
development of various fields of science and technology, so planning
and opfimal distribution of investments in these fechnologies is
extremely important [1]. Using the methods of qualimetry, the
report presents an analysis of the frends in the development of
quantum technologies, which, according to [1], were divided into
three main areas: quanfum sensors, quanfum communications, and
guanfum computers. It is shown that, using the data of
scientometric databases and the methods described in [2, 3], it is
possible to qualitatively assess the degree of readiness, conduct a
comparafive analysis of development trends of various fechnologies,
and also identify the main points of technology growth, which allows
more efficient management of resources to achieve the set goals.
goals. The approach proposed in the paper will be useful in the
field of education in the distribution of students and graduate
studenfs in specialties corresponding to different areas of quantum
technologies.
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JkcnepuMenmansHoe uccnedobaHue BausHus keppobBckol HenuHelHocmu
BonokoHHozo cbemoboda Ha cnekmpanbHbie xapakmepucmuku
ONMUYBCK020 U3AYYeHUs
Andpeeb [. M.

Cankm-lTemepoypzckud nosumexHuyeckuu yHubepcumem [llempa
Benuxozo, Lankm-[lemepoype,
e-mail: andreev.dp@edu.spbstu.ru

3JkcnepumMeHmanbHo uccnedoban 3dppekm keppobckou HenuHeuHocmu
BonokoHHozo cbemoboda u BosmoxHocmb ezo0 ucnonb3oBanua dns
nony4eHus WUPOKONO/NOCHO20 UCMOYHUKAU3NY4YEeHUS. Qnsa
uccnedoBaHus ucnonb3obanuck cmaHdapmHele KOMNOHEHMbI:
odHomodobeit  nazep dna  DWDM-cucmem, 3pduebuil  ycunumens,
cmaHdapmubil 0dHoModobeil  BonokoHHbIL  cBemobBod. Pesynbmamebl
uccnedobaHus xopowo coznacywmes € PACYEMHBLIMU 3HAYEHUSAMU.
Jpdpekm keppobckol HenuHeUHocmu ucnonb3yemcs dna nobbiweHus
UHPOpMAuUoOHHOU eMkocmu B0/NOKOHHO-ONMUYeCKUX AuHUU nepeda4yu
GaHHbIX, 8 co3daHus  ycmpoucmb®  domoHuku € 3adaHHLIMU
napamempamu [1-5]. B 4acmHocmu, ¢ ucnonb3oBaHueM HenuHedHbIX
cbolcmb  BonokoHHbix  cbemobodo®  Mozym  dbimb  NOAYYEHBI
WUPOKONO/AOCHBIE UCMOYHUKU Uu3AyyeHus, B moM 4ucne zeHepamopsl
denozo cbema. Uenbw uccnedobaHurw Bbina npobepka Bo3moxHocmu
HadnwdeHus 3¢pekma ywupeHus onmuveckozo cnekmpa BcnedcmbBue
keppobckol HenuHeUHocmu BonokoHHO20 cbemoboda npu
ucnonb3obaHuu cmaHdapmHbeiX KoMNoHeHMoB.

Llna 3kcnepumeHmansHozo HadnwdeHus ucnonb3obanack ycmaHobka,
Bk nyawwas Na3epHbIU UCMOYHUK, Y3KONO/NOCHBIU ounsmp,
onmuyeckudEr-ycunumens, cmaHdapmHell 08HoM0QoBbIU  BoNOKOHHLIU
cbemobod dnuHou 50 kM, aHanuzamop onmuyeckozo cnekmpa.Padoyas
dnuHa BonHel nasepa 1546,12 vM. MNMapamempsbl BonokoHHozo cbemoboda:
xpomamuyeckas ducnepcus 17 nc/HM/ kM, Ko3puUUUEHM Keppobckou
Henunednocmu 1,2 Bmkm™ nomepu 0,2 96/ kM. 3pduebbil ycunumens
odecneyuban B BonokoHHomM cBemoBode onmuyeckyw MowHOCMb
24 8BbM. YwupeHue cnekmpacoombemcmbobano pacyemHomy 3HA4eHUl.
[lpoBedenHble uccnedobaHus nokasanu, Ymo dna docmuxeHus donbwel
WupuHbl cnekmpa Ha Beixode BonokoHwHozo cBemoBoda  HYxHO
ucnonb3obamb nasep ¢ yskum cnekmpoM dna BBoda usnyyenus. [ns
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noBbiweHus 3dppexkmubHocmu Mozym ucnonb30BambCi Y3KONOAOCHLIE
dunbLMPbLI.

Takum odpasoMm npodeMoHcmpupoBaHa  Bo3MoxHOCMb  YwupeHus
cnekmpa onmu4yeckozo cuzHana B BonokowHoMm cBemoBode npu
ucnonb3obaHuu cmaHdapmHbix KoMnoneHmob. [lns ycuneHus 3dpdexkma
Moxem ucnonb3obambcs  BonokowHell cBemoBod co  cMeweHHOU
(ymeHbweHHOU) ducnepcued.
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Experimental study of the effect of the Kerr nonlinearity of a fiber
fiber on the spectral characteristics of optical radiation
Andreev D. P.

Peter the Great St Petersburg Polytechnic University
St. Petersburg

The effect of the Kerr nonlinearity of a fiber fiber and the
possibility of its use fo obtain a broadband radiation source have
been experimentally investigated. Standard componenfs were used
for the study: a single-mode laser for DWDOM systems, an erbium
amplifier, and a standard single-mode fiber light guide. The results
of the study are in good agreement with the calculated values.

The Kerr nonlinearity effect is used to increase the information
capacity of fiber-optic data fransmission lines, to create photonics
devices with specified parameters[1-5]. In particular, broadband
radiation sources, including white light generators, can be obtained
using the nonlinear properties of fiber light guides. The aim of the
study was fo fest the possibility of observing fhe effect of
broadening fthe optical spectrum due to the Kerr nonlinearity of fthe
fiber fiber when using standard components.

For experimental observation, an insfallation was used, including a
laser source, a narrow-band filter, an optical signal amplifier, a
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standard single-mode fiber fiber with a length of 50 km, and an
optical spectrum analyzer.The working wavelength of fhe laser is
154612 nm. Fiber fiber parameters: chromatic dispersion 17
ps/nm/km, Kerr nonlinearity coefficient 1.2 W-1km-1 loss 0.2 dB/km.
The erbium amplifier provided an opfical power of 24 dBm in fthe
fiber light guide. The broadening of the spectrum corresponded fo
the calculated value.The conducted studies have shown that in
order to achieve a larger spectrum width at the output of the fiber
fiber, it is necessary fo use a laser with a narrow spectrum for
the input of radiation. Narrowband filters can be used to increase
efficiency.

Thus, the possibility of broadening the spectrum of an optical signal
in a fiber optic fiber using standard components is demonsfrated.To
enhance the effect, a fiber light guide with offset (reduced)
dispersion can be used.
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MHo20B0nHOBLID pexuM zeHepauuu UCHHO20 AA3epa HA MPodHod cMecu
napob MblwbAKA € 2eAueM U HEOHOM
NBanob W. T.
WOxnbiu pedepansHeiu yHubepcumem, 344090, Poccus,
2. Pocmob-+Ha-Lony, ys P. Jopze 5
email: ig.ivanov@mail.ru

Pavee Hamu ¢ uenbw ybenuyenus Hadopa dnud BonH nasepob Ha
uoHHbIXx nepexodax Tl, Cu, Ag u Te dbino npednoxeHo ucnonb3obamb
0ByxkoMnoHeHmHbId  BydepHbil 2a3 — cMecs =2eaus U Heowa [1].
Mcnonb3obanue makozo dydepHozo zasa dns Hakadyku napob mMemanna
® nnasMe ompuuamensHozo cbBeveHus paspsda € NoaAbIM  kamodoM
(OCPMK) nosbonuno oBecnequmb odHoBpeMeHHYw Hakayky donbwezo,
no cpabHeHulw c 0OHOKOMNOHEHMHbIMU BUdepHbIMU 2030MU, 4ucAa
UOHHbIX KBaHmoBbix nepexodob 3mux Memanno® 8e3 ycnoxHeHus
KOHCMpYKUUU nasepa. 3mom 3¢dekm odbAcHAaemcs meM, 4ymo B
UOHHOM 3HEp2emu4YecKoM CNeKmMpe Hekomopbix Memannob, kK KomopbiM
u omHocsmea Tl, Cu, Ag u Te, umernmcs dbe zpynnbl 3HEpP2emMUYECKUX
ypobHeld u kBaHmoBeix nepexodoB. YpobHu u nepexodsl nepbBoul
2pynnel 3¢ dpekmubHo 3acenswmcs nepesapsadkod padoyux amomob Ha
uoHax zenus, a ypoBHu u nepexodel Bmopol z2pynnbl — nepe3apsdkol
HG uoHax Heowa [1,2].

Llenb  daHHolU  padomsl  cocmosna B  aHwanuse  BosMoxHocmu
odHoBpeMeHHOU HOKAYKU UOHHbIX KBaHmoBbix ypobHel u nasepHbIx
nepexodod ewe odHozo BewecmbBa, napod Mblwbska, B nnasme OCPIIK
& dbyxkoMnoHeHmHOM OdydepHOM 2a3e CMeCU — 2e/Uf U HeoHa.
Okasanock, 4mo B makom pexume paspsda Bo3moxHa odHobpemeHHas
2eHepauus Ha nepexodax B cuHed 4acmu cnekmpa ¢ A = 455,06 HM
(nepexod 5d °F, =5p°D, As®) u A = 459,28 um (nepexod 5d °F; —5p D,
As®), u B 3enénol yacmu cnekmpa ¢ A =5 07,82 uM (nepexod 5d°F,—
5p°D; As’) 3a c4ém Haka4ku nepe3apadkod amoMoB MblwbAKa C
zenueM (peakuus B nnasme: He'+As;—He,+As*™), a makxe — B
KpacHold w4acmu cnekmpa ¢ A = 602,48 uM (nepexod Ls’Lp5p 'P—
Ls?4p5s°PyAs*) 3a c4ém Hakayku nepe3apsadkod ¢ HeoHoM (peakuus B
nnasMe Ne'+As;—Ney+As**). B pesynbmame nasep Ha cmMecu He-Ne-As
¢ Hakaykolu B OCPMK cmaHobumcs ucmo4HukoM odHoBpeMeHHO20
usnyyeHus mpex da3obbix ubemob: cuHezo, 3enE€HO20 U KpacHozo.
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Teopemuyeckul aHanus npoueccob Haka4yku Yemelpex —Na3epHbIX
nepexodob As* B nnasmMe OCPMK BbinonHsancs ¢ ucnonb3obaHueM
Modenu, onucaHHol B [2]. Pesynsmamsl pacyemob danu BosMoxHocms
onmumusupobams napamempsl paspada, a makxe npozHo3upobamb
3HOYEHUS 3Hepzemu4yeckux xapakmepucmuk He-Ne-As nasepa.

Takum odpasoM, ucnonb3obaHue dByxkoMnoHeHmHozo OydpepHozo 2a3a
B nasepe Ha napax Mblwbska no3Bonuno odecnequmb pexuM ez0
padombl Ha donbweM 4Yucne OauH BonH ¢ mpexubemHbiM Bbix0dHLIM
U3NYyYeHueM.
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Multiwave mode of ion laser action on a triple mixture of arsenic
vapors with helium and neon
Ivanov I. G.
Southern Federal University, 344090, Russiaq,
Rostov-on-DOon, R. Sorge sfr. 5

Previously, in order fo increase the set of wavelengths of lasers
at T, Cu, Ag and Te ion transitions, it was proposed fo use a two-
component buffer gas-mixture of helium and neon [1]. The use of
such a buffer gas to pump metal vapors in the plasma of negative
glow of the hollow cathode discharge (NGHCD) made it possible to
simultaneously pumping a larger number of ion quanfum fransitions
of fhese metals compared to single-component buffer gases without
complicating the laser design. This effect is explained by the fact
that in the ionic energy spectrum of some metfals, which include Tl,
Cu, Ag and Te, there are two groups of energy levels and quantum
transitions. The levels and transitions of the first group are
effectively populated by charge fransfer reaction befween fthe
working atoms and helium ions, and the levels and transitions of
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the second group are effectively populated by charge fransfer
reaction with neon ions [1, 2].

The purpose of this work was to analyze the possibility of
simultaneous pumping of ion quantum levels and laser fransitions of
another substance, arsenic vapors, in the NGHCD plasma in a two-
component buffer gas-mixture of helium and neon. It turned out
that in this discharge mode, simultaneous generatfion is possible at
transitions in the blue part of fthe spectrum with A = 455,06 nm
(transition 5d °F, -5p°0, As*) and A = 459,28 nm (transition 5d °F, -
5p D, As’), and in the green part of the spectrum with
A = 507,82 nm (transition 5d°F,-5p°D; As®) due to charge transfer
pumping of the As aftoms colliding with helium ions (reaction in
plasma: He'+As,—»He,+As™™), as well as in the red part of the
spectrum with A = 602,48 nm (transition 4s’4p 5p 'P,-4s?4p 5s P,
As') due to charge transfer pumping of the As atoms colliding with
neon ions (reaction in plasma: Ne'+As;—Ney+As**). As a result, a
laser on a mixture of He-Ne-As with pumping in the NGHCD becomes
a source of simultaneous emitting of three basic colors: blue, green
and red.

Theoretical analysis of the pumping processes of the four As* laser
transitions in the NGHCD plasma was performed using the model
described in [2]. The results of the calculations made it possible to
optimize the discharge parameters, as well as predict the values of
the energy characteristics of the He-Ne-As laser.

Thus, the use of a two-component buffer gas in an arsenic vapor
laser made it possible to ensure ifs operation at a larger number
of wavelengths with three-color output radiation.
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BonokoHHo-onmuyeckud pedpakmoMempuyeckul cnocod duazHocmuku
kadecmbBa npospayHbix xudkocmed
"Mypawkuna T. U, Badeed B. A, AkceHoB A. M.
llerseHckuu zocydapcmbennsiu yHubepcumem, 440026, Poccus,
2. llensa, ys KpacHas 40
email: "timurashkina@mail.ry, vladbadeevi4 464 @gmail.com,
sandroaksyonov@gmail.com

Llenb padomel - paspadomka BonokoHHO-oNMuUYeCKo20
pedpakmoMempuyeckozo0 cnocoda usMepeHus dns  duazHoOCMuKu
kayecmBa npo3payHeix dna Budumozo u WUK-usnyveHus xudKOCMHbIX
cped, B nepbyw o4vepedb, B cucmemax xusHeodecneveHus.

Ka4ecmbo npupodHbiX U MexHO2eHHbIX XuGkocmeld MOXHO onpedensimb
N0 U3MEeHEHUKW UX KO3dpPuuUeHMA NPeNOMAEHUS NPU PACNONOXEHUU
xudkocmu B npo3payHol Mukpompydke, pacnonoxeHHoU B paspeibe
BonokoHHo-onmuYeckozo mpakma [1].

MpednazaeMbll  cnocod  u3MepeHUSs  NOKA3amens  NPenoMAeHUSs
xudkocmu nosbonsem cHU3uMb UHCMpYMeHmManbHYyw cocmabnswwyio
nozpewHocmu B3aumodelcmbus usMepumenbHozo npeodpasobamens c
xudkocmbi (komopol mpedyemcs Manoe konudecmbo dns pasMeweHus
B Mukpompydke), a makxe Memoduyeckyw cocmabaswwyw 3a cyem
npocmomsl peanusauuu cnocoda u3MepeHus; npoBodumb 3Kcnpecc-
usMepeHus napamempod xudkocmu B meyenue 5..20 c.

bnazodapHocmu

Padoma BbinonHeHa npu noddepxke PH® zpanm N° 23-29-10017

Cnucok numepamypbl

1 Badeeba E.A, Badeeb B.A, MypawkuHa TMWM. u dp. lMamewm Ha
usodpemeHue 2796797 Po, BonokoHHo-onmuyeckud cnocod
onpedeneHus ko3d¢uuueHma npenoMneHus npospayHozo Bewecmba u
peanusywwuld ez2o BonokoHHo-onmuyeckul PpedpakmoMempuyeckul
usMepumensHbll npeodpaszobamens . Onyda. 29.05.2023

2 MypawkuHa T. U, Badeeba E. A. BonokoHHo-onmuyeckue Npudopbl U
cucmeMbl: HayyHele paspadomku HTL “HaHomexHonozuu B0n0KOHHO-
onmuyeckux cucmeM” [leH3eHckozo z2ocydapcmbenHozo yHubepcumema
Y. /EI'IB; MonumexHuka, 2018. 187 c. c. 68
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Fiber-optic refractometric method for diagnosing the quality of
fransparent liquids
* Murashkina T. |, Badeev V. A, Aksenov A. M.
Penza State University, 40 Krasnaya str, Penza, 440026, Russia

The aim of the work is fo develop a fiber-optic refractometric
measurement method for diagnosing fthe quality of liguid media
transparent to visible and IR radiation, primarily in life support
systems.

The quality of natural and man-made liquids can be determined by
the change in their refractive index when the liquid is located in a
transparent microtubule located in the gap of the fiber-optic path
(1.

The proposed method for measuring the refractive index of a liquid
allows to reduce the instrumental component of the error of the
interaction of the measuring transducer with a liquid (which requires
a small amount to be placed in a microtubule), as well as the
methodological component due to the simplicity of the measurement
method; to carry out express measurements of liquid parameters
for 5 .20 s.

Thanks

The work was carried out with the support of the RNF grant No.
23-29-10017
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Memponozuyeckas Modens BonokoHHo-onmuyeckozo damyuka dabneHus
A3blKA HA HEDO aMMEHI0aMOpHO-O0MpAXamenbHO20 muna

" badeeba E. A, 'Mypawkuna T. W, "Mapwukoba T. B. 'badeed B. A,

2Bacunsed 0. A, MnomHukoba E. 10, 2 Moxomaperko T. B.
" Mensenckud zocydapcmbBernsii yHubepcumem, 440026, Poccus,
2. llensa, ys. KpacHas 40
2 Kydanckui zocydapcmbernsii mMeduuuHckud yHubepcumem, 440026,
Poccus, 350063, 2. KpacHodap, ysr. um. MLeduHa 4
email: ~badeeva_elena®@mail.ru, timurashkina@mail.ru,
ms.parshikova01@mail.ru, vladbadeev4Li6L@gmail.com,
yurii-59@mail.ru

MpuBedeHsl  pesynbmamsl  MeMPON02U4ECKO20  AHANU3ABONOKOHHO-
onmuyeckozo  damyuka dabnenus  (BOANl) A3ska Ha  HEDo
amMEeHKAMOPHO-0MPaXamenbH020 MUNA HA ocHoBaHUU pa3padomaHHbIX
KoHCmpykmuBHoU ~ cmpykmypHoU U QUHKUUOHAALHOU  CXEM U
cmpykmypHolu Memponozuyeckol Modenu. OnpedeneHsl Bo3MoxHbie
UCMOYHUKU nozpewHocmed u 0aHbl pekoMeHOQuuu NO UX CHUXEHU.
OcHobHble uCmOYHUKU nNoz2pewHocmed : HEMOYHOCMb  tcmupobku
nodbodswux u ombBodawux onmuyeckux BONOKOH OMHOCUMENBLHO
UCMOYHUKG U npueMHukob u3ny4eHus, ammeHwamopa, U3MeHeHue
cBemonponyckaHus cbemoBozo nomoka npu  u3zudax ONMUYECKUX
BonokoH. Yacmb nozpewHocmel Moxem dbimb cHuxeHa B npouecce
cdopku damyuka moyHoU tcmupoBbkol 3nemMeHmob  koHcmpykuuu
damyuka. MHozue nNOzpeWHOCMU HOCAM cucmeMamu4yeckul xapakmep,
nosmoMy Mo2ym Odbimb yymeHsl Npu odpadomke cuzHanob. Yacmb
nozpewHocmed YMeHbwaemcs Npu  peanusauuu  dbyxkaHanbHo20
nozoMempuyeckozo npeodpasobaHus cuzHanob.

bnazodapHocmu

Padoma BuinonHena npu noddepxke PH® u KH® zpawm 22-15-20069

Cnucok numepamypbl

1. bBpocmunoba T.10, bBpocmunob C. A, Mypawkuwa T. W,
badeeba E. A, lopsived H. B. Memponozuyeckas Modenb
du¢depeHuuansHozo  BOAQ ¢ ompaxamenbHsM  QMMEHAMOPOM
/MNpoekmupoBaHue 371eKMPOHHbIX ycmpoucmb u komnnekcob N°2, 2016
c. 34-39
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2. Wnbiko® I. M. Cmamuyeckue npedenbHble MeMpo/aozuyeckue Modenu
NUHeUHbIX u3MepumenbHbix npeodpa3oBbamened. Cepus «Memponozusi»,
Buin. 1: flekuusi. Mensa: MY, ka¢. MCK, 2003. 24 c.

Metrological model of a fiber-optic tongue pressure sensor on fthe
palate of an attenuator-reflective type
'Badeeva E. A, 'Murashkina T. I, "Parshikova T. V. "Badeev V. A.
2 Vasiliev Yu. A, ?Plotnikova E. Yu, 2 Ponomarenko T. V.
"Penza State University, 40 Krasnaya str, Penza, 440026, Russia
? Kuban State Medical University, 440026, Russia, 3750063, Krasnodar,
MSedin str. 4

The results of the metrological analysis of the fiber-opfic pressure
sensor (FOPS) of the tongue on the palate of the attenuator-
reflective type on the basis of fthe developed structural structural
and functional schemes and structural metrological model are
presented. Possible sources of errors are identified and
recommendations for their reduction are given. The main sources of
errors: inaccuracy of the alignment of the incoming and outgoing
optical fibers relafive fo the source and receivers of radiation,
attenuator, change in the light fransmission of the light flux during
bends of optical fibers. Some of fthe errors can be reduced during
the assembly of the sensor by precise adjustment of the sensor
design elements. Many errors are systematic in nature, so they can
be taken info account when processing signals. Some of fthe errors
are reduced when implementing a fwo-channel logometric signal
conversion.

Thanks

The work was carried out with the support of the RNF and KNF
grant 22-15-20069
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BausHus napaMempob u xapakmepucmuk cnekmpanbHod annapamypbl HA
pesynsmamsl onpedeneHus onmu4Yeckux xapakmepucmuk ducodbekmob
Kyzetko M. M., ®upazo B. A
benopycckuu zocydapcmbenrsiu yrubepcumem, 220030, np-m
Hezabucumocmu, 4, MuHck, benapycs
e-mail: kugeiko@bsu.by

PaccMompeHbl  npuHuunbl  uckAlYeHus  BausHus  napamempob U
XOpaKMepucmuk  cnekmpanbHoU  4annapamypsl  HA ~ Pe3ynbmambl
onpedeneHus ONMUYeCKUX xapakmepucmuk Ouoodbekmob. OueHeHbl
Bo3smMoxHocmu  camokanudpywwezo Memoda onpedeneHus CMeneHu
HacelweHus  kopbl 20n0BHo20 Mo32a  kucnopodoM, Bkwyawnwezo
pezucmpauun  cuzHanob  duddysHozo  ompaxeHus  Ha  dByx
paccmosaHusAX Bnpabo u Bnebo om mouku BBoda onmuyeckozo
u3nyyeHus.

B 300a4e oOpadomku daHHbix onmukollpusuyeckux —u3MepeHul
Heodxoduma paspadomka makux cnocodob ux odpadomku, komopbie
no3bonunu Okl MOKCUMAGABHO UCKAKYUMb GNPUOPHUK UHGOpMauuil unu
donyweHus o8 uccnedyeMoM odbekme, Heodxodumocmb BHeceHus
nonpabok Ha ¢oH u dpeld nokasaHul npudopoB, BausHusA
okpyxawweu cpedsl, unu uHave, memodoB odpadomku, komopbie
da3upywmcs  Ha  KoHuenuuu  «desanpuopHocmux». Cymb  daHHOU
KOHUENUUU KacamenbHo 3adayu UHmMepnpemauuu GaHHbIX ONMUKO-
pu3uYeckux usMepeHul 3aknwyaemcs B MuHumanbHoM ucnonb3oBaHuu
anpuopHod uHdopMauuu unu donyueHud od uccnedyemol cpede,
NonYyyYeHuU  onopHbiX  (kanudpobBoyHbix)  3Ha4eHul  onpedensieMslx
napamempob  de3  npobedeHus  dononHUMEANbHbIX  HE3aBuCuMbIX
usMepeHul,  peweHuu  npodnemsl  kanudpoboyHbix  u3MepeHul
(MakcuManbHOM UcKAlYeHUU BAUSHUS XOpAKMEpUCMUK annapamypbli U
napaMempob ucnonb3yembix ¢usuyeckux npoueccodb Ha pesynbmambl
usMepeHul).

BaxHoe Mecmo o onmuyeckod duazHocmuke duoodbekmob 3aHuMaem
cnekmpockonus duddysHozo ompaxeHus ([l0) ¢ npocmpaHcmBeHHbIM
paspeweHueM [1-3]. B Memodax  cnekmpockonuu A0 ¢
npocmpaHcmBexHbiM  paspeweHueM Ha nepboM 3mane onpedenswm
3HaYeHuss onmuyeckux napamMempo® (OM) mkaHu (cnekmpanbHele
nokasamenu noznoweHus p(A) u npubedeéHHozo paccesiHus

Wk = (1= gpdh),
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20e U, — nokasamenb paccesHus, a g — cpedHul KOCUHYC yzna
paccesiHus) Ha dnuHax BonH onmuveckozo 3oHdupoBaHus nymeM
CpabHeHUs 3KCNEePUMEHMA/NbHBIX U PaCCHUMAHHbIX Mmeopemuyecku (B
paMkax Modenu nepeHoca cBbema B mkaHu) npocmpaHcmBeHHbIX
npoduned odpamHozo paccesHus (OP) mkavu (m. e. odpamHo
paccesiHHbix  mkaHbl  cBemobbix nomokoB, pezucmpupyembix  Ha
HECKONbKUX  paccmosiHuax om  odnacmu eé  odaydveHus). [lpu
ucnons3obaHuu dudpdY3uoHHO20 npudnuxexus docmamoyHo
odHO3Ha4HO ydaemcss  onpedensimb  CNEKMPANbHLIU ~ NOKA3AMenb
ocnadneHus ulnyyeHus
BeiW) = B (a) + p M2

MoamoMy npuxodumca pewamb 3adavy no pasdeneHul p(A) Ha dbe
cocmadnsowue pd) u ' (A).

Cnedyem makxe omMemumb, 4mo u3BecmHele Memodbl aHanusa
cnekmpanbHbiX, npocmpaHcmbBenHbix npoduneld OP duomkaHeu nudo He
odecneyubawm Heodxodumol dns Npakmuku moYHocmu, Audo mpedywm
donbwux  BblYuCAUMEABHBIX  3amMpam U NO3MOMY  UCK/lYaim
Bo3MoxHoCmb onepamuBHou konuyecmbeHHod UHMepnpemauuu
3KCNepuMeHmManbHbix daHHbIX. MoBblweHue MOYHOCMU pe2ucmpupyeMbix
cuzHano®  mpedyem  ucknw4veHus  kanudpobouHbix  u3MepeHud,
BkAYaWUX 3HOHUE aNNAPAMYPHbLIX KOHCMAHM NPUEMO-U3AYYawuiux,
usMepumensHbix 8n10k0B, BausHua cpedbl Ha pe3ynbmamsl u3MepeHud.
MpuHuUn  uckAlYeHUs  dadHbiX  BausHUG  («BeckanudpoboyHocmus»)

npednoxeH Bnepbeie & [4].  Pasbumue BGawHbil nodxod ¢ dpyzol
zeomMempuel  u3MepeHul noay4un B Memode caMokanudpobku,
npednoxeHHoM B [5].  WBes  ocHoBawa  HO  CUMMEMPUYHbIX

MUAbMUGUCMAHUUOHHLIX U3MepeHusix: 4Aa NOAYYeHUS CNekmpanbHol
3abucumocmu p(A) uccnedyemolu mkaHu HeodxoduMo odecneyumb He
MEHEe 4Yemblpex U3MepeHUU Ha kaxdou dauHe BonHel A, €
npumeHeHueM 8Byx ucmoyHukoB u dbyx demekmopob c cummempu4HoU
KoHpuz2ypauued.

B doknade aHanusupywmca Bo3MoxHocmu caMokanudpywuwezo Memoda
onpedeneHuss  CMENeHU  HACHIWEHUS  KOpbl  20n0BHO20  Mo32a
kucnopodoM, ocHoBaHHozo Ha pezucmpauuu cuzHanob dudpdysHozo
ompaxeHus Ha dByx paccmosHusax p, pacnonoxeHHbix cneba u cnpaba
om moyku BBoda wupokononocHozo nomoka @DJA) onmuyeckozo
usny4yeHus. [lpu ™ModenupobaHuu npouecca nepeHoca u3ny4eHus B
kope 20n10BHo20 Mo32a  npuMeHsiom  JUODY3UOHHYK  GUHKUUIO
Mpuna [2, 3]. Ecau He yyumbibamb BausHue zpaHuubl pasdena MKaHu u
Bo3dywHou cpedbl, 4Ymo Bo3MOXHO Npu KoHmMakme onMoBONOKOHHbIX
30Hd0B ¢ mkaHbl (nokasamenu npenoMaeHus XubBeix mKaHed U
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kBapuebbix onmoBonokoH Ppa3AUYAKMCA  HeECUAbHO, NO3MOMY ecAu
NAOCKOCMb NAowadku pasMeweHus usnyd4amened u GOMONPUEMHUKOB
BbinonHEHA NONHOCMbK U3 MAMepuand € Nokd3dmeneM NpenoMAeHus
okono 1,4 u ee BHewHss cmopoHa Noz2n0WOEM NOAHOCMbI U3AYYEHUe,
komopoe Bbixodum U3 cpedbl), MOXHO 3anucamb BelpaxeHue dns

ycpedHEHHO20 nNokasamens l‘_’leff(ki) ¢ y4emom odcmosmenscmba,

4Ymo HA NPOKMUKEe Uucnonb3yeMbie paccmosHus p, dydym Bcezda
HEMHD20 omAauyYambCs 8pyz om dpyaq,

/:t ) ~ 1 (Vm(lirPSL) Vm(Ai.psr) PSLPSR) )

e pGL=psLtPGR=PSR \Vimn(A1pGL) Vin(A1PGR) PGLAGR/
20e p; U ps — DONbWEE U MeHbWEee U3 UCNOAb3YeMbIX paccmosHud
(L omHocumcs K mMOYKAM, PaACNONOXEHHbIM cneba om u3nyyawwezo
30Hda, a R — cnpaba) Mexdy moukamu BBoda usnyyveHus B mkaHb U
moYykaMu pezucmpauuu Beixodsuiezo u3 mKaHu GudpPysHo paccesHHoz0
usnyyenus. [nyduHa pasmeweHus 3kBubaneHmHozo usomponHozo
UCMOYHUKA u3nyyeHus dna xubeix mkaHed Hedonbwas, NOCKONbKY
W (L) 8ns Hux usMeHsiemcs npuMepHo om 5 cM”' npu A okono 1000 HM
do 15-20 cM”' B oBnacmu, coomBemcmbywwel cuHe-3enéHomy ubBemy.
Mosmomy npu p > 20 MM u codnwdeHuu Bblwe ykasaHHbix ycaobul
MOXHO ucnonb3obamb (1) dns uccnedobaHus camypauuu 2emozn0duHa
kpobu kopbl 20n0BHo20 Mo32a.
O8cyxdawmcs pesynbmamsl, NoAy4aemble Npu ucnonb3oBaHuu Modenu
dudpdy3uoHHO20 npudnuxeHus u camokanudpywwezocs Memoda 0nd
mkaHel  pyku.  [lpubodsmca  coomBemcmbBbywowue  3aBucumocmu

u:ffL (X)u H:fﬂ{ (7\,) dna mkaHu 6 paloHe menopa nadoHu nebol
Pyku npu ucnonb3obaHuu BupPyzuoHHO20 NPUBAUXEHUS, 4 MAKxe

3aBucumocmu MEER (l), },lgfcﬂ{ (7») U ux ycpedHeHHas 3abucumocmb

ﬁgfg (7») paccyumaHHsle ¢ ucnonb3obaHuem (1).

Takum odpasoM, npu onpedeneHuUu  KOHUEHMPAUUU KOMNOHEHM
pacceubanwed cpedbl mpedyemcs 3HaHue p(A), noamomy 4dns
adekbamHozo peweHus paccMampubaemol 3adayu HYxHo npabunbHo
pazdensmb onpedensemyn 3abucumocmb 3¢pPekmubHoz0 nokazamens
ocnadneHus cBemobozo usnyyeHus xubol kpobeHanonHeHHOU MKAHbK

) = By () [ (1) + 12 ()]

Ha nokasamens npubedeHHozo (yMeHbweHHo2z0 uAu pedyuupoBaHHo20)
paccesHus W (A) u nokasamens nozaoweHus pA). Takxe Ha
pesynbmamsl onpedeneHus camypauuu 2emoz2noduHa  KpoBu  Kopbl
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20nobHo20 Mosza cywecmbenHoe BausHue okasbiBaem odbeMHoe
KOHueHmpauus Bodbl U HAKAOH nokasamens noznoweHus ycnobHo
odeckpobnenHol  mkawu  kopel, 4mo  mpedyem  BBedeHus B
usMepumensHyw annapamypy d8nokob dns ux onpedeneHus.

Cnucok numepamypbl

1. Mbicenko C. A. Memodsl onmuyeckol QuazHOCMUKU BUON02UYECKUX
odbekmob. Munck: BrY, 2014. 232 c.

2. Jacques S. Video reflectometry to specify optical properties of
tissue in vivo / Proc. SPIE 10311, Medical Optical Tomography:
Functional Imaging and Monitoring, (5 August 1993). P. 103110D-1-
103110D-16; doi: 10.1117/12.2283758.

3. Sassaroli A, Blaney G, Fantini S. Dual-slope method for
enhanced depth sensitivity in diffuse optical spectroscopy. J. Opt.
Soc. Am. 2019. A36, 1743-1761.

L. Kyzetko M. M. 0 «BeckanudpoboyHbix»  ONMUKO-PU3UYECKUX
usMepeHusx. M3mepumenbHasmexHuka. 1997, N°9. (C.35-38.

5. Hueber D. M, Fanfini S, Cerussi A. E,, Barbieri B. B. New optical
probe designs for absolute (selfcalibrating) NIR tissue hemoglobin
measurements. In Optical Tomography and Spectroscopy of Tissue |ll;
International Society for Optics and Photonics: San Jose, CA, USA,
1999; Volume 3597, pp. 618—631

Influence of parameters and characteristics of spectral apparatus on
the results of determination of optical characteristics of bioobjects
Kugeiko M. M, Firago V. A.

Belarusian State University, 220030, 4, Nezavisimosti Ave.,, Minsk,
Belarus

The principles of excluding the influence of parameters and
characteristics of spectral equipment on the results of
determination of optical characteristics of bioobjects are considered.
The possibilities of a self-calibrating method for determining the
degree of oxygen saturaftion of the cerebral cortex, including fthe
registraftion of diffuse reflection signals at two distances fo the
right and left of fthe point of input of optical radiation, are
evaluated.

In the ftask of optical-physical measurement data processing if is
necessary fo develop such methods of fheir processing, which would
allow fo exclude a priori information or assumptions about fhe
object under study, the need to make corrections for the
background and drift of instrument readings, the influence of the
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environment, or in ofther words, processing mefthods, which are
based on fthe concept of "a priori-free”. The essence of fthis
concept concerning fthe task of interpreftation of optical-physical
measurement data consists in fthe minimum use of a priori
information or assumptions abouf the studied environment, obtaining
reference (calibration) values of the determined parameters without
addifional independent measurements, solving the problem of
calibration measurements (maximum exclusion of the influence of
instrument characteristics and paramefters of the used physical
processes on the measurement results).
Diffuse reflectance spectroscopy (DR) with spatial resolution
occupies an important place in optical diagnostics of bioobjects [1-3].
In the methods of DO spectroscopy with spafial resolufion, at the
first stage the values of optical parameters (OP) of tissue
(spectral absorption indexes pA) and reduced scattering
pA) = (1= gpdd),

where p, is the scaffering index and g is the average cosine of fthe
scattering angle) at optical sensing wavelengths are determined by
comparing experimental and theoretically calculated (within the
framework of the model of light transport in tissue) spatial
profiles of tissue backscattering (OR) (i.e. backscattered by tissue
light fluxes registered by the tissue). ie. backscattered by the
tissue light fluxes registered at several distances from the area of
its irradiation). When using the diffusion approximation it is possible
to determine the spectral index of radiation aftenuation

Ber(W) = B Ml () + p 2
unambiguously enough. Therefore, we have fo solve the problem of
dividing pe(A) intfo two components p(A) and p' (A).
It should also be noted that the known methods of analyzing

spectral, spatial profiles of biotissues OR either do nof Fteff (7»1-)

provide the accuracy required for practice or require large
computational costs and therefore exclude the possibility of rapid
guantitative interpretation of experimental data. Increasing the
accuracy of recorded signals requires the exclusion of calibration
measurements, including knowledge of hardware constants of
receiving and emifting, measuring units, the influence of fthe
environment on the measurement results. The principle of exclusion
of these influences (“calibration-free”) was proposed for the first
time in [4]. This approach with a different geometry of
measurements was developed in the self-calibration method
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proposed in [5]. The idea is based on symmetric multidistance
measurements: to obtain the spectral dependence p(A) of the
investigated tissue it is necessary fo provide at least four
measurements at each wavelength A, using two sources and fwo
detectors with symmetric configuration.
The report analyzes the possibilities of the self-calibrating method
of defermining fthe degree of oxygen safuration of fthe cerebral
cortex based on fthe registration of diffuse reflection signals
V{\,p) at two distances p, located to the left and right of the
point of input of a broadband flow ®({A) of optical radiation. When
modeling the process of radiation transfer in the cerebral cortex,
the diffusion Green's function is applied [2, 3].
If we do not take into account the influence of the infterface
between the tissue and fthe air medium, which is possible at the
contact of fiber optic probes with the tissue (refractive indices of
living tissues and quartz optical fibers do not differ much, so if the
plane of the emitfer and photoreceiver placement area is made
entirely of material with a refractive index of about 14 and its
outer side absorbs complefely the radiation that comes out of the
medium), we can write down an expression for the average index,
taking intfo account the fact that in practice the distances used p,

- - 1 Vin(AipsL) Vm(Ai,psR) PSLOSR

Here (A1) = PGL—PSL+PGR—PSR (Vm(li,PGL) Vm(2i.pGR) PGLPGR) M
where p, and ps are the larger and smaller of the used distances
(L refers fo the points located to the left of the emitting probe,
and R — to the right) between the points of radiation input info the
tissue and the points of registration of diffusely scattered
radiation coming out of the fissue. The depth of placement of an
equivalent isofropic radiation source for living fissues is small,
since W' (A) for them varies from about 5 cm™ at A about 1000 nm
to 15-20 cm™ in the region corresponding to blue-green color.
Therefore, if p > 20 mm and the above condifions are mef, it is
possible to use (1) to study the blood hemoglobin saturation of
cortical hemoglobin.

The results obtained using the diffusion approximation u:ffL (X) u

UthR (X) model and the self-calibrating method for hand fissues

are discussed. The corresponding dependences and for the tissue in
the fenor region of fthe palm of the left hand using the diffusion
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approximation are given, as well as the dependences , and their
average dependence , calculated using (1).

Thus, when determining the concentration of fthe scattering medium
component, knowledge of p (A) is required, therefore, for an
adequate soluftion of the problem under consideration, it is
necessary to correctly divide the defermined dependence of the
effective index of atftenuation of light radiation by living blood-

filled tissue
) = By (2) [ (1) + 12t ()]

into the index of reduced (reduced or reduced) scattering p'(A) and
the absorption index p A). Also on the results of determination of
hemoglobin blood saturation of the cerebral cortex the volumetric
concenfration of water and the slope of the absorption index of
conditionally exsanguinated cortical tissue have a significant
influence, which requires fthe infroduction of blocks for their
determination info the measuring equipment.
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W3mMepumens camypauuu BerosHol kpobu b kope 20n0BHo20 Mo3za
®upazo B. A, Kyzeuko M. M.
benopycckuu zocydapcmbenHsiu yHubepcumem
220030, np-m Hezabucumocmu, 4, Murck, benapyce

e-mail: kugeiko@bsu.by

PaccMompeHa Memoduka onpedeneHus camypauuu apmepuansHod U
BeHosHou «kpobu B «kope z20noBHo20 Mo32a, ocHoBawHas Ha
cnekmpockonuu  dupdy3Ho20  OMPAXEHUS C  NpocmMpaHcmBeHHbIM
paspeweHueM, nosbonsawwas  3¢pdekmubHo pazdensmb nokazamenb
ocnadneHus pe(A) Ha nokasamens ocnadneHus p L) u nokazamens
paccesHus u'(A). Paspadomad usMepumens camypauuu BeHosHou

s
kpobu B kope z0noBHoz0 Mo32a.
0OdHuM u3 HeMHozux MemodoB MoHumopuHzg, Busyanusupymwux
KucnopodHbll cmamyc 20n0BHO020 Mo32a, u ocmaemcss eduHcmbBeHHbIM
Heunba3ubHbiM MemodoM oueHku mkaHeBozo HacklweHus KucnopodoM
abnsemcs uepedpanbHas okcumempus. LlepedpanbHas okcumempus
nosbonsem oueHumb okcudamuBHel cmamyc (HacslweHue 2eMozn10duHa
kucnopodoM) kpobu uepedpanbHbix cocydob. Tak kak uepedpansHas
OKCUMEMpUSA He U3Mepsiem nNApuuanbHoe HanpsxeHue kucnopoda B
MKaHAX  Mo32a, Haudonee movHo 20Bopumb He o mkaHeboM
HacklWeHuu kucnopodoM, @ o0 camypauuu kpobu, m. e. cmeneHu
(npouexme) HOChIWEHUS 2eMo0210duHa KUCNOpoBdOM B
MUKPOUUPKYNSmopHoOM pycne mkaHu. 0dHako, usbecmHo, 4mo 98 %
kucnopoda nepeHocumcs B cBsasaHHOM C 2eM027100UHOM COCMOSHUU,
noamoMy ycnoBHo MOXHO ckasamb 00 U3MEPeHUU  HAChIWEHUS
KucnopodoM MKAHU, U HE MOAbKO uepedpanbHol.
Memodbl okcumempuu ocHoBaHbl Ha cnocodHocmu  2emMoznoduHa
noznowamb Onu3kul K uH¢pakpacHomy cbem (BMKC). Wamepss
OMpaxeHHell om mkaHeld, B 4acmHocmu, 2o0nobHozo Mo3za cbem B
napauHopakpacHoM duanasoHe (duonozuyeckud cnekmpockonuyeckud
uHmepban, B komopoM MOxHO pasaudumb U u3sMepumb Hb u HbO,
Haxodumcs B duanasoHe BonH 660-940 HM), MoxHO odHApyxumb
KonuyecmbeHHoe codepxaHue 0KCU2eM02108UHa u
de3okcuzeMoznoduHa, u Bbipa3umb ux coomHoweHue Benu4vuHol
HaCblWeHUs 2eMo0z100uHa kucnopodoM, Xxapakmepusywuweld Npouecchbl
docmabku u nompedneHus kucnopoda B mkaHsx 20n0BHoz0 Mo32a.
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Ecnu cpeda abnsemcs MHozokoMnoHeHmHoU, u B Hel codepxumcs He
odHo, a uenbil Hadop Bewecmb, u kaxdoe Bewecmbo BHocum cbBou
omdenbHbil  Bknad & odwee noznoweHue u3nyyeHus cpedol
(duomkaHble) Ha BbidpaHHoU dauHe BoaHel A, mo B 3moM cayyae
nokasamenb noznoweHus  p (A) duomkaHu  dydem  yxe
npedcmabasms codol, He npocmyl, @ GOCMAMOYHO CAOXHYK GYHKUUK
— cymmy  BknadoB om noznoweHus cBema kax@biM OMOENbHLIM
KOMNOHeHMOM cpedbl. BbiuneHumb omcwda kaxdbll omdensHbIU NO
pesynbmamaM u3MepeHul (BblqucneHul) monbko o0dHO20 p(A) Ha
odHou dnune BonHbl He npedcmabnsemcs Bo3MoxHbiM. Heodxodumo
yxe umemb onpedeneHHbll Hadop (MaccuB) daHHBIX  U3MepeHUd,
HanpuMep, Ha pasHbix dnuHax Boad A, [1].TkaHeBbie xe okcumempel, B
omAuyue om nynabcokcumempoB, onupawmcs HenocpedcmbeHHo Ha
peweHue cucmemsl ypabHeHul 8N  CnekMpanbHLIX Nokasamened
NPeNoMAeHUS.
Cnedyem makxe omMemumb, 4mo u3bBecmHele Memodbl aHanu3a
CNekmpanbHelX, NpocmpaHcmbeHrHbix npoduned dudpdpysHozo ompaxeHus
(00) BduomkaHel [2] nuBo He oBecnequbawm Heodxodumold 3ns
npakmuku moYHocmu, Audo mpedywm doabwux BeiyuCAUMENbHBIX
3ampam U no3moMy  uckaw4vawm  Bo3MoxHocmb  onepamuBHol
konuyecmbenHoU UHMepNpemMauuu 3KCNEpUMEHMAnbHbIX BaHHbIX. [lpu
ucnonb3obaHuu  dna noBeiwenus  onepamubHocmu  BbiMucAeHUU
dudpody3uoHHo20 npudauxeHus docmamoyHo 0OHO3HA4HO ydaemcs
onpedensmb CNeKMpa/nbHbIl NOKA3aMenb 0CAAdNEHUS U3NYYEHUS

Herr(A) = B ) + p 2
MNo3amomy, 4model onpedenams Hb u HbO, o0da3amenbHo npuxodumcs
pewams 3ada4y no pasdeneHun (L) Ha dBe cocmabnswowue p(A)
u WA
Huxe paccvampubaemcs  Memoduka onpedeneHuss  CNEKMPAnbHbIX
nokasamenel p' (A) u p, A) Ha ocHoBe cnekmpockonuu duddysHozo
ompaxeHus ¢  npocmpaHcmbeHHeiIM  paspeweHueM U Modenu
dudpdysuoHHozo  npudnuxeHus,  yyumsibawweld nomepu  Yacmu
usnyyeHus 4Yepe3 zpaduuy pasdena [3]. B dawHoM cnocode denaemcs
Nnpedno/noXeHue, 4YMO CNeKMPanbHell nokasamens npubedeHHozo
paccesHus p'(A) nnabHo usMeHsemcs ¢ dauHol BonHel U onuckibaemcs
CMEeNeHHbIM 2unepdonuYeckUM UAU  CMENEeHHbIM  3KCNOHEHUUAAbHbIM
3akoHoM. Tozd0a B npouecce nodzoHku (NpU  peWEHUU cuCmeMsl
HenuHeUHblx  ypabHenul MemodoM /lebendepza-MapkBapdma des
02paHuyeHul) Haxodumcs nnabHas 3abucumocmb w (),
MuHuMusupykwwas B cpedHemM (Bo BceMm ucnonbsyeMoM duanasoHe
cnekmpa)  Hebszky  Mexdy  3KCNEPUMEHMANbHO  U3MEPEHHbIMU
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3abucuMocmaMu  KO3dPUUUEHMA NOKANbHO20 ompaxeHus A (Ap) U
BapbupyeMsiMu pacyemHbiMu AA,p,) B Bude

fres [li, M’:L (AO)' m/*lL: #,:R(AO)' m/*lR] =
Rl o A, (A0 i)
RmL(ApPk)

2
~1f

+ R[M';R(Ai)#sz(li).Pk+s]_ 1 (1)
Rmr(Ai.Pk+5) ’
Mpu4eM, y4em nomepu Yacmu U3AY4YeHUs 4Yepe3 2paHuuy pasdena
cped, nosbonsem ucnonb3obams usmepeHus A (A,p,) npu zopasdo
MeHbWUx (npakmuyecku B 5 pas3) paccmosiHusx p Mexdy u3AyyamwuMm
U npueMHbiM 3o0Hdamu, 4eM npu dBYHAKAOHHLIM deckanudpoboyHbiM
memode c BbicokovacmomHou Modynauued FO u ucnonb3obaHuu B
ypabreHusix monbko dudpdysuoHHoU ¢yHkuuu MpuHa [4]
PaspadomaH u3sMepumens camypauuu apmepuanbHol u  BeHosHol
kpobu (Sav0, unu St0,) kopbl 20nobHozo Mo032a, ocHoBaHHLIL Ha
ucnonb3oBaHuu  cnekmpanbHbix  u3MepeHul.  [lns  onpedeneHus
CNeKMpanbHO20 NOKA3aMens noz2A0WeHUs Kopbl 20n10BHoz0 Mo32a
mpedyemcs nNpuMeHeHUe cnekmpockonuu duPY3HO20 OMPAXEHUS C
npocmpaHcmbeHHsIM  paspeweHueM. B Hacmoswee Bpems kopnopauus
Hamamatsu ocbouna npousbodcmbo MUHUGMIOPHbIX MUHU-
cnekmpomempob, komopele Mozym Obimb UCNOAb30BaHLI NpU peweHuu
paccmampuBaemou  npodnaemsl.  [lpousBodumcs  MuHU-cnekmpoMemp
C11708MA, «komopell uMeem odbeM Bcezo Heckonbko M U
pezucmpupyem cnekmpsl B duanazoHe om 580 do 1100 HMm.
MNpednazaemcs cxema usmepumens Sav0, uau St0, ucnonb3ywwezo
3mom cnekmpoMemp, komopas npubedexa Ha puc. 1
B 3mou cxeme npuxodumcs Bmecmo cBemoduodob ucnonb3obamb dba
onmoBonokoHHbix cbemoBoda, komopele nodBodsam wupokononocHoe
usnyyeHue 8Byx 2zanozeHHbix nAMn kK moykaM ezo BBoda B 20n0By.
CnekmpoMemp uMeem KOMNAKMHYl cxeMy ynpabneHus, BeinonHeHHYyw
Ha ocHoBe Mukponpoueccopa STM32, komopeit 4Yepe3 USB unmepdeuc
nodklYaemcs K Hoymayky.
Mockonbky B 3mol cxeMe ucnonb3yemcs 2e0MemMpUs  U3MepeHud,
coomBemcmbByowas  cnekmpockonuu  duddysHO20  OMPAXEHUS
npocmpaHcmBeHHbIM paspeweHueM, U3MEHEHUE PpaccmosiHua p, Mexdy
usnyyqamenamu u ueHmpoM BxodHod wenu C11708MA ocywecmbasemcs
¢ noMowblo nepemeweHus kopnyca C11708MA MuHuamiopHbiM wazobbiM
dbuzamenem Bdonb koxu 20n0Bbl  He paccmosHue 5 MM om
UeHMpPanbHO20  nonoxeHus. 3Imo  odecnequbaem  pezucmpauuio
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ceMelicmba cnekmpob dupdysHozo ompaxeHus Vi, (Apd u Va(hpd,
EeffL (7\‘1)

T (%

Meff( l)‘ MISO\')

komopble danee ucnonb3ywmcs dns  pacyemod
MeffR()\‘i)

U A).

MpoBeds 2zpadyupobky u3Mepumenss c ucnonb3oBaHueM 3MAAOHHO20
denozo pedepeHcHozo ompaxamens (pezucmpupyeMelx  cnekmpob
duddysHozo ompaxerus V, (Apd u Ve(h,p,), 20e L u A paccmosiHus
Mexdy UuCmoYHukamu u3nydveHus S, S, u  BxodHoUu wenbio
cnekmpoMempa), € ucnonb3oBanuem (1) onpedensomcs  cnekmMpanbHble
nokasameAnu NO2/A0WEHUS u3nyyeHus [ (A) kopbl 20n0BHo20 Mo32a.
llanee pewaemcs odpamHas 3ada4a no BoccmanobneHulw cmpykmypHo
Mopdonozuyeckux napamempob (CMM) — mkaHu u3  HaGJeHHbIX
CNeKMPAAbHbIX 3HA4eHUU eeé nokasamenel NO2/A0WEHUS.

a nomoM ycpedHeHHbix 3abucumocmed

SHaYeHHH ee MoKasaTeaed MOTTOLIEHIA.

E C'LI_ESM.—\_ :

Pucl. Cxema pasMeweHus 3neMeHmoB onmo3nekmpoHHO20 Onoka
usMepumens ycpedHeHHoU camypauuu 2emMo2n108uHA apmepuanbHod U
BenosHou kpobu Sav02 unu St02 kopbl 20n10BHO20 Mo32a Ha ocHoBe
MUHU-CNeKMpoMempa

MpubedeHbl pe3ynbmambl 3KCNEPUMEHMAALHbIX U3MepeHUl ONMUYeCcKux
Xapakmepucmuk  mkaHeld B padoHe zunomeHopa nebold  pyku
ucnbimeibaeMsix (nokasamened ocnadneHus pq(A) u pasdeneHus ux Ha
nokasameAnu Noz/oWeHus u paccesHus pA) u p'(A), nokassibawwue
npakmuyecku nonHoe cobnadeHue ¢ pesynbmamamu WUpOoKO
ucnNoNbL3YyeMoz0 mMemoda camokanudpobku, ocHoBaHHoz0 Ha
amMNAUMYAHLIX U YACMOMHbLIX U3MEpPEeHUSX.
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Venous blood saturation meter in the cerebral cortex
Firago V. A, Kugeiko M. M.
Belarusian State University
4, Nezavisimosti Ave, Minsk, 220030, Belarus.

The fechnique of determination of arterial and venous blood
saturafion in the cerebral corfex based on diffuse reflection
spectroscopy with spatial resolution is considered, which allows
effectively separating the attenuation index p(A) info attenuation
index p,A) and scattering index p'(A). A measurement device for
venous blood saturation in the cerebral cortex has been developed.
Cerebral oximeftry is one of the few moniforing methods that
visualise the oxygen status of the brain and remains the only non-
invasive method for assessing fissue oxygen saturafion. Cerebral
oximetry allows assessment of the oxidative status (haemoglobin
oxygen saturation) of cerebral blood vessels. Since cerebral
oximefry does not measure the parfial fension of oxygen in brain
tissue, it is most accurate to speak not about tissue oxygen
saturation, but about blood saturation, i.e. the degree (percentage)
of oxygen safuration of haemoglobin in the microcirculatory channel
of the ftissue. However, it is known fthat 98% of oxygen is
transported in the haemoglobin-bound state, so we can conditionally
talk about measuring tissue oxygen saturation, and not only
cerebral tissue.

Oximetry methods are based on fthe ability of haemoglobin to
absorb near-infrared light (NIR light). By measuring light reflected
from fissues, in particular the brain, in the para-infrared range
(the biological spectroscopic interval in which Hb and HbO2 can be
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distinguished and measured is in the wavelength range 660-940 nm),
it is possible to defect the gquanfifative conftent of oxyhaemoglobin
and deoxyhaemoglobin, and fo express ftheir rafio by the value of
haemoglobin oxygen saturation, which characterises the processes
of oxygen delivery and consumption in brain fissue.

If the medium is multicomponent, and it confains not one, but a
whole set of substances, and each substance makes ifs separate
confribution to fthe total absorpfion of radiation by fhe medium
(biotissue) at the selected wavelength A, then in this case the
absorption index p(A) of the biotissue will already represent not a
simple, but rather complex function - the sum of contributions from
the absorption of light by each individual component of the medium.
It is not possible to extract from here each separate one according
to the results of measurements (calculations) of only one p,A) at
one wavelength. It is necessary to already have a cerfain set
(array) of measurement data, for example, at different wavelengths
A/ [1].Tissue oximetfers, unlike pulse oximeters, rely directly on the
solution of the system of equations for spectral refractive indices.
It should also be noted that fthe known methods of analysing
spectral, spatial profiles of diffuse reflectance (DR) of biotissues
[2] either do not provide the accuracy necessary for practice or
require large computational costs and therefore exclude the
possibility of rapid quantitative interprefation of experimental dafa.
When the diffusion approximation is used to increase the operability
of calculations, it is possible to determine the spectral attenuation
index per(h) = B MW A) + p A2 unambiguously enough.
Therefore, in order to defermine Hb and HbO2, it is necessary to
solve the problem of dividing pe(A) into two components p,(A)
anp’ ().

Below we consider a technigue for determining the spectral indices
w{A) and uA) based on spatially resolved diffuse reflectance
spectroscopy and a diffusion approximation model that takes into
account the loss of part of the radiation through the interface [3].
In this method, the assumption is made that the spectral index of
reduced scattering w'(A) varies smoothly with wavelength and is
described by a stepped hyperbolic or stepped exponenfial law. Then
in the fitting process (when solving the system of nonlinear
equations by the unconstrained Levenberg-Marquardt method) a
smooth dependence p'(A) is found that minimises on average (over
the whole spectrum range used) the mismatch beftween the
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experimentally measured dependences of the local reflection
coefficient A (A,p,) and the varying calculated AA,p,) in the form of

fres [/11" #,:L(AO)' ML, #,:R(AO)' m;LR] =

5 . - 2
B RlW s GomaL@p] 1|+
RmL(Ai.0k)
k=1

" RADHERAD,
N [R[u RADMGRA.pices| 1]} )

RmRr(Ai,Pk+5)

Moreover, taking into account the loss of a part of radiation
through fhe inferface between the media allows us to use fthe
measurements of A (A,p) at much smaller (practically 5 ftimes)
distances — beftween the emitting and receiving probes fthan in fthe
case of the double-filt calibration-free method with high-frequency
modulaftion FD and using only fthe diffusion Green's function in the
equations [4].

An arterial and venous blood safuration (Sav02 or St02) meter of
the cerebral cortex based on the use of spectral measurements
has been developed. The determination of the spectral absorption
index of the cerebral cortex requires the use of diffuse reflectance
spectroscopy with spafial resolution. At present, Hamamatsu
Corporation has mastered the production of miniature mini-
spectrometers fhat can be used in solving the problem under
consideration. The mini-spectrometer C11708MA, which has a volume
of only a few cm3 and records spectra in the range from 580 fo
100 nm, is produced. A schemafic of a Sav02 or St02 meter
utilising this spectrometer is proposed and shown in Figure 1.

In this scheme it is necessary to use fwo fibre optic light guides
instead of LEDs, which bring the broadband radiation of two halogen
lamps to the poinfs of its inpuf info the head. The spectrometer
has a compact confrol circuit made on the basis of STM32
microprocessor, which is connected fo a laptop via USB interface.
Because this scheme uses a measurement geometry consistent with
spatially resolved diffuse reflectance spectroscopy, the distance p,
between the emitters and the centre of the C11708MA entrance slit
is varied by moving the C11708MA housing by a miniature stepper
mofor along fthe scalp within £5 mm of the centre position. This

provides a family of diffuse reflectance spectra V,(A,p,) and
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Herm (%)

MeﬂL(k’) and ,
and then the averaged dependencies Hefr (Ki), wdA) and pA).
Having calibrated the meter using a reference white reference
reflector (recorded diffuse reflectance spectra  V,(A,p) and
VeX,p,) , where £ and A are the distances between the radiation
sources S, Sy and the entrance slit of the spectrometer), the
spectral absorption indices of radiation p(A) of the cerebral cortex
are determined using (1). Then, the inverse problem is solved to
recover the structural morphological parameters (SMP) — of the
tissue from the found spectral values of its absorption indices.

V.e(X;p,), which are then used to calculate

AR T
spectrometer), the spectral absorption indices of radiatic
the inverse problem is solved to recover the structural ir
spectral values of its absorption ndices.

25 mm

o e
oy ci1
|

: o1 | |

Fig.1. Schematic diagram of the opfoelectronic unit measuring the
average haemoglobin saturation of arterial and venous blood Sav02
or St02 of cerebral cortex on the basis of mini-specfrometer.

The results of experimental measurements of optical characteristics
of tissues in the hypotenor region of the left hand of fthe tested
(attenuation indices p.(A) and their division into absorption and
scattering indices pyA) and p'[(A), are presented, showing almost
complete coincidence with the results of the widely used method of
self-calibration based on amplitude and frequency measurements.
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AkmubHocmb aHmuokcudaHmHbx $pepMeHmod u uxmeHcuBHocmb
npoueccob MO/ & neveHu kpeic npu dedcmbuu nasepHozo usnyveHus B
COYEeMOHUU C (eHo/bHBIMU coeduHeHusMu nekapcmbBerHeix pacmeHud B

oneimax /7 vitro
"0pén H M, Nlucenkoba A M, Adakynyuk . B, Apmemyk 4. H,
Cemyenko A. I0.
benopycckud zocydapcmbenHsid yrubepcumem
220030, benapyce, 2. Murck, npocnexkm Hesabucumocmu,4
e-mail: oryoln47@tut by, ‘lisenkova@bsu.by

YcmaHoBneHo, YMO ANd3EpHOE U3AYYeHUe, 2eHepupyeMoe annapamoM
«Bumsizb», cywecmbeHHo yckopsiem NpoUECCh NEPEKUCHO20 OKUCAEHUS
nunudob (MO/) B 2oMozeHame nNeYeHU Kpeic U MoXem ObiMb
ucnonb3obaHo dna ModenupobaHua cbododHopadukanbHbix npoueccod
B oneimax /7 vifro. PeHonbHble coeduHeHus Kpanubel dbydomHou,
Pomawku anmeyHou u lWangpes nekapcmbenHozo Moduduuupylm
akmubHocmb  cynepokcudducMymassl U kamanasb, U docmobepHo
Hopmanusywm npoueccsl 10/], uHuuuupoBaHHble AA3epHLIM U3AYYEHUEM.
M3becmHo, 4mo HuskouHmeHcuBHoe nasepHoe u3nyyeHue (HW/N)
onpedenerHbix pexumo® u dnaun  Bonn cnocodHo akmuBupoBamb
npoueccel [0/, u 3mo ezo deucmbBue ™Mbl ucnonb3obanu dna
paspadomku Modenu UHMeHCUpuUKaUUU cBododHopadukanbHeix
npoueccod B neveHu kpeic @A U3yd4eHUsS HA 3MOM  QoHe
aHmuokcudaHmHeix cbolcmb  deHonbHbix coeduHeHul (PC) Kpanubbl
dbydomHou (Urtica dioica), Pomawku anmeyHol (Matricaria chamomilla),
Wandes nekapcmbenHozo (Salvia officinalis) B onwimax /n vitro.

Padoma BeinonHeHa Ha 2o0MozeHame neyeHu decnopodHbIX BefbiX KPbIC
camu 06, maccod 150-180 2, Haxodubwuxcs Ha cmaHdapmHOM pauucHe
Bubapus. Bce 3kcnepumeHmsl npoBodunu B  coombBemcmbuu
mpedobaHuaMu 2ymaHHoU padombl € NABOPAMOPHBLIMU XubomHbIMU.

0dny4eHue 10 % 2zomozeHama ocywecmBasau € noMowbk annapama
kBanmobol mepanuu «Bumsse», kak onucavo [1], Bpems Boszdedcmbus
ybenuyunu do 9 MuH u npobodunu B abmomamuyeckom pexume: 3 MuH
odny4erue, 10 ¢ — naysa u mak ewe 2 pasa. M3BnedveHue ¢eHoNbHbIX
coeduHeHul (®C) u3 cyxozo pacmumensHoz0 Chipbs, onpedeneHue
akmubrocmu  cynepokcudducmymasel  (COM), «amanassl (Kam) u
KoHueHmpauuk npodykmod muodapdumypobaol kucnombl  (TBK-
npodykmsl) npoBodunu kak onucaHo [1]. OnpedeneHue KoHueHmMpauuu
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®C B BodHoM 3kcmpakme npobodunu Memodom [2]. B 2oMozeHam
neveHu BHocunu BodHyw ¢pakuuw PC B dose 0,05 MKZ/MII, KaK
pasdenbHo, mak u nocne Bosdeucmbus HUAW. KoHmponem cayxunu
nokazamenu B uHmMakmHoM 20MozeHame.

Pesynbmamsl  3kcnepumeHmo®  cbudemenscmbyiom o moMm, umo
Bo3delucmbue Ha zoMozeHam HW/IM BocmobepHo Ha 25,4 % noHuxaem
akmubHocmb COL, wa 1213 % nobbiwaem ee y Kam, a makxe Ha
164,7 % ybenuqubaem koHueHmpauuk TBK-akmuBHbix npodykmob.

®C kpanubel, poMawku U wandes He usMeHswm akmubrocms COL, u B
cpedHeM Ha 60-70 % cHuxawm KoHuewmpauul TBK-akmuBHbix
npodykmob. &®C «kpanubbl u wandes He u3MeHAKM, 4 POMAWKU
ymeHbwawm akmubHocme Kam Ha 27,4 % NO OMHOWEHUK K KOHMPO/H.
CovyemaHue odnyyeHus u BreceHus @PC kpanubel Hopmanusywom
akmubHocmbs COL. ¢C pomawku B mex xe ycnobusx onbima cHuxawm
ee akmuBbrocmb Ha 352 % NO OMHOWEHUKW KOHMPOAW, U
He3sHayumenbHo Ha 13,2 % — NO OMHOWEHUI K U3MEHEeHUSAM,
ycmaHobnenHnbiM npu dedcmbuu HWU/AW. ®C wandes He npubodsm «
Hopmanusauuu akmuBrocmu COJQ npu covemaHuu c deucmbBuem HW/N,
MaK KOK OHO OCMAEMCS HUXe KOHMPOAbHbIX 3HA4eHul Ha 218 % u
NPOKMUYECKU He U3MeHsemcs No omHoweHuw K ypobriw cdbuzob,
ycmaHoBnenHbix npu nasepHoM Bozdedcmbuu.

WUccnedobaHue 3ddekmod BausHus C kpanubbl npu cobmecmHom
deucmbuu ¢ HUMM Ha akmuBHocmbe Kam nokaszano docmobepHoe ee
CHuxeHue Ha 54,7 % no omHOWeHUlW K nokasamenlw, NOAYYEHHOMY
nocne 08AYYeHUS UHMOKMHO20 20MO2EHAMA, 4 NO OMHOWEHUW K
akmuBHocmu ¢epmveHma B koHmpone oHa onpedensemcs Boiwe B
cpedHeM Ha 66 %. ®C pomawku B coyemanuu c¢ HUAWN makxe
Bbi3bibaom docmobepHoe cHuxeHue Ha 64,2 % akmubHocmu depmenma
no cpabreHuw c u3meHeHueM nod Bo3deucmbBuem nasepa, a no
omHoweHuw K ypobHi kKoHmpons ee akmubHocmb onpedensemcs Boiwe
Ha 57,1 %. AHanozu4Has HanpabneHHocmb u3MeHeHul ycmaHobnewa
npu cobmecmHom detcmbuu HU/M u ®C wandes, mak kak akmubHocmb
Kam onpedensemcs Ha 72,2 % Bbiwe koHmponbHoz0 ypobHsa. OdHako
no omHoweHulw Kk ee cdbuzaM, Bbi3baHHbIM pa3denbHbiM delucmbBuem
¢eHonod u HWUAW, oHa noHuxaemcs B cpedwem Ha 42,3 u 49,1 %
coombemcmbenHo.  Kpanuba, pomMawka U  wandel  codepxam
docmamoyHo cneuuduyHbid cnekmp ®C [3,4,5], 4mo Moxem odbscHAMb
KaK kadecmbeHHble, mak U konudecmbBeHHble pasauyus B usMeHeHusx
uccnedyeMbix nokasamened aHmuokcudaHmHou cucmeMsl B 2oMozeHame
nevyeHu Kpbic npu ux delGcmBuu u B codemaHuu C  nasepHbIM
U3NYyYeHueM.
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®eHonsl  kpanubel, dodabneHHble B 2o0MozeHam  neyeHu  nocae
Bo3dedcmbus  usnyuveHus, noHuxawm  ypobeHb  TBK-akmuBHbix
npodykmob Ha 20,1 % HecMompsi Ha mo, 4Ymo BHeceHue 3mux xe ®C B
UHMakmHbIU 20MozeHam Bbi3bibaem uHmeHcupukauukw npoueccod [0/
Ha 46,4 %%. ®pakuus pomawku npu eé dodabnenuu B codvemaHuu c
HW/U cHuxaem Ha 1913 % ypobenb TBK-akmuBHbix npodykmob no
cpabHeHuw ¢ ycmaHoBnewHsiM nocne  odayveHus. [odabneHue B
20MozeHam  ¢eHonob wanges B covemanuu ¢ HWAWM npubodum «
yMeHbWweHuw kKoHueHmpauuu TBK-akmubHeix npodykmob Ha 1774 %
NPpU pacyéme K nNokasamensM, ycmaHoBneHHbIM NPU  NA3epPHOM
00nyyeHuu.

Ha ocHoBbaHuu u3n0xeHHO20 MOXHO 3akal4umb, 4mo Bo3deucmbue Ha
20MozeHam neyeHu HW/AM usMeHsem akmuBHoCmMb GHMUOKCUBAHMHBIX
¢epmenmob u docmobepHo yBenuyubBaem koHueHmpauuw  TBK-
akmuBHeix  npodykmob, 4mo cBudemenscmbyem 0d akmubauuu
npoueccod MO/l nasepHoM u3ny4eHUEM UCNOAb3YEMbIX pexumMob u
dnuH BonH u Moxem Beimb ucnonb3oBaHo dna  ModenupobBanus
cbododHopadukanbHeix npoueccod B oneimax /n vitro.

HW/ npu cobmecmHoM Bozdeucmbuu ¢ PC Kpanubbel dbydoMHoU
Hopmanusyem akmubHocmb COM, npu covemaHuu ¢ deHonamu Wandes
nekapcmbeHHo2o — He u3MeHsem, a Pomawku anmeuHou ycunubaem
ompuuamenbHell  3pdekm Na3epHo20  08AY4EHUS HA  u3yyaemsil
nokasamensb.

N3yyaemble deHonbHble ¢pakuuu okasbibawm docmobepHyw meHdeHuulo
K HOpPM@AU3auuu u3MeHeHul akmuBHocmu Kam, BwizbanHbix HUAK,
odHako ypobBeHb cdbuz0b npu cobMecmHom delucmbuu noddepxubaemcs
docmobepHo Bbiwe KOHMPOAbLHLIX 3HAYEHUU.

®C uccnedyembix pacmeHul 3¢dexkmubHo Hopmanusywom npoueccs [10/1
B 2oMozeHame neyeHU KPbIC, UHULUUPOBAHHbIE NO3EPHBIM U3AYYEHUEM,
0 4eM cBbudemenscmbyem cywecmBeHHoe noOHUXeHUE KOHUEHMPAUUU
TBK akmubHbix npodykmob npu cobmecmHoM ux detcmbBuu ¢ HAMN no
omHoweHuw K 3¢¢dekmy, BeizbaHHoMy CdeucmBueM  nasepHozo
u3nyyeHus.
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Na3epHoz0 u3ny4eHus B covemaHuu c ¢GeHonNAMU pacmMuUME/NbHO20
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akmubHeix Bewecmd wandes nekapcmbenHozo Salvia officinalis L.,
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Activity of antioxidant enzymes and infensity of LP processes in the
liver of rafs under the action of laser radiation in combination with
phenalic compounds of medicinal plants in experiments /n vifro
Oryol N. M, "Lisenkova A. M, Abakunchik D. V., Artemuk Ya. N,
Semchenko A. Yu.

Belarusian State University
220030, Belarus, Minsk, Independence Avenue, &

It has been established that laser radiation generated by fthe
Vityaz apparafus significantly accelerates the processes of lipid
peroxidation (LP) in rat liver homogenate and can be used to model
free radical processes in experiments /n v/fro. Phenolic compounds
of Urtica dioica, Matricaria chamomilla and Salvia officinalis modify
the activity of superoxide dismutase and catalase, and significantly
normalize LP processes initiated by laser radiation.
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Onmuyeckue cucmeMsl ¢popMupobaHus nasepHozo0 usnyyeHus c
donbwuMu y2namu pacxoduMocmu
" llleneneb A. E, 'Aumunod A. A, "Mumunao® A T. 2Conoxun C. A,
2 Tapacoba A. A.

" Wncmumym npodnem Aa3epHsIX U UHGOPMAUUOHHbIX MexHoAo2ul PAH
— @uavan PHUL «Kpucmannozpapus u gomoHuka» PAH, 140700,
Poccus, Mockobckas oo, 2. Wamypa, ys (Bamoosepckas 1
2 @rb60Y BO «KobBpobckas zocydapcmbenHas mexHoaozuyeckas
akademusi uM. BA. fezmapeba», 601910, Poccus, Bradumupckas o0,
2. Kobpob, ysn Maskobckozo 19
email: ‘ae_shepelev@mail.ru, antiplit@yandex.ru,
putilov.iplit@yandex.ru, solokhins@gmail.com, naskatar@list.ru

Lns 3ddekmubHozo npumeHeHus nasepob, zeHepupywwux u3snyyeHue
¢ OdonbwuMu yznamu  pacxodumocmu, HeodxoduMo ucnonb3oBamb
onmuyeckyl cucmemy, nosbonswwyw ¢opmupobamb konnumupobaHHoe
U3NyyYeHUe C MuHUMaNbHO  BO3MOXHbLIM  ACMUZMAMU3MOM  NYYKQ.
B pamkax Hacmoswel padomsl npedcmabneH 0d30p u aHanus cnocodob
UMEHbWEHUS dCMU2MAMUYHOCMU NYYKad U  KOAAUMAUUU  U3AYYeHus
GuodHbix U kBanmobo-kackadHeix nasepob.ns npeodpasobaHus GpopMbl
Nny4Kka usnyyeHus Bo3MoxHo ucnonb3obaHue napbl AHAMOPdHBIX NPU3M.
MNonyyumb kpyzo0Byw ¢opMy nyuka c 2ayccobuiM pacnpedeneHueM
uHmeHcuBHocmu U Koppekuuel — acmuzMamu3Ma  MOXHO,  ecau
ucnonb3obamb odHomodoBuil cbemobBbod.0dun u3 npocmeix cnocodob
KonauMauuu  usnyyeHus KK/ ocHobaw  Ha  ucnonb3obaHuu
odHonuH30B0U onmuYeckoU cucmeMsl UAU cucmeMsl cocmoswed u3 dbyx
u OGonee nuH3. [lpu 3moM Mozym ObiMb NPUMEHEHbl CHEpUYeCKUe,
acpepuyeckue UAU GKCUKoHoBble AuH3bl [1,2].

WUccnedobaHue BbinonHeHo 3a c4em 2paHma Pocculckozo HAy4Hoz0
doHda N° 22-22-20092 (https://rscf.ru/project/22-22-20092).
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2. Wenened A E, [Mymunod A T, Auxmunob A A, Anzenyu A A
®opmupobarue usnyyeHus kbanmobozo-kackadHozo naszepa cpedHezo
WK duanasona // KBanmobas 3nekmpoHuka, N°9, 2022. C. 779-782.
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Optical systems for the formation of laser radiation with large
divergence angles

" Shepelev A. E.,, "Antipov A. A, 'Putilov A. G, ? Solokhin S. A,
2 Tarasova A. A.

" Insttute on Laser and Information Technologies of Russian
Academy of Sciences — Branch of Federal Scientific Research
Center “Crystallography and Photonics” of Russian Academy of

Sciences, 140700, Russia, Moscow region, Shatura, Svyatoozerskaya 1
2 Kovrov State Technological Academy named after V.A. Degtyarev,
601910, Russia, Vladimir region, Kovrov, Mayakovskogo 19

For fthe efficient use of lasers generating radiation with large
divergence angles, it is necessary fo use an optical system that
makes it possible to form collimated radiation with the lowest
possible beam astigmatism.In the framework of this work, we
presenf a review and analysis of ways fo reduce beam astigmatism
and collimation of radiation from diode and quantum-cascade
lasers.To transform the shape of the radiation beam, it is possible
to use a pair of anamorphic prisms.It is possible fo obfain a circular
beam shape with a Gaussian intensity distribution and astigmatism
correction if a single-mode fiber is used.One of the simple ways of
collimating QCL radiation is based on the use of a single-lens
optical system or a system consisting of two or more lenses.In this
case, spherical, aspherical, or axicon lenses can be used [1, 2].

The study was supported by the Russian Science Foundation grant
No. 22-22-20092 (https://rscf.ru/project/22-22-20092).
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Hekomopele acnekmbl apxumekmypel mepMuHano® nasepHod cBasu dns
HuskoopdumansHou cnymHukoBol 2pynnupobku
" Bbackakoba A. B, Kysmeuob C. H, Monsko® C. 0., Mpuxodeko K. U,
Wupodakun C. E.
AxuuoHepHoe odwecmbo «Mocmxom»
390000, Poccus, 2. Pszane, ya. Ypuukozo, 35 nomewenue H7.
email: info@moctkom.ru, * anna_bas97@mail.ru, ksn@moctkom.ru,
s_pol@moctkom.ru, p.r.k.i.2016@mail.ru, shirobakinse@moctkom.ru

B mMapme 2023 200a Azenmcmbo kocMudeckozo pasbumus (SDA) CWA
Boinycmuno cmandapm, codepxawul cneuudukauuu ¢GYHKULUOHAALHOU
cobvecmumocmu  dna  mepmuHano® cucmem nasepHod  onmuyeckol
cbsasu [1.  Cmandapm  odbeduHsem mpedobaHus «k  mepMuHanaw,
NpedHa3HAYeHHbIM KOK OGNS HA3eMHblX, Mak U 0n8 B030YwHbIX U
KoCMu4Yeckux Hocumened.

CoznacHo cmaHdapmy SOA Bpems BxoxdeHus B cBasb cocmabnsem He
donee 100 c. B mepMuHanax He npedycMompeHbl Masku. [louck
ydaneHHozo adoHeHma ocywecmbnasemcs nymeM  ckaHupoBaHus
npocmpaHcmBa  yskuM  NY4KOM  UHGOPMAUUOHHO20  KaHand. B
omeyecmBenHbix paspadomkax [2, 3, 4] Hanuwue Maskod cyumaemcs
0053amenbHbIM.

B cmambe npubedeHa npuHuunuU@nbHA® ~ ONMuYeckas  cxema
omeyecmBbeHHozo mepMuHana nasepHou cBasu, odecnevubawwas Bpems
HaxoxdeHus ydaneHHozo mepMuHana 3a bpems He Bonee 1 c. Takxe B
cmambe npubedeHsl QaHHble 3KCNEpPUMEHMAAbHbIX uccaedoBaHul Ha
MaKemax pasnuYHbiX yanob mepmuHana.

CoznacHo cmandapmy SDA Bpems BoccmaHobnenus cBssu He BonxHo
npebbiwamb 100 c¢.  Maskobas cucmema nosbonsem B  caydae
npepbibaHus  cbs3u, BoccmaHoBumb ee B medveHue 1c 3a c4eEm
donbwozo0 yzna pacxodumocmu Maska. 3mo ocodeHHo BaxHo npu
ycmaHobneHuu cbsa3u Mexdy KOCMUYECKUM 4NNAPAMOM U HO3EMHbIM
mepMuHanoM, a makxe npu nepedaye kBaHmobbix knw4el. Bpems, B
meyeHue KOMOp020 Bo3MoxHa nepedaya GaHHbIX C
HU3K0OpdUMAAbHO20 CNYMHUKA HA 3eMai daxe Npu NpoxoxdeHuu ezo
yepe3 3eHum, cocmabnsem 200 ¢, a B uHbix cayqaax — 100 c u
MeHbWwe.

MNokasaHo, 4mo omevecmbBeHHbie peweHus nosBonswm nepedamb
MOKCUMQAbHBIU 08bEM OaHHBIX. TOK KAk paspadomkol mepMuHanod
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nasepHou  cbasu  3aHumMaemcs  uenbll  pad  omeyecmBeHHbIX
0p2aHU3duul, O04YeHb akmyanbHol cmana 3add4a  paspadomku
Poccuuckozo cmaHdapma & danHou odaacmu.
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Some aspects of the architecture of laser communication terminals
for a low-orbit satellite constellation
" Baskakova A. V., Kuznecov S. N, Polyakov S. Yu, Prihod’ko K. I,
Shirobakin S. E.
JSC «Mostcom», 390000, Russia, Ryazan, Uritskogo Str. 35.

In March 2023, the US. Space Development Agency (SDA) issued a
standard containing interoperability specifications for laser optical
communication system terminals [1. The standard combines the
requiremenfs for ferminals designed for both ground, air and space
carriers.

According to the SDA standard, the connection fime is no more than
100 seconds. There are no beacons provided in the terminals. The
search for a remofe terminal is carried out by scanning the space
with @ narrow beam of fhe information channel. In domestic
developments [2, 3, 4], the presence of beacons is considered
mandatory.

The article presents the basic optical scheme of the domestic laser
communication ferminal, which provides the time of the remote
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terminal for a period of no more than 1's. The article also presents
data from experimental studies on layouts of various ferminal
nodes.

According to the SDA standard, the communication establishment
time should not exceed 100 s. The beacon-based system allows, in
the case of a communication interruption, fo reestablish it within
1s due to the large beacon divergence angle. This is especially
important when establishing communication befween a spacecraft
and a ground ferminal, as well as when fransmitting quantum keys.
The time during which it is possible to transmit data from a low-
orbit satellite to Earth, even when it passes through the zenith, is
200 seconds, and in other cases — 100 seconds or less.

It is shown fhat domestic solutions allow transmitting the maximum
amount of data. Since a number of organizations are engaged in the
development of laser communication terminals, the task of
developing a Russian standard in this area has become very
relevant.
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MNpuMeHeHue My/nbMUCNEKMPANLHOZ0 NQ3epHO20 usnydyamens B
kayecmbe HenemanbHo20 cpedcmBa deopHumusauuu
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ynubepcumem um. B @. 5’m;fuya»,.7[7[7[75, 2. Pasane, ys. [azapuHa,

59/1
z AkxuuoHeproe odwecmbo «Mocmkom», 390000, Poccus, 2. Pa3aHs,
yn. Ypuukozo, 4 35, nomewenue H7
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n.pitelin@moctkom.ru, shirobakinse@yandex.ru,

*

Mpodnema koHmpons nmuu umeem cywecmbeHHoe 3HayeHue B cbasu c
psadoM HezamuBHbix nocnedcmbud  ux npucymcmbus B pasnuYHbLIX
cdepax desamenbHocmu 4YenoBeka. [lns kaxdozo HanpaBneHus makue
nocnedcmBus  cneuududHe: mak, B cenbckoM  xo3alcmBe  nmuubl
HOHOCAM  3HAYUMEeAbHLIU  YPoH  ypoxaw  omdenbHbIX  KYabmyp
exezodHo [1], Ha meppumopuu npoMbiwneHHLIX 03bekmoB nepHambie
MO2Ym nopmumb MexaHusMbl U odopydobaHue, B a3ponopmax
Snokupyiom B3nem u nocadky nemamensHbix annapamob [2]. Mobops o
Bo308H0BASEMbIX UCMOYHUKAX 3HEpzuu, CMOUM OMMemMUMb, YMO NMUUbI
nokpeiBawm noBepxHocmb conHeyHbIx naHenel cboum NoMEmOM, cHuxas
odwytk npousbodumenbHocmb naxenu.

Ha  cezodHswHul  MoMeHm  cywecmbyem  Heckonbko  Budob
omnyzubamened nmuu, pasaudalpwuxcs no  npuHuuny dedcmbus.
MoxHo Buidenumb ynbmpasbykobeie, Buoakycmuyeckue, 36Bykobeie,
BusyanbHble, @ makxe nasepHele ycmpoucmbBa-penneneHeHmsl. [lo

MHeHulw  Hekomopblx  uccnedobamenel [3], uMeHHO  nasepHble
omnyzubamenu abnswmca Haudonee 3dpdekmubHeiMu.  Mmuubl  no
npupode cboed — Busyans, noamoMy no Bdonbwel 4ACMU OHU

pedzupywm HA onacHocmb, koz20a oHa nosbnsemcs B none ux 3peHus.
NasepHbll  ny4ok B daHHoM cay4ae BocnpuHumMaemcs  2na3oM
NepHambIX, KOK 2U20HMCKUU 08bekm, Hecywuld NOMEHUUANbHY
yzpo3y.

WUccnedobaHus, npobedeHHbie compydHukamu AO  «Mocmkom» U
nodmbepxdeHHbie 3apydexHbiMu KonnezaMu [4], nokasanu, Ymo nmuubl
i} donbuwed cmeneHu nyzawmcs UMEHHO 3e/18H020 u
ynbmpaduonemobozo nasepa. Mmuubl uMenm 4embipe Buda cBemobbix
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peuenmopob — KpoMe KpacHO20, 3e/EHO020 U CUHE20 Y NMUL UMeemcs
ynompaduonemobuil peuenmop, komopbll no3bonsem um Budemsb
8nunbl Bonn do 270 HM.

Mcxods u3 daHbix HadnwdeHul, 8bin pa3padomaH mecmoBeil odpasey
ycmpoucmba dns  omnyzubaHus nmuu  Ha ocHobe mpexny4vebozo
usnyyamens (630 uM, 50 mMBm; 532 uM, 50 mBm; 405 HM, 50 MBm).
Annapam uMeem cmoxacmuyecku u3MeHseMyw 4acmomy Modyasauuu
usnyyerus B npedenax 30-50 lu. Mpudop umeem Manbil Bec, pasmepsl
u nompednsemyw MowHocmb. [lpedBapumensHo npoaHanusupoBaHsl
npeumywecmba & cpabHeruu c dpyzumu Memodamu omnyzubaHus
nmuu. MpobBedeHsl kpamkoBpeMeHHble mecmupoBaHus HQ
NPOMbIWAEHHbIX 08bekmax 2. PasaHu. 3annaHupobanbl mecmupobaHus
nunomHoz20 0dpasud Ha 0CHOM U3 cenbckoxo3daucmbeHHbix y4acmkob
KpacHodapckozo kpas.
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Application of Multispectral Laser Emitter as Non-lethal Deterrent
"Kamensky A. A, 20gnev B. I,  Pitelin N. 0, % Trofimov |. M,
2 Shirobakin S. E.
"Ryazan State Radio Engineering University named after V.F. Utkin
390005, Ryazan, Gagarina str, 59/1
2 Joint Stock Company “Mostcom”
390000, Russia, Ryazan, Uritskogo Str., Building 35, building N7

The bird control problem is of significant importance due to a range
of negative consequences of their presence in various areas of
human activity. The specific repercussions vary for each sector: in
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agriculture, birds cause significant damage to crop yields each
year [1], at industrial sites, they can damage machinery and
equipment, while at airports fthey obstruct fthe fake-off and landing
of aircraft [2]. When it comes to renewable energy sources, it
should be noted that birds can cover the surface of solar panels
with their droppings, reducing overall panel productivity.

Currenfly, there are several fypes of bird deterrents available,
differing in their operafing principles. These include ultrasonic,
bioacoustic, sonic, visual, and laser repellant devices. According to
several researchers [3], laser deterrents are considered the most
effective. Birds are primarily visual creatures, and they mostly
react to threats that appear within their field of vision.

Research conducted by the employees of "Mostcom” and confirmed
by international colleagues [4] has shown that birds are most
scared off by green and ultraviolet lasers. Birds have four types
of light receptors — in addifion fo red, green, and blue, they also
have an ultraviolet receptor that enables them to perceive
wavelengths up to 270 nm.

Based on these observations, a prototype device for bird repellent
was developed using a three-beam emitter (630 nm, 50 mW; 532 nm,
50 mW; 405 nm, 50 mW). The device has a stochastically modulated
emission frequency ranging from 30 fo 50 Hz. The device is
lightweight, compact, and has low power consumption. Preliminary
analysis has identified advantages compared to ofher bird defterrent
methods. Short-tferm testing has been conducted at industrial sites
in Ryazan. Plans are underway fto fest a pilot model on one of the
agricultural areas in the Krasnodar region.
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Ouenka BosMoxHocmu peanusauuu cucmeMsl decnpoBodHol onmuveckod
cBbasu c odHoModoBeIM NpueMonepedamyukoM
" Boed A. A, 'KeprocoB M. 10, 'Kysneuo® C. H, ?Muponob 10. B,
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Bo3MoxHocmu amMocdepHeix onmuyeckux AuHul cbasu (AO/C) BBudy
ucnonb3oBaHua ny4koB u3AyyYeHus C 0YeHb y3kumu dudzpamMMamu
HanpabneHHocmu onpedensiomcs moYyHocmbl HabedeHus mepMuHanod
dpyz Ha dpyza. B AO/AC c npueMoM Uu3ny4YeHUs Ha mopey
onmuyeckoz2o BonokHa, nozpewHocmu Habedewus mepMuHanod ¢
ucnonb3obaHuem NPeuU3UOHHbIX dbuzameneg, npubodam K
HeodxoduMocmu ucnons3obaHus MHozomodoBozo BonokHa.

B  padome  npedcmaBneHbl  pesynbmambl  3KCNEPUMEHMA/bHbIX
usMepeHul napamempoB AO/IC ¢ odHoModoBeiM BonokHoM B ponu
npueMmonepedamyuka. [TpuBedeHsl oueHku yznoBbix xapakmepucmuk
mepMuHanob ans Pa3HbIX ypobHel mypdyneHmHocmu Ha
3KCNepuMeHmanbHou mpacce, HecmadunbHocmu cuzHana B pasHoe
Bpema cymok, a makxe B03MOXHOCMU e€E KOMNEeHCAUUUu C NOMOWbI0
onmuyeckozo dedpnekmopa.

[lna npobedeHus u3MepeHul ucnonb3obBanock 3KCNEPUMEHMAAbHOE
odopydobarue AO/IC-KPK, co3daHHoe B pamkax coBMecmuol padomsl €
MTYCW u QRate no uccnedobaHuw Bo3moxHocmu ucnonb3obanus AO/C
dns cosdaHusa kBaHmobdeix kaHanob cbssu [1].

C ucnonb3obanueM ™Memoduku, npubedenHol B [2], Bbinu codpaHbl
daHHble o padome cucmemsl B pasHoe Bpems cymok — ypobeHb
MOWHOCMU HA NPUEMHUKax mepMuHanob, omknoHeHus ocu duazpamMbl
HanpabnenHocmu  (OOH)  usnyyeHus npu  BkwyeHHol  cucmeMe
abmonabedeHus u de3 Hezo. AHanu3z 3molU uHpopmauuu nosbonun
oueHumb ypobeHb mypdyneHmHocmu Ha mpacce u ez2o0 BausHue Ha
cmadunbHocmb  kaHanob, koppensuuw  Mexdy ypoBbHem MowHocmu
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usnyyeHus u  omknoHeHuem OfOH ny4ka, nocmpoumb Modenb
3abucuMocmu MowHocmu u3ny4eHus om omkaoHeHnus OfH.

beina npobedeHa oueHka Bo3MoxHocmu ucnonb3obaHus onmuyeckozo
de¢nekmopa (0[1) dns koMneHcauuu BausiHuS mypSyneHmMHoCcmMU nymeM
3KCNepUMeHMAnbHo20 u3MepeHus nonoxedus O[lH, 3adabaemozo
dedpnekmopoM, npu  BosdelcmBuu  BosMyweHul  onpedeneHHbIX
3KCNEpPUMeHMANbHO.

AHanu3 padombl AO/IC-KPK Ha odHoModobBboM BonokHe nokasan:

- cywecmbeHHble konedaHus NpPuUHUMaEMo20 cuz2HaAng, o0dycnobaeHs
BapuauusmMu yznod Bxoda usnyyeHus B onmuueckyw cucmemy;

- konedaHusa cywecmbeHHo 3abucsm om ycnobud Ha mpacce u Mozym
npubodumb k donee 4yem 20 db nomepb ypobHs cuzHang;

- 3adukcupobaHHble  omkAOHeHUs  Mozym  dbimb 3¢ dpexkmubHo
ompadomansl O[], cHuxawwum ypobeHs nomeps dns  Hauxydwux
ycnobud donee 4em Ha 10 3b.

Cnucok numepamypbl

1. Bolotov D. V., Kazantsev S. Y., Pchelkina N. V., Kuznetsov S. N.
and Kernosov M. Y. "Modular Facility of Quanfum Key Distribution in
a Free Space” 2023 Wave Electronics and its Application in
Information and  Telecommunication  Systems  (WECONF),  St.
Petersburg, Russian Federation, 2023, PPp. 1-5, doi:
10.1109/ WECONF57201.2023.10148017.

2. KepHocob M. 10. u dp. CHuxeHue ypobHa owudok npu nepedade
Bbicokoyacmomubix onmuyeckux cuzHanod & ycnobusx mypdyneHmHol
amMocdepsl 3a cHem ucnonb3obaHus cmamucmuku ypoBHs npueMHoz0
cuzrana // Pomowuka. 2020. — T. b — N°. 5 — C. 424-437. DO
10.22184/1993-7296 FRos.2020.14.5.4.24 436

Evaluation of the wireless opfical communication system with a

single-mode transceiver implementing possibility
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The capabilities of free-space optical communications (FSOC) due to
the use of very narrow laser beams are defermined by fhe
accuracy of poinfing terminals at each other. In FSOC with the
reception of radiation at the end of an optical fiber, errors in the
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guidance of terminals using precision motors lead fo the need to
use multimode fiber.

The paper presents the results of experimental measurements of
FSOC parameters with a single-mode fiber as a transceiver.
Estimates of the angular characteristics of fterminals for different
levels of furbulence on the experimental route, signal instability at
different fimes of fhe day, as well as the possibility of its
compensafion using an opfical deflector are given.

Experimental equipment FSOC-QKD was used for measurements,
created as part of a joint work with MTUCI and QRafe fo
investigate the possibility of using FSOC fo create quantum
communication channels [1].

Using the techniques given in [2], data were collected on the
operation of the system at different times of the day — the power
level at the terminal receivers, deviations of the radiation pattern
axis (RPA) with and without the auto-guidance system turned on.
The analysis of this information made it possible to assess the
level of furbulence on fthe route and its effect on fthe stability of
the channels, the correlation between the level of radiation power
and the deviation of the single beam, to build a model of fthe
dependence of the radiation power on fthe deviation of the single
beam.

An assessment was made of the possibility of using anoptical
deflector (0D) to compensate for the influence of turbulence by
experimentally measuring the position of the 0D set by fthe
deflector when exposed to disturbances defermined experimentally.

An analysis of the FSOC-QKD operation on a single-mode fiber
showed:

- significant fluctuations in fthe received signal are caused by
variations in the angles of radiation entry info the optical system;

- fluctuations significantly depend on the conditions on the frack
and can lead to more than 20 dB of signal level loss;

- fixed deviations can be effectively worked out by 0D, which
reduces the level of losses for fthe worst conditions by more
than 10 dB.
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[lpumeneHue onmoBonokoHHbIX coeduHeHul 4ns opzaHusauuu cbasu
umeem pad ycmosbwuxcs npeumywecmB®: Buicokas  nponyckHas
cnocodHocmb, Hedopozas  cmouMocmb  NodkAk4YeHus, cmadunbHoe
coedUHEHUE CMAUUOHApHbIX 0dbekmoB. Bmecme ¢ meM, umewmcs u
cywecmbennsie Hedocmamku — Kk npuMepy, npobodHbie coeduHeHus
Bnekym 3a codol 20pa3do donbwWue KAHAAbHbIE NOMepU, 4eM Awdas
decnpobodHas cucmema. K momy xe onmoBonokoHHbie coeduHeHus
HenpuzodHel  dns opzaHusauuu  cBasu Mexdy  dBuxywumucs
odvekmamu, B mo Bpema kak odbembl decnpoBodHozo mpaduka
pacmym c kaxdeiM dHeM, nosbBasiomca HobBele 3adayu u cueHapuu no
nepedade daHHbix B  MoBunbHbix  coeduHeHusx [1l.  /lasepHas
onmuyeckas cbass B kavyecmbe BecnpobodHozo peweHus 0ns Makux
cueHapued sbnasemcs Haudonee onmumansHol no pady napamempod —
kak BBudy Bo3MoxHocmu nepedayu donbwux odbemob uHpopmauuu B
cpabHeHuu ¢ dpyzuMu peweHusMu B cezMenme [2], mak u Bnazodaps
Boicokol cmeneHu KOHGUDIEHUUAALHOCMU KAHANA U 3QWUWEHHOCMU
coeduHeHus.

Ha cezo0HswHUU deHnb nocmabneHa u peanusyemcs 3adaya no
noBblweHuw cmeneHu aBmoHoMHOoCmMUu nasepHol cBA3u HA MOBUNBHbLIX
0dbekmax. Lns 3mozo  Bnepbeie &  mupobou npakmuke
paspadameiBaemcs anzopumm abmonoucka adoHeHmoB, HabedeHus
dpyz2 Ha dpyza u cmadunusauuu AuHuu BusupobaHus de3 npuMeHeHus
paduo3neKmpoHHbIX  cpedcmB, 4mo cMoxem cmamb  0GHUM U3
apzymeHmob & nonb3y BuiBopa umMeHHo onmuyeckux cucmeM cbasu [3].
Lns  docmuxeHus  3ada4u  dbiAU PACCMOMPEHbI  PA3AUYHbIE
koMnoHobo4Hble peweHus. B pesynbmame npobedeHHbix pacyemod u
aHanusa Bbina BeidpaHa apxumekmypa odopydobaHus, ocHobawHas Ha
cucmeMe pedpaKUUOHHO20 muna ¢ pasdeneHueM ¢yHkUud nepedayu
UH$OPMAUUOHHO20 CuzHANd (UHGOPMAUUOHHLIU KaHAn) u odecneyeHus
npouedyp noucka, 3axbama u conpoboxBeHus adoHeHMA NO PA3HbLIM
padoyuM dnuHam BonH (cnyxedHbil kaHan). TakoU Beidop odycnobneH
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Bo3mMoxHocmbl ybenuveHus dwdxema AuHuu 3a cyem abmoHoMHocmu
¢yHKuUU UHOOPMAUUOHHO20 U cAyxedHozo kaHanoB, a makxe
Bo3MoxHocmu 2udkou KoHpuzypauuu kaxdozo kaHana B 3abucumocmu
om ycnobul ucnonb3obaxus.

KoHe4yHoe wu3denue — mepMuHan ModunbHOU onmu4veckod cbasu —
Bknioyaem B ceds cnedywwue yHkuuoHanbHele Bnoku: cpedcmba
¢opmupoBaHua uHpopMauuoHHoz20 kaHang, cpedcmBa noucka 3axbama
u conpoboxdeHus, ¢opMupylWas ONMUYeCckas cucmeMa U Mody/nb
ynpabneHus u koHmpons. [pubedeHa cmpykmypHas CxeMa MepMuHang,
cocmoswezo u3 dbyx 4Yacmed: npueMo-nepedawwezo Modyns, B
KOMOPOM pacnonoxeHbl ocHobBHbie Modynu, ombBevawwue 3a padomy
usdenus, u =zonobku BusupHOU, komopas npuHuMaem y4acmue B
KoHmype noucka, 3axBbama u conpoboxdeHus uenu, odecneyubaem
30Hy conpoboxdeHus adoHeHma B 3adadHbix npedenax. Bce
KoMnoHeHmbl  Bxodsawue B cmpykmypy mepMuHana  ModunbHOU
onmuyeckold cBasu  BeinonHswmca  Ha 12 neyYamHelx naAamax U
Bknoyaom B ceda 3 kpucmanna FPGA u 10 MukponpoueccopoB.
Cneuudukauus BeixodHbix napamempob odopydobaHus npedcmabneHa b
dbyx BapuaHmax, omauvawWUXcA ckopocmbll nepeda4u U danbHOCMbIO
cbasu.

NpedcmabneHHas apxumekmypa NoCMpoeHus ONMUYeCcK020
decnpobodHozo o0BopydobaHus dna  opzaHuzauuu  cBAsu  Mexdy
nodbuxHeiMu adoHeHmamu umeem Bonbwue Bo3MoxHoCMU No  ez0
MoGepHU3aUUU U pacwupeHul cpep npuMeHeHus, dopmupys Bmecme c
meM 3aden dng 8anbHeUWUX HAYYHbIX U3bICKAHUU.
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Architecture issues of wireless opfical communication equipment for
connecting mobile objects
Boev A. A, Kamensky A. A. Pitelin N. 0., Polyakov S. Yu.
Mostcom Joint Stock Company
390000, Russia, Ryazan, Uritskogo str., 35, building N7

The use of fiber-optic connections for communication has a number
of well-known advantages: high throughput, inexpensive connection
cost, stable connection of staftionary objects. At the same time,
there are also significant disadvantages — for example, wired
connections enfail much greafter channel losses than any wireless
system. In addition, fiber-optic connections are unsuitable for
organizing communication between moving objects, while the volume
of wireless fraffic is growing every day, new tasks and scenarios
for data transmission in mobile connections are emerging [1]. Laser
optical communication as a wireless soluftion for such scenarios is
the most opfimal in a number of parameters — both due to the
possibility of fransmitting large amounts of information in
comparison with other solutions in the segment [2], and due to the
high degree of channel confidentiality and connection security.

To date, the task of increasing the degree of autonomy of laser
communication on mobile objects has been set and is being
implemented. For this purpose, for the first time in world practice,
an algorithm is being developed for auto-searching of subscribers,
poinfing at each other and stabilizing the line of sight without the
use of radio-electronic means, which can become one of the
arguments in favor of choosing optical communication systems [3].
To achieve the task, various composite solutions were considered.
As a result of fthe calculations and analysis, an equipment
architecture based on a refractive type system with the separation
of the functions of transmitting an information signal (information
channel) and providing the procedures for searching, capturing and
tracking the subscriber at different operating wavelengths (service
channel) was selected. This choice is due to the possibility of
increasing fthe budget of the line due to the auftonomy of the
functions of the information and service channels, as well as the
possibility of flexible configuration of each channel depending on
the conditions of use.

The final product — a mobile optical communication terminal —
includes the following functional blocks: means of forming an
information channel, means of capturing and accompanying search, a
forming optical system and a control module. The structural scheme
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of the terminal consisting of two parfs is given: the receiving and
transmitting module, in which the main modules responsible for fthe
operation of the product are located, and the guidance head, which
takes part in the search, capture and fracking of the target,
provides the subscriber tracking zone within the specified limits. All
components included in fthe structure of the mobile optical
communication terminal are made on 12 printed circuit boards and
include 3 FPGA crystals and 10 microprocessors. The specification of
the output parameters of the equipment is presented in two
versions, differing in transmission speed and communication range.
The presented architecture for the construction of optical wireless
equipment for the organization of communication befween mobile
subscribers has great opportunities for ifs modernization and
expansion of applications, at the same time forming a foundation for
further scienfific research.
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NpocmpaHcmbenHo-bpeMernHas odpadomka cuzHana ydanéxHozo Maska B
3adavax HabedeHus mepMuHanc® amMocpepHol onmuyeckol nasepHod
cBbazu
"Mpuxodsko K. U, Kysneuob C. H.

AxuuoHepHoe odwecmbo «Mocmxom»

390000, Poccus, 2. Ps3are, ya. Ypuukozo, 6. 35 nomewenue H7
email: 'p.k.i.2016@mail.ru, ksn@moctkom.ru

C kaxdbiM 20doM Bce donbwe pacmem uHmMepec K amMMOCHEpHbIM
onmuyeckuM AuHusM cbasu  (AO/C), ocHoBHeIMU npeumywecmbamu
komopbix no cpabHeHuln ¢ mpaduuuoHHol paduocBasbi  abaswmcs
ybenuveHHas nponyckHas cnocodHocmb, Bo3moxHocmb padombl B
pexume paduoMONYdHUs, 4 MOKXe npuMeHeHue B  cucmemax
kbaHmoBol pasdayu kaw4ed. [lpumeHeHue nododHbeix cucmeM 4ns
cda3u ¢ ModunbHbiMu odbekmamu mpedyem Beicokol ckopocmu
cucmeMsl  HabedeHus, komopas  coBMewaem  onmuyeckue  ocu
nepedamyuka U NPUEMHUKA AN03epHO20 u3nyyeHus. B padome
paccvampubaemcss cucmema  AO/C,  komopass  dna  HabedeHus
ucnonb3yem cAyxedHell KaHan — omdenbHeIU NA3epHbId KaHan (Mask),
padomawwul Ha OmMAUYHOU OmM UHGOPMAUUOHHO20 KaHAANG OGAuHe
BonHbl u  ModynupobBadHbil NO  aMnaumyde HEKOMOPBLIM NOAE3HbIM
cuzHanoM. Ha npuéMHol cmopoHe OaMYUKOM NOAOXEHUS NAMHA
U3nyyeHus Maska ydanéHHo20 ~ MEePMUHaNd  CAYXUM  Mampuua
¢omoduodob. 3adayed kaxdozo u3z mepMmuHanodb sbnasemcs ydepxaHue
nAamHa Maska B 3adaHHoU odnacmu nons u3lodpaxeHus ¢omonpueMHol
mampuubl.  Takum odpasoM, nepBocmenenHou 3adayed  cucmeMsl
HaBedeHus sbnsemcs oOHapyxeHue npocmpaHcmbeHHo-BpeMeHHo20
cuzHanad namHa YydaneHHo20 mepMuHana Ha ¢oHe nomex. OcHoBHLIM
ucmo4HukoM noMex B paccmMampubaemol cucmeMe sBasiomcs dpodoBeie
wymbl Mampuubl, Bbi3banHbie ¢poHobol 3acBemkol, a makxe cayvadHblie
$nykmyauuu amMnaumydel cuzHana u oHaq, Bbi3BbaHHbIe
mypdyneHMHOCMbI0 amMocdepel u npedcmabaswwue codou
MynbmunaukamubHyw nomexy. B cBasu c¢ mem, 4mo nomexa He
koppenupobana Bo BpemeHu u npocmpaHcmbBe, B8bin  paspadomaH
anzopumM odHapyxeHus Bdauskul Kk onmumansHoMy, B komopoM
odpadomka none3Ho20 cuzHana pasdeneHa Ha npocmpaHcmBeHHyl u
BpemenHyio [1]. MpocmpancmBenHas odpadomka npedcmabasiem codol
HenuHeUHyw dunbmpauute usodpaxeHus, nododHyw xopowo ulbecmHbiM
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anzopumMaM duHapu3auuu u3odpaxeHul, nocne komopol HA none
u3odpaxeHus ocmawmcs MOAbKO 00bekmbl, 08AuU3KUue no  ¢opme
uckoMoMy namHy. BpemenHas odpadomka npousbodum BpemeHHy
¢unbmpauuw  cepul  kadpoB, npowedwux  npocmpaHcmBeHHYlo
odpadomky u nocne komopoU dna kaxdozo nukcena BuHocumcs
peweHue o0 e20 nNpuHadnexHocmu uenu. B kayecmbe kpumepus
odHapyxeHus & padome ucnonb3yemca  kpumepul  HeumaHa-
MupcoHa [2] ¢ 2nodanbHbiM nopozoM @ns Bcezo nons usodpaxeHus.
OnucanHbll  anzopumM  peanusobad Ha [/IMC ¢ ucnonb3obanuem B
ka4yecmbe onmuyeckozo ceHcopa  ¢omoONpuéMHoU  MAMpuubl €
paspeweHueM 1024x1024 nukceno® u pasmepoM nukcena 55 Mkm. B
padome npubodamcs xapakmepucmuku OBHAPYXEHUS, NOCMPOEHHbIE Ha
ocHobe uMumauuoHHozo ModenupoBaHus, a MAKXe HAMYPHO20
3KCNepuMeHma. MpousbedeHo cpabHeHue C aHAN02UYHbIMU
anzopumMaMu noucka ydanéHHozo adoHenma [3, 4], dna kaxdozo us3
komopozo Bbiuzpbiw B omHoweHuu cuzHan-wym cocmabun donee 3 4b.
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Space-time signal processing of a remote optical beacon in the tasks
of guidance terminals of free space optics systems
" Prikhodko K. I, Kuznetsov S. N.
JSC MOSTCOM, Ryazan, Russia

Every year, interest in free space optics (FSO) systems is growing
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more and more, the main advantages of which, compared with
traditional radio communications, are increased bandwidth, the ability
to work in radio silence mode, as well as fthe use in quanfum key
distribution systems. The use of such systems for communication
with mobile objects requires a high-speed guidance system that
combines the optical axes of the transmitter and receiver of laser
radiation. The work considers the FSO system, which uses a service
channel for guidance — a separate laser channel (beacon) operating
at a wavelength different from the information channel and
modulated in amplitude by some useful signal. On the receiving side,
the sensor for the position of the radiafion spot of the beacon of
the remote terminal is a matrix photodetector sensor. The fask of
each of the ferminals is fo hold the beacon’'s spot in a given area
of the image field of the photodetector matrix. Thus, the primary
task of the guidance system is to deftect the space-time signal of
the remote ferminal spot against the background of clutter. The
main source of clutter in the system under consideration are matrix
shot noise caused by background illumination, as well as random
fluctuations in the amplitude of the signal and background caused
by atmospheric turbulence and represenfing a multiplicative
interference. Considering that the clutfer is not correlated in time
and space, a defection algorithm close to optimal was developed, in
which fthe processing of the useful signal is divided into spafial and
temporal [1]. Spatial processing is a nonlinear image filtering, similar
to well-known image binarization algorithms, affer which only
objects similar to the desired spot remain in the image field.
Temporary processing performs temporary filtering of fthe frames
series fthat have undergone spatial processing, affer which a
decision for each pixel about its belonging fo the targef is made.
The Neyman-Pearson lemma [2] with a global threshold for the
entire image field is used as a defection criterion in the work. The
described algorithm is implemented on the FPGA, and fthe
1024x1024 pixels photodetector matrix with 5.5 pym pixel size as an
optical sensor. The paper presents the detection characteristics
built on the basis of simulation modeling, as well as a full-scale
experiment. A comparison was made with similar algorithms for
searching for a remote terminal [3, &], for each of which the gain in
signal-to-noise raftio was more than 3 dB.
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Ouerka uenecoodpasHocmu ucnonb3obaHus amMocdepHol enmuyeckod
cbsa3u Ha odbekmax ucnons3oBaHus amoMHoU 3Hepauu
" Kazanued C. 10, ?Kysneuob C. H, * Makcumob A. 10,
"Myenkuna H. B.
" MockobBckud mexHuveckui yHubepcumem cBasu u UHGOPMAMUKL,
1711024, Poccus, 2. Mockba, ys. AbuamomopHas Sa
2 AD MOCTKOM, PszaHb, Poccus
3 AD «Mpopeib», 2. MockBa, Poccus,
email: * s.ikazantsev@mtuci.ru, ksn@moctkom.ru,
mayu®@proryv2020.ru, n.v.pchelkina@mtuci.ru

MNpoBedeH ananus Bo3aMoxHocmel ucnonb3obaHus Ha odbekmax
ucnonsb3obaHus amoMHou 3Hepzuu  (OWA3) cucmem decnpobodHol
cBs3u Ha ocHoBe ammocdepHbix onmuyeckux AuHuU cbasu. lMokasaHo,
4ymo cobpeMeHHble mepMuHansl amMocdepHol cbaszu pocculckux ¢GupM
no3Bonsiwm peanusoBbamb BuicokockopocmHou odMeH daHHbiMU BHYMpuU
nepumempa A3(C, a makxe oBecneyumb BHewHul pe3epBHbIl KaHan
cBbsa3u, 3awuweHHsllt no mexHonozuu kbBaHmobozo pacnpedenenus
knioded [1, 2] Ha ocHoBe nodxoda [3] npednoxena Memoduka 8ns
OUEHKU uenecoodpasHocmu ucnonb3obaHus amMocdepHol onmuyeckol
cbasu Ha OWA3 B padoHe pasMeweHus Kypckou A3C. [okasaHa
Boicokas nepcnekmubHocmb  NpuMeHeHus amMocdepHod  naszepHol
cbasu, B moM 4Yucne 3awuweHHol no mexHonozuu KPK Ha A3C,
pPacNoNoXeHHbIX B ueHMPanbHOM U lXHbIX padoHax Poccuu.
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Evaluation of the feasibility of using atmospheric optical
communication af nuclear facilities

" Kazantsev S. Y., 2Kuznetsov S. N, * Maksimov A. Y,

"Pchelkina N. V.
" Moscow Technical University of Communications and Informatics,
1711024, Russia, Moscow, str. Aviamotornaya 8a
2 JSC MOSTCOM, Ryazan, Russia
3 JSC Proryv, Moscow, Russia

An analysis of the possibilities of using wireless communication
systems based on afmospheric opfical communication lines at
nuclear facilities (NF) has been carried out. It is shown that modern
atmospheric communication terminals of Russian companies make it
possible to implement high-speed data exchange within the NPP
perimeter, as well as to provide an external backup communication
channel protected by quantum key distribution technology
(QKD) [1, 2]. Based on the approach [3], a methodology was
proposed for assessing the feasibility of using atmospheric optical
communication at nuclear facilities in the area where the Kursk NPP
is located. High prospects are shown for the use of atmospheric
laser communications, including those protected by the QKD
technology, at nuclear power plants located in the cenfral and
southern regions of Russia.
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dumonazepodopes — uHmeHcubHo pasbubawwuics Memod
nasepomepanuu
" NucenkoBba A. M, Opén H. M, Xenesuskoba T. A.
benopyccrkuu zocydapcmbenHsiu yHubepcumem
220030, benapyce, 2. Murck, npocnexkm Hezabucumocmu,4
email: ‘lisenkova@bsu.by, oryol@bsu.by, t.zhe@inbox.ru

Mcnonb3obanue docmuxeHul ¢yHdamMeHmanbHbix Hayk B MeduuuHckol
npakmuke npubeno K noabnexuto HOBBIX 3dppekmubHbIx
HeMedukaMeHmo3Hbix cnocodob nedveHus u peadunumauuu 3adonebaHul
BHympeHHux opzaHob [1]. Cpedu Hux uHmeHcuBHo pasbubaemcs
nasepogopes (/19) u ezo pasHobudHocmb — dpumonasepodopes (P/1P).
®/1® — cnocod BBedeHus cnoxHbeix duonozudecku akmubHbix Bewecmb
pacmumensbHoz20 npoucxoxdeHus Bo BHympeHHue cpedsl opzaHu3Ma
NPU NOMOWU AG3EPHO20 U3AY4YeHUs HU3koU uHmeHcubHocmu (HUAN).
Mpu 3MoM HWUN oka3bibaem makxe camMocmosimenbHoe
NONOXUMENbHOE Bo3delcmbue HQ 0p20HU3M, akmubupys
MPOHCMEMBPAHHLIU  MEXOQHU3M nepeHocd duonozuyecku  akmubBHbix
bewecmdb, npoabnsemca  Buocmumynupywwee  dedcmbue  HWUAK,
noBbiwaemcs  akmuBHocmb  ¢pepmenmoB,  npoucxodum  ycuneHue
kucnopodHozo odmeHa, ybenuyeHue noznoweHus Kucnopodd MKAHAMU
opzaHusma,  akmuBusupywmca  okucaumenbHo-BoccmaHoBumenbHbie
npouecchl [2, 3], ®/1® omnuvaemcs HeunbasubHocmble, omcymcmbuem
XuMuyeckux  npenapamo® npu  MuHuManbHbix  do3ax  deweBbix
pacmumencHeix npenapamo® u HW/IW, de3bpedHocmbio u Bo3MoxHocmblo
cucmeMHoz0 nodxoda K neveHuw nauueHmoB, umo ocodeHHo BaxHo
dns demel u nuu npeknoHHozo Bospacma. Yucno ¢umonpenapamod,
npumeHsiemMbix Npu /1P nocmosHHO pacmem.

B meyeHue pada nem B Benopycckom  2ocydapcmbeHHoM
yHubepcumeme pa3padameibamcs uHHoBauuoHHele Memoduku /1P u

annapamypa ybenuyeHus duodocmynHocmu nekapcmbeHHbIx
npenapamob ¢ duonozuyecku  akmubHbiMu  BewecmBamu  dns
HOpMaAU3auuu HapyweHud Memadonusma npu Pa3NUYHbIX

namonozusix [2-4] Wccnedobarus Boszdedcmbus HUAM B covemanuu c
BbedeHuem adanmozeHob nakmodeppuHa u Macna CeMsAH pacmoponuuy,
a makxe BodHbix 3kcmpakmob pacmenuu omevecmBeHHolU ¢nopel —
[MuxMbl  00blkHOBeHHoU, LMuHa necyaHozo, [ebsacuna Beicokozo,
0dnadanwux Xen4e2oHHbIM, 2UN02AUKEMUYECKUM, HMUBAKMepUANbHbIM,
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aHmuokcudaHmHeiM ~ delcmbBuem  nodmBepxdawnm  3ddekmubHocmb
daHHol mMemoduku BBedeHus ¢pumonpenapamod [3].

Hobble  uccnedobanus  coyemaHHozo  Boszdelcmbus  HUAWM ¢
3kcmpakmamu  ¢eHono® bBpycHuku oBbikHoBeHHoU u BeccMepmHuka
nokasbibawm Bo3MoXHOCMb YycuneHus aHmuokcudaHmHoU cucmemsl pada
¢epMenmob,  npudem  3ddekmubHocmb  3kcmpakma  BpycHuku
okasbibaemcs cywecmbenHo Buiwe, 4em beccmepmuuka. pobedenHbie
uccnedobaHusa nokasbibawm 3dppekmubHocmb KOMN/NEKCHOZ0
ucnonb3obaHus nasepHozo Bosdelcmbus B covemaHuu ¢ duonozuyecku
akmuBHeiMu  pumonpenapamamu. [loHuMaHue MexaHusmob /19 Ha
knemo4yHoM U mkaHeBom ypobHax nosbonsem dopmynupobamb U
mpedobaHua k ¢usuyeckuM dakmopam, odecnevubawwuM MAKCUMAABLHO
3¢pexkmubHoe npobedeHue npouedypsl ne [5]. NUcmuHHble
Bo3MoxHocmu P/1P ewe 3aneko HE U3YYEHbI.

Pesynsmamel  padom [3, 4]  Mozym  wupe ucnonb3cbambcs B
KAUHU4eckoU npakmuke 4na paspadomku MexHOA02UU pe2ynauuu
npoueccob  odMena  Bewecmb B  opaaHax U MKaHAX U
cobepweHcmbobarus cnocoBob BuoxuMu4eckozo KOHMPOAA U NeYeHus
NPU pa3AnuYHbIX namonozusix. Pumonaszepodopes akmubHo BHedpsemcs
B Bedywue knuHuku Poccuu npu neveHuu xpoHuyeckux 3adonebanul
opzaHob dbIXxaHus, 0CMeoxoHdpo3a, 3adonebaHuu cycmabob,
npocmamuma, AUM, MBC, XKT, HepBHbix B0ne3Hed, 2pbixu, CUHYcuma,
3adonebaHuld nepugepuyeckux cocydob u dpyzux 3adonebanul [5].
MNpedcmabnsemcs akmyanbHbiM  npobedeHue danbHeUWUX  HAYYHbIX
uccnedoBbaHuu B odnacmu paspadomku Hobeix mexHonozuu PP, u ux
wupokoe BHedpeHue B MeduuuHckyw npakmuky Pecnydnuku benapyck
u cmpad CodpyxecmBa He monbko B odnacmu kocmMemonozuu. [pu
3moM  Heodxodumo  akmuBHoe  compydHudecmBo  cneuuanucmobd
pasnu4HbiX odnacmed ecmecmBeHHbIX HAYK U MedUUUHbI.
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npoucxoxdeHus B onsimax invitro /HM. Open, AM. /lucenkoba, AM.
Bpamuens, O.A. Xonydeba //ﬂuaepHo-UqupMGuUOHHble MmexHo/a02uu.
—2022. Tpydsl XXX MexdyHap. koH¢. Hobopoccuuck, KpacHodapckul
kpad 12—17 cexmadps 2022 2. — C. 36-38.

L. Xenesnskoba T. A. BnusHue napamempob u3ny4yeHus u onmuyeckux
cbodcmb duonozuyeckux mkaHed Ha npouecc nasepopopesa. Abmoped.
duc. kaHd. ¢us-mam. Hayk Munck, 2017. — &b c.

5. A A Xadapuebd, B. . Kyneeb, C. B. MockBuH. Pumonasepoopes—
M—Tbepb:. W3damenscmbo «Tpuada». — 2016. =96 c.

Phytolaserophoresis is an intensively developing method of laser
therapy
" Lisenkova A. M, Oryol N. M, Zheleznyakova T. A.
Belarusian State University
220030 Belarus, Minsk, Independence Avenue, 4

The intensively developing method of phytolaserophoresis is
considered. The influence of various herbal remedies and low-
intensity laser radiation on the activity of antioxidant enzymes and
lipid peroxidation and other processes important for fthe
normalization of metabolic disorders in various pathologies is
analyzed. The conducted studies show fthe effectiveness of the
complex use of laser exposure in combination with biologically active
herbal remedies.
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Bo3deicmbue amMocdepHbix paspsdod Ha kBaHmoboepacnpedeneHue
Kno4yed no onmuyeckoMy BonokHy
Bonomob . B, bywyeb 3. B, Mpeiukun C. E., KasaHueb C.10,
Ka3ueba T. B, KonecHukob O. B, CmpozaHoba E. I1.
Mockobckuu mexHuyeckul yHubepcumem c6A3U U UHPOPMAMUKU,
1711024, Poccus, 2. Mockba, ys Abuamomopras8a

email: d.v.bolotov@mtuci.ru, e.y.bushuev@mtuci.ru,

s.e.qrychkin@mtuci.ru, s.i.kazantsev@mtuci.ru, t.v.kazieva@mtuci.ru,
0.v.kolesnikov@mtuci.ru, e.p.stroganova@mtuci.ru

Wcnonb3obanuepasnuyHeix Memodod ynnomHeHusdns nepedayu GAHHbLIX
& BOAC u npumeHeHue mexHonozuu KPK Beisbuno 3Ha4umensHywo
4yybcmbumenbHocmb  kaHana cbssu  k  Bo3deucmbBuw amMmocpepHbix
paspadob [1]. B doknade npedcmabneHsl pesy/nbmambl
uccnedobaHusbausHus  3nekmpoMazHUMHbLIX  noned,  Haonmu4eckul
kadenb, coeduHawwul dbe ycmanobku KPK.Mpedcmabneno onucanue
3kcnepuMeHmanbHbix cmeHdob, co3daHHeix B MTYCW, u daHHble o
BAusHUE UMNYAbCHBIX 31EKMPOMAZHUMHbIX Nonel, 8AU3KUX K MeM, 4mo
pezucmpupobanuce B [2], Ha u3sMeHeHuu noAspusaUUU  U3NYYEHUS,
gnuHy kbawmobBozo knw4a u QOBER kbBaHmobozo kaHana cbsasu.
MNokasaHa Bonee Bbicokas ycmouyvubocmb k BAusHulw  cunbHO20
MazHumHoz20 nona cucmemsl KPK ¢ ¢a3obeiM kodupoBaHueM, 4em
cucmemsl ¢ KPK Ha nonspusauuoHHoM kodupobanuu.

Padoma BbinonHeHa npu 4acmu4yHou noddepxke zpaHma PH® N° 23-
79-10223.

Cnucok numepamypbl

1. Bonomo® [. B. 3awuma BonokoHHo-onmu4eckux AUHUU cBasu om
Bo3delcmbuu amMoCcepHbIX pa3psdob / bonomob [I. B,
Kazanueb C. 10, KonecHukob 0. B, Komapob 0. A. // Xl
MexdyHapodHas KoHpepeHuuss no GOMOHUKE U UHPOPMAUUOHHOU
onmuke.- 2023. — C. 494-495. — EDN GOAXWYV.

2 Kazieva T. V. et al. Laboratory Setup for Studying the Effect of
Atmospheric Discharges on Communication Lines Profected by
Quantum Key Distribution Technology // 2023 Wave Electronics and
its Application in Information and Telecommunication Systems
(WECONF). - IEEE, 2023. - pp. 1-4, doi:
10.1109/ WECONF57201.2023.10147989.
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The effect of atmospheric discharges on the quantum keys
distribution through an optical fiber
Bolotov D. V., Bushuev E. V., Grychkin S. E,, Kazantsev S.Yu,
Kazieva T. V., Kolesnikov 0. V.,Stroganova E. P.
Moscow Technical University of Communications and Informatics

The use of various mulfiplexing methods for data transmission in
fiber optic nefwork and the use of QKD technology revealed a
significant sensifivity of the communication channel to the effects
of atmospheric discharges[1].The report presents the results of a
study of the influence of electromagnetic fields on an optical cable
connecting two QKD installations.A description of the experimental
stands created at MTUCI is presented as well as and data on the
influence of pulsed electromagnetic fields close to those described
in [2], on the change in laser emission polarization, the length of
the quantum key and Q(BER of the quantum communication channel
are presented.A higher resistance fto the influence of a strong
magnetic field of a phase-coded QKD system fthan systems with a
polarization-coded QKD is shown.

The work was partially supported by the RNF grant No. 23-79-
10223.
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0 MexaHusMe zeHepauuu HanpabneHHo20 wWUPOKONOANOCHO20
cynepkoHmuHyyma Bo3Hukaiowezo npu adeppauuoHHOM
pacnpocmpareHuu B Bo3dyxe peMmocekyHOHO20 NO3EPHO20 U3/Y4EHUS
€ ueHmpanbHol dnuHod BonHbl 940 HM
" Mpokoneeb B. E., 2 ySenko . M.
"Hauuoransweid uccredobamensckui Tomckud zocydapcmbBerrsid
yrubepcumem, 634050, Poccus, 2. Tomck, ys. /lenura 36
Wucmumym cufbHOMOYHOU 3/eKkMPOHUKY LUBUPCKOZ0 OMOeeHUS
Poccuuckou axademuu Hayk,634055, Poccus, 2. ToMck, np-m.
Axademudeckud 2/3
email: * prokop@aogl.hcei.tsc.ru, lubenkodm@gmail.com

B padome uccnedywmca dusuyeckue NPUYUHbL, MEXAHU3Mbl u ycnobus
odpasobaHus ycmouyubozo, HanpabneHHozo Budumozo
cynepkoHmuHyyma  (CK)  BosHukawwezo  npu  aOeppauuUOHHOM
pacnpocmpaHeHuu B Bo3dyxe cpokycupobaHHo20 UHPpPAKpACHO20
¢eMmocekyHOHO20 NO3EPHO20 U3AY4YEHUA C UWeHmMpanbHou dAuHol
BonHbl 940 HM.

M3BecmHo, 4mo nNpu OCECUMMEMPUYHOM PACNPOCMPAHEHUU  NY4Ka
HOKaYKkU, dnuHHOdOKYcHOU ¢okycupobke u onpedenéHHoU MoOWwHOCMU
Bo3sHukaem  oduHOYHBIL  dunaMeHm,  ABAFVWUMCA  UCMOYHUKOM
HanpabnernHozo CK. OdHako npu BHeceHuu B ny4vok Hakayku ¢asobbix
uckaxeHuyd, nosbnsemca adeppauus, npubodswas k Bo3HukHoBeHuw
0Byx CUMMempUYHbLIX OMHOCUMENbHO OCU /NA3EePHO20 U3/AYYEHUS SPKO
cbemawuxcs nyukod cbema ¢ Manol pacxodumocmbio [2]. B omauyuu
om ocecuMMempu4Hozo nyyka CK pacnpocmpaHsibwuecs no  ocu
nasepHoz0 usny4eHus, nydku CK Bo BmopoMm cayyae abnswmcs donee
ycmouyubbiMu u cmadunbHbIMU.

O8HapyxeHo, 4mo mpaHCcPopMauus UCxodHO20 CNEKMPA /AA3EpHO20
usny4yeHus npoucxodum no xody pacnpocmpaHeHus kak B odnacmu
¢unameHma, mak u B odnacmax Sauskux K nocnedHed. A Haudonee
cywecmbernHoe nocnedobamenbHoe ywupeHue cnekmpa om UK odnacmu
A, = 940 HM Bnnomb do 350 HMm npoucxodum B
nocmounameHmauuoHHoM KaHane ([PK), komopeil Bo3Hukaem B
pesynbmame caMokaHaausauuu usnyyeHus B cnedcmbuu  danaHca
Keppobckou camopokycupoBku u  QuppakuuoHHOU  pacxodumocmu.
3IkCnepuMeHmManbHO U3MEPEHHAA KOHUeHmpauus 3nekmpoHoB B 3mod
odnacmu MN®K e npeBeiwaem Benuduny ~ 10% cM? u ue moxem
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0dbACHUMb 3HOYUMeAbHOe ywupeHue cnekmpa B awmucmokcobyio
cmopoHy B pesynsmame ¢asobod camomodynsuuu(PCM).

B coodweHuu npobedeH cpabHumenbHbIl  AHAAU3  NOAYYEHHbIX
3KCNEpPUMEHMANbHbIX GaHHBbIX u Pa3/UYHbIX MexaHu3MoB
Bo3HukHobBeHus HanpaBnenHozo CK & npo3payHbix du3nekmpukax, B
MUKPOCMPYKMYPUpPoBaHHbLIX U NOAbIX  GOMOHHO-KPUCMANAUYECKUX
BonokHax u 2a3ax. [lokasaHo, 4Ymo  OCHOBHbIM  MexaHu3MoM
Bo3HukHobBeHus HanpabnenHozo oceBozo u npuocebozo CK & Bosdyxe
abnawomcs  2eHepauus  BeiHyxdeHHozo cmokcoBozo BpawamensbHoz0
KOMOUHAUUOHHO20 (pamaHobckozo) paccesiHus (BCBKP) nepbozo u
Bmopoz2o nopadka 3anyckawuez0 KAckadHbll  YembIpEX(POMOHHbIU
napaMempuyeckud npouecc (KY®MM) B aHmucmokcobol odnacmu
cnekmpa [3]. Mpu 3moM Ha nepbol cmaduu cnekmpanbHoe YwupeHue
abnsemcs pesynbmamom cobmecmHozo deucmbus cmokcobozo BKP Ha
BpawamenbHeix nepexodax Monekyn Bo3dyxa u napaMempu4eckozo
yembipexBonHoBozo cMeweHus ¢ HesHaqumenbHsiM  Bknadom B
ywupeHue ®CM umnynbca Hakauku. Mepbas 4yacme npouecca YwupeHus
cnekmpa peanusyemcs yxe B odnacmax ¢pokycupobku u dunamexma, a
3Hg4umensHoe aHmucmokcobo ywupernue Bnnaomb do 4vacmom 350 HM
Bo3Hukaem B odnacmu MPK Ha paccmosiHuu ~ 100 ¢cM om odnacmu
¢okycupobku. Pusuyeckol npuyuHol cywecmBobaHus YPMMN B Hawux
ycnobusx sbnsemcs: 1) HenunelHas Bocnpuumyubocms mpembezo
nopsdka Bo3duxa X® u 2) nocnedoBamensHoe ywupeHue cnekmpa B
aHmucmokcoBy oBnacmb  npu  KYPMM, «omopas odbsAcHAemcs
pacnpocmpaHeHueM  cbema B  onmuyeckom  cBemobode, npu
caMokaHanusauuu  usayqeHus B  Bosdyxe B [I®K.  Yucnenwoe
mModenupobaHue xapakmepucmuk  HanpaBnenHozo CK B  pamkax
npednoxeHHo20  MexdaHu3Ma ~ xopowo  odbficHAsem u  dpyaue
3KCNEePUMEHMANbHO NONYYEHHbIE pe3y/abmamsi.

Padoma  BeinonHena B  pamkax  2ocydapcmbenHozo  3adaHusd
Munucmepcmba Hayku u Beicwezo odpasobanus PP FWRM-2021-0014.

Cnucok numepamypsl

1. N. G. Ivanov, V. F. Losev, V. E. Prokop’ev, K. A. Sitnik Generation
of a highly directional supercontinuum in the visible spectrum range
// Optics Communications 387 (2017) 322-327.

2. D. M. Lubenko, V. E. Prokopev. Generafion of Broadband Radiation
During Filamentation of a Femtosecond Laser Pulse in fthe
Atmosphere // Journal of Siberian Federal University. Mathematics
& Physics 2022, 15(6), 718—723.
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On the mechanism of generation of a directional broadband
supercontinuum of femfosecond laser radiation with a cenfral
wavelength of 940 nm arising during aberrational propagation in air
2 Prokopiev V. E., ? Lubenko D. M.

" National Research Tomsk State University, 634050, Russia, Tomsk,
str. Lenina 36
Z Institute of High-Current Flectronics, Siberian Branch of the
Russian Academy of Sciences, pr. Academic 2/3

The paper investigates the physical causes, mechanisms and
conditions for the formation of a stable, directional visible
supercontinuum (SC) arising from the aberrational propagation of
focused infrared femtosecond laser radiaftion in air with a cenfral
wavelength of 940 nm.

It is known fthat in the case of axisymmetfric propagation of fthe
pump beam, long-focus focusing, and a cerfain power, a single
filament arises, which is the source of directional SC. However,
when phase distortions are introduced info the pump beam, an
aberration appears, leading to the appearance of two brightly
luminous light beams with a small divergence, symmetric about fhe
laser radiation axis [2]. In contrast to the axisymmetric SC beam
propagating along fhe laser radiafion axis, the SC beams in fthe
second case are more stable and stable.

It is found that the fransformation of the initial spectrum of laser
radiation occurs in the course of propagafion both in the region of
the filament and in regions close to the latter. And the most
significant sequential broadening of the spectrum from the IR region
A, =940 nm up to 350 nm occurs in the post-filamentation channel
(PFC), which occurs as a result of self-channeling of radiation as a
result of fthe balance of Kerr self-focusing and diffraction
divergence. The experimentally measured electron density in this
PFC region does not exceed ~ 1013 cm™ and cannot explain the
significant broadening of the spectrum fowards fthe anti-Stokes side
as a result of self-phase modulation (SPM).

In the communication, a comparative analysis of fhe obtained
experimental dafa and various mechanisms of the appearance of
directional SC in transparent dielectrics, in microstructured and
hollow photonic-crystal fibers and gases is carried out. It has been
shown that the main mechanism for the occurrence of directed axial
and paraxial SC in air is fthe generation of stimulated Stokes
rotational Raman (Raman) scattering (FSRS) of the first and second
order triggering a cascade four-photon parametric process (FFPPP)
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in the anti-Stokes region of the spectrum [3]. In this case, at the
first stage, the spectral broadening is the result of fthe joint action
of Stokes SRS on rofational transitions of air molecules and
parametric four-wave mixing with an insignificant contribution to the
broadening of the SPM of the pump pulse. The first part of fthe
spectrum broadening process is realized already in the focusing and
filament regions, and a significant anti-Stokes broadening up fo
frequencies of 350 nm occurs in the PFC region at a distance of
~ 100 cm from the focusing region. air X(3) and 2) the consistent
broadening of the spectrum into the anti-Stokes region in the case
of the QFSPP, which is explained by the propagation of light in the
optical fiber, with self-channeling of radiation in the air in the PFC.
Numerical simulation of the characteristics of directional SC within
the framework of the proposed mechanism well explains other
experimental results.

The work was carried out within the framework of the state task
of the Ministry of Science and Higher Education of the Russian
Federation FWRM-2021-0014.
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0% ucnonb3obaHuu nonynpobodHukoBozo nasepa B azpomexHonozusx
" Opan C. U, *3apunod M. P, 'Bepwurun M. H.
"Uxebckas censckoxo3aicmberHas akademus
426069, Poccus, 2. Mxebck, ya. Cmydenveckas 17
2 Ygmypmekud pedepansHsid uccnedobamesisckul ueHmp Yp0 PAH,
426067, Poccus, 2. Mxebck, yn. Mm. TamessiHsl bapam3uHoUu 34
email: yuran-49@yandex.ru, zaripov.istu@gmail.com,
verchinin777@mail.ru

08nyyeHue pacmeHuld AnA3epHbLIM U3AYYEHUEM CMUMYAUpPYem pocm U
pasbumue pacmeHud, ycunubaemcs moNepaAHMHOCMb K  PA3AUYHBIM
HednazonpusmubiM Bo3deucmBusm okpyxawwel cpedsl.B donbwuncmbe
Hay4HbiX padom, komopble nocBsweHs nasepHol cmumyasuuu, u B
komopbix onuckiBaemca  cmumyaupywwud  3dpekm, ucnonb3yemcs
20306610 2enud-HeoHobbID (He-Ne) nasep c¢ dnuHol BonHel 632,8 HM.
®akmopomM  Haudonbwez0  pacnpocmpaHeHus  2a30Bbix  nasepob
abnsemcs makol napaMemp NA3EPHO20 U3AYYEHUSA, KaK 0dbeM
KozepeHmHocmu  (wupuHa  cnekmpanbHoU — AUHUU U GAUHG
kozepeHmHocmu). B padomax, nocBbsweHHbIx nA3epHoU CMUMYAAUUU
YnoMuH@Emcs, 4mo cmumyaupywwud 3¢pdekm nposbasemca monsbko B
cny4ae, ko204 PACMUMENbHAS KAEMKA NOAHOCMbI nomewaemcs B
odbeMe KO0z2epeHMHOCMU ANd3epHO20 Uu3Ay4eHus, m.e. BeposmHocmb
NOANYYEHUS CMUMYAUpykuwezo0 3ddekma Om ANA3EPHO20 U3AYYeHUs
donbuwe.

AnbmepHamuBHbIM UCMOYHUKOM NA3EPHO20 U3/AYYeHUS MOXEm Cmamb U
nonynpobodHukoBeil nasep, Ho ezo0 ucnonb3obaHue 3ampydHeHo meM,
4mo 0dbeM K02EPEHMHOCMU U3AYYEHUS 3HAYUME/NbHO MeHbwe odbema
pacmumensHol knemku.PacmumenbHas knemka He nomewaemcs B
00bEM KO2epeHMHOCMU NAa3epHO20 U3NYYEHUS U He noayvaem 3¢pdekm
cmumynauuu.  BeixodoM  u3  3moU  cumyauuu  MOXEm  Cmamb
ucnonb3obaHue MoHoxpomamopoB unu cBemodunbmpod ¢ wupuHamu
cnekmpanbHoU AuHuu 10-30 HM. [pednonazaemcs, 4mo ucnonb3obaHue
cbemodunbmpob, cobMecmHo € MOWHBLIM UCMOYHUKOM ONMUYECKO20
usny4yeHus, nosBonaum donee 3¢pPpekmubHo 0dnAyvamb pacmumenbHbie
Knemku  usay4yeHueM co  cpabHumenbHo  donbwuM  08bEMOM
K02epeHmHocmu. Ncnonb3obaHue cbemodunbmpobd MoXem
NoNoXumensHo NOBAUSML HA CMUMYANAUUK PaCMUMEAbHbIX KAEMOK.
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The use of a semiconductor laser in agricultural technologies
"Yuran S. I, ? Zaripov M. R, "Vershinin M. N.
"Izhevsk State Agricultural Academy
426069, Russia, Izhevsk, Student Street, 17
2 Udmurt Federal Research Center UB RAS
426067, Russia, [zhevsk, str. T. Baramzina, 34

Laser radiation stimulates the growth and development of planfs,
increases tolerance to various adverse environmental influences.
Numerous scienfific articles on laser stimulation describe fthe
stimulating effect when using a gas helium-neon (He-Ne) laser with
a wavelength of 632.8 nm. The wide distribution of gas lasers is
due to the volume of coherence (the width of the spectral line and
the coherence length) of laser radiation. In articles about laser
stimulation, the criterion for the manifestation of the effect is
mentioned. It manifests itself when the plant cell is complefely
placed in the coherence volume of laser radiation. The
semiconductor laser is an alternative source of laser radiation. The
low use of a semiconductor laser is explained by the smaller
volume of radiation coherence, which is less than the volume of a
plant cell. The plant cell does not fit info the coherence volume of
laser radiation and does not receive the stimulation effect. The
solution is fo use monochromators or light filters with spectral
linewidths of 10-30 nm. The use of light filters and a powerful
source of opfical radiation will reliably irradiate plant cells with
radiation with a large volume of coherence. The use of light filters
can affect the stimulation of plant cells.
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Beidop onmuMansHod 8auHbl BoaHel dns kBawmoBozo pacnpedeneHus
knioved yepes UC3
" Tumowenko A. C, Xykobckud 0. [, Kasanued C. 10, MNyenkuna H. B.
Mockobckuu mexHuyeckuu yHubepcumem cBA3U U UHPOPpMAMUKU
111024, Poccus, 2. Mockba, yn. AbuamomopHas8a
email: ~ sashat2000@mail.ru, dan17zh@mail ru, s.ikazantsev@mtuci.ruy,
n.v.pchelkina@mtuci.ru

PaccMompeHsl  ocHoBHbie  kpumepuu, no  komopbiM  Beidupancs
cnekmpanbHell duanasoH G8A8 peanusauuu mexHonozuu kbaHmoBozo
pacnpedeneHus kawyed (KPK) yepes uckyccmbBeHHsle cnymHuku 3emau
(MC3) [1]. BeinonHeH aHanus ocnadneHus u3nydeHus ammocdepol
3emnau B pasHbIXx CnNekmpanbHblX duanasoHax, a makxe ¢oHoBbIX
3achemok Ha npueMHol annapamype cucmeM KPK u nokasaHo, 4mo
usnyyeHue ¢ dnuHol Bonubl B8nusu 850 HM umeem BGocmamoyHO
HU3koe noznoweHue B amMocdepe, nosbonsem coopmupobamb yskyw
duazpamMmy HanpabnenHocmu npu  ucnonb3obaHuu Ha WC3 3epkana
duamvempoM do 30 cM. [lokasaHo, 4mo BaxHbIU $Gakmop, NO KoMoOpomMy
MHozue  uccnedobamenu  @ns cnymHukobozo  KPK  omdawm
npednoymeHue cnekmpanbHoMy duanasoHy OnuxHezo WK cnekmpa,
cbs3aH ¢ docmynHocmbk  3nemMeHmMHoU das3bl  dna  demekmopa
08UHOYHbIX $omoHOB, nasepHbix UCMOYHUKOB U HaAU4ueM npocmbIX
peweHul dns peanusauuu adanmubBHbIx onmuyeckux cucmem [3].

Cnucok numepamypbl

1. Sidhu J. S. etal. Advances in space quantum communications //IET
Quantum Communication. — 2021 — V. 2. — No. 4. — pp. 182-217.

2. Abasifard M. et al. The ideal wavelength for daylight free-space
guanfum key distribution // arXiv preprint arXiv:2303.02106. —
2023.

3. Rabenandrasana J. et al. Wavefront Confrol of Wide Aperture
Laser Beams for Quanfum Key Distribution Problems in Free Space
// 2023 Wave Electronics and its Application in Information and
Telecommunication Systems (WECONF). — IEEE, 2023. — pp. 1-8.doi
10.1109/ WECONF57201.2023.10147981.
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Choice of the Optimal Wavelength for Quantum Key Distribution via
artificial Earth satellites
Timoshenko A. S., Zhukovsky D. D, Kazantsev S. Y., Pchelkina N. V.
Moscow Technical University of Communications and Informatics
1711024, Russia, Moscow, str.Aviamotornaya 8a

The main criteria by which the spectral range for the
implementation of gquantum key distribution (QKD) technology via
artificial earth satellites (AES) was chosen [1] are considered.

The analysis of the aftenuation of radiation by the Earth's
atmosphere in different spectral ranges was made, as well as
background illumination on the receiving equipment of fhe SRC
systems. Radiation with a wavelength near 850 nm was found to
have rather a low absorption in the atmosphere. It makes possible
to form a fairly narrow radiation pattern when using a mirror with
a diamefer of 30 cm on a satellite.

An important factor in which many researchers for satellite QKD
prefer the spectral range of the near-IR spectrum is shown to be
connected with the availability of the element base for the
detector of single photons, laser sources and the availability of
simple solutions for the implementation of adaptive optical
systems [3].
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BausHue nopamempob nasepHozo uMnynbca Ha ¢opMupobaHue
kBanmobbix Buxped, odpa3ywwuxcs npu HoddapbepHolU UOHU3AUUU
dbymepHol kBaHmoBou cucmeMbl
"2 NlapuoHoB H. B., "Monyanobckud B. M.

' Canrkm-lemepdypzckul zocydapcmbBertsii MOPCKOU MEXHUYECKUU
yHubepcumem, yn. /floumarckas, d. 3, Cankm-llemepdype, 19012]
Poccus
2 Lanxkm-ITemepdypzckud nosumexHuyeckul yxsubepcumem [lempa
Benukozo, yn. lMosumexnuveckas, d. 29, Cankm-Ilemepdype, 195257
Poccus.
email: " larionov.nickolay@gmail.com

OdHuM u3  HempubuanbHbix  3¢¢Pekmob, Hadawdawwuxca npu
uoHu3auuu oduHoYHbIXx amoMob, sbnsemca BosHukHoBeHuekBaHmobBbix
Buxped [1-3]. 3mu Buxpu npedcmabneHsl COCMOSHUAMU
¢domosanekmpoHa, B komopeix mok BeposmHocmu demMoHcmpupyem
cnupanebudHble  cmpykmypbl, B  ueHmpax  KOMOPLIX  NAOMHOCMb
BepoamHocmu pabHa Hynw.

B padomax [4, 5] HaMumeopemuyecku uccnedobanuce  kBaxmoBbie
Buxpu, Bo3Hukawwue npu HaddapbepHoU uoHu3auuu dbymepHoz0
BodopodonododHozo amoma CcBepxKkOpomKuM ANd3EpHBIM  UMNYALCOM.
BonHobas ¢yHkuua ¢omo3nekmpoHa, HaudeHHas Bo Bmopom nopsdke
meopuu  BosmyweHud, nosbonuna ybBudemb uHMepdepeHUUOHHYI
npupody kbBanmobeix Buxped. Pe3ynbmamsl aHanumuyeckozo0 nodxoda
nodmbepdunucb HUCAEHHLIMU PACYEMAMU.

B ynoMAHYMbIX padomaxnonena3epHo20uMnynbCaodHoodpasHo
mModenupobanocbkocuHycoudansHod  3abucuMocmbi  Ha  BpeMeHHOM
uvmepbane [0,T] (1< T <10 au), codepxawem Bcezo HeckonbKoO
nepuodob «konedaHuu. Mpu 3mom B MomMewm BkawueHus uMmnynbca
Bcezda 3adaBanock MakcumanbHoe  3Ha4eHue amnaumydel  NoAS,
conocmabumoe ¢ BrympuamomHbiM.  [lpyzux Bapuauul Bosdeucmbus
na3epHoz0 uMnynbca uccnedobaHo He Bbino.

B dawHou padome, ocmabasce B pamkax ynpoweHud, COeAdHHbIX
B [4, 51, Mol uccnedyem BausHue  xapakmepa  BkawueHus  noAs
UOHU3UpYlWez20 uMnynbca Ha odpasobaHue kbBanmobbix Buxped.
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YmoyHseM npedensl ucnonb3obaHus aHanumuyeckozo BeipaxeHus s
BonHoBol dyHKUUU domo3nekmpoHa, nonyveHHol pavee 6 [4, 5]
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Influence of laser pulse parameters on the formation of quantum
vortices formed during over-barrier ionization of a two-dimensional
quantum system
" Larionov N. V., "Molchanovskiy V. M.

" St. Petersburg State Marine Technical University, St Petersburg
? Peter the Great St Petersburg Polytechnic University,

St. Petersburg

One of the nonfrivial effects observed during fthe ionization of
single atoms is the appearance of quantum vortices [1-3]. These
vorfices are represented by phofoelectron states in which the
probability current exhibits spiral structures whose centers are
zeros of probability density.
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In [4,5], we theoretically investigated quantum vortices arising from
the over-barrier ionization of a two-dimensional hydrogen-like atom
by an ultrashort laser pulse. The photoelectron wave function,
found in the second order of perturbation theory, allowed us fto
see fthe inferference nature of quanfum vortices. The results of the
analytical approach were confirmed by numerical calculations. In the
mentioned works, the laser pulse field was monofonously modeled by
a cosine dependence on a ftime interval [0,T] (1< T <10 au)
confaining only a few oscillation periods. At the same time, at the
moment of switching on the pulse, the maximum value of fthe field
amplitude was always sef, comparable to the intraatomic one. No
other variations of fthe effect of the laser pulse have been
investigated.

In this paper, remaining within the framework of the simplifications
made in [4, 5], we investigate the influence of the nature of the
inclusion of the ionizing pulse field on the formation of quantum
vorfices. We clarify the limits of using an analytfical expression for
the photoelectron wave function obtained earlier in [4, 5.
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No3epHeie mexHonozuu, Kok anbmepHamubHbil Memod duazHocmuku B
aKywepcko-2UHEKON02UYeCKoU U HeoHamoAnozuyeckol padome
"Kynukoba W. A, 'Maomuukoba E. 10, > Mypawkuna T. U,

2 badeed B. A, " Bacunbed 0. A, 2badeeba E. A, "Madnwyerko U. U,
3Ucmomuna T. B.

" Kydarckud zocydapcmbertsii mMeGuuuHCKUU yHUBEpCUmem
350063, Poccus, 2. KpacHodap, ysn. uM. Mumpogara Leduna 4
? [lensenckut zocydapcmberHsiu yHubepcumem
440026, Poccus, 2. [leHsza, ys KpacHas 40
T @rAQY HIY «MockoBckuld 3HEp2emuYecKul UHCMUMYM»
email: dockulikowa®@yandex.ru, cat.roll@yandex.ru,
timurashkina@mail.ru, badeeva_elena@mail.ru, “yuri-59@mail.ry,
inter-dekanat@mail.ru, istom®@mail.ru

MynobuHa (nynoyHbll KaHamuk, funiculus umbilicalis) — ynpyzul msx,
coeduHsAlwul nnod C naaueHmod, (GOPMUPYLWUUCA CUHXPOHHO C
poCMOM NAAQueHmbl U3 OpiwHozo cmedenbka (AMHUOMUYECKOU HOXKU).
Nnuna  nynobuwbl  ybenuyqubaemcs B npouecce BHympuympodHozo
pa3bumusa 3MBpuoHa u nnoda u npu poxdeHuu docmuzaem 50...70 cM
u Oonee. CpedHul duamemp  nynobuwel 3o  30..32 Hedenu
depemenHocmu  ybBenuyubaemcs paBHoMepHo U AuHeUHo,CO  Cpoka
34...35 Hedenb duamemp nynobuHbl npozpeccubHo ymeHbwaemca u HA
mMoMeHm poxdeHus cocmabnsem okono 15,5...20 MM. Havuwas c
debamou Hedenu nynobuna npuodpemaem cnupaneBudHeld xod.

Bo Bmopom mpumecmpe nynobuna umeem cnoxubwycs, munuyHyio
CMPYKMYpPY KAHAMUKQ, NOKPbIMO20 0CHOCAOUHBIM NPU3MAMUYECKUM
3numenueM (amMHuomuyeckod odonoukol), odpazobaHHbiM ocHoBaHueM
aMHUOHG, co cmpoMolU (BapmoHobeiM cmydHem). B monwe nynoBuHbl
(bBapmonoboM cmydHe) npoxodsm dbe apmepuu u odHa Bewa u

pyduMeHmbl XEeAMOYHO20 NY3blpbKA U  GAAQHMOUCA -  YACMUYHO
pedyuupobaHHble 3KCMPA3MOPUOHAAbHBIE NPOMOKU: XEAMOYHbIU NPOMOK
U ypaxyc.

MynoyHble apmepuu omxodsm om BHYmpeHHux nodB3dowHbix apmepud.
Hecym kpobb nnoda, HacCbUeHHYKW Yz2AeKucabiM 2a30M U npodykmamu
odMeHa bewecmbB, k nnaueHme. [locne poxdeHus 3anycmeBawm u
npebpawawmes B nynoyHele cknadku. MynoyHele BeHsl (nepboHavansbHo
napHeie, 3amem npabas odaumepupyemcs). Hecym kpobb om naaueHmsl,
o002aweHHyl KkucnopodoM U numamenbHeiMu BewecmBamu. OdbeEM
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kpobu, ommekawweld no nyno4yHbIM apmepusM, pabeH odbemy kpobu,
npumekawwed no nynoyHol bBeHe, u cocmabnsem «k 40-U Hedene —
240 Ma/Mun. Mo XenmoYHoMy NPOMOKY 3anacéHHsie B slueknemke
numamenbHele Bewecmba u3 xenmo4yHozo Mewka nonadawm B
3MOpUOHAAbHLIU  KuweyHuk. O®numepauus XenAMO4YHO20 NPOMOKA
3abepwaemcs npuMepHo Kk decsimou Hedene BepeMeHHOCMU: OH
3anycmebaem u paccaceibaemcs. Ypaxyc (annaHmoucHsil npomok) —
npomok, coeduHsalwul dHo Mo4eBoz0 NY3blips U NAQUEHMYU cayxawul
anq BribedeHus npodykmob mMemadonusma. 0dnumepauus
annaHmoucHozo npomoka 3abepwaemcs npuMepHo Kk 5...6 Mecsuy
depemMenHocmu. Ko BpeMeHu poxdeHus pedeHka oH npebpawaemcs B
cpeduHHykw nynoyHyw cbasky. BapmoHob cmydeHb— cmydeHucmas unu
cnusucmas  coeduHumenbHas MKAHb, odpasywwas 2nabHyi  Maccy
NYNoYHozo  KaHamuka, npedcmabneHHas  Mykouumamu  (Sonbwe
HanoMuHalowumMu ¢udpodnacmel), Komopble NPodyuUUpYM KOMNOHEHMSI
mMexknemo4yHozo BewecmBa, codepxawezo MHO20 2uanypoHoboul
Kucaomel U Mano konnazeHoBbix BonokoH.

C Havanom podobou desmenbHocmu Ha4uHaemcs U ampodus NynobuHbl,
komopas 3abepwaemcs B dnuxadwue Yackl nocne poxdeHus. B HopMe,
nocne poxdeHus pedenka kpoBomok no cocydaMm  nynoBuHbl
coxpaHsemca & meveHue 5..20 MuHym. Ha OQaHHeIU MoMeHm cpasy
nocne poxdeHus pedeHka nynoBuHa nepecekaem Mexdy 3aXUMaMU.
MNpu 3mom, Mmamepuan, usbamsll B pesynbmame nepepe3aHus NYnoBuHbl
He omnpabnsemcs Ha 2ucmonozudeckoe uccnedobaHue, a kpobb u3
nyno4Hol BeHbl ucnonb3yemcss MoAbKo Auwb dns onpedeneHus 2pynnbl
kpobu u pe3yc-¢akmopa HobopoxdeHHoz0.

ABmopbl  cyumawm  Bo3MoxHbIM  co3daHue  docmynHozo  0nf
NPOKMUYECKO20 NPUMEHEHUS U He okasbibawwez0 ompuudamensHozo
Bo3detcmbus  Ha HoBopoxdeHHO20 NA3epHO20  U3MEpUMENbHO20
ycmpoucmba, oueHuBawwezo 3HaveHue daBneHus, camypauuu U
memMnepamypel B cocydax nynoBuHbl, komopoe  no3sboaum
kKoHmponupoBams B JuHOMUKE ~ OMK/AOHEHUS  NEPEYUCAEHHbIX
nokasameneu OM HOPMbl, Ymo Moxem uMemb B danbHeuweMm BaxHoe
uccnedobamensckoe u duazHOCMUYECKOE 3HAYEHUE.

Cnucok numepamypbl
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Laser ftechnologies as an alternative diagnostic methed in obstefric-
gynecological and neonatology work
"Kulikova I. A, "Plotnikova E. Yu, ?Murashkina T. |, 2 Badeev V. A,
™ Vasiliev Yu. A, *Badeeva E. A, "Pavlyuchenko I. I, *Istomina T. V.
" Kuban State Medical University, 4 Mitrofan Sedin str, Krasnodar,
350063, Russia
2 Penza State University, 40 Krasnaya str, Penza, 440026, Russia
? FSAOU NRU “Moscow Power Engineering Institute”

The umbilical cord (umbilical cord, funiculus umbilicalis) is an elastic
cord connecting fthe fetus to the placenta, formed synchronously
with the growth of the placenta from the abdominal stalk (amniotic
pedicle). The length of the umbilical cord increases during the
intrauterine development of the embryo and fetus and reaches 50-
70 cm or more at birth. The average diamefer of the umbilical cord
increases evenly and linearly until 30..32 weeks of pregnancy, from
the period of 34..35 weeks, the diamefer of the umbilical cord
progressively decreases and aft the fime of birth is about
155...20 mm. Starting from week 9, the umbilical cord acquires a
spiral course.

In the second trimester, the umbilical cord has a developed, typical
structure of a rope covered with a single-layer prismatic epithelium
(amniotic membrane) formed by the base of the amnion, with a
stroma (wharton jelly). In the thickness of the umbilical cord
(wharton jelly) there are two arteries and one vein and rudiments
of fthe yolk bladder and allantois - partially reduced extraembryonic
ducts: the yolk duct and urachus.

The umbilical arteries branch off from the infernal iliac arteries.
They carry feftal blood saturated with carbon dioxide and metabolic
products to the placenta. After birth, they become desolate and
turn into umbilical folds. Umbilical veins (initially paired, then the
right one is obliterated). They carry blood from the placentg,
enriched with oxygen and nufrients. The volume of blood flowing
through the umbilical arteries is equal to the volume of blood
flowing through fhe wumbilical vein, and by the &40th week is
240 ml/min. Through the yolk duct, the nutrients stored in the egg
from the yolk sac enter the embryonic intestine. The obliteration of
the yolk duct is completed by about 10 weeks of pregnancy: it
becomes desolate and resolves. Urachus (allantois duct) is a duct
connecting the boftom of fthe bladder and the placenta and serving
to remove metabolic products. Obliteration of the allantois duct is
completed by about 5..6 months of pregnancy. By the time the baby



Tp.Mexd.koHo. /INT-2023  Cekuus «/lasepHas GuU3UKA U MEXHUKO»
thsi//bqfu—nvrsk.ru/reseurch/conferences/lif/2[]23/info

142

is born, it furns into a median umbilical ligament. Varton's jelly is a
gelatinous or mucous connective tissue that forms the main mass of
the umbilical cord, represented by mucocytes (more like fibroblasts)
that produce components of an inftercellular substance containing a
lot of hyaluronic acid and few collagen fibers.

With the onset of labor, umbilical cord atrophy also begins, which
ends in the next few hours after birth. Normally, affer the birth of
a child, blood flow through the umbilical cord vessels persists for
5..20 minutes. At the moment, immediately after the birth of the
child, the umbilical cord intersects between the clamps. At the same
time, the material removed as a result of cutfing the umbilical cord
is not sent for histological examination, and blood from the umbilical
vein is used only to determine the blood type and Rh factor of the
newborn.

The authors consider it possible to create a laser measuring device
that is accessible for practical use and does not have a negative
impact on the newborn, assessing the value of pressure, safuration
and temperature in fthe umbilical cord vessels, which will allow
monitoring the dynamics of deviations of fthese indicators from the
norm, which may have important research and diagnostic value in
the future.
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HobBeid Memod peweHus ypaBHeHus enbMzonbua dns pacdema
3Hepzemuyeckux xapakmepucmuk He-Ne nasepa
KoxebHukob B. A, * lMpubanob B. E.
Lankm-llemepdypzckul nosumexHuyeckuu yHubepcumem [llempa
Benukozo, 195257 Poccus, 2. Cankm-[lemepdype, yn.
[Tonumexnuyeckas, d. 29
email: * vaevpriv@yandex.ru, moraval@mail.ru

Pewenue ypabHerus enbMzo0nbua uzpaem BaxHyw ponb Npu pacyeme
3Hepzemuyeckux xapakmepucmuk He-Ne nasepa. (CpedHee no
nonepeyHoMy ceveHul akmubBHozo 3nemMeHma ycuneHue He-Ne nasepa
NPONOPUUOHAALHO  UHMezpany om PpeweHus coomBemcmbywwezo
ypabHeHus Fensmzonsua [1], a pacnpedeneHue uHbepcuu
HaceneHHocmed akmuBHoU cpedsl, UCNOAb3YWWEECH NPU pacyeme
BbiIxodHOU MowHocmu He-Ne nasepa, makxe coomBemcmbyem peweHulo
nododHozo ypabHerus [2].

B padome [1] npednoxeH Memod HaxoxdeHus NPudNUXEHHOZ0 peweHus
odHopodHol 3adayu [flupuxne 8na ypabHeHus [enbMzonbua B
nonspHou cucmeme koopduHam B Bude pasnoxeHus no npousbedeHusM
dyHKUUU beccens (om paduanbHoU nepeMeHHoU) u
MPpU20HOMEMpUYeckux ¢yHkuud (om yznobol nepemeHHod). B danHoU
padome Mbl npednazaeM Hobbil Memod HaxoxdeHus NPUBAUXEHHOZ20
peweHus odHopodHou 3adayu [upuxne dns ypabHenus [enbMzonbua B
dekapmobol  cucmeMe  koopdudHam B  Bude pasnoxeHus  no
npousbedeHusM mpuzoHoMempuyeckux ¢yHkuuld (om dexkapmobeix
koopdunam). AnzopumM Memoda Bo MHozoM aHanozuved Memody B [1],
HO 3anuck npudnuxeHHozo peweHust B nododHoM Bude (de3 ¢yHKUUU
Beccens) Bo MHozux cnyyasix ydodHee dns aHanusa.
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A new method for solving the Helmholtz equation for calculating the
energy characteristics of a He-Ne laser
Kozhevnikov V. A, * Privalov V. E.
Peter the Great StPetersburg Polytechnic University
195251 Russia, St. Petersburg, Polytechnicheskaya, 29.

The solution of fthe Helmholtz equation plays an important role in
calculating the energy characteristics of a He-Ne laser.The gain of
the He-Ne laser averaged over the cross section of the active
element is proportional fo the infegral of the solution of fthe
corresponding Helmholtz equation [1], and the population inversion
distribution of the active medium, which is used to calculate the
output power of a He-Ne laser, also corresponds fo the solution of
a similar equation [2].

In [1], @ method was proposed for finding an approximate solution of
the homogeneous Direchlet problem for the Helmholtz equation in a
polar coordinate system in the form of an expansion in ferms of
products of Bessel functions (of a radial variable) and trigonometric
functions (of an angular variable). In this paper, we propose a new
method for finding an approximate solution of the homogeneous
Direchlet problem for the Helmholtz equation in the Cartesian
coordinate system in the form of an expansion in terms of products
of trigonometfric functions (from Cartesian coordinates). The
algorithm of the method is in many respects similar to the method
in [1], but writing the approximate solution in this form (without
Bessel functions) is in many cases more convenient for analysis.
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JHepzemuyeckue u cnekmpockonuyeckue uccaedobaHus zeHepauuu Ha
3NeKMPOHHbIX nepexodax amoMa u uoHa dapus npu Bo3dyxdeHuu
BoicokoBonbmMHLIM UMNYABLCHBIM pa3psdoM
"Bacunseba A. B, Mpokonseb B, E, Pedmep W. B, Condamob A. H,
Wymelko A. C.

Tomckuu zocydapcmberrsiu yHubepcumem
634050, Poccus, 2. Tomck, np. /leHuHa 36
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Mpedcmabnersl  pesynbmambl  3KCNepUMeHManbHbiX  uccnedobarul
28HEepPaUUOHHbIX XOPOKMEPUCMUK Na3epd HA 3/1eKMPOHHbLIX nepexodax
amoMa u uoHa Oapus npu Bo3dyxdeHuu padoyel cMecu napob dapus
B cMecu c uHepmHbiM 2030M 2enueM BbicokoBOAbMHBIM UMNYAbCHBIM
paspadom. [lpednoxeHa  kOHCMpykuua  2a3opaspsdHol  kiobemsl,
komopasa nosbonsem ybenudumb cpok cayxdel akmubHoU cpedsl
Bnnomb do 500 4yacob. lpedcmaBneHbl 0d30pHbIE CNEKMPbI U3AY4YeHUS
padoyel cpedsl B YP, Budumol u OBnuxHel uHopakpacHou  (MK)
odnacmax om 200 do 1200 HM, @ makxe CNEKMP U3AY4EHUS NAA3Mb
paspsda B ynompaduonemoBol odnacmu 330 4 430 HM  co
cnekmpanbHbiM - paspeweHueM 0,025 wM.  [lonyy4eHa  zeHepauust
usnyyeHus Ha 0byx usbecmHbix KpacHbix AuHUAX 614,2 HM u 649,7 HM
u MK nuHusx B duanasoHe 1,13 4 2,92 MkM, a makxe cnadoe ycuneHue
Ha 0Byx pekoMBUHAUUOHHbIX YP auHusx 3891 HM u 4132 uM B
nocnecbeyeruu paspsada.

NonyyenHbie & padome pesynsmamsl, no3bonswm cdenamb BbiBod o
nepcnekmubHocmu ucnonb3obaHus padodveu cpedbl Ha napax dapus B
CMecu c zenueM 014 nony4veHus 3¢dpekmubHol zeHepauuu B wupokoM
cnekmpanbHoM duanasoHe om dAuxHez0 ynabmpaduonema 389,71 HM U
413,2 HM do cpedHel uHopakpacHou odnacmu cnekmpa 40 3 MKM.

Cnucok numepamypbl

1. Condamob A. H. u 3p. MMnynbcHo-nepuoduyeckue nas3epbl HA NApax
cmpoHuus u kanbuus. Mod. ped. CondamoB A. H, lamywa E. /..-Tomck:
TMAN-Mpecc,-526 c.

2. Wbawob U. T, Namyw E, C3M M. ®. WNoHHble nasepbl HA Napax
memannoB. - M.:3nepzousdam, 1990.
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Energy and spectroscopic studies of generation on electronic
transitions of a barium atom and ion upon excitation by a high-
voltage pulsed discharge
Vasil'eva A. V., Prokopiev V. E, Reimer I. V., Soldatov A. N,
Shumeyko A. S.

Tomsk State University, 634050, Russia, Tomsk, Lenin Ave. 36

The results of experimental sftudies of the generation
characteristics of a laser based on electronic fransitions of a
barium atom and ion upon excitation of a working mixture of barium
vapor mixed with an inert gas helium by a high-voltage pulsed
discharge are presented. A design of a gas-discharge cell is
proposed, which makes it possible fo increase fthe service life of
the active medium up to 500 hours. Review spectra of the radiation
of the working medium in the UV, visible and near infrared (IR)
regions from 200 to 1200 nm, as well as the radiation spectrum of
the discharge plasma in fthe ultraviolet region 330 4 430 nm with a
spectral resolution of 0.025 nm are presented. Generation of
radiation was obfained on two known red lines 6142 nm and
649.7 nm and IR lines in the range 113 4 2.92 pym, as well as weak
amplification on two recombination UV lines 389.1 nm and 413.2 nm in
the afferglow of the discharge.

The results obtfained in the work allow us fo conclude that it is
promising to use a working medium on barium vapor mixed with
helium to obtain efficient generafion in a wide spectral range from
the near ultraviolet 389.1 nm and 4132 nm to the mid-infrared
region of the spectrum up to 3 um.
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WUcneimaHua ycmpodcmba ¢ npozpammubiM ynpabaeHuem aHodupobaHus
mMemannob no ux 3nekmpoAalMuHecueHuuu
* bolyenko A. M1, flupupeHko B. A.
Kyoarckuu zocydapcmbBerHsiu yHubepcumem
350040, Poccus, 2. KpacHodap, ys. Cmabponosisckas, 149
e-mail: bojchenco®yandex.ru

®opmupobarue okcud-dapbepHbiXx HaHoCcmMpykmyp Ha nobepxHocmu
vemanno® nymem ux aHodupoBaHus B Ppa3nuYHLIX 31EKMPOAUMAX
abnsemca B Hacmoswee Bpems  Haudonee  pacnpocmpaHeHHOU
mexHonozued,  WUPOKO  ucnonb3yemolu Bo  MHozux  ompacasx
npoMbiwnerHocmu [1, 2], B 2019 208y Bebina npednoxeHa He MO/bKO
HoBaa Bo3mMoxHocmb Ppeanusauuu 3moU MmexHonozuu B xumuyecku
yucmou Bode pasHouszomonHozo cocmaba u Hekomopblx HeBodHbIX
31eKMpoaumax, Ho u odHapyxeHo sbnaeHue 3n1eKMPOAKMUHECUEHUUU
(3N), conpoboxdawwel npouecc aHodupobaHus [3] dnd o4eHb MHoO2UX
vemannob®: Mg, Al, In, Ga, Ti, Zr, Hf, Nb, Ta, W, Er, Lu, a mak xe Si.
MpeumywecmbenHo npoBedenHsie Ha Al uccnedobanus nokasanu
¢opMupobaHue Ha ezo nobepxHocmu okcuda Memanna (Al0,), He
ycmynawwezo no cboel HaHonopucmod cmpykmype, coopmMupobaHHoU
knaccuyeckuM nymeM b pacmbopax 3nekmponumob [2]. Tozda xe Bwina
Bnepboie npodemoHcmpupobaHa Bo3MoxHocmb ynpabneHus aHodHO-
3N1eKMpoAu3HLIM npoueccoM ¢popmupobarua Al,0; no zeHepupyemol uMm
3N [4, 5] ¢ noMowsbk cneuuansHo paspadomaHHozo 3ns 3MO20
ycmpolcmba, HasbawHozo HaMu «[anbbaHocmam» ([C). Hacmosiwas
padoma nocBAweHa pe3ynbmMamaM ez0 UuCNbiMaHul no aHodupobaHuio
Al npu ¢ukcupobaHHoM ypoBre cBemumocmu 3/ (3,0  0,3)-10°° am/M?
B ducmunnupobanHou Bode ([B) 3a Bpemsa 360 c.

Uccnedobarus npobodunuck Ha paHee onucaHHol ycmawobke [3] npu
memnepamype B 298,0 + 0,5 K ¢ pezucmpauued nnomHocmu moka
(J), npomekawwezo 4Yepes ONMUKO-3/71EKMPOAU3HYW sivelky, U
KuHemuku cbBemumocmu 31 () oBpasywwezoca Al0;. Cmpykmypa
nocnedHezo  Busyanusupobanacb Ha  pacmpoBomM  371eKMPOHHOM
Mukpockone (P3M) ¢ ybenudveHuem usodpaxenul do 15000 pas. Mo
P3M-u3odpaxernuam Bbina  ycmaHobneHa udeHmuyHocmb  OKCUGHOU
nneHku,  ¢opmupywuwelcs B mex xe ycnobusx, HO npu
nomeHuuocmamuyeckoM pexume avodupobaHus memanna [3]. Maewnka
codepxana HaHonopsl duaMempoM nopsadka 50 HM co  Bcemu
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260MEMPUYECKUMU  3/1EMEHMAMU, XapakmepHsiMu dns  Ha3bBaHHo20
pexuma aHodupobaHnus. BMecme ¢ meM, kuHemuka u3MeHeHus J
cywecmbenHo omnuyanace om makoBol, nockonbky B xode pocma
ALLO; TC npousbodunack ezo pezynupobka mak, 4modbl 3a Bpems
aHodupobaHus  Memanna  odecneyubamb  nocmosiHHbIM - ypobeHb
cbemumocmu  3/1. BcnedcmBue 3moz20  KuHemuka moka HocuAa
cmyneHyamsll  xapakmep 0o Ppas3z2opadus  AwMuHecueHuuu k250 ¢
aHodupobaHua ¢ MomeHma ee Bo3HukHobBeHus co 16 c. lMocne amozo J
NPuHsna napadonuyeckyw ¢GOpMYy U3MEHEHUS, 4YMO NO  HAWUM
Npedno/oXeHUAM coombemcmbobano pexumy dopMupobaHus
BolweonucanHoU HOHOCMpPYKMYPps! Al,0,. Takum odpazom,
3KCnepuMeHmansHo ycmaHobneHo, 4mo npu odecnevubawwem [C
ynpabneHuu moka B 3abucumocmu om 3adaHHO20 ONEpPAMOPOM
KUHEMUKU unu ypoBHua / Bo3MoxHO noay4amb okcud mol xe
CMPYKMUpHI, 4mo u npu Heynpabnsemom moke B
nomeHuuocmamuyeckoM pexuMe. OnucanHbil pexuM makxe daem
Bo3MoxHocmbs ynpabnaamb U caMou cmpykmypou pOpPMUpYROWUXCH
0KCUdHbIX NNeHok Memannob no 3adaHHoU NpozpamMe.

Cnucok numepamypsl

1. Zaffora A, Franco F., Quarto F., Sanftamaria M. Optimization of
anodizing process of tantalum for Ta,0.-based capacitors //
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2. Martinez-Viademonte M.P., Abrahami S.T., Hack T. et al. A review
on anodizing of aerospace aluminum alloys for corrosion protection
// Coatings. 2020. V. 10. 30 p.

3. Obevenko [l. C. 3nekmpoNWMUHECUEHUUS HOHONOPUCMO20 oOKCudad
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onmuke: (8. Hay4Heix mpydob. M.: HUAY MUPUK, 2021 C. 209-210.

5 YepHob [I. B, Bbouuenko A. [l MpozpaMMHO-annapamHoe
ynpabneHue aHodupoBaHuem mMemannob no ux 3nekmMpoAlMUHECUEeHUUU
/f XII MexdyHapodHas KOHbEepeHuus no GomoHuKe u
uHdopMauuoHHou onmuke: (8. HayqHeix mpydob. M. HUAYMUDK, 2023.
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Tests of a device with program control for anodizing metals
by their electroluminescence
Boychenko A. P, Lifirenko V. A.
Kuban State University, 350040, Russia, Krasnodar,
str. Stavropolskaya, 149

The formafion of oxide-barrier nanostructures on the surface of
mefals by anodizing them in various elecftrolytes is currenfly the
most common technology widely used in many industries [1, 2] In
2019, not only was a new possibility of implementing this technology
in chemically pure water of different isotopic composition and some
non-aqueous elecfrolytes was proposed, but also the phenomenon
of electroluminescence (EL) accompanying the anodizing process [3]
was discovered for many metals: Mg, Al, In, Ga, Ti, Zr, Hf, Nb, Ta, W,
Er, Lu, as well as Si. Studies carried out mainly on Al showed the
formation of a metal oxide (ALQO;) on its surface, which is not
inferior in its nanoporous structure, formed in the classical way in
electrolyte solutions [2]. At the same time, the possibility of
confrolling the anodic electrolysis process of the formation of Al,0,
according to the EL generated by it [4, 5] was demonstrated for
the first time using a device specially designed for this purpose,
which we called «Galvanostat» (GS). This paper is devoted to the
results of ifs tests on Al anodizing at a fixed EL luminosity level
(3.0 £ 0.3)10° Im/m? in distilled water (DW) for 360 s.

The studies were carried out on a previously described setup [3] at
a DW temperature of 298.0 + 0.5 K with registration of the current
density () flowing through the optoelectrolysis cell and the EL
luminosity kinetics () of the resulting ALQO;. The structure of the
latter was visualized on a scanning electron microscope (SEM) with
image magnification up to 15,000 times. According to SEM images, the
identity of the oxide film formed under the same conditions, but
under the potentiostatic mode of metal anodization, was
established [3]. The film contained nanopores about 50 nm in
diameter with all geometric elements characteristic of the named
anodization mode. At the same time, the kinetics of the change in /
differed significantly from that, since during the growth of the
ALO; GS, it was adjusted so that the EL luminosity level was
maintained constant during the anodizing of the metal. As a result,
the current kinefics had a stepwise character untfil the
luminescence intensified by 250 s of anodization from the moment of
its occurrence from 163 s. After that, / took a parabolic form of
change, which, according fo our assumptions, corresponded fo the
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mode of formation of the above-described Al,0; nanostructure.
Thus, it has been experimentally established that with the current
confrol providing the GS, depending on the kinefics or level /
specified by the operator, it is possible fo obtain an oxide of the
same stfructure as with an uncontrolled currenf in fthe
potentiostatic mode. The described mode also makes it possible to
confrol fthe very sfructure of the formed mefal oxide films
according fo a given program.
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MNapaMempel nazepHol adnsuuu
dns kpucmannuyeckux cbemobodob WK-duanaszoHa
" llemaHun B. T, Mkpmeived 0. B.
Hobopoccudckuu ¢uavan 6I'TY um. B. I UWyxoba
353919, Poccus, 2. Hobopoccuuck, Msicxakckoe wocce 75,
email: “shemanin-v-g@nb-bstu.ru, mkrtychev-o-v@nb-bstu.ru)

B npodonxeHue padomsl NO U3Y4YEHUKW ONMuYeckoUl NPOYHOCMU
kpucmannob onmuyeckux cBemobodob [1—6], Bbinu nNonyyeHsl 3HAYEHUS
nopozoBol 3Hepzuu npu nasepHol adasuuu kpucmannob Agl, u AgBr,
dna onmuyeckux cBemoBodob WK-cnekmpa c nokpeimusMu U3 manaus
u de3 nokpeimul nod deudcmbuem uMnynbcHozo u3nyyeHus YAG-Nd
nasepa ¢ dnumenbHocmamu 20 He u 300 Mkc.

OnucaHue nasepHold adnsiLUOHHOU cmaHuuu nodpodHo paccMompeHo B
[1, 4]. Npouedypa odpadomku pe3ynsmamob usMepeHuld daHa B [4, 5]
Mo pe3ynbmamaM u3MepeHul cpedHUE 3HAYEHUS NO pe3ynbmamaM
3KcnepuMeHmob:

- 019 HaHocekyHdHOU dAumenbHoOCcMU uMnyAabcob:

8e3 nokpuimus 1,09 Ox-cM%

¢ nokpeimuem 1,82 lx-cM7%

8ns MakpocekyHdHou daumenbHOCMU uMNyAbCob:

8e3 nokpeimus 25,16 [x-cm7%

- ¢ nokpeimueM 32,59 [x-cM™.

Takum 08pa3oM, nonyyeHHele Hobele daHHble no3bBonswm ynpabasmb
onmuyeckou npoyHocmblt makux cbemoBodob 3a cyem u3MeHeHus
xuMuyeckozo cocmaba mamepuana BonokHa.

Cnucok numepamypbl

1. Atkarskaya A. B, Mkrtychev 0. V., Privalov V. E, Shemanin V. G.
Laser ablation of the glass nanocomposites studies. // Optical
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265-70.

2. Zhukova L. V, Korsakov A S, L’'vov A E, Salimgareev D. D.
Waveduide fibers for the middle IR spectrum. Ekaterinburg: UMC UPI
Publ. 2016. 247 p.

3. Shemanin V. G, Mkrtychev 0. V. The optical strength of fthe
glass nanocomposites at laser ablation / Journal of Physics:
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L. Mkpmbiqed O. B, MNpubanob B. E, Pomuadu A. 3, WemaHuH B. T.
NlasepHas  adnsuua  HaHokoMno3umod / Hay4Ho-mexHu4eckue
Bedomocmu Cankm-llemepdypackozo 2ocydapcmbeHHozo
nonumexHuyeckozo yHubBepcumema. Pusuko-MameMamuyeckue Hayku.
2015. N° 1 (213). C. 128-135.

5. [lpubanob B. E, Wemarnun B. I, Mkpmbiyed 0. B. Memod oueHku
onmuyeckod npoyHocmu odayyaemou noBepxHocmu npu  nasepHod
adnsuuu / W3mepumensHas mexHuka. 2018. N° 7. C. 34-37.

6. Mkpmbiyed O. B, lemaHun B. T. NasepHoe adnauuoHHoe
PA3pyYWEHUe HOHONAEHOK HO NOBEpXHOCMU CMeKAsHHLIX odpasuch /
N3Becmua Youmckozo HayyHozo uenmpa PAH. 2015. N° 2. C. 5-10.

Laser ablation parameters
for crystalline optical fibers in the IR range
* Shemanin V. G.,, Mkrtychev 0. V.
Novorossiysk branch of BSTU named after V. G. Shukhov, 353919,
Russia, Novorossiysk, Myskhakskoe shosse 75,

In continuation of the work on the study of the optical strength of
optical fiber crystals [1—6], the values of the threshold energy
during laser ablation of Aglx and AgBry crystals were obtained for
IR optical fibers with and without coatings of thallium under the
action of pulsed radiation from a YAG-Nd laser with durations of
20 ns and 300 ps.

The description of the laser ablation station is considered in detail
in [1, &4]. The procedure for processing the measurement results is
given in [&, 5]

According to the results of measurements, the average values
according fo the results of experiments:

- for nanosecond pulse duration:

uncoated 1.09 J.cm™?

- coated 1.82 J.cm™?

- for macrosecond pulse durafion:

- uncoated 25.16 J-cm?

- coated 3259 J-cm™

Thus, the new data obfained make it possible to control the optical
strength of such fibers by changing the chemical composition of the
fiber material.
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Jnekmpuyeckue cboucmba onmuyeckux Mamepuano® Ha ocHobe
2anozeHudob cepedpa u odHobaneHmHo20 mannus
Necmepeba M. B, Oxakoba A. A, 0xakod W. B, Canumzapeed 4. 0,
NbBob A E, liMuizaned A. C,” Xykoba /. B.

Ypansckuu gedepansHsil yHubepcumem
620002, Examepurdype, ys Mupa 19
email: ~ Lv.zhukova@urfu.ru

MccnedobaHue 3nekmpudeckux cboucmb sbnsemcs BaxHeiM 3manoM
npu  paspadomke  HoBbix  uHOpakpacHbix  Mamepuanob.  Panee
npobodunuck uccnedoBaHus CynepuoHHou npobodumocmu
MoHokpucmanno® Ha ocHoBe 2zanozeHudob cepedpa npu nobbiweHuu
meMnepamypbl C COXPAHEHUEM XapakmepHbix 948 UOHHbIX NpoBodHukob
Bonbm-amnepHsix  xapakmepucmuk (1. B cbasu ¢ 3mum  Jonbwol
uHmepec npedcmabnsem  uccnedobaHue  3nekmpudeckux  cboucmb
MoHokpucmannob u onmuyeckod kepamuku cucmem AgCly,sBrys—Adg|,
Aglly,sBross—TIBrgelys, U AgCly,sBryqs—TICl,Bry,6c  ucnons3obanuem
dByx3nekmpodHoz0 Memoda ¢ odpamuMbiMu 3nekmpodamu [3].

[lns Bcex uccnedyembix odpa3uod avuoH Goda Bausem Ha BocmuxeHue
Bbicokux  3Ha@4eHuU cynepuoHHou npoBodumocmu B  duanasoHe
memnepamyp om 298 do 473—-493 K (B 3abucumocmu om cucmeMmsl u
cocmaba) npu  dabneruu 1 amMm.  [lonyyeHHbie  pesynbmambl
npobodumocmu BaxHbl 848 NpuknadHO20 NPUMEHEHUS Pa3padomaHHbIX
mamepuanod, B ocodeHHocmu cbazaHHbIX € BbicokuMu meMnepamypHbIMU
pexumMaMu u npucymcmBueM NpSMO20 KOHMAKMA C 31eKMpUYeckuM
MOKOM.

WUccnedobaHue BbinonHeHo 3a c4em 2zpaHma Pocculckozo HAY4Ho20
donda N° 21-73-10108, https://rscf.ru/project/21-73-10108/.
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Electrical properties of optical maferials based on silver and
univalent thallium halides
Pestereva P. V., Yuzhakova A. A, Yuzhakov I. B, Salimgareev D. D,
L'vov A E, Shmygalev A S, * Zhukova L. V.
Ural Federal University named after the First President of Russia
B N Yeltsin, 620002, Russia, Ekaterinburg, 19 Mira Str.

The investigation of electrical properties is an important step in
the development of new infrared materials. Earlier studies of
superionic conductivity of single crystals based on silver halides at
increasing  temperature  with  preservation of  volt-ampere
characteristics characteristic of ionic conductors were carried out
[1. In this connection, the study of electrical properties of single
crystals and optical ceramics of the systems AgCly,sBry,s—Adl,
AgCly,sBrose—TIBrg,6los, and AgCly,sBrg,s—TLCL,;,Brg, using the two-
electrode method with reversible electrodes [3] is of great interest.
For all investigated samples, the iodine anion influences the
achievement of high values of superionic conductivity in fthe
temperature range from 298 to 473-493 K (depending on the
system and composition) at a pressure of 1atm. The obtained
conductivity results are important for the application of the
developed materials, especially those related to high femperature
conditions and the presence of direct contact with electric current.
This work was supported by the Russian Science Foundation (No.
21-73-10108), https://rscf.ru/en/project/21-73-10108/.
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®yHkuuoHanbHeie cboicmba MoHokpucmannob u KepaMuku cucmeMs
AgCly,5Brq5—Agl
Canumzapeed 0. 0., WamyHoba [. B, Oxaxkoba A. A, /bBob A E,
Mecmepeba N. B, * Xykoba /. B.
Ypansckuu gedepansHsiy yHubepcumem umeHu nepbozo flpesuderma
Poccuu b. H. Envuuna, 620002, Poccus, 2. Ekamepundypz, ya. Mupa 19
email: ~ Lv.zhukova®@urfu.ru

MccnedobaHue onmuyeckux cBboucmb® mamepuanoh abnsemcs BaxHbiM
pasdenoM MamepuanobedeHus. PaHee aBmopamu padome [1] Sbinu
paspadomaHbl  MOHOKpucmanasl U GBYyx¢pasHas KepaMmuka CUCMEMbI
Aglly,sBro;s — Agl. [lna 3mux  mamepuanob Buinu  uccnedobansl
¢dyHKUUOHaNbHble cBolcmba HA NOAUKPUCMANAUYECKUX NAGQCMUHAX,
uzzomobnenHelx MemodoM zopsivezo npeccobarus [1]. Ycmawobnewo,
4ymo uccnedyeMble Mamepuanbl Npo3payHel B Budumol u UK odnacmsx
om 0,49 8o 54 mkM. [lokazamenb NpenoMAeHUs KAK MOHoKpucmannob,
mak u dbyxdasHol kepamuku nexum B duanaszoHe 2,431-2,516 npu
dnuHe BonHbl kopomkoBonHoBozo kpas noznoweHusd, a B duanasoHe
dnud BonH om 2,0 do 14,0 MmkM — om 2,107 do 2,436. lMokasamens
npenoMneHus B UK odnacmu cHuxaemca no Mepe ybenuyeHus GnuHbl
BonHel u pacmem ¢ nobbiweHuem donu Agl B AgCly,sBryss. Bce
uccnedyembie  odpasubl  odnadawm  MUHUMAAbHBIM - KO3 duuueHMOM
akckmuHuuu (0,06—6,67-107%), ymo ykassiBaem HA HU3KUE onmMuYeckue
nomepu B onmuyeckux Mamepuanax. HakoHeu, Kak MOHOKPUCMAAAbI,
Mak U ONMUYeckas KepaMuka nokasanu meHdeHuulw K nobbiweHurn
¢omocmolkocmu ¢ ybenuyeHuem codepxaHus Agl B mbepdom
pacmBope AgCly,sBry;s. 3mo  omkpbibaem  Beicokue nepcnekmubBel
npuMeHeHus daHHbiXx Mamepuanob B BonokoHHOU onmuke U ¢pomoHuke
019 MeCUUUHCKUX MexHonozul, mepMozpaduu U ONMO3/1EKMOHUKU.
Padoma BbinonHeHa & pamkax coznaweHus ¢ MunucmepcmBoM Hayku u
Boicwezo odpasobarus N° 075-03-2023-006 om 16.01.2023 (HoMep
membl FEUZ-2023-0021)

Cnucok numepamypsl

1. Salimgareev D. Synthesis and study of single crystals and
optical ceramics based on the AgCly,Bry,s — Agl system // Applied
Materials Today. — 2023. — Vol. 32. — P. 101809.
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Functional properties of single crystals and ceramics of the system
AgCly,sBross—Adl
Salimgareev D. D, Shatunova D. V, Yuzhakova A. A, L’vov A E,
Pestereva P. V, " Zhukova L. V.
Ural Federal University named after the first President of Russia
B N Yeltsin, 620002, Russia, Yekaterinburg, str. Mira, 19

The investigation of optical properties of materials is an important
section of materials science. Previously, the authors of [1]
developed single crystals and fwo-phase ceramics of the
AgCly,Bros-Agl  system. For these materials the functional
properfies were investigated on polycrystalline plates produced by
hot pressing [1l. It was found that the investigated materials are
transparent in the visible and IR regions from 0.49 to 54 pm. The
refractive index of bofh single crystals and two-phase ceramics lies
in the range of 2.431-2516 at the wavelength of the short-wave
absorptfion edge, and in the wavelength range from 2.0 fo 14.0 pym —
from 2.107 to 2.436. The refractive index in the IR region decreases
with increasing wavelength and increases with increasing Agl
fraction in AgCly;sBross. ALl the studied samples possess the
minimum exctinction coefficient (0.06—6.67-107*), indicating low optical
losses in the opfical maferials. Finally, both single crystals and
optical ceramics showed a fendency to increase photostability with
increasing Agl content in AgCly,sBryss solid solution. This opens high
prospects for the application of these materials in fiber optics and
photonics for medical technologies, thermography and
optoelectronics.

The work was carried out under the agreement with the Ministry of
Science and Higher Education No. 075-03-2023-006 dated 16.01.2023
(fopic number FEUZ-2023-0021).
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Nponyckatue Mamepuano cucmembl AgCly,sBry;s—Agl B TMu duanasore
"NMbBob A. E, 0xakoba A. A, Canumzapeeb 1. [, Mecmepeba M. B,
Wamy+oba . B, Kopcako® A. C, Xykoba /1. B.

Ypansckuu Pedepansreit yHubepcumem umenu nepbozo npeudeHma
Poccuu 6. H Envuuna, 620002, Poccus, Examepundype, ys. Mupa, 19
email: “Lv.zhukova@urfu.ru

PaHee [1] B8bina uccnedobaHa ¢asobas GuazpaMma 3mod  cucmeMsl
AgCly,sBro;s — Agl. MccnedoBbaHue cbolcm® onmuyeckux Mamepuanod
Ha  ocHoBe 3mol  cucmeMbl  NOKA3GA0  KOHKYPEHMOCNOCOJHbIE
XQpakmepucmuku MoHokpucmannob u kepamuku B cpabHeHuu ¢
cywecmbywwumu 2anozeHudHsiMu  mBepdeiMu  pacmBopamu. Odpasubl
cucmeMbl AgCly,sBro;s  — Agl makxe npo3paynbl B dbyx odnacmax: om
0,5 do 54,0 Mmkm c npospayHocmbi do 72-75 %, a B duanasoHe
300...1500 mkm — do 55-8 % B 3aBucumocmu om cocmaba. [ododHo
cMeweHuw KopomkobonHobozo kpas (B BudumoM duanasoHe) B
odnacmb donee dnuHHbIX  BonH ¢ yBenuyenuem donu  Agl B
AgCly,sBrgzs, B HuskowacmomHod  odnacmu  makxe Hadnwdaemcs
cveweHue om 300 (3ns & mon. % Agl B AgCly,sBrgss) do 540 MkM
(33 Mon. % Agl & AgCly,sBryss). Mockonbky pasmep 3epHa [1] B
KepaMu4yeckol CMPYKMYype MHO20 MeHbWwe B8AuHbl BoAHbl u3nyyveHus B
HuskovacmomHol  Tlu  odnacmu, nponyckaHue Bcex odpasuob
paBHoMepHo Bo3pacmaem ¢ pocmoM dnudbl BonHel, B omaudue om
3abucumocmed 6 WK, C ybenudveHuem dnuHel Bonwbl om 300 do
500 MkM ko3¢pduuueHm 3amyxaHua ymeHbwaemcs om 1,8 do 0,04. 3mo
no3Bbonsem npumeHsimb Mamepuansl kak B Budumou u UK odnacmu,
mak u & Thu odnacmu.

WUccnedobaHue BbinonHeHo npu  ¢uHaHcoBol noddepxke NpPO2paMMbl
cmpamezu4yeckozo akademudveckozo nudepcmbBa «[lpuopumem-2030».

Cnucok numepamypbl

1. D. Salimgareev, A. Lvov, A Yuzhakova, O. Shatunova, P.
Pestereva, | Yuzhakov, A. Korsakov, L. Zhukova, Synthesis and
study of single crystals and optical ceramics based on the
AgCly,sBrg;s — Agl system. Appl. Mat. Tod. — 2023. — Vol. 32. —
101809.
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Transmission of AgCly,sBry;s—Agl system materials in the THz range
L’'vov A. E, Yuzhakova A. A, Salimgareev D. D, Pestereva P. V,
Shatunova D. V, Korsakov A. S, " Zhukova L. V.

Ural Federal University named after the first President of Russia
BN Yeltsin, 620002, Russia, Yekaterinburg, str. Mira, 19

Previously [1], the phase diagram of this AgCly,.Bry;s — Agl system
was studied. The study of the properties of optical materials based
on this system has shown the competitive characteristics of single
crystals and ceramics in comparison with existing halide solid
solutions. Samples of the AgCly,sBrg,s — Agl system are also
transparent in fwo areas: from 0.5 fo 54.0 ym with a fransparency
of up to 72-75%, and in the range of 300...1500 ym — up fo
55...80 %, depending on the composifion. Similar to the shift of fthe
short-wavelength edge (in the visible range) to longer wavelengths
with an increase in the proportion of Agl in AgCly,sBry.s, a shift
from 300 (for & mol. % Agl in AgCly,sBryqs) to 540 um (33 mol. %
Agl in AgCly,sBrys) is also observed in the low-frequency region.
Since the grain size [1 in the ceramic structure is much smaller
than the radiation wavelength in the low-frequency THz region, the
transmission of all samples increases uniformly with increasing
wavelength, in contrast to the dependences in the IR. As the
wavelength increases from 300 to 500 pym, the atftenuation
coefficient decreases from 18 to 0.04. This makes it possible to
use materials both in the visible and IR regions, and in the THz
region.

The study was carried out with fthe financial support of fthe
program of strategic academic leadership "Priority 2030".
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Nony4erue cnekmpo® cuunmuansuuu xnopuda Heoduma B Mampuuax
2anozeHudob cepedpa
Kydyepenko ®. M, Bopodseba [l. A, " Xykoba /1. B, Kopcakob A. C,
Canumzapeed 0. 1., /lbbob A. E.
Ypanvckuu gedepansrsit yHubepcumem uM. nepbozo [llpesudeHma
Poccuu b. H. Enbuuna, ExkamepuHdype, ya. Mupa 19, 620002
email: ~ Lv.zhukova@urfu.ru

NlezupoBaHue xnopudaMu pedko3eMenbHelx MemannoB nodzpynnsl
Navmarna cbemobodo® us mbBepdeix pacmbopod zanozeHudob cepedpa
npedcmabnsem codou odHo u3 nepcnekmubBHbix peweHul dns co3daHus
BonokoHHbix nasepob. bBeina npobedeHa padoma no nonyyeHuw
CUUHMUANAUUOHHBIX  cnekmpoB  xnopudob HeodumMa C  noMowblo
CUNLHOMOYHO20 Yckopumens 3nekmporod muna PAOAH-220 [1].

B xode padombl B8bina uszomobneHa cepus odpasuodh kepamuku
2anozeHudob cepedpa c pasnu4yHbIM codepxaHueM pedko3eMenbHO20
3neMenma, MemodoM  BpuBxMeHa, €  nocnedywwuM  20pAYUM
npeccobaHuem npu 200 °C [2]. Mampuua nonyyeHa MemodoM
MepMo30HHOU  Kpucmanausauuu, nezupywwas dodabka — xnopud
HeoduMa (). Odpasubl npedcmabaswom codou MOHKUE
NAOCKONAPAnAensbHble  NAGcmMuUHel ¢ moawuHol 400 mkm.  Beino
nodmbBepxdeHo Hanu4ue CUUHMUAAAUUU  HA  NpuMepe  odpasua
AgBry gly,: NdCl;(5%w), Ha dnunax Bonw 616, 654, 717, 782 HM.
Padoma BbinonHeHa & pamkax coznaweHus ¢ MunucmepcmBoM Hayku u
Bricwezo odpasobanus N° 075-03-2023-006 om 16.01.2023 (Homep
membl FEUZ-2023-0021)

Cnucok numepamypbl

1. Shpak V. G. 40 year anniversary of the RADAN systems —
compact pulsed power sources for various investigations / Shpak
V. G, Shundilov S. A, Yalandin M. I. // J. Phys Conf. Ser. — 2021
— N° 2064 — 012002

2. Zhukova, L Optical properties of the AgBr — Agl system crystals.
/ Salimgareev, D; Lvov, A; Zhukova, L. // Optics and Laser
Technology. — 2022. — N°149. — 107825.
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Obtaining scinfillation spectra of neodymium chloride in silver halide
matrices
Kucherenko F. M, Vorobyova D. A, Zhukova L. V., Korsakov A. S,
Salimgareev D. O, L'vov A E.
Ural Federal University named after the first President of Russia
BN.Yeltsin, Ekaterinburg, 19, Mira Str, 620002

Doping with chlorides of rare-earth mefals of the Lanthanum
subgroup of silver halide solid solution light guides is one of the
promising solutions for the creation of fiber lasers. Work was
carried out fo obtain scinfillation spectra of neodymium chlorides
using a high-current electron gas pedal of the Radan-220 type [1].
In the course of work, a series of silver halide ceramic samples
with different content of rare earth element were fabricated by
the Bridgman method, followed by hot pressing at 200°C [2]. The
mafrix was obtained by thermal zone crystallization, doping additive
- neodymium (lll) chloride. The samples are thin plane-parallel
plates with a thickness of 400 ym. The presence of scintillation
was confirmed for the sample AgBrygly,: NdCl;(5%w), af
wavelengths of 616, 654, 717, 782 nm.

This work was performed under agreement with the Ministry of
Science and Higher Education No. 075-03-2023-006 dated 16.01.2023
(topic number FEUZ-2023-0021)
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WUccnedobaHue onmuyeckux cbodcmB MoHokpucmannob u onmuveckod
kepamuku cucmeM AgCly,sBross—TIBrglos, U AgClysBrgs—TICly7,Brg 5
Canumzapeed 0. 0., Oxakoba A. A, /lbBob A. E, Mecmepeda M. B,
Kondpawun B. M, KadbikuHa E. 10, ')KgKoEJu M. B.
Ypansckuu gedepansHsiy yHubepcumem umeHu nepbozo flpesuderma
Poccuu b. H. Envuuna, 620002, Poccus, 2. Ekamepundypz, ya. Mupa 19
email: ~ Lv.zhukova®@urfu.ru

Co3daHue HobBbix onmuyeckux Mamepuanodb dns MK onmuku sbnsemcs
akmyanbHoU  3adayel. Pawee, abmopckum  konnekmubom  Bbinu
BoipaweHsl MoHokpucmanasl u cuHmesupobaHa onmuyeckas kepamuka
cucmeM AgCly,sBro5—TIBrg 46l ss u AgCly,5Brgs—TLClg7,Brg 5 [11.
MccnedobaHue onmuyeckux cBoucmB 3umx mamepuanod nokasano, 4mo
MOHOKPUCMAA bl cucmeMsl AgClysBros—TIBry ,elss odnadawm
cnekmpanbHeiM  duanazoHomom 0,477  do  45,0..60,0 mkm (B
3abucumocmu om cocmaba) c npospayHocmbie do 73 %. Onmuyeckas
KepaMuka daHHOU cucmeMbl nponyckaem u3snyveHue om 0,474 do
60,0 MmkM ¢ npo3payHocmbie do 50..55 % Ha dnuHe BonHel 25 mMkM. B
cucmeme  AgCly,Bry;s—TIClg;,Bry,,  0Bnacme  nponyckadus — Bcex
uccnedyemsix Mamepuanod (MoHokpucmannod u onmuyeckol KepaMmuku)
nexum B duanasoHe om 0,398..0,464 do 45,0.550 mMkm ¢
MakcuManbHelM ypobHem npospayHocmu do 79 %. Ha Bcex cnekmpax
nponyckaHus  omcymcmbywm  okHa noznoweHus. BredpeHue B
kpucmannudeckyw  pewemky  AgCly,sBry;;  mBepdeix  pacmbopob
TIBrgelos, u TlClgs,Bry, nozbonsem cvecmums daneHebonHobuil kpad
noznoweHus mamepuanob B cmopoHy donbwux dnuH BoaH.
WUccnedobaHue BbinonHeHo 3a c4em 2zpaHma Pocculckozo HAy4Ho20
donda N° 21-73-10108, https://rscf.ru/project/21-73-10108/.

Cnucok numepamypbl

1. /bbob A E. MccnedobaHue  ¢a3obol  duazpamMmbl  cucmeMm
AgClysBross—TIClg7,Bro,e U AgCly,sBross—TIBrgelys, 8n8  nonydenus
uHppakpacHod  onmuku /  /lbBob A. E,  Canumezapeed . I,
l0xakoba A. A, Xuykoba /. B. // NasepHo-uHGOPMAUUOHHbIE
mexHonozuu: mpydel XXX MexdyHapodHoU HAy4HoU KOHdepeHuuu. —
2022. - C. 119-121.
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Investigation of optical properties of single crystals
and optical ceramics of systems AgCly,sBrgs—TIBryl;5, and
AgCly,sBro s—T1Clg7,Bro 5
Salimgareev D. D, Yuzhakova A. A, L'vov A. E, Pestereva P. V,
Kondrashin V. M, Kabykina E. Y., * Zhukova L. V.
Ural Federal University named after the first President of Russia
BN. Yeltsin, 620002, Russia, Yekaterinburg, str. Mira, 19

Creating new optical materials for IR opfics is an urgent task.
Previously, the authors have grown single crystals and synthesized
optical ceramics of the systems AgCly,sBros-TIBrglos, and
AgCly,sBross-TICL7,Bry, [1. The study of optical properties of these
materials showed fthat single crystals of AgCly,sBross-TIBrg.los,
system possess spectral range from 0477 to 450..60.0 ym
(depending on the composition) with transparency up to 73 %. The
optical ceramics of this system transmit radiation from 0.474 fo
60.0 ym with fransparency up to 50..55 % af a wavelength
of 25 pm. In the system AgCly,sBry;s-TICly;,Brg, the fransmittance
region of all investigated materials (single crystals and optical
ceramics) lies in the range from 0,398..0,464 to 45,0..550 pm with
maximum transparency up to 79 %. There are no absorption
windows on all transmission spectra. The introduction of solid
solutions TIBrglgs, and TLCly,,Bry, info the crystal laftice of
AgCly,sBro;s makes it possible to shift the far-wave absorption
edge of the materials toward longer wavelengths.

This work was supported by the Russian Science Foundation (No.
21-73-10108), https://rscf.ru/en/project/21-73-10108/.
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UccnedobaHue onmuyeckux cBodcm® Mamepuano® cucmeM AgClg,sBrgqs-
TIClg,Brg,s u AgClypBrgss-TIBrg 4lgs, & duanasoHe 0,2-10 Tly
Nbbob A. E, I0xakoba A. A, Canumzapeed 0. [, WykuHa A A,
bapsikuHa C. E, Oxakob W. B.,, Kadbikuna E. 0., : Xykoba /. B.
Ypansckuu Pedepansrsit yHubepcumem umenu nepbozo npeudeHma
Poccuu 6. H Envuyuna, 620002, Poccus, Exkamepundype, ys. Mupa, 19
email: ~ L.v.zhukova@urfu.ru

Tepazepuobuid (TMu) duana3oH cnekmpa 3/71eKMPOMAZHUMHbIX Bo/H
npubnekameneH 0ns HAYkKu U mMexHonozul dnazodaps  WUPOKUM
BosMoxHocmaAM  ezo  npuMeHeHus B cucmemax  BesonacHocmu,
MedUUUHCKUX MexHonozusax U npoyeM. Yucno mamepuanoh, npuz0dHbix
dna uszomobnenus nponyckawwed Tl ONMUKU, 02paHU4eHO, U
2anozeHudsl cepedpa U manaus (1) odHU U3 HeMHozux Mamepuanch
npospayHsix B 3moM JuanazoHe [1]. WccnedobaHue onmuueckux
cbolcm®d & Tlu cnekmpansHoMm duanasoHe npobodunock Ha pade
odpa3uoh MoHokpucmannoB u onmuyveckol kepamuku kaxdol u3
cucmeM  AgCly,sBross-TICl 7,Broe U AgClly,sBross-TIBry,eles,  HO
cnekmpomempe (T[-21, ucmo4Huk u3nyy4eHus — namna odpamHold
BonHbl  (/10B), demekmop — syelika [ones oupmel  Tidex npu
paspeweHuu cbemMku 0,0147 TFu. Bce odpasubl odoux cucmeM
npo3pa4Hbl B  Husko4acmomHou Tlu odnacmu u  docmuzawm
nponyckaHus  90%. OdHako nponyckaHue odpa3uob  cucmemsl
AgCly,sBross-TIBrg,eles, 6 15-2 pasa npebbiwaem nponyckaHue
odpa3uod cucmemsl AgCly,sBryq,s-TLCly4,Brg,. OBpasusl nponyckawm Ha
yacmomax u MeHee 0.2 TTu (1600 mxkm). [ponyckaHue odpasuoh
nadaem do 0 % B duanasoHe 05..0.8 Tlu (350..600 mMkM), u danee
OHU HOYUHAKM Nponyckams Yxe npuMepHo om 5 Tlu.

WUccnedobaHue BbinonHeHo 3a c4em 2zpaHma Pocculckozo HAy4Ho20
donda N° 21-73-10108, https://rscf.ru/project/21-73-10108/.

Cnucok numepamypbl

1. L. Zhukova, D. Salimgareev, A. Korsakov, N. Yudin, G. Komandin,
| Spektor, A. L'vov, A. Yuzhakova, The optical transparency
investigation of crystals based on the AgHal-TlHal solid solutions
systems in the terahertz range, Opt. Mat. 2021. V. 113. 110870.
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Investigation of the optical properties of materials of the
AgClg ,sBrg,5-TICly;,Brg,e and AgCly,Brgs-TIBrg4les, systems in the
range of 0.2-10 THz
L’'vov A. E, Yuzhakova A. A, Salimgareev D. B, Schukina A. A,
Barykina S. E,Yuzhakov I. V., Kabykina E. Y., * Zhukova L. V.
Ural Federal University named after the first President of Russia
BN Yeltsin, 620002, Russia, Yekaterinburg, str. Mira, 19
email: ~ L.v.zhukova@urfu.ru

The terahertz (THz) range of the electromagnetic wave spectrum is
aftractive for science and fechnology due fo its wide range of
applications in security systems, medical fechnology, and more. The
number of materials suitable for fabrication of fransmissive THz
optics is limited, and silver and thallium (I) halides are one of the
few materials that are transparent in this range [1]. The study of
optical properties in the THz specfral range was carried out on a
number of samples of single crystals and optical ceramics of each
of the systems AgCly,sBrg,s-TlCly4,Bro,e and AgCly,sBro,s-TIBrg,elos.
by a STD-21 spectrometer. The radiation sources were a backward
wave oscillators (BWO), the detector was a Golay cell from Tidex
with a shooting resolution of 0.0147 THz. All samples of both
systems are transparent in fthe low-frequency THz region and
achieve a ftransmission of 90 %. However, the transmission of
samples of the system AgCly,sBross-TIBrg,elgs, is 15..2 times higher
than the transmission of samples of the system AgCly,Bryqs-
TICly5,Bry. Samples are passed af frequencies and less than 0.2
THz (1600 pm). The transmission of the samples drops to 0% in
the range of 05..0.8 THz (350..600 um), and then they begin tfo
transmit from approximately 5 THz.

This work was supported by the Russian Science Foundation (No.
21-73-10108), https://rscf.ru/en/project/21-73-10108/.
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WndpakpacHsie cbemobodsl us MoHokpucmannod u onmuyeckol
kepamuku cucmeM AgCly,sBrozs-TIBrgelgs, U AgCloysBross—TICly7,Brg o
Canumzapeed 0. 0., Oxakoba A. A, /lbbob A. E, IOxakob W. B,
KopcakoB A. C, ~Xukoba /. B.

Ypansckuu gedepansHsiy yHubepcumem umeHu nepbozo flpesuderma
Poccuu 6. H Envuyuna, 620002, Poccus, 2. Examepundype, ys. Mupa 19
email: ~ Lv.zhukova®@urfu.ru

Paspadomka  mamepuano®  dna  u3zomobneHus  UHPPaAKPACHbLIX
cbemobodod sabnsemcs BecbMa akmyanbHoU 3adaved  pasbumus
cobpeMeHHoU onmu4yeckoU ompacau. PaHee aBmopckuM konnekmubom
Obinu npobedeHbl koMnnekcHbie padomsl no  paspadomke  HoBbix
onmuyeckux Mamepuano® Ha ocHoBe MoHokpucmannob u onmuyeckol
Kepamuku cucmeM AgCly,5Brgs5-TIBrg 4elgss u AgCly,sBryss-
TICly7,Brgz (1. Bbinu BbipaweHsl MoHokpucmanasl U cuHmesupobana
ONMUYeckas KepaMuka pasaudHbix cocmabob u  uccnedobambl  ux
¢yHKUUOHanbHble cBboucmba. W3  MoHokpucmanno® u  onmuyeckol
KepaMuku MemodoM 3kcmpysuu Obiau  u3zomobneHsl UHGpaKpACHbIe
cbemobodbl duamempoMm 525 MkmM u  dnunou 2.3 M. [lpobedeHsl
uccnedoBaHua duanasoHa nponyckaHus uszomobnerHbix cbemobodob
Ha WK-dPypbe cnekmpoMempe IRPrestige21 (Shimadzu). YcmaHobnewo,
ymo B 3abucuMmocmu  om cocmaba cBemobodbl  npo3padHbl B
cnekmpanbHoM duanasoHe om 3.4 do 25.26 MkM O8e3 OKOH
noznoweHus.  M3zomobnewusie  cBemobodsl  odnadawm  Buicokol
2udkocmbio, ymo no3bonsem npumeHsmb ux B ka4yecmbe onmuyeckozo
kadens B pasnuyHbix 0dnacmax HAYku U mexHuku, B moM 4Yucne B
ycnobuax nobbiweHHO20 UOHU3UPYKUWE20 U3AYYeHUS.

WUccnedobaHue BbinonHeHo 3a c4em 2paHma Poccuuckozo Hay4Hoz0
donda N° 21-73-10108, https://rscf.ru/project/21-73-10108/.

Cnucok numepamypbl

1. /bbob A . E.  Wccnedobanue  ¢as3obol  duazpaMMbel  cucmeM
AgClysBross-TICly7,Broe U AgCly,sBross-TIBrgelys, 8n8  nonyqenus
UHdpPakpacHol  ONMuKU Nbbob A E, Canumzapeeb 0. 0,
l0xakoba A. A, Xuykoba /. B. // NasepHo-uHGOPMAUUOHHbIE
mexHonoz2uu: mpydsl XXX MexdyHapodHou Hay4yHoU KOHpEepeHuuu.
2022. C. 119-121.
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Infrared fiber-optic light guides from single crystals and optical
ceramics systems AgCly,sBry;s-TIBrglys, and AgCly,sBrgq5-TICly7,Brg 6
Salimgareev D. D, Yuzhakova A. A, L'vov A. E, Yuzhakov I. V,
Korsakov A. S., " Zhukova L. V.

Ural Federal University named after the first President of Russia
BN. Yeltsin, 620002, Russia, Yekaterinburg, str. Mira, 19
email: ~ L.v.zhukova®@urfu.ru

The development of materials for the fabrication of infrared light
guides is a very urgent ftask for fthe development of the modern
optical industry. Previously, the authors' team carried out complex
works on the development of new optical materials based on single
crystals and optical ceramics of the systems AgCly,sBry,s-TIBrg,els.
and AgCly,sBry.s-TICly4,Bry4 [1]. Single crystals and optical ceramics
of different compositions were grown and their functional
properfies were investigated. Infrared light guides with a diameter
of 525 um and a length of 2.3 m were fabricated from single
crystals and optical ceramics by extrusion. The transmittance range
of the fabricated light guides was investigated on IRPrestige21 FTIR
spectrometer (Shimadzu). It was found that, depending on the
composition, the light quides are fransparent in the spectral range
from 3.4 fo 25.26 microns without absorption windows. The
fabricated light guides have high flexibility, which allows their
application as an optfical cable in various fields of science and
technology, including in conditions of increased ionizing radiation.
This work was supported by the Russian Science Foundation (No.
21-73-10108), https://rscf.ru/en/project/21-73-10108/.
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YOK  517.443+519.2:004+531.36
MPHTKU  30.19.21
BAK  05.13.01

BnusHue Bo3dedcmbus B-usnyyeHusa Ha onmuyeckue Mamepuansi Ha
ocHobe mbepdeix pacmbopob cucmeMsl AgCly,cBrgqs-Agl
" Kowdpawun B. M, WamyHoba . B, Canumzapeed 0. I,
Oxakoba A. A, /lbBob A. E., Kopcako® A. C, Xykoba /. B.
Ypanvckuu gedepansrsit yHubepcumem umeHu nepbozo
llpesudenma Poccuu b.H Esnbuuna, 2. Examepundypz
E-mail: * Lv.zhukova®urfu.ru

Onmuyeckue mMamepuansl Ha ocHoBe z2anozenudob mannus u cepedpa b
3abucumocmu om ux cocmaba nponyckawm B MK-duanasone om 0,4 do
60,0 MkM. KpoMe mo20, 3Mu MamMepuanbl HE2UZPOCKONUYHbI U
naacmuyHel, 4mo nosbondem uszomabaubamb u3z Hux WK-cbemoBodsl
memodoM 3kcmpy3uu. B cBs3u ¢ 3muM  2anozeHudocepedpsiHblie
onmuyeckue Mamepuansl abaslmMcs nepcnekmuBHbIMU.

B pamkax danHou padomsbl Mbl uccnedobanu BausHue B-u3nyyeHus Ha
ypobeHb u duana3oH nponyckaHus MoHokpucmannob u 8ByxdasHol
Kepamuku Ha ocHobe cucmembl AgCly,sBry,s-Agl. Beisbnewo, 4mo y
uccnedoBaHHbix 0dpa3uod B pesynbmame o8nyyveHus MakcuManbHoU
HakonneHHou do3ou 800 klp ypoBeHb nNponyckaHus YmMeHbWaemcs HaA
7..8 %. Bcnedcmbue 3mozo MoxHo ymbepxdamb, 4mo Mamepuans
abnslomcs  paduauuoHHO-CMOUKUMU U Mozym ucnonb3oBambcs B
ycnobusix noBelweHHoz0 paduduUOHHO20 GOHA.

Cnucok numepamypbl

1 Salimgareev D, Yuzhakova A, L'vov A, Kondrashin V,
Korsakov A, Zhukova L. Optical ceramics based on TICly;,Bry,.-Agl
system transparent from visible to far IR region // Opt. Mat,
2022. V. 131. p. 112735.

2 [posHeix M. B, Anumxanob A. T, Cmypuc A 10, Psadyxun O. B
Paspadomka  ycmpoucmbBa  HenpepbiBHO20 ~ u3MepeHus  3Hepauu
3nekmpoHo® yckopumens Y3/1P-10-10C dna koHmpons npouecca
paduauuoHHold cmepunusauuu // Tesucsl doknadod V MexdyHapodHod
MonodexHoU Hay4Hou KoHdepeHuuu, nocBaweHHol namamu [lovemHozo
npo¢eccopa Yp®Y B.C. Kopmoba, 14-18 maa 2018. C. 48-49
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Effect of B-radiation on optical materials based on solid solutions of
AgCly,sBryss-Agl system
" Kondrashin V. M., Shatunova D. V., Salimgareev D. O,
Yuzhakova A. A, L'vov A. E, Korsakov A. S., Zhukova L. V.
Ural Federal University named after the First President of Russia
BN Yeltsin, Ekaterinburg, Russia
E-mail: * Lv.zhukova®urfu.ru

Optical materials based on fthallium and silver halides are
transmissible in the IR range from 0.4 to 60.0 um depending on
their composifion. In addition, these materials are non-hygroscopic
and plastic, which allows fo manufacture IR light guides from them
by extrusion. In view of this, silver halide optical materials are
promising.

In the framework of this work we studied the influence of f-
radiation on the level and transmission range of single crystals and
two-phase ceramics based on AgCly,sBry;s-Agl system. It is revealed
that the studied samples, as a result of irradiation with fthe
maximum accumulated dose of 800 kGy, the fransmittance level
decreases by 7..8 %. As a consequence, it can be said that the
materials are radiation-resistant and can be used in conditions of
increased radiation background.

The study was carried out with the financial support of the
program of straftegic academic leadership “Priority 2030".
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YOK  54452+544 46+537.311.322
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BAK  1.4.4+13.6.

®omokamanumuyeckue u aHmudakmepuansHeie cbolicmba Memann-
okcudHblx HaHokoMno3umob ZnO-Ag, nony4eHHbIX UMNYAbCHOU NasepHou
adnauued
" ®axpymdunoba E. [, Bonokumuna A. B, Fonyapoba 1. A,
CBemnuynbil B. A.

HauuoHansHell uccnedobamensckud ToMckuu 2ocydapcmbBeHHsit
yHubepcumem, 634050, Poccus, 2. Tomck, np-m. /lerura 36
email: ~ fakhrutdinovaed@amail.com, nvv0404@gmail.com,
dg_va@list.ru, v_svetlichnyi@bk.ru

Heodxodumocmb co38aHus HoBbIx 3pPekmubHbix Gomokamanumuyeckux
cucmeM abnsemca akmyanbHoU 3adaved HA ce200HAWHUU deHb. Memod
uMNYAbCcHol nasepHod adnsuuu (MN1A) npuMeHsemcs kak cobpeMeHHsIl,
Hedopozou, docmamoyHo Npocmol U 3K0AN02U4HLIU Memod noAy4eHus
CNOXHbIX  KOMNO3UMHbLIX HaHomMamepuanob. A coyemanue WNA u
dononHumensHoz20 nasepHozo Bosdeucmbus Ha nonyyaembie KoAAOUGHI
no3bonsiom co3damb pa3NuYHble KOMNO3UMHbIE Mamepuansl
HedoCcmynHele Npu CMAHOJApMHbLIX XUMU4Yeckux cuxmesax. B padome
HaHokoMno3umbl (HK) Ha ocHobe okcuda uuHka, donupobanHbie HY Ag,
dbinu nonyyensl MemodoM WA B Bode npu ucnonb3oBaHuu Nd:YAG
nasepa (1064 wM, 20 My, 7 Hc, 150 mMOx). MonyyveHHsie Mamepuans
dblnu U3Yy4eHbl Memodamu peHmzeHobckol dudpakuuy,
cnekmpockonued Quddy3HO20 OMPAXEHUS U HU3KomeMnepamypHoU
adcopduuet  asoma.  Pomokamanumuyeckaa  akmuBHocmb  HK
mecmupoBbanack Ha ModenbHoM kpacumene podamuHe b, ¢eHone u
aHmuduomuke BawkoMuuuHe npu Bo3dyxdeHuu cbemoduodamu ¢
gnuHamu  Bonn 375 u 410 HM.  AHmudakmepuanbHas akmuBHocmb
nonyyeHHslx Mamepuano® Bdebina uccnedobaHa Ha Saureus. B mom
yucne  usyyanocs  BausHue  dpomoakmubauuu  Ha  yBenuyenue
aHmudakmepuanbHol akmubHocmu. B pe3ynbmame dbin0 NOKa@3aHo, 4Ymo
BbedeHue cepedpa, a makxe dononHumenbHas na3epHas odpadomka
konnoudob npu CuHmese cnocodcmbyem ybenuyeHuwn
domokamanumuyeckol u aHmudakmepuansHou akmubHocmu HK.

WUccnedobaHue BeinonHeHo npu  noddepxke [lpozpammbl  pasbumus
ToMckozo zocydapcmberHozo yHubepcumema (Mpuopumem-2030).
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Photocatalytic and Antibacterial Properties of ZnO-Ag Metal-Oxide
Nanocomposites Obtained by Pulsed Laser Ablation
" Fakhrutdinova E. D, Volokitina A. V., Goncharova D. A,
Sveflichnyi V. A.
National Research Tomsk State University,
634050, Russia, Tomsk, Ave. Lenin 36

The need to create new efficient phofocafalyfic systems is an
urgent task today. The method of pulsed laser ablation (PLA) is
used as a modern, inexpensive, rather simple and environmentfally
friendly method for obtaining complex composite nanomaterials. And
the combination of PLA and additional laser freatment on the
colloids makes it possible to create various composite materials
that are not available with standard chemical syntheses. In this
work, nanocomposites (NCs) based on zinc oxide doped with Ag NPs
were obtained by PLA in water using a Nd:YAG laser (1064 nm,
20 Hz, 7 ns, 150 mJ). The materials were studied by X-ray
diffraction, diffuse reflectance spectroscopy, and low-temperature
nitrogen adsorption. The photocatalytic activity of NCs were tested
on the model dye rhodamine B, phenol, and the anfibiofic vancomycin
under the LEDs irradiation with wavelengths of 375 and 410 nm. The
antibacterial activity of the maferials was tesfted on S.aureus. In
particular, the effect of editionat laser treatment fo increase the
antibacterial activity was studied. As a result, it was shown that
the silver modification, as well as additional laser freatment of
colloids during synthesis, increases the photocatalytic and
antibacterial activity of NCs.

This study was supported by the Tomsk State University
Development Programme (Priority-2030)
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NasepHeid cunmes u Modudukauus HaHowacmuu meMHozo Ti0, dns
¢$omokamanumuyeckux NpuMeHeHud
" ®axpymduroba E. [, Peymoda 0. A, BodsHkuwa 0. B,
CBemauynbit B. A.

HauuoHaibHeIU uccnedobamesckud ToMckud 2ocydapcmberHsii
yHubepcumem, 634050, Poccus, 2. Tomck, np-m. /lenuHa 36
email: ~ fakhrutdinovaed@gmail.com, reutovaolesya@mail.ru,

vodyankina_o®@mail.ru, v_sveflichnyi@®bk.ru

Padoma nocbsaweHa nonyyveHuw Havoyacmuu (HY) memHozo duokcuda
MUM@HG, NOAYYEHHO20 UMNYAbCHOU nasepHol adasuued (UNA) u
mModuouuupobaruw ezo Pt, Cu, Ni, Co dna nobbiweHus 3ddekmubHocmu
npouecca ¢omokamanumuyeckozo nonyveHuss Bodopoda. CuHmes
mamepuanod npobodunu WUNA memannuveckux MuweHeu B Bode c
npumeHeHueM Nd:YAG-nasepa LS2131M-20 LOTISTII (1064 HM, 7 Hc,
150 mlx, 20 l'u). Monyuenneie npu WNA  konnoudHbie pacmbopel
Boicywubanuce do  nopowkoBozo coCMOSHUA U OMXU2@AUCL  NPU
memMnepamype 400°C. Mony4eHHble HOHONOPOWKU dbinu
oxapakmepu3obaHsl mMemodamu npocbevubanwed 31eKMpOoHHOU
MUKpOCKONUU, peHmzeHobckou dudpakuuy, peHmzeHobckou
¢$omo3neKkMpoHHOU CNEKMPOCKONUU, Hu3komemMnepamypHol adcopduuu
asoma u cnekmpockonuu dudpysHoz0 OMpaxeHus.
®omokamanumuyeckoe  nonyyeHue  Bodopoda  npobodunoce  Ha
ycmaHobke ¢ LED ucmoyHukaMu usnyyeHus (375 HM u 410 HM) C
xpomMamozpaduyeckol pezucmpauued Bodopoda, Beidenswezoca npu
0dnyyeHuu BodHo-2nuuepuHobol cpedsl B npucymcmbuu
kamanuzamopa. Haudonbwyw  pomokamanumuyeckyl  akmubHocmb
nposbasiom HY, codepxawue Pt u Cu, npu4yeM HaHOKOMNO3UMbI C
mMedblo npakmuyecku He ycmynawm & kBanmobol 3¢pdexkmubHocmu Pt
codepxawuM MamepuanaM, 4mo cbBasaHo C Haudonee ydayHbIM
nepeHocoM u pasdeneHueM pomozeHepupoBaHHbix Hocumenel 3apada.
Padoma B&binonHeHa npu noddepxke Pocculckozo Hay4yHozo ¢oHAa,
2paHm 19-73-30026.
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Laser Synthesis and Modification of Dark TiO, Nanoparticles for
Photacatalytic Applications
" Fakhrutdinova E. D, Reutova O. A, Vodyankina 0. V.,
Sveflichnyi V. A.
National Research Tomsk State University,
634050, Russia, Tomsk, Ave. Lenin 36

The work is devoted to the preparation of nanoparticles (NPs) of
dark titanium dioxide obtained by pulsed laser ablation (PLA) and
its modification by Pt, Cu, Ni, Co fo increase the efficiency of the
process of phofocatalyfic hydrogen evalution reaction. Materials
were synthesized by PLA of metal targefs in water using an
Nd:YAG laser LS2131M-20 LOTIS TII (1064 nm, 7 ns, 150 mJ, 20 Hz).
The colloidal solutions obtained by PLA were dried to powders and
annealed at a femperature of 400 e€C.The resulting nanopowders
were characterized by transmission electron microscopy, X-ray
diffraction, X-ray photoelectron spectroscopy, low-femperature
nitrogen adsorption, and diffuse reflection
spectroscopy.Photocatalytic hydrogen production was carried ouf on
a setup with LED radiation sources (375 nm and 410 nm) with
chromatographic registration of hydrogen released during irradiation
of an agqueous glycerol medium in the presence of a catalyst. The
highest photocatalytic activity is exhibited by NPs containing Pt and
Cu, and the nanocomposites with copper are practically not inferior
in quantum efficiency to Pt containing materials, which is associated
with  the most successful fransfer and separaftion of
photogenerated charge carriers.

This work was supported by the Russian Science Foundation, grant
19-73-30026.
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MNpsMas no3epHas 3anuch QUPPOKUUOHHBIX MUKPOCMPYKMUP HO MOHKOU
dbycnouHod nnéuke a-Si/Cr
"Kyu P. W, Benoycod 0. A, Koponbkob B. .
Wucmumym abmomamuxu u 31exkmpomempuu L0 PAH
630090, Poccus, 2. Hobocudupck, np-m Akademuxa Konmweal
email: " r.ikuts@mail.ru

B Hacmoswee bBpems dna co3daHus GUPPAKUUOHHBIX ONMUYECKUX
3neMeHmoB GoCcmMAMOYHO WUPOKO UCNOAb3Yemcs MexXH0A02Uus na3epHol
MepMOXUMUYECKOU 30NUCU  HA MOHKUX NAeHkax xpomad. [loknad
nocbawen uccnedobaHunw Hobozo Memoda npsMou nasepHou 3anucu Ha
8BycnolHod monkol nnéuke a-Si/Cr.  ToWkul cnod  KpeMHus
Beicmynaem kak peazedm dns  odpaszobaHus cunuuudob xpoma [1].
KpemHud makxe ybenuyqubaem ko3adppuuueHm noznoweHus dbycnodHol
NAEHKU Ha 3anucsibawweld dnuHe BonHel, 0ns 3mMo20 HeodxoduMmo
HaNLIAAMb NAEHKY KpemMHus onpedeneHHoUu moAwuHe. KpoMe mozo,
nokasgHo, 4mo dodabneHue nneHku KpemHus no3Bonsem in-situ
KoHmponupobamb ¢opMupobaHue cmpykmyp 3a c4eém cywecmbeHHozo
U3MeHeHUs  ko3dpduuueHma  ompaxeHus  00AYYEHHOU  odnacmu
dBycnolHod nnénku a-Si/Cr. MpoBedén psd 3kcnepuMeHmod no
nasepHol 3anucu OQuPPAKUUOHHBIX CMPUKMYpP HA NAEHKAX C pasHol
monwuHol kpemHus B 3abucumocmu om MowHocmu 3anuckibanwezo
nyyka. OnpedeneHa ONMUMANbLHAA MOAWUHB NAEHKU KPeMHus 0As
¢opMupobaHus Macku, ycmoU4ubol npu odpadomke B KudkoCMHbIX
mpabumensix. Moka3zaHsl npeumywecmbBa paspadamsiBaemMou
mexHonoz2uu 3anucu  Ha dBycnolUHOU NAEHKE C MOYKU  3peHus
npocmpaHcmBenHo20 paspeweHus.

Padoma BbinonHeHa 3a c4em 2zpadma Pocculckozo HayyHozo ¢oHAa
(npoekm  N°  22-79-00049). B  uccnedobaHusx  ucnonb3obaHo
odopydobarHue LleHmpa konnekmubHozo nonb3obaHus «Cnekmpockonus
u onmuka» WAu3 CO PAH.

Cnucok numepamypbl
1. D'Anna E. et al. Synthesis of chromium silicide with laser pulses
// Applied Physics A. —1990. — T. 50. — C. 411-415.
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Direct laser writing of diffractive microstructures on a thin bi-layer
a-Si/Cr film
“Kuts R. I, Belousov D. A, Korol'kov V. P.
The Institute of Automation and Electrometry SB RAS,
630090, Russia, Novosibirsk, Akademika Koptyug Ave. 1

At present, the technology of laser thermochemical writing on thin
chromium films is widely used to creafe diffractive opfical elements.
The report is devoted to the study of a new method of direct
laser writing on a bi-layer thin a-Si/Cr film. A thin layer of silicon
acts as a reagent for the formation of chromium silicides [1]. Silicon
also increases the absorption coefficient of the bi-layer film at the
writing wavelength, for this it is necessary to deposit a silicon film
of a certain thickness. It is shown that the addition of a silicon film
makes it possible fo control the formation of structures in situ due
to a significant change in the reflectance of fthe irradiated region
of the a-Si/Cr bi-layer film. A number of experiments were carried
out on laser writing of diffractive structures on films with
different silicon thicknesses depending on the power of the writing
beam. The optimal thickness of the silicon film for the formation of
a mask that is stable when processed in liquid efchanfs has been
determined. The advantages of the developed technology for writing
on a bi-layer film in ferms of spafial resolution are shown.

This research was funded by Russian Science Foundation, grant No.
22-79-00049. The equipment of the Central Research Center
“Spectroscopy and Optics” of the IA&E SB RAS and Core Facilities
VTAN NSU were used in the research.
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BausHue uHpopMauuoHHEIX mexHoaozul u uuppobusauuu Ha
uHmepHauuoHanusauuw By3ob
'Bopodbed A. E., 2 [lbavenko B. B, Bopodbed K. A.
" @epzarckud meduuurckud yHubepcumem odwecmBernozo 330p0bbs,
Pecnydnuka Y3dexucmar,
2 HoBopoccuickud nosumexHuveckul ucmumym (guauan) Kydl TY,
Hobopoccuuck, PP
JPYAH, 2 Mockba P®

Hadnwdaemas uugppobas pebonwuus 3HQYUMENbHO MeHsem
3KOHOMUYeckyl u couuansHyw cpedy, B komopou cywecmbywm u
padomaiom Bysb, @ makxe MeHsem camu yHubepcumemsl [1, 2]. 3mo
odycnobneHo  meM, u4mo  uudpobele  mexHonozuu  co3dawm
npuHuunuanbHo HoBele Bo3MoxHocmu dna odyyveHus cmydeHmod no
Mepe mozo, kak oHu B3aumodeucmbywom B oHnauH-uugppobol
cpede [1, 2], a npenodabamenu MeHsIom cywecmbynwyio
odpasobamenbHyw Npakmuky 3a C4EmM ucnonb3obaHus 2udpudHbix
KypcoB, nepcoHanusupobanHoz0 odyyeHus, HOBbIX modeneu
compydHudecmba, a makxe wupokoz0 cnekmpa ybnekamenbHbix
uHHoBauuoHHbIX cmpameaud u mexHonozul ody4eHus
cmydenmob [4, 5],

3mo odcmosmenscmbo okaszanocb 0883aHHLIM pe3komy pasbumuw U
ycuneHuw deMmozpaduyeckozo  ¢akmopa, a makxe 3Bonwuuu
MexdyHapoOHo20 pbiHKa odpaszobamenbHbix ycayz, 20e  kAaw4eboe
BausHue umeem nosbneHue u ucnonb3obaHue B yyvedHom npouecce
HoBbix mexHonozul (Bknw4yas AR/VR, uckyccmbBeHHbll  uHmMennekm,
podomu3auul U 310KYelH).

Pesynsmamel  uccnedodanul [7]  Buisbasiom  docmamouHo  Beicokyio
cknoHHocmb  cmydeHmob  k  odyyeHuw u padome B uugppobol
odpasobamensHol cpede (c y4yemoM GUCMAHUUOHHLIX GOPM 0DYYeHus).
Tak, dbino  ycmanoBneHno, 4mo cmydeHmsl akmubHo ucnonb3ywm
HOYYHble cemu u MecceHdxepbl B uccnedobamenbckux uensix (84 %),
dasbl  JUCMOHUUOHHBIX ~ mexHonoz2ul (48 %), MelHdpelmsl U
daHHble (43 %).

MNomumo pa3bumus mexHonozuu mak HasbiBaemozo «ummepcuBHozo»
odyyeHus (c  ucnonb3cbaHuem  BupmyanbHol u  dono/aHeHHou
peansHocmu, @ makxe 2o0n0cobeix uHmepdelcob), abmomamuzauuu
npoueccob odyyeHus (c npumeHeHueM Bo3MoxHocmed uckyccmbeHnHozo



Tp.Mexd.koHd. INT-2023 Cekuusi «KoMnblmepHble cucmeMsl»
thsi//bqfu—nvrsk.ru/reseurch/conferences/lif/2[]23/info

176

uHmennekma), cepmudukauuu (Ha ocHobe dnok4elH-mexHono2ul), K
mpeHdaM pa3bumusa coBpeMeHHbix cucmem odyyeHus cmydeHmobd
HeodxoduMo omHecmu mexHono2uu uHKN3ubHoCmU u
zedMugukauuu [6], o makxe nepcoHanusauuu yvedHozo npouecca u
onpedeneHHol couuanusauuu odpasobamensHeix npozpamM (Bkrwyas
odbeduHeHue  cmydeHmob no  ux  ocHobHeIM  uHmepecamM U
NPodeccuoHanbHLIM  KOMNemeHuusaM, a makxe padome B odwux
uHdopMauuoHHbIX Ba3zax daHHeIX u Beipadomke koMaHdHoz0 nodxoda K
odyyeHul U odMeH No/nb30BamenbCKUM ONLIMOM).

[eumupukauusa npedcmabnsem codou dobonbHo HoByw koHuenuuio
NPUMEHeHUs 2eUM-du3alHepckoz20 nodxodd K pasAu4YHbIM - Y4edHbiM
3adaHuaM, 4modbl cdenamb ux 8ns cmydeHmob donee uHmMepecHbLIMU U
ybnekamenbHeiMu [10]. Mpu 3moM zedMudukauus cosdaem wenocmHYi
yy4edHyiw ammocdepy B odpasobamenbHbix MexHoN02uAX, Komopas
cywecmbenHo nobbiwaem BobneveHHocmb u  MomubBauul, HanpsMyio
Bausowux Ha BelpaBomky ocHOBHLIX KOMNEmMeHUU, UCNOAb3YKWUX UX
cmydeHmod. Kpome mozo, 3nekmpoHHbIU ¢popMam odydveHus nosbonsem
20pa3do nez4e pacnpocmpaHsmb U adanmupobamb  HeodxoduMbie
y4edHbie Mamepuansl [8], 4mo cywecmbenHo cmumynupyem pasbumue u
nepeda4yy 3HaHUU, @ makxe nosbneHue 3Ha4yumenbHoz0 konuvecmBa
HoBbix odpa3oBamenbHelx NPO2paMM, Ppa3padomaHHblX € Y4emoM
Bo3MoxHocmeu oHnauH-odpaszobanus u npednonazawwux 20pasdo
MeHbwy npodonxumenbHocmb npedbibaHua cmydenmob B kamnyce.
MonynapHbIMU UHCMpYMeHmMamu, Hanpumep, sBasiwmca cayxdsl cbasu b
peansHoM Bpemenu WhatsApp, Facebook, Skype u Dropbox [9],
komopble npednazawm npocmele B ucnonb3obaHuu  pymHkuuu  dns
odMeHa ¢aunamu, BudeomenepoHuu, odweHus B yamax u mad.
Akmyanes u mom ¢akm, 4mo BonbwuHcmBo cmydeHmoB yxe
nonb3zobanuce nonynspHbiMU  KOMMepyeckumu cepbucamu  paHee U
npodonxam nonb3obambca uMu nocne  okoH4yaHus odyveHus. B
pesynsmame, Bo-nepBeix, UM He HYxHO u3y4amb U Hacmpaubamb
HoBy cucmemy, a Bo-Bmopeix, oHu Mozym paccyumbibamb Ha u de3
mozo donbwyw nonb3obamensckyiw dasy, YMO 3HAYUMEALHO ynpowaem
cobmecmuyi padomy u odMeH GaHHLIMU.

Mpu 3mom, Bo3Hukwue B nocnedHee Bpema mexHuyeckue uHHoBauuu B
KOMMYHUKauuu (MHmepHem, ModunbHas ¢Bbs3b u dp.) U peskoe
ybenuyeHue odbemob npodunbHOU uHPopMauuu maxkxe nobneknu 3a
codol danbHelwue kapduHanbHble u3MeHeHus B umewwuxcs nodxodax
u  BosMoxHoCmAX nonyyeHus  Beicwezo  NPodeCCUOHANLHO20
odpasoBbaHus. B pesynsmame nposbBaeHus 3mux ocodeHHocmel
cpedHezodobol memn pocma MupobBol akademuyeckol ModunbHocmu
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cmydeHmod B Hacmoswee Bpemsa cocmabasem noumu 7 % (om ux
odweld 4ucneHHocmu).

Ha cobpemenHoM 3mane pa3Bumus Mupobou odpasoBamensHou cpedsl
ucnonb3oBaHue npozpaMM HauuoHanbHoz0 BupmyanbHozo y4vedHoz0
By3sa Ha 3kcnopm — 3mo yxe He dononHumenbHbll Bekmop pasbumus
KOHkpemHo20 By3g, a omdenbHas 3Ha4umasa cocmabnswowas pasbumus
codepxaHus npedocmabnseMbix odpasobamenbHbIx Npo2pamM,
ynpabneHus BysoM u pasnuyHelx acnekmob caMozo npouecca
ody4erus [9]. 3mo no3bonsem cobMewamsb uudpobusauu
odpazobaHus cmydeHmob B PA3/UYHbIX KOHuU2ypauusx,
UHGOPMAUUOHHO-KOMMUHUKAQUUOHHbIX mexHonozud (MKT), B mom 4ucne
- € ucnonb3obaHuemM mexHonozul uckyccmbeHHoz0 uHmMeAnekma.
0OdHuM U3 Haudonee 3HAYUMEAbHbLIX  U3MEHeHuU, cBA3aHHbLIX ¢
ucnonb3oBbanuem Bysamu mexHonozul  uuppobusauuu, sbBasemcs
Bo3MoxHoCMb cdOpa U PACNPOCMPAHEHUS 3HA4YUMENbHO20 o0dbema
danHbix. (Bop  daHHbix 08 odwupHOM MexdyHapodHOM NPOU/ALHOM
poiHke  odpasobamencHeix  ycnyz  sbnsemcs  BecbMa  UEHHbIM
ucmoyHukoM uHdopmauuu dna  Bysob, pesko cHuxas uMewwywcs
MPAHC2PAHUYHYK UHGOpPMauuoHHylw acummempui. CodpanHbie, daHHbe
Hanpabnswmca Ha odpadomky cneuudnbHLIMU GA20PUMMAMU, C UeAblo
npozHo3upoBaHus oueHku mekywezo u dydywezo (nepcnekmubHozo)
cocmosiHua MexdyHapodHozo pbiHka odpasobamenbHbix ycnyez.

lpouecc npuHsmMuA onMuManbHbLIX peweHul makxe noddepxubaemcs
donee  coBpemeHHbiIMU  MemodaMu  UHMEANEKMYANbHO20  OHAAU3A
donbwux daHHbix  (MaKuMu, Kak uckyccmBeHHbld UHMEnnekm U
MawuHHoe ody4eHue). 3ma uHHoBAuUOHHaS mexHono0zus, ocHobaHHas
HQ uckyccmBeHHOM uHmMennekme U cmamucmu4eckux nodxodax,
nomozaem Bysam ModenupoBamb u uHmepnpemupobamb codpaHHbie
daHHble, ¢ nocnedywwuM ucnonb3obaHueM nonyyeHHbix pe3ynbmamob B
cmpamezuyeckux uensx cboezo danbHelwezo pasbumus.

B pe3ynbmame uugppobusauus cywecmbenno odnez4yaem
npuodpemeHue HeodxoduMblX 3HOHUU, @ KPOMeE MO020 — Cmupaem
uMelwue dapbepbl U 2paHuubl, meM caMbeiM pacwupsiem denobeie cbssy,
mk. 0Onazodaps 3moUu mexHonoz2uu odnezyaemcs  Bo3MoxHOCMb
co3daHus u odMeHa 3HaHusMu. [loamomy ucnonb3oBaHue uwudpobbix
mexHonoz2ul no3Bonsem Bysam Bbicmpee Bbiumu Ha MexdyHapodHbIU
ypobenb. [pyzoe deno, 4mo Bce 3mo cHuxaem Kkonudecmbo
odydvawwuxcad B npobuHuuanebHbix Bysax u  ¢unuanax. [lockonbky
ynpowaem noAnyyeHue odpasobaHus B danekux, Moxem daxe
3apydexHeix npecmuxHbix Bysax. B nepcnekmube 3mo npubedem «
donbwed uewmpanusauuu odpasoBaHun, UYKPYNHEHUW U CHUXEHUIo
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konuqecmba cydvekmob odpazobamenbHol cucmeMbl, HO YCuNeHUw
uHmepHauuoHanusauuu Bysob.

B nocnedvee Bpems dbina  paspadomana  Modenb,  Komopas
nodyepkubaem yckopswwyl ponb uuppobusauuu B MexdyHapodHbIx
denoBbix KOMNEMeHUUAX U CKOPOCMU UHMepHauuoHanusauuu Bysob.
Cmpamezus pa3bumus uHopMauuoHHozo odwecmba B Poccuu Ha
2017-2030 22. mpedyem, dns noddepxaHus KOHKYPEHMOCNOCOdHOCMU
pocculckux Byso® B mupobom odpaszobamensHomM npocmpaxcmBe,
dobonbHo 2nydokux usMeHeHul Bo Bcex cdepax xusHu odwecmba (B
moM 4ucne u B Buicwel wkone). [opoxHas kapmd, pa3padomaHHas B
pocculckux  Bysax dna  3nekmpoHHO20  0dyyeHus  cmydeHmoB,
Bk wyaem b ceds 3 cmpamezudveckue uHuuuamubel [13]:

e ¢dopmupobaHue u pasbumue uHPpPACMPYKMUPLI 31EKMPOHHOZ20
ody4yeHus;

e pedopmupobarue odpazobamenbHozo npouecca Ha ocHobe
mexHono2ul 3NeKMPOHHO20 08YYeHUs C YNOpPOM Ha cMapm-
odpazobaxue [3];

e  0p2aHu3auus BHewHezo napmHepcmba i} odnacmu
3/1EKMPOHHO20 08YYeHUS.
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The impact of information technology and digitalization on the
internationalization of universities
' Vorob'yov A. E, 2D’yachenko V. V., *Vorob'yov K. A.
"FERGANA Medical University of Public Health, Republic of
Uzbekistan,
2 Novorossiyskiy Polytechnic Institute (branch) of KubSTU,
Novorossiysk, Russia
3 RUDN, Moscow, Russia

The observed digital revolution is significantly changing the
economic and social environment in which universities exist and
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operate, as well as changing universities themselves [1, 2]. This is
due fo the fact that digital technologies create fundamentally new
opportunities for studenfts to learn as they interact in an online
digital environment [1, 2], and teachers are changing existing
educational practices through fthe wuse of hybrid courses,
personalized learning, new models of cooperation, as well as a wide
range of exciting innovative strategies and technologies teaching
students [4, 5I.

This circumstance turned out to be due to the sharp development
and sfrengfthening of the demographic factor, as well as fthe
evolution of the international educational services market, where
the emergence and use of new fechnologies in the educafional
process (including AR/VR, artificial intelligence, robotics and
blockchain) has a key influence.

Research results [7] reveal a fairly high propensity of students to
study and work in a digital educational environment (taking into
account distance learning). Thus, it was found that students
actively use scienfific networks and messengers for research
purposes (84 %), remote technology databases (48 %), mainframes
and data (43 %).

In addition to fthe development of so-called “immersive” learning
technologies (using virtual and augmented reality, as well as voice
interfaces), automation of learning processes (using artificial
intelligence  capabilities), certification (based on  blockchain
technologies), the trends in the development of modern student
learning systems should include technologies of inclusiveness and
gamification [6], as well as the personalization of the educational
process and a certain socialization of educational programs
(including the association of students according to their main
interests and professional competencies, as well as working in
common information databases and developing a feam approach to
training and sharing user experience).

Gamification is a fairly new concept of applying a game design
approach fo various educafional fasks in order to make them more
inferesting and exciting for students [10]. At the same fime,
gamification creates a holistic learning atmosphere in educational
technologies, which significantly increases the involvement and
motivation that directly affect the development of the main
competencies that students use. In addifion, the e-learning format
makes it much easier fo distribute and adapt the necessary
educational  materials [8], which significantly —stimulates the
development and fransfer of knowledge, as well as the emergence
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of a significant number of new educational programs designed taking
into account the possibilities of online educafion and assuming a
much shorter duration of students' stay on campus.

Popular tools, for example, are the real-time communication
services WhatsApp, Facebook, Skype and Dropbox [9], which offer
easy-to-use functions for file sharing, video telephony, chatting,
efc. It is also relevant that most sftudenfts have already used
popular commercial services before and will confinue to use fthem
after graduation. As a resulf, firstly, they do not need to study
and configure a new system, and secondly, they can count on an
already large user base, which greafly simplifies collaboration and
data exchange.

At the same time, the recent technical innovations in communication
(Internet, mobile communications, etc) and a sharp increase in the
volume of profile information have also led to further fundamental
changes in existing approaches and opportunities for obtaining
higher professional education. As a result of the manifestation of
these features, the average annual growth rate of global academic
mobility of students is currently almost 7 % (of their total
number).

At the present stage of the development of the global educational
environment, fthe wuse of programs of the national virfual
educational institution for export is no longer an additional vector
of development of a parficular university, but a separate significant
component of the development of fthe confent of educational
programs provided, university management and various aspects of
the learning process ifself [9]. This makes it possible to combine
the digitalization of studenfs’ education in various configurations,
information and communication technologies (ICT), including the use
of artificial intelligence ftechnologies.

One of the most significant changes associated with the use of
digitalization technologies by universities is the possibility of
collecting and distributing a significant amount of data. The
collection of data on the extensive international specialized market
of educational services is a very valuable source of information for
universities, dramatically reducing fthe existing cross-border
information asymmetry. The collected data is sent for processing by
special algorithms in order to predict the assessment of the
current and future (prospective) state of the international
educational services markef.

The process of making opfimal decisions is also supported by more
modern methods of big data mining (such as artificial infelligence
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and machine learning). This innovative technology, based on artificial
intelligence and statistical approaches, helps universifies to model
and interpref the collected data, with the subsequent use of the
results obtained for strategic purposes of their further
development.
As a result, digitalization significantly facilitates the acquisition of
necessary knowledge, and in addition, erases existing barriers and
boundaries, thereby expanding business ties, because thanks fo fhis
technology, the possibility of creating and sharing knowledge is
facilitated. Therefore, fthe wuse of digifal technologies allows
universities to reach the international level faster. Another thing is
that all this reduces the number of students in provincial
universities and branches. Because it makes it easier to gef an
education in distant, maybe even foreign prestigious universities. In
the future, this will lead fto greater centralization of education,
consolidation and reduction of the number of subjects of fthe
educational system, but strengthening the infernationalization of
universities.
Recently, a model has been developed that emphasizes the
accelerating role of digitalization in infernational business
competencies and the speed of internationalization of universities.
The strategy for the development of the informafion society in
Russia  for 2017-2030 requires, in order to mainfain fhe
competifiveness of Russian universities in the global educational
space, quite profound changes in all spheres of society (including
higher education). The roadmap developed in Russian universities for
e-learning of students includes 3 strategic initiatives [13]:

x formation and development of e-learning infrastructure;

x reforming the educafional process based on e-learning

technologies with an emphasis on smart education [3];

x organization of an exfternal partnership in the field of e-

learning.
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YuedHbil annapamHo-nNpoz2pamMMHeI0 KOMNAEKC
dna odpadomku u3odpaxeHud
"Konayeb W. 0., Kouun /. B.
banmuickuu zocydapcmbenHsiu mexHuYeckuu yHubepcumem
«BOEHMEX» um. 4. @. Yemuwoba, 190005, Poccus, 2. C-llemepdype,
yn. 1-1 KpacHoapmeickas, 1
email: ~ kolachev_io@voenmeh.ru, klen68@mail.ru

Paspadoman yyedHsbIU NPO2paMMHO-anNNApamHbId KOMNAeKC,
nosBonswuld BeinoAHAMb  AUHeUHYW U HenuHeUHYw odpadomky
usodpaxeHul, ocywecmbnasimb 2UCMO2PAMMHbIE U CNEKMPA/bHbe
npeodpasobaHus. Pa3padomaHHbll NpO2pAMMHO-ANNAPAMHbIU KOMNAEKC
npedHa3HayeH 0ns  u3yyveHus  pasaudHelx  BudoB  odpadomku
usodpaxeHul. [lo Ha4ana padombl C KOMNblMepHoOU nNpozpaMMol
odyyawwuecs 3HAKOMAMCA C KpamKumu meopemuyeckuMu cBedeHusmu
0d ocHoBHbIX Budax uudppobol odpadomku usodpaxenul [1]. Mocne
3mozo cnedyem UUKA NPAKMUYECKUX 3aHAmMuld ¢ ucnonb3oBaHueM
c03daHHO020 AQNNOPAMHO-NPO2PAMMHO20 KOMNAeKca 0ns 3akpenneHus
NONYYeHHbIX 3HAHUU u 3HakoMcmba ¢ pasnuyHeiMu Budamu BBymMepHbIx
NUHeUHbIX U HeAuHeUHbIXx onepauul C  usodpaxeHusmu. Ha
3aKNlYUMenbHOM  3mane  odydvawwue  0oPOPMASKM  OMYembl  NO
BbinonHeHHbIM  padomaM u yvacmbywm B umozoboM konnokbuyme.
Co3daHHaA HamMu KoMnbimepHas npozpamma no3bonsem BbinonHsMb
cnedywwue Budsl odpadomku usodpaxenud [2]: adpduHHbIE onepauuy,
apudmemuyeckue u nozu4eckue onepauuu, NOMOYeYHsble
npeodpa3sobaHus, NuHeUHyo u HenuHeUHYw dunbmpauu,
2UCMO2pAMMHbIE U CnekmpanbHele npeodpasobaHus (B dasucax dypbe,
Adamapa, KN u dp.) [3]. KpomMe mozo, Bo3MoxHo dopMupobarue psda
mecmobbix u3zodpaxeHud (zpadueHm, nonockl, cemka U Gp.), A Makxe
zeHepauus  dbymepHozo  wyma. [lpedycMompeHa  Bo3MoxHocmb
ucnonb3obaHus dbyx dydepob dna odpadomku ucxoOHbIX u3odpaxeHud
U xpaHeHus pe3ynbmamob. [lpozpamMma cHadxeHa uHmMyumubBHO
NOHAMHBLIM 2paduyeckuM uHmepdeucoM, 2nabHoe meHw codepxum Bce
ocHoBHble komaHdel, B npouecce padomsl nosbBaswmcs BenabiBawnwue
OKHa U dpyzue HeodxoduMbie 37eMeHmMsl UHMepdelcd (nodMeHi,
KHONKU U m.n.) no3bonswwue BuinonHams mpedyeMsie onepauuu B
npouecce  odpadomku  usodpaxeHul. B  kayecmbe  ucxodHbIX
usodpaxeHuu Mo2ym ucnonb3obambcs dadne cnedyowux
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pacnpocmpaHeHHeix ¢opmamob: BMP, TIFF, JPG, GIF u PNG. Te xe
¢dopmamsl  npedycMompeHsl  dns  3anucu  umozoBozo0 2paduyeckozo
¢alna. MunuManbHele mpedobaHus k annapamHoMy odecneveHul:
nepcoHanbHLIU KoMnblimep, npoueccop He MeHee 1 [Tu, onepamuBHas
namamb He MeHee 512 MO, odbeM xecmkozo ducka He MeHee 4,5 T,
0C WindowsXP unu Bbiwe, ycmaHoBbnenubll NET Framework & unu
Hobee [4].
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Training compufer aided system for image processing
* Kolachev I. 0., Kochin L. B.
Baltic State Technical University “VOENMEH",
190005, Russia, St. Petersburg, str. 1 Krasnoarmeyskaya 1

A training computer aided system was developed fhat allows to
perform linear and non-linear image processing, histogram and
spectral transformations. The developed computer aided system is
designed fo study various types of image processing. Before fhe
beginning of work with the computer program, the students get
introduced with the brief theoretical informafion about the basic
types of digital image processing [1]. This is followed by a practical
training course using fthe created computer aided system to
consolidate the knowledge and acquaintance with various kinds of
two-dimensional linear and non-linear operations with images. At
the final stage, the frainees prepare reporfs on their work and
take part in the final colloguium. Developed by uscomputer program
enables to perform the following types of image processing [2]:
affine transformation, arithmetic and logical operations, stream
transformations, linear and non-linear filtering, histogram and
spectral  fransformations (in  Fourier, Hadamard, DCT bases,
etc) [3]It is also possible to generate a number of test image
patterns (gradient, stripes, grid, efc), and to generate two-
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dimensional noise. There are two buffers forprocessingimageand
storing the results. The program has an easy-to-use graphical
interface. The main menu contains all basic commands, while pop-up
windows and other necessary interface elements (submenus,
buttons, efc) help perform the necessary operations during image
processing. The following common formafs can be used as source
images: BMP, TIFF, JPG, GIF and PNG. The same formats are used fo
record the final image file. Minimum hardware requirements: PC, at
least 1 GHz processor, 512 MB RAM, 45 GB hard drive space,
Windows XP or newer, installed .NET Framework 4 or newer [4].
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YK  681.786.4
MPHTW  59.31.29
BAK 2.2.11

®yHkuus npeodpasobaorus BonokoHHo-onmuyeckozo npeodpasobamens
yana HaknoHa MasmHukobBozo muna
Kykywkus A. H. Mypawkuna T. U, Badeed B. A.
llerseHckuu zocydapcmbenHsiu yHuBepcumem
440026, Poccus, 2. [lerHsza, ys KpacHas 40
email: ~ kukushkin.97@mail.ru, timurashkina@mail.ru,
vladbadeev4 464 @gmail.com

Mpu usMeHeHuu yzna HaknoHa usMeHsemcs naowads ombBepcmusa &
ammeHiamope, cpopmupobanHoM B mene MasmHuka, 4Yepe3 komopoe
npoxodum cbem om nodbodswezo onmuyeckozo Bonokwa (OB) [1]. Mpu
OMKAOHEHUU MasmHuka om Bepmukanu Ha yzon ¢ 4acmb naowadu
npueMHozo mopua ombBodswezo OB 3ameHsemcs, coombemcmbenHo
usMeHsemcs ez2o ocbeuweHHas naowads.
Mamemamuyeckas Modens  ¢yHkuuu  npeodpasobanus  (PMN)
BonokoHHo-onmuyeckozo npeodpasobamens yzna HaknoHa (BOMYH)
npedcmabnena 3abucuMocmblo HanpsXeHus ¢OMONPUEMHUKA OM yzna
HaknoHa U=A@) u MHoxecmba BHewHux dakmopob:

Up)=P, A Alo) Am(X) Sy,
20e @, — nomok, UCNyckdeMbll UCMOYHUKOM u3nyyeHus (UW); Ay —
ko3dpouuueHm nepedayu mpakma «MW — BxodHou mopeu nodBodswezo
0B (MOB)»; Alp) — ko3dpuuueHm nepedaqu mpakma “BbixogHoU
mopeu OB — 30Ha npeodpa3sobaHus — BxodHou mopeu ombBodawezo
0B (00B) — npuéeMHuk usnyyeHus (MW)", A — ko3apduuueHm
nepedayu mpakma “BeixodHod mopeuw 00B - MW", n(d) -
Ko3¢puuueHm cnekmpanbHoz0 coznacobanus 3nemenmob BOMNYH; S,
- Bonbmobas 4ybcmbumenbHoCcmb Mn. YybcmbumenbHocmb
npeodpasobaHus BOMYH u Bud en onpedensemcs
ko3dpuuueHmoM Alp).
bnazodapHocmu
Padoma BuinonHena npu noddepxke PHP u KH® zpawm 22-15-20069.

Cnucok numepamypbl

1 KukywkuH A. H, MuypawkuHa T. W, bBadeed B. A. u dp. Mon.
PeweHue no 3asbke Ha u3odpemenue N° 2021133847 om 18.11.2021
BonokoHHo-onmuyeckud MasmHukoBbeIl dam4yuk Yz2na HaKAoHA
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2 Kykywkuw A. H, MypawkuHa T. N.  Paspadomka  BonoKoHHO-
onmuyeckozo damyuka donbwux  yznobBeix nepemeweHuu  dnA
cmapmobBol  nnowadku kocvodpoma  //  Tpydel  MexduHapodHozo
cumnosuyma “HadexHocmb u kayecmbo”. 2021 T. 2. C. 3-7.

The conversion function of the fiber-optic converter of the angle of
inclinafion of the pendulum type
* Kukushkin A. N, Murashkina T. |, Badeev V. A.
Penza State University, 40 Krasnaya str, Penza, 440026, Russia

When the angle of inclination changes, the area of the hole in the
aftenuator formed in the body of the pendulum changes, through
which the light from the incoming optical fiber (OF) passes [1]. When
the pendulum deviates from the vertical by an angle @, part of the
area of the receiving end of the diverting S is shaded, its
illuminated area changes accordingly.
The mathematical model of the conversion function (CF) of the
fiber-optic tilt angle converter (FOTAC) is represented by the
dependence of the photodetector voltage on the filt angle U=f(op)
and a variety of exfternal factors:

Ulp) = FoKisK(@)Ksem(2)S),
where F, is the flux emitted by the radiation source (RS); K is the
transmission coefficient of the path " RS is the inpuf end of the
supply OF (SOF)"; K(p) is the function of the transmission
coefficient of the path “output end OF — conversion zone — input
end of the discharge OF (DOF) — radiation receiver (RR)”; K¢ is the
transmission coefficient of the path “output end of the OF DOF —
PI", m(X) is the spectral matching coefficient of the FOTAC
elements; SV is the volt sensitivity of the RR. The sensitivity of
the FOTAC transformation and the type of AF is deftermined by the
coefficient K(o).
Thanks
The work was carried out with the support of the RNF and KNF
grant No. 22-15-20069
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MPHTKU  28.23.15
BAK 2212

NBymepHoe cnekmpanbHoe npeodpasobaHue Yonwa 6 300040x aHanusa
ynompasbykobuix uzodpaxeHud BHympeHHux opzaHob yenobeka
™ Anb-Nappadxu Yacud Xacaw, 2 CyxomnuHod A 10.
" Ynubepcumem fAusna, baakydy, Pecnydiuka Mpax
? [0z0-3anadusit [ocydapcmbBernsid Yuubepcumem
305040, Poccus, 2. Kypck, ya. 50 nem Oxkmadps 94
email: * chasibabooddy@gmail.com, ar.sykhomlinov@gmail.com

Ynompasbykobeie  (Y3)  u3odpaxeHus  OMHOCSMCS K C/IOXHbLIM
HecmpykmypupoBaHHeIM  MeQUUUHCKUM  U300paxXeHusM C  doAbWUM
ypobHeM noMex C 04YeHb  MGAbLIM  COOMHOWEHUEM  NOAe3HbIU
cuzHan/ wym. O4eHb yacmo Y3-ckaHepsl ¢oOpMUpYlKM  KApMUHY
BusyanbHo Ha 2paHu  pasauyuMol u  npoBodumb duazHoCMUKY
cmanobumca Bo3MoXHbIM MOAbKO Bpavam cC 02pOMHLIM ONLIMOM YMEHUs
Y3-kapmuH. OcHobHbiMu 3adavamu  aBmomamusupoBaHHbIX  cucmeM
odpadomku  MeduuuHckux  u3odpaxeHul  sbBasiwmca  nobbiweHue
coomHoweHus cuzHan/wyM, nouck oBbekmoB Ha KapmuHax U
u3MepeHue  xapakmepucmuk  odbekmob  (konuyecmbo  odbekmab,
pasMepel, apkocmb U m.n.). [lns nobsiweHus coomHoweHus cuzran/wum
NpuMeHsiom  GuUAbMPAUUK  HACMOM U PA3AUYHbIE  4OCMOMHblE
npeodpasoBaHus. B moM 4Yucne B dBymepHbIXx Cuz2HANAX, MAKUX KaK
usodpaxeHus, ucnoAb3ylwm 4yacmomHsle npeodpasobaHus, makue Kak
npeodpasoBbaHue Pypbe, Xapmau, Yonwa u m. n. BeinoaHeHue
npeodpasobaHus  Pypbe Ha 3BM  cBssaHo ¢ onepauusMu  C
KOMN/AEKCHBIMU YuCAaMu, Ymo §ocmamoYHO 3aMPAmMHO € MOYKU 3PeHUs
namamu u BbiqucaumensHbix pecypcod. peodpaszobaHue Xapmau yxe
npobodumcs & odnacmu  BewecmbenHbix  4ucen, odHako  0nd
BbiqucneHus sdpa npeodpasobanus Xapmau Bce pabHo Heodxodumo
Boiyucnamb  mpuzoHoMempuyeckue  QyHkuuu.  PyHkuuu  Yonwa
npedcmabasiom codol nocnedoBamensHocmu eduHUYHBLIX uUMNYAbcol c
eduHu4YHOU nonspHocmbi. T. e. dna  BeiqucneHus npeodpasobaHus
Yonwa Hem Hyxdbl B BblvucneHusx mpuzoHoMempuYeckux ¢yHKuud,
4ymo npubodum k cywecmbeHHomy ybenuveHuw BeicmpodelcmBus
cucmeM Ha ux ocHobe. Tak, no Hawum OdaHHbLIM, Bbl4ucneHue
dbymepHozo npeodpasoBbaHus Yonwa B okHe 8x8 nukceneld Ha
koMnblomepe ¢ npoueccopom Celeron 2 [Tu 3aHuMaem Bpems meHee
MUKpocekyHdbl. 3mo 03Ha4aem, 4mo ecAu Gns  Kaxd020 nukcens
Me2aNuUKCenbHo20  u3odpaxeHus  nocqumamb  cboe  dbymepHoe
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npeodpasobaHue Yonwa, mo cymmapHoe BpeMs 3aUMEM  MeHee
cekyHdbl. [lna npuHamus peweHud npu odpadomke ynbmpasbykobbix
usodpaxeHul Mbl ucnonb3yeM adanmupobanHbll NO0Gx03, ONUCAHHbLIU
B [1, 2], me. ucnonb3ayem padomy HedpoHHoU cemu, Ha Bxodsl komopol
nodaeM 3Ha4yeHua 4Yacmom npeodpasobaHus Yonwa, a c Buixoda
cHuMaeM  yucnoBele  danHble, coomBemcmBywwue  peweHusM 0
cocmosiHuu  kaxdozo nukcens. CocmosHue onpedensemcs  makumu
MepMaMu, Kak CMeneHb 3X02BHHOCMU, 4 MAKXe HaAu4ue Kpas
odbekma. Apxumekmypa HeUpOHHOU cemu Moxem ObiMb ynpoweHa 8o
00Ho20-3Byx HelpoHoB u moz2da npouecc odyyeHus makol cemu
cbodumca  k  npabunbHomy  ycmaHobnewuw  ypoBbHel  nopozob.
McnbimaHus  HeUpoHHOU cemu € HOCMPOEHHbIMU  NOP02AMU  HA
MoGenbHbIX OQHHBIX NOKA3AAU OMAUYHbLIE Pe3yAbmamsl — COCMOAHUSA
Bcex nukcenel Bbinu pacno3HaHel BepHo. Pe3ynbmamsl ucneimaHud Ha
peanbHbix  Y3-cHumkax  4Yenobeka nokaszanu  Bonee  CKPOMHbIU
pe3ynbmam, komopbll Hanpsmyw 3abucen om npabunbHozo BLidopa
ypobHel nopozob. Mony4eHHble pe3y/nbmamsl NPUMEHeHUS
pa3spadomaHHozo Memoda odpadomku Y3-uzodpaxeHul Bbinu cpabHeHsbl
¢ usbecmHsiMu MemodukaMu noucka kpaeb Ha usodpaxeHuu: ¢
onepamopoM Codensa, Wappa, Mpebumma. C ™Mamemamuuyeckou u
Npakmu4yeckol MOYKU 3peHUs 3mu Memoduku CX0oXu C NpednoXeHHbIM
vemodoM, Ho B Hux BMecmo npocmpaHcmBerHbix ¢yHKuul Yonwa
npumeHsiomca  8a3ucHele sidpa  coomBemcmbBenHo Codens, lappag,
MNpeBumma. Tak kak B npednoxeHHoM Memode npucymcmbyem
HeupoHHas cemb € nopozobou odpadomkou, mo MoxHo cdenams Buibod,
ymo pa3padomanHoe peweHue Bkaw4vaem B ceda nocmodpadomky
usodpaxeHus, 4mo npubodum k nonyy4eHuw Bonee KOHMPACMHbIX
pe3ynsmamob.

Cnucok numepamypbl

1. ®unucm C. A, Anu Kaccum K. O, Kysbmun A. A, Wamanoba O. B,
Ansdbeb E. A, PopmupoBaHue npusHakoBozo npocmpaHcmba  dns
30804 KAAQCCUGUKAUUU  CAOXHOCMPYKMUPUPYEMbIX U308paxeHul Ha
ocHoBe cnekmpanbHelXx OKOH U HeUpocemebbix cmpykmyp. W3becmus
l020-3anadHozo 2ocydapcmbenHozo yHubepcumema. Cepus:
YnpabneHue, BblHucaumenbHas mexHuka, UHPopMamukd. MeduuuHckoe
npudopocmpoeHue. 2016;(4):56 68.

2. Kuydpsbued M. C, KysbmuH A. A, Cabunob 0. 10, Puaucm C. A,
WamanoBa O. B. ModenupobaHue Mopdonozuyeckux odpasobaHul Ha
peHmzeHo2paMMax 2pydHou KNemku B UHMENNEKMYANbHbIX
duazHoCmuUYecKux cucmeMax MedUUUHCKO020 HO3HAYEeHUS.
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Mpukacnuuckul  xypHan: ynpabneHue u  Bbicokue mexHonozuu.
2017,(3):109 120.

Two-Dimensional Walsh Spectral Transform in Human Ulfrasound
Image Analysis Problems
™ Al-Darrgji Chasib Hasan, * Sukhomlinov A. Y.
" Diyala University, Baakubu, Republic of Irag
2 Southwest State University
305040, Russia, Kursk, str. 50 years of October 94

Ultrasound (US) images are complex unstructured medical images
with a high level of inferference with a very low signal-to-noise
ratio. Very often, ultrasound scanners form a picture visually on
the verge of being distinguishable, and only doctors with extensive
experience in reading ultrasound pictures become able to carry out
diagnostics. The main tasks of automated medical image processing
systems are to increase the signal-fo-noise ratio, search for
objects in pictures and measure the characteristics of objects
(number of objects, size, brightness, etc). To increase the signal-
to-noise ratio, frequency filtering and various frequency
transformations are used. Image processing uses frequency
transforms such as Fourier, Hartley, Walsh, and the like. The
implementation of the Fourier fransform on a computer s
associated with operations with complex numbers, which is quite
expensive in terms of memory and computfing resources. The Hartley
transform is already carried out in the domain of real numbers,
however, fo calculate the kernel of the Harfley fransform, it is
still necessary to calculate trigonometric functions. Walsh functions
are sequences of unit pulses with unit polarity. Those fo calculate
the Walsh fransform, there is no need fo calculate trigonomefric
functions, which leads to a significant increase in the performance
of systems based on them. Thus, according to our daftag, fthe
calculation of the two-dimensional Walsh transform in a window of
8x8 pixels on a computer with a 2GHz Celeron processor fakes less
than a microsecond. This means that if for each pixel of a
megapixel image we calculate our two-dimensional Walsh fransform,
then the total time will take less than a second. For decision
making in the processing of ultrasound images, we use an adapted
approach described in [1, 2], ie. we use the work of a neural
network, fo fthe inputs of which we supply the values of the Walsh
transform frequencies, and from the output we take numerical data
corresponding to decisions about the state of each pixel. The stafe
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is defined by such terms as the degree of echogenicity, as well as
the presence of the edge of the object. The architecture of a
neural nefwork can be simplified fo one or two neurons, and fhen
the process of learning such a network is reduced to fthe correct
setting of fthreshold levels. Tests of a neural network with
configured thresholds on model data showed excellent results - the
stafes of all pixels were recognized correcfly. The test results on
real ulfrasound images of a person showed a more modest result,
which directly depended on the correct choice of threshold levels.
The results of the application of the developed method for
processing ultrasonic images were compared with the known
mefthods for searching for edges in the image: with fthe Sobel,
Sharr, Prewift operafor. From a mathematical and practical point of
view, these techniques are similar to fthe proposed method, but
instead of fthe spafial Walsh functions, the Sobel, Scharr, and
Prewitt basis kernels are used in them, respectively. Since fthe
proposed method contains a neural network with fthresholding, it
can be concluded that the developed solution includes image post-
processing, which leads to more confrasting results.
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MudpudHbil knaccudukamop dns cucmeMel dUCMOHUUOHHO20
MOHUMOPUH2a GYHKUUOHANEHO20 COCMOAHUA op2aHob dbixaHus
Bymycob A. B.

Bzo-3anadnsiu [ocydapcmberrsiu Yrnubepcumem
305040, Poccus, 2. Kypck, ys. 50 nem Okmsdps 94
email: mustang2004@vist.ru

WHmennekmyanbHble MEXHON02UU  MOHUMOPUH2a  $YHKUUOHAAbHO20
cocmosHua nauuenma nosbonswm Beigbumb owudku npu nocmanobke
duazHo3a HA Ha4anbHou cmaduu 3adonebaHus, KoHmpoaupoBamb
3ppekmubBHocmb nnaHa neveHus; BoigBumb nodoyHbie Ppeakuuu Ha
doknuHuYeckoM ypobHe wunu odHapyxumb He coBMecmuMocmb unu
uHdubudyanbHylw HecoBMecmuMocmb  HA3HAYEHHbIX  Npenapamopod;
peanuzobambs mexHonozul «Bmopoe MeduuuHckoe MHeHue» [1, 2]
AkmyansHol npodnemol sbBasemcs oueHka 3pdekmubHocmu neyeHus
namonozuu opzaHob deixaHus B ¢opme BHedonbHu4HOU nHeBMoHUU
(BM). BN mpedyem ocodozo BHUMAHUS K 3ddekmubHocmu naaHa
neyveHus, mak kak B nocnedHee Bpems Hadnwdaemcs dbicmpbIl pocm
pesucmeHmMHOCMU MUKpoop2aHu3MoB K aHmudakmepuanbHbIM
npenapamaM, 4mo YcnAoxHAem medveHue camol UHPeKUuUU U yMeHbwaem
3¢ppekmubHocmb mepanuu. OcHobBbHbiM BonpocoM npu  MoHumMoOpuHze
neveHus nHebMoHuu B domawHux ycnobBuax sbasemcs  Bonpoc
20Ccnumanusauuy:  Aeqyumb  amdynamopHo  uau  nepebodumb B

CcmauuoHap.
[lna ducmaHuuoHHO20 KoHMpons cmeneHu msaxecmu Bl Ha ocHobe
UHMepHem — mexHonoz2ul npednoxeHa cmpykmypa 2udpudHozo

knaccupukamopa (FK), komopbll nocmpoeH NO  Uepapxu4eckoMmy
npuHuuny. Ha HuxHeM uepapxuyeckoM ypobHe B kavecmbe «cnadbix»
knaccupukamopob UCNOAb3YKWM CUCMEMbl HEYEMKO20 /N02U4eCK020
Boiboda (CH/MB). C kaxdou CH/AB cbsszaH «cbou» cezMeHm ¢akmopob
pucka (CPP). Beixodbl CH/IB nodknwYeHsl K Memaknaccupukamopy —
Knaccudukamopy BepxHezo Uepapxuyeckozo ypobHs,
ocywecmbaswowemMy azpezauul ux PpeweHud. Takasa cmpykmypa [K
nosBbonsiem nuuy, npuHumanwemy peweHue (/MP), Moduduuupobams
cmpykmypy K B 3abucumocmu om  docmynHocmu (PP,
3nudeMuonozuyeckol cumyauuu unu NAGHG AneyeHus, 4mo nosbonsem
peanuzobamb  nNpuHuunel  nepcoHuduuupoBbaHHoU  MeduuuHbl U
adanmupobamb cucmeMy MOHUMOPUH2a NO0d KOHKPEMHO20 NAUUEeHMA.
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B npouecce uccnedobarua Bbina paspadomaHa CH/IB, ocHobanHas Ha
anzopumMe MamdaHu-/lapcena. CH/IB  Bkawvaem namb  cnoed u
nosbonsem oueHumb cmeneHb maxecmu BM Ha wkane 0.1 B
kavyecmbe CPP B 3mol cucmeme ucnonb3obanack wkansl pucka Bl
CRB—65, komopas npednazaem aHanu3 4Yemslipex ¢akmopod pucka
(®P) x1- HapyweHue co3HaHus, odycnobnexHoe nHeBMoHueld; x2 -
maxunHo3 2 30 B MuHymy, x3 - CHUXEHUe CUCMOAUYeCcKo20
apmepuanbHozo  dabneHus  (AL) < 90 MM pm. cm. unu
duacmonuyeckozo Afl < 60 MM pm. cm; x4 - Bo3pacm nauueHma = 65
nem [3]. 3ma wkana abasemcs wkanod uvmepbanbHozo muna. [ns
nepexoda k adconwmHolu wkane cmeneHu msaxecmu Bl dna kaxdozo
®P B®binu nocmpoeHsl $yHKUUU npuHadnexHocmu u cpopmupobana
da3a pewawwux npabun ¢ coombemcmbywwuMu aHmeuedeHmaMu U
KoHcekBenmamu.

Anpodauus MK cmeneHu msxecmu BN npobedeHa  Ha
3kcnepuMeHmansHou 2pynne  u3 200 nauueHmoB, ©GonbHeix Bl
pasnuqHol  cmeneHu  maxecmu.  OcywecmbBnedo  conocmabnexue
pe3ynbmamod nonyy4enHou ™Modenu msaxecmu BIM ¢ pe3ynbmamamu
3KCcnepmHo20  oueHuBaHus U pe3ynbmMamaMu, NOAYYEHHLIMU  HA
usbecmHbix pezpeccuoHHbix Modensx. Modenb knaccupukamopa Ha
KoHmponbHou  Buidopke  npodemMoHcmpupoBana  o4eHb  Xxopowyio
npozHocmuyeckyl cnocodHocms (AUC=0,88), npu 4ybcmBumensHocmu
[4=90%; cneuuduyHocmu [C=86%. Mokazamenu kavyecmba
knaccudukauuu cunmesupobanHozo K nosbonsiwom pexkomeHdoBamb
e20  0dnf  MeNeKOMMUHUKOQUUOHHbIX  cucmeM  GUCMAaHUUOHHO020
MOHUMOPUH2a cmeneHu maxecmu Bfl.

Cnucok numepamypbl

1. Kypoukun A. T, Xunuw B. B, Punucm C. A, Cypxukoba C. A
Ncnonb3obaxue 2udpudHbIX HeupocemeBbix Modened dna
MH020028HMHbIX cucmem Knaccudpukauuu B 28MEep02EeHHOM
npocmpaHcmBe uHpopmamuBHbix npu3Hakod. [lpukacnuldckul xypHan:
ynpabneHue u Bbicokue mexHonozuu. — AcmpaxaHb: ®FB0Y BO
«AcmpaxaHckul 2ocydapcmBenHsil yHubepcumems. 2015; 3 (31): 85-95.
2. Xunux B. B, ®unucm C. A, Anb-Myaanemu B. A. TudpudHbil cnocod
knaccupukauuu BuocuzHano® Ha ocHobe mexHonozul HevemkoU
NO02UKU NPUHSMUSA peweHul U HeUpOHHbIXx cemed. BuomeduuuHckas
paduo3nekmpoHuka. 2009; 5: 77-82.

3. ducenko 0. B, CuHonanbHukob A. N. Taxenas BHedonbHu4HaA
nHeBMoHus u wKansl OUEHKU NPO2HO3a. Mpakmuyeckas
nynbMoHonozus. 2014; 2: 20-26.
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Hybrid classifier for the system of remote monitoring of the
functional state of the respiratory system
Butusov A. V.

Southwestern State University, 305040, Russia, Kursk,
str. 50 years of October 94email

Intelligent technologies for monitoring fthe functional state of a
patient make it possible to identify errors in the diagnosis af fthe
initial stage of the disease, to control the effectiveness of the
treatment plan; identify adverse reactions at the preclinical level
or defect incompatibility or individual incompatibility of prescribed
drugs; implement the “second medical opinion” technology [1, 2]. An
urgent problem is fo evaluate the effectiveness of the freatment
of respiratory pathology in the form of community-acquired
pneumonia  (CAP). CAP requires special attention to the
effectiveness of the treatment plan, since recently there has been
a rapid increase in the resistance of microorganisms fo antibacterial
drugs, which complicates the course of fhe infection ifself and
reduces the effectiveness of therapy.

For remote monitoring of the severity of CAP based on Internet
technologies, the structure of a hybrid classifier (HC) is proposed,
which is built according to a hierarchical principle. At the lower
hierarchical level, fuzzy inference systems (FIS) are used as “weak”
classifiers. Each FIS is associated with its “own” segment of risk
factors (SFR). The FIS outputs are connected to a metaclassifier -
a classifier of the upper hierarchical level, which aggregates their
solutions. Such a structure of the HC allows the decision maker
(DM) to modify the HC structure depending on the availability of the
SFR, the epidemiological situation or the treatment plan, which
makes it possible to implement the principles of personalized
medicine and adapt the monitoring system to a specific patient.

In the course of the research, a FIS based on the Mamdani-Larsen
algorithm was developed. FIS includes five layers and allows
assessing the severity of CAP on a scale of 0..1 As the SFR in
this system, the CRB-65 CAP risk scale was used, which offers an
analysis of four risk factors (FR) x1 - impairment of consciousness
due to pneumonig; x2 - tachypnea 2 30 per minute; x3 - decrease in
systolic blood pressure (BP) < 90 mm Hg. Art. or diastolic
BP < 60 mm Hg. Art; x4 - patient age 2 65 years [3]. This scale is
an infterval scale. To move to the absolute scale of the severity of
the CAP, for each FR, membership functions were built and a base
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of decision rules was formed with the corresponding antecedents
and consequenfs.

Approbation of the HC of the severity of CAP was carried out on
an experimental group of 200 patients with CAP of varying severity.
The results of the obtained CAP severity model were compared
with the results of expert evaluation and the results obtained on
known regression models. The classifier model on the control
sample showed a very good predictive ability (AUC = 0.88), with a
sensitivity of DS = 90 %,; specificity of DSp = 86 %. The quality
indicators of the classification of the synthesized HC make it
possible to recommend it for telecommunication systems for remote
monitoring of the severity of CAP.
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AnzopumM ynpabBneHus SecnunomHbIM NemamenbHbIM GNNOpAmoM Npu
3K0/102U4ECKOM MOHUMOpUH2e
* Topdayedb W. H, 3aukun 9. O, Puidakob A. 0.
Bzo-3anadnsiu [ocydapcmberrsiu Yrnubepcumem
305040, Poccus, 2. Kypck, ys. 50 nem Okmsdps 94
email: Gorbachev.agps@yandex.ru

C uenbi odHapyxeHus ucmo4Huka Bo3zopaHus Ha paHHed cmaduu
ucnonb3yimes  OecnunomHbie  nemamensHele  annapamsi - (BM/A).
WHBukamopom noxapoonacHou cumyauuu abnsemcs  npebuiwenue
KoHueHmpauuu  BpedHbix  BewecmB®, Buidensembix B  npouecce
zopenus [1, 2]. MunumanbHyiw nnowadky nobepxHocmu MoHUMOpuH2ag,
Ha komopol ocywecmbasemcs MoHumopuHz, Haszobem nukceneMm.
[padueHm koHueHmpauuu O8ydeM Haxodumb B okHe u3 debamu
nukcened. [ns BeideneHus nepenadob onpedeneHHoU OpueHmMAuuu
ucnonb3yimcs  adanmupoBadHble  deBamu3sneMeHmuble  Macku [3].
OmHocumenbHo deBbsamozo 3nemMeHma okHA Mozym Obimb  BoidpaHsl
BoceMb anbmepHamubHbix peweHul no Bbidopy cnedywwezo nukcens —
koopduHambl BM/AA. [ns Beidopa coombemcmbBywwed ansmepHamubbl
mMoxeM coopmupobamb mpu npabuna. [epboe npabuno ocHobaHo Ha
moM, 4mo dbuxenue BMAA donxHo ocywecmbasmbcs B HanpabneHuu
2padueHma koHueHmpauuu npodykmod zopeHus. Bmopoe npabuno -
BM/MA Ha kaxdoM zance donxeH npoUmu He MeHee Mpex nukcened.
Tpembe npabuno: npu kaxdoM npoxoxdeHuu HoBozo nukcens
npobepsemcs Bo3MoxHocmb onpedeneHus zpadueHma b HoboMm okHe, u,
ecnu makoe okHo odpaszobaHo, mo onpedensemcs HobBas uenb u, B
coombemcmbuu ¢ ee koopduHamaMu, KOppekmMupyemcs naaH nonema. Y
BM/MA umewmcs mpu naaHa nonéma. [lepBeld naaH — nnaH A,
npedycMampubaem o8ném oObekma MOHUMOpUH2A NO  20ACAM  C
usMepeHueM koHueHwmpauuu BpedHozo BewecmbBa & kaxdoM nukcene.
Mpu oBHapyxeHuu nukcens c KoHueHmpauued BpedHozo Bewecmba
Briwe nopozobozo ypobHa ocywecmbnsemcs nonem BM/AA no nnawy B,
komopbll npedycMampuBaem nouck koopduHam ucmoy4Huka BoszopaHus
® abmoHomHOoM pexume. [ocne onpedeneHuu koopduHam UCMOYHUKQ
BoszopaHusa BM/A cobepwaem nonem coznacHo nnaHa C, komopbil
npedycMampuBaem Bo3Bpawerue BMNNA B ucxodHyiw moyky 3anycka.

MNeped cocmabneHueM nokanbHoz0 naaHa nonema 3adaemcs nopozoBas
kKpamHocmb onpedeneHus 3mozo0 nukcens B kavecmbe uenu. Ecnu
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kpamHocms docmuzHem nopozobod, mo 3mom nukcenb u sbnsemcs
koopduHamou ucmoyHuka Bo3szopaHus u ocywecmbasemca nepexod Ha
nnaH C. Ecnu nukcenb — uenb He docmuzHym, mo B mekywem nukcene
npedycMompeHa Koppekuus nonema, C ¢opMupobaruem
debamu3aneMeHmMHO020 OKHO U € nocnedywwuMu onpedeneHusiMu
2padueHmob u nukcens uenu. B cnydvae, ecau  KoopBuHAMbI
npedwecmBywuwezo nukcens — ueau u mekywezo, onpedeneHHble B
HoBoM okHe, coBnadawm, mo nonem BbinonHAEmMcA NoO NoKAAbHOMY
nnaHy B, ecau xe 3mo He mak, mo ocywecmbnsemcs nocmpoeHue
HoBozo nokanbHozo nnaHa B.  Mamemamuyeckoe ModenupobaHue
anzopumma ynpabneHus nonemom BI/1A coznacHo npednoxeHHoz0
vemoda Obino peanusobado B nakem Maflab R2019b u nokasano
ycmolUyubocme  ynpabneHus u  Beicokyw ckopocmb  GOCMUXEHUS
koopduHam  nukcens  ucmoyHuka  BoszopaHus, npebocxodawyr
ckopocmb  docmuxeHus nocmaBbneHHou uenu B 15.2 pasa, B
3abucumMocmu om pacnonoXeHus UCMOYHUKQ Bo3zopaHus
omHocumenbHo HanpabneHus odnema MoHUmMOpUpyeMoU MeppumopuU.

Cnucok numepamypbl

1. ®unucm C. A WHmennekmyansHas cucmema odpadomku
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C. A dunucm, P. A Tomakoba, H. . He¢edob, E. M. Ny3bipeb,
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Control algorithm for an unmanned aerial vehicle during environmental
monitoring
Gorbachev I. N, Zaikin Ya. 0. Rybakov A. Yu.
Southwestern State University
305040, Russia, Kursk, str. 50 years of October 94email

Unmanned aerial vehicles (UAVs) are used fto defect the source of
ignition at an early stage. An indicator of a fire hazard situation is
an excess of the concenfration of harmful substances released
during combustion [1, 2]. Let's call the minimum area of the
monitoring surface on which monitoring is carried out a pixel. We
will find fthe concenfration gradient in a window of nine pixels.
Adapted nine-element masks are used fo highlight drops of a
certain orientation [3]. Regarding the ninth element of the window,
eight alternative solufions can be selected for choosing the next
pixel - the coordinates of the UAV. To select the appropriate
alternative, we can form three rules. The first rule is based on the
fact that the movement of the UAV should be carried out in the
direction of the concenftration gradient of the combustion products.
The second rule is that the UAV must pass at least three pixels
on each tack. The third rule: each time a new pixel is passed, the
possibility of deftermining the gradient in a new window is checked,
and if such a window is formed, then a new target is determined
and, in accordance with its coordinates, the flight plan is corrected.
The UAV has three flight plans. The first plan, Plan A, provides for
flying over the monitored object along the lines with the
measurement of the concentraftion of a harmful substance in each
pixel. When a pixel with a concentration of a harmful substance
above the threshold level is defected, the UAV is flown according
to plan B, which provides for the search for the coordinates of the
ignition source in offline mode. After defermining the coordinates of
the ignition source, the UAV flies according to plan C, which
provides for the refturn of the UAV to the initial launch point.
Before drawing up a local flight plan, the threshold multiplicity of
determining this pixel as a target is set. If the multiplicity reaches
the threshold, then this pixel is the coordinate of the ignition
source and the fransition to plan C is carried ouf. If the target
pixel is not reached, then the flight correction is provided for the
current pixel, with the formation of a nine-element window and
subsequent deferminations of the gradients and the target pixel. If
the coordinates of the previous pixel - the ftargef and the current
one, defined in the new window, coincide, fthen fthe flight is
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performed according fo the local plan B, if this is not the case,
then a new local plan B is built. Mathematical modeling of the UAV
flight confrol algorithm according fo fthe proposed method was
implemented in the Matlab R2019b package and showed control
stability and a high speed of reaching the ignition source pixel
coordinates, exceeding the speed of achieving the goal by
15..2 times, depending on the location of the ignition source
relaftive fo the flight direction monitored area.
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Memod koHmMpoAs MblweYHOU ycmanocmu onepamopa MeduuuHCKo20
3K30ckenema
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email: * dmitriyermakov98@yandex.ru

B npedcmabneHHoM Memode OueHKU Ycmanocmu MelWL UCNOAb3Yemcs
nobepxHocmHas  3nekmpomuozpamMma  (n3MF).  [aa  BeiqucneHus
3K3028HH020 MOMEHMa cun  podomomexHuveckozo  ycmpoucmBa
npednoxeH dewudpamop n3MI, «komopeil yvumbiBaem cmeneHb
MblweyHoU ycmanocmu  onepamopa. [lymem  dewudppauuu  n3MM
onpedensemcsa  accucmupywwud  MoMeHm  Ha  cepbodbuzamenu
3k3ockenema. Memod oueHku MblweyHoU Yycmanocmu 3akawyaemcs B
OUEHKE NOKA3aMens CUHXPOHHOCMU 371eKkmpoMuocuzHanod Ha Mblwuax-
cuHepzucmax u ocHobaH Ha 2udpudHoM nodxode opmMupobaHus
MOQyAna NPUHAMUSA peweHuld, 3akaw4awwuics B ucnonb3obaHuu 8Byx
knaccupukamopob cuHXpoHHOCMU 3nekmpoMuocuzHanod nauueHma c
MblwUW-cuHepzucmoB, npuHuMawwux yvacmue B npouedype BeinonHeHus
¢usuyeckozo  ynpaxHeHus. [lepbeil  knaccupukamop  abasemcs
ody4aeMbiM knaccupukamopoM U Gns e20 O0BYYEHUS UCNOAb3Yemcs
Hadop B@aHHbIX, NoAy4eHHblU B pe3ynbmame mapupobaHua n3MI. [ns
nonyyeHus ucxodHbix GaHHbIX 4N ¢opmupoBaHus deckpunmopoB B
dnoke HeupocemeBozo knaccupukamopa UCNOAL3YKMCH CNEKMPAAbHbe
ko3dpoduuueHmsl RMS. Bmopol knaccudukamop Mblwe4Ho20 YmOMAEHUS
nocmpoeH Ha ocHobe HeyemkoU N02UKU NPUHAMUSA peweHud U
ucnonb3syem  8ba nammepHa  MblweYHOU  CUHEpz2uu,  KOMOPbIe
¢opmupylomcs nocpedcmbom  odpasobaHus B  kaxdoMm  kaHane
3/1eKMPOMUOCU2HANG YACMOMHO20 U amnaumydHozo nodkaHanch. B
kavecmBe uHpopmamubHbix npusHakod Bo BmopoM knaccupukamope
uCno/Nb3ywMCA Nokasamenu Kkoppenauuu cuzHanob & 4acmomHbix
nodkaHanax U nokasamenu koppensuuu cuzHanod B aMnaumydHbix
nodkaHanax. Mo  pesynbmamaM  KAaccudukauuu  NOAYHEHHbIX
nammepHo®  cuHepzuu  npuHuMaemcs  peweHue o  BkawyeHuu

coombemcmBylowux cepbodbuzamened podomomexHU4Yecko20
ycmpoucmba ¢ uenbi okd3dgHus noMowu nonb3oBamenw  npu
BbinonHeHUU dusuyeckux ynpaxHeHud. MpobBedeHsl

3KCnepuMeHmanbHble uccnedobanus 3abucumocmu 3n1ekmpoMuocuzHana
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om BenuyuHbl MblWEYHOZ20 Ycunus u om e20 GAUMENbHOCMU, KOMOPbIe
nokasanu, Ymo OMHOCUMeNbHOe U3MeHeHUe ycpedHeHH020 nokazamens
RMS npu cmamuyHoU HO2pY3ke MOXEm CAYxumb o0dbekmuBHbiM
nokasamenem CMeNeHu ycmanocmu Melwubl. Tak kak n3MI ompaxaem
peakuui Mblwubl Ha npedbabneHue Hazpysku onpedeneHHozo YpobHs,
mo dna KoHmpons amnaumydel U ¢opMbl  cun, CedcmBywwux Ha
uccnedyemyw  Mbiwuy, a, cnedoBamensHo, d8na  ¢opmupobanus
deckpunmopob dns nepbozo kawana u 8ns  dopmupobaHusa daswbl
HeYemKux uMnaukauud 8na Bmopozo KaHANG, 3KCNEPUMEHMAAbHbLIM
nymeM onpedenums coomBemcmBue Mexdy npunoxeHHoU HAz2pyskol
HO MblWUbl CUHepzucmbl U napamempamu N3MI. PaspadomaHHbil Memod
no3bonsem ynpabname MexaHU4ecKuMmu MOMeHmaMu Ha
cepbodbuzamenax  podomomexHuyeckozo ycmpoucmBa adekBamuo
mecmoBod Mblwe4HOU HAZPY3KU U PYHKUUOHAABHOZ20 COCMOSHUA MblWwl
nons3obamens. Memod nosbonsem ocywecmbasme uHBubudyanbHyio
Hacmpouky dnoka HeupocemeBozo  knaccupukamopa U dnoka
Heyemkoz2o nozu4veckoz2o BeiBoda c nocnedywwed azpezauued ux
peweHul u makuM odpa3oM onmumusupoBbamb KoMBUHUpOBAHHLIG
pexuM padomsl 3K30CKenema.
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Method for controlling muscle fatigue of a medical exoskeleton
operator
Ermakov D. A, Karachevtsev R. A.
Southwest State University
305040, Russia, Kursk, str. 50 years of October 94

The presented mefthod for assessing muscle fafigue uses a surface
electromyogram (sEMG). To calculate the exogenous moment of
forces of a robofic device, an sEMG decoder is proposed, which
takes into account the degree of operator muscle fatigue. By
deciphering the sEMG, the assisting moment on the servomotors of
the exoskeleton is determined. The method for assessing muscle
fatigue consists in assessing fhe indicator of synchronism of
electromyosignals on synergistic muscles and is based on a hybrid
approach to the formation of a decision-making module, which
consists in using two classifiers of synchronism of the patient’s
electromyosignals from synergistic muscles partficipating in fhe
procedure for performing physical exercise. The first classifier is a
trainable classifier and for its fraining the data set obtained as a
result of calibrating the sEMG is used. To obtain the initial data for
the formation of descriptors in the block of the neural network
classifier, the RMS spectral coefficients are used. The second
classifier of muscle fatigue is built on the basis of fuzzy decision-
making logic and uses two patterns of muscle synergy, which are
formed by the formation of frequency and amplitude subchannels in
each channel of the electromyosignal. As informative features in
the second classifier, indicators of signal correlation in frequency
subchannels and indicators of signal correlation in amplitude
subchannels are used. Based on the results of the classification of
the synergy pafterns obtfained, a decision is made fo furn on fhe
corresponding servomotfors of the robotic device in order fo assist
the user in performing physical exercises. Experimental studies of
the dependence of the electromyosignal on the magnitude of muscle
effort and its duration were carried out, which showed that the
relative change in fthe average RMS index under stfatic load can
serve as an objective indicator of the degree of muscle fafigue.
Since sEMG reflects fhe reaction of a muscle fo the presentation
of a load of a certain level, in order to control the amplitude and
shape of the forces acting on the muscle under study, and,
consequenfly, fo form descriptors for the first channel and to form
a base of fuzzy implications for the second channel, experimentally
determine the correspondence between applied load on synergist
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muscles and sEMG parameters. The developed method makes it
possible to confrol the mechanical moments on fthe servomotors of
a robofic device adequaftely to fhe test muscle load and fthe
functional state of fthe user's muscles. The method allows for
individual adjustment of the neural network classifier block and the
fuzzy inference block with subsequent aggregation of their
solutions and thus optimize the combined operation mode of the
robotic device.
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Bo MHozux ne4edHo-BuazHOCMUYECKUX mexHonoz2uax Bo3MoxHocmu
cobpemeHHbIx KoMnblomepob ucnonb3ywmes He B nonHol Mepe. [pexde
Bcezo, 3mo duazHoCcmMukad, HA3HAYEHUe AeyedHbx Meponpusmud,
npozHo3upobaHue meveHus 3adonebaHul u ux ucxodoB. MoxHo
OMMemMumMb, 4MO OCHOBHLIMU NpPUYUHOMU HedOCMAMOYHO NOAHO20
ucnonb3obaHus coBpeMeHHsbIX MameMamuyeckux mMemodob u
KOMNblMEepHbIX MexHonozul B MeduuuHe abaswmcs cnoxHocmu yvema
U azpezauuu ucxodHol HeyemkoU UHdopmauuu, npedcmabasiowed
codol onbim U 3HAHUU cneuuanucmob — 3kcnepmobd (Bpayed). AHanus
pacNpoCMpPAHEHHbIX mMemodob OUBHKU uHdopmamubHocmu
3KCNepuMeHManbHbIX  QaHHbIX  nokasdsibaem, 4mo dns  nonyyeHus
HadexHbIX oueHok HeodxoduMo umemb Bbidopku Bonbwoz0 03bLEMG,
ymo He Bcezda docmuxuMo. 3Imo oObAcHSemca meM, Ymo B 3adavax
npozHo3upobaHus, paHHel duazHOCMUKU, OUEHKU CMEeneHu msaxecmu U
duHamuku pasbumus namonozuu cobpeMeHHas MeQUUUHCKAS HAYKa He
3Hgem 4emko ycmaHobBneHHelx  2paHuy  Mexdy 30opobbeM U
npeddonesHblo, Mexdy npeddonesHblt U  doneswblt U dp.
MpednoxeHHbll Memod omaudaemcs Yyd4emoM makux cocmabnawwux,
kak ypobeHb penpeseHmamubHocmu, odbem Beidopku, ypobeHb dobepus
kK Bbidopke, ypobeHb dobepus k cocmaby npusHako® u konuvecmbo
uHpopmMamuBHbix npu3HakoB, komopble azpezupywmcs B Heyemkue
oueHku ypobHed dobepus k odyvawuwum bBeidopkaM u npocmpaHcmby
npusHakob. 3mo nosbonsem npu cuHmese coomBemcmBywux
pewanwux npabun yyqumeibamb ponb  odyvawwux  Bedopok U
uHpopmMamubBHbix  npusHako® B ypoBbre dobepus k nonyy4aembiM
MameMamu4yeckuM ModensM, CHUXAs pucku om 4pe3MepHozo doBepus k
«MAWUHHLIM»  3aKnlo4eHuaM. [lpednazaembit mMemod dasupyemcs Ha
ucnonb3oBaHuu  Memodonozuu  cuHme3a  2UBpuUdHLIX  HEYemKUX
pewawwux npabun, paspadomaHHou Ha kadedpe BuomeduuuHcKoU
uHxeHepuu  I020-3anadHozo0  zocydapcmbenHozo  yHubBepcumema,
odbeduHsowed onsim, 3HAHUS U UHMYuuuk BeicokokBanupuuupobarHbix
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KnuHuuucmo® ¢ MemodaMu  uckyccmBeHHO20  uHmMeannekma ¢
Pa3/UYHbIMU Modugukauusamu HeYemkol N02UKU NPUHSMUS
pewerul [1,2]. PaspaBomanHbil Memod He4eémwkol OUEHKU CMeneHu
uHpopMamubHocmu npou3bodcmbBeHHbix ¢dakmopob pucka
xapakmepusyemcs ucnonb3obaHueM pasaudHbix kpumepueb, nozbonsem
C Ppa3AUYHBIX  no3uuul npousbecmu ouewky uHdopmamubHocmu
kaxdozo u3 uccnedyembix npusHakob. Takolu nodxod odecneyubaem
Bo3sMoxHocmb npoBedeHus UCKOMbIX OUEHOK K@K NPU  HAAUYUU
odyyanwux Buidopok pasnu4yHozo 0dbEM@, MAK U Npu ux omcymcmbuu.
B xode npobodumbix uccnedobaHuu pewena 3adaya paspadomku
mMemoda KOMN/AekcHoU OUEHKU ypobHs uHdopMamubHocmu
KnaccupukauuoHHbix npusHako® & ycnobusx HenonHol u Hevemkoul
cmpykmypsl  daHHbIX. B0 nokasaHo, 4mo dna  konuvecmBeHHol
OueHku  uH¢opmamubHocmu  kaxdozo u3  npu3HakoB  cnedyem
ucnonb3obamb  Heckonbko  MemodoB,  onuchibamwux  pasnuyHbie
cBbolcmba  uccnedyemol  cmpykmypbl  QaHHbIX, Q  UHME2panbHbIU
nokazamenb  uHdopmamuBHocmu  onpedensmb  NYMEM  CuHMesa
Heyemkux Modened B coomBemcmbuu ¢ odwumu pekoMeHdauusMu
mMemodonoz2uu cuHmesa 2udpudHbix Hevemkux pewawwux npabun. [as
nobblweHus moy4HoCcmu Modened NpPUHAMUSA peweHul npednoxeH
MEXAHU3M ux koppekmupobku nymem BBedeHus Mep dobepus k
cocmaby  uHpopmamubHeix  npusHako® u  odvemy  odyyawweld
Beidopku [3].
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Method for assessing the structure of fuzzy data in medical
research
Lukash O. Yu, Lyakh A. V. Fatnev D. A
Southwest State University
305040, Russia, Kursk, str. 50 years of October 94

In many medical and diagnostic fechnologies, the capabilities of
modern compufers are nof fully used. First of all, it is diagnostics,
appointment of therapeutic measures, prediction of fthe course of
diseases and fheir oufcomes. It can be nofed fthat the main reasons
for the insufficient use of modern mathematical methods and
computer technologies in medicine are the difficulties in accounting
and aggregating fthe initial fuzzy information, which is fthe
experience and knowledge of specialists - experts (doctors). An
analysis of common methods for assessing the informafion content
of experimental data shows that in order to obftain reliable
estimates, it is necessary fo have large samples, which is not
always achievable. This is explained by the fact that in the
problems of forecasting, early diagnosis, assessmenf of the
severity and dynamics of fthe development of pathology, modern
medical science does not know clearly established boundaries
between health and pre-disease, befween pre-illness and illness,
efc. The proposed mefthod allows one to obtain an estimate of the
level of confidence in ftraining samples and feature space. It differs
by taking info account such components as the level of
represenfativeness, the sample size, the level of confidence in the
sample, the level of confidence in the composition of features and
the number of informative features, which are aggregated into
fuzzy estimates of fthe levels of confidence in the fraining samples
and feafture space. This allows, when synfhesizing the corresponding
decision rules, to take into account the role of fraining samples
and informative feafures in the level of confidence in the resulfing
mathematical models, reducing the risks of excessive confidence in
“machine” conclusions. The proposed method is based on the use of
the hybrid fuzzy decision rules synthesis methodology developed at
the Department of Biomedical Engineering of Southwestern State
University, which combines the experience, knowledge and intuition
of highly qualified clinicians with artificial intelligence methods with
various modifications of fuzzy decision logic [1, 2]. The developed
mefthod of fuzzy assessmenf of the degree of information content
of production risk factors is characterized by the use of various
criteria, which allows assessing the information content of each of
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the studied features from different posiftions. This approach makes
it possible to carry out fhe required estimates both in fhe
presence of training samples of various sizes, and in ftheir absence.
In the course of the ongoing research, the problem of developing a
method for a comprehensive assessment of fthe level of information
confent of classification features under conditions of incomplete
and fuzzy dafa sfructure was solved. It was shown fhat fto
guantify the informaftion confent of each of the features, several
methods should be used that describe various properties of the
data sfructure wunder sftudy, and the integral indicator of
information confent should be determined by synthesizing fuzzy
models in accordance with the general recommendations of fthe
methodology for synthesizing hybrid fuzzy decision rules. To
improve the accuracy of decision-making models, a mechanism for
their adjustment is proposed by introducing confidence measures fo
the composition of informative features and the size of the fraining
sample [3].
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ModenupobaHue BuouMnedaHcHeix uened B cucmemax
uHmennekmyansHod noddepxku NPUHAMUA KAUHUYECKUX peweHud
* Cepedpobckul A. B, Hobocenob A. 10, Wamanoba O. B.
Bzo-3anadnsiu [ocydapcmberrsiu Yrnubepcumem
305040, Poccus, 2. Kypck, ys. 50 nem Okmsdps 94
email: mustang2004@vist.ru

Pacmywue nompedHocmu B mOYHbLIX, 3KOHOMUYHbLIX U HeuHBa3ubBHbIx
cucmeMax 818 MOHUMOPUH2A KAUHUYECKO020 COCMOSHUS U duazHocmuku
3ad0nebaHul  yckopunu uccnedobamenbckue ycuaus no  Co38aHUK
HoBbix MemodoB u mexHonozul B8ns oueHku cocmosiHus 3d0pobBbs
yenobeka. BbuoumnedaHcHell aHanu3z — 3mo pas3bubawwulca memod b
cucmeMax uckyccmBeHHozo UHMENAEKMA MOHUMOPUH24 KAUHUYECK020
COCMosAHUA u duazHoCMUKU 3adonebaHuu. Modenupobarue
duouMnedaHcHbix uened - 3doekmubHbil Memod, ucnonb3yembil B
mMeduuuHe u Bduonozuu 3dns  cnekmpanbHol duoumnedaHcoMempuu
pasnuyHeix munob duonozuyeckux mkaded [1]. TpeSobaHue mekywezo
MOHUMOPUH2A ~ $YHKUUOHAABHO20 COCMOSAHUA  NAUUeHmMa - 3mo
pesynbmam nocmosiHHo20 ybenuveHus nNPoGoAXUMEAbHOCMU XU3HU,
conpoboxdaemozo nompedHocmbl B ynayqweHuu cywecmBymwux
cucmeM 30pabooxpaHeHus u  kadecmba xu3Hu. B coBpemeHHbIx
ycnobusx pacmem 3auHmepecoBanHocmb Awdeu B nocmosiHHOM
MOHUMOpUH2e cocmosHus cboezo 3dopoBbs, YMOdbI KAK MOXHO paHbwe
3aMemumb Alodble OMKAOHEHUS OM HOPMAAbHO20 QUHKUUOHUPOBaHus
0p2aHU3Ma u usdexamb danbHelwez0 ywepda cBboemy
3dopobeio [2, 3]. [lng docmuxeHus 3mod uenu ucnoAb3ywmcs Memodsl
duoumnedaHcHeix uccnedoBbaHul kak HeunbBasuBHele u  mpedywwue
MUHUMGAbHbIX  3KOHOMu4Yeckux  3ampam. [loamomy B  odnacmu
duoumnedanca  Bedymcs  akmuBHbie  uccnedobaHus,  nockonbky
HeodxoduMbl  donee  3¢pekmubHbie  HoBble  Memodbl  noucka
deckpunmopob dns  knaccudpukamopob MeduuuHckozo pucka [3]. Uenb
uccnedobaHus cocmoum B moMm, 4modb odecneyumb OMHOCUMENLHO
ydodHoe u npocmoe nocmpoeHue Modenel duoumMneddHcHblx dudzpaMM
B cpede Simulink, a makxe modened 3mMux UMNEOAHCHbIX GUAZPaMM,
MOKCUMQAbHO NPUBAUXEHHBIX K UCX0dHbIM duazpamMmaM u nosbonswowux
¢opmupobamb  npocmpaHcmbo  uHpopmamuBHeix  npusHakob  dnd
UHMEeANNeKMYanbHbIx azeHmoB, ocywecmbasowux KOHMPOb
GUYHKUUOHONBHO20 COCMOSAHUS nauueHma. TakuM odpasoM, HeodxoduMo
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pewumb npsMyl 3ada4yy — nocmpoumb uMnedaHcHyw duazpammy
dbyxnoncHuka, komopbll Modenupyem umnedaHc OduoMamepuang, U
odpamHyw 3ada4y — noay4umb Bekmop deckpunmopoB, adekBamHo

ompaxanwux ¢YHKUUOHANbHOE COCMOSHUE NAUUEHMA N0 4Y4acmOMHbIM
omcyemaM uMnedaHcHou duazpamMel. [lng peweHus npsmMou 3adayu
HeodxoduMo nocmpoumb KpoMe Modenu duoumnedaHca 6 Bude
naccubHozo  unu  akmubHozo  dbyxnonwcHuka  makxe  Modenb
usMepumensHolu  uenu, nosBonswwed  nonayqumb  aMnaumydHo-
¢$a3zo4acmomHyk XOpakmepucmuku nocmpoeHHou Modenu
duoumnedarca. O8pamHas 3adava no3bonsem no usbecmHoMy zpaduky
Koyna Haumu napaMempsl 3nemeHmod Modenu Bouma u nocmpoumb
mModens Bouma € noAy4YeHHsIMU 37eMeHMaMu, napaMempsl Komopou
ucnonb3ywmes B ka4ecmbe  deckpunmopob  dna abmoHomHozo
uHmennekmyanbHozo azeHma. MWccnedobanus Bbinu BoinonHeHs B
npunoxernuu Simulink 6 nakeme Matlab 2018b.
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Modeling of Bicimpedance Circuits in Intelligent Clinical Decision
Support Systems
Serebrovsky A. V., Novoselov A. Yu, Shatalova 0. V.
Southwestern State University
305040, Russia, Kursk, str. 50 years of October 94email

The growing demand for accurate, economical and non-invasive
systems for clinical monitoring and disease diagnosis has
accelerated research efforts fo create new mefthods and
technologies for assessing human health. Bioimpedance analysis is a
developing method in arfificial infelligence systems for monitoring
the clinical condition and diagnosing diseases. Modeling of
bioimpedance circuits is an effective mefthod used in medicine and
biology for spectral bioimpedancemetry of various ftypes of
biological tissues [1l. The requirement for ongoing monitoring of the
patient's functional state is the result of a continuous increase in
life expectancy, accompanied by a need to improve existing health
care systems and quality of life. In modern conditions, people are
increasingly inferested in constanfly monitoring their health in
order to notice any deviations from the normal functioning of fhe
body as early as possible and avoid further damage fo their
health [2, 3]. To achieve this goal, bioimpedance research methods
are used as non-invasive and requiring minimal economic cosfs.
Therefore, active research is being carried out in the field of
bioimpedance, since more efficient new methods for searching
descriptors for medical risk classifiers are needed [3]. The purpose
of the sftudy is to provide a relatively convenient and simple
construction of models of bioimpedance diagrams in fthe Simulink
environment, as well as models of these impedance diagrams that
are as close as possible to the original diagrams and allow the
formation of a space of informative features for infelligent agents
that confrol the functional state of the patient. Thus, it is
necessary to solve the direct problem — fo build an impedance
diagram of a two-fterminal network that models the impedance of a
biomaterial, and the inverse problem — to obtain a vector of
descriptors that adequately reflect fthe functional state of fthe
patient according to the frequency readings of fhe impedance
diagram. To solve the direct problem, it is necessary to construct,
in addition to the bioimpedance model in the form of a passive or
active ftwo-ferminal network, also a measuring circuit model that
allows one to obtain the amplitude-phase-frequency characteristics
of the constructed bioimpedance model. The inverse problem allows
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using the well-known Cole graph to find the parameters of the
Voight model elements and consfruct the Voight model with fthe
obtained elements, the parameters of which are used as descriptors
for an autonomous infelligent agent. The studies were performed in
the Simulink application in the MATLAB 2018b package.
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llns BoccmaHobneHus npabunbHozo QyHkuuoHupobaHus nezkux BaxeH
peadunumauuoHHeIl ~ Npouecc, Komopell  Hocum  uHAuBudyanbHbLIU
xapakmep u, cnedobamenbHo, Hyxdaemca B MoHumopuHze U
koppekuuu.  [lns  ynpabneHus  peadunumMAUUOHHBIM  NPOUECCOM
HeodxoduM kpumepul ezo 3¢¢pekmubHocmu, B kayecmbe komopozo
BeidpaH nokasamens kapduopecnupamopHol cuHxpoHusauuu (KPC) [1].
Memod oueHku KPC ocHoBaH Ha onpedeneHuu koppensiuuu cnekmpa
pumMa deixaHus (PQ) u cnekmpa nobepxHocmHOU 371eKMPOMUZPAMMbI
(N3Mr)  deixamensHeix  Melwy  x(t) [2]. Cuzwan PO nonyvaem us
kapduocuzHana yt) (3nekmpokapduocuzHan, ¢GomonnemusMocuzHan u
m.n.) nymeM onpedeneHuss ezo BeduBnem-cnekmpa. TakuMm o08pasom,
umeeM dBa ucmoyHuka GaHHbIX, Komopble pa3sdeneHsl ecmecmBeHHbIM
odpasoM u o0duH u3 komopbix cBA3aH C cepdeyvHo-cocyducmol
cucmeMol, a dpyzod — C cucmeMou dbixaHus. M3 cuzHana  x(t)
¢opmupyemcs  dbyxkaHanbHbIlU Cu2HGA € noMowbl demekmopa
aMnaumydHol Modynauuu u demekmopa 4acmomHou Modynsuuu. [iBa
kaHana demodynupobanHou M3MI nocmynawm Ha 810K OKOHHO20
npeodpasobaHus Pypbe (OMNP), ¢ komopozo, yxe B Bude dbyx
cnekmpoB, nocmynalm Ha 8710k B30UMHO20 CNEKMPANbHO20 4HAAU3A
(BCA). Ha Belbnem-nnockocmu cuzHana p(t) Beidensiom cmpokuy,
npuHadnexawue 4acmomHoMy duanasony P[l, u Ha ocHobBe ux aHanusa
nonyyqaiem  ¢ynkuuu BapuadensHocmu Beubnem-cnekmpa PO no
BbpeMeHu u no Yacmome. TakuM odpasoM, y(t) pacwennswom Ha dba
KaHang, aHanozuyvHo cuzHany x(t). Mocne BeiyucneHus cnekmpoB
¢yHkuul BapuadenbHocmu PO B 3mux kaHanax & dnoke OM®P, ux
cnekmpel nocmynawm Ha 8nok BCA. Ha Bxode dnoka BCA uMeem
yembipe Bekmopa cnekmpa OM®. Yyumbibas, 4mo u3 4yembipex
cnekmpanbHelX kaHano® MoxeMm noaysums wecmb kaHano® B3auMHoz0
cnekmpa, Ha Bbixode Bnoka BCA umeeM wecmb Bekmopob, komopbie
Mozym dbimb ucnonb3oBaHel Gnf  NOCMpoOeEHUS wecmu  «CAadbix»
knaccupukamopob nokazamens KPC. B kavecmbe ody4aemozo
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Knaccupukamopa UCNO/Ab3YeM Uepapxuyeckyw HedpodHyw cemb [3].
Knaccupukamop umeem 0dbyxypobHebyw uepapxuveckyw cmpykmypy,
Bknwoyanwyw wecmb  «cnadbix»  knaccupukamopoB  HA  HUXHEM
uepapxuyeckoM ypobHe u o8uH Ha BepxHeM uepapxuyeckoM ypobHe.
BepxHuu ypobeHb uepapxuu 3aHuMaem HeUpOHHas cemb, komopas B
npouecce odyyeHus onpedenum uHpopmamubBHyw ueHHocmMb Kaxdozo
«cnadozo»  knaccupukamopa uAau  ux 2pynnbl, odbeduHsembix B
coomBemcmbByowyw  uepapxudeckyw  cmpykmypy. [lpu  Haau4uu
HadexHoU  3kcnepmHol  uHpopMauuu, ee MoxHo BBecmu B
uepapxudeckud knaccupukamop. [lns odyyeHus knaccupukamopod
Oblnu  co3daHbl  3KCnepuMeHmanbHele  2pynnel, B komopbie  Bbinu
Bk nioyeHs cmydeHmbl {020-3anadHozo yHubepcumema C
nodmBepxdeHHbiM duazHo3om OPBW. [pobBedeHsl 3kcnepumeHmanbHbie
u cmamucmuyeckue uccnedobaHus aBmomamusupobaHHoU cucmeMsl
konuqecmbenHol unmepnpemauuu KPC. OcHoBHble cmamucmuyeckue
nokazamenu kavecmba knaccupukamopa cucmeMbl He BblAU  HUXE
80 % c dobepumenbHbiMu unmepbanamu, He npebblwarnwumu 5 % om
cpedHez0 3Ha4veHus, 4mo no3bonsdem pekomeHdoBamb ee dn|
KAUHUYeckoU Npakmuku.
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npudopocmpoerue. — 2020. — N°3/4. Tom 10. — C. 8-28.

3. ®Punucm C. A, TudpudHas HeUpOHHAs Ccemb C MakpocnosMu dns
MeJUUUHCKUX  NpunoxeHul / C. A. dunucm, 0. B. Wamanoba,
M. A. E¢ppemod // HeupokoMnbiomepsl. Pa3padomka u npuMeHeHue. -
2014. - N°6. - C. 35-39.
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Automated monitoring system for cardiorespiratory synchronism
Alawsi Hyder H. A, Pesok V. V., Pshenichny A. E.
Southwestern State University
305040, Russia, Kursk, str. 50 years of October 94email

To restore the proper functioning of the lungs, the rehabilitation
process Is important, which is individual in nature and, therefore,
needs fo be monifored and corrected. To manage the rehabilitation
process, a criterion of its effectiveness is required, which is the
indicator of cardiorespiratory synchronization (CRS) [1]. The method
for assessing CRS is based on determining the correlation between
the spectrum of the respiratory rhythm (RD) and the spectrum of
the surface electromigram (SEMG) of the respiratory muscles x(t)
[2]. The RD signal is obtained from the cardiosignal y(t)
(electrocardiosignal, photoplethysmosignal, etc.) by determining its
wavelet spectrum. Thus, we have fwo sources of data that are
naturally separated and one of which is associated with fthe
cardiovascular system, and the other with the respiratory system.
A two-channel signal is formed from the signal x(t) using an
amplitude modulation detector and a frequency modulation defector.
Two channels of demodulated PEMG are fed to the windowed Fourier
transform (OFT) block, from which, already in the form of two
spectra, they are fed to the mutual spectral analysis (MCA) block.
On the wavelet plane of the signal y(t), lines belonging to the
frequency range of the RD are selected, and based on their
analysis, the functions of the variability of the RD wavelet
spectrum in time and frequency are obtfained. Thus, y(t) is split into
two channels, similar to the signal x(t). After calculating the
spectra of the RD variability functions in these channels in the OTF
block, their spectra are fed to the MCA block. At the input of the
VSA block, we have four vectors of the OFT spectrum. Taking into
account fthat we can get six channels of the mufual spectrum from
four spectral channels, we have six vectors at the output of the
MCA block, which can be used to build six "weak” classifiers of the
CRS index.

We use a hierarchical neural network as a trainable classifier [3].
The classifier has a fwo-level hierarchical structure, including six
“weak” classifiers at the lower hierarchical level and one at the
upper hierarchical level. The upper level of the hierarchy is
occupied by a neural neftwork, which, in the process of learning, will
determine the informative value of each “weak” classifier or their
group, combined into an appropriate hierarchical sfructure. If
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reliable expert information is available, it can be enfered into a
hierarchical classifier.

To frain the classifiers, experimental groups were creafted, which
included students from the Southwestern University with a
confirmed diagnosis of ARVI. Experimenfal and statistical studies of
the automated system for the quantitative interpretation of CRS
were carried out. The main statistical indicators of the quality of
the classifier of the system were not lower fthan 80 % with
confidence intervals not exceeding 5 % of the average value, which
allows us to recommend if for clinical practice.
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AnzopumMsl odpadomku cuzHonob B cucmeMe dns onepamuBHozo
KOHMPOAA NPAMOAUHedHOCMU Xene3Ho8opoxHuix penbcod & ycnobusx
¢oHobbix 3acbemok
"Konwykun B. 9, 'Mapenod H. E, 2Ezopod A. 0.

"MITY um H3. Baymawa, 105005, Poccus, 2. Mockba, ys 2-s
baymarickas 5 c. 1
2 3A0 «MK [IPOMPECC»

1711024, Poccus, 2. Mockba, yn. AbBuamomopHas 57A
email: vkoluch@bmstu.ru, marenov@bmstu.ru,
alexx-egorov®@yandex.ru

Qlns KOHMpoAS npsiMoAuUHeUHocmu nobepxHocmu KamaHus
Xene3HodopoxHbIX penbcob ucnonb3ywm MPUAH2YAAUUOHHBIE CUCMEMbI
co  cmpykmypupobanHoU  nodcbemkod.  M3BecmHel  anzopumMbl
odpadomku cuzHano®, odecneyubawwue usMepeHue koopduHam MoYek
cmpykmypupobanHod nodcbemku ¢ cydnukcensHod moyHocmbio [1].
OdHako B peanbHbix ycnobusx padomsl makux cucmeM Bo3Hukawm
¢oHobele 3achemku, Hanpumep, om conHUG, Koz20d Hapywawmcs
HOpMaAbHbIE ycnobus ¢yHKUUOHUpobaHus, npubodswue K
Bo3HukHobBeHulw BnwMUH2-3pdekma npu pezucmpauuu uslodpaxeHud.
ABbmopamu npobedeH aHanusz anzopumMob cydnukcenbHO20 YmoOYHEHUS
nuka B ycnobusx padombl 30 npedenaMu  AUHeUHO20 y4acmka
pezucmpauuu onmuyeckux cuzHanob [2, 3] u onpedeneHsl napamempbl
anzopummob, npu  komopbix  odecneyqubaemca  cywecmbBeHHoe
ymeHbweHue BausHus HenuHeUHbx 3ddekmoB Ha nozpewHocmb
KOHMpOAS npsAMonuHeUHoCMU. MonyyeHHsble pesynbmams
nodmbBepxdeHbl YUCABHHBIMU 3KCNEPUMEHMAMU.

Cnucok numepamypbl

1. Fisher R. B, Naidu D. K. A comparison of algorithms for subpixel
peak detection // Image technology. — Springer, Berlin, Heidelberg,
1996. — C. 385-404.

2. Besic |, Avdagic Z. Laser stripe model for sub-pixel peak
detection in real-fime 30 scanning //2016 [EEE International
Conference on Systems, Man, and Cybernetics (SMC). — IEEE, 2016. —
C. 4332-4337.
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3. Molder A. et al. Laser line defection with sub-pixel accuracy
/ /Elektronika ir Elektrotechnika. — 2014 — T. 20. — N°. 5. — (. 132-
135.

Algorithms for signal processing in a system for high-speed
monitoring of the corrugation of railway rails under backlight
condifions
"Koluchkin V. Ya, "Marenov N. £, 2Egorov A. 0.

" BMSTU, 105005, Russia, Moscow, st 2-nd Baumanskaya, 5c],
2 JSC «PIK PROGRESS»

17171024, Russia, Moscow, str.Aviamotornaya, 57A

Triangulation systems with structured light are used in moniforing
of the corrugation of the rolling surface of railway rails. Signal
processing algorithms provide measurement of coordinates of
structured illumination points with subpixel accuracy [1]. However, in
the real conditions of operation of such systems background
illumination occurs, for example, from fhe sun, when normal
operating conditions are violated, leading to the occurrence of a
blooming effect during image registration. The authors analyzed
algorithms for subpixel peak detection under operating conditions
outside the linear section of optical signal registration [2, 3], the
parameters of the algorithms which provide a significant reduction
in the influence of non-linear effects on the error of corrugation
monitoring are determined. The obtained results are confirmed by
numerical experiments.
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OFT pac4ém MazHumHou BocnpuuMyuBocmu knacmepob
Fe 0., (n = 1-4) B BodHou cpede
“Muxadnod T. M, Kadun A. A.

Youmckuu ynubepcumem Hayku U MeEXHOAO2UU
450076, Poccus, 2. Ypa, ys Jaku Basudu 32
email: ~ gpmihailov@mail.ru

MazHumHble Xudkocmu Ha BodHou ocHobe, codepxawue
cynepnapamMazHuUmHele  HaHo4acmuubl  okcudod  xenesa, Haxodam
wupokoe  npuMeHeHue B  duomeduuuHe, B yacmHocmu, 0nd
ueneHanpabnenHou docmabku nekapcmb u npu npobedeHuu MazHUMHO-
pe3gHaHcHoU moMozpaduu. [N  NOHUMAHUA  GU3UKO-XUMUYeCKUX
cBolcmb  MazHumHbiX  xudkocmed — npedcmabasiomes BaxHbIMU
kbaHmobBo-xumuyeckue  u3yveHus  BauaHua  BodHoU cpedsl  HA
MazHumHyw  BocnpuuMyubocmb  knacmepob  okcudob  xenesa. B
Hacmosiwed padome MemodoM meopuu ¢yHkuuoHana naomHocmu (OFT)
B npudnuxenuu B3LYP/def2-TZVP ¢ ucnons3oBanuem Gaussian 09 [1]
npoBedeHa nNOAHAA ONMUMU3AUUS NO  3HEP2UU  NPU  PA3AUYHbLIX
3HAYeHusx cnuHobol MynbMUNAEMHOCMU 3NEKMPOHHBIX COCMOSHUU U
pacyem  3HOYeHUU  usomponHoU  MazHumHou  BocnpuumyubBocmu
knacmepob FeO., (n = 1-4) B bBakyyme u BodHoU cpede.
MynbmunnemHocms ocHoBHoz20 cocmosHua knacmepod onpedensinack
N0 KPUMEpUl MUHUMYMa NoAHOU 3HEep2uu C Y4emoM 3Hepauu Hynebbix
konedaHud u omcymcmbul  MHuMbix 4yacmom B konedamensbHoM
cnekmpe.  [lna  pacyemoB & BodHou cpede  ucnonb3obanack
KOHMUHYanbHas Modenb consBamauuu SMD (Solvation Model based on
Density). [lokasaHo  3Ha4umensHoe  BausHue  Hecneuuduyeckod
consbamauuu Ha 3HAYEHUS U30MPONHbIX dQuAd- U NAPAMAZHUMHbIX
cocmabndwwux meH3opa MazHumHoU Bocnpuumyubocmu  knacmepob
Fe,0,... Mpu nepexode «k BodHou cpede B 3abucumocmu om
KOHKUpPEHUUU duaMdzHUMHbIX U napaMazHumHbix Bknadob npoucxodum
YMeHbWEHUE 3Ha4YeHus u3omponHol MazHumHolu BocnpuuMyubocmu B
1,8 (Fe0,), 2,3 (Fe,0,), 1,26 (Fes0,) u 1,1 pa3a (Fe,Os).

Cnucok numepamypbl
1. Frisch M. J et al. GAUSSIAN 09, Revision A.1. Gaussian, Inc,
Wallingford, CT, 2009.
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DFT calculation of the magnetic susceptibility of clusters
Fe0,.; (h = 1-4) in an aqueous medium
* Mikhailov G. P, Kadin A. A.
Ufa University of Science and Technology
Ufa, st. Zaki Validi 32, 450076, Russia

Magnetic or  ferromagnetic  water-based liquids  contfaining
superparamagnetic iron oxide nanoparticles are widely used in
biomedicine, in particular, for targefed drug delivery and during
magnefic resonance imaging. To understand the physicochemical
properfies of magnefic liquids, quantum chemical studies of fhe
influence of the aqueous medium on the magnetic suscepftibility of
iron oxide clusters are important. In this paper, the density
functional theory (DFT) method in the B3LYP/def2-TZVP
approximation using Gaussian 09 [1] carried out a complete energy
optimization for various values of spin multiplicity of electronic
states and calculation of isotropic values of magnetfic susceptibility
of clusters FenOn+1 (n = 1-4) in vacuum and aqueous medium. The
multiplicity of the ground state of the clusters was defermined by
the criterion of the minimum tofal energy, taking into account the
energy of zero oscillations and fhe absence of imaginary
frequencies in the vibrational spectrum. The continuous model of
solvation SMD (Solvation Model based on Density) was used for
calculations in the aquatic environment. A significant effect of
nonspecific solvation on the values of isofropic dia- and
paramagnetic components of the magnetic susceptibility fensor of
FenOn+1 clusters is shown. During the fransition fo an aqueous
medium, depending on the competition of diamagnefic and
paramagnetic contributions, fhe isotropic magnetic susceptibility
decreases by 18 (Fe02), 2.3 (Fe203), 126 (Fe304) and 11 times
(Fek05).
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3IKoHOMUSA 3HEp20NUMAHUA Na3epHbiX abmoHOMHbIX cucmeM
30HdupobaHus HeodHopodHLIXx cped
" 3apunob M. P, Anekceeb B. A
Wxebckuu zocydapcmbBerHsii mexHuYeckul yHubepcumem uMeHu
M. T Kanawrukoba, 426069, Poccus, 2. Wxebck, yn. Cmydenveckas 7
email: * zaripov.istu@yandex.ru, alekseevv@istu.ru

MccnedoBaHue pasnuyHeix cped nasepHbiM  3oHdupobaHuem nosbonsem
pewamb MHoxecmBo 3aday no odHapyxeHul PpasnuyHelx Bewecmb,
czycmko®, HeodHopodHocmel Kak Xudkux, mak U 2a30Bbix cped. B
3ada4ax nododHO20 KnAcca UMeem 3HAYEHUE NPOHUKHOBeHue Ana3epHoz20
u3ny4eHus Ha onpedenéHHyw 2nyduHy, BenuduHa komopol onpedensemcs
3Hepzueu Bo3deucmbus nasepHozo u3nyyeHus. B cayy4ae ucnonb3obanus
UMNYNbCHO20  NO3EPHO20  U3AYy4YeHus  2nayduHa  NpoHukHoBeHus
onpedensiemcs 3Hepzuel /NO3EPHO20 UMNYAbCa, a B omdenbHbix 3adavax
e20 amMnaumydold. B coomBemcmbuu ¢ 3akoHoM bByzepa 2nyduHa
npoHukHoBeHus 3aBucum om HaYanbHOU uHmMeHcuBHOCMU  Na3epHoz20
usnyyeHus u cboucmb cpedsl. YBenudeHue HayanbHoU uHmMeHcubHocmu
usnyyeHus npubodum k pocmy 3HepzonumaHus nasepa 4ns odecneyeHus
HeodxoduMol Hakadku nasepa.  [locmpoeHue  aBMOHOMHbBIX — cucmeM
30HdupobaHus cpedsl mpedyem ozpaHuyeHUl Ha 2adapumbl KOHCMPYKUUU
annapamypsl U ee Maccy. 3mo annapamypa 84S Q3POKOCMUYecKux U
Mopckux  uccnedobaHud, dna  padomsl B 4pe3bbiMalHbIX  cumyauusx,
annapamypa BoeHHoz0 npumeHeHus. [loamomy 3ada4a NOCMpoOeHUS
cucmeM 30HdupobaHus cpedbl € 3koHoMueU 3ampam 3Hepz2uu HA HAKAYKY
nasepa abnsemcs akmyanbHou. Ocodoe 3Ha4eHue oHa npuodpemaem BnA
cucmeM, padomanwux daumensHoe Bpema ¢ ucnonb3zobaHuem 3Hepzuu
akkymynamopob. [lpumepamu sbnsomcsa BecnunomHbie AemamenbHble U
mopckue cpedcmBa uccnedobaHus BosdywHeix U BodHbix cped [1]. [as
3¢dekmubHo20 3KOHOMHO20 NOMPedneHUs 31eKMPONUMAHUS  N03EPHbLIM
ucmoyYHukoM  abmopaMu  npedndzaemcs  cucmeMa,  UCNO/b3ywwas
onmuyeckyw 3adepxky uMnynbcob, ¢popMupyembix 0GHUM  NA3EPHBLIM
UCMOYHUKOM. [ledcmBue makou cucmemsl 3ak/Kyaemcs B
nocnedoBamenbHOM CUHXPOHHOM HanoxeHuu dpyz Ha dpyza A uMnynbcob
NA3epHO20  U3AyyeHus, nocmynamwux Ha Bxod konbuebol Aunuu
3adepxku. Mpu 3moM ny4ok, coBepwubwul odxod, Hakannubaem & cede
30 CYEM CAOXEHUS uMnynbcob 3Hepzuw u3nyyeHus ¢ kaxdbiM odxodoM B
AuHUU 3adepxku. B pesynbmame npoucxodum cuUHXpOHHOE cymMMupobBaHue
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nasepHsix  uMnynbcob [2].  MpumepoM  npuMeHeHuss makozo nodxoda
abnsemca  npoekm nnaBamenbHozo  BecnunomHozo  cpedcmba  dnA
uccnedobaHus  akbamopuu  BodHbix  dacceltHoB  Ha  3a2psA3HEHUE
MukponnacmukoM [3]. BeiMuc/aumensHbIO 3KkcNepuMeHm Nokasan, Ymo npu
Boidope nasepHozo duoda FNPL-13-3640-DFB ¢ MowHocmbi u3nyyeHus
1MBm c ucnonb3obaHueM mpex 3neMeHmob cnoxeHus uMnynbcob Ha
konbuebou 3adepxke docmuzaemcs HapacmaHue amnaumydsl AG3epHO20
uMnynbca  nodmu B 10 pa3  de3 ybenuyeHus 3Hepzuu  nuMAHus.
MNompednsemas nasepHbiM duodoM 3neKMpuYeckas MowHocmb cocmabnsem
10 MBm. [ns nonyveHus  3kBubanenmHou amMnaumydsl  na3epHO20
umMnynbca 10 MBm  mpedyemcsa  yBenudumb  3HepzonompedneHue  HA
2eHepauul  usnyyeHus cBeiwe 100 MBm. Mpu ucnonb3obanuu danHoz20
nodxoda Bo3MoxHo co3daHue decnunomHozo nnabamensHozo cpedcmBa c
numuebbiM  akkymynsmopoM  emkocmbi 3600 MA4,  no3bBonsiowum
npobodumb uccnedobarue akBamopuu Bodoema B meveHue BpemeHu
decnpepbiBHol padombl donee 12 Yacob.

Cnucok numepamypbl

1. Coldewey D. Sail drone takes the wraps off its Voyager
autonomous research vessel. — [S. L] : TechCrunch, 2023. — URL:
h’rfpSi//’rechcrunch.com/2023/03/28/suildrone—fukes—’rhe—wrups—
off-its-voyager-autonomous-research-vessel/ (dama odpawerus:
14.07.2023). — Tekcm : 31€KMPOHHbIU.

2. Mamenm N° 189439 U1 Poccutckas Pedepauus, MMK HO1S 3/10
(2006.01), GO2B 6/00 (2006.01). McmouHuk UMNYANbCHO20 NA3EPHO20
usnyyenus : N° 2018137513 : 3aqba. 23.10.2018 : onydn. 22.05.2019/
Anekceeb B. A, Opan C. MU, Nepmunob A C. [u 38p] ; 3asdumens u
nameHmoodnadamens ®F60Y BO  «Mxebckul  2ocydapcmbBerHbid
mexHuyeckul yHubepcumem umenu M. T. KanawHukobBa». — 7 c. : un.
3. MNpoekm aBmoHOMHO20 MUKpokamepa C Ad3epHbIM ycmpoucmboM dns
OUBHKU 302PA3HEHUS MUKponaacmukoM akBamopuu Bodoémod /
B. A Anekceeb, C. W HOpaH, M. P. 3apunod, B. M. Yconbued //
Mpudopsl U Memodsl usMepeHud. — 2023. — T. 14 — N° 2. — C. 27-37.

Power supply economy of laser autonomous systems for probing
inhomogeneous media
" Zaripov M. R, Alekseev V. A.
Kalashnikov Izhevsk State Technical University
426069, Russia, Izhevsk, str. Studencheskaya 7

The measuring of various media by laser probing allows fo solve many
problems of detecting various substances, clots, and inhomogeneities of
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both liquid and gaseous media, the penefration of laser radiation to a
certain depth, the value of which is determined by the energy of the
impact of laser radiation, is important in problems of such ftype. When
pulsed laser radiation is used, the penetration depth is determined by
the energy of fthe laser pulse, and by its amplifude in some objectives.
In accordance with Bouguer's law, the penetration depth depends on
the initial infensity of laser radiation and the properties of the
medium. An increase in the initial radiation intensity leads to an
increase of the power supply by laser, providing the necessary laser
pumping. The consfructing autonomous systems for probing medium
requires resfrictions on the dimensions of the equipment construction
and its weight. This is equipment for aerospace and marine research,
for working in emergency sifuations, equipment for military use.
Therefore, the problem of constructing systems for probing medium
with saving energy costs for laser pumping is fopical. It is of
particular importance for systems operating for a long time period
using battery power. Examples of fthese systems are unmanned aerial
and marine research equipment for air and water media [1]. For
effective economical power supply consumptfion by a laser source, the
authors propose a system that uses an opfical delay of pulses
generated by a single laser source. The operation of such a system
consists in the sequential synchronous combining of A laser pulses
arriving at the input of the ring delay line. In this case, the beam that
has made a round frip accumulates the laser energy in ifself due to
the combining of pulses with each round trip in the delay line. As a
result, synchronous laser pulses combining occurs [2]. An example of
the application of this approach is the project of a unmanned
watercraft for measuring the water area of reservoirs for microplastic
pollution [3]. The computational experiment showed that when choosing
an FNPL-13-3640-0FB laser diode with a radiation power of 1 mW using
three pulse combining elemenfs on a ring delay, an increase in the
laser pulse amplitude by almost 10 times is achieved without increasing
consumption of the power supply. The electrical power consumed by
the laser diode is 10 mW. To obtain an equivalent laser pulse amplitude
of 10 mW, it is required fo increase the power consumption for laser
generation fo more than 100 mW. Using this approach, it is possible to
create an unmanned watercraft with a lithium battery with a capacity
of 3600 mAh, which makes it possible fo study the wafter area of a
reservoir during a continuous operation time of more than 12 hours.
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CucmeMa 3aqwumsl 0XpaHsieMod meppumopuu ¢ ucnonb3obaHuem
BudeoHadnwdeHus
" Anekceed B. A, "Yconbueb B. M, ¥ Opan C. U.
" Uxebckud zocydapcmbenrsii mexHuyeckul yHubepcumem umenu M.T.
Kanawnukoba, 426069, Poccus, 2. Wxebck, ys. Cmydenveckas, 7
2 Ydmypmekud zocydapcmbBerrsid azpapHed yHuBepcumem
426069, Poccus, 2. Mxebck, yn. Cmydenveckas, 11
email: alekseevv@istu.ru, vpusoltcev@mail.ry, 'yurun—49@yandex,ru

MpubedeHa aBbmomamusupoBaxHas cucmemMa OXpaHbl  MEPPUMOpUU
(zpaHuusl) [1], komopass Moxem Bbimb ucnonb3obana 3ns odecneyeHus
desonacHocmu om meppopucmuyeckux Yzpo3. Cucmema codepxum
nodcucmeMmy cdopa u  odpadomku  uHpopMauuu, nodcucmemy
BudeoHadnwdeHus, B komopyw Bxodsm BudeokaMepbl ¢ nasepamu
nodcbemku, nodcucmemy mennobusuoHHozo0 HadnwdeHus, B komopyw
Bxodam mennoBusopel, npuyeMm Budeokamepsl u  mennobusopbl
OCHOWEHbl  ONMUYECKUMU  duabmpamMu € Noaocol  NPONYCKAHUS,
cobnadawweld c¢ Yacmomol u3nyyeHus nasepob nodcbemku. Kpome
3mozo, cucmema codepxum nodcucmemy BudpauuoHHozo 0B8HApPYXEHUS
c 4ybcmBumenbHeIMU 31eMeHMamu, cMOHMuUpoBaHHeIMU Ha
ozpadumensHou cemke. B wmamHoM pexumMe padombl  CUCMEMbI
ucnonb3yeMble nodcucmeMsl nosBonsiem  ycmolyubo odHapyxubamb
yzpo3bl desonacHocmu B OHebHoe u HoyHoe Bpema B ycnobusix
MyMaHa, cHeza, doxas.

Mpu Bo3HukHOBEHUU HewmamHoU cumyauuu, HANpuMep, OC/AENASKWEM
Bo3deltcmbuu B wupokoM cnekmpe U3AYYEHUR HAQ ONMUYeckue
cpedcmba HadnwdeHus, 3awumHble duabmpbl B 3HAYUMenbHOU CcmeneHu
ocnadsam 3mo BpedHoe u3AyYeHUe, MAK KAK OHU NPONYCKAKM MOAbKO
04eHb y3skul duanasoH vacmom, cobnadawwuld ¢ Yacmomoud u3nyyeHus
nasepod nodcbemku. B pe3synbmame cucmema He BbiGdem u3 cmpos u
dydem HadexHo odecneyubamb 3awumy oxpaHseMol meppumopuu.

Cnucok numepamypbl

1. MameHwm 2642336 P®. MNK GO8B 13/00. CucmeMa 3awumsl
oxpaHsiemol meppumopuu / 3adued A. M., Yconsued B. M., Opan C. K.
3asbka: 2015150136 om 23.11.2015 / Onydna. 24.01.2018. Bioa. N° 3.
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The system of protection of the protected area using video
surveillance
! Alekseev V. A, "Usol'tsev V. P, 2 Yuran S. |.
" Izhevsk State Technical University named after M.T. Kalashnikov,
426069, Russia, Izhevsk, Studentskaya str, 7
2 Udmurt State Agrarian University
426069, Russia, Izhevsk, Studentskaya str, 11

The automated system of protection of the territory (border) [1],
which can be used to ensure security from terrorist threats, is
given. The system contains a subsystem for collecting and
processing information, a video surveillance subsystem, which
includes video cameras with illumination lasers, a thermal imaging
surveillance subsystem, which includes thermal imagers, and video
cameras and thermal imagers are equipped with optical filters with
a bandwidth that coincides with the frequency of illuminafion lasers.
In addition, the system contains a vibration detection subsystem
with sensitive elemenfts mounted on a profective grid.

In the normal operating mode of the system, the subsystems used
make if possible fo consistently deftect security threats during fthe
day and af night in conditions of fog, snow, rain.

In the event of an emergency situation, for example, a blinding
effect in a wide spectrum of radiation on optical surveillance
equipment, protective filters will significantly weaken this harmful
radiation, since they pass only a very narrow frequency range that
coincides with the frequency of illumination lasers. As a result, the
system will not fail and will reliably protect the protected area.
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YOK  517.443+519.2:004+531.36
MPHTKU  30.19.21
BAK 1319

OnpedeneHue Yuc/eHHeIMU MemodaMu NAOMHOCMU 3/1€KMPOHHBIX
cocmosiHuU B ummpuid-anioMuHueBeix 2paHamax (YAGQ)
Epmakob /1. K
Canrkm-llemepdypzckui ocydapcmbenHsiu [TonumexHuYeckuy
Yrubepcumem [Tempa Besuxozo
195251 Poccuickaa ®Pedepauus, Lankm-Ilemepdypsz, [losumexHuqeckas
yn, a 29
email: ermakov-lk@mail.ru

B nocnednee Bpema wupumcs npumeHeHue na3epoB B pasnuyHbIX
cucmemax [1, 2] Ona  3mozo mpedylmcs  Nasepsl  pa3NUYHO20
cnekmpanbHozo0 duana3oHd. Takol 3anpoc MoxHo ydobnembopumb 3a
c4em npuMeHeHus mBepdomensHbix na3epob. bonbwol uHmepec B
cbszu ¢ 3mum Beizbibalom ummpul anoMuHuebbie zpaHamsbl (YAG).
[lanHbiG  Mamepuan uMeem d0/MbWYK WUPUHY 3aNpeweHHol 30HbI
(okono 6 3B), ymo nosbonsem Buibodums zeHepupyemoe BHympu Hezo
usnyyeHue Oe3 nomepb Hapyxy. BBedeHue B Hezo Ppa3nUYHbLIX
npumeceud daem Bo3MoxHocmb co3dabamb pa3HoOdpa3HbIe CUCMEMbI
3Hepzemuyeckux ypobHel nodxodawux dna  uszomobneHus  Kak
cBemoduodob, mak u nazepob.

B cBeme BbiweckasaHHo20 HeodxoduMO MeOpPeMUYECKOE U3Y4eHue
31eKMPOHHOU CMPYKmMypsl G4HHO20 Mamepuand, G MOYHEE €20
N0KANbHOU 3nekmpoHHoU naomHocmu cocmosHud (/INC).  M3yyeHue
ucxodsa ux nepBeix npuHuunob (ab initio) Mano 3ddpekmubHo, mak Kak
npu 3moM npuxodumca Beidpackibambs u3 paccMompeHus Bce, 4mo
MOXHO 08na ynpoweHus, Bcnedcmbue 4ez2o0 noayyawmcs Mano
NOHAMHbIE pesynbmamsl. Mo3momy donee pesynbmamubHel
nony3Mnupuyeckue Modenu.

B danHou padome ucnonb3obancs nonyaMnupudeckul 2aMunbmoHUaH B
dasuce /IKAO. Ezo ™MampuyHble 3nemMeHmsl  onpedensnucs B
npudnuxeHuu  Bonbdcdepza-lenbmzonbua. B dawHou  Modenu
GUQ20HANbHLIE 3N1EMEeHMbl 3MO NOMEeHUUans uoHusauuu amomob, a
HeduazoHaNbHbIE  31EMeHMbl  eCMb  NOAY-CYMMa  QUA20HAAbHbIX
YUMHOXEHHOS Ha UuHmezpan nepekpbibaHus, komopsle 8panuck U3
padomsl [5]. AmoMHble ¢yHkuuu Cn3dmepobckozo muna Bpanuck U3
padomsl [4]. Ons anwMuHus, Kucnopoda U 2annus  ucnonb3obanuck
amoMmHble GyHkUuuu s u p muna. flag ummpus — s, p u d muna. [lns
npakmuku Haudonee uHmepecHsl YAG kpucmannsl ¢ dodabneHueM
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dononHumensHbIx amomoBb, HanpuMep zannus. O08bi4HO ux npucymcmbue
odo3Hayawm uHBekcoM «x» BHu3y dopmynsl. B pacyeme 3mo
ydqumeibaemcs  cymmou u3  dByx cnazaembix a8 QuUG20HAALHO20
3neMeHma  Mampuubl  [aMunbmoHuaHa.  [lomeHuuan  uoHU3aAUUU
3aMewaeMozo amoMa ¢ ko3pduuueHmoM (1 — x) nawc nomeHuuan
UOHU3QUUU amoMa 30MeCMUMEeAs YMHOXEeHH020 Ha «Xx». /[lokanbHYw
naomHocmb cocmosiHul (/INC) ydodHed nonydamb U3 MHUMOU Yacmu
dyYHKUUU TpUHA YMHOXeHHOU Ha Ko3pduueHm (=1/1T). dynkuus TpumHa
® wmampuyHoMm npedcmabneHuu ecmb Mampuua odpamHas Mampuue
aMunbmoHuaHa. Takol nodxod no3Bonsem usdexamb NOCMpOEHUA
30Hbl Bpunnw3Ha npuemnemol aAuws 0dna  udeanbHbiXx Kpucmannob.
lpuMecHbll amoM U Hedo/Abwue UCKAXEHUS pewemku He no3bBonswom
ucnonb3obame Memod 3oHbl Bpunnw3na. B daHHoU padome npumeHsncs
Memod pasnoxeHus ¢yHkuuu [puHa B HenpepbibHyw dpods (HO)
npednoxenHsid B padome [3]. 3mom Memod ecmb pekypcubHas
npouedypa, & xode komopol Mampuua [amunbmMoHuUaHa npuodpemaem
mpuduazoHanbHbll  Bud.  PyHkuus [puHa makoU Mampuubl ecmb
HenpepbibHas dpodb. TakuM odpazomM Mampuua 3aMeHsemcs dByms
o0HOMepHbIMU  Maccubamu, 4mo nosbonsem usy4amb  knacmepsl
donbuwux pa3mMepoB. B padome NpuUMeHanacb Mampuua
HecuMMempu3obaHHozo [aMunbmoHudHa, 4Ymo nosbonsem usyy4amb Kak
udeanbHble, Mak U HeuBeanbHble cmpykmypel. MuHyc makozo nodxoda
abnsemcs mo, ymo mMampuua umeem Bonbwod pasmep. OdHako Memod
HO0 no3bonsem ymeHbwumb 3mom Hedocmamok. B xode Memoda HA
yucna dbicmpo Hadupawm donbwol nopsdok Uu3-3a mozo0, 4mo B
daHHoM Memode NpPuUMeHSEMCS MAMpuud MHO20KPAMHO YMHOXEHHAA Ha
camy ceds, no3momy HeodxoduMo MacwmadupoBaHue ucxodHol
Mampuubl 2aMmunbmoHuaHd. HauBonee npocmo 3mo cdenams, nodenub
Bce nomeHuuansl UOHU3AUUU Ha HAudonbwul, 4YMO /nez2k0 cdenamb
abmoMamuyecku no Mepe padombsl NpozpaMMbl B caMoM eeé Hadane.
OdpamHozo0 MacwmadupobaHua npu onpedeneHuu /INIC He mpedyemcs,
mak kak /NI odbl4HO HOPMUPYEMCA HA MOKCUMAAbHOE €8 3HAYEeHUe.
Camu 3HaveHua /NC 3anucbibawmcs B ™accub, Homepa s4eek B
KomopoM ecmb ycnoBHbie 3HaveHus kak MacwmadupobawHoU mak u
HemacwumadupobaHHol  3Hepzuu.  [lpozpamma  cocmoum  u3z 10
nodnpozpamMMa Ha s3bike POPTPAH. Odwuld odbem okono 1000
onepamopo®  ®opmpana. Pesynbmamsl  pacyemob  cumdamHbl €
onydnukobanHbiMu B pasnuyHbix padomax Ha 3my memy [6].

Cnucok numepamypbl
1. MNpubanod B. E, Wemanun B. . Onm. u cnekmpock. 1997, m. 82, N°
5, c. 873-875.
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2. Mpubanob B. E, Wemarun B. T. Onm. XypHan, 1999, m. 66, N° 2, c.
L0-42.

3. Solid State Physics, v.35 (1980), Acad. Press, N.Y.

4. Clementi E,, Raimondi D. L., J. Chem. Phys, 1963. V.38, 2686-2689.

5. bBauanob C. C, 3bBszuna P. A, WHmezpansl nepekpbibaHus, 1966,
Hobocudupck, 'Hayka' , c.386.

6. 3amopsaHckaa M. B. Onm. u cnekmpock. 1993, m. 75, B.4, c. 805-811.

Determination by numerical methods of the density of electronic
states in yttrium-aluminum granats (YAG)
Ermakov L. K.
Saint Petersburg State Polytechnical University, 195257 Russian
Federation, Saint-Petersburg, Polytechnicheskaya str, 29

Recently, the wuse of lasers in various systems has been
expanding [1, 2]. This requires lasers of various spectral ranges.
Such a request can be met by the use of solid-state lasers.
Yttrium aluminum grenades (YAG) are of great inferest in this
regard. This material has a large band gap (about 6 eV), which
allows the radiation generated inside it fo be emitted without loss
to fthe oufside. The infroduction of various impurities info it makes
it possible tfo create a variety of energy level systems suitable for
the manufacture of both LEDs and lasers.

In light of the above, it is necessary fto theorefically study the
electronic sftructure of fthis material, and more precisely its local
electronic density of states (LDS). Studying on the basis of their
first principles (ab intio) is not effective, since at the same time
everything that can be simplified is thrown out of consideration, as
a result of which little clear results are obtained. Therefore, semi-
empirical models are more effective.

In this work, a semi-empirical Hamiltonian was used in the basis of
LCAQ. Its matrix elements were defined in the Wolfsberg-Helmholtz
approximation. In this model, diagonal elements are ionization
potentials of atoms, and non-diagonal elements are the half-sum of
diagonal multiplied by the overlap integral, which were taken from
work [5]. Atomic functions of the Slater type were taken from
work [4]. For aluminum, oxygen and gallium, atomic functions of s
and p type were used. For yftrium —s, p and d type. For practice,
the most infteresting are YAG crystals with the addition of
additional aftoms, for example gallium. Their presence is usually
denofed by fthe index “x" at the bottom of the formula. In fthe
calculation, this is taken into account by the sum of fwo terms for
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the diagonal element of the Hamiltonian matrix. The ionization
potential of the substituted atom with coefficient (1 — x) plus the
ionization potential of the substituent atom multiplied by “x." It is
more convenient to obtain the local state density (LDS) from the
imaginary part of the Green function multiplied by the coefficient
(=1/11). The Green function in the matrix represenfation is the
inverse matrix of the Hamiltonian matrix. This approach avoids
constructing a Brillouin zone acceptable only to ideal crystals. The
impurity atom and small lattice distortions do not allow the
Brillouin zone method to be used. In this work, the method of
decomposing the Green function info a contfinuous fraction (CF)
proposed in work [3] was used. This method is a recursive
procedure in which the Hamiltonian mafrix takes on a tridiagonal
form. The Green function of such a matrix is a continuous fraction.
Thus, the mafrix is replaced by fwo one-dimensional arrays, which
allows you fo study large clusters. The work used an asymmefrized
Hamiltonian matrix, which allows you to study both ideal and non-
ideal structures. The downside of this approach is that the matrix
is large. However, the CF method reduces this drawback by reducing
it fo fwo one-dimensional arrays. Unfortunately, in the course of
the CF method, the numbers quickly gain a large order due to the
fact that the mafrix multiplied many times by itself is used in this
method. Therefore, it is necessary to scale the original Hamiltonian
mafrix. Most simply, this is done by dividing all ionization potentials
by the largest, which is easy to do automatically as the program
works aft the very beginning. Reverse scaling is not required when
determining the LOS, since the LOS is usually normalized fo its
maximum value. The LDS values themselves are written fo an array,
cell numbers in which there are conditional values of both scaled
and non-scaled energy. The program consists of 10 subroutines in
the FORTRAN language. The tofal volume is about 1000 FORTRAN
operators. The results of simbatically calculations with published in
various works on this topic [6].
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OcodenHocmu daBneHus s3bika HOBOpOXTDEHHBIX, HOXOBAWUXCA HO
2pydHoM u cMewaHHoM BckapmnubaHuu
"Mnomuukoda E. 10, ?Mypawkuna T. U, 2 badeeba E. A,
"Knumenko 9. B, *Mcmomuna T. B, " ApymicHob A. B,
2Mapwukobda T. B.

" Kydarckud zocydapcmbertsii mMeAuuuHCKUU yHUBEpCUmem
Poccus, 350063, 2. KpacHodap, ys. um. MLeduHa 4
? [lensenckut zocydapcmberHsiu yHubepcumem
440026, Poccus, 2. [leHsza, ys KpacHas 40
T @rAQY HIY «MockoBckul 3HEp2emuYecKUl UHCMUMYM»
email: " cat.roll@yandex.ru, timurashkina@mail ru,
badeeva_elena@mail.ru, yana.klimenk@mail.ru,
ms.parshikoval1@mail.ruistom@mail.ru

MNpednazaemcs  3MnupudeckuM nymem  onpedensmb  B3auMochasb
Mblwe4HoU akmubHocmu sa3bika HobopoxdeHHozo Bo Bpems cocaHus
2pydu Mamepu u/unu u3 BYmsINOuKU, BLIABASIULYW KOPPEASLUOHHYK
3abucumocmb  BbicocaHHo20  0dbEmMa  3a  0dHO  KopMaeHue. B
ycmaHoBnernHyw ¢opmy dydym BHocumbcs: 0dbEM 2pydHo20 MONOKA U
adanmupobaHHOU Mon04HOU CMecu, GAUMENbHOCMb U 08bEM KOpMAeHUU
B meyeHue cymok ¢ nocnedywwuM ycmaHobneHuem omkaoHeHUU om
nokazamenel HOPMbl KOPMAEHUS U MblweyHou akmubHocmu s3bika. Ha
ocHoBaHuu  npedBbapumenbHo  noanyyeHHsix  daHHbIX  BoiBedena
3aKOHOMepHocmb, nokaszabwas, 4mo Ha Bmopele  cymku  XU3HU
CHUXEeHue dabneHus A3bIKA cocmabuno 0,4 K2/CM3, 4ymo
coombemcmbyem  cHuxeHuw  odbemMa  kopMaeHus  Ha 2,02 Mn
omHocumensHo HopMbl 17,98  Ma [1, 2]. Ha nsamele cymku XusHu
Hadnwdanock npebBbiweHue HopMbl KopMaeHus Ha 1,02 Ma, nokasamens
dabnenua a3bika — 0,53 K2/CM34 [laHHbie omknoHeHust sBaswmca
He3HayumenbHeIMU, BAu3kuMu K HopMe. bBbino  BeigBneHo, 4mo
KOpMAeHUe uMeem 4Yeémkyl npozpeccubHyw duHamuky B meveHue 6
dHed HadnwdeHus.

bnazodapHocmu

Padoma BuinonHena npu noddepxke PHP u KH® zpawm 22-15-20069

Cnucok numepamypsl
1. Ckonbko cbedaem  Hobopox@eHHbU 3a  0JHO  KOpPMAEHUE
[3nekmpoHHbIG pecypc] // bedu. URL :
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https://www.bebi.ru/information/pitanie (dama odpauleHus:
25.03.2023)

2. BnusHue =2pydHoz0 Bckapmaubanus pedeHka Ha ezo pedveboe
pasbumue [3nexmponHeid  pecypc] // Cows npodeccuoHansHoi
noddepxku MamepuHcmba (CMMM) URL h’r’rpst//sppm.su/vliyanie—
grudnogo-vskarmlivaniya-rebyonka-na-ego-rechevoe-razvitie (dama
odpaweHus: 25.03.2023)

Features of the pressure of the tongue of newborns who are

breast-feeding and mixed feeding
"Plotnikova E. Yu.,, ?Murashkina T. |, 2 Badeeva E. A,
"Klimenko Ya. V., Istomina T. V., "Arutyunov A. V.,

2 Parshikova T. V.
"Kuban State Medical University
4 M Sedin str, Krasnodar, 350063, Russia
2 Penza State University, 440026, Russia, Penza, Krasnaya str. 40

? FSAOU NRU “Moscow Power Engineering Institute”

It is proposed to empirically determine the relationship between the
muscular activity of the newborn’'s fongue during sucking of fhe
mother’s breast and / or from a bottle, revealing the correlation
dependence of the sucked volume during one feeding. The following
will be entered info the established form: the volume of breast milk
and adapted formula, the duration and volume of feedings during
the day, followed by the establishment of deviations from the
indicators of the feeding norm and fthe muscular activity of the
tongue. Based on fthe previously obfained data, a patfern was
derived that showed that on the 2nd day of life, the decrease in
tongue pressure was 0.4 kg/cm’, which corresponds to a decrease
in feeding volume by 2.02 ml relative to the norm of 17.98 ml [1, 2].
On the 5th day of life, there was an excess of the feeding norm by
102 ml, the tongue pressure index was 053 kg/cm’. These
deviations are insignificant, close fo normal. It was found that
feeding has a clear progressive dynamics during 6 days of
observation.

Thanks

The work was carried out with the support of fthe RNF and KNF
grant 22-15-20069
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Ponb undpopMauuoHHozo obdecnedeHus B cucmeMe pasbumus
mypnomokob
AdusH [I. P, BuwHebeukas B. B.
HobBopoccuuckuu nosumexHuyeckud UHCmUmym @uauaa KYyoaHckozo
eocydapcmbernHozo mexHo02uYeckozo YHubepcumema
Hobopoccuuck, Poccus
email: Stas_14@rambler.ru

Cmpamezuyeckol uenblo noaumuku Pocculckol Pedepauuu do 2030 2.
abnsemcs pasbumue uugppobol 3koHOMuku u BHedpeHue ee Bo Bce
chepbl  XusHu 4enobeka, ¢ uenbl ocywecmbneHus npopbibHO20
pa3bumusa, ybenudveHus 4HucneHHocmu HaceneHus, nobblweHus ypobHs
XU3HU, co3daHus KoMpopmHbix ycnobul dns 2paxdaH, @ makxe
packpeimus  manaHma  kaxdozo 4Yenobeka. C  kaxdeiM  20doM
nosbnasemcs macca HOBbIX usodpemeHud, cBA3aHHbIX C
uHHoBauuoHHLIMU MexHonozusMu, oHU cywecmbBenHo ycobepwencmbywom
HOWY XU3Hb U yayyqwawm ycnoBua nonyyeHus uHpopmauuu B
cobpemeHHoM Mupe, nockonbky umeim B cBoeu ocHobe peanusauuu
docmuxeHul HOYYHO-MEXHUYECK020 npozpecca, sabnswmes
cywecmberHbiMu ¢dakmopaMu dns noBblweHUs KOHKYpEHMOoCnocodHocmu
nwdol ompacau, B yacmHocmu, makod kak mypusMm [1].

B nocnedHee bBpemMs mypusM noayyun 3Ha4yumenbHoe pasbumue B
Poccuu u cman maccoBbiM  couuanbHo-3KOHOMUYeCKUM  abBneHueM
mMexdyHapodHozo Macwmada. beicmpoMy ezo pasbumuw cnocodcmbyem
pacwupeHue NOAUMUYECKUX, 3KOHOMUYECKUX, HAYYHbIX U KYAbMUpHbIX
cbsaseu mMexdy zocydapcmbamu u Hapodamu Mupa. MaccoBoe pasbumue
mypusma no3bonsem MunauoHaM Awded pacwWupumb  3HAHUS  NO
ucmopuu cBboezo Omevecmba u Opyaux CMPaH, NO3HAKOMUMbLCA C
docmonpuMeYamensHOCMAMU, Kyabmypod, mpaduuusaMu mod uAu uHod
CMpaHbl, KOHEYHO xe, omdeix donxeH conpoBoxdambca nezexdod,
ucmopuel u u3iMuHkoU. TypusM okassibaem BausHue Ha coxpaHeHue
u pasbumue KkynbmypHozo nomeHuuana, Bedem k 2apMoHU3aAUUU
OmHOWeHUU Mexdy Pa3/AUYHLIMU CMpAHAMu u Hapodamu, 3acmabnsem
npaBumenscmba, odwecmBenHbie  Op2aHU3AUUU U KOMMeEpYeckue
cmpykmypel  akmuBHo  yvacmbBobame B dene  coxpaHeHus U
03dopobnerus okpyxawueld cpedsl [1].

bonbwyw ponb B  uHdopmauuoHHoM  odecneyeHuu  pasbumus
mypnomoko® B Hacmoswee Bpema uzpawm QR-kodsl. Ux BHedpeHue,
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Kak u psada dpyzux adanmupoBaHHbix K cobpeMeHHbiIM mpedobaHusaM
MOBUAbHBIX NPUNOXEHUU 3HA4YUMenbHO pacwupsem no3HabamenbHble
BosmMoxHocmu  mypucmoBb, komopble nymewecmbylm, MakcuManbHO
yyumeibas ux cydbekmubHble npednoYymeHus. TpedobaHus
cobpemMeHHo20 nompedumens mypucmuyeckoz0 PbiHKG odycnobaubawm
NouCKU HOBbIX nodxodob  « 0P20HU3AUUU  3KCKYPCUOHHOU
deamenbHocmu, B yacmHocmu akmuBHO20 NpuMeHEHUS UHHOBAUUOHHbIX
mexHonozul. Mx npuMeHeHue umeem uenbl co3daHue Hobozo unu
mModuduuupobaHHozo npodykma, KomopblU npednazaemcs
nompedumenio, ycobepwencmbobaHHoz2o kavecmBa u accopmumeHma,
nymemM BHedpeHus UHPOPMAUUOHHLIX MexHoA02ul U coBpeMeHHbIX
$opM opzaHu3auuoHHo-ynpabneryeckol deamenbHocmu. CMeica 8aHHOU
mexHonozuu 3aknwyaemcs B npedocmaBneHuu mypucmaM U 20CcMAM
Hawed cmpaHel/20poda  UHGopMauuu, MapkupoBanHod QR kodamu,
komopasa Oydem oxBambiBamb pasHbie cdepb, HANpPuMep: UCMOPUID,

2eozpadut, apxumekmypy, mypucmuyeckue Knacmepbl,
odpasobamenbHble  UHCMUMYMb, @  mMakxe  wpuduyeckyw U
ncuxonozuyeckyw nomouts [3].

Lenb uHdopMauuoHHoz2o oBecnedeHus — npedocmabumb 2o0cmAM

docmyn K uHdOpMAUUU 08 UCMOPUU U OKPYXAHWWEM KYAbMUPHOM
Hacneduu, O MUPUCMUYECKUX KAOCMEepax, OMKPbiMb 0nf Hux Hobble
MmypucmuYyeckue MApwpymbl, NOKa3amb cnekmp odpasobamensHbix
yypexdeHul, npu Heodxodumocmu damb Bo3MoxHocmb Bbicmpozo
docmyna K wpuduyeckod u dpyzol nomoutu [2].

WHmepecyowynw uHpopMauulw MOXHO noay4ums, npockaHupobab QAR-
kod ModunbHbIM menepoHoM. pu 3moM, ocywecmbnsemcs nepexod Ha
cneuuansbHell cadm, 20e dydem docmynHa UHPOpMAUUS O MOM UAU
UHOM uHmepecywu.em Bonpoce unu  odbekme, a makxe NoGpodHbIU
mMapwpym, HoMepa menedoHoB, omBemcmbeHHble nuuag, u Bce 3mo npu
noMowu coBpeMenHbix |T-mexHonozul [4].

B  HobBopoccuickoM nonumexHuveckoM uHcmumyme B  daHHOM
HanpabneHuu akmubBHo padomaiwm cmydeHmbl HanpabneHus
nodzomobku  «CmpoumenscmBo». Onu  codupawm  uHdopMauug,
OMHOCAWYKCH K Uucmopuu 2opoda, €20 apxumekmype, @ CMYSeHmbl
HanpabneHus «[lpozpamMmupobaHue B KOMNblOMEpPHbLIX  CucmeMax»
noMozaiwm eeé cmpykmypupobamb u co3damb  UHGOPMAUUOHHYIO
0dono4ky 319 Npakmu4eckozo npuMeHeHus [5].

OpzaHusauus BupmyansHeix mypob, Ha coBpemeHHom 3mane, cmana
UHMEepecHsIM U NpuHUunuansHo HobbiM peweHuem B opzaHu3auuu
mypnomoka B npedocmabneHuu nodpodHol HaznAsCHOU uHdoOpMauuu.
Takue mypbl  co3dam Yy 4Yenobeka «3dppekm npucymcmBus»,
noMozawm cpopmupobamb odbekmubHyw kapmuwky u cdenamb
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npabunbHeid  Beidop B mMomubauuu u  odnacmu  3HakomcmBa ¢
HobBopocculckom. Cnedyem omMemumb, 4mo cyuecmbeHHbIM
npeumywecmBom  BupmyanbHbix  3kckypcul-mypob  abasemca  ux
docmynHocmb  — He3aBucumo om Bo3pacma, cmpaHsl npedbiBaHug,

¢uHaHcobbix Bo3MoxHocmed, couuansHozo cmamyca u m.d, B ydodHoe
Bpems, He Beixods u3 doma [6].

PesynbmamubHocme daHHoz0 npoekma HanpabneHa Ha ¢opmupobaHue
u BocnumaHue KYAbMYPL, UCMOPUYECKUX 3HAHUU, NAMpuOmu3Mg,
npubumus cmydenmam nwdbu K KYnbMYpHOMY Hacnedulw, PACWUPEHUR
MupoBo33perus nwded pasHeix nokoneHud [7].
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The role of information support in the system of fourist flows
development
Adiyan D. R, Vishnevetskaya V. V.
Novorossiysk Polytechnic Institute branch of Kuban State
Technological University, Novorossiysk, Russia

The strategic goal of the policy of the Russian Federation until
2030 is the development of the digital economy and its infroduction
into all spheres of human life, with the aim of implementing
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breakthrough development, increasing the population, improving living
standards, creafting comfortable conditions for citizens, as well as
revealing the talent of each person.

Every year there are a lot of new inventions related fo innovative
technologies, they significantly improve our lives and improve the
conditions for obtaining information in the modern world, since they
are based on the implementation of scienfific and fechnological
progress, are essenfial factors for increasing the competitiveness
of any industry, in particular, such as tourism.

Recently, fourism has received significant developmenft and has
become a massive socio-economic phenomenon on an international
scale. Ifs rapid development is facilifated by the expansion of
political, economic, scientific and culfural ties befween countries and
peoples of the world. The massive development of fourism allows
millions of people to expand fheir knowledge of fthe history of their
homeland and ofher countries, to get acquainted with the sights,
culture, traditions of a parficular counfry, of course, the rest
should be accompanied by a legend, history and raisin. Tourism has
an impact on the preservation and development of cultural
potential, leads to the harmonization of relations between different
countries and peoples, forces governments, public organizations and
commercial sfructures fo actively parficipate in the preservation
and improvement of the environment.

QR codes currently play an important role in providing information
for the development of fourist flows. Their implementafion, as well
as a number of ofher mobile applications adapted to modern
requiremenfs, significantly expands the cognitive capabilities of
tourists  who travel, faking info account their subjective
preferences as much as possible. The requirements of the modern
consumer of the fourist market determine the search for new
approaches to the organization of excursion activities, in particular,
the active use of innovative technologies. Their application is aimed
at creating a new or modified product that is offered to fthe
consumer, improved quality and assortment, through the infroduction
of information fechnologies and modern forms of organizaftional and
managerial activities. The meaning of this technology is fo provide
tourists and guests of our country/ city with information marked
with QR codes, which will cover different areas, for example:
history, geography, architecture, fourist clusters, educational
institutions, as well as legal and psychological assistance.

The purpose of information support is fo provide guests with
access tfo informafion about the history and surrounding cultural
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heritage, about tourist clusters, to open new fourist rouftes for
them, to show a range of educational institutions, if necessary, to
provide guick access fo legal and ofher assistance.

The information of interest can be obtained by scanning the QR
code with a mobile phone. At the same time, a transition is made to
a special website where information about a particular issue or
object of interest will be available, as well as a detailed roufe,
phone numbers, responsible persons, and all this with the help of
modern IT technologies.

At the Novorossiysk Polytechnic Institute, students of the training
field “Civil engineering” are actively working in this direction. They
collect information related fo the history of the «city, ifs
architecture, and studenfs of the direction “Programming in
computer systems" help to structure it and create an information
shell for practical use.

The organization of virtual tours, at the present stage, has become
an interesting and fundamentally new solufion in organizing the
tourist flow in providing defailed visual information. Such fours
create a “presence effect” for a person, help tfo form an objective
picture and make the right choice in motivation and the area of
acquaintfance with Novorossiysk. It should be noted that a
significant advanftage of virtual guided tours is fheir availability -
regardless of age, country of residence, financial capabilities, social
status, efc, at a convenient fime, without leaving home.

The effectiveness of fthis project is aimed af the formation and
education of culture, historical knowledge, patriotism, instilling in
studenfs a love for cultural heritage, expanding the worldview of
people of different generations.
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U3MepeHue koHuenmpauuu napof deHsona u moayona aHaAU3AMOPOM
napo® pmymu [A0I-07
Tamyp B. B, Tuxomupob A. A.

HHCmumym MOHUMOPUHZA KAUMAMUYECKUX U 3K0/02UYECKUX CUCMEM
Ludupckozo omdenerus Pocculckod akademMuu Hayk,
634055, Poccus, 2. Tomck, np. Akademuveckud, 7[7/3’

e-mail: tatur@imces.ru, tikhomirov@imces.ru

B [1 omMedewo, umo uyybcmbumenbHocms aHanuszamopa pmymu (Hg)
PA-915M/PN-91HT (Ha ocHobBe npodonbHozo 3pdekma 3eemana) dns
onpedeneHus amomapHol pmymu B cocmabe npupodHozo zasza (M)
ozpaHuyeHo npucymcmbuem B cocmabe [ makux npuMecHbix 2a30B
kak C¢He, H,S, SO, u dpyzux, nonock NO2/A0WEHUS KOMOPLIX nonadawm
HO  AUHUU  u3AyyeHus  adaausamopa  (Ag = 253,7 HM).  Hamu
nokasaHo [2], umo awanuzamop [0M-07 (Ha ocHoBe nonepeyHozo
3¢ppekma 3eemaHa) B MeHbwel cmeneHu nodbepxeH BausHul makux
npumecHbix  2a308. B doknade  npedcmabneHsl  pe3ynabmamsl
3KCNepuMeHmanbHou oueHku BausHus Bensona (CHy) u monyona
(C4HsCH;) Ha u3sMepeHue koHuewmpauuu napob Hg B aHanuzamope
N0r-07. B u3MepumensbHyiw kwbemy [0M-07 nocnedobamensHo
BBodunuce napsl Hg onpedeneHHol koHueHmpauuu, a 3amem napsl CgHg
unu  CgHsCH;. TokasaHo, 4mo npu Qdodabnenuu 3mux 2a308 B
koHueHmpauusix do 10 mz/M’, 2de yxe Haxodsmcs napsl Hg (Sonee
30 uz/M’), owudku b usMepeHuu kKoHueHmpauuu Hg He Hadnwdanocs.
OueHeHnbl pesynsmamsl BbedeHus & usmepumenbHyw kwbemy A0M-07
napob C,H, unu CHCH;, komopele no-pasHomy Bausiom Ha pesynbmambl
usMepeHul aHanusamopa. Moka3saHo, 4ymo nor-o7 npu
coombemcmbywwed kanudpobke Moxem Bbimb ucnonb3obaH  dnd
usMepeHus koHueHmpauuu napob CHy B Bosdyxe.
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Analyzers Based on the Zeeman Effect // Atmos. Ocean. Opt. 2022.
V. 35 Suppl. 1. P. S153-S157.

Measurement of the concentration of benzene and toluene vapors
by the mercury vapor analyzer DOG-07
Tatur V. V., Tikhomirov A. A.
Institute of Monitoring of Climatic and Ecological Systems SB RAS,
634055 Russia, Tomsk, Akademicheskii ave. 10/3

It was noted in [1] that the sensitivity of the mercury (Hg) analyzer
RA-915M/RP-9ING (based on the longitudinal Zeeman effect) for
the measurement of atomic mercury in fthe composition of natural
gas (NG) is limited by the presence in the composition of NG of
such impurity gases as CH, H,S, SO, and others, the absorption
bands of which fall on fhe emission lines of the analyzer
(A; = 253.7 nm). We have shown [2] that the DOG-07 analyzer
(based on the transverse Zeeman effect) is less affected by such
impurity gases. The report presents the resulfs of an experimental
evaluation of the effect of benzene (C(H;) and toluene (C(HsCH;) on
the measurement of the concentration of Hg vapors in the analyzer
DOG-07. The certain concenfration of Hg were sequentially
introduced in the measuring cell of the analyzer 0D0G-07, and then
vapors of C¢He or C,HsCH;. It is shown fhat when adding these gases
in concentrations up to 10 mg/m’, where Hg vapors are already
presenf in concentrations of more than 30 ng/m3, no error was
observed in measuring the concenfration of Hg. The results of the
introduction of CH, or CH;CH; vapors into the DOG-07 measuring
cell, which differently affect the measurement results of fthe
analyzer, are evaluated. It is shown that DOG-07, with appropriate
calibration, can be used to measure the concentration of benzene
vapors in fthe air.
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MNpuMeHeHue na3epHozo ducdpoMempa 8ns onpedeneHus KuHemuveckou
3Hepauu ocadkoB, Beinadawwux b Bude doxds
Tuxomupob A. A, Kanb4uxun B. B, Kod3eb A. A
HHCmumym MOHUMOPUHZA KAUMAMUYECKUX U 3K0/02UYECKUX CUCMEM
Ludupckozo omdenerus Pocculckod akademMuu Hayk,
634055, Poccus, 2. Tomck, np. Akademuveckud, 7[7/3’
e-mail: tikhomirov@imces.ru, vvk@imces.ru, kaa@imces.ru

WHdopmauus o nomokax KuHemu4eckol 3HEpzuu, nepeHocuMol
BoinadawwumMu amMocdepHeiMU ocadkaMu BaxHa Npu peweHuu MHOZ2UX
HaQY4Ho-npakmuyeckux 3aday. B 4Yacmuocmu, BaxHyw ponb 3mu
daHHble uzpawm npu npozHo3upobaHuu nocnedcmbul nubrebol 3po3uu
noyd [1.  Kunemuyeckas 3Hepzus (AF) doxds onpedensemcs
duaMempoM U MEPMUHAABLHBIMU  CKOPOCMAMU  OMAEANbHbIX  KANe/b.
MpaAMble u3MepeHus daHHbIX xapakmepucmuk Bcmpevawmes kpadHe
pedko, NO3MOMY KuHemu4eckas 3Hepzaus o0dbl4HO oueHubaemcs ¢
ucnonb3obaHuem  3Mnupudeckux  Modenel, cbBasebawnwux AL
uHmeHcubHocmblo  BeinadeHus ocadkob [2]. Mpu  3moM  dawHbie o
BenuquHe  nonyyawmca  Audo  u3  pesynbmamoB  usMepeHul
UHMezpanbHelX xapakmepucmuk ocadko®, nudo paccyumsiBawmes Ha
ocHoBe pacnpedeneHus kanens doxds no pasmepam (drop size
distribution - 0SO). 0Dns pacyemob [0SO B psde cnyyaeb
NPUMEHSIOMC S MUKPOCMPYKMYPHble XOQpakmepucmuku ocadkob,
nonyyaembie ¢ nomowbkw  ducdpomempoB  pasnuyHozo  muna.
Paspadomanubit & MMK3C CO PAH nasepHeid ducdpoMemp nosbonsem
He monbko noay4amb LOJSL, Ho u HenocpedcmBeHHo u3Mepsimb
duaMempbl U MepMuHanbHbie ckopocmu nadeHus doxdebbix kanenb. B
doknade npedcmabnensl  pesynbmambl  N0JOdHLIX  U3MepeHul U
npodeMoHcmpupobarbl  Bo3MoxHoCMU nNpuMeHeHus daHHO20 npudopa
8ns onpedeneHus KuHemu4eckoU 3Hepzuu doxdeBbix ocadkob.
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Using a laser disdrometer to determine the kinetic energy of
precipitation that falls as rain
Tikhomirov A. A, Kalchikhin V. V., Kobzev A. A.
Institute of Monitoring of Climatic and Ecological Systems SB RAS
634055 Russia, Tomsk, Akademicheskii ave. 10/3

Information about the fluxes of kinefic energy carried by
precipitation is imporfant in solving many scientific and practical
tasks. In particular, these data play an important role in predicting
the consequences of storm soil erosion [1]. The kinefic energy (A¥)
of rain is determined by the diameter and terminal velocities of
individual droplefs. Direct measurements of these characteristics
are exfremely rare, so fthe kinefic energy is usually estimated using
empirical models that relate A¥ to precipitation intensity [2]. In this
case, the data on the value of / are obtained either from the
results of measurements of the infegral characteristics of
precipifation, or calculated from the size distribuftion of raindrops
(drop size distribution - JS[). For OSO calculations, in a number of
cases, microstructural characteristics of precipitations obtained with
disdromefers of various fypes are used. The laser disdrometer
developed at the IMCES SB RAS makes it possible not only to
obtain U5, but also to directly measure the diamefers and ferminal
velocities of raindrops. The report presenfs the results of such
measurements and demonstrates fhe possibilities of wusing this
device to determine the kinefic energy of rainfall.
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U3y4eHue ceucModedpopMauuoHHeix sbneHul cucmemod
npocmpaHcmBeHHo pasHeceHHbIX NasepHbix uHmeppepoMempob
* Anekcandpob [l. B., Aydpob M. H.
PpasuHCcKUU puauan MHCMUMYMa paduomexHuKy U 3/EKMPOHUKU UM.
B A. KomensHukoba PAH
1417190 Poccus, 2. $pssuHo Mockobeckou 0dn, nsa. Bbedexckozo, 1
email: * diman1234@list.ru

MNposbneHue celcMuyeckol akmuBHocmu 3emau Boipaxaemcs B wupokoM
pasHoodpasuu ¢opm dBuxeHus u dedopmauul ee nobepxHocmu u
2nyBuHHbix  cnoeb. CmaHdapmHbIU CeUCMONPUEMHUK, PacnonoxeHHbIl B
KakoU-nudo moyke Ha nobepxHocmu 3emMAu, Uu3Mepsem  CMeweHue
(ckopocmb,  yckopeHue) daHHOU MOYKU U onpedensiem  NOKQ/bHblE
dbuxeHus 3eMHoU nobepxHocmu  B3nusu  3moUu  mouyku.  /lasepHsbid
uHmepdepoMemp, npuMeHsieMblU B kavecmbe NPeUU3UOHHO20
dedopMozpada,  u3Mepsem  pasHoCMb  CMeweHul  dbyx  movyek,
pasHeceHHblx B npocmpaHcmbe Ha dauny nneda L — usMepumenbHo20
dasuca uHmepdepomempa. [lonydeHHbil pe3ynbmam usmepeHus dbL ¢
00HOU cmopoHbl xapakmepu3yem dBuxeHue yxe Hekomopou odnacmu B
BepxHeM cnoe 3emau do 2nyduHbl nopsdka L, a ¢ dpyzol cmopoHbl -
abnsemca  dudpdpepeHuuanoM, NPONOPUUOHAALHLIM  npocmpaHcmBenHol
npousbodHol nons cMeweHud, m. e. sbnsemca kadvecmbenHo HoBoU
¢usuyeckol BenuyuHou, npakmuyecku He ucnonb3yemol do cux nop B
coBpemenHod  celicMonozuu.  MaMepenHas dedopmauus e = dL/L u
cocmabasem  Benuduny nopsdka e ~ 10°7-10“" 8na  MuHUMAABHbIX
aMnAumyd, paspewaeMblx CMAHGAPMHbIMU CeUCMONPUEMHUKAMU U Haudonee
cobBepweHHbiMu  nasepHbMu  dedopMozpadamu 1. 3pdpekmubHocmb
uHmep¢pepomMempob-depopmozpadod Moxem Bbimb noBbiweHa nymeMm ux
npocmpaHcmbenHozo pasHeceHus. [lBa cunxponHo padomanwue npudopa
Ha paccmosiHue nopsdka 10? kv dpyz om Bpyza uyBcmbBumenbHbl K
dBuxeHusM 3eMHoU Kopbl Ha 2nyduHax Bnaomb do 30HB Moxopobu4yuya u
cnocodHbl 3apezucmpupobamb 2eo¢usuyeckue NPOUECCH Pe2UOHANLHOZ20
macwmada. [lpu pasHeceHuu uHmepdepoMempob Ha paccmosiHus nopsidka
10%-10“ km B 30Hy ux YybcmBumenbHocmu  Bxodsm  npoueccs
2nodanbHeix  Macwmadob, 3ampazubawwue 2nyduHHble cnou  3Jemau, a
makxe BosmMyweHnus B 3emHod ammochepe u  Mupobom okedHe.
MNpedcmabnsembie  pesynbmamsl  oxbameiBawom  20-nemHuld  nepuod
HadnwdeHud, BeinonHeHHbix B 2003-2023 2. nasepHeiMu dedopMozpadamy,
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ocHoBaHHbIMU Ha dByx dasobbix cxemax: ModudpuuupobarHbil dByxny4ebol
uHmepdepoMemp  MalkenbcoHa ¢ npocmpaHcmbeHHbIM  pasHeceHueM
NPsMO20 U OMPAXEHHO20 Ny4kod U  mpex3epkanbHbIU  Nasep-
uHmep¢epoMemp ¢ onmuyeckol odpamHol cbssbi. Mcnonb3yeMbie Memodsl
U usMepumenbHble ycmpoucmBa odecnevubanu  uHcmpymeHmanbHoe
adconmHoe paspeweHue 0,1-0,001 HM Ha u3MepumenbHbiX Ba3ucax om
eduHuu do comeH Mempob. WHmepdepomempbl ycmaHabaubanuck B
Yyemblpex NUYHKMax HadnwdeHus, PpacnonoxeHHelx B  pasnuyawwuxcs
ceUCMO-MEKMOHUYECKUX U 2eonoz2udeckux  3oHax. [lBa  nywkma
HadnwdeHus pacnonoxeHsl B acedcMuyveckou 30He MockoBckol cuHeknu3bl
(n. ®psAsuHo u n. OBHUHCK - paccmosiHue Mexdy ycmaHobkamu okono
140 kM). MMonyyeHHble daHHble  conocmabrisiomess € pesyabmamamu
usMepeHuU, BbinoaHeHHbIX na3epHbIMu uHmepdpepoMempamu B dbyx dpyaux
yoaneHHblX HA paccmosiHus  6-7 mbic. KM nyHKkmax HadnwdeHus: B
npudpexHol 30He HnoHckozo Mops [2] u B 30He mekmoHuYeckozo
pasnoMa y BocmouyHozo  noBepexss  Kamuamku [3].  Pesynsmamsl
NapannenbHO20 GHAAU3A NOAYYEHHbIX BaHHLIX Nokasbibawm Bo3MoxHocmb
NpuMeHeHus npednoxeHHoU Memoduku 0ns pas3deneHuss NOKAAbHbIX U
2nodanbHeix  Bosmywerud, Bei3bibaeMbix  MOWHBIMU - 2e0¢u3uYeCcKUMU
abneHuSMU - 3eMnempsceHUsIMU, YpazaHaMu u dpyzuMu Npoueccamu.
Padoma BeinonHeHa & pamkax locsadaHus MP3 um.B.A.KomenbHukoba
PAH.
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Study of seismic-strain phenomena by system of spatialy distanced
laser interferometrs
Aleksandrov D. V., Dubrov M. N.
Fryazino Branch of the Kotel'nikov Institute of Radioengineering and
Electronics of the Russian Academy of Sciences

The manifestation of the Earth's seismic activity is expressed in a wide
variety of forms of movement and deformation of its surface and deep
layers. A standard seismic receiver located at any point on the earth's
surface measures the displacement (velocity, acceleration) of this point
and determines the local movements of the earth's surface near this
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point. A laser inferferomefer used as a precision strainmeter measures
the difference in the displacements of two points spaced apart in
space by fhe length of the arm L - the measuring basis of the
interferometer. The obtained measurement result dL, on the one hand,
characterizes the motion of a certain area in the upper layer of the
Earth to a depth of the order of L, and, on the other hand, is a
differential being proportional to the spatial derivative of the
displacement field, ie. is a qualitatively new physical quantity,
practically not used until now in modern seismology. Measured strain
e=dl/L and is about e ~ 10°2-10“" for the minimum amplitudes
resolved by standard geophones and the most advanced laser
strainmeters [1]. The efficiency of interferometer-strainmeters can be
increased by their spafial separation. Two synchronously operating
instruments at a distance of about 10% km from each other are
sensitive to the movements of the earth’'s crust af depths down to
the Mohorovichich zone and are able to register geophysical processes
on a regional scale. When the inferferometers are separated by
distances of the order of 10®-10% km, their sensitivity zone includes
global-scale processes affecting the deep layers of the Earth, as well
as disturbances in the Earth's atmosphere and the World Ocean. The
presented results cover a 20-year period of observations performed in
2003-2023 by laser strainmefters based on two basic schemes: a
modified two-beam Michelson interferometer with spatial separation of
the direct and reflected beams and a three-mirror laser-
intferferometer with opfical feedback. The methods and measuring
devices used provided an instrumental absolute resolution of 0.1-
0.001 nm on measuring bases from units fo hundreds of meters. The
interferometers were installed at four observation points located in
different seismotectonic and geological zones. Two observafion points
are located in the aseismic zone of the Moscow syneclise (Fryazino and
Obninsk — the distance between the installations is about 140 km). The
data obftained are compared with the results of measurements
performed by laser interferometers at two other observation points
remote at a distance of 6-7 thousand km: in the coastal zone of the
Sea of Japan [2] and in the zone of a tectonic fault off the eastern
coast of Kamchatka [3]. The results of a parallel analysis of the
obfained dafta show the possibility of using the proposed method to
separafe local and global disturbances caused by powerful geophysical
phenomena - earthquakes, hurricanes and other processes.
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W3mepeHue Beidpocob 3azpasHsawwux bewecmb cydoBeiMu
3HepzemuyeckuMu ycmaHobkamMu MemodoM nasepHozo 3oHdupobaHus
" Tupkun B. A, Wznamenko T. B, Benseb B. B, 3udko C. C,
lpskanob H. A, ApymioHan C. A
locydapcmbernsiy Mopckou yHubepcumem uM. adm. @. @. Ywakxoba,
353924, Poccus, 2. HobBopoccuuck, np. /lenura, 93
email: “turvla@mail.ru, ignatencko.georg@yandex.ru, bv80@yandex.ru,
1992sergeyz®@mail.ru, gryakalov1989®@yandex.ru,
swetadobritskaya@gmail.com

CoznacHo mpedoBaHusM MexdyHapodHod KowBenuuu MAPMOA 73/78
cydobnadenbubl 0da3aHbl kKoHmpoaupobamb Bbidpockl ¢ ompadomabwumu
2a3aMu  cydoBeix 3Hepzemuyeckux ycmaHoBok (C3Y) makux BpedHsix
Bewecmd, kak okcudsl yznepoda (CO, C0,), okcudsl azoma (NO, NG,),
okcudsl cepsl (SO, SO,). Ha dawHbll MoMeHm Ha cyddx MPAHCNOPMHOZ0
¢noma 3ada4a no koHmponw Beidpocob ykasaHHbix BpedHeix Bewecmb
pewaemcs  nymeM  nepuoduyeckozo  3aMepa  UX  KOHUEHmpauuu
NEpPeHOCHbBIMU  aHanu3damopamu 2as30b (Hanpumep, testo 350). Takou
nodxod He nosbonsem abmomamuyecku B pexuMe peanbHozo BpemeHu
koHmponupobamb  KoHUueHmMpauuu ykaslaHHbix  BpedHbix  BLidpocob B
nomoke ompadomaBuwux 2a30B, dBuxywuxcs B 2a3oxodax 3nemeHmoB
(3Y. PacwupeHue Bo3MoxHocmed KoHMpoAs 3azpsasHeHus BosdywHou
cpedsl ¢ cydod nocpedcmBom npednazaemcs pewums peanusauued
nasepHozo0 Memoda U3MepeHus KoHueHmpauuu BpedHbix Beidpocod B
nomoke ompadomaBuwux 2a30B, dBuxywuxca B 2a3oxodax 3nemeHmob
C3Y. [lpednazaeMmbil nasepHbIU  U3Mepumenb KOHUeHmMpauuu BpedHbix
BewecmBd B nomoke ompadomaBuwux 2a308 C3Y codepxum uCMOYHUK
usnyyeHus B Bude nasepa, npaMoyzonbHyw € Bo3MoxHocmbl noBopoma
Na3epHO20 U3ny4eHus Ha 90 2padycob Mmpey20/bHyt
NPU3MY,pacnonoxeHHble HAa odHOU onmuYeckolU OCU HA paccmosHuu dpyz
om dpyza codupawwyn U GOKYCUPYILWYKW AUH3bI, UHMEPPEPeHUUOHHbIU
cbemodunbmp € MaKCUMYMOM nNponyckaHus Ha dnauHe BoAHbI  nonocel
komduHauuoHHo20 paccesHus cBema Monekynamu BpedHsix Bewecmb,
¢pomonpueMHUK, nnamy cdopa BaHHLIX, KOMNbKMEp C CNeuuanu3upobaHHsIM
npozpaMMHbiM - odecneyeHueM. [lpednoxeHa cxema cydobol nasepHou
cucmeMsl MOHUMOpUH24, Komopas no3bonsem ocywecmbasmb
HenpepblBHLIL  KOHMPOAL  KoHueHmpauuu BpedHbix Bewecmd, pewams
3ada4u KOHMPOAS U CHUXeHUs mokcuyHocmu ompadomabwux 2a306.
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NaszepHas cucmema Moxem padomamb kKak aBmoHoMHo, mak u Bo
B3aumodelcmbuu ¢ dpyaumu NOKaAbHLIMU cucmeMaMu dudzHocmupobaHus,
a makxe B cocmaBe komnaekcHou cucmemsl aBmoMamuku U KOHMPOAS
MEeXHUYeCKo20 cocmosiHus 3nemeHmob C3Y.

Measurement of pollutant emissions from ship power plants by laser
sensing
Turkin V. A, Ignatenko G. V., Belyaev V. V, Zubko S. S,
Gryakalov N. A, Arutyunyan S. A
State Maritime University named affer Admiral F. F. Ushakova,

According to the requirements of the International Convention MARPOL
73/178, shipowners are obliged fo control emissions from the exhaust
gases of ship power plants (SPP) of such harmful substances as
carbon oxides (CO, CO2), nitrogen oxides (NO, NO2), sulfur oxides (SO2,
S03). At the moment, on ships of the fransport fleet, the task of
confrolling emissions of these harmful substances is solved by
periodically measuring their concentration with portable gas analyzers
(for example, testo 350). This approach does not allow automatic real-
time monitoring of the concenfrations of these harmful emissions in the
flow of exhaust gases moving in the gas ducts of the elements of the
power plant. It is proposed to solve the expansion of the possibilities
for confrolling air pollution from ships by implementing a laser method
for measuring the concentrafion of harmful emissions in the exhaust
gas flow moving in the gas ducts of the SPP elements. The proposed
laser meter for the concentration of harmful substances in the flow of
exhaust gases of the SPP contains a radiation source in the form of a
laser, a rectangular triangular prism with the ability to rofate laser
radiation by 90 degrees, collecting and focusing lenses located on the
same optical axis at a distance from each ofher, an interference filter
with maximum fransmission af the wavelength of the band of Raman
scaftering of light by molecules of harmful substances, a
photodetector, a data acquisition board, a computer with specialized
software. A scheme of a ship's laser monitoring system is proposed,
which allows continuous monitoring of the concentration of harmful
substances, solving the problems of monitoring and reducing the
toxicity of exhaust gases. The laser system can operafe both
autonomously and in cooperafion with other local diagnostic systems,
as well as as part of an integrated system of automation and
monitoring of the ftechnical condition of the SEU elements.
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llucmaHuuoHHoe u3MepeHue cyMMapHOU KOHUEeHmpauuu Memada B
2a3o0boM cbippe MemodoM dudpdepeHuuansHozo noznoweHus UK
u3ny4eHus
' ABnsiz0B 3. K, 2 ABdoHbkun A. C, 2 Bacunbed A. O,

2 Capbiveb W. A, ?Yapmud M. B, *?* llemanun B. T.
"TocydapcmbBenHbll Mopckod yHuBepcumem uM. adm. ®. ®. Ywakoba,
HobBopocculck, Poccusg,

2 Hobopoccudckul noaumexHudeckuld udcmumym (duauan) KydaHckozo
2ocydapcmBeHHo20 mexHonozu4eckozo yHubepcumema,

3 ®unuan benzopodckozo zocydapcmBeHHo20 MEXHON02UYECKO20
yHubepcumema umeHu B.I'. Wyxoba & Hobopoccuucke
e-mail: * vshemanin@mail.ru

MNpodnema ka4yecmBa okpyxawwezo amMochepHozo Bosdyxa Ha
npednpuamusax MOPCKO20 MpaHcnopma, cBA3aHHO20 C XpaHeHueM U
mpaHcnopmupobkol 2a3a, He¢pmu u Hepmenpodykmod, nepewno B
paspsad makux xe npodneM, kak u B Hepmezaszobol ompacau [1-3].
OcHobHbIM  ucmoyHukoM Bo3dywHbix Beidpocob Ha npednpusamusx
Hepmeza3obol ompacau sabnswmcs ucnapeHus Hepmenpodykmob Bo
BpemMs xpaHeHus u cnubHo-HanubHbix onepauul. [pouecc ucnapeHus
npoucxodum npu nwdolu memnepamype BcnedcmBue  mennobozo
dbuxeHus Monekyn Heomenpodykma. B zepmemuyHoMm pesepbyape
npouecc ucnapeHus npoucxodum 8o mex nop, noka 2asoboe
npocmpaHcmBo  eMkocmu  xpaHeHus Had  xudkocmbl  He  dydem
30N0/HEHO HacblweHHsIM napoM. Lenblo Hacmosweu padomsl sbnsemcs
paspadomka nasepHol cucmeMsl dudpPepeHuUanbHO20 nozaouweHus B
cpedHed odnacmu MK cnekmpa noznoweHus 818 GUCMAHUUOHHO20
U3MepeHus CYMMApHOU KoHueHmpauuu npedenbHbix Yznebodopodod B
Bo3dywHbix BLIBpocax Npu XxpaHeHuu U mpaHcnopmupobke Hedmu U
Hepmenpodykmob [3, 4] Mpu 3MOM pewanuck Bonpocsl
Memponozu4eckozo odecneveHus npednazaemozo Memoda [4]. C 3mol
Uenbl 3KCNEPUMEHMAAbHble U3MEepeHUs CYMMApHOU KOHUEHMpauuu
HacblweHHelx napo® npedenbHbix yznebodopodod Bbin BeinoAHeHs dns
pa3nuyHbix copmob He¢mu Ha nadopamopHou cucmeme U cpabrubanuck
C pesynbmamaMu u3MepeHuu MemodoM 2a3obou xpomamozpaduu.
BbinonHeHa oueHka NOZpPEWHOCMU CUCMEMbl, O 3KCNepUMEHMANbHbIe
U3MEepPeHUs CYMMapHoOU KoHueHmpauuu npedenbHbix Yyznebodopodob
pasnau4Hol Hedému nosbonsiom  3akKAl0YUMb, 4MO  NPedN0XeHHas
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cucmema nosbBonsem nony4amb pe3ynbmamsl U3MepeHuld cyMMapHoU
KoHueHmpauuu MemaHa B npedenax ycmaHoBneHHou omHocumensHoU
nozpewHocmu 25 % U duanasoHe KoHuewmpauuu do 60 2/M’.
MNpuMeHeHue makoU cucmeMbl QuddepeHUUdnbHO20 noz2aoweHus B
cpedHed odnacmu MK cnekmpa noznoweHus no3Bonum BeinonHsmb
abmomMamuyeckul HenpepblBHbBIU MOHUMOPUH2 KOHUEHMpauuu MemaHa b
peansHoM BpemeHu c uensi ynpabneHus MeXHONO2UYECKUM NPOUECCOM
Ha 2a30B03e, 4 MAKXE MOHUMOPUHZ2 3KCNAYAamauuu UHXEeHepHOo-
mexHuyeckux cpedcmd no cokpaweHuw nomeps [3].
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Remote measurement of the total methane concentration in the gas
feedsfock by differential absorption of IR radiafion

' Ablyazov E. K, 2 Avdonkin A. S, ?Vasiliev A. 0, ? Sarychev |. A,

2 Chartiy P. V., #* Shemanin V. G.
"Admiral F. F. Ushakov State Maritime University, Novorossiysk,
Russia,
2 Novorossian Polytechnic Institute (branch) of Kuban State
Technological University, Novorossiysk, Russia,

7 Branch of V.G. Shukhov Belgorod State Technological University in

Novorossiysk, Novorossiysk, Russia

The problem of air quality at marine fransport enterprises
associated with the storage and fransportafion of gas, oil and
petroleum products has become the same problems as in the gas
and oil industry [1-3]. The main source of air emissions at oil and
gas enterprises is the evaporation of oil and petroleum products
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during storage and loading operations. The evaporaftion process
occurs at any temperafure due fo fhe thermal motion of the
petroleum product molecules. In a sealed tank, the evaporation
process takes place unfil the gas space of the storage vessel
above fthe liquid is filled with saturated steam. This work purpose
was fto develop a laser differential absorption system in the middle
IR absorption spectrum for remote measurement of the total
concenfration of hydrocarbons in air emissions during storage and
transportation of oil and petroleum products (3, 4]. At the same
time, the issues of mefrological support of the proposed method
were solved [4]. To this end, experimental measurements of the
total saturated hydrocarbon vapor concentration were performed
for various grades of oil on the laboratory system and compared
with the results of measurements by gas chromatography. The
system error was evaluated, and experimenftal measurements of the
total concentration of limit hydrocarbons of various oils make it
possible to conclude that the proposed system allows to obtain fthe
results of measurements of the tofal methane concentration within
the established relative error of 25 % and the concenfration range
up to 60 g/m’. The use of such a differential absorption system in
the middle IR absorption spectrum will allow automatic continuous
monitoring of methane concenfration in real fime in order fo control
the process in the gas tank, as well as monitoring the operation of
engineering equipment to reduce losses [3].
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YpabHeHue 3ns a3po3onbHozo0 nudapa c y4emoM HeodHopodHoCMU
amMocdepel
'Bopoxuna 3. U, ?Konnakoba E. B, 2 Yepdauu 10. B,
*'2 |llemaHun B. T
" HoBopoccudckui nosumexnuyeckud uncmumym (puauan) Kydl TY
2 @unuan BI'TY um B I lUyxoba B Hobopoccuicke

B npodonxeHue padom [1, 2] yuymém B nudapHoM ypabHeHuu muna [1]
HeoGHopodHocmb peanbHyw ammocdepsl. /ludapHoe ypabHeHue dns
paccesHus Mu & wanpaBneHuu Ha3ad B8 AuHUU 2eHepauuu nasepa
KOHEYHOU NOAYWUpUHbI [ 3unuu1er4, kak u B [1], B Bude

P(,2) = S5 506(2) oo X

Vo+rI'
. =vp)*
x_[ e 2ho a2 5 (7 vy, 2) A(v)e” e dv U

vo—T
PaccmMompum pewenue ypabHeHus (1) npu cnedywwux npednonoxeHUsX.
bydem cyumams, 4ymo dnuHa BonHbl 30Hdupylwezo u3nyyveHus maxoBa,
4YMO NO2/0WEHUE MO/AEKYAaMU amMocpepHbix 2a30b npeHedpexumo
Mano no cpabHenuin ¢ paccesHuem [3]. Kpome mozo, BbBedem B
coombemcmbuu ¢ [4] nudapHoe omHoweHue B Bude

b(V, Z) — o(mv,z) (2)

aWv,z) '
komopoe makxe sbasemca ¢yHkuuel Hacmombl NAG3EPHO20 U3AY4EHUS
u paccmosiHus 3oHdupoBanus. MMepenuwem ypabHeHue (1), ucnonb3ys
BripaxeHue dns nudapHozo omHoweHus (2), B Bude
z?P(v,z) = CG(z) X

vo+I
. v=vp)*
x_[ e 2o a4y (y Pa (v, 2)A(v)e ez dv (3)
vo—T

CT,
20e odo3Ha4eHa kanudpoboyHas koHcmaHma nudapa C = LSO «/ﬁr

AnnpokcumupyeM annapamHyw  ¢ymkuulw [ayccoBol  kpubol ¢
eduHuyHou amnaumydou Buda
_(-vg)?
AWv) =e
Yqumbibas, ymo [; > I' MOXHO NOAOXUMb, YMO NOCAECHAS 3KCNOHEHMA
B (1) pabHa 1 u, cqumas b(v,z) = b(z) ua(v,z) = a(z), m e
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npakmuyecku He 3abucAawumu om wacmomsl v B uccnedyemom
duanasoHe 2I, a mak xe o8o3Ha4as v — ¥ = X, NEpenuweM
ypabHeHue (3) & Bude:

z

I,
a XZ

22P(v,z) = CG(2)b(2)a(2)exp[-2 | a(r)dr] j e Tadx (4)

I
0
MpeodpasyemM nocnedHiol 3kcnoHeHmy B (4), ucnonb3ys uHmezpan

owudok erf(2) [S], u nony4uM 3HayYeHue 3mozo uHmezpana 0.831,
Tenepb bBepHemcs k nepbomy unwmezpany no r. [pednonoxuM, 4mo
mpacca HeodHopodHoU Mpaccel U HA KAXG0M wdze no paccmosiHul Az

a(v,z) dydem  paccyumsiBame  a(v,z) no

a,(v,z)

no  U3MepeHHoMy

ypabHeHun (2). [na kaxdozo 3HAYeHUS dydem dpamb
3Ha4YeHus O,,(mVv,z) u b_(v,z) u3 npedbidywezo waza. Tozda u3
ypabHeHus (4), BBods mak Haswbibaemyw nudapHyw S - ¢yHkuuw Buda

S(z)= ZzP(VaZ)/G(Z)[AI, umeeM

S(,z) =Co(2)exp[-2Xt, {lo(2)/b(2)]2}0.63[,. (5)
B umoze nony4aem nudapHoe ypabHeHue dna 0OHOKPAMHO20 Ynpyz020
paccesHus, aN20pUMM  peweHus Komopozo B Hacmoswee Bpems
mecmupyemcs.
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Remote measurement of the total methane concentration in the gas
feedsfock by differential absorption of IR radiafion
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The problem of air quality at marine fransport enterprises
associated with the storage and fransportafion of gas, oil and
petroleum products has become the same problems as in the gas
and oil industry [1-3]. The main source of air emissions at oil and
gas enterprises is the evaporation of oil and petroleum products
during storage and loading operafions. The evaporafion process
occurs at any temperature due fo fthe thermal motion of the
petroleum product molecules. In a sealed tank, the evaporation
process takes place unfil the gas space of the sftorage vessel
above fthe liquid is filled with saturated steam. This work purpose
was fo develop a laser differential absorption system in the middle
IR absorption spectrum for remote measurement of the total
concenfration of hydrocarbons in air emissions during storage and
transportation of oil and petroleum products [3, 4]. At the same
time, the issues of mefrological support of the proposed method
were solved [4]. To this end, experimental measurements of the
total saturated hydrocarbon vapor concentration were performed
for various grades of oil on the laboratory system and compared
with the results of measurements by gas chromatography. The
system error was evaluated, and experimenftal measurements of the
total concentraftion of limit hydrocarbons of various oils make it
possible to conclude that the proposed system allows to obtain the
results of measurements of the fotal mefthane concentrafion within
the established relative error of 25 % and the concenfration range
up to 60 g/m’. The use of such a differential absorption system in
the middle IR absorption spectrum will allow automatic contfinuous
monitoring of methane concenfration in real ftime in order to control
the process in the gas tank, as well as monitoring the operation of
engineering equipment to reduce losses [3].
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AmMMuak omHocumcs K Yucny  BaxHedwux npodykmoB  xumuyeckol
NPOMblWAeHHOCMU, exezodHoe ez2o0 Mupoboe npousbodcmbo npebbiwaem
180 MAH. moHH. [pu HopManbHbIX ycnobusx, aMmuak— 3mo BecubemHsbid
203 C pe3KuM xapakmepHbiM 3anaxoM. Tokcuded, (1K cocmaBasem 0,04
M2/M — L-0 knacc onacHocmu B coomBemcmBuu ¢ TOCT 12.1007-
76 [1, 2]. B uenoM, xuMudeckoe 3azpsi3HEHUE GMMOCHEPbl OMHOCUMCSH K
Haudonee onacHeIM ¢akmopaM 8n8 xusHu Yenobeka. U cpedu 2nabHbix
UCMOYHUKOB XUMUYeCcKo20 302pA3HEeHUS sbnsaimcs omx0dbl,
odpasylwuecs Npu 3kcnNAYamauuu MPaHCNOpma, Npu OxuzaHuu monaubag,
@ Makxe NpoMblwneHHsle U dpyzue omxodbl, B moM Yucne ammuak (NH;).
B padome BbinonHeHa oueHka Bo3MoxHocmu  npuMeHeHus  Audapa
KOMBUHAUUOHHO20 paccesHus cbema 919 OQuCMAHUUOHHO20 U3MepeHus
ypobHelu koHueHmpauul ammuaka nopsdka (10K u Buowe. [ns 3mozo
Obino BeinonHeHo koMnblomepHoe ModenupoBaHue nudapHozo ypabHeHus
8na  KoMduHauuoHHo20 paccesHus cBema Monekynamu ammuaka B
amMocpepe Ha 3adaHHoM ypobBHe u Ha paccmosHusx 3oHdupobaHus do
100 M B pexuMe CUHXPOHHO20 c4éma ¢omoHob dns Beidopa onmuManbHbIX
napamMempob makozo nudapa. B padome [3] Bbino npednoxero nudapHoe
ypabHeHue dna  koMOUHAuuoHHOzo  paccesHus  cbema  2a30BbiMu
Monekynamu B amMocdepe € Y4EMOM KOHEYHOU WUPUHbI  AUHUU
2eHepauuu. Wcnonb3ys ezo, oueHuM Bo3MoxHOCMb U3MepeHul AudapoM
komduHauuoHHo20  paccesHus cbema  koHueHmpauul  uccnedyembix
monekyn B ammocdepe Ha 3adaHHoM ypobHe B HanpabneHuu Haszad u Ha
paccmosiHusix  3oHdupobaHus do 100 M B pexuMe CUHXPOHHO20 CYEMA
¢omoHoB dna  Beidopa onmumanbHeix napamempod makozo Audapa.
Onmuyeckas cxema Audapa  KOMBUHAUUOHHO20  paccesHus  cbema
nocmpoeHa, kak u B [1, 3, 4] B «kavyecmbe 3oHdupywuwezo —
ucnonb3yemcs usnyyeHue mpembel U Bmopold 2apMoHuku  YAG: Nd-
nasepa ¢ Hakaykold nonynpoBodHukobbiM nazepom c daunamu BonH 355 u
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532 HM u nonynpobodHukoBeix nazepod c¢ dnuHamu BonH 405 u 675 HM C
dnumenbHocmble uMNyAbcob 10 HC u 3Hepauamu B umnynbce do 1 mMIx
npu yacmome cnedobaHus nasepHbix  uMnyabcod £ do 100 My [4]
BeinonHuM  koMnbiomepHoe — ModenupobaHue  nudapHozo  ypabBHeHus
komduHauuoHHoz2o paccesHus cbemad HanpabneHuu Hasad & pexume
cyéma ¢omoHod B Bude [3] u Bydem paccmampuBamb 0dHoKpamHoe
KoMBUHAUWUOHHO20 paccesHus cbema u odHopodHyiw ammocdepy. OcHoBHble
napaMempbl  uccnedyembix Monekyn, amMocdepbl U GpOMONPUEMHUKOB
Baamel  u3 [1, 3-5]. Bo3bMEM uccnedyeMble  MOAEKYAbl  aMMUdKa €
koHueHmpauusaMu  paBreiMu MOK u no pesynsmamam ModenupobaHus
OUEHUM HaumeHbwee Bpems u3MepeHus, KOMOPOE NOAYYUNOCL HA OAUHe
BonHbl  nasepHozo u3nyyeHus 355 WM. Ono Bospacmaem c 124 ¢ Ha
paccmosHuu 10 M do 12949 ¢ — Ha 100 M. A Haudonbwee Bpems
usMepeHus mpedyemca dna dnunbl BoAHbl Na3epHO20 u3nyyeHus 675 HM —
31 ¢ Ha paccmosHuu 10 M u 3167 ¢ (unu noymu 53 MuH) — Ha 100 M.
Takum oBpasoM, ecmb Bo3MoxHocmb Beidopa onmuManbHbIX GAUHBI BOAHBI
NA3epHO20 u3nyyeHus u napamempo® makozo nudapa 8na 3oHdupoBaHus
& ammocdepe Monekyn NH;. Bce onpedensemcs ypoBHeM koHueHmpauuu
uccnedyembix Monekyn u mpedyeMsiM paccmosiHueM 3oHdupobaHus.
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Ammonia is one of fthe most important products of the chemical
industry, its annual global production exceeds 180 million tons.
Under normal conditions, ammonia is a colorless gas with a sharp
characteristic smell, toxic, MPC is 0.04& mg/m3 - hazard class & in
accordance with GOST 12.1.007-76 [1, 2]. In general, chemical pollution
of the atmosphere belongs to the most dangerous factors for
human life. And among the main sources of chemical pollution are
waste generated during the operation of transport, the fuel
combustion, as well as industrial and ofher waste, including ammonia
(NH3). The Raman lidar equation for gas molecules in the
atmosphere has been proposed in [3], taking into account the finite
width of the lasing line. Using if, we will evaluate the possibility of
measuring by Raman lidar the concenfration level of the studied
molecules in the atmosphere in the backward direction and af
probing distances up to 100 m in the synchronous photon counfing
mode fo select the optimal paramefters of such a lidar. The Raman
lidar optical layout was constructed as in [1, 3, 4] with the probing
radiation of the third and second harmonics YAG: Nd-laser with
pumping by a semiconductor laser at the 355 and 532 nm
wavelengths and semiconductor lasers af the 405 and 675 nm
wavelengths with a pulse duration of 10 ns and pulse energies up
to 1 mJ at a laser pulse repetition rate up to 100 kHz is used [4].
Let's perform a compufer simulation of the Raman lidar equation in
the form of [3] and consider a single Raman scattering and a
homogeneous aftmosphere. The main parameters of the studied
molecules, atmosphere and photodetectors were taken from [1, 3-5].
The studied ammonia molecules concentration was equal fo MPC.

We will estimate from fthe results of simulation the shortest
measurement time, which was obtained at a laser radiation at the
355 nm wavelength. It increases from 124 s at the ranging distance
of 10 m fo 129.49 s — at 100 m. And the longest measurement time
is required for 675 nm laser wavelength — 31 s at a distance of
10 m and 3167 s (or almost 53 minutes) - per 100 m. Thus, it is
possible to select the optimal wavelength of laser radiation and
the such a lidar parameters for NH; molecules in the atmosphere
probing. They are determined by the concentration level of the
studied molecules and the required ranging distance.
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Odwum  u3  memodoB MoHumopuHza Monekyn  MepkanmaHob B
amMocpepe Moxem Obimb na3epHoe 30HAupoBaHue uccnedyembix
Monekyn 0N  OGUCMOHUUOHHO20 U3MEpPeHUS KOHUEHMpauuu 3mux
Monekyn ¢ ypobHem om npedenbHo-donycmumol kKoHuenmpauuu MAK u
Bblwe, npuyem 3uayeHue MAK u paccMompuMm B kavecmbe napamempa
ypobHs ux koHuewmpauuu [1, 2]. Lensbiw Hacmoswed padomsl sbasemcs
cpabHeHue pesynbmamob komnbimepHozo ModenupobaHus audapob
KOMBUHOUUOHHO20  paccesHus  cbema u  dudpdepeHUUanbHO20
Nno2MoWeHUss U paccesHus  8n9  GUCMOHUUOHHO20  U3MEpeHUs
KOHUEHMpauuu 3mux Monekyn Ha ypobrue TMAK u Buoiwe Ha
paccmosiHusx 0o 5 kM u onpedeneHus ONMUMAAbHbIX NapaMempob
makux »nudapob. B padomax (3, 4, 5] Beino npednoxewo nudapHoe
ypabHeHue 38na  komduHauuoHHozo paccesHus cbema  2a3sobbiMu
Monekynamu B ammocdepe C y4emoM KOHEYHOU WUPUHbLI ANa3epHoU
nuHuu. A B [S] nodpodHo paccmompeHo nudapHoe ypabHeHue 38ns
dudpepeHuUanbHOZ0 NO2NOWEHUS U paccesHus 2a3oBbiMu Monekynamu
B amMmocdepe. Mcnonbsys ux U ymoyHub kak B [3, 4] oueHuMm
Bo3MoxHoCMb  NudapHbIX  U3MepeHUU KOHUEHMpAuud uccnedyemsix
MOnekyn Ha 3adaHHOM ypoBHe npu zopu3oHmansHOM 30HOupoBaHus Ha
paccmosHuax 6o 5 kM B pexuMe cuHxpoHHO20 cyHema ¢omoHob. /ludap
KOMBUHAQUUOHHO20 paccesHus cbema codpaH no cxeme [3, 6] u B
kayecmbe 30HOUpYHWeE20 UCNOAb3YemCs u3ny4yeHue mpembed U
Bmopou 2apMoHuk YAG: Nd-nasepa c¢ dnuHamu Bonn 355 u 532 HM ¢
dnumenbHocmbio uMnynbcod 10 HC u 3Hepzued B umnynbce do 10 MOx
npu Yacmome cnedobaHus nasepHbix uMnyabcob £ do 1 MMu [1] u
usny4veHue z2a3obozo nasepa Ha napax Medu c dnuHol BonHbl 510 HM
€ GnaumenbHocmbl uMnyabco® 20 HC u 3Hepzueld B umnyabce do
10 mOdx npu 4acmome cnedobaHus nasepHeix uMnynbcob £ do
500 klu [1]. Pesynbmamsl koMnblomepHozo ModenupobaHus makozo
nudap Nokasanu, Ymo HauMeHbwee Bpems usMepeHus nonyvaemcs dns
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mMonekynsl H,S 3dna usMepeHus koHuewmpauuu Ha ypobue [AK &
nonoce 2611 ecm™' @na paccmosnus 50 M — 1464 ¢ u dns 100 M —
6,021 ¢. lanee udém monekyna CH,S B nonoce 2573 cM™' ¢ BpemeHem
usMepeHus dns paccmosiHus 50 M — 2,757 ¢ u dns 100 M — 1133 c.
Bpema usMepeHus dns Monekyn C(;H,S B nonoce 2570 cM”' Ha
paccmosiHuu 3oHAupobaHua 50 M — 174,4 ¢, a dna paccmosHua 100 M
— T717,2 ¢ coombemcmbernHo. W HaokoHeuw, 8N MoneKYAabl 3MaHMuUoOAa
C,H,S Bpems usMepeHus Ha mex xe paccmosHusax — 4273 ¢ u 1757 c.
Ecnu Mol ozpaHuyuMm  Bpema u3Mepenus BenuwuHou 10 MuH, mo
nocnedHue dbe Monekyabl Npon@HMUOAG U 3MAHMUOAQ  MOXHO
3apezucmpupobambs  Ha ypobue [IIK monbko 8o  paccmosHul
30HJupobarua 915 M u do 59 M coombemcmbenHo. B nudape
dudpepeHuUanbHOZ0  NO2A0WEHUS U PaCCeAHUS  UCNOAb3yemcs
dByxBonHobol usnyyamens. B HaweM Bapuanme [5] 3ns 30HBupobaHus
MONeKYn MepkanmaHoB ucnonb3yemcs NA3epHOE U3AYyYeHue Ha GnuHe
BonHbl 3,9 MkM B MakcuMyMe nOAOCK  NO2A0WEHUS  MOAEKYAbI
memasmuona CH,S [S]. OHo nonydaemcs B pesynbmame HAKayku
napamempuyeckozo zeHepamopa B MK duanasoHe Bmopol z2apMoHukol
nasepa Ha AU Nd c dauHol Bonubl 532 HM. /lazepHoe u3nyyeHue BHe
3MoU NOAoCH NO2n0WeHUA Obino B3smo Ha dauHe BoAHbl 3,7 MKM
Bmopozo napaMempuyeckozo 2eHepamopa, 4modsl nonacme & odnacmb
npo3pavHocmu ammocodepsl [5]. BeinonHenHoe KOMNblMepHoe
modenupobaHue nokasano, 4MO KOHUEHMpaAuuu uccaedyeMbix MOAEKYA
MemaHmuona Ha ypobHe MOK MoxHo u3Mepumb makum AudapoM Ha
mpacce 3oHdupobaHus dna c 0,625 do 5,0 kM, a dns nponaHmuona u
amaHmuona — ¢ 1 do 5 kM. Kak okasanoch, pewanwum cmaHobumcs
Buidop  noAywupuHbl  UHMepdepeHUUOHHbIX  cBemopunbmpob  npu
MUHUMGAbHOU WUpUHE AuHUU 2eHepauuu nasepoB. Takum odpasowm,
ecmb Bo3MoxHocmb Beidopamb onmuManbHbie NApaMempsl Aasepa u
nudapob 30HdupobBanus B amMocdepe uccnedyeMslx MoAeKYn U
doCcmuyb MaKCUManAbHO20 paccmosHus 3oHdupobaHus B 5 kM.
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One of the mefthods of monitoring mercaptan molecules in fthe
atmosphere can be laser sounding of the studied molecules to
remotely measure the concenfration of these molecules with a level
from the maximum permissible concentration of MAC and above, and
consider the value of MAC and consider their concentration level as
a parameter [1, 2]. The purpose of this work is to compare the
results of computer modeling of Raman light scattering lidars and
differenfial absorption and scaftering fo remotely measure fthe
concenfration of these molecules at MAC and above at distances up
to 5km and determine the optimal paramefers of such
lidars [3, &4, 5] proposed a lidar equation for the Raman scattering
of light by gas molecules in the afmosphere, taking info account
the finite width of the laser line. And [5] details the lidar equation
for differential absorption and scattering by gas molecules in the
atmosphere. Using them and specifying as in [3, 4] we will evaluate
the possibility of lidar measurements of the concenfrations of the
studied molecules at a given level during horizontal sounding at
distances up to 5 km in the mode of synchronous counting of
photons.

The Raman lidar is assembled according to the scheme [3, 6] and
the radiation of fthe third and second harmonics YAG Nd-lasers with
wavelengths of 355 and 532 nm with pulse duration of 10 ns and



Tp.Mexd.koH. INT-2023 Cekuus «[eomexHonozuu U 2e03K0A102UYECKUL MOHUMOPUH2»
thsi//bqfu—nvrsk.ru/reseurch/conferences/lif/2[]23/info

257

energy in pulse up to 10 mJ at repetition frequency of laser pulses
f up to 1MHz [1] is used as a probing one and the gas laser
radiation on copper vapour with wavelength of 510 nm with pulse
duration of 20 ns and energy in pulse up fo 10 mJ at repetition
frequency of laser pulses f up to 500 kHz [1]. The computer
simulation results of such lidar showed that the shortest
measurement time is obtained for fthe H,S molecule fo measure
concentration at the MAC level in the 2611 cm™ band for a distance
of 50 m — 1464 s and for 100 m — 6.021 s. Next comes the CH,S
molecule in the 2573 cm™ band with a measurement time for a
distance of 50 m — 2.757 s and for 100 m — 1133 s. Measurement
time for C5HgS molecules in strip 2570 cm™ at a probing distance of
50 m — 174.4 s, and for a distance of 100 m — 717.2 s, respectively.
And finally, for the ethanethiol molecule, C,H,S measurement time at
the same distances is 4273 s and 1757 s. If we Llimit the
measurement time to 10 minutes, then the last two propanethiol and
ethanethiol molecules can be recorded at the MAC level only to
probing distances of 915 m and up to 59 m, respectively. The
differential absorption and scattering lidar uses a two-wave
emitter. In our version [5], laser radiation at a wavelength of
39 ym in the maximum absorption band of the methanethiol
molecule CH,S [10] is used to probe mercaptan molecules. It is
obtained by pumping a parametric generaftor in the IR range with
the second harmonic of an YAG: Nd laser with a wavelength of
532 nm. Laser radiation oufside this absorpfion band was taken af
a wavelength of 3.7 ym of the second parametric generator to fall
info the transparency region of the atmosphere [5]. The performed
computer simulation showed that the concentrations of the tested
metanethiol molecules at the MAC level can be measured with such
lidar on the probing route for 0.625 to 5.0 km, and for propanethiol
and ethanethiol - from 1 fo 5 km. As it turned out, the choice of
the half-width of interference filters with the minimum width of the
laser generation lines becomes decisive. Thus, if is possible to
select the optimal paramefers of the laser and probing lidars in
the atmosphere of the studied molecules and achieve a maximum
probing distance of 5 km.
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Odocmpswuecs npodneMbl 302pA3HEHUS  OKpyxdwwel cpedsl U
o4yebudHoe u3MeHeHUe 21080AbHO20  KAUMAMA  AKMYaAusupywom
HadnwdeHus 3a JuHaMukoU mexHozeHHbix Buidpocob u paspadomky Mep
no ux cHuxeHnuw. B 2021 2. Buwno pacnopsxexue [pabumenscmba
Poccuu, ymbepxdawwee nepedeHb kaumamuyecku akmuBHbix 2a30B
(KAT) ¢ nepecyemoM ux Bknada B napHukobuil 3¢pdekm 4Yepes
ycnobHele yznepodHble eduHuubl, MO ecMb C OUEHKOU CMeneHu
BausHua kaxdol mMonekynsl BewecmBa Ha okpyxawwyw cpedy.

B padome cdenaHbl oueHku Bo3aMoxHocmu npuMeHeHus nudapa
KOMOUHOUUOHHO20 paccesHus cbema (KPC) @8ns  QucmaHUUOHHO20
onpedeneHus ypobBHed KoHueHmpauul ocHoBHbix KAl u3 ykasaHHoz0
Bolwe pacnopsixeHus o nepeyHe KAI, nodnexawux ydemy B
Boidpocax npednpusmul u BedeHuw kadacmpa napHukoBeix 20308,
komopoe codepxum 33 HaumeHobBaHnus. Cpedu HuUX Kak 2036 —
MOKpokoMnoHeHmbl amMmocepsl, dabHo npu3HaHHbie B kavecmBe
napHukobeix —  CH, (€0, N,0, NF; u SF,, a makxe donee dbByx
decsmkob 3K30MUYeckux 2a30B nod odwum HasbaHuem
2udpo¢mopyznepodsl  u  nepomopyznepodsl [1].  Msl paccMompum
Bo3mMoxHoCMb MOHUMOPUH2a CaMbIX pPacNpOCMPaHEHHbIX
2udpodmopyznepodod ¢ HaudosbwuM NapHUKoBeIM 3pdekmom [1].

Tak kak mpedyemcs onpedensmb 3HAYUMENbHO donee Hu3Kue
KOHUeHmpauuu, dns oueHnku Bo3MoxHocmu 3mozo Bbino BeinonHeHo
KoMnblomepHoe ModenupobaHue nudapHozo ypabHenus dna KPC
monekynamu KAI. B padome [2] &bino npednoxeno nudapHoe
ypabHeHue dns KPC z2a3obbiMu Monekynamu B ammocdepe ¢ yvemoMm
KOHEYHOU WUPUHbl  AUHUU 2eHepauuu. Mcnonb3ys ezo, OUEHUM
Bo3MoxHocmb usMepeHul nudapomM KPC koHueHmpauud uccnedyembix
mMonekyn B ammocdepe Ha 3adaHHOM ypoBHe U Ha paccMOSHUSX
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30HdupobaHua do 100 M B pexume cuHxpoHHozo cHema ¢omoHoB dns
Bbidopa onmumansHLIXx napamempo® makozo nudapa.

Paccmompum Monekynsl KAT, dawnwue ocHobHol Bknad B kapdoHoBeid
uukn, ¢ yvémoM ux codepxaHus B ammocdepe [3]. OcHoBHble
napaMempsl uccnedyeMsix Monekyn npubedens B [4]. [ns onpedeneHus
peansHocmu 30HAupoBaHua paccMompuM caMbil cAoxHbIU BapuaHm — B
ammocoepe npucymcmbByiom cpasy bce decsimb uccnedyembix Monekyn,
a Monekyna dasomad ucnons3ayemcs B kavecmbe penepa, kak u B [1]. Mo
3muM  daHHbiM  Bbina  BLINOAHEHA KOMNbKMEpPHAS PEKOHCMPUKUWUS
cnekmpa KPC Monekynamu 2a3oBol cMecu u nokasaHa Bo3MoxHocmb
pezucmpauuu nonoc KPC Bcex Monekyn odHobpemenHo. Onmudyeckas
cxeMa nudapa KOMBUHAUUOHHO20 paccesHus cbema nocmpoeHa, Kak u
B [1, 2. B kavyecmbe 30H3upylwezo — UCNOABL3YEMCS U3AYYEHUE
mpembeld u Bmopol 2apMoHuku  YAG:Nd-nasepa ¢ Hakadkol
nonynpobodHukoBeiM naszepoM ¢ dauHamu BonH 355 u 532 HM u
nonynpobodHukoBeix nasepod ¢ dauHamu BonH 405 u 785 HM
dnumenbHocmbi uMnynbcob 10 Ho u 3HepzusMu B umnunbce do 1 MOx
npu 4Yacmome cnedoBaHus nasepHbix uMnynscob £ do 1 MIu [3].
BeinonHuM koMnblomepHoe ModenupobaHue nudapHozo ypabHewus KPC
B HanpabneHuu Ha3ad B pexume cyema ¢pomorod B Bude [2] u dydem
paccvampubams  odHokpamHoe KPC u  odHopodHyw amMocdepy [3].
OcHoBHble  napamempbl  uccnedyeMslx — Monekyn, amMocdepsl U
pomonpueMHukob npubedensl B [4]. [anee Bosbmem Bce uccnedyemsie
MOAeKYAbl € KoHuewmpauusmu pabreiMu  nonobune MK, a dns
MONEeKYAn a3oma u yznekucnozo zasza B3sama nonobuna ux ¢oHobBol
koHueHmpauuu 6 ammocdepe. [lo pesynbmamam ModenupoBaHus
HaumeHbwee Bpems u3sMepeHus nonyyunoce dns Monekyn CH, u CO,
npu4eM dna Monekynsl MemaHa Bpemsa u3sMeHeHus Bospacmaem ¢
0,77 Mkc Ha paccmosiHuu 10 M do 80 Mkc — Ha 100 M. U nocnedusas B
3moM psidy Monekyna SF, dna u3MepeHus komopou mpedyemcs Bpems
nopsdka 1009 c¢ u3-3a Huskozo ypobHs MAK u no3momy Heodxodumo
ybenuyumb vacmomy cnedobaHus nasepHeix umMnynsbcob do 10 Mlu.
Takum  oBpa3oM, ecmb  Bo3mMoxHocmb  Beidopa  onMUMAnbHbLIX
napamempod nasepa  u  audapa  KPC  dns  odHoBpemenHoz0
3oHdupobaHus B ammocdepe Bcex paccmompeHHbix Monekyn KAT. Bce
uUx MoxHo onpedensmb Ha paccmosHuu do 100 M HO npu 3moM
duana3oH BpemeHu usMepenul dydem o4eHb wupokuM — om 0,77 Mkc
do 1009 c.

Cnucok numepamypbl
1. Obsvenko B. B, [ebucuno® B. A, lWemaHuH B. . /ludapHas
MexHoNo2Us  U3MEepeHus  KAuMamuyecku  akmubBHbix  2a308  dnd
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kapdoHobBeix  nonuzoHoB // 3konozus u npoMblwneHHocmb Poccuy,
2023 T. 27 N° 6 C. 30-35. DOI: 10.18412/1816-0395-2023-6-30-35

2. [pubanob B. E, WemaHuH B. . /ludapHoe ypabHeHnue c yyemom
KOHEYHOO WUPUHB AUHUU 2eHepauuu naszepa // W3becmus PAH.
Cepua Pusuyeckasn. 2015. T. 79. N° 2. C. 170-180.

3. loHuyeHko B. A, Kadawob M. B, Kaynb B. B, Camoxbanob W. B.
AmMocdepHas 3nekmpoonmuka.— Tomck: M3d. HT/, 2010 — 220c.

4. [lbavenko B. B., Wemarnun B. I'. /ludapHell MOHUMOPUH2 NAPHUKOBbIX
2a308 B ammocpepe // Nazepul. Mamepenus. MHpopmauus. 2022. T. 2.
No 04 (08), C. 015-029. usbneyero om https://lasers-measurement-
information.ru /ois /index,php/luser/arficle/view/l+8 doi:
10.51639/2713-0568_2022_2_3_34 C.15-29

Raman Lidar for Carbon Polygons arranging
“'Dyachenko V. V., 2 Devisilov V. A, *Privalov V. E,
" Shemanin V. G.
" Novorossian Polytechnic Institute (branch) of Kuban State
Technological University, Novorossiysk, Russia,
2 NE. Bauman Moscow State Technical University, Moscow, Russia,
? Peter the Great St Petersburg Polytechnic University,
St. Petersburg, Russig,
“ Branch of V.G. Shukhov Belgorod State Technological University in
Novorossiysk, Novorossiysk, Russia
e-mail: * v-v-d@mail.ru

Worsening environmenfal pollufion problems and apparent global
climate change are actualizing observations of the dynamics of man-
made emissions and the development of measures fo reduce them.
In 2021, an order of the Russian Government was issued approving
a list of climatically active gases (CAG) with a recalculation of their
confribution to the greenhouse effect through conditional carbon
units, that is, with an assessment of the degree of influence of
each molecule of the substance on the environment.

The purpose of this work is fo assess fthe possibility of using
Raman lidar to remotely determine the concentration levels of the
main CAG from the above-mentioned order on fthe list of CAG
subject to accounting for emissions of enterprises and maintaining a
greenhouse gas inventory, which contains 33 names. Among them, as
gases - fthe macro componenfs of the atmosphere, long recognized
as greenhouse - CH,, CO, N,0, NF; and SF,, as well as more than
two dozen exofic gases under the general name hydrofluorocarbons
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and perfluorocarbons [1]. We will consider monitoring the most
common hydrofluorocarbons with the greatest greenhouse effect [1].
Consider CAG molecules, which make the main confribution to the
carbon  cycle, taking into account their content in the
atmosphere [3]. The main parameters of the studied molecules are
given in [4]. To determine the reality of probing, consider the most
difficult option - all 10 studied molecules are present in the
atmosphere at once, and fhe nitrogen molecule is used as a
reference, as in [1. According to these data, a computer
reconsftruction of the Raman spectrum with gas mixfure molecules
was carried out and the possibility of registering Raman bands of
all molecules at the same time was shown. The opfical circuit of
the Raman lidar is constructed as in [1, 2]. As probing - radiafion
of the third and second harmonics YAG: Nd-laser with pumping by a
semiconductor laser with wavelengths of 355 and 532 nm and
semiconductor lasers with wavelengths of 405 and 785 nm with a
pulse duration of 10 ns and energies in a pulse up fo 1mJ at a
laser pulse repetition frequency up to 1 MHz is used [3]. We will
perform a computer simulation of the Raman lidar equation in the
backward direction in the photon counting mode in the form of [2]
and consider a single Raman effect and a homogeneous
atmosphere [3]. The main parameters of the studied molecules,
atmosphere and photodetectors are given in [4]. Next, we take all
the studied molecules with concenfrations equal fo half the MAC,
and for nitrogen and carbon dioxide molecules, half of ftheir
background concentration in the atmosphere is faken. According to
the simulation results, the shortest measurement fime was obtained
for the molecules CH, and CO, for a methane molecule, the change
time increases from 0.77 pys at a distance of 10 m to 80 ys - by
100 m. And the last in this row molecule SF, the measurement of
which requires a time of the order of 1009 s due fto the low MPC
level and therefore it is necessary to fake the repetition rate of
laser pulses of 10 MHz.

Thus, it is possible to select the optimal parameters of the laser
and fthe Raman lidar for simultaneous remofe sensing in fhe
atmosphere of all the considered KAG molecules. All the necessary
components can be defermined at a distance of up to 100 m. At the
same fime, the measurement fime range becomes very wide — from
0.77 ps to 1009 s.
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Nao3epHoe ycmpoucmbo dns aBmoMamuyeckozo koHmpons napamempob
a3po30nbHeix Buidpocod B peansHoM BpemeHu
"Bedenun E. W, Nbavenko B. B, Capbived W A, Yapmud M. B.
Hobopoccuickul nosumexHuveckud uncmumym (@uavan) Kyol TY
353900, 2. Hobopoccuuck, ys. Kapsa Mapkca, 20
e-mail: "svetokdojdei@mail ru,

B coombemcmbue ¢ detcmbywwum 3akoHodamenbcmBoM opzaHu3auUAM,
omHocAwuMcs Kk odbekmaM nepBol  kamezopuu  HezamubBHozo
Bo3dedcmbua Ha okpyxawwyw cpedy Heodxodumo ocywecmbname
abmomMamuyeckud KoHmpons Buidpocob B peansHom  Bpemenu [1].
OcywecmbneHue makozo koHmpons BO3MOXHO C NOMOWbLK NA3EPHO20
30HdupobaHus MemodoM duddepeHuuansHozo ocnadnenus [2]. C amol
uenbi npednazaemcs ucnonb3obamb nasepHoe ycmpoucmbo, B cocmad
komopozo Bxodam mpu nasepa, 2eHepupylWUE U3AYYEHUE HA PasHbiX
dnuHax BonH. [locpedcmBom cbemodenumencHelx Cmekon U 3epkan
nysu B Bude napannenbHozo nyvka Hanpabnswmcs ckBo3b nomok
Bbidpocob B 2a3o0xode u, ompaxasacb OM 3epkand pPacno/noXeHHo20 No
dpyzyw cmopoHy 2a3oxoda, Hanpabaswomcs B odpamHyiw cmMoOpoHY Ha
¢domonpueMHuK  ocnadneHHozo  u3nyyeHus.  3apezucmpupoBaHHoe
$omonpueMHukoM u3nyveHue npoxodum nocnedoBamenbHo Yepes
cxeMy 0BoUHO20 cuHxpoHHo20 demekmupobarus, aHanozo-uudpobol
npeodpazobamens u nonadaem B MK [3]. Takum odpasom,
pa3padomaHHoe ycmpoucmbo no3bonsem ocywecmbnamb
abmomamuyeckul koHmponb Buidpocob B peansHoM Bpemenu. [llpu
3moM pasMeuweHue 3neMeHmoB ycmpoucmba 3a npedenamu 2asoxoda,
npoxoxdeHue nasepHeix Ay4el ckBosb usMepumenbHbll 08bEM OBaxdbl
u ucnonb3obarue dBouHoz0 cuHxpoHHoz20 demekmupoBaHus nobbiwawm
moYyHoCmb u3MepeHus napaMempob Beidpocob 3azpasHawwux Bewecmb.

Cnucok numepamypbl

1. ®edepanbHbil 3akoH om 21 uwns 2014 2. N 219-¢3 "0 BHeceHuu
usMeHeHuU B ®edepanbHbil 3akoH “08 oxpaHe okpyxawwed cpeds” u
omdenbHble 3akoHodamenbHbie akmbl Pocculckou Pedepauuu”

2. Privalov V. E, Shemanin V. G. On the selection of a radiation
source for one of the problems of laser probing. //Optics and
Spectr. 1997. V. 82. No. &. P. 650-652.
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3. BedeHunw E. U, Yapmuu M. B, Wemarnun B. . Ycmpoucmbo dns
KoHmpons napaMempoB® a3po3onbHeix nomokoB. [amenm PP  Ha
nonesnyi Modenb N° 159104 U1 om 27.01.2016 2.

Laser device for automatic monitoring of oerosol emissions
paramefers in real fime
Vedenin E. |, Dyachenko V. V., Sarychev I. A, Charty P. V.
Novorossiysk Polytechnic Institute (branch) KubGTU,
353900, Novorossiysk, str. Karl Marx, 20

The organizations belonging to the facilities of the first category
of negafive impact on the environment must carry ouft automatic
monitoring of emissions in real time in accordance with the current
legislation [1]. Such a control can be carried out by the laser
differential attenuation remote sensing [2]. For this purpose, laser
instrument can be used with fthree lasers at the different
wavelengths of radiation. The laser beams form by means of beam-
splitting glass plates and mirrors the parallel beam which are
directed through the gaseous aerosol flow and, reflecting from the
mirror located on the other side of the gas pipe, are back directed
to fthe photo deftector of attenuated radiation. The radiation
recorded by fthe phofo detector passes sequentially through a dual
synchronous detector, an ADC converter and enters to the PC [3]
Thus, the developed device allows aufomatic monitoring of the
aerosol emissions in real fime. At the same time arrangement of
device layout outfside the gas flow, passage of laser beams through
measuring volume twice and use of double synchronous detector
increase accuracy of measurement of paramefers of aerosol
emissions.
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YucnenHoe ModenupobaHue ¢yHkuuoHupoBaHus nudapHod cucmeMsl dns
ducmaHuuoHHo20 3oHAupobaHus napHukoBuix 2a3o0b
: Kpabuoba H. C, CadobHukob C. A, Akobned C. B.
Wucmumym onmuxu ammocgepsi um. B. E. Jyeba (O PAH
634055, Poccus, 2. Tomck, na. Akademuka Jyeba, 1
email: ~ kravtsova®iao.ru, sadsa®iao.ru, ysv@igao.ru

MNpedcmaBneHbl pe3ynbmamsl KOMNbloMepHo20 ModenupobaHus ¢yHkuuu
nepekpeimusi [1, 2] dns cxemsl dByxocHozo Audapa € PA3AUYHBIMU
duamvempamu  cBemoyybcmbBumenbHoU  30HBI  NpueMHoU  4acmu
onmuyeckold  cucmeMsl.AHaAu3  pe3ynbmamob  pacyéma  GUHKUUU
nepekpLIMUANPU 3adaHHBIX NAPAMEMPAxX CUCMEeMbl NOKA3an, 4mo dns
HadexHoU pez2ucmpauuu AudapHbIX Cu2H@nod c NOAHLIM NepekpeimueM
anepmypbl Meneckona u AnasepHoz0 nyyka B Haudonbwed cmeneHu
nodxodsm koHuzypauuu ¢ ¢okycupobkol nas3epHoz20 U3NY4YEHUS HA
ydaneHuu 70-1000 M om nepedawwezo mpakma. B dawHoM cayyae
demekmopsl C 2eoMempuyeckumu pa3mepamu om 0.1 do 1 MM Mozaym
Obimb 3ddekmubHo ucnonb3oBaHel Npu nocmpoeHuu NpPueMHolU Yacmu
nudapa. [lpoBedeHo 4ucneHHoe ™ModenupobaHue nudapHbix cuzHanod
dns omdopa ONMUMANbHbLIX CNeKMpanbHelx duana3oHo® 3oHdupoBaHus.
Modenupobarue npobedeHo dns ycnobuu amMocdepsl nema u  3uMbl
cpedHux wupom C ucnonb3obaHueM Memeoponozuyeckux Modened
USA [3]. Pesynbmamsl Modenupobavus nokasanu, 4mo 845 NOAOCHI
noznouteHus B cnekmpanbHoM duanazoHe 4800...4900 cM™' ypobBeHs
nudapHeix cuzHanob nexum B ukmepBane 3Havenud 107-10"° Bm/Tu’.
WccnedobaHue BeinonHeHo 3a c4em 2paHma Poccudcko2o0 HAY4HO20
doHda N° 22-79-10203, https://rscf.ru/project/22-79-10203/.

Cnucok numepamypbl
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Numerical simulation of the operation of the lidar system for remote
sensing of greenhouse gases
Kravtsova N. S, Sadovnikov S. A, Yakovlev S. V.
V. E. Zuev Institute of Atmospheric Optics SB RAS
634055, Russia, Tomsk, Academician Zuev square, 1

The results of computer simulation of the overlap function [1, 2] for
a biaxial lidar scheme with different diameters of fhe light-
sensitive zone of fthe receiving part of the optical system were
presented.An analysis of the results of calculating the overlap
function for given system parameters showed that for reliable
detection of lidar signals with full overlap of fthe telescope
aperture and the laser beam, configurations with laser beam
focusing at a distance of 70—1000 m from the transmitting path are
most suitable.In this case, detectors with geomefric dimensions from
0.1 fo 1 mm can be effectively used in the consfruction of fthe
receiving part of the lidar. Numerical modeling of lidar signals was
carried out fo select fthe optfimal spectral ranges of remote
sensing.The simulation was carried out for the atmospheric
conditions of summer and winter of middle lafifudes using
meteorological models USA [3].The simulation results showed that
for the absorption band in the spectral range of 4800-4900 cm™,
the level of lidar signals is in the range of 107—107° W/Hz%".

The research was carried out at the expense of the grant of fthe
Russian Science Foundation N° 22-79-10203,
https://rscf.ru/en/project/22-79-10203/.
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BausHue nomepu yvacmu ucxodHbix @aHHbIX HA owudky BoccmaHobneHus
BonHoBozo ¢ppoHma 6 adanmubHol onmuyeckol cucmeme Bonbwozo
conHe4Hoz0 BakyymHoz0 meneckona
“Coun E. N1, Aykun B. M, Konbinob E. A
Wucmumym onmuxu ammocgeps! um. B.E. Jyeba (O PAH
634055, Poccus, 2. Tomck, na. Akademuka Jyeba, 1
email: “sel@iao.ru, lukin@igo.ru, kea®igo.ru

Mcnonb3ys paHee NOAYYEHHblE  3KCNEPUMEHMANbHbIe  GaHHbIE N0
dpoxaHul  ¢pazmMeHmob  conHedHbix  usodpaxeHul, B  Bude
nocnedobamensHocmu kadpob ¢ kamepsl damyuka BonHoBozo dpoHma
Wska-lapmmaHa adanmuBHol onmu4eckou cucmeMsl, npoBedeHo
uccnedobaHue uckyccmberHoz0 BunbemupobaHus Mampuubl
cySanepmyp damyuka BonHoBozo ¢ponma lleka-Tapmmana [1, 2].
Ananusupobanoce  BausHue  Ha  moyHocmb  BoccmaHoBneHHozo
BonHobozo ¢poHma Bo Bpema padomsl damyuka. [lokasaHo, 4mo npu
BunbemupobaHuu 3payka meneckona do 30 % owudka
BoccmaroBneHust BonHoBozo ¢poHma He npeBbiwaem Benuduny A/ L
(N = 535 HM). 00Hoko 3aMeyeHo, 4mo BenuyuHa owudKu CUALHO
3aBucum  om koH¢uzypauuu odnacmu nepekpbimus. B padome
npubedeHsl npuMepbl BpeMeHHol pa3bepmku nepBeix cemu nonuHoMob
LlepHuke (Be3 HaknoHoB) npu  pasauyHeIX  ycnobusx  YucneHHozo
3kcnepuMmeHnma, a mak xe npedcmabnersl pesynbmambl CKO BonHoBozo
¢poHma B pasnuyHbIX ycnobusx YucAeHHO20 3KCNEepuMeHmA.
MccnedobaHus BeinonHeHsl npu ¢uHaHcobou noddepxke Pocculckozo
Hay4yHoz0 ¢oHda, npoekm N° 23-42-00043.
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meneckona» // Tpydsl XV MexdyHapodHol Bdalkanbckol MonodexHod


https://bgtu-nvrsk.ru/research/conferences/lit/2023/info
mailto:sel@iao.ru
mailto:lukin@iao.ru
mailto:kea@iao.ru

Tp.Mexd.KoH. /INT-2023 Cekuus «[eomexHoNO2UU U 2803K0/N102U4ECKUL MOHUMOPUH2»
hffpsi//bqfu—nvrsk.ru/reseurch/conferences/lif/ZUZB/info
267

HayyHoUu wkoasl no  ¢yHdameHmansHoU usuke. Mpkymck. 11-16
ceHmadpa 2017 .

The effect of the loss of part of the initial data on the wavefront
reconstruction error in the adaptive optical system of a Large solar
vacuum Telescope
Soin E. L, Lukin V. P, Kopylov E. A
V. £ Zuev Institute of Atmospheric Optics SB RAS
634055, Russia, Tomsk, Academician Zuev sgquare, |
email: ‘sel@igo.ru, kdv®@iao.ru, peter@iao.ru, lukin®iao.ru

Using previously obtained experimental data on the shaking of
fragments of solar images, in the form of a sequence of frames
from the camera of the Shack-Hartmann wavefront sensor of an
adaptive optical system, an artificial vignetting of the matrix of
subapertures of the Shack-Hartmann wavefront sensor was
investigated [1,2]. The influence on the accuracy of the
reconstructed wavefront during sensor operation was analyzed. It
is shown that when the telescope pupil is vignetted up to 30%, the
wavefront reconstruction error does not exceed the value A/4 (A =
535 nm)However, it is noted that the magnitude of the error
strongly depends on the configuration of the overlap area. The
paper provides examples of the time sweep of the first seven
Zernike polynomials (without slopes) under various conditions of
numerical experiment, and also presents the results of the wave
front COEX in various conditions of numerical experiment.

The research was carried out with the financial support of the
Russian Science Foundation, project No. 23-42-00043.
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MPHTU  29.33.51
BAK  1.16.18

OueHka ckopocmu NepeHocd amMOC@EepHbIX a3p030/bHbIX
HeodHopodHocmed Mexdy dbyx moyek HadnwdeHul Ha ocHobe
N3BPHO20 KOPPENAUUOHHO20 QHANU3a
"Haconoba A. C.

WHcmumym onmuku ammocgepsi umM. B.E. Jyeba (O PAH
634055, 2. Tomck, na. Akademuxa 3yeba, 1
email: ~anna.s.nasonova@gmail.com

B 2018-2019 2. C ucnonb3obaHuemodHobpemeHHo 8byx
npocmpaHcmBeHHo pasHeceHHbix Audapob «/103A-A2» u «/103A-M2»
Ha o3epe balkan npoBbedeHbl 3kCcNEpPUMEHMb NO U3MEpeHUl CKOpocmu
nepexoca amMocepHbIX G3p030/bHbIX HeodHopodHocmey,
pacnonazabwuxcsa Ha pasHbix Beicomax, Had z2paHuued pasdena Boda-
cywa. /ludap «/03A-A2» &bin ycmaHoBneH Ha HayyHoM cydHe
«Akademuk B. A. Konmwz», cmosweM Ha paccmosiHuu ~ 300 M om
depezobou nuHuu. /ludap «/I03A-M2» pacnongzancsd Ha cywe, Ha
cmauuoHape B n. bospckud, Ha paccmosHuu ~ 700 M om  nudapa
«/NI03A-A2». [lpuMeneHue odHoBpeMenHo dByx nudapod nosbonuno
OUEHUMb CKOPOCMb NepeMeweHUs 03po30/bHbix cnoeb B ammocgepe
Ha Beicomax om npu3eMHoz0 cnos 8o cpedHed mponocdepsl,
ybnekaembix nokanbHbiMu BempoBeiMu nomokamu. OueHka Bpemenu
nepeHoca amMmochepHeix HeodHopodHocmel ocywecmbasnack  Ha
ocHoBe memoduku dbyxmoyeyHozo BpemMeHHO020 KOPPENAUUOHHO20
avanusa [1]. C 3mol uenbi Ha A3bike npozpammupobanus Python Bwina
HanucaHa npozpamMma odpadomku AudapHbix daHHbX, no3bonswwas
onpedenamb  BpeMenHou cdbuz Mexdy dByma  nNOAYYEHHLIMU
peanusauusMu AuBapHeix cuzHanod om HuxHel 2paHUUbLI G3PO30AbHbIX
HeoGHopodHocmed, no NONOXEHUI0 MakCcuMyMma B3aumMHo
KOppensauuoHHoU GUHKUUU.

KoppenfuuoHHell aHanu3 nudapHbix daHbix npobBodunca B pamkax
npoekma PH® N° 22-77-10043.

Cnucok numepamypsl

1. Mambuenko I. [, 3adde I'. 0, ®epduHandod 3. C, Konedb U H,
ABpamoba P. M. KoppensuuoHHsle ~ Memodbl  NQ3EPHO-N0KAUUOHHBIX
usMepeHul ckopocmu Bempa. HoBocudupck: Hayka, 1985. 223 c.
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Estimation of the movement speed of atmospheric aerosol
inhomogeneities between two observation points based on laser
correlation analysis
Nasonova A. S.

Institute of Atmospheric Optics V. E£. Zuev SB RAS
634055, Tomsk, Russia, 1 Academician Zuev square

In 2018-2019 using simultaneously fwo spatially separated lidars
LOSA-A2 and LOSA-M2 on Lake Baikal, experiments were carried
out to measure the fransfer rate of atmospheric aerosol
inhomogeneities located at different heights above the water-land
interface. The LOSA-A2 lidar was installed on the scientific-
research vessel «Akademik V. A. Koptyug», located at a distance of
~ 300 m from the coasfline. The LOSA-M2 lidar was located on
land, af a stationary station in the village of Boyarsky, at a
distance of ~ 700 m from the LOSA-A2 lidar. The use of two lidars
simultaneously made it possible fo estimate the speed of movement
of aerosol layers in the atmosphere at altitudes from the surface
layer to the middle troposphere, carried by local wind currents. The
time of fransfer of atmospheric inhomogeneities was esfimated
based on the method of two-point temporal correlation analysis [1].
For this purpose, a lidar data processing program was writfen in
the Python programming language, which makes it possible to
determine the time shift between ftwo received realizations of lidar
signals from fhe lower boundary of aerosol inhomogeneities, by fthe
posifion of the maximum of the cross-correlation function.

The correlation analysis of lidar data was carried out within the
framework of the RSF project no. 22-77-10043.
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YAoK  535.31+535.8
MPHTW  29.31.23
BAK 136

Pa3padomka HoBbIx JUCMAHWUOHHLIX ONMUKO-CNEKMPOCKONUYECKUX
Memodob onpedeneHust duozeHHbix asposoned
“Mpokonbed B. E., Andpeed M. B., Konobanob W. H., Manyenko 0. H,,
Myyukun A. B.

WHcmumym cubHOmoYHoU 3/71exkmporuku L0 PAH
634055, Poccus, 2. Tomck, np. Akademuyeckuu 2/3’
email: ~ prokop@ogl.hcei.tsc.ru, andreevmv_86@mail.ru,
ivan@lgl.hcei.tscru, yun.panchenko@mail.ru, apuchikin@mail.ru

B cbasu c codbimuaMu nocnedHux decamunemul cBAasaHHbIMU  C
mMupobbiMu  naHdemusmu  BupycHeix 3adonebanud NTH1 (2008 2) u
COVID-19 (2019 2.) cnedywwumu dpyz 3a dpyzoM 4epe3s 11 nem,
MOHUMOPUH2 Buo/n02UYeCcKUX 03po3onel amMocpepsl — cmaHoBumcs
odHoU U3 OKMYanbHbIXx NpodneM npozHo3a ycmouyubozo pasbumus
cobpemeHHol uubunusauuu, Nockonbky uMeHHO amMocdepHbil Bo3dyx
u okpyxawuwas cpeda abnasemcs 2nodanbHbiM U eMKkuM pe3epbyapoM, a
Bo3dywHo-kanenbHble 03p030AU  OCHOBHBIM NepeHocHukoM BupycHbIX
yacmuu. [nodanbHocmb odbekma uccnedobanul Beidbuzaem Ha nepbbid
NAGH npuMeHeHue ducmaHuuoHHelix, & nepbyw o4vepedbs nasepHo-
NOKAQUUOHHbIX-0NMuYeckux  cpedcmB, noayveHus  uHGopMauuu O
COCMOSAHUU OKpYXawwel Hac okpyxawuied cpedsl.

Padoma  BeinonHena B  pamkax  2ocydapcmbenHozo  3adaHus
MuHucmepcmbBa  Hayku u  Beicwezo  odpasobaHus  Pocculckol
¢edepauuu (FWRM-2021-0014).

Cnucok numepamypbl

1. B.E. Tpokonbeb. Cnekmpbl  ¢pomoduonozuyeckol uHakmubauuu
kopoHabupyca SARS-CoV-2 conHeyHbiM u3nyyeHuem Y®B-duanasoHa
(280-320 umM) // Onmuka amMocdepsl U okeaHa, 34, N° 9, 2021 C
682-688.

2. RLu, X.Zhao, Ju.Liet al. Genomic characterisation and epidemiology
of 2019 novel coronavirus: implications for virus origins and
receptor binding // Lancet, 395, N° 10224, 2020. P. 565-574.

Development of new remote optical-spectroscopic methods for
deftermining biogenic aerosols
Prokopiev V. E,, Andreev M. V., Konovalov I|. N, Panchenko Yu. N,
Puchikin A. V.
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Institute of High Current ElectronicsSBRAS, 634055, Russia, Tomsk,
Akademichesky Ave, 2/3

In connection with the events of recent decades associated with
the global pandemics of viral diseases N1H1 (2008) and COVID-19
(2019) following one affter another in 11 years, monitoring of
atmospheric biological aerosols is becoming one of fhe urgent
problems in predicting fhe sustainable development of modern
civilization, since it is atmospheric air and the environment that is a
global and capacious reservoir, and airborne aerosols are the main
carrier of viral particles. The global nature of the object of
research highlights fthe use of remote, primarily laser-location -
optical devices, fo obtain informafion about fthe state of our
environment.

The work was supported by fhe Ministry of Science and Higher
Education of the Russian Federation (FWRM-2021-0014).
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YOK 535.621(075.8)
MPHTW  29.31.29
BAK 1319

NandwagpmHo-zeoxuMudeckue ocodeHHocmu opzaHusauuu kapdoHoBozo
nonuzoHa «Manas 3emnsi» dns Na3epHO20 MOHUMOPUH2Q KAUMAMUYecKU
akmuBHbix 203086 € HU3KUMU KOHUEHmpauusMu
" lbsvenko B. B, Wemanun B. T., Capblued W. A.
HobBopoccuuckud nosumexruveckuy uHcmumym (Quauan) Kydarckozo
eocydapcmberHnozo mexHonozuyeckozo yHubepcumema, HobBopoccuuck,
Poccus

*

e-mail: * v-v-d@mail.ru
Lenb kapdoHobbix nonuzoHob — Hadnwdenue 3a  poHOBLIMU
xapakmepucmukamu  ecmecmBeHHblx  nomoko® KA B pasnudHbIx
duozeoueHosax, odnadanwux HeoduHakobou ycmouyubocmsio,
GCCUMUAAIUUOHHBIM ~ NOMEeHuUanoM U peakuueld Ha  BHewwHee
Bosdelcmbue [1.  Wx  ocodeHHocmu  onpedensiom  3Muccul U
cekbecmpauun KAl unu, odpasHo Beipaxasce — napamMempsl

«ObIXaHUSA» (amMozeoxuMuto) nandwadma. Bbudy Bbicokozo
napHukobBozo Bknada Heodxodumo Bkawy4umb B MoHumopuHz u cambie
pacnpocmMpaHeHHble ¢peoHsl, ¢ HAUB0AbWUM NapHukobbiM 3dppekmom (B
coombemcmbuu ¢ PacnopsxeHuem [pabumenscmba). K nepeyHi
Bewecmb nodnexauwux MoHumopuHzy uenecoodpasHo dodabumb napbl
Bodel u B3BewenHble yacmuubl. OHU uzpawm 3HaYumensHYw ponb B
napHukoBoM 3¢dekme, OUEHKE COCMOSHUS OKpyxawwed cpedsl U
noMoz2ym onpedenumbCs C 2eHE3UCOM MPYGHO OBbACHUMBIX U Pe3KuXx
¢dnykmyauul usMepeHuld (ocadku, noxapsl, U3bepxeHus BynkaHob,
NbiAbHbIE dypu u m. 4.).

llna  odbekmuBHoU  OueHKU  POAU  PA3AUYHbLIX  2eocdep U
duozeoueHo3zodb B ¢opmupobaHuu u cekbecmpauuu nomokob KAT
makue naowadku 8omaxHbL uMemb 80 3 ypobHel MoHuUmMOpuUH2a.

Mepbuid (ocHoBHou) ypobeHs — ycmaHobka c ceHcopamu Ha Beicome
2 M (cmandapm PoczudpoMema).

Bmopol ypobeHs — B mpaHwee (psidoM unu daxe nod nepBeiM
ypobrem) =2nyduHou 50..60 cM u OdnuHOU He MeHee 15 M 0nd
omcnexuBaHua «dbixaHus» no4Bel, komopas sBasemca nocmabwukoM
MHO2uX 2a308.

B necHbix 3kocucmemax HeodxoduM u mpemuu ypobewb — Had kpoHamu
depebbed  (dns  onpedeneHus  pesynbmupywwux  napamMempob
«ObixaHua» Bcel 3kocucmeMsl), mo ecmb Ha Boiwke Buicomod 10..30 ™.
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TakuMm odpasoM, dns necHbix duozeoueHo3oB Heodxodumbl mpu ypobHsa
HadnwdeHus. B nyzoBo-cmenHbix — dba. A B akBanbHo-8onomHbIX — 1.
Mpodnema, 3aknwyaemcsa & mom, ymo dns MoHumopuHza KAl do cux
nop He chopmupoban KOMNANeKc npudopob, CNOCOBHBIX
kKoHmponupoBamb  «dbixaHue» naHdwadma NO  WUPOKOMY NEepeyHw
20300 U Heodx0GuMO NpUMEHEHUE HeCKO/AbKUX (Moxem Obimb daxe
donee decsimka) npudopoB. OHU nNOCMPOEHBI HA Pa3HbIX GU3UYECKUX
npuHuunax u  mpedywm  pasaudHbix  ycnobul  pasmMeweHus u
peznaMeHmob 0dcnyxubaHus, nodzomobnenHocmu nepcoxana,
3HepzoodecneveHHocmu u md. Bce 3mo  o4eHb  Yc/noxHsem
annapamypHoe  o¢opMneHue  kapdoHoBoz0  noAuz0HG,  CHuxadem
onepamubHocmb u3MepeHul u noBelwaem cmoumocmb, Kak Bcezo
koMnnekma npudopoB, ux MoWmaxa, mak U 3kcnayamauuu. B
Hacmoswud MoMeHm, Haudonee MOYHBIMU U HABEXHbIMU NPU3HAHbI
usMepeHus MemodoM Buxpebbix kobapuauul u C nNoMowbi NOYBEHHbIX
KOMep, pas3nuy4Helx xpoMamozpadob u dp. Takue u3MepeHuss Xxopowu
819  «MOYeYHbIX» OUEHOK KOHUEHMpAuul, XapaKmMepusywm 04eHb
Hedonbwyiw Yacmb naHdwadma no  yskoMy nepeuydin KA U
npedycmMampubawm npodoomdop, KAk OMOeNbHYW MEXHOA02UYEeCKYw
onepauuto. Kozda xe HUXHO becmu HenpepbiBHbIU
abmomamu3upoBaHHbIl MOHUMOPUH2 CYMMAPHO20 NOMOKA NAPHUKOBbIX
20306 uenozo neca unu kakou-mo cywecmBeHHoU nnowadu, Ay4we
nonb3oBambcs ducmaHuuoHHbIMU cpedcmbBaMu u3MepeHul, CNOCOBHLIMU
npousBecmu uHmezpanbHyl oueHky meppumopuu. Cnedyem ommemums,
4ymo MoHumopuHz KAl ¢ HuskuMu ecmecmBeHHbIMU KOHUEHMPAUUSMU,
donxeH odnadamb docmamoyHo BbicokoU MOYHOCMbI U3MepeHul.
MosmoMy, ycpedHeHue pe3ynbmamodb 3aMepod Ha  Hekomopol
ducmaHuuu  (xomsi  dbl  decamku Mempob) nobbiwaem mMoYHOCMb
onpedeneHus, no cpaBHeHUl C MOYEeYHBbIM.

C uenbl KOMNNekCHO20 peweHus OaHHblXx nNpodneM npednazaemcs
ucnonb30bamb BO3MOXHOCMU NA3EPHBIX MEXHO/A02UU, KOMOPbIE AUWEHbI
nepeyucneHHsx Boiwe HedocmamkoB u  nosbBonswm  odecneyums
onepamubHocmb, xopowee npocmpaHcmbeHHo-BpemMeHHoe paspeweHue
U nomeHuuanbHyw Bo3MoxHocmb onpedeneHus Bcex koMnoHeHmoB
odHuM npudopoM. 3mo20 MoOxXHO doCmu4b AUGAPOM, UCNOAb3YKUWUM
Memod KoMBuHauuoHHozo paccesHus cbema (KPC) [2-4]. B omauyue
om Memoda OupdepeHUUaNbHO20 NO2/A0WEHUS U paccesHus B UK
odnacmu cnekmpa, OH He Hyxdaemca B noddope ucmoy4Huka
u3znyyeHus 9ns 3oHdupobaHus kaxdol Monekynsl B omdenbHocmu [4] u
MOXEem UHMezpanbHo oueHumb kKoHueHmpauuu Bcex KAl Ha mpacce
30HJupobaHua dnuHol B decsmku u do comHu Mempob. 3mo no3bBonum
usdexamb owudok, cBolcmbeHHbIX MOYeYHBIM U3MEpeHUsM (3a c4em He
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YYMEHHBIX N0KAAbHBIX $GAYKMYauul pasnuyHozo zeHesuca). Mosmomy,
nasepHele mexHonozuu sbnswmcs Bonee nepcnekmubBHbiM  Memodom
MoHumopuHnza KAl ¢ ypoBrem koHueHmpauul nopsdka ¢oHoBol u
Boiwe [2, 4]

Pesynbmamsl  Hawux uccnedobaHul [2, 5] u  awanus  nydaukauud
nosbonsiom  3akAYuMb, 4MO  MOXHO nododpamb  ONMUMANbHbIE
napamempsl nasepa u nudapa KPC dns odHobpemenHozo 30HJupobaHus
b ammocdepe Bcex paccMompeHHbix Monekyn kapdoHoBozo uukna Ha
paccmosiHusix 30Hdupobarus do 50 M. [lpu 3moM, duanasoH Bpemenu

usMepeHul o04eHb wupok — om 36 HC do 984 ¢, 4mo ycnoxHsem
odHobpemenHyw 3anuck cnekmpo® KPC Bcex Monekyn, odHako 3moz0
MOXHO dodumbcs U3MEHEHUEM BpemeHu U3MepeHus B

npouecce pezucmpauuu  AudapHelx  cuzHanob, 4mo  dokasaHo
3kcnepuMenmamu B [3, 6, 7. M3menenueMm BpeMeHu  usMepeHus,
yacmomsl cnedoBaHus U 3HEpauu UMNYAbLCOB Na3epHO20 U3AYYeHus
MOXHO GOCMUYb CHUXeHUs BenuyuHbl MUHUMAAbHO pezucmpupyemol
KOHUEHMpAuuu uccnedyembix Monekyn u ybenuveHus paccmosHus
30HJupobaHus.

MonyyenHbie  pesynbmambl  no3bonswm  opzaHuszobamb mecmoBbil
MexXHON02UYeCKUl NoAu20H Ha meppumopuu  Gdendponapka  HIU
(dunuana) Kydl'TY, pasMeweHnHozo Ha okpauHe HobBopoccuicka &
pauoHe Memopuana «Manas 3eMmnsi». 30ecb, Ha meppumopuu 5 2q,
cywecmbywm kak nyzobo-cmenHble, Mak U /NecHble BUO2Ee0UEHO3bI,
HenocpedcmbBeHHo npuMbikawwue K ANad0pamopHoMYy kopnycy. Takum
00pa3oM, MoXHO opzaHusobamb MoHumopuHz KAl Ha Bcex mpex
ypobHax. 3Imo ynpowaem pa3padomky U UCNbiMaHue AudapHbIX
mexHonozul  U3MepeHUs  KOHUeHmpauul  napHukoBeix  2a308,
npobedeHue  onbimHoU  3kcnayamauuu  u  cobepwencmboBanue
odopydobaHus, 4MO 04YeHb AKMYAAbHO OGNS  MHO204UC/AEHHBIX U
pasHoodpasHbix naHdwadmod wza Poccuu [8-10].

Cnucok numepamypbl

1 Obsivenko B. B, [Obsadvenko /1. I, [Nebucunob B. A. Hayku o 3emne:
Y4— M:HAL UHOPA, 2019. - 345 c.

2llbaveHko B. B, lWlemanun B. T. // 3konoz2uf U NPOMbIWAEHHOCMb
Poccuu. 2021 - T. 25. - N° 10. - C. 36—42.

3 [pubano® B. E, Pomuadu A 3, LWemaHuH B.T. /lasepsl u
3K0n02u4eckul MoHumopuHz ammocdepsl - CM8.: Nanb, 2013 —288 c.

4 Privalov V. E, Shemanin V. G. // Optical Memory and Neural
Networks. 2018. - V. 27.- No.2.- P. 120-131.

5 [lbsivenko B. B, Wemanun B.T. // Nazepbl.  M3MepeHus.
WHpopmauus. — 2022. — T. 2. — N* 4(8). — C. 15-29
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6 Privalov V. E, Shemanin V. G. // Measurement Techniques. 2020.
- V.63 - No. 7. - P. 543-548.

7 [loHyeHnko B. A, KadaHob M. B, Kayns B. B. AmmocdepHas
3nekmpoonmuka — ToMmck: U3d. HT/, 2010. — 220c.

8 [lbsvenko B. B. PezuoHanbHbie naHdwapmHo-zeOXUMUYECKUE
uccnedoBanus zopol 4acmu CeBepHozo Kabkasa.//3konozus: Onbim.
Mpodnemsl. Mouck. Hobopoccutuck. 1991. C. 96-100

9 [bsayenko B. B, Mamacoba W 0. /laHdwadmHo-2e0XUMUYECKAS
dudpdepenuuauus wza Poccuu // Teoxumus nandwapmob (k 100-
nemun AW TepenbMaHa). [loknadel  Bcepocculckol — HAyyHoU
KoHpepeHuuu. MockBa, 18-20 okmsadpa 2016 2, M. leozpaduyeckud
¢akynemem My, 2016. — 32 Mb.

10 [lbsvenko B. B, Mamacoba U. 10, [lbavenko /. T.
KapmozpadupoBaHue zeoxumuyeckux nandwadmob wz2a Poccuu
(acnekmsl  Npakmuyeckozo  ucnonb3obanus) //  Teozpadus U
npupodHsie pecypcsl. 2019. N° 3. C. 16-25

Landscape-geochemical features of the organization of the Malaya
Zemlya carbon landfill for laser monitoring of climatically active
gases with low concentratfions
Dyachenko V. V., Shemanin V. G, Sarychev I. A.
Novorossiysk Polytechnic Institute (branch) Kuban State
Technological University, Novorossiysk, Russia,

The purpose of carbon polygons is to observe the background
characteristics of natural CAH flows in various biogeocenoses with
unequal stability, assimilation potentfial and reaction fo external
influences  [1l. Their features determine the emission and
sequestration of CAH or, figuratively speaking, the parameters of
“breathing” (atmogeochemistry) of the landscape. Due to the high
greenhouse confribution, it is necessary fo include the most common
freons with the greatest greenhouse effect in monitoring (in
accordance with the Government Order). It is advisable to add
wafter vapor and suspended parficles to the list of substances to
be monitored. They play a significant role in the greenhouse effect,
assessment of the stafe of the environment and will help deftermine
the genesis of difficult to explain and sharp fluctuations in
measurements (precipitation, fires, volcanic eruptions, dust storms,
efc).

For an objective assessment of the role of various geospheres and
biogeocenoses in the formation and sequestration of CAG flows,
such sites should have up to 3 levels of monitoring.
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The first (main) level is an installation with sensors at a height of
2 m (standard of Roshydromet).

The second level is in a french (near or even under the first level)
with a depth of 50..60 cm and a length of aft least 15 m to track
the "breathing” of fthe soil, which is a supplier of many gases.

In forest ecosystems, a third level is also needed — above fthe
crowns of trees (to deftermine the resulting parameters of the
“breathing” of the entire ecosystem), that is, on a tower with a
height of 10..30 m.

Thus, fthree levels of observation are necessary for forest
biogeocenoses. In the meadow-steppe — ftwo. And in the water-
marsh — 1.

The problem lies in the fact that a complex of devices capable of
monitoring the "breathing” of the landscape for a wide list of gases
has not yet been formed for monitoring the CAG, and it is
necessary to use several (maybe even more than a dozen) devices.
They are built on different physical principles and require different
accommodation conditions and service regulations, personnel
preparedness, energy supply, efc. All this greatly complicates the
hardware design of the carbon landfill, reduces the efficiency of
measuremenfs and increases the cost of both the entire sef of
devices, their installation and operation. At the moment, the most
accurate and reliable measurements are recognized by the method
of vortex covariances and wusing soil chambers, various
chromatographs, etc. Such measurements are good for “point”
estimates of concentrations, characterize a very small part of the
landscape according to a narrow list of CAG and provide sampling
as a separate technological operation. When it is necessary to
conduct continuous aufomated monitoring of the total greenhouse
gas flow of an entire forest or some significant area, it is befter
to use remote measuring instruments capable of making an infegral
assessment of fthe territory. It should be noted that monitoring of
CAH with low natural concentrations should have a sufficiently high
measurement accuracy. Therefore, averaging fhe results of
measurements at a certain distance (at least tens of meters)
increases the accuracy of the defermination, compared with fthe
point.

In order fo comprehensively solve these problems, it is proposed to
use the capabilities of laser technologies, which are devoid of fthe
disadvantages listed above and allow for efficiency, good spatial
and temporal resolution and the potfential for deftermining all
components with one device. This can be achieved by lidar using fthe
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raman light scattering (RAMAN) method [2—4]. Unlike the method of
differential absorption and scattering in the IR region of the
spectrum, it does not need fo select a radiation source for probing
each molecule separately [4] and can integrally estimate the
concenfrations of all CAG on the probing path of tens and up to
hundreds of mefers long. This will help to avoid errors inherenf in
point measurements (due to local fluctuations of various genesis
not taken into account). Therefore, laser technologies are a more
promising method of monitoring CAH with concentrations of the
order of background and higher [2, 4].

The results of our research [2, 5] and the analysis of publications
allow us to conclude that it is possible to select the optimal
parameters of the laser and the RAMAN lidar for simultaneous
sounding in the atmosphere of all the carbon cycle molecules
considered af sensing distances up to 50 m. At the same time, the
measurement fime range is very wide — from 36 ns to 984 s, which
complicates the simultaneous recording of the RAMAN spectra of all
molecules, but this can be achieved by changing the measurement
time during the registration of lidar signals, which is proved by
experiments in [3, 6, 7. By changing the measurement time,
repetition frequency and energy of laser pulses, it is possible to
achieve a decrease in the value of fthe minimum recorded
concentration of the studied molecules and an increase in the
sensing distance.

The results obtained make it possible fo organize a test
technological landfill on fthe territory of the arboretum of the NPI
(branch) of KubSTU, located on the outskirts of Novorossiysk in the
area of the memorial "Malaya Zemlya“. Here, on the territory of 5
hectares, there are both meadow-steppe and forest biogeocenoses
directly adjacent to the laboratory building. Thus, it is possible to
organize CAG monitoring at all three levels. This simplifies the
development and testing of lidar fechnologies for measuring
greenhouse gas concenfrations, conducting pilot operation and
improving equipment, which is very important for the numerous and
diverse landscapes of southern Russia [8-10].
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NlucmaHuuonHoe demekmupobarue opzaHopocpamob Memodom
9ByxuMnyLCHol nasepHol dpazmeHmauuu/ nasepHo-uHdyuupoBanHo(
¢$nyopecueHuuu
"2 Mypawko C. H, "? bodpobHukod C. M, " Topnob E. B.,' Xapkob B. U,
" Capbsanob A. I
" Wncmumym onmuxu ammocgeps um. B. F. Jyeba [0 PAH
634055, Poccus, 2. Tomck, naowads Axademuka Jyeba 1
? HauuoransHeid uccredobamensckud Tomckud zocydapcmbBenrsid
ynubepcumem, 634050, Poccus, 2. Tomck, npocnexkm /leHuna 36
email: ~msn_17@mail.ru, bsm@iao.ru, gorlov_e@mail.ru,
zharkov@®iao.ru, saf@iao.ru

MNpedcmaBnersl  pe3ynbmamsl N0 deCKOHMAKMHOMY  0BHAPYXEHUIo
¢dochopopzaHuyeckux  coeduHeHud  (®0C) ™MemodoM  nasepHol
dpazmeHmauuu/ nazepHo-urdyuupobaHHoi dnyopecueHuuu Ha
paccmosiHuu 10 MempoB. CpaBHeHue pac4eémHbiX U 3KCNEPUMEHMANbHbIX
nonoxeHul nonoc ¢GAYopecueHuuu, noay4eHHslx B pesynbmame
Bo3dyxdeHus nepexoda AL* (v’ =0) — XM (v" =0) Monekyn
okcuda ¢ochopa, NOKA3AN0 NpakmMuyecku nonHoe ux coBbnadeHue.
MNpedcmabnen cnekmp Bo3dyxdeHus PO-¢pazmMeHmod, odpasobaHHbIx
npu ¢omoduccouuauuu Monekyn duxnogpoca (APC) & duanasoHe BAuH
Bonn 247,775 um..248 M. Cnekmp  HanoMuHaem  pe3y/abmamsl
OHON02UYHbIX  U3MepeHul, noay4eHHble npu  uccnedobanuu  PO-
¢pazMenmob  mpusmundochama (T3P). BudHo, uYmo MaKCuMym
B0o3dyxdeHus Monekyn npuxodumca Ha dauHy BonHel 247,8 HM, Kozd3a
MOKCUMaAbHAS uHmMeHcuBHocmb ¢pazmeHmoB T3P Hadnwdaemcs Ha
dnuHe BonHbl 247,78 HM.

OnpedeneHa 3abucuMocmb uHmeHcubHocmu cuzvana /NP Monekyn
okcuda ¢ocpopa om BpemeHHou 3adepxku Mexdy ¢GpazMeHMUpYlULUM
U 30HOUpPYWWUM  nasepHsiIMu  uMnyabcamu.  [lokasado,  4mo
MakcuManbHell omkauk om PO-¢pazmeHmod [PC docmuzaemcs npu
3adepxke pabHol 1 Mkc, 4mo omaudyagemcs om  pe3ynbmamod
3kcnepuMeHmob ¢ T3¢, 20e Haudonbwas uHmeHcubHocmb  /INP
nonyyeHa npu 3adepxke pabHou 2 MKC.
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Remote detection of organophosphates by two-pulse laser
frugmen’ru’rionﬁuser—induced fluorescence
2" Murashko SN, ™ Bobrovnikov S.M., " Gorlov E.V,
' Zharkov V.1, "* Safyanov A.D.
"V.E. Zuev Institute of Atmospheric Optics SB RAS, 634055, Russig,
Tomsk, Academician Zuev Square 1
’National Research Tomsk State University
36 Lenin Avenue, Tomsk, 634050, Russia
email: * msn_17@mail.ru, bsm@iao.ru, gorlov_e@mail.ru,
zharkov@®iao.ru, saf@iao.ru

The results of non-contact detection of organophosphorus
compounds (OPC) by laser fragmentation/laser-induced fluorescence
at a distance of 10 meters are presented. Comparison of fthe
calculated and experimental positions of the fluorescence bands
obtained as a result of excitation of the transition A’L* (V' = 0) —
XN (V" = 0) of phosphorus oxide molecules showed their almost
complefe coincidence. The excitation spectrum of PO fragments
formed during photodissociation of dichlorophos molecules (DHS) in
the wavelength range of 247.775 nm..248 nm is presenfted. The
spectrum resembles the results of similar measurements obfained
during the study PO-fragments of triethyl phosphate (TEP). It can
be seen fhat the maximum excitation of molecules occurs at a
wavelength of 247.8 nm, when the maximum infensity of TEP
fragments is observed at a wavelength of 247.78 nm.

The dependence of the signal infensity of the phosphorous oxide
molecules on the time delay between the fragmenting and probing
laser pulses is deftermined. It is shown fthat the maximum response
from PO-fragments of DHS is achieved with a delay of
1 microsecond, which differs from the results of experiments with
TEP, where the greatest intensity of LIF is obtained with a delay of
2 microseconds.
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Buonozuyecku akmubHeie BewecmBa uz nucmbed cbekab u Mopkobu
" Xmbipko T. T, HoBukoba T. K, Cmuxoba A. M.
locydapcmbernsiu Mopckou yHubepcumem uM. adm. @. @. Ywakxobaq,
353924, Poccus, 2. HoBopoccuuck, np. NeHuna, 93
email: * zhmyrko.tanya®@mail.ru, yriynov@yandex.ru,
stihova.am@mail.ru

Mpu nepepadomke cenbckoxo3aucmbenHol npodykuuu odpasyemcs
donbwoe konuyecmbo omxodoB, komopoe no cBoeu Benuyune
npebeiwaem odbem Beinyckaemol npodykuuu [1].

Mol usyyunu nunudel domBel cBeknbl u Mopkobu B uenax komnnekcHou
ymunusauuu omxodob, odbeM komopbix cocmabnsem Bonee 20 % om
Maccbl ucxodHozo cbipbs. [lns 3mozo Mbl u3 domBul cBeknbl u MopkoBu
3KCcmpakuuel 2zekcaHoM usbneknu aunudsl, oMbiauAu ux, Beidenunu
HEOMbINSEMbIE Bewecmba, Komopble pasdenunu KONOHOYHOU
xpoMamozpadueld Ha cunukazene Ha 12 ¢dpakuud [2].  Bbixod
HeoMmbindeMbix Bewecmdb — 0,5 % om dombbl cbeknsl u 0,4 % om
domBel  Mopkobu. WdeHmuguuupobanu cnedywwue Bewecmba no
danHbiM  AMP  u  mMacc-cnekmpo®:  yzneBodopodsl, kapomuHoudbl,
mokogepon, 3pupsl cmepuHob, usonpeHoudHsle Cnupmbl,
anudpamuyeckue cnupmsl, mpumepneHoBele cNUpMbI, CMEPUHbI.

Ha ocHobaHuu Belwe u3noxeHHozo MoxHo cdenamb Beibod, 4mo
nucmbs cbeknsl U mopkoBu codepxam 3Ha@4umenbHoe konuyecmbo
duonozuyecku akmuBHeix komMnoHeHmoB, cpedu komopelx  0COdbIU
uHmepec BeizbiBarm mpumepneHobele coeduHeHus.

Cnucok numepamypbl

1. Xmbipko T. T, Hobukoba T. K. XuMu4yeckoe uccnedobanue nunudob
SOLANUMTUBEROSUM // C8opHuk cmamed VI Bcepocculckod Hay4Ho-
mexH. KoH®. «HoBbie xumudveckue mexHonozuu: npousbodcmbBo U
npuMeHeHue». — [en3a: Mpubonxckul [lom 3HaHud, 2004. C. 32-34.

2. bodskoba A. B, Xpucmwk B. T, YepHenko E. 1. 0  nymsx
cobepwerncmbobarus MexHono0z2uu KOMN/AekcHoU nepepadomku
BmopuyHeix pecypcod BuHodenus // WHdycmpus HanumkoB®, N° 3, 2012.
C. 14-15.
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Biologically active substances from beet and carrof leaves
Zhmyrko T. G, Novikova T. K, Stikhova A. M.
State Maritime University named after Admiral F.F. Ushakova
93, Lenin Ave, Novorossiysk, 353924, Russian Federationw

During the processing of agricultural products, a large amount of
waste is generated, which in ifs magnitude exceeds the volume of
manufactured products [1].

We have studied the lipids of beet and carrot tops for the purpose
of complex disposal of waste, the volume of which is more fhan
20% of the mass of the feedstock. To do fhis, we extracted lipids
from the tops of beefs and carrofs by extraction with hexane,
saponified them, isolated unsaponifiable substances, which were
separated by column chromatography on silica gel info 12
fractions [2]. The yield of unsaponifiable substances is 0.5 % from
beet tops and 0.4 % from carrot tops. The following substances
were idenfified by NMR and mass spectra: hydrocarbons,
carotenoids, focopherol, sterol esters, isoprenoid alcohols, aliphatic
alcohols, friterpene alcohols, sterols.

Based on the foregoing, it can be concluded that beet and carrot
leaves contain a significant amount of biologically active
components, among which triterpene compounds are of particular
interest.
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OnmuMusauus 3HepzonompedneHus cucmeM koHmpons Beidpocod napob
MOpCKUX maHkepod
3azypckud E. @, " Tupkun B. A.
locydapcmbenmsiu Mopckou yHubepcumem um. adm. @. @. Ywakoba
353924, Poccus, 2. HobBopoccuuck, np. /lerura, 93
email: evgzag82@yandex.ru, ~ turvla@mail.ru

Yemanobku ynabnubaHus napob umewm Bbicokue 3kKCNAYAMAUUOHHbIE
pacxodbl U3-3a 3HQYumMenbHoz20 3HepzonompedneHus. CnedoBamensHo,
CHU3UMb 3HepzonompedneHue cucmeM KoHmpons Buidpocod napob
Bo3aMoxHo 3a c4yem onmumusauuu BpeMenu bBkawdenus B padomy
ycmanobku ynabnubarua napob npu nozpyske MopCk020 MaAHKepa.
MowHocmb 2a3odyboqHozo odopydobanus y, 3abucum om dbyx
0cHOBHLIX napamempob: odbemHozo pacxoda 2a30Bol cMecu x, MP/4, U
cmeneru ynabnubarua napob x, %. [na oueHku BAusHUS Yka3aHHbIX
napaMempo® Ha 3HepzonompedneHue ycmaHobku Bbin BeinoaHeH pad
3amepob Ha HedpmeHanubHom mepMuHane B Poccuu npu nozpyske
mankepa muna «A¢pamakc». Mcnonb3ys $akmopHbiU 3KCNEepUMEeHm,
nonyyunu mModensb:

y =712+ 224x; +70xy +8.75x;x, +0.83x7 +3.33x3 .

Ha wHayvanbHoM 3mane BeimecHeHus 2a30Bou cMecu u3  2py3obbix
maHko®  Beidensemcs  oBedHeHHas  NO  COOepXAHUKW  NEMYYUX
opzaHuyeckux coeduHeHuld (/I0C) cMecb. 3mo nodmbepxdaemcs
aHanu3oM ¢akmuyeckux GaHHLIX NPU 302PY3ke MaHkepa.
Ha Ha4anbHoM 3mane nozpysku maHkepa BeimecHsemcs 2a3ocbas
cMecb, codepxawass Hedonbwoe  koauvecmbo  /I0C, no3momy
npednazaemcs  Bkawvamb  ycmanobku  ynabnubaHus  napoB  Ha
Hekomopoe Bpems no3xe Havana nozpysku madkepa. Benuyuwa
¢uHaHcoBozo pesynbmama padomsl cucmeMsl ynabaubBaHus napob £
npu BkawyeHuu ycmaHoBku nocne Hayana 3az2pysku onpedensemcs
cnedyowumM BeipaxeHueM:

F=I-E,-D,
20e / — doxod om dodbimou Hepmu, pydau; £, — cmouMocmb
3nekmpo3Hepzuu, nompednsemou  ycmadobkol, pydau; O —
cmouMocmHoe BeipaxeHue ywepda om Beidpocod yznebodopodod C; —
Co ©® amMocdepy, dononHeHHoe — ynywenHoU  Beizodol  om
de3Bo3bpamHo nomepsaHHOU Hepmu, pydau.
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AHanuz  pe3ynbmamob pacyemob nokasan, 4MO:  MaKCUMANbHbIU
¢uHaHcobbIl pe3ynbmam om padomsl ycmaHobku ynabaubaHus napob
docmuzaemcs npu eé BkawyeHuu 4epe3 1 4 4 MuH nocne BknwYeHus.
Mpu 3moM cHuxaemcs nompedneHue 3HEP2UU HO ONEpAUUN 302pY3KU
maskepa muna «Adpamakc»  npuMepHo  Ha 6%. 3mo daem
nonoxumensHbll 3KOHOMuYeckul 3d¢pekm 3a 5 nem 3kcnayamauuu
ycmavobku ynabnubaHus napob no npednoxenHomy anzopummy B
pa3mepe 40 mMAaH. pyd.

Energy optimization of marine tanker vapor emission control systems
Zagursky E. F, "Turkin V. A.
State Maritime University named after Admiral F.F. Ushakova,
353924, Russia, Krasnodar Territory, Novorossiysk, Lenin Ave, 93

Vapor recovery plants have high operafing costs due to significant
energy consumption. Therefore, it is possible to reduce the energy
consumption of vapor emission confrol systems by opfimizing the
start-up time of fthe vapor recovery unit when loading a sea
tanker.

The power of gas blowing equipment y depends on ftwo main
parameters: the volumetric flow rate of the gas mixture x, m3/h,
and the degree of vapor recovery x, %. To assess the impact of
these parameters on the power consumpfion of the installation, a
number of measurements were made at an oil terminal in Russia
during loading of an Aframax type tanker. Using a factorial
experiment, we gof the model:

y =712+ 224x] +70xy +8.75x;x, +0.83x7 +3.33x3 .

At the initial stage of displacement of the gas mixture from cargo
tanks, a mixture depleted in the content of volatile organic
compounds (VOC) is released. This is confirmed by the analysis of
the actual data when loading the tanker.
At the initial stage of tanker loading, a gas mixfure containing a
small amount of VOCs is displaced, so it is proposed to furn on the
vapor recovery installations some time after fthe start of fanker
loading. The value of the financial result of fthe operafion of the
vapor recovery system F when the unit is furned on after fthe
start of loading is defermined by the following expression:
F=I-E,-D,
where | is the income from the produced oil, rubles; Ee is the cost
of electricity consumed by fthe installation, rubles; D is the cost
expression of the damage from emissions of C1-C10 hydrocarbons
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into  the afmosphere, supplemented by lost profits from
irretrievably lost oil, rubles.

An analysis of the calculation results showed that: the maximum
financial result from the operation of the vapor recovery unif is
achieved when if is furned on 1 hour 4 minutes affer it is turned
on. At the same fime, energy consumption for the operafion of
loading an Aframax tanker is reduced by about 6%. This gives a
posifive economic effect for 5 years of operation of the vapor
recovery unif according fo the proposed algorithm in the amount of
40 million rubles.
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BnusHue uHdOpMauuoOHHLIX MEXHONozul Ha de3onacHocmb
3kcnayamauuu cydobozo 3Hepzemuyeckozo odopydobaqus
Cmsaxkun A. A, " Tupkun B. A.
[ocydapcmbenHsiu Mopckou yHubepcumem uM. adm. @. @. Ywakoba,
353924, Poccus, 2. HobBopoccuuck, np. /lerura, 93
email: sasha-lol12@mail.ru, " turvlia@mail.ru

MexdyHapodHoU Mopckol opzaHusauued 16 uiHs 2017 20da dsina
npuHsma pesoniuus MSC.428(98) «YnpabneHue kudeppuckamu B
MopckoU ompacau B pamkax cucmeM ynpabneHus 8e3onacHoCmMbi», 4
makxe Benyued uupkynsp MSC-FAL.1/Circ3  «PykoBodcmBo no
ynpabneHuin  kudeppuckamu B Mopckou ompacau».  Pesonwuus
npedycmampubaem Heodxodumocmb & nobBeiweHuu ocBedoMneHHocmu
nepcoHana cydoxodHbix KOMNAHUU U 4neHob 3kunaxa omHocumMensHO
yzpo3 kudeppuckob 8ns noddepxaHua Be30NACHO20 U 3QWUWEHHO20
cydoxodcmba. BHedpeHue uudpobbix mexHonozut B cydoxodHyio
ompacab  no3bBonauno  3Ha4umenbHo  ynyywums  3ppekmubHocmb
ynpabnerus cydobeiMu 3Hepzemuyeckumu ycmavobkamu (C3Y). Ho oHu
makxe omkpbibawom BosmMoxHocmb kudepamak. CoznacHo  GaHHbLIM
koMnaHuu  PositiveTechnologies  (https://www.ptsecurity.com/ru-
ru/ubouf/) 3¢ 2019 208 Odbino cobepweHo 125 amok Ha
UHppacmpykmypy NPOMbIW NEHHbIX npednpusamuu Poccutckol
®edepauuu, 110 Bbinu  cobepweHsl C UEAb NOXUWEHUS  OJAHHbLIX
KOMNAHUU, ocmanbHble 12 ¢ uensk nonyyeHus ¢uHaHcobod Beizodbl. Ha
daHHbll  MoMeHm B  Poccuu  HacyumsiBaemcs 1323 npoMblwAeHHbIX
npednpuamus u npousbodcmba. CnedobamenbHo, Yacmoma kudepamak
Ha 3nemenmsl C3Y, cocmabum 0,00907029 208" Yssbumocmu B
odnacmu kudepde3onacHocmu MOXHO YCMpaHumb C nomowbl nodxoda,
ocHoBaHHO20 Ha oueHke puckad. 3mo no3bonsem komnaHusM BeiaBasmb
yzpo3el u ysszbumocmu onepauud, nnaHupoBamb dapbepel  3nf
npedomBpawerus uHuudenmod u cmAz4veHus nocnedcmbud. Ymodbl
ycmaHobumb 3mu  Bapbepsl u odecneyumb desonacHocmb cucmem
ynpabnerus C3Y cnedyem: ydedumsbcs, 4mo Bce nepedayu GaAHHbLIX
uMelom npoBepku uenocmHocmu; cnedumb 3a 8nokupoBkou u 3awumol
doMeHHbIX  uMeH; no  Bo3MoxHocmu, cezMeHmupobamb  cemb
ynpabneHus, 4model npedombBpamums pacnpocmpaHeHue BpedoHOCHbLIX
npozpaMM nocne moz20, kak uenebas cemb uau cucmema BbiAu
B3nomaHb;; npuMenamb dByxdpakmopHyl aymeHmuukauul; odyyvamb U



Tp.Mexd.koHo. /INT-2023 Cekuus «TexHocdepHas de30naCHOCMb>»
thsi//bqfu—nvrsk.ru/reseurch/conferences/lif/2[]23/info

286

depxamb compydHukob B kypce mekywux yzpo3, nobelwamb ux
ocbedomnenHocms B Bonpocax uHpopMauuoHHOU de3onacHocmu.

The influence of information technologies on the safety of operation
of ship power equipment
Styazhkin A. A, Turkin V. A.
State Maritime University named after Admiral F.F. Ushakova,
353924, Russia, Krasnodar Territory, Novorossiysk, Lenin Ave, 93

On June 16, 2017, the International Maritime Organization adopted
resolution MSC.428(98) [Managing cyber risks in the maritime
industry within the framework of security management systems[,
and issued circular MSC-FAL.1 / Circ.3 OGuidelines for managing
cyber risks in the maritime industry “. The resolution provides for
the need to raise the awareness of shipping company personnel and
crew members about the threats of cyber risks in order to maintain
safe and secure shipping. The introduction of digital technologies in
the shipping industry has significantly improved the efficiency of
managing ship power plants (SPP). But they also open up the
possibility of cyberattacks. According fo Positive Technologies
(hffpsr//www.p’rsecurify.com/ru—ru/ubouf/ ), in 2019 there were
125 attacks on the infrastructure of industrial enterprises in the
Russian Federation, 110 were committed to steal company datag, the
remaining 12 were obtaining financial benefits. At the moment, there
are 1323 industrial enterprises and productions in Russia.
Consequently, the frequency of cyber attacks on the elements of
the ECS will be 0,00907029 year-1. Cybersecurity vulnerabilities can
be addressed through a risk-based approach. This allows companies
to idenfify threats and operational vulnerabilities, plan for barriers
to prevent incidents and mitigate consequences. To establish these
barriers and ensure the security of the control systems of the
ECS, you should: make sure that all data transfers have integrity
checks; monitor the blocking and protection of domain names; where
possible, segment the control network to prevent the spread of
malware affer the target network or system has been hacked;
apply two-factor authenfication; train and keep employees informed
about current threats, increase their awareness of information
security issues.
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OdecneveHue mexHocdepHou desonacHocmu Ha ocHoBe npedMemHo-
3KOHOMUYeCKUX 2pynn
" MapmuiHo® . B, 'Bodun 0. H, ? be3dopodoba 0. E.

" lerserckud MocydapcmbBenrsii TexwonozuveckuiYuubepcumem
440039, Poccus, 2. llensa, ys baudykoba /y/l. lazapuHa, Ta Y
? [lenzenckud [ocydapcmbenssii Yxubepcumem
440026, Poccus, 2. lleHsza, ys KpacHas, 40
email: ~ dimka.martinov.95@gmail.com

lns  oBocHobanHo20  dopMupoBaHus  nepevHs  KOpPEKMUPYKULUX
meponpusmul  (KM) HanpabnenHbix Ha odecnedyeHue mexHocdepHol
de3onacHocmu abmopamu BBedeHs noHsmus npedMemHo-
3koHoMuyeckux  zpynn  (Mp3F)  kak  cobokynHocmed — GaHHbIX,
Xapakmepusyowux CoCMosHUA 3neMeHmoB meppumopuansHou
mexHocdepsl  (TT), BelpaxeHHslx Yepes 3HaveHus pucka [1], u
no3Bonswwux odocHobaHHo cdopmupobamb nepeyeHb KM, peanusauus
komopblx 2apaHmupobarHo npubedem k cHuxeHuw ypobHa pucka dns
3dopobbs 4venobeka 8o Be3onacHbix 3Ha4eHulu u noBbiweHuiw ypobHA
3Konozuyeckozo dnazononyyus yenobeka (3IBY). Kaxdas Mp3r
cocmoum u3  JaHHbIX, COBPAHHBIX NO onpedeneHHbM  wWadnoHaM
(aHkemam, cxemam u m.d) [2]. B cocmab kaxdod Mp3l Bkawyawm
Heckonbko — cocmosHul  TT  xapakmepusywwuxcs — onpedeneHHbIM
ypobHem puckob u opzaHu3obBaHHbIX NO NpuHuuny cxoxecmudpakmopod
pucka, Bo3delcmbywwux Ha 3neMeHmsbl TT, npouedyp U3MEpUMENbLHO20
KoHmpons, ™ModenupobaHusa u npozHo3upoBaHus ypobHs 3BY, KM.
Kaxdas Np3r odbeduHsem UCX0QHble 0aHHble, 0aHHble
usMepumensHo20 KoHmpoAns kaxdozo 3nemeHma  TT, cnpabouHbie
OaHHble U pes3ynbmamsl pacyemod, nNOAYYEHHbIE UHGOPMAUUOHHO-
usMepumenbHol cucmeMod onpedeneHus 3BY [3]. 3mu  BaHHbie
akkymynupobansl u odbeduHeHbl B a3kl dAHHLIX, KOMOPbLIE UMEKOM
cnedyowyn cmpykmypy. Kaxdas [Ip3[ pasdeneHa Ha mpu Hacmu:
odwymw, npedMemHyto (MeduuuHCKymw, 3K0/102UYeCKYio u
MexXHO/N02U4eckyiw) u 3koHoMuyeckyw. O3dwas yvacmb codepxum
danHble, nosbBonswwue npeodpasobamb 3anpoc Auug, NpPuHUMawWe20
peweHus B nnaH deucmBul no ezo BuinonHeHuw. 3mo, npexde Bcezo,
daHHble, komopble xapakmepusywm TT dna komopou onpedenswm
ypobenb 3BY (zeozpadudeckue koopduHambl  MEPPUMOpUU  UAU
admuHucmpamubHoe HasbaHue paloHa). Odwas 4acms oduHakobas dns
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kaxdol u3 mpex [p3r. MpedmemHas 4vacmb Bkawdaem mpu 2pynnsl
napaMempob: cnpaBoyHbie daHHble, JaHHbIE U3MEpUMenbH020 KOHMPOAs
U pacyemHble daHHble. 3KOoHOMu4yeckas 4acmb Bkawyaem daHHbie O
codepxaHuu u cmoumocmu KM, HanpabneHHblx Ha@ ynyHwewue unu
noddepxaHue Heodxodumozo ypobHs 3BY. 3mu daHHble Mozym Bbimb
noaydexsl us cnpaboyHukod Hauayqwux GocmynHelx mexHonozul [4,5]
U no kayecmBeHHsiIM U KonuvecmBeHHbIM  XOpaKMEpUCMUKAM
coombemcmbyiom duanasonaM puckob.

Cnucok numepamypsl
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Ensuring technosphere safety based on subject-economic groups
"Martynov D. V, ' Bodin 0. N, ? Bezbhorodova 0. E.
' Penza State Technological University
Pr. Baidukova/Ul. Gagarinag, 1a/11 Penza, 440039, Russia
? Penza State University
40, Krasnaya Streef, Penza, 440026, Russia

For the reasonable formation of a list of corrective measures (CM)
aimed at ensuring fechnospheric safety, the authors introduced the
concept of subject-economic groups (SEG) as sets of data
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characterizing the state of the elements of the ferriforial
technosphere (TT), expressed through risk values [1], and allowing
to reasonably form a list CM, the implementaftion of which is
guaranfeed fo lead to a reduction in the level of risk to human
health fo safe values and an increase in the level of human
environmental well-being (HEB).

Each PEG consists of dafa collected according to cerfain templates
(questionnaires, schemes, etc) [2]. Each SEG includes several TT
states characterized by a cerftain level of risks and organized
according to fthe principle of similarity of risk factors affecting TT
elements, measurement confrol procedures, modeling and forecasting
of the HEB, CM level. Each SEG combines the initial data, data of
measurement control of each element of the TT, reference data and
calculation results obfained by the information-measuring system
for determining the HEB [3]. Thesedataareaccumulated and combined
into databases that have fhe following structure. Each SEG is
divided into three parts: general, subject (medical, environmental
and technological) and economic. Thegeneralpartcontains data that
allows you fo fransform the request of the decision maker into an
action plan for ifs implementation. These are, first of all, the data
that characterize the TT for which the level of HEB is determined
(geographical coordinates of the territory or the administrative
name of the region). The common part is the same for each of the
three SEGs. The subject part includes three groups of paramefers:
reference data, measurement control data and calculated data. The
economic part includes data on the content and cost of CM aimed at
improving or mainfaining the required level of HEB. Thesedatacanbe
obtained from reference books of fthe best available technologies
[4,5] and, in terms of qualitative and quantitative characteristics,
correspondtoriskranges.
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Om «3konozuyeckod desonacHocmu» K «TexHocdepHol DesonacHocmu»
Yypa M. H, Mpuuoba A. U, Odauko /. 10, *Hypa H. H.
locydapcmbenmsiu Mopckou yHubepcumem um. adm. @. @. Ywakoba
Hobopoccuuck, Poccus,

*e-mail: nnchura@rambler.ru

MNodzomobke cneuuanucmob Buicwezo odpasobaHus no cneuuansHocmu
«TexHocdepHas desonacHocmb» npedwecmByem nonyyeHue cpedHezo
npogeccuoHanbHozo odpasobaHus B daHHoU odnacmu  3HAHUL U
deamensHOCMU NO  CneuuanbHocmu, npexHee HasBaxue komopol
«PauuoHansHoe ucnonb3oBaHue npupodoxo3sucmbBeHHbix kKoMnaekcob»
HedabHo akmyanusupobaHo B Bude: «3konozuveckas desonacHocmb
NPupodHbIXx KoMnaekcoB». 3a usMeHeHueM HaszbaHus cneuuanbHocmu
KPOEMCS He MO/AbKO PpeanbHbll U KOHKpemHbil Bud BesonacHocmu —
3K0noz2uYeckas, uMenwul odwenpuHamyw HopmamubBHyil mpakmobky u
abaawwulca pacnpocmpaHeHHol cdepol deamenbHocmu. CodepxaHue
cmpykmypel nodzomobku cneuuanucmob makxe npeodpaszobaHo u Ha
oduH 208 yMeHbweH eé cpok, O 4eM cbudemenbcmbyem
odpasoBamensHbil cmaHdapm.

Lenbw daHHoU padomsl Abnsemcs nouck nymed
odecneyeHus/docmuxeHus BesonacHocmu, Ymo cocmabasem ocHoBHyl
3adayy cneuuanucmod-BeinyckHuko®. Okpyxawwul Mup NOMeEHUUANbHO
onaceH (oHU 3HaokoMbl C 3moU awcuoMol), omcwda cnedyem
OMHOCUMEANbLHOCMbL Kamezopuu «de3ondcHocmb». [lanee, adconwmHas
desonacHocmb  ucknwyeHa  BcnedcmBue  H@AUYUA NOCMOSIHHBLIX
ondacHocmed (NOMEHUUGABLHBIX) U U2po3  pa3nu4HO20 Xapakmepa
(peanbHeix unu  peanusobanHbix). B 3mux ycnobusx cneuuanucm
donxeH odecneyumb Oe3onacHocmb odbekma. HavanbHeiIM 3manom B
cxeMe ezo dedcmbul sbasemcs udeHmudukauus (ydem) onacHocmed,
ombemcmberHbil 3man, Koz2da Henb3a ocmabumb 0e3 BHumMaHus nwdble
3Ha4uMble  ¢akmopbl. B danbHeuweM, npu  oueHke  ypobHa
SesonacHocmu nNo NpusHaky «omcymcmbus Hedonycmumozo pucka» [1]
HeodxoduMo, npexde Bcezo, Hanuvue camux kpumepue® donycmumozo
pucka, komopeix B Hacmoswee Bpems co3daHo HemMHoz20.

Cywecmbyem wu dpyzou nymb. Ecnu B 3konozuyeckol cdepe
desonacHocmb  onpedeneHa  KOK  COCMOsHUE  3adwuweHHocmu..(B
coombemcmbuu ¢  ocHoBHbIM 3akoHOM «038 oxpaHe okpyxakwwel
cpedbi», N° 7-®3), mo dna odocHoBaHus u ymbBepxdeHus o
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de3onacHocmu  kakozo-nudo  odbekma cnedyem  ydedumbca B
coombemcmbBuu  ykasawHozo  odvekma  deucmbywwum  HOpMaM,
npabunaM, cmaHdapmaM, nonoxeHusamM u m.8., B wuacmu, kacawwelcs
Bonpoco®  BeszonacHocmu.  Yacmo  Ha  A3blke  cneuuanucmobd
UCNO/Nb3Yemcs MEePMUH «3aWUWEHHOCMb» KaK CUHOHUM 8e30nacHocmu.
Takum odpa3oM, Hadoxopowo opueHmupoBambcs B dokymeHmauuu
HopMamuBHo20 xapakmepa, @ 3MO Moz2ym ObiMb GECAMKU PA3AUYHBIX
dokymeHmod, npudeM maxkoba cumyauus He monbko B 3konozuyeckod,
Ho u B dpyzux Budax desonacHocmu. [lpu 3moM, Ha Haw B32n93, dnq
pacwupeHus Bo3mMoxHocmeu cneuuanucma-BeinyckHuka i}
coombemcmbuu ¢ 3anpocamu pbiHka mpyda, Bo3MoxHO, nepecMompemb
cocmab BapuamubBHbix ducuunnu, Bk nw4ubd HeKomopsle
dono/HUME bHbIE U3 CMexHbiX npoduned (Budodb BesonacHocmu).
Wumepecam  yHubepcanusauuu nodzomobku cneuuanucma  Moz2ym
cAyxums npedMemsl, omHocswuecs K oxpadHe (Be3onacHocmu) mpydag,
npoMbiwneHHoU de3onacHocmu u  desonacHocmu B 4pe3BbivalHbIX
cumyauusx.

Cnucok numepamypbl

1. Yypa M. H, Yuypa H H. TexHocpepHas de3onacHocmb: NYMU OUEHKU
// NlazepHo- UHGOPMAUUOHHbIE mexHonozuu B MeduuuHe, duonozuu,
2603K0M102UU U mpaHcnopme (712 cemsdpa 2020 2.). MeHsa : U3d-Bo
nry, 2020. C. 2530255.

From «Ecological safety» to «Technosphere safetys
Chura M. N, Gritsova A. T, Datsko L. Y., * Chura N. N.
Admiral F. F. Ushakov State Maritime University
Novorossiysk, Russia,
e-mail: * nnchura@rambler.ru

The training of higher education specialists in fthe specialty
«Technosphere safety» is preceded by obtaining secondary
professional educafion in this field of knowledge and activity in the
specialty, the former name of which «Ratfional use of natural
economic complexes» has recenfly been updated in the form:
«Ecological safety of natural complexes». Behind the change in the
name of fthe specialty lies not only a real and specific type of
safefy - ecological, which has a generally accepted regulatory
interprefation and is a common area of activity. The content of the
training structure has also been fransformed and its term has been
reduced by one year, as evidenced by the educational standard.
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The purpose of this work is to find ways to ensure/achieve safety,
which is the main fask of graduate specialists. The
surroundingworld is potentfially dangerous (they are familiar with
this axiom), hence the relativity of the category «safety». Further,
absolute safefy is excluded due to the presence of constant
hazards (potential) and threats of various nature (real or realized).
Under these conditions, the specialist must ensure the safety of
the facility. The inifial stage in the scheme of ifs acfions is fthe
identification (accounting) of hazards, the responsible stage when
any significant factors cannot be ignored. In the fufure, when
assessing fthe level of safety on fhe basis of «absence of
unacceptable risk» [1], it is necessary, first of all, to have the
criteria for permissible risk themselves, which are currenfly not
enough. There is another way. If in the ecological sphere safety is
defined as the state of profection.. (in accordance with the basic
law «0On Environmental Protection», N° 7-FZ), then in order to
justify and approve the safety of any facility, it is necessary to
verify the compliance of the specified facility with the current
norms, rules, standards, provisions, efc, in ferms of safety issues.
Often in the language of specialists the term «protection» is used
as a synonym for security. Thus, it is necessary fto be well guided
in regulatory documentation, and these can be dozens of different
documents, and this is the sifuation not only in ecological, but also
in other types of safety. At the same fime, in our opinion, in order
to expand fhe capabilities of a graduate specialist in accordance
with the demands of the labor market, it is possible to revise the
composition of variable disciplines, including some addifional of fthe
related profiles (types of safety). The infterests of the
universalization of specialist fraining can be served by ifems
related to labor safety (safety), industrial safety and safety in
emergency situations.
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Ucnone3obarue wenounbix pacmbopob & cydobeix ckpyddepax
Melwkuna A. H, Bepésa W. T.
locydapcmbenmsiu Mopckou yHubepcumem um. adm. @. @. Ywakoba
353918, Hobopoccuuck, np. /leHuHa, 93
e-mail: alena-n@mail.ry, irina.beryoza@mail.ru

Wcnonb3obanue masyma B  kayecmbe monauba  Ha  Mopckux
mpaHcnopmHeix cydax npubodum k odpa3obaHun B ompadomabwux
2a3a0x  cydobbix  3Hepzemuyeckux  ycmaHoBok  3HAYUMENbHO20
konuqecmba BpedHbix Bewecm®, B m.y, okucnoB cepel u asoma. B
Hacmosawee Bpems «MexdyHapodHou koHBeHuuu no npedombpauieHu
30zpssHeHus ¢ cydob» (KowbBenuus MAPMO/ 73/78)) yxecmovuna
Hopmbl Buidpocod Bbiweynomanymbix 2a306 ¢ npodykmamMu czopaHus
cydobozo monauba [1]. MpubedeHue koHuexmpauuu BpedHeix Buidpocod
€ cydob b coombemcmbue c HobbiMu 3k0nozuveckumu mpedobaHusMu
npednonazaem NPUMEHEHUE Pa3/NUYHbIX MEXHON02U4eckux onepauud u,
B muy, BHedpeHue dononHumenbHozo odopydobaHus Ha cydax 4na
HelUmpanusauuu u oyucmku ompadomabwux 2a3ob (ckpyddepobd). C
uenbi pas3padomku MexHonozuu oyucmku ompadomabwux 2a30b
cydobeix  3Hepzemuyeckux ycmaHobok B  yHuBepcumeme  dbina
paspadomaHa u u3zomobneHa oneimHaa ycmaHobka ckpyddepHol

oyucmku.B kavecmbe padoyel xudkocmu B npouecce
3KCNepuMeHmanbHbix  uccnedoBaHul  ucnonb3oBanuce  wenoyHble
peazeHmsl — pacmbopbl kaycmuyeckoU U KanbUuHupoBaHHoU codbl.

3kcnepuMeHmanbHble  uccnedobaHus  npobodunuce B cmamuyeckoM
pexuMe padombl ycmaHobku, npu 3moM ucnonb3obanuck 2%-Hbie
pacmBopbl weno4Helx peazeHmoB. B npouecce 3kCNepUMEHMANbHbIX
uccnedoBbaHul  ycmaHobnena Boicokas adcopduuoHHAs cnocodHocmb
Kaycmuyeckol U KanbWuHupoBaHHoU codbl NO OMHOWEHUKW K OKUCAOM
cepel U aszoma, codepxawuxcs B omxodawux =2asax cydobbix
3vepzemuyeckux ycmadobok [2]. OdHako, Bcnedcmbue mozo, 4mo
NpUMeHeHUe kaycmu4veckod codbl B kavecmbe padoyeld xudkocmu
ConpsXeHo € NOBbIWEHHbBIMU ~ MEPONPUAMUAMU N0 MEXHUKe
desonacHocmu, B danbHelwux 3kcnepuMeHmManbHeix uccaedobaHusx B
duHaMuYeckux pexumax padomsl onbimHoUu ycmaHobku ucnonb3obancs
monbko pacmbop kanbuuHupobanHol codbl.



Tp.Mexd.koHo. /INT-2023 Cekuus «TexHocdepHas de30naCHOCMb>»
thsi//bqfu—nvrsk.ru/reseurch/conferences/lif/2[]23/info

294

Cnucok numepamypbl

1 International Convention for the Prevention of Pollution from
Ships, MARPOL 73/78. 2 t. (2021). CNIIMF

2 MbiwkuHa A. H, Bepesa W. [.CHuxeHue BpedHbix koMnoHeHmob B
ompadomaBwux 2a3ax cydobeix 3Hepzemuyeckux ycmaHobok
Jkcnnyamauus Mopckozo mpaHcnopma. 2023. N° 1 (106). C. 148151

Use of alkaline solufions in ship scrubbers
Myshkina A. N, Beryoza I. G.
Admiral Ushakov Maritime State University
93, Lenina Avenue, Novorossiysk
e-mail: alena-n@mail.ry, irina.beryoza@mail.ru

The use of fuel oil as a fuel on marine fransport vessels leads to
the formation of a significant amount of harmful substances in the
exhaust gases of ship power plants, including sulfur and nifrogen
oxides.

At present, the “International Convention for the Prevention of
Pollution from Ships” (MARPOL 73/78 Convention)) has tightened
the emission standards for the above-menfioned gases with
combustion products of marine fuel [1]. Bringing the concentration of
harmful emissions from ships in line with the new environmental
requirements involves the use of various technological operations,
including the infroduction of additional equipment on ships for the
neutralization and purification of exhaust gases (scrubbers).

In order fto develop a technology for cleaning exhaust gases from
ship power plants, a pilot plant for scrubber cleaning was
developed and manufactured at the university. As a working fluid in
the process of experimental research, alkaline reagenfts were used
- solutions of caustic and soda ash. Experimental studies were
carried ouf in the static mode of operation of the installation, while
using 2% solutions of alkaline reagents.

In the process of experimenfal studies, a high absorption capacity
of caustic and soda ash was established in relation to sulfur and
nitrogen oxides confained in fthe exhaust gases of ship power
plants [2]. However, due to the fact that the use of caustic soda
as a working fluid is associated with increased safety measures, in
further experimenfal studies in the dynamic modes of operation of
the pilot plant, only a solution of soda ash was used.
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Axkycmuveckas Hazpyska Ha OKpyxawowyin cpedy npu 20podckoM
cmpoumenscmbe
" Cmuxoba A. M., HoBukobBa T. K., XMbipko T. T.
locydapcmbenmsiu Mopckou yHubepcumem um. adm. @. @. Ywakoba
353924, Poccus, 2. HobBopoccuuck, np. /lerura, 93
email:* stihova.am@mail.ru, yriynov@yandex.ru,
zhmyrko.tanya@mail.ru

Cmpoumenscmbo  abnsemca  ucmoyHukoM  BeicokounmeHcuBHoz20
(75..90 8bA) akycmu4eckozo 3azpsisHeHus B 2opodax u HaHocum
HOCeNeHUKW owymuMbll COUUAAbLHO-3KOHOMUYeckud yuwepd. Haudonee
cunbHoe BnusHue wyma Hadnwdaemcs npu  uHmeHcuBHom BedeHuu
cmpoumenscmbBa B3nu3u xunou 3acmpouku. [lpoBedeHo uccnedobaHue
u OGaHo OueHKA akYcmuyeckoU HA2PY3KU HA MEppUmMOopuUl  XuAnol
3acmpoUku npu cmpoumenscmbe xunozo komnaekca 1. Akycmuyeckul
pacyem npousboduncs il cnedyouwed nocnedobamenbHocmu:
onpedeneHbl UCMOYHUKU wyma U ux wymobele xapakmepucmuku;
BbIdpaHbl MOYKU HA MeppumoOpuUU XuaoU 34CMPOUKU, G KOMOPbIX
HeodxoduMo npobecmu pacyem (pacHemHsle mo4ku); onpedeneHsl NYmu
pacNpoOCMPaHEHUs WwyMa om ucmo4HukoB Go pacyemHbix moyek U
nomepu 3bykoBol 3Hepzuu no kaxdoMy u3 nymed. Paccyumadsbl
oxudaeMble ypoBHu wyMa u ux mpedyeMoe CHUXeHue Ha ocHobe
conocmabneruss ¢ donycmumbiMu (1. CpabHeHue ypobred wyma B
pacyemHblx moYkax € donycmumbiMu daem ocHobanue ymBepxdamsb,
4ymo cmpoumenbHas naowadka He coombemcmByem HopmamubaMm, max
Kak Hadnwdaemcs npebbiweHue ypobHed no 3kbubaneHmuomy (Hopma
55 dbA), maok u no MakcuMmanbHoMy 3HaveHuw (Hopma 70 dBA).
Onpedenexsl npebbiweHus npedensHo donycmumbix ypobHed (M4Y) B
okmabHbIx nonocax yacmom om 63 do 8000 u.
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Acoustic load on the environment in urban construction
Stikhova A. M, Novikova T. K, Zhmyrko T. G.
State Maritime University named after Admiral F. F. Ushakova, 93,
Lenin Ave, Novorossiysk, 353924, Russian Federation

Construction is a source of high-intensity (75..90 dBA) acoustic
pollufion in cities and causes significant socio-economic damage fo
the population. The strongest influence of noise is observed during
intensive construction near residential buildings. A study was
conducted and an assessment of the acoustic load on the territory
of residential development during fthe construction of a residenfial
complex was given I1. The acoustic calculation was performed in fthe
following sequence: the noise sources and fheir noise
characteristics were defermined; the poinfs on fthe ferrifory of
residential development for which it is necessary fo carry out the
calculation (settlement points) are selected; the ways of noise
propagation from sources to seftlement points and the loss of
sound energy along each of the paths are determined. The expected
noise levels and their required reduction are calculated based on
comparison with the permissiblelll. Comparison of noise levels at the
calculated points with the permissible ones gives grounds fo assert
that the construction site does not meet the standards, since
there is an excess of the equivalent levels (norm 55 Dba) and the
maximum value (norm 70 dBA). The exceedances of the maximum
permissible levels (MPD) in the octave frequency bands from 63 to
8000 Hz were determined.
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A3panbHoe 3a2pssHeHue okpyxawuied cpedbl 2opHododuibanuied
ompacabio u npouzbodcmboM cmpoumenbHbix Mamepuanob
Obsa4enko B. B, Oocyzoba A. E.

Hobopoccuickud nosumexHuveckud uHcmumym (@uauasn) KydaHckozo
eocydapcmbernHozo mexHo02uYeckozo YHubepcumema
e-mail: v-v-d@mail.ru

[nodanbHoCMb U MPAHC2PAHUYHOCMb 302PS3HEHUS OKpyxdalwel cpedsbl
Bo MHozoM onpedensemca  Bo3dywHeiM  nepeHocoM  BewecmB.
A3panbHell ¢pakmop pacnpocmpaHeHus Genaem 3azps3HeHue Haudonee
nodbuxHeiM u onacHbiM 8ns 3dopobbs nwdeu u duocepsl B uenom.
BaxHedwum ¢akmopoM 3azpasHeHus abaswmcs  a3posonu. Cambie
donbwue 00beMsl 03p030/1bH020 302pA3HeHUS npousbodam
Memannypzauyeckas u 20pHododbiBawwas NpoMbIWAEHHOCMb, G MAKXe
npousBodcmbo cmpoumesnbHLix Mamepuanoh [1].

Ha Kabkase Haudonee ™MacwmadHbiM 20pHododbiBawwumM o0dbekmoM
abnsmcs  nonuMemannuyeckue MecmopoxdeHus CeBeprolu Ocemuu.
Memannel 30ecb Godbibanu ewe B X-VII Bekax do Haweu 3pbl, HO
akmubHo MecmopoxdeHus 3kcnayamupyomes ¢ cepeduHsl XIX Beka. 3a
3mo Bpemsa Obino dodbimo Bonee 500000 m Pb u 830 000 m Zn, a
Mmakxe COMHU mblicAY MOHH dpy2ux Memannob, Bkawyas ocodo
mokcuyHble Cd u As.

besycnobHo, makue donzoBpemMeHHsle 2opHododeibauwue u
Memannypzauyeckue padombl HE MO2AU NpoUmu 8ns okpyxawwed cpedsl
deccnedHo. Kpome opeonob, cbsasaHHbix C ecmecmBeHHbIM paspyweHueM
pydHbix men odpaszobanuck 30HLI 3a2pA3HeHUs no4b, annwbuanbHbIx
omnoxeHuu, nobepxHoCmHbIXx U nod3eMHelx Bod, Ha meppumopusx
npunexawux K pydHUKaM, odozamumenbHoMY koMBuHamy,
xBocmoxpaHuauwy U MemannypzuyveckuM  KoMduHamaMm.  3mo
pe3ynbmam pa3bedku, dodeivu, mpaHcnopmupobku, odozaweHus pygd,
Bempobozo nepeHoca ¢ naaxel xBocmoxpaHunuwa, cdpoca wnamob
Musypckol o8ozamumenbHou ¢adpuku (ocodeHHo akmuBHo 4o
1984 20da), cknadupobaHusi HekoHduuuoHHEIX pyd u ombBanod u md. B
pesynbmame, NO HEKOMOPbLIM OUEHKAM naowadb 3azpA3HeHus noyb c
onacHeiMu ypoBHaMu codepxaHua xuMu4veckux 3neMmeHmob docmuzna
40 km? [2].

Ham npedcmabasiemcs, 4ymo 3mo GocmMamoYyHO ONMUMUCMUYHAS OUEHKQ,
komopas Bknw4Yaem mMoAbKO Meppumopuk caMux odbekmob, a makxe
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30HY, NpuUnexawyw kK nymaM mpaHcnopmupobku pydbl U KOHUEHMpama.
Ha camoM Gene 3a2psA3HeHUe 3HAYUMeEnbHO MacwmadHee u 3mo Bbino
3apukcupobaHo ewe B koHue 80-x =20d0B6 no pes’ynbsmamam
Pe2uoHanbHbIX NaHdwapmHo-zeoxumuyeckux uccnedobanul CebepHozo
Kabkasza [3, 4]. Odwas nnowadb noybeHHo-2e0XUMUYECKUX
aHOManbHbIX yy4acmkob, cBbsasaHHbIX ¢ odbl4ed NONE3HBIX UCKONAEMbIX
& CeBeprol Ocemuu cocmaBuna He Mewee 200 kM’ a ¢
MemanaypzudeckuM KkomnaekcoM — 250 kM. B noab3y ¢dakma
mMacwmadHozo 3azpsi3HeHus 20Bopum He monbko donbwas naowadb
aHoManul, BeisbneHHbIx € yy4emoM NAHOwWadMHO-2E0XUMUYECKO20
cmpoeHust meppumopuu [5, 6]. C moyku 3peHus nouckoBol zeoxumud,
CMPYKMYpa 2e0XUMUYECK020 NoAs docmamoyHo munuyHas. MoubeHHo-
2e0XUMUYeCcKUe aHoManuu noznowawm u nepekpbibanm
nUMOzeoxuMuyeckue, a BuozeoxuMuyeckue nozaowawm no4beHHo-
2eoxuMuyeckue. Bce nozuyHo. OdHako, camble KpynHbie cobpeMeHHbie
MecmopoxdeHus  nposbaswmcs  Ha  noBepxHocmu  namHAaMU  om
HECKOMbKUX 80 Heckonbkux decamkob kM’ Ho 38eck Mbl uMeeM
duozeoxuMuyeckue @HOM@nuu NpoQuAbHbLIX 3nemMeHmod naowadbk do
MLICAYU KM’ U UX 2paHuUd cMeweHd BocmodHee Memannypzuyeckux
3abodob 2opoda Bnadukabkasa, Ha WMHzywemuw u YeyHw, xoms camu
mecmopoxdeHuss Haxodamca Ha 50..60 kM 3anadHee U loXHee.
Mo3amomy ux no4BeHHo-zeoxuMuyveckue aHoManuu He caubakmes, a
Bom BduozeoxuMuyeckue npedcmabndiwm codou eduHoe uenoe: Kak
CMPYKMYpHO, MAK U 2eoxuMuyecku u Beixodam daneko 3a npedensl
MemannozeHudeckol npobuHuuu [7]. MpuyeM, aHoManuu nepexodsm u3
necHou 3oHbl B nyzobocmennyin u docmuzawm ommemok 2000 M.
Odpawaem BHuMaHue Mopdonozua U cmpykmypa  BbideneHHbix
aHoManud. B 3one dodbiqu u odozauweHus noauMemannob ux aHomanuu
nokpbibalom He MoAbko caMu odbekmbl, HO u Bco donuHy p. ApdoH B
20pHoU Yacmu. CydmepuduoHanbHble no4BenHble aHomanuu Zn, Cu, Ag,
Pb u Mo cMensawm dpyz dpyza, YacmuyHo nepekpbibasice u odpasywm
HenpepblBHLIU QHOMANBHLIU Y4acmoK, NPOMAXeHHOCMb B Heckonbko
decamkob kM, pacwupasce 3a cyem MecmopoxdeHuu & nebo- u
npabodepexbe® 30He cebepowpckol denpeccuu. AHOMAAbHBIU Y4acmok
toxHee Bnadukabkasa, pacnonoxed no odouMm Bepezam Tepeka
U3OMempuYHbIl, B0nee KoMNAeKCHbIU U Bkalyaem me xe xuMuyeckue
3nemMeHmbl, a makxe W u (d. 9depHyiw 4Yacmb QHOMANLHO20 Y4acmka,
npuMbikanuwezo k Bnadukabkasy c wza odpasyem avomanus Cd u Bcex
0CMmanbHbiX Mukpo3nemeHmoB. [lpuysem, Cd umeHHo B >3mux mpex
npodax umeem Haudonee Beicokue koHueHmpauuu Ha Bcem CebepHoM
Kabkase, Bkawyas MecmopoxdeHus.
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AHanu3 Bcel uHdpopmauuu zobopum B nonb3y a3panbHO20 MexaHu3Ma
pasHoca 3az2pA3HeHus u ¢popmMupobaHus aHoMmanbHeix yvacmkob. Bdonb
p. ApdoH Mbl uMmeeM nepeHoc donuHHbIMU Bempamu, cpaBHumenbHo
KPYnHbIX 4acmuu, ¢opMupywwuxca B novbax Bcnedcmbue dodbibu,
mpaHcnopmupobku u odozaweHus Ppycdbl. AHa@nozuyHbIL, HO Bdonee
mMacwmadHbell aHOMAnbHbIU y4acmok dbin odHapyxeH paHee B donuxe
peku bBakcan [8]. 0dHako, maM oH BN 3HAYUMEALHO WUPE U
oxBambiban cknoHel ¢ omMemkaMu donee 3000 M, 3a cyem Oonbwol
Boicomsl paspadameibaemeix MecmopoxdeHul (kapbep MykynaHckul —
3200 M) u MHozo04ucneHHbix B3pbiBHEIX padom. AHoOManuu HxHel
Bnadukabkasa He Mozym uMemb 0py2020 2€HE3UCd KOK QG3pa/bHbLIU
pasHoc 2a3onbinebbix Beidpocob Memannypzudeckux komduHamob, ymo
npubodum k ¢popmupobaHul aHomManbHoz20 yyvacmka naowadsil B comHu
kM? U BocmuxeHul BelCOMHLIX omMemok 3azpasHeHuem B 2000 M. B-
mpembuX, GQHHLIU GHOMAAbHLIU Y4acmMOK UMeem ApKo BbipaxeHHYlo
BpemeHHyln GuHOMUKY, 4MO Mbl  0BHAPYXUAU Npu  cpaBHeHuu
pesynbmamod  Hawux  uccnedodanud [8] ¢ Bonee  paHHuUMU
padomamu [9]. n 302psA3HeHUe npodonxaem
usmeHcuduuupobamscs [10]. B-vemBepmeix, 3mo ozpoMHas naowadb
duozeoxuMuyeckux aHomanuu, B ocHobHOM, QPopMupylwuxca 3a c4em
a3panbHbix  BeinadeHud u  odbeduHswWux 0da  AUMOXUMUYECKUX
QHOMAAbHbIX y4yacmka ¢ HadopoM Mukpo3neMeHmoB coombBemcmbBywowum
cocmaBy opydeHeHus u npoduni Memannypzauyveckux 3abodob. MmeHHo
meppumopus dU02e0XUMUYECKUX GQHOMAAUU OMpaxaem PeanbHylw 30HY
302PpA3HeHUs.

[lpyzod  yy4acmok € UHMEHCUBHbIM  @3panbHBIM  302PA3HEHUEM
Haxodumca  Ha  3anadHoU  okpauHe Kabkaza — B  paloHe
HobBopocculcka. 3decb pacnonoxeHbl HECKONbKO UeMeHmHbx 3aB0doB,
coipbe 3719 komopbix Godbibawm u3 omkpeimbix Kapbepob. LlemeHmHbie
3abodbl Boidpacbibaom B amMocdepy comHu mbicsd MOHH B3BeweHHbIX
bewecmd B 203. A ckonbko 4Yacmuu Beidybaemcs ¢ kapbepol u
nonsywux BHU3 no cknoHY ockineld? 3mo zpoMadHble nNo naowadu U
npousBodumensHocmu  depnauuoHHbie  noas.  [lns nonyyeHus
odbekmuBHbix  GaHHbIX 08 ocodeHHocmsx  2eoxuMuu  Bo3dywHozo
KQHana 302pA3HEHUs U udeHmMudukauuu a3po3oneld  PasNUYHO20
2eHe3uca, Hamu Bedemcs conpsxeHHoe U3yyeHue no4db pezuoHa
(ucmoYHUK OedNAUUOHHBIX 03p030/ed U HAKONUMEAb 302PS3HEHUS) U
mMamepuana, codpaHHo20 u3 a3poduHamuyeckux nobywek BeicomHbIX
3dgHuld. C  uenbi  onpedeneHus  2e0XUMUYECKUX ocodeHHocmeld
asposoned dbinu npousbedeHsl 2paHynoMempuyeckud,
MUKPOCKONUYecKUl U CNekmpanbHblU aHanussl no4d B uenom u eé
Haudonee «nemy4vel» ¢pakuuu (Mensye 0,1 MM), @ makxe ueMeHma U
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2opodckol nbinu. CnekmpanbHbIU @HAAU3 NOKA3an, 4Ymo 2opodckue
a3po30nu 0dnadawm O0YeHb CNEUUPUYECKUM XUMUYeckuM cocmaboM.
3mo Beipaxaemcs B donbwol koHmpacmHocmu codepxaHul B pasHbix
padoHax u pe3ko nobbiweHHbIXx KOHUeHMpauusx 3nemMeHmob — azeHmob
3azpssHenus [11].

MpoBedenHbit aHanus npubodum k BbBody, 4mo 2nabHbiM azeHmom
03paNbHO20 302PA3HEHUS NPUpodHbIX naHdwadpmob®, z2opodckol cpedbl
u HezamubHozo BausHus Ha 300pobbe HaceneHus [12] B 4acmu
Mukpo3nemenmob, sbaswmca a3posonu. [IpudeM, He mMOAbKO NbiAb
MmexHO02eHH020 NpoucxoxdeHus, u3Ha4anbHo codepxawas noBbiweHHble
KOHUEeHMpauuu msxensix Memannod (Hanpumep, B pydHeix MuHepanax
UAU  MEMAnnypzuyeckux waakax), Ho u nepbuyHo OdedAfUUOHHAS.
llepnauuoHHaa cocmabnswwan sbasemcs cBoeodpasHou mampuued, Ha
kKomopod ocaxddlmca  XuMudYeckue 3n1eMeHmbl, Haxodawuecs B
Bo3dyxe Bcnedcmbue  mexHozeHHbix  BeidpocoB, B cocmosHuu
paccesHus, napoza3obol ¢opmMe uau  u3  dpy2ux  UCMOYHUKOB.
Muzpupys B meyeHue daumenbHozo BpeMeHu, NblAb  NOCMENEHHO
KOHUEHMpUpYem Ha cede pasnuyHbie 3az2pasHsanwue Bewecmba. N 4em
Menb4Ye 4Yacmuubl NbiAU, meM donbwe cymmapHaa naowadb UX
noBepxHocmu U cunbHee pa3HOOOpa3Hble NPOUECCH  30KPEeNaeHUs
Mukpo3nemenmoB. B ycnobusx cyxozo knaumama u npu omcymcmbuu
mwamenbHol BnaxHol ydopku B zopode 3mo Moxem npodoaxambCs
decamunemusmu. Tem donee 4mo 2zopoda, sbnswmca cBoeodpasHbiMu
MEXQHUYECKUMU zeoxuMudeckuMu dapbepamu [5] 845 nbinu npuseMHozo
cnos ammocepsl. Eé a3pansHbil BeiHOC 3ampydHeH naomHou BeicomHoU
3acmpoukol. B npupodHeix naHdwapmax makum ¢akmopoM sbnsemcs
pacmumensHbil nokpoB. B pesynbmame  nbinb, npubHecenHas unu
odpasywwancs i} 2opode, 3adepxubaemcs mam Hadonzo,
HakannuBaemcs U NOCMENEHHO NO2/70WAeM Pa3AUYHBLIE XUMUYeCKUe
3neMeHmbl. Yacmb neinu, 3akpennsemca B noyBbax u BodHeix odbekmax,
yacmb BeiHocumca 3a npedensl 2opoda, Q@ 4Yacmb Nepuoduyecku
nodHumaemcs BempoMm u nonadaem B Hawu opzaHbl dbixaHus, Bbi3bibas
3adonebanus [12].
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The globality and cross-border nature of environmentfal pollution is
largely determined by the air transporft of substances. The aerial
spreading factor makes pollution the most mobile and dangerous for
human health and the biosphere as a whole. Aerosols are the most
important pollufion factor. The largest volumes of aerosol pollufion
are produced by the metallurgical and mining industries, as well as
the production of building materials [1].

In the Caucasus, the largest mining facility is the polymetallic
deposits of North Ossefia. Metals were mined here in the X-VII
cenfuries BC, but fhe deposits have been actively exploifed since
the middle XIX century. During this time, more than 500 000 tons of
Pb and 830 000 tons of Zn were mined, as well as hundreds of
thousands of fons of ofher metals, including especially foxic Cd and
As.

Of course, such long-term mining and mefallurgical works could not
pass without a frace for the environment. In addition fo the halos
associated with the natural destruction of ore bodies, zones of soil
contamination, alluvial deposits, surface and underground waters
were formed in the territories adjacent to mines, processing plants,
tailings storage and metallurgical plants. This is the result of
exploration, extraction, fransportation, ore dressing, wind fransfer
from the beaches of the tailings dump, discharge of sludge from fthe
Mizur processing plant (especially active until 1984), storage of
substandard ores and dumps, and so on. As a resulf, according to
some estimates, fhe area of soil contamination with dangerous
levels of chemical elements has reached 40 km? [2].

It seems fo us fthat this is a rather optimistic assessment, which
includes only the territory of the facilities themselves, as well as
the area adjacent to the ore and concentrate transportation
roufes. In fact, the pollution is much larger and it was recorded
back in the late 80s according to the results of regional landscape
and geochemical studies of the North Caucasus [3, 4]. The total
area of soil-geochemical anomalous sites associated with mining in
North Ossetia was at least 200 km? and with the metallurgical
complex — 250 km% The fact of large-scale pollution is supported
not only by the large area of anomalies identified taking info
account the landscape-geochemical structure of the territory [5, 6]
From the point of view of search geochemistry, the structure of
the geochemical field is quite typical. Soil-geochemical anomalies
absorb and overlap lithogeochemical ones, and biogeochemical ones
absorb soil-geochemical ones. Everything is logical. However, the
largest modern deposits appear on the surface in spots from
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several to several tens of km®’ But here we have biogeochemical
anomalies of profile elements with an area of up fo a thousand km2
and ftheir border is shifted east of fthe metallurgical plants of
Vladikavkaz, to Ingushetia and Chechnya, although the deposits
themselves are 50..60 km to the west and south. Therefore, their
soil-geochemical anomalies do not merge, but the biogeochemical
ones are a single whole: both structurally and geochemically and go
far beyond the metallogenic province [7]. Moreover, anomalies move
from the forest zone fo the meadow-steppe zone and reach
2000 m.

Attention is drawn to the morphology and sfructure of the
idenfified anomalies. In the polymetal mining and enrichment zone,
their anomalies cover nof only the objects themselves, but also the
entire valley of the Ardon River in fthe mountainous part. The
submeridional soil anomalies Zn, Cu, Ag, Pb and Mo replace each
other, partially overlapping and form a confinuous anomalous
section exftending several fens of kilomefers, expanding due to
deposits in the left and right banks in the zone of the North
Jurassic depression. The anomalous site south of Vladikavkaz,
located on both banks of the Terek, is isometric, more complex and
includes the same chemical elements, as well as W and Cd. The
nuclear part of fthe anomalous site adjacent fo Vladikavkaz from
the south is formed by an anomaly of Cd and all other frace
elemenfs. Moreover, Cd in these three samples has the highest
concenfrations in the entire North Caucasus, including deposifs.

The analysis of all the information speaks in favor of fthe aerial
mechanism of the spread of pollution and the formation of abnormal
areas. Along the Ardon River, we have fthe fransport by valley
winds of relafively large particles formed in soils due fo mining,
transportation and enrichment of ore. A similar, but larger-scale
anomalous site was discovered earlier in the Baksan River
valley [8]. However, there it was much wider and covered slopes
with marks of more than 3000 m, due to the high altitude of the
fields being developed (Mukulansky quarry — 3200 m) and numerous
blasting operations. Anomalies to the south of Vladikavkaz cannot
have another genesis as fhe aerial separation of gas and dust
emissions from metallurgical plants, which leads to the formation of
an anomalous area of hundreds of km2 and the achievemenf of
high-altitude pollution in 2000 m. Thirdly, this anomalous site has a
pronounced ftemporal dynamics, which we found when comparing the
results of our studies [8] with earlier works [9]. And pollution
continues to inftensify [10]. Fourth, this is a huge area of
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biogeochemical anomalies, mainly formed due fo aerial precipitation
and combining bofth lithochemical anomalous sites with a set of
trace elements corresponding to fthe composition of mineralization
and the profile of metallurgical planfts. It is the territory of
biogeochemical anomalies that reflects the real zone of pollution.
Anofher site with intfense aerial pollution is located on the western
outskirts of the Caucasus — near Novorossiysk. There are several
cement planfs located here, the raw materials for which are
extracted from open pits. Cement plants emit hundreds of
thousands of tons of suspended solids info the atmosphere per
year. And how many partficles are blown from quarries and scree
crawling down the slope? These are huge deflationary fields in
terms of area and productivity. In order to obtain objective data on
the features of the geochemistry of the air pollution channel and
the identification of acerosols of various genesis, we are conducting
a combined study of the soils of the region (the source of
deflationary aerosols and the accumulator of pollution) and the
material collected from the aerodynamic traps of high-rise buildings.
In order to determine the geochemical characteristics of aerosols,
granulometric, microscopic and spectral analyses of soils as a whole
and its most “volatile” fraction (smaller than 0.1 mm), as well as
cement and urban dust were performed. Spectral analysis has
shown that urban aerosols have a very specific chemical
composition. This is expressed in a high confrast of contenfs in
different areas and sharply increased concentrations of elements —
agents of pollution [11].

The analysis leads to the conclusion that aerosols are the main
agent of aerial pollution of nafural landscapes, urban environment
and negative impact on the health of the population [12] in terms of
trace elements. Moreover, not only dust of technogenic origin,
initially containing elevated concentrations of heavy metals (for
example, in ore minerals or metallurgical slags), but also primarily
deflationary. The deflationary component is a kind of matrix on
which chemical elemenfs are deposited in the air due fo man-made
emissions, in a scatftering state, in vapor-gas form or from other
sources. Migrating for a long time, dust gradually concentrafes
various pollutants on itself. And the smaller the dust particles, the
larger the total surface area and the sfronger the various
processes of fixing trace elemenfs. In a dry climate and in fthe
absence of thorough wet cleaning in the city, this can last for
decades. Moreover, cifies are a kind of mechanical geochemical
barriers [S] for dust of the surface layer of the atmosphere. Its
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aerial removal is hampered by dense high-rise buildings. In natural
landscapes, vegetation cover is such a factor. As a result, the dust
introduced or formed in the city lingers there for a long fime,
accumulates and gradually absorbs various chemical elements. Some
of the dust is fixed in soils and wafter bodies, some is carried
outside the city, and some is periodically lifted by the wind and
enters our respiratory organs causing diseases [12].
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ludpoxuMuyeckue nokosamenu yqacmka pasbumus Mapukynsmypsl B
akBamopuu LleMecckod dyxmel YepHoz0 Mops
Mamacoba W. 10, bypnoba A. A.
Kyoarckuu zocydapcmbBerHsiu yHubepcumem
350040, 2. KpacHodap, ys. CmabBponosisckas, 149
email: semigorie@mail.ru

MNepexod k ycmou4ubomy pasbumuic mpedyem ckoopduHupoBaHHbIX
deucmbul  Bo  Bcex cdpepax  xusHu odwecmba, adekBamHol
NepeopueHMAUUU  COUUAAbHbIX, 3KOHOMUYECKUX U  3K0/02U4eCKUX
uHcmumymoB z2ocydapcmba, pezynupywwas pons komopozo B makux
npeodpasobaHuax  sbnsemcs  ocHoBononazawweu.  Uccnedobanue
Bonpoco® ynpabneHusa ycmouyubbiM pasbumueM pezuoHa cmaHobumcs
akmyanbHol 3adavel codpeMeHHol pezuoHanbHol 3koHoMuku [1].
[NepcnekmuBHbiM HanpabneHuem pa3bumus cenbckozo xo03sucmba Ha
meppumopuu MO zopod-kypopm [eneHdxuk, noMumo BuHozpadapcmba,
cmavobumcs abakynemypa (Mapukynsmypa). B Poccuu akbakynsmypa
— pasbubawwascs ompacnb, eeé npodykuus BocmpedobaHa Ha
BHympeHHeM u BHewHeM puiHke [2, 3]

Mccnedyemeil  yvacmok, pacnonoxeHHsll B akbamopuu Llemecckol
dyxmel  YepHozo Mopa B pauoHe c. KadapduHka, naaHupyemcs
ucnonb3obams B kavecmbe pbidobodHozo. AxkbBamopus
XOapakmepusyemcs YHUKAAbHbIMU NPUpodHbIMU ocodeHHocmaMmu, B yucno
komopbix Bxodam xopowo npozpebaeMoe MenkobBodbe, covemaHue
CKANbHbIX U PbIXAbIX GQOHHbIX 2pyHmob, cBododHbil BodoodMeH ¢
OMKPLIMbIM MOPEM.

McxodHeiMu GaHHbIMU nocAyxuau pesynbmamsl padom, npoBedeHHsix &
2022 2. B oakbamopuu Lemecckolu dyxmsl y c. Kadapduwka Ha
5 cmaHuuax.

OcHobHble ucmo4HuKu nocmynneHus  3az2pasHapwux Bewecmb B
akBamopuw, nnaHupyemyw k pasbumuw akBakynbmypsl, cBA3aHbl Kak ¢
npoueccamu Xu3HedesmenbHoCMU NPUdpEXHbIX meppumopud
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(pyHKUUOHUpOBaHUEM cenumedHbix u cenbckoxo3aucmbeHHsbIx
naHdwadmob), mak U c npupodHbIMU  npoueccamu  (npubHoc
MmeppuzeHHoz20 Mamepuand ¢ noBepxHOCMHBIM CMOKOM, @3PAAbHbIU
neperoc u m.@.) [4, 5]

Nccnedyemsle nokasamenu MopckoU cpedsl (koHUEHmpauus
pacmBopeHHozo B Bode kucnopoda, uoHoB Bodopoda) u 3neMeHmb
2uCpOMEMeOp0a02UYeCck020  pexuMa  (meMnepamypa,  CONEHOCMb,
MUmHOCMb, KOHUeHmMpauus B3beweHHbix Bewecmd) munuyHbl 319
npudpexHbix Bod YepHozo Mops B uccnedyeMbil Ce30H.

3HayeHus makux nokasamened, Kak duonozuveckas nNompedHOCMb
Kucnopoda, OKUCASiEMOCMb, KOHUEHMpauus BuozeHHbix Bewecmb
cbudemenscmbyem 08  omcymcmBuu  3Ha4uMozo  x038bimoBozo,
¢$ekanbHo20 U cenbckoxo3sucmbeHHozo 3azpasHeHus BodHol cpedsl.
Llns uccnedyemol akBamopuu omMe4YeHO MAKXEe HU3KOE 3a2psA3HeHue
2n10BHBIMU  MEXHO2EHHLIMU  302psA3HUMensMu  (Hedpmenpodykmamu,
¢eHonamu, AMAB) u maxensiMu  Memannamu.  KoHueHmpauus
donbwuHcmbBa u3  Hux Bbina Huxe npedena 4ybcmBumensHocmu
ucnoNb3yeMbix Memoduk aHanusa.

Cnucok numepamypbl

1. ®akmopsl ycmoG4uBozo pasbumus pezuoHod Poccuu / A, A
ABuunoba, C. H. AdoHun, 0. B. Bunbyunckas [u dp] ; Lenmp
pa3bumusa Hay4Ho2o compydHuyecmba. Tom KHuza 15. — HobBocudupck :
Odwecmbo ¢ ozpaHuyeHHou ombBemcmbeHHocmbi “Llewmp pa3bumus
Hay4yHozo compydHuyvecmba®, 2013. — 319 c. — ISBN 978-5-906535-
44-3. — EDN SDNTYR.

2. Cokonob, A. B. CobpemeHHoe cocmosiHue u meHdeHuuu pasbumus
poidoxo3aucmbenHozo  komnnekca Poccuu / A. B. Cokonob //
TexHonozuu nuwebod u nepepadamsibawwed npoMbiwneHHocmu AMK —
npodykmsl 3dopobozo numaHus. — 2019. — N° 4 — C. 36-48. — EDN
AUTWGS.

3. YepHoe Mope: pbidoxo3aucmbBeHHble NpodneMbl U NYMU UX peweHus
/ MW KymaHuod, E. H. Kysweuoba, M. B. Mepenadod [u dpl] //
PeidHoe xo3aucmbo. — 2011 — N° 1. — C. 39-41. — EDN NVUUJV.

L. [lbsavenko, B.B. Teoxumus u oueHka cocmosHus naHdwapmoB
CebepHo2o  Kabkasza:  cneuuansHocmb  25.00.23  «®Pusuyeckas



Mexd.koHd. /INT-2023 Cexkuuss POSTDEADLINE
ths /bqfu nvrsk. ru/reseurch/conferences/l|f/2[]23/|nfo

308

zeozpadus  u duozeozpadus, =zeozpadus  no4d U  zeoxumus
naHdwadmob» : duccepmauus HA couckaHue y4eHoU cmeneHu dokmopa
zeozpaguyeckux Hayk /  [lbsdeHko Baadumup  BukmopoBuy. —
HobBopocculck. — 2004. — 326 c.

5. [bavenko, B. B. [leoxumusa 0edAAUUOHHBIX U MEXHOZ2EHHbIX
asposoned / B. B. [bsvyenko, M. 0. Mamacoda // NasepHo-
UHOPMAUUOHHbIE MexHonozuu B MeduuuHe, duonozuu, 2e03K0A02UU U
Ha mpaHcnopme - 2020 : mpydel XXVIII MexdyHapodHoU koHdepeHuuu,

Hobopocculck, 07-12 ceHmadpa 2020 =z20da. — Hobopocculck:
MeH3eHckul zocydapcmbenHbll yHubepcumem, 2020, — C. 299-303. —
EDN JVZVG.

Hydrochemical indicators of the mariculture development site in the
wafters of Tsemes Bay of the Black Sea
Matasova I. Yu, Burlova A. A.
Kuban State University
350040, Krasnodar, st. Stavropolskaya, 149
email: semigorie@mail.ru

The ftransition fo sustainable development requires coordinated
actions in all spheres of society, an adequate reorientafion of the
social, economic and environmental institutions of the state, whose
regulatory role in such transformations is fundamental. The study
of issues of managing the sustainable development of the region is
becoming an urgent task of modern regional economics [1].
Aguaculture (mariculture) is becoming a promising direction for the
development of agriculture in  the municipal resort city of
Gelendzhik, in addition to viticulture. In Russia, aquaculture is a
developing industry, its products are in demand in the domestic and
foreign markets (2, 3].

The study areaq, located in the waters of the Tsemes Bay of the
Black Sea in the area of the village. Kabardinka, it is planned to
use it as a fish hatchery. The water area is characterized by
unigue natural features, which include well-warmed shallow water, a
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combination of rocky and loose boftom soils, and free exchange of
water with the open sea.

The inifial data were the results of work carried ouf in 2022 in the
waters of Tsemes Bay near the village. Kabardinka at 5 stations.
The main sources of pollutants entering the water area planned for
the development of aquaculture are associated with both the life
processes of coastal areas (the functioning of residential and
agricultural landscapes) and natural processes (the inftroduction of
terrigenous material with surface runoff, aerial transport, etc)l &,
51.

The studied indicators of the marine environment (concentration of
oxygen dissolved in water, hydrogen ions) and elements of the
hydrometeorological regime (temperature, salinity,  turbidity,
concentration of suspended solids) are typical for the coastal
waters of the Black Sea during the season under study.

The values of indicators such as biological oxygen demand,
oxidability, and concenfration of nutrients indicate the absence of
significant household, fecal and agricultural pollution of the aguatic
environment.

For the studied water areq, low pollution with the main ftechnogenic
pollutants (petroleum products, phenols, surfactants) and heavy
mefals was also noted. The concenfration of most of them was
below the sensitivity limit of the analytical methods used.
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OueHka cocmosiHua doHHbIX omaoxeHud nopma Hobopoccuick
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email: semigorie@mail.ru

MNpedcmabnersl pesynbmamsl uccnedoBarul, npobedeHHbix B paloHe
ocywecmbneHus npousbodcmbeHHol GeamenbHOCMU N0  NO2pyske
3epha B nopmy 2. Hobopoccuick, u Ha ¢oHoBoU cmaHuuy,
pacnonoxeHHol B ueHmpansHou Yacmu akBamopuu nopma.

Ycnobus cywecmboBaHua mopckux  3kocucmem B paloH padom
onpedensambcs ocodeHHocmsaMU MopdoMempuu dyxmel (kymobas yacms),
donbwuM konuvecmbBoM npuyanod u nupcob, BuinonHALwWuUX Pponb
BonHobol menu u odecneyubawuwux HakonneHue Mamepuana, 4 MAkxe
ocodeHHocmAMU 2udpoduHaMuku u cnadsiM BodoodMeHoM.

[loHHble  omAOXeHUs Y nNpu4anbHbiX COOPYXeHul u Ha ¢oHobol
cmaHuuu (cnold 0-5 cM) npedcmaBnedsl npeuMyuwecmBeHHo meMHo-
cepbiMu unamu anebpumo-nenumobou pasMepHocmu C
He3Ha4umenbHsIMU G0AAMU MOHKO3epHUCMO20 OempumHoz20 necka. B
Mopckou odcmaHobke opzaHuyeckul Mamepuan  GopMupyemcs U3
aBmoxmoHHbIX ucmoyHukoB, npeumywecmbBenHo 3a cyem nepbuyHol
npodykuuu ¢umonnarkmora [1]. CywecmbereH u Bknad annoxmoHHO20
mMamepuana, npedcmaBneHHO20 MEPPUZEHHBIM 3PO3UOHHBLIM U PEYHbIM
cmokoM [2, 31.

[lna coBpeMeHHbIX GOHHBIX OMAOXeHUU YepHO20 MOPSA KOHUEHMpAuus
opzaHuyeckoz0 Bewecmba Bapbupyem om 1,34 % dna anebpumobbix
unod do 4,02 % B usbecmkobucmeix unax [4]. B GoHHLIX omAOXeHUsAX
patoHa padom u Ha ¢oHoBol cmaHuuu codepxaHue OP2AHUYECKO20
Bewecmba Haxodumcs B duanaszoHe om 5,73 % do 6,61 % u 4mo
Bolwe, 4em B cpedHeM 8ns omnoxeHul wenbdpa YepHozo Mopsa. [lpu
3moM codepxaHue opzaHudeckozo Bewecmba B doHHbIX omAOXeHusx
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Ha ¢oHobold moyke B 11-12 pasza Bblwe, 4eM B 30HE NO2PY304HbIX
padom.

llonHbie  omnoxeHus  npedcmabnswm  codol  mepModuHaMu4ecku
HepaBHoBecHyw cucmeMy c HekomopbiM 3anacoM 3Hepzuu, B odwem
cnyqae onpedensieMbiM codepxaHueM oOpzaHuyeckozo bBewecmba u
npoueccamu ezo mpaHcpopMauuu. B 3oHe conpsxeHus Boda-dHo
Hadnwdawmcs  3Ha4YumenbHble 2padueHmsl  KoHUeHmpauuu Bewecmb,
¢dopmupyimca nomoku BewecmB, komopeie 3abucam om ycnobud u
XQpakmepucmuk kak npudoHHozo cnos Bod, mak u camux GOHHbIX
omnoxeHuu. B Haudonbwel cmeneHu 3mo kacaemcs Kucnopoda U
cepobodopoda. OHu sabnawmca onpedenswwumu Bewecmbamu npu
uccnedobaHuu ocodeHHocmel ¢dopmMupobaHus oKUCAUMENbHO-
BoccmanoBumenbHbix  ycnoBul  cpedel, @ MOKXE KOMNOHEHMAMU,
odycnobnubawwumu  BosmoxHocmb U ycnobua  cywecmbBobaHus
SeHmocHbIX opzaHu3amMob [5].

B BepxHeM cnoe GOHHbIX OMAOXeHUU, OMODPAHHBIX KAK Y NPpUHANbHbIX
CoopyxeHud, mak U Ha ¢oHoBoU moYke 3HOYEHUE OKUC/AUMENbHO-
BoccmaHobumensHo2o nomeHuuana usMeHsemcs +80,0 MB do + 88,0
MB. 3mo cbBbudemenbcmByem o  ¢opmupoBaHuu  okucaumenbHoU
odcmaHobke B paccMampubaeMbix QoHHBIX omAoxeHusx, odycnobneHHol
docmamoyHeiM KonudecmboM kucnopoda B ux BepxHem (0-5,0 cM) cnoe.
B uccnedobBanHbix GOHHBIX OMAOXeEHUAX COJepPXAHUe XN0POP2aHUYEeCKUX
necmuuudob (XOM) Huxe npedena 4ybcmBumenbHocMU UCNONL3YEMO20
vemoda  aHanusa, 4mo  cBudemenscmbyem 08  omcymcmbuu
3azpssHeHus XO[T kak Y npu4anbHbIX COOpYxXeHud, mak u Ha ¢oHobBol
mouke.
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Assessment of the sftate of bottom sediments in the port of
Novorossiysk
Matasova I. Yu.
Kuban State University
350040, Krasnodar, st. Stavropolskaya, 149

The results of studies conducted in the area of grain loading
production activities in the port of Novorossiysk and at a
background station located in the central part of the port water
area are presented.

The conditions for the existence of marine ecosystems in the work
area are determined by the morphometric features of the bay (the
inner part), a large number of berths and piers that act as a wave
shadow and ensure the accumulation of material, as well as the
peculiarities of hydrodynamics and weak water exchange.

Bottom sediments at the mooring facilities and at the background
station (layer 0-5 cm) are represented mainly by dark gray silts of
silty-pelitic size with insignificant proportions of fine-grained
detrital sand. In a marine environment, organic material is formed
from autochthonous sources, mainly due to the primary production
of phytoplankton [1l. The contribution of allochthonous material,
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represenfed by terrigenous erosion and river runoff, is also
significant [2, 3].

For modern bottom sediments of the Black Sea, the concentration
of organic matter varies from 134% for silty silts to 4.02% in
calcareous silts [4]. In the bottom sediments of the work area and
at the background station, the content of organic matter ranges
from 573% to 6.61%, which is higher than the average for
sediments of the Black Sea shelf. At the same fime, the confent of
organic matter in bottom sedimenfts at the background point is 1.1-
1.2 times higher than in the loading zone.

Bottom sediments are a thermodynamically nonequilibrium system
with a certain energy reserve, generally determined by the content
of organic matter and the processes of its fransformation. In the
water-bottom interface zone, significant concenfration gradients of
substances are observed, and substance flows are formed that
depend on the conditions and characteristics of both the boftom
layer of water and the boftom sediments fthemselves. This applies
to the greatest extent fo oxygen and hydrogen sulfide. They are
the defermining substances in the study of the formation of redox
conditions in the environment, as well as components that deftermine
the possibility and conditions for the existence of benthic organisms
(5].

In the upper layer of botfom sediments, taken both from fthe
berthing structures and at fthe background poinf, the value of the
redox pofential changes from +80.0 mV to + 88.0 mV. This indicates
the formation of an oxidizing environment in the bottom sediments
under consideration, due fo a sufficient amount of oxygen in their
upper (0-5.0 cm) layer.

In the studied boftom sediments, the content of organochlorine
pesticides (OCPs) is below the sensitivity limit of the analysis
method used, which indicates the absence of OCP contamination both
at the berthing facilities and at the background point.
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KoHuenuusa nocmpoeHus cobpeMeHHbix mepMuHanoB® BeicokockopocmHol
kocMuyeckold nasepHol cBasu (BKAC)

"Mypawkun B. B, " Memywkob C. B, Mpuzopwed B. H, Bospod 0. A.
AxuuoHeproe odwecmbo «HayvHo-npouzbodcmbenHas kopnopauus
«lucmemsl npeyu3uoHHozo npudopocmpoenus», 111024, Poccus,

2. Mockba, yn. Abuamomopras, 653, kopn. 26
email: ‘mvv@npk-spp.ru, ~ 0td1103-11@npk-spp.ru

B Hacmoswee Bpema danbHelwee pasbumue cucmeM cnymHukoBol
cbazu (CCC) BO3MOXHO UCKAWYUMENbHO HA 0d3e ONMUKO-/1A3epHbIX
mexHonozul  nepedaqu  uHpopmauuu. Odwum  u3  HoBuix U
nepcnekmubBHbix HanpabneHul pa3bumus ccc cmanu
BoicokockopocmHble MexcnymHukobble nasepHbie cucmemsl nepedayu
uHdopMauuu  (mepMunansl  BK/IC) Ha 0a3e  HU3KOOPOUMAAbHbIX
KOCMUYeCKUX annapamax (KA). MoBblweHHbIU uHmepec K
HU3K0OPBUMANbHLIM U 2e0CMAUUOHAOPHLIM cucmemaM cnymHukobol
cBasu  odbAcHaemca Bo3MoxHocmbiw npedocmabaeHus  ycayz  no
nepcoHansHou cnymHukoBou cBA3u, menekoMMYHUKAQUUU, MOHUMOPUH2Y
nodbuxHeix 0Obekmob, ducmaHuuoHHoMY 30HJdupoBaHuw 3emau U
wupokononocHoMy docmyny B uHmepHem.

PaccMompeHs! ocHobHble MAKMUK0-MexHU4eckue mpedoBaHus,
npedbsbnsemble k coBpemeHHbIM cucmemaM nasepHou cBA3u Ha dase
yHuduuupobaHHsIx mexHonozud. NpednoxeHa cmpykmypa

cobpemeHHozo mepmunana BK/IC u  onucaHel ocHoBHbie  dnoKu.
PaccMompeHnsl  Bonpockl  paspadomku omeyecmbeHHozo npomokona
nasepHou cbasu Ha dase umnopmubix cmandapmob dns  peweHus
Bonpocob cobMecmumocmu mepMuHanoh BKAC Pa3NUYHbIX
npousbodumened.
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1. S. G. Lambert, W.L. Casey, Laser Communications in space, Boston:
Artech House, 1995, 390 p.
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2. Naxomob W.W., Ludyns A.B. Pacyeém onmuyeckux cucmeM na3epHbix
npudopob. M. Paduo u cbasb, 1986. 152 c.

3. KnumkoB 10.M. MNpuknadHas nasepHaa onmuka. M.: MawuHocmpoeHue,
1985. 128 c.

The concept of building modern high-speed space laser communication
terminals (HSLC)

Murashkin V.V, Petushkov S.V,, Grigoriev V.N.,, Boyarov D. A.
Joint Stock Company “Research and Production Corporation
“Precision Instrument Engineering Systems”, 111024, Russia, Moscow,
st. Aviamotornaya, 53, bldg. 26

At present, further development of safellife communication systems
(SCS) is possible exclusively on the basis of optical-laser
technologies for information transmission. One of the new and
promising directions for the development of SSS has become high-
speed intersatellite laser information transmission systems (VKLS
terminals) based on low-orbit spacecraft (SC). The increased
interest in low-orbit and geostationary safellite communication
systems is explained by fhe possibility of providing services for
personal satellife communications, telecommunications, monitoring of
moving objects, remote sensing of the Earth and broadband Internet
access.

The main factical and fechnical requirements for modern laser
communication systems based on unified fechnologies are considered.
The structure of the modern VKLS terminal is proposed and the
main blocks are described. The issues of developing a domestic
laser communication protocol based on imporfed standards to
resolve issues of compatibility of VKLS terminals from various
manufacturers are considered.
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MocmpoeHue cucmeMsl HaBederus u cmadunuzauuu (CHC) dns
kBaHmoBozo pacnpedeneHus knoya (KPK) B amMocdepHoM kaHane
cbasu
" MemyuwkoB® C. B, Mypawkun B. B, "Tpuzopbed B. H, Bospob 1. A.
Axuuoneproe odwecmbo «HayvHo-npouzbodcmbenHas kopnopauus
«Lucmemsl npeyu3uoHHo2o npudopocmpoenus», 111024, Poccus, 2.
Mockba, ysn Abuamomopras, .53, kopn. 26
email: “otd1103-11@npk-spp.ru, “mvv@npk-spp.ru

Ha cezodHAwHul OdeHb Bonpoc 3awumsl  uHdopMauuu abasemcs
ocodeHHo aGKMYa/bHbIM BBudy pocma npousbodumensHou
BoiyucnumensHol  MowHocmu  coBpemeHHbix  cucmeM.  CucmeMbl
kbaHmobozo pacnpedeneHus knwyeu (KPK) zapanmupywom omcymcmbue
nodcaywubarua B kaHane u ucnonb3ywmca 0nf 2eHepauuu CAYHAUHbIX
86ouyHbix nocnedobamensHocmed, usbecmHbix monbko omnpabumenk u
nonysamenw. [na peanusauuu kaHanob KPK ucnonbsywmca nudo
BonokoHHo-onmuyeckue AuHuu  cbszu (BOAC), nudo  omkpbimbie
amMocdepHele AuHUU. B omkpbimbix AuHusx cBA3u npuMeHumenbHo K
cucmemaM  KPK, padomawmwuMm Ha ¢asobeix npomokonax  dna
odecneyeHuss HU3KUX nomepb, mpedyemcs GOCMAMOYHO CAOXHASA
cucmema  HaBedeHus u cmaduaulauuu  ONMUYECK020  U3NYYeHUS,
nosbonswwas 3abodumb usnyveHue u3 odHomodobozo BonokHa SMF-
28 B SMF-28 ¢ docmamoyHo Bbicokou 3¢pdpekmubHocmbi. PaccmMompeH
oduH u3 BapuaHmob mexHuyeckol peanusauuu CHC nosbonswwud
Habodumb dba adoHeHma dpyz Ha dpyza (Anucy Ha boda)
MNpedcmaBneHsl ocHoBHbIE MaKMUKO-MeXHUYECKUE XAPaKMEepPUCMUKU U
cmpykmypHblie cxembl cucmeMsl CHC.

Cnucok numepamypbl

1 Ko3ydob AB., Matdaw A A, KbiHed C.M.,, Ezopob B.W., UbaHoba
AE, [nedMAB.,, MupowHuYeHKO r.n, OcHobbl kBanmobou
KOMMYHukauuu: yacmb 1. — CM&:YHubepcumem MTMO, 2019. — 85 c.
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2. Lun Jiang, Zhengshuang Dai, Xin Yu, Tianjun Dai,Chao Wang,
Experimental demonstration of a single-mode fiber coupling over a 1
km urban path with adaptive optics — Journal of Russian Laser
Research, Volume 42, Number 3, May, 2021, DOI 10,1007/310946-021-
09971-4

Construction of a guidance and stabilization system (GNS) for
quantum key distribution (QKD) in an atmospheric communication
channel
Petushkov S. V., Murashkin V. V., Grigoriev V. N, Boyarov D. A.
Joint Stock Company “Research and Production Corporation
“Precision Instrument Engineering Systems”, 1711024, Russia, Moscow,
st. Aviamotornaya, 53, bldg. 26

Today, the issue of information security is especially relevant due
to the growth in fthe productive computing power of modern
systems. Quantum key distribution (QKD) systems ensure that a
channel is free from eavesdropping and are used fo generate
random binary sequences known only to the sender and recipient.
To implement QKD channels, either fiber-optic communication lines
(FOCL) or open atmospheric lines are used. In open communication
lines, in relation tfo QKD systems operafting on phase protocols, to
ensure low losses, a fairly complex system of gquidance and
stabilization of optical radiation is required, which allows radiation
to be fed from single-mode fiber SMF-28 info SMF-28 with
sufficiently high efficiency.

One of the options for the technical implementation of a CNN is
considered, which allows you to point two subscribers at each other
(Alice at Bob). The main tactical and technical characteristics and
structural diagrams of the SNS system are presented.
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NByxkpamHoe nobbiwenue cbemoomdayu B uMnynbcHLIX AaMnax dns
Haka4ku mBepdomencHuix nasepob
Banbwun A M.
Youmckud ynubepcumem Hayku u mexHosozuy, Yga
e-mail: amvals@mail.ru

M3becmHo, 4mo pe3oHaHcHaa duodHas Hakayka mbBepdomenbHbIX
na3epob nosbonuna cozdamb KoMNakmHele 3¢pekmubHbie 2eHepamopbl.
OdHako Hakayka BbixodHbix kackado® donbwux nasepHbIXx KoMnnekcob
ocywecmBasemca monbko uunuHdpuyeckumu naMnamu-Bcnblwkamu, npu
3moM  3d¢pekmubHocmb Hakayku nasepob He npebbiwaem donu
npoueHmoB. HecoMHeHHo, Ymo npodneMa CHUXeHUS NOp02a 2eHepauuu
mbepdomenbHbix nazepod u nobbiweHus ux 3ddekmubHocmu ocmaemcs
BecoMa akmyansHou. Panee [1-3] Mbl BeissBunu MoHomoHHOE CHUXEHUE
nopoza BbicoKOYACMOMHO20 30XU20HUS  paspsda  uunuHdpuyveckou
namnbl-Bcnblwku nasepa. Bein ycmaHobneH MexaHu3M CHUXEHUS Nopoza
npodos npu  HenpepelBHOU  BeicokoyacmomHoU — HaKa4Yke — Yepes
3nekmpodbl  AOMNb, 4 Makxe uyzoM (na4kamu)  dunonspHbIX
BoicokoBonbmHbIX 2apMoHUYecKux konedaHuu. Llenbiw daHHOU padombl
abnanoce nobbiweHue ko3dpuuueHma cBemoomdayu namn-bBenbiwek
mbepdomenbHozo nasepa npu komduHupobaHHOU Hakayke, cocmoswel
us3 Boicoko4yacmomHozo nodxuza cezo0 nocnedykwuiezo
BricokoyacmomHoz0 PO3XU2a-packayku u danee paspsada
HaKonumenbHoU EMKOCMU  Haka4yku nasepa. B 3kcnepuMenmax
ucnonb3obanuce  BuicokobonbmHele BY  zeHepamopbl  codcmbeHHou
paspadomku, komopble nepekpeibanu duanasoH 4acmom 1-3 Mlu. BY
2eHepamopbl o8ecnequbanu pexuM Hakadyku namnsl B ¢Gopme navek,
30N0/HEHHBIX CUHYcoudou, dnumenbHocmb navek u uHmepban Mexdy
Humu Bapbupobanuck. [aumenbHocmbs uy2a cnaddwwezo0 uMNYAbLCa
cmaHdapmHozo nodxuza cocmabnsem Mewee 10 MKkc npu 4Yacmome
uyza uMnynbcod 300 klu. Hanpomub, daumensHocmb BY nodxuza) He
meHee 30 Mkc ¢ yacmomou umnyasbcod 2 MMu. [lpu 3mom 4acmoma
umMnynsco® BY packawku 2.2 Mfu ¢ Bonbwed  amMnaumydol
dnumenbHOCMbK 400 MKC. Lna cpabHeHusappekmubHocmu
koMBuHupoBaHHOU  Hakayku  naMn-Bcnblwek N0 OMHOWEHUKW K
cmaHdapmHoU  Hakayke dblau  u3MepeHsl  3aBucuMocmu  MowHoCcmU
cbemobozo nomoka om 3Hepz2uUU HAKAYKU. 3Hepzus eéMkocmHol ([)
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Hakayku paccyumsiBanacs no dopmMyne W=C*U2/2 npu usbecmHoMm
3HOYeHUU HanpsxeHus (L) Ha koHwdeHcamope. 3aMemuM, 4mo
nompedneHue 3Hepzuu zeHepamopoM BYI (Puc.l) dns noddepxku
pexuma po3xuza-packayku He npebbiwana Benuyunsl 0.5 Ox.Bapuauus
MowHocmu  u3nyyeHus  cbemoBozo  nomoka  oueHubanack B
OMHOCUMeAbHbIX  eduHuuax ¢ noMowbkw ¢omoduoda ®A24 no
aMnaumyde uMnynbca Ha ocuunnozpapeTDS-2024. Beino BrisbneHo,
4ymo uHmeHcubHocmb cBeveHus namnei-Benblwku  npu BY  po3sxuze
Bo3pacmaem B 2 pa3a odHoBpeMeHHo ¢ yMeHbweHueM umnedaHca
nnasmbl, 4mo BaxHo @na 3ada4 cokpaweHus dAUMENLHOCMU UMNYAbCa
HaKa4Yku 08na Hekomopblx akmuBHbix cped.Mbl nonazaeM, 4mo ¢u3uka
docmuzHymozo nobBbiweHus 3ddekmubHocmu cbemoomdayu  namnbi-
Bcnbiwku  oBycnobneHa, kak  Beln0 HAMU  nokasaHo paHee  [3],
ybenuyeHuem koHueHmpauuu 3nekmpoHoBb B odbeme naMnel U ux
konnekmuBHeiM  nepeMeweHueM Mexdy 3nekmpodamu B none
dunonapHozo BY posxuza.

Cnucok numepamypbl

1. BanbwuH AM., TMepwuH CM., Muxeeb [.M.OzpaHuyeHue KpamHo20
CHUXEeHUs Nopoza npodos KoMMepYeckou naMnbi-BcnbiWKU nasepa npu
kHz-Hakauke // Kpamkue coodweHus no ¢usuke PUAH. 2019. No 6.
C. 8-16.

2. Valshin AM, Pershin SM., Mikheev G.MlIncrease in the efficiency
of energy injection into discharge plasma and the luminous efficiency
of luminescent lamps during high-frequency pumping // Bulletin of
the Lebedev Physics Institute. 2017. V. 44. No 8. P. 228-231.

3. Banbwuw A. M, TapHob C. B, Benbkob C. A, Mepwun C. M.
BeicokoyacmomHoe (MIu) 3axuzaHue kKoMMepyeckux namn-Becnbiwek
dns mbBepdomenbHbix nasepod //ﬂOK/]GabI Poccuutkou” AkadeMuu
Hayk. ®usuka, TexHudveckue Hayku, 2022, mom 502, c. 19-24

Twofold increase in light output in pulsed lamps for pumping
solid-state lasers
Valshin A. M.
Ufa University of Science and Technology, Ufa

It is known that resonant diode pumping of solid-state lasers made
it possible fo create compact efficient generators. However, the
pumping of fhe oufput cascades of large laser complexes is carried
out only by cylindrical flash lamps, while the pumping efficiency of
lasers does not exceed a fraction of percent. Undoubtedly, the
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problem of reducing the threshold of generation of solid-state
lasers and increasing fheir efficiency remains very relevant. Earlier
[1-3] we revealed a monofonous decrease in the threshold of high-
frequency ignition of the discharge of a cylindrical laser flash lamp.
A mechanism was established to reduce the breakdown threshold
with continuous high-frequency pumping through the electrodes of
the lamp, as well as with a plume (bundles) of bipolar high-voltage
harmonic oscillations. The purpose of this work was fo increase fthe
light output coefficient of flash lamps of a solid-state laser with
combined pumping, consisting of high-frequency ignition, followed by
high-frequency ignition-pumping and fthen discharge of the
accumulative capacity of the laser pump. In the experiments, high-
voltage RF generators of their own design were used, which
overlapped the frequency range of 1-3 MHz. RF generators provided
the pumping mode of the lamp in the form of bundles filled with a
sine wave, the duration of the bundles and the interval between
them varied. The duration of the decaying pulse arc of a standard
ignition is less than 10 microseconds at a pulse arc frequency of
300 kHz. On the contrary, the duration of HF ignition) is not less
than 30 microseconds with a pulse frequency of 2 MHz. At the same
time, the frequency of RF pulses is 2.2 MHz with a larger amplitude
with a durafion of 400 microseconds. To compare the efficiency of
combined pumping of flash lamps with respect fto standard pumping,
the dependences of the luminous flux power on the pumping energy
were measured. The energy of the capacitive (C) pumping was
calculated by the formula W = C * U "2/2 at a known voltage
value (U) on the capacitor. Note that the energy consumption of
the high-frequency generator (Fig.1) to support the ignition-pumping
mode did nof exceed 0.5 JThe variation of the luminous flux
emission power was estimafed in relative unifs using the FD24
photodiode by the pulse amplitude on the TDS-2024 oscilloscope. It
was found that the intensity of the glow of fthe flash lamp during
HF ignition increases by 2 fimes simultaneously with a decrease in
the plasma impedance, which is important for the tasks of reducing
the duration of the pump pulse for some active media.We believe
that the physics of the achieved increase in the efficiency of the
flash lamp is due, as we showed earlier [3], to an increase in the
concenfration of electrons in the lamp volume and ftheir collective
movement between the electrodes in the field of bipolar HF ignifion.
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BbicokoyacmomHas UHOYKUUOHHASA Hakayka B zasopa3psdHeix naMnax
Husko20 dabneHus
Banbwun A. M.
Youmckud ynubepcumem Hayku u mexHosozuy, Yga
e-mail: amvals@mail.ru

BeicokovacmomHbll UHAYKUUOHHLIU pa3pad omaudaemcss om 08bI4HO20
eMKOCMHo20 pa3psdameM, 4ymo dopmupyemcs B ycnobusx omcymembus
Kakux-nudo 3nekmpodo® B akmubHol cpede, odecnevubaem 4yucmomy
pa3psda, a makxe Moxem dbimb peanusobaH donbwol pecypc padombl.
BbicokovacmomHas UHJYKUUOHHAA Hakadka npedcmabasem o0zpoMHbIU
uHmepec 049 nonyyeHus nasepHoz20 u3nyyeHus B z2a3oBeix cpedax 3a
cyem UMNYAbCHOZ0 UHAYKUUOHHOzO paspsda Bo3dyxdenus [1], mak u
8ns uccnedobaHus nnasmbl paspsda: 3NEKMPUYECKUX U ONMUYECKUX
xapakmepucmuk  [2-4].  WMnyabcHos  UHJYKUUOHHOS — HOKQYKQ
ocywecmbnsemca Ha ycmaHobke, cocmosiwel u3 BeicokoBonbmHoz0
UCMOYHUKA NOCMOSHHO20 HANpsXeHusnpu HanpaxeHusax 20-40 kB,
uenu 3apsda HakonumenbHou eMkocmu U Onoka ynpabnedus dns
pa3psda eMkocmu Ha KonedamenbHbld KoHmMYp.MHAykmubHocmblo B
KoHmype abnsemcs kamywkad, HAMOmMAHHAas Ha nobepxHocmu akmubBHol
cpedsl. B padomax [2-4] 3ns Bo3dyxdeHus UHIUKUUOHHOU HAKAYKU
ucnonb3yemcs npoMbiwneHHbll  BY  2eHepamop  HenpepbiBHO20
deucmbus ¢ peaynupyemoud BbixodHoU MowHocmblou  BbIXOOHLIM
conpomubnesuem 50 wuau 75 OM. [Ona 3¢dekmubHol padombl
mpedyemcs  odsa3amensHo coznacywwee ycmpoucmBo Mexdy BeixodoM
2eHepamopa u  akmuBrol  cpedol, komopoe  odecneyubaem
coznacobaHue  ¢ukcupobaHHozo  BbixodHozo  conpomubneHus  BY
2€Hepamopa C KOMNAeKCHbIM uMnedaHcoM naasmel, a 3mo, B cbow
oyepedb, ozpaHuyubaem Bo3MoxHOCMU UHJYKUUOHHOU Hakayku. B
danHou padome dna npobedeHus 3kcnepumeHmanbHbix uccnedobanul
memodoM BbicokoqacmomHol UHOYKUUOHHOU Haka4ku npednazaemcs
ucnonb3obamb  uyz (nayku) BbicokoyacmomHbix KonedaHuu B MIu
duanasoHe B umnynbcHo- nepuodudeckom pexume. Padoma ycmaHoBku
B pexuMe uHdykuuoHHOU Hakayku odecnevubaemcs GBYxKAHANLHLIM
BbicokoyacmomHbiM  2eHepamopoM  codcmbenHol  paspadomku ¢
Hezabucumod  nnabHoU nepecmpoukod yacmombl B kaxdoM kaHane B
duanasoHe (1-6) MIu ¢ ManbiM  BbixodHeiIM conpomubnexnueM (okono 1
OmM), ¢ Bo3MoxHocmblo dyHKuuoHupobaHus padomsl BY zeHepamopob B
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UMNY/AbCHO-NEepuoduYeckoM pexumMe, ModepHu3upobaHHbIU no
cpabHeHu ¢ ucnonb3obavueMm B padomax [5-7]. Wcnonbsobanue BY
2eHepamopa ¢ ManbiM BbixodHeiM conpomubneHuem usdabasem Hac om
ucnonb3obaHus C021acyruw ux ycmpoucmb. OmMemum, 4ymo
ucnonb3obaHue npoMbiwnenHsix BY 2eHepamopob & HenpepbiBHOM
pexuMe € yHuouuupoBaHHbIM BbixodHbIM conpomubneHuem 50 uau 75
Om He nosbonswom padomamb B pexume pe3oHAHCA HANPSXEHUS, MAK
kKak npoucxodum nepezpeb 3nemeHmo® kowmypa u camoe 2nabHoe,
dodpomHocmb KoHMYypa Oydem o04YeHb He3Ha4YumenbHsIM. B Hawem
CNy4ae uMnynbcHo- nepuoduveckul pexuM padombl 2eHepamopa He
uMeem makux HedocmamkoB, a makxe uUMeem KOMNOKMHbIE MACCO-
2adapumHble nokasamenu, 4mo o4veHb BaxHo npu padome Ha Bbicokux
4yacmomax.

Cnucok numepamypbl
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BbICOKOYACTOTHOE  (MIu) 3AXWUIAHME KOMMEPYECKMX  NAMM-
BCMBbIWEK — ANA  TBEPAOTE/IbHbIX  /TA3EPOB //DOKNADbI
POCCMMTKOW AKALEMUM HAYK. OPU3INKA, TEXHUHECKWME HAYKW,
2022, mom 502, c. 19-24



Mexd.koHd. /INT-2023 Cexkuuss POSTDEADLINE
ths /bqfu nvrsk. ru/reseurch/conferences/l|f/2[]23/|nfo

323

High-frequency induction pumping in low-pressure discharge lamps
Valshin AM.
Ufa University of Science and Technology, Ufa

A high-frequency induction discharge differs from a conventional
capacitive discharge, which is formed in the absence of any
electrodes in the active medium, ensures the purity of the discharge,
and a long service life can also be realized. High-frequency induction
pumping is of great interest for the production of laser radiation in
gaseous media due to pulsed induction discharge excitation [1], and
for the study of discharge plasma: electrical and optical
characteristics [2-4]. Pulsed induction pumping is carried out on an
installation consisting of a high-voltage DC voltage source aft
voltages of 20-40 kV, a charge circuit of a storage tank and a
control unit for discharging the capacity fo an oscillatory circuit.The
inductance in the circuit is a coil wound on the surface of the active
medium. In works [2-4], an industrial continuous RF generator with an
adjustable output power and an output resistance of 50 or 75 ohms
is used to excife induction pumping. For effective operation, a
matching device is required befween the generator output and the
active medium, which ensures fthe maftching of fthe fixed oufput
resistance of fthe RF generator with the complex impedance of the
plasma, and this, in furn, limits the possibilities of induction pumping.
In this paper, it is proposed to use zug (bundles) of high-frequency
oscillations in the MHz range in a pulse-periodic mode to conduct
experimental studies using the method of high-frequency induction
pumping. The operaftion of the installation in the induction pumping
mode is provided by a two-channel high-frequency generaftor of its
own design with an independent smooth frequency adjustment in each
channel in the range of (1-6) MHz with a low output impedance (about
1 Ohm), with the possibility of operating RF generators in pulse-
periodic mode, upgraded compared to the use in the works [5-7]. The
use of an RF generator with a low output impedance saves us from
using matching devices. It should be noted that fthe use of industrial
RF generafors in conftinuous mode with a unified output resistance of
50 or 75 ohms does not allow working in the voltage resonance
mode, since fthe circuit elements overheat and, most importantly, the
quality factor of fthe circuit will be very insignificant. In our case, the
pulse-periodic mode of operation of the generator does nof have
such disadvantages, and also has compact mass-dimensional
indicators, which is very important when working at high frequencies.
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Cmadunusauus napaMempob usnyveHus mbBepdomenbHbix nasepobd c
namMnobol Hakaykou
Banbwun A M.
Youmckud ynubepcumem Hayku u mexHosozuy, Yga
e-mail: amvals@mail.ru

TpaduuuoHHbl  Bud Haokayku (eMKkocmHas  Hakaykd) odnadaem
MUHUManbHbLIM KNd, xoma abnsemcs Haudonee npocmeiM U GOCMYNHbIM
cnocodoM. OdHako noMuMo knd, mBepdomenbHbie nA3epbl C eMKOCMHOU
Hakaykolu odnadawm cywecmbBenHbiM HedocmamkoM, HecmadunbHOCMbI
3Hep2uu uMNyabca usnyyeHus.  HecmadunbHoCmb 3Hepzuu uMNYAbCa
usnyyeHus  3abucum  om  dbyx  ¢dakmopoB, HecmadunbHocmu
31eKMPOHHO20 8/10KAQ eMKOCMHOU HAKA4Ku U HecmadunbHOCMU KaHana
pa3psada B namne, ucnonb3yemol dna npeodpasobaHus 3nekmpuyeckol
3Hepzuu B cbemobymn.

Llenblo daHHou padomsl sBAsn0CH U3y4YeHUE HecmadunbHOCMU 3Hepa2uu
U3NYYeHUs KaHana paspsda uunuHdpuyeckux namn-Benblwek nasepa
NPU UMNYAbCHO-NEepuoduYeckol HAKA4ke uyzoM (na4kamu) dunonsipHeIx
BricokoBonbMHbLIX 2apMOHUYECKUX KONedaHuU.

PaHee [1-3] Mb  Bbisbunu  kpamHoe cHuxeHue nopoza npodos
KOMMep4eckux namn-Benblwek de3 U3MEHeHUS UX KOHCMPpYKUUU Npu
ucnonb3oBaHuu BbicokovacmomHOU HAKAYKU HA 44ACMOME Heckonbko
MI'u. YcmaHoBneHo, 4mo CHUXEHUe NOpP02a NO/AHO20 3AXU2QHUS AAMNbI
onpedensiemcs dbyms 0CHOBHbIMU dakmopamu: amMnaumydou’
BricokoyacmomHozo nons u umnedaHcoM oxnaxdawweu xudkocmu. B
Hawel padome [3] Bbino npodemoncmpupobaHo, Ymo npu BY-Hakauke
nocnedobamensHocmelo nadek uMnynscod ¢ amnaumydou Beiwe nopoza
3axuz2aHus  opMupobaHue cmpumepa ocywecmbasemcs no pasHomy
mMexdy 3nekmpodaMu npu oxnaxdeHuu Bodou.

Okasanock, 4Ymo kaHan pas3psda GopMupyemcss NO pasHOMY Npu 0dHUX
u mex xe ycnobuax BosHukHoBeHus BY npodos, m.e. dnuHa kaHana
paspsada MOXem U3MeHAMbLCS OM cAY4as K cayd4aw donee uem B
nonmopa pasd, 4mo Moxem #BasmbCcA  uCMUHHOU  NpuYuHOU
HecmadunbHOCMU 3HEepzuu  u3ayyveHus namn-Benblwek nasepa. [lpu
paspsde namnbl, oxnaxdaemMou MPaHCGOPMAMOPHLIM MACAOM NpU Mex
xe ycnobusx, cmpumep pa3psda ¢opMupyemcs Mexdy ocmpusMu
3nekmpodob no MuHuManbHOMYy paccmosHuk B omauvue om cay4as
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oxnaxdeHus Bodou, kozda cmpuMep coeduHsn ocHobaHvus 3nekmpodob
u dbln GNUHHEe Ha 2—-3 M.

MonyyeHHbie pesynsmamsl nokasbibawm Bo3moxHocmb cywecmbeHHo
noBuicumb  cmadunbHocmb  padombl  mbBepdomenbHbix  nasepob ¢
namnoBol Hakaukou.

Cnucok numepamypbl

1. Banbwun AM, Mepwun CM, Muxeeb M. OzpaHuyeHue kpamHo20
CHUXEHUS nopoza npodos KoMMepye- ckou Anamnbi-Bcnelwku nasepa
npu kHz-Hakadke // Kpamkue cooButeHus no dusuke SUAH. 2019.
No 6. C. 8-16.

2. Valshin AM., Pershin SM, Mikheev GM. Increase in the efficiency
of energy injection intfo discharge plasma and fthe luminous efficiency
of luminescent lamps during high-frequency pumping // Bulletin of
the Lebedev Physics Institute. 2017. V. 44. No 8. P. 228-231.

3.A. M. Banbwun , C. B. Taprob, C. A bBenbkob, C. M. [MepwuH
BbICOKOYACTOTHOE (MIu) 3AXWUIAHME KOMMEPYECKMX  NAMM-
BCMbIWEK — AN9  TBEPAOTE/bHBIX  /MTA3EPOB //0OKNADbI
POCCMMTKOW AKALEMUM HAYK. OPU3INKA, TEXHUHECKWME HAYKW,
2022, mom 502, c. 19-24

Stabilization of radiation parameters of lamp-pumped solid-state
lasers
Valshin AM.
Ufa University of Science and Technology, Ufa

The traditional type of pumping (capacitive pumping) has minimal
efficiency, although it is the simplest and most affordable way.
However, in addition to efficiency, solid-state lasers with capacitive
pumping have a significant disadvantage, the instability of the
energy of the radiation pulse. The instability of the energy of the
radiation pulse depends on fwo factors, the instability of fthe
capacitive pumping electronic unit and the instability of the
discharge channel in the lamp used to convert electrical energy into
light.

The purpose of this work was fo study fthe instability of fhe
radiation energy of the discharge channel of cylindrical laser flash
lamps during pulsed-periodic pumping of bipolar high-voltage
harmonic oscillations with a zug (bundles).

Earlier [1-3] we revealed a multiple decrease in the breakdown
threshold of commercial flash lamps without changing fheir design
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when using high-frequency pumping at a frequency of several MHz.
It is established that the decrease in the threshold of full lamp
ignition is determined by fwo main factors: the amplitude of the
high-frequency field and the impedance of the coolant. In our work
[3], it was demonstrated that when RF is pumped by a sequence of
pulse packefts with an amplitfude above the ignition threshold, the
formation of fhe sfreamer is carried out differently between the
electrodes when cooled with water.

It turned out that the discharge channel is formed differently
under the same conditions of occurrence of RF breakdown, i.e. the
length of the discharge channel can vary from case to case by
more than one and a half fimes, which may be the true cause of
the instability of fthe radiation energy of laser flash lamps. When a
lamp cooled by fransformer oil is discharged under the same
conditions, a discharge streamer is formed between the tips of the
electrodes at a minimum distance, unlike in the case of cooling with
wafter, when the streamer connected the bases of fthe electrodes
and was 2-3 cm longer.

The results obtained show that it is possible to significantly
increase fthe stability of the operation of solid-state lasers with
tube pumping.
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NPEACTABANAEM XYPHAN
INTRODUCING THE MAGAZINE

®omoHuka
Hay4Ho-mexHu4eckul >ypHan o HoBbIXx OnNMUYeckux U (GOMOHHbIX
MexHono2uax U ux ucnonab3obanuu B HayyHbix  uccnedobaHusx,
uHdycmpuu (Memannoodpadomka U cmeknonpodykuus), MeduUUHe U
duonozuyu; paccvampubaem wupokulu kpyz BonpocoB onmuyeckozo
mamepuanobedeHbs, onmuyeckux cucmeM U 3neMeHmoB (na3epHsbIx,
cBemomexHuYecKux, 3/1eKMPOONMUYECKUX, onmoB0N0KOHHbIX,
¢domobonbmauyeckux), cucmeM MAwuHHO2O 3peHus u Habuzauuy,
KOHMPOANbHO-U3MEepUMENbHOU annapamypsl.
W3damenbcmbo xypHana «PomoHuka» PULL «TexHocdepa»
2. Mockba, yn. KpacHonponemapckas, 16, nod.5 Ons nucem: 125319, 2.
Mockba, G/ﬂ 91
Ten.:+7(495)234-01-10
®akc: +7(495) 956-33-46
E-mail: rec-knigi®electronics.ru
URL: hffpi//www.fechnosphera.ru
XypHan «®PomoHuka» nocBAweH onmuyeckuM cucmeMaM nwdoz20 muna
(3nekmpoonmuyeckuM,  onMOBO/NOKOHHLIM,  NA3EPHLIM,  NO/HOCMbI
ONMUYECKUM), UX 3N1eMeHMAM U mexHonozusM. XypHan Bkaw4eH B
cnucok BAK u WebofScience. M38amens — 3A0 «PUL TexHocdepa».
Lenb wu3daHua — =2nydokoe u nodpodHoe ocbeweHue Bonpocod,
cBA30HHbBIX € ONMUYeCKUMU cucmeMaMu nepedaqu, ONMUYECKUMU
MexHON02UAMU,  ONMUYECKUMU  MamepuanamMu U 3/1eMeHMmamu,
odopydobaHuem u cmaHkamu, ucnonb3yembiMu B onmuyeckux cucmemax.
XypHan paccMampubaem cnedywwue meMsi:

— ¢omobonbmauka, $OmO3NeKMPOHHbIE

npeodpasobamenu;

—  NO3epbl U Na3ePHble CUCMEMSI;

—  ONMUYeckue CUCMEMbI U 3/1EMEeHMb;

—  3/1eKMpOONMUYecKUe CUCMEMs;

— BOAC u onmu4eckue cucmeMsl cbasy;

— onmuyeckue BonokHa u kadeny;

— mexHonozu4yeckoe onmuyeckoe odopydobaHue;

—  KOHMPOAb U U3MEpEeHUe;
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— HoBble onmuYeckue MeXHONO2UU.

XypHan adpecobaH meMm, kmo npuHumMdem peweHue — pykobBbodumensam
npednpuamul u BedomcmB, MeHedxepaM pasHbix ypobHel; meM, kmo
ombeyaem 3a mexHuyveckul ypobeHb npousbodcmba — uHXeHepaM,
MexH0N02aM U CNeuUanucmaM pas3nu4yHozo Npoduns; meM, KMo Xxo4yem
noBuicumb  cbou mexHuyeckuld u odpasoBamensHbll  ypobewb —
acnupaHmaM u cmydeHmaM cmapwux kypcob npodunbHeix By3ob.
Mpabuna odopMneHus cmameu Ha caime -
http://www.technosphera.ru

Photonics

Scientific and technical journal about new optical and photonic
technologies and fheir use in scienfific research, industry
(metalworking and glass products), medicine and biology; considers a
wide range of issues of optical materials science, optical systems
and elements  (laser, lighting, electro-optical, fiber-optic,
photovoltaic), machine vision and navigation systems,
instrumentation.

Publishing house of the magazine "Photonics” RIC “Technosphere”
Moscow, st. Krasnoproletarskaya, 16, sub5 For leftters: 125319,
Moscow, PO Box 91

Tel.: +7(495)234-01-10

Fax: +7(495) 956-33-46

E-mail: rec-knigi®electronics.ru

URL: hffpi//www.fechnosphere.ru

Photonics magazine is dedicated to opfical systems of any fype
(electro-optical, fiber-optic, laser, all-optical), their elements and
technologies. The journal is included in the list of VAK and
WebofScience. Publisher - CJSC “RIC Technosphere”.

The purpose of the publication is a deep and detfailed coverage of
issues related fo optical fransmission systems, optical fechnologies,
optical materials and elements, equipment and machines used in
optical systems.

The journal covers the following topics:

- photovoltaics, photoelectronic converters;

- lasers and laser systems;
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- optical systems and elements;

- electro-optical systems;

- FOCL and optical communication systems;

- optical fibers and cables;

- technological opfical equipment;

- confrol and measurement;

- new optical technologies.

The magazine is addressed to those who make decisions - heads of
enterprises and departmenfs, managers of different levels; those
who are responsible for the fechnical level of production -
engineers, technologists and specialists of various profiles; those
who want fo improve their technical and educational level -
graduate students and senior students of specialized universities.
Rules  for the design of articles on the site -
h’r’rp://www.’rechnospher&ru
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NPEACTABANAEM XYPHAN
INTRODUCING THE MAGAZINE
BbesonacHocmb 6 mexHocdepe
Safety in the Technosphere

ISSN 1998-071X Hayuno-uspateneckuit LEHTP “UHDPA-M”

Stuilllltl.ili BE3OHACHOCTI’ B TEXHOC‘DEPE

BCEPOCCHICKHE HAYYHO-METOJIMYECKAR W HHOOPMATMOHHLIH KYPHAI

2006 ¢ Hianaercs ¢ mroas 2006 roga

BiioueH B ITEPEYEHB BEAYIHX HAYVYHBIX KYPHAJIOB,
PEKOMEHJIOBAHHBIX BAK Poccuu s myBIHKAIIHH
PE3YIBTATOB JIOKTOPCKHX H KAHJHIATCKHX JHCCEPTAIHIA,
HHJIEKC HAYYHOTO HMTHPOBAHHSA (PHHII),

HAYYHYIO IEKTPOHHYIO BHEHIHOTEKY

COJEPKAHHE XKYPHAJIA OPHEHTHPOBAHO HA PACCMOTPEHHE
KOMILIEKCA BONIPOCOB, CBA3AHHBIX C OBECNEYEHHE BE3ONACHOCTH
B TEXHOC®EPE , B YACTHOCTH NPOMBIIIEHHOR H 9KOJIOrHYECKO#H
BE3ONACHOCTH, 3AIHTE B YPE3BBIYAHHBIX CHTYAIIHAX, BE3ONIACHOC-
TH TPYJIA, METOJIAM H CPEJICTBAM OBECHEYEHHS BE3ONACHOCTH,
OBPAZOBAHHIO 110 BE3OIIACHOCTH

H3IAETCA IPH OPTAHH3AIIHOHHOMN MOUIEPKKE:

- MI'TY um. H.D, BAyMAHA;
= HAYYHO- METOJJHYECKOI'O COBETA 110 BE3OHNACHOCTH
KHIHEAEATEABHOCTH MuHOEPHAYKH Poccuu;

= YYEEHO-METO/IHYECKOI'O OFLEJAHHEHHS BY30B 110
YHHBEPCHTETCKOMY MOJHTEXHHYECKOMY OBPA3OBAHHIO.

TIPEAHAIHAYEH JUIA:

HAYYHBIX PABOTHHKOB;

NPAKTHKOB;

NPENOJABATEJIEH;

ACIIHPAHTOB;

CTYJAEHTOB;

PHCK-MEHEKEPOB;

KOHCTPYKTOPOB H NPOEKTAHTOB CHCTEM BE30NACHO CTH

MoanAcHO| WHJEKC ATERTCTBA “Pocneuars” - 18316

TIOANHCATBCH MOKHO TAKKE B AJTBTEPHATHBHBIX ATEHTCTBAX
H B HAYUHO-HIIATENLCKOM HEHTPE “HH®PA-M”

KooruunaTel HIIATENLCTBA H PEJAKIH KYPHAJA MOKHO YIHATE
HA CAMTE KYPHAJIA WWW.MAGBVT.RU;
E-MAIL: BVT@MAGBVT.RU, MAGBVT@LIST.RU

Anpec: 127282, Mocksa, vi. [onseuas 31B, cre. |
TEN: (495)380-05- 41, (495)363 - 42 -70 (5105.390)
2 (495) 363 - 92 -12; WWW.INFRA-M.RL
£ (495) 380-05 -40 (105.249),
E-MAIL: POSTER | (@INFRA-M.RL
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NPEACTABANAEM XYPHAN

INTRODUCING THE MAGAZINE
Nazepsbl. U3MepeHus. UHdpopMauus
XupHan "Masepsl. M3MepeHus. MHoopmauus” sbasemcs nepuoduyeckuM
cemebbiM HayyHbIM u3daHueM omkpeimozo docmyna no npodnemaM
nasepHol ¢u3uku, ¢usuyeckuMm ocHobaM npumeHeHus nasepob u no
Bonpocam npudopocmpoeHus 348 U3MEpPEHUS  PU3UKO-XUMUYBCKUX
cbolcmb ™Mamepuanod, B3aumodelcmbBuil na3epHo20 U3AYYEHUS HA
Bewecmbo. XypHan ocHoban B 2020 208y y4pedumenem - BI'TY um. B.
. Wyxoba. M3daemcs xypHan c¢ 2021 z0da ¢ nepuodu4Hocmblo 4 pasa
B 200. U3damenem xypHana sbasemcs HoBopoccudckud ¢unuan BI'TY
uM. B. T lWyxoba (adpec: 353919, Poccus, 2. Hobopocculck,
Mbicxakckoe wocce 75, pedak.-uzdam. omden H® BITY um. B. T.
Wyxoba, pedakuus xypHana /IMM).  Ha cmpaHuuax XypHana
NYdAUKYKMCA  OPU2UHAALHbIE  CMAmbu, NOCBAWEHHbIE  PA3/AUYHBIM
HanpabneHusaM meopemuyeckux U NpuknadHbix uccnedoBaHul B daHHbIX
odnacmsx.
B xypHane "/lasepbl. M3MepeHus. UHHopMauusa” nevamawmea cmambu C
pe3ynbmamaMu O0pu2uHanbHeix uccnedobaHul, od3opHbie cmambu U
kpamkue coodweHus. Cmambu  donxHel  Bbimb  odopMaeHsl B
coombemcmbuu ¢ npabunamu nodzomobku pykonuced.
Pasdenbl xypHana:
- NasepHaa ¢usuka
- B3aumModeucmbue nasepHozo u3sny4yeHus ¢ Bewecmbom
NazepHas cnekmpockonus
/la3epHble U onmMUYeckue U3MepeHus
MpudopocmpoeHue
MepcoHanuu
MNpabBuna odopmneHus cmamed Ha caume - htfps://lasers-
measurement-information.ru/ ojs/index.php/laser

Lasers. Measurements. Information

The journal “Lasers. Measuremenfs. Information” is an open-access
periodical online scienfific publication on the problems of laser
physics, the physical foundations of the use of lasers, and on
issues of instrumentation for measuring the physical and chemical
properties of materials, interaction of laser radiation on matter.
The journal was founded in 2020 by fhe founder - BSTU V. G
Shukhov. The magazine has been published since 2021 with a
frequency of & times a year. The publisher of the journal is the
Novorossiysk branch of BSTU. V. G. Shukhova (address: 353919,
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Russig, Novorossiysk, Myskhakskoe shosse 75, editorial and
publishing department of the NF BSTU named after V. G. Shukhov,
editorial office of the journal LIl). The journal publishes original
articles on various areas of fheoretical and applied research in
these areas.

The journal “Lasers. Measurements. Information” publishes articles
with the results of original research, review articles and brief
communications. Articles must be formatted in accordance with the
rules for preparing manuscripts.

Sections of fthe journal:

- Laser physics

Interaction of laser radiation with matter

- Laser spectroscopy

Laser and optical measurements

Instrumentation

- Personalities

Rules for the design of articles on the site - https://lasers-
measurement-information.ru/ ojs/index.php/laser
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CodepxaHue

CEKLMA A-1 NASEPHAA ®U3UKA U TEXHUKA

Mpubanob B. E.
Om pedakmopa (Privalov V. E. From the Editor)

MNonoBuukud A. M., KoHuebas B. I, Kynukob K. I
JnekmpoduHaMuyeckas Modens paccesHus Na3epHoz0
U3nyyeHus knacmepaMu HeodHOPOOHLIX BUOAOZUYECKUX Yacmuy
8 cnyyae /i witro (Golovitskii A. P, Konfsevaya V. G,
Kulikov K. G. An electrodynamic simulation of laser radiation
scattering by inhomogeneous biological particles /n vifro)

lonobuukud A. M., Konuebas B. T, Kynukob K. T

/n vivo onpedeneHue XOpAKMEPUCMUK PpacCesHUU NAQ3epHO20
usnyyeHus  knemkaMmu  kpoBu, @  makxe  ¢yHkuuu
pacnpedeneHus ux no pasMepaM (Golovitskii A. P,
Kontsevaya V. G, Kulikov K. G. /2 wvo evaluation of
characteristics of laser radiation scattering by blood
corpuscles and their size distribution function as well)

10

Tumyenko E. B, Tumyenko M. E, NlamMun A. B, Baxymoba W. B,
TpyHuv L. A, ®poneb O. 0., Bonoba /. T, 3omoba A. B.
MpumeHeHue  Memodd  CNEKMPOCKONUU  KOMBUHAUWUOHHO20
paccesHus anq udeHmuukauuu cmadunokokkod C
2eMonumuyeckou akmuBHocmbio y nauueHmoB C
napodoHMUMoM (Timchenko E. V., Timchenko P. E,,
Lyamin A. V., Bazhutova I. V., Trunin D. A, Frolov O. O,
Volova L. T., Zotova A. V. The use of Raman specfroscopy
for the identification of staphylococci with hemolytic activity
in patients with periodontitis)

12

Tumuyenko . E, Tumyenko E. B, Padob H, ®paonob 0. O,
Bonoba /1. T., 'MBanod C. C

Onmuyeckue ™Memodbl uccnedoBaHua cocmaba 2udpozened
konnazeHa Ha ocHoBe mkaHel 4enobeka dna  30-
duonpuHmuHza u pezeHepamuBHol MeduuuHsl (Timchenko P. E,,
Timchenko E. V.,  Ryabov N,  Frolov 0. 0, Volova L. T,
Ivanov S. S. Optical methods for studying the composition of
collagen hydrogels based on human fissues for 30
bioprinting and regenerative medicine)

16

Tumyenko EB., Tumyenko M. E,, DNonzywkun 0. A,
®¢ponob 0. 0., Hukonoenko A. H., Bonoba /. T, WBanob B. B,
WoroB A. I0., Camuzynnun P. T.

XeMoMempuyeckul aHanus CNEeKMPanbHbIX usMeHeHud
nobepxHocmu mumaHobeIx uMnaadmamob, NOKPbIMbIX

20
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2udpokcuannamumoM B GokAUHUYECKUX  UCNLIMAHUAX Y
xubomueix  (Timchenko E. V., Timchenko P. E., Dolgushkin
D. A, Frolov 0. O, Nikolayenko A. N, Volova L. T,
Ivanov V. V., lonov A. Y. Samigullin R. T.

Chemomefric analysis of spectral changes in the surface of
titanium implants coated with hydroxyappatite in preclinical
trials in animals)

Tumuenko E. B, TuMuenko M. E, ®ponod 0. 0., Bonoba N. T,
Mazcymoba 0. A, Kosnoba T. B, MonkaHoba B. A,
Nxanunoba H. B.

WccnedobaHue QuHamuku onmuyeckux cboucmb 3manu U
pomobod xudkocmu 3ydoB nauueHmo® nocne npouedypel
opucHozo omdenubanus (Timchenko E. V., Timchenko P. E,
Frolov 0. 0, Volova L. T, Magsumova 0. A, Kozlova T. V,
Polkanova V. A, Dzhalilova N. V. Study of the dynamics of
the optical properties of the enamel and oral fluid of the

teeth of patients after the office whitening procedure) 25
Ocunob B. B., NMnamonob B. B., Nucenkob B. B., Tuxonob E. B.
Bo3deucmbue na3epHozo u3NY4YeHUS HO NOPUCMble MUWEHU U3
npospayHbix  Mamepuanch  (Osipov V. V.,  Platonov B. V,
Lisenkov B. V., Tikhonov E. V. The effect of laser radiation

on porous targets made of transparent materials) 29
MNpubanobd B. E., Wemanun B. T.

0 cucmeme B cbBbsske «/lasepbl. M3MepeHus. 3Hepzemuka»
(Privalov V. E, Shemanin V. G. About the system in the
bundle «Lasers. Measurements. Energy») 32
CBucmyHob 0. B.

Adanmauus Memoduku mopuebou mModobol cnekmpockonuu dns
usmMepeHus napaMempoB mpexMepHbix onmuyeckux BonHoBodob
(Svistunov D. V. Adaptation of the end-fire mode
specfroscopy technique for measurement of paramefers of

30 optical waveguides) 34
Muycopob WU. C, Tpuzyd M. B., EBmywenko I'. C.

200 klu ycunumenb sApkocmu Ha napax Memannod dns
CKOpoCmHoU Busyanusauuu odbekmob (Musorov I S,
Trigub M. V., Evftushenko G. S. 200 kHz metal vapor
brightness amplifier for high speed visualization of the
objects) 37
Tumyenko E. B, TuMuenko M. E, ®ponod 0. 0., Bonoba N. T,
Bnacod M. 10, 3uidun M. A, Wunko C. C

PamaHobBckas  cnekmpockonus  GnA OUBHKU — GEHMUHHbIX
Mamepuanod B npouecce ux uszomobnenus (Timchenko E. V, 42
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Timchenko P. E., Frolov 0. 0., Volova L. T.,, Vlasov M. Y,
Zybin M. A, Shipko S. S. Raman specfroscopy for the
evaluation of dentinal materials during their manufacture)

Kopomkux W. N., Manaxob 10. U, CkopHsikoBa H. M.

TeHeBou ¢oHobbIU Memod kak OeCKOHMAKMHbLIU  CNOCOd
onpedeneHus meMnepamypHo20 nons paspsda Ha
nobepxHocmu onmuYecku NPO3Pa4HbIX dusnekmpukob
(Korotkikh I, Malakhov Yu, Skornyakova N. Background
oriented shlieren mefthod as a contactless way for
determinationof the temperature field of dischargeon the
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