COITIPEACEIJATEJIN KOH®OEPEHIINU
B. H. Oukun, ®1TAH, MockBa
A. U. Pynckoit, CIIOITY, C.-IletepOypr
E. U. Eprymienko, bI'TY um. B. I'. IllyxoBa, benropon

OPI'KOMMUTET

. [IpuBanos (npencenarens Oprromuteta), CIIOITY, C.-IleTtepOypr
. YuctsikoB (3am. nipeacenarens), HO BI'TY, HoBopoccuiick
. [llemanun (3am. npencexnarens), HO BI'TY, HoBopoccuiick
. B. Uep6aum (yuénsriit cekperaps), HO BI'TY, HoBopoccuiick
. AxonioB, ®DUAH, MockBa

. Apniutikux, OOP, C.-IletepOypr

. bopeitmio, bantI'TY, C.-Iletepoypr

. Honrux, TON IBO PAH, BiaauBoctok
. Apstuenko, HITNU Ky6I'TY, HoBopoccuiick
Brymenko, PUHKIO, Mocksa
I/IBaHOB IO®Y, PocTos-Ha-/lony
. JIonota, CIIOITY, C.-IletepOypr
. Ocunos, UD® YpO PAH, ExarepunOypr
. [Tanuenko, UTTJIUT PAH, Illatypa MockoBckoii 001.
. Crenanos, PI'TIY, Psa3anb,
. Typxkun, 'MY um. agm. ©.D. Ymakosa, HoBopoccuiick
. Tyunn, CaparoBl'Y, Caparos
. ®otuaau, CIIGITY, C.-TIletepOypr

. lllep6akos, MOD PAH, Mocksa

5UJS}W
S m

T

SPTTOTTOTTEIOTO»>T0Q
>UW>>MW>ﬁOwEOZE



OT PEJAKTOPA

Hamra xondepennust B HpiHEImHEM roay npoaer 35-wiit pa3. IlepBas xoHpepeHuus
HasbiBanach «Jlazepsl. U3mepenus. Uupopmanus» (1991). Msl nposenu e€ B LleH-
TpaabHOM JIeKTOpHH JIeHUHTpaickoro oTaeneHus oomectsa «3Hanue». C 1992 mo 2002
— oHa mpoxoawia B baiTuiickoM rocyJapCTBEHHOM TEXHUYECKOM YHHUBEPCUTETE
(BI'TY) um. Mapmana Coserckoro Cotoza J[. @. Ycrunona. C 2002 o 2014 mpoon-
xamnach exerogHo B Cankrt-IlerepOyprckoM MOJUTEXHUYECKOM YHHUBEPCUTETE
(CITIGITY) ITerpa Benukoro.

[Tapamnensno ¢ 1992 rona B BI'TY Havana npoxonuts koHpepeHus «Jlazeps A me-
JTUIUHBL 1 Ouosnorun». OHa HECKOJIBKO pa3 MEHsJIa Ha3BaHUE B JalibHEUIlIEeM, ITPOXo-
nuna u B CIIGITY mo 2006 rona BxmrountensHO. B 2007 roay koHdepeHIus Oblnanepe-
HeceHa B HoBopoccuiick U ctaiia Ha3biBaThesl «JlazepHO-MH(DOPMaIIMOHHBIETEXHOJIO-
rum». [Ipogomxaercs 3Ta KOH(PEPEHIIHS U CETOIHS, CYIIECTBEHHOPACIIUPUB JIA3EPHYIO
tematuky. C 2021 roga koHdepeHIrs MpoxXoauT Ha Oa3edummrana benropoackoro roc-
YAapCTBEHHOTO TEXHOJIOrnueckoro ynusepcurera umenu B. I'. lllyxosa B r. HoBopoc-
cuiicke. O6 3TOM MbI IOAPOOHO pacckasbiBasiv B Tpynax Hamiel koHpepenuuu B 2023
n 2024 rogax. Tam ke MBI U3BEIIAJIM YUTATEIICH, IJIe emé IeyaTaIuch U nedaTaroTcs
CTaThH HalIel KOH(PEPEHITNH.

C npemnoxeHUsIMU U 3a clipaBkamMH oOpaimatbes K npodeccopy B. E. Ilpusanosy B
Cankr-IlerepOyprckuii monurexuunueckuit yuusepeutet [lerpa Bennkoro (Cankr-Ile-
tepOypr, CIIOITY, yu. IlonurexHuueckas, 29), mo 3JIeKTpOHHOW ToYTe Vaevpriv@
yandex.ruuk, nmpodeccopy B. I'. [llemannny B ®unuan bearopoackoro rocyaapcTBeH-
HOTO TEXHOJIOTMYECKOro yHuBepcuTera uMeHu B.I'. Illyxoa B r. HoBopoccuiicke
(353919, HoBopoccwiick, yi. MpIcxakckoe 1mmocce, 75), o 3JIeKTpOHHOM mouTe Vshe-
manin@mail.ru.

FROM THE EDITOR

This year our conference will be held for the 35" time. The first conference was called
"Lasers. Measurements. Information™ (1991). We held it in the Central Lecture Hall of
the Leningrad Branch of the Znanie Society. From 1992 to 2002, the next ones have
been at the Marshal of the Soviet Union D.F. Ustinov Baltic State Technical University
(BSTU). From 2002 to 2014, the next conferences have been continued it annually at
Peter the Great St. Petersburg Polytechnic University (SPbPU). In parallel, since 1992,
the BSTU has been hosting the conference "Lasers for Medicine and biology". It
changed its name several times later, and was held at SPbPU until 2006 inclusive. In
2007, the conference was moved to Novorossiysk and became known as "Laser Infor-
mation Technologies". This conference continues today, having significantly expanded
the laser theme. Since 2021, the conference has been held at the branch of the V.G.
Shukhov Belgorod State Technological University in Novorossiysk. We discussed this
in detailin the Proceedings of our conference in 2023 and 2024. In the same place, we
informed readers where else the articles of our conference were printed and are being
printed. For suggestions and information, please contact Professor V.E. Privalov at Peter
the Great St. Petersburg Polytechnic University (St. Petersburg, SPbPU, Politechnich-
eskaya str.,29), by e-mail vaevpriv@yandex.ru and to Professor V.G. Shemanin at the
Branch of the V.G. Shukhov Belgorod State Technological University in Novorossiysk
(353919, Novorossiysk, Myshakskoe shausse, 75), by e-mail vshemanin@mail.ru



mailto:vshemanin@mail.ru
mailto:vshemanin@mail.ru
mailto:vaevpriv@yandex.ru
mailto:vshemanin@mail.ru

JIABEPHASA ®PU3UKA U TEXHUKA

VYIK543.424
I'PHTH 29.31.27
BAK 01.04.05

PamanoBckas CIICKTPOCKOIIUA IJIsA I/IHeHTI/I(l)I/IKaIII/II/I ImramMmmMoB

CTPENTOKOKKOB M CTA()UJIOKOKKOB
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CeronHst mproOpeN MIUPOKOE PACTIPOCTPAHEHHUE PA3IUYHbBIE BOCIAIUTEIbHBIC
3a00JIeBaHUs MOJOCTU PTa, B TOM YHUCIE — NApOJIOHTHUT. [1apoIOHTUT HE TOIBKO
MPUBOJUT K TTOTEpe 3yOOB, HAPYIIECHUIO MPUKYCa U (PYHKIIUU KEBAHUS, HO U SIB-
asieTcst (PaKTOPOM pUCKa OCIIOKHEHUM NP AeHTaIbHON uMIianTamuu [1-2]. Oc-
HOBHOM IPUYUHOM MapOIOHTHUTA ABJISETCS MHOUIIUPOBAHUE TKAHEH MOJIOCTH pTa.
[ToTeHIMaNPHBIMA YYaCTHUKAMHU TIATOJOTHYECKOTO TIpoIiecca SBISIOTCS cTadu-
JIOKOKKH M CTPEHTOKOKKH, BBISBIIIEMbIC B TAPOJJOHTAIBHBIX KapMaHax [3-5].
OnTudeckre MeTOIbl UCCIICTIOBAHNS HAILIN IIUPOKOE MPUMEHEHHE IS MEINKO-
OMONOTHYECKUX HccaeaoBanmi [4, 6, 7] 1 MOTYT OBITh IPUMEHEHBI JJIS UACHTH-
(dukamum 0akTepuil.

Llenv  pabomwr —  WCCIENOBaHWE TpeX  IITAMMOB  CTPENTOKOKKOB
Streptococcusmitis, Streptococcusoralis u Streptococcuspneumoniae u mramma
crapunokokkos StaphylococcusEpidermidis MmeTooM CIEKTPOCKOITMKM KOMOHHA-
uroHHoro paccestHust (KP).

B kxauecTBe 00BEKTOB HCCIIEIOBAHUN ObUIM MCIOJIB30BaHbBI 4 IITaMma S.mitis,
4 mramma S.oralis, 3 mTamMmma S.pneumoniae u 12  mTamMMOB
Staphylococcusepidermidis. PocT kynsTyp nosyden Ha 5% kpoBsiHOM arape ¢ 0a-
panbeit kpoBwio (OO0 I'EM, Poccust). Unentudukaius Bcex mraMMOB MPOBO-
auiachk ¢ ucnoiab3oBanueM metona MALDI-ToFmacc-ciekTpoMeTpuu Ha mpu-
oope MicroflexLLT (Bruker, I'epmanus).

Crnexktpsl KP caumanucs ¢ nomonisio criekrporpada Sharmrock SR-3031 ¢ uud-
poBoii kamepoit ANDOR DV-420A-OE (paspemmenune 0,15 HM 10 JjIMHE BOJIHBI),
B KOTOPBIA BXOIAT MOynpoBoAHUKOBEIA nazep (LML-785.0RB-04), ontuue-
ckuii monyns KP (PBL 785) u nazep nHa 785 um (o 450 mBT). HopMmanuzanus
criekTpoB mpoBoauiaack MetogoM Extended multiplicative signal correction
(EMSC). CriaxuBanue ocyIiecTBisuioch metogoM Maximum Likelihood
Estimation Savitzky- Golayfilter (MLE-SG) ¢ mapamerpom ¢ = 4.

Jlnst uckimtoueHus BKJIaga aBTOGIYOPECICHITMN UCIOJIb30BAICS MOIUDHUITPO-
BaHHBI METOJI BEIUUTAHUS (DITyOPECIIEHTHON COCTABIISIONICH TTOJIMHOMHUATIBLHOM
anmpokcumarueit Improved Modified Multi-Polynomial Fitting (ExModPoly) co
cTeneHpl0 monmHOMa §. AHamu3 crnektpoB KP mpoBomuics B nmamazoHe
450-1800 cm-1.

JI71s1 TONOMTHUTENBHOTO aHaM3a UCCIeAyeMbIX 00pa3loB ObLT MPUMEHEH METOA
JMHEHHOTO JUCKPUMHUHAHTHOTO aHajiu3a B mporpamme RS-tool.
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B pesynbrare ObLIM YCTaHOBJICHBI CIIEKTpaJbHBIC OTIUYMS IITAMMOB S.Mitis,
S.oralis, S.pneumoniae, xoropsie Bkl Ha 527 cmt (S-S disulfide stretching in
proteins, Phosphatidylserine WIH v(S-S) gauche-gauche-trans
(aminoacidcysteine)), 621 cm™ (C-C twisting mode of phenylalanine (proteins)),
1280 cm? (Amidelll, CH, wagging vibrations from glycinebackbone mmu pro-
lineside chains), 1333 cm? (Guanine), 1445 cm™ (CH, bending modes, defor-
mation C-H bending proteins, deformation CH,/CHs in lipids), 1525 cm*
(Amidell), 1692 cm? (Stretching CO), 1749 cm (C=0, lipids).Taxsxe, 66111 BBe-
JICHBI KPUTEPUH ISl MACHTU(PHUKAIIUN TPy 00pa3lioB HA OCHOBE MHTCHCUBHO-
CTU JIMHUM yCpeIHEHHBIX cneKTpoB KP u mpoBeneHHOro AMCKpUMHHAHTHOIO
aHanm3a. B pe3ynbrare uccienoBaHus cTaprIOKOKKOB ObUTM HAWICHBI OTIMYHS
MTaMMOB 21U ACPMAIIBHOT'O CTa(I)I/IJ'IOKOKKa C TEMOJUTHYECKON aKTUBHOCTBIO U
0e3 TreMOJMTHYECKOW aKTHBHOCTH, KOTOpbIE HaOIMIOJAIOTCd Ha JIMHUU
KP ~1650 cm™ (Amide | vibration (collagen-like proteins)). [TonyuenHnsle pe3ysib-
TaTbl MOT'YT OBITH UCIIOJIL30BAHbI B KAUECTBE IKCIIPCCC-OIOCHKN MAPKCPOB I1aTO-
I'€HHOCTHU CTa(bHJIOKOKKa.
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Raman spectroscopy for identification of streptococcal and staphylococcal

strains
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Today, various inflammatory diseases of the oral cavity, including periodontitis,
have become widespread. Periodontitis not only leads to tooth loss, malocclusion
and chewing function disorders, but is also a risk factor for complications in dental
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implantation [1-2]. The main cause of periodontitis is infection of the oral tissues.
Potential participants in the pathological process are staphylococci and strepto-
cocci detected in periodontal pockets [3-5]. Optical research methods have found
wide application in medical and biological research [4, 6, 7] and can be used to
identify bacteria.

The aim of the work is to study three strains of streptococci Streptococcus mitis,
Streptococcus oralis and Streptococcus pneumoniae and a strain of staphylococci
Staphylococcus Epidermidis using Raman spectroscopy.

The objects of study were 4 strains of S.mitis, 4 strains of S.oralis, 3 strains of
S.pneumoniae and 12 strains of Staphylococcus epidermidis. The cultures grew
on 5% blood agar with sheep blood (OOO GEM, Russia). Identification of all
strains was performed using the MALDI-ToF mass spectrometry method on a
MicroflexL T device (Bruker, Germany). Raman spectra were recorded using a
Sharmrock SR-303i spectrograph with an ANDOR DV-420A-OE digital camera
(0.15 nm wavelength resolution), which includes a semiconductor laser (LML-
785.0RB-04), an optical Raman module (PBL 785), and a 785 nm laser (up to 450
mW). Spectra normalization was performed using the Extended multiplicative
signal correction (EMSC) method. Smoothing was performed using the Maxi-
mum Likelihood Estimation Savitzky-Golay filter (MLE-SG) with the parameter
c=4.

To exclude the contribution of autofluorescence, a modified method of subtracting
the fluorescence component by polynomial approximation Improved Modified
Multi-Polynomial Fitting (ExModPoly) with a polynomial degree of 8 was used.
The analysis of the Raman spectra was carried out in the range of 450-1800 cm™.
For additional analysis of the studied samples, the linear discriminant analysis
method was used in the RS-tool program.

As a result, spectral differences were established between the strains of S.mitis,
S.oralis, and S.pneumoniage, which are visible at 527 cm™ (S-S disulfide stretching
in proteins, Phosphatidylserine or v(S-S) gauche-gauche-trans (amino acid cyste-
ine)), 621 cm™* (C-C twisting mode of phenylalanine (proteins)), 1280 cm™ (Am-
ide 111, CH, wagging vibrations from glycine back bone or proline side chains),
1333 cm? (Guanine), 1445 cm™ (CH; bending modes, deformation C-H bending
proteins, deformation CH,/CHs in lipids), 1525 cm? (Amidell), 1692 cm
(Stretching CO), 1749 cm™ (C=0, lipids). Also, there were criteria for identifying
groups of samples based on the intensity of the averaged Raman spectra lines and
the conducted discriminant analysis were introduced. As a result of the study of
staphylococci, differences were found between strains of epidermal staphylococ-
cus with and without hemolytic activity, which are observed on the Raman line ~
1650 cm™ (Amide | vibration (collagen-like proteins)). The results obtained can
be used as an express assessment of staphylococcal pathogenicity markers.
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OnruyecKkne MeTOIbl B UCCJIEI0BAHIU COCTABA AJIJIOT€HHOT O
KoJUIareHcoaep:kamniero ruaporelisi 1is 3D-0noneyaTn onopHbIX

" COCAUHUTECIbHBIX TKaHeH YyeJ0BeKa
'H.A Psi6os, YJI.T. Bonoga, I1.E. Tumuenko,*E.B. Tumuenko, 1°C.C. iBaHoB
Y Camapckuii 2ocyoapemeennvlii meduyunckuii yuueepcumem, uHcmumym
IKCNEpUMEHMANbHOU MeOuyunsl u ouomexronozuti, Camapa
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C.11. Koponésa, Camapa
email: *laser-optics.timchenko@mail.ru, koditekOO@yandex.ru

3D-0uonevars npeacTaBisieT coO0M MEPCIEKTUBHBIN TOAX01 B Onodadpukanuu
TKaHel u opraHoB [ 1], rae onpenenstomuM GakTopoM YCIEITHOCTH BBICTYIIAIOT
OonouepHuia. 'maporeny Ha OCHOBE MPUPOJIHBIX M AJJIOTEHHBIX OMOIMOIMMEPOB
00J1a1a10T PAJIOM MPEUMYIIECTB, BKJII0Yas BBICOKYIO OMOCOBMECTUMOCTb, OMO/1e-
rpagupyeMOCTh, HU3KYK0 aHTUT€HHOCTh U CTUMYJIALIMIO pereHepaunu [2, 3]. B
CBSI3U C BBICOKOM CTOMMOCTBbIO KOMMEPYECKUX OMOYEPHUII, aKTyalIbHOM 3a1aueit
ABJIAETCS pa3pabOTKa U MPOU3BOJCTBO KOHKYPEHTOCIIOCOOHBIX OTEUECTBEHHBIX
aHaJIOrOB, COOTBETCTBYIOIIMUX CTPATErK UMIIOpTO3aMelleHus. OnTuyeckue me-
TOJ/Ibl UCCJIEIOBAHUS HAIIUIM IIMPOKOE MPUMEHEHHE JJIsl MEAUKO-OMOI0OTHYECKUX
uccienoBanuii [4-6] u MOryT ObITh IPUMEHEHBI SIS OIEHKH OUOYESPHUI.

[enbto JaHHON pabOTHI SABJISIETCS. KaYECTBEHHASIOLEHKACOCTaBaOUOIPOLYKTOB —
KOJJTar€HCOoAep KAIllMX TUAPOTEeH 1 OMOUEpHUIT Ha dTanax MpOU3BOICTBA.
Martepuanamu rcciae10BaHUs SBISUIUCH 4 TPYIIBI 00pa3lioB, COOTBETCTBYIOLIUX
JTaraM MOJIy4€HHUs KOJUIAareHCOAEPIKAIIEero TUAPOressi U3 aJlIOTeHHOro OuomMa-
Tepuajga KOCTHON TKaHU 4YeJ0BEKa, MOABEPrHYTON JeMUHEpAIU3aluU U IpeiBa-
PUTEIIBHOM OYHUCTKE C MCIIOJIb30BAaHUEM 3allAaTEHTOBAHHOM TexHosoruu ‘‘JIno-
mact®” B HUM buoTexCamI MVY:I — muHepanuzoBaHHas KOCTHasi TKAaHb,
Il —nemuHepanu3zoBaHHas KOCTHas TKaHb, [II — rumporens Ha OCHOBE KoJIJIareH-
cojepkaiero Matepuaiia (kuakas popma), [V—iuobunu3upoBaHHbIN KoJIIareH-
cojepkaimuii matepuan (Juoduinsar).
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B kadecTBe METOZ0OB HCCEA0BaHUS ObLIN UCTIOIB30BaHbI METO/] CIIEKTPOCKOITHHU
KoMOuHaimoHHoro paccesinusg 1 UK-Oypre-crekTpockonusi, peainu3yemblie ¢ mo-
MOIIIbIO AKCIIEPUMEHTAIILHOTO CTEH/a, ONMMMCAHHOro B padote [6]. HanbHeilas
pabota ¢ 00pabOTKON CIEKTPOB M CTATUCTUYECKUM aHAJIM30M BBITIOJIHEHA B TIPO-
rpamMe Mathematica, Ha ocHOBe pecypca Ramantool v.1.0.175.

B pesynbTaTe uccienoBaHUN C TMOMOIIBIO PaMAHOBCKOM CHEKTPOCKONHH H
NK-®Oyppe CHEKTPOCKONUU YCTAHOBJIEHO: MpPH AEMHUHEPAIU3alUA KOCTHOU
TKAHM CHIDKAIOTCA NUKHM Tuapokcuanatuta (956 cm?, 1068 cmt) u ysennunsa-
ercs nHTeHCUBHOCTH mukoB Amuyos I, I m III (1214 cmt,1415 cm?, 1446 cm
11636 cm?, 1648 cm?), ykaspiBasg Ha cOXpaHEHHE OPraHUYECKOTO MAaTpPHKCA.
CpaBHEHHE JEeMUHEPAIN30BAaHHOW KOCTH M KOJIJIAr€HCOJEPIKAIIEro MaTepuaia
JEMOHCTPUPYET COXPAHHOCTh OCHOBHBIX KOMIIOHCHTOB, CHIDKCHHE JTUTHIIOB
(1415 cmY) u yenmuenne Amuna I11. Iepexon nuodunuzara B THAPOTEIb CO-
IPOBOKIAETCSA UCYE3HOBEHHEM YIIepOaHbIX cBszei (1420-1450 cm™) u cumxe-
HHMEM MHTEHCHBHOCTH IIUKOB IPOJIMHA/THApoKcunponrHa (877 cm™) u Amunos
(1200- 1300 cm?, 1539- 1585 cmt, 1633- 1700 cm™?).

[Toy4yeHHbIC pe3yabTaThl UCCIETOBAHUN MOTYT OBITh B IalIbHEUIIIEM HCIIOJIB30-
BaHbl B KaU€CTBE IKCIPECC-OIEHKH Ka)JJO0ro dTara Mpou3BOACTBA aJUIOTCHHBIX
KOJUTareHCOoAepKAIINX TUAPOresiel, ucrnoyib3yeMbix B 3D-OuonpuHTHHTE.
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Optical methods in the study of the composition of allogenic
collagen-containing hydrogel for 3D bioprinting of human supporting

and connective tissues
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3D bioprinting is a promising approach to the biofabrication of tissues and organs
[1], where bioinks are the determining factor for success. Hydrogels based on nat-
ural and allogenic biopolymers have a number of advantages, including high bio-
compatibility, biodegradability, low antigenicity and stimulation of regeneration
[2, 3]. Due to the high cost of commercial bioinks, an urgent task is the develop-
ment and production of competitive domestic analogues that correspond to the
import substitution strategy. Optical research methods have found wide applica-
tion in biomedical research [4- 6] and can be applied to evaluate bioinks.

The purpose of this work is a qualitative assessment of the composition of bi-
oproducts - collagen-containing hydrogels and bioinks at the production stages.
The study materials were 4 groups of samples corresponding to the stages of ob-
taining a collagen-containing hydrogel from an allogenic biomaterial of human
bone tissue subjected to demineralization and preliminary purification using the
patented Lioplast® technology at the Research Institute of BioTech, Samara State
Medical University: | - mineralized bone tissue, 11 - demineralized bone tissue, 111
- hydrogel based on collagen-containing material (liquid form), IV - lyophilized
collagen-containing material (lyophilisate). The research methods used were Ra-
man spectroscopy and FTIR spectroscopy, implemented using the experimental
setup described in [4]. Further work with spectra processing and statistical analy-
sis was performed in the Mathematica program, based on the resource Raman tool
v.1.0.175. As a result of research using Raman spectroscopy and FTIR spectros-
copy, it was established that during demineralization of bone tissue, the peaks of
hydroxyapatite (956 cm™, 1068 cm™) decrease and the intensity of the peaks of
Amides I, Il, Il (1214 cm™, 1415 cm™?, 1446 cm™, 1636 cm™, 1648 cm™) in-
creases, indicating the preservation of the organic matrix. Comparison of demin-
eralized bone and collagen-containing material demonstrates the preservation of
the main components, a decrease in lipids (1415 cm™) and an increase in Amide
[11. The transition of the lyophilisate to hydrogel is accompanied by the disappear-
ance of carbon bonds (1420- 1450 cm™) and a decrease in the intensity of the
peaks of proline/hydroxyproline (877 cm™) and Amides (1200- 1300 cm, 1539-
1585 cm, 1633- 1700 cm?). The obtained research results can be further used as
an express assessment of each stage of the production of allogeneic collagen-con-
taining hydrogels used in 3D bioprinting.
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OnHOI M3 OCHOBHBIX 33/1a4 JICYCHUS MMOCTPAIABIINX OT 0’KOTOB Ha MPOTKEHUU
BCEU MCTOpUU PA3BUTHUS KOMOYCTHOJIOTUU SIBIIIETCS CBOEBPEMEHHOCThH W TOJI-
HOTa BOCCTAHOBJICHHSI YYACTKOB KOKHOT'O TIOKPOBA, YTPAUYCHHBIX B pe3ysbTaTe
0’KOTOBOM TpaBMbl. B mocneaHue rojibl B pa3audHbIX 00JIACTAX MEIUIIMHBI IIIH-
POKO UCITOJIB3YIOTCSI MaTEpHUaIbl OMOTEHHOM MPUPOIBI JJIS 3aMEIICHUS 1e(PEKTOB
TkaHed. CTpyKTypa moJI00HOTO pojia MaTEpUaATIOB MOXKET ObITh OECKIECTOUYHOM
00 COAEpPKAaTh KJICTKHW KOKUA M (aKTOphI pocTa. IlepcrieKTHBHBIM HarpaBJie-
HUEM B JICUCHUH TTYOOKHX 0’KOTOB IIPEICTABIISICTCS UCIIOJIB30BAHUE JICTICIUTFOIISI-
PHU3MPOBAHHOI'O MaTepHalia Ha OCHOBe aMHHOHa [1, 2]. B HacTosmee Bpems s
OIICHKW COCTaBa OMOMAaTepuasoB MHUPOKOE MPUMEHEHHE HAIILIN ONITHYECKHUE Me-
TOJIbI HCCIe0BaHu [3-7].

[leapto paboTHl ABIAETCS NPUMEHEHHE PAMAHOBCKOW CHEKTPOCKOTHUHU IS
OIICHKH JISTICIUTIOJISIPU3UPOBAHHBIX TPAHCIUIAHTATOB HA OCHOBE aMHHMOHA B TPO-
1[eCCe UX U3TOTOBJICHHUS.

B kadecTBe 00BEKTOB HCCIIEIOBAHNN OblLJIa HCTIOIB30BaHA JEIEIUTIOPU3UPOBAH-
Hasi aMHUOTHYECKas MeMOpaHa, KOTopasi H3roToBJIEHA IO 3aIIaTEHTOBAaHHOM TEX-
Hosioruu - [latrent PO Ne 2835347.
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Bce oOpasupbl ObUTM YCIOBHO pasliefieHbl Ha JBE OCHOBHBIE HCCIEIyeMbIe
rpynmsl: rpynna 1 — KoHTpoab (MOJHOCTHIO HATUBHBIE 00PA3Ibl); rpyMna 2 — JIMo-
bunu3upoBaHHbIE 00pa3llbl C OTMBIBKOM YJIbTPa3BYKOM. AMHUOTHYECKAS MEM-
OpaHa OTMBIBA€TCSI B MPOTOYHOM BOJIE OT CTYCTKOB KPOBH, Jlajee OuomMaTepual
o0pabaTbIBaeTCs B yIbTpPa3ByKoBOM BaHHE yacToTo 35+10% kI'11, mocie yero
OMOMMILIAHTATHI TOMENIAIOTCS B KaMepy, B KOTOPOH CO3/1al0T BAKyyM C OCTaTOY-
HbIM gaBieHueM 1-2 Ila, u mocie mpoMbeIBaHUS B (DU3UOJOTHUECKOM PAaCTBOPE
0,9% NaCl, 3amopakuBanus ipu Temrepatype -60C°, Tnopum3upyroTcs.
HccnenoBanms IpOBOIUIH «invitro» ¢ MOMOIIEI0 MeTo1a PamMaHOBCKO# CIIEKTpO-
ckonuu [5]. B pe3ynbTaTe NpOBEACHHBIX HCCIEIOBAHUI YCTAHOBJICHBI CIIEK-
TpaJbHbIE PA3IUYUS MEXKy HATUBHOU IPYIION UCCIIeTyEMbIX OOBEKTOB U TPYyII-
o 00BEKTOB, 00PAOOTAHHBIX YIBTPA3BYKOM, KOTOPHIE MPOSBIISIOTCS Ha CIICTY-
romux JuHUAX KP ~1650 cm? (Amid I), ~1240 cm™ (Amid III), ~1100— 375 cm™?
(Severalbandsofmoderateintensity,  belongingtoanide IlIl  andothergroups
(proteins)), ~600- 800 cm™ (Nucleotide conformation), ~481 cm™ (DNA), ~447
cm® (Ring torsion o fphenyl). JlanHble M3MeHEHHs 00YCIOBIEHEl YMEHBIIEHHEM
AHTUTEHHOCTU 00pa3IloB Mocie 00padOTKU yIbTPA3BYKOM, a TAK)KE U3MEHEHUEM
aMUJIHBIX CTPYKTYpP B CIEJCTBUM aHTHMOHE3A.

Tak>ke yCTaHOBJIEHO, YTO YJIbTPa3ByKoOBas 00paboTKa, 1Mo 3anaTeHTOBAaHHON Me-
toauke JIMOITIIACT, oOecrnieunBaeT COXpaHHOCTh CTPYKTYPbI HCCIEAYEMBIX
OnomaTepuaios.

JeTanbHast MaTemMaTuyeckasi 00padoTKa C UCII0JIb30BAHUEM CTAaTUCTUYECKUM Me-
To0B aHanu3a 1 ROC-ananu3a nmokasaiu BbICOKYIO 3(P(PEKTUBHOCTb pa3eiaeHUs
MEXKTy UCCIEAYEMBbIMH TPYIIIaMH.

[TokazaHo, 4TO C MOMOIIBIO METO/Ia CIIEKTPOCKONUKM KOMOUHAIITMOHHOTO paccesi-
HUSIT MOXHO TPOBOJIUTH JIKCIPECC-aHAIN3 COCTaBa JELEIUTIONSIPU3UPOBAHHBIX
OroMaTepuasioB MPU WX M3TOTOBJIEHUU C 33JJaHHBIMH CBOMCTBAMU JUIsl OTIpeie-
JICHHBIX 3a]1a4.
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One of the main tasks of treating burn victims throughout the history of combus-
tiology is the timeliness and completeness of restoration of skin areas lost as a
result of burn injury. In recent years, biogenic materials have been widely used in
various fields of medicine to replace tissue defects. The structure of such materials
can be acellular or contain skin cells and growth factors. A promising direction in
the treatment of deep burns is the use of decellularized amnion-based material
[1, 2]. Currently, optical research methods have found wide application to assess
the composition of biomaterials [3-7].

The aim of the work is to use Raman spectroscopy to assess decellularized am-
nion-based transplants during their processing by manufacturing. The objects of
the research were decellularized amniotic membrane, which was manufactured
using a patented technology - Russian Federation Patent Ne 2835347.

All samples were conditionally divided into two main study groups: group 1 -
control (completely native samples); group 2 - lyophilized samples with ultra-
sound washing. The amniotic membrane is washed in running water from blood
clots, then the biomaterial is processed in an ultrasonic bath with a frequency of
35+10% kHz, after which the bioimplants are placed in a chamber in which a
vacuum with a residual pressure of 1- 2 Pa is created, and after washing in a phys-
iological solution of 0.9% NaCl, freezing at a temperature of -60°C, they are ly-
ophilized.

The studies were carried out "in vitro™ using the Raman spectroscopy method [5].
As a result of the conducted studies, spectral differences were established between
the native group of the studied objects and the group of objects processed with
ultrasound, which are manifested in the following Raman lines ~1650 cm™* (Amid
1), ~1240 cm™* (Amid I11), ~1100— 375 cm™ (Several bands of moderate intensity,
belonging to anide 111 and other groups (proteins)), ~600- 800 cm™ (Nucleotide
conformation), ~481 cm* (DNA), ~447 cm (Ring torsion of phenyl).

These changes are due to a decrease in the antigenicity of the samples after ultra-
sound treatment, as well as a change in amide structures due to anionesis.

It was also established that ultrasound treatment, according to the patented LI-
OPLAST method, ensures the preservation of the structure of the studied bio-
materials.

Detailed mathematical processing using statistical methods of analysis and ROC
analysis showed high efficiency of separation between the studied groups.

It is shown that using the method of Raman spectroscopy it is possible to carry
out express analysis of the composition of decellularized biomaterials during their
manufacture with specified properties for specific tasks.

13


mailto:yura.ityaksov97@mail.ru

References

1. Davis J. W. Skin transplantation with a review of 550 cases at the Johns Hopkins
Hospital// Johns Hopkins Med J. 1910. Vol. 5. PP. 307- 396.

2. Lo V., Pope E. Amniotic membrane use in dermatology// Int J Dermatol. 2009. Ne
48(9). PP. 935-940. DOI: 10.1111/j.1365- 4632.2009.04173.X

3. Dolgikh G I, Privalov V E Laser Physics. Fundamental and Applied Research. Pub-
lishing House Reya, Vladivostok. 2016, PP. 351.

4.Murugappan S., Syed A. M., Nanasaheb D Thorat Raman Spectroscopy: A Tool for
Molecular Fingerprinting of Brain Cancer// Thorat ACS Omega 2023 Ne§ (31). PP.
27845- 27861 DOI: 10.1021/acsomega.3c01848

5. Timchenko P.E., Timchenko E.V., Volova L.T., Frolov O.0. Use of Raman spectros-
copy for the assessment of dentin materials during their fabrication // Journal of Op-
tical Technology 2021. Vol. 88. Ne9. P. 485- 488.

6. Gl Dolgikh, VE Privalov Laser Physics. Fundamental and Applied Research, Vladi-
vostok, 2016, Reya Publishing House, 352 p.

7. Dolgikh GlI, Privalov VE Lasers and Their Application in Ultra-Precise Measure-
ments. Publishing House of the Far Eastern Branch of the Russian Academy of Sci-
ences, Vladivostok, 2024, 368 p.

VJIK543.424
I'PHTU 29.31.27
BAK 01.04.05

OnTnyeckue MeTOAbI UCCJIEJOBAHUSA COCTABa (PPYKTOBOIO MIOpe
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[Tutanue nereit siBIsieTCs BaXXHBIM (PakTOpoM (hOPMUPOBAHUS U PA3BUTHS TIOIpAC-
Tatomiero opranusma. [Ipobnema kauecTBa J€TCKOrO ()pyKTOBOTO MIOPE aKTyallbHa,
MOCKOJIbKY OT COCTaBa MoTpedsieMol peOEHKOM MUILM BIEPBbIE IO/IbI )KU3HU 3aBU-
CSIT €ro 370pPOBbE U MOTYYEHHUE UM HEOOXOJMMOIO KOJIMYECTBA MUTATEIIbHBIX Be-
IIECTB U BUTAMUHOB JUIs1 TIOJTHOLEHHOTO pocTa U pa3BuTHsl. ONTHYECKHUE METO/IbI
HAIIUTM [IPOKOE MPUMEHEHUE ISl PEIIEHUSI MEIMKO-OMOJIOTHYeCcKuX 3a1ad [1-2], B
TOM YHCJI€ U JJIs IPOBEJIECHUS OLIEHKH COCTaBa ()PyKTOBOI'O MIOPE.

[lenpto ucciaenoBaHus SIBISIETCS OLIEHKAa OMOXMMHYECKOTO COCTaBa IIOpe JeT-
CKOT'O ITUTaHUs C TOMOIIBIO ONTUYECKUX METOJIOB.

HccnenoBanue mpoBOAUIOCH C MPUMEHEHHEM METOJIOB CIIEKTPOCKOINU KOMOU-
HarmoHHoro paccesaus (KP) u kondokanbHO# (hayopeciieHTHOM MHUKPOCKOTIHH.
Meton KP 0b110 OCyIIecTBIEH ¢ HCITOIB30BaHUEM YCTAaHOBKH, COCTOSIIEH U3 T10-
naynpoBoaaukoBoro jaszepal(LML-785.0RB—-04), ontruueckoro KOMOWHAIIMOH-
Horo paccesaus cBeta (KP) momyns 2 (PBL785), ciektporpada (SharmrokSR—
303i) c uarerpupoBanHoi udposoii kamepoit (ANDORDV-420A—-OE). Bce uc-
cienyemMbie 00beKThI ObUTH U3MEPEHBI B TPEX pa3InyHbIX Toukax. OOpaboTka 1o-
JYYEHHBIX CHEKTPOB MPOBOJAMUIACH C TIOMOIIBIO MPOrPAMMHOIO IMaKeTa
Mathematica 8. Meton koH(pOKaTBHONH MHKPOCKOIIUU OCYIIECTBISIICS C ITOMO-
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IIbI0 CHCTEMBI JIa3epHOH KOH(MOKAIBHON (IyOpeCICHTHOW MHKPOCKOIIHH, CO-
OpanHoii Ha 0a3e mukpockomna Olympus 1X71 u naseproro komoOaitna ANDOR.
Cucrema obecrieuynBaja CKOPOCTh CKAaHUPOBAHMS 710 25 CIIOEB B CEKYHIIY C pa3-
pemenueM 10 400 HM.

HccaenyeMbiMu 00beKTaMH OBLITH BRIOPAHBI IIECTh 00PA3IIOB: Mara3uHHOE IOPE
TPEX BKYCOB (510J10K0, IEPCUK SI0JIOKO M OaHaH), MIOpe COOCTBEHHOT'O MPHUTOTOB-
JieHus U3 A0JI0Ka, IepCUKa U OaHaHa B Ka4eCTBE KOHTPOJIbHBIX 00pasmoB. B pe-
3yJbTaTe MPOBEACHHOTO MCCIIEIOBAHUS OBUIM BBHISBIICHBI OCHOBHBIC JInHUU KP
171 uccneayeMbix oopasnos: ~845, 1015 cm ! —nextun [1], ~830 cm -kcunansl
[1], ~1080— 1085, ~1127— 1132,5 cMm*—MoHO u Aucaxapusl (IIII0K03a, caxaposa,
¢gpykrosa) [2], ~1155, ~1177— 1187,5¢cm L —kaporunonas! [1], ~822— 823 cm™1-
nuMoHHas kuciota [1], ~625, 1252,5 cmt —murann [1], ~350- 357, 375, 425, 450-
452 cm ! —nenmonosa [1, 3],~480, 1000— 1300 cm ! —xpaxman [4, 5].

br1710 MoKa3aHo, 4TO CIIEKTPHI UCCIEeYEMbIX 00BEKTOB UMEIU CXOKUM XapaKTep
BO BCEM MCCJIEJyeMOM JManasoHe, momumMo oonactu ~1000- 1300 cm?, rue or-
MeuarTcs BeIpakeHHbIe TuHUKM KP, cooTBeTrcTByromue kpaxmany. [lanHas jiu-
Hus KP nposiisiinace y marazuaHoro mtope. [IpennonoxuTeasHo, B JaHHBIX 00-
pasnax mrope, Kpaxmajl UCIIOIb3yeTCs B KaueCTBE 3aryCTUTEIIA.

Pe3ynbTaThl MccaenoBaHUN MOATBEPKICHHI MUKPOCKOIIMYECKUM aHaiIu30M. Ha
CHHMKaxX BCEX 00pa3I[0oB Mara3MHHOI'O ITIOPE 3aMEUYeHBI KPHCTAJUIBl JTUMOHHOM
KHCJIOTBI, KOTOpask MOXKET OBITh MCIIOJb30BaHa B Ka4eCTBE KOHcepBaHTa. OTMe-
YeHO OOJIBIIOE KOJIUYECTBO KUIKOCTH C BOJOKHUCTBIMHU YaCTHUIIAMHU B 00pa3Iiiax
Mara3uHHOTO ITIOpe, YTO, BO3MOXKHO, CBSI3aHO C JI00aBJICHUEM B IMOpe (PpyKTO-
BOT'O COKa TSI MpUAaHUs 00JIee OTHOPOIHON KOHCUCTCHITHH.

Taxum 0Opa3oM, ¢ TOMOIIBIO ONMITHYECKUX METOJ0B MOYKHO IMPOBOJIUTH IKCITPECC-
aHaJIN3 COCTaBa MPOAYKITHH.
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Children's nutrition is an important factor in the formation and development of
the growing organism. The problem of the quality of baby fruit puree is relevant,
since the composition of the food consumed by the child in the first years of life
depends on his health and the receipt of the necessary amount of nutrients and
vitamins for full growth and development. Optical methods have found wide ap-
plication for solving medical and biological problems [1- 2], including for as-
sessing the composition of fruit puree.

The aim of the study is to evaluate the biochemical composition of baby food
puree using optical methods.

The study was conducted using Raman spectroscopy (RS) and confocal fluores-
cence microscopy. The RS method was implemented using a setup consisting of
a semiconductor laser 1 (LML-785.0RB-04), optical Raman scattering (KR)
module 2 (PBL 785), spectrograph (Sharmrok SR—-303i) with integrated digital
camera (ANDOR DV-420A-OE). All the objects under study were measured at
three different points. The obtained spectra were processed using the Mathematica
8 software package. The confocal microscopy method was carried out with using
a laser confocal fluorescence microscopy system assembled on the basis of an
Olympus 1X71 microscope and an ANDOR laser combine. The system provided
a scanning speed of up to 25 layers per second with a resolution of up to 400 nm.
Six samples were selected as the studied objects: grape puree of three flavors (ap-
ple, peach-apple and banana), self-made puree of apple, peach and banana as con-
trol samples. As a result of the conducted research, the main lines of the CR for
the studied samples were identified: ~845, 1015 cm — pectin [1], ~830 cm™ —
xylans [1], ~1080— 1085, ~1127— 1132.5 cm™* — mono- and disaccharides (glu-
cose, sucrose, fructose) [2], ~1155, ~1177— 1187.5 cm™* — carotenoids [1], ~822—
823 cm™ — citric acid [1], ~625, 1252.5 cm™* — lignin [1], ~350— 357, 375, 425,
450— 452 cm — cellulose [1, 3], ~480, 1000— 1300 cm*- starch [4, 5].

It was noted that the spectra of the studied objects had a similar character in the
entire studied range, except for the region of ~1000-1300 cm-1 in store- bought
puree, where pronounced Raman lines corresponding to starch are noted. Presum-
ably, in these puree samples, starch is used as a thickener. The results of the stud-
ies were confirmed by microscopic analysis. In the pictures of all the samples of
store- bought puree, crystals of citric acid were noticed, which can be used as a
preservative. A large amount of liquid with fibrous particles was noted in the sam-
ples of store- bought puree, which is probably due to the addition of fruit juice to
the puree to give it a more uniform consistency.

Thus, using optical methods, it is possible to carry out express analysis of product
composition.
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TkaHeBass HHKXEHEPHs OTKPHIBAET HOBBIE BOBMOYKHOCTH ISl UCIIOJIB30BaHUS pas-
JUYHBIX OMOMaTepuaroB B KauecTBE TpaHCIUIaHTaHTOB. [laTomorum moueBoro
IIy3bIPsl CYLIECTBEHHO YXYALIAIOT KA4ECTBO KU3HHU U MOTYT IPUBOJHUTH K OCJIOXK-
HCHHSIM CO CTOPOHBI APYTUX OpraHoB U cucteM [1- 3]. OgHUM U3 HOBBIX CIIOCO-
OO0B pelIeHus JaHHOH MPOOJIEMBI SIBJISIETCS BOCCTAHOBIICHUE MTOBPEKICHHBIX TKa-
HEl MOYEBOIO IMy3bIpsi OMOMaTepraliaMH U3 TBEPJIOM MO3roBoi obOonouku. Of-
HAKO, Ha JIaHHbII MOMEHT, HE TPOBOAWINCH MCCIIEIOBAHUS, IO CPABHUTEIBHOM
OLICHKE, COCTaBa OMOMATEPHAIIOB C LEIbI0 BOBMOXHOCTH MX UCIOJIb30BaHUS IJIs
BOCCTaHOBJICHUS TKaHEW MOYEBOT0 My3bIps. ONTHYECKHE METObI HAILLIN IIIUPO-
KOC NMPUMEHEHHE IS PEIICHUS MEIUKO-OMOJIOTHYeCKUX 3a1ad [4-5].

[enbto uccnenoBanus ObLI CPABHUTENBHBIN CIIEKTPAIbHBINA aHAIN3 OHoMaTepua-
JIOB TIOCIIE Tpoliecca JIHO(QUIN3AUN ¢ TTIOMOIIbI0 METO/Ia CIEKTPOCKOMUU KOM-
OWHAIIMOHHOTO PaCCEesTHUSI.

B kauecTBe 00BEKTOB MCCIEIOBaHUN OBUIM KCIIOJI30BAHBI TBEpJas MO3rOBas
obonouka (TMO) u annoreHHbIe KarncyJiabl MOUYEBOTO My3bIps Pa3INYHBIX JOHO-
poB, pazmepoM 1,5x1,5 cm+2mmMm. [locine u3bsaTHsS OnomMaTepuabl MOTPYKaIH B
dbuspactBop ¢ antTuOuoTHKOM. TMO Xpanunacek npu temmneparype t=+25°C, mo-
yeBoil my3blpb npu t=+4°C. 3arem ux oOpabotanu no TexHojoruu «JINO-
[IJIACT» (TY-9398-001-01963143-2004).
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MeTon paMaHOBCKO# CIIEKTPOCKOIUHU ObLT PEaTN30BaH C UCIOJIb30BAaHUEM MPOO-
Huka RPB-785, nazepa LuxxMaster LML-785.0RB-04 (moutHocTs 10 500 MBT,
muHa BoJiHBl 784,7 + 0,05 uM) u cnektpoMerpa Shamrock sr-3031 ¢ paspeiie-
HueMm 0,15 HM co BcTpoeHHOU oxnaxkaaemont kamepoir DV420A-OE. Ananusu-
pOBaIKMCh paMaHOBCKUE ceKTphl B quamnazone 500- 1800 cm'. O6pabdoTka naH-
HbIX npoBoAmiack B Wolfram Mathematica 12 u BkiIrouana yjajaeHue IITyMOB C
MOMOIIBIO YCPETHSIOUIETO (PUIBTpa, MOTMHOMHYIO anlpoKcUMaluio ¢iayopec-
IIEHTHOM COCTABJISIONICH M BBIUUTAHUE €€ U3 CIEKTpa JJIA MOJTydeHus oopado-
TAHHOTO CIIEKTPa KOMOWHAIMOHHOTO PacCesHUsI.

Jlnst yydamenust ”HGOPMATUBHOCTH PAMaHOBCKUX CIIEKTPOB OBLI MPOBEACH He-
JIMHEWHBIA PETPECCUOHHBIA AHAIN3, BKIIOYAIOIIMNUPA3IIOKEHNUE TOJYYEHHBIX
CIIEKTPOB Ha CHEKTpasbHble TMHUU. COCTAB 3TUX JIMHUI ONpPENESIEH HA OCHOBE
aHallM3a JUTepaTypbl U MHOTOUTEPAIIHOHHOTO MOACINPOBAHUA.

B pesynbTaTe npoBeaeHHBIX UCCIEIOBAHUIA C TTOMOIIBIO METO/IA CIIEKTPOCKOTTHH
KOMOHMHAIIMOHHOTO paccessHus ObLUIM YCTAHOBIICHBI XapaKTEepPHbIE CIIEKTPHI JIHO-
(GUIN3MPOBAHHBIX KAICyJ MOYEBOIO My3bIPs U TBEPION MO3rOBOM 000JI0UYKH, HA
KOTOPBIX Begensrorca muauu KP 1264 e (Amide 1), 1555 em? (Amide 1),
1655 u 1663 cm (Amide I), 1745 cm-1 (Phospholipids). Ucciemyemble TpymbL
UMEIOT MEXKy COO0M CIIEKTpaNbHOE CXOJICTBO, YTO CBUAETEIBCTBYET O CXOJCTBE
UX CTPYKTypHOTO cocTaBa.Hamndme oOmMX KOMIOHEHTOB B CTPYKTYPHOM CO-
CTaBe MUCCIETyeMbIX 00pa3I[0B OTKPHIBACT MEPCTIIEKTUBY MUCTIOIH30BAHUS TBEPAOH
MOUYEBOI 000J0YKH B Ka4eCTBE MOTCHIIMATIHLHOTO MaTepraa Jjisl 3aMEHbI TKaHeH
MOYEBOTO MY3BIPS.
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Tissue engineering opens up new possibilities for using various biomaterials as
transplants. Bladder pathologies significantly worsen the quality of life and can
lead to complications in other organs and systems [1-3]. One of the new ways to
solve this problem is to restore damaged bladder tissues with biomaterials from
the dura mater. However, at the moment, no studies have been conducted to com-
pare the composition of biomaterials for the possibility of using them to restore
bladder tissues. Optical methods have found wide application for solving medical
and biological problems [4- 5].

The aim of the study was a comparative spectral analysis of biomaterials after the
lyophilization process using Raman spectroscopy.

The dura mater (TMO) and allogeneic bladder capsules of various donors, meas-
uring 1.5x1.5 em+2 mm, were used as research objects. After removal, the bio-
materials were immersed in a special solution with an antibiotic. TMO was stored
at a temperature of t=+25°C, the bladder at t=+4°C. Then they were processed
using the "LYOPLAST" technology (TU-9398-001-01963143-2004).

The Raman spectroscopy method was implemented using an RPB-785 probe, a
LuxxMaster LML-785.0RB-04 laser (power up to 500 mW, wavelength 784.7 +
0.05 nm) and a Shamrock sr-303i spectrometer with a resolution of 0.15 nm with
an integrated DV420A-OE cooled camera. Raman spectra in the range of 500-
1800 cm *have been analyzed. Data processing was carried out in Wolfram Math-
ematica 12 and included noise removal using an averaging filter, polynomial ap-
proximation of the fluorescent component and its subtraction from the spectrum
to obtain the processed Raman spectrum.

To improve the information content of the Raman spectra, a nonlinear regression
analysis was performed, including the decomposition of the obtained spectra into
spectral lines. The composition of these lines is determined based on literature
analysis and multi-iterative modeling.

As a result of the conducted research using the method of Raman spectroscopy,
the characteristic spectra of lyophilized capsules of the bladder and dura mater
were established. The peaks of 1264 cm™ (Amide 111), 1555 cm™ (Amide 1), 1655
and 1663 cm™(Amide 1), 1745 cm (Phospholipids) stand out among them. The
studied groups have some similarities in their structural composition. The pres-
ence of common components in the structural composition of the studied samples
opens up the prospect of using TMO as a potential material for replacing bladder
tissues.
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Boa B OMOTEXHOIOTMYECKUX MPUIIOKEHUSIX JOJKHA COOTBETCTBOBATH CTPOXKAaii-
UM CTaHJapTaM YHMCTOTHL. Maneime npuMecu MOryT UHTHOMpOBaThH (ep-
MEHTBI, BIIUATHh Ha POCT KJIETOK, UCKaXXaTh PE3yIbTaThl AaHAJIU30B.

OnTuyeckre METO/IbI UCCIIEAOBAHUM HAIIUIA IIUPOKOE MPUMEHEHHE B OMOMeIu-
nuHe [1- 3]. B yacTHOCTH, ClIeKTpalibHBIN aHaIU3, Hapsay ¢ XpomaTorpaduen u
IPaBUMETPUUYECKUM aHATU30M, MOKET ObITh MHCTPYMEHTOM KOHTPOJISI KauecTBa
BOJIbI B OMOTEXHOJOTHYECKUX JabopaTopusax, obecreunBasi SKCIPECCHOE, YyB-
CTBUTEJIILHOE M YACTO HEpa3pyllIarollee ONPeaeICHUE IHUPOKOTO CIEKTPa KPUTH-
YECKU BAXKHBIX TMpUMeced (OpraHMYecKHX, HEOPraHMYECKUX), YTO HAMNPSIMYIO
BJIUSIET HA JIOCTOBEPHOCTh, BOCIIPOU3BOJAUMOCTD U yCIeX OMOTEXHOJIOTMYECKUX
UCCJIEI0BAHUI U MMPOU3BOCTBEHHBIX MPOLIECCOB.

[{enbro paboThI ABISUIOCH MPOBEACHUE CIEKTPATIBLHOIO aHAIM3a BOJHBIX PACTBO-
POB ISl OMOTEXHOJOTUUECKUX JTabOpaTOpHil.

OOBeKxTaMu HcCaea0BaHus IBIUINCE: 1- buorexAxsanad AL-2 EDI - nenonnsu-
poBaHHasl BoJia, ofTydeHa Ha anmnapare AkBanad AL-2 EDI; 2- buotex memOpana
AMD-2B, 2- OIITUMA - neroHHM3WpOBaHHas BOJA, MOJIyY€HA Ha ammapare
JAMD-25 OIITUMA, 3- Yinbrpauncras ATIaHT - I€MOHU3UPOBAaHHAsS BOJIa, CTO-
POHHErO0 Mpou3BOAUTENS, YucToTa 99,999%

B kauectBe METONOB MCCIENOBaHMS OBLT HCIIOB30BaH METOJI CIIEKTPOCKOITUN KOM-
OWHAIIMOHHOTO PACCESHUS, PEATU3YEMBIi C TIOMOIIIBIO IKCTIEPUMEHTATIHHOTO CTEH/IA,
orrcanHoro B pabore [1]. JambpHetimas pabota ¢ 00pabOTKOM CIIEKTPOB M CTATUCTH-
YeCKMM aHaJIM30M BBITIOJIHEHA B porpamMme Raman spectroscopy tool v. 1.0.9.
Takke MpOoBOJUIICS XUMUUECKUN aHAJIU3 UCCIIEyEMBbIX 00pa3IIoB.
[IpoBeneHHBIN CHEKTPaAIbHBIA aHAIW3 UCCIEAYEeMbIX 00pa3lioB MOKa3all, YTO B
CHEKTpax JACMOHU3UPOBAHHOW BOJIbI, TIOJYyYeHHOM Ha anmapare AxBanad AL-2
EDI npaktudecku orcyTcTBYOT juHuU ~1560 (n(CN) and d(NH) amide II
(proteinassignment)) u ~1660 cm* (Amide I) B oTMume OT JBYX APYTUX HCCIIE-
JyeMBIX TPYII, YTO BO3MOKHO CBUJIETEILCTBYET O TOM, YTO OHA HanboJiee OYu-
[I€HA OT OPraHUYECKUX COECTMHEHUM.
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Pe3ynbpTaThl MpOBEACHHBIX XUMUYECKUX MCCIIEIOBAHUN MTOKA3bIBAIOT, YTO BOAA,
MOJTyYeHHasl U3 KaXJI0W 13 yctaHOBOK — AkBanad AL-2 EDI u IMD-2/b OlII-
TUMA, a Taxxke KyIJIEeHHas NEOHU3UPOBaHHAs BOJA CTOPOHHErO MPOU3BOIM-
TeJs, MpeACTaBieHHas moJ Mapkou “yapTpaunctas’ (OO0 “AtiaHT”), UMEeT
MPUMEPHO OJIMHAKOBBIN XUMUYECKHUM COCTaB.

HecMoTpst Ha HannurMe MUKPOOMOJIOTMUECKOTO 3arpsi3HEHUS B aHAJIU3UPYEMbBIX
oOpasiax, Bojia, Mojy4ueHHas C UCIOIb30BaHneM ycTaHoBKU AkBaad AL-2 EDI,
ABJISIETCA HanOoJee MOAXOASIIEH sl UCHOJIb30BaHUSI B OMOTEXHOJOTUUECKUX
1a00paTOpUsAX U3-32 MUHUMAJIBLHOTO YPOBHS 3arps3HEHUM.
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Water in biotechnological applications must meet the strictest purity standards.
The slightest impurities can inhibit enzymes, affect cell growth, and distort test
results.

Optical research methods have found wide application in biomedicine [1-3]. In
particular, spectral analysis, along with chromatography and gravimetric analysis,
can be a tool for water quality control in biotechnological laboratories, providing
rapid, sensitive and often non-destructive determination of a wide range of critical
impurities (organic, inorganic), which directly affects the reliability, reproducibil-
ity and success of biotechnological research and production processes.

The aim of the work was to conduct a spectral analysis of aqueous solutions for
biotechnological laboratories.

The objects of the study were: 1- BiotechAqualab AL-2 EDI - deionized water,
obtained on the Aqualab AL-2 EDI device; 2- Biotech membrane DME-2B, 2-
OPTIMA - deionized water, obtained on the DME-2B OPTIMA apparatus, 3- Ul-
trapure Atlant - deionized water, third-party manufacturer, purity 99.999%

The research methods used were the Raman spectroscopy method, implemented
using the experimental setup described in [1]. Further work with spectra pro-
cessing and statistical analysis was performed in the program Raman spectros-
copy tool v. 1.0.9.
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A chemical analysis of the studied samples was also carried out. The spectral
analysis of the samples showed that the spectra of deionized water obtained with
the Aqualab AL-2 EDI device practically do not contain the lines ~1560 (n(CN)
and d(NH) amide Il (protein assignment)) and ~1660 cm! (Amide 1), unlike the
other two groups studied, which may indicate that it is the most purified from
organic compounds.

The results of the chemical studies show that the water obtained from each of the
units - Aqualab AL-2 EDI and DME-2/B OPTIMA, as well as purchased deion-
ized water from a third-party manufacturer, presented under the brand name "ul-
tra-pure” (OO0 "Atlant™), have approximately the same chemical composition.
Despite the presence of microbiological contamination in the analyzed samples,
the water obtained using the Aqualab AL-2 EDI unit is the most suitable for use
in biotechnological laboratories due to the minimal level of contamination.
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YucjieHHoe HCCJICTOBAHUE ITPOCTPAHCTBEHHO-BPEMECHHBIX XapaKTCPUCTUK
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HonHble peKOMOMHAIIMOHHBIE JIa3€phl HA Mapax CTPOHIIMS U KaJbIUs SBISIOTCS
3 PeKTUBHBIMU UCTOYHUKAMU BUAUMOTO U Y D uznyuenus (A=430,5 u 416,2 um
Srll; A2=373,7 u 370,6 um Call) [1]. Hannuune HeoaHOPOIHOCTEH Ta30pa3psaHOM
1a3Mbl MOKET OTPAaHUYHMBATH SHEPTETUUECKUE XapaKTEPUCTUKU PEKOMOUHAITH-
OHHBIX JIa3epoB. B HacTosmel paboTe ¢ UCIOIb30BAaHUEM CaMOCOTIACOBAHHON
MaTeMaTH4eCKoi Mozenu [2] Oblia YMCIEHHO HMCCieI0BaHa MPOCTPAHCTBEHHO-
BpPEMEHHAs BOJIONNS MapaMeTPOB TJIa3MbI, a TaAKKE PACCUMTAHBI YHEPTreTHYE-
CKHE€ XapaKTePUCTUKH U3IIYICHHUS TS JJa3epa Ha Tapax CTPOHITHUS MPU ONTUMATTh-
HBIX YCIIOBUSAX BO30YXKICHUS, HAMICHHBIX HAMH YKCTIEPUMEHTAIILHO. AHAJU3 pe-
3yJIbTATOB MOJCIIMPOBAHUS ITOKA3ajl, YTO HEOOXOUMBIE JIS JOCTHIKECHUS BBICO-
KO OJTHOPOJTHOCTH TIJIa3MbI COOTHOIICHUSI KOMITOHEHT padodeii cMecH OKa3bIBa-
I0TCS ONTM3KMMH K COOTHOIICHUSM, 00SCIIEYMBAIOIINM MaKCUMYM CKOPOCTH pe-
KOMOWHAITMOHHOM HakaukH. [oydeHHbIE B pabOTe Pe3yIbTaThl MO3BOJISIOT ITPO-
THO3UPOBATh ONTUMAJILHBIE YCIIOBUS BO30YKICHUS aKTUBHBIX Cpell peKOMOMHA-
IIMOHHBIX JTIA3€POB.
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Numericalinvestigation of the spatio-temporal characteristics

of active media of recombination metal vapor lasers
ChebotarevG.D.
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lon recombination lasers on strontium and calcium vapor are effective sources of
visible and UV radiation (A=430.5 and 416.2 nm Srll; A=373.7 and 370.6 nm Call)
[1]. The presence of inhomogeneities of gas-discharge plasma can limit the energy
characteristics of recombination lasers. In the present work, using a self-consistent
mathematical model, we numerically studied the spatio-temporal evolution of
plasma parameters, and calculated the energy characteristics of radiation for a
strontium vapor laser under optimal excitation conditions found by us experimen-
tally. Analysis of the modeling results showed that the ratios of the working mix-
ture components necessary to achieve high plasma homogeneity are close to the
ratios that ensure the maximum recombination pumping rate. The results obtained
in the work allow us to predict the optimal excitation conditions for active media
of recombination lasers.
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OnTuMu3anys XapakTepUCTHK Jia3epa Ha caMOOrPaHUYeHHBIX nepexoaax Srll
UYeborapes I'. 1.
FOoicnvuii ghedepanvrviii ynusepcumem, 344006, Poccus, e. Pocmos-na-/[ony, yn. b. Caoosas 105/42
email: *gdchebotarev@sfedu.ru

Oco0eHHOCThIO MOHHOTO JIa3epa Ha Mapax CTPOHLIUS SBJSETCS BO3MOXHOCTD 3(-
(EKTUBHOHN peanu3aluu JABYX Pa3IMYHBIX MEXaHW3MOB HAKauKH B IUIa3ME MM-
MyJIbCHO-TIEPUOINIECKOTO paspsa: peKoOMOMHAIIMOHHOTO (B (prioseToBoi 001a-
ctu criektpa Ha A=430,5 u 416,2 um Srll) u noHu3zanmMoHHOTO (B MH(PPAKPACHON
obmactu criektpa Ha A=1033 u 1091 um Srll) [1]. B Hacrosimeii pabore Obuia
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MPOBE/ICHA YHUCJIEHHAsT MHOronapaMeTpuyeckas ONTHMM3AIUS XapaKTePUCTUK
nazepa Ha camoorpanndeHHbIX MK mepexonax nona crponmus (A=1033 u 1091
HM Srll). B wactHOCTH, OBLIIa HCClIeIOBaHa 3aBUCUMOCTh TapaMEeTPOB IJIa3MbI, a
TaK)K€ BPEMEHHBIX M DYHEPTETUUYECKHX XAPAKTEPUCTUK HM3IYUEHHUS OT YCIOBHIMA
BO30YKJICHHsSI aKTUBHOMU Cpefibl. 13 pe3yabTaToB MOACTUPOBAHUS, POBEIACHHOTO
C WCIOJb30BaHUEM MOeIU [2], clieayeT, 9TO MMEeTCsl JOCTAaTOYHO IIMPOKUH
JTMATIa30H YCIOBHUI BO30YKICHHS, TPU KOTOPBIX JOCTUTAIOTCS JOCTATOYHO BBHICO-
KHE XapaKTepucTuku reaepanud. [lomydeHHbie B paboTe pe3yabTaThl Jal0T BO3-
MO>KHOCTb MPOTHO3UPOBATH OINTHMAJIbHBIE YCIOBUS BO30YXKIEHHUS AKTUBHBIX
Cpen J1a3epoB Ha Mmapax CTPOHIIMS, B TOM YHUCJIe HEOOXOAUMbIE JIJIsl peau3aluu
MHOTOBOJIHOBOT'O PEXUMa U3IIy4YECHHs IIPU OJHOBPEMEHHOW FeHEpAIMK Ha BUAM-
Mbix 1 UK nepexosiax moHa cTpoHIIHSL.
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Optimization of the characteristics of a laser on self-terminating transitions of Srll
Chebotarev G. D.
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A distinctive feature of the ion strontium vapor laser is the ability to efficiently
implement two different pumping mechanismsin the plasma of a pulse-periodic
discharge: recombination (in the violet spectrum region at A=430.5 and 416.2 nm
Srll) and ionization (in the infrared spectrum region at A=1033 and 1091 nm SrII)
[1]. In this paper, a numerical multiparameter optimization of the laser character-
istics on self-terminating IR transitions of strontium ions (A =1033 and 1091 nm
Srll) was performed. In particular, the dependence of the plasma parameters, as
well as the time and energy characteristics of the radiation on the excitation con-
ditions of the active medium was investigated. From the results of the simulation
carried out using the model [2], it follows that there is a sufficiently wide range
of excitation conditions under which sufficiently high generation characteristics
are achieved. The results obtained in the work make it possible to predict the op-
timal conditions for the excitation of active media of strontium vapor lasers, in-
cluding those necessary for the implementation of a multi-wave radiation mode
with simultaneous generation on visible and IR transitions of the strontium ion.
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Ananranus AByXnoTokoBoi Metoankn nepegaun B BOJIC ¢ MoaoBbIM

MYJbTHIIVIECKCUPOBAHUEM IIPH RZ-KO}II/IpOBaHI/IH JAHHBbIX
J1.B. CBuctyHOB
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B nocnegnee Bpems uccneayeTcs BOMPOC CO3aHUsT He3aBUCUMBIX HH(pOpMa-
IUOHHBIX KAHAJIOB B €IMHOM TPAKTOBOM MajoO- WJIM MHOTOMOJIOBOM BOJIOKHE
BOJIC npu ucnosib30BaHUKM METO/Ia MOJIOBOTO MYJIbTUIIIIEKCUPOBAHUS, YTO MO3-
BOJISIET TTOBBICUTH HH()OPMAITMOHHYIO EMKOCTh CUCTEMBI M YPOBEHb 3aIIUTHI Tie-
pelaBacMbIX JaHHBIX.

[TocnenHen nenu CIlyUT MPEJIOKEHHAs MIEPCIEKTUBHAS METOAUKAABYXIIO-
TOKOBOM Tmepenaun AaHHBIX [1]. B 3TOM METOAMKE MCXOAHBIN JICKTPUYECCKUI
CUTHaJ MPEBPAIAETCS B pa3/ieiibHble MOTOKH Joruueckux 1 u 0. IIpu MmomoBoM
MYJIBTUIUIEKCUPOBAHUU 3TU IOTOKHU IEPENAIOTCAB BUJIE CBETOBBIX HUMITYJIbLCOB
pPa3sHBIMM MOJAMHU TPAKTOBOTO BOJIOKHA, MPUHAJIEKAIIUMU K OJHOM MOJOBOM
rpynne. B npuemMHoM 0J10Ke CUCTEMBI 3TH TOTOKH JETEKTUPYIOTCS, 1 BOCCTaHAB-
JIMBAIOTCS UCXOAHbIE AaHHbIe.[Ipy HeneraTbHOM BTOPKEHUU B TPAKT TAKOM JIM-
HUHW, CYATBIBAECTCS CYMMApHBIN CUTHAJI, B KOTOPOM IOTOKH 1 1 0 cKitanpiBaroTCs
B OOIIYIO MOCIEI0BATEIBbHOCTD, IJI¢ MPOMEXKYTKH MEXKIY UMITYJIbCAMH OJHOTO
MOTOKA 3aMlOJIHEHBI UMITYJIbCAMU JIPYroro. BelpaBHMBaHWE aMIUTATY/]T IEPEIaBa-
€MBIX UMITYJIbCOB Pa3HbIX MOTOKOB MPUBOJUT K UX HEPAZIMYUMOCTHA B CyMMAap-
HOM CYHMTAHHOM CHUTHAJIE, YTO MPEMATCTBYET Jen(PpOBKE JaHHBIX B X0JI€ HEJle-
raJbHOM NPOLETYPHI.

B nokunane npeacTaBieH NpUHIUI TPeoOpa30BaHUs CUTHAJIOB, I€TEKTUPOBAH-
HBIX B IPUEMHOM OJioke, nmpu RZ-hopmaTe KonUpOBaHUS UCXOTHOTO dIIEKTpUYe-
CKOTo curHaia. B aTom citydae, B MpUHSITOM CUTHaJE TpeOyeTcs MPOU3BECTH 00-
paboOTKy JETEKTUPOBAHHBIX MOTOKOB JIoTueckux 1 u 0 1J1st BOCCTAaHOBJICHHUS HC-
xonHoro RZ-dopmara.
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Adaptation of two-stream technique of data transmission in fiber systems

with mode division multiplexing under RZ data format
Svistunov D.V.
Peter the Great Saint-Petersburg Polytechnic university, 195251, Russia, St.-Petersburg,
st.Polytekhnicneskaya 29,
e-mail: svistunov@mail.ru

Possibility of organization of independent information channels within unique
trunk few- or multimode fiber in fiber systems is considered currently under ap-
plication of mode division multiplexing method. System information capacity and
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the level of data protection can be increased significantly in this case.

The latter purpose can be provided by the proposed promising two-stream tech-
nique of data transmission [1]. Original electric signals are transformed into sep-
arate streams of logic 1s and Os in this technique. Mode division multiplexing
provides transmission of these streams as light impulses via different trunk fiber
modes belonging to the same mode group. The streams are detected into the re-
ceiving block, and the original data stream is recovered. If illegal intrusion to the
trunk line occurs, the summa of logic streams could be registered in this proce-
dure. Logic 1s and Os form common unipolar consequence of impulses where gaps
between impulses of one stream are filled with impulses of another stream. The
unique level of impulse amplitude for both streams leads to failing in distinguish-
ing of logic streams from the summarized illegally read signal, and illegal data
decryption becomes very difficult.

The report presents the principle of signal transformation upon detecting the logic
streams into the receiving block if RZ format of data coding is applied in original
electric data signal. Recovering the original RZ format requires special treatment
of detected unipolar streams of logic 1s and Os in this case.
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CrnexkTpajibHble XapaKTePUCTHKU HOHHBIX JIA3€POB HA TPOHHOM CMeCH MApOB

MeTaJlIa ¢ reJiieM H HEOHOM MM ¢ HAKAYKOM B pa3psaac ¢ moJbIM KaTo10M
N.T'. BanoB
FOoicnviii pedepanvhuiii ynusepcumem, 344006, Poccus, e.Pocmos-na-/[ony,
ya. b. Caooesas 105/42
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C uenpio yBenuueHust Habopa JIJTMH BOJIH U3ITyUCHUsI Ta30pa3psIHbIX JIa3e€pPOB Ha
VMOHHBIX IIEPEX0Jax METAJIOB, HAKaUYKa KOTOPBIX OCYILECTBISIETCS PEAKLUEN e-
pe3apsAIKy B IIa3Me paspsjia ¢ MOJIBIM KaToJIOM, HAMU OBbLIO MPEJIOKEHO HUC-
M0JI30BATh JIBYXKOMITOHEHTHBIN Oy(epHbIH ra3: cMech refusi 1 HEOHa,4To o0ec-
MEYMBACT OJTHOBPEMEHHYIO HAKauKy OOJIBIIIET0 Yucia padodynx MOHHBIX JIa3ep-
HBIX MEPEXO0J0B MeTala M0 CPAaBHEHUIO ¢ OJHOKOMIIOHEHTHBIM OydhepHbIM ra-
30M [1].9TO siBNIAETCS CNEACTBUEM HAIMYMS B DHEPTETUUECKOM CIIEKTPE MOHA pa-
Oouero MeTajlia IByX TPYIII JIA3EPHBIX MEPEX0I0B, KaK/1as U3 KOTOPhIX U30upa-
TEJIBHO 3ACENSIETCS NMEPE3apsAAKON B CTOJKHOBEHHUSAX aTOMa METaJla ¢ MOHAMH
KaXJIoro KOMITOHeHTa OnHapHoro OydepHoro raza: He™u Ne* Haiineno, 4yro wc-
MOJIb30BAaHUE JAHHOTO METOJIa HAKAYKH IS MSATH pabouux METALIOB MO3BOJISIET
ITOJIYYNTHh OJJHOBPEMEHHYIO FEHEPALIMIO Ha [TEpeX0Aax: B JIa3epax Ha Iapax Tajuius
U TeJUTypa — B CHHE-3eNEHOM, kpacHOU u ommkHed UK vactsax cnektpa; B masepe
Ha apax meau — B Y ® u omwkueit UK wactax cnektpa; B mazepe Ha mapax cepedpa
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— B Y®, cune-3enénoit u 6mmkHert MK vactsx criekrpa; B Jiazepe Ha mapax MbIIlIb-
SIKa — B CHHE-3€JIEHOM M KPACHOM YacCTsX creKTpa. Mi3MeHssl COOTHOILICHUE TTapLu-
IBHBIX JABJICHUH IeNiisl U HeoHa B OMHapHOM OydepHOM Ta3e, MOKHO U3MEHSTh
COOTHOIIICHUE BBIXO/IHBIX MOIITHOCTEH Jia3epa B pa3HbIX YACTAX CIICKTpa.
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Spectral characteristics of ion lasers on a triple mixture of metal vapor with

helium and neon and with pumping in a hollow cathode discharge
I. G. Ivanov
Southern federal university 3440006, Russia, Rostov-na-Donu, str. BolshayaSadovaya 105/42
email: igivanov@sfedu.ru

In order to increase the set of radiation wavelengths of gas-discharge lasers on T,
Cu, Ag, Te and As ion transitions, whose pumping is carried out by the charge
transfer reaction in the plasma of the hollow cathode discharge, we proposed to
use a two-component buffer gas — a mixture of helium and neon [1]. This ensured
the simultaneous pumping of a larger number of ion laser transitions of these met-
als compared to a single-component buffer gas. Itis a consequence of the presence
of the listed metals of two groups of laser transitions in the ion energy spec-
trum.Each of these groups is selectively populated by the charge transfer in colli-
sions of metal atoms with ions of each binary buffer gas component. He*uNe™.It
was found that the use of this pumping method for five working metals allows for
simultaneous generation at transitions: in lasers on thallium and tellurium vapors
- in the blue-green, red and near IR parts of the spectrum; in a copper vapor laser
- in the UV and near IR parts of the spectrum; in a silver vapor laser - in the UV,
blue-green and near IR parts of the spectrum; in an arsenic vapor laser - in the
blue-green and red parts of the spectrum. By varying the ratio of the partial pres-
sures of helium and neon in a binary buffer gas, it is possible to change the ratio
of the laser output powers in different parts of the spectrum.
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Hamu Oblia nonyyeHa cucteMa ypaBHEHUH, CBA3BIBAIOIIUXBHEIIHUE MapaMETPhI
MOJIOKUTENIBHOTO CTOJI0A pa3psjia B JIA3epHOUTPYOKEe MEPEMEHHOTO TUaMeTpa ¢
€ro OCHOBHBIMM BHYTPEHHHUMHUIIApaMETpPaMHU I IBYXKOMIIOHEHTHOW aTOMHOM
cMecH (MSITUKOMIIOHEHTHas I1a3Ma), 000011aro1ias COOTBETCTBYIOIINE YpaBHE-
Hus u3 [1-2]. Pemenue naHHOM CHCTEMBbI IPEACTABIIAET COOON HETPUBUATBHYIO
3a7la4y M3-3a COUETAHUS PA3JIMYHbIX TUIIOB YPABHEHUU B CUCTEME — DILIUIITHYE-
ckue nuddepeHuanbHbIe ypaBHEHN OaaHca 4acTull (B IHJIMHIAPUYECKUX KO-
OpJMHATAX ), HHTETPAIIbHOE COOTHOILIEHHE JJI TOKA, TPAHCLICH/IEHTHBIE YpaBHE-
HUS U1 TEMIIEPATYPbl U HAIPSHKEHHOCTH. KOHBEKIIMOHHBIE MMOAXO0ABI K pelle-
HUIO 0KA3aJIMCh HEITPUMEHHUMBI 110 IPUYMHE CUIIbHON B3aMMOCBSA3U IEPEMEHHBIX,
Pa3sHOPOJHOCTH YPABHEHHN W BBIYHCIHUTEIBHOW CJIOKHOCTU. BbUT MpemoxeH
OpPUTHHAIIGHBINA UTEPAIMOHHBIN MOIX0]] ¢ KoMOMHanuen metoaa HetoTona u me-
TOJIa KOHEYHBIX Pa3HOCTEH, KOTOPBIN MO3BOIHI 3(H(HEKTUBHO COUETAThH MIPEUMY-
niecTsa Metona HproTOHaA U1 peIeHUs HEIMHEUHBIX YPAaBHEHUNW C BO3MOXKHO-
CTSIMU KOHEYHO-PA3HOCTHBIX CXEM JUIsl 00padOTKH MHOTOMEPHBIX AU epeHn-
aJIbHbIX YpaBHEHUH, oOecrieunBasi CXOAUMOCTh PEIIEHUS IIPU pa3yMHBIX BbIUKC-
JIMTEJIbHBIX 3aTpaTax.
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Solution of the system of differential-integral equations for the positive

column of the discharge in laser tubes
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We have obtained a system of equations relating the external parameters of a pos-
itive discharge columnin a laser tube of variable diameter to its main internal pa-
rameters for a two-component atomic mixture (five-component plasma), general-
izing the corresponding equations from [1, 2]. The solution of this systemisa non-
trivial problem due to the combination of different types of equations in the sys-
tem—elliptical differential equations of particle balance (in cylindrical coordi-
nates), integral relation for current, transcendental equations for temperature and
tension. Convection approaches to the solution proved to be inapplicabledue to
the strong interrelation of variables, heterogeneity of equations and computational
complexity. An original iterative approach was proposed with a combination of
Newton's method and the finite difference method, which made it possible to ef-
fectively combine the advantages of Newton's method for solving nonlinear equa-
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tions with the capabilities of finite difference schemes for processing multidimen-
sional differential equations, ensuring convergence of the solution at reasonable
computational cost.
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OmnpeneneHre KOHUEHTPALMU WHBEPCHO HACEJIEHHBIX aTOMOBHA OCHU TPYOKH
BaYKHO JIJIS OTIPEIeNICHUS SHEPreTHUECKUX XapakTepuctuk He-Ne nazepa — ot Heé
3aBUCHUT KaK CpeJlHEe M0 CEYCHUIO 3HAUCHUE YCUIICHMS J1a3epa, TaK U BEJIUYMHA
MOIIHOCTH u3iydeHus [ 1]. C moMoIbIo YMCIE€HHOTO PEICHUS BBIBEAEHHOW B [2 ]
CUCTEMBbI YpaBHEHUI ObUIO MOJYYEHO pacIpesielieHhe KOHIIEHTPAlUU 3JIEKTPO-
HOB B MOJIOKUTEILHOM CTOJI0€. 3aTeM, B35B U3 JIUTEPATyphl KOHCTAHTBI CKOPO-
CT€l COOTBETCTBYIOLIUX MPOLECCOB (BO30YKIEHUS aToMa Teius, BO30YKICHHUS
OT METacTa0MJIBHOTO aToMa Tejius aTOMYy HEOHa, MOHHU3AllMH, yXOJa MeTacTa-
OMJIBHBIX aTOMOB I'eJIUsl Ha CTEHKHU pa3psaHON TpyOKH, U Jp.), ObliIa MpoU3BeIeHA
OLICHKA KOHLIEHTPAllMU METACTA0MIIbHBIX aTOMOB T'€JIUsI U BO30Y>K/I€HHBIX aTOMOB
HeoHa B He-Ne na3zepe npu onTUMalbHBIX YCIOBUSAX €r0 pabOThl, OTKYAA 3aTEM
MoJIy4eHa KOHIICHTPAIlUd WHBEPCHO HACEJIEHHBIX aTOMOB Ha ocu TpyOkwu. [Ipu-
4YeM IMOCKOJbKY N3HAYaIbHO MCXOJIHBIE YPABHEHHUSI JIJIS TIOJIOKUTETBLHOTO CTONI0A
Opanuce 11 pa3HOW T€OMETPUU TPYOKH, TO M TOJyUYCHHbIE 3HAUYCHUS] KOHIICH-
Tpallly CPABEIJIMBBI TOXKE JIsl Pa3HOM T€OMETPUU aKTHBHOTO JIEMEHTA.
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The concentration of inversely populated atoms in a He-Ne laser on the tube axis
1KozhevnikovV.A., *PrivalovV.E.
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St. Petersburg, Politechnicheskaya str., 29,
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Determining the concentration of inversely populated atoms on the tube axis is
important for determining the energy characteristics of a He-Ne laser. Both the
average cross—sectional gain of the laser and the radiation power depend on it [1].
Using the numerical solution of the system of equations derived in [2], the distri-
bution of the electron concentration in the positive column was obtained. Then,
using the rate constants of the corresponding processes from the literature (exci-
tation of a helium atom, excitation from a metastable helium atom to a neon atom,
ionization, escape of metastable helium atoms to the walls of the discharge tube,
and others), the concentration of metastable helium atoms and excited neon atoms
in a He-Ne laser was estimated under optimal operating conditions, from where
then, the concentrations of inversely populated atoms on the tube axis are ob-
tained. Moreover, since the initial equations for the positive column were taken
for different tube geometries, the obtained concentration values are also valid fo
rdifferent geometries of the active element.
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HccienoBanue 3aBUCMMOCTH METOAA BbIUMCJIeHUs KOG duumuenTa

ycusienusi He-Ne j1a3epa oT mapaMeTpoB pacuera
! Koxesuukos B.A., ¥ [IpuBanos B.E., lllemanun B.T'.
Y Canxm-Iemep6ypeckuii nonumexuuueckuii ynusepcumem Iempa Benuxozo, 195251, 2.
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B pabote [1] Hamu ipeyioKeH METO] pacyeTa CpeIHET0 MoCceueHUI0 Ko durm-
enta ycuienus He- Ne nmaszepa, koTopslif 3atrem O0b11 MoaudumrpoBan [2] u uc-
MOJIB30BAJICS JUISl pacyeTa pa3IuvHbIX MOMEPEUYHbIX CEUYCHHIl aKTUBHOTO 3Jie-
MEHTa. DTOT METOJ OCHOBAaH Ha HAXOXIACHUH MPHUOINKECHHOTO PEIICHUS 33 a4H
Jupuxne nnst ypaBHeHust ['enbMrosbia 71 Mpou3BOJIbHON oOmact. B manHOM
paboTe MbI MPOAHATU3UPOBAIIN BIUSHUE HA PE3YJIbTaThl pacueTa mapaMeTpoB Me-
ToAa — yncia Touek N Ha rpanune 00JacTu 1 yucia ciaaraeMbix N B CyMMe Mpo-
U3BEICHUI OeccelleBbIX U TPUTOHOMETPUUECKUX (QYHKIUN MPHU MOUCKE NpUOIIH-
YKEHHOT'0 pelIeHus. AHAJIU3 TTOKa3aJj, 4YTo, HaunHas ¢ HekoToporo N (uau n), 3a-
BHCHUMOCTh pPE3yJIbTaTOB pacyeTra OT JaibHedmero yseiawueHus N (uwam n),
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KpaitHe mana. Hanmpumep, st 0651acTé B BUE IPABIIILHOTO MATUYTOJILHUKA pac-
cuntaHHbie 3HaueHus yeuiaeHus npu N=400 u N=400000 (my1st N=3) oTiin4yaroTcs
B 7-M 3HaKe, JAJis 00JIaCTH B BUJE Kpyra pacCYMTAHHbBIC 3HAYCHUSI YCUIICHHS TIPH
n=5 u n=6 (s N=400) ornuyarorca B 6-M 3HaKe. ITO O3HAYAET, UTO MPEJJIO-
’KCHHBIH METOJ MO3BOJISIET JOCTUTATh PE3yJIbTaTOB C XOPOIICH TOYHOCTHIO MPH
OTHOCHTEIFHO HEOOBIINX 3HAYCHHSIX TapaMeTPOB pacuera.

Cnucok Jureparypbl

1. KoxeBnukoB B.A., IlpuBasioB B.E. BiusnHue reomeTpun ceyeHus: akTUBHOTO Jie-
MCHTa Jla3epa Ha YCHJIEHHE ero m3iydeHus. //HaydHo-TeXHUUYECKHE BEIOMOCTH
CIIOI'TIY. ®usnko-mateMatnueckue Hayku.— 2018.— T.11.— Ne 2.— C. 84-95,

2. KoxxeBHukoB B.A., [IpuBanioB B.E. Ycunenue B nazepax npuHEOIHOPOJHBIX TPAHUY-
HbIx ycnoBusx // U3sectus BY30B. @usnka.— 2020.— T.63.— Ne9 (753).— C. 165-171.

Investigation of the dependence of the He-Ne laser gain calculation method

on the calculation parameters
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1 Peter the Great St. Petersburg Polytechnic University, 195251, Russia, St. Petersburg,
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We proposed in [1] a method for calculating the average cross-sectional gain of a
He-Ne laser, which was then modified [2] and used to calculate various cross-
sections of the active element. This method is based on finding an approximate
solution to the Dirichlet problem for the Helmholtz equation for an arbitrary do-
main. In this paper, we analyzed the effect on the calculation results of the method
parameters— the number of points N on the boundary of the domain and the num-
ber n of terms in the sum of products of Bessel and trigonometric functions when
searching for an approximate solution. The analysis showed that starting from a
certain N (or n), the dependence of the calculation results on a further increase in
N (or n) is extremely small. For example, for the area in the form of a regula
rpentagon, the calculated gain values at N=400 and N=400000 (for n=3) differ in
the 7" sign, for the area in the form of a circle, the calculated gain values at n=5
and n=6 (for N=400) differ in the 6™ sign. This means that the proposed method
allows achieving results with good accuracy with relatively small values of cal-
culation parameters.
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MopeanpoBaHue CTPYKTYPBI M K0JIe0aTeJbHbIX CIIEKTPOB MOAU(UKAIHIT

TOKO(l)ePOJIOB AJIA peain3alimi ONITHYCCKOIro METOAAa UX pasacjIcHUusA
C.A. Kyuenko
Boneoepaockuii cocyoapcmeennuiii ynusepcumem, 400062, Poccus, e. Boneoepao,
Ynusepcumemckuii npocnexkm 100
email: svetlana_kutsenko@volsu.ru

PaznoBugHOCTH TOKO(DEPOIOB - @1, B, ¥, U O OTHOCATCS K TPYyMIe BUTAMUHOB E,
Hapsy ¢ TOKOTPUEHOJAMH. JTU BELIECTBA, TPOU3BOIHBIE XPOMaHa, 3allUIIaloT
OT pa3pyllieHUsi KJIECTOYHbIE MEMOpaHbl, MPEAOTBpaIlasl pa3pylieHUEe HEHAChI-
IICHHBIX JIUTTHOB, TTIO3TOMY OTHOCSITCS K IPUPOAHBIM aHTHOKcHUaanTaM [1]. Ho
OMOJIOrMYecKasi akTUBHOCTH MPEMAPATOB HA OCHOBE BUTAMUHA E CHIIBHO 3aBUCHUT
0T ero MoAN(UKAIINY U TUTIA U30Mepa. DTO 00YCIOBICHO YUCIOM OJTHOAJIEKTPOH-
HBIX TIEPEHOCOB aTOMOB BOJIOpOia (PEHOTBHOM TMAPOKCUIILHOM IPYIIIBI HAa CBO-
OO0JHBIE PaIMKAJbl, YTO CBSA3aHO C PA3HBIM KOJMYECTBOM METWJIBHBIX TPYMI B
CTpYKType MoJiekyibl. Tak aktuBHOCTh D n3omepa o Tokoeposa, couepxaiero
3 METWIbHBIE TPYTIIbI 3HAYUTEIILHO BBIIIE aKTUBHOCTH O TOKOdepoJia, coiepxa-
niero 1 MetunpHyto rpynmy [2]. KoHTposib kauecTBa BATAMUHOB U JIEKAPCTBEH-
HBIX MpernapaToB Ha OCHOBE TOKO(EPOIOB MPOBOAUTCS B OCHOBHOM METOJIaMU
BOXKK, xumuueckumu, snektpoxumuueckumu u AMP cnekrpockonuu [3].
Cpean onTHYecCKuX METOI0B Hanbosiee pacupocTpaHeHbl U 3 (HEKTUBHBI METOAbI
AIIEKTPOHHOM CIEKTPOCKONUU B YIbTPAPUOJIETOBON U KoJebaTeaIbHOM B HH(ppa-
KpacHOM 001acTsX.

[IpencraBiieHbl pe3ybTaThl YUCIECHHBIX PACYETOB CTPYKTYPhI MOJIEKYJ CEMHU MO-
nudukanuii BUTaMruHa E 1 UX K0Jie0aTeNIbHBIX CIIEKTPOB. Bce pacy€Thl BBITIONHS -
JUCh B paMKax Teopuu ¢yHkinoHana miotHocty (TD DFT) ¢ 6a3ucHbiM Habo-
pom 6-31G* ¢ wucnonp3oBaHWEM KBAaHTOBOXMMHYECKOTO TAKeTa MPOrpamMm
Gaussian 09 [4]. 1y 1OCTH>KEHHSI MUHUMYyMa TIOTEHIIMAIBLHON YHEPTUU TIpe/iBa-
PpUTEIBHO MPOBECHA MOJTHAS ONTUMH3AINS CTPYKTYPBI MOJIEKYII.

[TokazaHo, 4To HanboIEe CUIILHOE OTINYHE JUTHH CBsi3el 0OHAPYKEHO B 00JIaCTH
TOKOJIOB, YTO MOKET OBITh CBSI3aHO C PA3TUYHBIM KOJIMYECTBOM B HUX METHIIHbHBIX
rpynmn. B paaukanax ajivHbl CBsi3el TOKOGEPOJIOB MPAKTUYECKU HE OTJIMYAFOTCHL.
B cniektpax Bcex TOkoepoJioB MPUCYTCTBYIOT U HaK0OJI€€ MHTEHCUBHBI MOJIOCHI
¢ gactotamu: 3486-3533 c¢M™, COOTBETCTBYIONINE BAJIEHTHLIM KOJIECOAHUSIM TH]I-
pokcorpymm, u 1750-1763 cm™, cooTBeTcTByIOmME KONEOAHUAM GEH30IBHOTO
KOJIblIa B TokoJiax. [IpucoeauHenre paaukaia K o-TOKOIY MPUBOJIUT K CMeEIIe-
HUIO 10JI0C, COOTBETCTBYIOIINX BAaJICHTHBIM KOJICOAHUSIM B 00JIaCTh MEHBIIINX Ya-
crot (mus O-H cBsasu Ha 88 cm L, mus GensonsHOro konsna Ha 50-60 cm 1), a me-
(bopMaIMOHHBIX KOJICOaHUI METHJIBHBIX TPYIIl - B 00JacTh OOJIBIIUX YaCTOT.
Haubosnee npeamnodTuTensHBIMU JIJIST ONIPEETICHUs THIAa TOKO(hepoia sIBISIOTCS
MOJIOCHI, COOTBETCTBYIOIIIMM CHUMMETPUYHBIM Je(POPMAIIMOHHBIM KOJIeOaHUSIM
CH2 rpynmsl ¢ yactoTamu s o-Tokodepona ~ 1461 ecm L, a s v — Tokodepona
~ 1395 cm m q1s & — Tokodepona ~ 1350 cm L. PacuéThl mokasaiy, 4To Haubob-
IIYI0 HTHTEHCUBHOCTH TI0JIOC, COOTBETCTBYIOMINUX KOJICOAHUSIM METHI TPYIIIHI B
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00JIacTH TOKOJIA CJIeAyeT OKUAaTh B KoJieOaTeIbHOM CIIEKTpE 0. — TOKo(depoa.
Pe3ynbTaThl YUCIEHHBIX PACUETOB COTJIACYIOTCS C IKCIIEPUMEHTAIBHBIMHU KOJIe-
OaTenbHBIMU CIIeKTpamu [2].
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Modeling of the structure and vibrational spectra of tocopherol

modifications for the realization of an optical method for their separation
S.A. Kutsenko
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email: svetlana_kutsenko@volsu.ru

The a, B, v, and 6 tocopherols and tocotrienols belong to the group of vitamins E.
These substances, chromane derivatives, protect cell membranes from destruction
by preventing the destruction of unsaturated lipids, therefore they belong to natu-
ral antioxidants [1]. However, the biological activity of preparations containing
vitamin E strongly depends on its modification and the type of isomer. This is due
to the number of single-electron transfers of hydrogen atoms of the phenolic hy-
droxyl group to free radicals and is associated with the different number of methyl
groups in the structure of the molecule. Thus, the activity of the D isomer of o
tocopherol containing 3 methyl groups is significantly higher than the activity of
o tocopherol containing 1 methyl group [2]. Quality control of vitamins and med-
icines based on tocopherols is carried out mainly by HPLC, chemical, electro-
chemical and NMR spectroscopy [3]. Among optical methods, electron spectros-
copy in the ultraviolet and vibrational spectroscopy in the infrared ranges are the
most common and effective.
The results of numerical calculations of the structure of molecules of seven vita-
min E modifications and their vibrational spectra are presented. All calculations
were performed within the framework of the density functional theory (TD DFT)
with the basis set 6-31G* using the quantum chemical software package Gaussian
09 [4]. To achieve the minimum potential energy, a complete optimization of the
molecular structure has been carried out. It is shown that the strongest difference
in bond lengths is found in the tocols region, which may be due to the different
number of methyl groups in them. In radicals, the bond lengths of tocopherols are
practically the same.
The spectra of all tocopherols contain the most intense bands with frequencies:
3486-3533 c¢cm™, corresponding to valence vibrations of hydroxogroups, and
1750-1763 cm™, corresponding to vibrations of the benzene ring in tocols. The
addition of a radical to the a-tocol leads to a shift of the bands corresponding to
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valence vibrations to the region of lower frequencies (for the O-H bond by 88
cm?, for the benzene ring by 50-60 cm™, and deformation vibrations of methyl
groups to the region of higher frequencies. The most preferable for determining
the type of tocopherol are the bands corresponding to the symmetrical defor-
mation vibrations of the CH2 group with frequencies for a-tocopherol ~ 1461
cm?, for y — tocopherol ~ 1395 cmtand for & — tocopherol ~ 1350 cm™. Calcu-
lations have shown that the greatest intensity of the bands corresponding to vibra-
tions of the methyl group in the tocol region should be expected in the vibrational
spectrum of a — tocopherol. The results of numerical studies are consistent with
the experimentally obtained vibrational spectra [2].
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AKTHBHBIE Cpe/ibl HA Mapax rajloreHuI0B MeTAJJIOB C BHYTPEHHUM PeaKTOPOM
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B HacTosimee Bpems CyleCTBYET psii pa3HOBUIHOCTEN CTAaHAAPTHBIX JA3€POB HA
napax MeTaJIJIOB, OTJIMYAIOIIMXCS CIIOCOOOM MOJydeHHs: pabodero BemiecTa|l].
OTH na3epbl UMEIOT CBOU MPEUMYIIECTBA U HEAOCTATKU. [109TOMY TOMCK HOBBIX
Croco00B MOTY4YEeHHs TeHEpallMi B Mapax METaJJIOB, C LIEJBI0 YIPOIIEHUS pa-
O0TBI 1 KOHCTPYKITUUTIPUOOPAOCTACTCS aKTyaJIbHOU 3a/1auei.

B nannoit paGote mpencTaBieH croco0 MOJIyYeHHUs] TeHepaluy B mapax MeTal-
JIOB, KOTOPBIM Ha3BaH Jia3ephbl HA Mapax rajloreHuJ0B METAIJIOB C BHYTPEHHUM
peaktopoM[2]. [lox BHyTpeHHIM peakTOPOM MMOHUMAETCS TO, UTO paboyee Bellle-
CTBO 00pa3yeTcsi HETMOCPEACTBEHHO B paboueii 30He OTHasHHOM ra3opa3psIHoM
TpyOku (I'PT) 3a cuer mucnonp3oBaHus reHeparopa rajorena.Bo Bpems paboTh
['PT u3 renepatopa rajioreHa ¢ moMoILbIO HarpeBaTesst B pabouuii 00beM mojia-
ercs rayioreH B yuctom Buje (lz, Bry, Cly), KoTOpbIil B3anMoieiiCTBYET ¢ Kycou-
KaMUu MeTajlia, pacnojiokeHHbIMU o kKaHaiy ['PT u oO6pa3yetcs rajoreHu; mMe-
Tajuia. 3aTEM raJOreHH I METAJUIA JUCCOLIMUPYET B Pa3psiiec TEPMUUYECKH U 34 CUET
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AJIIEKTPOHHOTO yjAapa. B nanpHeleM mpoUCXOAUT BO30YXIAEHUE aTOMOB Me-
Tajuia 3JIEKTPOHHBIM yIapOM Ha BEPXHUM JIa3€pHbIA YPOBEHb U MPOUCXOIUT Ie-
Heparus.

HccnenoBanuch  4acTOTHO-3HepreThueckue — xapakrepuctukuCuBr,  CuCl,
Cul,MnCl;, MnBr; — na3epoBc BHYTPEHHHUM PEaKTOPOM.

Ucnons3zoBamuck ['PT guamerpom 1.7, 2 cM u mimnHoi 40, 50 cM, cooTBeT-
CTBEHHO, C EMKOCTHOM HaKauyKoW (BHELIHUE 3JIEKTPO/Ibl) U TPATULUOHHON (BHYT-
PEHHUE JIEKTPObI).

B nazepax Ha mepexojax aroMa Maprasiia peajin30BaHa IeHepalus B BUAUMOM
(534.1, 542.0 am) u UK-o6mactsax (1.289, 1.332 mkM) ciekTpa Mpu ONTUMATIBLHOM
temnepatype crenku ['PT (T.;) 780-800°C. B I'PT MnCl,-nazepagunamerpom 2
CM C €eMKOCTHOM HaKauyKoOU Mpu MOIIHOCTH HaKauKu (Pya) 1.5 kBT 1 yactore cie-
nosanust umnyibeoB (f) 30 k[ peann3oBaHa cyMMapHasi MOIITHOCTD H3ITyYCHHUSI
0.75 Bt. B I'PT MnBrz-nazepaguamerpom 2 ¢M ¢ BHYTPEHHUMU 3JIEKTPOJIAMHU
upu Pya=1.2 kBt 1 f= 20 kI'11 BeIXOAHAS MOIIHOCTH JocTurana 1 BT,
CuBr-na3ep ¢ BHyTpeHHUM PEAKTOPOM M BHYTPEHHUMH JICKTPOIAMU JTUAMETPOM
I'PT 1.7 cm nokasan MmomHOCTh reHepanuu (Prey) 1.6 BT ipu Py, =700 Bt u f=20
kl'1. Jlo6aBka ramorenoBojopoaa (HBr) B Takux nazepax, Kak ¥ B CTaHIapTHBIX
CuBr-na3epax, TOMOJHUTENBHO YBEIUUYUBAET Prey 10 3.5 BT.

Hcnonp3ys emxoctHyro Hakauky B CUCI mazepe ¢ muamerpom I'PT 2 cm, ynanoch
nony4IuTh Pre;=3.36 BT ¢ yBenmmuenunem Py, 10 1.75 kBt npu =27 k['11. Brutroue-
HUE B CXeMy Hakayku obocTpuresbHOM eMKOCTH 100 n® moBBICKUIO MOIIHOCTh
u3nyuenus 10 4.7 Br. Onrumaneras T, ['PT CuBr u CuCl-naszepoB cocrapmuser
~ 650°C. Ucnonk3oBanue Hoza B KauecTse rajgorena noszsomuio B Cul-nasepe ¢
BHYTPEHHHUM peakTopoM B [ PT nuameTpom 2 cM peann30BaTh MOUIHOCTh T'€He-
pauuu 4 Br. B sToM ciydae ontumanshas T, cocrasuna 450-600°C.

s yBeIM4YeHUs SHEPTreTUYECKUX XapaKTEPUCTUK TAKUX CUCTEM HCCIIEI0BAIACH
I'PT CuBr-nmazepa ¢ nmamerpom I'PT 4 cm u nimunoit 90 cm. Tlpu Pya=1.7 kBT
BBIXOJIHAs MOIITHOCTH cocTaBuia 5-6 BT, a ¢ no6aBkoit HBr npessicmma 10 Br.
Pe3ynbTaThl MOKa3alid, YTO aKTUBHBIE 3JIEMEHTHI JIA3€POB Ha Napax rajJoreHUI0B
METAJIJIOB C BHYTPEHHUM PEAKTOPOM AEMOHCTPUPYIOT MPAKTUUYECKH 3HAUMMBIE
BBIXOJ/IHBIE MMapaMeTpbl. IX OCHOBHBIE IPEUMYIIIECTBA MEPE]l CBOUMH aHAJIOTaMHU
3aKJII0YAOTCS B IPOCTOTE U OE€30MACHOCTH MOTYYEHUU O€3BOAHBIX raJOT€HUIOB,
NOSIBJISIETCS. BOBMOYKHOCTB MOJydeHHUs JIoObIx coneit B oaHoit I'PT, a Takke BO3-
MOKHOCTh PEryJIMPOBaHMs MAPOB rajoreHa ¢ HU3KoM TemmepaTypoii 20-150°C,
YMEHBIIAETCS BpeMs BbIXOa Jlazepa Ha pabounii pexXuM, MpH KeCTKoM (rkca-
MU METajlyia BO3MOKEH pexxuM paboTsl ' PT B BepTHKaIbHOM MOJI0KEHHUU.
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Active media on metal halide vapors with in-built reactor
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This paper presents a method for obtaining generation in metal vapors, which is
called metal halide vapor lasers with in-built reactor.Byin-built reactor we mean
that the working substance is formed directly in the active zone of sealed-off gas
discharge tube (GDT) by use of a halogen generator.During operation of the tube,
pure halogen (I, Br, Cl,) is supplied from the halogen generator into the working
volume, which interacts with metal pieces located along the GDT channel and a
metal halide is formed.The metal halide then dissociates in the discharge ther-
mally and by electron impact. Subsequently, the metal atoms are excited by elec-
tron impact to the upper laser level and generation occurs.

The frequency-energy characteristics of CuBr, CuCl, Cul, MnCl;, MnBr; lasers
with in-built reactor were studied. GDTs with a diameter of 1.7, 2 cm and a length
of 40, 50 cm, respectively, with capacitive pumping (external electrodes) and tra-
ditional (internal electrodes) were used.

In lasers on manganese atoms transitions, lasing in the visible (534.1, 542.0 nm)
and IR regions (1.289, 1.332 um) of the spectrum was realized at the optimal
temperature of the GDT wall (T,) of 780-800°C. In the GDT of a capacitive
pumping MnCl; laser with a diameter of 2 cm with at a pump power (Pin,) of 1.5
kW and a pulse repetition rate (f) of 30 kHz, the total radiation power of 0.75 W
was realized. In the GDT of a MnBr; laser with a diameter of 2 cm with internal
electrodes at Piyp=1.2 kW and f= 20 kHz, the output power(Po.) reached 1 W.

A CuBr laser with in-built reactor and internal electrodes with a GDT diameter of
1.7 cm showed a generation power of 1.6 W at Pi,,=700 W and f=20 kHz. The
addition of hydrogen halide (HBr) in such lasers, as in standard CuBr lasers, ad-
ditionally increases P, to 3.5 W.Usingcapacitive pump in CuCl laser witha GDT
diameter of 2 cm, it was possible to obtain Py = 3.36 W with an increase in Pinp
to 1.75 kW at f = 27 kHz. Inclusion of a peaking capacitor (100 pF) in the pumping
circuit increased the radiation power to 4.7 W. The optimal T, of the CuBr and
CuCl laser GDTs is ~ 650°C. Using iodine as a halogen allowed us to realize a
generation power of 4 W in a Cul laser with in-built reactor in GDT with a diam-
eter of 2 cm. In this case, the optimal T,, was 450-600°C. To increase the energy
characteristics of such systems, a CuBr laser GDT with a diameter of 4 cm and a
length of 90 cm was studied. At Pinp, = 1.7 kW, the output power was 5-6 W, and
with the addition of HBr it exceeded 10 W.

The results showed that the active elements of metal halide vapor lasers with in-
built reactor demonstrate practically significant output parameters.

Their main advantages over their analogues are the simplicity and safety of ob-
taining anhydrous halides, the possibility of obtaining any salts in one GDT, as
well as the possibility of regulating halogen vapors with a low temperature of 20-
150°C, the laser's ramp-up time to operating mode is reduced, and with rigid fix-
ation of the metal, the GDT can operate in a vertical position.
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Biinsinue HANPSI)KEHHOCTH 3JIEKTPUYECKOT0 MOJIsl HA TeHePaIUIo jia3epa

Ha nmapax raJlJorcHua Mmapranma
[Iusaos JI.B.
YUncmumym onmuxu ammocgpepor um. B.E. 3yesa CO PAH, 634055, Poccus, 2. Tomck,
ni. Akaoemuxa 3yesa 1
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Jlazep Ha caMOOTpaHUYEHHBIX MEPEX0JaX aTOMa MapraHiia U3Iy4aeT B BUIAUMOM
(534.1-553.8 uMm) u OmmxHeM uHpakpacHoM (1.29-1.40 MKkM) aHUana3oHe CIeK-
tpa[l]. OTnnuuTensHOM YepTOl 1a3epa Ha IEPEXOIax aTOMa MapraHiia sIBIsSETCS
TO, YTO BEpPXHHME JIA3€pHbIE YPOBHU [JIsI BUIUMON 0O0JIACTU W3IIy4YECHUS
y®P%pacnionoxens! Ha 1.4 5B Bbime BepxHux ypoBHed mis MK wactu crekrpa
2°PY, a mwxHMI TasepHbIi ypoBeHb a°DaBnsercs o6mmM. ITa 0COOEHHOCTH MO-
KET BJIUATh HAa HWHTEHCUBHOCTH JIMHUM W3JIyYEHUS TPUU3MEHECHUNYCIOBUM
HaKa4YK{, HAIPUMEP, HAPSHKEHHOCTH AJICKTpUdecKkoro mous (E).

BrvsiHre HanpsiKEHHOCTH AJIEKTPUUECKOTO TOJISI HA SHEPTETUYECKUE XapaKTepu-
CTHKHU Jla3epa Ha Mepexojax aToMa MapraHia u3ydanoch Ha npumepe MnCl, u
MnBr;-nazepoB ¢ quamerpom razopaspsaHoit Tpyoku (I'PT) 2 cm u nmmHOoM 50 cMm.
B nepBom skcniepumenTe it Hakauku MnBro-na3zepa ucnosnb3oBaics HCTOUHUK
NUTaHUS C UMITYJIBCHBIM 3apsiioM padouein eMkocTu (Cyus). [Ipu 3TOM yBenHue-
HUE€ HANPSHKEHHOCTH JIEKTPUYECKOTO MOJI OCYHIECTBISIOCH 3@ CUET YBEJIHYe-
HUS MOILHOCTY HaKa4yky MpH MOCTOSSHHOU Cpus=750 n® M yacToTE CIEI0BAHHUS
umnynbcoB f=17 k['u. Hanpsbkenne na I'PT u3mensiocs ot 4 1o 15 kB. B kave-
CTBE KOMMYyTaTOpa ucnoib3osaics Tuparpon TT1-1000/25.

Pe3ynpTaThl moka3aiu, 4YTO MOIIHOCTb I€HEpalMy B 3€JI€HOM 00JIAaCTH CIIEKTpa
HauyuHaeT npeobnanars Hag MomHocThio UK nunuii npu £=150 B/cm. JlanbHei-
1iee yBeJIMUEeHUE HAIPSHXKEHHOCTH OISl TPUBOJUT K MOHOTOHHOMY POCTY MOIII-
HOCTH U3JIyYCHHUS 0 BCEM KOMIIOHEHTaM CIIEKTpa, HO POCT MHTEHCUBHOCTHUBHU-
JTUMBIX JUHUHN npoucxoaut 6osee s3¢gdekruHee. [lpu £=300 B/cM (MomHOCT
Hakauk¥ 1.4 kBT) oTHOIIEHNE MOIIHOCTH BUIUMON 00JIACTH CIIEKTPa K MOIIIHO-
ctu uznyuyenust UK obnactu coctasisier 2.27. 3T0 COOTBETCTBYET MOIIIHOCTHU U3-
nydyenus ~1.36 Bt u ~0.6 BT, cOOTBETCTBEHHO.

Bo Bropom skcniepumente Hakauka MnCly-nma3epa ocyiecTBisiiiach HCTOUHUKOM
C AMOJHO-pE30HAaHCHOM 3apankoi Cp.s. B 3TOM ciydae MOIIHOCTh HaKa4yKy Ha
ypoBHe 1.44 kBt u f=17.5 k['11 ocTaBanmch MOCTOSTHHBIMH BeJTMIMHAMU. Briusiaue
HaIpPsHKEHHOCTH TOJI HA BBIXOAHYIO MOIIHOCTD Jla3epa UCCIeA0BaIOCh 3a CUET
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yBeIW4YeHUs HanpskeHus Ha iekTpoaax ['PT nmpu ymeHbiiennn padbodeit eMKo-
ctu. Hanpspkenne BapsupoBasnochk oT 3 10 12 kB, a Cyus 0T 2.35 10 0.75 HO.
Momnocte UK cnekrpa wmsnydenus mpeoOiagaeT HaJl BUAMMOWU JI0 YpPOBHS
E=120 B/cm. Kak 1 B ipeapIayIiemM ciiydae ¢ yBeJIMUCHUEM HaNPsHKEHHOCTH MPo-
JTOJKAETCSE MOHOTOHHBIA POCT MOIIHOCTU T'€HEpaluu ¢ IpeodIajaHlueM B 3elie-
HOM yacTu criektpa. [Ipu HanpspkenHocTy mois 250 B/cM oTHoIIeHHE MOIITHO-
cre coctasirieT 2.57. IIpu 3TOM MOIIHOCTY T'€HEpay COOTBETCTBYIOT BEIUYH-
HaMm ~1.5 Bt u ~0.6 Br.

Taxum obpazom, amst 3¢ (HeKTUBHON HAKaYKK aKTUBHOW CpeIbl TajloreHuaa Map-
raHIaBBUJIMMOM/IMAIA30HE CIEKTpa HE0OXoauMo mpukiaasiBath K ['PT Gonee
BBICOKHME HalpsbKeHUs. Takike M3MEHss HalpsKEHHOCTh JIEKTPUYECKOrO TOJIS
MOHO YIPAaBJISTh YPOBHEM MOIIHOCTA HU3JIYYEHUU IO PA3HBIM KOMIIOHEH-
TaMCIIeKTpa.B HameM citydae OCHOBHAs! J10JIs1 M3JIyYEHHS COCPEIOTOYEHA Ha Iep-
BBIX JBYX JUHUIX 0.534, 0.542 HM B 3eneHoi oomactu v Ha 1.29, 1.33 mxm B UK
oOnacTu.
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Effect of electric field strength on manganese halide vapor laser generation
Shiyanov D.V.
V.E. Zuev Institute of Atmospheric Optics SB RAS, 634055, Russia, Tomsk,
1, Academician Zuev square
E-mail: shiyanov73@mail.ru

The influence of electric field strength (E) on the energy characteristics of a laser
on manganese atom transitions was studied using the example of MnCl, and MnBr;
lasers with a gas-discharge tube (GDT) diameter of 2 cm and a length of 50 cm.

In one of the experiments, the lasers were pumped by a source with diode-resonant
charging of the working capacitor. In this case, the pump power at the level of
1.44 KW and pulse repetition rate 17.5 kHz remained constant. The effect of the
field strength on the laser output power was studied by increasing the voltage on
the GDT electrodes with a decrease in the working capacitor. The voltage varied
from 3 to 12 kV, and capacitance from 2.35 to 0.75 nF. The power of the IR spec-
trum of radiation prevails over the visible one up to the level of E = 120 V/cm. A
monotonic increase in the generation power continues with a predominance in the
green part of the spectrum. At a field strength of 250 V/cm, the power ratio is 2.57.
In this case, the generation powers correspond to values of ~ 1.5 W and ~ 0.6 W.
Thus, for efficient pumping of the active medium of manganese halide in the vis-
ible range of the spectrum, it is necessary to apply higher voltages to the GDT.
Also, by changing the electric field strength, it is possible to control the radiation
power level for different components of the spectrum. In our case, the main share
of the radiation is concentrated on the first two lines 0.534, 0.542 nm in the green
region and at 1.29, 1.33 um in the IR region.
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JIBYXBOJIHOBOI MeIMIMHCKUH JIa3ePHBIN annapaT Ha napax Meau
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“Eprymenko I'.C
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127055, Poccus, 2. Mocksa, yn. Obpasyosa 12, k.2
e-mail: * luklalukla@ya.ru

JIBYXBOTHOBBIE JIa3€pHBIE CUCTEMBI SIBJISIIOTCS CPABHUTEIBLHO HOBOM TEXHOJIO-
ruer B aepmarosiorud. OJHOBPEMEHHOE BO3JCHCTBHE HA PA3IMYHBIX JJIMHAX
BOJIH Ha KOXKY UCIOJIb3YETCA JIJIsl JOCTHUKEHUS ONTUMAIIBHBIX PE3YIbTATOB Jieye-
Hus. [IpencraBineHHblil B paboTe ABYXBOJHOBOM Ja3epHbId MEAUIIMHCKUNA anmna-
paT Ha Mapax MEIU HOBOTO TOKOJEHUS CO CKaHUPYIOUIUM YCTPOHCTBOM
«Sxpoma-Men» umeet Peructpannonnoe ynocroBepenne Poc3apaBraazopa Ne
OCP 2008/03743 u npegHazHayeH JJIs JICUCHUS] COCYTUCTHIX, MTUTMEHTHBIX, He-
OKpAIIeHHBIX Je(DEKTOB KOXKHU U CIU3UCTHIX 000J104€K U (HOTOOMOIOKEHHUS C MH-
HUMAJIbHBIM PUCKOM OCJIOKHEHHUI.

Jlazep Ha mapax Meau U31y4aeT OJJHOBPEMEHHO Ha ABYX JyMHaX BoJH — 510,6 u
578,2 HM, ¢ COOTHOIIEHHWEM TI0 MOIIHOCTH H3JIyUeHUs mopsjaka 3/2, mpudem ¢
MOMOIIBIO TUXPOUYHBIX (PUIBTPOB MOXKHO BBIJEIATH JIFOOYIO U3 HHX, JIMOO HC-
M0JIB30BATh JUIsl 0OJTyYeHUs OJJHOBpEeMEHHO. J{71s1 BO3neicTBUS Ha KOXKY hopMHu-
pyeTCsl IyT HAHOCEKYH/IHBIX UMIYJbCOB C MHUKOBON MOITHOCTBIO KaXKJI0TO HM-
MyJIbCa HECKOJIbKO KUJIOBATT, YACTOTOM MOBTOPEHUS AeCATKH Kl 11 1 o01eit 1iu-
TEJLHOCTBIO 1IyTa JECATKU WM COTHU MUJUTMCEKYH/I. B anmaparte ucnosiabn3yercs
Ja3epHBIM aKTUBHBIN 3JIEMEHT C MOBBIIIEHHOW HapaOOTKON HA OTKA3 U CTaOUIIb-
HBIMH BBIXOJHBIMHU mapamerpamu mozaenu ['JI-206B npousBoactea AO «HIIII
«Hctok» um. lllokuHay, He UMEIOIINIA 3apyOEKHBIX aHAIOroB. MakcuMallbHas
MOIITHOCTb JIJIS IBYXBOJTHOBOTO peknma coctaisieT 4 Bt (nuamnazon 0—4 Bt) nis
510,6 um g0 2 Bt (nuanazon 0-2 Bt) u ayia 578,2 um 1o 1,5 Bt (nuanazon 0-1,5
BT). Pexxum n3nyyeHust — UMIyJIbCHO-NIEPUOJIUYECKUH, C YACTOTOM CIEI0BAHUS
UMITYJIbCOB 16,6 KI'11 M JUITMTETBHOCTEIO UMITYJIBCOB 20 HC (C JUTMTETBHOCTHIO 3KC-
nozunuu 30 — 900 mMc B pexxume 11yra uMiryiabcoB). Obmas macca— 65 kr; raba-
puthl anmnapata — 1105 x 450 x 1750 mm. [ mO3MIMOHUPOBAHUS CBETOBBIX IS
TeH 11 (POTOOMOJIOKEHUS KOXKH, a TAKXKE JJIs1 00pabOTKK OOIITUPHBIX HOBOOOpa-
30BaHUIM KOXM B pabOTe HUCIHOJIb3YETCs] CKaHUPYIOIee YCTPOMCTBO (CKaHep).
Kaxxmas 06;1acTh cPOKyCUPOBAHHOTO JIA3€PHOTO U3TYUEHHUSI CO3/1aeT HEOOJIBIIIYIO
30HYy (MeHee 600 MKM B THaMeTpe) TEPMHUUECKOTO MOBPEKICHUS, KOTOpasi Ha3bl-
BaETCs MUKpPOCKOMMYECKOM TerioBoil 30Hoi (MT3). Ee riyOuna mpomopiiyo-
HaJbHA U3JTy4aeMoOU SHEpruu ja3epa u Moxer aocturath 6osnee 1000 mkm. Jla-
3€pHOE U3TYUYCHHE MOXKET TEPMHUUECKU JICHATYPUPOBATh JepMaIbHbIN KOJIIareH,
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HEe TTOBpEXkaasi pOroBO CJION U coxpaHsis OaprepHyto GhyHKIMIO Koxku. Hemospe-
JKJIEHHasl TKaHb MEXAy coceHUMHU MT3 ciiyKuUT pe3epByapoM 30pOBOM, KHU3-
HECIIOCOOHOM TKaHW, KOTOpasl IOMOTaeT B BOCCTAHOBJICHUU KOAryJIUpPOBaHHOM
MT3, obserdasi BOCCTAaHOBJICHHE M PEMOJICTIUPOBAHUE TUACPMHUCA U JCPMBI.

B Jlazepnom nientpe kadenapsl nepmaropeHeposioruu CeBepo-3anaaHoro I'ocy-
JapcTBEHHOT0 MenuuunHckoro Y Hupepeurera um. .M. MeunnkoBa Ha armapare
Ja3epHOM Ha mapax Menu «Sxpoma-Men» npoBeneHo aederue 6osee 50 ThIC. ma-
LMEHTOB C Pa3JINYHON MATOJOruel KoxH (HeByc bekkepa, BUHHOE MATHO, MTUO-
TeHHasl TpaHyJjieMa U JIp.), C UCTIOJIb30BaHUEM 3€JICHOMU, )KEJITON JINHUU U CyMMap-
Horo u3nyuyenus (Puc. 1).

~ . Gepoa 4 weacnn
osT

Pucynox 1 — Beibop cocTaBa n3nmyyeHus Ja3epoB Ha Mapax Meau AJIs JISUEHUS MalueHTOB C
pa3nuuHbIMU HOBooOpa3oBaHusimu koxu (HOK)

HaunGosnpinyto rpymnimny O0JbHBIX COCTABUIIU MALIMEHTHI C COCYUCTON MaTOJIOTHEN
KOXH, a TAaKXK€ C pa3IMYHbIMH (POpMaMK MUTMEHTAIMI U JOOPOKaYeCTBEHHBIMU
HOBOOOpa3zoBaHUsAMH. Bo3pacT 60JbHBIX coCTaBisl OoT 6 MecsieB a0 93 ner. Jle-
YeHUE pazHOOOPa3HO KOKHOW MAaTOJIOMH C MPUMEHEHHUEM JIa3€pHOT0 anmnapara
«Ixpoma-Men» noxkaszano xopomue pesyibrarel. [IpemMyriecTBaMu TaHHOTO
MeTO/1a SBJSIETCS TO, YTO PUCK 00pa30BaHUs pyOLIOB M TPAaBMUPOBAHUS OKPYKa-
IOIIMX TKAHEH MUHUMAJIBHBIA, IEPUOJ 3aKUBJIICHUsS 3HAYUTEIIBHO COKpAILa-
€TCA — CPEeNHsA NPOJOJDKUTENIBHOCTh COCTaBWIIA CeMb IHEW. Meron neyeHus
MOYHO MCIIOJIB30BaTh JUI BCEX BO3PACTHBIX I'PYII, a TaKXKe Ul NALHEHTOB,
MMEIOLIMX COMYTCTBYIOLIYI0 COMAaTHYECKYIO ITATOJIOTHIO.

[Ipouenypa neyeHus: HENPOOJKUTEIBHA IO BpEMEHH, OHA OECKpPOBHA U B 00JIb-
HIMHCTBE CiTy4yaeB He TpeOyeT aHecTe3uu. Boicokas conuanbHasi 3Ha4MMOCTh UC-
M0JIb30BAaHUSI HOBOM JIBYXBOJIHOBOM JIa3€pHOM TEXHOJIOTMH JieueHUs 3a0oJieBa-
HUN KOKU OMPEIENSIETCS] BO3MOKHOCTBIO 0€30MacHOT0 YCTPAHEHUsI KOCMETHYe-
CKOro iepexTa ¢ MUHUMaJIbHBIM PUCKOM PELIUJIMBA, YTO CYIIECTBEHHO MOBBIIIAET
KA4eCTBO JKU3HU NaueHTOB. OCHOBHBIE KOMITOHEHTHI JIJIS JIA3€PHOIO aIapara
«SAxpoma-Men» npousBogasatcs B Poccutickoit denepanuu, 49T0 0COOEHHO BaKHO
B YCJIOBUSX CaHKLIMOHHOI'O JTaBJICHUS.

40



[Tony4yeHHbIE pe3yabTaThl O BHIOOPY CHEKTPAIBHOIO COCTaBA JIJIs JICUEHUS pa3-
JIMYHBIX 3200JIEBAHUN KOXKU TaK»KE€ aKTyallbHbI JUIsl IPYTUX JIA3€PHBIX alapaToB
Ha mapax MeJu Wik 6poMua Meau.

The dual-wavelength copper vapor laser medical system
I.V. Ponomarev, S.B. Topchiy, S.V. Klyuchareva,
N.A. Lyabin, A.D. Chursin, G.S. Evtushenko

Simultaneous application of different wavelengths is used to achieve optimal re-
sults for skin treatment. The new generation dual-wavelength copper vapor laser
medical system with the scanner "Yakhroma-Med" has the Registration Certifi-
cate of the Federal Service for Surveillance in Healthcare (Roszdravnadzor) No.
FSR 2008/03743 is intended for the treatment of vascular, pigmented, and uncol-
ored defects of the skin and mucous membranes and photorejuvenation with a
minimal risk of complications. The "Yakhroma-Med» uses a laser-active element
with increased lifetime of up to 2000 h and stable output parameters of the GL-
206V model, manufactured by JSC NPP Istok, named after Shokin, which has no
foreign analogues. The maximum power for the dual-wavelength mode is 4 W
(range 0—4 W), for 510.6 nm up to 2 W (range 0-2 W) and for 578.2 nmup to 1.5
W (range 0-1.5 W). The pulse repetition rate of 16.6 kHz and a pulse width of 20
ns (with exposure time of 30-900 ms in the pulse train mode). Total weight — 65
kg; dimensions — 1105 x 450 x 1750 mm. A scanner is used for light spot posi-
tioning on the skin when treating large skin lesions. The scanner provided treat-
ment of the working field with focused laser radiation with a focusing area size of
1mm. The distance between the light spot centers of adjacent irradiation spots was
kept at 1mm. Each area of focused laser radiation creates a small zone (less than
600 um in diameter) of thermal damage, which is called a microscopic thermal
zone (MT2Z). Its depth is proportional to the emitted laser energy and can reach
more than 1000 um. In the Laser Center of the North-West State Medical Univer-
sity named after I.1. Mechnikov, more than 50 thousand patients with various skin
pathologies (Becker's nevus, port-wine stain, pyogenic granuloma, etc.) have been
treated using the Yakhroma-Med copper vapor laser system. The largest group of
patients were patients with vascular skin pathology, as well as with various forms
of pigmentation and benign neoplasms. The age of patients ranged from 6 months
to 93 years. Treatment of various skin pathologies using the Yakhroma-Med laser
system showed good results. The advantages of this method are the minimal risk
of scarring and no injury to surrounding tissues. The healing period is significantly
reduced - the average duration was seven days. The treatment method can be used
for all age groups, as well as for patients with concomitant somatic pathology.
The procedure is short in time, bloodless and in most cases does not require anes-
thesia. The high social significance of using the new dual-wavelength laser tech-
nology for treating skin diseases is determined by the possibility of safely elimi-
nating a cosmetic defect with a minimal risk of relapse, which significantly im-
proves the quality of life in patients. The main components of the Yakhroma-Med
laser device are produced in the Russian Federation, which is especially important
in the context of sanctions pressure.
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Ypumcruii ynusepcumem nayku u mexuonoeuti, 450076, Poccus, 2. Ya, yn.3akuBanuou 32
email:*amvals@mail.ru

TpaauMOHHO TeHEepaTOpbl BHICOKOBOJIBTHBIX HAHOCEKYHIHBIX HMITYJIBCOB CTpPO-
ATCS Ha JIAMITOBBIX WJIM TUPATPOHHBIX KOMMYTATOPAX.

B HacTositiee Bpemsi IporCXOUT OBICTPBIN Mporpecc B 001aCcTH CO3/IaHus TeHepa-
TopoB Ha ocHoBe Hctoib3oBaHust MOSFET u IGBT tpansucropos, a Takxe 110/10B
yIapHO# HOHU3ALKEH 1 APEeH(HOBBIX TUOIOB C PE3KMM BOCCTaHOBIICHHEM [1, 2].

B nannoii paboTe nmokazana paboTa reHepaTopa HaHOCEKYHIHBIX UMITYJIbCOB Ha
OCHOBE KapOu KpeMHHUEBBIX TpaH3ucTopoB (SiC). ['eneparop MoxeT paboTaTh B
JIByX BapuaHTax. B mepBoM citydae BbIpaOaThIBa€T UMITYJIbChl 20HC JIMTENIBHO-
CTH aMIUTUTYA0M 110 2 kBu yacToTou ciaeaoBaHus uMnyJibcoBao 2 kI . B npyrom
WCIIOJTHEHUH OH BhIPA0ATHIBACT JBYIOISPHBIC UMITYJIBChI C YACTOTOM CIIEOBAHUS
400xI'n B mayke UMITYJIbCOB JUIMTEIBHOCTHIO JO 5 MC M YaCTOTOW CJICJOBAHHUS
nayku 10 12 I'u. [IpoBeneHsl nccaeqoBanus Mo 3aMEHE BBICOKOYAaCTOTHOTO MO~
Kura B padoTtax [3, 4] Ha reHepaTop HAHOCEKYH IHBIX UMITYJIbCOB.
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High-voltage nanosecond pulse generator
“Valshin A.M.
Ufa University of Science and Technology, 450076, Russia, Ufa, ZakiValidi 32
email: *amvals@mail.ru

Traditionally, high-voltage nanosecond pulse generators are built on tube or thy-
ratron switches.

Currently, there is rapid progress in the field of creating generators based on the
use of MOSFET and IGBT transistors, as well as shock ionization diodes and drift
diodes with sharp recovery [1, 2].

This paper shows the operation of a nanosecond pulse generator based on silicon
carbide transistors (SiC). The generator can work in two ways. In the first case, it
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generates pulses of 20 ns duration with an amplitude of up to 2 kV and a pulse
repetition rate of up to 2 kHz. In another version, it generates bipolar pulses with
a repetition frequency of 400 kHz in a burst of pulses lasting up to 5 ms and a
repetition frequency of up to 12 Hz. Studies have been conducted to replace high-
frequency ignition in [3,4] with a nanosecond pulse generator.
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I'mOpunHas HakayKa TBEPAOTEIbLHOIO Jia3epa HA rpaHaTe
*Baspmua A. M.
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Panee Hamu ObLIO MOKA3aHO YBEIMYEHUE Y3PPEKTUBHOCTH CBETOOTAAYN U U3MEHE-
Hue >QPEeKTUBHOTO KaHala pa3psiia B ra3opa3psAHbIX JaMIax MpH Mepexoae OT
TpaJULIMOHHON UMITYJIbCHOM HaKayK1 K BBICOKOYACTOTHOM HAKAyKe, a TAK)Ke ObLIO
IIPOJIEMOHCTPUPOBAHO 3-X KPATHOE CHUKEHUE MOPOra FeHEepalny U 2-X KpaTHOE
noseiuenue KITJI Nd**:YAG nasepa npu BICOKOYaCTOTHOM Hakauke [1, 2].
Hamu nipeiaraercst HCIob30BaTh METO A THOPUIHON HaKaYKK JIJIs TalIbHEHIIIe-
ronoBeIeHus 3QGEeKTUBHOCTH Ja3epa Ha TpaHare. Ha mepBoM sTameHakauku
JlaMIa TOJKUTAETCS T€HEPATOPOM BBICOKOBOJIBTHBIX HAHOCEKYHIHBIX HUMITYJIb-
COB, Jlajie€ IMOCJIE MOKUTATAMIIBIBKJIFOYAETCS BBICOKOYACTOTHASL PacKadKa-pos3-
JKAT KaHAJIa paspsia ¢ MOCICAYIOUUMM pa3psaoM TPAJAUIMOHHOW €MKOCTHOM
HaKa4yKH.

['eHepaTop HAHOCEKYHIHBIX UMITYJILCOB BbIPA0ATHIBAET MAUKY OUIOJISIPHBIX M-
MyJIbCOB HAHOCEKYHAHOM JUIMTENBHOCTH ISl TOJKHUTA JIAMIIbL, & BBICOKOYAaCTOT-
HBII T€HEPaTOpP NMEPECTPAUBAEMOMN YACTOThI CIYKHUT ISl YIIUPEHUS KaHaJla pas-
psAlla ¥ YMEHBIIEHUSI UMIIEIaHCA [JIa3Mbl B J1amIle. B nanpHeHmeM npoucxoauT
paspsa TPAAUIMOHHON €MKOCTHOW HAKAYKHU.

B noxnane mpexacraBiena paboTta jazepa Ha IpaHare ¢ TMOpPHUIHOM HaKayKoH.
Taxoke OyayT MpeCcTaBICHBI MOJTYYSCHHBIE 3aBUCUMOCTH TTAPAMETPOB U3ITyUCHHSI
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OT HAaKa4KHu IIPH pa3HbIX MJIMTCIbHOCTAX W MOINHOCTAX HMMITYJIbCOB BY reacpa-
TOpPOB H €MKOCTHOM HaKa4KHU.
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Hybrid pumping of a solid-state laser on a garnet
“Valshin A. M.
Ufa University of Science and Technology, 450076, Russia, Ufa, ZakiValidi 32
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Previously, we showed an increase in the efficiency of light output and a change
in the effective discharge channel in gas-discharge lamps during the transition
from traditional pulsed pumping to high-frequency pumping, and also demon-
strated a 3-fold decrease in the generation threshold and a 2-fold increase in the
efficiency of the Nd**:YAG laser during high-frequency pumping [1,2].

We propose to use the hybrid pumping method to further enhance the effective-
ness of the laser on the grenade. At the first stage of pumping, the lamp is ignited
by a generator of high-voltage nanosecond pulses, then after igniting the lamp,
high-frequency pumping is activated-ignition of the discharge channel, followed
by discharge of traditional capacitive pumping.

A nanosecond pulse generator generates a burst of bipolar nanosecond pulses to
ignite the lamp, and a high-frequency tunable frequency generator serves to widen
the discharge channel and reduce the impedance of the plasma in the lamp. In the
future, the discharge of traditional capacitive pumping occurs.

The report will present the operation of a laser on a hybrid-pumped grenade. The
obtained dependences of radiation parameters on pumping at different pulse du-
rations and powers of RF generators and capacitive pumping will also be pre-
sented.
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I[e(l)OpMa]_[Hﬂ CIIEKTPOB M3JIYYCHUHA B HMIIYJbCHBIX HCTOYHUKAX CBE€TA

nmpu BBICOKOYACTOTHOM HAKaYKe
“Bamsuma A. M., A63ammios 1. A.
Ypumckuii ynueepcumem nayxku u mexuonoeuit, 450076, Poccus, 2. Vepa, yn.3aku Baruou 32
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Haxkauka GOJBbIIMX JIa3epHBIX KOMILJIEKCOB OCYILIECTBIIECTCS TOJILKO IMIIMHApUYE-
CKUMHU JIaMITaMHU- BCIBIIIKAMHU C MOMOIIbIO TPATUIIMOHHOW €MKOCTHOM HaKayKH.
[Tpu 3TOoM 3(p(PEeKTUBHOCTH TAKOM HAKAYKH HE MPEBBIIIAET O IMPOLIEHTOB.

B pab6orax [1, 2] ObU10 IPOIEMOHCTPUPOBAHO 3-KpaTHOE CHU)KEHHUE Iopora re-
Hepauuu U 2-kpatHoe nossienne KITJT Nd3**:YAG nasepa npu BbICOKOYACTOT-
HOM HaKayKe.

[enpro maHHOM PaOOTHI SIBISIETCSA UCCIIEIOBaHKE AeOpPMAIH CIIEKTPOB HU3ITyUe-
HUM IUIa3MbI ITPY BBICOKOYACTOTHOM HAKaYKe. DKCIIEPUMEHTHI POJIEMOHCTPUPO-
BaJIM,4TO B JIAMIIaX, 3aMOJHEHHBIX KPUIITOHOM, MIPHU BHICOKOYACTOTHOW HaKadKe
CIUTONTHOM CIIEKTP U3ITYUICHUS CYIIIECTBEHHO OCIIA0JISIFOTCS TI0 OTHOIICHHIO K Tpa-
TUITMOHHOM HaKa4yKe, B TO BpEMs KaK, THTCHCUBHOCTh TUHEHYIATOTO CIIEKTpa yBe-
JUYUBAETCS. A B Jlammax, 3aroJHEHHBIX KCEHOHOM CYIIIECTBEHHBIX M3MEHEHUI
HE TIPOMCXOJIUT HE3aBUCUMO OT METOIOB Hakauku. Takum oOpa3om, pu BHICOKO-
YaCTOTHOM HaKauKe MPEIMOYTUTENILHO UCIIOIb30BATh B KAYECTBE JIAMITbI HAKAUKH
KPHUIITOHOBYIO JIaMITy TIO CPaBHEHHIO C KCEHOHOBOM JIAMITOM. DTO B CBOIO OUYEPE/Ib
MOKET MPUBECTH K cyliecTBeHHOMY yBenuuenuto KI1J[ TBepmoTensHOTrO azepa
Ha TpaHaTe MPHU BBICOKOYACTOTHOM IMOJKUTE U BHICOKOYACTOTHOM pacKauke.
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Deformation of radiation spectra in pulsed light sources during
high-frequency pumping
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Pumping of large laser complexes is carried out only by cylindrical flash lamps
using traditional capacitive pumping. At the same time, the efficiency of such
pumping does not exceed a fraction of a percent.

In [1,2], a 3-fold decrease in the generation threshold and a 2-fold increase in the
efficiency of the Nd**:YAG laser under high-frequency pumping were demon-
strated.

The purpose of this work is to study the deformation of plasma radiation spectra
during high-frequency pumping. Experiments have shown that in lamps filled
with krypton, with high-frequency pumping, the continuous radiation spectrum is
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significantly attenuated relative to traditional pumping, while the intensity of the
linear spectrum increases. And in lamps filled with xenon, no significant changes
occur regardless of the pumping methods. Thus, for high-frequency pumping, it
Is preferable to use a krypton lamp as a pumping lamp compared to a xenon lamp.
This, in turn, can lead to a significant increase in the efficiency of a solid-state
laser on a grenade during high-frequency ignition and high-frequency rocking.
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Mounblii nepecrpauBaembiii BU reneparop B MI'u quanasone

B UMIIYJIbCHO-IICPHOIUIECCKOM PECKUME
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OnHoM U3 aKTyaJbHBIX TPoOIeM (GU3NKH Ta30BBIX Pa3psI0B SIBIAECTCS TOUCK HO-
BBIX CIIOCOOOB BO30YXJAEHUS aKTUBHBIX CPE/I.

BonpmMHCTBO HMCclieoBaTeneil MCHOMB3YIOT TMPOMBIIICHHBIE TEHEPaTOpPhI
BUkone0aHniIMUMITY TbCHBIMMHAYKIIMOHHBIN crtoco0 BO30y:xaeHus. OcoOeH-
HOCTBIO 32)HUTaHUsl UMITYJIbCHOTO MHAYKIIMOHHOTO pa3psja B MHEPTHBIX razax
COCTOMT B TOM, YTO KOJIeOaTEIbHbII MPOIIECC SBISETCS 3aTyXaIOLIIM.

B nanHoit paboTe npoBOIEHBI UCCIIETOBAHMS IPOLIECCOB BOZHUKHOBEHUS U pa3-
BUTHS Ta30pa3psAHbIX MPOLIECCOB C MOMOIIbIO TPAH3UCTOPHBIX BBICOKOUYACTOT-
HBIX T€HEPaTOPOB MEPECTPAUBAEMON YACTOTHI, padOTAIOLIUX B UMITYJILCHO-TIEPU-
OJIMYECKOM PEKUME C PETYIUPYEMOU UIMTEIbHOCTHIO M YacTOThI CJIEJOBAHMS
MaYK{ UMITYJIbCOB B IIMPOKOM JAHara3oHe. DKCIIepUMEHTalbHAs YCTaHOBKA CO-
CTOUT U3 TPAH3UCTOPHOTO BHICOKOYACTOTHOTO T€HEPATOPA CHHYCOUAAIBHBIX KO-
neGanui, Onarogapsi MaJoMy BBIXOJHOMY COIPOTHBICHUIO HEMOCPEICTBEHHO
NOJKJII0YAETCs B MOCIEA0BATENIbHBIN KoJieOaTebHbI KOHTYP 0€3 HE0OX0auMO-
CTH B COTJIACYIOILIEM YCTPOMCTBE.

B paboTe npoBeeHb! HCCIeI0BaHMs MPOIIECCOB BOSHUKHOBEHUS U PA3BUTHUSA Ta-
30pa3psiAHbIX TporeccoB.lIpogeMoHCTpupOBaHa BO3MOKHOCTh MOTYYCHHS Kak
OJIHOCTPUMEPHOTI'0 KaHaja pa3psjia, Tak ¥ MHOTOCTPUMEPHOTO KaHalla pa3psja.
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One of the urgent problems of gas discharge physics is the search for new ways
to excite active media.

Most researchers use industrial RF oscillators or a pulsed induction excitation
method. The peculiarity of the ignition of a pulsed induction discharge in inert
gases is that the oscillatory process is damped.

In this paper, studies of the processes of occurrence and development of gas dis-
charge processes are carried out using transistor high-frequency tunable frequency
generators operating in a pulse-periodic mode with an adjustable duration and
frequency of repetition of a burst of pulses in a wide range. The experimental
setup consists of a transistor high-frequency sinusoidal oscillator, which, due to
its low output resistance, is directly connected to a serial oscillatory circuit with-
out the need for a matching device.

The paper studies the processes of occurrence and development of gas discharge
processes. The possibility of obtaining both a single-dimensional discharge chan-
nel and a multi-dimensional discharge channel is demonstrated.
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AJITOPUTM KOJM4Y€CTBEHHOM OllEeHKH OMOMAPKEPOB CETYATKHU
no pesyiabtraram cermentanuu OKT uzodpaxkenni
Axkcenosa JLE.

Obwecmeo ¢ ocpanuyeHHol 0meemcmeeHHOCmbio IIpocmpancmeo unmenneKmyanibHuIxX pe-
wenuit, 353905, e Hosopoccuiick, na6. Umenu Aomupana Cepebpsaxosa, 0. 49
Hosopoccuiickuii nonumexnuueckuii uncmumym(gunuan) Kyol'TY,

353900, 2. Hosopoccuuck, ya. Kapna Mapkca, 20
email: axenovalubov@gmail.com

OpHUM U3 KITHOYEBBIX HATPaBICHUI COBPEMEHHOMN 0()TaTbMOJIOTHU SIBISIETCS KO-
JMYECTBEHHAs! OLIEHKa OMOMApKEPOB CETYATKHU MO ONTUYECKONW KOTEPEHTHOM TO-
morpaduu (OKT). OcoOeHHO akTyasibHA JJaHHAs 3a/laya MpU MOHUTOPUHIE (-
dextuBHOCTH aHTU-VEGF Tepanuu y manueHToB ¢ HEOBACKYISIPHON BO3PACTHOM
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MakyJsspHoi nerenepanueit (H-BMJI), roe mapameTpbl OMOMapKepoB, TAKUX Kak
PED, SRF u IRF, sBusworca nporHoctuueckumu ¢aktopamu [1, 2].B pamkax
HACTOSIIIETO MCCleoBaHus Obula pa3paboTaHa aBTOMATHU3UPOBaHHAs CHCTEMa
KOJIMYECTBEHHOM OLIEHKH OMOMapKepOB, OCHOBAaHHAs HA pe3yJbTaTaXx cerMeHTa-
nun OKT wm3o0pakeHuil ¢ MCMONb30BaHUEM CBEPTOYHOM HeWpoHHOM ceTn U-
NET. Anroputm oOydeHHUs MOCTPOEH Ha pa3MEYeHHOM Habope JaHHBIX u3 385
OKT wu3o0paxenuil. Ha BanmmpganuoHHOW BBIOOPKE MOJEIb JIOCTHIJIA
Dicecoefficient 0.9 (PED), 0.72 (SRF) u 0.69 (IRF), uTo comoctaBuMo ¢ pe3yib-
TaTaMu Bpada-odramemorora [3].Ha ocHOBe momydeHHBIX MacOK ObLIa peaan3o-
BAaHA CHUCTEMa KOJIMYECTBEHHOTO aHAJIM3d, BKIIOYAIOIIAs pacyeT IUIONIaAH, BbI-
COTHI U MPOTSHKEHHOCTU KaXJI0TO OMOMapKepa ¢ MOMOIIBI0 allrOpuTMa oOHapy-
KEHUsI KOHTYpoB. CTaTuCTUUECKasi MPOBEpPKa PE3yIbTAaTOB, MOJYYEHHBIX aJro-
PUTMOM M BPYYHYIO, IIOKAa3aja OTCYTCTBUE 3HAYMMBIX PA3JIM4YUM, YTO MOIATBEP-
KJAeT TOYHOCTh MeToAa. bplln yCTaHOBIEHBI CTATUCTUYECKU 3HAYMMBbIE Pa3JIu-
yus B napamerpax PED u IRF Mexny KIuHUUeCKUMU IpyIlIaMy HalUEHTOB, YTO
JEMOHCTPUPYET KIMHUYECKYIO MPUMEHUMOCTh MpeajiaraeéMoro airopurma.Ta-
KM 00pa3oM, pa3pabOTaHHbIN aJTOPUTM KOJIMYECTBEHHOM OLICHKH OMOMapKEpOB
CETYATKU MOKET ObITh UCTIOIb30BaH /11 00EKTUBHOTO MOHUTOPUHTA TEPAIIUU U
MEPCOHANIMU3AIMH TTOXO0B K JICUCHUIO 3a00JIEBaHUM CETYATKHU.
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One of the key areas of modern ophthalmology is the quantitative evaluation of
retinal biomarkers using optical coherence tomography (OCT). This task is espe-
cially relevant for monitoring the effectiveness of anti-VEGF therapy in patients
with neovascular age-related macular degeneration (n-AMD), where biomarker
parameters such as PED, SRF, and IRF serve as prognostic factors [1,2]. In this
study, an automated system for quantitative evaluation of biomarkers was devel-
oped, based on the results of OCT image segmentation using a convolutional neu-
ral network of the U-NET architecture. The training algorithm was built on an
annotated dataset of 385 OCT images. On the validation set, the model achieved
a Dice coefficient of 0.9 (PED), 0.72 (SRF), and 0.69 (IRF), which is comparable
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to the results obtained by an ophthalmologist [3]. Based on the obtained seg-
mented masks, a quantitative analysis system was implemented, which includes
the calculation of area, height, and length of each biomarker using a contour de-
tection algorithm. Statistical verification of the results obtained by the algorithm
and manually showed no significant differences, which confirms the method’s
accuracy. Statistically significant differences were found in PED and IRF param-
eters between clinical patient groups, demonstrating the clinical applicability of
the proposed algorithm. Thus, the developed algorithm for quantitative evaluation
of retinal biomarkers can be used for objective therapy monitoring and personal-
ization of treatment approaches for retinal diseases.

References

1. Lai T.T. et al. Biomarkers of optical coherence tomography in evaluating the treat-
ment outcomes of neovascular age-related macular degeneration. Sci Rep. 2019;
9(1):529.

2. Schmidt-Erfurth U. et al. Artificial intelligence in retina. Prog Retin Eye Res. 2018;
67:1-29.

3. Aksenova L.E., Aksenov K.D., Kozina E.V., Myasnikova V.V. AUTOMATED SYS-
TEM FOR ANALYSIS OF OCT RETINA IMAGES DEVELOPMENT AND TEST-
ING // Doklady Mathematics. 2023. V. 108. Ne S2. P. S310-S316.

YK 004.94; 535.2; 681.784
I'PHTH 76.13; 29.31
BAK 05.11.14
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Pa3zpaboTka ontuueckux mpuOOPOB JIsi MEIUIIMHCKOW BH3yan3aluu TpeOyer
BBICOKOM TOYHOCTH KaK B MPOCKTUPOBAHUH, TaK U B OLIEHKE XapakTepuctuk. O-
HUM U3 TaKUX MpUOOPOB siBIsieTcss GyHAyC-Kamepa — yCTPOIMCTBO, MpeaHa3Ha-
YEHHOE JJIsI ChbEMKHU TJIa3HOTO JHA. J[J1s MOBBIIEHUS] TOYHOCTH U ONTUMHU3AINT
KOHCTPYKIIMHU I1I€J€CO00pPa3HO MCIOIL30BaTh YHCICHHOE MojenvupoBanue.llpu-
MEHeHHe nporpaMMHoro komiuiekca ANSYS mo3Bonsier co3aaTh AeTamu3upo-
BaHHYI0 MaTEMaTUUECKYI0 MOJIeNIb (DYHIyC-KaMephl C YIETOM BCEX ONMTUUYECKHUX
U KOHCTPYKIITMOHHBIX 0COOeHHOCTel. MoJiesib BKIIFOUYAaeT CBETOBbIC MCTOYHUKH,
OOBEKTUBHYIO CUCTEMY, (DUIIBTPHI U CEHCOP M300paKEHUS, a TAK)KE YUUTHIBACT
ONITUYECKHUE XaPaKTEPUCTUKHU cpenbl (Ty1a3a maruenTa). [lomoOHbIe moaxoabl K
MaTEeMaTHYECKOMY MOJICIIMPOBAHUIO «TJ1a3—KaMepa» aKTUBHO Pa3BUBAIOTCS B I10-
CJICTHUE TOJIbI, BKIIIOYAsI UCIIOIB30BaHUE ray-matrix dopMai3ma u MaciTadu-
pyembix ontudeckux cxem [1]. B xone mogenupoBanus B ANSY 'S npoBenéH ana-
JIN3 TPACCUPOBKU JIydeid, OIEHKH abeppariuii 1 ONTUMHU3AINH TTOJI0KESHUS OTITH-
Yyeckux ieMeHTOB. Oco00e BHUMaHUE Y/IEJICHO XapaKTEPUCTHKAM OCBEIICHUS,
TaK KaK OHU KPUTHUYECKHU BIMSIOT Ha Ka4e€CTBO M300paXE€HUsS MPU TOTyUCHHUH
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n300pakeHuii ceryaTku. Kpome TOro, NpuMEHsUIMCh MOAXO0/1bl, aHAJIOTUYHBIE CO-
BPEMEHHBIM METOJIaM MPOECKTUPOBAHMS CUCTEM OCBEILIEHHUS, HAIIPaBJICHHBIM Ha
TIOBBIIIICHUE KOHTPACTHOCTH U PAaBHOMEPHOCTH 3Kcro3uiuu [2]. Taxke ydTeHsl
COBPEMEHHBIE PEIICHHUS 110 PACIIUPEHUIO JUHAMUYECKOTO Ararna3zoHa u3oopaxe-
HUS, YTO 0OCOOCHHO BaXKHO JJI BU3yaJIM3alliU COCYJI0OB U MakyJibl [3]. B pe3ynb-
TaTe ObUTa CO3/]JaHa MaTeMaTH4ecKasi MOJIeb, OTPaXKaroIIasi KIII0UeBble ONTHYE-
ckue 0coO0eHHOCTH QyHAYyC-KaMepbl. ONTUMU3UPOBAHO MOJIOKEHUE ONTUYECKUX
3JIEMEHTOB B CHUCTEME, YTO MO3BOJMIO CHU3UTH abeppalui ¥ MUHUMHU3HPOBATh
osmku. O0ecne4eHo paBHOMEPHOE OCBEILIEHUE CETYATKH C BHICOKMM KOHTPACTOM,
HEOOXOMMBIM JIJIsl BU3YAIM3AIMH COCYIOB U MaKyjbl. Moaenb mpUroaHa Jjist
NOCJIETYIOLIETr0 Nepexoaa K IPOTOTUITUPOBAHHUIO.

HccnenoBanue BeImonHseTcs npu GuHancoBoil nmogaepxke KybaHnckoro nayu-
Horo (oHIa B pamMKax Hay4dHoro npoekra Ne HTUIT-24.1/1.
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The development of optical devices for medical imaging requires high precision
both in design and in performance evaluation. One such device is the fundus cam-
era — an instrument intended for capturing images of the eye’s fundus. To im-
prove accuracy and optimize the design, it is advisable to use numerical modeling.
The use of the ANSYS software package allows for the creation of a detailed
mathematical model of the fundus camera, taking into account all optical and
structural features. The model includes light sources, the lens system, filters, and
the image sensor, and also accounts for the optical properties of the medium (the
patient’s eye). Such approaches to “eye—camera” mathematical modeling have
been actively developed in recent years, including the use of ray-matrix formalism
and scalable optical schemes [1]. During the modeling process in ANSYS, ray
tracing analysis, aberration evaluation, and optimization of the positions of optical
elements were carried out. Special attention was paid to illumination characteris-
tics, as they critically affect image quality during retinal imaging. In addition, ap-
proaches similar to modern illumination system design methods were applied,
aimed at increasing contrast and achieving uniform exposure [2]. Modern solu-
tions for expanding the dynamic range of the image were also taken into account,
which is particularly important for visualizing blood vessels and the macula [3]. As
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a result, a mathematical model was created that reflects the key optical characteristics
of the fundus camera. The positioning of optical elements in the system was opti-
mized, which helped reduce aberrations and minimize glare. Uniform illumination
of the retina with high contrast, necessary for vessel and macula visualization, was
achieved. The model is suitable for subsequent transition to prototyping.

The research is carried out with the financial support of the Kuban Science Foun-
dation, LLC PREDICT SPACE in the framework of the project Num. NTIP-
24.1/1 «A portable optical device for visualizing the fundus with integrated arti-
ficial intelligence technologies.
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Knaccuduxkanus 3aboneBanuii mo n300pakeHUsIM TJIA3HOTO JHA SBISETCS Tep-
CIIEKTUBHBIM HAIMPABJIEHUEM B 00JaCTH MEAUIIMHCKON TMAarHOCTUKH, TTO3BOJISIO-
IIIUM BBISBJISATH HE TOJBKO OPTATBMOJIOTHUECKHUE, HO M CUCTEMHBIC MTaTOJIOTHH.
Pa3Butue mogeneil riiybokoro 0oOy4deHUs paclIupsieT TpaHULbl MPUMEHEHUS
M300paKEHU CeTYaTKU KaK HEMHBA3MBHOro Onomapkepa. OcoOeHHO MepcCriek-
TUBHBIMH SIBJISIFOTCS MYJIBTUMOJAIBHBIC apXUTEKTYPhI, COUYCTAIOIINE BU3Yallhb-
HbIC U TEKCTOBBIE TpeactaBieHus [1, 2]. Lleapto gaHHOTO MCClienOBaHuUs SIBJIS-
JIOCh CO3/IaHKME W O0y4YeHHE MOJIENH, CIIOCOOHON OMPENeNsTh MTUPOKHIN CIEKTP
3a00JIeBaHUI Ha OCHOBE IIBETHHIX (PyHIyC-PoTorpaduii. B kauecTBe OCHOBHI UC-
nosib3oBaHa TpaHchopmepHas apxutekrypa RETFound [3], o0beaunstonas Bu-
syanbHbIH dHKOEp (ViT) u TexcroBerit 2aK0aep (BERT). [IpeaBaputensuo o0y-
YeHHas MoJieTb Oblia moo0ydeHa Ha pacmupeHHoM gataceTeRFMiD v2, Bkiio-
YaroIIeM U300pakKeHus, pa3MeUYeHHBIC 110 29 KjaccaM IaToJIO0THA.

O0bpaboTka n300pakeHui 1 00ydeHre NPOBOANINCH C ucnoiib3oBanueM PyTorch
2.1.1 na undpactpykrype YandexCloud. JlooOyueHue BHIMOIHAIOCH B TEUEHHE
75 »smox ¢ wucnosiib3oBaHueM ontumuzatopa AdamW. Mogenbs gocTturia
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AUC = 0.9155 Ha TecToBO#i BEIOOpKE, 0€3 TPU3HAKOB MepeodyueHus. OcoOeHHO
BBICOKAsl TOYHOCTb JIOCTMTHYTa IO KJlaccaM «JIuabeTHyecKas PETUHOMATHs,
«BO3pacTHasi MakyJisipHas JereHepauus» u «muonusi».Takum oOpazom, mpen-
CTaBJICHHAas1 MOJIEJIb NIPOJIEMOHCTPUPOBAja BEICOKYIO 3(D(PEKTUBHOCTD B 3aa4ax
MHOT'OKJIACCOBOM KJIaCCU(UKALMU U IOATBEPKIAAET NEPCIEKTUBHOCTh UCIIOJIB30-
BaHUs TpaHCPopMepoB B aHanu3e pyHayc-uzodpaxenuid. [lomydueHHble pe3yiib-
TaThl MOT'YT OBITh MPUMEHUMBI KaK B CHCTEMaX aBTOMAaTHYE€CKOTO CKPUHUHTA, TaK
U B MHTETPALIUU C TIOPTATUBHBIMU IUATHOCTUYECKUMU YCTPOHCTBAMHU.
HccnenoBanue BeImonHseTcs npu GuHancoBoil nmogaepxke KybaHnckoro nayu-
Horo (oHIa B paMKax Hay4dHoro npoekra Ne HTUIT-24.1/1.
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Disease classification based on fundus images is a promising direction in medical
diagnostics, enabling the detection of not only ophthalmic but also systemic pa-
thologies. The development of deep learning models is expanding the potential
use of retinal images as non-invasive biomarkers. Particularly promising are mul-
timodal architectures that combine visual and textual representations [1, 2]. The
aim of this study was to develop and train a model capable of identifying a wide
range of diseases based on color fundus photographs. The RETFound transformer
architecture [3] was used as the foundation, combining a visual encoder (ViT) and
a textual encoder (BERT). The pre-trained model was fine-tuned on the extended
RFMID v2 dataset, which includes images labeled for 29 disease classes.Image
processing and model training were performed using PyTorch 2.1.1 on the Yan-
dex Cloud infrastructure. Fine-tuning was carried out over 75 epochs using the
AdamW optimizer. The model achieved an AUC of 0.9155 on the test set, without
signs of overfitting. Particularly high accuracy was observed in the classes of di-
abetic retinopathy, age-related macular degeneration, and myopia.Thus, the pre-
sented model demonstrated high efficiency in multiclass classification tasks and
confirms the potential of transformers in the analysis of fundus images. The ob-
tained results can be applied in both automatic screening systems and integration
with portable diagnostic devices.
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The research is carried out with the financial support of the Kuban Science Foun-
dation, LLC PREDICT SPACE in the framework of the project Num. NTIP-
24.1/1 «A portable optical device for visualizing the fundus with integrated arti-
ficial intelligence technologies.
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CoBpeMeHHbIE ONTHYECKUE NMPUOOpPHI Uil BU3yalIM3alMH TJIa3HOTO JIHA, TaKHe
Kak (yHayCc-KaMepbl, HIMPOKO MPUMEHSIOTCS B 0()TaIbMOJOTHUYECKON HUArHo-
ctuke. C pocTOM 4Kciia MOPTATUBHBIX YCTPOMCTB U MHTETPAllMi TEXHOJIOTUI UC-
KYCCTBEHHOT'O MHTEJUIEKTa BO3HMKAET HEOOXOAMMOCTh 3alUThl MEPCOHATBHBIX
OMOMEIMIIMHCKUX JTaHHBIX, MepeJaBaeMblX 0 HUPPOBBIM KaHanam. OAHUM U3
(G ()EKTUBHBIX PEIICHUN B 3TOM HANPABICHUU SIBISIETCS MPUMEHEHUE METOOB
CTeraHorpauu — COKpBITHS HH(POpPMALMK BHYTPU BU3YaJbHbIX AaHHBIX [1].1le-
JIbI0 HACTOSAILIETO UCCIEAOBaHUS SBIIAECTCS UHTErpalusi METOAOB CTeraHorpaduu
B CUCTEMY ChEMKHU U MEpelaur M300pakeHHid rinazHoro aAHa. B xauecTBe 6a3o-
BOT'0 MOJIX0/Ia PACCMOTPEHO BCTpaWBaHUE 3alIMIIEHHBIX UIECHTU(UKATOPOB Ma-
[UEHTa B HE3aMETHbIE y4acTKH (PyHAyC-M300pakeHU, MOJy4yaeMbIX C ONTHYE-
ckoro npuodopa. Mcnonp3oBanuchk Mogudumnupopanubie LSB-meToan! ¢ aganTa-
uel Mo CTPYKTypy CeTYaTKH, YTOObl MUHUMH3UPOBAThH BIMSHHUE Ha KaueCTBO
BU3YyalIM3allM U COXPAaHUTh JHATHOCTUYECKYIO IIEHHOCTh H300pa)keHus [2].
[TpoBenéH CpaBHUTENBHBINA aHAN3 YCTOMYMBOCTH BHEAPEHHBIX CTEr0-cOoO0OIIe-
HUH K CXKaTUIO, IIIyMY U PAa3IMYHBIM TPEOOPa30BAHUAM, XapaKTEPHBIM JJIs Telle-
MEAMIMHCKUX cucTeM. OIeHrBanach COXpaHHOCTh UH(OPMALIUU U BIUSHUE Ha
aBTOMATHYECKYIO KiIaccU(pUKaIMIO 3a00JIEBaHHM, YTO OCOOCHHO Ba)KHO MPH pa-
6ote c U-moaynsimu [3]. Takum oOpa3oM, BHEIpEHUE CTeraHOTrpaduyecKux Me-
XaHU3MOB B aNmnapaTHOE U MPOrpaMMHOE 0OecrieueHre ChEMKH TTO3BOJISIET 00ec-
NEYUTh ayTEHTU(PUKALIMIO U KOHTPOJb LIEIOCTHOCTU JAHHBIX MPU COXPaHEHUU
BBICOKOTO KayecTBa JUarHOCTUKU. Pa3zpaboTka MOXeT OBbIThb HCIIOJIb30BaHA B
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KOMIIJICKCHBIX CHUCTEMAxX MC,ZII/IHI/IHCKOﬁ BHU3YyaJIN3allMH C IMOBLIICHHBIMHA Tpe60-
BaHHUSIMH K O€30IIaCHOCTH.
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Modern optical devices for fundus imaging, such as fundus cameras, are widely
used in ophthalmic diagnostics. With the growing number of portable devices and
the integration of artificial intelligence technologies, there is an increasing need
to protect personal biomedical data transmitted via digital channels. One effective
solution in this area is the use of steganography methods — concealing infor-
mation within visual data [1]. The aim of this study is to integrate steganographic
methods into the system for capturing and transmitting fundus images. As a basic
approach, the embedding of secure patient identifiers into imperceptible regions
of fundus images obtained from an optical device was considered. Modified LSB
methods adapted to the retinal structure were used to minimize the impact on im-
age quality and preserve the diagnostic value of the image [2]. A comparative
analysis was conducted to evaluate the robustness of embedded stego-messages
against compression, noise, and various transformations typical for telemedicine
systems. The preservation of information and the impact on automated disease
classification were assessed, which is especially important when working with Al
modules [3]. Thus, the integration of steganographic mechanisms into the hard-
ware and software of the imaging system ensures authentication and data integrity
control while maintaining high diagnostic quality. This development can be used
in comprehensive medical imaging systems with enhanced security requirements.

References

1. Petitcolas F.A.P., Anderson R.J., Kuhn M.G. Information hiding — a survey.// Proc.
IEEE. 1999; 87(7):1062-1078.

2. Sahu A., Kaushik B.K. Medical Image Steganography: A Review of the Literature.
/1J. Med. Imaging Health Inform. 2022;12(1):65-78.

3. Al-Haj A., Odeh A. Secure Medical Image Transmission Using Adaptive LSB-based
Steganography. 1. Digit. Imaging. 2023; 36(2): 321-330.
https://doi.org/10.1007/s10278-023-00750-5

54



HAHOTEXHOJIOI'NM
V]IK 666.3
I'PHTHU 61.35.29
BAK 02.00.16
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Kepamuka na ocHoBe okcuaa uttpus (Y203) sBIseTCS NEPCIEeKTUBHBIM MaTepu-
aJIOM JIJIS CO3JaHMsl aKTUBHOM CpeJibl J1a3epoB, TaK Kak 00J1aJaeT BICOKOM Ten-
JIOTIPOBOAHOCTHIO M HU3KUM KO3 UIIMEHTOM TeroBoro pacmupenus [1]. Ox-
HAKO M3-3a BBICOKOM TEMIIEpaTyphl IUIABJICHUS YIIJIOTHEHHE KEPAMUKHIIPU BaKy-
YMHOM CIIEKaHUU TPeOyeT BBICOKUX TEMIEPATYp, YTOMOXKET CIPOBOIMPOBATH
POCT 3epeH M MPUBECTH K 00pa30oBaHMIO OOIBIIOT0 KoimyecTBa nop.OnHUM U3
nyTel MOBBIIIEHUs criekaeMOoCTH Y 203 ABIIIETCS UCIIOJIb30BAHUE B KAUECTBE UH-
ruduropa ZrO,, KOTOPHINA 3aMeUISIET POCT 3€PEH U CIIOCOOCTBYET CO3JaHUIO OfI-
HOPOJHOW MUKPOCTPYKTYphl. HO CIMIIKOM BBICOKOE €0 COJAEPKaHUE TAKXKE He-
XKeNaTeabHO, MOCKONbKY ZIO HapyiaeT ynopsaoueHHOE PaciioioKeHne HOHOB
KPUCTAUINYECKOU PELIETKH, YTO IPUBOJIUT K CHUKEHHUIO TETUIOIPOBOAHOCTH [2].
B nanHoli paGoTe ObUIM CHHTE3UPOBAaHBI KEpaMUKH C coaepxkanuem ZrO;
3mo11.%, Smoi.% u 7moin.%. Haunyumuii kospdunuent nponyckanus (81,71%
Ha JJiMHE BOJHBI A=1077HM)OBUIIOCTUTHYTBOOpA3IEe ¢ cojiepkaHueM SMoit.%.
Cpeanee coaepkaHue 1nop, NoIy4eHHOE METOJOM MPSAMOTO MOACYETa COCTABUIIO
57,3 ppm, 9,1 ppm u 67,8 ppm mst 06pasmnoB 3mour.%, SMoir.% u 7Mo%, cooT-
BeTCTBEHHO. CpeiHIe pa3MEephIKPUCTAUIUTOBY BCEX MOIYYEHHBIX 00pa3loB CO-
craBuiu 8,02 £ 0,2 MKM.

HccnenoBanre BBIMOTHEHO 3a cyeT rpanHTa Poccuiickoro Hay4yHoro ¢onaa
Ne 24-19-20074, https://rsct.ru/project/24-19-20074/, npu ¢uHAHCOBOW TOM-
nepxkke co croponsl IIpaButenscTBa CBEpAIOBCKOM 001aCTH.
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Ceramics based on yttrium oxide (Y203) is a promising material for creating an
active laser environment, as it has high thermal conductivity and a low coefficient
of thermal expansion [1]. However, due to the high melting point, sealing ceram-
ics during vacuum sintering requires high temperatures, which can provoke grain
growth and lead to the formation of a large number of pores. One of the ways to
increase the sinterability of Y,Os3 is to use it as a ZrO; inhibitor, which slows down
grain growth and helps create a homogeneous microstructure. However, its too
high content is also undesirable, since ZrO, disrupts the ordered arrangement of
ions in the crystal lattice, which leads to a decrease in thermal conductivity [2]. In
this work, ceramics with a ZrO, content of 3 mol.%, 5 mol.% and 7 mol.%. The
best transmission coefficient (81.71% at a wavelength of A=1077 nm) was
achieved in a sample with a content of 5 mol.%. The average pore content ob-
tained by direct counting was 57.3 ppm, 9.1 ppm and 67.8 ppm for samples of
3 mol.%, 5 mol.% and 7 mol.%, respectively. The average crystallite sizes of all
the obtained samples were 8.02 = 0.2 um.

The research was supported by the Russian Science Foundation No. 24-19-20074,
https://rscf.ru/project/24-19-20074 /, with financial support from the Government
of the Sverdlovsk region.
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Crabduiamn3anusi napamMeTpoB 1H00B, B YaCTHOCTH, BAPUKANOB
A.B. bornanos
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Pe3ynbTarhl npearaeMoro ucciae10BaHusl MOTYT ObITh UCIIOJIB30BaHbI JUIs CTa-
OUITM3alMK IEKTPUYECKUX TapaMeTPOB PAa3IUYHbBIX TUIIOB JUOJIOB, B YACTHOCTH,
BapHKamnoB. J{s yBennyeHus: HaA€KHOCTU pabOThl TAKUX CTPYKTYP IMOCIE U3TO0-
TOBJICHUS 0053aTE€IBLHO MPOBOJAAT PA3JINYHBIC UX UCTIBITAHUS, B YaCTHOCTH, DJICK-
TPOTPEHUPOBKHU U OTOPAKOBKY. DIEKTPOTPEHUPOBKH MOAPA3yMEBAIOT HaX0XKIe-
HUE NMPUOOPOB MOJ HAMPSKEHUEM IIPU Pa3IMYHbIX TeMiiepaTypax B TeueHue 30
u 0oJiee CyTOK. DTO COCTABISET 3HAYUTEIBHYIO YaCTh 3aTPAT MPU U3TOTOBJICHUU
npruOOPOB 32 CYET UCTOIB30BAHMS 3HAYUTEIBHOTO KOJIMYECTBA UCIIBITATEIBHOTO
000pyI0BaHUs1, KPOME TOTO, 3HAYUTEIHLHO YMEHBIIIAET BHIXO]] TOJAHBIX IPUOOPOB.
B pesynbrare 37eKTPOTPEHUPOBKU MPU HANPSIKEHUSAX OIM3KMX K MaKCUMalb-
HOMY, YKa3aHHOMY B MaclopTe, 3HAUUTEIbHbIN MPOLEHT NpUOOPOB BBIXOAUT U3
CTPOsI B PE3yJbTaTEe TEIJIOBOIO HArPeBa.
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[{enp paOoThl — MOBBILIEHUE TPOU3BOAUTEILHOCTH U BBIX0/1a TOJIHBIX TUO/IOB.
PesynbTaTel uccinenosanuii.IlocraBiennas nenb JOCTUraeTcs MOAYJISIIIUEH MO-
CTOSIHHOTO OOpaTHOTO HAIPSKEHUSI IEPEMEHHBIM HaNPSXKEHUEM ONpeeIEHHON
4acTOThI. DTOT METO1 ObLIT HAMU ONPOOOBaH MPU UCCIEAOBAHUN MUKPOILJIA3MEH-
HOTO MpoOos B cuHTeTUYecKoM anmase [1; 2]. Tlpu MukporiazMeHHoM poboe
MPOUCXOIUT yJlapHasi MOHU3AIMsl HEPABHOBECHBIX HOCHUTENEH 3apsja, pe3koe
BO3pacTaHUE TOKA U TEIUIOBOM MpoOoi nmpudopa.

[ToxOupas onpeaenéHHyIO 9acTOTy IEPEMEHHOTO TOKA, YIAETCs TOOUTHCS BYX
pE3yNbTATOB:

- MPEAOTBPATUTh TEIUIOBOM MPOOOH HpHU JOCTATOUYHO BBICOKMX IOJABACMBIX
HaIPSHKCHUSX;

- COCPEIOTOYUTD HAIIPSHKEHUE Ha HEOTHOPOAHOCTAX (1eeKTax) CTPYKTYpP JTUOOB.
PeanbHbIM TOCTM>KEHHEM IMOCTABJIECHHBIX LENEH HMCCIeA0BaHUsS YAAIOCh MOJIY-
YUTh npu CEpUITHOM MIPOU3BOJICTBE BapHUKaIoB TUTIA
2B119A,KB129A, KB132A. Ha Bapukarsl 1oJjaBaJioch 00paTHOE HANpPsHKEHUE
paBHOE 0,80T MaKCUMaJIBbHOTO. DTO YMEHBIIAJIO TEMIIEPATYPy HArpeBa 4acTH Ba-
pHUKaIoB, UMEIOMMX 00O oOpaTHbIA TOK. [locie mpouecca BbLAEPKKH 00-
paTHBIA TOK YMEHBIIAJCA, U MOBTOPHAs Mojaya Ha MPUOOPHl MaKCUMAJIbHOTO
HaIpPsHKEHUS y>Ke He BBIBOJMIIA UX U3 CTPOSL.

BriBonbl.Mcnionb3oBanue npeuiaraeMoro crnoco0a 31eKTpOTPEHUPOBKUIPU Ce-
PUITHOM MPOU3BO/ICTBE BApUKAIOB MO3BOJIMIO CYILIECTBEHHO YBEIMYUTHUX MPO-
IIEHT BBIXO/Ia; YMEHBIIUTH HE MEHEE, YeM B JiBa pa3a BpeMs TPEHUPOBKHU, COKpa-
TUTbh BpeMsl DKCIUTyaTallud UCTIHITATEILHOTO 000PYA0BaHUS U 3aHUMAEMOM 110~
Iaau.
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Stabilization of parameters of discrete semiconductor structures,
in particular, varicaps
A.V. Bogdanov
OOO0 "Experimental production of electronic devices (OPEP), 353901,
Russia, Krasnodar region, Novorossiysk, Shaumyanast., 10, bldg. 1.
email: bogdanov50@gmail.com

The results of the proposed study can be used to stabilize the electrical parameters
of various discrete semiconductor diode structures, in particular, varicaps. To in-
crease the reliability of such structures after manufacture, various tests are man-
datory, in particular, electrical training and rejection. Electrical training implies
keeping devices under continuous voltage at various temperatures for 30 days or
more. This constitutes a significant part of the costs in the manufacture of devices
due to the use of a significant amount of testing equipment, in addition, it signif-
icantly reduces the yield of suitable devices. As a result of electrical training at
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voltages close to the maximum specified in the passport, a significant percentage
of devices fail due to thermal heating.

The purpose of the work is to increase the productivity and yield of suitable dis-
crete diodes.

Research results. The set goal is achieved by modulating the direct current reverse
voltage with an alternating voltage of a certain frequency. We tested this method
in the study of microplasma breakdown in synthetic diamond [1; 2]. During mi-
croplasma breakdown, impact ionization of nonequilibrium charge carriers, a
sharp increase in current and thermal breakdown of the device occur.

By selecting a certain frequency of alternating current, it is possible to achieve
two results:

- prevent thermal breakdown at sufficiently high applied voltages;

- concentrate the voltage on the inhomogeneities (defects) of the diode structures.
We were able to obtain real results in achieving the set research objectives during
serial production of 2B119A, KB129A, KB132A varicaps. A reverse voltage
equal to 0.8 of the maximum was applied to the varicaps. This reduced the heating
temperature of some varicaps with a high reverse current. After the holding pro-
cess, the reverse current decreased, and repeated application of the maximum volt-
age to the devices no longer put them out of order.

Conclusions. The use of the proposed method of electrical training in serial pro-
duction of varicaps made it possible to significantly increase their output percent-
age; reduce the training time by at least two times, reduce the operating time of
the testing equipment and the occupied area.

References

1. Presnov, V.A. Negative resistance in semiconductor artificial diamonds / V.A. Pres-
nov, A.V. Bogdanov, Yu.M. Rotner // Physics and technology of semiconductors,
1974. - Vol. 8, issue 7. - P. 1389-1390

2. Bogdanov, A.V. Study of microplasma breakdown in a metal-semiconductor diamond
contact / A.V. Bogdanov, I.M. Vikulin, T.V. Bogdanova // Physics and Technology
of Semiconductors, 1982. - Vol. 16, issue 6. - P. 1124-1125

YK 537.9, 538.9, 537.5
I'PHTU 29.19.16
BAK 222

BricokoTemnepaTypHblii BHINPSIMHUTEIbHBIN U0

Ha rerepomnepexo/ie ajamMas-KpeMHUn
A.B. bornanos
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AJMa3, KaKk aKTHBHBIN 3JICMEHT MOJIYIPOBOJIHUKOBOI'O MPHUOOpa MOBBIIIAET €ro
pabouyro Temneparypy [1; 2].

[{esb paboTHI - TOTYyYSHUE BEICOKOTEMIIEPATYPHOTO BBITTPSIMIIFOIIIETO TeTepOoIie-
pexo/1a CHHTETUYECKHI aJiMa3 P - TUIA IPOBOJAUMOCTH ¥ KPEMHHI M-THITA IPO-
BOJIMMOCTH.
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PesynbpTaTel uccienoBaHuil. OCOOEHHOCTBIO MPEII0KEHHON HaMu OJIHUMU U3
nepBbIX B Mupe el B 1990 roiy TEXHOJOTUH SBJISETCS HAHECEHUE B IJIa3MeE Ta-
30BOr0 pa3psia Ha KPEMHUH N - TUIA IPOBOJAUMOCTH TUIEHKA CHHTETUYECKOTO
anMasap - tuma nporogumocty TonmmHoun 0,1 ... 0.7 MKM. MeToa mia3MeHHOro
ra3oBOrO paspsiia IMO3BOJSET IOJydaTh HanOoJiee KAYECTBEHHbBIEC aJMa3HbIC
wEHKU. CrienranbHOE UX JIETUPOBAHUE HE MPOU3BOAMIOCH.

TexHonorus 3akiaroyanach B cienyromeMm. Ha moBepXHOCTh KPEMHHUEBOM ILIa-
CTUHBI KPEMHUSN - TUIIA IPOBOJIUMOCTH C yIEJIbHBIM conpoTuBieHueM 1,7 OM -
CMB IUIa3Me€ ra30BOT0 pa3psla HAHOCWIIACh AJIMAa3HAs TUIEHKA COOTBETCTBYIOLIEN
TONMMUHBL. Ha 3Ty NMI€HKy U Ha HEIJIaHAPHYI0 CTOPOHY KPEMHHEBOM MIIACTUHBI
HaIbUISJIUCh U BKUTAJIUCh aJIFOMUHHUEBBIE OMHUUECKHE KOHTAKTHI U K HUM IIpUIIa-
VBAJINCh BBIBOJBI.

VY ienbHOE CONPOTUBICHUE alIMa3HbIX MIEHOK 10° — 10° OM * cM, YTO HAMHOTIO
BBIIIIE, UeM KpeMHUs. Bbricokoe conmpoTuBiieHHE aamasa 00yCIOBICHO IITyOOKUM
3ajieraHueM OCHOBHOM akienTopHoi mpumecu 6opa 0,37 3Bu cunbHO# KOMIIEH-
canueit mpumeceit B HEM. [Ipu Gosiee HU3KUX COMPOTUBIICHUSAX aJIMAa3HBIX TIIEHOK
UX Ka4ecTBO YXVJIIAaeTcs, a pabouasi TeMreparypa noHmxaercs. Ha xauectse
BBITIPSIMIICHHS CKa3bIBAETCSI B OCHOBHOM IOCJIEIOBATENILHOE CONPOTHUBIICHUE aJl-
Ma3HOU MJIEHKH, a HE KPEMHUS.

JI71st oBBIIIEHUs pabodnuX TeMIlepaTyp HEOOXOIUMBI BHICOKOE COMPOTHUBIICHUE
anMmasa M OmnpelesIEHHAass KOHIIEHTpalus MPUMECU B HEM. DTO ONpEaeseT IIn-
puHy 00eTHEHHOM 00J1acTH, a, 3HAYUT, U TOJIIUHY aIMa3HbIX IIEHOK. TommmHa
TUIEHKU OTpeeIsach MIUPUHON 00eqHEHHOM oOmactu d = (23 ... 71)HM, npu
Hanpsokennn V = (10...100) Bu N; = 10'8cm~3,

Brisoabl.IloBriiena pabodast temnepatypa Takux anoAoB 10 650 K. HeBvicokuit
KO3 PUITMEHTBBINPSIMIICHUS] OTPAHUYMBAET UX IPUMEHEHHUE B JIEKTPOHUKE.
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High-temperature rectifier diode on a diamond-silicon heterojunction
A.V. Bogdanov
OOO "Experimental production of electronic devices (OPEP), 353901, Russia,
Krasnodar region,Novorossiysk, Shaumyanast., 10, bldg. 1.
Email: bogdanov50@gmail.com

Diamond, as an active element of a semiconductor device, increases its operating
temperature [1; 2].

The aim of the work is to obtain a high-temperature rectifying heterojunction of
synthetic diamond of p-type conductivity and silicon of n-type conductivity.
Research results. The peculiarity of the technology proposed by us among the first
in the world back in 1990 is the application of a film of synthetic diamond of p-
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type conductivity with a thickness of 0,1 ... 0.7 um.to silicon of n-type conductiv-
ity in a gas discharge plasma. The plasma gas discharge method allows obtaining
the highest quality diamond films. They were not specially alloyed.

The technology consisted of the following. A diamond film of the corresponding
thickness was applied to the surface of a silicon wafer of n-type conductivity with
a specific resistance of 1,7 Ohm - cm ina gas discharge plasma. Aluminum ohmic
contacts were sprayed and burned onto this film and onto the non-planar side of
the silicon wafer, and leads were soldered to them.

The specific resistance of diamond films is 10° — 10® Ohm - cm,which is much
higher than that of silicon. The high resistance of diamond is due to the deep lo-
cation of the main acceptor impurity of boron 0,37 eVVand strong compensation
of impurities in it. At lower resistances of diamond films, their quality deterio-
rates, and the operating temperature decreases. The quality of rectification is
mainly affected by the series resistance of the diamond film, not silicon.

To increase the operating temperatures, high resistance of diamond and a certain
concentration of impurity in it are necessary. This determines the width of the
depletion region, and, therefore, the thickness of the diamond films. The film
thickness was determined by the width of the depletion region d = (23 ...71)nm,
at a voltage of V = (10...100)V and Ny = 10¥cm 3.

Conclusions. The operating temperature of such diodes is increased to 650K.The
low rectification coefficient limits their use in electronics.
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DJIEKTPOHHBIE COCTOSIHUS U UX JIOKAJIbHAS MJIOTHOCTH B KpucTawiax YAG
Epmaxos JIL.K.
Canxm-Ilemepoypeckuii [lonumexnuueckuu Ynusepcumem Ilempa Benuxoeo, 195251,
Poccuiickas ®eoepayus, Cankm-Ilemepoype, I[lonumexuuyeckas yiu., 0. 29,
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JlanpHeiiniee pa3BUTHE Ja3epHON TEXHUKU TPEOYyEeT HOBBIX MaTepUajoB, B KOTO-
PBIX BO3MOXKHO CO3/aHMe Ja3epHoro dddexra 3a cueT oOpa3oBaHUs WHBEPCHOM
HACEJICHHOCTH ypoBHeH [1]. Becbma nepceKTUBHBIMU JJIsI 3TOTO SIBJISIIOTCS] KPU-
CTaJUTBI ¢ OOJIBIIION MIUPUHON 3aNPEIICHHONW 30HbI M, B YaCTHOCTU UTTPUHN-AITIO-
munueBbie TpaHathl (YAG) [2].Y HuxX naHHbBIN mapaMeTp UMEeT 3HaYeHUE OKOJIO
6 5B, 4TO MO3BOJIAET MyTEM BBEACHUS NMPUMECHBIX aTOMOB CO3/1aBaTh CUCTEMBbI
YPOBHEM, U3ITyUYE€HUE C KOTOPBIX JIEKUT B BUIUMOM CIIEKTPE, KOTOPOE O€3 MoTeph
MO>KHO BBIBECTHU U3 KpucTaiia [3]. @akT co3/1aHUsI MTHBEPCHOM HACEJIIEHHOCTH 3a-
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BHUCHUT OT JIOKQJIBbHOM TJIOTHOCTH 3JIeKTPOHHBIX coctosinuit (JIIIC). Teopetuue-
ckoe uccnenoBanue e€ 11 YAG umeer onpeesieHHbIe MPoOiIeMbl h3-3a 00J1b-

II0r0 pa3Mepa EMEHTapHOH stueiiku (ky6 ¢ pebpom 12.010 A), a taxke 6011b-
[IMM YHCJIOM aTOMOB B Hel (260). AHaTUTUYECKH aHAJIU3 JIEKTPOHHOU CTPYK-
TYpHI CACNATh MPAKTUIECKU HEBO3ZMOXKHO, TOATOMY OoJiee 3(h(PeKTUBHBI TOTYIM-
MUPUIECKUE METOJIBI, OJTHUM U3 KOTOPBIX SBIISICTCS METO Pa3OKCHUS (QYHKITHH
['puna B HenpepsiBHYIO 1po0b (H/I) [4]. DTOT MeToA HCNONB3YyET PEKYPCUBHYIO
MPOLeTyPY TPUANATOHATN3AINYA MATPHIIBI HCXOAHOTO TaMibToHaHa. EcTh He-
CKOJIbKO METOJIOB TpUJMAroHagu3aluu marpul, Ho meton HJI mo3Bossier uc-
M0JIb30BaTh TOJBKO TPU OAHOMEPHBIX MAaccCHBa pa3MepoM (N) Kaxabli BMECTO
MaTpHIlbl pazmepoM (NXN). MaTpuiia raMHUJIbTOHHAHA B IOy MIIUPUUECKOM BUJIE
UCIIOJIb3YET MOTEHIMAIbBl MOHU3AIUHU JIJIs1 AUArOHaJIbHBIX 3JIEMEHTOB, a JIJIs He-
JTMArOHAJbHBIX 3JIEMEHTOB MOJYCYMMY JHArOHAJIbHBIX YMHOXKEHHYIO Ha UHTE-
rpaji nepeKpbiBaHus. BrllieykazaHHyI0 MaTpuUIly HET HEOOXOJIUMOCTH XPAHUTh
MOJTHOCTHIO, IOCTATOYHO T€HEPUPOBATH MAaTPUUHBIE JIEMEHTHI IO X0y pacueTa,
TeM 0o0Jiee, YTO MHOTHE U3 HUX TIOBTOPSIOTCS M UX TPOIIE 3aIIOMHUTH B OT/ICITh-
HbII HeOobon MaccuB. OaHako meroa HJI obnagaeT HEKOTOpOU HEyCTONYU-
BOCTBIO, CBSI3aHHOM C TEM,UTO IT0 XOAY alrOpPUTMa MaTPUIla MHOTOKPATHO YMHO-
KaeTcsl camMa Ha ce0s U MOITOMY YHclia OBICTPO PacTyT, HEPEIKO BBIXOMA 3a pa3-
pEIICHHYIO JIJIl KOMIIbIOTepa BEIHMUHUHY. M30aBUTHCS OT 3TOTO MOYKHO MAcCIIITa-
OMpOBaHHEM JIMATOHATLHBIX MAaTPUYHBIX JIEMEHTOB - JIEJICHUEM HAa MaKCUMaJlb-
HBIM TMAarOHAJIbHBIN MaTPUYHBIN JIEMEHT, YTO HETPYAHO C/eNiaTh aBTOMaTHYe-
ckd. MHuMas yacth QyHkiuu ['puHa, ymMHOXKeHHast Ha kod3pduruent (-1/n) u
naet JITIC. JlokanpHa npy TaKOM MOJIXO0/I€ U3-3a TOTO, YTO B MOTYIMIUPUIECKOM
BapUaAHTE UIIOJIB3YIOTCS aTOMHBIE OpOUTANH, JIOKAJIM30BaHHBIE HA KOHKPETHOM
Mecte nanHoro aroMa B meroze JIKAO. Pesynbratsl pacuera JIIIC Hemnoxo co-
IJ1aCyIOTCS C SKCIIEPUMEHTOM [5].
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Further development in laser technology requires new materials in which it is pos-
sible to create a laser effect due to the formation of inverse population levels [1].
Very promising for this are crystals with a large width of the prohibited zone and
in particular yttrium-aluminiumgrenades(YAG) [2]. They have this parameter has
a value of about 6 eV, which allows by introducing impurity atoms to create level
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systems, the radiation from which lies in visible spectrum, which can be deduced
from the crystal without loss [3]. The fact of creating an inverse population de-
pends on the local density of electronic states (LDS). A theoretical study for-
YAGhas certain problems due to the large size of the elementary cell (cube with
edge 12.010 A), as well as the large number of atoms in it (260). Analytical anal-
ysis of the electronic structure is almost impossible, therefore, semi-empirical
methods are more effective, one of which is the method of decomposition of the
Green function into a continuous fraction (ND)[4].This method uses the recursive
tridiagonalization procedure of the original Hamiltonian matrix. There are several
methods for tridiagonizing matrices, but the ND method allows only three one-
dimensional arrays of size (n) each to be used instead of a matrix of size (n x n).
The Hamiltonian matrix in semi-empirical form uses ionization potentials for di-
agonal elements, and for non-diagonal elements the semi-sum of diagonal multi-
plied by the overlap integral. The above matrix does not need to be stored com-
pletely, it is enough to generate matrix elements during the calculation, especially
since many of them are repeated and it is easier to remember them in a separate
small array. However, the ND method has some instability due to the fact that
during the algorithm the matrix multiplies itself many times and therefore the
numbers grow rapidly, often going beyond the value allowed for the computer...
You can get rid of this by scaling diagonal matrix elements by dividing by the
maximum diagonal matrix element, which is not difficult to do automatically. The
imaginary part of Green's function is multiplied by the coefficient (-1/z) and gives
the LPS. It is local in this approach due to the fact that in the semi-empirical anta,
the atomic orbitals localized at a specific place of a given atom in the LKAO
method are used. The results of the calculation of the LPS are in good agreement
with the experiment [5].
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B HenaBHee BpeMs Obuia MOJIPOOHO MCCIEIOBaHA TPEXKOMIIOHEHTHAs CHCTEMa
AgCl — AgBr — Agl [1], B Buae mOCICA0BATEIBHOIO MOJTYYCHHS, HU3ydCHUS
CBOMCTB, MOMCKa U OOOCHOBAHUSI KOPPENSAIMI MEXAY TEXHOJIOTHMEH CHUHTe3a-
CTPYKTYPOH-CBOMCTBAMHU TaJIOT€HHUICEPEOPSIHBIX MOHOKPUCTAIIIOB U KEPAMUKH.
bnaronapsi KOMIUIEKCHOMY UCCJEIOBAHUIO TAHHOW CUCTEMbI OBLIU JIOCTUTHYTHI
HIMPOKKHE BO3MOKHOCTH 110 Bapyalliy MOKa3aTes mpesoMieHus, GoTo- U pajau-
AllMOHHOM CTOMKOCTH, TBEPAOCTU U IUIOTHOCTU. BCe 3TH BO3MOKHOCTH Ba)KHBI
JUIS TIPOU3BOJICTBA KAUYECTBEHHOM, (DYHKIIMOHATLHOW BOJIOKOHHOM ONTHKHU CPEI-
Hero UK nuamnaszona, He0OX0UMOM JJ1s1 TA3€PHBIX U IMATHOCTUYECKUX METULIMH-
CKHUX TE€XHOJIOTUH, 30HA0BON CIIEKTPOCKOITUHU U TepMOTpadum.

Ha naHHbIii MOMEHT aKTyaJbHBIM SIBJISIETCSI BOIIPOC U3TOTOBJICHUSI MUKPOCTPYK-
TypupoBaHHbIX ¢BeTOBO10B (MC) [2] Ha OCHOBE HOBBIX HH(PPAKPACHBIX MaTEpU-
aJIoB, TaK KaK OHU 00JIAIAI0T XapaKTEePUCTUKAMU, OTIIMYHBIMU OT KJIACCUYECKUX
JIBYXCIIOMHBIX BOJIOKOH. DTH CBOMCTBA OTKPHIBAIOT HOBBIE 00JIACTU IPUMEHEHHUS.
B cTaHpapTHBIX BOJIOKHaX OJIHOMOJOBBIN PEXUM IEpe/ladyd U3IYyUYEHHS] BO3MO-
YKEH JIMIIb [PYU MAJIOM TUAMETPE CEPJILIEBUHBI, UTO YCIOKHIET BBOJI CBETA U I1O-
BBIIIACT HeTUHEHHOCTh. MC ke SIBISIOTCS (PYyH/IaMEHTAJIbHO OJJHOMOJIOBBIMH,
YTO JOCTUTAETCS MOCPEICTBOM «OTCEUEHUS» BBICIIMX MOJ MUKPOCTPYKTYPHUPO-
BaHHOW 000JIOUKOW Ha JIFOOBIX JJIMHAX BOJH. TakuM 00pa3oMm, HCHOJIb30BaHHE
MC MOXeT yIpOCTUTh ONITUYECKUE CXEMbI, UCKITFOYasi MEKMOIOBYIO JUCIIEPCHUIO
1 o0ecreurBasi BBICOKOE KaueCTBO MPEAaBaeMOro CUrHaja B IIMPOKOM CIIEKTpE,
yIpoIiasi BBOJ MOIIIHOTO U3JTy4YCHUSI.

B xoxe pa6ots ¢ momomsto 110 ComsolMultyphysics [3] 6b110 poBeieHO Hc-
CJie/IOBaHUE JIBYX THUIIOB CTPYKTYp: C IIEHTpaJbHON BCTaBKOW, OOiaaaroieit
OOJIBILIMM IO OTHOIICHUIO K MaTpulle U nepudepruiiHbpIM BCTaBKaM MOKa3aTeaeM
npejomiieHusi, U 0e3 He€. [IpenBapuTebHO ObUIO BBITIOJIHEHO MOCTPOEHUE T'€0-
MeTpuu nornepeyHoro ceuenust MC. [Ipu MoienupoBaHuy BapbUPOBAIUCH MTOKA-
3aTeNIM MPEJIOMIICHUS U JUAMETPhI 3JIEMEHTOB CTPYKTYPbI CBETOBO/IA, a TAKXKE 3a-
JABAIMCH JIJTMHBI BOJIH IlepeaBaeMoro usnydenus: 5, 10,6 u 14 mxwm. Ilo pe3ynb-
TaTaM MOJEIUPOBaHUs ObUT MIPOBEAEH pacueT paclpeeIeHUs] SHEPTHil B More-
PEYHOM CE€YEHUHU U ONTUUYECKUX MMOTEPb.

Takum 06pa3zom ObUTH BBISIBJICHBI HECKOJIBKO ONTHUMAIBHBIX HAOOPOB COCTABOB C
BBICOKMMU 3HAYCHUSIMU DHEPTUM MPU HU3KUX ONTUUYECKUX MOTEPSX, 3HAYCHUS
KOTOPHIX HE MpeBbiuaioT nopsaka 10, Jling usrorosnenus MC Kak ¢ LeHTpaIb-
HOM BCTaBKOM, Tak U 0e3 He€, HanboJiee ONTUMAIBHBIMU OKa3aJIUCh HA0OPhI MO-
HOKPHUCTAJJIOB!: AgBro,87|o,13, AgBr, AgBro,97|o,03 51 AgBro,gﬂo,og, AgC|0114Br0160|0126,
AgBr. JIns MC 0e3 ueHTpanbHOW BCTaBKM ONTUMAaJIbHBIMH HAa0OpaMu COCTABOB
SBJIAFOTCS TAKXK€E: AgBro,87|0,13 )51 AgBro775|o725; AgC|o7g5Bro775 u AgCI0,24Br0,72Io,o4;
AgCl u AgClo gsBro 10lo0s; AgClossBroaglo. 13 AgClo30Broa7lo2s; AGClo14Broeolo,2s
1 AgClosBroe2los0. Bo Bcex Habopax muameTpbl BCTaBOK cocTaBisuik 20 MKM, a
pa3mepsl 1mara cTpykTypbl 1 maTpuisl — oT 100 1o 150 u ot 1000 mo 1120 mxm
COOTBETCTBEHHO.

B pesynbTaTte paboThl OBLIN MOTYyYEHBI ONITUMAJIbHBIE 3HAYEHUSI COCTABOB M I'€0-
MeTpudeckux napameTpoB aig MC Ha ocHOBe MOHOKpHCTAIITOB cucteMbl AgCl
— AgBr — Agl, mmanupyeMsIx K JaJIbHEUIIEMY U3TOTOBIIEHUIO.
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Determination of optimal spatial characteristics of photonic crystal fibers of

various structures based on single crystals of the AgCl — AgBr — Agl system
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Recently, the three—component AgCIl — AgBr - Agl system [1] has been studied
in detail, in the form of sequential preparation, study of properties, search and
substantiation of correlations between synthesis technology, structure and prop-
erties of silver halide single crystals and ceramics. Thanks to a comprehensive
study of this system, wide possibilities have been achieved for varying the refrac-
tive index, photo and radiation resistance, hardness and density. All these capa-
bilities are important for the production of high-quality, functional fiber optics in
the mid-IR range, necessary for laser and diagnostic medical technologies, probe
spectroscopy and thermography.

At the moment, the issue of manufacturing photonic crystal fibers [2] based on
new infrared materials is relevant, since they have characteristics different from
classical two-layer fibers. These properties open up new areas of application. In
standard fibers, single-mode radiation transmission is possible only with a small
core diameter, which complicates light input and increases non-linearity. Photonic
crystal fibers, on the other hand, are fundamentally single-mode, which is
achieved by "clipping"” higher modes with a microstructured shell at any wave-
length. Thus, the use of photonic crystal fibers can simplify optical circuits, elim-
inating intermode dispersion and providing high-quality transmitted signal in a
wide range, simplifying the input of high-power radiation.

In the course of the work, two types of structures were studied using Comsol Mul-
tiphysics [3] software: with a central insert having a high refractive index relative
to the matrix and peripheral inserts, and without it. The geometry of the photonic
crystal fibers cross-section was preliminarily constructed. During the simulation,
the refractive indices and diameters of the fiber structure elements were varied,
and the wavelengths of the transmitted radiation were set: 5, 10.6, and 14 microns.
Based on the simulation results, the energy distribution in the cross section and
optical losses were calculated.
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Thus, several optimal sets of compositions with high energy values at low optical
losses have been identified, the values of which do not exceed the order of 10°°.
Single crystal sets AgQgBrosslois, AgBr, AgBrogrloos and AgBrogzloos,
AQgClo14Brosolo2s, AgBr proved to be the most optimal for the manufacture of MS
with and without a central insert. For photonic crystal fibers without a central
insert, the optimal composition sets are also: AgBrosrloiz and AgBro7510.2s;
AgClo2sBrozs  and  AgClo24Brozaloos;  AgCl  and  AgClogsBro.iolo.os;
AgCloseBro2elo.13 and AgClooBroazlo.2s; AgClo.14Broeolo2s and AgClo.osBro.s2lo.so.
Inall sets, the insert diameters were 20 microns, and the pitch sizes of the structure
and matrix were from 100 to 150 and from 1000 to 1120 microns, respectively.
As a result of the work, optimal values of compositions and geometric parameters
for photonic crystal fibers based on single crystals of the AgCl — AgBr — Agl
system, planned for further production, were obtained.
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B HenaBHee BpeMst Oblila MCCIeJ0OBaHa HOBAsi CUCTEMa TBEP/IBIX PACTBOPOB Tallo-
reHu10B MeTayioB — T1Bro46lo54 — AgBIro7lo s myTem mocrpoenus ¢a3opoii aua-
rpaMMBbl U €€ Mocieayromero ananusa. [lo pesyiabraTaM JaHHOTO UCCIEIOBAHUS
OBLTN OMpeIesICHbl 00JIaCTH TOMOT€HHOCTH M T€TePOre€HHOCTH IMarpaMMbl, B KO-
TOPBIX BO3MOYXEH CHHTE3 MOHOKPHUCTAJUIOB M JABYX(a3HOW KepaMHUKH, COOTBET-
cTBeHHO. Clieyroniuii 3Tan U3y4eHusl TBEPIbIX PACTBOPOB YKa3aHHOM CHCTEMBbI
nojipazyMeBall pa3pab0TKy TEXHOJIOTMM TMOJIYYEHUsS MaTepuaioB Kaxaoro
KJIacca, OCHOBAaHHON Ha TUJIPOXUMHUYECKOM CHUHTE3€ BBHICOKOYMCTOM IIUXTHI MO
merony T3KC [1], BelpamiuBaHUU MOHOKPUCTAILIIOB 10 MeToxy bpumkmena [1] u
MPOU3BOJICTBY KEPAMUKH C UCIOJIb30BAHUEM HAIPABICHHOW KPUCTAJUIN3ALINH.

[TepBblii 3Tan TEXHOJIOTUH MOJTYUYEHHUS ABJISIETCS KIFOUEBBIM, TaK KaK MO3BOJISET
OUYHCTUTh UCXOJIHBIE KOMITOHEHTHI OT KATUOHHBIX MpUMeEcel 1 00pa3oBaTh TBEP-
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JIBIA PAacTBOP 3aJIaHHOTO COCTaBa, OJHAKO 3TH PE3yIbTaThl JOCTUTAIOTCS Ipa-
BUJILHBIMU PEKMMaMU CUHTE3a.

B ciyuae nonyuenus matepuanos ¢ MaTpulieid Ha ocHoBe AgBro 7103 ObLT IpUHST
MatouHblil pactBop 1,5 MHBI, xapakrepubiit jyis cucremsl AgBr — Agl [1]. B
pe3yibTaTe CUHTE3a IIUXTHI M0 PEeKMMaM, aHAJIOTHYHBIM [l1], U najmpHEHIIero
MIPOU3BOJICTBA ONTUYECKOW KEPAMHUKHU OBLIU MOJIy4eHbl KaueCTBEHHBIE ONTHYE-
CKHE MaTepuaibl OTHOPOJHON CTPYKTYpHI, C IIMPOKUM JHANA30HOM IPOITyCKa-
HUS U JIIOMUHECHEHTHBIMHU cBOMCTBaMH. OTHAKO NIPH NOJYYEHUH MaTEPUAIIOB C
matputieit Ha ocHoBe T1Brg4elos4 manubIN pexkum cuntesa npu T3KC mpusen k
MOJTyYEHHUI0 HEOAHOPOIHOT0 00pa3iia, BU3yadbHO HEMPO3PauHOTO B BUIUMOI 00-
nactu. TakOwu1 momyueH obpaser coctaBa 98 momn. % TIBrossloss — AgBIozlos
YKEJNTOro IBETAa, YTO HEXApAKTEPHO ISl MATEPHAIIOB C BBICOKHM COJIEpKAaHUEM
fonua Tajuus, ¢ mpoiyckanuem B Buaumoit oodnactu 5—10 %. Cornmacao COM
aHaJIn3y, ATOT oOpasel; umel 1eeKThl U CoAepKan KPYIHbIE arjJoMepaThl pOM-
ouueckoii dazel R-3. B pesynbpraTe Obul mosiydeH oOpasel] ONTHYECKON Kepa-
MUKH, HECMOTPSI Ha TO, YTO COIVIaCHO (pa30BOM AUarpaMMe JaHHbII COCTaB OTHO-
CUTCSI K TOMOT€HHON 00JIacTH.

C 11eJ1b10 MOBBILLIEHUS KAYECTBA UCXOAHON IHUXThI ObUIO MPUATO pPelIeHue 00 u3-
MEHEHHH COCTaBa M KOHIIEHTPALIMM KUCJIOT. BBIIO MpeIyIoKeHO ABa BapUAHTA:
MCIOJIb30BaHME MaTo4yHOro pactBopa cocrtaa HBr + HI ~ 3M ¢ kucnoramu
KJ1acca X.4. ¥ MPUMEHEHHE KUCIIOTHI KJIACCa 0.C.4. C MOBBIIIEHHONW KHUCIOTHOCTBIO
— HCI ~ 6M. IlonydeHHble B pe3ybTaTe CHHTE3a 00pa3lbl ObUTN MOJIBEPTHYTHI
Bu3yanpHoMy, COM u cnekrpanpHOMy aHanu3zy. COM anamu3 oOpasna u3
HIMXTHI pu MaToyHOM pactBope HCl ~ 6M no3BonuI1 BBISIBUTH paBHOMEPHO pac-
npesesieHHbIe arjiomepaTsl pomondeckoit ¢aszsl R-3, pazMmep KOTOpbIX AOCTUTANT
10 MKM, 4TO TOBOPUT O KEpaMUUYECKON CTpyKType. OOpaszen uMes KpacHbIH LBET.
CriekTpasibHOE MPOMYCKaHUE MOTYYEHHON ONTHYECKON KEpaMUKH ITOKA3aJ0 He-
3HAYUTEIBHOE YBEIMYEHUE Mpo3pavyHOcTH Marepuana a0 20 % B BUIUMOU H
ommxuent K obnactu.

[Ipu ucnonb3zoBannu MarouyHoro pactsopa HBr + HI ~ 3M wu3 nomyuyeHHOU
IIMXTHI yJIAJIOCh BBIPACTHTH MOHOKpHUCTaLT coctaBa 98 mon. % TIBrosslossB
AgBTro7lo3, aTo 6p110 MOATBep)kaeHO COM. OOpaser uMen KpacHbI 11BeT. Ha
MOJIy4YEHHOM CIIEKTpPE B pallOHE KOPOTKOBOJIHOBOI'O Kpas MOTJIOIIEHHs Ha0oaa-
€TCsl CKaYKoOOpa3HOEe YyBEIMUYEHUE YPOBHA MPO3PAYHOCTU MaTepHalia, J0CTUra-
foeit B 0mmkHert UK obnactu 25%, 4To Takke CBUIETEIBCTBYET 00 OTCYTCTBUH
LIEHTPOB paccesHus usnydeHus (Ppaser R-3). Takum 00pa3om OBLIO IKCIICPUMEH-
TaJIbHO YCTaHOBJIEHO, 4TO pexxuM T3KC ¢ maTounbIM pacTBOpoM Ha ocHOBe HBr
+ HI ~ 3M nyumie ocTaiabHBIX MOAXOIWT IJIsi CUCTEMBI TBEPABIX PacTBOPOB
AgBro7lp3—TIBrg 46l054¢ BEICOKMM MOJIBHBIM coaepkanueM T1Brg 4610 54.
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Recently, a new system of metal halide solid solutions — TIBro 4slo54 — AgBro7lo 3
was investigated by constructing a phase diagram and its subsequent analysis.
This study identified the regions of homogeneity and heterogeneity in the dia-
gram, where the synthesis of single crystals and two-phase ceramics is possible,
respectively. The next stage of studying these solid solutions involved developing
a technology for obtaining materials of each class, based on hydrochemical syn-
thesis of high-purity raw material using the method of thermozone crystallization-
synthesis (TZCS) [1], single crystal growth by the Bridgman method [1], and ce-
ramic production using directional crystallization.

The first stage of the production technology is crucial, as it allows purification of
initial components from cationic impurities and formation of a solid solution with
the desired composition, but these results are achieved only with correct synthesis
parameters.

For materials with an AgBro7lp 3 matrix, a 1.5 M HBr mother solution typical for
the AgBr — Agl system [1] was used. The raw material synthesized under condi-
tions similar to [1] and subsequent production of optical ceramics yielded high-
quality optical materials with homogeneous structure, wide transmission range,
and luminescent properties. However, for materials with a TIBrg 461054 matrix, the
same TZCS synthesis conditions resulted in a heterogeneous sample that was vis-
ually opaque in the visible range. A sample with composition 98 mol.%
TIBro4slos4 — AgBro7lo 3 was obtained, showing yellow coloration (untypical for
materials with high thallium iodide content) and only 5-10% visible light trans-
mission. SEM analysis revealed defects and large agglomerates of rhombic R-3
phase, resulting in optical ceramic formation despite the phase diagram classify-
ing this composition as belonging to the homogeneous region.

To improve the raw material quality, modifications of acid composition and con-
centration were implemented. Two approaches were proposed: using a HBr + HI
~3M mother solution with analytical grade acids, and using high-purity HCI ~6M
with increased acidity. The synthesized samples underwent visual, SEM and spec-
tral analysis. SEM analysis of the sample from charge obtained with HCI ~6M
mother solution showed uniformly distributed R-3 phase agglomerates up to 10
um in size, indicating ceramic structure. The sample appeared red. Spectral trans-
mission of the obtained optical ceramic showed slight improvement of transpar-
ency up to 20% in visible and near-IR ranges.

Using HBr + HI ~3M mother solution enabled growth of a single crystal with
composition 98 mol.% TIBrg 4slos4 in AgBro 7103, as confirmed by SEM. The sam-
ple was red-colored. Its transmission spectrum showed abrupt increase of trans-
parency near the short-wavelength absorption edge, reaching 25% in near-IR,
which also indicates absence of radiation scattering centers (R-3 phase). Thus, it
was experimentally established that TZCS process with HBr + HI ~3M mother
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solution is most suitable for AgBro7los — TIBro4sloss solid solution system with
high TIBro 46l054 molar content.

The study was supported by Russian Science Foundation grant No. 25-13-00506,
https://rscf.ru/project/25-13-00506/.
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[Tokazarenb MPEIOMIICHUS SIBISICTCS OJTHUM M3 KIIFOUEBBIX MMapaMeTpPOB JIFOOOTO
OTITHYECKOTO MaTepHalia, B CBS3U C YeM OH 0053aH OBITh OMPEAEIICH JIJIT HOBBIX
OTNITHYECKUX MAaTEPUAIOB, KAKMMHU SIBJISTIOTCS MOHOKPHCTAJIIBI M KEpaMHKa Ha OC-
HOBe TpexkoMmmoHeHTHOH cuctembl AQCl — AgBr — Agl. /lanHble MaTepUalibl
peIHa3HAYeHbI JIJIs1 UHPpaKpaCHON 00JIaCTH CHEKTPa, JIa3ePHBIX TEXHOJIOTUN U
MUPOMETPHUH, TTOITOMY B MPOIIECCE IKCIUTyaTallMd MOTYT MOABEPraThCs TEIUIO-
BOMY BO3JIeHiCTBHIO. BeiencTBre 3Toro mpu BHEIPEHUH HOBBIX MaTEPHUAJIOB B OII-
TUYECKUE U ONTO3JICKTPOHHBIC MPUOOPHI U CUCTEMBI TpeOyeTcss nHpopMarus o
TeMIIepaTypHOM KO3(PUIIMEHTE TOoKa3aTessl MPEeIOMJICHHs BO BCEM padodem
JMana3oHe MOHOKPHUCTAIOB U Kepamuku Ha ocHoBe AQCl — AgBr — Agl.
HccnenoBanue mokasaresis NPeOMIIEHHs] OCYIIECTBISIOCH C UCIOIb30BAHUEM
CIIEKTPOCKONTMYCCKON MeTOAMKHU. [ perucrpanuu BIMSHUS TeMIIEpaTypbl Ha
MoKa3aTesb MpesioMJieHUs ObllIa Co3/jaHa HOBasl yCTaHOBKa i Harpesa 10 200°C
MJIOCKOMApaslIeNIbHBIX 00pa3I0B ¢ BO3MOKHOCTBIO pacueTa JUCIEPCUH B Juara-
30He AyuH BOJH 2,0—14,0 mxwMm [1].

C WCIONb30BaHUEM YKa3aHHBIX METOJIUKHA M YCTAHOBKH OBLITM 3apETHCTPHUPOBAHBI
CIIEKTPBI MPOIMYCKAHUS C YCTOMYMBOM MHTEPhEPEHITEH, KOTOpas TO3BOIMIIA TI0
YPaBHEHUSIM, OIMCAHHBIM B [2], paccuudTaTh MMOKA3aTeIu MPEJIOMIICHUS Ha JJIMHAX
BostH A = 5,0; 8,0; 10,6; 12,0 mxm pu Temniepatypax 26; 50; 100; 150; 200 °C.

Bce 3HadeHus mokaszaTesns MpeioMIIeHUsT ObLITH 00OBETUHEHBI B 3aBUCUMOCTH OT
JUTHHBI BOJIHBI U TeMIepaTypbl o0pasia. [ Bcex cocTaBoOB B paMKaX CUCTEMBI
AgCl — AgBr — Agl nabmrogaetcst pocT moka3aTesis IPEIOMIICHHUS TPH TMOBBIIIIC-
HUU TEMIIEpaTyphbl 1 YMEHBIIICHUH JITTUHBI BOJHBI (A = 5—12 Mxm). J{7st cucteMbl
AQCl — AgBro7lp3 xapakTepHo n3ameHnenue mokasareis ot 2,022 g0 2,210. Tem-
nepatypHbii KoadduimenT nokazatens npenomiieHus coctasui 0,00014. s
cucteMbl AgBr — Agl nokasarenb mpenoMIeHUSI U3MEHSIETCSl B TMANa30HE OT
2,174 no 2,242, a remnepatypHubiii ko3 duiment pasen 0,00007. Hakoner, ais
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cuctembl AQClo 25Bro7s— Agl nccaenyemble 3HaUECHUS U3MEHSUTUCH B THANIA30HE
2,144-2 368. TemneparypHblii KO3(phUIIMEHT TOKa3aTes MPEIOMIICHUS B J1aH-
HOM cucTeMe B cpeanem coctasisier 0,00013.

[Tony4yeHHbIe 3HaUYEHUS JJIsl BCEX COCTABOB B paMKax TPEXKOMIIOHEHTHOW CH-
crembl AgCI — AgBr — Agl koppemupyror Mexxay Apyr Apyrom. JIJis BceX CUCTEM
XapaKTEpHbl HU3KUE 3HAYEHUS TEMIIEpaTypHBIX KOI(PPUIMEHTOB, KOTOpPHIE HE
BHECYT 3HAUYUTEIBHOTO UCKAXECHHS B ONITUYECKUI CUTHAI U MOTYT OBITh YUTEHBI
JUTSL BBICOKOTOYHBIX TPUMEHEHU.

HccnenoBanue BHIMOIHEHO MU (PMHAHCOBOM Mojiepkke MUHHCTEPCTBA HAYKH
U BbIcuIero oopasoanus Poccuiickoit @enepannu B pamkax [Iporpammel pa3su-
TUsl Ypanbckoro (efepaabHOro yHUBEpcuTeTa uMeHu nepsoro [Ipesunenta Poc-
cuu b.H. EnpiiHa B COOTBETCTBUM € TPOrPaMMON CTPATETUYECKOTO aKaIeMuye-
ckoro nuaepctsa "[Ipuoputer-2030".
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Temperature coefficient of the refractive index of single crystals

and ceramics of the AgCIl — AgBr — Agl system
1Kabykina E.Y., Yuzhakov I.V.,'Vorob’eva D. A., 1Sabitova Y .E., Yuzhakova A A.,
1* Zhukova L.V.
1Ural Federal University named after the First President of Russia B. N. Yeltsin, 19 Mira St.,
Yekaterinburg, 620002, Russia
email: “l.v.zhukova@urfu.ru

The refractive index is one of the key parameters of any optical material, and
therefore it must be determined for new optical materials, such as single crystals
and ceramics based on the three—component AgCl -AgBr-Agl system. These
materials are engineered for infrared spectral applications, laser technologies, and
pyrometry, hence they may experience thermal loading during operation.
Consequently, integrating these materials into optical and optoelectronic devices
mandates comprehensive characterization of their thermo-optic coefficient
(dn/dT) across the operational temperature range for both AgCl-AgBr-Agl
monocrystals and ceramics.

The refractive index was studied using a spectroscopic technique. To register the
effect of temperature on the refractive index, a new installation was created for
heating plane—parallel samples to 200 °C with the possibility of calculating
dispersion in the wavelength range of 2.0-14.0 um [1].

Using this technique and setup, transmission spectra with stable interference were
recorded, which made it possible to calculate refractive indices at wavelengths of
A =5.0; 8.0; 10.6; 12.0 um at temperatures 26; 50; 100; 150; 200 ° C using the
equations described in [2].
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All refractive index values were combined depending on the wavelength and
temperature of the sample. For all compositions within the AgCIl — AgBr — Agl
system, an increase in the refractive index is observed with increasing temperature
and decreasing wavelength (A = 5-12 um). The AgCl — AgBro7lps System is
characterized by a change in the index from 2.022 to 2.210. The temperature
coefficient of the refractive index was 0.00014. For the AgBr — Agl system, the
refractive index varies from 2.174 to 2.242, and the temperature coefficient is
0.00007. Finally, for the AgClo2sBro7s — Agl system, the values studied varied in
the range of 2.144-2.368. The temperature coefficient of the refractive index in
this system averages 0.00013.

The obtained values for all compositions within the framework of the three—
component AgCl — AgBr - Agl system correlate with each other. All systems are
characterized by low values of temperature coefficients, which will not
significantly distort the optical signal and can be taken into account for high-
precision applications.

The research was carried out with the financial support of the Ministry of Science
and Higher Education of the Russian Federation within the framework of the
Development Program of the Ural Federal University named after the first
President of Russia B.N. Yeltsin in accordance with the strategic academic
leadership program "Priority 2030".
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JIeKTPO- U TelI0pu3nIeCKHe XapaKTEePUCTHKH raJIOTeHUI0B cepedpa

B 3ABHUCUMOCTH OT TeMIIEPaTypbl
1 YOxaxos U. B., ! FOxakoBa A. A., ! bensesa A. B., ! bouaposa E. K., ! Bopo6nesa /1. A.,
'Ka6wixuna E. 10., 1" XKykosa JI. B.
L Vpanvckuii pedepanvuviii ynusepcumem umenu nepsozo Ipezudenma Poccuu 5. H. Enp-
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MoHOKpHUCTA/IBI U KEPAMUKA Ha OCHOBE TaJIOTEHU0B cepedpa IpeaCTaBIISIIOT
BBICOKMI Hay4HbId MHTEpec Ojarojapsi CBOMM YHHUKAJIbHBIM CBOMCTBaM U mep-
CIIEKTUBAM IIPUMEHEHUS B COBPEMEHHBIX TEXHOJIOTHUAX, B TOM YHCJIE B OIITODJIEK-
TpoHuke. OTHUMH U3 BaXKHBIX (DYHKIIMOHAJIBHBIX TapaMETPOB JIAHHBIX MaTepHua-
JIOB SIBIISIIOTCSL DJIEKTPO(U3UUECKUE U TEIJIOPU3NYECKHE CBOMCTBA, KOTOpHIE
ObUIM KCCIIeI0OBaHbl B HACTOALIEH padoTe.

["anorennacepeOpsiHble MOHOKPUCTAIBI U KepaMHUKa SIBISIOTCS ONTHYECKUMHU
MaTepuagamMH, MPeACTaBISIOUMMI CO00M HOHHBIE IPOBOJAHUKH. B cBs3U ¢ 3THM
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JUIS. UCCIIEAOBAaHUSI MX MOHHOW MPOBOJMMOCTH NPHUMEHSIIACH JIBYXKOHTAKTHAS
cxema [ 1], mpu KOTOpo# perucTpupoOBaIUCh HAIPSKEHHUE U TOK, TPOXOIALINN Ye-
pe3 oOpaszel, ¢ UCMoiIb30BaHUEM BoJbTMETpa B7-58 u cnernuanbHOl OCHACTKH,
BKJIIOYAIOIIEH 3JIEKTPOIbl HA OCHOBE cepedpa, M30JIMPOBAHHBIC OT HarpeBaTeei
KepaMHU4YeCcKUMH TiacTuHamMu. OOpas3ipl Mpe/CTaBIsIn cOOOM ITocKomapal-
JenbHbIC TIaCTUHBI TOMMHOMN 320 — 390 + 5 MkM 1 AuameTpom 15 £ 3 MM, 110-
JyYEHHBIE METOJOM ropsAdYero npeccoBanus. MzMepeHus npoBOIMINCH OT KOM-
HaTHOU TemriepaTypsl 10 200 °C ¢ marom 5 °C. AHaIN3 TeMIlepaTypHBIX 3aBH-
cumoctelt B koopannatax «1000/T — lg(oT)» mokazan, 4yTo ¢ pocTOM TemIepa-
TYpbl IPOBOJUMOCTb YBEITMUUBAETCS, YTO XaPAKTEPHO JIJI MIOHHBIX KPUCTAJIIOB.
B cucremax AgBr— Agl u Agl — AgCl 25Bro 75 MOHOKpHCTAIUTBI JEMOHCTPUPYIOT
pe3kuii pocT mpoBoauMocTH (6 = 1,5—-5,9 MCm u 1,9 — 7,9 MCwm tipu 170 °C),
YTO CBSI3aHO C (Pa30BBIM Mepexo/1IoM B Mojupukanuio a-Agl, u cBUIeTETLCTBYET
O CBEpXMOHHOM COCTOSIHUU. B OTiM4Me OT MOHOKPHUCTAILJIOB, KEpaMUYECKUE 00-
pasibl UMEIOT OoJiee MIaBHYIO 3aBUCUMOCTh TPOBOJMMOCTH OT TEMIEPATYpPbI U
menbmue 3Hadenns (6= 0,4 — 1,1 MCwm). B cucreme AgCl — AgBro71o 3 mpoBoau-
MOCTb Bo3pacraeT nocreneHno, gocruras 0,02-0,09 MCum npu 170 °C, 6e3 nepe-
X0Jla B CYIIEpPUOHHOE COCTOsIHUE. Takoe MoBeAeHNnEe OObIICHIETCS CTaOUIN3UpY-
IOIIUM JICICTBUEM XJIOPUI-UOHOB Ha KPUCTAJUIMYECKYIO PEIIETKY.
HccnenoBanue TEIJIOEMKOCTH U TEMIIEPATYPONPOBOAHOCTH IIPOBOAUIIOCH C HC-
MOJIb30BAaHUEM METO/IA JIA3€PHOM BCHBIIIKY [2] B TEMIEpaTypHOM JHANa30HE OT
30 10 200 °C ¢ marom 2050 °C. O6pa3isl npeIcTaBIsIM cOO0H TUCKU TOJIIN-
HOM 2 MM M THaMeTpoM 12,5 MM, IpeIBapUTENBHO OYUILIEHHBIE U ITOKPBITHIE I'pa-
¢utom. OneHka TemnepaTypHbix 3aBucumocteit B quamnasone 30-200 °C noka-
3ajla CHI)KEHHUE TEMIIEPATypPOIPOBOJIHOCTH C POCTOM TEMIIEPATYpPbI, XapakTep-
Hoe 17151 TBEPABIX Tell. Hanbobiive 3HaueHus TeMnepaTyponpoBoAHOCTH mipu 30
°C cootBeTcTBYIOT MOHOKpHcTaLiaM 14 moi. % AgCl B AgBro7103(0,409 mm?/c)
u 3 mon. % Agl B AgBr (0,405 mm?/c), a HauMeHbIue — 711 KepaMuku 20 MoJ.
% Agl B AgClo25Bro7s, momydennoir 6e3 ruapoxumuyeckoro cuaresa (0,237
MM?/c). B uccrnemyemoii cepun MaTepruanioB MaKCUMaJIbHbIE 3HAYCHUS TETIJIOeM-
koctu nipu 30 °C 3apeructpuposans! 111 3 moit. % Agl B8 AgBr (1,986 [Ix/(1*K)),
HauMeHnbIme — i 14 moia. % AgCl B AgBrozlos (1,648 JIx/(r*K)). dus Bcex
COCTaBOB XapaKTEPEH POCT TEIUIOEMKOCTU IMPU YBEIMYECHUM TeMIleparyphl. B
cily4ae TeTJIONPOBOJAHOCTH, HAUOOJIbIIIEE €€ 3HAUEHUE COOTBETCTBYET 3 MoJ. %
Agl B AgBr (4,972Bt1/(M*K)), a HaumeHnbliiee — 111 kepamuku 20 moi. % Agl B
AQgClg25Bro 75(3,363 B1/(M°K)).B riccineoBaHHOM HHTEpBaJIE TEMIIEPATYP TEILIO-
MPOBOJHOCTh MAaTEPHAIOB JIEMOHCTPUPYET Cia0yl0 TEeMMEepaTypHYIO 3aBHCH-
MOCTb. [losTydeHHbIe pe3ybTaThl BBISIBUIN 3aKOHOMEPHOCTH B TTOBEJCHUU TaJlO-
TeHUI0B cepedpa, UYTO BaXKHO JJIA UX JaJdbHEHIIero MpUMEHEHHs] B MpuOopax
ONTOXJIEKTPOHUKHU U (DOTOHUKH.

HccnenoBanrie BBIOIHEHO MPU (PUHAHCOBOW MOJAEp:KKe MUHHUCTEPCTBA HAYKH
u BbIciiero oopazoBanusi Poccuiickoit @enepanuu B pamkax [Iporpammel pa3su-
TUs Ypanbckoro (enepanbHOro yHUBepcuTeTa nMeHu nepBoro [Ipesunenta Poc-
cuu b.H. EnpiinHa B COOTBETCTBHM C TPOTPAMMOM CTPATETMYECKOTO aKaJeMUYe-
ckoro juaepctsa "l[lpuoputer-2030".
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ing on Temperature
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Single crystals and ceramics based on silver halides are of high scientific interest
due to their unique properties and prospects for application in modern technolo-
gies, including optoelectronics. Among the important functional parameters of
these materials are the electrophysical and thermophysical properties, which were
investigated in this work.

Silver halide single crystals and ceramics are optical materials that are ionic con-
ductors. In this regard, a two-contact scheme [1] was used to study their ionic
conductivity, in which voltage and current passing through the sample were rec-
orded using a VV7-58 voltmeter and special equipment, including silver-based elec-
trodes insulated from heaters by ceramic plates. The samples were plane-parallel
plates with a thickness of 320-390 + 5 um and a diameter of 15 + 3 mm, obtained
by hot pressing. Measurements were carried out from room temperature to 200
°C in 5 °C increments. Analysis of the temperature dependences in the "1000/T —
lg(oT)" coordinates showed that conductivity increases with temperature, which
Is typical for ionic crystals. In the AgBr — Agl and Agl — AgClo 2sBro 75 Systems,
single crystals exhibit a sharp increase in conductivity (¢ = 1.5-5.9 mS and
1.9-7.9 mS at 170 °C), which is associated with a phase transition to the a-Agl
modification and indicates a superionic state. Unlike single crystals, ceramic sam-
ples have a smoother dependence of conductivity on temperature and lower values
(6=0.4-1.1mS). In the AgCIl — AgBro 7103 System, conductivity increases gradually,
reaching 0.02-0.09 mS at 170 °C, without transitioning to a superionic state. This
behavior is explained by the stabilizing effect of chloride ions on the crystal lattice.
The study of heat capacity and thermal diffusivity was carried out using the laser
flash method [2] in the temperature range from 30 to 200 °C in 20-50 °C incre-
ments. The samples were disks with a thickness of 2 mm and a diameter of 12.5
mm, preliminarily cleaned and coated with graphite. Evaluation of the tempera-
ture dependences in the 30—200 °C range showed a decrease in thermal diffusivity
with increasing temperature, which is typical for solids. The highest thermal dif-
fusivity values at 30 °C correspond to single crystals of 14 mol.% AgCl in
AgBro 7103 (0.409 mm?/s) and 3 mol.% Agl in AgBr (0.405 mm?/s), while the low-
est are for ceramics with 20 mol.% Agl in AgClo 2sBro 75, obtained without hydro-
chemical synthesis (0.237 mm?/s). In the studied series of materials, the highest
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heat capacity values at 30 °C were recorded for 3 mol.% Agl in AgBr
(1.986 J/(g°K)), and the lowest for 14 mol.% AgCl in AgBro7lo3 (1.648 J/(g-K)).
For all compositions, an increase in heat capacity with rising temperature is char-
acteristic. In the case of thermal conductivity, its highest value corresponds to 3
mol.% Agl in AgBr (4.972 W/(m-K)), and the lowest to ceramics with 20 mol.%
Agl in AgCl25Bro 75 (3.363 W/(m-K)). In the studied temperature range, the ther-
mal conductivity of the materials exhibits a weak temperature dependence. The
obtained results revealed patterns in the behavior of silver halides, which is im-
portant for their further application in optoelectronic and photonic devices.

The study was carried out with financial support from the Ministry of Science and
Higher Education of the Russian Federation within the framework of the Devel-
opment Program of Ural Federal University named after the first President of Rus-
sia B. N. Yeltsin, in accordance with the strategic academic leadership program
"Priority-2030."
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XuMudeckasi 00padoTKa rajJJoreHua0B cepedpa u TaAJIUA
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OnTuyeckrue KpUCTAJUIBI HA OCHOBE TBEPBIX PACTBOP TajOreHUIOB cepedpa u
OJIHOBAJICHTHOTO TaJIU SIBJISIFOTCA NIEPCIEKTUBHBIMUA MaTE€pUaIaMU 1JI CO3JaHUs
HOBOTO TIOKOJICHUS BOJIOKOHHO-OMITUYECKUX MPUOOPOB, pabOTAIONINX B CPEIHEM
nH(paKpacHOM JlMarna3oHe. ITU MaTepraibl 00Jaaf0T IIUPOKUM CIIEKTPOM MPO-
nyckanus [1, 2], a Takke BBICOKOHW YCTOMYHUBOCTBIO K BO3JICUCTBHUIO yIbTpaduo-
JIETOBOTO M pPaJHAIlMOHHOTO 00dyueHus. JlaHHbIE MaTepualibl SBIISIOTCS TIja-
CTUYHBIMHU, HETUTPOCKOIMMYHBIMU BCJICACTBUE ATOTO MPUTOJIHBI JJISI U3TOTOBJIE-
HUs cBeTOBOAOB cpennero MK nuanasona.

OmHUM U3 OTPAaHUYUBAIOIIUX (PAKTOPOB MOJTYYEHHUS ONTHYECKUX CBETOBOIOB BbI-
COKOTI'0 Ka4uecTBa sBJISIETCS 00pab0TKa MOBEPXHOCTH TOPIIOB. B cBsA3M ¢ miacTuy-
HOCTBIO MaTepHUaIoOB TraJIOTEHUI0B METAJUIOB MPU MEXaHUYECKON 00paboTKe MO-
I'YT BO3HHKATh MPOOJIEMBI, CBSI3aHHBIE C OOpPa30BaHHEM HAPYIICHHOTO CIIOS.
Hapy1ieHHbI# CII0M CUIIBHO MOHMXKAET JIA3EPHYIO0 YCTOMYUBOCTD U3TOTOBIECHHBIX
BOJIOKOHHBIX M3JIEIUH, a TAKYKE CKa3bIBAETCS ONITUUYECKUX CBOMCTBaX [2]. B cBsi3n
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C 3THM BCTaja 3a7a4a B KOMIUIEKCHOM MCCJIENOBAHUU ITPOLIECCA TPABJIECHUS MO-
HOKPHUCTAJJIOB M ONTUYECKON KEpaMUKH TajJoreHu10B cepedpa u tamus (1).

B pamkax mpencrtaBieHHOM paOOThl MOAOOP pacTBOPOB AJI TPABIEHUS MPOBO-
JUJICS IS IBYX KJIACCOB ONTHYECKUX MarepuainoB. [IpencraBurenem kiacca ra-
JIOTEHUJI0B cepebpa Obul BhIOpAaH MOHOKPHUCTANIMYECKH oOpasell cocTaBa
AgBrogslo s, @ 1151 cuicTeM BTOPOTo Kilacca BCe UCCIE0BaHUS MPOBOIMIIN Ha MO-
HokpucTawax T1Brg slo54. {51 mpoBeneHus nccneaoBanmii ObLIN UCIIOJIB30BAHBI
CJEAYIONIUE COCTAaBbl TPABUTEIICH: COJISIHAS KUCJIOTA, CIIUPT STUIIOBBIN, BOAa AU-
CTUJUIMPOBaHHAs B COOTHOIIEHUWU KOMIIOHEHTOB 1:1:2; ruapokcuji aMMOHUS,
CIIMPT 3TWIOBBIN, BOAA JUCTHIUIMPOBAHHASI B COOTHOIIEHNU KOMIIOHEHTOB 1:1:2;
COJIsTHAsI KUCJIOTA, TUAPOKCU]] AMMOHUS, BOJIa JUCTUJUIMPOBAHHAS, B COOTHOIIIE-
HUU KOMIOHEHTOB 1:1:2; ruipokcui aMMOHMS, BOAA TUCTUIUIMPOBAHHAS B COOT-
HomeHuu 1:1, ¢ no6asnenuem 0,25 mut nepokcuaa Bojgoposa 37,5 %; BogHble pac-
TBOPBI TUOCYJIb(aTa HaTpusi, koHIeHTpauuid 5,10,15 u 30 %. CocraBbl TpaBuTe-
Jei moI0Mpauch UCXOS U3 JAHHBIX O PACTBOPUMOCTH TaJIOTEHUIOB cepedpa u
OJIHOBAJICHTHOTO TaJUiMd. MeToAuKa TpaBJ€HUS 3aKII0Yajlach B CIIEIYIOIIEM.
[IpenaBapuTenbHO OTHOJMPOBAHHYIO U OTHUIM(OBAHHYIO 3aTOTOBKY IOJIBEpraliu
TPABJICHHUIO B ONTMCAHHBIX PACTBOPaX B TEUEHHUE 1—5 MUH., IOCJIE YETO 3arOTOBKY
MIPOMBIBAJIM B TEUEHUE MUHYTHI B TPEX MPOMBIBOYHBIX EMKOCTAX C JUCTUILIIUPO-
BaHHOM Boj10i1 [1]. ITo pe3ynbpTaTaM sxcnepuMenTa Hanbosee 3pHEeKTUBHBIM Tpa-
BUTEJIEM JIJIsl CUCTEM rajioreHuA0B cepedpa ctai 10 % BoAHbBIN pacTBOP TUOCYJIb-
dara Hatpus. [locie TpaBieHuUs: B JaHHOM pacTBOPUTENIC B TECUECHUE JIBYX MUHYT
HaOJIIOAAJIOCH YBENMYECHHE KO3 PUIIMEHTa MPOIyCKaHus o0pa3lia B IUANa30He
nauH BoJH oT 490 mo 1000 aMm Ha 10-20 % (B 3aBUCHUMOCTH OT JIJIMHBI BOJIHBI).
Jlnst cucteM, Ha OCHOBE TBEPJIBIX PACTBOPOB rajOTCHUIOB TAJLIUS TPABJICHUE B
pacTBOpax COJITHOM KUCIOTHI U CIIUPTA, & TAKXKE B PACTBOPE COJISTHOM KUCJIOTHI U
THIPOKCHIAa aMMOHHS TIPUBOJIUT K YAAJICHUIO HAPYIICHHOTO CJosi, 0e3 cylile-
CTBEHHOT'O MPOCBETICHUSI KpUCTAIa. B oCcTalbHBIX TpaBUTENSIX HAOII01AJI0Ch
YXYAIICHHE KauecTBa MaTepuasioB (MX Aerpaaaiusi) U o0pa30BaHUs Pa3IMUHbBIX
IJICHOK Ha MOBEPXHOCTH 00pasIia.

[To pe3ynbraram mpoBEeACHHBIX PabOT MOJO00PaHBl COCTABBI TPABUTEIIECH, MTO3BO-
JISIOIME yIaTuTh HAPYIICHHBIA CJIOM U JOOUTHCA MPOCBETIICHUS] UCCIIETYyEeMbIX
00pa3IoB ABYX KPUCTATNYECKUX CUCTEM. B nanpHeliiieM, Ha OCHOBE MPOBEICH-
HBIX paboT OyayT pa3paboTaHbl TEXHOJOTUYECKHE PEKUMBI 00paOOTKH TOPLIOB
MH(paKpacHBIX CBETOBOJIOB Ha OCHOBE FaJIOTEHUJIOB cepedpa v OJHOBAJIEHTHOTO
TaJTHSL.

HccnenoBanue BBITIOJIHEHO 3a c4eT rpanta Poccuiickoro HayuHnoro ¢onaa Ne 25-
72-00096, https://rscf.ru/project/25-72-00096/.
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Silver and thallium halides chemical treatment
! Karkavina E.D., 'Salimgareev D.D., *Kucherenko F.M., ! Lvov A.E., ¥ Zhukova L.V.
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Optical crystals based on solid solutions of silver halides and monovalent thallium
are promising materials for creating a new generation of fiber-optic devices oper-
ating in the mid-infrared range. These materials have a wide transmission spec-
trum [1, 2], as well as high resistance to ultraviolet and radiation exposure. These
materials are plastic, non-hygroscopic, and therefore suitable for the manufacture
of light guides in the mid-IR range.

One of the limiting factors in obtaining high-quality optical fibers is the surface
treatment of the edges. Due to the ductility of metal halide materials, mechanical
treatment may cause problems associated with the formation of a broken layer.
The broken layer greatly reduces the laser stability of the manufactured fiber prod-
ucts and also affects the optical properties [2]. In this regard, the task arose in a
comprehensive study of the etching process of single crystals and optical ceramics
of silver and thallium(l) halides.

In this work, the selection of etching solutions was carried out for two classes of
optical materials. As a representative of the silver halide class was chosen single
crystal sample of the AgBrogsloos composition, and for the second-class systems
all research was carried out on single crystals TIBro4slos4. The following etchant
compositions were used for the research: hydrochloric acid, ethanol, distilled wa-
ter in a ratio of components 1:1:2; ammonium hydroxide, ethyl alcohol, distilled
water in a ratio of 1:1:2 components; hydrochloric acid, ammonium hydroxide,
distilled water, in a ratio of 1:1:2 components; ammonium hydroxide, distilled
water in a ratio of 1:1, with the addition of 0.25 ml of hydrogen peroxide 37.5%;
water solutions of sodium thiosulfate, concentrations 5,10,15 and 30%.

The etchant compositions were selected based on data on the solubility of silver
halides and monovalent thallium. The etching technique was as follows: the pre-
polished sample of crystall was etched in the described solutions for 1-5 minutes,
after which the sample was washed for a minute in three tanks with distilled water
[1]. According to the experimental results, a 10% water solution of sodium thio-
sulfate became the most effective etchant for silver halide systems.

After etching in this solvent for two minutes, an increase in the sample transmis-
sion coefficient in the wavelength range from 490 to 1000 nm was observed by
10-20% (depending on the wavelength). For systems based on solid solutions of
thallium halides, etching in solutions of hydrochloric acid and alcohol, as well as
in a solution of hydrochloric acid and ammonium hydroxide, leads to the removal
of the disturbed layer, without significant clarification of the crystal. In the re-
maining etchants, deterioration of the quality of materials (their degradation) and
the formation of various films on the surface of the sample were observed.

Based on the results of the work carried out, etchant compositions were selected
that make it possible to remove the disturbed layer and achieve enlightenment of
the researched samples of two crystal systems. In the future, based on the work
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carried out, technological modes for processing the edges of infrared light guides
based on silver halides and monovalent thallium will be developed.
The research was carried out at the expense of the grant of the Russian Science
Foundation No. 25-72-00096, https://rscf.ru/project/25-72-00096/.
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HccaenoBanue ¢gazonoii nuarpammbl cuctembl TIClo74Bro2s — AgBr

JJISl OJTyYeHUs] HH(PPAKPACHOM ONITHKH
1 Kocmaues B.O., 1 Ilectepesa I1. B., 1 JIsBoB A.E., 1 Mansiukuna E.H., 1 Bonbxuna E.A.,
1* XKykosa JI.B.
YWpansvckuii @edepanvuuiii Yuusepcumem, 620062, Poccus, 2. Examepunoype, ya. Mupa 19
email: * l.v.zhukova@urfu.ru

JI1st pa3BUTHS HHPPAKPACHOW ONTUKYU TpedyeTcs pa3padoTKa MaTepuanoB, 00J1a-
JAIOIINX BBICOKUMH (DYHKIITMOHATBHBIMU CBOMCTBaMH. KpuCTalIbl U KepamMuKa
Ha OCHOBE rajoreHuJoB cepedpa u tamwus (I) obmagaroT MUPOKUM CHEKTPOM
npomnyckanus oT 0.4 1o 60.0 MM 0e3 OKOH IMOTJIOIICHHS B 3aBUCUMOCTH OT CH-
CTE€MBI U COCTaBa, HETUTPOCKONMYHOCTBIO, YCTOMYUBOCTBIO K Y D-U3IIy4eHHIO U
paguaMOHHOMY OOJIYYEHHIO, TIIACTUYHOCTHIO, UTO MO3BOJISIET U3TOTABIMBATH HA
MX OCHOBE ONTHYECKHE BOJIOKHA [1].

Kpuctamner TIClp74Bro2s 1 AgBr npurogHs! 11 ©3roTOBJICHUS Pa3IUYHBIX OII-
TUYECKUX OKOH, JIUH3 M Mpu3M. JlaHHBIE KPUCTAILIBI SBISIOTCS (DOTOCTOMKHUMH,
OJIHAKO CBETOBOJIbl HA UX OCHOBE HEyCcTOWUYMBHI. Hanmpumep, BOJIOKHA Ha OCHOBE
TIClg,74Bro 26 co BpeMeHeM NepeKpHUCTaIN3YIOTCS, BCICICTBUE Y€T0 CTAHOBSTCS
xpynkumu. [1o3ToOMy MpeaCcTaBIIsio HUHTEPEC U3YUUTh (PA30BYIO IUAarpaMMy CH-
cteMbl T1Clo 74Bro 26 — AgBr ¢ 11e7bI0 moJTy4eHus: HOBBIX TBEPBIX PACTBOPOB, CO-
SAUHSIONINX HAWTY4IlIne CBOMCTBA MHIUBUAYAJIbHBIX BBIIICYKa3aHHBIX COCIUHE-
HUM, MO3BOJISIIOIINX U3TOTOBUThH YCTOMYMBBIE, N0JroBeuHbie K cBeTOBOBI.
Jlist uzyuenus (pa3zoBoil quarpaMMbIIpUMEHsIcs MeToa Aud depeHnnantsHO-Tep-
muueckoro ananuza ([ITA). UccinegoBanue npoBoawiu ¢ marom B 5 u 10 mac. %
AgBr B TICly 74Bro 26 mpu Temmneparype ot 25 g0 450 °C (ot 298,15 no 723,15 K)
Mpy JaBjieHuu 1 atm.

dazoBas nuarpamma cucteMbl T1Clg 74Bro 26 — AgBr umeeT HeorpanndeHHyo pac-
TBOPUMOCTbh B KHJKOM COCTOSIHUM (pacIljlaBeé CUCTEMbI) U OTPAHUYEHHYIO pac-
TBOPUMOCTbH B TBEPJIOM COCTOSIHUU. [Ipr KOMHATHOW TemMIepaType OHa XapakTe-
pu3yeTcs AByMs 00JIaCTSIMU TOMOT@HHOCTH, B KOTOPBIX MOKHO BBIpAIIMBaTh MO-
HOKPHUCTAJUJIbI: B KOHIIEHTpAaMOHHOM auamna3zone oT 0 mo 7 mac. % AgBr B
TIClg,74Bro 26 mpucyTcTBYeT TBEepabIii pacTBOp cucteMbl Ha ocHOBe T1Clg 74Br 26
ctpykTypHoro tuna Pm3m (tun CsCl), a B nuanazone ot 96 qo 100 mac. % AgBr
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B T1Clp 74Bro 26 mpucyTcTBYET TBEpABIN pacTBOP CUCTEMBI Ha OCHOBE AgBr cTpyK-
typHoro tuna Fm3m (tun NaCl). Takxe npucyTCTBYIOT 00J1aCTU T€TEPOreHHO-
cTU B auana3one oT 7 10 96 mac. % AgBr B TIClg 74Bro 26 B KOTOpBIX BO3MOKHO
MOJTy4aTh ONTUYECKYI0 KepaMHUKy co cTpykTypamu Pm3m + R-3 u Fm3m + R-3.
®da30BbIe COCTaBbI, TUMbI KPUCTAJUIMYECKHUX PEILIETOK U ITapaMeTPhl IPU KOMHATHOM
TeMIepaType MOTYT ObITh ONpe/eeHbl peHTreHoda3oBbiM aHamu3oMm (POA), on-
HAKO Ha JaHHBIA MOMEHT OH HE MPOBOAMICA. YKa3aHHbIE (Pa30BbIe COCTABBI U MPO-
CTPAHCTBEHHBIE TPYIIIBI SBIISIFOTCS MPEAIOJIOKUTEIILHBIMA U OCHOBAHBI HA CTPYK-
TYPHBIX THIIaX TPAHUYHBIX TBEPBIX PACTBOPOB U OJIM3KUX CHCTEMaX raJOT€HUI0B
MetasuioB. HemocpenctBeHHO PDA sBnsieTcs cineayromumM 3TanoM padoThl.
HccnenoBanue BHIMOIHEHO MU (PMHAHCOBOM Mojiepkke MUHHCTEPCTBA HAYKH
U BbIcuIero oopazoanus Poccuiickoii @eaepannn B pamkax [Iporpammel pa3su-
TUsl Ypanbckoro (eaepaabHOro yHUBepcuTeTa uMeHu nepsoro [Ipesunenta Poc-
cuu b.H. EnbliiHa B COOTBETCTBHH € MTPOTrPaMMOM CTPATErMYECKOro aKkajgeMude-
ckoro auaepctsa "l[lpuoputer-2030".
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Phase Diagram Investigation of the TIClo74Bro2s - AgBr System

for Infrared Optics Applications
!Kosmachev V.0., tPestereva P.V., Lvov A.E., *Malyshkina E.N., *Volkhina E.A.,
1*Zhukova L.V.
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The advancement of infrared optics necessitates the development of materials
with enhanced functional characteristics. Crystals and ceramics based on silver
and thallium(l) halides exhibit a broad transmission spectrum (0.4-60.0 um) de-
void of absorption bands, contingent on their composition and structure. These
materials demonstrate non-hygroscopicity, stability under UV and ionizing radi-
ation, and mechanical flexibility, enabling their use in the fabrication of optical
fibers [1].

The TICly 74Bro 26 and AgBr crystals are suitable for manufacturing various optical
windows, lenses, and prisms. While these crystals exhibit photostability, their de-
rived optical fibers demonstrate poor stability. For instance, TICl,74Bro 2-based
fibers undergo recrystallization over time, resulting in increased brittleness. Con-
sequently, investigation of the phase diagram for the TIClo 74Bro 26 — AgBr system
was undertaken to develop novel solid solutions that combine the optimal proper-
ties of the individual aforementioned compounds, enabling production of stable,
durable IR optical fibers.

The phase diagram was investigated using differential thermal analysis (DTA).
The study was conducted with 5 and 10 wt.% AgBr in TICly 74Bro 26 across a tem-
perature range of 25-450°C (298.15-723.15 K) at a constant pressure of 1 atm.
The phase diagram of the TICly74Bro26 — AgBr system demonstrates unlimited
solubility in the liquid state (system melt) and limited solubility in the solid state.
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At room temperature, it is characterized by two homogeneity regions suitable for
growing single crystals: in the concentration range from 0 to 7 wt.% AgBr in
TIClo74Bro 26, there exists a solid solution of the system based on the TIClg 74Bro 26
(Pm3m structural type or CsCl-type), while in the range from 96 to 100 wt.%
AgBr in TICly74Bro 26, a solid solution of the system based on the AgBr (Fm3m
structural type or NaCl-type) is present. Heterogeneity regions also exist in the
range from 7 to 96 wt.% AgBr in TICly74Bro26, Where optical ceramics with
Pm3m+R-3 and Fm3m+R-3 structures can be synthesized.

The phase compositions, crystal lattice types, and room-temperature parameters
could be determined by X-ray diffraction analysis (XRD), though this analysis
has not yet been performed. The indicated phase compositions and space groups
are tentative and based on the structural types of boundary solid solutions and
related metal halide systems. Direct XRD constitutesthenextstageofinvestigation.
This research was supported by the Ministry of Science and Higher Education of
the Russian Federation as part of the Development Program of Ural Federal Uni-
versity named after the first President of Russia B.N. Yeltsin, in accordance with
the strategic academic leadership program "Priority 2030".
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Omnpenenenue GpU3NYeCKUX CBOMCTB rajJOreHu10B cepedpa
Tecrepena I1. B., ! IOxakoBa A. A., ! Oxaxos 1. B., ! I1Isapn C. K., " XKykosa JI. B.
L Vpanvckuii pedepanvuuiii ynusepcumem umenu nepeoeo Ipesudenma Poccuu
b. H. Envyuna, 620002, Poccus, Examepunoype, yai. Mupa 19.
email: *l.v.zhukova@urfu.ru

[Tonyuenue nunpopmaiuu o GU3NUIECKUX CBOMCTBAX HOBBIX MAaTEPUATIOB SIBIISIETCS
HEOTHhEMJIEMOM YaCThIO MIpoliecca UX UCCieoBaHus. B HeaBHee BpeMst ObLIH T10-
Jy4Y€Hbl MOHOKPHUCTAJUIBI M K€paMUKa Ha OCHOBE HOBBIX TBEPJIbIX PAacCTBOPOB B
pamkax cuctembl AgCl — AgBr — Agl, koTopsle SBISIOTCS IEPCHIEKTUBHBIMH OTI-
TAYECKMMH MaTepuanamu uis mmupokocnekrpanbHbix UK u TI'n cucrem.

OKcrepuMeHTalIbHbIE 00pa3Ibl, CHHTE3UPOBAHHbBIE HA MEPBBIX 3TAIax HUCCIeNO-
BaHHUs, UIMEIOT Mayro Maccy 210 20 r, 103ToMy U3MEpPEHUE UX TUIOTHOCTH MMyTEM
TUAPOCTATUYECKOr0 B3BEIIMBAHUS HE MPEACTABIISIETCS] BO3MOYKHBIM € JOCTaTOY-
HOM TOYHOCTBHIO. OJTHaKO BCE 00pa3Ilbl SBISIIOTCS OJHOPOJIHBIMU TIO BBICOTE U
JMaMeTpy, U30TPOIHBIMU (B ciilydae MOHOKpucTaiuioB, pemerka NaCl), stomy
JUTSL HUX BO3MOYKHO OIpeZieNIeHne peHTreHorpaguueckoit miotHoctH [1].

Pe3ynbpTaThl pacyeToB IJIOTHOCTH (p) MOKA3aJIX CIEIYIOUIUE 3HAYSHUS: JJIs CH-
cremsl AgBr — Agl — p = 6,482-6,612 r/cm, Agl — AgClo 25Bro 75 p = 6,129-6,331
r/em®, AgCl — AgBro7losp = 5,717-6,471 t/cm®. TINOTHOCTH yBENIMYHUBAETCS C
poctoM fosu Agl B TBEpIOM pacTBOPE JIs1 BCEX M3YUEHHBIX CUCTEM. JTO CBA3aHO
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¢ OonbIKM, 10 oTHOIIEeHHIO K moHaMm Cl™ u Br~, pasmepoM noHoOB ioza, 4yTo npu-
BOJUT K YBEJIMUYEHUIO IJIOTHOCTU MaTepuanoB. [[Byxda3Has kepaMuka UMeeT Ma-
JyI0 J0JII0 TekcaroHanbHo# (as3el B-Agl B kyouueckoii matpuiie turma NaCl. B
CBSI3M C 3TUM 3HAYEHUS €€ IIIOTHOCTHU OBbLIN OIPEACIICHBI [0 MapaMeTpy pelieTKU
KyOnueckoil (pa3pl U MPUHATHI KaK MpUOIN3UTENbHbIE 3HaUeHus. [Ipu pocte nonu
pomOuueckoil pa3bl B KepaMUKe MapaMeTphbl KPUCTALTNYECKON peéTKU YMEHb-
IIAIOTCS, 9TO BEAET K YIUIOTHCHHIO MaTepuaia. J[aHHas 3aKOHOMEPHOCTh COOT-
BETCTBYET OOIIEH TCHACHIIMM B KEPAMHUYECKHX CHCTEMax, IJe BBICOKAs TLIOT-
HOCTH O0YCIIOBJICHA TUIOTHOM YITaKOBKOM 3€pEH B MUKPOCTPYKTYDE.
Crnenyromum 3TanoM SBISETCS HCCIIeIOBAaHNE MUKPOTBEPAOCTH. V3 MHOXKECTBa
METOJ/IOB U3MEPEHHS TBEpAOCTH [2], MeTon Bukkepca siBnsieTcs Hanboliee yHH-
BepcaibHBIM. [[7151 TipoBemeHUs HCCIeOBaHUSI MUKPOTBEPAOCTH 1Mo Bukkepcy
(HV) ontuueckux mMarepuasioB HCHOb30Basach yctaHoBka [IMT-3M [3], koTo-
pasi ObliIa OTKaTMOpOBaHA MyTeM orpenaesieHus TBepaocTu kpuctamwia NaCl mo
Harpy3kam 20, 50, 100, 200, 500 r. IToxyuennsie g NaCl 3HaueHHUs] COOTBET-
CTBOBAJIM CIPAaBOYHBIM JaHHBIM. MccienoBaHe MUKPOTBEPIOCTH MPOUCKOTUIIO
MyTEM BJIaBJIMBAHUS aJIMa3HOTO UHACHTOpPA C YIoM Ipu Bepimne 136° B ucce-
nyemblid Matepuain rmoja Harpyskoit 0.98 N (100 r) ¢ Beiepskkoii 15 ¢ u pacueTom
BEJIMYMHBI TUATOHAJIEH OTIIEYATKOB.

[TpoBenéHHBIC M3MEPEHUS TIOKA3AN CIICTYIOIINE 3HAYCHHSI MUKPOTBEPIOCTH: B
cirydae cucrtemsl AgBr — Agl — 15,77-23,16 HV, Agl — AgCly2sBro 75— 19,4—
35,82 HV, AgCIl — AgBro7los —22,31-38,98 HV. 3aBucumocTbh MUKPOTBEPAOCTH
OT COCTaBa B MEPBYIO ouepeap o0ycioBiaeHa 3(PPeKToM TBEPAOPACTBOPHOIO
yIpo4yHeHUs. BBeeHre BTOPOTO M TPEThETO aHMOHOB B KPUCTALTHIECKYIO pe-
IIETKY ITyTEM 3aMEIICHUS MMPUBOAUT K MCKAKCHUIO PEIICTKH, MMOBBIIIICHUIO CHIT
B3aMMOJICUCTBHS MEXKIy HOHAMH, YBEIIMUCHUIO CONMPOTHRIICHHSI AehOpPMAIINH H,
KaK CJIEJICTBUE, TOBBIIICHUIO MUKPOTBEPAOCTHU. Pe3ynbTaThl MCCiIe10BaHUS TUIOT-
HOCTH U MUKPOTBEPJOCTH MPEACTABIAI0OT coO0i nHbopmaIuio GyHIaMeHTalb-
HOTO XapaKTepa M COCTaBISAIOT OCHOBY JIJISi M3TOTOBJICHWS ONTHUKU HAa OCHOBE
TBepabIX pacTBopoB cucteMbl AgCl — AgBr — Agl.

Pabota BhINoONHEHA B paMKax corjamieHuss ¢ MUHUCTEPCTBOM HAYKU U BBICIIETO

obpazoBanus Ne 075-03-2023-006 ot 16.01.2023 (Homep Tembl FEUZ-2023-0021).

Cnncok JimrepaTypsl

1. bapas B.P. Ctpoenue u ¢pusnueckue cBoiictsa kpuctaios // YI'TY-VIIN, 2009.

2. Kynepkosa E. 1. ®usuka tBepaoro tena. COOpHUK 3anaHuii: yueOHOe mocobue //
TITY. 2014.

3. TemoyxoB. A.A. I3Mepenue MUKPOTBEPAOCTH TOBEPXHOCTHBIX CJIOEB MATEPUATIOB:
meton. ykazanus // OMI'TY. 2017.

Determination of Physical Properties of Silver Halides
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Obtaining information about the physical properties of new materials is an inte-
gral part of the process of their study. Recently, monocrystals and ceramics based
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on new solid solutions within the system AgCl — AgBr — Agl, were obtained,
which are prospective optical materials for wide-spectrum IR and THz systems.
The experimental samples synthesized at the initial stages of the study have a
small mass up to 20 g, therefore measuring their density by hydrostatic weighing
IS not possible with sufficient accuracy. However, all samples are homogeneous
in height and diameter, isotropic (in case of single crystals, NaCl lattice), therefore
for them determination of X-ray density is possible [1].

The results of density (p) calculations showed the following values: for the system
AgBr — Aglp = 6.482-6.612 g/cm3, Agl — AgClo2sBro7s p = 6.129-6.331 g/cm?,
AgCl — AgBro7losp = 5.717-6.471 g/cm?. The density increases with growth of
the Agl fraction in the solid solution for all studied systems. This is connected
with the larger, relative to Cl -~ and Br " ions, size of iodine ions, which leads to
increase of material density. The two-phase ceramics have a small fraction of hex-
agonal B-Agl phase in a cubic NaCl-type matrix. In connection with this, its den-
sity values were determined by the lattice parameter of the cubic phase and taken
as approximate values. With growth of the orthorhombic phase fraction in ceram-
ics, the crystal lattice parameters decrease, which leads to densification of the ma-
terial. This regularity corresponds to the general tendency in ceramic systems,
where high density is conditioned by dense packing of grains in the microstructure.
The next stage is the study of microhardness. From the multitude of hardness meas-
urement methods [2], the Vickers method is the most universal. For conducting the
study of microhardness by Vickers (HV) of optical materials, the PMT-3M setup [3]
was used, which was calibrated by determining the hardness of NaCl crystal under
loads of 20, 50, 100, 200, 500 g. The obtained values for NaCl corresponded to ref-
erence data. The microhardness study was conducted by indenting a diamond in-
denter with apex angle of 136° into the studied material under load of 0.98 N (100
g) with dwell time of 15 s and calculation of imprint diagonal lengths.

The conducted measurements showed the following microhardness values: in
case of system AgBr — Agl — 15.77-23.16 HV, Agl — AgCly 2sBro 75— 19.4-35.82
HV, AgCl — AgBro7lp3 — 22.31-38.98 HV. The dependence of microhardness on
composition is primarily conditioned by the solid-solution strengthening effect.
Introduction of second and third anions into the crystal lattice by substitution leads
to distortion of the lattice, increase of interaction forces between ions, increase of
deformation resistance and, as a consequence, increase of microhardness.

The results of density and microhardness studies represent information of funda-
mental character and form the basis for fabrication of optics based on solid solu-
tions of the AgCl — AgBr — Agl system.

The work was performed within the framework of agreement with the Ministry of
Science and Higher Education No. 075-03-2023-006 dated 16.01.2023 (project
number FEUZ-2023-0021).
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OpnHoll U3 BeAyIIUX NPUYUH MHBAINWIA3ALMNA BO BCEM MHUPE OCTAIOTCS MOCIEI-
CTBHUS OCTPOTO HapyLIEHUS MO3TOBOTO KPOBOOOpAIlEHHsI, BKIIIOYAIOIINE B ce0s
CEHCOPHO-/IBUTaTEIbHbIC, KOTHUTHUBHBIC U AYMOLUOHAIbHBIE HapymeHus [1]. Oc-
HOBOI YCHEIIHOIO BOCCTAHOBJICHUSI MALIUEHTOB SIBJIIETCSA MOHHUTOPHUHT 3(PQeK-
TUBHOCTH BCEX ITANoB peadbwiuTaiuu [2]. YUuThiBas BaXXHBIM aCHEKTOM SIBJIS-
ercsi 00beKTUBU3aLMs 3(P(HEKTUBHOCTH BOCCTAaHOBUTENbHOrO jedyeHus [3]. B
HACTOSAILEE BPEMS JIsl ’TOTO MUCIIOJIB3YIOTCS CTICIIUATU3UPOBAHHBIC IIKAJIbI U Te-
CThI, PE3yJIbTATOM KOTOPBIX SIBJISICTCSI CYOBEKTHMBHAsI OIlEHKA, OCHOBAaHHAs Ha
OTIBITE U KBAIM(PUKAIIUY METUITUHCKOTO CIICIIUATUCTA.
OOBEKTUBU3UPOBATH ITOT MPOIIECC MOKET MOMOYb MCTOJIb30BAaHUE CIICIIUATN3H-
POBaHHBIX HOCHUMBIX YCTPOMCTB, peaM3YIOIIUX OHOTEXHUYECKHUE OOpaTHbBIC
CBSI3U, a TAK)KE KJIACCU(UKATOPOB CyppPOraTHBIX MAPKEPOB, MOCTPOCHHBIX HA UX
OCHOBE, TTO3BOJIIOIINUX OCYIIECTBIISITH MOHUTOPUHT TUHAMUKH (DYHKITHOHATILHOTO
COCTOSTHUS TAPETUYHBIX KOHEYHOCTEH B TIpoliecce mporeaypsl peadbunurarmu. O-
HAKO KOHTPOJIb TOJIBKO (DYHKIIMOHATILHOTO COCTOSHUS MTAPETUUHBIX KOHEYHOCTEH
HE TI03BOJISIET MOJHOCTHIO OOBEKTUBU3UPOBATH MOHUTOPUHT 3P(HEKTUBHOCTH pea-
OWINTALUM, TaK KaK HE YUUTHIBACT 00111er0 (DYHKIIMOHAIILHOTO COCTOSHUS TaIu-
€HTa, KOTOPOE MOKET ObITh OMPECIICHO Yepe3 JJATEHTHYIO MEPEMEHHYI0, HaIllpu-
Mep, aJlalTalliOHHBIN MOTEHIIUAI.
st KOHTpOJIst GYHKITMOHATBHOTO COCTOSTHUS MAPETUYHBIX KOHEUYHOCTEN B Kaye-
CTBE HOCHUMBIX CEHCOPOB, UCTIOJIB3YEMbIX B KQU€CTBE JATYMKOB OMOTEXHUYECKON
0OpaTHOM CBSI3H, UCTIOIB30BAIUCH TaTYUKU DJIEKTPOMUOCUTHAIA, CHUIMAEMOTO C
MBI MMAPETUYHBIX KOHEYHOCTEH, a TAKKE JaTUUKHU SIJIEKTPOJECPMaJIbHOIO OT-
BETa, UCIOJIb3yEeMOT0 B KaueCTBE CEHCOpa PEAKIMU Ha BOOOpakaeMble JBUKE-
HUA. [{ns cTuMynsiy BooOpakaeMbIX JIBHXKEHHUM MCTIONB30BAIMCH KITUIIBI BUP-
TyaJIbHON PEAJIbHOCTH.
J{nst OlleHKM aJanTallMOHHOTO MOTEHIMAa UCIIOIb30BAINCH XOPOIIO U3BECTHBIC
MOJIeNIN KJIacCU(PUKATOPOB CEePACUHO-cOoCyaucToro pucka. CinabbpimMu kinaccudu-
KaTOpaMH B ATUX MOJIEJISX SIBJISIUCH OJTHOMECTHBIC (DYHKIIUU MPUHAICKHOCTH
0 MIPEUKTOPaM: X1 — BO3PACT, X2 - HACJIEACTBEHHAS OTATOIIIEHHOCTh, X3— YPOBEHB
apTepUAIHLHOTO JAaBJICHUS, X4 — OKUPEHUE, X5 — MTOKa3aTeIU BapUALIMOHHON TYJIb-
comeTpuu. st arperupoBaHusi OlIEHKH (YHKIIMOHAIBHOTO COCTOSTHUS MapeTHy-
HBIX KOHEYHOCTEH M aJanTallMOHHOTO MOTEHIIMala MalUeHTa MCIO0JIb30Baach
CHCTEMa HEYETKOTO JIOTHYECKOTO BbIBOJA [4].
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ArnpoOanusi OMOTEXHUYECKON CUCTEMBI peaOUIUTAIIMU TOCTUHCYIBTHBIX 0O0/b-
HBIX TTOKa3asia noBsbileHrue 3G HeKTUBHOCTh peabunuTanuu no mkaie LEFS nHa
11 %. 3¢bPexTUBHOCTH UCIIONIB30BAHUS B IIPOLIECC PEAOMIIUTAIMY MOHUTOPHUHTA
MBIIIEYHON YCTaJOCTH TMOJTBEPKICHA TECTUPOBAHUEM CTAaTOJIOKOMOTOPHOM
ctepsl o mkane TUHETTH, TOKa3aTeNn KOTOPOU B SKCIIEPUMEHTAIILHOM TpyTIIIe,
B cpeaHeM, Ha 10% mpeBbICUIIM TTOKA3aTelld B KOHTPOJILHOM TpyIIIIE.
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One of the leading causes of disability worldwide remains the consequences of
acute cerebrovascular accident, including sensory-motor, cognitive and emotional
disorders [1]. The basis for successful patient recovery is monitoring the effec-
tiveness of all stages of rehabilitation [2]. Considering an important aspect is the
objectification of the effectiveness of rehabilitation treatment [3]. Currently, spe-
cialized scales and tests are used for this, the result of which is a subjective as-
sessment based on the experience and qualifications of a medical specialist.

The use of specialized wearable devices that implement biotechnical feedback, as
well as classifiers of surrogate markers built on their basis, allowing monitoring
the dynamics of the functional state of paretic limbs during the rehabilitation pro-
cedure, can help to objectify this process. However, monitoring only the func-
tional state of paretic limbs does not allow for full objectification of the monitor-
ing of the effectiveness of rehabilitation, since it does not take into account the
general functional state of the patient, which can be determined through a latent
variable, for example, adaptation potential. To control the functional state of pa-
retic limbs, wearable sensors used as biotechnical feedback sensors were used:
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sensors of electromyosignal taken from the muscles of paretic limbs, as well as
sensors of electrodermal response used as a sensor of reaction to imaginary move-
ments. Virtual reality clips were used to stimulate imaginary movements.
Well-known models of cardiovascular risk classifiers were used to assess the
adaptive potential. Weak classifiers in these models were single-place member-
ship functions for the predictors: x; - age, X, - hereditary burden, X3 - blood pres-
sure level, x4- obesity, xs- variation pulsometry indicators. A fuzzy logical infer-
ence system was used to aggregate the assessment of the functional state of paretic
limbs and the patient's adaptive potential [4].

Testing of the biotechnical rehabilitation system for post-stroke patients showed
an 11% increase in the effectiveness of rehabilitation according to the LEFS scale.
The effectiveness of using muscle fatigue monitoring in the rehabilitation process
was confirmed by testing the statolocomotor sphere according to the Tinetti scale,
the indicators of which in the experimental group, on average, exceeded the indi-
cators in the control group by 10%.
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OnHOM U3 pacHpOCTpaHEHHBIX MPO(PECCHOHANBHBIX MAaTOJIOTHM y pabOTHHUKOB,
MMEIOINX KOHTAKT paboveil pyKu ¢ BAOPOMHCTPYMEHTAMH, CAUTAETCS BHOpaIu-
oHHas 6one3ns (BB). B uccienyemom ciyyae MHILIEHBIO SIBISIETCSI CUCTEMA Tie-
pudepudeckoro kpoBocHadxeHus: Kucta pyku (CIIKKP). ITpu sTom B kadecTBe
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MaTeMaTUYECKOro anmnapara UCCIEA0BaHUN PEKOMEHAYIOT UCIOJIb30BATh METO-
JIOJIOTHIO CHHTE3a TMOPUIHBIX HEYETKUX peraroniux npasui [1 - 3]. Jlng cunresa
HEYETKUX Mojenen pazpaboran meto] oueHk ypoBHs agantaiuu CIIKKP npu
paboTte ¢ BUOPOMHCTPYMEHTOM,COCTOSIIUN U3 CIIEYIONIECH MOCIeA0BATEIbHOCTH
JIEUCTBUM.

1. Ins oueHku (YHKIMOHAIBLHOTO COCTOSIHUS U (PYHKIIMOHAJIIBHOTO pe3epBa
CIIKKP BbiOupatoTcst usmepsieMblii mapaMeTp, crocod 60prObI ¢ apTedakTaMu U
TUI Harpy304Hou mpoObl. B gaHHON paboTe B KauecTBE U3MEPHUTEIHLHOTO MPH-
00pa UCHOJIb30BANICS MYJIBCOKCUMETP, OJIEBAEMBINA HA MAJIEL PYKH M UMEIOIINE
cBs13b ¢ KoMibioTepoM. OyHkimonansHoe coctosaue (OC) nokanpHoit CITKKP
FSgy onpenensiercs no popmyre:

FSpx = 1K = Sy /Sy, (1)

rae  Sy-CpemHss IUIoUaib TMOJ PETUCTPUPYEeMOil (HOTOIIETU3MOTPAMMOI
(PIII")3a 3amaHHBIN IPOMEKYTOK BPEMEHH t,; Sy - HOMHHAJIBHOE 3HAYCHHUE T1JIO-

maau OIIT.
OyukimoHabHbIN pe3epB (DP) mokanbHOM crucTeMbl KPOBOCHAOKEHUS BEPXHUX
KOHeuHOocTel FRpy paccuuThiBaeTcs no Gpopmyse:

S-S
FRpk = lsH 2 = FSpx1 — FSpyka, (2)

rae FRpi- dynknuonansHbiid pesepB CIIKKP, onpeaensemsiii o cpennei mio-
maau BosiH OIII;S; — cpennss mmomans BoiH @I, onpenenennas 10 X0J1010-
BOM MpoObL;S, — cpeausis miomaab BoiaH DI, onpenenennas nocie X0a010BOM
poOsl; FSpi; — ®C nokaabHOM cUCTEMBbI KPOBOCHAOKEHHSI BEPXHUX KOHEYHO-
CTEH, ompenenseMoe 10 X0J0J0BoM mpoOsbl, FSgy, — ®C nokansHoit CITKKP,
ompeensieMoe MOCe X0JI0J0BOM MPOOHI.

B kauecTBe TpeThel COCTABIAIOLICH ISl OLEHKH YPOBHS aJanTallMOHHOIO IO-
tennuana sokansHoi CITKKP sxcriepTsl BhIOpamn BpeMsi BOCCTAHOBJICHUS KPO-
BOCHA0XXEHHS TOCTIE XOJI0I0BOM MpoObITR , ONpeaeseMoe Kak BpeMsi BXOXK/Ie-
HUSI MOJTYJISI pa3HOCTH |S; — S, | B 3aJIaHHYIO SKCTIEpTaMu «TPyOKy» AS'

Tg|s,—s,|<As 3)
2. ®opMHupyeTCst CIIUCOK TOKa3aTeNen(,, XapakKTepu3yoInX ypOBEHb alarnTa-
nuoHHoro norenuuana jgokanbHoi CIIKKP, u npousBonurces onenka ux uHdop-
MAaTHUBHOCTH C WCIIOJIb30BaHUEM TEOPUU U3MEPEHHUs JIATEHTHBIX MEPEMEHHBIX C
Moaensto I'. Pama [1].
3. ITpou3BOAMUTCS CHUHTE3 HOPMUPYIOIIUX (PYHKIUH YPOBHS aJaNTalMK JOKaIb-
HOU cHCTeMbl KPOBOCHA0KEHUSI KUCTU padodeit pyku

faBK(Qq):faBK( FSBK);faBK (FRBK):faBK(TB)'

4. C yueTroMm THTIA ¥ XapaKTepa 3ajady, s KOTOPhIX B JaJIbHEUIIEM OyIyT HC-
MIOJIb30BATHCS MTOKA3ATENH, XaPAKTEPU3YIOIINE YPOBEHD aJalITAIIMOHHOIO MIOTEH-
ruana jgokanpHo CITKKP, BEIOMpaeTrcs moaens arperatopa, BBIXOJ KOTOPOTO
omnpenesieT OKOHYaTeNIbHbIN ypoBeHb anantaiuu CITKKP.
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Method for assessing the level of adaptation of the peripheral blood supply

of the hand when working with a vibrating instrument
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One of the common occupational pathologies among workers whose working
hand comes into contact with vibrating tools is vibration disease (VD). In the case
under study, the target is the hand peripheral blood supply system (HBPCS). In
this case, it is recommended to use the methodology of synthesizing hybrid fuzzy
decision rules as a mathematical apparatus for research [1, 2, 3]. To synthesize
fuzzy models, a method has been developed for assessing the adaptation level of
the HBPCS when working with a vibrating tool, consisting of the following se-
quence of actions. 1. To assess the functional state and functional reserve of the
HBPCS, the measured parameter, the method for combating artifacts, and the type
of load test are selected. In this work, a pulse oximeter worn on a finger and con-
nected to a computer was used as a measuring device. The functional state (FS)
of the local HBPCS FSgis determined by the formula
FSgx = IIK = Sy /Su, (1)

where Sy; is the average area under the recorded photoplethysmogram (PPG) for
a given period of time ¢, ; Sy is the nominal value of the PPG area.

The functional reserve (FR) of the local blood supply system of the upper
limbsF Ry is calculated using the formula:

S-S
FRgk = 1SH 2 = FSpyg1 — FSpxa, (2)

whereF Rgis the functional reserve of the HBPCS, determined by the average
area of the PPG waves; S, is the average area of the PPG waves, determined be-
fore the cold test; S, is the average area of the PPG waves, determined after the
cold test; FSpk, is the FS of the local blood supply system of the upper extremi-
ties, determined before the cold test, FSgk, is the FS of the local HBPCS, deter-
mined after the cold test.

As the third component for assessing the level of adaptation potential of the local
HBPCS, the experts chose the time of restoration of blood supply after the cold
test T_B, defined as the time of entry of the modulus of the difference |S; — S|
into the “tube” AS specified by the experts:

TBys,-s,)<As (3)
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2. A list of indicators @, characterizing the level of adaptation potential of the
local HBPCS, is formed, and their information content is assessed using the theory
of measuring latent variables with the model of G. Rasch [1].

3. A synthesis of normalizing functions of the adaptation level of the local blood
supply system of the working hand is performed

faBK(Qq):faBK( FSBK); faBK (FRBK);faBK(TB)'
4. Taking into account the type and nature of the tasks for which the indicators
characterizing the level of adaptation potential of the local HBPCS will be used
in the future, an aggregator model is selected, the output of which determines the
final adaptation level of the HBPCS.
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OnHoii u3 Mpo6JIeM CerMEHTAUU U KIIacCU(UKAITUU U300paKCHHM SIBIISIETCA pa3-
audHas GOHOBAS SIPKOCTh €r0 CETMEHTOB. JTO MPOSIBISAETCSA, B YACTHOCTHU, TIPH
Kiaccuukanuy n3o00paxeHU BHIEOPAaa, B KOTOPBIX OCBEIICHHOCTh CETMEHTOB
CHUMKa MEHSETCS TPH M3MEHEHUs yriia 0030pa BHIeoperucrpaTopa. Paccmor-
pUM pelieHue 3TOM MPOOIEMBI Ha MTPUMEPE IHAOCKOIMMYECKUX YIbTPa3BYKOBBIX
uccnenoBanuii (DY 3N) nomxenynounoit xemnessl (1K), Ocobennocts 9Y3U Bu-
JleopsJia 3aKJII0YAOTCS B TOM, YTO JUIsl 00pabOTKU KaKI0ro Kaapa TpedyeTcs uc-
CleTOBaHKE W aHaJM3 Bcero Buaeopsaa. [loaromy Bpauy mpuXOanTCs aHATU3H-
pPOBaTh MHOKECTBO PA3HOPAKYPCHBIX M Pa3HOMACIITA0OHBIX U300paKEHHM, KOTO-
pbI€ MOTYT OBITH TPYJTHO COIIOCTABUMBI MEX Ty co0oit [1].

[Tpu ananm3e sHAO0CKONMMYECKUX N300pakenuii ¢ 3aboneBanusimu [ DK sxorpadu-
YecKasi TeKCTypa BBICTYIAET OJIHUM W3 BAXKHBIX JIMAarHOCTHUYECKUX MPU3HAKOB
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OTOOpa)KE€HUS BHYTPEHHEW TMCTOJIOTMYECKOW CTPYKTYpbl. MakcumalibHOE TpH-
OnvkeHue ynbTpa3BykoBoro aarurka Kk [1K B xozie npoBezeHus: nmpouenypsl SH-
nockonnueckoro Y3U mo3BossieT moapoOHO OLEHUTH €€ 3X0TeKCTypy. OCHOB-
HbIMU MH(GOPMATUBHBIMHU TPU3HAKAMH 3XOCTPYKTYpPbl BBICTYHAIOT: Pa3Mephl,
HXOreHHOCTh, (POpMa, OpUEHTALINS, B3aUMOPACTIONOKEHHE MUKPOCTPYKTYP, U3-
MEHEHHUS KOTOPBIX CBUACTEIIBCTBYIOT O XapaKTepe MaTOJIOTMYeCKOro mpolecca.
PemenneM mpoOiaeMbl pa3IndHON 3XOT€HHOCTH CHUMKOB BHCOPS/IA PEIIaeTCs
MOCPEJICTBOM METOJ/Ia CETMEHTAIlM CHUMKA Ha CErMEHTHI ¢ OJHOPOJIHOM SIPKO-
CTBIO, MPEJITIOKEHHOTO B [2, 3].

B ocHOBYy oTOOpa peneBaHTHBIX KaapoB u3 Buaeopsiaa Y 3U uzobpaxenuii [1DK,
00eCIeunBaOIINEe UX aBTOMATH3WPOBAHHBIA OTOOp, MOJOKEH METOJ| aHaIu3a
CHHUMKOB C MIOMOIIBIO IByX AMHAMHYECKUX OKOH pa3IMuHoro Maciraba. [lepsoe
OKHO CKaHHUPYET BBIICICHHYIO BTOPBIM OKHOM 00JIaCTh, @ BTOPOE OKHO OMpejie-
JsieT 00J1acTh CKAHUPOBAHUS B TIPEJieNiaX BCETO Ka/ipa, YTO MO3BOJISIET YUUTHIBATh
pOCTpaHCTBEHHbIE 0ocoOeHHOCcTH cHuMKa [IDK. BHyTpH kaxmoro okHa nmpousBo-
JTIUTCSl pacueT CTaTUCTUYECKUX MOKa3aTeNe: MoJia, CpeJiHee 3HAaUCHUE U CpejHE-
KBaJIpaTUYHOE OTKJIOHeHHE. Ha kakioM 11are nepemMeInieHus nepBoro OKHa rpu-
MEHSETCS HeMpOCeTeBOM KiaccudukaTop, KOTOPIN MPUHUMAET PEUICHUE O MPH-
HAJUICKHOCTH TTUKCENS KaJipa, COOTBETCTBYIOIIETO KOOPIMHATE NIEPBOTO OKHA, K
peneBaHTHOMY KJ1accy, U (GOPMUPYET TEIUIOBYIO KapTy, MOJOKUTEIbHBIX PE3YIlb-
TaTOB, OTHOCAIIMXCS K Kiaccy «O0macTs unTepeca». [locie 3aBepiiieHus aHanmsa
BCEX OKOH (hOpPMHUPYETCSI UTOTOBasi TEIJIOBAs KapTa Ha SHIOCKOMUYECKOM YIlb-
Tpa3ByKOBOM n3o00paxkenuu [1K.

[Iporpammuoe obecnieuenue (I10) ms cermentanuu DY 3U uzobpaxkenuit [1K
pa3paboTaHo Ha OCHOBE 0a3bl JAHHBIX JIOKAIHHBIX OKOH C U300PKEHUSIMU 3XO-
tekcTyp [IDK B cCOCTOSITHUM HOPMBI 1 C TIpU3HAKaMH TMATOJIOTHH, KOTOPHIE BBISB-
JICHBI HAa PEJIEBAaHTHBIX Kajapax BuaeopsanoB DY 3U. I1O no3BossieT B 11aioroBom
pexUMe pa3ieTuTh H300paKeHUE Ha JIOKAIbHBIE OKHA JUISI TTOCJIETYIOIIETO BhIJIe-
JeHust o0JacTelt MHTepeca U UX KiacCU(pUKAIIIH.

DKCIepUMEHThI Ha KOHTPOJIBHBIX BBIOOPKAX MOKAa3aIM TMAarHOCTUIECKYIO YD dek-
TUBHOCTb 10 KJIACCaAM CETMEHTOB «HET 00JIaCTH MHTEPECa» - «00JIacTh UHTEPECA»
He Huxe 90%, a 1o Ki1accaMm CETMEHTOB «HOPMay - «IaTOJIOTHs He Huxe 91%.
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One of the problems of image segmentation and classification is the different
background brightness of its segments. This is manifested, in particular, in the
classification of video images, in which the illumination of the image segments
changes when the viewing angle of the video recorder changes. Let us consider
the solution to this problem using the example of endoscopic ultrasound exami-
nations (EUS) of the pancreas (PG). The peculiarity of EUS video is that the pro-
cessing of each frame requires the study and analysis of the entire video sequence.
Therefore, the doctor has to analyze many images of different angles and different
scales, which can be difficult to compare with [1].

When analyzing endoscopic images of pancreatic diseases, the echographic tex-
ture is one of the important diagnostic features of displaying the internal histolog-
ical structure. The maximum approximation of the ultrasound sensor to the pan-
creas during the endoscopic ultrasound procedure allows for a detailed assessment
of its echotexture. The main informative features of the echostructure are: size,
echogenicity, shape, orientation, mutual arrangement of microstructures, changes
in which indicate the nature of the pathological process. The problem of different
echogenicity of video sequence images is solved by the method of image segmen-
tation into segments with uniform brightness, proposed in [2, 3].

The basis for selecting relevant frames from the video sequence of EUS images
of the pancreas, ensuring their automated selection, is the method of analyzing
images using two dynamic windows of different scales. The first window scans
the area selected by the second window, and the second window determines the
scanning area within the entire frame, which allows taking into account the spatial
features of the pancreas image. Within each window, the following statistical in-
dicators are calculated: mode, mean value, and standard deviation. At each step
of moving the first window, a neural network classifier is used, which decides
whether a pixel of the frame corresponding to the coordinate of the first window
belongs to the relevant class, and forms a heat map of positive results related to
the "Area of interest" class. After completing the analysis of all windows, a final
heat map is formed on the endoscopic ultrasound image of the pancreas.

The software for segmentation of EUS images of the pancreas is developed based
on a database of local windows with images of echotextures of the pancreas in the
normal state and with signs of pathology, which are identified in the relevant
frames of EUS video sequences. The software allows you to interactively divide
the image into local windows for subsequent selection of areas of interest and
their classification with subsequent saving of the results in the database.
Experiments on control samples showed a diagnostic efficiency for the segment
classes "no area of interest" - "area of interest" of at least 90%, and for the segment
classes "norm" - "pathology" of at least 91%.
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CuHTe3 He4eTKHX Mo/IeJied MPOrHO3MPOBAHUS HEBPOTHYECKUX
PacCTPOMCTB, BHI3bIBAEMbIX YCJIOBUSIMH TPY/Ia HHKEHEPOB KOHCTPYKTOPOB
Jlykam O.10.

FO20-3anaonvui cocyoapcmeennsiii ynusepcumem, 305000, Poccus, e. Kypck,
ya. 50 nem Oxmsops 94
email: kstu-bmi@yandex.ru
B nanHoit paboTe paccMaTpuBaeTCsl BOMPOC MOBBIIICHUS Ka4eCTBA MPOTHO3UPO-
BaHUSI HEBPOTUYECKUX PACCTPOIMCTB 3a cueT 00bETUHEHUS MTOAX0I0B, MPUHATHIX
B TPAJUIIMOHHON MPO(IATOIOTUA U AJANTOJOTUH, PEATU3YEeMbIX C MOMOIIBIO
TEXHOJIOTUM MSTKUX BBIYUCICHUN U, B YAaCTHOCTH, METOJOJIOTUU CHUHTE3a TH-
OpUIHBIX HEUETKUX pemaromux npasui [1, 2, 3]. i cuHTe3a HEYETKUX MOje-
Jiel MPOTHO3UPOBAHUSI HEBPOTUUECKUX PACCTPOMCTB, BHI3LIBAEMBIX YCIOBUSIMHU
TpyJla MHKEHEPOB KOHCTPYKTOPOB, pa3paboTaH METOI, COCTOSIIINI U3 CIIeTyIO-

HIEH MOCJIEN0BATEIIBHOCTH JEUCTBUM.

1. C yueTrom TpeGoBaHUMN KBAIMMETPUU (DOPMUPYETCS dKCTIEPTHAS TPYIINA, KOM-
MeTEeHTHAas B 00J1aCTH BHIOPAHHOW METOI0JIOTHH, a/IalITOJIOTHH U TPOPIATOIOTUH
YMCTBEHHOTO TPY/1a, BKJIIOUasi HHKEHEPHO- KOHCTPYKTOPCKYIO €SI TEIHHOCTb.

2. Ins BBIOpaHHOM MAaTOJIOTMU OMpeeNseTcs: cocTaB (PaKTOPOB PUCKA U IPHU3HA-
KOB HaJIMYMS UCCIEAYEeMOro Kijacca 3a00JieBaHUN BKJIIOYAsT TPAJAUIIMOHHO HC-
MOJIb3yEMbIE B MEJUIIMHE MTPU3HAKU 1 TIOKA3aTEeIN XapaKTePU3YIOIINUE aanTalm-
OHHBIM MOTEHIIUAJI OpraHUu3Ma B IIEJIOM U aIanTallMOHHOTO MOTeHIMAa U (WJIH)
YPOBHEH 3aIUTHI CHCTEM U OPTraHOB MUIIICHEN.

3.Ilpu cuHTE3€e MOJIEeNY OLICHKH aJanTallMOHHOrO MOTEHIIMAlIa B KauecTBe 06a30-
BOT'O 3JIEMEHTA MOJEJEH OLIEHKM YPOBHEW aJanTaiii UCHOJIb3yIOTCS HOPMUPY-
fomye (PyHKIIMU ypOBHS ajarnTaiyu ﬁ,(Sq), rae - uaeHTU(UKATOp YpPOBHS
OLIEHKHM aJanTaudoHHoro morenuuana (All),S,- nHdopMaTHBHBIA mapameTp ¢
uaeHTUGUKATOPOM ( 1o KoTopomy onpenensiercs All

89



4. Ilpu cuHTE3€e pemarolnX MpaBuil NPOTHO3UPOBAHUS TOSBICHUS U PA3BUTHS
HEBPO30B Y paOOTHUKOB, 3aHUMAIOIIUXCS MHXKEHEPHO- KOHCTPYKTOPCKOU Jesi-
TEJIBLHOCTH B Ka4eCTBE (PAKTOPOB pHUCKa MpeJIaraeTcs UCHoIb30BaTh JUIMTEIbHOE
WIHM YpE3MEPHO MHTEHCUBHOE MICUX0AMOLMOHaIbHOE Hanpsbkenue (I19H); mm-
TeJIbHOE WM YPE3MEPHO MHTEHCUBHOE YMCTBEHHOE YTOMJIEHHUE; 001IHe (DaKTOPHI
pHUCKa MOSIBJICHUS U PA3BUTHS HEPBHBIX 00JIE3HEH; COCTOSTHUE MEXAaHU3MOB aJ1all-
TallMM; YPOBEHb HAIIPSIKEHHOCTH TPYAA; BO3IEUCTBUE DJIEKTPOMATHUTHOTO TOJIS
KOMIIBIOTEPOB B COYETAHUM C IPYTMMHU UCTOYHUKAMM 3JIEKTPOMATHUTHOTO U3ITy-
YEHUS.

Hcrnonb3ys moka3aTeny, OMUCHIBAIOIIME 3TH (PaKTOPhl PUCKA, CUHTE3UPYETCS
Ha00p QYHKIMH MPUHAATICKHOCTH, ONPEACIIAIONINX YACTHBIEC YBEPEHHOCTH B Me-
JULMHCKOM pHCKe 1Mo nokazarensMm: Y P, — yposenb [I9H;Y U, —ypoBenp anu-
TEJIBHOTO YMCTBEHHOTO yToMiIeHHUS;Y T;; — oOumx (pakTopoB prcKa MOSIBICHUS U
pa3BUTHUSI HEPBHBIX OoJie3Hel; YA, —cocTosiHue Mmexanu3mMoB agantanuu; Y N, —
HANPSDKEHHOCTH TPY/A; UEP, - XapaKTEPU3YIOLIUM BO3EHCTBUS DIIEKTPOMArHUT-

HBIX I10JIEM YaCTOTHOI'O JAUara3oHa .
[ToaydeHHbBIE YaCTHBIC MPOTHOCTHYCCKUE MOJICIM Ha OCHOBE PEKOMEHIAIMH 110
BbIOOpY THMa arperatopoB AGypy [1]:

YPN=AGypy|[YP, YU, YT, YA, YN, UEP'i] (1)

B X0Ac IMPOBCACHHBIX CTATUCTUICCKUX HCIBITAHUH OBLIO ITOKa3aHoO, 4TO II0 BCEM
IMOKa3aTCJIsIM Ka4CCTBO IIPHHUMACMBIX peHIGHI/Iﬁ IIPCBLIIIACT BCIIMYUHY 0,9
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Synthesis of fuzzy models for predicting neurotic disorders caused by

working conditions of design engineers
LukashO.Yu.
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This paper considers the issue of improving the quality of forecasting neurotic
disorders by combining approaches adopted in traditional occupational pathology
and adaptology, implemented using soft computing technology and, in particular,
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the methodology for synthesizing hybrid fuzzy decision rules [1, 2, 3]. To synthe-
size fuzzy models for forecasting neurotic disorders caused by the working con-
ditions of design engineers, a method has been developed consisting of the fol-
lowing sequence of actions.

1. Taking into account the requirements of qualimetry, an expert group competent
in the field of the selected methodology, adaptology and occupational pathology
of mental work, including engineering and design activities, is formed.

2. For the selected pathology, the composition of risk factors and signs of the
presence of the studied class of diseases is determined, including signs and indi-
cators traditionally used in medicine characterizing the adaptive potential of the
organism as a whole and the adaptive potential and (or) levels of protection of
target systems and organs.

3. When synthesizing the model for assessing the adaptive potential, the normal-
izing functions of the adaptation level f,.(S,), are used as a basic element of the
models for assessing adaptation levels, where r is the identifier of the level of
assessment of the adaptive potential (AP), S, is an informative parameter with the
identifier q by which the AP is determined.

4. When synthesizing decision rules for predicting the occurrence and develop-
ment of neuroses in workers engaged in engineering and design activities, it is
proposed to use as risk factors long-term or excessively intense psychoemotional
stress (PES); long-term or excessively intense mental fatigue; general risk factors
for the occurrence and development of nervous diseases; state of adaptation mech-
anisms; level of labor intensity; exposure to the electromagnetic field of comput-
ers in combination with other sources of electromagnetic radiation.

Using the indicators describing these risk factors, a set of membership functions
is synthesized that determine the partial certainties in medical risk according to
the indicators:: YP,- PES level; YU,- level of prolonged mental fatigue; YT,,- gen-
eral risk factors for the occurrence and development of nervous diseases; YA, - the
state of adaptation mechanisms; YN;- work intensity;yep, - characterizing the

impact of electromagnetic fields of the i frequency range.
The obtained private prognostic models based on recommendations for choosing
the type of aggregators UEP, [1]:

YPNzAGYPN [YPH, YUI'IJ YTH; YA]‘[; YNHJ UEP;] (1)

During the statistical tests, it was shown that for all indicators the quality of deci-
sions made exceeds 0.9.
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K.]IaCCI/l(l)I/IKaTOp MEIANIMHCKOTO PUCKA HA OCHOBE MHOTI'03JICKTPOAHOI'O
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JIax A.B.
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JuddepeHunanpHas AMarHOCTUKA MOPAKEHUN JETKUX, 0COOEHHO B IMEPUOJI AU~
JEMUYECKOTO PACHPOCTPAHECHHS PECIIUPATOPHBIX MH(EKIUH, SBISETCS BECbMa
CIOXHOU 3amauet. [lpu mocTymieHnn namnveHTa B UHGEKIMOHHBINA TOCIUTAIb
YacTO OTCYTCTBYET aHAMHE3 M PEHTI€HOJIOTH, U KIIMHULUCTHI JIEJal0T, TaK Ha3bl-
Baembie, «CrucTemMaTuyeckue ONMOKHA JOCTYITHOCTH. JTH OLIMOKU B MEUIIUHE
CBSI3aHBI C TEHACHIMENU OLICHUBATh IMArHO3bl PIHJIOMHO B 3aBUCUMOCTHU OT 3IIH-
JIEMHUOJIOTMYECKOM CUTYaIluu U HEAaBHO 00CIJIEIOBAHHBIX MAIUEHTOB.

B mocnennee Bpemsi UCMOIB30BaHKE METOIOB OMOMMIIEIAHCHOTO aHaJIU3a JJIs
JMArHOCTUKHU 3a00JIeBaHUN JIETKUX CTajO0 HOBBIM HAMpPAaBICHUEM, MOCKOJIBbKY
OBLJIO HaiIeHO OOJIbIIIE JI0KA3aTENbCTB TOTO, YTO MATOJIOTUYECKHUE 00pa30BaHUs
MMEIOT 3HAYUTENBHO OTINYAIOLINICS UMIIEIAaHC OT HOPMAaJIbHbIX TKaHew |1, 2].
J{ns GuonMIeITaHCHOM BU3yalu3alliy UMIIeIaHCca TPYAHOU KJIETKU ObLIO Mpe-
JIO’KE€HO PEUIUTh NPSAMYIO U 00paTHyto 3anauu. [Ipsamas 3agada pemaercs B npe-
MOJIOKEHUH, YTO pacipeiesieHue MPOBOIUMOCTH OMOOOBEKTA U3BECTHO, @ HEU3-
BECTHBI MOTCHIUAJIBI, ONpeEesieMble HAPsKEHUEM, MPUIOKEHHBIM K OJTHOMY
U3 OTBEJEHUN OMO0OBEKTA.

OOpatHas 3a/1a4a moJIaraeT, YTO HEM3BECTHBI JIOKAJIbHBIE MPOBOAMMOCTH OMOMa-
TepHuaya, a U3BECTHbI HANPSIKEHUS B y3JIaX MHOTOIOJIOCHUKA, KOTOPBIM 0o0pa-
3YIOT 3TU NMPOBOAUMOCTHU. B pe3ysbTaTe pelieHus oOpaTHOM 3aa4yu MoJydaem
BEKTOP JIECKPUIITOPOB, KOTOPHIN SBJSIETCS BXOIHBIM BEKTOPOM JIJIs Kilaccuduka-
TOpa MEAUIIMHCKOTO PUCKA.

OOpatHas 3a1aua pemaeTcst OTASIBHO JUIs KaXKI0T0 JIEKTpoHOoro nosica. [lomy-
YEHHBIC TIPU TOM JIECKPUTITOPHI TMTO3BOJISIIOT CHHTE3UPOBATH CIa0bIi Kiaccudu-
KaTop, ONPEICIISIONINN MEAUITMHCKUN PUCK 110 OMOMMIIEJAHCHOKM MOJCIH B KaX-
JIOM CEUYE€HUU FPYAHOU KIIETKHU.

AnmapaTHble Cpe/icTBa 1Ji1 OMOMMITEJAaHCHOTO aHaJIN3a BKIIOYAIOT: YCTPOIMCTBO
cOopa AaHHBIX JJI1 OMOMMIIETAHCHOW CIIEKTPOCKOIMU HAa OCHOBE 3JIEKTPOJHBIX
MOSICOB, O0PA3yIOIIMX MATPUILy 3JeKTpoaAoB. [Iporpammuoe obecrieueHue BKIIO-
yaeT psa uHTephEelCHBIX OKOH, MPEIHa3HAYECHHBIX I HACTPOUKU U OTOOpaxe-
HUS U3MEPSIEMBIX MapaMeTPOB B Ipaduueckoi popmMe, 00yueHus: U TECTUPOBAHUS
MOJIHOCBSI3HBIX HEUPOHHBIX CETEW, MpPEHa3HAYEHHBIX JJISI TOCTPOCHHS WMIIE-
JTAHCHBIX MOJIeJIel Onomarepuana u GopMUpPOBaHUS ECKPUIITOPOB IO BCEM OT-
BEJICHUSIM AJIEKTPOIHOM MaTpullbl [3].
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Jl1 5KCIepUMEHTANBHOIO HUCCIIEI0BaHus Kilaccudukaropa Obu1a cpopMupoBaHa
JKCIIEpUMEHTaIbHAas Irpymnmna no 60 manueHToB Ha KJIacC, B KOTOPYIO BOILIN 00JIb-
HbI€ THEBMOHMEN € YETKO OCTABJIEHHBIM JUarH030M, U TPYIINa BOJIOHTEPOB O€3
JIETOYHBIX MATOJOTUM. [l mosyyeHus: JaHHBIX OMOMMIIEIAHCHOTO aHalu3a Ha
IPYIHYIO KJIETKY MallMeHTa HAJAeBaJICA JIEKTPOAHBIN MOSIC U ONPEEISUIUCH Ipa-
¢uku Koyna B coorBercTBYyromux orBefeHusx. [lokasarenu kauecta kiaccudu-
Kaluu Jexanu B npeaenax ot 70% 1o 83% 1mo pa3HbIM METpUKaM U Ha pa3HbIX
KOHTPOJIbHBIX BEIOOPKaX.

Takum o6pazom, MosydyeHHbIE Pe3ysIbTaThl MO3BOJSAIOT CO3aBaTh CUCTEM IO-
JEPKKU TMPUHATHUS KIMHAYECKUX PEIICHUH 1T POTHO3UPOBAHUIO U TUATHOCTHKE
3a00J1eBaHUH JIETKUX, OCHOBAHHBIE HA MHOTOMEPHOM MHOT'OYaCTOTHOM 30HIUPO-
BAHUU U HEMPOCETEBBIX MOJIEIIAX.
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Medical risk classifier based on multielectrode and multifrequency
chest sounding
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Differential diagnosis of lung lesions, especially during the epidemic spread of

respiratory infections, is a very complex task. When a patient is admitted to an

infectious diseases hospital, anamnesis is often missing and radiologists and cli-

nicians make so-called "Systematic availability errors”. These errors in medicine

are associated with the tendency to evaluate diagnoses randomly depending on

the epidemiological situation and recently examined patients.

Recently, the use of bioimpedance analysis methods for the diagnosis of lung dis-

eases has become a new direction, since more evidence has been found that patho-

logical formations have significantly different impedance from normal tissues [1, 2].

For bioimpedance visualization of the impedance of the chest, it was proposed to

solve the direct and inverse problems. The direct problem is solved under the as-

sumption that the conductivity distribution of the bioobject is known, and the po-

tentials determined by the voltage applied to one of the leads of the bioobject are

unknown. The inverse problem assumes that the local conductivities of the bio-

material are unknown, but the voltages in the nodes of the multipole formed by
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these conductivities are known. As a result of solving the inverse problem, we
obtain a vector of descriptors, which is an input vector for the medical risk clas-
sifier. The inverse problem is solved separately for each electrode belt. The de-
scriptors obtained in this way allow us to synthesize a weak classifier that deter-
mines the medical risk using a bioimpedance model in each section of the chest.

Hardware for bioimpedance analysis includes: a device for collecting data for bi-
oimpedance spectroscopy based on electrode belts forming an electrode matrix.
The software includes a number of interface windows designed to configure and
display the measured parameters in graphical form, train and test fully connected
neural networks designed to build impedance models of biomaterial and generate
descriptors for all leads of the electrode matrix [3].

For the experimental study of the classifier, an experimental group of 60 patients
per class was formed, which included pneumonia patients with a clearly estab-
lished diagnosis, and a group of volunteers without pulmonary pathologies. To
obtain bioimpedance analysis data, an electrode belt was placed on the patient's
chest and Cole graphs were determined in the corresponding leads. The classifi-
cation quality indicators ranged from 70% to 83% for different metrics and on
different control samples. Thus, the obtained results allow us to create systems for
supporting clinical decision-making for the prognosis and diagnosis of lung dis-
eases, based on multidimensional multi-frequency probing and neural network
models.
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HecMmoTpst Ha BBICOKMI YPOBEHb HAYYHO-TEXHUYECKOTO IIPOrpecca, BO MHOTUX 3p-
raTU4eCKUX CUCTEMAX psiJl (PyHKIUI, BHITOIHAEMBIX YeToBeKoM-orieparopom (HO),
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HE MOJUIeKUT aBTOMaTH3aluu. [loaToMy BO3HHKAaeT HEOOXOAUMMOCTD B OLIEHKE a/1aIl-
TalroHHOTO noteHuuaina YO B mporiecce oneparopckoit aestenbHocTH [ 1]. Tlonck
MHTETPaJIbHOT0 MMOKa3aTellsl, XapakTepusyrolero GyHkiuonaibHoe cocrosiaue YO,
CJIO’KEH M BeChMa Mpo0JieMaTHuEeH, TO3TOMY B 3TUX HEJISIX 1IEIeCO00pa3HO UCTIOIb-
30BaTh 00y4aeMble KI1acCU(UKATOPBI C JECKPUIITOPAMHU, MTOJTyYEHHBIMUA HA OCHOBE
YaCTOTHOTO aHaJIn3a JekTpodHiedanocurnaia (33C) [2, 3].
[Ipennaraemeiii metoq aemmdpannn 93C COCTOUT U3 CIETYIOUIUX 3TAIOB:
- IOJIy4€HUE, IO MeHbIIEH Mepe, ogHoro D9C OTBeACHUS;
- o0paboTka, Mo MeHbIeld Mepe, omgHOro DDC MOCPEACTBOM CErMEHTAITUU
O9C Ha nepecekaroumecs Wik Ha He MIEPECEKAIONINECs OKHA;
- ¢dopMupoBaHUEe IS KaXKIOTO CErMEHTa, MOJYYCHHOTO Ha TMPEIbIIyIIeM
mare, Habopa mpu3HakoB DIC (IECKPUITOPOB) AJIs TIOTHOCBA3ZHOM HEHPOH-
HOM CETH MOCPEICTBOM MHOTOYPOBHEBOT'O KOMITApATOpa, YHUCIO YPOBHEH
KOTOPOTO OMPEEseTCs Pa3MEPHOCThIO BEKTOPA JIE€CKPUIITOPOB, a KOMIIO-
HEHTBI BEKTOPA IECKPUIITOPOB BHIYUCIISIIOTCSL COTJIACHO BBIPAXKEHUIO

13, (1)
FD, M;y,

rae TW-muprHa oKHa B OTCYETax, | — HOMEp Iopora KOMIapaTropa, i =iN ; 7-HO-
Mep oTcYeTa B I-M OKHE,
V. :{1, ecnu ‘XT‘Z(O“ ; (2)
0, ecm |X|<0O;;
®; — BenmuunHa i-ro mopora; X— orcuer 99C B okHe TW.

- nepeaayda Hadbopa aeckpunTopoB IIC KaxA0ro CErMeHTa Mo KaHally rnepe-
Jla4¥l JaHHBIX HAa 00y4YaeMblil Kilaccu(hrKaTop, BHIMOTHEHHBIN B BUI€ HEHPOH-
HOM cetH [2, 3].

Jl1st o0yueHurs HeHpOHHOM CeTH ObLTa CO3/]aHa IKCIIEPUMEHTAIbHAS TPYIINa OIe-
paTopoB WH(GOPMAIITMOHHO HACHIIICHHBIX CHCTEM, C OJHOPOJHBIMU KIIMHUYE-
CKMMH M JieMorpaduuecKuMHu rmokasaresssMu. Jleckpunropsl cornacHo (1) u (2)
dhopmupoBaIuCch nepea padbodeit CMEHOM M IOCiIe OKOHYaHUS paboyeii CMEHBI.
Tak KaKk 4uCJIO0 OMepaTOpOB OrPAaHUUYEHO BO3MOKHOCTSIMHU JIOCTYIA, TO C LEJBIO
CEMIUIMPOBAHUSI TAHHBIX, C KAXJI0T0 OlepaTopa OCYLIECTBISIICS COOp JaHHBIX B
TEUEHUHM MITU AHEH. B uTore ObuIo mosjydeHa oOydaronias BIOOpPKa B pazMepe
cTa 00OBEKTOB, a TAKXKE KOHTPOJIbHAsI BEIOOPKA B pa3Mepe TPUALIATH OOBEKTOB.

B kauecTBe KiaccudukaTopa HCIOIb30Bajach MHOIOCIONHAS IMOJTHOCBSI3HAS
HEWpOHHAs CEeTh MpsAMOro pacmpoctpaneHusi CN — MepHbIM neckpuntopom. Ha
BXOJI€ MCMOJB30BAIMChH JIBa HEHPOHA ¢ (QYHKUMEH aKTUBAIMU UCIOJIb30BANIACh
¢ynkius ReLU. IToka3arenu kadecTBa MOJy4€HHOTO KiIaccuPpuKaTopa (OnOKu

MIEPBOTO U BTOPOTO pojia M 00IIee YMCIIO OMMOO0K) HE OMyCKAIUCh HIDKE 3HAYE-
aui 0,86.
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Neural network classifier of electrical brain activity for assessing

the functional state of a human operator
RybakovA.Yu.
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Despite the high level of scientific and technological progress, in many ergatic sys-
tems a number of functions performed by a human operator (HO) cannot be auto-
mated. Therefore, there is a need to assess the adaptive potential of the HO in the
process of operator activity [1]. The search for an integral indicator characterizing
the functional state of the HO is complex and very problematic, therefore, for these
purposes, it is advisable to use trainable classifiers with descriptors obtained on the
basis of frequency analysis of the electroencephalosignal (EES) [2, 3].

The proposed method for decoding the EES consists of the following stages:

- obtaining at least one EES lead,;

- processing at least one EES by segmenting the EES into intersecting or non-
intersecting windows; - formation for each segment obtained in the previous step
of a set of EES features (descriptors) for a fully connected neural network using
a multi-level comparator, the number of levels of which is determined by the di-
mension of the descriptor vector, and the components of the descriptor vector are
calculated according to the expression

:iTW ' (1)
FD; TW;VT

where TW-is the window width in counts, i — is the comparator threshold num-
ber, i =1n; 7- IS the count number in the i-th window,

Lif [x|>0,;
Vo= 0,if |x,|<®,; (2)

O; — the value of the i-th threshold; x.— is the EES reading in the window TW;
— transfer of a set of descriptors of the EES of each segment via the data trans-
mission channel to the trainable classifier implemented as a neural network
[2, 3].
To train the neural network, an experimental group of operators of information-
rich systems with homogeneous clinical and demographic indicators was created.
Descriptors according to (1) and (2) were formed before the work shift and after

96



the end of the work shift. Since the number of operators is limited by access ca-
pabilities, then for the purpose of data sampling, data was collected from each
operator for five days. As a result, a training sample of one hundred objects was
obtained, as well as a control sample of thirty objects.

A multilayer fully connected direct propagation neural network with an N-dimen-
sional descriptor was used as a classifier. Two neurons with the ReLU activation
function were used at the input. The quality indicators of the resulting classifier
(errors of the first and second kind and the total number of errors) did not fall
below 0.86.
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IHoka3zarTenn ¢a30B0ii CHHXPOHU3ALUMN KAK JECKPUIITOPI

KJIACCH(PUKATOPOB PYHKIMOHAJIBLHOIO0 COCTOSIHUSA KUBBIX CHCTEM
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N3yyenuto mpoOsieMbl reHeparii IEKTPHIECKUX UMITYJILCOB HEHPOHHBIMU T10-
MyJISIUUSIMH, B YACTHOCTH UX CHHXPOHHOM aKTUBHOCTH, IOCBAIIECH LIEJIBIA P KaK
TEOPETUUYECKHX, TAK M IKCTICPUMEHTAIILHBIX HAyYHBIX paboT. B uactHOCTH, TeHe-
palys TaKuX KU3HEHHO BAXXKHBIX PUTMOB KaK JIBIXaHHUE, OCYLIECTBIISIETCS CETHIO
CHHAIITUYECKHA CBSI3aHHBIX NMEWCMEKEPHBIX HEMPOHOB B HMKHEM YacTH CTBOJA
Mo3ra. B ¢cBsi3u ¢ 3TuM, npobiiema ucciieJoBaHusI CHHXPOHHOW aKTUBHOCTH KJle-
TOK B Pa3JIMYHBIX, B TOM YHCJIE U3MEHSAIOIINXCSA BO BDEMEHU, HEUPOHHBIX CTPYK-
Typax MpeAcTaBiIsieT coO0M OAHY U3 LEHTPaIbHBIX MPo0JeM HelipoOuonoruu. B
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OCHOBe ompeneneHus: (a3oBoM CUHXPOHHU3ALUU JIEKUT MOHSITHE MTHOBEHHOM
¢a3bl uccieayeMoro curtaia. Yroobl UCMOJIB30BATh €€ B KAUYECTBE JECKPUIITOPA
JUTsl OlleHKU (pyHKIMoHabHOTrO coctosiHusl (PC) cucrtempl, oHa JAOKHA OJIHO-
3HAYHO XapaKTEPHU30BaTh COCTOSIHUE CUCTEMHI [ 1, 2].

C uenbio yBenuueHre o0beMa MoJje3HoN nH(popMaluu, u3BiIeKaeMon U3 61oJo-
IMYECKUX CUTHAJIOB, B UCCIIEyeMOM KUBOU CHCTEME 11eJ1IeCO00pa3HO UCTIONb30-
BaTh JIBE MMOJICUCTEMBI, IIPOIIECCHI B KOTOPBIX HAOIIOAAIOTCS B BUAE CHHXPOHU3H-
POBaHHBIX KBa3UMNEPUOANUECKUX cUTHANIOB X1(t) u X2(t). OCylecTBUB CHHXPOH-
HYIO 3allUCh ATUX CUTHAJIOB B TEUECHUE BPEMEHU [, ONpEAeIsieMOM LIEJISIMU HUC-
CJICTIOBAaHWM M MPUPOJION HCCIACTYEeMON cHCTeMBI, B KoopanHaTax [X1(t), x2(t)]
MOKET OBITh TOCTPOEH (Pa30BBIN MOPTPET UCCIAEAYEMON TMHAMHUYECKON CUCTEMBI
Ha uHTepBaje T. Da30BbIA MOPTPET - ITO 3aMKHYTas KpUBasi, KOTopas Ha (pa3oBoii
I0cKocTH opMupyeT HeKoTopyro durypy. [Lnomans, 3annMaemast 3Toi ury-
poii, Ha30BeM (Ha30BBIM MOPTPETOM, KOTOPBIN MOXKET ObITh OKOHTYPEH TEM WJIU
WHBIM METOJOM, C MOCJIEIYIOIIUM OIPEAEICHUEM CIEKTpa 3TOTO KOHTypa [3].
CrnexTpanbHbie KO3()PHUIIMEHTHI 3TOr0 KOHTYPa UCIIOJIb3yeM B KaUe€CTBE ACCKPHII-
TOPOB JIJIsl HEUPOCETEBOro KiaccupukaTopa, 00y4eHHOr0 Ha TI0 MHOXKECTBY Tap
{x1(t) - x2(t)}. Hampumep, komruiekcubie ko3hduineHTer Oypbe MoaydeHHON
3aMKHYTOM KPUBOM HCIIOJIB3YIOTCA B Ka4€CTBE BXOJHOTO BEKTOpa 00y4aemoro
KJ1accupukaTopa, MOCTPOCHHOTO B MPOCTpPaHCTBE JeckpuntopoB Dypwe, 4TO
MO3BOJISIET OCYIIECTBIATH KJIACCUPUKAIUIO UCCIIETYEMON CUCTEMBI.

D¢ dexT npeasioxKeHHOro crocoda GopMUPOBAHUS TECKPUTITOPOB JIJIsi HUpOCeTe-
Boro kiaccudukaropa ®C noacucTeMbl )KUBOM CUCTEMbBI UJIA CUCTEMBI B IIEJIOM
3aKJII0YAETCS B PACUIMPEHUN MOJydaeMoi UH(POpPMAIIUU O CJIOKHBIX JTUHAMHUYE-
CKHMX CHUCTEMaXx 3a CUeT y4eTa B3auMOJICUCTBUS UX nojicucteM. [[puMeHuTenbHO
K )KMBBIM CHCTEMaM 3TO o0ecreunBaeT 00jiee KaueCTBEHHOE IMarHOCTUPOBAHUE
3a00J1€BaHUN CEPACUHOCOCYTUCTON CHUCTEMBI YETOBEKA, YTO MO3BOJISET OKa3bl-
BaTh aJICKBATHBIC TEPANIEBTUUECKNE BO3/ICUCTBUS HA MALMEHTA, Y KOTOPOTO BBI-
SBJIEHA BO3MOKHOCTh BO3HUKHOBEHHS )KU3HEOMACHBIX CUTYALIHUM.

JlanHbIi crioco0® arnpoOUpoBaH MpU OIEHKU PUCKA Pa3BUTHS apTEepUATBHOU T'H-
NEePTeH3UN HA OCHOBE BBHIOpaHHBIX (haKTOpOB pucka. [lomydeHHbIE ¢ TOMOIIBIO
JTAHHOTO CT0Cc00a Pe3ysIbTaThl MO3BOJISIIOT MIOMOYb Bpauy OOIIel MPaKTUKH, Te-
parneBTy MPOBECTH PAHHIOW MPOPUIAKTUKY, HANPABICHHYIO Ha MPEayIpexKIe-
HUE pa3BUTHUS 3a00JI€BaHUSI, TEM CaMbIM CITIOCOOCTBYSI CHUKEHHUIO CITydaeB Mep-
BUYHOM 3a00JI€Ba€MOCTH apTepHUATbHON TUIIEPTEH3UEH.
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One of the leading causes of disability worldwide remains the A number of theo-
retical and experimental scientific works are devoted to the study of the problem
of generation of electrical impulses by neuronal populations, in particular their
synchronous activity. In particular, the generation of such vital rhythms as breath-
ing is carried out by a network of synaptically connected pacemaker neurons in
the lower part of the brainstem. In this regard, the problem of studying the syn-
chronous activity of cells in various neural structures, including those changing
over time, is one of the central problems of neurobiology. The definition of phase
synchronization is based on the concept of the instantaneous phase of the signal
under study. In order to use it as a descriptor for assessing the functional state (FS)
of a system, it must unambiguously characterize the state of the system [1, 2]. In
order to increase the volume of useful information extracted from biological sig-
nals, it is advisable to use two subsystems in the living system under study, the
processes in which are observed in the form of synchronized quasi-periodic sig-
nals x1(t) and x2(t). Having carried out a synchronous recording of these signals
during a time T determined by the objectives of the research and the nature of the
system under study, a phase portrait of the dynamic system under study can be
constructed in the coordinates [x1(t), x2(t)] over the interval T. A phase portrait is
a closed curve that forms a certain figure on the phase plane. The area occupied
by this figure is called a phase portrait, which can be contoured by one method or
another, with subsequent determination of the spectrum of this contour [3]. The
spectral coefficients of this contour are used as descriptors for a neural network
classifier trained on a set of pairs {x1(t) - x2(t)}. For example, the complex Fourier
coefficients of the obtained closed curve are used as an input vector of a trainable
classifier constructed in the space of Fourier descriptors, which allows for the
classification of the system under study. The effect of the proposed method for
forming descriptors for the neural network classifier of the FS subsystem of a
living system or the system as a whole is to expand the information obtained about
complex dynamic systems by taking into account the interaction of their subsys-
tems. With regard to living systems, this ensures better diagnostics of diseases of
the human cardiovascular system, which allows for adequate therapeutic effects
on a patient who has been identified as having the possibility of life-threatening
situations. This method has been tested in assessing the risk of developing arterial
hypertension based on the selected risk factors. The results obtained using this
method allow a general practitioner or therapist to carry out early prevention
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aimed at preventing the development of the disease, thereby helping to reduce the
incidence of primary arterial hypertension.
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ANTOPUTM HEpAPXUUECKON KiIaccupuKamu MOpHOIOrHIecKuX 00pa3oBaHuil Ha
CHUMKaxX BUCOPsAa MOCTPOEH MO YETHIPEX YPOBHEBOW CTPYKType, Ha MEPBOM
YpOBHE KOTOPOM OCYIIECTBISIOT YBEIMUEHUE MTOKa3aTeeil 0OJHOPOTHOCTH B Ce-
MaHTHYECKH OJHOPOTHBIX CETMEHTAaX, Ha BTOPOM YPOBHE OCYIIECTBIISIOT KaCKa/I-
HYIO CerMEHTaIu0 MOp(hoIoruuecku o0padboTaHHOTO N300pakKEHHs, Ha TPETHEM
YpOBHE UACHTUPUIIUPYIOT 00JIaCTH UHTEpECa, a Ha YETBEPTOM YPOBHE KJIaCCH-
(GuuupyroT BEIOpaHHBIE B MHTEPAKTUBHOM pekuMe o0siactu untepeca [1, 2].
ABTOMaTHuecKasi cerMeHTaIus CHUMKOB ¢ BbiziennenremM ROI 3akinrogaeTcs B pas-
ouennn ero Ha N OJHOPOAHBIX TO SPKOCTH OJIOKOB MOCPEICTBOM TEXHOJIOTUU
«CBEPXY-BHU3Y, IPEIyCMaTPUBAIOIICH UTEPAITMOHHBIN IIUKII pa3OueHus n3oopa-
KEHHUS Ha OJHOPOJHBIC MO SPKOCTH OJIOKU, U CIUSHUE OJOKOB B CErMEHTHI Ha
OCHOBE aHaJIn3a MPeIUKTOpoB P1, XapakTepu3youux 0AHOPOIHOCTh O0bEINHS-
eMBIX OJIOKOB, IO TEXHOJIOTUU «CHU3Y-BBepx» [2]. Hns popmupoBanus nzodpa-
YKEHUS MAaTOJIOTMIECKOT0 MOP(OIOTHIECKOTO 00pa30BaHMs HA CHUMKE ISl KaXK-
noro u3 N MoJydeHHBIX CErMEHTOB — 00BbeAMHEHHBIX 0JI0KOB R;, ompeaenseTcs
peauKTOp P2 — BEKTOp MH(POPMATUBHBIX MPU3HAKOB, U TP BBITIOJHEHUS YCIIO-
Bust P2(Rn) = TRUE, n = 1,...N, st mpoBepku KoToporo npeaukrop P2 6moka R,
aHanu3upyercs 00yyaeMbIM Kiaccu(ukaTopom, nociadiokR,0nHapusupyercs.
Kputepuii 00beIMHEHNSI CMEKHBIX CETMEHTOB 110 TEXHOJIOTHH «CHU3Y — BBEPX»
COCTOUT B MPOBEPKE YCIOBUS
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P1(RiIURj) < (P1(Ri))AND(P1(R))), j =1,... q; i#,
riae Ri u Rj — cMexHbIe OJIOKH, ( — YHCI0 CMEXHBIX 0JI0KOB Ha TEKYIIEM YPOBHE
y 610Ka RIi.
Knaccudukatops! Bbiie/IIeMbIX HA CHUMKE CEIMEHTOB, IOCTPOCHBI Ha HeWpoce-
TEBBIX MOJEIISAX, NECKPUIITOPBI KOTOPBIX MOJYyYEHBI OCPEACTBOM JIBYMEPHOTO
CHEKTPAIBHOTO aHaIM3a U300paKeHHUsI CETMEHTA WM C(POPMUPOBAHBI KaK MPH-
MUTUBBI, allIPOKCUMHUPYIOIIUE TUCTOTPAMMBI IPKOCTH CErMEHTA.
CTpyKTypa MHTEIUIEKTYaJbHOW CHCTEMbI KJIacCU(UKALUA CHUMKOB BHUIEOPSIA
BKJIFOYAET MOJYJb (DOPMHUPOBAHHS KACKaTHBIX OKOH, MOAYJIb OObETUHEHHS Kac-
KaJHBIX OKOH, U MOJTyJIb KJIaCCU(PUKAIIUU U IPUHATHSA PEIICHUH, OJIOK CerMeHTa-
IIUH, IOCTPOCHHBIN Ha OCHOBE MPOIEAYPHI (POPMUPOBAHMUS KaCKaJHOTO OKHa [2],
U peau3yeT allfOPUTM MOIU(UKAIIMK TPAHUIIBI CETMEHTA, TOCTPOCHHBIN Ha Oc-
HOBE KpUTEPUS OJHOPOJAHOCTU U300pakeHHs cerMeHTa. B 0CHOBy anropurma mo-
JI0’KEH HEMpOCeTeBOM KIacCU(PUKATOP TEKCTYPHON HEOJHOPOIHOCTH CEIMEHTA.
MopynpHast CTpyKTypa IpOrpaMMHOTO OOECIIEUEHHUs [Tl peaiu3aluu YeThIpeX-
CTYNEHYAaTON MOJENU Kiaccu(puKaTopa CHUMKOB BUICOPSAA, BKIIOUAET UHTEP-
(elicHbIE 2JIEMEHTHI, CEPBUC BBOAA-BBIBO/A, MOJYJIb CEIMEHTALIUN, KOHTPOJIIEP
3aja4, MOAYJb (POPMUPOBAHUSL OKOH, MOAYJIb HEMPOCETEBOIO MOJEIUPOBAHUSI.
[TporpaMMHOe oOecnieueHue anpoOUpPOBaHO Ha KiIacCU(PUKAIIMN PEHTI€HOTpaMM
MOJIOYHOM JKeJIe3bl MO KJIaccaM «HET O00JacTH MHTEpeca» WIH «00JIacTb MHTE-
pecay» M Mo KJIacCU(PHUKaUU CErMEHTOB PEHTTEHOTPaMM MOJIOYHOM KeJe3bl 10
KJIaccaM «HOPMa» M «MaToJIoTus» [3]. DKCIIEPUMEHTHI Ha KOHTPOJIbHBIX BBIOOP-
Kax MpH KiIaccU(UKaIIMK PEHTTEHOBCKUX CHUMKOB MOJIOUYHOM KeJIe3bl MOKa3aan
JTMArHOCTUYECKYIO0 3((EKTUBHOCTH IO KJIACCaM PEHTIEHOTPaMM «HET 00JacTH
UHTEpeca» - «obnactb HHTepeca» He Hmxke 90%, a mo kiaccam CErmMeHTOB
«HOPMa» - «HaTOJIOTUs» HE HUKE 91%.

Cnucok Jureparypsl

1. JTaGaros, A.P. ABToOMaTH3upOBaHHAs cCUCTEMA KIacCU(PUKAIIMUA PEHTTEHOTPAaMM MO-
nounoit xkenesbl / labaroB A.P., 'opbynoB B.A., ®uwmuct C.A., Mamtotuna N.A.,
Konpapamos J[.C. / Menunuackas texauka. — 2019. — Ne6 (318). - C. 39-41.

2. ®umuct, C.A. MeToJ KacKaHON CErMEHTAIlMA PEHTICHOTPAaMM MOJIOYHOM JKeJIe3bl/
C.A. ®unuct, A.P. J1abaros, 1.A. Mamoruna, /[.C. Korapamos // U3Bectus FO3I'Y.
Cepus YnpaBiieHue, BRIUUCIUTEIbHAS TEXHUKA, HHDOpMaTHKa. MeaUIMHCKOE MpH-
6opoctpoenue. — 2019. — T.9. Ne 1(30) — C.49-61.

3. MamorrHa, M.A. MeTobl U aJTOPUTMBI aHAJM3a PEHTTEHOTPAMM TPYIHOU KICTKH,
HCIIONB3YIOIIKE JTOKAIbHBIE OKHA B 3aJja4ax oOHapyxeHus natojoruit/ M.A. Mamto-

tuHa, A.A. Ky3emun, O.B. [latanosa // [Ipukacnuiickuii sKypHaJI: YIIpaBJICHUE U
BbICOKHE TexHosoruu. - 2017. - Ne3(39). - C.131-138.

Multistage classifier model in intelligent support systems for video sequence
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The algorithm of hierarchical classification of morphological formations in video
sequence images is built on a four-level structure, at the first level of which an
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increase in homogeneity indices in semantically homogeneous segments is carried
out, at the second level a cascade segmentation of the morphologically processed
Image is carried out, at the third level areas of interest are identified, and at the
fourth level areas of interest selected in interactive mode are classified [1, 2]. Au-
tomatic segmentation of images with ROI allocation consists of dividing it into N
blocks homogeneous in brightness using the “top-down” technology, which pro-
vides for an iterative cycle of dividing the image into blocks homogeneous in
brightness, and merging the blocks into segments based on the analysis of P1 pre-
dictors characterizing the homogeneity of the combined blocks, using the “bot-
tom-up” technology [2]. To form an image of a pathological morphological for-
mation in a snapshot for each of the N obtained segments - combined blocks Rn,
the predictor P2 is determined - a vector of informative features, and if the condi-
tion P2(Rn) = TRUE, n =1, ... N is met, for checking which the predictor P2 of
the block Rn is analyzed by the trained classifier, the post-block Rn is binarized.
The criterion for combining adjacent segments using the "bottom-up" technology
consists of checking the condition P1(RiURj) < (P1(Ri))AND(P1(Rj)),j=1, ... q;
i#j, where Ri and Rj are adjacent blocks, q is the number of adjacent blocks at the
current level of block Ri.

The classifiers of the segments identified in the snapshot are built on neural net-
work models, the descriptors of which are obtained by means of two-dimensional
spectral analysis of the segment image or are formed as primitives approximating
the segment brightness histograms. The structure of the intelligent video sequence
image classification system includes a cascade window formation module, a cas-
cade window merging module, and a classification and decision-making module,
a segmentation unit built on the basis of a cascade window formation procedure
[2], and implements a segment boundary modification algorithm built on the basis
of a segment image homogeneity criterion. The algorithm is based on a neural
network classifier of segment texture heterogeneity.

Modular structure of software for implementation of four-stage model of video se-
quence image classifier includes interface elements, input-output service, segmen-
tation module, task controller, window formation module, neural network modeling
module. Software has been tested on classification of breast radiographs by classes
"no area of interest" or "area of interest" and on classification of breast radiograph
segments by classes "norm™ and "pathology” [3]. Experiments on control samples
during classification of breast radiographs showed diagnostic efficiency by classes
of radiographs "no area of interest" - "area of interest" of not less than 90%, and by
classes of segments "norm" - "pathology" of not less than 91%.
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«bbITOBON PUTOTPOH» — aBTOMATU3UPOBAHHOE YCTPOMCTBO AJIsl CO3aHMsI UH]U-
BUJIyaJIbHBIX YCIIOBUM pocta pacteHuid [1]. KiroueBoil ocoOeHHOCTBIO pa3pa-
OOTKH SIBJSIETCS MIPOCTOTA KCIUTyaTallid M HACTpoiiku. B kauecTBe nudposoro
OCHaIIleHus uctonb3yeTcst konTposuiep ArduinoNano [2]. [IporpammHbIil GyHK-
[IMOHAJl YCTPOMCTBA BKJIIOYAET B ceOsl 3arpy3Ky KOH(UTYpaluil peXxUMOB pa-
00TbI, BBIOOp HEOOXOAMMOM KOH(PUTYpALMU U TOAJIEp)KAHKUE 3aJaHHBIX YCIOBUN
MUKPOKJIMMATa COTJIACHO CHCTEME aBTOMATUYECKOTO PEryIHpPOBaHUSI.
Pa3pabareiBaemasi mporpamMma Jijisi KoHTposuiepa ArduinonpenacraBisier coOoi
onepanronHyrocuctemy(OC), ynpouaromnyo B3auMoJICHCTBUE TOJIb30BATENS C
ycTpoiictBoM. Mcxons U3 3asBICHHOIO (pyHKIMOHANA pa3paboTaHa CTPYKTypa
OC, BkJIIO4aromiast Y4eTblpe NpOrpamMmabl:

1. Ilporpammy apaiiBepoB, COJEPKAIILY0 OMOTUOTEKH, YITPOIIAOIINE U ONITUMU-
3UpYIOIIKe paboTy ¢ 000pya0BaHUEM, CBOJISI TPOTPAMMHBIA KOJI K YI0OHBIM KO-
MaHJaM.

2. [IporpamMmMmy ympaBlieHUsI yCTPOWCTBOM Ha OCHOBE KOMaH]] OMOJINOTEK.

3. [Iporpammy wmHTEepdeiica, 00mamaroy0 MOANPOrpaMMaMH BBIBOJIa MHTEP-
¢elica 1 HaBUrauuu Mo Hemy, (hailyIoBOro MeHeKepa U 00pabOTKU yCTPONCTB
BBOJIA JIJIsl YIIPABIICHUSI yCTPOMCTBOM.

4. [IporpaMMy aBTOMATHYECKOTO TOJACPXKAHUS MUKPOKIMMATa, HCIOIb3YIO-
Y10 MapaMeTpbl U3 KOH(QUTYpAUOHHBIX (haiiIIoB.

[Tpennaraemass OC 1MoO3BOJISET MOJIB30BATENIO YIPABISATH YCTPOUCTBOM, HE BIa-
Jest TITyOOKUMU TEXHUYECKMMU 3HAHUSIMHU.
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The concept of the operating system of the ""Household Phytotron™
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"Household Phytotron™ is an automated device for creating individual conditions
for plant growth [1]. The key feature of the development is ease of operation and
setup. The Arduino Nano controller is used as digital equipment [2]. The software
functionality of the device includes loading configurations of operating modes,
selecting the required configuration and maintaining specified microclimate con-
ditions according to the automatic control system.

The developed program for the Arduino controller is an operating system (OS)
that simplifies user interaction with the device. Based on the declared functional-
ity, the OS structure was developed, including four programs:

1. adriving program containing libraries that simplify and optimize work with the
equipment, reducing the program code to convenient commands;

2. a device control program based on library commands;

3. an interface program with subroutines for displaying the interface and navi-
gating through it, a file manager and processing input devices for controlling the
device.

4. a program for automatic microclimate maintenance using parameters from con-
figuration files. Thus, the proposed operating system allows the user to control
the “Household Phytotron” without having deep technical knowledge.
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KubepaTraku Ha HCKyCCTBeHHbIE CIIyTHUKHU 3eMJIU
Bopo6sé A.E.!, Kopuenckuii A.H.?
\ITHTY, 2JonHTY

Hauunas ¢ 4 oxtsa6ps 1957 rona, korga B CCCP 6wt 3amyliieH nepBbiii B MUPE
MCKYCCTBEHHBIN CITYyTHUK 3€MJIM, MUPOBAasi TOHKA 32 BOEHHOE IIPEBOCXOJICTBO BbI-
11J1a 32 Mpeesbl 3eMHOM aTMocdepbl. B pesynbrare, BOOpYKEHHbIE CUJIbI CTPAH,
00JagaroMX KOCMHUYECKUMHU TEXHOJOTUSIMU, CTaIM IUJIAHUPOBATH 3allyCK Ha
3eMHYI0 OpOUTY CIIyTHUKOB C SIEPHBIM OPY>KHEM, a 3aTeM U ¢ OOEBbIMU Jia3e-
pamu. B neiicTBUTENBHOCTH, SIIEPHOE OPYKUE TaK U HE OBbLIO 3alyIIEHO B KOC-
MOC, @ PEIbHOM YIrpO301 BCKOPE CTAJIM KOCMUYECKAsS pa3BeIKa U IIIMOHAX [J].
[To nanubiM Ha Maii 2025 roga, Bokpyr 3emiu Bpamaercst npumepso 11 700 ak-
THBHBIX MCKYCCTBEHHBIX CIIyTHUKOB. HO eciu ydecTs U T€ CIIyTHUKH, KOTOPBIE
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0 KaKUM-JIM0O yxke He (PYHKIHMOHUPYIOT, @ IPOCTO HAXOASATCS HA 3€MHOU Op-
oure, To obiiee ux ynciao gocruraet 14 900.

[To oTHEeNbHBIM CTpaHaM KOJIMYECTBO AKTUBHBIX CITyTHUKOB pacTpeIesieTcs clie-
ayronmM oopazoM [3]:

« CIIIA — 4 531.

* Kuraii — 467.

* BenmukoOpurtanus — 349,

* Poccust — npumepno oxoso 300.

HckyccTBeHHBIE CITYTHUKUA 3€MJIM BBIBOJSAT HA OPOUTY C PA3IMUHBIMHU Iie-
JSIMU, OJHAKO, MPAKTUYECKH BCE OHHU 3aHUMAIOTCS pa3BEAbIBATEIbHON JIEATEIb-
HOCTBHIO (B TOM min uHOM (opme). [lepBbiii CIyTHUK 3IEKTPOHHO-ONTHUECKOMN
pa3Benku (CIOCOOHBIA MOMy4YaTh M300paKeHHsI MO 3aJaHHBIM KOOPAWHATAM
ONPEICICHHBIX TOUYEK UM TEPPUTOPHUIN U OTIPABIIATH X HA 3EMJITIO TPAKTUYECKU
B peaIbHOM BpeMeHH) ObLT BBIBEJICH HA OKOJIO3EMHYIO OpOUTY B Jiekabpe 1982
roja.

OcHOBHBIE 337]a4M Pa3BEIbIBATEIIBHBIX CITyTHUKOB 3aKJIIOYAIOTCS B [2]:

* ®OTO- ¥ BUJEOCHEMKE B BEICOKOM paszpeiieHud. CIlyTHUKH MOTYT HaOJII01aTh
3a TAKUMHU OOBEKTaMM, KaK CyXOIMyTHAsl © MOPCKasi TEXHUKA, JeTaTeJIbHbIE arra-
paThl, BOGHHBIE MOpA3ACIICHUs U APYTHE, U TIepe/iaBaTh cOOMpaeMyro nHpopma-
L0 HA 3EMIIIO.

* [IpocnymmBaHuM CUCTEM CBSI3M MIPOTHUBHHMKA U ONPEACICHUH MECTOIOJIOXKE-
HUS €r0 PaAuOCPEACTB.

» CnexeHuH 3a BHITIOJTHEHUEM 3aIpeTa Ha s/ICPHbIC UCTIBITAHUS.

* OOHapy»KEHUH IMYyCKOB PakeT MPOTUBHUKA (JJIsI MPEeAYyNPEKICHUS O PAKETHOM
Hamajienun ). Hanpumep, SInoHus 3amyckaeT ClyTHUKU-IITTTUOHBI, YTOOBI CIICTUTh
3a BO3MOXHBIM 3aITyCKOM s/1epHbIX pakeT B CeBepHoi Kopee.

* MOHUTOpPHHTE TOCYAAPCTBEHHBIX IpaHull. Tak, MMHaus ncnosb3yer Takue ar-
napartsbl JUisi MOHUTOPUHTA COOCTBEHHBIX TPAHHUIL.

B pe3ynbTaTe UCKYCCTBEHHBIE CIIYyTHUKH 3€MJIM NPEBPATUIIMCH B BayKHEUIINE

cpenctBa B chepe HalMOHAJIBLHOM 0€30MacHOCTH M pa3BebIBATEIIBHBIX OMNEpa-
U, TIpEeAnoaramIpe o0a3aTeIbHOE UCIIOIb30BAHUE UCKYCCTBEHHOTO WHTEJ-
nekrta [1].
Ctpanbl, 00J1a1atolMe COBPEMEHHBIMU KHMOEPTEXHOJIOTUSIMU (TEPMUH «KHOEP»
UCIIOJIb3YEeTCsl 111 0003HAYEHUS IEHCTBUM, MPOLIECCOB U CUCTEM, BKIIHOYAIOIIUX
MIPUMEHEHUE KOMITBIOTEPOB), CTAPAIOTCSI CKPHITHO HABPEAUTH UYKUM CITYTHH-
kaM. Tak, B 1997 r. Xxakepbl UCNOJIb30BAIN COLMATBHYIO HHKEHEPHUIO U OCYIIIe-
CTBWJIM KMOEpaTaKy, C BBIXOJIOM Ha IICUXOJOTMYECKOe MaHUITYJIMPOBaHUE Onepa-
TOpaMU U C UCIIOJIh30BAaHUEM 3apaHee COCTABJICHHON OMOIMOTEKH Maposieit) s
JIOCTyTa K MOJKIIOUYEHHbIM K HTepHeTy cepBepaM MpOTOKoja mnepeaadyu Qaii-
JIOB, PacIoJIOKEHHBIM B KOMIIBIOTEPHOW ceTH IieHTpa HanronanbHOro ymnpassie-
HUS TI0 a3POHABTUKE U UCCIEAOBaHUIO Kocmuueckoro mpoctpanctBa (HACA),
KOTOpbIE YIpaBisuid (aiiamMu, CBI3aHHBIMH C CUCTEMaMH YTPABICHUS W KOH-
TPOJISi COBMECTHOTO aMEPUKAHO-TEPMAHCKO-OpUTAHCKOTO PEHTT€HOBCKOTO CITYT-
nuka Rontgensatellit (ROSAT) [4]. Ota kubGepaTaka ciocoOCTBOBaIa CMEHE OpH-
€HTallUH 3TOr0 CIyTHUKA, YTO MPUBEJIO K €ro MoBopoTy K COJIHILY U NIEPErpeRy,
HaHeCs eMy HEMOoNpaBUMbIN yIiepo.
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B 2018 r. komnanust Symantec BoisiBuiIa rpymmy Thrip, ocyIiecTBUBIIYIO 1eIe-
BYIO KHOepaTaky C TpeX KOMIbIOTEpOB, Oazupyromuxcs B Kurtae, BRIMCKUBAS U
3apakasi KOMIbIOTEPHI (0MepaTOPOB CIYTHUKOBOU CBSI3U, 0OOPOHHBIX MOAPSTYH-
KOB U TeJleKoMMYHHUKaIMOHHbIX kKomnanuit CIIIA), ¢ mporpamMmMmubIM oOecrieye-
HUEM JJI1 MOHMTOPUHTA U YIPaBJICHUS CIIyTHUKAMH, C LI€JIbI0 HAPYIICHUS UX
mTaTHOM paboThI [4].

B mapre 2022 roga cnytauk Starlink kommanuu SpaceX, HaXoAAIIUACS HA HU3-
KO OKOJI03€MHOU OpOUTE CTONKHYJICS C TIylIeHHeM ero currana [4]. B Hos6pe
2022 roxa Starlink Taxoke monseprest DDoS-arake co croponst KillNet, n3-3a ko-
TOPOM €ro CepBUC OKa3aJICAd HEAOCTYIHBIM B TEUEHHE HECKOJIBKHUX 4acoB. Kpome
TOTO, B JanbHEeHmemM Starlink moaBepres aTake ¢ MOMOIIBIO MPOTPAMMHOTO 00ec-
MEYCHHUs, TIPEIIOJIOKUTEIBHO pazpaboTanHbM CeBepo-3amnaaHblM UHCTUTYTOM
sanepHbix TexHonorut Kuras (uccnegoBarenbckuM HHCTUTYTOM HapoaHo-ocBo-
ooaurensHOM apmuu Kutas), 1 onieHKH 3QQEKTUBHOCTH SJIEPHOIO IPOTUBO-
CIlyTHUKOBOI'O OPY’KHMsl Ha Pa3HbBIX BHICOTAX U MOIIHOCTSIX.

Takum oOpa3zoM, kubepaTaku, B KadecTBe NOJisi 005, OCBOMIM U KOCMHYECKOE
IPOCTPAHCTBO 3E€MJIH.
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Cyber attacks on artificial satellites
VorobyovA.E.1, KorchevskyA.N.2

IGNTU, 2DNTU

Since October 4, 1957, when the USSR launched the world's first artificial Earth
satellite, the global race for military superiority has gone beyond the Earth's at-
mosphere. As a result, the armed forces of countries with space technology began
planning to launch satellites with nuclear weapons into Earth orbit, and then with
combat lasers. In reality, nuclear weapons were never launched into space, and
space reconnaissance and espionage soon became the real threat [5]. As of May
2025, there are approximately 11,700 active artificial satellites orbiting the Earth.
But if you take into account those satellites that for some reason are no longer
functioning, but are simply in Earth orbit, their total number reaches 14,900.
The number of active satellites is distributed among individual countries as fol-
lows [3]:
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« USA —4,531.

 China — 467.

* Great Britain — 349.

* Russia — approximately 300.

Artificial Earth satellites are launched into orbit for various purposes, however,
almost all of them are engaged in reconnaissance activities (in one form or an-
other). The first electron-optical reconnaissance satellite (capable of receiving im-
ages from specified coordinates of certain points or territories and sending them
to Earth in almost real time) was launched into near-Earth orbit in December
1982.

The main tasks of reconnaissance satellites are [2]:

» High-resolution photography and video recording. Satellites can monitor objects
such as land and sea equipment, aircraft, military units and others, and transmit
the collected information to Earth.

* Listening to enemy communication systems and determining the location of
their radio equipment.

* Monitoring the implementation of the ban on nuclear tests.

* Detecting enemy missile launches (to warn of a missile attack). For example,
Japan launches spy satellites to monitor the possible launch of nuclear missiles in
North Korea.

* Monitoring state borders. For example, India uses such devices to monitor its
own borders.

As a result, artificial Earth satellites have become the most important means in
the field of national security and intelligence operations, which require the man-
datory use of artificial intelligence [1].

Countries with advanced cyber technology (the term "cyber" is used to describe
actions, processes, and systems that involve the use of computers) have attempted
to covertly sabotage other people's satellites. In 1997, hackers used social engi-
neering to launch a cyberattack (using psychological manipulation of operators
and a pre-built password library) to gain access to Internet-connected File Trans-
fer Protocol servers located on the computer network of a National Aeronautics
and Space Administration (NASA) center that managed files related to the com-
mand and control systems of the joint American-German-British Rontgensatellit
(ROSAT) X-ray satellite [4]. The cyberattack caused the satellite to change its
orientation, causing it to turn toward the Sun and overheat, causing irreparable
damage.

In 2018, Symantec identified the Thrip group, which carried out a targeted
cyberattack from three computers based in China, seeking out and infecting com-
puters (at satellite operators, defense contractors, and US telecommunications
companies) running software to monitor and control satellites, with the aim of
disrupting their normal operations [4].

In March 2022, SpaceX's Starlink satellite in low Earth orbit experienced signal
jamming [4]. In November 2022, Starlink was also subjected to a DDoS attack by
KillNet, which rendered its service unavailable for several hours. In addition,
Starlink was subsequently attacked using software allegedly developed by China'’s
Northwest Institute of Nuclear Technology (a research institute of the People's
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Liberation Army) to evaluate the effectiveness of nuclear anti-satellite weapons
at different altitudes and powers. Thus, cyberattacks have also mastered Earth's
outer space as a battlefield.
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KOHHeHTyaJH)Haﬂ KaTeropmsanus pa3sjindHbIX (l)OpM KOH(I)JII/IKTOB

B KMOEpIpOCTPaHCTBE
Bopo6ses A.E., Kopuesckuit A.H.2. Bopo6sen K.A.3*
ITHTY, 2[onHTY, *PY/IH, *UTIKOH PAH

Knaccudukanus npou3omenammux BOCHHbIX KOHQIUKTOB (MPUBEAIINX K 3HAYM-
TEJIbHBIM 3KOHOMHYECKUM U JPYTHMM TMOCIEICTBHUIM) BCEr/a SIBISIETCS EPBHIM
[IaroM B JIIOOOM aHAJINM3€ MEXIYHAapOJHOTO0 T'YMaHUTapHOIO MpaBa, MOCKOJIbKY
UX XapakTep OIpeAeiseT qalbHEHIHi npuMeHseMblid paBoBoit pexum [4]. Co-
OTBETCTBEHHO, KJIaccU(PUKAIM TaKUX KOH(IMKTOB MMEET OCHOBOIOJIAraolee
3Ha4YCHHUE.

CoBpeMeHnHas kiaccuUKauy BOCHHBIX KOHPIMKTOB orpeaenuiack B 1949 ., ¢
IIPUHATHUEM YeThIpeX JKeHEeBCKMX KOHBEHIIMN. B COBOKYITHOCTH, IPUHSATHIN B TOT
nepuoj Habop MPaBOBBIX MOJOKEHUH, MpeayCMaTPUBAET YEThIPE KaTETOPUU BO-
€HHBIX KOH(IUKTOB:

1) MexXayHapOAHBIA BOEHHBIN KOHPIUKT MEXAY rocydapCcTBaMu;

2) MEXIYHAPOIHBIN BOEHHBIN KOHMIUKT C y4acTHEM HallMOHAJIBHO-0CBOOO-
JTUTENbHBIX JIBUKEHUN;

3) HEeMeXIyHApOAHbIA BOCHHBIN KOH(MIUKT MEXIY rOCyJapCcTBOM M Opra-
HU30BAHHOM BOOPYKEHHOM IPYNIION WIM MEXIAY OPraHU30BaHHBIMU BOOPYKEH-
HBIMU TPYIIaMU;

4) HEMEXTyHapOIHBIM BOCHHBIN KOH(MIUKT HA YPOBHE TI. 2.

Heo0xoaumMo OTMETHUTD, 4YTO COBpEMEHHbIE BOCHHbIE KOH(IUKTHI, BKIIOYAIOIIIE
KuOeponepalnruy Wil OrpaHUYUBAIOLIUECs] UMH, HE ObuM mpexycMoTpeHsl Ke-
HEBCKUMH KOHBEHLIMSMHM, U UX JOBOJBHO CJIOKHO KJIacCU(PHUIMPOBATH B paMKax
TPaJAMLIMOHHOTIO MEXAYHAapPOJIHOIO MPaBa.
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Tak, cormacHO MMEIOUUMCS TMOJIOKEHUSIM MEXKIyHApOAHOTO MpaBa MEXIyHa-
pPOJIHBIE BOOPYKEHHBIE KOH(MIUKTHI JOHKHBI OJTHOBPEMEHHO OBITh KaK «BOOPY-
HKEHHBIMUY, TAK U «MEXIAYHAPOIHBIMIY. B oTHOIIEHUH KHOEPKOHDIUKTOB Mep-
BbII KpUTEPHI Mpe/ICTABIISAET COOON TUIEeMMY, 3aKII0YAIONIYIOCS B TOM, YTO KH-
Oepornepaliu o CBOEH MPUPO/JIE HE ABISIOTCS KUHETUYECKUMU U HE UCTIOIB3YIOT
TO, UTO B OOIIECTIPUHATOM CJIOBOYIOTPEOJICHUHN CUUTAETCS «Opyxkuem». OaHaxo,
KuOeponepalnud MOTYT UMETh KpaiiHe pa3pyIIUTeIbHbIC, Jake CMEPTOHOCHbIE,
NoCJIeACTBUS. ['0Cy1apcTBO, KOTOPOE NMOABEPIIIOCHh U3BHE KPYITHOW KHOEpaTake,
C OOJBIION BEPOSITHOCTHIO OXapaKTEPU3YET CUTYALINIO, KaK MEXIyHAPOIHbIHN BO-
OpY>KEHHBINA KOH(PIIUKT, MOAOOHO TOMY, KaK OHO MOCTYMHJIIO ObI, €clii OBl CTAJO
KEPTBOM HEKUHETUYECKON 0AKTEPHOJIOTHIECKON aTaKHl CO CTOPOHBI IPYTOro roc-
yIapcTBa. A Mo BTOpOMY KPHUTEPHUIO, B KUOEPKOH(IUKTAX HE BCETAa BO3MOXKHO
JIOCTOBEPHO YCTaHOBUTH aTaKYIOILYIO CTOPOHY.

BakHoii XapakTeprucTUKOHN pa3InyHbIX (POpM KHOEPKOH(IIUKTOB SIBJISIETCS UX KO-
JIMYECTBEHHBIE NIOKA3aTEU: HA CKOJIBKO OHHU 3aTParuBarOT MHTEPECHI (BOCHHBIE,
YKOHOMHUYECKHUE, COLIMAIIBHBIE U T.I1.) aTAKOBAHHOI'O FOCYAapCTBa.

[To TakoMy KpUTEpHUIO KHOEPKOHMIUKTHI MOTYT OBITh JIOKAJIbHBIMU (HAIIPUMED,
BBIBOJISLIIME U3 CTPOSI OOPTOBBIE JIEKTPOHHBIE U JIEKTPOMEXAHUUECKUE CUCTEMBI
camoJjieTa WM BEPTOJIETa, YTO MPUBOJIUT K aBUALIMOHHBIM KaTacTpodam), cpel-
HEl MOUTHOCTH, 3aTParuBaroniye KUOEpCUCTEMBI BaXKHOT0, HO CPETHETO MO pa3-
Mepam, o0bekTa (Hanmpumep, HerenepepadaThIBAIOIIETo 3aBoAa UK HETIHOM
matgopmsl [2,3]), KpyHHBIX (BO3HUKAET yuiepO Juisl HAMOHAJIbHON SKOHOMUKHU
Ha COTHU MUJUIMOHOB JIOJUIAPOB, Kak 370 Obu10 B 2010 r. Ha 3aBOAE 11O MPOU3BO-
cTBY ypaHa B Hatanze, B pane, riae Obutn pazpyuienssie 6osee 1000 uentpudyr,
YCTAaHOBJICHHBIX Ha TJIyOMHe okojo 50 M, HO 3a cYeT KuOepaTaku BHPYCOM
Stuxnet Ha UX ANEKTPOMEXAHUYECKYIO CUCTEMY, BOLIEAIIMX B PEXKUM camopas-
pyIIeHUs) U KpymHeHmux (MpuBoIsIme K yimepOoy cBbiiie 1 Miapa. 10511 ).
Taxke KMOEpKOH(IMKTHI 11eeco00pa3Ho MOJpa3aeisaTh MO OTPACIsIM HaIUO-
HAJIbHOM IKOHOMHKH, Ha KOTOpble OHM ObUTM WM OyAyT HAmpaBJIeHbl KuOe-
paTaku. 3TO MOTYT ObITh OAHKOBCKHUE CUCTEMBI CTpaHbl (KuOepaTaka Ha KOTOPBIX
MO>KET OTPY3UTh CTPAHY B SKOHOMUYECKUI KOJIJIAIC), CUCTEMA KEJIEZHBIX 10POT
VUIU HALIMOHAJIBHBIE 3HEPIOCHCTEMBI.

[IpumepoM onpeaeneHHON JIETKOCTH U IOCTHKUMOCTH BO3HUKHOBEHHS TAKUX Ce-
PBE3HBIX IPOOJIEM MOXKET OBITh TEXHOT'€HHAs aBapusl, TPOU3OILIEIIAS B SHEPIO-
cucrteme Mocksel 25 masg 2005 roxa, nepBoHa4aaIbHO BO3HUKILAS HA TOHUKAKO-
nieM Tpanchopmarope dekrponoacTaniiuu Ne 510 «HaruHo», pacroaoKeHHOM
Ha I0Tr0-BOCTOKE B paiioHe KamoTHu, U npuBelias BO3PACTaHUIO KPUTHUYECKOM
Harpy3KH Ha OCTajJbHbIE TPaHC(HOPMATOPHI, UTO U OMIPEACIINIIO KaCKaAHbIN XapakK-
TEep pacnpocTpaHeHHUs 3TOoil aBapuu. B pesynbrate Oblla OTKIIOYEHA MOjavya
AJIEKTPOSHEPTUN B HECKOJIBLKUX parioHax MocCkBbI U [10AMOCKOBBS, a Takke B
Tynsckoit, Kamyxckoit u Pszanckoit o0nacTsx, 4To HaHECIO yHEepO OKOJIO
2 mupa. pyo.

CoBpeMeHHbIE HAlMOHAJIBHBIE CUCTEMBI TPAHCIIOPTA, BOJO-, Fa30- WA SHEPro-
cHaOXEeHUS SABISIOTCS JOBOJBHO CIIOKHBIMU (TOJBKO B 3HEprocucreMe MOCKBBI
23 THIC. pacHpeneNuTeNbHBIX U TPaHC(HOPMATOPHBIX MOJCTAHIIAN), YTO MOXKET
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MOCITYKUTh 1IeJIbI0 KHOEpaTak, Co CTOPOHBI PA3IMYHBIX TEPPOPUCTOB U MPECTYII-
HUKOB. OCHOBHOM MyTh WX 3alIUThl OT TAKOTO BO3ACHCTBUS — MpPHUMEHEHHE
OXpaHHBIX CUCTEM MCKYCCTBEHHOTO MHTEIUIEKTA [ 1] 1 ¢pu3nueckoe OTAeNeHrE OT
KOHTaKTa ¢ ceTblo IHTepHET, 0 KOTOPHIM MOTYT MOCTYIIUTh Pa3Iu4HbIe BPEIO-
HOCHbBIE€ BUPYCHI.
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Conceptual categorization of different forms of conflicts in cyberspace
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!GGSTU, 2DonSTU, RUDN, *IPCONRAS
The classification of past military conflicts (leading to significant economic and
other consequences) is always the first step in any analysis of international hu-
manitarian law, since their nature determines the subsequent applicable legal re-
gime [4]. Accordingly, the classification of such conflicts is of fundamental im-
portance.
The modern classification of military conflicts was defined in 1949, with the
adoption of the four Geneva Conventions. Taken together, the set of legal provi-
sions adopted at that time provides for four categories of military conflicts:
1) an international military conflict between states;
2) an international military conflict involving national liberation movements;
3) a non-international military conflict between a state and an organized armed
group or between organized armed groups;
4) a non-international military conflict at the level of paragraph 2.
It should be noted that modern military conflicts, including or limited to cyber
operations, were not provided for by the Geneva Conventions and are quite diffi-
cult to classify within the framework of traditional international law.
Thus, according to the existing provisions of international law, international
armed conflicts must simultaneously be both “armed” and “international”. With
regard to cyber conflicts, the first criterion presents a dilemma, namely that cyber
operations are not kinetic in nature and do not employ what are commonly con-
sidered “weapons”. However, cyber operations can have extremely destructive,
even deadly, consequences. A state that is subjected to a major cyber attack from
outside is likely to characterize the situation as an international armed conflict,
just as it would if it were the victim of a non-kinetic bacteriological attack by
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another state. And according to the second criterion, in cyber conflicts it is not
always possible to reliably identify the attacker.

An important characteristic of various forms of cyber conflicts is their quantitative
indicators: to what extent they affect the interests (military, economic, social, etc.)
of the attacked state. According to this criterion, cyber conflicts can be local (for
example, those that disable on-board electronic and electromechanical systems of
an airplane or helicopter, which leads to aviation disasters), medium-power, af-
fecting the cyber systems of an important, but medium-sized facility (for example,
an oil refinery or an oil platform [2,3]), large (there is damage to the national
economy in the amount of hundreds of millions of dollars, as was the case in 2010
at the uranium production plant in Natanz, Iran, where more than 1,000 centri-
fuges installed at a depth of about 50 m were destroyed, but due to a cyber attack
by the Stuxnet virus on their electromechanical system, which entered self-de-
struction mode) and the largest (leading to damage in excess of $ 1 billion).

It is also advisable to subdivide cyber conflicts by the sectors of the national econ-
omy to which they were or will be directed cyber attacks. These could be a coun-
try's banking systems (a cyberattack on which could plunge the country into eco-
nomic collapse), its railway system, or its national power grid.

An example of a certain ease and achievability of the occurrence of such serious
problems can be the man-made accident that occurred in the Moscow power sys-
tem on May 25, 2005, which initially occurred on the step-down transformer of
the electrical substation No. 510 "Chagino", located in the southeast in the Ka-
potnya area, and led to an increase in the critical load on the remaining transform-
ers, which determined the cascade nature of the spread of this accident. As a result,
the power supply was disconnected in several areas of Moscow and the Moscow
region, as well as in the Tula, Kaluga and Ryazan regions, which caused damage
of about 2 billion rubles.

Modern national systems of transport, water, gas and energy supply are quite com-
plex (the Moscow power system alone has 23 thousand distribution and trans-
former substations), which can serve as a target for cyber attacks by various ter-
rorists and criminals. The main way to protect them from such influence is the use
of artificial intelligence security systems [1] and physical separation from contact
with the Internet, through which various malicious viruses can arrive
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(I)OpMI/IPOBaHl/Ie H BEJICHUC HCIIOJTHUTEJIbHOM HOKYMECHTAIlNA
C UCITIOJIB30BaHUEM HeﬁpOHHbIX ceTeﬁ, KaK HHCTPYMCEHT ONITUMHU3AUN

CTPOUTEJIbHBIX IPOIECCOB
Y Vapsmos AT, 2 JJonros B.IL.
Hoesopoccutickuii ghunuan beneopodckoeo eocyoapcmeennHo2o mexHoi02udecKo2o
yHusepcumema um. B.I. Illyxosa, 353919, Hosopoccuiick, Muvicxaxckoe uiocce, 0om 75
email: “al-gen@yandex.ru,vyacheslav-dolgov@list.ru

CrpourtenbHast OTpaciab CTAIKUBAETCA C PAIOM MPoOJIeM, CBA3aHHBIX C HEOOXO-
JUMOCTBIO TIOBBIIICHHSI 3((HEKTUBHOCTH U TOYHOCTH PaOOTHI, a TAK)KE COOTBET-
CTBHUS CTPOTMM HOPMAaTHUBHBIM TPEOOBAHUSIM.

OnHOM U3 KIIIOYEBBIX 337124 SBJSETCS CO37aHKe U 0(hOpMIICHHE NCTIOTHUTEIBHOM
JOKYMEHTALUU, KOTOPasl IBJIIETCS BaXKHBIM 2JIEMEHTOM KOHTPOJIS KauecTBa U pe-
JIM3aLUU CTPOUTEIBHBIX IIPOEKTOB.

Co3z1aHre UCIIOHUTENIBHOM JOKYMEHTAIIMM — CJIOKHBIA M MHOTOATAIHBIN MPO-
1[eCC, BKJIOYaroLuil coop, 00paboTKy U Ipe/ICTaBICHUE JAHHBIX B COOTBETCTBUU
C YCTaHOBJIEHHBIMHU CTaHaapTamH [1].

[To mepe ycnoxxHeHHsT 0O0bEMOB JaHHBIX M MPOLECCOB TPAJAULIMOHHBIE METO]IbI
JOKYMEHTUPOBAHMS CTaHOBATCA MeHee dddextuBHbiMU. Vcnonb3oBaHue
HEHPOHHBIX CeTel MAET MHOKECTBO MPEUMYIIECTB, B TOM UKCJIE 3HAYUTEIBHOE
COKpaIlleHHE 3aTpaT U BPEMEHHU, HEOOXOUMBIX JJIs1 BHITIOJIHEHUS 3aa4.

ITo nanaeiM McKinsey Research & Company [2], aBTOMaTH3amus IPOIECCOB C
UCIIOJIb30BAHUEM HCKYCTBEHHOTOMHTEIEKTA MOKET COKPATUTh PAcX0/Ibl HAa CTPO-
uTenbeTBO 10 20 %. BHeapenue HEMpOCETEBBIX TEXHOJIOIMI MO3BOJISIET COKpA-
TUTh BPEMEHHBIE U MaTE€pUAIbHBIE 3aTPAThI, TOBBICUTH KOHKYPEHTOCIIOCOOHOCTh
KOMIIaHUH, YIYYIIUTh Ka4€CTBO NPEAOCTABISIEMBIX yCIyT [3].

ABTOpaMH B XOJI€ UCCIEAOBAHUS MOJIYUYEHBI PE3YyIbTaThl [4] MpakTUYECKas 3Ha-
YUMOCTb KOTOPBIX 3aKJIFOYAETCS B JEMOHCTPALMU PEAJIbHBIX BO3MOXKHOCTEN aB-
TOMAaTHU3aLUH [TPOLIECCOB B CTPOUTEIIBHON OTPACIH.
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The construction industry faces a number of challenges related to the need to im-
prove efficiency and accuracy, as well as meet strict regulatory requirements.
One of the key tasks is the creation and maintenance of executive documentation,
which is an important element of quality control and the implementation of con-
struction projects.

The creation of executive documentation is a complex and multi-step process that
involves the collection, processing, and presentation of data in accordance with
established standards [1].

As data volumes and processes become more complex, traditional documentation
methods are becoming less effective.

The use of neural networks has many advantages, including a significant reduc-
tion in the cost and time required to complete tasks.

According to McKinsey Research & Company [2], the automation of processes
using artificial intelligence can reduce construction costs by up to 20%.

The implementation of neural network technologies can reduce time and material
costs, increase the competitiveness of companies, and improve the quality of ser-
vices provided [3].

The authors' research has yielded results [4] that demonstrate the practical signif-
icance of demonstrating the real possibilities of process automation in the con-
struction industry.
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AHTTIMHCKHI A3bIK OJHUH U3 OCHOBHBIX aCII€CKTOB B I€ATC/JIBbHOCTH

IT cnemuanucra
Bumnesenkas B.B., Anusan JI.T.
Hosopoccutickuii nonumexnuueckuii uncmumym (¢unuan) Kybanckoeo 2ocyoapcmeennozo
mexHonocuuecko2o yHueepcumema, Hosopoccuiick, Poccus
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Hayka He cTouT Ha MecTe, MOCTOSTHHO TOSBIISIOTCS HOBBIE M300pETEHUS, a 00-
JacTh MHGOPMAIIMOHHBIX TEXHOJIOTHH SBJISIETCS] CETOHS Hanboyee THHAMUYHO
pa3BUBalOLIEHCS, OOHOBIISIIOTCSI JTaHHBIC, YCOBEPILIECHCTBYETCS YK€ HCXOIHBIM
MaTepual U B UTOrEe, CO3AAETCSI HEYTO COBPEMEHHOE, OTBEYAIOIIEE MOCIEAHUM
TpeboBaHMIM U crpocy. |T crnenuamiucT — 3To 0JIHa U3 CaMbIX BOCTPEOOBAHHBIX
U aKTyaJbHBIX Mpodeccuii, a TpeOOBaHUS MPEIbABISEMbIE K MPEICTABUTEIIO
JAHHOM CIENMaTbHOCTH, PACTYT U BUIOM3MEHSIOTCS. | T cnieruanuct - 3To Jaud-
HOCTbh, CIIOCOOHAsI U cTpeMAIasics K MpodheccuoHaIbHOMY Pa3BUTHIO U CaMO00-
pa30BaHUIO.

TO4YHO U3BECTHO, YTO UMEHHO aHTJIMMUCKUM A3BIK SIBIIIETCS HEOTHEMIIEMBIM aTpH-
OyToMm npodeccruoHaNM3Ma I MPEACTABUTENS JAHHOM CIEeNMaTbHOCTH U €ro
poJib B ipodeccuOHaNIbHOM feaTesibHoCTH | T crieruanucta Heocrnopuma.
JleAaTenbHOCTh MPOrPAMMUCTOB OTHOCHUTCSI K THIY «YEJOBEK — 3HAKOBas CHU-
CTEMay, COTJIACHO Kilaccupukauuu npodeccuii,  TaHHOE MOJ0XKEHUE MoIpa3y-
MEBAET, YTO OCHOBHOM MpeIMET TpyAa — 3HaK U 3HAKOBas CUCTEMa, COOTBET-
CTBEHHO, CIEIUAUCTHI JIOJDKHBI YMETh padoTaTh ¢ TEKCTaMH, JOKYMEHTaMH,
TabaunamMu, GopMyjaMu, a 3HAYUT YMETh pa30UpaThCsi B YCIOBHBIX 0003HaAYe-
HUSIX, UCKYCCTBEHHBIX SI3bIKOBBIX CHUCTEMax. TpaJulIMOHHO, aHTJIMHCKUM S3bIK
MIPEICTABIIAET COOOM MEXIYHAPOIHBIN CTAaHAAPT B KOMIIBIOTEPHOM 001acTH, ca-
MBbIE TMOMYJISIPHBIE S3BIKA MPOrPaMMUPOBAHHS OCHOBaHbI UMEHHO Ha HeM. JlJis
HAYMHAIOIIETO CHEIMAINCTA €CTh BaXKHASI HEOOXOAMMOCTh B U3YUCHUH aHTJIHIM-
cKoro si3bika. OCHOBHOM 3a7aueil MpOrpaMMUCTa SIBJISIETCSL CO3JaHUE ITPOrpaMm
C HUCIOJIb30BAaHUEM KaKOTO-THOO0 si3blKa mporpamMmmupoBanus. C JIMHTBUCTUYE-
CKOM TOYKM 3pEHUs KaXIbli SI3bIK MPOrpaMMHPOBAHMS, MO aHAJIOTUU C €CTe-
CTBEHHBIM, UMEET ai(paBUT, CIIOBAPHBIN 3arac, CBOM rpaMMAaTHKy U CUHTaKCHC, a
TaKke ceMaHTUKy. CUuTaeTcs, 4To rilaBHOE B pab0OTe MPOrpaMMHUCTa — 3TO ajro-
PUTMBI U CTPYKTYPBI JaHHBIX, KOTOPBIE HE 3aBUCST OT S3bIKA, a TAK)KE UHTEPIIpe-
TATOPhl U KOMITUJISATOPBI, CPEbl pa3pabOTKH, OJHAKO, TOKYMEHTAIUS K SI3BIKY
MPOrpaMMHUPOBAHUS U TOMYJISPHBIM OMOJIMOTEKAaM UMEIOT MEPEBOJ Ha PYCCKUM
S3BIK, @ IPU OTCYTCTBUU MIEPEBOIA UMEETCS BO3MOXKHOCTD MOJTYYUTh MTOMOIIH TT0
WHTEPECYIOIIEMY BOIPOCY Ha TeMAaTUYECKUX (popymax WM C MOMOIIbIO CIOBa-
pEU U KHUT.

BONBIIMHCTBO OMBITHBIX CHEHHAIIMCTOB YTBEPKAAIOT, YTO OCHOBHYIO POJb B pa-
6ore IT cienanucTa UTParOT HE aITOPUTMBI M CTPYKTYPHI JJaHHBIX, @ HA0OP TIpH-
€MOB, KOTOPBIMHU Pa3padOTUMK TOJIb3YETCS, U BCE 3TO, B CBOIO OYepeb TpeOyeT
3HAHUS aHTJIMICKOTO s13bIKa. I3BECTHO, 4TO OOIBIIMHCTBO MPOTPaMM, OUOITHOTEK
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U T.J. CO3/IAI0TCS C TEKCTaMH Ha aHTJIMICKOM $SI3bIKE, MEPEBOJ] KOTOPBIX MOSIBIISI-
€TCsl HAMHOTO TIo3:ke. 1 KOHeuHO e, 3HaHUE aHTJIMICKOTO A3bIKa MO3BOJISIET pa3-
paboTuuky 3((PEKTUBHO MOJIB30BATHCA BCEMH JOCTYMHBIMH UHCTPYMEHTAMH, a
HE OTPaHUYMBATHCS NEPEBEACHHBIMU MHCTPYKIUAMH U 00YYAIOIIUMHU CTAThSIMH.
JIrobast KOMaH/1a IPEeICTaBIIET cO00M Ha0Op CHMMBOJIOB — 3HAKOB AHTJIMMCKOTO
s3bika. COOTBETCTBEHHO, AHTJIMMCKUHN SI3bIK 00€CIeUnBAeT OCHOBY HAIHMCAHMS
IPOrpaMMHOIr0 MPOAYKTa, a KIFOUEBBIE CIIOBA, MCIOJb3yeMble 0a30BbIMU SI3bI-
KaMd MpPOTpaMMUPOBAHUSA, HUMEIOT aHTIUNCKOe TpoucxoxaeHnue. Crenoa-
TEJbHO, 3HAHUE aHTJIMHACKOTO SI3bIKA 3HAUUTEIHHO OOJErdyuTh paboTy Imporpam-
MUCTA.

[Tpodeccus IT ciennanucra BAsETCS TBOPUYECKOM, TOCKOIBKY YaCTO BO3SHHUKAIO-
M€ HECTaHIapPTHBIE 33/1a4H, TPEOYIOT H300peTaTeIbHOCTH, HAXOTYMBOCTH, Oec-
KOPBICTHON MHTEUICKTYyJIbHON MHUIIMATUBBD), @ 3HAUUT MPUXOJAUTCS UCKATh pe-
HIeHUE JII000 MpoOIeMbl B MHTEPHET-PECypcax, U 4acTo ObIBAET TaK, YTO HEOO-
XOJIuMas PyCCKosi3bIluHasi nH(opMalus emie He myOJuKoBasiach, TOrJa Ha MO-
MOIIlb MPUXOJAT AHIVIOSA3BIYHBIE UCTOYHUKU. TakuM 00pa3oM, CHEHUATUCT CO
3HAHMEM AHTJIMICKOTO S3bIKa MOXKET HANTH pEIICHUE HECTAHIaPTHOM MPOOIEMBI
HaMHOTO ObICTpee.

Enie onHMM apryMeHTOM B IOJATBEPKICHUE BaKHOCTH aHTJIMHCKOTO SI3bIKa B pa-
0ote cneruanucTa B chepe HHPOPMAIMOHHBIX TEXHOJIOTUM SIBISIETCS HEOOXO0/U-
MOCTb M3BJICUCHHS TOJIE3HOW MHGOPMAIMU U3 CHEIUATU3UPOBAHHON JHUTEpa-
Typbl. [lo mpU3HAHUIO NPAKTUKYIOUIUX MPOTPAMMUCTOB €I1I€ HE BCE aHTJIOSN3bIY-
Hble (PyHJaMeHTaJbHble PA0OTHI MO CHEHUATBHOCTH OBUIM MEPEBEACHBI HA pyC-
CKHI SI3bIK, & CKOPOCTh MOSIBJICHUSI TIEPEBOIa HEIABHO OMYyOJIMKOBAaHHBIX padoT
TeM 0oJiee HEBBICOKA.

BricokoknaccHbiit | T crenuanuct IOMKEH CTPEMUTHCS Pa3BUBATHCS UM COBEP-
IICHCTBOBATh CBOE MAaCTEPCTBO, OCOOCHHO HEOOXOIMMO OBITh B KYypC€ HOBBIX
TEHJIEHIIUN U pa3pabOTOK, YTO MpEoaracT 00pa3oBaTEIbHYIO I€ITEIbHOCTb.
[IpodeccrnonanbuomMy u TUYHOCTHOMY pocTy IT cnienuanucTa cmocodbCcTByeT 1o-
CEIICHHE MacTep-KJIacCoB, CEMUHAPOB U BEOMHAPOB, OOJIBITMHCTBO U3 KOTOPHIX
MPOBOJISATCSA U3BECTHEUITUMU Typy B chepe nHPOpMaIMOHHBIX TEXHOJOTHUN Ha
AHTJIMMCKOM fA3bIKE. boJiee TOTro MPOXOXKICHUE CNENNaTIN3UPOBAHHON aTTECTa-
AU U TIOJTYYEHHUE MEXTyHAPOIHBIX MPOPECCUOHATBHBIX CePTU(PUKATOB TAKKE
OCYUIECTBIISIETCS HA SI3bIKE MEKYHAPOAHOTO OOIIEHHUS.

Pabota B chepe nHGOpMaAIMOHHBIX TEXHOJOTHI MOXKET MPEoyiarath OOIIEHHUE
C 3apyOCKHBIMM 3aKa34MKaMH, a BCs MpodecCUOHAIbHAs KOMMYHUKAIUS OCY-
IIECTBIICTCS Ha aHTJITUHUCKOM si3bike. CTaXXUPOBKHU 3a TPAHUIIEH TakKe Mpearo-
JIararoT MPaKTUYECKOE BJIAJICHUE HHOCTPAHHBIM SI3BIKOM.

AHanu3 BakaHCUM, TPOBEIECHHbBIN B chepe MHPOPMALIMOHHBIX TEXHOJIOTHM, MO-
Ka3bIBAET, YTO 3HAYMTENIbHAS YaCTh U3 HUX TpeOyeT OT COMCKATesl 3HAaHWE aH-
rIMicKoro si3pika. Cpenu TpedyeMbIX YMEHHU paboToIaTe I OTMEYa0T YMEHHE
YUTATh TEXHUYECKYIO JOKYMEHTAIINIO, OCYIIECTBIISATh MMCbMEHHYIO Mpodeccro-
HaJIbHYI0 KOMMYHHKAIIMIO, TO €CTh MUCATh JCJIOBBIE MIChMa M 00IIAThCS B YaTax
C KOJUJIETaMH Ha aHTJINMCKOM.

OnuH 13 CalTOB MpejaraeT CIeAYIOIIee BUICHUE POJU aHIJIMICKOTO SI3bIKa B
npodecCHOHaNbHON JeATEIbHOCTH CHEeUaNcTa B 001acTh MHGOPMALIMOHHBIX
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TEXHOJIOTUM: «AHTJIUUCKUN — 3TO JIATbIHb COBPEMEHHOI'0O YEJIOBEKA, 3aJEUCTBO-
BAaHHOTO B KOMITBIOTEPHBIX HayKax. be3 ero ocBoeHus 3aHUMAaThCsl Mpodeccro-
HAIBHO-TEXHUYECKUMH HayKaMu HEBO3MOKHO.

[ToaBoa UTOT BBINIECKA3aHHOMY, HYKHO OTMETHUTh, YTO BJIAJICHUE AHTJIMHCKUM
SI3IKOM SIBJISIETCSI OJTHOM M3 COCTABJISAIOMIMX MPOPECCUOHATIBHOW KOMIIETEHTHO-
CTH, TaK KaK CIIOCOOCTBYET OBICTPOMY pEIISHUIO HECTaHAAPTHBIX BOIPOCOB, Ca-
MOpPa3BUTUIO U I[I03HABATEIIbHOW JESTEIbHOCTH, OOJIETUCHUIO JEATEIbHOCTH
HAYMHAIOIIETO pa3padOTYMKa, PA3BUTHUIO TPOPECCUOHATIEHON KOMIIETEHIIUH.
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English is one of the main aspects in the activities of an IT specialist
Vishnevetskaya V.V., Adiyan D.T.
Novorossiysk Polytechnic Institute (branch) of Kuban State Technological University,
Novorossiysk, Russia
e-mail: Stas_14@rambler.ru

Science does not stand still, new inventions are constantly appearing, and the field
of information technology is the most dynamically developing today, data is up-
dated, the source material is improved, and as a result, something modern is cre-
ated that meets the latest requirements and demand. An IT specialist is one of the
most in-demand and relevant professions, and the requirements for this profession
are growing and changing. An IT specialist is a person who is capable and strives
for professional development and self-education. It is well known that English is
an integral part of professionalism for a representative of this field, and its role in
the professional activities of an IT specialist is undeniable.

The activity of programmers belongs to the type "man - sign system", according
to the classification of professions, and this provision implies that the main subject
of work is a sign and a sign system, respectively, specialists must be able to work
with texts, documents, tables, formulas, and therefore be able to understand the
conventions, artificial language systems. Traditionally, English is an international
standard in the computer field, the most popular programming languages are
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based on it. For a novice specialist, there is an important need to learn English.
The main task of a programmer is to create programmes using a programming
language. From a linguistic point of view, each programming language, like a
natural language, has an alphabet, vocabulary, grammar, syntax, and semantics.
It is believed that the main focus of a programmer's work is on algorithms and
data structures that are independent of the programming language, as well as on
interpreters, compilers, and development environments. However, the documen-
tation for programming languages and popular libraries is available in Russian,
and in the absence of a translation, it is possible to seek assistance on relevant
forums or through dictionaries and books.

Most experienced specialists claim that the main role in the work of an IT spe-
cialist is not algorithms and data structures, but a set of techniques that the devel-
oper uses, and all of this, in turn, requires knowledge of English. It is known that
most programmes, libraries, etc. are created with texts in English, the translation
of which appears much later. And of course, knowledge of English allows the
developer to effectively use all available tools, and not be limited to translated
instructions and training articles.

Any command is a set of symbols — signs of the English language. Accordingly,
the English language provides the basis for writing a software product, and the
keywords used by the basic programming languages are of English origin. There-
fore, knowledge of the English language will greatly facilitate the work of the
programmer.

The profession of an IT specialist is creative, as non-standard tasks often arise and
require ingenuity, resourcefulness, and selfless intellectual initiative. This means
that they have to search for solutions to any problem on the Internet, and it often
happens that the necessary information in Russian has not been published yet, in
which case English-language sources come to the rescue. Therefore, an IT spe-
cialist with English language proficiency can find a solution to a non-standard
problem much faster.

Another argument in favor of the importance of English in the work of an IT spe-
cialist is the need to extract useful information from specialized literature. Ac-
cording to practicing programmers, not all English-language fundamental works
in the field have been translated into Russian, and the speed of translation of re-
cently published works is even lower.

A high-class IT specialist should strive to develop and improve his skills, espe-
cially to stay up to date with new trends and developments, which implies educa-
tional activities. Attending master classes, seminars and webinars contributes to
the professional and personal growth of an IT specialist, most of which are con-
ducted by the most famous gurus in the field of information technology in English.
Moreover, passing specialized certification and obtaining international profes-
sional certificates is also carried out in the language of international communica-
tion.Working in the field of information technology may involve communication
with foreign clients, and all professional communication is conducted in English.
Internships abroad also require practical proficiency in a foreign language. An
analysis of vacancies in the field of information technology shows that a signifi-
cant number of them require the applicant to have knowledge of English.
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Among the required skills, employers note the ability to read technical documen-
tation, carry out written professional communication, i.e. write business letters
and communicate in chats with colleagues in English.

One of the websites offers the following vision of the role of English in the pro-
fessional activities of an IT specialist: “English is the Latin of a modern person
involved in computer science. Without mastering it, it is impossible to engage in
professional and technical sciences”.

Summing up the above, it should be noted that the mastery of English is one of
the components of professional competence, as it contributes to the quick solution
of non-standard issues, self-development and cognitive activity, facilitating the
work of a novice developer, and developing professional competence.
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[ToBbiieHre B aTMocdepe ypOBHS KOHIICHTPAlU MAapHUKOBBIX Ta30B 3a CUET
€CTECTBEHHOTO M aHTPOIOI€HHOTO BO3/ICUCTBUS B HACTOSAIIEE BPEMSI CUUTACTCSA
OTnpeaensonmM (HakTOpoM HU3MEHEHUS KIuMaTa M TI00albHOTO MOTETICHHUS.
DTO sIBJICHHE HOCUT Ha3BaHME MapHUKOBOro 3ddekrta [1] unu cnocoOHOCTH aT-
Mochepsl 3aIepKUBATh YacTh TEIUIOBOTO M3TyYCHHsI IOBEPXHOCTH TIIaHETHL. B
CBSI3M C OTHM CYIIIECTBYET aKTyaldbHas HEOOXOIUMOCTh B PA3BUTHH HOBBIX TEX-
HOJIOTM MOHUTOPHWHTA TTAPHUKOBBIX T'a30B, @ HMEHHO JIa3ePHBIX AUCTAHIINOH-
HBIX (JIMJAPHBIX) CUCTEM, KOTOPBIE TTO3BOJISIOT IPOBOAUTH, B OTJINUNE OT CTaH-
JAPTHBIX KOHTAKTHBIX METO/I0B T'a30aHaln3a, 60jee HH()OPMATUBHBIE U3MEPECHHUS
KOHIIEHTpAIMil MapHUKOBBIX T'a30B.

JIumaper (Light Detection and Ranging) mo3BoJisitoT HCCIeI0BaTh YPOBEHb KOH-
[EHTpaIil MApHUKOBBIX T'a30B, UACHTUPHUIIMIPOBATH BHIOPOCH OPraHUYECKUX U
JPYTUX ra30BbIX IpuMecei [2, 3].

Pa3BuTHe numapHbIX METOIOB 30HIUPOBAHMS JIJII KOHTPOJS COCTOSHUS aTMO-
cdepsl 1aeT, B OTIUYKME OT CTaHJAPTHBIX METOJOB T'a30aHANIN3a, BOZMOXKHOCTh
OTEepPaTUBHOTO OECKOHTAKTHOTO TMOJyYEHHUs! JAHHBIX JUIsI U3yYEHHUS] COCTaBa aT-
mMocdepsl. [Ipu 3ToM U3 MTMIapHBIX METOI0B BOCCTAHOBIICHUS MPOQHIICH KOHIICH-
Tparuii TapHUKOBBIX Ta30B MOKHO BBIJICIUTH METO Mu((PepeHIMaTBHOTO TT0-
rinomenus (MIT nou DIAL), umeromnii HanOONbIIYIO0 YyBCTBUTEIBHOCTD.
AKTHBHOE pa3BUTHE CHCTEM T'€HEpAIlMH JIA3epHOTO M3ITy4YeHUs, Tpeodpa3oBare-
JIei 9acToT, GOTOAECTEKTUPYIOIINX YCTPOMCTB M MOCIeAyIomas pa3paboTKa Ha UX
OCHOBE HOBBIX JIMJIAPHBIX CUCTEM JIHMCTAHIIMOHHOTO Tra3oaHaiu3a aTMochepsl
CTUMYJIMPYET HCCIeNOBaTeNel K aKTUBHOM MOCTAaHOBKE 3a7ad 30HAUPOBAHUS
MapHUKOBBIX Ta30B aTMocdepsl. Hanbosee yacto nCmoib3yeMbIMH Ha TIPAKTUKE
JUTSL TIOJTy9eHHS MH(OpMAIuu 0 pacipee]IiCHUN KOHIIEHTPAIUi Ta30B OCTAIOTCS
CUCTEMBI, OTMPAIOIINECS Ha KIACCUYECKUN MeTol nuddepeHITHaIbHOTO MOTII0-
HICHUS, JIN0O €r0 MHOTOYAaCTOTHBIE MOJIU(DUKAITUY.

B kauecTBe MCTOYHMKA JTA3€PHOTO M3IYUYEHUS IS JIMIAPHBIX CUCTEM Haubosee
AKTUBHO UCTIOJB3YIOTCS MapaMeTpUiIecKhue TeHEepaTOphl CBETa M Ja3epHBIE TH-
onel. Ilo ceit neHs ypoBeHb OCBOEHHOCTH KaK yIbTpadHOIeTOBOTO, TaK U HH(ppa-
KpPacHOTO ara3oHa Jis JIMJApPHOTO KOHTPOJIS Ta30BOT0 COCTaBa aTMOC(ephI SB-
JISIETCSI HEIOCTATOYHBIM, B CBSI3U C TUM COXPAHAETCS He0OXOMMOCTh MTPOBeE/Ie-
HUS UCCIIEIOBATENBCKUX pabOT, HANIPABIEHHBIX HA PACHIMPEHUE BO3ZMOXKHOCTEH
TEXHOJIOTHIA JUCTAHIIMOHHOTO 30HIMPOBAHUS MAPHUKOBBIX Ta30B B ATUX JIHAIla-
30HAaX CIEKTpA.
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B noknane npuBeneHbl XapakKTepUCTUKU U onicanue AudepeHImaibHbIX JIMIapoB
JUIi MOHUTOPUHTA METaHa, YIJIEKUCIIOro ra3a, BOASHOIO Mapa, 030Ha U JPYTUX Ta-
30BBbIX KOMIIOHEHT, pa3paboTaHHbIX Kak B Poccuiickoit deaeparyu, Tak 1 3a pyoe-
woM. Ocoboe BHUMaHKE YJIEJIEHO JTMAAPHBIM CUCTEMaM, CO3/IaHHBIM 32 TOCTIETHNE
roabl B MucTutyTe ontrku atmocdepst um. B.E. 3yea CO PAH (1. Tomck).
BrinonHeHsl cucteMaTu3aiys U aHaIu3 pe3yIbTaToOB pa3pabOTKU HA3EMHBIX CTa-
ITUOHAPHBIX U MOOMJIBHBIX JIUJAPHBIX cUCcTeM TU(GEpEHITHATHHOTO TTOTIIOMICHUS
TSl Ta3€PHOTO0 IUCTAHIIMOHHOTO 30HIMPOBAHUSI OCHOBHBIX MapHUKOBBIX T'a30B B
atMoc(epe 3a MociaeIHue TOIbI.

B uenom cnegyer oTMETUTD, UTO OCHOBHOM MHTEPEC B MOCIIEIHEE BPEMS MPOSIB-
JISETCS K CO3aHUI0 MOOMJIBHBIX JIMJAPHBIX cUCTEM AU (epeHIaaIbHOTO MOTIIO-
HICHUA JJ1s1 30HIUPOBAHKS OCHOBHBIX ITAPHUKOBBIX Ta30B — METaHa, IByOKUCH YT-
Jepoja, BOJASHOTO Tapa M 030Ha, IIPH 3TOM BOIPOCAM pa3pabOTKH JIUIAPOB IS
30HJIMPOBAHUS OCTAIBHBIX, MEHEE 3HAYUMBIX ISl TApHUKOBOTO 3 dexTa yaemns-
€TCsl HE TAK MHOT'O BHUMAHHSI.

Pabota BeimonHeHa pu GUHAHCOBOM MOjyIepKke MUHUCTEPCTBA HAYKU U BBIC-

mero oopazoBanus Poccuiickoit ®enepanuu (Cornamenne Ne 075-15-2024-557
ot 25.04.2024)
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Differential absorption lidars for monitoring greenhouse gases

in the atmosphere
Romanovskii O. A.*
V.E. Zuev Institute of Atmospheric Optics SB RAS, 634055, Tomsk, Academician Zuev sg., 1
email: roa@iao.ru

The increase in the level of greenhouse gas concentrations in the atmosphere due
to natural and anthropogenic impacts is currently considered the determining fac-
tor in climate change and global warming. This phenomenon is called the green-
house effect [1] or the ability of the atmosphere to retain part of the thermal radi-
ation of the planet's surface. In this regard, there is an urgent need to develop new
technologies for monitoring greenhouse gases, namely laser remote (lidar) sys-
tems, which allow, in contrast to standard contact methods of gas analysis, more
informative measurements of greenhouse gas concentrations.
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Lidars (LIght Detection and Ranging) allow to study the level of greenhouse gas
concentrations, identify emissions of organic and other gas impurities [2, 3]. The
development of lidar sensing methods for monitoring the state of the atmosphere
provides, in contrast to standard gas analysis methods, the ability to quickly obtain
contactless data to study the composition of the atmosphere. At the same time,
among lidar methods for reconstructing greenhouse gas concentration profiles,
the differential absorption method (DIAL) can be distinguished, which has the
highest sensitivity.

Active development of laser radiation generation systems, frequency converters,
photodetectors and subsequent development of new lidar systems for remote gas
analysis of the atmosphere based on them stimulates researchers to actively set
tasks for sensing greenhouse gases in the atmosphere. The most frequently used
in practice to obtain information on the distribution of gas concentrations remain
systems based on the classical differential absorption method or its multi-fre-
quency modifications. Parametric light generators and laser diodes are most ac-
tively used as a source of laser radiation for lidar systems.

To this day, the level of development of both the ultraviolet and infrared ranges for
lidar monitoring of the gas composition of the atmosphere is insufficient, in connec-
tion with this, there remains a need to conduct research aimed at expanding the ca-
pabilities of greenhouse gas remote sensing technologies in these spectral ranges.
The report presents the characteristics and description of differential lidars for
monitoring methane, carbon dioxide, water vapor, ozone and other gas compo-
nents developed both in the Russian Federation and abroad. Particular attention is
paid to lidar systems created in recent years at the V.E. Zuev Institute of Atmos-
pheric Optics SB RAS (Tomsk).

The systematization and analysis of the results of the development of ground-
based stationary and mobile lidar systems of differential absorption for laser re-
mote sensing of the main greenhouse gases in the atmosphere in recent years have
been carried out.

In general, it should be noted that the main interest in recent years has been in the
creation of mobile differential absorption lidar systems for sensing the main
greenhouse gases - methane, carbon dioxide, water vapor and ozone, while not
much attention has been paid to the development of lidars for sensing others, less
significant for the greenhouse effect.

The research was carried out with the financial support of the Ministry of Science
and Higher Education of the Russian Federation (Agreement No. 075-15-2024-
557 dated 25.04.2024).
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Biansinne napoB MepKanTaHOB U CEPOBOAOPOAA HA PadoTy aHAIHU3ATOpPA

NApOB PTYTH HA OCHOBE MOMNepe4YHoro 3pgexra 3eemana
*TuxomupoB A. A., Taryp B. B.
Hucmumym monumopunea kiumamuyeckux u sxonocuveckux cucmem Cubupckoeo
omoenenus Poccutickoti akademuu nayx, 634055, Poccus, e. Tomck, np. Akademuueckuti, 10/3
email: tikhomirov@imces.ru,tatur@imces.ru

[Tpu uzmepenuu conepskanus mapoB pryTu (HQ) B TeXHOIOTHUYECKHX TIPOLIecCax,
B TOM YHCJIE MPHU MOJATOTOBKE K TPAHCIOPTUPOBKE MPUPOJIHOTO Tra3a, MPUMEHSI-
IOTCSl METObl aTOMHO-a0copOIMoHHOro ananusa [1]. Ilpu 3ToM ncnob3yroTes
aHaIM3aToOpbl KOHIICHTpaIuu napoB HQ, ocHOBaHHBIE HA MPOJOJIHLHOM H TOIe-
peunoM >pdekte 3eemana [2] u padotaromiue B Y D-auanazone. Ha paboTy Takux
aHaIIM3aTOPOB CYIIECTBEHHOE BIMSHHUE OKa3bIBAIOT MPUMECHBIE Ta3bl, KOTOPHIC
UMEIOT TI0JIOCHI TOTJIOIIEHUS BOIM3H Ao = 253,7 uMm [3, 4].

B noxnazne npeacTaBieHbl pe3ybTaThl SKCIIEPUMEHTOB 10 BIUSHUIO TAPOB razo-
BOI cMecH cepoBoiopoaa u MepkantanoB (H2S + CH3SH + C,HsSH) Ha n3mepe-
HUE KOHIIEHTPAINMK PTYTH B CMECH C dTUMHU ra3zamu. [lokazaHo OTIM4re BIUSHUS
CMECH ITHX Ta30B HAa M3MEPCHHE KOHIICHTpanmuu HQ B MpHUCYTCTBUU aleToHa
(CsHg0O), 6en3omna (CgHg) u Tomryona (CeHsCHs).

Pabota BeImonHeHa B pamkax rocyaapctseHHoro 3aaanus UMKOC CO PAH
(mpoekT Ne FWRG-2021-0006).
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The effect of mercaptan and hydrogen sulfide vapors on the operation

of the mercury vapor analyzer based on the Zeeman transverse effect
“Tikhomirov A, A., Tatur V.V.
Institute of Monitoring of Climatic and Ecological Systems SB RAS, 634055, Russia,
Tomsk, Akademicheskiiave. 10/3
email: tikhomirov@imces.ru, tatur@imces.ru

Atomic absorption analysis methods are used to measure mercury (Hg) vapor con-
tent in technological processes, including in preparation for natural gas transpor-
tation [1]. In this case, Hg vapor concentration analyzers based on the longitudinal
and transverse Zeeman Effect [2] and operating in the UV range are used. The
operation of such analyzers is significantly influenced by impurity gases, which
have absorption bands near Ao = 253.7 nm [3, 4]. The report presents the results
of experiments on the effect of vapors of a gas mixture of hydrogen sulfide and
mercaptans (H,S + CH3;SH + C,HsSH) on the measurement of mercury concen-
tration in a mixture with these gases. The difference between the effect of a mix-
ture of these gases on the measurement of Hg concentration in the presence of
acetone (CsHgO), benzene (CsHg) and toluene (CsHsHs) is shown.

The work was performed within the framework of the state assignment of IMKES
SB RAS (project no. FWRG-2021-0006).
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N3mepurenb napaMeTpoB CHEKHBIX 0CAKOB Ha 0a3ze

JIa3epHOro AuCApoOMeTpa
*TuxomupoB A. A., Kansuuxun B.B., Ko63eB A.A.
Hucmumym monumopunea Kiumamuyeckux u sxonocuieckux cucmem Cubupckozo omoee-
Hus Poccutickoul akademuu nayk, 634055, Poccus, 2. Tomck, np. Axademuuecxuti, 10/3
e-mail:*tikhomirov@imces.ru, vwk@imces.ru, kaa@imces.ru

B HacTosimee BpeMst Ha OOJIBIIMHCTBE MeTeocTaHIui PocruapomMera Habmroe-
HUSl 38 CHE)KHBIMU OCAJIKAMHU OCYIIECTBIISIFOTCS C UCIIOJIb30BAHUEM BU3YaJIbHOIO
KOHTPOJISL ¥ TPAIUIIUOHHBIX TPUOOPOB, JIJISi CHATHS MTOKa3aHU KOTOPBIX TpeOy-
€TCs y4acTHe YesoBeKa. B kauecTBe BO3MOXKHOIO PELICHUS 3aJ]a4M aBTOMAaTH3a-
[IMU TaKUX HAOJIOACHUN MpejjiaraeTcs co3/laHHblii B IHCTUTYyTe MOHUTOPHUHTA
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KJIMMaThyeckux U skojoruyeckux cucreM CO PAH skcnepuMenTanbHbIi 0Opa-
3el] ONITUYECKOTO U3MEPUTEIS TAPAMETPOB CHEXKHBIX OCAIKOB.

[Tpubop sBasieTcss MOAUDUIIMPOBAHHON BEPCHUEH JTa3epHOT0 IUCIPOMETpPA, MPe/I-
HA3HAYEHHOTO JIJISl U3MEPEHMSI TTapaMeTPOB KUJKUX 0caakoB [1, 2], mopaboTan-
HOM C yueToM crienu(UKU U3MEPEHUI YacTUIl CHETa B YCJIOBUSX HU3KUX TeMIIe-
patyp. OCHOBHBIMU OTJIMYHUSIMH KOHCTPYKIIUM H3MEPUTEIA NapaMETPOB CHEX-
HBIX OCaJIKOB OT KOHCTPYKIIMH U3MEPUTENS MApAMETPOB JOXK ISl SIBIISIIOTCS 3aKPhI-
Tasi OT TOPU30HTAJIBLHOI'O BETpa U3MEPUTENbHAS TUIOIIA/IKa, OTCYTCTBUE HA KOP-
yce 3alUThI OT Pa30PHI3TUBAHMS U CUCTEMAa 000TPEBa JICKTPOHHBIX M ONTHYC-
CKUX MOJYJIEH.

JlaGopaTopHble M HATYpPHBIC HCIBITAHUS CO3JAHHOTO JIA3EPHOTO H3MEPHUTEIIS
MPOJIEMOHCTPUPOBAIA BO3ZMOKHOCTh €0 MPUMEHEHHUS I U3MEPEHUN MUKPO-
CTPYKTYPHBIX XapaKTEPUCTUK CHEXHBIX OCAJIKOB HAa OTKPBITHIX IUJIONIAJIKaX B
YCJIOBUSIX HU3KUX TEMIIEPATYD.

Pabota BeImonmHeHa B pamkax rocyaapctBerHoro 3aganuss UMKOC CO PAH
(mpoext Ne FWRG-2021-0006).
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Snowfall parameter meter based on laserdisdrometer
*Tikhomirov A.A., Kalchikhin V.V., Kobzev A.A.
Institute of Monitoring of Climatic and Ecological Systems SB RAS, 634055, Russia, Tomsk,
Akademicheskiiave. 10/3
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Currently, at most Roshydromet weather stations, snowfall observations are car-
ried out using visual control and traditional instruments required human partici-
pation. The experimental model of the optical snowfall parameter meter created
at the Institute for Monitoring of Climate and Ecological Systems of the Siberian
Branch of the Russian Academy of Sciences is proposed as a possible solution to
the task of automating such observations.

The device is a modified version of the laser disdrometer designed to measure
liquid precipitation parameters [1, 2]. The laser disdrometer is amended to take
into account the specifics of measuring snow particles in low-temperature condi-
tions. The main differences between the snowfall parameter meter and the rain
gauge are the measuring area closed from horizontal wind, the absence of splash
protection, and the heating system for the electronic and optical modules.
Laboratory and field tests of the developed laser measuring device demonstrated
the possibility of its use for measuring the microstructural characteristics of snow-
fall in open air at low temperatures.
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IIpumeHeHue JTUAAPOB NPH MOCTPOCHUM 00J1aKA TOYEK U 00padoTKa

AAHHBIX B CTPOUTEC/ILCTBE
Mkprterues O. B.
Mockosckuii 2cocyoapcmeennwiii cmpoumenvhsli yHusepcumem, Mockea, Poccus
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B paboTte paccmaTpuBaroTcs 1a3epHbIE U3MEPEHHUS C TTIOMOIIBIO TEXHOJIOTHH JIH-
Japa B CTpouTeabcTBe. JInmap, BHIMOIHSAIOMIMMN POJIb JIA3EPHOTO JadbHOMEPa, HO
B OTJIMYHE OT HETO TeHepupyromuii mopaaka 10° umn/c, co3naér naHHble obnaka
TOYEK. DTH JaHHBIE MOTYT XPaHUTHCS B OTKPHITHIX (hopMaTax, TUIA JIBOUYHOTO
dopmara *.las, cimyxaiero orpacieBbIM CTaHIAPTOM JJIsi OOMEHAa M XpaHEHUs
JaHHBIX  OOJAKOB TOYEK, WM TaKXke OTKpbiToro Qopmara  *.pcl
(https://pointclouds.org/). dns 0O6pabOTKK MOIy4eHHOTO MaccuBa WH(pOpManuu
TpeOyeTcsl creruaibHble METOJbl 00pabOTKH OOJBIIMX MACCUBOB JaHHBIX. U
3/IeCh MOJKHO HCIIOJIb30BaTh kKak mMetomuecs npuiokenus (Cloud Compare,
Trimble Real Works, Point Cloud Library), KoOTOpble UMEIOT pa3IUYHBIC BO3MOXK-
HOCTH B peructpanuu, GuibTpaluu, CETMEHTAIINU U BU3yain3aluu 00padaTbiBa-
€MBbIX JIaHHBIX, TAK U CAMUM CO3/1aBaTh HEOOXOIUMBIN MTpOorpaMMHbIN KoA. B mo-
CIICIHEM Cllydae MOXKHO MPEIOKUTH padboTy B Python, ¢ ncnonbs3oBanueM 1ie-
JIOTO TMaKeTa yXe CO3JaHHBIX MOAayJed /i paboThl ¢ obnakamu touek (Pylas,
Open3D, PDAL, pypcd, pyntcloud) niu co3nanust COOCTBEHHBIX MOJTYJICH 1 OHO-
JHUOTEK.
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The use of lidars in point cloud construction and data processing

In construction
Mkrtychev O.V.
Moscow State University of Civil Engineering, Moscow, Russia Russian State Social Univer-
sity, Moscow, Russia
e-mail: oleg214@ya.ru

The work considers laser measurements using lidar technology inconstruction.
Lidar, which acts as a laser rangefinder, but unlike it generates about 10° pulses/s,
creates point cloud data. This data can be stored in open formats, such as the bi-
nary*.las format, which serves as the industry standard for point cloud data ex-
change and storage, or the open *.pcl format (https://pointclouds.org/). To process
the received information, special methods of processing large amounts of data are
required. And here you can use both existing applications (CloudCompare, Trim-
bleRealWorks, PointCloudLibrary), which have various capabilities in registra-
tion, filtering, segmentation and visualization of processed data, and create the
necessary program code yourself. In the latter case, you can offer a job in Python,
using a whole package of already created modules for working with point clouds
(Pylas, Open3D, PDAL, pypcd, pyntcloud) or creating your own modules and
libraries.
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[TpennoxeH cnocod aganTUBHOTO COMPOBOXKIEHHUS OECIIUIOTHOTO JIETATEILHOTO
ammapara ¢ IpHUMEHEHHEM JIa3€PHOTO 30HIUPOBAHMSA aTMOC(ephl, B YCIOBHIX
CJIOKHOW CHUTHAJIBHO-TIOMEXOBOM OOCTAaHOBKH C YYETOM BO3JICHCTBHS HEOIHO-
pojHOTrOo cocTostHUSA cioeB atMochepsr [1]. Ciocod obecnieunT coKpalieHue Bpe-
MEHHBIX 3aTpaT Ha o0ecriedeHre yIpaBlICHUs JIETaTeIbHBIM alapaToM MpHU U3-
MEHEHUU BHEIIHEH CpPeJlbl, a TAaK)KEe MOBBICUT KaueCTBO, CBOEBPEMEHHOCTh U JI0-
CTOBEPHOCTh MOHUTOPUHTA OOBEKTOB MPU COCTABICHUH KapT Ha TPYIHOIOCTYTI-
HBIX TEppUTOPpUSIX. JJOCTOBEPHOCTh U CBOEBPEMEHHOCTD YIIPABJICHHS TapaHTHUPO-
BaHAa, €CIIM O0ECIEUYMBACTCS dHEPTreTUYecKasl JOCTYMHOCTh MPU MOHUTOPUHTE
00BEKTOB C BEPOSITHOCTHIO AJIEKTPOMArHUTHOM TOCTynmHOCTH He MeHee 0,9[2].
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of the atmosphere in a complex signal-jamming environment is proposed, taking
into account the impact of the inhomogeneous state of the atmospheric layers [1].
The proposed method will reduce the time costs for ensuring control of the aircraft
when the external environment changes, and will also improve the quality, time-
liness and reliability of monitoring objects when compiling maps in hard-to-reach
areas. The reliability and timeliness of control are guaranteed if energy availabil-
ity is ensured when monitoring objects with a probability of electromagnetic
availability of at least 0.9 [2].
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JI1st oOHapykeHusl BEUIECTB B XKUAKOMN cpeie HCIOIb3YIOT CIEKTPOCKOIHUIO C UC-
MOJIb30BAHUEM CIIEKTPA, MOJIYYEHHOTO TPU 30HAUPOBAHUY KUIKOCTH JIA3€PHBIM
U3JIy4YeHHUEM Ha HECKOJIbKUX JITMHAx BoJiH. [1og00HOTO posia 3a1auu BO3HUKAIOT
pu HEOOXOAMMOCTH OOHAPYKEHHUS BPEIIHBIX BEIIECTB B CIydasiX 3alpOEKTHBIX
aBapuil Ha CUCTEMaX OYUCTKH CTOYHBIX BOJ IMMPOMBIIUICHHBIX 00beKTOB [1].

J11s1 oTIepaTUBHOCTH HEOOXOAMMO BBITIOTHUTH OOHAPYKEHUE BEIIECTBA B aBaApUIA-
HBIX cOpocax B peajbHOM Maciitade BpeMeHu. [Ipu 3TOM COOTHOIICHUS] MEXKITY
OTHEIBHBIMU COCTABJISIOLIMMH CHEKTPA COXPAHSAKOTCS HE3aBUCUMO OT KOHLIECH-
TpaIuu BelecTna B KUAKOCTH. Clie1oBaTeIbHO, OOHAPYKEHUE BEIIECTBA MOYKHO
MPOBOJUTH METOJIOM, 00JIaJal0IIMM MHBAPUAHTHOCTHIO K JIMHEHHOMY U3MEHe-
HUIO aMIUTUTYAbl COCTABIISIONIEN ITOJIYUYEHHOTO CIIEKTPA.

Yka3aHHBIM CBOMCTBOM 00J1a1a€T OTHOCUTEILHOE OMHUCAHUE CIIEKTPa C UCIIOJIb-
30BaHUEM OTHOILICHUS MOPSJIKA.

BaXHbIM 371IEMEHTOM SIBJISIETCS 3aJJaHUE ITAJTOHOB BEIIECTB, MPEICTABICHHBIX B
OTHOCUTEIBHOM omnucanuu [2]. Jist 7Toro HeoOXoauM Ja0OpaTOPHBINA CTEH]I C
BO3MOXXHOCTBIO MOJYUYECHHS CIIEKTPOB BEIIECTB ¢ BHIOPAHHBIM IIIAarOM MOCIIEIO0-
BATEJILHOCTH JJIMH BOJIH JA3€PHOTO U3ITy4YECHUS.
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Spectroscopy is used to detect substances in a liquid medium using a spectrum
obtained by probing a liquid with laser radiation at several wavelengths. Such
tasks arise when it is necessary to detect harmful substances in cases of out-of-
design accidents in wastewater treatment systems of industrial facilities [1].

For efficiency, it is necessary to detect the substance in emergency discharges in
real time. At the same time, the ratios between the individual components of the
spectrum are maintained regardless of the concentration of the substance in the
liquid. Therefore, the detection of a substance can be carried out by a method that
Is invariant to a linear change in the amplitude of the component of the obtained
spectrum.

The relative description of the spectrum using the order relation has this property.
An important element is the setting of standards for substances presented in the
relative description [2]. This requires a laboratory bench with the ability to obtain
spectra of substances with a selected step in the sequence of laser radiation wave-
lengths.
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HoBopoccuiick — 0IMH U3 CaMbIX SKOJIOTUYECKH HEOJIaronoyqHbIX ropo10B Poc-
CUU C TOYKHM 3PEHUS a’pO30JIbHOTO 3arpsA3HEHHUs. 31€Ch HAXOOUTCA HECKOJBKO
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LEMEHTHBIX 3aBOJOB, IPOU3BOASIIMNX TOHKOJAUCIIEPCHBIE A3PO30JIbHBIE YACTHUIBI,
KOTOPBIE SIBJISIFOTCSI HOCUTEISIMU MUKPO3JIEMEHTOB, KaK U3HAYAIIbHO, TAK U COP-
Oupys Ha CBOEH MOBEPXHOCTH AJIEMEHTBI, HAXOASIIMECS B IMapora3oBoi opme.
Ot pa3mepa 4acTull a3p030J1s 3aBUCHUT KAK JAJbHOCTh MEPEHOCA, «BPEMS KU3HU
a’po3soieit» [1], HO U UX reoxuMHUUecKas crenudruKa 1 TOKCUHYHOCTD [2].
HeynoBraeTBOPEHHOCTD KUTENEN rOpoJa CYIIECTBYIOIIUM KOHTPOJIEM 3allbUICH-
HOCTH BO3TyXa MpuBea K pa3padoTtke B 2022 roay mpoekTa «3a uncteiit HoBo-
poccuiick» [3]. [IpoekT 3akirouaercs B GOpMUpPOBAHUH CETH JIa3€PHBIX JaTuu-
KOB, C TIOMOIIBIO KOTOPBIX MPOBOJIUTCS aHAIM3 BO3ayxa U GopMmupyercs: 6aza
JAHHBIX COCTOSTHUS BO3/yXa, JOCTYITHAs OOIIECTBEHHOCTH. J[aTumku ompee-
JIAI0T KOHIeHTpanuto yactull PM2,5 u PM10, a Takke BiaxxHOCTb. VX neiicTBue
OCHOBAaHO Ha PETUCTPALUH PACCESTHHOTO YaCTULIAMU IBLIN JIA3€PHOTO U3ITYYCHUS
Ha JiyiuHe BOJIHBL 650 HM. MI3MepeHus mpoBOASATCA KPYTI0CyTOUHO, Kaxabie 150
CeKYH/ 1 TiepearoTes mo Wi-fi B criermanbHoe MOOMIIbHOE TIPUIIOKEHUE, TIC CH-
creMarusupytorcs. IlpuBenemM KpaTkuii aHallM3 MOHUTOPUHIA 3albUICHHOCTH
BO3/IyXa C HECKOJIbKUX JTaTYMKOB, Pa3MEILEHHBIX B Pa3HbIX pallOHAX ropoa, OT-
audaronuxcs gakropamu GOpMUPOBaHUS, YPOBHEM KOHIIEHTpAIUU U JUHAMU-
KO a3p030JIbHOIO 3arpsi3HeHus. boyee neTanbHO OHU pacCMOTPEHHI B [4, 5].
Tepputopus HoBopoccuiicka 0O4eHb KOHTPACTHA C TOUYKH 3PEHHUS a3PO30JIbHOIO
3arpsizHeHus. OAuH U3 HanboJiee 3arpsiI3HEHHBIX PalOHOB ropoja — paiioH c. bo-
PHUCOBKa, T/I€ PACMOJIOKEH MYCOPHBIM MOJIMTOH. Y POBEHb a3p030JIbHOIO 3arpsi3-
HeHus 31eck npebimaet [IJIK B Teuenue 2-3 mecanes B To1y. A BO3TOPaHHUE MY-
copa Ha MOJIMTOHE TPUBOJUT K PE3KOMY yXYIIIeHUI0 cuTyanuu. [Ipu 3Tom oTme-
yarorcs npesbienus [1/IK B 20, 30 u maxxe 40 pas, Ha npoTskeHuu 1-2 Henens,
MOKa FOPUT CBaJKa. B mpoIuioM roay 3T0 NOBTOPSIOCH ABAX/IbI, & B 3TOM OJIMH
pa3. IloaToMy MyCOpHBI TOJMIOH TPEACTaBsieT COOOM OMACHOCTb Kak ISt
MECTHBIX KUTEJICH, TaK U AKOJIOTHYECKOM 00CTaHOBKH ropoja B 1iejaoMm. Jpyroi
MPUYUHON BO3HUKHOBEHUS a’pO30JieH ABJIIETCS paboTa MPOMBIIUICHHBIX MPE-
MPUSATHH, KOTOPHIE BEIOPACHIBAIOT B aTMOCGHEPHBINA BO3AYX MHOKECTBO TBEPJIBIX
4acTHIl (caxka, 30J1a, MbUTh) U PA3JIMYHBIX Ta30B (OKCU/BI YTIEPOa U a30Ta, CO-
CAMHEHUS CEPBI).

B r. HoBopoccuiicke HaxoIaTcs IEMEHTHbBIE 3aBOJIbI, TTpou3BoAsmue 17- 25 %
SMMCCHH a3P030JI€H OT CTALIMOHAPHBIX UICTOYHUKOB Bcero KpacHomapckoro kpasi.
JInst u3ydeHus ux BIMSHUSI HA BO3AYX ObLIM pacCMOTPEHBI MOKAa3aHUsI C JaT4Yu-
KOB, PACIOJIOKEHHBIX PAIOM C EMEHTHBIM 3aBOAOM «lIponerapuii» u uem3aso-
noMm Bepxnebakanckuii. CoaepkaHue 4acTuil B aTMocepHOM BO3yXe B 000X
caydasix cootBercTByeT IIJIK, HO cpenHee conepkanue noswimieHo. [Ipuyuem, B
nocesnke BepxuebakaHckuil oHO HUXke. Bo3MOXHO, 3TO 00BSICHSIETCS TEM, UTO TIO-
CEJIOK PacCIOJIOKEH Ha MepeBajie, KOTOPBIM XOPOIIIO MPOTyBAETCA BCEMU BETPAMH,
a 3TO CIOCOOCTBYET BRIHOCY U pa3yooskuBanuio mbutk B AIIC manHO# MECTHOCTH.
C apyroii CTOpOHBI, B CJIy4ae MacIITaOHBIX BEIOPOCOB MBUTH 1IEM3aBOJAOM ATO ObI
HE cracyo paiion ot 3arpsizHenus. Kak 6su10 B 80- 90-X roymax, Korza Bech mnoce-
JIOK ¥ IepEBbsi ObUTH MOKPHITHI MBUIHIO.

K TexHOreHHbIM MCTOYHMKAM a3pO30JI€d OTHOCUTCS M aBTOTPAHCIIOPT. TpaHc-
nopt obecrneunBaeT 0ojee MHTCHCHBHOE 3arps3HEHUE BO3/yXa, YeM JCSTENb-
HOCTH 3aB0JIOB, HO Takke Hike IT/IK. JlesTenbHOCTD 11eM3aBOI0B 00eCIICUYMBACT
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3arpsi3HeHHe aTMochepsl Oosiee MenkuMu yactuiamu PM2,5, a nesitenbHOCTb aB-
TOTPAHCIOPTa 3arps3HsaeT aTMochepy Kak KpynHbiMH yactuiiamu PM10, tak u
menkumu PM2,5 [6].

HccnenoBanus OKa3pIBatOT, 4YTO (POPMUPOBAHKE MOBBIILIEHHBIX KOHIIEHTPALUH,
NOTEHLUAIbHO TOKCHUYHBIX B3BEIICHHBIX YACTULl B aTMOc(epe BO3MOKHO JIaxKe
IIPY OTCYTCTBUH SIPKO BBIPAKEHHOI'O TEXHOICHHOTO 3arpsA3HEHUS, a B PE3YJILTATE
B3aMMOJICHCTBHSI METEOPOJIOTMUECKUX, THAPOJIIOTUYECKUX, TreoMopdoioruye-
CKHUX M TpaJIoCTPOUTEIBHBIX OCOOEHHOCTEH, a TAK)KE€ HU3KOTO YPOBHS O3€JICHE-
HUA U OnaroyctpoiictBa. Bece 3T0 HEOOXOAMMO YUUTHIBATH MPU OLIEHKE COCTOSI-
HUS OKPY’KaIOIIEH Cpeibl U MPOCKTUPOBAHUS HACETCHHBIX MMyHKTOB. Takoi ¢akT
oOHapy>XeH B KypOpTHOM npuropoze — . Meicxaxko [4, 5]. Ocobo cienyer oT™e-
TUTh BIIMSHUE HA 3albUIEHHOCTh aTMOC(Ephl BIAKHOCTH BO3AyXa M OJIM30CTh
BOJHOTO 00BbeKkTa. [103TOMY OJTHO M3 CaMbIX HU3KUX 3HAUYEHUH CPEIHEr0I0BOI
KOHIIEHTpAlluu OOHApYyKUBAETCA B LIEHTPE rOpo/ia, Ha HAOEPEKHOM.
HuddepenurpoBaHHas OI[EHKAa UCTOYHUKOB 3arpsi3HEHUS] BO3/1yXa MbUIbIO CBU-
JIETENILCTBYET O, B IEJIOM, OJIarONOJyYHOM CUTyaIlMi C KOHTPOJIEM HETaTUBHOTO
BIIMSIHUS HA OKPYXKAOUIYI0 Cpeay LEM3aBOJOB M KPUTHYECKOW BaKHOCTH KOH-
TPOJIsl TPAHCIOPTHOTO 3arps3HEHUs (IPEUMYIIECTBEHHO OT I'PY30BBIX JM3EIIb-
HbIX MawuH). Ho camoe BaxHOe 3TO KOHTpOJb cocTossHus noaurona TKO u npe-
TYTIPEXKIECHUE €ro BO3TOpPaHUil, KOTOPBhIE POXKAAIOT MAcCIITaOHOE 3arps3HEHUE
OKpYXaloIlel cpe/ibl TOKCHYHBIMH TPOyKTaMu ropenus. B o0oux cinyqasx dop-
MUpYETCs OOJIBIIOE KOJIMYECTBO Ca)XXH, 3arpssHsmoiied Bo3ayx. Kpome Ttoro,
OJIMH (paKTOp, HAIPUMEP BETEP B 3aBUCUMOCTH OT CUJIbI U HANIPABIIEHUS, MOXET,
KaK YMEHbIIATh KOHIIEHTPALMIO B3BEIICHHBIX 4acTul (1. BepxHeOakaHCKHiA,
HaOepexxHas HoBopoccuiicka), Tak U yBenu4uuBaTh (1. MbICXako) ee B KOHKPET-
HOI TOouke. PaccmaTpuBasi moka3aHusi JaTYMKOB 3arpsi3HEHUS BO3yXa, MOXKHO C
YBEPEHHOCTBIO CKa3aTh — Ha COJIEP KaHME B3BELIEHHBIX YAacTUIl B aTMocdepe BO
MHOT'OM BJIMSIET BJIAXKHOCTh BO3/lyXa. JTO MOJYEPKUBAET HEOOXOIUMOCTh BIIaXK-
HOW yOOpKH B TOpoJie U €€ BIMSIHUE Ha MOJaBJICHHE PaclpOCTPaHEHUs adpalib-
HOTO 3arps3HeHMs B OKpyxatouieil cpene. pyrum ¢pakTopom OUUIIEHHS aTMO-
cdhephl ABIIETCS 03€JICHEHHUE.

B cBsi3u ¢ aTuM, 11 noitydeHuss 0ObEKTUBHBIX JAHHBIX O Mpoleccax GopMHpoBa-
HUSl BO3AYIIHOTO 3arps3HEHHs, CBOEBPEMEHHOIO MPEAyNpPEeKICHHUS] O MaclITa0-
HOM mepeHoce 3B, a Takxke co3maHus Mojieiell MaccorepeHoca B atMocdepe u
UACHTUPUKAUU a3p030JI€i pa3IMYHOrO MPOUCXOXKACHHS, HEo0Xoaumo Oosiee
HIMPOKOE PaCHpOCTPpaHEHUE UHUIIMATUBEI JKUTENIEH ropojia B paMKax mpoekTa «3a
yucTbli HOBOpOCCHIICK» 110 pasMELLEHUIO JIA3EPHBIX TATYMKOB 3arpsi3HEHUS BO3-
JyXa W HccieoBaHue atMoc(epbl HACENEHHBIX MYyHKTOB METOJaMHU Ja3€pHOTO
3oHAMpoBaHus. [Ipu 3TOM BakHBIM (PAKTOPOM MOBBIIEHHUS 3(PPEKTUBHOCTH pa-
OOTBI CHCTEMbl MOHUTOPUHTA SIBJSIETCS PACHIMPEHHUE MEPEYHS] KOHTPOIUPYEMBIX
apaMeTPoB.

J11s1 oripenienieHnst ICTOUHMKA Pa3IMUHbIX a3p030Jiel aTMOC(HEPHOTO BO3IyXa UK
TEXHOTEHHBIX a3POJAUCIIEPCHBIX MOTOKOB, 11€JI€CO00Pa3HO UCTIOIb30BaHUE MHOTO-
BOJIHOBBIX JINJAPOB, KOTOPbIE MO3BOJISIOT JUCTAHIIMOHHO OIMPEAEINTh MUKPO(DU-
3MYECKUE XAPAKTEPUCTUKH a3PO30JIbHBIX YACTHIL [6].
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lution in the Novorossiysk aglomeration
Kulya D.N., Dyachenko V.V.
Novorossiysk Polytechnic Institute (branch) Kuban State Technological University, 20 Karl
Marx St., Novorossiysk, 3563900, Russia
email: Dashshok2020@gmail.com, *v-v-d@mail.ru

Novorossiysk is one of the most ecologically unfavorable cities in Russia in terms
of aerosol pollution. There are several cement plants producing finely dispersed
aerosol particles, which are carriers of trace elements, both initially and by sorbing
elements in vapor-gas form on their surface. The size of aerosol particles depends
on both the transport range and the "lifetime of aerosols" [1], as well as their ge-
ochemical specificity and toxicity [2]. The dissatisfaction of the city's residents
with the existing control of air pollution led to the development of the project "For
Clean Novorossiysk" in2022 [3]. The project is to form a network of laser sensors
that analyze the air and create a database of air conditions that is publicly availa-
ble. The sensors detect the concentration of PM2.5 and PM10 particles, as well as
humidity. Their action is based on the registration of 650 nm laser radiation scat-
tered by dust particles. Measurements take place around the clock, every 150 s,
and are transmitted via wi-fi to a special mobile application, where they are sys-
tematized. Here is a brief analysis of air dust monitoring from several sensors
located in different areas of the city, which differ in formation factors, concentra-
tion level can show the dynamics of aerosol pollution.They are discussed in more
detail in [4, 5]. The territory of Novorossiysk is very contrasting in terms of a
erosol pollution. One of the most polluted are as of the city is the Borisovka vil-
lage, where the landfill is located. The level of aerosol pollution here exceeds the
maximum permissible concentration for 2-3 months a year. And the ignition of
garbageat the landfill leads to a sharp deterioration of the situation. At the same
time, the maximum permissible concentration is exceeded by 20, 30 and even 40
times, for 1-2 weeks, while the landfill is burning. Last year it happened twice,
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and this year it happened once. Therefore, the landfill poses a danger to both local
residents and the environmental situation of the city as awhole. Another reason
for the appearance of aerosols is the work of industrial enterprises that emiting to
the atmospheric air a lot of solid particles (soot, ash, dust) and various gases (0x-
ides of carbon and nitrogen, sulfur compounds). Novorossiysk is home to cement
plants that produce 17- 25% of aerosol emissions from stationary sources through-
out the Krasnodar Territory. To study their effect on the air, readings from sensors
located near the Proletarian cement plant and the VVerkhnebakansky cement plant
were examined. The content of particles in the atmospheric air in both cases cor-
responds to the maximum permissible concentration, but the average content is
increased. Moreover, it is lower in the Verkhnebakansky village. Perhaps this is
due to the fact that the village is located on a pass that is well blown by all winds,
and this contributes to the removal and dilution of dust in the area atmoshere. On
the other hand, in the case of large-scale dust emissions from the cement plant,
this would not have saved the area from pollution. As it was in the 80s and 90s,
when the whole village and the trees were covered with dust. Man-made sources
of aerosols include auto transport. Transport provides more intense air pollution
than factory activity, but it is also lower than the maximum permissible concen-
tration. The activity of cement plants pollutes the atmosphere with smaller parti-
cles PM2.5, and the activity of motor transport pollutes the atmosphere with both
large particles PM10 and small particles PM2.5 [6]. Studies show that the for-
mation of elevated concentrations of potentially toxic suspended particles in the
atmosphere is possible even in the absence of pronounced anthropogenic pollu-
tion, but as a result of the interaction of meteorological, hydrological, geomor-
phological and urban planning features, as well as a low level of landscaping. All
thismust be taken into account when assessing the state of the environment and
designing settlements.This fact was studied in the resort suburb of Myskhako [4,
5]. Of particular note is the effect of humidity and proximity of a water body on
the dustiness of the atmosphere. Therefore, one of the lowest values of the average
annual concentration is found in the city center, on the embankment. A differen-
tiated assessment of the sources of dust pollution in the air indicates, on the whole,
a successful situation with the control of the negative impact on the environment
of cement plants and the critical importance of controlling transport pollution
(mainly from diesel trucks). But the most important thing is to control the condi-
tion of the waste at the landfill and prevent its fires, which cause large-scale en-
vironmental pollution with toxic combustion products. In both cases, a large
amount of soot is formed, polluting the air. In addition, one factor, such as wind,
depending on the strength and direction, can both reduce the concentration of sus-
pended particles (Verkhnebakansky settlement, Novorossiysk Embankment) and
increase it (Myskhako settlement) at a specific point. Considering the readings of
air pollution sensors, it is safe to say that the content of suspended particles in the
atmosphere is largely influenced by air humidity. This highlight the need for wet
cleaning in the city and its impact on suppressing the spread of aerial pollution in
the environment. Another factor in cleaning the atmosphere is landscaping. In this
regard, in order to obtain objective data on the processes of air pollution for-
mation, timely warning of large-scale airborne transport, as well as the creation
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of models of mass transfer in the atmosphere and the identification of aerosols of
various origins, it is necessary to expand the initiative of city residents within the
framework of the project "For Clean Novorossiysk™ to deploy laser air pollution
sensors and study the atmosphere of populated areas by laser sensing methods. At
the same time, an important factor in improving the efficiency of the monitoring
systemis the expansion of the list of controlled parameters. To determine the
source of various aerosols of atmospheric air or man-made aerodisperse flows, it
Is advisable to use multi-waves lidars, which allow remote sensing of the micro-
physical parameters of aerosol particles [6].
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Yraexkucinsiii ra3 (COz) SBJISIETCS OJTHUM U3 OCHOBHBIX F'a30BbIX KOMIIOHEHTOB aT-

Mocdepbl, OKa3bIBAIOIIMX BIMAHUE HA MapHUKOBBIN 3P dekT. Briang CO, B map-

HUKOBBIN 3¢ ekt mocturaer 25 %. IloaTomy pa3paboTka HOBBIX METOAOB H

CpPEeACTB JUCTAHIIMOHHOTO KOHTPOJISI U U3MEPEHUSI YaCTHBIX CITy4aeB BHIOPOCOB

CO; B atmMocdepy sBIISIETCS UpE3BbIYANHO aKTyaJIbHOM 3a/1aueil.

JInsi MOHUTOPUHTA KOHIIEHTPAIMU YIJIEKHUCIIOTO ra3a MepCreKTUBHO HCIOJIb30-

BaTh JIa3€PHBIE IUCTAHIIMOHHBIE (JIMIAPHBIE) CHCTEMBI, KOTOPbIE O3BOJISIIOT MIPO-

BOJWUTH, B OTJIMYHME OT CTAHAAPTHBIX KOHTAKTHBIX METOJIOB razoaHaim3a, Ooiee
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MH(OPMATUBHBIE U3MEPEHUS KOHLIEHTPAIMH U BBISIBIISATh IMHAMUKY pacinpocTpa-
HEHUs BRIOpOCcOB [1].

[enbro nanHOM pabOTHI ABISETCS MOUCK MHPOPMATHUBHBIX CIIEKTPAJIbHBIX AUara-
30HOB JIJIsl pa3paOOTKU MepecTpauBaeMon TUOJHOM JTa3epHONM CUCTEMBI AUCTaH-
noHHOro 3oHaupoBanusi CO2 B aTMocdepe CpeHUX MUPOT JJIs pelIeHUs 3aa4
MoHuTopuHra CO; B TOPOJICKOM cpejie, a TakKe BOJIM3U MECT JIOKaJIN30BaHHbIX
BBIOPOCOB Y MPOMBIIIUICHHBIX 30H.

Jlna BeiOOpa Hanbonee npeanouTuTensHoro st usmepenuss CO;, nupopmaTrs-
HOT'O CHEKTPAJIBHOIO JUana3oHa B MEPBYIO OYepeab ObUIA MPOBEACHBI PACUETHI
BO Bcelt ommkueit UK-o6nactu cniektpa. [locne onpenenenus npuemMieMbIxX s
30HAMPOBAHUS MUKPOOKOH MTPO3PAYHOCTH aTMOC(EPhI ObLIO MPOaHATHU3UPOBAHO
COBPEMEHHOE COCTOSIHUS PBIHKA JIA3€PHBIX AUOAOB. Vcob3ys KpuTepun KOM-
MEPYECKON TOCTYIMHOCTH JIA3€PHBIX JUOJIOB, CIEKTPAIbHBINA JIHAMNA30H MMOUCKA
MPUILIOCH CYIIECTBEHHO CHU3UTD.

CornacHo pe3yibTaTaM MPEIBAPUTEIIBHBIX OLEHOK M YYUTHIBAsI O3BYUYCHHBIC
dbakTopsl, HaubOJIEE MPENTOUTUTETHLHBIM JIsl 30HIUPOBAHUS YTIIEKUCIIOTO ra3a B
JMana3oHe KOHIICHTpalUid OT (POHOBBIX 3HAUECHUN IO MPEACIBHO TOMYCTUMBIX
OKazaJicsl CEKTpaIbHbIA quanazoH 1567 — 1573um. J1jis BEIOpaHHBIX JTa3€pHBIX
JMOJ0B MOKHO MPOBOJIUTH MEPECTPOIMKY JJIMHBI BOJHBI KaK B MpeEiesiax U30JIH-
poBanHOM auHUM noriomeHuss CO, ~ 1HM, Tak ¥ B CIEKTPAIBHOM JIHANA30HE Ha
YPOBHE HECKOJIbKUX HAaHOMETPOB, 3aXBaThIBasi HECKOJIBKO JIMHUHN B MOJIOCE TO-
riomenust CO,. B uccnemyemom nuamaszone npucyterBytot auauu O3, N2O, CO,
CH4, NH3, HCN, C;H2, H2S, HO OHM HE BHOCAT JOCTaTOYHOTO JIJIST OTOOPaKCHUS
BKJIa/Ia B CyMMapHBIE CIIEKTPHI moriorieHus (moriomienne meree(.001 %).
BrnocneacTBuu 1uana3oH AJIMH BOJIH ObLI COKpAIEH eme 0obliie, U MPUHSTO pe-
HIEHWE NMPUMEHUTH W30JMPOBAHHYIO JIMHUIO MOTJIOMICHHS YTIEKUCIIOro ra3a Ha
yuacTke criekrpa 1572 — 1573 um. CornacHo nanasiM HITRAN [2] B BEIOpaHHOM
CHEKTPAJIbHOM JMala30He OTCYTCTBYET MEIIAKOUIErO MOTJIONIEHUS BOJSHOTO
napa. IMEHHO 3TOT AHana3oH UCIOJIb30BaJICS KaK IEIEBOM MPHU MOCIEAYIOMIEH
KaJIMOPOBKE JUTMHBI BOJHBI MEPECTpauBaeMoON TUOMHOW JIa3ePHON CUCTEMBI H
AKCTICPUMEHTAILHOM arpoOaruu.

Jlist BeIOOpA n30MpoBaHHOM JiuHuK nioriorieHus: CO; mpoBeeHBI pacyeThl NI
Cily4asi UCTI0JIb30BaHUS ATAJIOHHOW/Ta30BOM KIOBETHI.

Tak>ke ObUT IPOBEJIEH pacyeT CIEKTPOB MOTIOUIEHUSI aTMOC(hEphl B BBIOPAaHHOM
CIEKTPAJIbHOM JIHana3oHe ¢ ucnojb3oBanueM 0a3bl faHHbIX HITRAN [2] u kiu-
MaTHYECKON Mojienin aTMocdepbl JieTa CPEeIHMX IIUPOT IS TOPU30HTAIb-
HOM/HaKJIOHHOM Tpacchl 30HaAupoBaHus 200 M B Auamnazone koHueHtpanud CO;
ot ¢oHOBOI (440 ppm) 1o nipeaeabHo AomycTumoit (491 7ppm).
CHneKkTpOoCKONMUUECKUN pacueT MPOBEACH JJIsi BaKyyMa, MO3TOMY MPU IKCIIEPHU-
MEHTaJbHBIX OlleHKaxX 30HAupoBaHus CO; HEOOXOAMMO MPOBOAUTH KOPPEKITHIO
CHEKTPAIbHBIX PACUETOB C YUETOM IOKA3aTeIIs MPEIOMIICHUS BO3yXa.
Pe3ynpTaThl mOJIE3HBI AJI KaTUOPOBKH CHUCTEMbI Ha WH(GOPMATHBHYIO JJTUHY
BOJIHBI 30HAMpOoBaHus CO».

PaGoTa BeImosiHeHa Tipy (PUHAHCOBOM MOJIep)KKe MUHHUCTEPCTBA HAYKH U BBIC-
mero oopazosanusi Poccutickoii deneparuu (Cornamenne Ne 075-15-2024-557
ot 25.04.2024)
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Determination of informative spectral range for CO- sensing

using thediode laser system
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Carbon dioxide (CO,) is one of the main gaseous components of the atmosphere
that affect the greenhouse effect. The contribution of CO; to the greenhouse effect
reaches 25%. Therefore, the development of new methods and means of remote
control and measurement of particular cases of CO, emissions into the atmosphere
Is an extremely urgent task.

To monitor the concentration of carbon dioxide, it is promising to use laser remote
(lidar) systems, which make it possible to conduct, in contrast to standard contact
methods of gas analysis, more informative measurements of concentrations and
identify the dynamics of the propagation of emissions [1].

The purpose of this work is to search informative spectral ranges for a tunable
diode CO; remote sensing laser system in a middle-latitude atmosphere to solve
CO_, monitoring problems in an urban environment, as well as near localized emis-
sions and industrial areas.

To select the most informative spectral range for CO, measurement, first of all,
calculations were carried out in the entire near IR region of the spectrum. After
determining the atmospheric transparency microcells acceptable for sensing, the
current state of the laser diode market was analyzed. Using the criterion of com-
mercial availability of laser diodes, the spectral range of the search had to be sig-
nificantly reduced.

According to the results of preliminary estimates and taking into account the
voiced factors, the spectral range of 1567- 1573 nm turned out to be the most
preferable for sensing carbon dioxide in the concentration range from background
values to maximum permissible. For selected laser diodes, wavelength tuning can
be performed both within the isolated CO, absorption line ~ 1 nm and in the spec-
tral range at the level of several nanometers, capturing several lines in the CO,
absorption band. O3, N2O, CO, CH4, NH3, HCN, C;H2, H,S lines are present in
the studied range, but they do not contribute enough to the total absorption spectra
(absorption less than 0.001%).

Subsequently, the wavelength range was reduced even more, and it was decided
to use an isolated carbon dioxide absorption line at 1572- 1573 nm spectrum. Ac-
cording to HITRAN [2], there is no interfering absorption of water vapor in the
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selected spectral range. It was this range that was used as the target in the subse-
quent calibration of the wavelength of the tunable diode laser system and experi-
mental approbation. To select an isolated absorption line, calculations CO; per-
formed for the reference/gas cuvette case.

The atmospheric absorption spectra in the selected spectral range were also calcu-
lated using the HITRAN database [2] and the mid-latitude summer atmospheric
climate model for a horizontal/inclined sounding path of 200 m in the CO, concen-
tration range from background (440 ppm) to maximum permissible (4917 ppm).
The spectroscopic calculation was made for vacuum, therefore, in experimental
estimates of CO, sensing, it is necessary to correct spectral calculations taking
into account the air refractive index. The results are useful for calibrating the sys-
tem to an informative CO; sensing wavelength.

The work was carried out with the financial support of the Ministry of Science
and Higher Education of the Russian Federation (Agreement No. 075-15-2024-
557 dated 25.04.2024)
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IIpuMeHeHHe MPOCTPAHCTBEHHO-PA3HECEHHBIX
Jia3epHO-uHTepdepoMeTPpUUYECKUX HAOIIOEeHUIT

JJISL KUCCJIEIOBAHMS CBSI3U TPONMMYECKUX HUKJIOHOB M 3eMJIeTPACCHUM
¥ Anexcannpos J1.B., Ylenuciox P.H., }ly6pos M.H.
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[IpumMeHeHune npocTpaHCTBEHHO pa3HeCeHHbIX (Ha pacctosHus 10%-10* km) u cun-
XPOHHO paboTaroIKX TPUOOPOB MO3BOISIET BBIACIATH JIOKAJbHBIE U PETMOHATb-
Hble (BKJIIOYAsi TEXHOTE€HHBIE) reoPU3NYECKUe CUTHAIBI Ha (DOHE TII0OATBHBIX
NPUPOAHBIX SIBICHUH. DTO TaKXe MOBBIIIAET AOCTOBEPHOCTh HCCIEAOBAHMIMA
CBSI3M TAKMX PA3HOPOJIHBIX MPOIECCOB, KAK TPONMUUYECKUE IUKIOHBI U 3eMJIETpSI-
ceHusl. [[71s1 BBIABIICHMS TAHHOM CBSI3M HEOOXOIMMO U3yUueHHe BapHuaruil pusnde-
CKHUX MapaMeTpOB reopu3nIECKOi cpesibl, B KOTOPOH 3TU SBJICHUS 3aPOKAAIOTCS
U TJI€ IPOUCXOAUT IUCCUIIALINS HAKOTUIEHHOM SHeprun. Hamm MHOTONeTHHE HC-
CJIEIOBAHUs MOKAa3bIBAKOT, YTO METOAbI MPOCTPAHCTBEHHO-PA3HECEHHOU Ja3ep-
HOU nHTEphepoMeTprn ABIAIOTCS 3HPEKTUBHBIM UCTOUHUKOM TIOJTy4IECHHS HEO0O-
XOJIMMBIX JTAaHHBIX, TPUTOAHBIX AJIA1aJbHEHIIEr0 CTATUCTUYECKOTO aHAIN3a.
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B pamMkax 3Toro HampaBieHHUS Ha OCHOBE 11-1eTHero psaa JaHHBIX O CHIIBHEH-
LIUX 3EMJIETPSCEHUSIX, MUPOBBIX METEOPOJIOTUYECKUX U OKEAHOJIOTUYECKUX JTaH-
HBIX JTUCTAHIIMOHHOTO 30HIUPOBAHUS, IOTOJHEHHBIX MHOTOJIETHUMH COOCTBEH-
HBIMH HAaOJIIOJIEHUSIMU C TIOMOIIBIO JIa3€PHO-UHTEP(HEPOMETPUUECKUX METOJIOB U
MHCTPYMEHTOB NPOTsHKEHHOCTHIO 10- 400 M Ha DPSI3UHCKOM JTy4E€BOJHOM I0OJIHU-
TOHE, MTOJYYEHbI HOBbIE PE3yibTaThl [1]. OHM CBUAETENBCTBYIOT O CYIIECTBOBA-
HUU TIPUYUHHO- CJICJICTBEHHOW CBSI3U MEXK]y WHTEHCUBHBIMU TPOMHYECKUMHU
UKJIOHAaMU (TalipyHamMu, yparaHaMH) U CHIIbHEHIITMMHU 3emiieTpsiceHussMu. [1po-
BEJICHHBII CTATUCTUYECKUN aHAJIN3 aKTUBHOCTH IIMKJIOHOB, COINPOBOKJIABIINX
KpynHeimue 3emuerpscenus (M=7.8-9.1) 3a 11-netHuii nepuoj, BeIABII ClIELU-
¢dudeckyto 0COOEHHOCTh B JMHAMUKE UX CYMMapHOW MHTEHCHBHOCTH OTHOCH-
TEJIbHO MOMEHTA 3eMJIeTpsiCeHHs B ouare. Kaxkoe u3 3Tux 3emiieTpsiCeHuii ObLI0
CWJIBHEHUIIIUM B CBOEM TOAY.

3aperucTpupoBaHbl U IPOAHAIM3UPOBaHbI 3emueTpsicenus 16.09.2015 r., M 8.3,
[To6epexne LlenTpanbroro Yrmm, u M 7.7 B Kapu6eckom mope 28.01.2020 r. Jlan-
HbIE, TIOJIyYE€HBl PABHOILJICYMM UHTEP(hEpOMETpOM, BKiIrOHaronmmM jiBa 100-mert-
POBBIX OTpe3ka, U HepaBHOIUIEUHM 100-MeTpOBBIM UHTEPPEPOMETPOM Ha JIyUe-
BOJIHOM JTUHUHU BO DpsA3UHO.

[Tony4yeHHbIE HAaHHBIE MO3BOJIMINA MPEMJIOKUTH HOBBIM MOAXOJ K TPUITEPHOMY
3¢ (exTy MHULMUPOBAHUS CUIIBHBIX 3€MJICTPSICEHUHN MPHU B3aUMOJICUCTBUU OKe-
aHa, atMmocdepsl U urocdepsl. [Iporecc BKIIIOUAET NPOCTPAHCTBEHHO- BPEMEH-
HYIO IUKIMYECKYIO MTOCJIEI0BATEIbHOCTh 30H HU3KOIO JTABJICHUSI HAJ[ HAJIUTO-
chepupiMu muTamu (niepuon 3—4 Henenu). g 3emuerpsicenuit M=8-9 nnu-
TEJIBHOCTH Mpouecca (2—3 Mec.) BKIIIOYAET JBa WU Oosee [UKIIa.

AHanu3 BHICOKOTOYHBIX JJAHHBIX, BKIIOYAIOIIUX U3MEPEHUS pa3padaThIBAEMbIMU
HaMU J1a3epHbIMH UHTEp(EpOMETpaMH U MOJTYYEHHBIX BO BpEMs pa3pyLIUTEIb-
HOTO Typerkoro 3emiuetrpsiceHuss Mw 7,8 (06.02.2023 r.), mpu uX CONOCTABICHUH
C IMKIIOHUYECKOM aKTHBHOCTBIO NOKA3aJIM BO3MOYKHOCTb TPUITEPHOIO BO3ZCH-
CTBUS aTMOC(hephbl HA UHUIIMUPOBAHUE ITOTO CEMCMUYECKOTO COOBITHS [2].

duHaHcupoBaHue: JlaHHOE HCCIeI0BAaHUE MTPOBOJIUTCS B paMKax rocyaapCTBEH-
Horo 3aganus PO PAH.
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Application of Spatially Distributed Laser Interferometric Observations

to Study the Connection Between Tropical Cyclones and Earthquakes
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The application of spatially distributed (over distances of 103-10* km) and syn-
chronously operating instruments allows for the isolation of local and regional
(including anthropogenic) geophysical signals against the background of global
natural phenomena. This also enhances the reliability of research into the connec-
tion between such diverse processes as tropical cyclones and earthquakes. To re-
veal this connection, it is necessary to study variations in the physical parameters
of the geophysical environment where these phenomena originate and where the
dissipation of accumulated energy occurs. Our long-term research shows that
methods of spatially distributed laser interferometry are an effective source of the
necessary data suitable for further statistical analysis.

Within this framework, based on an 11-year dataset of the strongest earthquakes,
global meteorological and oceanological remote sensing data, supplemented by
our own long-term observations using laser interferometric methods and instru-
ments ranging from 10- 400 m in length at the Fryazino beam duct test site, new
results have been obtained [1]. These results indicate the existence of a causal
relationship between intense tropical cyclones (typhoons, hurricanes) and the
strongest earthquakes. The conducted statistical analysis of cyclone activity ac-
companying the largest earthquakes (M=7.8-9.1) over the 11-year period re-
vealed a specific feature in the dynamics of their total intensity relative to the time
of the earthquake at the source. Each of these earthquakes was the strongest in its
respective year.

The earthquakes of September 16, 2015, M 8.3, Central Chile Coast, and January
28, 2020, M 7.7 in the Caribbean Sea, were recorded and analyzed. The data were
obtained using an equal- arm interferometer comprising two 100- meter segments
and an unequal- arm 100- meter interferometer on the beam duct line in Fryazino.
The obtained data allowed us to propose a new approach to the trigger effect ini-
tiating strong earthquakes during the interaction of the ocean, atmosphere, and
lithosphere. The process involves a spatio- temporal cyclic sequence of low- pres-
sure zones over the lithospheric plates (period 3-4 weeks). For earthquakes
M=8-9, the process duration (2-3 months) includes two or more cycles.

Analysis of high-precision data, including measurements from laser interferome-
ters developed by us and obtained during the destructive Turkish earthquake Mw
7.8 (February 6, 2023), when compared with cyclonic activity, revealed the pos-
sibility of a triggering effect of the atmosphere on the initiation of this seismic
event [2].

Funding: The work is performing within a state task IRE RAS.
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KOppeJISIIIl/Iﬂ CUI'HaJJa MUKPOI’KOYJIBHOTO a3P030JbHOI0 JHUaAapa

C BblﬁpOCﬂMI/I A3POHUOHOB B NIEPHUOI 3€EMJICTPACCHUA HA KamuaTtke
29.07.2025 UTC
+B.A. 3aB03I/IH,IZaKaL[eMI/IK PAH E.I. Fopz[eeBl, IcM. Ilepmun, $JLB. bespyxkos, “B.C. Ma-
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Pa3paboTtannsbiii Hamu B 1991 r. MUKpOIKOYIBHBIN O€30MacHbIN IS T1a3 Juaap
MEPCIEKTUBEH HE TOJIKO JJI 30HAMPOBAHUS Cpelibl OOUTaHUS, U3yUYEHHUS aTMO-
chepsl Mapca, HO U 1711 MOHUTOPHHIAa CEICMUYECKUX U BYJIKAHUYECKUX MTPOLIEC-
coB [1]. B 2019 r. MBI yCcTaHOBWJIM a3pO30JIbHBIN JInAAp B TOHHENE bakcaHCkon
HeWTpuHHOU oOcepBaTopuu B [Ipusnsopyche. 3a ~60 MUH 0 3eMIIETPSICEHUN B
Typuun 06.02.2023 (10:24 u 12:02, UTC) MbI 3aperucTpupoBaid NpeABECTHUKA
B BUJE JIByX KOPOTKHX MMIYJIbCOB MOBBIMICHUS] CUTHaNA iuaapa [2]. dns noa-
TBEP>KJIEHUS TOCTOBEPHOCTH ATUX BBIBOJIOB HEOOXOIMMbI IOBTOPHBIE U3MEPEHHUS
M0JI0OHBIX COOBITUM, KOTOPBIE 3/1€Ch BEChbMa PEIKU. DTO CTUMYJIMPOBAJIO HAC K
Pa3BEPTHIBAHUIO JIMAAPHOIO MOHMTOPUHIA BYJIKAHMYECKHMX U CEMCMHYECKUX
npoiieccoB Ha Kamuarke B momzemuoi nmadoparopuu KO OUIL EI'C PAH npu
noanepxke akagemuka PAH E.W. T'opaeesa (centsops 2023 1.). 31eck mo Haten
WHUIIMATHUBE OBLI JOTOJHHUTENIHO YCTAHOBIIEH JAaT4YMK a’poroHOoB [3, 4]. B ne-
kabpe (28.12.2023) 611 0OHApYKEH TUTAaHTCKUM POCT MOKa3aHUM J1aTurlKa KOH-
LIEHTPALMU OTPULIATENHBIX HOHOB (10 150000 cM®), a Takxke cHIKeHHE KOX(-
(¢uLMeHTa IPOMYyCKaHUs TPACCHl 30HIUPOBAHUS, U3MEPEHHOTO C MOMOIIBIO JIU-
napa. [Toznaee (30 1 31.12.2023 1 01.01.2024) 6butr OTMEYEHBI TOAHATHS IUICH-
¢doB mera u ra3oB Haj ByJkaHoM KiroueBckas comka A0 BbICOT 7, 9 u 6 KM, co-
OTBETCTBEHHO. Takum 00pa3om, BIepBbie ObljIa OOHApYKEHA KOPPEALUs CUTHA-
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JIOB a3p030JIbHOTO MUKPOJKOYJIBHOTOJIUapa U JAaTYMKAa MOHOB C BYJIKaHUYeE-
CKOM aKTUBHOCTHIO. /[BYXCYTOUHOE ONEPEKEHUE BBIIICYTIOMSIHYTHIX CHUTHAJIOB
OTHOCUTEJILHO MPOSIBICHUM BYJIKAHWYECKOM aKTUBHOCTHU NTa€T OCHOBAaHUE pac-
CMaTpHUBaTh JUAAP U JATYUK MOHOB KaK MHCTPYMEHTHI JJisi OOHApYKEHUSI BO3-
MO>KHBIX MPEIBECTHUKOB.

Henasuo (29 utons 2025 r. 23:24:50 UTC) na Kamuarke mpou30onuio MOIIHOE
3eMJIETpsACEHUE. 3a HECKOJIBKO JHEH 10 3TOTO COOBITHS OBLIIN 3aperuCTPUPOBAHBI
aHOMaJIbHO BBICOKME IMOKa3aHUS JAaTYMKa KOHIEHTpaluu adponoHoB «Camdup
3M» (mo 400 000 000 cm®), a Taxke IIpU 3eMIECTPACEHUH OBLIO 3aPETHCTPHPO-
BaHO MOBBIIIEHNE KOIPPUIIMEHTA adPO30JIBHOTO PACCESHUs, 3aPETUCTPUPOBAH-
HOTO JIUIAPOM.

Takum 00pa3om, BBIABICHHAS KOPPEJSIHS JIMJAPHOTO CUTHAjJa C TEKTOHWYe-
CKUMHU U BYJIKAHUYECKHUMH COOBITUSMHU JACT OCHOBAHUE 3aKIIIOUYUTH, YTO MUK-
POJIKOYJIBHBIN a3p030JIbHBIN JTUAAP ¢ 0€30MaCHBIM JUIS IJ1a3 YPOBHEM U3ITyUYCHUS
MO’KHO paccMaTpUBaTh KaK HOBBI MHCTPYMEHT sl TOUCKA IPEIBECTHUKOB 3€M-
JIETPSICEHUH U BYJIKAHUUECKUX M3BepxKeHU. HecoMHEHHO, YTO JU1sl MPOBEPKH 10~
CTOBEPHOCTU OOHAPYKEHHBIX KOPPEIALUI HEOOX0AUMO MPOJOKEHHE MOHUTO-
pUHIa yKa3aHHBIX SBJICHU.
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The microjoule eye-safe lidar that we developed in 1991 is promising not only for
sensing the habitat and studying the atmosphere of Mars, but also for monitoring
seismic and volcanic processes [1]. In 2019, we installed an aerosol lidar in the
tunnel of the Baksan Neutrino Observatory in the Elbrus region. On 06.02.2023,
~60 min before the earthquakes in Turkey (10:24 and 12:02 UTC), we registered
precursors in the form of two short pulses of increased lidar signal [2]. To confirm
the reliability of these conclusions, repeated measurements of similar events are
necessary, which are very rare here. This prompted us to deploy lidar monitoring
of volcanic and seismic processes in Kamchatka in the underground laboratory of
the Kamchatka Branch of the Geophysical Survey Service of the RAS with the
support of Academician of the RAS E.l. Gordeev (September 2023). Here, on our
initiative, an additional air ion sensor was installed [3, 4]. In December
(28.12.2023), a giant increase in the readings of the negative ion concentration
sensor (up to 150,000 cm3) was detected, as well as, a decrease in the transmission
coefficient of the probing path measured using a lidar. Later (30 and 31.12.2023
and 01.01.2024), ash and gas plumes were observed rising above the
Klyuchevskaya Sopka volcano to heights of 7, 9 and 6 km, respectively. Thus, a
correlation between the signals of the aerosol microjoule lidar and the air ion sen-
sor with volcanic activity was discovered for the first time. The two-day advance
of the above-mentioned signals relative to the manifestations of volcanic activity
gives reason to consider the lidar and the ion sensor as tools for detecting possible
precursors. Recently (July 29, 2025 23:24:50 UTC) a powerful earthquake oc-
curred in Kamchatka. A few days before this event, abnormally high readings of
the Sapphire 3M air ion concentration sensor (up to 400,000,000 cm™) were rec-
orded, and an increase in the aerosol backscattering coefficient recorded by the
lidar was also observed during the earthquake. Thus, the identified correlation
between the lidar signal and tectonic and volcanic events gives grounds to con-
clude that microjoule aerosol lidar with an eye-safe radiation level can be consid-
ered as a new tool for searching for precursors of earthquakes and volcanic erup-
tions. Undoubtedly, to verify the reliability of the detected correlations, it is nec-
essary to continue monitoring these phenomena.
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KoHTponb mapameTpoB a3po30JIbHBIX BBIOPOCOB SIBIISIETCSl aKTyallbHOM 3amayeit
[1]. Hanbonee noaxoasimMu I KOHTPOJIS TapaMEeTPOB a’p030Ji€il B peabHOM
BPEMEHH SIBIISIFOTCSA METO/IbI JIA3EPHOTO 30HANPOBaHUs. JIn1apHble METOABI TO3BO-
JISIFOT AUCTAHLIMOHHO U3MEPSITH MApaMETPhI a3p030JIbHBIX YAaCTHI] B aTMocdepe [2].
Coznanue manorabapuTHON MOJAENH a3pO30JIbHOTO JHMAAapa MO3BOJUT MOBBICUTH
00JacTh ¥ yI100CTBO MPUMEHEHHUS JTUCTAHIMOHHOTO 30HJAUPOBAHUSA 3a CUET CO-
KpalleHHus Macchl U TabapUTOB YCTPOICTBA, COKPAaTUTh 3KOHOMHUYECKHE H3-
JIEPKKHU 32 CYET YMEHBUIEHUS KOJIMYECTBA COCTABHBIX 3JIEMEHTOB yCTPOMCTBA.
CokpanieHue yucna nepelarllinX JIA3epHOE H3JIyYEHHE JJIEMEHTOB BEHET K
YMEHBUIEHUIO IOTEPH U3ITYUEHUS, YIPOLUIEHUIO FOCTUPOBKHU YCTPOKWCTBA U yMEHbB-
LIEHUIO MTOTPEIIHOCTEN, CBSA3AHHBIX C Pa3bIOCTUPOBKON ONTHYECKUX JIEMEHTOB.
[IpumeHeHne cucTeMbl JBOMHOIO CUHXPOHHOTO AETEKTUPOBAHUS MTO3BOJISET MO-
BBICUTh TOUHOCTh U3MEPEHUs ITPU 00pabOTKe CUTHANA 3a CUET CHUYKEHHUSA LIyMa.
Takum 00pa3zoM, ManorabapuTHBIA a’pO30JbHBIN JUAap, 00Jagas YMEHbIICH-
HbIMH Ta0apuTaMu U MAacCOM, MO3BOJISIET OCYIIECTBIIATh IUCTAHIIMOHHOE 30H/I1-
pPOBaHUE C MOBBIIIEHHOW TOYHOCTHIO.
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Monitoring of the aerosol emissions parameters is an actual task [1]. Laser remote
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sensing methods are the most suitable for this monitoring aerosol parameters in
real time. Lidar methods allow remote measurement of aerosol particle parame-
ters in the atmosphere [2]. The creation of a compact model of an aerosol lidar
makes it possible to increase the scope and convenience of remote sensing by
reducing the mass and dimensions of the device, and reduce economic costs by
reducing the number of device components. Reducing the number of elements
transmitting laser radiation leads to a reduction in radiation losses, simplification
of device layout and reduction of errors associated with the alignment of optical
elements. The use of a dual synchronous detection system makes it possible to
increase the accuracy of measurements during signal processing by reducing
noise. Thus, the compact aerosol lidar, having reduced dimensions and weight,
allows remote sensing of the aerosols with increased accuracy.
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N3MepeHne KOHIEHTPAIUU MeTaHa B ra3oBoM chipbe UK
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Hcnapenus )KuIKOro MeTaHa BO BpeMs TPAHCIIOPTUPOBKU U XPaHEHUs B TepMe-
TUYHOM Ia30X0i€ IPOUCXOAMT JI0 TE€X MOP, TOKA ra30BOE MPOCTPAHCTBO HE OyaeT
3aI0JIHEHO HACKIIeHHBIM apoM [1-3]. Torma Tpedyercst MPUHATH PEIICHUE O pe-
KyIlepalyy MeTaHa Ha3aJ B KUAKOCTb WIM UCIIOJIb30BaHUA €r0 B KAYECTBE TOII-
JIMBA JUIS SHEPIEeTUYECKUX YCTAHOBOK Ira30B03a

[{enwto HacTosIIEH PabOTHI ABISETCS pa3padoTKa ONMTHYECKOM cucTeMbl Tudde-
peHIMaIbHOrO morjioueHuss B cpeaneir obnactu UK cnextpa mornomieHus
(3.39 MKM) [17151 UI3MEPEHHMSI i KOHIIEHTPALlMK METaHa B Ta30BOM ChIPhE TP TPaHC-
NOpTUPOBKE Ta30B030M [3, 4]. C 3ToM 11e/1bI0 OB BBITIOJHEHBI IKCIIEPUMEH-
TaJbHbIE U3MEPEHUS KOHUEHTPALMM HACBIIICHHBIX MAapOB METaHaB JiabopaTop-
HOM CHUCTEME U CPaBHUBAJIUCH C PE3yJbTaTaMHU MU3MEPEHUU METOIOM Ia30BOU
xpoMarorpaduu. BrinosaHeHa olleHKa MOTPENIHOCTA U3MEPEHHI, a SKCIEpUMEH-
TaJIbHBIC PE3YJbTAThI MO3BOJAIOT 3aKIIOUYUTh, YTO MPEIIOKEHHBIA CEHCOP MO3-
BOJISICT NIOJIy4YaTh PE3yJbTaThl U3MEPEHUM CYMMApHOW KOHLEHTpALMd METAaHA B
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npejesiax yCTaHOBJIEHHOM OTHOCUTENIbHOM norpemHocTu 23 % B 1uana3oHe KOH-
nentpauu 10 60r/m3. [lpuMeHenne Takoi cucTeMbl TU((PEPEHINATEHOTO MO-
rionieHuss B 0ouactu 3.39 MKM MO3BOJIUT BHITIOJHITH aBTOMaTHUYECKUN Hempe-
PBIBHBIMT MOHUTOPUHT KOHIIEHTpAIlMM METaHa B pPEajJbHOM BPEMEHHU C IIEJIbIO
YIPABJICHUS TEXHOJIOTMYECKUM IIPOLIECCOM Ha T'a30BO3€.
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Measurement of methane concentration in gas mixture by

IR differential absorption system
L2xSarychev LLA., 2Avdonkin A.S., Sarychev P.1., 2Chartiy P.V., 2Shemanin V.G.
!Admiral F.F. Ushakov State Maritime University, Novorossiysk, Russia,
2Novorossiysk Polytechnic Institute (branch) Kuban State Technological University, No-
vorossiysk, Russia
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The liquid methane evaporation during transportation and storage in an air pipe
volume occurs until the gas space is filled with saturated vapor [1-3]. Then it is
necessary to make a decisionon the recovery of methane backinto a liquid or its
use as fuelfor gas tanker engines.

This work purpose is to develop an optical differential absorption system in the
IR middle region of the absorption spectrum (3.39um) for measuring the concen-
tration of methane in gasraw materials during transportation by a gas tanker [3,
4]. For this purpose, experimental measurements of the concentration of saturated
methane vapor in a laboratory system were performed and compared with the
measurement results by gas chromatography. The measurement error was esti-
mated, and the experimental results allow us to conclude that the proposed system
makes it pssible to obtain measurement results of the methane concentration
within the established relative error of 23% in the concentration range up to 60
g/m?3. The use of such an IR differential absorption system in the range of 3.39
um will allow automatic continuous monitoring of methane concentrations in real
time in order to control the technological process on a gas tanker.
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KoMmnbroTepHoe MoaeiupoBaHHe JTHIAPHBIX H3MEPEHU KOHIEHTPAUN

MOJIEKYJI METAHOBOI CMeCH MPH TPAHCIIOPTHPOBKE ra30B0o30M
MIpusanos B.E., qupﬁatm 10.B., *ABnoubkun A.C., 2 3[llemanun B.I'.
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[Ipu ucniapeHnn KUJIKOT0 METaHa BO BPEMs TPAHCIIOPTUPOBKU MOPCKHUM Ta30Bo-
30M MPOCTPAHCTBO B FTEPMETUYHOM ra30x0/ie OyAeT 3ar0IHEHO HACBIIIEHHBIM Ta-
poM, coaepxkamum 10 90% metana u 10 1% stana u nenrana. [loaTomy Tpebdy-
eTCsl Iap KOMOMHAIIMOHHOTO PacCesHUs CBETa JJIi MOHUTOPUHIA KOHLEHTpa-
LIMU 3THX MOJIEKYJI B peaJbHOM BpeMEHH B 00beMe razoxoja [1]. PazpaboTtka Ho-
BBIX METOJIOB U3MEPEHUSI KOHIICHTPALIMK Ta30BbIX MOJIEKYJI C YPOBHEM KOHIICH-
Tpauuii nmopsiaka npenaenbHo-gomyctumoit (ITK) [1, 2] u Bbiie B razoxoje Ta-
KUM JILIApOM TpeOyeT BIOOpa ONTUMAILHBIX MAPAMETPOB U ONITUYECKON CXEMBI
TaKoro JIMJapa.

[To pe3ynapTaTaMm KOMIIBIOTEPHOI'O MOJICIMPOBAHUS BHIIIOJTHEHA OLIEHKA BO3MOX-
HOCTHU W3MEPEHUS KOHLIEHTPALlMU MOJIEKYJI — METaHa, 3TaHa U MeHTaHa B JAHara-
3omne ot 4 10 go 10" cm™® muaapoM KOMOMHALIMOHHOTO PACCESHUS CBETA B a30TeE
Ha PACCTOSIHUSX 10 15 M B pekrMe CHHXPOHHOTO c4yeTa (h)OTOHOB M BbIOOpA OTI-
TUMaJIbHBIX U MMApaMETPOB TAKOTO Jujapa. B kauecTBe 30HIUPYIOLIETO U3IyYe-
HUS UCTIONIb3YEeTCSl U3inydeHue BTopoil rapmoHukn Y AG Nd-na3epa ¢ Hakaukoi
MOJTYTIPOBOHUKOBBIM J1a3€POM C JJIMHOW BOJIHBI S32HM U MOJIYTPOBOIHUKOBBIX
Ja3epoB ¢ JMHaMH BOJH 450 1 675HM C JJIMTEIBHOCTHIO UMITYJIbCOB 10 HC U
SHEpPrusiMu B umnyibce 10 10 Mk mpu yacTtoTe ClIeIOBaHUS JIa3€PHBIX HM-
nyascoB f 10 10 k' [3]. M3nydeHue na3epa HanpaBisiioCh BIOJIb OCH IPUEMHOTO
Teneckomna, kKak u B [1, 3, 5], a uznydeHrne KOMOMHAITMOHHOTO pacCesiHUs UCCIIe-
JyeMbIMH MOJIEKYJIaMU B HaNpaBJIEHUU Ha3aJ] COOMPAOCh MPUEMHBIM TEJIECKO-
nom tumna HeiotoHa co chepudeckum 3epkaiom guamerpom 120 mm u dokycu-
pPOBAJIOCH JIMH30BBIM OOBEKTUBOM B BOJIOKOHHBIN BBOJI MHUKDPO CIIEKTpOMETpa
tuna FSD-8, paboratomero va nmuauu ¢ [1K. [TomydeHo, uTo mpu 30HIUPOBAHUHT
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JUAAPOM KOMOMHAIIMOHHOI'O PACCESIHUSI CBETa BCEX MCCIIEIOBAHHBIX MOJIEKYJ C
MCIMOJIb30BaHUEM JIa3€PHOTO M3JIyYeHHs Ha JyiMHax BOJIH 450 u 532HM MOXKHO
3aperucTpupoBaTh TPEOyEMyI0 KOHIIEHTPAIMIO METaHA BO BCEM PaCCMOTPEHHOM
JMana3oHe pacCTostHUM 10 15 M, 115 aTaHa — A0 8 M U /Ui MeHTaHa — 10 5 M 3a
BpeMs HakoruieHus curHana 10 ¢.YUtoObl 30HAUPOBATH ATAaH U MEHTAaH BO BCEM
JTMAna3oH KOHIICHTpaluel BpeMsl U3MEpPEHHUs HaJ0 YBETUYUTh pumepHo B 100
pa3 10 10°c unm 17 MuH, 9TO HE BCeraa BO3MOXKHO B KOHKPETHBIX SKCIIEPUMEH-
TaJlbHBIX yCIoBUsIX [1, 4].
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Computer simulation of lidar measurements of the methane mixture mole-

cules concentration during transportation by a gas tanker
1*Privalov V.E.,2Cherbachi Yu.V.,3Avdonkin A.S.,2,3Shemanin V.G.
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2Branch of V.G. Shukhov Belgorod State Technological University in Novorossiysk
3Novorossiysk Polytechnic Institute (branch) Kuban State Technological University, 353900,
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e-mail: vaevpriv@yandex.ru

When liquid methane evaporates during transportation by a marine gas tanker, the
space in the sealed gaspipe will be filled with saturated vapor containing up to
90% methane and up to 1% ethane and pentane. Therefore, a Raman lidar is re-
quired for the concentration of these molecules monitoring in real timein the
gaspipe volume [1]. The development of new methods for measuring the concen-
tration of gaseous molecules with concentrations of the order of the maximum
permissible concentration (MPC) [1, 2] and higher in the gas pipe with such a
lidar requires the selection of optimal parameters and the optical layout of such a
lidar.
Based on the results of computer simulation, an assessment was made of the pos-
sibility of measuring the concentration of methane, ethane, and pentane molecules
in the range from 4 10**to 10" cm= by Raman lidar in a nitrogen at distances up
to 15 m in synchronous photon counting mode and selecting the optimal parame-
ters of such a lidar.The probing radiation are the radiations of the 532 nm wave-
length of second harmonic of a YAG Nd laser pumped by a semiconductor laser
and radiations of semiconductor lasers at the 450 and 675 nm wavelengths with a
pulse duration of 10 ns and pulse energies up to 10 pJ at a laser pulses repetition
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rate f up to 10 kHz [3]. The laser radiation was directed along the axis of the
receiving telescope as in [1, 3, 5], and the Raman radiation from the studied mol-
ecules in the backward direction was collected by a Newton type receiving tele-
scope with a spherical mirror with a diameter of 120 mm and focused by a lens
into the fiberinput of an FSD-8 type micro spectrometer operating on a line with
PC. It was found that when Raman lidar probing of all the studied molecules using
laser radiation at the 450 and 532 nm wavelengths, it is possible to register the
required concentration of methane over the entire considered range of distances
up to 15 m, for ethane—up to 8 m and for pentane—up to 5 m for a signal counting
time of 10 s. In order to probe ethane and pentane over the entire concentration
range, the measurement time must be increased by about 100 times to 10°s or 17
min, which is not always possible under specific laboratory conditions [1, 4].
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3oHaMpoOBaHKMeE 2A3P030JIbHBIX MOTOKOB MeTOAOM 1M PepeHunaIbHOro

ocsia0seHusi B BuAuUMOil u osmxnein UK odiiactu
Aonsa3oB D.K., Benennn E.N., ITonoBuenko C.B., *qapTI/Iﬁ I1.B., lllemanun B.I'.
Hoeopoccutickuii nonumexnuyeckuu uncmumym (guiuan) Kybanckoeo eocyoapcmeennozo
mexHonocuieckoeo yHugepcumema, Hosopoccuiick,
e-mail: pvc-60@yandex.ru)

JI1st u3MepeHusi KOHIICHTPAIlMK M pacipeieNieHrs YacTHIl TI0 pa3MepaM B ad’po-
30JIbHBIX TIOTOKAaX ObLTa pa3paboTaHa JiazepHasl cucreMa AuddepeHInaIbHOTO
ocJia0eHusl Ha TpeX JUIMHAX BOJH B Buaumon u OommkHed MK oGmactu crek-
Tpa.2TOT MeTo A AuddepeHITHaTBLHOTO 0CIableHrnss OCHOBAH Ha pemeHnr oopar-
HOMU 3aiauu [1]. ®uszndeckas MOJiesIb METOJJa OCHOBaHA Ha B3aMMO/ICCTBUHA MO-
HOXPOMATUYECKOTO U3IyUYE€HU C MOJUIAUCIEPCHON cpeaoi nmo Teopuu Mu [2] u
COXpaHEHUs1 THBAPUAHTHOCTU YCPEAHEHHOTO (pakTopa 3(h(HEeKTUBHOCTH ocnabie-
HUSI OTHOCUTEIBHO BHJa (DYHKIMM paclpeeseHus: 4acTuil 1o pasmepam [1, 3].
Cpenunii 00beMHO-TTIOBEPXHOCTHBIH JHaMETP adpO30JIbHBIX YacTull O3 onpee-
JSIeTCS MyTeM U3MEPEHUs] ONTHUYECKOW MJIOTHOCTU HCCIEyEMOTO a’po30Jisl Ha
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HECKOJIbKHX JUIMHAX BOJH U BBIYUCICHUS YCPEAHEHHBIX (hakTOpOB 3(HEKTUBHO-
CTH OcnabJieHus JUIsl 3TUX JUIMH BOJH. OTHOIIEHHE M3MEPEHHBIX ONTUYECKHX
IJIOTHOCTEHN HA JBYX JUIMHAX BOJIH PABHO OTHOIIICHUIO PACCYUTAHHBIX YCPEAHEH-
HbIX (pakTopoB 3(HEKTUBHOCTH OCHa0JICHUS W BbIpakaeT (YHKIIMIO CPEIHETO
pa3mepa yactull [1], mpudyem Auana3zoH U3MEPEHUN CPEAHUX Pa3MEpPOB YACTHUIL
oTnpeeNsieTcs JUIMHAMKU BOJIH 30HAMPYIONIEro U3inydeHus. B skcnepumeHTanb-
HOM J1a3epHOM cucteme[3] dyepe3 MOTOK a’3po30Jsi, CHOPMUPOBAHHBIN MPH UM-
yJIbCHOM MH>KEKIIUU Ha BBIXOJE Ia30X0a U MPOXOAAIINI NEPIEHAUKYIISIPHO Jia-
3€pHOMY JIy4y, IPOMYCKAINCh TPH JIy4a JIA3€pHOr0 U3IyYEHHUs C JUIMHAMH BOJIH
405, 650 u 10641M, kKOoTOpHIE B cxeme nudPpepeHInaTbHOTO OcaabIeHNs HapaB-
JSUTUCH Ha OJTUH (DOTOTIPUEMHHK CO CBOCH cxemMoi 00paboTku curHana. CUTHaIBI
¢ BbIXo/a (OTONMPUEMHUKA PETUCTPUPOBAIMCH CUCTEMOM cOOpa JaHHBIX, paboTa-
romeit Ha muany ¢ 11K [3, 4], paboraromux Ha yactorax 5 -- 103 T'u. Dkcnepu-
MEHTAJIbHO U3MEPEHHBIM TOW CUCTEMOM OTHOLIEHUAMOINTHYECKHUX ITUIOTHOCTEU
JUTSL KKJIOM apa JUIMH BOJIH CONOCTABJIEHO PACCUUTAHHBIE OTHOIIECHUS Y dek-
TUBHOCTEN OcnadiieHus], a o rpauKy 3THX 3aBUCUMOCTEW BUIHO [4], 4TO pac-
YETHOE M AKCIIEPUMEHTAJIbHOE OTHOUIEHUS COBIAJAIOT B IMpEeNiax Hallel Io-
rpemHocTH. [1o n3MepeHHOMY OTHOUIEHUIO ONTUYECKUX IJIOTHOCTEH HAXOIUM
OTHOUIEHUE YCPETHEHHBIX (AaKTOPOB 3P (HEKTUBHOCTH OCIA0IEHUS U ONIPEAEIIIeM
BenmmunHy Oz2. Takum o0Opa3oM, pa3zpaboTaHHAsi IKCIICPUMEHTAIbHAS JIa3epHAs
CUCTEMA MO3BOJISIET U3MEPSTH B PEAIbHOM BPEMEHHU CUTHAJIBI OcIabIeHus Jda3ep-
HOTO M3JTyY€HUS! U BOCCTAHABIUBATh (PYHKIIMIO PaCHpPEEIICHUS YaCTUL] a3PO30JIs
o pazmepam [3].
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Remote sensing of aerosol flows by differential attenuation

in the visible and near-infrared regions
Ablyazov E.K, Vedenin E.l., Polovchenko S.V., Charty P.V., Shemanin V.G.
Novorossiysk Polytechnic Institute (branch) Kuban State Technological University, No-
vorossiysk,
e-mail: pvc-60@yandex.ru

To measure the concentration and size distribution of particles in the aerosol
flows, a laser differential attenuation system at three wavelengths in the visible
and near-infrared spectral regions was developed. This differential attenuation
method is based on the inverse problem solving [1]. The physical model of this
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method is based on the interaction of monochromatic radiation with a polydis-
perse medium according to the Mie theory [2] and the preservation of the invari-
ance of the average attenuation efficiency factor relative to the type of particle
size distribution function [1, 3]. The average volume-surface diameter of aerosol
particles ds; is determined by measuring the opticaldensity of theaerosol under
study at several wavelengths and calculating the average attenuation efficiency
factors for these wavelengths. The ratio of the measured optical densities at two
wavelengths is equal to the ratio of the calculated average attenuation efficiency
factors and expresses a function of the average particle size [1], and the measure-
ment range of the average particle size is determined by the wavelengths of the
probing radiation. In the experimental laser system [3], three beams of laser radi-
ation with the 405, 650, and 1064 nm wavelengths of were passedthrough an aer-
osolflowformedbypulsedinjectionat the outlet of the gas pipeandpassingperpen-
dicular to the laser beam, which were directed in a differential attenuation scheme
to one photodetector with its own signal processing scheme. The signals from the
photo detector output were recorded by a data acquisition system operating on a
line with a PC [3, 4] operating at frequencies of 5- 102 Hz. The calculated attenu-
ation efficiency ratios experimentally measured by this system for each pair of
wavelengths are compared and the graph of these dependencies shows [4] that the
calculated and experimental ratios coincide within our error. Based on the meas-
ured ratio of optical densities, we find the ratio of the average attenuation effi-
ciency factors and determine the value of ds,. Thus, the developed experimental
laser system makes it possible to measure the attenuation signals of laser radiation
in real time and restore the size distribution function of aerosol particles [3].
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OCHOBHBIM BHJIOM TPYy30B B mopTy HoBOpoOCCHIACK B MOCIEIHNUE ACCATUIICTUS SB-
JSI0TCST HEPTh U HEPTEMPOIYKTHI, P ATOM 00BEM NEpeBaKU HE(TErpPy30B B
2024 r. cocTaBUJI pEKOPAHbIE I pOCCUUCKUX NOPTOB 112 miH. ToHH (67% oT
BCEX BUJIOB). BMecTe ¢ TeM CTaTUCTUKA CBUAETENBCTBYET, UTO COIYTCTBYIOIIHE
MOPTOBOM JIEATEIbHOCTH aBapUMd W YPE3BbIYANHBIE CUTYyallMH, CBSI3aHHBIE C
HE(DTAHBIMU Pa3JIMBaMH, K COKAIEHUIO, TPOUCXO0AT. [103TOMY B TaHHBIX ycIlo-
BUSIX BOITPOCHI HKOJIOTMYECKOI 0€30MMaCHOCTH MOPTA U PETHOHA, BUIUMO, BCEr1a
OyayT akTyanbHbIMH [1].

[enp HacToAmIEH paOdOTHI COCTOUT B OLIEHKE PUCKA OJJHOW M3 OCHOBHBIX OIlepa-
111, BBITIOJIHAEMBIX HE TOJIBKO Ha TaHKEpax, a Ha BCEX MOPCKUX CyJax, MpH KO-
TOPBIX MPOUCXOAAT HEPTIHBIC PA3TIUBbI, — CHA0OKEHUS Cy/10B OyHKEPHBIM TOILIH-
BOM, HEOOXOAMMBIM IS €r0 SKCIUTyaTallMu (Ma3yT, AU3elbHOE TOInBO). Ilo-
NOOHBIE OTIEpalliy BBIIOJIHAIOTCS Y IPUYAIOB, MO0 Ha peiijie nopra.

N3BecTHO, 4TO 6€30MaCHOCTH KaK CBOMCTBO (HMJIM COCTOSIHUE) CUCTEMBI, B LIETIOM,
HE UMEEeT KOJMUYECTBEHHOM OLIEHKH, BaXKHBIM SIBJISIETCSl 0OecreyeHune (JI0CTHKe-
HUE) OE30MaCHOCTH, T.€. €€ TpeOyeMbli ypoBeHb. OJTHUM U3 KpUTEepUeB Oe3omac-
HOCTH CITY>KUT KOJIMYECTBEHHAs OLIEHKA PUCKa, BEJIMYMHA, BKIIIOYAIOIIAsi BEPOSIT-
HOCTHYIO COCTaBJISIFOIIYIO0 BO3SHUKHOBEHUSI COOBITHUS (aBapun) U €€ MOCICACTBHUSI.
Huxe paccmaTpuBaeTcsi IpuMep anioCTEpUOPHON OLIEHKH TEXHOT'€HHOTO (110 Mpo-
HCXO0XKJICHUIO) U IKOJIOTUUECKOTO (110 cpepe BO3IEUCTBHS ) pUCKa pas3yiuBa HeTe-
POIYKTOB IIpH OyHKepoBKax B mopty HoBopoccuiick.

Takum o6pa3om, B paboTe, SBIAIOMIENHCS YaCThIO KOMIUIEKCHOTO MCCIIEIOBaHMUS
COCTOSIHMSI 0€30ITaCHOCTH MOPCKOM aKBaTOPHUH MOPTa, MPUMEHEH PUCK-OPUEHTHU-
POBAHHBIN MMOAXOM K OLIEHKE U 00ECHEUEeHUIO0 IKOJIOrnueckoi 0ezonacHoctu. B
2024 r. na peiine Mmopckoro noprta HoBopoccutick Bcero 0110 mpoBeaeHo 664
orepaiuu ¢ HeTenpoaykTamu, B ToM uncie: 530 oneparuii o cHaGXeHHIO MOp-
CKUX CYZIOB OyHKEpHBIM TOIUTMBOM (Ma3yT — Oosiee 706 ThIC. T, AU3EIBLHOE TOTI-
muBo — 6omee 100 Tric. T); a Tarke 134 omepariuu 1o neperpyske rpy30B ¢ CyaHa
Ha Cy/JHO Ha pelje nopTta, B 416 paiione (Ma3yT — 84 ThIC. T, IU3EIHLHOE TOTUIMBO
— 5 TeIC. T). OTMETHM, UTO ONEPALMH C HEYTENPOAYKTAMH Ha Peilie CUUTAIOTCS
Ha (uioTe HanboJiee BBICOKOPUCKOBBIMU B aBAPUMHOM OTHOIIEHUM B CPABHEHHUHU
C OIepanusiMU y MPUYAJIOB.

Ha ocnoBe cratnuctuueckux nanHbix OI'BY «AamMuHHCTpanus MOPCKUX OPTOB
YepHOro Mopsi» U3BECTHO, YTO 32 Mociennue Tpu roaa (nepuoa 2022 — 2024 rr.)
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OBLJIO BBIMIOJIHEHO Bcero 6218 omeparuii mo OyHKEpPOBKE CYJ0B, MPHU STOM IIPO-
M30LUI0 ABa ciayyas aBapuid. Ciie1oBaTeNbHO, CPEAHSS YaCTOTa Pa3uBOB HEPTH
B 2022-2024 rr. ipy OYHKEPOBOYHBIX OIEPAIMAX MOXKET OBITh MOJIydeHa KaK OT-
HOIIICHHE KOJUYECTBA aBapHil K KOJMYECTBY OIEpanui, 4yTo MaéT BETUUYUHY
3,2 - 10*1/ron.

AHanu3 aBapuMHOCTH NMpU OYHKEpOBKaX IMOKa3ajl, YTO OCHOBHBIMU HEMOCPEI-
CTBCHHBIMHU NMPUINHAMHU HEPTIHBIX 3arps3HEHUN MOPCKOUM CpEbl SBISIFOTCS TIe-
pernoiHeHue (epeanB) TOIIMBHBIX CUCTEM (TAaHKOB) U MTOBPEKICHUE MepEeKaYu-
Baronux nuiaHro. KonnuecTBeHHast BenuunHa 00bEMa pasiivBa, T.€. BTOpas co-
CTaBJISIOIIAs OLICHKM PUCKA aBAPUU 3aBUCUT OT XapaKTEPUCTUK HCIOJIb3YEMOIO
Ha CyJTHEe 000pYyIOBaHUS U YCIOBHM Pa3BUTHS aBapuiHOM cutyanuu. Pacuérabie
3Ha4YeHUs1 00bEMA pa3nnBa, KOTOPhIE OMPEACIISIOT pa3Mep MOCIeACTBUM (yiepo)
B PE3YJIBTATE aBaAPUU ONPEAEISIOTCS MO U3BECTHBIM METOIUKAM.

Kpowme Toro, nonydeHa KoJIMueCTBEHHAs OLIEHKA YaCTOThI MOJAOOHBIX aBapuid, HO
UMEIOINX Pa3iuB 00beMoM 1 T u 6oJee, 4To SBISAETCS YPOBHEM YpE3BhIUANHBIX
cutyanuit 115 akBaropuii Yepnoro mopsi. [lonydeHHbie BEIUYUHBI MOTYT OBITH
PEKOMEHJOBAHBI IJI1 MCMOJIb30BAHUS HA MPAKTUKE MPU MPOTHOZUPOBAHUU PUC-
KOB aBapuil B MOPCKUX TopTax. B kauecTBe mMep 0€30MacHOCTH aKBATOPHil B
YCIIOBUSIX MOTEHIIUABLHBIX HanbOOJIee OMacHBIX IKOJOTUYECKUX cutyaruit B Ho-
Bopoccuiickoil (Llemecckoil) OyxTe, 4yTo SIBISIETCS aKTyalbHBIM B IOPTOBOM €S-
TEJIbHOCTH, MOKHO OTMETUTH clieAymollee. B HacTosiee BpemMs Ha Opeanpus-
TusAX HoBOpoccUiiCKOro mopToBOro KOMIUIEKCA COCPEIOTOUYEHBI MOIIHOCTH CIie-
UAAJIBHBIX TEXHUYECKUX CPEJICTB, MPEHA3HAYCHHBIX Ui JIUKBUIAIMN HeTs-
HBIX Pa3JIMBOB B pacuéTe Ha JUKBUJALINIO TIOpsika 15 Teic. T HedTH.
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Assessment of the environmentalrisk of oilpollutionin the port of No-

vorossiysk
Chura M.N., Gritsova A.C., Zaitsev N.A., *Chura N.N.
Admiral F.F. Ushakov State Maritime University, Novorossiysk, Russia
*e-mail: nnchura@rambler.ru

The main type of cargo in the port of Novorossiysk in recent decades has been oil
and petroleum products, while the volume of oil cargo transshipment in 2024
amounted to a record 112 million tons for Russian ports (67% of all types). At the
same time, statistics show that accidents and emergencies related to oil spills that
accompany port activities unfortunately occur. Therefore, in these conditions, the
issues of environmental safety of the port and the region will probably always be
relevant [1].

The purpose of this work is to assess the risk of one of the main operations per-
formed not only on tankers, but on all marine vessels in which oil spills occur—
the supply of ships with bunker fuel necessary for its operation (fueloil, die-
selfuel). Similar operations are performed at the berthsorat the harbor road stead.
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It is known that security as a property (or state) of the system, as a whole, has no
quantitative assessment, it is important to ensure (achieve) security, i.e. its re-
quired level. One of the safety criteria is a quantitative risk assessment, a value
that includes the probabilistic component of the occurrence of an event (accident)
and its consequences. The following is an example of a posteriori assessment of
the technogenic (by origin) and environmental (by impact) risk of oil spill during
bunkering in the port of Novorossiysk.

Thus, in the work, which is part of a comprehensive study of the safety status of
the port's marine area, a risk-based approach to assessing and ensuring environ-
mental safety has been applied. In 2024, a total of 664 operations with petroleum
products were carried out at the Novorossiysk sea port, including:530 operations
to supply ships with bunkerfuel (fuel oil —more than 706 thousand tons, die-
selfuel-more than 100 thousand tons); as well as 134 cargo transshipment opera-
tions from ship to ship at the port roadstead, in 416 are as (fuel oil -84 thousand
tons, dieselfuel-5 thousand tons). It should be noted that operations with petro-
leum products on the roadstead are considered the most high-risk in the fleet in
terms of emergency in comparison with operations at the berths. Based on statis-
tical data from the Black Sea Sea Ports Authority, it is known that over the past
three years (the period 2022- 2024), a total of 6,218 bunkering operations have
been performed, with two accidents occurring. Therefore, the average frequency
of oilspills in 2022- 2024 during bunkering operations can be obtained as the ratio
of the number of accidents to the number of operations, which gives a value of
3.2-10"1/year.

An analysis of bunkering accidents has shown that the main direct causes of oil
pollution of the marine environment are over flow (over flow) of fuel systems
(tanks) and damage to pumping hoses. The quantitative value of the spill volume,
i.e. the second component of the accident risk assessment, depends on the charac-
teristics of the equipment used on the ship and the conditions of the emergency
situation. The calculated values of the spill volume, which determine the size of
the consequences (damage) as a result of an accident, are determined using well-
known methods. In addition, a quantitative assessment of the frequency of such
accidents, but with a spill volume of 1 ton or more, has been obtained,which is
the level of emergency situations for the Black Sea. The values obtained can be
recommended for practical use in predicting the risks of accidents in seaports. As
measures for the safety of water areas in the conditions of potential most danger-
ous environmental situations in Novorossiysk (Tsemesskaya) Bay, which is rele-
vant in port activities, the following can be noted. Currently, the enterprises of the
Novorossiysk Port complex have concentrated the capacities of special technical
facilities designed to eliminate oil spills in order to eliminate about 15 thousand
tons of oil.
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3aMeHa cyI0BOTO BOASHOTO OajuiacTa, sIBJSIONIasicsl HEOThEMIIEMOM 4acThbiO MOp-
CKHX I'pPy30I1€pEBO30K, IPUBOJUT K TPAHCIIOPTHPOBKE UYKEPOAHBIX OPraHU3MOB
BMECTE € 0aNIaCTHBIMU BOJAMH.

C nenbto peryaupoBaHus cOpoca OaiacTHBIX BOJ ObLa mpuHsATa Mex1yHapoi-
Hast KOHBEHIIMA 0 KOHTPOJIE CYAOBBIX OAJTACTHBIX BOJI M OCAIKOB U YIIPABICHUIO
umu (BWM 2004).IIpaktindeckas peanu3aius TpedoBannii KoHBeHIMy Hampas-
JieHa Ha TIPEeKpalleHne WiIM MUHUMH3AIMIO BO3MOXKHOCTH IEPEHOCa BPEIHBIX Op-
TaHU3MOB MTOCPEJCTBOM KOHTPOJIS 3aMEHBI CYIOBOT'O BOJSTHOTO OaiacTa.
CrangapThl yripaBiieHUs OJIJTACTHBIMU BOJAMU 1O KOJIMYECTBEHHBIM U OMOJIOTH-
YECKHUM IoKa3arelsiM npeacrasieHbl B [Ipasunax D-1 u D-2 Konsennuu. Cran-
napt D-1 mpeanonaraer 3aMeHy 0ajUTaCTHBIX BOJ, CTaHAapT D-2 — 04HCTKY BO-
JTHOTO Oasmacta Ha OOpTYy CyJHA.

Ha nacrosmmii MOMEHT pa3paboTaHO MPUMEPHO OKOoJIO 90 cucTeM MO OYMCTKE
OaJITaCTHBIX BOJ, HO UMEIOT CepTU(UKATHI TUIIOBOTO 0/I00PEHUSI 3HAYUTEIBHO
Mmenble cucteM (o nadopmanuu MMO). Cuctembl 00padOTKH 0aIacTHBIX BOJ
IpeaaratoTcs B pa3jIMdHbIX BapUaHTaX, KOMIOHOBKaX W KOMIUIEKTALUAX MHO-
KECTBOM KommaHuil. OJlHaKo, BCE OHU CEPUNHO MPOU3ZBOAATCA 32 PyOEKOM — B
Poccuu, no cocTosiHUIO Ha CErOAHSIIHUN J€Hb, OTCYTCTBYET YCTaHOBKA 10 00pa-
00TKe OaJJIaCTHBIX BOJI, 3aIlyIIEHHAs] B CEPUIHOE TTPOU3BOICTRO.

AHanu3 paboThl UCTIOJIB3YEMbIX CYJOBBIX CHCTEM 00paOOTKU OasiacTHBIX BOJI,
MIPE/ICTABIICHHBIN B OTYETaX CYJOBJIA/ICTbIIEB, IO3BOJIAET CUMTATh HanbOJIee 1ie-
J1€CO00pa3HOM CIIeAYIONTYI0 TEXHOJIOTHIO IBYXCTYIIEHUATON 00paboTKM OaiacT-
HBIX BOJ] Ha OOPTY CyJIHA: HA MEPBOM CTYIIEHU MEeXaHW4YecKast 00padoTKa JJis U3-
BJICYCHUS U3 BOJIbI TUAPOOMOHTOB; HA BTOPOH CTYNIEHU — XUMUYecKas o0paboTka
JUTSl YHUYTOKEHHUSI TATOT€HHBIX MUKPOOPTaHU3MOB.

[Tpu xumuueckoit 00padoTKe HanboJiee MePCIEeKTUBHBIMU CIIEAYET CUUTATh TEX-
HOJIOTMH O30HUPOBAHUS U 3JIEKTPOOOPAOOTKH BOJIBI.
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Treatment of ship ballast water
Bondarev K. G.,! Beryoza 1. G., *Volkova T.A.
LAdmiral Ushakov Maritime State University 93, Lenina Avenue, Novorossiysk
e-mail: irina.beryoza@mail.ru
The exchange of ship ballast water, which is an integral part of maritime cargo
transportation, leads to the transport of alien organisms along with ballast water.
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In order to regulate the discharge of ballast water, the International Convention
for the Control and Management of Ships' Ballast Water and Sediments (BWM
2004) was adopted. The practical implementation of the Convention's require-
ments is aimed at stopping or minimizing the possibility of transferring harmful
organisms by controlling the exchange of ship ballast water.

Standards for ballast water management in terms of quantitative and biological
indicators are presented in Regulations D-1 and D-2 of the Convention. Standard
D-1 assumes the exchange of ballast water, standard D-2 - the treatment of ballast
water on board the ship.

To date, approximately 90 ballast water treatment systems have been developed,
but significantly fewer systems have type approval certificates (according to
IMO). Ballast water treatment systems are offered in various versions, configura-
tions and configurations by many companies. However, all of them are mass-pro-
duced abroad — in Russia, as of today, there is no ballast water treatment equip-
ment launched into mass production.

Analysis of the operation of the ship ballast water treatment systems used, pre-
sented in the reports of ship owners, allows us to consider the following technol-
ogy of two-stage ballast water treatment on board a ship to be the most appropri-
ate: at the first stage, mechanical treatment to extract hydrobionts from the water;
at the second stage, chemical treatment to destroy pathogenic microorganisms.

In chemical treatment, the most promising technologies should be considered ozo-
nation and electrical water treatment.
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B cynoBbIX (hJIOTALIMOHHBIX CeMapaTopax JIbsUIbHBIX BOJ JUISl HHTEHCU(DUKALIMU
polecca OYMCTKY MPUMEHSIOT METO/I MPEABAPUTEIHHON peareHTHOM 00padoTKu
C UCIIOJIb30BAHUEM PACTBOPOB MUHEPAIBHBIX KOATYJISHTOB. JlaHHBIN METOI IPHU-
BOJUT K CJIEAYIOIIMM HETATUBHBIM ITOCIEACTBUAM: IOBBIIIAETCS KOPPO3UOHHAS
aKTUBHOCTb BOJbI, 00pazyeTcsi 00JIbIIOEe KOJIMYECTBO OCa/iKa, MPOUCXOAUT BTO-
PUYHOE 3arpsA3HEHKE BOABI IPOLYKTAMU T'MIPOJIN3a MUHEPAIBHBIX COJIEH. BhIme-
NEPEYUCIICHHBIX HEJIOCTAaTKOB JIMIIEH METOJ IMpeIBApUTENIbHON 00paboTKu
HedTecoAepKaluX BOJ BBICOKOMOJIEKYJSIPHBIMHU  (PIIOKYJISTHTAMU, KOTOPBIii
YCHEIIHO UCTONb3yeTCsl Ha OEPEroBbIX MPOMBIIICHHBIX MPEATPUITHSIX .
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[Tpu pazpaboTke TeXHOJOTHH (DIOTAIIMOHHON OYUCTKU CYJIOBBIX JbSUIBHBIX BOJI
UCCIIeIOBANINCH CIEAYIONMe HOHHOTeHHbIe (iokymsauTel: Praestol 852, Praestol
853 u Praestol 2540.

Ha onbITHOM 3KCIIEpUMEHTaIbHOM 000pYA0BAaHUHU METOJIOM IPOOHOTO KOAryiu-
pPOBaHUsl YCTAHOBIIEHO, YTO HAWOOJIBIIIYIO CTEMEHb W3BJICUCHUS HEDTSIHBIX 3a-
I'PSA3HEHUN U3 pacTBOpA JbSUIBHBIX BOJ| 00€CTIeUnBaeT KATUOHHBIN BRICOKOMOJIE-
KyJsipHblid  (okyJssHT Ilpaectonm 853. OmpenenieHbl OCHOBHBIE OINEpaTUBHBIE
TEXHOJIOTHYECKHE (aKTOPhI, BIUAIONIME Ha 3(PGEKTUBHOCTH (IOTAIMOHHOMN
OYHCTKH CYIOBBIX JIbSUTBHBIX BOJI C TIPEIBAPUTEIHLHON peareHTHOW 00pabOTKOM
daoxynsaTom [Ipaecton 853 — BpeMs 00pabOTKH U 1032 pearcHTa.

Pa3paborana Mmarematuueckas MOJIEIb mporiecca (PIoTaruu Cy0BBIX JbsSTHHBIX
BOJ, TIpenBapuTenbHO0 00padboTanHbIX (iokynsaToM [Ipaecton 853. Ompene-
JICHBI TTapaMeTPhI IIPOIIeCcca OYUCTKH, 0OCCTICUHBAIONINE HAUOOJBITYIO CTETICHD
U3BJICUCHUS HE(PTIHBIX 3arpsI3HEHUN U3 PACTBOPA JIbSUTBHBIX BOJI.

[Tony4yeHHbIE pe3yabTaThl IKCIEPUMEHTAIBHBIX HCCICIOBAHUIN HCIIOJIb30BAHBI
pu pa3paboTKe TEXHOJOTUYECKOTO periaMeHTa (HIOTalMOHHON OYUCTKU CYJI0-
BBIX JIbSUTBHBIX BOJI, TPEIBApUTEIHLHO OOPaOOTAaHHBIX BBHICOKOMOJICKYIISPHBIM
(GIOKYISIHTOM.
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Flotation separator for ship bilge water
*Shatckova E. I.,! Beryoza |I. G.
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In marine flotation separators for bilge water, a method of reagent treatment using
solutions of mineral coagulants is used to intensify the cleaning process. This
method leads to the following negative consequences: the corrosive activity of
water increases, a large amount of sediment is formed, and secondary contamina-
tion of water with products of hydrolysis of mineral salts occurs. The method of
preliminary treatment of oil-containing waters with high-molecular flocculants,
which is successfully used at coastal industrial enterprises, is free from the above-
mentioned disadvantages. During the development of flotation technology for
cleaning ship bilge waters, the following ionogenic flocculants were studied:
Praestol 852, Praestol 853 and Praestol 2540.

On pilot experimental equipment, using the trial coagulation method, it was es-
tablished that the highest degree of extraction of oil contaminants from a bilge
water solution is provided by the cationic high-molecular flocculant Praestol 853.
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The main operational technological factors influencing the efficiency of flotation
cleaning of ship bilge waters with preliminary reagent treatment with flocculant
Praestol 853 were determined — the processing time and the reagent dose.

A mathematical model of the flotation process of ship bilge waters, pre-treated
with flocculant Praestol 853, was developed. The parameters of the cleaning pro-
cess that provide the highest degree of extraction of oil contaminants from a bilge
water solution were determined. The obtained results of experimental studies were
used in the development of technological regulations for flotation purification of
ship bilge waters, pre-treated with a high-molecular flocculant.
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IHociencTBUA TEXHOT€HHOU IKOJOTHYECKOM KaTacTPOdbI

B Kepuenckom nposuse
1*}KML1pKo T.I.,! Houkosa T.K, 'Ctuxosa A.M
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Hedtsiabie pa3nuBbl MpeACTaBISIOT CO00M OAHY M3 HaubOJee Cephe3HBIX YIPo3
JUJISl MOPCKUX SKOCUCTEM, U HEJIaBHEE 3arpsisHeHue B KepueHCKOM MposnBe akTy-
IM3UPOBAJIO BOTIPOCHI HE TOJIBKO OIIEHKHU YKOJOTHYECKOTO yiiepoa, HO U pa3pa-
00TkH 2 ()EKTUBHBIX METOJIOB €Tr0 yCTpaHeHus. B manHoW paboTe mpencTaBiieH
KOMITJIEKCHBIN aHaJIM3 TOCIEICTBUNA HEPTIHOTO 3arps3HEHUs] aKBAaTOPUU U CO-
BPEMEHHBIX MOJAXO0B K €T0 JIMKBUIALIUH, PACCMOTPEHBIKOHKPETHBIE MAPKH COP-
OCHTOB M TEXHOJIOTUU YTWJIM3ALNH, IPUMEHSBILINECS MPU JIMKBUIAIIUU pa3IuBa
Mazyta B Kepuenckom mposiuBe. [jsi TUKBUIALMN TOCIEACTBUN aBapuu ObLIH
MCIIOJIb30BaHBI CIAEAYIOIINE COPOCHTHI: MOJIUIIPOIUIEHOBBIE OOHOBbBIE 3arpasK/ie-
Husg u marbl «Hedrecopo», «CopbenT-Oim» (ucnosb3oBaics A JTOKaIbHOU
OYUCTKU B TPYAHOJOCTYIHBIX MECTax); MojuyperaHoBbie copOeHThl «Ilommyp-
CaH», OTJIMYAIONIUNCS BHICOKON €MKOCTBIO JIJIs1 MazyTa M3 npupoaHbIX U KOMOU-
HUPOBAHHBIX COPOCHTOB OBLIIM UCTIOIB30BaHbI TOPSHON COPOCHT ¢ T0OaBKaMM
— «Oxoapmy. JlemeBbiii 1 Ouopasziaraemplii COPOEHT, HO HU3KOI(P(HEKTUBEH ISt
MazyTa (TpeboBaniach yactas 3amMmena) u «buocop6» (Ha ocHOBe MO (DUITMPOBAH-
HOM IIEeJITI0I03b1 ), KOTOPBIN MPUMEHSUICS B MPUOPEKHON 30HE, T€ BaXKHA IKOJIO-
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rudeckasi 6e3onacHocTh. M3 6MocopOEeHTOB ObLIT UCIIOIB30BaH MUKPOOMOJIOTYE-
ckuil mpenapaT « MUKpPO3UM»,KOTOPBIM YCKOPSI Pa3iokKeHUEe OCTATKOB MaszyTa
nocje MexaHudeckoro coopa. s npoGieHus HEQTAHBIX MATEH NPUMEHSIIH
«JIucnecant-OC-5».

Bbbutn npuMeHEeHBI cie1yoKe Coco0bl YTUIN3AIUH 3arpsI3HEHHBIX COPOEHTOB:
C)KMTaHUE B UHCUHEPATOPAX, MUPOJIN3, SKCTPAKLIUS pACTBOPUTEIISIMU. 3arpsi3HEH-
HBIE TIPUPOJIHBIE COPOEHTHI (TOpP, OmMIKN) 00padbaThIBaINCh OHoNpenapaTaMu
(nanpumep, «PoIOKOKK»), 3aXOpOHEHHE Ha MONIUTOHAX. [IJI CHIKEHUS 9KOJIOTU-
YEeCKUX PUCKOB B OyayIieM He0OX0IMMO: MHBECTUPOBATh B TEXHOJIOTHH Mepepa-
00TKH, HM30eraTh MCHOJB30BAHUSI TOHYIUX COPOCHTOB, BHEIPSITH 3aMKHYTHIH
IIUKJI IPUMEHEHHS TOJTMMEPHBIX MaTepUAIOB.

Consequences of a man-made ecological disaster in the Kerch Strait
1Zhmyrko T.G., *Novikova T.K., 1Stikhova A.M.
! State Maritime University named after Admiral F. F. Ushakov, 353924,
Russia, Novorossiysk, Lenin Ave., 93
E-mail:*zhmyrko.tanya@mail.ru, yriynov@yandex.ru, stihova.am@mail.ru

Oil spills are one of the most serious threats to marine ecosystems, and the recent
pollution in the Kerch Strait has brought to the forefront not only the assessment
of environmental damage, but also the development of effective methods for its
elimination. This paper presents a comprehensive analysis of the consequences of
oil pollution water area and modern approaches to its elimination, specific brands
of sorbents and utilization technologies used in the liquidation of the fuel oil spill
in the Kerch Strait are considered. The following sorbents were used to eliminate
the consequences of the accident: polypropylene booms and mats "Neftesorb",
"Sorbent-Oil" (used for local cleaning in hard-to-reach places); polyurethane
sorbents "Polyursan™, distinguished by a high capacity for fuel oil. Of the natural
and combined sorbents, peat sorbent with additives — "Ecoarm™ were used. A
cheap and biodegradable sorbent, but low in efficiency for fuel oil (frequent re-
placement was required) and "Biosorb™ (based on modified cellulose), which was
used in the coastal zone, where environmental safety is important. Of the bio-
sorbents, the microbiological preparation "Mikrozim" was used, which acceler-
ated the decomposition of fuel oil residues after mechanical collection.
"Dispesant-OS-5" was used to crush oil spills.

The following methods of disposal of contaminated sorbents were used: burning
in incinerators, pyrolysis, extraction with solvents. Contaminated natural sorbents
(peat, sawdust) were treated with biopreparations (for example, "Rhodococcus"),
burial at landfills. To reduce environmental risks in the future, it is necessary to:
invest in processing technologies, avoid the use of sinking sorbents, implement a
closed cycle of polymeric materials.
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Pacuer BbIﬁpOCOB mapoB Cy10BOro Toi’jinBa, BblﬁpaCLIBaeMbIX

B aTMocdepy B npouecce OYyHKepOBKHMOPCKHX CY/10B
Barypckuii E. ®@., 1" Typxun B. A.
! F'ocyoapemeennwiii mopckoil ynusepcumem umenu aomupana . . Ywarosa,
353924, Poccus, . Hosopoccuiick, np. Jlenuna, 93
email: evgzag82@yandex.ru, *turvia@mail.ru

OCHOBHBIMHM BpPEJHBIMH BEILIECTBAMM, BBIICIAIOIMIMMUCS NMPU OYHKEPOBKE TaH-
Kepa, SIBJSIFOTCS Ta3bl, YTO BBI3BIBAET HEOOXOAMMOCTh MTPOBEICHUSI MaTeMaTHye-
CKOIO MOJEJIHMPOBAHUSA MX PACHPOCTPAHEHUS B MPU3EMHOM CIIO€ aTMOCQEpHI.
HeoOxoaumo 3HaTh BEPOSATHOCTH MOMAJaHUS YaCTHUIl BPETHOTO Ta3000pa3HOro
BEILECTBA, HAXOSIIErOCs Ha BBICOTE UCTOYHUKA BbIOpOCca /1, Ha MOJCTUIAKOIIHIA
CJIOH MOBEPXHOCTH 3EMJIM HE J1aJie€ HEKOTOPOTO paccTosiHUS X, OT MECTa pacraja
ctpyu. IIpemiaraercs npocras METOAMKA MOJACYETa KOJIUYECTBA YIIEBOAOPOIOB
BbIOpachIBa€MbIX B aTMOC(hepy BO BpeMsi IipreMa CyJJ0Boro Toruinsa. CymiecTBy-
IOLIME CTaHJapTHbIE MPUOOPHI HA OOPTY CyIHA MO3BOJISAIOT U3MEPATH OOBEMHYIO
KOHLIEHTPAaLUIO YIJIEBOJOPOAOB B TAaHKAX, & COBPEMEHHBIE CTALIMOHAPHBIE CH-
CTEMbI KOHTPOJISL YPOBHSI ITO3BOJISIFOT YETKO 3HATh KOJIMYECTBO TOIUINBA/IYCTOTHI
B TaHKaX, TEMIIEPATYPY, JaBJIEHUE ra3a B TaHke. Ha OCHOBaHMM 3THX JaHHBIX, a
takke [[OCT P 8.974-2019. I"a30BbIi1 aHATN3 BBITOJTHEH pacyeT JaHHBIX COCTaBa
ra3oBbIx cmeceil. [TpoBeneHreM MHCTPYMEHTAIbHBIX 3aMEPOB MOTOKA MApOB Jie-
Tyunx opranuudeckux coeauHeHuit (JIOC), BwienseMbIX U3 pe3epByapoB s
npueMa U xpaHeHus tormBa COY MOPCKHX CyAOB, ONPEAEIECHO BIUSHHUE CTE-
MIeHU 3arpy3KH TaHKa U BOJHEHUE BOJAHOM cpenibl Ha BhIOpock mapoB JIOC B at-
Mocoepy.

[IpensioskeHo BBECTH MOMPABOYHBIE KOIPDUIIMEHTHI ISl pacueTa MaKCUMaJIbHbIX
BbIOPOCOB HEPTENPOTYKTOB, U3MEHSIOIINXCS B 3aBUCUMOCTH OT KaUKH Cy/JHA U
CTEIEHH 3arpy3ku TaHka. [loctpoensl kapTsl paccenBanus napos JIOC, yuuTsi-
BAaIOIIIME COCTOSIHUE BOJHOM CPe/bl TP IPUEME CYA0BOI0 TOILIMBA. AHAIN3 KapT
paccesiHUSI TTOKa3aJjl, YTO MPU HAUXYAIIMX YCJIOBHUSX PACCEUBAHMS, TO €CTh MPH
ckopoctu Betpa 0,5 — 0,6 M/c, naxke Ha paccrosinun 70 METPOB OT MecTa BbIOpO-
COB YTJIEBOAOPOJIOB, nMeeTcs npesbiieHne [IJIK, 4To MoXeT HeraTuBHO CKa-
3aThCsl HA MEPCOHANIE CY/IHA BOBJIEUEHHOTO B IPUEMKY cyA0Boro Tomusa. Cue-
JIaH BBIBOJI O TOM, YTO SKMITAXK CyJHA HAXOASIIMICS Ha MaTy0e U KOHTPOJIHPYIO-
M TpyeM TOoIUIMBA OyAET MOJBEPKEH BO3IECUCTBHUIO MAapOB AU3EIHLHOTO TOIM-
JIMBa MIPU HEOJArONPUSATHBIX YCIOBUIX PACCEUBAHMUS.

Calculation of marine fuel vapor emissions released into the atmosphere

during bunkering of marine vessels
1Zagursky E. F., Y Turkin V. A.
! State Maritime University named after Admiral F.F. Ushakova,
353924, Russia, Novorossiysk, Lenin Ave., 93
email: evgzag82@yandex.ru, *turvla@mail.ru

The main harmful substances released during tanker bunkering are gases, which
necessitates mathematical modeling of their distribution in the surface layer of the
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atmosphere. It is necessary to know the probability of particles of a harmful gas-
eous substance located at the height of the emission source H hitting the underly-
ing layer of the earth's surface no further than a certain distance X from the place
of the jet's disintegration. A simple method is proposed for calculating the amount
of hydrocarbons released into the atmosphere during the intake of marine fuel.
Existing standard instruments on board the vessel allow measuring the volume
concentration of hydrocarbons in tanks, and modern stationary level control sys-
tems allow you to clearly know the amount of fuel/emptiness in tanks, tempera-
ture, and gas pressure in the tank. Based on these data, as well as GOST R 8.974-
2019. Gas analysis, data on the composition of gas mixtures were calculated. In-
strumental measurements of the vapor flow of volatile organic compounds
(VOCs) released from the tanks for receiving and storing SEU fuel for marine
vessels have determined the effect of the tank loading rate and disturbance of the
aquatic environment on VOC vapor emissions into the atmosphere.

It is proposed to introduce correction factors for calculating the maximum emis-
sions of petroleum products, which vary depending on the pitching of the vessel
and the degree of loading of the tank. Maps of VOC vapor dispersion have been
constructed, taking into account the state of the aquatic environment when receiv-
ing marine fuel. The analysis of the scattering maps showed that under the worst
scattering conditions, that is, at a wind speed of 0.5 — 0.6 m/s, even at a distance
of 70 m from the place of hydrocarbon emissions, there is an excess of the maxi-
mum permissible concentration, which can negatively affect the personnel of the
vessel involved in the acceptance of marine fuel. It is concluded that the ship's
crew, who is on deck and controls fuel intake, will be exposed to diesel fuel vapors
under unfavorable dispersion conditions.
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Hcnonb3oBaHue CeJIEKTHBHO KATAJIUTHYECKOI0 BOCCTAHOBJIEHHS

AJIA OYUCTKHU OTpﬂﬁOTaBH_[I/IX ra3oB CyJ10BbIX HBHFaTeJIeﬁ
13y6K0 C. C., ¥ Typkun B. A., ! Urnarenko I'. B.
! F'ocyoapcmesennwiii mopckoii ynueepcumem umenu aomupana @. @. Ywarosa,
353924, Poccus, . Hosopoccuiick, np. Jlenuna, 93
email: 1992sergeyz@mail.ru, *turvla@mail.ru, ignatencko.geor@yandex.ru

CenextuBHoe kataautnyeckoe BocctaHoBieHue (CKB - SCR) — sTo meTo 06pa-
OO0TKH OTpadOTaBIINX ra30B, C TOMOIIBIO KOTOPOT0 MOXXHO CHU3UTh YPOBEHB BhI-
opocoB NOy, 00pa3yromuiicss B CyJJOBOM JU3EJIbHOM JIBUraTese, 10 YPOBHS, CO-
otBetcTBUs TpeboBanusiMm MAPIIOJI TIER III. Camxenue ypoBHst NOx 1ocTura-
€TCsl KaTaIUTUYECKUM TiporieccoM B peaktope SCR, yCTaHOBJIEHHOM B BBIXJIOII-
HOM Ta30BOM JIMHUU TIOCIIE TIpolecca cropanus. B peakrope NOy BoccTaHaBIu-
BaeTCs JI0 a30Ta M BOJIbI MyTeM J00aBJIICHUS] aMMHaKa B Ka4eCTBE BOCCTAHOBH-
tensi. KaTtanm3atop B peakTope COCTOUT U3 OJIOKOB ¢ OOJIBIIIUM KOJMYECTBOM Ka-
HAJIOB, 00€CTICUNBAIOTNX OOJIBITYIO TUIOIIAb ITOBEPXHOCTH, HA KOTOPOU MPOUC-
XOJIUT KaTAIMTUIECKUN TIPOIIECC MO CIEMYIONIEeH o0IIei cxeme:
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4ANO + 4NH3 + O, — 4Ny + 6H,0; 2NO + 2NO; + 4NH3; — 4N, + 6H,0; 2NO;
+ 4NH3 + O, — 3N, + 6H,0.

BaxxnbiM napametrpoM mporiecca SCR siBnsieTcs TemrepaTypa BXOASIIETO Tasa.
Hwxuuit npenen temrepaTypbl ONpenenseTcs coliepKaHUEM Cepbl B TOILIMBE.
[Ipu HU3KKX TeMIepaTypax cepHasi KUCIOTa HEUTPAIU3yeTCs aMMUaKOM. DTO 00-
pasyeT JUNKUM TPOIYKT, KOTOPhIN MOKET HaKkariuBathbes B anieMenTax SCR. On-
HAKO 3Ty PEAKIMIO MOXHO TIO/IaBUTh, MOIJICPKUBAsI BLICOKYIO TEMIIEpaTypy Ta-
30B. Korna conmep:kanue cepsl B Torumse He Ooiee 0,1 %, moctaTouHno Temmnepa-
Typsl okoiio 310 °C. Ilpu HM3KOM JIaBICHUH BBIXJIOMHBIX Ta30B TpeOyemas Mu-
HUMaJbHas TeMIiepaTypa OyaeT Hibke. Bo Bpems dKcIuTyaTaiuu Cy10BOTO TilaB-
HOTO JAM3EJIBHOTO IBUraTells ObUTH MpOou3BeeHBI 3aMepbl BeIOpocoB NOy rpu uc-
MOJIb30BAHUU MOYEBHHBI C PA3HOM KOHUECHTPAMEN HEUTPAIHUIYIOIIETO areHTa:
40% u 32% Ha pa3IUYHbIX PEKUMAaX IKCIUTyaTal[uu JBUTATEIIS.
DKCNepUMEHTAIBHO YCTAHOBIICHO, YTO JJI1 0OecrieYeHus paOOThI TJIABHOTO JIBU-
rarens B pexxume TIERI mpu 100% MormiHOCTH € MCTIOIB30BaHUEM MOYEBUHBI
40% akTUBHOTO BEIIECTBA, HEOOXOAMMO YBEIUYUTH TPOU3BOAUTEIILHOCTH HACOC-
Hol cranimu a0 320 51/4 (pacxoa moueBuHbI cocTaisieT 0,027 1/kBt-4). UToOsI
obecrieunTh padboTy cuctemsl B pexxume TIERIII ¢ ucnonp3oBaHneM MOUYECBUHBI
32%, HEe0OXOAMMO MEPEHACTPOUTDH MMPOTPAMMHOE 0OecTieueHre /ISl YBETNUCHUS
nogayr MouyeBUHbBI Ha 15% miist o6ecneuenus HopMm TIERII (ynenbHbiii pacxon
MOYEBHUHBI MOCIIE NMepeHACTPOrKHU JoikeH coctaBuTh 0,036 1/kBt-4). [Ipousso-
JTUTEIIbHOCTh HACOCHOM CTaHIIMK JOJDKHA OBITh yBenmdeHa 10 410 /4.

The use of selective catalytic reduction for cleaning the exhaust gases

of marine engines
1Zubko S. S., ¥'Turkin V. A., Ignatenko G.V.
! State Maritime University named after Admiral F.F. Ushakova,
353924, Russia, Novorossiysk, Lenin Ave., 93
email: 1992sergeyz@mail.ru, *turvla@mail.ru, ignatencko.geor@yandex.ru

Selective catalytic reduction (SCR) is an exhaust gas treatment method that can
reduce the level of NOy emissions generated in a marine diesel engine to a level
that meets the requirements of MARPOL TIER Ill. The reduction of NOy levels
is achieved by a catalytic process in the SCR reactor installed in the exhaust gas
line after the combustion process. In the reactor, NOy is reduced to nitrogen and
water by adding ammonia as a reducing agent. The catalyst in the reactor consists
of blocks with a large number of channels providing a large surface area on which
the catalytic process takes place according to the following general scheme:

4ANO + 4NH3 + O, — 4N, + 6H,0; 2NO + 2NO; + 4NH3; — 4N; + 6H,0; 2NO;
+ 4NH3 + O, — 3N, + 6H,0.

An important parameter of the SCR process is the temperature of the incoming
gas. The lower temperature limit is determined by the sulfur content in the fuel.
At low temperatures, sulfuric acid is neutralized by ammonia. This forms a sticky
product that can accumulate in the SCR cells. However, this reaction can be sup-
pressed by maintaining a high temperature of the gases. When the sulfur content
in the fuel is not more than 0.1%, a temperature of about 310 °C is sufficient. If
the exhaust gas pressure is low, the required minimum temperature will be lower.
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During the operation of the ship's main diesel engine, NO, emissions were meas-
ured when using urea with different concentrations of neutralizing agent: 40% and
32% in different operating modes of the engine.

It has been experimentally established that in order to ensure the operation of the
main engine in TIER 111 mode at 100% power using urea 40% of the active sub-
stance, it is necessary to increase the pumping station's capacity to 320 I/h (urea
consumption is 0.027 I/kWh). To ensure that the system operates in TIER 111 mode
using 32% urea, it is necessary to reconfigure the software to increase the urea
supply by 15% to meet TIER Il standards (the specific urea consumption after
reconfiguration should be 0.036 I/kwWh). The pumping station capacity should be
increased to 410 I/h.
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JlazepHbIi MeTOX KOHTPOJIS BBIOPOCOB BPEAHBIX BellleCTB

CYAOBBIMH JHEPIr€eTUHYCCKUMHU YCTAHOBKAMHA
¥ Typxun B. A., ! 3y6ko C. C., ! Kpaepoii A. 1., ! BopoGen U. A.
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353924, Poccus, . Hosopoccuiick, np. Jlenuna, 93
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Hcnonp3oBanue cynaMu CxkeHHOro mnpupoaHoro raza (CIII) nmpuBoauT k
ymeHb1eHuto BbiopocoB CO2, NOy, SOy u TBepAbIx yacTull. OJIHaKO 3/1€Ch HEM10-
CTaTKOM SIBJIIETCSI IPOCKOK METaHa: BLIOPOC OCTATKOB ra30BOr0 TOILJIMBA, HE MOJI-
HOCTBIO CrOpeBlIero B ABuratessx. Jus oOHapyxkeHus IpOCKOKa OCHOBHOIO
komnoneHTa CIII" — meTaHa, npeioKeHO UCIOIb30BaTh METOJI OOHAPYKEHUS
MOJIEKYJI METaHa B Ta30-BO3AYLIHON cpejie TMAapoM KOMOMHAIIMOHHOTO paccesi-
HUs cBeTa. B KauecTBe 30HIUPYIOLIErO UCIIONb3YETCs U3IyYeHUE BTOPO rapMo-
Huku Nd-YAG-na3zepa ¢ JyiMHON BOJIHBI 532 HM U MOJTYTPOBOHUKOBBIX J1a3€POB
¢ nnmmHamu BoJiH 405, 450 1 785 HM 1 napameTpaMu UMITYJIbCOB: JJIUTEIbHOCTHIO
— 10 =c, sHeprueit — 1o 1 mx/[x, gacrore caemoBanus f — qo 1 kI'm.

Jlazep xapakTepusyeTcsi YuciioM (OTOHOB Ng B UMITYJILCE MOCHLIAEMOTO B Ta3o-
XOJ1 U3ITy4YEeHUS IITUTEIBbHOCTHIO 7o. JIMHMIO TeHepanuu ja3epa cuuraeM [ aycco-
BOM C MaKCUMYMOM Ha 4acTOTe Vo U momymupuHoi /. Torma yucio GoToHOB
n(v, ) uanydennss KPC monekynamu Merana ¢ koHmeHtpanuei N(z) Ha ¢poronpu-
eMHUKE Moy4yaeM u3 augapHoro ypasHenus 1t KPC B pexxume cueta GpOTOHOB
B BUJIC MHTETpaja B uHTepBaye ot (vo — [ o) 10 (vr + IR).

Hcnonb30BaHMEeM OIMMCAHHBIX BHINIE MapaMeTPOB 30HAUPOBAHUS MOJICKYJ Me-
TaHa B MMOTOKE ra30BO3/IYIIHONM CMECH, pelllaeM 3aJauy OOHapY>KEHUs MPOCKOKa
METaHa, BO3MOKHOT'O MPHU SKCIUTyaTalluy TU3EJIbHBIX JBUTATENIEH, paboTaronmx
Ha CIII'. Pemienne nuaapHOTro ypaBHEHHs OCYIIECTBIISIIOCH B MPEANOJIOKEHHUH,
4TO KOHUEHTpanus Mosekys Merana N(z) = 2,60x10%° M u 3a BpeMs u3MepeHus
t OynyT 3apeructpupoBanbl 200 OTOHOB. AHAIN3 TIOTYYCHHBIX PE3YIHTATOB pe-
HIEHUA JTUJAPHOTO YPAaBHEHHUSI OKa3all, YTO Ha JJIMHE BOJIHBI 405 HM MOKHO IO-
JyYUTh MUHUMAJILHOE BpeMs 0OHAPYKEHHsI MPOCKOKA METaHa C OTPaOOTaBIITMMHU
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razaMu Ccya0Boro asuratens. Ha aTolt AjivHe BOJHBI 11 MU3MEPEHUsT KOHILIEHTpa-
umu Monekya metana N(z) = 2,60x10% m3 tpedyercs Ha paccrosuuu 1,0 M Bcero
2,0 mc, a Ha paccTosinum 2,0 M — 32,0 mc.

Laser method for controlling emissions of harmful substances

by marine power engines
YTurkin V. A., 1Zubko S. S., 'Kraevoy A. ., *Vorobets I. A.
! State Maritime University named after Admiral F.F. Ushakova,
353924, Russia, Novorossiysk, Lenin Ave., 93
email: *turvla@mail.ru, 1992sergeyz@mail.ru, kraevoyO3@mail.ru, vorobeczO0O@gmail.com

The use of liquefied natural gas (LNG) by ships leads to a reduction in CO,, NOy,
SOy and particulate emissions. However, the disadvantage here is the leakage of
methane: the release of remnants of gas fuel that has not completely burned out
in the engines. To detect the leakage of the main component of LNG, methane, it
Is proposed to use a method for detecting methane molecules in a gas—air envi-
ronment with a Raman lidar. The second harmonic radiation of an Nd-YAG laser
with a wavelength of 532 nm and semiconductor lasers with wavelengths of 405,
450 and 785 nm and pulse parameters is used as probing: duration — 10 ns, energy
—up to 1 wJ, repetition frequency f — up to 1 kHz.

The laser is characterized by the number of photons ng in a pulse of radiation sent
into the flue with a duration of to. The laser generation line is considered to be Gauss-
lan with a maximum at frequency vo and a half-width Y,. Then the number of pho-
tons n(v, z) of Raman lidar radiation from methane molecules with a concentration
of N(z) on the photodetector is obtained from the lidar equation for Raman lidar in
photon counting mode as an integral in the range from (Vo — Yo) to (Vg + YR).

Using the parameters described above for probing methane molecules in the gas-
air mixture stream, we solve the problem of detecting methane leakage, which is
possible during the operation of diesel engines powered by LNG. The lidar equa-
tion was solved under the assumption that the concentration of methane molecules
N(z) =2.60x10% m™and 200 photons would be recorded during the measurement
time t. Analysis of the obtained results of solving the lidar equation showed that
at a wavelength of 405 nm, it is possible to obtain the minimum detection time for
methane leakage from the exhaust gases of a marine engine. At this wavelength,
measuring the concentration of methane molecules N(z) = 2.60x10% m= requires
only 2.0 ms at a distance of 1.0 m, and 32.0 ms at a distance of 2.0 m.
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P PeKTUBHOCTH 0UMCTKH ABIMOBBIX I'a30B aJcopOuuei

TBEPAbIM BE€IIECTBOM B IIPUCYTCTBUH 030HA
1 Bopobern U. A., " Typkun B. A.
L Focyoapcmeennwiii mopckoii ynusepcumem umenu admupana ®. @. Ywarxosa,
353924, Poccus, e. Hosopoccuiick, np. Jlenuna, 93
email: vorobeczOO@gmail.com, *turvla@mail.ru

HaunbOosee omacHBIMH KOMITOHEHTaAMH OTpa60TaBHII/IX ra3oB CyJOBbIX SHCPICTU-
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YECKUX YCTaHOBOK SIBJISIIOTCS OKCHJIBI a30Ta, CEphbl U yriepoaa. Haubomee pac-
IIPOCTPAHEHHBIM B CYJIOBBIX YCIIOBHUSX SIBISIETCS METO/T CEIEKTUBHOTO KaTaIUTH-
gyeckoro (CKB) BoccTanoBIeHUsT OKCHIOB a30Ta. Hanboiee ak THBHBIMU 17151 TIPO-
recca cenekTuBHOTO BoccTaHoBIeHUST NOy sSIBIISIIOTCS KaTamu3aTophl, COepiKa-
mme OIaropoHbie MeTauThl. HeocTaTkoM KaTalnu3aTopoB SIBISIETCS BBICOKASI
ctouMocTh. C TEeNbI0 CHIDKEGHHUS 3aTpaT Ha DKCIUTyaTallMI0 PacCMOTPEH METOJ
OUYMCTKU OTPabOTABIIMX T'a30B OT KUCIOTHBIX OKCHIOB C UCIIOJIB30BAaHUEM MeEXa-
HU3Ma WX aICOPOIIUHU TBEPIBIM BeliecTBOM. JlJist 3TUX 1eneit pa3paboTaHo U u3-
TOTOBJICHO KOMILIEKCHOE YCTPOHCTBO OYMCTKH OTPa0OTABIIUX ra30B JABUTATEIS.
B ocHoBe paboThl yCcTpoiCTBa JEKUT MCIIOJIB30BAHUE B KaueCcTBE ajJcopOeHTa
BpPEIHBIX KOMIIOHEHTOB Ta30B IPaHYIMPOBAHHON ITUTAKOBOM MTEM3bI U B KAUECTBE
OKHUCIJIUTENS] — 030HA JJI1 YCKOPEHMsI TIpoliecca OUYMCTKUA. BBUIY BBICOKOH peak-
IIUOHHOM CITOCOOHOCTH 030HA MPOUCXOAUT OKHCICHUE 3HAYUTEIbHOM YacTu co-
nepxkasmmxcs B orpadotaBmux razax NO go NO;, SO, no SO; u CO mo CO..
[ToTok oTpaboTaBIIMX Ta30B, MOMAa/ias HA MOBEPXHOCTh IPaHysl U BOBHYTPh UX
ouniaercs ot Bpenubix npumeceit (NOx, SOy, COy), KoTOpble cOpOUpyIOTCS Ha
MOBEPXHOCTH U BHYTpHU TpaHys. Ha moBepXHOCTH U B mopax rpaHyisl O0ceaaroT
MEJIKOAUCTIEPCHBIE YACTHUIIBI (Caxa), OCIe Yer0 OUMIIEHHBIE ra3bl BRIOpachiBa-
10TCs B atMocepy.

Jns uccnenoBanusi 3 PEKTUBHOCTH PACCMATPUBAEMOIO CIOCO0A OYUCTKUA ObLIT
MIPOBEJICH SKCIIEPUMEHT, I[ETbI0 KOTOPOTO SBJSUIACh POBEPKA padOTOCIIOCOOHO-
CTH KOMILJIEKCHOTO YCTpPOMCTBa M oIeHKa ero dddexTuBHOCTH. B KauecTBe uc-
TOYHHKA TIPOYKTOB CTOPAHUS OPTAaHMYECKOTO TOIIIUBA JIs TIEPBOM CTaMH OBII
BBIOpaH oTomuTeNnbHBIN KoTen AOI'B-23,2-1-VY. Jlng omneHku 3P GEeKTUBHOCTH
OYHCTKH Ta30B UCITBITAHUS MPOBOAMINCH B ABYX PEKUMaX — C TTogaueii u 0e3 1mo-
naun o30Ha. [lo pesynbraram skcnepuMeHTa omnpeneneHa 3pQGEeKTUBHOCTb OT-
YUCTKUA TPOJYKTOB CTOPAHMS TOTUIMBA OT KUCJIOTHBIX OKCHUJIOB C HCIIOJIh30Ba-
HUEM 030Ha.

Calculation of marine fuel vapor emissions released into the atmosphere

during bunkering of marine vessels
Worobets I. A., P Turkin V. A.
! State Maritime University named after Admiral F.F. Ushakova,
353924, Russia, Novorossiysk, Lenin Ave., 93
email: vorobeczO0@gmail.com, *turvla@mail.ru

The most dangerous components of the exhaust gases of marine power plants are
oxides of nitrogen, sulfur and carbon. The method of selective catalytic (SCR)
reduction of nitrogen oxides is the most common in shipboard conditions. The
catalysts containing noble metals are the most active for the selective reduction of
NOy. The disadvantage of catalysts is the high cost. In order to reduce operating
costs, a method for cleaning exhaust gases from acid oxides using a mechanism
for their adsorption by a solid is considered. A comprehensive engine exhaust gas
cleaning device has been developed and manufactured for these purposes.

The operation of the device is based on the use of granular slag pumice as an
adsorbent for harmful components of gases and ozone as an oxidizer to accelerate
the purification process. Due to the high reactivity of ozone, a significant part of
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the NO to NO,, SO, to SO3; and CO to CO, contained in the exhaust gases are
oxidized. The exhaust gas stream, entering the surface of the granules and inside
them, is cleaned of harmful impurities (NOy, SO, COy), which are sorbed on the
surface and inside the granules. Fine particles (soot) settle on the surface and in
the pores of the granules, after which the purified gases are released into the at-
mosphere.

To study the effectiveness of the considered cleaning method, an experiment was
conducted, the purpose of which was to check the operability of the integrated
device and evaluate its effectiveness. The AOGV-23,2-1-U heating boiler was
chosen as the source of organic fuel combustion products for the first stage. To
assess the effectiveness of gas purification, the tests were carried out in two modes
— with and without ozone supply. According to the results of the experiment, the
efficiency of cleaning fuel combustion products from acid oxides using ozone was
determined.
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HccaenoBanue coCTOSIHUS JOHHBIX OTJIOKEHMI B AKBaATOpPHUMA 3aTOIVICHUSA

cynoB «Bouranedprn-212» u «Boaranedprn-239» B 1exadpe 2024 r.

Iapudsnsaosa H.C., Maracosa 1.10., Teto6oBa B.D.
Kybanckuii cocyoapcmeennviii ynusepcumem 350040, 2. Kpacnooap, yn. Cmagpononvckas, 149

email: 1semigorie@mail.ru
PaznuBel HEPTH U HEDTETIPOAYKTOB MPEJCTABISAIOT CEPHE3HYIO YTPO3Y MOPCKOM
cpene, BbI3bIBasl JOJITOBPEMEHHBIE HETAaTUBHBIE MOCIEACTBUS ISl SKOCUCTEM U
3I0pOBbsI HacelieHud. B mpeacTaBieHHol paboTe npecTaBIeHbl pe3yabTaThl UC-
CJIeIOBaHUM COCTOSIHUSI MOPCKOM BOJIbI, IOHHBIX OTJIOKEHUUN U BOAHBIX OMOJIOTH-
YECKHX PECYPCOB B aKBATOPUU 3aTOIIEHUS HOCOBOW M KOPMOBOM 4YacTEH CyaHA
«BonranedTs-212» u HOcoBoM yacTu cynHa «Bonranedts-239» B pesynbrare
aBapuu, npousomenieil B Kepuenckom mposnuse B nekadbpe 2024 roaa.
MOHUTOPUHTOBBIE UCCIEAOBAaHUS B aKkBaTOpuu KepueHCKOro mpojiuBa KoJIIeK-
tuBoM (punmana ®I'BOY BO «Ky6I'V» — HoBopoccuiickuit yueOHbIM U HAyIHO-
uccienoBarenbekuii Mopckoi ononornyeckuii nentp (HYHUMBII) npoBoasites
perymsipHo [1- 3]. Llenb paGoTsl — Hccie0BaHUE COACPKAHUS HEPTEITPOTYKTOB
B JOHHBIX OTJIO)KE€HUSIX B KepueHCKOM MpeanpoiuBbE Yepe3 TpU Mecsla Mocie
karactpodsl — B MapTe 2025 1.
OT60p MOHHBIX OTIOXKEHHM MPOBOAUIU COTPYAHUKH AO «HO)xMopreonorus» ¢
6opra HUC «AxkBaMapuH» ¢ UCIOJIb30BAHUEM CICIIHAITU3UPOBAHHBIX MPOOOOT-
oopHukoB. ['myOuHa B Mmecte oTO0pa coctarisiia 25-30 M. B mpoOy JOHHBIX OT-
JIO’KEHUI OTOMpaJiCcsl MOBEPXHOCTHBIN ciiol riyouHoi a0 5-10 cm. Beero Obuio
otoOpaHno 14 mpoO.
OmnpeneneHue HEYTENPOIYKTOB B JOHHBIX OTJIOKEHUSIX MPOBOAWIN B aKKpEIH-
toBaHHOUM naboparopuu HYHUMBI[ ¢ wucnonb3oBanuem wmetomuku [TH]I
D 16.1:2.2.22-98 «KoanmuecTBEeHHBIM XUMUYECKUN aHAJIN3 MTOYB. MEeTOaNKa BEI-
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HIOJIHEHUS] U3MEPEHUIN MacCOBOM J0IM HEPTENPOAYKTOB B MUHEPAJIbHBIX, Opra-
HOTEHHBIX, OPraHO-MHUHEPAJIbHBIX [TOYBAX U IOHHBIX OTJIOXKEHUsX MeroaoM K-
CHEKTPOMETPUI.

Conepxanue HEPTENPOIYKTOB B OTOOPAHHBIX JOHHBIX OTJIOKEHUSIX HE INPEBbI-
mana 85 mr/kr. Takoe pacnpeneneHre HeTENPOTYKTOB B TOHHBIX OTJIOKEHUSX B
MECTe 3aTOIUICHHs (PPArMEHTOB TAHKEPOB MOKET OBITh CBSI3aHO C TEM, UTO ITOTEH-
LUAJIBHO 3arpsi3HEHHBIE MA3yTOM IPYHTHI 32 BpEeMsl, MPOIIEIIee C MOMEHTA aBa-
puM, OBLIM MEPEKPHITHI NPUHECEHHBIMHU T€YEHUAMH KepueHCKOro nposivBa U ax-
KyMYJIMPOBAHHBIMU B aKBATOPUH «UUCTHIMIY OTIOKEHUSAMHU U3 IPYTUX YYACTKOB.
Bripaxkaem OnarogapHocts KoyueKTuBy AO «HOkMopreosiorus» u nepcoHaabHO
3aMECTHUTEIIO JUPEKTOPA MO KOMIUIEKCHBIM F€0JIOTHYECKUM paboTaMm JIeOHThEBY
WBany BrnagumupoBudy 3a coneiicTBue B 0T00pe mpoo.
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Study of the state of bottom sediments in the flooded area of the

Volganeft-212 and Volganeft-239 vessels in December 2024
Garifyanova N.S., Matasoval.Yu., Teyubova V.F.
Kuban State University 350040, Krasnodar, Stavropol str., 149
email: semigorie@mail.ru

Oil and petroleum product spills pose a serious threat to the marine environment,
causing long-term negative consequences for ecosystems and public health. This
paper presents the results of studies on the state of marine water, bottom sedi-
ments, and aquatic biological resources in the flooded areas of the bow and stern
sections of the Volganeft-212 vessel and the bow section of the Volganeft-239
vessel, which occurred in the Kerch Strait in December 2024.

Monitoring studies in the waters of the Kerch Strait are conducted regularly by
the staff of the branch of the Federal State Budgetary Educational Institution of
Higher Education "KubGU" — Novorossiysk Educational and Research Marine
Biological Center (NUNIMBTS) [1-3]. The purpose of the work is to study the
content of petroleum products in bottom sediments in the Kerch strait three
months after the disaster — in March 2025.
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The determination of petroleum products in bottom sediments was carried out in
the accredited laboratory of the NUNIMBC using the method of PND F
16.1:2.2.22-98 "Quantitative chemical analysis of soils. Method for measuring the
mass fraction of petroleum products in mineral, organogenic, organo-mineral
soils and bottom sediments using IR spectrometry".

The content of petroleum products in the selected bottom sediments did not ex-
ceed 85 mg/kg. This distribution of petroleum products in the bottom sediments
at the site of the tanker fragments may be due to the fact that the potentially fuel
oil-contaminated soils have been covered by "clean" sediments from other areas
brought in by currents from the Kerch Strait and accumulated in the water area
since the accident.

We would like to express our gratitude to the staff of Yuzhmorgeologiya JSC and
personally to Ivan Vladimirovich Leontyev, Deputy Director for Integrated Geo-
logical Works, for their assistance in sampling.
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IIpuMeHeHMe J1a3epHBIX TEXHOJIOTMHA NIPH NPOU3BOACTBE

MOPOIIKOBBIX CTPOUTEJIbHBIX MaTEpUaJIioB
Benenun E.N., [lonuna E.B., Yaptuii I1.B. lllemanun B.I'.
Hoeopoccutickuii nonrumexnuueckuu uncmumym (guauan) Kybanckoeo eocyoapcmeennozo
mexHonocuyeckoeo ynusepcumema, 353900, Poccus, 2. Hosopoccuiick, yn. Kapaa Mapxkcea, 0. 20
email: * pvc-60@yandex.ru

B cTpouTenpHOM OTpaciy MIMPOKO MPUMEHSIOTCS MOPOIIKOBBIC CTPOUTEILHBIC
MaTepHuabl, TaKHe KaK IEMEHT, U3BECTh, aie0acTp, pa3IMUHbIE CTPOUTEITHHBIC
CMECH, K KOTOPBIM MPEABSBISIIOTCS MOTPEOUTENISIMA BBICOKHE TPEOOBaHMUS, YII0-
BJIETBOPEHHE KOTOPHIX TPEOYeT Ha 3Tare MPOU3BOACTBA ITUX MATEPUATIOB MPO-
IrpaMMHPOBATh MX CBOWMCTBA C OOJBINON TOYHOCTHIO. OqHUM 13 3 (HEKTUBHBIX
MyTeH pelIeHns TAaKOTO POJia 3a1a4 SIBJISIETCS TPUMEHEHNE JTa3€PHBIX TEXHOJIOTHIA
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B MPOU3BOJICTBE 3TUX MATEPUATIOB. DTH JIa3€PHbIE TEXHOJIOTUU MOXKHO YCIOBHO
pa3ouTh HA JTMHEHHbIC U HEJTMHEUHBIE.

B nepBbIX UCIONIb3yeTCsl TAKME CBOMCTBA JIA3€PHOTO M3IYUYEHUs, KaK MPSIMOIH-
HEHHOCTh pacipoCTpaHeHUs U cllabasi pacX0IMMOCTh JIa3€PHOT0 U3ITyUYEeHHUS B O/1-
HOpPOAHOU cpefe, AUdpakius U UHTep(epeHlns Ha COU3MEPUMBIX C JJIMHOU
BOJIHBI @3PO30JIbHBIX YaCTUIIAX B TEXHOJIOTMUYECKUX BO3AYIIHBIX MOTOKAX MPHU UX
Ja3epHOM 30HAUPOBAHUU. DTO MO3BOJSET OLIEHUBATH B PEaJbHOM BPEMEHHU JIUC-
NEPCHOCTh MPOU3BOJUMBIX MMOPOIIKOBBIX MAaTEPUAIIOB, KOTOPAs! SIBJISETCSA OJHOM
U3 BaXHEHIINX X XapaKTEPUCTHUK, a TAKKE KOHTPOJb JUCIIEPCHOCTH a3p030Jib-
HBIX YacTHI], BbIOpacsiBaeMbIX B atMocdepy [1, 2]. Jlyid nOBBIIEHUS] TOYHOCTH
NOJIy4a€MbIX PE3yJIbTAaTOB TAKMX M3MEPEHUN METOBI JTa3€PHOTO 30HAUPOBAHMS
OTpabaThIBAIOTCSA HA MOJIETBHBIX PEJIAKCALIMOHHBIX MTOTOKAX [3], mMOJydyaeMbIX Ha
CIEMAJIbHOM CTEHJE, KOTOPBII MOCTPOEH B BUIE 3AMKHYTOTO a’poiuHaMUYe-
CKOTo KOHTypa [4].

Henunelinple MeTOABI JIA3€pHOTO 30HAMPOBAHUS CTPOMUTENBHBIX MATEpPUAJIOB
NIO3BOJISIIOT OLIEHUBATh UX XUMUYECKUI COCTaB. JTO SBIISECTCA BAaXKHOU 3a1adeid,
TaK KaK XMMUYECKUU COCTaB CTPOUTENBHBIX MOPOIIKOBBIX MAaTepUaIOB HaIps-
MYIO BIIUSIET Ha UX KauecTBO. HanpaBuBs cpokycupoBaHHOE JOCTATOUHO MOILIHOE
UMITYJIbCHOE J1a3€pHOE H3JIy4CHHE HA ITOBEPXHOCTh HCCIEAYMOIO Marepuaia
MOXHO HabroAaTh ero aomsauuto. [Ipu 3ToM B 30HE CPOKYCHPOBAHHOIO JIa3ep-
HOT'O U3JTydyeHHs OyAeT HaOJt0aThCsl SMUCCUOHHBIN CIIEKTP, KOTOPBIA HECET B
cebe undopmanuio 06 PIEMEHTHOM cocTaBe maTepuania [5]. Hanuuue cooTBeT-
CTBYIOLIUX JIMHUM MO3BOJIAET CYyJIUTh 00 HAJIMYKUU COOTBETCTBYIOIIETO XUMHUYE-
CKOI'O 3JIEMEHTA, @ UHTEHCUBOHOCTb CIEKTPAJIbHBIX JJUHUHN MO3BOJIAET CYJIUTh O
€ro MPOLIEHTHOM COJIEpP KaHHH.

B cuity BBICOKOW CTOMMOCTH Jla3€pHbIE TEXHOJIOTUH MOKAa HAXOAT MPUMEHEHUE
yailie BCero B JaOOPaTOPHBIX aHAJIN3aX, HO 110 MEPE MOSIBJICHHS HOBBIX MOIYIIPO-
BOJIHUKOBBIX JIa3€pOB M OTHOCUTENILHO HEOPOTUX (POTONMPUEMHUKOB C BO3MOXK-
HOCTBIO CIIEKTPAIIBHOTO PA3PELLICHHUS], JTa3€PHbIE TAEXHOJIOTUH CTaHyT IIUPE MPU-
MEHATHCSI HEMOCPEACTBEHHO B TEXHOJOTUYECKOM IIPOLIECCE, UTO MPUBEAET K IO-
BBIIIICHUIO KAY€CTBA BBIITYCKAEMbIX CTPOUTEIIbLHBIX MaTePUAJIOB.
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The use of laser technologies in the production of powder building materials
Vedenin E.I., Polina E.V., Chartiy P.V., Shemanin V.G.
Novorossiysk Polytechnic Institute (branch) Kuban State Technological University,
20 Karl Marx St., Novorossiysk, 353900, Russia
email: * pvc-60@yandex.ru

In the construction industry, powdered building materials such as cement, lime,
alabaster, and various building mixes are widely used, to which consumers place
such requirements, the satisfaction of which requires programming their proper-
ties with great accuracy at the production stage of these materials. One of the
effective ways to solve such problems is the use of laser technologies in the pro-
duction of these materials. These laser technologies can be roughly divided into
linear and nonlinear.

The first uses such properties of laser radiation as the straightness of propagation
and weak divergence of laser radiation in a homogeneous medium, diffraction and
interference on wavelength-commensurate aerosol particles in technological air
streams during their laser sensing. This makes it possible to evaluate in real time
the dispersion of the produced powder materials, which is one of their most im-
portant characteristics, as well as the control of the dispersion of aerosol particles
released into the atmosphere [1, 2]. To increase the accuracy of the obtained re-
sults of such measurements, laser sensing methods are tested on model relaxation
flows [3] obtained on a special stand, which is constructed in the form of a closed
aerodynamic contour [4].

Nonlinear methods of laser sensing of building materials make it possible to eval-
uate their chemical composition. This is an important task, since the chemical
composition of building powder materials directly affects their quality. By direct-
ing focused sufficiently powerful pulsed laser radiation onto the surface of the
material under study, its ablation can be observed. In this case, an emission spec-
trum will be observed in the area of focused laser radiation, which carries infor-
mation about the elemental composition of the material [5]. The presence of the
corresponding lines allows us to judge the presence of the corresponding chemical
element, and the intensity of the spectral lines allows us to judge its percentage.
Due to the high cost, laser technologies are still used most often in laboratory
analyses, but as new semiconductor lasers and relatively inexpensive photodetec-
tors with spectral resolution become available, laser technologies will become
more widely used directly in the technological process, which will lead to a
greater improvement in the quality of manufactured building materials.
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JJI MOHUTOPMHIA TPOIOC(EPHOro 030HA
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O30H SBIAETCS CUJIBHEUIIINM OKHCIHUTENEM, TOATOMY KOHTPOJIb COCTOSIHUS 030-
HOC(Eepbl — OIHA U3 BAXKHEHIITNX 3a]1a4 0OecIieueHus: 0€30MaCHOCTH KU3HU U 3]10-
poBbs uenioBeka [1]. s uccnenoBanus 030Ha CyIIECTBYET psifi METOJIOB, CpeIn
KOTOPBIX 0CO00€ MECTO 3aHUMAET JIUJIAPHBIM METO]T IUCTAHIIMOHHOTO OOHapYyXe-
HUS ¥ UICHTU(UKAIIMU C MCTOJIB30BAaHUEM CEJIEKTUBHOTO TOTJIONICHUS Jia3ep-
HOTO U3JIy4YeHHUs], 00Iadaromui MaKCUMaIbHOM YyBCTBUTEIBHOCTHIO [2]. B 10-
KJIaJle TPUBEJEHBI XapaKTePUCTUKNA M OMUCAHUE KOMITAKTHOTO Jinaapa audde-
PEHIMAILHOTO TOTJIOMICHUS JIJI1 MOHUTOPHUHTA Tporoc(epHoro o30Ha.

PaboTa BbInosiHeHa nipu (PUHAHCOBOM MOAepKKe MUHUCTEPCTBA HAYKH U BbIC-
mero oopazosanus Poccutickoit deneparuu (Cormamenne Ne 075-15-2025-662
«KoMIMaxkTHbI MOOWUIBLHBIN JTUIAP I AUCTAHIIMOHHOTO MOHUTOPUHTA KOHIICH-
Tpaiuu 030Ha B Tponiocepe paznudHbix Kaumatudeckux 30H CHI'»)
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Compact differential absorption lidar for tropospheric 0zone monitoring
Nevzorov A. A.
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Ozone is a very strong oxidizer, so monitoring the state of the ozonosphere is one
of the most important tasks in ensuring the safety of human life and health [1].
There are a number of methods for studying ozone, among which a special place
Is occupied by the lidar method of remote detection and identification using se-
lective absorption of laser radiation, which has maximum sensitivity [2]. The re-
port presents the characteristics and description of the compact differential ab-
sorption lidar for monitoring tropospheric ozone.

The work was carried out with the financial support of the Ministry of Science
and Higher Education of the Russian Federation (Agreement No. 075-15-2025-
662 «Compact mobile lidar for remote monitoring of ozone concentration in the
troposphere of various climatic zones of the CIS»)
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Publisher — CJSC "RIC Technosphere™.
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ements, equipment and machines used in optical systems.
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- photovoltaics, photoelectronic converters;

- lasers and laser systems;

- optical systems and elements;
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- FOCL and optical communication systems;

- optical fibers and cables;

- technological optical equipment;
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- new optical technologies.
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Kypnan "Jlazepsl. U3mepenus. Mndopmanus" sBIseTcs NEpUOIAYECKUM Ce-
TEBBIM HAyYHBIM U3JJaHUEM OTKPBITOTO JOCTYyIIA MO MpolaemMaM JiazepHou (hu-
3UKHU, (PU3NYECKMM OCHOBaM IPUMEHEHUS JIa3€pOB U MO BOHpocaM Ipudopo-
CTpOEHUS JIsl U3MEPEHUs PUZUKO-XUMUUYECKUX CBOMCTB MaTEpPHAJIOB, B3aMO-
JIEVCTBHIO JJA3€PHOTO U3Iy4YeHHUs Ha BemecTBO. JKypHai ocHoBaH B 2020 roxy
yupenutenem - BI'TY um. B. I'. lllyxoBa. M3naércs xypuan ¢ 2021 roxpa c
NEPUOIUYHOCTHIO

4 pa3a B roj.

HN3parenem :xypHana sasiaserca Hosopoccuiickuin ¢uauan bI'TY
uMm. B. I'. lllyxoBa (anpec: 353919, Poccus, r. HoBopoccuiick, Mpicxakckoe
mocce 75, pegak.-uzaar. oraen HO BI'TY um. B. I'. lllyxoBa, pexakuus xyp-
Hana JIMW). Ha crpanunax >xypHajia myOIHKYIOTCS OPUTHHAJIBHBIE CTATbH,
MOCBSIIEHHBIE PA3JIUYHBIM HAIIPABICHUSIM TEOPETUUECKUX U TPUKJIIAIHBIX UC-
CJIEIOBAaHMI B TaHHBIX 00JaCTSIX.

B xypnane "Jlazepsl. U3mepenusi. Uudopmanua" neuararorcsi CTaTbu € pe-
3yJbTaTaMU OPUTMHAIBHBIX UCCJIEIO0BAHMM, 0030pHbBIE CTaThU U KPATKUE CO-
oOuenus. CTaTby TOJDKHBI OBITH O()OPMIICHBI B COOTBETCTBUU C TIPaBUIaAMU
IIOJArOTOBKHU PYKOIIUCEN.

Paznens! xypHana:

- JlazepHas puzuka

- B3auMo1eMCTBHE Ta3€PHOrO U3TYUYEHHUS C BEIIECTBOM

- JIazepHas criekTpockonus

- JIazepHbBIE U ONITUYECKHUE U3MEPEHUS

- [IpubopocTpoeHue

- [Iepconanun

[lpaBuna odopmienust crareii Ha caifte - https://lasers-measurement-
information.ru/ojs/index.php/laser

Lasers. Measurements. Information

The journal "Lasers. Measurements. Information™ is an open-access periodical
online scientific 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 the founder - BSTU V. G.
Shukhov. The magazine has been published since 2021 with a frequency of 4
times a year. The publisher of the journal is the Novorossiysk branch of BSTU.
V. G. Shukhova (address: 353919, Russia, Novorossiysk, Myskhakskoeshosse
75, editorial and publishing department of the NF BSTU named after V. G.
Shukhov, editorial office of the journal LII). The journal publishes original ar-
ticles on various areas of theoretical and applied research in these areas.
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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 the journal:

- Laser physics

- Interaction of laser radiation with matter

- Laser spectroscopy

- Laser and optical measurements

- Instrumentation

- Personalities
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