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UccaenoBanue BO3MOKHOCTH NPUMEHEHHS MOJIBIX CBETOBO/I0B /1JIs1 KBAHTOBOI'0
pacnpeneeHusi Ki4Yeil Ha 0a3e HAy4YHO-00pa3oBaTeabHON MJIATGOPMBI
EMQOS 1.0

" Apranguaos K. 111, ' Epumuuena K. 1., ! Crenanos K. 10., ! Koaxecunkos O. B.

! Mockoeckuti mexuuueckuii ynueepcumem césasu u ungopmamuxu, 111024, Poccus, Mockea, yi. Asuamomopnas 8
email: " k.sh.avtandilov@edu.mtuci.ru, k.i.efimicheva@mtuci.ru, k.yu.stepanov@mtuci.ru, o.v.kolesnikov@mtuci.ru

PazBuTHe KBaHTOBBIX ceTell TpeOyeT IIOMCKAa HOBBIX CpeA Iepelaud KBaHTOBBIX CHUIHAJIOB.
Mexgy3oBckast kBaHToBass ceTb MTYCU-MUCUC, cozmannas Ha 6a3e miardpopmer EMQOS 1.0 [1, 2],
peanusyet npotokon BB84 ¢ da3zoebiM komgupoBanueM. [lepemaua KBAaHTOBOTO pacIHpeleiCHUs KITIoUeH
(KPK) gepe3 moimble CBETOBOIBI ObIIa MPOJEMOHCTPHPOBAHA B HE3aBHCHMBIX HccliefioBaHUsAX [3]; B
HacToAmIei pabote maHHas 3amada pemaercs Ha 6aze EMQOS 1.0. Llenp — rccienoBanrne BO3MOKHOCTH
MPUMEHEHUS TIOJIBIX CBETOBOJIOB IS Nepeiaun AaHHbIX, 3amuménabix KPK, na miatdpopme EMQQOS 1.0.

OCHOBHBIM OTpaHHYCHUEM IPU UHTErpaluu NoJibix cBeToBoAoB B cxeMy KPK ciyxkart mortepu Ha
y3J1€ CONPSIKEHUSI CO CTaHAAPTHBIM OJHOMOZOBBIM BOJIOKHOM, ONPEEIISIONINE SHEPreTHUECKUI Or0DKeT
kaHana 1 kBaHToBble omuOku (QBER). Apxutektypa EMQOS 1.0 mo3BosnsieT 3aMeHsTh y4acTOK Iepeaadn
MeX Iy MoyisiMu «Anrca» 1 «boby» 6e3 n3MeHeHus 001Iel CTPYKTYphl YCTaHOBKH, YTO JIeIaeT IaThopMy
yA0OHOH dKCTIEpUMEHTATBHON 0a30 IS ICCTIeIOBAHMS Y3714 COMPSIKCHHS.

Jns ananu3a y3na MpuUMEHEHbl MOAesb rayccoBa myuka u metoq ABCD-marpun. Koaddumuent
BBOJIa M3ITyYCHHsI B TOJIBIH CBETOBOJ OIPENEISETCS COTJACOBAaHMEM IIOJiel MOJ B oOyacTH CThika [4].
Pacuér moka3zeiBaer, uTo 3¢ (eKTUBHOE COoriacoBaHUe MO 0THOMOA0BOTO BotokHa (MFD = 10,4 Mxm, A =
1,55 mxm) Bo3MOxHO Tipu ucronb3oBannu GRIN-ceetoBoma. B xadectBe oOpasiia MCHOIB30BaH MOBIH
CBETOBO/I, TIPeIOCTaBICHHBI HaydHBIM IIEHTPOM BOJIOKOHHOM onTtuku PAH.

OKCIepUMEHTaIbHO HCCIIEIOBAHbI TPU CXeMbI conpsikenus. [Ipsimas cTeikoBka nana notepu 3,77 nb.
Beenenne GRIN-cBeroBoma cHuzmio ux mo 3,12 nb (=17 %). TpéxkoMIOHEHTHAs cXeMa ¢ KBapIIEBBIM
munuaapoM U GRIN-cBeToBOgOM mokazama HamMmenbinue motepu 2,91 nb (23 %). Ilpumenenue
MPOMEKYTOUHBIX COTJIACYIOIIUX DJIEMEHTOB IO3BOJISET COXPaHUTh PabOTOCIIOCOOHOCTH KBAaHTOBOTO
KaHaja B Ipeenax 3ueprerudeckoro oromkera EMQOS 1.0.

[Tombie cBeToBOABI XapakTepusytoTcs moTepsmu menee 0,1 nb/km [5], ManbIMU HETMHEWHBIMU
3¢ddeKTaMu ¥ MUPOKUM CIEKTPATBHBIM JTHAa30HOM. DKCIIEPUMEHTAIBHO W3MEPEHHbBIE MMOTEPH Ha y3Je
COIPSDKEHUS MTOJATBEPIKIAI0T NPUHINIHAIBHYIO PEaTn3yeMOCTh HHTETPALUH TIOJIBIX CBETOBOJOB B CXEMY
KPK na mnarpopme EMQOS 1.0. JanpHelmue uccineoBaHus IUTAHUPYETCs] HAIPaBUTh HA ONTHMHU3ALHIO
COTJIACYIOIIETO y3J1a U OIEHKY XapaKkTePUCTHK kBaHTOBOro kaHana (QBER, ckopocTh IpoCessHHOTO KITFo4a)
TIpH TIepeiade Yepes3 MOJIbIi CBETOBO/.
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Investigation of the possibility of using hollow optical fibers for quantum key
distribution based on the scientific and educational platform EMQOS 1.0
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The development of quantum networks requires the search for new means of transmitting quantum
signals. The interuniversity MTUCI-MISIS quantum network, created on the basis of the EMQOS 1.0
platform [1, 2], implements the BB84 phase-coded protocol. The transmission of quantum key distribution
(QK) through hollow optical fibers has been demonstrated in independent studies [3]; in this work, this
problem is solved on the basis of EMQQOS 1.0. The aim is to investigate the possibility of using hollow
optical fibers to transmit data protected by QK on the EMQOS 1.0 platform.

The main limitation in the integration of hollow fiber optic cables into the CRC circuit is losses at the
interface with a standard single-mode fiber, which determine the energy budget of the channel and quantum
errors (QBER). The EMQOS 1.0 architecture allows you to replace the transmission section between the
"Alice" and "Bob" modules without changing the overall structure of the installation, which makes the
platform a convenient experimental base for studying the interface node.

The Gaussian beam model and the ABCD matrix method are used to analyze the node. The coefficient
of radiation input into a hollow fiber is determined by the matching of the mode fields in the junction area
[4]. The calculation shows that effective mode matching of a single-mode fiber (MFD = 10.4 microns, A =
1.55 microns) is possible using a GRIN fiber. A hollow optical fiber provided by the Scientific Center of
Fiber Optics of the Russian Academy of Sciences was used as a sample.

Three coupling schemes have been experimentally investigated. Direct docking resulted in a loss of
3.77 dB. The introduction of the GRIN fiber reduced them to 3.12 dB (-17%). A three-component circuit
with a quartz cylinder and a GRIN fiber showed the lowest loss of 2.91 dB (-23%). The use of intermediate
matching elements makes it possible to maintain the operability of the quantum channel within the energy
budget of EMQQOS 1.0.

Hollow light guides are characterized by losses of less than 0.1 dB/km [5], low nonlinear effects, and
a wide spectral range. Experimentally measured losses at the interface node confirm the feasibility in
principle of integrating hollow optical fibers into the QCR circuit on the EMQOS 1.0 platform. Further
research is planned to focus on optimizing the matching node and evaluating the characteristics of the
guantum channel (QBER, the speed of the key sifted) when transmitting through a hollow optical fiber.
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MeTOI[LI 3alllMThl MCIUNINNHCKUX JaHHbIX B pacnpeueﬂéﬂﬂmx CUCTEMax
HCKYCCTBEHHOI'0 MHTCJIJICKTA

AxcenoB K. /1.

00O «llpocmpancmeo unmennexmyanvhvix pewenuiiy, Hosopoccutick, Poccus
axenov.kir@gmail.com

[IpuMeHeHne UCKYCCTBEHHOTO MHTEIUIEKTa B MEJUIMHCKUX MH()OPMAIIMOHHBIX CHCTEMax TpeOyeT
COTJIACOBAHMS JOCTYIAa K BBIUYMCIHTEIBHBIM pecypcaM C pasTpaHHYeHHEM IOCTyIa K HCCIeTOBAaHUSIM
narueHToB. B pabote paccmaTtpuBaercs meneBas apxutekTypa miardopmsel EyeTech, B koTopoit manHbIe
WCCIICIOBAHUN XPAHATCS B JIOKAIBHBIX SK3EMIUIIPAaX CHUCTEMbl MEIMLIMHCKHX OpraHW3alluii, a oOIue
(yHKIMY ayTeHTU(UKAINY, YYETa OpraHu3alHid, TULIECH3UPOBAHUS 1 BBITOJHEHHUS OTACIHHBIX aITOPUTMOB
WU cocpenoTouens! B nenTpaabHOM y3i1e HUB. Llens paboTel — ompeaenuTs rpaHnLlbl JOBEPHS U CTIOCOOBI
3aIUTHl B3aUMOICHCTBUM MEX Ay 3TUMH KOMIIOHEHTaMHU.

CrpykTypa miaatopMbl BKIIOYAET OpraHM3alvio, €€ TUIOIAAKH M YCTAaHOBJICHHBIE HA HHUX
sk3emmuisippl  EyeTech. Kaxnmeii sx3emMmmssp wMeeT COOCTBEHHBIE XpaHWIWINA, YHUKaIbHBIN
unearudukarop UUID u kmroueBoif marepuan. [ JokampHOTO XpaHeHus mpexycMoTpeHsl PostgreSQL,
MinlO u Orthanc. [Ipu BBINOJIHEHMH 3ampoca MPOBEPSIOTCS MPUHAUICKHOCTh I0JB30BATEIS K
OpTraHM3aINY U PaBO Ha KOHKPETHOE JIEHCTBIE; HATMYKE YIETHOM 3aITHCH caMo 1o ceOe He MPeI0CTaBIseT
JOCTyla K WCCIEeNOBaHMSIM JPYroi opraHu3anuu. MaeHTHUKATOpbl OpraHW3allid M JK3eMIUIIpa
CBSI3BIBAIOT 3aIIPOC C HCTOYHUKOM JJAaHHBIX U MECTOM COXpaHEHHMs pe3yiIbTara.

ITepenava mamubeix 3ammuminaetcs TLS, a mms MeXKCHCTEMHBIX COSAMHEHHM IMpeTycMaTpUBaeTCA
B3anMHas ayTeHTHuduKanus mo ceprudukatam mTLS [1]. Pazgenens! kanan 00pabOTKH H300paKeHUH U
cirykeOHbIi KaHan hub-connector. [lepBrlif ncnosb3yeT oTaenbHbIN cepTudukatr U -cepuca u nepenaér
M300paKeHHe ¢ MUHUMAJILHO HEOOXOAUMBIMH METaJaHHBIMU U3 JIOKaIbHOTro 3k3emiuisipa B HUB. Iocne
00pabOTKM BO3BpAIIAIOTCS MACKU M CBEACHHUS O BEPCHH MOJIENH; PE3YyJbTaT COXPAHSAETCS B MCXOIHOM
WCCIIEIOBAHUY Ha CTOPOHE METUIIMHCKOW opraHu3armu. Ciry:keOHBIH KaHal yCTaHABJIMBAET HCXOSINEe
coequnenre WSS/mTLS u ucnonb3yercs Juisi oOMeHa cTaTycaMH U CBEACHHUSIMHU O JUIeH3UsIX. [l Hero
MPeIyCMOTPEH OTIENbHBINA cepTuUKaT; rnepeaada n300paeHni 1Mo 3TOMy KaHally He SBISETCS YacThiO
paccMaTpuBaeMoON CXEMBI.

JlokanbHOE pa3MelleHre XPaHUIHUIL COKpalaeT HeOOX0JUMOCTh MOCTOSIHHOTO TIEPeHOCca MOTHOTO
apX#Ba UCCIIEJOBAHUH B IIEHTPAILHYIO CHCTEMY, OJTHAKO HE O3HAYAET MOJTHON aBTOHOMHOCTH TUTAT(OPMEI.
[Ipu 3amycke IEHTPAIIM30BAHHOTO AalTOPUTMa HW300paKEHHE TOKUAAET JIOKAIBHBIA 3K3eMIULIp, a
JIOCTYITHOCTh Takoi oOpaboTku 3aBucut oT HUB. YpaneHwe MMeHH manueHTa W3 3alpoca TakkKe He
rapaHTupyer oO0e3NMYUBaHUE: WACHTH(GHUIUPYIONUE CBEICHHS MOTYT COXPaHSAThCS B arpulyTax u
HEMOCPEICTBEHHO B M300pakeHnu. [losTOMy cocTaB mepemaBaeMbIX TOJEH W MpoIeaypa MOATOTOBKU
JAHHBIX JOJDKHBI TPOBEPSTHCS OTAENBbHO ¢ yuéroM mnpoduied xonpuaeHumaisHoctu DICOM [2].
Hoanepxka DICOM, DICOM SR, HL7 v2 u FHIR paccmatpuBaercsi Kak CpeiCcTBO HH(POPMAIIHIOHHOTO
oOMeHa, JIOTIOJIHAEMOE MEXaHU3MaMHU ay TEHTU(UKAIIMK U aBTOpU3aluu [3].

Pesynprarom  paboTBl  SIBASIETCS — apXWUTEKTYpPHOE  paslelieHHe  JIOKaJbHOTO  XpaHeHWs,
HEHTPATN30BAHHOTO BBIYHCIICHUS M CITy>KEOHOTO yrpaBlieHHs. J[Jisi MPOBEPKU 3TOM CXEMBI MPEIIOKECHBI
CIICHAPUW OTKIIOHEHHs 3alpocoB 0e3 HEOOXOJMMBIX TMpaB, OOpalIeHWH K YyKOW OpraHu3alid H
COCAMHEHHH C HEACHCTBUTENILHBIMU CepTU(HUKATaMH, a TakXKe NPOBEPKM BO3Bpara pe3yibTara B
COOTBETCTBYIOLLIEE HccienoBaHue U noseaenus npu HegoctynHoctd HUB. Ha stane mpeacraBnenHoi
paboTHI MHTETPAIlMOHHAS TIPOBEPKA MIPOIOIDKAETCS; KOIMYECTBEHHBIE MTOKA3aTeNIN YCTOWIHMBOCTH K aTakaM
U pe3yabTaThl HE3aBUCHUMOIO ayauTa He 3aaBisitorcs. llpemnokeHHas cxema 3afa€T IpoBepsieMble
TpeOOBaHUs K B3aUMOJICHCTBUIO KOMIIOHEHTOB pacrpeaeiEéHHON MEANIIMHCKON CHCTEMBI.
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Methods for protecting medical data in distributed artificial intelligence systems
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The use of artificial intelligence in medical information systems requires access to computing
resources to be coordinated with access restrictions on patient studies. This work examines the target
architecture of the EyeTech platform. Study data are stored in local instances operated by medical
organizations, while a central HUB provides shared authentication, organization management, licensing,
and selected Al services. The objective is to define trust boundaries and mechanisms for protecting
communication between these components.

The platform comprises an organization, its sites, and the EyeTech instances deployed at those sites.
Each instance has its own storage, a UUID, and cryptographic credentials. PostgreSQL, MinlO, and Orthanc
are used in the local storage architecture. Requests are checked for organization membership and permission
to perform the requested action. Possession of an account alone does not grant access to another
organization’s studies. Organization and instance identifiers associate each request with its data source and
the destination for storing the result.

TLS protects data in transit, and mutual certificate authentication through mTLS is envisaged for
communication between systems [1]. Image processing and service management use separate channels. The
image-processing channel uses a dedicated Al-service certificate to transfer an image and the minimum
necessary metadata from a local instance to the HUB. The HUB returns masks and the model version, and
the local instance stores the result in the originating study. The hub-connector service channel establishes
an outbound WSS/mTLS connection for status and licensing messages. It uses a separate certificate; image
transfer is outside the intended function of this channel.

Local storage reduces the need to continuously transfer an entire study archive to the central system,
but it does not make all platform functions autonomous. An image leaves the local instance when a
centralized algorithm is invoked, and this processing depends on HUB availability. Removing the patient’s
name does not by itself ensure de-identification because identifying information may remain in attributes or
in the image itself. The transmitted fields and data preparation procedure therefore require separate
verification with reference to DICOM confidentiality profiles [2]. DICOM, DICOM SR, HL7 v2, and FHIR
support interoperability and must be complemented by authentication and authorization mechanisms [3].

The work defines an architectural separation between local storage, centralized computation, and
service management. Proposed verification scenarios include rejection of unauthorized requests, cross-
organization access attempts, and connections with invalid certificates, as well as correct association of
returned results with studies and behavior during HUB unavailability. Integration verification remains in
progress; quantitative resistance to attacks and independent audit results are not claimed. The architecture
provides testable requirements for component interactions in a distributed medical information system.
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IIpenodopadoTka U MeKNPUOOPHAsA CTAHAAPTU3ALUA U300PaKEeHUI CETUYATKHU
AJIsl Mo/ieJIe MAIIMHHOTO 00y4YeHus

Axcenosa JI. E.

00O «llpocmpancmeo unmennexmyanvhvix pewenuiiy, Hosopoccutick, Poccus
Canxm-Ilemepbypeckuil 2ocyoapcmeeHHblil yHugepcumem meiekommynuxkayuii um. npog. M. A. bonwu-bpyesuua,
Canxm-Ilemepoype, Poccus
axenovalubov@gmail.com

Paznuumst nBeTomepemaun, KOHTpacTa M MaciuTaba H300paskeHHi, TOJNyYEHHBIX Ha Pa3HBIX
o(ranpMoNOrHUecKuX NpudOpax, OTPaHNYUBAIOT IEPEHOCUMOCTh MOJENIEH cerMeHTaluu. PaccMOTpeHs
nBa croco0a YMEHBLICHUS 3TOTO BIMSAHUS: LIBETOBBIE NpPeoOpa3oBaHMsA IPU OOYHYEHUHM CErMEHTALUH
¢dortorpaduii razHOro AHA U EPEHOC CTHIIS H300paKeHUH onTHYeckoil korepenTHoi Tomorpaduu (OKT)
nepen 00paboTKON 3aKpBITON Monenbto. i mepBoro moaxo/ia BHIIIOJTHEHO KOJUYECTBEHHOE CPABHEHHE;
IUIsL BTOPOTO NPECTABJICH NPEABAPUTEIIbHBIN SKCIICPUMEHT 0€3 KOJTMUYECTBEHHON OLICHKH CerMEHTALUH.

B sxcnepumente ¢ GpoTorpadusiMu rJ1a3HOTo 1HA CETMEHTUPOBAIIN AUCK M SKCKABALIUIO 3pUTEIBHOTO
HepBa. [l oOydenus ucnoab3zoBaiv 160 mzoOpaxkenuit Zeiss Visucam 500 u 40 u300paxkeHui s
Banmaaimu u3 REFUGE; tectupoBanue npoBoaunu Ha 600 nzobpaxenusx, no 200 as Zeiss Visucam 500,
Canon CR-2 u Topcon TRC-NW6 [1, 2]. [ToBTOpHSBIE H300paKeHHs OJHOTO TJIa3a yIAJSUTH 10 pa3fesieHIs
nauueix. s pazmerku MESSIDOR wucnons3oBanu coriacue He MEHEee YeThIPEX U3 IIECTH SKCIEPTOB IS
kaxaoro nmukcens. Oomactk naTepeca 800 x 800 mukcenel yMeHbIIauM 10 256 X 256 1Jig oJja4u B CETh.

CpaBauBasnin aBe mogenu ResUNet34 ¢ oaunakoBoil uHuuumanuzaunued sHkonepa ImageNet.
O6yuenne BeimonHsIH 100 310X ¢ pazMepom makera 4, ontuMuzatopoM Adam, ckopocThio o0yderwust 1074,
cymmoit ¢pynkuuit moreps BCE u Dice n ¢ukcupoBanubim seed 17. KoHTpoabHYIO TOUKY BBEIOMpPAITH IO
cpennemy Dice Ha 40 BamMmanMOHHBIX H300paKEHHSIX Zeiss. ENMHCTBEHHBIM pa3idueM CIYXKHIIO
npumenenne Random Color Transformation (RCT) [3]: He3aBucumoe macmrabupoBanne RGB-kananos B
nuamnazone 0,4—1,6 1 cMenieHue B iuana3one —255...255 6e3 u3MeHeHHs TeOMETPUH H300pasKeHHSI K MACKH.
AnanTtanuio MoJIeNH BO BpeMs TECTHUPOBAHUS HE BBITIOIHSUIH.

Cpennuii Dice paccunThiBaiM 10 TUCKY M 3KCKaBaluH, 3aTeM ycpeaHsian no 200 u300pakeHus M
Kaxoro npubdopa. s Zeiss 3HaueHune uameHmioch ¢ 91,98 1o 91,82 %, mis Canon — ¢ 84,26 1o 86,74 %,
st Topcon — ¢ 83,70 no 86,74 %. Takum oOpa3om, Ha JByX BHEIIHUX HA0Opax MPHUPOCT COCTABUII
npubnusutensHo 2,5 u 3,0 npouentHoro nynkra. Ha Canon oCHOBHOH BKJaJl 00€CHEUMIIO YIIydIlIEHHUE
cerMeHTaluy SKckaBauu. [ [pubop 1 cocTas NauMeHTOB U3MEHSUINCH OTHOBPEMEHHO, II03TOMY PE3yJIbTaThl
XapaKTepPU3yIT IMEPEHOC MEXIy HaOOpaMu JaHHBIX, a HE H30JIMPOBAHHBIN 3()(PEKT CMEHBI KaMmephl.
[IpoBepka Ha otHOM seed TakKe OrpaHuuMBaeT 0000IIEHHE BBIBOAA.

B skcnepumente ¢ OKT ucnons3oBanu 556 uzobpaxenuit Optopol REVO FC u 2064 uzobpaxenus
Optovue Avanti RTVue XR u3 OCTDL [4], BeiaenuB 1o 40 n300pakeHHi KQKI0T0 JOMEHA BHE 00Y4EHHUSI.
Ha Optopol ynansmm bsnemeHTsl uWHTepdelica W 3aroJloBOK MalMeHTa; B-ckaHbl NPUBOAMIN K
ogHOKaHabHOMY (opmaty 256 x 256. CycleGAN [5] ¢ renepatopamu ResNet u3 neBsitu ONOKOB M
nuckpumuHaTopamu PatchGAN oOywanu 16 snox Ha HenapHbIX JaHHBIX. [lepenoc Avanti B ctuis Optopol
BBITIONHSJICS KaK CaMOCTOSITeNbHAsl MpenoOpaboTka 0e3 JoCTyma K BecaM W TPaJHeHTaM 3aKphITOTO
cerMeHTaTopa. BusyanbHble NpUMepbl IOKa3bIBAIOT W3MEHEHHWE CTHIIS, HO TOSBJIEHHE II0JIOC H
JOTIOJTHUTENIBHBIX KOHTYPOB TpeOyeT OTAeNbHON MPOBEPKH COXPAHHOCTH aHATOMHUYECKOU CTPYKTYPHI.

L[BeToBBIC TPE0Opa30BaHMs MPH O0YICHUH YITYUIIIH IIEPEHOC cerMeHTanuu hororpaduii rmazHoro
JTHAa Ha JIBa BHEIIHUX HA0Opa MpH MPaKTUIECKH HEM3MEHHOM pe3yJibTaTe Ha ucxonnom nomene. Jms OKT
MOJTBEPKICHA TOJIBKO BO3MOXXHOCTH IPE00pa30BaHuUs CTHIIS B PaMKax MPEABAPUTEILHOTO SKCIIEPUMEHTA.
Cnemyrommii 3Tanm  BKJIIOYAaeT OKCIEPTHYIO OLEHKY apredakToB UM CpPaBHEHHE HCXOJHBIX,
MacmTabnpoBaHHbIX U peoOpazoBaHHbIX OKT-n300paxennii oqHUM U TeM ke cermeHTaropom 1o Dice,
IoU n HD95. KonnuectBennoe ynyumenue cermenranui OKT Ha naHHOM 3Tane He yCTaHOBJIEHO.
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Preprocessing and cross-device standardization of retinal images for machine
learning models
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Differences in color reproduction, contrast, and scale across ophthalmic devices limit the
transferability of segmentation models. Two approaches are examined: color transformations during fundus
segmentation training and optical coherence tomography (OCT) style transfer before processing by a closed
segmentation model. The first approach is evaluated quantitatively, whereas the second is a preliminary
experiment without quantitative segmentation assessment.

The fundus experiment addressed optic disc and cup segmentation. Training used 160 Zeiss Visucam
500 images and validation used 40 images from REFUGE. Testing included 600 images, with 200 each
from Zeiss Visucam 500, Canon CR-2, and Topcon TRC-NW6 [1, 2]. Repeated images of the same eye
were removed before splitting the data. MESSIDOR labels required agreement of at least four of six experts
at each pixel. An 800 x 800 region of interest was resized to 256 x 256 for network input.

Two ResUNet34 models used identical ImageNet encoder initialization and were trained for 100
epochs with a batch size of 4, the Adam optimizer, a learning rate of 10, combined BCE and Dice losses,
and seed 17. Checkpoints were selected using mean Dice on the 40 Zeiss validation images. The only
difference was Random Color Transformation (RCT) [3], which independently scaled RGB channels by
factors of 0.4-1.6 and shifted them by —255 to 255 while preserving image and mask geometry. No test-
time model adaptation was applied.

Dice was averaged over disc and cup and then over the 200 images for each device. Mean Dice
changed from 91.98 to 91.82% on Zeiss, from 84.26 to 86.74% on Canon, and from 83.70 to 86.74% on
Topcon. The gains on the two external datasets were therefore approximately 2.5 and 3.0 percentage points.
Cup segmentation accounted for most of the Canon improvement. Since both the device and the patient
population changed between datasets, these findings characterize dataset transfer rather than an isolated
camera effect. Evaluation with a single random seed further limits generalization.

The OCT experiment used 556 Optopol REVO FC images and 2,064 Optovue Avanti RTVue XR
images from OCTDL [4], with 40 images per domain held out from training. Interface elements and patient
headers were removed from Optopol images, and B-scans were converted to single-channel 256 x 256
images. A CycleGAN [5] with nine-block ResNet generators and PatchGAN discriminators was trained on
unpaired data for 16 epochs. Avanti-to-Optopol style transfer served as independent preprocessing without
access to the closed segmentator’s weights or gradients. Visual examples demonstrate style changes, but
bands and additional contours require assessment of anatomical fidelity.

Color transformations improved fundus segmentation transfer to two external datasets while leaving
source-domain performance nearly unchanged. For OCT, only preliminary style conversion has been
demonstrated. Further work includes expert assessment of artifacts and comparison of original, resized, and
transformed OCT images using the same segmentator and Dice, loU, and HD95 metrics. A quantitative
OCT segmentation improvement has not yet been established.

References

1. Orlando J. I. et al. REFUGE Challenge: A Unified Framework for Evaluating Automated Methods
for Glaucoma Assessment from Fundus Photographs. 2019. arXiv:1910.03667.

2. Hu M. et al. RIGA+ Dataset. Zenodo. 2022. DOI: 10.5281/zenodo.6325549.

3. Guo, Ji. Random color transformation for single domain generalized retinal image segmentation.
Engineering Applications of Artificial Intelligence. 2024. DOI: 10.1016/j.engappai.2024.108907.

4. Kulyabin M. et al. OCTDL. Scientific Data. 2024. DOI: 10.1038/s41597-024-03182-7.

5. Zhu J.-Y., Park T., Isola P., Efros A. A. Unpaired Image-to-Image Translation using Cycle-
Consistent Adversarial Networks. ICCV. 2017.

JINT-2026 14



YK 535.56, 535.92
I'PHTU 81.93.21
BAK 2.2.15
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Kak moOka3pIBaloT COBpEMEHHBIE HCCIICAOBAHMSA, BOJIOKOHHO-ONTHYECKHE JIMHUU  CBS3H,
WCTIONB3YIOIIME TEXHOJIOTHIO IOJISIPH3aMOHHOTO MYJIBTUIUIEKCUPOBAHUSI, MOTYT OBITH IOJIBEPKCHBI
BO3JICHCTBHIO CHJIBHBIX OJCKTpOMAarHWUTHBIX moieit [1, 2]. Tlpu 3TOM HauOONBIIYI0 OMACHOCTH
MPEICTABIISIIOT CUIIbHBIC 3IEKTPOMAarHUTHBIE 0TI, MHAYLMPOBAaHHBIE PA3PSAA0M MOJIHUH, IIOCKOIbKY OHH
CIOCOOHBI BBI3BaTh OYCHb OBICTPHIC OTKJIOHECHUS COCTOSHUS TOJISIPU3AIINY MepeaBaeMoro curuana [3, 4].
Taxue OTKIIOHEHUsI MOTYT IPUBECTH KaK K CHU)KEHUIO CKOPOCTH Nepeau HH(opMaInm, Tak U K ee TIoTepe.
Paspsin MonHUM, NpH CTEKaHUM HMITyJIbCa TOKa Yepe3 3a3eMIIMTENb, TAKXKEe HHIYLUPYIOT CHJIbHBIC
3JIEKTPOMAarHUTHbIE TOJS B IIMPOKOM YacTOTHOM Juamna3oHe (B TOM 4YHCJE 3a CYET BO3HHKHOBEHUS
pa3HoOOpa3HBIX MCKPOBBIX MPOILECCOB B TPYHTE), YTO TAaKKE€ MOMKET OKa3aTh BIHMSHUE Ha MOJ3EMHBIC
koMMmyHukanuu [5]. TIpucyTcTBHE HMCKPOBBIX MPOLIECCOB B TPYHTE MPHU CTEKAHHU C 3a3E€MJIMTENS TOKA
MOJHUM OyIeT OKa3bIBaTh CrEeUU(HUECKOE BIMSIHUE HA XapakTep JIEKTPOMATHUTHOTO BO3ICHCTBHS Ha
MO/3eMHbIEe  JIMHUM  CBA3U. lIpeAcTaBieHbl  pe3yjbTaThl  UCCIEAOBAHUS  BIUSHHUS  CHJIBHBIX
3JIEKTPOMAarHUTHBIX MOJIEH, HHAYLMPYEMBIX Pa3psiioM MOJIHUY, Ha Pa0OTy BOJIOKOHHO-ONTUYECKUX JTUHUIH
CBSI3H, PACIIOJIOKEHHBIX B rpyHTE. C MOMOIIBIO SKCIIEPUMEHTATBHON YCTaHOBKH «I eHepaTop TOKa MOJIHUH
YETBIPEXKOMIOHEHTHEINY (I'TM-4) ObUT cCMOIIETUPOBaH yJap MOJHHHA B MOJHHEOTBOJ M TOCIEIYIOIIEe
CTeKaHHE TOKa MOJHHMH 4Yepe3 3a3eMJIUTENb, PACIIONIOKEHHBIH B IUIOXO MPOBOAAIIEM TpyHTe. B pamkax
HCCIIeIOBaHNsl ObUIO PAcCMOTPEHO [JBE 3JIEKTPOAHBIX CHCTEMbI, OTIMYArOIIUXCs (OPMOH BEpPXHETO
3JIEKTPO/IA, PACHIOIOKEHHOTI0 Ha/l MOBEPXHOCTHIO TPYHTA. Bt paccMoTpeHs! NpsiIMOil 1 M30THYTHIH T0A
MOPSMBIM YTJIOM 3JIEKTPOAbl. HIKHsISI 4acTh, MOJIENUpPYIOIIasl 3a3eMJIMTENb, ObUIa BBITIONHEHA B BUJC
MPSIMOTO 3JIEKTPOJIA, HOIPYKEHHOTO B IPYHT M OTCTOSIILIETO OT BEPXHET0 3JIEKTpoaa Ha paccTosHue 5 cM. C
HIDKHETO 3JIEKTPOJA MPOUCXOJWIIA PETUCTpalusl MMIYJbca TOKA. AMIUIUTYZA TOKa BapbHPOBAIACH B
nmuanasone oT 61 1o 209 xA. Mmynsc ToKa MOBTOPSUT EPBYI0 KOMIIOHEHTY TOKa MOJIHMM (KOMITOHEHTa
A). B rpyHTE, BOKpPYT HIKHETO 3JEKTPOJa, OBbLI MPOJIOKEH MOJHOCTHIO TUAIEKTPUUECKUN BOJIOKOHHO-
onTuyeckuii kabenb. Uepes kabens mepenaBascs curaai ot jtazepHoro auoza (1550 am). Ha npyrom kon1e
Kabens MpOMCXOMMJa perucTpalus CurHaia ¢ nomoinsio  nomsspumerpa Novoptel  PM1000,
00€eCTeYnBaloIero 3aMuCh COCTOSIHUS MoJIsipu3anuy curHana ¢ marom 40 He. B cinydae skcriepuMmenTa ¢
BEPXHUM TMPSIMBIM  DJIEKTPOAOM, OTKJIOHEHHE a3UMYTaJIbHOTO yIVa IJIOCKOCTH  IOJIAPU3ALUN
Mepe1aBaeMoOro CUTHaIa cocTaBuiIo okoso 40 rpagycoB, a OTKJIOHEHHUE yrila 3JUIMITUYHOCTH - OKOJOo 32
rpagycoB. [lpu sToM HaOmoJanack TEHACHIUS K POCTY a3UMYTAIBHOTO yIiia C POCTOM 3HAYCHHM
aMIUIMTYJIbl UMIIyJbca TOKa. B cilydae SKCIIEPUMEHTOB C HW30THYTBIM 3JIEKTPOJIOM, OTKIJIOHEHUE
a3UMYTaJBHOTO yIJIa COCTABMIJIO OKOJIO 35 rpaaycoB, a yria 3JUIMNTHYHOCTH - 42 rpanyca. [logoOnble
OTKJIOHEHHS SIBJISIIOTCS. KPUTHYHBIMH [JIT PaOOThI CHUCTEMBI CBSI3M, HCIOJB3YIOMINX TEXHOJIOTHIO
MYJIbTHUIUIEKCHPOBaHUA. B cilydae BepXHEro H30THYTOT0 3JIEKTPOAa MPY aMIUTHTY 1€ UMITyJIbca TokKa 70 120
KA HaOmomaeTrcs TEHACHIMS K CHIKEHHMIO OTKJIOHEHHMS YIJIa SJUTMITHYHOCTH C POCTOM AMILTUTYBI
HMMITYJIbCa TOKA, YTO XapaKTEPHO JIUIIb I MOJOKUTENFHBIX HMITYJIBCOB TOKA.

HccnenoBanne BBITIONHEHO 3a cyeT TpaHta Poccuiickoro Haydnoro ¢onma No 23-79-10223-I1,
https://rscf.ru/project/23-79-10223-11/
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As modern research shows, fiber-optic communication lines using polarization multiplexing
technology can be exposed to strong electromagnetic fields [1, 2]. The greatest danger comes from strong
electromagnetic fields induced by lightning discharges, since they can cause very rapid deviations in the
polarization state of the transmitted signal [3, 4]. Such deviations can lead to both a decrease in the
information transfer rate and its loss. A lightning discharge, when a current pulse flows down through the
ground electrode, also induces strong electromagnetic fields in a wide frequency range (including due to the
occurrence of various spark processes in the ground), which can also affect underground communications
[5]. The presence of spark processes in the ground when the lightning current flows down from the ground
electrode will have a specific effect on the nature of the electromagnetic impact on underground
communication lines. The article presents the results of a study of the influence of strong electromagnetic
fields induced by lightning discharges on the operation of fiber-optic communication lines located in the
ground. Using the Four-Component Lightning Current Generator (FCLG-4) experimental setup, a lightning
strike to a lightning rod and subsequent lightning current flow through a ground electrode located in poorly
conducting soil were simulated. The study examined two electrode systems, differing in the shape of the
upper electrode located above the ground surface. A straight electrode and a right-angled electrode were
considered. The lower part, simulating the ground electrode, was designed as a straight electrode immersed
in the ground and spaced 5 cm from the upper electrode. A current pulse was recorded from the lower
electrode. The current amplitude varied between 61 and 209 kA. The current pulse replicated the first
component of the lightning current (component A). An all-dielectric fiber-optic cable was laid in the ground
around the lower electrode. A signal from a laser diode (1550 nm) was transmitted through the cable. At the
other end of the cable, the signal was recorded using a Novoptel PM1000 polarimeter, which records the
signal polarization state with a 40-ns step. In the experiment with the upper straight electrode, the deviation
of the azimuthal angle of the transmitted signal's polarization plane was approximately 40 degrees, and the
deviation of the ellipticity angle was approximately 32 degrees. A tendency for the azimuthal angle to
increase with increasing current pulse amplitude was observed. In the experiments with the curved electrode,
the deviation of the azimuthal angle was approximately 35 degrees, and the deviation of the ellipticity angle
was 42 degrees. Such deviations are critical for the operation of communication systems using multiplexing
technology. In the case of the upper curved electrode, with a current pulse amplitude of up to 120 kA, a
tendency for the deviation of the ellipticity angle to decrease with increasing current pulse amplitude was
observed, which is characteristic only of positive current pulses.

The study was supported by a grant from the Russian Science Foundation No. 23-79-10223,
https://rscf.ru/en/project/23-79-10223-11/.
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[IpencraBneno onvcaHue BO3MOXHOCTEH JIa3epHOTO JUCAPOMETpPA JUIsl CHHXPOHHON pEerucTpaluu
MapaMeTpOB KUIKHUX OCAIKOB B KOMIUIEKCE C YJIbTpa3ByKoBoM Mereoctanuueil. [lokazaHo, yTto Takou
W3MEPUTENbHBI  KOMIUIEKC MO3BOJISIET KOJMYECTBEHHO OTCIEKUBATh H3MEHEHUS TYpOyJIEHTHBIX
XapaKTEepUCTUK MPU3EMHOTI0 CIIOS B TOKAEBBIX SMTU30/1aX.

Jlazepubiit mucapomerp [1], paspaborannsii B8 MMKOC CO PAH, peamusyer meron aHainza
TEHEBbIX M300paKEHUH YacCTHLI, MEPECCKAIOINX U3MEPUTEIbHYIO IUIomaaKy. [Ipunnun paboTsl ocHOBaH
Ha PETUCTpAIMM 3aTEHEHHUS 3JIEMEHTOB JMHEMHOTO CeHcopa IUIOCKUM KOJUTMMHPOBAHHBIM CBETOBBIM
MOTOKOM, YTO TIO3BOJISIET OIpENeNsTh pasMep, (GopMy M CKOPOCTh MaJCHUS KaXIOW Karlih, a TakKe
BBIYUCIISATh HHTETPAIbHBIE XapaKTEPUCTUKU OCAJKOB — HWHTEHCHUBHOCTh (B MM/4) U CyMMapHOe
KOJIMIECTBO (B MM).

VYnberpazBykosas Mmeteoctanuss AMK-04, obecrieunBaeT CHHXPOHHYIO PETUCTPALIUIO TEMITEPATyPhI
1 TpEX KOMITOHEHT CKOpoCTH BeTpa ¢ yactoroit 80 ['1. Takoe coderanue mpruOOPOB MO3BOISIET COBMEIIATh
nHGOPMALIMI0 O TEKYIIMX MapaMeTpax OCaJKOB C BbICOKOYACTOTHBIMH [aHHBIMH O TYPOyJIEHTHBIX
MyJIbCAIUSIX B €IWHBIH MacCUB JAHHBIX C BPEMEHHBIM pasperieHneM | muHyTa. JlomonHWUTENbHO AMs
KOHTPOJIA paJMaliioHHOro Oananca npumensics nupaHometrp CMP11.

Hnst neMoHcTpanuy MHGOPMATUBHOCTH METOJa MpOoBeAeHa 00paboTKa CHHXPOHHBIX U3MEPEHUH B
niepro JeTHero ce3ona 2023 1., pe3ynbTaThl KOTOPOH OMyOIMKOBaHK B [2]. AHANHU3 TaHHBIX ITOKAa3aj, YTO
JUCIPOMETP TIO3BOJISIET C BEICOKUM pa3pelieHHeM PerucTpUpOBaTh Havaslo, MUK ¥ OKOHYaHHUE J0KIEBBIX
SMM30/0B, a TAKKE€ MHTEHCHBHOCTh MX BbllageHHs. COMOCTaBICHHE 3TUX JAHHBIX C TYpOYJICHTHBIMH
XapakTepUCTUKAMH (PHEpPIusi TEeMIEPAaTypHBIX M BETPOBBIX (IIYKTyalWid, MOTOKH SBHOTO Telja |
UMITyJIbCa) JEMOHCTPHPYET YyBCTBUTEIBHOCTh M3MEPHTEIBLHOTO KOMIUIEKCA K IPOIeCCaM 3aTyXaHHUs
TypOYJIEHTHOCTH ¥ H3MEHEHUS CTPATU(PHUKAIINY MPU3EMHOTO CJIOSI ITOJ] BO3JIEHCTBUEM OCAIKOB.

Takum oOpa3oM, Ja3epHbI AWCAPOMETP B COYETAHHMHM C YIJIBTPAa3BYKOBOM MeETEOCTAaHIMEH
TIpeICTaBIsIeT co0oif 3¢ dEeKTUBHBIN WHCTPYMEHT TUTS CHHXPOHHOTO MOHHUTOpPHHTA
THUIPOMETEOPOJIOTHYECKUX TMapaMeTpoB. lIpuMeHeHre AaHHOTO KOMIUIEKCAa MO3BOJISET KOJIMYECTBEHHO
CBSI3bIBATH M3MEHEHUS MapaMeTpPOB OCAIKOB C ITMHAMUKOW TypOYJIEHTHBIX MPOLIECCOB M MOXXET OBITH
MOJIE3HO TPH HHTEPIPETalMy JaHHBIX IUCTAHIMOHHOTO 30HIUPOBAaHUS W BepH(UKALUU MoJenei
MTOTPAaHUYHOTO CJIOSI.

Pabota BeimonHena B pamkax rocyaapctseHHoro 3aganus UMKOC CO PAH.
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precipitation parameters and turbulent characteristics of the surface atmosphere

Bogushevich A.Ya., Kalchikhin V.V., Kobzev A.A., *Tikhomirov A.A., Telminov A.E.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, 634055, Russia, Tomsk, Akademicheskii ave.
10/3

email: bay@imces.ru, vwk@imces.ru, kaa@imces.ru, *tikhomirov@imces.ru, talexey@imces.ru

A description is presented of the capabilities of a laser disdrometer for synchronous recording of
liquid precipitation parameters in combination with an ultrasonic weather station. It is shown that such a
measuring complex makes it possible to quantitatively track changes in the turbulent characteristics of the
surface layer during rainfall events.

The laser disdrometer [1], developed at IMCES SB RAS, implements the method of analyzing
shadow images of particles crossing the measuring area. The operating principle is based on recording the
shading of elements of a linear sensor by a flat collimated light flux, which makes it possible to determine
the size, shape and fall velocity of each drop, as well as to calculate the integral characteristics of
precipitation — intensity (in mm/h) and total amount (in mm).

The AMK-04 ultrasonic weather station provides synchronous recording of temperature and three
components of wind speed at a frequency of 80 Hz. This combination of instruments makes it possible to
combine information on the current precipitation parameters with high-frequency data on turbulent
fluctuations into a single data array with a time resolution of 1 minute. Additionally, a CMP11 pyranometer
was used to monitor the radiation balance.

To demonstrate the information content of the method, synchronous measurements taken during the
summer season of 2023 were processed, the results of which were published in [2]. Data analysis showed
that the disdrometer makes it possible to record with high resolution the beginning, peak and end of rainfall
events, as well as their intensity. Comparison of these data with turbulent characteristics (energy of
temperature and wind fluctuations, fluxes of sensible heat and momentum) demonstrates the sensitivity of
the measuring complex to the processes of turbulence decay and changes in the stratification of the surface
layer under the influence of precipitation.

Thus, the laser disdrometer in combination with an ultrasonic weather station is an effective tool for
synchronous monitoring of hydrometeorological parameters. The use of this complex makes it possible to
guantitatively link changes in precipitation parameters with the dynamics of turbulent processes and can be
useful in interpreting remote sensing data and verifying boundary layer models.

The work was carried out within the framework of the state assignment of IMCES SB RAS.
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Cuctemsl kBaHTOBOTO pacmpeneneHus kmoueld (KPK) wucnone3yrorcss [id  reHepanuu
KPHUIITOrpaMuecKoro Kirro4a, CEKPeTHOCTh KOTOPOTO rapaHTUPYeTCs 3aKoHaMHu (hu3uk. [1].

OnHoli U3 TIaBHBIX 3a7a4 B obiactu BHenpenus cucteM KPK B cymiecTBytonyo nHQpacTpykTypy
SIBIISIETCSL COYETaHUE OCTAOJNEHHBIX JIA3EPHBIX WMITYJIBCOB, HCIOJB3YEMBIX JJIsI TeHEpaluH KiIda ¢
KJIACCUYECKUMH HH(OPMALMOHHBIMH CUTHAIAMH (MHTEPHET, CHHXPOHU3ALM U TIP. ).

KBaHTOBBIC CUTHAJIBI 00NAAIOT CPEeHEI HHTEHCUBHOCTRIO <1 (hOTOH\MMITYJIBC, B CBSI3H C YeM IS
HX JICTCKTUPOBAHUS MCIIONB3YIOTCS JETEKTOPhI OAMHOYHBIX (hoTOHOB (JIOD), cunbHO cTpamaromue OT
BHEIIIHUX CBETOBBIX CHTHAJIOB, YTO JEJAET COCYILECTBOBAHWE KBAHTOBBIX M KJIACCHUYECKUX CHUTHAJIOB
npobaemaruysbiM [2]. Tem He MeHee, Takas 3a/a4a sSIBISCTCS aKTyalbHOM, TaK KaK CO3[aHHe OTACIBHON
ONTHUYECKOW CETH, BBIJENIEHHOW HCKIIOYUTENbHO 110/ KBAaHTOBbIE CHUTHANBI, SIBJIAETCS CIMIIKOM
pecypco3aTpaTHbIM. TeXHOJOTUH MYJBTUIUIEKCUPOBAHHUS ONTHYECKUX CHUTHAJIOB TNPU3BAaHBI PEIIUTH
JaHHYIO po0JieMy, Ipeasiarasi HHCTPYMEHTHI 110 CBEICHHIO U Pa3BEICHHUIO ONTHYECKUX CUTHAJIOB B €TUHOM
BOJIOKHE.

1 - KBaHTOBLIA crHan no 1-oiA cepaueswnHe, OB 3m (10.07.2026) 2 - KBAHTOBLIA + CoOHanpaeneHHas knaccuka, OB 3m (17.07.2026)
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B nmanHoit paboTe paccmMaTpuBaeTCs KBAHTOBOE pacrpeiesieHre KIIFoUel yepe3 MHOTOCEPAIIEBUHHOE
BoJs10kHO (MCF) [3,4] 1 BIusiHUE KITACCUYECKUX CUTHAJIOB, TIEPEAaBACMBbIX 110 TOMY )K€ BOJIOKHY, Ha TAHHBII
nporecc. [TokazaHo, uTo naxke B 00pasue KOpoTKoii TuHuH (3 MeTpa), MepeKpPEeCTHBIE IIOMEXH OKa3bIBAIOT
3aMmeTHoe BiausHUE Ha npouecc KPK.

Ha pucynxke 1 mpoaeMOHCTpHUPOBaHBI pe3yIbTaThl T€HEpany ceKpeTHOTOo Kiroda (150 6510k0B) mpu
Pa3HBIX KOHPUTYpaIUsIX KIACCHYECKOTO CUTHATIA.

3aMeTHO, 4TO KJIACCHYEeCKUH CHTHall B JI000H KOHPUTYypaluHu BeJeT K YMEHBLICHUIO KOJINYECTBa
YCHEIIHBIX OJOKOB (OJIOKOB C TOJOXHUTETBHBIM YHCIOM OWT CEKpPEeTHOTO Kiroda). bomee moapoOHBIE
Pe3yIIbTaThI, OMMCaHKE SKCIIEPUMEHTa U aHAIIN3 OYIyT MpeCTaBlIeHBI B JOKIIAIE.
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Quantum key distribution (QKD) systems are used to generate cryptographic keys whose secrecy is
guaranteed by the laws [1]. One of the main challenges in integrating QKD systems into existing
infrastructure is the coexistence of attenuated laser pulses used for key generation (conventionally referred
to as quantum signals) with classical information signals (Internet, synchronization, etc.).
Quantum signals have an average intensity of <1 photon per pulse; therefore, single-photon detectors (SPDs)
are employed for their detection. These detectors are highly susceptible to external optical signals, making
the coexistence of quantum and classical signals problematic [2]. Nevertheless, this problem is relevant
because building a separate optical network dedicated solely to quantum signals would be too
resource-intensive. Optical multiplexing technologies are intended to address this issue by providing tools
for combining and separating optical signals within a single fiber.

In this work, we study quantum key distribution over a multicore fiber (MCF) [3,4] and the effect of
classical signals transmitted through the same fiber on this process. It is shown that even in a short-line
sample (3 meters), crosstalk has a noticeable impact on the QKD process.
Figure 1 presents the results of secret-key generation (150 blocks) under different configurations of the
classical signal.
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THAPOKCHANIATUTA HA IMAJIb KOPEHHBIX 3y00B KOPOBBI
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[oBpexxaenus 3yOHOH SMaIH SBIAIOTCS YaCTON MPUIMHON HAapyIIeHH 0OMeHa IEHTaIbHBIX TKAaHEeH,
YTO MPHUBOAMUT K PA3BUTHIO CTOMATOJOIMUYEeCKHX 3a0oneBaHuil. [loMCK U COBEPIICHCTBOBAHME AKTUBHBIX
KOMIIOHEHTOB 3yOHBIX MACT Il BOCCTAHOBJICHHUS SMajlil Ha PAaHHUX CTaausX €€ pa3pyLlIeHHs SBIACTCS
KIIOYEeBBHIM  HAmpaBlICHMEM  YCOBEPIICHCTBOBAHWS  IMONXOAOB B  MNPOQWIAKTHKE  KapHeca.
PacnpocTpaneHHOCTh aHHOHM MPOOJIEMbl CTHMYIHPYET cO3AaHue 0e30MacHbIX (HOpMYJ 3yOHBIX MACT C
LEJIBIO CHWKEHUSI HHBA3UBHOCTH JICUCHHS U YCKOPEHUS MPOLIECCOB PEMHUHEPATU3ALIUH.

Hnst oueHkn >PQPEKTHBHOCTH 3yOHOW MacThl MOTYT OBITh MPUMEHEHBI ONTHYECKHE METOJbI
HCCIICIOBaHUS, KOTOPBIC HAIILIH IIMPOKOE PAcpOCTPaHCHUE JJIs PEeIICHUs] OMOMEIUIIMHCKUX 3a1a4 [1,2].
Cpenu onTHYECKUX METOAOB HEPA3PYyLIAIOLINM ONEPAaTUBHBIM METOJOM aHaIn3a OMOOOBEKTOB SIBIISETCS
paMaHOBCKas CIHEKTPOCKONHMSA, KOTOpash MOXET ObIThb HCIOJb30BaHA JUIS OLIEHKU 3(PPEKTHUBHOCTH
MpUMEHEHHUS 3yOHBIX TACT.

Lenp paboThl — BO3MOXKHOCTH HPUMEHEHHE PAMAaHOBCKOW CIIEKTPOCKONHUH Ul OLEHKH BIMSHUS
MacThl HA OCHOBE NMPUPOIHOTO ajioreHHoro ruapoxkcuanaruta (I'AIl) Ha sManb KOpEeHHBIX 3y00B KOPOBBI.

B kauectBe OOBEKTOB HCCIIEOBAaHMH ObLTa HCIONB30BaHAa SMallb KOPEHHBIX 3yOOB KOPOBHI,
PacTOIOXKEHHBIX Ha YeNIIOCTH KOPOBHL. bbIo nccnenoBano 8 KopeHHbBIX 3y00B /10 U Iociie 00paboTKU dSMau
CMECBhIO Ha OCHOBE 3yOHOI1 macTel C jo0aBieHneM nopomika amtoresnoro ATl (15%), BbigeneHHOrO 13
IaU3HBIX YYACTKOB OCAPEHHOM KOCTH KOPOBBL. OOBEKTHI HCCIEIOBAHNH OBLIIH YCIOBHO pa3/iefieHbI Ha 2
rpymnisl: rpynmna 1 - 3Manb 3y00B KOpPoBBI /1o 00paboTku mactoi Ha ocHoBe Al (koHTpoNbHAS Tpymma),
rpynma 2 — 3Mainb 3y00B KOpPOBHI mocie 00padoTku mactoi Ha ocHoBe ATl

IloBepxHOCTH 3yOOB MEXaHMYECKM OYMINAJIM OT OPTraHMYECKHX 3arpsA3HEHHMH, HPOMBIBAIN
JTMCTUITMPOBaHHOMN BOJIOH, BRICYIIMBAIH Y NITH(OBAIN OJTYYEHHON CMECHIO B TeUeHHe | Jaca, mocje 4ero
MIPOMBIBAIM BOJOW, BRICYLIMBaiM. [laee perucTpupoBaiy paMaHOBCKHE CIEKTPHl SMald C HOMOLIBIO
CHELNAIN3UPOBAHHOIO SKCIEPHUMEHTAIBHOIO CTEH/A, BKIIIOYAIOLIET0 BBICOKOpa3pelaommi udpoBoit
cnekrpoMerp Shamrock sr-303i co BcTpoeHHO# oxnaxkaaemoinn kamepoit DV420A-OE (cmektpaibHbIiA
nuanason 200-1200 um), BonokoHHO-onTryeckuid 3081 RPB-785 mis cnexkrpockomuu KP, coBMemEnHbIit
¢ nazepHeiM Moayiem LuxxMaster LML-785.0RB-04 (mirHa BONHBI JTa3epHOro M3ITydeHUs - 785 HM U
MOIIHOCTBI0 m3nydeHus: 1o S00MBT). Ilocnenyromas o6paboTka MOTY4YEHHBIX PaMaHOBCKHX CIEKTPOB
MIPOBOIMIIACK B crienuann3upoBanHoi mporpamme RS-TOOL Ver 1.1.1, anroputm 00pabOTKH 1 TTOTYICHIS
HOPMAaJIN30BaHHBIX PAaMAaHOBCKHX CIIEKTPOB C BBHIYUTAHUEM (IyOPECLEHTHOW COCTaBIISIOLICH MOIPOOHO
onucan B pabore [3]. Ilocne nanHoi 00pabOTKM MOJTyYEeHHbIE CIEKTPHl AHAJTM3HPOBAIHUCH C TOMOIIBIO
XEMOMETPHYECKOTO aHAIIN3a, PEaIM30BaHHOTO B TOM JKe IporpamMmme.

IIpoBeneHHBIN CIIEKTPAIBHBIN aHAIU3 C UCIIOJIB30BAHUEM XEMOMETPUYECKUX IOJIXO0B IO3BOJIMUII
OTIPENENIUTh CIIEKTPAIbHBIE U3MEHEHUS B SMar 3y00B KOPOBBI MOCIIE HAHECEHHS HOBOM MAacThl HA OCHOBE
amtorennoro I'ATl, KOTOpbIE TPOSBIAIOTCS B M3MEHEHUH KAK MHHEPAIBHBIX COCTABJIAIOMMX ~428 cm™
(Symmetric stretching vibration of v2 PO4> (phosphate of HA)), ~960 cm™* (Symmetric stretching vibration
of vl PO4* (phosphate of HA) u cBsi3aHbI ¢ 3aMellleHHeM B-Tuna B ruipOKCHANIaTUTE, TAK U OPraHUYECKUX
KOMIIOHEHT BXOJSIMX B cocTaB sMau 3y6oB 620 cm* (C-C twisting mode of phenylalanine (proteins)),
850 cm? (associated with proline), 1250 cm™* (Amide 111 (N-H)), 1560 cmt (Amide 11), 1660 (Amide | (C = Q))).
JlaHHBIE N3MEHEHNUS, O-BUIUMOMY, 00yCIIOBJIEHB pEMHHEPATU3ALMEH 1 BOCCTAHOBJICHHEM MUKPOTPEILIUH
sMaii 3y0OB KOPOBBI IIPY UCIIOIB30BAHMH NACTHI HA OCHOBE ayutoreHHoro I'AIl.

Ilonmy4yeHHble pe3ynbTaThl MCCIEJOBAHUM MOKAa3bIBAOT BO3MOXKHOCTh IPUMEHEHHs PaMaHOBCKOMN
CIIEKTPOCKONHHU B JOKIMHUYECKUX HCIIBITAHUAX HOBOH mactel Ha ocHoBe I'All ¢ ucnonp3oBaHueM 3y0oB
YeJoBeKa.
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Damage to tooth enamel is a common cause of metabolic disorders in dental tissues, leading to the
development of dental diseases. The search for and improvement of active components in toothpastes for
enamel restoration at the early stages of its destruction is a key area for improving approaches to caries
prevention. The prevalence of this problem stimulates the development of safe toothpaste formulas to reduce
treatment invasiveness and accelerate remineralization processes.

Optical research methods, which have found widespread use in biomedical applications [1, 2], can be
used to evaluate toothpaste effectiveness. Among these optical methods, Raman spectroscopy is a non-
destructive, operational method for analyzing biological objects, which can be used to evaluate the
effectiveness of toothpastes.

The aim of this study was to explore the potential of using Raman spectroscopy to evaluate the effect
of a toothpaste based on natural allogeneic hydroxyapatite (HAP) on the enamel of bovine molars.

The study subjects were the enamel of bovine molars located on the jaw. Eight molars were examined
before and after enamel treatment with a toothpaste-based mixture supplemented with 15% allogeneic HAP
powder isolated from the diaphyseal sections of a bovine femur. The study subjects were divided into two
groups: Group 1 — cow tooth enamel before treatment with a HA-based paste (control group); Group 2 —
cow tooth enamel after treatment with a HA-based paste.

The tooth surfaces were mechanically cleaned of organic contaminants, rinsed with distilled water,
dried, and polished with the resulting mixture for 1 hour, then rinsed with water and dried. Raman spectra
of the enamel were then recorded using a specialized experimental setup, including a Shamrock sr-303i
high-resolution digital spectrometer with a built-in DV420A-OE cooled chamber (spectral range 200-1200
nm) and an RPB-785 fiber-optic probe for Raman spectroscopy, coupled with a LuxxMaster LML-785.0RB-
04 laser module (laser wavelength 785 nm, output power up to 500 mW). Subsequent processing of the
obtained Raman spectra was performed using the specialized program RS-TOOL Ver 1.1.1. The algorithm
for processing and obtaining normalized Raman spectra with subtraction of the fluorescent component is
described in detail in [3]. Following this processing, the obtained spectra were analyzed using chemometric
analysis implemented in the same program. The spectral analysis carried out using chemometric approaches
allowed us to determine the spectral changes in the enamel of cow teeth after applying a new paste based
on allogeneic HA, which are manifested in changes in both mineral components ~428 cm-1 (Symmetric
stretching vibration of v2 PO43- (phosphate of HA)), ~960 cm-1 (Symmetric stretching vibration of v1
PO43- (phosphate of HA) and are associated with the B-type substitution in hydroxyapatite, and organic
components included in the composition of tooth enamel 620 cm-1 (C-C twisting mode of phenylalanine
(proteins)), 850 cm-1 (associated with proline), 1250 cm-1 (Amide 111 (N-H)), 1560 cm-1 (Amide 11), 1660
(Amide | (C = 0))). These changes are likely due to remineralization and restoration of microcracks in cow
tooth enamel when using a toothpaste based on allogeneic HAp.

These study results demonstrate the potential for using Raman spectroscopy in preclinical trials of a
new HAp-based toothpaste using human teeth.
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TpaauMoHHO reHepaToOpbl BHICOKOBOJIBTHBIX HAHOCEKYHIHBIX UMITYJIBCOB CTPOSATCS HA JAMIIOBBIX
WA TUPATPOHHBIX KOMMYTaTOPaXx.

B Hacrosiee Bpemst IpoucXoAnuT OBICTPBIN Iporpecc B 001aCTH CO3AaHUSI T€HEPaTOPOB HA OCHOBE
ucnonb3oBanuas MOSFET u IGBT Tpan3ucropos, a Takxke JHOAOB yAapHOH MOHM3ALUEH U Aper(OBBIX
IMOMIOB C PE3KMM BOCCTaHOBIEHHMEM [1].

B nmamHOW paboTe TPOAEMOHCTPHPOBAH BBHICOKOBONBTHBI M BBICOKOYACTOTHBIA TEHEpPATOP
HAHOCEKYH/IHBIX UMITYJIbCOB HA OCHOBE KapOua KpeMHueBbIX TpaH3ucTopos (SiC) u apeiihoBbIX 1HOIOB C
PE3KUM BOCCTaHOBIIEHHEM. [ 'eHepaTop BbIpadaThIBAET UMITYJILCHI JUIUTENHFHOCTRIO 20 HC, aMIUTUTYAOH 10
12 kB u yactoToii cnegoBanust UMIyJabcoB 10 1 MI' B uMIyJibCHO-IEpUOANYECKOM pexume. [IpoBeneHs
MCCIIC/IOBAHUSI IO 3aMEHE BBICOKOYACTOTHOrO TMOKUra B paboTax [2,3] Ha BBICOKOBOJBTHBIH H
BBICOKOYACTOTHBIN TreHepaTop HAHOCEKYHTHBIX UMITYJILCOB.
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High-voltage and high-frequency nanosecond pulse generator

* Valshin A. M.
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Traditionally, high-voltage nanosecond pulse generators are built on tube or thyratron 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].

In this paper, a high-voltage and high-frequency nanosecond pulse generator based on silicon carbide
transistors (SiC) and drift diodes with abrupt reduction is demonstrated. The generator generates pulses with
a duration of 20 ns, an amplitude of up to 12 kV and a pulse repetition rate of up to 1 MHz in a pulse-
periodic mode. Studies have been conducted to replace high-frequency ignition in [2,3] with a high-voltage
and high-frequency nanosecond pulse generator.
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BbICOKOYACTOTHBIN MOMKAT M PACKAYKA JAMI-BCIBIIIEK JJI5 TBEPAOTEIbHBIX
JIa3epoB B HMIYJIbCHO-TIEPHOIUYECKOM pPeKnMe

“Baasmun A. M., A63aiamios /1. A.

Yumcruii ynusepcumem nayxu u mexrnonozuti, 450076, Poccus, 2. Y¢ha, ya. 3axu Banuou 32
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OnHoli M3 aKTyalbHBIX MPOOJEeM (HU3MKH Ta30BBIX Pa3psAloB SBISETCS MOUCK HOBBIX CIOCOOOB
BO30YKJICHHUS aKTHBHBIX CPE/I.

BonpmmHCTBO WccenoBareneil WCMONB3YIOT MPOMBIIUIEHHBIE TeHepatopbl BY komeGanwid wimu
AMITyJIbCHBIA ~ MHAYKIHAOHHBIN crmoco0 Bo30yxaeHus. OCOOEHHOCTBIO 3a)XKUTAaHUS HMITYIHCHOTO
WHAYKIMOHHOTO pa3psijia B MHEPTHBIX Ta3ax COCTOUT B TOM, YTO KoJeOaTeIbHBIH MpOLECC SBISETCS
3aTyXalomIiM.

B nmamHOW paboTe TPOBOMATCS MCCIEAOBAHUS TIPOIECCOB BO3HUKHOBEHHS U Pa3BUTHA
ra3opaspsiiHbIX ~ MPOLIECCOB C  MMOMOIIbIO  TPAH3UCTOPHBIX  BBICOKOYACTOTHBIX  T'€HEPAaTOpPOB
nepecTpanBaeMoll 4acTOThl, pabOTAIOMIUX B HUMITYJIBCHO-TIEPHOANYECKOM PEXKHUME C PEryIupyemMoi
JUTATETHHOCTHIO W YaCTOTHI CIIEIOBAHHUS MAYKH UMIYJIHCOB B MIMPOKOM JHAMa30HE. DKCIePUMEHTAITBHASL
YCTaHOBKA COCTOWT W3 TPAH3UCTOPHOTO BBICOKOYACTOTHOTO T€HEPAaTOpa CHHYCOUAATBHBIX KOJICOaHWH,
Onaronapsi MaJIoMy BBIXOJTHOMY COTNPOTHBIICHHIO HETIOCPEICTBEHHO MOAKIIOYACTCS B OCIEI0BATEIBHBIN
KOJIeOaTeNbHBIH KOHTYpP 0€3 HEe0OXOAMMOCTH B COTIIACYIOIIEM yCTPOUCTBE.

B pabote mpoBemeHB HCCIETOBAaHUS TPOIECCOB BO3HWKHOBEHHUS W PA3BUTHS Ta30pa3psaHBIX
npoueccoB. [IpoaeMOHCTprUpOBaHa BO3MOKHOCTD MOTy4EHHUS KaK OJTHOCTPUMEPHOI0 KaHaja pa3psaaa, Tak
¥ MHOTOCTPUMEPHOT'0 KaHaya pa3ps/a.
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High-frequency ignition and rocking of flash lamps for solid-state lasers in pulse-
periodic mode

* Valshin A. M., Abzalilov D. A.
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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 discharge 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 without 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 channel and a multi-dimensional discharge
channel is demonstrated.
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Jedopmanusi CieKTPOB M3JIy4YeHUs] B UMITYJIbCHBIX JIAMIAX JJ5l TBEPAOTEJIbHbIX
JIa3epoB NMPHU BbICOKOYACTOTHON HaKaYKe
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Hakauka OonpInX Na3epHBIX KOMILIEKCOB OCYIIECTBISIETCS TOJIBKO IHMIMHAPUYECKUMH JIaMITaMHU
BCIIBIIIKAMHU C TIOMOIIBIO TPAIUIIMOHHON eMKOCTHOW Hakadkd. [Ipu 3ToM 3(h(heKTHBHOCTD TaKOW HAKAUKH
HE MPEBBIIIACT JOIH IPOLIEHTOB.

B pab6otax [1,2] 6110 MPOIEMOHCTPUPOBAHO 3-KpAaTHOE CHUYKEHHE TIOpOTra FeHepaIui U 2-KpaTHOES
nossimenue KITJI Nd3+:YAG nasepa npu BHICOKOYAaCTOTHOM HAaKauKe.

Lenpto nanHOi pabOTHI SBISIETCS UCCienoBaHUE Ae(OpMalKU CIEKTPOB M3IYUYECHHUH MiIasMbl Ipu
BBICOKOYACTOTHOW HAaKayke. OKCIEPUMEHTHl MNPOJEMOHCTPUPOBANM, YTO B JaMIlaX, 3allOJHEHHBIX
KPHUIITOHOM, TP BBICOKOYACTOTHON HaKaydKe CIUIOIIHON CIIEKTP M3MYyUYEHHUS CYILIECTBEHHO OCTIa0ISIFOTCS 110
OTHOUICHUIO K TPaJUIMOHHOW Hakayke, B TO BpeMs KaK, WHTEHCHBHOCTh IJIMHEHYAaTOrO CIIEKTpa
YBEJIIMUMBACTCA. A B JaMIlaX, 3alOJHEHHBIX KCEHOHOM CYILECTBEHHBIX H3MEHEHHH HE HPOHMCXOAUT
HE3aBUCHMO OT METOAOB HaKaukW. TakuM oOpa3oM, IPHU BBHICOKOUACTOTHOH HAaKayKe MPEANOYTHTEIHHO
WCTIONB30BaTh B KAYECTBE JIAMITBl HAKAYKH KPUIITOHOBYIO JIAMITY MO CPaBHEHHIO C KCEHOHOBOW JIAMIIOH.
OTO B CBOK OYEpeab MOXKET MPUBECTU K cymecTBeHHOMY yBennueHuro KIIJ[ TBepmoTensHOro ja3epa Ha
rpaHare IpH BEICOKOYACTOTHOM IOPKUTE M BBICOKOYACTOTHON pacKauke.
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Deformation of radiation spectra in pulsed lamps for solid-state lasers under 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
Nd3+:YAG laser under high-frequency pumping were demonstrated.

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 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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TBepaoTebHbIH J1a3ep HA rPaHaTe ¢ THOPUIHON HAKAYKOMI
“Baabmun A. M., A63aamios /1. A.
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Panee nHamu ObUT0 TOKa3aHO yBenHueHHE 3()(HEKTUBHOCTH CBETOOTAAYH U H3MEHEHHE () (PEKTHBHOTO
KaHaJla paspsiia B ra3opaspsIHbIX JIaMIax IIpH Hepexofie OT TPaJULMOHHOM MMITYJIbCHOH HAaKayKd K
BBICOKOYACTOTHOW HaKadKe, a TaKoKe ObLIO IIPOAEMOHCTPUPOBAHO 3-KPaTHOE CHI)KEHHUE IIOPOra reHepauu
u 2-xpatHoe nossimenre KITJI Nd*+:YAG nasepa npu BHICOKOYACTOTHOM Hakauke [1,2].

Hamu npeanaraercs Mcronb30BaTh METOJ THOPUOHON HAKauykW AJIS1 JAJIBHEHMIIEro MOBBILICHUS
3¢ dexTUBHOCTH Jla3epa Ha rpaHate. Ha mepBoM 3Tame HakadkW JiaMIa MOIKUTAETCS T'€HEpaTOpOM
BBICOKOBOJIbTHBIX ~ HAHOCEKYHJHBIX HMITYyJbCOB, Jajieeé TIOCle TMOJUKHra JIaMIBl  BKIIOYAETCS
BBICOKOYACTOTHAsI pacKauka-po3KUT KaHala paspsga ¢ TOCIEAYIOMIUM pa3psaoM TpaaulMOHHOM
€MKOCTHOM HaKauKH.

I'enepaTtop HAHOCEKYHIHBIX HMIIYJICOB BBIPA0ATHIBAET IMAUKy OMIIOJNSPHBIX HMILYJIbCOB
HAHOCEKYHAHOU JTUTEIHHOCTH JJIsl MTOJDKUTA JIaMIIbl, 2 BRICOKOYACTOTHBIN TeHEepaTop ImepecTpanBacMon
YacTOThl CIYXKMT Ul YIIUPEHWs KaHajla paspsga M YMCHbBLICHUS HMIIEJaHca IUla3Mbl B Jamne. B
JanbHEHIIeM MPOUCXOAUT pa3psia TPAAULIUOHHON EMKOCTHOM HaKauKu.

B noknazne Oyner mpenacrtaBieHo paboTa Jiazepa Ha rpaHare ¢ THOpUIHON Hakaukou. Takxke OymyT
MpeCTaBJICHBI MOJyYEHHBIC 3aBUCUMOCTH NTAPAMETPOB U3TYUYCHHUS OT HAKAUKHU ITPH Pa3HbBIX [UINTEIBHOCTIX
Y MOIIHOCTSIX UMIYJbCOB BU reHepatopoB U €eMKOCTHON HAKAYKU.
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Hybrid-pumped solid-state garnet laser
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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 demonstrated a 3-fold decrease in the generation threshold and a 2-fold
increase in the efficiency of the Nd3+:YAG laser during high-frequency pumping [1,2].

We propose to use the hybrid pumping method to further enhance the effectiveness 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 durations and powers of RF generators
and capacitive pumping will also be presented.
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KonTtponpe mapameTpoB a’po30JbHBIX BBIOPOCOB SIBIISIETCS akTyanbHOW 3amayeid [1]. Haumbonee
MOAXOJAIIMMH JUIS KOHTPOJISI TApaMETPOB a3po30Jieil B pealbHOM BPEMEHH SBISAIOTCS METO/BI JIa3€PHOTO
30HAUpoBaHus. JIngapHbple METOIbI TO3BOMSAIOT IUCTAHIMOHHO U3MEPSATh NapaMeTPhl a3pO30JIbHBIX YaCTHI]
B atMocepe [2].

Co3znanrie TepeHOCHOM MOJenH a3po30JbHOTO JIKjAapa IMO3BOJISIET OTKA3aThCsl OT YCTAHOBKU Ha
KK FICTOYHUK BEIOPOCOB CBOE aBTOHOMHOE yCTPOWCTBO, IPOBOJIS (PaKTHIECKH OJTHUM YCTPONCTBOM
KOHTPOJIb OJHOBPEMEHHO HECKOIFKO, ONM3KHX II0 CBOMM XapaKTePHUCTHKAM HMCTOYHHKOB BBIOPOCOB,
pacmpuTh 001acTh M TOBBICHTH YAOOCTBO MPHUMEHEHHWS AWCTAHIIMOHHOTO 30HAMPOBAHHS 3a CHYET
COKpaIlleHHs Macchl U TabapruTOB YCTPOICTBA, COKPATHTh SKOHOMHUECKUE U3ICPIKKH 33 CUET YMEHBIICHHS
KOJIMYECTBA COCTABHBIX 3JIEMEHTOB yCTpoicTBa. COKpalleHUE YKciia MEePEelaolinX JTa3epHOe U3IIyUCHHUE
3JIEMEHTOB BEJIET K YMEHBIIEHHUIO TOTEPh U3TYUESHUS, YIPOILEHUIO FOCTUPOBKH YCTPOMCTBA U YMEHBILIEHUIO
MOrPEIIHOCTEM, CBA3AHHBIX C Pa3bIOCTUPOBKON ONTUYECKUX 3JIEMEHTOB. [ [puMeHeHne cucTeMsl TIBOMHOTO
CUHXPOHHOIO JETEKTUPOBAHUSA IO3BOJSET MOBBICHUTh UYyBCTBUTEIBHOCTH M TOYHOCTb HU3MEPEHUS MpHU
00paboTKe cuTHala 3a CUET CHIKEHISI OTHOIICHHUS TI0JIE3HOTO CUTHAJA K IITyMY.

Takum 00pa3om, MEPEHOCHOW a3PO30JIbHBIN IHap, 00J1a1as yMEHbIIICHHBIMU ra0apuTaMy U MacCo,
[03BOJISIET OCYLIECTBIIATh TUCTAHUMOHHOE 30HAUPOBAHUE C OBBIIIEHHON TOYHOCTHIO.
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Portable aerosol lidar
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The monitoring the parameters of aerosol emissions is a major task [1]. Laser sensing methods are
the most suitable for monitoring aerosol parameters in real time. Lidar methods allow remote measurement
of aerosol particle parameters in the atmosphere [2].

The creation of a portable aerosol lidar model makes it possible to eliminate the installation of an
autonomous device on each emission source, effectively monitoring several similar emission sources
simultaneously with one device, expand the scope and improve the usability 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 alignment 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 sensitivity and
accuracy of measurement during signal processing by reducing the ratio of the useful signal to noise. Thus,
the portable aerosol lidar, having reduced dimensions and weight, allows remote sensing with increased
accuracy.
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Meron auddepeHInanpHOr0 OCIIa0ICHUS OCHOBAH Ha pPEIICHWH OOpaTHOW 3amadd Ja3epHOTO
3oHAMpoBaHuA [1]. @u3nveckas MOAENs METOJa OCHOBaHAa Ha B3aMMOJEWCTBHH MOHOXPOMAaTHYIECKOTO
U3JTY4eHUs C TOMHAUCIIEPCHOM cpefoil mo Teopuu Mu [2] U coXxpaHeHUs] HHBAPHAHTHOCTU yCPETHEHHOTO
(hakTopa 3(pPeKTHBHOCTH OCIIa0IIeHNsT OTHOCUTENBHO B (PYHKIINM pacTpeAeNieH s YaCTHIl TI0 pa3Mepam
[1, 3]. Cpenuuii 00BEMHO-TIOBEPXHOCTHBIA JHAMETP a’dPO30JbHBIX YacTHIl O3 OMpeAeNnseTcs MyTeM
HU3MCPCHUA ONTUYECKOM TNIOTHOCTH HCCICAYEMOIr'0 a3p030Jid Ha HECKOJIBKUX NJIMHAX BOJH WU BBIYUCICHUA
YCPEIHECHHBIX (haKTOpOB 3()(PEKTUBHOCTH OCHAOJICHUS JIJIs 3TUX JUIMH BOJIH. OTHOIICHHWE M3MEPEHHBIX
ONITUYECKUX IJIOTHOCTEH Ha ABYX AJMWHAX BOJH PABHO OTHOIIEHHUIO PACCUYMTAHHBIX yCPEAHEHHBIX (DaKTOPOB
3G GEKTHBHOCTH OCIabNIeHNs ¥ BEIpakaeT QyHKIMIO CpeiHero pazmepa yactul [1]

T, /T,lj = a(x,/li,m) /a(x, Aj,m) = F;j(d3;) , IpuYeM Juanas’oH HM3MEPEHHMH CPEIHHMX pa3MepOB
YaCTHII ONPEIEeIIIETCS JITMHAME BOJH 30HAUPYIOMIET0 U3MydeHus. [[iist perenns 3a1aqi BOCCTAHOBIICHUS
(YHKIWU pacnpeaereHus a3p030JIbHBIX YaCTHII 110 Pa3MepaM U U3MEPEHUs X KOHIICHTPaIlluK pa3padoTaHa
SKCIIEPUMEHTAIbHAS JIa3epHasl CHCTeMa Ha OCHOBE MOHOCTATHYECKOTro Imaapa nuddepeHnnaibHoro
ocnmabneHus u paccesHus Mu. Uepe3 moTok a’po30iis, chOpMUPOBAHHBIN TTPH UMITyTECHOW HHKEKITUN Ha
BBIXO/I€ Ta30X0/Ia U POXOSIIUI MEePIECHANKYIISPHO Ja3epHOMY JIyqy, MPOMYCKAIUCH TPH JIy4a JIa3epoB C
JmunHamMu BoJtH 405, 650 u 1064 HM, koTopbIe B cxeMe TudepeHIMATBHOTO 0CIa0JICHUs HAIPABIISLUIUCH Ha
onvH (OTOMPHUEMHHUK OCIa0JIeHHsT CO CBOEH cxeMoil 00paboTku curHanma. M3MepeHHBIE CHUTHAIBI
ocnabieHus TTO3BOJISIOT PaCcCUUTATh CPEIHUA 00BEMHO-TIOBEPXHOCTHBIA JHAMETP a3pPO30JIbHBIX YaCTHI]
nemMeHnTa. CUTHANBI ¢ BBIX0/1a OTONPUEMHHKA PETHCTPUPOBAITUCH CUCTEMO cOopa JaHHBIX, padoTaroIIeH
na muauu ¢ 11K [3, 4], paGoraromux Ha vactorax 5 -+ 10° T'u. DKCepuMEHTaIbHO W3MEPEHHBIM ITUM
JInaapoM OTHOIICHHUAM OINTHYCCKUX IJIOTHOCTEN COITOCTABJIEHO pacCUNTaHHBIC OTHOLMICHUA YCPCAHCHHBIX
(hakTopoB >PPEKTUBHOCTH OCIAONCHUS, a MO TpauKy 3TOW 3aBHCHMOCTH BUIHO, YTO pacueTHOE M
OKCIIEPUMECHTAJIIbHOC OTHOWICHUA COBIAAAlOT B IMpcaciiax Hamen IMOrp€uIHOCTH. ITo HU3MCPCHHOMY
OTHOIICHUIO ONTHYECKUX IUIOTHOCTeW OBLJIO HAi/IeHO OTHOIICHWE YCpPEeAHEHHBIX (hakTopoB
3¢ EeKTUBHOCTH OCTa0JICHHUS U ONpe/ie/icHa BearnyrHa 03).

Takum oOpa3om, pa3paOOTaHHBIA SKCIEPUMEHTABHBIA JHAAP TO3BOJISET H3MEPATh B PEalbHOM
BPEMEHHU CUTHAIBI Ocia0NeHUs] Ja3epHOr0 HM3IY4YeHHs] W PACCUUTHIBATH MO M3MEPEHHBIM CHTHajlam
octabJIeHust CpeIHuiA 00bEMHO-TIOBEPXHOCTHBIN THaMETpP a3p030JIbHBIX dacTHil O3y [3].
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Studies of aerosol flows by lidar differential attenuation
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The differential attenuation method is based on solving the inverse problem of laser sensing [1]. The
physical model of the method is based on the interaction of monochromatic radiation with a polydisperse
medium according to the Mie theory [2] and the preservation of the invariance 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 optical density of the aerosol under study
at several wavelengths and calculating the average factors the attenuation efficiency 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] 1, /T =

Q(x, 4, m)/Q(x,4;,m) = F;(ds;), and the measurement range of average particle sizes is determined by the
wavelengths of the probing radiation. To solve the problem of restoring the size distribution function of
aerosol particles and measuring their concentration, an experimental laser system based on a monostatic
lidar of differential attenuation and Mie scattering has been developed. Three laser beams with wavelengths
of 405, 650, and 1064 nm were passed through the aerosol stream formed by pulsed injection at the outlet
of the flue and passing perpendicular to the laser beam, which were directed in a differential attenuation
circuit to one attenuation photodetector with its own signal processing circuit. The measured attenuation
signals make it possible to calculate the average volume-surface diameter of aerosol cement particles. The
signals from the photodetector output were recorded by a data acquisition system operating on a line with
PC [3, 4] operating at frequencies of 5-10° Hz. The ratios experimentally measured by this lidar are
compared with the calculated ratios, and the graph of this dependence shows that the calculated ratio and
the experimental ratio coincide within our experimental error. Based on the measured ratio of optical
densities, the ratio of the average attenuation efficiency factors was found and the value of ds; was
determined.

Thus, the developed experimental lidar makes it possible to measure the attenuation signals of laser
radiation in real time and calculate the average volume-surface diameter of aerosol particles ds, from the
measured attenuation signals [3].
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[To Mepe pa3BUTHSI 1a3€PHBIX TEXHOIOTUH OTKPBHIBAIOTCS HOBBIE, IOAYAC HEOKUAAHHBIE Chephl HX
npuMeHeHnsA. K uX 4ucily ¢ MONHBIM IPAaBOM MOXHO OTHECTH JIa3€pPHYIO JKHBONMCH. B 1mokmane
NIPEACTABICH BIEPBbIE MPEIUIOKEHHBI W pa3pabOTaHHBIA METON M WHCTPYMEHT MJsl CO3MaHUS
MIOJIHOLIBETHOM XYJI0KECTBEHHOM MUHHUATIOpbI. [IpemyioskeH bl py4YHOH Ja3epHbIl HHCTPYMEHT B pyKe
XYJOKHUKA TI03BOJIMII BIIEPBBIE PHCOBAaTh MHOTOLBETHBIE XYIOXKECTBEHHBIE KOMIIO3MLIMH. B moxmane
o0cyxnatoTcs (U3NUECKUue NPUHLUIBI MPEIOKEHHOTO METOAa Ja3epHOM <« OKHUBONKCH», NPHUBEICHA
KOHCTPYKIUS JIa3€pHOM «KHCTH», a TaKXe JaHbl NMPUMEPHl MEPBBIX XYyI0’KECTBEHHBIX MPOU3BEACHUM,
CO3/IaHHBIX Ha OCHOBE 3TOT0 HOBOTO MOJAX0/a.

MeTo OCHOBaH Ha ABICHHH JIOKAIBHOTO JA3€PHOT0 OKUCIEHUS METAJUIOB, YTO NTO3BOJIET CO3AaBaTh
OKHCJICHHBIC YYaCTKU YIPaBIIeMOld MHTEP()EPEHIMOHHON TONIIMHBEI U KOH(QUTypaluyd Ha MOBEPXHOCTH,
codeTaHHe KOTOPBIX 00pa3yeT LBETHOEe M300pakeHHe. LIBeT pa3muuHBIX YYaCTKOB MOBEPXHOCTH B 3TOM
Ipolecce OnpenesnsieTcs NpUpoaoil MeTaia, oKpysKaromeil arMochepbl ¥ TOMMMHONW 00pa30BaBILEroCs
OKCHJIa, KOTOpas, B CBOIO OYEPE/lb, ONPENENIETCS TEMIIEPATYPON TOBEPXHOCTH U BPEMEHEM BO3JIEHCTBUS:

L[ ~ hok ~ T(q) x t,

riae I — mabmromaeMblii 1iBeT 00pabOTAHHOTO y4acTka, hok — ToJIuHa OKCHaHOTO ¢ios, T(q) —
TeMmIeparypa, 10 KOTOpOM HarpeBaeTcsl MOBEPXHOCThb, KaK (DYHKUHMS IUIOTHOCTH MOLIHOCTH JIa3€pHOTO
n3iydeHus g, t — Bpems BO3JECHCTBUS.

IIpencraBneHHbll TOAXOJ ABISETCA NAJBHEUIIMM pa3BUTUEM METOAA UBETHOM Ja3epHOM
mapkupoBku. Korma B MHcTutyTe nasepHeix TexHojoruid Yuuepcureta UTMO Obuta mokaszaHa
BO3MOXHOCTb HE TOJIBKO 3allUCH LBETHBIX HM300paK€HHH, HO TaKKe NPOrpaMMHOM W ammapaTHON
KOPPEKTHPOBKH WX 11BETa ¥ GOPMBI (PETYIIIH) BILIOTH JI0 MOTHOTO MPE0Opa30BaHus dJIEMEHTa H300pasKeHUS
B JIpYroi, ¥ OJHOTO cTUpaHus (mepe3anucu nzodpaxenus), [1], ctano sICHO, 4TO 3TOT METOJ FOTOB JIJIs
€ro NMpUMEHEHHs B XyJOKECTBEHHOM mpaktuke. K ToMy e, B 3TO e camoe BpeMsi Macco-rabapuTHbIE
XapaKTepUCTUKH BOJOKOHHBIX JIa3€pOB CYHIECTBEHHO YMEHBIIMJIINCH, U OCTaBaJIOCh «TOJBKO» CO3/1aTh
PYYHOI MHCTPYMEHT — «IIEPO» WIIM «KUCTh» XyAOKHHKA. B pe3yibTare coapykecTBa ¢ COTpyIHUKAMU
OO0 «Jlazepnsiii nentp» B Cankr-IleTepOypre Takoi J1a3epHbIi MHCTPYMEHT OBLI CO3[aH Ha OCHOBE
BOJIOKOHHOT'O HTTEPOMEBOTO J1a3epa HEMPEPHIBHOTO ACHCTBUS MOMTHOCTHIO 70 20 BT, [2]. Mcnons3yembrii
OOBIYHO /TSI Ta3ePHON MapKUPOBKH MUMITYJILCHBIN Jla3ep HAHOCEKYHIHOW JITUTEIBHOCTH HE MOIXOIUT IS
33/1a4 «pPY4YHOrO» PHCOBAaHUS H3-3a CHJIBHOTO OTPAXEHHA METAIUIMYECKOW MMIIEHHM — «XOJCTa» W
caMOBO30Yy>KAE€HHUSI aKTUBHOW cperpl. I[Ipy KOHCTPYMpPOBAHUU JIA3€PHOM «KUCTH» OBUIM TaKKe yUYTEHBI
TpeOoBaHUs 0E30MACHOCTH M APTOHOMUYECKHE COOOpasKeHHS — YTOJI HAKJIOHA | JIp.

PyuHoli a3epHbIil HTHCTPYMEHT — Ja3epHasi KKUCTb», B pyKe XyA0KHUKA (puc. 1) MO3BOIMI BIIEPBBIE
HapUCOBaTh CIOXKETHBIE M OpHAMEHTaJbHblE KoMmo3uuuu (puc. 2). B npoxnage Oosee monpoOHO
00CyXIAt0TCS PU3MUECKHE IPUHITUITBI ¥ TIOJIXO/IbI TAKOH JIA3€PHON «OKUBOIIHCHY, IPUBEICHA KOHCTPYKITHSI
JIA3ePHON KUCTH U MIEPBbIE IPUMEPHI XYI0KECTBEHHBIX N300paKCHHH, CO3JaHHbBIE C TIOMOIILIO 3TOH HOBOU
TEXHUKH M TexHojoruu. OOCYXKOAroTcs TakKe HalpaBiCHUS AalbHEHIIET0 pa3sBUTHS M MPOOJIEMbI
CO3/IaHNUS HOBBIX JIA3€PHBIX» KPACOK, XOJCTOB M APYrOro HHCTPYMEHTAPHSI XYJOXKHHUKA.

b

Puc. 1. Cxema nasepnoui «kucmuy 8 pyke Xy00diCHUKA. Puc. 2. «Ilonyzaii 6 mponuyeckom necyy,
asmop Anacmacus Moposzosa. Mamepuan - mumanosas naacmuna, 10x10 cm.

ABTopBI 6narogapsT Bcex cotpyanuko UnctutyTa Jlazepusix Texnonoruit Yuausepcurera U”TMO.
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Laser painting — the beginning
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As laser technology advances, new, often unexpected, applications are opening up. This report
presents the first proposed and developed method and tool for creating full-color artistic miniatures. The
method is based on the phenomenon of local laser oxidation of metals under the influence of laser radiation
and allows the creation of zones of spatially controlled interference thickness and shape, the combination of
which forms a color optical image. The proposed hand-held laser tool, in the artist's hand, enabled the first
multicolor artistic compositions. The report discusses the physical principles of the proposed laser "painting"
method, describes the design of the laser "brush,” and provides examples of the first works of art created
using this new approach.

References

1. Veiko, V. P. Production of laser art miniatures using localized oxidation of metals / V. K. Luong,
S. G. Gornyi, Y. M. Andreeva, D. S. Lutoshina, G. V. Odintsova // Journal of Optical Technology. — 2020.
— Ne. 87. — P. 633-637. — DOI:10.1364/JOT.87.000633.

2. Veiko, V. P. Laser paintbrush as a tool for modern art/ Y. Andreeva, L.Van Cuong, D. Lutoshina,
D. Polyakov, D. Sinev, V. Mikhailovskii, Y. R. Kolobov, G. Odintsova // Optica. — 2021. — Vol. 8. — Ne,
5.— P. 577-585. — DOI: 10.1364/OPTICA.420074.

JINT-2026 35



VK 629.5.06:621.43.055
I'PHTH 73.34.01
BAK 2.5.20

TexHuko-3xoHOMUYecKasi 3G PeKTUBHOCTH MPUMEHEHH S AICOPOIUMOHHBIX
CKpY00epoB /11 OYHCTKH OTPA0OTABIINX ra30B CyI0BBIX ABUraTe/Iei
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CoBpeMeHHOE CyIOXOJCTBO HCIIBITHIBAET CHIIBHOE ABJICHHE M3-32 Y)KECTOUCHUS MEKITYHAPOAHOTO
9KOJIOTMYECKOTO 3aKoHoAaTenbcTBa. B wactHocth, Ilpunoxenme VI k xonsennuu MAPIIOJI
OTPaHUYMBAET COJlepKaHNe OKCHAOB cephl (SOX) B BBIXJIOMHBIX Ta3ax cynoB. Ceiiuac B 30HaX KOHTPOJISL
BbIOpocoB (ECA) conepxanue cepbl B TOIUIMBE He JoykHO mpebimats 0,1%, a ¢ 2020 roga nedcTByer
obmemupoBoi npenen B 0,5%. M3-3a 3T0ro cy0oBJIaACIbIbI BBIHYKICHBI HCKaTh HEIOPOTUE CIIOCOOBDI,
9YTOOBI COOTBETCTBOBATH HOBBIM CTaHAApTaM. ECTh TpU OCHOBHBIX BapHaHTa PELICHMA: HCIOIb30BATh
TOILTUBO C HU3KUM cofepxanueM cepbl (MGO), ycTaHOBUTH CKpyOOepHl WM MEeperTH Ha APYTHE BUIBI
TOILINBA, HATIPUMEP, CXKMKeHHbIH nprupoaubli ra3 (CIIIN). OqHako Bce 3TH BapraHTHI CBSI3aHBI C OOJIBIIMMHU
3arparamu. VccnenoBaHus IOKa3bIBAIOT, YTO YCTAHOBKA CKPYyOOEpOB TpeOyeT KPYMHBIX MEPBOHAYAIBHBIX
BJIO>KEHUH, a ucnonbs3oBanue CIII' mpUBOAMUT K BBICOKUM AKCILTyaTallMOHHBIM PacxolaM M 3aTpaTaM Ha
nepeobopynoBanue cyqHa. OCOOEHHO CIIOXKHAsi CUTyallUsl y CyJOB CMELIAHHOTO IUIaBaHUs (peka-mMope).
U3-3a ocobeHHOCTEH KOHCTPYKIIMM, HEXBAaTKM MecTa JAjsl 00OpYyJIOBaHMs M CHENU(UUECKUX YCIOBHMA
paboTHI, HCTIONTF30BaHNE OOBIYHBIX TPOMO3AKUX CKPYyOOEpOB MOXKET OBITH CIOXHBIM HIIH HEBO3MOKHBIM.
[TosToMy pacTéT nHTEpEC K ANbTEPHATHBHBIM, TaK Ha3bIBAEMBIM CYXHM METOJaM OYMCTKH. {1 TOro 4ro
OBI COKpaTUTh pacxo[ Ha TOIUIMBO W COOTBETCTBOBATHL CTaHAAapTaM CyAOBJIAACIICI MOXCET YCTAHOBUTH
CKpyOOep ancopOLMOHHOrO «cyxoro» tuma. Takoe obopynoBaHue He TpeOyeT Tak MHOTO MecTa Kak
CKpyOOepa «MOKpOro» THIIa U HE TaK JOPOT0 CTOMT Kak «rasupukanus». PaccMorpeHa mpumepHas
CTOMMOCTh MOJW(HUKAIIMY Ha YCIIOBHBIM TaHKep. [Ipeanaraercss ycTaHOBUTH Ha TaHKEP MYJIBTHOJIOYHOE
YCTpOfICTBO JJI1 OYHUCTKHU OTpa6OTaBH_II/IX ra3oB CYyJOBOI'O ABUTATCIIA. B wnrore mbl mojry4gyacm, 4TO Hall
YCIIOBHBIM TaHKEp CIIOCOOEH XOIWTh Ha OZHOM BHJIE TOIUIMBO BECh peiic, W 3TO OyAeT camoe JeleBoe
TormBo, Takoe kak [FO380, BBIMOMHATE MEXIyHapoJHblE TPeOOBAHUS C YCTAaHOBKOW MO OTYHMCTKE
0TpabOTaHHBIX TA30B U 3a TOT e YCIOBHBIN peiic morpatuts Ha Torumso 73 500 gommapos, BMecTo 158
725 nomnapos Tonbko 32 VLSFO u B 0coObIx paiionax ucnonbs3zoBatb MGO ctonmocts 1285 § 3a ToHHY,
YTO NPHUBOAMT K PE3KOMY YBEIHMUYEHHIO CTOMMOCTH YCIOBHOro peiica. CiemoBaTeibHO, NMPUMEHEHUE
cKkpy0O0Oepa ecth Haubosee 3PPEKTHBHBIM TEXHUKHM PELICHUEM.

Technical and economic efficiency of using adsorption scrubbers for cleaning
exhaust gases of marine engines

1Vorobets I. A., ¥ Turkin V. A.

L Admiral Ushakov Maritime State University, 353924, Russia, Novorossiysk, Lenin Ave., 93
email: vorobecz00@gmail.com, * turvla@mail.ru

Modern shipping is under intense pressure due to increasingly stringent international environmental
legislation. In particular, Annex VI of the MARPOL Convention limits the sulfur oxide (SOx) content in
ship exhaust gases. Currently, in Emission Control Areas (ECAS), the sulfur content in fuel must not exceed
0.1%, and from 2020, a global limit of 0.5% will be in effect. Because of this, shipowners are forced to seek
cost-effective ways to comply with the new standards. There are three main solutions: using low-sulfur fuel
oil (LSO), installing scrubbers, or switching to other fuels, such as liquefied natural gas (LNG). However,
all of these options are expensive. Research shows that installing scrubbers requires a large initial investment,
while using LNG leads to high operating and conversion costs. The situation is particularly challenging for
mixed-navigation (river-sea) vessels. Due to design features, limited space for equipment, and specific
operating conditions, using conventional, bulky scrubbers can be difficult or impossible. Therefore, interest
in alternative, so-called dry cleaning methods is growing. To reduce fuel consumption and meet standards,
shipowners can install a dry adsorption scrubber. This equipment requires less space than a wet scrubber
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and is less expensive than a gasification scrubber. The approximate cost of a modification for a typical
tanker is discussed. It is proposed to install a multi-block unit on the tanker to clean marine engine exhaust
gases. As a result, our hypothetical tanker can operate on a single fuel type for the entire voyage, using the
cheapest fuel, such as IFO380. It can meet international requirements with an exhaust gas cleaning unit, and
for the same hypothetical voyage, it can spend $73,500 on fuel instead of $158,725 for VLSFO alone. In
special areas, it can use MGO at a cost of $1,285 per ton, which leads to a sharp increase in the cost of the
hypothetical voyage. Therefore, the use of a scrubber is the most effective technical solution.
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B pabore mnpencraBneHsl pe3yibTaThl SKCIEPUMEHTAIBHOTO HMCCIEJOBAaHMS WHTETPATbHBIX
XapaKTepUCTUK BUAHOCTH WHTEP(EPEHIMOHHON KapTHHBI B TPEX3epKaIbHOM WHTepdepoMeTpe-
nansHOMepe [ 1], o0cHOBaHHOM Ha MPUMEHEHHH Jla3epa, padoTaIoIIEero B IByXMOJOBOM PEXHME TeHepaluy.
AKTyaJabHOCTb HCCIIEIOBaHUsI 00yCIOBICHA MOTPEOHOCTHIO B MPEIU3UOHHBIX PAJHOONTHYECKIX METOIAX
M3MepeHus] OONBIINX PACCTOSHUA C WHTEPPEPEHIIMOHHOW TOYHOCTHIO IS TeO(H3WKH, aCTPOHOMHH,
HaBUTAIMA U TPABUTAIMOHHO-BOIHOBBIX JETEKTOPOB.

Lenb paboThl — MOMTyYeHHE 3aBUCHMOCTEH BHTHOCTH UHTEPHEPEHIIMOHHONW KAPTUHBI OT U3MEHEHUS
JUIMHBI PE30HaTOpa Jlazepa NPHU Pa3IMYHBIX PACCTOSHHUAX IO BHEIIHErO OTPaXKaTelss, HEOOXOAMMBIX IS
ONITUMAIFHON HACTPONKHN YaCTOTHI Jla3epa B BEICOKOTOYHBIX U3MEPHUTENSX JUIMHBI U TIepEMEIICHUH.

Mertoauka sxcniepuMenTa. Mcronbs3oBancs nmpombinuieHHbH He-Ne nazep JIT-66 (anmuna BomHb! 633
HM, pe30HATOp U3 ABYX chepuueckux 3epkan ¢ 6azoit 150 MM, KOIQPUINEHT MPOMyCKaHUsI BBIXOAHOTO
3epkasia okoio 1 %, momHocte m3nyudeHus 0,23 mBT). Jlazep ¥ NOABMKHOE IJIOCKOE 3€PKajo C
ATFOMIHHUEBBIM TIOKPBITHEM O0pa3yrT TpEx3epKalbHBIA HHTEpdepomerp. PaccTosHue mo oTpaxarems
BapbupoBasiock OT 8 10 30 cM. U3mydenwe co CTOPOHBI IUIOTHOTO 3€pKaja pPEeTrUCTPHPOBAIOCH
(hoTOTIPHEMHUKOM.

Curnan oumdpoBeIBajcs aHanoro-uPpoBeiM mpeodpaszoBaTenem LCard E14-140M (wactorta 10
k', mouTenbHOCTH 3amucu 10 MuHYT, 6 MHJUTMOHOB OTCYETOB). J[ns pacuéra BUIHOCTH 3aIUCh
pa3buBanach Ha BpEMEHHBIC «OKHa»; B KQXKJJOM OKHE HAXOJIMJINCh MAKCUMYM U MHHUMYM WHTEHCUBHOCTH,
MOCIIe Yero BUIHOCTHh BBIYMCIIIACH KaK OTHOIIEHHE Pa3HOCTH MAaKCUMyMa M MHHUMYMa K UX CyMMe.
[MonGopom MIMPUHBI OKHA JOCTHUTAJIOCh CTiIaXKHBaHWe rpaduka OoT ciy4alHbIX BbIOpocoB. M3meHnenue
JUTMHBI pe30HATOpa Jla3epa OCYIIECTBIIAIIOCH 3a CYUET €ro HarpeBa, YTO MPUBOAUIIO K IIEPHUOINIECKON CMEHe
OJTHOMOJIOBOTO ¥ IByXMOJIOBOT'O PEKUMOB T€HEPAITHH.

OcHoBHBIE pe3ynbTarhl. [lomyueHBl 3aBUCMMOCTH BHUIHOCTH OT W3MEHEHHs JUIMHBI pe30HaTOopa.
OOHapyKeHbl YYaCTKU C MEUICHHBIM W3MEHEHHUEM BUIHOCTH (OJTHOMOJIOBBIM PEXHMM) M YYaCTKH PE3KUX
MUHUMYMOB (IByXMOJIOBBI pexum). Hambonee rirybokne MUHMMYMBI HAONIOMATNCHh MPH CMEIICHUH
oTpakaTels Ha TIOJIOBUHY JUIMHBI pe30oHaTopa nazepa (~8 cM). [locTpoeHb 3aBUCHMOCTH MaKCUMATBHBIX U
MHUHHUMAJIbHBIX 3HAUYEHUH BHIHOCTH OT PACCTOSTHUS JI0 OTpakaTeis: BUAHOCTh u3Mensercs ot 0,04 no 0,14,
MEePUOANYHOCTh paBHAa JUIMHE pe3oHartopa (16 cM). DKCepUMEHT Ka4yeCTBEHHO COIJIacyercs C
TEOPETUIECKUMU orieHkamu[1, 2].

Amnanu3 u BeiBoabl.IlomyueHHBIE SKCTpEMYMBI BUAHOCTH HO3BOJISIIOT TOYHO HACTPAaWBaTh JIa3ePHBIN
pe3oHaTop A WHTEP(PEPESHIIMOHHBIX W3MEPEHUHN UIHMHBI W TepeMenieHnii. KiroueBol MeToandaecKuit
pe3yNbTaT — pa3padoTaHHBIN MOIX0] K 00paboTke curHana: ucrons3oBanue ALIIl ¢ gacrotoit 10 I,
pa3buenue 10-MMHYTHOW 3amMCH Ha BPEMEHHBIE «OKHa» M MOA0OP WX UTMHBI JUISI OUYUCTKH rpaduka OT
CIIy4alHBIX BBIOPOCOB. JTO obecreunBaeT HAIEKHOE BBIICICHHE TMEPEXOJ0B MEXKIY OJHOMOJOBBIM U
JIBYXMOJIOBBIM peknMamu reHeparuu. [Ipenioxennas MeToquKa IpruMeHNMa B IPEIIM3NOHHBIX JTa3ePHBIX
nanpHOMepax, naedopmorpadax u  OpOUTANBHBIX H3MEPUTENBHBIX CHCTEMax. OJKCIEPUMEHTAIBHO
MOJITBEPXKJICHO, YTO IPH OINTHMAJIBHOW HACTpOiiKe pe3oHaropa TpEx3epKalbHbIM WHTEepdepomMeTp B
JIBYXMOJIOBOM pEXKHUME 00eCTIeYUBaET BBICOKYIO TOYHOCTh U3MEPEHUHT Ha OOJBIUX PACCTOSHHSX.
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Puc. 1 Brnox-cxema ycmanoeku 0151 UCCie008aHUApaouo-QomonHo20 usmepumens nepemeujeruil u
subpayuil.

PaGora BeITONTHEHA B paMKax rocyaapcTBeHHoro 3aaanus PO PAH.
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Research on a Radio-Photonic Displacement and Vibration Meter

M. N. Dubrovt, D. V. Aleksandrovt*, R. N. Denisyuk?!

'Fryazino Branch of the Kotelnikov Institute of Radioengineering and Electronics of the Russian Academy of
Sciences, 1 Vvedenskogo Sq., Fryazino, Moscow Region, 141190, Russia

Email: dmitry@aleksandrow.ru

This paper presents the results of an experimental study of the integral characteristics of interference
pattern visibility in a three-mirror interferometer-rangefinder [1], based on the use of a laser operating in a
two-mode lasing regime. The relevance of this study is driven by the demand for precision radio-optical
methods for measuring large distances with interferometric accuracy in geophysics, astronomy, navigation,
and gravitational-wave detectors.

The aim of the work is to obtain the dependences of the interference pattern visibility on changes in
the laser cavity length at various distances to the external reflector, which are necessary for the optimal
tuning of the laser frequency in high-precision length and displacement meters.

Experimental methodology. A commercial LG-66 He—Ne laser was used (wavelength 633 nm,
cavity consisting of two spherical mirrors with a 150 mm base, output mirror transmittance of about 1%,
output power of 0.23 mW). The laser and a movable plane mirror with an aluminum coating form a three-
mirror interferometer. The distance to the reflector was varied from 8 to 30 cm. The radiation from the side
of the rear (high-reflectivity) mirror was recorded by a photodetector.

The signal was digitized using an LCard E14-140M analog-to-digital converter (sampling rate 10
kHz, recording duration 10 minutes, 6 million samples). To calculate the visibility, the recording was
divided into time "windows"; in each window, the maximum and minimum intensity values were found,
after which the visibility was calculated as the ratio of the difference between the maximum and minimum
to their sum. Smoothing of the graph against random outliers was achieved by selecting the appropriate
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window width. The change in the laser cavity length was accomplished by heating the laser, which led to a
periodic alternation between single-mode and two-mode lasing regimes.

Main results. The dependences of visibility on the change in cavity length were obtained. Regions
with a slow change in visibility (single-mode regime) and regions of sharp minima (two-mode regime) were
detected. The deepest minima were observed when the reflector was displaced by half the laser cavity length
(~8 cm). Dependences of the maximum and minimum visibility values on the distance to the reflector were
plotted: the visibility varies from 0.04 to 0.14, with a periodicity equal to the cavity length (16 cm). The
experiment qualitatively agrees with theoretical estimates [1, 2].

Analysis and conclusions. The obtained visibility extrema make it possible to precisely tune the laser
cavity for interferometric measurements of length and displacement. A key methodological result is the
developed signal processing approach: the use of an ADC with a sampling rate of 10 kHz, dividing the 10-
minute recording into time "windows," and adjusting their length to eliminate random outliers from the
graph. This ensures reliable identification of transitions between single-mode and two-mode lasing regimes.
The proposed technique is applicable in precision laser rangefinders, deformographs, and orbital
measurement systems. It has been experimentally confirmed that, with optimal cavity tuning, the three-
mirror interferometer in the two-mode regime provides high measurement accuracy over long distances.
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Fig. 1. Block diagram of the experimental setup for studying the radio-photonic displacement and
vibration meter.
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Pacnopsixenne [lpaBurensctBa Poccum ¢ mepeuneM kiauMaTthdeckd akTHBHBIX ra3oB (KAI) u
nepecdyEToM MX BKJIaJa B MAPHUKOBEIN A PEKT yepe3 YCIOBHbBIE YTIASPOIHbIC SAMHUIIBI IIOKA3AJI0 OLICHUTD
CTENEeHb BIMSHUS Kaxaou moJekynsl KA Ha okpyxkaromyto cpeny. OT1oT nepeueHs KAD, moamexanimx
y4eTy B BBIOpOcax MPEeANpUsITHA U BEICHHUIO KaJacTpa NapHUKOBBIX ra30B, CONCPKUT 33 HAUMEHOBAHUS.
Cpenu HHX Kak Ta3bl — MaKpOKOMIIOHEHTHI aTtMoc(epbl, JaBHO NMPU3HAHHBIE B KaYECTBE MApHUKOBBIX —
CHs4, CO2, N2O, NF3z, a takke 0Oornee OBYyX HECSITKOB SK30THYECKHX Ta30B IO OOIMMM Ha3BaHUEM
ruapodTopyraepons! u nepdropyriaeponst [1].

B pabote paccmoTpeHa BO3MOKHOCTE MOHUTOPUHTA caMbIX pacnpoctpaneHHbIX KAT ¢ Hanbonpmmm
napHUKoBBIM d(hdextoM [1]. Tak kak Tpebyercst onpeaensTh O4eHb HU3KHE KOHIEHTpauu Mojekyn KA
MOPsiAKA TIPEAENBHO- JAOMYCTUMBIX OBIJIO BBIMOJHEHO KOMIIBIOTEPHOE MOJEIMPOBAHUE JIMAAPHOTO
ypaBHeHuUs AJisi komOuHanmoHnHoro paccestaust ceta (KPC) monekynamu KAT B pesxume cyera (GOTOHOB.
Taxoe nmuaapuaoe ypaBHenue st KPC ra3oBeiMu MoJieKynaMu B aTMocdepe ¢ yueToM KOHEUHOW HIMPHHBI
JMHWAW TeHepanuu Obu1o mpeasioxkeHo B [2]. Ero pemenue mo3BoiauT OLEHUTh BO3MOXXHOCTh U3MEPEHUIN
mnapom KPC koHIeHTpamii ncciiegyeMbIX MOJIEKyJI B aTMocdepe Ha 3aJaHHOM YPOBHE M HA PACCTOSHHUSIX
3oHaupoBanus 10 100 M B pesxuMe CHHXPOHHOTO cueTa (JOTOHOB /ISl BRIOOpPa ONTUMAIILHBIX TapaMeTPOB
TaKoro Jujapa.

OcHoBHbIE TapameTpbl uccnenyemMbix Monekyl KA, naromue ocHOBHOM BKJIaA B KApOOHOBBIH IIUKJI,
¢ y4€TOM HX cozepkaHus B atMocdepe npuBeaeHsl B [3]. Ontuueckas cxema smaapa KPC noctpoena, kak
U B [2]. B kauecTBe 30HAUPYIOLIETO — UCIIOJIB3YETCs U3ydeHHE TPeTheil U Bropoii rapmonuku YAG: Nd
Jla3zepa ¢ HAKAuKOM MOIyIIPOBOAHUKOBBIM JIA3€POM C JJIMHAMHU BOJIH 355 1 532 HM U OJTyHIPOBOAHUKOBOTO
Jazepa ¢ JIUHOU BOIHBI 450 HM € UTUTENIBHOCTBIO UMITYJIbCOB 10 HC M 3HEprusaMu B ummyiisce 10 1 m/Ix
MPU 4acTOTE Clie0oBaHus Jia3epHbIX uMIybeoB f 1o 100 k' [2] Haumenbiiiee BpeMst u3MepeHHs: ObLIO
MOJTyYEeHO MO pe3yibTaTaM MonenupoBanus s mosekyl CHs u COo, a i MoJeKysibl MEeTaHa BpeMs
HU3MEPEHHsI MUHUMAJIbHO U yBenuuuBaercs ¢ 0,77 mxc Ha pacctosauu 10 M 1o 80 Mkc - Ha paccrosauu 100
M. Takum o00pa3om, BbIOOp ONTHUMAJIBHBIX MHapaMETPOB Jiazepa U pamaHoBckoro jumgapa KPC mis
OJTHOBPEMEHHOT'0 30HIUPOBAaHUS B arMocdepe Bcex paccMmarpuBaeMbix Monekynl KAIT mosBomut
OTIpenelsATh UX Ha paccTossHuK 10 100 M, HO IUana3oH BpEMEHU U3MEpEHUs OyIeT OYeHb IIMPOKHM — OT
0,77 mxc no 1009 c.

Takum 06p030M, KOMIIBIOTEPHOE MOAETUPOBAHIE IIOKA3aJI0 BO3MOXXHOCTH puMeHenus nuaapa KPC
B peXHMe cyeTa (OTOHOB JJIsl JTUCTAHIIMOHHOTO M3MEPEHMs YPOBHEH KOHUEHTpauui ocHOBHBIX KAI' Ha
YPOBHE M3 3TOTO
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Raman lidar remote sensing of climatically active gases molecules

Dyachenko V.V., 2Devisilov V.A., ®Privalov V.E., “Neustroev Z.A., “Turkin V.A,,
4Shemanin V.G.

INovorossiysk Polytechnic Institute (branch) KubSTU, Novorossiysk, Russia, e-mail: * v-v-d@mail.ru
2Bauman Moscow State Technical University, Moscow, Russia
3peter the Great St. Petersburg Polytechnic University, St. Petersburg, Russia
“Admiral F.F. Ushakov State Maritime University, Novorossiysk, Russia

The decree of the Russian Government with a list of climatically active gases (CAG) and a
recalculation of their contribution to the greenhouse effect in terms of conventional carbon units allowed us
to assess the degree of influence of each CAG molecule on the environment. This list of CAG gases are
accounted for in the emissions of enterprises and the maintenance of a greenhouse gas inventory contains
33 ones. The gases are among them - macro components of the atmosphere, which have long been
recognized as greenhouse gases — CHa, CO2, N2O, NF3, as well as more than two dozen exotic gases under
the general name hydrofluorocarbons and perfluorocarbons [1]. The paper considers the possibility of
monitoring the most common CAG with the greatest greenhouse effect [1]. Since it is required to determine
very low concentrations of CAG molecules of the order of the maximum allowable one, a computer
simulation of the Raman lidar equation by CAG molecules in the photon counting mode was fulfilled. Such
a Raman lidar equation by gas molecules in the atmosphere was proposed in [2] taking into account the
finite width of the lasing line. Its solution will make it possible to evaluate the possibility of measuring the
concentrations of the studied molecules in the atmosphere with Raman lidar at a given level and at ranging
distances up to 100 m in the synchronous photon counting mode to select the optimal parameters of such a
lidar. The main parameters of the studied CAG molecules which make the main contribution to the carbon
cycle and taking into account their content in the atmosphere are given in [3]. The optical scheme of the
Raman lidar is constructed as in [2]. The radiation of the third and second harmonics of the YAG: Nd laser
pumped with a semiconductor laser with 355 and 532 nm wavelengths and a semiconductor laser with 450
nm wavelength with a pulse duration of 10 ns and pulse energies of up to 1 mJ at a laser pulses repetition
rate f up to 100 kHz is used as probing [2] The shortest measurement time due to simulation results were
obtained for CH4 and CO; molecules, and the measurement time for the methane molecule is minimal and
increases from 0.77 ps at a distance of 10 m to 80 ps at a distance of 100 m. Thus, the choice of optimal
laser and Raman lidar parameters for simultaneous atmospheric sensing of all CAG molecules under
consideration will allow them to be determined at a distance of up to 100 m, but the measurement time range
will be very wide — from 0.77 us to 1009 s. Thus, computer simulation has shown the possibility of using
the Raman lidar in photon counting mode for remote measurement of concentrations of basic CAG as in

[3].
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Pe3ysbTaThl JIa3epHOI0 3K0J0TH4€CKOT0 MOHUTOPHHIA a3P030Jieil B BO3AyXe
HoBopoccuiickou arjiomepanuu
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HeratuBHoe BnusiHHE adpo3oficii Ha 3A0pOBbe OOOCHOBAHO MHOTHMHU HCCIEIOBAHUSMH U
CTaTHCTHYECKUMHU JIAHHBIMH 0 BCEMY 3€MHOMY Ilapy H, KOHe4HO, ory P® [1-3]. DTo obycioBieHo He
[IPOCTO HEraTUBHBIM BIMSHUEM WHEPTHBIX YACTHIl IBUIM, a TEM, YTO OHHU SIBISIOTCS aKKyMYJISITOpaMH
MHOTHX BEIIECTB M, B TOM YHCIE, TOKCHYHBIX TsDKeIbIX MetaiioB [4]. bnaromaps aesrensHOCTH
HECKOJbKMX IIEMEHTHBIX 3aBOJIOB W TPAHCIIOPTHOMY TIIOTOKY OJHHUM M3 TaKUX OKOJOTHUECKH
HEOJIaronoyJHBIX TOpo0oB PD ¢ TOUKM 3peHus a’po30JbHOTO 3arps3HeHus sBisiercss HoBopoccuiickas
arsiomepanys. B cBA3M ¢ 3TUM, Ha MNPOTSDKEHUMM HECKOJbKUX JeT B HoBopoccuiicke, cuiiaMu
OOIIECTBEHHUKOB Pa3BUBACTCSI CETh JIa3€PHBIX IATYNKOB, TO3BOJISIIOUINX KPYTJIOCYTOYHO KOHTPOJIUPOBATh
comepkanue B atMochepe aspozoneit gpakumit PM10 u PM2,5 [5, 6]. brnaromapss aToMy HakorwieH
OonplIoil akTUYeCKHi MarepHai, aHaJlu3 KOTOPOro IO3BOJSIET CIefaTb HECKOJIbKO OY€Hb BaXKHBIX
BBEIBOZIOB.

1. IIpuMeHeHue J1a3epHBIX CHCTEM B 3KOJIOTMYECKOM MOHUTOPHMHIE IO3BOJSIET KOHTPOJIMPOBATH
3arpsi3HEHHE BO3IyXa KPYIVIOCYTOYHO M HPAKTHYECKH HENPEPHIBHO, IPU 3TOM MOHUTOPHUHI BEAETCS B
AaBTOMATHU3UPOBAaHHOM pEXHUME, C MHHUMAJIbHBIMH 3aTpaTaMH M TPaKTHYeCKH Oe3 BMeEIIaTelbCTBa
YeloBeKa.

2. KpyriocyTouHbslii MOHUTOPUHI MO3BOJIAET ONEPUPOBATH B OLIEHKE COCTOSHHSA aTMOC(epsl He
MaKCHUMaJbHO Pa3oBBIMHU, & CPEIHECYTOUHBIMU U Jaxke cpenHerogoBbiMu I1JIK, xoTopble cyiiecTBeHHO
HUKe. DTO O4YEeHb BaXKHO JJISI OLIEHKH CTETEHHU 3arpsA3HEHHOCTH BO3/yXa KHJIOM 30HBI, TOCKOIBKY 3/1€Ch
HaceJICHHWE I0JIBEpraeTcsi HeraTHBHOMY BO3JEHCTBHUIO 3arps3HEHUsS] B T€UeHHE OOJbIIEH 4acTH CYTOK M
roza, a IO3TOMY, OLEHMBAaTh COCTOSIHUE BO3IyXa MO MakcuMaibHO pa3oBbiM I1JIK, kak 3T0 menaror
MIPUPOIOOXPAaHHBIE OPTaHbl, SKOHOMS BpeMs Ha 3aMepax, HE MPOCTO HEMpPaBUIBHO, a IMPECTYIHO II0
OTHOLICHUIO K 3/0pOBBIO JIOZEH. Beap opueHTHpYSCh Ha HUX MOXKHO cHeNaTh BBIBOJ, 4YTO BCE
3aMeyYaTeNIbHO, 3arpA3HEHHUsI BO3/1yXa PaKTHYECKH HeT.

3. duddepenpipoBanHas OlleHKa TEPPUTOPHH FOPOia U UCTOYHUKOB 3arpsi3HEHHS BO3AyXa MBbLIBIO
CBHUJICTENILCTBYET O ONAromoiyyHoOH B IEJIOM CHTyallMd C KOHTPOJIEM HETaTHBHOTO BIMSHUS Ha
OKPY’KaIoIyl0 Cpeay LIeM3aBOJOB M KPUTHYECKOH Ba)KHOCTH MOHUTOPHHIA TPAHCIIOPTHOTO 3arpsi3HEHUS
(mpenMymEeCTBEHHO TPY30BBIX IU3ENbHBIX MAlIMH), (OPMUPYIOMUX OONBLIIOE KOJUYECTBO B3BEIICHHBIX
YaCTHII.

4. Ho caMoe BaskHO€E — 3TO KOHTPOJIb cocTossHAA nnosiuroHa TKO u npenynpexieHue ero BO3ropaHui,
KOTOpbIE POXIAIOT MacIITaOHOE, KaTacTpo(UUECKOe 3arpsi3HEHHWE OKPYXKAIoLIeH Cpeabl TOKCHYHBIMU
MPOJYKTAMH TOPEHUs. B CBSI3M C 3TUM TIpe/CTaBIsETCS CTPAHHBIM M KOMMEpPYECKH OOYCIOBJIEHHBIM,
TyIIEHWE TI0XKApOB HAa CBAJIKE IECKOM, IMPUBE3CHHBIM C AHAINCKUX IUIDKEH B pe3yibTaTe JUKBUAALNN
n3BecTHoi YC. MaJso Toro, 4To cyXoi MecoK XOpOLIO BO3LYyXONPOHHUIIAEM, JIETKO CKAaThIBAECTCS C KPYTHIX
CKJIOHOB CBAJIKM M HE TOIUTCA JJISl 3TOTO, TaK OH €Ille ¥ MOKET OBITh HACKIIIEH TOPIOYNMH BEIIECTBAMH,
KOTOPBIE HE CTIOCOOCTBYIOT TYIIICHHUIO OTHSI.

5. K coxanenuto, (opMHUpOBaHHE MOBBILICHHBIX KOHLEHTPALUUi, MOTEHLUHAIBHO TOKCHYHBIX
B3BELICHHBIX YaCTHL B aTMOc(epe BO3ZMOXKHO Aa)Ke MPHU OTCYTCTBHH SPKO BHIPAKEHHOTO TEXHOTCHHOTO
3arpsi3HEHMs], B PE3yJbTaTe HMHTErPAIBHOTO B3aWMOJEHCTBHS METEOPOJIOTUYECKHX, THUIAPOIIOTUYECKHX,
reoMop(OIOrHiecKuX U TpajoCTPOUTEIBHBIX OCOOEHHOCTEH, a TaKkKe HHU3KOTO YPOBHSI O3EJICHEHUS U
OnaroycTporcTBa, 4YTO HEOOXOAMMO YYHMTHIBATH MPU OLEHKE COCTOSHUS OKPYXAalolled cpensl H
MIPOEKTHPOBAHNHN HACEIEHHBIX MyHKTOB. OCO00 CleyeT OTMETHTh MOJOKUTEIHFHOE BIMSIHNAE BIAXXKHOCTH
BO31yXa W OnHM30CTH BONHOTO OOBekTa. Kpome Toro, oMH W TOT ke (akTop, HalpuUMep BeTep, B
3aBUCHUMOCTH OT penbeda, CUIIbl U HampaBlICHHUS MOXET KaK YMEHbIIATh KOHLEHTPALHIO B3BELICHHBIX
gacTull B atrMmocepe (. Bepxuebakanckwii, HabeperkHas HoBopoccwuiicka), Tak ¥ yBeIMYIHMBaTH (II.
Mpgicxako) ee B KOHKPETHOH TOYKE.

B cBs3u ¢ aTUM, AN monydeHHs: OOBEKTUBHBIX JaHHBIX O Tporeccax (popMUPOBaHUS adpajibHOTO
3arpsi3HEHHsI, CBOEBPEMEHHOTO NPEAyNpexXIeHUs MacTabHoro nepeHoca 3B, a Takxke co3naHus MoJenei
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MaccornepeHoca B arMmocepe U WACHTHQHUKAINN a3pO30JIeH pa3IuyHOro MPOUCXOXKJCHHS, HEOOXOIMMO
Ooyiee IUPOKOE PACIPOCTPAHCHHWE HWHUIMATHUBBI KHUTEJIEH ropoja B paMKax MpoeKTa «3a YHCTHIA
HoBopoccuiick» mo pa3MelieHuto j1a3epHbIX IaTYUKOB 3arps3HEHUS BO3AyXa, PACHIMPEHHUS! CHEKTpa
KOHTPOJIMPYEMBIX HMMH IIapaMeTpOB M HCCIEAOBaHHE aTMOC(Epbl HACEICHHBIX IMYHKTOB METOIAMHU
mazepHOro 3oHAWpoBaHUA [5]. Ciemyer OTMETHUTB, YTO 3TO MPAKTHYECKH HUYETO HE CTOUT TOPOIY,
MTOCKOJIBKY 3aWHTEPECOBAHHBIE TPAKIAHE CAMH TOTOBBI IMOKYNATh 3TH AaT4uky (1iera xo 10,0 T.p.), mumrs
01 Obul Tonmk. OT BmacTeld TpeOyeTcsl JWIIb TMONACP)KKA HAPOAHOW WHHUIMATHBBI W IPHHATHE
COOTBETCTBYIOIIUX MPUPOJAOOXPAHHBIX MEp.

Pe3ynbTaThl MOHUTOPHHTA €IIle pa3 MOJUYESPKUBAIOT BAKHOCThH BIAXKHOW YOOPKU FOPOACKHX IOPOT
JUI TIONABJICHUS a’3pO30JILHOTO 3arpsa3HEHUs OKpyxkaromeil cpeabl. Jpyrum (akTopoM oOuMIIEHHS
aTMocdepsl SBISETCS O3€JICHEHHE TopoAa. DTO IMOJIOKEHHE XOPOLIO HILUTIOCTPUPYETCS pe3ylbTaTaMu
Hay4YHOH paboTel cTymeHTOB HoOBopoccuiickoro moaurTexHudeckoro uHctutyta Kyol'TY [7].
BricaxuBanue qepeBbeB U KyCTAPHUKOB BO IBOPaX M MapKax, a 0COOEHHO BAOJIb aBTOIOPOT MIPUBOAUT KaK
K YMEHBIIECHHIO JalbHOCTU PACIPOCTPAHECHUS 3arpsi3HEHUS, TaK M PE3KOMY CHIKCHHUIO KOHICHTpalui
3arps3HSIONIMX BEIIECTB B BO3AyXE B paiioHe.
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Results of laser environmental monitoring of aerosols in the air of the Novorossiysk
agglomeration

Dyachenko V.V.*, Kulya D.N.
NPI (branch) of KubSTU, Novorossiysk, Russia, e-mail: * v-v-d@mail.ru

The negative impact of aerosols on health has been substantiated by numerous studies and statistics
from around the globe, including in the southern part of the Russian Federation [1-3]. This is due not only
to the negative impact of inert dust particles, but also to the fact that they act as accumulators of many
substances, including toxic heavy metals [4]. Due to the operation of several cement plants and heavy traffic,
the Novorossiysk agglomeration is one of the most environmentally unfavorable cities in the Russian
Federation in terms of aerosol pollution. Therefore, over the past several years, community activists have
been developing a network of laser sensors in Novorossiysk, enabling 24-hour monitoring of PM10 and
PM2.5 aerosols in the atmosphere [5, 6]. This has allowed for the accumulation of a wealth of factual data,
the analysis of which allows for several very important conclusions.

1. The use of laser systems in environmental monitoring enables 24/7, virtually continuous air
pollution monitoring, while monitoring is automated, cost-effective, and virtually free of human
intervention.
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2. Noctidial monitoring allows for assessment of atmospheric conditions based not on maximum one-
time values, but on average daily and even average annual MACSs, which are significantly lower. This is
crucial for assessing the level of air pollution in residential areas, as residents are exposed to the negative
impacts of pollution for most of the day and year. Therefore, assessing air quality based on maximum one-
time MACs, as environmental authorities do to save time on measurements, is not only incorrect but also
harmful to human health. After all, relying on these values alone might lead to the conclusion that everything
is fine, with virtually no air pollution.

3. A differentiated assessment of the city's territory and sources of dust air pollution demonstrates the
overall favorable situation with monitoring the negative environmental impact of cement plants and the
critical importance of monitoring transport pollution (primarily diesel trucks), which generate large amounts
of suspended particles.

4. But the most important thing is monitoring the condition of the solid waste landfill and preventing
fires, which cause large-scale, catastrophic environmental pollution with toxic combustion products.
Therefore, extinguishing landfill fires with sand brought from Anapa beaches following a known emergency
seems strange and commercially motivated. Not only is dry sand highly breathable and easily slides down
the steep slopes of the landfill, making it unsuitable for this purpose, but it can also be saturated with
flammable substances, which are not effective in extinguishing fires.

5. Unfortunately, elevated concentrations of potentially toxic particulate matter in the atmosphere are
possible even in the absence of pronounced man-made pollution, as a result of the integrated interaction of
meteorological, hydrological, geomorphological, and urban planning factors, as well as poor landscaping
and amenities. This must be taken into account when assessing the state of the environment and planning
settlements. The positive impact of high air humidity and the proximity of a body of water is particularly
noteworthy. Furthermore, the same factor, such as wind, depending on the topography, strength, and
direction, can either decrease the concentration of suspended particles in the atmosphere (Verkhnebakansky
village, Novorossiysk embankment) or increase it (Myskhako village) at a specific point.

Therefore, to obtain objective data on the processes of aerial pollution formation, promptly prevent
large-scale transfer of pollutants, as well as create models of atmospheric mass transfer and identify aerosols
of various origins, it is necessary to more widely disseminate the initiative of city residents within the
framework of the "For a Clean Novorossiysk" project to deploy laser air pollution sensors, expand the range
of parameters they monitor, and study the atmosphere of populated areas using laser sensing methods [5].
It should be noted that this costs the city virtually nothing, since interested citizens are willing to purchase
these sensors themselves (price up to 10,000 rubles), as long as they are effective. The authorities are only
required to support the public initiative and adopt appropriate environmental measures.

The monitoring results once again highlight the importance of wet cleaning of city roads to suppress
aerosol pollution. Another factor in air purification is urban greening. This is well illustrated by the results
of research by students from the Novorossiysk Polytechnic Institute (KubSTU) [7]. Planting trees and shrubs
in courtyards and parks, and especially along highways, leads to both a reduction in the range of pollution
and a sharp reduction in air pollutant concentrations in the area.

References

1. Malykhin Yu.A., Malykhina A.G., Dyachenko V.V. Medical and ecological studies of urbanized
territories // Safety in the technosphere, Moscow, 2008, No. 3. Pp. 16-21.

2. V. Dyachenko, Y. Malykhin and L. Dyachenko The Problems of the North Caucasus Landscape’s
Pollution and Population’s Health // Journal of Environmental Protection, Vol. 5 No. 2, 2014, pp. 81-86.

3. Dyachenko V.V., Dyachenko L.G., Malykhin Yu.A., Matasova I.Yu., Shemanin V.G. Results of
the activities of the commission on landscape geochemistry and technosphere safety of the KROGRO //
Bulletin of the Krasnodar regional branch of the Russian Geographical Society / IP Platonov Igor. Issue 9.
— Krasnodar: IP Platonov, 2017. — Pp. 214-225.

4. Dyachenko V.V., Shemanin V.G., Vishnevetskaya V.V. The Impact of Technogenesis and Aerosol
Geochemistry on the State of the Environment and Health of the Population of Southern Russia // Geography
and Natural Resources. — 2023. — VVol. 44, No. 4. — Pp. 46-58.

5. Website "For a Clean Novorossiysk': https://vk.com/zachin23 (date of access: 19.06.2026).

6. Dyachenko V.V., Kulya D.N. Results of Environmental Monitoring of Air Pollution by Laser
Methods in the Context of Urban Planning and Natural Features of the Novorossiysk Agglomeration //
Ecological Systems and Devices. — 2026. — No. 4. — Pp. 3-15. — DOI 10.25791/esip.4.2026.1584.

7. Urban environment management: socio-economic and environmental aspects (using Novorossiysk as
an example): monograph / V.V. Dyachenko [et al.]. - Krasnodar: Publ. FGBOU VO "KubSTU", 2021.-247 p.

JINT-2026 45


https://vk.com/zachin23

YK 535.372
I'PHTU 29.31.23
BAK 1.3.8

HCCJ’[C}]OBaHI/Ie (l)OTOJ'IlOMI/lHeCIleHIIl/II/I ONTHYICCKHUX MATECPHUAJIOB HA OCHOBE CUCTEMBbI
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HccnenoBanre TIOMUHECHEHTHBIX CBOMCTB HOBBIX ONTHYECKHUX TAIOTEHUACEPEOPSIHBIX MaTEpUAIOB
C aKTUBHPYIOIIUMH 100aBKaMH OTKPBIBAET BO3MOXKHOCTH WHHOBAIIMOHHBIX MMPUMEHEHUH B COBPEMEHHOM
TEXHUKE M cO3AaHusi OyIyIIero IOKOJIEHHs BOJIOKOHHOM oOnTHKM u 1pubopos. KiroueBsimMu
MIPEUMYLIECTBAMH TBEPIABIX PACTBOPOB 3aMELICHUSI HA OCHOBE T'aJIOT€HUIOB cepedpa M Tayulvs SBIISIOTCS
npo3payHocTh B BuauMoM u MK-muanaszonmax or 0,5 mo 60 MxkM 03 OKOH IMOTJIONICHHS,
HETUTPOCKOIMYHOCTD U PAAUALIIOHHAS CTOMKOCTb, O1aroaapst TSHKEJIBIM 110 MOJIEKYJISIpPHON Macce HoHaM |-
u Tl

CymecTByeT cepusi UCCIEIOBaHUI Ha MpEIMET JIIOMHHECICHIIMN TaJIOTCHUAOB cepedpa, TIe ITH
COEAMHEHHS TPOSBISIIOT SMHUCCHIO B BUAMMOM 1 OmmxHeM MK nuamazone. B cBs3u ¢ 5TUM aHanornvHeie
CBOMCTBA MOTYT TIPOSIBIISATHCS M B HOBBIX ONTHYECKHX MaTepuaiax Ha ocHOBe cuctembl AgBroglos — TII.
Perucrtpaiiist CeKTpoB (OTONOMHHECIEHIIMK cUCTeMbl MatepuaioB AgBroglo, — Tl mpeacrasisier
BBICOKYIO Hay4HYIO IIEHHOCTh M TIpeIjiaraeT BO3MOXXHOCTb MCIIOJIb30BaHMsI 3 TUX MaTEpUAIOB B HIMPOKOM
CIIEKTPaJIbHOM JIara3oHe.

C oroii menpto OblIa M3rOTOBJICHA CEepHs IUIACTHMHOK M3 BBIPAIEHHBIX MO Merony bpumxmena
MOHOKpHCTaTHYecKuX 00pasuos 5, 20, 40, 85 u 97 mac. % TII B AgBroslo.2 Tommunoii nopsiaka 500 MkM.
Perucrtpaiyst criekTpoB GOTOTOMHHECIICHIIMH TIPOBOIMIIOCH Ha JIIOMHHECLIECHTHOM criekTpoMeTpe Perkin
Elmer Is55 B muamazone ot 300 g0 900 HM mpu BO30YXICHUH HA UTHHE BOJHBI 242 HM CO CJIEAYIOIIUMU
rnapaMeTpamu; pekuM (GIIyopeCICHIINH, IIMPHUHA IIeei MOHOXpoMaTopoB 10 HM, ckaHbl — 20 mT., 1 UK
CKaHMPOBaHUs, CKOPOCTh CKaHupoBaHus 20 HM/MuH, Bpems uHTerpupoBanust 1000 mc, mar 1 M, 0e3
peXMMa KOppeKIUH, CTaHnapTHOe ycuiieHue GOV,

Ha nonyuenHo# kapTuHe criekTpa (OTOIIOMHUHECHECHINH AJIsl BCEX COCTAaBOB HAOJIOAAIOTCS 00Iue
MUKKA AMUCCUU Ha JuinHax BoJiH 350, 418, 478, 526 u 820 uM. 13 criekTpoB BO30YKIACHHS CIIEYET, 4TO BCE
OHH MMEIOT 001IMe TOJI0CKk BO30OYy)aeHus: 242, 261, 277 um. Ilpu atom Hanbonee 3¢ hekTUBHO CBEUYECHNE
BO30yKHaercs rpu 242 HM, omHako romuHectieHs B UK-obnactu (820, 846, 860, 890 HM) umeer cBou
3¢ (heKkTUBHBIE TOJIOCH! BO30Y ) aeHU: 693, 726, 753 HM.

Haunbonee BepoATHO STO sBJICHHE CBS3aHO C OONIMMH IEHTPAMH OKPACKH, B YacCTHOCTH,
COOCTBEHHBIMH LIEHTPaMH, IOCKOJIBKY NPHUPOJa MOIy4aeMbIX MAaTEPHAJIOB HA OCHOBE TBEPABIX PACTBOPOB
3aMelIeHUs To/Ipa3yMeBaeT HCKaKEHUE pemeTkn u obOpasoBanHue e€ aedekroB. Kpome Toro, 3to
OOBSICHSIETCS. HAJIMYMEM IPUMECHBIX IIEHTPOB, KOTOpBIE CYIIECTBYIOT BBHJY BHECEHHs aKTUBHPYIOIICH
no0aBky Hoauaa Tamtus. MOXKHO TakKe IpeAooKUTs 00pa3oBaHKE MAapHbBIX HOJHBIX LIEHTPOB U LIEHTPOB
TaIIMH-BaKaHCHUA-HO, CIOCOOHBIX K JOMHHecHeHIuH. OHM MOTYT BO3HMKaThb B TpOLEcCe OTKUTa
MOHOKPHCTAUTHYECKAX 00pa3ioB, Koraa BBuay moBbiieHHONW TemmepaTypsl (100-200 °C) Bo3HHKaeT
nuddy3usi MOHOB TaUTUsl, YBJICKAOIIMX 3a co00i BakaHcuu cepeOpa winn aud¢ys3us HOHOB Hona,
CTPEMSIILIMXCS K TIOJIOKUTEIBHO 3apsHKEHHBIM 00JIakaM BOKPYT MOHOB Tajutusl. Takue HeHTPbl CIIOCOOHBI K
PEKOMOMHAIIIOHHOM JTFOMHHECIICHIIHH.

[IpumeuaTesibHO, YTO MHTEHCUBHOCTH CBEUCHHS 00pa3IoB Bo3pacTaer B piaay 85—40—97—5—20
mac. % TIl B AgBroglo2. Takas 3akoHOMEpHOCTH CBsi3aHa, TJIaBHBIM 00pa3oM, C KOHLEHTpaIueil
W3TYYalOUINX LEHTPOB, MOCKOJIbKY MHTEHCHBHOCTBH MPSIMO MPONOPLUOHAIBHA KOJIWYECTBY CBETSIIMXCS
neeKToB, OHAKO TOJBKO 0 TE€X MOp, MOKa He HacTymaeT 3pdekt koHieHTpamun Tymenus [1]. Tawke
BKJIa/I BHOCHUT ONTUYECKAs IUIOTHOCTH U ITOTEPH HA IPaHMLIAX pa3zesia, Kak 3TO IBHO HAOJI0AaeTCs B Cllyyae
obpasia 85 mac. % TII B AgBroslo.2, KoTOpEI BBHIY BRICOKOTO coaepkanus asbl R-3 pacTpeckuBaercs ¢
o0pa3oBaHMEM TPaHHUI] pasjiesa, U, B LEJIOM, UMEET CaMOe HHU3KOE€ ONTHYECKOE IPOIYCKaHHWE B JAHHOM
psany. U Hanportus, Onmaromapsi yAauHOMY COOTHOIICHHMIO M KOJIMYECTBY (a3, a Takke BBHIY HHU3KOH
OTITHYECKON TJIOTHOCTH, MaKkCUMaJbHas CBETHMOCTb npucyma o0pasuy
20 mac. % Tl B AgBroslo.
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Taxum 00pa3zoM, yCTaHOBJIEHHBIE CIICKTPBI SMUCCHH TOBOPSAT O CIIOKHON SHEPTETHYECKOH CTPYKTYpe
oOpasmoB. s e€ mogpoOHOTO 0OBSACHEHUS TpeOyeTcsl ompeAeNieHHe INMWPHHBI 3allpelleHHON 30HBI U
TOYHOE HCCIIC/IOBAHUE MEXaHWU3Ma JIFOMUHECIICHIIMA ¥, KPOME TOr0, M3Y4YCHHE B3aWMOCBS3U I10JIOC
CBEYCHHUS Ha MPEAMET UX MPUHAJICKHOCTH OJTHUM IICHTPaM OKPaCKH.

PaGoTa BeImosHeHa TTpU (PUHAHCOBOW MOIEpKKe MUHHUCTEPCTBA HAYKH W BBICIIETO 0Opa3oBaHUsI
P® (tema Ne FEUZ-2026-0008).
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Investigation of photoluminescence of optical materials based on the system
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The study of the luminescent properties of new optical silver halide materials with activating additives
opens up the possibilities of innovative applications in modern technology to create a future generation of
fiber optics and devices. The key advantages of solid substitution solutions based on silver and thallium
halides are transparency in the visible and IR ranges from 0.5 to 60 microns without absorption windows,
non-hygroscopicity and radiation resistance due to the heavy molecular weight of I- and TI+ ions.

There is a series of studies on the luminescence of silver halides, where these compounds exhibit
emission in the visible and near-infrared range. In this regard, similar properties can be manifested in new
optical materials based on the AgBroslo2 —TlI system. The registration of photoluminescence spectra of the
AgBroslo2 — Tl material system is of high scientific value and offers the possibility of using these materials
in a wide spectral range.

For this purpose, a series of plates were made from single crystal samples grown using the Bridgman
method of 5, 20, 40, 85 and 97 wt. % TII in AgBroglo2 is about 500 microns thick. Photoluminescence
spectra were recorded on a Perkin Elmer Is55 luminescent spectrometer in the range from 300 to 900 nm
when excited at a wavelength of 242 nm with the following parameters: fluorescence mode, slit width of
monochromators 10 nm, scans - 20 pcs., 1 scan cycle, scanning speed 20 nm/min, integration time 1000 ms,
step 1 nm, without correction mode, standard photoelectric multiplier gain.

The resulting photoluminescence spectrum shows common emission peaks for all compositions at
wavelengths of 350, 418, 478, 526, and 820 nm. It follows from the excitation spectra that they all have
common excitation bands: 242, 261, 277 nm. In this case, the glow is most effectively excited at 242 nm,
however, luminescence in the IR region (820, 846, 860, 890 nm) has its own effective excitation bands: 693,
726, 753 nm.

This phenomenon is most likely related to common color centers, in particular, intrinsic centers, since
the nature of the materials obtained based on solid substitution solutions implies distortion of the lattice and
the formation of its defects. In addition, this is due to the presence of impurity centers, which exist due to
the introduction of an activating additive of thallium iodide. It is also possible to assume the formation of
paired iodine centers and thallium-vacancy-iodine centers capable of luminescence. They can occur during
the annealing of monocrystalline samples, when, due to elevated temperatures (100-200 °C), thallium ions
diffuse, dragging silver vacancies with them, or iodine ions diffuse, tending to positively charged clouds
around thallium ions. Such centers are capable of recombination luminescence.

It is noteworthy that the luminescence intensity of the samples increases in the range
85—40—97—5—20 wt. % TII in AgBroslo2. This pattern is mainly related to the concentration of radiating
centers, since the intensity is directly proportional to the number of luminous defects, but only until the
effect of quenching concentration occurs [1]. Optical density and losses at the interfaces also contribute, as
is clearly observed in the case of an 85 wt sample. % TII in AgBroslo2, which, due to the high content of the
R-3 phase, cracks to form interfaces, and, in general, has the lowest optical transmission in this series.
Conversely, due to the successful ratio and number of phases, as well as due to the low optical density, the
maximum luminosity is inherent in the sample.
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20 wt. %TII in AgBroslo.

Thus, the established emission spectra indicate a complex energy structure of the samples. Its detailed
explanation requires the determination of the band gap and an accurate study of the luminescence
mechanism and, in addition, the study of the relationship of the luminescence bands for their belonging to
one color center.

This work was carried out with the financial support of the Ministry of Science and Higher Education
of the Russian Federation (theme Ne FEUZ-2026-0008).
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JlaHHOE coOeoMHEHHE MOXKET MPUMEHSTHCS B Pa3IMYHBIX ONTOBOJOKOHHBIX CHCTEMaXx.
Pa3paboTka mpuOOpOB HA OCHOBE JTOTO COEAMHEHWS HEBO3MOXXHO 0€3 M3yYeHHWsl ero IIOTHOCTH
ANIEKTPOHHBIX COCTOsIHUI. Monekyna P4 — Ses 3T10 ciokHas nByxcioitnas nupamuaa [ 1 ], HuwkHuUiA cinoit
KOTOPO# 3TO MpaBUJILHBIA TPEYTONBHUK U3 aTOMOB pocdopa, HaJ HUM CIIOH U3 TPEX aTOMOB CeJieHa, a OHH
yKe 3aMBIKafOTCsl Ha BepxHHUH atoMm (ocdopa. Takum obOpaszom cuMmMeTpwst MOJEKynsl ecTb Cay
OueBuaHO, YTO MOJIEKYJa 3aMKHYTa, a CBSA3U C JPYTUMH MOJIEKYJIaMH OCYLIECTBIIIETCS 3a cueT cuil Ban-
nep-Baanbca. Mcxos U3 cMMMETpUM MOJICKYJIbl, TAMUJIBTOHUAH B 0a3uce S U P aTOMHBIX opOuTaien
(AO) pazpmensercs Ha Tpu OJIOKa, KOTOPhIE COOTBETCTBYIOT HEMPUBOAUMBIM MpeactaBienusm (HIT) Aj ,
A> u E . l'amunbroHmaH, ncnons3yemslii B pabote crpomics B 6asuce JIKAO. B Hem Hanbosee mpocto
BBIYUCIISITH MATPUYHBIC 3JIEMEHTHI B TpuOImkeHnn Bonbdcoepra-I ensmromnsiia, B KOTOPOM AHaroHaabHbBIC
OJICMCHTBI 3TO IMOTCHIHAJIbl HWOHU3AIlMM ATOMOB, a HCEAWAIOHAJIIBHBIC J3JIEMHMCHTBI €CTh IIOJIYyCyMMa
IUArOHAIFHBIX YMHOXXEHHBIX Ha WHTETpal TepeKphlBaHWsA. B maHHOW pabore wucmonb3oBamnch AO
CreiirepoBckoro Tuna [ 2] . Vcxozst M3 CHMMETPHU3AIMK OMIMCAHHOM BBIIIIE B IIPHHIMITE MOXHO TTOCTPUTh
30Hy bpuiniosHa, W3 KOTOPO# MOJIYYHTH IJIOTHOCTH cOCTOSTHUN. OAHAKO ecTh Ooliee MPOCTOH crnocod —
METO/T Pa3JIOKEHUS TaMIJIbTOHHAHA B HenpepbiBHY0 Apo6b (H) [ 3 ]. Xopoiio nu3BecTHO, 4TO INIOTHOCTh
COCTOSIHMI €CTh MHHMMasl 4acTh QyHKIMH [ puHa, yMHOKeHHas Ha Kodpdumuent ( -1/m ). Tak kak
ramMuibTOHHaH ToctpoeH B Oasuce JIKAO , a HemnpepbiBHas ApoOb Pa3BOPAuMBAETCS C KOHKPETHOMH
cummetpusoBaHHoi opOutanu (CO), TO Mbl mony4aeM (paKTHUYECKH JIOKATbHYIO TUIOTHOCTh COCTOSHHIA
(JIIIC) Ha oOOMHAKOBBIX BCJEICTBHE CHUMMETPUM AaTrOMHBIX MectaX. CpaBHEHME CO CIIEKTPOM
¢dorononmsaryu [ 1, Fig.4] nmoka3ssiBaeT y0BIETBOPUTEILHOE COOTBETCTBUE pacueTa B quamna3one 8.92 —
12.6 3B. 3Oto cootBerctByeT JIIIC o CO mis venpuBoaumoro npeacrasienus (HII) E tunma toueunoit
rpymnisl Cay . Jannas CO gopmupyercs u3 p-AO ceneHa « m » Tumna opueHTanuu ( monepéx cpszeit P -

Se)
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This connection can be used in various fiber optic systems. The development of devices based on this
compound is impossible without studying its density of electronic states. The molecule P, — Ses is a
complex two-layer pyramid [ 1 ], the lower layer of which is a regular triangle of phosphorus atoms, above
it a layer of three selenium atoms, and they are already closed on the upper phosphorus atom. So the
symmetry of the molecule is Csy . It is obvious that the molecule is closed, and communication with other
molecules is carried out at the expense of the forces of van der Waals. Based on the symmetry of the
molecule, the Hamiltonian in the basis s and p of atomic orbitals (AO) is divided into three blocks, which
correspond to irreducible representations (IR) A1, Az and E .The Hamiltonian used in the work was built at
the base of the LCAO. It is easiest to calculate the matrix elements in the Wolfsberg-Helmholtz
approximation, in which the diagonal elements are the ionization potentials of the atoms, and the non-
diagonal elements are the half-sum of the diagonal multiplied by the overlapping integrals. In this work,
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Slater-type AO were used [ 2 ] .Based on the symmetry described above, in principle, it is possible to plot
the Brillouin zone, from which to obtain the density of states. However, there is an easier way — the method
of decomposition of Hamiltonian into a continuous fraction (CF) [ 3 ] .1t is well known that the density of
states is the imaginary part of the Green function multiplied by the coefficient ( -1/ 7z ) .Since the
Hamiltonian is built in the base of the LKAO, and the continuous fraction unfolds from a specific
symmetrized orbital (SO), we get actually the local density of states (LDS) at the same atomic places due to
symmetry. Comparison with the photoionization spectrum [ 1 , Fig.4] shows satisfactory conformity of
calculation in the range 8.92 — 12.6 eV. This corresponds to the LDS of SO for irreducible representation

(IR) E type of point group Cay . This SO is formed from the p-AQO selenium "x" type orientation (across the
bonds P - Se )
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3amura OKpY’)Karolleld cpezibl MpH Meperpy3ke MUHEPaIbHBIX YIOOPEHUI ¢ BaroHa Ha CYIHO — 3TO
KOMIUIEKCHas 3a1ada. OCHOBHBIE SKOJOTMYECKHE PHUCKHM 3A€Ch — AITO NBUIEHHE Ipy3a TpH MEPECHITKE
(3arps3HeHue aTMoc(hepbl ¥ aKBaTOPHU) M BO3MOKHBIE YTEUKH/CMBIBBI BEILIECTB (3arpsI3HEHUE TIOYBHI U BOJIBI).

Cunratorcst 06a30BBIMH M 00s3aTENBHBIMH  AJISl  COBPEMEHHBIX IOPTOBBIX TEPMHHAJIOB
TEXHOJIOI'MYCCKHUEC METOAbI ITBIJICIIOAABIICHUA U JTIOKAJINU3allu BBI6pOCOB. K mum orHOCSTCS: acnypanusa u
3aKkphIThIe Tajeper. KimoueBoil MeTon, MO3BOMMIOMKE yaaBnuBaTh 10 99,9% meumn npsmMo B MecTax eé
oOpa3oBanus (OyHKepbl, KOHBEHEpPHI, y3Jbl TEPECHIIKH), TP 3TOM 3HAYMTENbHAsS YacTh BBIOPOCOB
MPOUCXOJAUT HMMEHHO U3-32 OOJBIION BBICOTHI MAJEHUS Tpy3a M BBICOKOM CKOPOCTH yaapa, 4To
MOATBEP)KIAeT HEOOXOIMMOCTD TAKUX FepPMETHYHBIX cucTeM. CHCTEMBI OpoLIeHHUs (THAPOOOECTIBUTMBAHKE)
AKTHUBHO UCIIOJIB3YECTCA, 0COOEHHO Ha OTKPBITBHIX IUIOIIAaAKaxX 1 y3JiaX MCPErpy3Ku.

B nmanHO# paboTe omeHWIM BO3MEHCTBHE MpoIecca Meperpy3kn aMMHAAYHON CENMTPHI Ha BOJHBIN
O00BEKT C UCIOJB30BAHUEM HWHAEKCA BO3ACHCTBUS, NPOAHATU3UPOBAIN TEXHOJOTHUYECKYIO CXEMY
«CyIOTIOTPY304Has MallliHa — MOPCKOe CyTHO (OaJKep)» ¢ TOYKHM 3pEHHUS BO3ICHCTBISI HA BOJHBIA OOBEKT,
YCTaHOBMJIM HMCTOYHMKM OOpa30BaHMs NbUIM IPU 3arpy3ke YJOOpEHHH B TPIOM CyAHA C IOMOLIbIO
3arpy304HOT0 pyKaBa U JaJld UM KOJHYECTBEHHYIO XapaKTEepPUCTUKY.

AHaTUTUYECKUM METOJIOM BBISIBIIIN (PaKTOPbI BO3AEHCTBUSA (OCEJaHWE M BTOPUYHOE 3arps3HEHHE)
Ha BOAHBIN 00BEKT MPHU HEperpy3Ke yA0OpEeHHH, IPEIUIOKIUINA CIIOCOObI YCTAaHOBJICHNSI KPUTEPUEB OLICHKH
BUJIOB BO3JICHCTBUS ()aKTOPOB; BO BHUMaHKE MPUHUMAJIICH KOJIMYECTBO U PaclpOCTpaHeHUE BO3/ICHCTBUS,
OIIACHOCTbH BEILECTB, COOTBETCTBUE BUIOB BO3JACHCTBUS yCTAHOBICHHBIM HOPMAaTHBAaM M Pa3pelCHUAM H
WHTETpabHas OlleHKa BO3JICHCTBUS NBUIEBBIX BELIOPOCOB HAa BOJHBIN OOBEKT MPHU MEPErpy3Ke MUHEPATbHBIX
yAOOpEeHHII HaBaJOM.

Assessment of the impact of dust emissions on water bodies during the
transshipment of mineral fertilizers.

*Zhmyrko T.G., ! Novikova T.K., * Volkova T.A.

! Admiral F.F. Ushakov Maritime State University, 93 Lenin Ave., Novorossiysk, 353924, Russia
E-mail: *zhmyrko.tanya@mail.ru, yriynov@yandex.ru, volkova@mail.ru

Protecting the environment during the transhipment of mineral fertilizers from railcars to ships is a
complex task. The main environmental risks here are dust generation during transfer (air and water
pollution) and potential leaks/washouts (soil and water pollution).

Technological methods for dust suppression and emission containment are considered basic and
mandatory for modern port terminals. These include aspiration and enclosed galleries. This key method
allows for capturing up to 99.9% of dust directly at its source (bins, conveyors, transfer units). A significant
portion of the emissions occurs precisely due to the great drop height and high impact velocity of the cargo,
confirming the need for such sealed systems. Sprinkler systems (hydro-dust control) are actively used,
especially in open areas and transfer units.

This study assessed the impact of ammonium nitrate transhipment on a water body using an impact
index. It also analyzed the ship-loading machine—sea vessel (bulk carrier) flow chart for its impact on the
water body. It also identified and quantified the sources of dust generated during fertilizer loading into the
ship's hold using a loading chute.

Using an analytical method, we identified the impact factors (settling and secondary pollution) on the
water body during fertilizer transhipment and proposed methods for establishing criteria for assessing the
types of impact factors. The study considered the quantity and distribution of impacts, the hazard of the
substances, the compliance of impact types with established standards and permits, and an integrated
assessment of the impact of dust emissions on the water body during bulk mineral fertilizer transhipment.
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B cBs13u ¢ ykecToueHHEM 3aKOHOAATENHCTBa MeXIyHApOIHONH MOPCKOW OpraHM3anuei B 001acTu
CHIDKEHHSI BBIOPOCOB OKCHJIOB a30Ta CYAOBBIMH JHM3EIbHBIMH yCTAaHOBKaMH, HEOOXOIMMO Pa3BUBATH U
MOJIEPHU3UPOBATh CHCTEMbI OYMCTKU BBIXJIOMHBIX ra3oB. [y cooTBeTcTBHs HOpMaM BeiopocoB IMO Tier
IIT v cHMXKEHUS 3arpA3HEHUS OKPYKAIOIIE Cpeibl MHOTHE OKEaHCKHE Cyia YCTAHOBUIIA MOPCKYIO CUCTEMY
SCR mns camxenust BbIopocoB NOy.

B xadectBe o00OBEKTa HCCIEIOBAHHUA PACCMOTPEHA CHCTEMa CEJEKTHBHOIO KaTaUTHYECKOTO
BOCCTaHOBJIEeHHs Bbicokoro masienusi (HP-SCR) riaBHOrO CymoBOro MajiooOOpOTHOTO JH3EIBHOIO
neurareinst MAN 6G60ME-C9.5. Cuctema pacrojiockeHa nepesl TypOUHOM, YTO BBI3bIBACT YBEIUYCHUC
MPOTHBOJAABJICHUSI OTpabOTaBIIMX Ta30B JBWUTaTels, a, CJIEeJOBaTeNbHO, MOBIUSECT Ha €ro
MIPOM3BOANTEIHLHOCT U YICIBHBIA PacXo TOIUINBAa. Bo Bpems dKCITyaTauu CyHa ObUTH TIPOU3BEICHBI
3amepbl BeIOpocoB NOx B aTMocdepy Ha pa3lMuHBIX pekuMax pabotel rinaBHoro asuratens (I'J]).
[Ipoananu3upoBaHa B3aMMOCBA3b MEXIY pPAacXxOIOM MOYEBHHBI W BBIOpOCAMH B 3aBHCHUMOCTH OT
KOHIIEHTpAIlMl aKTUBHOTO BemiecTBa. lIpoBemeHHOe wWcciemoBaHWE TOKa3bIBaeT, dYTO Ooiee
KOHIIEHTPUPOBAaHHAs CMECh MOYEBHHBI OOECIIEUMBACT IJIYUIIYI0 HEHTpAIM3alWi0 OKCHIOB a30Ta INpH
MEHBIIIEM pacxo/e.

Ha ocHoBanum 00pa0OTKH SKCIIEPUMEHTANBHO TOJTYYCHHBIX B YCJIOBHSAX OJKCINTyaTalludl CyIHa
JaHHBIX, OBUIM TIOCTPOCHBI TpadHuuecKue 3aBHCHMOCTH pacxoja MOYEBHHHI U BBIOpocOB NOy oT
KOHIEHTPAIMN aKTUBHOTO BellecTBa. [Ipu OCHOBHOM pexuMe dKCIITyaTalliy riiaBHOro asuratens 51 %
SKOHOMHUSI MOUYEBHHEI C COJIep>KaHneM akTUBHOTO BerecTBa 40 % coctaBmseT 38 mutpoB B 9ac (912 nutpos
B CyTKH) 0 OTHOIIEHWIO K 32 % MO4YeBHHBI. ABTOHOMHOCTH IUIaBaHUs 0€3 TOTMOJHEHHs 3aracoB
MOUYEBHHEI B 3TOM citydae Oyjer Ha 68 yacoB Oouiblire.

CrenaH BBIBOJ] O TOM, UTO COJIEpyKaHHEe MOUEBUHBI 32 % He oOecieunBaeT BHITOJHEHMS TPEOOBaHUIM
[Ipunoxenune VI MAPIIOJI k yaensaomy BeiOpocy NOx B aTMOC]epy € TOTOKOM OTpa0OTaBILIUX T'a30B OT
HCCIIelyeMOTO TJIaBHOTO JiBUTaTeNsl. Heobxomumo cHbkeHne KonudecTBa BIOpocoB Ha 0,149 1/(kBt-yac),
YTO MOBJIEYET JAONOJHUTEIHHBIN Pacxo/l MOYEBUHBI M COKpAIlleHHe BPEMEHH aBTOHOMHOTO TUTaBaHus, 6e3
TIOTIOTHEHHUS 3a11ACOB MOYEBHHEI.

High pressure selective catalytic reduction system for marine diesel engines

1Zubko S. S., ¥ Turkin V. A.

L Admiral Ushakov Maritime State University, 353924, Russia, Novorossiysk, Lenin Ave., 93
email: 1992sergeyz@mail.ru, “turvla@mail.ru, ignatencko.geor@yandex.ru

Due to tightening International Maritime Organization regulations on reducing nitrogen oxide
emissions from marine diesel engines, it is necessary to develop and modernize exhaust gas cleaning systems.
To comply with IMO Tier 11l emission standards and reduce environmental pollution, many ocean-going
vessels have installed marine SCR systems to reduce NOx emissions.

This study examines the high-pressure selective catalytic reduction (HP-SCR) system of a MAN
6G60ME-C9.5 main marine low-speed diesel engine. The system is located upstream of the turbine,
increasing exhaust backpressure and, consequently, impacting engine performance and specific fuel
consumption. NOx emissions were measured during vessel operation at various main engine (ME) operating
modes. The relationship between urea consumption and emissions was analyzed depending on the active
substance concentration. The study demonstrates that a more concentrated urea mixture provides better
nitrogen oxide neutralization with lower consumption.

Based on data obtained experimentally during vessel operation, graphical plots were constructed of
urea consumption and NOx emissions versus the active substance concentration. Under the main engine's
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standard operating mode of 51%, urea with a 40% active substance content saves 38 liters per hour (912
liters per day) compared to 32% urea. In this case, the cruising range without urea replenishment will be 68
hours longer.

It was concluded that a 32% urea content does not ensure compliance with MARPOL Annex VI
requirements for specific NOx emissions from the exhaust gas flow from the main engine under study. A
reduction in emissions by 0.149 g/(kWh) is necessary, which will entail additional urea consumption and a
reduction in cruising range without urea replenishment.
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AHHOTAIUA

H3z6ecmno, umo onmuyeckuii UHCMpyMenmapuii npegocxo0um 6ce uHvle cnocoObl UsyueHUs npupoobl
sewjecmea. To obcmoamenvcmeo, umo sHepeus Qomona Jjexcum 6 OUanas’oHe IIeKMPOHHBIX U
KoebamenbHbIX nepexo0os 6 Gewjecmee, No380JAem UCNONb308aMb C8em Ol NONYYeHUs YHUKAIbHOU
ungopmayuy 0 CMpPYKmMypHolX U OUHAMUYECKUX CBOUCMBAX Geujecmed, no360Jsaem Npou3gooums
Mmonyatiuee UMeHeHue €20 KE8AHMOB0—MeXAHUYEeCKO20 COCMOAHUA. DMy  YHUKATbHbIE JIA3epHble
603MOJICHOCU, OCHOBAHHbLIE HA UCNOAb306AHUU ONMUYECKOU MEXHUKU, USPArom 6AadICHEUUY0 pofib @
usyuenuu Kax OOBEMHBIX, MAK U MOHKONIEHOUHLIX MAMEPUAnNos, 6 mMOM Hucie HaAHO- U
OUOCMPYKMYpUPOBAHHBIX.

B nacmosuyeti pabome, npooonxcas uccreoosanus, nauamoie panee [1-3], npedcmasnenv
PE3YIbmMamuvl UCCAEO08AHUSL HCUOKOKPUCMATTUYECKO20 COCMOSIHUSL 8€WeCNed, 8 CPABHEHUU C Opy2uMu
CONPANCEHHBIMU OPLAHUYECKUMU MAMEPUATAMU, NPU CIPYKIMYPUPOBAHUU Me30¢ha3bl PA3ZHO20 POOAd HAHO-
U 6uo-obvexmamu 8 Kamge NpuUMeHeHusi 20102papuyeckozo memooda u memooa Z-cKaHuposanus, Kax
Haubonee UHDOPMAMUBHBIX JIAZEPHBIX MEMO008 MeCMUPOSanusl HeNUHeuHoU pepakyuu, KyoOuuHou
HEeNUHEUHOU 8OCNPUUMYUBOCU U 2UNEPNOJIPUZYEMOCU Mamepuanos. B kawecmee nazeprnozo ucmounuka
6 OAHHOM KIOYe UCHONIb308ANACy 8MOPASl 2APMOHUKA (OIUHA BONHBL 532 HM) UMNYILCHO2O HEOOUMOBO2O
nazepa. I'onoepaghuueckoe uccredoganue npogoounocs 6 yciosusax ougpaxyuu Pamana-Hama na pasnvix
npocmpancmeenuvix yacmomax 6 ouanazoune 50-150 mm™ npu sapvuposanuu nromuocmu suepauu om
0,025 0o 0,6 [ocxem™. Tpedcmasneno 3KcnepumMeHmansho onpedeneHHoe —u3MeHeHue HABEOeHHO20
BHAYEHUs. NOKA3AMesl NPETOMACHUS,, 8bIYUCTEHbL HEUHeUHO-onmuyecKue napamempul. Jlano cpasuenue
HEeMUHEUHbIX — XapaKmepucmuk ¢ MAaKogblMu, HOLVYEHHbIMU — Memooom Z-ckanuposanusi. [lis
nOOMEePIHCOeHUsT OAHHLIX O GIUSHUU MENCMONEKYNIAPHO20 KOMIIEKCO0OpA306anus, HpU HAHO- U
OUOCIMPYKMYPUPOBAHUL, HA CEOUCMEA MAMEPUANLO8 NPeOCMABIeHbl K8AHMOBO-XUMUYECKUe DACUembl.
Cnpoeno3upo8ano 603MONCHOE UCHONL30BAHUE YCMPOUCHE HA OCHOBE CONPSNCEHHBIX OP2AHUYECKUX
Mamepuanos, Kak 6a308blx d1eMeHmo8 ONMOINEKIMPOHUKY U OUOMEOUYUHDL.
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Laser technologies in the study of the basic properties of the nano- and bio-
structured materials
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Abstract

It is known that the optical instrumentation surpasses all other methods of studying the nature of
matter. The fact that the energy of a photon lies within the range of the electronic and vibrational transitions
in matter makes it possible to use light to obtain unique information about the structural and dynamic
properties of matter and to make the finest possible changes to its quantum-mechanical state. These unique
laser capabilities, based on the use of the optical technology, play a crucial role in the study of both bulk
and thin-film materials, including nano- and bio-structured ones.

In this work, continuing the research initiated earlier [1-3], we present the results of a study of the
liquid-crystal state of matter, compared with other conjugated organic materials, when structuring the
mesophase using various types of nano- and bio-objects in the context of applying the holographic method
and the Z-scanning method — the most informative laser methods for testing nonlinear refraction, cubic
nonlinear susceptibility, and hyperpolarizability of the materials. In this context, the second harmonic
(wavelength 532 nm) of a pulsed neodymium laser was used as the laser source. The holographic study was
conducted under Raman—Nath diffraction conditions at different spatial frequencies within the range of 50—
150 mm™', with the energy density varying from 0.025 to 0,6 Jxcm®?,

The experimentally determined change in the induced refractive index value is presented, and the
nonlinear optical parameters are calculated. A comparison of the nonlinear characteristics with those
obtained using the Z-scanning method is provided. To confirm the data on the influence of the
intermolecular complex formation during the nano- and bio-structuring on the properties of the materials,
guantum-chemical calculations are presented. The possible use of devices based on conjugated organic
materials as basic elements of optoelectronics and biomedicine is predicted.
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CrnexTpanbHbple TPUOOPHI UCTIONB3YIOTCA Ui KAYeCTBEHHOTO M KOJMYECTBEHHOTO HCCIIEOBAHUS
COCTaBa CBETA, KOTOPBIM H3JIy4aeTcs, MOIJIOIAETCS WIM PAaCCEUBACTCSA BELECTBOM. OTHU HCCIEAOBAHUS
MO3BOJISIIOT aHAJIM3UPOBATH CBOIMCTBA BEILIECTB, MX XUMUYECKUH cocTas [1, 2].

Lenbto nanHoi paboTHI ABTsIETCS pa3paboTKa, M3TOTOBICHHE U OTIPEICIICHIE TapaMEeTPOB MAKETHOTO
oOpasma cnektpomerpa Ha ocHOBe [13C-muneitku TCD1304DG n onTryeckoi 4acTH C OTpakaTeIbHOMN
TUPaKITHOHHON PEIIETKOM.

B KkauecTBe OCHOBHOH ONTHYECKOW YacTH C OTpakaTeNbHOH AU(PAKIMOHHOW pPEmETKON
WCTIONB30BANIaCh CIEKTpaibHAasl HacalKa Il BRICOKOCKOpocTHOH (oTokamepsl BCK-5. Peructpupyromas
4gacTh nmpubdopa OblIa coOpaHa Mo THOPUAHOMY CIIOCO0Y: HECYIIHE U KPETIeKHBIE AIIEMEHTHI N3TOTOBJIECHBI
MerosoM 3D-meuaTH, a ONTHYECKHUE 3JIEMEHThl HMHTCTPUPOBAHBI B KOPIYC, TAKXKE MPEAYCMOTPEHO
npojoiasHoe cMmeinenue [13C-nuHelku s (OKYCUPOBKH CIIEKTpa Ha HEH, ¢ MOMOIIBI0 IOCTUPOBOYHBIX
BHHTOB. B mpormecce paboTel Obla M3roToBieHa dnekTpoHHas cxema mis [I3C-nmuuelikn u mopaboraHa
0a3oBas nporpamMma Ha Python: moGaBnena kanmuOpoBKa MOJIMHOMOM 10 4 CTENEHH METOIOM HaWMEHBIIINX
KBaJIpaTOB, BO3MOXKHOCTh OCTAHABIMBAaTh rpaduk M JT0OaBJICHHE MapKEPOB Ha IpaduK C IMOJyYCHUEM
OTHOCHUTEJIbHON HHTEHCUBHOCTH U JUIMHBI BOJHBI 3TOI'0 MapKepa.

[IpoBenena kanuOpoBKa Mo PTYTHOH Jamre o anuHaM BoiH 579,1 um, 577 M, 546,1 M u 435.8
HM. CniekTpanbHbIi quanazon coctasui 350—720 aM. Pazpemaromias crnocoOHOCTh, OLEHEHHAS TIO CIIEKTPY
reNMii-HeOHOBOTO Jaszepa, cocTaBmia R =~ 3100. Taxxke CHeKTpOMETp YBEPEHHO paspemiaeT >KEMTHIN
nytet Hatpus (589,0/589.6 um) (puc. 1).
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Pucynox 1 — Yuacmox cnexmpa nampuesoii 1amnol

Habnronaemoe HeOomnblioe pacxoxkIeHHE C HWCTUHHBIMH JUIMHAMH BOJIHBI  OOBSICHSETCS
XpOMaTHUeCKOl abeppalmeil JIMH3bI, HE CTPOro NEepPHEeHAMKYISPHBIM pacroyiokeHrneM matpuusl [13C-
JIMHEWKH 10 OTHOIIIEHHIO K ONITHYECKON 0cH (DOKYCUPYIOIIEH JTMH3BI, TOIPEITHOCTHIO KATMOPOBKH Ha KPasx
CIEKTPAJIBHOIO AHAIa30Ha.

Bruia mpoBenena oneHka auHEHOM, 00paTHON TMHEWHOH, YIIIOBOH AUCIIEPCHI MO CHEKTPY PTYTH B
3 00sacTsIX, pacCUMTaHHBIX 10 (opMymam:
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rae Ap — KOJUYECTBO MHKCEIh MPUXOISIINXCS HA 3aJaHHBIN CIEKTpalibHbIM WHTepBan AA, Al =
Ap * 0,008 MM, Tak kak pasmep mmkcens — 0,008 MM, a mar ux nentpoB — 0,008 mm, f, = 90 MM —
(hoxycHoe paccrosiHue (pokycupyromei JuH3H [3].

Tabnuya 1 — Jlunetinas, obpamuas tuneunas, yenoeas oucnepcuu

Tusei . Ob6partHas YrnoBas
MHEWHas JInneiinas .
JIUHENHHas JUCTIEPCHS
Ob6nactb aucnepeus JUCTICPCHS
D,,, makcens/mM | Dy, mm/am | e PCrt crekTporpaga

p’ b 1D, um/mm | D, pan/am
JKENTO-3eNEHas
(577-546,1 1) 9,7 0,078 12,9 0,00087
CUHE-3€JIEHas
(546,1-435.8 1) 91 0,073 13,7 0,00081
cuHe-(HoIeTOBAs
(435,8-404.7 ) 8,6 0,069 14,6 0,00077

B xome paGoThl ObUI M3rOTOBJICH M MCCJCIOBAH MaKETHBIM oOpasel criekrpoMerpa Ha Oase [13C-
nuHeku TCD1304DG 1 3aperucTprupoBaHbI CIIEKTPHI PA3IHYHBIX HICTOYHUKOB (PTyTHAS JIaMIIa, HaTpUeBas
JlaMIia, TelUi-HeOHOBBIM Jla3ep, JiaMIa HaKaJMBaHUS, CBETOAMOIHAs JaMIla), I103BOJISIOIINE
WACHTU(QHUIIMPOBATh XapaKTepHbIE CIEKTPaJbHbIC JIMHUA U JEMOHCTPHPYIOIIME pPabOTOCIOCOOHOCTD
npubopa. B nanpHeleM riaHUpyeTCsl 3aMEHUTD JIMH3Y Ha aXpOMaTHUECKYIO Ul BEICOKOTO pa3peIleHHs
BO BCEM CIIEKTPAJbHOM JWANa3oHe, MPOBECTH 0ojee TOYHYIO KaJMOpOBKY Kak IO JUIMHAM BOJH, TaK H
CHEKTPATLHON aMIUIUTY/IC, YIUTHIBAS CIIEKTPAJIbHYIO UyBCTBUTEIHHOCTD (DOTONPHEMHHKA.
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Registration of light source spectra using a CCD array
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Spectral instruments are used to qualitatively and quantitatively study the composition of light that is
emitted, absorbed, or scattered by a substance. These studies allow us to analyze the properties of substances
and their chemical composition [1, 2].

The aim of this work is to develop, manufacture and determine the parameters of a prototype
spectrometer based on the TCD1304DG CCD line array and the optical part with a reflective diffraction
grating.

A spectral attachment for a VSK-5 high-speed camera was used as the main optical part with a
reflective diffraction grating. The recording part of the device was assembled using a hybrid method: the
supporting and fixing elements were made by 3D-printing, and the optical elements were integrated into the
housing, and the CCD line array was also longitudinally shifted to focus the spectrum on it, using adjustment
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bolts. During the process, an electronic circuit for the CCD array was manufactured and the basic Python
program was modified: calibration with a polynomial up to the 4th degree using the least squares method
was added, as well as the ability to pause the graph and add markers to the graph to obtain the relative
intensity and wavelength of this marker.

Mercury lamp calibration was performed at the wavelengths of 579.1 nm, 577 nm, 546.1 nm and
435.8 nm. The spectral range was 350-720 nm. The resolution estimated from the spectrum of the helium-
neon laser was R = 3100. The spectrometer also confidently resolves the yellow sodium doublet

(589.0/589.6 nm) (Figure 1).
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Figure 1 — A section of the spectrum of a sodium lamp

The observed small discrepancy with the true wavelengths is explained by the chromatic aberration
of the lens, the non-strictly perpendicular position of the CCD array relative to the optical axis of the
focusing lens, and the calibration error at the edges of the spectral range.

The linear, inverse linear, and angular dispersions were estimated from the mercury spectrum in three
spectral regions using the following formulas:

Dy

l

Ap [pixel
= Al nm ]

Al pmm
~ 32 om)

1 Adrnm
5~ a7 o)

D;
DC = f—,
2

where Ap is the number of pixels falling within a given spectral interval A1, Al = Ap *
0.008 mm, since the pixel size is 0.008 mm, and the step of their centers is 0.008 mm,f, = 90 mm is the
focal length of the focusing lens [3].

Table 1-Linear, inverse linear, angular dispersion

Inverse Angular
Linear Linear linear dispersion of
Area dispersion dispersion dispersion the
Dy, pixel/nm | Dy, mm/nm | 1/ D, , | spectrograph
nm/mm D, rad/nm
yellow-green (577—
546.1 nm) 9.7 0.078 12.9 0.00087
blue--green (546.1—
435.8 nm) 9.1 0.073 13.7 0.00081
blue-violet (435.8—
404.7 nm) 8.6 0.069 14.6 0.00077
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In the course of the work, a prototype of the spectrometer based on the TCD1304DG CCD line array
was made and studied, and spectra of various sources (mercury lamp, sodium lamp, helium-neon laser,
incandescent lamp, LED lamp) were recorded, which make it possible to identify characteristic spectral
lines and demonstrate the operability of the device. In the future, it is planned to replace the lens with an
achromatic one for high resolution across the entire spectral range, and to carry out more precise calibration
both in wavelength and spectral amplitude, taking into account the spectral sensitivity of the photodetector.
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AHanu3 ¢a3oBoii JUArPaMMBbI raJIOreHHI0B METAJJIOB /IJIsl CHHTEe3a HOBBIX
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MHOTrOKOMITOHEHTHBIE TBEP/IbIe PACTBOPHI HA OCHOBE TaJOT€HHUIOB TaJUUs U cepedpa MpUBIEKAIOT
BHUMaHHE B KayeCTBE MEPCIEKTUBHBIX JIIOMUHECHEHTHBIX MaTEpUANIOB, ONTUYECKUE CBOWCTBA KOTOPBIX
CYIIECTBEHHO 3aBUCAT OT (Da30BOT0 M XMMUYECKOTO COCTaBa. B 4acTHOCTH, MOATIEKHUT U3YUCHHIO CHCTEMA
AQClo21Brosaloss — Tl B CBsI3M ¢ BO3MOKHOCTBIO CHCTEMATHUSCKOTO M3MEHEHUSI IIIMPUHBI 3alPEIICHHON
30HbI (Eg) mocpencTBOM u3MeneHus KouuenTpamnuu T1I.

B cB3M ¢ HEOOXOIMMOCTHIO M3YYHTh ITAHHYIO CHUCTEMY OBUIM MOATOTOBIEHBI OOpa3Ibl CEpUH
COCTaBOB, KOTOPBIC 3aTE€M IOABEPraJHCh UCCICAOBAHUIO METOAaMH IH((PepeHITATbHO-TEPMUIECKOTO
(ATA) u pentrenodazoBoro (PDA) [1, 2] ananmuzos. Jns ATA ObUIM NPUTOTOBICHBI HABECKH PA3HOTO
coctaBa mMaccoit 1 r ¢ Bapeupyemoii korneutparmeii Tl B AgClo21Brossloas ot 0 mo 100 mac. % ¢ marom
10 mac. % u psmoM 100aBOYHBIX COCTABOB B OOJIACTSAX AMArpaMMBbl, HYKIAIOMUXCS B JOIIOJHUTEILHOM
YTOYHEHHUH, HalpUMeEp, BO3JI€ TOYKM 3BTEKTHUKH. [locie romoreHu3anuy COCTaBOB B My(eIbHOW IeYH B
TeueHun 24 vacos u npu temnepatype 400-500 °C o6pa3ubl 0butn oTrpasicHsl Ha JJTA. Merogom [ITA
OBUIH 3aperHCTPUPOBAHBI JHIOTEPMHUUYECKHE JPQPEKTh, HA OCHOBAHMH KOTOPHIX OBLTH OIpeIeTIeHbI
TpaHUIBI 001acTel Mpu MOCTpOoeHNH (Ha30BOM TUArpaMMEl.

Metomom ropsiuero mpeccoBanust [3] Ha mpecce Specac 15 Ton ObUTH  HM3rOTOBIIECHBI
IJIocKonapasienbHple  MiacTuHbl TonmuHoi 300-500 mxwm. Ilpomecc W3roToBieHHs 3aKioyancs B
MOMEIIICHUH B OCHACTKY 3arO0TOBOK 3aJIaHHOTO cocTasa, X Harpesa 10 200-250 °C u BbIIepKKe B TeUCHHE
25 MHH c TIeTbIO YITyUIIeHHs TUIACTHYHOCTH MaTepurana. [Ipomecc mpeccoBaHus MPOBOIMICS MIPH HATPY3Ke
B 10 T B TeUCHHE OTHOM MUHYTHI C TIOCJIEAYIOIINM OXJIaXKACHUEM 0 KOMHATHOM TeMIIEPaTYPHI.

ITo uroram GwuT mostydeH psit obpasios: 2, 5 u 10 mac. % Tl B AgClo21Brosslois. POA ananus
JaHHBIX 00pa3uoB mnpoBoamics Ha npubope Rigaku MiniFlex 600 npu temneparype 25 °C u mo3BoJHII
YCTaHOBUTH KpUCTAJLTHUECKHE (ha3bl B O0JIACTAX JUATPAMMBI.

B pesymbrare ObuT ompeneneH psJ TOMOTEHHBIX M TEeTEPOTSHHBIX O0JacTed JaHarpaMmel,
COOTBETCTBYIOIIMX CTAa0WIBHBIM TP KOMHATHOH TeMIeparype TBEpAbIM pacTBOPaM CHCTEMEI
AgClo21Brosalo.1s — TII. TIpu comepskannu B cucteme Tl 10 5 mac. % ycTaHOBIEHO HAIMYHE TOMOTCHHOM
o0sactu moaudukaru FM3m. JlanHas 00JacTh HAMITYYIIUM 00pa30M MMOAXOIUT Il CHHTE3a ONTHUSCKUX
U JFOMUHECHCHTHBIX MOHOKPHCTAJUIOB B CBSI3H C ONTHYECKOH OIHOPOAHOCTHIO. B KOHIEHTpAIlMOHHOM
MHTEepBajie OT 5 Mac. % 110 62 Mac. % npeanonaraercs Hamyre Moaudukanuii Fm3m u R-3, uto roBopur
0 FeTepOreHHOCTH TaHHO# 06nacTu. [TomyueHHbIe B paMKax JaHHOTO JUaria30Ha KepaMUIeCKUEe MaTepUaIIbI
MOTYT OBITh HCIIOJIb30BaHBI B KAYECTBE MaTepPHAIOB Iporyckatoiei ontuku. Conepxxkanuto Tl ot 62 mac.
% 1o 90 mac. % MpeanoNoKUTEILHO COOTBETCTBYET 00J1acTh TeTepOreHHOCTH ¢ AByMs ¢azamu: R-3 u
Pm3m. ITpu BeicoKoit oiie has3bl R-3, ymenslaroneiics ¢ poctom conepkanus T1l, coctaBbl, moay4yeHHbIe
B 3TOM JHana3oHe, OTJINYAIOTCS XPYNKOCTHIO U HEOTHOPOAHOCTHIO, B CBSA3U C YEM HE PEKOMEHIYIOTCS JUIS
UCIIONIb30BaHMsl B KadecTBe onTudyeckux marepuaioB. Conepxkanmto Tl ot 90 mac. % mo 98 mac. %
MIPETONIOKUTEFHO OTBEYaeT 001acTh TOMOTeHHOCTH ¢ Moaubukanuein Pm3m. Conepsxanue Tl cBbimme
98 mac. % MOXeT COOTBETCTBOBAThH OJJHO(Ga3HOH 0bnacTu Moaudukamu Cmem.

B nanpHeimem riaHUpyeTCs IPOIOJDKUTH yTouHeHHe (a30Boi JuarpaMmel MeTogoM POA c nienbio
orpenesieHHs rpaHull o0nacTed U uACHTUPUKALUN KpucTaJuindeckux ¢as. JaHHble HccienoBaHU MOTYT
MOMOYb BBISIBUTH KOPPEJSIIUI0 MEXTY (Pa30BBIMHU MEpexX0jaMy U JTFOMHHECIICHTHBIMU XapaKTePUCTUKAMU
HCCIIETyEMbIX COCTABOB.

Pabora BeimosiHeHa npy GUHAHCOBOW MoOJAEpKKEe MUHHCTEPCTBA HAYKH W BBICILIETO 0Opa3oBaHUs
P® (tema Ne FEUZ-2026-0008).
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Analysis of the phase diagram of metal halides for the synthesis of new luminescent
materials
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Multicomponent solid solutions based on thallium and silver halides attract attention as promising
luminescent materials, whose optical properties are substantially governed by the phase and chemical
composition. In particular, the AgQClo21Brosalois—TIl system is of interest due to the possibility of
systematically tuning the bandgap width (Eg) by varying the TII concentration.

In order to investigate this system, a series of samples with varying compositions was prepared and
subsequently examined by differential thermal analysis (DTA) and X-ray diffraction (XRD) analysis [1, 2].
For DTA, samples of different compositions weighing 1 g were prepared with TIlI concentrations in
AgClo.21Bro.ealo.15 ranging from 0 to 100 wt. % in 10 wt. % increments, along with additional compositions
in regions of the phase diagram requiring further refinement, such as near the eutectic point. After
homogenization in a muffle furnace at 400-500 °C for 24 hours, the samples were subjected to DTA.
Endothermic effects were recorded by DTA, on the basis of which the boundaries of the phase regions were
determined during the construction of the phase diagram.

Plane-parallel plates with thicknesses of 300—-500 um were fabricated by hot pressing [3] using a
Specac 15 Ton press. The fabrication process involved placing preforms of the specified composition into
the die, heating to 200-250 °C, and holding for 25 minutes to improve the plasticity of the material. Pressing
was carried out at a load of 10 tons for one minute, followed by cooling to room temperature.

As a result, a series of samples was obtained with TIl contents of 2, 5, and 10 wt. % in
AgClo.21Bro.sslo.1s. XRD analysis of these samples was performed on a Rigaku MiniFlex 600 diffractometer
at 25 °C and allowed the identification of crystalline phases in the phase diagram regions.

Consequently, a number of homogeneous and heterogeneous regions of the phase diagram
corresponding to stable solid solutions of the AgClo21Brosslo.ss—TIl system at room temperature were
determined. At TII contents up to 5 wt. %, a homogeneous region with the Fm3m modification was
established. This region is most suitable for the synthesis of optical and luminescent single crystals due to
its optical homogeneity. In the concentration range from 5 wt. % to 62 wt. %, the coexistence of Fm3m and
R-3 modifications is presumed, indicating the heterogeneous nature of this region. Ceramic materials
obtained within this range may be used as transmitting optical materials. TIl contents from 62 wt. % to 90
wt. % presumably correspond to a heterogeneous region with two phases: R-3 and Pm3m. With a high
proportion of the R-3 phase, which decreases with increasing Tl content, compositions obtained in this
range are characterized by brittleness and inhomogeneity and are therefore not recommended for use as
optical materials. TIl contents from 90 wt. % to 98 wt. % presumably correspond to a homogeneous region
with the Pm3m modification. Tl contents exceeding 98 wt. % may correspond to a single-phase region with
the Cmcm modification.

In the future, further refinement of the phase diagram by XRD analysis is planned to determine the
boundaries of the regions and to identify the crystalline phases. The obtained data may facilitate the
elucidation of correlations between phase transitions and the luminescent characteristics of the compositions
under study.

To investigate phase transitions and structural types, differential thermal analysis (DTA) was
employed to register endothermic events, which formed the basis for the phase diagram presented in Fig. 1.
X-ray diffraction analysis performed on a Rigaku MiniFlex 600 diffractometer at 25 °C enabled the
determination and refinement of the boundaries of the stable solid solution TIl — AgClo21Brosalo1s, and
confirmed the presence of a single-phase region with the Fm3m modification in region 1V, which is of
particular interest for the fabrication of optical and luminescent materials. The obtained data may facilitate
the elucidation of correlations between phase transitions and the luminescent characteristics of the
compositions under study.
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B HacTosimiee Bpemsi B CBSI3U C HEOOXOAMMOCTBHIO OOpaOOTKM BHJICONAHHBIX C OCCHUIOTHBIX
JIETAaTEeNHHBIX aIapaToB M IMOCIE0BATEIHLHOCTEH KaIpOB BUAEOPSAa B MEIUIIMHCKIX HHTPOCKOITMIECKIX
M300paKEHHUAX BO3PACTA€T AaKTyaJdbHOCTh TPOOJIEMBI BBIACIECHUS CETMEHTOB B TUHAMHYECKHX
BujeoanHbIX [1, 2]. Mcnonp3oBanue mis 3Tux Ieneil cBépTouHbIX HelpoHHbIX cetelr (CNN) Tpedyet
PETPOCIIEKTUBHBIX JaHHBIX 00 00BEKTe aHamn3a W OONBIIONH 00BEM mpuMepoB. B psae 3amad oOpaboTkH
JMaHHBIX Takue TpeOOBaHWS MO0 HEBBITONHUMBI, JIMOO HE TPEACTABISAETCS BO3MOXKHBIM O0ECIEYHTH
TpeOyeMyl0 IPOU3BOAUTEIBLHOCTh BBIYUCIUTEIIBHBIX pecypcoB. [lo3ToMy oOCTalTCS aKTyalbHBIMU
PaIMOMUYECKHE METOMBI, HAauOOJIee MEPCIEKTUBHBIMU M3 KOTOPBIX SBJISIOTCS METOIBI TEKCTYPHOI'O
aHanmsa [3, 4].

B cBs3u ¢ mpobmemHBIM xapaktepam wucnoibzoBaHust CNN s cermenTanmm m3o0OpaskeHUit
BUJICOPSZIA, IS PEIICHUS STOW 3aJaduu 1eJIeco00pa3HO MCIOJIb30BaTh TMOPUIHBIC METOJIbI CETMEHTALINH,
OCHOBaHHBIE KaK Ha TPAJIMEHTHOM aHalN3e TMepernajioB sPKOCTH Ha M300paXeHUH, TaK U HA TEKCTYPHOM
aHanmze. llpu rpagreHTHOM aHaM3e BHIOMPAIOTCSA MUKCENH M300paKeHUs C HAMOOIBIINMHU TepenagaMu
SIPKOCTH, a TIPU TEKCTYPHOM aHAJIN3€¢ HEOOXOAUMO OMUCATh TEKCTYPY, K KOTOPOH MPUHAIICKHUT IMUKCEITh
n3o0paxenus. Ho TeKCTypa OTpa)kaeT HEKOTOPBIM MHTETPAJIbHBIM IMOKA3aTeNb MHUKCENs H300paKeHHS,
KOTOPBIN JOJKEH OBITh MOJYYEH B OKHE MIIM B HECKOJBKUX OKHAaX. 3aTeM ATOT MHTETpajIbHBIN MOKa3aTelh
COIIOCTABJISICTCS C UHTETPATBHBIMU ITOKA3aTEISIMH, TIOJYYSHHBIMU Ha U3BECTHBIX MpuMepax. [y pemmenus
STOW 3aj7]aud MCIIOJIb3YETCSl OJHAa W3 CHCTEM MAIIMHHOTO OOyuYeHHs, a B KauyeCTBE HMHTErPaJIbHOTO
MOKAa3aTeNsi BBICTYIMAeT BEKTOP, COOTBETCTBYIOIIWI KOJIMYECTBEHHOH WHGpOpPMAIMH O TEKCType
M300paKeHHs, BKIFOYAsl CJIOXKHBIE 3aKOHOMEPHOCTH, TPYTHOPA3ITNINMBIE YEIIOBEUECKAM TTIa30M.

B nanHol paboTe B KayecTBe MHCTPYMEHTApUs TEKCTYPHOI'O aHajIM3a MCIOJIb3YEeTCS «TeKCTYPHBIM
IPagueHT», CyIIHOCTh KOTOPOTO COCTOUT B TOM, YTOOBI OPEEIIUTh TUKCENN, COOTBETCTBYIOIIHE TIEPEXOY
W3 OJTHOM TEKCTypHl B Apyryro. CienoBaTenbHO, IS MONYYEeHUS TEKCTYPHOTO T'paJueHTa HEe0OXOIMMO
MMOCTPOUTH PEIIAIOIICE TPABHIIO, KOTOPOE ¢ HEKOTOPOH 3aJ]aHHON YBEPEHHOCTHIO ONPEASIISIIO TIEPEX0 13
OJIHOM TEKCTYPHI B IpyTyto. [Ipu 3TOM peliiaroiiiee mpaBuiio onpeaesseT MPUHAIIEHKHOCTh TUKCEIIS TOJIbKO
K omgHOU TekcType. ChopMupoBaB HOBOE M300paKeHHE, KaXK/bI IMHKCEIh KOTOPOTO OTpa)kaeT YpPOBEHb
JIOBEpUST TPUHAJICKHOCTH IHKCEIs HCXOJHOTO H300pKEHHUS K 3aJaHHOH TEKCType, MOCPEICTBOM
M3BECTHBIX TPAJUECHTHBIX OTNIEPATOPOB MOKEM C(OPMHUPOBATH TEKCTYPHBIC I'PAHHUIIBI CETMEHTOB.

Takum oOpa3om, mpennaraeMasi MOJENh CETMEHTAllMd OCHOBaHA Ha WCIIONB30BAHUU MOJIEIH
MalIMHHOTO OOYy4YeHUs, IIOCTPOCHHOH Ha OCHOBE PETPOCIIEKTHBHBIX W aKTyallbHBIX JaHHBIX, M
PaIMOMHUYECKHX METOMOB. Mojeiib MalIMHHOTO OOyUYEHHS MO3BOJISIET MOCTPOUTh HOBOE HM300paXKeHHE,
OTpaXKkalolllee PacIpe/leieHne 3aJJaHHONW TEKCTYyphl Ha BXOJHOM HM300pa)KCHHU. 3aTeM 3TO MPOU3BOJIHOE
n300paxkeHne o0padaThIBaeTCs rPaJUeHTHRIMHA METOIAMH, TIOCPEICTBOM KOTOPBIX OTIPEACIISIOTCS TPaHUIIBI
obnacTeii ¢ 3aaHHO# TeKCcTypoit [4].
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Currently, the need to process video data from unmanned aerial vehicles and frame sequences of
video sequences in medical introscopic images has increased the relevance of segmentation in dynamic
video data [1, 2]. The use of convolutional neural networks (CNNSs) for these purposes requires historical
data about the object of analysis and a large number of examples. For a number of data processing tasks,
such requirements are either unfeasible or it is not possible to ensure the required computing performance.
Therefore, radiomics methods remain relevant, the most promising of which are texture analysis methods
[3, 4].

Due to the problematic nature of using CNNs for video image segmentation, it is advisable to use
hybrid segmentation methods based on both gradient analysis of brightness differences in the image and
texture analysis to solve this problem. Gradient analysis selects image pixels with the largest brightness
differences, while texture analysis requires describing the texture to which the image pixel belongs.
However, texture reflects a certain integral metric of an image pixel, which must be obtained in a window
or across multiple windows. This integral metric is then compared with integral metrics obtained from
known examples. To solve this problem, a machine learning system is used, and the integral metric is a
vector corresponding to quantitative information about the image texture, including complex patterns
difficult to discern with the human eye.

In this paper, a "texture gradient"” is used as a texture analysis tool. Its essence is to identify pixels
corresponding to the transition from one texture to another. Therefore, to obtain a texture gradient, it is
necessary to construct a decision rule that determines the transition from one texture to another with a given
confidence level. This decision rule determines the affiliation of a pixel with only one texture. Having
generated a new image, each pixel of which reflects the confidence level of the original image pixel's
affiliation with a given texture, we can use known gradient operators to generate texture segment boundaries.

Thus, the proposed segmentation model is based on a machine learning model constructed using
historical and current data and radiomic methods. The machine learning model generates a new image
reflecting the distribution of a given texture in the input image. This derived image is then processed using
gradient methods to determine the boundaries of regions with the given texture [4].
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ABTOMaTH3MpOBaHHBII aHAN3 W300pakeHnit kommbloTepHOit TomMorpaduu (KT) c BbaeneHueM
y3€JIKOB KaK 0COOBIX TOUYECK MapeHXMMAaTO3HbIX U3MEHEHUH pellaeT 1B B3aMMOCBSI3aHHbIC 3a/1a4H: ITOUCK
TpOoMOOB B coCyiax, T.c. MPSAMYIO THArHOCTUKY TpoMO03IMOomuu sierounoit aprepun (TDJIA) u orieHKy eé
OCJIOKHEHUI.

OnHako JeTeKnusi JIOOBIX OCOOBIX TOYEK NPAKTHYECKH HEBO3MOXKHA 0Oe€3 MpeaBapUTEIbHOTO
pemieHns 3amaunm cerMeHTanuu NETkux. Hcxomnoe KT-m3oOpakeHue TpyMHOW KIETKH COAEPIKHT
MHOKECTBO AaHATOMHYECKUX CTPYKTYp, KOTOpPBHIE CO3MAIOT 3HAYHTEIBHBIA IIIYM U CYIIECTBEHHO
YBEIUUUBAIOT MPOCTPAHCTBO Mmoucka. CerMeHTaIus Mo3BOJISET BBIICINUTH 00JIacTh JIETOYHOM MapeHXUMBI,
orpannuuB 00acTk uHTepeca (ROI) MCKIIOYUTETBEHO TKAHBIO JIETKUX, TJI€ C BBICOKOW BEPOSTHOCTBHIO
JIOKATU3YIOTCSI ICKOMEBIE 0COOBIE TOUKH.

Jia pemieHuUs 3a1a49u BBIJENIEHUS] KOHTYPA JIETKAX H MOCIIEAYIONIETO MOMCKA Y3ETIKOB, KaK 010008 -
0COOBIX TOUYEK, OBLIO MPEITI0KEHO UCIIOIB30BaTh METO JIBOMHOIO criekTpaibHoro ckanuposanus (JICC).
CyTb 3TOTO METOJIa COCTOHT B aHAN3€ M3MEHEHNH aMIUIATY ]I BBIACIICHHBIX IBYMEPHBIX 9acTOT Y OIlIia B
HEKOTOpPOW O0ONacTH HJsi yYTOYHEHHWS IPOXOXACHUS IepermagoB spkocTH. Kpome Toro, Tak Kak B
npeoOpa3oBaHuK Y OJIna ISl BEIYUCICHHUS aMIUTATY] YaCTOT HEOOXOJUMBI TOJNBKO OTEpalii BEIYUTAHUS
U CIIOXKEHHUS, STOT METOJ| SABJSIETCS €Ie U JTOCTATOYHO d(P(PEKTHUBHBIM C TOUKH 3PEHUS BHIUMCIUTEIHLHON
3¢ HeKTUBHOCTH.

MeTtoa JTBOMHOTO CHEKTPAILHOTO CKaHUPOBAHWS OCHOBAaH Ha TOCIIEJOBATEIHHOM pa3OHEeHUH
HCXOJHOTO U300pakKeHUs Ha OKHa, 110 METOJIUKE, 110/100HOM B [ 1]. McxoaHoe n300pakeHrne MOKHO pa3OuTh
Ha CKaHHWpYIre okHa W, B KOTOPBIX ONPEAEIISIOTCS YCpEeTHEHHBIE (M3-3a HATMYUS TIOMeX ) TOYKH TPAHHUIT
nerkux. B ckarmpyromux okHax W oIpenessifoTcsi CKaHupYyHomIie cyOOKHa W, IIeTTb KOTOPhIX — HAWTH B
YCJIOBHSX IIYMOB IO HEYETKUM H300paKEHHSIM TIpaHullbl Jierkux [2]. B ckaHupyrommx cyOOKHax w
MPOM3BOAMTCA pacyeT JBYMEPHOTO CIleKTpa Yoima ©W 1O aHalu3y 3aBHCHUMOCTH aMIUTUTY/]
CEJIGKTUPOBAHHBIX YaCTOT OT CABUTA CyOOKHA BBEIYMCIAETCS HanOoee 3HaunMas OIIeHKa TOUYKH Iepexojia
B JIAHHOM CKAHUPYIOIIEM OKHE. AMIUTUTY/ABl CEJICKTHPOBAHHBIX YAaCTOT WTPAIOT B 3TOM clydae poJjb
BEHBJIETOB, M TOT/Ia AaHATU3UPYIOTCS aprYMEHThI MAKCUMYMOB, MUHIMYMOB W HYJIEH pe3yJIbTaTOB CBEPTKH
BEMBIIETOB U MCXOAHOro curuana [3].

Jiist olleHKH KadecTBa PabOThl METOJa JBOHHOTO CHEKTPAIBLHOTO CKAHUPOBAHUS JUIS pPEIICHUS
3aJjaud BBIJICTICHHST KOHTypa JIETKMX Obuia copmupoBana BeiOopka KT-m300pakeHuii nerkux y 26
MAIMEHTOB, Y KaXI0Tr0 U3 KOTOPBIX ObUT0 momydeHo okoyio 100 cpe3oB IpyAaHOM MOJIOCTH, TA€ BPYUHYIO
ObUIM pa3MeueHb! KOHTYPBI JETKHUX.

WccnenoBarmst mokaspiBator, uto mnpuMenenne JICC mMO3BOISET AOCTUYL BBICOKOW TOYHOCTH
cermeHTanu: ko3ddunument [aiica ansg nérkux pocturaer 98% kax IUIsl MPaBOro, Tak W ISl JIEBOTO
nérkoro. Jto 3HaueHue Ha 3-6% Bbime pedepeHtHOro meroxa [4] (B 3aBHCHMOCTH OT HOPOTOB U
BBITIOJTHEHHBIX HACTPOECK).
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Automated analysis of computed tomography (CT) images, identifying nodules as singular points of
parenchymal changes, solves two interrelated problems: detecting blood clots in blood vessels, i.e., directly
diagnosing pulmonary embolism (PE), and assessing its complications.

However, detecting any singular points is virtually impossible without first solving the lung
segmentation problem. The original chest CT image contains numerous anatomical structures, which create
significant noise and significantly increase the search space. Segmentation allows us to isolate the lung
parenchyma by limiting the region of interest (ROI) exclusively to lung tissue, where the desired singular
points are highly likely to be localized.

To solve the problem of lung contour extraction and subsequent nodule detection as blobs (single
points), the dual spectral scanning (DSS) method was proposed. This method involves analyzing changes
in the amplitudes of selected two-dimensional Walsh frequencies in a specific region to clarify the
distribution of brightness differences. Furthermore, since the Walsh transform requires only subtraction and
addition operations to calculate frequency amplitudes, this method is also quite efficient in terms of
computational effectiveness.

The dual spectral scanning method is based on sequentially partitioning the original image into
windows, using a technique similar to [1]. The original image can be divided into scanning windows W, in
which the averaged (due to noise) lung boundary points are determined. Within the scanning windows W,
scanning subwindows w are defined, the purpose of which is to locate the lung boundaries in noisy, fuzzy
images [2]. Within the scanning subwindows w, a two-dimensional Walsh spectrum is calculated, and by
analyzing the dependence of the amplitudes of the selected frequencies on the subwindow shift, the most
significant estimate of the transition point in a given scanning window is calculated. In this case, the
amplitudes of the selected frequencies act as wavelets, and then the arguments of the maxima, minima, and
zeros of the wavelet convolution results and the original signal are analyzed [3]. To evaluate the performance
of the dual spectral scanning method for lung contouring, a sample of CT images of the lungs was compiled
from 26 patients. Approximately 100 chest slices were obtained for each patient, where the lung contours
were manually delineated.

Studies show that the use of dual spectral scanning (DSS) enables high segmentation accuracy: the
Dice coefficient for the lungs reaches 98% for both the right and left lungs. This value is 3-6% higher than
the reference method [4] (depending on the thresholds and settings).

Thus, DSS ensures stable and reliable automatic segmentation of lung contours, which is especially
important for blob feature analysis. The use of a dual spectral cable not only improves the quality of lung
contour illumination but also creates the basis for precise localization of pathological lesions.
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CoBpeMeHHBIE METOBI AIIEKTPOUMIIEIAHCHOH TOMOTpagH MO3BOJSIOT MONMYy4aTh paclpeacieHue
3NEKTPUIECKUX CBOWCTB OMOIOTHUECKUX TKaHEH, OHAKO KaYeCTBO PEKOHCTPYKIIMHU CYIIECTBEHHO 3aBUCUT
OT YCTOWYHMBOCTH peIleHus 0oOpaTHON 3ajadn. BbICOKas 4YyBCTBUTENBHOCTh K IIIyMam H3MEPEHUH U
HEOOXOIUMOCTh HCIIOJIb30BAHUSI AIPUOPHON MH(POPMALMKM OrPAaHUYMBAIOT MPAKTHYECKOE MPUMEHEHUE
KJIIACCUYCCKUX aJITOPUTMOB PCKOHCTPYKIHWH. OI[HI/IM n3 TMCPCIICKTUBHBIX HaHpaBHCHHﬁ ABJISICTCA
HCIIOJIb30BaHUE SKBHBAJICHTHBIX IEKTPUYECKHX MOJENEH, MO3BOJSIOINX IMPENCTaBUTh HCCIETyEMBII
00BEKT B BHJE CHUCTEMBI B3aMMOCBS3aHHBIX 3JICKTPHUCCKUX 3JIEMEHTOB. Takoi moaxon obecrednBaer
(U3NUECKH MHTEPIPETHPYEMOE OMMCAHUE PE3YNIbTaTOB OMOMMIICTAHCHBIX U3MEPEHUH U cO3aéT OCHOBY
JUTSL TOCTPOCHHST M300paXkeH i 0e3 HeMOCPEICTBEHHOTO PEIICHHs KIIACCHYECKOit 00paTHOM 3amaun [1].

B paspabotanHoO#l cucTeMe M3MEpEeHUsl BHIIIOIHSIIOTCSA C UCIIOJIb30BAaHUEM BOCHMH IOBEPXHOCTHBIX
3NEKTPOAOB, (OPMHUPYIOLIMX [ABaAlaTh BOCEMb HE3aBUCHMBIX H3MEPHUTENIBHBIX KOHGHUrypauui.
[TosydeHHBIN MacCUB KOMIUICKCHBIX 3HaUCHHUM OMOMMIIEIaHCA OTPa)KaeT MHTEIPAIbHBIC JICKTPHUUYCCKUE
CBOWCTBa WcclenyeMold OONIacTH, OJHAKO HE COACPXKHAT HEMOCPEACTBEHHOW WHGOpMamuu o
MIPOCTPAHCTBEHHOM pPAaclpeNelIeHH IapaMeTpoB TKaHeW. JUIi HMHTEpIpeTanud SKCIEPUMEHTATBHBIX
JNAHHBIX TPEJJIaraeTcsi WCIOJNb30BaTh JKBUBAJICHTHYIO TIpadOBYI0 MOJENb, B KOTOPOH BEPIIHHEI
COOTBETCTBYIOT PACIIOIOKEHHIO 3JIEKTPOJIOB, a pE0pa XapaKTepU3yIoT AEKTPUUECKUE CBA3U MEKAY HUMU.
[TapameTtpsl rpadoBoOii MOIENN ONIPEAEIISIOTCA 10 pe3yIbTaTaM OMOUMIIEAAHCHBIX H3MEPEHUH U ITO3BOJISIIOT
copMHpOBaTh 3IEKTPUYECKH COIJIACOBAaHHOE IIpeJCTaBieHHe wucciaexyemoit obmactu. Ilomyuennas
rpadoBas Mozenp 00IanaeT NPOCTPAHCTBEHHOM HHTEpIpETalnei, MOCKOJbKY IOJ0XKEHHE KaxkI0H
BEPIIMHBl OMNPEAEIAETCS PEATBbHBIM PAaCIONIOKEHHEM COOTBETCTBYIOIIETO 3JIEKTPOJa HAa IMOBEPXHOCTH
IPyIHON KJIETKH. DTO MO3BOJISIET MCHOJIb30BaTh MapameTpsl rpada uis HOCTPOSHHs IPOCTPAHCTBEHHOTO
pacrpeaciacHus 6I/IOI/IMHeI[aHCHbIX XapaKTCPUCTHUK. B OTJINYHEC OT TpaJulIMOHHBIX METOA0B
3JIEKTPOUMIIEAAHCHON ToMorpaduy, IpeagaraéMbelid MOAX0 CHayajla BOCCTAHABIMBAET SKBUBAICHTHYIO
JNEKTPUIECKYIO CTPYKTYPY HCCIEIyeMOro OOBeKTa, a 3aTeM HCHONb3yeT €€ it (OPMHUPOBAHUS
OMOMMITETaHCHOTO M300pakeHus. biarogaps 3ToMy yMEHbIIAeTCsS BIMSHHE CIYyYalHBIX MOTPEITHOCTEH
u3MepeHuii u  obecneunBaeTcs  (HU3MYECKas  COIVIACOBAHHOCTH  IOJIY4aeMOro  PacHpeeNICHUs
3JIEKTPUIECKUX NapaMeTPOB. JOMOIHUTEIBHBIM IPEUMYIIECTBOM METO/IA SIBIISIETCSI BO3MOXKHOCTH pabOThI
C MHOTOYaCTOTHBIMH HM3MEpeHUsMH. [l KaxI0i 4acTOThl (POPMHPYETCS caMOCTOsTeNbHas rpadoBas
MO/I€JIb, @ COBOKYIIHOCTb MOJI€JIeH 00pa3yeT IPOCTPaHCTBEHHO-YaCTOTHOE IIPEJICTABIEHUE IIEKTPUIECKUX
CBOMCTB HCCIEIYyEMBbIX TKaHEH, KOTOpPOE MOXET HCIOIb30BaTbCsl B HMHTEIUIEKTYAIBHBIX CHCTEMax
JMarHOCTHKU [2].

HOHy‘IeHHI)Ie 1/1306pa>1<eHH${ MOT'YT HMCIIOJB30BAaTbCA JId BBIABJICHHUSA JIOKAJIBHBIX JJICKTPUYCCKUX
HEOJHOPOJHOCTEN, pacuéTa AMAarHOCTHYECKHUX MPHU3HAKOB M IOCIENYIOIIEr0 aHalau3a ¢ NPUMEHEHUEM
METOAOB UCKYCCTBEHHOI'O MHTEJUIEKTa MPH JUAarHOCTUKE 3a00JIeBaHUI OPraHOB JIbIXaHMUS.
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Modern methods of electroimpedance tomography make it possible to obtain the distribution of
electrical properties of biological tissues, however, the quality of reconstruction significantly depends on
the stability of the solution to the inverse problem. High sensitivity to measurement noise and the need to
use a priori information limit the practical application of classical reconstruction algorithms. One of the
promising directions is the use of equivalent electrical models that make it possible to represent the object
under study as a system of interconnected electrical elements. This approach provides a physically
interpretable description of the results of bioimpedance measurements and creates the basis for image
construction without directly solving the classical inverse problem [1].

In the developed system, measurements are performed using eight surface electrodes forming twenty-
eight independent measuring configurations. The resulting array of complex bioimpedance values reflects
the integral electrical properties of the area under study, but does not contain direct information about the
spatial distribution of tissue parameters. To interpret the experimental data, it is proposed to use an
equivalent graph model in which the vertices correspond to the location of the electrodes, and the edges
characterize the electrical connections between them. The parameters of the graph model are determined
based on the results of bioimpedance measurements and make it possible to form an electrically consistent
representation of the area under study. The resulting graph model has a spatial interpretation, since the
position of each vertex is determined by the actual location of the corresponding electrode on the chest
surface. This makes it possible to use graph parameters to construct a spatial distribution of bioimpedance
characteristics. Unlike traditional methods of electroimpedance tomography, the proposed approach first
reconstructs the equivalent electrical structure of the object under study, and then uses it to form a
bioimpedance image. This reduces the impact of random measurement errors and ensures the physical
consistency of the resulting distribution of electrical parameters. An additional advantage of the method is
the ability to work with multi-frequency measurements. An independent graph model is formed for each
frequency, and the set of models forms a spatial-frequency representation of the electrical properties of the
studied tissues, which can be used in intelligent diagnostic systems [2,3].

The resulting images can be used to identify local electrical inhomogeneities, calculate diagnostic
signs, and then analyze them using artificial intelligence methods in the diagnosis of respiratory diseases.
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UccnenoBanus  [1, 2] BBIABIAIOT TEPCHEKTHBBI W HEOOXOAMMOCTh  HCCIECIOBAHUS
MHOTOCepIeBUHHOTO BomokHa (MCB) g mpoekTHpoBaHUS COBPEMEHHOW  HH(MPACTPYKTYpPHI
TEJICKOMMYHHKAIIMOHHBIX cucTeM. B padore [3] mpuBeneHa MeTonuKa MpOBEICHUS IKCIIEPUMEHTAIBHOTO
HCCIIeIOBaHNA NepeKpECTHRIX momex B MCB.

B nanHoii paboTe mpeacTaBiieHbl Pe3ybTaThl IKCIEPUMEHTAIBHOTO UCCIIEA0BaHUS NEPEKPECTHBIX
momex B MCB. IlepekpéctHpiMu moMexaM OyeM Ha3bIBaTh YacTh ONTHYECKOTO CHUTHAJNIA BO30YKIaeMoit
CEepLIEBHUHBI, KOTOpasi pETUCTPUPYETCS B COCETHUX CEpJILIEBUHAX BOJIOKHA.

IIpu nmpoBeneHnU 3KCEPUMEHTA UCIOIB30BANIOCh rekcaroHaasHoe MCB ¢ cemblo cepaleBUHamu,
npousBeieHHoro kommanued [TAO TTHIIIIK [1] mmuro# 3m. TTonydeHsl MATPHIIBI TIEPEKPECTHBIX MOMEX
nipu qiuHaxX BOH 1548 uM, 1310 amM 1 910 HM. Y CTaHOBIEHO, UTO CPEAHUHN YPOBEHD MEPEKPECTHBIX TIOMEX
COCTAaBJISICT MpH JiuHe BONHEBI 1548 uMm -48 nb, npu 1310 um -42 ab, a mpu 910 M -54 1b.

VY CTaHOBIEHO, YTO MEPEKPECTHBIE IOMEXH MEXKAY CEpIALEBUHAMH B BOJIOKHE, BEIMYMHA KOTOPBIX
3aBHCAT OT JUIMHBI BOJIHBI M TIapbl cep/ieBuH. [lomydeHnple pe3yabTaThl HMEIOT MPAKTHUECKOE 3HAUEeHUE
JUI TIPOEKTUPOBAHHUSI COBPEMEHHOW HHQPACTPYKTYPHl TEIEKOMMYHHUKAIMOHHBIX CHCTEM. Tak, s
napajjiebHON Iepeiaud KBaHTOBOTO M KJIACCHYECKOr0 CHUTHAJIOB LEJIECO00pa3HO HCIHOIb30BAHHUE IApPHI
cepaueBuH | u 4, mpu 3ToM TpeOyeTcs OCYIIECTBIATH Iiepeady KBaHTOBOT'O CUTHAJIA Ha JUTMHE BOJTHEI 1310
HM, a KJaccuyeckoro Ha 1548 Hwm.
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Studies [1, 2] demonstrate the potential and the need for further investigation of multicore fiber (MCF)
in the context of designing next-generation telecommunication infrastructure. Reference [3] describes an
experimental procedure for measuring crosstalk in MCF.
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The present work reports the results of an experimental study of crosstalk in multicore fiber. In this
paper, crosstalk is defined as the fraction of the optical power launched into an excited core that is detected
in the adjacent cores of the fiber.

The experiment was carried out on a hexagonal seven-core MCF, 3 m in length, manufactured by the
Russian company PAO PNPPK [1]. Crosstalk matrices were obtained at wavelengths of 1548 nm, 1310 nm,
and 910 nm. The average crosstalk levels were found to be —48 dB at 1548 nm, —42 dB at 1310 nm, and —
54 dB at 910 nm.

It is also shown that the inter-core crosstalk depends on both the operating wavelength and the specific
core-pair configuration. The obtained results are of practical relevance for the design of modern
telecommunication systems. In particular, for parallel transmission of quantum and classical signals, the use
of core pair 1 and 4 is recommended, with the quantum channel operating at 1310 nm and the classical
channel at 1548 nm.
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W3 onTryecKkux METO0B KOHTPOJIS Ta30BBIX Cpel Ha MpaKTHKe HanOOoblIee MPUMEHEHHE IOy YHITN
abcopOIMOHHbIe, Oas3upylommecss Ha H3MEPEeHHUH OCNablIeHHS W3IIyY9eHUS KOHTPOJIHPYEMOW Cpemoil.
Hepnocratkom maHHBIX METONOB SIBIIETCS CHIIbHAS 3aBUCHMOCTH OT M3MEHEHHUH ammaparypHbIX KOHCTAHT
MPUEMHO-U3TYYaIOIIUX, PETHCTPUPYIOMINX ONIOKOB MU3MEPHUTEIBHOM CHCTEMBI, TEMIIEPATYpPbl, NaBICHUS
OKpy>Katomeil cpeabl. TpeOyIoT UCIIONb30BaHus Y3KOMOIOCHBIX (PMIBTPOB, BEICOKO MOHOXPOMATHYECKHX
HMCTOYHHUKOB U3TYUYESHUISI, 3aIATHI ONITUYECKUX 3JI€MEHTOB OT 3arpsi3Heruii [ 1]. C mosBneHueM nazepos [1,2]
JaHHBIC METObI MMOJTYYWUIN JOTIOTHUTCIBHBIC MTPEUMYIICCTBA, [IOCKOJIBKY UM MPUCYIIU TAKHUE JOCTOMHCTBA
KaK BBICOKAas KOHICHTpalMOHHAA YYBCTBHUTCJIBHOCTH, OICPATUBHOCTH, AUCTAHIOHMOHHOCTL, BBICOKOC
MpocTpaHcTBeHHOe pasperierne. Ocobo cieayeT BBIACTUTH Cpeaud HUX Meton nuddepeHnnaIbHoro
normomeHus. [llnpoko ucmonb3yeTcst B cpemax ¢ BOSMOXKHOCTBIO BBIJICICHHUS IEHTPa W KpbUIa JIMHUH
TIOTJIOIICHHUA I'a30BbIX KOMIIOHCHT.

JlIs MHOTOKOMITOHEHTHBIX Cpell TPHU  TEePEKPBHITUH WX CHEKTPAJbHBIX JHMHHHA HCIOIB3YIOTCS
MHOTOCTIEKTpaJbHbIE N3MepeHns (YCTaHABIMBAIOTCS KOMOWHAIMY JUTHH BOJH [3]), TpeOyromie pemeHus
obpatHoil 3amauyn. Ilpu 3TOM 3amaua HAXOXKAEHHWsSI KOHLEHTPAIMW Ta30BBIX KOMIIOHEHT M3 pE3yJbTaTOB
H3MEPEHHNH OTHOCHUTCS K KJIaCCy HEKOPPEKTHBIX MaTeMaTUUECKUX, IIOCKOJIBKY pPElICHUE TAKUX 3a7a4 MOXKET
OBITh HEYCTONYHBEHIM 110 OTHOIIEHUSAM K MAJIBIM BapHaIisIM H3MEPSEMbIX JAHHBIX, IPUBOJUT K OOIBITIM
MOTPEHIHOCTSIM B OTpe/IeICcHUA KOMIIOHEHTHOTO COCTaBa CMECH.

33,[[3'—13 KOHTPOJII MHOT'OKOMIIOHCHTHBIX Ta30BBIX CpE€J CIIcC OoJibIIe YCIOXHACTCA, KOraa HuX
CHEKTpaJbHBIE JMHUN CHIILHO MTEPEKPHIBAIOTCS. B 3TOM cilydae HCroiib30BaHNE BBIOPAHHBIX CIIEKTPATBHBIX
KaHaJIOB U3MEPEHHS, COOTBETCTBYIOIINX JMHHUAM TOTJIOIIECHUS HCCIEeyeMbIX KOMITOHEHT, TpeOyeT ydera
BKJIaJa ux nepekpsiTus [3]. Eciu npu 3TOM MpoBOANTH CTIEKTpalIbHBIE M3MEPEHUS MpH O60bIIoM Habope
CHEeKTPaJbHBIX KaHAJIOB, TO JUIS pEIIeHUS JaHHOW 3aJa4yd WCIHOJB3YIOTCS WHBEPCHBIE METOJIEI,
KOMOMHHPYIOIIHE MAaTeMAaTUYECKUIl aITOPUTM pEIIeHHUs OOpaTHOW 3a/J1add W OJWH M3 METOJIOB pacyera
NepeHoca u3jIydeHus B cpejie (Hanbosee ToUHbIN u3 HuX MeToa MonTe Kapio). cnons3yemblie YucCieHHbIE
METO/BI pacyeTa XapaKTePUCTUK TIOJsI PACCESTHHOTO WM MPOXOJISIIETO uepe3 cpeiy U3MydeHus 0o He
o0ecnednBaroT HEOOXOAMMOH TSI IPAKTHKU TOYHOCTH, JIHOO TPEOYIOT OONBINX BRIYHCIUTEIHHBIX 3aTPaT
(kak, Hampumep, Merom Monrte Kaprmo) u 1OdTOMYy MCKIIIOYAIOT BO3MOXKHOCTH OTEPATUBHOU
WHTEPIIPETAIUN CIIEKTPaTbHBIX U3MepeHuid. Kpome Toro, Ui yCTOMYMBOTO pelieHus: o0paTHON 3amaqu
HEO0OXOMMO YTOOBI KOJHMYECTBO CIEKTPAJbHBIX KAaHAJIOB PETHCTPAIlMM HM3IyYEeHUS B HECKOJBKO pa3
MIPEBBIIANIO0 KOIMIECTBO MOAEIHHBIX TTAPAMETPOB, UTO elrle OOIbIle 3aTPyIHSET HHTEPIPETAINIO JaHHBIX
B PEXHMME PeallbHOTO BPEMEHHU.

HoBelit mogxoa k perieHuio oOpaTHOM 3aadll ONTHYECKOTO 30HIMPOBAHUS adpPO30JbHBIX Cpeld Ha
OCHOBE YCTAHOBJICHMSI PETPECCHOHHBIX COOTHOILIEHHH MEXAy ONpeNeieMbIMH MapaMeTpamMu |
MU3MEPSIEMBIMH OTNITUYECKUMH XapaKTePUCTUKAMHU ObLT Mpe/yioxkeH B [4]. PerpeccHOHHBIN METO] pelieHuUs
oOpaTHBIX 3a7ad MpPEAIoJaraeT, YTO MCKOMBIE TapaMeTphl CPEeabl MOTYT OBITh HaMIEHBI MPH MTOMOIIH
HEKOTOPOW CTaTUCTUYECKOW (YHKIHMH OT M3MEPSEMbIX ONTHUECKHX XapakTepucTwk. IlomydeHsl m ams
MHOT'OKOMITOHEHTHBIX Ta30BBIX CPEZ C CHIIbHO MEPEKPHIBAIOIINMUCS CHEKTPAILHBIMH JTMHUSMH.

B [5] paccmoTpeHa BO3MOKHOCTH OIEPATHBHOTO OINPENEICHUS] KOHIIEHTPAIMA KOMIIOHEHTHOTO
cocTaBa Tra3oBBIX CMECEW C NEpPEKPHIBAIOLUIMMUCS JTUHHUAMH HMX MOIIOIIEHHS, MOBBILICHUS MPH 3TOM
TOYHOCTH u3MepeHHid. HccnenoBana 3>QQEeKTUBHOCTh ONPEAETICHUS KOHIEHTPALMH KOMIIOHEHTHOTO
coCTaBa T'a30BBbIX CPEJl METOIOM ONTHYECKOUW CIIEKTPOCKONMH Ha OCHOBE MCIOJNB30BAHUS PETPECCHOHHBIX
COOTHOMGHHﬁ, YCTaHaBJIMBAEMBIX MCKIY OHNPCACIACMBIMU W HU3MCEPACMBIMU IMapaMETpaMu. TToka3zaHbl
BO3MO)KHOCTH OTIEPaTUBHOTO OIPENeNCHUsT KOJIMYECTBEHHBIX 3HAYCHWI KOHLECHTPALUI HCCIeTyeMBIX
KOMITOHEHT Ta30BOW Cpelpl, MOBBIMIEHUS TOYHOCTH. OrieHeHa 3¢ ¢eKTUBHOCTD MCIONB30BaHUS JTAHHOTO
MOJIX0/Ia B YCIIOBUSX CHIIBHOTO MEPEKPBITHS CHEKTPAJIbHBIX JTUHHUMA ra30BBIX KOMITOHEHT.

HaHHpIll crioco0 B YCIOBHUSX TEPEKPBITHS CIEKTPAaJbHBIX JUHUNA KOMIIOHEHTOB Ta3a TpelyeT
WCTIONB30BaHMUA OOJBIIOTO KOJMUYECTBA CHEKTPAIBHBIX JIMHWH, pa3HECEHHBIX Ha AA - MIHPHHY
CHEKTPaJHHOTO pa3pelieHns CIEeKTPOMETpa WM 3alaBaéMyl0, 4YTO, B CBOIO OYepeIb, YBEIHMIHUBACT
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MOTPEIIHOCTH M3MEPHTENLHON HH(pOpMAIINK, a 3HAYNT, U B ONpeenseMbie KOHIeHTpaun. Kpome Toro,
HEOOXOIUMOCTh UCTIOJIb30BAHMUS CIIEKTPAIBHOM almapaTypsl YCIOXKHAET MPOIeCC U3MEPEHUi, 0COOESHHO B
YCIIOBUSIX aTMOc(ephl, Iyie TpeOyeTcs 3alluTa ONTHYECKHX JJIEMEHTOB HM3MEPUTEIHLHOW CHCTEMBI OT
3arpsI3HCHUIA ¥ BJIary, JeJacT U3MEPHUTEIBHYIO allapaTrypy MeHee 3KCIUTyaTalluOHHO yCTOMYMBOM, OoJiee
JOPOTOCTOSIeH. DTOT Crmocod HE TMO3BOJSIET ONPEACIITh KOHIICHTpPAIMKA TApHUKOBBIX Ta3oB
JIOKAIIMOHHBIMHA MeToAaMH (Ha pa3HBIX BBICOTax B aTMoc(epe), MOCKONbKY TpeOyeTcsi MCIOIh30BaHHE
WCTOYHUKOB WM3JIy4YCHUs (JIa3€pOB) C JIMHUSAMU W3IYUYCHHS, PAa3HCCCHHBIMH Ha IIUPUHY CIEKTPaIbHOTO
paspernieHus ciekTpoMeTpa Al. JIa3epHBIX UCTOYHUKOB C JTHMHUSMY H3ITyUCHHS, OTIUYAIONIMMUCS Ha AA
MOpPsIIKa HAHOMETPOB B UCITOJIE3YEMOM CHEKTPATLHOM JIMana3oHe, He CYIIECTBYET B HACTOSIIEE BPEMSL.

Hwxe paccmarpuBaeTcs BO3MOXKHOCTH —YIPOIIEHHS Mpolecca H3MEPEeHUH, paclIMpeHus
(hyHKITMOHAIBHBIX BO3MOXXHOCTEH m3MepeHus: KoHneHTpaiyu mapos HoO u CO2 atMocdepbl B YCIOBUAX
MEPEKPBITHIX CICKTPATBHBIX JIUMHUNA HCCIEIYEeMBIX KOMIIOHCHT 3a CYEeT WCIOJIb30BAHUS JIa3epPHO-
JIOKAITMOHHBIX CHUCTEM, TMOBBIIICHUE KCIUTyaTallAOHHOW YCTOWYMBOCTU HM3MEPUTEILHOW CHCTEMBI (HA
npumepe CO2 u mapos H>0).

IMocraBneHHas 3ama4a JOCTUTAETCS TEM, YTO KOHIICHTPAIUK KOMIIOHEHTHOTo coctaBa COz M mapoB
H,0 B armMocdepe U1 n3MepeHHbIX TeMnepaTypsl TOK i naBnenus P aTMocdepsl HOTIIOMEHHE OTPEIEIIIOT
MyTeM perucTpanuu  curHamoB obpatHoro paccesaus l1(Ai), l2(Ai), 1s(hi) la(Ai), cooTBeTCTBYyIOIIMX
HAKOIUICHHIO MX Ha y4acTKax [ri,r2], [F1,rs], [r2, r3], [F3, rz], TpH MOCHUIKE 30HAMPYIOMIETO U3ITYyYCHUS B
arMochepy Ha JUTMHAX BOJH Ai, | = 1, 2, paBHbIM cOOTBeTCTBEHHO 2680 1 2740 HM, U3 COOTHOIICHHSI

p(x_) — IZO\’i)_ IlO‘*i)
| IZO\‘i)_|1(7\‘i)|4(7\‘i)/|3(}\’i)

rae 1 — HavyaJlo yyacTKa 30HAWPOBAHUs, I4 — KOHEIl yYyacTKa 30HAMPOBAHUS, IPUUEM YYacTKH [I2,
rs], [rs, ra] pacmonararoTcs B KOHIIE TPAacChl 30HIMPOBAHUS U SBISIOTCS MajbIMH, TO €CTh [I2,I3]—0,
[r3,r4] =0, a uncnennpie 3HaueHuss M, p oy KOHICHTPALMH Ta30BBIX KOMIIOHEHT B aTMocdepe, e K —
CO2u maps1 H,0, onpeenstoT ¢ UCTIOIB30BaHUEM YPAaBHEHUH MHOKECTBEHHON perpeccuu

N
My prox =a+ Z by Cm

m=1
rae N — KOJMYECTBO TIJIABHBIX KOMIIOHEHT Cm, YHCJICHHBIC 3HAYCHHA KOTOPBIX BBIACIAIOTCA U3

. P, N
CHEKTPAJIbHBIX 3HAYCHHUH (%) , &, by, — uucineHHele KO3((UIMEHTH, HalIEHHbIE 3apaHee C
WCIIOJIb30BaHMEM METO/Ia HAaUMEHBIINX KBAJPATOB MPH ANMPOKCUMAINK YKa3aHHBIM BBIIIE€ YpPaBHEHHUEM

CTaTUYECKUX JAAHHBIX O MHOKECTBE CBSI3€H BEJIMUYMH TJIABHBIX KOMITOHEHT JUISI P(A) C KOHIIEHTPAIUsIMH
OTIPEIETISIEMBIX TA30BBIX KOMIIOHEHT IPU MHOXECTBE Pa3IMYHBIX MX KOHIEHTPAIINA B aTMOCc]epe U ydueTe
YIIHPEHUS CIIEKTPALHBIX JIMHUH MTOTIIOMIEHHS 32 CYET TEMIEPaTyPhl U IaBICHHUS.

[okazano, uto mpeIaraeMbiii crocod, UCHOIb3YETCS B YCIOBHUAX JAKE CHIIBHOTO TEPEKPBITUS
CHEKTpalbHBIX JInHMIA noraomenuss CO2 u mapoB HoO, ans nHTEpnpeTaui n3MepuTeNbHON HHPOPMaLuK
He TpeOyeTcsl BHIIOIHEHUS KaKuX JIMO0 yCIOBUI MJIM WCHOJIb30BAHUS JOMOJHUTEIbHOW WHPOPMALUH O
cocrosiHun atMocdepsl. Criocod 00jagaeT yCTOHYMBOCTBIO K IOTPEIIHOCTSAM HM3MEPEHHUI BEIMYUH
noryomenuss (B TO BpeMsi KaKk W3BECTHBIC AaHAJIOTH K3-32 HEKOPPEKTHOCTH PEIlaeMbIX 3ajad MOTYT
MPUBOIUTH K OOJBIIUM MOTPEIIHOCTSIM B ONPEAeICHMH KOHIEHTPALU KOMIIOHEHTHOTO COCTaBa ra30BOi
cMecH). 3a CUeT MCIIOIb30BaHUS TOJIBKO JBYX JUTMH BOJTH TIOTPEITHOCTH ONPEICICHUS KOHIIEHTPAIIUH TapOB
H20 u CO2 armMocdeps! (110 CpaBHEHUIO ¢ MHOTOCIIEKTPAIbHBIM METOJIOM [5) OTIMYAIOTCA Ha eIUHUILBI
MIPOLIEHTOB.

BaxHbBIM [OCTOMHCTBOM TMpe[iaraéMoro crocoda SBJSETCA YIPOIIEHHE HW3MEpUTENbHON
anmapaTypsl IpH UCIIOIB30BaHUA TIpejIaraeMoro crocoba: 1) uckimogaeTcss HeOOXOAMMOCTh BKITIOUSHUS
JIOPOTOCTOSIIINX CIIEKTPOMETPOB B €€ COCTaB, 2) JABE IJIMHBI BOJIHBI, Pa3HECEHHBIE Ha MajO€ PacCTOSHUE
HUMEIOT NPAaKTHYECKH OJMHAKOBYIO CIIEKTPAIBHYIO YyBCTBUTEIBHOCTD, YTO MTO3BOJISIFOT UCIIOIB30BATH OHO
(doTonpreMHoe yCTPONCTBO, a TAKXKE OJMH UCTOYHUK U3ITYYEHUS JIaXKe MPH MCIOIb30BaHUH JIA3ePOB — 3a
CYeT BO3MOKHOCTH TIEPECTPONKH IITMHBI BOJHBI B UCIIONIB3YEMOM JTHANa30HE AITUH BOJH.

Kpome Toro, ucnonp3oBaHue TOIBKO IBYX AJIMH BOJH MO3BOJISIET IPOBOANUTE U3MEPEHHUS HE TOIBKO
3a CUeT Pa3HEeCeHMs] HICTOYHUKOB M IPUEMHUKOB U3Ty4eHus (0a3MCHBIMU METOAaMH ), HO U JIOKALIMOHHBIMHU
cucrteMaMu (MUgapaMu), B KOTOPBIX BEIWYHHBI  CHEKTPAIHHOTO TMOTJIOMICHUS OMPENeNsioTcsS W3
U3MEPSEMBIX CHTHAJIOB OOpPaTHOTO paccesHUsl C Pa3sHBIX PACCTOSHHUNA. YTO, B CBOIO OYepellb, MO3BOJIIET
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yCTaHABJIMBATh KOHIIEHTpAIMK MapHUKOBBIX razoB CO2 u mapoB H>O Ha pa3HbIX BeIcoTax B atMocdepe.
3710 0a3UCHBIMHM METOJIAMH MPAKTHUECKH HE OCYNIeCTBUMO. Vcrons30BaHne ABYX JJIMH BOJH B JIa3ePHO-
JIOKAITMOHHBIX U3MEPEHUSAX IHUPOKO UCIOIB3YeTCs, U 00JEe TOTO, CYIIECTBYIOT JIa3epHbIC UCTOYHUKHU C
npenjaracMbIMi JJIMHAMYA BOJH. TakuM 00pa3oM, pacIIMpsioTcS W (DYHKIMOHATbHBIC BO3MOXKHOCTH
TIpeaIaraeMoro crocooa.
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Among optical methods for monitoring gaseous environments, absorption methods, based on
measuring the attenuation of radiation by the controlled environment, have received the most practical
application. A disadvantage of these methods is their strong dependence on changes in the instrumental
constants of the receiving, emitting, and recording units of the measuring system, as well as on ambient
temperature and pressure. They require the use of narrow-band filters, highly monochromatic radiation
sources, and protection of optical elements from contamination [1]. With the advent of lasers [1,2], these
methods have gained additional advantages, as they offer such features as high concentration sensitivity,
efficiency, remoteness, and high spatial resolution. Of particular note is the differential absorption method.
It is widely used in environments that allow the separation of the center and wing of gaseous component
absorption lines.

For multicomponent media with overlapping spectral lines, multispectral measurements are used
(wavelength combinations are established [3]), requiring the solution of an inverse problem. The problem
of determining the concentration of gas components from measurement results is considered ill-posed
mathematically, as the solution to such problems can be unstable with respect to small variations in the
measured data, leading to large errors in determining the mixture's component composition.

The problem of monitoring multicomponent gaseous media is further complicated when their spectral
lines overlap significantly. In this case, the use of selected spectral measurement channels corresponding to
the absorption lines of the components under study requires accounting for the contribution of their overlap
[3]. If spectral measurements are carried out over a large set of spectral channels, then inverse methods are
used to solve this problem, combining a mathematical algorithm for solving the inverse problem and one of
the methods for calculating radiative transfer in the medium (the most accurate of these is the Monte Carlo
method). The numerical methods used to calculate the characteristics of the field of scattered or transmitted
radiation either do not provide the accuracy required for practical applications or are computationally
intensive (such as the Monte Carlo method), thus precluding the rapid interpretation of spectral
measurements. Furthermore, a stable solution to the inverse problem requires that the number of spectral
channels for recording radiation be several times greater than the number of model parameters, further
complicating real-time data interpretation.

A new approach to solving the inverse problem of optical sensing of aerosol media based on
establishing regression relationships between the determined parameters and the measured optical
characteristics was proposed in [4]. The regression method for solving inverse problems assumes that the
desired parameters of the medium can be found using a certain statistical function of the measured optical

JINT-2026 74


mailto:kugeiko@bsu.by

characteristics. We will obtain this function for multicomponent gaseous media with strongly overlapping
spectral lines.

In [5], the possibility of rapidly determining the concentration of gas mixtures with overlapping
absorption lines, while improving measurement accuracy, is considered. The efficiency of determining the
concentration of gas mixture components using optical spectroscopy is studied, based on the use of
regression relationships established between the determined and measured parameters. The potential for
rapidly determining quantitative values of the concentrations of the studied gas components, while
improving accuracy, is demonstrated. The effectiveness of this approach under conditions of significant
overlap of the spectral lines of gas components is assessed. This method, under conditions of overlapping
spectral lines of gas components, requires the use of a large number of spectral lines spaced by AA—the
spectral resolution width of the spectrometer or a specified value—which, in turn, increases the errors in the
measurement information and, consequently, in the determined concentrations. Furthermore, the need to use
spectral equipment complicates the measurement process, especially in atmospheric conditions, where the
optical elements of the measuring system must be protected from contamination and moisture. This makes
the measuring equipment less robust and more expensive. This method does not allow for the determination
of greenhouse gas concentrations using location-based methods (at different altitudes in the atmosphere), as
it requires the use of radiation sources (lasers) with emission lines separated by the spectral resolution of
the spectrometer, AA. Laser sources with emission lines that differ by AXA on the order of hanometers in the
spectral range used do not currently exist.

Below, the possibility of simplifying the measurement process, expanding the functionality of
measuring the concentration of H20 and CO2 vapors in the atmosphere under conditions of overlapping
spectral lines of the components under study through the use of laser-location systems, and increasing the
operational stability of the measuring system (using CO2 and H20 vapors as an example) is considered.

The stated task is achieved by the fact that the concentrations of the component composition of CO2
and H20 vapor in the atmosphere for the measured temperature T°K and pressure P of the atmosphere
absorption are determined by recording the backscattered signals 11(Ai), I2(Ai), 13(Ai) 12(Ai), corresponding to
their accumulation in the sections [ri,r2], [r,rs], [r2, rs], [rs, ra], when sending probing radiation into the
atmosphere at wavelengths Ai, i = 1, 2, equal to 2680 and 2740 nm, respectively, from the relation

P(A)= I, (A) =1 (%)
LA - LADLA) 1)

)

where r; is the beginning of the probing section, r4 is the end of the probing section, and the sections
[r2, r3], [rs,ra] are located at the end of the probing path and are small, that is, [r2,rs] ] -0, [rs,r4] ]—0, and
the numerical values M, p ro, concentrations of gas components in the atmosphere, where k is CO? and
H.O vapor, are determined using multiple regression equations

N
Mk,P,TOK =a + Z bmcm

m=1
where N is the number of principal components Cr, the numerical values of which are extracted from

the spectral value P(: i) , &, bm are numerical coefficients found in advance using the least squares method
when approximating the above equation of static data on the set of relationships between the values of the

principal components for with the concentrations of the determined gas components at P() many
different concentrations in the atmosphere and taking into account the broadening of the spectral absorption
lines due temperature and pressure.

The proposed method has been shown to be usable even under conditions of significant overlap
between the spectral absorption lines of CO? and H,O vapor. Interpretation of the measurement data does
not require any conditions or additional information on the atmospheric state. The method is robust to
absorption measurement errors (while known analogs, due to the improper nature of the problems being
solved, can lead to large errors in determining the concentrations of the component composition of the gas
mixture). By using only two wavelengths, the errors in determining the concentrations of H,O and CO?2
vapor in the atmosphere (compared to the multispectral method [5]) differ by a few percent.

A significant advantage of the proposed method is its simplification of the measuring equipment: 1)
it eliminates the need for expensive spectrometers; 2) Two wavelengths separated by a small distance have
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practically the same spectral sensitivity, which allows the use of one photodetector, as well as one radiation
source, even when using lasers, due to the ability to tune the wavelength in the wavelength range used.

Furthermore, using only two wavelengths allows for measurements not only by separating the
radiation sources and receivers (using standard methods), but also by location systems (lidars), in which
spectral absorption values are determined from measured backscatter signals from different distances. This,
in turn, allows for the determination of concentrations of greenhouse gases (CO? ) and H, O vapor at
different altitudes in the atmosphere. This is practically impossible using standard methods. The use of two
wavelengths in laser ranging measurements is widely used, and laser sources with these wavelengths are
available. This expands the functionality of the proposed method.
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B TepameBTHUYECKON NpakTHKE HAXOAAT IIMPOKOE IPUMEHEHUE YCTPOMCTBA U JIOKAJIHHOTO
00JTydeHHsI MSTKUX TKaHel HU3KOMHTEHCHBHBIM M3IIyueHHeM. B kauecTBe HCTOYHMKOB M3ITyUYEHHS B TAKUX
npubOpax MOTYT OBITH UCIOJB30BAHBI KaK MOJYIPOBOJHUKOBBIC JIa3ePhbl, TAK U CBETOAMOJBL. [Ipnuém
Hammy4inuil 3¢GQeKxT Mokazajao BO3AEHCTBHE aMIUIUTYAHO-MOIYJIMPOBAHHOTO H3JIY4EHHUS C YacTOTaMH
Moayisnud B auanaszone 50-150 I'm [1,2].

B nmannoO#l paboTe moka3zaHO, 4TO HanOoJee BHICOKAsl CTAOMIBLHOCTh XapaKTEPUCTUK HM3IYyUYCHHS U
HeOOoJIbIINE yIpaBIsIeMble HAPSDKEHUS JOCTUTAIOTCA B CUCTEMAaX C MPAMOW MM BHYTPEHHEH MOy IALUeH
W3TY4eHUs MyTEM U3MEHEHHS CHJIBI TOKA HAKAYKH Jla3epa UM CBETOAUOA.

Pa3paborana u peanuzoBaHa 3JeKTpUUECKas CXeMa, B KOTOPOH aMITTUTYAHAs MOIYJISIMS U3 Ty YeHUS
MOJTYTIPOBOJHUKOBBIX JIA3€POB M CBETOJMOIOB OCYIIECTBISICTCS MyTEM YIPABICHHUS TOKOM IUTAHUS C
MOMOIBI0 OBICTPOAEHCTBYIOIMX TPAH3UCTOPHBIX Kitoue. OCHOBHBIM 3JIEMEHTOM CXEMbI BBICTYIAET
reHepaTop CTaOWIBHOTO TOKa, peaM30BaHHBIN C TOMOIMIBIO MOJEBBIX TPAH3UCTOPOB U IMOJICTPOCYHOTO
pe3ucTopa, BKIIOUEHHOTO B UCTOKOBYIO 1IETb U 3aJIAI0IIETr0 BENUYMHY pabovero Toka Ajsl KaXI0ro THMa
MOJTYTIPOBOJHUKOBOTO HCTOYHHKA.

C mnomoIplo pa3pabOTaHHOIO YCTPOMCTBAa OCYIIECTBJICHA MOAYJSLMS MOIIHOCTH H3ITy4eHHS
CBETOMOI0B ¢ JuinHamMu BosH 460, 530, 590 u 650 HM U MOIYIPOBOJHHUKOBOTO Jiazepa ¢ JUTMHOMN BOJIHBI
655 HM™.

[lony4yeHo MoxynMpOBaHHOE M3IYyYEHHE, Y KOTOPOrO MOIIHOCTh UMITYJIBCOB, UX JUIMTEIBHOCTH U
CKB2)KHOCTb CTAOMJIbHBI M YIIPABJISIEMbI B inana3oHe 4actot g0 100 k['1y, 4To 10CcTaTOYHO JIsl TPUMEHEHUS
TaKUX UCTOYHUKOB B HU3KOMHTEHCHUBHON onTUuecKon Tepammu [1].
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Directly modulated semiconductor sources for low-level optical therapy
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Devices for local irradiation of soft tissues with low-intensity radiation are widely used in therapeutic
practice. Both semiconductor lasers and LEDs can be used as radiation sources in such devices. The best
effect was shown by exposure to amplitude-modulated radiation with modulation frequencies in the range
of 50-150 Hz [1,2].

It has been shown that the highest stability of radiation characteristics and low controlled voltages are
achieved in systems with direct or internal modulation of radiation by changing the pump current of the
laser or LED.

The electrical circuit has been developed and implemented in which amplitude modulation of the
radiation of semiconductor lasers and LEDs is achieved by controlling the supply current using high-speed
transistor switches. The main element of the circuit is a stable current generator, implemented using field -
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effect transistors and a trimmer resistor included in the source circuit and setting the operating current for
each type of semiconductor source.

Using the developed device, the radiation power of LEDs with wavelengths of 460, 530, 590 and 650
nm and a semiconductor laser with a wavelength of 655 nm was modulated.

The power, duration, and repetition rate of the generated radiation pulses are stable and controllable
in a frequency range of up to 100 kHz. This is sufficient for the use of such sources in therapeutic practice

[1].
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PazpaboTka HOBBIX MaTepHaoOB I ACTEKTOPOB raMMa-H3Iy4YeHHUs1, paboTaloMuX Ipyu KOMHATHON
Temneparype, OcTaércs OIHOM W3 KIIOYEBBIX 3afady B 0ONacTH sAepHON (U3MKH, MEAMLIUHCKON
BU3yalIU3alM1 U PagUaliOHHOr0 KOHTPOJs. Cpeay NepCreKTUBHBIX KaHIUAATOB BBIACISIFOTCS IaJIOT€HUIbL
OJTHOBAJIEHTHOTO Tautusi, B 4yacTHOCTH TIBr, obmamaromuii BEICOKMM aTOMHBIM HOMEPOM W IHUPOKOI
3anpeniéHHol 30101 [ 1]. Onnako npaktuueckoe npuMmeHenne TIBr orpanndeHo cepb&3Hoil monspu3anueit
KpUCTAIUIOB, BRI3BaHHON murpamnueid moHoB T1" mon melicTBHEM BHEIIHETO SJIEKTPHYECKOTO TIOJS, YTO
MIPUBOJNT K Jpetipy pabounx XapakTepHUCTHK M CHIKEHUIO BPEMEHH HapabOTKu JeTekTopa [2].

OcoObIii nHTEpEC npeacrapisgeT TBEPAbIA pacTBop T1Bro4sloss [3], KOTOPHIN 3aHUMAET YHUKAIBLHOE
noJjiokeHre Ha (azoBoil quarpamme (TOYKa MUHUMYMa, 0OECTIeUMBAIONIasi ONTUMAILHYIO CTPYKTYPHYIO
OJHOPOAHOCTh NpH BbIpaimuBaHuu). OAHAKO €ro JIETEKTOpHBIE CBOICTBAa HM3Y4eHBI ()parMEHTapHO, a
JaHHBIE O TMOABWXHOCTH HOCUTEJIEH OrpaHn4eHbl €AMHUYHBIMU U3MEPCHHUSAMH Ha KPUCTAJUIaX HEBBICOKOM
YUCTOTHI. bosiee BEICOKMI aTOMHBIA HOMEp 3a CUET BBEJEHUS MOJ1a CO3AAET TEOPETUUECKYIO TPEANIOCHUIKY
U151 TOBBIIIEHUS 3()(PEKTUBHOCTH MOTJIOIIEHHS Y-KBAaHTOB, HO OZTHOBPEMEHHO TPeOyeT peleHus POoOIeMBbl
MOJISIPU3ALIH.

[epcnekTHBHBIM MyTEM TMOJABICHHUSI HOHHOTO TIEpeHoca sBIsieTcss (OpMUPOBaHUE TETEPOTEHHBIX
cucreM Ha ocHOBE T1Brossloss ¢ mobaBiaeHnem ranorennnioB cepedpa (AgBr, AgCl). Takue KOMIO3UTHI HE
SIBIISIIOTCS. MICaJbHBIMHU TBEPABIMU PACTBOPAaMH; NPHU ONPEACTIEHHBIX KOHLUEHTPALMUSAX B HUX BO3HUKAIOT
nByxda3Hble CTPYKTYphl (Kyondeckas ¢aza Fm3m u pomOuueckas R-3). MexdazHble rpaHUIBI MOTYT
UTPaTh JABOSIKYIO POJIb: BHICTYIATh KakK JIOBYIIKH JUIsl HOCUTeNeH 3apsaa (yxyamas cOop) Win Kak 0apbepsl
JUIs MOHHOIO TpaHcmopTa (mojaBisisi mossipu3aunrio). IlosToMy cucTeMaTHuecKoe HCCIel0BaHue
B3aMMOCBSI3U COCTaBa, CTPYKTYpPHI, Xapakrepa oOpabOTKU MOBEPXHOCTH M 3IEKTPO(PHU3NUECKUX CBONCTB
TaKWX MaTEPUAIIOB SIBJISIETCS] HEOOXOJUMBIM IIIArOM JJISl CO3JIAaHHS CTAOMIIBLHBIX KOMHATHO-TEMITEPaTyPHBIX
JI€TEKTOPOB HOBOT'O MOKOJICHHS.

B Hacrosimeit paGore BmepBble NPOBEACHO KOMIUIEKCHOE HCCIIEAOBAaHHME TBEPHABIX PacTBOPOB
cucrembl T1Brossloss — AgHal (Hal = Br, Cl) B mmpokoM 1uama3oHe KOHIEHTpAIMiA, BKIOYas CHHTE3,
BHIpAIlMBaHHE MOHOKPHCTAJUIOB W TOJUKPUCTAIUIOB, OTPa0OTKY PEXHMOB XHMHKO-MEXaHHYECKON
00pabOTKH MMOBEPXHOCTH, XapaKTepu3aluuio ()a30BOro M 3JIEMEHTHOTO COCTaBa, ONTHYECKHX CBOMCTB H
pa3paboTKy CHeNUaIM3UPOBAHHON AIIEKTPOHHOM CXEMBbI PETUCTPAIIMN CHT'HAJIOB.

Mertomom bpupxkMena BoipalieHa cepusi MOHOKPUCTAIUTHIECKUX U TOMKPUCTALTHYECKUX 00pa3ioB
TIBro46lo54, @ Takke kommo3utos ¢ AgBr (30, 40, 85, 95 mac. % TIBr0,4610,54) u AgCl (50, 91, 94, 97 mac.
%). Ilo naHHBIM PEHTTEHOBCKOW AM(PAKIMU YCTAHOBIEHO, YTO OOpa3Lbl C BBICOKMM COAEP)KaHHUEM
T1Br0,4610,54 (>85 mac. %) siBisirorcst onHO(a3HBIMU (CTPYKTYpa TUa Pm3m), Torja Kak mpyu CHUKEHUH
comepxanust 1o 30-50 wmac. % ¢uxcupyercs nByxdasnoe cocrosaue (Pm3m + R-3).
OHEepProANCHepCHOHHbIN aHalN3 TMOATBEPAMSI TOMOTEHHOCTb DAacHpe/AeieHUs] 3JIEMEHTOB B Ipenesiax
METOJMYECKON TOTPEITHOCTH W TIO3BOJIMII YTOYHUTH peallbHblil cocTaB. CHOpPMUPOBAHBI OMHUYECKHE
KOHTaKThl METAJI—KPUCTAIJI-METaJlI; ©3MEPEHHOE IIOBEPXHOCTHOE conpoTuBienue (5—7 OM/0) yka3biBaeT
Ha OTCYTCTBUE 3HAYUTENbHBIX OapbepHBIX 3P PEKTOB HAa TPAHHLIE.

[Ipn 00ay4yeHuM MONMyYeHHBIX OOPa3LOB AMONAMH C PAa3lIWYHBIMU JUIMHAMU BOJIH HUMITYJICHBIM
CBETOM C IMHaMHu BONH oT 532 BM (3enéHpiii) mo 650 HM (KpacHBIM), COOTBETCTBYIOIIMMH Kparo
cOOCTBEHHOT'0 MOTJIOLIEHHUS, 3aPETUCTPUPOBaH POTOOTKIH. [loKa3zaHo, 4TO CUTHANBI, PETUCTPUPYEMBIE ITPH
ONITHYECKOM BO30Y)KICHUH, MMEIOT JUIMTENILHOCTh (POHTA EIUHHMIBI MUKPOCEKYHA, 4TO OJHM3KO K
BPEMEHHBIM XapaKTEepPUCTHKAM HMITYJIbCOB OT Y-KBAHTOB. DTO II03BOJIAET UCIOJb30BaTh MPEIUIOKEHHbIH
MeToA 0€3 HCTOUYHHUKA PaJlMOaKTUBHOIO U3JIyYEHUS Ul IEPBUYHON OLIEHKH IIPUTOJHOCTH HOBBIX COCTaBOB
K JETEKTUPOBAHUIO HOHU3UPYIOUINX M3yYSHUH Ha 3Tare MOUCKOBOTO SKCIIEPUMEHTA.

HccnenoBanne BBINOJHEHO 3a cyeT rpaHta Poccuiickoro HaydHoro (ouza Ne 25-72-00096,
https://rscf.ru/project/25-72-00096/.

JINT-2026 79


mailto:l.v.zhukova@urfu.ru
https://rscf.ru/project/25-72-00096/

CnucoK JIuTepaTypsbl

1. Kargar A. Thallium bromide devices for gamma-ray spectroscopy / Kargar A., Lee J. A., James R.
B. et al // Nucl. Instrum. Meth. A. —2023. — Vol. 1051. — P. 168237.

2. Kim H. Performance of TIBr gamma-ray detectors with various electrode designs / Kim H.,
Cirignano L., Ko S. et al // IEEE Trans. Nucl. Sci. — 2021. — Vol. 68. — No. 12. — P. 2725-2730.

3. Route R. K. Structure and optical properties of the solid solution T1Bro.sslo.ss / Route R. K., Ward
M. G., Feigelson R. S. et al // Phys. Rev. B. — 1984. — Vol. 29. — No. 6. — P. 3500-3507.

Investigation of solid solutions based on thallium and silver halides for gamma-ray
detectors

! Lvov A.E., " Zhukova L.V., 'F.M. Kucherenko, 'N.A. Karavansky,

1 Ural Federal University, 620062, Russia, Yekaterinburg, 19 Mira Street
email: * L.v.zhukova@urfu.ru

The development of new materials for room-temperature gamma-ray detectors remains one of the key
challenges in nuclear physics, medical imaging, and radiation monitoring. Among promising candidates,
thallium monohalides, particularly TIBr, stand out due to their high atomic number and wide bandgap [1].
However, the practical application of TIBr is severely limited by significant crystal polarization caused by
the migration of TI* ions under an external electric field, which leads to a drift of operating characteristics
and a reduction in detector lifetime [2].

Of particular interest is the solid solution TIBro.sslo.s4 [3], which occupies a unique position on the
phase diagram (a minimum point that ensures optimal structural homogeneity during growth). However, its
detector properties have been studied only fragmentarily, and data on carrier mobility are limited to a few
measurements on crystals of low purity. The higher atomic number due to iodine incorporation provides a
theoretical basis for enhanced gamma-ray absorption efficiency but simultaneously requires addressing the
polarization issue.

A promising approach to suppressing ionic transport is the formation of heterogeneous systems based
on T1Bro.aslo.s4 with the addition of silver halides (AgBr, AgCl). Such composites are not ideal solid solutions;
at certain concentrations, two-phase structures (cubic Fm3m and rhombohedral R-3 phases) emerge.
Interphase boundaries can play a dual role: they may act as traps for charge carriers (degrading charge
collection) or as barriers for ionic transport (suppressing polarization). Therefore, a systematic investigation
of the relationships among composition, structure, surface treatment, and electrophysical properties of such
materials is a necessary step toward the development of stable next-generation room-temperature detectors.

In the present work, a comprehensive study of solid solutions in the TIBro.sslo.ss — AgHal (Hal = Br,
Cl) system over a wide concentration range has been conducted for the first time, including synthesis, growth
of single crystals and polycrystals, optimization of chemical-mechanical surface treatment, characterization
of phase and elemental composition, optical properties, and the development of a specialized signal readout
electronic circuit.

A series of single-crystal and polycrystalline samples of TIBro.aslo.s4, as well as composites with AgBr
(30, 40, 85, 95 wt.% TIBro.4slo.sa) and AgCl (50, 91, 94, 97 wt.%), were grown by the Bridgman method. X-
ray diffraction analysis revealed that samples with a high TIBro.4slo.ss content (>85 wt.%) are single-phase
(Pm3m-type structure), whereas at concentrations of 30-50 wt.%, a two-phase state (Pm3m + R-3) is
observed. Energy-dispersive X-ray spectroscopy confirmed the homogeneity of elemental distribution
within the experimental uncertainty and allowed the actual composition to be refined. Metal—crystal-metal
ohmic contacts were formed; the measured sheet resistance (5-7 /o) indicates the absence of significant
barrier effects at the interface.

Upon illumination of the obtained samples with pulsed light from diodes at wavelengths ranging from
532 nm (green) to 650 nm (red), corresponding to the fundamental absorption edge, a photoresponse was
recorded. It was shown that the signals detected under optical excitation exhibit rise times on the order of a
few microseconds, which is close to the temporal characteristics of gamma-ray pulses. This allows the
proposed method, which does not require a radioactive source, to be used for the preliminary assessment of
the suitability of new compositions for ionizing radiation detection at the exploratory stage.

The research was supported by the grant of the Russian Science Foundation No. 25-72-00096,
https://rscf.ru/project/25-72-00096/.
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MHOroMepHbIH CTATUCTHYECKUH AHAJIU3 CONEPKAHUA PALA XUMHUYECKHUX JIEMEHTOB
B Meprejsix Yepnomopckoro nodepexns Poccun

Martacoa U.10.
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npocnexm Jlenuna, 93
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BepxnemenoBeie kapOOHaTHO-TeppureHHble Tommu YepHOoMopckoro mobepexbs Poccum
MPEACTaBISIIOT  COOOW  CIOKHBIH  O0BEKT (IMIIEBOTO THIA, TEOXMMUYECKUH CIEKTP KOTOPOTO
(opMupoBajcs B YCIOBHSX aKTHBHON TEeKTOHWYecKol npearenpHOCTH [l]. Llemp wuccmenmoBanus —
MHOTOMEpPHBIH CTaTUCTUYECKUH aHalM3 pPe3yNbTaTOB CIEKTPaJbHOrO aHajgm3a MNpod Meprenew,
0TOOpaHHBIX B XOA€ KOMIUIEKCHOTO JaHMIAPTHO-TEOXUMHUYECKOTO HCCIEAOBaHUA [2], B KOTOPBIX
HCCIIEIOBATIOCH CoAiepKaHue 23 XUMUYECKHX d1eMeHToB. [lepen o6paboTKoi BHITONHEHA HOPMAaTH3AIIHs
MIPU3HAKOB METOAOM Z-mpeoOpa3oBaHusi. B coOTBETCTBMHM ¢ METOJOJIOIMYECKMMH MPHUHIHUIIAMH
MHOTOMEpPHOTO aHaJIW3a TEOXMMHUYECKUX JaHHBIX [3,4] mNpUMEHEHBI METOJIbl MHOTOMEPHOTO
CTaTHCTUYECKOTO aHaIK3a, B TOM YHCIIe KOppesiuoHHbIN aHanu3 [Tupcona, gaktopHsiii ananu3 (PCA ¢
Bapumaxkc-BpamienneM), uepapxudeckas —kimactepuzamus (MeTon Yopaa) W 0XHO(AKTOPHBIN
nucriepcuoHHbIi ananus (ANOVA).

[Moctpoenne nuarpamMm pa3zmaxa («IIIUKOB C YyCaMH») MO3BONMWIO AU(GQPEPESHINPOBATH THUITBI
TE€OXHMHYECKOr0 TOBeAeHUsI MeTauioB [4]. BeiBieHo crabuinbHOe cuMMmeTpudHoe pacrpenencHue Cu
(Menunana 4,0 Mr/Kkr), yKa3bIBaromiee Ha BO3MOXKHYIO CBSI3b MeTallla ¢ TIIMHUACTON (pakmueir. s Zn u Ba
3ahMKCUpOBaHa pe3Kasi MPaBOCTOPOHHSISI ACUMMETPHS C aHOMAaJIbHBIMU BEIOPOCaMH, CBHETEIbCTBYIOIIAS
00 04aroBOM HaKOIUIEHUH ITHX JIEMEHTOB.

Ha ocHoBe MaTpuipl Harpy30Kk M HWTOTOBOWM BEPTHKAJBHOM JEHIPOTPAMMBI BBIIEICHBI [BE
JUCKPETHBIE acCOIMAllNY 3JIEMEHTOB (CyMMapHas onmuchiBaeMas aucrepcus — 56,4%), yKiaIpIBaromuecs
B KJIACCHUECKHE MOJICIIN PEIYKIIMH MPU3HAKOBBIX MPOCTPAHCTB [5]:

- ®akrop | (teppurennsiii, Harpy3ku mis Cr 0,28, Ge — 0,27, Co — 0,26) mMoxeT ObITh CBsI3aH C
WHTEHCUBHBIM Pa3MbIBOM CYIIH U TOCTYIUIEHHEM TOHKOJUCIIEPCHOT'O IIMHUCTOTO MaTepHalia B akBaTOPHIO
0CaJIKOHAKOIUICHUS B Mepro]] GOpMUpPOBaHUS U3ydaeMbIX Meprenei [1].

- ®akrop 2 (cyabpdhuaHO-COpOIMOHHBIIM, Harpy3ku it Mo 0,29, Ag — 0,28, Pb — 0,24) moxeT ObITh
00yCJIOBJIEH KOHLEHTpalUel YKa3aHHOW IpYyNIbl METANJIOB Ha T€OXMMHYECKHX Oaphepax B 3aCTONWHBIX
MIPUIOHHBIX YCIIOBHUSX BBIPAKEHHOT'O CEPOBOJIOPOIHOTO 3apakeHNs ApEeBHETo OacceiiHa.

Takum 00pa3zoM craTUcTHUecKasi 00pabOTKa JaHHBIX MO3BOJISET BBISIBUTH JBOWCTBEHHYIO PUPOAY
Mepreneir UepHomopckoro mobepexxpst Poccuu. bazoBblii TeoXMMUYECKHid KapKac TOpOf IKECTKO
KOHTPOJIUPYETCS COAEp)KaHWEM TJIMHHUCTOM COCTaBJAIOIIEH, B TO BpeMs KakK JIOKAJIbHbIE aHOMAJIUU
XaIbKO(UIIOB ONPEIETISIOTCS 0YaroBBIMK yYacTKaMU WX OCaXJICHUs HA TEOXHUMHUYECKUX Oapbepax.
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Multivariate statistical analysis of the content of a number of chemical elements in
marls of the Black Sea coast of Russia

.Y. Matasova

Admiral Ushakov Maritime State University, 93 Lenina Avenue, Novorossiysk, 353918, Russia
e-mail: semigorie@mail.ru

The Upper Cretaceous carbonate-terrigenous sequences of the Russian Black Sea coast represent a
complex flysch-type system, the geochemical spectrum of which was formed under active tectonic settings
[1]. The objective of this study is to perform a multivariate statistical analysis of spectral data from marl
samples collected during a comprehensive landscape-geochemical survey, which evaluated the
concentrations of 23 chemical elements [2]. Prior to data processing, feature normalization was conducted
using the Z-score transformation technique. In accordance with the methodological principles of
multivariate geochemical data analysis [3,4], a suite of multivariate statistical methods was applied,
including Pearson correlation analysis, factor analysis (PCA with Varimax rotation), hierarchical cluster
analysis (Ward's method), and one-way analysis of variance (ANOVA).

The construction of box-and-whisker plots enabled the differentiation of distinct geochemical
behavior types among the metals [4]. A stable, symmetrical distribution was revealed for Cu (median 4.0
mg/kg), indicating a potential association of this metal with the clay fraction. In contrast, Zn and Ba
exhibited a pronounced right-skewed asymmetry with anomalous outliers, suggesting localized focal
accumulation of these elements.

Based on the factor loading matrix and the resulting vertical dendrogram, two discrete elemental
associations were identified (explaining 56.4% of the total cumulative variance), which align with classical
feature reduction models [5]:

Factor 1 (terrigenous; loadings: Cr — 0.28, Ge — 0.27, Co — 0.26) can be attributed to intensive
subaerial erosion and the influx of fine-grained argillaceous material into the depositional basin during the
formation of the studied marls [1].

Factor 2 (sulfide-sorption; loadings: Mo — 0.29, Ag — 0.28, Pb — 0.24) can be explained by the
concentration of this group of metals at geochemical barriers under stagnant bottom-water conditions
characterized by pronounced hydrogen sulfide euxinia in the ancient basin.

In conclusion, statistical data processing highlights the dual geochemical nature of the marls along
the Russian Black Sea coast. The baseline geochemical framework of these rocks is strictly controlled by
the clay content, whereas localized chalcophile anomalies are governed by focal zones of precipitation at
geochemical barriers.
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[IepciekTUBHBIM METOAOM IHMATHOCTUKY BHYTPUUYEPEMHBIX TEMATOM B IIOJIEBBIX YCIOBUSX SIBISETCS
OmmxHsIs WH(ppaKpacHas CHEKTpockonus. Hoselimme pa3pa0OTKM KaHAACKUX CICIHAINCTOB YXKe
MO3BOIISIIOT TIOCTPOUTHh HM300paKeHHE paclpeelieHus] KPOBH T'eMaTOMBbl B MPOCKIMH Ha TMOBEPXHOCTH
ronoBel [1]. MsI mpenmoiaraeM BO3MOXKHOCTH CO3JIAHHS YCTPOMCTBA, OIMPEIEISIOIIErO IMOJOXKEHHUE,
MIyOMHY 3ajieraHds M pasMep reMatoMmbl Ha 0Oaze Meroga BUK cmekrpockomuu. Jlis u3yueHUs
BO3MOXKHOCTEH MeTOZa U pa3pabOTKH alrOpUTMOB TIOCTPOSHUS W300paKeHNH reMaToM BHYTpH (aHTOMa
[0 CUTHAJIAM Jla3epa, TOMIEANIAM IO MPUEMHHKA TIOCTIe MHOTOKPATHOTO PACCESIHUS B CIIOSIX TOJIOBBI, OBLIT
pa3paboTaH 3KCICPUMEHTAJIbHBIA CTEHN, KOTOpBIM BKIOYAaeT B cebs cucremy u3 WK nasepoB u
NPUEMHHUKOB H3Iy4eHus [2].

Jia yripaBiieHUS Ta3epoM IpeIaraeTcs UCIONb30BaTh CXeMY HCTOUYHHKA TOKa Ha OUTIONSIpHOM PNp-
TpaH3ucTope. PeannzoBaHa BO3MOKHOCTh PEryJIMPOBaHUS TOKA Ja3epa MPOrpaMMHO, JJIsl 3TOCO OMOPHOE
HampspDKEHUE UCTOYHWKA Toka 3amaercs necsarupaspsanasiM - [[AIL.  ITAII mogkmrouaeTcs K
MHKPOKOHTPOJUIEPY, @ MUKPOKOHTPOJUIEP K KOMIIBIOTEDY.
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Puc. 1. Cxemul: a — sxmouenus nasepa, 6 — nNpUeMHUKA U3TYUEHUS]

CxeMa npueMHUKa U3TyYeHHs Ha JIABUHHOM (DOTOJIMO/IE BKIFOUAST TPAHCHMITEAAHCHBIN YCHITUTENb
u nocnenyromuii naBeprop [3]. BBeaenue ¢oroamona B pexkum OoibIIMX KOI(D(PUIMEHTOB YCHUICHUS
OCYIIECTBIISIETCd HM3MEHEHHEM HalpspkeHus cMmemieHuss oT 12 ngo 56 B. Hampsokenwe cmemieHust
oOecnieunBaeT moBblmaronmii Jlyo-mpeodpa3oBaTtenb, KOTOPHIN yIpaBiseTcsl MPOrpaMMHO W3MEHEHUEM
ko3¢ ¢punmenta 3anonnenus LLIMM-curnana [4].

Cucrema TO3BOJSIET PETUCTPUPOBATH MAJIOMOIIHBIA HMIYJIBCHBIM CHUTHAN Ja3epa IOCIE €ro
MHOTOKPAaTHOTO paccesHus, B TOM YHCJIe B 0OpaTHOM HamNpaBJICHHH, U TOTJIOUIEHUS B KPOBH I'€MaTOMBI,
[IpY €€ HAIUYHH.

Pa6ota Obu1a mpoBepeHa ¢ UCTIOJIB30BaHUEM PacCEUBAIOILEH Cpebl OpraHu3Ma YeloBeKa ¢ TpaBMOR
onHOM W3 crom. MCTOYHMK W TpHEMHUK OBUIM 3aKpEeIUIeHBI TaK, YTO OCH YyBCTBHUTEIBHBIX JJIEMEHTOB
HaXOIMJINCh HA paccTOSHUM 1,5 cM JIpyr OT Apyra, 3J€MEHTHI IUIOTHO MPIDKATHl K MOBEPXHOCTH KOXKU.
Hanpsokenue cmemenus saBuHHOTO GoToaroaa Obuto 3agano 2,5 B, ammntyaa Toka uctounuka 200 MA.
Ha puc. 2 u 3 npeacraBneH cCUrHan Ha BBIXOJI€ IPUEMHUKA U3ITyUYEHHS IIPU PACIIOIOKEHNN CUCTEMBI HaJ
IBYMS pa3HbIMU I€MaTOMaMH.
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Puc. 2. Cuenanvl npueMHuKa uziyyenus npu pacnoioiCeHul Ha 6HympeHHell NOBePXHOCMU CINONbL. a —
amnaumyoa cuenara 40 mB na mpasmuposannoii noze, 6 — 80 mB na 300posoii Hoce
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Puc. 3. Cuenanvl npuemMHuKa uznyyenus npu pacnoiodiceruu 8 001acmu NIOCHbl: d — AMIAUMYOd CUCHANA
48 mB na mpasmuposannoll Hoee, 6 — 95 uB Ha 300posoii Hoze

Pesynprar sKcnepuMeHTa MOKa3zajdl NEHCTBUTEIBHYH) BO3MOKHOCTh PETHCTPAMU KMITYJIbCHOTO
JIA3EPHOTO U3JIyYEHUS IIOCIIE €r0 3aTyXaHHs B PACCEUBAIOLLEH Cpelie, IPUUYEM B CIIy4ae TPABMUPOBAHHBIX
TKaHeW ¢ reMaTOMaMU aMIUTUTYJa CUTHajla Ha BBIXOJI€ MPUEMHHKA U3Iy4E€HUS MEHbIIIE.

[InanupyrOTCsS 3KCIEPUMEHTHI IO ONPENEICHUI0 3aBUCUMOCTU aMIUIUTYbl CUTHAIOB IPUEMHUKOB
OT pacCIOJIOKEHMSI M pa3Mepa I'eMaTOMbl Ui 3aJaHHOIO PACIIOJIOKEHHUS] HECKOJIBKUX IIap JIa3epoB U
MpPUEMHHKOB. V3MepurenbHas cucTeMa B JanbHEHmeM OyJeT HCIOJIb30BaThCs BHYTPU YCTpPOWMCTBA
JTUATHOCTHKH TE€MaTOM MO3Ta, BKIIOYas OIpEJNleNIeHHE IIOJIOKEHUs, TIIyOWHBI 3alleraHvs, W pa3mepa
reMaTOMBI.
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B mocnennee Bpemsi HMCHONB30BaHHE METOAOB OMOMMIICIAHCHOTO aHANW3a IJsl AMAarHOCTUKU
3a00JIeBaHUI JIETKUX CTajl0 HOBBIM HAaINpaBICHHEM, MOCKOJBKY OBbLIO HaWAEHO OONbLIEC JOKa3aTeNbCTB
TOTO, YTO MATOJIOTHIECKHE 00Pa30BaHISI HMEIOT 3HAYNTEIFHO OTIIMYAIOIIANACS UMIIEIaHC OT HOPMATbHBIX
traHe# [1, 2]. OmgHako HU3KOE paspelieHue, 00yCIOBICHHOS OIPAHUYCHHBIM KOJTMYECTBOM 3JIEKTPOIOB B
JNIEKTPOJHOM TOSICE W CIOKHO TPOTHO3UPYEMbIe TPACKTOPHUH TOKAa B OHOOOBEKTE CACPKUBAIOT
MIPAKTHYECKOE UCITOIF30BaHUE STOTO METO/A.

Jis OmomMIienaHCHOW BU3yallM3alliy HMMIIEIaHCA TPYAHON KIETKH OBUIO MPEAIOKEHO DPEIIUTh
npsSAMyI0 B 00paTHYIO 3a1a4n. B pe3ynbTare pelenus: oOpaTHOH 3aauu MOJTydyacM BEKTOP IECKPUTITOPOB,
KOTOPBIH SBJISCTCS BXOJHBIM BEKTOPOM VISl KJIACCU(HUKATOPA MEAMIIMHCKOTO prcka [1].

BexTop neckpunropoB mpeobpasyercs B Matpully pazmMepoM NXN, pazmep KOTopoil ompenemnsercs
YICIIOM OTBEIEHHI, KOTOphlE MOTYT OBITh pPEaNTM30BaHBI TOCPEICTBOM DJIEKTPOAHOTO TMosica. OTH
OTBE/ICHUS OIPEACISIOT YUCIO AJIEMEHTOB B SKBHBAJCHTHOM MHOTOIONIOCHUKE, U3 KOTOPBIX, B CBOIO
ouepens, POpMHUPYETCs MaTpuIla H300paKeHHSL.

Jus hopMupoBaHUS TIOTHOIEHHOTO M300paKEHUsSI 3Ty MAaTPHIy HEOOXOIUMO WHTEPIIOIUPOBATH.
VY4uTBIBas, YTO U3MEPEHHS B KXKIOM OTBEACHUH Aal0T HHTETPaJIbHYIO KAPTUHY UMIIelaHCca B OMO00BEKTE,
Ha MHTEPIOJIIINI0 HEOOXOMMO HAIOXKUTh OTPaHUYCHUS], IPEAyCMaTPHBAIOLINE OTCYTCTBHE N3MEHEHUS B
MHTETPaJbHOM MMIIEIAHCE B BETBSX 3KBUBAJIICHTHOIO MHOTOIOJIOCHUKA [3].

Wntepnionsius uMIieaHca B BETBSX IPeLyCMAaTpUBAaeT PaBHOMEPHOE Pa3MBITHE WHTETPATBLHOTO
CONIPOTHBIICHUSI B BETBAX OKBHBAJICHTHOTO MHOTONONOCHUKA. Kaptuny auddepeHnnaibHOro
pacnpezieieHus] COIPOTUBIICHNST MOKHO Y4YeCTbh, UCTIOJIB3YsI aHATOMHYECKYIO KapTUHY CEUeHUS TPYTHOU
KIIETKH, a TaKXKe JAaHHBIE O TIPEAIOoIaracMoi JUCIOKAIINY ITaTOJIOTHU. DTH JaHHBIE MOTYT OBITH TIOJTYYEeHBI
W3 JPYyroro HMHTPOCKOIMYECKOrO HW300paKeHUs, HalpuMmep, MOIYYEHHOTO METOJIOM KOMIIBIOTEPHOM
ToMorpaduu.

Takum o00pa3oM, ToOIy4aeM KOMIUIEKCHPOBAHHOE W300paKeHHe, KIACCH(PUKAIMIO KOTOPOTO
ocymiecTBisieM ¢ momoiibto cBeprounoit HeiiponHoit cet (CNN). [Ins oOydenus CNN wucrnonszyem
OMOVMITETaHCHBIE JaHHBIC, TOJIyUYCHHBIE MOCPEJCTBOM CIEIHaNbHO pa3paboTaHHOro Qantoma. Jns
copmeneHns ux KT- m3o0paxxeHusmu B (haHTOME HCITONIF30Baach KOOPIWHATHAS CETKA, BBHITIOJTHEHHAS B
MOJISIPHBIX ~ KoopAWHaTax. [IporpammHoe oOecriedeHHe BKIIOYACT psii  UHTEP(EHCHBIX  OKOH,
MpeIHa3HAYEHHBIX [T HACTPOWKH U OTOOpakeHMs U3MEPSAEMBIX ITapaMeTpoB B rpadudeckoit popme [3].

Ilokaszarenu kadecTBa KiaccH(pUKaLUK, MOTyUEHHBIE HAa PENPE3CHTATUBHONW BHIOOPKE MO Kiaccam
ITHEBMOHHUS - «HET THEBMOHUI JIexKaiu B ripeaenax oT 70% 1o 83% mno pa3HeIM METPUKaM U Ha Pa3HbIX
KOHTPOJIBHBIX BHIOOPKAX.

Takum 00pa3oM, MOTyUYEHHBIE PE3yIbTAaThl MO3BOJIAIOT CO3JaBATh CHCTEMBI MOAACPKKH MPHHATHS
KIMHUYECKUX PELICHUI MO NMPOTHO3UPOBAHUIO M JMArHOCTHKE 3a00JIeBaHUM JIETKMX, OCHOBAaHHBIE Ha
KOMILICKCUPOBAHUM JJAHHBIX U MOJEISIX TIYyOOKOro 00yUYeHHSI.
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Image Integration in Intelligent Systems for Lung Disease Risk Assessment
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Recently, the use of bioimpedance analysis methods for diagnosing lung diseases has become a new
area of research, as increasing evidence has been found that pathological lesions have significantly different
impedance than normal tissue [1, 2]. However, low resolution due to the limited number of electrodes in the
electrode belt and the difficult-to-predict current trajectories in the bio-object hinder the practical application
of this method.

For bioimpedance imaging of chest wall impedance, it was proposed to solve a direct and inverse
problem. Solving the inverse problem yields a vector of descriptors, which serves as the input vector for a
medical risk classifier [1].

The descriptor vector is transformed into an NxN matrix, the size of which is determined by the
number of leads that can be implemented using the electrode belt. These leads determine the number of
elements in the equivalent multiport, which in turn form the image matrix.

To form a complete image, this matrix must be interpolated. Given that measurements in each lead
provide an integrated picture of the impedance in the biological object, interpolation must be constrained to
ensure no change in the integrated impedance in the branches of the equivalent multiport [3].

Impedance interpolation in the branches ensures uniform blurring of the integrated resistance in the
branches of the equivalent multiport. The differential impedance distribution can be taken into account using
an anatomical cross-section of the chest, as well as data on the suspected location of the pathology. This
data can be obtained from another introscopic image, such as one obtained by computed tomography.

This results in a composite image, which is classified using a convolutional neural network (CNN).
To train the CNN, we use bioimpedance data obtained using a specially designed phantom. To align them
with the CT images in the phantom, a coordinate grid created in polar coordinates was used. The software
includes a series of interface windows designed for customizing and displaying measured parameters in
graphical form [3].

Classification quality indicators obtained on a representative sample for the "pneumonia” and "no
pneumonia” classes ranged from 70% to 83% across various metrics and control samples.

Thus, the obtained results enable the creation of clinical decision support systems for the prognosis
and diagnosis of lung diseases based on data integration and deep learning models.
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MogpeaunpoBanue kiaacrepoB TiO: u 6mocoBMecTUMBIE CBOICTBA MOKPBITHIA
HMILIAHTATOB
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Mopandukanus TOBEpXHOCTH MEIUIIMHCKUX UMIUIAHTATOB IMyTEM HAHECCHUS MOKPHITHI Ha OCHOBE
muokcuga turaHa (TiO2) — 3@QekTuBHBIA Ccroco0 TOBBINICHUS WX OHOCOBMECTUMOCTH U
AHTUOAKTEpPHATBHBIX CBOMCTB. MeTOnbl J1a3epHOrO CHHTE3a MO3BONAIOT (HOPMHPOBATH aMOp(HYIO
MOBEPXHOCTh MMIUIAHTaTa 3a cU4ET reHepanuu kiactepoB TiO: B mpomecce admsamuu Mumenu. Kinactepsr
TiO2 pazmepoM 1-2 HM afeKBaTHO BOCHPOM3BOISAT PAaCHpEeAEICHUE [UIMH CBA3EH M KOOPAMHALMOHHBIX
YHCEN aTOMOB THTaHa ¥ KUCIOPOa, YTO 000CHOBBIBAET UX MPUMEHEHHE ISl MOJICIIMPOBAHUS CTPYKTYPHBIX
(hparMeHTOB TOBEPXHOCTH aMOP(HHOM TIIEHKH.

B noxmane o0GcyxaaeTcss B3aMMOCBS3b MEKIY KBAaHTOBO-XUMHYECKUMHU pacueTamu kiactepos TiO:
B pamkax Teopun GpyHkuuonana miotHoctd (DFT) [1,2] u GuocoBMecTHMBIME CBOMCTBAMU (POPMHUPYEMBIX
HAa WX OCHOBE MEIWIMHCKUX NOKpbITHH. DFT-pacdeTsl MOKa3bIBAIOT CYIIECTBOBAHHE YCTOHYMBBIX
ruapatHeix  cTpykTyp coctaBa  [(TiO2)10(H20)m](M=1-9), cTaOMIM3UPOBAHHBIX 3a CYET MPSIMOTO
KOODP/IMHAIIMOHHOTO B3aUMOJICHCTBHS aTOMOB THTaHa C KHCIOPOAOM MoJjekyn Boxael [1]. Hammuwme
THAPATHOr0 CJIOS Ha IMOBEPXHOCTHU Tloz IMOBBIMIAET TCPMOANHAMUYCCKYIO CTa6I/IJ'II>HOCTI> UMILJIaHTaTa "
IpefoTBpamaeT ero oOmonerpananuioo. OCTEOMHTETpAIMs 3alyCKaeTcsl TMPH XeMOCOPOLMH aKBaHOHOB
KasbIs u3 onoxuakocreil. [TokazaHo, 4To MPOYHOCTH KOHTAKTa akBanoHa Kajbius Ha kiactepe (Ti02)1o
OIPEIeNSIETCs COCTABOM 00EUX MMpaTHBIX 00004Yek. Moaudukanus ctpyktypsl kiactepa (TiO2)1s myTem
JOTMPOBAHUS a30TOM WHIYLIUPYET MOSBICHNE BHYTPU30HHBIX YPOBHEMH, YTO CyKaeT 3alpelieHHYIO 30Hy U
cMemaer (HOTOKATATMTUYECKYI0 aKTHBHOCTh B BHAWMBIA JIMana3oH, 9YTO CIIOCOOCTBYET T€Hepanuu
AKTHBHBIX (DOPM KHCIIOpOJIa ¥ IPEAOTBpaIIacT (OpMUPOBaHHE OaKTepHaIbHBIX OMOTIICHOK Ha UMILIAHTATE

[2].
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Modeling of TiO: Clusters and Biocompatible Properties of Implant Coatings
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Modification of the surface of medical implants by applying coatings based on titanium dioxide
(TiO2) is an effective way to improve their biocompatibility and antibacterial properties. Laser synthesis
methods allow for the formation of an amorphous surface on the implant by generating TiO: clusters during
the ablation process. TiO: clusters with a size of 1-2 nm accurately reproduce the distribution of bond lengths
and coordination numbers of titanium and oxygen atoms, making them suitable for modeling the structural
fragments of an amorphous film surface.

The report discusses the relationship between quantum chemical calculations of TiO- clusters based
on density functional theory (DFT) [1,3] and the biocompatible properties of medical coatings based on
them. DFT calculations show the existence of stable hydrate structures of the composition
[(TiO2)10(H20)m](Mm=1-9), stabilized by direct coordination interaction of titanium atoms with oxygen of
water molecules [1]. The presence of a hydrate layer on the TiO, surface increases the thermodynamic
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stability of the implant and prevents its biodegradation. Osteointegration is triggered by the chemisorption
of calcium aqua ions from biological fluids. It has been shown that the strength of the calcium agua ion's
contact with the (TiO2)1o cluster is determined by the composition of both hydrate shells. Modification of
the structure of the (TiO2):s cluster by nitrogen doping induces the appearance of intraband levels, which
narrows the band gap and shifts the photocatalytic activity into the visible range, which promotes the
generation of reactive oxygen species and prevents the formation of bacterial biofilms on the implant [2].
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JlazepHblii MeTOA KOHTPOJISA yTe4eK MeTaHa U3 ABYXTOINJIMBHBIX CY/10BbIX
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! Heycrpoesn 3. A.,*” Typkun B. A.,! Orypuos JI. B.,! Kpaespoii A. H.

! I'ocyoapcmeennwiii mopckoil ynusepcumem umenu aomupaia ®@. @. Ywaxosa, 353924, Poccus, 2. Hosopoccuiick,
np. Jlenuna, 93

email: zakharneustroev@gmail.com, “turvla@mail.ru, dmitrog555@rambler.ru, kragvoy03@mail.ru

CynoBble 1u3enbHbIe IBUraTeNH, padoTaromye Ha cxmkeHHOM pupoaHoM rase (CII) u auzensHoM
TOIUIMBE, IIMPOKO MCIIOJB3YIOTCA B MOpckoM cekTope. Hecmorps Ha mpenmymiectBa BHeapenus CIII,
Henb3sl WrHopupoBaTh mnpucymue CIIIT omacHsle XapakTepUCTHKH, TaKWE KaK BOCIIAMEHAEMOCTb,
B3pPBIBOONIACHOCTh W XpaHEHHWE Npu CBepxHu3kod Ttemmeparype. Cam mo cedbe CIII' He sBisercs
B3pBIBYATHIM BEIIECTBOM, U TMPH MPAaBUILHOM XpaHEHHH OH HE OyAeT CaMOINpPOU3BOJILHO BO3TOPATHCS.
OnHaxko ecnu oH peoOpasyeTcs B ap, TO MOXKET CTaTh B3PIBOOIIACHBIM, OCOOEHHO €CJIM OH BBIITYCKAETCS
B 3aKkpbITOM mpoctpaHcTBe. st B3pbiBa CIII' ero KoHIEHTpauus B BO3AYLIHOM CMECH, €ro «JIuara3oH
BOCILIAMEHSIEMOCTH», cocTaBisieT oT 5% mo 15%. CrnemoBaTenbHO, B yCIoBHAX 3KcIutyatanuu COY,
MOHUTOPHHT YTEYEK METaHa SIBISICTCS aKTyalbHOH mpoOiemoi. [y pemieHHs yka3aHHOW MPOOJIEMEI
MIpeaIaracTcs HCMOIb30BaTh JA3EPHYIO AUATHOCTUKY €ro yTEeUeK.

Lenbto uccrenoBaHus SBISETCS OIpeNelIeHNe MUHMMAaJIbHOE BpeMs HM3MEpPEHHsS KOHIEHTpaliu
METaHa B BO3IYIIHOH cCpele MAaIIMHHO-KOTEIHHOTO OTIENCHUS CylHa JUAapoM KOMOHMHAIIMOHHOTO
paccesHusl cBeTa A ciydas ucnosnb3oBaHus CIIIT B kadecTBe TOINIMBA JUISl CYNOBBIX IU3ENBHBIX
JBUTATEIEH.

st oOHapykeHus yredek ocHoBHoro kommoHeHta CIIIT — meTtana, mpeajioKeHO HCIOIB30BATh
METOJ JIa3€pHOTO0 MOHUTOPHHIAa MOJIEKYJl MeTaHa B arMocepe JuIapoM KOMOWHALMOHHOTO PacCesHUs
cBeta. [loka3aHo, 4To Ha JJIMHE BOJHBI Ja3epHOro u3nydeHus 405 HM MOXKHO MOJYYHTh MHUHUMAJIBHOE
BpeMsI M3MEpEHHUs] KOHIIEHTPAllMd MeTaHa B BO3AYIIHOW cpene paboueil 30HBI MAIIMHHO-KOTEIHHOTO
OTJICTICHHUsI MOPCKOTO HMJIM PEYHOTO CY/HA JHIApOM KOMOMHAIIMOHHOTO paccesHus cBeTa. Ha aTolt anmmne
BOJIHBI JUIsI ©U3MEPEHHS 3TOH KOHLIEHTPALUK MOJIEKYJI MeTaHa TpelyeTcst Ha pacctosiHuu 10 m Beero 0,8 mc,
a Ha pacctogHuu 3oHAupoBaHug 20 M — 3,2 mc. [lomydeHo, 4TO NHMIApHOE 30HAMPOBAHHE METOIOM
KOMOWHAIIMOHHOTO PacCesTHUS CBETa Ha PACCTOSHUAX 30HAupoBanus 10 20 M Ha niuHe BoaHEI 405 HM gaeT
3HaYEHNE MHHUMAJIBHO JETEKTUPYEMOH KOHIIEHTpAllMK MOJIEKYJI MeTaHa Ha paccTossHMM 10 M 3a Bpems
msmepenus 100 ¢ —2x10%8 M3, a 3a Bpems uzmepenns 10 ¢ — 2x10'° m® B armocdepe.

Laser-based method for monitoring methane leaks from dual-fuel marine diesel
engines

1 Neustroev Z. A., " Turkin V. A,  Ogurtcov D. V., Kraevoy A. I.

1 Admiral Ushakov Maritime State University, 353924, Russia, Novorossiysk, Lenin Ave., 93
email: zakharneustroev@gmail.com, “turvla@mail.ru, dmitrog555@rambler.ru, kragvoy03@mail.ru

Marine diesel engines powered by liquefied natural gas (LNG) and diesel fuel are widely used in the
maritime sector. Despite the advantages of LNG adoption, its inherent hazards, such as flammability,
explosiveness, and storage at extremely low temperatures, cannot be ignored. LNG itself is not explosive,
and when properly stored, it will not spontaneously ignite. However, if it converts to vapor, it can become
explosive, especially if released in a confined space. To cause an explosion, LNG requires a concentration
in the air mixture, its "flammability range,"” of 5% to 15%. Therefore, methane leak monitoring is a pressing
issue in marine propulsion systems. Laser leak diagnostics are proposed as a solution to this problem. The
aim of this study is to determine the minimum measurement time for methane concentration in the air of a
ship's engine room using a Raman lidar for LNG used as fuel for marine diesel engines.

To detect leaks of methane, the main component of LNG, it is proposed to use laser monitoring of
methane molecules in the atmosphere using a Raman lidar. It is shown that at a laser wavelength of 405 nm,
the minimum measurement time for methane concentration in the air of the working area of the engine room
of a sea or river vessel using a Raman lidar can be achieved. At this wavelength, measuring this methane
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molecule concentration requires only 0.8 ms at a distance of 10 m, and 3.2 ms at a sensing distance of 20 m.
It was found that lidar probing using the Raman scattering method at probing distances of up to 20 m at a
wavelength of 405 nm gives the value of the minimum detectable concentration of methane molecules at a
distance of 10 m for a measurement time of 100 s — 2x1018 m-3, and for a measurement time of 10 s —
2x1019 m-3 in the atmosphere.
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Pa3zpaboTka OECKOHTAKTHBIX Ja3epHBIX CPEACTB JUATHOCTHKH a3PO30JbHBIX MOTOKOB SIBIISETCS
aKTyaJbHOW 3amadyeil Jla3epHON (M3WKH W ONTHYECKOTO MPHUOOPOCTPOCHHA. TpaguIIOHHBIE CXEMBI
(TpancMuCccHOHHBIE, HedenomMeTpuieckne) Inbo TpeOyroT ABYX ONTHYECKMX OKOH B Ta3oxojie, 100 He
00eCneurBaOT MPOCTPAHCTBEHHOTO PA3PEIICHHUS 10 Ce4eHHUI0 NoToka[ 1, 2]. CTOMMOCTh MPOMBIIUICHHBIX
JIa3epHBIX MBIJIEMEPOB focTuraet 1.5-3 MiH pyo0., YTO OrpaHUYNBACT X IPUMECHEHHE.

B paGore mpemnoxeHa OpUTMHAIBHAs KOAKCHajdbHas ONTHYECKAasi CXeMa JaTdyuka OOpaTHOTo
paccesiHuA C MOJISIPU3aLMOHHOM pa3BA3KOW M3TYyYAIOLIEro M MPUEMHOIO KaHalloB. M3mydaromjas yacTb
o0BenuHseT TpH Na3epHbIx auoaa (405 am, 635 aM, 850 HM) B eUHBIN MyYOK MOCPEICTBOM JUXPOHIHBIX
3epkasl. PasmeneHue mnpsAMoOro M OOpaTHOrO XoJa peaJu30BaHO HA OCHOBE MOJSPU3ALMOHHOTO
ceeroaenurens (PBS) n axpomaTuueckoid 4eTBepTHBOIIHOBOMH TUTaCTHHKH (A/4). JInHEHHO nonspu3oBaHHOE
W3JIy4YeHue JasepoB (TOpU3OHTaNbHAs MOJsipu3anms) npoxoaut PBS nHackBosb, A/4 mpeobpasyeT ero B
KpYroByio nojsipusanuto. [Ipu oqHOKpaTHOM 00paTHOM paccessHUM MU Ha 4acTHLAX a3po30Jisi Kpyrosas
MOJISIPU3AIHSI COXPAHSETCS, TOCIIE TOBTOPHOTO MPOXOKACHHUS A/4 CTAHOBUTCS BEpTHKAIILHON U OTpakaeTCsl
PBS B npuémueiii kanan| 1]. 3epkaibHbIi OJUK OT CTCHOK ra30X0ja HHBEPTUPYET KPYTOBYIO IMOJISIPU3AIIUIO;
mocne A/4 oH mpuoOpeTaeT rOpU3OHTAIbHYIO Toisipu3anuto U PBS orcekaercs. [lomomanTensHO Onmk
MOJIABJIIETCS TEOMETPUUYECKH — Pa3MELICHUEM JaTyhKa B yIIIy CEUEHHS Ia30X0/a.

B ominunMe ot npemsiaraeéMod TMOJE3HOM MOJENM YCTPOMCTBA A KOHTPOJIA HapamMeTpoB
a’pO30JILHBIX TIOTOKOB [5], KOTOpoe H3MepseT cpeqHee 3HaueHHWE MapaMeTpoB IOTOKAa TOJBKO Ha
(UKCUpOBaHHOW Tpacce, YTO yMEHbIIAeT HWH(POPMATUBHOCTH H3MepeHuil. Ilpemnmaraercs yBenMuuTH
MPOCTPAHCTBEHHOE pa3pelleHrue M3MEPEHUs] MapaMeTpoB a’pO30JbHBIX MOTOKOB IyTEM CKAHHPOBAHUS
3apaHee BBIOPAHHOTO IOTIEPEYHOTO CEYEHHUS adPO30JILHOTO MOTOKa. IIpocTpaHCTBEHHOE CKaHHWpPOBaHWE
OCYIIECTBIISIETCSI CEPBOMPUBOJIOM C 3epkaibileM (+40°), 4ro obecredynBaeT OJHOMEPHYIO Pa3sBEPTKY
ceueHus Oe3 MPHUMEHEHHUs BpeMs-NpodETHOW peructpaumd. OTHomeHus Ko3(UIMeHToB 0OpaTHOrO
paccesauss B _back(A1)/B_back()z2), m3MepeHHbIC OIHOBPEMEHHO Ha TPEX JJIMHAX BOJIH, IO3BOJISIOT
BOCCTAaHABIMBATh MEIUAHHBIH paadyc M IIMPUHY pAaclpeAesieHHusl 4YacTHL, He 3aBHCA OT HX
KOHLIeHTpauuu|[ 3, 4].

UucneHHass MOZEIb pPAacCesHUS TOCTpOeHa Ha OCHOBe Teopuu Mu (OmOimoreka miepython).
Bepudukaiusi BBITIOTHEHA COTMOCTABICHHEM C AHAIMTUYECKAMH TIpejenaMu (paJieeBCKOE paccesiHue,
reoMeTpryecKas ONTHKa) U He3aBUCUMOH peanusauuein PyMieScatt[1, 2]. PaccMoTpeHs! JorHopmainbsHoe,
OMMOJIAIbHOE W TaMMa-paclpesielieHiss YacTUI] 10 pa3MepaM, BKIOYas MOIU(PHUIMPOBAHHOE WU
0000mEHHOE TaMMa-pacpeAeTICHHS.

[IpumeneHne naTyvka paccMaTpUBACTCA JUIsI MOHUTOPUHIA BEIOPOCOB LIEMEHTHBIX MTPOU3BOJICTB, B
YaCTHOCTH — KOHTPOJISl pyKaBHbIX (uibTpoB Tra G@PUII-90[4].
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The development of non-contact laser diagnostic tools for aerosol flows is an urgent task in laser
physics and optical instrument engineering. Traditional schemes (transmission, nephelometric) either
require two optical windows in the gas duct or do not provide spatial resolution across the flow
cross-section[1, 2]. The cost of industrial laser dust meters reaches 1.5-3 million rubles, which limits their
application.

The paper proposes an original coaxial optical design of a backscattering sensor with polarization
isolation of the emitting and receiving channels. The emitting part combines three laser diodes (405 nm, 635
nm, 850 nm) into a single beam using dichroic mirrors. The separation of forward and reverse paths is
implemented based on a polarizing beam splitter (PBS) and an achromatic quarter-wave plate (A/4). Linearly
polarized laser radiation (horizontal polarization) passes through the PBS, and A/4 converts it into circular
polarization. Upon single backscattering of Mie on aerosol particles, circular polarization is preserved; after
passing through A/4 again, it becomes vertical and is reflected by the PBS into the receiving channel[1].
Mirror glare from the walls of the gas duct inverts the circular polarization; after /4, it acquires horizontal
polarization, and the PBS cuts it off. Additionally, the glare is suppressed geometrically — by placing the
sensor in the corner of the gas duct’s cross-section.

Unlike the proposed utility model of the device for monitoring aerosol flow parameters [5], which
measures the average value of the flow parameters only along a fixed path, thereby reducing the
informativeness of the measurements. It is proposed to increase the spatial resolution of measuring aerosol
flow parameters by scanning a pre-selected cross-section of the aerosol flow. Spatial scanning is carried out
using a servo drive with a mirror (£40°), which ensures one-dimensional scanning of the section without
using time-of-flight registration. The ratios of the backscattering coefficients B back(\i)/B_back()2),
measured simultaneously at three wavelengths, make it possible to reconstruct the median radius and the
width of the particle distribution, independent of their concentration[3, 4].

The numerical scattering model is based on Mie theory (miepython library). Verification was carried
out by comparing with analytical limits (Rayleigh scattering, geometric optics) and an independent
implementation of PyMieScatt[1, 2]. Lognormal, bimodal, and gamma particle size distributions were
considered, including modified and generalized gamma distributions.

The sensor is considered for use in monitoring emissions from cement production facilities, in
particular, for monitoring bag filters of the FRIP-90 type[4].
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Pobotu3npoBanHble MaHUIYJISITOPBI HAXOAT BCE OoJiee INPOKOE IPUMEHEHHE B 00pa30BaTEIIbHOMN,
MabOpaTOpPHON W MENKOCEpUHHOW MPOM3BOACTBEHHON AedaTedbHOCTH. OJHAKO BBICOKAs CTOMMOCTH
MPELM3UOHHBIX PETYKTOPOB (BOJHOBBIX, IIUKIOUAAIBHBIX ) M CHCTEM MO3UIIIOHUPOBAHUS OTPAHUYNBAET X
noctynHocTs[4, 2]. B HacTosmeit pabote mpencTaBieH NPOTOTHIT 5-0CEBOTO MAHHUITYJISATOPA, KIIFOYEBBIM
3JIEMEHTOM  KOTOPOrO  SIBJSIETCSl OPUTMHAIBHBIN  JABYXCTYNEHUYAThIM IUIAaHETApHBIH  PEOYKTOP,
n3rotoBieHHblt MeronoM 3D-mewatm u3 PETG ¢ ucnonb3oBaHWeM CTaHAAPTHBIX —CTalIbHBIX
KOMITOHEHTOB[ 3].

MaHunyasITop TOCTPOEH IO MOAYJIBHON apXUTEKType: Kakaas OCh MPEICTaBIsSET COOOM
YHUDUIMPOBAHHBIN MEXaTPOHHBIM y3€l, BKIIOYAIINN maroBerid asuratens NEMA 17, npaiiBep
TMC2209 (pexum StealthChop2)[5] u peaykTop. OCHOBaHHE BBIIIOJIHEHO IO OJHOCTYIEHYATOM
mianeTapHoi cxeme (z1=17, z2=25, z3=68, i=5.0). [IneueBoil U JOKTEBOH Y31l — ABYXCTyNEHUYATHIE:
mwiedo (i=25) wucnonp3yer BeHenm z=68, nokoTh (i=16) — KommakTHBIA BeHenm z=60. CaTemmTuThl
apMupoBanbl nommunHukaMu MR83ZZ wu cranpHeiMu mTHd@TamMu 3 MM. PacuérHeie mapameTpsl
MOJTBEP KICHBI HATYPHBIMH HCTBITAHUSMHE: TIJICUEBOH y3€J BBIACPIKUBAECT pabouylo Harpysky 2.6 Kr Ha
iede 15 cm, mokreBoit — 1.0 kr. Bec ofgHOTO y311a (peaykTop + ABUraTels + Kperéx) He npeBbimaeT 411
T.

MaremaTryeckast MoJiellb KHHEMaTHKH ITOCTPOeHa Ha ocHOBe dopmanu3ma JlenaBura-XapTenoepra
(DH-mapameTpbl, MaTpHIbl OJAHOPOIHOTO Mpeodpa3oBaHusi 4x4) sl MATU3BEHHOW CXEMbI C JUTHHAMH
3BeHbeB L1=20 cMm, L2=20 cm, L3=10 cm[1]. Ynpasnenue peanuzoBaHo Ha 6a3e Arduino ¢ 6M6I1OTEeKOMI
AccelStepper, uro oOecreunBaeT OJHOBPEMEHHOE JIBIKCHHE HECKOIBKUX OCeH 10 3aJaHHbIM
TPaeKTOPHSIM.

PazpaOoTaHHbII POTOTHII MOXKET OBITh MCIOIB30BaH B 00pa30BaTENIbHBIX U JaOOPATOPHBIX LETIsX,
a TaKKe Kak JIOCTYIHas TuiaTgopma JUIs CO3JaHus JIa3epHOr0 IPaBUPOBAILHOTO 00OPYIOBaHUS MAJIOH
MOIIHOCTH. CTOMMOCTh KOHCTPYKIIMM Ha TIOPSIOK HUXKE MPOMBIIUICHHBIX aHAJOTOB MPU COXPaHEHUU
(yHKIMOHANBHOCTH, JOCTATOYHOH U1 3a7jad MPOTOTHUIIMPOBAHMS U MEIKOCEPUIHOTO MPOU3BOJACTBA[6)].

PazpaOatbiBaeTcst AeLieHTpaIN30BaHHAsE CUCTEMa TUATHOCTHKM HA OCHOBE MAarHUTHBIX SHKOJIEPOB
AS5600 n mmubI RS-485, mo3BOISIIOMAas KOHTPOIMPOBATH MOJI0KEHHUE, TEMIIEPATYPy ¥ BUOPAITH KaXKI0TO
y37a.
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Robotic manipulators are increasingly used in educational, laboratory and small-scale production
activities. However, the high cost of precision gearboxes (harmonic, cycloidal) and positioning systems
limits their availability[4, 2]. This paper presents a prototype of a 5-axis manipulator, the key element of
which is an original two-stage planetary gearbox manufactured by 3D printing from PETG using standard
steel components[3].

The manipulator is built according to a modular architecture: each axis is a unified mechatronic unit
including a NEMA 17 stepper motor, a TMC2209 driver (StealthChop2 mode)[5] and a gearbox. The base
is made according to a single-stage planetary scheme (z1=17, z2=25, z3=68, i=5.0). The shoulder and elbow
units are two-stage: the shoulder (i=25) uses a z=68 ring gear, the elbow (i=16) uses a compact z=60 ring
gear. The satellites are reinforced with MR83ZZ bearings and 3 mm steel pins. The calculated parameters
are confirmed by full-scale tests: the shoulder unit withstands a working load of 2.6 kg on a 15 cm arm, the
elbow unit — 1.0 kg. The weight of one unit (gearbox + motor + fasteners) does not exceed 411 g.

A mathematical model of kinematics is built on the basis of the Denavit-Hartenberg formalism (DH
parameters, 4x4 homogeneous transformation matrices) for a five-link scheme with link lengths L1=20 cm,
L2=20 cm, L3=10 cm[1]. Control is implemented on the basis of Arduino with the AccelStepper library,
which ensures simultaneous movement of several axes along specified trajectories.

The developed prototype can be used for educational and laboratory purposes, as well as serving as
an affordable platform for creating low-power laser engraving equipment. The cost of the design is an order
of magnitude lower than that of industrial counterparts, while maintaining functionality sufficient for
prototyping and small-scale production tasks[6].

A decentralized diagnostic system based on AS5600 magnetic encoders and the RS-485 bus is being
developed, which allows monitoring the position, temperature and vibration of each unit.
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[loBBIeHre TPOYHOCTH, HAAEKHOCTH U HA3HAYEHHOTO pecypca M3AETHil U3 KOMIIO3UTOB OCTaETCs
OTHOW W3 KIIOUEBBIX 3a/lad MAIIMHOCTPOCHUs. M3nenus paboTalOT B YCIOBHUAX IUKIHYCSCKUX
MEXaHMYECKUX U TEMIICPAaTypHBIX HArpy3oK, BHUOpaluii M arpecCUBHBIX Cpei, IIOTOMY OIICHKA
OCTAaTOYHOTO pecypca JODKHA OMUPAThCAd HE TONBKO Ha pacuéTHhIE MOJENW, HO W Ha JaHHBIE O
(hakTHIECKOM COCTOSIHMM MaTepHalia OTBETCTBEHHBIX Aeranei [1, 2].

OmHMM M3 CYIIECTBEHHBIX TEXHOJOTHYCCKUX Ne(HEKTOB TAKUX MATEPUAJIOB SBIISCTCS MOPUCTOCTD.
[Topbl, MEXKTYTOBBIE ITYCTOTBI, YYACTKH HEMOJTHOW MPONMUTKH M MEXKCIOWHBIE NedeKThl HapyIIaroT
HEMPEPBIBHOCTH CBA3YIOMIETO M YXYIIIAIOT Mepefady Harpy3Kd MeXIy dJIEMEHTaMH CTPYKTYpbhl. YacTh
CTPYKTYPHBIX OCOOEHHOCTEH (OPMHUPYETCS MpPH HW3TOTOBJICHWH, a 4YacTh MOXKET pa3BUBAThCS B
AKCIUTyaTallMK O] ISHCTBUEM IIUKIMYECKUX HAIPYy30K, TEMIICPaTyPhl, BIAKHOCTH, YIAPHBIX BO3ICHCTBUI
Y cTapeHwus cBs3yromero. [103ToMy KOHTPOIh KOMITO3UTHOM KOHCTPYKITUH IIeJIeCO00pa3HO paccMaTpUBaTh
KaK 3JICMCHT COIPOBOKICHUS KU3HEHHOTO ITUKJIA, & HE TOJBKO KaK MpPOIeIypy NMPUEMKH.

B 3TOM OTHOIICHMH TEPCHEKTUBHOU SABJSCTCS KOHIENIMs nuppoBoro apoiHuka [3]. B pamkax
HACTOAIIEH CTaTbu HH(POBON TBOWHWK TOHMMAEeTCS Kak IM(poBas MOJETh KOHKPETHOTO H3ICINus,
oObenuHAIOMAS  pacu€THBIE JaHHBIE, CBEACHWS O TEXHOJOTHMH H3TOTOBIEHUS, pPE3YyJIbTAThI
Hepa3pyHIaloiero KOHTPOIIS U HCTOPHIO AKCILTyaTanuy. J{Jst CJIONCTOro KOMIIO3UTA TaKasi MOJIeIb JOJKHA
oTpaxkaTh (DakTUUECKOe COCTOSIHWE Marepuana: 0e3 JaHHBIX O BHYTPEHHEH CTPYKType HEBO3MOXKHO
MPOCIEINTh €€ N3MEHEHHE U CBA3aTh TEXHOJIOTHIECKHE Ae(EKTHI C MOCIEAYIONNM CHIKEHHEM pecypca.

Panee mpakTHdeckoe TNpHMEHEHHWE TAKOrO TIOAXOJa OTrPaHWYMBAIOCH TPEXKAE  BCETO
JMarHOCTHYECKOH 4YacThio. Paspymiarorye MeTonpl ONpeliesieHHsl TOPUCTOCTH JIAIOT MH()OPMAIHIO 110
OTJIENBHBIM 00pasiiaM, HO HE MOTYT MPHUMEHSATHCS IS PETYJISIPHOTO KOHTPOJS HATYPHOW KOHCTPYKIIWH.
PeHTreHoBckass kommnproTepHass TOMOTpadusi MO3BOJISIET TOIYYUTHh IMOAPOOHOE OINHCAaHUE BHYTPEHHEH
CTPYKTYpBI, OJJHAKO OTpaHMYEHa CTOMMOCTBIO, rabapuTaMu OOBEKTa, JIIUTEIBHOCTHIO UCCICOBAHUS H
TpeboBaHmsiMH Oe3omacHocTH. Kitaccndeckue yibTpa3ByKOBBIE METOMBI IIPUMEHHUMEI JIJII MHOTHX 33jad,
HO TIPH KOHTPOJIE CIIOMCTHIX CTPYKTYP TPEOYIOT YCTOHYMBOTO aKyCTHYECKOTO KOHTaKTa M aKKypaTHOMH
MHTEpIpeTaIy cCuruanos [4, 5].

KoHTakTHast J1a3epHO-YJIbTPA3BYKOBasi CTPYKTYPOCKOMMS TIO3BOJISET YaCTUYHO CHSTh 3TO
orpaHnyeHre. MeTo OCHOBaH Ha JIa3epHOM ONTHKO-aKyCTUIECKON TeHEPalni KOPOTKOTO 30HUPYIOIIETO
HMMITyJIbCA ¥ KOHTAKTHOM IIPHEMeE yJIbTPa3BYKOBOI'O OTKJIKKA. Takasi cxema JIaeT BO3MOXXHOCTh pabOoTaTh B
3X0-pEXKUME ITPH OJHOCTOPOHHEM JOCTYIIC K M3EJHUI0, BBIACIATh OTPAXKCHHSI OT BHYTPEHHUX TPAHMII U 110
rapaMeTpaM CHUTHaja OIEHUBATh COCTOSHUE OT/IEIBHBIX DIIEMEHTOB CIIOUCTOTO TIAKETa.

Jis mudpoBoit Moaen HEOOXOIUM METOJ KOHTPOIIS, KOTOPBIH 00ecrieYrBaeT MOBTOPSIEMOCTh
M3MEPEHUI, MPOCTPAHCTBEHHYIO MPUBA3KY PE3YJIbTATOB M KOJUYECTBEHHYIO MHTEPIPETAIIMIO CUTHAJIOB.
KJIYC ynoBneTBOpsieT 3TUM TpeOOBAaHUSAM B OOJIBIIEH CTETIEHU, YEM METOIbl, OPUEHTHUPOBAHHBIE TOJIEKO
Ha JIOKaJbHOE Pa3pylIUTEIILHOE HCCeIoBaHHe oOpaslla WM Ha eAWHWYHOE BhissBiieHWEe aedekra. Ero
MPEUMYIIECTBO COCTOUT HE TOJILKO B BO3MOXKHOCTH PETHCTPAILIUH COCTOSHUSI MaTepraia Hepa3pyaronuM
METOJIOM, HO U B BO3MOXXHOCTH HCIIOJIb30BaTh 3TH JaHHBIC I OMHMCAHUS BHYTPEHHEH CTPYKTYpPbI
CJIOUCTOTO TIaKeTa.

JlazepHasi ONTHKO-aKyCTHYeCKas TeHepalusi KOPOTKOTO 30HIUPYIONIEr0 HMITYyJIbCa ITOBBIIIAET
“H(OPMATUBHOCTh 3XO-METOJAa IPH AaHaJUu3e CJIOUCTOM CTPYKTYphl. B oOTiauMune OT KOHTPOJI,
OPUEHTHPOBAHHOTO TOJBKO Ha OOHAPYKEHUE KPYIMHOro NeheKTa, CTPYKTYPOCKONHS TOJIKHA YUUTHIBATh
HapylIeHUE TEPUOANYHOCTH, JIOKAThbHOE W3MEHEHHE aKyCTUYSCKOW TOJIIIMHEI, HEOJHOPOIHOCTh
MaTPUYHBIX 00JacTed ®W HECTaOWIBLHOCTh MEKCIOWHBIX OTpakeHWid. B paborax mo JasepHo-
YIIBTPa3ByKOBOMY KOHTPOJIIIO YTIIETUIACTHKOB IMTOKa3aHa BO3MOYKHOCTH MCIIOIb30BATh TaKWE MPU3HAKH IS
OIICHKH ITOPUCTOCTH U BEISBIICHUS HAPYIICHUH MEPHOAMYHOCTH CTPYKTYPHI.
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B kauecTBe MpUKIAIHOrO MpUMEpa MPEACTaBICHBI pe3ysbTaThl pa3padoTku MeToauku KIIYC mis
MaHened ©W3 MHOTOCIOWHOTO YTJIEIUTACTHKA CIOXKHON W30THYTOH (DOpMBI, TNpeaHa3HAYEHHBIX IS
KpYITHOTa0apUTHOW PaKeTHO-KOCMHUYECKOM KOHCTpYKIWU. [laHens miomaasio mopsaka 2,5 M? COCTOUT U3
HECKOJIbKMX cekiuit. Ha 3tame oTpaOOTKM METOAMKH KCCIIEIOBAaHBI KOHTPOJBHBIC 00paslbl IIOCKOH
(hopMBI ¥ KOHCTPYKTHBHO TOAOOHBIE 00pa3ipl cheprueckoil (popMBbl, U3TOTOBIEHHBIE IO TEXHOJOTHH
OyIyIINX TaHemen.

KoHTposnb BBIMONHSIICS B 3XO0-PEXUME TPHU OJHOCTOPOHHEM JOCTYIE C aBTOMATU3UPOBAHHBIM
CKaHHPOBAaHUEM W PETUCTpaIleil MEePBUYHBIX aKyCTHUECKHX TPEKOB B y3JaX KoOopAauHaTHO# ceTku. Ilo
KKIOW TOUKE paCCUUTHIBAIIUCH TONIIMHA MTaKeTa, 00bEMHBIE JOJIH CBA3YIOIIETO, BOJIOKHA U 10 (puc.1).
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Puc. 1 — Kapmwi pacnpedenenus usMepenHbix napamempos KOMno3uma oas 0opazya niockou (popmoi:
a) — Obwas momyuna nakema, 6) — Obvemuas 005 Hanoanumens, 8) — O6beMHaAsk ROPUCMOCTTb

[lonmy4yeHHbIe KapThl MOTYT PacCMaTpHUBaThCA KaK JAWATHOCTHYECKUH OJOK HU(PPOBOTO JBOWHHKA
KOHKPETHOH maHenu wnu ee oOpasua-cBuaeresiss. OHM QUKCHUPYIOT HE HOMUHAJIbHBIE, a (DaKTUUECKHUE
TEXHOJIOTUUECKHE HEOJHOPOJHOCTH Marepuajla U 3aJaloT 0a30Bbl YpPOBEHb MJIsl IOCIETYOLIUX
obcienoBanuii. Conocrasnenue naHubix KJIYC ¢ pesynpraramMu onTHYECKOH MHKPOCKONHMH LHUIU(POB H
PEHTICHOBCKOM TOMOrpaguy IOKa3aJl0 CXOAMMOCTh MO TOJIIMHAM MOHOCIOEB W MOATBEPANIO
BO3MO>KHOCTb KOHTPOJIS Ha M3JICJIUH CIIOKHOH (POPMBI 03 pa3pyIIeHHs.
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Possibilities for creating digital twins of laminated composite products using the
contact laser-ultrasonic structuroscopy method

1 Orlov M.A., 1 Karabutov A.A., I* Fedin M.G.

1 Kinetic LLC, Moscow
email: info@keenetica.ru

Improving the strength, reliability and design life of composite products remains one of the key
challenges in mechanical engineering. These products operate under cyclic mechanical and thermal loads,
vibrations and aggressive environments; therefore, the assessment of their remaining service life must be
based not only on computational models but also on data regarding the actual condition of the material in
critical components [1, 2].

One of the significant technological defects in such materials is porosity. Pores, voids between fibres,
areas of incomplete impregnation and interlaminar defects disrupt the continuity of the matrix and impair
load transfer between structural elements. Some structural features are formed during manufacture, whilst
others may develop during service under the influence of cyclic loads, temperature, humidity, impact and
ageing of the matrix. It is therefore advisable to regard the inspection of a composite structure as part of its
life-cycle management, rather than merely as an acceptance procedure.

In this regard, the concept of a digital twin [3] holds great promise. For the purposes of this article, a
digital twin is understood as a digital model of a specific product, integrating calculation data, information
on manufacturing technology, the results of non-destructive testing and operational history. For a layered
composite, such a model must reflect the actual condition of the material: without data on the internal
structure, it is impossible to track changes in it or to link manufacturing defects to a subsequent reduction
in service life.

Previously, the practical application of this approach was limited primarily to the diagnostic aspect.
Destructive methods for determining porosity provide information on individual samples but cannot be used
for regular monitoring of the full-scale structure. Computed tomography (CT) scanning provides a detailed
description of the internal structure, but is limited by cost, the dimensions of the object, the duration of the
examination and safety requirements. Conventional ultrasonic methods are applicable to many tasks, but
when inspecting layered structures they require stable acoustic contact and careful interpretation of the
signals [4, 5].

Contact laser-ultrasonic structuroscopy allows this limitation to be partially overcome. The method
is based on the laser-optical-acoustic generation of a short probing pulse and the contact reception of the
ultrasonic echo. This setup makes it possible to operate in echo mode with unilateral access to the
component, to distinguish reflections from internal boundaries, and to assess the condition of individual
elements within a layered assembly based on signal parameters.

A digital model requires an inspection method that ensures repeatability of measurements, spatial
referencing of results and quantitative interpretation of signals. KLUS meets these requirements to a greater
extent than methods focused solely on local destructive testing of the sample or on the detection of a single
defect. Its advantage lies not only in the ability to record the state of the material using a non-destructive
method, but also in the ability to use this data to describe the internal structure of the layered assembly.

The laser-induced optical-acoustic generation of a short probing pulse enhances the information
content of the echo method when analysing a layered structure. Unlike inspection focused solely on the
detection of large defects, structuroscopy must take into account disruptions in periodicity, local changes in
acoustic thickness, heterogeneity in the matrix regions and instability in interlaminar reflections. Research
into laser-ultrasonic testing of carbon-fibre composites has demonstrated the possibility of using such
features to assess porosity and identify disruptions in structural periodicity.

As an applied example, the results of the development of a laser-ultrasonic testing (LUT)
methodology for multi-layer carbon-fibre reinforced plastic panels of a complex curved shape, intended for
a large-scale rocket and space structure, are presented. The panel, with an area of approximately 2.5 mz,
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consists of several sections. During the method validation phase, flat test specimens and structurally similar
spherical specimens, manufactured using the same technology as the future panels, were investigated.

The inspection was carried out in echo mode with single-sided access, utilising automated scanning
and the recording of primary acoustic tracks at the nodes of the coordinate grid. For each point, the thickness
of the composite laminate, as well as the volume fractions of the binder, fibres and voids, were calculated
(Fig. 1).
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Fig. 1 — Maps showing the distribution of measured composite parameters for a flat specimen: a) — Total
thickness of the composite, b) — Volume fraction of filler, ¢) — Volume porosity

The maps obtained can be regarded as a diagnostic component of the digital twin of a specific panel
or its reference sample. They record not the nominal but the actual technological inhomogeneities of the
material and establish a baseline for subsequent investigations. A comparison of KLUS data with the results
of optical microscopy of polished sections and X-ray tomography showed consistency in the thicknesses of
the monolayers and confirmed the possibility of non-destructive testing on complex-shaped components.
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CpaBHeHNe J1a3epPHOr0 U MJIa3MOTPOHHOI0 CIIOCO0O0B MOJIy4YeHUs] OKCHIHBIX
HAHONOPOIIKOB
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B mokname mpencTaBieHO CpPaBHUTENBHOE HMCCIENOBAHME IIONYyYEHHsSI OKCHIHBIX
HaHOTIOPOIIKOB € MOMOIIBIO JIA3€pPHOr0 HCIAPEHHUS U HCHIApEHHS B TU1a3MoTpoHe. CpaBHeHUE OBLIO
IMPOBCACHO Ha IMPUMEPC MMOPOIIKOB OKCUAOB UTTPUA, AJIIOMUHUA U AIIOMO-MarH1MeBOM IIIUHEIH.
JnaMeTpbl HAHOYACTHI] B OCHOBHOM HaxonATcs B Auana3zoHe 7-20 HM IS 1a3epHOro MeToja u 3-
15 uM nmng mnasmotrpoHHoro merona. OIHaKo, B ciydae IUIa3MOTPOHHOIO METO/Ia OCHOBHYIO
MacCOBYIO JOJIO COCTABIISIIOT YacTUllbl tuaMeTpoM 20-100 HM, XOTS UX KOJMYECTBO 3HAYUTEIHHO
MEHbIIIEe, YeM KOJMYECTBO YAaCTHUI] MEHBILET0 JUaMeTpa. JT0 00BsCHAETCS OoJsiee IIMTENbHBIM
HaxOKACHUEM HAHOYAaCTUI] B 00JacTH ropsyer miasmbl, YTO B OTIMYUH OT Ja3epHOr0 METOAA,
CIOCOOCTBYET CHHTE3y HAaHOYACTHI] B CTAOMIIBHOM (hase.

BaaropapHocTn
Pabora BemonHena mpu moanepkke PH® Ne24-19-20074 u IIpaButenscTBa CBepATIOBCKON
obmactu
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IIporpamMmHoOe o0ecrnieyeHHe 0T€YEeCTBEHHBIX JIBYXBOJHOBBIX JIa3ePHBIX
MeIMIMHCKHX aNnapaToB Ha Mapax MeIu JJisl ceJIeKTUBHOM GoToaecTPyKIIUN
COCYTHUCTBIX, TUTMEHTHBIX U HEOKPAIIEHHBIX 1e)eKTOB KOKHU

"Tlonomapen U.B., 'Tonunii C.B., ?Esrymenko I'.C

lousuueckuii uncmumym um. ILH. Jlebeoesa PAH, 119991, Poccus, . Mockea, np. Jlenunckuii 53
2Pecnybruxanckuti uccned06amenbCKull Hay4Ho-KOHCYIbMayuoHHblil yeump sxcnepmusel, 127055, Poccus, 2.
Mocksa, yr. Obpasyosa 12, k.2
e-mail: * luklalukla@ya.ru

Pa3BuTHe OTEYECTBEHHOTO MEIMLMHCKOIO NPUOOPOCTPOECHHUS AOJDKHO OBITh HANpaBICHO Ha
obecriedyeHne OCTyla HACeNeHWs Halled CTpaHbl K HOBBIM, O€30MacHBIM U 3(PQPEKTUBHBIM METOJaM
HEMETUKAMEHTO3HOM Tepamuu IIeJIoro psia 3a00JeBaHU KOXKH. OTO OmpenenseT MOTPeOHOCTh B
COBEpILEHCTBOBAHUM U PACIIUPEHUH CHEKTPa HEaOJSIIMOHHBIX CENEKTUBHBIX TEXHOIOTUH, HCTIOIB3YEMBIX
B nepmaroniorud. M3mydeHne na3epoB Ha mapax menu ¢ jumHamMu BonmH 511 HM m 578 HM oOmamaer
YHUKaJbHBIMUA XapaKTEPUCTUKAMH IJIsi MEAWIMHCKUX NPUMEHEHUH M 00ecledrnBacT MaKCHMAIbHYIO
CENICKTUBHOCTh BO3JICHCTBUS HA COCYAWCTHIE W MUTMEHTHBIC NE(PEKTHI KOXKH METOJOM CEJIEKTHBHOI'O
¢dororepmonusza. BetpoeHHoe nporpaMMHOe oOecrieueHue JIa3epHOro MEIUIIMHCKOTO anmnapara Ha mnapax
MeAX A0JDKHO 00ecneynBaTh KOHTPOJIb HaJ paboToil anmapata 1 MUHUMU3UPOBATh PUCKH VTS NAUEHTA.

Jlyig pelieHus MOCTaBJICHHOM Mpo0ieMbl ObLTO pazpadorano 10, koTopoe obecrieunBacT KOHTPOIIb
Haj paboToil J1a3epHOro anmapaTa Ha mapax MelId, B TOM YHCJE BBIOOpP MapaMeTpOB MPOLEAYPHI JICUCHHS
(1MHBI BOJTH, MOLIHOCTH M [UIMTENBHOCTH SKCIO3UILMH JIa3€PHOTO M3IYUYEHHUS) C MaHEIH YIpaBlICHUS
anmapata. [IO 1OMKHO perucTpupoBaTh M COXPAHATh TEKyIIHWE 3HAYEHHS KPUTHUECKHUX HapaMeTpoB,
o0ecreYnBaTh 3alIUTy OT OMACHBIX 3HAYEHHH BBIXOJHBIX XapaKTEPUCTHUK, TPOTOKOJIUPOBATH BO3MOKHEIC
coon/ommbOku a1 3PPeKTUBHOrO TexHuueckoro obcmyxusanus. 10 moKHO MpenoTBpaIlaTh PHCK
HaHEeCEHMsI Bpe/a MalKeHTy B cliydae OIMOOYHBIX JISHMCTBUI omeparopa M HEOIarompHsITHBIX BHEIIHUX
(akTopoB (MPEepBIBAaHUIO CETH, KOHTAKTHOMY U OECKOHTAKTHOMY pa3psify), IEPEBOUTD anmapar B PeXUM
OKHJaHUsI ¢ OJOKMPOBKOM JIa3€pHOIrO Jyda B Cilydae Hay3bl B paboOTe, a TaKkkKe 3aIllMIIAeT amnmapar oT
MOBPEXACHNHN, CBS3aHHBIX C HENPABWIBHBIMH JCHUCTBUSAMHM omepaTopa. Tum peammsyromeid OBM —
YCTOMYMBHIN K O0TKa3aM MuUKpokoHnTposiep ATmegal28L 8 AU, nmporpamMma HanmcaHa Ha s13b1ke C.

Pazpaborannoe I10 v.12.12.16.S ans annapata Jia3epHOTro MEIULIMHCKOTO Ha Hapax Meau «SIxpoma-
Meny (Perucrpannonnoe ynocroseperne PocznpaBranzopa Ne ©CP 2008/03743) ¢ moMOMIbIO HATIISTHOTO
uHTepdelica obecreunBacT MHAMKAIMIO paboumx mapamMeTpoB Ha 10-ar0MOBOM Tay-CKpUH 3KpaHe
BBICOKOH SIPKOCTH U KOHTpacTa [3,4].

Ha Puc.l. nokazana Omok-cxema 11O masepHoro ammapara Ha mapax Mmeau <«SIxpoma-Meny,
Bcerpoennoe 110 no3BosnsieT BEIOUpaTh HapaMeTphbl BO3ASHCTBUS (MOIIHOCTD, IIUTEIBHOCTD SKCIIO3UIINN)
Ha KaXJOW JIWHE BOJHBI WHAWBHIYaJbHO WIM paboTaTh Ha 00eWX [JIMHAX BOJH OJHOBPEMEHHO C
MOMOIBI0 MOIYJISl CMEHBl JIJIMHBI BOJHBI. BpiOMpas HEOOXOAMMYIO 3HEPreTHYECKYI0 SKCIO3UIHIO
(MOIIHOCTh M AJUTENBHOCTH IyTa HAHOCEKYHIHBIX HMITYJIBCOB), MOKHO HOIYYUTH XKeJlaeMbIi dQeKT
paspesa, HCCeUeHUS, ICTIapEHUs, TeMOCTa3a U Koaryssuu| S].

[pu nmomyuennn pazpemenus ThaiFDA Ha MemunmHCcKoe ucnosib3oBanue B Koposescrse Tanmany
B MPOrpaMMHOE 00ECTIEUeHHE JIa3ePHOT0 MEIUIIMHCKOro anmapara Ha mnapax Menu «Sxpoma-Men» Obuia
BBeJIeHAa MHOTOSI3bIYHAS TIOIEPKKA MTOJIb30BATENS.

B cmydae may3er B paboTe BCTpPOEHHOE MpOrpaMMHOE OOECTedeHHe aBTOMATHYECKH IEPEBOIUT
anmapar B PEXKUM OKHIAHHS, TP KOTOPOM BBIXO/[ JIa3€PHOTO Iy4Ka 3abjokupoBaH. L{BeToBbIe pemeHus
9KpPaHHBIX MEHIO OOECIEYMBAIOT BBHICOKMH KOHTpPAcT NPH HCHONb30BAaHUM ONEPAaTOPOM 3alIMTHBIX
Ja3zepHbIX 04KoB. [Iporpamma ympaBieHuS W alTOPUTMBI paOOTHI JTA3€PHOTO MEIWITMHCKOTO armapara
HCKJIIOYAIOT BO3MOXKHOCTh HaHECEHHs Bpella OIepaTopy M MAalMeHTy B ciydae OIIMOOYHBIX JCHCTBHUM
JoAel 1 HeOIaronpUsATHBIX BHEIIHUX (DaKTOPOB, a TAKKE 3allMIIAI0OT alliapar oT MoBpexIeHui. Bo Bpemst
palboThl JIa3epHOrO ammnapara MNPOTOKOJIMPYIOTCS TEKyLIUe KPUTHYECKHE IlapaMeTpbl U BO3MOXKHBIC
cOOM/OMIKMOKH, YTO TIO3BOJISET B AalIbHEHIIEM IPOBOIUTH () (HEKTHUBHOE TEXHHUECKOE 00CTyKUBAHHE.
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Puc. 1. Ob06wénnas cmpyxmypro-pyukyuonanvhas cxema 10 nazeproco annapama wa napax meou
«Axpoma-Meoy.

Ha Puc.2. nmokazano pabouee MeHIO AmmapaTa JIa3epHOTO Ha Tapax MEIU JJs CEIEKTHBHOM
(OTOIECTPYKIINH COCYIHCTBIX M MUTMEHTHBIX JeEeKTOB KOKU U CIM3UCTHIX 00onodek "Sxpoma — Men".
LIBeToBO¥ nu3aiiH TekcTa W (QoHA 3KpAaHHBIX MEHIO ObUI BBIOpaH C y4eTOM HEOOXOOMMOCTH PalbOTHI
oreparopa B 3allUTHBIX OT JIa3epHOT0 M3ITyueHHs o4kax. bbuia mpoBeneHa BeprdUKaus 1 BaTUIA3AIHS
BcTpoeHHoro [10 cobcTBeHHOM pa3paboTKN Ha COOTBETCTBUE, IPOBE/IeH aHanu3 puckos cornacao [OCT P
MDO3K 62304-2013, 'OCT P M3K 62366-2013, TOCT P M3OK 60601-1-6-2014.
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Puc. 2. Pabouee menio annapama «Axpoma-Meoy: 1 — ebibop paboueli OnuHbvl 80aHbL, 2 — bIOOP pecuma
00yuerusl( 0OUHOUHBII/ABMONOBMOP/HENPEPLIBHO/CKAHUPOBAHUE), 3 — U3MEHEHUe OIUMETbHOCTNU
nepuooa ooayyenus 30...950 mc, 4 —3nauenue mexyuell ONUMenIbHOCMU 00yYeHUs, 5 —
READY/STANDBY; 6 —cmamyc cocmosnus annapama, 7 — noomeepacoeniie onepayuu — usmepenue
MOWHOCMU/COPOC cuemyuKa UMnyibco8,; 8 —3nauenue mexyweu naysvt mexcoy umnynscamu 50...950 mc;
9 — gv1O0p Onunbl Bonmbl, 10 — pabouue coobwenus,; 11 — cuemyux OMKPvIBAHUL 3aMBOPA 1A3ZEPHO20
obnyuenus,; 12 — copoc cuemuuxa/gvixoo u3 paboyezo oxHa, 13 —3HaueHue mexyujeli MOWHOCMuU
u3yYenus Ha avixooe pabouell Hacaoku (nepa/ckamnepa); 14 — usmepenue MowHOCMU U3TYYEHUS HA
8bix00e pabouell Hacaoku, 15 —uzmenenue onumenbHOCMU NAy3vl Mexcoy nepuodamu obayuerus 30...950
me;

3akioueHue

MHOFOHGTHI/Iﬁ OIIBIT OTCUYCCTBCHHBIX Hay‘-IHBIX I/ICCJ'Ie):[OBaHI/II\/'I n OHBITHO-KOHCprKTOpCKI/IX
paspaboTok obecrieuns co3nanue BCTpoeHHOTro 1O ms HOBOTO IMOKOJEHHS JBYXBOJIHOBBIX Ja3€PHBIX
MCIUIMHCKUX annapaTOB Ha Haan MEOUu IJIs1 CeHeKTHBHOﬁ @OTOHGCprKHI/II/I COCYI[I/ICTBIX, IIMI'MCHTHBIX U
HEOKPAIICHHBIX JC(PEKTOB KOXXH, KOTOPHIE HMEIOT CYIISCTBEHHOE MPEHUMYIIECTBO IO CPABHEHUIO C
IPYTHMA TPAJWAIMOHHO WCIONB3yeMBIMH B JIEPMATOJIOTHH THIIAMH JIA3epOB K  O0ECIIEYHBAIOT
HEeaOIIIMOHHOE CENeKTHBHOE BO3/ICHCTBHIE MPH JICYCHUH IITUPOKOTO CIIEKTPa 3a00IeBaHUI KOXKHU.

The software of a dual-wavelength copper vapor laser medical system for selective
photodestruction of vascular, pigmented, and non-pigmented skin lesions

I.V. Ponomarev, S.B. Topchiy, G.S. Evtushenko

The development of medical equipment should prioritize accessible, secure, and effective non-drug-
based treatments for various skin conditions. This highlights the necessity for enhancing and broadening the
application of non-ablative selective technologies in dermatology. Pulsed copper vapor lasers at 511 nm and
578 nm wavelengths display unique characteristics for dermatological applications, enabling precise
selective photothermolysis for vascular and pigmented skin issues with enhanced accuracy. The software of
a copper vapor laser medical system ought to offer control over its functioning and reduce hazards to the
patient.

The aim of the study is to develop software for dual-wavelengths copper vapor laser medical system
for selective photodestruction of vascular, pigmented and uncolored skin defects.

The developed software has been used to treat more than 50,000 patients with a dual-wavelength
copper vapor laser medical systems "Yachroma-Med" for selective photodestruction of vascular, pigment
and uncolored skin defects. The results of its application can be used to create a new generation of laser
medical systems, allowing for personalized selection of laser parameters for the safe removal of cosmetic
defects with minimal risk of recurrence.
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ITouck 0coOBIX TOUYEK M300paKEeHUIT METOIOM JABOMHOI0 CIIEKTPAJIbHOI0
CKAHUPOBAHUS

IMonomapenko H.B.

FOz0-3anaouwiti I'ocyoapemeennwiti Yuueepcumem, 305040, Poccus, 2. Kypck, ya. 50 niem Oxmsbps 94
email: pnv.online@mail.ru

B 3amayax KOMIBIOTEPHOTO 3peHHs OHON M3 KIIOYEBBIX MPOOJeM SBJISETCS MEPEXO] OT CHIPHIX
JaHHBIX K CEMaHTHYECKH 3HAaYMMOMY OIHMCAHHIO CIeHbl. M3o0paxenue, kak mnudpoBas MaTpula
MHTCHCUBHOCTEH, CONEP)KUT H30BITOUHYI0 W 3amIyMJICHHYI0 HMHQOpPMAIMIO, dYTO Je’aeT eé
HEMOCPEICTBEHHYI0 00paboTKy Hed(hdekTuBHON. PemenweM sBnseTcss BBIAEIEHHE OCOOBIX TOUYEK -
JIOKaJbHBIX o00NacTeil M300pakeHHs, 00JaJarolMX YHHKaJbHBIMHA CBOMCTBAMH, KOTOPBIC COXPaHSIOT
YCTOMYHUBOCTh K U3MEHEHUSIM YCIOBUN CHEMKHU.

OnHako BBIIENIEHHE OCOOBIX TOYEK HEIOCPEICTBEHHO HA BCEM H300pPaKCHUH COIPSDKEHO C
npobiemoit Macmtaba. Kpome Toro, MCKOMBIH OOBEKT MOMKET 3aHUMATh 00JIAaCTh, HE MMEIOUIYIO SIPKO
BBIPQKEHHBIX YIJIOBBIX WM TPAaJHEHTHBIX ocoOeHHocTel. Toraa rio0anbHbIi aHanu3 U300paKeHUs He
MO3BOJISIET TOYHO JIOKAJIHM30BAaTh LIEJIEBYIO CTPYKTYpy. B KadecTBe HMHCTpyMEHTa, KOMIICHCHPYIOIINM
yKa3aHHbIE OTPaHUYEHHS, MOYKHO MPUMEHSTh METOAWKY JBOMHOTO CHEKTPAILHOTO CKAaHWPOBAHUS. DTa
METOJMKa pa30uBaeT U300paKeHNe Ha OKHA, KaXbIe U3 KOTOPBIX aHAIM3UPYIOTCS HE3aBUCUMO, TO00HO
TOMY, Kak onucao B [1]. J[is kaxaoro okHa pOpMHUPYIOTCS CBOM CyOOKHA MEHBILIETO pa3Mepa CO CABUTOM.
Jlenenne oxkHa Ha CyOOKHA TO3BOJSIET PACCUUTHIBATH CIIEKTPAbHBIE KOA(QUIMEHTH B CyOOKHAX W Ha
OCHOBE XapaKTEePUCTHK U3MEHEHUH ATHX K03(p(QUIIMEHTOB BBIYHCIISIETCS] HAOOP MPU3HAKOB, KOTOPBIE 3aTEM
KJIacCH(DUIMPYIOTCS Ha HAJIMYKE LesieBOro oobekTa [2]. Takoii moaxon IBOWHOT0 CKaHUPOBaHUs 00Ia1aeT
psanoM (QyHIAMEHTANBHBIX IPEUMYILECTB, OCHOBHBIMH M3 KOTOPBIX SIBISIIOTCS JIOKAJH3alUs B
MPOCTPAHCTBE, MaCIITAOHAs MHBAPHAHTHOCTb, Y4ET KOHTeKCTa [3].

Kpome Toro, kmaccudeckue JETEKTOpbl YIJIOB U 01000B ONEpUPYIOT, KaK IPaBUIIO, B
MPOCTPAHCTBEHHON OO0JIAaCTH, BBIYMCISS TPAIMEHTHI, T€CCHaHbl WIM PAa3HOCTH TayCCHaH, 4To TpeOyeT
3HAUUTENBHBIX pecypcoB. B MeToamke MBOWHOrO CHEKTPAIbHOrO CKaHWpoBaHUs WHpopmamus 00
N300paKeHUU TPEJNICTAaBIseTCs B BUAEe KO3(P(UIIMEHTOB pa3oXKeHUsI 0 HEKOTOPOMY OpPTOTOHAIBHOMY
0asucy. Cpen MHOKECTBA IPe0Opa3oBaHuii 0c000€ MECTO 3aHUMAET IByMEpHOE peodpa3oBanue Y oiia,
KOTOpOE TpeylaraeT NPUHIMITNAIBHO HHOW TOIXOJ K MOMCKY OCOOBIX TOYEK: BMECTO BBIYMCIICHUS
MPOCTPAHCTBEHHBIX MPU3HAKOB JUI KaXJIOTO OKHA, W300pa)keHHWe pa3OMBaeTcsl Ha IMepeKphIBAIOIIUECS
MOJIOKHA, B KaKJAOM M3 KOTOPBIX CUUTACTCS CBOE JBYMEPHOE IpeoOpa3oBaHME YOIIla, U B KayecTBe
JECKPUNTOpa OKHA HCIIONB3YIOTCS XapaKTEPUCTUKU W3MEHEHHMH aMIUIMTYA Kod(duimeHToB Youma.
Hannune xapakTepHbIX 0cOOEHHOCTEW B OKHE NMPHBOAMT K TOSBICHHIO 3HAYMMBIX K0d3(duimeHToB B
CCIICKTUPOBAaHHBIX gacToTax, qTo ITO3BOJISACT JACTCKTUPOBATH OCO6BIe TOYKH Cc BBICOKOH
qyBCTBHUTENBHOCTHIO. bosee Toro, OuHapHas npupona 6aszuca YoJia J1eJ1aeT ero eCTeCTBEHHBIM BRIOOPOM
JUTSL anlapaTHBIX peann3alyi 1 3G (HEeKTHBHOTO UCIIOB30BAHMS B CUCTEMAaX PEAIbHOTO BPEMEHH.

Cnucok JuTepaTypsbl

1. Mamoruna, M. A. MeTtoasl W aidropuTMbl aHaIU3a PEHTTEHOTPaMM TPYIHOH KIETKH,
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O.B. llatanosa // [Ipukacnuiickuii >KypHaJ: yrpasyieHre U Beicokue Texnonorun. — 2017. — Ne 3(39). — C.
131-138. — EDN YLAWOE.

2. Ky3pmuH, A.A. Metoa OBOWHOTO CHNEKTPAIBHOTO CKAHWPOBAaHUS IPU OIPENEICHUU TPaHMIL
apTepuil Ha CHUMKax KOpOHapHOW aHruorpadpuu [DnexTpoHHbli pecypc] / A.A. Kyssmun, A.IO.
CyxomimaoB, C.A. @umuct, U.A. Kunmun / Bectauk KazaHCKOTO TOCY/IapCTBEHHOTO SHEPTETHYECKOTO
yauBepcutera. — 2024. — T. 16, Ne 4 (64). — C. 13-24. — URL.: https://www.elibrary.ru/download/elibrary_
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OIIpEleNICHHUs N1apaMEeTPOB COCYIOB METOJOM JBOMHOIO CIEKTPAJIbHOTO CKAHUPOBAHUA [DJIEKTPOHHBIN
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Searching for special points in images using double spectral scanning method

Ponomarenko N.V.

Southwest State University, 305040, Russia, Kursk, st. 50 years of October 94
email: pnv.online@mail.ru

In computer vision, one of the key challenges is the transition from raw data to a semantically
meaningful scene description. An image, as a digital intensity matrix, contains redundant and noisy
information, making its direct processing ineffective. A solution is to extract keypoints—Ilocal regions of
the image with unique properties that remain robust to changing shooting conditions.

However, extracting keypoints directly from the entire image presents a scaling issue. Furthermore,
the target object may occupy an area without clearly defined angular or gradient features. In such cases,
global image analysis is unable to accurately localize the target structure. Dual spectral scanning can be
used to compensate for these limitations. This method divides the image into windows, each of which is
analyzed independently, similar to the approach described in [1]. For each window, smaller, offset
subwindows are formed. Dividing a window into subwindows allows for the calculation of spectral
coefficients in subwindows, and based on the characteristics of these coefficients' changes, a set of features
is calculated, which are then classified for the presence of the target object [2]. This dual-scanning approach
offers a number of fundamental advantages, the main ones being spatial localization, scale invariance, and
contextual awareness [3].

Furthermore, classical corner and blob detectors [4] typically operate in the spatial domain,
calculating gradients, Hessians, or Gaussian differences, which requires significant resources. In the dual-
spectral scanning method, image information is represented as expansion coefficients over some orthogonal
basis. Among the many transforms, the two-dimensional Walsh transform occupies a special place, offering
a fundamentally different approach to finding keypoints: instead of calculating spatial features for each
window, the image is divided into overlapping subwindows, each of which calculates its own two-
dimensional Walsh transform, and the characteristics of the changes in the amplitudes of the Walsh
coefficients are used as the window descriptor. The presence of characteristic features in the window leads
to the emergence of significant coefficients at the selected frequencies, enabling the detection of singular
points with high sensitivity. Furthermore, the binary nature of the Walsh basis makes it a natural choice for
hardware implementations and efficient use in real-time systems.

References

1. Malyutina, 1. A. Methods and algorithms for analyzing chest radiographs using local windows in
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HIupoKonoJ0CHbIH UCTOYHUK Y3KOHATIPABJICHHOT0 KOTCPEHTHOI0 U3JIyYeHM
CBePXMAJION JJanTeJbHOCTH (0esblid 1a3ep)
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B pabote omnpeneneHbl OCHOBHbIE NPUHLIWIBI 3(PQPEKTHBHONW TeHEpallMd B BO3AyXe
BBICOKOHAMNpAaBIEHHOro, mmpokononocHoro  (4000-1100HM), KOTEpEeHTHOrO  3JIEKTPOMArHUTHOTO
W3ITydeHUs B BUIUMOM JTMATIa30HE CIIEKTPa C JITUTEIFHOCTHIO UMITylIbca MeHee 25 ¢¢ u oOrmei sHeprueit
~ ImJIx.

YcTaHOBIIEHO, UTO MPEAETbHO HU3Kas M0 CPABHEHUIO CO BCEM ITyYKOM YTJIOBas pacXxoJUMOCTb,
OonblIas CHEKTpajbHAs IIMPUHA M Maylas JIMTENIBHOCTh BBICOKOMHTEHCHUBHOIO CBETOBOIO ITydKa
(moctrnaMeHTaMOHHOTO KaHala) 00BSICHAETCS HETMHEHHBIMU BOCIIPUUMUYNBOCTSIMH BO3LyXa TPETHETO
MOps/IKa U MPUHLIUIIOM HeollpeaelieHHOCTH [ eitzenOepra (AvxAt = 1).

VYkazaHHOe sBJICHHE BO3HUKAeT NpH abeppallMoOHHOW (OKyCHpOBKe B Bo3ayxe momiHoro MK-
N3Iy4eHus] PEMTOCEKYHIHON UINTEIbHOCTH, IPU 3TOM YCUIIEHHE U CIIEKTPAIbHOE YIIMPEHUE U3ITyUCHHS
Hakadyku oOycloBleHO cTokcoBhIM BKP Ha BpamaTenbHBIX mepexogax MOJIEKYN a30Ta U YIIUPEHUEM B
BUAMMYIO aHTHCTOKCOBY O0JIaCThb B pe3yJbTaTe KOTEPEHTHOrO aHTHCTOKCOBA pAcCesHHS CBETa H
KaCKaJHOT0 YeThIPeX()OTOHHOIO MPOLIECCa CMELIEHUS YacTOT.

Jannast pabota Bonnta B uncio Baxaenmux pesynprato HUW u BY30B CO PAH P® 3a 2025 .
u Obuta fgojoxena Ha Oomem Yuyennom coBete OYC CO PAH 22.05.2026 B HoBocubupcke [2].
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2. IlpoxomseB B. E., Jlybenxo JI. M. IlIHpoKOIOIOCHBI HCTOYHUK Y3KOHAIPABICHHOTO
KOTE€PEHTHOTO M3ITydeHHsI CBEPXMajIoi amuTenbHocTH (Oenbrit masep). Hayunas ceccust OObeAMHEHHOTO
yueHoro cosera mno ¢usnueckum Haykam CO PAH Wednesday 22 Apr 2026, Asia/Novosibirsk.
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Broadband source of highly directional coherent ultrashort-pulse radiation (white
laser)

1 V.E. Prokopev, 1 D.M. Lubenko

1 Institute of High Current Electronics, Siberian Branch of the Russian Academy of Sciences, Russian Federation,
634055, Tomsk, Academichesky Ave. 2/3

email: * ve.prokopev@hcei.ru

This work defines the basic principles of efficient generation in air of highly directional, broadband
(4000-1100 nm), coherent electromagnetic radiation in the visible spectral range with a pulse duration of
less than 25 fs and a total energy of ~1 mJ. It has been established that the extremely low angular divergence
compared with the whole beam, the large spectral width, and the short duration of the high-intensity light
beam (post-filamentation channel) are explained by the third-order nonlinear susceptibilities of air and the
Heisenberg uncertainty principle (AvxAt~ 1). The indicated phenomenon occurs during aberration focusing
in air of powerful IR radiation with a wavelength of A = 940 nm and a femtosecond duration of ~ 60 fs,
wherein the amplification and spectral broadening of the pump radiation are due to Stokes stimulated Raman
scattering on rotational transitions of nitrogen molecules and broadening into the visible anti-Stokes region
as a result of coherent anti-Stokes Raman scattering and a cascaded four-photon frequency-mixing process.
This work was included among the most important results of research institutes and universities of the SB
RAS for 2025 and was reported at the General Scientific Council of the SB RAS on April 22, 2026, in
Novosibirsk [2].
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CrnexTpajbHblil aHAJIU3 AJUIOTeHHBIX NOKPLITHH KOMOMHMPOBAHHBIX
OMOCHMHTETHYECKHX CeTYATHIX MMIIJIAHTATOB
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'Camapcxuii ynusepcumem, 443086, Poccus, 2. Camapa, Mockosckoe wiocce34
2Camapckuii 2ocyoapcmeennviii meouyunckutl ynusepcumem, 443099, Poccus, 2. Camapa, yi. Yanaeeckas 89
email: “laser-optics.timchenko@mail.ru

CuHTeTHUYEeCKHE MaTepuaibl ABISAIOTCA 30J0THIM CTAaHJAPTOM B ONEPAaTUBHOM JIEYEHHU TPBIK.
W3BecTHO, YTO UX HCIIOIB30BAHUE BBI3BIBACT PEAKIIMIO OPraHu3Ma Ha HHOPOIHOE TEJI0, B PE3yJIbTAaTe Yero
(hopMHUpPYIOTCSL OYarn XpOHHYECKOTO BOcHaleHus. [ nMCKIodeHus HexenaTenbHBIX peaknunii B8 HUU
«buoTex» Camapckoro TrocyJapCTBEHHOTO MEIUIIMHCKOTO YHHBEPCHTETa pa3paboTaH allloreHHbIH
KOMOWHHUPOBAaHHBIH ~ OMOCHHTETHMYECKMH  WMMIUIAHTAT,  MOPEACTaBISIONMA  coboil  ceTky W3
MOJMBUHMWIACH(TOPHAA C NOKPHITHEM M3 TKaHEil yenoBeka. buomokpeiTue sBisieTcs 0apbepoM MEXIy
CHUHTETHYECKHM MAaTepUalIOM M TKaHsIMHU peruuenta. Co3gaHue HOBBIX MEAUIUHCKUX M3JENTUi TpeOyeT
MIPOBEJCHHUS] KOMITJIEKCHOM OLIGHKHM IpeajaraeMoro mnponykra. [loaromy, olleHKa KayecTBa TaKHMX
VMMIUTAHTATOB SBISETCS BECbMa BaXKHOM 3a1a4eil.

Onrtuyeckre METOAB! HAIUIM IIUPOKOE PACcIIPOCTPaHEHUE AJIS Pa3JIMUHBIX OMOMEIUIIMHCKUX 33124
[1-2]. Cpemu HuX MeTOIBI CHEKTPOCKONHMH KOMOWHAIMOHHOTO paccesHus u HK-crekTpockonuiu
WCTONB3YIOTCS U aHajlW3a COCTaBa PA3JUYHBIX BELIECTB. DTO /Ba B3aUMOIOMNOIHSIOLIMX METOIOB
KOJIeOATeNbHON CIIEKTPOCKOIUM, YTO IO3BOJIIET JETANbHO H3y4YaThb XMMHYECKHE CBS3U M CTPYKTYPHI
HCCIIeTyEeMbIX BEIIEeCTB.

Lenb paboThl sBISIETCS BO3MOXKHOCTH IPUMEHEHUSI METOJIOB KOJIeOATEIbHOW CHEKTPOCKOIHU IS
OLIEHKH Ka4eCTBa aJIJIOI€HHBIX IIOKPHITHH KOMOWHUPOBAHHBIX OMOCHHTETHUECKUX CETYATHIX MMIUIAHTATOB.

B kauecTBe MaTepHanoB HCCIIEOBaHUS ObUIM MCTIONB30BAHbI OMOCHHTETUYECKUE MMILUIAHTATHI W3
noNMBUHWIICHPTOpUIa 0€3 TMOKPHITHS, OMOCHHTETUYECKUI HMMIUIAaHTAT W3 MOJMBHHWINeH(TOpHIA C
HAaHECEHHBIM MOKPBITHEM M3 KOJUIAT€HOCOIEPKAIEro THAPOresis, a TaKKe caM KOJUIareHOCOASp Kalui
THJIPOTEIb, TOJYYSHHBINH U3 CyXOKWINK YenoBeka. KauecTBO aJtoreHHOT o MOKPHITHSL OMOCHHTETUIECKOTO
MMIUTAaHTaTa OIIGHMBAJIOCh C TIOMOIIBIO JKCIEPUMEHTAJIBHOTO CTEHNd, PEaM3yIOIIer0 METOJ
CHEKTPOCKONMM KOMOWHALIMOHHOTO paccesHUs M CIECUUATU3UPOBAHHONW MporpaMMel  00paboTku
MOJTYYEHHBIX CIIEKTPOB, OAPOOHO onurcaHHOW B pabote [3]. st Oonee riryOoKoro aHajin3a MOJTyYeHHBIX
CHEKTPATLHBIX UCCIIETyeMBIX 00pa3IioB ObII MPUMEHEH JIMHEHHBIH AUCKPpUMUHAHTHBIN aHanmu3 (LDA).

B xauecTBe MOMOIHUATEIHFHOTO OMTHYECKOTO MeToa ObIT ucmonb3oBaH Metoa MK-crekTpockomnumy,
KOTOPBI OBIT peasin3oBaH ¢ HcHoNb30BaHHEM Dypbe-ciekrpomerpa. CHEKTpbl pPEerucTpUpOBald C
ucrnons3oBanueM (ypoe-cnekrpomerpa @T momudukamuu 801 (Poccus, OO0 HIIDd «CHUMEKC») Ha
npuctaske HIIBO (HapymieHHOTO MOTHOTO BHYTPEHHETO OTPAXKEHHS).

B pesynbrare mpoBenEHHBIX MCCIECAOBAHMNA C TOMOILIBIO CIEKTPOCKONMH KOMOMHAIIMOHHOTO
paccesHUsI ¥ TMHEHHOT0 AUCKPUMUHAHTHOTO aHAIN3a OBIJIM YCTAHOBJICHBI CIIEKTPAJIbHBIC XapaKTePUCTUKI
KOJUIar€HCOIEPIKAIIIeTO THAPOTENS HAHECEHHOTO Ha MMOBEPXHOCTh CETYATOr0 UMITJIAHTATA, a TAKXKe Telsl B
yrcToM Buje. CrieKTpaabHbIE CXOJCTBA 3TUX ABYX I'PYIIT COCTABIAIOT 93%, 9TO MOYKET CBUAETEIHCTBOBATh
0 PaBHOMEPHOM pacCIpeeIEHUH KOJUTareHCOAEP Kalero resis Ha MOBEPXHOCTH UMILIaHTaTa

C nmomomipio MK-CieKTpocKonmny yCTaHOBIIEHO, YTO HAHECEHHWE KOJUIAr€HCOJIEpIKaIlero refd Ha
nMmriutanTaT u3 [IBJI® He BbI3bIBaeT AeHATYpaIlMH KOJUIareHa M HaOIr01aeTcsl CTaOMIN3allui KoJUTareHa Ha
[TOBEPXHOCTH MCCIIEyEMOT0 UMILJIaHTATA.

COBOKYIHOCTb HCIIOJIb30BAHUSI METOJIOB KOJIEOATENIFHON CIIEKTPOCKOIIMM COBMECTHO C JIMHEHHBIM
JMCKPUMHHAHTHBIM aHAITU30M TpejcTaBisieT co0oil 3 dekTuBHbIN crmocod Hepa3pyIIalnero KOHTPOIIS
KadyecTBa OMOMOKPHITUI OMOCHHTETHYECKHUX CETYATHIX UMILJIAHTATOB.
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Spectra of Dentine // Journal of Biomedical Photonics and Engineering 2024. — Vol. 10. Issue 3. Ne 3

Spectral Analysis of Allogeneic Coatings of Combined Biosynthetic Mesh Implants
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Synthetic materials are the gold standard in hernia surgery. Their use is known to trigger a foreign
body reaction, resulting in the development of chronic inflammation. To prevent adverse reactions, the
BioTech Research Institute of Samara State Medical University has developed an allogeneic combined
biosynthetic implant consisting of a polyvinylidene fluoride mesh coated with human tissue. The biocoating
acts as a barrier between the synthetic material and the recipient's tissue. The development of new medical
devices requires a comprehensive evaluation of the proposed product. Therefore, assessing the quality of
such implants is a very important task.

Optical methods have found widespread use in various biomedical applications [1-2]. Among them,
Raman spectroscopy and IR spectroscopy are used to analyze the composition of various substances. These
two complementary vibrational spectroscopy methods enable a detailed study of the chemical bonds and
structures of the substances under study.

The goal of this study is to evaluate the feasibility of using vibrational spectroscopy to assess the
guality of allogeneic coatings on combined biosynthetic mesh implants. The study materials included
uncoated biosynthetic polyvinylidene fluoride implants, a biosynthetic polyvinylidene fluoride implant
coated with a collagen-containing hydrogel, and a collagen-containing hydrogel obtained from human
tendons. The quality of the allogeneic coating of the biosynthetic implant was assessed using an
experimental setup implementing Raman spectroscopy and a specialized program for processing the
obtained spectra, described in detail in [3]. Linear discriminant analysis (LDA) was used for a more in-depth
analysis of the obtained spectral data.

IR spectroscopy, implemented using a Fourier spectrometer, was used as an additional optical
method. Spectra were recorded using a FT-801 Fourier spectrometer (Russia, SIMEX Research and
Production Company LLC) with an attenuated total internal reflection (ATIR) attachment. As a result of
studies conducted using Raman spectroscopy and linear discriminant analysis, the spectral characteristics
of a collagen-containing hydrogel applied to the surface of a mesh implant, as well as the gel in its pure
form, were determined. The spectral similarity between these two groups is 93%, indicating a uniform
distribution of the collagen-containing gel on the implant surface.

Using IR spectroscopy, it was established that applying a collagen-containing gel to a PVDF implant
does not cause collagen denaturation and that collagen stabilization on the surface of the studied implant is
observed.

The combination of vibrational spectroscopy methods in conjunction with linear discriminant analysis
represents an effective method for non-destructive quality control of biocoatings of biosynthetic mesh
implants.
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IIpu wucnonszoBanuu wuHTepdeiica mosr-kommbtorep (MMK) B mporpammax peaOunurtanuu
BO3HHMKAET HEOOXOAMMOCTh YIPABJICHUS YCTPOHCTBaMH peaOWIMTaldyd C TMOMOIIBI0 BOOOpPaKaeMBIX
IBWOKeHHN. J[si OoCyIIecTBIEHHS 3TOTO HEOOXOOUM KpUTEpHUH pasznuuus B marrepHax DI mexmy
neprofaMu ABUTaTeNbHON aktuBHOCTH (JJA) m pemakcanmuu. Ha ocHOBe BBIIOJHEHHOTO aHajm3a
MpenokKeH METOJl JBOMHOIO CHEKTPalbHOTO CKaHUpOBaHMM oOTBeneHuss OOl u  amropurm,
npeHa3HaYeHHbIH s ero peanusanun [1, 2].

Merton 3akirodaeTcsi B BBIYMCIEHHH OKOHHOTO mpeoOpazoBanusi Dypee (OIID) 331 B
JTUHAMUYECKUX OKHAaX W, cOCTOSIMX U3 N oTcueroB D3I, 3aaBIIMCh MEPBHIM OKHOM, OCYIIECTBISIOT
CKaHMPOBaHUE JAHHBIX B 3TOM OKHE ITOCPEACTBOM BTOPOTro okHa. Eciu onpenensercs: CnekTp BTOPHIX OKOH,
TO Ka)KAas KOOpPAWHATA BTOPOrO OKHA (OTHOCUTEBHO IEPBOIO OKHA) ONPENEIsieT CTPOKY (POPMUPYEMOTO
M300paKeHUSI.

VY4uTHIBas, YTO CIIEKTPHI BTOPOTO M MEPBOrO OKHA OMPEACISIOTCS B PEaTbHOM BPEMEHH, TO IS
YCKOPEHUS NPUHSTHS PELICHUs IepBble OKHA (JOPMHUPYIOTCS C MEPEeKpbITHEM. MUHHMaIbHBIH HHTEPBAJ
MEPEKPBITHS OMNpeNeNsieTCd BEIWYMHOW W - pa3MepoM BTOPOrO OKHA, a MAaKCHMAJIbHBIA HHTEPBAT
nepeKpuITHA onpeenseTcs BennunHod W-w, rie W - pazmep niepBoro okHa.

U3 N nmuHamudeckux OKOH W (HOpMHUPYIOTCS TUHAMHUYECKHE CHEeKTpayibHble okHa W, B KOTOpPBIX
HaxoIaT KO3()(UIMEHTH KOPPESIIMU MEXIY BXOSIIMMHM B HHUX CIEKTPaJbHBIMH OKHamu W. Merton
no3BoyisieT (HOPMUPOBATH KOppelsuoHHbie MaTpulbl pa3dmepoM NXN. [lo pesynbraTam aHamu3za
KOPPEISIIIMOHHBIX MAaTpPHUIl OIPENEISIOT TOKa3aTeNlb KOTePEeHTHOCTH KOPPENALMOHHBIX OKOH, aHaju3
KOTOPBIX MO3BOJISIIOT JIOKAIU30BATh MApKep «HAMEPEHHE IBIKSHHSD [2].

Ilokasarenb KOrepeHTHOCTH BBIYHMCIISIIOT Ha KaykAoM 1mare popmupoBanus marpuusl W. Ecin on He
MPEBBIIIACT TOPOTOBOTO 3HAYCHHS, TO POPMUPYEM HOBOE OKHO W, COOTBETCTBYIOIIEE TEKYIIIEMY MOMEHTY
BpeMeHH ti, 1 Bo3BpariaeMcst Ha O10ku GpopmupoBanus Matpuibl W ¢ akTyaJbHBIMU CTPOKaMH Wi.

Tak kax npu ananuze DI HeoOXxoaMMO GHUKCHPOBATh epexobl curHaia B oonactu ERD/ERS, To
B TECTOBOM CHTHAJIE 3TO HKBHBAJEHTHO NEPEX0JiaM MEKIY CETMEHTaMH C BBICOKOW 3HEpruel curxHaia u
CErMEHTAMM C HU3KOW »5Hepruedl curHana. @DUKCHUPYsS KOOPJAMHATBI HSKCTPEMYMOB IIOKa3aTess
KOT€PEHTHOCTH, MOKEM orpeenuTb MoMeHTHl niepexoqoB ERD/ERS kak B TecToBOM, Tak U B peaJbHOM
curHasiax. IlokasaHo, 4TO MCIOJIb30BAHKME NIEPBON IPOU3BOJHON IIOKA3aTessl KOTEPEHTHOCTU I103BOJISIET
pa3feNuTh CUTHAIBI C PA3IMYHBIMUA YHEPTeTHUECKUMH U CIIEKTPATBHBIMU XapaKTePUCTUKAMHU, a e€ CMeHa
3HaKa M03BOJISIET ONPENeNIATh KOOPAUHATHI MapKepa «HaMEpEHHUE ABMKEHUSD.

Taxum oO6pazom, pa3paboTaH aaropuT™ JIOKallMU MapKepa «HaMepeHre IBIKEHHS», OCHOBaHHbBIN Ha
IMUKINYECKOM HaKaIlUIMBAaHWU TIOKa3aTellsi YBEPEHHOCTH B HAIMYUW MapKepa «HaMEpPEHUE JIBUKECHUS», U
MOCEIYIOUIMM €ro CPaBHEHHEM C IMOPOrOBBIM 3HAYEHHWEM, YCTAHOBJIEHHBIM JUIS Ka)XJIOTo CyObBeKTa.
AHaimn3 pe3ynbTaTOB CETMEHTAIMH TECTOBBIX CHUTHAJIOB IOKa3aj, YTO OMIMOKA CErMEHTAllMd CHUTHAJIOB,
B3SITHIX OT COPOKA PAHJOMHO BBIOPAHHBIX CyOBEKTOB, He npeBbimaet 20%.
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When using brain-computer interfaces (BCIs) in rehabilitation programs, it becomes necessary to
control rehabilitation devices using imaginary movements. To achieve this, a criterion for distinguishing
EEG patterns between periods of motor activity (MA) and relaxation is required. Based on the analysis
performed, a method for dual spectral scanning of EEG derivations and an algorithm for its implementation
are proposed [1, 2].

The method involves calculating the windowed Fourier transform (WFT) of the EEG in dynamic
windows w, consisting of n EEG samples. After defining the first window, the data in this window is scanned
using the second window. If the spectrum of the second windows is determined, each coordinate of the
second window (relative to the first window) determines a row of the generated image.

Considering that the spectra of the second and first windows are determined in real time, to speed up
decision making, the first windows are formed with overlap. The minimum overlap interval is determined
by w, the size of the second window, and the maximum overlap interval is determined by W - w, where W
is the size of the first window.

From N dynamic windows w, dynamic spectral windows W are formed, in which the correlation
coefficients between the spectral windows w contained within them are found. This method enables the
formation of NxN correlation matrices. Based on the analysis of the correlation matrices, the coherence
index of the correlation windows is determined, the analysis of which allows localization of the "intention
to move" marker [2].

The coherence index is calculated at each step of matrix W formation. If it does not exceed the
threshold value, a new window w corresponding to the current time ti is formed, and the matrix W formation
blocks with the current rows wi are returned.

Since EEG analysis requires recording signal transitions in the ERD/ERS region, in the test signal
this is equivalent to transitions between segments with high signal energy and segments with low signal
energy. By recording the coordinates of the coherence index extremes, we can determine the moments of
ERD/ERS transitions in both the test and real signals. It has been shown that using the first derivative of the
coherence index allows us to distinguish signals with different energy and spectral characteristics, and its
sign change allows us to determine the coordinates of the "intention to move" marker.

Thus, an algorithm for locating the “intention to move" marker was developed, based on the cyclic
accumulation of the confidence index in the presence of the "intention to move" marker and its subsequent
comparison with a threshold value set for each subject. Analysis of the test signal segmentation results
showed that the segmentation error for signals taken from forty randomly selected subjects did not exceed
20%.
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Cpenu pa3nmu4HbIX BUAOBSIreptoCoOCCUS HamOosbllee 3HAYCHHE B MEIUIIMHCKONW MPAKTUKA UMEET
Streptococcus pneumoniae. JlaHHBIF yCIOBHO-ATOTEHHBI MHUKPOOPTAHU3MSBIIICTCS OJHHM W3 CaMBIX
pacnpocTpaHEeHHBIX BO30yAMTEseH BHEOOJHLHUYHON NMHEBMOHHUH, a TAaK)KE CIOCOOEH BBI3BIBATH APYIHE
BHenerovynslie ocnoxuenus [1]. K unsiM npeacraButensiM pojaa Streptococcus, OTHOCHTCS Streptococcus
mitis u Streptococcus oralis, KoTopsie B HOpME COCTaBIISIOT 3A0POBYI0 MHKPOOHOTY POTOBOM TOJIOCTH.

braronapst coBpeMeHHBIM MeTOAAM AMArHOCTHKH, TakuM kak MALDI-ToFwmacc-cniektpomerpus,
HWACHTU(UKALUS MUKPOOPTaHM3MOB CTajla 3HAYMTENbHO ObIcTpee, nemeBne W TouHee. OmHaKo i
HEKOTOPBIX BHIOB, B TOM ymcite S. Mitis,S. oralis u S. pneumoniae pytuHHas uaeHTHOUKAINS TPU TOMOIIN
JAHHOTO METOJIa OCTAeTCsl 3aTPyAHUTEIHHOM, BCIIEACTBHE CXOXKECTH MPOTEOMHOTO MPOQHIS JaHHBIX
MHUKPOOPTraHu3MoB [2].

Onrtuveckre METOABI HAIUIH IIUPOKOE PacTPOCTPaHEHUE AJISl Pa3IMYHBIX OMOMETUIIMHCKUX 3a/1a4
[3-4]. Opmuum w3 wMetomoB auddepeHIHanud  CTPEITOKOKKOB MOXKET CTaTh CHEKTPOCKOIHS
KoMOMHanoHHOTO paccesHust cBera (KP), koropas Hamma IMpoKoe paclpoCTpaHEHWE BIPYTHX
OMOMEIUIMHCKHUX 33/1a4aX.

B wccite10BaHNM MCIIOIB30BAINCEH PA3THYHBIE BUIBI CTPENITOKOKKOB: IIITaMMBI Streptococcus mitis,
mrrammel Streptococcus oralis u mrrammer Streptococcus pneumoniae.

[lITaMMbl ~ CTPENTOKOKKOB OBUIM MOJYYEHBl M3 Pa3IMYHOrO KIMHUYECKOTO Marepuana,
nocrymnatomero B Mukpooumosornueckuit ortmen KJJI Kmmamk Camapckoro TocyaapcTBEHHOTO
MEIUIUTHCKOTO YHHBEPCUTETA.

HccnenoBanrsi mpoBOAMIIMCH € MOMOILIBIO 3KCIIEPUMEHTANBHOTO CTEHAA, PEaJM3YIOIIEro METO[
CIEKTPOCKONMM  KOMOMHAIIMOHHOTO  pacCesHUsCBeTa, NOApoOHO  OmucaHHOro B pabote.
OKCIEpUMEHTABHEIA  CTEH BKJIIOYal B cebs  moaympoBogaukoBeii  yasep (LML-785.0RB-04),
ONTHYECKUIT MOYyJIb KOMOUHAIIMOHHOTO paccesiaust ceeta (PBL 785), cnekrporpad (Sharmrock SR-303i)
¢ uHTEerpupoBanHoi nudposoit kamepoit (ANDOR DV-420A-OE), oxnaxnaemoii 1o -60°C, 1 KOMITBIOTED.

MaremaTryeckast 00paboTka mony4deHHbIx cniekTpoB KP nmpoBoannace B mporpaMMHOM KOMILTEKCE
Wolfram Mathematica 12.2./Ins uckiarouenus Bkiaaga aBrodayopecuenimu B KP criekTpe uCmons30Bain
METOA  BBIYUTAHUS  (IIyOPECUEHTHOW  COCTaBISIOIICH  MOJIMHOMUAIBHOW — allPOKCHMALUH  C
JIOTIOJIHUTENIBHOM (puibTpaluet ciayyaiHpix mryMoBsix 3hdekTos [5].

JlomomHuTENBHO OB MPOBECH JIMHEWHBIN TUCKPUMHHAHTHBIN aHAJIH3.

B pesynbrare mpoBeAEHHBIX HCCIEIOBAHMN W JIMHEHHOTO IUCKPUMHHAHTHOTO aHajiu3a ObuIn
YCTAQHOBJICHBI CIIEKTPAIbHBIC PA3IUUUs MEXKAY HCCIEOYyEMBIMH IITAMMAMH CTPENTOKOKKOB, KOTOpPBIE
npossisiorcs Ha uHusIX KP ~484 cm™ (rmkoren), ~1280 cm*(Amun I11 n mastruKOBBIE KoneGanns CHz-
rpynn Genkosoro marpukca), ~1330 cm? (pocdomunumpl) n 00yCIOBIEHB 0COOEHHOCTAME CTPOEHHS U
MeTa0O0IM3MaNCCIIETyEMbIX IITAMMOB OaKTEPHH.

[TokxazaHo, 9TO METOJ CIEKTPOCKOMTUN KOMOMHAIIMOHHOTO PACCESIHUS CBETa MOXKET OBITh YCIEIIHO
MPUMEHEH JIIs TP PepeHINAIIMATITAMMOB CTPETITOKOKKOB.

B nanbHeiiem, noxy4eHHbIE Pe3yJIbTaThbl MOTYT OBITh UCIIOJIB30BAHbI B KAUECTBE MPEIIOCHIIKH AJIS
co3JlaHus prUdOpa-aHanu3aTopa st TudGepeHIUAMAIITAMMOBCTPENTOKOKKOB.
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Among the various Streptococcus species, Streptococcus pneumoniae is the most important in
medical practice. This opportunistic pathogen is one of the most common causes of community-acquired
pneumonia and can also cause other extrapulmonary complications [1]. Other members of the Streptococcus
genus include Streptococcus mitis and Streptococcus oralis, which normally constitute the healthy
microbiota of the oral cavity.

Thanks to modern diagnostic methods such as MALDI-ToF mass spectrometry, microbial
identification has become significantly faster, less expensive, and more accurate. However, for some
species, including S. mitis, S. oralis, and S. pneumoniae, routine identification using this method remains
difficult due to the similarity of their proteomic profiles [2]. Optical methods have found widespread use in
various biomedical applications [3-4]. One method for differentiating streptococci is Raman spectroscopy,
which has found widespread use in other biomedical applications.

Various streptococcal species were used in the study: Streptococcus mitis strains, Streptococcus oralis
strains, and Streptococcus pneumoniae strains.

Streptococcal strains were isolated from various clinical specimens received by the Microbiology
Department of the Clinical Laboratory of the Samara State Medical University Clinics.

The study was conducted using an experimental setup implementing Raman spectroscopy, which is
described in detail in the paper. The experimental setup included a semiconductor laser (LML-785.0RB-
04), a Raman optical module (PBL 785), a spectrograph (Sharmrock SR-303i) with an integrated digital
camera (ANDOR DV-420A-OE) cooled to -60°C, and a computer.

Mathematical processing of the obtained Raman spectra was performed using the Wolfram
Mathematica 12.2 software package. To eliminate the contribution of autofluorescence to the Raman
spectrum, a method of subtracting the fluorescence component of a polynomial approximation with
additional filtering of random noise effects was used [5].

In addition, a linear discriminant analysis was performed. As a result of the conducted studies and
linear discriminant analysis, spectral differences were identified between the studied streptococcal strains.
These differences are manifested in the Raman lines of ~484 cm-1 (glycogen), ~1280 cm-1 (Amide Il and
rocking vibrations of CH2 groups of the protein matrix), and ~1330 cm-1 (phospholipids). These differences
are due to the structural and metabolic features of the studied bacterial strains.

It was demonstrated that Raman spectroscopy can be successfully applied to differentiate
streptococcal strains.

These results can be further used as a basis for the development of an analyzer for differentiating
streptococcal strains.
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B HacTosiee BpeMsi akTyalbHOM POOJIEMO#i B pereHepaTHBHON MEIUIIMHE U TKAHEBOH MHKCHEPUH
SIBJISIETCS HEXBATKa JJOHOPCKUX MaTepuasoB. cronp3yemMbie B HACTOSIIIEE BPEMs B MEAMIIMHCKOW MPaKTHKE
MaTepHabl Ha OCHOBE TBEPIOH MO3TOBOM 00OJIOYKH UMEIOT Psifl OTpaHNICHHHA. Pacmpenne HCTOYHUKOB
MOJIYYEHUS AJUTIOTCHHBIX MaTEpPUAIOB SIBJISIETCS YPE3BbIUAHHO BaXKHOW U aKTyallbHOU 3a1a4eil.

OnHuM H3 crOCcOOOB OIEHKH JOHOPCKUX MaTEepPHAajoOB SIBISIOTCS ONTHYECKHE METOABI, KOTOPHIE
SIBIISIIOTCSL  HEIYCTPYKTUBHBIMH M OICPAaTHBHBIMH MeTogaMu aHanu3a  [1-2]. Cpemu HHX MeTox
CIIEKTPOCKONINY KOMOHMHAIIMOHHOTO PACCEsHHs Hallel IMUPOKOe MPUMEHEHHE Ui PELIeHUs MeIUKO-
OMOJIOTUYECKUX 3a/1a4.

Lenb paGoTHI ABISIETCS CPABHUTENFHASI CIIEKTPAIbHAS OL[CHKA COCTaBa JOHOPCKUX MaTepHasoB JJis
pereHepaTUBHON METUIINHEI.

OOBeKTaMu UCCIeIOBaHUH SIBISUTUCH JOHOPCKHE 00pa3iibl TBEPIO MO3TOBOH 000JI0UKH, ITHPOKOM
(acium Oefpa ¥ epUKapaa aNIOreHHBIX TKaHeH yesoBeka. Mccnemyemble 00pa3iibl ObUIM U3TOTOBJICHEI C
HCIIONB30BaHKEM TexHomorun «JInommacm»® (TY-9398-001-01963143-2004).

B kadecTBe OCHOBHOTO METOJA WCCIEIOBAaHWN OHMOMMATEpHAIOB OB HCIOJB30BaH METOJ
CIEKTPOCKONHNN KOMOWHAIIMOHHOTO paccessHUs, peali3yeMbli ¢ MOMOIIBI0 SKCIEPUMEHTAILHOTO CTCH/A,
noapoOHo omucaHHoro B padore [3]. O6pabotka criekrpoB KP ocyiecTisiiach B CrienuaaIn3upOBaHHON
IporpaMMe, HopMalln3alus CIeKTpoB nposeaeHa MerogoM StandardNormalVariate (SNV). CrnaxuBanue
CHeKTpoB mpoBeaeHo MerogoMm MaximumLikelihoodEstimation - SavitzkyGolayfilter (MLE SG) c
napamerpoM 6 = 4. Jlng uckiIrodeHWs BKJIaga aBTO(IYOpECIEHIMH B CIEKTpPaX KOMOHMHAI[MOHHOTO
paccestHusl UCIIOJIBb30BANICS MOAM(DHUIMPOBAHHBIM METOJ BBIYUTAHHUS (IIyOPECHEHTHOH COCTaBIISIOIICH,
nosuHOMHaNbHON anmpokcuMareii  ExtendedModifiedMulti - PolynomialFitting (Ex-ModPoly) co
cTenenpio nmonmHoma 10.

B pesynbrare nmpoBeIeHHBIX HCCIEIOBAHHUHN C TOMOIIBI0 METO/1a CIEKTPOCKOIIMU KOMOHHAIIMOHHOTO
paccesiHUsl YCTAHOBIICHA CIIEKTpalIbHAs PasHUIIA MEXIy MCCIEAyeMbIMU JOHOPCKUMH OHOMaTepHaIaMH,
KoTOpas mposBisercs Ha yuanax KP 1243 cm?t (Amide I11), 1271 cm?  (Amide III), 1450 cm? (CH2
deformation), 1669 cm™* (Amide I), 936 cm (Proline (collagen type I)) u 856 cm™ (Hydroxyproline
(collagen type 1)), uTo BHIMMO, CBA3aHO C OCOOCHHOCTSMH CTPOCHHS WX OPTaHHUYECKOH CTPYKTYPHI.

B To’ke BpeMs ycTaHOBJIEHO, 4To Ha uHusax KP ~1072 em™? (GAG), 1573 cm™ (Amide 1), 1743 cm™?
(Phospholipids), 1435 ¢cm™ (CH2 deformation), naGmogaercs cX0ACTBO CHEKTPAIBLHBIX CBOMCTB, KOTOPHIE
CBSI3aHBl C HAJIMYMEM OPraHWYECKMX KOMIOHEHT M TJIMKO3aaMHHOTJIMKAHOB, OTBEYAIONIMX 32 IS
yJIy4IIeHUE pereHepaTUBHBIX CBONCTB.

C MOMOIIBI0 CHIEKTPOCKOTIMA KOMOWHAIIMOHHOTO paccesHUs YCTaHOBIECHO, YTO BCE HCCIIEAyEeMbIe
JOHOPCKHE OMoMaTepualibl MOTYT IPUMEHSTCS B PETCHEPATUBHOIN MeTUIINHE.

Cnucok JuTepaTypsl

1. B.E. IIpusainos, B.I'". lllemanun M3eectus PAH, Cepus ®dusunueckas, 2015, T. 79, Ne2, ¢ 170-180.

2. B.E. Ilpusanos, B.I'. lllemanun Ontuka u ciekrpockonus 1997, 1.82, Ne5, ¢.873-875.

3. Frolov O.0., Timchenko P.E., Timchenko E.V., Volova L.T. Decomposition Method for Raman
Spectra of Dentine // Journal of Biomedical Photonics and Engineering 2024. — Vol. 10. Issue 3. Ne 3

JINT-2026 115


mailto:laser-optics.timchenko@mail.ru

Spectral Evaluation of the Composition of Donor Materials for Medicine

E.V. Timchenko!?, P.E. Timchenko? L.T. Voloval?, N.A. Maksimenko?, N.I. Soloviev!

Samara University, 34 Moskovskoe Shosse, Samara, 443086, Russia
2Samara State Medical University, 89 Chapaevskaya St., Samara, 443099, Russia
email: *laser-optics.timchenko@mail.ru

A shortage of donor materials is currently a pressing issue in regenerative medicine and tissue
engineering. Dura mater-based materials currently used in medical practice have a number of limitations.
Expanding the sources of allogeneic materials is an extremely important and pressing task. Optical methods,
which are non-destructive and rapid methods of analysis, are one way to evaluate donor materials [1-2].
Among these, Raman spectroscopy has found wide application in solving biomedical problems.

The aim of this study is a comparative spectral assessment of the composition of donor materials for
regenerative medicine.

The objects of the study were donor samples of dura mater, fascia lata, and pericardium of allogeneic
human tissues. The samples were manufactured using Lioplast® technology (TU-9398-001-01963143-
2004).

Raman spectroscopy, implemented using an experimental setup described in detail in [3], was used
as the primary method for studying biomaterials. Raman spectra were processed using specialized software,
and spectra were normalized using the StandardNormalVariate (SNV) method. Spectral smoothing was
performed using the Maximum Likelihood Estimation - Savitzky Golay filter (MLE SG) method witha ¢ =
4 parameter. To eliminate the contribution of autofluorescence in the Raman spectra, a modified
fluorescence subtraction method and an ExtendedModified Multi - Polynomial Fitting (Ex-ModPoly)
polynomial approximation with a polynomial degree of 10 were used.

As a result of the Raman spectroscopy studies, a spectral difference was established between the
donor biomaterials studied, which manifests itself in the Raman lines at 1243 cm-1 (Amide 111), 1271 cm-1
(Amide I11), 1450 cm-1 (CH2 deformation), 1669 cm-1 (Amide 1), 936 cm-1 (Proline (collagen type 1)) and
856 cm-1 (Hydroxyproline (collagen type 1)), which is apparently related to the structural features of their
organic structure.

At the same time, it was established that the Raman lines at ~1072 cm-1 (GAG), 1573 cm-1 (Amide
I1), 1743 cm-1 (Phospholipids), and 1435 cm-1 (CH2 deformation) exhibit similar spectral properties, which
are associated with the presence of organic components and glycosaminoglycans responsible for improving
regenerative properties.

Using Raman spectroscopy, it was established that all of the studied donor biomaterials can be used
in regenerative medicine.
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CormacHO CTaTUCTHYECKMM JaHHBIM HauOoJiee 4YacTOM NPUYMHON aMIyTaluid CTAHOBSATCS
COCYyUCThIC 3a00JICBaHMS, a TAKXKE OOIIUPHBIC THOMHO-HEKPOTHUYECKHE (DIIETMOHBI ITPH caxapHOM auadere.
Ilo cratuctuke, yepe3 15-20 ner Ha ¢oHe caxapHoro nuabera y 6osnee 50% ManueHTOB Pa3BHUBAIOTCS
OCJIO)KHEHHUSI, TIPU KOTOPBIX BBIHYXIEHHOI MEpOH SIBIISCTCSA BBINOJIHEHHE BBICOKON aMITyTallMM HUXKHUX
KoHe4yHocTel. Bo Bcex ATHX cilydasx OCHOBHAs 3a/ia4ya, KOTOpas CTOUT Mepesl XUPYyproM — CIacTH KU3Hb
MALMEHTY ¥ CHU3UTh YPOBEHb aMITyTallui KOHEYHOCTH.

Onrtuyeckre METOAB! HAIUIK IIUPOKOE PACcIIPOCTPaHEHUE AJIS Pa3JIMUHBIX OMOMEIUIMHCKUX 33134
[1-2]. OgHuM W3 METOMOB JHATHOCTHKHM COCTOSHHS OCAPEHHON KOMITAKTHOW KOCTH TPH TaHTpEeHE U
(ierMoHe MOXKET CTaThCHEKTPOCKOMHUsl KOMOMHaIMoOHHOTO paccesHusiceeta (KP), kortopas Hamuta
LIMPOKOE PACIIPOCTPAHEHHE B APYTHX OMOMEIUIMHCKUX 3a7adax.

Lenb paboThl — OLICHUTH BO3MOKHOCTH PUMEHEHHS CIIEKTPOCKONTNY KOMOWHAIIMOHHOTO PACCESHUS
CBETa /ISl BBISIBICHHS CIIEKTPAJbHBIX Pa3iHYMid B COCTOSIHUM KOMIAKTHOM KOCTHOW TKaHW OeApeHHOH
KOCTH IIpY TaHrpeHe U (IIerMoHe.

OObexTaMu MCCIeOBaHUM SBISUTUCH aJNIOTCHHBIE MaTepuanbl OelpeHHOW KOMIAKTHON KOCTHOM
TKaHU JOHOpa 000€ro Imojia ¢ YCTaHOBJECHHBIMH 3a00JIeBaHUSIMU: TaHTPeHa, (IerMOHa W YCIOBHO
3I0POBBIMHU (HE UMEIOITNE MATOJIOTHH KOCTHOM TKAHH).

B KkauecTBe OCHOBHOrO METOJA HCCIEIOBaHUS ObUI HCIOJIB30BaH METOJ| CIIEKTPOCKOIINHU
KOMOWHAIIMOHHOTO PACCEsIHUS, KOTOPBIM MIMPOKO 3apeKOMEHIOBaNl ce0sl B PEHICHHH OMOMEIMIIMHCKHX
3aja4. /laHHbIi MeTO ObUT peain30BaH C IOMOIIBIO SKCIIEPUMEHTAIBHOTO CTEH 1A, BKIIIOYAONIET0 B ce0s
pamanoBckwuit 3001 RPB-785, mazep LuxxMaster LML-785.0RB-04 (momHocTh 450 MBT, qiivHa BOJTHBI
784,7 £ 0,05 um) u ciekrporpad ShamrockSR-303i ¢ pasperienrem 0,15 HM CO BCTPOSHHOMN OXJIaXIaeMOi
kamepoit DV420A-OE. AnanuzupoBanucsk PamanoBckue criekTpsl B quanazone 400-2200 cm'. O6paboTka
JNaHHBIX mnpoBogwiack B Wolfram Mathematica 12 u Bkmrouana yJajieHWe IIYMOB C IIOMOIIBIO
yCpeaHsoero GuibTpa, HOJIMHOMHYIO alllIPOKCUMALHIO (IIyOpECIEHTHOIN COCTABIISIIOLICH U BEIUNTAHUE
€e M3 CIEeKTpa JUIsl MOMyYeHUs: 00pabOTaHHOIO CIEKTpa KOMOWHAIIMOHHOTO paccestHus. JOMOoIHUTENBHO
MIPUMEHSAJICS] XEMOMETPHUECKUH aHAJIN3 TOJTYYSHHBIX CIIEKTPATbHBIX JaHHBIX.

B pe3synprare npoBegeHHBIX UCCIEIOBAaHUH C TOMOIIBIO METOAA CIIEKTPOCKOITUH KOMOMHALMOHHOTO
paccestHUSI M X€MOMETPHUYECKOTr0 aHann3a ObUIM BBISBJIICHBI CIIEKTPAJbHbIE M3MEHEHHS B KOMIAKTHON
KOCTHOW TKaHM TpH (IIerMOHe, KOTOPHIE CBS3aHBI C M3MEHEHHEM MHHEPAIO-OpTraHMYeCKOTO MaTpHKCA.
JlaHHbBIE M3MEHEHUsI, BEPOSTHEE BCEro, OOYCIOBIEHBI BTOPUYHBIM MOPAKEHWEM KOCTHOH TKaHU IPH
JaHHOM 3a00JIeBaHUH.

YcraHnoeneHo cHKeHne nHTeHcUBHOCTH TMHUN KP, cooTBeTcTByromux ¢ocdaram, kapboHaram u
aMy/1aM B KOMIIAaKTHOW KOCTHOM TKaHHM IpH raHrpeHe. JlaHHble CIEKTPaIbHbIE N3MEHEHUS B KOCTHOM TKaHU
[IPY TaHTPEHE MEHEEe BBIPAKEHBI, YeM NpH (UIErMOHE M BEpOATHEE BCETO, CBA3aHBI C HAYAJIBHON CTaaue
JECTPYKIIUM KOCTHOW TKaHU TIPU JTAHHOM 3a00JICBaHUH.

[Nony4yeHHbIe pe3ynbTaThl HO3BOJISIOT ONPEACTUTh COCTOSHHE OCAPEHHON YaCcTH KOMITAKTHOW KOCTH
[IPY TaHrpeHe U (prerMoHe, 4TO B MOCIEACTBUU ITOMOXKET CKOPPEKTUPOBATD JICUEHHE NPU AAHHBIX THIIAX
3a00IeBaHui.
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According to statistics, the most common causes of amputations are vascular diseases, as well as
extensive purulent-necrotic phlegmon associated with diabetes. Statistically, over 50% of patients with
diabetes develop complications after 15-20 years, necessitating high amputation of the lower extremities. In
all these cases, the surgeon's primary goal is to save the patient's life and reduce the need for amputation.

Optical methods have found widespread use in various biomedical applications [1-2]. Raman
spectroscopy, which has found widespread use in other biomedical applications, can be a useful diagnostic
method for assessing the condition of the femoral compact bone in gangrene and phlegmon. The aim of this
study was to evaluate the potential of Raman spectroscopy to detect spectral differences in the condition of
femoral compact bone tissue in patients with gangrene and phlegmon.

The subjects of the study were allogeneic femoral compact bone tissue samples from donors of both
sexes with established conditions (gangrene and phlegmon) and from conditionally healthy individuals
(without bone pathologies).

Raman spectroscopy, a widely used method in biomedical applications, was used as the primary
research method. This method was implemented using an experimental setup comprising an RPB-785
Raman probe, a LuxxMaster LML-785.0RB-04 laser (450 mW, wavelength 784.7 £ 0.05 nm), and a
ShamrockSR-303i spectrograph with a 0.15 nm resolution and an integrated DV420A-OE cooled chamber.
Raman spectra were analyzed in the 400-2200 cm™ range. Data processing was performed in Wolfram
Mathematica 12 and included noise removal using an averaging filter, polynomial approximation of the
fluorescence component, and subtraction from the spectrum to obtain a processed Raman spectrum.
Chemometric analysis of the spectral data was also performed.

As a result of the studies conducted using Raman spectroscopy and chemometric analysis, spectral
changes in compact bone tissue associated with phlegmon were identified, which are associated with
changes in the mineral-organic matrix. These changes are most likely due to secondary bone damage in this
disease.

A decrease in the intensity of Raman lines corresponding to phosphates, carbonates, and amides in
compact bone tissue associated with gangrene was observed. These spectral changes in bone tissue in
gangrene are less pronounced than in phlegmon and are most likely associated with the initial stage of bone
destruction in this disease.

These results allow us to determine the condition of the femoral compact bone in gangrene and
phlegmon, which will subsequently help adjust treatment for these types of diseases.
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B coBpeMeHHBIX OMOTEXHOIOTHYECKUX HCCIENOBaHUAX OydepHble pacTBOPHI MIPalOT KIIOYEBYIO
POJIb, TOCKOJIBKY IMEHHO OHU 00ECTIEYHBAIOT YCIOBUS, IMUTHPYIOIIHE ONOJIOTHYECKYIO Cpely OpraHnu3Ma!
WCTONB3YIOTCS ISl KyJIbTUBUPOBAHUS KIETOYHBIX KYJIbTYP U MOANECPIKAHUS X KU3HECIOCOOHOCTH, AJIS
OTMBIBKH KJIETOUHBIX CTPYKTYpP OT MPOAYKTOB METa0OJHM3Ma, a TakXKe IMPH NPOBEICHHU Pa3TUYHBIX
KJICTOYHBIX M OMOXMMHUYECKHMX aHaIM30B. Tak, cOajaHCHpOBaHHBIN coyieBoii pactBop Xenkca (HBSS)
IIMPOKO TNPHMEHSETCS Al COXPaHEHHs >XKM3HECHOCOOHOCTH KJIETOK IEPUONOHTAIBHON CBSI3KU IPHU
TpaBMaTHYECKOW aByJNbCcHU 3y00B, a 3a0ydepennsrii gocharom pactBop ympbexko (DPBS) nHaxomut
MPUMEHEHHE, B YaCTHOCTH, NPU OLEHKE THAPOJUTHYECKOH JAerpajalud MEIUIMHCKAX CTEHTOB W3
moJIuarnoKcanoHa [1-2].

KagectBo OydepHbIX pacTBOpOB SBISETCS ONHUM M3 OINPENCISIOMHUX (HAaKTOPOB IOSYUYCHHUS
JOCTOBEPHBIX U BOCIPOU3BOAUMBIX PE3YIHTATOB B OMOTEXHOJIOTMIECKUX IKCIIEPUMEHTAX. TpaauiluOHHbIe
METOBI KOHTPOJIsI KadecTBa Oy(epHBIX pacTBOPOB UMEIOT Psijl CYLIECTBEHHBIX OTpaHn4eHuil. OnTuieckue
METO/Ibl HAIUTH IIMPOKOE PACHpPOCTPAHEHHE JUIsl PasiMYHBIX OHOMEAMIMHCKUX 3a1ad [3-4]. OgHum u3
METOZOB OLIEHKHM KauecTBa Oy(epHbIX pacTBOPOB, UCIIOIb3yEMBIX B OMOTEXHOJIIOTHUECKUX J1a00PaTOPHSIX,
MOJKET CTaTh CHEKTPOCKONHS KOMOMHAIIMOHHOTO paccesHus ceeta (KP).

Lenp pa®oThl: BO3MOXXHOCTH IPUMEHEHHE CHEKTPOCKONHMU KOMOWHAIIMOHHOTO PAacCesHUs Jis
OIIeHKH KauecTBa OydepHbIXx pacTBopoB (Lynp0exko n XeHkca).

B kauecTBe uccineryeMbix ObLTH B3STHI TP TPYIIIBI 00pa3ioB Oy pepHBIX pacTBOPOB U OJJHOM TPYIIIIBI
nutheBor Boabl (TOCT P 51232-98), ucnonb3oBaHHO# B KauecTBe pedepeHCHOro obOpasiia ¢ 3aBeJOMO
BBICOKHM COJIEp)KaHHEM HOHHBIX M OpraHudeckux npumeceii: l-nutheBas Boma (ITOCT P 51232-98)
(xoHTpONBHBIH 00pazer); 2-pactBop Jdynsoexko (DPBS) 6e3 Ca** u Mg?*, 3- nemoHN3MpOBaHHAas BOJIA JIJIsI
MPUTOTOBJICHUST pacTBOpoB mpousBojacTBa HUU «buortex»; 4- cOanmaHCHMpOBaHHBIM COJIEBOW PacTBOP
Xenkca (HBSS)

OKCIEpUMEHTHl  BBIMOJIHAJINCH METOJIOM CIIEKTPOCKONUM KOMOMHALMOHHOTO pacCesHUs C
HCIIONTH30BAHUEM DKCIIEPUMEHTAIFHOTO CTEH 1A, ITOAPOOHO OMMMCAHHOTO B paboTe [5]. YcTaHOBKa BKITIOUaIa
nazepHbiid Moaysb (LML-785.0RB-04), cnekrporpad (Shamrock SR-3031) ¢ oxnaxkgaemotii I13C-kamepoit
(ANDOR DV-420A-OE, —60 °C, ciextpanisHoe pazpeuienue 0,15 M), pamanoBckuit mpooHuk (PBL 785)
W TEePCOHATBHBI KOMITBIOTEp JUIS YIPABJICHUS SKCIEPUMEHTOM M PETHCTPAaIlH JaHHBIX. MOITHOCTD
Jla3epHOTO M3MydeHus coctarisuia 150 MBT, Bpems axcrosutiun — 120 c.

B pesynabrate mnpoBeAEHHOrO MCCIEAOBAaHUS METOJOM CIEKTPOCKONUH KOMOHMHAIIMOHHOTO
paccessHAsS yCTaHOBJIEHO, YTO pacTBOp XeHkca U pactBop Hynmsoekko 6e3 Ca?" m Mg?* mpuroToBieHB Ha
OCHOBE BOJIBI C BBICOKOH CTETIEHBIO JICMOHW3AINH, YTO TIOATBEpKAaeTcst XapakrepHbiM KP-oTkinkoM B
obnactu 1660-1700 cMm ! u pesynbratramu PLS-DA-ananusa.

[IponemonctpupoBano, uro KP-cnektpockonuu siBisieTcss 3(GQGEKTHBHBIM —Hepa3pyLIAOMIM
WHCTPYMEHTOM JIJISl XapaKTEPUCTHKH M KOHTPOJIS KayecTBa Pa3IMYHBIX THIIOB OY(EpHBIX PacTBOPOB,
MPUMEHSIEMBIX B OMOTeXHONOTHUecKuX abopaTopusix. IIpencraBnennsie 00pa3up! Oy(epHbIX pacTBOPOB
COOTBETCTBYIOT TpEOOBAHMSIM KaudecTBa, MPEAbABISIEMBIM K peareHTaMm Uil OHMOTEXHOJIOTMYECKUX
HCCIIEIOBAaHUH, X MOTYT PacCMaTPUBAThLCS KaK IIOJHOLIEHHAS ajbTepHATUBA UMIIOPTHBIM aHAJIOTaM.
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Buffers play a key role in modern biotechnological research, as they provide conditions that mimic
the biological environment of the body. They are used to cultivate cell cultures and maintain their viability,
to wash cellular structures from metabolic products, and to conduct various cellular and biochemical
analyses. For example, Hanks' balanced salt solution (HBSS) is widely used to maintain the viability of
periodontal ligament cells after traumatic dental avulsion, while Dulbecco's phosphate-buffered saline
(DPBS) is used, in particular, to evaluate the hydrolytic degradation of polydioxanone medical stents [1-2].

The quality of buffer solutions is one of the determining factors in obtaining reliable and reproducible
results in biotechnological experiments. Traditional methods of buffer solution quality control have a
number of significant limitations. Optical methods have found widespread use for various biomedical
applications [3-4]. Raman spectroscopy can be used to assess the quality of buffer solutions used in
biotechnology laboratories.

Obijective: To examine the potential application of Raman spectroscopy to assess the quality of buffer
solutions (Dulbecco and Hanks).

Three groups of buffer solution samples and one group of drinking water (GOST R 51232-98), used
as a reference sample with a known high content of ionic and organic impurities, were studied: 1 - drinking
water (GOST R 51232-98) (control sample); 2 - Dulbecco's DPBS solution (DPBS) without Ca?* and Mg?";
3 - deionized water for solution preparation manufactured by the Biotech Research Institute; 4 - Hanks'
balanced salt solution (HBSS).

The experiments were performed using Raman spectroscopy using an experimental setup described
in detail in [5]. The setup included a laser module (LML-785.0RB-04), a spectrograph (Shamrock SR-303i)
with a cooled CCD camera (ANDOR DV-420A-OE, —60°C, 0.15 nm spectral resolution), a Raman probe
(PBL 785), and a personal computer for experiment control and data recording. The laser power was 150
mW, and the exposure time was 120 s.

A Raman spectroscopy study revealed that Hanks' solution and Dulbecco's solution without Ca** and
Mg?** were prepared using highly deionized water, as evidenced by the characteristic Raman response in the
1660-1700 cm™* region and the results of PLS-DA analysis. Raman spectroscopy has been demonstrated to
be an effective non-destructive tool for characterizing and quality control various types of buffer solutions
used in biotechnology laboratories. The presented buffer solution samples meet the quality requirements for
biotechnology research reagents and can be considered a viable alternative to imported analogs.
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Biusinue 030Ha Ha padoTy aHAAIM3aTOPa NAPOB PTYTH HA OCHOBE NMONEPEYHOro
3¢ dexrTa 3eemana
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B paseutne pabor [1, 2] 1o omeHKe BIUSHIS TPUMECHBIX T'a30B Ha N3MEpEHNE KOHIICHTPAIIUN TTapoB
pTyTi NHg B aTMOCepHOM BO3IIyXe C MMOMOIIBIO aHATM3aTopa Ha OCHOBe morepedHoro dhdekra 3eemana
B Y®-nuanasone (Ao = 253,7 HM) npoBeAeHbI UccienoBanus BausHust 030Ha (O3). Monekyisl Oz UMEOT
MOJIOCY TIOTJIONIeHNsT XapTiK, Ha KOTOPYIO MOMajaeT Ao aHaIu3aTopa.

OKCHNEPUMEHTAIBHO UCCIEA0BAHO BIUSHUE 030HA, TEHEPUPYEMOr0 PTYTHOM KaNWJUIIPHOM JTamMmIoin
(PKJI) anamumzaropa JOI'-07 [3], Tak W JOMOJHHUTENBHON PTYTHOH JaMIOi HHU3KOTO aBIICHUS,
IIOMELICHHON B U3MEPUTEIbHBIA KOHTYD 3KCIIEPUMEHTAIbHOW YCTAaHOBKHU.

JIunus nznydenus: PKJI B BakyymHoMm ynbrpaduonere (Asy. = 184.95 HM) BbI3bIBacT 00pazoBaHue
030Ha W3 KHCIOpOJa BO3/AyXa B HM3MepUTEeNbHOW KioBeTe anHamm3atopa JIOI'-07. DTto mpuBOguT K
HOSBIECHNIO (PUKTMBHBIX 3HaueHMH KoHIEHTpanun Nyg B mpeaenax ~200£50 ur/m®, npu ITJIK prytu 300
Hr/mM%, W BIMsET Ha pe3ynbTaThl u3MepeHuil Nng B McceayeMoii razoBoii cmecu. TlosTomMy HE0OX0AMMO
OTCEKaTh Agy, B ONTHKO-3JIEKTPOHHOM TPAKTE aHAIM3aTopa.

ITpy reHepalyy B H3MEPUTENILHOM KOHTYPE YCTAaHOBKHM 030HA B KosmdecTse 1,71 mr/m® QpukTuBHAs
koHIeHTpamusi Nyg cocTabisiia 0koso 250 Hr/M3, pu 3TOM BBEIEHHUE B H3MEPHUTENBHBIN KOHTYP YCTaHOBKH
1 MII HACHIIIEHHBIX NAPOB PTYTH (PUKCHPOBAIOCH KAK yBEJIMUCHHE TI0Ka3aHuii anammusaropa 10 1050 ur/me,

PaGora BeimonHeHa B pamkax rocyaapctBenHoro 3ananus UMKOC CO PAH (mpoekt Ne FWRG-
2026-0009).
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The effect of ozone for the operation of the mercury vapor analyzer based on the
Zeeman transverse effect
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Continuing the studies [1, 2] on the influence of impurity gases on measurements of mercury vapor
concentration Nug in ambient air using an analyzer based on the transverse Zeeman effect in the UV range
(M0 = 253.7 nm), the effect of ozone (Os) has been investigated. Os molecules exhibit the Hartley absorption
band, which encompasses the analyzer's operating wavelength Ao.

The influence of ozone was studied experimentally using both the mercury capillary lamp (MCL) of
the DOG-07 analyzer [3] and an additional low-pressure mercury lamp placed within the measurement loop
of the experimental setup.
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The MCL emission line in the vacuum ultraviolet (Av.uv. = 184.95 nm) generates ozone from
atmospheric oxygen present in the measurement cell of the DOG-07 analyzer. This leads to spurious Ng
readings of approximately 200+50 ng/m?, compared to a mercury maximum allowable concentration of 300
ng/m?3, thus affecting the measurement results in the gas mixture under study. Therefore, it is necessary to
filter out the Ay.y.v. in the optical-electronic path of the analyzer.

When 1.71 mg/m?® of ozone was generated in the measurement loop of the setup, the spurious Nig
concentration was approximately 250 ng/m?. Under these conditions, introducing 1 mL of saturated mercury
vapor into the loop was registered as an increase in analyzer readings to 1050 ng/m?,

This work was carried out within the framework of the state assignment for IMCES SB RAS (Project
No. FWRG-2026-0009).
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K MeToanmuecknM peKoMeHIAIMSM 10 HCIO0Ib30BAHUS B TEPAHOCTHKE HAHOYACTHII
U HaHOooOoJ04YeK AQ, AU
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BruomennuuHckas onTuka SBIsETCS OAHON U3 Hanboiee OBICTPO PAa3BUBAIOIIMXCSA O0JIACTeH HAYKH U
TeXHUKU. Hepaspymiaromas mnpupoaa CBeTa, HCHOIB3YEMOTO ISl WCCISNOBAHUS M JACTEKTUPOBAHUS
aHOMaJIMil B TKaHIX Y€JIOBEKa, J1eJIaeT €€ BeCbMa IIPUBJIEKATENbHOM sl pa3pabOTKU HOBBIX HEHMHBA3UBHBIX
OUAarHOCTMYECKHX M TepamneBTUUeCKuX MeTofoB. CrenyeT BbIIEINUTh TAaKOE HAlpaBlIeHHE B
OMOMETUIIMHCKOW ONTHKE Kak TEPaHOCTHKA, KOTOpas OOBEAMHSET IUAarHOCTHKY 3a00JeBaHUS H
epcOHUUIIMPOBAHHOE JICYCHUE TTAIIEHTA C yIIy4IIeHHOHN 3(h(DEeKTHBHOCTHIO B OE301TaCHOCTEIO.

B mocnennee BpeMs mpuoOpena akTyaJlbHOCTh T€Ma HCIOJIb30BaHHMS HAHOYACTHUI] B KayeCTBE
HOCHUTEJEH JIEKapCTBEHHBIX CPEJCTB A KIMHUUECKUX npumeHeHuid [1-3]. Bo-mepBrix, ucmnonb3oBaHue
HAHOYACTHII JJISl aJJpeCHOM JOCTaBKH JIEKAPCTB MO3BOJISACT YBEIMYUThH TEParieBTHYECKOE BO3JICCTBUE Ha
nopaxéHHple TKaHu. Kpome Toro, HaHOYaCTHLBI METAIJIOB O0JalaloT PAJOM YHHMKAJIbHBIX ONTUYECKHX
CBOWCTB U MOTYT OBITH MCITOJIb30BaHBI ISl TUATHOCTHKH O0MO00BEKTOB. D(D(PEKTHBHOCTH HCIIOIB30BAHUS
JaHHbIX OIITHYCCKUX U q)OTOTCpMI/ILIGCKI/IX CBOHICTB HaHOYaCTHI] 6JIaFOpOI[HBIX METaJIJIOB B JUAarHOCTHUKE U
Tepaliy BO3HUKAET B PE3yJbTaTe PE30HAHCHBIX KOIEOaHWH MX CBOOOIHBIX 3JIEKTPOHOB B NMPHCYTCTBHUE
CBeTa, KOTOPHIE N3BECTHBI KaK MMOBEPXHOCTHBIN 11a3MoHHEIH pe3oHaHc (I111P). B pesynprare mmazmonHOTO
pEe30HAHCAa MOXKET MPOM30MTH M3TYYEHHE CBETa — MPOIECC, KOTOPBIH HAXOAUT OONbIIOE MPUMEHEHUE B
00JIacTAX ONTUKU U BU3YaJH3allUH, THO0 MOKET MPOU30MTH ObICTpoe mpeodpa3oBanue B Temio [1-3].

He wmenee BaxHBIM OOBEKTOM HCCIEIOBAaHMA B TEPAHOCTHKE SIBIISIOTCS HaHOOOOJIOUKH —
chepryecKrue YaCTHIIBI, C JUIICKTPUUECKON CEpALIEBUHOW W CJIOEM MeTauIn4eckod oOosouku. OHHU
CIIy’KaT TPUMEPOM BEChbMa MHOT0OOCIIAOIIETO MPUMEHEHUSI HAHOXUMHUHU K OMOMEIMIIMHCKOM mpoliieme.
Tak, perynmupysi pasmepbl BHYTPEHHEIO U BHEIIHEro CJI0s OOOJOYKH, IUIa3MOHHBIM pPE30HAHC
HAaHOOOOJIOYKH MOXKET OBITH HACTPOCH Ha JII00YI0 HE0OXOAUMYIO JUIMHY BOJHBI B 00JIACTH BUIUMOTO H
uH(ppakpacHOro crnekrpa noriomeHus [4].

HanooGomnouku Hapsimy ¢ HaHOYaCTULAMM IPEICTABISIIOT OOJBIIOW HMHTEpPEeC ISl ONTHYECKOH
BU3yanu3alMu ON00OBEKTOB, OMOCCHCOPUKH, J1a3epHOI (POTOTEPMHUUYECKOM TEpanii U JUArHOCTHUKU PaKa.
CymecTByoIue IpoTOKOIBI CHHTE3a 30JI0THIX, CEpeOPSHBIX HAHOOOOJIOUEK C SIIPOM M3 OKCHIA KPEeMHHUSI
MO3BOJIAIOT IIOJIy4YaThb 4YaCTUIbI AUAMETPOM JACCATKU—COTHHU HAHOMETPOB CO CpPABHUTCIIBHO Y3KUM
pacrpeesieHHeM 110 pa3Mepam.

BaxxapiM Q)aKTOpOM B PCHICHUM OTMCYCHHLIX 3alad sABJIACTCA YHUKaJIbHAad HaCTpPanBa€MOCTb
CBOWCTB TUIa3MOHHOTO PE30HAHCA C UCTIOJIb30BAHUEM METAJUNTMIECKUX HAHOYACTHUI] U HAHOOOOJIOYEK My TeM
W3MEHEHUs UX pa3Mepa, (GOpMBI, cocTaBa M Cpelbl, YTO MO3BOJISIET CO3JaBaTh HAHOCTPYKTYPHI,
MpeJHa3HaYeHHbIE Ul KOHKPETHBIX Owonormueckux mpumeHenuil [3]. Hampumep, wucnosnb3oBaHue
MPEUMYIIECTB YCUIICHHSI paccessHisl HAHOYACTHIL 30JI0Ta, cepedpa, CBSI3aHHBIX C MOJIEKYJIaMH-MHIICHSIMH,
JaeT BO3MOXKHOCTH TIPOBOAWTH BHM3YQJIM3alMI0 M JAMAarHOCTUKY TaKuX 3a00JeBaHUM, Kak pak
HA/IMTOYEYHUKOB, KOKH, MOJIOYHOM KEJIE3bI.

OZIHaKO CYHECTBYET pas3pblB MEKAY TCXHOJOTUYECKMMU OOCTHIKCHUAMHN W KIMHUYCCKUMU
MIPUMCHCHUAMU JaHHBIX CBOMWCTB HAaHO4YaCTHII. 9t0 Tpe6yeT KaK NpOBEACHUSA HAYYHBIX HCCHC}IOBaHHﬁ, TakK
U pa3pabOTKU TEXHUYECKUX CPEACTB TEPAHOCTUKHU.

Hamu npoBeaeHo nccnegoBanne CeKTpaJIbHBIX CBOMCTB IIIA3MOHHOTO PE30HAHCAa MOHOIUCTIEPCHBIX
¥ TIOJIMIUCIIEPCHBIX YacTUIl U HaHooOojoudek cepebpa (Ag) m 3omota (Au) B OmooOBekTax (KOXa,
HA/MTOYCYHUKH, MOJIOYHAs KeJie3a), MCIOJIb3yeMBIX B KaueCTBE KOHTPACTHBIX areHTOB IJIi METOJOB
ONITHYECKOW BH3yanu3aluu ((IyopecleHTHAs MHKPOCKOIUS, CIEKTPOCKOIUS C MPOCTPAHCTBEHHBIM
pas3pelIeHueM U T.11.) ¥ Tepaluu NaToJOrMYECKUX 04aros.

HccnenoBanne BO3MOXKHOCTEH HACTPauBaeMOCTH IUIa3MOHHOI'O PE30HaHCca AJIsl MOHOAUCIEPCHBIX U
MOJMIMCIIEPCHBIX HAHOYACTUI] U HaHOOOOMouek Ag u AU NpPOBEICHO CPaBHEHHEM HX CHEKTPAIbHBIX
OTITHYECKUX CBOHCTB MCIOJIBE30BAHUEM IPOTrpaMMHOT0 naketa MiePlot. MoaenupoBaHue mpoBOAMIOCH 110
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Teopun Mu. [lpu co3manum Momenu B XoJle MOIETHUPOBAHUS HCIIONB30BAJICS PEXHUM, MTO3BOJISIOMIAN
CO31aTh ABYXCIOWHBIN AP C TUANEKTPUUECKUM SIIPOM.

Onupasich Ha paCCMOTPESHHBIC BBIIIE CBEJCHUS O AMAMETPE TIOP YHAOTEIUS 3I0POBOM ¥ OPaKEHHOM
TKaHH, 3aBUCUMOCTH CCUCHMS B3aMMOJCUCTBUS ONTHUYECKOTO M3IYUYCHHUS OT pa3Mepa YacTHUIIbI, pa3Mep
HaHOYACTHII 1 HAHO000JI0YEK OJIarOpoIHEIX METAIIOB BEIOpAH B muamnazone ot 5 aM 10 50 aM. [lokazaTtens
MIpeTOMIICHUS] OMOJIOTHYECKON Cpebl (KoXKa, HAATIOYETHHKH, MOJIOYHAS JKeJle3a) OTPEAeIISUICS U3 TaHHbBIX
[1-4] u mpuBeaéH B TAOIHIIE.

Takum 06pa3om, cozmanbl KoMnbloTepHbIe Moaeu (KM), cocTosue HaHOYACTHIT M1 HAHOO00I0UeK
13 KpEMHE3eMHON CepIIeBHHBI, PanyC KOTOPOH U3MEHSUICA OT 5 HM 10 50 HM C marom 5 HM, ¥ 000JI0YKH
3 Ag u Au, TOJIMHA KOTOPOU cocTarisuia 5 HM u 10 HM. MojenupoBaHue TPOBEACHO U JUTS 3aJaHHOMN
(yHKIIUM pachpeeNieHUus] 4acTUI] 1o pa3MepaM — (YHKIMM HOPMAJbHOIO paclpeieicHUs, TaKkKe C
UCIONb30BaHue mporpammuoro makera MiePlot. PaccuuTbiBaanch CedeHUs] paccesHHs M MOTIOMICHHUS
IJIa3MOHHBIX YaCTHI] B KPOBH 3I0POBOTO YEJIOBEKA.

Tabauya
ITokazaTenb NpesioMIIEHHS Pa3IMYHBIX PAKOBBIX KJIETOK
Tum paka [NokazaTenp mpenoMIICHUsI
Pak xoxu 1.38
Pak HaaOYEYHUKOB 1.395
Pak Mon04YHOM *kKee3bl 1.401

O4eBHIHO, YTO B TEPAHOCTHKE OMOOOBEKTOB I€I€CO00Pa3HO HCIOJIL30BaTh OKHO MPO3PAvyHOCTH,
COOTBETCTBYIOIIEE TUAIA30HY JJIMH BOJH MaKCUMAaJIBHOTO IMPOHUKHOBEHUS CBETa B KPOBH UelioBeka. B
pe3yIbTaTe MOBEICHHBIX UCCIEOBAHUN Ba)KHO OTMETHUTPH MONyUeHHBIE PE3yNbTaThl, HEOOXOIUMBIE IS
CO3/IaHUS METOIVK HCTIONIb30BAaHUS TaHHBIX YaCTHI] B TEPAHOCTHKE.

C y4eToM MaKCHMAaJIbHOTO IPOHMKHOBEHUS CBETa HEOOXOIMMO HCIOJIb30BaTh HAHOO0O0JIOUKH AU ¢
h = 10 HM, COOTBETCTBYIOIINE PE30HAHCHBIM JUTMHAM BOJIH OT 758 HM 110 764, Wi HAHOOOOJIOUKH Ag IpH
h = 5 HM, COOTBETCTBYIOIIMM PE30HAHCHBIM JUIMHAM BOJHBI OT 845 HM g0 855, mpu mokaszareinsix
npenomitenus 1.38, 1.395 u 1.401. [Ipu aTrom HaHooOomouku Au u Ag ¢ pasmepamu I' = 3545 HM UMeEIOT
MaKCUMaJlbHbIE 3HAueHHUS KOA((QUIIMEHTOB paccesHWss B OTMEUYCHHBIX JHMana3oHaX JUIMH BOJH (~
8% 1071* M2 u ~14 x 10~1* M? COOTBETCTBEHHO), a 3HAYUT, OHH MOTYT ObITh Haubonee PHEKTHBHO
WCTIOJIb30BaHBI B KAY€CTBE KOHTPACTHBIX ar€HTOB JIJIsl AMATHOCTUKY B OJVDKHEM WH(PPAKPACHOM JTHATIa30HE.
B Toke Bpemsi, pe30HAHCHBIE YaCTOTHI W HAHOOOOJIOUeK Ag ¢ TONIMHOW 000m0ukd h = 5 M, u Au ¢
TONMIMHON 000moukr h = 10 HM, pacmoIOKEHHbIE Ha Kpasx OKHa MPO3PAYHOCTH, TAKIKE MOTYT
WCIIONIF30BAThCS B JIMATHOCTHUYECKUX IIEJIAX, YTO MO3BOJISET pemiaTh 3aJayd Kak BBIOOpa pa3MepoB
HaHOO0O0JI0YEK, BBOJUMBIX B OPraHM3M 4YEJIOBEKa, TaK W BHIOOpA ONTHYECKHUX (Ja3€PHBIX) MCTOUHUKOB
OTITHYECKOTO U3ITYICHUSI.

Jlis mna3MOHHBIX CBOMCTB HaHOYACTHI] cepebpa u 3omota (Ag, AU) B OpraHm3Me YellOBeKa B
[5].moka3zaHo: MaKCHMajbHBIE CEYEHHUS PACCESHHs ONTHYECKOTO H3IYYEHHS IS MOHOAMCIEPCHBIX M
MOJIMAMCIIEPCHBIX YacTul] cepedpa (AQ), pachpele/ieHHbIX 10 HOPMAJIbHOMY 3aKOHY, JOCTHUTAIOTCS U
MMEIOT MPAaKTUYECKU OJMHAKOBBIE 3HAUEHHUS COOTBETCTBEHO A JIMH BOAH 490 HM u 488 HM npu
OJIMHAKOBBIX paJinycax (Il MOJUIUCIEPCHBIX YACTHII CPEHEM), paBHBIM 50 HM, MAKCHMYMBI K€ CEUCHUI
TIOTJIONICHUS JOCTUTAIOTCS HA JynHAX BOH 390 HM u 391 HM myis pagnycoB HAaHOYACTHUI] PABHEIX 45 HM;
JUTSE MOHOJTUCTIEPCHBIX M MTOJUAMCIIEPCHBIX YacTHIl 30J10Ta (AU) MaKCUMYMEBI pACCESIHHS JOCTUTAIOTCS Ha
JUTMHE BOJIHBI 582 HM JUIsi HAHOYACTHII 30J10Ta ¢ paguycaMu S0 HM, MAKCHUMYMBI K€ TTOTJIONIEHMS Ha ITTHHAX
BOH 542 M u 541 HM nms HaHOYACTHII 30JI0Ta ¢ pamuycamMu 50 HM (CpemHeM Ui MOIHIUCTIEPCHBIX
YaCTHIT).

Ecnu cpaBHUBATE ClIEKTpalIbHBIE CBOMCTBA HAHOO00JI0UEK AU 1 Ag CO CIIEKTPaTbHBIMU CBOHCTBAMH
OOBIYHBIX CepeOPSIHBIX U 30J0THIX KOJUIOMIHBIX YACTHI[ C THTUYHBIMH pa3MepaMu B Auana3oHe 5—50 HM
[5], TO MOXHO 3aKIIFOYHT, YTO CEUYEHHUS PACCESHUS HAHOOOOIOYEK 3HAYUTEIHHO IMPEBHIMAIOT CEYEHMUS
paccessHUST OOBIYHBIX KOJUIOMAHBIX YacTHI. Tak, MaKCHMajbHbIE CEUYCHUS PACCESHHS OINTHYECKOTO
M3ITyYeHUs JUISi MOHOAMCIIEPCHBIX M IOJIMAMCIICPCHBIX YacTul] A(, paclpeieieHHbIX 0 HOPMaIbHOMY
3aKOHY, JOCTUTAIOTCS M MMEIOT MTPAKTUYECKH OJMHAKOBbIE 3HaueHus (~5,42-10 m?) mng mmn Boa 490
HM U 488 HM COOTBETCTBEHHO, a JII MOHOIWCIIEPCHBIX M TOJHUIUCIEPCHBIX 4YacTHl AU MaKCHMYyMBI
CEUYCHUU paccessHUst (~3>,88~1O'14 MZ) JIOCTUTalOTCsl Ha AJIMHE BOJHBI 582 HM. CpaBHUBAsS UX CEUCHUSIMU
paccesiHusI C CEUEHUEM paccesiHYsI HAHOO0O0JIOUEK BUJIHO, YTO PE30HAHCHOE paccessHue HaHO00oIouek Au
n Ag nmna TommuH oboiouek 5 wm 10 HaHOMETPOB MPH paguycax CEpAIEeBHUHBI (KpEeMHE3eM) B
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paccMaTpuBacMOM Jiana3oHe 5—45 HM OoJiee YeM B JIBa pasa MPEBBINIACT paccesHie OOBIYHBIX 30JI0THIX
KOJUTOMTHBIX YacTHIl Au 1 Ag ¢ THIMYHBIMU pa3Mepamu B AuarazoHe 5-50 uM [5]. B Toxxe Bpemst crieKTpsl
PE30HAHCHOTO PACCesTHUS KOJIOUIHBIX YacTUIl Au 1 Ag JiexaT BHE 00J1aCTH OKHA IIPO3PAYHOCTH CBETOBOTO
n3ydeHus B OnooObekTax. M3 0TMEUEHHOTO CIIeyeT, YTO UCIOIh30BAHUE UX B KAUECTBE KOHTPACTHBIX
9JIEMEHTOB JIJIsl TUATHOCTHYECKOTO MPUMEHEHHUS] B MeaullnHe MeHee 3()(EeKTHBHO, YeM HCIOJIhb30BaHUC
HaHooOomo4eKk Au u Ag. OnHako KOJUIOWAHBIE YacTHUIBI cepebpa W 30moTa 3PGEeKTUBHBI B
TEPaNEeBTHYCCKUX IEJIAX 32 CYST BO3MOKHOCTH 00JIee OBICTPOro MPeoOpa3oBaHUs B TEIUIO BO3/ICHCTBUS Ha
STHX JUTMHAX BOJH.

BaxxHO Takxe OTMETHUTh, YTO TIPU HOPMAJIBHOM paclpeelICHIH JUTS MOJTHIUCIIEPCHBIX HAHOYACTHI]
Y HaHOOOOJIOUEK PE3yJIbTaThl pacueTa Kak CEYCHHN PaCcCesSHUS, TaK CIICKTPAIBHBIX CBOWCTB OTIMYAIOTCS
HE3HAYUTEIHHO OT PE3yJIbTATOB PacueTa JJisi MOHOIUCIICPCHBIX (HE OOJIBIINE YeM Ha 2 HM ISl JUTUH BOJIH, U
Ha COTBIC JIONU JIJIsi CEUCHUI PACCEsIHMS), YTO TO3BOJISIET TOBOPHUTH O MEIECO0OPa3HOCTH HCIONB30BaAHMUS
Ha MPaKTUKE MOJIHIUCIICPCHBIX HAHOO0O0JIOUEK cepedpa ¥ 30JI0Ta C CePALIEBUHON KPEMHUS, IIOCKOJIBKY ITPH
ATOM YNPOIIAIOTCH TPeOOBaHMS K TOYHOCTHBIM XapaKTePUCTUKAM Pa3MepOB HAHOOOOJIOUEK.
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To the methodological recommendations for the use of Ag, Au nanoparticles and
nanoshells in theranostics
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Biomedical optics is one of the fastest-growing fields of science and technology. The non-destructive
nature of light used to study and detect abnormalities in human tissue makes it highly attractive for the
development of new non-invasive diagnostic and therapeutic methods. A particularly noteworthy area of
biomedical optics is theranostics, which combines disease diagnosis and personalized patient treatment with
improved efficacy and safety.

Recently, the use of nanoparticles as drug carriers for clinical applications has gained increasing
relevance [1-3]. Firstly, the use of nanoparticles for targeted drug delivery allows for increased therapeutic
effects on affected tissues. Furthermore, metal nanoparticles possess a number of unique optical properties
and can be used for diagnostics of biological objects. The effectiveness of using these optical and
photothermal properties of noble metal nanoparticles in diagnostics and therapy arises from the resonant
oscillations of their free electrons in the presence of light, which are known as surface plasmon resonance
(SPR). Plasmon resonance can result in light emission—a process that is widely used in optics and
imaging—or rapid conversion to heat [1-3].

An equally important research object in theranostics are nanoshells—spherical particles with a
dielectric core and a metallic shell layer. They serve as an example of a very promising application of
nanochemistry to biomedical problems. By adjusting the sizes of the inner and outer shell layers, the
plasmonic resonance of the nanoshell can be tuned to any desired wavelength in the visible and infrared
absorption spectrum [4].

Nanoshells, along with nanoparticles, are of great interest for optical imaging of biological objects,
biosensors, laser photothermal therapy, and cancer diagnostics. Existing protocols for synthesizing gold and
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silver nanoshells with a silicon oxide core allow for the production of particles with diameters of tens to
hundreds of nanometers and a relatively narrow size distribution.

An important factor in solving these problems is the unique tunability of plasmon resonance
properties using metal nanoparticles and nanoshells by varying their size, shape, composition, and
environment, enabling the creation of nanostructures tailored for specific biological applications [3]. For
example, taking advantage of the enhanced scattering of gold and silver nanoparticles bound to target
molecules enables the visualization and diagnosis of diseases such as adrenal, skin, and breast cancer.

However, there is a gap between technological advances and clinical applications of these
nanoparticle properties. This requires both scientific research and the development of theranostic
technology.

We conducted a study of the spectral properties of plasmon resonance of monodisperse and
polydisperse particles and nanoshells of silver (Ag) and gold (Au) in biological objects (skin, adrenal glands,
mammary gland) used as contrast agents for optical imaging methods (fluorescence microscopy, spatially
resolved spectroscopy, etc.) and therapy of pathological foci.

The tunability of plasmon resonance for monodisperse and polydisperse Ag and Au nanoparticles and
nanoshells was studied by comparing their spectral and optical properties using the MiePlot software
package. Simulations were conducted using Mie theory. A mode allowing the creation of a bilayer sphere
with a dielectric core was used during the modeling process.

Based on the above-discussed data on the pore diameter of endothelial tissue in healthy and diseased
tissue and the dependence of the optical radiation interaction cross-section on particle size, the size of the
noble metal nanoparticles and nanoshells was selected in the range from 5 nm to 50 nm. The refractive index
of the biological environment (skin, adrenal glands, and mammary glands) was determined from the data
and is presented in the table.

Thus, computer models (MK) were created consisting of a silica core with a radius varying from 5
nmto 50 nm in 5 nm increments, and an Ag and Au shell with a thickness of 5 nm and 10 nm. The simulation
was also performed for a given particle size distribution function—the normal distribution function—using
the MiePlot software package. The scattering and absorption cross-sections of plasmonic particles in healthy
human blood were calculated.

Table
Refractive index of different cancer cells
Type of cancer Refractive index
Skin cancer 1.38
Adrenal cancer 1.395
Breast cancer 1.401

Clearly, in theranostics of biological objects, it is advisable to use a transparency window
corresponding to the wavelength range of maximum light penetration in human blood. The results of these
studies are important to note, as they are necessary for developing methods for using these particles in
theranostics.

Taking into account the maximum light penetration, it is necessary to use Au nanoshells with h = 10
nm, corresponding to resonant wavelengths from 758 nm to 764, or Ag nanoshells with h = 5 nm,
corresponding to resonant wavelengths from 845 nm to 855, with refractive indices of 1.38, 1.395 and 1.401.
At the same time, Au and Ag nanoshells with sizes r = 35-45 nm have maximum values of scattering
coefficients in the noted wavelength ranges (~ 8x 10~1* m? and ~14 x 10~1* m?, respectively), which
means they can be most effectively used as contrast agents for diagnostics in the near infrared range. At the
same time, the resonant frequencies of Ag nanoshells with a shell thickness of h =5 nm, and Au with a
shell thickness of h = 10 nm, located at the edges of the transparency window, can also be used for diagnostic
purposes, which makes it possible to solve problems of both selecting the sizes of nanoshells introduced
into the human body and selecting optical (laser) sources of optical radiation.

For the plasmonic properties of silver and gold nanoparticles (Ag, Au) in the human body, it was
shown in [5]: the maximum scattering cross-sections of optical radiation for monodisperse and polydisperse
silver (Ag) particles distributed according to the normal law are achieved and have practically the same
values, respectively, for wavelengths of 490 nm and 488 nm at the same radii (on average for polydisperse
particles) equal to 50 nm, while the maxima of the absorption cross-sections are achieved at wavelengths of
390 nm and 391 nm for nanoparticle radii equal to 45 nm; for monodisperse and polydisperse gold (Au)
particles, the scattering maxima are achieved at a wavelength of 582 nm for gold nanoparticles with radii of
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50 nm, while the absorption maxima are at wavelengths of 542 nm and 541 nm for gold nanoparticles with
radii of 50 nm (on average for polydisperse particles).

If we compare the spectral properties of Au and Ag nanoshells with the spectral properties of ordinary
silver and gold colloidal particles with typical sizes in the range of 5-50 nm [4], we can conclude that the
scattering cross sections of the nanoshells significantly exceed the scattering cross sections of ordinary
colloidal particles. Thus, the maximum scattering cross sections of optical radiation for monodisperse and
polydisperse Ag particles distributed according to the normal law are achieved and have practically the same
values (~5.42-10-14 m?) for wavelengths of 490 nm and 488 nm, respectively, and for monodisperse and
polydisperse Au particles, the scattering cross sections maxima (~3.88:10-14 m2) are achieved at a
wavelength of 582 nm. Comparing their scattering cross-sections with the scattering cross-section of
nanoshells, it is evident that the resonant scattering of Au and Ag nanoshells for shell thicknesses of 5 and
10 nanometers with core radii (silica) in the considered range of 5-45 nm is more than twice as high as the
scattering of conventional Au and Ag colloidal particles with typical sizes in the range of 5-50 nm [4]. At
the same time, the resonant scattering spectra of Au and Ag colloidal particles lie outside the transparency
window of light radiation in biological objects. From the above, it follows that their use as contrast elements
for diagnostic applications in medicine is less effective than the use of Au and Ag nanoshells. However,
colloidal silver and gold particles are effective for therapeutic purposes due to the possibility of more rapid
conversion to heat of exposure at these wavelengths.

It is also important to note that for a normal distribution for polydisperse nanoparticles and nanoshells,
the calculation results for both scattering cross-sections and spectral properties differ insignificantly from
the calculation results for monodisperse ones (by no more than 2 nm for wavelengths, and by hundredths of
a fraction for scattering cross-sections), which allows us to talk about the feasibility of using polydisperse
silver and gold nanoshells with a silicon core in practice, since this simplifies the requirements for the
accuracy characteristics of the nanoshell sizes.
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YuciaeHHoe UCCIe0BaHNe 3aBUCHMOCTH XapaKTePUCTHK U3TyYeHUst
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OmauM w3 A3(P(QEeKTHUBHBIX  HMCTOYHHKOB  KOPOTKOBOJHOBOTO  M3JIyYCHHs  SIBISCTCS
pekomOuHaIMoHHbIN Ca-nmasep, M3Iy4aloluil B yIbTpagHOIeTOBOM JMAlla30He HAa MOHHBIX MEpexoax
kanbist (A=373,7 u 370,6 am Call) [1]. C ucnonb30BaHHEM METO/Ia MATEMATHYECKOTO MOIeTUpoBaus [1]
HaMu ObLIIN IMPOBCACHBI YU CJICHHBIC Hucciea10BaHuA JUHaAMHUKH XapaKTCpUCTUK H3JIYyUCHHUA
camopasorpeBHoro Ca-ylaszepa mpu BapHalMsx MapaMeTPOB HAKaYKW AKTUBHOH Cpeibl B IIUPOKOM
WHTepBasie 3HaYeHu . [Ipy 3TOM U3ydanrch 3aBUCMOCTH BBIXOJIHBIX XapaKTEPUCTHK (CPEIHEH MOIHOCTH
Pav 1 KO3 dHUIIHEHTA TIOIE3HOTO ACUCTBHS 77) OT YACIHHOTO SHEPTOBKIaAa Wsp B aKTHBHYIO Cpelly. AHAIIN3
pE3yJIbTaTOB MOJICIMPOBAHUS TOKA3aJ, YTO BEINYUHBI Pay U 77 OKa3bIBAIOTCS OJIU3KUMHU K MaKCUMAaJIbHBIM
3HAYCHUSIM B JIOBOJIHHO MIUPOKOM MHTEPBAJIC 3HAUCHUHN Wsp. [IpH 9TOM ONTUMAIBHBIA PEKUM HAKAYKHU JJTSI
AKTHBHBIX 3JIECMEHTOB C Pa3INYHON TeOMETpUEii MOXKET JTOCTUTATHCS TPU CYIMIECTBEHHO Pa3INYaONIHXCs
3HAYCHUSIX Wsp, YTO OOYCIIOBJIICHO HEOOXOJIUMOCTHIO 00ECIIEUCHHUS COTIIACOBAHUS JICKTPUUYCCKOM CXEMBI
HAaKa4YK U KOHKPECTHOI'O AKTHBHOI'O 3JICMCHTA. HOJIy‘IeHHI)IC PE3YIbTAThl MO3BOJIAIOT IMPOTHO3UPOBATH
ONITUMAJIbHBIC YCIOBUS BO30YxeHus Ca-a3epoB ¢ pa3IuyHON reOMETPUCH.
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Numerical investigation of the dependence of the radiation characteristics of a
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One of the effective sources of short-wavelength radiation is a recombination Ca-laser emitting in the
ultraviolet range on the ion transitions of calcium (A=373.7 and 370.6 nm Call) [1]. Using the method of
mathematical modeling [1], we carried out numerical studies of the dynamics of the radiation characteristics
of a self-heating Ca-laser with variations in the pumping parameters of the active medium over a wide range
of values. In this case, the dependences of the output characteristics (average power P, and efficiency 7)
on the specific energy input ws, into the active medium were studied. Analysis of the modeling results
showed that the values of Pa, and 7 are close to the maximum values over a fairly wide range of ws, values.
Moreover, the optimal pumping regime for active elements with different geometries can be achieved with
significantly different ws, values, which is due to the need to ensure matching between the electrical
pumping circuit and a specific active element. The obtained results allow us to predict the optimal excitation
conditions for Ca-lasers with different geometries.
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HedTb u HedTenpoayKThl B MOCIETHHE AECATUICTUSI COCTABISET OCHOBHOM 00BEM TPy30MOTOKA B
nopty HoBopoccwiick, Tak B 2025 T. 3TOT ouepeaHON POCCHUICKII peKOp/ MPEBBICHII BEMUYHHY 122 MITH.
ToHH (73% OT Bcex BUIOB Tpy30B). [lepeBaiika omacHBIX TPy30B B TAKMX KOJIIMYECTBAX, 0€3yCIOBHO, yTpo3a
0e30IacHOCTH, BMECTE C TeM, HE TOJILKO aBaphu ¢ HE()TIHBIMH pa3iBaMH, MOTCHIMAIbHEIC U peajibHbIC,
HO W HEKOTOPHIE ITPOLIECCHI, CBA3aHHBIC C BHIMIOJIHEHWEM TPY30BBIX ONEpaIiil BBI3BIBAIOT OECIIOKONCTBO
MECTHOT'O HAaceJIeHHsI ¥ TPEOYIOT BHUMAHUSI CIIeIHaIUCTOB [1].

[Ipu Mopckoit morpy3ke HeTH MPOUCKXOANT BBHITECHEHHE TIOCTYIIAIONIUM I'Py30M HEPTIHBIX MAPOB H
ra30B W3 TAHKOB cyAHa. [[apora3zoBas cMech U3 TAHKOB IPU TOM MOXET BBIOPACHIBATHCS HETIOCPEICTBEHHO
B arMoc(epy WK MOCTYMATh B CHIEIMATBHYIO CUCTEMY YJIaBIiBaHus napoB. [Ipuuém 00béM yaanseMoii 3
TaHKa MMapora3oBOd CMECH paBeH 00BhEMY IMOCTYMHUBIICH B TaHK HE(TH, YTO MOXKHO HCIIONB30BaTh MPHU
KOJINYECTBEHHOM OIICHKE BEIOPOCOB. B HOBOpOCCHICKOM MOPTY, T OCHOBHBIC HE(PTSHBIE TEPMHUHAIBI HE
OTHOCSITCS K HOBBIM, BCE XK€, CTPEMSTCS UCTIOIh30BaTh CXEMY yIaBIHBaHMs HapoB. [lpu aTom Hanbompmmit
mo o0béMy nepeBanku B Poccun tepmuuan — KTK-P, B cuiry 3HaunTeNnbHON yOanéHHOCTH MPUYATBHBIX
YCTPOMCTB OT Oepera (MPUMEPHO 5 KM), HE MMEET CHCTEM YJIaBJIHMBaHUs MapoB. TakoBa CyIIECTBYIOIIAs
MHUpPOBasi MPAaKTHKa IKCIUTyaTallid BBIHOCHBIX MpUYaNbHBIX ycTpoicTB (BIIY): mpm HU3KHX, B memom,
MoKa3aTeisix aBapuiHOCTH, CBOWCTBEHHBIX MOJOOHBIM CXeMaM, BEIOPOCHI ITApOB 3/1€Ch 3HAYUTENBHBIC.

Cucrema ynaBiIMBaHUSI MApOB KOHOMHUYECKH OIpaBAaHa, T.K. MO3BOJIAET KCIIOIb30BaTh LIEHHBIC
SHEPTOPECYpPCHl, a MpH BbIOpocax MmapoB B aTtMocdepy, laxe BIAIH OT Oepera, CHelHaIrucThl OOBIYHO
«TIePEKIIaIBIBAIOT OTBETCTBEHHOCTH)» Ha PO3y BETPOB. BCE€ moToMy, 4TO MepKanTaHbl, BXOISIINE B COCTaB
BBEIOPOCOB, IMEIOT BECbMa PE3KHUi 3a1aX 1 HOBOPOCCHHIIBI MIEPHUOIUIESCKH ATO YYBCTBYIOT. MepKanTaHbl —
JIETKOJIETYYHE MPOU3BOJIHBIE CEPOBOAOPOAA, SBISIOTCSA NMPOAYKTaMHU THHEHHMS OPraHHYeCKHX BEIIECTB,
MOJTOMY Y 4eJIOBEKa SBOJIOIMOHHO BBIPAOOTANICS MEXaHHM3M OCOOOH YYyBCTBHTEILHOCTH K TaKUM
coenuHeHusiM. [lopor onryieHus 3amaxa MEpKanTaHOB YPE3BbIYANHO HU3KUH, 3HAauuTenbHO Hibke [1/IK,
YTO MO3BOJISIET UCTIONIL30BATh 3TH BEIECTBA, HAIPUMED, JUISl BBISBJICHUS yTeueK ObITOBOTO rasa.

[losiBIeHE MepKaNTaHOB Ha TAaHKEPE CBSI3aHO C CYIOBBIMH HHEPTHBIMH Ta3aMH, HATHYHE KOTOPBIX
HEOOXOJIMMO B TPy30BBIX TaHKaxX /s OOECHeueHus MOXKapo- W B3pbIBOOE30MacHOCTH. B kadecTse
WHEPTHBIX OOBIYHO HMCHOJB3YIOTCS BBIXJIONHBIE Ta3bl CYJOBBIX JHM3EJei, KOTOpbIe OnpeaeEHHOe BpeMs
WHEPTU3UPYIOT (HEUTPAIM3YIOT) OMACHYIO0 cpely He(PTSHBIX MapoB, a 3aT€M BHITECHSIOTCS HEPTETpy30M
MpHU TOTpy3Ke TaHKepa. TakuM o0pa3oM, yjansemble ¢ TaHKEpa WHEPTHbIE Tas3bl JBAXKIBI SIBISIOTCS
o0bekToM BbIOpoca. IlepBblii pa3 — Kak MOOOYHBIA MPOAYKT BBIPAOOTKM IHEPreTHYECKOIO pecypca
JIBW)KEHHA CyIHA, a BTOPOW — TOCJ€ BHIMONHEHUs QyHKINM obecriedenns Oe3omacHocTH. IlepBorit Tun
BBIOpOCa XapakTepeH JJisl BCeX CyJIOB, a BTOPOW THIT CBOWCTBEH HE(TSAHBIM TaHKepaM. [Ipu 3TOM HaWTH
3aMEeHY HCIOJIb3YeMbIM MHEPTHBIM Ta3aM, YUUTHIBAasg WX HEOOXOANMOE KOJIMYECTBO, HE MPOCTO (OLIEHKa
o0BeMa, yansieMol ¢ TaHKepa Mapora3oBoii CMecH IPUBEICHA BHIIIIE).

MOoXHO OTMETHTb, YTO B HACTOsIIEE BpeMs B Poccuu B LIEIOM OTCYTCTBYET CHCTEMA HOPMHPOBaHHS
3amaxa B atMocthepHoMm Bozayxe (TOCT P 58578-2019). [Ipu oTcyTcTBHMM HOpMAaTUBHOM 0a3bl B OTHOIIICHUN
3amaxa, UCCIIeIOBaHMS BBIOPOCOB MPEANPHATHI UMEIOT OTPaHIMYESHHYIO 00J1aCTh IPUMEHEHHNS U HE TIO3BOJISIOT
MIPUPOJOOXPAaHHBIM OpraHaM BO3JEMCTBOBaTh Ha MPENNPHUATHS B YacTU IPOBEJICHUS MEPONPHUATHH 110
CHWDKEHHUIO BBIOPOCOB TMAXy4YHMX BEIeCTB. [IepCIieKTHBBI 3/IeCh MOTYT OBITh CBS3aHBI C BBEJICHUEM MECTHBIX,
JIOKaJIbHBIX HOPMATHBOB 3allaxa, JCHCTBYIOIIMX HA OTHOCHTENILHO HEOOMNBLIONH TEppUTOpHH BOIHM3U
MpEeNNpHUATHS, BBIOPOCHI MAXy4HX BELIECTB KOTOPOTO HEraTUBHO BO3/ACHCTBYIOT HA HACENICHHE.

PaszButie moproBoit MH(pACTPYKTYphl, B T.4. MO3BOJISIONIEH TOBBICUTH TEXHOJIOTHYHOCTh U
0€e301acHOCTh OIEpalfii, CHU3UTh BEIOPOCHI, SIBIISIETCS OUYSBUIHBIM IPUOPUTETOM KPYITHBIX MOPTOB. 3aa4a
CHIDKEHUS DMUCCHU JIETYYHX YTJIEBOAOPOAOB IIPH OMEPAIUIX MOTPY3KH He(TCHATUBHBIX TPY30B B MOPTY
Bcerja aktyanpHa. OIHAaKO BO3MOXHBIE TEXHHYECKHE W OpPraHM3allMOHHBIE DPEIIEHMs, CBA3AHHBIE CO
cxemamu cOopa, TPaHCIOPTUPOBKH Ha Oeper (1 6e3 He€) U peKylepanun yaaiseMol CMECH HHEPTHBIX
ra3oB ¥ He(TSIHBIX TTAPOB JOBOJBHO CIOXKHBI U TPEOYIOT PacXo/I0B.
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Loading of tankers and the influence of wind roses in the port area
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In recent decades, oil and oil products have accounted for the majority of cargo traffic at the port of
Novorossiysk. In 2025, this new Russian record exceeded 122 million tons (73% of all cargo types). The
loading of dangerous goods in such quantities is certainly a safety hazard, however, not only accidents with
oil spills, potential and real, but also some processes associated with the implementation of cargo operations
cause concern among the local population and require the attention of specialists [1].

During sea loading of oil, the incoming cargo displaces oil vapors and gases from the sheep’s tanks.
The vapor-gas mixture from the tanks can be released directly into the atmosphere or fed into a special vapor
recovery system. Moreover, the volume of vapor-gas mixture removed from the tank is equal to the volume
of oil entering the tank, which can be used to quantify emissions. At the port of Novorossiysk, where the
main oil terminals are not new, efforts are still being made to use a vapor recovery system. Moreover, the
largest terminal in Russia by transhipment volume, the CPC-R, does not have vapor recovery systems due
to the significant distance of its moorings from the shore (approximately 5 km). This is the current global
practice for operating single-point moorings (SPM): despite the generally low accident rates typical of such
systems, vapor emissions are significant.

The vapor recovery system is economically viable because it allows for the use of valuable energy
resources. However, when vapors are released into the atmosphere, even far from the coast, experts usually
«shift the blame» to the wind. This is because mercaptans, which are part of the emissions, have a very
pungent odor, and Novorossiysk residents periodically experience it. Mercaptans are highly volatile
derivatives of hydrogen sulfide, products of the decomposition of organic matter, which is why humans
have evolved a mechanism for increased sensitivity to such compounds. The odor threshold of mercaptans
is extremely low, significantly below the maximum permissible concentration, which allows these
substances to be used, for example, to detect household gas leaks.

The presence of mercaptans on a tanker is associated with marine inert gases, which are essential in
cargo tanks to ensure fire and explosion safety. Marine diesel exhaust gases are typically used as inert gases;
they temporarily inertize the hazardous oil vapor environment and are then displaced by the oil cargo when
the tanker is loaded. Thus, the inert gases removed from the tanker are emitted twice. The first is as a
byproduct of depleting the vessel's propulsion energy, and the second is after the safety function has been
fulfilled. The first type of emission is typical for all ships, while the second is specific to oil tankers. Finding
a replacement for the inert gases used, given the quantity required, is not easy (an estimate of the volume of
steam-gas mixture removed from a tanker is given above).

It should be noted that Russia currently lacks a system for regulating odor levels in atmospheric air
(GOST R 58578-2019). In the absence of a regulatory framework for odor, studies of industrial emissions
have limited applicability and prevent environmental authorities from influencing industrial enterprises to
implement measures to reduce odorous emissions. A promising approach may be to introduce local odor
standards applicable to a relatively small area near the industrial enterprise whose odorous emissions
negatively impact the population.

Developing port infrastructure, including improving the efficiency and safety of operations and
reducing emissions, is a clear priority for major ports. Reducing volatile hydrocarbon emissions during oil
loading operations at ports is always a pressing issue. However, potential technical and organizational
solutions for collecting, transporting ashore (or offshore), and recovering the removed mixture of inert gases
and oil vapors are quite complex and expensive.
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Onrtuyeckue TMEPeKIOYaTeNIM  MPUMEHSIOTCS B BOJIOKOHHO-ONTHYECKUX — CHUCTEMax  Juis
KOH(UTypHpOBaHHUS JIMHUAX MEpeiauu JaHHBIX. [IpuHIMI paOOThl TAKMX YCTPOMCTB, a TAK)Ke HEKOTOPBIC
UX XapaKTEePUCTHKH IIPUBEICHBI, HATIpUME, B padoTax [1, 2], a Takke B TEXHHYECKOM MACIOPTe YCTPOHCTB.
JInst 3 peKTUBHOTO MCHONB30BaHus Hepekitouareneii [3, 4] B HEKOTOPBIX ciydasx, IOMHMO BPEMEHHU
HEePEKITIOYEHHs], HEOOXOANMO 3HATh ITapaMeTpPhI IIEPEXOAHOTO MPOIECCa MEePeKIFOYCHYS.

B nanno#t paboTe mccinemoBaHus MPON3BOAMINCH HA BOIOKOHHOM nepekitodarene QXHFITEBER
NV-1x2 MSO 1X2 na mmHe BomHbl 1550 HM TpH YHOPaBISTIONEM HANpsSHKEHAH HAa OOMOTKE
anekTpomarauta 5 B. HampspkeHue Ha BBIXOJIE HIMPOKOIMOJIOCHBIX (DOTOMPUEMHUKOB PErUCTPHPOBATIOCH
ocisuiorpadom. HauanbueiM MoOMeHTOM BpeMeHH (fo) mosaraiy BKIFOUYEHHE YITPABIISIOIETO HANPSDKEHHMS.

JIisi  anmpokCHMManWM TIOMYYeHHBIX BpeMeHHbIX 3aBucumocteit U(t) Obuta  mcrmonb3oBaHa
JOTUCTHYECKast GYHKIHS, KaK HanOoJIee TOAXO/IAIIAs VISl OIMCAHMUS TOJOOHBIX MPOLIECCOB:

Umax - Umin 1)
U (t) = Umin + T t—t,
1+e~
Umax - Umin (2)
U(t) = Upin + - i,
l1+e =
3meck Umin, Umax — MHHAMAJIBHOE MW MaKCHUMaJILHOE 3HAYEHHE HamnpsDKEHHUsIT Ha BBIXOIE

doronpuemunkos (Ui, Uy), to — MOMEHT BpeMeHH, COOTBETCTBYFOIIHIA TIEPErn0y JTIOTHCTHUCCKOM (YHKIIHH,
T — mapameTp KpyTu3Hsl nepexoaa. ®opmynsl (1) u (2) oTnHyaOTCs 3HAKaMU CTETICHEH B 3HAMEHATEIISIX
¢dopmyna (1) omwuceiBaeT yObIBaroOIIyl (YHKIUIO, T.e. CHTHAJI MPH OTKIIOYEHHMH KaHama, (2) —
BO3PaCTaOIIYI0, T.€. IPH BKIIFOUSHHUH.

Anmnpokcumanusi rpaduKOB MPOM3BOAMIACH B IporpaMMHoii cpexe Python. bubamorexa Pandas
HCIIOIBb30BaNIach, YT00bI mpounTtath CSV (aiinsr ¢ ocrmmtorpada, NUMPY — st pacuéros, a SCIPY — st
noxbopa Ko3((UIMEHTOB METOJAOM HauMEHbIMX KkBaapaToB. Jlns U; Obuld 1OA00paHbl Takue
ko3 dutuerTsr: Umin = -0,0698 B, Umax = 3,7552 B, to = 1,6922 mc, t=0,1015 mc. st Uz: Umin = -0,0180
B, Umax = 3,3438 B, to = 2,0387 mc, t = 0,0785 mc. [Tokazano, uro jorucruyeckas GyHKIUS XOPOIIO
aNmpOKCUMUPYET MOyYeHHbIE 3aBucuMocTH: 11t Ur Bemmunna R? cocrasuna 0,9969, a s U, — 0,9972.

C nomouipto 00paTHOrO MpeoOpa3oBaHUs JOTMCTHYECKOHW (YHKIMHM OBUIO BBIYHCICHO BpEMS
nepexoaHoro mpouecca. [Iporecc cunTancs 3aBepHIEHHBIM NPH JTOCTHXKEHUH HANpSDKEHUS Ha BBIXOJE
kanana ypoBHeH Umin + 5% (U, 0x — Umin) ¥ Umin + 95%(Usax — Umin) st Ur 1 Uz cooTBeTcTBEHHO. J[Ist
mpolrecca Crajaa HampsbkeHuss Ha Bbixone nepekimrouarens (Ui) tsy, = 1,991 mc, s mpomecca pocra
HanpspkeHust Ha apyrom Beixoge (Uz) tese = 2,270 mc. CnenoatenbHo, HampsbkeHue Uz Ha BBIXOze
MepEeKIFoYaTeNs CTa0MIN3UpoBaIock Ha 279 Mkc no3xe, yeM Ui. Beuia HalineHa 3amepxka mporecca Julst
00oux ciry4aes lgelay. OHA paBHA IPOMEKYTKY BPEMEHU MEXK/Ty ITOJIa4el yIpaBIISIONIETo HAPSKEHUS U tosy,
(most Uy) o tsy (ast Uz). YuuThiBas, uto B MOMEHT mojaun HanpspkeHus t = 0, aist Usr! taelay = 1,400 mc,
Ut U2: tgelay = 1,808 mc. M3 aTOTO CiiemyeT, 9To mporiecc pocTa Hanpsbkerws U, Ha Bexoze Havancs Ha 408
MKC TI03Ke, 4eM Havajcs cnaj HanpspkeHus Us.

[lomydeHHbIe MaHHBIE MOTYT OBITH MCIIOJNIB30BAHBI MPHU MPOCKTUPOBAHHH BOJIOKOHHO-ONTHUYECKUX
CHCTEM U T03BOJIAT OoJiee A3(PEKTUBHO UCTIOIB30BaTh JAHHBIA ONTUYECKUN MEPEKITI0YATENb.
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Measurement of transient parameters in a fiber optical switch
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Optical switches are used in fiber-optic systems to configure data transmission lines. The principle of
operation of such devices, as well as some of their characteristics, are given, for example, in [1, 2], as well
as in the technical data sheet of the devices. In order to use switches effectively [3, 4], in some cases, in
addition to the switching time, it is necessary to know the parameters of the switching transition process.

In this work, a QXHFITEBER NV-1x2 MSO 1X2 fiber-optic switch was studied at a wavelength of
1550 nm at the control voltage across the electromagnet winding of 5 V. The output voltage of broadband
photodetectors was recorded by an oscilloscope. The initial moment of time (to) was assumed to be the
activation of the control voltage.

The logistic function was used as the most suitable for describing such processes to approximate the
obtained time dependences U(t):

U —-U,_; 1

U(t) — Umin + max t_g)lln ( )
14+e 7

U - U, 2

U(t) — Umm + max t_Tlr:lOlTl ( )
1+e 7

Here Unmin, Umax are the minimum and maximum voltage values at the output of the photodetectors
(U1, Uy), to is the time point corresponding to the bend of the logistic function, and t is the steepness
parameter of the transition. Formulas (1) and (2) differ in the signs of the degrees in the denominators:
formula (1) describes a decreasing function, i.e. the signal when the channel is turned off, (2) —an increasing
function, i.e. when it is turned on.

The graphs were approximated in the Python software environment. The Pandas library was used to
read CSV files from an oscilloscope, NumPy was used for calculations, and SciPy was used to select
coefficients using the least squares method. The following coefficients were selected for U1: Umin = -0,0698
V, Umax = 3,7552 V, to = 1,6922 ms, T = 0,1015 ms. For Uz: Umin = -0,0180 V, Umax = 3,3438 V, to = 2,0387
ms, t = 0,0785 ms. It is shown that the logistic function approximates the obtained dependences well: for
Us, the value of R? was 0.9969, and for U, — 0.9972.

The time of the transition process was calculated using the inverse transformation of the logistic
function. The process was considered completed when the channel output voltage reached the levels of Umin
+ 5% (Upmax — Umin) and Unmin + 95%(U 0 — Umin) for Ur and Uy, respectively. For the process of voltage
drop at the switch output (U1) ts% = 1,991 ms, for the process of voltage rise at the other output (Uz) tosy =
2,270 ms. Consequently, the voltage U at the switch output stabilized 279 ps later than U;. The delay in the
process was found for both tqeiay cases. It is equal to the time interval between applying the control voltage
and tgsy (for Uq) or t5% (for U,). Considering that at the moment of voltage supply t = 0, for Ui teelay =
1,400 ms, for Ua: tgelay = 1,808 ms. It follows from this that the process of voltage rise U, at the output began
408 ps later than the voltage drop U; began.

The data obtained can be used in the design of fiber-optic systems and will allow for more efficient
use of this optical switch.
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Jlazep Ha mapax mapranna 3pQeKTUBHO H3ITyyaeT Ha HECKOJIBKHUX JTMHUSAX B BuanMon (534.1 - 553.8
uM) u UK obnactu criektpa (1.289 - 1.399 mkM.). MccnenoBanue ero SHEPreTHYECKUX XapaKTEPUCTHK B
YICTOM MeTaJule MPUBENN K TOMY, 4To B [1] ¢ OydepHBIM ra3om renreM OblIa JOCTUTHYTa MaKCUMAIIbHAS
CyMMapHas MOINHOCTh u3itydenus 12 Bt B I'PT ¢ 06bemMoM akTuBHOM 30HEI 204 cM® (quametp 2 cM) n
MOIITHOCTBIO0 Hakauku 3.72 kBT. Bbuto ycTaHOBIEHO, UTO aKTUBHAS Cpejia MapraHia o0yagaeT OOJbIINM
ko> unuentom ycunenus. Jns ycunurens oobemoM 225 cM® K0I(QQHMIMEHT YCHICHHMS B BHAMMOMN
obnacTu criektpa gocturan 3HadeHus 0.2 cm™! [2]. DTo MO3BONMIIO MCIIONB30BATh 3Ty CPENy B Ka4eCTBE
YCUJIMTEINS IPKOCTH U300pakeHuii |3, 4].

Lenp HacTosimieil paboThl 3aKimioyanach B HCCICJOBAHHHM ONTUMAIBHBIX PEKUMOB PabOTHI U
JOCTHKCHUHU BBICOKHUX yIEJIbHBIX IAPaMETPOB I'€HEepallvi B HU3KOTEMIIEPaTyPHOM aHAJIOTE - TAIOTeHUIaX
mapranma (MnCl,, MnBr»).

B paboTe McCIen0Bantch ra3o0paspsiHble TpyOKH ¢ 00bEMOM aKTUBHOM 30HbI 157 cm® (miuna 50
cM, nuameTp 2 cM). KoHCTpyKIHs STUX aKTHBHBIX AJIEMEHTOB OmMucaHa B pabotax [3, 4]. Kaxmas TpyOka
ObliIa OCHAIIICHA PEBEPCUBHBIM reHepaTopoM ramorenosogopoaa (HCI, HBr) mist yBeaudeHust BBIXOAHOM
MOIIHOCTH JIa3epa.

ITpu uccnenosanuu MnCl, u MnBrz-nazepoB ObUIO YCTaHOBJICHO, YTO M3MEHEHHE TEMIIEPATYPhI
pabouero kanana (780-800°C) na 50°C npuBOAUT K CHIKEHUIO MOIHOCTH IeHepaliu 60JIee, YeM B 2 pasa.
OnTuMaabHBIE YaCTOTHI B CXEME C TUOAHO-PE30HAHCHOU 3apsAKon cocTaBisitoT 16-21 kI, OnTumanbHOE
3HaveHue JaBiieHus OydepHoro raza He u Ne miist 3Tux nasepoB coctamiseT mopsyika 15-25 mwm pT. cr.,
MIPUYEM MOIIHOCTH 000X Ja3epoB C 3TUMHM ra3aMH COINOCTaBUMBI. BBeneHue 1o0aBku XJI0pOBOIOpOaa U
OpoMBOZIOpOJa B HCCIIEAyEeMble aKTUBHBIE cpebl B KoiaudecTBe 0.2 MM PT. CT. CHOCOOCTBYET yBEITHUEHHIO
MOIITHOCTH T€HEPAIHH.

Jist TOBBIIIEHUS] MOIIHOCTH HAaKauyKW M HANpPSDKEHUsI MCIOJB30BAJIACh BYXKACKOAJHASI CXEMa C
HUMITYJIbCHBIM 3apsiioM paboueil eMKOCTH M UMITYJICHBIM aBTOTpaHcopmaTopom. CymmapHasi 4acToTa
CJIeJIOBaHMS UMITYJILCOB cocTaBiisiia 14 kI, paboure eMkocTH oT 1.5 10 3.3 HO. YBeauueHue MOITHOCTH
redeparuu g0 2 kBT no3pommwio Ham B MnBra+HBr-nasepe, patoraromero ¢ UCHU 14 k[’ moctuyb
morroctH 5 Bt ¢ KI1J1 0.25%. [Tpu 9TOM yaelbHbIE XapaKTEPUCTHKN TeHepaluy cocTaBuan 32 MBt/cm?® n
2.2 mxJIx/cm?, a MmomHOCTh reHepanuu B UK o6nactu crexrpa 1-1.4 Br.

[Nonmy4yeHHbIEe pe3ynbTaThl IOKa3aJdl OTCYTCTBHE HACBHIIIEHUS MOIIHOCTH T'€HEPALUH HUCCIIETyEeMbIX
Ja3epoB NpPU YBEIMUYEHUHM MOIIHOCTH HAKa4dK{, YTO TOBOPUT OO0 WX JaJbHEHIIeM MOTCHLUale i
MPAaKTUYECKOTO MPUMEHEHHUSL.
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The manganese vapor laser efficiently emits on several lines in the visible (534.1 - 553.8 nm) and IR
spectral regions (1.289 - 1.399 um). The study of its energy characteristics in pure metal led to the fact that
in [1] with helium buffer gas, the maximum total radiation power of 12 W was achieved in a GDT with an
active zone volume of 204 cm3 (diameter 2 cm) and a pump power of 3.72 kW. It was found that the
manganese active medium has a high gain. For an amplifier with a volume of 225 cm3, the gain in the visible
spectrum reached a value of 0.2 cm™ [2]. This made it possible to use this medium as an image brightness
amplifier [3, 4].

The aim of this study was to investigate optimal operating conditions and achieve high specific
generation parameters in a low-temperature analog - manganese halides (MnClz, MnBr>).

We investigated gas-discharge tubes with an active zone volume of 157 cm?® (Iength 50 cm, diameter
2 cm). The design of these active elements is described in [3, 4]. Each tube was equipped with a reversible
hydrogen halide (HCI, HBr) generator to increase the laser output power.

In a study of MnCl, and MnBr- lasers, it was found that changing the working channel temperature
(780-800°C) by 500°C leads to a more than halving of the output power. Optimal frequencies in the diode-
resonant charging circuit are 16-21 kHz. The optimal He and Ne buffer gas pressure for these lasers is
approximately 15-25 mmHg, with the output power of both lasers using these gases being comparable.
Adding 0.2 mmHg of hydrogen chloride and hydrogen bromide to the active media under study increases
the output power.

To increase the pump power and voltage, a two-cascade design with pulsed charging of the working
capacitor and a pulsed autotransformer was used. The total pulse repetition rate was 14 kHz, and the working
capacitors ranged from 1.5 to 3.3 nF. Increasing the lasing power to 2 kW allowed us to achieve a power of
5 W with an efficiency of 0.25% in a MnBr.+HBr laser operating at a pulse repetition rate of 14 kHz.
Specific lasing characteristics were 32 mW/cm3 and 2.2 pJ/cm3, and the lasing power in the IR spectral
region was 1-1.4 W.

The obtained results showed that the lasing power of the studied lasers did not saturate with increasing
pump power, indicating their potential for future practical applications.
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JAns Hay4HOTO W TEXHUYECKOTO pa3BUTHA BOJIIOKOHHOM ontuku, uHPpakpacHoii (UK)
CIIEKTPOCKOIINH, a TAK)KE CO3JaHNS COBPEMEHHBIX JICTEKTHPYIOIINX YCTPOWCTB HE0OXO0 MM MINpoKas 0a3a
ONTHYECKUX MAaTEepHajoB, OONAAAlOIIMX HIMPOKAM JAMANa30HOM IPOMYCKaHHSA, a TaKKe BBICOKUMHU
CHMHTH/UIALIMOHHBIMU  XapaKTepPUCTUKaMHU. TakMM{ MaTepuansaMd MOTYT CTaThb MOHOKPHCTAILIBI H
onTuveckas kepamuka Ha ocHoBe cucteMbl AgClo7sBrogs — Tll, B mepcnektuse obnamaromue GpoTo- u
pPaaranOHHON CTOWKOCTBIO, BRICOKOM mpo3padHocThio B K 00acTr 6€3 OKOH MOTIIOIMIEHHS, a TAKXKe SPKO
BBIPKEHHOHN CHUHTUILIAIMEH Py J00aBICHUN aKTUBUpYIoIei qo6aBku T1F.

[epBbIM 3TanioM MOJTYyYEHHs] HOBBIX MAaTEpPHUANOB SIBIISETCS M3yYCHHE TEMIIEPAaTYPHBIX MEPEX0aI0B
coctaBoB cucteMbl AgClo 75Bro 25 — Tll, koTopoe mpoBoamiock MeTooM auddepeHITHaTbHO-TEPMUYECKOTO
anamusza (JITA) [1]. Juanazon kouieHnTtpaimit oopasmos coctasun 0—100 mac. % TII B AgClo7sBro2s ¢
marom 10 mac. %. Ot 0 1o 10 mac. % u ot 90 mo 100 mac. % Tl B AgClo75Bro 25 mar coxparmaincs no 1-2
Mac. % 1 yrouneHus (a3oBBIX mepexonoB. Bech mporecc ObIT peaqn30BaH MpH TeMIiepaType ot 25 10
550 °C. Hnsa onpeneneHus $pa3oBBIX COCTABOB O0JIACTEH JAMAarpaMMBlI HCIIONB30BAICS PEHTTeHO(Aa30BHIi
anaym3 (P®A) na ycranoske Rigaku MiniFlex 600 [2].

ITo pesynpratam ITA u POA ananm3oB Oblia mocTpoeHa U M3y4eHa (ha3oBas quarpamMma CHCTEMBI
AQClosBroos — TII, xapakTepusyromiascsi OrpaHHYCHHONW pacTBOPHMOCTBIO B TBepaod (ase u
HEOTPaHWYEHHON pacTBOPUMOCTBIO B JKHIKOH. JluarpaMMa COCTOSHHUSI COAEPXKHT JIB€ O0JIacTH
TOMOTEHHOCTH B auana3zonax ot 0 10 6 moir. % u ot 95 10 98 moi. % Tl B AgCly 75Bro2s. B epBoii obmactu
MPOUCXOIUT 00pa30BaHKe COeAMHEHUsI pocTpancTBeHHoM rpymsl FM3m (tuma NaCl). Bropas o6macts
XapaKkTepu3yeTCst MPOCTpaHcTBeHHOM rpymmoit Pm3m (tuma CsCl). B atux 0671acTsAX BOZMOYKHO MOy IEHHE
CTaOMIIBHBIX TIPU KOMHATHOH TeMIlepaType MOHOKpUCTaIOB. B nuanazone koHnentpamuii ot 98 mo 100
mac. % TII 8 AgClo,75Bro2s mpu 25—175 °C Haxoqutcst HU3KOTEMIIepaTypHasi poMOndecKasi MO ()UKAIIHS
omuaa tammst Cmcm. Takke Ha JUarpaMMme COCTOSIHHSI CYIIECTBYIOT TPHM OOJacTH T'eTepOreHHOCTH:
obmacth ot 6 10 38 mom. % Tl B AgClo75Bro2s mpu temmeparypax 25—-124 °C, comeprkaias KyOH4IecKyro
Fm3m u pombosapudeckyio R-3 (a3el; B KOHIEHTpAIMOHHOM Juana3oHe ot 38 mo 71 mon. % Tl B
AgClo75Bro2s B nnrepBaie temmeparyp ot 25 mo 149 °C ¢ popMupoBaHneM MEXaHHYECKOW CMECH JIBYX
pombosaprueckux (a3 R-3 u ot 71 mo 95 mon. % Tl B AgClo7sBro2s pu temneparypax 25-245 °C, B
KOTOpO# HaxoasTcst Kyoudeckass Pm3m u pombosapudeckas R-3 daspr. O6nactu ot 6 1o 38 mon. % u ot
71 no 95 mon. % Tl B AgClo75Bro2s moaxonmst s cuHTe3a cTabHIBHON P KOMHATHOW TeMIieparype
HOBOU onTruieckoi nByxdasHoit kepamuku cructeMbl AgClo75Bro2s — TII.

HccnenoBanue auarpaMMbl COCTOSTHHS MTO3BOJIMIIO MTPOJIOJDKHTh W3yUSHHE HOBBIX MaTEepHajoB Ha
OCHOBE TaJOTeHHIIOB cepebpa W omHoBaneHTHoro (l) Taymmms, ompenenuTh MapaMeTpbl TEXHOJIOTHH
MOJyYeHUS MOHOKPHCTAJUIOB MeTOoAOM bpumkmMeHa W cHHTE3a ONTHYECKOW KEPaMHKH METOA0M
HaTpaBJICHHON KPUCTAJUTU3AIMH JIJIS JATBHEUIIETO ONpeeNieHns] MX (QYHKIIMOHATBHBIX CBOWCTB.

HccnenoBanne BBINOAHEHO 3a c4yeT rpaHta Poccuiickoro HayuHoro (onma Ne 25-13-00506,
https://rscf.ru/project/25-13-00506/.
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For the scientific and technical development of optical fibers, infrared (IR) spectroscopy and the
production of modern detecting devices, a large number of optical materials with a wide transmission range
and high scintillation characteristics is necessary. Such materials could include single crystals and optical
ceramics based on the AgClosBro2s — Tl system, which in the future will exhibit photo- and radiation
resistance, high transparency in the IR region without absorption windows and pronounced scintillation with
the activating additive TI".

The first step in obtaining new materials is to study the temperature transitions of the AgClo.7sBro.2s —
TII system compositions, which was carried out using differential thermal analysis (DTA) [1]. The sample
concentration range was 0-100 wt. % TII in AgClo.7sBro.2s with a step of 10 wt. %. From 0 to 10 wt. % and
from 90 to 100 wt. % TII in AgClo.7sBro.2s the step was reduced to 1-2 wt. % to clarify the phase transitions.
The entire process was performed at temperatures from 25 to 550 °C. To determine the phase compositions
of the diagram regions, X-ray phase analysis (XRD) was used on a Rigaku MiniFlex 600 setup [2].

Based on the results of DTA and XRD analyses, a phase diagram of the AgClo.7sBro2s — Tl system
was built and studied, characterized by limited solubility in the solid phase and unlimited solubility in the
liquid phase. The phase diagram contains two homogeneity regions in the ranges from 0 to 6 mol. % and
from 95 to 98 mol. % TII in AgClo.7sBro2s. In the first region, a compound of the Fm3m space group (NaCl
type) is formed. The second region is characterized by the Pm3m space group (CsCl type). In these regions,
it is possible to obtain single crystals stable at room temperature. The low-temperature orthorhombic
modification of thallium iodide Cmcm is found in the concentration range from 98 to 100 wt. % TII in
AgClo7sBro2s at 25-175 °C. There are also three heterogeneity regions on the phase diagram: the region
from 6 to 38 mol. % TII in AgClossBro2s at temperatures of 25-124 °C, containing cubic Fm3m and
rhombohedral R-3 phases; in the concentration range from 38 to 71 mol. % TII in AgClo7sBro2s in the
temperature range from 25 to 149 °C with the formation of a mechanical mixture of two rhombohedral R-3
phases and from 71 to 95 mol. % TII in AgClo.7sBro2s at temperatures of 25-245 °C, which contains the
cubic Pm3m and rhombohedral R-3 phases. The regions from 6 to 38 mol. % and from 71 to 95 mol. % TII
in AgClo.7sBro2s are suitable for the synthesis of a new optical two-phase ceramic of the AgClo.7sBro2s — TlI
system that is stable at room temperature.

The investigation of the phase diagram allowed us to continue the study of new materials based on
silver halides and monovalent (I) thallium, determine the parameters of the Bridgman single-crystal
production technology, and synthesize optical ceramics using directional crystallization to further functional
properties characterization.

The research was supported by the grant of the Russian Science Foundation No. 25-13-00506,
https://rscf.ru/project/25-13-00506/.
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MOHOKpHUCTAIUTBI ¥ KEpaMHUKa Ha OCHOBE TaJOTCHH/IOB METAJUIOB SBISIFOTCS OJHUMH W3 HauOoJjee
ITUPOKO MPO3PAYHBIX ONTHIECKUX MaTepruaioB (ot 0,4 mo 60,0 MKM), HETHTPOCKOITMIHBIX U TJIACTHIHBIX,
YTO JIeNaeT WX MEPCHEKTHBHBIMU ISl ONTHYECKUX U ONTORJIEKTPOHHBIX cucteM mH(ppakpacHoro (MK)
Jara3oHa, B TOM YHUCIe Jla3epHBIX TexHonoruid. OmHako oOpas3laM Ha OCHOBE TaJIoTeHUIOB cepebpa
MIPHUCYII TAKOH HEAOCTATOK, KaK ()OTOIYBCTBUTEIHHOCTD, BCIECTBIE KOTOPOI IO ACHCTBUEM COTHETHOTO
W3JTy4eHUs Ha IOBEPXHOCTH MaTEPHUaIOB BhIJIENETCS KOJUIOUAHOE cepedpo, TeM CaMbIM pa3pyiias o0paser]
Y Hapyliasi ONTHYECKYIO MTPO3pavyHoCTh. bosee ycTolunBeiMU K yibTpaduoiery (YD) MoHOKpHUCTaTIaMU
SIBIITFOTCS TaJIOTeHHUIBI TAJUTHS, HO M3-32 CKIIOHHOCTH K PEKPUCTAJUIN3AINH 3€PEH B MOIUKPUCTATUTMIECKUX
W3MIENUIX W3 HUAX TIPOWCXOMUT YKPYIHEHHWE 3€pHa H paspylieHre oOpasna. MHOTOYHCIeHHBIE
HCCIieIoBaHusl aBTOpoB [1] mokazanu, 4ro oObeAWHEHNE TaJOreHUI0B cepedpa W Talulusl COCOOCTBYET
COXPaHEHUIO TUIACTHYHOCTH MAaTEepUasOB, MPU 3TOM MPOUCXOIUT YIIUPEHHE THAITa30Ha CIIEKTPAILHOTO
MIPOITyCKaHUsI U MOBBIIIEHHE (POTOCTOMKOCTH, a TAKIKE POCT MUKPOTBEPAOCTH, UYTO OJIArOMpPHUATHO BIIHSET
Ha QYHKIHOHAJIBHBIE BO3MOXHOCTHU M CPOK IKCIUTyaTallH U3AETHIA U3 TIOAOOHBIX COCTUHEHUI.

B HenaBHee Bpemst Obliia u3ydeHa cuctema tBepabix pactBopoB AgClo.7sBro2s — Tl v monmydena cepust
COCTaBOB MOHOKPHUCTAIIIOB M Kepamuku u3 Hux: 0,5, 2, 3, 6, 15, 32, 73, 85, 97 mon. % Tl B AgClo.75Bro.2s.
CoenuHeHus He OO0NajgaNy Ype3BHIYAHO MIMPOKHM JUATA30HOM TNPOIYCKaHUS W3-32 BBICOKOW OJH
xJyopuza cepedpa B cBoeM cocrase: 0,4—45 MKkM, 0flHaKO ypoBeHb npomyckanus B K obnactu npesbiman
80%, 9TO CBHIIETENILCTBYET O BBICOKOW MPO3PAYHOCTH W OTHOCUTEIFHO HU3KOM ITOKA3aTeNe MPeIOMICHUS
MatepuaioB. [lomumo mpodero WOAMI TATHS SBISETCS COMHTHIUIAIMOHHOW M00aBKOH [2], BBemeHUE
KOTOpOM TPUBOAUT K SMHUCCHHM 00pa3ioB B Buuumon u OymxHer MK obmacti. COBOKYITHOCTB 3THUX
(akrtopos aemaer coenuuenust cucreMbl AQClo7sBrozs — Tl mpakTrdeckn 3HAYMMBIMU TIPEACTABUTEIAMH
MaTepHasoB MPOIYCKAFOIIEH ONTHKH.

M3-3a BBICOKOTO COAep:KaHUS Xjopa B rpanndHoM TBepaoMm pactBope AQClorsBro2s Bo3morkHa
BBICOKAsl YYBCTBUTEIBHOCTh K Y@ 00JIy4YeHHI0O MOHOKPUCTAIUIOB U Kepamuku Ha ocHoBe AJClo.75Bro2s —
TIl. YroGel oreHuts Y®P-ycTOWYHBOCTH OOpA3IOB OBLIO TMPOBEACHO HCCIEIOBAHUE ONTHYECKOTO
MIPOITyCKaHUsI TOCIIe BO3ACUCTBUSA Ha OOpas3lbl U3 MOHOKPUCTAJUIOB M KEPAMHKH W3ITyUYE€HUEM ITHHON
BonHBl 260-370 HM, momHOcThi0 2 BT B Tewenue 20, 20, 50, 170 n 530 munyt. [Ipu mpoeneHun
uccienoBanus ucnonbs3zoBauck UK-Oypre cnekrpomerp IRPrestige-21, Shimadzu u ynerpaduonerosas
nammna. CHavajga IpOBOAMJIMCH MPOrpeB 0OOpyIOBaHUS B TeYeHHWH | yaca M ero KanuOpoBKa; mocie B
nporpamme IR Solution ykaseiBamich quanason peructpanuu crextpa ot 240 mo 6400 cm, paspemenue
(war ckanupoBanms) 4 cml m KonmuecTBO CKaHupoBaHuil 10; Janee PErMCTPHPOBAJICH KIOBETHBIN
JieprKaTellb C IUIACTUHKOM, He MoABepKEeHHON Y D-13llyueHneM; 1ociie Hayainach perucTpaius IIACTHHKY,
noJiBepeHHON Y D-H3ITyUeHHUI0 TIOCIIE KaXKJI0To dTara 00Ty deHHS.

B pe3ynbTare ObITH OTYYEHBI CIEKTPHI N3MEHEHUS ONITUYECKOTO MPOITYCKAHMUS MAaTEPHAIIOB Pa3HBIX
CTPYKTYpPBl M cocTaBa. Pe3ynbTaTbhl MOKa3aiM, 4yTo ¢ yBenudeHuem BpemeHu oT 20 mo 530 munyT
HaOromaeTcs MOHOTOHHOE CHIDKGHHE HMHTEHCHMBHOCTH —OINTHYECKOro Tporyckanus. Haumbonee
VHTEHCHBHBIE M3MEHEHHS MPOUCXOAAT B MHTepBajie 10 10 MKM, mociie 4ero CHeKTphl He3HAYHUTENbHO
MEHSIOTCS B 3aBUCHMOCTH OT BPEMEHH 00JTy4eHHUs. DTO CBSI3aHO ¢ 00pa30BaHUEM KOJUIOMIHOIO cepedpa Ha
MOBEPXHOCTH 00Pa3LIOB, pa3MephI arioMepaToB KOTOPOro NPeHeOPEKUMO Malbl I H3ITyUYeHHs CpEIHEH U
nanpHeir MK obmactu. B cmekTpax HEKOTOPBIX OOJNYYEHHBIX 00pa3lioB 3a)MKCHPOBAHO TOBBIIICHUE
MPOMYCKaHUS, CBA3aHHOE C 00pa30BaHHOW KOJUIOWJIHBIM CEpeOPOM MHUKPOCTPYKTYPOH, UTO TPHUBOJHT K
MIPOCBETIICHUIO MOBEpXHOCTH. COBOKYIHOE CHIKEHHE MPOIYCKAaHHUs BO BCeX 0Opas3lax HE MPEBHIILANIO
20 %, 4TO TOBOPHT O BBICOKOI (hoTocToliKocTH MaTepuanoB cucteMbl AgClo.7sBro.zs — TII.

B xome pa6otel MetogoM MK-Dypbe CHEKTPOCKONHM HCCIICIO0BAHA KHHETHKA H3MCHCHHS
OINITHYECKOTO TMPOMYCKAaHUS MAaTepUanoB pPa3IUYHONW CTPYKTYpbl M COCTaBa MOA BozaeiicTBuem Y D-
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M3IIYYCHHS BO BpeMeHHOM auana3oHe oT 20 1o 530 MuHyT. Y cTaHOBICHO, 4TO Y D-00TydIeHHE BHI3BIBACT
HampaBlieHHble (M3UKO-XMMHUYECKHE TMPEBpPAIleHHs B CTPYKType o00pasioB, pEeTrHCTpUpPYEMBbIE II0
M3MEHEHUIO MHTEHCHBHOCTH XapakTepucThdeckux mnosoc B uHTepBane 240-6400 cm™'. IlomyueHHble
CHEKTpaJibHbIE JaHHBIE TMOKa3and (OTOCTAOMIBHOCTh HCCICIOBAHHBIX MAaTepHaloB M MOTYT OBITH
WCTIONTE30BAHBI JIS1 IPOTHO3UPOBAHUS CPOKOB UX CITYXOBI P SKCILTyaTaIluH B YCIOBUSIX Y D-Harpy3KH.
HccnenoBanue BHITIOIHEHO 3a cueT rpanTta Poccuiickoro HayuHoro ¢onmaa Ne 25-13-00506.
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The UV-influence on the optical transmittance
of AgClo.7sBro2s — Tl system compounds
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Halide-based single crystals and ceramics are among the most common transparent optical materials
(operating in the 0.4-60.0 um range); their non-hygroscopic and flexible nature makes them promising
candidates for infrared (IR) optical and optoelectronic systems, including laser technologies. However,
silver-halide-based samples suffer from photosensitivity: exposure to ultraviolet (UV) radiation causes the
precipitation of colloidal silver on the material surface, which represents a significant drawback and affects
optical transparency. Thallium halides are more resistant to UV radiation; however, their tendency toward
grain recrystallization in polycrystalline forms leads to particle coarsening and sample failure. Numerous
studies [1] have demonstrated that combining silver and thallium halides helps preserve material ductility
while enhancing spectral transmission, photostability, and microhardness—properties that favorably
influence current characteristics and service life.

The AgClo7sBro2s—TIlI solid solution system has recently been investigated, yielding a series of single-
crystal and ceramic compositions containing 0.5, 2, 3, 6, 15, 32, 73, 85, and 97 mol % TII in AgClo 75Bro.2s.
Due to the high silver chloride content, the compounds did not exhibit an exceptionally broad transmission
range (0.4-45 pm); however, infrared transmission exceeded 80%, indicating high transparency and a
relatively low refractive index. Among other things, thallium iodide acts as a scintillation additive [2], the
incorporation of which results in emission from the samples in the visible and near-infrared regions. These
factors make compounds of the AgClo.7sBro.2s— TlI system significant representatives of transmissive optical
materials. Due to the high chlorine content in the AgClo75Bro2s solid solution, single crystals and ceramics
based on the AgClo7sBro2s —TII system may exhibit high sensitivity to UV radiation. To evaluate the UV
stability of the samples, optical transmission was measured after exposing single-crystal and ceramic
specimens to radiation with a wavelength of 260-370 nm and a power of 2 W for durations of 20, 20, 50,
170, and 530 min.

The study employed a Shimadzu IRPrestige-21 FTIR spectrometer and an UV lamp. First, the
equipment was warmed up for one hour and calibrated. In the IR Solution software, the spectral acquisition
range was set to 240-6400 cm™, the resolution (scan step) to 4 cm™, and the number of scans to 10. Next,
the cuvette holder with a plate not exposed to UV radiation was recorded. Recording of a plate exposed to
UV radiation after every irradiation step.

As a result, spectra representing changes in the optical transmission of materials with varying
structures and compositions were obtained. The results showed a monotonic decrease in optical transmission
intensity as the duration increased from 20 to 530 minutes. The most significant changes occurred in the
range up to 10 um, after which the spectra showed only slight variations depending on the irradiation time.
This is attributed to the formation of colloidal silver on the sample surfaces, with agglomerate sizes that are
negligibly small relative to mid- and far-IR. An increase in transmission — linked to the microstructure
formed by the colloidal silver and resulting in surface anti-reflection—was observed in the spectra of some
irradiated samples. The overall reduction in transmission across all samples did not exceed 20%, indicating
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the high photostability of materials in the AgClo7sBro2s — TII system. Using Fourier-transform infrared
(FTIR) spectroscopy, the Kinetics of changes in the optical transmission of materials with varying structures
and compositions were investigated under UV irradiation over a time range of 20 to 530 minutes. It was
established that UV irradiation induces specific physicochemical transformations within the sample
structures, which are detected through changes in the intensity of characteristic bands in the 240-6400 cm™
range. The obtained spectral data demonstrated the photostability of the materials studied and can be used
to predict their service life under conditions of UV exposure.
The study was supported by the Russian Science Foundation grant Ne 25-13-00506.
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[Iporpecc B obnactu wuHpaKpacHOW ONTHUKH TpeOyeT pa3paboTKH MaTepHajoB C BBICOKUMH
(YHKIMOHANBHBIMU XapakTepucTukamMu. Kpucramnudeckue M KepaMH4ecKue MaTephaibl Ha OCHOBE
rayoreHu1oB cepedpa u tamwtusi(l) B 3aBUCHMOCTH OT (Da30BOTO COCTaBa W CTPYKTYPHI XapaKTepU3YIOTCS
LIMPOKOH 00J1acThIO crieKTpasibHOTO Mponyckanus (o1 0,4 10 60,0 MKM) Ipr OTCYTCTBUH OKOH ITOTIIOICHUS,
a TaKKe COYETalT HETMIPOCKONMYHOCTh, YCTOMYMBOCTH K YJIBTPA()HOIETOBOMY M HOHU3UPYIOIIEMY
U3IY4YEHUIO C IUIAaCTUYHOCTHIO. COBOKYHNHOCTH YKa3aHHBIX CBOMCTB 0OO0€cleYMBacT BO3MOKHOCTb
M3rOTOBJICHHUS HA UX OCHOBE ONTHYECKUX BOJOKOH [1].

Jl1g momy4yeHHs ONTHYECKUX MaTepHajoB Ha MEPBOM TEXHOJIOIMYECKOM 3Tarle MPOBOIAUTCS CHHTE3
BBICOKOYHCTOM IUXTHI. [[J1s1 3TOTO MCTIONB3yeTcss MEeTO ] TepMO30HHOH KpucTammm3anun-cuatesa (T3KC),
MO3BOJISTFOLLMH IPOBECTH ITyOOKYIO OUUCTKY HCXOAHBIX KOMIIOHEHTOB, a TAK)KE CUHTE3UPOBATh NCXOJHBIH
TBepAblid pacTBop [2]. MaTouHblii pacTBOp AJsi KaXKIOW CHUCTEMbI MOAOMPACTCS HHIAMBUAYAJIBHO MO
pesynbrataMm Mojenu (OalaHCOBBIE ypaBHEHHs), (yHZaMEHTAIbHON OCHOBOW KOTOpPOH SIBISETCA
YCTaHOBJICHHE CTEXMOMETPUH XUMHYECKHX INPEBpAICHUH B >XKUAKOH (aze. B xauecTBe oNTHMAalbHOTO
MaTOYHOT0 pacTBopa Obuta nmpuHsTa kKucinota HCI ¢ paboyei KUCIIOTHOCTBIO (MOJSIPHOCTBIO) 5 M. BaxkHbIM
MPEUMYIIECTBOM CMEIIaHHOTO MAaTOYHOTO PacTBOpa SIBISETCS €ro yCTOMUMBOCTD K TEXHOJOTHYECKUM
otkioHeHuaM. [Ipu neperpeBe, HEAOCTaATOYHOM HAarpeBe MM HEPABHOMEPHOM OCAXKICHUHU MCIIOJIb30BaHUE
OMHAPHOW KMCJIOTHOM CPeJibl CLIOCOOCTBYET 00Jice pABHOMEPHOMY PACIIPEICIICHUIO TAJIOTCHUIOB I10 (ha3am,
MUHUMH3UPYS OTKJIOHEHHUS OT ILIEJIEBOro cocTaBa. Vcmonb3ys AaHHBIM MaTOYHBIA pPacTBOp MPOBENEH
CHHTE3 IUXTHI cocTaBoB 0,5, 2, 3, 6, 15, 32, 52, 73, 85 u 97 mon. % TII 8 AgClo75Bro.2s.

Ha ocHoBe mosy4eHHOH IIMXTHl ¢ IPUMEHEHHEM METO/a HalpaBlICHHON KpUCTAIIM3AaLKU B MEYU
KOHCTPYKIIMK BbpumkmMeHa ObUIM BhIpalleHbl MOHOKpUCTA/UIBI coctaBoB 0,5, 2, 3, 6 u 97 mon. % TII B
AQClo.7sBro2s, a Takke U3 paciuiaBa CHHTE3MPOBaHA ONTHYECKas KepaMuKa coctaBoB 15, 32, 52, 73 u 85
moit. % Tl B AgC|0_7sBro_25,

Jdnst peructpanyy Juana3zoHa CIIEKTPAJbHOTO TMPOMYCKaHWs 00pa3loB OBUTM HM3TOTOBIICHBI
IJIOCKOTIAPAJUICTBLHBIC MTOTHUKPUCTAIIMIECKUE TUIACTUHBI TOMMUHON 350+£5 MM, nuamerpom 151 MM u
mepoxoBaTocThio Ra = 0,2 Mkm, Rz = 1 Mxm. Jlnana3oH npoirycKaHus MOHOKPUCTANIMYECKUX MATEPUAIOB
co crpykrypoii NaCl (Fm3m) oxsareiBaer or 0,45 no 35,0 MKM M NpakTHYECKH HE WU3MEHSCTCS MPHU
BBelleHMH B pemietky TBepaoro pactBopa AgClorsBross wWoamma  OIHOBaJIEHTHOTO — TaJLIHS.
Monokpucrtamnuaeckuii o0pasen co crpykrypoit CsCl (Pm3m) npomyckaer usiryueHue B 1uana3oHe JUIMH
BoutH 0,6—45,0 MxM. [1o cpaBHEHHIO C MOHOKPHCTAIUTHYECKIMH 00pa3liaMu, B KEpAMUYECKUX MaTepraiax
¢ matpuieit NaCl ¢ ysenmuennem gonu aerupytoiiero kommnonenta (TII) HabmromaeTcst CHIKEHUE YPOBHSI
npo3padyHocTd. aHHbI 3¢ ¢exT 00ycloBIeH BO3pacTaHWeM OOBEMHOW MOIM Jerupyromed ¢(asbl
pomOosipuyeckoii cuaronuein (R-3), 4ro BbI3bIBaeT (GOpMHUpOBAHHME CTPYKTYPHBIX HEOJHOPOIHOCTEH.
Hanmuue Takux HEOAHOPOAHOCTEH MPUBOJUT K PACCETHUIO M3TYUYEHHS Ha MEX(Pa3HBIX TpaHUIaX pasnena,
YTO B CBOIO OY€penb MPHUBOANT K CHI)KEHHIO ONTHYECKOTO MPOIMYCKaHNA. 3aBUCHMOCTb XapaKTepHa s
BCEX KepaMHUeCKuX o0pasnoB, HezaBucumo oT Tuma marpuibl (NaCl nmubo CsCl). IIpu atom auamazon
MPOMYCKaHMs JaHHBIX MaTepuayoB JexXuT B auanazone 0,45—40,0 MkM, T. €. IpaKTHYECKH HE OTINYAETCS
OT MOHOKPHCTAJIOB.

CrniexTpanbHbI{ aHATIN3 TI0Ka3ajl, YTO PACCUNTAHHBIE MATOUYHBIE PACTBOPHI ONITUMAJIBHBI M IIO3BOJISIOT
MOJy4aTh MOHOKPHUCTAIBI C BBICOKMM OINTHYECKHMM KadecTBOM. KepaMuKuM C HE3HAuYUTeIbHBIM
coJiep’)KaHUEeM MPOCTPAaHCTBEHHON rpynmsl R-3 Take o0mMagaroT mpueMiieMbIM MPOMYCKaHHEM, HYTO
JIOITYCKAET UX MCIIOJIb30BaHUE B ITPOITyCKAIOIIEH ONTHKE.

HccnenoBanre BHIMOIHEHO 32 cyeT rpanTta Poccuiickoro HayuHoro ¢onga Ne 25-13-00506.
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Progress in the field of infrared optics requires the development of materials with high functional
characteristics. Crystalline and ceramic materials based on silver and thallium(l) halides, depending on
phase composition and structure, are characterized by a wide spectral transmission range (from 0.4 to
60.0 um) with no absorption windows, and also combine non-hygroscopicity, resistance to ultraviolet and
ionizing radiation with plasticity. The combination of these properties makes it possible to manufacture
optical fibers based on them [1].

To obtain optical materials (single crystals and optical ceramics), the first technological stage involves
the synthesis of high-purity charge. For this purpose, the method of thermal zone crystallization-synthesis
(TZCS) is used, which allows deep purification of the initial components as well as synthesis of the initial
solid solution. The mother solution for each system is selected individually based on the results of a model
(balance equations); its fundamental basis is the establishment of the stoichiometry of chemical
transformations in the liquid phase. A HCI acid with a working acidity (molarity) of 5 M was adopted as the
optimal mother solution. An important advantage of the mixed mother solution is its stability against
technological deviations. In the case of overheating, insufficient heating, or uneven precipitation, the use of
a binary acid medium promotes a more uniform distribution of halides among the phases, minimizing
deviations from the target composition. Using this mother solution, the synthesis of charge of compositions
0.5, 2,3, 6,15, 32,52, 73, 85, and 97 mol. % TII in AgClo.7sBro.2s was carried out.

Based on the obtained charge, single crystals of compositions 0.5, 2, 3, 6, and 97 mol% TII in
AgClo.7sBro.2s were grown using the method of directional crystallization in a Bridgman furnace, and optical
ceramics of compositions 15, 32, 52, 73, and 85 mol% TII in AgClo.7sBro.2s were synthesized from the melt.

To register the spectral transmission range of the obtained single-crystal and ceramic samples, plane-
parallel polycrystalline plates 350+5 um thick, 15+ 1 mm in diameter, and with surface roughness
Ra=0.2 um, Rz=1 um were fabricated from them by hot pressing. The transmission range of single-crystal
materials with the NaCl structure (Fm3m) covers from 0.45 to 35.0 um and remains virtually unchanged
when thallium(I) iodide is introduced into the lattice of the AgClo.7sBro.2s solid solution. The single-crystal
sample with the CsCI structure (Pm3m) transmits radiation in the wavelength range from 0.6 to 40.0—
45.0 pm. Compared to single-crystal samples, in ceramic materials with the NaCl matrix, an increase in the
fraction of the doping component (TII) leads to a decrease in the transparency level. This effect is caused
by an increase in the volume fraction of the doping phase with rhombohedral symmetry (R-3), which induces
the formation of structural inhomogeneities. The presence of such inhomogeneities leads to radiation
scattering at the interphase boundaries, which, in turn, leads to a decrease in optical transmission. This
dependence is characteristic of all ceramic compositions, regardless of the matrix type (NaCl or CsCl). At
the same time, the transmission range of these materials lies from 0.45-0.6 to 35.0-40.0 um, i.e., it is
practically no different from that of single crystals.

Spectral analysis showed that the calculated mother solutions are optimal and allow obtaining single
crystals with high optical quality. Ceramics with an insignificant content of the R-3 space group also exhibit
acceptable transmission, which allows their use in transmission optics.

The study was supported by the Russian Science Foundation grant Ne 25-13-00506.
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Undpakpacusie (MK) cBeToBoAbl Ha OCHOBE TaJlOTCHWAOB METANJIOB MPEACTABISAIOT COOOH
MOJUKPUCTATUTHYECKUE ONTHUeCKue uafaenus quametpoM 110—1120 mxm u gmunoi 1o 3,5 M [1, 2]. Ouu
M3rOTAaBIIMBAIOTCA W3 MOHOKPHUCTAJUIMYECKUX 3arOTOBOK 33JaHHOIO COCTaBa IYTEM 3KCTPY3UH IpH
temneparype 170-200 °C, 94To BO3MOXHO Oyiarofapsi TNIACTUYHOCTH MOHOKPHCTANIOB M KepaMUKH. B
Cllydae TPOU3BOJICTBA CBETOBOIOB U3 KPUCTALIIOB B MPOIIECCE IKCTPY3UU CTPYKTYpa 3aTOTOBKH MEHSETCS
13 MOHOKPUCTAJUTMYECKON B TOJIMKPUCTAIUTMYECKYIO CO CpeaHUM pazmepom 3epHa ot 100 1o 1000 um [1,
2]. DTO HEraTMBHO CKa3bIBAacTCs HAa JMANa30HE CIEKTPAJIbHOTO IMPOIYCKaHHs, KOTOPBI B 00JacTh
puguMoro —MK auamnasona caBuraercs 10 2 MKM.

HenaBHue uccrienoBaHus JUHAMUYECKOTO MEXaHUUECKOTo aHanmu3a [1] mokasaniu, 4To mpu Harpese
3aroToBKH €O cKopocThio 5 °C/muH 10 Temnepatypsl 90—100 °C nmporucXoauT BOCCTAaHOBICHNE CTPYKTYPHI
KpUCTaIDTHYeCKO# 3aroToBkH. Janee, 10 150-160 °C HabmromaeTcst TIaTo BEICOKOAIACTHYHOTO COCTOSTHHUS,
MocJje 4ero JalbHEWIINK HarpeB MPUBOAUT K BBICOKORJIACTUYHOMY COCTOSIHUIO, ITPU KOTOPOM BO3MOKHA
IKCTPY3Hs. DTO O3HAYAET, YTO, BO-TIEPBBIX, CKOPOCTh HAIpeBa BIUSET HA KAYECTBO 3arOTOBKH, BO-BTOPBIX,
TeMIepaTypa SKCTpy3uu HoibkHa ObiTh Bhime 160 °C u, B-TPETHHX, MIMTEIBHOE TEMIIEpaTypHOE
BozaeiicTeue mpu 90—100 °C npuBeneT K YMEHBIIICHUIO KOJIHYECTBA CEKTOB.

UroObl yuecTb 3TH Tpu (akTopa ObUIa BBIMOJHEHA CEPHS ODKCIEPHUMEHTOB TIO JKCTPY3HH C
MEAJICHHBIM [TPOTPEBOM 3aroToBKH (3—4 °C/MUH) ¥ TOUYHBIM KOHTPOJIEM U IIOAJEPKAHUEM €€ TEMIIEPATYPHI.
B pesynbraTe ObLIH MOTyYeHBI BOJIOKHA HA OCHOBE HOBBIX MOHOKpUcTaiuioB cuctembl AgCI — AgBr — Agl
C YIy4YIIeHHBIMH XapaKTePUCTUKAMH: JUANAQ30HOM CIHEKTpalIbHOro Tmpomyckanus 1,9-25,5 wMkwM,
onTuyeckumu morepssmu g0 0,25 nb/m, makcumymom sHepruu 6 o.e. crnektpomerpa IR Prestige-21 (B
cpaBuenuu ¢ 1,8 o.e. B pabote [2]) npu auameTpe BosokHa 1120 MxM. TIpoitecc SKCTpy3uH MPOXOANIT IPH
nasinenun 8,0+0,3 MIla, temneparypa skctpy3un coctaBuia 180—200 °C. [TockoibKy MpoIecc mpoXoauil
IIPY BBICOKOM JIABJICHUH, HEN30€KHO 00Pa30BhIBATIMCH HOBBIE A€(DEKTHI B CTPYKTYpE BOJIOKHA. UTOOBI NX
HUBEJIUPOBATh OBUT BBEJCH 3Tall TEMIEPATYPHOI0, PEKPUCTAIUIM3ALMOHHOIO OTXKHUIra BOJOKOH. J1Jist 3TOTO
UK cBeToBoABI MOMEIIANHACH B (TOPOILIACTOBYIO 3aIIUTHYIO O0OJIOYKY, B KOTOPOW YKJIaJbIBaIHCh B
CymHIbHBIN mKad, rae npu remneparype 100-120 °C BeigepkuBainuch B TeueHUE 2—4 4acoB MOJ JIETKUM
BakyyMoM. CHEKTpbl NPOMYCKAaHHS BOJIOKOH PETHUCTPUPOBAINCH 10 M mocie omxura Ha HK-®ypne
criektpometpe IR Prestige-21 B auanaszone 1,6-30 MKM MpH HCIOJIB30BAaHUU CBETOICIHUTENS] HA OCHOBE
opomuaa kamus u gerekropa DLATGS, mar ckanmpoBanus 2 cM™, KOJIMYECTBO cKaHoB - 10 mT. B
pe3yabTaTe OTKUTa ypOBEHb Mpoiryckanus Bo3pactan Ha 10-30 % Bo BceM nuama3oHe MPOIMYCKaHHs, a
JUTMHA BOJIHBI KOPOTKOBOJIHOBOI'O Kpas Mpomyckanus cmemanach Ha 0,5—1 mxm B OmmwkHior0 MK obnacts.
JUTMHHOBOJIHOBasl TpaHMIA IPONyCKaHWs (TpaHUIla MHOTO(QOHOHHOTO TMOTJIOIICHHS) COXPAHSIIACH.
[lonmy4yeHHsle pe3ysibTaTbl KOCBEHHO CBHICTEIBCTBYIOT 00 yMEHBIIEHHHM pa3Mepa 3€peH B
MOJMKPUCTAIUINIECKOH CTPYKTYPE BOJIOKOH M 00 YMEHBIICHUN KOJIMYECTBA 1e(DEKTOB CTPYKTYPHI.

Jnst monTBep)KICHUsS BIHSIHUAS HA CTPYKTYphl Obllla TIPOBEJCHA CKAHUPYIOMAs JIICKTPOHHAsS
mukpockomnusi Ha npuoope TESCAN VEGA S5123 mpu toke myuka 100 mA, paspemenun 2 mMxMm. B
pesyabTate ObUT JOKa3aH MEHbIIWi pa3Opoc pa3MepoB 3epeH. M3meHeHue aeeKTHOCTH CTPYKTYPHI HE
ObUIO TMOATBEP)KICHO NOaHHBIM METOJOM aHaju3a, OJHAKO BH3YyaJbHBIH OKpac 3epeH cTan OoJjee
paBHOMepHBIM. TakuM 00pa3oM OTXKHI  CIIOCOOCTBYET IOBBIIIEHHIO KadecTBa  CTPYKTYPHI
MOJMKPUCTAJUIMYECKUX  BOJIOKOH, HYTO CIIOCOOCTBYET pAaCIIMPEHHIO JHala3oHa CIEKTPaJIbHOTO
nponyckanus B ommwkHio0 MK 00macTs 1 yBeNMYEHUIO 107U IepeJaBaeMon S3HEPTHH.

HccnenoBanne BBIOAHEHO 3a cyeT rpaHta Poccuiickoro HayuHoro (ouma Ne 25-72-10105,
https://rscf.ru/project/25-72-10105/.
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Metal halide-based infrared (IR) fibers are polycrystalline optical products with a diameter of 110-
1120 pm and a length of up to 3.5 m [1, 2]. They are manufactured from single-crystalline preforms of a
given composition by extrusion at a temperature of 170-200 °C, which is possible due to the flexibility of
single crystals and ceramics. When producing fibers from crystals, the extrusion process changes the
preform structure from single-crystalline one to polycrystalline one with an average grain size of 100 to
1000 nm [1, 2]. This negatively impacts the spectral transmission range, which shifts to 2-4 pm in the IR
range.

Recent dynamic mechanical analysis studies [1] have shown that heating the preform at a rate of
5 °C/min to a temperature of 90—100 °C restores the crystalline preform structure. Further, up to 150-160°C,
a plateau of a highly elastic state is observed. Further heating leads to a highly elastic state, which makes
extrusion possible. This means that, firstly, the heating rate affects the blanks quality; secondly, the extrusion
temperature must be above 160°C; and thirdly, prolonged exposure to temperatures of 90-100°C will lead
to a reduction in the number of defects.

To take these three factors into account, a series of extrusion experiments were performed with slow
heating of the blank (3—4 °C/min) and precise control and maintenance of its temperature. As a result, fibers
were obtained based on new single crystals of the AgCl — AgBr — Agl system with improved characteristics:
a spectral transmission range of 1.9-25.5 um, optical losses up to 0.25 dB/m, a maximum energy of 6 a.u.
of the IR Prestige-21 spectrometer (compared to 1.8 a.u. in [2]) with a fiber diameter of 1120 um. The
extrusion process took place at a pressure of 8.0+0.3 MPa, the extrusion temperature was 180-200 °C. Since
the process was at high pressure, new defects in the fiber structure inevitably formed. To level them out, a
stage of temperature, recrystallization annealing of the fibers was introduced. For this purpose, the IR fibers
were placed in a protective fluoroplastic sheath and placed in a drying oven, where they were maintained at
a temperature of 100-120 °C for 24 hours under a light vacuum. The fiber transmission spectra were
recorded before and after annealing on an IR Prestige-21 FTIR spectrometer in the 1.6-30 pum range using
a potassium bromide beam splitter and a DLaTGS detector, with a scan step of 2 cm-1 and 10 scans.
Annealing resulted in a 10-30% increase in transmission across the entire transmission range, while the
wavelength of the short-wave transmission edge shifted by 0.5-1 um to the near-IR region. The long-
wavelength transmission edge (multiphonon absorption edge) was preserved. The obtained results indirectly
indicate a decrease in the grain size in the polycrystalline structure of the fibers and a reduction in the number
of structural defects.

To confirm the effect on the structures, scanning electron microscopy was fulfilled on a TESCAN
VEGA S5123 instrument at a beam current of 100 pA and a resolution of 2 um. This demonstrated a smaller
grain size spread. No change in structural defects was confirmed by this analysis method, but the visual
color of the grains became more uniform. Thus, annealing improves the structural quality of polycrystalline
fibers, which expands the spectral transmission range into the near-IR region and increases the proportion
of energy transferred.

The research was supported by the grant of the Russian Science Foundation No. 25-72-10105,
https://rscf.ru/project/25-72-10105/.
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Laser remote fluorescence sensing of the atmosphere and ocean is great interest in remote
measurements of the nitrogen dioxide molecules concentration in the technological gases, plasma or
atmosphere [1] due to the fact that the fluorescence cross section is much larger than the Raman cross section
with an additional increase due to resonance effect. In addition, most marine power plants contain a high
concentration of such a pollution molecules in their gas emissions [2]. The experimental studies of the NO;
molecules resonant fluorescence intensity in the back direction dependence on its concentration in the gas
emission and the ranging distance are the new variant of such a studies. This work goal is the computer
simulation of a fluorescent lidar for monitoring the NO2 molecules concentration in the marine power plant
gas emissions at the ranging distance up to 120 m and studied molecules concentrations in the order of the
maximum permissible concentration [3] and higher.

The values of the NO, molecules resonant fluorescence bands wavelength maximum and fluorescent
differential cross section have been taken from [4, 5]. A fluorescent lidar was designed on the basic of a
monostatic lidar and the laser beam propagates along the axis of the receiving telescope [3, 4]. The
semiconductor lasers radiation at the 300,1, 400 and 435,8 nm wavelengths was used to excite the
fluorescence of the studied molecules.

The lidar equation for resonant fluorescence was used in the form [4, 5]

E(\2) = EoKy WT(2)G(2)[Ao/z*IN(2)[0" (X) /4] cT4/2

with the notation from [4] and Ko(2)= Kix (M) for these wavelengths, with K; = 0.495 according to
[3] and &(M) is the relative sensitivity of the photodetector. The next parameters in the lidar equation had the
following values: G(z)=1, Ao = 0.0113 m?, 4z = 7.5 m for the measurement time ts = 50 ns. Computer
simulation of the lidar equation has been fulfilled for a homogeneous atmosphere [3] and the parameters of
the NO> molecules resonant fluorescence from [4, 5]. The maximum permissible concentration of nitrogen
dioxide molecules is 0.2 mg/m? or 3.07x10% c¢cm [3]. The equation solutions have been made for laser
radiation 300.1, 400:00 and 435.8 nm wavelengths with pulse energies of 10 mJ at the ranging distances
from 7.5 m to 120 m. The spectral dependences of all the parameters in equation leads to a complex
redistribution of the results. The optimal one is intermediate result at 435.8 nm wavelength.

Thus, the obtained computer simulation results make it possible to select the parameters of our variant
of the fluorescent lidar for the nitrogen dioxide molecules concentration of the order of the maximum
permissible concentration and higher measuring at ranging distances up to 120 m. The possibilities of the
proposed fluorescent lidar for monitoring the nitrogen dioxide molecules in engine gas emissions have been
evaluated theoretically by the computer simulation of lidar equation for studying the concentration
dependence of the NO. molecules resonant fluorescence pulse energy at the 3,07x10® cm= level and laser
radiation 435.8 nm wavelength.
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