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Tomsk International Science Program (TISP)
«Molecular engineering»

The program is related to biological systems
engineering. With the application of the concepts and
methods of biology (and, secondly, physics, chemistry,
mathematics and computer science) to solve actual
problems related to the sciences of living organisms or
their applications, using analytical and synthetic
methodologies of engineering. Biological engineering
mainly uses the rapidly developing field of molecular
biology and chemoinformatics to study and develop
the applications of living organisms.

Studying under this educational program is
carried out in the form of full-time studying, including
online studying and distance learning technologies.
The program is based on problem-based leaming
(PBL) approach, which is more effective than
traditional way of education. Students will actively
acquire knowledge and skills needed for your career
prospects, your future. With PBL, students are solving
complex, interdisciplinary and real-ife academic
problems.

Full-time form of education

Duration of study - 4 years

Areas of professional activity: healthcare, food
industry, chemical, chemical-technological
production, cross-cutting professional activities in
industry

Study language - English

Tuition fees: 289,510 rubles a year

Admission exams: 2 exams, of which
mathematics (mandatory) and a choice of chemistry,
physics or computer science. Taking exams online
from January to August 2022

Program Application Deadlines: January 10 -
August 20, 2022. Application Link
https://admissions.tsu.ru/

Objective of the program: Training of a specialist
in the field of molecular engineering, capable of
conducting applied research focused on development
for a specific task of the enterprise. The program is
aimed at training specialists with good mathematical,
chemical, biological and IT fundamental background.

Basic disciplines: chemistry, biology,
bioinformatics, biochemistry, mathematics, computer
science and basic programming, metabolomics,
organic synthesis, biomaterials science, applied
medical biotechnology, large workshop on medical
biotechnology.

The objects of professional activity of
graduates are: microorganisms, cellular structures of
animals and plants, viruses, enzymes, biologically
active chemicals; devices and equipment for studying
the properties of used microorganisms, cellular
structures and substances obtained with their help in
laboratory and industrial conditions; plants and
equipment for biotechnological processes; means of
quality control of raw materials, semi-finished products
and finished products. The field of activity of graduates
extends from the creation of artificial organs using
technical means or the search for ways to grow organs
and tissues using regenerative medicine methods to
compensate for reduced or lost physiological functions
(biomedical engineering) and to the development of
genetically modified organisms, for example,
agricultural plants and animals (genetic engineering),
as well as molecular design of compounds with desired
properties (chemoinformatics, protein engineering,
engineering enzymology).

Places for intemnships for students and
subsequent employment of graduates:

Pharmaceutical ~ companies,  biotechnology
companies, Research Medical Centers, scientific
laboratories. Graduates of the undergraduate program
can continue their studies at the master's program at
TSU or other universities. From the 4th year there is a
selection for the double degree program (TSU-France,
ParisTech University) «Translational chemical and
biomedical technologies» of the master's level.

tisp.tsu.ru/apply/




i ABTOHOMHAS! MATUCTEPCKAA MPOrPAMMA

Tomckuit

peclonsinii «TPAHCASAUMOHHBIE
XUMUHECKME M BUOMEAMUMNHCKUE  xwsecwin  CaAEMcry e

TEXH OAO rM M» dbakyAsTET MATEPUAABI 1 TEXHOAOTMY

HanpasAeHue noAroToeku Xnmmsa
PakyAbTET XUMUYECKIM CPAKYALTET MPEUMYLLLEECTBA NMPOTPAMMbI
Popma oby4eHus CMeELLIaHHbIM OopMaT OBy4eHMs
MPOAOAXUTEALHOCTb NPOTPAMMBI 2roaa OByyeHue Ha Ba3e Hay4HbIX
fi3bik 0ByHeHus Pycckui ueHTpos MY n Tomckoro HALM,
BloAXeTHble MmecTa 20 yHusepcureTos lenaeasbepra

1 MioHcTepa (FfepmaHms)
Ycaosua npuéma 3 BeAyLLIME 30PYBEXHBIE 1
MPHEM Ha NepBbI KYPC MArMCTPATYPbl MPOBOAUTCH HO KOHKYPCHOM OCHOBE MO 3A9BASHUAM POCCHIICKHME CMIELMAAUCTHI
AVLL, MMEIOLLIMX BbiCLLIEE OBPa3oBaHKE. NoBeAUTEAN 1 NPU3EPbI OAUMIMAA «MarmcTp TIY),
(XMMUS  BUOTEXHOAOTMIN, (A - MPOCDECCMOHAAY WMMEIOT  BO3MOXHOCTb  MOAYYUTL MHAMBUAYOABHOS OBPA30BATEALHOS
MOKCHUMAAbHbIM BAAA 301 BCTYMUTEABHbIM SK3AMEH. TRPAEKTOPUS

BCTYnUTEAbHbIE UCTIBITAHUA: SKIAMEH MO XMMUKM, COBECEAOBAHME.

Marmcrepckas NPOrPAMMA BKAIOHAET BO3MOXHOCTb OBY4EHM MO MPOTPAMME ABOMHOTO
AUNMAOMC COBMECTHO C YHmBepcutetom Chimie ParisTech (PpaHums). 3a neproa obyyeHms
MO OAHOWM MPOrPAMME MAMMCTPATYPbl MOXHO MOAYYUTb AMMAOMbI ABYX YHWUBEPCUTETOB, BUPTYQABHbIE AGBOPATOPHM Labster
YIAYOAEHO OCBOUTb KYPChl XMMUHECKOM TEXHOAOTUM N MHXKEHEPMN MATEPUAAOB. (TExHUYECKUI yHMBEPCUTET AQHWM)

KAKOMEBLIE AUCLIU Hbl NPOrPAMMBI BocTpeBboBAHHOCTb CNELMAANCTOB
110 TPAHCAALUMOHHBIM XMMUIECKUM

1 BUOMEANLIMHCKMM TEXHOAOTMSIM

Boaee 30% y4eOHbIX AMCUMNAMH
COCTABASIOT KyPCbI MO BbIGOPY

OcHoBbl o6Lwein BBeAeHUE B MEAULIMHCKYIO MoOAEKYASIPHbIE METOADI
MMMYHOAOTUM BUOAOTMHECKYIO XMMMIO B 6MOMEAULIMHCKMUX
MUCCAEAOBAHMAX
= BEAYLLUE NPEMNOAABATEAU

OCHOBbI KAETOYHOM XuMmu4eckue TEXHOAOTUU OcHOBbI GUOMHCPOPMATUKU
BUOAOTUM B MEAULIMHE Kypauna Upua AnexcanpposHa
M AUQrHOCTUKU KA TO4HBIX MpukAaaHas :;'::::‘,:'::"“ i
cuctem BuomarepuaroseseHue 61ouHdOpMaTHKa Ad-MH, BOLeHT, 3a8eaylowan Gasosoit

KadeaApoit NPUPOAHDBIX COCANHEHNA,

$aPMALEBTUNECKOM 1 MERNLIMHCKOR
PUNKO-XMMUHECKUE METOABI GHOAM3A OPFaHUHECKUX MoAeKyASPHAs OHKOAOTHS! X XO TTY, 3am. 3aseyiouero

Na6opaTopuen TPAHCAALIMOHHOI
KNETOUHOI 1 MOEKYNAPHOI
GuomennuuHby, HA TTY, Tomck, Poccn.

COeAUHEHMI M haPMALLEBTUHECKUX CYBCTAHLIMIA

Kxbiwkoscka 0nun feopruesta
CopyKoBoMTeNb MarucTepcKon
nporpammby;

A.6.1., npodeccop, 3a8. nabopatopuei
TPAHCAALMOHHO KNETOUHOM M
MoneKkynApHoR GromeanLMHbl, HUA TTY,
Tomck, Poccua.

Yuusepcuret feigensGepra,
Meauumnckwi dakynster, 3asefylowan
Ovaenom BpoxpenHoro MmmyHureta u
VmmyHonoruueckoit TonepaHTHOCTH
VHcTuTyTa TpaHcdy3uonHoi MeauuuHb v
VmmyHonorn, ManHreim, [epmanius.

Marnctpatypa «TPAHCAALMOHHBIE XMMUYECKNE N BUOMEANLIMHCKME TEXHOAOTUM) =

3TO:

* MEXANCLMNIMHAPHBIE 3HAHUS Ha CTbIKE * CTaXMPOBKU B BEAYLLUMX MUPOBbIX
XvMuu, 6uosiorvm, hapmakonoruu, YHUBEpCUTETaX

KSIETOYHOWM 1 MONEKYNSIPHON GroMe ANLIMHBI
* AUN/IOM MeXAYHaPOAHOTO YPOBHS

* KOMNeTeHuun no nNposeaeHuo

LOKMHUYECKIX W KMHUHECKNX NCTIbITaHMIA, * paboTa ¢ HOBbIMY TeXHONOrMAMK

pa3paboTka TexHOMor4eckoro * OCBOEHMWE NOMHOTO LMKNa Mosly4eHns Pabos Bauecnas Banepbesuy
pernameHTa, ceptuuKaLmnm, MapkeTUHTy 1 NPOAYKTA: CUHTE3-UCCNeAoBaHMe, AMH. 33MECTUTENb AUPEKTOPA MO
MasoTOHHXHOMY MPOU3BOACTBY [LOK/MHUYECKIE NCCNIEA0BaHMS, fi2nbiorn ook petore Hi

g kapauonorum Tomckoro HUMLL, u. o.
npoaykta cepTUuKaLms, MapKeTUHr PYKOBOAWTENA OTAENEHIA HEOTNOKHOR

Kapavonoruw, npodeccop Kageapbi
kapauonorvm OMK u MNC Cubrmy,

8. H. C. Ta6OPATOPMM TPAHCTALMOHHO Y
KNeTouHoi Guomennuutb HA TTY,

KOHTAKTbI

MeHeaxep nporpammbl: LLlanosaaosa EaeHa, +7 (953) 928 15 49, egshapovalova@yandex.ru
3asiBkm ocTaBAsiTE Ha caite: chembiomed.ru uau 4yepes telegram-6ota @smti_tsu_bot

@ chembiomed.ru Q chembiomed

Yypwha Enena feopruesHa
AMH, npodeccop Kadeaps
opraHuueckoi xumun XO TrY, spau
WMMyHonOr-anepronor, npodeccop.
Kadenpe: natopuamonorun Cu6rMY, unen
" “ "

KAMHMYECKIX MMMyHOTOrOB, Tomck,
Poceua.

Xainpwx flotap Anbdpea

AXH., B.H.C.naBopaTOPHN
TPAHCAALMOHHO KNETOMHOM 1
MonexynApHo# Guomeanuukb HUA TTY,
Tomek, Poccua

President of marcotech oHG, Honorary
professor of the Westphalian Wilhlems
University, Muenster Pyxosogutens 6noka
MHHOBAUVOHHbIX MaTEPHaNoB ANA
perevepatusHoi Meaumkbl, Miorcrep,
Tepmanita

e AT TOMCKAR HALHOHATLH N
Universiteit [011) m VCCIENOBATENLCKMIA : ” 000 (AAPAPMY
Leiden MEVLMHCKAA LEHTP JG.D A\h[) (. Mockea)
' 4 POCCUACKOR AKAGEMUN HAYK [ a

Sepmompar  EYopranma @ s BIOCAD

Westrduisone
Wings UnvERsITAT
MousTER

Biopharmaceutical Company

Solagift s



NHXeHep-
TexHonor

WHxeHep-
paspaboTymk

NHxeHep-
nccnenoBaTenb

COPBEHTbI « TEXHONOINA NMPON3BOACTBA « HAHOCTPYKTYPHbIE KATATTU3ATOPbI
XUMUHECKWE NMPOLIECCHI « HOBBIE TUMbI MATEPVAIOB
SJIEKTPOHHbIN YYEBHLIN KYPC » BUPTYAJIbHBIE TABOPATOPHBIE PAEOTbI

AononHutenbHaa npodeccnoHanbHan obpasoBaTenbHas
nporpamMma rnpodeccmoHanbHOM NepenoaroToBKY No TeMe

«METO/A,bl PASPABOTKU U
TEXHONIOrU NPOUN3BO/ACTBA
MEPCNEKTUBHbIX HAHOCTPYKTYPHbIX
KATA/IM3ATOPOB 1 COPEEHTOB

AN HEGTEXMMUYECKOTO
NMPOVN3BOACTBA»

+ OcHoBaHa Ha KOMMeTEeHTHOCTHOM NMoAxXo4e

* Micnonb3yeT BapMaTUBHO-MOAYNLHbIA NMPUHLWM MOCTPOEHUS
obpa3oBaTeNbHOro npouecca

* Bbibop moayns obecneympaeT GopmMmnpoBaHue Tpebyembix
npodeccrMoHanbHbIX KOMMETeHL Ml

+ CogepxaHune NporpaMMbl pa3paboTaHoO B COOTBETCTBUM C MOTPEBHOCTAMMK
npeanpuUSTUA-NPOM3BOANTENEIA KaTaNM3aTOpPOB 1 COPHEeHTOoB.

PykoBoauTens Nporpammel:

Kyp3unHa MipuHa AnekcaHApPOBHa
Kurzinag9@mail.ru

TOMCKWIA rocyapCTBEHHbBIA YHUBEPCUTET

CAE NHCTUTYT «YMHble MaTtepuasbl U TEXHONOTUW»
r. Tomck, np. JleHnHa, 36

NPOrPAMM
Fpynna POCHAHO

©OH/] HHOPACTPYKTY PHbIX
CAE UHCTUTYT «YMHbIe Q ¥ OBPA3OBATENIbHBIX

MaTepuanbl U TEXHONOTMKA»

r. ToMck




XX MEXAYHAPOAHAA KOHOEPEHIUA CTYAEHTOB, ACITMPAHTOB 1 MOJIOABIX
YUEHBIX «ITEPCIIEKTUBBI PAZBUTHUA ©YHIAMEHTAJIBHBIX HAYK»

COJEPKXAHUE

[IYTU [OBBILIEHUS YPPEKTUBHOCTU KATAJIMTUYECKUX PEAKLINN
C.U. PenreTHuKOB

IMMOJIYYEHUE ®OTOKATAJIMTUYECKN AKTHUBHBIX IVIEHOK IMOKCHUJA TUTAHA
HA BOJIOKHHUCTOM MATEPHAIJIE
K. Ado:xkanueBa, A.A. By3aes, B.A. Tkauyk

MoW-COJAEPXKAIINE ATIFOMOOKCHUIHBIE KATAJIMTUYECKHUE CUCTEMBI
OBJIATOPAXMBAHWMA YTJIEBOAOPOJHOI'O ChIPbS: CUHTE3 1 CBOMCTBA
A.C. AkumoB, Y.A. ®poJosa, H.A. ’Kupos

ELECTROCHEMICAL DETERMINATION OF SILVER NANOPARTICLES ON FLEXIBLE
LASER-REDUCED GRAPHENE OXIDE SENSOR
SA. Aljasar, E.S. Marchenko, G.A. Baigonakov

WUCCJIEJIOBAHME CIIEKTPAJIbHO-JTFOMUHECLIEHTHBIX CBOMCTB
METAJUIOKOMIIJIIEKCOB JUITMPPOMETEHOB
M.B. AmimapuHa

I/IOI[OMETPI/ILIEEZKOE OITPEAEJIHUE TI''TFOKO3bI C UCITOJIb30BAHUEM
TBEPJODA3ZHOU DKCTPAKIIMN MOJA B TIOJIMMETAKPUIIATHYIO MATPUITY
O.A. bBa:xxeHoBa

HAHOKOMIIO3UT IIMM-AG? 1J11 KOJIOPUMETPUYECKOI'O OITPEJIEJIEHUSA
I'JTIFOKO3bI TJTIOKO300KCUAA3HBIM METO/IOM
C.K. bparuna

BJIMSHUE TJIASMEHHOI'O MOJIM®UIIMPOBAHM S HA [TIOBEPXHOCTHbBIE CBOMCTBA
MOJIMJTAKTUIA U TIOJIMTETPAOGTOPOTUIIEHA
A.A. bprsruna, JI.B. lompaueBa, O.A. JlanyTb

UCCJIEJJOBAHUE HEOKMCJIMTEJIbHOM KOHBEPCU METAHA HA Mo-ZR/ZSM-5
KATAJIM3ATOPAX
K.B. Bynaes, JI.JI. KopoOuupbina, A.A. Ctenanos

NCCIEJOBAHMUE BJIIMSHMA KOMIIJIEKCOOBPA3OBAHN A AHTUAPOMATHUYECKNX
PACIHIMPEHHBIX I[TOP®UPUHOB C MIOHOM CL- HA MAT'HUTHO-UHAYIINPOBAHHBIE
KOJIBLIEBBIE TOKH

JI.H. BanuyauHa

NCCIEALOBAHUE BJIMSAHWSA BA3AJIbTOBBIX BOJIOKOH HA 3JIEKTPOITPOBO/IHOCTbD
TEXHNUYECKOI'O AJTIOMWHUA
B.J1. Banuxos, N.JI. CunkuHa

CTEPEOJIMTOI'PAO®MYECKAA 3-D ITIEUATH MATEPUAJIOB HA OCHOBE ZRO;
S1L.IO. Bepxomanckuid, I.A. TkaueB

MMPUMEHEHHUE B2XXX-NCII-ADC 1 BOXX-5CU-MC U1 UIBYUYEHUA COCTABA
TIOJIMOKCOMETAJIJIATOB B PACTBOPE
B.B. Boauek

UCCJEIOBAHUE HUTPATOB BAKTEPHMAJILHOM LIEJUTKOJIO3bI COBPEMEHHBIMU
METOJJAMU AHAJIN3A
FO.A. 'ucmaty/iuna

HUTPATBI LIEJUIKOJIO3bI U3 LEJUIKOJIO3BI, TIOJIYUEHHOM B OITBITHO-
MMPOMBIIJIEHHBIX YCIIOBUAX U3 MUCKAHTYCA COPTA KAMHUC

FO.A. I'ucmaryauna, A.A. Kopuaruna

[OJIYYEHHUE U UCCIEJOBAHUE HAHECEHHBIX MAJIIAJUM-BUCMY TOBBIX
KATAJIM3ATOPOB JIJ151 CUHTE3A T'JIOKOHOBOW KUCJIOTHI

C.A.T'yaeBuu

HNCCIEOLOBAHUE IMTPOLIECCA XNJIKO®A3HOI'O ITEPOKCUAHOI'O OKMUCJIEHUA
®EHOJIA B BOJIHOM CPEJIE B IIPUCYTCTBUN KATAJIM3ATOPOB HA OCHOBE
OKCHUJA MNFE204 U HEJIJTKOJIO3bI

B.B. I'ypoBckuii, A.A. Ilepedeiinoc, A.K. Ilerpenko, T.U. Mumenko, H.B. 'pomoB

Poccust, Tomck, 25-28 anpenst 2023 T.
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XX MEXAYHAPOJHAS KOHOEPEHIUA CTYAEHTOB, ACIITMPAHTOB 1 MOJIO/IbIX
YUEHBIX «ITEPCIIEKTUBBI PAZBUTUA ©YHIAMEHTAJIBHBIX HAYK»

CHUHTE3 1 UICCJIIEJOBAHUE KOMIUIEKCHBIX COEJIMHEHUI KYKYPBUTYPUJIOB
C COJIsIMU PEAKO3EMEJIbHBIX DJIEMEHTOB
A.H. I'ycasxos, 0. /1. PasryasieBa, T.T. Bypxan6aeBa

UCCJIENOBAHME OIITUYECKNUX XAPAKTEPMCTUK KEPAMUKI HA OCHOBE
UTTPUU-ATIOMUHUEBOI'O TPAHATA, AKTUBPOBAHHOUW OKCUJIOM LHEPUA
IA.E. leyauna, B./l. Ilalirun

MACHINE LEARNING REINFORCED BY GENETIC ALGORITHM: A PLATFORM

TO DISCOVER SELECTIVELY CYTOTOXIC NANOMATERIALS FOR DRUG DELIVERY
SYSTEMS

S. Jyakhwo, N. Serov

CHUHTE3 KEPAMUYECKUX MATEPUAJIOB HA OCHOBE BBICOKOSHTPOITMIHOM
CHUCTEMBI HF-TI-FE-V-CR-N
H.C. EBceeB, A.E. MatBeeB, U.A. bejbunkoB

MOP®OJIOT' M1, ®A30BBIM COCTAB U CTPYKTYPA HAHECEHHBIX NI-MO
KATAJIMTUYECKUX CUCTEM
H.A. Kupos, A. C. AkumoB

OLIEHKA BJIUSAHUS OKUCIUTEJILHOM OBPABOTKH BO/JIbI HA S®®EKTUBHOCTD
EE OUUCTKU METOJIOM MIOHHOI'O OBMEHA
M.B. 3arymennoBa, /I.H. ’Kykosa

M3YYEHME BJIMAHUSA XBOMHBIX SKCTPAKTOB HA POCT, PABBUTUE U HAJIMUME
BO3BYUTEJIEN BUPYCHBIX 3ABOJIEBAHIUI B PACTEHUSX KAPTO®EJIA

B YCJIOBHAX IN VITRO

A.M. 3axapkusa, E.B. Xakcap, A.E. MyapuxoBa

GROWTH-STIMULATING EFFECT OF SIBERIAN FIR EXTRACTS ON WHEAT
‘LICAMERO’ SEEDS
A.M. Zakharkiva, D.A. Saveleva, L.G. Makarova

PA3PABOTKA CIIOCOBA ITEPEPABOTKU IMATOMUTA JJJIs1 CUHTE3A COPBEHTOB
A.B. 3y0xoB

CUHTE3 U UCCJIEJIOBAHUE KPEMHUMOPT AHUYECKKX MTOKPBHITUI, TTOJTYYEHHBIX
N3 ITJTASMBI ITOJIOXKUTEJIBHOI'O CTOJIBA TJIEIOLIEI'O PA3PAJJA B IIOTOKE APTOHA
H.A. 3y3a, B.O. Hexopouen

CUHTE3 1 UICCJIEJJOBAHUE CBOMCTB HAHOJIIOMUHO®OPOB GDF3:Th
JUIS1 PEHTTEHO®OTOJMHAMUYECKOM TEPATIMU OHKOJIOTMYECKHX 3ABOJIEBAHMIA
II.1. 3bikoBa

N3YYEHUE KUCJIOTHO-OCHOBHBIX CBOMCTB AJIIOMOOKCH/IHBIX AJICOPEEHTOB
NHAWNKATOPHbBIM METOAOM
A.B. Uno3zemueBa, ML.II. Cangy

BJIMSIHUE MOJIBHOI'O COOTHOIIEHU A PEATEHTOB HA KUHETUYECKUE
ITAPAMETPBI PEAKIIVU 2,4,6-TPUMETWJI-1,3,5-TEKCATUIPOTPUA3NH TPUTUJIPATA
C I''TMOKCAJIEM

K.A. HUcakoBa

KATAJIMTUYECKOE OKMCJIEHUE KUCJIOT BBIAEJIEHHBIX N3 PACTUTEJIBHBIX
MACEIJI
P.10. Ka3ueBa

[IOJIYYEHUE MATEPUAJIOB HA OCHOBE CUCTEMBI TI-AL C JOBABKOM TA®HU S
«
H.N. KapakuueBa, . AMeTHYKUH

BJIMAHUWE MOJIEKYJIAAPHOI'O CTPOEHU S I'AJIOTEH3AMEIIEHHBIX
OTAJIOHUAHMHOB METAJIJIOB HA CTPYKTYPHBIE OCOBEHHOCTU 1 CEHCOPHBIE
CBOMCTBA X TOHKHUX ITIJIEHOK

A . Knsmep, A.C. Cyxux, /I.B. Bonerapar
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XX MEXAYHAPOAHAA KOHOEPEHIUA CTYAEHTOB, ACITMPAHTOB 1 MOJIOABIX
YUEHBIX «ITEPCIIEKTUBBI PAZBUTHUA ©YHIAMEHTAJIBHBIX HAYK»

UCCJIEJJOBAHUE ITPOJIYKTA DJIEKTPOYTOBOI'O CUHTE3A B OTKPHITOM
BO3YIIHOM CPEJIE U3 BOJIb&PAMOBOI'O KOHIIEHTPATA PY JIbl
A.M. Koxopuna 108

[TEPCIIEKTUBbI CUHTE3A PALIEMUYECKOM CMECH MEHTOJIA 13 LIUTPAJISA
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YAK 66.011
IIYTU NOBBIIIEHUS Y®POEKTUBHOCTH KATAJITUTUYECKUX PEAKIIUI
C.U. PemerHukos
MuctutyT katanusza um. I'.K. bopeckosa,
Poccust, HoBocubupck, mp. JlaBperTtsesa, 5, 630090

E-mail: reshet@catalysis.ru

WAYS TO INCREASE THE EFFICIENCY OF CATALYTIC REACTIONS
S.1. Reshetnikov
Boreskov Institute of Catalysis, Russia, Novosibirsk, Pr. Akademika Lavrentieva 5, 630090,

E-mail: reshet@catalysis.ru

Abstract. The lecture considers cases when it is possible to increase the selectivity of reactions by carrying them out
under conditions of a non-stationary state of the catalyst. Special attention will be paid to the definition of the
conditions for the kinetic experiment in a laboratory set up. Will be considered criteria to establish reaction conditions

where external or internal (pore) diffusion does not effects on the plug-flow fixed bed reactor performance.

IMonck myTteil mnoBbIIEHUS >(P(PEKTHBHOCTH MPOBEICHUS pEAKIMH sBISETCS OXHOW M3 Hamboiee
aKTyaJIbHbIX 3a/1a4 B COBPEMEHHOI HayKe O KaTajn3e. Y BeINUCHHE aKTUBHOCTH/CETICKTUBHOCTH PEaKINii MOKET
OBITH HANPABJICHO MO IyTH (1) YIyYIICHHUs CBOHCTB KaTainzaTopa wiH (i) pa3paOOoTKU MPUHIUIHAIHHO HOBBIX
HNOJXOI0B HX OCYIIECTBICHUS.

OKCIIepUMEHTAJbHbIE ¥ TEOPETHYECKHE HCCIEAOBAHMS MOCIEIHUX JEeCATIIETHH IOKa3aiH, dYTO
HECTAI[HOHAPHOE COCTOSIHHE KaTalu3aTopa MOXKET OBITh HCIIONB30BAHO I yBEIHUYEHHsS 3((EeKTUBHOCTH
IIPOTEKaHUsl KaTalUTU4YeCKuX peakuuil. OU3MYeCKOl OCHOBOM HECTALMOHAPHOIO KaTaiuu3a sBJIAETCS
BO3MOXKHOCTh ~ PETYJHPOBATh PEAKIHOHHBIMH YCIOBHSMH COOTHOIIEHHE MEXIy aAcOpOMpOBaHHBIMHU
KOMILIEKCAMHM Ha MOBEPXHOCTU KaTalM3aTopa, YTO IMO3BOJISIET B PSJE CIIy4aeB YBEIWYHUTh BBIXOJ LEJIEBOrO
npoaykTa. B cTanMoOHapHBIX yCHOBUSIX 3TO CHENaThb HEBO3MOYKHO, MOCKOJIBKY BCE CTaJWUU KaTaUTHYECKOTO
LUKJIa HAXOJATCS B KBa3UPaBHOBECHH.

B nexkunm paccMOTpeHBI Ciydad, KOT/Ia BO3MOXKHO YBEIMYHTH CEJIEKTHBHOCTh PEakIiluid, obcyxmaarorcs
OCHOBHBIE MEXaHH3MBl TPOTEKaHWS TeTepOreHHbIX peakiui (JI3Hrmropa-XunmensByga, Onu-Puanna,
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIN U Ap.). Ocoboe BHUMAaHUE YAETICHO OIPENEeNCHHIO YCJIOBHH IPOBEACHUSI
KHHETHYECKOTO JKCIIePHMEHTa Ha J1aDOpaTOPHON YCTaHOBKE, PACCMOTPEHBI KPUTEPHH, MO3BOJISIOUINE CIENaTh
OLICHKY IapaMeTpOB M OIpPEAEINTh 00JIacTh, B KOTOPOH NPOTEKaHHE pPEaKkIMH HE OCIOKHEHO IpOoIeccaMu

BHEIITHEH W BHYTpEeHHEH Tuddy3uu.
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MNOJYYEHUE ®OTOKATAJIMTUYECKN AKTUBHBIX IVIEHOK TUOKCUJA TUTAHA
HA BOJIOKHUCTOM MATEPHAJIE
K. A6xanueBa, A.A. by3aes, B.A. Tkauyk
Hayunsrit pykoBonutens: npodeccop, a.1.1. JLII. Bopuno
HannonaneHelil necaenoBaTenbekuil TOMCKUM roCy1apCTBEHHBIN YHUBEPCUTET,
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PRODUCTION OF PHOTOCATALYTICALLY ACTIVE TITANIUM DIOXIDE FILMS
ON A FIBROUS CARRIER
K. Abzhaliyeva, A.A. Buzaev, V.A. Tkachuk
Scientific Supervisor: Prof., Dr. L.P. Borilo
Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050

E-mail: kamila-ab@mail.ru

Abstract. In the work, we considered the preparation of photocatalytically active films based on SiO,, TiO2, Ag*
sol-gel method. The main components of the initial solution are butyl alcohol, tetrabutoxytitane (TBT),
tetraethoxysilane (TEOS), silver nitrate, nitric acid and water. The photocatalytic active phase was applied to
the glass fiber by impregnation, after which the material was subjected to heat treatment from 100°C to 500°C.
The obtained samples were examined by infrared spectroscopy, the phase composition was determined by X-ray
diffraction and the energy of the band gap was calculated, which was 2.9 eV. The results obtained allow us to
judge the effect of modifying additives on phase formation and the shift of absorption of light radiation of films
into the visible region.

Beenenne. Ounctka Bo3myxa OT JleTyuux opraHudeckux coeauHeHui (JIOC) omHa M3 akTyaJdbHBIX
npo6neM XUMHNYCCKUX U He(bTeXI/IMI/I'-IeCKI/IX IMPOU3BOJICTB, BBIACIAIONIUX B BOSI[yIHHBIﬁ OaccelH 3HAYHTENILHBIE
KOJIMYECTBA Ta3000pa3HBIX OPraHMYECKUX 3arps3HCHHM, B TOM YHCIIE TaJOTCHIIPOM3BOIHBIX W apOMAaTHICCKAX
yraesogoponoB [1]. Hambonee mepCHeKTHBHBIM METOJOM OYHCTKH Bo3ayxa ot JIOC sBmsercs
(hoToKaTaTUTHUECKOE OKHCIIEHHE, OCHOBAHHOE Ha MPHUMEHEHUH B KadecTBe oTokaTaimmuzatopa — 110, Tak Kak
OH o0ecreynBaeT MHHEPATH3aHMI0 OPTaHMYECKUX 3arpsA3HUTENCH 10 YIJIEKHCIoro rasa W Bomel [2].
COBpeMeHHBIe yCTpOﬁCTBa OYHMCTKH BO3aYyXa, KakK 6BITOBBIC, TaK U IPOMBINIJICHHBIC, CIIOCOOHBI Yyi1aBJIMBATh
JIOC wm npyrue 3arps3HUTENN BO3Ayxa, Onarogapsi MPUMEHEHHIO BOJOKHUCTHIX (GUIbTpoB. HaHeceHue
KaTaJIMTUYCCKHU aKTHUBHOT'O BCIIECCTBA HA BOJIOKHUCTBIC (bl/IJ'[I)TpI)I SIBIIACTCA aKTyaJ’IBHOﬁ HpaKTI/I‘IeCKOI\/’I 3aaaqe171,
peleHne KOTOPOil MO3BOJKT HE TOJNBKO YIIABIMBATH MOJUTIOTAHTHI (PMIIBTPAMU, HO U 00E3BPEKUBATH UX [3].

B cBs3u ¢ 3THM, UENBI0 JAaHHOW pPabOTHI SBISETCS MOJNYYCHHE BOJOKHHCTOTO (DOTOKATAaIH3aTOpa
(¢pumpTpa) Ha OCHOBE MUOKcHIAa THUTaHA. i monydeHUs (POTOKATATUTHYCCKUX (HIBTPOB OBLI HCIOIB30BaH
METOJ TPOIUTKH, KOTOPHIA H3BECTEH CBOCH MPOCTOTOW M 3(PPEKTUBHOCTHIO, a B KayecTBE (HOTOAKTHBHOTO
BCIIICCTBA OB MCIIOJIBE30BaH JAAOKCHUJ TUTaHa — OAWH W3 CaMbIX XUMHYCCKHU U TCPMHUUYCCKU CTa6I/IJ'IBHBIX,
HETOKCHYHBIX HEOPTaHWYECKMX OKCHIOB, (DOTOKAaTAIUTHUYECKass aKTHBHOCTH KOTOPOTO TIPOSBISIETCS MpHU
Y®-o6myuennn. s TOBBIICHUST (DOTOKATAIMTHYECKOW aKTUBHOCTH OblIa TPOBEICHA MOAM(UKAIUS

KOMIo3uToB yactunamu SiO, u Ag.
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JKcNepuMeHTaIBHAs YacTh. [IJIeHKH Ha OCHOBE NUOKCHJA THUTaHA MOJydYald Ha CTEKJIIOBOJIOKHHUCTOM
Hocurene (Stekloplastic, Russia) ¢ ucrnonbp3oBaHueM 30Jb-refb MeToja. [IpUroToBieHHE IUIEHKOOOPA3yIOIIUX
PacTBOPOB OCYINECTBISUIOCH TPH CMEHIEHHH B OYTHIOBOM CITHPTE Ciiexyromux KoMmoHeHToB: Ti(CsHgO)a,
Si(C2H50)4, AgNOs;, HNOs, H,0O. TIlocme mMoNyd4eHHBIM pPACTBOPOM TIPONUTHIBAIH CTEKIOBOJIOKHHCTYIO
MOJIOKKY METOAOM IponuTkH B TedeHuu 30-60 muHyT. POpMHpPOBAaHUE IUNICHOK HAa OCHOBE THOKCHIA THTaHA
MIPOBOIMIIOCH C TIOMOIIBI0 TepMUYecKoi o0paboTku B mmamazoHe temmeparyp ot 100°C mo 500°C marom B
100°C B Teyenun 30 MUHYT.

WHudpaxpacHble CHEKTPHI MOTJIONIEHUs IIEHOK perucTpupoBanu Ha npubdope Perkin Elmer «Spektrum
One» FTIR — Spectrometr B o61actu ot 4000 cm 10 500 cm™,

@Da30BEIf COCTaB OMNpENeIBIIM METOJOM peHTreHoBckod mudpakmun (PDA) wHa mudpakromerpe
RigakuMiniFlex 600 (Anonmst) ¢ ucrounnkom CuKo B quamazone yrioB orpaxernns (20) ot 10° mo 80°.

[lupuny 3ampeimeHHO’ 30HBI aHaTa3HOH (a3bl B TOHKOIJICHOYHOM COCTOSHHM OMPEAEISIIM MO Kparo
COOCTBEHHOM ITOJIOCHI MOTJIOMICHUS Ha ckaHupyromeM criekrpodoTtomerpe «IKPOC I19-5400Y @y B nuana3one
JuirH BoaH 190 — 1000 HM.

PesyabraTbl. [lonydyeHHbIH TOHKOIJICHOYHBIH MaTepHan ObLI MCCIIENOBAaH C MOMOIIBI0 WH(paKpacHOH

CIICKTPOCKOIIUH IJIsI ONIPEACTICHUSA MOI[I/I(I)I/IKaHI/II/I B COCTaB€ MaTe€puaia.
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7779578

F=—1053.2
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—
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Puc. 1. UK-cnexmp sonoxuucmoeo gpunompa SiO2-TiO2-Ag

Pesynmpratel  MK-CIEKTPOCKOTIMYECKOTO — WCCIIENOBAHUS, TOJYYEHHOTO  BOJOKHHUCTOTO  (HIIBTpa
Si0,-TiO2-Ag moKasamy, 4To NOJNOCHI C HMHTEHCHUBHOCTHIO 663,1 cv™t m 527,9 cMm? yka3blBaloT Ha HaauuHe
cesseit (Ti-O, Ti—O-Ti) u konebanuii xapakreproi i nmukoB TiO,. Yacts Si BeTpamBaetcs B pemeTky TiOo,
0o0pa3yst CTPYKTypy H TOHaBisieT TpanchopMmaruio (a3l aHaTa3a, 4YTO IOATBEPKIACTCS pe3ylbTaTaMu

peHTFGHO(I)aBOBOFO HUCCICa0BAaHUA.
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2-theta (deg)

1-300°C; 2—400°C; 3 - 500°C
Puc. 2. Jugppaxmozpammul 06pazyoe sonokuucmozo guivbmpa SiO2-TiO2-Ag

npu pasuvlx memnepamypax omocuea

Pesynbrater POA mokazamm, uro npu obpadotke 300°C kpucrammm3anus (a3 He HaOIogaeTcs; mpu
400°C oTMeYaroTCs MUKH C1a00 KPUCTAITN30BAaHHON (ha3bl aHATa3a ¢ IPUCYTCTBHEM aMOp(HOi (a3bl, BeposTHO
OoTHOcAmmiAcA K Auokcuny kpemHms; 500°C moBpICHIACh KPUCTALTHYHOCTH (pa3pl aHaraza, O YeM
CBHJICTENBCTBYIOT y3KHE IIMKU C BEICOKOH MHTEHCHBHOCTBIO.

B pesynbrare u3MepeHus SHEPriuy NIMPHUHBI 3aNPEICHHON 30HbBI HAOII0JaeTCsl CHIKEHNE BETMYUHBI JUIs
o0pasia, comepikaiiero cepedbpo, 10 2,9 3B B To Bpems, kak s oOpasia 0e3 cepeOpa SHEPrus HIUPUHBI
3amnpenieHHoN 30HbI cocTaBisieT 3,2 3B.

akawuenue. bour monmyuen o6pasenr cocraBa  SiO2-TiO2-Ag  307b-Tellb  METOMOM, KOTOPBIi
MpeICTaBIsieT cOoOOW BOJIOKHHCTYIO TOMIOKKY m3 SiO» ¢ HaHECEHHOW KaTaIMTHYSCKH AaKTHUBHOH Qa3oin
Ti0,-SiO2-Ag metomom nponutku. Pesynbrarel POA u MK-criekTpockonuu mocie TeMieparypHoi oopaboTku
00pa3moB mokaszanu, 4to oOpaszoBanue CTPYKTypbl Ti-O-Si ymyumaer TepmoctabmnbHOCTE TiO2, a mpormecc
TpaHcopmanuu (a3pl aHaTa3a B PyTHI HE MPOUCXOAMT. BEposiTHO, 3TO CBSI3aHO BCTpaMBaHHEM KPEMHHsS B
KPHUCTAJUTMUECKYIO PELIETKY BO BpeMs TeMIepaTypHoil o0paboTku, uro noarsepxkaaercs UK-crekrpockonueii.
H3mepeHne »SHEpPruM INUPUHBI 3alpeIleHHOW 30HbI HW3Y4YEHHBIX O00pa3loB I0Ka3ajo, 4YTO BBE/CHHE
MoauduUIMpYoLe N00aBku cepedpa IMO3BOJISIET CHU3MTH J@HHYIO BelMuuHy a0 2,9 3B, 4ro roeopur o
BO3MO>KHOCTH TTOTJIONIEHHUS] CBETOBOTO M3JIy4eHHs B BUIUMOM 00IacTH.

Hccnedosanue evinoaneno npu noodeposcke Ilpocpammer pazeumus Tomckozo zocyoapcmeennoo

yuugepcumema (Ilpuopumem - 2030).
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MoW-CONTAINING ALUMINUM OXIDE CATALYTIC SYSTEMS FOR UPGRADING
HYDROCARBONS: SYNTHESIS AND PROPERTIES
ALS. Akimov?, U.A. Frolova?, N.A. Zhirov!
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Institute of Petroleum Chemistry SB of the RAS?, Russia, Tomsk, Academichesky str., 4, 634055
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Abstract. In the present study, we describe the results of the synthesis of MoW-catalyst for hydrotreatment and
upgraiding. Molybdenum blue acts as an active component of the catalyst, and aluminum oxide is the catalyst’s
support. By varying process conditions such as heating time and temperature try to obtain optimal samples.

In the future, the obtained catalysts will be tested in model, quasi-model and real raw materials.

Benenune. Co3aHue HOBBIX KaTaaM3aTOPOB ISl 00JIarOpaKUBaHUsI YTIIEBOJAOPOJHOTO CHIPBS SIBIISETCS
aKTyalbHOHM 3ajayeil MOCKONBKY MJIsl YIOBJICTBOPEHHS CIPOCa Ha TOIUIMBO W HE(PTEXUMHYECKOE ChIphE
BOBJICKaeTCsS Bce OomnblIe TKENOW M cBepxTskenod HepTn. C yTshKeNeHHEM He(TH pacTeT COJICpiKaHUe
CepocoJepKaIUX COSTUHEHHH, B YaCTHOCTH THO(EHOB, YTO CO3JAeT psiJ MpobieM npu ux npuMeHeHuu. Tak
UCIIOJNIb30BaHHE HE(DTH M HEPTENPOJYKTOB CO 3HAUUTEIBHBIM COJIEPKAHUEM COEJMHEHHUI Cepbl MPUBOJHUT K
npobiaeMaM C OKpyXKarolled cpenoil (BBIOPOCHI OKCHIOB Cepbl — MPOAYKTOB CTOPAaHHS CEpPOCOJEprKallero
TOIUTMBA MOT'YT PHBECTH K MPOOJIeMaM CO 310POBEEM U MOT'YT SIBJISITHCS IPHYNHON BOSHUKHOBCHUS KUCIOTHBIX
noxaeit) [1-3] u mosToMy HYXKHO TPOHM3BECTH YHIAJCHHE COCIMHEHHH cepbl B HEPTH U HedTEIPOIyKTaxX.
[IpakTHyeckn BO BceM MHUpe HAaONIOAAETCS TEHICHLMS CHW)KEHHS JOIMYCTHMBIX KOHIIEHTpaulWil cepbl s
OeH3uHa U aBTOMOOHMIILHOTO JIM3EJbHOTO TOIUIMBA, B HEKOTOPBIX CTPaHAX YPOBEHb JOIYCTUMOTO COJEpIKaHHs
cepocoaepKaIux coequHeHnit qocrturaet 10 30 u 15 ppm, cooTBETCTBEHHO.

CymiecTByeT MHOXECTBO CIIOCOOOB YAalEHHs cepbl M3 HePTAHBIX (Hpakuuii — ruapoaecynbhypHu3anus,
9KCTpPaKIMOHHAs, aJCOPOIMOHHAs M OKHCIMTENbHas aecynbdypuzanuu. Haubonee pacmpocTpaHEHHBEIM H
MIMPOKO MPUMEHSEMbIM METOAOM YAAJIEHHS CEpPbl, B YACTHOCTH THO(EHOB, AMOEH30THO(EHOB M X TOMOJIOTOB,
B COCTaBEe YIVICBONOPOZOB sBIsieTCsl ruzapoaecyibdypusammst [4]. B  nmamnom mpomecce Ttpebyercs

ucnonb3oBaHne dA(G(EeKTHBHBIX W  CTAOMIBHBIX  Karamu3aTopoB. Haumbonee dacTto TpUMEHSEMBIMH
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KaTalM3aTopaMyd B JIaHHOM TIIPOLIECCE SIBISIFOTCSA KaTanu3atopbl Ha ocHoBe MO0O3, MoS; wm MoO,S,
HaneceHnsle Ha AlpO3. B KkadectBe HocuTenedl [OMHMO OKCHAOB alIOMHHHS Hambojee dacTo B
MPOMBIIICHHOCTH HCTIONB3YIOT Pa3IMdHbIC IEOTUTH. BBHIOOp II€0IHMTa OCYIIECTBISIETCS C YIETOM IIpoIiecca B
KOTOpOM OyZeT HCHOIb30BaH KaTaan3aTop.

PazpaboTka KaTaau3aToOpoOB C YBEIMYEHHOH IUIOIIA/IbI0 ITOBEPXHOCTH, HEOOXOIUMBIM pa3MEpoM U
00bEMOM TOp, ONTHMAIBHBIM paclpeeieHHeM aKTHBHBIX METAJUIOB Ha IIOBEPXHOCTH W MOAXOJSIIEH
KUCJIOTHOCTH JUTS aJICOPOIIMN OCHOBHBIX CEPOCOJIEPIKAIINX MOJIEKYJI OCTAETCsl CII0KHOM 3anadeid. OaHuM u3
Hanboyee NMEpCHEKTUBHBIX IMyTE€H M IOCTIDKEHHS BBINICTIEPEUYNCICHHBIX CBOWCTB KaTalM3aTopa SBISIETCS
UCIIONb30BaHUE B KadyeCTBE aKTHBHOIO KOMIIOHEHTAa MONMOJCHOBON cuHH. MOIHMOICHOBBIE CHHH — 3TO
HECTEXHOMETPUYECKHE KHCIOPOJCOAEPKALINE COSANHEHUs] MONMOJEHA, B KOTOPHIX €ro CTENeHb OKHCIICHMS
MeHsIeTcsl OT +5 10 +6, K HUM OTHOCSITCSL B TOM YHCJIE CHUCTEMBI, COJEpIKallie KPYIHbIE MOJIHOICHOKCHTHBIC
KJIacTephl pa3in4HON (OPMBI, pa3Mep KOTOPBIX MpeBbIaeT 2 HM. B kauecTBe HocuTens Karanu3aTtopa Oyner
ucnons3oBatbest AlOz, Tak Kak OH SBISIETCS BBICOKOCTAOMJIBHBIM M HEJOPOTUM HocutesieM. Kpome Toro,
BBICOKAsl MEXaHWYECKasi MPOYHOCTh M OOJIbIIAs IIIOIA]b MOBEPXHOCTH AOCTUTAIOTCA 3a CUET TOTO, UYTO OKCHUIY
QITIOMHHUS MOKHO JIETKO IPUIATh JkenaeMyto Gopmy B mpouecce GOpMOBaHHUS.

Ienpto naHHOM pabOTHI SABISETCS CHUHTE3 KaTaJIM3aTOPOB IS OONAaropaKMBaHHSA YIJIEBOJOPOIHOTO
CBIpBs Ha ocHOBe MOW Ha aroMOOKCHIHOM HOCHUTEJIE.

JKCNepUMEeHTAIBHASL 4YacTh. VICXOMHBIMH COCIMHEHMSMH JUII CHHTE3a AKTHBHOTO KOMITOHEHTA
BBICTYIAJIM KOMMep4eckue mopouiku aucynbhuna momubaeHa (MoS;) u Boibpdpama (WS;). B kauectse
HOCHTEJISl HCIONB30BAIM OKCHJ QIIOMHHHS TIOJ[y4YEeHHOTO IIyTeM MPOKaJIMBaHUs B My(eIpHOW meun
KomMMmepueckoro nopomka ncespooumura o OO0 «MCX3K». [IpomuTodnbie BOJHBIE PACTBOPHI TONIYYAIH C
HCIIONIF30BAaHWEM MEXAHOAKTHBHUPOBAaHHBIX mopomkoB MoS; (WSy). KaramuTuueckwe cHCTEMBI OBUTH
CHUHTE3MPOBAHBI IIyTeM IIPOIHUTKH MO BIATOEMKOCTH HOCUTEIS OKCHUAA ATIOMHUHUSL.

PesyabtaTbl. TemnepaTypHblii peXuUM, Kak M HPOJODKHTENBLHOCTh IMPEAOOPabOTKH IUCYIb(MHIOB
Mosn0ieHa (BoJb(pama) B CYyHICCTBEHHON Mepe BIUACT HA MPOJA0JKUTEIBHOCTD MOJYYCHHUS, BBIXO U CBOWCTBA
aKTMBHOTO KOMIIOHEHTa Karayiusaropa. HemocTaroynslii HarpeB He MPUBOAMT K 00pa30BaHHUIO MOJIHMOJICHOBBIX
CHHEH, a HarpeB BbIIIE ONTHMAJIBFHOTO HHTEpBala BEAET K IOTEpe MPOAYKTAa B CBSA3M C 0Opa3oBaHHEM
TPUOKCH/IOB METAJUIOB, YTO COIPOBOXKIAETCS BBINAJCHUEM B OCaJOK. I[IpofOKHMTENHHOCTh HarpeBa IO
CPaBHEHHIO C TEMIIEpaTypol MPOKAIMBAHMS IHUCYIb()UIOB B MEHBIIEH CTENCHN BIMACT Ha MOJy4YEeHHE CHHEH,
OJTHAKO YCTAHOBJICHO, YTO NMPOJODKUTEIFHOCTh HMXKE 2 4acOB TAK)KE HEXKENaTesbHA M3-3a CHIDKEHHS BBIXOJA
MOJIy4aeMOro TPOAYKTa. PsnoM (QHU3MKO-XMMHUYECKMX METOMOB ObUIM IPOAaHATU3MPOBaHbl CBOWCTBA U
CTPYKTypa TMOJIyYCHHbIX MPEANICCTBCHHUKOB W CaMoro Kkarajguzaropa. Tak, wmeromom P®DA  Obid
MPOAHAIM3UPOBAH OCATOK, OOpa3yIOMIUICI BMECT€ C CHHBIO. BBICOKOMHTEHCHBHBIE XaKpPaKTEPHUCTUIECKHE
pedrexcel cyas o yriaam 20 ykaspIBaloT Ha TO, YTO BO BCEX ClIydasix 00pa3yeTcsi TPHOKCH/I MOJIMOIeHa.

B penkux ciyqasx B npopuinsix POA MoxHO HabIr01aTh BEICOKOMHTEHCUBHBIE PE(IEKCHI, OTHOCSIIHECS
K (asam mucynbduaa monubaeHa m Boibdpama. Ananu3 POA-cHUMKOB ocymecTBisuics ¢ npuMmeHeHueM 110
st OBM «Profex 5.1». Ha pucynke 1 mpeactaBiieHbl peHTTEHOBCKAs AU(ppAKTOrpaMMa 0caskKa.

Metonom HK-criektpockonuu Obla TpOAHAIM3UPOBAHA JKUJKAsl YacTh CHUCTEMBL. [loMydeHHbIE TMOJIOCHI
TIOTJIONIEHNsT U cpaBHeHne ux ¢ WK-crmektpamu B pabotax apyrux aBTopoB [5, 6] yKaspiBarT Ha TO, YTO OBUIH

TIOJTy4eHbI IMEHHO CHHH. [10TydeHHbIE CUCTEMBI MPEICTABIISIIOT COO0 PACTBOP CHHETO IIBETA U CBETJIO-CEPHII 0CAJIOK.
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Puc. 1. Peumeenoseckas ougppaxmoepamma obpasya

3akiuenue. B pesynbpraTe MpOBEACHHBIX UCCICIOBAHUI OBUIM MONYYCHBI KATATUTHUYCCKUE CHCTEMBI.
YCTaHOBIIEHB KOMITOHEHTBI TMPE/IIICCTBEHHUKOB aKTUBHOTO YaCTH KATATUTHYECKOW cucTembl. [logoOpaHb
ONTUMAIIbHBIC YCIIOBHSI CHHTE3a MPE/IICCTBCHHUKA KATAJUTUYCCKHX CHUCTEM JUIs  00JaropakuBaHUs
YIJICBOZOPOAOB. B nmanbHeifnieM IIaHUPYETCS MPOTECTHPOBATh MOJIYYCHHBIC KATATUTUYCCKHE CHCTEMBI B
MO/JIC/IbHBIX, KBa3UMO/ICIBHBIX M PCaIbHBIX BUIAX CHIPBSI.

Paboma evinonnena 6 pamkax eocyoapemeennoco 3adanus HMXH CO PAH, @unancupyemozo

Munucmepcmeom Hayku u gvicuieco obpasosanus Poccutickou @edepayuu;
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SJIEKTPOXUMHNYECKOE OINIPEJAEJIEHUE HAHOYACTUI CEPEBPA HA THBKOM CEHCOPE
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Annomayusn. B smoti pabome u320mosneH HOGwlll INeKMPOXUMULECKUL OAMYUK O OnpedeneHus: HAaHouacmuy
cepeopa (AQNP) wna eubkoii noonoswcke u3 noausmurenmepegpmanama (PET) wna oxcude zcpaghena,
B0CCMAHOBNICHHOM NA3ePOM, Ol 60CCIMAHOGIEHUS Hanouacmuy cepebpa. Ilonyuennvie pe3yivmamyl nOKa3auu,
YUMo HaHouacmuybl cepebpa Ha B0CCMAHOBNEHHOM JA3EPOM OKCUOEe 2pageHa UMerm pAaiuyHylo Gopmy u
oyenugaiomes Kax pasmep uacmuyvt 70 HM. Ycnoeus okna nomeHyuana yukiuieckol 601bmamnepomempuu
ObLIU ONMUMUSUPOBAHDL 0151 OLICPO2O Onpedenenus Hanouacmuy cepedbpa. Onmumuzayus napamempos 1azepa
oviia ucciedo8ana O NOJYYeHUs. 8bICOKONPOSoOAUell NOGEPXHOCMU NIA3EPHO20 CEHCOPd HA OCHO8e OKCUOd
epagena. Ilpednosicennvlii  1a3epom BOCCMAHOGIEHHbIL OKCUO 2pagheHa Ha 2ubKol NoON0JCKe O
INEKMPOXUMUYECKO20 ONPedeleHUsl CeHCopa Hanouacmuy cepebpa 6Ovin ycnewHo npumenen. I[lpedcmagneno

9KCnpecc-onpeoenenue nanovacmuy cepeopa.

Introduction. Electrochemistry, especially the development of electrochemical devices, has long relied
on graphene, which was discovered in 2004. Among its numerous physical and thermal properties, as well as its
electronic, optical, and photonic properties, it exhibits an exceptionally wide range of characteristics [1]. As a
target anolyte in electroanalytical chemistry, graphene is modified with metallic nanoparticles and used to detect
different objects. Electrochemical sensors are increasingly being developed with graphene-based nanomaterials
due to their unique properties [2]. There are two major reasons why graphene exhibits enhanced electrochemical
activity: (1) its large surface area provides a large number of electroactive sites for recognizing target molecules,
which increases sensitivity, and (2) its stability over a wide temperature range makes it an extremely reliable
conductive material for constructing electrochemical sensors. Applied potential window range, electron transfer
rate, and rapid determination affect basic electrochemistry occurring at the working electrode in order to avoid
interference from unwanted materials. In addition to the features and applications of top-down and bottom-up
graphene fabrication methods, various fabrication methods are discussed [3]. In the past decade, nanoparticles

have been widely used for various industrial and agricultural purposes, including pesticides, peptides,
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explosives, dyes, and pharmaceuticals [4-6]. Silver nanoparticles have been considered toxic in addition to their
valuable applications. By consuming this substance, adverse health effects may occur, such as headaches, liver,
nd kidney damage. Crops, water bodies, and the environment can be severely damaged when a hazardous
compound is released into the soil. To detect silver nanoparticles on electrode surfaces, an electrochemical
method must be developed that is fast, selective, easy to operate, and cost-effective. Nanoparticles are
characterized by their size-dependent properties, such as conductivity and optical properties, and them has great
potential to detect lung cancer cells [7-10]. In this work, a novel flexible electrochemical sensor was fabricated
on laser-reduced graphene oxide with the polyethylene terephthalate substrate for the cyclic voltametric
determination of the silver nanoparticles. The characterization of the graphene and reduced graphene oxide was
examined by SEM. The laser parameters were optimized by various power to obtain the high conductive surface
area of laser-reduced graphene oxide. The flexible laser-reduced graphene oxide sensor showed high
reproducibility and repeatability values respectively as compared to the conventional procedure. A number of
advantages of this electrochemical method include its simplicity, high sensitivity, fast response, low cost, and
potential for the determination of silver nanoparticles.

Research methods.

1. Fabrication of laser-reduced graphene oxide sensor. The graphene oxide 4mg/ml was sonicated at
the speed of 1500 rpm for 15 minutes on the magnetic stirrer at room temperature of 22 degrees. Then the
flexible polyethylene terephthalate substrate was cut into the 35*15 mm, washed with the water and dried at
room temperature to obtain the smooth surface for the graphene oxide. Then drop casting method was used to
deposit the 200 micromilliliter graphene oxide on the substrate, which was dried for the 12 hours before the
laser- reduction. The laser reduction was performed at optimal conditions. The graphene oxide was changed into
dark brown colour after laser- reduction because of the oxidation of the oxygen molecules from the water diluted
graphene oxide. Then the laser-reduced graphene oxide sensor was attached with the copper wire or copper tape
to establish the electrical connection. The conductivity of the laser-reduced graphene oxide was measured by
SMODE controller. The three electrochemical cells system, Ag/Cl electrode was used as reference electrode,
platinum electrode was used as counter electrode and laser-reduced graphene oxide electrode was used as
working electrode in the solution of KOH in galvanic cell.

2. Preparation of silver nanoparticle. 0.01 g silver nanoparticle was dissolved in 20 ml of water. The
mixture remained at ultrasonic dispersion for 15 minutes. The mixture was centrifuged at 4000 rpm for 10
minutes to obtain solution. Then the silver nanoparticle was shifted into the different bottles for the further
determination of the silver nanoparticles on the laser-reduced graphene oxide sensor.

The scan electron microscopy analyses were used to investigate the surface morphology showed the
images of the graphene oxide, laser-reduced graphene oxide and silver nanoparticle on the laser-reduced
graphene oxide at a different magnification. As observed, that the colour of the graphene on the PET substrate
was light brown before the laser- reduction due to the reason of the presence of the oxygen functional groups on
the surface of the graphene oxide. In addition, graphene oxide is also more open and dispersed than graphite due
to its reduced number of graphene layers. The reduced graphene oxide has many wrinkles on the surface after the
laser- reduction of oxygen functional groups from the graphene oxide, which obtain sinuate structural to detect

the silver nanoparticles. The presence of the carbon and oxygen ratio was higher in laser-reduced graphene oxide
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as compared to the graphene oxide. The silver nanoparticle was prested on the surface of the laser-reduced

graphene oxide. The distribution of the silver nanoparticles was homogenous on the surface of the rGO.

Conclusion. In this work, a low cost and highly stable laser-reduced graphene oxide electrode was

developed for the electrochemical determination of the silver nanoparticles. A simple one-step laser- reduction

was used to produce the electrode on the flexible substrate. The surface morphology of the laser-reduced

graphene oxide was characterized using scan electron microscopy (SEM).

The work was carried out within the framework of the State Assignment of the Ministry of Education and

Science of Russia project No. FSWM-2022-0022.
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INVESTIGATION OF SPECTRAL-LUMINESCENT PROPERTIES
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Abstract. The spectral-luminescent properties of metal complexes of zinc and cadmium dipyrromethenes with
various halogen ligands in the series of alcohol solvents have been experimentally studied. It was found that the
replacement of the metal in complexing agent leads to a long-wavelength shift in the absorption and luminescence
spectra. Additionally, the introduction in the ligand of bromine and iodine atom increases the lifetime of the triplet
state due to an increase in the yield of intercombination conversion by the “heavy atom” mechanism compared to
complexes without halogens in the ligand. Due to this, the long-lived radiation of the metal complexes of
dipyrromethenes was found and its was studied in frozen solutions. Preliminary results of the study indicate the

possible use of such complexes as sensors and photosensitizers for the generation of singlet oxygen.

Beenenne. CoBpeMEHHBII 3Tall pa3BUTHSI MUPOBOH HAYKH XapaKTE€PU3yeTCsl TIOBBIILICHHBIM HHTEPECOM K
CO3JJaHUIO PA3JIMYHBIX ONTHYECKUX MATEpHaJIOB HA OCHOBE OPraHWYECKHX COCIMHEHMH M MX KOMILIEKCOB.
Cpenu MHOXECTBA OpPraHMYECKHX JIIOMHHO(OPOB OCOOBIH HHTEpEC NPECTABISAIOT KOMIUIEKCHI Ha OCHOBE
JMIPPOMETeHOB. M3BecTHO, uto GopdTopumubie aumuppomereHoBbie komiuiekchl (BODIPY) o6mamaror
3 PEeKTUBHBIM MOTJIOMICHUEM U M3Y4YE€HHEM C BHICOKHM BBIXOJOM JFOMUHECHECHIMH U MOTYT ObITh IPUMEHHMBI
B Pa3MUUYHBIX HANpaBICHUAX (U3MKM, OMOJOrMM, MeguuuHBL. Kpome TOoro, oHM 00JIafalOT BBICOKOM
(hoTOCTaOMIBHOCTBIO, YTO TIO3BOJIAET HCIONb30BaTh HMX B pasiiMuHbIX cdepax GyHAaMEHTaNbHOW H
MaTtepHanoBeIyeckoit Hayku [1].

ITomumo xkommiekcoB BODIPY wuHTEpec mNpencTaBisiOT TakkKe AUMUPPOMETEHOBBIE KOMILIEKCHI
NEepPEeXOJHBIX METAJUIOB, B YAaCTHOCTH, AumuppoMmereHarel umHka ([Zn(dpm).]) u xagmums ([Cd(dpm)2]).
[IpenmyImiecTBOM 3THX KOMIUIEKCOB SIBJISIETCSI BBICOKAs YYBCTBHUTEIHHOCTH CHEKTPAJIbHO-TIOMHUHECIIEHTHBIX
XapaKTEePUCTUK K CBOWCTBAM CpEJibl, @ TAKXKE JIETKOCTh CHHTE3a, YTO JIENAeT UX NePCIEKTUBHBIMU MaTepHaiaMu
JUTS TATTBHEHIIIETO MPAKTHIECKOTO MpuMeHeHus1. Tak kak komiuiekcsl [Zn(dpm)z] u [Cd(dpm),] curTe3upoBaHbI
OTHOCHTEJIHO HEJIaBHO, Ha CErOJHSIIHUI JeHb aKTyaJleH NMOWCK W W3y4YeHHE ONTHYECKUX CBOWCTB HambOoliee

3} HEeKTHBHBIX COeMHMHEHNMET 3TOTO psina [2].
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Takum 00pa3oM, LENBIO IaHHOW paOOTHI SIBISIETCS OSKCIIEPHUMEHTAJIGHOE HCCIEJOBAaHME W CpaBHEHHE
CMIEKTPaTbHO-TFOMHHECICHTHBIX CBOMCTB METAITOKOMILIIEKCOB JUITHUPPOMETCHOB ¢ U-37IeMEHTaMH B 3aBUCHMOCTH
OT [TapaMeTPOB BO30YKAAIOIIETO H3TyUCHHS, TEMIIEPATYPhI U ()a30BOT0O COCTOSHUS OKPYXKAIOIIEH CPEbl.

JKcnepuMeHTANIbLHAs YacThb. Ha puc. 1 nmpuBeneHsl cTpyKTypHbIE (OPMYIIB B 0003HAUCHHS U3YIEHHBIX
COEIMHEHUH — IMHKOBBIX U KaIMHEBBIX KOMIUIEKCOB JUITUPPOMETEHOB C 3aMECTUTEISIMU PA3INIHOTO CTPOCHHUS.
CuHTe3 JaHHBIX KOMIUIEKCOB TpoBereH B MHcTuTyre xumun pactBopoB um. [.A. Kpecrosa PAH [3].
CrpykTypa M HMHAMBHUIYaTbHOCTb MOJYYEHHBIX COEAMHEHHH KOHTPOJIHPOBAIUCH C MOMOINBIO 3JIEMEHTHOIO
aHaiM3a, TOHKOCIIOWHOH Xxpomarorpadguu u MK crnextpockonuu. B kayecTBe pacTBOpHTENeH HCHONB30BaIH

3TaHOJI, U30IPOIAHOJ U OyTaHOI (BCE PaCTBOPUTEIN XUMHUECKH YHCTHIE).

cHs ety Gt e

) Br

H;C

HyC CH; CsHy CsHy,
Zn|[Bry(CH;3)4dpm], Zn[Bry(CH;3),(CsHyy)dpm], Zn[I(CH3)4(CyHs)dpm],

H;C CHy CsHyy CsHyy CH,
\ 3 / /

CH, CsHyy CsHyy

Cd[Bry(CH3),dpm]; Cd[Bry(CH;3)y(CsHyp),dpm], Cd[I(CH;3)4(C,Hg)dpm],

Puc. 1. Cmpyxmypnvie popmynsl u 0603HAYEHUS U3YYEHHBIX COCOUHEHUTI

DJIeKTPOHHBIE CIIEKTPHI MOTJIONMICHHUS 3apEerucTpupoBanbl Ha cnekrpoduyopumerpe CM2203 (Solar) mpu
komHaTHOM Temriepatype (298K). Cnexrpsl ¢uryopecieHnuu, GocdopecieHIMu U BO30YKICHUS JTFOMUHECIICHIIH
3aperucTpupoBanbl Ha crektpomerpe Cary Eclipse (Varian) mpu komuatHoii Temmeparype (298K) u mpu
3amopaxuBanun kuakuM asotom (77K) ¢ momomipro kpuoctata Cryostat DN (Oxford Instruments). Bce
AKCIIEPUMEHTHI POBOJUIINCH B CTAH/IAPTHBIX KBAPIIEBBIX KIOBETAX C JJIMHOM ONTHYECKOTO MyTH 1 CM.

KBaHTOBBIE BBIXOZBI JIOMHUHECICHIINA PAacTBOPOB COEJMHEHHWN M3MEPEHbI OTHOCHTEIHHBIM METOIOM C
norpemHocTsio 10%. B kauecTBe crangapTa 11l HI3MEPEHHs KBAHTOBOTO BBIX0/1a (PIIyOpecIeHIINN HCIIOIb30BaH
xopomuio uzydeHHsiit kommiekc (CHs)aBODIPY (A% = 514 um, %" = 0,8). B xauecTBe cranaapra Juist u3MEPEHHS
KBaHTOBOTO BbIX0/a (PocOpECEHIINN HCTIONE30BaH Komiuiekec ZNTPP (Aot = 780 um, y¢°ct = 0,015).

Pe3yabTarbl. CpaBHUTEIBHBIA aHAN3 CHEKTPATbHBIX OCOOCHHOCTEW WCCIEIOBAHHBIX COCIUHEHHMA
yKa3bIBaeT Ha 0O0IIy0 (JOpMY CIIEKTPOB, XapaKTepHYIO /s JUIUPPOMETEHOBBIX Kpacuteneil. B aJeKTpoHHBIX
CIEKTpax TMOIJIOMICHUSI NPOSBISIIOTCS JBe mojiockl B obmactax 340-380 um u 493-512 um. HawmbGoinee
WHTEHCUBHAs JJIMHHOBOJIHOBAS I10J10CA, COOTBETCTBYIOIIAs So-S1 MOTJIOIIEHNIO, YYBCTBUTENILHA K 3aMELIEHUIO
muranaa (puc. 2). TunnuHele crieKTphl (IIyOPECIEHIIMN COXPAHSIOT KJIACCHUECKYIO «3€PKaJbHOCTBY CIEKTPOB

MOTJIOmIEHHS, YTO CBUACTCIILCTBYET O TOM, YTO MOIJIOMIACT U U3JTYy4acT OAHO U TO K€ COCTOSIHUC.
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CorsacHO 3(@QeKTy TSDKeJIoro aroMa sl TajJoreH3aMEIICHHBIX KOMIUIEKCOB IMIHPPOMETEHOB
XapaKkTepHO yMeHblIeHHe 3(QeKkTHBHOCTH (IIyOpecleHIMH W yBEIWYE€HHE BBIXOJAa MHTEPKOMOWHAIMOHHOM
KOHBepcHH. biaromapss 3TOMy y MAaHHBIX KOMIUIEKCOB CyHIeCTBYeT (ocdopeceHys, KoTopas Oblia
3aperucTpUpOBaHa pH 3aMOPaKUBAHUK PACTBOPOB JKUIAKUM a30ToM 110 Temneparypsl 77 K. Ilpu ncciaenoBanuun
(ocopecieHIINN M3Y4YEHHBIX IUIHPPOMETEHOBBIX KOMIUIEKCOB YCTAHOBJIECHO, YTO MAaKCHMYMBI CIIEKTPOB

JIOJITOKMBYIIIETO U3JTyUICHHsT KOMIUIEKCOB IIMHKA W KaJIMUsI HaXOIsTCst B oomacta 732-745 um [4].

Zn[I(CH3)4(C2H5)dpm]2 6)
—— Zn[I(CH3)4(C2H5)dpm]2 a) —— Zn[Br2(CH3)2(C5H11)2dpm]2
—— Zn[Br2(CH3)2(C5H11)2dpm]2 Zn[Br2(CH3)4dpm]2
1.0{ ——2n[Br2(CH3)4dpm]2 1,01
' dnyopecueHuns
0,8+ 0,81 docopecueHLms
T 06] 06
T T
5 04l G 0,41
D -—
0,2 0,2
0,0 . : : : \ 0,0 " ; : ,
300 350 400 450 500 550 500 600 700 800 900
X, HM X, HM

Puc. 2. CneKmpbz uCCJlel)yeMblx KOMNJ1eKcos8 YUHKa 6 amaHoe.

a) noznowjenus, 6) MOMUHeCYeHYUU

3akiroyenue. I[lomyueHHBIE pe3yibTaThl SBISIOTCSA OCHOBOW JJIs JajbHEHIIUX HCCIETOBAHUIMA
JOJITOXKUBYIIETO HU3JIYyYCHUA COCI[I/IHeHI/Iﬁ Ha OCHOBE IUIIUPPOMCTCHOB, OCO6eHHO 10 BOIIpOCY BSaHMOﬂeﬁCTBHﬂ
C MOJIEKYJSIPHBIM KHCJIOPOJOM [UIl CO3JaHUSl HOBBIX MATE€pUAOB JUIsl ONTHYECKOM CEHCOPHKM U
(hoToaMHAMIYECKON TEpaITHU.

Paboma evinonnena npu gunarcosoii noodepaicke Ipoepammer pazsumus Tomckozo 2ocyoapcmeeHH020

yuusepcumema (Ilpuopumem-2030) (HUP Ne HY 2.0.7.22 MJI).
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IODOMETRIC DETERMINATION OF GLUCOSE USING SOLID-PHASE EXTRACTION OF
IODINE INTO A POLYMETHACRYLATE MATRIX
O.A. Bazhenova
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Abstract. Glucose determination is one of the most popular types of analysis, since glucose is one of the most
important indicators of human health. We have proposed a solid-phase spectrophotometric technique based on the
reaction of glucose oxidation with the formation of gluconic acid and hydrogen peroxide under the catalytic action
of glucose oxidase. To determine the hydrogen peroxide formed, we proposed to use its reaction of interaction with

iodides in solution to form iodine with its subsequent solid-phase extraction in PMM or in PMM-AU°.

Brenenne. OmnpeesicHHe COACPIKAHKS TIIFOKO3bI SABJSIETCS OMHUM M3 CaMbIX BOCTPEOOBAHHBIX BHIOB
aHaN3a, MOCKOJIBbKY TJIFOKO03a SIBIISETCA OJJHUM M3 BaXKHEHIIINX MOKa3aTeel COCTOSHUS 30POBbs YeIOBeKa.

Hamu npemnoxena TtBeprodasHo-criektpodoToMeTpuueckas METOIUKa OINPEIEICHUST COJepKaHHs
rMoK036l. OHAM U3 MIHPOKO HCIIOJB3YEMBIX METOOB OIMPEICIICHHS TIIFOKO3HI SBIIETCS TIIFOKO300KCHIA3HBIN
METOJ, B OCHOBE METOJHUKH JIe)KaT PEaKIUs OKHUCICHHUS TIIOKO3Bl C O0pa30BaHMEM TJIIOKOHOBOW KHCIOTHI H
MEePOKCHUJIa BOAOPO/Ia IIPU KATATUTHIECKOM JIeHCTBIM (hepMEHTa TIF0KO300KcH a3l [1].

roj
I'1roxo3a

0,
TeepnodasHast SKCTpaKIsA HOOA
(eapmanT 1)
ItrokoHOBast | + IIMM ey [IMM-1,
KHCJIOTA H,0 | + pr_p Iz (BapmanT 2)
2202 + IIMM-Au’ Jll — TIMM-AuL, [}

Puc. 1. Hooomempuuecrkoe meepooghazno-cnekmpogomomempuueckoe onpedeneHue noKo3bl

¢ npumenenuem IIMM u ITMM-AU°
Jnist onpenieneHys BBIIECIUBIIETOCS MIEPOKCHIA BOJOPOAA HAMH NIPEIIOKEHO UCII0JIb30BATh €T0 PEAKIHIO

B3aUMO/ICHCTBUSI C MOUIAMH B PAacTBOPE ¢ 0Opa3oBaHUEM HOAA!

H,0, + 21~ + 2H* - 2H,0 +1,
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¥ ero nocneyromeii Teepaodasnoii sxcrpakumei B [IMM umu 8 [IMM-AWC (puc. 1).

JKcnepuMeHTAJbHAA dYacTh. llomuMerakpuiiaTHas MaTpulia NpencTaBisieT Cco0oi  onTHYecKu
MPO3pavyHbIe TOHKHE IIACTHHBI TOIIIMHOH, MOTydIEeHHbIEC PaJAUKaIbHON OJOYHON MOIMMEpPHU3aIEel METaKPIIOBBIX
MOHOMEPOB C J00AaBICHUEM MONMATHIICHIIMKOIS JUIS YIIyqIIEHHs SKCTPAKIOHHBIX XapaKTEPHUCTHUK.

B mpemaraemMoif MeToANKe MPUHOXT PAOOTHI BKIIOYAET B ceOs Psi 3TANOB, IPUBOAAIINX K U3MEHEHHIO
OKpaImMBaHUs MaTpuibsl. Ha mepBoM sTame K CTaHZAPTHOMY pacTBOpy Tioko3sl (V=10-50 mxi) mobaBmsim
rimoko3o0o0kcuaasy (Crop =3,8 mr/mi, pH 7, V=50 mki), o6pasen Harpesanu 10 munyT nipu Temnepatype 37 °C.

Ha Bropom stane I, ObuT mojdydeH B pe3ynbTaTe OKUCICHHS HOAWA MOHOB INEPOKCHAOM BOAOpOJA B
kucinoit cpene. K pacreopam no6asnsin HCl (Che=1 mons/n, V=40 mxi) u pactsop Kl (Cki=0,5 %, V=60 mki),
3aTeM JOBOIIUIN 00beM pacTBopa 10 500 MKJI AUCTHIUITHMPOBAHHOHN BOJOH, omyckanu oopasust [IMM wumun [IMM-
AUC B pacTBop ¥ nepemMemuBanu 30 MUHYT.

[Tmactuaer [IMM mocne 3KCTpakIMM HOAA BBIHUMAIN M3 PACTBOPOB M BHICYIIMBAIH MEXIY JHUCTAMHU
¢unpTpoBaNEHON Oymaru. OOpa3ubl OKpAaIIMBAINCh B JKENTHIM IBET, HHTCHCHBHOCTH KOTOPOTO 3aBHCENA OT
KOHIICHTPAIIH [TIIOKO3bl B aHATU3UPYEMOM PacTBOpE.

Jna  ucnonbzoeanus IIMM-AUW B nojOMeETpHYECKOM  TBEPAO(A3HO-CIIEKTPOPOTOMETPUUECKOM
oIpeieNeHue III0K03bI Iposend uMMoomnu3anuio HY 3omora B [IMM (puc. 2). [lns 3T0ro 4yucThle MaTpUIIBI
norpy3win B Bomubiid pactBop H[AUCli] u mocraBuiu mepemeninBathcss B potatop Ha 1-5 munyT. Ilo
MCTEUYEHUN BPEMEHH BBIHYJIH IUTACTHHBI M3 PACTBOPA U MPOCYIIMIN MEXKAY JMCTaMH (UIBTPOBAILHON Oymaru.
JHanee nposomund BoccTaHobleHue IIMM-Au* mo IIMM-AU® pactsopom NaBHs nns storo omyckanu
IUTACTUHBI B PacTBOP M CTABWJIM MEPEMEIIMBATHCS Ha 5 MHHYT. I10TOM M3BIEKasin IUTACTUHBI W3 PacTBOpA H
MPOCYIIMIA MEXIy ImcTaMu ¢uibTpoBanbHO# Oymaru. Ha cmexrtpe mormomienms HY 3omota B [IMM

HaOJII0aJIM TI0JIOCY MOTJIOHIEHHS ¢ MaKCUMyMOM Ha 535 uwm [1].

| P" ..% £y . . .
H AuCl4] NaBH re. agaQ

1 /i HepeMemHBaHHe 0, 1%, HepeMemHBaHHe TIIMM-Au®

IIMM

Puc. 2. Humobunuzayus nanouacmuy 3onoma ¢ ITIMM (TIMM-Au®)

Ilocne skerpakium wona rwractTuHel [IMM-AuUl; BBIHMMamM W3 pacTBOPOB M BBICYIIMBAIM MEXKAY
micTaMu (QWIBTPOBaNBHONH Oymaru. MIHTEHCHBHOCTH KpPacHO-(HOJICTOBOH OKpackW 0Opas3loB yMEHbBIIAJACh B
3aBHCHMOCTH OT KOHIICHTPALIUH TIIFOKO3B! B aHAJTM3HUPYEMOM PAaCTBOPE 3a CUET OKHCICHUS HMMOOMIN30BAHHBIX
HY 301012 Tpunoanaom Iz

2[IMM — Au® + I3 + 17 > 2[IMM — Aul;

PesyabTaTsl. Ha pucynke 3 npencrasiensl cnekrpsl noraomeHus [IMM nocne sxcrpakuun noxaa. Kak

BUJHO CHEKTPhl MMEIOT MAaKCUMyM IOMJIOIIEHHs npu 365 HM, COOTBETCTBYIOIIME TPUUOJUL HOHY.

NHTEeHCMBHOCTH OKPACKH XXEJITOI'O IBETA 3aBUCCTIa OT KOHICHTPAIINU T'TFOKO3bI B AaHAJTU3UPYEMOM PACTBOPE.
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A
1,2 1 0 MMomB/a

—0,2 MmO/
— 0.4 Mmoms/n
— 0,6 Mmom/n

—0,8 Mmoo/t

A, HM

500 550

Puc. 3. Cnexmpui noznowenus obpasyos [IMM-1; nocie konmaxma c 2noko3ou

Ha pucynke 4 npencraBieHsl CrieKTpsl orionieHns oopasnoB [IMM-Aul™ mocie KOHTaKTa ¢ TIFOKO30H.
B To BpeMs kak BO MHOTHX IYyOJHKAIMsIX HAONIOJAIOT CMEIICHHE MaKCHMyMa IOTJIONICHHUS, MPUBOJAIICE K
W3MEHEHUI0 OKPACKU, KOTOPOE CBSA3aHO C TEM, YTO MOJUAbl HAUMHAIOT B3auMozeiicTBoBath ¢ HY 3o050Ta. To MbI
HAOJIF01aeM YMCHBIIICHHEC MWHTCHCHBHOCTH OKPACKH OOpa3llOB B 3aBUCUMOCTH OT KOHIICHTPAIIMU TIIFOKO3bI B
aHAIM3UPYEMOM PACTBOPE, COMPOBOXKAAIONIEECS YMEHBIIEHUEM TIOJIOCHI MOTJIONIEHHSI, KOTOPOE COOTBETCTBYET

HAaHOYACTHLIAM 30J10Ta IPU JUIMHE BOJIHBI S35HM.

3.0 A
2] B —— 0.0 mmomein
|
2.5 i
{ B —0.2 mmom/n
2.0 4
’ B —0.4meomia
1.5 -

. — 0.6 MyMomB/n

a— 0.8 Mmons/n

A, HM

300 400 500 600 700 800

Puc. 4. Cnexmpul nocnowenus oopasyos I[IMM-AUl'> nocrne konmakma c enoxko30u
3akirouenue. B naHHoii paboTe nmoka3aHa BO3MOXKHOCTb MCIIOJIb30BaHUS OJIMMETAKPUIATHOW MaTPHIIbI
(TIMM, TIMM-AU°) 17151 HOJOMETPHUECKOTO TBEPAO(PA3HO-CIEKTPOPOTOMETPUIECKOTO OIIPEAEIEHHUS [IIOKO3bL.
Paboma svinonnena npu ¢unancosoti noddepaicke Poccuiickozo nayunozo ¢onoa (epanm Ne 22-23-00590).
CITMCOK JIMTEPATYPbBI
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PMM-Ag®° NANOCOMPOSITE FOR THE COLORIMETRIC DETERMINATION OF GLUCOSE
BY THE GLUCOSE OXIDASE METHOD
S.K. Bragina
Scientific Supervisor: Assoc. Prof. PhD, N.A. Gavrilenko
Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050

E-mail: braginsk@gmail.com

Abstract. In the present study, we present a colorimetric nanosensor based on a polymethacrylate matrix with
immobilized Ag NPs for glucose determination by the glucose oxidase method. To evaluate the applicability of the

nanosensor, determination of glucose in in human serum samples was performed according to the developed procedure.

BBenenne. ['moko3a, kak OCHOBHON MCTOYHMK SHEPTHU, UTPAET PEUIAIONIYI0 POJib B 0OMEHE BEIIEeCTB U
MOJIep’)KaHNH HOPMAaJbHOM pabOTHI BCEro OpraHW3Ma, B CBS3M C 3TUM YpPE3BHIYAHO Ba)KEH MOHHUTOPHHT €¢
COJZlepKaHus B KPOBHU UenoBeka. [I0CKOIbKY B MUpe HacUHUTHIBaeTcs Oonee 436 MIJUTMOHOB YEJIOBEK OOJBHBIX
caXxapHbIM JaHabeTOM H WX YHCIO TMPOAOIDKACT pAcTH, aKTyalbHOH mpoOieMoil sBisercs pa3paboTka
YYBCTBUTEJIHHBIX, CEIEKTUBHBIX M MPOCTHIX CEHCOPOB, MO3BOJISIIONINX OMPEIENATh YPOBEHb TJIIOKO3bI B KPOBHU
0€e3 HCIOJIb30BaHUsI JOPOTOCTOSIIEro 000pya0BaHus 1 peareHToB [1]. B mocnemHue roasl GOIBIIMM HHTEPECOM
MOJIL3YIOTCS KOJIOPUMETPUUECKHE CEHCOPHI, TJIaBHOE MPEUMYIIECTBO KOTOPBIX 3aKIIOYAeTCS B BHU3YalbHO
HaOJII01aeMOM aHATUTHYECKOM CHIHAJIE, U3MEPEHHE KOTOPOTO MOYKHO IMPOBOAMTH HE TOJIBKO C MCIIOJIb30BAHUEM
cnekrpooToMeTpa, HO H C TNPUMECHEHHEM METOIOB KOJIOPUMETPHH IUPPOBOTO  H300paKeHUS,
OCYILIECTBIIIEMBIX ITOCPEICTBOM cMapT(OHA CO BCTPOCHHOW KaMepoil. M3BECTHO MHOXKECTBO HCCIICIOBAHHMU, B
KOTOPBIX [UIS OMpENeNICHHS TIIOKO3Bl B Pa3IMYHBIX OOBEKTAX WCIIONB3YIOT HAHOYACTHIIBI OJIaropoIHBIX
METaJUIOB, TAKAX KaK 30JI0TO M cepeOpo, HaXOASIINecs B pACTBOPE WIH HMMOOHMIN30BaHHEIE B TBEPIYIO a3y, B
COYETAaHUH C TITFOKO300KCHIa3HBIM METOIOM. Y HUKaJIbHbIE ONTHYECKHE CBOMCTBA HAHOYACTHI], OCHOBAHHBIC HA
s dexre MoBEpXHOCTHOTO TIa3MOHHOTO pe3onaHca (III1P), mposBistonierocsi B BUJe WHTCHCHBHOW IMOJIOCHI
TIOTJIONIEHHS B BUANMOM 00JIACTH CIEKTPa W CEIEKTHBHOCTH (pepMeHTa — TIFOKO300KCHIa3bl IETA0T M0100HBIE
CEHCOPBI MEPCIEKTUBHBIMU JUIS KOJTMYECTBEHHOTO ONPEIENEHHS TIFOKO3bI B KDOBH YesioBeka [2].

Takum 00pa3oM, IETbI0 JaHHOW PaOOTHI CTAJO0 KCCICIOBAHHE BO3MOXKHOCTH KOJIOPUMETPHUYCCKOTO
OIpeJieICHAs TIIOKO3El ITIOKO300KCHIA3HBIM METOIOM C MOMOINBI0 HaHOKoMmo3uTa 1IMM-AQP Ha ocHoBe

HOJIMMETaKPUIIATHOI MaTpHILIBI ¢ UMMOOMITM30BaHHBIMU HaHOYacTHIIaMK cepebpa (HY Ag).
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JkcnepuMenTanbHas 4qacTb. Cummesz IIMM. TIMM mnomydann MeETOIOM paIvKajdbHOW OJIOYHON
MOJIMMEPHU3allMK Ha OCHOBE METAKPHJIOBBIX MOHOMEPOB B BHZE NPO3payHOil T'MOKOM IUIACTHUHBI TOJIMHOM
0,5+0,6 MM, U3 KOTOPOI1 3aTeM OBLIH BBIPE3aHBI INIACTHHKA Pa3MepoM 4%x4 MM.

Cunmes HY Ag 6 IIMM (IIMM-Ag®) npoBouiIi NyTeM TEPMUYECKOTO BOCCTAHOBJICHUS HOHOB cepebpa
B [IMM. HWmmoOwmm3anuio woHOB cepebpa B IIMM mpoBommnmm w3 BogHoro pactBopa AgNOs
(C=5,6-10* momws/n, pH 5 — 7) nyrem mnorpyxenus mnacTud IIMM B pacTBOp ¢ MOCIEIYIOMIUM
nepeMelIMBaHueM B pOTaTope B TeueHHe 2 — 4 MUHYT. 3aTeM ILIACTHHBI BEIHUMAJM U3 PacTBOpa U MOMENIalH B
cymmibHbIH mKkad Ha 3 — 5 MuH npu Temneparype 140 °C. Takum o6paszom, mnactussl [IMM okpamuBanice B
JKEITO-KOPUYHEBHIH IBeT 1 UMenH nostocy [1I1P-nornomenus ¢ MakcuMyMoM Ha JjIuHe BOJIHBI 415 — 425 HMm.

Onpedenenue 210K03blL 2MIOKO300KCUOAIHBIM MemoOdom ¢ uchoavzosanuem IIMM-AQ’. Onpenenenue
[JII0KO3BI ¢ Ucnonb3oBanueM IIMM-Ag® nposoaunu B aBa sTana. Ha mepsoM 3Tame K aHanu3upyeMoii mpobe
nmobaBismmn  ToroKo300kcuna3y (Crox =3,8 mr/mi, pH 7, V=50 wmxi), obpazen HarpeBamu 10 MuHYT mpu
temneparype 37 °C. Ha BTopom sTame B pacTBOphl mo0aBmsun anetatHeiid Oydep (V=350 mxm, pH 4),
JIOBOJIMIIM 0OBEMBI pacTBOpoB g0 500 MKJ JMCTHIUIMPOBaHHOM BOJOM, omyckamu obpasusl [IMM-Ag® u
nepememuBaiu 30 MunyT npu Temmeparype 50°C. Jlanee miacTuHbl BBIHUMAIH U3 PACTBOPOB U BBHICYIIUBAIH C
noMomplo  QWIbTpOBaILHOH  OyMaru. M3Mepsiii  ONTHYECKYI IUIOTHOCTh  MOJYYEHHBIX  IUIACTUH
CHEeKTPO(POTOMETPUYECKH, a TAK)Ke CKAHUPOBAIIH IUTACTHHBI C UCIIOJIL30BaHUEM cMapTQoHa.

Hcnonvzoeanue cmapmeona 6 xawecmee 0emekmopa anaiumuieckozo cucnand. IlomydeHHbIe mocie
KOHTAKTa C PaCTBOPAaMH IJIIOKO3bI INTACTUHKY pa3MeNIain Ha OeIoM JIncTe OyMarn U CKaHUPOBAIH C MTOMOIIBIO
cMapT(oHa HAa PACCTOSIHUM 25 CAaHTUMETPOB OT 00BEKTHBA KaMephl. Jlanee nnudposbie n300pakeHUs 3arpyxKain
B MobunbHOe npunoxxenne ColourGrab u onpenensinu koopaunatel 1Beta R, G, B s kaxmol MiIacTHHKH.
B ponn aHanmMTHYECKOro mapaMeTpa MCIOJIb30Ball pa3IMYHbIe BEJIMYUHBI, ONpeaeiseMble Ha ocHoBe R, G, B

KOOpJMHAT, HAIIpUMeEp, BEJIMYHHY 1[BeTOBOTO pasnuuus AE, paccunteiBaemoi o ¢popmyie 1:

2 2 2
AE =AR? + AG? + AB 1)
Pesynbratbl. Cnekmpor noziowjenus IIMM-AQP nocre xonmaxma ¢ pacmeéopom znoxosvl. Ha pucynke
IpeaCTaBieHbl CeKTphl nornomenus IMM-AgP nocie KOHTaKTa ¢ pacTBopaMu Iioko3bl (C=0,1-0,8 MMob/1)
W TPajlyipOBOYHBIC 3aBHCHUMOCTH, MOCTPOSHHBIE 110 YMEHBIICHWI0 WHTEHCHBHOCTH IIOJIOCHI TOTJIOIIEHHS H

OTHOIICHHIO N3MEHEHHUS ONITHYCCKOM IIOTHOCTH K NEPBOHAYAJIBHOMY CUTHAJY.

A415
08 1
A425’
AA /A,
58 B
0,6
0,6 |
04 04 | <
0,2 |
02
| C, ,MMOJIB/J1
0 L 1 1 1 J
A, HM 0 02 04 06 08 1
0 - " ' ! ' — — -
350 400 450 500 550 600 Ass AAs2s/Ao

Puc. 1. Cnexmpul noznowenus IIMM-AQ® nocie konmaxma ¢ pacmeopamu 2noxo3vl ((1) C=0 mmonv/n, (2)
C=0,1 mmonv/n, (3) C=0,4 mmonv/n, (4) C=0,6 mmonv/n, (5) C=0,8 mmonv/n) u epadyuposounvie 3a6UCUMOCTIU

Auazs u AAazs/Ao om KOHYeHRmpayuu enoKo3vl
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Hcxonss w3 CHEKTPOB NOIJIOMICHMS BUAHO, YTO C YBEJIMYCHHUEM KOHLEHTPAIMU TJIFOKO3bI I1afaeT
MHTEHCUBHOCTb OKPAacKH IUIACTUHOK, BCJIEACTBHE YMEHBUICHUS IIOJIOCH IIOTJIOIIEHUSI ITOBEPXHOCTHOTO
TUTa3MOHHOTO pe3oHaHca. [lapaMeTpsl rpagyrpOBOYHBIX 3aBUCHMOCTEH, a Takxke mpenenst ooHapyxernuns (I10) B

yKa3aHHOM [IHaIa30He KOHIICHTPALNH IIPeICTaBIeHBI B TabmuIe 1.

Tabauya 1
IHapamempor epadyupogounvix 3agucumocmett Aszs, AAazs, AAars/Ao om KoHYyenmpayuu en1oKo3sl
AHaMTHYeCKHIl CHTHAI ¥PaBHEHHE IPalyHpPOBOHOH R2 I10, Mmonb/n
3aBUCUMOCTH
A425 A425 =0,704 - 0,418 - Cr 0,997 0,03
AA425/A0 AA IA0=0,102+0503-C 0,997 0,05

Ananuz obpasyos ceisopomku kposu. B Tabnuie 2 npuBeIeHbl pe3yIbTaThl aHAIN3a CBIBOPOTOKH KPOBH,
nosydeHnsie ¢ nomompio [IMM-AQ® n mabopa «mokoza-Hoo». HeT 3aMeTHOM pasHMIIBI MeXy JBYMS
METO/IAMH, YTO yKa3bIBaeT Ha TO, YTO MPELIOKEHHBIH HaHOKOMIO3UT [IMM-AQ® MOXKeT ObITh HCTIONB30BAH JUIs
OoOHapy)XeHHs TJIIOKO3bI B 00pa3lax dYelIOBEYECKOH CHIBOPOTKH, NMPHYEM AaHAINTHIECKUH CHUTHAJ MOXHO
MOJTydJaTh KaK METONOM TBepAo(a3HOH CIEeKTpopOTOMETpUH, TaK M METOAOM KOJOPUMETPHH LHU(POBOrO
N300paKeHHUS.

Tabnuya 2

Cpagrenue pe3ynbmamos onpeoenenus 210K03bl 6 CblGOPOMKe KPOBU C UCHONb30GAHUEM PA3DPAOOMANHOT

Memoouku u Habopa «I mokoza-Hoeo»

Pa3paGoTAHHEL METO C ucnonp3oBanueM Habopa «I mroko3a-
P A Hogo» = t
AHancI/IfITFI;I{I;CKHH (C £ AC). mvonp/n Sr’ % (C+ AC). svoms/ Sr’ % aken | oxen
AA/A (8,4+0,3)* 2 50 10,91
+ *kk
AE (7,9 £0,7)** 4 (8,1+10) > 1,9 | 0,67

*n=4;F (0,95;3;2)=9,6; t _(P=0,95; f=5)=2,57
*n=3;F _(095;2;2)=9,6; t _(P=095; f=4)=2,78

3akmouenue. Takum 06paszoM, IIpeCcTaBIeHHbIH KonopuMeTpuueckuii cencop IIMM-AQ® B coueranun
C TJIFOKO300KCH/Ia3HBIM METOJIOM IIPEJICTABIIACT COOO0 MePCIeKTUBHBINA MaTepHall Uil ONPEAEICHNUS TII0KO3b! B
O6mostorn4eckux KUIKOCTIX. OCHOBHBIMHU NMPEUMYIIECTBAMHU MPEATIOKESHHON METOAUKH OTIPEICIICHHS TIIIOKO3BI
SBIISICTCS MPOCTOTA BBIITOJHEHHS, HU3Kasi CTOMMOCTB, BRICOKAs CTAOMIIBHOCTh CEHCOPA U €T0 3KOJIOTHYHOCTb.

Paboma sevinonnena npu ghunarcosou noodepacke epanma PH® Ne 22-23-00590.
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THE EFFECT OF PLASMA MODIFICATION ON THE SURFACE PROPERTIES OF
POLYLACTIDE AND POLYTETRAFLUOROETHYLENE
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Abstract. The effect of low-temperature nitrogen plasma on the surface physicochemical properties of
polytetrafluoroethylene and polylactic acid-based films is investigated. The chemical composition of the
modified surface has been investigated by X-ray photoelectron spectroscopy. The wettability of the initial and

modified surfaces of the materials has been researched by the sedentary drop method.

Beenenue. [Tonumepubie MaTepranbl Ha ocHoBe nonmnakruaa (I1J1) u momurerpadropatunena (IITDI)
HAallUIM [IMPOKOE TPUMEHEHHE B PA3IMYHBIX O0JACTSIX COBPEMEHHOH MEAWIMHBI, B YacCTHOCTH, B
pereHepaTuBHON U cepedHo-cocyauctoi xupypruu. Ha ocHose I1JI coznatorT HeTkaHble MaTepualisl, a [ITDD
CUYMTAETCAd MPUTOAHBIM TMOJMMEPOM MIJIS NMPOU3BOJCTBA MCKYCCTBEHHBIX KPOBEHOCHBIX COCYJOB M CEPAEYHBIX
ctumynaTopoB. K onHOM M3 mpobieM Takux MaTepualloB OTHOCAT WHEPTHOCTh IOBEPXHOCTH — OTCYTCTBHE
cremdrIeckux (YHKIMOHAIBHBIX TPYII, PEIICHHEM KOTOpOH sBIsieTCs 00paboTKa B HHM3KOTEMIEPAaTypHOH
ma3Me razoBoro paspsga [1]. Llempto maHHOH paOoTBI SBJISCTCS W3YYCHHE BIMSHUS HHU3KOTEMIEPATYpPHOI
IUIa3Mbl B IOTOKE a30Ta IpH JUIUTeabHOCTH 00padoTku 5, 10, 20 u 30 MuHYT Ha (PU3UKO-XUMUYECKUE CBOMCTBA
noepxHocTH [ITDD u HeTkaHbIX MaTepuanoB Ha ocHoBe [1J1.

JKCcnepuMeHTAIbHAsl 4acTh. B KkadecTBe OOBEKTOB HCCIENOBaHMSA OBUIM HCIONB30BaHbI HETKAHBIC
MaTepHajbl Ha OCHOBE MOJIMJIAKTHIA, U UMEIOIIHECS B MPOJake MPOTE3bl IS CepIeYHO-COCYAUCTON CHCTEMBI
Ha ocHoBe BcreHeHHoro IIT®D (GORE-TEM®). dopMmoBaHHE HETKAaHBIX MAaTEpPHANIOB BBINOJIHUIOCH Ha
ycraHoBke i anekrpocnuuiudra (Nanon-01, HU TITY Hayuno-o6pa3oBatenbHblit nentp B.I1. BeiinGepra).
O06paboTKa HKCIIEPUMEHTAIBHBIX 00pa31l0B HU3KOTEMIIEPAaTYPHOH IJIa3MOM OCYIIECTBIISIIACH C UCTIOIb30BaHUEM
mna3moreneparopa «I[IMHK» B moroke aszora [2]. MccnenoBaHue 3IEMEHTHOTO COCTaBa MOBEPXHOCTH
MOTUGHUIMPOBAHHBIX HETKAHBIX MAaTEPHANIOB OCYIIECTBIUIOCH METOAOM PEHTI€HOBCKOH (DOTORIEKTPOHHOM
cnekrpockornuu (POIC) ¢ ucnonnzosannem ycranoBku PHIX-toolautomated XPS microprobe. TTony4yennsie

pe3ynbTaTel 00pabaTeiBaIrCch ¢ Tomonisio mporpaMMbl CasaXPS. Kpaeroit yron cmaunBanus (KYC) usmepsim
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Ha ycraHoBke EasyDrop (KRUSS) ¢ pampHedmmm pacuerom mnoBepxHocTHoW sHepruu (I19) mo mopmenu
Oysuca-Benara-Paben-Keensbie [3].

Pe3ysbTarsl. B ncxomnsix obpasuax I1JI conepskurcs 66,67 at.% yrnepoma u 33,33 ar. % kucnopona, a
obpazusl [IT®D nommmo yriepoma (43,69 ar.%) Takxke comepxar drop (56,41 atr.%). Kucmopon, xoTtopsrit

06Hapy)KI/IBaeTC$I Ha MOBEPXHOCTH IIT®D nocae 06pa6OTKI/I, MOXET OBITh OGyCJ’IOBJ’IeH OKHUCJICHUEM IMOBEPXHOCTU.
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Puc. 1. Obwue POIC-cnexmput ona IITPI (a) u nemxanvix mamepuanog 111 (6)

ITo pesynpraramMm P®D-CHEKTPOCKONMHMM YCTAHOBJICHO, YTO TIOCHE IUIA3MEHHOTO MOIU(DUIIUPOBAHHS
HETKaHbIX MaTepHajIoB Ha moBepxXHOCTH [1J] mporcXoquT CHIDKEHHE J0JIM CBSI3U yriepoaa B koopauHanuu O—C=0

B 3,5 pa3sa mpu 0OJIHOBPEMEHHOM yBEIMYCHUH aToMa yriepozaa B koopauHaiuu CHs-C B 1,3 pasa (tabnuna 1).

Tabnuya 1
Honoowcenue nunuti Cls u cooeporcanue cesazeu 6 [ITDD u 171
ATOMHOE coJiep:KaHue CBsizei, aT.%
O6pazen CF3 CF; 0=C-0 C=0 C-N C-C/C-H
294,3 292,5 290,3 289,2 286,4 285,6
Ucxonnsiii [ITOD - 82,34 - - - 17,66
[ITdD+mmazma 5 Mua - 43,83 16,47 13,14 - 26,56
[IT®D+mnazma 10 muna - 28,16 13,84 16,72 - 41,27
[IT®D+mna3zma 20 Mua 3,86 40,41 6,56 14,39 7,25 25,20
[IT®D+mnazma 28 MmuH 3,30 49,54 3,39 13,10 7,87 23,22
Hcxomusrii ITJT - - 32,43 - - 35,27
I1JI+mna3sma 5 MuH - - 15,46 14,88 15,20 45,57
[1JT+mmasma 10 Mun - - 10,48 13,16 13,50 51,67
TIJT+miasma 20 MuH - - 5,81 11,06 21,96 54,61
TIJT+mia3sma 28 MuH - - 9,63 16,68 12,59 46,66

JlaHHBIE PE3YNIbTAThI CBUAETEIHCTBYIOT O MPEBATMPOBAHUH MPOIECCOB ASCTPYKIIMU TMOJTMMEPHBIX CBS3EH
B TIOBEPXHOCTHBIX CIOSIX MOTUGPHUIIMPOBAHHBIX HETKAHBIX MATEPHANIOB, C Y€M CBS3aHO 0Opa3oBaHHWE HOBOU
azoTcoJiepkamiei GyHKIMOHAbHOU rpynnbl. Hanmporus, mocne moauduimpoBanus noBepxuocta [ITOD Oputo

06Hapy>I<eH0 3HAYUTCIIBHOC KOJIMYCCTBO CBA3U CHa'C, C YeM MOJKET OBITh CBs3aH mpounecc 06CC(I)TOpI/IpOBaHI/IH
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MOBEPXHOCTH B CBSI3U C MOSIBJICHUEM a30TCOACPKAIICH CBSI3U. Y CTAaHOBJICHO, YTO MOCIIE TUIA3MEHHONH 00paboTKU
Ha noBepxHocTU [ITDD obpasyrores cesizu CFzu CFo.

KYC u3mepsiin MeToioM sexadell Karuiv Mpy KOHTAKTe MIOBEPXHOCTH MAaTEPHAIIOB C BOJIOW U TIIUIICPHHOM.
W3 pucyHka 2 BUAHO, YTO IIa3MEHHOE MOIM(UIPOBAHKE TIPUBOIUT K YITYUIICHHIO CMaYHMBAEMOCTH TIOBEPXHOCTH
kak mia 11, taxk u mrg IIT®D. 3uavenns KYC ma ITJ1 camsummuces 10 19,7° u 23,6°0THOCHTEIBRHO HCXOIHOTO
obpasma (121,2°,110,9°) mpu KOHTakTe C BOJAOH W TIHUIIEPHHOM COOTBETCTBEHHO, IpH 3ToM obmas I13
yBenmmuuBaercs ¢ 5,09 mo 69,27 mH/M. Makcumanbhoe cHmwxenue KYC gna [IT®D mocturanoce mpu 30-
MHUHYTHOU 00paboTKe moBepxHOCTH 10 98,7° u 95,3° oTHOCHTENBEHO HUCcXOHOTO 00pasna (129,7°, 120,9°). Odmas

113 yBenuumnacs ¢ 15,6° u 15,1° mo 34,87° u 31,19° ¢ npeobiianaHueM MOJISPHON KOMIIOHCHTEI.
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Puc. 2. Kpaegoil yeon cmauuganus, moouguyuposannvix mamepuanos xa ochose I1J1 u IITDI niazmot

asoma npu cmavueanuu 6000l (a) u enuyepurom (6)

3akmiouenue. [IpoBeneHo nuccienoBaHue BIUSHAS MOJU(PHUINPOBAHIS HETKAHBIX MaTEpHAIIOB Ha OCHOBE
IUI u IIT®D mnnazmMoil B MOTOKE a30Ta. YCTAaHOBJIEHO, YTO B MpoOIecCe IIa3MEHHOTO BO3JIEHCTBUS Ha
MOBEPXHOCTH TIOJIMMEPOB 00pasyercs asorcoxaepkamias (yHkuuoHanbHas rpymma C-N, 49To cBsizaHO C
mporeccamMu JaecTpykiuu B noBepxHoctu [LJI u obechropupoBanuem nosepxaoctu [ITDD. Tlokazano, uto B
YCIOBHSX IUIa3MEHHON 00pabOTKM MPOUCXOMUT YAYUIICHHE CMaYMBaEMOCTH JIsi 00OMX MaTepHajoB. SHAUCHHUS
KYC ms I causmmmcs mo 19,7° u 23,6°0THOCHTENBHO McxomHOro obpasma (121,2°,110,9°) npu koHTaKTe
BOJIOM ¥ TIUIIEPHHOM COOTBETCTBEHHO, a s [ITDD — mo 98,7° m 95,3° OTHOCUTENBHO MCXOMHOTO OOpasla
(129,7°, 120,9°).

Hccnedosanue evinorneno npu noodepoicke Ilpoepammsr passumus TomMckoz2o 20Ccy0apcmeeHHo2o

yrugepcumema (Ilpuopumem-2030).
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VK 541.128:542.97:547.21:549.67
HCCJEJOBAHUE HEOKUCJIUTEJIBHOW KOHBEPCUU METAHA
HA Mo-Zr/ZSM-5 KATAJIN3ATOPAX
JK.B. Bynaes'?, JIJI. Kopo6unpsina?, A.A. CrenaHnos?
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INVESTIGATION OF NONOXIDATIVE METHANE CONVERSION
ON Mo-Zr/ZSM-5 CATALYSTS
Zh. B. Budaev'?, L. L. Korobitsyna?, A. A. Stepanov?
Scientific Supervisor: Prof., Dr. A. V. Vosmerikov'?
Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050
2Institute of Petroleum Chemistry, SB of the RAS, Russia, Tomsk, Akademichesky str., 4, 634055

E-mail: budaevl7@mail.ru

Abstract. The effect of adding zirconium to the Mo/ZSM-5 catalyst on its physicochemical and catalytic
properties during the dehydroaromatization of methane to aromatic hydrocarbons was studied in this work.
Modification with zirconium was carried out by the method of impregnation and solid-phase mixing. Using
electron microscopy methods, the morphology and size of catalyst particles, the distribution of Mo and Zr in
them, and the presence of coke deposits on their surface were established. Catalytic tests and subsequent
thermal analysis showed that modification with zirconium leads to an increase in its catalytic activity and

stability of operation due to a decrease in the rate of coke formation.

Beenenne. B Hacrosimee Bpems B Poccun GosbIast 4acTb ra3000pa3HBIX YIJIEBOJOPOIOB CKHUIaeTCs Ha
(hakenax WM HCIIOJB3YEeTCS B KAayecTBE TEXHOJOTHMYECKOI'O TOIIMBA, MOITOMY aKTyaJbHOE 3HAUEHHE HMEEeT
MOUCK MyTel PalMOHAJIBHOTO HMCIOJIb30BAHUS MPUPOJHOTO M TOIMYTHOro HedTsaHOro ra3oB. OcoOblii MHTEpEC
MPECTaBISIET MPOIECC NPAMONM HEOKUCITUTEIFHONH KOHBEPCHSI METaHa B JIETKHE apOMAaTHYECKHUE YTIEBOIOPOIBI
Ha neonuTax Tuma ZSM-5, MoaMGHUIMPOBAHHBIX HOHAMHU IEPEXOTHBIX MeTauioB. Hambosiee BBICOKYIO
aKTHBHOCTb B JIaHHOM MpoOIecce NPOSBISIIOT KaTanu3atopsl Mo/ZSM-5. [l ymydiieHus KaTaluTHYECKUX
CBOMCTB 3THX KaTaJlU3aTOPOB INPOBOZSAT MONOJHHUTEIBLHOE MX MOAM(PHUINPOBAHUE PA3IMYHBIMHU 3JIEMEHTAMHU.
B nacrosimieit pabore uccienoBaHO BIMSHHE KOHIEHTPAMM M CHOCO0a BBEAEHHS IMPKOHMS B KaTalM3aTop
4%Mo/ZSM-5, nonydeHHbII Ha OCHOBE IEOJUTA C MHUKPO-ME30MOPUCTOH cTpykTypoit [1], Ha ero (usmko-
XUMHUYECKHe, KUCIOTHBIE U KaTaTUTHYECKHUEe CBOMCTBA B Ipoiiecce aeruapoapomaTusaruu (JII'A) meraHa.

JKCNepUMEeHTAIbHAN YacTh. [[e0MUT ¢ MUKPO-ME30MOPUCTON CTPYKTYPOH U Katanu3aTopbl Mo/ZSM-5
Ha WX OCHOBE OBUTM MOJYYEHBI 10 METOJWKE, omucaHHOW B pabore [1]. MomudunupoBanue HHPKOHMEM

MpoBOIWIN MeTooM TBepaodasHoro cuuTe3a (TPC) myrem cmemeHHs B BHOPOMENBHHIIE KaTalu3aTopa
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Mo/ZSM-5 ¢ pacdeTHbIM KOJHYECTBOM HaHOpa3MepHoro mopoiika mupkonus (0,5-3,0 % mac.). [pyras cepus
00pa3LoB MOJyYyeHa METOJOM MPOMUTKH KataimuzaTopa MO/ZSM-5 pacTBOpOM THIPAaTHPOBAHHOTO HUTpATa
mupkonmna (ZrO(NOs)2'nH20). Bee katanuzatopsbl mocie MOTU(DHIMPOBAHUS ITHPKOHUEM TPOKATUBAIH TPH
temneparype 550 °C B Teuenue 4 4. B pesynpraTe ObUTH HOITYYIEHBI CICTYIONINE 00pa3Ibl — METOIOM IIPOIUTKH
4%Mo0-0,5+3%Zr/ZSM-5 u wmerogom TOC 4%Mo-0,5+3%Zr/ZSM-5. Pe3ympraTel HCCICIOBAaHHN IO

MPEBPAIICHUI0 METaHA Ha MCCIIEAYEMBIX KaTAIM3aTOPax MPEACTaBICHBI Ha puc. 1.

Konsepcua metana, %
Kousepcus metana, %

—8— 4Mo/HZSM-5
—e— 4M0-0,5ZHZSM-5
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(a) ©)
Puc. 1. Uzmenenue KOHBepCUU MemaHa co 6pemMeHem pa60mbl Kamaauszamopoe, nojly4eHHvlx Memooom

nponumku (a) u meepoogasnvim cunmesom ()

KaranuzaTtopsl, cogepskammue 1 % Zr, He3aBUCHUMO OT CIIOC00a €ro BBEACHUS B LICOJIHUT, IPOSIBIAIOT OoJiee
BBICOKYIO aKTUBHOCTh B TeueHHe 180 MHUH paOOThI MO CPAaBHEHHUIO C KaTalu3aTOpaMH, COJEPKalIUMH JAPYroe
KOJIMYECTBO LUPKOHUS. [Ipy MOBBIIEHNN KOHIIEHTPAlWU BBOAWMOTIO B IICOJUT LUPKOHUS METOAOM ITPOTHTKH
CHI)KAeTCs HavyallbHas aKTMBHOCTH 3a 20 MHMH peaklHH, HO pacTeT CTa0MIbHOCTh pabOTHI KaTajlu3aTropa co
BpPEMEHEM IpoTeKaHus mpoiecca (puc. la). Takas >ke TEHOCHIMS HaOJomaeTcs Uil 00pas3loB, MOITYYCHHBIX
METOJIOM TBep10(ha3HOTO CHHTE3a, HO JUIS HUX XapaKkTepHa 0oiee BHICOKasi aKTUBHOCTh M CTa0MIBHOCTH pabOTHI

NP OJIMHAKOBOM KOHIIEHTPALMK IUPKOHUS B KaTaJIU3aTOPAaX, IPUIOTOBJICHHBIX pa3HbIMU criocobamu (puc. 10).

(2) ©)

Puc. 2. Dnexmponno-muxpockonuueckue cHumru kamanuzamopa 4%Mo-1%Zr/ZSM-5 nocne npoyecca

neokucaumenvrou koungepcuu memana: HAADF STEAM-uzobpasicenue uacmuywr kamanuzamopa (a);
anemenmuoe kapmuposarue yacmuy kamanuzamopa (6); HAADF STEAM-uzobpasicenue obpasya

xamanuzamopa ¢ wacmuyamu Mo u Zr (8)
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Pesyabtarsl. [IpoBeseHHBIE 3JEKTPOHHO-MHKPOCKOIIMYECKUE HCCIENOBaHMS (pHUC. 2) MOKa3aJd, 4TO
YacTHLBI Zr JOKAINU3YIOTCSl HAa BHEIIHEW M BO BHYTPEHHEH MOBEPXHOCTH LEOJINTA B GOpME OKCHIA LIUPKOHMUS,
KOTOPBII HE BOcCTaHaBNHMBaeTcs B mpomecce [II'A, B omm4Yme OT OKCHIOAa MOJUOICHA, KOTOPBIHA
BoccTaHaBimuBaercst 10 Mo2C [2]. O6paszoBanue GuHAPHBIX dacTUIl Mo u Zr B KaTaau3aTope He HaGIromaeTcs.
C yBenu4eHneM KOHIEHTpanuu Zr B katanuzarope 4%Mo/ZSM-5 npoucxoant GpopmMupoBaHue 6omnee KPyImHBIX
okpyribix gacturl ZrO,. Ha gactumax ZrO, mposBISIONINX KaTaIATHYECKYI0 aKTHBHOCTH B mporecc A
MeTaHa, Habroaercsi 00pa3oBaHUe KOKCA, OJJHAKO OHM B MEHBIIIEH CTENCHHU IT0JIBEPKEHBI KOKCOOOPa30BaHHIO
10 CPAaBHEHUIO € yacTuuaMmu Mo.

HccnenoBaHue KOKCOBBIX OTJIOKEHHH METOJAMHM TEPMHUYECKOTO aHajiu3a II0Ka3ajH, 4To jJo0aBiieHHe
0,5% nmpxonus kK KaTanuzaTopy 4%Mo/ZSM-5 npuBoIUT K yBEIHYCHHIO 00Pa3yIOMMXCS HAa HEM YTIIEPOIHBIX
OTJIOXKCHHUH, HE3aBHCHMO OT CIOCO0a ero MOAM(PHUINPOBAHHA, a TEMIIEPATYPhl K30TePMHUICCKUX YPPEKTOB U
MaKCHMYyMBl BbIropaHusi Kokca Ha KkpuBbix JITI' cmematorcs B Oonee HHM3KOTEMIEPATYpHYIO OOJACTb.
YBenudyeHne KOHIICHTPAIUN BBOAUMOTO B KaTamu3aTtop 4%Mo/ZSM-5 mupkonus no 1,0% u Oonee mpuBOANUT K
YMEHBIICHUTO O6paSOBaHHH Ha HEM KOKCOBBIX OTJOKCHUM HE3aBHCHUMO OT cnoco6a MOI[I/I(bI/IHI/IpOBaHI/IH, 4qTo
NPUBOAMT K POCTY CTaOMJIBHOCTH pPadOThl KaTanu3aropoB. Jlyisi Karanu3aTopoB, IOJYYEHHBIX METOAOM
NPONUTKH PAacTBOPOM IHMPKOHMIA, HaOmomaercs Ooyiee BBICOKOE 00Opa3oBaHHE KOKCOBBIX OTJIOKEHHH, 4TO
ABJISIETCS NPUYMHOM MX OBICTPOH MMOTEPH aKTUBHOCTH.

3akiroueHue. [lomydeHHblE [aHHBIE WCCIEIOBAaHWN AaKTHBHOCTH W CTa0MJIBHOCTH IIOJyYEHHBIX
KaTaJIM3aTOPOB XOPOIIO COTJIACYIOTCS C PE3ysbTaTaMM MO M3YYEHHIO MPUPOJBI M KOJINYECTBAa 00pa3yIoIIerocs
Ha HHUX KOKCa. TaK, AKTUBHOCTH o6pa3u013, MO,)II/I(i)I/IHI/IpOBaHHI)IX HAPKOHUEM METOJOM MPOIUTKHU, CHUKACTCIA
ObIcTpee, YeM KaTallu3aToOpOB, MPUTOTOBJIEHHBIX METOAOM TBepAO(ha3HOTO CHHTE3a, M3-3a OOJIbILIEH CKOPOCTH
oOpa3zoBaHus Ha HUX Kokca. [loBbiieHue crabuibHOCTH paboThl Karanmuzatopa 4%Mo/ZSM-5 ¢ poctom
KOHIICHTpAallUu BBOJAMMOI'O B HETO Zr, HC3aBHCHUMO OT MECTOJa MO}II/I(I)I/IHI/IpOBaHI/II/I, CBs3aHO C YMCHBUIICHHUEM
CKOPOCTH KOKCOOOpa30BaHMs. DIEKTPOHHO-MHUKPOCKOIIMYECKHE HCCIIEA0BaHNS KAaTaIU3aTOPOB MOCIIE Mpoliecca
JT'A MeraHa moka3aiy NPUCYTCTBHE KOKCA HA YacTUIAX Zr, T.€. aKTUBHbIEC LIEHTPHI, CBA3aHHBIE C IIUPKOHHEM,
NPUHAMAIOT HEMOCpeACTBeHHOe ydacTue B npouecce JI'A merana. Takum o0pazom, peryiaupyst KOJIUYECTBO U
noabupast cnocod BBezeHust Zr B karanuzarop 4%Mo/ZSM-5, MmoxHO nony4aTh 3pPEKTHBHBIE KATAIUTHYECKUE
CHCTEMBI JJIsl ITPOLIeCCa HEOKUCIUTENbHOM KOHBEPCUHM METaHa B ADOMAaTHUECKUE YIIIEBOAOPOIBI.

Paboma evinonnena 6 pamkax eocyoapemeennoco 3adanus HXH CO PAH, @uunancupyemozo

Munucmepcmeom nayku u évicuieco oopasoeanusi Poccuiickou @edepayuu.
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INVESTIGATION OF THE INFLUENCE OF COMPLEXATION OF ANTIAROMATIC EXPANDED
PORPHYRINS WITH CI' ION ON MAGNETICALLY INDUCED RING-CURRENTS
L.1. Valiulina
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Abstract. The influence of anion complexation on magnetically induced ring-currents and excitation energies
has been investigated on expanded antiaromatic porphyrinoids such as orangarin, rosarin, amethyrin.
Magnetically induced current densities and ring-current pathways have been calculated at density functional
theory (DFT) level using the M06-2X functional and def2-TZVP basis set. The calculations reveal that
complexation with CI ion leads to decrease in the strength of the paratropic ring-currents and the degree of

antiaromaticity. The decrease in the paratropic ring-currents is accompanied by the increase in the
HOMO/LUMO energy gap. Thus, the complexation leads to the stabilization of the anion complexes.
Calculations of the excited states of the anion complexes show that the high-lying electronic transitions (So—S2,
So—Ss, So—S4, So—S5) have charge-transfer character from 3p orbitals of the ClI- ion to the LUMO of the
porphyrinoids. The lowest excitation (So—S1) is dominated by the HOMO-LUMO transition and it is optically

forbidden that is typical for antiaromatic porphyrinoids.

Beenenue. Paciimpennsie MOpQUPHHBI NPUBICKAIOT Bce OoJblliee BHUMaHHWE OJarofaps CBOMM
HEOOBIYHBIM (POTOPHU3UIECKUM U ITEKTPOHHBIM CBOHCTBAM, a TAKkKe OOJIBIIOMY CTPYKTYPHOMY PazHOOOPAa3HIo.
Paciupentbie mopGUpPHHBI, KPOME TOTO, SIBISIFOTCS YHUKAIBHON MIaTGOPMOI /ISl UCCIIE0OBAHUS KOPPEISIIIU
MEXIy MOJIEKYJSIPHBIMU CBOWCTBAMH WM apOMAaTHYHOCTHIO/aHTHAPOMATHYHOCTBIO. B dacTHOCTH, MCcienoBaHue
pacuIMpeHHbIX TOP(GUPHUHOB MO3BOJIMIO U3YyYUTh B3aHMMOCBS3b MEXIY apOMaTHIHOCTBIO M (poTodhn3nIecKumMu
CBOﬁCTBaMH, TaKMMU KaK CIHEKTPAJIbHOE IIOTJIOIIECHUE, BPEMA IXKHU3HHU B B036y)KJICHHOM COCTOsSTHHH,
(dnyopecuennus, a Takke aByxdoronHoe moryomienue [1]. Kpome Toro, Obuto mHOKasaHo, 4TO (HUIMKO-
XUMHYECKHE CBOMCTBA PACHIMPCHHBIX NOPQHUPHHOB HAXOAATCS B CHIBHOW 3aBUCUMOCTH OT Xapakrepa
ApPOMATUYHOCTH. DTO MPHUBOAMT K HIce 00 HCIIONF30BAaHHH JAHHBIX COCAMHCHUH B KAa4eCTBE MOJCKYJISPHBIX
nepekirodatTeneii. [ 3TuX menei 0OBIMHO pacCMaTPUBAIOT paCIIUPEHHBIC MOPGUPHHBI, COAepKaIIne OOJbIe
IIECTH MUPPOIBHBIX KOJEIl B MAKPOIMKIIC, ITOCKOJBKY JaHHBIE MOJCKYJIBl MOTYT MEPECTPAaUBATBHCA MEKIY

JIByMSl TOTOJIOTUSMH XIOKKelneBCcKoM m Mebmyc. Takass mepecTpoiika MOXET TPOUCXOAWT 3a CYEeT
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B3aUMOJICHCTBHS C  PAacTBOPUTENSIMHM, M3MEHEHHs TEMIEpPaTypbl, a TaKXKe IIPH  OKUCIHUTEIbHO-
BOCCTaHOBHUTENBHBIX peakiusix [2].

HecMoTpst Ha BO3MOXKHOCTB NEPECTPONKH TOIOJIOTHU CTPYKTYPHI, BOIIPOC O MOAM(MHUKAINHU XapakTepa
apOMaTHYHOCTH PACHIMPEHHBIX IMOP(GHUPHHOB IO-TIPEKHEMY OCTACTCS aKTyaldbHbIM. OJHMM W3 BO3MOXKHBIX
pELICHNH 3TOr0 BONMPOCa MOXKET CTaTh KOMIUIEKCOOOpa30BaHHWE pPACIIMPEHHBIX NOP(UPHHOB C HOHAMH,
MOCKOJIbKY OHO IPUBOAWUT K M3MEHEHHIO YMCJIAa BAJICHTHBIX 3JICKTPOHOB B MOJIEKYJIAPHON CHCTEME, YTO B CBOIO
oYepesib MOXKET OTPA3UThCS HA apOMATHUYECKHX CBOMCTBAaX MONeKyIbl [3]. DTO SBISETCS BaKHBIM CIEICTBHEM,
KOTOpOE TIO3BOJIUT HAcTpaWBaTh apOMAaTHYECKUH XapakTep MOJEKYJl W TMOJy4aThb IPH HEOOXOIMMOCTH
apoOMaTHYECKUE WM aHTHAPOMATHYECKHUE COCUHEHHSI.

Lenpto naHHON paboOTBI SBIAETCA HCCIEAOBAHME KOMIUIEKCOOOPA30BaHUS AaHTHAPOMATHUECKHUX
pacmmpeHHbIX mop¢upnHOB ¢ woHamMu Cl, mW3ydeHWe BIUSHHUS KOMIUIEKCOOOpPA30BaHWS HA MAarHUTHO-
MH/yIIHPOBAHHBIE KOJBLIEBBIC TOKH, CTETIEHb aPOMATHYHOCTH, a TAKXKE Ha HJICKTPOHHBIE CIIEKTPHI BO30YXKICHNS.

JKcnepuMeHTAILHAsL YacTh. B KauecTBe OOBEKTOB HCCIENOBAaHMS OBIIM BHIOpPAaHBI KIACCHYECKHE
NpPE/ICTaBUTENN U3 Kiacca aHTHApOMAaTHYEeCKUX DPACIIMPEHHBIX MophuprHOB: [20]neHTadMpuH — OpaHrapwHH,
[24]rekcadupun — posapuH, [24]rekcadupuH — ameTpuH. JlaHHBle coeAMHEHUS! OBLIM MOAU(DHULIMPOBAHBI
nob6asienueM rona xiopa (Cl7) B LeHTp MOJIEKYJIbI.

MornekyJsipHbIe CTPYKTYPhI HCCJIEJOBAaHHBIX COEAMHEHHUI OBUIM ONTHMHU3UPOBAHBI B paMKax TEOPHH
¢yakamnonana wrotHoctn (DFT) ¢ wmcmomb3oBanmeM riobampHOro THOpuAHOTO (yHKIOHamMa MO06-2X B
koMOuHanMu ¢ GasucHbiM Habopom def2-TZVP. TeH3opsl sIEpPHOr0O MAarHUTHOTO ASKPaHHPOBAHUS,
BEPTHKAJIbHBIC SHEPTHU BO30Y)KICHHUS M SHEPIHMH KOMIUIEKCOOOpa30BaHUs OBUIM BBIYMCICHBI Ha ypoBHE MO6-
2X/ def2-TZVP. Duepruu komiuekcoobpaszoBanus ¢ nonom Cl” cocrasumu: 33,2 kkan/monb, 27,1 kkan/mMonp u
46,2 KKaJ/MOJb IJs1 MOJICKYJ OpaHrapuHa, po3apHHa W aMETPHHA COOTBETCTBEHHO. J[aHHBIC BBIYHCIICHHS
npoBoguauck B mporpammHoM maketre GAUSSIAN 09. Pacyersl MIOTHOCTEH MAarHUTHO-WHAYIIUPOBAHHBIX
TokoB (HA/T) mpoBoamiuce B mporpamme GIMIC, koropas B kadecTBe BXOJHBIX IapamMeTPOB HCIOJb3YeT
MaTpHIly IUIOTHOCTH, MOJYYEHHYIO NPU PacdeTe 3JIEKTPOHHOW CTPYKTYpPbI, MAaTPHUIy MAarHUTHO-BO3MYIIEHHOM
TUTOTHOCTH, a TaKke HHPOopMaIuio o 6a3ucHOM Habope.

PesyabTaThl. Pe3ynbTraThl pacdyeToB MarHUTHO-WHAYIMPOBAHHBIX TOKOB ISl HCCIIEAOBaHHBIX

PacIIMPEHHBIX HOPGHUPHHOB M UX KOMILIEKcoB ¢ HoHOoM Cl™ mpeacTaBiens! B Tabnuue 1.

Tabnuya 1
Cuna maenumno-unoyyuposannozo moxa (1) u snepeemuueckas wenb Mexcoy 2paHULHLIMU MOJEKYIAPHLIMU

opoumanam (4Evomo-Lumo) 6 pacuupennvlx nopgupunax

Monexysa Mornekyia 6e3 Cl° Komrurekc ¢ CI
|, HA/T AEHomo.LUMQ, 5B |, HA/T AEHOMO-LUMO, 5B
[20]nenradupun (opaHrapyH) -21,5 3,42 -16,1 3,55
[24]rekcadupuH (po3apuH) -23,5 3,29 -16,2 3,38
[24]rexcadupun (ameTpuH) -19,0 3,41 -14,2 3,42

CorymacHO TIPOBEJICHHBIM  pacdyeTaM MarHUTHO-WHAYIIMPOBAaHHBIX TOKOB nobaBmenue ClI° B
aHTHAPOMATHUECKHE DPACIIMPEHHbIE TOPQUPHUHBI HE W3MEHSEeT XapaKTepa apoOMaTHYHOCTH, MOJIEKYNBI TIO-
MIPEeKHEMY OCTAIOTCS aHTHapoMaTudeckumu. OpHako, KomruiekcooOpasoBanue ¢ ClI' MpUBOIUT K M3MEHEHHIO

CTCNICHU aHTUApPOMATUYHOCTH, 4 UMCHHO K YMCHBLIICHUIO BKJIaAa MapaTpoOIMU4Y€CKOro TOkKa, Aejiasl TEM CaMbIM
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Mojekyasl B kommuiekce ¢ Cl° MeHee aHTHapOMaTWYHBIMHM. VI3MEHEHHE KOJIBLIEBOTO TOKa IIpH
KoMIuTekcooOpazoBanuu Ha ypoBHe M06-2X cocraBuio 5,4 HA/T nnsa opanrapuna, 7,3 HA/T mia posapuna u
4,8 HA/T nnst ameTpuHa.

Amanu3 3aceieHHOCTEH opOuTanmell mokaszan, 4to 3(dekTnBHBINA 3apsx wona ClI° B komiekce ¢
pacmmpeHHbIME TopduprHaMu coctaisier -0,82 e st opanrapuHa u po3aputa u -0,79 e s amerpunaa. Takum
obpazoM, okomo 20% OTpUIATENHHOTO 3apsiia IEPEHOCHUTCS Ha MaKpOIWKI KOMIUIEKCa, 4TO TNPHBOIUT K
YMEHBIICHHUIO NapaTPOITUYECKOTr0 KOJIBIIEBOTO TOKA.

YMeHbIIIeHne NapaTpolnnYecKoro ToOKa B KOMILIEKCAX COIPOBOXKIACTCS yBEIMYEHHUEM SHEPreTHYEeCKOU
e MEXJYy TPaHHYHBIME MONIeKyJsipHbIM opoutatamu (HOMO-LUMO) (tabauma 1). B apomarmdeckux
COEIMHEHUSX PACIHOJIOKCHNE TPAHUYHBIX OpOWTANICH BIMAET HA XMMHUYECKYIO CTaOMIBHOCTH MoOJeKys. bornee
CTaOWMJIBHBIE CTPYKTYPBI XapaKTEepU3yIOTCSl OONBIINM 3HepreTmdeckuM paspsiBoM  AEpomo-Lumo. Takum
00pa3oM, yMEHBLICHHE MapaTPONUYECKOr0 TOKa 3a CYET KOMIUIEKCOOOpa3oBaHHs INPHUBOIUT K YaCTHYHOM
CTaOMIM3aIK HOHHBIX KOMITIEKCOB PACIINPEHHBIX MOP(QHUPHHOB.

Jns wccnenoBaHUsS BIMSIHMSA KOMIIIEKCOOOpa30BaHMS Ha BJICKTPOHHBIE CIEKTPHI BO30YXKIECHHS ObUIN
paccunTaHbl NEPBBIC IATh BEPTUKAIBHBIX JJICKTPOHHBIX MEPEXOA0B. AHAIN3 HIEKTPOHHBIX IIEPEX0I0B MOKA3all, YTO
MIEPeX0o/l B HIDKHEE CHHIVIETHOE BO30YXKICHHOE COCTOSHHE Sp—S; B PacCMOTPEHHBIX CHCTEMaX OCYIIECTBILIETCS
MEXKIYy TpaHHYHBIMU MOJIEKYJSIpHbIME opOutamiMu HOMO—LUMO. [lanHbiii miepexo]l SBISETCS ONTHYECKH
3aIpeILleHHbIM, YTO CBOMCTBEHHO aHTHAPOMATUYECKHM MoJieKyiaM. Ilepexo/ipl Ha BBICOKOJIEKAINE BO3OYKICHHbIE
cocrostust (So—S2, So—S3, So—Ss, So—Ss) SBIAIOTCI TepexomaMH C mepeHocoM 3apsima. IlepeHoc 3apsma
MPOUCXOAUT ¢ 3p BbIcHIeH 3ausToi opoutamu Cl na LUMO-op6uTans moppuprHoOua.

3akioueHne. B pesyngpraTe  NPOBEINCHHOTO — HCCIEAOBaHWS  OBIIO  ONMPEAEICHO  BIHMSHHC
KOMILIEKCOOOpa30BaHuUs AaHTHAPOMATHYSCKUX PACIIMPEHHBIX nopdupuHOB ¢ woHamMu Cl° Ha MarHuTHBIE U
9HEpPreTHYecKHe CBOICTBA MOJIEKYJ, a MMEHHO OBbUIO ITOKa3aHO, YTO B pe3yibTare KOMIUIEKCOOOpa3oBaHUS
MPOUCXOJUT YMEHbIICHNE TapaTPONNYECKOr0 MarHUTHO-MHAYIIMPOBAHHOTO TOKA B KOMIUIEKCAX, YTO NMPHBOIUT
K YBEIMYCHHIO DHEPTEeTUYCCKON eI MEXIy TPAHHYHBIMH MOJEKYIsApHbIMH opOutamsmi (4AEnomo-Lumo).
[omydeHHbIe pe3ysbTaThl MOKA3bIBAIOT, YTO KOMIIJIEKCOOOpa30BaHWE C AHWOHAMH YAaCTHYHO CTAOWIN3UpPYyET
AHTHApOMAaTHYECKHE pPACIIUPEHHBIE IOPGUPHHBI, YTO MOXET OBITh HCIHOJIB30BAHO [UII MOAW(HUKALUH

apoOMaTHYECKUX CBOMCTB MOJEKYI.

CIIUCOK JIMTEPATYPbBI

1. ChoS,, YoonZ.S., KimK.S., Yoon, M., Cho D., Sessler J. L., Kim D. Defining Spectroscopic Features of
Heteroannulenic Antiaromatic Porphyrinoids // The Journal of Physical Chemistry Letters. — 2010. — Vol. 1.
—P. 895-900.

2. Woller T., Geerlings P., De Proft F., Champange B., Alonso M. Fingerprint of Aromaticity and Molecular
Topology on the Photophysical Properties of Octaphyrins // The Journal of Physical Chemistry C. — 2019. —
Vol. 123. — P. 7318-7335.

3. Valiev R. R., Valiulina L. 1., Fliegl H., Sundholm D. The effect of anion complexation on the aromatic
properties of aromatic and antiaromatic porphyrinoids // New Journal of Chemistry. — 2020. — Vol. 44. —
P. 20643-20650.

Poccust, Tomck, 25-28 anpenst 2023 T. Tom 2. Xumus

39



40

XX MEXAYHAPOAHAA KOHOEPEHIUA CTYAEHTOB, ACITMPAHTOB 1 MOJIOABIX
YUEHBIX «ITEPCIIEKTUBBI PAZBUTHUA ©YHIAMEHTAJIBHBIX HAYK»

YK 669.71
HUCCJIEJOBAHUE BJIUSAHUSA BA3AJIBTOBBIX BOJIOKOH HA 9JIEKTPOITPOBOJIHOCTD
TEXHUYECKOI'O AJIIOMUHUSA
B./l. Banuxos, 1.JI. CuHKHHa

Hayunsrit pykoBomutens: npodeccop, 1.¢.-M.H. A.b. Bopoxios
HaunonaneHelil necaenoBaTenbcKUil TOMCKUI NOIUMTEXHUUECKU YHUBEPCUTET,
Poccus, r. Tomck, np. Jlenuna, 30, 634050

E-mail: valihov.snobls@gmail.com

STUDY OF THE EFFECT OF BASALT FIBERS ON THE ELECTRICAL CONDUCTIVITY
OF TECHNICAL ALUMINUM
V.D. Valikhov
Scientific Supervisor: Prof., Dr. A.B. Vorozhtsov
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
E-mail: valihov.snobls@gmail.com

Abstract. In the present study, the influence of basalt fibers on the electrical characteristics of technical
aluminum of grade A7 was investigated. Samples were obtained by casting in steel casting with ultrasonic
treatment and mechanical agitation. As a result of the experiment, an alloy with a fiber content of 5 mass percent
was obtained. It was found that the introduction of basalt fibers reduces the electrical conductivity of technical
aluminum by 4% IACS.

Brenenne. IToBbIlIeHHE 3KCIUIYaTAIMOHHBIX XapaKTEPUCTHUK CILIABOB, MCIIOJB3YEMbIX B KaOCIbHOW U
ABTOMOOWJIbHOW MPOMBIIUICHHOCTH, SIBJISICTCS aKTYaJIbHOW 3amaveil A/ UCCaeIOBaHus. AJIIOMUHHUEBBIN CIUIaB
TEXHHYECKOH YUCTOTH MapKu A7 UCIIONB3YeTCS B PA3UYHBIM OTPACISAX MPOMBIIIICHHOCTH — OT MMUIIEBOH 10
aBTOMOOWJIbHOW, Oxarojapsi BBICOKOH IDIACTUYHOCTH, XOPOIIMM JIUTEHHBIM  CBOHCTBAaM, BBICOKOM
anektporpoBoanocti (o0 61% IACS). TloBbilieHHE JKCIUTyATAMOHHBIX CBOWCTB aJFOMHHHEBBIX CIIJIABOB
JIOCTUTAeTCS Pa3IUYHBIMU Ccrtoco0aMu. [IepCreKTUBHBIM CIIOCOOOM YIPOYHEHHUsS CILJIABOB SIBJISIETCSI BBEICHHE
TYrOIJIABKUX HEMETAJTMYSCKUX YaCTHIl U BOJOKOH. ba3anbTOBOE BOJIOKHO SIBJISIETCS BOJIOKHOM IPHUPOIHOTO
MPOUCXOXICHUS, OONATAOMUM BBICOKUMH  (U3UKO-MEXaHUYECKHUMH  XapaKTEePUCTHKAMH, XHUMHUYECKOH
CTOMKOCTBIO, OOWIMPHOW ChipbeBOW 0a3zoit [1-3]. Takum o0pa3om, 06a3aabTOBOE BOJIOKHO —SIBJISIETCS
MEPCICKTHBHBIM MaTSPUAIIOM ISl BBEICHUS B TEXHUYECKUN alFOMIHHAN B KQUeCTBE YIIPOUHSFOIIEH (asbl.

JKcnepuMeHTaAbHAsA 4YacTh. CrulaBel OBUIM TOJIYYEHBI METOJOM JIMThS B CTAJIBHON KOKHIIb.
Texunueckuii amomunaus Mapka A7 (Al — 99.7, Fe — 0.16, Si — 0.15, Zn — 0.04, Mn - 0.03, Ga — 0.03, Mg —
0.02, Ti — 0.01, Cu — 0.01) pacruiaensuicst pu temrepatype 720°C. BasanbToBBIE BOJIOKHA, U3MEIBYEHHBIE B
IUTAaHETapHOH IapoBOW MenbHHUIE «AKTHBatop-4M» B pexume 12I'm B Tedenmn 20 MHUHYT, HOMEIIAINCH B
HECKOJIBKO aIFOMUHHEBBIX Karcynl U HarpeBaimch 10 200°C. s obecriedueHUs] paBHOMEPHOTO paclpeIeICHUs
0a3aIbTOBBIX BOJIOKOH MO O0BEMY paciuiaBa MPUMEHSUIACh MEXaHHYEeCKOe MepEeMEIINBaHKE CIICIUATbEHBIM
cmecurenieM [4]. Kancynsl ¢ 0a3anbTOBBIMH BOJOKHAMH BBOJHWIIUCH B LEHTP OOJACTH TMEPEMEIIMBAHUS

IMOCJICAOBATCIIbHO C HHTEPBAJIOM B 5 CCKYHI. Mexannueckoe NEPEMEIIMBAHUEC OCYIIECTBIIAJIOCH B TCUYCHUU
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30 cexyH1, moCIe Yero NPUMEHSUIOCH YIbTPa3ByKOBOE BO3/ICHCTBIE HA PACIUIaB IPH IMOMOIIH YJILTPa3BYKOBOTO
reHepaTopa ¢ HHOOWEBHIM BOJHOBOAOM U uactorod m3mydeHust 17 xI'm B Teuenmu 120 cexynn. Pacmnas
pa3nuBajici B CTAaJbHON IMIIMHAPHYSCKUA KOKWIB, HarpeTeld mo Temmneparypsl 230°C. VcxomHBI ciiaB U
criaB  0e3  BOJIOKOH OBUIM  TOMYYEHBI IIPU  AHAIOTHUYHBIX  YCIOBUSIX IUTABKH. [l  M3MepeHHs
3JIEKTPOCONIPOTUBIICHHS U MOIYYCHHS JAHHBIX 00 3JIEKTPONPOBOIHOCTH HCIIOIb30BANICS 4X-KOHTAKTHOH CXEMBI.
OO6pa3isl U H3MEPEHUS SIEKTPOCOTIPOTHBICHHUS PEACTABIIIIN CO00H MOJIOCKH CIUIaBa ¢ cedeHneM 1x1 MM u
IUIMHHOM 31 MM.

PesyabTaTel. B Xone SKcliepMMEHTOB Oblia IOJlydeHa 3aBUCHMOCTH 3JEKTPOCOIPOTHBICHUS IS
MCXOMHOTO ciutaBa A7, criaBa A7 ¢ yIbTpa3ByKOBOH 00paboOTKoi 1 ciiaBa A7 ¢ yIbTpa3BYKOBOH 00pabOTKOM

1 6a3aJbTOBBIMU BOJIOKHAMMU.

—— A7 UcxoaHbIn
A7+Y30
—— A7+5 macc.% BB + Y30

Om*mm2/m
_C)
o
Y
o
|

0,035

01030 ! 1 ! | ' 1 4 I ' 1 ! 1 ! 1 ! 1
00:00 00:07 00:14 00:21 00:28 00:36 00:43 00:50 0057
Bpewms, cek

Puc. 1. I'paghux snexmpoconpomuenenus obpasyos A7

W3mMepeHne 37eKTPHIECKOr0 COMPOTUBIICHHS TIOKA3aJI0, YTO BBEJICHHE 0a3aIbTOBBIX BOJIOKOH B KOJIUCCTBE
5 MacCOBBIX MPOIEHTOB CHU3WJIO YACIBHOE JICKTPHYECKOE COIPOTHUBIICHHE AIFOMHHHCBOIO CIUIaBa Mapku A7 ¢
0,045 mo 0,04 Om*MM%/M. AHanorvusas TeHJEHIMs HAOMIONANAch B TEYEHHH BCETO BPEMEHH JKCIEPHMEHTA.
IIpuMeHeHHEe yIbTPa3ByYKOBO 00PabOTKH paciiiaBa TAK)KE YMCHBIINIO YACIBHOE JJICKTPHUSCKOES COMPOTHBIICHUS

IPOBOJHHUKA OTHOCHTENIBHO HCX0AHOTo crtaa A7 ¢ 0,045 Om*Mm%/m 10 0,039 Om*Mm%/M.
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3akmouenne. B pe3yiibTaTe MNPOBCACHHBIX HCCHGHOB&HI/Iﬁ OBLIO YCTAHOBJICHO, YTO BBCJCHHC
0a3aJbTOBLIX BOJOKOH B KOJMYECTBE 5 MAaCCOBEIX MMPOUCHTOB € NPUMCHCHUC leLTpaBByKOBOﬁ 06pa6OTKI/I

paciuiaBa MPUBOJNT K YMEHBILICHNE IEKTPUIECKOTO conpoTuBieHus Ha 10%.
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Abstract. This research presents the development of a photo-curable suspension based on ZrO, powder for
stereolithography 3-D printing. The paper proposes a method for modifying the powder surface to reduce the viscosity
of final suspensions. The dependences of the curing depth from the exposure time have been studied for the suspension
with varied powder content. It was shown that the addition of ceramic powder reduces the reactivity of the original

photocurable resin by 6 times, and therefore the optimal exposure time increases from 3 to 30 seconds.

Beenenne. Crepuonutorpadus — TIEpPCIEKTHBHAS TEXHOJNOTHSA aIJUTHBHOTO IMPOHM3BOJICTBA, KOTOPAS
MO3BOJISIET M3TOTABIMBATH BBICOKOTOYHEBIE NETAalld CIOXKHOW Teomerpudeckoll (opmbl. OOHHM W3 METOIOB
crepuonurorpadun seisercst 1mdpposast ceeroas npoekuus (DLP — Digital Light Processing) u simsiercst
HauOoJee MEPCIEKTUBHBIM 32 CUET BO3MOXHOCTH OOECTeYUTh TOJIIMHY cliost o 10 MM, 9TO obecrneuuBaeT
BBICOKO€ KaueCTBO INEYaTH, IPU ITOM CKOPOCTh MEYaTH y JAHHOTO METOJIa OJJHA M3 CaMBIX BBICOKHX 3a CUET
OJTHOBpPEMEHHOHN 3acBeTkH Bced momaau cios [1]. B crepeonurtorpaduueckoii 3-D mewarst HCXOIHBIE
MaTepHalibl HaXOAATCS B XXUAKOU (popMe, OTHAKO ¢ BBEICHUEM ITOPOIIKOBBIX MAaTEPHAIOB (PH3UKO-XUMHUICCKHEC
CBOWMCTBa HCXOJHBIX MATCPHANIOB MEHSIOTCA. B CBS3M C 3THM, H3Yy4E€HHE CBOWCTB (POTOOTBEPIKIAEMBIX
CyCIICH3MH ¢ J00aBJICHIEM MOPOIIKOBEIX MAaTEPHAJIOB SIBIETCS aKTyalbHON 3amadeil. Tak, menapi0 HaCTOSIICH
paboTHl ABIIAETCS Pa3pabOTKa KEpaMUYECKON CYCIIEH3WH ¢ UCToJib3oBaHueM mnopomika ZrOz (3 mon. % Y20s)
Juist npuMeHenus: B DLP nevatu. B xoze paboThl npemiokeH MeTo 1 MOTUPUIIMPOBAHES TOBEPXHOCTH TOPOIIIKA,
M3TOTOBJIEHBI 00pasilbl ¢ copepxaHuem kepamuku a0 70 macc. % wuccieoBaHa TIIyOWMHA OTBEPXKICHHS
MOHOCJIOS B 3aBHCHMOCTH OT BPEMEHH 3aCBETKH W OT MAacCOBOTO COJEp)KaHUS KEPaMHUYECKOro ITOPOIIKA,
paccMOTpeHa CTPYKTypa H3/IEITHH.

JKcnepuMeHTAIBHAsT YacTh. B KkauecTBe KepaMHUYECKHX HAIOJIHHUTENEH HCIIOJIb30BAINCh MOPOIIKH
ZrO, crabummsupoBanuele 3 mon. % Y203 mapku TZ-3Y-E mpoumssoacrsa TOSOH (Snowwms) m JLIM-3
npousBojctea AO UM3 (Poccus). MccnenoBanust BBIOpaHHBIX IIOPOLIKOB M MaTEpHAIOB MPOBOAWINCH
Meronamu JazepHoil audpakmuu (Mastersizer 2000), pentrenocTpykrypHOro ananusza (Shimadzu XRD 6000),
pactpoBoit anekTpoHHOM MuKpockormun (QUANTA 200 3D u Mira3 TESCAN). s monydeHus
(hOTOOTBEPKTAEMBIX CYCHEH3MH HCIONb3yeMble MOPOIIKH IPEABAPUTEIBHO MOATOTABIUBAINCH MTYTEM

MOM(UKAIIMK TIOBEPXHOCTH C HCIOJb30BaHueM aucrepraropa dactui; BYK-111 (Disperbyk). Jucmeprarop
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YacTHI B KOJMYECTBE 3 Macc. % OT Macchl MOPOIIKa MEPEeMEIINBAIICS C MOPOIKOM B TeueHHH 30 MUHYT B
CIUpTe, aHAJOTHYHBIA Mpolecc MOApoOHO omucaH B pabote [2]. Tlocme mnepeMemnBaHUS —MOPOIIOK
BEICyIIMBaics B meun npu Temreparype 90 °C mo moctosHHON Maccel. Ha cremyromeM sTame moTydeHHBIH
MOPOIIOK MOPLIHOHHO CMEIINBAJICA C KOMMEPUYECKH JOCTYITHOH (POTOOTBEPKAAEMOM CMOJIOW Ha OCHOBE CMECH
akpuinatoB u Qorounumaropa Industrial flex (HarzLabs, Poccust) 1o monydenus CycreH3uil ¢ coaepsKaHreM
kepammdeckoro mopomka 50-70 macc. %. M3rortoBneHne 00pas3smoB OCYIIECTBISIOCH ABYMS METOJAMH, C
PYYHBIM HaHECEHHEM IOJYYEHHOIO MaTepHaia Ha IOJUIOKKY C MOCIEAYIOIEeH 3aCBETKOW NCTOYHUKOM CBETa C
JutnHOM BonHBl 405 HM W ¢ ucmosb3oBaHueM HacTosibHOro 3-D DLP mpunrtepa Anycubic Photon mono x
(Kurait). [Tocne meyati o6pasiibl HArPEBAIU B MIEYH 10 MHOTOCTYIeHYaTOMY pexumy 10 1400 °C mis ynaneHust
CBSI3YIOIIETO U CIICKaHHS KEPaMUKH.

PesyabtaThl. CormacHo pe3ynbTaTaM pPEHTTEHO(A30BOrO aHaIM3a, OBLIO BBIABICHO, YTO ITOPOIIOK
TZ-3Y-E conmepxur 68 % TeTparoHanbHOH (as3pl, 4To B IBa pasza Oonplue yem y mopomka JAIIH-3 (33 %
TETparoHambHOW (pazbl). ITO MOKET HETATHBHO BIIMATH HA IMPOLECCHl KOHCOMMOAUMH M PEKPUCTATLIH3ALUH
38peH NpH CIeKaHHH. Pe3ynbTarhl HMccienoBaHus MOPGOJIOTMH YacTHIl ToKasaad, 4yro mnopomok 1Z-3Y-E
NPE/ICTaBJICH B BUE IpaHyl chepruueckoil popMbl co cpeqHUM paszMepoM ~ 60 MKM., B TO BpeMsI KaK HOPOIIOK

JIIU-3 npezcTaBicH B BUE arfiOMEPaTOB Pa3IuvHON HeMpaBUIbHOM hopmbl (puc. 1).

Puc. 1. Pacmposvie usobpadicenus ucnonvzyemuix nopoutkos (a - TZ-3Y-E; 6 - JJI[H-3)

Jnst onpenesieHHss ONTHMAIBLHOIO BpPEMEHHM 3aCBETKHM OblLia OIpejesieHa TiyOMHA OTBEPXKICHUS B
3aBUCHMOCTH BPEMEHH 3aCBETKHU JUIsl COCTABOB C PA3NIUUHBIM cojiep:kanueM mopoiika ZrO; (puc. 2). CoriacHo
MOJYYCHHOW 3aBHCUMOCTH, PEaKIMOHHAs CIIOCOOHOCTh (DOTOOTBEPHKAAEMOM CMONIBI TPH  J0OaBICHUH
50 macc. % u Oonee mopomka ZrO,-Y>03 ymeHbinaercss moutd B 6 pa3. B cBsi3um ¢ 3tuM ams cocrtaBa C
70 macc. % ZrO; qis nedatu ciiost 80 MKM. ObUTO BHIOPAHO ONTHMAIBHOE BPEMs 3aCBETKH JIHTEIBHOCTHIO 30 ¢,
uro cocTaBusgeT ~190-200 mlx/cm?.

B xoae pabotel ObuIM ycmemHo mosyueHbl obpasiel ¢ 50, 60 u 70 mace. % mopomika ZrO; py4HbIM
METOAOM U o0pazen kyomdaeckoit ¢popmsl € 70 macc. % nopomka TZ-3Y-E nonxyuennsii metogom DLP nevarw.
PesynbraThl MEKPOCTPYKTYPHI M 3JIEMCHTHBIA aHANIH3 CICUCHHOTO MaTephalia IOKa3al, YTo MpPU BHIOPAHHOM

TEMIIEPATYPHOM PEKUME MMOJTUMEPHOEC CBA3YIOUICC MMOJTHOCTBIO YAAJIACTCA (pI/IC. 3)
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Puc. 3. Mukpocmpyxkmypa (a) u pe3ynvmamsl 31eMEeHMHO20 AHAAU3A CHEYEeHHO20 0bpazya

Ha pucynke 3(a) BHIHO CIOHCTYHO CTPYKTYpY HOJIy4eHHOro 00paslia, KOTOpas XapaKkTepHa IpH
M3TOTOBJICHUH MAaTEPUAJIOB C MPUMCHEHHUEM a/IMTHBHBIX METOIOB CO CPEAHHM Pa3MepoM Clos ~ 23 MKM., B TO
BpeMsi KaK NpW Ie4yaTd ObUTM 3a/JaHbl HACTPOWKU BBICOTHI CJIOsi paBHbIM 80 MKM., B pe3ylbTare CIEKaHHs
cpeaHsisl ycajika 1o Kaxjaomy cioto coctasisier ~ 30 %. Pe3ynbTarhl o JIMHEWHON W MaccoBO# ycalke Tak e
KOPPENUPYIOT C MAacCOBBIM COJEp)KaHHEM IOJIMMEpa B CyCHeH3usX. Tak, MoTeps MO Macce MpU CHeKaHUH
00pasios ¢ 50, 60 u 70 macc. % nonumepa cocrasmia 50, 40 u 30 macc. % COOTBETCTBEHHO.

3akiouenne. B pesynpraTe uccnenoBaHus OBLIM TOMYYEHB! 00pasLbl C UCIONB30BAHUEM AJIUTUBHBIX
TeXHONOru# u3 nopomkoB ZrQO; pasnuuneix npousBoguteneit (Tosoh, AO «UM3). Bpulo BBISIBICHO, YTO
MOAU(HUKALUS TOBEPXHOCTHU MOPOILIKA MOJIOKHUTEIBHO BIHSACT HA KOHSUHBIH COCTaB U MO3BOJISICT H3TOTABIUBATh

cycniensun 70 Macc. % ZrO», TeM caMbIM oOecrieduBasi BO3MOKHOCTH st 3-D meuaTn mo texnonmoruu DLP.
CIIMCOK JIUTEPATYPBI
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HPLC-ICP-AES AND HPLC-ESI-MS TECHNIQUES FOR THE STUDY
OF POLYOXOMETALATES
V.V. Volchek
Nikolaev Institute of Inorganic Chemistry SB of the RAS, Russia, Novosibirsk, Acad. Lavrentiev Ave., 3, 630090

E-mail: volchek@niic.nsc.ru

Abstract. A set of methods combining high-performance liquid chromatography with atomic emission and mass
spectrometry (HPLC-ICP-AES, HPLC-ESI-MS) was proposed. This approach made it possible to study the
reaction products of the complex formation of polyoxometalates [VNb12040]*> with the ruthenium-organic
fragment {(CeHs)Ru}?* and ensured their reliable identification, as a result of which it was established that the

interaction of these compounds leads to the formation of an equilibrium mixture of two complex forms.

Beenenne. [Tomokcomeramnarsl ([IOM) nmpencTaBisItOT MUPOKUH KIIACC HEOPTAHUICCKUX OIS ICPHBIX
OKCOKOMIIJICKCOB  TIEPEXOJHBIX METaJIOB, TPHMEYATEIbHBIX CBOMM CTPYKTYPHBIM MHOTOOOpasuemM U
YHUKQJIbHBIMH (PU3UKO-XUMUYECKUMH CBOHCTBAMM, YTO JEJIAET UX MEPCIIEKTUBHBIMU B CBS3U C IMTOTEHIMAIBLHBIM
MPUMEHEHHEM B O0JACTAX MEAWIMHBI, KaTaln3a M MaTepualoBeleHHs. XapaKTepHBIM CBOWCTBOM JaHHOTO
KJlacca COCTUHEHUH SBISIETCS CIOCOOHOCTh KOOPAMHHPOBATH aTOMBI PAa3HUYHBIX MeTamioB. OcoOblii HHTEpeC
MpeACTaBISIOT KoMIuteKehl "TIOM-0maropogabrii Metammt" 6iaromapst TOMy, 9YTO TaKOE COUYETaHHE 00eCIIeYnBaeT
cuHeprernueckuii a(dexT, nenast uX BbICOKOAP(PEKTUBHBIMU KaTainzaTopamu. [Ipu s3ToM GraropoaHsiii MeTamun
MOJIETIMPYET KaTaIUTHYECKN aKTUBHBIN HEHTp, a pparmeHT [IOM — OKCHIHYIO MOUIOKKY KaTalIn3aTopoB.

B pactBopax [IOM 006pa3yroT MHOTOKOMIIOHEHTHBIE CMECH OTPHUIATENILHO 3apsKEHHBIX KOMILJIEKCOB,
COCTaB KOTOPBIX 3aBHUCHUT OT KOHIIEHTpauuu, pH cpeabl, BpeMeHH BBIIEPKUBAHUSA pacTBOpa  T.1. Tak, mpsmas
peakuus IIOM [VNb1204]'® ¢ pyrenmii-opranumdeckum  dparmentom  {(CsHe)RUY?*  npuBogur k
dopmuposanuio kpructaioB Nas[H{(CsHs)RU}FsVND12040]-41,25H,0, cTpyKTypa KOTOPBIX MOATBEPKICHA IO
nanueiM PCA. OnHako B pacTBope, 1o JaHHBIM >V SIMP, MOTIyT cOCYyIIECTBOBATH JIBE PasivuHble (OPMBI
[{(CsHe)RUIVNDb12040]™", uneHTHbHUKALMSA KOTOPBIX YCIOKHEHA W3-3a YIIMPEHHs CHTHANOB B criekTpe SIMP.
Bmecte ¢ TeM OIHMM H3 KIIOYEBHIX (DAKTOPOB, ONPEACISIONINX KAaTAIUTHYECKYIO aKTHBHOCTb, SBISIETCS
MHOTOOOpa3ue KOMIUIEKCHBIX  (¢opMm  «[IOM-0OnaroponHelii  Metamia», oOpasylommxcs B Ipolecce
KOMIUIEKCO00pa3oBaHus. DTO 00ycIaBIMBaeT HEOOXOAMMOCTh CO3JAaHUS IEJIOr0 KOMIUIEKCA aHATUTHYECKHX
METOJMK, 00ECIICUNBAIOIINX WACHTU(PHUKAIINIO KOMIIOHEHTOB CMeCeil HEOPraHWIECKUX KOMIUIEKCOB B PacTBOPE.
Pemenne naHHOHW 3a7a4M MPUMEHUTENIHHO K IIHPOKOMY KPYTY KOMIUIEKCHBIX MOJIMOKCOMETAJUIaTOB TpeOyeT

NMPUMEHCHUA COBPEMCHHBIX YYBCTBUTCIBHBIX W CCICKTHBHBIX METOAOB aHAJIM3a. HpI/IMeHeHI/Ie FI/I6pI/I}IHBIX
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METOJIOB aHAJIN3a, COUCTAIOMINX BBICOKOI(D(EKTHBHYIO >KHIKOCTHYIO XpOMaTrorpauio ¢ arTOMHO-DMUCCHOHHOM
(BDXKX-UCII-ADC) u wmacc-cnektpomerpueit (BOXX-DCU-MC), mno3BoisieT OJHOBPEMEHHO NPOBOJIUTH
pa3ieNieHNe CIOKHBIX CMECeH M KOPPEKTHYIO HICHTHU(UKAIMIO BCEX KOMIIOHEHTOB.

JKcNepuMeHTAIBLHASl YaCcTh. DKCIIEPUMEHTHI 10 pa3zeieHuio ¢ npuMeHeHneM BOXKX mpoBogmmmn Ha
xpomarorpade «Mmmmuxpom A-02» (OxoHosa, Poccus), cHaOXEeHHOM KOJOHKOW D2X75 MM, 3alOTHEHHON
copberntom ProntoSIL 120-5-C18AQ. [dnsa peammsamuu rudpumHoro meroma BIXX-NCIT-ADC nmpumensnn
ATOMHO-DMUCCHOHHBIN CIIEKTPOMETpP C MHAYKTHBHO-CBsi3aHHOW m1a3Moii «iCap 6500 Duo» (Thermo Scientific,
CILIA). O6paboTKy MOJYYEHHBIX Pe3yJbTATOB MPOBOJWIN C MOMOIIBIO MporpaMMHOro obecrieuenust «iTevay
(Thermo Scientific, CIIIA). B kadyectBe Macc-cenekTuBHOro paerekropa mimsi BDOXX npumensimu mace-
cnextpometp «Agilent 6130 MSy» (Agilent Technologies, CIIIA) ¢ smekTpopacnbUICHHEM B KadyecTBE METOoJa
MOHM3AUH. DKCIIEPUMEHTANIbHBIE JAHHBIC 3HAYCHHH M/Z CPaBHUBAIN CO 3HAUYEHHWSAMH M/Z, PACCUMTAHHBIMH C
MOMOIIIBIO TIPOrpaMMHOTO oOecrieueHnst mMass.

Jns pazneneHuss W MACHTH(UKAIMM KOMIIOHEHTOB CMECH, MOJyYCHHOW B Mpolecce KOOPIUHAILMN
pyrenust k [IOM, ontumusupoBanbl yciuoBusi BOXKX (cocraB ai0eHTOB, peXHM ODIIOMPOBAHHUS, MPOQHIb
rpaJieHTa, CKOPOCTh ITOTOKA TTOJABMKHOM (ha3bl), YCIOBHS JETEKTHPOBAHUSI METOIAMH aTOMHO-IMHUCCUOHHOH U
Macc-CIeKTpOMeTprH (ra3oBbie MoToku, MomHocTs CII, ananutnueckue nuaun anst UCII-ADC, temnepatypa,
HanpsbkeHue Ha kamwuiipe st OCHU-MC), a Taxke napaMeTpbl COCTBIKOBKH Ul THOPHIHBIX METOJOB
BOXX-UCII-ADC u BDXX-O3CU-MC (06beM mpoObl, KOHIEHTpAIMs HOH-TIAPHOTO peareHTa, CKOPOCTh
MOTOKA pa30aBUTEII).

Pe3yabrarsl. [Ipenmymecrsom UCTI-ADC SIBIISIETCS BO3MOXHOCTb OJIHOBPEMEHHOT'O
MHOTO3JIEMEHTHOTO JIETEKTUPOBAHMS, YTO B COBOKYIMHOCTH C IPEABAPUTEIBHBIM XPOMATOrpapHUICCKUM
pa3feneHueM TIO3BOJIIET PAcCUMTaTh aTOMHOE COOTHOIIEHHE »JileMeHToB B cocraBe [IOM ams Bcex
nerektupyembix mukoB. Ha BIXKX-MCII-ADC-xpomarorpaMMe HCCIeIyeMONH CMeCH NPOAYKTOB PEeaKIUU
komIutekcHbIX [IOM ¢ pyTeHuii-oprannyeckumu (pparMeHTaMHu PerucTPUPYIOTCs 2 THKa, COJIepKauX HUOOUH,
BaHAJMi W pYTEHUH B pa3IUYHBIX AaTOMHBIX COOTHOIIECHUsAX (Tabn. 1). PaccunrtanHoe 1O JaHHBIM
B3XX-UCII-ADC cooTHOUIeHHEe HHOOWS K BaHAIWIO PaBHO 12 W OAMHAKOBO JJIsI OOOMX IHKOB, TOTJA Kak
cootHomreHne Nb/Ru pasnngaercs, 4To yka3plBaeT Ha CYIIECTBOBAaHHME IBYX PaBHOBECHBIX (hopMm, KOTOpBIE
MOIyT OBITh  OTHeceHBI K KoMmmulekcHbiM  aHumoHaM [ {(CeHg)RU}sVND12Og]~ (Nb/Ru=3) wu

[{(CeHe)RU}sVNb12040]° (Nb/Ru=4).

Tabauya 1
Amomnvie coommnowenus snemenmos oas uccieoyemoui cmecu komniexcos [{(CsHs)RUFVND12040]™
Ne nuka Kommeke Nb/V Nb/Ru Ru/v
1 [{(CsHe)RU}4VNb12040]" 12,0£0,5 3,0+0,3 4,0+0,4
2 [{(CsHe)RU}sVNbD12040]° 12,0£0,5 4,040,3 3,0+0,3

Jlnist oATBep KCHUS IPaBHIIBHOCTH NPOBEJICHHOW MACHTU(UKALNKM ObLI MPUMEHEH THOPHUIHBIH METO/
BOXX-OCHU-MC. bBpian 3aperucTpupoBaHbl MacCc-CHEKTPbI ABYX pa3eleHHbIX IHKOB, a TAKXKEe CHEKTP
noABWKHOW (azel BOXKX, d9TOOBI MCKIIOUNTH CHTHAJbBI, NPHHAICKALIME SIIOCHTaM M MX aAIyKTaM, U

BBIJICJIUTH CUTHAIIBI KJIacTepHBIX HOoHOB [IOM ¢ pyrenuii-oprannueckuMu parmentamu (puc. 1A).
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Puc. 1. A — BOXKX-Y®D-xpomamoepamma u macc-cnekmpul, 3apecucmpuposantsie 8 npoyecce pazoeneHus.:
noosudicHas gasa (cepas aunus), nux Nel (3enenas nunus), nux Ne2 (cumsis 1unus);
b — BOJKX-DCHU-MC-xpomamozpamma 6 pexcume MOHUMOPUHSA 8bIOCTCHHbIX UOHOG O/t 08YX OpPM

[{(CeHe)RU}4VNb1204o]7’ (m/z 960) u [{(CeHa)RU}aVNbuOm]g’ (m/z 1594)

Bcee curnaner BOXKX-OCU-MC cnekTpoB it NUKOB | U 2 MOXKHO COOTHECTH B COOTBETCTBHH C UX
3HaYCHWSIM M/z. Macc-ClieKTp IepBOro MHKa IPENCTABICH CepHed TpeX- W ABYX3apAOHBIX aITyKTOB:
[{(CeHe)RU}4VNblzo4o + XNa + yH + zTBA + CH30OH + CH3;CN + H20]37 u [{(CeHs)RU}4VNb1204o + XNa +
yH + zZTBA + CH30H + CH3CN + H,0]% (x=1-2, y=1-3, z=0-2), ocHoBHOI1 curnan (m/z 960) cooTBETCTBYET
[{(CsHe)RU}4VNbD120s0 + Na + 2H + TBA + CH3;OH + CHsCN + H;0]*. Amanoruunoe noseneHue
HAOJIFOIaeTCsI M JUT BTOPOTO IMHKA: B MAacC-CIEKTPE PErHCTPUPYETCS CepUs TPEX- U JABYX3aPSAIHBIX aITyKTOB:
[{(CeHs)RUF3VND12040 + XNa + yH + zTBA + CH30H + nCH3CN + H20]3’ u [{(CeHe)RU}sVNb12040 + XNa +
yH + zZTBA + CH30H + nCH3CN + H,0]* (x=1-2, y=2-5, z=0-4, n=1-2), ocHoBHO# curHan (m/z 1594)
cootBercTByeT [ {(CsHs)RUIsVND12040 + Na + 3H + 3TBA + CH3OH + CH3CN + H,0]%.

3Ha4YeHUsI M/Z, COOTBETCTBYIONINE HAWOOJIee WHTCHCUBHOMY CHTHAIY A Kaxmoi ¢opmel [IOM u He
MepEeKPHIBAIOIINECS C aJAyKTaMH ITOJBHXKHOM (a3bl, ObUTH BBIOpaHBl it peructpanun BIXX-DCU-MC-
XpOMAaTOTpaMMBbl B peKUME BBIIETICHHBIX HOHOB (puc. 1B). Takum 00pa3oM yCTaHOBIEH COCTaB KOMIIOHEHTOB
cmecu [1OM no nanaeiv BOXX-3CHU-MC, koTopsie cornacytores ¢ pesyabraramu BOXX-NCIT-ADC.

3akJirouenue. /{151 TByXKOMIIOHEHTHOH CMECH MOJMOKCOMETAIIATOB ¢ KOOPAUHUPOBAHHBIMU PYTEHUM-
OpPraHUYECKAMH (parMeHTaMH BBIOPAHBl ONTHUMAJbHBIC YCIOBHS IPOBEACHUS OJKCIIEPHMEHTa, KOTOpEIC
obecrieunBaroT Hammydinee codetanue BOXX pasgenenms u DOCU-MC perextupoBanms. KomOuHanms
ruopumHbrx MetonoB BOXX-UCIT-ADC u BDOXX-DCU-MC obecrieunBaeT HaJCKHYI HWICHTH(PHKAIINIO
MPOAYKTOB PEAKIIMN KOMIUICKCHBIX ITOJIMOKCOMETAIUIATOB ¢ PYTCHHH-OPraHIMYECKUM (parMEeHTOM, IPUBOISIICH
K 00pa3oBaHUIO PABHOBECHOH CMECH JIBYX XUMHUYECKUX (pOopM B pacTBope.

Bo3moxxHOCTH THOPWAHBIX METOJOB JJIsl OMpEACNICHUS COCTaBa CIIOKHBIX CMece B pacTBOpe He
OTPaHWYUBAIOTCS TOJUOKCOMETA/IaTAMH € KOOPJWHUPOBAHHBIMH aTOMaMH pPYTEHHUS H MOTYT OBITh
pactpocTpaHeHbl Ha KOMIUIEKCHBIE COSIUHEHHMsI, COJIEpKallie Apyrue OJaropoiHble W PEeIKHe METAIIIbI, IS
noiny4yeHuss wHpOpMAIMKA OO0 WX BCIISCTBCHHOM COCTaBe, a TaKKe C MENbI0 ONTUMH3AIUNA METOIUK
HaIpaBJIEHHOTO CUHTE3a.

Hccnedosanue evinonneno 3a cuem epanma Poccuiickozo nayunozco ¢gonoa Ne 23-23-00557,

https://rscf.ru/project/23-23-00557/
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INVESTIGATION OF BACTERIAL CELLULOSE NITRATE
BY MODERN METHODS OF ANALYSIS
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Institute for Problems of Chemical and Energetic Technologies SB of the RAS, Russia, Biysk, Socialisticheskaya str., 1, 659322
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Abstract. This work is devoted to the study of bacterial cellulose nitrates (NBC) using modern methods of
analysis. By treating bacterial cellulose with a sulfuric-nitric acid mixture, a NBC sample was synthesized with a
nitrogen mass fraction of 11,78%, a viscosity of 963 mPa s, and a solubility in an alcohol-ether mixture of
14,1%. The solubility of the NBC sample in acetone of 100% confirms the production of cellulose nitrate esters.
Scanning electron microscopy has shown that nitration of bacterial cellulose leads to disorganization of the
dense network of microfibrils, to the expansion of holes in the porous structure of cellulose nitrates. IR
spectroscopy revealed the presence of functional nitro groups. The methods of thermogravimetric and
differential thermal analyzes show high purity and energy intensity of the synthesized sample. *C NMR
spectroscopy revealed chemical shifts characteristic of cellulose nitrates. These results experimentally prove the
production of a high-viscosity sample of NBC, a new high-tech material for science-intensive areas other than

the areas of application of cellulose nitrates from plant cellulose.

BBenenne. BricTpple TeMITBI pa3BUTHSA HAYKOEMKHX TEXHOJOTHH TpPeOYIOT HOBBIE BHUIBI HUTPATOB
nemtronro3sl (HLL). OcoOyro 1eHHOCTh B KadecTBe MpeKypcopa HOBEIX BUAoB HII mpeacraBiseT OakTepuaibHas
HaHoremwmono3a (BLI), oTnuuHas OT pacTUTENbHOM LEII0N03bl. biarogaps cBOMM YHHKAJbHBIM CBOICTBaM:
MEXaHUYECKOW MPOUYHOCTH, YPE3BBIYATHOM TOHKOCTH, YHUCTOTE, MOJEKYISIPHO-CTPYKTYPHOM OJHOPOIHOCTH
BOJIOKOH, BBICOKHM 3HaueHHsM crenenu nonumepusarun (CII) u crenenn kpucrammnuHocty, bIl Moxer ObITh
moupuimposana B HL 1uis HaHOMaTepuanoB pa3nuvHoi koH(puUrypauuu u GpyHkunonansHoctu [1].

Henpro manHO# paboThl sBiswics cuHTe3 HBL] cepHO-a30THON KHCIOTHOHW CMECHIO C MOCIETYFOLIHUM
KOHTPOJIEM OCHOBHBIX XapaKTEPHCTUK TPAJAUIIMOHHBIMHU M COBPEMEHHBIMH METO/IaMH aHAJIH3A.

JKcnepuMeHTadbHasi 4YacTb. OOBEKTOM uccienoBaHMS sBIsUICA oOpasen bBll, momydeHHsrii 1o
meromuke [2]. Tlepen mutpoBanuem obpasen Bl m3menbuanu B OJeHAepe W HOABEPrald CyOIMMAalMOHHOMN
CYIIIKe, 3aTeM U3Melbyaau B poMOoBuaHyto ceuky. CII BL] O6puta onpeneneHa nmo BpeMeHH HUCTEYEHUs] pacTBOpa
LEITI0NI03bl B KaJokceHe Ha BHckozumerpe BIDK-3 ¢ nuamerpom kammuigpa 0,92 MM u cocrasmsna 4200.
Cunte3 BHII mpoBoauin ¢ MCHONB30BaHUEM CEPHO-a30THOM KHCIOTHOH cMecu mpu Temmeparype 25-30 °C,

nponoswkuresnsHocTr 40 muH [3], Mmoayne 1:160. 3aTem obpaser ObUT MPOCTAOMIN3UPOBAH U OXapaKTEPH30BaH
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coritacao [3]. MaccoByto momo (M.a.) asota HBL] onpenensiu deppocyibbparabiM ciocobom. Bsskocts HBL
OTIpEeIeIISII U3MEPEHNEM BPEMEHH UCTe4eHHs 2 %-HOro alleTOHOBOT'O pacTBOpa M3 KaMJUIIPHOTO CTEKISIHHOTO
Bucko3umerpa (BIDK-1). PactBopumocts HBL| ompenemsmm pactBopermem HBI[ B crmprosdupHOM
pacTBOpHTENE, C OCIEAYIONIEH GUIBTPAIIEH, CYIIKOH 1 B3BEIIMBAHNEM HEPACTBOPHBIIIETOCS OCTATKa.

O6pazern; HBL 6pu1 HcciieqoBaH METOAMH PacTPOBOH ANMEKTPOHHOH Mukpockonmu (POM) ¢ momomisio
CKaHUPYIOMIETO 3JeKTpoHHOr0 MuKpockona Jeol GSM 840 (Amnonms), NK-ciekTpockonmuy ¢ UCTIOIBE30BaHIEM
cnektpomerpa  «Muppamrom-801»  (Poccust), coBmectHoro  tepmorpaBumerpuuyeckoro  (TTA) wu
b depenunanpHo-Tepmudeckoro (JITA) ananusza Ha Tepmoananuzarope TGA/DTG-60 («Shimadzuy, SAnonust)
B CIIEYIOIIMX yCIOBHAX: Macca HaBecku 0,5 Mr, ckopocTh HarpeBa 10 °C/MuH, MakcuMasbHas Temreparypa 350
°C, cpena uHepTHas — a3oT, SIMPC-crmekTpockonuy ¢ HCIONb30BaHUEM crekTpomerpa Bruker AM 400
(Iepmanmst) mpu 60 °C ¢ paboueit gactotoit 400, 100,61 MI'1, BHyTpeHHHH cTaHIApT — AUMETIICYIb(POKCHA-
D6. PaboTa BEIIIOIHEHA € UCITIOJIB30BaHHEM NPHUOOPHOH 6a3bl buiickoro pernoHaIbHOTO HEHTPa KOJUICKTHBHOTO
nosik3oBannss CO PAH (MITXOT CO PAH, r. buiick).

Pe3yabraTsl. B Tabnuue 1 npencrasiensl ocHoBHbIE XapakTepucTuku HBILI.

Tabnuya 1

Ocnosnvie xapaxmepucmuxu HBL]

Ob6pa3zeny XapaKkTepUCTUKHI
o BSI3KOCTh 2 %-HOTO pacTBOpa PacTBOPUMOCTD B CIIUPTO-
HBIL] M. 33072, % B arjetone, mlla-c a¢upHoit cmecH, %
11,78 963 14,1

TaOi4HbIe TaHHBIE CXOXKU C PE3YJIbTaTaMU HUTPOBAHMS PACTHTENILHOM 1IEIUTIONO3bI 38 UCKITIOUEHHEM BBICOKOW
Bszkoct HBLL — 963 wmlla-c, uyTo cBs3aHO YHUKaJbHOM TPEXMEPHOM CETYATOM CTPYKTYpOHM M BBICOKOW CTENEHBIO
normMepuzarin ucxogaoi BL[. O6pasenr HBL] momHOCTRIO pacTBOpHM B alleTOHE, YTO TOATBEPIKAACT IMOTyICHHE
nvenno HII. Ha pucynke 1 npuBenens! pesynbrars! uccienoBannst HBL[ coBpeMeHHbBIMM METOJaMy aHaJIN3a.

B pesynbrate HutpoBaHus Bl cepHO-a30THOW KHCIOTHOH CMEChIO ceTdaTas CTpyKTypa (Gubpmmt ¢
HaHOPAa3MEPHOHN TOJNIIMHON COXpaHSAeTCs, HO IpPHU OSTOM TPOUCXOAUT MAE30pPTraHU3alM{ IJIOTHOH CETKH
MHUKpO(UOpHILI, pacliMpeHre oTBepcTuil B nopucroii ctpykrype HBLL (puc. 1a). [ToarBepaeHue mosydeHus
A30THOKHUCIIBIX 3(HPOB HEIUTION03bI YCTaHOBIEHO MeTotoM VIK-criekTpockonuy 1o HaIn4uio (GyHKIIMOHATBHBIX
muTporpynm: 1657-1651 cm? ma BanentHBIX Konebanmii v,(NO2), 1280 cM™? o CHMMETPUYHBIX BaJE€HTHBIX
xoneGanmii vs(NO,), 841-839 cm?! mis BanenTHOro kosnebanus v(NO,), 750-748 cm™ s BeepHOrO KOneOaHms
yW(NO2), 693-682 cm?! mia HoxHE9HOrO KoneGamms S(NOz) (puc. 16). Meromamm TI'A/ITA amamu3oB
nmokasaHa BeIcokas umctota HBIl: Temmeparypa Hawana WHTEHCHBHOTO pasnoxenus okomo 200 °C, c
9K30TepMHUUYECKIM THKOM — 210 °C, compoBoKmaromuiics yMmeHbIneHneM Mmaccel obpasma HBIL mo 92 %
(puc. 1B). Ob6pazer;r HBI[ xapakTepu3yrorcss BBICOKOW YIENBHOW TEIUIOTON pasmokenus — 8,45 x/[x/r. Ha
SIMP23C-cniekTpe 06HapysKeHbI CileAyIOlUe XMMUYECKUE CABMIH: XapaKTepHble sl 2,6 — IHHUTPOLIEIIIONO03bI
— 97,65 miuH a.; 3,6 — IUHUTPOLEIUTIONO03bI — 83,0 MIIH A.; TPMHUTPOUEIUTI0N03bl — 99,17 MaH 1., 79,15 maH 1.

(puc. 2r). Takum obpaszom, B HBL] conepxarcs 2,6-au-, 3,6-11- 1 TpuzamMeniéHHbIe (parMeHTEHI.
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Puc. 1. Pesynomamul uccreoosanuss HRL] cogpemennvivu memoodamu ananusa: a) mukpogomozpagusa (POM),

6) UK-cnexmp, 6) mepmoepamma TTA/TA, 2) AMP¥C-cnexmp

3akJiiouenue. B pesynbTaTe mpoBeneHHBIX HccaenoBanuii cuntesnpoBad HBII ¢ BBICOKOH BSI3KOCTBIO U
ceTyaToil HaHOCTPYKTypol. COBpEMEHHBIMH METOJAMHU aHaJIHM3a MOJATBEPXKIEHO, TO CHHTE3WPOBAHBI MMEHHO
HIL. TIlomyueHHsle pe3ynbTaThl MO3BOMAIOT mno3unuoHuposBate HBL[ nansd  npuMeHeHHsT B HOBBIX
BBICOKOTEXHOJIOTHYHBIX MaTepHaiaxX, HAyKOEMKHX OOJacTsIX, OTIMYHBIX OT obmactei mpumenenust HI[ u3
PacTUTEIILHOH LEIUTION03BI.

Hccneoosanue evinonneno 3a cuem epanma Poccuiickozo nayunozo ¢onoa Ne 22-73-00120,

https://rscf.ru/project/22-73-00120/.
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Abstract. In this work, under experimental industrial conditions, cellulose of a sufficiently high quality was
synthesized from miscanthus of the KAMIS variety by the nitric acid method, namely: the mass fraction of -
cellulose is 92,8 %, the total mass fraction of non-cellulose components is 3,1 3%, the degree of polymerization
is 1200. Their of this cellulose with a sulfuric-nitric acid mixture, cellulose nitrates were synthesized with a mass
fraction of nitrogen - 11.18%, viscosity - 48 mPa s, solubility in an alcohol-ether mixture - 94%. IR spectroscopy
revealed the presence of functional nitro groups, which confirms the structure of cellulose nitrate esters. The
obtained results make it possible to position cellulose nitrates from miscanthus of the KAMIS variety as an
alternative to lacquer mastic and celluloid colloxylin after an additional stabilization stage (autoclaving), which

makes it possible to achieve the required viscosity of cellulose nitrates.

BBenenne. Cunte3  HuTparoB  nemmonodsl  (HII) #3  anbTepHATHBHOTO  PACTUTEIHHOTO
EIUTIOII030COIEPIKAILETO ChIPhS XapaKTEPU3YeTCsl BHICOKOW aKTyaJbHOCTHIO M TPAKTHYECKOH 3HAYMMOCTBIO,
MOCKOJIbKY IIPEUMYIIECTBA TAKOTO CHIPBS B €ro SHEProdPpeKTUBHOCTH, BCEAOCTYITHOCTH, OHOPA3IaraeMocTH 1
ObIcTpOit Bo30OHOBIsIeMOCTH [1, 2]. B naHHO# paboTe B Ka4eCTBE CHIPhsS MCCIEIOBAIACh MHOTOJICTHSS 31aKOBast
KyJIbTypa C BBICOKMM BBIXOJIOM OMOMacchl BIUIOTH 110 36,8 T/ra Ha mpoTshkeHun 18-25 jer ¢ mMaccoBoii noneit
eJUTFOI0361 Ha ypoBHE 50 % — muckanTyc [3].

Lenpto nanHo#t paboThl siBisuics cuHTe3 HIl 13 1emitono36l, MOJYy4YeHHOW B OMBITHO-TIPOMBIIIIIEHHBIX
yCIOBHAX U3 Muckantyca copra KAMUC.

JkcnepuMeHTaIbHasE 4YacTh. OOBEKTOM HCCIEIOBAaHMS SIBJSUICS MHCKAHTYC THTAaHTCKHH copTa
KAMMUC co crenyromuM XUMHYECKHM COCTaBOM: MaccoBasi 101 (M.1.) nemnonossl no Kropmaepy — 50,2 %,
M.JI. KHCIIOTHEPACTBOPUMOTO JurHuHA — 19,5 %, M.71. erTo3anoB — 21,2 %, m.1. 301161 — 1,63 %.

Lemo103y M3 MUCKaHTYyCa BBIIEISUIM a30THOKUCIIBIM CIIOCOOOM, 3aKIIIOYAIOIIEMCs B TIOCIIeI0BATEIHLHOM
00paboTke CBIpbS pa30aBICHHBIMH PACTBOPAMH a30THOW KHCIOTHI M THAPOKCHIA HATpHA. 3arpys3ka CHIPbS
cocraBmsna 10 xr. @pakmus ¢ pasmepoM gacTur cBeimre 12 Mmm coctaBmina He 6onee 10 %, pakims ¢ pasmepom

gacturl oT 2,5 1o 8 MM — 86 %. Ilpomecc Bemw B ONMBITHO-TIPOMBIIIJICHHBIX YCJIOBHSX NPH MEpEeMEIINBAHIH
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KPYIJIOCYTOYHO B peakrope 00beMoM 250 11, CHaOKEHHBIM OOpaTHBIM TEINIOOOMEHHUKOM. XUMHUYECKUH COCTaB
MHCKaHTYycCa ¥ [EJUTION03bI U3 HETO ONPEEsUICS ¢ TIOMOIIBIO CTAHAAPTHBIX METOJIOB aHAJIN3a.

Ilepen HUTpOBaHMEM 00pa3el LEIUTIONO3b! OBII MPEABAPUTEIFHO U3MENBYEH W BBICYIIEH B CYIIMIBHOM
mkapy npu Ttemmeparype 60 °C no Bmaxksoctn 4,5 %. Cuntes HIl mpoBomwim ¢ HCHONB30BaHHEM
MPOMBIIIICHHON CEPHO-a30THON KHCJIOTHOH CMECH B paHEe yCTAHOBICHHBIX HAMH JUI aIbTCPHATUBHOTO CHIPHSI
ycnoBusax [2]. [To okoHUaHHIO HUTPOBAHMS CHHTE3UPOBaHHEIN oOpasen; HL[ OpIT mOABEprHYT TPEXCTYIIEHIATOH
CTa0MJIM3alK B KUCJIOW, IIEJOYHOW W HeWTpanbHO# cpenax. OcHOBHBIE (yHKIMOHAJIbHBIE CBOMCTBA 00pasia
HIJ 66111 ompenenenst coracuo [2]. M.a. azota HII onpeaensiu peppocynbdarasiv criocodom. Bsskocts HIJ
OTIpEIEIISII U3MEPEHNEM BPEMEHH UCTe4eHHs 2 %-HOro alleTOHOBOT'O PacTBOpa M3 KaMJUIIPHOTO CTEKISIHHOTO
Bucko3umerpa (BIDK-1). PacrBopumocts HII ompemensiin pacTBopeHHEM o0pa3la B CHHPTOI(PHPHOM
pacTBOpHTETE, C OCIEAYIONIeH GUIBTPAIEH, CYIIKOM 1 B3BEIIMBAHNEM HEPACTBOPUBILETOCS OCTATKA.

O6pazerr HI[ Opu1 nccmemoBaH MerogoM MK-CHEKTpOCKONHMM € HWCIOJIB30BAaHHEM CIIEKTPOMETpa
«Uuppamom-801» (Poccmst). Pabora BeIOMHEHa C UCHONB30BaHWEM mpubOopHOW 06a3er  buiickoro
PETHOHANBHOTO LIEHTpa KoyuieKTHBHOTO nosib3oBanus CO PAH (MIIXOT CO PAH, r. buiick).

PesyabTaTsl. [lemnionosa, BeIeIeHHAsS a30THOKUCIIBIM CIIOCOOOM B ONBITHO-TIPOMBIIIICHHBIX YCIOBHSAX,
XapaKkTepH30Bajach OJXHOPOJHOHW MEIKOBOJIOKHHCTOW CTPYKTYpOH M JOCTaTOYHO BBICOKHMM KauecTBOM, a
HMEHHO: M. 0-IIeJUTI0JI03bI — 92,8 %, M., KucIoTHEepacTBOpuMoro juraunaa — 1,1 %, m.1. menTo3aHos — 1,6 %,
M.1. 30161 — 0,43 %, crenens momumepuzanun — 1200. Berxon B mepecdere Ha cripbe cocTaBmi 30 %.

W3BecTHO, 9TO I MOTy4YeHUS! BHICOKOKadecTBEHHBIX HIl mpuMeHseTcsl memIono3a ¢ Coaep kaHueM o-
LEJUTI0NI03bl HE MeHee 92 % M ¢ CyMMapHBIM KOJIMYECTBOM HELEIUIIOJIO3HBIX KOMIIOHEHTOB Okojio 1,2 %.
emmtono3a, MoaydyeHHAs M3 MHCKaHTyca THTAHTCKOTO B ONBITHO-TIPOMBIIUICHHBIX YCIOBHUSX, HECKOJBKO
ycTymaeT TpeOOBaHUAM K IEJITIONI03€, IPUTOIHON 1yt HUTpoBaHus. CienyeT OTMETUTh BbIcokoe 3HaueHue CII
nemtono3 muckantyca — 940-1310, 9To CBHIOCTEIBCTBYET O BO3MOXKHOCTH monydeHuss HI[ ¢ Gombuium
JIMana3oHoM BSI3KOCTH C COXpaHEHHEM MEXaHHUUECKHX CBOWCTB. Onupasich Ha Halll PAaHHUI OIIBIT 10 YCHEITHOMY
cunTe3y HLI 13 anbTepHaTHBHOTO PacTUTENBLHOTO ChIpbs [2] 1emtrono3bl u3 Muckantyca copra KAMUC Gbuia

npoHUTpoBaHa. B Tabnmie 1 mpeacraBieHsl OCHOBHEIC (PYHKIIMOHANBHBIC cBoticTBa HII,

Tabnuya 1
OcHosnvie gpynxyuonanvuvle ceoticmea HI|
O6pa3zen XapakTepuCTHKH
ay | e | P2 wropneps [ e cupr
11,18 48 94

B pesynbpTare ucciaemoBaHHsS OCHOBHBEIX (DYHKIMOHANBHBIX CBOWCTB oOpasua HI[ ycranoBieHo, 49TO
CHUHTE3MPOBAHHBIN 00pasell xapakrepusyercs: M.1. azota — 11,18 %, Bsaskocteio — 48 mlla‘c, paCTBOPUMOCTBIO B
cnuptoddupHoit cmecu — 94 %. Kpome Toro, obOpaszenr HI] ObuT MOJHOCTBIO PAacTBOPEH B Aal€TOHE, 4YTO
MOJTBEPIKIIACT TOJTYYCHHE WMEHHO Aa30THOKHCIBIX J(PHPOB LEILTIONIO3B. Bwixox cuHTesmpoBanHOro HIJ
cocraBmst 150 %. [lonmydeHHBIE NaHHBIE COTJIACYIOTCS C Pe3y/bTaTaMH HUTPOBAHHUS APYTOr0 PacTUTEIHHOTO
CBIPbsl, B YAaCTHOCTH IUIOJIOBBIX 000J04YeKk OBca [2], 3a HCKIIOUEHHEM HECKOJBKO 3aHIKCHHOW M.JI. a30Ta

(11,18 % npotus 11,61 %), aT0 MOXKET OBITH CBSI3aHO C OOJIEe JKECTKUMH yCIOBUSAMH MOJTydeHHS LIEIITI0IO3BI Ha
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OIBITHO-TIPOMBIIINICHHOM TPOM3BOJICTBE W TIOBBIIICHHBIM COJEP)KAaHUEM HELEIUIIOJO3HBIX KOMIIOHEHTOB
(cymmapHo 3,13 %).

Ha pucynke 1 npusenens! pe3yibTarsl uccaenoanusa HI[ meronom MK-cnektpockonuu.

—— BonHoeoe weno
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Mponycicamm

Puc. 1. UK-cnexmp HL] u3 yennionosvi muckaunmyca copma KAMUC

Metonom MK-cnekTpocKOmUy MOATBEPIKICHO IMOydeHHE MMEHHO a30THOKHUCIBIX 3(UPOB LEILTIONO3BI
0 HAJINYMIO (YHKIUOHAIBHBIX HHUTporpym: 1659 cm mis BanentHBIX Kome6ammii vo(NO2), 1277 cm?! mia
CHMMETPUYHBIX BaleHTHBIX Kojiebanmii vs(NO2), 834 cm?! mna sanentHoro konebamms v(NO,), 746 cm min
BeepHOTro Kojebanmsa Yw(NO2), 683 cm? mna HoxxauaHOrO Konebanus d(NO2) (puc. 1).

3akarouenue. B pesynprare uccnenoBanus u3 Muckantyca copra KAMUVC B onbITHO-IPOMBIIIICHHBIX
YCIIOBUSIX MOJIyYeHa IEJUTI0I03a JOCTATOYHO BBICOKOIO KayecTBa C M.J. O-lesuirosio3bl — 92,8 % u creneHblo
noauMepu3anuu 1200. V3 nanHOi 11e/1110510361 CHHTE3UpOoBaH obpaser HII ¢ m.a. azota — 11,18 %, BSI3KOCTBIO —
48 wmlla‘c, pacTBOpUMOCThIO B criupToddupHoii cmecu — 94 %. Merogom HMK-cniekTpockomnuu moaBep:keHa
CTPYKTYpa UMEHHO a30THOKHCIIOrO 3(upa HEeJUToN03bl. TakuM 00pa3oM, moka3zaHa BO3MOXHOCTH MOJTYYCHUS
45 xr HII u3 100 xr muckantyca copra KAMUC. [lonydeHHsle pe3yabTaThl HO3BOJSIOT NO3UIMOHUpPOoBaTh HI
n3 muckantyca copra KAMUC, kak anbTepHATHBY JIAKOMACTHYHOMY ¥ LEILTYIOUTHOMY KOJUIOKCIIIHMHY TIOCIIEe
MPOBECHUSI JOMOJHUTEILHON CTAIUK CTA0MIN3AIMH (aBTOKJIABUPOBAHHS).

Paboma evinoanena npu gunancosoti noodepoicke epanma Poccutickoeo nayunozo ¢ponoa Ne 22-13-

00107, https://rscf.ru/project/22-13-00107/.
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PREPARATION AND INVESTIGATION OF APPLIED PALLADIUM-BISMUTH CATALYSTS
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Abstract. In this paper, the structural characteristics of xPd-yBi/Al,O3 catalyst series and their catalytic
ability in the reaction of glucose oxidation into gluconic acid were studied. It was found that an increase in
the percentage of Pd leads to an increase in conversion. Also the size of active particles decreases leading

to the active surface area increasing.

Beenenue. I'miokonoBas kuciora (GA) SBISETCS BAXHBIM POJLYKTOM XHMHUYECKON TIPOMBINUICHHOCTH C
MHPOBBIM TIpOM3BOACTBOM oOKoio 100 Teic. TOHH B rojA. OCHOBHBIM METOJOM TIIOJyYCHHS SBISECTCS
OMOTEXHOJIOTHYECKHI C€roco0 mpeBpamienuss rmoko3sl (G) ¢ mpumeHenuem Oaxrepuii poma Aspergillus,
Penicillum u apyrux [1]. Karamutnueckas OuMmeralnidueckas CHCTEMa, HA OCHOBE MAIaJus M BHUCMYTA,
coBMecTHO HaHeceHHbIX Ha y-Al,O3, paHee mokasana cBot 3dhdexTrBHOCTD B okucieHun G B GA B IeN0YHO#
cpene. B HacTosmmii MOMEHT JUIsl JAHHOH peakUUH YCTAaHOBJECHBI ONTHMAIIbHBIC BHEIIHHE MapaMeTpbl, TaKUe
Kak Temmeparypa, pH, ckopocts mojmauu rasa u coorHoureHue G:Pd [1], a takke crnocod npurorosienus [2].
AKTyansHOU sBIAETCSA 3ajadya Tmoucka Hambosee 3ddexkTuBHOro cocraBa karanusatopo XPd-yBi/Al,Os.
B nanHoit paboTte uccieayoTcs KaTaMTHYeCKUE CBOWCTBA CEPUHU KaTaln3aTOPOB C Pa3IMYHBIM COOTHOIICHHEM
Pd:Bi mpu pasznnunbix Temneparypax u pH 9 [1].

JKcnepuMeHTaNIbHAs YacThb. Cepus KaTaliu3aTopoB OblIa MOJy4eHa METOJIOM COBMECTHOM IPOITUTKY Y-
AlbOs (dbpakums 0,125-0,250 MM) YKCYCHOKHCIBIMH PAacTBOPaMH CoJeil mnpenmectBeHHUKoB Pd u Bi
(aueTwaneToHaT MANIAAMS M aleTaT BHCMYTa COOTBETCTBEHHO) NPH INEPEMEIIMBAHHH B TEYCHHE CYTOK.
W36bITOK Biaru ypamsu mnoj BakyyMoM. [IpenoOpaboTka karann3aTopoB OCYHIECTBISUIACH ITOCIIEOBATEIbHO B
aromcdepax Ar (500 °C), Oz (350 °C) u Hz (500 °C).

MeTomoM ImpocBeYUBArOIIEH AEKTPOHHON MuKpockonuu (II9M) 6putn nccnegoBansl pasMeps! U Gpopma
YacTHIl Ha MOBEPXHOCTH HOcHTelNsl. MeToIOM HM3KOTEMIIepaTypHOil ecopOLuu a30Ta ObLIH H3MEPEHbI TaKUe

XapaKTePUCTHKH KaK yeabHast TOBEPXHOCTD (SgeT), pazmMeps (Unop) 1 06beM 0P (Viop) KATATH3aTOPOB.
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Karanuriuecknii SKCHEPUMEHT NPOBOMWIM B CTaTHYECKOM pPEaKTOpe, OOOpYIOBaHHBIM CHUCTEMOI
nogayn kucnopoaa (10 mu/mun) u menoun (NaOH) mis mommepxkanust pH B auamaszone 8-9. Temmeparypa B
peakTope NOoAAePKUBAIACh C IIOMOLIBIO TepMocTara. Karanu3aTops! ObUIM HCIIBITaHBI B peakuuy okucieHus G B
GA npu temmeparypax ot 20 g0 50 °C ¢ marom B 10 °C. MonsHoe cootHomernne G:Pd = 5000, miurensHOCTD
skcriepuMenTa — 150 MuHyT, HauanpHOE 3HaYeHHe PH 9.

Kommgectso NaOH, 3atpaueHHoe Ha mpeBpaieHne 00pa3yroIIerocs B peakiiy TIIOKOHO-f-IaKTOHA B
rmokoHaT Hatpus [1], siBasiiock Mepoit 3(GheKTHBHOCTH KaTanu3atopa. Takoe IOMyLIeHHE KOPPEKTHO,
MOCKOJTBKY CEJIEKTUBHOCTB CHCTEMBI 10 GA MpH HccieayeMbIxX TeMepatypax Sea > 99,9 % [1].

Pesyabtarel. [lpurotoBinena cepus Oumeraumueckux karamuzatopoB XPd-yBi/Al,Os. Cymmaproe
pacdeTHOe cozepKaHHe METAIOB Ha MMOBEPXHOCTH HOCHUTENs cocTaBisteT 3,0 Macc. %. ATOMHBIE COOTHOIIEHNUS
METaJIOB Ha MoBepXHOCTH Hocutens Pd:Bi cocrasmsror 2:1, 1:1, 1:2.

Metogom [IOM momydensr mukpodotorpaduu obpasmos (puc. 1). Paccumranel cpemnme pa3smepsl
yacTull Ha moBepxHOCTH Y-Al:O3. Meron HH3KOTeMIepaTypHOW necopOLMHM a30Ta IO3BOJIMI PAaCCUHTATH
MOBEPXHOCTHBIE XapaKTEPUCTUKU HCCIEAYyEMbIX OMMETaNIMYeCKuX KaTaau3aTtopoB. [locTtpoeHsl rpaduku
pacnpeseneHuss mop mno pasmepaMm (puc. 2). Pe3ynbTaThl M3MepeHHMH BBILICTICPEUUCICHHBIMH METOJaMu

NpUBEJICHBI B Ta0muLe 1.

Tabnuya 1
Tosepxnocmuvie xapaxmepucmuxu Pd-cooepacawux obpasyos (0=10%)
CooTHOILIEHHE METAJIIOB Cpennuii pazmep VYnenbHas O6BeM 0P Vop, Cpennmit
Pd:Bi YaCTUL Ocp, HM MOBEPXHOCTh em®/r pasmep nop
Sger, M3/T Oiop, HM
2 8,8 131 0,26 7,8
1 9,9 133 0,27 8,1
0,5 14,0 127 0,33 7,5
a) / 0) B)
" ¢ "
.
» .
N
-
¥
-
L

Puc. 1. Muxpogpomoepaguu I15M obpasyos 2Pd:1Bi (a), 1Pd:1Bi (6), 1Pd:2Bi ()

B xome mpoBeneHMs KaTQIMTHYECKUX HCIBITAHUA KaXIplii oOpaseny Obul  anmpoOMpoBaH NIpH
temnieparypax 20, 30, 40 u 50 °C. ITo xommuectBy pacxogoBanHoro NaOH ObumM BBIYMCIICHBI TEOPETHYECKHUE

kouBepcuu G B GA (tabum. 2).
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0,07

0,06 o 2Pd-1Bi
1Pd-1Bi

1Pd-2Bi

0,05 o

0,04

dv/dD

0,03 o
0,02 o

0,01 o

Dcp, HM

Puc. 2. Pacnpeoenenue nop no pasmepam obpasyos 2Pd:1Bi («), 1Pd:1Bi (6), 1Pd:2Bi (s)

Tabauya 2
Kongepcuu entoxosul (6 %) npu npogedenuu Kamaiumuyeckux UCHblmaHul
Temneparypa, °C
Pd:Bi 20 30 40 50
2 2,4 5,6 17,1 47,4
1 0,7 1,4 7,0 26,9
0,5 0,4 3,5 3,8 19,9

3akiawuenue. bbuta mpuroroBineHa cepus Oumeramuindeckux karamusaropo  XPd-yBi/AlOs ¢
pacyeTHbIM MOIbHBIM cooTHomenueM Pd:Bi pasubiv 2,5, 1 u 0,5. Ananmuz [1DM-uzo0pakeHuil mokaszan
YKpYITHEHHE Pa3MEpOB YacTHIl Ha ITOBEPXHOCTH HOCHTENSl C YBEJMYEHHWEM JONH BHCMyTa B o0Opasue, 4To
OPUBOJHUT K YMEHBIUICHHUIO MOJH aKTHBHON moBepxHOCTH Pd. McciaenoBaHue mOBEPXHOCTH 0OPa3ioB METOIOM
HHU3KOTEMIIEpaTypHOil JecopOuuu a3oTa I0Ka3allo, YTO OTCYTCTBYET 3HAUYMTEJIbHOE H3MEHEHHE IUIOLIaH
MOBEPXHOCTH, OJIHAKO HAOIIOIaeTCsl YKPYIHCHHE CPETHEro pa3Mepa mop ¢ yBeranueHuem nonu Bi. Kpome Toro,
00pa3siisl ¢ MEHBIINM cofiepkanreM Bi obnanaror Takke Goree y3KuM AHANa30HOM pa3MepoB Mop.

KaTanuTuueckuii dKCIIEpUMEHT MOKas3ajl, 4To yBenudeHue nonu Pd B oOpasue cmocoGctByer Golee
nonHoMy mpeBpameHnto G B GA. HaumGompmed 5(QeKTHBHOCTBIO TIpH MAaHHBIX YCIOBHAX oONajgaer
katanusatop cocrasa 2Pd-1Bi/Al,O3 ¢ kousepcueit X = 47,4 % c nauMenbineii 1o6askoit Bi.

Paboma evinonnena 6 pamxax npocpammsl nPo6eOeHUs HAYUHBIX UCCIEO08AHUL POCCULICKUMU HAYYHBIMU
opzanusayuamu U (i) 00pPA306AMENbHLIMY — OP2AHUSAYUAMU  6bICUUE20 00PA306AHUS  COBMECHMHO  C

opaanuzayuamu Pecnybnuxu Hnous (epanm Ne 13.2251.21.0200).
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Abstract. In this work the possibility of phenol removal using liquid-phase peroxide oxidation in the presence of
composite catalyst MnFe;Ou/cellulose was shown. The optimization of reaction conditions was carried out taking
into account the main factors influencing the reaction: temperature, catalyst and hydrogen peroxide loading and

reaction time. The possibility of phenol removal up to 99% from the reaction mixture has been shown.

Brenenne. OnaumMu u3 HauboJiee OMACHBIX 3arpPsA3HUTENICH BOIHBIX PECYPCOB SIBISIFOTCS (DEHON U €ro
npousBouHbie. lannsie coequuenus (ITIJIK denomna B Bose prido-xo3siicTBeHHOro Haznauenus — 0,001 mr/i)

B Hacrosmee BpeMs ISl OYHCTKH CTOYHBIX BOJ pa3paboTaHO OOJBIIOE KOMUYECTBO METOIOB, OJHAKO
HEKOTOpBIE W3 ITHX IPOIECCOB TPEOYIOT OONBIIOrO KOJNMYECTBA JHEPTHH, XapaKTCPU3YIOTCS TOPOTOBU3HOM,
SKCIUTYaTallMOHHBIMU OTPAHWYICHUSMH, HHU3KOW J(PQPEKTHBHOCTEIO M HE CHOCOOHBI 3(P(EKTUBHO YyIAIATH
3arpsi3HUTENIM B HU3KHX KOHICHTpaNMsAX. B HacTosiiee BpeMs B JIMTEPaType MPEJIOKEHBI TBEPJbIC
KaTaJUTHYECKHE CHCTEMbl Ha OCHOBE CMelIaHHOro okcuaa MnFe;Os, HaHECEHHOT0 Ha HOCHUTENIb Ha OCHOBE
LEJUTFOJIO3BI TS YAAJCHHS CTOMKHUX OPraHMYECKHUX 3arpsS3HUATENICH B BOJHOM Cpelie METOJO0M UX MEPOKCHIHOTO
okuciienus. B paGore Xaum u ap. [1] Obuta mokasana BeICOKass 3()(EKTHBHOCTh B OKHCJIEHHH KPaCUTEJS
METHIICHOBOTO TOJIyOO0TO.

B xome MaHHOTO WCCIENOBAHWSI WCCICAOBAHA BO3MOXKHOCTH YIOAICHWS (DEHONA ITyTeM €ro OKHCICHUS B
MPUCYTCTBUM  KatamkaropoB Tumia MnFe,Osniernmonoza W mpoBelieHA ONTUMU3AIMS  YCIOBHH  KHIKO(A3HOTO
TIEPOKCHJTHOTO OKUCIICHHS (DeHOIBHOTO CyOCTpara ¢ IPUMEHEHHEM CTTOCOO0B KOMITHEOTEPHOTO MOJICIIMPOBAHKS TIPOIIEcCa.

JkcnepuMeHTaNIbHAsE YacThb. CHHTE3 Karanu3aTopa BKIOYan B ce0s aBe craauu. Ha mepBom 3rtare

MpoBe/IeHa MOATOTOBKA 00pa3ia MeITI0IO3b! yTEM €€ THJIPOJIN3a B paCTBOPE CEpHOM KUCIOTHL. BTopas cramus
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BKJIIOYaja B ce0s HaHECeHWE IPEJIICCTBCHHHMKOB METAJUIOB Ha HOCHTENb C IIOCIenylomed o0paboTKoi
KaTalM3aTopa B aBTOKJIABE B TEUCHHE YeThIpeX 4acos [1, 2].

Metonuka NpPOBHACHUS OKCIEPUMEHTa II0 IEPOCKHIHOMY OKHCICHHIO (DeHOnMa MPOBOIWINCH B
CTEKJITHHOM TPEX-TOPJIOM peakTope Ipu MHTCHCHBHOM nepememmBannd 700 06/mMuH. B TepmocTaTHpoBaHHBII
peaxkTop 3arpyXxaics pacTBop (eHoJa C HadalbHOW KOHIEHTpanued 6.1 MMONB/T W Karanm3atop. 3aTteM
J00aBIISIIM PACUYETHOE KOJIMYECTBO OKUCINTEIS M HAUWHAIIM OTCYET BpeMeHH Tporiecca. KoHnenTparuro ¢peHona
OTIPEEISITH XpPOMaTOrpaiueckKuM METOIO0M.

B xome paOoTBl M3y4eHO BIMSHHE YETHIpEX IapaMeTpoB (TeMIeparypbl, 3arpy3Kd KaTalinu3aTopa,
HavyanbHOHM KoHueHTpauuu H>O, u BpemeHU mpoliecca) Ha KOHBepcuio (eHosia B BOAHOW cpene. [lapamerpsr
BapbUPOBAINCH B CICIYIOLIEM JHANa30HE:

1) xornenTpamus HOz — ot 0,2 Mois/i 10 2 MONB/T,

2) Temriepatypa nposuaeHus peakpn — ot 30 °C go 70 °C;

3) 3arpy3ka karanmmzaropa — oT 15 mo 60 mr;

4) Bpems mpoBuaeHus peakuuu — ot 20 mo 180 MuHyT.

Pe3yJI])TaT])l. HCXOZ[SI U3 TIOJYYCHHBIX JaHHBIX, MO>XXHO TOBOpPUTHL O TOM, 4YTO B IMPUCYTCTBUU
katanuzatopa MnFe,O4/uenionosa, kousepcus peHosia MoxeT 10cTuratb 99%, 4To IeMOHCTPUPYET BBICOKYIO
MEPCHECKTUBHOCTD NPEACTABICHHBIX KATAIUTUICCKUX CUCTEM B YTUJIN3AllUN q)eHOJ'Ia B BO[[HOﬁ cpeac.

Ha ocHoBe maHHBIX ()aKTOPOB, BIAMSIONIMX HAa PEAKIHIO, OBIIAa IOCTPOCHA MaTpHUIla SKCIEPHUMEHTOB,

KOTOpast BKJIroyasa B ce0st 30 5KCeprMEeHTOB ¢ BapHallel 3HaYCHUH BIHAIOMNX (PaKTOPOB.

120 120

100 100

KoHsepcua peHona (%)
KoHsepcua peHona (%)

T T T T T T T T T T T T T T T
02 04 06 08 1 12 14 16 18 2 30 a0 50 60 70

KoHueHTpauwns H202 (monb/n) TemnepaTtypa peakuuu (°C)

100

80

KoHsepcua dpeHona (%)
§
KoHsepcua deHona (%)

T T T T T T T T T T T
13 24 33 a2 51 60 20 60 100 140 180

3arpyska katanusaTtopa (Mr) Bpema peakuuu (MnH)

Puc. 1. 3asucumocmo xonsepcuu genona om epemenu peaxyuu, 3aepy3Ku KAmaiu3amopd, memnepamypul

u HayanvHou konyenmpayuu HrO»
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3akaouenne. B pesynbrare wuccienoBanusi Obula  paspaboTaHa ONTHMHU3ALUS  JKUAKO(A3HOTO
MEPOKCUIHOTO OKHUCIIEHUS! ()eHOJIa B MPUCYTCTBUHM KOMITO3MIMOHHOTO Marepuana MnFe Os/nemntonosa. beum
OIIpeIeNICHHbl OCHOBHBIE MapaMeTphl, BIMAIOIINE Ha IPOLECC W KOHBEPCHIO (eHoNa B cyOcTpare, a HMEHHO:
HavalbHas KOHIIEHTpamus Iepokcuaa Boxoponma — 1,34 moims/n, temmepartypa peakumn — 60 °C, 3arpyska
KaTtanusatopa — 15 Mr, Bpems HIpoBHICHHS KcrnepuMmeHTa — 180 MUHYT, IpY AaHHBIX ITapamMeTpax, KOHBEPCHS

(heHoma moxet gocturath 99%.
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Bojax // XUMHUYECKHE TEXHOJOrMH (PYHKIMOHAIBHBIX MAaTepHajoB: MaTepHanbl 8 MmexayHap. Poc.-Kas.

Hay4.-TIpaKT. KoH}., Anmatsel, 28—29 amp. 2022 r. — Anmatsl : KazHY um. Anp-®apadu, 2022. — C. 140-141.
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CHUHTE3 U UCCJIEJOBAHUE KOMILIEKCHBIX COEJJUHEHU KYKYPEUTYPUJIOB
C COJISIMHA PEJKO3EMEJIBHBIX 9JIEMEHTOB
A.H. I'ycnskos, FO.J1. Pasrymnsesa, T.T. Bypxan6aepa
Hayunsrit pykoBonutens: 1.x.H, T['Y A.A. baknbaes
HaunonaneHelil necnenoBaTeslbckuil TOMCKUI TOCY1TapCTBEHHBIN YHUBEPCUTET
634050, Poccusi, Tomckast 001, . Tomck, nip. Jlennna, 36,

E-mail: guslyakov.aleksej@bk.ru

SYNTHESIS AND INVESTIGATION OF COMPLEX COMPOUNDS OF CUCURBITURILES
WITH SALTS OF RARE EARTH ELEMENTS
A.N. Guslyakov, Yu.D. Razgulyaeva, T.T. Burkhanbayeva
Scientific Supervisor: PhD, A.A. Bakibaev
Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050,
E-mail: guslyakov.aleksej@bk.ru

Abstract. This paper presents the synthesis of a new complex compound {[Er(NO3)(H20)4](Cb[6])}(NO3)2*6H.0
based on cucurbit[6]uril and six-way erbium nitrate (I11). As a result of IR spectroscopy, it was found that the
coordination of erbium atoms occurs through oxygen atoms of the carbonyl groups of cucurbit[6]uril. The

composition, structure and parameters of the crystal lattice of the resulting complex were determined using XRD.

Benenne. B nocienee BpeMst HabJroaaeTcsi OypHBIA POCT MCCIICA0BAHU, HANIPABICHHBIX HA MOJTYUYCHUE
U W3y4eHHUE CYIPaMOJICKYJISIPHBIX COCIMHEHUI, COJep KaIIiNX OJHOBPEMEHHO OPTaHHYECKHE U HEOPTaHHYECKHe
MOJICKYJIBl WM HOHBI, OOBbEAWHEHHBIE NPYr C JPYroM MOCPEACTBOM O0O0pa30BaHUSl CIOXKHOW CHCTEMBI
HEBAJICHTHBIX CBs3eil. HTepec K TaKUM THOPHIHBIM OPraHMYECKUM — HEOPTaHWYECKHM COCIMHEHHSM BBI3BaH
6narogapst X XUMHYECKUM U (PU3UKO-XMUMHUYECKHM CBOIMCTBaM.

OnHUMH U3 TAaKUX OPTaHMYECKUX COCTABILIONINX BBICTYNAIOT MaKpPOIMKINIECKHE KaBUTAH/bl HA OCHOBE
TIIMKOITypHIIa — KyKypout|[n]ypunsr (n=5,6,7,8,10,14,16) [1]. bnarogapst cTpoeHHIO 1 YHUKAIEHBIM XHMHUYECKAM
1 (U3UKO-XMMHUYECKUM CBOIICTBaM OHHM HAIILIM CBOE MPUMEHEHHUE B PA3IUUHBIX 00JIACTSIX, TAKMX KaK MeJeI[iHa
[2], karamus3 [3] u apyrue.

Cpeay H3BECTHBIX CYIpPaMOJIEKYJ] Ha OCHOBE KYKypOUTYPWIJIOB OCOOOr0 BHHMMAaHHSI 3aCIIy)KHBAIOT
METAJUIOKOMIUIEKCHI, B KOTOPBIX B KAaueCTBE HEOPIaHHYECKOM KOMIIOHEHTHI BBICTYNAIOT METaJlbI,
npuMeHsieMble B kaTtanuse. Cpen TaKOBBIX — PEAKO3EMENbHbIE 3JIEMEHThI. Takke UHTepec K JaHTAaHOUAAM U UX
COEIMHEHUSIM 00YCIIOBJIEH pa3HOOOpa3HeM HX CBOMCTB M pacuIMpeHHEeM cepbl NPaKTHYECKOro IPUMEHEHHS B
XUMHYECKOH U ONTHUYECKOH NPOMBIIIIEHHOCTH, MEIUIMHE, aTOMHOM U MOIYNPOBOJHUKOBOH, Ja3epHOH M
JTFOMHUHOGOPHOH TexHuKe [4].

Takum o00pa3zoM, [enbl0 TaHHOM paboTHl SABISETCA MOJIYYCHHE HOBOTO KOMIUIEKCHOTO COCIMHEHHS,
COZIEPKAIIETO B CBOEM COCTaBE MAKPOIMKINIECKHUI KaBUTaH I — KyKypouT[6]ypun u aurpar spous (111).

JKcnepuMeHTalbHasi 4YacTb. CHHTE3 KOMIUIEKCHOTO COCIMHEHHS TPOBOAWIM B BOJE IyTEM

pacTBOpEHMsT HABECOK HHMTpaTa 3pOus M KykKypOut[6]ypmima. CooTHOLIEHHWE MeETAJl: JIMraHja paBHO 5: 1
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COOTBETCTBEHHO. [losry4eHHbIH pacTBOp OT(UIBTPOBEIBAIN U MEJICHHO yIapHBalId Ha BO3/yXe P KOMHATHOM
TeMIiepaType B Te4eHuH 7 cyToK. [losydeHHble KpucTalulbl OTGUIBTPOBBIBAIM U UCCIIEA0BANH ¢ oMo K-
CIIEKTPOCKOINHU U peHTreHodaszoBoro anammusa. Berxon 25% mo auranny.

CuHTE3UpOBAHHBI KOMIUICKC YCTOHYMB Ha BO3JYyXE, OTPAaHWYCHHO pAacTBOPHM B OOJIBIIMHCTBE
OpPraHMYECKUX PACTBOPHUTENICH, pacmaacTcs Ha HCXOAHBIE BemecTBa B Boae, JIMCO u cmpTax.

PesyasTaTrel. B HK-cnekrpe mnomydeHHOTO coenWHEHHs OBUTH OOHApPYXKEHBI: IMIMPOKas I0JIoca
norionenuss Boabl 3489 cMl, xapakTepucTMYeCKHME TIOJNOCHI MOIVIOMEHHS HUTpo Tpymmsl 1042 cmt n
KapOOHWIBHBIX rpynn 1742, 1718 cml. Pacuiemienue M cMeIeHHE, B JJIMHHOBOJHOBYIO 00IAcTh, IIOJIOCHI
MOTJIOIIEHHS], OTBEYAIOIINX BAJICHTHBIM KOJICOAHHSAM KapOOHWIBHBIX IPYyIN KYKypOuT[6]ypHia B NMOIy4eHHOM
KOMIUIEKCE, TOBOPHT O MX HEIIOJHOM CBSI3bIBAHUM U CBUAETEIHCTBYET O KOOPANHUPOBAHUU aTOMOB 3pOHS depes3
aTOMBI KHCJIOPOa KapOOHUIBHBIX TPYIIIL.

CuHTE3MpOBAaHHBIM KOMIUIEKC OBLI MCCIICIOBAH C MOMOUIBIO MOPOIIKOBOH PEHTTCHOBCKOW IU(paKIHU.
JudpakrorpaMMy TOJYyYEeHHOTO COCIUHEHHS CPaBHWIM C JIU(PPaKTOrpaMMOH OIMCAaHHOTO B JIMTEpaType
komiuiekca coctaBa {[Yb(NO3)(H20)4](Cb[6])}(NO3).26H.0 (Cb[6]@Yb) NeCCDC 177557, pe3ynbrarhl

npuBeneHsl B Tabmune 1. Ha pucynke 1 npencrasieHa audpakrorpaMmma moJiy4eHHOTO COSANHEHUSI.

Tabnuya 1
CmpyxkmypHule Xapaxmepucmuku KOMNieKcos
[TapameTp areMeHTapHOH sTuehKH R
KoMeke IpocTpancTeeHHas KOMIIICKCHOT'O COCIMHEHMS
rpymmna
a, A
Chl6]@Yb Pna2; 31.946 0,09
(oOpaser; cpaBHEHU)
Cb[6]@Er Pna2; 31.831 0,12

Hcxoms W3 MaHHBIX PEHTTeHO(A30BOTO aHalM3a MOKHO CIEJaTh BBIBOJ, YTO COCTaB W CTPYKTypa
MOJIYYCHHOTO COCMHEHUS HICHTHYHA H3BeCTHOMY KoMIuiekcy Cb[6]@Yb u UMEIOT CIeAyIomuid COCTaB

{[Er(NO3)(H20)4](Cb[6])}(NO3)2*6H20. BeposiTHast cTpyKTypa KOMILIEKCA MPEACTABIEHA HA PUCYHKE 2.

CunipuuiuT_u

Intensity (a.u.)
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Puc. 1. Jlugppaxmozpamma xomniexca
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Puc. 2. Beposamnas cmpykmypa noay4eHHo20 Komniexca

Sakarouenue. CunresupoBan HOBbI koMmmuieke {[Er(NO3z)(H20)4](Cb[6])}(NO3)226H-0, ycraHOBICHBI
€ro  CTPYKTypa W  [apamMeTpbl  KPUCTAUIMYECKOM  peméTKH, a TaKKe Crnocod  KOOpAMHAIMU

KOMIIIIEKCOOOpa30BaTeLs.
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HUCCJIEJOBAHUE OIITUYECKUX XAPAKTEPUCTUK KEPAMUKHU HA OCHOBE
UTTPUH-ATTIOMAHUEBOT'O TPAHATA, AKTUBUPOBAHHOM OKCUOM IIEPUSI
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INVESTIGATION OF OPTICAL CHARACTERISTICS OF CERAMICS BASED
ON YTTRIUM-ALUMINUM GARNET ACTIVATED BY CERIUM OXIDE
D.E. Deulina, V.D. Paygin
Scientific Supervisor: Prof., Dr. O.L. Khasanov
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: ded5@tpu.ru

Abstract. The study of the optical characteristics of ceramics based on yttrium-aluminum garnet with the
addition of 0.03 to 2 wt. % cerium oxide were carried out in this work. Ceramics were made by spark plasma
sintering from powders synthesized by reverse deposition, isolated by filtration and spray drying methods.
Studies have shown that reflection is not observed in the ultraviolet range for all samples, the maximum value of
the reflection coefficient of all samples corresponds to a wavelength of 450 nm, which is typical for the visible

wavelength range.

Beenenne. B mocienHee Bpemsi MHTEPEC K ONTHYECKUM KEPAaMHUUECKHM MaTepHajaM 3HAYUTEIILHO
Bo3poc. Takme MarTepuanmsl OOJATAIOT PSAOM TPEHMYINECTB IO CPAaBHEHHIO C MOHOKPHCTAJUTUYECCKUMH
MarepualiaMi: CHUKEHHE SHEPro- M TPY03aTpaT Ha U3rOTOBIICHUE, MEHbIIAS TEMIIEpaTypa cMekanus [1, 2].

B mocrienHue TOaBI KepamMMKa Ha OCHOBe uTTpuii-amomuHueBoro rpanata (Y3AlsOp, YAG),
AKTHBUPOBAHHAS HOHAMH PEAKO3eMeNbHBIX 31eMeHToB (P30), Be3bIBacT Bee Gonpinmii nuTepec [3]. Buumanue
HCCIICIOBATEICH HAMPABICHO HA HW3YyYEHHE IPOIECCOB CHUHTE3a W KOHCONMHMIAIMU TMOJHUKPUCTALIHYSCKUX
MaTepuaioB Ha ocHOBe YAG, aKTHBHPOBAaHHOTO HOHAMHU IEpHs, YAYYIICHHE HX OSKCILIyaTallHOHHBIX
XapakTepUCTHK. Takas KepaMuka MOXeT 3(QQEKTHBHO HCIIONB30BATHECA (B TOM YHCIE B 3KCTPEMalbHBIX
YCIIOBHAX) B KA4EeCTBE MPeoOpazoBaTeseii ONTUIESCKOTO U3TYICHHUS B TBEPAOTEIHHBIX HCTOYHUKAX CBETA.

B Hacrosmeit paboTe W3y4eHO BIHSHHE OKCHAA IIEpUs HA ONTHYCCKOE OTPaKEHHUE KePaMHKH Ha OCHOBE
UTTPUI-ATIFOMAHHUEBOTO TpaHaTa, W3rOTOBJICHHOW METOJOM 3JIEKTPOUMITYJIBCHOTO IIIa3MEHHOTO CIICKAHHS W3
MOPOIIKOB, CHHTE3WPOBAHHBIX METOJOM OOPAaTHOIO OCAXKICHHS, BBIICICHHBIX CII0OCO0aMHU (QHIbTPAIMH U
PaCTBUTUTEIBHOM CYIIKH.

JKCcnepuMeHTAIbHAS YacTh. [ H3rOTOBJICHUS KEPAMUKH HCIIOJIH30BAIH TOPOIIKH, CHHTE3HPOBAHHBIC
METOZOM OOpaTHOrO OCaXKICHHS W3 OJHOIOISIPHOTO PAacTBOpAa HUTPATOB WTTPHS, ATIOMHHUS H IEPHS, C
UCIIOJIE30BAHUEM aMMHUAaKa, BBIJICIICHHBIC CIIOCO0AMH PACHBUIMTEIBHON CYIIKH U (QIIBTPAIUH, C COJCPKAHHEM

nobaBku okcuaa nepust ot 0,03 mo 0,1 mac. %. [lopomkn oTxuranu B atMoc(hepHON BBICOKOTEMIIEPATypHOU

Poccust, Tomck, 25-28 anpenst 2023 T. Tom 2. Xumus



XX MEXAYHAPOJHAS KOHOEPEHIUA CTYAEHTOB, ACIITMPAHTOB 1 MOJIO/IbIX
YUEHBIX «ITEPCIIEKTUBBI PAZBUTUA ©YHIAMEHTAJIBHBIX HAYK»

neun VP 20/70, LAC Ltd (Yexwus). Cxopocts Harpea coctasisiia 10 °C/muH, remnepartypa omxura — 1000 °C,
BpeMs BBIIIEPKKH — 3 Yaca.

B kauecTBe criekaromux 100aBOK OBUTH HCIONB30BaHEl KomMepueckue mopommky ¢propuaa matws (LiF) (CXK,
Poccwus), B kommaectse 0,25 mac. % 1 okcuna kpemuust (SiO2) (JlenPeaktus, Poccus), B kommdectse 0,5 mac. %.

Kepamuky wW3roraBnmMBaIM METOIOM 3JCKTPOMMIYJIbCHOTO Tmia3MeHHoro cmekanus (OUIIC) wHa
ycranoBke SPS-515S (SPS Syntex Inc., SInonust). Criekanne poBOAWIH TIpH Temmeparype 1550 °C, naBneHun
100 MIla, Bpemenu Boiaepkku 180 MUHYT.

Jdns  mexaHudeckold 00paOOTKM HccieqyeMblx o0pa3inoB Oblla  HCIONIB30BaHa —HUIH(OBAIBLHO-
nonupoBanbHas ycraHoBka EcoMet 300 Pro (Buehler, I'epmanus).

OnTuyeckre CBOMCTBa KepaMHUKH OBUIM HCCIICOBAHBI C HCHOIB30BaHHEM crekrpodoromerpa CD-56
(OKB Crmiekrp, Poccus).

PesyabTaThl. Ha pucynke | mpencraBieHbl CIEKTPHI OTPaKEHHsT 00pa3LoB, MMOIYYEHHBIX U3 MOPOIIKOB,
BBIJICJICHHBIX crIoco0amMul GHMITBTPAUU B PACTIBUINTEIBHON CYIIKU B quamna3oHe uH BoH oT 200 1o 1100 HM.

254 ——0.03 % Ce

——0.06% Ce @ 237 —— 0,03 % Ce G
—0,1%Ce ——0,1%Ce
s ——0.5%Ce
——05%C
207 Tnece. 204 1% Ce
2% C
e 2% Ce
K o Ce .
5 [ L
£ 104 2 10 y
o ] |
54 | 5 ‘
| I
|
0 - - : } 0 T T . T
200 400 600 800 1000 200 400 600 800 1000

JiuHa BOJIHBL, HM JLuaa BOJIHbBL, HM

Puc. 1. P€3yﬂbmambl UusmMepenus cnekmpoe ompasicenus o6pa3uos HA OCHOBe ummpuﬁ-amoMuHueeozo

epanama, evi0eneHHblx cnocobamu a) urbmpayuu; 0) pacnvlIUmMenbHOU CYUIKY

W3 cnextpa BuIHO, yTo B Anana3oHe oT 200 xo 400 HM (ynpTpadHONETOBBII AMANa30H) OTPAKEHUS IS
BCex 00pa3uoB He Habmronaercsi. Hanbosiee MHTEHCHMBHOE OTpa)KEHHE XapaKTepHO JUIsS JUTMHBI BOJHBI 450 HM,
YTO COOTBETCTBYET BHAMMOMY [Halla3oHy JUIMH BOJH. B mH(pakpacHom nuamnaszone (ot 780 o 1100 HMm)
HaOI0aeTcsl yBENWYEHHE 3HAYCHHUE OTPAXKCHUsI, OJHAKO STH 3HAYCHHUS] OCTAIOTCS HIXKE, YeM B BHIUMOM

CIICKTPC, UTO TAKKE NOATBCPIKAACTCA JAaHHBIMU Ta6.]'II/II_lI>I 1.

Tabauya 1

3nauenus koaghpuyuenmos ompasicenus 06pazyos, 8bIOENEHHBIX CROCODAMU PUurbMpayUU U

pacnbmumeﬂbnod CYUWIKU HA pA3TUYHBIX ONUHAX BOJIH

Crioco6 HimHa OTHOCUTENBHBIN KO (UIMEHT oTpaxkeHus, %o
BBLIC/ICHHS BOJIHBI, 0,03 mac. | 0,06 mac. 0,1 mac. 0,5 mac. 1 mac. % 2 mac. %
HM % Ce % Ce % Ce % Ce Ce Ce
450 9 12 18, 16 22 21
OubTparyst 600 9 9 13 9 12 12
1100 10 11 16 10 14 13
450 14 - 14 15 21 22
PacnbumutensHas 600 12 _ 11 11 12 12
CyIIKa

1100 12 - 12 12 16 13
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Jns cepun 00pa3uoB, BBIIENCHHBIX CIOCOOOM (rIbTpanuy, HanOOJBIIMM 3HAaYeHHEM KoddduiueHrTa
oTpakeHHs Ha JuiiHe BOJHBI 450 HM (BUAMMBIN crniekTp) oOnamaer oOpasew, conepkammii 1 mac. % oxcuaa
uepust (22 %), 6mmskuMm 3HadeHueM (21 %) obmamaer oOpasem, ¢ comepxaHueMm 2 mac. % OKCHIA LEpHsd, a
MHHUMAaJIBHBIM KO3 (HUIIEHTOM oTpaxkeHus o0mamaeT oopaser ¢ 0,03 mac. % oxcuaa nepust (9 %).

Ha mmmaax Boma 600 m 1100 BM (MH(pakpacHBIN quamna3oH) HAXOOJBIINM 3HaUYCHHEM KOd((HUIHEeHTa
oTpakeHHs oOmamaeT obpaszer ¢ coxepxkanmem 0,1 mac. % oxcuma mepus — 13 m 16 % cooTBeTCTBEHHO,
MUHMMAaJbHBIM 3Ha4eHueM — obpasel ¢ coaepxanueM 0,03 mac. % oxcuna nepus — 9 u 10 % cOOTBETCTBEHHO.

st cepuu ¢ pacHbUIMTEIBHON CYIIKOW Ha JUIMHE BOJHBI 450 HM Tak)Ke MaKCHMalbHBIMU 3HAYCHUSIMH
ko3 duumeHTa OTpakeHUs: 00JIaAaloT 00pas3lbl ¢ cojepxammii 2 Mac. % okcuma nepus (22 %) u ¢
conepskanneM 1 mac. % okcuna nepus (21 %). MuHuMansHOE 3HaUeHHE KO3 OHUIUEHTa OTPAKECHHUS XapaKTEPHO
Ut oOpasma ¢ conepxkanneM okcuaa tepust 0,1 mac. % (14 %).

B nH(pakpacHOM nnamna3oHe MaKCHMAIBHBIMA 3HAUCHUSMH Takke 001a1atoT 00pasisl ¢ coaepkaHueM |
Mac. % oxcuna uepus (12 % i mmuaer BoaHB! 600 HM 1 16 % s mmmHED BoaHE! 1100 HM) 1 obpaser ¢
coaepkanueM 2 mac. % oxcuaa uepus (12 % g anuael Boiabl 600 HM 1 13 % mis ayusel Boiasl 1100 HM).
MuHUMaIEHOE 3HAUCHHE TAKXKE XapaKTepHO i oOpasna ¢ comepkanueM 0,1 mac. % okcuma tepust (12 % mis
JutrHbI BosiHBL 600 HM 1 12 % ans anvael BoaHb! 1100 HM).

3akarouenue. B xone mpoBeaeHus uccnemoBaHus MetogoM OUIIC OblnM MOIydeHBl KepaMHYecKHe
00pa3mpl Ha OCHOBE HTTPHU-IFOMUHHEBOTO rpaHata ¢ mobasieHuem ot 0,03 mo 2 mac. % oxcuma mepus u
MIPOBE/ICHO WCCIICIOBAHNE UX ONTHYSCKUX XapakTepHUcTHK. CpaBHEHHE 3Ha4CHUH K03()(QUIIMEHTOB OTpaKeHUS
cepuil 00pas3IoB C Pa3MTUIHBIM COJCpKaHHEM OKCHIAa LEpHs IOKAa3ano, YTO CIOCO0 pacHBUIMTENEHOW CYIIKH
MO3BOJISIET MOTYYUTH 00pa3Ilbl ¢ OONBIINM 3HAYCHUEM OTPaKCHHA B BUAMMOM JHAIa30HE IIMH BOJH, a CIoco0
¢unbTpanmu — B MH(paKpacHOM [HMana3oHe JUIMH BOJIH, B TO BpeMs Kak B yJIbTpadMOJETOBOM JHara3oHe
OTpaKeHHsI y BCeX 00pa3lloB He HAONIIOAaeTCs, TaKk KaK M3JIy4YeHHE B yKa3aHHOM [Mara3oHe IO0JIHOCTBIO
TIOTJIONIAETCS TIOBEPXHOCTHIO 00pasiia.

Paboma evinonnena npu noooepacke npoekma PH® Ne 21-73-10100 na obopyoosanue L[KII HOUIL]
HMHT TII1Y, noodepocannozo npoexmom Murnodpuayxku Poccuu Ne 075-15-2021-710. Aemopwr swipasicarom
onazodapnocmo accucmernmy OM ULLTHIIT TITY k.m.n. Unena A.0.
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Annomayusn. B OannHoM — UCCIE008aHUU — NPEONA2AeMCs — VHUKAAbHbIL — 8blCOKONPOU3EO0OUMENbHbLL
BbIUUCTUMENbHBIL NOO0X00 Olsl HANPABNIEHHO20 OU3AUHA CELeKMUSHO YUMOMOKCUYECKUX HeOp2AHUYeCKUX
Hanomamepuanos (HM) ons cucmem oocmasxu nexapeme (CHJIC). Koauuwecmsennoe npocrosuposauue
AHCUBHECOCOOHOCIU OBLIO BbINOIHEHO C NOMOULIO Modenu Mawunnozo obyuenus Light Gradient Boost Machine
(LGBM) ona npoenosuposanus yumomoxcuynocmu HM na 3adaunotl noivzosamenem KIEMOYHOU JUHUU.
T'enemuueckuii aneopumm (I'A) 6vin exmouen 6 mooenv O NOUCKa Hauboree >POeKMuUHbIX CeNeKMUBGHBIX
yumomoxcuyeckux HM, seisiowuxcs GbICOKOMOKCUYHbIMU O PAKOGLIX KIEMOK, HO OKA3bIGAIOUUX
MUHUMATIbHOE 6IUSIHUE HA HOPMALLHYIO KIeMOYHYI0 Junuio. [lisi npoeepku Kowyenyuu Obliu 0OHAPYIHCeHbl
CIJIC -xkanouoamol 051 ieyenusi paka neyeHu, paKa SUYHUKOS U PAKA KOJICU C CeNeKMUBHOU MOKCULHOCHIbIO

42,13%, 18,77% u 15,15% coomeemcmeenno.

Introduction. In drug delivery systems (DDSs) nanomaterials (NMs) are often used to enhance the
pharmacokinetic properties of drug for controlled drug release, improve bioavailability, reduce adverse side effects
and protect premature clearance by immune system [1], [2]. DDS toxicity is a crucial parameter that should be
minimized for healthy cells while maximized for diseased or cancer cells. NMs are non-selective and often used as
passive drug carriers and their additional functionalities are provided by chemical modification which does not only
make system more complicated but often hinders therapeutic action [3]. At the same time, despite metabolic
differences between healthy and pathological cells, there is no platform for automatic computational design of NMs
that have selective toxicity [4]. In this work, we for the first time developed a powerful and fully computational
screening tool for massive target discovery of selectively cytotoxic inorganic NMs.

Research methods. During the research, first a database with information about nanomaterials, its
synthesis methods, physicochemical properties and types of cell lines was collected from published articles.

After data preprocessing and feature selection, the performance of 41 regression models was evaluated. To
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predict the cytotoxicity of NM, light gradient boost machine (LGBM) model — one of the best models with
highest R square score and lowest root mean square error rate — was chosen and further optimized. The model
was later combined with the genetic algorithm (GA) to screen optimal NM candidate from large chemical space
that would have selective cytotoxicity for cancer cell line while displaying minimal toxicity for normal cell lines.

Results. At first, quantitative viability prediction on NM-treated cell lines was performed by LGBM
regression model achieving 10-fold cross-validation (CV) Q2 = 0.80 with predictability within 13.6% (shown in
Fig. 1). The model was reinforced with GA for screening >14,900 candidates/min to identify the best-performing
selectively cytotoxic NMs. To prove the hypothesis, machine learning (ML) reinforced GA platform generated
the DDS candidates that could be used for the treatment of liver cancer, ovary cancer and skin cancer. Among
the top candidates, Ag NPs showed the highest selectivity with 56.96% toxicity for cancerous HepG2 cell line
while only 14.82% toxicity for normal hepatocytes with fitness score of 42.13%. Similarly, TiO2 NPs showed
highest fitness score of 18.77% for selective cytotoxicity on SKOV-3 Vs. CHO-K1, and Ag NPs with fitness
score of 15.15% was found to be a top candidate for selective cytotoxicity for A431 Vs. HaCat cell lines. The
details on the main parameter of the nanomaterials are shown in Table 1.

Conclusion. Current platform generates optimal parameters for the NMs that could be used for DDS.
The generated NM candidate has selective toxicity for user-defined cell lines. Our approach exhibits
transferability and adaptability allowing the model to be adapted with diverse databases that not only allows one
to search for highly selective cytotoxic NMs, but also has the potential to be further broadened on a much larger
chemical space of NMs and living entities such as bacteria, and fungi, for which viability can be defined.
Moreover, this approach basically represents multi-objective optimization NM search, therefore, given the
existence of appropriate predictive algorithms, can be used beyond selective cytotoxicity research, such as
optimization of nanoparticles synthesis, drug design, protein target identification, metabolic network design and

industrial process optimization.
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Abstract. In this work, we studied the structure and phase composition of a ceramic material obtained from a
high-entropy Hf-Ti-Fe-V-Cr-N system using mechanical activation of the initial powder mixture followed by the
addition of a non-metal (nitrogen) as a result of self-propagating high-temperature synthesis (SHS). The
fundamental possibility of obtaining a high-entropy material of the Hf-Ti-Fe-V-Cr-N system using

self-propagating high-temperature synthesis is shown.

BBenenue. AKTyalbHBIMH HAa CETOMHSINHUN JIeHb HAmpaBlIeHHeM paboT B 001acTu pa3BUTHA
MaTepUalOBEACHHS SIBISIETCS. CO3/[aHUE HOBBIX KEPAMUUYECKMX KOMMO3UIMN (B TOM YHCIIE BHICOKOIHTPOITUIHHON
KEPaMHKH), MPOSIBISIFOIIMX BBICOKYIO TBEPIOCTh, CTOMKOCTh K BO3JCHCTBUIO arpeCCHUBHBIX CPEll, BBICOKYIO
W3HOCOCTOMKOCTh M KOPPO3MOHHYIO CTOWKOCTh TIpH TeMIleparype OKciulyatanuu Oomnee 1600 °C.
IIpomomxkaroTcss pabOThl MO MOWCKY BapUaIMii XMMUYECKHX 3JCMEHTOB B BBICOKODHTPOIHIHBIX CHCTEMAX,
KOTOpHBIE OYAyT CIIOCOOHBI TI0 CBOMM CBOWMCTBAM MPEB30MTH TpaguIHOHHbIE MaTepuaisl [1]. B HacTosimiee Bpemst
Goubiiee BHUMaHUE yjeleHo cemeiictey BOC Ha ocHoBe nepexoansix 3d-meramios (takux xak Ni, Cu, Al, Ti,
Fe, V, Cr, Co, Mn). B o xe Bpewmsi, cemeiictBo BOC Ha ocHOBe Takux TyroruiaBkux metauioB kak Nb, Mo, Hf,
Ta, W usyueno mano [2]. MHTepec k crutaBaM (B TOM YHCIE BBICOKOIHTPOIMIHBIM) M KEPAMUKE Ha OCHOBE
cucrembl Hf-Ti B HacTosiiee Bpemst mposisisieTcss Bcé vamie [3-5]. Taxke mpojomkaeTcs MOWCK MOIXO0/I0B H
METOJIOB TOJYYEHHUSI BBICOKOIHTPOIMITHBIX CIUIABOB M KepamuK. CYIIECTBYIOT Pa3IMYHbIC METOJBI TOTYICHUS
BOC, mpu »3TOM Hamboiee dYacTO HCIONb3YEeMBIMH SIBISIIOTCS METOIbl HHIYKIIMOHHOTO ILIABJICHHS,
CEJIEKTUBHOTO JIA3EPHOTO IIABJICHHUS W 3JICKTPOIYrOBOrO ILIABJICHHS B Bakyyme. OMHHM W3 NEPCHEKTHBHBIX

cnocobos momyudernss BOC m BOK sBngercss camopacmpoCTpaHSIOMIMNCS BBICOKOTEMIIEPATYPHBIH CHHTE3
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(CBC). On obnamaer psiioM NPEUMYIIECTB, CPEIN KOTOPBIX CTOUT OTMETHUTh 9HEProd(PEKTUBHOCTH U KOHTPOJIb
(ha3zoBoOro cocraBa MpoOAYKTOB FOPEHHS.

B mHacrosmeit pabore s MOMYYCHHS KEPaMHUECKOTO MaTepHaia W3 BBICOKOXHTPOMHUIHON CHCTEMBI
Hf-Ti-Fe-V-Cr-N ucmosnb3yercs MexaHHYEeCKash aKTHUBAIMS HWCXOMHOM TOPOIIKOBOW CMECH C TIOCIIEAYIOMIAM
no0aBIeHHEM HeMeTa/ia (a30Ta) B pe3yiIbTaTeé caMOPaCHPOCTPAHSAIOIIErOCs BBICOKOTEMIIEPATYPHOTO CHHTE3a
(CBC). OaHuM ©3 TPEUMYIIECTB JAHHOTO METOMAA SIBJISETCS KOHTPOJL (Da30BOTO COCTaBa M CTPYKTYPHI
NPOJIYKTOB peakiyu B npouecce CB-cuHTe3a.

Lenpto  Hacrosimieid  paboOTBl  ABISETCS ~ CHUHTE3  KEpaMHMYECKMX  MarepuajoB  METOJOM
CaMOopaclpoCTPAHSIONIETOCS! BBICOKOTEMIIEPATYPHOTO CHHTE3a Ha OCHOBE BBICOKOIHTPOIMHHOW CHCTEMBI
Hf-Ti-Fe-V-Cr-N u m3yucnne ux ha30BOro cocraBa u CTPYKTYPHL.

DKCMePpUMEHTATbHAS YaCTh. VICXOIHBIC TOPOMIKOBBIe MaTepuasl: Taduuit (8 <200 MKM), THTaH MapKu
ITC (6 <280 mxm), peppoBananuii Mapku FeVsg (8 <200 mkM, copepkanue BaHaaus 52%), xpom Mapku [IXM
(6 <50 mkm). McxomHbie KOMIIOHEHTBI HIMXTHI Opaid B 3KBUMOISIPHOM COOTHOIICHUH. [IMOTHBIE 06pasIm!
TOTOBWJIM TPH TOMOLIM XOJIOJHOTo IpeccoBanusi npu nasienuu 35 MIla. Ilpu stom amamerp oOpasioB
cocraBman 23 MM, Bec obOpasma 40 r. CuHTe3 NMOPOIIKOBONH CMECH OCYIIECTBIISIIM B PEAKTOPE BBICOKOTO
nasnenus npu aasnenun 6.0 MIla B armocdepe azora. 3akuranue HHULUMPOBAIN TIPU MTOMOIIM MOJIHOICHOBON
CTIHPANH, TTOJBEICHHOW K BEPXHEMY CIIOIO IIPECCOBAHHOTO 00pa3ua. PeHTreHoda3oBblii aHaIN3 BBITOIHIN Ha
mudpakromerpe Shimadzu XRD 6000 ¢ CuKa-n3nydernem Ha ocHOBe 0a3bl faHHBIX PDF4+. MukpocTpykTypy
CHHTE3MPOBAaHHBIX OOpa3loOB OMNpENENsUIM Ha DJICKTPOHHOM MHKPOCKOIIE C  JHEProJHCIEPCHOHHBIM
cnekTpomerpom Tescan MIRA 3 LMU.

Pesyabrarel. B Hactosmieii pabore wmcciemoBaH (a3oBbIA COCTaB M CTPYKTypa IPOIYKTOB CHHTE3a,
MONIyYCHHBIX B pE3yJbTaTe MEXaHWYeCKo# akTuBammu mopomkoBoi cmecn Hf-Ti-Fe-V-Cr B mmaneraproit

MEJIbHULIE C MOCJIEIYIOIMM TOPEHHEM UCCIIelyeMOil CMecH B CpeJie a30Ta B PEXKUME €CTECTBEHHOM (DMIIbTPAIKH.

25 pm 25 pm 25 pm 25 pm 25 pm 25 dm
— P — — - -

Puc. 1. POM-u3zobpasicenue muxpocmpyxmypul u muozociotinoe 3/]C uzobpasicenue npooykmos cunmesa

IIpoBeneHne MeXaHWYECKOH AaKTHBAIMM CIOCOOCTBYET (OPMHPOBAHMIO KOMIO3WIMOHHBIX YacCTHII,

COCTOAMMNX U3 KPYHHBIX YaCTHUIL Fa(bHI/ISI C BKPAIVICHUAMU MEJIKUX YaCTUIl APYTUX KOMIIOHCHTOB HCCHelIyeMOﬁ

Poccust, Tomck, 25-28 anpens 2023 r. Tom 2. Xumus



XX MEXAYHAPOJHAS KOHOEPEHIUA CTYAEHTOB, ACIITMPAHTOB 1 MOJIO/IbIX
YUEHBIX «ITEPCIIEKTUBBI PAZBUTUA ©YHIAMEHTAJIBHBIX HAYK»

cucteMbl. Taxke MexaHMYecKas aKTHBALMS I103BOJISICT PAaBHOMEPHOMY OOBEMHOMY PacIpeieiIeHHIO YacTHIL
MCXOJHBIX KOMIIOHEHTOB.

Ha pucynke | npuBeneno POM-nzo0paskeHNe MUKPOCTPYKTYPHI NMPOAYKTOB CHHTE3a M MHOTOCIOMHOE
OIC wm3o0pakeHHEe W KAapTHPOBAHHE IO CHEKTpaM MPOAYKTOB CHHTE3a. OHEPrOAHMCICPCHOHHBIN aHAIN3
mokazan, dro smemeHntsl Ti, Hf, V, Fe, Cr, N pacnpexenensl mo Bcell HCCIeIyeMOil MOBEPXHOCTH
CHHTE3MPOBAaHHOTO 00pa3Ia.

Ha pgudpakrorpaMMax TNpOAYKTOB TOpeHHs HaONIOAaeTcs XapakTepHass OCOOEHHOCTh —Majoe
cooTHomreHne NHK/QoH. [IpennonoKuTensHO, COOTHOLIEHUE NHK/QOH cinaboe, B CHIYy YCIOBUI CHHTE3a,
KOTOpBIE MPUBEIH K (POPMHUPOBAHHUIO TBEPABIX PACTBOPOB.

3akiroueHue. B paboTe mpoBENCHBI HCCIIENOBAHUS CTPYKTYPHI M (Pa30BOro cocraBa KepaMHIECKOTO
Marepuana, TIOJYYeHHOTO U3 BBICOKO3HTpornmitHoW cucremsr Hf-Ti-Fe-V-Cr-N ¢ wucmonp3oBanmem
MEXaHNYECKON aKTHUBALMH UCXOAHOW MOPOIIKOBOH CMECH € MOCIEAYIOMUM A00aBIeHHEM HeMeTauia (a30Ta) B
pe3ysbTaTe CcaMopaclpoCTPAHSIONIETocss BhIcOKoTeMmeparypHoro cuHre3a (CBC). DHeproaucrnepcHOHHBIN
aHanmu3 mokasan, yto 3nementsl Ti, Hf, V, Fe, Cr, N pacmpezencHbl mo BCeil HCCICIyeMOH MOBEPXHOCTH
CHHTE3HPOBaHHOrO oOpasna. OmnpeleneHo ONTHMAaIbHOE BpeMsi MEXaHWYECKOW aKTHBAIMM, MPHU KOTOPOM
yAaercs JOCTHYh PAaBHOMEPHOTO TepeMelIMBaHUS HUCXOJHOW IMOPOIIKOBOW CMECH, YTO HEO0OXOauMo st
MOJIyYeHHs] OJHOPOJHOTO MpOJIYyKTa CHHTe3a. lloka3zaHa MPHUHIMIINAIBHAS BO3MOXKHOCTH ITOJYy4EHUS
BBICOKOBHTpomuitHoro Matepuana cuctembl Hf-Ti-Fe-V-Cr-N mpu momomm caMopacnpoCTpaHsoIerocs
BBICOKOTEMIIEPATYPHOTO CHHTE3A.

Hccneoosanue svinonneno 3a cuem epanma Poccutickozo nayunozo ghonoa Ne 22-79-00144.
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Abstract. In this work, the synthesis of Ni-Mo catalytic systems supported on alumina of various nature was carried
out. An unconventional component, molybdenum blue obtained by mechanochemical synthesis, was used as a
source of molybdenum. Hexahydrate nickel nitrate acted as a source of nickel. Phase composition studies and
IR spectroscopy were also carried out. It was shown that upon thermal treatment (400 °C), nickel nitrate

completely decomposes to the oxide form. It has also been found that the nature of the support makes a significant

contribution to the phase composition of the final systems.

Bgenenmne. [loBpimenne myOnHBI IepepabOTKH HE(YTH M BOBJICUEHUE TSDKEIIOTO U CBEPXTSIKEIIOTO CHIPhS
BIEYET 3a CO00H HEOOXOIUMOCTh pPa3sBUTHA M MOJAEPHH3AIMH IOAXOJIOB, MaTepHaJoB M 00O0pYIOBaHUS,
HEOOXOIMMOTO JUIsl MOJYYEHHs KAayeCTBEHHBIX IIPOAYKTOB, OTBEYAMOLIMX BCEM COBPEMEHHBIM HOpMaM |
sKosorndeckuM TpeboBaHMSIM [1]. AKTHBHO Ben€rcs pa3paboTKa KaTaTUTHYECKHUX CHUCTEM AN Pa3IHYHBIX
THIPOIIPOIECCOB (THAPOOOIaropaxuBaHue, THAPOKPEKHUHT | T. [1.), B 0COOCHHOCTH OTEYECTBEHHBIX, ITOCKOIBKY
OOJIBIIMHCTBO COBPEMEHHBIX CHOCOOOB IEpepabOoTKM HEMBICIMMBI 0€3 TpenBapUTebHON 00pabOTKU CHIPbS
(memeranuzauusi, rugpoAecylnbGUPOBAHKME, TI'HApoAea3oTHpoBaHue). OCHOBHBIM HamlpaBlIeHHEM B 00JacTH
pa3pabOTKH KaTaIMTHIECKUX CUCTEM SBISETCS TOUCK M CHHTE3 HOBBIX, 00JIee aKTHBHBIX (ha3 JIMOO0 MCIIONb30BaHUE
HOBBIX HOCHUTEJEH, YTO TaKXKe KOCBEHHO MOXKET CIYXKHTb ITOBBIIICHUIO aKTHBHOCTH HAaHECEHHBIX KOMIIOHEHTOB.
Taxo# MoaXoA MO3BOJSIET YBEMMUUTH 3()(HEKTUBHOCTH MPOU3BOACTB 0€3 BHECEHUS KAlMTAJIbHBIX BIOKCHHWHA Ha
MOZEPHHU3ALHUIO WX TOJHYIO 3aMEHy Iapka o0opynosanus. Takxke oTnagaeT HEOOXOIUMOCTD B IOTIOJIHUTEILHOM
o0y4eHnu nepcoHana. TakuM 0O6pa3oM MOXKHO 3aKIIOUNTH, YTO CHHTE3 HOBBIX MEPCIIEKTUBHBIX KaTAINTHIECKUX
cHcTeM JuIsl IepepabOTKH TSKEIOTro HE(TSHOTO CHIPbs SBISETCS KpaiHe akTyalbHOW 3amadeil Ha Onwkaiiime

TOJBbI. HGHBIO JAHHOI'O UCCJICJOBaHUA OBLIO MOJIYy4YCHUEC U U3YUCHUC CBOICTB KaTaJINTUYECKUX CHCTEM Ha OCHOBE
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Ni-Mo. OmmuuTensHONH 0COOCHHOCTBIO HAIIMX CHUCTEM SBIISETCS MCTOYHUK MOJIMO/ICHa — 3TO MOJIMOJICHOBAs
CHUHbB, TIOJTYYCHHAsI U3 MEXaHOAKTHBHPOBAHHOTO TUCYAb(puna monmudaeHa (MoS,).

JKcnepuMeHTadbHasi YacTh. OOpas3mpl MONyYamd CTAaHAAPTHBIM METOJOM TIPONUTKH B H30BITKE
MIPOTIUTOYHOTO pacTBopa. [[pONMUTOYHBIM paCTBOPOM CIYKHUT CHHPTOBOH PAacTBOP MOJHOIEHOBOM CHHH, B KOTOPOH
pacTBOopeHa HaBecka rekcaakBaHuTpara HukedIs (Ni(NOs), * 6 H>O). PactBop MOIHOIEHOBOW CHHHU SIBIISCTCS
COEAMHEHUEM M3 KJIacca IOJIMOKCOMETANATOB, MPEACTABISAIOMNI CO00I CMeCh HECTEXHOMETPHUECKUX OKCHIOB
MONMOeHa B CTENEHIX OKHCIeHHus +5 - +6. MonnOaeHOBYIO CHHB TONTy4alii 100aBJIeHUEM BOCCTAaHOBHUTEIILHOM
cpenbl (3TUIIOBOTO CITUPTA) K MPEABAPUTEIHHO NPOLISANIEMY CTaIMI0 MEXaHOAKTHBALIMU MOPOIIKY ITUCYIbhuIa
MonubneHa MoS,, 6oee moapoOHO cuHTe3 onucaH B padoTte [2]. Kax it u3 00pa3ioB MPOMUTHIBAJICS B TCUCHUE
30 MHHYT IpH NEPEMEIINBAHNH, MTOCIIE YE€T0 OCTABISIICA Ha CyTKH, a 3aT€M IPOIMHUTOYHBIH PacTBOP OTCEKACH, a
MOJyYeHHAs] CHCTEMa OCTaBalach JOCYIINBAThCS Ha Bo3ayxe. [locne cymku At mepeBoja HUKEIS B OKCHIHYTO
(opMy myTeM MOJHOTO pa3NoXKEHUs HuTpaTa o0pasmbl mpokaimBanuck mpu 400 °C B TedeHme 4 9acoB B
MyQenbHOH meun. CHHTE3MpOBaHHBIE cUcTeMbl nomydwnn mudpsr [IM-1 (s obpasna ¢ NpOMBIMITIEHHBIM
HocuteneM) U OB-1 (a1 amexTpoB3pbIBHOTO). B KadecTBe HOcHTeNs BhICTymaeT Ookcua amtoMuHust y-AlO3
NPOMBIIIIEHHOT0 TpoucxoxaeHus (r. MmummOaii), a TakKe CHHTE3HPOBAHHBIA W3 3JIEKTPOB3PBIBHOTO
ncesgodumura. [lomydyeHHbIe KaTaqTUTHUYECKUE CUCTEMBbI ObUTH HcciienoBaHbl Mertogamu MK-cnekrpockonuu u
pentrenodasosoro anamuza (PDPA). UK crnekrpsl karaau3aTopoB perucTpupoBaiu Ha mpudope Nicolet 5700
¢dupmer «Thermo Fisher Scientific» B quanazone gactor 4000-400 cm™! ¢ paspemenuem 4 e, Teeppie 06pasibl
JUISL CBEMKH TOTOBIJIMCH TI0 CTaHAAPTHON MeToanke npeccoBaHueM Tadnerok 0,015 T ncenemyemoro nopomka c
0,5 v KBr. Penrrenoda3oBblii aHamM3 TOCIE MPOBEACHHUS MpoIecca MPOBOMWICT Ha TudpakToMeTpe
Bruker D8 Advance (Bruker, ['epmanust) ¢ npumereHneM TuHeHOTO Aetekropa Lynxeye (1D). [lns uccinenoBaHus
HMCToNb30Banoch MoHoxpomarudeckoe CuKa-usnyuenne (A=1,5418A).

Pesyabrarbl. Kak BujHO U3 pucyHKa 1. 00€ CHCTEMBbI IMEIOT JOCTATOYHO CXOXKHUiT TpoduIIb U HA0OP MoJIoC
nomonienus. [Ipucyrcreue rpynmsl konebanuii B oonactu 120-300, 550 u 800-850 cM™!' ykaspIiBaeT Ha HajnuuHe
MOCTHKOBOH CBSI3U MEXJy aToMaMH MoJuOJeHa npucyTcTBue rpynisl Mo=0, moarBepxkaaercs: KojeOaHusIMH
0=Mo=0 u Mo=0 TepMunaibHbii B obmact 300-400 u 900-1000 cm!. B obmactu 800-940 cm! comepakarcs
ik oT konebarnit Mo=0O u MoO ¢parmeHTs M0-O-MoO, KOTOpBIE MPOSBITIOTCS B CIICKTPaX B BHUIE IMUKOB B

obmactu 750-800 cm™! .

3900 3400 2900 2400 1900 1400 200 400
Boanosoe unciio, cm !

Puc. 1. Peaynomamul UK-cnexmpockonuu
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JudpakrorpaMMbl TOJMy4E€HHBIX OOpas3loB INpHBEeNeHbl Ha pucyHke 2. B ommmumm or UK-cnekrpos,
(a3oBEI cOCTaB CHCTEM 3HauuTeNnbHO oTianuaercs. OOpasen OB-1 mpencrasnen ¢aszoit AlOs, mo Bceit
BUIMMOCTH BBUIY HU3KOH JUCIEPCHOCTH IPYrUX KOMIOHEHTOB, 1 HX HEBBICOKOH KOHLICHTPAIIUH OTHOCHTEIHHO
Hocutemsi. DazoBelii cocTaB obOpasma [IM-1 mpexcraBieH Ooiiee HIMPOKHM CHEKTpoM (a3, ¢ IJOCTAaTOYHOH
CTETIeHBI0 KpHCTALTUYHOCTH. Pedekcrl B obmactu 20-30 © mpencrasisirotr coboit dazy NiO (00-101-0095), a

Habop pedekcos mpu 47, 52, 55 n 57 °© OTHOCATCS K OKCHIHBIM MOIHOICHOBEIM cTpykTypaMm (MoOs) [3].

——3B-1
——IIM-1
—gamma-Al203

0 10 20 30 40 50 60 70 80
20,°

Puc. 2. Pesynomamul penmeenogazoeozo ananusa

3akiwuenne. Takum 00pa3oM Hamu OBUTH CHHTE3MPOBaHBI W wHcclienoBaHbl Ni-Mo copepxariue
KaTaJIUTHYCCKHE CUCTEMBI JIJIsI POIIECCOB FUIPO0OIATOPaAsKUBAHIS TSKEIOTO HEPTIHOTO ChIphs. [10 pe3ynsraram
PEeHTreHO(a30BOro aHajIu3a MOKHO 3aKIFOYUTh, YTO AKTUBHBIC KOMIIOHEHTHI-IPEANICCTBCHHUKH aKTHBHBIX (a3
Han0oJIee OKPUCTAIUTM30BAHHBIHN IPY HAHECEHUH HA MPOMBIILICHHBIH HOCHUTEITh, OHAKO MX TUCIIEPCHOCTD BBIIIE
NPY HAaHECEHHH Ha 3JIeKTPOB3PHIBHOM 00pa3ie.

Paboma evinonnena 6 pamxax eocyoapcmeennoco 3adanusi MXH CO PAH, ¢unancupyemozo

Munucmepcmeom Hayku u svicuie2o obpasosanus Poccutickot @edepayuu;
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EVALUATION OF THE EFFECT OF OXIDATIVE WATER TREATMENT
ON THE EFFICIENCY OF WATER PURIFICATION BY ION EXCHANGE METHOD
M.V. Zagumennova, D.N. Zhukova

Scientific Supervisor: Assoc. Prof., PhD., L.N. Skvortsova
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Abstract. This work research effect pre-treatment water oxidizers (NaClO, H,O;) on the efficiency of water
purification by ion exchange method. The characteristics of the dynamic exchange capacity of sulfocationite
KU-2-8, Na*-f were determined by hardness salts at different concentrations of oxidizing agents: NaCIO —
(0.1-1.0) mg/l; H20. — (2-3) %. It was determined that an increase in the concentration of oxidants leads to a

decrease in the exchange capacity, to a greater extent for NaClO.

BBenenne. KagecTBo BOJBI akTyaJ bHO KakK B MPOMBIIUICHHOM, Tak W OBITOBOM cdepax. Boma mpoxoaut
pa3IMIHbIC CTaIUU OYUCTKH Iepe]] OTIPABKOW MOTPEOUTENIM, HO YacTo Tepel e€ UCIONb30BaHIeM TpedyeTcs
JIOTIONTHUTEIbHA JIOOYHCTKA. Tak, Ui Pa3MUYHBIX OTpaciiell MPOMBINUICHHOCTH (3JCKTPOHHAs, aTOMHas,
MUIIeBast U Ap.) TpeOyeTcs JOMOIHHUTENIBHOE «yMSTYSHHE» BOJIbI, TIOCKOJIBKY COJIM KECTKOCTH OTPHUIATEIHHO
BIMSIFOT Ha (YHKIMOHMPOBaHME OOOPYZOBaHWMS W HAa KauecTBe BbIMyckaemoit mpoaykuuu [1]. Bosmbmioe
KOJIMYECTBO COJIEH KECTKOCTH OTPULIATENILHO CKa3bIBAETCS U HA 3/I0POBbE YEJIOBEKa.

Merton noHOOOMeHHOM Xpomarorpaduu siBisieTcs: 3G GEeKTHBHBIM METOJIOM OTYUCTKH BOBI, TaK Kak HE
CTpeOyeT cIenuaabHOH TPOOOIOATOTOBKH, MPOCT B OCYIICCTBICHWH, Majo3aTpaTeH, IO3BOJIIET JOCTUTATh
BBICOKOW CTENCHH OYHMCTKHA B IIMPOKOM JHMAana3oHe KOHIEeHTpanuid. Kpome Toro, BO3MOXKHO MHOTOKPAaTHOE
UCIIOJIb30BaHHE HOHOOOMEHHBIX CMOJI TIOCHIE HX pereHepamuu. [2]

Lenp MccenoBaHusl — OLEHKA BIIMSIHUS OKUCIUTENEH, NCIIONIB3YyEeMBIX Ul 00e33apakuBaHUs BOABI, Ha
3¢ (HEKTHBHOCTD «YMSTUEHUS» BOJBI METOJIOM HOHHOTO OOMEHa.

JList TOCTHXKEHUSI LeJI ObUTH PEIlIeHBI CIIEAYIOIIIEe 3a/1a4H:

1) CpaBHenue auHamuueckoi oOMenHoM emkoctd (JJOE) W mojHOM JMHAMUYECKOH OOMEHHOUW €MKOCTH
(TIIJIOE) cynbghokxaTHOHNTA B HPOLECCE OYHCTKH BOJLI OT cojei xéctkoctu (Ca®*, Mg?*) B oTCyTCTBMH U C
pazimuuHbiME noOaBkaMu okuciurenei (NaClO, Ho0y).

2) CpaBHuTenbHas oueHKa >()(MEKTUBHOCTH Tpoliecca pereHepaund HOHooOMeHHHKa pactBopom NaCl

pa3HH‘IHOﬁ KOHIICHTpAluH.
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JKcnepuMeHTAIbHAsL YacTbh. B pabore wuccnenosaiu cyiabpokatnonut tuma KVY-2-8, Na'-¢,
cunaTesnpoBanHelii B OO0 10 «TOKEM» (r. KemepoBo). B kauecTBe okucnuTenell BBIOpaHBI PacTBOPHI
runoxsoputa Hatpust (NaClO) um mepokcmma Bomopoma (H20), KoTOopble BO MHOTMX permoHax Poccuu
UCTIONB3YIOT ANl 00e33apakMBaHUsI BOABI OT BPEJOHOCHBIX OaKTepuii M MHKPOOPTaHH3MOB, ITOCKOJIBKY
SBIAIOTCS  3GQEKTUBHBIMH H Hegoporumu crocobamu  eé  mesunpekuuu [3]. Kommentpamuro NaClO
BapbupoBanu B untepsane (0,1-1) mr/am®, H,O2 — B untepsane (0,5-3) %.

Jnst onenkn 3 dexTHBHOCTH Mpoliecca «yMsT4eHHs» BOJABI METOJOM HOHHOTO OOMEHa B HPHCYTCTBHU
OKHCJIUTEeH Oompenensuin pabodylo WIM JUHAMHYECKYI0 OOMEHHYI0 EMKOCTh W IOJIHYIO JHHAMHYECKYIO
00MeHHyI0 EMKOCTh CylbpokaTnoHuTa o coiaam Ca?t m Mg?*. Ompenenenue JIOE u IIJIOE nposoaunu mo
meroauke TOCT 20255.2-89 [4], macmTabupys eé mox nabopaTopHble yciaoBus. B kadecTBe 00beKTa OUHCTKH
HCTIOIb30BAJIN BOAONIPOBOJHYIO BOLY B OTCYTCTBHH H C JOOABKaMHU OKHCITHTEINCH.

Perenepaunio HOHOOOMEHHHUKA IOCIE HACHINICHHS COJISIMH kEcTkocTH mpoBomwin pactBopamu NaCl
pa3nmaHoi KoHIeHTpanuH (3, 5, 10) %.

Memoouxa skcnepumenma. HaBecky nHaOyxiiero katuonuta 1,0000 r nmomernand B CTaKaHYMK C BOIOMH
JUISL TIOCJICAYIOLIETO 3arojHeHUs] MOHOOOMEHHOH KOJOHKH. C TOMOINBIO CTEKISHHOW MaJlOYKH U3 KOJOHKHU
yIQISUIM My3BIPBKK BO3AyXa. 3aTeM uepe3 KOJIOHKY HENpepbhIBHO (UIBTPOBAIM BOJONPOBOIHYIO BOAY C
MIOCTOSIHHOW CKOPOCTBIO, HCIOJB3Ysl NepHCTAIbTUYECKUil Hacoc. DwibTpar coOupamy B MEpHBIE KOJOBI
EMKOCTBIO 25 cM® 1 METOZIOM KOMILIEKCOHOMETPHH B MPUCYTCTBMH aMMHadHoro Oydeproro pacteopa (pH 9) u
MHJMKAaTOpa 3pUOXpoMoBoro 4épHoro T ompenensui oOmryo kECTKOCTh BOABI B KaX10H HOpIuH. OUIbTPALUIO
yepe3 HMOHOOOMEHHYIO KOJOHKY IpEKpallaid, KOrAa >KECTKOCTh BOABI B (HIBTpATE M B HCXOAHOW BOJIE
BBIPaBHMBAIACh. 110 MOJYYEHHBIM JAHHBIM CTPOWIM BBIXOIHBIE KpUBble B KoopmuHarax c(CaZ*+Mg?*) ot
06néma nponymienHo# Boasl (V), Haxoauin 00bEMBI «IPOCKOKa» (Vip) U HACBHIIEHUS (Viyac.) U PACCUUTHIBATH
JOE u IIJIOE no dopmynam:

_ VppC1000
= m

AOE ) 1)

rre Vip. — 006EM «IIpocKkoKka» B prirbTpaT coselt >KkECTKOCTH, MIT;
V. — 00bEM HaOyXIIEro MOHUTA B KOJIOHKE, ML
(Viac'C—=3 V-C)1000
HZ[OE — Hac I 11 : (2)

Vu

rre C — KOHIGHTPALMS B BOJE COJEH XKECTKOCTH, MOJIb-3KB/;

C, — KOHIIEHTpanus coJiel )KECTKOCTH B MOPIUH (QHIIbTPaTa, MOJIb-IKB/I;
V. — 00pEéM opIuu GUIBTpaTa, MI;

V, — 00p€M HaOyX1Iero HOHNTA B KOJIOHKE, MII.

Pesyabrarel. Ha pucynkax A u B npuBeicHbl BBIXOJIHBIE KpHBble MOHOB skéctkoct (Ca?*+Mg?),
MOJIyYeHHbIE Ha KOJIOHKE C CYJIb()OKATHOHHTOM MPHU MPOIYCKAHWH HMCXOJHOI BOJBI U BOJBI C Pa3IMuHBIMU
no6askamu oxuciureneit (NaClO u H20). ITo dopmynam (1) u (2) 6sutu paccuunranst 3uauenus JJOE u ITIJIOE
KaTUOHUTA JUIS BCEX DKCIEepUMEHTOB. [l BogonpoBoaHoi Boasl B otcyTcTBuu okucnuteneit JJOE u ITJJOE no
coMsIM KECTKOCTH cocTaBmwid 3,23 u 5,33 MMonb/T cooTBeTCTBEHHO. bputo 06HapyxeHo, uto nobasku NaClO
NPUBOAST K YMEHBLIEHHUIO XECTKOCTH BOJBI, MPUYEM C YBEIMUCHHEM JO00ABKH OKHCIHTENS )KECTKOCTH BOJIBI
yMeHbIIanack B Oonplieil crenenu. [1o3ToMy HachllieHHE KOJOHKH HAaOJIIONAIOCh IPH (HUIBTPALMH TOpa3io

6ombirero 06bpéMa Bozbl (puc. A). YcraHOoBieHO, uro yBenudenue kounentparud NaClO B Boge mpuBoauT K
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cumwkennto kak JIOE (ot 3,23 no 0,73 mmonb-3k8/T), Tak u [IJJOE (ot 5,32 1o 3,16 MMONB-3KB/T), IOYTH B 2

pasa. lo6asku H>O; Takke npuBonst k ymensmenuto oomennoi émkoctu (JJOE u I1JI0OE) kartnonura (puc. b),

HO CHIDKEHHE mpoucxomut 3HaunTensHo MeHbire (JOE ot 3,23 mo 2,31; IIJOE ot 5,33 mo 5,24 MMOIB-3KB/T).

[Ipruém, mpu UCIIONB30BAaHWM KOJOHKH JUI «yMATYEHHUS» BOJBI TOcie €€ pereHepaunud B TPEX MOBTOPHBIX

muknax JIOE u ITIOE npaktudeckn He H3MEHSIIOCH.
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Puc.1. Boixoonvle kpusbie ucx00HOU 8000NPOGOOHOU 600blL U C PA3IUYHBIMU O0OABKAMU OKUCTUMENCLL.

A—-NaClO; b - H20;

HCCJ’IGZ[OBaHa BO3MOXHOCTb pErcHepanunumn HOHOOOMEHHOM KOJIOHKHU Iocjie eé HaCbhIIICHUA COJISIMH

xéctkoctu pactBopamu NaCl paszmmunoit konuentpamuu (3, 5, 10) %. Ilokazaro, 4T0 3({EKTHBHOCTH

pereuepannun ci1ab0 3aBHUCUT OT KOHICHTpallU PEreHepaHTa B HCCICAYEMOM HHTCPBAJIC. OZ[HaKO CIeayeT

OTMETHTb, 4TO Hauboee 3hpekTuBHBIM perenepantom ssisercst 10 % NaCl.

3akaiouyeHue. B pesynbraTe NpoBenEHHBIX HCCIEJOBAHUI YCTAHOBJIEHO, YTO NPUCYTCTBHE B BOJE

okuciutenei (NaClO, H20,) ymensmaer oomennyro émkocts (JJOE, ITIJTIOE) cynsdpokatrnonnta KY-2-8, Na*-¢.

1o uoHaMm >xéctkocty Boabl (CaZ*+Mg?*). Bonbllee BiusHHE Ha 0OMEHHYIO crnoco6HocTh okasbiBaeT NaClO:

yBeNnm4eHue KoHIeHTpanun okuciutens ot 0,1 go 1 mr/m mpuogut k ymenpmenuto JJOE u [TJOE moutn B 2

pasa. PactBoper (3-10) % NaCl sBusirorcss 3GQEeKTUBHBIME pereHepaHTaMu CyJIb(OKATHOHUTA TOCIe

HACBIIIEHUS COISMH KECTKOCTH.

1. PsbunkoB B.E. CoBpeMeHHBIE METOJBI

ucnons3oBanus. — M.: JleJIu npunr, 2004. — 328 c.

IIOATrOTOBKHU  BOJAbI

CIIUCOK JIMTEPATYPBI

1A TIPOMBINUICHHOTO U OBITOBOIO

2. ComoB M.A., XXypba M.I'. BonocHabxxenune. YiydnieHue KauecTBa BOAbl: Y4eOHUK aist By3oB. T.2. — M.:
ACB, 2008. — 544 c.

3. Jlazapesa T.II., Makapuyk I'.B. Meronasl obe33apaxuBaHus BOAbl. JlocTOMHCTBA M HeIOCTAaTKH //

AxTyanibHble IPoOJIEeMbI BOCHHO-Hay4YHbIX ucciiepoBanuii. — 2020 — No 7. — C. 471-476.

4. TOCT 20255.2-89. Merobl onpeesieHus: TMHaAMHYeCKOil 0OMEHHON EMKOCTH.

Poccust, Tomck, 25-28 anpenst 2023 T.

TowMm 2. Xumus



78 XX MEXAYHAPOAHAA KOHOEPEHIUA CTYAEHTOB, ACITMPAHTOB 1 MOJIOABIX
YUEHBIX «ITEPCIIEKTUBBI PAZBUTHUA ©YHIAMEHTAJIBHBIX HAYK»

YK 632.911.2
H3YUYEHUE BJIUSHUSA XBOMHBIX SKCTPAKTOB HA POCT, PA3BBUTHUE U HAJIMUUE
BO3BYJIUTEJENA BUPYCHBIX 3ABOJIEBAHUI B PACTEHUSIX KAPTO®EJISA
B YCJOBUSAX IN VITRO
AM. 3axapkupa', E.B. Xakcap?, A.E. Myapukosa®
Hayunsie pykoBoauTenu: 1oueHT, O.¢.-m.H. ML.A. Kyp3HHa1, k.0.H., M.C. PomaHoBa?
'HauunonansHbIi HccleqoBaTenbekuii TOMCKHIA FoCy1apCTBEHHBIH YHUBEPCHUTET,
Poccus, r. Tomck, np. Jlenuna, 30, 634045
2 Cubupckuil Hay4HO-HMCCIIEI0BATENLCKMI MHCTUTYT CENIECKOTO X03s1icTBa 1 Topda — dpunuan Cubupckoro
(hemepaspHOTO HAYYHOTO IIEHTpa arpodnoTexHooruii Poccuiickoii akageMuu HayK
Poccus, 1. Tomck, yi. ['arapuna, 3, 634050

E-mail: alex.zakharkiva@gmail.com

THE EFFECT OF PINE EXTRACTS ON GROWTH, DEVELOPMENT AND PRESENCE
OF VIRAL PATHOGENS IN POTATO PLANTS IN VITRO
A.M. Zakharkiva?, E.V. Khaksar?, A.E. Mudrikova*
Scientific Supervisors: Assoc. Prof., Dr., l.A. Kurzina!, Ph.D., M.S. Romanova ?
Tomsk State University, Russia, Tomsk, Lenin str., 30, 634045
2Siberian Federal Scientific Centre of Agro-BioTechnologies of the Russian Academy of Sciences, Siberian
Research Institute of Agriculture and Peat, Russia, Tomsk, Gagarina str., 3, 634050

E-mail: alex.zakharkiva@gmail.com

Abstract. In the present work the influence of coniferous extracts on growth and development of potato plants
have been studied. The influence of extracts on the presence of viral pathogens was evaluated. The tops of
sprouts from the eyes of tubers of potato variety Tuleevsky were used as initial explants. The duration of the
experiment was 28 days, during which the parameters characterizing the development of plants: height, time of
roots appearance and their presence, number of internodes, number of leaves were measured. After, potato

microplants were analyzed by PCR-RV method to determination of the viral load.

Beenenne. Ilo xonudecTBEHHOMY COJIEpKaHUIO M Ka4ECTBEHHOMY COCTaBY TEPICHOMIHBIX COCTUHEHUI
XBOWHBIE TIOPOJBI JIEPEBREB (COCHA, €lb, MUXTA, KEJp, JJUCTBEHHUIA) MHOTOKPATHO MPEBOCXOMAT JIPYTHE BHJIBI
JIEKApCTBEHHBIX PACTeHUH, MIMPOKO PACHpPOCTPAHEHHBIX B PACTHTENHHOM Mupe. TepmeHoumsl C ycrexom
UCTIOJIB3YIOTCS KaK B BHJE WHAWBHUIYaIbHBIX COSAMHEHUH, TaK U B CIOKHBIX CMECSX 3THX BEUIECTB — d(Hpax
Macen ¥ cMod (6anb3amoB). TeprieHONAbI XBOMHBIX OO/ IEPEBLEB Yallle BCETO BXOST B COCTaB KOMIIIEKCHBIX
IpenapaToB B KayecTBE KAaK OCHOBHBIX JEHCTBYIOLIMX BEIIECTB, TaK M COMYTCTBYIOIIMX COEIUHEHUH,
YCHIIMBAIONINX (papMaKOJIOrHYECKYI0 aKTHBHOCTD JIPYTHX COCTABIISIOMNX. I3BECTHO, YTO TEpIIEHBI OTBEYAIOT 32
3amaxy pacTeHUil M 3a WX aTTPAKTHBHBIC M PENEJUICHTHBIC CBOWCTBA, 32 CTAOMIM3AIMIO KIETOYHBIX MeMOpaH
MIIEKOIIMTAIOINX, 32 QYHTHIUIHYIO ¥ IPOTHBOMUKPOOHYIO 3aIIUTY HEKOTOPHIX KyJIbTyp [1].

I'myOoxmii wHTEpec BBI3BIBAET NPHMEHEHHE TEPICHOMAOB B CEIBCKOM XO3MHCTBE W JIECOXMMMHU.

C 1986 roma COBETCKHMH XHMHKaMH ObLIO HAYATO M3ydYCHHE TEPIICHOMOB MUXThI cubupckoit (Abies sibirica
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Ledeb.) u cnoco6oB ux BeiaencHusi [2]. Co3maHHbIC Ha AaHHBIH MOMEHT Mpenaparthl SBISIOTCS CHIIBHBIMH
OMOCTHMYJISITOPAaMH TIPUPOJHOTO MPOMCXOXKACHUSI U OKA3bIBAIOT IOJIOXKHUTEIBHOE BO3JECHCTBHE HA COCTOSHUE
IMUTMEHTHOTO KOMIUIEKCa U MPOIIECCHl POCTa PACTEHHH, CIIEI0BATENBHO, OKA3bIBAIOT BIUSHNAE HA YCTOMIMBOCTh
PacTUTENBFHBIX OPraHM3MOB K HEOIAarompusTHBIM (haKTOpaM OKpyXKaromieil cpensl. B HacTosmmii MOMEHT
CYIIECTBYET MaJO WCCIECJOBaHMH 10 pa3pabOTKE CPEACTB 3alIUTHl CENbCKOXO3SHCTBEHHBIX PAaCTCHHH,
obnamaromux (QyHTHOUAHBIME ¥ CTHMYJIMPYIOIIMMH pPOCT CBOMCTBAMH W3 IIMXTHL. YCTAaHOBJICHO, 4TO
TEpIEHOUIHbIE U3BIEUYECHMS, COJAEpXKAaIlMe CyMMY MJIM KOMIUIEKC pAa3JIM4HBIX IO CTPYKType U
(hapMaKoIOrNuecKoil aKTUBHOCTH COCOMHEHHMH, NEHCTBYIOT cuiibHee M 3(Q(eKTHBHEEe, YeM HWHIMBHUAYaJIbHO
BbIJIeJIeHHOE BemiecTBo. [loaToMy Hambojee yacTo B JIEUEOHBIX LIEJIIX B COCTABE KOMILJIEKCHBIX IpErnapaToB
UCTIONB3YyeTCcs TPHUPOTHBIH Habop TtepmeHonnoB [3]. IlpocroTra TEXHONOTHH NPOW3BOACTBA CYMMEI
TPUTEPIICHOBBIX KHCIIOT, OOJIANAIOIINX BBICOKOH OMOJIOTHYECKON aKTHBHOCTBIO, CTUMYNIHPYET pa3paboTKy
Pa3IMYHBIX CIIOCOOOB UX ITOTYICHUS.

JKcnepuMeHTAIbHAS YacTh. J[J11 IpOBEICHNS UCCIIEIOBAHII OBLT B3SIT XBOWHBIN KOoMIUTeke CHIIATpO,
KOTOPBIM ABISAETCA MPOAYKTOM OPraHHYECKOW IKCTPAKIUHM NMUXTOBOH 3€NE€HU (XBOM) C MOMOINBIO HMOJSPHBIX
pacTBopuTENed. DKCTpakT Oorar OMOJIOTMYECKHMMH aKTHBHBIMHM BELIECTBAMU, B TOM YHCJIE PACTUTEIbHBIMU
nonugpeHoNaMt ¥ UX TIIMKO3UIUPOBaHHBIMU (opMaMy. B onbITHOM BapuaHTe XBOWHBIH KOMIUIEKC 100ABIISIICS B
MUTATENBHYIO cpefy no nponucu Mypacure-Ckyra B koiudectse 0,3 r Ha 1 1.

B mepBoit wactu paboThl 3apakeHHbie Ki1yOHH KapTodens (Solanum tuberosum L.) copra TyneeBckuit
MpOpaNIUBaNy IJIs TTOJYyYEHUs] POCTKOB pa3MepoM 2—3 cM. [y 3TOro Mx NoMeImany Ha CTEIaKH B TEMHOM
MecTe, mpu Temneparype 18—22 °C 1 OTHOCHUTENBHON BIAKHOCTH BO3AyXa B mpegenax 75 %. 3aTeM ¢ KaxJI0ro
3apaHee NMPOHYMEPOBAaHHOTO KIyOHs kaprodens Opamu mo 2 poctka pazmepoM 0,5—1 cM u cTepuian3oBaau B
pactBope Oenu3Hbl B TeueHne 10 MUHYT, € MOCIIEAYIOIIEH TPEXKPAaTHOM ITPOMBIBKOM CTEPHIBHON BOJION.

IIpocTepmin3oBaHHbIE JKCIUIAHTHI TOMELIANM B CTEPWIbHYI0 4Yamky Ilerpu, mnoacymuBain W
CTEPWIBHBIM MUHIIETOM MEPEHOCWIIN Ha ITOBEPXHOCTh MUTATENbHBIX cpell. [IpoOupKy 3akpbiBaiu NPOOKOH Hax
IUIAMEHEM TOPEJIKM M CTaBWIIM B IITaTHB. [locie 3amoHeHns TaTHB ¢ IPOOUPKaMU 3aKPBIBATH LEJUIO(PaHOBBIM
KOJITAKOM ISl TIPEAYNPEXKACHUS IIO/ACBIXaHUS Cpe/bl, TOJNKMCHIBAIN M CTABHJIM B CBETOBOM CTEIIIAX.
KynpruBupoBaHHe 3KCINIAHTOB B MPOOMpPKaxX MPOBOIIIN B TedeHHe 28 CyTok ¢ (ortomepuogoM 16/8 gacos
CBET/TEMHOTA, C MCIOJIb30BAHUEM JIIOMHUHECIEHTHBIX JJaMlT OSRAM X0510/THOTO THEBHOTO CBETA, MOIIHOCTHIO

36 W, OCBEIIEHHOCTRIO CEKIIMH 5 THIC. JIFOKC.
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B Teuenue onbita (3, 7, 14, 21, 28 qHM) M3MEpsIIM IOKa3aTeNd, XapaKTePU3YIOIIUE Pa3BUTHE PACTCHUM:
BBICOTA, BpeMs MOSIBJIICHHUsI KOPHEH U UX Hanu4ue, KOJUUECTBO MEXA0Y3Iuil, KOIU4eCTBO JUCTheB. IlosBIeHNe
KOpDHEW OINpeAessiil BHU3YaJbHO 4YEpe3 OINpEAETEHHBIE NPOMEXYTKHM BpEeMEHHU. BBICOTY H3MEpsuin MepHOU
JUHEHKON OT OCHOBaHMS PACcTEHHUS IO BEPXHEH TOUKH pocTa. KolmdecTBO MHCTHEB/MEXIOY3IHNA ONpeaessui
IMyTeM IIepecdyeTa WX Ha OJHOM IPOOHMPOYHOM pacTeHHH. Bo BTOpoH dYacTh HCClIeOBaHHS BBIPOCIINE Ha
MUTATENBHON cpefie ¢ XBOWHBIM KoMIuTekcoM CHIIATpO 28-THEBHBIE MUKPOPACTEHHSI KapTo(emst OTIPaBIsUIA Ha
[IIIP-PB auarxHocTuky Ajs onpeaenaeH sl BAPYCHON Harpy3Ku.

Craructuueckyto o0pabOTKy JaHHBIX BBINOJHSUIM ¢ oMomibto Statistica 10, 11 cpaBHEHHs BapUaHTOB
HCIIOJIb30BaIM HelapaMeTpUdeckuil kpurepuit ManHa-Y UTHU.

PesyabTaThl. B Tabmume 1 mpencraBieHBl JaHHBIE O BIMSHWHA XBOWHOTO 3Kcrpakta CHIATpPO Ha

POCTOBEIE MTOKa3aTeIN MUKpOpacTeHuH kapTodens copra TyneeBckuii.

Tabnuya 1
Brusanue xeotinoeo sxcmpakma na pocmogvie nokazamenu Mmukpopacmenui kapmodgens copma Tyneesckuti
CyTku
ITokazaTenns BapuanT onbita
3 7 14 21 28

1 (KoHTpOIIB) 0,95+0,42 | 1,13+£0,19 | 1,69+0,22 | 2,33£0,30 | 3,32+0,42

Bicora pactennit, oM "L a o) [ 0.5120,07 | 0,9720,17 | 1,48£029 | 1,86£0.31 | 2452035

1 (KoHTpOIIB) 0,90+0,15 | 1,50+£0,22 | 2,47+0,25 3,0£0,26 3,87+0,30

HIHCI0 MEAAOYSIHH, WT. 7 (o oy 0.8720.11 | 1,40£0,19 | 2,1320.25 | 2,77:0.26 | 3,40£0.33

1 (KoHTpOIIB) 1,47£0,26 | 2,37+0,35 | 4,07+£0,40 | 4,93+0,42 6,0+£0,43

*1MC710 JMCTHEB, WT. 2 (CunArpo) | 1,33£0,22 | 2,60+40,30 | 3,70+0,31 | 4,43+0,37 | 5,43+0.45

UYucno pacTeHuii ¢ 1 (KOHTpOJIB) 39 45 45 45 45

TNOSIBUBIIUMHUCS 2 (CunArpo) 33 37 45 45 45
KOpHsIMH, IIT.

Kak BuIHO #3 TaOMMIBI, CTATUCTHYECKH 3HAYMMBIX OTIMYUM MEXAY ONBITHBIM M KOHTPOJIbHBIM
BapHaHTaMH BBIABIICHO HE OBLIO.

B pesynbrate npoBegeHHoro ¢ mnomompio Metona IMIP-PB ananuza Ha Hanuuue B pacTUTENLHOM
Matepuane BupycoB X, Y, S, A, M u L, a takke Bupouaa, Obuto oOHapyKeHO HaaWdue BHPYCOB X H Y B
MHUKPOpAaCTeHUSIX KapTodens copra TymeeBckuid. V3yuaemblii mpemapaT He MOBIHSUT Ha COAEp)KaHUE B
pacteHusaX kaprodens BupycoB X u Y.

3akaiouenue. IIpoBeneHHBIN aHAIM3 IMMOKa3ald, YTO H3y4aeMbIM IpemapaT HE IMOBIMSI Ha POCTOBBIC
MOKa3aTesIM pacTeHU KapTodess U coepKaHnue B HUX BUPYycoB X U Y.

Paboma svinonnena 6 pamrax peanuzayuu Coenawenus o npedocmasienuu epanma Ne(75-15-2022-1152

om 07.07.2022 2. no meme «Cozoanue nepedosotl UHAHCEHEePHOU UKOIbL «Aepobuomery.
CIIUCOK JIMTEPATYPbBI

1. De Carvalho C. C. C. R,, da Fonseca M. M. R. Biotransformation of terpenes // Biotechnology advances. —
2006. — Vol. 24., No. 2. — P. 134-142.

2. Gill B. S. et al. Triterpenes in cancer: significance and their influence // Molecular biology reports —
2016.—Vol. 43., No. 9. — P. 881-896.
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POCTOCTUMYJIMPYIOIIEE BJIUSHUE XBOWMHBIX SKCTPAKTOB IIUXTHI HA CEMEHA
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E-mail: alex.zakharkiva@gmail.com

Annomayun. B pabome uzyueno enusinue KoOMIAeKca OUONOSUHECKU AKMUBHBIX BEUJeCMS, NOJYYEHHbIX U3
Opesecnoll  3eienu nuxmol (Xeounvie oxcmpakmol, paspabomka OO0 «Conacugpmy, 2. Tomck), Ha
MopghomempuuecKkue nokazamenu npopocmKos nuteHuywvl copma Jluxamepo. Iokazano, umo pso uzyvaemuix
npenapamog oKazvlédaem pOCMOCMUMYIUpYIoujee B030elcCmele, KOmMopoe Gblpadcaemcs 6 YeeauyeHuu

KOUYecmea KOpHel, ux cpeonell u CyMMAapHOU ONUHbL, a MAKICE MACCbL KOPHEU U POCIKO8 NUEHUYbL.

Introduction. Coniferous tree species (pine, spruce, fir, etc) are many times superior to the other types of
medicinal plants widely distributed in the plant world by the quantitative content and qualitative composition of
terpenoid compounds. Conifers, including Abies sibirica Ledeb (Siberian fir), are widely known as a large
reservoir of biologically active substances [1]. Coniferous extracts are widely used in medicine and agriculture
due to their fungicidal, bactericidal and growth-stimulating properties.

Triterpenic acids (TAs) extracted from the fir are the complex mixture of pairs of geometric isomers with
a modified lanostane carbon skeleton and its derivatives. Literature data confirm that triterpenic acids can be
isolated by a compact group from the acidic part of the fir extract. It is established that terpenoid extracts
containing a sum or a complex of compounds different in structure and pharmacological activity demonstrate a
stronger effect than an individually isolated substance. Therefore, the natural set of terpenoids is most often used
for therapeutic purposes as a part of complex products [2].

The use of terpenoids in agriculture and wood chemistry causes a deep interest. Since 1986, Soviet

chemists have begun to study Siberian fir (Abies sibirica L.) terpenoids and the methods of their extraction. The
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extracts had a positive effect on the growth of various crops, such as cereals. Subsequently, a number of patents
were issued on the methods of isolating biologically active sum of terpenic acids. Such fir extracts contained a
mixture of different compounds. The terpenoids, namely diterpenic acids and triterpenic acids, are the object of
the greatest interest due to the fact that the main stimulating activity is attributed to TAs [3].

The present work is aimed at exploring the effect of coniferous extracts on the development of wheat
plants under the laboratory conditions.

Research methods. The effect of coniferous extracts on morphometric parameters of wheat seedlings
was studied in 4 replications and 3 repeatings. The objects of the study were coniferous extracts. Test object was
wheat variety "Licamero”. Coniferous extracts were compared with each other, as well as with "Biosil"
(produced by "Euro-Semena" LLC, Moscow). The control was distilled water.

The raw material for obtaining the products containing TAs was acids obtained from the organic extract
of fir wood greens. A mixture of nephrase and butanol was used as an extraction agent to isolate the triterpenic
acids contained in the fir greens.

The examined products are the natural mixture of the sum of diterpenic and triterpenic acids of Siberian
fir wood greens. Also they included the accompanying substances similar in chemical properties. The studied
products have a pH in the range of 8-10 and moisture content from 30 % to 75 %, differ in the concentration of
the main bioactive substances and the ratio between the target and associated components.

Treatment of seeds was carried out with products Nel, Ne2, Ne3, Ne4 and No5, produced by
"Solagift” LLC, in concentrations from 90 g to 180 g of product per 1 ton of grain. The control experiments were
conducted with the ‘Biosil’ product and with distilled water.

Seeds were treated in a way that the amount of the product received per 1 g of seeds in the experiment
under the laboratory conditions corresponded to the amount of the product received per 1 g of seeds during field
tests. For the calculations, the characteristics of seed treatment mode of PS-10 dressing machine have been
taken. The treatment was performed as follows: 1 ml of the working solution was sprayed on 83.3 g of wheat in
a container, then the grains were stirred for 1 minute with a plastic stirrer. After, 50 grains were selected and
placed in Petri dishes on filter paper pre-moistened with distilled water. Throughout the experiment, the
humidity of the filter paper was monitored and the same amount of water was added to all dishes as needed. The
cups were kept in the dark at 20 °C.

After seven days, sprout length, number of roots, average root length and total root length in ImageJ software
were counted. General appearance and parts of plants prepared for measurement are shown in Figures 1 and 2.

Roots and sprouts were separated from the grain and dried separately, after their weight in air-dry state
was determined. Statistical data processing was performed using "Statistica 10" software. Mann-Whitney

nonparametric test was used to compare the variants.
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Fig. 1. Wheat seedlings prepared for processing in Fig. 2. Roots of wheat seedlings prepared for

ImageJ software processing in ImageJ software

Results. Compared to the pure control, product Nel led to increasing in seedling sprout length by 4 %.
Compared to the variant with "Biosil", an increase in average root length by 6% and total root length by 7 % was
also observed. The effect of product Ne2 resulted in increasing of the average root length by 12 % and total root
length by 14 % in the experimental variant relative to the variant with "Biosil". Product Ne3 caused an increase
in wheat sprout length relative to the pure control by 6%. There was an increase in average root length by 11 %
and total root length by 12 % in this variant compared to the variant with "Biosil". After using prosuct Ne4 to
treat wheat seeds, the number of roots increased by 6 %, average root length by 7 % and total root length by 12
% in this experimental variant compared to the variant with "Biosil". The use of the poduct Ne5 resulted in an
increase of wheat sprout length by 4% compared to the pure control. This preparation also caused an increase in
average root length by 13 % and total root length by 11 % compared to the variant with "Biosil". All differences
are statistically significant.

Conclusion. It was found that using of the present products containing triterpenic acids has a positive
effect on the sprout length and weight and on the average root length.

The work was supported by the Federal project "Schools of Advanced Engineering Studies".
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Abstract. In the present study, the diatomite processing method for the sorbents synthesis has been developed.
Mostly imported diatomite is used for filtration, and in the face of sanctions pressure and disruption of logistics,
diatomite, which is necessary for filtering water, oils and drinks, has become unavailable to Russian
industrialists. The innovation of developed is a method of two-stage heat treatment of diatomite for its
regeneration under changing conditions, temperature, atmosphere, and processing time. The study of diatomite
samples was carried out by the method of synchronous thermal analysis (STA) and the structure of diatomite was
characterized by low-temperature nitrogen adsorption (—/96 °C) and X-ray diffraction analysis (XRD). The
developed method eliminates the high-temperature process, which eliminates the special requirements for

industries operating at temperatures above 500 °C.

Beenenne. JlmaToMHT — pHIXJTAs 3eMIIMCTasd WM cIabOCIIEMEHTHpPOBaHHAs, IOPUCTas M JierKas
0cajiouHass TOpHAas MOpojaa, OOpa3oBaHHAs B OCHOBHOM OOJIOMKaMM TaHIUpEH (CKENeToB) AMaTOMOBBIX
BOJIOpOCIeld — nuartoMei n paguoisipuii. OCHOBHAsI 4acTh KPEMHE3EMHCTOTO TAHIMPS (CKeneTa) - THApaThl
KpeMHe3eMa pasianuHoi creneHn mSiOzenH0. B HacTosiiee Bpemst TMaTOMUT HaXOAUT IIUPOKOE MPUMEHEHHE
B Pa3NIMYHBIX OTpACIsX MpousBojcTBa. OcHOBHas chepa npuMeHeHus: — QUIBTPaLUs BOJIbI, MAacell U HAIUTKOB,
9TO COCTaBIseT OT ~48 % BHYTpeHHero pelHKa Poccun, Takxke THAaTOMHT UCIOIB3YeTCs B KauecTBe aJcopOeHTa,
HAaIOJHUTEIS, TOOABKHU B LIEMEHT, H JUIS Ipyrux otpacieit [1].

Bricokoe conmepxanne SiOz B muaromure (80-98 % mac.) m paszBuTas mopucras CTPyKTypa SBISIETCS
OCHOBOW ISl TOJTy4YeHUsI Ha €r0 OCHOBE MaTepHasoB st copOiuu. Ceromns n00b4a 1 nepepaboTKa TMaTOMUTa
B Poccum He3HauWTEeNbHBI, HECMOTpPA Ha IIMPOKOE HCIONB30BAaHHE AWATOMHUTAa B KadecTBE COpOeHTa st
(UNbTpaly MHBa, BHH, MOJCOJHEYHOTO Macja, B CTPOMTEIBCTBE, CEIBCKOM XO3SHCTBE M APYTHX OOJIACTSX.
CeromHst MCHOJB3yeMbI 00paOOTaHHBIA JMAaTOMUT ¥ (YHKIMOHAIBGHBIE MaTepHalbl Ha €ro OCHOBE
IMPEUMYIIECTBEHHO UMIOpPTHBIE. Poccust sBiseTcss IUAEpOM MO 3alekaM JAMATOMUTOBOHM IMOPOJBI, Camoe
Ooubiioe paboTaroliee MECTOPOXK/ICHHE HAXOIUTHCS Ha TEPPUTOPUH YIIbSTHOBCKOHM obnactu. JlmaromuT mepen
WCIIONB30BAaHUEM OYHINAIOT OT OCTATKOB OpPraHWYEeCKWH BEHNIECTB M MPOKAJIMBAIOT, YTO BKIIIOYAET

OHECPTCTUYECCKUEC 3aTparThl. HpI/I HUCIIOJIb30BAHUM AUATOMUTA JJIA (t)I/IJ'II)TpaHI/H/I B HI/IHIGBOﬁ MIPOMBINIICHHOCTH
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BBIJICIISIIOT JIBE OCHOBHBIX NMPOOJIEMBI - OrPaHMYEHHOCTH PECYPCOB KaueCTBEHHOT'O JMATOMHUTA M yTHIIM3ALHA
0TpabOTaHHOTO AMATOMHUTA, KOTOpas TpeOyeT 3HAUHMTENBHBIX pacXonoB. OTpaOOTaHHBIA IHMATOMHUT SIBIISETCS
OTXOJIOM TIPOM3BOJICTBA IIMBA M OTHOCHUTCA K 5-My KiacCy omacHOCTH. llepex yTunm3anueid AnatoMuTa
00€3BOXKMBAIOT M MPECCYIOT, 3aTeéM TPaHCHOPTUPYIOT K MeCTy 3axopoHeHus. Takoil mpomecc s
0TpabOTaHHOTO AMATOMHTA SIBJIAETCS 00s3aTeNbHBIM. /[0 MOATOTOBKM B COCTaB OTPabOTAHHOTO JWATOMHUTA
BXOJUT 3HAYMTEIFHOE COJCP)KAaHWE OPTraHMYECKUX COCOMHEHMH C a30TOM, YTO MOXeT o0pa3oBaTh B
JaJbHEHIIeM HAKOIJICHHIO HUTPATOB B Mo4Be U B Bone [2]. Takum 06pa3oM, NpeanoChUIKaMHK sl BBITOTHEHHUSI
HCCIIEZIOBaHMUS SBIIOTCS BBICOKast BOCTPEOOBAHHOCTH JHATOMHUTA Ha OTEYECTBEHHOM PBIHKE, HATMIHNE OONBIINX
¥ JOPOTOCTOSIINX IPOOJIEM C yTHIN3AIMEH 0TX0A0B IPU (PUIBTPALUH B IIUIIEBON IPOMBIIIIICHHOCTH.

Lenbio HacTOSAIIETO MCCIIEA0BaHUS SIBISIETCS pa3paboTKa crocoda pereHepalyy AMaToMUTa JUTsl HOBTOPHOTO
MCIIOJIb30BaHMs B KaUueCTBE COPOSHTA JUIs UILEBOH MPOMBIIIIIEHHOCTH WM JPYTUX 00J1acTel IPUMEHEeHHS.

JKcnepuMeHTAJIbHASL YacTh. J[MaToMUT mocie copOLUUK MUBHOM NMPOAYKIMU MOABEPININ JABYM BHIaM
TepMuYecKoii 00padoTku: cynike pu 120 °C B Toke Bo3ayxa B TeUeHHE ~15 4acoB, W MpoOKaiKe B BO3AYXE MPH
500 °C B Teuenue 4 wacos. VccaenoBaHne NOPUCTOH CTPYKTYpPBI MCXOJHOTO IHATOMHTA U HCIIOIB30BAHHOTO
muaromuta mocie cymku 120 °C u mpoxamku 500 °C mpoBemeHo Ha copOrmoHHOM aHamm3atope 3Flex
(Micromeritics, USA). [erazammro o0pa3moB mepex m3MepeHweM mpoBomwid npu 120 °C u maBneHHH
~100 mtorr B TeueHue 2 yacoB. MccienoBanust (pa30BOro COCTaBa MPOBOAMIOCH METOJOM PEHTTeHO(A30BOrO
ananuza (P®A). [IpoBeeHO HCClieOBAaHHE METOJOM CHHXPOHHOTO Tepmudeckoro aHaiusa (CTA) MCXOAHOTO
JMUaTOMHTA M HCIOJh30BAaHHOTO auaroMuta mocie cymku npu 120 °C wa mpubope STA 449 F1 Jupiter,
COMPSKEHHOM € ra3oBbIM Macc-criekrpomerpoM QMS 403 Aeolos (NETZSCH-Geraetebau GmbH, Germany).

PesyabTaThl. Ha puc. 1 mpencraBieHbl H30TEpMbI aacopOLMH-ACCOPOIMHM U PacHpenesieHNus] Mop T
pasmepam (puc. 1) MCXOMHOTO OWATOMHTAa W IWATOMHTa Tocie copOmmu, mpocymenHoro mpu 120 °C u
npokanenHoro mpu 500 °C. YcTaHOBIIGHO, YTO WCXOIHBIH JWATOMHUT TPENCTABILI COOOH MPaKTHUSCKU
HEMOPUCTHII MaTepual ¢ Mallol yaelbHOI HOBEpXHOCThIO — 3,8 M%/r (Tabmn. 1). Jlns 06pa3oB AUATOMUTA HOCIe
copbuuu u cyuiku mpu 120 °C u npokanku mpu 500 °C HaOm01aeTCs yBEIUUCHHE YISIBHONW MOBEPXHOCTH (110
429 u 84,7 M%*r) u obbema nop (10 0,14 u 0,22 cm®/r). 3HaunTENHLHOE yBENUYEHUE YAEILHON IIOBEPXHOCTU
JIMaTOMKTA U TOSIBJIICHHE MOP pa3MepoM 5-25 HM MOXKET OBbITh CBSI3aHO C IIONaJaHUeM B TUATOMUT CHUIIMKArels,
€CJIM OH HCIIONIB3YeTCs P (PUIBTPAIIMK IIMBA B KAYECTBE CO-COpPOCHTA.

IMo nanHBIM CHHXPOHHOTO TepMmuyeckoro ananu3a (CTA), npu HarpeBannu obpasia B Bo3ayxe 10 550 °C
npoucxomur moreps 0,9% wMaccel o0pasua, OOYCIIOBIEHHAas YAaJI€HHEM C IIOBEPXHOCTH (DU3NUECKH
ajicopbupoBanHoi Bojbl (dHAOTEpMuUueckue dbdextsr npu 42 u 69 °C). Ilpu HarpeBaHWH JUATOMHUTA TOCIE
copOimu, mpocymenHoro npu 120 °C, HabmomaeTcst MajieHue Macchl BO BCEM MHTEpBalie Temieparyp (oomas
noteps maccel 10,61%), oOycrnoBneHHOE TOTepeii BOJIBI M TOPEHHEM OpraHWYeCKHX KOMMOHEHTOB. OCHOBHOE
TOpeHHe OpPraHU4ecKoW cocTapisoulel npoucxoaut B obmactu 250-440 °C, onnako B obmactu 440-550 °C B

pe3ynbTate TopeHus obpasell TepseT TONOJHUTENbHO 2,45 % Macchl.
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Puc. 1. Hzomepmobi adcopbyuu-oecopbyuu azoma (a) u coomgemcmeayiowue pacnpeoeneHus nop no pasmepam

u npoxanxu npu 500 °C

(6) 0151 ucxoonozo ouamomuma u ucnoab306anH020 duamomuma nocie cywxu npu 120 °C

Tabauya 1
TexcmypHvle Xxapakmepucmuku 06pazyos OuamomMuma
Ne O6pasen Syt MYT | Viop, eM3/T
1 WcxomHelit quatoMuT 3,8 0,01
2 Iocne copbmmu, cymka 120 °C 42,9 0,14
3 Iocne copbmmu, mpokanka 500 °C 84,7 0,22

3akmouyenne. Takum 00pa3oMm, pa3paboTaH Cmocod pereHepaluyd JAHATOMUTA IS [OBTOPHOTO

UCTIONIb30BaHMUs. YCTAHOBJIEHO, YTO MCXOAHBIM JUATOMHUT MPEACTaBILT COOOH MPaKTHUECKH HETOPUCTHII

MaTepuald ¢ Maloil ylelbHOH HoBepXHOCTbI0 — 3,8 M%/r. Ilpu HarpeBaHMM AMATOMHUTA HOCIE COPOIMH,

npocyuenHoro npu 120 °C, HaOuomaeTcsi MajeHHe Macchl BO BCeM WHTepBaie Temieparyp (o0mias noreps

maccel 10,61%) W cBuaeTENbCTBYET O IIOJHOM BBITOPAaHMM OpraHMYeckux otxozoB mpu 450-500 °C.

PaSpa6aTBIBaCMBII>i CII0CO0 IO3BOJIIET HMCKIHOYUTH TpaTbl HAa MOCTABKU HWMIOPTHOTI'O AHWATOMHTA (HpI/IMepHO

650 monmapoB/ToHHA) 3a CYET pereHepannd OTPabOTAHHOTO AMATOMUTA WM TAKXKE ONTHUMH3ALNS yCIOBHU

pereHepayy MO3BOJIUT IOIYUUTh 0oJiee KadeCTBEHHBIH MPOIYKT C COXPAHEHHEM UCXOTHON CTPYKTYPHI.

Pabomul evinonnenvt npu noodepoicke npoepammol pornoa cooevicmsus unnosayusim YMHUK.
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SYNTHESIS AND INVESTIGATION OF ORGANOSILICON COATINGS OBTAINED
FROM POSITIVE COLUMN OF GLOW DISCHARGE IN AN ARGON FLOW
D.A. Zuza!, V.O. Nekhoroshev?
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Abstract. The results of experiments on remote plasma-chemical deposition of organosilicon polymer coatings
are discussed. The activation processes of hexamethyldisiloxane molecules occur in the positive column region.
The main operating modes of the plasma-chemical system were found and the chemical structure of polymer

coatings was investigated.

Benenue. Ila3MeHHO-XMMHMYECKOE OCaKACHHE W3 Ta30BOW (as3bl SBISETCS METOJIOM CHHTE3a
MOKPBITHH, TTO3BOJIAIONIMM MOIydYaTh pa3sHOOOpa3HbIE M0 CBOEH NPUPOJE U CTPYKTYpE KaK OpraHWYecKHe, TaKk U
Heopranuueckue marepuans! [1]. OMHUM U3 pa3BUBAIOILKXCS HANPABICHUI 3TOT0 METOAA SIBIISIETCS OCaXKICHHE
HOJIMMEPHBIX TMOKPHITHHA € TOMOLIBIO IUIAa3Mbl Ta3oBoro paspsnga [2-5]. OcoOblif MHTEpec NPeACTaBISIOT
KpeMHUHOpPTaHNYeCKHe MOJIMMEPHbIE MaTepHajbl, TaK KaK OHM HMEIOT IIHPOKUH CHEKTp NPaKTHYECKHX
MPUMEHEHUH B KAUECTBE 3all[UTHBIX MOKPhITHH [2], Onomarepuaios [3], memOpau [4] u T.1.

Cy1ecTByeT MHOKECTBO paboT [2-5] MOCBAMICHHBIX TOMMMEPH3AIMH KPEMHUHOPTAHHYECKUX MOKPHITHIA
¢ ucnonpzoBanreM BU- mn CBU-paspsanos. OfgHako MmIa3MOXUMHYECKHM CHCTEMaM C pa3psiiaMH IIOCTOSHHOTO
TOKa yJeJIeTCsl MaJlo BHUMAHUS, XOTSI TAKUE CUCTEMBI MPEICTABIIAIOT HayYHbIN U MpakTHdeckuil uaTepec. Kak
W3BECTHO, TJICIONIMHA pa3psa COCTOUT U3 HECKOJIBKHUX 00JIacTel, 3HAUNTEIbHO PA3INYaIOMINXCs M0 (GU3NIeCKHM
cBoiictBam [6]. B OCHOBHOM BBIIENSIOT JABE OOJIACTH — NPHUKATOMHBIE CJIOH M MOJOKHUTEIBbHBIH CTONO.
B nacrosimieii paboTe wmccienyercs OCaKAEHHE IOJMMEPHOTO KPEeMHHUHOPIaHMYECKOTO MOKPBITUS IpH
AKTUBAINH TeKCAaMETHJITUCIIIOKCAHA B TIOJOXKHUTEIIEHOM CTOJIOE pa3psizia B MOTOKE aproHa.

Henpro paboThl sBISETCS BBIABICHWE M XapaKTepPH3alWs OCHOBHBIX PEKHUMOB OCAKICHHUSA ITyTeM

BapbUPOBAHIS BHEITHHUX [TAPaMETPOB — TOKA pa3psia M KOHIIEHTPAIIK MOHOMEPA B CMECH.
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JKCNepUMEHTANBHA  4YacTh. OKCIEPUMEHTHl INPOBOJWINCH Ha J1aDOpaTOpPHOM  YCTaHOBKE,
BKJIIOYAMOLIe BakyyMHYyI0 Kamepy oOvemom 70 JI, Onox mnomauM Ta30B, HMCTOYHUK IUTaHUs, OJIOK
3NEKTPOJUATHOCTHKHY, MIa3MOXHMUYECKHH PEaKToOp M CTOJHK AJISI KpeIuIeHus o0pa3moB. [1oToku raza u mapos
3a/1aBaJINCh C MMOMOMIBI0 pacxomomepoB PPT-10. [l moxnep:xaHus pa3psiga UCTIOIb30BAICS HCTOYHUK MTUTAHUS
MOCTOSIHHOTO TOKa, OMHCAHHBIH B pabore [7]. i AMAarHOCTHKM TapaMeTpoB pas3psla HCIIOIb30BANICA
ocuunnorpad Tektronix TDS2014B. Tlnasmoxumuueckuii peaktop obbemom 1 cm® mpencrasnser coboit
CHCTEMY W3 JIByX KOAKCHAJIBbHO-PACIOJOXEHHBIX IOJBIX AJIEKTPOAoB M T-00pasHoil CTEKISIHHOW TpyOKH,
obpaszyromieii akTUBHBIH 00beM. OCOOEHHOCTBIO IIIA3MOXMMHYECKOW CHUCTEMBI SBIISIETCS HCIOJIB30BaHUC
TJIEIOLIET0 pa3psja IMOCTOSHHOTO TOKa, MOJAEPKUBAEMOr0 B IOTOKE aproHa, 4TO IO3BOJSIET MPOBOJUTH
OCa)XJCHHUE B YAAIEHHOM PEXHME, T.€. HA 00BEKTHI HAXOSIIMECs BHE 00IaCTH IIa3Mbl pa3psja.

Apros mopmaBaicsi B IUIa3MOXHMHYECKHII pPEakTOp depe3 IOJbIH KaTold, Pacxox aproHa COCTABILLI
230 mr/muH. B xauectBe MOHOMepa ucmonb3oBaics rekcamermiancuiokcan (IMJICO), koTopslil monaBaics B
aKTHBHBIN 00BEM IUIa3MOXHMHYECKOTO peakTopa depe3 OOKOBOH BBOJ CTEKIISIHHON TPYOKH HEMOCPEACTBEHHO B
00J1aCTh MOJIOKUTEIBHOTO cTos0a. CpeHuil TOK paspsiia BappupoBaiics B Auanasone ot 10 go 60 MA, pacxon
I'M/JICO BapwupoBancs B auanasoHe oT 1 no 10 mMr/mMuH. B kauecTBe MmOAsioxkKeK MCHONB30BAJINCh MEIHbBIE U
KPEMHHEBbIE TJIACTUHBI TLI0MaAb0 3 cM2. TTo/I0KKH pasMeIlaitch B BaKyyMHON KaMepe Ha pacCTOsIHUM 1.5 cM
OT II0JIOTO aHOJA.

Bbrina mpoBeneHa cepusl KCIEPUMEHTOB II0 OCAXKACHHIO ITOJMMEPHBIX MOKPBITHH TPH Pa3IUYHbBIX
YCIOBUSIX AaKTHBAllMM TeKCAMETHIIUCHUIOKCaHa. HemocpeacTBEHHO TMocie  OCAKICHUS — MPOBOIMIOCH
B3BEIIMBAHKUE MOJUMEPHOIO HMOKPBITHS ¢ UCHOJIb30BaHUEM nonyMukpoecoB 'ocmerp BJI-120M. Xumuueckoe
CTPOCHHME TOKPHITUH aHAIN3UPOBAIOCH METOJOM PEHTICHOBCKOH (DOTOIIEKTPOHHON CHEKTPOCKONHMH Ha
npudope PHI VersaProbe Il u MmeTonom undpakpacHoi criekrpockomnuu Ha npubdope Agilent Cary 630.

PesyabTaThl. PexxuMel paboTHl MIa3MOXMMUYECKON CHCTEMBI XapaKTEPH30BAIUCh MCXOAS U3 JBYX
OTHOCHUTEJIbHBIX MapaMeTpOB — YJEJIbHOW SHEPrUM W OTHOCHTENIBHOr0 MaccoBoro kodd¢uumenra (OMK).
VnenbHast sHeprus [3B/Monexymy] oTpakaeT cpeiHee KOJHYECTBO DHEPTHH, 3aTPAaueHHON Ha AKTHBAIIHIO
MOJIEKYJIBl MOHOMEpa. DTOT MapaMeTp PACCUUTHIBAIICS NCXOJl TIPHPALICHUS HANPSHKEHHOCTH I0JISl B aKTHBHOM
CETrMEHTE I0JI0XKUTEIBHOTO CTON0A IMOCie MOJaYH B pas3psja B MOTOKE aproHa MapoB reKcaMeTHIIANCHIIOKCaHA
IpU TIOCTOSTHCTBE pa3psHOrO TOoKa. Ha OCHOBaHMM MOJYYEHHBIX IAaHHBIX PAacCCUMTHIBAIOCH IPHpAIICHUE
MOIITHOCTH, pacceMBaeMoOe Ha AaKTHBAIlMI0 IOTOKa MOJIEKyn MoHoMmepa. Ilo oreHkaMm ynenbHas SHEprus
npuHUMana 3HadeHust oT 6 10 150 3B/Monekyny. OMK oTpakaeT ciocOOHOCTh TIa3MOXUMHUYECKONW CHCTEMBI
AKTUBHPOBATH MOJIEKYJIBI MOHOMEpA, OCYIIECTBUTH MAaCCONEPEHOC aKTHMBHPOBAHHBIX YACTHUI[ U pean30BaTh
MpoIlecChl IUIa3MEHHOM monuMepu3anuu Ha mojioxkke. OMK paccuuThBasics Kak OTHOIIEHHE MAaccChl
MOJIMMEPHOTO TOKpPBITUS,, 00pa3oBaBIIErocss Ha IOJUIOKKE, K Macce MOHOMEpa, IOCTYNHBIIETO B
I1a3MOXUMHUUECKUll peakTop. beuto ycranosneHo, uro BennunHa OMK cocrasaster ot 1 1o 6 %. Ha pucynke 1
IpeJCTaBIeH BUJ SKCIEPUMEHTANBHO MoTy4eHHOH 3aBucumMoctd OMK ot ynensHOM 3HEprum.

W3 rpaduka BUAHO, YTO CYIIECTBYET Ba yuacTKa KpuBoil. Ha mepBom y4acTke HaOomaeTcst IMHEHHBIN
POCT OTHOCHTEIHHOTO MAacCOBOTO KO3(QHIMEHTa MpPH MOCTEIIEHHOM YBEINYEHUH YAETHHON DSHEPTHH [0
OTIpeNIeIeHHOT0 MakCUMyMa. BTopoil ydacTok KpWBOW XapaKTepH3yeTcs BBIXOJOM Ha IUIATO C MPAaKTHYECKH

noctostHHOM Benmmuuuoi OMK.
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OMK

PasBerBieHHbIe Ciuutbie
JIMHEIHbBIE LelH JIMHEHHbIE LIEnH

j

~30 3B/Monekyny

VaenbHast SHeprus

Puc. 1. 3asucumocms omnocumenbHo2o0 Macco8o2o KodhGuyuenma om y0eabHol dHepuu

AHann3 XMMHYECKOTO CTPOEHHUS HMOKPBITHHM IMOKa3ad, 4TO B CIIydyae OTHOCHUTENIBHO HHU3KUX YAETbHBIX
SHepruii HaOmomaeTcs 0Opa30BaHHE pPa3BETBICHHBIX IOJMMETHICHIIOKCAHOBBIX  MakpoMOJIeKynl. Ilpu
OTHOCHTEJIFHO BBICOKMX YAEIBbHBIX OJHEPrHAX HaOmomaeTcss o00pa3oBaHME IOJIMMETHICHIOKCAHOBBIX
MaKpOMOJIEKYJ, B 3HAYUTEIBHOW CTENEHU CHIMTBIX MOCPEICTBOM METHIIEHOBBIX MOCTHKOB. IIpnueM cremeHn
CIIMBKH KPEMHUHOPTaHMYECKOTO MOIMMEPA PACTET C YBEIHMUECHHEM YAECIbHON SHEPTHH.

3akJ/oueHne. BpIsSBIECHBI OCHOBHBIE PEXHMBI pabOTHl IIa3MOXMMHUYECKOH CHCTEMBI Ha OCHOBE
TIEIOLIEeTo pa3psAaa B moToke aprona npu aktuBaruu I'MJICO B obimactu nonoxxutensHoro cronba. ITokaszano,
9TO PEryJIupys cpelHui Tok paspsna u koHueHtpauo ['MICO B cMecH MOXKHO 337aBaTh YAEIbHYIO YHEPTHUIO
U TEM CAMBIM YNPABJIATh KaK CKOPOCTBIO POCTA, TAK U XUMHUYECKHM CTPOCHUEM MOJUMEPHOTO MOKPBITHSL.

Paboma ewvinonnena npu noodoepicke Munucmepcmea nayku u evicuieco obpasosanus Poccuiickoil

Dedepayuu (npoexm Ne FWRM-2021-0007).
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GdF3:Tb FOR X-RAY PHOTODYNAMIC THERAPY OF ONCOLOGICAL DISEASES
P.D. Zykova
Scientific Supervisor: PhD., V.V. Bakhmetyev
Saint Petersburg State Institute of Technology, Russia, Saint Petersburg, Moskovsky ave., 26, 190013
E-mail: polly02z@yandex.ru

Abstract. In the present study, we synthesized nanoluminophores GdFs;:Tb for X-ray photodynamic therapy using
a simple and economical wet chemical deposition method. The characteristics were compared using two
analyses: the dependence of the brightness of the obtained samples on the concentration of terbium and the
comparison of the intensity of the luminescence spectra. We have optimized the most successful molar

concentration of nanoluminophore GdF;:Th for further work.

Beenenue. Hanomomuuopop GdFzTh sBusercst TepCHEKTHBHBIM — PEHTTCHOIIOMHHECIICHTHBIM
MaTepuaioM JUIS HUCIOJb30BaHHUS B PEHTIeHO(MOTOIMHAMUYECKOW Tepanmud OHKOJOTMYECKUX 3a0oJieBaHHM
(P®T) B cocraBe mpemapaTtoB cOBMECTHO ¢ (oToceHcHOmnmm3aropoM «beHrambCkuii po30BbIit». beHranbckuit
PO30BBII KIMHUYIECKH UCTIONB30BANICS IS JI€YEHHUs] HECKOJIBKMX BU/IOB paka M OakrepuanbHbIX nHpeknuidi. Ero
CIEKTp IOTJIOLICHUs MICATBHO NMEPEKPhIBACTCS C 3€JICHOM Mojocoi m3nmydeHust (545 HM) CHMHTHIULIIAOHHBIX
HaHouacTull, JerupoBanHbix Tb% (SCNP), ¢ s(dekruBHOi nepenaueii sHeprun mexkay SCNP u RB [1-4].
[TockoMbKY SIPKOCTH JIIOMUHO(OPOB CHUIIBHO 3aBUCHT OT UX XUMHYECKOTO M (ha30BOr0 COCTaBa, LENbI0 AaHHOM
paboThl ObUTa OnTUMH3ALHUS cocTaBa momuHodopa GdFs:Th.

OxcnepumenTanbHas yacth. Cepus oopasuoB GdFs:Th ¢ konuenrtpamueit tepous 1, 5, 10, 15, 20, 25,
30 % ObUTa CHHTE3MPOBaHA METOJOM MOKPOTO XMMHUYECKOTO OCAXJICHHS B BOAHOM PAacTBOpPE NPH KOMHATHOM
Temriepatype. McXoqHbIMU BeIeCTBaMH SIBJSUIUCH XJIOPUABI TaJJONUHAS U TepOusi, BOJHBIE PACTBOPBI KOTOPHIX
CMEUIMBAIMCh B HEOOXOAUMBIX ITPOINOPIHAX. B KauecTBe ocaauTelis UCIIOIB30BAJICS BOIHBIN pacTBOp (Gropuaa
aMMOHHSI, KOTOPBIA 100aBISUIM O KalulsiM OpU HepeMellnBaHuU. B pesynbraTe 00pa3oBBIBAJCS OCAIOK,
KOTOPBIN OTHENSUIM EHTPU(YrUpOBaHUEM M TPWXKIBI MPOMBIBAIN JTUCTUIUIMPOBAHHON BOOM, MOCIE Yero
CHHTE3MPOBAaHHBIH HAHOJIOMHHO(Op IHCHEPTUPOBAIM B BOJE C HCIOJIb30BaHMEM YJIbTpasByka. YacTb
MOJYYEeHHOW CYCIICH3MM BBICYIIMBAJIAach JJIsi NPOBEACHUS aHAIM30B. SIPKOCTH JIIOMHUHECIEHIMH 00pa3loB
U3MepsIach ¢ MOMOIIBIO HcchenoBarenbckoro paguomerpa IL1700 (International Light Technologies, Inc.,

CHIA). [Jlns wm3MepeHus! CIIEKTPOB HCIIOJIb30BAJICS OINTOBOJOKOHHBIN crekrpoduryopumerp AvaSpec-3648
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(Xonmmuur Avantes B.V., Hupnepnanns!). PenrtreHo¢a3soBelii aHann3 NpPOBOIWICS Ha PEHTTCHOBCKOM
nudpaxromerpe Rigaku SmartLab 3 (Kopnopamus Rigaku, Snonus).

PesyabraThl. Ha prucynke 1 npuBeleHB peHTTCHOBCKHIE AU(PPAKTOrPaMMbl CHHTE3UPOBAaHHBIX 00pa3LoB
¢ koHmeHTpanmedi Tepbus 1 m 15 % wmom BumHO, 9TO TOJOXKEHHE IHKOB B HHUX COOTBETCTBYET
opropombuaeckomy GdF; (kaprouka PDF 12-788). [Tuku UMEIOT 0CTATOYHO GOJBIIYIO ITUPUHY. DTO TOBOPUT
0 TOM, YTO CHHTE3UPOBAHHbIC TIOMHUHOPOPHI HMEIOT HAHOKPHCTAIIMIECKYIO CTPYKTYpY. Bee ciuHTe3npoBaHHbIe
o6pasipl o6manamu momunecteHnuei. Jlromunodop GdFs:Th ¢ monsHO# KoHIEHTparHel TepOus 25 % umeeT
HAWITy4IIAe TI0Ka3aTeIu MO CPABHEHUIO C APYTMMH oOpasuaMu. Ha 3aBHCHMOCTH SPKOCTH OT KOHIICHTpPAIIUH
aKTUBaTtopa (pUcC. 2) OTYCTIIMBO BHICH MAaKCHMYM, IIOCIE KOTOPOTrO SAPKOCTh HIET Ha cmaia. Takke, eciu
CPaBHHUTH 00pa3lBl MO0 WHTEHCHBHOCTH CIIEKTPOB JIIOMHHECHEHINH, TO JomuHOpop GdFs:Th (¢ 25 % Th)
AHAJIOTHYHO OyZeT MMEeTh CaMBIA BBHICOKYIO HHTCHCHUBHOCTH (pHC. 3). MakcHMyM B CIIEKTpax JIIOMHHECICHITHH
BCEX CHHTE3MPOBAaHHBIX OOpa3llOB MMEET UIMHY BOJHBI 543 HM, 4YTO XOpOIIO COBHAIaeT ¢ MAaKCHMYMOM B

CreKTpe noroneHus GoroceHcnounmzaTopa «beHranrbCKuid pO30BBIii».
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Puc. 1. Penmeenogckue ougppaxmozpammol CUHMEIUPOBAHHBIX 00PA3Y08:

a—1mon. % T, 6 — 15 mon. % Tb, ¢ — opmopombuueckuii GAF3 (kapmouxa PDF 12-788)
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Puc. 3. Cpaeﬁeﬁue UHMEHCUBHOCMU CNEKMPOEB JIIOMUHeCYEeHYUU NOIYYEeHHbIX o6pa3u06

3akaouenne. B pesympTare NpOBENCHHBIX WCCICIOBAHWN OBUT HAWOCH ONTHMAJBbHBIA COCTaB
JOMHIHO(OpPA, KOTOPHIH SABISIETCS HanOOIee MOIXOAAIINM [T IPOBEACHUS JaTbHEUIHX paboT, HAIIPaBICHHBIX
Ha co3manue HaHomoMuHOGopa mis POJT. IloxydeHHBIE pe3yibTaThl ITOKA3BIBAIOT IEPCIIEKTHBHOCTH
JnanpHedmel ontumuzanuu omuHodopa GAF3:Th, BO3MOXHBINM CHHTE3 €ro APYrMMH METOAaMH (HampuMmep,
THIPOTEPMAILHBIM METOJZIOM), & TaKXKe CPaBHCHHUE XapaKTECPUCTHK C JIIOMHHO(DOpaMHU JAPYIHMX COCTAaBOB,

HUMEIOIINX MaKCUMYM JIFOMUHECIICHIINY B TaHHOM 00mactu (Hampumep, Gd202S:Tb) [5].

CIIUCOK JIMTEPATYPbI

1. Elmenoufy A. H., Tang Y., Hu J., Xu H., Yang X. A novel deep photodynamic therapy modality combined
with CT imaging established via X-ray stimulated silica-modified lanthanide scintillating nanoparticles. //
Chemical Communications. — 2015. — Vol. 51. — P. 12247-12250.

2. Tang Y., Hu, J., EImenoufy A.H., Yang X. Highly Efficient FRET System Capable of Deep Photodynamic
Therapy Established on X-ray Excited Mesoporous LaFs:Th Scintillating Nanoparticles. // ACS Applied
Materials & Interfaces. — 2015. — Vol. 7., N0.22. — P. 12261-122609.

3. Zhang W., Zhang X., Shen Y., Shi F., Song C., Liu T., Gao P., Lan B., Liu M., Wang S., et al. Ultra-high
FRET efficiency NaGdF4: Th3+-Rose Bengal biocompatible nanocomposite for X-ray excited
photodynamic therapy application. // Biomaterials. — 2018. — VVol. 184. — P. 31-40.

4. Maksimchuk P.O., Hubenko K.O., Bespalova I.1., Sorokin A.V., Borovoy I.A., Yefimova S.L. LaF3:Th%—
Bengal Rose nanocomplexes for X-ray activated ROS generation // Journal of Molecular Liquids. — 2021. —
Vol. 330. - P. 115653.

5. Bmnacenxo A.b., baxmerseB B.B., HsuukoBa I'.I'. HccnemoBaHue aKTHBHOCTH CHUCTEM JIOMHUHO(OP-
(bOTOCCHCI/I6I/IJ'H/I3aTOp JAJI1  OHKOTCPAHOCTHUKHU XUMHWYCCKUMU U MI/IKpO6I/IOJ'IOFI/I‘{€CKI/IMI/I METOAaMH 1

HUssectus CIIOI'TU (TVY). — 2022. — Ne62 (88). — C. 12-15.

Poccust, Tomck, 25-28 anpenst 2023 T. Tom 2. Xumus



XX MEXAYHAPOJHAS KOHOEPEHIUA CTYAEHTOB, ACIITMPAHTOB 1 MOJIO/IbIX
YUEHBIX «ITEPCIIEKTUBBI PAZBUTUA ©YHIAMEHTAJIBHBIX HAYK»

544.723.212
M3YYEHUE KUCJIOTHO-OCHOBHBIX CBOMCTB AJTIOMOOKCHU/IHBIX AJICOPBEHTOB
UHAWUKATOPHBIM METOJI0OM
A.B. Nnozemmnesa, M.I1. Canny

Hayunsiii pykoBogutens: k.X.H. E.Il. Memepskos
HaunonaneHelil necnenoBaTenbekuil TOMCKHI TOCYy1apCTBEHHBIN YHUBEPCUTET,
Poccus, r. Tomck, yn. Apkanus MBanosa 49, 634028
E-mail: july7.98@mail.ru

STUDYING THE ACID-BASE PROPERTIES OF ALUMINUM OXIDE ADSORBENTS BY THE
INDICATOR METHOD
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Abstract. The aim of our work was to study the acid-base properties of alumina adsorbents using the indicator
method. The adsorption distribution curves centers on the surface of the studied aluminum oxide samples
showed that the distribution of active centers on the surface is nonmonotonic and inhomogeneous, which
manifests itself in the discreteness and fairly clear differentiation of adsorption bands with maxima of different

intensities corresponding to a certain pK, value.

Beenenne. Oxcun amomuuust (OA) SBISETCS ITUPOKO HCIIOAB3YeMbIM aICcopOeHTOM Osaromapst
YCTOMYUBOCTH K KalleJIbHOM Bilare, BBICOKOM MEXaHUYECKOW ITPOYHOCTU U HU3KOM TEMIIEpaType PEreHepaluu.

VYBenuueHne JIUHAMUYECKOW © cratmdeckoid emkocth OA BO3MOXKHO 32 CYET XHUMHYECKOTO
MOIU(PHUIMPOBAHISI, KOTOPOE CIOCOOCTBYET M3MEHEHHIO CTPYKTYPHI aIcopOeHTOB. BBenenne MmoaudukaTopos
YBEJIMYMBAET KOJUYECTBO MOBEPXHOCTHBIX LIEHTPOB, M3MEHSET MX KOHLEHTPALMIO U CUIIY [0 CPaBHEHHUIO C
HCXOIHBIM 00pa3loM, W BIHMSIET Ha KHCIOTHO-OCHOBHBIC W aJCOPOIMOHHBIC CBOWCTBA aKTHBHOTO OKCHIIA
afOMUHUS. VIHIUKATOPHBIM METOJ| MO3BOJIIET OIEHHUTh OTHOCHUTENBHYIO CHIIy KHCIOTHO-OCHOBHBIX IIEHTPOB,
MPUCYTCTBYIONINX Ha MOBEPXHOCTH, U, ONPEACITUB KOHIIEHTPAIIHIO, TIONYYHUTh pacTpe/ie]IeHNUE UX 110 TUITY U CUJIE.

JKcnepuMeHTAIbHAsI 4YacTh. B pabore OBUIO HCCIIEIOBAHO CEMb OOpA3IOB ATOMOOKCHIHBIX
a7ICOpOCHTOB: TIOMYYEHHBIN C UCIOJIb30BAHUEM MPOJYKTa IEHTPOOEKHONW TEPMHUUYECKOHN THUapaTanuu rudocura
oOpazerr — OA, Ha OCHOBE IPOJIYKTa IICHTPOOCIKHOW TEPMUUSCKON THAPATAIIAN C MOIU(pUKAIeld KaTHoHaMu Na
Ha CTaJWH THApaTaluu npu cuHTe3e oOpazenr OA -1, CHHTE3MpPOBaHHBIE METOJOM IPOMUTKU TpaHyl oOpasia
OA o0pa3mpl ¢ oaMHAKOBBIM MOJbHEIM conxepkanmeM Na, K, Li: OA-Li, OA-Na, OA-K,- a Taxxke
MPOMBIIIICHHBIE 00pasibl poccuiickoro mpoussoncTea: (OO0 "CKAT3") — OA-2 u UMHOPTHBIA (KOMIaHUU
«AXENSy) -OA-3.

JI7sl KOTMYEeCTBEHHOTO aHAJIM3a TBEPOW MOBEPXHOCTH Ha COJIEP)KaHUE KHCIOTHO-OCHOBHBIX IICHTPOB C
muddepeHManueld UX MO THIY W CHJIe TPUMEHSJIN WHIWKATOPHBIM METOJ B CHEKTPOPOTOMETPUIECKOM

Bapuante [1]. B paGore Obu1 McmoNB30BaH HAGOP IBETOBBIX HHAMKATOPOB ¢ pK,, Jexammm B quamasoHe
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-0,29-16,8. Taxxe ompenensid U CpaBHUBAIIU 3HAYCHUS CTATHYCCKOW M JMHAMHYCCKONW E€MKOCTEH O BOJC VIS
Ka)JIoro oopasiia.

Pe3yabTaThl. BBox kaTHmoHOB HaTpus min Kanus (Tabm. 1) METOOOM NMPONWTKH TpaHys MPUBOIHUT K
YBEIMYCHUIO TUHAMHYECKOM €MKOCTH IO BOJAE M CHIDKCHHIO CTaTHYECKOH, a JIUTHS - K CHIDKCHHIO 3THX
XapaKTEpPUCTUK TPH OIWHAKOBOM MOJIBHOM COJCp)KaHWM BBEACHHBIX KaTHOHOB. Ilpm 3TOM Habmomaioch
MajiecHue YACIbHON TIOBEpXHOCTH MO CpPaBHEHHIO € MOIUPHUIHMPOBAaHHBIM oOpasmoM. OOpazen OA-3,
MOJIM(MUIMPOBAHHBIA Ha CTaJuM THIPATALUM TIPH CUHTE3€, XapaKTEPH3YETCsl CaMOW BBICOKOH BEITMYMHOU
JMHAMHYECKOW EMKOCTH CPeIH BCEX M3YyYEHHBIX 00pa3loB, W JOCTATOYHO OOJBIION BEIMYMHOW CTATHYECKOM
eMKocTd. M3 pucyHka 2 BuaHO, uto obpaser; OA-1 obnanaer sipko BeIpa)KEHHBIMU THKaMu B obnactu pKa = 7,3
u pKa = 16,8. MoxHO OTMETHTB, uTO 1 oOpasma OA KoHIeHTpanus meHTpoB B obmactu pKa = 16,8 Obuia
KpaifHe Hm3Ka. [IpompimuienHsie oOpasisl OA-2 u OA-3 B OTIHYHE OT AKCHEpPUMEHTaIbHOrO oOpasma OA-1

HUMEIOT OOJIBIITY0 KOHIIEHTPAIUIO eHTpoB B obmactu pKa = 1,3; 5,0; 7,15;8,8; 12,8.

Tabauya 1
Xapaxmepucmuxu anomMooKCUOHbIX COpOEHmMos.
Conepxanue Jlunamudeckas eMKOCTh, | CTaTuueckas eMKOCTb,
O6paszen MOU(DULIUPYIONIETO Sy MZ/T r H,0/100 em® r H,0/100 r
noHa, MOJ1% azcopbenTa ajicopOeHTa
0.057 (Na)
OA 0.026 (K) 240 3,4 15,5
OA-Na 0,08 (Na) 212 4,4 11,2
OA-K 0,083 (K) 212 4.4 11,6
OA-Li 0,08 (Li) 212 1,4 9,9
OA-1 0,026 (Na) 212 6,9 20,3
0,109 (Na)
OA-2 0,003 (K) 212 5 21
0,007 (Na)
OA-3 <0,002 (K) 307 51 20,9
0,085
0,075 [ |
0,065 I
0,055 I
0,045 l
BOA
0,035 _
0.0140 N,
00120 =oAK
« 0,0100 mORLE
20,0080
00060 —f}
0,0040 I I
oo JllklliLj iL_Il t ]
0,0000 , el Al IL : ﬂ
-0.29 0,80 110 130 346 4,10 500 640 7.15 730 880 945 10,50 12,80 16.80
| - - pKa

Puc. 1. Cpasnenue cnexkmpog pacnpeoenenusi yenmpos aocopoyuu (PL{A) na nogepxnocmu o6pazyos OA, OA-
Na, OA-K, OA-Li; pKa om —0,29 0o 16,8
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Puc. 2. Cpasnenue cnexkmpos PL{A na nosepxnocmu obpaszyos OA-1, OA-2, OA-3; pKa om —0,29 0o 16,8

CoryacHO JTUTEpaTYpHBIM JAHHBIM, aJCOPOLUS BOJABI MOXET HPOTEKAaTh HE TOJBKO Ha OPEHCTEIOBCKUX
KHCIIOTHBIX LEHTPaX, HO M HAa OCHOBHBIX IIEHTpax MOBEpXHOCTU. lI3BecTHO, dYTO MOIU(UIIMPOBAHHUE
MOBEPXHOCTH IIEIOYaMU COMNPOBOXKIAETCS CHU)KEHHEM JIBIOUCOBCKOM WM IPAKTHYECKH HCYE3HOBEHUEM
OpeHICTeNOBCKOM KUCIOTHOCTH. [IpM 3TOM MOSBISIOTCA CYNEPCHIBHBIE M PACTeT KOHIEHTPALUs CHIIBHBIX
OCHOBHBIX ILIEHTpPOB JlbloMca, CBS3aHHBIX, MO-BUIMMOMY, C MOCTHKOBBIMH aTOMaMH KHCJIOpOJa BOJHM3H
menouHbix HoHOB [2]. K cokaneHHio, OTpaHHYEHHBIH [HAla30H, WCMOJb30BAHHBIX B JaHHOW paboTe
WHJIMKaTOPOB, HE MO3BOJIMII BBISIBUTH U OIIEHUTh KOHIIGHTPALMIO Ha MOBEPXHOCTH HCCIECIOBAaHHBIX 00pasloB
HeHTpoB agcopouun ¢ pKa menslne -0,29. KpoMe Toro, UMeEIOTCS AaHHBIE, YTO LIEIOYHOE MOAU(PHINPOBAHUE
MOJET NPUBOJUTH HE TOJBKO K YBEJIMYEHUIO KOJIMYECTBA OCHOBHBIX LEHTPOB, HO IPU ONpPEAEIECHHBIX
KOHLICHTPAIINAX YBEIWYMBATh M KOJIMYECTBO KHCJIOTHBIX HEHTPOB. [lo-BHIMMOMY, 3TUM MOXHO OOBSICHUTDH
BBICOKYIO KOHIICHTpAIIMIO IEHTPOB B obxactu ¢ pKa= 16,8 y skcniepumenTansHoro oopasma OA-1, Ha KOTOPBIX
TaKKe MOTYT aJIcCOpOMPOBATHCS Maphl BOJIBI.

3akiroueHnue. Kpusele pacrpeseneHUs HEHTPOB aAcOpOLUH Ha IIOBEPXHOCTH UCCIIE0BAaHHBIX 00pa3LoB
OKCHUJa AJIFOMUHUS [10KA3aJld, YTO PACIPENEICHUE aKTUBHBIX LIEHTPOB HA IOBEPXHOCTU HOCUT HEMOHOTOHHBIN U
HEOJHOPOAHBIA XapaKTep, YTO MPOSABISIETCA B AUCKPETHOCTH U JOCTATOYHO YETKOHM auddepeHumanmuu mosoc
agcopOIMy ¢ MakCUMyMaMH DPa3HON HMHTEHCHBHOCTH, OTBEYAIOIIMMH OIpenenéHHOMY 3HadeHuio pK.. Ilpu
MOJM(UKAINHU IETOYHFIMH KaTHOHAMH KOHIICHTpAIMs KUCIBIX HEeHTpoB bpeHcrena ymensmaercs. Llentpamu
ajzicopOIMy TapoB BOJIBI MOTYT CIYXHTh Kak OpEHCTEOBCKHE W JIbIOMCOBCHE KHCIIOTHBIE LEHTPHI, TaK H
OCHOBHBIE LIEHTPBI IOBEPXHOCTH.

Paboma evinonnena npu ghunancosou noodepoicke Munucmepcmea HAYKU U 8blcuie20 00pa3068anus

Poccuiickoii @edepayuu (epanm FSWM-2020-0037).
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INFLUENCE OF MOLAR REAGENT RATIO ON KINETIC REACTION PARAMETERS
OF 2,4,6-TRIMETHYL-1,3,5-HEXAHYDROTRIAZINE TRIHYDRATE WITH GLYOXAL
K.A. Isakova
Scientific Supervisor: Ph.D., V.P. Tuguldurova
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Abstract. Imidazole and its derivatives have a wide range of applications. 2-methylimidazole (2Ml) is a valuable
representative of this class of compounds. The main method of obtaining 2-methylimidazole is the condensation
in an aqueous solution of glyoxal, acetaldehyde, and ammonia. There is a lack of systematic study of kinetics in
terms of the influence of reagents molar ratio on kinetic parameters. The kinetic parameters of this reaction have
not been established. The current work is aimed at determining the influence of reagents molar ratio on rate
constants and on initial reaction rates using NMR spectroscopy in situ with simultaneous monitoring of medium
pH. The kinetic parameters of 2-methylimidazole formation were determined. It was established that there is the
influence of the molar ratio of reagents, temperature, and medium pH on rate constants and on initial reaction
rates. The NMR spectroscopy in situ was used for the first time for this class of reactions to monitor the

concentrations of reactants and products.

Beenenue. MMumazon u ero NpOU3BOJHBIE HMMEIOT MIMPOKHH crekrp npumenenuit [1]. LlenHbM
Npe/CTaBUTENeM JIAaHHOTO Kjacca sBisieTcs 2-Mertwiumupazon (2-MUM), wucnonbs3yemblit B CHHTE3e
(apmarieBTHIECKHX CYyOCTaHIINH, OGHONOTHYECKH aKTUBHBIX BEIIECTB, & TAKXKE MPOTHBONAPA3UTHBIX CPEICTB [2].
[TpoMbIIeHHBIH €cNOCOO IMONy4eHHs 2-METWIMMHJIA30j1a OCHOBaH Ha KoHueHcaumu rimokcans (I'O),
aleTaNpAeruIa ¥ aMMuaKa B BoZHOM pactope [3]. JaHHas peakius MpeacTaBisieT co00i TPeXKOMIIOHEHTHYO
CUCTEMY JIETKOJETy4YUX COEJUHEHUH, YTO 3aTpyAHSET OJHOBPEMEHHOE BHECEHHE BCEX TpPEX PEareHToB B
PEaKIHOHHYIO CMECh.

CucteMHOE M3y4eHHE KMHETHKH O0pa3oBaHMS 2-METWIMMHAA30J1a C TOYKH 3PEHUS BIHSHHS MOJIBHOTO
COOTHOIIIGHHSI PEareHTOB Ha KHHETHYECKHE MapaMeTpsl He mpoBeneHo. JlaHHas paboTa HampaBieHa Ha
OIpeieIeHUE BIUSHHUS MOJBHOIO COOTHOLIEHMS PEareéHTOB HAa KOHCTAHTHI CKOPOCTU M HadaJbHBIE CKOPOCTU
peakiuy ¢ ucrojp3oBaHueM Metoaa SIMP-ciiektpockonui in Situ.

JKcNepuMeHTAIBHAsT YacTh. [Ipy yCTaHOBJIEHHM KWHETHYECKHX MapaMeTPOB peakIuu 0Opa3oBaHMS

2-MCTI/IHI/IMI/I)13,30Ha B Ka4C€CTBE€ CHHTCTHYCCKOIO OKBHUBAJICHTA alCTAIbACTHJAa W aMMHaKa IJid pEaKmuu C

Poccust, Tomck, 25-28 anpenst 2023 T. Tom 2. Xumus



XX MEXAYHAPOJHAS KOHOEPEHIUA CTYAEHTOB, ACIITMPAHTOB 1 MOJIO/IbIX
YUEHBIX «ITEPCIIEKTUBBI PAZBUTUA ©YHIAMEHTAJIBHBIX HAYK»

TJIMOKcaieM ObUI MCHOJB30BaH aJUIyKT alleTaiubaeruia u ammuaka — 2,4,6-rpumerni-1,3,5-rekcaruaporpuasuy
tpuruzpar (TT'T). Perucrpanuro H AMP-cniextpos npooauu na SIMP-cniektpomerpe Bruker AVANCE 111
HD 400 M. [lanubie obpabarsiBamuch B mporpammax MestReNova u Origin 9.6. [Tis kouTposns 3Hauenunit pH
peakmMoHHOM cMmecu OblT wmcmoib3oBaH pH-merp/moHomep WTAH ¢ KOMOMHHPOBAaHHBIM —CTEKIISTHHBIM
anekrpogom PHE-1304 Omega.

B xome »skcmepuMeHTa B pPEaKIHOHHYI0O €MKOCTh BHOCWIHM 3aJaHHBIE o0ObeM pactBopa TIT u
HEoOX0MMOe KOJMYECTBO COJM XJIOPHAA aMMOHHMsS, MOCJIE 4Yero mo0aBisUIM PacTBOp TJIMOKCAS IIPH
uHTeHcHBHOM mnepemeninBanun (1000 06/mMuH). BpeMst BBeACHHS B CHCTEMY TIIHOKCANS OTMEYAH, KaK BpeMsl
Hayana peakuuu. Yepes 40 cekyHA HOCIE BHECEHHUS INIMOKCANS NPOW3BOJIMIM NPOOOOTOOp M3 peaKIMOHHOM
CMeCH B aMItyiy, cojaep:kamryro D;O u u3BecTHyr0 Maccy BHyTpeHHero cramapta (JIMCO). Ionydenuyro
npoOy nomemanu B IMP-criekTpoMeTp, rie BEMH 3auch CIIEKTPOB HA BCEM IPOMEKYTKE BPEMEHH NMPOTEKAHUS
PeaKIiH, apanieIbHO KOHTPONIUpYs U3MeHeHne pH B peakIMOHHOH cMecH.

Pe3yabTaThl. YCTaHOBICHO BJIMSHHAE MOJBHBIX COOTHOIICHHH PEarcéHTOB HA OCHOBHBIC KMHETHYECKHE
napaMeTpsl peakiuu oOpa3oBaHus 2-MeTHiIMMuaaszona npu temmneparype 291 K. Ha pucynke 1 npencrasieHa

cXeMa peakIiy IIPU MOJIBHOM COOTHOIIEHUHU peareHTOB, COOTBETCTBYIOMUX MeToay Jely.

CH;
)\ 0 H N
I N s N raNa — 3 [ N—CcH;
)\ N
H

Hc” >N >cp, H O

H

Puc. 1. Cxema obpaszosanus 2-MHU npu peaxyuu TI'T, 2nuokcans u conu ammorusi 8 600HOM pacmeope

W3 pucynka 1 crnemyer, uto coctaB TI'T cooTBeTCTBYeT MOJIBHOMY COOTHOLICHHIO aleTalbJeruaa U
amMmuaka paBHoMy 3:3. OmHako cormacHo Merony JeOy aist moiydeHHsl 2-METHIMMHIA307a MOJSIPHOE
COOTHOIIIEHHE HCXOJHBIX KOMIIOHEHTOB (aleTalbernaa, aMMHaka M Tinokcansd) pasHo 1:2:1, T.e. mpum
ucnonp3oBanuu TI'T B xauecTBe MCXOMHOIO KOMIIOHEHTa HaOJIOMAeTCsl HEJOCTAaTOK aMMHAaKa B PEaKI[MOHHON
CHCTEMeE, MOATOMY OTIOJHUTEIBHO BBOIIIM B CHCTEMY TBepayro coiib xiopuaa ammonust (NH4Cl) B kauectse

HCTOYHHKAa aMMHaKa.

Ha PUCYHKE 2 NPUBCACHBI 3HAYCHUA KHHETHYCCKUX MapaMeTpOB IMPHU Pa3IMYHbIX MOJIBHBIX

COOTHOLICHUAX PEArcHTOB B 3aBUCUMOCTHU OT HAYAJIbHOT'O pH CHUCTEMBI.

k103, ¢!

A npppinpoitag o (13:3)
A vrrrortpa (193:3)
A SrrrtrotNaa (919
SN (1:3:0)

4 o tea (1910

A BprpipoiNga (1:33)
10 A sprpvpoitpa (523
A vrrrtroma (1)
4 hrrirosNga (1530

rrrtrotua (91:0

A BpppnrgiNga (153:3)
A sprpvroitNga (19339
A nppppgig,q (1913)
4 hrrtroitNma (50

* Mrrtroitma (510

pH
b

Puc. 2. 3asucumocmu 61usinusi MOIbHbIX COOMHOUIEHUTL peaceHmoe Ha KunhemudecKkue napamempuvl peakyuu

obpazosanus 2-MH npu nauanvhvix 3navenusx PH cucmemor’ (@) koncmanmol ckopocmu peakyuu,

(b) nauanvhoil ckopocmu pacxooa peazenma (TI'T), (¢) nauanvHoll ckopocmu 0bpazosanus npodykma (2-MH)
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W3 pucyHka BUAHO, UTO NPU AOMONHUTEIHLHOM BHECEHUH B CUCTEMY INIMOKCANS MPOUCXOAUT YBEIUUEHUE
KOHCTaHTBl ckopocTH mo TI'T, HadanpHas CKOpOCTh pacxoja peareHra M OoOpa3oBaHMs IPOIYKTA PEaKLUH
BO3pacTaroT. BHecCeHWe MOMOJHHUTENFHOTO KOJNHYECTBAa TIHOKCATS B PEAKIMOHHYI0 CMECh 3HAYUTEIBHO
noHwxxaeT pH cuctemsl, 4TO NPUBOAUT K YBEIUUEHHUIO cKopocTu pacnaga TI'T B pactBope. Xiopua aMMOHUS
saBIsieTcss coibio crmaboro ocHoBaHus (NH4OH) m cumpHO# kucnmoter (HCI), mosTomMy mpm JOTOIHHATEIEHOM
BHECCHMH JAHHOW COJIM B PEAKIIMOHHYIO MacCy IPOMCXOINT MOHMKECHHE 00mmero pH CHCTEMBI U Kak CIEACTBHE
yBeJIMYEHUE CKOpoCTH pasznoxkenus T1T.

OrmpezeneHo BIUSIHUE TEMIIEPATyPhl HA KHHETHKY peakiiu 00pa3oBaHus 2-MeTUIMMHUaa3ona (puc.3).

In k= 22,48 - 90354 (1/T)
-6.6 R'=1

Ink

0,00320 0.00325 0,00330 0,00335 0,00340

T, K-

Puc. 3. Onpedenenue snepeuu axmusayuu no 3agucumocmu Ink — 1/T

Juis ycTaHOBIIGHUS 3HAYCHHWs JSHEPTHH aKTHUBAIMKA OBLUT MPUMEHEH TrpaduuecKHuil METOJ W IONTydeHa
JMHEHHAs 3aBUCUMOCTh B kKoopanHatax In K — 1/T. Kunetuueckuii 3KCIIEpUMEHT MPOBOAMIM IPU TEMIIEPATYPax
296, 303, 313 K. DHeprus akTUBalUUU OIpEAEIACh [0 TAHTEHCY yria HAKJIOHA MOJYyYEHHOW HpsMOU U
coctasuna 75,1 kJIx-momb (18,0 kkan-mons?). TlonydeHHOE 3HAYEHHE PHEPTUU AKTHBALMU BXOAHUT B JUAIA30H
3nauenuii oT 50 10 80 /I MONIb ™, TUIMYHKI A1 PeaKluii, IPOTEKAIONIMX P KOMHATHOH TeMIepaType.

3akaioueHue. YCTaHOBJIEHBl KHHETHYECKHE MapaMeTphl (KOHCTaHTa CKOPOCTH, HadalbHBIE CKOPOCTU
00pa3oBaHUs MPOIYKTAa M Pacxojia pearcHTa, MOPsJI0K PEeaKiMy) peaKknd oOpa3oBaHUs 2-METHIIMMHIA30IIa C
ucnoib3oBaHueM Metojaa IMP-criekrpockomuu in Situ. OnpeeneHa Heprus aKTUBAIUK PEAKIHMK U BbISBICHA
3aBHCHUMOCTh KOHCTaHTHI CKOPOCTH PEAKIUH OT TeMIeparypbl. OnpeneneHHO BIUSHAE MOJIBHOTO COOTHOIICHUS
peareHTOB Ha KHHETHYECKHE TapaMeTpHl Ipoliecca 00pa3oBaHus 2-MEeTHIIMHUIa301a.

Paboma evinonnena npu gunancoeoii noodepoicke Ipoepammor pazeumusi Tomcko2o 20cy0apcmeenno2o

yrugepcumema (Ilpuopumem-2030).
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Abstract. Oxidation reactions of organic compounds proceed according to the radical chain mechanism and
include several stages. Under normal conditions, the C-C bond of organic substances is quite stable, and the
nucleation of chains with a homolytic cleavage of this bond by reaction usually does not occur. Therefore, chain
nucleation is possible with the participation of oxygen and initiating additives with an attack on the weakest
7-C-C and C-H bonds. Molecular oxygen in the form of air is used as the oxidizing agent in most types of
oxidation reactions. Liquid-phase oxidation of hydrocarbons is accelerated in the presence of metal ions of
variable valence. Oxidation is carried out by bubbling air through the initial organic reagent, in which the
reaction products gradually accumulate. In this work, the process of oxidation of fatty acids isolated from
sunflower oil was studied. The oxidation process was carried out with atmospheric oxygen at a temperature of
80°C in the presence of a manganese naphthenate catalyst. Primary products, as well as reaction products
subject to oxidation, were studied by IR spectroscopy. Analysis of the data showed that the IR spectroscopy
method confirms the passage of the oxidation process, as evidenced by a decrease in the intensity of the
absorption bands corresponding to C=C double bonds, an increase in the intensity of the absorption bands
corresponding to OH and COOH groups of the acid, and the appearance of a new peak corresponding with
slight shifts to the aldehyde group.

BBenenmne. Peakim OKHCICHHS OpPTraHWYECKHX COCOMHECHHH NPOTEKAIT II0 PaIUuKaIbHO-IEITHOMY
MEXaHU3My, BKIIOYAIOT B ce0sl HECKOJIBKO CTAIHMid W OCYIISCTBISIOTCS B TOMOTCHHBIX YCIOBUSX. Bee peakium
OKHUCIICHHUS TPAaKTHYECKH HEOOpaTUMBl W OTHOCATCS K YHCIY CaMbIX 93K30TEPMHUYECKHAX IPOIECCOB
OpraHMYeCKOTO CHHTe3a. TemioBoit 3¢(dekT 3aBHCHT OT BHIA OKUCIUTEIBHOTO areHTa M BO3PACTAET C
TIOBBIIIIEHUEM TITYOUHBI OKUCIIeHUs. [Ipr HOpManbHBIX YCIOBHAX CBs3h C-C OpraHUYecKrX BEIIECTB JOCTATOYHO
YCTOWYMBA, W 3apOXKACHHUE IIETIe C TOMOJUTHYECKAM Pa3pbIBOM OTOW CBS3M MO PEAKIMH KaK MPaBUIO HE
npoucxoauT. [loaToMy 3aposkaeHHe Ienmy BO3MOXKHO C yYacTHEM KHCJIOPOJa W WHUIIUUPYIOUNIUX T00aBOK C
atakoii Hambonee crmabbix m-C-C u C-H cBsazeit. ['oMoreHHOE paauKanbHO-LIIETHOE OKHUCICHHUE COCTOHWT U3

CTaHI/Iﬁ 3apOXKACHUA, TPOAOJLKECHHNA, 06pBIBa U BBIPOXKJICHHOI'O Pa3BETBJICHUA 1ICIIH. HpOMe)KyTO‘{HLIMI/I
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aKTMBHBIMHM YacCTHUIAMH SIBISTFOTCS paJdKaldbl cO CBOOOJHOW BAaJICHTHOCTBIO Ha aTOME YIJIEpOJa WM Ha
KHCJIOPOAHBIX aToMax. IIpu *knaxkoda3HOM OKHCICHHH HAET KBaJPAaTHYHBINA OOpHIB HAa HAaMMEHEE PEAKIIHOHHO-
CIOCOOHBIX TIEPOKCHAHBIX M TEPOKCHAIMIBHBIX paauKajax ¢ 00pa3oBaHHEM MOJEKYISIPHBIX NPOAYKTOB [1].
B kadecTBe OKHCIMTENBHOTO arcHTa B OOJBIIMHCTBE THUIIOB PEAKLNH OKHUCICHUS HCIIOJIB3YETCS MOJIEKYIISIPHBIA
KUCJIOpoa B BHAE Bo3ayxa. JKunkodasHoe OKHCIEHHE YIIIEBOJOPOJIOB YCKOpSETCS B IPUCYTCTBUM HOHOB
METaJUIOB TEPEMEHHONW BaJEHTHOCTH B CBA3M C TEM, YTO OHM KaTalM3UPYIOT pAa3JIOXKEHHE IEPOKCHUIOB.
Oxwucienne B XKHUAKOW (a3e OCYIIECTBISIIOT MyTéM 0apOOTHPOBAHMS BO3IyXa 4Yepe3 MCXOMHBIN OpraHuuecKHi
peareHt, B KOTOPOM IIOCTENEHHO HAKAIUIMBAIOTCS MPOAYKTHI PEaKIUH.

Kak n3BecTHO MpUPOIHBIC BBICIINE XHUPHBIE KHUCJIOTHI MOIYYAIOT THAPOIU30M JKUPOB M PACTUTENBHBIX
Macen. [IpuMeHAIOT WX B IPOW3BOJACTBE  MOIOIIMX  CPEACTB, CMAa30YHBIX, JIAKOKPACOYHBIX,
TEKCTWIBHOBCIIOMOTAaTENbHBIX MaTEpHaioB, MPHCANAOK K TOIUIMBAM, U1 CHHTE3a anu(aTHIECKUX aMHHOB H
aMHIOB M JAp. B OCHOBEe OKHCIIEHHMS CMECH BBICIINX >KUPHBIX KHCIIOT BBIICJICHHBIX N3 PAaCTUTEIBHBIX Maceln
JISKUT CBOOOTHOPaAMKAIBHBIM MPOLIECC OKUCICHUS MO JACHCTBHEM KHCIOpPOJa BO3yXa AlMIbHBIX OCTATKOB
HETpeAeTbHBIX BBICIIMX JKUPHBIX KHCIOT. [IepokcuaHOe OKHCICHHE BBICHIMX JKHUPHBIX KHCIIOT MpEACTaBiIseT
co00i THUMUYHBIN CBOOOAHOpPAAMKAIBHBIN LlemHON mpouecc, koTopslii uHumupyercs OH, OR u npyrumu
pamukanaMu. [Ins TNPOTEKaHUS TEPOKCHAHOTO OKHCJICHHS BBICIIMX JKUPHBIX KHCJIOT HEOOXOAWUMBI TPH
KOMITOHEHTAa: KHCIJIOPOA, KOTOPHIH YdYacTByeT B TEHEPHPOBAaHMH IEPOKCHUAHBIX DAAMKAIOB WIH caM
NIPEBpPAINacTCsl B pe3yiabTaTe OJHOZJIEKTPOHHOTO BOCCTaHOBICHMS B CBOOOAHBIN paigukai, cyocTpar —
HCHACBHIILICHHBIE JKUPHBIE KHCIOTHI, KaTalu3aTOpbl — HOHBl METAUIOB C IEPEMEHHON BaJICHTHOCTHIO.
IIpogykTtamMu OKHCICHHS MOTYT OBITh JUEHOBBIE KOHBIOTAThl, THIPONEPOKCHUIBI, aJbJETHI0CIHPTEI,
QJIBJIETUIOKUCIIOTHI, OKCH- U KETOKHUCIIOTHI, IByXOCHOBHbIE KapOOHOBBIE KHCIIOTHI C MEHBIINM, YeM Y BXOISAIINX
B COCTaB BBICIIMX XHPHBIX KHCIIOT, YUCIOM aTOMOB YIJIEpO/ia, STIOKCHABI U Opyrue coequHeHus [2]. B nanHo#
paboTe uccien0BaH MPOIECC OKUCICHUS CMECH JKUPHBIX KUCJIOT BBIJICIEHHBIX U3 PACTUTEIHHOTO Macia.

JKcNnepuMeHTANBHAN YacTh. B KauecTBe MCXOAHOTO CHIPBS OBIJIO HUCIIOIB30BAHO ITOJICOITHEYHOE MACIIO.
[Mpouecc BbIeNeHNsT KUPHBIX KHCIOT W3 IOJCOJHEYHOTO Macjia IpOBeieH MeToaoM runaponusa 20%-bM
PacTBOPOM TMAPOKCHIA HATPHs Npu Temmepatype 95-98°C ¢ nanpHeiimeit HeifTpanusanueil coNAHOM KMCIOTOA.
BbinieneHHbIe KUCIIOTHI HECKOJIBKO Pa3 MPOMBIBAIUCE TOPsiYeH BOIOW IOCIIE YETO BBHICYIIMBAINCH OT M3JIUIIKOB
BOJIbI IOCTOSHHBIM II€pEMEIMBAHNEM MarHUTHOM Memaskoii mpu temneparype 120-130 °C.

IIpoiecc OKUCIEHUs BbIIEIEHHBIX KMCIOT MPOBOAMIICA KUCIOPOIOM Bo3ayXa Ipu Temneparype 80°C B
MPUCYTCTBUM KaTaju3aropa HadreHaTa Maprania B kojaudectBe 0.5% 0 OTHOIICHHIO K MCXOJHOMY CHIPbIO B
TEYEHHE TATH 4acoB. [lepBHYHBIE MPOAYKTHl, a TaKKe IOABEP)KEHHBIC OKUCIEHUIO MPOAYKTH PEaKIUU
uccnegoBamck MetogoM HMK-cmektpockormun Ha HK-®@ypre cmekrpomerpe ALPHA ¢upmer BRUKER B
JIMATI030HE BOJIHOBHIX YacToT 600-4000 cm2.

PesyabraTrel. Ha HK-criekTpe cmecn KHCIOT BBIJENEHHBIX M3 IIOJCONHEYHOro wmacna (puc.l)
HaOJII0ANMCh CIIeAYIOIINe MOJI0CH! noromenus: aedopmanonnsie npu 1378, 1412, 1459 cm-1 u BaseHTHBIE
mpu 2853, 2922 cm-1 xonebanust C-H ceaszeit CH3 u CH2 rpynmn, nedhopmarmonnsie mpu 937 cm-1 xonebaHus
O-H cBs3u xucnotsl, BaneHTHsie npu 1708 cMm-1 xonebanuss C=0 cBs3u, BajgeHTHBIE pu 2577cM-1 Konebanus
COOH rpynnsl, BanentHeie 3008 cm-1 konebanus C=C cBssu. Ha MK-cnekTpe cMecH OKHCIEHHBIX KHCJIOT
BEIJICIICHHBIX U3 MOJCOTHEYHOro Macia (puc.2) HabOmromanuck: negopmanuonsie mpu 1377, 1412, 1460 cm u

BayneHTHble npu 2853, 2923 cM-1 konebanus C-H cesaseit CH3 u CH2 rpymnm, nedpopmanmnonnsie npu 970 cm?
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xonebanns O-H csasu kucnotsl, Banentasie npu 1707 cm™ xonebanus C=O cBs3u, BaneHTHBIE TIpH 2671 cm™
xonebanus COOH rpynmbl, BajentHsle npu 3007 cm’ konebanms C=C cBA3M, a Takke HaOIIOAANIOCH

oOpa3oBanue HOBOTO uKa mpu 1735 cM-1 1o GonbIie BEpOsSTHOTH XapaKTEPHBIH albIeTHIHOH rpymIIe.
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Puc. 1. UK-cnexmp cmecu Kuciom 6vl0e1eHHbIX U3 Puc. 2. UK-cnexmp oxucnennoii cmecu KUciom

NOOCONIHEUHO20 MACIA BbLOCNICHHOU U3 NOOCOJIHEYHO20 MACA

CpaBHCHHUS CIIEKTPOB CMECH KHCJIOT BBIJCICHHBIX M3 MOACOJIHEYHOIO Macia M KHCJIOT MOJBEPKHHBIX
NpOLIECCY OKHCIICHHs JAl0T OCHOBAaHHWE YKa3aTh HAa YMEHBIICHWE WHTEHCHBHOCTH IIOJIOCHI IOTJIOLICHUS
xapakteproit C=C npoiinoii casu ¢ 3008 cm™* 1o 3007 cM™, yBenudyeHne HHTEHCHBHOCTH HOJIOCH! XapaKTEepPHOI
O-H cBsasu xuciotsl ¢ 937 cm? 10 970 cm’, yBenuuenue MHTEHCMBHOCTH TI0JIOC MOIJIOIIEHHS XapaKTEPHBIX
COOH rpynmnam kucnotst ¢ 2577 cmt 1o 2671 cm™! u o6pasoBanue ¢ HEGOIBIIUMH CMEIIEHUAMH XapaKTEPHBIX
ANBIETHIHOMN TPYIIIE MOJNOC MOrIomenHus pu 1735 cm™! B ciekTpe MoaBepIKEHHBIX OKUCIEHUIO KUCIIOT.

3akJ/ioueHnue. AHaanpyﬂ TMOJIYYCHHBIC PE3YJIbTATbl MOXXHO CKa3aTb, YTO MCTO/ I/IK'CHGKTpOCKOHI/II/I

NOATBEPIKAACT IPOXOKACHUEC  IIPOLECCa OKUCICHUSA, Y€MY CBHUACTCIILCTBYCT YMCHBIICHUC HWHTCHCHUBHOCTHU
TIOJIOC TOIJIOMEHUA COOTBETCTBYIOUINUX Cc=C JIBOMHBIM CBA34AM, YBCIIMYCHUC WHTEHCUBHOCTEH II0JIOC

nornomeHust cootBercTByomux OH wuw COOH rpymmam  KHCIOTBI M TOSABJICHHMS HOBOTO  ITHKA

COOTBETCTBYIONIETO C HEOOJBIINMH CMEIICHUSMH aJIbJACTHIHON TPYIIE, YTO €Il pa3 JOKa3hbIBaeT BEPOSTHHIN
pa3pbIB JBOMHBIX CBs3el U 00pa3oBaHME allbJETUAOKHCIOT, 8 TaKKe KapOOHOBBIX KUCIOT C MEHBIIMM, YeM y

BXOJAAIIUX B COCTAB BBICIIUX JXUPHBIX KUCJIOT, YUCJIOM ATOMOB yTJI€pOoaa.
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VJIK 539.216
MNOJIYYEHUE MATEPHAJIOB HA OCHOBE CUCTEMBI Ti-Al C JOBABKOM T'A®HMUSI
«THAPUIHOM TEXHOJIOI MEN»

H.U. Kapakuunea, 1. AMeaTnukug

HaunonaneHelil necnaenoBaTenbekuil TOMCKUM TOCYy1apCTBEHHBIN YHUBEPCUTET,
Poccus, r. Tomck, mip. Jlennna, 36, 634050
E-mail: karakchieva@mail.tsu.ru

THE Ti-Al SYSTEM BASED MATERIALS WITH HAFNIUM
ADDITIVE "HYDRIDE TECHNOLOGY"
N.I. Karakchieva, I. Amelichkin
Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050

E-mail: karakchieva@mail.tsu.ru

Abstract. Onucanvl pezyromamoi, noayuennvie npu ucciedosanuu cucmemst Ti-Al-Hf, noryuennoii «'uopuonoit
mexnonoauety. Iloxazana eosmoocnocme noayuenus TiAls ¢ evixooom 100% «ludpuonoti mexnonocueiy.
Ipu 0obasnenuu eaguus 6 cucmemy gopmupyemes 61,8 macc. % HfAl, u 38 macc. % TiAl. [annvie
cozanacyiomest ¢ mpexkomnonenmuotu pazosoti ouazpammon Ti-Al-Hf, paccuumannoii ¢ nomowwio omxpeimoii

ba3zvl dannwix Materials Project.

Beenenne. CoBpeMeHHBIE METOABI NPOM3BOJACTBA OHMHAPHBIX M MHOTOKOMIIOHEHTHBIX CIUIaBOB
OCHOBBIBAIOTCS] HA TEXHOJIOTUSX IIABKH FJIM MOPOIIKOBOW METAJLTYPTHH, KaXKJJ0€ U3 KOTOPBIX XapaKTepu3yeTcs
3aMETHOW TPYJIOEMKOCTBIO ¥ allllapaTypHbIMH CIOXKHOCTSIMHU [1]. Crenmdudeckne CIOKHOCTH IOTYUCHHUST
Ka4eCTBEHHBIX CIUIABOB CBS3aHBI TAKXKE C HAIWYHEM Ha IMOBEPXHOCTSIX YACTHUI] TYTOIIaBKUX METAJUIOB IIOTHOM
MACCUBUPYIOIIEH UICHKH, MPEMIATCTBYOMICH mporieccaM B3auMHON auddy3uu. Takum o0pa3oM, MOMCK HOBBIX
3¢ QEeKTUBHBIX METOJOB IMOJYyYeHHs OWHApHBIX M MHOTOKOMIIOHEHTHBIX CIUIABOB C 33JaHHBIMU (DU3HMKO-
TEXHHYECKUMH CBOWCTBAMH SBJISIETCS aKTYaJbHBIM B NMPHUKJIAJAHOM HampasieHHHd. OIHUM M3 TaKMX METO/OB
MOPOIIKOBOM METAJUTYpTHH MOXKET CTaTh «[ MapuaHas TEXHOJIOTHs», KOTOpPas MO3BOJSET MOIydYaTh CIUIABHI, B
TOM dYHCle, Ha OCHOBe OmHapHO# cuctemsr Ti-Al. Ompenenstonmm mpu Beibope cuctemsr Ti-Al sBisorcs
MPUCYIITHEe UM CBOWCTBA — Maias IUIOTHOCTh, BBICOKHMI MOIYyJb YHPYTOCTH, KOPPO3MOHHAS CTOWKOCTH H
s)aponpoyHocTs [2]. CruiaBbl Ha OCHOBE IIOMHUHUS M TUTaHA HAaXOIAT IIMPOKOE MPUMEHEHHE B aBUAIIHOHHOW U
KOCMUYECKOW NPOMBIIIIEHHOCTH, @ TAKXKE B KaUECTBE XKAPOCTOMKHUX, KOPPO3UOHHOCTOMKHUX U U3HOCOCTOMKUX
nokpeiTii [3-6]. T'adHuil BXoauT B noArpynmy tutana. Manas no6aBka B cuctemy Ti-Al cmocoOHa ymydmuTh
¢u3nyeckne W MeXaHWYEeCKHMEe CBOMCTBA 3a CYET BbIICJNCHWH BTOpPHYHBIX amomuHunoB AlsHf npu
TepmMooOpadotke [7]. Llenp maHHO# pabGoOTHI 3aKIIOYanach B MCCICAOBAHHU CTPYKTYPHO-(A30BOrO COCTOSHHUS
cuctembl Ti-Al-Hf, nonydyennoit «['uapuIHON TEXHOIOTHEH».

JKcnepuMeHTAIbHAs1 4YacTb. B KadecTBe HMCXOIHBIX pEareHTOB WCIOJNB30BANHM TIyO4aThIi THTaH,
amomuunit (ACI-0), radpuuit (IOM-1). «'uapumHas TEXHOIOTHA» MPENNOIaraeT CMEIeHNe METAJIOB W/WIH
THIPHUI0B METAJUIOB, KOMIAKTHPOBAHUE MTOTyYCHHON CMECH M JaJbHEUIINHA OTXKUT B BakyyMme. | mapua Tutana u

ragHAA TOJNyYald B HETPEPHIBHOM ITIOTOKE BOZOPOAA B KBapleBOM peakTope. TemmepaTypa THAPHPOBAHUS
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tutaHa u rapuus 420 °C. {ns nonydenust obpasua Ti:3Al (MonbHOE COOTHOIICHHE) CMELINBAIM THAPU TUTAHA
Y TTOPONIOK aimroMuHus, Ut nonydenns Ti:Hf:3 Al (MosnpHOE cooTHOLIEHUE) — TUAPH] TUTAHA, THAPHU] TaHUS 1
HOPOLIOK aJIFOMHHHUS COOTBETCTBEHHO. M3 momydeHHOH cMmecH TpebyeMoro cocraBa (HOPMOBAIM 3arOTOBKH
obpasmoB (d=0,13 cm) u HarpeBamu go 1150 °C B Bakyyme 0.01 Ila. IIpu 3Toii Temmeparype BBIACPKHBAIH
4 gaca u oxnaxaaau. TakKuM CIIoco6OM TOTyIHITA 06pasifbl B MoibHOM cootHomenun Ti:3Al u Ti:Hf:3Al
@Da30BEI COCTaB MOJIYYCHHBIX 00pa3IoB OMpEeAesUId METOJOM peHTreHodazoBoro aHammsa (POA) na
mudpaxkromerpe Rigaku Miniflex 600 ¢ ucnonszoBannem CuKo-uznydenust B untepBaie 10-90 ° (20) co
CKOPOCTBIO CheMKH 2 Tpajg/muH. Mnentudukanuio AuppakIMOHHBIX MaKCHUMYMOB, pacueT objacTei
korepentHoro paccessHuss (OKP) mpoBoannu ¢ nomomsto 6a3pl gaHabix JSPDS. TpexkxomnoneHTHast ¢a3oBas
nuarpamma st cuctemsl Ti-Al-Hf Guta paccunrana ¢ moMoris0 OTKpeITOM 6a3sl ganHBX Materials Project.
PesyabTaThl. Pesymbratel PDA mokazamm, dro oOpas3erm C MOJBHBIM COOTHOIICHHEM HCXOIHBIX
komroneHtoB Ti:3Al mpencraBisier coboii omnodasubiii mpomykr cocraBa TiAls (PDF Ne 01-072-5006)
TETParoHalbHOW CHHTOHMH C mapameTpamu pemietkd a = b = 3,8503 um, ¢ = 8,6091 HM U cpeqHUM pazMepoM

00acTi KorepeHTHoro paccesiaua 58 HM (puc.l).
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Puc. 1. Jugppaxmozcpamma obpazya Ti:3Al, nonyuennozo «udpuonoii mexnonocuei»

B o6pasie Ti:Hf:3Al mpucyrcrByet cMmech ¢as, cocrosimas u3 61,8 macc. % HFAI, (PDF Ne 01-074-6600)
rekcaronaiapHoi cuHronuu (a =b=15,2432 um, ¢ =8,6682 um), 38 macc.% TiAl (PDF Ne 00-074-4580)
TerparoHanbHO cuHronnd (a=b=28305 um, c= 4,0314 um) (puc.2). Cpenuuii pasmep obGnactu
KOTEPEHTHOT'0 paccestHusl B JaHHOM o0Opasiie cocTapisieT nopsaxa 40 HM.

CornacHo ananu3y POA-criekTpoB nokaszaHo, 4To Bce HonyueHHbIe (asbl xapakrepusytoress OKP no 100
HM ¥ HU3KOW CTETICHBIO HaNpsDKeHUU. J[aHHBINH (aKT TOKa3bIBAET, YTO BHIOPAHHBIM METOJIOM MOXKHO IOJTY4aTh
CIIO’KHBIE KOMITO3UIINH, COAEpIKaIlie HHTepMEeTaITHIHBIE (a3bl cucTeMbl Ti-Al B MEKpO3EpHUCTOM COCTOSIHHH.

[ony4eHHbIe JaHHBIE COTJIACYIOTCS C PACCUUTAHHBIMU OKCHEPHUMEHTANIbHBIMH JaHHBIMU TPOHHOM
muarpammsl Ti-Al-Hf (mnarpamma me mpezcrasiena). TeopeTndecku BepOsSTHO B TpoitHo# cucteme Ti-Al-Hf
obpazoBanue crabuwibHbix paz HFAl, ¢ o6ummu rpansmu: TiAls-HfAL-HfALs, TiAls-HfAL-TiAl,, TiAl-HfAI-
Hf;Alz u TiAI-HTALL-TIAl.
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Puc. 2. lugppaxmoepamma ¢ pacwugpposkoii oopasya Ti:HF:3Al, noryuennozo «'udpuonoii mexnonozueii»

3akJiiouenue. B pesynbTaTe mMpoBeASHHBIX HCCIENOBAHUM MOKa3aHO, YTO METOJIOM KOMIIAKTUPOBAHHUS
WCXOJHBIX KOMIIOHEHTOB C MOCJIEIYIONIMM JETUIPUPOBAHUEM MOXKHO MOJYyYaTh CIUIAaBBI HA OCHOBE CHUCTEMBI
Ti—Al ¢ no6aBkamu radHus, IPH CPABHUTEIHHO HU3KUX TeMIieparypax, a umeHHo g0 1150 °C. TTokaszaHo, 4To
CIUIaB, MOJYYEHHBIH B MOJBHOM COOTHOIIEHHH UCXOAHBIX KOMIOHEHTOB Ti:3Al maer 100 % BBIXOA KOHEYHOTO
npoaykra, obpasys ¢a3y crexmomerpudeckoro coctaBa TiAlz. Paspa®oraHHblii  MeTOJ — SBISIETCS
MEPCHICKTHBHBIM ISl TIOXYYCHUS WHTEPMETAUTMIHBIX COCAWHCHHH W MOXET OBITh PEKOMEHIOBaH L
MPOMBIIIJICHHOTO TIPOU3BOJICTBA.

Paboma evinonnena npu @urancosoii noddepicke Munobprayku P®@ 6 pamxax eocydapcmeennozo

saoanus FSWM-2020-0028.
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YK 546.05, 504.064.3
BJIMSTHUE MOJIEKYJISIPHOI'O CTPOEHUSI TAJIOTEH3AMEIEHHBIX ®TAJTIOIIMUAHUHOB
METAJIJIOB HA CTPYKTYPHBIE OCOBEHHOCTH U CEHCOPHBIE CBOMCTBA NX TOHKHUX
IJIEHOK
1. Kissmep, A.C. Cyxux, [1.B. Borerapar
Wucturyt Heopraanmdeckoit xumuu uM. A.B. Hukomaesa CO PAH,
Poccus, . HoBocubupcek, np. Axanemuka JlaBpentsesa, 3, 630090

E-mail: klyamer(@niic.nsc.ru

EFFECT OF THE HALOGEN-SUBSTITUTED METAL PHTHALOCYANINES MOLECULAR
STRUCTURE ON THE STRUCTURAL FEATURES AND SENSOR PROPERTIES OF THEIR
THIN FILMS
D.D. Klyamer, A.S. Sukhikh, D.V. Bonegardt
Nikolaev Institute of Inorganic Chemistry of SB RAS, Russia, Novosibirsk, Acad. Lavrentiev Ave., 3, 630090

E-mail: klyamer(@niic.nsc.ru

Abstract. Complexes of metal phthalocyanines with different molecular structures of MPcHal, (M = Zn, Co, VO,
Pb, Sn; Hal = F, Cl; x = 0, 4, 8, 16) were synthetized and characterized. It has been shown that both the type and
number of halogen substituents and the nature of the central metal ion has a significant effect on the structural
features of their thin films and the sensor response to ammonia. The films of investigated halogen-substituted

phthalocyanines are promising materials for creating active layers of sensor devices.

Beenenne. Cpenyi MHOTOUMCIICHHBIX OPraHMYEeCKUX MOJYIPOBOJHUKOB (hranonuanuHbl Metaiuio (MPc)
MIPEJICTaBISIIOT 0COOBI MHTEPEC U3-32 BHICOKOW TEPMHUYECKOW U XUMUYECKOW CTAaOMIBLHOCTH B COUETAHUH C UX
YHHUKaJIBHBIMH JJIEKTPOHHBIMHM CBOHCTBaMH. MPc Bce daie NpHUMEHSIOTCA B YCTpOMCTBaxX MpeoOpa3oBaHUsA
SHEPruM, ONTHYECKUX YCTPOMCTBAX, TPAH3UCTOPAX, B KAU€CTBE aKTUBHBIX CIIOEB XMMUYECKUX CEHCOpoB [1, 2].
K rtomy xe, u3-3a 0COOCHHOCTEW CTPOCHHS MOJCKYIBl (ramonuaHuHa Meramna, i1 MPc xapakrepHo
MHOT000pa3ne MOJIEKYIAPHBIX CTPYKTyp. [lyTeM BBeICHHS pa3iIHYHBIX THIIOB W KOJUYECTBA 3aMECTHTEICH W
BapbUPOBaHUsS IEHTPAIBLHOIO MeTalla-KOMILIEKCO0Opa3oBaTesl MOXHO IOJydaTh KOMIUIEKCHI C pa3iIMuHOi
KPUCTAJNIMYECKOM CTPYKTypoll u cBoiictBamu. Tak, Hampumep, BBEIEHUE TIalIOTE€H-3aMECTUTENIEH BO
(hramonMaHnHOBOE KOJBII0O MOXKET MPUBOAUTH KaK K M3MEHEHHIO THUIA MPOBOJUMOCTH, TaK U K YBEJIUYCHHIO
CEHCOPHOTO OTKJIMKA Ha Ta3bl AJIEKTPOHOAOHOPHOW Nipuposl [3]. Eime omxHO# BaykHOW 0COOEHHOCTHIO TaJOTeH-
3amemienHbplx (MPcHaly; x = 4, 8, 16; Hal = Cl, F) ¢ranonuaHuHsl MeTausioB SBISETCS CIIOCOOHOCTH
MEPEXOANTh B ra3oByro (hazy 0e3 pas3ioKeHHs B YCIOBHSX MOHWKCHHOTO IABICHHS, MMO3TOMY IS MOTYYCHHUS
IUICHOK HCIOJB3YIOT METOJ| (PH3HYECKOTO OCAXKICHHS W3 Ta30Boil (a3sl. MPcHaly sBIsIFOTCS mepcreKTUBHBIMU
MaTepuaiaMu JJIs CO3JaHUsl TPAH3UCTOPHBIX CTPYKTYP M aKTHBHBIX CJOEB CEHCOPHBIX YCTpoOMcTB [4, 5].
B caydqae Terpa3amenmieHHBIX (TaTONMAHMHOB METAJUIOB 3aMECTUTENM MOTYT OBITh BBEAEGHB Kak B
nepudepuiiapie, Tak U HenepudepuitHple MONOKeHUsT OCH30bHBIX KoJeln (puc. 1). Haubonee w3ydeHHBIMU

SIBIISTIOTCST KOMITIIEKCHI (prajonuannHoB metauioB (M = Co, Zn, Fe u n1p.), koTopble IMEIOT TUIOCKOE CTPOCHHE
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(nnanapHble), Torma Kak rajorenzamenieHubie ¢ramoumanunsl MeramuioB (M = Pb, VO, TiO, Sn u ap.),

HNMCIOIINE HEIIJIOCKOC CTPOCHUEC, N3YYCHBI B CYIIICCTBEHHO MEHBIIIECH CTETICHH.
Hal

Hal
NN u»’i ~N

5,::"\ s }.\ Hal v X Hal
N-=-M--N o
5 A N-=-M=-N

al N N N

Yal

MPcHal,-np MPcHal, p
Puc. 1. Tempagpmopszamewennvle pmanoyuarnunsl ¢ 3amecmumenimu 8 Henepugepuiinovix (MPcHalsnp) u

nepughepuiinvix (MPcHaly-p) nonoosicenusix pmanoyuanunogo2o koivya

JanHass pabora MOCBSILIEHA CUCTEMAaTHYECKOMY HCCIICIOBAHHIO BIMSHUS MOJIEKYJSPHOTO CTPOCHHS
rajoreH3aMelIeHHbIX ()TaJONUaHUHOB METAJIOB Ha CTPYKTYpHBIE OCOOCHHOCTH W CEHCOpHBIE CBOMCTBA HX
IUICHOK, HanOOJIbIIIee BHUMaHHUE Oy/IeT y/IelIeHO KOMIUIEKCAaM, HMEIOIINM HEIUIOCKOE CTPOCHHE.

OkcnepuMeHTadbHasi 4acTh. [IpomsBomHple (ramonnanmaoB MPcHal, ObuTH mONydeHBI METOIOM
TEMIUTATHOTO CHHTE3a M3 COOTBETCTBYIOIINX KOMMEPUECKH TOCTYIMHBIX I'aJIOT€H3aMEIIEHHbBIX (TaTOHUTPHUIOB U
coseil MeTamnoB. IDIEHKH IIONydaam MeTomoM (H3HYECKOIO OCAKICHHSA M3 TazoBoi (aser (P=10"-10" Topp,
T'=450-460 °C). AHamu3 MOHOKPUCTAJIOB MPOBOAMIM C UCIIOJIb30BAHUEM MOHOKPUCTAILHOTO AU(PAKTOMETpa
PEHTIreHOBCKOro mopomkoBoro mudpaxromerpa Shimadzu XRD-7000. Mopdosnoruio IieHOK HCCIeq0BalId
METOJIOM aTOMHO-CHJI0OBON Mukpockoniu (ACM) Ha mukpockone Ntegra Prima II (Poccus). [ns uccnenoBanust
a/ICOPOIIMOHHO-PE3UCTUBHOTO CEHCOPHOTO OTKJIMKa IUIGHOK (TaJOlMaHMHOB Ha aMMHaK HCIOJIb30BaJIN
YCTAQHOBKY HCIIBITAaHHS M KOHTPOJISI TA30BBIX CEHCOPOB. M3MepeHHe CEHCOPHOTO OTKJIMKa OCHOBBIBAETCS Ha
W3MEHEHHUH CONPOTHBIECHUS IJIEHKH KOMIUIEKCAa NPH M3MEHEHHH COCTaBa ra3oBoi cMecH. CIoM HCCIIenyeMBbIX
(hTanonMaHNHOB METAJUIOB MPEABAPUTENHHO OCAXKIAIHN HA TOUIOKKH CO BCTPEYHO-IITHIPEBBIMH 3JIEKTPOJaMH
MOMENIa M B SYEHKY, Kyla IIpU IOCTOSHHOW IIPOXyBKE TIa30M-HOCHTENIEM BBOJWICA aMMHAaK B IIMPOKOM

nuanazone konneHntpanuii (0.1-50 ppm).

Pesyabrarbl. [loayueHsl ranorensameniensbie Gpranonuaniuasl MetamuioB MPcHaly, (M = Zn, Co, VO,
(ranonyaHuHbl METAJUIOB C 3aMECTHTENIsIMH Kak B HenepudepuitHpix (MPcHals-np), Tak u B nepudepuiiHbix
nonoxenussx (MPcHals-p) ¢ranonnannHoBoro xonpma. Bce KoMIIEKChl OBUIM OXapaKTEPHU30BaHBI PSAIOM
(PU3UKO-XMMHYECKHX METOHOB (2JIEMEHTHBIM aHanu3, KoieOaTenbHas CIIEKTPOCKOINMS, 3JIEKTPOHHAs
CIIEKTPOCKOIHUS TIOIVIOIIEHHS, PEHTTCHOCTPYKTYPHBI W pEHTreHo(a30BbIH aHaIW3) W ONpeleNieHbl HX
KpHUCTallIn4eckue CTPYKTyphl. [loka3aHo, YTO KpHUCTauIM4ecKas CTPYKTypa KOMIUIEKCOB 3aBHCUT Kak OT
KOJIMYECTBA W  TMOJOXKEHUS 3aMecTuTenedl BO  (prajonMaHMHOB  KOJNblle, Tak H OT MeTaja-
KoMmIulekcoobpasoparens. Tak, Hampumep, PbPcCly-p Kpucrammmsyercs B TETparoHAJIFHOW CHHTOHHHU
(mp. tp. I4/m) m sABmgeTCA W3OCTPYKTYpHBIM CBOeMy TeTpa-(propupoBanHoMy aHamory PbPcFs4p, a

KpPHUCTAJUIN3yeTCsT B MOHOKIMHHOW cuHroHmu (mp. rp. P2i/n). VOPcCly-p m3octpykrypern PbPcCls-p, a
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M3YYCHHBIX  KOMIUIGKCOB,  HCCJIEIOBaHbl WX  CTPYKTypHble  ocobenHoctu. MPcHaly,  oOpasyior
MNOJUKPUCTAJUINYECKHE TIJIEHKM C [PEUMYIIECTBEHHOW OpHEHTaled KPUCTAUIUTOB  OTHOCHUTENBHO

IIOBEPXHOCTHU IMMOJOKKH.

a . (¥ B

Puc. 2. Ynaxosxa monexyn PbPcClsp (a, 6, 8), VOPcClyp (2) u VOPcClsnp (0)

bout m3ydeH ceHcopHbli oxinumk Ha NH; (0.1-50 ppm), moka3aHo, 4TO BCE HCCICIOBAHHBIC CIIOH
MPOSIBIISIIOT OOpaTHUMBI CEHCOPHBIM OTKIMK Ha aMMHAaK IPH KOMHATHOW Temmeparype. VccienoBaHo BIHSHUS
rajoreH-3aMecTUTENs ¥ THIIAa MeTajlIa-KOMIUIEKCO00pa3oBaTelis Ha BEINYMHY CEHCOPHOTO OTKIIMKA Ha aMMHAK.
[Tnenxn MPcHals-p B 11e710M HMEFOT JIyUIIyI0 KPUCTAJUIMYHOCTD M Jy4IINEe CEHCOPHBIC CBOMCTBA IO CPaBHEHHIO
¢ wieHkaMu MPcHals-np. Ha nmpumepe akTuBHBIX ci0eB, 00J1aafolMX HAaHOOIBIINM CEHCOPHBIM OTKJIMKOM Ha
aMMHaK, ObUTH N3ydeHBI OoJiee AeTalbHbIC XapaKTePUCTHKH CCHCOPHBIX YCTPOMCTB.

3akJroyeHne. B pesynbrare NpOBEAECHHBIX MCCIIEAOBAHUN TTOMYYEHBI W OXapaKTCPH30BAHBI KOMILICKCHI
(hTanoMaHuHOB METAJIOB, UMCIOIIUE Pa3InyHOe MOJeKyIsapHoe ctpoenne MPcHal, (M = Zn, Co, VO, Pb, Sn;
CEHCOPHBIN OTKIIMK Ha aMMHAaK OKa3bIBaeT KaK KOJIMYECTBO U MOJOKEHHE TaJIOTeH-3aMEeCTHTENeH, Tak U pHUpoaa
MeTajlia-KoMIuiekcooOpa3oBares. [IneHKH uccieayeMblX KOMIUIEKCOB rajloreH-3aMelleHHbIX (TalOlHaHUHOB

METaJIJIOB SIBJISIFOT IEPCIIEKTUBHBIMU MaTepHaIaMu JUIsl CO3/1aHHsI aKTUBHBIX CJIOEB CEHCOPHBIX YCTPOWCTB.
Hccneoosanue svinonuerno npu ghunarcogoii noooepoicke PH® (npoexm Ne 22-73-00145).
CIIUCOK JIMTEPATYPBI

1. Klyamer D., Bonegardt D., Basova T. Fluoro-Substituted Metal Phthalocyanines for Active Layers of
Chemical Sensors // Chemosensors. — 2021. — Vol. 9. — P. 133.

2. Yahya M., Nural Y., Seferoglu Z. Recent advances in the nonlinear optical (NLO) properties of
phthalocyanines: A review // Dye. Pigment. — 2022. — Vol. 198. — P. 109960.

3. Ma X, Chen H., Shi M., Wu G., Wang M., Huang J. High gas-sensitivity and selectivity of fluorinated zinc
phthalocyanine film to some non-oxidizing gases at room temperature // Thin Solid Films. — 2005. —
V. 489. — P. 257-261.

4. Klyamer D. Sukhikh A., Gromilov S., Krasnov P., Basova T. Fluorinated metal phthalocyanines: Interplay between
fluorination degree, films orientation, and ammonia sensing properties // Sensors. — 2018. — Vol. 18. — P. 2141.

5. Bouvet M. Phthalocyanine-based field-effect transistors as gas sensors // Anal. Bioanal. Chem. — 2006. —
Vol. 384. — P. 366-373.

Poccust, Tomck, 25-28 anpenst 2023 T. Tom 2. Xumus

107



108

XX MEXAYHAPOAHAA KOHOEPEHIUA CTYAEHTOB, ACITMPAHTOB 1 MOJIOABIX
YUEHBIX «ITEPCIIEKTUBBI PAZBUTHUA ©YHIAMEHTAJIBHBIX HAYK»

YIK 53.06
UCCJEIOBAHME MPOAYKTA JJIEKTPOJIYTOBOI'O CUHTE3A B OTKPHITOM BO3IYIIITHOM
CPEJE U3 BOJIb®PAMOBOTI'O KOHIIEHTPATA PYJbI
A.N. KokopuHa
Hayunsiii pykoBoauTens: noueHt, 4.T.H. A.S. ITak
Haunonanbeselil uccnenoBarenbCkuil TOMCKHM MOJIMTEXHUYECKUA YHUBEPCUTET
Poccus, . Tomck, np. Jlenuna, 30, 634050
E
RESEARCH ON THE PRODUCT OF ELEGTRIC ARC SYNTHESIS IN AN OPEN-AIR
ENVIRONMENT FROM TUNGSTEN ORE CONCENTRATE
A.L Kakorina
Scientific Supervisor: Assoc. Prof., Dr. A. Ya. Pak
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: aik48@tpu.ru

Abstract. In the present study, investigation of the tungsten carbide powder as a result of arc discharge plasma
synthesis from tungsten ore concentrate is performed. Arc discharge was maintained in the open-air environment.
This method is vacuum-free because of the self-shielding effect caused by generation of CO and CO; gases.

The initial materials are ore concentrate and carbon. XRD, SEM, TEM and electrocatalysis methods were used.

Benenmne. KapOun Bosnbppama WC siBisieTcsl NEpCHEKTUBHBIM MarepualioM Uil MHOTHUX cdep
NPOMBIIIJIEHHOCTH B CHIIy CBOMX (M3MYECKMX M XUMHYECKHX CBOHCTB. Ero BbICOKHME TBEpHOCTh H
HM3HOCOCTOHKOCTh, BBICOKAs TeMIIepaTypa IJIaBICHHS, HU3KUH KOd(hGHUIHMEHT TPEHHS, BBICOKHE 3JIEKTPO- U
TEIUIOTIPOBOTHOCTE, a TAKXKE COMPOTHUBJICHNE KOPPO3UH U HHEPTHOCTH K BO3/IEHCTBUIO arpeCCUBHBIX Cpell BpOjie
KACIOT W mienodyeld oOecmeynBaOT MpHMEHeHHe KapOunma BombppamMa B cdepax oOpadaTpIBaromieit
MPOMBIIIJIEHHOCTH, OypeHNs TOPHBIX MOPOJI, U3TOTOBICHUS PEXYIINX HHCTPYMEHTOB U IITAMIIOB, SJIEKTPOHUKA
u sanepHoir sHepretuku [1, 2]. IloMmMo BBINIEIEPEUHCICHHOTO, KapOWI Boib(ppaMa TaKkKe SIBIICTCS
MEePCHEeKTUBHBIM HOCHTENEM KaTaju3aropa B peaklusaX MOJIy4eHHs BOAOPOAA, TaK Kak OH obmamaer
OTHOCHTEJIHO BBICOKOH KaTaJUTHYECKOW aKTUBHOCTBIO M CTa0MJIBHOCTBIO B arpeccMBHbIX ycioBusix [3].
CyliecTByeT MHOXECTBO METOJIOB TOJTyUeHHs KapOuaa Bojdb(ppaMa: XUMHIECKOe OCAKICHNE U3 MapoBoi (asbl,
HCKPOBOE IIJIa3MEHHOE CIIeKaHKe, TeHEepalys IIa3MEHHbIX ITyYKoB U T.A. OJHAKO B TaHHBIX METOAAX B KaueCTBE
MCXOJJHOTO CBIPbS HCIOJIB3YIOT YUCTHIH Boib(pam mim ero okcuny WOs, a He pyny. B Hacrosmmit MoMeHT
TPaJIMIIMOHHBIA METOJ| MoJydeHHs KapOujga Boib(ppama n3 pyapl oOnagaeT TaKMMH HECOBEpIICHCTBAMHM, Kak
MHOTOCTa/IMHHOCTh, OOJIBIIIOE KOJMYECTBO 3aTPadMBaEMbIX PECYpPCOB M OTXONOB [4]. DIEKTpOIyroBol CHHTE3
SIBIISIETCS] OJHUM M3 METOJIOB, O3BOJISIIOIX MOJIYIHTh KapOu BoJb(hpama 13 pyIsl B OHY M3 IEPBBIX CTAAUH [5].

JKcnepuMeHTaIbHasi 4YacTh. BomnbdpaMoBBIH KOHIIGHTpAT pPYyAbl COXEpXKaJl TPHU OCHOBHBIC (hasbl:
meenut CaWQO,, rio6Hepur MnWOs u depbepur FeWOs. Obum mpeaaputenbHo oOpaboran. Ob6paboTka
BKJIIOYaa B ce0s mepeMasblBaHHe B BHOPAIMOHHOW MEJBHHIIE, MATHUTHYIO CEMapandio W BHICYIINBaHHE B

aTMocepHOil meuyn. 3aTeM TMONy4YeHHYI0 00paboTaHHYI0 pyly CMEIIMBAd C TOPOIIKOM CHOHPCKOTO

Poccust, Tomck, 25-28 anpenst 2023 T. Tom 2. Xumus



XX MEXAYHAPOJHASI KOHOEPEHIUA CTYAEHTOB, ACIIMPAHTOB 1 MOJIOJIbIX
YYEHBIX «ITEPCITEKTHUBbI PASBUTUS ®YHAAMEHTAJIBHBIX HAYK»

yIIeposHoro Hocutens (cuOyHHWTa) IIPH COOTHOIIEHUH Macc CMOyHUTa M pyabl, paBHoM 0,24. Jlanee ucxomHble
peareHThl 3aKiaJblBalId B TIOJIBIA KaToJ, BBINONHEHHBIH B (opme Tursl. [lpu mpubnmxeHun anoxa B dopme
IIMHAPIYECKOTO CTEPXKHS B TOJIOCTH Karofa 3axwurancs paspsa (Puc. 1). Cuate3 nmpoBogiu B TeueHue 45 ¢
mpH TOKe paspsmHoro koHTypa 220 A. JlaHHble 3Ha4deHHs OBUIM ONpEAETICHBI paHee, OHH O0ECIIeYHBAIOT
HanOOJBIINIT BEIXON KapOuaa Bonb(pama B IPOAYKTE CHHTE3a M MPAKTHUYECKHU MOTHYIO IepepaboTKy MCXOMHBIX
pyaHBIX (a3. DIEKTPUYECKHE CHUTHAJbBI, COOTBETCTBYIOIIME TOKY pPa3psAAHOTO KOHTypa W HANpSDKEHHIO Ha
JIYTOBOM paspszie, NMOAaBaMCh Ha LUQpoBoil ocmmuiorpad. B Xome cuHTE3a NPOUCXOAUT HHTEHCHUBHOE
BBIJICJICHUE YrapHOTO M YIJIEKHCJIOro ra3oB, KOTOPble BHMIHO Ha ra3oaHaju3aTope. OJTH ra3bl 3aKpbIBAIOT
peaKkUMOHHBII 00bEM OT KHCIOpOAA BO3[yXa, B PE3y/IbTaTe 4Yero BO3MOXKHO PEajM30BaTh JIEKTPOAYTOBOU
CHHTE3 B PacCMaTPHUBaEeMON CHCTeMe, HHUILIUUPYS JTYyTOBOH pa3psan B OTKPBHITON BO3AYIIHOM cpene, TO ecTh 0e3
NPUMEHEHNST BaKyyMHOro oOopymoBaHusi lccienoBaHne KaTadUTHYECKHX CBOHCTB ITOMYYEHHOTO IIOPOIIKA
MPOBOAMIM B CTAaHAAPTHOW TpexdnekTponHo sueiike B 0,5M pactBope cepHoil kuciaotel HSOs.
OnexkTpoxuMHUUecKas sueiika BKIIIOYasa B ceOs pabodnii 3JIeKTPOA M3 CTEKIOYIIEpOoa, KaJOMEIbHBIN IIEKTPOX

CpaBHCHUA U MPOTHUBOIJICKTPOI B BUIC IUTAaTUHOBOM HUTH.
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Puc. 1. Cxema anexmpodyeo6oeo peaxmopa

Pe3yabrarel. beiT npoBeieH KaueCTBEHHBINH U KOJTMYECTBEHHBIN PEHTreHO()a30BbIH aHAIHU3 MTOTYYEHHOTO
obpasua (peHtreHosckuii mudpaxromerp Shimadzu XRD 7000s, A=1,5406 A). YcraHOBIEHO, YTO HPOLYKT
CHHTE3a COo/lepKUT rekcaronanpnyio gazy WC, W,C u rpadur (Puc.2). Jlanssiii $a3oBblif cocTaB THIHYEH IS
MPOIYKTa 3JIEKTPOIYrOBOTO CHHTE3a B paccMarpHBaeMoi cucTeMe. Takke Obuta IpOBEIEHA CKaHWPYHOLIas
AIIEKTPOHHAS MUKPOCKOTIHS 00pa3ia sl JETEKTOpa BTOPUYHBIX AIIEKTPOHOB U JIETEKTOpa 00paTHO pacCesHHBIX
ANIEKTPOHOB, a TAKXKe IOJIydeHBl JaHHBIE HYHEPTOJUCIIEPCHOHHOTO aHaynm3a. CpemHHMH pa3sMep ariomMepaToB B
MOJTy4eHHOM mopoiuke coctaBiseT 10 mMkm. [lo pe3ymprataM HCHBITAaHUS KaTaTUTHYECKUX CBOWCTB ITOPOIIKA B

peaxuusx 3JeKTpoJIi3a ONpeaeseHbl epeHarnpsokeHue N = 662 MB n naknon Tadens b = 214 mB/nex.
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Puc. 2. Kapmuna penmeenosckoii ougppaxyuu obpasya

3akJ/roueHne. B xone 1aHHON pabOTHI 3IEKTPOAYTOBBIM METOAOM M3 BOJIB(PAMOBOTO KOHIIEHTPATA PY/IbI
ObUT TMONyYeH ITOPOILIOK, COAEpXKAIIMH HanOONbINyI0 MO0 KapOuaa Boib(pamMa M OIM3KYIO K HYIIO JOJIO
HCXOJHBIX PYyIHBIX (Da3, 4TO BO3MOXKHO Onaromaps 3G QeKTy cCaMO3KpaHHMPOBAaHHs PEaKIHOHHOTO oObeMa OT
KUCJIOpPOZia BO3/lyXa B pe3ylbTaTe HHTCHCUBHOTO BBIACICHUS YrapHOTO U yrIekuciaoro razos. Ilpencrasnsemas
paboTa MoKa3bIBaeT BO3MOKHOCTH NepepabOTKU BOJIL(PAMOBOIO KOHIEHTPATa PyAbl U CBOMCTBA IIOJYYEHHOIO
MOPOIIKA.

Paboma evinonnena npu nodoepoicke npoepammel Iocyoapcmeenno2o 3adanus BY3am (npoexm

MNe
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MEPCIEKTUBbI CUHTE3A PAIIEMAYECKOI CMECH MEHTO.IA U3 LIUTPAJIA
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PROSPECTS FOR THE SYNTHESIS OF A MIXTURE OF MENTHOL ISOMERS
FROM CITRAL OVER NI-BETA-ZEOLITE-BENTONITE COMPOSITE CATALYST
D.A. Koreshkova
Scientific Supervisor: Assoc. Prof., Ph.D. I.L. Simakova
Novosibirsk State Technical University, Russia, Novosibirsk, Karl Marx ave., 20, 630073
Federal Research Center Boreskov Institute of Catalysis, Russia, Novosibirsk, ac. Lavrentieva ave., 5, 630090

E-mail: 24.koreshkova.diana.02@mail.ru

Abstract. Currently, realization of the synthesis of valuable menthol from citral as a cascade reaction is one of
the most promising way. The aim of this work is to explore «one-pot» synthesis of menthol isomers from citral
over Ni containing catalysts supported on H-Beta-Zeolite-Bentonite. The microtextural and catalytic properties
of the active component, which affect the rate and selectivity of product yield, were studied depending on the

chosen nickel precursor: nitrate, chloride, sulfate or acetate.

Beenenne. MeHTON — MOHOTEPIEHOBBIN CIUPT, BAXKHOE OPraHUYECKOE COEIMHEHHE, NPHUMEHSIEMOE
MOYTH TOBCEMECTHO. Takoe IMPOKOe paclpoCcTpaHeHHE O0YCIIaBIMBAETCS, MPEXKIE BCETO, €ro CBOWCTBAMHU —
ACeNTUYECKUMU U MECTHOAHECTE3UPYIOIMMHU. MEHTON CyWIECTBYET B BHJE 8 CTEPEOM30MEPOB, OJHAKO
HanboJiee IIEHHBIM, C KOMMEPYECKOH TOUKM 3peHust, sBisercs - (-)-meHtoi. Ha ceromHsuHmii 1eHb W3BECTHO
HECKOJIBKO CII0COOOB IOJYYCHHWZ paIleMEHTOJa, HaIpuMep, BHIMOPAXHBAHHEM M3 Macja IMEepeYHON MSATHI,
KaTAINTHYECKUM THIPUPOBAHHEM THMOJIA M IyJeroja u ap. OmHAKO MOJydYeHHE JKEIaeMoro IMPOIyKTa, KaK M3
MPHUPOIHOTO CHIPHSI, TAK U HEKOTOPHIMH CHHTETHYECKMMHU METOJIaMH, HE MOTYT IMOKPHITh MOCTOSHHO PacTyIIne
MOTPEOHOCTH NMPOMBINUIEHHOCTH. [103TOMY Tak akTyasibHa pa3paboTKa COBEPIIEHHO HOBBIX IyTE€H IMOJy4EHHS
JaHHoro cnupta. OJHMM M3 BO3MOXKHBIX IIE€PCIIEKTUBHBIX HMCTOYHHKOB CBIPbSl SIBIETCS LUTpaldb U €ro
npousBojHble. CornacHo aHanau3y JIMTEPATYPHBIX JaHHBIX, KaCKaIHbBII CHHTE3 alULMKINYECKUX CIHPTOB U3
LUTPaJIS BO3MOKEH B MPUCYTCTBUN O YHKIMOHAIBHBIX KaTaln3aToOpOB.

Ienpro JaHHOTO HCCIIEAOBAHUS SIBISIETCS Pa3pad0TKa MEPCIEKTHBHOW KaTaINTHUECKOW CUCTEMBI CHHTE3a
MEHTOJIa Ha OCHOBE PA3JIMYHBIX IIPEIIIECTBEHHUKOB HUKEJIS, a TAK)KE U3YUEHHUE BIMSIHUA COCTaBa KaTaiau3aropa

1 QU3UKO-XMUMHUYECKUX YCIOBHH MPOTEKAHUS PEAKIH Ha BBIXOJ [[EJIEBOTO MPOIYKTA.
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JKcnepuMeHTanbHast 4YacTb. [lnsg okcnepumenrta Obin BbiOpan 11 % Ni kaTanmzaTop Ha OCHOBE
neonuta H-Beta-38, MoanduimpoBaHHbIil CBA3YIOMINM T[JIHHHCTBIM MartepuanoM (6eHToHuToM). B kauectBe
TpE/IIIIECTBEHHHKOB MeTaiuta Oblti paccMotpens! dethipe comu Hukerst: Hurpat (NiN) , cymsdat (NiS), anerat
(NiA) u xmopuz (NiCl).

B xome peakmum HEOOXOAMMO MPOBECTH KACKaJHBIA CHHTE3, KOTOPBIH COCTOSUI M3 TpeX CTaguid —
THAPHPOBAHHUSA LMTPalsl 10 UUTPOHEIUTANS, LUKIM3AalUMHd LUTPATi OO H3OMYJeroja M THAPUPOBAHUA
u30ITyJerosia B MEHTON. J[ns OCyllecTBIEHHs TaKoro NpeBpalleHust Tpedyercss OH(yHKIMOHAIbHBINA
KaTaIU3aTop, COACPIKAIIMKA KUCIOTHBIC LIEHTPBI TS IUKIM3AIMH [IUTPOHEIUTANS U METAJUIMICCKHE ISHTPHI IS
ruapupoBanus C=C ces3eit (Puc. 1). Haubonee adpdhexTuBHBIM KaTamu3aTopoMm okasancsi BeiOpanubiid Ni/H-
Beta-38 xartammzaTtop, oOecmeYMBINMII BBICOKYIO AaKTHBHOCTh W CEJCKTHBHOCTH O0Opa30BaHUS IIEJEBBIX

HpOIYKTOB (~74%).

| M
0

\6‘1:6/ )

Puc. 1. Cxema npespawjenus yumpans 6 npucymcmeuu OuQyHkyuonanbHo2o kamauzamopa: 1. — yuc-yumpans,

2. — mpaHc-yumpane, 3. — yumpoHeulans, 4. — u30nyne2oiu, 5. — MeHmor

CremyromyM 3TarioM Halei paboTsl ObLT BEIOOP HanOoJIee aKTUBHOTO ¥ MIEPCIICKTUBHOTO TPEANICCTBEHHUKA
HUKeNs. BoHBIMU pacTBOpamMu coJieil Hukess Obuta mpormrtana cMmech (H-Beta-38/6enronnt=7/3) ¢ mocnemyroneit
cymkoi mpu 109 °C (17 gacoB), npoxaikoil B MydenbHoi neun npu 450 °C (4 9ac) 1 BOCCTaHOBJICHHEM B TOKE
Bogopoaa npu 450 °C (6 uacos). I'mapuposanme mutpans (Sigma-Aldrich, 95 %) B nukiorekcane (0,086 M)
TPOBOJIMITH B aBTOKJIABE TP Hanbostee onTUMaibHbIX yeroBusix (70 °C, 10 atm Hy).

WneHTndukamo  OPOAYKTOB  THUAPUPOBAHHSA  IMTpais  ocymecTBsun  Metogom [ X-MC,
KOJIMYECTBEHHBIN aHamm3 - meromoM [OKX. Jlng Hambonee aKTHBHBIX KaTajdW3aTOPOB OBLI MPOBEICH aHAIN3
metogamu POA, TIOM u UK cnekrpockornmu. Takke, CHHTe3UpOBaHHBIE 0Opa3Ibl A0 U MOCIE PEaKIHy ObLIA
WCCIICIOBAaHbl C TOMOMIBI0 HHU3KOTEMIIEpaTypHO# amcopOmmu azota mo Meroay BOT mna ompeneneHus

TeKCTYpHBIX cBOMCTB (Omudka! HeBepHasi CChLIKA 3aKIANKH. ).

Tabauya 1
TexcmypHvle c8OUCMBA HUKENEBLIX KAMATUZAOPOS, NOYYEHHbIX U3 HUmpama, cyivgama,
ayemama u X10puoda HUKeJis
TekcTypHbIe CBOICTBA
O6pa3ell SBET VDR Vnop VMPIKPO VMC30 VMC’}O/ VMI/leO
M/T eM®/r cMe/r eMi/r eMi/r
Caexuii 11 wt% NiN 337 0,16 0,29 0,12 0,17 1.4
11 wt% NiS 260 0,12 0,23 0,11 0,12 1,1
11 wt% NiA 238 0,11 0,24 0,08 0,16 2,0
11 wt% NiCl 283 0,13 0,23 0,11 0,12 1,1
Otpabo- 11 wt% NiN 149 0,07 0,17 0,07 0,10 1.4
TaHHBII 11 wt% NiS 83 0,04 0,13 0,04 0,09 2,25
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PesyabTaThl. AHaIU3UpYs NONTyYEHHbIE JaHHBIE (

WpenTndukaunioo  OpOAYKTOB  THIPUPOBAHUS — HUTpayns  ocymiecTBisuin — MmeronoM  ['X-MC,
KOJIMYECTBEHHBIN aHamm3 - meronoM [OKX. Jlng mambonee aKTHBHBIX KaTadM3aTOpOB OBLI IPOBEICH aHAIN3
metogamu PDA, TIOM u UK cnekrpockonmu. Takke, CHHTe3UpOBaHHBIE 00Opa3Ibl A0 H MOCIE PEaKIuy ObLIH
UCCIEZIOBaHbl C IIOMOINBIO HHU3KOTEMIIEpaTypHOH axacopOmum aszora mo meromy BOT nmsa ompemeneHus
TEKCTYpHBIX cBOMCTB (Omubka! HeBepHasi CCHLIKA 3aKIAMKH. ).

Tabnuya 1), caenyeT OTMETHTh, YTO KAaTaJIHU3aTOpP, TIC B KaueCTBE MPEKypcopa BHIOpaH HUTPAT HHUKEIS,
XapakTepu3yercst Haubojee pa3BUTOH YAEIbHOW MOBEPXHOCTBIO, @ TaKKe OOJBIIMM KOJIWYECTBOM ME30I0p,
00ecreynBaOIIMX TPAHCIOPT PEareHTOB K AKTHBHBIM IIEHTpaM Karanu3aTopa. [laHHBIM NpeniecTBEeHHHK
obecrieunBaeT (GpOPMHUPOBAHHE AOCTATOYHO MEJIKOAWCIIEPCHBIX METANIMYECKUX YaCTHIl HHUKEIS, KOTOPHIE B
CBOIO O4Yepellb PaBHOMEPHO pacIpeAeNsIoTCS IO MOBEPXHOCTH HocuTens. Kpome Toro s oTpabOTaHHBIX
KaTaJIM3aTOPOB HAOJNIIOAAETCS CHIKCHUE YACTBHON MOBEPXHOCTH, YTO MOXKET SIBJIATHCS MIPUYNHON YMEHBIICHHS
AKTUBHOCTH KaTaJlM3aTopa.

YCcTaHOBJIEHO, YTO HUTPAT HUKENS B KauecTBE NMpPEJIIECTBEHHHKA MeTajlla MposBIseT 0ojiee BBICOKYIO
CKOPOCTb M CCJICKTUBHOCTb B CHUHTC3€ MCHTOJIa M3 OUTpalid, B OTIHMYHUEC OT OCTAJbHBIX 06pa3110B. MoxHo
YCTAHOBUTH Psii aKTHBHOCTH HHKENEBBIX MPEKYPCOpPOB: cynbhaT<<xiopua<anerar<autpar (Puc. 2). Huskuii
BbIXOJ ILCJICBOTO MNPOAYKTa B TMPUCYTCTBUM KaTajlu3aTopa H3 XJIOpHUJa HUKEIA MOXKCT 6I)ITI) 00BsACHEH
criekaHueM 4JacTun Ni B X0Jle CHHTE3a NPH BBICOKUX TEMIIEpaTypax, a JIe3aKTHBAIMs KaTaln3aTopa Ha OCHOBE

cym,(baTa - 6HOKI/Ip0BKOI>'I AKTHUBHBIX IIEHTPOB HCIIOJTHBIM TCPMHUYCCKUM PA3JIOKCHUCM CCPBI.
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Puc. 2. Kongepcus yuc-, mpanc-uzomepos yumpais. Ycaosus peaxyuu: 150 me kamanuzamopa, PH; = 10 amm,

T=70 °C, Co yumpans = 0,086 M 6 yuxnozexcane, 15 mn, epems 50 mun

3aknoyenue. B xoj1e MPOBEICHHOTO MUCCICIOBAHKS YCTAHOBJICHO, YTO MCIOJIL30BAHUE HUTPATA HUKEIIS
st cuaTe3a Ni/Beta-38 karammzatopa sBisieTcst HanOoee ONTUMATBHOW CHCTEMOW U KacKaTHOTO CHHTE3a,

obecrieunBaroIel celeKTHBHOE 00pa30BaHKe PAlleMEHTOJIOB.
CIIUCOK JIMTEPATYPbBI
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Conference, Chem. Ind. - Boca Raton, Florida. — 2009. — Vol. 123. — P. 87-92.

Poccust, Tomck, 25-28 anpenst 2023 T. Tom 2. Xumus

113



XX MEXAYHAPOAHAA KOHOEPEHIUA CTYAEHTOB, ACITMPAHTOB 1 MOJIOABIX
YUEHBIX «ITEPCIIEKTUBBI PAZBUTHUA ©YHIAMEHTAJIBHBIX HAYK»

114

3. Simakova 1., Miki-Arvela P., Martinez-Klimov M., Muller J., Vajglova Z., Peurla M., Erdnen K., Murzin
D.Y. Continuous Synthesis of Menthol from Citronellal and Citral over Ni-Beta-Zeolite-Sepiolite
Composite Catalyst // Applied Catalysis A: General. — 2022. — Vol. 636. — P. 118586.
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V]IK 54-116
HCCJIEJOBAHME BJIUSHMUSI IIJIASMEHHOT'O BO3JIEVICTBUS HA IIOBEPXHOCTHBIE
CBOWCTBA HETKAHBIX MATEPUAJIOB HA OCHOBE MOJIMJIAKTHJIA
A.T'. Kopxona, C.I'. Tyskoa, O.A. JlaryTs
Hayunsrit pykoBOoInTENH: JONIEHT, O.¢.-M.H., M. A. Kyp3una
HaunonaneHelil necnaenoBaTenbekuil TOMCKUN TOCYy1apCTBEHHBIN YHUBEPCUTET,
Poccus, r. Tomck, mip. Jlenuna, 36, 634050

E-mail: korzhoval7@gmail.com

INVESTIGATION OF THE EFFECT OF PLASMA EXPOSURE ON THE SURFACE PROPERTIES
OF NONWOVEN MATERIALS BASED ON POLYLACTIDE
A.G. Korzhova, S.G. Tuyakova, O.A. Laput
Scientific Supervisor: Assoc. Prof., Dr., I.A. Kurzina
Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050

E-mail: korzhoval7@gmail.com

Abstract. The effect of plasma on the surface properties of scaffolds based on polylactic acid is investigated.
Elemental composition of the plasma modified scaffolds study by X-ray photoelectron spectroscopy. The content
of nitrogen atoms on the sample surface varies from 8 to 11 % after argon and argon/diethylamine plasma.

For samples treated with argon/diethylamine plasma, grafting of amino groups (up to 24 %) is observed.

Beenenne. Matepuans! Ha ocHOBe nonunaktuaa (I1JI) sBistoTCS MepCIeKTUBHBIMU TSI MEIHIIMHCKOTO
UCTIONB30BaHus Oiarofapss ero OmocoBMecTUMOCTH. IIpomaykT Ouonmerpamaiil TMOJNMIAKTHAA — MOJOYHAs
KHCJIOTa, — ABJSIETCS METa0OJUTOM B UEJIOBEUECKOM OPraHHM3Me M HE OKa3bIBA€T TOKCHYECKOTO BO3JEHCTBHS.
IonunakTuaHBIE W3[ENHA YCHEIIHO NPHUMEHSAIOTCS B BUAE XUPYPIHUECKHX IIOBHBIX MAaTEpUAJOB, CHUCTEM
JIOCTaBKH JIEKAPCTB, a TAKXKe PACCMATPUBAIOTCA KaK NOKPBITUS ISl yCKOPEHHUS 3a)KUBIEHHS KOXKHBIX paH. Cpenun
HEJIOCTATKOB TOJIMJIAKTHAA HEOOXOIMMO BBIICIUTh XUMHUYECKYI0 MWHEPTHOCTh M Cla0ylo aire3wio KJIETOK K
NOBEPXHOCTH W3TOTOBJIICHHBIX M3 Hero wm3genawid [1]. Jlng ynydileHWss 3THUX CBOWCTB, Ipejsiaraetcs
MOJM(UIMPOBATh MOBEPXHOCTh MAaTEPUANIOB MOCPEJICTBOM IPHUBUBAHUS A30TCOACPIKALIMX (YHKIMOHATBHBIX
rpynn. [IpuBuBaHME BO3MOXHO OCYIIECTBUTH IIJIa3MOXUMHUYECKOW 0OpabOTKOi ¢  WCIOJIb30BaHHUEM
a30TcoIeprKallero nNpeKypcopa.

Llenbto maHHO# pPabOTHI SIBJISETCS MCCIIENOBAHUE BIMSHMS IUIa3Mbl COCTaBa aproOH/IMATHIAMUH Ha
3JIEMEHTHBIN COCTaB MOBEPXHOCTH HETKAHBIX MaT€pPHaIOB HA OCHOBE IOJIMIAKTHIA.

JKcnepuMeHTaNIBHAsE YacTh. OOBEKTOM HCCIIEIOBAaHUS SBISIFOTCS HETKAHbIE BOJIOKHUCTBIE MaTepUalIbl
Ha OCHOBE TIIOJNIWJIAKTHJA, IOJydeHHble MeTomoM  anektpocnuHHuHra  (Nanon-01, HHKW  TIIY
Hayuno-oOpa3zoBarenbhbiii 1eHtp bB.II. Beiinbepra, Tomck). Moandukanus HOBEpXHOCTH 00Opa3loB
MPOBOAMIIACH HHU3KOTEMIIEpaTypHOU IIa3Moil Tieromero paspsga B moroke aprona (MCO CO PAH,
JlaGoparopusi BAKyyMHOM 2JIEKTpOHHKH, TOMCK). B kauecTBe OHOpa aMHHOTPYMI B TOK TIa3MOOOPa3yrOIIEeTo
rasa mojaBajuch mapsl audTHiaMuHa (JJ9A) B n1Byx koHueHtpanusax — 5 u 20 %. B pabote ucmosnb3oBanu 1Ba

THna peakropa, T- u L-oOpa3Hoit (opmsbl, pazauyaromuecss 00beMOM aKTHBHOW IUTa3MEHHOH 30HBI. Takum
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obpasom, ObuTH modyueHbl 2 obpasia, o6paboranusie wiazmoi aprouna (ITJI/Ar (L) u TIUI/Ar (T)), 4 ob6pasua,
obpaboranusie cmechio aprou/mudtminamun  (TUTV/AMDAs (L), TUI/AIDAs (T), TUVAMIDA2 (L) wu
TUI/ArIIDA2 (T)) u 1 xouTposmsHbIA oGpasen 6e3 06padorku (I1J1). DiIeMEeHTHBIH COCTaB W XMUMHYECKOE
OKpYXKEHHE aTOMOB IOBEPXHOCTH OO0pa3lOB HKCCIEAOBAIM METOJOM PEHTICHOBCKOW (HOTOAIEKTPOHHOM
cnekrpockoniu (POIC) (PHIX-tool automated XPS microprobe, Hanomeatp MUPJA, Mocksa). AHamu3
MOJYYEHHBIX CIIEKTPOB mpoBo iy mpu momoriu [10 CasaXPS.

PesyabtaTsl. Ha ocHoBanuu nanneix POOC onpeneneHo cojepikaHue aTOMOB yriiepoja, KUCIopoJa U
a30Ta Ha TMOBEPXHOCTSIX MCXOJHOTO M MOJU(UIIMPOBAHHBIX IUIa3MOW 00pa3loB. 3HAYCHUS] SHEPTUH CBS3U IS
mukoB Cls m Ols mis HeoOpabotannoro matepuana (I1JI) cOOTHOCATCS ¢ TECOPETUYECKUMHU JTaHHBIMHU II0
SHEPTUsIM CBSI3M DJICKTPOHOB, HAXOJSIIMXCS HA OMpPEICTICHHBIX YPOBHSX B aroMax Yriiepoja W KHUCIOpoJa B
monmnaktuae (286 3B u 533 5B) [2]. ITocne B3anMoaeiicTBHIs 06pa3IoB ¢ MIA3MOM COCTaBa aproH/ I THIAMUH
Habmomaercs obOpasoanne mmka N1S ¢ smeprueit cBs3m 399 »B. Ha pucynke | mpenctaBieHBI aTOMHEIC
KOHLICHTPALIMK YTIepo/ia, KHCIOpoda M a30Ta Ha IOBEPXHOCTH 00pa3uoB. BbIsBiIEHO, 4TO mpu 00paboTKe
Marepuaia IJia3Moi, coiepkamied 5% mapoB AMAITWIAMHMHA, KOHIIEHTPALMs aTOMOB a30Ta Ha MOBEPXHOCTH
BBIIIIE, YeM MPH 00paboTKe mia3Moi, copeprkarieit 20% mapoB AUITHIAMUHA. DTO CIIPABEIJIMBO IIPU 00paboTKe
kak B L-oOpa3Hom peakrope, Tak 1 B T-o0pa3HOM peakrope. JlaHHOE sIBIIEHHE MOXHO OOBSCHHTH CHIKCHHUEM
JIOJNIM aproHa B CMECH M MeHbLIeH akTuBauuei mosepxHocTu [1JI, uTo, B CBOIO ouepenb, MPUBOIAMUT K Ooiee

CJ'Ia60My CBA3BIBAHUIO BHEAPAEMBIX aTOMOB.

COINCJoEdc

100 S

ATOMHas KOHUEHTpaLus, %
3
o
1

Puc. 1. Amomnoe codepacanue ocrnosnvix snemenmog (C, O, N) Ha nogepxHocmu ucxo00H020 U NAA3MEHHO-

MoOugpuyuposannvix 0opasyos I1J1

Js OIEHKM XMMHYECKOIO OKPY)KCHHS aTOMOB YIiepoJa OBUIM HCCIEJOBAHBl COOTBETCTBYIOIIUE
peruonsl POD crektpa (C1ls) B Goiiee BBICOKOM paspemieHnd. B Tabnuie 1 mpeacTaBieHO coiepiKaHHe
XMUMHUYECKHX CBs3€H M yKa3aHbl XapaKTepHbIE 3HAUEHWS OHEPrHid CBSI3H, OINMCHIBAIOUINE IIOJIOKEHUE
COOTBETCTBYIOIIMX KOMIIOHEHT Ha criekTpe. Jlo BO3AeHCTBUS MIa3MOW TPH KOMITOHEHTHI CIIEKTPA COOTHOCSTCS

HpI/I6JII/I3I/ITeJ'IBHO kak 1:1:1. Ilocme mIa3MeHHOTO MOZ[I/I(i)I/IL[I/IPOBaHI/ISI Ha6JIIOZ[aeTCH YBEJIIMYCHUEC J0JU
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komrnoHeHTsl CH3/C-C mns Bcex 00pa3moB, YTO, BEPOSITHO, CBS3aHO, C YAaCTUYHOW JCCTPYKIMEH Iiereit
nojnuMepa ToA  BozielcTBueM IuadMmbl. Ilocie 00paboTkM MaTepHaloB IUIa3MOM COCTaBa aproH |
apros/au TIIIAMIH POD criekTpsl pacKiagpiBaloTes Ha 4—5 KOMIIOHEHT, YTO BBI3BaHO, BEPOSTHO, 00pa3oBaHHEM
azoTcozepKamuX (HYHKIMOHANBHBIX TPYII: aMHHOTPYIIIBI, Xapakrepusylomeics ces3pio C-N, n amumHON

TPYIIIEL, XapakTepusyromieics csi3pio N-C=0.

Tabnuya 1
Honoowcenue u codepoicanue ceszeil na PO cnekmpe ons pecuona C1s
Coneprxanue cBs3H, %

Obpasen CHa/C-C C-N Cc-0 N-C=0 0=C-0

285,0 5B 286,4 5B 286,9 5B 287,9 3B 289,1 5B
T1T 34,9 — 31,5 — 33,6
ITJI/Ar (L) 47,9 3,3 21,7 2,0 25,1
T/ Ar/IDAs (L) 44,6 24,0 15,0 7,8 8,7
TU/Ar/ID A (L) 65,1 18,4 7,7 3,3 55
ITJI/Ar (T) 47,9 0,0 25,8 3,5 22,9
TJI/Ar/IDAs (T) 57,7 23,9 4,7 9,4 4.4
TUI/Ar/ID A (T) 53,8 22,2 8,0 6,4 9,7

s 06pa3noB, 06paboTaHHBIX TOIBKO IDIa3MOI aproHa, GopmupoBanue C-N cBs3u He HaOIOKACTCS WIH
CBs3p MMeeT Manyio KoHmeHtpamuto (3,3 % mis obpasma [IJI/Ar (L)). B atom ciydae, mpeamoNoXUTeNsHO,
obpa3syeTcst HeOOJbIIOE KOTMYECTBO aMHUIHBIX (YHKIMOHATIBHBIX rpymil. [Ipu 00paboTke u3fenunii mia3mMoi ¢
J00aBIeHUEeM MapoB QUATHIAMUHA IOKA3aHO yBenuueHue miomanu kommnoneHra C-N mo 24 %.

3akmouenue. [loka3zaHo, 4To 00pabOTKa MOJMIAKTUAHBIX MATCPUAJIOB IUIA3MOW TICKOIIETO pa3psia B
MOTOKEe aproHa ¢ J00aBJICHHEM MApOB MUITWIAMHHA MPUBOAUT K BAPHHUPOBAHUIO ATOMHBIX KOHIICHTPAIUIA
JJIEMEHTOB B IIOBEPXHOCTHBIX CJIOSIX. B 3aBUCHMOCTH OT YCJIOBHH 00pabOTKM IUIa3MOW  COCTaBa
AprOH/IMATHIIAMIH, KOHIEHTpAIUs yriepoaa Mensercs ot 76 no 83 %, kuciaopoaa — ot 9 mo 16 %, a3ora — ot
8% no 11 % (npu 71 % yruepona, 29 % xucnopona u 0 % azora aJst HCXOMHOrO 00pasiia). MakcuMalibHbIe
koHueHtpauu cBs3u C-N, xapakrepusyoiue aMuHOTpymmbl, (okono 24 %) HabmromaroTcs uis 00paslios,
00paboTaHHBIX IIa3MOM, cojepxarinedl 5 % aUdTHIaMUHA, B OOOMX THIAX IUIA3MOXUMHYECKOTO PEAKTOpA.
Takum 00pa3oM, IIa3MEHHOE MOJU(UIMPOBAHHE B TOKE aproHa C J00aBICHHEM IHATHIAMHHA B Ka4eCTBE
JIOHOpA aMUHOTPYIIIT MOXET YCICIIHO MPUMEHSTHCSA ISl U3MEHCHHS MOBEPXHOCTHBIX CBOWCTB HETKAHBIX
MaTEepHaIOB Ha OCHOBE MOJIMIAKTH/IA.

Hccneoosanue evinoaneno npu noodepoicke Ilpoepammer paszeumusi Tomckozo 20cy0apcmeeHHo20

yuueepcumema (Ilpuopumem-2030) u npu nooodepocxe Munucmepcmea Hayku u 6vicuieco 00pa308aHUs

(FSWM-2020-0037).
CIIUCOK JIMTEPATYPbI
1. Laput O.A., Vasenina I.V., Botvin V.V. Surface modification of polylactic acid by ion, electron beams and
lowtemperature plasma: a review // Journal of Materials Science. — 2022. — Vol. 57. — P.2335-2361.

2. Beamson, G. Briggs, D. High resolution XPS of organic polymers: The Scienta ESCA300 Database. —
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Y]IK 665.7.038
KOHTPOJIMPYEMBbBIA CUHTE3 COIIOJIUMEPOB CTEAPUJIMETAKPUJIATA C KHCJIOPOJ]
N ABOTCOJEP) KAIIMUMHU MOHOMEPAMM U X UCTTIOJIb3OBAHUE B KAYECTBE
IMPUCAOK K JU3EJIBHOMY TOIL/IUBY
W.I1. Kpuynuges, E.C. Cumakuna, E.[I. lonranos
Hayuns1it pykoBogutens: unen-kopp. PAH, n.x.H. J1.®. I'pumun, noueHrt, k.Xx.H. M.B. IlaBnoBckas
HanmonansHbli nccnenoBarenbekuit Hkeropoackuii ['ocynapersennsiii yausepeutet um. H.U. Jlobauesckoro,
Poccus, r. Huxuuiit Hosropon, np. I'arapuna, 23x5, 603022
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CONTROLLED SYNTHESIS OF STEARYL METHACRYLATE COPOLYMERS WITH OXYGEN
AND NITROGEN-CONTAINING MONOMERS AND THEIR USE AS DIESEL FUEL ADDITIVES
I.P. Kriulichev, E.S. Simakina, E.D. Dolganov
Scientific Supervisor: Ass. Prof., PhD. M.V. Pavlovskaya
Lobachevsky State University of Nizhny Novgorod , Russia, Nizhny Novgorod, Gagarin ave., 23k5, 603022
E-mail: ivann19.11.1998@gmail.com

Abstract. In the present study, we performed the results of the synthesis of copolymers stearyl
methacrylate(SMA) and stearyl acrylate (SA) with maleic anhydride (MA), vinylpyrrolidone (VP) and glycidil
methacrylate (GMA) under ATRP (Atom Transfer Radical Polymerization) and RAFT (Reversible Addition-
Fragmentation Chain-Transfer Polymerization) conditionals. It has been found that copolymers were
synthesized under controlled mode have a positive effect on the depressant properties of diesel fuel. This fact is
due to the chemical affinity SMA’s and SA’s links to diesel fuel hydrocarbons and the presence of heteroatoms in
the structure of comonomers. Also termooxidative properties polySMA-GMA copolymers were analized. It has
been established that polySMA-GMA is able to have a complex effect for diesel fuel that makes better

depressant, termooxidative and lubricating properties.

Beenenne. B cBs3u ¢ exeroqHo pactymum norpedienneM au3enbHbIX TorumB ([T) akryanbHa 3amada
MOBBILICHHUS OIKCIUTyaTalHOHHO-TIOTpeOnTeNbckuX xapakrepuctuk JT. Jlns 3TOro MmMpPOKO HCMONIb3YHOTCS
NPUCAZKM  PA3JMYHOTO  JEMCTBUA:  JCMPECCOpPHBIE,  MOIOIIME,  CMas3bIBAIOIIMEe,  YIy4dlIalol[ue
TEPMOOKHCIIUTEIbHbIE CBOMCTBA. JlempeccopHble NpUCAIKH TPEACTABISIOT COOOH BBICOKOMOJIEKYIISIPHBIE
COEJMHEHHUS, Yallle BCErO COJEpIKaIlUe B CBOEM CTPOEHHH I'€T€POATOMHBIE COEIUHEHNUS, B YACTHOCTH KHUCIIOPOJI-
U a3oTconepxkamue. B paHHOI paboTe McciIenoBaHO BIMSHUE CONOJIMMEPOB HAa OCHOBE CTeapHIMETaKpuiiata U
creapmiakpmwiata (CMA n CA, cooTBeTcTBeHHO) ¢ rimimannmerakpwiatom (I'MA), suanmumppomunonom (BIT) u
MaJIenHOBBIM aHTUApHAOM (MA) Ha HU3KOTEMIIepaTypHBIE XapaKTePHUCTHKH M TEPMOOKHCTIHHEbHBIE cBoiicTBa [ T.

BaxxHO OTMETHTB, YTO OJHMM W3 OIPEIENAIOMMX TMapaMeTPOB JUII COMOJIWMEPOB, HCIHOIB3YEeMBIX B
kauecTBe npucanok aus T, sBustorcs MonekynspHo-maccoBble xapakrepuctuku (MMX). OmHUM M3 caMbIX
JIOCTYIIHBIX METOJOB CHHTE3a CONOJIMMEPOB C 3aJaHHBIMM cocTaBaMu M MMX SBISIOTCS METOABI
KOHTPOJIUPYEMO#l paaukanbHON nonumepusanuu, uactHoctu Atom Transfer Radical Polymerization wu

MOJIMMEpH3aNHs 0 MeXaHM3MY npucoeanHeHus-pparmentan (OIIL-noanmepu3anms).
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JKkcnepuMeHTalbHas YacTh. Cunmes cononumepos memooom Atom Transfer Radical Polymerization.
[Ipu mpoBeneHWM SKCIIEPUMEHTOB IO cUHTE3y (co)nonumepoB B KouOy lllnenka, cHa®eHHYIO MarHMTHOM
MEIIAIKOH, TOMEIIadl NpeIBapUTEIFHO pacCUMTaHHBIe KommduecTBa Opommma wmemnm (1), Tpuc[(2-
TUPUAWIT)METHI |aMAHa,  TIOUIHIIIMETaKpHIaTa,  CTeapiiMeTakpmwiaTa B Toiyone.  KoHmeHTparws
CTeapmiIMeTakpmiaTa B Todyolie cocTaBisiia 11 wmox %. PeakmmoHHYI0 cMech AeTasUpoBAld  TPWXKIBL,
0CBOOOXKIasi OT CIENOB KHCIIOPOJAa, W 3amoNH:UIN KoiOy aproHoM. Ilocie 3Toro moOaBisu pacCUWTaHHEIC
KOJIMYecTBa 3THI-2-0pomon3o0ytupata. [lonyueHHyI0 cMech pas3iiMBajM IO CTEKJISHHBIM aMIyJlaM M BHOBb
TPWXABI Jera3upoBany. 3aTeM aMIyibl 3alavBajll M IOMEIIadd B TepMOCTaT Ha 3aJaHHOE BpeMs Ipu
temmneparype 60 °C.

Cunmes conomumepos memoodom Olll]-nonumepuzayuu. JIIg CUHTE3a COMOIMMEPOB II0 MEXaHHU3MY
TPUCOCANHEHHUA-(pparMeHTany, B3BEHMICHHBIE W TPEIBAPUTEIHHO PACCUMTAHHBIC KOJMYECTBA WHHIMATOPA
quHATpria - asomsomacisiHon  kuciotel  (JJAK), OIlll-arenta  (IOACHMIH3OMPONIITPUTHOKAPOOHAT — WIIH
JTOCH3MITPUTHOKAPOOHAT) WU MOHOMEPOB PACTBOPSUIM B TONyoJe. PeakIMOHHYI0 CMech 3aluBald B aMITyJIbI,
TPWKJIBI JIETa3UpOBAIIH. AMITy/IbI oMeIan B TepmocTar (60°C) 1 MoJIMMepH30BaIM 3aIaHHOE KOJIMYECTBO BPEMEHH.

Onpedenenue HUSKOMEMNEPAMYPHBIX CEOUCME OU3eNbHO20 MOoNnaued. VI3yueHne BIUSAHUS MOJIUMEPOB Ha
nenpeccopubie cBoiictBa JIT mpousBoawinch Ha aHamuTudeckoM mnpubope MX-700. AHanu3zupyemyro mpody
BBOJIJIM B TPHOOpP, B KOTOPOM OHa OXJaXJajach 10 (HUKCALMM YKa3aHHBIX M3MEHEHHH (PU3NKO-XMMHUYECKHX
cBoiicTB. TounocTb u3mepenus +£0,5°C, norpemnocts - + 2°C.

Hcceneoosanue xunemuxu oxucienus ousenvHo2o monaugéd. KHHETHKY OKHCICHHS TU3EIBHOTO TOILTHBA
W3ydald 10 METOAWKE, Pa3paOO0TaHHON Ha OCHOBE CTaHIAPTHOTO METOJA OTPEICIICHHS] TEPMOOKUCIUTEIBHOM
crabmrsHOCTH (TOCT P® 23797-79) BomroMOMeTpHYECKH (IO 00BEMY MOTIOMICHHOTO KHCIOPOAa AU3EIHHBIM
TOITMBOM) ITpu Temmepatype 120°C.

PesyabTaThl. CHHTE3MPOBAHBI COMOJIMMEPHI Ha OCHOBE YKa3aHHBIX BBIIIE MOHOMEPOB B IIHPOKOM
JIMara3oHe MOJIEKYJSIPHBIX MacC U COCTaBOB B KOHTPOJHUPYEMOM pEXHUME. Y CTaHOBJIEHO, YTO CONOJIMMEpPHI Ha
OCHOBE CTeapuIMeTaKpuiaTa U CTeapuilaKpuiiaTa yiIydlalT Hu3KoTeMieparypusle cBoiictea AT (tabim.1).

Crour OTMETUTH, 4TO OOJbIIee BIMSHHC Ha JIETPECCOPHBIC CBOWCTBA TOIUTHBA HAONIOAAIOTCS B CIydac
MPUCA/IOK Ha OCHOBE CTeapmiMeTaKpuiara. JJaHHbIe JoOaBKH paboTaroT yxe B KoHIeHTparuu 400 ppm, B 9aCTHOCTH
II(CMA-I'MA) cocrasa 40/60% maccoii 57 kDa. Conosmmepst I[I(CMA-MA), TI(CMA-BIT), TI(CA-MA) u T1(CA-BIT)
M3Yy4YeHBI KaK JENPeCcCOpHBIE MPHCAIKU, KOTOPBIE OKA3bIBAIOT MOJIOXKUTENIFHOE BIMSHUE Ha TEMIIEPaTypy 3aCThIBAHUA U
NpeNIeNbHYI0 Temreparypy GuisTpyeMocTd B KoHreHTparmu 1600 ppm.

IMpucanxku II(CMA-I'MA) Obuti u3y4deHbl Ha MpPEIMET BO3MOXKHOI'O HX INPUMEHEHHS B KadyecTBe
KOMIUIEKCHOM J00aBKH, yJIydIIalonie He TOJBKO JENPECCOpHbIe, HO M TEPMOOKHUCIHTENbHBIE cBoMcTBa T
(puc.1). Iokazano, uto JT ¢ npucankamu Ha ocHoBe CMA ¢ 'MA mnojaBepraercss TepMHIECKOMY OKHCIICHHIO

Xyxke, ueM rugpoounuieHtoe JT.
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Tabnuya 1
Brusnue cunmesuposannvix cononumepos na denpeccoptule ceoticmea J{T
JenpeccopHbiii 3pdexT
Bun ronnusa Temmneparypa Temmneparypa [IpenensHas Temneparypa
nomytHeHus, °C | 3acteiBanms, °C ¢uneTpyemoctu, °C
JT 6e3 npucamxu™ -9 -13 -11
AT + II(CMA-T'MA) 57 kDa 400 ppm 0 -9 -7
AT + TI(CMA-BII) 62 kDa 1600 ppm -6 -19 -5
AT + TI(CA-BIT) 46 kDa 1600 ppm -3 -10 0

AT+ II(CMA+MA), mon.0yTanonom-1,

25 kDa 1600 ppm 4 14 4

*B Tabi.1 NMpUBeNEHBI TEeMIIepaTypa MOMYTHEHNUS, 3aCTHIBAHUS U TIpeelibHas Temieparypa ¢puiasrpyemocta AT

Puc. 1. Tepmookucrumenvnwie ceoticmsea T 6 npucymemeuu II(CMA-I'MA)

1. — I'uopoouuwennoe AT; 2. — JT + I1(CMA-I'MA) 25 kDa 1600 ppm; 3. — JT + I1(CMA-I"'MA) 57 kDa 1600 ppm

OzHUM M3 Ba)KHEHIIMX Ka4yecTB MPHUCAJIOK HAa OCHOBE MA SBISieTCS BO3MOXHOCTb MOAM(MUKALNU UX
CBOMCTB 3a CUET BHEAPEHHA B MAaKpPOMOJIEKYJBl 3BEHBEB PA3TUYHONW NPHUPOJBL: XKHUPHBIX CIHPTOB, aMHHOB,
OpPraHMYeCKUX KHUCIIOT. YCTAHOBJIEHO, YTO BBICOKOH JIENPECCOPHONW aKTHBHOCTBIO 00JaJaloT MPOU3BOJHBIC
cormomuMepoB MA, coxepkamue AIHHHBIE O0KOBbIe Henu (Cis u Oonee). JnuHHBIC anKWiIbHBIE (QparMeHTHI
MOTU(PHUIMPOBAHHOTO COMONIMMEpa Ha OCHOBe MA BXOISAT B CTIPYKTYpYy KPHCTAUTMYECKOW YIMAKOBKH
nmapa)MHOBOTO  3apOJBIIa, TPH 3TOM TOIApHBIE (parMeHTH (QOPMHPYIOT CTEpHUUECKUil  Oapbep,
MPEMSATCTBYIOIINHN CIUITAaHUIO CIIOEB MapaduHa U KPUCTAIUTH3ALNH.

[TosTomy, Obuta mpoBenena Monudukarnus comnonuMepoB [I(CMA-MA) ¢ NepBHYHBIMU CHHPTaMH, B
YaCTHOCTH OKTaHOJIOM-1, OyTaHosom-1. M3ydeHo BiusHUEe MOANGHUIMPOBAHHBIX MMOJMMEPOB Ha JEHPECCOPHBIC
cpoiictBa [T (Tabml).

3akJirouenue. B pe3ynpTaTe mpoBEICHHBIX UCCIEA0BAHNN YCTAaHOBIEHO, YTO MPUCAAKH HAa ocHOBe CMA
u CA ynyumaror genpeccopusie cBovictBa [T. [Ipucanka Ha ocHoBe [I(CMA-I'MA) MOKeT OBITh HCITOJTb30BaHA

B KauyecTBe koMIuiekcHo! k [T, ymyumiaroneil Hu3koTeMneparypHble TEpMOOKUCIUTENbHbIE cBoricTBa [ T.
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VK 533.9.07
PROCESS SIMULATION OF PLASMA-CHEMICAL SYNTHESIS OF OXIDE COMPOSITIONS
FOR URANIUM-THORIUM TOLERANT ECONOMICAL FUEL HIGH-TEMPERATURE
GAS-COOLED REACTORS
A.A. Kuznetsova
Scientific Supervisor; Assoc. Prof., Ph.D. A.G. Karengin
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: aak264@tpu.ru

MOJEJUPOBAHUE MNPOLECCA ITIJIASMOXUMHUYECKOI'O CUHTE3A OKCHUHBIX
KOMITO3UIIUM IJI51 YPAH-TOPUEBOTI'O TOJIEPAHTHOI'O SIIEPHOI'O TOILIVBA
BBICOKOTEMIEPATYPHBIX I'A3O00XJIAZKKAAEMbBIX PEAKTOPOB
A.A. Kysnenosa
HayunbIii pykoBOIUTENb: TONEHT, K.¢.-M.H. A.I'. Kapenrun
HaunonaneHbli uccnenoBarenbckuii ToMCKHUNA MOAUTEXHUUECKUN YHUBEPCUTET,

Poccus, r. Tomck, mip. Jlenuna, 30, 634050
E-mail: aak264@tpu.ru

Annomayusn. Ilposeden nouck cocmagos 600H0-0P2AHULECKUX HUMPAMHBIX PACMBOPO8 YPAHd, MOPUs MAZHUSL U
ANIOMUHUSL, OMBEUAIOWUX KPUMEPUIM aduadbamuieckol memnepamypul U HU3KOU meniomeopHol cnoCoOHOCHU.
Pacuem cummesa nposoduncs e nuyeusuposannoii npoepamme « TEPPA» npu ammocgeprom Oaenenuu u

memnepamype om 300 0o 6000 K.

Introduction. Accident tolerant and advanced technology fuel (ATF) also called "tolerant" fuel is the
nuclear fuel that is resistant to abnormal situations at nuclear power plants (NPP). The development of ATF has
become a key trend in the global nuclear industry in recent years, aimed at improving the safety of nuclear power
plants, practically eliminating the possibility of accidents with negative environmental impact. Tolerant fuel,
even in the event of loss of coolant and disruption of heat removal in the reactor core, must maintain its integrity
for a sufficiently long time. In addition, separate ATF variants with alternative fuel compositions can make
operation more cost-effective without increasing the level of uranium enrichment. Tolerant fuel has high thermal
conductivity, low heat capacity, increased heat resistance and uranium content. Such properties are achieved by
modifying the fuel rod cladding or the dispersive nuclear fuel (DNF) matrix.

The plasma-chemical method for obtaining highly dispersed powders of oxide compositions can compete
with existing methods, as it has a number of advantages, such as single stage, compactness of process
equipment, low energy consumption. The aim of the work was to model and study the process of plasma-
chemical synthesis of oxide compositions using the TERRA licensed program and to determine the optimal
composition of water-organic nitrate solutions (WONS), which ensures their energy-efficient plasma treatment.
This study presents the results of theoretical studying the process of plasma-chemical synthesis of oxide
compositions from BORR solutions, including an organic component (acetone), aqueous solutions of fissile

(uranium, thorium) and matrix (magnesium, aluminum) metal nitrates.
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Research methods. Magnesium and aluminum oxides were chosen as the matrix due to their high
thermal conductivity, low thermal neutron capture cross section, lack of interaction with uranium, relative ease
of production and alloy strength [1]. The net calorific value of a water-organic nitrate solution is determined by
the following equation [2].

s _ (100 —W - A)Qf 2,5W
b 100 100’
where Q¢ is the net calorific value of the combustible component, MJ/kg; W is water content, A is non-

combustible mineral substances in the composition %; coefficient 2.5 takes into account the latent heat of
evaporation of water at 0 °C, MJ/kg. A more objective indicator of the combustibility of a water-organic nitrate
solution is the adiabatic combustion temperature, which was estimated using this formula:

_ (100 - vox)QlS + voxCoxtox
ad = 100VC '
Water-organic nitrate solutions with Tag = 1500-1600 K ensure their energy-efficient plasma processing in

an air-plasma flow.

Results. The optimal values of the calorific value and adiabatic temperature at a coefficient a (the ratio of
the fissile component to the non-fissile one) are to 0.5 and the matrices MgO and Al,Os are shown in fig. (1, 2).
Table 1 shows the results of calculating the WONS compositions with minimal energy consumption and the

optimal value of the adiabatic temperature.

004 MEC S04H D 032 MEac 08K
’ UIHEZc :
Ian-\..aosa:)
£ ThD24C) sosmemmasrag,
0032 0.024 U4D3¢c)
0024
0 .018
0.016
060 0.008
Mg0¢c) Magder
o, O Ty, 0 o,
I} 00 1800 40n 3200 T. K ] 200 1600 400 3200 T. K
e
(a) (b)

Fig. 1. Correlation of the composition of the main products based on acetone on temperature after plasma
treatment at a=0.5 and mass fraction of air 57% (a) and 59% (b). MgO 5%, WONS-1
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Fig. 2. Correlation of the composition of the main products based on acetone on temperature after plasma
treatment at 0=0.5 and mass fraction of air 55% (a) and 57% (b). Al,03 5%, WONS-17

Table 1
WONS indicators

WON Q|S T d EUI’h
S Ne air, % uo, UsOg | UsOg UOs3 ThO, | MgO | AlLO; | C MJ/I’<g Ia<7 Mé/k
1 57 + - - - + + - - 5.44 1602 | 19.83
5 57 + - - - + + - 5.42 1591 19.98
9 57 + - - - + + - - 5.40 1580 | 20.14
13 57 + - - - + - - 5.39 1569 | 20.30
17 55 + - - - + - + - 5.14 1584 | 17.43
21 55 + - - - + - + - 5.12 1553 | 17.69
25 55 + - - - + - + - 5.10 1559 | 17.84
29 55 + - - - + - + - 5.08 1547 | 17.90

Of the 74 WONS compositions obtained, only 8 complied with the requirements that ensure their energy-
efficient plasma processing in an air-plasma flow. All 8 compositions of WONS were obtained on the basis of an
organic component, acetone, at o = 0.5 — 0.8, with a mass fraction of the oxide matrix (MgO and Al,O3) 5% and
an air content (55 and 57%).

Conclusion. The results obtained can be used to design a technology for the plasma-chemical synthesis of

fuel oxide compositions of dispersed nuclear fuel for high-temperature gas-cooled reactors.
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DEVELOPMENT OF AN EMULSION DOSAGE FORM
OF 2,6-DIISOBORNYL-4-METHYLPHENOL: COMPONENTS SCREENING, PHYSICOCHEMICAL
PROPERTIES AND IN VIVO TESTING
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Abstract. Dibornol (2,6-diisobornyl-4-methylphenol, IBP) is a semi-synthetic phenolic antioxidant with
cardio-, neuro-, and retinoprotective properties; therefore, it has attracted considerable attention in recent years
in Russia. Nevertheless, the drug had low bioavailability after oral administration due to its insufficient gastric
residence time, low permeability, and water-solubility (logP = 8.14). It is well known that emulsions are
considered as one of the most promising encapsulation and delivery systems for such compounds. Hence, the
aim of the present study was to develop an oil-in-water microemulsion that contained lauryl alcohol ethoxylate
24 moles as a surfactant and ethyl alcohol as a co-surfactant to enhance the oral absorption of IBP. The
prepared microemulsion was evaluated for its particle size, viscosity, and stability (thermo- and long-term
stability, stability after dilution with simulated gastric fluid). The obtained microemulsion had a particle size of
<100 nm. Stability testing indicated that this microemulsion was stable at room temperature and at 37°C for at
least 31 days. The results of pharmacokinetic studies showed that Cmax and AUCo 7, parameters increased by
2 and 2.7 times for microemulsion compared to the oil dosage form. As a result, the IBP relative bioavailability
also increased by 273%. Thus, in this study, the prospects of using microemulsion to obtain IBP dosage form

with enhanced oral bioavailability were demonstrated.

BBenenne. B HacTosmee Bpemsi HaOmogaeTcs 3HAYMTENBHBIA POCT YHCIA HAYYHBIX ITyOJIMKAITHH,
MOCBAIICHHBIX TPHPOTHBIM M CHHTETHYECKHM (ECHOIBHBIM AaHTHOKCHAAHTaM. B wacTtHocTH, cpeau
CHHTETHYECKHUX CTPYKTYp 0C000€ BHHMAHHE YACISACTCS KJIACCy MPOCTPAHCTBEHHO-3aTPYAHEHHBIX (enonos [1].

OnHUM U3 TaKUX COSAMHEHHN sBisieTcs 2,6-nun3o0opHmi-4-metwndenon (Mb®, puc. 1) — momycuHTeTHYECKAS
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MoJieKyna, mnomydeHHas B wuHctutyre xumuu Komm HI[ YpO PAH. Hecmorps Ha BBIpaXXEHHYIO
AHTHOKCH/IAHTHYIO ~aKTHBHOCTh [2] W peanusyroliuecs BCICACTBHE OTOTO  Kapauwo-, Heipo-
PETHHOTIPOTEKTOPHBIE ~CBOWCTBA, COCOMHEHHWE IIPOJEMOHCTPHPOBAIIO HHU3KYI0 BEJIMYMHY aOCONIOTHOH
OMOIOCTYIHOCTH IIOCIIE BHYTPIDKEIYAOYHOTO BBEICHHS B BOJHO-KpaxMalbHO# cycmensuu kpbicam (1.5 % mpu
onHOKpatHoit no03e 200 mr/kr) [3]. OxHako 3aMeHa BOMHOM MUCIIEPCHOHHOMN Cpeiibl Ha MACITHYIO TIPUBOJIMIA K
ee Bospacranumio o 11.9% (200 wmr/kr, omHokpartao) [3]. IlomydueHHBIE pe3ysibTaThl yKa3blBAIOT Ha
MEepPCIEKTUBHOCTh  pa3pabOTKM M CO3JaHus JieKapcTBeHHOW ¢opmbel Mb®, WHKancyimpoBaHHOTO B

BOJHO-MAcCJIAHYIO0 MaTpuly.

OH

Puc. 1. Cmpyxmypuas gpopmyna 2,6-ouuzoboprun-4-memuigenona

Henp HacTosmie# paOGOTHI — MONYYCHHE 3MYIBCHOHHOW JekapcTBeHHOW (opmel UB® thma «macmo B
BOJIE» C OLICHKOH ee (PU3NKO-XUMHIECKUX CBOMCTB M OMOJOCTYITHOCTH MOCIIE TIEPOPATLHOTO BBEACHHS KPBICAM.

JKcnepuMeHTaIbHAasA YacTh. Vcnons3zoBanu cydctannmio MB® (comepkaHre OCHOBHOTO BEIIECTBA HE
MeHee 99.00 %), cBepxunctyto Boay (Tl |), JKHpHBIE KHCIOTHI MOACOIHEYHOTO Maciia (BBLICJICHBI U3 MTHIIEBOTO
padMHUPOBAHHOIO TOJCOJHEYHOrO Maclia METOJOM IIepPEeroHKH), OSTHIOBBIA crupT (95 %), 3TOKCHIAT
JIAypUIIOBOTO crupTa ¢ 24 Moib 3THieHOKcHaa. COCTaB BBIAETICHHBIX KMPHBIX KHUCIOT MOACOJHEYHOTO Macia
yCTaHaBIHMBAIH NPEABAPUTEIIFHO METOIOM TaHIEMHOH ra30BOM XpOMaTO-Macc-CIeKTPOMETPHUH.

IlepBoHayaNbHBIN CKPUHUHT KOMIIOHEHTOB BKIIOYAJ B c€0sl pa3inWYHbIE HEHOHOTEHHBIE TOBEPXHOCTHO-
aKTHBHBIC BEILECTBA, pa3peIlCHHbIE K NPUMEHEHHIO B TNHIIEBOH W (apMaleBTHYECKOW MPOMBIIIICHHOCTH
(3TOKCHNIATBI KUPHBIX CHUPTOB W riauuepunoB, TeBuH 80), a Takke psAI TAKMX PACTUTENBHBIX Macel, Kak
OJIUBKOBOE, KYH)KYTHOE, JbHAHOE, KEIpPOBOE, MHHAAIbHOE, IEPCHKOBOE, THIKBEHHOE, IOJCOIHEYHOE,
BUHOTPAJHON KOCTOYKH, B TOM YHCJIC KUPHBIE KUCIOTHI TaJNIOBOTO, OJINBKOBOTO U MO/ICOTHEYHOI'0 Maced.

OnTuUMaNbHBI COCTaB MHUKPOIMYJIBLCUOHHON JieKapcTBeHHOUW (opmbl Mb® ycTaHaBnuBaid myTeM
MOCTPOCHHUA M aHaiu3a (ha30BBIX JAUArpaMM [T CHCTEM <(OKHPHBIE KHCIOTHI IIOJCOJIHEYHOTO Macia—
MOBEPXHOCTHO-aKTHBHOE BerecTBo/CoHsOH-Bomay.

[Ipn usydeHun QU3NKO-XUMHYECKHX CBOWCTB MHKPOIMYJBCHH OLEHWBAIU CIEIYIOIMINE IapaMeTphl:
pa3Mep 4acTull, BA3KOCTb, AOJITOBpeMeHHas cradbunbHOcTh (31 neHbp mpu koMmHaTHO#H Temmeparype u 37° C),
TEpPMOCTa0MIBHOCTD, CTAOMJIBHOCTh TPH  pa30aBICHMM HMCKYCCTBEHHBIM JKEIyJOYHBIM COKOM. Bce
SKCHEPUMEHTHI IPOBOWINCH IPH HENOCPEACTBEHHON HHKancysauu Nb®.

Amnpobanuio TpeaoKeHHOH lekapcTBeHHON hopmbr MBD mpoBoamii Ha Kpeicax-camiax juauu Wistar
(280 £20 1, n =9). )KUBOTHBIX IIpeaBAPUTEIHHO PA3IEISIN HA ABE PABHBIEC IPYIIIEI, KATETCPUIUPOBAIN U 3aTEM
BBOAWIM MM BHyTprxenyaouHo MB® B macnsHON W 3MyIbCHOHHON (hopMax B omHOKpaTHOM mo3e 10 mr/kr.

3360p KPOBH OCYHICCTBJIAIA A0 U MOCJIEC BBCACHUA COCIAUHEHHUA YCPE3 ONPEACIICHHBIC BPEMEHHBIC MHTCPBAJIbI

Poccust, Tomck, 25-28 anpenst 2023 T. Tom 2. Xumus

125



126

XX MEXAYHAPOAHAA KOHOEPEHIUA CTYAEHTOB, ACITMPAHTOB 1 MOJIOABIX
YUEHBIX «ITEPCIIEKTUBBI PAZBUTHUA ©YHIAMEHTAJIBHBIX HAYK»

(n=11). O6pasup! kpou uenTpudyruposanu (2000 g, 15 muH), OTOHpaNK MOTYYCHHYIO UIa3My U XPaHUIH TIPH
—80°C no mpoBeneHHs aHanu3a MpPEJBapUTENbHO BalMJUPOBAHHBIM METOAOM TAaHIEMHOM JKHIKOCTHOM
XpOMAaTO-MacC-CHEKTPOMETPHH.

Pacuer QapmakoxkuneTmuecknx mapamerpoB VB® B mmazMe KpoBH KpPHIC TPOBOIIIIN MOJEIBHO-
HE3aBHCHMBIM METOJIOM C HCIIOJIb30BaHHeM Tiporpammuoro obecreuerns Phoenix WinNonlin (Certara, CIIIA).

Pesyabrarel. B KadecTBe HCXOAHBIX KOMIIOHEHTOB MAJIsl IMOJNYYEHHUS 3MYJIbCHOHHOM JIEKAPCTBEHHOM
¢opmbl UB®D ncnonbp3oBanu Bogy, )KUPHBIE KUCIOTHI MOACOJHEYHOTO Maciia, STOKCHIIAT JIAYypPUIIOBOTO CITUPTA C
24 Monb ITUJICHOKCHJA W STWIOBBIAH crnupT. BeiOop ykazaHHOW MacisiHOM (a3el 0OycCIOBiIEH HauOOJbIIeH
pactBopuMOcThio B Helt UB® (175 + 9 Mkr/min). [IoBepXHOCTHO-aKTHBHOE BELIECTBO BBIOPAHO MO pe3yibTaTam
TeCTa Ha CONIIOOMIM3HPYIONIYIO CIOCOOHOCTh OTHOCHTENBHO JKHPHBIX KHCIIOT TOJCOJHEYHOTO Macnha, a
COITYTCTBYIOIIEE ITOBEPXHOCTHO-aKTHBHOE BEIIECTBO — M3 COOOPAKEHUH MIMPOKOTO MCIIOIB30BAHMUS ITAHOIA AT
MPUTOTOBIICHUS JIEKapCTBEHHBIX (hopM. COOTHOIIEHNE TOBEPXHOCTHO-aKTHBHOTO BEIIECTBA M COITYTCTBYIOIIETO
MOBEPXHOCTHO-aKTUBHOTO BelecTBa cocTaBmwio 1:1 (1o macce).

MuKposMyiibcHsl MIpEACTaBisula CO00i TMPO3payHyro, TEPMOJMHAMUYECKH CTA0WIbHYIO OJHO(A3HYIO
CHUCTEMY C pa3MepoM 4YacTUIl OKojJo 25 HM. HM3ydeHHe TepMOCTAOMIBHOCTH TIOKa3al0, YTO HUKHSISI
TeMmIepaTypHas TpaHuna ee ycroiduBoctd coctapisier 10°C (mpu JOCTMIKEHHM JAHHOW TeMIIepaTyphbl
HaOIF01a7I0Ch TOSIBIICHIE BRIPAXKCHHOM OMAIeCICHIINH, CBUICTEILCTBYIONICH O pachaje OaHO(pa3HOH CHCTEMBI).
Kacaemo BepxHell rpaHUIBI TEMIEPATYPHON YCTOWYMBOCTH, TO Pa3pyLICHUS MUKPOIMYIbCHHA HE MPOHCXOIHIIO
nake pu noctkeHnu 80°C.

DapMaKOKHHETHUECKUE HCCICIOBAHUS OINMCAHHOW MHKPOAMYJIbCHOHHOH JICKAPCTBEHHOH  (hopMEI
MPOAEMOHCTPHPOBAIH BBIPRKCHHOE YBEIMYECHHE OTHOCHTENBbHOHN OnonoctynHocT B® Ha 273 % 1o cpaBHEHHUIO
¢ ero macisiHoi Qopmoit. Tak, mapameTpsl Cyae 1 AUCo 72 TIPEBBIIIANTN aHATIOTHYHBIC B CIIy4Yae HCIOJIb30BAHHMS
TOJIBKO JKUPHBIX KUCIIOT MOJICOTHEYHOTO Macjla B KaueCTBE HOCUTENS B 2 1 2.7 pa3 COOTBETCTBEHHO.

3akarouenue. IlomyueHHsle B HacTosmeil pabore pe3yiabTaThl CBHICTENBCTBYIOT O II€PCHEKTHBHOCTH
HCIIOJIb30BaHMs Pa3pabOTaHHONW MHUKPOIMYJILCHOHHOW JIEKapCTBEHHOU (OpMBbI 2,6-11n3000pHIIT-4-MeTrI(EHOIa
JUTSL TIOBBIICHNS €r0 OMOOCTYITHOCTH MIPHU NEPOPAITEHOM IIPHEME.

Hccneoosanue svinonneno 3a cuem epanma Poccuiickoeo nayunozo ¢honoa (npoexm Ne 22-25-00575;

https://rscf.ru/project/22-25-00575/).
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OKUMCJIEHUE BEH3O0JIA KUCJIOPOJAOM B IIJIASME BAPBEPHOI'O PA3PSJIA: BJIUSTHUE
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OXIDATION OF BENZENE BY OXYGEN IN A BARRIER DISCHARGE PLASMA: INFLUENCE
OF THE REACTOR WALL TEMPERATURE
A.V. Leshchik
Scientific Supervisor: Dr. S.V. Kudryashov
Institute of Petroleum Chemistry SB of the RAS, Russia, Tomsk, Akademicheskiy ave., 4, 634055

E-mail: ms.leshzchik7@mail.ru

Abstract. The regularities of direct oxidation of benzene to phenol by oxygen in barrier discharge plasma at
different temperatures of the plasma-chemical reactor have been studied. The main product of the synthesis is
phenol, as well as a small amount of dihydric phenols (hydroquinone and pyrocatechol). It is shown that the
control of the reactor temperature during the oxidation of benzene in the barrier discharge plasma is expedient

for controlling both the benzene conversion and the composition of the reaction products.

Beenenue. B mpenpiiynieii pabore no OKHCICHHIO OEH30J1a BO3AYXOM B IIa3Me OapbepHOro paspsiia
(BP) [1] mpomeMOHCTpHPOBAaHO BIHMSHUE TEMIIEPATyphl CTEHOK PEaKTOopa Ha KOHBEPCHIO M COCTaB MPOIYKTOB
peakiuu (deHonbr). JaHHas paboTa SBISETCS MPOJODKCHUEM HCCIICAOBAHUS 10 HM3YYCHUIO 3aBHCUMOCTH
KOHBEPCHH ¥ CEJICKTHBHOCTH 00pa30BaHU MPOIYKTOB PEAKIIMH OKHCICHUS OCH30Jla OT TeMIepaTyphl CTEHOK
peakTopa. Temeppr B KauecTBE OKHCILIIONIETO ra3a BEIOpal KUCIOpPOI. Pe3ympTaThl HMcciemoBaHUS OYyIyT
TOJIC3HBI TIPH  MOJICIMPOBAHUH IUIA3MOXUMHUYECKUX IMPOIECCOB C YUACTHEM YTIICBOJOPOIOB, B TOM YHCIE IS
pa3paboTKN TEXHOIOTUH KOHBEPCHUHU YTIIEBOIOPOCOAEPIKAIIETO CHIPhSI C IPUMEHEHHEM TUIa3MOXUMHH.

B nanHoil pabote mpuBeAECHHI Pe3yabTaThl N3YUYEHHUSI 3aKOHOMEPHOCTEH MPSAMOro OKHCIeHHS OEeH30/a B
(henoun B itazme BP nipu paznuuHOii TemmnepaType mia3sMOXUMHUIECKOTO PeaKTopa.

IKCNepPUMEHTATBHA YacTh. OKCIIEPUMEHTHI TPOBOAMINCH Ha YCTAaHOBKE (PUCYHOK 1) ¢ BepTHKAIBHO
PacCTIONIOKEHHBIM IPOTOYHBIM IUIA3MOXUMUYECKUM PEAKTOPOM, KOTOPBII MMEIT KOAKCHATIbHYO KOHCTPYKIMIO C pa3psiHON
30HOM ymHO# 11 cM 1 0GbéMoM ~7,3 cm®. Pacxon Gensona coctasisit 0,26 cv®/muH, kucsopona — 60 ov®/mun. Bpemst
KOHTaKTa TaporasoBOi CMecH C paspsiHOi 30HOH peaktopa coctaBwio 10,5 c. [aenenne — arMocdeproe. Yacrora
TIOBTOPEHHMS UMITYJIECOB HarpsbkeHust papHsuiack 400 ', AktrBHas MonHOCTh BP Oblia paccuntana u coctamia 1,8 BT.
OCHOBHBIM TIPOJYKTOM OKHCIeHUsI OeH3ona sipisercs ¢eHon (mo 77,3 % mac.), B HE3HAUMTEIIHHOM KOJMYECTBE
OOHApY)KEHBI JBYXaTOMHbIC ()EHOMBI (MPEHMMYINECTBEHHO THAPOXMHOH). Tatoke oOHApyXeHBl O-TUAPOKCUOU(PEHWUII,

Oudennn u npyrue coexuHeHus. KouBepcust OeH3oia 3a OJWH MPOXOX mMapora3oBoit cmecu (6eH307T U

Poccust, Tomck, 25-28 anpenst 2023 T. Tom 2. Xumus

127



128 XX MEXAYHAPOAHAA KOHOEPEHIUA CTYAEHTOB, ACITMPAHTOB 1 MOJIOABIX
YUEHBIX «ITEPCIIEKTUBBI PAZBUTHUA ©YHIAMEHTAJIBHBIX HAYK»

KUCIIOpOA) 4epe3 peakTop cocraBmia 0,7 % mac. TemrepaTypy CTEHOK peakTopa BapbHPOBAIM B JHANA30HE OT

10 °C 1o 40 °C. TTonpobHasi cxemMa yCTaHOBKH IIpeCTaBlIcHA B padote [2].
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Puc. 1. Cxema sxcnepumeHmansHoOU YCMAHOBKU C NAA3MOXUMUYECKUM PeaKMOpPOM.
1 — ca3zoe6viil 6anion ¢ kucropodom, 2 — 2az08as uHUA, 3 — pe2yIUpOBOUHbIL 6eHMULb, 4 — cMecumens,
5 — nepucmanvmuyeckuil Hacoc, 6 — peakmop, 7 — npuémHuk, 8 — cucmema pecucmpayuil 1eKmpuieckKux

napamempos sxKcnepumenma, 9 — gvicoxogonvmuulii 2enepamop, 10 — ocyunioepagd

Pe3yabTarsl. KoHBepcust GeH30/1a P OKUCICHHU KUCIOPOJOM PAacCYUTaHa 33 OJIMH IPOXOA MCXOJHOH cMecH
yepe3 ra3opaspsiHblii MPOMEKYTOK peaktopa. IIpu m3mMeHeHuM Temriepatypbl cTeHOK peaktopa ¢ 10 °C mo 40 °C
KoHBepcust 6enzona Bo3pactaer ¢ 0,2 % mac. 10 0,4 % mac., 9To CooTBETCTBYET SHepro3arparam 45 u 27 kBr-u/kr.

YcTaHOBIIEHO, YTO MPU OKHUCIEHUH OCH30J1a KHCIOPOJIOM coiepkaHne ()eHOoIa M MMPOKaTeXUHA B CMECH
NPaKTHIECKN HE M3MEHSETCS. YBEIMUCHHE TeMIIepaTyphbl OKHCICHUsI OSH30J1a KHCIOPOJOM NPHBOIUT K POCTY

COfIepKaHUs THAPOXHHOHA B CMECH MPOJIYKTOB peakiun Ha 8 % mac. (pHCyHOK 2).
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Puc. 2. 3asucumocms codepoicanus penona, nupokamexuna u 2uOPOXUHOHA 8 CMECU NPOOYKMOE OKUCLEHUS
benzona om memnepamypvl peakmopad npu €20 OKUCIeHUU KUCi10pooom 6 bP:
B — cooepoicanue heHoaa 8 cmecu nPoOYKmMos peaxyuu,
— coodepoicaniie 2UOPOXUHOHA 8 CMeCU NPOOYKIMO8 peaxyui,

¢ - codepoicanue NUPOKAMeXuHa 6 cmec nPoOyKmos8 peakyuu

3akiwuenue. [loka3aHO, YTO KOHTPOJb TEMIIEPATyphl CTEHOK PEaKTOpa MPH OKHCICHHU OeH30Ia
KuciopoaoM B riazme BP nenecoobpasen 1yist yrpaBiieHUs! CEIEKTUBHOCTRIO 00pa30BaHUs POYKTOB PEAKIHH.
ITpu n3menenunn temmnepatypsl creHOK peakropa ¢ 10 °C mo 40 °C xonBepcust 6en3omna Bo3pactaet ¢ 0,2 % mac.
10 0,4 % Mac., 9To COOTBETCTBYET dHepro3arparam 45 u 27 kBT u/kr.

Hccneoosanue evinonneno 6 pamxax zocyoapcmeennozo 3aoanusi UXH CO PAH, ¢unancupyemozo

Munucmepcmeom nayku u evicutezo obpasosanus Poccutickou @edepayuu, npoexm FWRN-2021-0003.
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APPLICATION OF ZINC OXIDE NANOPARTICLES INHIBITORS FOR HIGH-CARBON STEEL
PROTECTION IN CORROSION MEDIA
H. Li
Scientific Supervisor: Assoc. Prof., O.V. Dubinina
Tomsk Polytechnic University, Russia, Tomsk, Lenina str., 30, 634050
E-mail: Ihn0871@foxmail.com

Abstract. This work aims to evaluate the corrosion protection effect of zinc oxide nanoparticles, pectin and
thiourea on high carbon steel in different corrosion media. And under the action of pectin and thiourea, the
change of the corrosion inhibition performance of zinc oxide nanoparticles. The study was carried out by two
methods, gravimetric method and voltammetric method. The research results show that the three types of
corrosion inhibitors have slowing effect on the corrosion process of the steel in the mixture of hydrochloric acid
and nitric acid, 1M HCI and 1M NacCl. Existence of pectin component can strengthen the performance of zinc
oxide nanoparticles in neutral medium, and the thiourea component can strengthen its performance in acidic
medium. It is worth noting that in a high-concentration corrosive environment (such as hydrochloric acid: nitric
acid: water = 2:3:5), the presence of pectin and thiourea will reduce the corrosion inhibition performance of
zinc oxide nanoparticles.

Beenenne. CoriacHo MHUpPOBOH OIlGHKe, 3arparbl Ha Kopposmtoo B 2022 romy coctaBmwmm 2505
musmrapaoB goswtapos CIIA — 3,4 % muposoro BBII [1]. TTostomy HCCIe0BaHHS MO 3aIUTE METAIIOB OT
KOPPO3MH Ype3BbIUaitHO BakHBI. OJHUM M3 3(PPEKTUBHBIX METOJOB 3aIUTHI METAIJIOB OT KOPPO3UH SIBISETCS
NPUMEHEHNEe HHTUOUTOPOB.

HaHouacTuupl MeTajuloB M HMX OKCHJBI 3((GEKTHBHO KOHTPOJHUPYIOT MPOLECC KOPPO3UU 32 CHET
amcopOUMKM Ha MOBEPXHOCTH MeTaiia. B pabore [2] B kauecTBe HMHTHOMTOPOB KOPPO3UH BBICTYIAIOT
HAHOYACTHIBl OKCHJAa LWHKAa JUIl YIJIEpOJUCTONH cTand. THoMouyeBHHA SBISIETCS BBICOKOI((EKTUBHBIM
MHTHOUTOPOM KOPPO3UH, KOTOPBIl B HACTOsllee BpeMsl MpUBIeKaeT Oonblioe BHUMaHue [3], a mekTuH —
IKOJIOTHYECKH Oe30MacHbIM MPHPOIHBIM coeAuHeHueM [4], u 3T ABa BellecTBa 00NaalOT OOIBLIIMM
MOTEHIMAIOM, KaK HHTHOUTOPHI KOPPO3HUH.

Henpro manHON pabOTHI SBIAETCS OLIEHKA 3aIIUTHOTO JEHCTBHS MHIHOMTOPOB KOPPO3HH, COIEPIKAIIUX

HAHOYACTHIIBI OKCHJIA ITWHKA, Ha CTalnb ¥ 8A B pa3siUYHBIX KOPPO3UOHHBIX CpPEIax.
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JKCIepUMEHTAIbHASL YaCTh. 3allUTHOC JCWCTBUC MHIHOWTOPOB KOPPO3HM HA OCHOBE HAHOYACTHIL
OKCHJIa IUHKA B KOPPO3HMOHHBIX CpelaxX OICHHBAJIM METOJAaMHU TPaBUMETPUHM U BosibTamrepoMeTpuu. Coctas
uHrnduTopoB koppo3mu: 1. MaccoBas momns 0,15 % manowactun ZnO; 2. MaccoBas mons 0,15 % manogacTwit
ZnO + 0,5 % nexruna; 3. Maccoas mons 0,15 % mHanogactun ZnO + 0,5 % trnomoueBuHBl. OOpazern; Y8A mis

2. Inowmans

METoJla TPAaBUMETPUHU TIPEJCTaBIsIET COOOW METAIMYEeCKYI0 IUIACTHHKY pasMepoM 2 X 2 cm
IOBEPXHOCTH 3IEKTPO/Ia HCCIIeyeMol cTamu 1 MeTozia BoabTamnepomerpuu — 0,25 cm?,

Memoo zpasumempuu. Y CKOpEHHbIC KOPPO3HOHHBIC UCTIBITAHMS TPOBOAWIKCE B cpeae: HNO3:HCI:H,0
(3:2:5). Hccnenyemble 0Opa3sipl cTay NOMEIIAIH B KOPPO3HOHHYIO Ccpelly U (puKCHpoBanu U3MEHEHHE ee Beca
Kaxaple maTb MHHYT. [lodydeHHble naHHbIe ObUIM OOpabOTaHBl C MOMOIIBIO NPOrPaMMBI JUIS YUCIEHHOTO
aHaJIM3a JIaHHBIX U IIOCTPOeHUs rpadukoB «Originy.

Memoo eonvmamnepomempuu. PerucTpanio  BOJIBTAMIIEPHBIX  KPUBBIX  OCYIIECTBISUIA B
TpexdneKTponHon sueiikor Ha moteHnumocrate CorrTest CS310. B kauecTBe (OHOBBIX 3JIEKTPOIHTOB
ucnonszoBamn 0,1 M HCl u 0,1 M NaCl. B xagecTBe BCHOMOTaTEIBHOTO AJIEKTPOJA U AJIEKTPOAa CPABHCHHS —
HACBIIICHHBIE XJIOpUICEpeOpsHBIC AMEKTPOAbl. Perncrpannio KpuBEIX OCYHIECTBIISUIM B quamnasoHe oT -0.3 1o
+0.3 B, ckopocthb pa3eptku noreHuuana 10 mB/c. IHrHOUTOPBI KOPPO3UKM HAHOCHIIM METOZOM BTHPKH.

Pe3yabrarsl.

I'pasumempuueckue ucnvimanus.

Ha pucynke 1 mnpencraBieHbl

pe3yNIbTaThl YCKOPEHHBIX KOPPO3HOHHBIX

o 1. 92.98%
UCTIBITaHUH 00pasmoB cramum Y8A ¢ z

2.90.51%
00paboTkoil wHrHOWTOpOoM U 0e3 Hee. 904
. 3.90.27%
Haubompmieit 3(h(HeKTHBHOCTHIO
85 4.83.87%
MHTUOMPOBaHHUS  KOpPpO3uM  00JaaroT 51

t, MHH
T

HAaHOYACTHIIBI OKCUAA IIMHKA. bosee TOro, T T
0 10 20 30

MOKA3aHO, UTO BCE TPH THIA MHIHOMTOpa Puc. 1. Kpusvie nomepu maccol cmanu Y84 6 cmecu

3aME/ULAIOT HPOLECC KOPPO3NH. HNO3:HCI:H20 (3:2:5): 1 — nanouamemuywor ZnO; 2 —-Zn0O ¢
Ilomenyuoounamuueckue

muomouesurotl 3 — ZnO ¢ nekmurnom; 4 — be3 uneubumopa
UCHBIMAHUA.

PesynbraThl MOTEHIMOAMHAMUYECKUX WCIBITAHUM NpEICTaBICHbl Ha pucyHKe 2. Bce nHruOuTOpHhI
CcrocoOHbl 3aMmennsaTh mporiecc kopposuu. s cpeast 0,1 M HCl wunaruburop Hanowactuusl ZnO ¢
THOMOYEBMHOHN CHIDKAeT CKOPOCTh KOppo3uH B Hambombiueil cteneHu. CornacHo auarpamme Tadensi, Tonpko
KaToJHas IJIOTHOCTh TOKa Jisg ZnO ¢ THOMOUYEBMHOHN CYIIECTBEHHO CHIDKAETCSA, a KOPPO3MOHHBIA MOTEHITHAT
CABHTaeTCs B OTPHULATENBHYIO CTOPOHY. DTO MOKa3bIBaeT, uTo ZnO ¢ THOMOYEBHHONW MOXKET JOCTHraTh 3 dhexra
MHTUOMPOBaHMS KOPPO3HUH, KOHTPOJIHUPYs KaToIHyIo peakuuto B cpexe 0,1 M HCI.

Hns cpenst 0,1 M NaCl narudurop Hanowactuns! ZnO ¢ NEKTHHOM CHIDKaeT CKOPOCTh KOPPO3WH B
HanOounpieit crenenu. Jnarpamma Tadens mokassiBaer, 4To TObKO ZnO C THOMOYEBMHOW MOTYT CHH3UTH
KaTOJHYIO IJIOTHOCTh TOKA, HO B OU€Hb HE3HAUUTEIbHOH cTeneHu. YTo kacaeTcsi aHOJHOM MIOTHOCTH TOKA, TO
BCE TPH MHTHOWTOpa KOPPO3UU MOTYT 3HAYHUTENFHO €€ CHU3HTH, mpudeM ZnO ¢ IeKTHHOM MMeeT HanboJbIiee

CHIDKeHHe. JTo mokaseiBaeT, uyTo B cpene 0,1 M NaCl Bce Tpu nHrHOuTOpa KOPPO3UH JOCTHTAIOT TOJABICHHS

KOPpO3WH, KOHTPOJUPYS NpOIlecC aHOMHOW peakuuud. Kpome TOro, HaOMOMAETCs TMOJIOKUTENbHBIA CIBHT
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KOPPO3MOHHOT'0 NOTCHIHAJIa. MoxkHo OpeAIroJI0XKUTb, YTO 3(1)(1)CKT I/IHFI/I6I/IpOBaHI/IH KOPpPO31KU HaHOYACTULIAMU

ZnO o6ycn013neH 06pa3OBaHI/IeM TOHKOM IIJICHKU Ha MOBEPXHOCTU METaJljia.
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Puc. 2. Ilomenyuoounamuuecxue kpugvle cmanu Y8A (a — 0,1 M HCI, 6 — 0,1 M NaCl).

1 — nanouamemuyor ZnO; 2 — ZNO ¢ muomouesunoii 3 — ZNO cnexmunom; 4 — 6e3 uneubumopa

3akJ/0ueHne. 3alUTHOE JCHCTBHE WHTMOUTOPOB KOPPO3UH Ha OCHOBE HAHOYACTHIl OKCHJA IIMHKA JJIs
BBICOKOYTJIEpOIUCTON cTanmu Y8A B arpeccHBHBIX cpelax OLEHHBAJIM METOJaMH TPaBUMETPUH U
BoJIbTaMIiepoMeTpuu. CorinacHO MOJYYEHHBIM JAHHBIM, MOXKHO IIPEIIOI0KHUTE, YTO:

1. Hanouactuips! ZnO NOJAABISIOT KOPPO3HIO, 00pasys 3allUTHYIO TJICHKY.

2. MexaHn3M HHTHOMpOBaHMS Koppo3ud ZnO ¢ TMEKTHHOM aHAJIOTHYeH TakoBoMy y ZnO, HO Hajm4ue
MIEKTHHA MOXET CIeIIaTh CTPYKTYPY 3aIIUTHOM TICHKH 0oJiee TUIOTHOMH, 3aMe s IPOIIeCC PaCTBOPEHHS METalIa.

3. B 0,1M HCI tnomo4eBHHA, BEpOSATHO, KOHTPOIMPYET KATOTHEIN Mpoliece myTeM B3aumoaetictus ¢ HCL
B 0,1M NaCl 3amutHbIif MeXaHI3M OCHOBaH Ha B3auMo IeiicTBuH HaHoyacTull ZNO ¢ MOBEpXHOCTHIO MeTallIa.

Paboma evinornena npu uacmuunoii noododepcke loczaoanus «Hayka» nomep 075-03-2023-105 wua

obopyoosanuu L{KTI HOHUIL] HMHT TIIY, nodoepacannozo npoexmom Munobpuayku Poccuu Ne 075-15-2021-710.
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CUHTE3 NPOIIMJIEHKAPBOHATA 13 NPOIMUMJIEHOKCHUJIA U CO: B TIPUCYTCTBUH
HEOJUTONOAOBHBIX UMHUIA30JIATHBIX KAPKACOB: D®PEKT CTPYKTYPbI
U XUMHUYECKOI'O COCTABA
W.A. JlykosaoB, M.H. Tumoddeera, B.H. ITaruenko, K. 1. llledep, M.C. MensryHos
Wucturyt xatamuza CO PAH
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SYNTHESIS OF PROPYLENE CARBONATE FROM PROPYLENE OXIDE
AND CO: IN THE PRESENCE OF ZEOLITIC IMIDAZOLATE FRAMEWORKS:
EFFECT OF STRUCTURE AND CHEMICAL COMPOSITION
I.A. Lukoyanov, M.N. Timofeeva, V.N. Panchenko, K.I. Shefer, M.S. Mel’ guniv
Boreskov Institute of Catalysis, Russia, Novosibirsk, Pr. Lavrentieva, 5, 630090

E-mail: lukoyanov@catalysis.ru

Abstract. The catalytic properties of Zn- and Co-containing zeolitc imidazolate frameworks (Zn-ZIFs and Co-
ZIFs) in the cycloaddition of CO- to propylene oxide in the presence of [n-Bu4N]Br as a co-catalyst at 353 K
and a CO- pressure of 0.8 MPa were studied. The main focus of the work was to investigate their catalytic
behavior in terms of structure-property-activity relationship. It was shown that the activity of Zn-containing
binary systems is higher than that of Co-formed systems. It was found that the activity of mixed Zn,Co-ZIFs
decreased with increasing Co content in their composition. The obtained correlations were related to the
difference in the number of active centers and their availability to the reagents, which can be tuned by changing

the structure and chemical composition of ZIFs.

Beenenue. Ilpormnen kapOonat (I1IK), sBiseTcs BaKHBIM IPOJYKTOM XHMHUYECKOH MPOMBIILICHHOCTH,
IIMPOKO MPHMEHSIEMBIM B JIA3€PHOI TEXHHKE B KAUECTBE OXJIAXK/IAOIICH JKUAKOCTH, a TAKXKe B KAYeCTBE MOHOMEPOB
JUIL cCHHTe3a OuopasnaraeMblx mnoiuMepoB. Peakmms mmknonpucoenunenus CO; k mpommteHokcuny (ITO)
(puc. 1) siBisieTcsl OAHUM M3 JKOJIOTMYECKH YHCTBIX CIIOCOOOB €ro MojydeHus. B nuTeparype NpelioKeHb

pa3NUYHbIE Te€TePOTCHHBIE KATAINTHYECKHE MaTepualbl, CpPeOu KOTOPBIX 0C000€ MEeCTO 3aHHUMAIOT
neonuTonono0Hsle uMopasoiaTHele kapkacel (L[UK) [1]. bnaromaps cBOMM yHHKalbHBIM CTPYKTYPHBIM,

TEKCTYPHbIM W (PU3MKO-XMMHUYECKMM CBOICTBAM OHHU IO3BOJISIIOT moJjiydaTh PC ¢ BBICOKUM BBIXOJOM U
ceneKTUBHOCTh Bbime 95 + % mnpu 25-120°C u naBnenne CO, Hmxe 1 Mlla. AHanus, IpHBEICHHBIX B
JUTepaType MAAaHHBIX, YKa3blBa€T Ha BO3MOKHOCTh PETYJIHMPOBAHUS CKOPOCTH JaHHOW pPEakKIUH ITyTeM
HAaIpaBJIeHHOTO0 N3MEHEHHSI XUMHYECKOro cocTaBa u cTpykTypsl LIK.

o

CH y
co, + Y — oi\)o\
CH3

Puc. 1. Cxema cunmesa nponunenxapoonama u3 nponuneroxcuoa u CO;
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Lenpto naHHOM paboThl OBUIO YCTAaHOBJICHWE BIMSHHMS XUMHYECKOTO COCTaBa, CTPYKTYpPHBIX U
TeKcTypHbIX cBoWcTB LIMK Ha MX KaranuTuyeckue CBOMCTBAa B peakIMU CHHTE3a NPOIMICH KapOoHaTa H3
npormmienokcuna u CO», a taxke omenke noternuana Co, Zn-LIUK mis nanpHEHIIEro WX WCIONB30BaHUS B
katanmse CO,. Ins sToro OpUIM CHHTE3WpOBaHBI M HccienoBansl Co-, Zn- u cmemannbie Zn, Co-1[UK, takue
kak MAF-6(Zn)/MAF-6(Co), MAF-5(Zn)/MAF-5(Co), ZIF-8 (Zn)/ZIF-67(Co) u cmeuraunsiit ZIF-8(Zn)/ZIF-
67(Co) (Zn, Co- LIUK, Zn: Co - 100:0, 75:25, 50:50 u 25: 75 ar./ar.).

OkcnepuMenTaidbHas 4Yactb. MAF-6(Zn)/MAF-6(Co), MAF-5(Zn)/MAF-5(Co), ZIF-8 (Zn)/ZIF-
67(Co) u cmemannsiit ZIF-8(Zn)/ZIF-67(Co) (Zn, Co- IIUK, Zn: Co - 100:0, 75:25, 50:50 u 25: 75 ar./ar.).
OBLIH MOJYYCHBI COTJIACHO METO/IOB, OMMCAHHBIX B pabote [1, 2].

Co-, Zn- un cmemannsie Zn, Co-HUK Opu oxapakTepru30BaHBI KOMILICKCOM (DPH3HKO-XUMHYECKUX
meronoB (OCHO, UK ¢ ucnonszoannem CDCl; B kauecTBe Monekynbl-30H12, POA, HH3KOTEMIIEpaTypHOit
ajcopbuueit azora, COM) [1, 2].

Kartanutnueckue CBOWCTBA IONyYEHHBIX MaTEpPHANOB OBUIM HM3YY€HBI B aBTOKJIABE IIPH TeMIlepaType
80 °C u 8 MIla CO;. [TpoayKThl peakiuy aHATM3UPOBAIU METOIOM Ta30Boit xpomarorpaduu [1, 2].

PesyabTaThl. ccrenoBanue katanurudeckue cBoiictBa Zn- u Co-cogepxammx LUK B peakiun
nukitonpucoequuennn CO, k mpomnmieH okcuay (puc. 1) mokasano, uto ITK ObLT OCHOBHBIM TPOAYKTOM C
CENEKTUBHOCTBIO 99% B mpucytcTBuH Beex m3yueHHbIXx I[UK (tabmuma 1). JloGaBnenue [TBA]Br x 1IUK B
Ka4yecTBE CO-KaTaIn3aTopa YBEJINUNBAJIO CKOPOCTh peakiny. Karanutiueckne cBoiictBa Zn- u Co-comepxaiinx

IIUK cpaBHHBaIK B ONTUMAJBHBIX YCIOBUSIX, KOraa maccoBoe cootHolnenue [[UK/[TBA]Br pasaom 1/1.

Tabauya 1
Peaxyus nponunen oxcuoa ¢ CO3z 6 npucymemeuu LJUK ¢
Kousepcus I10, CenextusHocTh [1K,

| K (%) (%)

1 | [TBA]Br <1

2 | [TBA]Br (50 mr) 51 >99

3 | MAF-5(Zn)® 8.3 > 99

4 | MAF-5(Zn) 67.3 >99

5 | MAF-5(Co) 62.5 >99

6 | MAF-6(Zn) ® 22.3 >99

7 | MAF-6(Zn) 80.5 >99

8 | MAF-6(Co) 65.2 >99

9 | ZIF-8 67.9 >99

10 | Zn,Co-ZIF(25/75) 63.6 > 99

11 | Zn,Co-ZIF(50/50) 60.3 > 99

12 | Zn,Co-ZIF(75/25) 51.4 >99

13 | Zn,Co-ZIF(75/25) 58.9 >99

14 | ZIF-67(Co) 55.4 > 99

[a] YcnoBus sxcniepumenTa: 24 MMoits iporviieH okenza, 0,8 MITa CO» (mpu koMHaTHOM TeMiiepaTtype), S0 Mr
kaTtaiausartopa, 50 mr [TBA]Br, 80 °C, 5 u. [6] be3 Beenenus [TBA]BI B peakiMOHHYIO CMECH

3akaioyeHue. YCTaHOBJIEHO, YTO aKTUBHOCTH ZN-COAEPKAINX MaTepHaIOB ObUIA BHIIIE TIO CPAaBHEHUIO
¢ Co-ob6pazoBanHbiMu Marepuanamu. Coxepxanue Co B crpykrype cMemansbslx Zn,Co-LIMK Bamsiio Ha mx
akTuBHOCTH. C yBenuueHneM cozepxanust Co nX akTHBHOCTh CHH)KAJIACh, YTO OBUIO CBS3aHO C M3MEHEHHEM (a)
JIOCTYITHOCTH aKTHUBHBIX IEHTPOB JJs peareHToB W (0) cmioif B3amMopedcTBust CO2 M IPONMIICHOKCHIA C

aKTUBHBIMHU IIEHTpaMH. bbimo oOHapyxkeHo, 4To KaTamuTudeckas s¢dexkruBHOCTh Zn-IIWMK ymywmaercs c
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YBCJIIMYCHUEM pasMepa OTBEPCTHUS IOP U3-3a JIETKOM III/I(I)(l)y?)I/II/I TrOCTEBOI MOJICKYJIbI U JOCTYITHOCTH aKTUBHOI'O

HeHTpa Juis pearenra (puc. 2).

100 -
MAF-6(Zn)
MAF-5(zn)
ZIF-8(Zn) A -
!
75 4 T
=\i % MAF-6(Co) _
= _--77TL MAF-5(Co) T __,_—Y"
= ZIF-67 YT
= 67Co)  __---
S I 4
2 50 -
==}
25 T T )
2 4 6 8
Pa3mep nop, A

Puc.2. 3asucumocms svixooa IIK om pasmepa nop Zn-IL{IUK and Co-1[UK
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Y]K 54.052
HOJYYEHHUE PH-4YYBCTBUTEJbHbBIX XU TO3AH/IIOJIMBUHUJIOBBIN CITUPT
JIJISI AIPECHOM TIOCTABKH JIEKAPCTB
JI.H. JIerrkuna, P.T. CagpixoB
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PRODUCTION OF PH-SENSITIVE CHITOSAN/POLYVINYL ALCOHOL FOR TARGETED
DRUG DELIVERY
D.N. Lytkina, R.T. Sadykov
Scientific Supervisor: Assoc. Prof., Dr., I.A. Kurzina
Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050
E-mail: darya-lytkina@yandex.ru

Abstract. This work is devoted to the preparation of pH-sensitive chitosan/polyvinyl alcohol systems for targeted
drug delivery and the study of swelling properties. The object of the study is hydrogels of polyvinyl alcohol and
chitosan and polyvinyl alcohol radiated in mass ratios of 80/20, 60/40, 40/60, 20/80. To study the properties of

the obtained plates, the following methods were used: IR spectroscopy and the study of swelling properties.

BBenenne. YcrmemHas 1ocTaBKa JIEKapPCTBEHHBIX CPEICTB 3aBHCHUT OT PA3IHUYHBIX (DaKTOPOB, BKIIOUAs
(DU3NKO-XMMHUYECKHE XapaKTePUCTHKH CPEACTBA, CBOWCTBA OMOXMMHUYECKOTO MaTepHana, TKaHH-MHIICHH U
Mmetox BBeaeHus [1, 2]. IlomuMepHbie cUCTEMBI MPEACTABISIOT OOJBINON MOTEHIHAN JUIS TOCTAaBKU JIEKapCTB.
WneanpHast cucteMa JODKHA OBITH CHOCOOHA BBICBOOOXKIATH JICKAPCTBO B ONPENEICHHOM MecTe. I 'muporenu
CIIOCOOHBI Ha0yXaThb B BOJE M OOpa3OBBIBATH HEPACTBOPHMYIO TPEXMEPHYIO MPOCTPAHCTBEHHYIO CTPYKTYpY,
HaxoZsLIylocss B paBHOBecuu ¢ Bojod [3]. CHHTETHYECKHE THMIpOreiH, CO3JAaHHbIC ISl MCIOJIb30BAHUS B
MeIMIMHe, 00JaJaroT ONTHMAJbHBIMM MEXaHWYECKHMMH CBOMCTBAMH, a HEKOTOPBIE MNPHUPOJIHBIE T'HJIPOTEIH
MMEIOT YHHKaJIbHBIE CBOWCTBa. Hampumep, xuro3an obnagaer aHTHOAKTEPHAIBFHON aKTHBHOCTHI0. CMeIIMBaHne
CHHTETHYECKUX W NPUPOTHBIX MOJIMMEPOB MOXKET PEIINTH MTPOOIEMy OTCYTCTBHS XKEJaeMbIX (PYHKIMOHAIBHBIX
CBOHCTB y MHOTHX THIpOTeIeBBIX OnomarepuasioB. UyBCTBUTENBHOCTh K W3MEHEHHMIO pH-3HaueHms y
PH-4yBCTBHTENBHBIX IEPEHOCYMKOB JIEKAPCTB CBA3aHA C HAJMYUEM OOKOBBIX TPYNIl M PpEryIupyercs
HECKOJBKUMH (pakTopamu, BKIIIOYast HOHHBIN 3apsan, pKa, pH cpensr u ap. KatnonHsie mommuMmepsl, Takue Kak
XHUTO3aH, HAOyXaroT B KUCJIOH cpene n3-3a MpOTOHUpOBaHUS amuHorpymi. [Ipu HU3KoM pH mpoToHMpOBaHHEIE
aMHMHOTPYIITBI BBI3BIBAIOT OTTAIKMBAaHHWE M OTBETCTBEHHBI 3a HaOyxaHue. Hampumep, okpyXeHHE OITyXOJeBOH
TKaHU uMeeT Hu3koe pH BeaeacTBre aHadspoOHOro Metabonusma [4].

[omiBuaunoseii criupt (IIBC) — BOJOpacTBOPUMBIH CHHTETHYECKHH ITOJIMMEpP, KOTOPBIH 00pasyer
YCTOMUYMBBIA WM KPHUCTAUIM3YIONIMHCSA THAPOTENh METOJOM 3aMOpaXuBaHUSA-OoTTamBaHus [5]. T'mmporens
IIBC obnamaeT BBICOKOH MEXaHHYECKOH MPOYHOCTHIO, OMOCOBMECTHMOCTBIO U BS3KOYIPYTOoW NPHPOION, HE

TOKCHYEH W dKoHOMHYEH. Xuto3aH (XT) — ato Guomonumep, 00Ia a0l MHOKECTBOM (DYHKITHIA, TaK KaK B
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€ro MOJICKYJIaX COJEpXKAaTCS PEaKIMOHHO-CcriocoOHbIe Tpymmnbl, Takue kak -NH», -OH, -NHCOCH;. Xuro3an
MOJKET PacTBOPATHCA B BOAHOW Kucioi cpene. [IpoTornmposanne rpymmsl -NH,, Haxoasmiedicss B MOJIOKSHUN
C2 noBropsromerocss 3BeHa D-TOKO3aMHHA, MPUBOAWT K TOMY, YTO IIOJHCaxapua B KHCIOH cpene
npeBparaercs B moimdekTpoaut [6]. OH crmocoGeH 00pa3oBBIBaTh IMONUAIEKTPOIUTHBIC KOMIDIEKCHI C
AQHMOHHBIMH IOJIMAJICKTPOJIMTAMH, TaKUMHM KakK albIMHAT, AeKcTpaHcyibdar u apyrumu [6]. Kpome Toro,
W3BECTHO, YTO XHWTO3aH MOXET OOpa3oBHIBaTh  MOJMMOJICKYJSIPHBIE KOMIUIEKCHI C  OGNKOBBIMH
MaKpOMOJIEKYJIAaMH, BKJIIOYasi HHCYJIMH, CBIBOPOTOYHBIE OEIIKH U Ie30KCUPUOOHYKIICHHOBYIO KHCIIOTY.

JKcnepuMeHTaIbHasA YacTh. Kommosnnunonnasie Matepuansl cocraBa [IBC/XT momyyanu cmemeHuEeM
pacTBOPOB MONMBHHWIOBOTO cmmpTta 3 Mac. % u xuro3aHa 3 mac. % (pactBopeH B 1 % pacTBOpe yKCycHOH
KHCIIOTBI) B MAaccoBeIX cooTHomrenusix 80/20, 60/40, 40/60, 20/80, s3areMm cMech MOABEpPTaH
MOCJIE/IOBATENILHOMY JIBYXKPaTHOMY 3aMopakuBaHuio 1o 12 wacoB (mpu -20 °C) M OTTauBaHUIO B TE€UYEHUE
6 yacoB (mpu KoMHaTHOW Temmepatype). OOpasupl cymwii npu Temneparype 60 °C B teueHue 24 4yacoB J0
MOCTOSTHHOTO Beca. IlosyueHHble 06pasipl UccaenoBanu ¢ ucnoip3oBanueM MK- cnekrpomerpa Agilent Cary
630, a Tak e crerneHb HaOyXaHUs OLEHUBAIM TpaBUMepUuecku. [[iist uccnenoBanus HaOyXxaHHs HCIOIb30BaIH
OydepHsIe pacTBOpHL: hochaTHEI Oydep ¢ pH=7,4 u OydepHsIit pactBop ¢ pH=1,2.

Pesyabrarsl. Ciexktpsl komnosutoB [IBC/XTT (puc. 1) XxapakTepu3yrOTCs TIOJIOCAMH, XapaKTePHBIMHE IS
IIBC, nonocaMu BalleHTHBIX KoJebaHuii, momoca mpu 780 cM™ — u3rubnble (MasTHUKOBEIE) Konebanus —CHy— u
mpu 870 cm?! — medopmanmonnsie komeGammss rpynm —CHp—, mosmoca, pacmomoxkensas mpu 1290 cm?,
COOTBETCTBYET Je(pOPMALMOHHEIM (KPYyTHILHEIM) Konebanuam rpynmsl —CHp—. O6macts 3100-3600 cm?
COOTBETCTBYET BaJIeHTHBIM KoneOanusiM cBsizeit O—H. J{ns xurtozana xapakTtepHas mojioca Je(opMaIMoHHBIX
KoneOaHMif aMUHOIpYNIbl HaOmionaerca B paiione 1630 cm®. Marepuansl kommosuiuu u  IIBC/XT
XapaKTepU3yIOTCS MOJIOCAMH BCEX KOMIIOHEHTOB, BXOJAIINX B MX cocTaB. HOBBIX MOJIOC MOTJIOMIEHHUS] 00HAPYKEHO

HC 6BIJ'IO, MO3TOMY MOXKHO YTBCPIKAATh, YTO HOBBIX XUMHUYCCKUX CBsI3EH HE 06Hapy)KCHO.

NBC/XT 80/20
— [OBC/XT 60/40

A S(NH, — NBC/XT 40/60
v(-OH) ¥-CH,) _/-"'_'— T _|vic=0) MBC/XT 20/80
ot + (€00
\(C0C)
1 T poH CH.
Hicg
. I, Y A
N | A A

v, eM-

Puc. 1. UK-cnexmpul cuopozeneii cocmaga noaiueuHUIO8bIl CRUPH/Xumo3am

[Ipn momeiTke M3yuuTh npoduiab BeicBoOOXIeHHss MatepuanoB [IBC/XT (puc. 2) BBIICHWIOCH, YTO
MaTepHal I0CTaTOYHO OBICTPO PACTBOPSIETCS Kak B KUCIIOH cpefie, Tak U B HEUTPAIbHOW HECMOTpPS Ha TO, YTO,
COTJIaCHO JIUTEPATypPHBIM UCTOYHUKAM [2], Takne MaTepHuajbl JODKHBI JOIr0 Ha0yXaTh TOJBKO B KHUCIIOH cpere.

B T0 xe BpeMst ¢ yBenTMUeHHUEM KOHILIEHTPALlUU XUTO3aHa MTPOUCXOAUT YCKOPEHHUE PACTBOPEHUSI.
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Puc. 2. Bpems pacmeopenus [IBC/XT a) npu pH=7.4, 6) npu pH=1.2

MsI npeamnonaraeM, 4yTo 3TOT 3((GEKT BO3HUKAET U3-3a TOI'O, YTO BO3MOXHO OOpa3oBaHUE BOJIOPOAHBIX
CBs3el MeXJy aMMHOTPYIIION XUTO3aHa U TUAPOKCHIbHOHN rpynmnoi IIBC, HO HUKaKHX U3MEHEHUH B CIEKTpax
meronoM MK-criektpockonnu He 3apuKCHpOBaHO.

3akiaroueHue. [lomydeHBl CHCTEMBI Ha OCHOBE THIPOTENed XWTO3aH/TIONMBHHWIOBBIA CIHPT B
cootHomeHmsx 80/20, 60/40, 40/60, 20/80 mms axpecHOW NOCTaBKH JIEKapCTBEHHBIX cpencTB. C yBenMIeHHEM
KOJIMYECTBA XUTO3aHA CKOPOCTh PaCTBOPEHUS MaTepuaia yBenuunsaercsa kak npu pH = 1,2, tak u npu pH = 7,4.
U3 BBILIEN3I0)KEHHOTO MOYHO clienaTh BbiBOJ, uTo cucteMbl [IBC/XT nmoreHnuasbHo MOryT padoraTth kak pH-
YYBCTBUTEJIBHBIE CHCTEMBI JIOCTaBKH JIEKAPCTBEHHBIX CPEACTB, OAHAKO TPEOYIOT Oojiee TOYHOro mNoadopa
KOHLEHTpAllMii KOMIIOHEHTOB B nuamazoHe ot 60 mo 80 % IIBC, T.x. B 3Toil 00JlacTH HPOHMCXOIST
CYLIECTBEHHBIE H3MEHEHHS B TOBEJCHUN OTMMEPHBIX CHCTEM.

Hccneoosanue evinoaneno npu nodoepocke Ilpoepammer passumus Tomckozo 2ocyoapcmeennoo

yrugepcumema (Ilpuopumem-2030).
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INVESTIGATION OF THE FORMATION OF A SPATIAL NETWORK IN
POLYVINYL ALCOHOL CRYOGELS
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Abstract. As a result of the studies, it was found that there are favorable values of PVA concentration (more than
7 wt.%) and the number of freeze-thaw cycles (5 cycles) for the formation of a spatial network of hydrogen

bonds, which positively affects the mechanical properties of cryogels.

Beenenne. Kpuoremn monmsuamioBoro crnupra ([IBC) cTamm MHOTOOOCImIAIOMIAM MaTepHalOM IS
Pa3IUYHBIX OMOMETUITMHCKUX TMPUMEHEHH Onarojaps WX YHHUKaJIbHBIM CBONCTBaM, TaKUM KaK BBICOKAs
MOPUCTOCTh, OMOCOBMECTHUMOCTh W MEXaHHW4YeCKas CTa0WIbHOCTh. KpHOrenmu CUHTE3UPYIOTCS MyTeM
3aMOpaXuBaHUS U oTTauBaHus ruaporeneit [IBC, B pe3ynpraTe dero obpa3yercs: TpexMepHas B3aUMOCBSA3aHHAas
ceth mop [1]. Ot cBoiicTBa aenaroT kpuorenu [IBC OTIMYHBIM KaHAWAATOM IS UCTOJI30BAHUS B TKAHEBOM
WHXXEHEpPUH, JOCTAaBKE JIEKapCTB W 3aXHUBJICHUUM paH. B mocnenHue roabl HMCCiIeIOBaTENHM HUCCIENOBAIU
ucnoas3zoBanue kpuoreneit IIBC B TkaneBoil unxkenepuu. beiio nokaszano, yro kpuorenu [1BC noanepxuparot
poct u nudepeHINPOBKY pa3THYHBIX THIIOB KIJIETOK, BKIIOYasi CTBOJIOBBIC KICTKH, 00SCIIeUHBast IIOAXOISIIYTO
cpeny /Ui aire3ud U nposudeparyu kietok. Kpome toro, Mexanudeckue cBoicTBa kpuoreneir [IBC moxHO
perynupoBaTh, u3MeHss KoHueHTpanuio [IBC u muKIBI 3aMOpaXMBaHUS-OTTAUBAHUS, YTO MO3BOJISIET
HCCIICIOBATE/ISIM aaTHPOBATh CBOMCTBA KPUOTEICH K KOHKPETHBIM TPEOOBAaHHUSIM TKAHEBON HMHKCHEPHU.

ITomumo TraHeBoW wumHkeHepuw, kpuorenu IIBC wucciaemoBanmuch ISl HCIOJIB30BaHHA B JOCTaBKE
nekapctB. Kpuoremu [NIBC moryT moriomarh OONBIIOE KOJMYECTBO BOABI M HA0YXaTh, YTO IO3BOJISIET UM
CIIY’)KUTh HOCHUTEISIMH JiekapcTB. VccrmemoBatenu mnokaszanu, 9to kpuorenu [IBC MoryT OBITBH 3arpyKeHBI
JICKapCTBAMH, TAKUMH KaK aHTHOMOTHKH, NMPOTHBOPAKOBHIC areHTHI W (DaKTOPBI POCTa, W BBEICBOOOXKIATH HX
KOHTPOJHPYEMBIM 00pa3oM B TeUEHHE [UTUTEIBHOTO TIeproia Bpemenu [ 2, 3].

Kpowme Toro, xpuoremn [IBC ucnons3yrores i 3aXHUBICHHS paH, OHM MOTYT IOTJIOIIATH IKCCYAAT U3
paHbl U CIIOCOOCTBOBATH CO3JAHUIO BIAKHOUW Cpeibl, HEOOXOAMMON IJIsi 3aKUBIICHUS paHbl. B3anMocBszaHHas
nopucTas cTpykrypa kpuoreneir [IBC Taxxe obecneunBaetr nudy3uro KHCIOpoaa W MUTATEIHHBIX BEIIECTB,

YTO MOXET CrocoOcTBOBaTh pereHeparuu Tkaned. Kpmoremu IIBC mpuBiexaioT Bce Oojpliee BHUMaHHE B
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obylacTh OMOMEIMIMHCKHUX IPHIOKEHHUH OJjarojaps CBOMM YHHKaJbHBIM CBOWCTBaM, BKJIIOYAsi BBICOKYIO
MOPHUCTOCTh, OHOCOBMECTUMOCTh M MEXaHHYECKYI0 CTaOMIbHOCTh. Mcnone3oBanue kproreneit [IBC B TkaneBoi
WH)XCHEPHH, TOCTaBKeE JIEKAPCTB M 3KUBJICHUH PaH UMeeT OOJIbIINE TIEPCIIEKTUBEL, 1 HEOOXOAUMBI AabHEUIIIHe
uccenoBanus B 3toi obmactu [3]. Tak kak (OpMHUpOBaHHE KPHOTENs TPOMCXOTUT 3a CYET 0OpasoBaHUs
BOJIOPOJHBIX CBs3€i M Takue CBOHCTBAa Kak Moxynb HOHra m TemmepaTypa IUIaBICHUS HANPSIMYIO 3aBHCAT OT
KOJIMYecTBa 00Opa30BaHHBIX CB3€H, IeNbi0 PabOTHI SBISAETCS YCTAHOBJICHUE Kakue (paKTOpHI CHIIbHEE BIUAIOT HA
00pa3oBaHNe MPOCTPAHCTBCHHON CETKM B KPHUOTENAX MOJMBHHIIIOBOrO crupra (kKoHmeHTparwms [IBC wau
KOJIMYECTBO IMKJIOB 3aMOPAKUBAHUSI-OTTAaUBAHUS).

JKcnepuMeHTadbHAA dYacThb. /[l monydeHust Kpuorened OBUIM HCIIOJB30BaHBI  PacTBOPHI  C
rxonuenTpanmsimu [IBC 1, 3, 5, 7, 10, 12, 15 mac.%. IomydeHHbIe pacTBOPHI 3aJIMBATIN B IUINHAPHUYECKUE (POPMBI
¥ osepraiucsk 1, 3, 5, 7 u 10 muknam samopaxusanwus (ipu -20 °C, 5 1) — orrausanus (pu +20 °C, 5 1) (30).

W3mepeHne mpoYHOCTH Ha ckatve U pacu€r mMonyns HOHra mpou3BOIWIM HA YCTaHOBKE, COOpaHHOI Ha
6aze Arduino Board Mega 2560 u Ten3omatumka mpu nedopmarmu obpasua 20 %. M3mepenue temmeparypebl
IDTaBJICHUS OTIPEAeIUTH Kak MOMEHT, KOT/Ia MeTaJUTMIecKast cdepa, IIoMelIeHHast Ha Telb, YXOIIa B €T0 pacIiiaB.

PesyasTatsl. [Ipu mccnenoBanum moxynst HOHTa momydeHHBIX 00pas3moB OBLIO YCTaHOBIICHO, YTO Ha
MEXaHHYeCKHEe CBOMCTBA B paBHOW CTEIICHU BIUSAIOT KaK KOHIEHTpAIMA, TaK U KoJmdecTBo nukioB 30 (puc.l).
[Ipuuém oOa mapamerpa KMMEIOT 3HAYCHUS BBINIE KOTOPBIX 3HayeHWe Moiyns FOHra yBennunBaercs
9KCIMOHEHIMAIBLHO — KoHIeHTpauus 7 mMac.% u 5 1ukiaoB 30, 4TO MOXET CBHIETEIBCTBOBATH O TOM, YTO 3TH

rnapaMeTphbl 6JIaF01'IpI/I$[THLI JJIsL 06pa3013aHI/1;1 HpOCTpaHCTBeHHOﬁ CCTKU KpUOTECJIA.

MOAYANb KOHTA, MIMA

7 1

10
KOHUEHTPALMA PACTBOPATIBC, MAC.%

KOAWYECTBO UMKNOB 30

12 15

30-50 E50-100 £100-150 @ 150-200 @200-250
3 250-300 @ 300-350 B350-400 1 400-450 @ 450-500

Puc. 1. Mooyns FOnea kpuoceneii IIBC
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HccnenoBanne temneparypsl ruiaBienust kpuoreneid [IBC (puc.2) nokasano, uro e€ poct B Ooipuiel

CTCIICHU 3aBUCHUT OT KOJIMYCCTBA IIMKIIOB 30, UM OT KOHICHTpaluu, OAHAKO JOCTATOYHBIM KOJUYCCTBOM

MOJKET CUMTAThCS 5 UKIIOB, T.K. OT 3TOTO 3HAYEHHS IPOUCXOJHUT PE3KUH POCT TEMIIEPATYPhI TIABICHUS.

90

80

70

60

T, °C

50

40

30

20

5

/ 10 1

KoHueHTpauua MBC, mac.% 12 15

Koaunyecteo uuknoe 30

m20-30 m30-40 w40-50 50-60 m60-70 m70-80 m80-°0

Puc. 2. Temnepamypa naasnenus kpuozeneti I[IBC

3axuiouenne. B pesynbrare TPOBEAEHHBIX HCCICAOBAHUM  YCTAHOBJIEHO, 4YTO CYLIECTBYIOT
OnaronpusiTHele 3HaueHust KoHueHrpauu [IBC (bonee 7 mac.%) u xonmuectBa nukioB 30 (5 uukioB) mis
00pa3oBaHKs NPOCTPAHCTBEHHOHW CETKH BOJOPOAHBIX CBS3€H, YTO MOJIOKHUTEIBHO CKa3blBaeTCs Ha
MEXaHUYECKUX CBOMCTBAaX KpUOTEJIeH.

Paboma evinonnena npu noodepocke epamumoe Ilpesudemma  Poccuiickoti  @edepayuu 05

20CY0apcmeeHHoOl ROOOEPIHCKU MOTOObIX POCCULCKUX YHEeHbIX - KaHOudamos nayk (MK-2182.2022.1.3).
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EFFECT OF VISCOSITY AND ELECTRICAL CONDUCTIVITY OF SPINNING SOLUTIONS
ON THE STRUCTURE OF POLYTETRAFLUOROETHYLENE MEMBRANES FABRICATED
VIA ELECTROSPINNING
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Abstract. This work presents the results of a study of the influence of viscosity and electrical conductivity of
spinning solutions on the morphology of porous polymeric membranes made of polytetrafluoroethylene
fabricated via electrospinning. Scanning electron microscopy has demonstrated that the viscosity and electrical
conductivity of spinning solutions are the main technological parameters that make it possible to effectively
control the average diameter of fibers in polytetrafluoroethylene membranes. It is shown that such parameters
as the absorption of the liquid wetting the membrane, the apparent density and open porosity of the formed
membranes do not depend on the viscosity and electrical conductivity of the spinning solutions and the average
diameter of the fibers in the membranes.

Beenenue. B Hacrosiiiiee BpeMs IONMMEpHble MeMOpaH w3 nosuterpadropsTrieHa (IITDD)
M3TOTOBJICHHBIE METOJIOM 3JIEKTPOCITUHHUHIA, 00J1a1asi BBICOKOM MEXaHMYEeCKOW U XUMUYECKOW CTaOMIbHOCTBIO
Ype3BBIYAHO BOCTPEOOBaHbI B XUMHYECKOH U HEPTEXUMHUYECKOI MMPOMBIIUIEHHOCTH, B IIpolieccax MeMOpaHHOH
JUCTIWULIMN WM pasfelieHus] SMyJbcuid. B cdepe BomopogHOH 3HEpreTMKe 3TOT THII MEMOpaH HaXOIUT
NpPUMEHEHHEe B KadecTBE IPOTOHHO-OOMEHHOW MeMOpaH B TOIUIMBHBIX SY€HKax, B CHCTEMax XpaHEHH
CKIDKEHHOTO BOJIOPOJIa U CENapaTopoB JIMTHH-MOHHBEIX Oarapeil. Oco0yio BOCTpeOOBAaHHOCTh Ha CETOHAIHUM
JIeHb MeMOpanbl Ha ocHOBe IIT®D HaxomaT B pEeKOHCTPYKTHBHO-BOCCTAHOBHUTEIHHOH XHUPYPTHH B KadecTBE
KEJTYHBIX MPOTOKOB M KPOBEHOCHBIX COCYM0B [1]. BSA3KOCTH M BIEKTPONPOBOMHOCTD MPSIMIBHOTO PACTBOPA,
MIPH M3TOTOBJICHHH MEMOpaH METOAOM 3JIEKTPOCHMHHUTA, SBISIOTCS OCHOBOIIOJIATAIOIIMMHU IIapaMeTpaMH, BO

MHOTOM OIPEAENSAIONMH pa3Mep W CTIPYKTYpy (GOPMHUPYEMBIX BOJOKOH, KOH(HUTYpamuio MOPOBOTO
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NpOCTpaHcTBa MEeMOpaH M Kak CJIEJCTBUE KOMILIEKC (PM3MKO — XUMHYECKUX CBOMCTB IOJIMMEPHOH MeMOpaHBbI.
B Hacrosimieit pabote mpeacTaBieHbl pe3yJbTaTbl HCCICAOBAHUS BIMSHHS BSI3KOCTH M 3JIEKTPOIPOBOAHOCTH
NPSAWITBHOTO  PAacTBOPA, MNPEJHA3HAYCHHOTO Uil MOMydeHuss mnopuctelx [ITOD membpan meronom
3JIEKTPOCIMHHNHTA, Ha CTPYKTYPY B MOP(OIIOTHIO C(HOPMUPOBAHHBIX MEMOpaH.

JKcNepuMeHTA/IbHAsl YacTh. [IpUrOTOBICHHE MPAOWIBHOTO PACTBOpA I H3TOTOBICHHS MeMOpaH
OCYIIECTBIISUTH CIIEAYOIUM o0pasoM. [Tomyuamu 5 % Boxambiii pactBop monmatiieHokcuaa (I190) pacTBopsist
2,50 + 0,01 r mopomka I1D0 (Acros Organics, Belgium) B8 47,50 + 0,01 T AMCTHIUTHPOBAHHOH BOJBI.
[IpsinunbHBIE pacTBOPHI TOTOBHIN ITyTeM cMemuBaHus 5% BoaHoro pactsopa I190 ¢ 10,0 + 0,01 r BoaHO#M
cycnensueir [IT®D (lamomonmmep, Poccust). PerynupoBaHume  BSI3KOCTH — NPSOHIBHOTO — pacTBOpa
OCYIIECTBIISUIOCH 00aBICHHEM IUCTHIUIMPOBAHHON BOXBI. Il M3ydeHHs BIMSHHSA BS3KOCTH MPSIUIBHOTO
pacTBOpa Ha CTPYKTYpy C(pOpMHPOBAHHBIX MEMOpaH OBLIO MPUTOTOBJIEHO MATH THUIOB MPSAUIBHBIX PACTBOPOB
IPU TIOCTOSTHHOM COJICpKaHHE TOJMMEPHBIX KOMIIOHEHTOB, B KOTOPBIX COJEPXAaHHE BOABI BapbHPOBAJIOCH OT
5,455 £ 0,001 mo 6,955 + 0,001 r. PerynmpoBaHue 3JIEKTPOIPOBOTHOCTH OCYIIECTBISLIOCH IMyTeM I00aBICHHUS
conu KCI. Jlyist u3ydeHust BIUSHUS SJICKTPOIPOBOTHOCTH MPSTUIBHOTO PACTBOPA Ha CTPYKTYPY C(HOPMHUPOBAHHBIX
MeMOpaH OBIJIO IIPUTOTOBJICHO 6 TUIOB MPSAIUIBHBIX PAaCTBOPOB INPH MOCTOSHHOM COAEP’KaHUHU IONMMEPHBIX
KOMIIOHEHTOB U JUCTHJUTHPOBAHHOM BOJIBI, B KOTOphIX coaepikanne KCI Bappuposanocs ot 0,002 + 0,001 g0 0,05
+ 0,001 r. /luHamMuyecKyl0 BS3KOCTh NPSOUIBHBIX PacTBOPOB HCCIEAOBAIM HAa BHOPOBHCKO3MMETPE CEPHU

SV-10 (A&D Company Limited, Japan). DneKTpompoBOAHOCTh MNPSAMIGHBIX PACTBOPOB HCCIICIOBAIH Ha

kouaykromerpe InoLab Cond 7319 (WTW, Germany). ®opMupoBaniue MeMOpaH OCYIIECTBIISUIOCH C MOMOIIBIO
ycraHoBkd Juisi nporecca anekrpocnuaanara NANON-01A (MECC CO, Japan). Tepmuueckyio 00paboTKy
MeMOpaH npoBoawiu B Mydenbroit neun UTM 50.1100 (OO0 «UTM», Russia), mo MeTouke OMMCaHHOHN paHee
[2]. Mopdomnoruss memGpan ucciemoBaHa ¢ nomoimpio COM Ha obopymosanuun JCM-6000 (JEOL, Japan).
[Mornomienre cnupTa, KaXyIIylcs IUIOTHOCTh M TMOPUCTOCTh KaKAOro o0pasia MeMOpaHbl OIpeesisuii
THAPOCTATHYECKUM B3BENIMBaHWEM Ha Becax Sartorius ME235S (Sartorius, T'epmanms).

PesyabtaTnl. Ha prcynke 1 mnpencraBieHbl pe3ysbTaThl MCCIEIOBAHUH BIUSHHUS COIEPIKAHUS BOJBI
(Puc. 1a) u KCI (Puc.1b) B npsimuiapHOM pacTBOPE Ha €ro BSI3KOCTh M 3JIEKTPOIPOBOIHOCT. Y CTAHOBJICHO, YTO
YBEIMUYEHHUE COAEpk aHUs BOJBI B MPSAUILHOM pacTtBope 10 6,955 + 0,001 r npuBOIUT K CHUXKEHUIO BA3KOCTH
NPSAMIBHOTO pacTBopa Oojiee WeM B /Ba pasza MO CPaBHEHHIO ¢ KOHTPOJBHBIM 3HaueHWeM. [Ipum sTom mpu
MOCTOSIHHOW BSI3KOCTH MPSIHIBHOTO pacTBopa paBHoit 70,4 £ 0,1 MIlaxcek., yBenuuenue conepxkanus KCI B

pactBope 10 0,05 + 0,001 r BBI3BIBaET yBenuueHue 3aekTponpoBogHocTy ¢ 31,8 + 0,1 10 347,2 + 5,4 mxCum/cwm.
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Puc. 1. Uzmenenue es3xocmu (a) u snexmponpogoonocmu (0) npsoubHbIX pacmeopos

Ha pucynke 2 mnoxkasanel COM-u300paKeHUSI CTPYKTYpbl MeMOpaH B 3aBHCUMOCTH OT BSI3KOCTH
npsimuiabpHOTrO pactBopa (Puc 2. a-e). [Ipu yMeHbIICHNH BS3KOCTH MPSIUIBHOIO PacTBOpa IMyTeM NOOABIICHUS

JUCTWLTMPOBAHHOM BOBI CPETHUI THaMeTp BOJIOKOH yMeHbluaetcs ¢ 1,82 + 0,22 no 1,53 £+ 0,26 MkMm.
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Puc. 2. Brusnue 6a3xocmu u 31eKmponposoOHOCU HA CIMPYKMYpPY Memopan: a, 0, 6 — GIusHue 6513K0CMu

HA CIMPYKMYypy Memopan, 2, 0, e — 61usAHue NeKMPONPOGOOHOCIU HA CIPYKMYpPY MeMOpan

B Tabmume 1 mpencraBieHBI pe3ynbTAThHl BIMSHUS BSA3KOCTH W 3JIEKTPONPOBOAHOCTH MPSAMIBHBIX

pacTBOPOB Ha WM3MEHEHHE OTKPBITONH MOPHUCTOCTH, IOTJIOMIEHUS H3ONPONMIOBOIO CIHpTa M KaXKyIencs

IIJIOTHOCTH.

IIpencraBneHHsble

pe3yiabTaThl

CBHUACTCIBCTBYIOT O

OTCYTCTBHUC BJIMAHHUA  BA3KOCTU H

QJICKTPOINPOBOAHOCTU NPAAUIBHBIX pAaCTBOPOB Ha UCCIICAYCMBIC ITapaMETPhI.

Tabruya 1

H3MepeHue 0ml(‘pblm01; nopucmocmu, no210Werusl cnupma u Kaofcyu;eﬁc;z njiomHocmu 6 3asucumocmu

om eA3Kocmu u aﬂeKmponposodHocmu npﬂauﬂbHOZO pacmeopa

B 3aBHCHMOCTH OT BS3KOCTH NPSIMIIBHOTO PacTBOpa
O6pasen, Ne | Iormomenue cnupra, | Kaxymascs nIoTHOCTS, T/cm® OTKpbITast HOPUCTOCTD, %o
%
1 1125+19 0,5254 + 0,0068 75,3+0,4
2 104,7 +5,9 0,5569 + 0,0231 742+172
3 123,9 +5,6 0,4956 + 0,0040 78,2+29
4 1153+ 134 0,5186 + 0,0435 75,7+2,0
5 108,9+ 24 0,5354 + 0,0095 74,3+0,4
B 3aBHCHMOCTH OT 3J1€KTPONPOBOHOCTH NMPSAMIBHOIO pacTBOpa
1 105,1+ 2,2 0,5529 + 0,0086 741+04
2 108,7 + 4,7 0,5400 + 0,0175 74,7+0,8
3 111,3+6,1 0,5308 + 0,0198 752+13
4 111,8 +5,3 0,5295 + 0,0174 754+11
5 110,3 + 3,3 0,5443 +0,0171 749+1,0

3akaouenne. B HaCTOS[H.[CfI pa60Te YCTAHOBJICHO, YTO BA3KOCTb U JJICKTPOHPOBOAHOCTL HNPSAAUIbHBIX

PaCTBOPOB SABJAIOTCA KIKOYCBBIM TCXHOJOTHMYCCKUMU IapaMeTpaMM, [MO3BOJISIOIIUM 3(1)(1)6KTI/IBHO YIPABJIATH

CpeAHUM JUAMETPOM BOJIOKOH B MeM6paHax us3 HOJ'II/ITeTpa(i)TOPSTI/IJ'IeHa. Takwne napaMeTphbl KakK MNOTJIOIICHUEC

CMaqHBaIOmeﬁ KHUIAKOCTHU, KAXKYHIAsICA IMJIOTHOCTh U OTKPbITasA MOPUCTOCTH MCM6paH HC 3aBUCAT OT BA3KOCTHU U

3JIEKTPOIPOBOIHOCTh MPSAUIBHBIX PACTBOPOB U CPEIHETO THAMETPA BOJOKOH B MEMOpaHax.
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BO3MOXHOCTb BHEJAPEHUS YIJIEPOJHbIX HAHOTPYBOK B CTPYKTYPY
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THE POSSIBILITY OF EMBEDDING CARBON NANOTUBES IN THE STRUCTURE
OF POLYCRYSTALLINE CVD DIAMOND
A.S. Mitulinsky, V.A. Bulakh, S.P. Zenkin
Scientific Supervisor: PhD., S.A. Linnik
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
E-mail: mitulinsky@tpu.ru

Abstract. In this study, we investigated the possibility of combining carbon nanotubes and diamond under
HFCVD diamond deposition conditions. The dynamics of the processes occurring during the diamond deposition
were analyzed. It was found that for all variations of the CVD parameters, the nanotubes first go through the
stage of amorphization and subsequent complete etching. In addition, this paper presents a method for uniform

deposition of a layer of carbon nanotubes on the substrate surface.

BBenenune. Anmaz u yrieponHeie HaHoTpyOku (YHT) sBIsitOTCS aimoTpONHBIME MOAUGHKALUSIMU
yraepona. Anma3s o0nagaeT BHICOKUMH (U3UKO-MEXaHHYECKUMH CBOWCTBAMH (TBEPAOCTH, MPOYHOCTh, HUIKUI
koo dumment tpeuns) [1]. YHT o6namaroT xapakTepu3yHOTCS BBICOKOH TEIIO- W 3JIEKTPOIPOBOIHOCTHIO,
BBICOKOIl IIO/IBM)KHOCTBIO 3apsi/ioB, [BOWHCTBEHHOM TIPUPOAOH 3ampeieHHON 30HBI (MeTaJulndecKas |
MOJIYTIPOBOHUKOBAs) [2].

B Hay4HO nuTepaType MpeACTaBICHO JOCTATOYHO Majlo MH(pOPMAalHWU O COBMECTHOM HCIIOJIb30BAHUU
anmasza u YHT. Tak, Obuio BeisiBiieHo, uto YHT MoryT npumeHsTbest B kauectBe 3(h(HEKTHBHOIO «3aceBay s
pocra ammaza [3]. Taxke B paborax [4, 5] ObuM paccMOTpeHBI MeETOIBI COBMecTHOro pocra YHT
(c karamM3aTopoM) M anMasza B SIMHOM IMKJIE OcaxaeHus. B paGore [6] mokazana BO3MOXHOCTH pocTa
MOJIMKPUCTAJUIMYECKOTO ajMa3a Ha npensaputenbHo 3acesiHHod YHT mnoanoxke merogom HFCVD 6es
katanuzatopa. OpHako, Mopdosorus, (U3UKO-XUMHYECKHE, JJIEKTPUYECKHEe M  TEIUIOBBIE CBOWCTBA
KoMOnHUpoBaHHOTO anMma3-YHT marepuana ocraroTcst HEM3y4E€HHBIMU.

Llenpto 1aHHOTO MCCIIENOBAHUS SIBIISIETCS M3YYE€HHE BOSMOXKHOCTH CHHTE3a aJIMa3HOW IUICHKH METOJIOM
HFCVD na 3acestano# ciioem YHT mommosxkke.

JKcnepuMeHTATbHAsA 4acTh. B Ka4yecTBe TTOITOKEK HCTIOJIB30BaJINCh TUTACTHUHBI
MoHOKpucTamuaeckoro kpemaus (100). KpemHueBbie 1acTHHBI OBLIIM MPEIBAPUTENEHO OYHIIEHBI B CIIUPTE B
YIIBTPa3BYKOBOH BaHHE Ha MpoTsHKeHNH 10 MuHyT. OcaXkaeHue cios yIIepOaHbIX HAHOTPYOOK OCYIIECTBISIIOCH

Ha camoJienbHON ycTtaHoBke. OHa COCTOMT W3 pe3epByapa C YJIbTPa3BYKOBOH MeMOpaHOH, Coruia,
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HO/IOKKOIepKaTeNisi. B pesepByape yCTaHOBKM HAXOOUJIACh CMECh NUCTHILTHpOBaHHOH Bomsl (98 %) u YHT
pactBopa (2 %) (TUBALL BATT, OCSIAl). Ilox ynpTpa3ByKOBBIM BO3JCHCTBHEM MEMOpPaHbBI MPOHCXOIHUT
nmapoo0Opa3oBanne BossHOTO pacTBopa ¢ YHT. Jlanee mapoBoii MOTOK HampaBisieTcsl Ha 00pa3ibl, pacCTOSHHUE OT
comra 10 0oOpas3IoB BO BpeMs JKCIEpUMEHTa cocTaBisuio 15 mM. IlomroxkkomepkaTelnb OCHAIEH CHCTEMOI
HarpeBa 00OpasIoB, BO BpeMs OCaXICHHS TeMIlepaTypa OOpasloB IOAJEepXKHBajach Ha ypoBHe 85 =2 °C.
JlaHHBII METOI OCa)XXIEHUs IO3BOJISICT MOIYIHTh paBHOMepHBIH cinoit YHT Ha moBepxHOcTH oOpasma. Bpems
ocaxkaenust cocrasisuto 20 muH. [Tocne HaHeceHus ciost HAHOTPYOOK 0Opa3ukl nmomemanuck B HFCVD peakrop
JUISL TIOCJIEYIOLIETO OCaXJEeHUsl aiMas3a. B kauecTBe pabouero rasa NpHMEHsJIach CMECh METaH-BOJOPOJ B
pa3nuuHbIX KoHueHTpauumsx (mpoueHt CHs BapbupoBaincs B mpepenax ot 5,6 10 28,5), mpu 3TOM NpOTOK
Bojopona ocraBayicsi mocTosHHBIM 100 mi/mmH. PaccrosHme oT BONB(QPaMOBBIX HHUTEH A0 MOIJIOKKH
coctaBmsio 12 mm. [ng um3ydeHHs oOpa3loB NPHMEHANIACh PACTPOBasi JICKTPOHHAS MHKPOCKONUS U
paMaHOBCKask CIIEKTPOCKOIIHS.

PesyasTaTel. Ha pucynke 2 a mpezncraBieHo POM u3obpaxenne momioxku co cimoem YHT. Bemio
00HapyKEHO, YTO TPHU YCIOBUAX POCTAa MHKpOKpHCTaumYeckoro anMasa (5,6 % CHa), yxxe depe3 HECKOJIBKO
cexyHn padotsl CVD peakropa YHT mosHOCTHIO HCUE3AIOT C TOBEPXHOCTH MOMJIOKKH. AHATOTUYHBIC KAPTHHEI
HaOmronamucy B akcrnepumenTax ¢ 13 u 20 % CHs B razoBoit ¢ase (yciaoBus pocTa HAHOKPUCTAUTMIESCKOTO
anmasza). J{ns conocraBieHus CKOPOCTH TPaBIICHHUS ObLI MIPOBENICH YKCIIEPUMEHT 110 YHOCY MacChl HAHOTPYOOK B

3aBUCUMOCTH OT BpeMEHH pabOoThl peakTopa U cocTaBa ra3oBoii cMecH (puc. 1).

250+

200

150

100

—&— 6 vol. % CH,
—A— 15 vol. % CH,
—8— 25 vol. % CH,
—¥— 40 vol. % CH,

MoTepsa maccol (MKr}

o
=3
L

0 50 100 150 200 250 300
Bpewmsa CVD (c)

Puc. 1. I'paghux ynoca maccor YVHT npu pasiuunvlx cocmasax 2a3o80u cmMecu

W3 rpaduka BUAHO, YTO HE3aBHCHUMO OT COCTaBa ra30BOM CMECH NPOWCXOIMT TpaBJIEHHUE yriiepoja
HaHOTPYOOK. [Ipy MOBBIIIEHNH KOHIIEHTPALMU METaHa CHM)KAETCS OTHOCHTEJBbHAs Z0JIsi BOAOPOJA B COCTaBe
ra3oBOM CMECH, YTO IPUBOJUT K CHIKEHUIO CKOpocTH TpaieHus YHT. B uenom mnpouecc TpasieHus
00YCIIOBIIEH TPUCYTCTBHEM aTOMAPHOTO BOIOPOJa, 00Pa3yIOIIETrocs P aKTUBALMU Ta30BOH CMECH TOPSINMHU
BOJIb()PaMOBBIMH HUTSIMU.

COM CHUMKHM JTMHAMHKH IMPOLECCOB, Ipoucxosiux ¢ obpasuom B CVD peakrope npencraBieHsl Ha
puc.2 6-B. C 1enbio oneHKH (a3oBbIX NPEeBpallieHUil Oblila IPOBeIcHAa PAMAHOBCKasl CIIEKTPOCcKomust (puc. 2 r-e).
Ha manbix BpemeHax paboTsl peakTopa (IOKa IT0/UI0KKA ellle He YCIIeBaeT HarpeThest 0 pabouei TeMeparypsl)
MPOMCXOIUT POCT Caku Ha moBepxHoctH YHT cios, Ha KapTHHE paMaHOBCKOTO CIIEKTpa mosiserca D-mumk
(cootBercTByfomHMiA amMmophHOMY yriaepoxy). [lpy yBeInveHUH BpeMEHH pEeakii U OOJbIlleM HarpeBe oOpasiia
npoucxonut amopdmsanus YHT, Ha paMaHOBCKOM cIeKTpe 3aMeTeH pocT D-Tmka kak 3a c4eT pas3ioKeHus

YHT, tak u 3a cuer obpa3oBanus caxku. [Ipu OobpireM yBeTHUEHHH BPEMEHH PEaKIUH IIPOUCXOANT TPaBJIICHHE
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yriepoa ¢ NOBEPXHOCTU 06pa3ua KaK B BUIC CaXHu, TaK U B BUJIC HaHOpr6OK, 0 4YEM T'OBOPUT OJHOBPEMECHHOC

CHUXKCHUC MHTCHCHUBHOCTH KaK D-, Tak U G-IIUKOB.

3)

G-band G-band si
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Puc. 2. POM mzo6pasicenus obpasyos: a) 0o nomewenusi ¢ CVD peaxmop, 6) 30 cexyno CVD,

8) 90 cexyno CVD; e-e) coomeemcmeyrowue um pamanoscKue cnekmpol

3akirouenue. boin TMPOBCACHBI OKCIICPUMEHTEI IO BBIABJICHUIO BO3MOYKHOCTH COBMCICHHUA YTJICPOAHBIX
HaHOTpYOOK ¢ CVD anmmazom. Bo Bcex NpOBEAEHHBIX HCHBITAHUSX YIIIEPOAHBIE HAaHOTPYOKH MOKa3bIBAIOT
CKJIOHHOCTb K TPABJICHUIO C MOBEPXHOCTH IOJJIOKKU /IO Hayaja pocTa ajMasHbIX KpHCTaIoB. OCoOEHHOCTH
merona HFCVD cunTe3a anMasa SBISIFOTCS HEMOAXOASAIIMMHE JUTs COBMECTHOTO pocTa anmasa ¢ YHT.

Hcceneoosanue svinonneno npu gunancogoi nodoepaicke epanma Poccutickoeo nayunoeo ¢ponoa (npoexm

Me 2]1-79-10004).
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SPECTROSCOPIC INVESTIGATION OF PHOTOSENSITIZATION PROPERTIES
OF HALOGEN-SUBSTITUTED ZINC DIPYRROMETHENE COMPLEXES
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Abstract. The work is devoted to an experimental study of the spectral-luminescent and photosensitization
properties of halogen-substituted zinc dipyrromethene complexes. The quantum yields of singlet oxygen were
determined by an indirect method using “trap” molecules of 1,3-diphenylisobenzofuran (DPBF). The possibility
of efficient generation of singlet oxygen by molecules of metal complexes of dipyrromethenes is shown. The
peculiarities of the influence of the nature of the introduced halogen substituent and the nature of the solvent on
the obtained photosensitization characteristics are noted. The possibility of using the studied compounds as
active media in the creation of new materials for photodynamic therapy and photocatalysis of oxidation
reactions is discussed.

Benenune. B mocnenHue roipl 3HaYMTENIHHO BO3POC MHTEPEC K OPraHMYECKHM KpPAacHUTEIsIM, KOTOpbIE
MOTYT HCHOJIB30BAThCS B KaueCTBE AaKTHBHBIX CPEJ Pa3IMUHBIX ONTHYECKHX MAaTepHaJoOB M YCTPOMCTB:
MepecTpPauBaEMbIX JIA3€POB, TEMIIEPATypPHBIX 30HAOB, ONTHYCCKUX JaTYMKOB, HEIMHEHHBIX MepeKitouaTenei u
OTpaHUYUTENCH MOIIHOTO HMITYJIBCHOTO  M3Jy4eHMs, TOHKOIUIEHOYHBIX M3Iy4YalolldX CJIOEB UL
AJIEKTPOIIOMUHECIIEHTHBIX YCTPONUCTB, OPraHUYECKHX COJTHEUHBIX 3JeMEHTOB. KoopanHAIIMOHHBIE KOMILIEKCHI
JUITUPPOMETEHOB MOTYT YCIIELIHO pellaTh JaHHbIE MPOOJIEMBI MPAKTUUECKOTO NPUMEHEHHUs OJaroaaps CBOUM
OTIIMYHBIM ONTHYECKUM CBOICTBaM. VI3BECTHO, YTO pa3IMYHBIX MPOM3BOIHBIE TUITHPPOMETEHOBOTO PSAAa UMEIOT
IMIMPOKYIO CIIEKTPAJIbHYIO 00JaCTh NMEpEeCTPOMKH, BBHICOKHMH KBAaHTOBBIM BBIXOZ JIOMHUHECHECHIMH M XOPOIIYIO
¢orocTabunbHOCTh. Tak HanOosiee W3BECTHBIE NPEJICTABUTENM JAaHHOTO CceMeHWcTBa — OopQTOpHUIHbIE
qunuppomereHoBble  komiuiekchl (BODIPY) ycnemno 3apexkoMeHgoBain ce0si B KadyecTBE JIa3epHBIX
KpacHTeJIeil Ha 3eJIeHy0 00JacTh CIIEKTPa U MPOM3BOSITCS AJIS 3THX LEeNel psaoM komMmepuyeckux ¢pupm [1].

HecmoTps Ha 3HauWTeNnbHBIE YyclmexW B pa3paboTke W TNPUMEHEHWHM MAaTepHajoB Ha OCHOBE
JTUMHAPPOMETEHOB, ITOMCK HOBBIX COCIMHEHUH C YIYYIICHHBIMH CIIEKTPOCKONMYECKHMH XapaKTEPUCTUKAMHM T0-
MIPEeXKHEMY OcCTaeTcsl OBICTpopa3BUBatolIeiicss o0iacThio uccieaoBannii. Ocoboe BHUMaHHE Ha CETOMHSIIHUAN

JIEHb YJENAETCSA JTUMHPPOMETEHOBEIM KOMIUIEKCaM d-MeTayuioB, B 9acTHOCTH coeauHenusM muHka(ll). Taxue
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MOJIEKYJIBI JIEMOHCTPUPYIOT 3((EeKTUBHOE IOIJIONIEHHE, HO CPaBHHUTEILHO Cladylo JIOMUHecCUeHuuio [2],
MOATOMY OlpeseieHre HX (POTOCCHCHOMIM3aMOHHBIX CBOHCTB MPEACTABIISIET HHTEPEC KaK (pyHIaMEHTaIbHBIH,
[0 BOMNPOCY YCTAHOBIEHHA IIyTeH CHHIVICT-TPUIUIETHON ME3aKTUBALMM SHEPTHU BO3OYXKACHHS, TaK H
MpaKTHIECKUH, HANPaBICHHBIH Ha HCCIECAOBAHUE BO3MOMKHOCTH CO3AaHHA HOBBIX 3(P(EKTHBHBIX MaTepHasoB
IUTs (POTOCEHCHUONITA3aTOPOB.

B cBs3u ¢ 3THM, IIETBI0 JaHHON pabOTHI SABNISETCA IKCIEPUMEHTAIBHOE HCCIEJOBAHHE CHEKTPAIbHO-
JFOMUHECHCHTHBIX W (POTOCCHCUOWIIM3AIMOHHBIX CBOWCTB psija TaJOreH3aMeIIeHHbIX JIWIHPPOMETEHOBBIX
koMmIuiekcoB nuHka(ll) B 3aBHCHMOCTH OT THITA U MONOKEHHS BBEAEHHOTO JIMT'AH/IA U IPUPO/IBI PACTBOPHUTEIIS.

JKcNepuMeHTa/IbHAsI YacTh. B KauecTBe OOBEKTOB HCCIEIOBaHMS OBbUI BBIOpPAaHBI PsiJi IIMHKOBBIX
TUMHAPPOMETEHOBBIX KOMIUIEKCOB C TalIOTEHOBBIMH 3aMecTHTesiMu (puc. 1). JlaHHBIe coemuHEHHs OBLTH
cuHTe3npoBaHsl B MHctuTyTe Xmmum pactBopoB mM. I.A. KpecroBa PAH (r. VBaHoBO) mo MeTomWKawm,
npuBeaeHHBIM B [3]. CTpyKTypa M HMHIMBHAYalTbHOCTh IIOJNYYCHHBIX COCAMHCHHII KOHTPOJHMPOBAIUCH C
MOMOIIBI0  3JIEMEHTHOTO  aHaiW3a,  TOHKOCIOWHOHW  Xpomarorpauu,  Macc-CHEKTPOMETPUH |
SIMP-cniekTpockonuu. B kauecTBe pacTBOpHTENel HCIIOIBb30BAIM 3TaHOJ, M30NPONAaHoN M OyraHon (Bce
pacTBOPUTENN XMMHUYECKH YHUCThIE). JlaHHbBIC MOJSPHBIE Cpelbl ObUTH BBHIOPAHBI B CBSI3U C MX CPOJACTBOM C
€CTECTBEHHO Cpe/Ioii )KUBBIX OpraHu3MoB. [Ipu HCTIOIB30BaHNK B KauecTBE Cpebl Il (POTOCEHCHOMITN3aTOPOB
JaHHBIC PACTBOPUTECIIN 6yI[yT HUMCTb MCHLUIYIO TOKCHYHOCTH IO CPaBHCHUIO C APYIrMMU OPraHU4CCKUMHU

PaCTBOPUTCIIAMU.

/ \ / \ AC CH,
Hy( CH, cHy CsH,,

Zn[Br,(CH;),dpm], Zn[Br,(CH3),(CsHyy),dpm], Zn[I(CH;3)4(C,Hs)dpm],

Puc. 1. Cmpyxmypuvie ghopmynvl u 06031nauenuss OUNUPPOMENMEHOBbIX KOMIIEKCO8 YUHKA

DJeKTPOHHBIC CHEKTPHI TMOTJIOMEHUS W (UIyOPECHEHIIMH PAcTBOPOB HM3YYaeMbIX JUIHPPOMETEHOBBIX
KOMIUIEKCOB OBUIM MOJyYeHbl MPH HCIONb30BaHuM crektpomerpa CM2203 (Solar) B coorBercTBHH C
npouenypaMu u3MepeHus. [yt pacTBOpOB HCCIElyeMbIX COEAMHEHWH OSTH CHEKTPHl OBUIM IIOJNy4EeHBI B
KBapleBOH KioBeTe auameTpoM 1 cM mpu remneparype 298 K u HopManbHOM aTMOC(EepHOM JaBIECHHUH.

HNccnenoBanne 3¢ hekTHBHOCTH TeHEpalli CHHTIIETHOTO KHCIOPOa MPOBOAUIOCH KOCBEHHBIM METOIOM
C HMCIOJIb30BaHUEM MOJIEKYJIBI 1,3-mudennnuzodensodypana (1,3-DPBF) B kauecTBe “JIOBYNIKM CHHIJIETHOTO
kuciopona. MzBectHslil kpacurens MetmineHoBsi cuanii (Methylene Blue, MB) O ncnone3oBan B kauecTBe
cragapTa-hoToceHCHOUIM3aTopa cUHIIETHOro Kuciuopoaa (M0, = 0.52). ITorpemHocTs onpeeneHys BIX0Aa
CUHIJIETHOTO KHCJIOPOJA PAacCUMTHIBAIM HA OCHOBAaHMM TPEX HE3aBUCHMBIX H3MEPEHHUIl CKOPOCTH pachaja

1,3-DPBF cBexenpuroToBICHHBIX cMecei cTannapTa win kpacurens ¢ 1,3-DPBF.
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Pe3yabTarsl. [IpenBaputenbHOEe  HCCieIOBaHHE CIEKTPAILHO-IIOMUHECLICHTHBIX ~ CBOWCTB
rajoreH3aMelIeHHbIX IUITHPPOMETEHOBBIX KOMILIEKCOB IIMHKA 1TO0Ka3ajl0 HU3K03((EKTHBHYIO JTIOMUHECHEHIIUIO
y pAla KOMIIIEKCOB, YTO MOXKHO OOBSCHUTH YMEHBLIICHHEM BPEMEHH JKU3HH TPHUIUIETHOTO COCTOSHHUS B TAKHX
COCIMHEHUSAX HE TOJBKO H3-3a OE3bI3NTyYaTe]bHBIX IPOLECCOB HHTEPKOMOMHAIIMOHHOW KOHBEPCHH H3
T1cocTostHUA, HO M u3-3a 3(Q(EKTHBHOTO TYIICHHUS 3TOr0 COCTOSHHS MOJIEKYISAPHBIM KHCJIOPOIOM C
00pa3oBaHNEM €r0 CHHTIIETHOH (opMBI. B cBs3M ¢ 3TUM OBUIM OMpeNelIeHBl BO3MOXKHOCTD U 3()()EKTHBHOCTH
TeHEepaIMy CUHIVIETHOTO KUCIOPOAA IS ATUX COSIUHEHHH.

[Ipu oGirydeHnH cMecH COOTBETCTBYIOIIETO COEIMHEHHS-(POTOCCHCHOMIN3aTOpa U JIOBYIIKH OTMEYaJINCh
W3MEHEHHSI CIIEKTPOB ToriomeHus (puc. 2 a). OOmydyeHnme cmeceil Ha IUIMHAX BOJH, HE IOTJIOLIAEMBIX
noymkoii — DPBF, BbeBpBaer ero pacmang, B TO BpeMs Kak caM OOJydaeMbIi (DOTOCEHCHOMIM3AaTOp
NPAKTUYECKH HE H3MEHSET CBOIO KOHIEHTPALMIO IIPU YCIOBHU COXPaHEHHUs 00JydaeMoro odbeMa pacTBOpa
CMecH B mporecce m3MepeHuil. Ha ocHoBaHnM 00paGOTKM 3THX 3aBHCHMOCTEH OBUIM PacCYUTaHbl 3HAYCHUS

KBAHTOBBIX BbIXOJ0B CHMHIJICTHOTO KMCJIOPOAA UL psAia KOMIIJICKCOB JUITMPPOMETCHOB (pI/IC 2 6)
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Puc. 2. a) Usmenenue cnexmpog noanowenus cmecu Zn[Bra(CHs)2(CsHa1)2dpm]2 u 1,3-DPBF 6 omanone
om epemenu obnyuenus. 6) 3asucumocms onmuyecxoi niomuocmu DPBF na onune gonnvl 410 nm om épemenu

00nyyeHuss cmecu

3akaouenne.  Takum ~ oOpasoM  TOKa3aHa  BO3MOXKHOCTh  YCIEIIHOTO  HCIIOJBb30BaHMS
raJoreH3aMeIIeHHbIX AUIMPPOMETEHOBBIX KOMIIEKCOB B KadecTBE cpelsl At (poToKaTann3a OKUCIUTEIbHBIX
peakuuii 1 HoTOCEHCHOMIN3ATOPOB MPU POTOANHAMUUECKON TEpaTIHH.

Paboma evinonnena npu gunancosoii noodepacke Ipozpammut pazsumus Tomckozo 2ocydapcmeennozo

yuugepcumema (Ilpuopumem-2030) (HUP Ne HY 2.0.7.22 MJI).
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PA3PABOTKA TEXHOJIMTUM NNOJYYEHUSA NOJIUMEPHbBIA BUOILUIHBIX JOBABOK
JIJISA IAKOKPACOYHBIX TOKPBITUI U OTJAEJOYHBIX MATEPUAJIOB
B.O. Oxmagaukosa, O.C. Ounpos, M.H. I'puropsesa, C.A. Crempmax
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E-mail: lera-okladnikova@mail.ru

DEVELOPMENT OF TECHNOLOGY FOR OBTAINING POLYMERIC BIOCIDAL
ADDITIVES FOR PAINT COATINGS AND FINISHING MATERIALS
V.0. Okladnikova, O.S. Ochirov, M.N. Grigor’eva, S.A. Stelmakh
Baikal Institute of Nature Management, SB of the RAS, Russia, Ulan-Ude, Sakhyanova str., 6, 670047

E-mail: lera-okladnikova@mail.ru

Abstract. The study is aimed at developing a technology for obtaining a polymer-polymer mixture based on
polyvinyl alcohol and polyhexamethylene guanidine hydrochloride derivatives for paint and varnish products
and solutions of dry building mixtures in order to provide a long-term antimicrobial effect and improve the

physical characteristics of the resulting coatings.

Beenenune. Ha ceronHsmHuii AeHb CyIIECTBYIOT HW3BECTHBIC Pa3HOOOpa3HBIC JMHEHKH OHOIMIHBIX —
AHTUMHKPOOHBIX N00aBOK. PacTymmii cripoc Ha BemiecTBa ¢ aHTHOAKTEPHATbHBIMU CBOWCTBAMH MOATAJIKABACT
Ha CO3/1aHKHe HOBBIX OMOLMIHBIX T00ABOK AJISl PA3JIMYHOIO POJA MOKPHITUH B TOM YHCIIE U JIJIS JTAKOKPACOYHBIX
marepuanoB (JIKM). dauusie JIKM GyayT crocoOHBI o0ecriednTh >(h(GEKTUBHON 3alllUTON BCE OKpaIleHHbIE
MOBEPXHOCTH OT Pa3MHOXKEHHsI pa3HOOOPa3HBIX MUKPOOPTaHU3MOB, a TAK)KE OT 00pa30BaHMs Ha HUX TUICCEHHU.

JKcnepuMeHTAIbHAs YacThb. Panee B pabote [1] ObUTH HOMyYeHB! MOJTUMEPHBIE CMECH B BOJHOH Cpefie
¢ pa3HbIMH MaccoBeiMU oTHOmeHusME [IBC:III'MITx (Tab6mn.1). [locne u3 mMmeromieics moamMep-rmoIunMepHOn
cvecu (IMIIC) ornmBaiMCh IUICHKHM METOAOM IIOJMBA HA CTEK/SIHHYIO IIOJUIOKKY. Bblcoxmme TmieHKn
obpabareBanuck 10%-M pactBopoMm (opManuHa s CIIUBKA KOHIEBBIX amuHOrpym [II'MITx. B pesynbraTe
NPOUCXOUT (POPMUPOBAHUE THApPOTeNs, o0ecreunBaronero (hapMakoIOrHiecKyo akTHBHOCTb, a Hannuue [IBC

IIPUJIAET MEXaHUYECKUE CBOMCTBA.

Tabnuya 1
Coomnowenue [IBC:III'MI ex
Ne VaBo), Mt V (mrmrx), MIT
1 1.70 0.30
2 1.76 0.24
3 1.80 0.20
4 1.84 0.16
5 1.90 0.10

[NomydnBinecs MICHKH TOJyYHIIUCh IOCTATOYHO NMTPOYHBIMH, THOKMMHU U JIETKO CHUMAIIUCH C ITOJUIOKKH.
PesyabTarsr. Cmech, conepxamias B cedbe or 5 mo 10 % III'MITX, obnagaer ymoBIETBOPUTEIBLHBIMU

MEXaHMYECCKUMHU CBOMCTBaMU [2] I[aHHI:Ie IJICHOYHBIC MaTE€pUaJibl MOKa3aJId JOCTATOYHO XOPOLIYH0 HArpy3Ky Ha
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o0pasell ¥ MPOYHOCTh Ha Pa3pbIB KoTopbie nocturaroT 39,30 MIla. J{is OoUeHKH aIre3uOHHBIX CBOWCTB M3MEPCH
KpaeBo# yIJl cMauMBaHMsl, KOTOPBIH MOKa3ajl, 4TO 3HA4YE€HHs HaXoIuTcs B mpenenax 15° <@ <37° aTo roBopur o

TOM, 9TO MaTepHal ABISIETCA TUAPOMIIIBHBIM 1 IIPEAONIPEAEIISAET €T0 XOPOIIYIO aTe3HI0 K MOBEPXHOCTSIM.

Tabauya 2
Dusuro-mexanuyeckue XapaKmepucmuxi
HasBanue obOpasna | MakcuManbHOe pacTshkeHHe [IpouHOCTH Ha pa3pbIB MakcumanbHas
nipu paspsise (%) (MIIa) Harpyska (N)

15% - - -

12% 6,82 36,63 8,19

10% 6,18 39,30 12,08

8% 6,12 38,76 11,87
I1BC 5,81 34,45 11,45

Puc.1. Kpaesoii yeon cmauusanus naénox I1I1C u [IBC

ITocne momydennyto INIIC noGaBnsam K BOJOIMYIBCHOHHOM MHTEPHEPHOI Kpacke KpacKe s CTE€H U
notonka Mapke « TEKC» npomsBoantens 625-O00 «Tukkypuna» r. Cankr-IletepOypr, koTopas npeacTaBisier
co0oit cocTaB Ha ocHOBEe BOABL. 1o Mepe HaHeceHHs pacTBOpa Ha MOBEPXHOCTh YacTh KHIKOCTH BIIUTHIBAETCS,
00pa3ys TOHKYIO IUICHKY C IPOJIOHTMPOBAHHBIM AHTUMHKPOOHBIM JEHCTBHEM, a 4acTh HCIapsercs. 3a cyer
ObICTpOro yJajeHWs BJIaru 3allUTHBIA CJIOM oOpasyercs uepe3 HEOONBIIOW IPOMEXYTOK BpPEMEHH.
OKOHYATEbHOE BBICHIXAHHE 3aBUCUT OT MaTephaja MOBEPXHOCTH W Haxoautcs B mpexenax npu t (20 +2) °C u

OTHOCHTENILHON BIaXHOCTH Bo3ayxa (65 +5) % - 1 yac. Cieayrommuii ciioif HaHOCUTBCS Yepe3 1,5 yaca.
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PI/IcyHOK 2 0To6pa>1<aeT nponecc ucnap€Huda BOAbL € MNOCICAYHOIIUM 06pa3OBaHI/IeM YCTOﬁ‘{HBLIX

COBMCCTHBIX PaCTBOPOB IIPHU HAHECCHUU BO)IOBMyJ'II:CPIOHHOﬁ KpaCKu Ha NOBCPXHOCTH [3]

1 2 3

KAMUASPHBIM 2PPEKT
MoAumepbl o6be AMHAIOTCA

BLIFOHSET BOAY B YNOPAAOHEHHYIO CTPYKTYPY
BoOAA MCNAPSEICS B ATMOC®EPY C NPOYHBIMU CBAZAMM.

nOAHMepbl COeAUHAIOTCA
~ omc
o
L) .Q

1 oBpasyioT CBA3M
MoAumep \GQO

: > =252 OHu 06pasyioT NPO3PAYHYIO

o nA , KOTO e T
BOAA AACOPEMPYETCS KANMASPHBIA 3PPEKT SHEY ROTOPIIA. YASPXNEAG
8 ce6e YacTULLbI MUTMEHTA.
B MOBEPXHOCTH BLIFOHSIET BOAY

Puc.2. Obpasosanue nienxu na nosepxnocmu

3akmouyenue. B pesynbprarte paboThl ObLIM MOIYYCHBI TUIeHOUHBIC MaTepuainsl u3 [IIIC u ycTaHOBIICHO,
4YTO cMecH, cozepkaime B cede ot 5 no 10 % III'MITx, 001aAa0T TydIlInMA MEXaHHIeCKUMH CcBOWCTBamH [1].
[IneHOUHBIN MaTepHall MOKa3al XOPOIITyI0 Harpy3Ky Ha oOpasell, JOCTaTOYHO BBHICOKYIO CHIIY IPHUKIAIbIBacMast
B maHHBI MomeHT, 12,8 N, u mpourHocTs Ha pa3psiB. OmpeneneHie KpaeBoro yria IoKaszaja, 9TO 3HA4eHUI
HaxoAMTcst B mpenenax 15° <@ <37° 3T0 TOBOPUT O TOM, YTO Marepuai SBISIETCS TUAPOQMIBHBIM H
MpelonpeieNiieT ero XOPOUIylo aare3uto K moBepXHOCTsIM. [Ipu gobaBieHMH K Kpacke MOJUMEpPHON cMecu
paccioeHHe BYX KHIKOCTEH He HaOI0anoch, YCTOMYUBBIA COBMECTHBIN PACTBOP OCTAaBaJCs TOMOTCHHBIM B
TEYEHUH JJIUTEIBHOTO BpeMeHHU. [locie BBICHIXaHMSI Kpacka He OChIlanach HE W3MEHHMJA CBOIO OKpAaCKY,

ocrajachk B IIPe3eHTa0eIbHOM COCTOSIHUM KaK Kpacka 0e3 1o0asienus noaumMep-nonumepaoi cmecu (II1C).

Paboma evinonnena 6 pamxax eoczadanus BUII CO PAH Ne 0273-2021-0007.
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VIK 544.4
AKTUBAIIUS NIEPOKCUMOHOCYJIb®ATA KAJIUSI BATAMUWHOM B12
B.C. Ocokun, U.A. JlepeBeHEKOB
HayuHb1i1 pyKOBOIUTENB: JOLEHT, K.X.H., MI.A. JlepeBEeHbKOB
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ACTIVATION OF POTASSIUM PEROXYMONOSULFATE WITH VITAMIN B12
V.S. Osokin, I.A. Dereven’kov
Scientific Supervisor; Assoc. prof., PhD., .A. Dereven’kov
Ivanovo State University of Chemistry and Technology, Russia, Ivanovo, Sheremetevskiy str, 7, 153000

E-mail: osokin.vladimir33@gmail.com

Abstract. Vitamin B12 (cobalamin) and its derivatives have been extensively investigated as catalysts. However,
their properties in catalytic oxidation processes remain almost unknown. We found that aquacobalamin
(H20Cbl) and its meso-halogenated derivatives (viz. C10-bromo- and C10-chloroaquacobalamins) accelerate
oxidation of azo-dye Orange Il by peroxymonosulfate (HSOs") in aqueous solutions. The process proceeds via
partial cleavage of corrin macrocycle by HSOs", which produces 5,6-dioxo-5,6-secocobalamin or 14,15-dioxo-
14,15-secocobalamin. Dioxosecocobalamins are capable of binding HSOs that results in the formation of
hydroxyl and sulfate radicals readily reacting with Orange Il. Introduction of bromine and chlorine atoms to
corrin macrocycle decreases catalytic effect of H,OCbl in HSOsactivation due to lowering yield of dioxoseco-

species upon corrin modification.

Beenenue. Ilepokcumonocyibpar (HSOs) cmocoben renepupoBath cynbdarbii pamukan (SOs™),
Gnaromapst 4emMy €ro 4acTo HCIOJB3YIOT B Tporeccax okucieHus. SO4™ BIseTcsS 04eHb CHIIBHBIM OKHCIIHTENIEM
¥ MOXET pearnpoBaTh C pa3IMuHBIMH coeTUHEHHAMHU. KobapT, B cocTaBe pa3iM4HBIX COSAMHEHHH, HapuMep
nopduprHOB U (rasonnaHNHOB K0OabTa, CIIOCOOCH aKTHBUPOBATH IEPOKCHMOHOCYIb(AT B PE3yabTaTe Yero
obpa3zyeTcs cynb(haTHBIN paguKall.

KoGanamunbl (ButamuH Bi12) — 3T0 OfHM W3 Haubojiee pPacHpOCTPAHEHHBIX KOMIUIEKCOB KOOajibTa B
npupozae. KobagaMuH COCTOUT M3 KOPPHHOBOTO KOJbIA, B HEHTPE KOTOPOTO pacCIoiaraercss MOH KobanbTa,
YeThlpe KOOPAMHALMOHHBIE CBSA3M KOTOPOTO 3aHATHI aToOMaMM a30Ta, a IsITasg W IIecTass 3aHSATH
JUMETHIOCH3MMHU/IA30JI0M M Pa3IMYHBIMU JIMTaHIAaMH, COOTBETCTBEHHO. Ha NaHHBIH MOMEHT CyLIECTBYET
MHOXXECTBO Pa0OT, MOBSIIECHHBIX HCIOJB30BAHUIO BUTaMUHA Bi» B MequMIMHE M B KauecTBE KaTaln3aTopa B
pasnuuHbIX cucremax. IlyTéM MoanmQuKanuu KOPPHUHOBOTO KOJIBIIA WJIM 3aMEHOW BEPXHEro aKCHalbHOTO
JWraHaa MoHa KoOaJibTa CO3JaloTCsl pasHoOoOpas3Hble JekapcTBa. OJHAKO padOT, MOCBSIIECHHBIX aKTHBALUH
OKHCITIUTEJIEH C IIOMOMIBI0 KOOaJaMUHA, 0YE€Hb MaJIo.

Henpto  manHOM  pabOTBI  ABMSUIOCH  W3YYEHHE  AKTHUBAIlMM  MEPOKCHMOHOCYIb(ara  Kamus
akBakoGamamuaoM (H2OCbl) u ero xmopupoBaHHBIME W OGPOMHPOBAHHBIMH IPOWU3BOIAHBIMH B BOITHBIX

pacTBopax Ha mpuUMepe peakuu ¢ azokpacutenem Orange 1l.
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JKcnepuMeHTaNBHAN YacTh. B pabore mcrnonb3oBaIMch THAPOKCOKOOAIaMUHa THAPOXIopuA (Sigma;
HOCbl; >96%), OKCOH (Sigma; 2KHSOs - K3SO4 - KHSO4), natpueBas conb Orange II (Sigma-Aldrich; >
85 %) Obim mcmonb3yeTcss 0e3 JOMONHUTENbHON O4MCTKH. bydepHsle pacTBopsl ((ocdar wim ero cMech ¢
arieraToM wim Tetpadboparom; 0,1 M) rcronp3oBanu st oanepxanus pH Bo Bpems m3mepennid. 3nadeHus pH
pacTBOpoB ompenensiin ¢ momombio pH-merpa Multitest IPL-103 (SEMICO). 3DaeKTpoHHBIE CHEKTPHI
TIOTJIONIEHHS 3aIHUCHIBaNN Ha TepMocTatupyembix (+0,1°C) cnexrpodoTtomerpax Shimadzu UV-1800 u Cary 50
UV-Vis B KBapleBbIX KioBeTax. Bwlaenenue nponaykroB peakiuu mexay HoOCbl m HSOs  mposoamiochk
METOJIOM KOJIOHOYHOHM XpomaTtorpaduu Ha cuJIMKareie ¢ MCIOJIb30BaHUEM 5%-HOrO BOJHOTO pacTBopa
YKCYCHOM KHCIIOTHI B KauecTBe amoeHTa. M3mepenuss MALDI-MS npoBonuim Ha Macc-criektpomerpe Shimadzu
AXIMA Confidence ¢ 2,5-murnapokcHOCH30HHON KHCIOTOM B KadecTBe MAaTpHIBl. bpoMupoBaHHEBIN U
XJIOPUPOBAHHBIM  IMaHOKOOATaMWHBI  TONyYeHB  Monupukanuedt  numaHokoOamammuHa  N-Opom- 1
N-XJTOpCYKIIMHUMHIOM B JEISHOW YKCYCHOM KHCIIOTE. BpOMHMpPOBaHHBIN M XJIOPHPOBAHHBIA aKBaKOOaIaMUHBI
MOTydJaJld depe3 3aMElICHHE CBA3aHHOTO I[IMAaHWAA CYJb(GUTOM B OpPOMHPOBAHHOM H XJIOPHPOBAHHOM
aHoKoOalaMHHE ¥ TIOCJ/IeNyollee OKHCICHUEM CyJab(QUTHOTO NuraHga nepuonaroMm Hatpus. [lomydeHHbIe
KOMIUIEKCHI OUHIIIEHBI KOJIOHOYHOM XpoMarorpaduell Ha CHIMKarene.

PesynbraTel. OOecieunBanne Orange Il mepokcuMoHOCYNb()AaTOM TMPOTEKAaeT MEMJICHHO B
He#TpansHO cpene B orcyrcTBre HoOCDI (puc. 1 A). Oanako modasienue HoOCbl yckopsier paspyiicHue
Orange Il mepoxcuMmoHOCYTB(pATOM, COMPOBOXIarmeecs yOpUIpio moromeHus B auama3zone 300...600 BHM
(puc. 1b). KuHerndyeckne KpWBBIE PEaKIUH MMEIOT BHI S-00pa3HOW KPHBOH, YTO MOXKET OBITH OOBICHCHO

npespamerneM H,OCbl B npyroit KoMImieke, 001a1alomnii KaTaTHTHIeCKOH aKTHBHOCTBIO.

. b e (A) 1, 5 (B)
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Puc. 1. Dnexmponnvie cnexmpul nozinowenus peaxyuu medxicdy Orange II (5,7-10° M) u HSOs (5,0-10* M)
npu pH 7,4, 25,0 °C 6 omcymcmeue (4) u 6 npucymemeuu (5) axeaxobanramuna (1,0-10° M). Bemasxu:

KUHemu4eCcKue Kpueole pealmuﬁ

VYcranosneno, gro peakmms HOCbl ¢ HSOs™ mpuBomuT K 00pa30BaHMIO TPOIYKTA, JIEKTPOHHBIN CIIEKTP
KOTOpOro (puc. 2A) BKIIIOYAET MAKCUMYM TIpU 472 HM U JIAILEH Y-MOJIOCHI, YTO XapaKTepHO s 5,6-muokco-5,6-cexo-
wm  14,15-mmokco-14,15-cekokoppuHonioB u moarBepxkaeHo MALDI-macc-ciektpomerpueii. B ciyuae
nrokco-cexorpon3Boaubslx HoOCbI paspymenne Orange II mportekaer ObicTpee, M KHHETHUECKHE KPUBBIE HE
MMEIOT MHAYKIHMOHHOTO rnepuona (puc. 2b). MexaHusM akTHBalMu NepoKCHMMOHOCYJb(aTa o0pasyromumucs

HHOKCO'CCKOKO6aHaMI/IHaMI/I npeaACTaBJICH HAa PUCYHKC 3. Hon koOanbsra B HHOKCOCCKOKO6aHaMI/IHG 06J'Ia):[aCT
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OoJsiee BBICOKMM CpOJICTBOM K JKECTKMM JjuraHzam (B Tom uucie, Kk HSOs) 1o cpaBHEHHMIO C HCXOIHBIM
akBakobanmamuaoMm. CessbiBanne HSOs wonom Co(lll) B muokcocexkokobamaMuHe MPUBOTUT K JTaOMIH3AlUH
cBs13u O-O 1 06pa30BaHUIO THAPOKCHIHHOTO U CYIH(PATHOTO PaJUKaIoB.

UccnemoBana  akTHBamUs — [EPOKCHMOHOCYIb(aTa  OpOMHPOBaHHBIM M XJIOPUPOBAaHHBIM IO
C10-mo0keHNI0 KOPPUHOBOTO MaKpOIMKIA akBakoOamamuHamu. [lokazaHo, 9TO BBeIEHHE aTOMa TajoreHa B
crpykrypy H.OCbl 3amenmser oGeciseunBanme Orange |l mepokcuMoHOCYNIB(GATOM, TIpUYEM HanMeHee

BbIpAKCHHBIM ObLI KaTAIMTHYECKHUI S(b(beKT B CJIy4yac XJIOPUPOBAHHOI'O KOMILJICKCA.
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0.8 -
0.6 -
0.4 -

0.2

0.0

300 400 500 600 700 800 0 500 1000 1500 2000 2500 3000 3500 4000
Ay HM 7, C

Puc. 2. (4) Dnexmponnvie cnexmpol noznowenus H,OCbI (5,0-10° M; cnexmp 1) u npodykma, obpasyiowezocs
6 pesynomame peakyuu mexcoy HoOCbl u HSOs™ (cnexmp 2), 3anucannvie npu pH 7,4, 25,0 °C. (b)
Kunemuueckue xpuevie paspywenus Orange II (5,8:10° M) 6 cmecax HSOs™ (5,0-10* M) ¢ H,OCbI (1,010 M;
kpusas 1) u ouoxcocexoxobanamunom (ox. 1,0-10° M; xpueas 2) npu pH 7,4, 25,0 °C

H,0 HO—-0S0y4 ‘0— 0S80y '0—080y
H;C. I/O i D\\ H;C., ,,O i O\\ l/o i O\\ HaC. C”O E o\‘
c + HSO5- /C H C : c
—_— CoaJr Coa+
= HSOS- [ '
N N

Puc. 3. Mexanusm axmueayuu nepoxcuUMOHOCYIbhama OUOKCOCEKOKOOANAMUHAMU

3akarouenue. B naHHOIl paboTe ycTaHOBieHO, 4YTOo oOecrBeunBaHue a3okpacurens Orange 11
MEPOKCUMOHOCYJIL(ATOM YCKOpsIeTCs MpH J100aBIeHNH akBakoOataMuHa. Peakuns Mexay akBakoOaIaMHHOM H
HSOs" mpuBOIWT K pacHICIUIEHUIO KOPPUHOBOTO KOJbIIa W OOpa3oBaHHIO 5,6-AHOKCO-5,6-cekokobanamuHa,
KOTOpBI yuacTByeT B aktuBammu HSOs. Mexanusm aktuBaiuun HSOs™ AHOKCOCEKOKOOATIAMIHOM BKITIOYAET
obpazoBanmne komiuiekca mexay Co(lll)-momom m HSOs, duro mpuBoaut Kk nabwmwmusamuu cBs3u O-O wu
00pa3oBaHmI0 THAPOKCHIILHOTO W Cyib(aTHOro paaukanoB. [lokasano, uto BBemenwe B cTpykrypy H.OCbhI
aTOMOB XJopa ® OpomMa TPUBOOUT K YMEHBIICHHIO CKOPOCTH  OOECIIBEUMBAHMA  KpPacUTENA
MEPOKCUMOHOCYIb(PATOM, HYTO MOXHO OOBICHHUTH CHIDKEHHEM BBIXOJla JIHOKCOCEKOKOPPHHOWIOB IIPH
MOTU(HUKAINN TAJTOT€HUPOBAHHOTO KOPPUHA EPOKCUMOHOCYIb()ATOM.

Hccneoosanue gvinoamneno 3a cuem epanma Poccuiickozo mayunozo gonoa (npoexm Ne 21-73-10057;

https://rscf.ru/project/21-73-10057/).
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COMPOUNDS OCCLUDED WITH ASPHALTENES OF OIL OF NAPHTHEN-AROMATIC TYPE
D. Ostapenko
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Institute of Petroleum Chemistry, SD of the RAS, Russia, Tomsk, Academic str., 4, 634055

E-mail: darya.ostapenko@icloud.com

Abstract. Using extraction methods and oxidation reactions with hydrogen peroxide in the presence of acetic
acid, it was found that occluded compounds are present in the structure of asphaltenes of naphthene-aromatic
type oil, among which saturated and aromatic hydrocarbons and heteroorganic compounds are identified. The
presence of these compounds can be due to both their sorption on asphaltene macromolecular formations and
clathration with asphaltene nanoaggregates, which captured these compounds into the hollow cells of their
structures at later stages of their macrostructure formation.

Beenenne. OOIENPU3HAHHO, YTO OCHOBHBIMH (parMEHTaMH MOJIEKYJ ac(anibTeHOB SBISIOTCS
KOHJICHCHPOBAHHBIE TTOJHINKINYECKHE apOMaTH4ecKHe CTPYKTYphl M anudaTHYecKue LEeNH, KOTOpble JHO0
MPUCOEMHEHBl K IIOJIMKOHJICHCUPOBAHHOMY SAPY MOJEKYNbl ac(albTeHOB, JHOO BBICTYMAIOT B KauecTBE
MOCTHKOB, CBSI3bIBAIOIIMX apOMAaTHYECKUe (parMeHThl Mexay coOOW. YCTaHOBIIEHO, YTO 3HAYMTENIbHASL YacTh
OOKOBBIX ATKHJIBHBIX 3aMECTUTENEH MPEeICTABICHA JITMHHBIME aJKWIGHBIMH TersiMi (10 Czo-40). DTH CErMEHTBI
MOTYT MPOCTPaHCTBEHHO CBEPTHIBATHCS M O0pa30BbIBATH HEKOTOPBIE «KIETKH» B CTPYKType ac(ajbTeHOB.
Takue KOHCTPYKTHBHBIE OCOOEHHOCTH MO3BOJIIOT acanbTeHaM OKKIIOAMPOBAaTh (3aXBaThIBAaTh) B IIOJIBIE
SAYEHKN CBOMX CTPYKTYP CPaBHHUTEIHHO HHM3KOMOJICKYJSIPHBIE KOMIIOHEHTHI, NMPUCYTCTBYIOIIHME B HE(TSIX Ha
paHHUX cTagusiX GOPMHUPOBaHHS HX cocTasa. [1]

YacTe HU3KOMOJIEKYJISIPHBIX KOMIIOHEHTOB MOJKET COpPOMPOBATHCS Ha MaKpOMOJEKyNax ac(aibTeHOB,
00pa3ysl HaIMOJEKYJSIpHBIE CTPYKTYpPBHL. AINCOpPOMpPOBAHHBIE M OKKIIIOJHUPOBAHHBIC COCAWHEHUS B Pa3iIUIHOMN
CTETIEHH TIOJBEPraloTCs BO3ACUCTBUIO KATATUTHYECKUX, MHUKPOOHMAIBHBIX ¥ XHMHYECKHX IIPOIECCOB,
MPOTEeKANMX B chipod HepTn. Hambomee 3ammMImeHbl OT WX BIMSHUA KOMIIOHEHTHI, «3aXBauCHHBIC»
MHIEIUIAPHON CTPYKTYpOil acanbTeHOB. B cBs3M ¢ 3TMM COCTaB OKKJIIOJMPOBAHHBIX COSIMHEHHH B OOJBIIEH
CTEIIeHN OTPa)kaeT COCTaB He()TH Ha PAaHHMX CTaUsIX JMareHe3a U crocoOCTByeT Oojiee IiIy00KOMY HOHHUMAaHHIO
ux reHesuca. OxapakTepH30BaTh KOMIIOHEHTHI, KOTOpPbIE HEe OBLIM 3aTPOHYTHI PAa3IMYHBIMHU IMpPEBPAICHUIMH,

MOXXHO C ITIOMOIIIBIO peaKuHﬁ OKHMCJICHHUA aC(I)aJ'IBTeHOB Pa3JIMIHBIMHU XUMHWYCCKUMU pEAreHTaMu.
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LICJ'IL ZIaHHOﬁ pa60TLI HU3y4YCHHUEC COCTaBa CO€III/IHCHI/II>1, OKKJIIOJUPOBAHHBIX MAaKpOMOJICKYJIaMU

aC(baHLTeHOB, METOJI0M OKUCIUTEIHHON JACCTPYKIHNU.

B kauecTBe OKUCIUTENS UCIOJIB30BAIM IEPEKUCH BOIOPOAA

::QKT ‘::{({OH B IPUCYTCTBUM YKCYCHOM KHUCIOTBL. MeEXaHM3M peakuuu

I °§ K;j;;_f rdrocar 3aK/II0YaeTCs B CIEAYIOUIEM: IOJ JACHCTBUEM  OKHUCIUTENS

CS ""{'%E’)‘l’l" MOJIEKYJTBI ac(albTeHOB ACTIONMMEPU3YIOTCS 33 CUET Pa3pyIICHHS

() s e o s it MEXKJIACTEPHBIX MOCTHKOB. MesxknactepHbie MOCTHUKH

Puc. 1. Cxema pearxyuu OKHCIIAIOTCS 10 KapOokcunbHbix rpymm (puc. 1). CoenuHeHwus,

oKucneHus achanrbmenos HaXOJAIIHECs MEXIY apoOMaTU4YECKUMHU KJIacTepaMH,
BBICBOOOKIAFOTCSI.

JKcnepuMeHTaAbHasi 4YacTh. AcdambTeHsl ocaxnamun 40 KpaTHBIM KOJMYECTBOM H-TEKCaHa,
npoMbIBany B anmapare CoKclieTa H-TeKCaHOM /10 00ECIBEUMBaHMs CTEKAIONIETO pacTBopHTens. i1 yaaneHus
COOCOJKACHHBIX COEAMHEHUH ac(albTeHbl SKCTParHpOBAI TOPSYNM aeToHOM. He skcTparmpyeMslii ocTaTok
(manee acdanbTeHbI) OKUCISUIM CMECBIO NMEPEKUCH BOAOPOJAa M YKCYCHOW KHCJIOTHI B Te€UeHHE 24 4acoB NpH
KOMHATHOH TeMIlepaType U IMOCTOSHHOM IepeMelnBaHuu. [IpoayKThl peakiiuy OTMBIBAIN JTUCTUIIUPOBAHHOM
BOJIOW 10 HEeWTpanbHO# cpeabl. Opranudeckyro a3y otaessuiy, eyt Hag Na,SOs u pazaensiiu 40 kpaTHBIM
M30BITKOM H-TEKCaHa Ha pPAaCTBOPUMBIE M HEPAaCTBOPUMBIC KOMIIOHEHTHI. PacTBOpHMBIE KOMIIOHEHTHI
aHAIM3UPOBAII METOI0M XpoMaTtomacc-criekrpomerpuu (I'’X-MC) na npudope Thermo Scientific DFS [2].

Pesyastatsl. Ilo nanaeiM [X-MC ananm3a B cOCTaBe HEMOJSAPHOW (PpakiUil MPOIYKTOB OKHCICHHS
ac(aJbTCHOB MNPHUCYTCTBYIOT JKaHBl HOPMAIBHOTO U Pa3BETBICHHOTO CTPOCHUS, OJE(UHBI, MOHO- U
MOJUIHUKINYECKHEe HAQTEHBI, MOHO- 1 OMapOMaTHIECKUE YIIIEBOJOPOIBI 1 KHCIOPOACOICPIKAIINE COSANHEHNSI.

HopMmanbHble ankaHbl NpPEACTABICHBl TOMOJOTHYECKHM psiioM coeanHeHHi coctaBa Ci4—Ca ¢
MOHOMOJAJIBHBIM MOJIEKYJIIPHO-MAaCCOBBIM paclpezesieHneM U MakcumMyMoM Ha Cz. Cpean pa3BeTBICHHBIX
AJIIKaHOB YCTAHOBJICHBI MeTHIaIKaHbl cocTaBa Ci5—Css ¢ pazIMUYHBIM IIOJIOKEHHEM METHIBHONW TPYNIbBI U
U30TpeHOU B! (IPUCTaH U (UTAH), CPeaH ONePUHOB — COSTHHEHHUSI C YSTHBIM YHCIIOM aTOMOB YIJIEPO/a B IETH
(Ci, Cis, Cz0, C22, Cos). Habop H-aJIKEHOB HCKIIOYHTEIHLHO C YETHBIM YHCIOM AaTOMOB YIJIepoja
UIeHTH(HUIMPOBAH B COCTAaBE YIIIEBOI0POI0B-OKKIIO3UH ac(habTeHOB TapuMCKUX HepTel Kuras.

MoHnonmknnueckne HadTeHbl TpencTaBieHsl ankuianukioneHTaHaMu Cig—Cos M alKMIIIMKIIOT€KCaHAMHU
C14—Cs. B cMecn moIMUIMKIMYECKHX Ha(TEHOB OMpeNeNeHBl CTepaHbl W TepmaHel. B cocTaBe cTepaHOB
npucytcTByt0T Cz7—Cog xoJiecTaHbl, B coctaBe TeprmaHoB - Cp7, Czo—Csz romanbl. WaeHTHGUIIMPOBAHHBIE
HaTeHbl  SBISAIOTCS ~ TUIMYHBIMH  YIJIEBOJOpOAaMHU-OMomapkepamMu. OHM  YCTaHOBJIEHBI  CpeIu
OKKITIOINPOBAHHBIX KOMIIOHEHTOB TAKUX T€OMaKPOMOJIEKYJI, KaK KepOreH, ac(aibTeHbl U IPUPOIHBIE OUTYMBI.

Apomarnyeckne YB mpencraBienst  H-ankwiOenzosnamu  Ci14—Cos, H-ankmnromyonsamu  Ci7—Cao,
H-ankwikcnnonamu  C17—Ca, ¢denmnankanamu Ci17—Ciro, H-ankwnHadgrammHoM Cs u  Oudenmnom Cs.
O npuCYTCTBUHM B CTPYKType ac(haJbTEeHOB OKKIIOJMPOBAHHBIX AJKHJI3aMEIIEHHBIX OEH30J0B M Ha(TAIMHOB
cooburaercs B pabote [1]. ABTOpaMu BBICKa3aHO MPEANONIOKEHHE, YTO ITH COCTUHCHHUS ABIISFOTCS MPOLYKTaAMH
TEPMHUYECKOHN NIecTpyKnuu achaabTeHOB—POJOHOYAIFHUKOB M, KaK CJIEACTBHE, 3aXBaueHbl ac(aipTeHaMH Ha
6oee MO3THUX cTaAUAX (POPMUPOBAHUS UX MAaKPOCTPYKTYPHI.

Cpenn  KHCIOPOACOAEPKAIINX COSNWHEHWH WICHTU(HUIMPOBAHBl METHIIOBBIE JQHUpPHI TeKca- W

okragexkaHoBoil KuciaoT (Cis u Cig), n3onponmioBsie 3¢upbl TeTpa- U rekcagekanoBoit kucior (Cia u Cig),
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OyTtioBbie d¢upsl kucnot coctaBa Cis Cis, TeKCUIOBBIA U OKTHIOBBIH 3dup kucmotel coctaBa, Cig, (puc. 2).

O HaJIMYUH OKKIIFOJUPOBAHHBIX achanbTeHaMu 3()UPOB H-aJIKaHOBBIX KHCIOT cooblnaercs B padote [2].

2

OTHOCMTENBHAA MHTEHCMBHOCTE

Ll e

SR . I
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20 40 60
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Puc. 2. Macc-xpomamozpamma npoOykmose OKUCIeHUs: 8 MaKpOMOIEKYIAX acPaibmeHos negpmu no uoHy m/z
60 + 74: uzonponunossiii 3¢hup mempaoexanogou kuciomol (nux 1), memunoswiil 3¢pup 2excadekanosou
Kuciomol (MUK 2), U30RPONULO8bIL dQPUpP 2ecadeKano8ot KUCIombl (MUK 3), Memuiosevill 3Qpup oKmaoeKanosot
Kucnomul (nuk 4), 6ymunoswiil 3Qhup 2excadekanogo Kuciomsl (nux 5), 0ymunogulii 3¢pup oKmaoexarHogou
Kucnomul (nuk 6), 2eKCuno8blil 3Qhup OKMadeKaHo8ou KUCiomul (MUK 7), OKMUI08blll 3hup OKmMaoeKaHoso

Kucnomsl (nux 8) u e2o macc-cnekmp

3akiaoueHune. TakuM o00pa3oM, B COCTaBE COCIAWHEHMH, OKKIIOAMPOBAHHBIX MAaKpOMOJEKYJIaMH
acaJbTeHOBBIX KOMIOHEHTOB He()TH Ha(TEeHO—apoMaTHYECKOTO THIA, YCTAaHOBJIEHBI HOpPMaJbHbIE U
Pa3BETBIICHHBIC AJIKAHBI, aJIKEHb], H-AJIKWILHUKIONCHTAHbI U H-AJIKWILUKIOTE€KCaHbl, CTEPaHbl U TEPIIAHbL, MOHO-
U OMapoMaTHYeCKHe YTJIEBOJOPO/bl U CIOXHBIE d(Hpa BBHICIIMX YKUPHBIX KapOOHOBBIX KuCIOT. [IpucyrcrBue
UIeHTU(HUIMPOBAHHBIX COEJMHEHUI OO0YCIIOBIEHO MX KiaTpalyeil ¢ MaKpOMOJIEKYJISIPHBIMU 00pa30BaHUSMU
acaJbTeHOB, 3aXBaTUBIIMMH 3TH COCIUHEHHS B TOJbIE SYEHKH CBOMX CTPYKTYp HA pPaHHHX CTaausAX
¢opmupoBanus He(TAHBIX cucTeM. MHpopMamms, NONydeHHass B pe3ysbTaTe IPOBEAEHHOTO HCCIICAOBAaHUS,
pacmmpsieT MpeACTaBICHUS O CTPOCHHH ac(albTeHOB HE(TIHBIX JAUCIIEPCHBIX CHCTEM M MOXET OBITh
WCIIONIb30BaHA YISl MTOCTPOEHHS THIIOTETHYECKOH MOJIENM MX MOJeKyJ. Pe3ynbraTtel paboThl HMEIOT 3HAUYEHHE
JUISl IPOTHO3UPOBAHUSI COCTaBa CBETJIBIX (ppakiuii MPOJYKTOB TEPMOKPEKHHIA TSKEJIBIX HEPTSHBIX OCTATKOB U
Oosiee TIyOOKOro NOHMMaHMSI MyTeH KaTareHeTHYECKOTO IIpeoOpa3oBaHUsl OPraHWYecKOro BeIIeCTBa B

0CaJ0YHOM TOJIIIIE.
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INVESTIGATION OF THE RELATIONSHIP BETWEEN THE COMPOSITION, CRYSTAL
STRUCTURE AND LUMINESCENT PROPERTIES OF ZINC SULFIDE PHOSPHORS
WHEN EXCITED BY IONIZING RADIATION
0.0. Osmak
Scientific Supervisor: PhD., E.V. Zelenina
St. Petersburg State Institute of Technology (Technical University) Russia, Saint Petersburg, building 24-26/49

letter A, Moskovsky ave., 190013
E-mail: Osmak21@yandex.ru

Abstract. The results of ZnS:Cu,Br structuring at different synthesis conditions to improve their
radioluminescent performances are presented. It was shown that phosphor synthesis in a quasi-closed space

hinders the formation of the luminescence centers that leads to the decrease of brightness.

Beemnenme. J[lns pa3paboTkd  3(P(EeKTHBHBIX, OJITOBEYHBIX TBEPAOTEIBHBIX PaTHONU30TOIHBIX
CBETOMCTOYHHKOB aKTYaJIbHO CO3JJaHWE JTFOMHHECIICHTHBIX MaTEPHAIOB C ONITUMAIBHBIM COCTAaBOM, CTPYKTYPOM
U PaIuOIIOMHUHECIICHTHBIMH CBOMcTBaMH. Paboume XapakTepHCTHKH PaIuoIOMHHOGOPOB Ha ocHOBe ZNS
OTIPENIENIAFOTCS. X XUMUYECKHM COCTAaBOM U OCOOEHHOCTSIMH UX CTPYKTYPHIL. [103TOMY /IS TIOBBIIICHUS SIPKOCTH
PanuoIIOMHUHO(GOPOB MOTYT ObITh 3()(PEKTUBHBI PA3NTUUHBIC CHOCOOBI MOAMMDUIIUPOBAHUS KPHUCTALTHYSCKON
CTPYKTYpbI JTIOMHHO(OpA, OCYIIECTBISEMbIE H3MEHEHHEM YCJIOBHI CHHTE3a M KOHIICHTPALMH aKTHBATOPA.
Asropamu [1], ObLT pa3paboTaH CHOCOO MOBBIMICHHS SPKOCTH IMHKOCYJIb(QHUIHBIX DIICKTPOIIOMUHOGOPOB,
MYTEM OCYIIECTBIICHHS TBEPAO(PA3HOTO CHHTE3a B KBA3M3aMKHYTOM MPOCTPAHCTBE, KOTa TUrelb C IUXTOM IUIs
CHHTE3a MMOMEMIAeTCs BHYTPh OPYroro THUTIIA, 3aIlI0JIHEHHOTO aKTHBHPOBAHHBIM yriieM. B maHHOW pabore 3TOT
MeToJ1 ObUT IPUMEHEH ISl CHHTe3a paauoimtoMuHopopoB ZnS:Cu,Br. JlanHas paboTa sBIseTCs MPOJOIDKEHUEM
cepuM HuccienoBaHU [2-4] 1O H3YYEHHIO BIMSHHUS YCJIOBUM CHUHTE3a Ha pPaJMOJIOMHUHECLIEHTHBIE
XapaKTEPUCTHKH [TUHKOCYIB(MUIHBIX JTIOMUHO(GOPOB C IETbIO MOBBIMICHUS UX 3 PEeKTUBHOCTH.

JKcnepuMeHTAIbHAsl YacTh. BpUM CHHTE3MpOBaHBI JBE cepuu JTOMHHOGOpoB cocraBa ZnS:Cu,Br ¢
KoHIeHTpanusamMu aktuBaropa 0,005-0,02 % wmacc. IlepBas cepus o00pasimoB Oblla CHHTE3WpPOBaHA B
KBa3W3aMKHYTOM IIPOCTPAHCTBE («3aKPBITHIM) CIIOCOOOM); BTOpasi cepus Oblsla CHHTE3MPOBAaHA TPATUIIMOHHBIM
«OTKPBITHIM» CIIOCOOOM B THIJIE IIOJI CIIOEM aKTHBHMpoBaHHOro yriisi mpu 950 °C B teueHwe 1,5 dacos.
JlroMuHecneHIMs BO30yXJanach Ha TBEPAOTEIBHOM TPUTHEBOM HWCTOYHMKE, IPEACTAaBISIOMIEM H3 ceOs

copOupyromiee MOKPBHITHE U3 TUTaHA, ToimmHOW (0,5 MKM, HachIleHHOe TpuTheM 10 aktuBHoctH 0,4 Ku.
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®dazoBbIil cocTaB ompenenNeH Ha peHTreHOoBCKoM au¢ppakromerpe Rigaku SmartLab 3; cnekrpsr
JFOMUHECIICHIINH CHATHI Ha criekTpodiayopumerpe AvaSpec-3648; namepsuiack Ha paguometpe 1L 1700.
Pesyabtatsl. [1o nanHeM puc. 1 u puc. 2 BUAHO, 9TO SPKOCTh M HHTEHCHUBHOCTD PaHOTIOMUHECIICHIINT
00pa3IoB, CHHTE3NPOBAHHBIX «3aKPBITBIM» CIIOCOOOM CYIIECTBEHHO HIDKE, YeM y 00pa3loB, CHHTE3UPOBAHHBIX
KITaCCHYECKUM croco0oM. OdYeBHIHO, 3TO MPOHCXOAUT OTTOTO, YTO BCIEACTBHE OCOOCHHOCTEH «3aKPBITOTO»
CHHTE3a, HE INPOHCXOAMWT YBOIA CEpPbl M3 CHCTEMBI M B CTPYKType He oOpasyeTcs BaKaHCHH cepbl Vs,
CHOCOOCTBYIOIUX 00pa3oBaHuio IeHTPOB 3eeHoi momuneceHmu (Cuz,” BrsY) u (Vza’ Brs’), 4To BHIAHO MO
nrkaM Ha 520 HM Ha KpuBbIX 1 u 2 Ha puc. 2-a. C pocrom koHneHnTpauuu Meau (0,02 % macc) mens HauYMHAET
3aHUMaTh HE TOJBKO BaKaHCUM LMHKA, HO M MEXA0y3iusi, GOpMHUPYs LEHTPHI CHHEW JIIoMHHecueHunn Ha 450
HM (KpuBasg 3 Ha puc. 2-a). B cimydae «OTKpBHITOTO» CHHTE3a INPH MEHEe >KeCTKOW BOCCTAHOBUTEIHHOM
aTMocdepe 00JIer4aeTcst yBoI Cephl, 9TO COCOOCTBYET (POPMUPOBAHHIO IIEHTPOB 3€ICHON JTFOMHHECIICHIINH ITPH
MaJbIX KOHIIEHTpaIwsix Meau (kpuBas 1 Ha puc. 2-0). [Ipu xoHnenrpanusax meau 0,01 u 0,02 % macc., mens

HaYMHACT 3aHUMAaTh MEXI0Y3JIUs, 00pa3ys «CHHUE» HEHTPHI (KpuBbIe 2 1 3 Ha puc. 2-0).
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Puc. 2. Cnexmpul ntomunecyenyuu paouosioMuHopopos ¢ pasiuitol KOHyeHmpayuel akmusamopa,

CUHTNE3UPOBAHHBIX «3AKPLIMBIMY - (@) U «OMKpbimbiM» - (0) cnocobamu

B mpempimymmix — uccnemoBanumsx [4]  Obuto  mokaszaHo, 4ro g Oonee  3QQeKTUBHOM
PaIHoIIIOMIHECIEHIIMK HE00X0MMO (OopMHUpOBaHHE JBYX(a3HOH CTPYKTYphI pajloIIOMUHO(POpPA C Pa3BUTOH
MIOBEPXHOCTBIO pazjena (a3. PesynbraThl peHTreHo(a3oBOro aHaln3a IOKa3bIBAIOT, YTO CHHTE3MPOBaHHBIC
JFOMHUHO(GOPBI UMEIOT NMPENMYIIECTBEHHO C(alIepUTHYIO CTPYKTYpPY, U 00pa3oBaHHE 3HAUUTEIHHOTO BIOPLIUTA
HaOMromaeTcss TOJBKO s 00pasioB ¢ HauMeHbIMM cofepxanuem Meam (0,005 % wmacc.). Cuntes

JIOMHHO(GOPOB B KBAa3M3AMKHYTOM IIPOCTPAHCTBE, TaK JK€, KaK M «OTKPBITHI» CHHTE3, NPUBOIUT K
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00pa3oBaHMI0 BIOPUMTHOM (a3el B canepuTHOH Marpule; mpuyeM, s OOJIBIIMX KOHLIEHTPALUH MeIH,
NPOLICHT BIOPLUTA BbIIE JUIS 00pa3loB, CHHTE3UPOBAHHBIX «3aKPHITBIM» crnocoboMm. CpaBHEHHE HM3MEHEHHH
(azoBOro cocraBa W SAPKOCTH PAAHONIOMUHECHEHIMH (puc. 3) IEMOHCTPHPYET KOPPEIIIUI0 SPKOCTHBIX
moKazaTejed C comepKaHWeM BIOPUUTHOM (as3pl 1 000MX CIOCOOOB CHHTE3a, YTO COTJIAcyeTcs C
NpeAbIOyIINME  HccienoBaHusAMH. C POCTOM COACp)KaHMS MEAW SIPKOCTh W COJEpXKaHHE BIOPIWTA B
JTFOMUHO(OPAX, CHHTE3NPOBAHHBIX «3aKPBITBIMY) CIIOCOOOM, IPEBBIMIAIOT 3HAUCHHUS, TOIYICHHbIC I 00pa3IoB,
CHHTE3HPOBAHHBIX «OTKPBITHIM» CHOCOOOM. BeposiTHO, Al HOCTMXKEHHMS MOJIOXKHUTEIHHOTO BIMSHHS JaHHOTO
crioco0a CUHTE3a Ha SPKOCTh, OOHAPYKEHHOTO aBTopamu [1] HeoOXoauM OoJice BBICOKHIA TPOIICHT aKTHBATOPA,

XapaKTepHBIH JUIs 3IEKTPOIIOMHUHO(OPOB.
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Puc. 3. Hsmenenue ¢pazoeozo cocmasa u apxocmu paouosiomuHecyeHyuu ToMUHOpOopos, CUHME3UPOBAHHbIX

«3aKpLIMbIMY - (@) U «OmKpuImbIMY - (6) cnocobamu

3akaouenue. l3ydeHo BIUsSHHE YCIOBUH cHHTE3a ZnS-TIOMHHOQOPOB B  KBa3M3aMKHYTOM
MIPOCTPAHCTBE HA UX CTPYKTYPHBIC M PAJNOIIOMUHECIICHTHBIE XapakTepucTuku. OOHapyKeHO yBETHUEHHUE TOIIH
BIOPLUUTHOW (ha3bl B CHHTE3WPOBAHHBIX JIIOMHUHO(DOpPAX, ¥ BO3pACTaHHE SPKOCTH PaJUOIIOMUHECICHIIMU TPH
HaMMEHBIINX KOHIIEHTpAaUUAX akTuBaTopa. I[loka3aHo, 4T0 CHHTE3 B KBa3U3aMKHYTOM IPOCTPAHCTBE 3aTPyJHSIET

00pa3oBaHKe IIEHTPOB JIIOMHHECIIEHIINH, YTO IPUBOAUT K MaJIEHUIO SIPKOCTH.
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YK 66-97
HNPUMEHEHHUE CIIEKAIOIINX JOBABOK ITPH U3TOTOBJIEHUU KEPAMUKHA U3 UTTPUA-
AJTIOMHUHHUEBOI'O I'PAHATA
B./. Haiirun, A.E. Jeynuna, XK. Croit
Hayunsrit pykoBomuTens: npodeccop, a.1.H., O.JI. Xacanos
HaunonaneHelil necaenoBaTenbcKUil TOMCKUI NOIUMTEXHUUECKU YHUBEPCUTET,

Poccus, r. Tomck, np. Jlenuna, 30, 634050
E-mail: vpaygin@mail.ru

SINTERING ADDITIVES IN THE MANUFACTURE OF CERAMICS FROM YTTRIUM-ALUMINUM
GARNET
V.D. Paygin, D.E. Deulina, Z. Sui
Scientific Supervisor: Prof., Dr., O.L. Khasanov

Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
E-mail: vpaygin@mail.ru

Abstract. The dynamics of linear shrinkage of translucent ceramics based on yttrium-aluminum garnet during
the spark plasma sintering at a temperature of 1450 ° C under the pressure of 100 MPa has been studied. The
effect of sintering additives SiO2 and LiF on the process of spark plasma sintering is discussed in the work. It is

shown that the use of lithium fluoride leads to an increase in density and diffuse transmission.

Beenenue. Urrpuii-amomunnessiii rpanat (Y3AlsO1z, YAG) mepCreKTHBHBIA ONTHYECKUN MaTepHal,
KOTOPBI HCIONB3YIOT B KBAaHTOBOM JJIEKTPOHMKE, Ja3epHONH TEXHHKE, JIOMHHECIICHTHBIX JETeKTOpax
W 1o3uMeTpax. Marepuansl Ha ocHoBe YAG  00magar0T  XOpOUIMMHU — ONTHUKO-JTOMHUHECICHTHBIMU
U MEXaHUYECKUMU XapaKTEPUCTHKaMU, NOBBILIEHHON paAUuallMOHHOW M TEPMHUYECKOH CTOMKOCTBIO, BBICOKOM
TemrepaTypoi rasnenus [1, 2].

JUis M3roTOBIEHMS KEPAMUKH W3 UTTPUH-aIIOMMHUEBOIO IpaHaTa HUCIONB3YIOT pPa3IUYHbIE METOJBIL:
MPECCOBaHUE C TIIOCIEAYIOMINM CBOOOIHBIM CIIEKAaHHEM, TOpsiuee IIPECCOBAHME WM JIIEKTPOUMITYIBCHOE
miazmeHHoe criekanne (DUIIC). Becbma mepcnextuBHbIM siBisieTcs mMeton DUIIC. OH mo3BoJisieT moiydyaTh
KEepaMHKy ONTHYECKOT'O KayeCTBa 3a OTHOCHTEIHHO KOPOTKUI NMPOMEXYTOK BPEMEHH, 00eCIeunBaeT BBICOKYIO
IUIOTHOCTh, COXPaHEHHE UCXOTHOTO (a30BOr0 COCTABA M CTPYKTYPhI KOHCOIHIMPYEMBIX MaTepUaios [2].

Opnoit u3 npob6nem npu DUIIC npo3padyHoil kepaMHKH, SBISIETCS 3arps3HEHHE CIEKaeMOro Marepuana
YIJIEpOJIOM, KOTOPOE BO3HHUKAET B pe3ysbTaTe KOHTAaKTa oOpasua ¢ rpadutoBoii mpecc-popmoii. Micrionbp3oBanne
criekaromux 100aBoK, B yacTHocTH ¢ropuna jutust (LiF), mo3Bossier ycTpaHUTh MM CYIIECTBEHHO CHU3UTH
CTereHb 3arpszHenus [ 3, 4].

B Hacrosimeit pabote ucciienoBaHo BIMsHHE (TOpHUAA JUTHS W JUOKCHIA KPEMHHS Ha CIIEKaHHWE U
ONTHYECKNE XapaKTEPUCTUKU KEPAMUKH U3 UTTPUI-aTFOMIHAEBOTO TpaHaTa.

JKcnepuMeHTAIbHAsA YacTb. OOpaslbl M3TOTABIMBAIN M3 KOMMEPYECKOTO HAHOMOPOIIKA HTTPHIA-
amomunaneBoro rpaHara YAG-1 (Baikowski Malakoff Inc., ®panims). B kauecTBe crekaromux mg00aBOK

ucnonszoBanmu ¢propun tutus (CXK, Poccust) m okcun kpemuus (JleaPeaxrus, Poccus).
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K mopomky YAG-1 nobapmsiin nopowok LiF wmu SiO; B kommdectBe 0,2 mac.%. 3areM MOPOIIKH
CMEUIMBAIM B LIaPOBOW MeJbHUIE B TeueHHe 48 yacoB 1o MOKpoMmy Meroiy. [lojydeHHbIe cMecH CyLIMIN Ha
BO3JlyX€ IO MOJHOTO UCTIapEHHS BIIATH.

DK TPOMMITYIIbCHOE TIA3MEHHOE CIIEKaHHe MPOBOMIN Ha ycraHoBke SPS-515S (Syntex Inc., Simowus).
IIpormecc mpoBoamwmm B BakyyMme mipu Temneparype 1450 °C mon maBieHMeM craTHdeckod moampeccoBku 100
MITa. IIpoaomKuTeT-HOCTD BRIICPIKKH HA 3aJaHHOI TeMIiepaType criekanus coctaBisiia 60 mua. TemnepaTypy
B XOJ€ CIEKaHWs KOHTPOJHPOBAIN HH(PAKPACHBIM MHPOMETPOM Ha JHE TEXHOJOTMYECKOIO OTBEPCTHS,
BBITIOJTHEHHOT'O HAa OOKOBOM MMOBEpXHOCTH IpaduToBO npecc Gopmbl. B pesynbrare criekanust ObUIH HOITYYEHBI
00pa3ibl NWIMHAPUICCKUI 00pa3Ipl AUaMETPOM ~14 MM U TOJIIIMHON ~2 MM.

Ilepememenne myaHcoHoB (MM), ycunue mpeccoBanus (kH), rtemmeparypy (°C), cmimy Toka (A),
Hanpspkerne  (B), ocrarounoe maBmeHme B BakyymMHOH kamepe ([la) B pexume peampbHOTO BpeMEHH
KOHTPOJIMPOBAIIM BCTPOCHHBIMU CPEACTBAMH TEXHOJOTHUECKONH YCTAHOBKH. [loTydeHHBIE NaHHBIE MCHOJIB30BAIIH
JUTSL aHAJIN3a TIPOLIECCOB AIIEKTPOUMITYILCHOTO TUIA3MEHHOTO CIIEKaHMUs! HCCIIELyeMOTO MaTepraa.

W3zmepenne muddysHoro nponyckanus 00pas3ios npoBoauin Ha criekrpodoromerpe CP-56 (OKb Crekp,
Poccust) (pabounii quanaszoH 190-1100 aM) ¢ npumenenuemM npuctasku [1710-6 (OKb Cnextp, Poccus).

Pesyabrarhl. J[uHamMuka OTHOCHTENBbHOU ycanku oOpaszinoB kepamuku HOPII B mpomecce DUIIC mo
temneparypsl 1450 °C noj naBneHueM ctatudeckoil momampeccoBku 100 MIla mpencraBiena Ha pucyHke 1.
Bunso, 9TO ycamodHble KPHBBIE HOCAT OJHOCTaAMKHHBIN Xapakrtep. IIponecchl ycagku NpoTeKaroT HHTEHCHBHO,
OCHOBHAsl UX [IOJS NPHUXOJUTCS Ha HEM30TEPMHYECKYIO CTaIMI0 HarpeBa. Bmenenme no6asok LiF u SiO;

NpUBOAUT K CMCHICHUIO MHTCPBAJIa HHTCHCHBHOU ycaaku B 00J1aCTh MEHBIIIHNX TeMaeparyp.
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B Ttabmume 1 mnpeacraBieHBl OCHOBHBIE XapaKTEPHCTHKH OOpa3lOB W HHTEPBANbl TEMIEpaTyp

WHTEHCUBHOU yCaJKH.
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Tabnuya 1

Hnmepsan memnepamyp uHmeHCUSHOU yCaoku U OCHOBHbIE XAPAKMEPUCMUKYU 00pA3Y08

Cocran WaTepan temneparyp | OtHocurensHas | OtHocurenbHas | IIpomyckaHue Ha
nHTEHCHBHOH ycanku °C ycanka, % IUIOTHOCTH % A=600 1M, %
Y3Als012 1225-1400 44 97+1 32
Y3Al5012+SiO; 1140-1320 47 95+1 12
Y3Als01+LiF 935-1130 51 98+1 35

OTHOCHTeNbHAS IDIOTHOCTH oOpasta YAG, H3roToBIEHHOTO 0e3 MCIIONB30BaHMS CIIEKAIONINX T00aBOK,
nocsie DUTIIC cocraBuna 97+1%, BennanHa oTHOCHTENbHOH ycanku 44%, a muddysnoe mpomyckanue — 32% Ha
nmuHe BonHbl 600 HM. BBenenue crekaronieit no6asku SiO2 NprBeo K NOHWKCHUIO OTHOCHTETIBHOMN MIOTHOCTH
m0 95+1% wu ymenbineHuro auddysHoro mpomyckanus a0 12% wHa mmuae BonHbl 600 HM. Benuumza
OTHOCHTENBHOM ycamku coctaBuna 47%. BeemeHwe crekaromiei no6aBku LiF mpuBeno K MOBBIICHHIO
OTHOCHUTEIILHOU TIOTHOCTH 110 98+1%, yBenuueHuro nuddysnoro mpomyckanus 10 35% Ha mauHe BoaHB 600
HM. BennuuHa oTHOcHTEnbHON ycaaku coctaBuia 51%.

3akmiouenune. B pesymprare pabotei, meromom DUIIC, Oblma W3rOTOBICHA CBETOIPOITYCKAFOIIAS
KepaMHKa Ha OCHOBE MTTPHI-aIFOMHHUEBOTO rpaHaTa. M3ydeHo BiusHUE criekarommx n06aBok (SiOz, LiF) Ha
TIPOTIECC HICKTPOUMITYITLCHOTO TIAa3MEHHOTO CIICKAHHS.

VYcranosneno, uro gobasnenue SiO; u LiF B komuuectse 0,2 Mac.% NPUBOIAMT K CMEIIEHUIO HHTEPBAIA
MHTEHCUBHOH YCaJKU B 00JIaCTh MEHBILIUX TEMIIEPATYP.

IMTokasano, uto mobasnenue LiF B xommuectse 0,2 mac.% NPHUBOAUT K MOBBIIIEHUIO OTHOCHUTEIBHOM
wiotHocTH Ha 1% u yBenuueHuto auddy3Horo nponyckanus kepamuku YAG Ha 3%.

Hcceneoosanue svinoaneno na 6aze LIKII HOUL] «Hanomamepuanvt u Hanomexuonozuuy Hayuonanvrnoeo
uccredogamenvbekozo Tomckoeo noaumexHuyecko2o yHugepcumema, no00epiHcanHo2o npoekmom Munobprayku

Poccuu No 075-15-2021-710. Paboma evinonnena 6 pamxax npoexkma PH® 21-71-10100.
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HUCCIIEJOBAHUE BIIUSHUS HATIPSIAKEHUS HA CTPYKTYPY MEMBPAHBI AHOAHOI'O
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INVESTIGATION OF THE EFFECT OF VOLTAGE ON THE STRUCTURE OF AN ANODIC
ALUMINUM OXIDE MEMBRANE
Pan Menghua, Ji Xinyu, Cai Dingyi
Scientific Supervisor: Assoc. Prof., PhD., G.A. Voronova
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
E-mail: 844387070@qg.com

Abstract. The effect of voltage on the morphology of anodized aluminum oxide (AOA) was studied by anodizing
aluminum foils at different voltages, and the surface of the samples was characterized using scanning electron
microscopy (SEM) and atomic force microscopy (AFM). The research results show that the anodizing voltage
will affect the pore size, and the pore size increases with the increase of the voltage from 40 to 60 V. The results
obtained by SEM and AFM are consistent.

BBenenue. ANMOMUHMN SBISIETCS AKTUBHBIM METAJIOM, KOTOPBIA JIETKO OKHCIISIETCS HAa BO3IAyXE W
CaMOITPOU3BOJIGHO 00pa3yeT CIUIOIIHYI0 OJHOPOAHYIO W IUIOTHYIO OKCHAHYIO IUICHKY. AHOIHBIH OKCHZ
QIOMHHUST TIPEACTaBIsieT coboit cmoit mopuctoit mwieHku AlyOs, MONydeHHBIH TMyTeM aHOAUPOBAHUS
MOBEPXHOCTH ATIOMUHUEBON MOJIOKKH JIEKTPOXUMHUYECKUM METOJIOM. Bynydu MOpPUCTBIM HaHOMAaTepHaloM,
AOA oOnamaeT TakKMMH XapaKTEpUCTHKAMHU, KaK pPaBHOMEPHBIA pa3Mep TIIOp, BBICOKAas CTEIEHb
YIOPSIOYCHHOCTH, BBICOKAs yAeJIbHAas IOBEPXHOCTh, CTAOWJIBHBIC XHUMHYCCKHE W TEPMOAMHAMHYCCKUE
CBOWCTBA, UMEET IOTCHIHAIBHOE TPUKIIAHOE 3HAUEHHE B MTOJYICHUH METaJUINYECKUX HaHOTIPOBOJIOK, KaTaln3e,
CeHcopax, GHIBTpaUK U APYrHX obmacTsx [1].

Mopdonorus memOpanbl AOA perynmupyeTcss TakMMH TapaMeTpamMH Mpoiecca TOJMYYeHHs, Kak
HampspDKeHHe, Bpemsi, Temmeparypa W Tunm snektponurta [1, 2]. KoHTpomupys ycioBusS U ONTHMH3HPYS
noclenyronue npoueccel, crpykrypy AOA MOXKHO 3a/1aBaTh B IpoIlecce MOMyYeHHs. B CBSI3U ¢ 3THM B JaHHOU
CTaTbe€ OCHOBHOC BHHMAHHUC YACISICTCA WM3YYCHHUIO BIUSHHS HANPSDKCHHS AHOMUPOBAHUS Ha MOPQOIOTHIO
AHOJUPOBAHHOTO AJTIOMUHMUSL.

JKCNEepUMEHTAJIbHAS 9acTh. [ OTOBIIIM MeMOpaHbI aHOIHOTO OKCH/A ATFOMUHHS U3 (DOJIBIH aTFOMIHUS
quctoTor 99,99 % u tommmuOK 0,5 MM METOOM aHOJHOTO OKCUIMPOBAHUS B JBa dTamna. AJIIOMUHHAN CHadaiga
omxkurand Ha Bo3myxe mpu temneparype 450 — 500 °C B Teuenue 4 4acoB B My(eIbHON MEYM IS CHATHS
OCTaTOYHBIX HANPSOKEHUI B CTPYKType MeTayuia. 3areM o0pasIifsl IMOIBEprayi JIEKTPONOIUPOBKE B PacTBOpE

H3PO4 (85% 1o oobemy) + CrOs (92 r/1) npu nocrosiuHoM Hanpspkernn 20 B u remneparype 60 °C B Teuenue 3
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MUH JUIA yaaJieHus1 0apbepHOro okcuaHoro ciiosi. Ilocie ayeKTpoXxuMudeckol MoIUpOBKY 00pa3ibl MOABEPrally
nepBoif craguu aHoguposanus B anekrponure 0,3 M HCOOH npu nocrostnaoM HanpsibkeHun 60 B B nntepBaine
0 — 5 °C B teuenune 1 waca. Oxcuaneiii cnoii AOA, mony4eHHbIH Ha TEpPBOil CTaauH, YIAJISUTd C IOMOIIBIO
3NEKTPOXUMHYECKOOTO TpaBieHus B anekrpoiute HiPOs (85% mo obvemy) + CrOsz (92 r/m). DroT mponecc
3aanman oxomo 30 c¢ mpu Temmeparype 60 °C. Ilocme cTpaBIWBaHHA OKCHIHOTO CIIOS, B TOM JXE€ CaMOM
anexrponute (0,3 M HCOOH) npoBonmiy BTOpyro cTaguio aHonupoBanus pu HanpspkeHun 40 B (oOpazer; Nel)
u 60 B (oOpazen Ne2) npu remneparype 0 — 5 °C B Teuenue 5 yaco. [loBepXHOCTb 00pa3lioB aHAIU3UPOBAIH C
MOMOIIBIO CKaHUPYIOILETO 3JIEKTPOHHOTO MUKPOCKOIA M aTOMHO-CHUJIOBOTO MHUKPOCKOIIA.
Pesyabrarel. Ha puc. 1 u 2 mpencraBnensl pesynbratsl ACM-anammza obOpasmoB Ne 1 m Ne 2.

Nzobpaxennss ACM 6sutn 06paboTaHsl ¢ UCmonb3oBaHneM Tporpammbl Gwyddion. Beutk momydeHsl cpenHme

3HaueHus mepoxoBaroct (Ra) 23,7 am u 33,2 HM 1yt 06pa3moB Ne 1 1 2 COOTBETCTBEHHO.

— Mpopwmne 1

o P B B e o s
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400
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200
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Puc. 2. 2D- u 3D- ACM-usobpadicenusi u cpeonuii npoguns nogepxnocmu oopasya Ne2
Mopddonorus noBepxHoctd TieHOK AOA o6pa3noB Ne 1 u Ne 2, m3ydyennas merogqom COM, noka3zaHa Ha

puc. 3 — 4. Buano, uto tuienka AOA uMmeeT ynopsaoueHHyo HaHOCTPYKTypy. [lpu 40 B cpennuit pasmep mop

AOA 06b11 MenbInie, 14 + 5 1M, a ipu 60 B cpennuit pasmep nop coctapmsit 23 + 7 HM.
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OTHocuTenbHas Yactota

0% T T T T T T T T T -|/ T

2 16 8 10 12 14 16 18 20 22 214 26
Avnana3soH,Hm

Puc. 3. Cresa — COM usobpascenue AOA Ne 1 (60 scmagke npusedeno uzobpasicerue omoeibHol nopbsl), cnpasd
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Puc. 4. Cresa — COM uzobpascenue AOA Ne 2, cnpasa — duazpamma pacnpeoeierust nop no pasmepam

Pacxoxxnenns B pasmepax, nomydeHHsIx MerogamMu COM u ACM cBsizaHO ¢ TeM, 4to B Metoge ACM 30H7
CKaHHpPYeET MOBEPXHOCTH U MOJTyJaeT 00N MPOQHIIb ¢ YIETOM HE TOJIHKO CaMUX HOp C IMaMETPOM, HO U CTEHOK T10p.

3axurouenne. CormacHo gaHHeIM ACM n COM, HampsbkeHHME OKas3blBaeT BiMsAHME Ha cBolicTBa AOA.
[py pukcHpoBaHHON KOHLEHTPAIMM SJIEKTPOJINTA, TEMIIEpaType M BPEMEHH AaHOAMPOBAaHMS pa3Mep ITop M
1epoxoBarocth noBepxHocTH AOA yBeIMYHMBAIOTCS C yBEIIMUEHNEM HanpshkeHus anoaupoBanus ot 40 mo 60 B. Tlpu

40 B cpennuii pazmep nop AOA 6bu1 MeHblie, 14 + 5 HM, a ipu 60 B cpeauuii pazmep nop cocranisu 23 + 7 HM.
CIIMCOK JINTEPATYPBI
1. Cao Guobao, Zhu Wen, LI Jingren, et al. Research progress in preparation of porous anodic aluminum oxide
templates // Material Review. — 2014. — V. 28, Ne 7. — P. 153-157.

2. Han Ting, Wen Peiyuan, Wang Chenyu, et al. Progress in the preparation of porous anodic alumina
templates // Materials Review. — 2010. — V. 24, Ne 1. — P. 115-119.
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YK54.052
CPABHEHUE KOMIIOHEHTHOI'O COCTABA PENTAPHYLLOIDES FRUTICOSA (L.)
0. SCHWARZ PA3JIMYHBIX MOMYJIAIIANA
ILW. IMactyx, [1.B. ®ucenko
Hayunslii pykoBogutens: k.X.H., JI.A. Kypraués
HaunonaneHelil uecnaenoBaTenbekuil TOMCKUM rOCy1apCTBEHHbIN YHUBEPCUTET
Poccus, r. Tomck, np. Jlenuna 36, 634050
E-mail: polya.pastukh@yandex.ru

COMPARISON OF THE COMPONENT COMPOSITION OF THE PENTAPHYLLOIDES
FRUTICOSA (L.) O. SCHWARZ OF VARIOUS POPULATIONS
P.1. Pastukh, D.V. Fisenko
Scientific Supervisor: Ph.D., D.A. Kurgachev
Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050
E-mail: polya.pastukh@yandex.ru

Abstract. Extracts of Pentaphylloides fruticosa (L.) O. Schwarz were obtained. The quantitative and qualitative
composition of the main and by-products was determined by the method of gas chromatography-mass spectrometry.

The component composition of different samples of Pentaphylloides fruticosa (L.) O. Schwarz is compared.

BBenenne. 3HaunTeNbHOE KOJNMYECTBO TPHPONHBIX OnoNOrmueckd akTHUBHBIX BemlectB (BAB)
PacTUTENILHOTO TPOUCXOXKICHUST 00JIa/laeT JieueOHbIMHM KadecTBaMU. MHOI'ME COBPEMEHHbIE (PUTOXUMUYECKHUE
npenaparsl  I0Jy4aloT H3BJeYeHHeM bBAB M3  JiekapCTBEHHOTO pPacTHTENBHOTO Chipbsi. [loTpebienue
¢duronpenapaToB cHOCOOCTBYET IOBBILIGHHIO HWMMYHHTETa, pEryJHpOBaHHIO MeTaboiM3Ma C  IeJbio
BOCCTAHOBJIGHUsI OpraHM3Ma MAalWeHTa I0Cje OINepaluy, IOJIyYeHUIO HEJOCTAIOIINX OPraHW3My Ba)KHBIX
XIMHYECKIX BEIISCTB (B TOM YHCIE JKUPHBIX KHCIOT, BATAaMUHOB). CHHTE3 MHOTHX JICKapPCTBECHHBIX BEIICCTB
3aTpyAHEH B Ta0OPATOPHBIX M MPOMBIIIICHHBIX YCIOBUAX. B CBSA3M ¢ ATHM aKTyanbHOH 3amadeil BISETCS IOUCK
Oorateix BAB npupoIHBIX HCTOYHHUKOB.

[srunucTHUK KyctapaukoBbiit — Pentaphylloides fruticosa (L.) O. Schwarz (manee P. fruticosa) siBnstetcst
MEePCTIeKTUBHBIM UCTOYHUKOM BAB. TloBBIIIEHHBIN MHTEPEC K dTOMY PacTeHHIO OOYCIIOBIEH OOraTCTBOM €ro
¢enonpHOTO M NUMOdUIBHOTO coctaBa. P. fruticosa mpumensieTcst B HAPOAHONW W TPAJUIMOHHON MEIHIIHHE,
Omaromapsi CBOUM aHTHOKCHIAaHTHBIM, HMMYHOMO/IYTHPYIOIIMM, aHTUMUKPOOHBIM cBoiicTBam [1]. P. fruticosa
cozepxur neHHele BAB — ¢uaBoHOMABI, DyOnibHBIE BemiecTBa, (peHONKapOOHOBBIE KHCIIOTHI, BUTAMHHBI.
Jlunuanaslit coctas P. fruticosa npencraBieH >KUPHBIME KUCIOTAMH: AJbMUTHHOBOM, JIMHOJEBOH, JINHOJICHOBOW
[2]; coenuHeHUsIMU CTEPOUAHOTO THIIA: B-CHUTOCTEPHH, CTUTMACTEPHH, KaMIecTepuH [3].

Cpenu METO/IOB SKCTPAKIMU HEOCHIOPUMBIMH NPEUMYILECTBaMH 00JIa1aeT SKCTPaKIHs C IMPUMEHEHHUEM
yiabTpazByka (Y3): 1) yBenuueHne mionia i KOHTakTa (a3 3a CYET BHITECHEHHS BO3JyXa M3 10D; 2) YaCTHYHOE
paspylleHne KICTKH, 3) BO3HHKHOBCHHE 3HAYMTEIBbHON pPA3HUIBI KOHICHTPAIWA BCIICACTBHE CO3IAHUSI
KaBUTAHIIMOHHBIX TIOJIOCTEH, [03TOMY B KayecTBE METOJa OSKCTPaKiM{ Oblia BbIOpaHA OKCTPAKLUS C

nprMeHeHneM Y 3.
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Henp manHO# paboTsl. CpaBHUTENBHOE M3ydeHHEe cocTaBa P. fruticosa pasnnyuHbIX DOMyJSLIHA METOIOM
ra3oBOi XpOMaTO-Macc-CIIEKTPOMETPHUH.

DKcnepuMeHTANbHAsE 4YacTh. Mccnenoamuch nBa obpasma P. fruticosa, coGpamHble B pasinuHBIX
YCIOBUSIX TIpOU3pacTaHus. MecTo nmpouspacTtanus nepsoro — bypstus, moc. Apmas, o 6eperaMm MHHEPaIbHOTO
HCTOYHUKA, 476 M. Hax y. M., 15.08.2022, Broporo — Bypsitus, moc. Kemuyr, TepManbpabie BOAB, 6010TO, 701 M.
Hax y. M., 17.08.2022. Beum momydeHsl skctpakTel P. fruticosa pasmuambix momysstiwii. O6pasitel GBUTH
BBICYIIEHBI METOJIOM BO3AYIIHO-TEHEBOH CYIIKU M W3MeNbUeHbl. B KauecTBe SKCTpareHTa ObUTH MCIIOJIb30BaHbI
METHJIOBBIA CIUPT W STUNANETAT. DKCTpareHThl cMmeimnBanu B cootHomenun (MeOH/EA) 50/50 06. mon.
PacTuTenbHOE CHIpHE MOMEINAM B BUAJbl M NPHIUBAIM SKCTpareHT. 3aTteM BO3AEHCTBOBaIM Y3 B TeUeHUE 6
gacoB. [locne 3Toro HactamBaiu B TedeHHe 12 4acoB Ipu KOMHATHOHN TemmepaType. Jlanee cHOBa moaBepraim
BO3JIEHCTBHIO Y3 B TeYEeHHUE 6 YaCOB.

PesyasTaThl. CocTaB TUMUAIHON (ppakiiy MOTYyYSHHBIX KCTPaKTOB uccienoBanu meronom ['X-MC nHa
ra3oBoM xpomaro-macc-cruekrpomerpe GCMS — QP2020. Shimadzu Corporation; ra3oBsiii xpomarorpad
«Xpomarak-Kpucrann 5000.2». Kononka xanmuisipas — DB-35MS, 30 m x 0,25 mMm x 0,25 mxM. B xauecte
raza-HOCHTEsI BBICTYIIAJ TEIHM.

Tabnuya 1
Cooeporcanue BAB ¢ P. fruticosa

P. fruticosa | P.  fruticosa
Bbuonoruuecku akTUBHOE BELIECTBO (Bypstus, (Bypsttus, moc.
moc. Apmran) | XKemuyr)

6a-Hydroxy-4,4,7a-trimethyl-5,6,7,7a-tetrahydrobenzofuran-2(4H)-one

0,55 0,30
Jlomomun C11H1603, %
4-hydroxy-Benzeneethanol
Tupozon CgH100,, % 0,60 1,99
3,7,11,15-tetramethyl-2-Hexadecen-1-ol
duron C20H4oo, % 1'20 1’32
1,3,4,5-Tetrahydroxycyclohexanecarboxylic acid 0.69 185
Xwunnas kucnora C7H1206, % ' !
Hexadecanoic acid
IMansmutrnoBas kuciora CisHz202, % 8,65 551
Octadecanoic acid
CreapunoBas kucyiora Ci1gHzsO2, % 2,00 3,84
(92,122)-9,12-Octadecadienoic acid 2,00 3,84
JInnonesas xuciora Ci1gH3.02, %
Stigmast-5-en-3p-ol
B-curoctepun CogHs0O, % 1,30 112
(2R)-4,8,12-trimethyltridecyl]-3,4-dihydro-2-1-benzopyran-6-ol

0,47 0,69
a-tokodepon CaHs002, %
7,11,15-trimethyl-3-methylidenehexadec-1-ene 310 6.41
Heoduragnen CooHag, % ' !
(6E,10E,14E,18E)-2,6,10,15,19,23-Hexamethyltetracosa-2,6,10,14,18,22-
hexaene 1,25 1,78
Cxsainen CgzoHsg, %
Henicosane
Teiinniiko3an Ca1Has, % 1,39 0.47
Nonacosane
Honakoszan CagHeo, %0 3,06 0.48

I/IIIGHTI/I(bI/ILII/IpOBaHH Pa3JINMYHBIC KJIACCHI OMOJIOTMYECKH aKTUBHBIX COG}II/IHGHI/II\/’I: KE€TOHBI, CIIUPTEHI,

KHCJIOTBI, aJIKAHbBI U AJIKCHBI. AJ'II))ICFI/I]II)I JKUPHBIX KHUCJIOT OGHapy)KeHBI B HEOOJIBIIIOM KOJIMYECTBE B 000MX
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obpasuax. Bbmaromaps nammuuio BAB pasmuunoit mpupomsr P. fruticosa koMruiekcHO BO3OEHCTBYeT Ha
OpraHu3M. AHTHOKCHIAHTHOEC, aHTHOAKTepHalbHOC W MPOTHBOOIYXOJCBOE BO3ICHCTBHE OOYCIOBICHO
HAJIMYHEM JIOMHONMHAA [4]; aHTHTPOMOHYECKAM M aHTHAPUTMUYECKAM 3 QekToM obmamaer Tuposon [5]; guron
HHAYHUPYET 3alIUTHYI0 ayTO(ardi M HHUTOTOKCHYCCKOH aKTHBHOCTh, @ TAkKe 00JagacT aHTUMHKPOGHOMN
aKTHUBHOCTHIO [6]; MHHOIEBAsT KUCIIOTA SIBISICTCS OAHOM M3 ABYX HE3aMCHHMBIX JKUPHBIX KHUCIIOT UL JTFO/eH, OHa
HCIIONB3YETCS KaK OCHOBA TS TPOU3BOCTBA ApyTrHX [7].

3akirouenue. [Ipu BeIONHEHHN PaOOTHI OBLUTH MOJTYYCHBI METANTBHOIBHO-3THIIALCTATHBIC SKCTPAKTHI P.
fruticosa pasnuuHbIX MOMyNALKE, TPOM3PACTAIOIIETO B peciybnuke Bypsatus. B kauecTBe MeTO/a SKCTPAKIMU
HCIIONIB30BANIOCh COYETAHHE Malepallid W yJAbTPa3BYKOBOW SKCTpAKIMH. METOIOM Ta30BOH XpoMmaro-Macc-
CIIEKTPOMETPHHU HACHTH(HHUIUPOBAHBl OCHOBHBIE M MOOOYHBIC KOMIIOHCHTBI PACTHTENHHOTO ChIphs. OmpeneieHo
UX KOJIHMYECTBEHHOE copeprkanie. CpaBHHUBAIOCH KOJIHYCCTBEHHOE COMCPIKAHHE KOMIIOHEHTOB B Pa3iMYHBIX
obpasuax P. fruticosa.

Paboma evinonnena 6 pamkax npoeKmHou yacmu 20Cy0apcmeenno2o 3aoanus Munucmepemea HayKku u

sbicute2o obpazosanust Poccuu 6 cihepe nayunoii oesmenvrocmu (npoexm Ne FSWM-2021-0007).
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YK 662.612
XAPAKTEPUCTHUKU IJIAKOBAHUS TOIIKU MTAPOBOTI'O KOTJIA C ®AKEJIbBHBIM
C/)KUT'AHUEM TBEPAOI'O TOIIVIMBA ITPU NEPEBO/JIE HA KOMITO3UIIMOHHOE KN JIKOE
TOIIVINBO
K.K. [Taymkuna
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Poccus, r. Tomck, np. Jlenuna, 30, 634050
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SLAGGING CHARACTERISTICS OF A STEAM BOILER FURNACE WITH FLARE COMBUSTION
OF SOLID FUEL WHEN SWITCHING TO COMPOSITE SLURRY FUEL
K.K. Paushkina
Scientific Supervisor: Dr., D.O. Glushkov
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: kkpl@tpu.ru

Abstract. Two interconnected mathematical models have been developed to describe slagging of a steam boiler
furnace at the macro and micro levels. The macro-level model is implemented in Ansys Fluent. Using the fuel
characteristics and temperature in the furnace, this model can predict the characteristics of ash formation on
heat exchanger tubes when the melting temperature of the mineral part of solid fossil fuel is exceeded. The
obtained values of slagging rates are used as initial data in the software implementation of the original Matlab
microlevel model. Under conditions of dynamic change in the thickness of the slag layer, this model can evaluate
the heat transfer characteristics in the hot gas/slag layer/tube wall/water coolant system. The results showed
that switching a coal-fired boiler from a solid fossil fuel to a fuel slurry will improve stability and uninterrupted
boiler operation due to a lower slagging rate. The combustion of coal water slurries with petrochemicals
compared with coal-water fuel is characterized by higher maximum temperatures in the furnace (13-38%
higher) and a lower average growth rate of slag deposits (5% lower), which reduces losses during heat transfer

from flue gases to water coolant by 2%.

Beenenne. KoMIIo3MIMOHHBIE TOIUIMBA HA OCHOBE YIJIEPOJCOICPIKAIIMX IPOMBIIIICHHBIX OTXOAOB U
CTOYHBIX BOJI, B TOM YHCJIE COJECPXKAIINX HE(PTEPOMYKThI, HEPCIIEKTHBHBI IJISl MPAKTUYECKOTO NMPUMEHEHHS B
YCIOBUSIX Je(HIUTa U POCTa IIEH Ha TPaJUIMOHHBIE SHEPTeTHYECKUE pecypchl. BoBineueHne oTX010B yrie- u
HedTenepepaboTkn B BUAe BogoyroisHbIX TomwmmB (BYT) u opranoBomoyromsHbix Tommme (OBYT) B
MPOMBIIICHHYIO TEIJIOPHEPTeTUKY MO3BOJIUT CHU3UTh 3KOJIOTHUECKYIO HArpy3Ky Ha OKPYXKAaIOIIyIO Cpely He
TOJBKO 3a CUYET COKpAIECHMs IUIONAJEH IOJMUTOHOB A CKJIAAMPOBAHUS OTXOAOB, HO TaKkke Omaromaps
YMEHBIIEHNIO 00beMa BEIOPOCOB MAPHUKOBBIX T'a30B.

IIpu nepeBoje KOTJIIOB Ha HENPOEKTHBIE KOMIIO3UIMOHHBIE TOIUIMBA, COAEpKAIllMe€ HU3KOCOPTHBIE
roprodve KOMIOHEHTBl U BOAYy, TeMIepaTypa IUIAMEHHM B TOINKe, KaK IMpPaBHUIO, CHIDKaeTca. Bmecre ¢ e,
npobjeMa IUIAKOBAHWSA OCTAeTCS aKTYaJIbHOW, T.K. 100OAaBKM K MHOTOKOMIIOHEHTHBIM TOIUIMBAM M3 YHCIa

IMPOMBIIIJICHHBIX OTXOJ0B U OHroMacchl XapaKTCpU3yroTCad OTHOCUTEIBHO BBICOKHUM COJCPIKAHUEM HICTIOYHBIX U
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HIETI0YHO3EMENbHBIX MeTaioB. CTpyKTypa 30JI0LUIAKOBBIX oTioxeHull npu cxuranuu BYT u OBYT moxer
OBITH MHOTOCIIOWHOM ¥ HEOIHOPOAHOM MO XMMHYECKOMY COCTaBY, YTO OCIOXHAET O0ph0y C 3TUM HEraTHBHBIM
3¢ (exToM CTaHTAPTHBIMH CPEICTBAMH.

Lenpto maHHON pabOTHI SBISETCS YHCICHHOE MOJCIUPOBAHWE B paMKax JABYX pa3paOOTaHHBIX
B3aUMOCBSI3aHHBIX MaTeMaTH4YeCKUX MOJENIel Ipolecca NUIAKOBaHHUs TONKH MApOBOTO KOTJIA C (haKeIbHBIM
C)KMT'aHHMEM TOIUIMBA M UCCIENOBaHME BIMSHUS IapaMeTpoB Ipoliecca FOPEHUs Al TpeX TOIUIUB (yrojbHas
neutb, Katum BYT m OBYT) Ha xapakTepuCTHKM LIIAKOBAaHMS IOBEPXHOCTEH HarpeBa. Pa3zpaboTaHHBIH
MPOTHOCTUYECKUH allapar SBISETCS OJHUM W3 KOMIIOHEHTOB KOMIUIEKCHOTO aITOPUTMA OIEHKH IEPCIEKTHB
MPaKTHIECKOTO IPIMEHEHHUSI KOMITO3UIIMOHHBIX TOIIMB BMECTO TBEPABIX NCKOMAEMBIX TOILIHUB.

JKcnepuMeHTANIBHAS YacTh. [[lnakosanue monku xomaa Ha maxkpoyposte. OObBEKTOM HCCIEIOBAHUS
aBysIack Tonka mapoBoro koriaa bK3-210-1400 (Dss=210 1/4yac, Ps=14 MIla, T=560 °C). Buyrpennue
MOBEPXHOCTH TOMKH pazmepamu 7424x7808%24 000 MM MOJTHOCTBIO SKPAaHUPOBAHBI TPyOaMu quameTpom 60 MM
(TomuuHa cTeHKH 5.5 MM) ¢ marom 64 mMm. ['openKy pacrono)keHsl B OJUH SIPyC MO yIiaM TOTIKH U HaIlpaBJICHBI
TaHT€HUMAJIBHO K YCJIOBHOW OKPY>KHOCTH B LeHTpe Tonku auamerpoM 900 mm. Illupuna ropenku 670 mwm,
BbIcOTa 2270 MM.

UucneHHble MCCAEA0BAaHUs BBINONHIIN ¢ UCHOJb30BaHUEM KoMmMmepueckoro nakera ANSYS FLUENT.
daken TOIUNIMBHO-BO3AYIIHON CMECH B TOIKE 3aJaBajlcsi B MOJAENM Kak AByX(as3Has TypOyJeHTHas CHCTeMa
TEUeHMH, cocTosmas W3 raza W TBepAoil ¢asel. [nsg rasa (opMmyaupoBaHHE OCPEIHEHHBIX II0 BpPEMEHH
YpaBHEHMH COXpaHEHMsS MacChl, ABMKCHUS M 3HEPTUH BBIIOIHAJIOCH C HCIOJB30BaHUEM OHilepoBa MOAX0Ja C
yueToM MexdaszHoro B3ammozencTBus. s TBepaod (a3bl TPaGKTOPUM YACTHIL[ BBIYHCISIMCH C IOMOLIBIO
MOJIeTIH Clly4aiiHoro Onyxnanusi yactun (JlarpamkeB moaxoa) ¢ yderoM tepModopesa W BpeMEHH >KU3HH
cirydaWHbIX BuXped. [opeHme wactui TBepmod (a3sl B MOJENM pPEAIM30BAHO B BHAE ClIEAyIOUIeH
MIOCJIC/IOBATENILHOCTH CTAIMi: WHEPTHBIN Harpes, WCIApEHUE BIIard, BBIXOJ| JIETYYMX BEIIECTB M TOpEHHE
KOKCOBOTO OCTaTka. B TpOBeAEHHBIX YHCIEHHBIX pacdeTax Oblila KCHOJb30BaHA CETKA C KOJINYECTBOM
snementos 0.5x108,

YucneHHOE MOJENIMPOBAHKE TNPOIiEcca TOPEHUS B TOMKE NMPOBOAMIOCH IS TPeX TOIUTUB: OYpbIil yroib
Bonpmecsipckoro mectopoxaenusi, Kancko-A4MHCKUN yroibHBIH paspe3, KpacHosipckuii kpait, Poccuiickas
ODenepanus (angee —yroiyib); BogoyroibHoe TomimBo (BYT) — cycmeH3usi Ha OCHOBE YIUIS, COCTOSIIAs W3
50 % wmac. yrast u 50 % mac. Boxsl; opraHoBogoyrosisHoe TommmBo (OBYT) — cycnensns Ha OCHOBe yrui,
cocrosimast u3 45 % mac. yris, 45 % mac. Boasl 1 10 % Mac. 0oTpaboTaHHOTO MOTOPHOTO Macia.

Llnaxosanue monxu xkomna Ha Mukpoyposewe. Ilpennonaranocb, yro TpyOa muamerpom d =60 MM B
HavaJbHBIM MOMEHT BpeMeHH t = 0 HaxoauTcsl B pazorperoit ra3oBoii cpene T = Tg. B mponecce ropenus Tornnmsa
(t>0) Ha moBepxHOCTH TPYObI HauyMHAET (HOPMHUPOBATHCS CJIOW MIJaKa TOJIIUHOU Oa IlpemesibHOE 3HAYeHHE
TOJIIIIMHBI CJIOS IUTAKa 3a7aBajld PaBHBIM 7 MM, T.K. JaJbHEHIIee yBEIWYEHHE CIIOS OTPAHNYEHO MEXTPYOHBIM
paccrosiarem [1]. Ckopoctd (HOpMHUPOBaHHS CIIOSI IITAKA TIPU CXKUTAHWUH Pa3HBIX TOIUIMB TPUHAMAIKCH 10
pe3ynbTaTaM YHCICHHBIX HCCIEINOBAaHMI B paMKax MOJENH TONKM KOTIa Ha MakpoypoBHe. Temmeparypa
(Ts=560 °C) u napnenue (Ps=14 MIla) mapoBoIsiHOI cMecH BHYTPH 3KPaHHBIX TPyOax 3a1aBaiy coriacHo [2].

YuncneHHOE MOJAEIMPOBAHUE NIJIAKOBAHUS SKPAaHHBIX TPYO NpH COKUTAaHWU Pa3UYHBIX BUJIOB TOILIMBA
BBITIOJTHEHO JIJISl CUCTEMBI «CTajlbHasi TPYOa — CIIOH 307161 — Pa30rpeThie IBIMOBBIE I'a3bl» IIPH COOTBETCTBYIOIINX

TCHHO(l)I/ISI/I"ICCKI/IX CBOICTBaX BCLICCTB U MAaTCPHUAJIOB. Pa3Mep obnactu peuieHus 3aga4uu L=10 MM; TOJIIIHWHA
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CTeHKH TpyOBl 0s= 5.5 MM; HawanbHas TemmepaTtypa creHkH To=293 K; Temneparypa IbIMOBBIX Ta30B
Tq=1200-1500 K; xoa(duipeHT TemiooTnayn OT MNapOBOASHOM cpensl K BHYTPEHHEH CTEHKE TpYOBI
a1 = 2-10° B/(M?-K); k03((HUIHEHT TeIooTAadl OT JbIMOBBIX T'a30B K BHELIHeH creHke Tpyowl o = 50 Br/(m*K);
CTeleHb YEPHOTHI AHIMOBBIX 12308 € = 0.8; nocrosiaHas Creana-Bonbimana 6 = 5.67-108 Br/(m? K*); maccopast ckopocTs
(POPMHUPOBAHHS 30J1bI IIPU CAKUTAHMM TOIUIMBA: 11 Y Win=38.061- 107 kr/(M?-c), it BYT Wi = 3.255- 10 kr/(M?-¢), mis
OBYT W = 3.101-10% kr/(m?-c).

PesyabTaTsl. [Ipy CKUraHWU B KOTJIE YrOJBHOW NBIIM B Pa3HbIX TOYKAaX PACUETHOM 30HBI TEMIEpaTypa
BapbUpoBaiach B mupokoM auanasoHe — 300-1800 °C. IIpu cxxuranun BYT 3HaueHust TeMneparypbl MEHSUINCh
ot 200 °C go 1200 °C; npu cxuranuu OBYT — ot 200 °C no 1350 °C. IIpu 3TOM Temneparypa ABIMOBBIX I'a30B
B BEpXHEH dYacTW TONKH BONM3M INUPMOBBIX IApOIEpErpeBaresicil MMmena NPHOIU3UTEIBHO OJUHAKOBBIC
3HAa4YCHHSI HE3aBUCUMO OT THma cxuraemoro tormmuea — 1000-1050 °C. CornacHo pacderam, YrOJbHOE TOIUTHBO
MMEEeT CaMble BBICOKHE NMUKOBBIE TEMIEPAaTyphl M CAMYIO BBICOKYIO CTEIEHb BBITOPAHUS, HO B TO )K€ BpeMs
caMyI0 BBICOKYIO MacCOBYIO CKOpPOCTh pocTta orioxeHuid. [Ipumenerne BYT BmecTo yrisi Mo3BOJNISICT CHUKATD
CPEIHIOI0 CKOPOCTh IIUTAKOBAHMSI TMOBEpXHOCTEH Tomku mouytu B 12 pa3. Opnako cxuranue BYT
XapaKTepU3yeTcs J0CTATOYHO HU3KUMH TEMIIEPAaTypaMH B TOIIKE U HU3KOW CTENEHBIO BHITOPAHUS 110 CPABHEHUIO
C MBIJICYrOJIbHBIM TOIJIMBOM 3@ CYET CO/ICPKaHUs 3HAUNTEIbHON JI0JIH BOJIbI B COCTABE.

CKkopoCTH TIpHUpAIEHUs] CJI0S 30JIbI HAa TIOBEPXHOCTH TPYOBI Uil PAa3iIMYHBIX BHJIOB TOIUIMBA: YIOJIb —
0.90 mm/mun.; BYT — 0.077 mm/Mus.; OBYT — 0.07 MM/MuH.

3akiroyenue. [lonydeHHble pe3yabTaThl MoKazanu, uyto cxkuranue BYT u OBVYT BMecTo yroiabHOro
TOIUTMBA COMPSKCHO C HEKOTOPHIM CHIDKCHHEM Temrepatypsl B Tomke koTia (Ha 450-600 °C). Cremnenb
BBITOPaHMS TBEPABIX 4acTHL npu cxuranun BYT Obura munmMansHOH (94.5 %), xotss OBYT Beiropano c
OpPUMEPHO TAKHUM e YPOBHEM KOHBEPCHH, KaK U CyXoi yroisb (0koio 97 %).

3aMeHa yIJid Ha CyCIIeH3MOHHOE TOIUTUBO, BEPOSATHO, OyAET CII0OCOOCTBOBATH YIIYUIIEHHIO CTAOMIBHOCTH
n Oecriepe0oifHOCTH pabOTHI KOTJIAa B KOHTEKCTE BIUSHMS IUIAKOBAaHHMS HAa 3TH IOKa3aTenu. 3a cueT Oonee
HHU3KOW CKOPOCTH NIJIAKOBAHMS M MEHBIIMX IUIONIAJIeH, T0/IBEPKEHHBIX HAPACTAHUIO 30J1bI, YACTOTA POBEACHUS
OYMCTHBIX MEpOINpPHATHH, a TaKKe 3aMEHbl HENPUTOIHBIX METaJUIMYECKHX MOBEpXHOCTeH OyJeT MeHbIIe.
Ipomnecc cxuranuss OBYT, mo cpaBHeHuto ¢ BYT, nemoncTpupyer Oojiee BBICOKHE MTUKOBBIE TEMIEpPaTyphl B
Tonke (Bbire Ha 13-38 %) 1 6onee HU3KYIO CPEAHIOI0 CKOPOCTh POCTA OTIOXKEHHH (HIKe Ha 5 %) M CONpsHKEHHbIE
¢ 9TiM OoJiee HU3KHE ITOTEePH TEIUIOBOTO MOTOKA (HIDKE Ha 2 %) Ha TETNIOOOMEHHBIX TTOBEPXHOCTSIX.

Hccneoosanue evinonneno npu noooepoicke epanma PH® N 22-23-00040.
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EFFECT OF COPPER INTRODUCTION METHODS ON THE PHOTOCATALYTIC PROPERTIES
OF DARK TiO2 OBTAINED BY PULSE LASER ABLATION
A.D. Pimenov, O.A. Reutova
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Abstract. In this work, photocatalysts based on titanium dioxide (TiO2) were obtained by pulsed laser ablation
using various methods for introducing copper-containing nanoparticles (NPs). The physicochemical characteristics
of the obtained materials and photocatalytic properties were studied in the reaction of decomposition of model
organic dyes of rhodamine B and phenol by irradiation with LED 375 nm. The introduction of copper compounds

by creating a type Il heterostructure leads to an increase in photocatalytic activity.

BBenenue. lcrnosb3oBaHHe TOPIOYEr0 HMCKOMAEMOro, yBEIMYEHHE XMMHUYECKOTO IPOM3BOACTBA U
MOTpeOJIeHUEe SHEPTUU TPUBOAUT K OONBIIMM BBIOpOCAM BPEIHBIX BEIIECTB B OKPYXKAIOUIYIO Cpeay, 4TO
NPUBOIHUT K YXYALICHHIO 3KOJOTMYECKOM M YHEPreTHYecKoil cutyaunu Ha ruianete [1]. TokcuuHbIe BeliecTBa
TaKHe KaK KpacUTEeNW, aHTHOMOTHKH, COCJIMHEHHS TOKCHYHBIX METAJUIOB IONAJAI0T B OKPYKAIOIIYIO Cpeny o
cToyHbiM BoaaM [2]. Hcnone3oBanue (oTokaTanusa SBISETCS 0€30NMacHOH M SKOJIOTHYHOW TEXHOJOTHEH s
MPOLIECCOB OKUCIICHHSI PA3JIMYHBIX 3arps3HSIONIMX BELIECTB U TJIyOOKOH MHHEpalu3allii OpTraHMYecKhuX
coenuHennit. OHUM U3 HauboJiee MEepPCIEeKTUBHBIX MaTepPHAIOB Ul (POTOKATAIKM3a SIBJISAETCS AMOKCHI THUTaHA
(TiOz), Onaromapsi ero IIMPOKOM HOCTYIHOCTH, XMMHYECKOH CTAOWIBHOCTH, OTCYTCTBHM TOKCHYHOCTH H
BBICOKO# (oToKaTanuThyeckoi akruBHocTd. Hucteiii TiO; obnamaer HU3KOM 3((PEKTUBHOCTHIO B BHIUMOM
JMaria30He CBETa W3-3a INMPOKON 3alpenieHHOW 30HBI M OBICTPOH pexoMOMHauWeld (OTOMHIYIUPOBAHHBIX
HocuTeneil 3apsjaoB. [laHHble MPOOIEMbl MOTYT OBITh PEIICHbl PA3IMYHBIMU MYTSIMH, HApPUMEpP, METOIOM
normpoBanus Metamamu (Pt, Pd, Au, Ag, Cu) u memerautamu (N, F) mis MoaupuuupoBaHus 30HHON
crpykrypbl TiO2 [1] u cosmanme rerepoctpykryp Il tuma (CuO-TiOz) mist 3GdeKTHBHOTO pasjieieHus H
nepeHoca HOCHTEJeH 3apsiga MEXAy [BYMsS MOJNYINPOBOMHMKAMH DAa3HbIX THIOB. AJIBTEpPHATHUBOI
JOPOTOCTOSIIIMM METaJlIaM, B Ka4eCTBE JOMAHTA, MOXKET CIIYKHUTh MeIb ONaroJaps BO3MOXHOCTH YBEIUYCHHUS
BPEMEHH JKU3HU HOCHUTENEH 3apsi/ia U PACIINPEHUS TUaTa30Ha MOTIIOMEH s BUANMOTO cBeta [3].

Ienbro faHHOW PabOTHI SIBISIETCS WCCIICAOBAHKME BIMSHHS Criocoda BeeneHuss meapcomaepkanmx HY Cu Ha

(hoTOKaTAMTHYECKHE CBOKMCTBA BBICOKOE(eKTHOTO Ti02 B PEaKIiu pasiioKeHHsT MOJICITBHBIX OPTaHUYECKHX KPACHTEIICH.
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OxcnepuMeHTaibHas vacth. Vcxomueie xomutouasl Ti_H,O u Cu_H,O mis dorokaramusaropa Obutd
MOJIYYCHBI METOJIOM HMITYJIbCHON Na3epHOW abisiiuu Metammmaeckux mumened Ti (99,99 %) u Cu (99,95 %) B
JMCTUIUTMPOBaHHOM Boze ¢ ucnomb3oBarnneM Nd:YAG-masepa (mapaMerpsl JlasepHOro u3iaydeHus: A = 1064 uwm,
t=7 Huc, v=20 T'm). s cuare3a obpasma 0,5 macc. % Cu-TiO, HCHONB30BATH CMECh JIBYX KOJUTOMIHBIX
PacTBOPOB THTaHAa W MEIW C NaTbHEHIIEH yIbTpa3ByKOBOW 0OpPaOOTKOM, BBHICYIIMBAHMEM Ha YaCOBOM CTEKIIE M
npokaikoir mpu Temmeparype 400 °C. O6pasent 0,5 macc. % Cup,O-TiO, ObIT MONyYeH MyTeM CMEIIMBAHUS U
NEepeTHpaHusl B araToBOIl CTYIIKE MOPOIIKOB (MEXaHOAKTHBALIMEH), TOJYYCHHBIC BBHICYIIMBAHUEM KOJUIOMIHOTO
pactBopa Ti_H»0 ¢ omkxurom mpu T = 400 °C u pactBopa Cu_H,0 6e3 H0MOIHUTEBHOM TEPMUYECKON 00pabOTKH.
OO6pa3iipl cpaBHUBATKCH ¢ YHCTHIM Ti02, TOMyYCHHBIM U3 KOJUIonAa mpH cyiike u omkure T = 400 °C.

OO6pasubl XapaKTepU30BATIHCh METOAAMH PEHTTeHO(A30BOr0 aHAIN3a, MPOCBEYMBAIONMICH SICKTPOHHON
MUKpocKonu u Y O-BuanMoit abcopOIMOHHOI CIIEKTPOCKOITHH.

DOTOKATATUTHYCCKYI0 aKTHBHOCTH OOPa3LOB OLCHHBAIM B PEaKlMU pas3loXeHUs pojamuHa b mpu
00ydeHUH CBeTOAUOI0M (Asi = 375 HM) IO CIIEKTPaM IOTJIOIICHHS ¥ U3MCHEHHUIO €r0 MaKCUMyMa IOTJIONICHHS
(Amax = 553 M) u paznoxeHus ¢peHomna no crexrpam horoaroMuHUCHSHIH (Aex = 270 HM).

Pe3yabTaThl. XapaKTepUCTUKH MOMyYSHHBIX 00pa3oB npuBeaeHs! B Tadiuue 1. CornacHo pe3ysbratam
P®A, obpazen TiO, 6e3 mpumMecell COCTOMUT MPEUMYILECTBEHHO W3 (pa3pl aHartaza ¢ nojeil (asel pyTumia.
Jlob6aBka Menu W CO3JlaHHE TEeTEePOCTPYKTYPHI MPUBOIAMT K (POPMUPOBAHUIO TpeTheil (a3bl — OpyKHTa, UYTO
XapaKTepHO U CMEHIaHHBIX cucTeM. TemHblid TiO2, MOJTydYCHHBIH Ja3epHOU abisAlNMel MeTalIHYecKoit
MmuIieHd Ti, IMEeT HHTCHCHBHYIO MOJIOCY IMOTJIONICHUS B axana3oHe i BojH a0 390-410 HM, cBsi3aHHOE C
3J1eKTPOHHBIM nepexogioM O —Ti* 1 JUIMHOBONHOBOE MJIEYO, CBA3aHHOE € TOTJIOMIEHUEM 1€()EKTOB PasInIHOM
npupoas! [4]. YV cMemaHHEIX 00pa3noB HAOIIOAASTCS CABUT CIEKTPA B JUIMHHOBOJHOBYIO OOJACTh, YTO MOXET
ObITH 00YCIIOBIEHO MOABIEHUEM IIPUMECHBIX SHEpPreTHueckux noayposHeii 3d u 4s opouranamu Cu?* u Cu* [3].
HlIupuna 3anpenienHoi 3086 (Eg) uccnenyemsix GorokaTanu3atopos onpezeneHa ¢ moMoupo Merona Tayka u

cocrasisieT 3,05 3B s TiO, u 3,03 5B s Cu-TiO; u Cu,O-TiO;.

Tabnuya 1

Xapaxmepucmuxu 0obpazyos

OGpasie: ®a30BbIA cocTas, Macc. % E,. 5B Koncranra cxcl)lr_)locm peaidii,
AHaTa3 Pyrun Bpykur Popnamun b Denon
TiO; 67 33 - 3,05 0,40 0,10
0,5% Cu-TiO. 83 3 10 3,03 0,39 0,10
0,5% Cu0O-TiO2 89 3 8 3,03 0,78 0,12

doTokaranuTHYECKne CBOWCTBa 0Opa3lOB OIEHUBAIM 10 pasjokeHWIo pojamuHa b m denona mox
neiicteueM YO nznydenus (LED 375 um) B Teuenue 8 yacos. [Ipu pasioxkeHun poaamuHa b, B mpucyrcTBun
BCEX KaTalM3aTOpOB HaONIOJAaeTCss THIICOXPOMHBIH CHBHUT MaKCHMyMa IIOTJIOUNIEHHUS KpacHUTelsl, 4TO
obycnoBieHo npormeccoM N-IeaTHIMpoBaHUs. ¢ 00pa30BaHUEM MPOMEKYTOUHOTO coequHeHus pogamunra 110 ¢
MakcuMyMoM rorjomeHus 498 um (pucynok la). C yBenmdeHHEM BpeMEHH OOJIYYEHHS NMPOUCXOAUT IMOJHOE

paspyllIeHIe apOMaTHIECKUX KOJIBLIEBBIX CTPYKTYP MOJIeKyIbl ponamuna 110 u obeciiBeunBaHue pacTBopa.
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B peaknuu GoTOKaTATUTUIECKOTO pa3iiokeHus (eHOIA 32 8 4acOB MPOMCXOINT YACTUYHOE Pa3pyIICHUE
apoMaTUYeCKOl CTPYKTYpBI Kpacutess (PUCYHOK 10,B), a Takke OOpa3oBaHHE MPOMEXKYTOUHBIX MPOIYKTOR:

n-0eH30XUHOHA (Aaps = 245 HM) U ruAPOXUHOHA (Aaps = 292 HM).

@) _ (6)

600

Dexon
——Ti_400
——0,5% Cu-TiO,
——0.5% Cu,0-TiO,

500

400

300

A, OTH. eq.
|, oTH. en.

200 [

2 : : i . ; . , , =l
A, HM A, HM

Puc. 1. ®omoxamanumuueckoe paznoacenue (a) podamuna b u (6), (8) penona, obnyuenuem LED 375 nm

3akmodyenue. B pesynbTare MpoOBEACHHBIX HUCCIICAOBAHUNA OBUIO M3YYCHO BIUSHHE CIIOCOOOB BBEICHHMS
MeJM Ha CTPYKTYpY M (oTOKatamuTHdeckue cBoicTBa TiO2, MOMYyYEHHOTO METOJOM HMITYJIBCHON Ja3epHOM
abisaumu. Meap crocoOCTBYeT 3aMeUIeHHI0 00pa3oBaHMs (a3pl pyTHIIa M YBEIWYEHHIO (DOTOKATATUTUYECKH
aKTHBHOU (ha3bl aHaTasa, a Takxke hopmupoBaHuio ¢as3bl Opykura. Hanudue B oOpasiax mMeau cMmemiaeT Kpaii
HOJIOCH! TOTJIOIICHNS B JUIMHHOBOJHOBYIO OONACTh CIEKTpa, 4TO JeNlaeT HCCienyeMble (OTOKaTaIu3aTophl
Oonee aKTHBHBIMU NPU OONYYCHHH BHIUMBIM CBETOM. JONMHMpOBaHHE MEIbIO NPUBOAUT K YBEIHYCHHUIO HOJH
akTuBHOW (asel TiO2 n KonmumyecTBa Ie(EKTOB B CTPYKTYpE, YTO CIIOCOOCTBYET YBEIMYCHUIO MOTJIOLICHHS B
BUJIMMOM JHarna3oHe U 3()(EeKTHBHOMY pa3JelieHnI0 HocuTelei 3apsna. Hanbonblyto akTHBHOCTH ITPOSIBHII
obpaserr 0,5% Cu,0-TiO,, moydeHHbIH MeXaHOAKTHBAIHMEH 171 OpMHUPOBaHHs TeTepocTpyKTypsI || THma.

Hccnedosanue noodepacano Poccutickum nayunvim gponoom (I panm Nel9-73-30026).
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Abstract. Abstract. In the present study we consider the possibility of using materials treated with Zno/Ag
nanoparticles as dressings for the treatment of wounds of various etiologies. The results of the study showed that
the modified gauze has an antibacterial effect against aureus and inhibits the growth of pathogenic microflora.
In addition, the samples do not lose their antibacterial activity after washing cycles, which indicates the

possibility of their repeated use, including bandages.

Benenne. B Hacrosmee Bpemst MeIMIMHCKAash Mapisl HAaXOOWT IIHMPOKOE IPUMEHEHWE JUIS HM3TOTOBJICHHS
VH]IMBHTYIBHBIX NIEPEBI304YHBIX MaTepruaoB. OnHako, 00J1aaas XOpoIeH BIaroeMKOCTBIO, OHA SIBJISIETCS OIaropHsITHOM
Cperioi [UTs pocTa PasIMYHBIX MHKPOOPTaHM3MOB [1], pasMHO)KEHHE KOTOPBIX MPUBOIHT K MOBPEKICHHIO 3)KUBAIOLIIX
TKaHe# [2]. s mpumaHds aHTHMHKPOOHOW aKTHBHOCTH XJIOTIKOBBIM BOJIOKHAM HCIIONB3YFOT DS areHTOB, BKITFOYASI
N-ramamuner [3], xurosan [4], Tpukinosan [5], antOwothkk [6] w T.1. B oTBeT Ha OBICTPBIA POCT MHUKPOOHOI
YCTOMYMBOCTH B KadecTBE MOTCHIHAIBHBIX MPOTUBOMHMKPOOHBIX MPENapaToB INPHUBICKAIOT 3HAYMTEIFHOE BHHUMAaHHE
HAHOYACTHI[FI METAIOB M ux coemuHeHnid [7]. [To3ToMy B KadecTBe abTCPHATHBBI PACCMATPHUBAIOT HAHOUYACTHIIBI
OKCHJIOB METJIVIOB JUTS PEILIEHHsI ITAaHHOH MPOOJIEMBL.

HccenenoBaHa aHTUMUKPOOHAsT aKTUBHOCTH XJIOTIKOBBIX BOJIOKOH, MOAM(HUIIMPOBAHHBIX HEOPraHUYECKUMHU
Hanouactunamu (Ag, AgoO, AgCl, ZnO, TiO,, ZrO;, Cu;O, CuO u MgO) [2]. HaHouacTHIbl OKCHIA IMHKA
005agaloT  BBICOKOH XMMHYECKOHW CTaOWIBHOCTBIO, (DOTORNEKTPOHHBIMU  CBOMCTBAMH, aHTUMHKPOOHOM
AKTHBHOCTBIO, HU3KOW TOKCHYHOCTBIO M CTOMMOCTBIO, YTO CIIOCOOCTBYET €ro NMPUMEHEHUIO B OHMOJOTMYECKHX
WCCIIEIOBAHMAX, a TakKe OHU 00JamaroT BBIPAXEHHOH aHTHOAKTEPHAIFHON aKTUBHOCTBIO TI0 OTHONICHHIO K
mukpoopraauzmam [8]. Jlernposanme Hanogacturl ZnO sSBISETCS TEPCIIEKTUBHBIM TTOX0I0M ISl YIyUIIEHHS €r0

aHTHOAKTEpUATLHBIX CBOWCTB. JIydIIUM KaHIMIATOM B KadyecTBE JOOABKHU SIBISETCA cepedpo, KOTOpoe Takke
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00JaaeT BBIPOKCHHBIMH AHTUMHUKPOOHBIMH, MPOTHBOBOCIIAMTEIBHBIMUA CBOICTBAMH, €r0 NPHMEHEHHE MpU
JIeueHUH paH obecrieynBaeT paHeByro acentky [9]. CoBMelieHne ABYX 3THX aHTHOAKTEPHATBHBIX KOMIIOHEHTOB
MOXET JaTh CHHEPreTHYeCKHH aHTHOAKTepHANbHBIH A(PQEKT, YTO TO3BOJIUT MOTU(PHUIMPOBATH JaHHBIMH
HAaHOYACTULIAMHU Pa3IMYHbIe BOJOKHA I MOCIIEAYIOEro JiedeHus paH. B Hacrosmeil pabote Mbl coobmaem o
TPOCTOM METOJIe MOJM(PHKAINKN MeTuIMHCKON Mapin Hanouactuiamu (HY) ZnO/Ag. TMomydeHHbIH MaTepuain
00J1a1aJ1 BEICOKOH aHTHOAaKTepHaIbHOH aKTHBHOCTBIO, KOTOPAsk COXPaHsIAcCh HOCIE 5 IIUKIIOB CTUPKH.

OkcnepumenTaibHast Yacrb. H ZnO/Ag ObUTH TOMTyUCHBI COBMECTHBIM MIEKTPUYCCKIM B3PHIBOM IIMHKOBOH H
cepeOpsIHOI MPOBOJIOYEK B KUCIIOoponocoepartieii armocdepe (Ar+15 % 06. Oz). HY Gbumi 0XapaKTeprU30BaHbI METOIAMH
MPOCBEUMBALOIIEH 2eKTpoHHOM Mukpockormu (JEM-100, LEOL), pertreHodasosoro anammsa (Shimadzu XRD-6000),
TerIoBoi aecopbmrm azora (Coporomerp M, Karakon), mera-norerrman HY onpeneneH mo ux 351eKTpoopeTiIecKon
noyBkHOCTH (ZetaSizer Nano, Malvern ZSP). Memamrckyro Mapimo (Sionbiotext) MommduimpoBamm METooM mpsMoro
norpy»xenust B cycriensuro Hanouactur ZnO/Ag. [pensapuresbHo cycriersio HY 06pabaThiBamM Mpy MOMOLIH YIIBTpa3ByKa
(BY-09-«SI-®DIT»-01) B Tedwenne 15 vy, MomudrmpoBaHHBIA MaTepral ObUT OXapaKTepH30BaH METOIOM CKaHUPYIOMICH
anekTporHoi Mukpockor (LeoEvo 50 XVP, Carl Zeiss). AnrtubakrepuaibHas aKTHBHOCTH MaTepHaia 0 M IOCTE
Mou(pHKamK OblTa orieHeHa ¢ moMoripio Metomga AATCC 100: 2019 — Test Method for Antibacterial Finishes on Textile
Materials B ortHorernn Gaxrepuii S.aureus ATCC 25923, Kpome Toro, ObUta MpOBEpeHa BO3MOYKHOCTH MOBTOPHOTO
MCTIOJNb30BAHMS MOJIM(HIIMPOBAHHOIO MaTepraia Iociie 5 IMKIIOB CTUPKH.

Pesyabrarel. B pesynbrare  9eKTPHYECKOrO B3pbIBA LMHKOBOIO W CepeOpSHOrO IPOBOAHUKOB B
KHCIopoiocoaeprkariei armocdepe obutu monyuersl HY ZNO/AJ. yCTaHOBIICHO, YTO HAHOYACTHIIBI IMEIOT MOP(OJIOTHI0
stHyc-HaHowacTrrl (prc. 1). Da3oBbIii cOCTaB HAHOUACTHI] TpencTaBieH (azamu ZNO co CTpyKTypoil BropimT u AJ ¢
TpaHEeIeHTPUPOBAHHOM KyOndecKkol pereTkoit. CpeHuii pa3Mep HaHOYACTHII COCTABHIT 55 HM, J3eTa-TIOTeHIMAI — 22 MB,
yJlesbHas OBEPXHOCTH — 13 M%/r. Ha COM-1300pakeHHsIX BOJIOKOH JI0 (pHc. 2a) 1 nocyie (puc. 26) MOAM(UKAIMK BUJIHO,
410 HaHoyacThIel ZNO/AQ paBHOMEPHO pacIpeieNieHb 10 TIOBEPXHOCTH BOJIOKHA (PHC.2).

ZnO-Ag

Puc.1. [IDM uzobpascenue H4 ZnO/Ag

Puc. 2. COM uzobpasicenue mapau 0o (a) u nocne (0) moouguxayuu H4 ZnO/Ag

OneHKa aHTUMHUKPOOHOH aKTHBHOCTH OOpasLiOB B OTHOIICHHHM S. aUreus rokasaia, 4Tto Mapiisi, oOpaboTaHHast
cycriensueit Hanouactiiy ZNO/Ag wa 100 % momaBisieT pocT GakTepHaIbHOW KyIbTypsl (pUC. 3a) TI0 CPaBHEHHIO C

o6pasmom mapim 6e3 HY (puc. 30).
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Puc.3. @omoepaghuu wawex Iempu ¢ 6axkmepuamu S.aureus, epipocuumu nocie UHKyoOUuposanus Ha
nosepxHocmu oobpaszyoe mapau, moouguyuposannoi H4 oo (a) u nocne 5 yuxkios cmupxu (),
mapna 6e3 moougurayuu (8)

[okasaHa BO3MOKHOCTH MHOTOKPATHOTO HCIONB30BaHMS Mapiu, Mmomupunuposannoii HY ZnO/Ag,
ToCcTIe 5 UKIIOB «CTUPKI» aHTUMHUKPOOHAS aKTHBHOCTH 00pa3IoB coxpansercs (puc. 30).

3akiouenue. B pesynbraTe paObOThl OBUTM COBMECTHBIM JIEKTPUUECKHM B3PHIBOM ABYX CKPYYEHHBIX
MEXay co0oii MPOBOJIOUEK U3 IMHKA U cepedpa B KUCIOpoaocoiepxkalield atMocdepe mojy4eHbl HAaHOYaCTHUIIBI
ZnO/Ag. Tlony4yeHHbiMH HaHOuYacTHIaMH Obuta MoaubuimpoBana Mapis SIONBIOTEXT, kotopas mocie
00pabOTKU MPOSBIIIET aHTHOAKTEpUATbHBIC CBOWCTBA IO OTHOIICHHIO K S. aureus. Kpome Toro, marepuan He
yTpauMBaeT aHTUOAKTEPUANbHBIN dPPEKT Aaxe Mmocie 5 HMUKIOB CTHPKH, YTO TOBOPHT O BO3MOXKHOCTH €rO
MPUMEHEHHS B KAYECTBE MOBS30K JUIS JICUCHHS PaH PA3THYHOMN ITHOJIOTHH.

Paboma evinoanena 6 pamxax eocyoapcmeennozo sadanuss UPIIM CO PAH, mema FWRW-2022-0002.
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Abstract. In this work, chromatographic conditions for the separation of key and minor components of oil
extracts of Juniperus Pseudosabina are developed. A technique for quantitative and qualitative determination of
the key components of oil extracts has been developed and their quantitative content in the presented samples
has been determined. The results of a study of various types of biomass sample preparation on the efficiency of
extraction of compounds from juniper needles with supercritical CO; with ethanol as a co-solvent and with the

maceration method with methanol as a solvent were presented.

BBenenne. Poxg MOXKEBEJIBHUK OTHOCHUTCS K CEMEIHCTBY KHMIIAPUCOBBIX M BKJIOYaeT 75 BUAOB. Bumbl
MOXKXKECBCJIbHUKA SBJIAIOTCSI BaA)XHBIM UCTOYHHKOM 3(I)I/IpHI)IX Macel, KOTOPbIE HAXOAAT HIMPOKOE MPUMECHEHUE B
(hapMareBTHIECKON, KOCMETHYECKOH MPOMBIIUICHHOCTSIX W HAPOIHOW METUIIMHE. DKCTPAKTHl MOYXKIKEBEIbHUKA
00TaJaf0T JKENYJIOYHBIM, MOYETOHHBIMH, AHTHUCENTUYECKHIMH M TPOTHBOPEBMATHYCCKHIMU CBOWCTBAMH H B
TPaTUIIMOHHON MEAUIINHE IPUMEHSIOTCS [UIS JICUCHUS Pa3IHYHBIX BOCIIATUTEIbHBIX 3200 IeBaHUI.

9(prHBIe Macjia B 3HAQYUTCIBHOM KOJIMYCCTBE COACPXKATCA B HAA3EMHBIX 4YacTAX PaCTCHUA:
MIMIIKOATOIAX U XBOE MOMOKEBEIbHHUKA. XBOS MOXOKEBENbHUKA JIOKHOKazarkoro (Juniperus Pseudosabina) B
OCHOBHOM BKJIIOYAaeT COEJMHEHHUS MOHOTeprneHoBoro pspa: o-mmHeH (30,8%), cabunen (19,4%) wu
tepruneH-4-011 (4,0%), a Taxke neapon (7,0%), repmakpen-D-4-o1 (14,3%) u anemon (3,9%). [1, 2].

MeTompl SKCTPAKIUHU JODKHBI PUMEHSITHCS C YI€TOM OCOOCHHOCTEH PacTUTEIBHOTO CHIPhs. KOHEUHBIH
pe3ynabTaT 3aBHCHUT OT YCIOBHU SKCTPAKIUHU, BBIOPAHHOTO PACTBOPUTENS U CTCIICHU U3MENBYCHUS OOBEKTA.
Krnaccuyeckre MEeTOIbI SKCTPAKIIMY, TAKUE KaK Mallepalis, MOT'YT MPUBECTH K MOTEPe HEKOTOPHIX COCIUHCHUN
B pe3ylibTaTe TEepMHUUYECKOro Bo3aehcTBus win rtuapoim3a [3]. [loaTomy akTyalbHa ONTHMU3AIUS U
COBEpPILIEHCTBOBAHNE CYIIECTBYIOIINX U HOBBIX “3€JICHBIX METOJIOB IKCTpakIu. CBepXKpUTHUECKAs (IFOMIHASL
skcrpaknus (CPD) aBnseTcs OTHOCUTENFHO HOBBIM NEPCIEKTHBHBIM M SKOJIOTHYHBIM METOAOM. B oTimame ot
Ipyrux MeTonoB nporecc CPD OvIcTp, TpeOyeT MEHBIIIET0 pacxoaa PAaCTBOPHUTENS U BMECTE C 3THM CIIOCOOCH

M3BJICKATh HaWOONBIIEe KOJMYECTBO coequHeHUil. [Ipomecc OKCTpakIMM TMPOUCXOMUT TPH  HUZKHUX
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TemIepaTypax ¥ 0e3 KOHTaKTa C KHUCIOPOJAOM BO3/yXa, YTO MO3BOJISIET AKCTPAarupoBaTh TEPMOJAOMIbHBIC U
OKCHITaOUIIbHBIE COeTUHEHMS. [4]

Takum 00pa3om, IEeTHI0 JaHHOW paOOTHI SIBISETCS KaUeCTBEHHBIM M KOJMYECTBCHHBIM aHAIH3 MaCIITHBIX
9KCTPAKTOB XBOW MOXIKEBEIbHUKA JIOKHOKA3aIKOTO METOIOM I'a30BOH XpOMAaTO-Macc-CIIEKTPOMETPHH, a TaKXKe
cpaBHEeHHUE 3P (PEKTUBHOCTH METOI0B MPOOOMOATOTOBKA: MAIIEPAlUU U CBEPXKPUTHIECKOHN IKCTPAKIIIH.

JKCNepUMEHTAIbHASL YaCTh. OKCTPAKTHl IOJBEPralH aHAIM3y METOJOM Ta30BOH Xpomaro-macc-
cnekrpometpun (I'’X-MC). I'X-MC ananu3 BemonHsim Ha npubope Shimadzu QP 2020 mHa kanwuisipHOM
kosiorke DB-35MS 30 M x 0,25MM x 0,25 mkm. ['a3 HOcuTens - renuid. CKOpOCTh ra3a HocUTess - 1,56 Mi/MuH.
TemneparypHblii pekuM ObUT CIEIYIOIIMM: HavajbHas Temmneparypa - 40°C, 5 MHHYT B M30T€PMHYECKOM
pexume; mogbeM TemmepaTypsl mo 150°C co ckopocteio 5°C/muH; mombeM temmepaTypsl mo 280°C co
ckopocThio 20°C/MUH, H30TEPMHUYECKUI PEKIM B TeUSHUH 15 MUHYT.

Jns moAroToBKM TPOOBI XBOIO MOXOKEBENbHHKA MPEABAPUTEIHHO H3METbYald Ha JIabopaTOpHOI
MenbHuLe JIM-202. JIns 5KCTpakUuMy HCHOJb30BAIM METOJA Malepaldyd B TEYEHHUU 24 4acoB B CTATHYECKOM
pexuMe 0e3 HarpeBaHus, C METAHOJIOM B Ka4eCTBE PACTBOPHUTENS M IPH COOTHOLICHUH PACTUTEIBHOTO CHIPhS U
pactBopuTens - 1:10.

Jist DKCTpakUMHM CBEPXKPUTHYECKUM (DIIIOUIOM, HW3MEIbUCHHYI0 XBOK MOJOKeBelbHHKA (5,5 T)
3arpyajd B OJHOJUTPOBBIA IKCTPAKTOP M IKCTparupoBaiid cBepxkputhudeckum CO; B CKOPOCTH MHOTOKA
xkuakocta 250 r/muH npu temnepatype 55 °C u naBinenun 400 bap. B kauecTBe copacTBOpUTENS UCTIONB30BAIA
3TaHoa c poyier 3,4%, 3KCTpakT cOOMpalM B CermapaTrop, COOOIIAIONIMMCS C AO3UPYIOMIMM KiarmaHoM. [lepen
XpoMaTtorpaduueckuM aHam3oM oroupany 500 MK Ka)XKI0T0 U3 SKCTPAKTOB M JOBOJIIIIN METAHOIOM 10 1 MIL.

J1si KadyecTBEHHOro aHajuu3a pe3yjbTaTbl CpaBHUBAIM C JaHHBIMH “14-i  Macc-cleKTpalbHON
o6ubmuorekn NIST”. KomndecTBEHHOE CoOJep)KaHUE OMNpeNesuId METOJIOM HOpMalu3aluu 0e3 yueTa
MONPABOYHBIX KO PHUIIMEHTOB.

PesyabTaThl. Pe3ynmpTaThl  KOJMYECTBEHHOTO  pACHpeleNieHHs KOMIIOHEHTOB  MOJOKEBEIbHHKA
JIOXKHOKA3aI[KOT0 O TPYNIaM COEIMHEHHH mpeacTaBieHsl B Tabmume 1. g kaxaoro u3 METOJ0B XapaKTepHO
MOBBIIIEHHOE ~ KOJWYECTBEHHOE  COJIEp)KaHWEe  KUCIOPOAHBIX  TPOM3BOJHBIX  CECKBHTEPIIEHOB -

CCCKBUTCPIICHONIOB.

Tabnuya 1

P€3yﬂbmambl KOJUYEeCmMBEeHH020 aHAIu3a dIKCmMpaKmoe MOMCHCEBE/IbHUKA JIOHCHOKA3AYKO2O

Mertop 3KCTpaKuu

I'pynna coequneHuii CPD Mauepanus

MOHOTEPIIEHOUTBI 12,34 % 0,21 %

CeCKBUTEPITCHBI 23,16 % 1,34 %

CeCKBUTEPIICHOUIBI 24,55 % 58,01 %

JluTeprieHOHU TbI 2,77 % 14,45 %

JKupHbIe KUCIOTHI B UX YPUPHI 21,29 % -

CoryacHO TOJIyYEHHBIM JaHHBIM, SKCTPAKT MOMXOKEBEJIbHHKA JIO)KHOKA3AI[KOI0, MOJYYEHHOTO METOIOM
COD comepxur 81 KOMIIOHEHT C MpeobiagaHHeM COEIAMHEHHWI TepreHoBoro psma: repmakpen I (3,05 %),
Kapuoduien (3,34 %), 6-Kamunen (3,96 %), Dnemon (5,59 %), a-Kagunon (6,51 %), a Taxke KOMMyHanbHas

(9,46 %) u nanemuHOBast (4,30 %) kucaoThl U Ap.. Takke obHapyxeH B-IluHeH (2,41 %) B BiIE THAPOKCHIA.
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MertonoM Manepanuu HAeHTHQUIMpOBaH 71 KOMIOHEHT, a TakKe HaOII0JaeTCsl YBEIMYEHHOE
COJIEp)KaHHE KHCIIOPOJCO/IEPXKAIINX COCANHEHUI, YTO MOXKET OBITH CBS3aHO C OKHUCICHHEM KHCIIOPOAOM
Bo3ayxa. OCHOBHBIMHM KOMIIOHGHTaMH 9KCTpakTa sBisitotcs: DnuManynt (9,22 %), Torapon (3,44 %), Dnemon
(14,29 %), T'epmakpen-1-4-on (12,16 %). ITo pe3ynbpraTtam aHaiM3a SKCTPAKTa, HOMydeHHBIM Metomom CDD
repMakpeH-/{-4-o071, ToTapoI ¥ SUUMaHy 0OHapYKEHBI He OBLITH.

3aknouenue. B xome BemonHeHHs paboT  pa3paboTaHBl  XpomarorpaduduecKue  YCIOBHS,
obecrieynBaoNIMe pas3/ieieHHe KIIOYEBBIX W MHUHOPHBIX KOMIIOHEHTOB 3KCTPAaKTOB M3 XBOWHOTIO CHIPbS
MOXOKEBEJIbHUKA JIOKHOKa3alkoro. Pa3paboTaH MeTOoJ KadeCTBEHHOTO M KOJIMYECTBEHHOTO OIpeeIeHUs
OCHOBHBIX KOMIIOHEHTOB UM  ONpEJAeNeHO UX KOJIMYECTBEHHOE colepkaHue. MeToJoM  Ta3oBOi
XpOMAaTO-MacCc-CIHEKTPOMETPUH NPOBECHA HACHTU(DHKALNS XUMIYECKUX KOMIIOHCHTOB XBOM MOXIKEBEIIbHUKA
JIO’)KHOKA3aI[KOro C TpeoOiialaHueM COCAWHEHMI TEpIeHOBOro psina. lcciaenoBaHO BIMSHHE YCIOBHH
9KCTPAKIMH, YTO OTKPHIBACT BO3MOXKHOCTH [UI COBCPIICHCTBOBAHMS METOJOB MNPOOOIOITOTOBKH IS
YBEJINYCHUS KOJIMYECTBA U3BICKACMbIX COCANHCHHH.

Paboma svinonnena 6 pamxax npoekmnoi wacmu eocyoapcmeenno2o 3adauua Munucmepcmea nayku u

sbicute2o obpazosanust Poccuu 6 cihepe nayunoii oesmenvrocmu (npoexm Ne FSWM-2021-0007).
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SYNTHESIS OF A BIOCOMPATIBLE COMPOSITE MATERIAL BASED ON GLAZED ALCOHOL
CRYOGELS AND CALCIUM PHOSPHATES
R.T. Sadykov, K.D. Shalygin, D.N. Lytkina
Scientific Supervisor: Assoc. Prof., Dr., I.A. Kurzina
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
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Abstract. In this work, composite materials based on cryogels of polyvinyl alcohol and calcium phosphates were
used and the physicochemical and functional properties were studied.

BBenenne. Ha nanHplidi MOMeHT Kampnuii (QocdaTHele MaTepuanbl MPEACTAaBISAIOT  COOOU
MHOTO00CIIAIOIINH KITacC MH)KEHEPHBIX OMOMaTepHalloB JJIsl pereHepanny Tkaned. KoMno3uTel mpeacTaBisioT
co00it MHOTO(a3HbIE CUCTEMBI, COCTOSIINE U3 MAaTPHUIIBI U KapKacoB pa3indHbIX (GopM u pazmepos [1]. laHHble
MaTtepHasl 00Ia1al0T 3aMevaTebHBIMUA CBOWCTBAMH, MPEBOCXO/ISAIIMMHI CBONCTBA HCXOIHBIX KOMIIOHEHTOB [2].
OnHaKo CyYIIECTBYIOT psiJi NMPHYMH, KOTOPHIE 3aTPYIHSIOT HCIIOIb30BAHHE IAHHOTO MaTepHana, OIHUM H3
KOTOPBIX SIBJISIETCS] TOJydeHHE JaHHOTO MaTepuaia, KOTOpbIi Obl 001a1an yJoBIEeTBOPUTEIHHBIMI CBOHCTBAMHU
6uocomectumoctu [3, 4]. Ilpy NOJNy4eHHH YUCTOrO TMAPOKCHANATHTA Yallle BCErO HUCIOJIB3YIOT MCHOJB3YIOT
JKUAKO(DA3HBI CHHTE3 C MUCIOJIh30BAHHEM PACTBOPOB COJICH HUTpATa Kaiblusa U ruapodocdara ammonus [5],
OJIHAKO HCIOJH30BAHME JAaHHOH METOAMKHM TIIONyYeHHS KOMIIO3MTa HE TMOAXOAUT C TOYKH 3PEHUS
6MOCOBMECTUMOCTH, U3-3a 00pa30BaHMs OOOYHBIX MPOJYKTOB, KOTOPBIE B MOCIEACTBIH HETATHBHO BIMSAIOT HA
6uocoBmectumMocTh [6]. TlosmydeHue mOIXONAIIMX MaTEpPHUANIOB, KOTOpBIE HE OyayT 00iagaTe NMOOOYHBIMH
HETaTUBHBIMU CBOMCTBaMH, SIBIISIFOTCS] OTHOM M3 Ba)KHEHIIIMX 33/1a4 B COBPEMEHHOM MaTE€pHAIOBEICHUH.

Ienpto maHHON pabOTHI SABNIAETCS CO3/1aHHE OMOCOBMECTHMMOTO KOMIIO3MTa HAa OCHOBE TMAPOKCHATIATHTA
M TIOJMBHHWIOBOTO CHHPTa, 0€3 TOKCHYHBIX MOOOYHBIX MPOIYKTOB, KOTOPHIE HETATHBHO CKA3bIBAIOTCS Ha
OMOCOBMECTHMOCTH.

JKcnepuMeHTaIbHAsE YacTh. OOpaslbl KOMIIO3UTOB OBUTM IOJIyYEHBI B TPEX XUMUYECKHX CTaKaHax
IyTEeM PACTBOPEHHUS B BOJIE HABECKH MOIMBUHUIOBOIO CHUPTA IPU UHTEHCUBHOM NE€PEMEIINBAHUH C IOMOIIBIO
MOTPY’KHOW MEIaJIKy, a Tak ke Ha BOJsHOM Oane npu 90°C, mocie moJyHoTro pacTBOPEHUs! 1 00pa3oBaHUE Tels,
K pactBopy IIBC 6bln1 m06aBiieH pacTBOp THIPOKCHAA KaJbLUS IIOCIE YEro CYCIEH3Ws NepeMelInBajiach B

TEYEHUU JBYX 4aCOB 10 OJHOPOIAHON CTPYKTYPBI.
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[ocne aByX 4acoB IepeMEIINBaHUS B CYCIIEH3HUIO TOJMBUHMIOBOTO CITUPTA U THAPOKCHIA KaJbLUsl ObLIN
J00aBIeHbl, C IMOMOILIbIO KaIelbHOH BOPOHKHM, JUIi DPaBHOMEPHOIO pAaCIpPEAeNICHUs PacTBOpa, PacTBOPEI
runpodochara ammonust u ¢pochoproit kucnoTsl. I[lociae dWero naHHBIE CMECH NEPEIINBAINACH B TEUCHUH
4/6/4 gacos, npu pH ~ 7 u temneparype 90°C. Ionydennsie cycnensun 6putn 06padorarbsl CBU m3nyucHmeM,
BBEICP)KUBAINCH 48 dacoB, TOCIIE Yero MOIBEpraymch KpuooOpaborke. CxeMa IONydeHHS KOMIIO3UTOB

TpeICTaBIeHBI B TabmuUIe 1.

Tabnuya 1
Yenosust nonyuenus komnosuyuonnvlx mamepuanos 1-3
Oo6pa3zery YpaBHEHHE peakuu Bpewms cunTtesa, u
1 10C&(OH)2+6(NH)4HPO4 = Cam(PO4)(OH)2¢+ 6H,0 + 12NH,OH 4
2 10Ca(OH), + 6H3PO4 = Caio(PO)4(OH), |+ 12H,0 4
3 10C&(OH)2+6(NH)4HPO4 = Cam(PO4)(OH)2¢+ 6H,0 + 12NH,OH 6

PesyabTarsl. [Ipu npoBeaeHun aHann3a Ha OMOCOBMECTUMOCTb, 0Opaslbl ObUTH 3acesiHbl MOHOLIUTAMH,
KOTOpBIE OBbLIN BBIJIEJICHHBI U3 KPOBH YeJIoBeKa. MOHOLUTHI BBIACISUIM U3 KPOBHU TpEX JOHOPOB. [lanee nmpoBoauu
MHKyOHpoBaHnue o6pasioB mpu 37°C B TeueHue 6 cyrok. Ilocne storo nobasisim nHmukarop Alamar Blue u
HWHKYOHpoBam 00pa3nel emé Tpu yaca. Ha KoHeYHOM Tame mpOoBOAMIN H3MEPEHHE (PITyOpECIICHIINH.

HccnenoBanue »HU3HECHOCOOHOCTH Makpo(aros B IPUCYTCTBIH MaTePUalioB Ha TPEX TOHOPaX IIO0KA3alo,
YTO B MIPUCYTCTBUH YUCTOTO I'’A BHE 3aBHCHMOCTH OT CIOC00a MOIy4eHHs BEDKHBAET okono 60-80% kineTok, B
TO BpeMsa Kak B NpucyTcTBHM 4ncTtoro [IBC u KOMIO3UTOB YPOBEHb KHM3HECTIOCOOHOCTH COIOCTABHUM C

KOHTPOJIbHBIM O6p33HOM (KJ'IeTKI/I 0e3 MaTepI/IaJ'Ia) 1 'y HCKOTOPBIX TOHOPOB BLIIIC KOHTPOJIA.

HmznecnocobHocTb MOHOUWTOB B NPHUCYTCTBHUHU MaTepMlanos
140
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Puc. 1. Fucmozpafwwa JHCUBHECNOCOOHOCMb MaKpod)azoe yenoeeKka 6 npucymcemeuu mamepuaioe
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3akJirouenne. B pesyibrare NpoBeCHHBIX HUCCIIECAOBAHUM OBUIO YCTAHOBIICHO, YTO JKU3HECIIOCOOHOCTD
MOHOIIUTOB B IPUCYTCTBHE YHCTOTrO THJpOKCHanaTtuTa BeDKHBaeT okoio 60-80 % kierok, a B NMpUCYTCTBHUE
yrctoro [IBC 1 KOMITO3UTOB CONOCTaBUM ¢ KOHTPOJIBHBIM 00Pa3IioM.

Paboma evinonnena npu noodepcke Munucmepcmaa Hayku u gvicuieco oopasosanus FSWM-2020-0037.
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COCRACKING FUEL WITH PET
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Abstract. The effect of cracking conditions (temperature and duration) of fuel oil on the composition of products
has been studied. The influence of the addition of polyethylene terephthalate (PET) during joint cracking with
fuel oil on the composition of the resulting products was revealed. It has been established that at an amount of
20-35% wt. PET in fuel oil, up to 5% wt. more liquid products. It has been shown that at high yields of liquid

products and light fractions at 35% PET, undesirable polymerization products are formed.

Beenenne. B 2019 romy MexnayHapomHoe 3HepreTmdeckoe areHTCTBO (MDA) mpencTaBMiio MPOTHO3
pocrta crpoca Ha He()Th, U3 KOTOPOTO CIIEAYET, YTO MUPOBOIi criipoc Ha HedTh K cepeaune 2030-x BbIpacTeT 110
104 mun Oappeneit B cytku [1]. Pa3sBemaHHbIX 3amacoB JieTKMX He(Tel HE XBATHT IS YAOBJICTBOPCHHS
HapacTamoIero cmnpoca Ha HedTh. IS TOKPBHITHS HapacTalomero AeguuuTa OZHUM U3 HOTEHIHATBHBIX
MCTOYHHMKOB JKUJIKOTO TOIUIMBA SIBJISIETCS TsDKesasi He(Th, OJHAKO TAKOE ChIphe MMEET CBOM HEIOCTaTKH IMpH
nepepaboTke. OT0 00YCIOBIEHO MOBHIIICHHBIM COAEPKaHUEM CMOJ U ac(habTEHOB, KOTOPOE MOXKET JOCTHraTh
50 %. Ilpm mepBuuHON nepepaboTKe TakoW HE(PTH, NaHHBIE KOMIIOHEHTHI OyAyT KOHIIEHTPUPOBATHCS B
OCTaTOYHBIX (pakiusx (Ma3yT W TynpoH). [lpm 3TOM cMommMcTO-ac(anbTeHOBBIE BEUIECTBA CIIOCOOHEI
JIe3aKTUBHPOBATH KaTAJIHU3aTOPHI M OCAXKIAThCA Ha He()TEIPOMBICIIOBOM 000PYI0BaHHN.

[TomumoO sHEpreTHUECKUX MPoOsIeM, eCTh MpobiaeMa 3arps3HEHUs] OKPYKaIOIIEH Cpesibl, Kak OT OTXO0JI0B
HedrenepepabOTKH, Tak U OT OTXOIOB IUiacThka. Mcxons m3 mpornoza OOH cienyer, 4to, eciu HHUYEro He
MOMEHSITh, KOJMYECTBO HE IepepaboTaHHOro mactuka BeipacteT ¢ 314 muH B 2014 r.go 1,2 muipa ToHH
IUIACTUKOBOH npoaykiuu B rog k 2050 r. Exxerogno B Mupe yrunusupyercd 291 MIH TOHH OTXOAO0B IIACTHKA,
u3 HUX nepepadarpiBaeTcs ToibKo 21,3 % [2]. OnHuM 13 caMbIX paciipoCTpaHEHHBIX BUIOB IUIACTHKA, KOTOPOTO
MPOU3BOJIAT OKOJIO 8 % OT BCEro MHPOBOTO KOJIMYECTBA, siBysieTcs nmosmatiinentepedranar (I19T).

Hcxons w3 BhIIENEPEYNCICHHOTO BHJIHO, YTO CYLIECTBYET HEOOXOIMMOCTH MOBBINICHHS KOJIWYECTBA
MOJy9aeMBIX JIETKUX (DPAKIWiA ¥ YMEHBIIEHUS 00pa3yIoImnXcs OTX00B miacTuka. OTHUM U3 PEelIeHU JaHHBIX
Mpo0OJIeM SIBIISIETCSI COBMECTHBIN KpeKUHT MasyTa ¢ [I19T. B cBsi3u ¢ uem, 11enbio JaHHOHW paOoThl ObLTO H3yUeHHE

BrustHUS [19T Ha gecTpykIuio cMoil ¥ achaabTEHOB MPU KPEKUHTE Ma3yTa.
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JKcnepuMeHTalbHAsi 4YacTh. B kauecTBe O00BEKTa HCCIENOBaHMS ObLT  BBIOpaH  MasyT
Hogoxyi#iosmesckoro HIT3 (HM). BemecTBeHHbIl 1 (pakIMOHHBINA COCTABHI MPECTABICHBI B Ta0IULE 2 U Ha
pucynke 1. [lns ompeneneHUs ONTHMAlbHBIX YCIOBHH KpPEKHHIa Ma3yTa IIPOBOAMIOCH HCCIECIOBAHHSA IIO
BappupoBaHmio Temreparypsl oT 400 no 500 °C w mpomomxuTenpHOCTH KpekumHra ot 10 mo 60 MuHYT.
B kauecTBe 100aBKM K Ma3yTy HCIIOJIB30BAIM IIOJMATHIICHTEpe(TaNaT, MONYyYCHHBIH M3 HCIOIb30BaHHBIX
5 IUTPOBBIX OYTHUIOK MUTHEBOH BOABI, KOTMIECTBO KOTOPOi BappupoBany ot 1 1o 50 % mac.

PesysbTaThl. BeIgBIeHa 3aBHCUMOCTh OT cooTHomeHus MazyTa u II9T. OnrtumansHoOl Temmeparypoit
st kpekudara HM sBnsercs 450 °C, a nponoipkutensHOCTh — 30 MHHYT, JambHEHININE KPEKMHTH OyIyT
MPOBOJIUTCS TIPH J@HHBIX YCJIOBUsIX. MartepuanbHblid OanaHc npeacrasieH B Tadmune 1. {18 moHMMaHus ponu
[I3Ta B mpomecce KpeKMHra W €ro BIWMSHUA HAa COCTaB MPOAYKTOB OBUI MPOBEACH KPEKHUHT
nommTiieHTepedranara ([19Ta). Vimes marepuanbHeie O6amaHcel NpoxykToB KpekuHroB HM u I[I9T moxkHO
paccunTaTh TEOPETHUECKHE MaTepHalbHbIC OaJaHCHl MPOIYKTOB KPEKHHTOB cMeceil. Mcxonst n3 npuBeqeHHBIX
JAHHBIX BUJIHO, YTO BBIXOJ JKHJIKMX IPOIYKTOB AJISI cMeceill okaszaicst Oousble, 4eM OBIIO paccYMTaHo, AJIS

no6asku 10T 16,7 % — 2,1 %, a st 35 % 19T - 5 % wmac. Ilokazano, uro go6aBka [I9T npu kpekuHre mazyrta

CIOCOOCTBYET — 3aMEUICHHIO Ta3000pa3oBaHUs, M YCKOPEHUIO KOKCOOOpa3oBaHHMsS TIPH  CPaBHEHUH
9KCIIEPUMEHTAIBHBIX M PACUETHBIX JaHHBIX.
Tabnuya 1
Mamepuanwvhviil bananc npooyKkmos KpeKuHz08
Kpekunr | HM+16,7 % 12T | HM +35 % I19T | DT
Obpa3zen 5
Copnepxanue, % Mmac.
OkcnepuMeHTanbHbll | Pacuer | DkcnepuMeHTtanbHbli | Pacuer

JKunkocts 81,6 731 710 64.3 503 17,9

Koke 7,0 10,4 8,9 15,6 11,1 18,6

l'a3 11,4 16,5 20,1 20,1 29,6 63,5

[To raHHBIM BEIIECTBEHHOTO cocTaBa (Ta0nuna 2) MpoayKTOB KPEKHHTa M CO-KPEKHHTa, MOXHO BBIOPATh
ontumansHoe cootHomernne HM u [IOT. Kak BumHO W3 TaOmumpl 2, mpU KPEKHHIE Ma3yTa YBEIUIHBACTCS
coJiep)kKaHre Macell U CYIIECTBEHHO yMeHbInaeTcss Hajaudue cMmoil. Jlo6aBka [ID9Ta cmocoOCTBYET CHMKEHUIO
cojiepkanus achabTCHOB MPAKTUYECKU B 2 pa3a u cMout Ha 2,3 % otH. s 16,7 % u Ha 42,3 % otH. mis 35 %
I13T no cpaBHEeHHUIO ¢ TepMOKpekuHrom HM.

Tabnuya 2

Bewecmesennwiii cocmas npodykmos Kpekunzo6

HM | Kpexunr | HM+16,7% 02T |  HM+35%IOT
Obpaszen o
Copepxanue, % mac.
Macjia 50,8 63,7 57,8 54,0
CMOJIBI OEH30JIbHEIE 23,8 6,5 55 2,4
CMOJIBI CITUPTOOCH30JILHBIC 20,5 6,5 7,2 51
acanpTeHs! Al 0,8 1,7 0,9 0,9
acdanbTeHsr A2 41 3,2 1,7 1,9

I[Ipn stom croutr orMeruth, uro mpu 35 % IIOT Habmronmaercst 3HauUMTENBHOE IpeolianaHue
CIUPTOOCH30JIBHBIX CMOJ, HaJl OeH30JbHBIMU 10 cpaBHEeHUIO ¢ 20 % [IDT. D10 ykas3pIBacT Ha BOBJCUYCHHE B

peakiuu KpekuHra 0oljiee PEeaKIMOHHO-CIIOCOOHBIX KOMIIOHEHTOB MasyTa. OTMedaercs, 4TO B JKCIEpUMEHTE
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HM+35 % II9T, Ha konbe oOpa3yroTcs, BEPOSTHO, SIBISIFOLIMECS HPOAYKTaMH nosmMepuzauu. OHU TPYyIHO
YIQISIOTCS, KAK XMMUUYECKH, TaK 1 MEXaHUYECKH.

Hcxonst n3 naHHBIX (PaKIMOHHOTO cOCTaBa yucToro Maszyra u [19Ta, MOKHO paccUuTaTh TEOPETHUECKHE
3Ha4YeHNA (PAKIHOHHOTO COCTaBa JKUIKUX NPOAYKTOB HuX cMmeceil. HaOmomaroTcst pasmudaust Mexay
TEOPETHICCKUMH W TpaKkTH4YeckuMu maHHBIMH. [lo6aBka IIOT cmocoOCTByeT yBenmW4eHHIO OEH3MHOBOM
¢pakum, pu godaske 16,7 % IIOT obpasyercs monoxautensro 0,5 %, a mia 35 % II9T — 11,1 %. B toxe
BpeMs BbIXOJ (pakiuii Belkunaromux B uHTepBasie 200-360 °C, yBenuuuBaeTcs TOJBKO B Ciydae J00aBKH
16,7 % I10Ta na 4,9 % mac. o cpaBHEHHUIO C pacyeTHbIMU AaHHbIMU. [Ipu nobaske 35 % 10T k Ma3yTy BBIXOJ
JM3ebHBIX (Qpakiuii cHwxkaetcs Ha 0,7 % mac. /laHHble pe3yabpTaThl OKa3bIBaIOT, uTo A06aBka [10T k mazyry

TIPY KPEKUHTE CIIOCOOCTBYET IMONIOKUTEIEHOMY YD PEKTY.

35 4 334 32,7
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Hexoanwiii Kpekunr HM +16,7 % IOT  HM + 35,0 % 19T T

MasyT Masyra (pacu.) (oxm.) (pacu.) (9Km.)

Puc. 1. @paxyuonuwlii cocmag HcuUOKUX RPoOyKmMos8 KPeKUH208

3akmouenne. B pesysibTaTe NpoOBEACHHBIX HCCIenoBaHMH Ob110 m3ydeHo BiusiHue 10T Ha gectpykimio CAB
NPY KPEKHHTre Ma3yTa. BhIsBIIeH MOJI0XKUTENbHBIN cuHepreTraeckuil addext mexay [19Tom u mazyToMm. YcraHoBIeHa
onrumaitbHast 106aska [19T k masyty — 16,7 %, mpu KOTOPOM POUCXOIHUT ISCTPYKIHS CMOJ U aCaIBTCHOB, a TAKKE
TIOBBIIIACTCS COZIEpXKaHue OSH3MHOBOW M IM3enbHOW (pakimii. KojanuecTBo OSH3MHOBBIX M JW3ENBHBIX (paKiui
6oJIBIIIE, YEM TIPETIONAraioch TEOPETHIECKIMH paciyeTaM, KOTOpbIe PE/ICTABIICHbI B PHCYHKE 1.

Paboma evinonnena npu ¢unancosou nodoepoicke DedepanbHo20 20CY0aAPCMBEHHO20 OHONCEMHO20
yupexcoenusi Hayku Mucmumym xumuu negpmu Cubupckoeo omoenenuss Poccuiickou akademuu Hayk u npu

noooepacke  Munucmepcmea Hayku u  evicuieeo  obpaszoganusi Poccuiickou  @Dedepayuu  (npoexm

M 121031200185-6).
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Abstract. The influence of organic solvent composition on the extraction efficiency of medium- and long-chain
fatty acids from human feces flurries has been investigated. To this end we tested the following organic solvents:
hexane, methyl tertiary-butyl ether and their mixture in a ratio 1:1. Furthermore, we monitored the effects of ionic
strength and pH of the flurries on the recovery of fatty acids. A high-performance liquid chromatography mass
spectrometry (HPLS-MS) method was used for monitoring of the fatty acids in the obtained extracts. We report
that within the tested conditions the most optimal combination of a recovery and analytical coverage of fatty acids
was obtained with flurries containing 4% HCI and 5.5% NaCl and a mixture of methyl tertiary-butyl ether and

hexane as an organic phase.

Beenenne. Merabommsm xupHbIX kuciaoT (OKK) B opraHm3Me >KMBOTHBIX W YEIIOBEKa WYBCTBHUTEICH
K Pa3IMYHBIM HapyIICHUAM U 3a00ieBaHUsIM. B yacTHOCTH TOKa3aHO, YTO HapyIICHHE OallaHCca KUPHBIX KACIOT
MOJKET CTaTh TUATHOCTHYCCKUM IIPH3HAKOM XPOHUYECKHUX BOCIIATHTENBHBIX 3a0oneBanuii [ 1]. TIpodwis sxupHBIX
KHCJIOT B OpPTaHM3ME YeIOBeKa MOXKHO OIeHHMBaTh ImyTéM ompeneneHus KK B mmazme xpoBu [2], comepKuMoM
ciernot kumiku [3], xane [4] u naxke B mojoke [S5]. TTockonbky cOop Kana, B OTVIMYME OT aHANIHM3a KPOBH, HE
SIBJISIETCS] MTHBA3UBHOM Hpoue)lypoi/'l, OIIPEACIICHNUE KUPHBIX KUCJIOT B KaJIC MOXKET CTAaTh yllO6HI)IM UHCTPYMEHTOM
JMarHOCTHKY HEKOTOPBIX 3a00IeBaHHH.

M3BnedyeHne >KUPHBIX KHCIOT M3 Kaja OOBIYHO IPOW3BOJMTCS B J[BAa 3Tara: MPUTOTOBICHHWE BOJHOM
Jucnepcun obpasna M KUAKOCTHO-KUIKocTHast skcrpakius JKK B opranmueckuii pactBopurenb. [lockonbky
JKMPHBIE KHCIOTHI MOTYT IIPHUCYTCTBOBATH B KaJsie B JOpMeE COJIEH, 111 yBEINUEHHS TTOJHOTHI N3BJICUEHHSI BOJHYIO
a3y wmHorma moakucisitoT [6]. Hamboinee u3BeCTHbIE METONWKHM OKCTPAKIWH JIMITUIOB HCIIOJIB3YIOT JUIS
SKCTPAKIIUH TPOWHBIE CMECH MeTaHoua, xjaopodopma u Bozsl [7, 8]. B xauecTBe OpraHN4ecKUX pacTBOPHTEIEH
MOTYT TaK)Xe HCIOJIB30BaThC OyTanon [6], rekcan [9], 50% pactBop Metanona [10], xaopodopm [11] n meTnn-

TpeT-OyTunoBbii 23¢up [12].
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Lenp naHHO# pabOTHI COCTOUT B pa3paboTKe MMPOTOKOJIA MPOOOMOIrOTOBKH JUIS ONPEIEIICHUsI CPEHe- U
JUIMHHOLICTIOYEYHBIX JKUPHBIX KUCIIOT B 00pa3lax Kaja W ONpEJeJICHUH CUCTEMBI PacTBOpUTEIEH, IPUTOIHOM
JUISL OTHOBPEMEHHOM 3KCTPAKIMH CPETHE- U JIMHHOIETIOUSYHBIX )KUPHBIX KUCIIOT U3 00pa3IoB Kaja.

JKcHepUMeHTAaNbHAsA 4YacTb. /[l HCCileNoBaHMSA 3KCTPAKIUU CpPEAHE- M AIMHHOICTIOYEYHBIX
JKUPHBIX KHUCJIOT M3 YEJIOBEUYECKOIr0 Kajla B Ka4eCTBE OPTaHMYECKUX PACTBOPHUTENECH HCIIOJIB30BAHBI T'E€KCAH
(Thermo Scientific), metun-Tpet-OyTrnossrit 3¢up (MTBE) (Thermo Scientific) u ux cMech B COOTHOIICHUH
1:1. B kayecTBe BOIHO¥N (pa3bl MCIONB30BAaH BOMHBEIN pacTBop, coxepxamuii 4% HCl u 5,5% NaCl
s mpoBepkr HE0OX0IMMOCTH CHUXKEHHUs: pH pacTBOpa M NMOBBIIIEHUS €r0 HOHHOW CHIIBI TPOBOJMIIN OTIBIT
¢ ucnoias3zoBanueMm cMmecu MTBE-rekcan 1:1 u Boasl 6e3 100aBieHus CONSTHOM KUCIOTH M XJIOpUa HATPHSL.

HccnenoBanne MpoBOIMIIN HA TOMOT€HI3UPOBAaHHON YCpeIHEHHON Mpobe KaJia 3[0POBBIX JJOOPOBOIBLEB.
[IpoBoamnM >KHAKOCTHYIO 3KCTPAKLIHIO CBOOOJHBIX JKHPHBIX KHCIOT HCCIEAYEMbIM pPAaCTBOPUTEIEM C
MOCJIEAYIONIMM KoHIeHTpupoBaHueM. st storo 30-50 Mr roMoreHm3MpoBaHHOTO oOpasla IMOMEINaad B
mpoOUpPKY TUMA SMIEHIOP) BMECTUMOCTHIO 2 M M mpubaBisimm 900 MK Boabl win BogHOro pactBopa NaCl
(5,5 %) u HCI (4 %) B Bozme. 3arem mpubasisuid 1000 MK 3KCTpareHTa M MepeMENIMBaIi C MCIOIb30BaHHEM
nepeMeInuBaroIiero ycrpoiicrsa Multi-Vortex V-32 (Biosan) B teuenue 20 munyT. [locnme storo obGpaserr
neHtpudyruposaiu u 800 MKJI BEpXHEr0 OPraHMYECKOTO CJIOS MEPSHOCHIIM B YHCTYI0 mpoOupky. IIpotenypy
SKCTPaKLUHU MOBTOPsUIH 3 pasa. [lomyueHHBIN 3KCcTpakT BeIcymuBanu B Toke azora npu 50 °C. Cyxoil octaTok
nepepacTBopsiid B 100 MK METaHOJIAa M IEPEHOCUIIN B BUAILY CO BCTaBKOM.

Omnpenenenne KOHLIEHTPAIMH JKUPHBIX KHCJIOT B 00Opaslax NMPOBOAWIM B YCIOBHAX, pa3padOTaHHBIX
B JlabopaTtopun TPOTEOMHUKH W METa0OJOMHUKH penpoxaykiuu demoseka PI'BY "HMMUIL[ AT'Tl um. B.J.
Kymakosa", ¢ ucrionp3oBannem cucteMbl BOXX-MC/MC, coctosimeit u3 nerextopa Triple Quad 6460 (Agilent)
u xuaKocTHOro xpomarorpada Agilent 1260 11 (Agilent). DddexTHBHOCTh 3KCTpakUMU OLEHHBaNIU 1O 29
UIeHTU(HUIMPOBAHHBIM >KUPHBIM KHUCJIOTaM ¢ JiMHOM enu ot 10 go 26 aromoB yriepoaa. Unentudukanuro
JKUPHBIX KHCJIOT TPOBOAMIIM IO MaccaM MOJIEKYSIPHBIX HOHOB [M-H]™ ¢ wucmonp3oBaHmeM MpOrpaMMHOTO
obecnieuennss MZmine. [TosyueHHbIe U1 TPEX MapajieNbHBIX SKCTPAKIMHN IJIOIAAN TUKOB YCPETHSIIH.

PesyabTaTsl. {71 MHTEpIpETANK PE3yIbTATOB ITOJydSHHBIE CPEAHUE TUTOMa U MuKa st kaxaoi JKK B
KOHKPETHBIX YCIIOBHSX 3KCTPAKI[MH HOPMHPOBAIM HA MEITMaHHOE 3HAUYEHHE IIJIOIIA/IN MTHKa JAHHOH KNUCIIOTHI JUIs
4eThIpEX cucTeM dKcTpareHToB. Ha puc. 1 mpencrasieHo cpaBHeHHE 3G (GEKTUBHOCTH 3KCTPAKIHMU 29 KUPHBIX

KHCJIOT B 4 cucremax OKCTPArcHTOB.

20

MTBE + p-p NaCl u HCl rewcan + p-p NaCl u HCI MTBE-reican 1:1 + p-p NaClu HCI MTBE-rexcan 1:1 + 8oga

®(10:0) W(12:0) ®(14:8) m(14:1) ®(14:0) W (16:1) W(16:0) m(18:8) m(18:7) m(18:6)
m(18:3) W(18:2) m(19:8) m(18:1) m(18:0) w(20:7) m(20:6) W(20:5) W(20:4) m(20:3)
m(20:2) m(20:1) m(20:0) m(22:7) m(22:6) m(24:7) m(24:6) = (26:8) m(26:6)

OmuocumenvbHas Cmenerb U3e1eYeHus. HCUPHDBILX KUCTIOM 8 uCCﬂe()yEMblx cucmemaxpacmeopumeﬂezl
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CronOupl, KaXAbli W3 KOTOPBIX COOTBETCTBYET OJHOM W3 JKUPHBIX KHUCJIOT, CTPYNIHPOBAHbI IO
4 rpynnaM, cooTBeTCTBYIOIIMM 4 cucteMaM skcrpareHToB. Mcrnosib3oBanne cmecu MTBE-rekcan mo3soiuio
Jno6uThes 6oree OMM3KUX 3HAUCHUH OTHOCHTENIFHOHM CTEIIEHHN U3BJICUEHHS [UIs pa3IiyHbIX 1Mo nosipHocTr JXK o
CPaBHEHUIO C HHANBUAYaIbHBIMHU PACTBOPUTEIISIMH.
3akaouenne. Pa3paboTaH MpOTOKON MPOOOIIOATOTOBKH IS ONpENeTICHHS CPEIHe- W ITHHHOLECTIOYSYHBIX
JKUPHBIX KUCJIOT B 00pasmax kana. Hanbompiryto 3¢ (heKTHBHOCTD N3BIEUEHNS B PsITy HACBHIIIIEHHBIX 1 HEHACHIIIICHHBIX
JKMPHBIX KHCJIOT C KOJIMYECTBOM aTOMOB yriepoza oT 10 mo 26 mokasana cMech METHWI-TPET-OyTHIOBOTO 3upa u
rekcaHa. [TokazaHno, 4to BEIOOp BOIHOM (pa3bl OKa3pIBACT KPUTHUYECKOE 3HAUCHUE HA CTEICHb M3BJICYEHHS] HEKOTOPBIX
JKMPHBIX KUCJIOT M3 Kana. Tak ucross3oBaHue pactBopa, cozaepskamiero 4 % HCl u 5,5 % NaCl BMmecto uucToii BoJpl,
YBEJIMYWIIO CTETICHb M3BJICUCHIE HEKOTOPHIX JKHUPHBIX KUCTIOT, TaKKX Kak (18:8) Oomee wem B 20 pas.

Hccneoosanue svinonneno npu noooepoicke PODOU u AH® 6 pamkax Hayunoeo npoexma Ne 21-54-14006.
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Abstract. One of the urgent tasks of Agro-chemistry is the establishment of the effect of quantitative indicators of
fertilizer in agriculture. The solution to such problems have been determined by the experimental part of the
work, which is created because of the appearance of new research methods and equipping with modern
apparatus and equipment of agrochemical laboratories. Humic substances increase the intensity of
photosynthesis and respiration, increase protein and phosphorus metabolism in plants. Practice shows
significant progress in establishing a more accurate balance of nitrogenous fertilizers in the plant soil system, as
well as in the knowledge of the intensity of the transformation of nitrogenous fertilizers in the soil and plants. It
is established, that the treatment of the seeds of agricultural crops with certain doses in the plants, showed
earlier emergence of seedlings and in the field conditions of ripening fruit and increase yield. The main purpose
of this research was to find out the effect of humic acids on germination energy and total germination, growth
and development of wheat seeds. During the experiments, the seeds were treated with humic peat fertilizer with
different concentrations of 0,001%, 0,002%, 0,003%. These studies in laboratory conditions with wheat

confirmed this position.

Beenenne. I'yMHHOBBIE KHCIOTHI — 3TO OpPraHUYECKHE MPUPOJHBIE KOMIIOHEHTHI IOYBBI, 00pa3yroTcs U3
OPTaHUYECKUX BEILECTB, Pa3I0KeHHEM aepeBa, u Topda. ['yMUHOBBII npenapaT NPUPOAHBIA CTUMYIIATOP pocTa
pacTeHuil KOTOPOTO MOBBIAET COAEPKaHNE OMOJIOTMYECKH aKTUBHBIX COSIMHEHUH y PacTeHUH M NPHBOIUT K
YCKOPEHHIO, CO3PEBAaHUs yBEIMYEHHE, W YpPOXKaWHOCTh. Ero MCronp3yloT 4TOOBI YBEIHYHTH POCT HOOEroB,
YMEHBIINTh Ma/ICHUE JIMCTHEB, IOBBIICHHUS YCTOHYMBOCTH pacTeHHWH K CTPECCOBBIM (pakTopam, a Takke K
YBEJIMYEHHBIM [[03aM MHHEpPaJIbHBIX ynoOpeHuil. ['yMHHOBBIE mpemapaTsl, MPOAYKTHI, MPOM3BOJMMEIE MOCTE
W3BJICYCHHUS TYMHUHOBBIX KHCJIOT, MPEICTABIAIOT co00H HabOp (pU3MOIIOTHUECKN aKTHUBHBIX BEIIECTB, KOTOPEIC
HaWIy4dIInM  0o0pa3oM CIHOCOOHBI aKTHBWU3MPOBATh IMPOIECCHl JKM3HEAEATENBHOCTH TOYBEHHBIX (OpM

OpraHmsMoB M CaMHX paCTeHHﬁ. Hx wucmonp30BaHHE CIOCOOHO 3HAYMTEILHO YCKOPHUTH IIPOLECCHI
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ryMU(UKALUK, ONTHMU3UPOBATh BOAHO-(QU3MYECKHE CBOIMCTBA M TEIUIOBOH YPOBEHb OIBITHBIX MOYB, KPOME
TOTO 3aMEYCHO CYIIECTBCHHOC CTUMYIHPOBAHHE POCTA U Pa3BUTHUs pacTeHuil. [Ipu moceBax spOBOM MIICHUIIBI
MMOKa3aHO, YTO MPHUMEHECHUE JKUIKUX TYMHUHOBBIX YIOOPEHHH MMEET CHOCOOHOCTh YIYYIIMT KadecTBa 3epHa U
yposkatinoctn [1]. CormacHo IHMTEpaTypHBIM IaHHBIM IIPEANOCEBHAS 0OpabOTKa CEMsIH SIPOBOW IIIICHHIIBI
TYMHHOBBIM TipemnapatoM u3 Ttopda «['yMOCTHM» [OKa3aHO MOJNOKHUTENbHOE BIHsSHHE [ymMocTHMMa Ha
YPOKAMHOCT M KA4eCTBO 3e¢pHA APOBOH MIeHHUIIB! [2] 1 3pHeKTHBHOCTH UCTIONB30BaHMS TyMaTa HaTpus [3].

DKCIEPUMEHTAIBHASL YaCTh. JKCIICPUMEHTHI MPOBE/ICHBI B JTabopaTOpHBIX ycioBusx. [Ipu 3akmamke
OmbITa ceMeHa 00paboTand TYMHHOBBIM mpernapataM «['ymMocTUM». YaoOpeHHe IyMHHOBOE W3 TOpda ¢
pazmuuHbiMu KoHIeHTpanusmu 0,001 %, 0,002 %, 0,003 %. DkcrnepuMeHTH MPOBOIWIACH HA JIAOOPATOPUH
CubupCcKOro HaAyYHO-HCCIEA0BATENFCKOTO HHCTUTYT CEIbCKOTO X03siicTBa u Topda - prmmmama COHIIA PAH.
B mepBble JieHb 3aKNIaJIKA OMbITa 00paboTaiM BCe CeMeHa Pa3HOW KOHIEHTpalUel Ipernapara, jajiee ceMeHa
MOJIMBAN AUCTUILTMPOBAHHON BOJIOH B TeueHHE 4 CYTOK, Ha MATBIE CYTKH 00paboTaIr 'yMHHOBBIM HPENapaToM
mByx konmentpamusx 0,001 % u 0,002 %, ombeir ¢ konmeHtpammedt 0,003 % mpoBoaMNIH TONBKO C
JUCTHLTUPOBaHHOM Bomoi. [IpopamnmBanue npoBoamiaack mo 'OCT 12038-84 «CemeHa cellbCKOXO3SIHCTBECHHBIX
KyJIbTyp» B 4amkax [leTpu ceMeHa pacKiIaiblBalk Ha JABYX-TPEX CIOSX YBIXHEHHON (QUIbTpOBaHHBIE Gymaru
ceMeHa moMmeland B 4amkd IleTpu mo 25 mITyk B Tpex MPOBOPHOCTSAX. [IpopaiiuBaHue MPOBOJHIOCH B
tepmoctare Mapka TCO-1/80. IMpopamniuBanue ceMsH MPOBOIMIN TPU MOCTOSIHHOW Temmepatypsl 20 °C, manee
OblIa OMpeieNieHa JHEPrusi MPOpacTaHusl Ha 3 CyTKM M BCXOXKECTh HAa 7 CYTKH, TaKXKe OINpPEACIUIN
MopdoIoruuecKkre XapaKTepUCTHKK 00pa3IoB JTHHA U Macca IPOPOCTKOB, JUTHHA, U Macca KOPHEH.

Pesyabrarbl. [lokazaHo, 4T0 00pabOTKa CEeMsH TYMHHOBBIM MPENapaToM Jaia IOJOKHUTEIbHbIH
pesyibrar. Ha TpeTbM CYTKH ONPENESIHINM JHEPrUI0 MNPOPACTAHWs, HAWIydYilee pe3ylbTaT ObLI Ipu
KOHIIEHTpaluu TymuHOBoro mnpemapara paBHoii 0,003 % (Puc.l.) cemena exenHeBHO 00pabaThHIBAIKCH

JIUCTUIUTUPOBAHHOM BOJIOM.

Puc. 1. Duepeuro npopacmanus: A) Konmponvhutii sapuanm b5) Obpabomannuiii sapuanm

Ha 7 cytku Obuia omnpesienieHa BCXOXKECThb, TAKXKE JIyUIled pe3ysbTaT ObLT OMpeiesieH NP KOHIEHTPAIUU
0,003 %, KOoTOpOro €XeqHEBHO 0OpadAaTHIBAIN TUCTIILIAPOBaHHON Bomo#t [4]. JlmmHa mpopocTka 1 kopHe#t (Puc.2.)
TOXKe OBUIM IOJCYMTAHBI HA 7 CYTKH 0 CPaBHEHHE KOHTPOJIbHBI 00pa3lioM y oOpabOTaHHBIX CEMSH JIydIIUid
TOKa3aTeNI. JJIMHA TPOPOCTKAa M JUIMHA KOpHEH Obpuim ompeneneHsl npu koHreHTpamuu 0,002 %, Takke

orpeiesieHbl MOP(OJIOrHYeCKUE XapaKTEPUCTUKH, PE3yJIbTaThl Pe/ICTaBlIeHbI B Tabule 1.
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Puc.2. Konuuecmeo kopueii: A) Obpabomannwiii sapuanm 5) Konmponvueiti éapuanm

Tabauya 1
Peszyromamer nposedennvix sxcnepumenmos
(bu3nIecKux U MOPPOTOTHICCKIX Konnenrparmu (C), KOHTpONIbHBIH BapuaHT (K/B)
CBOWCTB MIIIEHUIIBI
Neo BapuanTsr C=0,001 % C=0,002% | C=0,003% K/B
1 DHeprus npopacranus, % 90,7 92 93,3 90,7
2 Bcexoxkects, % 97,3 97,3 100 100
3 JnHa mpopocTka, cM 5,9 6 4.7 2,8
4 JniHa xopHE#, cM 6,1 6,2 5,8 5,7
5 KommgectBo kopHEH, mt 51 51 5 4.3
6 Macca kopHeii, T 0,7 0,6 0,6 0,1
7 Macca npopocTka, T 1,02 1,3 0,9 0,5

3axuouenne. MOXHO crenath BBIBOJ, YTO 0OpabOTKa CEMSH IIIEHHIBI 'YMHHOBBIM IIPENapaToM

TOKa3aJl TOJIOKUTENbHBIH 3¢ dekT JlokazaHo, 4yTo 0OpabOTKa CeMsH IIEHWIBI TYMHHOBBIM IIpernapaTroM B

HaGOpaTOpHBIX YCIOBHUAX TMOJOXKUTECIBHO BJIMACT HAa DHCPIUIO MMPpOpaCTaHUsA, BCXOXKECThb, NJIMHY KOPHA, JJIMHA

npopocta. Haumydiuii pe3yapTar mokas3ajid CeMeHa MIICHHIIbI, 00paboTaHHbIC TIEPBOHAYAIBHO KOHIICHTpAIHEH

0,003 %, KOoTOpBIE ©XKEJHEBHO CMAaYMBAIIM JTUCTHIUIMPOBAHHON BOIOW. J[NMHY KOpHEH, MpOpOCTKa KOJIUYECTBO

KOpHE#l 1 Macca MpOpPOCTKa Ak CeMEeHa MIIeHHUIIbI, 00padoTanusie ¢ kouenTpanusamu 0,002 %.
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Abstract. The article presents the results of using carbon composite electrode (CCE) in potentiometric titration
of the solution containing CI, Br and I by the solution of silver nitrate (AgNOs). The conditions for
potentiometric determination of halide ions (working concentration range, pH, supporting electrolyte, frequency
ultrasound). The titration curves were processed by the linearization method. The conditions of separate

determination of CI-, Br- and I- were selected in the mixture.

Beenenne. 3amaua Mo3JIeMEHTHOTO ONpEAETICHUS TaJOreHUA-HOHOB B CMECH A0 HACTOSAIIEr0 BPEMEHH
paspemmrMa TOJBKO METOJOM HOHHOM xpomarorpadum [1]. B anamuse ramoreHua-comepkammx OOBEKTOB
pa3paboTka TPOCTBIX M JOCTYIHBIX METOIMK, OCHOBAaHHBIX Ha pa3HbIX HPHUHIMUIIAX, SBISETCS aKTyaJbHOM
3agadeil. i1 MOTEHIIMOMETPHUYESCKOTO OIPENeIeHUs TaJOrCHUA-UOHOB IHPOKO HWCIONB3YIOTCS B KadecTBE
CEHCOPOB: HOHOCEICKTUBHBIC, METAJUTMICCKAE W MOJU(PHUIIMPOBAHHBIE SJCKTPOIBL. B mocnenane rofasl 0coObIi
WHTEpEC BBI3BIBAIOT JJICKTPOXMMHYCCKEE CEHCOPHI Ha OCHOBE yriepona. YTIEpPOACOACpKAIIUE DIICKTPOIBI
SIBJISIFOTCSL XOPOILel albTePHATHBOW METAJUIMYECKUM, a IPU MOJIU(UKAIIMK TOBEPXHOCTH ¥ MOHOCEJIEKTHBHBIM
MHJMKaTOPHBIM 3sieKkTponaM. CeHCOpbl MUMEIOT Majblii BeC M pa3Mep, BBHICOKOE OTHOILICHHE CHUTHAI-IIYM,
IMIMPOKHUN AMana3oH ONpeAeTCHUs MOTEHIMAJIOB M O0NajgaroT HU3KOH cebecTomMocThio [2]. B Hacrosmiei
paboTe uccie0BaHa BO3SMOXXHOCTh U ONITUMHU3HPOBAHBI YCIOBHS Pa3AeIbHOTO ONpEAETICHNUS IaJOTeHUI-HOHOB C
UCIIONIb30BAaHMEM  TBEPJOro  yriiepojcojepxaniero KommnosutHoro anektpona (YKD) B kadectse
WHJIMKaTOPHOTO. JIaHHBIN 3JIEKTPOA HM3TOTOBIEH M3 IOJMATHIICHOBOTO KOHILEHTpaTa, coxaepxkamero 30 %
yIJIeposia, B YCIIOBHUSX, NMO3BOJISIOIIMX COXPAHUTh PAaBHOMEPHOE paclpejielieHne W pasMep 4YacTull B oObeMe
anekTpoja. [lonmdyHKIMOHAIBHBIE CBOMCTBA JTAaHHOTO CEHCOPA MO3BOJISIOT HCIIOJNB30BAaTh €r0 B PA3IMYHBIX
METOoJIaX 3JIEKTPOXUMHYECKOT0 aHau3a (KyJOHOMETPUH, BOJILTAMIIEPOMETPUH, TOTSHIIMOMETPHH | 1p.) B xome
MOTEHIIMOMETPHYECKOTO  OCAIUTEIHFHOTO THTPOBAaHUS TaJOTCHHWA-HOHOB COJSIMH  cepebpa MpoTeKaer
XUMHUYECKask PeaKiys:

Hal + Ag™ = AgHal |
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Jo TOYKM DKBMBAJEHTHOCTH MOTEHLHMAN HWHIUKATOPHOTO JJIEKTPOJA 3aBUCUT OT KOHLEHTpaLUU
TaJIOreHUI-MOHa B pacTBOpE:

El = EO + 0,059 * lg(KsAgHal) - 0,059lg[Hal_]

Ag*t/Ag
TTocie TOYKH DKBUBAJIEHTHOCTH:

E, = E, + 0,059 = Ig[Ag™]

Ag*/Ag

Pa3HOCTh PaBHOBECHBIX IOTEHIMAIOB MEKAY STUMH TOYKAaMH, OTBEYAET CKAUKy MOTCHIMANa Ha KPUBOU
MOTEHIIIOMETPUIECKOTO TUTPOBAHHUS.

B Tex ciyuasx, Koraa aHanuzupyeMas npoda colepKUT HECKOIBKO KOMIIOHEHTOB CIIOCOOHBIX BCTYITUTH B
XUMHMYECKYIO PEAaKLIUIO C PEareHTOM, Ha KPUBBIX TUTPOBAHUS MOYKHO OTMETUTh HECKOIBKO CKaYKOB TUTPOBAHMUSL.
TurpoBaHue OBYX- TpeX- KOMIHOHEHTHBIX CMecel 0e3 MpeaBapUTEeNFHOTO pa3aeieHus TpedyeT pacuera CTeIleHH
npotekanus (CIT) peakiuy 1 BelIMYMHBI KOHCTAHTBI PACTBOPUMOCTH KaXKIOT'0 00pa3yIoIerocs ocauka.

IIpwn 3amanHOM TOuHOCTH THTpOBaHUs + 0,1% ocaxkaeHue 6osiee pacTBOPUMOTO OCagKa JODKHO HA4aThCs
HE paHbllle, YeM MpeAbIIymHuid HoH Oyner ortuTpoBaH Ha 99,9%, TakuM 00pa3oM, BETHMYMHBI KOHCTAHTHI
pacTBOpHMOCTH KS HOCIIEIOBATENHFHO 0OPa3yIOMMXCS MIPU THTPOBAHHH OCAIKOB JOJDKHBI OTJIMYATHCS IPYT OT
JIpyra HE MEHee, 4YeM Ha TPH HOpAIKa IIPU YCIOBHUH PABEHCTBA HAYAIBHBIX KOHICHTPAIMH TUTPYEMBIX HOHOB.
Tax kak BenMuuHbl KoHcTaHT paBHb. KS (AgCl) = 1,78:107°, Ks (AgBr) = 5,3-103, Ks (Agl) = 8,3-10"Y,
CYIIECTBYET BO3MOXKHOCTh MPOBOJIUTH AU (HEpEeHIUPOBAHHOE MOTEHIMOMETPUYECKOE THTPOBAHUE XJIOPHIOB,
OpoMHIIOB M MOAWIOB PacTBOPOM HHUTparTa cepebpa M3 OJHOTO pacTBopa. Ha kpuBOM TUTpOBaHMS OXHIAeTCS
Tpu neperuba, HauOoOJIee pe3Koe M3MECHEHHUE MOTEHIMAla OyaeT mpu 00pa30BaHUM HOIUAa cepebpa, Hauboee
IIaBHOE — MpU 00pa3oBaHuM XJopuna u Opomuna cepedpa [3]. s HaXOXKICHUS TOYKH SKBHBAJICHTHOCTH Ha
KPHUBBIX THUTPOBAHMS HCIOIB30BATIH MeETOX (parMeHTapHOW nwmHeapmsauun b.M. MapesHoBa [4]. JlaHHBIHA
METOJl TO3BOJSIET C BBICOKOW TOYHOCTBIO ONPENENSATh  TOYKY AKBHBAIEHTHOCTH M (DU3UKO-XUMHUYECKHE
KOHCTAHTBI, HCIOJb3ysl JIOOBIE y4YacTKM Ha KPHUBBIX THUTpPOBaHWS. [IpUMEHHTENFHO K OCaJUTEINLHOMY
MOTEHIIMOMETPUYECKOMY THTpoBaHHIO MeTon Bb. M. MapbsHoBa OCHOBaH Ha NpeoOpa3oBaHUM 3aMEHOI
MEePEMEHHBIX JIOTapu()MUIECKON KPUBOM TUTPOBAHMSA B JHMHEHHYIO PETPECCHOHHYIO XapaKTEpUCTHUKY, YIJIOBOI
K03((ULHEHT KOTOPO YMCIEHHO pPaBeH 00beMY THUTPAHTA B TOYKE IKBHBAJCHTHOCTH, & OTPE30K, OTCEKaeMBbIii
HPSIMOM Ha OCH OpJMHAT, IPOIIOPIHOHANICH IPON3BEACHHUIO PACTBOPUMOCTH 00pa3yIOIEeTrocs 0caIka.

JKcnepuMeHTaIbHAs YacTh. B xone paboter 0sun ipurotoBieHsl 0,001 M pacTBOpH XJIOpUIa HATPHS,
Opomuna Kanust M foanaa Kaimus, a TakKe UX CMECH, B3sTble B cooTHoureHnH 1:1:1. B xauectBe TuTpanTa ams
MPOBEIECHUST OCaJUTENBHOTO MMOTCHIMOMETPUIECKOTO TUTPOBAHMS TaJlOTeHUI-MOHOB ncnosb3oBamn 0,0022 M
pacTtBop HUTpaTa cepedbpa AgNO:s.

IToTtenmmomerpuueckoe THTpoBaHHE npoBoAwan Ha pH-merpe/monomerpe WTAH mpomsBoacTsa
OOO HIIIT — Tompanamut (r. TomMck) B pexume wn3MepeHus 3.74.c. llpexens! AOMycKaeMBIX 3HAYCHHH
a0COJIIOTHOW TOTPENTHOCTH B pexume uaMepeHus 3.1a.c. oT -3000 mo +3000 mB, paspematomiasi crmocoOHOCTh
0,1 MB. B kadecTBe 31€KTpo/ia CpaBHEHUS UCTIONB30BANIN XJIOpHacepeOpsHbii anekrpon OBJI 1 M3. Dnexrpon
CPaBHEHHsI IOMELAIN B OTAEIbHBIN CTAKAHUUK, a SJIEKTPOJHYIO LENb 3aMbIKAIIU 3JIEKTPOIUTHUECKUM KIIIOYOM,
3anonHeHHbIM 10 %-M pactBopom KNOsc n1o6aBkoii arap-arapa.

Turpyemsblii pacTBOp IIOMEIIAIN B CTEKISIHHBIN cTakaHYMK Ha 50 M1, TUTpaHT no3uposanu ro 0,1-0,5 mn

nomymukpobropetkor Ha 10 mur. Ilocme xaxmoi 100aBKM THTpaHTa W TEPEMEIIMBAHUS PAaCTBOPAa MAarHUTHON
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MEIIAIKON BBDKHMIAIH, ONpeaesicHHOe BpeMsi — 60 CeKyHJI, MOC/e Yero 3amUChIBAIM BEJIMYHUHY JOCTUTHYTOTO
PaBHOBECHOTO MTOTEHIMANA.

PesyabraThl. [0 JaHHBIM THTPOBAHWS MOJCIBHBIX PAaCTBOPOB HWHIWBHIYAIBHBIX HOHOB OBLIH
OTIPE/IENICHBl OCHOBHBIC DIICKTPO-aHATUTHYECKAC XapaKTEPUCTHKH TBEPIOTO YTIEPOIHOTO KOMIIO3HTHOTO
3IIEKTPOJa: KPYTHU3HA DIICKTPOTHONW (YHKIIMM; AHANA30H JTMHCHHOCTH; Mpeaesl OOHAPYKEHHUS; BPEMS OTKIIHKA.
KpuBbie MOTEHIIMOMETPUYECKOTO THTPOBAHHUS WHIWBHIYAIBHBIX PACTBOPOB TAlOTCHHI-HOHOB C BHIOPaHHBIM
TUTPAHTOM HMEH BOCXOMAIIYI0 (OPMY C OJHHM CKAYKOM MOTEHIMaNa B 00JIACTH TOYKU IKBUBAICHTHOCTH.
PaccunranHble B XOJ€ THUTPOBAHUSA MO METOLY (parMeHTapHON JMHEeapU3alld BEIHYHHBI peabHbIX KS
MO3BOJIMIIM  OMPENEIUTh YCIOBHSI Pa3eibHOrO ONpENEICHHsT HOHOB MPH COBMECTHOM MPUCYTCTBUH
OTpeNie/sIeMbIX HOHOB. Ha KpHBBIX TOTEHIHOMETPHIECKOTO THTPOBAHUS MOJEIBHBIX PAacTBOPOB TpEX
raJOTCHUI-MOHOB TPH COBMECTHOM TIPUCYTCTBHH OTMEYEHBI TPH CKayka IMOTEHIHANa ITOCIECIOBATEIBHO
OC@KIAIONINXCS HOHOB: Homa, Opoma u xymopa. OmHako TPH THTPOBAHWM B HEHWTpaJIbHON cpeme 0e3
JIOTIOJTHUTENBHBIX T00AaBOK BJIEKTPOJMTOB, MEPBBIM CKAYOK, OTBEYAIOIINI COMEPIKAHUIO HMOIWMI- HOHA JaeT
3aHMKEHHBIE PE3YJIbTaThl, a BTOPOM CKA4YOK, OTBEYAIOIIUN COMEPKAaHMIO OPOMHJ] — HOHA JAeT 3aBBIIICHHBIC
pe3ynbTarel. Pe3ynbTaThl CyMMAapHOTO OINpEACICHHS HMOHOB IO MpeiaraeéMoil METOJHMKe He MOKa3ain
CTaTUCTHUYCCKU 3HAYUMBIX paCXO)K}IeHI/Iﬁ C MHOaHHBIMH, TIOJTYUYCHHBIMHU 1O CTaHAApPTHBIM MCTOJUKAM.
JIyis UCKITIOYCHHST COBMECTHOTO OC@XICHUS #oauma cepeOpa u Opomuma cepeOpa Obuta HCCIeIOBaHA
BO3MOXXHOCTh BapPbUPOBAHMS KHCIOTHOCTH CpPEIBl M BBEICHHE pa3IMYHBIX pEareHToB (KOMIIIEKCHBIX
COCNMMHEHNM, Oy(pepHBIX pacTBOPOB, HWHAN(P(EPEHTHBIX 3JIEKTPOIMTOB, BEMIECTB, MPEMATCTBYIOIMX
amcopOmum). B aMMuauHBIX cpelax HOHBI cepeOpa 00pa3yloT YCTOMYMBEIC KOMIUIEKCHBIE COEIHHEHMS,
H3MeHseTcs BennunHa KS 00pasyeMBIX 0CAIKOB, YTO CIIOCOOCTBYET JyUIIEMY pas3lelieHHio U Gojiee TOYHOMY
OTPeICNICHIIO HOHOB.

3akaroueHue. B pesynbrare MpoBeACHHBIX UCCIIEIOBAHUIT OMPEIENICHBI YCIOBHS AU((epeHITHPOBAHHOTO
MOTCHIUOMETPUYCCKOTO OINPCACIICHNUA TaJIOICHUI-UOHOB IPHU COBMCECTHOM IMPUCYTCTBUM C HCIOJIb30BAHUEM
TBEPIIOTO YTIIEPOIOCOACPHKAIIETO KOMITIO3UTHOTO BIIEKTpoa. JJOCTOMHCTBO MpeiaraeMoro crnocoba COCTOMT B
OJTHOBPEMEHHOM OIIPEIC/ICHAH TI0 JIAHHBIM THTPOBAHUSA OJHOM aJMKBOTHOM YaCTH pacTBOpPa TPEX KOMITIOHEHTOB
cMecH 6e3 WX TIPEABAPUTENHHOTO pasjelieHus. [IpuMeHeHne MeToa TMHEeapu3alny JJiss 00pabOTKH KPHBBIX
MOTEHIIHOMETPHYECKOTO THTPOBAHHUS TIO3BOJIAIO IMOBBICUTH TOYHOCTH THTPHUMETPUUECKHUX OTPEIEIEHNH, a
BapbUPOBAaHKME KHCIOTHOCTH CPEJbI B MPOIIECCE TUTPOBAHUS CYIIECTBEHHO CHU3HTH COOCAXKACHHUE TaJOreHMU]] —

HMOHOB U MMOBBICUTH TOYHOCTH ONPCACICHUA.
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Abstract. The study presents the investigation results concerning the thermal properties of composites based on
SBS/cenospheres. The SBS-polymer matrix was filled with neat cenospheres and cenospheres covered with
silver. The thermal properties (melting temperatures and enthalpy) was considered from the point of view of
cenospheric filler used.

Beenenue. LleHocdhepbl nim aqrOMOCHINKATHBIE MUKPOC(EPHI SBISIOTCS TOOOYHBIM NPOYKTOM JIETy4ei
3016l yIUIsl, 0Opa3yloleiicss B KauecTBE OTXOZOB TEILUIOBBIX 3jekTpocTaHimid. LleHocdepbl xapakrepusyrorcs
YHUKQJIBHBIMH ~ CBOWCTBaMH, BKJIIOYAs MAalyl0 Maccy, XOpOIIHE H30JIMOHHBIE CBOWCTBA, HM3KOE
BOJIOTIOTJIOIIEHHE, BEICOKYIO0 XMMUYECKYIO0 M TEPMHUUECKYIO0 CTOWKOCTH. JIJIsl yIydIIeHHsI TEPMUYECKIX CBOWCTB
6yTa}II/IeH'CTI/Ip0IH)HI)IX 0JI0K COTIOJIMMEPOB JTAHHBIC MMOJIUMEPDI KOM6I/IHI/IpyIOT C aKTUBHBIMH HAIIOJIHUTCIISIMU, B
TOM YHCIIC ATFOMOCHIMKATHBIMH HAMONMHUTEISIME [1].

JKCcNepuMeHTA/IbHASI  YacTh. KoMmrio3utsl Ha  OCHOBE  CTHPOJI-OyTaJIHeH-CTHPOJIBLHOTO
tepmosnacromiacta (CBK P 3000, Cubyp, Poccust) u amromocmmmkatHeix neHochep (L[C) ObIIH IpHUTOTOBICHBI
nmyteM poOaBiieHust pasnmmaHoro kommdectsa (0, 5, 20 M.4.) MCXOTHBIX IEHOC(eEep M IEHOC(Ep MOKPBITHIX
cepeOpoM C MOMOIIBI METOJa XUMHYECKOro cepebpenust [2]. DnekrpoHHble (oTorpadun eHochepHOro
HAIIOJIHUTCIIA 10 U II0CJIC HOBerHOCTHOﬁ MO}II/Iq)I/IKaHI/H/I nmpeacTaBjJI€HA Ha puUC. 1. Kommo3utsr nojryvdalin
pacTBopHBIM MeTosioM cMemieHus. 43,2 r. CbC nabyxanu B 300 M tosyosna B Teuenue 24 gacos. Llerochepsl
Jn00aBisiin K TonyonbHOMY pactBopy CBC W mepememmBaid € MOMOIIbIO BEPXHENPUBOIHON MEIIAIKHA B
TeueHne 5 yacoB. CMech pacTBOPOB OTJIMBAJIN B CTEKJITHHBIE Yany [1eTpy U mojydyeHHbIe IUIEHKH CYIIWIN TIpU
KOMHATHOH TEeMIIepaType /10 MOCTOSTHHOW MAacCHhI.

HccnenoBanne TemIOQU3NUECKUX XapaKTEPUCTHK OOpPa3IoB (TeMIieparypa M SHTAIBIHUS TUIABICHHS)

MPOBOIMIIOCH C MTOMOINIBI0 MeToAa AuddepeHnnanIsHON CKaHUPYIOe KajtopuMerpun Ha ycraHoBke DSC 214
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NETZSH Polyma (I'epmanus). HarpeBanue o00pa3loB OCYIIECTBISUIOCH B TEMIEPaTypHOM JWana3oHe
25-240 °C npu ckopoctu ckanuposanus 10 rpag/mus. HaBecka oOpasma cocrasisina (5+0,1) mr.

TepMmudeckyto cTaOWIBHOCTE OOPA3LOB HCCIEAOBATH METOAOM TEPMOTPABUMETPHIECKOIO aHAIM3a
(TT'A) na Tepmoanammzatope (Netzsch STA499C, Netzsch group, ['epmanus). Kaxasiit oOpaserr HarpeBaiu oT

koMmHaTHOU Temneparypbl 1o 800 °C co ckopoctbto 10 °C/MuH B a3ote. Macca o6pasua 4-5 mr.

SEMHV:20.0kV  SEM MAG: 2.00 kx VEGA3TESCAN SEMHV:20.0kV  SEM MAG: 2.00 kx VEGA3 TESCAN|
Det: BSE 50 ym Det: SE
NUST MISIS NUST MISIS

Puc. 1. Dnexmponnvie pomozepaguu ucxoOHvIX AnOMOCUTUKAMHBIX YeHOChep U yeHochep, NOKPbIMbIX

cepebpom

PesyasTaTel. Ha puc. 2 mokazaHo, 4TO C yBeJIHMYCHHEM conepxkanus meHochep or 0 mo 20 m.u.
TeMIlepaTypa IUIaBJICHUS OCTaeTCS HEM3MEHHOW, oHaKo mpu BBeaeHnU B Matpuiy CBC nenocdep, TOKpBITEIX
cepebpoM, THK raBieHus casuraercs ¢ 188 °C go 195 °C, 4ro CBHAETENBCTBYET O TOM, YTO MOOABIICHHE

MOJIU(DUIMPOBAHHBIX LIEHOC(EP MOBBIIIAET TEPMUUECKYIO CTAOMIIBHOCTh KOMIIO3UTOB.

ACK /(mBr/mr)

| 3Ka0

06
CBC/LC+Ag

04

CBC/LC -5
0.2

0.0

CBC/LC-20

-02

50 100 200

150
Temnepartypa /°'C

Puc. 2. JICK kpussie komnosumog: CEC/L{C+Ag, CEC/L{C 10 m.u., CEC/L]C 20 m.u., CFC

Kpusbie TI', momyuennele npu ananmuze Bcex komnoszutoB CBC/LIC, mpexacraBneHsl Ha puc. 3.
JIis KaX10T0 KOMITO3UIIMOHHOTO MaTepHajia yCTaHOBJIEHBI KOX(QQHUIMEHTH moTepu Maccel: TS5 (TemmepaTypa
mpu 5 % motepu maccol), T10 (temneparypa mpu 10 % motepe maccer), T50 (temmneparypa npu 50 % motepe

Maccel) U ocTaTok nocie Harpesanus 1o T = 800 °C (P800) (Tabu.1).

Tabauya 1
Tepmuueckue ceolicmea komnosumos na ochose CHC/LIC
Obpaszen T5/(°C) T10/(°C) T50/(°C) P800/ %
CBC 309 372 452 0,6
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Ipooonscenue mabauysr 1

CbC/IIC 10 m.u. 370 396 457 9,55
CbC/IIC 20 m.u. 387 407 461 18,7
CbC/IIC 30 m.u. 388 410 473 32,1
CBC/LIC+Ag 10 m.u. 387 407 457 11,3

- —CAOTC 30

— CHCUC 20y
» - Ck (
R, I 0

4 60 B0 100 120 140 100 1RO 200 230 240 260 200 200 130 340 360 300 400 420 480 460 40 500 520 G40 540 SM) 600 630 G40 G40 G30 TOO 70 THD TED TR O

----- Cr

Puc. 3. TTI" kpusvie komnosumos: CEC/L{C+Ag, CEC/I[]{C 10 m.u., CEC/L]C 20 m.u., CEC/I]C 30 m.u, CFC

[pouecc pasnoxenus: koMno3uToB Ha ocHoBe CBC M 1eHOC(EepHOro HAMOJIHUTENST COCTOUT M3 OIHOW
OCHOBHOM cTagnu. Panee OBLTO MTOKa3aHO, YTO IIEHOC(EPHI SABIAIOTCS TSPMUICCKH CTAOMIIEHBIMU MaTepHallaMH,
HE TMpOosBIIOIUME ToTepu Macchl mpu T = 25-800°C [3]. Tepmudeckuii aHamm3 oOpasloB ITOKa3al, YTO
KOHIICHTPAIN HAIMONHUTENS BIUSACT Ha TEPMUYCCKHAE CBOWCTBA KOMITO3UTOB. Kak M 0XHAAIOCH, IeHOCheps
noBbimatoT uHaekesl TS5, T10 u TS50, npudyem yBenndeHHE 3TUX TEIUIOBBIX MApaMETPOB CHIBLHO KOPPEIUPYET C
KOJIMYECTBOM HAmMoJHUTENsA. Buano, uyto yucteiii oopazeny CBC 0e3 HamosHuUTENs 1eHOchep MmoKasan XyAIue
MOKa3aTeln TepMOCTaOmIbHOCTH. HambolbIiee TemioBoe CONPOTUBICHNE OBUTIO OOHAPYKEHO Y KOMITO3UTOB C
30 mac. % neHocdep.

3akmiouenue. B pe3ynpraTe nMpoBeACHHBIX UCCIICAOBAHMM OBUIO IMOKa3aHO, YTO JTOOABJICHHE B MATPHUILY
OyTaueH-CTUPOJIBHOTO TepMonacTomacta 5 u 20 m.u. neHocdep He OKa3bIBae€T BO3JCHCTBHS Ha 3HAYCHHUE
TEMIIepbl TUIABJICHUS TEPMODJIACTOILIACTA, OJHAKO BBEACHHE 5 M.4. IeHOC(ep, MMEIOIIUX Ha IMOBEPXHOCTH
cepeOpsHOe MOKPBITHE, CABUIACT MUK IUIaBjieHUs Ha 6 rpaaycoB C 188 °C mo 195 °C. Beemenue B cmech
nerocdep moseimaeT mHACKCH TS5, T10 m TS50, mpudyeM yBenWYeHHE STHX TEIUIOBBIX IApaMETPOB CHIIBHO

KOPPEIUPYET € KOJIMYCCTBOM HAITOJTHUTECIIA.

CIIUCOK JIMTEPATYPBI
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THE MECHANISM OF THE CHALCOGENIDE PARTICLES EFFECT ON THE ACRYLATES
PHOTOPOLYMERIZATION PROCESS
V.E. Tarasov, R.T. Ismailov, J.E. Burunkova
Scientific Supervisor: Assoc. Prof., PhD., J.E. Burunkova
ITMO University, Russia, St. Petersburg, Kronverksky Av., 49, bldg. A, 197101
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Abstract. The paper describes the effect of fillers: gold nanoparticles and chalcogenides on the process of
photopolymerization of acrylate monomers. It was found that the preparation of a composite is possible only at
certain ratios of the initiator, chalcogenides, and gold concentrations. If these concentrations are violated,
either the polymerization process does not occur, or the aggregation of gold nanoparticles occurs. It was also
found that gold nanoparticles and chalcogenides, when separately introduced into a mixture of acrylates, lead to
a slowdown in the polymerization process and an increase in the conversion of monomers. However, when they
are combined, a synergistic effect is observed, which consists in a lower decrease in the polymerization rate and

an increase in the degree of conversion, compared with monomers without additives.

Beenenne. [ToMHUMO CTEKON M KPHUCTAJIOB BCE OOJIBLIYIO TOJIFO B ONTHYECKOM MAaTepUaIOBEACHUH
3aHHUMAIOT MOJMMEPHBIE MaTEepHalbl, CPeId KOTOPHIX 3HAYUTEIbHOE MECTO OTBOAWTCS KOMIIO3UTAM HA OCHOBE
CBETOIMOIUMEPH3yeMBbIX MOHOMEPOB. OITHIECKHEe HAHOKOMIIO3UTHI — 3TO IICEBJOTOMOTCHHBIC MaTEPUAJbL, TIC B
MOJIMMEPHON Cpejie PaBHOMEPHO pacHpe/eieHbl HaHOOOBEKThl pazMepoM MeHee 100 HM, 4TO mMpUAaeT UM
CIIEYIOIIIE TEXHOJIOTHYECKHE CBOMCTBA: BO3MOXKHOCTH HAHECCHHWSI HA TOBEPXHOCTH MPOW3BOJIBHON (HOPMHEI,
BO3MOKHOCTh COCIMHEHHUS Ha OHOM YHIle Pa3IMYHBIX 3JIEMEHTOB, @ TAK)KE MMONYICHHEe MATEPHAIIOB C 3apaHee
3a[aHHBIMH CBOMCTBaMH, 0Jarofapsi BBEICHHIO OPraHUYECKMX M HEOPraHMYeCKuX 100aBOK, YTO OTBEYaeT
TpeOOBaHHUSIM COBPEMEHHBIX TEXHOJIOTHI U 00YCIIABIIMBACT UX IIUPOKOE IPUMEHEHHE.

Jannast pabora HampaBlicHA HAa CO3[aHHWE ONTHYECKHX IMOJMMEPHBIX MATEPHAIOB C HAHOYACTHUIIAMH
xanpkorenngoB (HY XT') u nHanowactumamu 3omota (HU3), u sisercst mpomomkenneM pabots [1]. XTI crekna
00ajal0T MHOTHMH YHHWKAJIbHBIMA CBOWMCTBAMH, TaKAMH Kak: Tmpo3pauHocth B WMK-mmamasone, Hanmune
HeJMHEeHHO-oNTHYeCKUX 3(PdexToB u  (HoTo-TepMopeBBepcHBHOCTh. Vcmosnp3oBanune HY3 B omTHdeckux
NPWIOKEHUSIX BO MHOTOM OOYCJIOBJICHO HX JIOKQJIW30BAaHHBIM MOBEPXHOCTHO-TUIA3MOHHBIM PE30HAHCOM

(JITTITP). CoBmemieHne MaHHBIX MOJE3HBIX CBOWCTB B OJHOM CBETOOTBEP)KIAEMOM MaTepHaje, OTKpPhIBAaeT
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NIMPOKKE MEPCIICKTHBEI €ro MPUMEHCHHUS, HApUMep, il GOpMUpOBaHHs (POTOHHBIX CTPYKTYp. Llenapro paboTs
SBIISICTCS UCCIICIOBAHNE BIMSHUS HAHOYACTUI] 0OOMX THIIOB Ha Iporecc Y @-TionuMepu3annu.
JKcnepuMeHTadbHasi 4YacThb. B Xone wmccieqoBaHus ObUIa HCHOJB30BaHA CMECh AKPHIIATHBIX
MOHOMEpOB, HHHUIMATOp: Ouc(nuKIoneHTaueHnn)ouc2,6-mprop-3-(1-muppun)penwn] taran (Irq784)
(CAS No  125051-32-3); HAHOYACTHIIBI 30JI0Ta JHAMETPOM 5 HM € MOTHU(DHIHUPOBAHHON IOBEPXHOCTHIO
nonekantroioM (AuNPs Ne 3014, Nanoprobes) (HY3); Hamowactumsl AsS;Sz (HU XI'), mnomydeHHbIC

pactBopenueM XI' cTekos B qUaTHIaMUHE. BbUtH MPHUrOTOBIIEHH! cieaytomue cocTaBbl (Tadu.1):

Tabruya 1

Cocmag ucciedyemvix KOMHO3UMO8

AS,S3, % oT Maccel cMecH AU, % ot Maccel cmecH Irq784, % ot Maccel MOHOMEPOB
3 0,031 5
0,000
0,011
0,005
0,000
0,000
0,050

~Njo|uo|a|wvieZ
w|w|o|o|lo|w
Blr|o|a|o|o

[TockoapKy MaTepHaibl MOTYIAOTCS B PE3YyIbTaTe MHOTOCTYIICHIATHIX MPOIECCOB (POTOMOIMMEpH3aIny,
BBOJMMBIC TOOABKHA MOTYT OKa3bIBaTh BIMSHHUE Ha JaHHBIC MPOIECCH Ha JIOOOW W3 CTaaWd, HO B MTOTE 3TO
BBIp@XKAETCS B M3MEHEHHH COJep)KaHMsl B oOpasie NBOWHbBIX cBsizeit C=C, BXOIUIMX B COCTaB MOHOMeEpa, Ha
YeM M OCHOBaHa METOJMKa OLICHKHU BIMSHHS N00aBok. Mccienosanue npoBomiock MerogoM MK-cnekrpockonun
Ha mpubope: Bruker Tensor 37 (CILIA), npu o0iy4eHHH HOIOM C AIUHON BoiHBI 360-400 HM, TPOBOAMIN 3aIUChH
CIEKTpOB ¢ yacToToil 10 ¢, ¥ 0 yMEHbIIEHNIO MAKCUMYMa 1o110ckl 1640 cM™, coOTBETCTBYIOLIEH KOIEOaHHAM CBA3K

C=C, O6puH IOCTPOCHBI TPaMKH KMHETHUKH PAacKPHITHS JaHHOU CBsi3M (puC. 1).

80

60 4

NO A WN -

40

CreneHb koHBepcuu, %

20

: T T
0 100 200 300 400 500
Bpems, cek

Puc. 1. Kunemuka packpvimus 080UHbIX ces3ell

Konuenrpanus XI' B kommosuTax coctapisiia 0 u 3 % ot o01eil Macchl cMecH, HCCIeA0BaHus pu Goree
BBICOKOW KOHIICHTpAIlMM HE MpOBOAMWINCh. KoHIeHTpamuss WHUIMaTopa coctaBimsuia 1 u 5 % OT Macchl
moHoMmepoB. Konnentpauuss HU3 BapbupoBanace B unTepBasie 0,005-0,05 % or obmieli maccel cMmecH,

MPEBBIIICHUE JAaHHOT'O HHTEPBAJia IMPOBOAUT K arjioMepannuun HY3 B cmecu JaHHBIX MOHOMECPOB.
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PesyabTatel. Beegenne HY XI' mpuBOAMT K 3HAYMTENBHOMY YMEHBIIEHUIO CKOPOCTH PAaCKPHITHUA
JBOMHBIX cBsizeil (coctaB Ne 2), mpu 3TOM BaXkKHYIO pOJb UIpaeT KOHIEHTpAIMs BHIOPAHHOTO HHHUIMATOpPA
(Irg784): B cocraBe Ne 6, comepskamieM 1 % WHUIHATOPA TIPOIECC TOJNMMEPH3AIINK HE TIpou3olies. Beemenue
HY3 B unrepsane 0,005-0,05 % B MOHOMEpPHYIO CMECh YMEHBIIACT CKOPOCTH PACKpPBHITHS IBOWHBIX CBS3EH
coctaBel Ne 3, 4)) W yMeHbIOIaeT CTENIeHb KOHBEPCHH, HO MEHee BIMSHHE MEHee BBIpakKeHHOe. bBriio
oOHapyxeHo, uTo noMumo koHmeHTpanun «HY XTI — HU3», BaykKHYIO pojb UrpaeT KOHICHTPAIN HHALIHATOPA.
CosmectHoe BBeaenne HU3 u HY XI' npu koHIeHTpanuu HHULUATOPa 5 % MPUBOJUT K YBEIMUYEHUIO CKOPOCTU
pacKpbITHs ABOWHBIX cBsi3eil (coctaB Ne 1) mo cpaBHeHuro co cMmecamu Toipko ¢ HU XT', a cTerneHp KOHBEPCHU
He YCTyIaeT CTENEHU KOHBEPCHH IIPH TOJIMMEpH3allil MOHOMEpoB 0Oe3 mobaBok. B cmywae cocraBa Ne 7
cogepskamero HU XT', HU3 u 1 % nHHMIMaTopa, CKOPOCTh PACKPHITHS IBOWHBIX CBSI3CH TaKXKE COMOCTABUMA C
YHCTOH CMECBI0 MOHOMEPOB, HO CTEIICHbh KOHBEPCHH MOHOMEpOB BbIe Ha 20 %.

[Jannoe Bmmstare HU3 Ha packpbiTHe DBOMHBIX CBs3eH MpH mporecce (HOTOMOMMMEpH3aii 00yCIOBICHO HX
KoMILIeKcooOpazoBanueM ¢ 11784 [2]. Ananu3 nanubix MK-criekTpockonuu Mo3BosisieT yTBEPIKAATh O B3aUMOICHCTBUN
HY3 u HY XTI mo cxeme (puc.2). COOTBETCTBEHHO, MOXKHO MpEAIOJiaraTh O KOMILIEKCOOOPa30BaHHUKM B TPOMHOM

cucreme «HY XI" — HU3 — Irq784», caumatomem nHruoupytoee aevicreue HY XT.

‘0

000

e Yo .b‘.
TP gk = £
**** “. ’b‘ .0

= Dodecanethiol € =R-NH,"

Puc. 2. Cxema e3aumooeiicmeuss H43 ¢ H4 XI”

3aki0ueHne. AHANIN3 TOTYYCHHBIX JAHHBIX MTO3BOJISAET IPEAIONIOKUT, 9TO B cucteMe: «1rq784 — HU3
— HY XI'», B cTporux KOHIICHTPAITHOHHBIX MpeJeNaX, HaOM0aaeTcs B3aUMOICHCTBIE, IPUBOASIICE K TPOHHOMY
KOMILIEKCO00pa3oBaHuio, cHUMaromemy wHrHOupyromuit 3¢gdexkr HU XI' mpu monmMepwsanuu aKpHIATOB.

OO0HapyxeHHBIN 3P deKT TpeOyeT qarbHEHIIero HCCIeJOBaHuS.
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Abstract. Inhibitors consist of natural resins previously isolated from petroleum. Previously, we studied the
effect of these inhibitors on the aggregative stability of oil and it was quite visible. However, the complete
assessment of this effect demanded us to study it on the oil rheological properties. Based on the results of density
and viscosity, we made a calculation of the volumetric flow rate during pumping, and it showed that the inhibitor
can both increase and decrease the pumpability of oil. The obtained result is determined by the peculiarities of
the oil composition from various fields and indicates the need for individual selection of the inhibitor

composition for each field.

BBenenne. Hedtp mpencraBnsier coboii mucnepcuyro cucremy (H/C), cocrosimyro u3 MHOXKeCTBa
KOMIIOHCHTOB, HAXOISAIINXCS KaK B MOJICKYJIIPHOM, TaK U HAIMOJCKYIIPHOM COCTOSIHUH, KOTOPBIE CYIIECTBYIOT
B BHUIE CHOXHBIX CTpYKTypHBIX eamHul] (CCE), Ha OCHOBaHWM dYero CBOWCTBa HE(PTH, B TOM YHCIE,
ompenensrorcst coctaBoM U pazmepoM CCE. JIaHHBIA (akT sBISETCS OMPEEIIMIONIM B KOHTEKCTE YBEIIMICHUS
pa3pabOTKU TSDKENbIX HeTel, OoONagaroluX HHU3KOM arperaTMBHONW  yCTOWYMBOCTHIO M HHU3KHUMH
PEOJIOTHYECKUMH CBOMCTBaMH. B CBSI3M C 3THM B HACTOsIIiee BpeMsl WAET aKTHUBHAas pa3paboTKa PasiIM4HBIX
HHTHOUTOPOB MpOIIecca KOAryIsiiii BEICOKOMOJIEKYJIISIPHBIX BetlecTB HedTr — achanbreros. B pabote [1] 6sita
MOKa3aHa BO3MOXKHOCTh TPHUMEHEHHUS B KaueCTBE MHIMOMTOPOB INPHUPOAHBIX HE(TSHBIX CMOJ, MOKa3aBIIUX
BBICOKYIO CIIOCOOHOCTB yBenuunBath yctoitunBocts H/IC. Onnako, B 1aHHOH paboTe OTCYTCTBYET HH(pOpMAIHs
0 BJIMSTHUM MHT'MOMTOPOB HA PEOJIOTHUECKHUE CBOMCTBA HEPTH.

Lenpto naHHOM pabOTHI SBISETCS MCCIENOBAHNE BIMSHUS WHTHOMTOPOB IIpoliecca KOAryJsiUH
acaJbTEeHOB Ha PEOJIOTHYECKHE CBOWCTBA HE(PTH.

JKcnepuMeHTAIbHAasi 4YacTh. B kadecTBe OOBEKTOB WCCIENOBAHUS BBIOpaHbI Jerkas HePTb M/p
«Bepxunecanarckoe» u cpenss HedpTh M/p «CHexHOe». VHTHOMTOPHI M3TOTOBJIICHBI U3 MPEABAPUTEIHHO
BBIJICJICHHBIX HPUPOJHBIX HE(TSIHBIX CMOJI. B Xone uccienoBaHusi ObLIO pa3paboTaHO HeETHIpE JIHMHEHKH

WHTHOWUTOPOB: TIEpBasi COACPKHUT TOJHKO OSH30JIOBYIO (PAKIIUIO0 CMOJI, BTOpas — TOJBKO CIHUPT-OEH30JI0BYIO
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(hpakimoo cMOJI, TPEThs M YeTBepTas — 00e ppakuuu B cootHouieHuu 1:1 u 1:2 coorBercTBeHHO. OnpenencHue

PCOJIOTHYECKUX CBOMCTB MPOM3BOJUIOCH C MOMOIIBI0 aBTOMATHYECKOro Buckozumerpa llltabuurepa: SVM
3001, Anton Paar (ABctpus).

Pesymbratel m3MepeHmsi 1mioTHOCTH (puc.l) W B3KocTH (pUC.2) CHCTEM «HEPTh+HHTHOHUTODPY,

TPEACTABICHBI HIXKE.

M/p «BepxHecanarckoe» M/p «CHexHOe»
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Puc. 1. [Inomnocmo cucmem «nedpmo+uneubumop

Ha puc.l BuaHo, uto B oOpasuax Heptu M/p «Bepxnecanarckoe» mpu 20 °C, B 1esnom, HaOI0qaeTcs
HE3HAYMTEIILHOE MOBBINICHUC TUIOTHOCTH, B cpeaneM Ha 1,14 %. [Ipu mombiTke npoBeaeHus uaMepenus npu 50 °C
HaOJFoJIaack akTHBHOE BBIJCIICHUE Ta30B, PACTBOPEHHBIX B HE()TH, UTO 3aTPYIHWIO M3MEPEHHs, 1 00YCIOBUIIO
TIOTy4YeHHBIH pa3Opoc pe3ynpTaToB. B obOpasmax medtu M/p «CHexHoe», B mesoMm, mpu 20 °C HabmomaeTcs
HE3HAUUTENILHOE TOBBIMICHHE IUIOTHOCTH, B cpexHeM Ha 4,10 %. Ilpu nposemennm msmepenuit mpu 50 °C
HaOJro1aeTcst cxoxasl KapTuHa. B cimydae obonx mectopoxxaenuit nosbimenue miotHoct HJC oOycnasnuBaercs

nsmenenneM crpoenust CCE, npuBosiiuM K 00Jiee MIIOTHOMY pacipeIeICHHIO BEIecTBa B 00beMe HedTH.
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Puc. 2. Bazkocmo cucmem «Hepmo+uneubumopy

Ha puc.2 BuaHo, uto B oOpasuax nehtu M/p «Bepxuecamarckoe» npu 20 °C, B mesaoMm, HaOIrOmaETCS
CHI)KEHHE Bs3KOCTH, B cpenHeM Ha 17,36 %, cxoxas cutyauusi HaOmopaercs npu 50 °C. ITlosydeHHbIH
pe3ynbTarT o0ycnaBnuBaeTcs u3MeHeHuneM ctpoeHus ciioeB CCE, mpu KOTOpOM 4acTh BELIECTB MEPEXOJUT B
qucniepcronubii 006beM HJIC v MHrHOMpYeT CTPYKTYpHUpOBaHHE MapaQuHOB, BXOISIIUX B COCTAaB JAHHOM

nerkoit HepTH. B ciryuae Hedi M/p «CHexxHOE» TIpH 000MX TeMIeparypax HaOIr01aeTCsl OBBIIIIEHHE BA3KOCTH,
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B cpeaneM Ha 18,43 % npu 20 °C. laHHBIe pe3ysbTaThl 00YCIaBIMBAIOTCS MOBBILICHHEM COAEPKaHUS (paKinil
CMOJI B COCTaBe HE(TH B pe3yNbTaTe IepepacipenescHus BemiecTa npu nsmenenun crpoenns CCE [1].
Pe3yabraTbl. [loydeHHBIE pe3ynbTaThl PEOJIOTMYECKHX CBOHCTB 0Opa3loB OBUIM HCIIONB30BAHBI UL
OIICHKH BIMSHUS MHTHOMTOPOB Ha IepekadmBaeMocTh Hedtu. s pacdyera Oputa mcrons3oBaHa (opmysa
00BEMHOTO pacxoja MpH TypOYICHTHOM TEUCHHH KUIKOCTH B IFTMHIpHIecKOM KaHaie [2]. Heobxoaumere s
NPOBENICHUS pacyeTa 3HAuYCHUs TuaMeTpa M JUIMHEI TPpyOBl, a Takoke JaBJICHUS B TpyOOnpoBoae ObUIH BHIOPAHEI
COIJIACHO CTaHmapTHBIM 3HauyeHusM [3]. B cnywae Hedtit M/p «CHexHoe» HabIrOgaeTCs HE3HAUYUTEIBHOE
CHI)KEHHE OOBEMHOI0 pacxoja >XHIKOCTH, B cpexHeM Ha 2,61 %. B ciydae Hetn M/p «Bepxuecanarckoe»
HaOJIF0TaeTCs HE3HAYUTEIILHOE TOBBINICHHE 00BEMHOTO PACX0/1a JKHUIKOCTH, B cpenHeM Ha 1,07 %.
3akiaoueHne. B pesynprare NpPOBENCHHBIX HCCIGAOBaHMH OBUIO YCTAQHOBICHO, 4YTO BIHMSHHE
MHTHOUTOPOB TIpoIiecca KOoaryJsiuu ac(anbTeHOB HAa OCHOBE NPHPOIHBIX HE(TIHBIX CMOJI HA PEOJIOTHYCCKUE
coiictea HJIC He3HAuWTENbHO, M WHIMBUAYAIBHO M KaXIOr0 MECTOPOXACHHSA. B cpemHeMm, M3MeHeHHE
O0BEMHOT0 pacxola BapbHpyeTCs B JWalla30HE HECKONBKUX IPOLEHTOB, a 3HAYHT HE HECET YIPO3bI
CTaOMJIBHOCTH TEXHOJIOTHYECKHX IMMPOLECCOB B CIy4yac NMpUMEHCHUA JaHHBIX I/IHFI/I6I/ITOpOB Ha Y€ MMCIOUIUXCA

MOIIHOCTSIX He()TepOMEBICTa.
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JIU3AMH AKTUBHOM MOBEPXHOCTH Ag-COJIEPKAIIIMX KATAJIU3ATOPOB HA OCHOBE
OKCHJIA TPA®EHA JIJISI BOCCTAHOBJIEHUSI HUTPOAPOMATHYECKHWX COEJIUHEHUM
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Annomayus. B nacmosiyeti pabome npogeodeHo UCCLe008aHUe GIUAHUSL YCA0BUU NOTYYEHUsT KAMAIU3AMopos
Ag-CeOx/GO ma ux @usuxo-xumuueckue u kamamumuueckue ceoticmea. Cepusi xamamuzamopog Ovlia
CUHME3UPOBAHA MeMOoOOM HaHeceHus-ocaxcoenus npeduecmeennurxos Ag u CeOz na oxcud epagena (GO) ¢
nomowwto  ocadumeneti  paziuunoiu  npupoost  (NHsOH, NaOH, (NH2):CO). [loayuennvie obpazywl
Kamanuzamopos u3zyuenvl paoom Qusuko-xumuyeckux memooog ananusza: PDPA, TI'A u OJp. Coenacho
RONYYEHHLIM  OAHHbIM, NpU  OcaxcOeHuu axmusnvlx komnonenmos c¢ nomowwio (NH2)2CO npoucxooum
Gopmuposanue nanopazmepnvix u cyonanopasmepuvix yacmuy CeOr u Ag, coomgemcmeenno, codepoicanue
Komopwix 6 obpasye onpedensemcs enuuunoti copbyuu xkamuonos Ag*T u Ce3* oxcudom zpagena. B mo ce
epems, Oonee ocuosnvie ocaoumenu NHiOH u NaOH cnocobcmeyiom 6oree noanomy ocascoenuio
npeoulecCmeeHHUKO8 aKMuGHbIX KOMINOHEHMO8 HA OKcude pageHa u GopMupo8aHuio HAHOPAIMEPHLIX YaACMuly
Ag u CeO,. Kamamumuueckas axmusnocms o6pasyos Ag-CeO/GO 6 peakyuu 6occmarnosienus
4-uumpoghernona 8 4-amunogenon npu KOMHAMHOU meMnepamype 1 ammoc@epHom OAIeHUU 8 3a8UCUMOCTIU
OM UCNONBL30BAHHO20 8 CUHME3e Kamaauzamopos ocaoumens sospacmaem ¢ psoy NaOH < (NH2).CO < NH,OH

(koncmanma ckopocmu ospacmaem om 0,89 0o 3,77 mun’t).

Introduction. The CeO, employment in the Ag-containing catalysts contributes to stabilization of silver
nanoparticles and cooperation of Ag and CeO; active sites due to the features of metal-metal oxide interaction,
which in turn leads to an increase of catalytic activity in oxidation [1] and reduction processes [2]. In order to
enhance the stability and specific surface area of the Ag—CeO; system, a primary support is used, for example,
graphene oxide. Nanosized particles of active components are formed on graphene oxide due to its developed
surface and abundant oxygen-containing functional groups [3]. A number of papers [3-6] has been devoted to
Ag and CeO; particles deposited on graphene oxide, where the deposition of the active components has been
carried out by a precipitation of Ag and CeO; precursors with basic compounds (NH4OH, NaOH, urea (NH2).CO

solutions). However, it is not possible to establish an exceptional effect of a precipitant on Ag and CeO;
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nanoparticles formation based on these works due to the different ratios of catalyst components, temperature
modes, and other synthesis conditions. This work aims to study the effect of the precipitant nature under
otherwise equal synthesis conditions on the physicochemical properties of Ag and CeO, particles supported on
graphene oxide, as well as to study their catalytic activity in the 4-nitrophenol reduction reaction.

Research methods. Graphene oxide (GO) was synthesized by the oxidative treatment of graphite powder
according to the modified Hummers method [7]. Ag- and CeO2-containing catalysts were prepared by the
deposition-precipitation method using AgNO3z and Ce(NOs)s as the Ag and CeO; precursors onto graphene
oxide. Precipitation was carried out with the solutions of NH4OH (Ag-CeO2/GO_NHs), NaOH
(Ag-Ce02/GO_NaOH), (NH2).CO (Ag-CeO2/GO_carb) or (NH2).CO with preliminary neutralization of the
support acidity with a small amount of NH4sOH (Ag-CeO./GO_carb_neu). The prepared samples were
characterized by a set of physicochemical methods: powder X-ray diffraction (XRD), thermogravimetric analysis
(TGA), etc. The catalytic activity of the samples was studied in the 4-nitrophenol to 4-aminophenol reduction
with sodium borohydride NaBH, at room temperature and atmospheric pressure in an aqueous medium.

Results. According to the XRD data, the Ag-CeO»/GO_carb sample is characterized by a set of
diffraction peaks that are attributed to the defective cubic CeO, phase with enhanced cell parameter. Silver
species signals are absent in the sample, which may be associated with low amount of silver and/or presence of
small Ag clusters. In addition, the peak at ~13° 20 attributed to the GO ordered layer structure mostly retains in
the sample, which may indicate active components’ distribution mostly on external surface of the GO folded
layers or “stacks”. At the same time, the peak at ~13° 26 and the peaks of the defective cubic CeO, phase for the
Ag-Ce0,/GO_carb_neu sample possess lower intensity. This is caused by intercalation of active components
into the GO “stacks” and more uniform distribution of active components as very small particles/clusters. As for
the Ag-CeO,/GO_NH; and Ag-CeO,/GO_NaOH catalysts, there are quite intense conventional diffraction peaks
attributed to CeO; and metallic Ag phases that demonstrate formation of nanosized particles up to 5 and 30 nm,
respectively. Absence of the peak at ~13° 20 for both samples indicate substantial distortion and wedging of the
GO layers by Ag and CeO particles.

According to the TGA data, the characteristic weight loss step at ~230°C attributed to the decarboxylation
process negligibly decreases in the Ag-CeO2/GO_carb and Ag-CeO,/GO_carb_neu samples. This is associated
with a weaker interaction of deposited silver and cerium species with the GO surface, which is accompanied
with lower residual mass values of 7.6 and 11.7 wt.%, respectively, in an oxidizing atmosphere. Unlike the
samples, where urea acts as a precipitant, the Ag-CeO,/GO_NHj3; and Ag-CeO,/GO_NaOH catalysts demonstrate
more quantitative deposition (the residual mass values of 20.3 and 27.8 wt.%, respectively) and a significant
decrease of the weight loss step at ~230°C due to Ag and CeO; interaction with the support.

The catalytic reaction of 4-nitrophenol reduction by the Ag-CeO./GO samples was monitored by
recording the UV-vis spectra of the reaction solution (Fig. 1a). Fig. 1b illustrates the kinetic data obtained from
the UV-vis spectra at wavelength of 400 nm (4-nitrophenolate absorption band). The Ag-CeO,/GO_NH3 catalyst
demonstrates the highest activity in the synthesized series (rate constant k = 3.77 min) due to the developed
active surface and interaction of Ag and CeO,. Lower catalytic activity of the Ag-CeO,/GO_carb (k = 1.26 min™)
and Ag-CeO2/GO_carb_neu (k = 1.73 min') samples can be associated with lower amount of the active components

because of non-quantitative precipitation with urea, which is consistent with the TGA and XRD results. The lowest
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activity of the Ag-CeO,/GO_NaOH catalyst (k = 0.89 min™) may be caused by large Ag particles formation (according

to the XRD data) with a small active surface that leads to the decrease of catalytic activity.
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Fig. 1. UV-vis absorption spectra evolution of the reaction solution (a) and the kinetic curves of 4-nitrophenol
reduction with the Ag-CeO,/GO catalysts (b)

Conclusion. Thus, the effect of the precipitant nature on the Ag-CeO./GO active surface formation has
been revealed. Depending on the precipitant used in the synthesis of the catalysts, rate constant of the catalytic
4-nitrophenol reduction process increased in the series NaOH < (NH;).CO < NH,OH from 0.89 to 3.77 min. To
obtain the most active catalysts according to the procedure, the precipitant should be basic enough to precipitate
the active components’ precursors quantitatively and promote their interaction. At the same time, the precipitant
should not lead to excessive increase of nanoparticles’ size and, as a result, active surface decrease.

This work was funded by the State assignment (Goszadanie) of the Ministry of Education and Science of
the Russian Federation (project number FSWM-2020-007).
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Abstract. The processes of photocatalytic evolution of H, from HCOOH solutions under the visible light in the
presence of Ta-containing metal-ceramic composites based on silicon nitride in the absence and with the
addition of H,O, are studied depending on the concentration of the substrate and the pH of the suspension.
It has been established that the dependence of the rate of photocatalytic hydrogen production on the

concentration of HCOOH follows to the Langmuir—Hinshelwood mechanism.

BBenenne. YcraHoBieHa BBICOKas IMPOM3BOIUTEIBHOCTD >KEJIE30COAEPIKAIINX KOMIIO3UTOB Ha OCHOBE
HUTPUAA KPEMHUS U CHaJOHa, rnojydeHHbIXx MeTogoM CBC, B npouecce GoTOKaTAIMTHYECKOTO TeHEPUPOBAHUS
H> mpu paszmoxeHHHM OpraHMYECKUX BemIeCTB B ycloBmiX Y@ oOmydenus [1]. DddexkTuBHOCTH CBs3aHA C
COYETaHWEM MPOIECCOB T'€TEPOreHHOTO M TOMOTeHHOTo (hpoToKarannsa Ouarojapsi HUIMYMIO B KEPAMHUYECKHX
KOMITO3HIUSIX IMUPOKO30HHBIX MOIynpoBOaHUKOB (SisNa, SizAlzO3Ns) u dasel Mertammuueckoro jxenesa.
s cmenerns  (hOTOKATATUTUYECKONH aKTUBHOCTH KOMIIO3HTOB Ha OCHOBE HHUTpPHAA KPEeMHHS B 00JacTh
BUAMMOTO CBeTa KepamMH4ecKas MaTpuma Oblla MOAM(DHUIMPOBAHA IOIYIPOBOAHUKOBBIMU COCTHHEHUSIMU
tantana (TaON, TayOs). Ilpu oleHKe NPOU3BOAUTEIHLHOCTH Ta-coaepiKalluX KaTaln3aTOPOB B IPOIECCE
TeHepUpoOBaHus BoJopoaa u3 kapooHoBbIxX kucioT (H2C204, HCOOH) nmpu ob6nydernn Y@ U BUANMBIM CBETOM
yCTaHOBJICHa HaWOOJbIIAsi aKTHBHOCTH 00paslia, CHHTE3UPOBAHHOTO a30TUPOBAHUEM (EPPOCHINKOATIOMUHUS
(®CA) ¢ nobaskoit B muxty 10 % Mmac. TaHTana, 4TO OOYCIOBJIEHO €ro JIy4IIMMH MOP(OIOTHYECKUMH H
onrtudeckuMu cpoiictsamu [2]. [Ipencrasnsercs akTyalbHbIM UCCIEIOBAHNE KHHETUUYECKUX 3aKOHOMEPHOCTEN U
BimsiHUS pH pacTBOpa At ONTHMU3AIMHN YCIOBUH (DOTOKATATUTHYECKOTO TPOIiecca MOJTydYeHHs BOAOPOIa.

Ilens paboThI: ycTaHOBIIEHWE KHHETHUECKUX 3aKOHOMEpPHOCTEH B mponiecce nmosydenus Hp u3 HCOOH B
NpUCYTCTBUH Ta-cofepiKammx METaUTIOKepaMHYECKHX KOMIIO3UTOB Ha OCHOBE HUTPHAA KPEMHHS B yCIOBHUSAX

BUANUMOTO U3JIYyYCHUS.
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JKcnepuMeHTaNBHAs YacTh. B pabore mccie0BaH KOMIIO3UT, MOJTYYCHHBIH METOOM aBTOBOJIHOBOTO
roperust B azote ®CA ¢ mobaBkoit merammmdeckoro TaHtana (10 % mac.). OueHky (HOTOKATATUTHYESCKON
AKTHBHOCTH KOMIIO3HTa MPOBOJMIN MO 00BEMY BBIACIMBIIErOCs BOJOPOAA METOJOM ra30BOH Xpomarorpadun
(xpomarorpad «Kpuctama 5000.1», Poccus). B kauecTBe MCTOYHHKA BHIMMOTO H3JIYYEHHS HCIIOJIB30BAIH
ceeroquoanyro gamiy DIORA 30 npomsBoactea 3A0 «Dustex-OHepro» (Tomck) ¢ muamazoHoMm 410-750 HM.
B kadecTBe «oKepTBEHHOTO» peareHTa nccienoBanu pactsop HCOOH.

Memoouxka sxcnepumenma: naBecky kommosura Maccoi 200 Mr nomemany B peaktop eMkocTbio 100 mi
u 3anuBanu 20-10 mu pactBopa HCOOH, 3arem npu HeoOxoaumoctn pobasisu 0,2 mi 0,1 M H20,. Peakrop
TepMETUYHO 3aKpbIBAJIU U CTAaBUJIM Ha MarHUTHYIO MEIIAJKY, PACIOJIOKEHHYIO Nepe]l HICTOYHUKOM H3ITyYeHHUS.
[lepemermmBaemast CycrieH3UsT KOMIIO3UT/PAacTBOP 10 Havaja oOimydeHns 6apOoTHpoBanach W3 OaUIOHAa a30TOM
JUISL yoaneHusl afcopOMpOBaHHBIX KaTaIM3aTOPOM ra3oB. B mporiecce oOmaydeHHs B peakTop MOAABald a30T C
MOCTOSIHHON ckopocThio (10 mu/muH). OTOOp mpo0® Ha aHANINM3 NPOM3BOAMIM B 3aKPHIBAIOLIYIOCS Ta30BYIO
munetky oobemom 100 mi mocie e€ 10 MuHYTHOH TpOMBIBKH a30ToM. COOp ra30BOi cMecH OCYIISCTBISIN B
Teuenne 10 MuHyT. Pacdyer KOHIEHTpauuii KOMIIOHEHTOB ra3oBOH CMECH MPOBOAMIA METOJOM abOCOJIIOTHOM
KaJHOPOBKH B mporpamme «XpoMaTdK AHATHUTHK 2.5%.

Jnst momydeHMs KHHETHMYECKUX 3aBUCHUMocTel wuccrnefgoBanu pactBopel HCOOH B wuHTEpBane
koHueHTparuit 0.026—0.8 M B orcyrcTBuM U ¢ go6aBkoit H,O». M3menenue pH cycnieH3un mpou3BOIMIN IyTEM
no6asnenust pactBopa HCl wiin NaOH no pH-metpy.

CkopocTh nporecca rTeHepUPOBaHNS MOJICKYIISIPHOTO BOJOPO/Ia OLICHUBAIH IO (hopMyIIe:

. R
V= C-Vpqp 610 [mmu.r[a]

T-12.4 MHEH
rae ¢ — koHueHtpanus Hz B rasoBoit daze, %; Vrz — 00bEM ra3oBoil MUIIETKH, MJI; T - BpeMs cOOpa ra3oBoii
CMECH, MHH.
Pesyabrarel. UccnenoBano BinusHue pH  cycnen3sum B uHTepBasie 1-8 Ha  CKOpPOCTb
tdorokatanurraeckoro BeigeneHus Ho nr3 HCOOH (ta6m. 1). Hanbombimas akTuBHOCTS HaOmomaerces mpu pH 2,
YTO, BEPOSATHO, OOYCIIOBJIEHO ONTHUMAIBHBIM COCTOSHHEM KHCIIOTHO-OCHOBHBIX ILIEHTPOB IOBEPXHOCTH U

cyOcTpata s mporecca aacopOIHH.

Tabnuya 1
Pesynomamul énusnus pH cycnensuu na ckopocmo svidenenust Hy us HCOOH na komnosume (10 %- mac Ta)
pH 1 2 3 4 5 6 7 8
V, MKMOJIb/MUH 1,73 3,87 0,73 0,40 0,01 ~0 ~0 ~0

Jns ycTaHOBJIEHHS MeXaHM3Ma (POTOKATAJIMTHYECKOTO BBIICICHHSI BOJOPOJA IOJydEHBI 3aBUCHMOCTH
CKOPOCTH TIpoliecca OT KOHIIEHTpanuu cyocrpara npu ontumanbHoMm pH. Ha puc. 1. mpuBenens! 3aBucumocta
ckopocty BeiAeneHus H, Ha xommo3ure B OTCYTCTBHM M ¢ nobakod H>O». BumgHo, uto mpucyrcteue H>O»
CHU)KAeT CKOPOCTH mporiecca, mpuuéM npu yBenmdeHnn koHnentparun HCOOH nabmromgaercs pe3kuil meperud
3aBucUMOCTH. OCOOEHHOCTBIO MPOIECCOB HA TBEPION MOBEPXHOCTH KaTaIU3aTOPOB SBISIETCS JIMHEHHBIA pocT
CKOPOCTH TIPH MaJbIX KOHIIEHTpAlMAX CyOcTpara ¢ BBIXOJOM Ha IUIATO NPH BBICOKMX KOHIIEHTpaUHUsX, YTO

MO3BOJISIET MPUMEHATH cxeMy Jlenrmiopa—XuHmensByna. Takas 3aBucumoctbh Habmonmaercs aiust HCOOH B
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orcyretBun H>O2 (puc. 1). [lng maHHOro mpoliecca NpeACTaBiIe€Ha JIMHEHHAS ammpoKcHManus YpaBHEHUS

Jlenrmropa—XuHiensByaa:
KCg
1+KC ] !

Vi, =k
rae VO - HavyajbHash CKOpOCTh mporiecca; K - koHcranTa amcopOimn; K — sadhekTuBHas KOHCTaHTa CKOPOCTH;
Co — xoHIeHTpalnus cybcTpara, mpeobpa3oBaHHoro B koopauHarax ypasaenus: Co/V = 1/k-K + Co/k (puc. 2).

Js1 axcriepumenta ¢ 1o6askoit HoO, poBomumi arpokcuMaruro 2-X y4acTkoB 3aBucumocti: 1) chcoon (0,026-0,26) M;

2) cncoon (0,39-0,80) M. [Mapametpsl ypaBHeHus JIeHrMopa—XHIIETbBYIA IPUBEACHBI B Ta0M. 2.

5 0.2
Vv=0.1907x+0.0199
4 0.16 - )
T R>=(.9930
E 3 0.12 +
g° =T
g s
g2 ~ o008
=
o —e— HCOOH/H202
Lo —=— HCOOH 0.04 -
0 T T T . W] T T ! .
0 0.2 0.4 0.6 08 0 02 0.4 0.6 0.8

Bpens, MHH Co.M

Puc. 1. 3asucumocms ckopocmu evioenenuss Hp Puc. 2. Anpokcumayus sKChepumeHmanbHuix OaHHbIX
Ha KOMNO3ume om HaA4a1bHOU KOHYEHMPayuu 6 Koopounamax ypasnenus Jlenemopa—Xunwenoeyoa
HCOOH 6 omcymcmeaue u ¢ dobaskoii H.O>

Tabnuya?
Tapamempul annpokcumayuy KCRepUMeHMAanbHbIX 0aunvlx ypasnenuem Jlenamopa—Xunuenbeyoa
[TapameTp B orcyrersuu H20; Jo6aska H,O2, C=10° M
cucoow, (0,026-0,26) M cucoon, (0,39-0,80) M
K, (Mons/m)? 9,59 52,5 1,47
K, MKMOIB/MUH 5,24 1,40 6,31
R? 0,99 0,99 0,99

3akJi0ueHne. YCTaHOBJICHO, YTO 3aBHCUMOCTh CKOPOCTH (POTOKATaJIMTHUECKOTO BBIAEIEHHS BOIOPOAA
ot koHueHTpaunun HCOOH mnoguuusiercs mexanusmy Jlenrmiopa—XuHIIEIbBYIA AJII MOHOMOJIEKYJISIPHOM
peakmmu. [lobaska H>O, mpuBoauT k cHmkeHHI0O ckopoctu BeigeneHus Ho, m3 HCOOH, mpuuém mpu Mambix
KOHIIEHTpAIMsIX cyOcTpaTa ajacopOIus MpoTeKaeT 3HAYUTEIbHO ObIcTpee, yeM BhiAeneHue Ho. IIpm Gompmimx
koHneHTpanusax HCOOH ckopocts BbyieneHus: H, 3aMeTHO Bo3pacTaeT, BO3MOXHO, MPH Y4acTUH Mpolecca

thoto-DenHToHA.
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VIK 53.044
KATAJINTHYECKASI AKTUBHOCTBb MATHUTOJJIEKTPHYECKUX HAHOYACTHUI]
C MATHUTOCTPUKIIUOHHBIM SIZIPOM ®EPPUTA MAPTAHIIA U IIbE3OJIEKTPHUECKOM
OBOJIOYKOM BA0ssCA0,15ZR01Tlo903
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CATALYTIC ACTIVITY OF MAGNETOELECTRIC NANOPARTICLES WITH
A MAGNETOSTRICTIVE MANGANESE FERRITE CORE AND PIEZOELECTRIC
BA0s5CA0,15ZR01TlogO3 SHELL
A.O. Urakova, R.V. Chernozem
Scientific Supervisor: Prof. Dr., R.A. Surmenev
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: rsurmenev@mail.ru

Abstract. In the present study, the catalytic activity of biocompatible magnetoelectric (ME) core-shell
nanoparticles (NPs) based on MnFe;O4 (MFO) and BaggsCaog15Zr0.1Tioe0s (BCZT). ME NPs were formed via
hydrothermal method. Rhodamine B was used a model dye. Prior to BCZT shell formation, magnetostrictive
cores were functionalized with oleic acid (OA) or polyvinylpyrrolidone (PVP). The solution with the dye and
nanoparticles of different concentrations was exposed to an alternating magnetic field with an amplitude of
150 mT and a frequency of 100 Hz. The efficiency of the model dye degradation reached more than 50% after
1 hour of exposure with magnetoelectric nanoparticle concentrations of 4 mg/ml and 8 mg/ml. Nanoparticles
based on PVP-functionalized MFO cores showed more effective catalytic activity compared to NPs based on the

OA-functionalized MFO cores.

Beenenne. Maraurtosnektpuueckue (MD) HaHOCTPYKTYphl BO MHOTHX HCCIIEIOBAHUSAX ITOKAa3bIBAIOT
BBICOKYIO 3((EeKTHBHOCTh B KadecTBE MarepHajoB Ui JiedeHus: paka [1, 2] u jgerpajanuu OpraHU4ecKhX
coenunenuit [3]. boaee Toro, coobImanocs 00 yIydIIeHUH JICUCHHUS paka, Korja MPUMEHSINCh KaK JISKapCTBO,
Tak ¥ Katanu3 [4]. Marauroanexkrpuueckrue HanodacTuisl (HY) ocobo mpuBnexaTeabHBI TEM, YTO MO3BOJIIOT
OCYLIECTBIISITh KaTaJn3 0e3 ydacTusl COKaTaJn3aTopoB WM JAPYTMX MoJeKyl. Takoi pe3ynsraT BO3MOXXEH
Onarojapsi TeHepalM Ha IIOBEPXHOCTH I1b€30000JI0YKM aKTHBHBIX (GopM Kuciopona. [lpu mnpunoxeHun
MepEeMEHHOT0 MarHUTHOTO MOJISl, MarHUTOCTPUKIMOHHBIE s/Jpa UCHBITHIBAIOT JIeOpManuio, KOTOpas nepeaaercs
MIbE303JIEKTPUYECKON 000JI0UKe, UTO BBI3BIBAET IOJISPU3AINIO 000JI0YKA MAarHUTOIEKTPUIECKOH HAHOYACTHIIBI
[3]. D10 mpuBOgMT K 06pPa30BaHWIO IMOBEPXHOCTHBIX 3apsIOB, KOTOPHIC PEArHpPyrOT C OKPYKAIOIIUMHU
MOJIEKYJJaMH ~KHCIIOpOJla ¥ BOABI C OOpa3oOBaHMEM CYNEpOKCHIOB M THAPOKCHIBHBIX PaJIUKalOB.
OTH CyIepOKCUABI U THIPOKCHIBHBIC PaJUKaNbl 3aTeM B3aUMOAEHCTBYIOT C OPTaHWYECKUMH 3arps3HSIOIIAMHE

BEIIECTBAMH W pA3jiaraloT WX Ha MoOo4YHble TPOoaykThl. OpHako B HWcciemoBaHduu [3] HCHOMB30BAIHCH
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HaHOYaCTHUIbl, B COCTaB MArHUTOCTPUKLIMOHHOI'O sApa KOTOPBIX BXOAUT TOKCHUYHBIN COF8204, YTO MOXCT

HCTAaTUBHO BJIMATH Ha PCHICHHUC 3aJa4du a,upeCHoﬁ JAOCTaBKH JICKApCTB. HOCTOIZHOIZ a.J'II;TepHaTHBOﬁ TOKCUYHBIM

AApaM SBIIOTCS] OMOCOBMECTHMBIE C BHICOKOH HAMarHNYEHHOCTHIO MATHUTOCTPHKIMOHHBIE sizipa (hepprTa MapraHIa.

A B KaueCTBe 3aMEHBI TTHE30JIEKTPIYECKo o6ommouku BaTiOs, ncmonb3yemoii B uccnenoBanmsx [1, 3], 6bUT BEIOpaH
6rocoBmecTrMBIN Bag gsCao 152101 TiogOs, KOTOpPBIit 00maaeT 6osee BRICOKHMHU IThE303ICKTPHUCCKIME CBOUCTBAM.

Takum o0Opa3oMm, [enbl0 [JaHHOW pabOTBI SABISAETCS M3YyYCHHE KATAIUTHYECKOH aKTUBHOCTH
MD HaHOYACTHUI] CHUCTEMBI «IIpO-000JI0YKa» HAa OCHOBE OHMOCOBMECTHMBIX MaTepuaioB, kak MnFe;Os n
Bao 85Cao 152101 Tio,9Os.

JKcnepuMeHTaJIbHasi 4acTh. CHHTE3 MarHUTOCTPUKLIMOHHBIX OHMOCOBMECTHMBIX siep (eppura
mapranma (MFO) u o6omouku BaggsCao 152501 TipgOs (BCZT) GbuT IpOBEIECH C TIOMOIIBI0 THIPOTEPMATBHOTO
mertoma. Jlos momyuenust siaep, peaktuBbl FeCls-6H,O, MnCly-4H,O u NaOH pacrtBopsutich B aBTOKIaBe B
70 Mt nenonm3oBaHHOM Boabl. CuHTE3 mpoBomwics mpu temneparype 200 °C B teuenue 3 4. Ilocie cuHTe3a
anapa (QyHKIIMOHAIM3UPOBaIH ¢ nomombio 0,2 MMOIb pacTBOpoB areHToB monuBHHIINHpponuaa (IIBIT) wmu
onennoBo# kucioThl (OK) mpu remneparype 80 °C B teuenue 30 mun. BCZT o6onouka Obuta CHHTE3MpPOBaHA B
TeueHune 24 dacos npu temneparype 200 °C. Jlist atoro sapa MFO momemanu B 60 M1 pacTBopa Ha OCHOBE
CaCly, BaCl»-2H,0, ZrOCl»-8H20 u TiCls. ITonyuennsie MD HY cymmnu B BaKyyMe B TEUCHHE CYTOK.

Jnst uccmemoBaHusl KatanuThdeckor aktuBHoctn MDD HUY MFO-BCZT B kauecTBE MOIEIBHOIO

kpacurens 6611 BeiOpan Pomamun B (Rh B). Konuenrpanust Rh B B nernonn3oBanHoi# Bojie cocTaBmsiia 2 MKI/MIL.

B nonyuyeHHbIi pacTBOp ¢ MOZEIbHBIM KpacuTeneM nomemanucs MO HY u moasepranuch BO3AEHCTBHIO
MarHuTHOTO moJs yactoroi 100 I'm m ammmurymoit 150 mTn. Konmentpamums M3 HY cocraBmsima 1 mr/wmi,

4 mr/mi u 8 Mr/mi B pactBope ¢ Rh B.
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Puc. 1. Kpuevie usmenenus omuocumenvro2o cooepcanus Rh B, nonyuennvie noo delicmeuem macnumino2o
nona 150 mTn u 100 I'y onss MO HY9 MFO-BCZT, sopa xomopuix ¢hynxyuonanuzuposanst 11BI1(a) u OK(6),

¢ konyenmpayuei 1 me/mn (3enénoiit), 4 me/mn (cunuii) u 8 me/ma (opandsicegulii)
Pe3yabrarbl. YCTaHOBIEHO, 4YTO YyBEJIWYEHHE KOHIEHTPAIMM MAarHUTOIEKTPUYECKUX HAHOYACTHIL

MPUBOIUT K YCKOpEHHE Tpolecca Aerpamanuu MoaenbHoro kpacurens Rh B. Hampumep, pacnman pomammna

mocturan no (51,8+4,4)% 3a 2,5 waca mma 1 mr/mn xoHnentpammu yactuiy MFO-BCZT, sapa KoTOpBIX
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(YHKLIHOHATU3UPOBAHbI OJICMHOBOM KHCIOTOM, a P KOHLEHTpauuu 8 Mr/mi coaepxkanne Rh B cHmkanoce 10
(18,542,4)% B Teuenue 2,5 yacoB. MD HaHOYACTHLBI, C siapamu, ¢yHKIHMOHanu3upoBanHeiMu [IBII, mo
cpaBHEHHIO ¢ MO HaHOYACTUIAMH, C SAPaMH, (yHKIMOHATM3UPOBAHHBIMH OJIEMHOBOM KHCIIOTOH, MOKa3aix
Ooiee MHTEHCUBHBIN PE3yIbTAaT KATATUTHICCKON aKTUBHOCTH. Tak Il pacTBOPOB KOHIICHTparmei 4 Mr/mir mpu
JUTMTEIBHOCTH BO3ACHCTBUSI MAarHUTHBIM MOJEM 2,5 4aca MarHUTORJIEKTPUYECKHE HAHOYACTHUIIBI, Y KOTOPBIX
anpa ¢pyaxknnonanusuposanbl OK, konnenTpanus Rh B camxanacs no (16,3+2,3) %, a mis MD HY, y koTopsix
anpa ¢yskunoHanusupoBanbl [IBII, mocturama snadenust (6,3+3,6) %. Takoil 3ddekT MOXHO OOBSCHHUTH
CTpoeHHeM 000J0YKH (YHKIMOHAIN3UPOBAHHBIX MarHUTONIEKTPUUECKUX HaHouyactun. [lo cpaBHeHHIO C
MarHMTOMIEKTPUYECKMMH HaHOYACTUI[AMH, MAarHUTOCTPHKLMOHHBIE spa KOTOPBIX (YHKIMOHAIM3UPOBAHBI
OJICMHOBOH KHUCIIOTOH, Y MArHUTOIEKTPHUCCKUX HAHOYACTHI], C sapaMu QyHKIHoHanu3upoBanaeiMu [1BI1, Ha
MOBEPXHOCTH THE30000JI0YKH HaOmonainock oOpasoBanne Menkux HaHodactuly BCZT oxomo 10 HM.
910 yBenuuuBaio 3¢ QeKkTUBHYIO IUIONMaas IIOBEPXHOCTH Mbe3000010uky y MO HY, uto npoxynunposaio 6onee
MHTEHCUBHOE 00pa30BaHME AKTHUBHBIX (OPM KHCIOPOJa, KOTOPHIE B CBOIO OYEPEAb B3aUMOJICHCTBOBAIHN C
MOJIETTBHBIM KpacHUTeJIeM, BBI3BIBAs €r0 JIeTpaaluio.

CTOUT OTMETHUTh, YTO YBEJIWYECHHE KOHIIEHTPALlMM MAarHUTORJIEKTPHUYECKMX HAHOYACTHI[ B pacTBOpe C
4 Mr/mMi1 1o 8 MI/MIT He TIPUBOJUT K YCKOPEHHIO JETpajlalliy poJaMruHa. Bo3MOXHO, 3TO BBI3BaHO ariioMmepanueii
HaHovyacTull MFO-BCZT, koropasi NIpyBOIUT K yMEHBIICHHIO WX 3(QQEKTHBHOW IUIONIAJM MOBEPXHOCTH VIS
MPOYLMPOBAHNUS aKTHBHBIX (JOPM KHCIOpOAa.

3akumiouenne. TakiM 00pa3oM, B pe3yiibTaTe MPOBEACHHBIX MCCIICIOBAHII YCTAaHOBICHO Haimaue MD cBOHCTB
B pazpaboranasix HY Ha ocroBe MnFe;O4 m BCZT, uto moarBep:kaaeTcs KaTanmuTHdeckol aktuBHOCTHIO HY mox
BO3ICHCTBIEM TMEPEMEHHOIO MArHUTHOIO TIONSl HAa MOJETBHOM Kpacutene Rh B. M3ydena 3akoHOMEpPHOCTb MEXIy
koHteHTparmeit MO HY u ckopocTtsio aerpaaanmu Pogamuna B. B nanpHelem miaHupyeTcst UCCeI0BaHkEe BIUSIHIE
MapaMeTpOB MArHUTHOTO NOJIs Ha A((EKTHBHOCTD KaTaIUTHYECKOH aKTHBHOCTH.

Hccnedosanue 8vinoaneno npu gunancosou noddepicke Munucmepcmea HayKu u 8bicuie20 00pa3oeans

P® (coenawenue Ne075-15-2021-588 om 1.06.2021) u epanma PH® Ne 23-23-00511.
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PHOTODEGRADATION OF 4-CYANOPHENOL USING OXIDATIVE PHOTOLYSIS
A.A. Fedorova
Scientific Supervisor: Prof., Dr., 1.V. Sokolova
Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050

E-mail: stasy fedorova@mail.ru

Abstract. The results of a study on photooxidation are presented 4-cyanophenol in aqueous solutions in the
presence of hydrogen peroxide microadditives different concentration. It has been established that the maximum
oxidation states are observed at photooxidation with a KrCl excilamp (222 nm) in the presence of hydrogen

peroxide with a concentration of 2.5 10-6 and reach 99%.

BBenenune. B mocneaHue Toxbl YBENHMUWIACH AKTYyaldbHOCTh MPOOJIEMBI 3arpsi3HEHUS CTOYHBIX BOJ
(hCHONBHBIMU 3arpSA3HUTEISIMU TaKUMH KaK THIPOKCHIIPOM3BOAHBIC OCH30J51a, KPE30Jbl, M HEKOTOPHIE APYTHE
Tunbl. B HacTosiee Bpemsi Ui yJaneHus (DEHONBHBIX COEJAMHEHUH M3 CTOYHBIX M IPUPOJAHBIX BOJ
HCTIONIB3YIOTCSI PEreHePaLMOHHbIE (IKCTPAKIHS, aJcOpOIHs, MOHHBIH OOMEH) M JAEeCTPYKTHBHBIE (XHMHUYECKOE,
AIMEKTPOXUMHIECKOE, (POTOXMUMHUYECKOE, (OTOITECKTPOXUMHUIECCKOS OKHCIeHHe) MeToabl [1]. AKTyanbHOCTH
HCCIIeIOBaHNS BO3ACHUCTBHSI CBETOBBIX M3TYUYEHHUII Ha pa3IUYHbIe 3arPSA3HUTEIH, TJIABHBIM 00pa30M CBSI3aHHBIE C
NPOMBIIUICHHBIMA ~ OTXOJAaMH, OINpEAesieTcss TeM, YTO XHMHYECKHE areHThl 4YacTo YCTOWYMBBI K
OMOpa3NIOKEHUIO M MOTYT HaKalUIMBaThCsl B NMPHUPOAHBIX BOJAX M IOYBAX, BBI3BIBAS PHUCKH JJISI 3JI0POBBS
YeJloBeKa. YIIbTpaHOoJICTOBOE UITyUSHUE SBJISICTCSI BXKHBIM CIIOCOOOM pa3pyIICHHs YCTOMYMBBIX XUMHYECKUX
COEIMHEHUH M HKCHJIAMIIBI Ha Pa3lWYHBIX SKCUMEPHBIX U YKCUIUIEKCHBIX MOJEKYJIaxX MO3BOJIIOT MCIIOJIB30BaTh
HCTOYHUKU H3JIYYEHHS C Pa3IMYHBIMHU CHEKTPaJIbHBIMH XapakTepucTukamu [2]. OHn ocobeHHO 3((eKTHBHBI
JUIA OYMCTKHU OT OPTaHMYECKUX 3arpsA3HUTENE, MOTOMY YTO ITOJIOCHI MX H3JIy4eHHUS COOTBETCTBYIOT 3HEPTHUSIM
JIUCCOIMAIIMN OCHOBHBIX CBS3M OPTaHUUECKUX COCIUHEHUI.

B Hacrosimee BpeMs NPOBOAATCS. MHOTOYMCIEHHBIE MCCIEJOBAHUS IO HPUMEHEHUI0 TOMOTEHHBIX
KaTaJlu3aTOpOB B IPOLECCaX OKHUCICHHUSA CIOKHBIX OpPraHWYECKUX coeAuHeHuil. OIHUM U3 IIUPOKO
NpPUMEHSEMBIX OJ00HBIX KaTaJIu3aToOPOB sBiseTcs nepokcu Bogopona (H20,). Hobasnenue H,O- B cuctemy B
coueTaHu ¢ Y®D-U3iIyuyeHHEM MO3BOJSET HE TOJIBKO YCKOPUTh AECTPYKIMIO HCXOIHBIX TPYAHOOKHUCISIEMBIX
OpPraHMYECKHUX COEIWHEHWH, HO W TPHBECTH K Oojiee MOJHON MHHEpaTW3aIi NPOMEXYTOUYHBIX MPOIYKTOB
Y®-okucneHus, TpH 3TOM B3aUMOJCHCTBYS C OPraHMYECKHMMH COCAWHEHHSIMH M KHCIOPOACOACPKAIINMHU
uarepmennantamu [3]. Jlns yckopenuss peakimu U 3(pdeKTHBHOCTH (POTOOKHCICHHSI OBLIA IPOBEICHBI

UCCIIeIOBaHMs 110 BIUAHUIO KoHIeHTpaiuu HoO; Ha Y ®-okucnenne BOAHOTO pacTBopa 4-1ipaHodeHona.
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Takum 00pa3zoM, LENbI0 JAHHOW PabOTHI SBJISUIOCH HCCIICJOBAHME BIMSHUS BBEICHUS MHKPOJ00aBOK
nepokcuzaa Bogopoga ¢ Y®-obnyuenuem skcunamnamu KrCl, XeBr Ha (OTOOKHCIHTENBHYIO ACCTPYKIIHUIO
BOJIHOTO pacTBopa 4-nnaHogeHoma.

JKcnepuMeHTadbHast 4acTb. OOBEKTOM HCCIENOBaHUS SBILLICS 4-mmaHo(eHoN, C XUMHYECKOU
unctoToii 98 % (pupma «ALDRICH»). CreKTphl TOTIONIERNs BOJHBIX PacTBOpoB 4-muanodenona (5x10°6 M)
peructpupoBaiu Ha criekTpoduryoprumerpe CM2203 (dpupma «Solary, Bemapycr). B kagectBe ncrounnko YO
W3Ty4eHHUs ObliIa HCIIOIB30BaHA UMITYJIbCHAS SKCHIaMIla Ha pabodnx Moiekyinax XeBr (282 am) ¢ mapamerpamu
AL = 5—10 uM, Wy = 18 MB1/cM?, f = 200 kI'Li, AIMTENbHOCTh UMITYIbCA 1 MKC, KOTOpas Oblia pa3paboTaHa B
Wuctutyte cunmbHOTOYHOM AnnekTponuku CO PAH, r. Tomck mox pykoBoactBoM mpocdeccopa Tapacenko B.O.
[4]. Hepoxcuz Bogopoaa (H202, w = 37 %) ¢ konnenrpanueii (5x10° M, 2,5x10° M, 1x10® M) ucnonssosanu
B KauecTBe J100aBku. OOIydeHne BOJHBIX PACTBOPOB UCCIIEIYEMOTO COSANHEHNUS IPOBOIUIIOCH B CTAI[IOHAPHOM
pexXHMe B KBapLIeBOM KroBeTe pasmepoM 1 cMm. Bpems o0OnyueHust BappupoBaiioch oT 1 MUHYTHI 10 160 MUHYT.

Pesyabrarhl. Ha puc. 1 IpuBeqeHs! CIEKTPHI HOTIOMEHU 4-1uanodenona ¢ KoHnenTpanueii 5-10°M B
BoJIe C mo0OaBKOH mepokcuaa Bomopona B cootHormeHusx (1:0,5 1:1, 1:2) 6e3 Y®-001ydeHUs] 3KCHIUIEKCHBIMA
namnaMu. B pesynerare mmrensHoro obmydenns 160 MUHYT He HaOMIOZAMH 3HAYUTENHHOTO (POTOPAZIOKEHHS
4-tmanodenona [4]. M3-3a HecoBmaseHus ero anuHbl BoyHbI ¢ sammamu KrCl (222 um) u XeBr (283um),
UMEIOIIMMHKCS Yy HAac B HaJIM4YHMM, MO3TOMY OBUIO pEIIEHO HCIOJb30BaTh J00aBKY IMEpOKCHAA BOJOpOIA C
koHuenrpaued (1:1; 1:0,5; 1:2). B pesymprare naxke 0e3 oOnydeHHss MbI HaOJIOAAaeM 3HAYUTENLHOE
YMEHbBIIICHHE WHTEHCHUBHOCTH TPU YBEIMYEHUM KOHIIGHTpAIMM MepoKcHaa Bojopojga B 2 paza (puc. 1).

IMpoucxoaut kapOokcuarpoBanue 4-nuanodeHona B mpucyrctBuu okuciuteass HoOz [5].

——1-p-cianophenol
——2-p-cianophenol+H202 1:1
1,2 —3-p-cianophenol+H202 1-0,5
4-p-cianophenol+H202 1:2

e
00

OnTHYeCcKan NAOTHOCTb, OTH.eA.
koS
[=2] =

o
S

220 240 260 280 300 320
[AnvHa BOMHbI, HWM

Puc. 1. Cnexmpuwr noznowenus 4-yuanogenona (5-107° M) 6 600e ¢ dobasxoii H0; 6 paznom coomuowenuu H6e3
obyuenus: 4-yuanoghenon bes nepexucu 600opooa (kp. 1), 4-yuanogenon+ H,O2 6 coomnowenuu 1:1 (xp. 2);

6 coomuowtenuu 1:0,5 (kp. 3); 6 coomunowenuu 1:2 (kp.4)

[Ipu nanbHeiimem obaydeHnn cmecu 4-nmanodenona ¢ H>Oz IPOUCXOIUT CABHT TIOJIOCHI TTOTJIONIEHUS C
245 HM B Gojlee KOPOTKOBOJIHOBYIO 00nacTh. B pesynbrare Habmonaercs yenemHoe nericteue Y@ obmydeHus
skcumammoit KrCl (222 um) Ha cMech u monHas AeCTPYKIuMs 4-1MaHo(EeHOIa B COOTHONIEHHH C MEPOKCHIOM
Bojopoaa (1:2) mociae 60 munyt obayuenus. Jlammna XeBr (283 um) naxe mociae 160 MUHYT OOJSydeHUs HE

nokasana 3¢ (heKTHBHOTO pe3ynbTaTa, TaK KaK He MoMaiaia Ha MaKCUMYM I0JIOCH 4-nimaHo(deHoma.
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12

—1-H202
0,8
4 — 2-Uv 60 min KrCl 1:0,5
= 3-Uv XeBr 160 min 1:0,5
4-Uv KrCl 60 min 1:1

——5-Uv KrCl 60 min 1:2

OnTUYecKan NNOTHOCTb, OTH.e 4,

220 240 260 280 300 320
JONUHa BOMHbI, HM

Puc. 2. Cnexmpor noznowenus 4-yuanogpenona (5-10°° M) ¢ 6ode ¢ H,0: ¢ pasnvim coomuouieniem
nocne obnyuenus: H,Oz (kp. 1), coomnowenue 1:0,5 KrCl ¢ meuenuu 60 munym (kp. 2), coomnowenue
1:0,5 XeBr (282 1um) ¢ meuenuu 160 mun (kp. 3); coomnowenue 1:1 KrCl ¢ mewenuu 60 mun (xp. 4);

coomnowenue 1:2 KrCl ¢ meuenuu 60 mun (kp. 5) 6 cmayuonaprom pesicume

BeposiTHO, MpH HEBBICOKUX KOHIICHTPAIMAX MEPOKCHIA BOIOPOJA B 00Iy4aeMBIX PacTBOPax OCHOBHBIM

HCTOYHHUKOM 00pa30BaHUs THAPOKCHIIBHBIX PAJAUKAJIOB ABISETCS (POTOIHM3 MOJICKYIIBI BOJIBI [TO0 PEAKIIUU:
H20 + hv — He + HO-

Ipu ucnone3oBannu H>Oz BO3MOXKHO MPOBEACHHE OKUCIUTEIBHBIX MIPOLIECCOB PA3HO# TITyOUHbI.

3akirouenue. Ha oCHOBaHMH MONYyYCHHBIX PE3yJIbTATOB MOXHO CHAENIATh 3aKIIOUEHHE O TOM, YTO YTO
COBMecTHOe Bo3jeiicTBre yd-usznydenus sxkcunamisl KrCl (222 um) u nepokcuna Bogopona (meron YD/H20,)
MO3BOJISIET MOYYUTh OOJiee BBHICOKHE MOKazaTedn 3PPEeKTUBHOCTH AECTPYKUHK 4-1iaHO(eHOoa B BHIOPAHHOM
KOHIICHTPAIHOHHOM JMara30He. YCTAHOBJICHO, YTO HCXOJHbIC KOHIleHTpanuu n00aBok HyO. B cucteme

OKa3bIBAIOT CYILIECTBEHHOE BIIMsHUE Ha (poToOKUCIeHne 4-nudpHOeHoNa.
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FORMATION OF GRADIENT COATING BASED ON ZrO: ON THE SURFACE
OF ZrB> WITH IMMERSION METHOD
N.E. Fedyanin, V.V. Shmakov, I.A. Fotin
Scientific Supervisor: Dr., A.S. Buyakov
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: nef2@tpu.ru

Abstract. In this investigation the possibility of making gradient ceramic material made of ceramics with a great
difference in coefficient of thermal expansion (CTR) using immersion method. Uniaxial cold pressing, cold
plasma treatment, vacuum sintering, X-ray diffraction (XRD), scanning electron microscopy (SEM) were used in
the investigation. ZrB,-SiC porous samples were made using uniaxial cold pressing of mechanically activated
powders and sintered in vacuum at 1600 °c. For better wettability samples were treated with cold plasma. ZrO;
coating were formed with immersion method by dipping in slurry from made of organic solvent. Samples from
slurry were immediately transferred in a vacuum furnace for sintering at 1800 °c with 5 MPa of pressure. As a
result, a possibility of forming ZrO,-ZrB, gradient composite were proved. Formed internal microstresses were
measured and investigated with XRD.

BBenenne. Ha naHHBII MOMEHT SIBIIACTCS aKTyaJbHOW MPOOJieMa TEIUIOBOW 3alMTHI KOHCTPYKIIHH,
paboTaromux Mpy BEICOKHUX TeMIlepaTypax, npessimarnmx 1500 °c. HampuMep, 3ammuTa HOCOBBIX o0TeKaTeen
KOCMHMYECKHX allapaToB, 3alllUTa KOPIYCOB JIBHTaTeNied JIeTaTeNbHBIX alllapaToB, M3ACIHA I JHUTCHHOU
npomslieHHocT! [1]. OmHUM U3 METOZOB pelIeHHs MpoOjieM HarpeBa BBICOKOTEMIEPAaTYPHBIX YCTAHOBOK,
HanpuMep, IBUTATeNIel PeaKTUBHBIX CaMOJIETOB SIBJISIOTCS Pa3JIMYHBIC aKTHBHBIE CHCTEMBI OXJIAKICHHS TaKue
KaK aKTUBHOE OXJIQXKJCHHE TOIUIMBOM, IUIEHOYHOE oxyaxieHue [2]. OnHaKo JaHHBIE CUCTEMBI HE SIBJISIOTCS
TEXHOJIOTUYHBIM PELIEHUEM, TaK KaK OHHU YCIIOKHSIIOT KOHCTPYKIIMIO U MIPOLECC IPOU3BOJICTBA.

WHbIM  pemieHWeM  JaHHOW  TpOOJeMbl  SIBJISETCS NPHUMEHEHHE  TEIUIO3aIUTHBIX  MOKPBITHH.
IlepcriekTUBHBIM M aKTUBHO  HCCIEAYEMBIM  HANpaBICHUEM  SIBIAIOTCA  MaTepualsl M3 Kjacca
BBICOKOTEMIIEPATYPHBIX KEpaMHK, Hampumep, aubopun uupkonus, ZrBy [3]. On oOnamaer BbICOKOI
TeMIleparypoi miaBieHus, ty,= 3000 °C, XUMHYECKOH HHEPTHOCTHIO M BBICOKOH MPOYHOCTHI0. OHAKO JaHHBIN
MaTepuan o00JamaeT BBICOKOW XPYIIKOCTBIO, BOSMOXKHOCTBIO OKHCIeHHsA a0 ZrO, mpu paboTe B Anama3oHe

BBICOKHX TEMIIEPATYP, & TaK:Ke BBICOKOM TEILIOMPOBOIHOCTRIO Topsika 57,8 Bt/(mK).
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VYcTpaneHue NaHHBIX HEJOCTAaTKOB BO3MOXHO C NMPUMEHEHHEM MOKPBITHS HA OCHOBE OKCHAA LUPKOHMUS,
ZrO,. lanHbIi MaTepual 00J1alaeT aHOMaJIbHO HU3KOH TerIonpoBoHOCTEIO B 2,5 B1/(M°K), npu aTom obnanas
JIOCTAaTOYHOM TeMIIepaTypoii IUIABICHHUS IS €0 IPUMEHEHHS B BHIIIE OMUCAHHBIX cIydasx, 2715 °C.

[IpemsatcTBieM k ¢dopmupoBannio HOKpeITHS w3 ZrO, Ha wmarpunme u3 ZrB; sBmsercs pa3HHna
kodpdunnentoB TtemioBoro pacmmperns (KTP) mamapix marepmanoB. Y ZrB: ko3p¢uIHEHT TEmIOBOrO
pacumpenus pasen 6.2:10-6 K [4], y ZrO; BenuuuHa Kod(QULHUEHTa TEMIOBOr0 PACHIMPEHMs COCTABISET
12.2-:10-6 K1 [5]. lannoe pasnuuue B KTP paccMaTpvBaeMbIX KEPAMHK HE JIA€T MOJYYHThb MOKPBITHE MyTEM
HEMOCPEICTBEHHOTO CIeKaHus WX B neyd. HaHeceHWe OKcHIa IUPKOHUS HA JAUOOPHUI LHUPKOHHS BO3MOXKHO
JUIIb METOJAaMHU XUMHYECKOro M (HU3MYECKOTO OCaXJCHMS BELIeCTBA W3 ras3a, METOJOM HCKPOBOTO
IUIa3MEHHOTO CIIEKAHUS, @ TAK)KE C UCIIOJIb30BAaHUEM TEXHOJIOTHH TOPSYETO MPECCOBAHUSL.

Lems paboTel — co34aHHE KOMIIO3HMIIMOHHOTO MaTepHalla ¢ KOMIUIEKCHOM TEIUIONPOBOJHOCTBIO, I7IE
(hpoHTABHBIN TETUIO3ANINTHBIN CIoW oOmamaeT OoOJBIEH TeMmepaTypoil IUIABICHHS, HO Takke W OoibpIieh
TETIONPOBOTHOCTBIO, & TBIIIbHBIH CIIOH, 0OpaIleHHBII K OCHOBHOM KOHCTPYKIINH — HU3KOH TEMJIONPOBOIHOCTBIO.

JKcnepuMeHTAIbHAsA YacTb. O6pa3iisl u3 ZrB; 6buTH MOTy4eHB! XOIOAHBIM OJTHOOCHBIM IIPECCOBAHUEM
¢ mocnenyromuM omxkurom npu 1600 °C B Bakyyme. [lng ymydineHHss CMauMBaeMOCTH Obla IMpOBEIEHA
00paboTKa XOJIOAHOM Ta3Moil B Teuenue 60 ¢ mpu yactote 00pabotku 1 000 I'm, sHeprum rwiasmer 0,32 k.
[TokpbITHE HAHOCHIIOCH OKYHaHHUEM 00pa3lloB B CYCHEH3UIO C CYOMUKPOHHBIM nopomikoM ZrOz. OkoHYaTeIbHOE
cnekanne kepamuk ZrB>—ZrO; ocymectisuiocs mox nasinenueM 5 MIla mpu temmnepatype 1800 °C B Bakyyme.
Pentrenoa3oBplif aHAIN3 MCCIEAYEMBIX KEpaMHMK OCYIIECTBISUICA Ha IOBEPXHOCTH M MOCIEIOBATEIbHO Ha
riryouHe 25, 50 1 75 MKM TIOJ] TIOBEPXHOCTHIO TOCTIE MUTH(POBKH ¢ TOMOIIBI0 TOHKUX aIMa3HBIX IACT.

Pesyabratbl. [lomydensl nopucteie oopasusl ZrB,—SiC, mopucrocth KOTOpBIX cocTaBmia 48 % 0e3
MPUMEHEHHs 100aBOK MM CIIEKaHMs, CHOCOOCTBYIOIIMX IOBBIIMIEHUIO MOPUCTOCTH. [loydeHHOE MOKphITHE
SBIISICTCA TPAAMEHTHBIM, YTO MOATBEP)KIACTCS PEHTreHO(A30BBIM aHAIN30M, pUCYHOK 1. dDa3oBBIf cocTaB
MOBEPXHOCTH HCCIIEAYyEMBIX KepaMHuK mpeacTaBieH ZrB; u kybuueckoit momudukanuein ZrO, (52,13 %).
Ha rnyOune 25 MKM OT NMOBEPXHOCTH CyMMapHasi OTHOCHUTENbHAas MHTEHCHBHOCTh Pe(dIeKCOB KyOMYEeCKOro

OKcH[Ia UPKOHUS cocTaBisiia 31,88 %, Ha rmyoune 50 Mxum 3,64 %, a Ha riryOuHe 75 MkM MeHee 1,5 %.

L

A ZrBy
+ HKyb. ZrO2

L A

Puc. 1. a. Muxpocmpyxmypa, 6. @az08bviti cocmag ucciedyemou Kepamuxu
3akmouenne. [lokazaHa BO3MOXKHOCTh (POPMHPOBAHUS IMOBEPXHOCTHOTO TPAJAUCHTHOTO ITOKPBITHS

HMMEPCUOHHBIM METOJAO0M, I'I€ MaTeprall MaTpulbl, ZrBz, MaTtepurall HOKPBITUA — ZI’Oz, O6J'Ia,£[aIOT Ppa3IMIHbIM

K03((UINEHTOM TEIIOBOro pacmupenus. MccinenoBaHue MUKPOCTPYKTYpPHI MOKa3ajo, 4To chopMHpOBAaHHOE
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MNOKPBITHE  OTJIMYAeTCsi OONbIIEH IUIOTHOCTBIO, YeM MaTpuia, a MHTepQelc MaTpuia-IoKpbITHE
XapaKTepu3yeTcss OTCYTCTBHEM Jie(eKTOB B BHAE HecIlomHOcTed W TpemuH. [lo  pesynbraram
PEHTTeHO(A30BOT0 aHAIHM3a BUIHO, YTO CTPYKTYpa IOJyYEHHOTO MOKPBITHS UMEET NMEPEXOJHBIA, TPaUeHTHBIN
COCTaB OT MMOBEPXHOCTHU 00pa3na K €ro HeHTpy.

Paboma evinonnena 6 pamkax cocyoapcmeennozo 3aoanus UPIIM CO PAH, mema Homep FWRW-2021-0009.
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VJIK 691.175.2+537.226.4
HOJIYYEHUE U UCCJIEJJOBAHUE CBOMCTB MATHUTOAKTUBHBIX CK3®®O.1JI0B
HA OCHOBE COIIOJIMMEPA BUHUWJINJAEH®TOPUJA U TPUOPTOPITUIIEHA
N MOAUPULITUPOBAHHBIX HAHOYACTULl MATHETUTA
A.A. ®etncosa, B.B. borsun
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SYNTHESIS AND INVESTIGATION OF THE PROPERTIES OF MAGNETOACTIVE SCAFFOLDS
BASED ON A COPOLYMER OF VINYLIDENE FLOURIDE AND TRIFLUOROETHYLENE
AND MODIFIED MAGNETITE NANOPARTICLES
A.A. Fetisova, V.V. Botvin
Scientific Supervisor: Prof., Dr., R.A. Surmenev
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: zerospace25@gmail.com

Abstract. This study devoted to the synthesis of magnetoactive scaffolds based of copolymer of vinylidene
fluoride and trifluoroethylene (P(VDF-TrFE)) and modified FesO4 nanoparticles as prospective materials for
various fields of medicine. Pure and composite P(VDF-TrFE) scaffolds with 5, 10, and 15 wt.% of modified
Fes04 nanoparticles were fabricated by electrospinning method. Study of composition, morphology, and other
properties demonstrates that all obtained scaffolds have beads-free fibers about 1 wm, uniform distribution of the
magnetic filler, and quite high values of saturation magnetization, which are consistent with the content of
magnetic FesO4 nanoparticles.

BBenenne. MaranTosneKTpUYecKne KOMIIO3MIMOHHBIE MaTepuaibl SBISIOTCA IE€PCHEKTHBHBIMU
00bEKTaMH HCCIIeIOBAaHMSA, ITTOCKOJIBKY HAaXOIAT IIMPOKOE NPHMEHEHHE HE TOJbKO B MEIWIMHE, HO U B
MHKPOJJIEKTPOHHUKE, TIPH H3TOTOBICHHH CEHCOPOB M JPYTHMX COBPEMEHHBIX «YMHBIX» ycTpoucts [1].
3HaYMMOCTh TAaKMX MaTepHajoB OOYyCIOBIEHAa, B TOM HYHCIE, H WX CIHOCOOHOCTBIO TPOSBIATH
MarHUTOIEKTpUICCKUHA 3B (HEKT, KOTOPHIA MOKET OBbITh PEaaH30BaH, HANPHMEP, 38 CYCT BO3JACHCTBUS HA
MaTepHall MarHUTHBIM II0JIEM, YTO MOXET OBITh BOCTPEOOBAaHO NpPHM HEWHBAa3MBHBIX crocobax yeueHus [2].
MarHuToIeKTpUYECKHe KOMIIO3UIIMOHHBIE MaTepuaibl IMPEUMYIIECTBEHHO BKJIIOYAlOT B CBOW COCTaB
MbE30aKTUBHBIA TOJIMMEP W MAarHUTHBIM HANOJIHWUTENb, MMEIONINE SKCIUTyaTAIlMOHHBIC MPEHMYINECTBA II0
CPaBHEHHIO C AHAJOTMYHBIMH MAarHWTO3JIEKTPHUECKUMH MAaTepHalaMH Ha OCHOBE TOJIBKO HEOPTaHMYECKHX
coenMHeHHU. B KadecTBe Mbe30moiamMepa MIMPOKO HCHOMb3yioT nonu(BuammuaeapTopun) (PVDF) wumm ero
COIOJIMMEPHI € TPU(PTOPITHICHOM KaK KJIacC MOJIMMEPOB C HAWIIYUYIINMH MbE303JIEKTPHIECKUMH CBOHCTBAMH,
PEATH3YIOLIMMHECS 3a CYET HAJMYUs Mbe30akTUBHOM B-¢hasbl [3]. Ilpu sToM, cononmumMep BuHMIHACHGTOPUIA U
tpudropsTuiiena (P(VDF-TrFE)) xapakrtepusyeTcss HauOOJBIIMM coAep)KaHHeM [-(a3bl BCICICTBHE ee

cTtabunu3anny, OO0YCJIOBIEHHOW cTepudeckuM d(PQPEeKToM TPU(GTOITUICHOBBIX MOBTOPSIONIUXCS 3BEHHEB.
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B kauecTBe MAarHMTHOTO HANOJIHUTENSI MOTYT BBICTYIIATh HAHOYACTHIBI MAarHeTHTa, KOTOpPBIE IPOCTHI B
MOyYCHHH, SABISFOTCS OMOCOBMECTHMBIMHM M XapaKTEPH3YIOTCS BBICOKHMH BEIHYMHAMH HAMarHUYCHHOCTH
Haceimenuss [4]. C TOukM 3peHHs] MONyYIEHHS MArHATOAKTHBHBIX KOMITO3HIHOHHBIX CK3()(OIIOB BaXKHOE
3HAUEHHE MMEIOT CII0CO0 CHHTE3a M BBEICHHS KOMIIOHEHTOB, XapakTep MX B3aMMOICHCTBHA M KOMIUIEKCHOE
BIIMSIHAE HAa CBOMCTBA MOJydYaeMbIX MaTepHAJIOB. JTa Hay4Has NpoOiieMa COrNlacHO JuTeparype ciiabo u3ydeHa,
YTO 3aTPYIHSET AATBHEHINYIO pa3padoTKy U BHEJPEHHE MarHTOAKTHBHBIX MaTepuasioB Ha ocHoBe P(VDF-TrFE).

Henbto paboOThl SBISUIIOCH MONYYEHHE MArHUTOAKTHUBHBIX CKaddonmnoB Ha ocHoBe P(VDF-TrFE) ¢
Pa3IMYHBIM COJep)KaHHeM MOIM(UUMPOBaHHBIX HaHouyacTHL FesOs m mcciemoBaHHMe HMX cocTaBa, (U3HKO-
XMMHYECKHX CBOWCTB M MMPHUPOIBI B3aUMOCHCTBHS MOJIMMEPA U MATHUTHOTO HATIOTHUTEIS.

JKcNepUMeHTAIbHAS YacTh. MaruutoaktiuBHble ckdddoiasr Ha ocHoBe P(VDF-TIFE) u HaHOUYacTHIT
MarHeTuTa MoJy4daad METOJOM JJIEKTPOCHMHHHUHTA. B kauecTBe pabouero pactBopa ucroib3oBanu 20 %-Hblit
pactBop P(VDF-TrFE) ¢ monekymsproit maccoit 300 000. I[Ipu cuHTE3€ KOMIO3UTHBIX CK3(M(OII0B BBOIUIH 5,
10 u 15 macc. % MoaudUIMPOBaHHBIX HAHOYACTHMII MarHeTHTa, B TOM 4ucie JUMOHHOH kucioroi (JIK),
KOTOphIe mosydanu no meroguke [5]. CtpykTypy u (a30Bblil COCTAB IOMYYCHHBIX MATCPUATIOB HCCIEIOBAIN
Metogamu MK-crektpockornmu u pertreHodaszosoro anammza (POA). Mopdoiaoruio HaHOYACTHII MarHETHTa 1
CKIhGOMIOB M3YYaTH METOJaMH CKaHHpyromed 3mekTpoHHo (COM) W ONTHYeCKOH MHKPOCKOIIHH.
MarHuTHbIE CBOWCTBa HCXOIHBIX HAHOYACTHI[ M KOMIIO3HTHBIX CK3()(onmoB ompenensuim ¢ MOMOIIBIO
UMITyJIbCHOTO MarHUTOMETPA.

PesyabTraTel. Mopdonorus u ¢da3oBblii coctaB moaubunupoanHeix JIK HaHOwWacTHll MarHeTuTa
(Fe304-JIK) mpencrasieHsl Ha pucyHke 1. [Tojy4yeHHbIe HAHOYACTHUIIBI UMEIOT CPEIHUE pasmep okoo 11,6 HwM, a
mudpakrorpaMma COIEpKUT XapakTepucThHueckue pediekcel, oTtHocsmuecs K (asze Fes30s HM3mepennas

HaMarHWYeHHOCTh HacklmeHnus HaHouacTul Fe304-JIK cocraBuna 62,0 emu/r.

(311)

MHTEHCUBHOCTb, OTH.€a

10 20 30 40
20, rpap

Puc. 1. COM muxpogomoecpaghua (a) u ougppaxmozpamma (6) nanouacmuy FesOs-JIK

Ionyuyennsie Ha ocuoBe Hanouactul] Fes0s-JIK cxkaddomnmsr P(VDF-TrFE) cormacuo aHanmmsy
onTryeckux MHKpogortorpaduii (Puc.2) UMEIOT CpeAHUI AHAMETP BOJIOKOH OKOJIO 1 MKM, XapaKTE€pU3YHOTCS
oTCyTCTBUEM JAe(EeKTOB M BHIMMBIX ariioMepaToB MarHUTHOro HamojHuTens. [locienHee MoxeT OBITH
oOycioBneHo mpupogor moaupuraropa. Wcnonp3oBanue JIK kak OZHOTO W3 MOTUPHKATOPOB HAHOYACTHUI]
FesO, B mpomecce uX CHHTe3a NPUBOJAWT K CHIDKCHUIO CKJIOHHOCTH YaCTHUI[ K arjoMepanuu. B ciydae
KOMIIO3UTHBIX CcK3(QdommaoB, Hammuue wmonekyn JIK Ha moBepxHocTH HaHowacti FesOs crmocobeTByer
JIOTIONTHUTEIPHO YCWJICHUIO CBSI3BIBAHUS MOJMMEP-HATIOJHHUTENb 332 CYET MEKMOJICKYIISIPHBIX BOJOPOIHBIX
CBsi3eil M AMMNONAPHBIX B3aumopeicTeuii. Kpome toro, MoauduiupoBannsie HaHodacTulpl Fe304 BAMSIOT Ha

cojiepkaHne  3JeKTpoakTuBHON P-daser  P(VDF-TrFE), koropas HampsMyl0 CBsi3aHa C BEJMYHHON
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NbE303JICKTPUICCKOI'O KO3(1)(I)I/ILII/IGHT3 NOJIy4yaeMbIX MAaramMTOaAKTUBHBIX KOMITO3UTHBIX CKB(I)(I)OJ'IZLOB.
I/I3MepeHHLIe BCJIMYMHBI HAMAarHM4YCHHOCTHU HACBIMICHUA MOJYUYCHHBIX KOMIIO3UTHBIX CKS(b(I)OJ'IﬂOB 3aKOHOMEPHO
OKa3aJINCh MPOTIOPITUOHAJIBHBI KOJIUYECTBY BBEACHHOIO MAarHUTHOI'O HAITOJIHUTEIA, YTO MO3BOJIACT BapbUPOBATH

MarHUTHBIC CBOMCTBA B 3aBUCHMOCTH OT Ha3HAUCHUS MarHUTOAKTHBHBIX MaTe€pHUalioB 1 o00J1acTu ux TIPUMECHEHUA.

Puc. 2. Onmuueckue muxpogpomozpapuu cxaghgonoos na ocnoge P(NDF-TrFE) (a) u eco xomnoszumos ¢ 5(6),

10 (8) u 15 (2) macc.% nanouacmuy Fe30s-JIK

SakiaoueHne. MeTo oM 3IEKTPOCIHHHUTA TTONYYeHbl MarHutoakTuBHeie ckddonasr P(VDF-TIFE) ¢
pa3NuyYHBIM COAEPXKAaHHEM MOIU(UIMPOBaHHBIX HaHO4YacTHL Fe30s. VYcTaHOBIEH cOCTaB, HCCIIEIOBAHBI
MOp(OIIOTHS U IPyTHe CBOHCTBAa MCXOMHBIX HaHOoYacTHH Fe304 m KOMITO3UTHBIX CKI(QOIIOB HAa WX OCHOBE.
INokazano, uro momudukarop maHouactun (JIK) mpusoaut k ycmnenuio B3ammoneiicteuii ¢ P(VDF-TrFE) u
OKa3bIBa€T BIIMSIHME Ha CBOWCTBA MAarHUTOAKTUBHBIX CK3(doimoB, B ToM yucie Ha MOP(OJIOTHIO BOJOKOH,
pacripeziesieHie B HUX HAHOYAaCTHIl MArHUTHOTO HAMOJHUTEIISI M €r0 CKIOHHOCTD K arJioMepaly.

Hccnedosanue evinonneno npu gunancosoti noooepaicke Poccutickozo Hayunozo ghonoa (npoexm Ne 22-73-00228).
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VK 547.972.35+615.322
BBISIBJIEHUE KOJUYECTBEHHOI'O COJIEPKAHUS ®JIABOHOUIOB B JINIIAMHUKE
USNEA BARBATA B 3ABUCUMOCTH OT APEBECHBIX ITOPO/] ET'O TPOU3PACTAHUSA
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THE QUANTITY ASSESSMENT OF FLAVONOIDS IN LICHEN USNEA BARBATA
WITH REFERENCE TO KINDS OF WOODY SPECIES
M. A. Fomicheva
Scientific Supervisor: Docent, Ph.D.G G.V. Larina
Gorno-Altai State University, Russia, Gorno-Altaisk, Lenina str., 1, 649000

E-mail: fomicheva.mariam.02@mail.ru

Abstract. The work presents results of research on the quantitative content of the sum of flavonoinds in the
lichen Usnea Barbata that grows in Gorny Altai. It is found that the content of flavonoids in Usnea Barbata
depends on the botanic kind of the woody species and on bioclimatic conditions of the region in Gorny Altai.
Different representatives of the mentioned biologically active agents characterize the presence of flavonoids in
the aqueous alcoholic extracts. The collected data is to be considered when a technology of advanced processing

of lichens from a mountainous region is proposed.

Beenenue. JIumaitnuk Usnea Barbata (Vcues 6opoaaras) — ato aumraiiauk poaa Ushea, mpeacrasiseT
coboif cuMOMO3 TrpubOB M BOAOPOCHEH. XUMHUYSCKHI COCTaB JIMIIAWHUKOB MPEACTABICH BEIICCTBAMU
MEPBUYHOTO ¥ BTOPUYHOTO MeTabonu3Ma. JIoCTaTOYHO XOPOIIO MCCIICOBAHHOM Cpely INIIAfHUKOBBIX KHCIIOT
ABJSIETCS ~ YCHHMHOBasi  KHCJIOTa, KOTOopas  oOnajaeT  IpPOTHMBOBUPYCHOH,  aHTHOMOTHYECKOH |
MPOTHUBOTYOEPKYJIE3HOH aKTHBHOCTBIO.  VcciieoBaHUSIMHM  YCTAHOBJEHO, 4YTO (DCHOJBHBIE METAOOJUTHI
JUIIAHHUKOB ~ 00jMajaloT  OMOJOTMYECKOW  aKTHBHOCTBIO  (NIPOTHBOOITYXOJIEBOHW,  aHTUMHUKPOOHOM,
AQHTHOKCH/IAHTHOM) 1 UCTIONB3YIOTCSI IPH JICUCHUH 3a00JI€BaHUH pasinyHo sTHomornu [ 1-4].

B PecniyOnuke Antaii OuopasHooOpasue JHMINAWHUKOB mpeactaBieHo 1572 Bumamu. IlpencraBuresu
JMIIAHHUKOB poja YCHes NpOU3pAcTal0T Ha CTBOJAX XBOMHBIX U JIMCTBEHHBIX JepeBbeB. Ilpu 3aroroBke
JPEBECUHBI OHU SABISIIOTCS OTXOJAaMHU BMECTE€ C KOPOM U BETBSAMH. YUMTHIBAas PEKPEALUOHHYIO 3HAUUMOCTH
pervoHa, IenecooOpasHbIM SBISIETCS HM3YYEHHE M BOBJICYEHHE B IEepepadOTKy IHMIIaiHMKOB poxa Usnea,
KOTOPBIE HAXOJAAT IPUMEHEHUE B MEAUIMHE, B MUIIEBON MPOMBIIUIEHHOCTH U B KOCMELIEBTHKE.

Lenbto mnpencTaBlIeHHOrO UCCIENOBAHUS SBISETCA BBISABICHHE KOJIMYECTBEHHOIO COJEPIKaHHUS
(h1aBOHOMAOB B 3aBHCHUMOCTH OT CyOCTpaTa MpPOM3pPACTaHMS JHUINANHUKOB M SKOJIOTHYECKUX YCIOBHH psna
(usnko-reorpaduecKuX NpoBUHINH ['opHOTO AnTast.

JKcnepuMeHTAJbHAsA YacTh. 71 KOJMYECTBEHHOTO OTPEAENICHISI CyMMBI (DJIaBOHOMIOB MCIIOJIB30BaH

MeTox nuddepeHnuaIbHoil ciekTpodoTomMeTprn. B ykazaHHOM MeToie B KadecTBE peareHTa HCIHOJIb3yeTCs
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pactBop AICIl3. OnTHyeckylo IUIOTHOCTh pacTBOPOB cHMManu Ha cnekrpodoromerpe «OHHKO 1201».
W3mepennsi mpoBOAMIM NPU aHANUTHYECKOW juimHe BoJdHbBI 412 HM. ConepkaHue CyMMbI ()JIaBOHOMIOB B
nepecyere Ha PyTHH, % B HCCIEIYyEMbIX SKCTPAKTaX PaCCUUTHIBAIM MO hOpMyIIe:

X=[(Ax-me - 1-100 - 25) / (Acr * Megpes + 50 - 25 - 1)] -100 %,
rae X — comepKaHue CyMMBbI (pIIaBOHOHMIOB, B %; Ay — ONTHYECKas INIOTHOCTh AKCTpakTa ¢ pactBopoM AlCls;
Mer — Macca CTaHAAPTHOTO 00pasnia PyTHHA, T Mcwpss — MACCA CBHIPBA, T.

PesyabtaTel. Ha pucynke 1 npencrasnensl nuddepeHnnanbHble CeKTPhl KOMIDIEKCHBIX COCIMHEHHN
¢dnaBonounos ¢ pearentom AICIl; Kommiekcst draBoHONIOB BomHO-cripTOBBIX 3KCTpakToB ¢ AlCl3 CocHbr
cubupckoit u ITuxtel oObikHOBeHHOW (CeBepo-Bocrounbiii Anrait) (Tabm.1) corylacHO NpenCTaBICHHBIM
muddepeHnInaNbHBIM CIIEKTPaM IIOTJIOMICHUS XapaKTEPU3YIOTCSI HECKOJIBKO WHBIM HA0OPOM HHIMBUAYATbHBIX
(hmaBOHONAOB, CpeAN KOTOPHIX PYTHH HE TOMUHHPYET.

[IpenBapuTenbHbIE pe3yIbTaThl CPABHUTEIBHOTO H3YYEHHS CIIEKTPOB ITOTJIONICHUS BOJHO-CIIMPTOBBIX
9KCTPAKTOB M3 HCCIEAYeMbIX PpAacTCHHH IIOKa3alH, YTO HCCIEIyeMOE JIEKapCTBEHHOE CBIPbE COACPKHUT
pasiuyHble TPYNIbl (hIaBOHOUIOB.

Tabnuya 1

Mecmo ombopa, cybcmpam npouspacmanust TUMAUHUKO8 U obujee codepicanue puasoHoudos

No Mecro u nata oTOOpa mpoosI CyGctpat npouspactaHust Cogepxanue
pOOBI JIUIIaHUKA ¢naBoHONIOB, %
1. Vnaranckuii p-oH, 2017 r. (FOro- JlucTBeHHHIIA CHOMPCKAs 0,12
Bocrounsrii AnTait)
2. Typouakckwuii p-oH, 2020 r. (Cesepo- [MuxTa 0OBIKHOBEHHAS 0,24
BocTounsrii Anraif)
3. Onrynaiickuii p-oH, 2020 r. CocHa cubupckas 0,43
(Llentpanbubiii Antait)
4. Onrynaiickuii p-oH, 2020 r. JlucTBeHHHIIA cUOUpCKasT 0,18
(Llentpanbubiii Antait)
5. CocHa cubupckas 0,40
6. Bepésa Oenas 0,08
7 Typouaxckwuii p-oH, C. Ke§e3eHL,u2022 JINCTBEHHMIA cHOMPCKast 0,11
8. r- (Cenepo-BocTouniii Auraii) [IuxTa 0OOBIKHOBEHHAS 0,19
9. Cocna cubupckas, 2020 r. 0,28
10. Onrynaiickuii p-os, 2020 r. Bepesa Oenas 0,11
11. (LlenTpasbHbIil ATaii) ITuxTa OOBIKHOBEHHAS 0,19
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Puc. 1. lugppepenyuanvuvie cnekmpol no2iowenus KOMNIeKcos QiagoHou008 00HO-CRUPMOBLIX IKCHPAKNOS
u3 Usnea Barbata ¢ xzopudom amomunusi: a) npoba Nel; 6) npoba Ne5; 8) npoba Ne2; 2) npoba Nell; d) npoba
Ne3; e) npoba NelO

Conepikanre CyMMbl (DTaBOHOMIIOB B MEpEcUeTe Ha PYTHH B BO3AYIIHO-CyxXoM chipbe Usnea Barbata
Cesepo-Bocrounoro u [{entpansHoro Anrast Haxojstcs B omuskux nquamazonax: 0,08 — 0,40 % u 0,07 — 0,43 %.
IMoBsIIeHHBIE KOTHYECTBa (GaBOHOMIOB BhIsBIIeHbI B Usnea Barbata, mpouspacraromieit na Cocue Cubupckoii
— 0,43 % (Llentpanbueiii Anrait) u 0,40 % (CeBepo-Bocrounsiii Antait) (Ta6m.1). MuHAMaIbHOE KOJIHYESCTBO
(dnaBonouoB coneprxutcs B Usnea Barbata, mpouspacraromieii Ha bepese 6emnoii.

3akiawuenue. Takum o6pazom, cojepikanue (aBOHOUIOB, HakaruBaeMbix B Usnea Barbata 3aBucut
0T OOTaHMYECKOTrO0 BHJA JAPEBECHBIX IMOPOJ, & TaKKe OT OHOKIMMATHYECKHX YCIOBUU psna (GH3HKO-
reorpaduueckux MpoBUHIMKA ['opHOro Anras. YKazaHHOE CIIEAyeT YYHUTHIBATH NPU pa3pabOTKe TEXHOIOTHH

rIyOOKOH 1epepaboTKH JIMIIAHHUKOB TOPHOTO PETHOHA.
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EFFECT OF CRYSTALLINE MODIFICATION OF ALUMINA SUPPORTS
ON THE FORMATION OF THE ACTIVE COMPONENT OF NiMo-CONTAINING
CATALYTIC SYSTEMS
U.A. Frolova!, A.S. Akimov?
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Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050
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Abstract. In this work, NiMo-containing catalytic systems were synthesized. Aluminum oxides of various
crystalline modifications (y-, 6- AI203) were used as carriers. The obtained catalytic systems were investigated

by a complex of physicochemical research methods.

Beenenne. OkcruaaM aqfOMUHHS TTOCBSIIEHO OTPOMHOE KOJIMYECTBO HAYYHBIX HCCIIEAOBAHUI B 00IaCTH
KaTanu3a W ajcopOIMM, IIOCKOJIBKY OHHM OOJIafaloT ONTHMAalbHBIMH TEKCTYPHBIMH XapaKTEPUCTHKAMH U
YHHUKAIIbHBIMH KHCJIIOTHO-OCHOBHBIMU CBOMCTBaMH, KOTOpBIE IO3BOJIIIOT HCIONB30BaTh HX B Pa3IMYHBIX
MPWIOKEHUAX (HarmpuMep, B KadecTBE COpOCHTOB, KAaTalIW3aTOPOB M HOCHUTENEW JJI aKTMBHOTO KOMIIOHEHTa
KaTanu3aTtopoB). Y OKCHIA ANOMUHHS €CTh Psi MOTU(MHKAIMN, OTIMYAIOIINXCS MEXIY COOOH CTPYKTypoit
KPUCTAJUTMYECKON  PEeIIeTKH, CTa0MIBHOCTBIO ¥ (PU3MKO-XMMHYECKMMH  CBOHCTBaMH  ITIOBEPXHOCTH.
TepmoauHamudecku ycroituuBas Gopma kopyHn (0-Al,O3) kak mpaBHIO, XapaKkTepu3yeTcsi HU3KOW yIenbHOM
MOBEPXHOCTHIO M TIO3TOMY IIPAKTUYECKH HE IPHUMEHseTCs B 00JacTH Karanu3a. Yamie Bcero B HaydHOH
MPaKTHUKE IPUMEHSIOT TaK Ha3bIBaeMbIE «METaCTaOMIBbHBIE» (POPMBI OKCHAA AMOMUHHA (K KOTOPBIM OTHOCSTCS
Y-, 6-, M-, 0-, -, k-Al203). B IpoMBIIIIEHHOCTH TpeMMYIIeCTBEHHO ucnonb3yercs y-Al,O3 [1, 2]. Do cBsazano ¢
HAJIMYUEM Y BbIIIEYKa3aHHOW ()OPMBI psijia CIECTYIOIINX CBOMCTB: HU3KAasi CTOMMOCTbD, TEPMHYECKasi CTAOUIBHOCTD,
WHEPTHOCTh (HampuMmep, K TOOOYHBIM peakIMsAM IPOTEKAIOIIMX B T'MIPOr€HH3AIMOHHBIX —IIpoLeccax),
(hopmyeMocTb (TO ecTh BO3MOXKHOCTB IOJTYUESHHUsI HOCUTEIS C ONpe/Ie]IeHHOM 3aJaHHO# ()OpMBI 1 pa3Mepa).

BBenenne HOBBIX TpeOOBaHMI K KadyeCTBY MOTOPHBIX TOIUIMB YBEJHMYMBACT aKTYalbHOCTH pa3paboOTKH

HOBBIX KOHKYPEHTOCIIOCOOHBIX OTEUECTBEHHBIX KAaTaIN3aTOPOB THIPOOYUCTKH HEPTIHBIX (pakumii. OgHnM u3

Poccust, Tomck, 25-28 anpenst 2023 T. Tom 2. Xumus

229



230

XX MEXAYHAPOAHAA KOHOEPEHIUA CTYAEHTOB, ACITMPAHTOB 1 MOJIOABIX
YUEHBIX «ITEPCIIEKTUBBI PAZBUTHUA ©YHIAMEHTAJIBHBIX HAYK»

(hakTOpOB, BIMSIOIIMX HA HCUEPIIBIBAIOLIECE yOaJICHUE CEPOCOJEPIKAIIMX KOMIIOHEHTOB, SIBIISIETCSl HAJINYUE B
CBIPbE a30TCOJCPIKAIINX M apOMaTHIECKUX COoeAWHEHWH. /o HemaBHEro BPEeMEHM HMHTEpEC MCCIEOoBaTeleH K
peakIisiM THAPOACA30TUPOBAHKS ObUI HEOONBIINM, TaK KaK COJEpKaHHE a30TCOACPXKAIINX COCAWHEHUH B
NPUPOJHBIX HE(PTSIX OTHOCHTENHHO HeBeNWKO. OAHAKO CHUTYyalMs MOCTENIEHHO HAadana H3MEHSATCA B CBS3HU
BOBJICUCHHEM B TEPEpa0OTKY TKEIBIX (CBEPXTSKEIBIX) He(pTeH M HU3KOKAaueCTBEHHBIX BTOPHYHBIX (DpaKIHi,
re CoAepKaHHe a30TCOMCPKALIMX COCTUHCHUI 3HAUUTENBHO BO3pacTaeT. B nuTepaTypHbBIX HCTOYHHKAX [3, 4]
BCTPEYAIOTCSl HECHCTEeMaTWyeckue (parMeHTapHble CBEACHHS O BBICOKOM aKTUBHOCTM B pEakIMsIX
THPOIca30THpOBans U rumpoecybhuposanus Ni(Co)Mo-comepkanmx KaTATMTHYECKUX CHCTEMAX, HAHECCHHBIX
Ha 3-Al,O03. B 3T0if CBs3M BeCchbMa aKTYaIBHBIM BHIWTCS CHHTE3 W HccienoBanme cBoictB NiMo-comepkammx
KaTaJIITHYECKUX CHCTEM, HAHECEHHBIX HA OKCHJI JTFOMHHHMS PA3IMYHON KPUCTALINYECKON MOTM(UKALIIH.

JKcnepuMeHTAIbHAsT 4YacTh. JI CHHTE3a KAaTaTUTUYECKUX CHCTEM HCIIOJIB30BAIN ClIEAYIOLIHe
KOMMEpPYECKHUE pEaKkTHBbI 0Oe3 JOIOJHHUTENbHBIX OMepaluii 10 OYUCTKE: TI'€KCaaKBAaHWUTPAT HHUKEJS
Ni(NO3);*6H,0, mucynphun wmomnbaena MoS, wmapku «Molysulfide», mncesmobemur AIOOH ot
000 «muMmOaficKkuil  crienUaTN3UPOBAaHHBI  XUMHYECKUI 3aBOJ KaTalW3aTOPOB», AIFOMOHUTPHUIHAS
xomnosurus Al/AIN or OOO «IlepemoBbie OPOIIKOBEIE TEXHOJIOTHKY. B kadecTBe MOJMOACH-CONEpKaLIero
COCAIMHEHUs] B COCTABE AKTUBHOTO KOMIIOHEHTA WCIOJB30BAIHM ITOJHOKCOMETAIIIATHOE COCIUHEHHE —
MOJHOJICHOBYIO CHHb. CHHB TIOJydalli C UCIIOJIb30BAaHHEM OPHUTHHAIBHON METOAWKH, ITOAPOOHO ONMHCAHHOH B
pabote [5]. Jnst mpUrOTOBICHHUS HOCHTENEH MCEBAOOEMHUT MpoKaiuBamu mpu temmeparypax 550 u 900 °C B
cpeie BO3AyXa NpU IMPOROJDKUTENbHOCTH 4 yaca. KaramuTnueckue CHCTEMBI TOTOBWIM C IPHUBICYEHHUEM
TPaAMIHOHHOTO METOJa IPONMHUTKU IO BJIAroeMKocTH Hocutens. [locne craguu TPONMUTKH, IMOJTydeHHbBIE
00pas3ipl ObUTH BBICYIICHBI U TIPOKAIEHBI B My(henbHoit neuu (ot 25 g0 400 °C).

H3MeHeHNe aKTUBHBIX KOMIIOHEHTOB Ha BCEX CTaJHMsAX CHHTE3a KaTAJIUTHYECKHX CHCTeM Oyzaer
KOHTPOJIMPOBATHCS ¢ MPHBJICYEHUEM CJIEIYIOMNX (U3NKO-XUMHUUECKNX METONOB HMCCIEAOBAHUS: CIIEKTPOCKOIINS
BuanMOi obmactu, Y ®-crekrpockomnust, UK-crekTpockonusi, peHTreH0(ha30BbIid aHAN3, PEHTTeHOCTPYKTYPHBIH
aHaJN3, CKAHUPYIOL[as 3JIEKTPOHHAS MUKPOCKOIINSI, MUKPOAJIEMEHTHBIH aHaIIN3 OBEPXHOCTH.

Pe3yabraThl. Pentrenosckue mudpakrorpammsr Hocutens (0-AlxO3z) 1 KaTaIuTHIECKO# CHCTEMBI HA €r0
ocuoBe (NiMo/6-Al;03) npusenens Ha puc.1. B 06enx obpasuax ¢uxcupyrorces psia pediekcos ot 30 go 70°.
Pedaekcsl, mpossisionuecs B obnactu yrioB 20~32,92; 37,44; 45,70; 46,81; 69,17° u COOTBETCTBYIOIINE MM
wiockocTu ¢ umHAekcamu (220), (311), (400), (0012), (440) yka3slBarOT Ha HaJW4We B oOpas3max OKCHIA
ANIOMHHUSL BBICOKOTEMIIEPATYPHOU KpucTamwnyeckod momudukanuu — 6-Al,O; (PDF #56-1186). Crout
OTMETHUTh, BECbMa CXOXHH NMpo(miIb AU(paKTorpaMM, B KOTOPEIX (PUKCHPYeTCsl MPAKTUUECKH OJMHAKOBBIN HaOOp
pediekcoB. OrcyrcrBre pediekco, o NiMO-comepKalx COeIMHEHUH, KOTOpbIe BXOIAT B COCTaB aKTHBHOTO

KOMITOHEHTA KaTaJTUTHYSCKON CHCTEMBI BEPOATHO CBA3AHO C UX HU3KHUM COJCPKAHUEM U BBICOKOM JUCTICPCHOCTBIO.
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5 15 25 35 45 55 65 75 85
20,°

Puc. 1. Penmeenosckas ougppaxkmozpamma oopazyos: 1) 5-Al,0s, 2) NiMo/5-Al,O3

3akarouenue. B pesynprarte mpoBeACHHBIX HccienoBanuil Obuti cuHTe3upoBanbl NiMO-comepxaiiie
KaTaJUTHYECKHE CHCTEMbl Ha OCHOBE OKCHJA aJIOMUHHS B BBICOKOTEMIIEPATYPHOW KPUCTALIMYECKOM
moupukanuu — 6-AlxOs. TlonydeHHbIe CHCTEMBI, ObLTH 0XapaKTEPU30BaHbI KOMIUIEKCOB (PHU3UKO-XHUMHUUECKUX
METOJIOB HCCIICZOBaHNS.

Paboma evinonnena 6 pamkax eocyoapcmeennoco 3adanus HMXH CO PAH, ¢unancupyemozo

Munucmepcmeom Hayku u gvicuieco 0bpasosanus Poccutickou @edepayuu.
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CORROSION RESISTANCE OF A TITANIUM ALLOY PROCESSED BY ELECTRON
BEAM FUSION OF VT6SV WIRE
Zeli Han, G.V. Lyamina, Shuai Li
Scientific Supervisor: Prof., Dr. V.A. Klimenov
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: hanzelizy@gmail.com

Abstract. In the present study, the corrosion resistance of VT6sv obtained on an electron-beam additive
manufacturing facility were studied. It is shown that the corrosion potentials and currents are comparable with

the parameters obtained by other authors.

BBenenne. brnoMenuuuHCKHE MaTepHanbl HW3TOTABIUBAIOTCS W3 MPUPOAHBIX WIH HCKYCCTBEHHBIX
MaTEepHaJIOB M YaCTO UCIOJB3YIOTCSA B KaUeCTBE MMIUIAHTATOB B OpPTraHW3ME UYeJIOBEKa JJIS 3aMEHBl yTpaueHHBIX
WK GONTBHBIX OMOJIOTHYECKUX CTPYKTYp B opraHm3me 4enoBeka [1]. C pocToMm mpoGiiemM CTapeHHs] HaceleHHUSI
MOXHJIBIE JIFOAW MOTYT CTpajaTh OT TakMX 3a00eBaHUil, Kak, HalpHUMep, apTPUT, IO3TOMY HOTPEeOHOCTH B
MCKYCCTBEHHBIX MMIUIAHTATAX JUIS 3aMEHBI TUC(HYHKIMOHAIBHBIX TBEP/BIX TKAHEN 3HAYMTEIBHO Bo3pacTaeT [2].
B cBs13u ¢ 3THM, B TIOCIIEIHNE JECATIIICTHS BCe OONbIIce BHUMAHUE YACNsIeTcs OMOMEIUIIMHCKIM MaTepHaIaM.
B 3aBHCHMOCTH OT KOHKPETHOTO IPUMEHEHHUS OHH MOTYT HCIIOJB30BATHCS B PA3IMYHBIX YACTAX Tella YeJIOBeKa.
Hcnonp3oBaHne OHMOMENUIIMHCKUX HCKYCCTBEHHBIX HMILIAHTATOB, BXKUBJISIEMBIX XHUPYPTHUCCKUM ITyTeM IS
BOCCTAHOBJICHUsI (PYHKIMHU TOPaKEHHBIX OOJIE3HBIO TBEPABIX TKAHEH, SBJISAETCS ONTHMAIBHBIM PEIICHUEM JUIs
nanueHToB. Cpok CiykObl MMIUIAHTaTa JOJDKEH OBITh KaK MOXHO JOJIbIIE, YTOObl YMEHBIIUTH KOJIHMYECTBO
3aMeH WUMIUTaHTaToB. Tak Kak cpela OpraHu3Ma SIBISIETCS CHIIBHBIM DIEKTPOJIUTOM [3], OZHON U3 KITFOUEBBIX
XapaKTEepUCTHK HUMIUIAHTOB SIBISETCS KOPPO3HOHHAS yCTOWYMBOCTH. THTAHOBHIE CIUIaBBI 00JANAIOT XOPOIIEH
KOPPO3HOHHOW CTOMKOCTBIO B OOJBIIMHCTBE Cped, XOpOlIeH OHOCOBMECTHMOCTBIO, BBHICOKOH IPOYHOCTHIO,
HHU3KHM MOJYJIeM YIIPYrOCTH U MEHBIIMM Y/EIbHBIM BECOM, YeM HeprkaBeromias cranb [1, 4, 5].

Lenpro naHHOW pPabOTHI SBISETCS OICHKA KOPPO3UOHHOW CTOWKOCTH O0Opa3loB THUTAHOBOIO CIUIaBa
BT6cB, monmy4eHHBIX 10 TexHOJoruu 3D -neyaTu, B OMOIOTHYECKOM PacTBOPE.

JKcnepuMeHTaIbHasA YacTh. OOpa3bl NOTyYEeHB Ha Ja0OpAaTOPHOH yCTAaHOBKE JIEKTPOHHO-TYyYEBOTO
aJTITHBHOTO MPOM3BOJCTBA, pazpadboranHoit B UDIIM CO PAH. Ilpouecc popmupoBanms obpasna U3 criaBa
BT6cB B BHae HPOBOJOKH auamMeTpoM 1,6 MM mpoucxoiun B Bakyyme npu nasienun 10°-102 Tla [6].

XuMHu4ueckuil cocTaB MccieryeMbIx ciiaBoB BT6cB mpeacrasien B Tabnuie 1.
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Tabnuya 1
Xumuueckuii cocmas mumaHoBbIX CHiagos
Marepuan Ti Al V Si | Fe| O H N C |Cymma mpounx
npumecein
BT6¢cB* OcHosa | 3,5-4,5 | 2,5-3,5 |<0,10[<0,15/<0,12| <0,003|<0,04|<0,50 0,30

*T'OCT 27265-87

Kopposuonnsie quarpammel noiyvanu Ha notenuuoctare CorrTest CS310 ¢ TpexaneKTpoIHOM sueUKoH.
B kadecTBe 3JIEKTpOJIMTa HCIIONB30BaM pacTBOp PuHrepa. B kadecTtBe pabouero 3meKTpojia MCIIONB30BAIA
obpasna u3 crutaBa BT6cB B Buze miactus (S = 2.5 cM?); B Ka4ecTBEe BCIIOMOTaTeI5HOTO AJIEKTPOMA U IEKTPOoIa
CpaBHEHHsSI — HACBHIIMIEHHBIE XJIOPHIACEPEOPSHBIC OSIEKTPONBL. Permcrpamiio MONMIPU3AIHOHHBIX KPUBBIX
nposoi oT -0.8 mo 0,8 B, ckopocTts pazBepTku moreHnmaiza 10 mB/c.

PesynbTarhl. Buemnuii Bug o6pasios pasmepoM 110x8x60 mm® nocie neyaTtu mpejcTasied Ha puc. 1.
ITocne ¢pe3epoBaHre OHHM HUMEIOT MICPOXOBATOCTh MOBepxHOCTH Ra mpumepno 3,2 Mrm. i manbHeHmmx

UCTIBITAaHUH MOJIMPOBKY U HUIM(OBKY 00pa3oB HE TPUMEHSITH.

E (B)

0,6 Fl—e—BT6¢B 1
e BT6cB 2
0,4 Fl—~—PBT6cB 3
0,2
0,0 |
,0,2 .
-0,4
-0,6 I
L L L L L L L L ]
-9,5 -9,0 -8,5 -8,0 -7,5 -7,0 -6,5 -6,0 -5,5 -5,0

log I (A/em?)

Puc. 1. Buewmnuii 6uo ob6pasyos nocie nevamu

Puc. 2. Kopposuonnvie ouazpammor BT6cs 6 pacmeope
Puncepa

Ha puc. 2 npencraBineHsl BoJbTaMIIEpHBIC KPUBBIE CIDIABA, MONyYSHHBIE I TpeX o0pas3noB. BumaHo, o
3HAYCHUSM MOTEHIMAJIOB, YTO MEXIy HUMHU HaOJrogaercss pa3dpoc mopsiaka 0,1 B. DTo BmosiHe A0mMyCTHMOE
3HAYCHHE JJIs TIOBEPXHOCTEH 0e3 mpenBaputebHoi 00paboTku. [Tpu 3ToM TadeneBckuil HAKJIOH IS KATOIHOTO
mpoIiecca, OTBEYAOIIETrO Pa3psaKe ICKTPOIUTA, MaI0 MEHICTCS IS MapauIe/IbHbIX U3MEPCHUN U COCTABIISACT
246, 259 u 230 MB, COOTBETCTBEHHO.

OCHOBHBIE TTapaMETPBI KOPPO3HH, PACCUUTAHHBIC U3 KOPPO3HOHHBIX AT PAMM, MPE/ICTABIICHBI B TAOJHILIE 2.

BumHo, 49TO CIUTaB JAEMOHCTPHPYET Mayble TOKH KOPpO3uM B Ouonormyeckod cpeme. OnHako s
KOPPEKTHOM OIICHKH MOJIYYEHHBIX MATCPUAIIOB MPEICTABILIO HHTEPEC CPABHUTD HAIIU TaHHBIC C Pe3YJIbTaTaAMH,
MOJMYYCHHBIMU JPYTUMHU aBTOpaMu. K TOMy k€ HM3BECTHO, YTO MpPU 3aMEHE TPAJAUIIMOHHBIX TEXHOJIOTHH Ha
3D-nieuaTh KOPPO3HMOHHASI YCTOWYMBOCTh MAaTEPUAIOB CHIDKACTCs. JIJIsi CpaBHEHHsI MBI HCIIOJIb30BAIHA JaHHBIC

JUJIA CIIJIaBOB OJIU3KHX I10 XUMHUYECKOMY COCTaBy.
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Tabruya 2
Hapamempor kopposuu BT6cs 6 pacmeope Puncepa u Ti6AI4V ¢ pacmeope Xenxca
O6pasert Lops , Lxop cps , CkopocTb Koppo3uH, | CpeaHsisi CKOpoCcTh KOPPO3uH, | -Exop, | ~Exop cps
MKA/CM MKA/CM MM/a MM/a MB MB
BTé6cs 1 0,408 0,0084 298
BT6ce2 | 0,357 | 0,375+0,029 0,0074 0,00773+0,00058 377 | 369+67
BT6cB 3 0,360 0,0074 431
Ti6AI4V [5]| - 0,434 0,0037 - 379 -
Ti6AI4V [7] - 0,16 - 0,0013 - -

Astops! pabots! [5] nsydanu crutas Ti6AI4V, mony4eHHBIH 3J€KTPOHHO-TYYeBOH TUIABKOM MTOPOIIKOB, B

CONIEBOM pacTBope XeHkca. [laHHBIH Marepwajq WMeeT HEMHOro Oouiblliee 3HaueHHE TOKAa KOPPO3UH U

COM3MEpUMBI 3HAYEHNUSI MMOTCHIHAIOB KOppo3un. B paGote [7] aBTOpBI MOMyYMIN 3HAYEHUS TOKOB KOPPO3HU

HUXKC B [IBa pasa, XOTsA 3TH BCIWYUHBI COU3MCPUMBI. OI[HaKO CTOUT OTMETUTH, YTO B HAIIEM CJiydac¢ MbI HE

NPUMEHSUIM HIIMGOBKY W MOJHMPOBKY IOBEPXHOCTH, KOTOpas 3aKOHOMEPHO NPUBOIAMT K YBEIHUCHHUIO

KOPPO3UOHHOHN YCTOMYUBOCTH.

3akarouyenue. B nmanHO# paboTe ObUIM M3y4YeHBI KOPPO3UMOHHBIE CBoHcCTBa BTOCB, momyueHHble Ha

YCTAHOBKEC JJICKTPOHHO-JIYYEBOI'O aJAUTHBHOTO MPOU3BOACTBA. HOKaSaHO, YTO NOTCHOHAJIBI U TOKHW KOPPO3HUHU

COM3MECPHUMBI C MApaMETpaMU, MOJYUYCHHBIMU APYTrUMH aBTOpPaMH. Taxum 06p8.30M Halllk MaTepuajibl UMCIOT

GoutpIIMie IEPCTIEKTUBHI IS TAJIbHEHIIIEH pa3pabOTKH ¥ MPUMEHEHHUS.
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Abstract. Currently, to improve the growth and development of agricultural plants, different physical methods of
influencing factors on seeds before sowing are widely used. The work shows that pre-sowing treatment of seeds
with thermal neutrons improved the realization of genetic information and contributes to the enhancement of
physical and biochemical processes. At the initial stages of seed germination in the results of the study it was
found that the irradiation of wheat seeds by neutrons primarily affects the germination energy and complete
germination. In this regard, we investigated the effect of barrier discharge at atmospheric pressure in three
variants. Experiments showed that the barrier discharge will give a positive effect leading to changes in physical
and morphological properties of wheat of its functional group NH, as well as growth processes plant

development is closely related to the activity and amount of the key enzyme of photosynthesis CO..

BBenenne. CymiecTByeT psii HAyYHBIX HCCIEJAOBAaHUN, CBUIETEILCTBYIONIMX O TOM, YTO BHEUIHHE
(hakTOpBHI IPH ONPEIENICHHBIX 103aX U YCIOBUSIX BO3JACUCTBUS MOTYT CYIIECTBEHHO U3MEHSTh CTPYKTYPY KIIETOK
pacTeHMs] U INPUBOJUTh K KOPEHHOM NEpPEeCTpOMKe pacTeHMs. Takke 3KCIEPUMEHTaJbHBIMU HUCCIEAOBAHUAMHU
JIOKa3aHO, YTO NPH BO3JCHCTBHM MOHM3UPYIOUIEH paguaniyd MOTYT OBITh M3MEHEHBl MHOTHE HACJIEACTBEHHBIC
NpU3HAKM W CBOMCTBAa pacTeHWH (SHEpPrusi NpOpaCTaHUs, BCXOXKECTh, JUIMHA KOPHEH, MJJMHA pOCTa,
CKOPOCHENIOCTh, YPOXKAHHOCTh, YCTOHYMBOCTh K OONE3HSIM, MOpo3oycroitunBocte U np. [1]. TlokaszaHo, uTo
ceMeHa 3JIaKOB Ha 00pabOTKy OTBEYAIOT I10-PasHOMY YTO CBSI3aHO, BEPOSITHO, CO CTENEHBIO BBIHOCIMBOCTH K
okHcuTeNbHOMY ctpeccy [2]. Tlo auTepaTypHBIM JaHHBIM, C HCIIOJIB30BAHMEM Pa3IMYHBIX METOJOB, B TOM
yrciae o0pabOTKM IUIa3MOM IOKa3aHO, YTO OapbepHBIH pa3psAl IOJIOKUTEIBHO CTHMYJIHPYET POCTOBBIC

TPOIIECCHI PACTEHHUH U MPUBOIUT K MOBBIIICHUIO IPOIYKTUBHOCTH [3].
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[Ipu BoO3nElicTBHE OGapbepHOro pa3psia BISBUIM, YTO IPHU aTMOC(HEPHOM JIaBJICHUH OapbepHBIA pa3psii
BIIMsIET HA (PU3NUECKHe U MOP(OJIOTHYECKHE XapaKTepUCTUKHU NIIeHUIBI copta «HaBpys», a IMEHHO, Ha JUTUHY
MIPOPOCTKA, pa3BUTHE U GOPMHUPOBAHUE KOPHEH BIHsIIa ¢ HEOOIBIIUME M3MeHeHnsIMI. OOpaboTka ceMsH ObLIa
npoBeneHa B UHcTHTyTe cmmbHOTOUHOW 3nektpoHukn CO PAH B maGoparopun Ilma3MeHHBIX HCTOYHHKOB.
OKCIIEpUMEHTHI 110 H3YYCHUI0 MOP(OJIOTHH NpoBeneHs B CHOMPCKOM HAyYHO-HCCIIEOBATEIECKOM WHCTHTYTE
ceNbeKoro xo3siicTBa u Topda - ¢umman COHLIA PAH. Bruto BBISBIEHO, YTO YYBCTBHTEIFHOCTh PACTCHUHN K
¢usmyeckuM (akTopam 3aBHCHT OT J03bI M BPEMEHHM OOpabOTKH, CIIOCOOHBIX NPHUBECTH K YBEIWYCHHIO M
W3MEHEHHIO MX MOP(OIOTHUECKIX XapaKTEPUCTHUK.

JKcNepuMeHTAIbHAsT YacTh. BbUT NPUMEHEH MCTOYHMK IUIa3Mbl HA OCHOBE 0aphepHOro paspsia Mpu
aTMoc(epHOM nasiaeHHH. OCHOBY HCTOYHHMKA COCTaBHJIA CTEKIIHHASA KfoBeTa 00beMoM 10 Mil, CTEHKH KOTOPOH
SABJISUTACH TUAIEKTPUIECKUM 0apbhepoM, Pas3eIsIFOLINM 3IEKTPOIBI Pa3psITHON CHCTEMBL.

YacToTa crnemoBaHUS HMITyJIbcOB cocTaBimsiia 71 klm. JIUTENPHOCTH HMMITYJIBCOB TOKAa COCTaBIsUIa
npuOIM3NTeNnbHO | MKC, NpH aMIUIUTyAe NpUONM3HTENBHO 12 MA, W TpH aMIUIMTYIE HAIpPSKCHUS
npubau3utensHo 290 B. Takum 06pazom, MOXKHO OIIEHUTH CPEIHIOI MOIIHOCTh, BKJIQJBIBAEMYIO B pas3psii, 3a

nepuo 1 ummnyinsca: 2x950 Bx0.012 Ax1-10° ¢x71-103 Ty = 1.6 Br.

Tabnuya 1
Iapamempor nnazmennoti 00pabomKu cemsH NULeHUYbl
Yacrora JnurenbHOCTH Amiuintyna Ammnuryna Bpewms Cpenuss
g HMITyJIbCOB, | HMMILYJIbCA TOKA, HaIpsDKeHNs, TOKa, MA 9KCIIO3UIINH, SHEPTHA,
Z § k' MKC B c BJIO’KEHHAS
= 2 B pa3ps,
Jx
1 71 1 950 12 60 97
2 71 1 950 12 120 194
3 20 7 950 13 60 368

Koakcuanpnas cucrema DJICKTPOAOB 06pa3OBaHa MHOFOOCTpPIﬁHBIM HEHTPAJIBHBIM 3JICKTPOAOM, IIOTPYKCHHOM B

TIOJIOCTD KIOBETHI, ¥ [IIIHHIPHIECKUAM 3JIEKTPOIOM, OXBATHIBAIOIINM BHEIITHIOK TIOBEPXHOCTH KIOBETHI (pHC. 1).

Puc. 1. Pazpaonas cucmema ucmoyHuxa niasmvl Ha OCHOBe 6apbepHo20 paspaoa npu ammocHepHoM 0aeieHuu.
1 — mpybra nodauu easa;2 — cmeKkisiHHAA KIO8ema,; 3 — 6HEWHULL INeKMPOO,; 4 — BHYMPEHHUL MHO200CMPULIHbILL

91eKmpoo
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Ilo pesynapraram SKCIEpHMEHTa BBISBICHBI ONTHMabHBIE YcioBHs 00paborku. [lpm ruazmeHHOMH
00paboTke ceMsH NIIeHUIBI 00paslpl 3arpyxamuch B KioBeTy. I[IpumeHsunch Tpu pexuMa o00paboTkwy,
mapaMeTphl KOTOPBIX IPUBeIEHBI B Tadmmie 1.

IIpopammsanne npoBoamiack mo 'OCT 12038-84 «CemeHa ceTbCKOXO3IUCTBEHHBIX KYIBTYP» B YalIKax
[letpu cemeHa packiafbIBaIn Ha JBYX-TPEX CIIOSIX C YBIaXHEHHOHW (DPUIBTPOBaHHOI OyMaru ceMeHa MoMeInann
B gamku [letpu mo 25 mTyK B TpeX MPOBOPHOCTSIX, C pa3HBIM HHTEPBAIIOM BpEeMEHH, B TeueHHe 24 4, 48 4, 72 4
u 168 4 HEOOXOJMMBIM BpEMEHEM OCTBIBAHMS IIIa3MBI C €KEJIHEBHO CEMEHa CMaYMBAIIM JHCTHUTUPOBAHHOM
Bogod. Yamku Ilerpu mocraBwim B Tepmocrar mapka TCO-1/80 CIIY. IlpopammBanue cemsiH ObLIM NpH
nepeMeHHbIX Temmeparypax no ['OCTy 12038-84, 20°C. Cormacmo I'OCT, Obuia ompeneneHa 3HEpTUs
MpopacTaHus Ha 3 CyTKH M BCXOXKECTb Ha 7 CYTKH, TaK)K€ ONPENENMIN MOP(OIOTHUECKHE XapaKTEPHCTHKH
00pa3IoB JIMHA U Macca IPOPOCTKOB, AJIHHA, U Macca KOpHEH.

PesyabtaThl. TakuM 00pazoM, OBLIO ONpENENeHO, YTO HAWIYUIINE MOKAa3aTeIH SHEPIUN IPOPACTAHUH
Ha 168 wacoB mims Bcex BapuaHToB, 1-muH/A, 1-MuH/B, 2 MUH, KOHTPONBHBIH BapHaHT OBUIM OIMHAKOBHI.
Ha cenpmble cyTku Obula OmpefesieHa BCXOXKECTh M3 IOJYYEHHBIX pEe3yJbTaTOB M BBISCHWIM, YTO JIydIlIHe
pe3yJbTaThl OKa3aJl BapUaHT, [IPU KOTOPOM, ceMeHa ObUIM 00paboTaHbl B TeUeHHE |-MHHYTHI-B, ¢ BpeMeHeM
OCTBIBaHUA IITa3MbI 00pa3na B TeueHue 48 yacoB. [limHa IpopoCTKa U AJTHHA KOpPHEH MOJCYUTaHa Ha CelbMbIe
cyTku. Kak BUIIHO M3 pe3ynbTaToB JydllIve MOKa3aTeIH JUIMHBI IPOPOCTKA U JJIMHBI KOPHEH ObLIM 3aMEYEHBI B
00paboTaHHBINA BapuaHT 2-MHUHYTHI 24- yacoB. [1o mpomecTBUM ceMH CyTOK HamIydIlee KOJINIeCTBO KOPHEH 1m0
CpaBHEHHE C JPYTMMH BapHaHTaMH MOKa3alu CIEAYIONIHe ceMeHa oOpaboTaHHBIN BapuaHT |-MuH/B, B TeueHue
48-yacoB. Macca TIPOPOCTKOB ¥ Macca KOpHEH Takxke OBUIM TOACYATaHBl HAa CEIbMBIE CYTKH.
[To sKcTIepuMEHTaIbHBIM JTaHHBIM MTOKa3aHO, YTO CaMblIi JIydimuii 3dexT amst 00omx BeIWdHH Jana oopadoTka
B BapHaHTe 2-MHUHYTHI uepe3 24 yaca.

3akmoyenue. Takum 00pa3oM, MOXKHO CHENaTh BBIBOJ, YTO 00pabOTKa CEMSH MINEHHUIIBI C MOMOIIBIO
OapbepHOro paspsia npu aTMOC(EpPHOM JaBJICHUM Jlajia TOJOXKUTEIbHBIH 3(PQEKT, KOTOphIH NpUBEN K
MOJIOKUTEIBHON JTMHAMHMKE pa3BUTHS CeMsiH MNuIeHHnbl. J{okazaHo, 4To 00paboTka CeMsIH IIIEHHIBI C
GapbepHOrO paspsiia Hpu aTMOoc()epHOM IABIEHHM BIHSET HAa DHEPTHIO IIPOPACTAHMS, BCXOXKECTh, JUIMHA
KOpHEH, IJIMHA POCTa MIICHHUIBI, B JaOOPAaTOPHBIX YCIOBHAX. M3 MOIYYEHHBIX HKCIIEPUMEHTAIBHBIX JaHHBIX
BUJIHO, YTO HAWJIYyUIINH pe3yibTaT JaJd CEMEHa IIIEHHUIbI, 00padOTaHHbIE B TEUCHHWE 2 MUHYT C 3aKJIAJKOH

ombITa yepes 24 gaca.
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ACID AND HYDROXYAPATITE BY PLASMA TREATMENT
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Abstract. The effect of low-temperature nitrogen plasma on the physicochemical properties of the surface of
composite materials based on polylactic acid/hydroxyapatite at a mass ratio of components (60/40, 70/30,
80/20) has been studied. Elemental composition of the composites surface before and after plasma treatment has
been researched by X-ray photoelectron spectroscopy. Phase composition of the composites were studied by X-

ray phase analysis. The contact angle was measured by the sessile drop technique.

Beenenne. KommosutHple Matepumansl Ha ocHoBe mnomminaktuga (I1JI) um rungpoxcumamatura (I'A)
MPEeACTaBISIIOT OOJBINON MHTEpeC IS PEereHepaTUBHON MEAWIMHBI B CHIIy TOTO, YTO IOJMMEPHl Ha OCHOBE
JaKTU/Ia CIIOCOOHBI pasjiaraTthCsi B JKMBOM OpraHm3Me 0Oe3 0oO0pa3oBaHMs TOKCHYECKHX COEIMHEHHH, a
HEOpPraHUYECKasl COCTABJIAIOIIAs — THAPOKCUAIIATUT, ABJIIETCS OCHOBHOM MUHEPAJILHON COCTABIAIOLIEH KOCTHON
TKaHu 4yenoBeka [1]. [lomumepHbie MaTepHaibl OTIIMYAFOTCS] HU3KOH CMaunBaEMOCTBIO, B TO BPEMsI KaK H3eIHs,
MpUMEHsIeMbIe B MEAUIUHE, JOJDKHBI 007a1aTh XOPOIIO Pa3BUTOH, THAPO(UIBHON MOBEPXHOCTHIO IS JIydIIeH
aJre3uN XKUBBIX KIETOK. MI3BECTHO, UTO MaHHAs Ipo0iieMa MOXKeET OBITh pellieHa ITyTeM H3MEHEHHSI XHMUIeCKOTO
cocTaBa, YTO, COOTBETCTBEHHO, NMPHUBENST K MU3MEHECHHUIO ITOKA3aTelll CMAaYHBaeMOCTH U OHOCOBMECTHMOCTH
MaTtepuana. IlomyngpHBIMH = SBIAIOTCS METOABI IUTa3MEHHOTO  BO3JICHCTBUS, CIIOCOOHBIE H3MEHATH
MOBEPXHOCTHBIE CBOWCTBa 0e3 ydyera OOBEMHBIX XapaKTEPUCTHK MaTepHala, YJydllaTh CMavylBacMOCTh M
MOBBINIATh IIEPOXOBATOCTh TOBEPXHOCTH. VICXOAS M3 BBHIMIECKA3aHHOTO, IIENBI0 JAaHHOW paboTHI SBISAETCS
HCCIIEIOBaHUE BIUSIHUS ITOBEPXHOCTHOTO MOJIUGPHUIHMPOBAHUS Ha (U3UKO-XMMUYECKHE CBOICTBA ITOBEPXHOCTH
KOMITO3MTOB Ha OCHOBE mNojuiaktuaa u ruapokcuanatura (IIJI/I'A) ¢ pa3iandyHbIM MaccOBBIM COOTHOLIEHHEM
(60/40, 70/30, 80/20).

JKcnepuMeHTAIBLHAs YacTh. [lomyyenne oOpa3noB komMnozuTHoro Marepuana [1JI/I'’A mpoBoaninock o
paHee npemioxkeHHol cxeme [2]. O6paboTKa IKCIEPUMEHTATBHBIX 00Pa3OB OCYIIECTBISUIACH C IPUMEHEHHEM
mrazmoreHepatopa «I[IMMHK» B moToke a3oTa corigacHO mpeacTaBIeHHBIM Hapamerpam (Tabi.l). DneMeHTHBINH
COCTaB TOBEPXHOCTH KOMIIO3UTOB 1O M TOCIE MOAH(DHUIMPOBAHMS HCCIEAOBAH METOIOM PEHTI€HOBCKOMN

dhoTosnextporHor cnektpockonuu (PO®IC) ¢ momompio PHIX-tool automated XPS microprobe. Jlanpreimuit
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aHaJIM3 DJIEMEHTHOIO COCTaBa OBLI INPOBENEH C HCIOJIb30BaHHMEM IporpammHoro obecneuenusi Casa XPS.
W3zydenue (a30BOro cocraBa KOMIIO3UTOB OCYLIECTBIIUIOCH C HMOMOLIBIO peHTreHogasoBoro anamusza (PDA).
P®A 6put mpoBeneH Ha audpakromerpe Shimadzu XRD 6000. JIns oueHKH CMadyMBaeMOCTH TIOBEPXHOCTH
HCXOIIHBIX 00pa3IoB U ©6pa3Hes Mocje MOBEPXHOCTHONH MOANGMHUKAINY IPOBOIMIN N3MEPEHHE KPAeBHIX YIIIOB
METOZIOM JIeXKalllel KaIUIM MPU KOHTAKTE ¢ ABYMsI KUIKOCTSIMM: BOJOU M rimuepuHoM. Ilocnenyroniuii pacuer

MTOBEPXHOCTHOH 3HEPTHH MpoBoauiHu ¢ ucnonb3oBanueM [10 DSA1 va mpubdope EasyDrop (KRUSS).

Tabnuya 1
Yenosus nposedenust moouguyuposanus niazmoi 0y206020 paspoa
VYcnous 06paboTKu Pesxum 1 | Pesxum 2
PaGounii ras N2
Paspsn Jyrosoii
JaBnenue B paboueii kamepe, [1a 0,3
Bpewms 06pabotku, MuH 5 10
Toxk pa3psama, A 5 5
Temmneparypa B kamepe, °C 30 46

PesyasTaTsl. CormacHo pesynpTataM P®PD-cnekTpockonnu HaOMIOJaeTCsl 3HAYUTEIBHOE CHIDKCHIHE
JIOJI aTOMOB YTJIEpOJa B 3JIEMEHTHOM COCTaBe KOMITO3HTHBIX MATEPHUATIOB BCIEACTBHE OOPaOOTKU ILIA3MOM
azota. YCTaHOBIEHO, YTO Ha moBepxHocTH oOpasuoB I[IJI/TA 60/40, 70/30, 80/20 oOpa3yroTcs He
CKOMIICHCHPOBAaHHBIE aTOMBI a30Ta, MakCHMalbHOE 3HA4YCHHE JIOJIM aTOMOB a30Ta JOCTUraercs Uil obpasia
IJI/TA 80/20, obpaboranHoro rmia3moii azora B TeueHue 5 munyT (12,74%). Ilo manubiM POOC st Bcex
kommo3uToB I1JI/I"A 3HAYUTENILHO CHIDKACTCS JOJIA aTOMOB yriiepoaa B koopauHanusx -0-C=0 u -C-O nocie
TUTa3MEHHOTO BO3AeHCTBUS B TeueHme 5 m 10 muHyT. BenenctBme 00paOOTKM IUTa3MOi MPOUCXOAUT
o0pa3oBaHNe MHUKa C PHEPTUCH CBSI3U paBHOH ~286,4 3B U COOTBETCTBYIOMIUI aTOMY YTiieposia B KOOPIUHAIIUI
C-N. MakcumansHoe 3HaueHue noau cBs3u C-N mokaszano mist oopasma [IJI/T'A 60/40, o6paboTaHHOTO IIIa3MOMH
B TeueHue 5 MUHYT — 5,52 at. %. ObpaszoBanue cBsi3u C-N, BeieACTBHE MIa3MEHHOTO BO3ICHCTBHS, OKa3bIBACT
MOJIOXKUTETFHOE BO3ICHCTBIE Ha CMAYMBAEMOCTh MIOBEPXHOCTH M OHOCOMECTUMOCTh MaTepHaios [3].

IMo manHpiM PDA (Tabim. 2), B MCXOAHBIX 00Opa3iax KOMIIO3UTAa W MOCJE IUIa3MEHHON 00paboTKu
NPUCYTCTBYIOT TU(DPAKIIMOHHBIE TMHUH, XapaKTEPHBIE KaK JUTS MOJIK-|-IakTi/Ia n ruIpoKCHANaTUTa.

Tabauya 2

3nayenus cmenenu KpUCMALIUYHOCIU NOTUAAKMUOA U 2uopokucanamuma 01 oopasyog I1/I/I'A 60/40, 70/30,

80/20 0o u nocne nosepxHocmuo20 MooupuUYUposarnus

Crenenb KPUCTALTHYHOCTH (}(c)
Ob6pasert
nonu-l-nakrun Cai(PO4)s(OH):

TIJI/T A 60/40 ucxomHbIii 73 85
TIJI/T'A 60/40 + mma3sma Nz 5 MuH 85 78
TIJI/TA 60/40 + mnasma Ny 10 mun 92 62
TIJI/T'A 70/30 ncxoqublii 71 81
TIJI/TA 70/30 + masma N2 5 mun 90 70
TIJI/TA 70/30 + mnasma N2 10 mun 96 71
TIJI/T'A 80/20 ncxonublit 63 81
TIJI/T A 80/20 + mmasma N2 5 mun 97 62
TUJT/T'A 80/20 + mmasma N 10 mun 93 51
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[losiBneHnss HOBBIX pediekcoB ¥ CMeIleHHs JU(PAKUMOHHBIX JIMHUH He OOHapyXeHO, 4TO
CBHJIETENILCTBYET O COXPAHEHUH XUMHYECKOT0 COCTaBa M KpUCTAILIOrpadMuecKoi UICHTUYHOCTH KOMIIOHEHTOB
0O W TIOCNe IOBEPXHOCTHOTO Moau¢umupoBanus. CreneHp KpucTammuaHOocTH o6pasnoB IIJI/I'A mocie
00pabOoTKN HU3KOTEMIIEPATYPHOH IIa3MOI IMEeeT TEHICHITHIO YBEITNINBaThCS.

[Tna3smenHas oOpaboTka OKa3bIBae€T BIMSHHEC HAa CMAaYMBAaEMOCTh MOBEPXHOCTH, KOTOpas 3aBHCHUT OT
MOBEPXHOCTHON 3Heprun Matepuana (puc. 1). CorizacHO MOTy4eHHBIM pe3yibTaTaM, IIOBEPXHOCTHAS SHEPTHS
KOMIIO3UTOB YBEJIMYMBAETCsI. MaKcuMallbHOE 3Ha4yeHHMe oOmiel moepxHocTHONW »dHepruu (118 wmH/m)
HaOmromaetcst s obpasua [IJI/TA 80/20 nmpu oOpaboTke Ia3Moil ¢ AIUTEIbHOCTEIO 5 MuH. KpaeBoit yroin
cMa4yMBaHMs 00pa3loB Mocje IUIa3MEHHOW 00paboTKH B TEUEHHE 5 MUHYT UMEET TEH/CHINIO YMEHBIIATHCS U3~
3a CHIDKCHHS aTOMHOHM KOHIIGHTpPAIlUH YTIIEpPOAa JJIS BCEX KOMIIO3UTOB. MaKCHUMalbHOE CHIDKEHHE KPaeBOTo
yriaa HabmromaeTcs ans ob6pasma I[TJI/TA 80/20, oOpaboTaHHOTO TIIa3MOI B TeUEHHWE 5 MUH, IPH KOHTAKTE C

riunepuHom (42,5 °).
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Puc. 1. 3nauenus nogepxnocmmuoii s3uepeuu 0opasyos komnosumos: a) IJI/I'A 60/40;

6) IIVI/T'A 70/30; ) IIVI/T'A 80/20 00 u nocre o6pabomxu niamoi 0y208020 pazpsaoda 6 HOmoKe a3oma

3akiaouenne. TakuMm 00pa3oM, H3y4eHO BIMSHHE MOBEPXHOCTHOTO MOIU(UIMPOBAHMS TUIA3MOM
JIyrOBOTO paspsiia B MOTOKe a3ora B TeueHue 5 u 10 MUHYT Ha QU3MKO-XMMHYECKHE CBOMCTBA MOBEPXHOCTH
KOMITO3UTHBIX MaTepranoB Ha ocHoBe [1JI/I’A. BrisiBieHO, 4TO M1a3MeHHOE BO3/IEHCTBHE OKa3bIBaeT BIMSHHUE Ha
M3MEHEHHE XMMHYECKOTO COCTaBa IOBEPXHOCTH KOMIIO3UTOB — IIPOMCXOAMT oOpazoBanme cBsizu C-N, uro
CHOCOOCTBYET YIyYIIeHHI0 cMadnBaeMocTd noBepxHOcTH [IJI/I'A. 3HaueHne oOmiell MOBEpXHOCTHOH DHEPTUU
nmocturaer 118 MH/M gms obpasma IIJI/TA 80/20. YcraHOBICHO YBENHYCHHE CTEHCHH KPHUCTAJUTMIHOCTH
HccieayeMbIX 00pa3ioB Mocie MIIa3MEHHOTO MOANGHINPOBAHNSI.

Paboma svinonnena npu noodepacke Munucmepcemea Hayku u évicute2o obpazosanus (FSWM-2030-0037).
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CIIEKAHHUE ITIOPOHIKOB OKCUHUTPUJA AJTIOMHUHUS
®ynu Xyan, B.JI [Talirun
Hayunsrit pykoBoauTens: mpodeccop, n.1.H., O. JI. XacaHoB.
HaunonaneHslil ueccnenoBaTenbekuil TOMCKHUN NOMUTEXHUYECKUN YHUBEPCUTET

Poccus, r. Tomck, np. Jlenuna, 30, 634050
E-mail: fulil@tpu.ru

SINTERING OF ALUMINUM OXYNITRIDE POWDERS
Fuli Huang, V.D. Paygin
Scientific Supervisor: Prof., Dr., O.L. Khasanov

Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
E-mail: fulil@tpu.ru

Abstract. In this study, we analyzed and compared the behavior of three different commercial AION powders

when sintered in the same spark plasma sintering mode.

Beenenne. ITlommkpucrammmaeckuii oxcuHuUTpua amoMuHus (AION) sBisieTcss TEpCHEKTHBHBIM
onThyeckuM Matepuanom. OH 00JNaJaeT OTHOCHTENHLHO HU3KMM yJAENbHBIM BecoM (3,68 r/cm®), KoMIuiekcoM
XOPOIIMX ONTHYECKHX U (PU3NKO-MEXaHWYECKHUX CBOMCTB, XOpOLIEH TEPMHUYECKOH, XHUMHUYECKOH W
KOPPO3MOHHOW CTOMKOCTBIO. J[isl m3rotoBiieHus npo3padyHod kepamMuku Ha u3 AION HCHONB3YIOT pa3H4HbIe
METOJIBI: peaknuoHHoe crnekanue [1] cBobomHoe crnekanue [2], ropsuee mpeccoBanue [3] MHKPOBOJIHOBOE
criekanue [4], anekrpoummynbcHoe miazmentnoe crekanue (QUIIC) [5]. Hanbosee mepCcrneKTHBHBIM U aKTHBHO
Pa3BUBAIOIIMMCS] METOZIOM NPOM3BOCTBA ONTHYECKH NMPO3PAYHBIX KEPAMHUYECKHX MAaTEPHUAIIOB SBISETCS METOJ
OUIIC. OHo obecrieunBaeT COXpaHEHHWE MCXOAHOTO (ha30BOTO COCTaBA, CTPYKTYPHl M YHCTOTHI Marephaia B
nporecce KOMITaKTHPOBaHUs. [IpOfoODKUTEIbHOCTh CIIEKAaHHUS 3THM METOJIOM COCTAaBIISICT JECATKH MUHYT, B
pe3yJsbTaTe 4ero poct 3€peH MUHUMAJICH, & MX Pa3Mepbl HACIEIYIOT Pa3Mephl YacTHIl CIIEKaeMbIX ITOPOIIKOB. B
npouecce DUIIC mponcxonuT paBHOMEPHOE paclpeelieHne IUIOTHOCTH B OOBEME CIIEKaeMOH KepaMHKH
OTHOCHTEJIFHO TPaJULIIMOHHBIX METOJ0B U3rOTOBJICHHS, (OPMHUPYIOTCS COBEPIICHHBIE MEK3EPEHHBIE IPAHMIIBI.

B HacTosmeit paboTe MpoBeAEHO UCCIeA0BaHNE IPOIIEcca 3IEKTPOUMITYIBCHOTO ITa3MEHHOTO CIIEKaHUS
MOPOIIKOB OKCHHUTPHUAA ATIOMHUHUS C PA3TUYHON CTEXUOMETPHH.

JKcnepuMeHTAIbHAsT YacTh. [l M3roTOBJIEHHMS OOpa3lOB OBLIM HCIIOJIB30BaHBI JIAOOpATOpPHEIC
nopoiuky okcuautpuaa amomunaus AION, cunatesuposanssie B UMET PAH:

e Peakrop | ([N] 11,4 macc. %, [O] 32,4 macc. %, cpenHue pa3mepsl YacTull 1 56HM).

e Peakrop Il ([N] 7,6 macc. %, [O] 37,5 macc. %, cpennue pa3mepsl yactuy 161 HM).

o Ounetp ([N] 9,4 macc. %, [O] 34,9 macc. %, cpenHue pasmepsl YacTuil 158 HM).

DJICKTPOUMITYJIBCHOS IIIA3MEHHOE CICKaHHWE IMOPOIIKOB MPOBOMMIM Ha ycraHoBke SPS-515S
(Syntex Inc., SInonus) B Bakyyme npu temneparype 1850 °C nox nasnenunem 40 MIla. TIpogoimkuTeIbHOCT

M30TEPMHUYECKON BBIIEPKKHN cocTaBsuia 10 mMuHyT. M3MeHeHWe JTHHEHHBIX pa3MepoB O0pasloB B Mpollecce
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SUIIC peructpupoBaii BCTPOCHHBIMH CPEICTBAMU TEXHOJIOTHYECKOro 00opyaoBaHus. B pesynbrarte criekanus
OBLTH MOTy4eHbI 00pa3Lbl HUIHHAPHYECKOH (OpMBI TraMeTpoM 14 MM U TONMIIKMHOHN ~ 1,5 MM.

[110THOCTH ONPEAETSITH TEOMETPHIECKIM METOIIOM.

Pesyabrarel. Ha pucynke 1 mpexncraBieHa 3aBHCHMOCTb OTHOCUTEIBHOM IUIOTHOCTH MCCIIEAYEMBIX
nmopomkoB AION ot temmeparypsl crekanus B mpouecce DUIIC. MHTeHCHBHOE YIUIOTHEHHE MaTepHaia

HabromaeTcs B auana3zone temmeparyp 700-1850 °C.
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Bpems, MuH.

Puc 1. 3asucumocms omuocumenvHol RIOMHOCMU OM memnepamypusl U onumenbHoCmu

INIEKMPOUMNYTbCHO20 NIAZMEHHO2O0 CNEKAHUA

B Tabmuue 1 npeacTaBieHbl JWANa3oH TEMIIEPATYp HWHTEHCUBHOTO YIUIOTHEHHS W 3Ha4yeHHS

OTHOCHUTENILHOH IJIOTHOCTH MOJTYYEHHBIX 00pa3IoB.

Tabauya 1
Xapaxmepnvie memnepamypbi UHMEHCUBHO20 YHIOMHEHUS U OMHOCUMENbHAS NIOMHOCIU
Temneparypa okoHUaHUS
Temneparypa Hauana OTHOCHTENBHAS
IMopomrox o WHTEHCHUBHOTO o
MHTEHCUBHOTO yIIoTHeHHs, °C o IUIOTHOCTB, %
ymiotHeHus, °C

Peakrop | ~700 ~
Peakrop 11 ~700 0

QuneTp ~700 50

Haubomnpmiee ymioTHeHHE TeMOHCTpUpYeT noporok Peaktop Il. Ero miotaOCTE cocTaBmia 96,6 %.

3akiaouenne. B pesymbraTe paboTBl METOJOM DIIEKTPOMMITYJIBCHOTO IUIA3MEHHOTO CIIEKAHHS
M3TOTOBJICHBI 00pa3Ipl KEepaMUKH W3 OKCHHHUTPHIA AJIOMHHHA C INIOTHOCTRIO 110 96,6 %. HambGomipmiee
YIIOTHEHHE IeMOHCTpupyeT obpasen Peakrop Il.

Paboma evinonnera npu wacnuunoii noodepoicke I oczadanus «Hayxay nomep 075-03-2023-105 na obopyoosarnuu LIKTT
HoHL] «<HMHT» TI1Y, noodepaicanroeo npoexmom Murobprayku Poccuu Ne 075-15-2021-710.
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YK 538.9
IEPECTPAMBAEMBIN IO LBETY (Ba,Ca)ScOzF: Eu*, Bi**, K TIEPOBCKUTHBIN
JIOMHUHO®OP JISA 3AIMUTHI OT MOJAEJOK
MLIIIL. Iaif
HayuHerit pykoBoquTenb: noueHT, K.¢.-M.H. [I.T. Banues
HanunonaneHelit ncciaenoBaTenbckuit TOMCKUN NOJUTEXHUYECKUI YHUBEPCUTET,

Poccus, r. Tomck, np. Jlenuna, 30, 634050
E-mail: rubinfc@tpu.ru

COLOR TUNABLE (Ba,Ca)ScO:F: Eu?*, Bi**, Kt PEROVSKITE PHOSPHOR FOR
ANTI-COUNTERFEITING APPLICATIONS
M.S. Cai
Scientific Supervisor: Ass. Prof., Dr., D.T. Valiev
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: rubinfc@tpu.ru

Abstract. Fluorescent materials are widely used for anti-counterfeiting of information security and commodities.
However, the increasing requirements for fluorescent anti-counterfeiting technology urgently require the
development of novel fluorescent materials with multicolor fluorescence, single component, and excellent
stability. Herein, a new color tunable BaggsCao0sScO2F: Eu?*, Bi®*, K* perovskite phosphor with dependence of
excitation wavelength for high-level anti-counterfeiting is reported. The fluorescence spectra of
Bao.0sCan06SCO2F: Eu?*, Bi**, K* perovskite show the tunable emission band with the peak between 479 and
509 nm. It is worth noting that the peak intensity ratio at 479 and 509 nm changes with the dependence of the

excitation wavelength.

Beenenne. boppba c KkoHTpadakmmed crana cepbe3HOM TI00ambHONH MNpoOieMold HE TOJIBKO B
KOMMepYecKol 001acTv, HO M B IOBCEAHEBHOH >ku3HH. [lojyienbHble 3alUTHBIE JAOKYMEHTBI, TaKHe Kak
JIeHe)KHble OaHKHOTBI, MacIopTa, JAUIUIOMBI, CepPTH(GHUKATHI MU ATUKETKH HPOJYKTOB BCTPEUAIOTCS JTOCTATOYHO
yacto [1]. TlpeceueHre koHTpadakiuu BbI3BaIM OBICTPOE Pa3BHTHE TEXHOJIOTMH OOpPHObI ¢ KOHTpadakiuew,
KOTOpBbIE PACIIMPHWINCH OT OPHIMHAJBHBIX BOJISHBIX 3HAKOB JO TOJOTPAMM, THIBOII, H3MEHSIOLIMX LBET
YEepHWI, JIIOMHUHECHCHTHBIX MAaTepHaloB U A.p. [2] DTH MOAXOABI IIMPOKO HCIONB3YHOTCSA JUIA O0CCIICUCHHUS
6e30macHOCTH paznuyHOW mNpoaykKuuu. OcoOBIi HMHTEpec MNPEACTABIAIOT JIFOMHHECIICHTHBIE IOPOIIKOBBIE
MaTepHallbl B CBA3H C BO3MOXKHOCTBIO HAIPABICHHOTO «IW3aiiHa» cBeTomsmydarommx cpexn [3]. Kpome Toro,
JFOMUHECHCHIIMS B BUJIMMOM JIMarla30He HE TOJBKO 00JafaeT sIpKUM LBETOM JUI BU3YaJIbHOTO CYMTHIBAHUS, HO
TaKke 00JagaeT XapaKTEpPHBIM CIIEKTPOM, WHTEHCHBHOCTBIO M BpEMEHEM 3aTyXaHWs, 4TO MO3BOJISET
OCYIIECTBIISITH CIIOCOOBI PACIIMPEHHON 3alUThI, 00ECIIeYnBasi BHICOKUI yPOBEHb 0E3011aCHOCTH.

B nanHO#l paboTe CHHTE3MpOBaH HMepOBCKUTHBIN moMuHOdop coctaBa (Ba,Ca)ScO.F: Eu?, Bi%*, K* ¢
nepecTpauBaeMbIM 10 JUIMHAM BOJIH H3JydeHHeM. lccienoBaHbl CTPYKTypHbIE, MOP(OIOrHYecKue Hu
JIFOMMHECIIEHTHBIE CBONCTBA JEMOHCTPHMPYIOILME MEPCIEKTUBHOCTh npuMenenus (Ba,Ca)ScO.F: Eu?*, Bi¥*, K*

MEPOBCKUTHOI'O J'IIOMI/IHO(l)Opa B Ka4€CTBE CBCTOU3IYYAIOLICTO MaT€pUraia A 3alllUThl OT MMOAACIIOK.
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DKCNEPUMEHTAILHAS YACTh. Bapgax-2yCao06SCOF: XEU?*, yBi®*, yK* (x = 0.01 - 0.03; y = 0 - 0.002)
MIEPOBCKUTHBIC JIIOMHHOGOPHI OBUIM CHHTE3UPOBaHBI METOIOM BBICOKOTEMIIEpaTypHOW TBeprodasHoil
peakumu. Kpucrammueckass CTpyKTypa IOpOIIKOB JIIOMHHO(Opa ObUIa OICHEHa C IOMOIIBIO
pentrenosckoro auppakromerpa (XRD, TD-3500, Dandong, China). Mopdosiorust U 3JeMeHTHBIH
cocTaB 00pa3oB ObLTH HCCICIOBAHBI C TMOMOIIBIO CKAHHUPYIOLIETO 3JEKTPOHHOTO MHKpockomna (SEM,
FeHelios NanoLab 600i) u suneproaucnepcuonnoro anaiusa (EDS, Oxford Instruments). Croextpsl
doromomunecuenunn  (PJI) wm  cnextpel Bo3OyxaeHus @JI OblIM  M3MEpPEeHBI € MOMOIIBIO
dmyopecrienTaoro criekrpodayopumetpa (F-7000, Hitachi, Japan).

PesyasTaTel. Ha puc. 1 a — 0 moka3aHBI PEHTTCHOTPAMMEI HCCIEIYyEeMBIX JIOMHHO(OPOB cocTaBa
Bao.92-2yCa0.06ScO,F:0.02Eu?*, yBi®*, yK* (y = 0, 0.0002, 0.0006, 0.001 u 0.002). U3 pe3y/bTaToB BUIHO, YTO BCE
JubpaKIMOHHBIE TIHKH XOpowIo cormacyrorcs ¢ ¢aszoit BaScO.F (ICSD #150171). JomonHutensHbix (a3 B
uccrenymom IroMuH(bope He oOHapyxkeHo. Ha pucyHke 1B mpeacTaBicHa KpUCTAIMYECKas CTPYKTypa
Bag.94Cag0sSCO2F: Eu?*, Bi®*, K*, koTopas IOKa3bIBA€T, Y4TO 3JIEMEHTApHAS sfueiika COCTOUT U3 YIJOBBIX
coenunennit [SC(O/F)6] ¢ karnonom Ba/Ca/Eu/Bi/K, HaxomsmmMcsi B OKTa3IpUYECKOH TMOJOCTH C

KoopauHanuei kybookrasapa [Ba/Ca/Eu/Bi/K(O/F)12].

(a Bigr, ConeSeO,F: 002507, yBi™, yK|(O ) BarorsCanmse0;r: w0zbw o001 0001k | (B)Bay o, Catg 0S¢0, F: Eu*, Biv*, K*
v =0.002

Ba/Ca/K

y=10.001
BEESLT VAR GO WA ISR R, s

y = 0.0006

Euw/Bi

A T |

c000

y =0.0002

HuTeHcuBHOCTS (0.€)

A ' | o 1=

HurencuBHOCTH (0.€)

ICSD - 150171
] I I I
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Puc. 1. Peumeenoeckue oughpaxmopapammul Bag s2-2/Cao 06Sc0-F: 0.02EU?*, yBi®*, yK* (y = 0, 0.0002, 0.0006,

e

0.001 u 0.002) momunogpopa (), (6). Kpucmaniuueckas cmpyxmypa BaogaCag 0sScO2F: EU?*, Bi®*, K,

nozayuennas ymounenuem Pumeenvoa (8)

Bbuld  M3MepeHbl CHeKTpbl Bo30yxjaeHus W DJI o6pasuo Bager-2/CanosScO.F: 0.02Eu?, yBi®,
yK* (y =0, 0.0002, 0.0006, 0.001, u 0.002), kak mokaszaso Ha puc. 2 a — 0.

(a)l [Bag52.2,Cag065c0,F: 0.02E0™, yBi™", yK* (6) 1.0 B8y 522, Cay 5ScO,F: 0.02Eu™, yBi™, yK*
. - —y=0
£ o -
3 3 0.8 — y=0.0002
<08 < ¥ =0.0006
8 g — y=0.001
0.6 g6 ¥=0.002
E g
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X

Puc. 2. (a) Cnexmput 6036yaicoenus u (6) cnexkmpur DJI 06pasyos Bager-2CaosScO-F: 0.02EU?, yBi*,
yK* (y = 0, 0.0002, 0.0006, 0.001 u 0.002). L{semosoii epaghux MKO nomunopopos Bag.s18Cao 0sSCO2F:
0.02Eu?*, 0.001Bi®*, 0.001K™ npu pasnuunsix onunax 601n 6036yxcoenusl (6)

W3 pucyHka 2a BHAHO, 4TO CIIEKTPHI BO30YXK/IEHHS UMEIOT TPH TOJIOCHI B CIEKTPAJIbHOM JHara3oHe OT

260 o 450 HM ¢ mMakcumymamu okoiso 345, 360 u 415 uM. Cnabast mupokas mosioca ¢ MUKOM IpH 345 HM,
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obycnosnenna nepexojgamu 4f'—4f55d nonos EU?*, 1Be BHICOKOMHTEHCUBHBIE IIMPOKHUE MOJIOCH BO30YKIEHHS C
MakcuMyMamu npd 360 u 415 HM, OpUHaNex)allue ClMH-paspeleHHoMy nepexony ‘So—°P1 uonos Bi (1) u
Bi (2). Criextp ®JI mpu Bo30OyxaeHur 360 HM IEMOHCTPHPYET SIPKOE «TOyOOBAaTO-3€JE€HOEC» H3IYUCHHE C
MakcuMyMamu pu 479 1 509 HM, 4TO BO3MOKHO OTHOCHMTCS K paspenieHHoMy 1o cnuny 4f5d—4f" nepexony B
none EU?* u pasperuennomy no suepruu 3p1—1so nepexony B none Bi¥* (puc. 26).

B kauecTBe AEMOHCTpalM NMPUMEHUMOCTH CHHTE3MPOBAHHBIX IHEPOBCKUTHBIX JIOMHHO(OPOB HamMu
ObuTM M3roToBiieHble 3D-neyaTHBle KaHABKM B BHJE CHE)XXWHOK 3allOJHEHHBIE NEPOBCKUTHBIM JIOMUHO(GOPOM
cocraBa Bagg1sCan0sSCO2F: 0.02Eu?*, 0.001Bi%*, 0.001K*. Tlpu o0O6ay4eHMH IHEBHBIM CBETOM LBET
CHIDKHHOK ¢ JIOMHHO(OpOoM ocTaercst cepbiM. OHAKO TpH OONMyYeHUH HU3IyYCHHEM C UIMHOW BOMHBI 320 HM
HaOJroIaeTCsl roayooe cBeueHue roMuHO(opa, pu 360 HM - ToyOOBaTO-3€NcHOE, MpH 415 HM HONTyYeHHBIN
JFOMUHO(OD M3JTydaeT 3eJeHbIH 1BeT. Pe3ynbTaT M3MEHEHUHS [IBETOBBIX XapaKTEPUCTUK JTIOMUHO(pOpPA MOKa3aH

Ha pUCYHKE 3.

Puc. 3. @omoepaguu usmenenuus ysemoguvix xapakmepucmuk momunogopa cocmasa Bag 918Cap 06SCO2F:
0.02Eu?*, 0.001Bi®%*, 0.001K*, npu obnyuenuu conneurom ceemom, npu 6036yxucoenuu 320, 360 u 415 um,

coomeemcmeerHHo

3akaiouyenue. B maHHON paboTe BBICOKOTEMIIEPATypHBIM TBEpHO(Aa3HBIM METOAOM ObITa YCHEIIHO
CHUHTE3MPOBaHA CEepHsl IEPOBCKUTHLIX JitoMuHO(popoB coctasa (Ba,Ca)ScO2F: Eu?*, Bi**, K*. YcraHoBIeHO, 4TO
OTHOCHUTEJIbHAsE HUHTEHCUBHOCTH JIBOMHOIO M3JIy4€HHMs, JOocTUraroniero Mmakcumyma npu 479 u 509 um, moxer
PeryaupoBaThCs MyTeM M3MEHEHUs KOHLEHTpAlMU aKTUBATOpoB MoHOB Bi®* u EU?*. Bonee Toro, 3aBHCHMOCTD
OT JUIMHBI BOJIHBI BO30OYXKIEHUS JaeT BAXKHYIO XapaKTepUCTUKY MJsl 3allUThl OT MOMAMENIOK. Pe3ynbTaThl
nokaseiBatoT, uto (Ba,Ca)ScOF: Eu?*, Bi®**, K* nepoBCKUTHBIHA JIOMMHO(QOP SBISETCS MEPCTIEKTHBHBIM
JIOMUHECIIEHTHBIM MaTepuajioM, KOTOPBIA MOKET OBITh HCIIOJIB30BAH JIJISl 3AIIUTHI OT TOJIEIIOK.

Asmoput svipasicarom O1azooaprocms npogh. Tao Xaw 3a yuacmue 6 pabome u ni000MBOPHYIO OUCCKYCCUIO.
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i
Abstract. Fast electrochemical separation of anodicmporous alumina (APA) film formed through anodized
alumina substrates was achieved. Formed on alumigum surfaces by anodizing the substrate in a 0.3 M
oxalic acid solution at 60 V. A reverse voltage is thq]a applied. In the constant current (0.24) mode, after
2.5 hours of reaction at 30°C, the film and the alumili)zum substrate appeared to be separated. This may be
due to the formation of extremely small via holes at the bottom barrier oxide layer of the APA film, followed
by the subsequent dissolution of aluminum from the substrate. APA through-porous membranes can be
successfully prepared by subsequent immersion in 5 %:Rphosphoric acid solution.
L
BBegenune. AHONHBIE IUIEHKH MOPUCTOTO oxduna amomunms (AOA) MOTYT OBITh C(POPMHUPOBAHEI
MYTEM 3JIEKTPOXHUMHYECKOTO AHOAMPOBAaHMS amrOMHMHEBBIX MOMIOKEK B KUCIBIX PacTBOpax, TAKHX Kak
XpOMOBast KMcI0Ta, ocopHas KucinoTa, cepHast Kudgora u ap. M3-3a ciiIlbHOH XUMHYECKON CBSI3H MEXILy
AQHOJIMPOBAHHBIM AIOMHHHEM W allIOMUHHEM TPYJHO MEXaHW4eCKU OTIENUTH IUICHKY OT aJlFlOMUHHEBOMN
noANoKKH. [ToaToMy OBUIO MCCIIEIOBAaHO HECKOJBKO FMMHUYECKUX MOJXOJ0B K Pa3/eieHHI0 TOHKUX IICHOK
[1]. Camsrit mpocToil MeTO pa3aeieHus B na6opaToprﬁr{11,1x Macurabax COCTOUT B XMMHUUYECKOM PACTBOPEHHUU
HIDKeJIe)KAIeH alllOMUHHEBOW TIOIIOKKH PACTBOPOM XJIOpHJIAa MU 10 PEAKIHH:
&
OpHaKo 3TOT IIPOLECC BKIIOYAaeT B ceds HEUKOJIBKO XHMUYECKHX CTaJuii M HMMEET HEeIOCTaTKH,
HaIIpUMeEDP, 3arPsA3HEHUE IIOBEPXHOCTU nony&édl&mﬂ&&M@AHﬁgAOA BBIJIENTMBIIEHCS MenbIO (puc. 1).
B npejcTaBieHHoi paboTe Mbl MCIONb3yeM METOJl MOJayd OOPATHOTO HAMPSKEHMsS WM aHOAHOM
nossipu3arun. Ecim mponiece nomydennst AOA Ha aHOZE IPOTEKAeT B pekuMe noctosHHoro Toka (0,2 A) B
0,3 M pactBOpe IIaBejeBOW KHCIOTBI, TO IMPOLEEC OTAECNCHHUS MbI MPOBOIMIIN, MEHss MOJISIPHOCTh

anexrpogos npu 30 °C B TeueHue 2,5 4acoB, 4TOOBI ORICIUTH IUICHKY OT AIIOMUHUEBOH HOUIONKKH.

4

4

3

8
TowMm 2. Xumus

7

0

247



248

XX MEXAYHAPOAHAA KOHOEPEHIUA CTYAEHTOB, ACITMPAHTOB 1 MOJIOABIX
YUEHBIX «ITEPCIIEKTUBBI PAZBUTHUA ©YHIAMEHTAJIBHBIX HAYK»

'~.-\l'k |~
g
i AL T
A
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Puc. 1. 3aepsznenue nosepxnocmu nonyuennou memobpanvt AOA svidenusuieticss Medbto (Onmuyeckuil
Murpockon, ysenuyerue x20)

B nanHO# paboTe M3ydeHBI IMEKTPOXUMHUYECKHE MIPOLECCHI, CBI3aHHbBIC C aHOAHON MONApH3aIiel 1
MOCNENYIOIUM pa3AeeHUEM TOHKUX IIeHOK AOA.

JKcHepHMMeHTA/IbHAsl YacTh. B KkadecTBe CHIphS HCIOIb30Basach (hoibra aJOMHHHUS YHUCTOTOH
99,99 % w TtonumHoW 0,5 MM. AJNIOMUHHEBYIO (OJIBIY NPEIBAPUTENLHO OTXKUTANIM Ha BO3/AYXE MNpPHU
temneparype 450—500°C B MyQenpHOH NeYd B TeUCHUE 4 YacOB JJIsl CHATHSA OCTATOUHBIX HAMPSDKCHUN B
KOHCTPYKIIMH MeTa/lia. 3aTeM 00pasiibl MoABEpraiiy AeKTponoaupoBke B pactBope H3PO,4 (85 06.%) + CrO;
(92 r/m) npu nocrosaHOM HampspkeHnn 20 B mpu temmeparype 60 °C B Teuenme 3 muH. [locie atoro
obpazen; anogupoBau npu 40°C u HanpspkeHnu 60 B B Teuenne 40 MUHYT AJIS TOMYyYEHUS TOCTATOYHOM
toumHb! ieHkH AOA. 3arem nogaBany Ha oOpaser] oOpaTHOE HampspKeHUE. B pexnMe mocToSHHOTO ToKa
(0,2 A) Bpems 3 ugaca, Temmeparypa surekrponuta 30 °C. Ilocie momaun oOpaTHOTO HANPSDKCHUS TUICHKA
JIETKO OTJeNAjgach OT aNlIOMHUHHEBON OCHOBBHL. HakoHelN, NONy4YeHHYI IUICHKY OKCHJa aJTIOMUHUS
morpykanud B 5 % pactBop (ochopHON KHCIOTHI [Uisi 00pa30BaHUS CKBO3HOW MEMOpaHbI, T.C. BCKPBITUS
3aKPBITHIX TIOP.

PesyabTarsl. Ha puc. 2 nokazana TosicTast TUICHKAa OKCHIA aTIOMUHUS, TTOJy4YeHHAs aHOIHPOBaHUEM

ipu 40 °C u 60 B B Teuenune 40 MUHYT.

Puc. 2. ITnenxa AOA, nonyuennas anoouposanuem npu 40 °C u 60 B ¢ meuenue 40 mun (onmuueckuii

Murpockon, yeenuyerue x20)

Ha puc. 3 mokazan pe3ynbTaT HCHOIB30BaHHUS oOparHoro HampspbkeHuss npu 30 °C B TedeHue
METAUTMYECKON TOMMOKKH, Tpu 3ToM IuieHKa AQOA MOJHOCTRIO MOBTOpSieT (OPMY MOBEPXHOCTH

METAJUITNYECKON MOII0KKH U3 aJIIOMHHHUS.
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XX MEXAYHAPOJHASI KOHOEPEHIUA CTYAEHTOB, ACIIMPAHTOB 1 MOJIOJIbIX
YYEHBIX «ITEPCITEKTHUBbI PASBUTUS ®YHAAMEHTAJIBHBIX HAYK»

Puc. 3. [Inenka AOA omoenena om nogepxHocmu ArtOMUHUEBOU NOOJONCKU NPU UCHOIb308AHUU
o0bpamnozo Hanpsicenus uepes 2,5 u peaxyuu npu 30 °C 6 peaxcume nocmosnnozo nomoka (0,2 A),

onmuuecKkuii MUKpOCKon, yeeauderue x20

Otpenenne mnéakn AOA TpH UCIIONBE30BAaHUHM 00PATHOTO HANPSHKEHMS MPOUCXOAUT U3-3a TOTO, ITO
Ha MTOBEPXHOCTH AJIOMUHHUEBOH ITO/UIOKKH HAYNHAET BBIICIATHCS Ta3000pa3HBINA BOLOPO:
Karox: 2H" +2¢” — 2H» 1
ITy3BIpbKH BOJOPOAA TMOCTENEHHO «BBITAJNKUBAIOTY IIEHKY AOA ¢ moBepXHOCTH MOMIOXKKU. [Ipu
s1oM AOA mosyyaeTcs YUCTON U He UMeeT MOCTOPOHHUX 3arpsA3HEHUH.
ITocne otaeneHus ieHkKW ee morpyxaiu B 5 % pactBop H3POsHa 1 wac, mpu 3TOM IIBET TUICHKH
MeHsUICs Ha Oenblit (puc. 4), a ee Macca ymenpmanack ¢ 0,0032 r go 0,0016 . YMeHbIOICHHE MacChl MBI
CBSI3BIBAEM C TeM, 4To 4acTb AOA pacTtBopsiercs B pactBope H3POy4, mpudem 310 MMEHHO Ta 9acTbh, KOTOpas

«3aKpBIBACT) TOPHI.

Puc. 4. I[Inenxa AOA, nonyyennas nocne noepysxcenus 6 5 % pacmeop HsPOsna I u, (onmuueckuii

Murpockon, yeenuyerue x20)
3akilouenue. AHonHas nopucrtas IwieHka AOA, MOIydeHHas METOIOM  aHOAWPOBAHHUS
aJFOMUHUECBOH (DOIBIH, MOXET OBITh INEKTPOXMMHUYECKH pasJelicHa IyTeM NPWIOKEHHAS OOpaTHOTO

HapsHOKEHUA Ha J3JICKTPOMBI. PaBpaGOTaHLI YCJIOBUA OTACICHUA IUICHKU: HAMPSKEHUE, KOHUCHTpALWA

JNIEKTPOJINTA BpeMsI U TeMIlepaTypa Iporecca.

CIIMCOK JIMTEPATYPbI

Rapid electrochemical separation of anodic porous alumina films from aluminum surfaces using a

highly safe sodium chloride—ethylene glycol solution // Electrochimica Acta — 2022. — Vol. 27. — P.
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PROCESSING OF PLANT RENEWABLE BIOMASS OF MISCANTHUS AND OAT HUSK
INTO FORMIC ACID IN THE PRESENCE OF Mo-V-P HETEROPOLY ACID CATALYSTS
ILA. Cherenkov, I.A. Lukoyanov, T.B. Medvedeva, M.N. Timofeeva
Scientific Supervisor: Prof., Dr., V.N. Parmon, Assoc. Prof., PhD., N.V. Gromov
Boreskov Institute of Catalysis SB of the RAS, Russia, Novosibirsk, Akademika Lavrentieva ave., 5, 630090

Abstract. The study will present the results of hydrolysis-oxidation of plant raw biomass (Miscanthus and oat
husks) into formic acid (FA). Soluble bifunctional heteropoly acids (HPAs) with different vanadium contents
were chosen as catalysts for the process. The most optimal composition of the catalytic system was selected and
in its presence process conditions were optimized. The influence of the acidity and structure of the heteropoly
yanion on the yield of FA was also investigated.

Beenenmne. Vcnonbp30BaHNe MOJIEKYISIPHOTO BOJOPO/JA B KAUECTBE MCTOUHUKA SHEPIHH IMPEJICTAaBIACTCA
MEePCIEeKTUBHON M 3KOJOTHYECKH YHCTOH albTepHATHBOM HMCKOMAeMOMY YTIEBOAOPOAHOMY ChIpbI0. OnHaKo,
TPaHCIOPTHPOBKA H XpaHeHHe H, moporocrosimue M TpPeOYIOT CTPOTOro COONIOACHWS TpeOOBaHUH K
Oe3omacHocTH. s pemieHns MpoOJieM JIOTUCTHKH M 0€30MacHOCTH MOKHO HCITONB30BAaTh JOHOPHI BOAOPOAA,
TaK{e KaK OPraHUYECKUE KUCIIOTHI (MypaBbHHAS, YKCYCHAsI) M CITUPTHI (METAHOJ, STAHOM U JAp.). MypaBbuHAs
kucnora (MK) mpencrapisieTcsi epCneKTUBHBIM UCTOYHUKOM BOJIOPOJa, TOCKOJIbKY B 1 1 MK comepxurcs ao
53 r Hy [1]. Kpome Toro, MK MoeT 3aMeHUTh BOJOPOJ B MPOIIECCaX BOCCTAHOBIICHHs. B HacTosIiee Bpems
CHHTE3 MYPaBBHHOW KHCIOTHI OCYHIECTBISIFOT M3 (hopMHara HATpHUs, IOIY9aeMOTO ITyTeM IPOITyCKaHHUS
CO uepe3 ruApOKCHI HATPUS MPU MOBEIMICHHBIX JaBICHHH W TEMIIEPATYpHI, C €0 MOoCieqyrome o0paboTKoi
KOHIICHTPUPOBAHHOH CEPHOIl KHCIOTON ¢ 00pa30BaHUEM LIEJIEBOTO MPOIYKTA.

AnpTepHaTHBHBEIM criocobom momydenns MK sBisieTcss CHHTE3 KHCIOTHI IyTeM THAPOJIN3a-OKUCICHHS
pPacTUTENFHOTO  BO30OHOBIIEMOTO CHIPbS W/MJIM €r0 OCHOBHBIX KOMIIOHEHTOB. IlepcreKTHBHBIMH
KaTaJM3aTopaMH Takoro mnpoiecca npeacrasisiores Mo-V-P rerepononukuciorsl (I'TIK) [2, 3]. B aurteparype
cunre3 MK u3 yrieBomHOTO moimcaxapuaHoro ceipbs B npucytcteun [ TIK moxyunn HazBanme OXFA mporecc.
I'TIK sBasiroTcst OM(yHKIIMOHATBHBIME KaTaln3aTOpaMu, 001aJaroIIiMH BEICOKOW KHCIIOTHOCTHIO. Kpome Toro,
K mpeumymiecTBaM ucnonb3oBaHus [ TIK katann3aTopoB MOKHO OTHECTH BO3MOXKHOCTh M3MEHEHHS COCTaBa M
CTPYKTYpbl B UIMPOKHX TpeAesax, 4YTO TII03BOJIIET NOAOWMpaTe Hamboiee ONTHUMAJBHBIN COCTaB Ui

HCIIOJIB3YEMOT'O  ChIPbA. FI/I}IpOJ'lI/I?;'OKI/ICHeHI/Ie YTJII€BOJAHOI0  IMOJHUCAXaPUIHOTO ChIpbA MNPCACTABIACTCA
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9KOJIOTMYECKH YHMCTBIM, IOCKOJIbKY B KauecTBE pacTBOpHTENsl ucnonbdyercs Boaa, a I'TIK Bxomsr B crucok
KaTalm3aTopoB «3enéHoit xummm». K npemmymectBam OXFA mpomecca MOXXKHO OTHECTH pa3sHOOOpasue
UCIIONB3yEeMOTO ChIphi. B KkauecTBe CyOCTpaTOB MOTYT HCHOJB30BAaThCA IIEJUIIOI030COAEpKamas Ouomacca,
HalpuMep, OTXOJbl JAPEBECHON NPOMBIIUICHHOCTH (OMWIKKA Oepe3bl, OCHHBI), OTXOIBI CEIBCKOTO XO3AHCTBA
(memyxa OBCSIHOW KyJBTYpBI), <«QHEPreTHYECKHE KyJIbTYpb» (MHCKAaHTYC), TBEpJAbIE OTXOIbl MOTPEOJICHUS
(makynatypa) u np. Konnenuus mmpokoro ucnonb3oBanus OXFA mporecca Mo3BOJINUT 3HAYUTETBHO YMEHBLINTD
Harpy3Ky Ha OKpY>Kalollylo CPey U CAeNaTh 3HaYMTENbHbIN 1Iar JJIs Hepexo/ia K BOJOPOIHOM SHEpPreTHKE.

Lenpto maHHON pabOTHI SBISETCS HCCIECNOBAaHWE THAPOIN3A-OKUCICHHUS HEIPEBECHOTO CHIPhS B
npucyTcTBHH KatamuzaTopos ['TIK-x (rme X = 1,2,3,4,5,8).

JKcnepuMeHTadbHasi 4YacTh. B kadectBe cyOcTpaToB B paboTe HCIIONB30BAIUCH 0OpasIlbl
HEJIPEBECHOTO CHIPBS: MUCKaHTYC CHOMPCKHUIT M OTXOJ CETLCKOT0 X035iCTBa — IIeyXa OBCa.

PactBopumbie I'TIK kaTtamuszatopsl coctaBa HzixPM012.xVxOao, (tae X = 1,2,3,4,5,8) Obutr MpUTOTOBIICHEI
nytéM kumstaenust HaPO4 u npeBapuTeisHO MEXaHOAKTHBUPOBaHHOH cMech okcroB M0Os 1 V20s.

I[poriecc TpoBOAMIN B aBTOKIaBe BbIcOkoro masnenus (Autoclave Engineers, USA) npu naBieHun
BO3AYIIHOW cpeabl 5-50 atM, B uHTepBane temneparyp 130-180°C u mpu nmoctossHHOM nepemeniBannu (1000
06/muH). TTonydeHHbIE PeaKIMOHHBIE PACTBOPHI aHanu3upoBain mMerogom BOXKX (Shimadzu Prominence LC-
20, Rezex ROA-Organic Acid H+ column (Phenomenex, 300 mmx5.0 mm)).

PesyabTaThl. B uccnenoBannm OyaeT mpoaeMOHCTPHPOBAHA BO3MOXKHOCTH monydeHust MK n3 o6pasios
pacTUTENLHOW OHMOMAacChl MHCKAaHTyca H IIelIyXu oBca. I[lomoOpan Haubojee ONTUMAIbHBIA COCTaB
karanuzatopa. IIpoBeneHa onTuUMH3aIUs YCIOBUH MpOTEKaHWs TMpoliecca B MNPUCYTCTBUU Haubolee
a¢d¢dextuBHoro cocraBa ITIK karammzatopa. lMccinemoBaHO BIMSHHE KHCIOTHOCTH Karaiau3aTtopa H €ro
CTPYKTYPbI Ha BBIXOJ LIEJIEBOT'O ITPOIYyKTa U KOHBEPCHIO CyOCTpaTa.

Paboma svinonnena npu unancosoti noodepaicke Poccuiickozo nayunozo ¢onoa (np. 17-73-30032).
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Abstract. The paper shows the possibility of obtaining 5-hydroxymethylfurfural and glucose from cellulose
isolated from the energy culture of Siberian miscanthus. Hydrolysis-dehydration of isolated cellulose was

realized in the presence of microwave synthesized zirconium dioxide catalysts.

BBenenue. PazpaboTka TEXHOJIOTMH Ha OCHOBE pEKyIepaluH LEHHBIX XMMHUYECKHX COCAMHEHUI U3
pacTUTeNIbHON OGHOMACChl M/MIIM €e KOMIIOHEHTOB pelllaeT cpa3y HECKOJIbKO SKOHOMHUYECKHX U 3KOJIOTHYECKUX
3amad. [lony4yaemble coeauHeHus — Moiekynbl iardopmer (ot anri. Platform molecules), umeror BeicOKyrO
CTOMMOCTb M CIPOC B Pa3JIMYHBIX OTPACIAX HPOMBIIUICHHOCTH. HanpuMep, K TAKHM COSIMHCHHUSIM OTHOCHTCS
5-runpokcumetmndypdypon (5-I'M®D), KOTOpHIH BBICTYIACT ajJbTCPHATUBHBIM INPEIIICCTBEHHUKOM IS
MPOU3BOJICTBA MOJMMEPOB, JIEKAPCTBEHHBIX CPEJICTB, & TAKKE IKOJOTMYECKU 0E30IaCHbIX OKTaH MOBBILIAIOIINX
no6aBok. Ceromus 5-I'M® mnomydaroT myTeM JAerHApaTanmuyd (QPYKTO3bI, KOTOpas SBIAETCS IHIIEBBIM
NpONyKTOM. lcrosib30BaHNe B KauecTBE CYOCTPAaTOB pPACTHTENLHOTO ChIPbS HE MHIIEBOTO Ha3HAYEHHS
Hcnosnp30BaHKe CHIPHS HE MUIIEBOIO HA3HAYCHUS MO3BOJIUT KOHKYPEHIIHIO MEXKIY

TpaguuronHo 5-IM® mnonydaror U3 (pYyKTO3bl, YTO NPHBOAUT K KOH(QIIMKTY MEXKIY IHMIICBBIMH H
HENHIIEBbIMI HAIPAaBICHWSIMH HCIIOJIB30BaHUS 3eMEJIbHBIX pecypcoB. Ilepexon Ha HECheNOOHYIO PACTHTENIbHYIO
OuoMaccy WM ee KOMIIOHEHTHI [O3BOJIMT PEIIUTh 3Ty pobieMy. Hampumep, B kadecTBe ChIphsS MOXKHO HCIIOJIB30BATh
CENBCKOXO3SIHCTBEHHBIE OTXOJIbI (COJIOMA M IIeNyXa 3JIaKOBBIX, KMBIX MACIEHHYHBIX M JKMBIX CaxapHbIX KYyJbTYp),
SHEPreTUYECKUE KyJIbTYphl (MUCKAHTYC), T/I€ COJIep KaHHe IToJIMcaxapuaoB Jocturaet 75 mac. %.

Henb. [lanHas paboTa HampaBieHa HAa MONy4YeHHE S-THAPOKCHMETUI(QYphYpoja ¥ TIIHOKO3Bl M3
LEJUTIONIO3BI, BBIZIETIEHHONH W3 Onomacchl MuckaHTyca CHOMpCKOro, ee IyTeM THJIpOoJiM3a-Aeruparaniy B
NPUCYTCTBUH KaTann3aTtopoB ZrOz, npurorosieHHbx CBY-00paboTKo# mpe/iecTBeHHUKA IUPKOHUSL.

JKcnepuMeHTA/IbHAsI 4YacTh. B KayecTBe Karaiu3aTopoB OBbLIM HCIOJB30BaHbI 00pa3lbl OKCHIA

mupkonnst (V). Karamuszatopsr ZrO, 6eutn npurotosiens myreM CBY-o6pabotku mutparta tupkonuna (1V)
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(Acros Organics). B xome cuHTE3a BapbUPOBAIKCH CIEAYIONIME MAapaMeTpbl 0OpPa0OTKH MPEIIECTBEHHUKA:
BpeMs 00paboTKH, MOIHOCTh u3nydeHus neuu (Pyro, Millestone), remmeparypa mpouecca. bsuti nonydessr 9
o0pasnoB karammzatopoB ZrO,-CBY. IIpuroroBneHHbIE KaTATUTHYECKIE CHCTEMBI HUCCIICAOBAaHBI KOMILIEKCOM
(U3UKO-XUMHUECKHAX METOIOB (HU3KOoTeMItepatypHast ancoporms Na, POA, pHeycrensiu)-

B xadectBe cCyOcTpara HCHOJB30BATH O0pa3zer] MUKPOKPHCTALIMYECKONW MEJUIIONO3H W 00pa3Ibl
[EeJUTEIOJIO3B], BBIACICHHBIE M3 MHCKAaHTYCa IyTEM €ro OKHCIHTENbHOW aenurHudukammu (oOpasmsr [IMu-
0(10/20/30)) mo wmerommke [1], amanTUpOBaHHOW Uil HEAPEBECHOrO ChIpbs. llepex AemurHuGpHUKaImeit
MHUCKAHTYC OBLI TOJBEPTHYT MEXAaHUYCCKOM aKTHUBAIMM B IUIAHETAPHOW MenbHUIEC B TedeHuu 10-30 muH
(obpasuer  Mu-10(20/30)). OOpasipl  MHCKaHTyca U IEUTIONO3bI  HCCICAOBaHBI MertogamMu PDA u
HK-cnexpockomuu. Bapounsie pacTBOpsI neciegoBansl MetoqoM BOXKX ¢ mpenBapuTenbHON nepuBaTH3aIien
2,4-muaUTpodeHHNTHAPOo3HHOM. OOpaser Me/TIoNo3bl ¢ HAaNMEHBIINM COJCp)KaHHEeM OCTaTOYHOTO JINTHHWHA
ObLT MOIBEPTHYT JOMOJHUTEIBHOM MepOKCHIHOI oTOemke (00pazen JJOMu-10) [2].

[IpurorosneHnpie Kartamutuieckue cucteMbl ZrO,-CBU ObTH HWCHBITaHBI B TIPOILIECCE THUAPOIH3A-
JIETHJIpaTallid ¢ MOJIENBbHBIM CyOCTpaToM — IesuTtoa030i Mukpokpucramumdeckoit (T — 190 °C, oTHOIIeHHE
cybOcerpat / karanusatop — 16/1) u o6pazuamu JIMu-10.

PesyabtaTbl. TekcTypHble  XapakTepUCTHKH  MPUTOTOBJICHHBIX  KaTajlM3aTOPOB  WCCIIEJOBAHEI
HHU3KOTEeMIlepaTypHoil ancopOieit Np. YaenpHast miomans moBepxHoctr o0pasioB ZrOp-CBY Haxomutcs B
muamazone 18-186 wm%r. CoriacHo IaHHBIM aHajm3a POA, obpazubr  ZrO»-CBU-1(2/3/4/6) wumerot
KPHUCTAUTMYECKYI0 CTPYKTYPY C MOHOKIMHHOW M TeTparoHaJbHOH (a3amu, a oOpas3ipl KaTamu3aTopoB ZrO;-
CBY-5(7/8/9) — pentrenoamopduyto cTpyktypy. [lapamerp NOBEpXHOCTHOMH KUCIOTHOCTH OLICHEH 1O 3HAYCHHIO
pH cycrien3nu, 3Ha4eHNs KOTOPOTO HaXxoawics B nuana3one 1,9-6,6.

B xoxe paborsl ObUIM OmpeAeNeHbl ONTHMANIbHBIE I1apaMEeTPbl OKUCIUTEIbHOW AeIMrHU(UKALNK:
Temnepatypa mpoiecca — 100 °C, ruapomoayns — 26, 3arpy3ka karaiamzatopa cyibgara mapranma (1) —
1 mac. %, KOHIIEHTpaIusl MePOKCHAA BOAOPOJA U YKCYCHOM KUCIOTHI — 6 1 25 Mac. % COOTBETCTBEHHO, BPEMS
MEXaHUYeCKON aKkTUBanuMu Muckantyca — 10 muHyT. B pesynbrare mporecca AeiaurHu(pHKalul MUCKaHTyca
CONIEpXKaHHWE OCTAaTOYHOTO JIMTHWHA B 00pa3lax BBIICICHHON IIEIUTIONO3BI He mpeBblmano 9 wmac. %.
JomomHuTeNbHAS OTOEIKA W aKTHBAIUS LEJUTIOIO3BI TIO3BOMIH Oyt oopasenr IOMu-10 ¢ cogepkanuem
murHuHa, paBHEIM 1 Mac. %. [lo mamaeiM P®DA wmHpekc kpucramwmmgHocTH (MK) mms wcXomgHBIX 00pas3ioB
muckantyca Mu-0(10/20/30) waxomurcst B muamasone 73-76 %. Jlenmuraudukanms muckaatyca (06pasibl
JMu-0(10/20/30)) npusogutr x ysenauuenutro UK no 82 %. IlokasaHo, uTO BpeMsi MEXaHHMYECKOW aKTHBAIUU
OKa3bIBaeT ciaboe BIMSHME Ha JAaHHbIA Tokazarens. VK-crexkTpsl 00pa3loB EJUIIONO3HBIX IPOAYKTOB
coxepar monocel mpu 3600-3200, 2900, 1430, 1370, 1320 u 890 cm™, xapakTepHble IS LEJIIOIO3LL.
OtmeueHo, uro B obpasnax JIMu-10(20/30) u JOMu-10 cyimecTBeHHO CHHU)KAeTCsl MHTEHCHBHOCTD ITIOJIOCHI B
obnactu 1502 cm™l, xapakrepusyronieii BanenTHbie kosiebanus C = C apoMaTUIECKHX KOJIEN M BHEIUIOCKOCTHOE
kosiebanne C — O apuiIbHOM TPYIITEI B OCTATOYHOM JHTHUHE. OIpeeNieH BRIX0J MOHOCAXapUIOB B BAPOYHOM
pactBope, koTopsiii coctapmi 20 mac. %.

OCHOBHBIMH TPOJYKTaMH IIpOIlecca THAPOJIU3a-AeTUIpaTallid MHKPOKPUCTAJUTMYECKON LEJUTF0NI03bl B
npucytctBun Beex ZrOr-CBY sBisutuch 5-TM® u rimoko3sl. B kauecTBe MOOOYHBIX IMPOLYKTOB HaOMIOAANA
o0pa3oBaHHE OpraHMYecKHX KHCJIOT (MOJIOUHAs, MypaBbHHAs, JIEBYJMHOBas KHCJIOThI). I[loka3aHo, YTO

HanOOJbIICH KAaTaJUTHYECKOH aKTHBHOCTBIO o00damaer oOpasen ZrO,-CBY-9. B npucyTcTBHM AaHHOTO
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KaTaaM3aTopa BBIXOJ LEJIEBBIX MPOAYKTOB, IMok0o3bl U 5-ITM®, cocrasun 31 u 17 mon. % coorBercTBeHHO. IIpn
UCTIBITAHUN JJAHHOH cHCTeMbI ¢ 00pa3ioM nemnoio3sl J1OMu-10 ynaercs nomyauts 5-I'M® ¢ Beixogom 7 mac. %.

3akaiouenue. B pabore Opmia mpuroroBleHa cepus KatamuzaTopoB ZrO-CBU (9 o0pasmos),
nonydeHHBIX CBUY-00paboTkoii mpeAmecTBeHHNKa IMPKOHHUA. KaTanuTHdeckne CHCTEMBI HCCIIEIOBaHBI
KOMILIEKCOM (DM3MKO-XUMHYECKAX METOM0B (Hu3KoTeMmIiepaTypHas amcopouust Na, POA, pHeyenensun). B x0me
paboThI OBUTH MOTYYCHBI 00PA3Ibl IEIUTIOJIO036], BEIACICHHBIC 3 MUCKAaHTYC CHOMPCKUI MyTeM OKHCIUTEIbHOM
JeNUrHU(UKAlMY, ONTHMAJIbHBIE MapaMeTpsl KOTOpoil Obutn  mojoOpanbel.  OOpasmbsl  MHCKaHTyca
(Mwu-0(10/20/30)) u uewIr0a03bl, BhIACIEHHOW U3 MucKaHTyca (JIMwu-0/10/20/30, IOMu-10), uccieaoBaHsl
meronamu PDA wn UK-cnexrpockomuu. IlokazaHo, YTO W3 MHUKPOKPHCTAJUIMYECKOW IEIUIIONO3BI MOXKHO
nomyauts 5-I'M® u mmoko3y ¢ BeixomoM 17 m 31 monm. % coorBercTBeHHO. V3 0o0pa3ma NemIroo3bl
JA0OMu-10 ynaetcsa nmonyuuts 5-'M® ¢ Beixogom 7 mac. %.

Paboma svinonnena npu gunancosoii noodepoicke PH® (Ne22-23-01012).
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Abstract. B nacmosuyeii pabome npedcmasienvl pesyibmamsl UCCICO08AHUI CIPYKMYPbL U CEOUCME 08YX
MUn08 NOIUMEPHLIX MEMOPaH Olsl peceHepayuy CIUUCMOU 000J0UKU POMOBOU NOAOCMU, U320MOBIEHHbIX U3
noaumempagmopsmunena  (IIT®D) u  cononumepa  SuHuUIUOCHPMOPUOQ ¢  MempapmopImMuIeHOM
(BAD-Te®3). Memooom amomHO-CULOB0UI MUKPOCKONUU UCCIe008aHA CMPYKMYPA U Nbe303JeKmpudecKue
ceoticmea membpan. Ilokazano, umo oba muna memOpaw cGOpPMUPOBAHbI XAOMUUHO NePenemaruumcs
Medcdy  coboll  yIbmpAmoHKUMU — 80IOKHAMUY, Npu  3mom 8onokHa BHA®D-Te®@D membpan obradarom
BbIPANCEHHBIMU NbE30INEKMPUYECKUMU CBOlicmeamu. B cpasnumenvrom sxcnepumenme na 1abOpamopHbix
JHCUBOMHBIX YCMAHOBLEHA 8bICOKAsL cnocobnocmy B/D-Te®D membpan pecenepuposams causucmyro 000I0UKY

pomoeoﬁ noJjocmu.

Introduction. Wounds of the oral mucosa occur in 42 % of the population throughout life, therefore, in
modern surgical practice, their healing is an urgent problem. Traditionally, Gore-Tex® paraelectric
fluoropolymer membranes are used to close wound defects [1]. Membranes made of copolymer of vinylidene
fluoride and tetrafluoroethylene demonstrate piezoelectric properties, which makes it possible to provide
physiotherapeutic treatment of a wound defect under the membrane without electric current sources. However,
there are few comparative studies of membranes with paraelectric properties and membranes with piezoelectric
properties. The purpose of the study is to provide a comparative analysis of membranes with paraelectric
properties made from polytetrafluoroethylene (PTFE) and membranes with piezoelectric properties made from a
copolymer of vinylidene fluoride and tetrafluoroethylene (VDF-TeFE).

Research methods. For PTFE membranes producing, a spinning solution was obtained by mixing a

polyvinyl alcohol (JSC Vekton, Russia) 10 % aqueous solution with a PTFE (JSC Halopolymer, Russia) aqueous
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suspension in a 50:50% wt. ratio of solution and suspension. For VDF-TeFE membrane making, a 6 % wt.
solution was prepared of a copolymer of vinylidene fluoride and tetrafluoroethylene (JSC Halopolymer, Russia)
in a mixed solvent. Mixed solvent consisted of acetone (JSC EKOS-1, Russia) and dimethylformamide (JSC
EKOS-1, Russia) in a ratio of 85:15 % wt., respectively. Composite membranes were formed on a rotating
assembly manifold using a NANON-01A electrospinning facility (MESS, Japan). After that, the composite
PTFE membrane was quenched in a muffle furnace [2] and the composite VDF-TeTE membrane was
crystallized in a muffle furnace [3].

The topography and piezoelectric properties of the membrane-forming fibers were studied by
piezoelectric force microscopy (PFM) using an Ntegra Prima atomic force microscope (NT-MDT, Russia).
To study the surface topography, the microscope was equipped with an NSG10/Pt cantilever (NT-MDT, Russia).
To study the piezoelectric properties of fibers, the microscope was equipped with an NSG30/Au cantilever
(NT-MDT, Russia). The measurements of the piezoelectric response were carried out in a quasi-static regime at
the frequencies 20 kHz with the 10 V amplitude of a.c. excitation signal. Studies of the polymer membranes
effect on the oral mucosa regeneration were carried out on laboratory animals, namely, Wistar rats. Graphic
images were processed using Axio Vision (Carl Zeiss, Germany) and Image, version 1.52u (USA).

Results. Topography, d33 coefficient, phase image and piezoelectric amplitude distribution of these
fibers are presented in Figure 1.
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Fig. 1. Vertical PFM images of PTFE and VDF-TeFE fibers: (a) Topography, (b) VPFM amplitude, (c) VPFM
phase images and (d) VPFM amplitude distribution of PTFE fiber; (e)Topography, (f) VPFM amplitude, (g)
VPFM phase and (h) VPFM amplitude distribution of of VDF-TeFE fiber

The topography of PTFE fibers is different from that of VDF-TeFE fibers. PTFE fibers have domains
with different shapes and the diameter of fiber is about 774 + 5 nm (Fig. 1 a). Vertical PFM (VPFM) amplitude
of PTFE is almost the same as aluminum foil (Fig. 1 b, ¢ and d), however, on the edge the authors observed
some piezoelectric response, which could be related to the defects on the edge of PTFE. In consequence, VPFM
amplitude of these fibers is different (see Fig. 1 f). As it is shown in the Fig. 1 f and 1 g, the vertical piezoelectric
amplitude d33 of VDF-TeFE is firstly experimentally demonstrated in this article and can reach up to 4 pm/V,
therefore, the piezoelectric response of the presence of contrast of VPFM amplitude in Fig. 1 f is related to
polydomain with the size of tens of nanometers in VDF-TeFE. The contrast in the VPFM phase images is related to
different polarization directions. Fig. 1 h shows the distribution of d33 coefficient, and the average d33 coefficient

of aluminum foil and fibers, which was fitted by Gaussian distribution, equals 0.48 + 0.01 and 2.13 + 0.02 pm/V.
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Figure 2 shows the results that were obtained for the area of the oral mucosal defect under the membrane,

depending on the type of membrane used on days 3, 7 and 12 of the experiment.
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Fig. 2. The area of the oral mucosal defect under the membranes on days 3, 7 and 12 of the experiment

The area of the oral mucosal defect is greater on the third day after surgery in the control group than in
the groups where the wound defects were covered with membranes and equals 21.3 + 2.3 mm?. There were no
statistical differences in wound closure with membranes (Fig. 2). On the seventh day after the operation, the area
of the oral mucosal defect in the control group was 8.2 = 1.7 mm?. The area of the oral mucosal defect is 6.2 =
1.2 mm?in the group where the wound defect was closed with a PTFE membrane, which is 29% more than the
area of the oral mucosal defect in the group where the wound defect was closed with a VDF-TeFE membrane.
On the twelfth day after the operation, a scar was formed at the site of the oral mucosa defect. The area of the
scar in the control group is 4.5 mm?, 2.3 mm? in the group where the wound defect was closed with a PTFE
membrane, and 1.5 mm?in the group where the wound defect was closed with a VDF-TeFE membrane.

Conclusion. A comparative analysis was carried out for membranes made from polytetrafluoroethylene
and membranes made from a copolymer of vinylidene fluoride and tetrafluoroethylene. The use of polymeric
membranes to close wound defects accelerated the regeneration process and reduced the severity of the
inflammatory response compared to the treatment method, when the wound defect remains open. However,
membranes made from PTFE do not demonstrate electrical activity and are less effective when used as a
material for closing wound defects of the oral mucosa. Membranes made from VDF-TeFE exhibit piezoelectric

properties and are more efficient.
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INVESTIGATION OF ZINC-SULFIDE PHOSPHORS WITH A TITANIUM-HYDRIDE COATING
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Abstract. In the course of the work, samples of ZnS radioluminescent phosphors were studied for the possibility
of creating a new type of radioluminescent light source, where the isotope and phosphor are a single whole.
Deposition of titanium hydride in several stages by the iodine transport method was carried out, the spectra and
brightness of radioluminescence were measured, and it was found that titanium hydride improves the brightness

properties compared to samples clad with titanium.

BBenenune. PannonroMUHECIIEHTHBIE MCTOYHHMKH CBETa C Ta3000pa3HBIM TPUTHEM HAIUIM HIMPOKOE
MPUMEHEHHE B KAYeCTBE aBTOHOMHOM MOJICBETKU CO CPOKOM ciyx0b1 10 siet u 6omee [1].

OnHaKo OHM HMEIOT HEJOCTATOYHYIO SPKOCTh CBEUEHHs, a TaKXKe XPYNKYI KOHCTPYKIHIO TpyOKH,
MO3TOMY TIpEJIaraeTcsi MCIOJIb30BaTh TBEPAOTEIbHBIE HMCTOYHHKH BMECTO Ta30BBIX, KOTOPHIE NPEICTABISAIOT
co00i1 MOUIOKKY M3 HepiKaBerolllei cranu ¢ HanecEHHOW rui€Hkoi Tputuna turana (TiT) u momuHOGOpPHBIM
9KpaHOM Ha ocHOBe ZnS. [y nanbHEHIIEero yimydIleHHs CBETOM3IYyYalolIUX XapaKTePUCTUK TBEPAOTEIbHBIX
HUCTOYHMKOB MOJKHO TIPUMEHHTH JJIEKTPOHHO-JIydeBOE BO3JCHCTBHE Ha KPHCTAUIMUECKYIO CTPYKTYpPY
mromuHO(Bopa. [Iponwisie Hecaea0BaHuS TOATBEPXKIAIOT BEPHOCTh JaHHOTO moaxoaa [2, 3].

Jpyrum ke myTeM CO3JaHHsS TBEPIOTENBFHBIX PaJUOIIOMHHECIICHTHBIX HCTOYHHKOB CBETa SIBIIIOTCS
pa3nuYHbIe CHOCOOBI CBS3BIBAHUS PAAMOM30TONA W JIOMHHO(POPA B €IMHYIO CAMOCBETSIIYIOCS KOMITO3HUIIHIO.
Jis 3TOM 1en MOXKHO HCIIONIB30BaTh KPHUCTAJUIMYECKHE MATPHUIBI HA OCHOBE MHUKPOMOPHCTOTO KPEMHHUS,
IIEOJINTOB U adporesield, criocoOHbIe BKIIOYATh B ce0s1 OONbBIINE KOJINYECTBA TPUTHSL, JIMOO kK€ HAHECTH TPUTHUJ
tutana (TiT) Ha MOBEpXHOCTh YACTHI JIOMHHO(DOpa ra30TPaHCIOPTHBIM METOAOM. B naHHoO# pabore ObLI
WCIIONIb30BaH MOCIETHII BapraHT. Bc€ BMECTe 3TO MO3BOJIUT JOCTUYh OOBEMHON JTIOMUHECIIEHITUHN U TIOBBICUTH

SAPKOCTb CBEYEHU 32 CUET PABHOMEPHOT'O PACHPEIENICHHSI H30TOIA 10 BCEMY 00BEMY KPUCTAIIIMIECKUX 3EPEH.

Poccust, Tomck, 25-28 anpenst 2023 T. Tom 2. Xumus



XX MEXAYHAPOJHAS KOHOEPEHIUA CTYAEHTOB, ACIITMPAHTOB 1 MOJIO/IbIX
YUEHBIX «ITEPCIIEKTUBBI PAZBUTUA ©YHIAMEHTAJIBHBIX HAYK»

JKcnepuMeHTaNBHANA YacTh. B xoze paboTh! OBIIM MCIOIb30BaHbl OTEUECTBEHHBIE PaIMOTIOMUHO(OPHI
Ha ocHOBe ZnS mapku PK-1063 ¢ aktuBaTopom B Buae Cu mpoussoactea 3A0 HII® JlromuHOdOp, UMEIOLIHEC
yaenbHyro nosepxHocTh 0,39 M%r. C Lenblo HaHECEHUs THTAHOBOIO HOKPBITHS HA IOBEPXHOCTh YACTHIL
JmoMIHOGOpa OblIa BEIOpaHa METOAWKA HOJHOTO TPAHCIIOPTA, KOTOPAsi IIMPOKO HCIIONIB3YeTCs Ui HAHECCHHS
(GYHKIHOHATBHBIX TIOKPHITHI Ha moamoxkn u3 BN, SiC, anmasa u meramios. [4, 5]. VcxomHas muxTa cocrosia
u3 moMuHO(Opa, KPUCTAIIHIECKOTO |2 1 mopomka THTaHa.

Jns BbIOOpa ONTUMAaJbHOW TOJIIMHBI THTAHOBOW IUIEHKH, IIPM KOTOPOW HE MPOMCXOAUT IIOJIHOTO
TOTJIOIIEHHSI CBETa, OBUIM CHHTE3MPOBAHbI JiBa O0pa3lia C pa3lUYHBIM COJEpKAHHEM THTaHa B IIUXTE.
s oOpasua ¢ conepkaHueM TuTaHa B 4% pacueTHas TOJIIMHA IUIeHKH coctaBuia 300 HM, a ais oOpasna c
13 % tuTana - 500 aM. Ha nanHOM STarme ncciieOBaHUH TSI MOJEIUPOBAHMS CBOMCTB IJICHKH TPUTHAA TUTAHA,
B Ka4yecTBE 3aMEHHUTENs OPOTOro W TPYAHOIOCTYITHOTO TPHUTHS OBUT MCHONB30BaH Bomopon. [locne mpomecca
TUTAKAPOBAHUS TPYOKH MOIKITIOYATNCH Yepe3 PEAyKTOpHl K OauloHy ¢ BOJOPOJOM M B TEUCHHE 3 YacoB
OTXKHUTANKCH B reun nipu Temreparype 700°C mist oOpazoBaHus THAPUIA TUTAHA.

Pe3yabTaThl. COrTacHO U3MEPEHUSIM SIPKOCTH PAJAMOIIOMUHECIICHIIUY, TIPEJICTaBICHHBIM Ha PUCYHKE 1,
13-3a TUTAHOBOM IIEHKU IPOUCXOIUT OCJabIeHue spKocTh cBedeHust. OueBUIHO, YTO HauboJblIee ociadieHne
umeer obpaser] ¢ 13 % Ti B mmxTe M0 CPaBHEHHIO C MCXOJHBIM HEIIAKAPOBAHHBIM JTFOMHHO(DOPOM. DTO Ke
MOJKHO HaONIOaTh W Ha CICKTPax JIOMHHECICHIIMHU, MPEICTaBICHHBIX Ha pucyHke 2. /s oboux o0OpasioB
CHIDKACTCS MHTCHCHBHOCTH CBEUCHHS Ha KaKIOW M3 CHEKTPANBHBIX IIOJIOC ¢ MAKCHUMyMaMH Ha IJIMHAX BOJH
450 («cunsisi» obnacte) u 524 («3enéHas» obmacts) HM. J{J1sl BCeX CIIEKTPOB XapaKTePHbI OJJMHAKOBBIC MUKH, TE
JKe, 9TO | JJI1 OPUTHHAJIFHOTO JIIOMUHO(OpA, T.€. TIepepacipeaeleHHs CIICKTPAIBHBIX ITOJIOC HE TIPOUCXOIUT.

[ocnenyromee TrUApPHPOBaHHWE IUIAKUPOBAHHBIX JIOMHHO(QOPOB TPHBOAUT K POCTY  SPKOCTH
PaIHOTIOMHHECIIEHIINH I BCEX 00Pa3oB, HE3aBUCUMO OT KOJMYECTBA TUTaHa B mmxre. [ obpasua ¢ 4 % Ti
HaOJII0IaeTCs POCT SIPKOCTH B 3 pasa Mo CPaBHEHHIO 00pas3loM 10 THAPUpOBaHus, it obpasna ¢ 13 % Ti
NPUPOCT HaXOAUTCS Ha ypoBHE 11 % COOTBETCTBEHHO. DTO MOXKET OBITh CBS3aHO C TEM, YTO IJIEHKA Ha OCHOBE
THApHJIA TUTaHA SIBJIsIETCs 0oJiee MPO3pavyHOil B ONITHYECKOM JAMara3oHe 110 CPABHEHHIO C UCXOHOM THTAaHOBOH.

I[Momumo mpouero it 00pa3noB ObUM caenanbl MukpodoTorpadun MerogqoM COM Ui aHanmm3a WX
pa3Mmepa, a TaKXkKe YCTaHOBJICHHS (akTa IUTAKHPOBaHUS IOpoIIKa IoMuHOpopa. Ha pucyHke 3 BumHa
HEOJHOPOJHAST CTPYKTypa Kak Ui o0pasloB JO THAPHPOBAHUS, TaK M IIOCIE, OCAKICHHE THUTaHA Ha

MOBEPXHOCTH NMPOUCXOIUT OCTPOBKAMH, pa3Mep y YaCTHUI] TUTaHA BapbUPYETCs B IIMPOKOM mpenene A0 20 MKM.
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Puc. 2. Cnexmpul ntomunecyenyuu 015t RIAKUPOBAHHBIX THOMUHOPOPOG Oe3 cudpuposanus

Puc. 3. Muxpogomozpaguu nnaxuposannvix 1oMuHoQopos ¢ cooepaicanuem mumana 6 wiuxme 13%:

a — 00 eudpuposanus,; 6 — nocie 2uOPUPOBAHUs

3akmouenune. Takum o0Opasom,

CaMOCBETSIIIUXCS PATHOTFOMHUHOPOPOB. BMECTO 0OBIYHOIO BOIOPO/a M OTACIHHOIO TPUTHEBOI'O MCTOYHHKA B

JlanbHEHIIeM NpenaraeTcs HAHECTH TPHUTUH HENMOCPEJCTBEHHO Ha caM JIIOMHUHOGOp Juisi 00pa3oBaHuUs

MNOJYYCHHBIC HAaHHBIC HNOATBCPIKAAOT BO3MOKHOCTb CO3daHUA

YCTOMYUBOM MIEHKU TPUTUA TUTAHA HA IOBEPXHOCTU YACTHULL.
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MATHUTOAKTUBHBIE KOMIIO3UTHBIE KOHIYUTHI 1JI1 BOCCTAHOBJIEHUS
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MAGNETOACTIVE COMPOSITE CONDUITS FOR NERVE TISSUE REGENERATION
L.E. Shlapakova, M.A. Surmeneva
Scientific Supervisors: Prof., Dr., R.A. Surmenev

Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
E-mail: les2@tpu.ru

Abstract. Peripheral nerve injury is a considerable issue, which may threat to mobility and sensory function,
leading to permanent function loss. To date, the most clinically applied approach for bridging nerve injuries is
autologous nerve grafting. However this approach is far from an ideal option due to the donor site morbidity,
donor shortage, risks of infections or neuroma formation and so on. An effective therapeutic strategy is urgently
needed worldwide to overcome the current limitations. Tubular nerve guidance conduits are gaining attraction
to bridge two injured nerve ends and provide physical protection and directional guidance for nerve
regeneration. In the present study, we developed novel magnetic composite conduits based on biocompatible and
bioresorbable poly-3-hydroxybutyrate (PHB) and citric acid-modified magnetite (FesO4-CA) nanoparticles for
nerve tissue engineering applications. Highly magnetic Fes0.-CA nanoparticles were synthesized by chemical
co-precipitation of iron salts. The PHB/Fe;04-CA conduits were fabricated by a versatile electrospinning
technique. Subsequently, the composite conduits were comprehensively investigated by various methods.
The influence of Fes04-CA incorporation on the PHB morphology, topography, crystalline structure, and
physico-mechanical properties is carefully discussed. As a result, magnetoactive conduits possess the structure,
mechanical and magnetic characteristics appropriate for nerve tissue restoration and can potentially provide
magnetic stimulation of nerve lesion repair in an external magnetic field. Thus PHB/Fes04-CA conduits are

prospective candidates for clinical therapy of long-gap nerve injuries.

Beenenne. IloBpexnenus nepupepruueckoil HEpBHOW CUCTEMBI BEAYT K IOTEPE CEHCOPHOIM M MOTOPHOM
(yHKIMI KOHEYHOCTEH, 4TO MOXKET NMPUBECTH K JJIMTEJIHFHOH IMOTepe TPYIOCHOCOOHOCTH M HHBAINIHOCTH
nanuenToB. [loBpexneHns: auHON cBbime 1—2 cM TpeOyroT omepanuy Mo BOCCTAHOBJICHHIO (DYHKIIMHM HEpBA.
Exxeronno B Poccun B mpoBelleHUM TakuxX ornepauuii Hyxknaercs oT 4 no 7 teicsu yenoBek [1]. Ha manubrii
MOMEHT «30JIOTBIM CTAaHAApPTOM)» BOCCTAHOBJICHHS HEPBOB SBJIIETCS MMIUIAHTAINS JOHOPCKOTO HepBa. DTOT
MeToA O0NagaeT psSAOM HEJIOCTaTKOB, & UMEHHO: HEXBAaTKa JOHOPOB, OTTOP)KEHHE JOHOPCKOTO HEPBA, PHUCKU
WHQEKIUA ©W HEeHpoM, HEMOJIHOe BOCCTAHOBICHHE QYHKIMK HepBa W aAp. [lodToMy Bemercss IOHMCK

AIBTCPHATUBHBIX MECTOJA0B, HAIIPUMEP, HMIUIAaHTAIUA OMOAKTUBHBIX 6I/IOp8.3HaFaeMI)IX MaTepuaioB A
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CTUMYJISIIMM BOCCT@HOBJICHHSI IOBPEXKICHHOTO HepBa. KOHIYMUT 111 BOCCTaHOBIEGHMS HEPBHOW TKaHH
IpeocTaBisieT co00i TpyOKy, KOTOpasi COeqUHSIET KOHIIBI OBPEXICHHOTO HEPBa U o0ecneynBaeT GU3niecKyro
3aIATy W HAMpaBICHHE POCTa HOBOM HEPBHOM TKaHW [2]. BakHeHIIMM CBOMCTBOM MAaTepHAIIOB U TKAHEBOM
WH)KEHEpUHU SBISIETCS OMOAKTUBHOCTH, II03TOMY HEOOXOAWMO CHAOXaTh KOHOYUTH OHOXMMHUYECKHMU,
(u3naeckuMu /WM TororpadguaeckuMu (paKTopamMu JUISI aKTHBAIMH POCTa HEPBHOM TKaHU. DIEKTPHUECKYIO
CTHUMYJBILIUI0 MOTYT OCYIIECTBIISTH IBE30IEKTPHUECKUE ITOJIMMEPHI, KOTOPbIE TEHEPHPYIOT JIICKTPUICCKHI
3apsA B OTBET Ha MexaHWueckyro nedopmanuto [3], Hampumep, OHOCOBMECTUMBIA W OHOpa3iaracMblit
nonu-3-okcubytupar (IIOB). Jlpyroi#t crpaTerneii WHMIMHMPOBATH BOCCTAHOBIICHHE HEPBOB SBISCTCA
no0aBieHHe B TIOJIMMEPHYIO MaTpully MarHMTHbIX HaHouyactun (MHY) ¢ mocnemyrommm mnpuMeHEHHEM
BHerrHero MarautHoro moist (MIT) [4]. Tlpm stom MHY nHamarawgwBarorcss B MII W OCYIIECTBISIOT
MEXaHMYIECKOe JaBJICHHE Ha KICTOYHBIC MeMOpaHbl W opraneiutsl. HaHouactuiter Marneruta (FezOs) mmpoko
UCTIONB3YIOTCS B OmoMeawmuHe Onaromaps BBICOKMM MAarHHTHBIM W MEXaHHYECKHM  CBOMCTBaM,
OMOCOBMECTHMOCTH, XUMHUIECKOH CTaOMILHOCTH. MBI TIpeATioNaraeM, 4To IbE303JICKTPUICCKHE U MarHUTHBIC
CTHMYJIBI MOTYT OKa3blBaTh CHHEPrHuYecKHil 3((eKT Ha MpOIecC BOCCTAHOBJIICHUS! MEepUPEPUIECKUX HEPBOB.
Llenbr0 aHHOTO UCCIIEIOBAHUE SIBISIETCS TOJyYSHUE U XapaKTepu3allisl MarHUTOAKTUBHBIX MMbE30IMOJIHMMEPHBIX
KOHIyuTOB Ha ocHOBe [1OB 1 HaHOYACTHUII MArHETHTa, MOIU(DHUIIMPOBAHHBIX JIUMOHHOU KucinoToi (JIK).

JkcnepuMeHTaNIbHast YacTh. HaHouacTuipl FesO4 ObLIH MoydYeHbl XUMHYECKUM COOCaXICHUEM COJIer
sxenesa (1) u (1) u nokperrer JIK 1uist moBblieHUs: OHOCOBMECTUMOCTH U CHIDKCHUSI ariomepain. KoHmxynTe
ITIOBb u IIOB/Fe304—JIK (8 mac. %) M3rOTOBICHBI METOJOM 3JEKTPO(POPMOBAHHMS, YHHBEPCAIHHBIM METOJIOM
TIOJY9YCHHUSI BBICOKO MOPUCTHIX HAHO- W MUKPOBOJIOKOHHBIX MAaTEPHAJIOB Ul TKAHEBOH HMH)KCHEPHH C BBICOKOM
YIENBHON TOBEPXHOCTHIO M KOHTPOJIUPYEMBIMH MEXaHHYECKMMHU CBocTBamu [2, 4]. B kauecTBe KOJIEKTOpa
MCIIOJIb30BANIaCh BpaIlAIOIIascs CTalbHas CIUI@A ¢ JuamerpoMm 2 MM. Mopdosorus u Tonorpadusi 4yactui u
KOHJIYHTOB MCCJIEZI0BAIACh METOJAMU CKAaHUPYIOMIEH 3JIeKTpOoHHON Mukpockomuu (COM, Quanta 600, SnoHws)
u atomHoOU cuiaoBoii mukpockomuu (ACM, Ntegra Spectra I, Hunepiaunsr). Kpucramimyeckas CTpyKTypa
00pa3ioB OblTa WMcClienoBaHa MeTogoM peHtreHodasoBoro axHammsa (PDA, Rigaku MiniFlex 600, Sinomus).
Juddepennmanpaas ckanupyromas kamopumerpuss (DSC Q2000, CIIA) wucmomb3oBamack Ui OICHKH
TEPMHUUYECKUX CBOWCTB KOHAYUTOB B nuanazoHe 50...250°C. Ou3nko-MeXxaHUYeCKUE UCTIBITAaHUSI HA OJJHOOCHOE
pacTsbkeHne TpyOuaThIX 00pa3lloB NMPOBOJMIMCH HAa YHUBEPCAJIbHOW HCHbITaTeNbHOW MarumHe Instron 3369
(Instron, CIIIA) ¢ npuMeHeHHEeM U3TOTOBICHHBIX HA 3aKa3 KPEIUICHUH.

PesyabraTel. Cuumkun COM (Puc. 1, 6—6) xoumyutoB IIOB u I1OB/Fes04—JIK aemMoHCTpHPYIOT
MPOHHUIAEMYIO0 TIOPHUCTYIO CTPYKTYpPYy, IPEACTaBICHHYIO Oe3le(eKTHRIMA OJHOPOAHBEIMH BOJOKHAMHU CO
Cily4aiiHbIM pacrofioxkenueM u auamerpamu BosiokoH (d) 0,9+0,2 u 1,24+0,1 MM, cootBercTBenHo (Tabm. 1).
ITopucrtast cTpykTypa cHocoOCTBYeT OOMEHY HYTPHEHTaMH, METa0OJUTaMH W Ta3aMH MEXAy BHEIIHEH |
BHYTpEHHE# cpefioit KoHIyuTa. B ononHeHue, BhICOKas y/elbHas TOBEPXHOCTh MOBBINIACT aAre3uio KIeTOK, a
COOOLIAMIIMecs TOpbl  CHOCOOCTBYIOT TPEXMEPHOMY POCTY KIeTOK. Mukporomnorpadusi KOHAyHTa
ITOB/Fe304—JIK 3HAYMTEaBHO YIIY4YIINIACh B CPABHCHHH C YUCThIM KOHIyuTOoM I1OB, uTo moaTBepkmactcs
uccnenoBanusimu COM u ACM. Ha ocHoBanuu npoduiell Tonorpaduu KOHIYWTOB BBISBIEHO YBEIHYCHUE
3HaueHus cpeaHed mepoxoBatocTu moBepxHocTH [10B/FesOs,—JIK or 11,2+1,9 mo 19,4+5,5 uMm. Passurtas
MOBEPXHOCTh KOMIIO3WUTa 00ECHEeYNBACT 3HAYMTENIBHYIO IUIOIIAIb ISl QAre3Ud U MPOJHQepaluy KIETOK, 4TO

MMPECATIOYTUTECIIBHO JJIA MaTCPUATIOB IJIA TKaHEBOU HWHXXCHEPHU.

Poccust, Tomck, 25-28 anpenst 2023 T. Tom 2. Xumus



XX MEXAYHAPOJHASI KOHOEPEHIUA CTYAEHTOB, ACIIMPAHTOB 1 MOJIOJIbIX
YYEHBIX «ITEPCITEKTHUBbI PASBUTUS ®YHAAMEHTAJIBHBIX HAYK»

y e i
Puc. 1. Komnosummuwte konoyumwi I105/Fe30+—JIK (a); uzobpasicenus COM xondoyumos I10F (6)
u I10B/Fe304-JIK (8)

POA mo3BONMMII TPEANoNoXkuTh, uYro gobaBnmeHme dactur Fe304—JIK yBenmmumBaer copepikaHUe
anekTpoakTuBHOW B-(azpl [IOb B KOMIO3WTHBIX KOHIYHTaX, O YEM CBUAETEILCTBYET 0OoJiee MHTCHCHUBHBIH
pedaexc mpu 260=20°, coorBercTByrommii tockoctu (110) kpucrammmueckoit B-¢aser [10B. YBennuenue
B-dbassr momoxwutenpHo BimsAerT Ha mbe300TKIHK [10B [3], ciemoBatensHo, koHAyuTh [1OB/Fes04—JIK Moryt
obecrieunBats Oosiee 3(QGEKTUBHYIO IEKTPUUECCKYIO CTUMYJIALHMIO B cpaBHeHHMH ¢ uyucThiM [1OB. Cormacuo
manabpiM JICK (Pumc. 2, a; Tabm. 1), BHempeHHE MarHWUTHBIX YaCTHI] NPHUBOAWUT K CHIDKCHHIO CTEIICHU
KPUCTAJUTMIHOCTH KOMIIO3UTHBIX KOHAYHTOB OT 59 mo 54% Bcmeacteue armomepanun FesOs—JIK, xoropas
OrpaHMYMBaeT MOOWIBbHOCTH Makpomoiiekyn [1OB u 3arpyaHsier MX yHOpsSIOYEHHOE pacrosokeHue. BaxHo
OTMETHTh, YTO IUIACTUYHOCTh KOMMO3UTHOTO KoHmyuta IIOB/FesOs—JIK 3HaumTenbHO yaydmiaeTcs IO
CPaBHEHHUIO C KOHTPOJIbHBIM 00pa3loM, YTO COOTBETCTBYET MEXaHMYECKUM CBOICTBAM MSTKHMX TKaHEH, B T.U.
HepBoB. Monynb FOHra, XapakTepu3yomuil KecTKOCTh MaTepuaia, cHuxkaetcst oT 468+11 mo 221+52 MlIla, B
TO BpeMsI KaK YAJIMHEHHE 10 pa3pbiBa yBeaumuuBaeTcs oT 17,9+3,6 no 28,6+2,9% s 9yMCTHIX M KOMIO3UTHBIX
KOHIynTOB, coorBercTBeHHO (Tabs. 1). Takmm oGpaszom, koHmyutsl I10B/Fe3O4—JIK obnanaror Oompmreit
THOKOCTBIO M IUIACTHYHOCTHIO B CPAaBHEHHWH C TOMOIIOJIMMEPOM, 4YTO SBJISETCS HEOOXOJMMBIM CBOWCTBOM
KOHAYHMTOB JJIsi HEpBHOH TkaHHM [2]. 3HayeHHs HaMarHMYEHHOCTH HachllleHHs HaHovacTul FesO4—JIK u
MarHUTOAKTUBHBIX KOHIYUTOB coCTaBisitoT 61,9+0,3 u 7,4+0,1 ame/r, cootBercTBeHHO (Tabs1. 1), 4To mo3BossieT

OKa3bIBaTh MATHUTHYIO CTUMYJISIIIIIO BOCCTAHOBJICHHSI HEPBHOM TKaHM C TpHIIOKeHHeM BHemrHero MIT [4].
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Puc. 2. Kpusvie JICK (a) u kpuevie «nanpsicenue—oegopmayusy (6) ucciedyemvix KOHOYUMOs; nenis

MACHUMHO20 cucmepe3uca KOmMno3untHozco KOdeuma (6)
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Tabnuya 1
Du3zuKo-xumuiecKue ceoUCMea Ucciedyemvlx KOHOYUMOos
ITapameTtp I1Ob I[TOB/Fe304-JIK

JuameTp BOJIOKOH d, MKM 09+0,2 1,2+0,1
opucrocts P, % 83,5+2,1 823+1,1

Cpenusist epoxoBaTocTh Ra, HM 112+19 19,4+55

CreneHp KpUCTAIINIHOCTH Xc, %0 59 54

MaxkcumanbHas MIPOYHOCTD omax, MI1a 6,2+0,7 3,9+0,7
Monyns FOunra E, MIa 468 £ 11 221+52

Y anuHeHue 1o paspeiBa &, % 17,9+ 3,6 28,6 2,9

HamarunueHHOCTE HACKHIIIEHHUS 05, SME/T — 7,44+ 0,07

3akiouenne. B pesynprare NMpOBENCHHBIX HCCICIOBAHMH MOJYyYEHBI HOBBIE 3JEKTPO(OPMOBAHHBIC
MarHMTOAKTHBHBIE KOHIYWUTHI JUIi MH)XEHEPHHM HEPBHOW TKaHU ¢ TpeOyemoil Mop(oioruei, CTpyKTypou u
MEXaHUYECKUMHU CBOWCTBaMH. BbIsBICHO BiusHHE MarHuTHOro HamnosiHutens FesOs—JIK Ha cBoiictBa 10D B
KOMIIO3UTHBIX KOHIyHTax. [IpeioxkeH bl MaTepral epCIeKTHBEH TSl MaabHEHIIINX HCCIIeOBaHuU in Vitro u
in ViVo ¢ mociienyrommyM NpEMEHEHHEM B KITMHUYECKOH Tepanuy HOBPEKACHNIT HEPBHOM CHCTEMBI.

Hccneoosanue evinonneno npu gunancogoii noodepoicke PH® (npoexm Ne 20-63-47096). Buipasicaem
bnazodaprnocms Myxopmogoul FO.P. 3a nomoww 6 cunmese maznemuma, Ilapuro U. 3a npogedenue usmeperuil

ACM u Bazenepy JI.B. 3a npogedenue macnumomempuu.
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ABPA3MBHBII U3HOC IBOMHBIX KOMIIO3UTOB ZrB:-TaB:-SiC
B.B. IlImakos'?, A.C. Byskop?
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ABRASIVE WEAR OF ZrB:-TaB2-SiC DOUBLE COMPOSITES
V.V. Shmakov!?, A.S. Buyakov?
Scientific Supervisor: Prof. Dr., S.P. Buyakova'?
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
2Institute of Strength Physics and Materials Science SB RAS, Russia, Tomsk, Akademicheskii str., 2/4, 634055

E-mail: vvs82@tpu.ru

Abstract. The work is devoted to the study of the abrasive wear of ceramic materials of the ZrB,-TaB,-SiC system, which
has a dual composite structure, of the “composite in composite™ type, where the matrix is represented by ZrB,-SiC, and
the inclusions by TaB,-SiC. The studied ceramics were obtained by hot pressing with different ratios of the matrix and
inclusions from 90/10 to 50/50. Sample with a homogeneous distribution of components served as a control. It has been
found that the increase in content is included in the catastrophic drop in wear resistance. The volume loss of DC10,
DC20 and HC samples was shown to be 0.037%, 0.05% and 0.057%, respectively. At the same time, the consumption of
DC40 and DC50 while passing the same distance lost 3.97% and 5.71% of the initial volume, respectively.

Beenenne. J[n0opy1 UPKOHUST ¥ KOMITO3UTHI HA €T0 OCHOBE SIBIISIIOTCS OJTHUMH M3 CaMbIX IPUBJICKATEIBHBIX
MaTeprajioB U3 KJlacca BBRICOKOTEMIIEpaTypHBIX KepamuK. [Tomrmo BBICOKOH Temmeparypbl mmasieHus (>3000 °C) u
OTHOCHTEJIBHO HHU3KOH IIOTHOCTH (~6,09 r/CM3), ZrB, obmamaer BBHICOKOW TBEPIOCTHIO M CTOHKOCTBHIO K OKHCITICHHIO
[1, 2]. KomOuHarmst 3TiX CBOWCTB IO3BOJISET PACCMATPHBATH KEPaMHUKy Ha OCHOBE ZfBj B KauecTBe TeILIOBOH 3alllUThI
IUTa3MEHHBIX 3JIEKTPOJIOB, sAEPHBIX peaktopoB W ap. [3, 4]. Kpome Toro, muOOpuapl MEPEXOIHBIX METAUIOB
UCIOJIB3YIOT B Ka4eCTBE PEXKYIIEro MHCTPYMEHTA M JieTalell MallvH, paboTaloIiX B YCIOBUSIX aOpa3MBHOrO M3HOCA
[5,6]. B kauecTBe M3HOCOCTOMKOW KEPAMUKH HAMOOJIEE PACIPOCTPAHEHO NPUMEHEHHE TIOTHBIX OKCHJIOB aTFOMUHHS,
JIMOKCH/IA LIMPKOHHUS W KapOuia kpemuusi [7]. OmHako, aBTOpbl pabOThI YKa3bIBAIOT, YTO MOJYYEHHBIC KOMITO3HTBI
cuctembl SiC-AlbOs-(SiO2) MMEIOT MakCHMAIBHYIO TeMIepaTypy dkcmutyatamun He Oonee 1350 °C, 4TO CHIIBHO
YCTYNaeT KOMIIO3UTaM Ha OCHOBe crcteMbl ZIB,-SiC, koTopble cocoOHsl paboTath mpu Temrneparype Bbire 2000 °C
[8]. dakTopoM, CyIIECTBEHHO OrpaHMYMBAIOIIMM MPUMEHEHHS KEPaMUK B LIETIOM, SIBISICTCS MX HH3Kas BS3KOCTH
paspymernst. [Ipr 3TOM TpHM TOBBIIIEHHBIX TEMIIEPAaTypax B KepaMHKax MOXET ObITh peamn3oBaH 3(PQeKT
camMo3aJIeuMBaHusl JIe(DeKTOB M CaMOBOCCTAHOBJICHHE CBOMCTB. [IpmiiokeHne MPHHIMIIOB CTPYKTYPHOTO AW3aiHA H
OpraHM3alliK JIBOMHOW KEPaMHUYECKOH CTPYKTYphI TO3BOJUT CIPOSKTHPOBATh Mareprall, KOTOPBIH OyIeT aJeKBaTHO

pearupoBaTh Ha BHelHUe Bo3zaencTaust [9]. Panee [10] Gbiio mokaszano, 4To (JopMUPOBAHKE ABOMHON KOMITO3HIMOHHOM
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CTPYKTYpbl TIO3BOJIIET KPaTHO YBEJIMYMTH BSI3KOCTb PAspyLICHWsl MaTepuana W CO31aTh YCJIOBHS JUIS peaylM3alin
nporecca BBICOKOTEMIIEPaTYPHOTO CaMO3aJICUMBAaHUs SKCILTyaTalliOHHBIX JedekToB. [laHHas pabora mocBsiieHa
HCCIIEIOBAHMIO a0pa3sHBHOTO M3HOCA CHCTeMBI ZrBy-SiC-TaB; co cTpyKTypoii THITa «KOMITO3UT B KOMIIO3HTEY.

DKcnepuMeHTAIbHAsE YacTh. [lopomkn ZrBy SIC u TaB; Gbutk MOABEPTHYTHI BBICOKO3HEPTETHUECKOM
MEXaHNYEeCKOH aKTHUBAIMH B IUTaHETapHOM cMecuTene Tima AI'O-2 B TedeHue 3 MIH IpH YacToTe BpamieHns 6apabaHoB
1820 o6/MuH. MartpuIia FcclieayeMbIx KepaMuk Oblia TipeacrasieHa ZrB, u SiC, B kauecTBe BKIIIOUCHHMI BBICTYITAIH
KOMITO3UIMOHHbIE TpaHyIisl Ha ocHOBe TaBy u SiC. JlucrepcHble rpaHyiibl cheprHIeckoil (opMBbI MOTYYaTH METOI0M
JTMOQUIILHOM CyHIKU. B KadecTBe KOHTPOJILHOTO 0Opasla MCCiIeJoBaH KOMIIO3UT aHAJIOTMYHOro (ha30BOTO COCTaBa C
TOMOTEHHBIM pacrpe/IelieHeM KOMIIOHEHTOB B 00beMe Matepuaa. Mcciemyemble KepaMuKy ObLIN HOTy4eHbI METOJIOM
TOpSTYEro TPECCOBAHMA B cpezie aproHa mpu temrepatype 1750 °C, ¢ Beiaepxkoit B TeueHne 20 MUHYT. ['OMOTeHHBII
kommo3uT o6o3HaweH HC, npoiiHbie koMmo3uTel 0003Ha4ueHb DCX, rae X oTpaskaeT KOJIYeCTBO BKITIOYECHHH B COCTaBE
(00. %). UcripiTanns Ha abpa3HBHBIA H3HOC MPOU3BOAWIHN cornacHo ctaHnapty ASTM G65-04. B nporecce ncnbITaHusA
Ha oOpaser aeiictBoBasia Harpyska paBHas 13,61 kr mpu mpotimerHoM pacctosHum 4309 M. Bo BpeMs ucrbITanms
CWIMKATHBIN TIecok, ¢pakipeit 200-300 MxM, momazaa B MECTO KOHTaKTa POJIMKA M o0Opaslia cO CKOPOCTHIO MOTOKA
370 £ 5 r/mMuH. OreHKa H3MEHEHH 00beMa UCCIICYEMbIX 00pa3IioB B MPOIIECCE UCTIHITAHUS OCYIIECTBIUIACH C YIETOM
M3HOCA KOHTAKTHOTO POJIHKA.

Pesyabrarel. Ha prcynke 1 (@) mokasaHa 3aBHCHMOCTH NOTEpU O0bEMa BCEX HCCIEAYeMbIX 00pasloB OT
TIPOHMIECHHOTO paccTOsTHUS. [I0CKOIBKY 00pa3Ibl IBOMHBIX KOMITO3UTOB C COOTHOIICHHEM MaTPHITH U BKIFOUeHwM 60/40 1
50/50 y3HammBarOTCA 3aMeTHO OoJiee MHTEHCHBHO, 3TH 00pa3Ilbl OTCYTCTBYIOT Ha pucyHke 1 (0). HanveHsImeid motepeit

o0BeEMa XapaKTepU3yFOTCs: 00pasIipl C COOTHOMIEHHEM MaTpuiibl 1 Bkmodermii DC10, DC20 u HC.

® 1C ® HC
3 + DCIO 03 + DC10
= DO = DC20

* DC30 - * D30

*

X DC40

Deso
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R ~0.9%
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AV=94%104*L - 018
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a) 0)
Puc. 1. 3agucumocms nomepu o6vema uccredyemvix 00pasyos om npoti0eHHO20 PAcCHOHUS

a) — ece obpazyvl, 6) — 6e3 60/40 u 50/50

Ha pucynke 2 mokazana moBepXHOCTh W3HOCA 00pasioB. BuaHo, uto obpazer; HC He nmeeT ciieioB BBIPhIBAHUS
3epeH ¢ nosepxHocTH. O6pasusl DC10 u DC20 1eMOHCTPHPYIOT HE3HAYMTEINbHBIE CIe[bl W3HOCA C BBIPHIBAHHEM
HEKOTOpBIX 3epeH ¢ moBepxHocTh. Obpazer; DC30 3amerHo Gonee m3HOIIEH, YeM mpezapiayie. Ha ero noBepxHocTn
SIBHO BBIpaXKEHHBIN ciesi m3Hoca. Ha mosepxHocTn oOpasnoB DC40 u DCS50 mocne m3Hoca Habmomaercs penbed B

MECTEC KOHTaKTa 06pa3u0}3 C PE3MHOBLIM POJIMKOM.
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a) 0) B) r) n) e)
Puc. 2. Iosepxrocms usnoca 06pasyos: a — omozennsiti; 6 — 90/10; ¢ —80/20; 2— 70/30; 0 — 60/40, e —50/50

3akmouenne. [TokazaHo, 9To yBenmmdIeHNEe 0OBEMHOTO COMICPKAHMS BKITIOUCHHN B JBOWHBIX KOMITO3HITHOHHBIX
Matepranax cucteMsl ZrBy-SiC-TaB; mpuBoIuT K KaTacTpO(PUUECKOMY CHIDKCHHIO H3HOCOCTOMKOCTH KOMITO3UTOB.
Haunmensliryro notepto oosema nemoHctpupyror obpasupl DC10, DC20 u HC, noreps o0bema KOTOpPBIX, HOCIE
4309 metpos mytu coctasuia 0,037 %, 0,05 % u 0,057 % cootserctBerH0. Obpasip: DC40 u DC50 mpu mpoxoxaeHrn
TOTO K€ yTH TepsitoT 3,97 % u 5,71 % oObeMa COOTBETCTBEHHO. YBEJINUCHUE MHTEHCUBHOCTH M3HOCA C YBEIIMUECHHEM
00BEMHOTO CONCpKaHMS BKIIOUCHHI, CBA3aHO CO CIIAOBIMH TPAaHWIIAMH pa3ziella MaTpHIa/BKIIOUCHUS, THE TpPH
B3aHMO/ICHCTBHH C a0pa3HBHBIMY YaCTULIAMH, IPOUCXOIUT BBIPHIBAHHE 3¢PEH BKIIFOUCHHI.

Paboma evinonnena ¢ pamkax cocyoapcmeennozco 3aoanus UPIIM CO PAH, mema Homep FWRW-2021-0009.
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YK 533.9.07
MCCJIEJOBAHME MPOIECCA MMOJYYEHUSA OKCHUJIHBIX KOMITIO3UIIUI
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RESEARCH OF THE PROCESS OF OBTAINING OXIDE COMPOSITIONS FOR REMIX
FUEL BY MEANS OF PLASMOCHEMICAL SYNTHESIS
D.S. Shcherbina
Scientific Supervisor: Assoc. Prof., Ph.D., A.G. Karengin
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Abstract. The search was carried out for compositions of water-organic nitrate solutions from uranium, plutonium
and magnesium that meet the criteria of adiabatic temperature and low calorific value, licensed by the “TERRA”

program. The synthesis was carried out at atmospheric pressure and at a temperature of 300 to 6000 K

Beengenne. Ha ceropgusmnuii nenp ADC nmpou3BOIAT 3HAUUTENBHYIO YacTh MOILHOCTEW AJII MHUPOBOM
SHEPreTUKU. TEeHAEHUMU K Pa3BUTUI0 U PACIIUMPEHUIO JAHHOM OTpaciau OrpOMHBI. Takxke, NaHHOH OTpaciu
yAeTseTCs 3HAuMTEeNbHOE BHHMAaHHE B CHIy €€ OJKOJOTHYHOCTH M HAAEeKHOCTH, HMEHHO II03TOMY
paccMaTpUBalOTCs PA3IMUYHBIE CIOCOOBI MO YIYUIIEHUIO TpousBoauTeabHOCTH ADC BCEeMH BO3MOXHBIMU
criocobamu. OJIHUM U3 CTMOCOOOB SBISETCS TEPEXOJl Ha 3aMKHYTHIH TOIJIMBHBIM IMKJI M, KaK CIEJICTBUE,
co3aHne HEeOOXOIMMOTO TOIUIMBA, KOTOpoe OBl MOAXOAWMIA TOJA JaHHBIH mporecc. TakuM TOILIMBOM, Ha
CETONHAMIHUN NeHb, sBisercss REMIX-TommBo, oTHOCAmEecs K AUCIEpCHOHHOMY simepHOMY TortuBy (IST).
HUcnonp3oBarne REMIX-TommmBa IpuBOIUT K ’KOHOMHH YpaHa, TaK KaK MOTCHIHAIEHO HMEETCS BOZMOKHOCTh
B PEIMKIHUPOBAHUY TUTYTOHMS O€3 €ro CyIIeCTBEHHOH aerpaaanuu. Takum o0pa3om, nepepaboTka ¢ HEKOTOPhIM
MOBTOPHBIM J0000TallleHHEM MOXKET OOeCleYrBaTh MHOT'OKpAaTHOE BO3BpAIICHHE TOIUIMBA B PEAKTOpP, YTO
COKpallaeT NoTpedieHre ypaHa peakTopoM M HaKOIUIeHHE OTpabOTaHHOTO SJIEPHOro TOIUIMBA. B To Bpems kak
00BIYHOE TOIUIMBO JAETPAAMpPYyeT Ha CTOJIBKO, YTO CTAHOBUTCS IIOJHOCTHIO HEMPUIOAHBIM [UIS PabOTHL
[TnasmoxumMudeckuil METOJ] MOSY4YEHHs BBICOKOJMCIEPCHBIX IOPOLIKOB OKCHAHBIX KOMIIO3UIMH MOXET
COCTaBHUTb CEPhE3HYI0 KOHKYPEHIUIO CYIIECTBYIOIIUM METOJaM, TaK KaK UMEeT psiJ MPEUMYLIECTB, TAKUX KaK:
OJTHOCTaINI{HOCTh, KOMITAKTHOCTH TEXHOJIOTHYECKOTO0 00OpYZOBaHUs, BbICOKas CKOpocTh. llenmbio paboTs
SBIISUIOCh MOJAEIMPOBAHUE M UCCIIEA0BaHME Mpolecca MIAa3MOXUMHUECKOIO CUHTE3a OKCHJHBIX KOMIO3HULHUN C
WCTIONIb30BaHUEM JIMIIeH3nOHHOU Tiporpammbl «TEPPA» u ompeneneHue ONTHMAIbLHOTO COCTaBa PacTBOPOB
BOJIHO-OPTaHHYECKMX HHUTpaTHbiXx pactBopoB (BOHP), o6ecneunBarorero wux 3Heprodhp(HeKTUBHYIO
1a3MeHHylo o0paboTky. B maHHO#W paboTe mpenCTaBICHBI PE3YJIbTAaThl TEOPETHUECKUX HCCIIEeIOBAHUI

mporiecca IUIa3MOXMMHYECKOTO CHHTE3a OKCHIAHBIX KoMmMmosuimii m3 pactBopoB BOHP, Bkmouarommx
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OpPTraHUYECKU KOMIIOHEHT (STaHOJ, aleTOH), BOJHBIE PAcTBOPHI HUTPATOB NEsIIMXcs (ypaH, IUTyTOHHH) M
MaTpUYHBIX (MarHuii) MeTaJIoB.

JKclIepUMeHTAIbHAs YacTh. Marauii ObUT BBIOpAaH ¥M3-32 €ro HH3KOTO CEYEHHs 3aXBaTa TEIUIOBBIX
HertpornoB (0,06 GapH), OTCYTCTBHSI B3aMMOJEHCTBHS C YPaHOM, OTHOCHTEIBHOH MPOCTOTHI IPOU3BOJACTBA H
npourocTd cmwiaBoB [1]. Husmryto TeruoTBOpHYIO COCOGHOCTH BOAHO-OPTaHMYECKOrO HUTPATHOTO PacTBOpa

OTIPEIEIISUTH TIO CIIEYIOIIEeMY YpaBHEeHHO [2].
_(100-W - A)Q  25W

QP
1 100 100"’
I — HU3Ias TEIUIOTBOPHAS CHOCOOHOCTh TOproYero KommoHeHTa, M/Dx/kr; W — cojepikaHue BOJIBI,

A — HEropro4Ynx MHHEPATHHBIX BellecTB B KoMnosuimu %; KoadowuimeHt 2,5 yuuThIBacT CKpPBITYIO TEIUIOTY
ucraperust Boael mpu 0 °C, MJLx/kr. Bomee OOBEKTHBHBIM TIOKa3aTeleM TOPIOYECTH BOIHO-OPTaHUIECKOTO
HHUTPATHOTO PacTBOpA SBILICTCS agadaTHIecKas TeMIIepaTypa ropeHHs, KOTOPYIO OLCHHBAJIM 110 TaHHO# (opmyie:

T = (100 - vox)Qf] + voxCoxtox
an 100vce '

BopHo-opranudeckue HHUTpPaTHBIC pacTBOpbI, wuMmeromue T, =~ 1500 K, obecrneunBaoT ux

3HEeprodpGHeKTUBHYIO IMIA3MEHHYIO MepepaboTKy B BO3MYIIHO-TUIA3MEHHOM ITOTOKE.
PesyabtaTbl. OnruManbHble 3HAY€HHs TEIUIOTBOPHOM  CIIOCOOHOCTM M TeMIeEparypbl  IpH

k03¢ dunnenTax o (OTHOLUICHUH ACIAMICTOCS KOMIIOHEHTA K HEJIENAIIEMYCs) paBHOMY Moka3aHo Ha puc. (1 —4).
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Puc. 1. 3asucumocms cocmasa ocHO8HbIX npodykmog Ha OCHO6€e dmanojia om memnepanitypsl nocje

naasmennou oopabomxu npu a=0,033 u maccosoii done 6030yxa 71 % (a) u 74 % (6). MgO 40 %, BOHP-65
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Puc. 2. 3a6ucwwocmb cocmaedad OCHOBHbIX npodykmoe HA OCHO6€ omanojia om memnepamypul nocije

naasmennou oopabomru npu a.=0,033 u maccosoii done 6o3dyxa 71 % (a) u 74 % (6). MgO 50 %, BOHP-67
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Puc. 3. 3asucumocms cocmasa ocHo6Hbix npodykmoe HA OCHOe6€e smanojia onm memnepamypsl nocije

naasmennou oopabomru npu 0=0,044 u maccosoii done 6030yxa 71 % (a) u 74 % (6). MgO 40 %, BOHP-74
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Puc. 4. 3asucumocmov cocmasa 0CHOBHbIX npodykmoe Ha OCHO6€e dmanojia om memnepaniypsl nocje

naasmennou oopabomru npu 0=0,044 u maccosoii done 6o30yxa 71 % (a) u 74 % (6). MgO 50 %, BOHP-76

Tabnuya 1
Pezynomamot pacuema noxazameneii BOHP
BOHP, | Bosnyx, Qups Oyn,
No % uo; UsOs | UsOg | UO3 | PuO, | MgO | C MJTxc/r Tan K MJTsxc/kr
65 73 + - - - + + - 8,49 1596,4 78,766
67 73 + - - - + + - 8,47 1587,9 90,622
74 73 + - - - + + - 8,49 1596,2 | 78,8241
76 73 + - - - + + - 8,48 1588,1 | 90,5645

Tomeko 4 BOHP cooTtBercTByOT TpeOOBaHMAM, OOCCIICUMBAIONINX WX JHEProdPEKTHBHYIO

IUTa3MeHHYIo nepepabotky. Bece 4 BOHP momyuens! uckimrountensHo Ha dtanone npu o = 0,033 u 0,044 mpu

BBICOKO# MaccoBoii gose copepkanust MgO (40 u 50%) u BeICOKOM cojepkanuu Bo3ayxa (72 u 73%).

3akjouenne. PeSyHBTaTBI pacu€TtoB MOTyT OBITH HCIIOJIE30BaHbI Impu CO3JaHWH TEXHOJOTUHU M

000pynOBaHuUs I INTA3MOXUMHYECKOT0 CHHTE3a OKCHIHBIX Kommo3uiwii n3 BOHP u apyrux pacTBopoB.
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Abstract. In the course of the study, the influence of low thermal neutron fluxes on the structural and
electrophysical properties of cadmium telluride semiconductor crystals was studied. It is revealed that the
influence of low thermal neutron fluxes leads to an improvement in the structure and an increase in the specific
conductivity of crystals. The increase in the specific conductivity of crystals can be associated with the formation

of silver and palladium isotopes, which have good electrical conductivity.

BBenenne. B nocineqHuX NeCATUNIETUAX UHTEPEC K TOTYUYCHUIO TOHKUX TUIEHOK XaJbKOTEHHOB METAIOB
BO3POC H3-3a KX IOTCHIMAJILHOIO MPUMEHEHHS B OOJIACTH COJHEYHOW 3HEPIreTHKH, (DOTOMPOBOJHUKAX,
OINITUYECKO BU3yalu3aluu, 3amucu rojorpamm u Jap. Temnypun kagmusi CdTe OTHOCHTCS K OAHOMY U3
IEPCIEKTUBHEIX TOMYIPOBOJHMKOBLIX XaJIbKoreHuno0B rpymnsl A?BS, a ero onruueckue U 310eKTpoQU3HUECKUE
MapaMeTPBI ICNIAI0T ero MOTCHINATBHBIM MaTepHalIOM U CO3IaHHsI ONITOAICKTPOHHBIX YCTPOUCTB [1].

[TonydeHust MaTepuanoB ¢ 3aJIaHHBIMU XapaKTEPUCTUKAMHU SIBIISIETCS TPYNOEMKUM TporieccoM. st Toro
9TOOBI TMOJIYYUTh YCOBEPIICHCTBOBAHHBIM MaTepual, MPEAararoTcsl pa3indHble TEXHOJIOTHYECKHE METOJbI,
OJTHHUM M3 KOTOPBIX SIBJIICTCSI O0JIyYCHHE C MMOMOIIBIO AePHOr0 n3aydenus. CiaeayeT OTMETHTh, YTO 00JIydYeHue
MOpOil MPUBOAMUT K OOpaTHBIM TOCIEIACTBHUSIM, B pPe3yjbTare KOTOPOTO CBOMCTBAa MaTepuala yXyJIIaloTCs.
[osToMy pacyer onpe/ie/IeHHOM H03bl U3IyUYEHUs IBIISIETCS OCHOBHBIM KPUTEpUEM Tporecca 0opadoTku [2].

Bo3zneiicTBust SaepHOr0 H3ITyYCHHS Ha IOJYIPOBOIHHKOBBIC KPUCTAIUIBI TPUBOIAT K OOpa30BaHUIO
JNe(PEKTOB KPUCTAUTMYECKOW PEIISTKH ¥ Pa3IMIHBIX H30TONOB, KOTOPBIE MOTYT CYIIECTBEHHO H3MEHSTh
JNIEKTPUYECKHE, PEKOMOWHAIMOHHBIE U ONTHYecKue cBoiicTBa Matepuana [3]. s oObscHeHUS (QU3NUECKHX
MPOIIECCOB, MPOTEKAIOMUX TpH OOJyYeHUH HEHTpOHAMH, HEOOXOJIMMO YYHUTHIBaTh (akTop 0oOpa3zoBaHHS
JIOTIOJTHATETIFHBIX TIPUMECEH 3a CUeT SIePHBIX peakiui, MPOTEKAIONINX TPHU B3aMMOJICHCTBUM TEIUIOBBIX W

MPOMEKYTOYHBIX HEHTPOHOB C AaTOMaMK OCHOBHOTO BeriecTsa [4].
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B pamkax pmaHHOM paboOTBHl HM3y4eHO mpouecc OOpa3oBaHHWS PEHTIICHOBCKMX peQIeKCOB Ha
MOHOKpHCTaJIaX TEJUTypuaa KaJMHs oclie 00IyuYeHHe TEeINIOBEIMU HEHTPOHaMHU.

JKcnepuMeHTAIbHASL YacTh. [/ poBeneHNs HCCIeJOBaHNUs B KaueCTBE OMBITHOTO Marepuana ObLIn
BBIOpaHbl 4 MOHOKPUCTAIIMYECKUX TOTYIPOBOAHKKOB Ipyrmsl A’B, B uactnoctu CdTe. TlonynpoBogHUKOBbIE
KPHCTAJUIBl BBIPAIICHBI METOJOM HAIpaBlICHHOW Kpucrayumsanuu. [locnme mogOopku MOTyNpOBOJHHUKOBBIE
KPHUCTAJUIB TIOJBEPTajiich OOIYUICHHIO TEIDIOBEIMH HelTpoHamu u3 Pu-Be-ro mcrounmka. DHEprus HEUTPOHOB
JTAaHHOTO MCTOYHUKA Bapbupyercs B uHTepBaie oT 0 1o 10 MaB, a anst BblesieHNs TEIUIOBBIX HEHTPOHOB MEXKIY
MCTOYHMKOM U 00pasloM MoMewaics cilod mnapaduHa. 3Ha4eHHsl MMOTOKA TEIJIOBBIX HEHTPOHOB M METOX
U3MEPEHUS DIIEKTPOPUINUECKUX MApaAMETPOB 00pa3IIOB IPHBEICHHI B [5].

Jns BbUICHEHHMS 00pa3oBaHMs NPHMECHBIX M30TONOB OBII HCIIONB30BAaH METOJ PEHTTCHOBCKOM
IUQpPAaKTOMETPUH C JHCIIONIB30BAaHHEM peHTreHoBckoro ammapara JIPOH-3. CHaTHe XapakTepHCTHK
IPOBOJMIIOCH B MHTEepBaje yriaoB oT 10 1o 60°, npu aHOAHOM TOKe 6 MA M HANPSIKEHUEM MEKIY AHOIOM U
KaToA0M paBHbIM 36 kB. [l oxnaxkaeHusl aHOJa UCTI0JIb30BAJIOCh MIOTOK XOJIOJHOM BOJBI.

Pe3yabTaThbl. PeHTreHoda3oBblii aHann3 HEOOIy4EHHOTO TeJUTypHIa KaJAMUs ITI0Ka3bIBaeT HAIMUUE TPeX
pediekcoB, KOTOpble OTYETINBO BHAHBI pu 20=29; 39 u 48° (Puc.1). OTpaxkeHHe PEHTTEHOBCKUX JIyuel OT
OIpe/IeIEHHBIX MJIOCKOCTEH MPUBOJHUT K 00pa30BaHUIO JAaHHBIX pediekcoB. 3 pucyHka MOXHO 3aMETHUTh, YTO

KpOME MepeyrcIeHHBIX Pe(IIEKCOB IPYTUX 0CO00 BBIIEICHHBIX TUKOB HE CYIIECTBYET.
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[ocne obmydeHust pa3IMYHBIMHA OTOKAaMH TEIUIOBBIX HEHTPOHOB Ha PEHTTCHOAM(PPAKTOTPAMME MOXKHO
3aMeTUTh HECKOJBKO M3MeHeHuil. [lepBoe - 3T0 yBenWdYeHHE MHTEHCHUBHOCTH OTPaXKEHHOTO PEHTT€HOBCKOIO
W3TY4YEeHUS B HECKOJBKO pa3. JlaHHBIA (QakTop yKa3pIBaeT HA TO YTO CTPYKTYpa KPHUCTAJUIA YIOPAIOUYMIACH U
CYIIECTBOBABIINE A0 OOIy4eHHs NePeKThl KPUCTALIMUECKOW pPEeIIeTKH yCTpaHINCh. BTopoe, 3T0 mosBieHne
JIOTIOJIHUTENIBHBIX [TMKOB MHTEHCHMBHOCTH, B uyacTHOCTH Tipu 20~43,5° (Puc.2). Habmomaemoe CIABMI MHKOB
HaXOJIUTCs B Tpejenax MnorpemHocTd. [losBieHue 3TOro muka CBS3aHO C NPOTEKAHUEM SIAPEHBIX pPeakiuil
TEIUIOBBIX HEMTPOHOB C KaJAMUEM.

W3BecTHO, 4TO KaJMHi SBJISICTCSI XOPOIINM ITOTJIOTUTENEM TEIUIOBBIX HEUTPOHOB. DddekTrBHOE ceueHune
€CTECTBEHHOTO M30TOMNa cocTasisieT 2450 6apH, a wis uzorona *3Cd nanneiil napamerp pasusercs 20000 6apH.
[TosToMy BEpOATHOCTH HPOTEKAHUS SIPEHBIX peakIMii Ha KaAMHHM BeCchMa BeNHKa. VI3BeCTHBHI IBa KaHaja

TPOTEKAHMS SICPHBIX Peakifuii ¢ KaqmueM [6]:
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1aCd +on —> Yi3Ag +1p
12Cd + in > 192Pd + 4a

B pesynpTare mMpoTEKaHHA 3THUX SACPHBIX PEAKLIUH B MOJIYNPOBOJHHKOBOM KPHCTAJUIE MOSBIISIOTCA

JOIIOJTHUTEJIBHBIC TIPUMECHBIE HW30TOIIBI, TPUBOIAIINE K TOABJICHUIO JOIIOJHUTECIBHBIX pe(bﬂeKCOB B

PEHTTCHOBCKOI KapTHHE KPHUCTAILIA.

Sakarouenne. O0OnydeHre MOTYIPOBOAHIKOBOTO KprucTamuia CdTe ¢ mOMOIIBIO TEMIOBBIX HEUTPOHOB 110

OHpe)IeHéHHOFO NOTOKa MNPUBOAUT K YJIYUIICHUIO CTPYKTYPbl KpUCTaJlja. DTO CBsA3aHO C peKOM6HHaHHeI71
CTPYKTYPHBIX [[eq)eKTOB KpucTtajjia. B pe3yabTaTe 06ﬂy‘{eHI/Iﬂ TCIIJIOBBIMUA HeﬁTpOHaMPI 06p8.3yIOTCSI HOBBIC
MPUMECHBIC H30TOIIbI cepe6pa " Mnajiiagus, KOTOPLIC B OHpeHeHCHHOﬁ CTCIICHHU CHOCOGCTByIOT YIy4YlIICHUIO

3MeKTPO(YU3NIECKIX XapaKTEPUCTUK TOIYTTPOBOAHUKOBBIX KPHUCTAIIIOB.
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