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IIVIEHAPHDBIE JOKJIAAbI

Energy and Process Integration Research:
Implementation and Development Trends

Jifi Jaromir Kleme$, Petar Sabev Varbanov

Sustainable Process Integration Laboratory — SPIL, NETME Centre,
Faculty of Mechanical Engineering, Brno University of Technology - VUT
Brno, Technicka 2896/2, 616 69 Brno, Czech Republic

Abstract

Energy supply and its efficient use in production are key to ensuring
the healthy functioning of the world economies. Based on that, to ensure
sustainability, the supply and use of energy have to apply the principle of
minimising negative environmental impacts and even improving the
environment through net-regenerative development. In this context,
ensuring cleaner energy is the cornerstone for cleaner production, especially
for reducing the emissions of greenhouse gases and other pollutants, which
are directly related to the types and loads of the energy sources used.

This introduction presents a review of the main lessons recently
learned in the area of more efficient energy use, cleaner fuels and biofuels,
cleaner production, CO, capture, optimisation and waste management. The
presentation provides ideas and technologies that can be incorporated into
real-world solutions and can serve as the foundations for future research.
The wide topical coverage and the high quality would provide directions for
future collaborative research — including process level emission
minimisation, self-sufficient regions, and industrial symbiosis for
optimising usage of waste heat and waste material flows.

The scope covers the extensions of the Pinch Analysis for process
modifications of individual processes to total site heat integration (TSHI).
The Plus—Minus principle has been adapted to enable the beneficial process
modification options to be selected in order to maximise energy savings in
TSHI. The Total Site Profile (TSP) is divided into three regions:

(a) the region of the horizontal overlap between the Site Sink and
Source Profiles, (b) the horizontal overlap region and

(c) below the horizontal overlap region.

The proposed methodology identifies the options to reduce utility
targets in these regions using the TSP, Site Utility Composite Curves
(SCC), Utility Grand Composite Curve (UGCC), modified Problem Table
Algorithm (PTA), Total Site Problem Table Algorithm (TS-PTA) and some
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new heuristics. The identified changes on the TSP are then linked to the
specific changes in the individual processes. The illustrative case study
shows that the Plus—Minus principle application in the TSHI context can
further improve heat recovery. The proposed spreadsheet-based
methodology combines the advantages of graphical visualisation, as well as
the numerical precision.

Several real-life industrial case studies are presented as well.
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Process Integration for Minimising Energy Resource
Intake and Emissions: Conception, Success, Challenges

Petar Sabev Varbanov, Jif{ Jaromir Kleme$

Sustainable Process Integration Laboratory — SPIL, NETME Centre,
Faculty of Mechanical Engineering, Brno University of Technology,
Brno, Czech Republic

varbanov@fme.vutbr.cz

Keywords: Process Integration, Resource Saving, Heat Exchanger
Networks; Heat Recovery Targeting; Retrofit

Abstract

Large amounts of energy are generated and used in industry,
commercial and residential sectors. Most of it relies on fossil fuels. The
resulting costs and emissions can be reduced to a large degree by applying
heat recovery. Process Integration (PI) was developed originally from Heat
Integration, which remains the cornerstone for Pl continuous advance —
especially into Total Site Integration. It has been closely related to the
development of Chemical, Mechanical and Power Engineering, supported
by the extended implementation of mathematical modelling, simulation and
optimisation, and by the application of Information Technology. Its
development has accelerated over the years as the methodology has been
able to provide answers and support for important issues regarding
economic development — better utilisation and savings regarding energy,
water, and other resources. This contribution provides an overview of the
research developments and the software packages, mapping the



MneHapHbie 00KAadbl 5

developments to the new challenges posed by the need to account for the
process sustainability.

PI, which covers a wide scope of tasks, is a family of methodologies
for combining several parts of processes or whole processes for reducing
the consumption of resources or harmful emissions into the environment. It
started mainly as Heat Integration (HI) stimulated by the energy crises of
the 1970s. HI has been extensively used in the processing (as chemical,
petrochemical, pulp and paper, food and drinks, steel making) and power
generating industries over the last 40 years. It examines the potential for
improving and optimising the heat exchange between heat sources and sinks
in order to reduce the amount of external heating and cooling, together with
the related cost and emissions. It provides systematic design procedures for
energy recovery networks.

After HI, the further step in the development of the methodology has
been Total Site Integration (TSI), which has united inter-process heat
recovery at the site level with power co-generation on-site, providing tools
for targeting and synthesis of the utility system and Locally Integrated
Energy Sectors. The process interfaces to the Total Site (TS) are discussed,
leading to the heat recovery opportunities over the site, using the utility
system as the exchange marketlace. The discussion also covers the site
power co-generation, retrofit planning for process Heat Exchanger
Networks, and power management planning.

The presentation then analyses the challenges and indicators to be
considered, to enable the evaluation of the sustainability and emissions
impact of the industrial sites. These include GHG and Water footprints,
supplemented by investment and total cost targets and their intensive
variations per unit of energy generation and unit system capacity.
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TexHoO/I0TMYeCKOe pelieHre NP06/ieMbl TEXHOTEHHOT0
3arpsA3HeHUs OKpYy Kaloliei cpeAbl M €ero BJIUsAHUE Ha
3JIeMEeHTHBIN CTaTyC 6M0JIOTHYECKOr0 MaTepuasia
aereii B 19O

JLT. KQYHCKaSIl'Z, H.K. PaCTaHI/IHal, M.IO. CDI/IJ'IaTOBal’Z, H.T. Bono6yeBa3,
E.A. I1yMaquK01, AN. Buacosa’

! Tuxookeanckuii 2ocyoapemeentoiii ynusepcumem, 680035, 2. Xabaposck,
yi. Tuxooxearnckasi, 136
2 lanbnesocmoynbitl HAYUHO-UCCIEO08AMEeNbCKU UHCMUMYM 1eCHO20
xoszsaicmea, 680020, 2. Xabaposck, yir. Boarouaesckast, 11
% Cesepo-Bocmounviii 2ocydapemesennviii yrusepcumem, 685000,
2. Mazaoan, yn. [lopmosas, 13

B craThe HM3MOXKECHBI peE3yNbTaThl MHOTOJCTHHUX HWCCICAOBAHHUHA II0
mpobieMe W3yYeHHs BIUSHHUS TEXHOTCHHOTO 3arpsi3HCHUS OKpYIKaromei
cpemsl Ha OJEMEHTHBIM cTaTyC OHOJOTHYECKOTO MaTepHuaia JeTei,
MPOXKUBAIOIIMX B  YCIOBUSIX  BO3MCHCTBHA  TOKCHYHBIX  OTXOJOB
nepepaboTKU OJIOBOPYIHOTO CHIPbhsl, HAKOIUICHHBIX B MPOIIJIOM CTOJETHH,
CKIIaAUPOBAHHBIX B XBOCTOXpaHUJIMIIA, HBIHC 3aKPBITBIX TOPHBIX
npennpustuii B JlanmbHeBocTOuHOM  (pemepanbroM  okpyre  (JDO).
IToka3aHo, 4TO OOJNBIIYI0 3KOJOTMYECKYI0 OINAcHOCTh Ui OOBEKTOB
OKpYXKalollel cpeabl W 3/J0pPOBbsl UENOBEKa MPEJICTaBISIOT OTXOJBI
nepepaboTKA MUHEPATBFHOTO CBHIPHsI, PACIIONOKCHHBIC BOJIM3H HACETICHHBIX
ITyHKTOB U NPEBPATUBIIHECS B HECAHKIIMOHUPOBAHHYIO H HEOOYCTPOCHHYIO
CBaNKy. BEIBICHBI 0COOEHHOCTH DJIIEMEHTHOI'O CTaTyca [IeTed B
HCCIIEAyeMOH TpymIe, 3aKIodyalomuecs B  BBICOKAX  IOKa3aTessx
cojepkanusi coeauHeHuit Tskenpix metawioB (Pb, Cu, Ni, Cr, Hg) u
MBIIIbSKA, U TIOHWKEHHOM COJIEPIKaHUU ICCEHIHANbHBIX dneMeHToB (CO u
Zn). Jloka3aHo, 4TO JETCKHM PACTYI[MH OpraHW3M aKTHBHO ajcopOupyeT
COCINMHCHHUA TOKCHUYHBIX XUMHWYECCKUX JJICMCHTOB oT OTXO0J0B,
CITOCOOCTBYIOIINX BOSHHUKHOBEHHIO YKOJIOTO OOYCIIOBICHHBIX 3a00JIeBaHUI
y nereil. B cBs3m ¢ 3TMM paspaboTaHBl CIIOCOOBI, HAIPaBJICHHBIE HA
YIYUYIICHUE KadueCTBa CPEJIbl O6I/IT3HI/IH, HOBHM3Ha KOTOPBIX NOATBEPKIACHA
IMarentamu P® [1, 2] u pekoMeHAAIMH IO KOPPEKTUPOBKE HAPYIICHUH B
JJIEMEHTHOM CTaTyce OMOJIOTHYECKOTO MaTepralia JICTeH.

CnMCcoK JTUTepaTypsl

1. IMTarent P® Ne Ne2569582. Crioco® pexynbTHBaLMK HOBEPXHOCTH
XBOCTOXPAHMJIMIIA, COJEPIKAIIEr0 TOKCHYHBIE OTXOZbI C HCIIOJIb30BAHHEM
¢ororpoduerx  Oakrepui.  Kpymckas  JL.T., Kupmenko  O.A,
Maiioposa O.A., T'ony6es 1.A., Onnienko M.C.
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2. Marenr P® Ne 2504519. Cnoco® OHOJIOTHYECKOH JOOYHCTKH
CTOYHBIX BOA U cuctema ajs ero ocymecteienus: lleskyn E.b., 'yna K.E.,
Kpynckas JI.T., Maitoposa JLII., 3sepeBa B.IL.

Technological solution of the technogenic pollution
problem and its influence on elemental status of
children's biological material in the FEFD

L.T. Krupskaya™?, N.K. Rastanina', M.Yu. Filatova*?, N.G. Volobueva®,
E.A. Chumachenko?, D.I. Vlasova®

! pacific National University, Tikhookeanskaya street 136, Khabarovsk,
680035, Russia
2 Far East Scientific Research Institute of Forestry, Volochaevskaya
street 71, Khabarovsk, 680020, Russia
*Northeastern State University, 13, Portovaya st, Magadan, 685000, Russia

The article presents the results of the multi-year research of the
problem of technogenic pollution impact on the elemental status of the
biological material of children living under the conditions of the impact of
tin toxic processing waste, accumulated in the last century, stockpiled in the
tailings of the closed mining enterprises in the Far East Federal District
(FEFD) of Russia. It is shown, that the wastes of mineral processing located
near the settlements and turned into the unauthorized and uncompleted
dump are of great ecological danger for environment objects and human
being health. The peculiarities of the elemental status of children in the
studied group were determined, the high indices of heavy metals (Pb, Cu,
Ni, Cr, Hg ) and arsenic compounds, and reduced content of Co and Zn
essential elements were revealed. It is proved that the growing child
organism actively adsorbs compounds of toxic chemical elements from
waste that contribute to the development of ecologically caused diseases in
children. In this connection, methods have been developed aimed at
improving the quality of the habitat, the novelty of which has been
confirmed by the Patents of the Russian Federation [1, 2] and
recommendations for correcting violations in the elemental status of the
biological material of children.

References

1. Patent of the Russian Federation No. 2569582. Publ. 11/27/2015.
Bul. No. 33. Application 201433339/3, 12.08.2014. Authors: L.T.
Krupskaya, O.A. Kirienko, L.P. Mayorova, D.A. Golubev,
M.S. Onishchenko Method for reclamation of tailings dump containing
toxic waste, using phototrophic bacteria. — 2015.
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2. Patent of the Russian Federation No. 2504519. Publ. 01/20/ 2014.
Bul. No. 2. IPC CO 2F 3/32, CO 2F 11/02. Application No. 2012146102,
10.29. 2012. Authors: Shevkun E.B., Gula K.E., Krupskaya L.T., Majorova
L.P., Zvereva V.P. Method for biological treatment of sewage and the
system for its implementation. — 2014,

HpOﬁJIEMbI Pa3BUTHUA UUBUJ/IN3AUHU — IPUKJ/IAAHbIC
MOMEHTBI TEOPpHUU

A.B. TTo3naskoB

Hucmumym moHumopunea Kiumamuieckux u 9K0102UYeCcKUx cucmem
CO PAH, Tomck, Poccus

IIporpecc u cBoO0aa — MoAMeHEeHHbIE peaJbHOCTH. [IporpeccuBHBIM
pa3BUTHEM CUMTAEeTCs HEYKIOHHBIM poct BBII u pacmupeHue mnpas u
cB00O/ YeJIoBeKa, yIpaBiIeHHe IPUPOIHBIMU MPOLIECCAMH ISl PAaCIIMPEHUs
HE3aBUCHMOCTH YeJOBEKa OT MPUPOIHBIX CTUXHUH U TIp.

[Tporpecc u cBoOoma B3aMMOCBs3aHbl. PeanpHbIi mporpecc 0e3
OTIpE/IEICHUS LIEJIM €TO Pa3BUTHUS HEBO3MOXKEH, a YCTAHOBIICHHUE 3TOM IeTTH
OCYIIECTBIIACTCS Uepe3 no3HaHue Heobxooumocmu - 0OpeTeHHe UCTUHHOMN
cBoOonpl. MIMEHHO TOTOMY pasBUTHE IUBIIN3AINHA COIPOBOXKIACTCS
HEOOpaTUMBIMH ~ W3MCHEHHUSMH Cpelbl OOWTaHUS W  WCTOIICHHEM
npupoHbix pecypcoB [1]. CoBpeMeHHOE, MOJMEHSIONIEe PEATbHOCTh
MIPOTPECCUBHOE PAa3BUTHE OOOCHOBHIBACTCS, SKOOBI, HEOTPAaHHYCHHBIMU
BO3MO>KHOCTSIMH ITUBHIIM3AIINH B 00JIACTH HCIIOJIH30BAHUS SHEPTHHL.

IlepcnekTUBBI €O3IaHUST MCKYCCTBEHHOI 0a3ucHOii 3Heprum. B
MOJMUTUYECKUX W Jake HAy4YHBIX KPyrax pacmpocTpaHsieTCsi MHEHHe,
COIJTaCHO KOTOpPOMY YeJIOBEK B MPHHIMIE 00JIaZaeT CHOCOOHOCTBIO K
CO3/IaHUI0 HCKYCCTBEHHOH 0a3MCHOM sHepruu. 3aTpaTsl 0a3UCHOMN SHEPTUH
Ha TONyYeHHWE HMCKYCCTBEHHOW SHEPTHM, KaKk M cleayeT u3 (pu3ndecKux
3aKOHOB, YBBI, MPEBBINIAIOT TakoBble Ha BheIxoge. «lIporpeccuBHas
JIeATeNIbHOCTh, TAKUM 00pa3oM, HMEET CBOEH LEeNbI0 MOJIepKaHue YCIOBHH
SKCHOHEHIMANBHOTO Pa3BUTUSl LIMBUIM3ALUU U 110 3aTpaTaM dHEPIHHU, U
MPOU3BOJACTBY 0TX0A0B. Ilpenen »sToMy mpoueccy HE ONpeAeneH,
MIOCKONIBKY BO3MOXHOCTH YEJIOBEKa HE «OorpaHudeHbl». COBpEeMEHHbIE
¢usuku [2, 3] Bo3omsar B 3akon mnonoxeHus C.A. IlogomuHCKOTO,
cortacHO koTopbiM KITJ[ uenmoBedeckoi NesITeIbHOCTH, SIKOOBI, IIPEBHIIIACT
100%, wu, ciemoBaTenbHO, KOJIMYECTBO TNPUTOJHOW K HCIOIH30BAHUIO
SHEpruu Ha 3emiie MoXkeT yBennduBaThesi! Ho Bce skuBbIe, OMOKOCHBIE U
Jake KOCHBIE CHUCTeMBI (BKJIIOYAas TEXHOTEHHBIE AaKKyMYJSATOPHI)
HaKaIUIMBAlOT B cebe DJHepruio [uIs TeKymmx pacxonoB. Co3maBath
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0a3nCHbIE WCTOYHMKHM SHEPTrUHM 4YeNOBEK, YBBI, He crocobeH. OH uIIb
NIPEBPAIaeT SHEPTHIO B HOBBIE (DOPMBI €€ UCIIO0JIb30BAHUS U JUCCHIIALNH.

PeambHO cymiecTByomMi MyTh Tporpecca, KOTOPOMY BCELEINO
MOJYUHSIOTCS YKOCHUCTEMBI., 32 UCKITIOYCHUEM YEIOBEeKa, XapaKTepH3yeTcs
ACHMITOTHYECKH YCTOHYUBBIM pa3BUTHEM. [IporpeccHMBHOE pa3BUTHE
UUBHUJIM3AIMH BO3MOXKHO HA OCHOBE KOHCTPYKTHBHOTO Mep(eKIHOHN3MA U
METO/IOJIOT MU ACHMIITOTHYECKU YCTOHYMBOTO POCTa.
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Questions of Civilization Development - Practical
Applications of Theory

A.V. Pozdnyakov

Institute of Monitoring of Climatic and Ecological Systems SB RAS,
Tomsk, Russia

Progress and freedom are substituted realities. Progressive
development is usually viewed as a steady growth of GDP and of human
rights and freedoms, based on the scientific management of natural
processes to strengthen human independence from natural disasters and
other events.

Progress and freedom are interconnected. A real progress is impossible
without determining its goals, and the path to implementing such goals lies
through the knowledge of necessity — the basis for the acquisition of the true
freedom. Nowadays, the civilization development is accompanied by
irreversible changes in the environment and the depletion of natural
resources [1]. Modern way of progressive development, which is replacing
our previous reality, is often explained and justified by supposedly
unlimited capabilities of civilization in the creation and use of energy.

The prospects of creating a man-made basic energy. In political and
even scientific circles, the ideas are spreading that Man has the ability to
create a completely new, artificial type of basic energy. But, according to
the laws of physics, the primary energy expenses, required for the
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production of any new energy, exceed the amount of energy received in the
result of all those efforts and expenses. The goal of current "progressive"
way, therefore, is the ever continuing exponential development of
civilization, both in terms of the amount of energy spent and the waste
produced. And there are no limitations to this process, because human
capabilities are not limited as well. Modern physicists [2, 3] consider as
truthful the ideas by S. A. Podolinsky, who states that the efficiency of
human activity allegedly exceeds 100%, and, therefore, the amount of
usable energy on Earth can also increase, not decrease! But all living, biotic
and even inert systems (including technogenic accumulators) accumulate
energy for their current and future expenditures. Man, unfortunately, is not
able to create any new basic energy sources. We can only turn the already
existing energy into some new forms of its usage and dissipation.

A real path of progress, which is followed in reality by all kinds of
ecosystems (with the exception of Man), is characterized by asymptotically
stable type of development. Thus, truly progressive development of
civilization is only possible on the basis of constructive perfectionism and
the asymptotically stable dynamics of growth.

References

1. Pozdnyakov A.V. Good intentions bridge the road to hell // The
problems of sustainable development: illusions, reality, forecast: Materials
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2. Kuznetsov P.G. Podolinsky S.A. His actual discovery. - M.:
Noosphere, 1991.
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Optimal Deployment and Operation of Compressors for
Multi-Scenario Hydrogen Network

Xincheng Gu', Yeyang Zhou', Chun Deng’, Xiao Feng®

! State Key Laboratory of Heavy Oil Processing, College of Chemical
Engineering, China University of Petroleum, Beijing, 102249, China
2School of Chemical Engineering & Technology, Xi 'an Jiaotong University,
Xi’an, 710049, China

chundeng@cup.edu.cn

Keywords: Process systems, Hydrogen network, Multi-scenario,
Compressor, Optimization

Abstract

With the hydrogenation process playing an increasingly more
important role in modern petroleum refineries, the consumption of hydrogen
in refineries is increasing significantly. In actual refineries operations,
hydrogen consumption in hydrogenation units can be influenced by the
change of feedstock properties and adjustment of production load. In
previous studies, how to design the hydrogen network with minimum fresh
hydrogen consumption has always a point of concern. It should be noted
that the purchase cost of hydrogen compressors has a large proportion in the
hydrogen network and very few studies have paid attention to this area.
Therefore, the design and optimization of hydrogen network should address
the number of hydrogen compressors.

In this work, a new mathematical model for a hydrogen network with
fixed structure and intermediate headers was proposed. The new model
contains hydrogen supply units, intermediate headers, compressors,
hydrogenation unit, fuel system and their interconnections. Compared with
the traditional hydrogen network, this new model has a less number of
compressors and more flexible operation. The new hydrogen network could
eliminate one standby backup compressor for hydrogenation unit. The
capital cost of the backup compressor was saved during design stage and
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compressor deployment was optimized. Furthermore, optimization of the
hydrogen system with an intermediate header yielded flowrate distribution
of different streams and start-stop strategy of compressors under three
scenarios of normal, high, and low processing loads of hydrogenation unit
was proposed. The operation optimization for multi-scenario hydrogen
network can be achieved.

Waste Transportation and Treatment for the Anaerobic
Digestion of Municipal Solid Waste: P-Graph

Yee Van Fan!, Petar Sabev Varbanov?, Jifi Jaromir Klemes®,
Chew Tin Lee?, Simon Perry®

! Sustainable Process Integration Laboratory — SPIL, NETME Centre,
Faculty of Mechanical Engineering, Brno University of Technology - VUT
Brno, Technicka 2896/2, 616 69 Brno Czech Republic
2 Department of Bioprocess Engineering, Faculty of Chemical and Energy
Engineering Universiti Teknologi Malaysia (UTM), 81310 UTM Johor
Bahru, Johor, Malaysia
3 Centre for Process Integration, School of Chemical Engineering and
Analytical Science, The University of Manchester, Manchester M13 9PL,
United Kingdom

fan@fme.vutbr.cz

Keywords: Waste to Energy; P-graph; Municipal Solid Waste;
Transportation; Anaerobic Digestion

The waste management of organic fraction of municipal solid waste
(OFMSW) is comparatively challenging due to the variability and
inhomogeneous nature of the composition and scattering throughout the
city. Anaerobic digestion (AD) is one of the possible WtE solutions in
handling the OFMSW. Energy (biogas) and digestate are produced through
biochemical conversion. This study assesses the effect of transport distance
and the post-treatment technologies on the AD of OFMSW by applying P-
graph. Varying transport distance (e.g. the location of the AD plant,
transfer station and the post-treatment plants for digestate), means (e.g.
heavy or medium truck), route (e.g. with or without transfer station) and the
post-treatment technologies were considered in this study. The post-
treatment options for biogas are water scrubbing, pressure swing adsorption,
physical scrubbing, membrane separation chemical scrubbing and amine
scrubbing. The post-treatment alternatives for digestate are a) back to the
digester (methane recovery) and landfill, b) composting, c) landfill only.
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The fixed parameters of this study are the handling capacity/amount of
waste and the waste collection distance by assuming the waste source is the
same for all of the assessed scenarios. In this study, the optimal processing
pathway is suggested by considering the economic balance between the
primary operating cost, yield and quality of the products (biogas and
digestate). The impact of the variables (distance, means, route) on the
processing pathway selection are discussed, and the range of feasible
transport distance proposed. The novel contribution of this study has been
the identification of the conditions where the AD of OFMSW is
economically feasible by assessing the treatment types and distance of
transportation through the use of the P-graph framework.
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3D MojesiMpoBaHMe yIPyrux MoayJjien
rUApaTUPOBAHHOIO NOPTJIaHALleMEeHTa

10. A. Ab3aes, A. U. T'ueips, C. B. Kopookos, K. C. I'aycc

Tomckutl cocyoapcmeennblil apXumeKkmypHO-CmpoUmenbHulil
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B pabore wmccnenoBaHO HM3MEHEHHE YIPYTHX — XapaKTEPUCTHK,
MOPHUCTOM  CTpyKTypsl 3D Mozmenmum mNOpTIaHALEMEHTa B Ipolecce
ruapataiuu B TeyeHue 29 cytok B nporpammHoMm komiuiekce VCCTL.
Ommcanne MeXaHW3MOB THIpaTallik KIMHKEPHBIX (a3, ¢dopmupoBanHue
MPOXYKTOB THApATallMM C Y4eTOM IPOCTPAHCTBEHHOW CTaTHCTHKU
3apoibllIed U MOPHUCTHIX CTPYKTYp NpuBeneHo B pabore [1]. B MoaensHOM
MOPTJIAHALIEMEHTE HCIOJIB30BAJIOCh CIIEAYIOIMIEEe MacCOBOE COJCpXKaHUe
KJIMHKEpHBIX MuHepaiioB: 61.06 (amur), 13.62 (6enut), 12.79 (peppur) u
6.50 (amomuHAaT) rpaMMOB. BooIieMEHTHOE COOTHOIIEHHE OBIJIO BEIOpaHO
paBubiM  0.41, oHeprust aktuBaumu rugpatauun  — 40k [x/Monb,
nyuionaHoBol peakuuu — 83 k/lx/Monb. MozaenupoBanue Nponu3BOIIIOCH
Kak IpHM KOMHATHOI TemnepaType (tabnuua), Tak u npu 0 °C. Pesynbrarhl
pacuetoB oObemHOro Moxmyns ympyroctu (K), cmsura (G), HOnra (E),
Ilyaccona (P), sddexruBHON 0O0BeMHOH gomm mop B memente (V),
knuHkepHbIX  a3z: (CsS), (CyS),( C3A), (C4AF), a Takke NpoayKTOB
rugparanuu nopoiangura (CH), nementHoro kamus (CSH), atTpuHTHTA
(ettr) mpuBeneHsl B Tabiuile. YCTaHOBJIEHO, YTO B MPOIleCCE THApATAIUU
yOpyrue mapaMeTpbl  Bo3pacTaioT. HaOmromaeTcss  TeHAGHIMS K
yMeHblIeHuto koadduipenta [Tyaccona. OobemMHas 107151 KIMHKEPHBIX (a3
3HAUUTEJBHO YMEHbBIIAETCS, a OCHOBHBIX IIPOAYKTOB THJpaTaluu
CyIIeCTBEHHO Bo3pacTaeT. IIpakTudecku B 3 pa3a cokpamaercss AoJis IHop.
C nonwkenueM Ttemneparypbl g0 0 °C  HMHTEHCHBHOCTH MPOLECCOB
rHApaTanyy cHkaercsi. OCOOEHHO 3TO 3aMETHO Ha HAYAJIbHBIX CTAINSX.
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Bpewms, u 0 1 2 3 4

K (I'TTa) 12.932 14.444 15.038 15.356 15.555
G (I'lTa) 6.708 7.610 7.966 8.142 8.259
E (I'Tla) 17.158 19.419 20.311 20.758 21.052
P 0.278 0.275 0.274 0.274 0.274
V, nop 0.321 0.269 0.246 0.231 0.221
V, C3S 0.115 0.079 0.063 0.054 0.048
V, C,S 0.057 0.053 0.0505 0.048 0.046
V, C3A 0.015 0.012 0.009 0.007 0.006
V, C,AF 0.022 0.020 0.020 0.019 0.019
V, CH 0.101 0.124 0.134 0.141 0.145
V, CSH 0.260 0.324 0.353 0.372 0.384
V, ettr. 0.049 0.047 0.044 0.030 0.042
Bpewms, u 5 6 7 8 9

K (I'Tla) 15.686 15.793 15.880 15.952 15.954
G (T'lTa) 8.339 8.401 8.450 8.494 8.503
E (T'Tla) 21.251 21.408 21.532 21.646 21.662
P 0.274 0.274 0.274 0.273 0.273
V, op 0.214 0.208 0.203 0.199 0.193
V, C3S 0.044 0.040 0.037 0.035 0.035
V, C,S 0.044 0.043 0.042 0.041 0.041
V, C3A 0.005 0.004 0.004 0.003 0.007
V, C,AF 0.018 0.018 .018 0.017 0.017
V, CH 0.148 0.151 0.153 0.154 0.155
V, CSH 0.391 0.402 0.408 0.414 0.416
V, ettr. 0.041 0.040 0.039 0.038 0.038

Paboma ewvinonnena npu @unancosoi. noooepoicke PDODU (ko0
npoexma Nel8-08-01025).

CnMCcoK JUTepaTypsbl
1. Bentz D.P. // American Ceramic Society. 1997. T. 80 (1). C. 3-21.
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Investigations of elastic properties on 3D model of
hydrated Portland cement

Yu. A. Abzaev, A. I. Gnyrya, S. V. Korobkov, K. S. Gauss

Tomsk State University of Architecture and Building, 2, Solyanaya Sq.,
634003, Tomsk, Russia

tsp_tgasu@mail.ru

The paper presents a three-dimensional model of Portland cement with
changing elastic properties during a 29-day hydration process. The
modeling is performed with the Virtual Cement and Concrete Testing
Laboratory (VCCTL) software. The hydration process of clinker phases and
the formation of hydration products are described in the work of Bentz [1]
subject to the spatial statistical analysis of nuclei and porous structures. The
weight content of clinker minerals in Portland cement includes 61.06 g alite,
13.62 g belite, 12.79 g ferrite and 6.50 g aluminate. The following
parameters are selected for the cement paste: 0.41 water/cement ratio, 40
kJ/mole activation energy of hydration; 83 ki/mole activation energy of the
pozzolanic reaction.

The elastic properties and phases are studied both at room and 0°C
temperatures. The Table summarizes calculation results and contains such
parameters as the volume modulus of elasticity K, shear modulus G, Young
modulus E, Poisson number P, effective volume ratio V of pores in cement
and CsS, C,S, C;A and C,AF clinker phases, and hydration products of
Portlandite CH, cement paste CSH, and ettringite (ettr).

It is observed that during the hydration process the elastic parameters
increase. The Poisson number tends to decrease. The volume ratio of clinker
phases substantially grows. The amount of pores reduces by almost three
times. With the temperature decrease down to 0 °C, the intensity of the
hydration process also decreases, especially at the initial stages.



CeKkuyus 1. IHepaocbepexceHue U nosviweHue aHepeemu4eckol 17
aghghekmusHOCMU 8 CMpoumenbcmee U KOMMYHAbHOM x03Alicmee

Time, hrs 0 1 2 3 4
K (GPa) 12.932 14.444 15.038 15.356 15.555
G (GPa) 6.708 7.610 7.966 8.142 8.259
E (GPa) 17.158 19.419 20.311 20.758 21.052
P 0.278 0.275 0.274 0.274 0.274
V, pores 0.321 0.269 0.246 0.231 0.221
V, C3S 0.115 0.079 0.063 0.054 0.048
V, C,S 0.057 0.053 0.0505 0.048 0.046
V, C3A 0.015 0.012 0.009 0.007 0.006
V, C,AF 0.022 0.020 0.020 0.019 0.019
V, CH 0.101 0.124 0.134 0.141 0.145
V, CSH 0.260 0.324 0.353 0.372 0.384
V, ettr. 0.049 0.047 0.044 0.030 0.042
Time, hrs 5 6 7 8 9
K (GPa) 15.686 15.793 15.880 15.952 15.954
G (GPa) 8.339 8.401 8.450 8.494 8.503
E (GPa) 21.251 21.408 21.532 21.646 21.662
P 0.274 0.274 0.274 0.273 0.273
V, pores 0.214 0.208 0.203 0.199 0.193
V, C3S 0.044 0.040 0.037 0.035 0.035
V, C,S 0.044 0.043 0.042 0.041 0.041
V, C3A 0.005 0.004 0.004 0.003 0.007
V, C,AF 0.018 0.018 .018 0.017 0.017
V, CH 0.148 0.151 0.153 0.154 0.155
V, CSH 0.391 0.402 0.408 0.414 0.416
V, ettr. 0.041 0.040 0.039 0.038 0.038

This work was financially supported by Grant N 18-08-01025 from the

Russian Foundation for Basic Research.
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Pa3pa6oTKa aaropurmMa napasijiejbHON pa6éoThbl
AaBTOHOMHbIX HCTOYHHMKOB 3JIEKTPOIHEPruM B paMKax
KOHLENIUU BUPTYAJIbHOM 3/IEKTPOCTAaHLIUM

B. A. Aunpees, A. B. bez6oponos, 1. H. ITackaps

Kysbacckuil cocyoapcmeentsiti mexnuueckuil yHusepcumem umeHu
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Jns Hambomee pannoOHAIBHOH pPaOOTHI ABTOHOMHBIX HCTOYHHKOB
3JIEKTPOIHEPTHH, 0cOOeHHO Ha Oa3ze BMD, HeoOX0oauMO BKIIOYATH WX B
napajuleNibHyl0 paboTy Apyr ¢ Apyrom. [lyisi ynpaBiieHHs TaKOH CHCTEMOU
IIpUMEHSeTCs KOHLIEIIIUS BUPTYyaJIbHOH aekTpocTanimu (BJ).

OnHUM U3 OCHOBHBIX paboumx 31eMeHTOB BD sBisieTcs crienuanbHBbIid
070K, pACIOJIOKCHHBI B MyHKTe YyIhpaBieHus. biok, Omaronaps
BCTPOCHHOMY TIporpaMMHOoMy obOectiedeHuro (I[10), mpuHUMaeT cUTHAIBI O
pabote 00BexTOB BD, aHamm3MpyeT WX M BBIIAET COOTBETCTBYIOIIHE KO-
MaH/IbI.

Jus BHe#peHHWS KOHIENINH BD B O0TEYECTBEHHYIO SHEPTETHKY
wraHupyercs paspadbotats cooctBeHHoe [10. [lepBbM 3Tamom pa3paboTku
IO sBnsieTcs HammcaHWe anTopuTMa. B TaHHOM anropuTMe HYXKHO y9eCTh
KaK MOKHO OOJIbIIE€ Pa3IHYHBIX CUTYaIlMi, BOSHUKAIOUINX B PEAbHOCTH.
To ecTp, MEHSAA yCIIOBHA B aNrOpUTMe (IOMONHSS WIN yIansds OTHEIbHBIE
0J10KH1), MOKHO OyJeT agantupoBaTh paboty BD ms aro6oro oOobekra Ha-
poiHOrO X034icTBa. TeM caMbIM CHENaTh JaHHBIA NPOAYKT YHUBEPCAJIb-
HbIM. K TOMy e ¢ MpOJyKTOM OTEUECTBEHHOW pa3paboTKu Mpole pabo-
TaTh B MJAHE YCTPAaHEHHs HEMOJIaJO0K, HeJIOCTaTKOB M B IUIaHE IalbHEMH-
IIETO YCOBEPIIICHCTBOBAHUS.

OKHJaeMbIM pe3yIbTaTOM HCIIONB30BaHUS B CTpYKType BD manHOTO
Onoka  sBIAETCS  JIOCTIDKEHHWE  HAJeKHOr0O M KauyeCTBEHHOTO
IIEKTPOCHAOKEHHUS IIOTPEOHUTEIIEH, C TOMOIIBIO COBPEMEHHBIX TEXHOJIOTHH.
[Ipn 3TOM MOKHO 3HAYUTEIBHO CHU3UTH 33aBUCHMOCTb OT YCIIOBHH,
NIPEABSBISIEMBIX WHOCTpaHHBIMH pa3paborunmkamu [10 mpu pabore ¢ mx
MPOAYKTAMH, TEM CaMbIM TIOBBICUTH HH(OPMAIMOHHYIO 0€30IacHOCTh
sHeprocuctembl PO.
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Development of an algorithm for parallel operation of
autonomous sources of electricity within the concept
virtual power station
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For the most rational operation of autonomous power sources,
especially on the basis of renewable energy sources, it is necessary to
include them in parallel work with each other. To manage such a system,
the concept of a virtual power station is used.

One of the main working elements of a virtual power plant is a special
unit located at the control point. The unit, thanks to the built-in software,
receives signals about the operation of the objects of the virtual power plant,
analyzes them and issues the appropriate commands.

To implement the concept of a virtual power station in the domestic
energy sector, it is planned to develop its own software. The first stage of
software development is the writing of the algorithm. In this algorithm, you
need to take into account as many different situations as possible in reality.
That is, by changing the conditions in the algorithm (supplementing or
removing individual blocks), it will be possible to adapt the work of the
virtual power station to any object of the national economy. This makes this
product universal. In addition, it is easier to work with the product of
domestic development in terms of troubleshooting, shortcomings and in
terms of further improvement.

The expected result of using this unit in the structure of virtual power
plants is the achievement of reliable and high-quality power supply to
consumers, using modern technologies. At the same time, it is possible to
significantly reduce the dependence on the conditions imposed by foreign
software developers when working with their products, thereby improving
the information security of the Russian energy system.
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CoBpeMeHHbIe 3Heprocéeperamiye TEXHOJI0TUU
B OCBEILleHUH
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B mocnenHue roabl B TpajiOCTPOUTENBHON IOJUTHKE METalloJIMCOB
YTBEP)KIAeTCS TEHACHIMS CTPOMTENBCTBA 3[aHWH OONMBIIMX IUTOMaAeH ¢
IIOMEIICHUSIMH C OTPAHWYCHHBIM ECTECTBEHHBIM OCBEIEHHEM, a TaKkKe
MO3eMHOT0 cTpouTenbeTBa [1]. D10 mopoamno mpobiaemMbl HOPMHPOBAHHS
koMdopTHOH, 6e30MacHO CBETOBOW Cpelibl M CO3/IaHUS CUCTEM OCBEIICHUS
BBICOKO#1 sHEpreTnueckoi s3¢dexruBHOCTH [2].

OO6o3HaueHHbIE TPOOIEMBl 3(P(PEKTUBHO pPEIMIAIOTCS C ITOMOIIBO
CHCTEM COBMEIICHHOTO OCBELICHHS], TEXHUUECKUM BOIUIOLMIEHUEM KOTOPBIX
SBIsIeTC THOPUAHBIA ocBeTHTeNnbHBIH KoMiuieke (['OK). B emmHO#
koHcTpykumu 'OK MHTErpHpoBaHBl TpH KOMIIOHEHTA: MOJBIH TPyOUaThIid
cBeroBon (I1TC), mocraBnsiomuidi B TOMEIICHHE ECTECTBEHHBINH CBET,
CBETOJMO/IBI HOBOTO IOKOJIEHUS — MCTOYHHKH HMCKYCCTBEHHOT'O CBETa U
cuctemMa aBTomartmdeckoro ympasienust [3,4]. IlpoaykroBas nuHeika
OTEYECTBEHHOTO M3JEus mpejcTaBieHa 5-10 moaudukanusmu 'OK Solar
LED-S. bBnaronmapsi OpHTHHAIBHOM KOHCTPYKUMH M  TEXHHYECKUM
pemeHusIM OTEYEeCTBEHHBIE KOMIUIEKCHI MIPEBOCXOIAT 1o
CBETOTEXHUYECKNM, SHEPreTUYEeCKHM M HKCIUTyaTAI[MOHHBIM IIapaMeTpaM
3apybexxusle aHanorun. [OK, sBnsisich QakTHuecku ajabTepHATUBOM
TUIIOBBIM CBETONPOEMaM B 3/1aHMM (BEPTHUKAJIbHbIE OKHA, 3EHUTHBIC
(oHapy, npo3pauHas KpOBIIS), IPEBOCXOMAT MX IO CBETOTEXHHYECKUM H
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TEIUIOTCXHUYCCKUM TapamerpaM. Hampumep, ruOpujaHas OCBETHTEIbHAS
cucreMa Ha ocHoBe I[ITC ToproBoro meHTpa WMeEET CIEAYIOIIHe
MperMyIecTBa Tepe]  THIOBBIMH  CBETONPOSMAaMH:  COOTHOIICHHE

IUIOIIAMei CBETONMPOEMOB [UIsl  3amaHHOM  ocBemeHHOoCcTH — 1/52;
COOTHOIIIEHNE MOITHOCTEH KOHIMITMOHHPOBAHHUS TOPTOBBIX 3a70B — 1/158;
COOTHOIIICHHE TEIUIOBBIX moTeph — 1/170; IHUCKOHTHPOBAHHBIA CpPOK

okymaemoctn uHBectuimit B ['OK m0pH CpaBHEHHH C THIOBBIMH
cBeronpoemMamu — MeHee 3-x jieT. C y4eToM SKOHOMHUH Ha MpUoOpeTeHHe
KIMMAaTHICCKOH  TEXHHKA  OKYMAaeMOCTb JOCTHUraeTcs Ha  CTagud
npoekTupoBanus [5].
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In recent years, the metropolis city-planning policy of megacities has
confirmed the trend of building large areas with rooms with limited natural
lighting, as well as underground construction [1]. This fact have gave the
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rise to problems of forming a comfortable and safe light environment and to
the creation of highly efficient lighting systems [2].

The solution of this problem is the implementation combined lighting
systems, the technical embodiment of which is a hybrid lighting facilities
(HLF). There are three main components in HLF such as hollow light tube
(the source of natural light), new generation LEDs (the source of artificial
light) and automatic control system [3, 4]. The product line is represented
by five modifications of HLF Solar LED-S. All of them was produced in
Russia. Due to original construction and creative technical solutions,
domestic products surpasses lighting, energy and operational parameters of
foreign analogues. HLF being an alternative solution to typical light
aperture areas (windows, clerestories and rooflight) surpasses their lighting
and thermos parameters. For example, HLF of the mall has following
advantages over typical light aperture areas: the correlations of light
aperture areas for a given light — 1/52; the correlation of trading floors
conditioning capacities — 1/158; the correlation of thermal losses — 1/170.
Discounted payback period of investments in the HLF is less than 3 years.
Taking into account saving for the purchase of climatic equipment, the
payback period can be achieved at the design stage [5].
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CoBepLIeHCTBOBaHME METOAA 3JIEKTPOJHOI0 IpOrpesa
’KeJ1e300eTOHHBIX U3/ie/IMiA MU KOHCTPYKLUHA AJ1s
NMOBbILIEHUSA UX Ka4eCTBA NPU OJHOBPEMEHHOM

COKpallleHNH YA e/JbHOr0 3 HEPronoTpes/1eHus

M.U. Bariox’, B.S. Vimakos®, A.U. FHLIpHZ

lHaquHaJZbezzl uccnedosamenvekutl ToMCKull noIuUmMexHu4ecKuil
yuugepcumem, 634050, 2. Tomck, np. Jlenuna, 30
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TemmoBass 00paboTka OeTOHa sBIAETCS HamOoJee >HEepPro3aTpaTHBIM
9TAaliOM TPOW3BOJCTBA JKEIC300CTOHHBIX H3ICIUH (OKBN). Campim
pactpocTpaHEHHBIM METOIOM €€ OCYIIECTBIICHHS SBISETCS IIPONapruBaHIE.
Jiis maHHOTO MeTOoJa XapakTepHa HHU3Kas SHEprod(p@eKTHBHOCTh H3-3a
HEIOCTaTOYHOH TEePMETUYHOCTH NPOMAPOYHBIX KaMep W 3HAYUTEIBHBIX
3aTpar YHEPTrUH HA HATPeB MX KOHCTPYKIHUI U 00bEMa.

OmHUM W3 TEPCHEeKTMBHBIX IyTed peainu3alud  IOTEHIUaa
9HEprocOepexeHus B JIAHHOW TEXHOJIOTMH SIBJISAETCS NPUMEHEHHE MeToJla
9MEKTPOAHOTO TPOTrpeBa, CYTh KOTOPOTO 3aKIIOYAeTCs B INPOINYCKaHWU
MIEPEMEHHOTO D3JIEKTPUYECKOr0 TOKa CKBO3b 00BEM OetoHa. [Ipu 3TOM
MIPOMCXOUT HENOCPEICTBEHHBIH IIPOrPEB M3IENUs, a HE OKPYKAIOLIUX €ro
cpensl M 0OBEKTOB, Onaromaps 4eMy MUHHMH3HPYIOTCS MOTEPH SHEPTHH.
OpHako TpUMEHEHHE TaHHOTO METOoJa 3aTPYJHHTENBHO IIPH TPOTPEBE
KOHCTPYKIIUH, apMHpPOBAaHHBIX MPOCTPAHCTBEHHBIMH Kapkacamu. Ho
HMEHHO Ha UX JOJII0 MPUXOAUTCSl 0OJblias 4acTh HoMeHkimatypsl JKBU.
Hanuume cranpHOW apMaTyphl W 3aKJIAQIHBIX JeTajed Hen30eKHO BeOfT K
HApYIICHUIO OIHOPOJHOCTH DJIICKTPUYECKOTO TIOJII B 00BEME wW3menus,
neperpeBy OeTOHa B MECTax CONPHUKOCHOBEHHS C METAJUIOM M, Kak
CJIE/ICTBHE, BO3HUKHOBEHHIO 3HAUUTENIBHBIX TEMIIEPATYPHBIX IEpenajoB.
Ha  ceromusmuuii  geHb  OOnblIas  4acTh  OKCIIEPUMEHTAIIBHBIX
HCCIIeIOBAHHUH AJIEKTPOIHOTO MPOTrpeBa BHIIOIHEHA Ha 00pa3Iax ¢ mpocToi
(dhopmoii kapkaca, 11060 Ha oOpasiiaX, BOBCE HE MMEIOIINX METALTHISCKIX
aneMeHTOB. [IOCKOJIbKY B TaKHMX OKCIIEPUMEHTAaX peajibHble IPOLECCH,
nporekatome B JKBU, HE BOCHPOHM3BOIATCS, WX PE3YyJIbTaThI
3aTPYAHUTEIHHO HCIIOJIB30BATh MPH KOHCTPYHPOBAHUH U BHIOOPE PEKIMOB
PpaboTHI CHCTEM BIICKTPOIHOTO MPOTrpPEBa.

ABTOpBI pemIaroT 3a/1a4y aJanTalid METOAa JJIEKTPOJHOTO IPOrpeBa
MIPUMEHUTEIBHO K MPOOJIEMHBIM H3JICIHAM ITyTEM pa3pabOTKH MPUEMOB U



24 Mex0d. Hay4yHaa KoHG. «IHep2o-pecypcoshheKmusHocmo 8 uHmMepecax
ycmoliyueozo pazsumus», Tomck, 12—16 Hoabpa 2018

cpeactB  (GopMHpoBaHUS ~HaumOosiee OJaronpusTHOH  KoH(uUrypauuu
NIEKTPUYECKOTO MO B 00bEME MAKPOHEOAHOPOAHOTO H3ACIHSL.

ITockombKY 3IEKTPHYECKOE COMPOTHUBIICHHE KOMIIOHEHTOB H3EIHUS
MIOCTOSTHHO MEHSETCS, TO BO3HHKAET HEOOXOOMMOCTh B HM3MEHEHUH BO
BPEMEHH KOH(UTypanuu 3IEKTPHUECKOTO IO, T.€. €0 CBOEOOpa3HOM
MIOJICTPOMKE.

Development of direct electric curing method for
reinforced concrete products to improve their quality
and reduce energy intensity

M.1. Batyuk®, V.Ya. Ushakov*, A.l. Gnyrya®

National Research Tomsk Polytechnic University , 634050, Tomsk,
30 Lenin Ave.
*Tomsk State University of Architecture and Building, 634003, Tomsk,

2 Solyanaya S
'mb110@yandex.ru, *vyush@tpu.ru, *tsp_tgasu@mail.ru

Thermal curing has been considered as the most energy-consuming
stage in reinforced concrete production. Steam curing is one of its most
widespread types. The distinctive features of this technique are low energy
efficiency due to insufficient leak tightness of the facilities and significant
energy consumption for heating of objects and space surrounding the
product.

One of the future-oriented ways to implement the energy efficiency
potential in this technology is application of direct electric curing of
reinforced concrete products. The essence of the method consists of passing
an alternating electric current through the concrete. The direct heating of the
product takes place apart from the surrounding space and objects thus
mitigating the energy losses. However, this technique is difficult to apply
for heating of structures with reinforcement cage. Meanwhile, they present
most of the reinforced concrete products. Presence of steel reinforcement
and embedded items necessarily results in violation of the uniformity of the
electric field in the product bulk and overheating of concrete in the areas of
its contact with metal, and therefore it leads to occurrence of substantial
temperature drops. Currently, most of the experimental research of direct
electric curing was conducted on the samples with simple cage shape or on
the samples without metal elements. Such experiments do not reproduce the
real processes occurring in reinforced concrete products. For this reason
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their results hard to use for designing and selection of rational operation
modes of direct electric curing systems.

Authors solve the objective of improving the direct electric curing
technique applicable to problematic products by means of elaboration of the
ways to obtain the more favorable configuration of electric field in the bulk
of macro-inhomogeneous product.

Due to the fact that electrical resistance of the product components
changes constantly, the configuration of electric field also needs to be
adjusted with time.

An efficiency of reprocessing industries by Process
Integration and Retrofit Planning

Stanislav Boldyryev'?, Alisher Khusanov®

ICentre for Integrated, Energy Saving, Environmentally Friendly Processes,
ITMO University, 9 Lomonosova, 191002 St. Petersburg,
Russian Federation
*Neva-Teplotechnika Engineering Company, Room 12H, 8 Malinovskaya
Str., Pushkin, 196602 St. Petersburg, Russian Federation
M. Auezov South Kazakhstan State University, 5 T. Khana Avenue, 160012,
Shymkent, Kazakhstan

stas.boldyryev@gmail.com

The problem of energy efficiency in process industries is still hot topic
since the first energy crisis in the second part of XX century. Nowadays,
this issue is becoming more complex accounting for global warming and
different kinds of wastes. One of the most applicable approaches for retrofit
of the industrial system is a Process Integration, namely a Pinch approach.
This method is unified and more or less simple for application in chemical,
petrochemistry, oil and gas reprocessing etc.

The use of a process system analysis allows finding the economically
optimal parameters of heat exchanger network but usually, the solution is
founded for a steady-state mode. This fact makes retrofit project different
from optimum obtained during analysis. At the same time investment
efficiency is decreased because of energy prices are changed. Last time this
issue became more important due to hydrocarbon market changing, an
influence of renewables and other factors.

This paper represents the methodology of optimum Process Integration
solution accounting dynamic mode, energy price changes and decision-
making time. The optimum solution can be found for time slice when the
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retrofit is completed taking into account the decision-making period of
project implementation. Sensitivity analysis of finished solution for heat
exchanger network retrofit was performed and flexibility of changes are
analysed. Several representative case studies were developed for different
industries. Energy efficiency of analysed processes is improved up to 58%
with project IRR of 45%.

IIpeacTraB/ieHHe JaHHBIX JHEPreTHYECKHX
o6cego0BaHui B popme npoduiia npesnodTeHUH

M.A. Bopucosa, C.B. MypaBbeB

Hayuonanvhwiii uccnedosamenvckuit ToMCKUll ROTUMEXHULECKULL
yrusepcumem, 634050, 2. Tomck, np. Jlenuna, 30

marits@tpu.ru

ParmonansHoe UCTIONB30BaHUE IEKTPUUYECKON SHEpruy,
pecypcocbepexenne U 3HeprodhGEeKTUBHOCTh — aKTyajbHas MMpooiaeMa
COBPEMEHHOT0 MHUpa, KOTopas Jeria B ocHOBY DenepanbHOro 3akoHa Ne
261 — ®3 «OO6 3HEprocOEPEKEHUH W O IOBBIIMICHUH JHEPreTUUCCKOM
3¢ PEeKTUBHOCTHY. 3aKOH pErIAaMEHTHPYET NPOBENCHHUE SHEPreTHYeCKUX
0o0ceIoBaHUI SNEKTPUYECKHX CEeTeH C IeNbI0  BEIABICHUS TIOTEPh
anekTposHepruu  [1]. BenuunHa TOTEPh  ANEKTPUYECKOH  IHEPrUU
onpenenser 3¢ dekTuBHOCTE pabOTHI SHEproceTel M B 3HAUUTEILHONU Mepe
OKa3bIBaCT BIMSHUEC Ha Tapu(bl. YUHUTBIBAas IMOCTOSIHHO BO3PaCTAaIOMIYIO
CTOMMOCTh  DHEPrOpecypcoB, Y4YeT TIOTEePh AJICKTPOIHEPTHH U WX
MUHUMM3ALUS TPENCTaBIAIOT c000il OJHY W3 OCHOBHBIX 3a1ad it
pecypcocHa0 arIMX OpraHu3aIyili 1 morpebureneil. B craTtee mpenioxkeH
OCHOBAHHBIN Ha arperHpOBaHUH MPEANOYTeHUH MeTox [2], mo3Bossrormit
MPeACTaBUTh OOJIBIION 00BEM JaHHBIX aHAIMW3a TOTEPh DJIEKTPUUECKON
SHEPIUH HOJCTAHIMSIMH PACIPEIeTUTEIbHBIX ceTel B (hopMe KOMITAaKTHOMH
MHTETPATbHON OIIGHKM B TOPSIKOBOW INKaje, yJOOHOW Al TIPHHSATHUSA
pemieHnit W BU3yanu3auumu. TpagunuoHHO 00paboTKa pe3ysibTaToB
9HEPreTUYecKUX 00CIeN0BaHUI MpeacTaBisieT coboil padoTy ¢ GoibIIIM
00bEMOM HECTPYKTYPHPOBAHHBIX JAHHBIX, KOTOpPBIE IUIOXO MOJIAOTCS
nonHomy ydery [3]. Merox mO3BOJISET OMNPEAENUTbh BCE MCTOYHHUKH
SKOHOMHMUYECKH HEpAIMOHAIBHBIX 3aTpaT JHEPreTHYECKUX PECYpPCOB U
HEOIPaBJIaHHBIX MMOTEPh YHEPTUH, 00CCIEUYHTh CXKATHE OONBIINX 00BEMOB
JAaHHBIX JHEprooOcienoBaHUil 0e3 MOTepH CYIIECTBEHHOW HH(MOpMamuy.
[IpennosxeHHBIT METOA  MOXET CTaTh YAOOHBIM  INEPCIIEKTUBHBIM
HHCTPYMEHTOM U OPTaHU3aINi, 3aHUMAFOIIIXCS SHEPTOKOHCAITHHTOM.
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3Kcnepnmem‘anbﬂoe HCCIeA0BAaHHE HArpespa 1nmoJjia B
NMNOMEIICHUAX C CUCTEMAMHU JIYYUCTOI'O HarpeBa

B. 4. Ymakos, I'. B. Ky3uenos, B. 1. Makcumos, U. B. Boaouiko
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BaxHoll 3amaueil, cToseldl B HacTosIee BpeMs Nepel] HayKod Hu
TEXHHUKOH, SBISETCS palUOHATbHOE M 3(GQPEKTUBHOE HCIIOIb30BaHHE
TOILIUBHO-IHEPreTHYECKUX pecypcoB. COBpEeMEHHBIE ApXUTEKTYpHBIE U
KOHCTPYKTUBHBIE PpEIICHUS J3JEMEHTOB IPOMBIIUICHHBIX 3JaHUHA U3
OOJIEr4eHHbIX ~ KOHCTPYKIMA  TpeOYIOT  MCHOJIB30BaHUS  HOBBIX
9HEprod(pGEeKTUBHBIX U IHEProcOeperaroIiX CUCTEM OTOIJICHUS.

[ obecniedeHns] TEIUIOBOTO PEXMMA NPOMBIIUICHHBIX OOBEKTOB U
CO3JIaHUSI ONTHUMABHBIX YCJIOBHH MHUKPOKJIMMaTa B paboyeil 30HE MOXKET
CTaTh TPHMEHEHHE AaBTOHOMHBIX CHCTEM JIYYHUCTOTO OTOIUICHHSA, Ha
npumepe ra3oBbix nHdpakpacusix mznydareneit (IMU). [Mpumenenne 'MN
HEepa3phIBHO CBSA3aHO C HEOOXOAMMOCTBIO M3Yy4YEHHS TEIUIOBBIX PEKHMOB
pabounx 30H B 00JacTAX C MHOTOCIOMHBIMH  OTPaXkKIAOIIUMHU
KOHCTPYKIUSAMH, KPOBJIEH U rabapuTHBIM 000pYZIOBaHHEM B YCIOBHAX Kak
OTPBITHIX, TAK ¥ 3aKPBITHIX IIOMEIICHHUH.

Lempro paboTel  SIBISETCS  HKCIEPHMEHTAIBHOE  HCCIEIOBAaHHE
TEMIEPATYPHbIX PEKUMOB HAMOIbHOIO MEPEKPBITHS B IMOMELICHUSX,
o0orpeBaeMbIX Ta30BbIM HH(PaKpacHBIM 00OTpeBaTeseM.

OOBEKTOM  HCCIIENOBaHUS  SBISUIOCH  HECKOJNIBKO — MOMEICHUI
MIPSIMOYTOJTBHON (POPMBI, CHAaOXEHHBIX JY9HCTOH CHCTeMOW oborpeBa u
HMEIOIINX pa3HOe HamoJIbHOE TMOKPHITHE. llccinenoBaHHEe —TEIUIOBOTO
peXrMa IPOBOIMIOCH HA OTHOCHUTENIFHO HEOONBIION 007acTH, IIIOMIAIBI0
ox010 80 M? B yCIOBHSIX PaGOTHI ra30BOr0 MH(DPAKPACHOTO H3TydaTelst
mapku «[ -5».
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OKCIIepUMEHTAJbHO  MOJY4YEeHbl  3HAueHWs  TeMIepaTyp  Ha
KOHCTPYKTHBHBIX 3JIEMEHTaX MOMEIIEHUH IPU HCIIOIb30BaHUU B Ka4ECTBE
HCTOYHMKA TEIUIA Ta30BOT0 MH(PPAKPACHOTO N3ITydaTes.

YCTaHOBIEHO, YTO paclpeAeiIeHHE TEMIEpaTypsl Ha MOBEPXHOCTH
II0JTa CYIIECTBECHHO 3aBHCUT OT MaTepHana, W ciabo 3aBUCHT OT CTEHNECHU
4epHOTBL. Tak HampuMmep, TeMIepaTypa IOBEPXHOCTH IUINTKH MOJ
U3IydaresieM BBIIIE TeMIIEPaTypbl IIOBEPXHOCTU OeTOHHOM cTshKKU Ha 3 °C.

ITony4yeHHble 3KCIEpUMEHTAJIbHBIE JaHHbIE MOXKHO HCIIOJIb30BaTh IS
YCOBEpUIEHCTBOBAHUSA ~ METOJUK  pacdyéra  TEIUIOBBIX  PEXHUMOB
UCIIONIb3YEMBIX M MPOEKTUPYEMBIX TOMELICHHH, 000rpeBaeMbIX ra30BbIMU
nH(}ppaKpacHBIMHU U3ITyYaTEISIMHU.

Experimental research of floor's heating in rooms with
radiant heating systems

V. Ya. Ushakov, G. V. Kuznetsov, V. |. Maksimov, 1. V. Voloshko
National Research Tomsk Polytechnic University, Tomsk, Lenin ave., 30
iv_voloshko@mail.ru

An important task currently facing science and technic is the rational
and efficient use of fuel and energy resources. Modern architectural and
structural solutions of elements of industrial buildings from lightweight
structures require the use of new energy-efficient and energy-saving heating
systems.

To ensure the thermal regime of industrial facilities and create optimal
conditions of the microclimate in the work area, the use of autonomous
radiant heating systems can be used, for example, gas infrared emitters
(GIE). The application of GIE is inextricably linked with the need to study
the thermal regimes of working zones in areas with multi-layered enclosing
structures, roof and dimensional equipment in conditions of both open and
closed rooms.

The aim of the work is an experimental study of temperature modes of
floor covering in rooms heated by a gas infrared emitter.

The object of the study was several rooms of rectangular shape,
equipped with a radiant heating system and having a different floor
covering. The research of the thermal regime was carried out in a relatively
small region, with an area of about 80 m?, under the conditions of working
the gas infrared emitter of the «I'MIM-5» model.

Temperature values were experimentally obtained for constructive
elements of rooms when a gas infrared emitter was used as a heat source.
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It is established that the distribution of temperature on the surface of
the floor essentially depends on the material, and weakly depends on the
degree of blackness. For example, the surface temperature of the tile under
the emitter is above the surface temperature of the concrete screed at 3 °C.

The obtained experimental data can be used to improve the methods
for calculating the thermal regimes of the used and projected rooms heated
by gas infrared emitters.

TepMoauHaMH4YeCKUil aHAIU3
rujpaTanyy NopTjiaHALeMeHTa

I0.A. A63aeB, A.U. I'asips, C.B. Kopobxkos, K.C. I'ayce

Tomckuii 2ocyoapcmeenHblil apXumeKmypHO-CImpoumenrbHblll
yuugepcumem, 634003, 2. Tomck, na. Consanas, 2

tsp_tgasu@mail.ru

B pabore mpoBeneH TEpMOAMHAMHYECKHH aHaIM3 TUApaTalnud
noptianaueMenta B komrmiekce GEMs 3a mepuon (0—1000) nueit npu 300
°K. Tuaparanus kiuHkepHbix (as Alite, Belite, Ferrite, Aluminate Gbuia
oneHeHa B pamkax mojenu Parrot, Kiloh [1]. Beuto paccMorpeHo Takike
BJIMSIHHE TeMIIepaTypbl Ha MacCOBOE COJAEPIKAHUE MPOJIYKTOB I'MIpaTalHH,
KHCJIOTHO-IIeI0uHoe cootHomeHne (pH) B wmHTepBane temmeparyp 5-95
°C.

Ha pucyHke mpuBeIeHbl pe3ysbTaThl KYMYJSITHBHOIO POCTa MAacCChI
NOPOAYKTOB  THApaTallid  MOPTIAHAUEMEHTa. bpuin  0OHapy)XeHEI
cnenyromue ¢assl: 1 — (aqua); 2 — (gas); 3 — (C3(AF)Sp.g4H); 4 — (CSHQ); 5
— (ettringite-Al); 6 — (ettringite-Fe); 7 — (Alite); 8 — (Belite); 9 — (Ferrite);
10 — (Aluminate); 11 — (Portlandite); 12 — (Goethite);13 — (arcanite); 14 —
(OH-hydrotalcite).
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I[lpy  XUMUYECKOM  B3aWMMOJACWUCTBHM  MHUHEPAIOB C  BOJOWM
dopmupytorcss  ruapocumukatel  Kamsuua (Ca0),-(SiO),-(H,0),-Ca(OH),
IIEPEeMEHHOTO cocTaBa. B kumkoil (aze mpHUCYTCTBYIOT HMOHBI aIFOMUHHUSA,
xKernesa M IIp., KOTOphIe CTUMYIIHAPYIOT (OPMHPOBAaHUE THAPOATIOMHHATOB,
ruapodepruToB Kajdplusi. B oObeMe IIeMEHTHBIX 3epeH (OpMHUPYIOTCS
TPOJYKTHI THIpATAlliK TEPEeMEHHOT0 cocrtaBa, B udactHoctH CasH,OSi,
(Tobermorite), Deliate, CazHOgSi;, koTOpble MeTacTaGHIBHEI — Ha
HadaJbHBIX CTAAMAX, a 3aTeM [PeBpamaloTcs B  CTaOMIbHBIE
THIPOCIIIUKATEl TOOEpMOpUTOBOro THma. C poCTOM BpPEMEHH TBEPACHUS
nonst daser CasH,01¢Si, Bo3pacTaer. A ¢ pocTOM TeMIlepaTypsl TBEPIACHUS
B IIEMEHTHOM KaMHe JI0Js1 OCHOBHBIX (ha3 Tobermorite, Deliate, CasH,0Si,
MaJio U3MEHSAETCS B TeueHue NepBbix 54 yacoB. I'mapocunukat CasHOgSis
OTHOCHTCS K IPOMEKYTOUHOMY COCTOSTHHIO, KOTOpOe 00pa3yeTcs 1o cxeme
ruapataiun  Tobepmoputa, 3Ca0,Si0,2.5H,0. Bpemss u Temmeparypa
M30TEPMHUUYCCKOTO TBEPICHHS OKa3bIBAaCT CYIICCTBEHHOE BISIHHE Ha
KOJIMYECTBEHHOE CO/ICPIKAaHIE THAPOCHIINKATOB.

Bbrimo ycranoBneno, uro 3a mnepuony 0-1000 nHelt MaccoBoe
collepKaHrEe IEMEHTHOTO KaMHsI Ha TOOEPMOPUTOBOI OCHOBE YBEINYIIIOCH
1o 51.97 rp., artpunrur — Ha 15.02. ConepxaHue KIMHKEPHBIX MUHEPAJIOB
okazanoch paBHo: anuT (7.27 tp.), 6enmur (6.82 rp.), deppur (3.59 rp.),
amromuHar (0.95 rp.), Boasr (11.49 rp.).

Paboma evinonnena npu ¢unancogoi nooodepicke PDPDPU (koo
npoexma Nel8-08-01025).
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Thermodynamic analysis of Portland cement hydration
Yu.A. Abzaev, A. I. Gnyrya, S. V. Korobkov, K. S. Gauss

Tomsk State University of Architecture and Building,
2, Solyanaya Sq., 634003, Tomsk, Russia

tsp_tgasu@mail.ru

The paper presents a thermodynamic analysis of Portland cement
hydration for the period of 0-1000 days at 300 K. The analysis is performed
using GEMS software, and Portland cement hydration is considered in
terms of the Parrot and Killoh model [1]. Such clinker phases as alite, belite,
ferrite, and aluminate are studied in this paper. The temperature effect on
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the volume fractions of hydration products is described, and the acid-
alkaline ratio (pH) is studied within 5-95 °C temperature range.

The diagrams below demonstrate the total growth in hydration
products of Portland cement. As a result of GEMS modeling, the following
phases are found: 1 — aqua; 2 — gas; 3 — C3(AF)Sg.esH; 4 — CSHQ; 5 —
ettringite-Al; 6 — ettringite-Fe; 7 — alite; 8 — belite; 9 — ferrite; 10 —
aluminate; 11 — Portlandite; 12 — Goethite; 13 — arcanite; 14 — OH-
hydrotalcite.
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The chemical interaction between minerals and water results in the
formation of hydrated calcium silicates (CaO),:(SiO)y-(H,0),-Ca(OH), with
a variable composition. The liquid phase contains aluminum, iron, and other
ions which enable the development of hydrated calcium aluminates and
hydrated calcium ferrites. Within the cement grain volume, hydration
products with a variable composition appear, in particular, tobermorite
(CasH,0Si5,), deliate, and CasHOgSis,. At the initial stages these phases are
metastable, but later they transfer to stable tobermorite-like hydrated
calcium silicates. With hardening time, the amount of CasH,0,,Si, phase
increases. And with the increase in the hardening temperature, the amount
of major phases of tobermorite, deliate and CasH,0Si, almost does not
change during the first 54 hours. Hydrated silicate CazHOGSi; is an
intermediate phase which develops similar to the hydration process of
tobermorite (3Ca0,Si0,2.5H,0). The time and temperature of isothermal
hardening have a great effect on the quantitative composition of hydrated
silicates.

Experiments show that during the period of 0-1000 days, the volume
fractions of tobermorite and ettringite in the cement paste increase up to
51.97 and 15.02 g, respectively. The content of clinker minerals includes
7.27 g alite, 6.82 g belite, 3.59 g ferrite, 0.95 g aluminate, and also 11.49 g
water.

This work was financially supported by Grant N 18-08-01025 from the
Russian Foundation for Basic Research.
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JlMarHoCTHKa TEXHUYECKOT0 COCTOSIHUSA
3 aHUMI M COOPYKEeHUN METOA0M
TEeN/IOBU3MOHHBIX UCC/IeJOBAaHUN

B.S1. T'opsiues, C.B. 'ono6okos, T.1O. Bpocrunosa

Tlenzenckuii 2ocyoapcmeennviii ynugepcumem, 440026, Poccus, 2. Ilensa,
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JUIs  OLIEHKM TEXHUYECKOTO COCTOSHUS BHEIIHMX OrpakKIaroIIUuX
KOHCTPYKIMH 37aHUH M COOPYXEHHH | TOBBILCHUSA 3HEprodddek-
TUBHOCTH TEXHOJOTMYECKHX IIPOLIECCOB B HACTOAIIEE BpEMs IIHPOKOE
pacripocTpaHeHHe MOTYYHIN METOIBI TEIJIOBU3HOHHBIX HCCIIenoBanuit [1].

OCHOBHBIE ~ IIpEUMYyIIECTBa TEIUIOBU3HOHHBIX  HMCCJIENOBAHUN -
OTEPaTUBHOCTh, JAWCTAHLIMOHHBIE H3MEPEHHUS, HENPEPBIBHOCTh IIOTOKA
nHpopmanuu. McciienoBanus OTHOCATCS K HEpa3pylalnieMy KOHTPOJIIO
BBIMOJIHAIOTCS. 0€3 OCTAaHOBKM TIpoliecca, JaeTca oOmas KapThHa
pacrpe/ieseHus TEIJIOBbIX MOJIei U eTanbHbIi aHamm3 [1].

TemmoBuzop  mo3BonsieT  (UKCHPOBaTh  OBICTPONPOTEKAIOIINE
IIPOLECCHl U 3alUCHIBATh B ONEPATHBHYIO IMAMATH PE3YJIbTaThl U3MEPEHHM.
Pacripenenenne Temmeparyp Ha NOBEPXHOCTH TeJ JAaeT MH(OpMALHUio O
BHYTPEHHEHl CTpPYKType O0OBEKTa HCCIENOBaHUM, peXuMax padoTel M
BO3MOJKHBIX OTKIIOHEHUSIX.

TernoBU3HOHHbIE HCCIEI0BaHUs [2] pemaroT cleayronme 3a1aqu:

1. Omenka COCTOSHUS BHEIITHUX OTPAYKAAFOIIIX KOHCTPYKITHH.

2. TIpoBepka TEIUIOBO# U30JISLIUH, BETPO- U THIPOU3O0JISIIHH.

3. TIpoBepka COCTOSIHUSI MHIKEHEPHBIX CHCTEM.

4. KoHTpOJb peXUMOB pabOTHI CHIIOBOTO 00OPYIOBAHHS.

Criermanmuctel  Kadeapsl «DIEKTPOIHEPTeTHKA M AIEKTPOTEXHHUKA
[II'Y mpuHMMAaOT ydacTHe B peaju3aliy rocyJIapCTBEHHBIX MPOrpaMM o
9HEProd(PEeKTUBHOCTH U PECYPCOCOEPEKEHHIO B PA3IIUIHBIX OTPACIIAX.
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Diagnostics of the technical condition of buildings and
structures using thermal imaging

V.Ya. Goryachev, S.V. Golobokov, T.Yu. Brostilova
Penza State University, 440026, Russia, Penza-city, Red Street, 44
Golobokov_sv@mail.ru

The methods of imaging studies have widespread using for the
evaluation technical condition of the buildings and installations external
enclosing structures and improving the energy efficiency of technological
processes [1].

Thermal imaging studies have some key advantages - operational
efficiency, remote measurements, and continuous flow of information.
There is no need to open an object, measurements are made without
stopping the process. Such study provides an overview heat and thermal
field and a detailed analysis [1].

The thermal image converter allows capturing high-speed processes
and recording the results of measurements in the random-access memory.
The distribution of temperatures on the bodies surface gives information
about the internal structure of the research object, operating modes and
possible deviations.

While evaluating the state of objects [2], thermal imaging studies
address the following issues:

1. Assessing the technical condition of external enclosing structures.

2. Checking the state of thermal insulation, wind- and waterproofing.

3. Checking the state of utilities.

4. Setting the operating modes for the power equipment.

Specialists of the Department participate in the implementation of the
State programmes on energy efficiency and resource conservation in
various branches of a national economy.
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MOAEJIPIpOBaHI/Ie TEN/JI0BOro COCTOAHUA AOPOXKHOIO
IMOJIOTHA B IIponecce yaaJICcHUA HaJie AU
TEeNJIOBbIM CIIOCOOG0M

A.B. T'onoBko, A.H. Ko3no6pomos, H.A. LlBeTkoB

Tomckutl cocy0apcmeentblll apXumekmypHO-CcmpoUumenbHull
yrusepcumem, 634003, Poccus, e. Tomck, nin. Conanas, 2

golov7031@gmail.com

IIpoGnema ypaneHus HaleAd C IMOBEPXHOCTU JOPOKHOTO IIOJIOTHA
MPE/CTABISIET MHTEPEC C MPAKTUUECKON TOUKH 3pEHHs B CBSI3U C OOJBLINM
konmmgectBoM JITTI, mponcxonsmmx Ha HEOONBIIMX IO IMPOTSHKEHHOCTH
y4acTKax aBTOMOOMIIBHBIX JOPOT M3-32 00pa30BaHMUS IOOJICAHBIX SBICHHUH.

AHau3 CyIECTBYIOIINX METOJAO0B THKBUAAUUY TOJIOJECIHBIX SABICHUN
Ha ONACHBIX YYacTKaxX aBTOMOOMJIBHBIX JOPOT IOKa3bIBaeT, 4TO Hamboiee
MEPCHEKTUBHBIM METOAOM JIMKBUJAIMU 3UMHEN CKOJIB3KOCTH HA MOKPBITUU
JIOPO’KHOTO IOJIOTHA MOCTOBBIX COOPYKCHHH SBISIETCSI TEIIOBOM CIIOCOO
[1]. OroT cnoco6 xapakTepuU3yeTcst OOMIUPHBIM OMBITOM MPHMCHEHHUS KaK B
MHPOBOH, TaK U B OTEUECTBEHHOM ITPAKTHUKE.

B macrosmen paboTe 1 yaaneHus HaJleIn HCIOIb30BAaJICs TEMIOBOH
METOJ] ¢ NPUMEHEHHEM HAHOKOMIIO3UTHOTO PE3UCTUBHOIO MarepHaia,
HAHECEHHOT0 Ha JOPOXKHYIO reoceTKy [2].

C 1enbpio BBIIBUTH BIMSHHE HAarpeBaTEIbHOTO JIEMEHTA Ha TEIIOBOE
COCTOSIHHE MHOTOCJIOHHOIO JOPOXKHOTO MOJIOTHA U HAaJEIH, MOKPBIBAIOIIEH
MIOBEPXHOCTh ac(arbToOETOHA, C MOMOIIBI0 IPOrPpaMMHOTO KOMIUIEKCA
Comsol mpoBeneHO  YHCIEHHOE  MCCIIEIOBaHME  HECTallMOHAPHOTO
TEIUIOBOTO COCTOSIHMSI NPOCTPAHCTBEHHOTO ()parMeHTa KOHCTPYKIHH, C
BCTPOEGHHBIM B HEE HarpeBaTeNIbHBIM 3JIEMEHTOM, paboraromeM B
LHUKIHYECKOM PEXKHME.

AHanM3  TIOJNyYeHHBIX  YWCIEHHBIX  pEe3yJbTaTOB  IO3BOJIIIOT
MMOJTBEPINTh, YTO HCIIOJNB30BAaHHE TEOCETKH, C HAHECEHHBHIM Ha Hee
HAaHOKOMITO3UTHBIM DPE3WCTUBHBIM MaTepHaioM, SBiseTcs 3(QeKTuBHBIM
pu 60pbde ¢ o0eIeHeHNeM Ha JTIOpOorax.
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HccieaoBaHue M OLleHKa HOPpMHPYEMBIX
IJHEPreTHIECCKHUX nokasareJien MHOTOKBAapTHUPHBIX U
AAMHUHUCTPATHUBHBIX 3,qa1mﬁ Pa3/IHIHBbIX
KOHCTPYKTHUBHBIX CUCTEM

A.B. lertsiperko

Obwecmeo ¢ oepanuyennol omeemcmaeeHHocmoio « CmpoumexuHHosayuu
T/ICK», 634055, 2. Tomck, np. Akademuueckui, 8/8
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OreHKa SHEPreTHYecKUX IoKa3arelieil MMeeT OOoJbIIoe 3HAYCHHE U
npoaukroBana dexepansHbiM 3aKkoHOM Ne261-D3 «O06 sHEprocOepexeHnn
1 O MOBBIIIEHUH YHEPreTHdecKoi 3PpPEeKTHBHOCTH», OCHOBHBIE TPEOOBAHUS
OTpakeHbl B HOpMaTHhBax [2-4]. Llenbo JaHHOTO HCCIENOBAHUS SBISIOCH
(bopMupoBaHue 00IIeH eNNHOI METOIMKH U OLICHKA Pe3yJIbTaTOB HATYPHBIX
o0clieIoBaHMi SHEPreTHYECKUX II0Ka3areleil BBOJMMBIX B JKCILTyaTallUio
3IaHUH PA3IMYHBIX KOHCTPYKTUBHBIX cucTeM. O0ciIe10BaHus IPOBOAUIIOCH
3aHUN CIEAYIOUUX KOHCTPYKTUBHBIX CUCTEM: KPYIHOIAHEIbHBIN >KUIIOH
JIOM; KapKacHBIM XHJION AoM cucTembl Kackaa; MOHOJUTHBIN KHIION JIOM;
KUPIHWYHBIN JKWIOH T0M; aAMHHHACTPATHBHOE 37aHne mKoibl Ha 1100 mecr;
aJIMUHHUCTpAaTUBHOE 31aHue Iukosel Ha 200 MecT. B mporpaMmy oneHku
JHEPreTUYECKUX IMOKa3aTeNlel IEeCTH TUIOB 34AHUN BXOJUT: MOYACOBBIE
U3MEpPEHUEe  TeMIepaTypbl M BIQKHOCTH  HAPYXKHOTO  BO3/1YyXa;
nHdpakpacHoe  TepMmorpadupoBaHHe  HApy>KHOH M BHYTpEHHEH
MIOBEPXHOCTU CTEHOBBIX OIPakJArOIUX KOHCTPYKLUI; HHCTPYMEHTAIbHOE
oOciesloBaHNE  CHCTEM  OTOIUIGHHsS  3J@aHWsi;  HMHCTPyMEHTAIbHOE
o0cneoBaHMEe CHCTEM BEHTWIANWHA 3JaHUS; BBIOOPOUYHBIH KOHTPOJIB
KPaTHOCTH BO3AyXO0OOMeHa B 3JaHMM Mpu pasHoctu npasieHuit 50 Ila
cormacio T'OCT 31167, omnpenenenne (pakTHUYECKOH  BETUIHHBI
CONPOTHBIICHUS] TEIUIONEPENauYn OTpa)kIal0NINX KOHCTPYKLUHH 3IaHUs;
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ompeseneHue  (GaKTUYECKOH  BEJIMYMHBI  TEIUIOAKKYMYJIHUPYIOLIEH
CIIOCOOHOCTH 3IaHMA.

W3mepenns mpoOBOAWINCH B 3AaHUSIX BBOJUMBIX B SKCIUIYaTaIHIO, IS
BBIACHGHUS BIMSHHUS HaIW4YWsi O KWIBLOB Ha JHEPromnoTpeOicHHE,
HEOOXOANMO, IPOBECTH HHCTPYMCHTAJIBHBIE W3MEPEHUS aHAJIOTWYHBIX
IoKasarejae 3aceleHHBIX 37aHui. IIpoBeneHHBIE HHCTPYMEHTAJIbHBIC
HU3MEpPEHUs] 10 ONpEJACICHHIO JHEPronoTpeOyieHus, IOKa3alnH, 4YTO
OCHOBHBIE  (paKTHYECKHE II0Ka3aTeNM  JHEPromnoTpedsieHnst  37aHus
COOTBETCTBYIOT  3asIBIICHHBIM  XapaKTepPUCTUKaM, OMpEIEICHHbIM 110
JaHHBIM, IPEACTABJICHHBIM B OHEPICTUYCCKOM MACIIOPTE.
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Autonomous power supply system for
low-storey buildings
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Design principles and circuit realization questions are considered for
autonomous power supply systems feeding telecommunication equipment
and consumer electronics. Wind generators and solar energy modules
RZMP 240-T are suggested as power sources. Energy conversion is made
using multi-contact AC-AC and DC-DC resonance type converters [1,2]
and capacitor step up inverters with variable structure. It is shown that the
considered systems have enhanced energy efficiency and low pulse
interference level. That is achieved owing to utilization of modern element
base and efficient operation regimes. The developed methodic for
calculating the power circuit parameters and operation regimes ensures
designing autonomous low-storey buildings power supply systems for any
specified consumed power level and for any geographic region. The lower
level of pulsation and pulse interference is achieved owing to the uniform
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distribution of decentralized loads consumed currents over their conversion
frequency period. Time diagrams for input and output currents of the
decentralized autonomous power supply system verify substantial decrease
of the consumed from battery current pulsation level. It is shown that owing
to dynamic losses decrease, obtained by DC-DC converters power transistor
switches soft commutation regime, the high efficiency can be ensured.
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OnpeaesieHne GaKTHYECKUX XapaKTEPHUCTHK
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B macrosmiee BpeMs Ha PHIHKE HarpeBaTENbHBIX MPHOOPOB IIMPOKOE
pacnpocTpaHeHHEe TOJyYHIIM aTIOMHUHUEBBIE paauaTopsl. IIpousBoaurenu
JUIS CHIDKCHMSI pacxojia MeTaJlla Ha MX M3TOTOBJICHHE M, COOTBETCTBEHHO,
CTOMMOCTH IPUOOpPa, UCIONB3YIOT YMEHBIICHNE TOBEPXHOCTH BHYTPEHHHIX
U TBUIBHBIX pebep. 3asBiasemasl MPOMU3BOIUTENEM TEIUIOOTAAYa MPHU ITOM
JI0OCTaTOYHO BbIcOKast. B coorBercTBUM ¢ IlocTaHOBIIeHUEM [1] OTKIIOHEHUE
HOMMHAJIBHOW TENJIOBOM MOIIHOCTH CEKIMM, YKa3aHHOH B IAacrnopre
npudopa, OT IoOKazaTeJiel, YCTaHOBJICHHBIX IO pe3yJibTaTaM IPOBEICHUS
WCTBITAHUN, HE JOJDKHBI MPEBBINIATH MPEICIBHO JONMYCTHUMBIX 3HAYCHHN
(=5 %). Takum oOpazom, MCCIeJOBaHHE KOHCTPYKTUBHBIX M PEKHMHBIX
rapaMeTpoB paboThl NpudOpa ¢ YMEHBIICHHOW IOBEPXHOCTHIO pedep
SIBJISIETCS] aKTyaIbHOU 3a7a4uei.

B crarse mpencTaBiIeHBI pe3yNbTaThl WCCIICAOBAHUNA paaguaTopa THIA
STI Classic 3asBIeHHONW TEIUIOBOW MOIIHOCTRIO 1,92 kBT mpu pacueTHBIX
yeaosusx [2, 3]. Ilpu onpepeneHuy IUIOMIAIH €0 MOBEPXHOCTH OKAa3aJoCh,
YTO OHA HWXKE, YeM IpH MoyiHOM opeOpenun, Ha 20%. ONBITHBIM ITyTeM
YCTaHOBIICHO, YTO TEIUIOBAsk MOLIHOCThH IPHOOpa CHHXKAETCS MPU 3TOM Ha
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15% mo cpaBHEeHHWIO ¢ 3asBJICHHOM IPU pacyeTHBIX YCIOBHSX. B Teriblii
NEePHOJ] OTONUTENBHOTO Ce30Ha NpU HEOONbLION Pa3sHOCTH TEeMIIEpaTyp
TEIIOHOCHUTENSI U BO3AyXa B IIOMELICHHH CPEAHSS TEIUIOBas MOLIHOCTH
pauaTopa cOBHAJaeT ¢ 3asBICHHBIM 3HaYCHHEM. TepMorpaMMbl ITOKa3ally,
9TO0 NpHOOp NPH MOAKIIOYEHHH CBEPXY-BHHU3 JOCTATOYHO XOPOILO
nporpeBaercst 3a 3,4 MHUHYTBI, YTO TOBOPHT O MaJlOl HWHEPLHOHHOCTH
npudopa.
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Actual performance of aluminium heating appliance
withreduced finsdetermination
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Aluminum heating devices are widely used nowadays.The
manufacturerdecreases surfacesof the rear and internal fins toreduce the
price of radiator and declares thatheat transfer is high enough. The
nominalthermal power of the section of the heating deviceis indicated in the
equipment certificate.lts deviation from the experimental points does not
exceed 5% according to decree[1].Thus analysis of structural and operating
parameters of the heating devicewith reduced finsis an actual task.

The article presents the results of research of radiator of the STI
Classic type. Itsmanufacturer's declared thermal power is 1.92kW at the
estimated conditions[2, 3].The measuredsurfaceof this heating deviceis 20%
lower thanthe samewith integralfins. The thermal power of the section at the
estimated conditionsis 15% lowercompared tovalue, declared by the
manufacturer, was determined experimentally.While the difference in the
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average temperature of the coolantandroom temperature is small, the
average thermal power of the heating device is equal to value, declared by
the manufacturer. Thermograms show that the radiator is warm in 3.4
minuteswhen it is connected in a "top-down" scheme, so it is low-
inertiadevice.

References

1. Binding  certification of all types heating devices:
https://www.c-0-k.ru/market_news/obyazatelnaya-sertifikaciya-vseh-tipov-
otopitelnyh-priborov

2. GOST 31311-2005. heating devices. general specifications.
Moscow, Standartinform Publ., 2006

3. Aluminum heating devices STI Classic 500/80:
http://teplotehnikann.ru/index/shema/radiatornoe-otoplenie/page_968/
aljuminievye-radiatory-sti-35080/aljuminievye -radiatory-sti-350801/
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CoBpeMeHHbIE CHCTEMBI TEXHHYECKOTO MOHMTOPHHTA IOTpeOICHUS
9HEPropecypcoB MMEIOT IOBOJIBHO Pa3BUTYIO CHUCTEMY PETHCTPHPYIOLINX
naTynkoB U ¢yHkuui. Ho abcomroTHOEe GONBIIMHCTBO M3 HUX CIYXKHUT TS
cbopa W aHamM3a TEXHWYECKHX XapaKTepUCTHK, CHCTEM TeHepalnuu
SHEPropecypcoB M 3HepromnorpebieHus. B HacTosimee Bpemsi, aHHBIE
coOupaeMble €O CYETYMKOB M JIATYUKOB  HCIOJIB3YIOTCS  TOJIBKO
TEHEPUPYIOIMMHI M COBITOBBIMM KOMIaHMAMH. JlocTylm K coOpaHHBIM
JaHHBIM HE WMEIOT HH TNOTpeOUTeNH, HH TOCYNapCTBEHHBIE WU
KOHTPOJHPYIOILIUE OPraHbl, YTO HE MO3BOJIAET OCYLIECTBISATh KOHTPOIb 32
LENEBBIM ~ HWCIIOJB30BAaHHEM  CPEICTB  KOMIIAHHSIMH  SHEpProcObITa.
OTcyTcTBHE  KOHTPOJISI  BJIeYeT 3a  COOOM  BBICOKMH  ypOBEHBb
KOPPYMITUPOBAHHOCTH JAaHHBIX KoMmanui [1].

ABTOpBI JaHHOM CTaThM NPEAJIAraloT CO31aTh CHCTEMY XpaHEHHS
JAHHBIX O MOTPEOJIEHUH YHEPrOHOCUTENICH, TTOCTPOSHHYI0 HAa TEXHOJOTHU
pacupeneneHHoro peecrpa. JlaHHBIe TepefaroTcs Ha  cepBepa  —
9HEprocObITOBOM KOMIITaHMM M cepBep oOmiectBa morpedureneit (roc-
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ycayrn). [Ipuuém Ha cepBepe morpebuTeneil MOKHO OyneT NpHUBsS3aTh 0azy
JaHHBIX TPHOOpPOB yu€Ta ¢ AaHHBIMH O TOTpeOiieHNMH ¢ 0a30if JaHHBIX
notpeduterneil. Ha ocHOBe coOpaHHBIX TaHHBIX MOKHO CTPOUTH Pa3lIMYHbIC
Mozeny (GUHAHCUPOBAHUS PACXOJOB Ha SHEPTOHOCHUTEINH, IPOrHO3UPOBATh
pacxofpl, IPOU3BOAUTHE MOHUTOPHHI LEHOOOPa30BaHMS U BO3MOXKHOCTH
OIUIATHl YCIYT HACEJICHHEM, COCTABILATH ONEPaTHUBHBIC IPadUKH IOCTABOK
TOIUIMBA W PEMOHTa, H.A.. Hamnuue wnHTEpHETa OOECIEYHUT AOCTYN K
cUCTeMEe BCEM y4YaCTHHMKaM M KOHTPOJMPYIOIIMM OpraHaM B Jr000€ Bpems
n3 moboro mecra. [lpy  3TOM  WCHOJB30BaHME  TEXHOJOTHI
pacnpeneneHHOro peecTpa OyAeT rapaHTUPOBaTh JOCTOBEPHOCTh JAHHBIX U
HaJeKHOCTh UX xpaHeHus [2]. CTaHmapTusanus JaHHBIX, TOCTYIAIOIINX C
AaTYMKOB TIO3BOJIUT TMPOU3BOAUTH MaCIHTa6I/IpOBaHI/Ie CCTH, a TaKXC
CTaHIapPTU3UPOBATh COOMpacMble JAHHBIC B IMPOTPaMMHOI pean3aluu M
YCTPOHCTBA, BBITYCKACMBIE PA3INYHBIMU TPOU3BOJUTEIISIMH.
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JdHeprocGeperamiias Hapy>KHasi OrpakJjawias
CTEHOBasi KOHCTPYKIUA KAPKACHO-NIAHE/ILHOTO 3JaHM s
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B mocnennee BpeMst akTHUBHO Pa3BHBAETCSI CTPOUTENBCTBO KAPKACHBIX
3naHui. Ilo  1aHHOM  KOHCTPYKTUBHOM  CXEME€  CTpPOAT  KMIIbIE,
oOIIeCTBEHHBIE ¥ 3MaHUS CIHENHAIBHOTO Ha3HAa4YeHHs. B 3ToM cirydae
OPUMEHSIOT pa3IMyHble BUABI CTEHOBBIX KOHCTPYKIMH: Kak U3
MENKOMITYYHBIX MaT€pHajoB, TaK U U3 KpyNHbIX naHeneil. ITo cBoelt cxeme
paboTel OHM MOTYT OBITH KaK CaMOHeCyIIHe, Tak W HaBecHble. OCHOBHOE
TpeboBaHuEe, NMPEABSIBIIEMOE K HAPYKHBIM OIPakKAAIOIINM KOHCTPYKIHAM
9TO COIPOTHUBIEHHE TEMJIONepeaaye.

Jis onTHMU3alMU CTPOUTENBHO-MOHTAXKHBIX pab0T M IOBBIIICHUS
9HEPreTHUecKor APPEKTHBHOCTH HAPYKHON OTpakIaroniel KOHCTPYKIUU
M BCErO 3IaHUS B ILIEJIOM HEOOXOAMMO YIIPOIIEHHE TEXHOJOTHH MOHTaKa
CTEHOBOM HApPYXHOM OTrpakaaroiield KOHCTPYKIIUU, CHI)KEHHSI Harpy3Kd Ha
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HecyIlye »JJEeMEHThl Kapkaca, a TaK JK€ CHIDKCHHE TeIUIoNoTeph |
MHHAMH3ALUS MOCTHKOB XOJI0Aa.

OHeprocbeperaromas HapyXHas orpakaaromias CTCHOBAs
KOHCTPYKIHUS KapKacHO-TIAHENBHOTO 3HaHUs COJIEPKUT MHOTOCIOWHBIE
CTEHOBBIE MAHENM, BKIIOYAIOLIUE HApPYKHbIH CJIOH, CpeaHUl CIIoH,
3al0JHEHHBI  yTEIUIMTENIEM, BHYTPEHHMH CIIOM W CBSI3U  MEXIY
BHYTPEHHAM W Hapy>XHBIM CJI0OeM. MHOI'OCIIOWHBIE CTCHOBBIE IaHEIN
ONUPAIOTCsl HA KOHCOJIbHBIE BBUIETHI M TEPMOBCTABKH JJIEMEHTOB KapKaca,
HE NPEBHILAONINE TOJIIUHBI HApY)KHOW CTEHBl KapKacHOTO 3JaHus, U
YTECIIIUTECIb. COGI[I/IHeHI/Ie BCPXHUX W HUKXHUX MHOTOCJIOMHBIX CTEHOBBIX
IaHene uyepe3 TEPMOBCTABKU IPU BO3BEACHHH MHHUMH3UPYET '"MOCTHI
xonoxaa". IlomuMo 3TOro, B MpENIOKEHHONW KOHCTPYKLUUH BHYTPEHHHH U
HapyXHBIH CJIOM TIaHEJIeH ONUpAIOTCA TOJIBKO HAa TEPMOBCTaBKY U
OIHOBPEMEHHO SBIAIOTCS HE HECYIIMMH (HAaBECHBIMHM) 4YTO IIO3BOJISIET
BBIIIOJHATh HMX M3 JIETKOro O€ToHa, a TOMIIUHY cJosi 3(QEKTHBHOTO
YTEIUIUTENS BBHINOJHUTH MaKCUManbHOH. B pesynprate CcHmXaeTcs
COOCTBEHHAsI Macca MHOTOCJIOIHBIX NaHelIeH, YMEHBIIAOTCS TEIUIONIOTEPH
U B IIEJOM TMOBBIMAETCs 3Heprod¢pekTuBHOCTh. [loaTBepkmaeTcs 3TO
CIEAYIOIMMH  3HAYCHUSIMHU:  PAaCcUYETHOE 3HAUCHHE COMNPOTHBICHUS
TeIUIoNepeIaue Mo riiaju B TIIyXOH 4acTu cTeHbl R=4,2 M2°C/Bm; ¢ Y4EeTOM
OKOHHBIX 0TKOCOB R=3,31 1*°C/Bm. [IpuBeeHHOE COMPOTUBIICHUE
teronepenade  mo  dacagy cocrasmwio 3,8 wm°  °C/Br  Kiace
sHeprocoepeskenus mo [2] A++.
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OmanM u3 Hamboyiee pPACHPOCTPAHEHHBIX TEXHHYECKUX PpEIICHUH
HApyXHBIX  OrPXAAIOMIMX  KOHCTPYKIMH  NaHENbHBIX  3/IaHMH,
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MIPUMEHSEMBIX JUISL CTPOUTENbCTBA B KIMMAaTHYECKOH 30HE PETHOHOB
Cubupu, SBIAIOTCS TPEXCIOMHBIE CTEHOBBIC IIaHEIH, COCTOAIIME U3
HAapy)XHOTO M BHYTPEHHErO JKENIe300C€TOHHBIX CIIOGB M3  JIETKOT'O
KepaM3UTOOETOHA W CPETHETrO CIIos W3 3PPEKTHBHOTO YTEIUTUTEINS, TAKOTO
Kak, HalpuMep, MEeHONOIUCTUPONL. Bompoc coenuHeHHs KOHCTPYKTHBHBIX
CJIOEB IIPH HAaMMEHBIIHNX TEIUIOBBIX MOTEPAX B HACTOAIISE BPEMs peluaercs
32 CUCT KOMITO3UTHBIX THOKHMX cBsizeidl. JlanHoe pemenuwe Ha 30...50%
TIOBBILIAET NMPHUBEICHHOE CONPOTHUBICHUE TEIUIONEPEaayl HapyKHBIX CTEH
32 CYET 3HAYMTENILHOTO IOBBILCHHUS KO3(D(DUIMEHTa TEMIOTEeXHUYECKON
omHopomHocT Jo  r=0,95. Jlngd KOHTpons KadecTBa NPOIYKIMH,
peamuzyemoii OAO  «TJICK», Obul0O MNpOBEIEHO SKCHEPHUMEHTAIBLHOE
OIpeJieTICHUE CONPOTHBICHHUS TeIIonepeaadl B J1abOpaTOPHBIX YCIOBHAX
(bparmeHTa TpexcloiHOW cTeHOBOW. CXeMa dKCIEePHMEHTaIBHOTO o0pasia
¢ porodukcanneid MOMEHTa UCTIBITAHHI IPUBEICHBI Ha puc. 1.
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Pucynox 1. Cxema wucHeITaTeNnpHOrO o00pa3ia B KIMMaTHYECKOH
kamepe ¢ porodukcareii 00IIero BuIa

I[To pesympTataM  NPOBENSHHBIX  MCHBITAHUA  MPHUBEACHHOE
CONPOTHBIICHHE TeIulonepenadyn (parMeHTa CTEHOBOM MaHenu ¢
KOMITO3UTHBIMHA THOKMMH CBSI3SIMU IIPU HCIIBITAHUHM B TEYCHUH 12 CYyTOK B
KJIUMaTHYEeCKOM KaMepe CoCTaBmwio R, =3.925 M%°C/BT, 40 MIPEeBBIIIACT
TpebyeMoe 3HaueHue 1 . ToMcka Ryeq=3.83 M2°C/Br [1].
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O030p pabor [1], MOCBAIIEHHBIX paHHEMY OOHAPYKEHHUIO IMOXKAPO-
ONIACHOTO COCTOSHHUS, IIOKA3bIBAa€T, 4YTO B OOJIBIIOM YHUCIE CIIydaeB
peLlIeHUe TaKoi 3a]a4u CBA3BIBACTCS C MCIOIb30BaHUEM (haKTopa JibIMa.

B Hacrosmiee BpeMmMs IIHPOKO pACHpOCTpaHEH JaTYUK JAbIMA,
MOCTPOCHHBIH 10  HederoMeTpuiyeckoMy TNpHHIMNY. Ero ocHoBy
coctaBmsitor  ocBetutedb  (O) ¢ y3KMM  (HapaieNbHBIM)  MTYYKOM
ONTHYECKOTO M3Iy4eHUus W NpuéMHUK (/1) W3Iy4eHHs, DPACCESTHHOTO
KOHTPOJIUPYEMOM BO3AYLIHON Cpeoi.

OnHUM 13 OCHOBHBIX MOMEHTOB aHaJIN3a TAKOTO YCTPOWCTBA SBIACTCS
ONTHMHU3AIMs B3aUMHOTrO pacrosoxenuss O wu [l obecneunBaromas
MakCHUMyM curHasia // 10 CPaBHEHHIO C TPAJWIMOHHBIM PacIlOI0KEHHEM
oceit O u IT: nox yriom /2.

IIpoBeneHne wuccnenoBaHus oOycioBieHO paboramu [2] W ap., B
KOTOPBIX YCTAaHOBJICHA YIJIOBas CTPYKTypa paccestHus IbIMOB MaTepHaoB
(3TEeKTPOU3ONALMOHHBIX U JIPYTHX), HUCHOJB3YyEeMBIX IMpPH OO0OPYIOBAaHUU
JIETaTeNbHBIX ammapaToB. MHIUKATPUCHI paccessHUs MOJOOHBIX ABIMOB
«BBITSIHYTHI BIEpEn», TO €CTh [/ MPHUHUMAET pacCcesHHOE H3JIyueHHE TeM
OoJIbllIei MHTEHCUBHOCTH, YeM MEHbIle yroi Mexay ocsmu O u [1.

H3BecTHO, 4YTO Ha 00OOpYyZOBaHUE JIETATENbHBIX  AamnapaToB
HaKJIQIBIBAIOTCSA JKECTKUE OTPAHMUYCHHS B YacTH 3JEKTPOIOTPeOJICHMS,
radapuToB, Macchl. «BBITSHYTOCTb BIIEpEN» MHAMKATPUCHI UCCIIEOBAaHHBIX
JIBIMOB yKa3ajla Ha BO3MOXKHOCTb 3HaYMMOT'O BBIUTPHINIA B yPOBHE CHTHAJIA
11, u, ciesoBaTeNIbHO, B JICKTPONIOTPEOICHNH, rabapruTax, Macchl JaT4uKa.
W nest omoOHOr0 9HEPreTHYECKOro BBIMIPHIIIA BOILIOTHIOCH B [3].

3ajgaya  WCCIEOBAaHMA —  KOJMYECTBEHHO  OXapaKTepU30BaTh
SHEPreTUYECKUI BBIUTPHIN. B pe3ynpraTe HCCiIeZOBaHUS IOKAa3aHO, YTO
HCTIONB30BaHUE «BBITIHYTOCTH» HWHIUKATPUCHl JBIMOB OOECIIEYHBAET
SHEPTreTUYECKUH BBIUTPHIII B AECATKHU Pas.
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Analytical study of optical transfer system factor
«Illuminator-smoke filled air-receiver»

V.F. Panin, A.G. Dashkovsky
National Research Tomsk Polytechnic University, Tomsk, Lenina str., 30
vipd@tpu.ru

Overview of works [1], dedicated to the early detection of fires with-
standing, shows that in many cases the decision such tasks concerned by
using the smoke factor.

It is now widely distributed smoke detector built by nefelometric
principle. Its basis is illuminator (IL) with a narrow (parallel) beam of
optical radiation and receiver (R) radiation, scattered controlled smoke
filled air.

One of the highlights of the analysis of such a device is the
optimization of the resolution of mutual disposition and providing
maximum signal (R) compared with the traditional arrangement of axes IL
and R: angled 3.14/2.

The study is due to the works of [2], etc., in which the angular
scattering structure smokes materials (electrical isolation and other) used in
aircraft equipment. Scattering indicatrix sowing such smokes «stretched
forwardy, i.e. R takes ambient so that heat radiation of greater intensity than
the smaller angle between IL and R.

It is known that the aircraft equipment superimposed gesture-kya
restrictions part of electricity consumption, dimensions, weight. «Next»
indicatrix elongated smokes studied pointed to the possibility of meaningful
win in signal level R, and therefore, as well as the dimensions of the mass
sensor. The idea of such winning energy embodied in [3].

The objective of the study is to quantify energy winning. As a result of
the study shows that the use of " stretched i" of indicatrix smokes provides
energy winning in tens of times.
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[Ipu mpoektupoBanuu TeriocHaOxkarommux cucreM (TCC) Bo3HHKaeT
psAA  3amad, CBS3aHHBIX C BBIOOPOM HaWIydlled ee CTPYKTYpbl H
ONTHMAIBGHONH  OpraHM3alliM  B3aHMOJICHCTBHS  COOTBETCTBYIOIIMX
nojicucTeM (MCTOYHMKM TeIia, TEIUIOBBIE CETH, IMOTpeOHuTeNn). 3anadn
TAKOrO poJa, KaK IPaBWIO, SBISAIOTCS MHOTOKPUTEPHAIBHBIMH U1
KOH()JIMKTHBIMH, B CHITy TOTO, YTO KaXk/1asi IT0JICHCTEMA OIICHUBAETCS] CBOMM
LEeNeBbIM (DYHKIIMOHAJIOM, @ MHTEPECH, KaK CaMMX IOJCHCTEM, TaK M HX
JIEMEHTOB MOTYT HE COBIaJaTb. OJTO NPHUBOAUT K HEOOXOIUMOCTH
CO3MaHUS W TIPAMEHEHHS TEOPETHKO-UTPOBBIX MOJAEJCH IO3BOJISIONIIX
MPOBOJIUTHh  pacdeTsl UL  TONYyYeHHS  ONTUMAJIbHBIX  YCIOBHH
¢ysxunonnpoBanus u pazsurus TCC.

B pabote dpopmymmpyroTcss ocHOBHBIE pUHIHIEI (hopmupoBanus TCC
B VYCIOBHAX pBIHKa IO JBYM OPTaHW3AI[MOHHBIM MOJESIM: MOJENb
«EnuHBIH 3aKynIuKy (KOHKYPEHTHBIH PBIHOK TEIUIOBOW 3HEPTHH), MOJIEIb
«Ennnas  temocHaOkaromiasi  opraHm3anus»  (PHIHOK — €CTECTBEHHOM
MoHornonun) [1].

Jns pelHKa TemioBod SHepruu B ¢opmarte «EanHBIA 3aKkymmmk»
paspaboTaHa urpoBas MaTeMaTHYecKas MOJellb, OCHOBAaHHAsi Ha IMOAXOJE
Kypro. OHa no3BoJsieT HaXOAUTh PelIEHHEe, COOTBETCTBYIONIEE PHIHOYHOMY
paBHOBecHio 1o Homry. Jlns momenu peiHKa «EnuHas TerutocHaOXaromiast
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opraHuzanys» paspaboTaHa paBHOBECHash MaTeMaThieckass MOJeib Ha
OCHOBE KJIACCHYECKON 3a/laudl MAaKCHMHU3aLUK NMPUOBUIM MoHOmoauu. s
ee pemieHHs pa3paboTaH aITOPUTM IIOMCKa paBHOBECHS CIpPoOca H
NpEeIUIOKEHHsT Ha TEIUIOBYIO OSHEPIHI0 OCHOBaHHBIA Ha MeTole
MOKOOPIMHATHOH penakcanuu. [IpoBeieHO NpaKTHIECKOe HCCIIEOBAaHHE H
CONOCTaBJICHHE MOJIyYEHHBIX PE3yJIbTAaTOB Ha IPUMEPE PEalbHOW CXEMBI
TEIUIOCHA0XKEHHUS T'. AHTapcKa.
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Methods of analysis of heat supply systems in terms of
different forms of organization of heat energy markets

V. A. Stennikov, A.V. Penkovskii
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In the design of heat supply systems (HSS) raises a number of
problems associated with the selection of the best of its structure and the
optimum organization of the interaction of the relevant subsystems (heat
source, heating networks, heat energy consumers). Problems of this kind are
usually multicriteria and conflict, due to the fact that each subsystem
estimated its cost function and the interests of both the sub-systems and
their components cannot match. This leads to the need for and the use of
game-theoretic models allows calculations to obtain the best conditions for
the functioning and development of HSS.

In the work with the main principles of formation of HSS in market
conditions for the two organizational models: the model "Single Buyer"
(competitive heat market), the model of "Uniform Heat Supply
Organization™ (the market a natural monopoly) [1].

For the market of heat energy in the format "Single buyer" developed a
mathematical model based on Cournot approach. It allows you to find the
solution corresponding to a market Nash equilibrium. For the market model
"Uniform Heat Supply Organization" developed equilibrium mathematical
model based on the classic profit maximization problem of a monopoly. A
search algorithm for solving a mathematical model of the market "Uniform
Heat Supply organization”, based on the method of coordinate-wise
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relaxation. Conducted practical research and comparison of the obtained
results on the example of real heat supply system of Angarsk.

References

1. GiteI'man L.D., Ratnikov B.E. Energy business. M.: Delo, 2006.
600 p. [in Russian]

PacyeT cucTeMbl COJTHEYHOTO TENJIOCHAGKEeHUS 34aHUA
Ha MIpuMepe HACCJICHHBIX IYHKTOB C pa3HbIMHA
K/JINMMAaTU4Y€CKHUMU YCJIOBUAMH

N.41. JIsBoBuy, A.I1. [Tpeobpaxkenckuii, O.H. Homopos

Boponesicckuii uncmumym gvicokux mexuonoaui, 394043, 2. Bopoueoic,
yn. Jlenuna, 73a
Boponeoicckuti cocyoapemeennviti mexuuueckuu ynusepcumem, 394026,
2. Boponeaic, Mockogcxuti npocnexm, 14

Lenpro maHHOW pPabOTHl SABIAETCS PAalMOHAIBHOE SHEPro3aMelleHHe
HArpy30K 37aHUsI HA OCHOBE YTHJIM3ALUK COTHEUHOH sHepruu [1].

Pacuer mnpousBoauTcs IS TpeX TOpoJIoB €  Pa3IMYHBIMU
KJIIMMATUYECKUMU YCIOBUAMM. [IJisl CpaBHUTENBHOIO aHaNIN3a MOITYYEHHBIX
JIaHHBIX B KQUE€CTBE PACCMAaTPUBAEMOT0 3/1aHUsI IPUHUMAETCS KOTTEIXK:

KOJIMYECTBO 3TaXkel — 2; o0meit mromaaso 140 MZ; qUCJIO — II0JEN 4.

Ucxonuple naHHBIE 71 pacueTa COJHEYHOTO TEeIUIOCHAOKEHUs
snanus: 1) Hacenennsie myHKkTH: T.AcTpaxadb, r.Kasaws, r.Haxomka. 2)
Knumatudeckne XapakTepUCTHKH. CpedHee M0 MeECAIYy KOJIUYECTBO
cymmapHoi u JudGy3HOH COMHEYHOUW pajualvi, B TEYSHHUE JTHS, KOTOPas
MOCTYMAET K TOPU3OHTAIHHON MOBEPXHOCTH U 3HAUYEHUE TEMIEPATYpPHI
BO3/yXxa CHapyxkH. 3) B kauecTBe paccMaTpruBaeMOTO KOJUIEKTOpa MPHUHST
HECEJIEKTUBHBIN TUIOCKUNA KOJUIEKTOP C ABYXCIIOMHBIM OCTEKJICHUEM.

IIpoBeneH pacueT CpeTHEMECSYHOTO THEBHOTO KOJIMYECTBA OOIIei
COJTHEYHOM DJHEpruu, KoTopas HIOET K HaKJIOHHOM IOBEPXHOCTH
COJTHEYHOTO KOJUIeKTOpa. PaccunmTan KO3(QPUIHEHT MMOJIE3HOTO NCHCTBUS
KOJUIEKTOPa,  YKa3aHbl JaHHble MaKCUMaJbHOW  TeMIeparypbl IO
TemtoHocutessM, ontudaeckomy KIIJ| u xos¢dunueHTy Termionoreps s
0a30BBIX BHAOB KOJUIEKTOpOB [2]. JlaHa olleHKa TOJOBOM SKOHOMHHU
TorumBa. lIpoBeneH pacdeT CE30HHBIX CHUCTEM TOPSYEro BOJOCHAOKEHUS
JUTSL CITydast 3aMEHBI TPAIUITMOHHBIX HCTOYHUKOB YHEPTUH Ha COJTHEYHEBIE.
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Calculation of the solar heating system of the building
on the example of settlements with different
climatic conditions
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The purpose of this paper is the rational energy substitution of building
loads based on the utilization of solar energy [1].

The calculation is made for three cities with different climatic
conditions. For comparative analysis of the data as the building under
consideration is taken cottage: number of floors — 2; total area of 140m?;
number of people - 4.

Initial data for the calculation of solar heating of the building:

1) Towns: Astrakhan, Kazan, Nakhodka.

2) Climatic characteristics: the monthly average amount of total and
diffuse solar radiation during the day, which comes to the horizontal surface
and the value of the outside air temperature.

3) As the considered collector the non-selective flat collector with
double-layer glazing is used.

The calculation of the average monthly daily amount of total solar
energy, which goes to the inclined surface of the solar collector. The
efficiency of the collector is calculated, the data of the maximum
temperature for heat carriers, optical efficiency and the heat loss coefficient
for the basic types of collectors are indicated [2].

The estimation of annual fuel economy, which is provided by the use
of solar energy is carried out.



CeKkuyus 1. IHepaocbepexceHue U nosviweHue aHepeemu4eckol 49
aghpekmusHoCcMuU 8 cmpoumesnsbCmae U KOMMYHAbHOM xo3slicmee

The calculation of seasonal hot water supply systems for the case of
replacement of traditional energy sources by solar is made.
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Peasim3anusa KoHLenuuu 3HeprosapPeKTUBHbIX CUCTEM
ynpaB/ieHHs BHEIIHUM OCBelLlleHueM Ha OCHOBe
TE€XHOJIOTUM UHAYCTPUM 4.0

C.P. Cyneiimanos, B.A. Ymakos, A.Jl. Mextues

Hayuonanvnwiii uccneoosamenvekuii Tomcekutl noiumexnuieckuil
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seidamet.s@gmail.com

KagectBo cucreM HapyKHOTO OCBEUICHHS SBISETCS OJHUM W3
MoKaszatele pa3BUTUS M OJArococTosHWs CTpaHbl. JIsg peureHus
MpoOJIeMBl MOBBIMIEHUS IHEProd(pPEKTUBHOCTH OCBETUTENBHBIX CHUCTEM
HEOOXOIMMBI HEe TOJIKO 3HEprocOeperaroime 0CBeTUTEIbHBIE IPHOOPHI, HO
1 YCTPOMCTBA JUISI MHTEJIEKTYAJIBHBIX CHCTEM PALMOHANIBHOTO YIIPABICHUS
suepromnorpebierneM Ha ociose SMART Texnoorwuii [1].

CoBMecTHO c Hay4YHO-TIPOU3BOACTBEHHON KOMITaHHEeH
«KazTexABromaTrka» ObUT paspadoran nericTByromuii nporotun UCYI0,
KOTOpPBI TO3BOJIMJI  BBHIMOJHUTh HCIIBITAaHUS CHUCTEMBI B  YCIIOBHSX
MUJIOTHOTO MIPOEKTa Ha aBToAopore B ropoje Temupray B 2017 roxy.

[IpoBeneHHble  HCHBITAHWS, JUIIIMECs 3 Mecsla, IoKasann
BO3MOXKHOCTb ~ CHU3UTh  pPacXxod  DJIEKTPO3HEPrHM B  TOPOJCKHUX
SIIEKTPOOCBETUTEIBHBIX CeTAX mpakThdeckun 10 6 pa3 ([To maHHBIM
KOMMYHAJIBHOTO yrpasieHus ['opcsera r. Temupray).

OmnsITHas KCIUTyatanus paspadborannoit Hamu MCYDO mokazama ee
MPEeUMYIIECTBA MePes CYHUIECTBYIOIUMH aHAIOTaMH, OCOOCHHO OTYETIMBO
MIPOSIBIISTIONIMECS TIPU 3aMEHE TEXHHYECKH YCTapeBIINX CBETHIBHHUKOB C
ra3opaspsgHbIMH JIaMIIaMHd Ha 9SHEpProd(QeKTUBHBIE CBETOANOHEIE.
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3arpaThl Ha OKCIUTyaTalMi0 OJHOTO CBETHJIbHHKAa B TEYCHHUE TIoja
CHIBWINCH A0 9 pa3, a mOTpeOICHHS INEKTPOIHEPTHH OO0 6 pas.

[Ipumenenne HNCvYys0 MOXET obecreynTh YMEHBIICHUE
anekrponorpedmennss Ha 30-34% pmake B CpaBHEHHHM C CHCTEMaMHU
VIMYHOTO  OCBELICHMS, MNPOIICAMMMH  MOJCPHU3ALUIO —  3aMEHy

snekrponami JIPJI Ha ceroamoausie [2].
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Realization of energy efficiency concept of outdoor
lighting management system based on industry
technology 4.0

S.R. Suleimanov, V.Y. Ushakov, A.D. Mekhtiev
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The quality of outdoor lighting systems is one of the indicators of the
development and welfare of the country. To solve the problem of improving
the energy efficiency of lighting systems, not only energy-saving lighting
devices are needed, but also devices for smart energy management systems
based on SMART technologies [1].

Together with the scientific and production company called
"KazTechAutomatics", a working model of the intelligent outdoor lighting
management system (IOLMS) was developed. The prototype allowed to
perform system tests in the conditions of the pilot project on the road in
Temirtau in 2017.

The tests carried out lasting 3 months showed the opportunity to reduce
electricity consumption in urban electric lighting networks up to 6 times
(According to the communal department of Temirtau).

Experimental operation of the IOLMS developed by us showed its
advantages over existing analogues, especially clearly manifested when
replacing technically obsolete gas-discharge lamps. The operating cost of a
single luminaire decreased to 9 times during the year, and electricity
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consumption to 6 times. The application of the IOLMS can provide a
reduction in power consumption by 30-34% even in comparison with
outdoor lighting systems that have undergone modernization - replacing the
AML lamps with LED lamps [2].
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Use of numerical modeling to select a rational scheme
for air exchange

V.M. Ulyasheva, A.A. Vdovichev
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The article considers the issues of increasing the energy efficiency of
the air conditioning system in an office building with low ceilings. The
tasks were solved to create an efficient air exchange system, to improve the
air distribution quality and to provide a given air circulation scheme by
changing the number and location of fan-type air outlets. The study of the
problem is realized on mathematical modeling method the basis with the
using the universal program STAR-CCM +. On the analysis of spatial fields
of temperature distribution and air velocity basis, the features of the
interaction of the inlet full horizontal fan-like flooring jets identified. The
justification of the proposed version of air-supply devices placement from
the energy saving position carried out. The results of the work implemented
in the project activities.
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Hcnosib30BaHue Cy/ibPaTKAIbIMEBBIX TBEPAbIX
OTXO0/0B B pecypcoc6eperawumx NnpousBoAcTBax
CTPOMTE/IbHBIX MaTEPHAJIOB U
a/IbTEPHATUBHbIX U3Ae/INHA

I0.M. CDegopqyxl, B.B. MaTBI/IeHKol, J.B. HapLDKHI,H?Il, A.A. Bonkos?,
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1Hauu0HaﬂbenZ uccaeoosamenvckuil Tomckutl noaumexHudecKuil
YHUBepcumem
2 Tomexuii 20CY0apCcmeeHHbllL ApXUmMeKmypHO-CmMpoUmenbHvlil
VHUBEpcumem
® Bocmouno-Kazaxcmanckuii 20CY0apCcmeeH blll MexHU4yecKutl
yrusepcumem um. /. Cepuxbaesa
* Tomexuii 20cydapemeennblii yuusepcumem cucmem ynpasneHus u
PAOUOINEKMPOHUKU

Hannane cynb(aTKaIbIINEBBIX OTXOJI0B XUMHYECKOH
MIPOMBIIIJICHHOCTH BBI3BIBACT JKEJIAHME Yy HAay4HBIX COTPYIHUKOB U
IIPaKTUKOB-TIPOU3BOACTBEHHUKOB KaK y Hac B Poccum, Tak u 3a py0Oexom
MIPEBPATUTH BBHIICYTIOMSIHYTHIE OTXO/B! B IIE€JIEBO, MOJE3HBII B HAPOTHOM
XO34HCTBE, TPOMYKT. VICTOUHHMKOM YKa3aHHBIX OTXOJOB SIBISIOTCSA
XMMHUUYECKHE MPOM3BOJACTBA (TOPOBONOPOAA, HPOM3BOACTBA (HOCHOPHBIX
ynobpernid 1 (HocPOpHOH KHCIOTHI, MPOU3BOACTBA OOPHON KHUCIOTHI,
NIPOM3BOJCTBA THUTaHA ®W  Jp. B OOJbIIMHCTBE  TEXHOJIOTHH
cyb(haTKaIbINEeBbIE OTXO/IbI BEIOPACHIBAIOT B OKPYKAIOLIYIO CpEly B BHIE
nByBoaHOTO runca (rT. Bockpecenck, JlepmonTos, Uepemnoser, [ToneBckoi,
Komcomonbsck—Ha—Amype). Ha MIPOU3BOJICTBAX B ATOMHOM
MIPOMBIIINICHHOCTH TP MojlydeHnH ¢ropoBonopona B CeBepcke M YCThb-
KameHoropcke nosyuaroT OTXO/bl B BUjie O€3BOIHOIO CyJib(ara Kalblus,
HO Ha YIBOMHCKOM MeTa/TypruueckoM 3aBoje B Kasaxcrane mo
CeTOAHAIIHET0  THS  Ta3dmMid  KUCIABIH  (DTOpAaHTHAPUT  BBIBO3AT
aBTOCaMOCBaJlaMH Ha OTBaJbHOE IIOJE€, DPACIOJIOKEHHOE Ha Oepery p.
Hpteimn, a B CeBepcke 3TH OTXOJbI HEHTPATU3YIOT HATPUEBOW IIEIOYBIO,
pacIyJIBIIOBRIBAIOT M Yepe3 CHCTeMY KaHAIM3aluu COpachIBaiOT B p. ToMb,
a 3areM - B p. OOb. Corpymuukamu TIIY u MHOTUMH JApyrumu
nccies0BaTesIMU JIOKa3zaHa 9KOHOMHYECKas 3QPEKTUBHOCTH
UCIIONIB30BAaHUA  CYNb(ATKAIBIHEBBIX  OTXOJOB B  CTPOUTEIHbHOU
MIPOMBIIJICHHOCTH B BHJE BSDKYIIETO B OECIEMEHTHBIX aHTHIPHTOBBIX
komro3utax. Ho sxoHomuueckas 3QQeKTHBHOCTh MPOSBISETCS TOJNBKO B
TOM Cllydae, KOrja CyJb(aTKaJblMeBblE OTXOJbl H3BICKAIOT U3
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XMMHUYECKO INPOMBIIIIEHHOCTH B CYXOM O€3BOJHOM 00€3BPEKEHHOM
(pH=7-9) cocrosauun. B osToM cimydae Tmocie HM3MENBUYEHHS U
MOIU(HUITPOBAHUS YOpOUHSIOMmEH J00aBKOM ¢dTopaHTHIPHAT
NPEBpaIacTCss B TEXHOTGHHOE AaHTMIPUTOBOE BSDKYIEE, HA OCHOBE
koToporo B 70-x romax mpommioro cronerus B Snonun, B 90-x u
IBYXTBICSIYHBIX ToaX Ha Ypaie u B 3amagaoii CHOMPH B MIPOMBIIIICHHBIX
Macmrabax MONydaJld — pa3lIMuHYyl0  aHTHAPHTOBYIO  CTPOHTEIHHYIO
MIPOXYKIHUIO M0 PEecypco- U dHeprocOeperaronmM TexHojorusim. Hecmorps
Ha OYEBU/HOE MPEHMYIIECTBO BOBJICUCHHS B JabHEHINYIO NEepepaboTKy
yKa3aHHbIX OTXOJOB IPOW3BOJACTBA, HECTAOMIBHOCTh WX CBOWCTB U U
HEKOTOPBIX MaTepHallOB Ha HX OCHOBE BBI3BIBAIM peKJIaMallMd OT
noTpeduTene aHruAPUTOBOM CTPOUTEIEHON IIPOTYKIIUH.

Cotpymauku TITY, TTACY, BKITY u TYCVYPa, o0senuauB cBOH
3HAaHHWS M OIBIT, pa3pabOTall OCHOBHBIC KPUTEPHH, IIPH COOIIOJCHUHU
KOTOPBIX ~Ha TpuMmepe (TOPOBOAOPOIHBIX  MPOU3BOJACTB, OyzAeT
OCYIIECTBIIATECS MOTYYEHHE TEXHOT€HHOTO AaHTUAPHUTA M aHTHIPHUTOBOTO
BSDKYILErO Ha Takux npeanpuarusax, kak OAO «[anononumepy, r. Ilepms,
OAO «CXKp», r. Ceepck Tomckoit obmacti, AO «YM3», r. Ycrb-
Kamenoropck, (Kazaxcran) co cTaOMIBHBIMH CBOHCTBAMM, a Ha OCHOBE
TEXHOTEHHOTO aHTHAPHUTA IpejlaraeTcs MojiydeHue pecypcocoeperaromniei
CTPOMTENbHON TPOIYKIMH, HANpPUMEpP, IOJOBBIE CTSKKH, IITYKAaTypHBIE
pactBopbl, Jmctel ITAHO (ITamenn AHrugputoBsie OtaenouHsle),
KapKaCHO-MOHOJIMTHBIE MOAYNH TIOMEUICHUH, M3JeJIUS MaJbIX apXUTEK-
TYPHBIX (pOpM, KOMITO3UTHI OYPOBBIX U TAMIIOHAXKHBIX PACTBOPOB U JIp.

The use of sulphate-calcium solid waste in resource-
saving production of building materials and
alternative products

Yu.M. Fedorchuk®, V.V. Matvienko®, D.V. Naryzhny', A.A. Volkov?,
T.P. Malinnikova®, J.J. Klemesh?, P. Varbanov?, L.A. Anikanova®,
M.A. Sadenova®, N.V. Zamyatin®, G.V. Smirnov®

! National Research Tomsk Polytechnic University
2 University of Technology, Brno, Czech Republic
3 Tomsk State University of Architecture and Civil Engineering
* East Kazakhstan State Technical University D. Serikbayev
> Tomsk State University of Control Systems and Radioelectronics

The presence of sulphate-calcium waste in the chemical industry
causes the desire of researchers and practitioners-production workers both
in Russia and abroad to turn the above-mentioned waste into a target
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product useful in the national economy. The source of these wastes is
chemical production of hydrogen fluoride, production of phosphate
fertilizers and phosphoric acid, production of boric acid, titanium
production, etc. In most technologies, calcium sulphate waste is released
into the environment in the form of two-water gypsum (cities of
Voskresensk, Lermontov, Cherepovets, Polevskoy, Komsomolsk— on —
Amure). In the nuclear industry, in the production of hydrogen fluoride in
Seversk and Ust-Kamenogorsk, waste is obtained in the form of anhydrous
calcium sulphate, but at the Ulba metallurgical plant in Kazakhstan until
today, acidic hydrofluoric acid is dumped by dump trucks to the dump field
located on the banks of the r. Irtysh, and in Seversk, this waste is
neutralized with sodium alkali, pulped and thrown into the r. Tom, and then
- in p. Ob. TPU staff and many other researchers have proved the economic
efficiency of using sulphate-calcium waste in the construction industry as a
binder in cementless anhydrite composites. But economic efficiency is
manifested only in the case when sulphate-calcium waste is extracted from
the chemical industry in a dry anhydrous neutralized (pH = 7-9) state. In
this case, after grinding and modifying with a hardening additive, the
fluoro-anhydrite is transformed into a technogenic anhydrite binder, on the
basis of which in the 70s of the last century in Japan, in the 90s and 2000
years in the Urals and in Western Siberia, various anhydrite building
products were obtained on an industrial scale on resource and energy saving
technologies. Despite the obvious advantage of the involvement in the
further processing of these production wastes, the instability of their
properties and some materials based on them caused complaints from
consumers of anhydrite building products.

Employees of TPU, TGASU, EKSTU and TUSUR, combining their
knowledge and experience, developed the main criteria, subject to which,
using the example of hydrogen fluoride production, will be produced
technogenic anhydrite and anhydrite binder at such enterprises as JSC
«Halopolimer», Perm, JSC «SCCp», Seversk, Tomsk Region, JSC «UMPy,
Ust-Kamenogorsk, (Kazakhstan) with stable properties, and on the basis of
technogenic anhydrite, it is proposed to obtain resource-saving construction
products, for example, floor ties, plasterers e solutions, panel PANF (Panel
ANhydrite Finishing), frame-monolithic modules Improvement, products of
small architectural forms, composites drilling and grouting mortars etc.
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OcHOBBI BBIOOpA CXeMbI U 060PYAOBAHUSA
AaBTOMAaTH3MPOBAHHOI0 UHAUBUAYAIBHOTO
TeIJIOBOro MyHKTa

C.0. XomyToB, 1. A. baxTnna

Anmaiickuii 2ocyoapcmeenHblll mexHuuecKull yHugepcumen
um. M. Honsynosa, 656038, 2. Bapnayn, np. Jlenuna, 46

altgtu@list.ru

Haub6onemnryro JIOJTIO B SHEpronoTpedIcHue KHJIUIITHO-
KOMMYHAJIBHOT'O X034HCTBa MPAKTHUECKHU B TIO00H CTpaHEe BHOCAT CUCTEMBI
TEIUIOCHA0XKeHHsT U OoToIuleHus. [loaToMy 3HeprocOepexeHne B AaHHBIX
CHUCTeMaxX ONpaBIaHO KaK »JSKOHOMHYECKH, TaK M SKOJIOTHYECKH.
CoBepIlIeHCTBOBAaHUE JAHHBIX CHCTEM BO3MOXKHO HECKOJIBKHMH ITyTSIMH:
ONTUMU3AIMS pacHpefesieHus TeIUla NMpH yCTaHOBKe coBpeMeHHbIX PID-
perymstopoB [1], cHmKeHHs pacxoma TeIula 3a CYET NPUMCHEHUS
TEPMOCTATHYECKUX U OATaHCHPOBOYHBIX KIIAIIAHOB B CHCTEMaXx OTOIUICHHUS
[2] u mp. OnHako, Kak MOKa3bIBAaET OMBIT eBporeiickuil ctpan u Poccun,
HanOOIbIIAast SKOHOMHUS TETTIOBON YHEPTHH AOCTUTACTCS 3a CUET YCTAaHOBKH
WHJHMBUYAJIbHBIX TEIUIOBBIX MYHKTOB y motpebureneii [3, 4].

3ajaya aBTOMAaTHYECKOTO YIPABJICHUS CHCTEMaMH OTOIUICHHS —
MHoOTomnapameTpudeckas. B manHoif pabore chopMynHpoBaHB OCHOBHBIE
TpeOOBaHUSA K CHCTeMaM aBTOMATHKH, IPUMEHSAEMBIX IS PeTryIUpOBAHUS
CHUCTEM  OTOIUIGHHUsS,  BBIIOJHEH  aHalIM3  CTPYKTYPHBIX  CXEM
aBTOMATHYECKOTO PETYJIUPOBaHMA M BhIOpaHa oONTHManbHas cxema. B
HacTosIee BpeMs Ha PBIHKE NPEICTABICHBI WHAWBUIYyaJIbHBIE TEIUIOBHIE
ITyHKTHI, KOTOPBIE 3a4aCTyI0 BKIIOYAIOT 000pyAOBaHUE M IIPUOOPHI TOJIBKO
cBoux (UPM, YTO HE BCETJa MO3BOJISICT PEIaTh MHOTOBAPHAHTHBIE 33/1a41
ynpaBieHus! cucteMamu oTtoruieHus. [loaTromy B paboTte ObLT MpoM3BEAEH
BBIOOP 000PYIOBAaHUS JJISI MHANBHIYAIEHOTO TEIIOBOTO ITYHKTA.

HeoOxoauMo OTMeTHTh, YTO IIepexo]] Ha aBTOMATH3WPOBAaHHbBIE
UHAWBUJYalbHbIE TEIJIOBblE IIYHKThl HE TOIBKO MO3BOJSIET IOIYyYUTh
CYIIECTBEHHYIO YKOHOMHUIO TEIUIOBOW 3HEPTuH y moTpedureneit (no 40 %) u
YIY4YIINTh HAICKHOCTh CHCTEM TEIUIOCHAOKEHUS, HO ¥ BHEAPHUTH
KOMIUICKCHBIE COTJIACOBAHHBIC CHCTEMBI aBTOMATH3alMu 3maHuit [5], uro
OTBEYAET COBPEMEHHBIM TEHICHIIUSAM SHEPrOCOEePEIKEHHIS.
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Basic Principles of Choosing Patterns and Equipment
for Automated Individual Heating Unit

Stanislav Khomutov, Irina Bakhtina

Polzunov Altai State Technical University, 656038, 46 Prospekt Lenina,
Barnaul
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Organization of technical and economic electric systems makes it
possible to obtain a significant saving of fuel resources [1], to reduce carbon
dioxide emissions from organic fuel burning and alongside with increasing
economic indicators to contribute to improvement of environmental
indicators. The largest share of energy consumption of enterprises and
housing and communal services almost in every country is made by the
systems of heat supply. Therefore, the improvement of such systems is
justified both economically and environmentally. Improvement of
centralized heat supply systems is possible in several ways: optimization of
heat distribution by means of modern PID-regulators installation [2],
reduction of heat consumption due to thermostat valve installation with
balancing valve in heat supply systems [3], etc. However, European
countries and Russia’s experience shows that the greatest economy of
thermal energy is achieved due to the transition to automatic regulation in
individual heating units [4, 5].

The article presents the analysis of structural patterns of automated
control of heating systems during installation of individual heating unit. The
main requirements for organization and automation systems, used in
individual heating units are laid, optimal pattern is chosen and the choice of
the main equipment is considered.

It should be noted that the transition to automated individual heating
unit not only allows obtaining heat savings of consumers up to 40% and
improving reliability of heating system, but also introduces integrated
coordinated automated systems of buildings [6], that meets the current
energy saving trends.
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3¢} PeKTUBHOCTH MCNIOIb30BAHMS COJTHEYHOI IHEPTUH
JAyaJIbHBIMHU CHCTEMAMHU ropAYEro BOAOCHAGKEHHUS B
YCJI0BHAX KJIUMaTa AKyTHH

10.0. Kpusomenn, A.H. Xyropnoii, H.A. IIBeTkoB, A.E. Konecos

Tomckutl cocyoapcmeennblil apXumeKknmypHO-CmpoUmenbHull
yrusepcumem, Poccus, 634003, 2. Tomck, na. Coasnas, 2
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HHucTuTyTOM BBICOKHX TemmepaTyp Poccuiickoit akanemun Hayk (MBT
PAH) B pe3yipraTe MHOTOJIETHHX HCCIIEIOBAaHHNA yCTAaHOBJIEHO, YTO B
Poccun Hanbonee «cosHeuyHbIMU» pernons! [Ipumopss u FOra Cubupu (ot
4,5 mo 5,0 kBru/M® B nenp). CeepHbrii KaBka3, BKITIOWas HM3BECTHBIC
poccuiickie 4epHOMopckre Kypoptsl (Counm ¥ 1p.), O CpeIHEromoBOi
COJIHEYHOH pajualiy OTHOCHUTCS K TOW K€ 30HE, YTO M OoJblIas 4acTh
Cubupwn, srmodyas SAxyruto (4,0-4,5 kBru/m? B JIeHb). OTO TIO3BOJISET
cO3/1aBaTh Ha OCHOBE MHPOBOTO OIBITa M YCIIEIIHO 3KCIUIyaTHPOBATh
pa3iW4yHbIE  ABTOHOMHBIE  THOpPHAHBIE  CHCTEMBI  3JEKTPO-  H
TEIUIOCHA0XKEHUSI B TPYJHOAOCTYIHBIX M MAaJIOHACEIICHHBIX TEPPUTOPHIX
Cubwupwn, JlansHero Boctoka u Kpaitnero Cesepa.

Haubomee kpymHOe ™ ycCHemrHoe TMpUMEHEHWe pa3pabOTaHHBIX
QyaJdbHBIX CHUCTEM TOpPSYEro BOJOCHAOKEHHWS C TNPHMEHEHHEM Ta30BOTO
KOTJIa M COJHEYHBIX BaKyyMHBIX TPYO9aTHIX KOJUICKTOPOB OCYIIECTBICHO
NP CTPOUTENBCTBE MAJIOITAXKHBIX JKWIBIX JoMoB (2012-2017 roxmsl) B
9HeprodpPpeKTUBHOM ropoJIckoM okpyre «XKataii» B r. SIkyTcke (puc. 1).
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a) 0)

Pucyrok 1. DHeproaddeKkTHBHBIC XHUIbIC JOMa B FOPOJCKOM OKpYre
«Karaii» (. SIKyTCK): @) OHO-MIOABE3HBIE; 0) TPEX- MObE3AHbIC

PaspaboTaHHbIi ABTOMATH3HPOBAHHBII 9KCIIePUMEHTAIIBHBIN
KOMIUIEKC € KOHTPOJIEM IapaMEeTpOB B PEXHME PEalbHOTO BPEMEHH H
BHELIHEM [OCTyIle [O3BOJMI BBIIOJNHUT JETAbHBIE HCCIIEIOBaHHUS
YACOBBIX, CYTOYHBIX M MECSYHBIX PEKUMOB PabOTHl AyaabHOW CHCTEMBI
ropsidero BojJocHaOxeHus B 23-KBapTHPHOM JioMe 110 yi1. Komcomonbckast
3. AHanu3 pe3ynabTaTOB HCCICAOBAHMS TTO3BOJIMI OLEHHUTh 3()(HEKTHBHOCTD
HCIIOJIB30BaHHUsI CONTHEYHOM YHEPIUH CHCTEMOi 3a oL,

OnTMMHU3anuA NO0Tpe6aeHUs TeNJIOBOM IHEePruu
3J4aHUAMM: TPapUKU U3MEHEHU Harpy3KH GyJHEro u
BBIXOHOTO JHS

C. B. Ungepun

Omckuti 20cy0apcmeeHHblil yHugepcumem nymet cooouenus,
644046, Poccus, 2. Omck, np. Mapkca, 35

man_csv@hotmail.com

Lems  Hacrosmeidt  paboTel —  obOecneynTh  PYKOBOICTBOM
ucciegoBaTenel, MPOEKTHPOBIIMKOB M OSKCIUTyaTHPYIOIIUH IEpCOHal,
paboraronii B OTpaciM TeIUIOCHAOXKEHHUs. 3ajnaueil crajo ycKopeHHe
HOBBIX HCCJIEJOBAaHMH B CMEXHBIX OOJIACTAX M OLIyTHMasi SKOHOMUS
BPEMEHU TEX, KTO €lle IUIOXO OPUEHTHPYETCS B MOJEIMUPOBAHUH C
ucrionp3oBanreM  [MC-texHomormii W ONTUMH3aUUM  IpaduKOB
NnoTpeOIeHust TeIuoBod sHepruu. Pabora mpeanaraer HEKOTOpbIE
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KOHKpETHBIE  IIard,  CBsI3aHHBIE  C  JKCIUTyaTanueil  CHCTeMBI
LEHTPAIN30BAHHOTO TETIJIOCHAOKEHNUS JKUIIOTO MAaCCHBA.

Beim cMonenmpoBaH KOHKPETHBIM JKMJIOH MacCHB; IOCE 4Yero Oblia
paspaboraHa MaremaThdeckas MOJeNb, COBMemammas B  cebe
ONTHMAIBHYI0 KOH(QUIYPAIMIO M CIOCO0 3KCIUTyaTallid TEMJIOBOM CETH.
ITpu co3manum 3TOM MOJENH, BO-TIEPBBIX, OBUIO MPUMEHEHO H300pakeHMHE,
MOJIYYEHHOE IIyTeM a’po(OTOCHEMKH, a, BO-BTOPBIX, OBLI CKOHCTPYHUPOBaH
rpaduk U3MEHEHHS TEIUIOBOI Harpy3KH.

Jn1st IpOorHO3UpOBaHKs NOTPEOICHNS TEIUIOBOH SHEPTUH 31aHUEM ObII
UCIIONIb30BAaH 3apaHee 3aroTOBJICHHBIH Ha0oOp JaHHBIX, COJAEpPXKAIINi
nH}pOpMaLUIO 10 OTONUTEIBHOMY ce30HY B T. OMCKe, HaxXoZsIIeMCs B
Poccun, B I0ro-3anannoii Cubupu. B kauecTBe MCXOOHBIX AaHHBIX OBUTH
B3ATHl ABa JHS, NPEICTAaBIAIOIINE PadO4Mii I€Hb W BBIXOJHOH B HOAOpe
2017 r. Kak Oputo ymoMsHYTO, B paMKax BTOPOTO 3Tama C MOMOIIBIO
paccMaTpuBaeMOi MOJENN OBUTH HONY4YCHBI YNCICHHBIC PE3YNbTATHI; MPU
pacdere HCIOIb30BAINCh KaK ONTUMAJIbHBIC IPUHIHUIIBI SKCIUTyaTalluH, Tak
1 (QaKTHYECKHe IMOKa3aTeId TeMIIepaTyp TEIUIOHOCHUTENS B IMOJAIOUIEM MU
obpatHOM TpyOompoBoaax. Ha ocHOBe MONydEHHBIX AAHHBIX IO OJHOMY
BBIXOJHOMY U pabo4yeMy JHIO B OyayIIeM Mpe/JlaracTcsi i3MEHHUTh MOPSIIOK
SKCIUTyaTallUd CUCTEMBI B 1esioM. Llenp Takoil onTUMH3alMK OYE€BUAHA —
CHIDKAs CYTOYHOE TEIUIONOTpeOieHHe, Mbl MOXEM CHH3HTh T'0OJ0BOE
MoTpeOIeHne HCKOMAaeMOoro TOIUIMBA W TOJOBBIE OKCIUTyaTal[HOHHBIE
3aTpaThl, CBs3aHHbIE C paboToi TeroBoil cetn. [loka ke OBLIO
IIPOU3BECHO CPABHEHHUE IOYUYEHHBIX ITyTeM MOJECIMUPOBAHUS U CHSITHIX C
puOOpOB ydeTa MoKazaTeseH.

W3 Takoro cpaBHEHHS CJIEIyeT, YTO MOTPEITHOCTD CJIErKa pa3sinyacTcs
JUISL pe3yNbTaToOB BBIXOJHOTO W OyJHEro IHs, He KOppenupys ¢ 3THM. B
LIEJIOM PE3YJIbTAThl JOCTATOYHBI M BaXKHBI, T. K. MOJICIIMPOBAHHUE TTO3BOJIAET
cpesatb ukd noTpedneHus B 2:00 u 7:00, kak MpaBmIIO, IPOUCXOISAIIHE 110
BHHE TIOCTEIIEHHO BO3pPACTAIOIIMX TEIUIOBBIX IIOTEPh M MEPEXOMHBIX
MPOIIECCOB  TIOCJIE  OKOHYAHHUS IUIAHOBOTO  CHIDKEHUS  MOIIHOCTH
OTONHTENBHBIX CHCTEM B HOYHOI mepmoxa. Kpome Toro, Oputo moxaszaso,
YTO TIOTPEIIHOCTh BO3pAacTaeT, KOTJa ONTHUMH3UPOBAHHBIE 3HAYCHUS
CHIIbHEE OTJINYAIOTCS OT 33JaHHBIX 0a30BBIM NMPO(UIEM TETIONOTPEOICHUS
1 Hao0opoT. B TedueHne pabouero AHS XOPOIIO 3aMETHBI MECTHBIE IMUKH,
BBI3BaHHBIE HUCIIOJIL30BAaHUEM TEIUIOBOMH 3HEprun Ha HyXbl [ BC u pydHbIM
yIpaBjIeHUEM TepMOCTaTaMH. JTO NPHBOAWUT K OOJbIIEH OTHOCHTEIHHO
BBIXOJAHOTO  JIHS  HEONpPENEJCHHOCTH  MeXIy  (aKkTHYeCKUMH U
MIOJTYYEHHBIMH B PE3YJIbTAaTe ONTUMHU3AIMY KPUBBIMH U3MEHEHHS Harpy30K.
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BiausaHue TeIJIOHArpeBaTe/JIbHOro 3JieME€HTa Ha
TEMJ/JIOBbIC XaPAKTEPHUCTUKH
CBETOIMPO3pPaAYHbIX KOHCTPYK].[I/Iﬁ

E.B. Ilerpos, U.C. Axpyrun

Tomckuii 2ocy0apcmeeHHblil ApXUMeKnypHO-CIMpoumenbHulll
yrusepcumem, 634003, 2. Tomck, na. Conanas, 2

petrov1818@rambler.ru

B pabore mpencrtaBIeHB! — PE3yNbTaThl  3KCIIEPUMEHTAIHHBIX
HCCIICIOBAHUH BIIMSHUS TEIUIOHATPEBATEIBHOTO JJIEMEHTAa Ha TEIUIOBBIE
XapaKTepUCTHKH CBETOIPO3PAYHBIX OTPAKIAIOINX KOHCTpYKnui. Llembio
HACTOSIIETO WCCIICTOBAaHMS SBISUIOCH M3yUCHHE BIHSIHHSA HCIOIH30BAHUS
HU3KOTEMIIEpAaTypHOTO  TEMJIOBOTO M3IIyYeHHsS TEIUIOHArpeBaTeIbHON
mienkn Heat Plus Standard SPN-305-225 Ha BO3MOXHOCTh W3MEHEHHS
TEIUIOBBIX XapaKTEPUCTHK OKOHHOMH KOHCTPYKLIHMHM C LEJbI0 CHW)KEHHS
yepe3 HHUX TEIUIOBBIX NOTepb. B kauecTBe o0bekTa HccCieoBaHUS Oblia
B3iTa OKOHHAs KOHCTPYKUMs ¢ pasMepamu HXB, paBubiMu 1450%400 mm
(pucyHok 1).
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[Ipu mpoBeeHNN SKCIIEPUMEHTAIBHBIX UCCIIEIOBAHHUI 110 U3MEPEHUIO
TEIUIOBBIX XapaKTEPUCTHK OKHA IPHUMEHSICS HW3MEPUTENb IUIOTHOCTH
TEIUIOBBIX MTOTOKOB U TeMiiepaTypsl UTII-MI'4.03/X(Y) «Ilotok». lanHbIC
[0 M3MEPEHHBIM TEMIepaTypaM B KaKIOH TOYKe KOHCTPYKIMHM OKHa Ha
MOBEPXHOCTH OCTEKJICHUSI 0e3 TeIUIOHArpeBaTeJIbHOTO DJJIEMEHTa H C
NPUMEHEHHEM TEIIOHATPEBATEHOTO JIEMEHTA MPEICTAaBICHEl HA PHCYHKE
2.
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Puc. 1. Cxema ycraHOBKH Puec. 2. Pacmpenenenue Ttemmneparyp
JAaTYUKOB TEMIICPpATypPhbl 110 10 BHyTpCHHCﬁ IOBEPXHOCTHU
MOBEPXHOCTU OCTCKIICHUSA OCTEKJICHUA

Ha OCHOBC IpeACTaBJIICHHBIX JaHHBbIX OKCIICPUMCHTAJIbHBIX
I/ICCJ’Ie,I[OBaHI/Iﬁ BUJHO, YTO IPUMCHCHUEC TCIJIOHAreBATCIbHOI'O 2JICMCHTA B
OKOHHOM KOHCTPYKIIUM TIO3BOJIACT HE TOJIbBKO CYHICCTBCHHO TOBBICUTH
TEMIIEpaTypy BHYTPEHHEH NOBEPXHOCTU OCTEKIIEHUS, HO U KaK pe3yJIbTarT,
CHU3UTH TCIUIOBBIC TIOTEPU HYCPE3 CBETOIPO3PAYHBLIC OrpaXkJaaromiue
KOHCTPYKIIMH U, TEM CaMbIM, ITO3BOJISACT DKOHOMHTH Ha OTOIIJICHUU 3)18.HI/Iﬁ
B 3UMHUI N€PUOJI BPEMEHHU.
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Process Simulation and Energy Integration of
hydrogenation Unit

Xuepeng Liu*, Chun Deng’, Xiao Feng?, Xingying Lan*
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As the processing ratio of inferior and heavy oil has been increasing
and environmental regulations impose increasingly stringent requirements
on the quality of fuel oil, the proportion of oil product hydrogenation
processes in refineries has gradually increased. The hydrogenation device is
also known for its high energy consumption and complicated reaction-
separation-heat transferringconnection. Therefore, the entire process
simulation and energy integration of the hydrogenation plant is of great
significance.

In recent years, there have been numerous reports on process
simulation and heat exchanger network optimization for refinery plants.
However, the existing problem is that the application of the process
simulation model of production plant is still only to focus on the
optimization of the unit operations, such as the optimization of the operation
of the tower ™ 2, but the connection relationship ofreaction- separation -
heat transferring has not yet been explored; the integrated optimization
analysis of the energy system is also limited to the integration optimization
of the heat exchanger network ! and the optimization of the inter-unit heat
exchange!®. For hydrotreating units, researches on the design optimization
of absorption stabilization systems have been reported !, but the entire
process simulation and energy integration optimization for the integrated
reaction process and separation process have not yet been carried out.



Cekyus 2. TeopemuyecKue 0CHOBbI M08bIUIEeHUs HepaemuyecKoli
aggpekmusHocmu

In this article, ASPEN HYSYS software will be used for a
hydrogenation plant to build the whole process simulation model with the
hydrogenation reactor modelbased on strict mechanism modeling. Next, the
simulation results would be compared with the actual operation data to
validate and adjustmodel calculation parameters. The deviation of the
simulation results from the actual process operation data need to benot
greater than 5%. Based onthe model, the separation process of the reaction
product will be studied and designed. The integration and optimization of
the entire heat exchanger network, and the coupling characteristics of the
reaction-separation-heat transferringwill be analyzed. Theentire process
simulation and energy integrationleads toenergy conservation, emission
reduction and resource consumption reduction.
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DJeMeHTHI CeTH NMPeAHA3HAYCHBI IS BBHITTOJIHEHUS (PYHKIMHU TIPOITyCcKa
(aKTHUECKOW AIIEKTPHUYECKONH MOITHOCTH K moTpeOuTensM. B aBapuitHO#
CUTYallMM 3JIEMEHTHI JOJDKHBI MPOIYCTHTh BCIO TPEeOyeMyI0 MOIIHOCTB.
UroOsl faHHy!0 (yHKOHIO 0OecrednTbh, TNpPH NPOSKTHUPOBAHWH U
IIOCTPOCHUH CETH IPeAyCMaTPHUBAIOT YBEIHUEHHBIC CEUCHHsS IPOBOIOB
JIMHUI, TPOXOJIHBIE MOILIHOCTH TpaHC(OPMAaTOPOB, 3aTpaThl Ha ApYrue
MeporpusiThs. YTOObI TOHATh, Ha KAaKyl0 BEIMYUHY HYXKHO HX
YBEJIUYMBaTh, HAXOAAT MaKCHUMaJbHO-TIpeAETIbHbIE IOTOKH MOITHOCTH.
JlaHHOE pelicHue He SBIIeTCs a0COMIOTHO 3P PEKTUBHBIM, T.K. HEU3BECTHO,
HACKOJIBKO COOTHOCSTCSI IIPOBEACHHBIE MEPONPHATUS C BEPOSTHOCTHIO
MIPOUCXOKACHHS aBapyuH. [y yTOYHEHHS 3TOr0 He0OX0IMMO 3HATh, OTKYa
MOXET TOSIBUThCS TIOBBIIIEHHAS MOIIHOCTh JUIS 3JEKTPONOTPEOIICHMS.
CrnemoBarennbHO, HEOOXOAMMO B HEICTEPMHHHUPOBaHHOM [1] Buze
ONpENeNnTh  Kak  paclojiaraeMas MOIIHOCTh  3JEKTPOCTaHILH
pacripeaenseTcs o CeTH AJsl 0OecTieueHHs JIEKTPOIUTaHHUS.

B pamkax 3amaum mpeanonaraeTcs paclpeneseHHe pacloyiaraeMon
MOIITHOCTH JJIEKTPOCTAHIMH IO CETH B COOTBETCTBHM C IPaBUIIaMHU
JNEKTPOTEXHUKH C YYEeTOM OTpaHWYCHHH, CBOHCTBEHHBIM pPETIaMEHTY
9KCIUTyaTaIiH.

IIpy BO3MOXXHOCTHM HaXOXXJICHHS BEPOSATHOCTHBIX XapaKTEPHUCTUK
(haKTHUECKUX MapaMeTpoB pexuMa [2, 3] M UCTIONBb30BaHUH CIEIHATEHOTO
IrOpuT™Ma sl HAaXOXJIEHHs IJIOTHOCTH paclpe/esIeHUs] BEpOSITHOCTEH
pacnosiaraeMblX 3Ha4€HUH 3THUX K€ MapaMeTpoB peKUMa pacCMaTpUBAETCA
BOINPOC MX HCIOJIB30BaHMS Ul DIEKTPOIHEPreTUUECKHUX 3aJad pacdera
PHCKOB. A HMEHHO - OT IPEBBILECHUS (AKTUYECKOH 3IEKTPUYECKON
BEJIMYMHOH ITOTOKA MOJHOM MOIITHOCTH Yepe3 TpaHC(HOPMATOPHBIH JIEMEHT
pacnosiaraéMoi MOLTHOCTH 3TOT0 3JIEMEHTA U OT CHIDKEHHS pacrojaraeMon
MOIITHOCTH 3JIEKTPOCTAHIIMHA SHEPTOCUCTEMBI OTHOCHTEIHPHO HOMUHAIBHON
MOIITHOCTH TPaHC(HOPMATOPHOTO HJIEMEHTA.

CymMMa  pHUCKOB  MPH  pPa3HBIX  HOMHMHAIBHBIX  MOIIHOCTSX
TpaHCc(HOPMATOPHOTO  3JEMEHTa WMeeT pa3Hele 3HadeHusa. llpum
MHUHAMAJIbHOM 3HAYCHHH CYMMAapHOTO pHCKa IeJIeco00pa3HO MpPUHSTH
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HOMHHAJIFHYIO MOIIHOCTh TPaHC(HOPMATOPHOTO 3JIEMEHTA. AHAJIOTMIHO
MOJKET OBITh pelIeHa 3ajada 00 ONTHMAaJbHOM CEYCHHH NPOBOAOB JTHHUHN
[4] Mexmy 91eKTPOCTAHITHSIME U TIOACTAHIIASIMHA CETH.
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Actual and available electrical quantities and their
imbalances for power system nodes
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The electric power system elements are designed to transmit the actual
electrical power to consumers. In an accidents, the elements must transmit
all the required power. To ensure the transmission, in the design and
construction of the power system provide for increased cross-section of
lines, throughputs of transformers, costs for other procedures [1]. To find
the magnitude of it increase determined the maximum power flow. This
solution is not absolutely effective, because it's not known how far the
measures are related to the accident probability. It's need to know where the
maximum consumption power can appear. Therefore, it is necessary to
define in non-deterministic form [2] how the available power plants
capacity is distributed over the grid to provide power supply.

Within the task, it is proposed to distribute the available power plants
capacity in accordance to the rules of electrical engineering, taking into
account the limitations inherent in the operating procedure.

Knowledge of the probabilistic characteristics of the actual parameters
of the steady state mode [3] and using a special algorithm for finding the
probability density of the available parameters of these same parameters of
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the steady state mode considers the issue of their use for electric power
tasks of risk calculation. From the excess of the actual electrical quantity of
the maximum throughputs of transformer of the available power plants
capacity of this element and from the reduction in the available power
plants of the power system relative to the nominal throughputs of the
transformer.

The sum of risks at different nominal throughputs of transformer has
different values. At the minimum value of the total risk, it is advisable to
take the nominal power of the transformer element. Similarly, the problem
of the optimal cross-section of the lines [4] between electrical power plant
and substations of the power system can be solved.
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BinsiHMe CKOPOCTH HarpeBa MOAUPUIMPOBAHHBIX
006pa3L0B Ha NPOMOTHUPYKWLIHE CBOMCTBA
WHULUHUPYIOLIEN J06aBKH
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VYrone Ui SHEPreTUYECKUX NPEANPUITUN UTpaeT BAXKHEUIIYIO POIb.
[To omeHkaM CHELUWAIMCTOB, NPH COXPAaHEHUM TEKYIIMX TEMIIOB JOOBIUU
YIIIsi, €ro 3aracoB XBAaTUT elie kKak MuHuMYyM Ha 100 ner [1, 2].

OmHMM W3 COBPEMEHHBIX CIHOCOOOB TOBBIMICHHS 3(PHEKTHBHOCTH
WCTIONIL30BaHUS YTJIS SIBJSIETCS KATAIMTHUECKOe Ckuranue [3], cocTosiiee B
HHTCHCHU(UKAIMKM  TpoIlecca TOPEeHUs B pe3yiapTare  aKTUBHOTO
B3aMMOJICHICTBHS TOIUIMBA C KaTamu3aTopoM. B kadecTBe katanmsaropa, Kak
MIPAaBHJIO, BBICTYHAIOT OKCHJABI pa3nu4HeIXx MetamwioB [3]. Ilpeamerom
UCCIIEIOBAHMs 4Yallleé BCEr0 BBICTYHNAIOT KaueCTBO U  KOJUYECTBO
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MIPOMOTHUPYIOLIIUX J00aBOK, OIHAKO NPAKTHYECKH HE PacCMaTpUBAIOTCS
PEKUMHBIC TAPAMETPBI OKUCIICHHS.

B nanHoii pabote nccnenosano aeiicrsue uurpara mean |1 (Cu(NOs),)
KaK MHUOUHPYIOIEH M00aBKM Ha XapaKTEPUCTUKH TOPEHUS KaMEHHOTO
yrns Mapkn T AIapJuHCKOTO MECTOPOXKICHHS C Y4E€TOM BIUSHHA
CKOPOCTH Harpesa.

MoaudunupoBaHHblii 00pazel (¢ comepkaHueM coiu 5 % macc.) u
oOpaser] cpaBHEHMsI MOJIBEPraJiiCh HArpeBaHHIO B OKUCIHUTENBHOH cperne
(Bo3ayx) B MHTepBasie Temneparyp 25-600 °C mpu pa3IuyHBIX CKOPOCTSAX
Harpesa: 2,5 °C/mus; 10 °C/mumn; 25 °C/mun; 40 °C/MuH.

Pe3ysbpraThl dKCIIEpUMEHTa IOKa3aJld, YTO C YBEJIMYEHHEM CKOPOCTH
HarpeBa MPOMCXOIUT CMEIIECHHE MPOoIecca OKUCIECHHS B 0071aCTh OOJIBIINX
TEMIIEpaTyp, YMEHBIIAETCS BPEMsI pearupOBaHHs TOpIoYeii Macchl 00pa3IoB
U YBEIMYMBACTCA CpENHSIS W MaKCHMaybHas CKOPOCTH pPEaKIUH HX
okucieHus. C TOBBIIICHHEM TEMIIEpaTyphl HarpeBa YBEINYHBACTCS
WHTCHCUPHUIHPYIOMIEH ekt MIPOMOTHPYOTIEH JI00aBKH,
OTPAXAIOIINICA B CHIDKCHHH HadaJllbHOM W KOHEYHOW TeMIepaTypbl
IIporecca OKUCICHNS 00pa3IoB yriiei.
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[TpoGnema sHepro’>pPeKTUBHOCTH TepepadaThIBAIOIINX OTpacieit
MIPOMBIIINICHHOCTH /10 CHX HOpP OCTAeTCs aKTyalbHOW NMpoOieMoi, HaunHas
CO BPEMEH 3HEPreTHUECKOTO KpU3Kca BTOpoi moiaoBUHEI XX Beka. Ceromns
3Ta TeMa OCJTOXKHACTCS TIIOOAIBHBIM W3MEHEHHEM KIMMaTa W OOJbIINM
KOJINYECTBOM OTXOJIOB M BPEIHBIX BBIOpOCOB. OnHON M3 Hambosiee ynadyHo
UCTIONB3YEMBIX METOJOJOTUI Ul PEKOHCTPYKLIMH W TPOEKTHPOBAHMUS
MIPOM3BOJICTB SIBIISIETCSI MHTETPAlMsl IPOLECCOB, a MMEHHO [InH4Y-aHanms.
O10T METOA ABJIACTCA yHI/I(I)I/IHI/IpOBaHHI)IM U OTHOCUTEJIBHO MPOCTHIM B
NMPUMEHCHUUN JJId aHalin3da XUMHUYECKUX, He(bTeXI/IMI/I‘IeCKI/IX, IIUIICBBIX H
JpYIUX OoTpaciedl IPOMBIIUIEHHOCTH.

Vcrnonp30BaHHMEe  CHCTEMHOTO  aHaJW3a  MO3BOJSIET  HAXOJUTh
OKOHOMHYCCKN ONTHUMAJbHBIC MapaMETpbl IJIA TEIIOOOMEHHBIX CHCTEM
MPEIIPUATHHA, OJHAKO PEIIeHHs], Yallle BCero MOIyJaroT AJS CTAaTHYECKOTO
pekuMa. OTO TPUBOAMT K TOMY, YTO TIOJyYEHHBIH ONTHMYM U
peaIM30BaHHBI MPOEKT PEKOHCTPYKIHMM pa3iudHbl. B TO ke Bpewms,
3¢ PEKTUBHOCTH MHBECTHULINH CHIDKAeTCsl Oarosapsi HEMOCTOSTHCTBY 1I€H Ha
SHeproHocuTenu. B mocnenHee BpeMs, JaHHBIM acIeKT CTaHOBHUTCS Ooiee
BaXXHBIM U3-32 U3MEHEHMH Ha pBIHKE YIJIEBOAOPOAOB, BIMSHUS
BO300HOBIISIEMBIX HICTOYHHKOB SHEPTUH U JPYTHX (pakTOpOB.

B nanHOW pabore mpeacTaBiieHa METOAOJIOTHS JUIsl WHTETpaIiu
IPOLECCOB C YYETOM JUHAMUKU U3BMCHCHHUA PEKUMA pa6OTBI IIPOU3BOACTBA,
CTOMMOCTH  JHEPrOHOCHUTENEH M  BPEMEHH IPUHATHUM  pEIICHMMH.
OnTtuManbHOE peleHHe MOXeT OBITh HaWIeHO ¢ YyYeTOM BpeMEHH
peanu3anuu npoexrta. [IpoBeseH aHaIM3 YyBCTBUTEIHHOCTH MOIYYEHHOTO
pelIeHus] M NPOAHATM3MPOBAaHA THOKOCTh MpeAiaraeMblX H3MEHEHUIL.
PaccuntaHo HECKOJIBKO MOKAa3aTENbHBIX MNPUMEPOB ISl  PAa3IMYHBIX
nepepalbaThIBAIOIIMX OTpacieil M II0Ka3aHo, 4YTO SHEPronorpediIeHue
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MIPOLIECCOB CHIXKAETCS Ha BeIMuuHy 10 58% mnpoueHtoB npu IRR mpoekra
45%.

MaTeMaTH4ecKoe MOJe/IMpOBaHUe HArpy3Ku
3JIeKTpUYecKou ceTH UM PpoOBOI NOACTAHLIUHU
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AKTyanbHOCTb paboTsI o0ycioBieHa HEOOXOANMOCTBIO
COBEPIICHCTBOBAaHMS ~ METOJOB  MOJAEIMPOBAaHUS  y3lla  HAarpysKH.
MogenmupoBaHie HECHHYCOMAANbHBIX W HECHMMETPUYHBIX PEXHMOB
CIIOKHBIX 3JIEKTPUUECKUX CeTeH MpeAcTaBiIseT HEMpPOCTYIO 3aaady, Korjaa
BO BHUMaHHME TIPHHHMAETCSd PpaCIpeAeTICHHOCTh IapaMeTpoB JIMHUN
3JIEKTpoINepeiay, TeOMETpUs MOJBECKU IMPOBOJOB, HEJIWHEHHbIE CBOMCTBA
Y3JIOBBIX HAarpy30kK. OTO B 3HAYUTEIbHON Mepe yCIOXKHSET 3aJady HO U
NIO3BOJIIET ONPEACIIUTh BKJIAJ KOHKPETHOM HEIUHEIHOW Harpysku B
(bopMupOBaHUe MMOKa3aTeliell KauecTBa HANPSHKEHUsT U J00aBOYHBIX OTEPh
JJIEKTPOIHEPTUU OT HECHHYCOUIAIBHOCTH TOKOB. AHANM3 CYILECTBYIOLINX
METOJIOB U MOJIXOA0B K MOJAEIHUPOBAHUIO HArPy30K BBIIBUII HE TOJIBKO HX
Oompimoe  pasHooOpaswe, HO  BO3MOXHBIE  HAamNpaBICHUS  HX
COBEPIIICHCTBOBAHMS.

B kadecTBe MCXOIHBIX AAHHBIX A MACHTH(GUKAIIMN TPOMBIIIIICHHOTO
y3J1a Harpy3KH UCTIONB3YIOTCS] BpEMEHHBIE JHarpaMMbl HaIIPsDKEHHUS U TOKa,
JUId  IIECTHITyJBCHOTO  IpeoOpa3oBarens  AWAarpaMMbl  IOJTy4YEHBI
AHATTUTUYECKH.

[pennoxeHa (yHKIHMOHANbHAs MOJEIb HAarpy3Ku C HEJIMHEHHBIMHU
BOJIFTAMIIEPHBIMH ~ XapaKTEPUCTHKAMH W HEOOXOJMMBIE pacyeTHBIC
COOTHOIIIECHUS, OOECIeYNBAIOIIe MaTeMaTHIeCKOe MOJICIIMPOBAaHUE B
YCTAaHOBMBLIMXCS pexnuMmax. [IpeanoxkeH anroput™M wuaeHTH(OUKALNU
HEJIMHEHHBIX Harpy3ok. B kauecTBe mnpuMepa NpHUBOASTCA PE3yNbTaThl
nAeHTH(OUKAIMK HAarpy3KH B BHJAE ULIECTHIYJIBCHOIO BEHTHIILHOTO
npeoOpa3oBaTesst U Harpy3Ku oOLIenpoMBIIIeHHoTo y3ia cet 110 kB.

Tpebosanus crangapra MOK 61850 k maHHBIM HU3MeEpeHUil KadecTBa
ANEKTPUUYECKON IHEPrUuM MO3BOJSIOT NPHUMEHATh MaTEMATUYECKYIO0 MOJEIb
JUTSL OTIpEIeJICHIS] BIUSHUSA KOHKPETHON HAarpy3KU Ha AJIEKTPHUYECKYIO CETb.
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IToBbIieHNE 3¢ peKTUBHOCTH ABTOHOMHBIX cucTeM
NIEKTPOCHAOKEHNSI Ha OCHOBE AM3ENIb-TEHEPHPYIOIIUX YCTAaHOBOK, ITyTEM
HWHTETpUpPOBaHUs B UX CTpyKTypy BUD, sBisieTca nepcnekTUBHOM 3amadeit
B TeX pErHOHax, TAe IOAKIIOYEHHE NOTpeOUTENIe K BIEKTPOCETIM
SKOHOMHYECKH  HEILenecooOpa3Ho, BBHIY HMX  TEPPHTOPHAIBHOMN
YIQJIEHHOCTH OT SHEPrOCHUCTEMBI M HMEIOTCS NPOOJIEMBI C JIO0CTaBKOH
nuzensHoro tomuBa [1]. Ucnosnp3oBanne BUUD B aBTOHOMHBIX CHCTEMax
3NMEeKTPOCHAOKEHUS TO3BOJSET CHHU3UTH TOIUIMBHYIO COCTABIIAIOUIYIO B
9HeprobajgaHce W TakuM 00pa3oM YBEIHYHUTh MX HHEProd3((eKTHBHOCTS.
OpHako JUId AOCTHXKEHHS MaKCHMAaJIbHO BO3MOMKHOW 3KCIUTyaTallMOHHOM
SKOHOMHYHOCTH M 0OecreueHuss HaJeKHOCTH TOJO0OHBIX THOPUIHBIX
CHUCTEM  DJIEKTPOCHAOXKEHHUS, HEOOXOJMMO OCYIIECTBICHHE BbIOOpa
ONTHUMAJIEHON KOH(QUTYpaliH, TapaMeTPOB U THIIA 000PYIOBAHUS, a TAKKE
ONTHMH3ALMU PEKUMOB paboTHI [2]. CTOMT OTMETHTb, YTO YHUBEPCAIBLHOTO
METO/a ONTHMH3AIMM HE CYHIECTBYeT M B OOJBIIMHCTBE CIydacB
HeoOxoanMa pa3paboTKa METOJOB ONTUMH3ALMHM KOHCTPYKIIMOHHBIX U
JHEPreTUYECKUX IapaMeTpoB C Y4YETOM YCIOBMH OKCIUIyaTallud U
TpeOOBaHMSAM K TPOEKTUPYEMBIM CHUCTEMaM, a TaKkKe KIMMaTHYeCKUX
YCJIOBUI MECTHOCTH.

B pabore mpoBemeH aHaTW3 HCCIEIOBAHUM M KPUTHYECKHH 0030p
METOJIOB ¥  aIrOPUTMOB ONTHMH3ALMH, a TaKkKe IPOrpaMMHBIX
HHCTPYMEHTOB I MOJCIHUPOBAHUA W TEXHHUKO-dKOHOMHYECKOW OIEHKH
THOPHUIHBIX CHCTEM 3JeKTpocHabkeHus. B pesymprate uero obocHOBaHA
11eJ1eco00pa3HOCTh HCTIOTB30BaHUS COBPEMEHHBIX ANTOPUTMOB
CTOXACTHYECKOTO TIONCKa u KOMOMHHPOBAaHHBIX AITOPUTMOB
(COBMEIIEHHBIX AITOPUTMOB JIOKAJIBHOTO M TIJI00AaJbHOTO MOHMCKA), Kak
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HanOonee >(QQPEKTUBHBIX B 3a7a4aX MHOTOKPHUTEPUAIBLHOM ONTHMHU3ALNU
CHCTEM 3JIeKTPOCHA0KeH!sI Ha ocHOBe BUD.
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JlobaByieHHsI TEPErpeToro BOASHOTO Mapa IMPH CXKUTAHHU KHIKOTO
YIJIEBOJOPOJHOTO  TOIIMBAa OKAa3bIBa€T CYIIECTBEHHOE BJIMSHHE Ha
nporekanue mporecca [1-2]. Takoit cnoco6 sBusercs 3)PEeKTUBHBIM H
6C3OH3.CHI)IM npu CXXUT'aHUU HEKOHIUITMOHHBIX Yrii€eBoaopoaoB u
YTHIM3AIHU TOPIOYHX OTXOJOB MPOHM3BOJICTBA C IMONyYeHHEM 3HEpruu. B
JAHHOW  paboTe W3YYalOTCS  XapaKTCPUCTHKH TOPCHHS  JKUIKOTO
YIJIEBOJAOPOJHOTO TOIUIMBA TPH B3aMMOJACHUCTBHH CO CTPYEH MEperperoro
BOJSIHOTO Tapa B Ja0opaTOpHOM 00pasle TOpeloYHOro yCTpoWcTBa. B
pe3ynpTaTe TaKOrO B3aMMOJCHCTBHA (OPMHUPYETCS METKOUCIICPCHBIH
ra3oKameNbHBI TOTOK, KPOME TOTO IIePEerpeThlii Iap IOBBIIIACT
TeMIepaTypy TOIUIMBHBIX Kalellb, YTO WHTCHCH(HUIMPYET MaccOOOMEH U
cMeceoOpa3oBaHWe,  CIIOCOOCTBYS ~ YCTOMYMBOMY  BOCIUTAMEHEHHIO.
HccrenoBanus MpOBEACHBI NMPH Pa3IMYHBIX MapamMeTrpax Mmojgadu (pacxon
mapa ¥ TOIUIMBA):  YJAEJbHOE  TEIUIOBBLICICHHE,  OIpeAeseMoe
KaJIOPUMETPHUICCKUM METOAO0M, )5 COCTaB IMPOAYKTOB CropaHus,
MOJy4aeMbIii METOJOM Ta30BOro aHanu3a. l[lodydeHbl 3aBUCHMOCTH
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YIENBHOTO TEIUIOBBIIENCHHST M KOHIEHTPAlUH TOKCHYHBIX KOMIIOHEHT
mpoaykToB (CO u NOy) OT peXKUMHBIX ITapaMeTpPOB.
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AHanus INIPUMEHECHUA MHOTOTEPMHUHAJ/IBHBIX IIepeaavd
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TexHOnOruM BBICOKOBOJIBTHOM NEpeaul MOCTOSIHHOTO TOKA J0Ka3alH
CBOIO 3((PEKTUBHOCT B PEUICHUH 3aJaull TPAHCIIOPTA SHEPTUH Ha JajIbHUE
paccTosiHNS, HECHHXPOHHOTO OOBEAWHEHHUS] 3HEPrOCHCTEM, WHTETPALUH
BO300HOBIISIEMBIX MCTOYHUKOB 3HEPTuu U Ap. Oco6eHHO 3 (HEKTUBHBIMH U
MEPCIEKTUBHBIMH JUIsI BHEAPEHUs SBIAIOTCA MHOrorepmuHaimbHblie [IIIT
(MIIIIT), cBo¥icTBa M BO3MOXHOCTH KOTOPBIX MO3BOJIIIOT OCYIIECTBUTH
9HEProcHa0)KeHHEe M30JMPOBAHHBIX PETHOHOB, OCTPOBOB, O(IIOPHBIX
0OBEKTOB, HE HMEIONUX COOCTBEHHBIX HCTOYHHKOB 3JIEKTPOIHEPTHH.
Kpome Toro, B MIIIIT mmeercss BO3MOXXHOCTH THOKOTO YIPAaBICHUS
nepeaBaeéMoi MOIIHOCTBIO UI ONTHMH3AINH ITOTOKOPACIPEACICHUS U
BBIPAaBHUBAHUS TpaUKOB JJIEKTPUUECKMX Harpy3ok. Hecmorps Ha
oueBHIHbIE mpenmymiectBa wucnosb3zoBaHus MIIIT wnx wmacmrTabHOE
BHEJIpeHHe  TpeOyeT  pemlIeHWs  psija  MCCIEeNOBAaTeNbCKHX U
SKCILTyaTallHOHHBIX 3aJlad, aHaJIM3y U 0OOCHOBAHHUIO KOTOPBIX ITOCBSIIEHA
JaHHasg pabora. B wacTtHocTH, OonHOM M3 Hauboiee CIOXHBIX 3a1ad
SIBIISIETCSI pa3paboTKa alropuTMOB pa3paboTKa AIrOPUTMOB PETYIHPOBAHUS
MOIIHOCTH ¥ HAaOpsOHKCHHSA. TakkKe aKTyalbHBIMH SIBIISIOTCS 3a1add
pa3paboOTKM  aNrOPUTMOB  OIpENENIeHHs] MecTa  MOBPSXKICHHUA U
MIPOTUBOABAPUHHOIO YIPABJICHHUS, Pa3paOOTKHU BBIKIOUATENIEH KOPOTKOTO
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3aMBIKaHHsI HA CTOPOHE MOCTOSHHOrO Toka. OOOCHOBaHWE M OIpeleIeHUE
0003HAYEHHBIX 3aj1a4 ObLIM TMPOBEACHBI HA aHAIN3e IUIAHHPYEMBIX U
cymectByronmx npoekroB MIIIT, B wactHoctn Hamao (Kwurait), South
West Link (Hopserust), Ysxoymrans (Kurait).

Kpome »storo, nana oueHka mnepcnektuBbl BHeapeHuss MIIIIT B
Enunyro  sHepretmueckyro — cucremy — Poccum.  Hampumep, s
sHeprocHaOkeHus: pernoHoB Kpaitnero Cesepa (HOJISPHBIX HOPTOB U
He(TEra3oBbIX MNPEANPUATHIH) U 3(P(OEKTUBHO HCIIOIH30BAHUS BETPOBBIX
3JIEKTPOCTAHIIUI.

Hcceneoosanue svinonneno npu guuancosoi noodepicke PODU 6
pamkax Hayunozo npoexma Ne 18-38-00821.
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Analysis of the use of multiterminal HVDC
A.P. Maltsev, N.Yu. Ruban, V.E. Rudnik, R.A. Ufa

National Research Tomsk Polytechnic University, 634050,
Tomsk, Lenin Avenue, 30

maltsevaleksey@mail.ru

Technologies of high-voltage direct current (HVDC) transmission have
proved their effectiveness in solving the problem of energy transport for
long distances, non-synchronous integration of energy systems, integration
of renewable energy sources, etc. Particularly effective and promising for
implementation are multiterminal HVDC (MTDC), properties and
capabilities of which make it possible to provide power supply to isolated
regions, islands, offshore facilities that do not have their own sources of
electricity. Besides, MTDC provide the possibility of flexible control of the
transmitted power to optimize the flow distribution and equalization of the
electric load graphs. Despite the obvious advantages of using MTDC their
large-scale implementation requires solving a number of research and
operational problems, the analysis and substantiation of which is devoted to
this work. In particular, one of the most difficult tasks is the development of
power and voltage regulation algorithms. Also relevant are the problems of
locating the fault and emergency control, the development of short-circuit
breakers on the DC side. The rationale and definition of these tasks were
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carried out based on an analysis of planned and existing projects MTDC, in
particular Nanao (China), South West Link (Norway), Zhoushan (China).

In addition, an assessment of the prospects for implementation MTDC
in the Unified Energy System of Russia. For example, to supply the regions
of the Far North (polar ports and oil and gas enterprises) and effectively use
wind power stations.

The reported study was funded by RFBR according to the research
project Ne 18-38-00821
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HUccnepoBanue peakuuu D(3He,p)*He kak
asibTepHaTUBHI A4 peakuuu T(D,n)*He B
NPOU3BOACTBE TEPMOSAEPHOU SJHEPTUHU

B.M. Boictpuukuii, I''H. Qyaxun, [1.K. Hymako, M. ®ununosuy,
A.B. ®ununnos, A.P. Kpeuios, b.A. Heuaes, A. Hypkun, B.H. ITaganko,
@& M. IlenskoB, F0.)K. Tyneymes, B.A. Bapnaues, E.A. KakanOaes

Hayuonanvnwiii uccnedosamenvckutl Tomckutl noaumexHu4ecKul
yrusepcumem, 634050, Poccus, 2. Tomck, np. Jlenuna, 30
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Wsyuenne Tepmosaepubix peaxumii D(d, p)°H, D(d, n)*He, T(d, n)°He,
*He(d, p)*He, u D(’He, p)*He B acTpodu3nueckoM KMANA30HE SHEPIHii
MIPEACTaBIsIeT HMHTepeC Kak B 00JacTH (QyHAAMEHTAIbHOH, Tak W s
npuKiIaaHoN ¢pu3uknu. Kpome Toro, HccietoBaHus 3THX PEaKIUN CONEPKUT
nHopmanuio 00 BIEKTPOHHOM SKPaHMPOBAHWU B SIJICPHBIX PEAKLHUSIX.
OKpaHUPYIOIIMH IIOTEHIMAJ JaeT BaKHYI0 MHGOPMAaIMI0O O pOJHU
9JIEKTPOHOB B PEAKIMAX BBI3BaHHBIX JEHTPOHAMM, TPUTOHAMH U SAPaMHU
H30TOIIOB TN, KOTOPBIE IIPOTEKAIOT B TEPMOSIEPHBIX PEaKTOpax.

Peaxims D(*He, p)’He Gbima wmccienoBama Ha  MMITYIbCHOM
IIa3sMeHHOM yckopuTene Xomia (ToMck) B oGacTh sHepruii noHos “He +
E He = 16-34 k3B c marom 2 x3B. Lenbio Hacrosimieil paboTsl ObLIO
9KCIEPUMEHTAIBHOE OIpeaeneHne KodpduimeHnTa ycHUIeHHs peaKkuuu
D(®He, p)*He u morenmmana sKpaHnpoBanus 3MeKTPoHOB U

HaGuntofaercst oueHb CHIIbHOE BIHMSIHUE KPHCTAJUIMYECKOH CTPYKTYPBI
(TexcTypsl) MUILIEHEH Ha (paKkTOp yCHUIICHHS PEaKLHu.
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®dakTop ycwiieHHs peakLUMH OYEeHb CHJIBHO PAacTET C YMEHBIICHHEM
sHepruw HoHoB “He+ i nocturaer suadenns 8.1 ams suepriu Elab = 16 xoB
u gns wumeneir TiD ¢ wamekcom Mwumaepa [100]. D10  Moxer
MIPEACTABIITE MHTEPEC, KOTAA PEaKIHsi HCIONIb3yeTcs IS MPOU3BOICTBA
TEPMOSIIEPHON SHEPTHH HA OCHOBE TEXHOJIOTUI MTyYKOBBIX MULIEHEM.
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Investigation of the D (3He, p) 4He reaction as an
alternative for the T (D, n) 4He reaction in the
production of thermonuclear energy

V.M. Bystritsky, G.N. Dudkin, D.K. Chumakov, M. Filipowicz,
A.V. Filippov, A.R. Krylov, B.A. Nechaev, A. Nurkin, V.N. Padalko,
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To study fusion reactions D(d, p)®H, D(d, n)°He, T(d, n)*He, *He(d,
p)*He, and D(*He, p)*He at astrophysical energies is of interest for both
basic and applied physics. In addition, these studied provide information on
electron screening of nuclear reactions. Electron screening potentials
provide important information on the role of electrons in reactions induced
by deuterons, tritons, and nuclei of helium isotopes that proceed in
thermonuclear reactors.

The D(*He, p)*He reaction was investigated at the pulsed plasma Hall
accelerator (Tomsk) in the *He+ ion energy range E He = 16-34 keV with a
step of 2 keV. The goal of this paper was to determine experimentally the
enhancement factor of the D(*He, p)*He reaction and the electron screening
potential U,.

In this paper strong impact of target crystal structure on reaction
enhancement factor was observed.
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Growth rate of reaction enhancement factor with decreasing of 3He+
lon energy didn’t described by theory and didn’t depend from target crystal
structure. This indicates about existence of an unknown process.

Reaction enhancement factor growth strong with decrease of energy of
3He+ lons and reach of 8.1 value for Elab = 16 k3B energy and for TiD
target with Miller indices [100]. This can be of interest when this reaction is
used for thermonuclear power production based on beam-target
technologies
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TenyionepeHOC B €Ji0e TOHKOIJIEHOYHOM TeINJIOBOM
U30JIALUM C y4€TOM Pa3HOPOAHOCTH CBONCTB
MHUKpocdep U CBA3YIOIIUX BelleCTB
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B mocnenHee BpeMs Ha pBIHKE TEIUIOW3OJIALMOHHBIX MaTepHajloB
nosiBisgeTcs Bce Oonbmie  ToBapoB. Ilpm  3TOM  pekiaMupyemble
TEIUIOM30JSILIMOHHBIE CBOWCTBA HOBBIX IMPOJYKTOB Ha MOPSIOK ONEPEXKAIOT
CBOMCTBA  TPAJAMIUOHHO  HUCIOJNB3YEMBIX  MaTepUaloB.  THUNWYHBIM
IIPUMEPOM TaKUX MAaTEPHUAJIOB SIBJISAETCS JKUAKAs TEIMJIOU30JIALUS, KOTOPYIO
4acTO Ha3bIBAIOT TAKXKE KepaMUdecKas TEIIOU30JSALMs, CBEPXTOHKAs WU
TOHKOIUIEHOUYHAs! TEIION30ISILIUS.

B pabore mpoBemeHBl  OKCIEPUMEHTAJbHOE W YHCICHHOE
HCCIIEJOBAaHME TEIJIOMEPEHOCa B CIIO€ TOHKOIUIEHOYHOHW —TEIJIOBON
M30JUN C YYETOM Pa3HOPOIHOCTH CBOMCTB MHKpOc(ep U CBA3YIOMIHMX
BEIIIECTB.

Pe3ynpTaThl 3KCIIEPUMEHTOB MO3BOJIMIIH CAEaTh 0)KUIAEMBIA BBIBOJ O
TOM, YTO TEIIONPOBOJHOCTh TOHKOMJIEHOYHOIO MaTepuana yBeIUYUBaeTCs
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C PpOCTOM TEeMIEpaTypsl HU30JUPYEMOHl MOBEPXHOCTH, a CpedHUi
kodpdunmeHT TtemronpoBogHoctn coctaBmwin 0,0574 Bt/(M-K), u9to
npakTrdecku B 50 pa3 mpeBHIIIacT 3asBICHHBIC (PUPMOH-TIPOU3BOIUTEIEM
3HAYCHMS.

Pe3ynpTaThl YMCICHHOTO MOJEIMPOBAHUS  CBHUICTENBCTBYIOT O
CYIIECTBEHHOM BIHMSHHM Ha TEIUIOBBIE IIOTEPH BHIA XapAKTEPUCTHK
CBSI3YIOLIMX BELIECTB M MUKpocdep (TMoJble WM MOJTHOTEINbIE), TOJIIUHBI
CTEHKH MUKpocdepbl U CBOMCTB ra3oBod (asbl, coaeprKaleicsi B MOJIOCTH
Mukpoctepsl. [l paccmMarpuBaeMbIX — CllydaeB  OTKJIOHEHHE  OT
SKCIEPUMEHTANbHBIX JaHHBIX cocTaBwio oT 9,36% g0 91,12% B
3aBHUCUMOCTH OT COCTaBa TOHKOIUICHOYHOTO  TEIIOM3OJIAIOHHOTO
MOKPBITHS. ITO  OOYyCIOBICHO pPE3KUM HW3MEHEHHeM A(PQEeKTHBHBIX
TEIIO(U3NYECKUX  CBOICTB  TEIJIOBOW HM3OMAIMM TIPU  Pa3IHYHbBIX
XapaKTEepPUCTHKaX KOMIOHEHTOB TOHKOIJICHOYHO TETIIIOBON M30JISIIHH.

UccnenoBanue BbIMOIHEHO Impu noaaepxkke POOU B pamkax
Hay4yHoro npoekrta Ne 18-48-700008 p_a «Pa3paboTka 3HEprocOeperaronmx
TEXHOJOTHUH  NPUMEHEHWS  TOHKOIUIEHOYHBIX  TETIOM3OJISIMOHHBIX
MOKPBITUH A1 CHCTEM TEIUIOCHAOXKEHUsI C YYeToM OCOOEeHHOCTEeH
IKCIUTyaTal[UH YHEPTeTHUCCKUX 00BEKTOB B TOMCKOW 00J1acTH».

MaTemaTH4eckKoe MOJe/IMpOBaHUe NpoLecca
rasupuKalnyu yrjis B cpeje
NMapOKUCIOPOJHOTO OKUC/TIUTEJISA

E.C. Tlonora, A.H. Cy66oTun
Tomckuii norumexnuueckuti ynusepcumem, 2. Tomck, np. Jlenuna, 30
popovalena04@mail.ru, subbot@tpu.ru

Lenpro paboTHl sBISETCS CO3JaHHE MATEMAaTHYECKOW MOMIETH
rasuQukaTropa yrisi B cpelie BRICOKOTEMIICPAaTyPHOTO OKHCIUTENSI, KOTOpast
Morina OBl CIIy’)KUTh HHCTPYMEHTOM JUIi OIIGHKA COCTaBa IPOIYKTOB
KOHBEPCUM B 3aBUCHMOCTH OT TEMIIEpaTypbl IOJaBAEMOT0 B PpEaKTOp
OKHUCJIHTENS U CTPYKTYpPbI caMoro TOIuiMBa. s pelieHus: JaHHOW 3ajjauu
HCMOJIb30BaNach Maremaruueckas wmojaens [1].  Beutr  mpoBemeHsb
YUCJIEHHBIE PAacueThl KOHBEPCHHM KOKCa, KOTOPbIE C XOPOUIEH TOYHOCTHIO
COBNAJIM C OKCHEPUMEHTAIbHBIMU HCCIECJOBAHUAMHU 10 KOHBEPCUU
kokca [2]. ITocie TecTHPOBAHUS POrPAMMBI, TIPOBEAEHBI HCCIIEA0BAHUS TI0
OCHOBHBIM IIapaMeTpaM, ONPEAEISIOIUM COCTaB I'€HEPATOPHOro ras3a Ipu
KOHBEPCHUH YTJIS.
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B pa6ore [3] 6buT0 MOKa3aHO, YTO MPH MAPOBOM ra3upHUKAMU KOKCA
OCHOBHOE BIMSHHEC Ha BBIXOJ CHHTE3-Ta3a OKa3blBacT TeMIlepaTypa
OKHCIIHTENS, a TaKKe YAeNIbHas IOBEPXHOCTb HOp M IMOPHCTOCTH. Ilpm
MOJCIUPOBAaHUH ITAPOKUCIOPOJHON ra3u(UKALMU YISl YCTaHOBIECHO, 4TO
BIMSIHAE CTPYKTYphl TOIUIMBA Ha TIPOLEHTHBIH COCTaB CHHTE3-ras3a
HeBesuKo. OIpefeNsonMM MapaMeTpoM B 3TOM Cllydae SIBISETCS IOJIA
Kuciopoaa B okuciurese. [lokazaHo, YTO M3MEHEHHE JOJM KHUCIOPOAa B
OKHCIIUTENIC NPUBOAMUT K Pa3iIMYHBIM PEXUMaM, Kak 10 TeMIleparype U
CKOpPOCTH Tra3u(uKaluM{, TaK M [0 COCTaBy TI'€HEpaTOPHOro Tasa.
YcTaHOBIIEHO, YTO MPU NAPOKUCIOPOJAHON KOHBEPCHUH YIJIs, MTOCIE TOrO Kak
MPOM30IIUIO BO3rOpaHHE TOIUIMBA M HAdYaJCs Mpolecc Ta3u(UKaluH,
TEMIIEpaTypy OKUCIUTENS MOKHO CYIIECTBEHHO MOHIKATh, a TEMIEPATYPy
nporecca B rasu(pUIMPYEeMOM YIJIe MOXKHO IIOBBICHUTH YBEJIUYHB JOJIIO
Kucnopona B okuciutene. [lomydeHbl cOCTaBBl T'€HEPATOPHOrO rasa B
3aBHCHMOCTH OT JIOJIM KHCJIOPOJAA B OKHCIHUTENE, a TaKkKe MPU HATMYHU
mporecca NUPOJIHM3a W IOCNIE MPOrpeBa BCEro CJOs, KOrAa IUPOJIH3
OTCYTCTBYET.
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MeToauyeckue NOoAX0AbI K OLLeHKe
3Hepro3pPpeKTUBHOCTU M HAJEKHOCTH PadOThI
JIOKAJIbHBIX TEMJIOMCTOYHUKOB aKTUBHBIX
NoTpe6uUTeJiell B COCTaBe TENIOCHAGKAIIUX CUCTEM
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PaGota mocBsleHa peIICHUIO KIIOYEBBIX METOJUYECKUX 3ajay
(YHKIIMOHUPOBAHUS JIOKAJTBHBIX HCTOYHHKOB TEIUIOBON SHEPIHU aKTHBHBIX
moTpeOUTENe B COCTaBe ICHTPATM30BAHHBIX TEIIOCHA0KAOUIIX CHUCTEM,
KacaroIUXCst ONTHUMM3ALUH COBMECTHBIX PEXUMOB paboThI
LEHTPAIN30BAHHBIX M JIOKAJIFHBIX HCTOYHUKOB U 00CCIIEYeHUs HaIe)KHOCTH
M KadecTBa TEIUIOCHAOKEHUS MOTpeOUTeNe Ha TPOTSHKCHHH BCETO
oTommTeNbHOTO Tmepuona. IlepBas 3amada (opMyIHpYeTCsl KaK IIOMCK
MaKCHMAallbHOTO IKOHOMHYECKOTO (YHKIHOHANA, DPa3[eICHHOTO Ha IBE
COCTaBJSIIOLIME  —  3aTpaThl  aKTHBHOTO  IOTPEOMTENs,  BKIIIOYas
9KCIUTyaTaIl[Mi0 CBOET0 HCTOYHHMKA, W MPHUOBUIH I[EHTPAIM30BAaHHOTO
HMCTOYHUKA TEIUIOBOM 3Hepruu. B kauecTBe MaTeMaTH4ECKOro anmnapara s
peuieHus  3TOM  3aJayd  MCIONB3YHOTCSI  METOAbl  JBYXYPOBHEBOI'O
nporpammuposanust  (bi-level programming) [1]. Bropas mupobiema
3aKIIF0YAaeTCs B BBIOOpE ONTHUMAIBHON CTPYKTYPH (DYHKIIMOHAIHHOTO H
3JIEMEHTHOTO pe3epBa B CUCTEME, BKJIIOYAs JIOKAJIbHBIE HCTOYHUKH
aKTUBHBIX IMOTPEOUTENEeH C y4eTOM HX BO3MOXHOCTH IO OOCCIICYCHHUIO
pe3epBa MOIIHOCTH M BPEMEHHU IPU OTKa3axX B LEHTPAJIU30BAHHOW CHCTEME.
[Ipennararorcs METOABI U MOAENH IJIs PELICHUS 3TOM 3a7auu, OCHOBAHHbIE,
[JIABHBIM 00pa30M, HA TEOPUU MApKOBCKUX CIY4alHbBIX mporeccoB [2, 3] u
Teopur  rTumpaBaudeckux remei  [4].  TlpeactaBieHsl  pe3yNbTATHI
BBIYMCIUTEIBHOTO  OKCIIEPUMEHTA, IIOJyYEHHBbIE C  HCIOJIb30BaHUEM
pa3paboTaHHOTO  METOAMYECKOTro  ammapara. [loka3aH  BO3MOXKHBIHM
9KOHOMHYECKUH 3PPEeKT NpUMEHEHHS aKTUBHOTO IOTpeOuTeNns i
paccMaTpUBaEMOro TECTOBOT'O MPUMEDA.
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Methodical approaches for the analysis of efficiency
and reliability of work the local heat sources of
prosumers in the district heating systems

Ivan Postnikov, Andrey Penkovskii

Melentiev Energy Systems Institute of SB RAS, Irkutsk,
664033, Lermontov st., 130, Russia

postnikov@isem.irk.ru

The work is devoted to solving the basic methodological problems of
functioning of local heat sources of prosumers as part of district heating
systems: optimization of joint operating modes of district and local heat
sources and ensuring reliability and quality of heat supply to consumers
throughout the heating period.

The first problem is formulated as a search for the maximum economic
functional, divided into two components: the costs of the prosumer,
including costs on the operation of its heat source, and the profit of a district
heat source. As a mathematical basic for solving this problem bi-level
programming methods are used [1].

The second problem is determine of the optimal structure of functional
and component redundancies in the system including local heat sources of
prosumers, taking into account their options to provide power and time
reserves under failures in the system. Methods and models for solving this
problem are proposed, based mainly on the theory of Markov random
processes [2, 3] and the theory of hydraulic circuits [4].

The results of the case study obtained using the developed methodical
approaches are presented. The possible economic and reliability effect of
using the heat source of prosumer for the district heating sytem aggregated
scheme is shown.
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COBpeMeHHbIe MeTOoAbl JUATHOCTHUKHA HEHCHpaBHOCTEﬁ
BbICOKOBOJIbTHBIX dCHHXPOHHBIX ,C[BI/lFaTeJIeﬁ

E.K. Cemenona, A.A. Pagnonos

FOzopckuii cocyoapcmesennviii ynusepcumem, 628012, Xanmei-Mancutickutl
asmonomubill okpye — FOepa, e. Xanmei-Mancutick, yi1. Yexosa, 16
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B cTatbe paccMoTpeHbI HanboJee pacpoCTpaHEHHBIE HEHCIIPABHOCTH
U aedheKThl BBICOKOBOJIBTHBIX ACHHXPOHHBIX JABHraTencit. JlaHHBIA THIT
JIBUTaTeNIell HIMPOKO MNPUMEHSETCS B Pa3IMYHBIX OTPACIAX HApOJHOTO
XO3MHCTBA, MMO3ITOMY CTa0MIBLHOCTh €ro paboThl HUrpaeT JAOCTATOYHO
Gonpiryro  pons  [1]. Takum ob6pazom mpobinema 3(hQPEKTHBHOCTH
JIMarHOCTHKH HEUCIIPABHOCTEH 3JIEKTPUYECKUX MAIIWH HE TepseT CBOeil
aKTyaJIbHOCTH U TpeOyeT NMpUMEHEHUsI Hauboyiee COBPEMEHHBIX METOJIOB U
cpezcTB 3abmaroBpeMeHHOro ooHapyxenust nedekros [2]. [Iposenén 0630p
COBPEMCHHBIX METOIOB JHATHOCTHKH HEHWCIPaBHOCTEH, a Takke
JUAarHOCTHYECKOT0 000pyIOBaHUS UCTIOIH3yEeMOT0 Ha JAHHBIA MOMEHT IpH
9KCIUTyaTaIli BEICOKOBOJIBTHBIX ACHHXPOHHBIX JBUTATEIICH.

Ha nmawHBIli MOMEHT pa3pabaThIBacTCs AOCTATOYHO MHOTO METOIOB
Hepas3pyLIaoUIero KOHTPOJIsl Uit 00C/IeIOBaHMsI IEKTPUUECKUX MalluH U
BBISIBJICHHSI HAH0OJIee paclpOCTPaHEHHBIX 1€(PEKTOB.

Hecmotps Ha 31O, ocraércs mnpobiemMa Tmowcka Hauboiee
TPYIHOJAMATHOCTUPYEMbIX HEHCHpPABHOCTEH aiekTpoaBurareneil. PereHne
JMaHHOW mpoOjemMbl MO3BOIMT Haumboiee dSPPEeKTUBHO OOPOTHCS C
nedexTaMu M HEIOCTATKaMU BBICOKOBOJIBTHBIX JIIEKTPOIBHraTelieif. JTo
TIOMOXET 3HAYMTENIFHO YBEJIMYUTH CPOK CIIyXKOBI, KadecTBO pabOThI
paccMaTpUBaeMbIX ~ aCHHXPOHHBIX ~ JJIEKTPUYECKMX  MalIMH  IIHPOKO
UCTIONIB3YEMBIX B Pa3JIMUHBIX OTPACIISIX HAPOAHOTO XO3SHCTBA.

CnMCcoK JUTepaTypshl

1. leBuyk B.A., Ceméno A.C. // MexIyHapOIHBIH CTyICHYCCKHN
Hay4dHbIH BecTHUK. — 2015. — Ne 3—4. — C. 419-423.

2. CunensuukoB A.M., bouner B.B. // Bectauk UpI'CXA. — 2009. —
Ne 37. — C. 60-65.



82 Mex0d. Hay4yHaa KoHG. «IHep2o-pecypcoshheKmusHocmo 8 uHmMepecax
ycmoliyueozo pazsumus», Tomck, 12—16 Hoabpa 2018

3. Bakanmbuyk A.A., CykbsicoB C.B. // Bectauk UpI'CXA. — 2009. — Ne
37.— C. 60-65.

Modern methods of diagnostics of malfunctions of high-
voltage asynchronous motors

E. K. Semenova, A. A. Radionov

Yugra State University, 628012, Khanty-Mansiysk Autonomous Okrug —
Yugra, Khanty-Mansiysk, Chekhov str., 16

ugrasu@ugrasu.ru

The article deals with the most common faults and defects of high-
voltage asynchronous motors. This type of engines is widely used in various
sectors of the economy, so the stability of its work plays a large enough role
[1]. Thus the problem of efficiency of diagnostics of malfunctions of
electric machines does not lose the relevance and demands application of
the most modern methods and means of advance detection of defects [2].
The review of modern methods of diagnostics of malfunctions, and also the
diagnostic equipment used at the moment at operation of high-voltage
asynchronous motors is carried out.

At the moment, a lot of non-destructive testing methods are being
developed to examine electrical machines and identify the most common
defects.

Despite this, the problem of finding the most difficult to diagnose
malfunctions of electric motors remains. The solution to this problem will
most effectively deal with the defects and shortcomings of high-voltage
motors. This will help to significantly increase the service life, the quality of
the asynchronous electric machines are widely used in various sectors of the
economy.
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AHa/IM3 BO3MO>XKHOCTHY BK/IIOYEHHS Ha NapaJlie/IbHYI0
pa6éoTy HECUHXPOHHO Pa6GOTALIMX YacTel
3HeprocucremMbl TOMCKOM 06/1aCTH

B.E. Pynnuk, A.Il. Mansues, P.A. Yda

Hayuonanvnwviii uccneoosamenvcekuii Tomckutl norumexnuieckuil
yrusepcumem, 634050, 2. Tomck, np. Jlenuna, 30

fordlp006@mail.ru

OObearHEHHe HECHHXPOHHBIX YacTeH SHEPrOCHCTEMBI BO3MOXHO
OCYLIECTBUTh  Pa3UUHBIMH  Croco0amu, MpPUMEHsSST aBTOMaTHYECKOe
MOBTOPHOE BKJIIOUCHHE C YJIaBIMBaHUEM CHHXPOHH3Ma, (ha301I0BOPOTHOE
yCTpOHCTBO, BcTaBKy moctosiHHOro Toka (BIIT). Cpean mepeducieHHBIX
criocoboB  obObemunenusi, BIIT 3apekoMenmoBama ceOs Kak CaMbIid
3¢ GeKTHBHBI ~ MEXaHW3M, NOpEAHA3HAYCHHBIA i1 OOBCITUHCHUS
HECHHXPOHHO paboTaromux 31eKkTposHeprerudeckux cucteM (39C) m ux
gacreii [1].

BIIT ucnonmb3yroTcs A peIIeHHs TaKUX 3ajad, KaKk COCOUHCHHE
HECHHXPOHHO pabotatontnx IIC, KOTOpble UMEIOT pa3iaudHble acToT (50
n 60 I'm coOTBETCTBEHHO), Nepegada 3JIEKTPOIHEPIUH, IOBBIIICHUS
JIOKAJIbHOM M CUCTEMHOHU yrpasisieMocTd D9C, MOBBIIEHUS MPOIYCKHON
CIOCOOHOCTH JJIEMEHTOB CETH, KOTOpBIE COAEp)KaT «cilabbie» CBA3M.
Buenpenne u oskcrutyatamust BIIT B Tomckoit 29C  ompenenser
HEOOXOIMMOCTE B TPOBEJCHMM IIMPOKOTO CHEKTpa aHauu3a o
HCCIICOBAaHUN,  KOTOphIE  BO3MOXKHO  IIPOBECTH  C  IOMOIIBIO
MaTeMaTHYECKOTO MOJICIINPOBAHHS.

W3-3a  OTCyTCTBUS JBYXCTOPOHHEIO IIMTAHHSA CEBEPHOM YacTH
Tomckoit  DO3C  Hame)KHOCTb  ANEKTPOCHAOKEHWS  TOTpeduTenei
HedTe00BIBAIOIICH OTpaciM CHH)KEHA, TPOIYCKHAs CIIOCOOHOCTb CETH
CceBepHOro TpaH3uTa HanpsbkeHueM 220 kB wucuepmana, aelcTBYIOT
OTpaHMYCHUs] Ha TPHUCOEAMHEHHWE HOBBIX IOTpeOuTeNed, COOCTBEHHON
JIEKTPOTEHEpAallMd B CEBEPHBIX paiiOHaX HEJIOCTaTOYHO. B0O3MOXHBIM
pemieHMeM  Bompoca 10 OecriepeOOWHOMY  BJIEKTPOCHAOKEHHUIO
OTBETCTBEHHBIX IOTpeOuTeneil HedTerasoBoro KOMIUIEKCa SBISETCS
ocyliecTBiIeHre napaienbHoi padbotel Tomckoit 32C u Tromenckoi 93C
¢ nomouisto BIIT.

Hccredosanue evinonmneno npu @urancosoii noddepoicke PODU ¢
pamrax Hayunozo npoexma Ne 18-38-00862.
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MaTeMaTH4YeCcKOe MO e/IMPOBaHUE ABJIEHUSA
TenJIo06MeHa B yCJI0BHAX ¢a30BOro
nepexoja M KOHBEKIUU

I'.B. Ky3nenos, B.1. Makcumos, A. Canym
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Hcnonp3oBaHue TOIUIMBA UL OTOIUICHHS IOMEIICHHN IPOIOJDKACT
0CTaBaThCSI OOBIYHON MPAKTHKOH. DTO MPUBOIUT K OTHOCHTEIHFHO BEICOKUM
BLI6pOC&M BPCAHBIX BEHICCTB, BKJIIOYasd MHOI'MEC IPOAYKTBHI HEIOJHOIO
CKUTaHUs, TaKWX, KaK MeJKoaucrepcHble dactuuel (MY2.5) u oxcun
yraepoaa (CO) - 1Ba OCHOBHBIX 3arpsA3HUTENS Bo3ayxa. s yMeHbIIeHUs
BBIOPOCOB MOYKHO HCIIOJIb30BaTh CHUCTEMY TEIUIOBOTO HAacoCa B CHUCTEME
TertocHabxenust [1].

Llenb paGoTHI - aHAJIM3 TEIUIONEpEiaun B CHCTEME TEIIOBOTO Hacoca,
AMEIOIIETO TPYOBI C TEeMIepaTypod HIDKE HYIs B BOJAE, B YCIOBHAX
KOHBEKIINH U (a30BOTO Iepexo/a.

OO0pa3oBaHre IIba Ha IOBEPXHOCTH TPYOBI HCIAPUTENS SIBISCTCS
YacTHBIM CIy49aeM W3 Kiaccuieckoi 3amaum Credana, 9TOOBI OMHCAThH
TpaJMeHT TEMIIEPATYPHI B CpeJie, TIe MPOUCXOAUT mepexo]] (asml.

B HEKOTOPBIX UCCIETOBAHUAX JCTAOT BBIBOM, YTO MPOMUIH JICASTHOTO
CJIOA B KOHCYHOM YCTaHOBUBHICMCA COCTOAHHWH YBCINYUBACTCA JIMHEWHO
BIIOJIb WCTBIThIBaeMOTO ydacTka. Yucno CredaHa M TEMIONPOBOTHOCTH
BJIMAOT Ha CKOPOCTH W BpEMA 3aMCp3aHHA, HO HE U3BMCHIIOT l'IpO(i)I/UIB
ycroitunBoro cios npaa. [lagenue naBieHus BAOJIb TOPU3OHTAIBHOMN TPYOBI
OKa3bIBaeT 3HAYUTENILHOE BIUSHHE Ha CKOPOCTh pocrta mpaa [1, c. 109].
MogenupoBaHue IepeHoca Terula IPH HCKYCCTBEHHOM 3aMep3aHuu
TPYHTOB B COYETAaHUHM C IOTOKOM TPYHTOBBIX BOJ{ OBUIO BBIIIOJHEHO B
pabote [2], rme chmemaH BBIBOJ, YTO 3aMep3aromias cTeHa 00pa3oBaiach
CUMMETPHYHON (POPMBI, TaK KaK TOPU3OHTANBHBIA MOTOK T'PYHTOBBIX BOJ
SIBIISICTCS TIEPIICHAUKYIISIPHBIM K OCEBOMY TYHHEINO, W TOJIIIMHA JIbJa Ha
BEpXHEH YacTu TPyOKH TOHBIIE, YeM Ha HUYKHEH.
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B nHacrosimeit pabore 2D mMonens Oblia MOCTpOeHa B 3aBUCHMOCTH OT
YpaBHEHHI TemIooOMeHa M IMOTOKa XHUIKOCTH. BbIJIO OIpesereHo, 4To
o0Opa3oBaHUe Jb1a CHIKAeT HHTEHCUBHOCTD TeTIooOMeHa Ha 29%.
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Pa3pa6oTKa TeopeTH4YeCKHX M MPUKJIAAHbIX OCHOB
nepeBo/a KOTeJIbHbIX arperaToB C JKUAKOTO
IUIAKOYyAaJIeHUs Ha TBepAoe NpU pa6oTe Ha YIJsIX
KaHcK0-A4YHHCKOro 6acceifHa

H. B. Cenenpankos, E. A. boiiko, C. A. MuxaiijieHko

Cubupckuil ¢edepanvhbiii ynusepcumem, 2. Kpacnospck,
yi. Akademura Kupencroeo, 264

hokli94@mail.ru

3HayuTeNbHAs YacTh OOOpPYJOBAaHUS TEIUIOBBIX  AJIEKTPHUECKUX
cranuuit KpacHospckoro kpas, MpeiCTaBi€Ha yCTapeBIIMMHU KOTJIaMH C
xuakuM  nuakoymanennem  (OKIIY).  Pesympratel MX — JIMTENBHOM
9KCIUTyaTallil YKa3bIBAIOT HAa 3HAYMTEIBHOE OTCTAaBAaHHE B TEXHHYECKOM
Pa3BUTHH TOMOYHBIX MPOLECCOB, BBICOKYI0 MHTEHCUBHOCTb IUIAKOBAHUS U
3arpsi3HEHUs] MOBEPXHOCTEH HarpeBa, IMOBBIIICHHBIE 3HAYEHUS BHIOPOCOB
BPEIHBIX BEIIECTB B aTMOChepy.

Jns  pemieHWs — BBINIETIEPEUMCICHHBIX — IPOOJEeM  pa3paboTaHbl
YHHUBEpCAJbHbIE KOHCTPYKTHBHBIE M PEXKUMHBIE PEKOMEHIALUU IO
OpraHu3aly TOIIOYHOIO MPOLECcca, NO3BOISIIOIUE MOBBICUTh MOLIHOCTD U
9KOHOMHYHOCTH PaboThI KOoTeNbHBIX arperatoB ¢ JKIIIY, cxwuraromux yrim
Kancko-Aunackoro 6acceitna (KAY), a Takke CHU3UTH BEIOPOCHI OKCHIOB
azora. [Ipy peKOHCTPYKIMH 1 TPOEKTHPOBAHUH MTAPOBBIX KOTJIOB TpedyeTcs
BBIMIOJIHUTh ~ MHOTOBAPHMAHTHBIE M MHOTO(AKTOPHBIE  pacUeTHBIC
WCCIIeIOBaHUS, TOdTOMY ObUTO  pa3paboTaHO  CHEUAIM3UPOBAHHOE
IporpaMMHOE obecredeHre, IO3BONSIONIEe OCYIIECTBUTh KOMIUIEKCHBIC
pacueTHble HCCIENOBAHUS TMAPOBBIX KOTIOB. OJHAKO CYyLIECTBYIOLIME
HOPMaTHBHBIE METOAMKH pacyeTa B OOJBIIMHCTBE CIy4aeB HE CIIOCOOHEI
JaTb KOPPEKTHbIE U TOYHBIE PE3YyIbTAThl, MOITOMY A ONPEAEIECHUS
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HanOonee 3¢ (HheKTUBHOW TEXHOIOTMH MOJEPHHU3AIMH KOTEIBbHBIX arperaTtoB
ObUTM  WCIIOJB30BaHBI ~ METOABI  TPEXMEPHOTO  MaTeMaTHYECKOTO
MOJEIMPOBAHMS, PCATU30BAaHHBIE B TPOrPAMMHOM TIPOAYKTE Ansys
Fluent [2]. DddextuBHBIE pelieHHs, MONyYEHHBIE B  PeE3yibTaTe
MIPOBEJCHHBIX pacyeTHbBIX HCCIIEIOBaHNH, MOTYT OKa3aThCs
HEpalMOHAIBHBIMU C HKOHOMHYECKOM TOUKM 3peHus. B sTol cBs3M
IPOBEICHO  TEXHUKO-DKOHOMHYECKOe 0OOCHOBaHHE  pa3pabOTaHHOH
TEXHOJIOTUM MOJIEpHU3AIMK KoTesbHBIX arperatoB ¢ JKIIY, cxwurarommx
KAY.
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B memax ¢opMupoBaHHS TOIXOJa IUIAHWPOBAHUS PEMOHTOB
obopynoBanust TOC Ha ocHOBe ero (pakTHYECKOro COCTOSIHHSL U
MHUHAMH3ALUH yIiepOa oT BO3ZHHKHOBEHUS aBapHii aKTyaJbHOH 3amaueil B
SHEpPreTUKe  CTAHOBUTCS  pa3padOTKa  CHUCTEMBl  JWAarHOCTHKA U
MPOTHO3UpOBaHUsl aBapuiHBIX 0TKa30B (CJIullAO) obGopynoBanus co
CIEeIMaTN3UPOBAHHBIM NPOTPAMMHBIM  O0ECIIEYCHHEM, BBITOIHIIOIINM
OIIEHKY (PAKTHIECKOTO COCTOSHHS MO MOKA3aTEeNsIM Ha/leKHOCTH.

AHann3 CyIIECTBYIOIIMX OTEYECTBEHHBIX (ApOutp ®m ap.) u
3apyOeKHBIX (Windchill Quality Solutions) porpamMmm 1o
IIPOTHO3UPOBAHMIO OTKA30B IPOMBIIIIEHHOTO O0O0PYAOBaHMS ITOKa3al HX
y3KyI0 HANpaBI€HHOCTh U CIOXHOCTb NPUMEHEHUS JUIsl CHCTEMHOIO
IIPOTHO3UPOBAHHUS aBAPUIHBIX CUTyallUil Ha DJIEKTPUYECKUX CTAHIMSIX.

B xone BbInosHEHUS PabOTHI, C HCIIOJIB30BAaHHEM pPa3pabOTaHHOTO
kinaccudukaTopa 00OpYIOBaHMS, ONIPENENCH IIEPeUeHb YIPABISIONINX
BO3JCHUCTBUII 1O CHIXKEHHIO BEPOATHOCTH OTKA30B IO KAXKAOMY THUILY
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000pyI0BaHUs ¥ BUY OTKa3a, IOCTPOCHA (PYHKIMOHAIBHAS CXEMa CTAHIIUU
(743 anmemeHTa), OTpaXkaromas B3auMOCBSI3b MEXKIy SJIEMEHTAMH C TIO3UITUHI
HajexHOCTH. Pa3paboTannas matemarudeckas moxenbs CAullAO sBusercs
CHHTE30M CYILECTBYIOIIMX PacyeTHBIX METOJIOB OLICHKH HaJexkHOCcTH [1, 2].
HcXOAHBIMU JaHHBIMUA B QITOPUTME Pa3pabOTAaHHOW MOJEIH SIBISIOTCS
TEKylIMe MapaMeTpbl pexuma paboThl W CTATUCTUKA BO3HUKHOBEHUS
coObiTHil. B pe3ynaprare pacyeToB OMPENCNAIOTCS JIHATHOCTHPYEMBIC
COOBITUSL ¥ BEPOSITHOCTH MX BO3HHUKHOBCHUS, 3JICMEHTHI TEXHOJIOTHYCCKON
CXeMBbl COOBITHH, TMapaMeTphl, BIHUAIOIMIAC HAa HMX BO3HHKHOBCHHE,
PEKOMEHyeMbIC YIPABIIAIONIME BO3JCHCTBUS U OLICHKA YKOHOMHYECKOIO
yimepba IUATHOCTUPYEMBIX W IPOTHO3HPYEMBIX COObITHIA. C  IENbI0
MMOCTOSIHHOW ~ aKTyajM3allMd CTATUCTHYCCKUX JaHHBIX BO3HUKHOBEHUS
cOOBITHH, a TakkKe /A YyHUPUKAMK BBOJAA [AaHHBIX [0 OTKa3aM
chopMupoBaHa CTPYKTypa U mporpamma 0a3bl 3HaHUN aBapUIHBIX OTKA30B.

Unrepdeiic MPOrpamMMBbl BBIMOJIHSETCS B KOHIICTII[UH
MHOrojokymentoro wunrepgeiica (MDI) B cpene C++ Builder ¢
ucnons3oBanreM b/l MySQL, gto mo3BonuT ucmonb3oBath [10 Ha mob6oM
MePCOHATBLHOM KOMIThIOTEPE.
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IloBbIlLIEHHUE IHEPTreTUYECKOH 3P PEeKTUBHOCTH
MarvcTpaibHoOro HeprenpoBoja

C.0O. Crprox

Hayuonanvnwiii uccredosamenvcekuii Tomckuil noaumexHu4eckuil
yuueepcumem, 2. Tomck, np. Jlenuna, 30
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Jlnist ycTiemHoro 5KOHOMUYECKOT0 Pa3BUTHS KaXKI0€ MPEANPUSTHE 110
TPAaHCIIOPTHPOBAHMIO HEPTH JJOJDKHO CTPEMHTHCS K COKPAIICHUIO 3aTpaT Ha
TPAaHCIIOPTHPOBKY NPOYKTa [0 MarucTpaibHBIM TPyOOIIpoBOAaM.

OCHOBHBIE 3aTpaThl MOTPEOISIEMON MOIIHOCTH HUAYT Ha MPEOIOJICHUE
THPaBIMYECKOTO  CONPOTUBIICHHMS  TpyOompoBoxa,  pabory 1o
MIPOU3BOJICTBY HaTopa, repeaBaeMoro CIeyIonIei HedTe-
NepeKadnBaomeil craHmuu, W padoTy 1O MPEOJOJICHHIO Pa3HOCTH
T€0/Ie3NUECKHUX BBICOT.
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Takum o0OpazoM, OIHMM M3 CIIOCOOOB COKpAILEHUS 3aTpaT 3HEPIUU
SIBISIETCSI CHIDKCHHE THIPABINYECKOTO CONPOTHBICHUS JIMHEHHOW dYacTh
TpybOompoBoga. CocCTaBiIAOMNE THAPABINIECKOTO CONPOTHBICHUS AETAT
Ha JIBa KJIacca: MOCTOSIHHBIC W M3MEHSIOIINECS BO BPEMEHH.

B mepBoM ciydae CHIKEHHE 3HEPro3aTrpar MOKET OBITh JOCTHTHYTO
3a CUeT TOYHOIO pacyeTa BaKHEHWIIMX MapaMeTpoB TpyOompoBoma c
MOMOIIBIO CTIEIUANBHBIX IpOrpaMM. Takue pacdeTsl TOUHO OINpPEeIsIOT
THJPaBIMYECKOE COIMPOTUBIICHHE TPYOONPOBOJOB, HACOCOB, U aIlIapaToB.
O heKTUBHBIM CIIOCOOOM CHIDKEHHSI 3aBTpPAaT JHEPIUU TP IepeKauke
He(TEeNPOIYKTOB SIBJISIETCSl COKpAI[EHUE COINPOTUBIICHHS PEryaHpyroIen
apMaTypsbl.

Eme oauH cmoco06 CHMKEHUS THUAPABIMYECKOTO CONPOTHUBICHUS
3aKJIFOYaeTCsl B MPUMEHEHHH IIPOTHBOTYPOYICHTHBIX MPUCATOK, MOJIEKYJIIBI
KOTOPBIX pAcCIIONIararoTCsi BIONb JBIDKCHHS MOJIEKYJ JKHIKOCTH U
CTIaXWBAIOT ITyIbCAIIMN 1aBJICHHS.

Bo BrOopoMm ciywae - onTHMu3anMed rpaduka Mpomycka OYMCTHBIX
YCTpPOMCTB.

Takum 00pa3oM, ONMHMCAHHBIE CIOCOOBI MO3BOJIAIOT MPEIIPHUATUSAM TI0
TPaHCIIOPTHPOBaHMIO HePTH U  HEPTENPOAYKTOB yMEHBLIMTH Kak
SHEpreTUYecKre, TaKk U (PUHAHCOBBIC 3aTPATHI.
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006 oneHKe BbICIIUX TAPMOHMK
B «MHTEJJIEKTYaJIbHBIX» CETSX

E.B. Tapacos, B.{l. Ymakos
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AKTYaJIIbHOCTB ~ pEIICHHs TpOoOJeMbl CHIKEHHS 3(QeKTHBHOCTH
JIEKTPONIOTPEOICHUsT  M3-32  BIMSHHUS ~ BBICOKMX  TI'apMOHHYECKHX
COCTAaBISIIONIMX B CETAX obocTpsercs OOBEKTUBHOM TEHICHIMEH K
YBEIMYCHHUIO J0JIM HETMHEHHOW Harpy3KH, OTCYTCTBHEM Yy HOTpeOHuTenen
3aHHTEPECOBAHHOCTH B CHIDKEHHH IO BHICOKHX TapMOHHK B cetr [1-3].



Cekyus 2. TeopemuyecKue 0CHOBbI M08bIUIEeHUs HepaemuyecKoli
aggpekmusHocmu

Bemmonnennsle  corpynHukamu  HHW  TIIY  uHCTpyMeHTanbHbIE
9HEPreTUYecKHe OOCIEeNOBaHUA PEXHMOB pabOTHl pacHpeAETUTEIbHBIX
anekTpmyecknx cered 110 B, BesBHIM medblii  psAn  GakTOpOB,
CHIDKAIOMHUX 3 (HEKTUBHOCTD UX YHKIIMOHUPOBAHUS:

— HCKaXeHMs (Da3HBIX HANPSHDKEHUH B y3/1aX CETH BBIXOIAIINE 3a

npenensl, ycraHoBiaeHHble [ OCToM Ha KauyecTBO HANPSKESHHS;

— HECUMMETpPHsI  OCHOBHOM  TapMOHHYECKOW  COCTaBIAIOLIEH
HamNpsOKEHUs, B psAAe CIIydaeB BBIXOJAIIAS 3a YCTaHOBJICHHBIE
IIpeebl;

— HECHMMETpHS M UCKaXKEHUS (Da3HBIX TOKOB B 3JIEMEHTaX CETH;

— HaJM4YUe BBICIINX TAPMOHHUYECKUX COCTABIIAIOUINX U JP.

[Mpexacrosiue npeoOpa3oBaHUsl CUCTEM Mepeladd M pacrpeeeHus
sHepruu B Poccuu B cBsi3u ¢ peanmsanueii konnenuun Smart Grid, TpeOyroT
N3y4EeHUS] TPOOJEMBI BBICHIMX TapMOHHYECKHX COCTABIIIOIMX B TaKUX
HETPaIUIUOHHBIX ceTsix [1-3].

B crarse 00CYXIaloTCsl MOAXOAB! K PEUICHUIO TaHHOW MPOOJIeMBbI 1
MIPE/ACTAaBICHBl HEKOTOpPBhIE KOHKpPETHBIC HIark. B wactHOCTH, mmist Gosee
TOYHOTO KOHTpPOJII KauecTBa JJIEKTPUYECKON »JHEPrMH B  acleKTe
HECHHYCOUJAJIBHOCTH MPEUIOKEHO pas3fieIbHOe M3MEpeHHe HHEpPIruu
OCHOBHOHM FapMOHHKH U BBICIINX TAPMOHUK.
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On the higher harmonics estimation in Smart Grids
Evgeniy V. Tarasov, Vasily Ya. Ushakov

National Research Tomsk Polytechnic University,
30, Lenin Avenue, Tomsk, 634050, Russia

e.tarasov@inbox.ru

The solution of the problem low efficiency of power consumption due
to the influence of high harmonic components in networks becomes
especially relevant by the objective tendency to increase the share of
nonlinear load, the lack of interest in consumers in reducing the share of
high harmonics in the network [1-3].
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The instrumental energy surveys of the operation modes of the
distribution networks 110 kV performed by the employees of the NR TPU
revealed a number of factors that reduce the efficiency of their operation:

— Phase voltage distortion in the network nodes beyond the limits set

by GOST on the voltage quality;

— Asymmetry of the main harmonic voltage component, in some cases

beyond the established limits;

— Asymmetry and distortion of phase currents in the network

elements;

— Presence of higher harmonic components, etc.

The forthcoming transformations of the transmission and distribution
systems in Russia due to the implementation of the Smart Grid concept
require the study of the higher harmonic components problem in such
unconventional networks [1-3].

The article discusses approaches to solving this problem and presents
some concrete steps. In particular, for a more accurate control of electrical
energy quality in non-sinusoidal electrical networks mode, a separate
energy measurement of the fundamental harmonic and higher harmonics is
suggested.
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YucieHHOEe MOJe/IMPOBaHME TEMJIOOTAAYM MPHU
HAJIMYUHU MPOJ0JIbHOTO FPpaJjeHTa AaBJIeHUS
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B ra3oTypOMHHBIX YCTaHOBKaX TEIUIOOOMEH OCYIIECTBISIETCS MPH
HAIMYAHA ~ TPAJAWCHTa JABJICHUSA. [ paJWeHT JaBICHHS  OKa3bIBacT
CYIIECTBEHHOE BIHMSHHE Ha JIOKAJNbHBIC 3HAYCHUS KO3(PPHUIHUCHTOB
termooTnayu [1]. I'paguieHT naBneHUs OBITH MOJIOKHTEIHLHBIM (PaKTOPOM
JUTT MHTEHCHU(DHKALMK TEIUIO00OMEHA, HallpUMEp, B KaHajlaX IUIACTHHYATHIX
TEIJI00OMEHHHUKOB [2-3], ¥ OBITh OTPUIIATENBHBIM (DAKTOPOM, CHIIKAIOIITUM
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3G PEKTUBHOCTh OXJIAKAEHHUS Jonatok TypOuH [4]. B asroii cBsa3m, mnpu
MIPOCKTUPOBAHNH HOBBIX TETJIOOOMEHHBIX amNlapaToB, MpU pa3paboTKe
3¢ (GEeKTUBHBIX CHUCTEM OXJIAXIEHHS SJICKTPHUECKUX MAamuH [5], cuctem
OXJIAX/ICHUS 3JEMEHTOB Ta30BBIX TypOWH [4] I CHIKCHHE 3aTpaT Ha
MIPOCKTUPOBAHKE, TPEOYETCsl HCIOIb30BaTh UYHCICHHOE MOJICITHPOBAHME.
PaGota mocesimieHa YHMCICHHOMY HCCIICIOBAaHHIO TEINIOOOMEHa B KaHale,
npoduib KOTOPOrO CIPOEKTUPOBaH 1o Qopmyie BurommHckoro, npu
HaJIMYUH TPOJIOJIHLHOTO IPaJMeHTa AaBJICHHUS M C OJMHOYHOW JYHKOMH, Tak
KaKk HOBEWIINE CUCTEeMbl INICHOYHOTO OXJIQXKICHUS JIONAaTOK TypOOMaIinH
[4] ucnonp3yroT noaavy oXJaaMTeNs U3 JIYHOK. B pe3yibpraTe 4nclieHHOTO
HCCIIeIOBaHMS BBISIBIICHO, uTo mpumMeneHne RANS momxoma u k-epsilon
MoJenu TypOyJCHTHOCTH TOKa3bIBaeT 3aBBINICHHBIC 3HAYCHHs (10 2 pas)
JIOKIBHBIX KO3()(GHUINEHTOB TEIUIOOTAAYN JUIS JYHKH O CPaBHEHHIO C
9KCTIEPUMEHTAIBHBIMHU JJAHHBIMH 1 110 CPAaBHEHHUIO ¢ MOAENBI0 k-W SSt.
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Numerical simulation of heat transfer in channel with a
longitudinal pressure gradient
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In gas turbine units, heat exchange is carried out in the presence of a
pressure gradient. The pressure gradient has a significant effect on the local
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values of the heat transfer coefficients [1]. The pressure gradient should be
a positive factor for the intensification of heat exchange, for example, in the
channels of plate heat exchangers [2-3], and be a negative factor reducing
the cooling efficiency of turbine blades [4]. In this regard, the design of new
heat exchangers, the development of effective cooling systems of electric
machines [5], cooling systems of gas turbine elements [4] to reduce design
costs, it is required to use numerical simulation. The work is devoted to the
numerical study of heat transfer in the channel, the profile of which is
designed according to Vitoshinsky's formula, in the presence of a
longitudinal pressure gradient and with a single hole, since the latest film
cooling systems of Turbomachinery blades [4] use the coolant supply from
the wells. As a result of the numerical study, it was found that the
application of the RANS approach and the K-epsilon turbulence model
shows inflated values (up to 2 times) of local heat transfer coefficients for
the well in comparison with the experimental data and in comparison with
the k-w SST model.
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NMHeBMaTH4ecKoi GopCyHKOMN
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B mHacrosimee BpeMs IEpCIEKTHBHBIM TOIUTMBOM, B YaCTHOCTH, IS
MaJioll DJHEPTeTUKH, SIBISIOTCS BoaoyroibHble cycnensuu (BYC) [1].
DOopCyHKH, UCTIONB3YEMBIE ISl CAKUTAHUSI CyCIIEH3UOHHBIX TOIUIUB JIOJIKHEI
YIOBJICTBOPSTh PsAy CHCIHUANBHBIX TpeOoBaHWU. [Ipu JBHKCHHUU Takou
CyCIICH3UH MO Y3KMM KaHajJaM HEpeAKO MPOMCXOIUT 3alHpaHHe KaHaJOB.
Kpome TOro, HECMOTpsi Ha JOCTAaTOYHO BBICOKYIO AMCHEPCHOCTH YaCTHUI
VOIS ®W  KaXYIIyIOCS IUIACTUYHOCTh — cycmeH3un, BYC  sBmgercs
BBICOKOPO3HOHHEIM  TPOAYKTOM.  COOTBETCTBEHHO,  KOHCTPYKIHS
(GOpCYHKH HE [OJDKHAa WMETh Y3KHX KAaHAJIOB M CO3/1aBaTh BBHICOKYIO
CKOpPOCTD JBIKCHHUS YaCTHI] BOJIM3U CTCHOK.

B nannoil paboTe MpoOBeNEHBI HCIBITAHUSA JTA0OpPaTOpPHOrO obOpasia
MTHEBMAaTH4eCKOW (OPCYHKH CIELHUaIbHOW KOHCTPYKIIMH, OCHOBaHHOW Ha
HCTIONB30BaHUH CBOWCTB KYMYJSTHBHEIX CTPYH, TOPOMIATBHBIX BHXpEH U
spdexra Koanma [2]. Takas dopcyHka MOXKeT ObITh HCHOJB30BaHA IS
JUCTIEPTUPOBAHMUS KHUJIKOCTEH M CYCIICH3H, B YaCTHOCTH, BOJOYTOJIHHBIX.
OKcliepUMeHTaJdbHasg YCTAHOBKA II03BOJIAET TIOJydaTh CBEPX3BYKOBOIT
ra3okarenbHbIi IOTOK: CKOPOCTh Hecymiel ¢asbl 10 500 M/c, npu JaBaeHUH
raza mgo 0.4 MIla, pacxon skuakoctd mo 500 kr/a. C mpuMeHEHHEM
(doTocreMKH oTIpe/ieIIcH JTiara3oH PEKUMHBIX mapaMeTpoB,
o0ecrieunBaONIMX YCTOMYUBBIH pexuM pabotel (opcyHkH. BHe 3TOTro
JMara3oHa HAOIOAAIOTCS CHJIBHBIE ITyJBCAI[M Ta30KaleIbHOTO ITOTOKA.
VYcTaHOBIIEHO, YTO B JAHHOM JIHAIla30HE PEKUMOB YTOJ PACKPBITHS CTPYH
ra30KarenbHOro NMOoTOKA c1abo 3aBUCUT OT pacxoja >KUJIKOCTH U JaBICHUS
raza. Co3maHHas SKCIEPUMEHTalbHAS W MeToJu4ecKas 0a3a IO3BOJISIET
IIPOBECTH B JabHEHUIIIEM H3MEPEHHUS AUCIIEPCHOTO COCTaBa TEHEPUPYEMOTO
ra3oKameNbHOTO TII0TOKAa C IENBI0  ONTHMH3AIMH  PEXUMOB  pabOTHI
(hopCyHKH.

Paboma evinonnena npu gunancosoii noodepacke PODPU (npoexm Ne
18-38-00153-mo01_a).
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Characteristics of a gas-droplet flow at various regimes
of liquid spraying with a pneumatic nozzle
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Currently, perspective coal, in particular for small-scale power
generation, is water-coal suspension (WCS) [1]. Nozzles used for
combustion of slurry fuels must meet special requirements. When such
suspensions move along narrow channels, they are often blocked. In
addition, despite the rather high dispersity of the particles and the apparent
plasticity of the suspension, the WCS is a high erosion product.
Accordingly, the design of the nozzle should not have narrow channels and
high velocity of particles near the walls.

In this paper, a laboratory sample of pneumatic nozzle of special
design [2] based on the use of the properties of cumulative jets, toroidal
vortices and the Coanda effect was carried out. Such a nozzle can be used
for spraying liquids and suspensions, in particular, water-coal ones. The
experimental setup makes it possible to obtain a supersonic gas-droplet
flow: the velocity of the carrier phase is up to 500 m/s, with a gas pressure
up to 0.4 MPa and liquid consumption up to 500 kg/h. With the use of
photography, a range of regime parameters that ensure a stable operating
mode of the nozzle was determined. Outside this range there are strong
pulsations of the gas-droplet flow. It is established that in this range of
conditions, the jet opening angle for this gas-droplet flow slightly depends
on the liquid consumption and the gas pressure. The created experimental
and methodological base allows further measurements of disperse
composition of generated gas-droplet flow in order to optimize the
operating conditions of the nozzle.
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UcciepoBaHue XapaKTepHCTUK ra3oKanejibHOro
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[IpobGmema 3¢ PEKTHBHOTO JCTICPTUPOBAHUS KUTKAX
YIJIEBOJIOPOIHBIX TOIUIMB (B T.4. BBICOKOBSI3KHMX) SIBIISIETCS OJHON U3
KJIFOUEBBIX TMPH TPOEKTHUPOBAHUU TOPEIOYHBIX YCTPOiCTB. Pacmbuienue
TOIUIMBA, MOJaBaeMoOro uepe3 (OPCYHKY, KaK MPaBUIIO, NPUBOAHUT K
KOKCOBaHHIO, YTO CHIDKAET HaJeKHOCTh 00opyaoBaHus. B nanHoit padore
HccieayeTcs HEepPCIeKTHBHBIH CIIOCO0 pacmblia CBOOOJHO HATEKAIOIIEro
TorMBa cTpyei mapa [1]. Takoil cmoco06 uHCKIo4aeT mpobiemy
KOKCOBaHHS M TIPUMEHHUM Ha MPAKTHKE B CTALIMOHAPHBIX YCIOBHUSIX.

C ucnons3oannem merona IPI (Interferometric particle imaging) [2]
HAa TPUMEpPE JM3EJIbHOrO TOIUIMBA ITOJIyYeHbI 3aBHCUMOCTH JUCIIEPCHOTO
COCTaBa Ta30KalleIbHOr0 MOTOKA OT PEXKUMHBIX MapaMeTpoB (pacxox u
TEMIIEpaTypa napa, pacxoxn TOIUIHBA). Haitnenst YCIIOBHS,
obecrieunBamIe YCTOHYMBOE BOCIUIAMEHEHHE U BBICOKYIO IOJHOTY
CropaHus KUJKUX YTIIe€BOJI0POIOB.

Paboma evinonnena npu gunancosou noodepaicke PODU (npoexm Ne
18-58-00025-hen_a).

CHnHCOK 1UuTepaTypsbl

1. TTarent P® na uzoOperenue Ne 2450207, ['openovynoe ycTpoicTBo.
Omny6aukosano 10.05.2012, mpuopuret ot 28.10.2010, marenTooOnanarens
UT CO PAH. Asrop: Burpusuos M.C.
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2. buneckuii A.B., Jloxkun FO.A., Mapkosuu J[.M. Uutepdepo-
METPUYECKHH MeTOoJ M3MepeHHs auameTpoB kamens // Temropusmka u
a’pomexanmka. 2011. T. 18. Ne 1. C. 1-13.

Investigating characteristics of a gas-drop flow when
diesel fuel is sprayed with a steam jet

O.V. Sharypov, I.S. Anufriev, E.Yu. Shadrin, E.P. Kopyev

Kutateladze Institute of Thermophysics SB RAS, 630090, Russia,
Novosibirsk, 1 Lavrentiev ave.

anufriev@itp.nsc.ru

The problem of effective dispersion of liquid hydrocarbon fuels
(including highly viscous fuels) is one of the key problem in the design of
burner devices. Spraying fuel delivered through the nozzle, usually leads to
coking, which reduces the reliability of equipment. In this paper a
promising method of spraying a freely flowing fuel with a steam jet [1] is
investigated. This method eliminates the problem of coking and is
applicable in practice under stationary conditions.

Using the IPI (Interferometric particle imaging) method [2], the
dependence of the dispersion composition of a gas-droplet flow on regime
parameters (steam consumption and temperature, fuel consumption) on the
example of diesel fuel was obtained. Conditions that ensure stable ignition
and highly complete combustion of liquid hydrocarbons were found.

The work was supported by the Russian Foundation for Basic
Research (Project No. 18-58-00025-Bel_a).
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Cekyus 2. TeopemuyecKue 0CHOBbI M08bIUIEeHUs HepaemuyecKoli
aggpekmusHocmu

HcnbIiTaHue yCTPOUCTB peslIeMHOM 3aLUThI C
npuMmeHeHueM cucrembl RTDS

A.E. Aunpeituenko, C.M. IOaun
Tomckuii nonumexuuueckui ynusepcumem, 2. Tomck, np. Jlenuna, 30
yudinsm@tpu.ru

RTDS (Real Time Digital Simulator) — chemmanusupoBaHHbIH
KOMIUIEKC, MpEIHA3HAYCHHBIA I MOAEIMPOBAHUS  CTAHMOHAPHBIX
PSKMMOB M 3JEKTPOMArHWUTHBIX  IIEPEXOJHBIX  IIPOIECCOB B
anekTposHepreTndeckoi cucrteme (OC) B pearbHOM MacmTabe BpPEMEHH.
OTnMYuTenbHOM OCOOCHHOCTBIO KOMILIEKCA SBJISCTCS TO, HYTO OH
(opMHupyeT SIICKTPUUYECKHE CUTHAIBI (TOKH WM HANPSDKECHHSA), MMEIOIUE
Mecto B Mozeiupyemoir OC, B (usuueckoii Gpopme B Buie HanpspKEHHH C
ammuryznoit 10B. Ilocne mogaun 3TUX CUTHAJIOB HAa BXOJ| YCUJIIMTENS TOKa
U YCWINTENs HAaNpsDKSHUSI COOTBETCTBEHHO, BBHINOJIHUB MacIITaOupoBaHHUE,
MOJy4yaeM BTOPHYHBIC TOKHM U HAINPSHKEHUS, COOTBETCTBYIOLIHE PEATbHBIM
npoueccaM B JC. Takum 00pa3om, €ciu 3al0KHTh B MOJEIHPYIOIIUiT
KOMIUIEKC (parMeHT SHEpProcUCTEMbl C €€ peajlbHbIMH MapaMeTpamy,
MOYKHO TNIPOBOANTH UCIIBITAaHHUSI KOHKPETHBIX YCTPOHCTB PEJICHHON 3alUTHI
U aBTOMAaTHKM B YCIOBHSAX ONM3KMX K peaJbHbIM JUIA JaHHOH
sHeprocucTteMbl. B 0a3ax MaHHBIX CIEIHAIM3MPOBAHHBIX IMPOTPAMMHBIX
KOMIUIEKCOB, MCIIOIb3YEMbIX JUIS pacueTa yCTPOWCTB peleHHOH 3amuThl 1
JUISL pacyueTa MapamMeTpoB aBapHHHBIX PEXHMMOB 3aKJIaJ(BIBAIOTCS CIOXKHBIE
CXEMBI PHEPrOCHUCTEM, MMEIOIIHe OOJIBIIOe KOJIMYECTBO Y3JIOB M BETBEH.
Co3maHue CXeM TaKoW ke CIIOKHOCTH B KoMmiuiekce RTDS Bo3MokHO, HO
TpeOyeT KOJMUYECTBEHHOTO HApaIlMBaHUS TPOILECCOPHBIX  MOAyNel
KOMITIeKCa. DTO HSKOHOMUYECKH Herenecoobpa3Ho. Jlpyroil cmocob —
BBIIIOJIHUTh OKBUBAJCHTHPOBAHHUE CXEMBbl JI0 TPHEMIIEMBIX pPa3MepoB.
OcCyIecTBUTH 3TO MOXHO, HAIIPHUMED, C MOMOIIIBIO POCCHICKOI TPOrpaMMbl
Jus pacdera ycTaBok penerHoi 3amutel APM CP3A. HMmeromuiics B ee
coctaBe nporpammubiii monyiar PACCYUHET 3KBUBAJIEHTOB CETHU
TI03BOJISIET BBIMIOJIHUTD 3Ty 3a7ady.

C mnomompio mnporpaMmmel APM  CP3A  Opula  crpoekTupoBaHa
JMCTAHIIMOHHAs TPEXCTyNeHuYaTas 3alliTa peajbHOW JIMHUM OJHOH U3
sHeprocucreM Poccum. 3arem, Imocie 3KBHBAJICHTHPOBAHUS, YNPOILECHHAs
cxema ObUia CMOJIENTUpOBaHa ¢ oMolibio kKoMiuiekca RTDS u ¢usnueckue
CUTHAJIBl IIOJABAJICh HAa pealbHOE YCTPOWCTBO pPENEHHOM 3allUThl —
1952607 016. Ha Bcex 3Tamax MpOBOJMIOCH CPAaBHEHHE AJIEKTPHUECKUX
CUTHAJIOB B XapaKTepHBIX pekumMax. McrplTaHue Mokasano, 4To JaHHBIN
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OK3CMIIIAP B HEKOTOPLIX PEIKUMAX UMECT OTKIOHCHUS, YTO MOIJIO OBITH
HE3aMCYCHHBIM TP OTCYTCTBUU TaKUX HCTIBITAHUH.

Testing devices of relay protection by RTDS system
A.E. Andreychenko, S.M. Yudin
Tomsk Polytechnic University
yudinsm@tpu.ru

RTDS (Real Time Digital Simulator) is a specialized complex for
modeling of stationary regimes and electromagnetic transients in power
system (PS) in real time. A distinctive feature of the complex is that it
generates electrical signals (currents and voltages) occurring in a simulated
PS, in physical form, in the form of voltage with amplitude of 10V. After
sending of these signals to the inputs current amplifier and voltage
amplifier respectively, performing scaling, we get secondary currents and
voltage, corresponding to real-life processes in PS. Thus, if set the fragment
of power system with its real parameters into simulating complex, you can
test specific devices of relay protection and automation in conditions close
to real for this power system. Databases of specialized software complexes
used for calculating relay protection devices and for calculation of
parameters of emergency regimes have a sophisticated schemes of power
systems. These schemes have a large number of nodes and branches. There
is require quantitative increase of processor modules of the complex to
create schemes of the same complexity in complex RTDS. It is
economically inexpedient. Another way is to perform an equivalent circuit
to acceptable sizes. Can do so, for example, using Russian program for
calculating relay protection settings AWP SRP (APM CP3A). Its
composition software module CALCULATION EQUIVALENTS
CIRCUIT allows you to perform this task.

With the help of the program the AWP SRP was designed impedance
protection real line one of the power systems of Russia. Then, after
equivalization, simplified version was modeled using complex RTDS and
physical signals submitted to the real device of relay protection-SHE 2607
016. At all stages, the electrical signals in specific modes was compared.
The tests showed that this unit in some modes has a deviation that could be
unnoticed in the absence of such tests.



Cexkuusd 3. IKO3HepreTukKa

IlosnynpoMbill/IeHHbIEe IKCIepUMEHTa/IbHbIe
HUCC/IeJOBAaHUS NEePCNEeKTUBHON TEXHOJIOTUM CHUKEHM S
BbIOPOCOB BpeJHbIX BelleCTB NbleyrojbHbiX TIC

E.A. boiiko, A.B. Ctpamnukos

Cubupcruii pedepanvuviii ynusepcumem, 660041, 2. Kpacnospcx,
np. Ceoboonwiii, 719

EBoiko@sfu-kras.ru

IIpencraBneHsl  pe3ynbTaThl 3KCHEPHMEHTANBHBIX — HCCIEAOBaHMI
MIPEABAPUTEIHHON TEPMHUYECKOH OOpabOTKM TOIUIMBA IEpe] CXKHUTaHHEM
Kak croco0a CHIDKCHHS BBIOPOCOB BPEIHBIX BEUIECTB Ha TEIUIOBBIX
JIeKTpOCTaHIMAX. [IpuBeneHa Mozmenb 0Opa3oBaHWS OKCHUAOB a30Ta IpH
CKWTaHHUW YTOJBHOM MBUIH IO KTHETHIECKOH cxeMe MuTuemna—Tapoena.

Jlis mpoBeneHusl HaTypHBIX OTHEBBIX HCIBITAaHUM OBIT MCIOJIB30BAaH
sKcriepuMeHTanbHbIH cTeHn kadeapslr TOC COY, npou3BOAUTETHLHOCTHIO
150 kr/u. Jlama TexXHOJIOTMYECKas CXeMa U ONHUCaHHE pPabOThI
YCTaHOBKH.DKCIIEPUMEHTAIBHBIE HCCIEOBAHUS TPOBOAMINCE IO ABYM
cxemam. [IlepBags — cxKWraHme MHCXOZHOTO TOIUIMBA, BTOpas — C
NpeIBapUTEIbHON TePMUUECKONH 00pabOTKOM yroJibHOM MbUIM B MHTEpBaJIe
Temnepatyp meuierazoBoir cmecu ot 300 mo 900 °C u BpemeHeM 00pabOTKH
ot 2,5 1o 0,6 c.

[IpencraBneHsl  pe3ynabTaThl  HWCIBITAHWH B 3aBUCHMOCTH  OT
TEMIIEpaTyphl TIPEIBapUTENbHON O0pabOTKH: IO J0Jie a30Ta TOIUIMBA,
Mepemeero B Ipolecce TEPMOXMMHYECKOTO  NPEBpAICHHS B
coemunennsi HCN, NH; and NO; mo OTHOCHTETBHOMY pacIpeIeCHHIO
asota mexnay coenuuenHmsivu HCN, NH; and NO, kotopeie o6pasytorcs B
Tporecce MpeABapUTENbHON TepMUYIECKOi 00paboTKH OEepe30BCKOTO YIIIs
Kancko-aunHCKOTO MecTopoXkaeHns. Paccmorpeno BimsiHME Kodddummenrta
n30BITKa BO3AyXa Ha COJEprKaHWEe OKCHAOB a3oTa. [IpmBeneHa3aBHCHMOCTB
KOHIICHTpAIlMd ~ OKCHIOB a30Ta B TMPOAYKTaX CrOpaHWS OT IJIyOWHSBI
TIPE/IBApUTEIIGHON ~ TEPMUYECKOH  O00paOOTKM  pSIZIOBOTO M OKHCIICHHOTO
0EpE30BCKOTO YIS, @ TAKKE OT TEMIIEPATYPhI CHKUTAHHSL.

Janel  GoOpMynbl XMMHYECKHX pEAaKIHMH W OIMCaHWE IPOIECCOB
o0pazoBaHUsl OKCHAOB a3oTa. [3imokeHO TeopeTHyeckoe 00OCHOBaHHE
BIMSHHUS  YCJIOBHM M  PEXKMMOB OpraHW3allMM  IPEJBaPHTEIHLHOMN
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TEPMHUUYECKOI 00padOTKH YISl Ha CHI)KEHHE BBIOPOCOB OKCHJOB a30Ta NpHU
CKUTaHUU TIPOTYKTOB TEPMOOOPAOOTKH.

Semi-industrial experimental studies of promising
technology to reduce emissions of harmful substances
of coal-fired power plants

E.A. Boiko, A.V. Strashnikov
Siberian Federal University, 660041, Krasnoyarsk, Svobodniy, 79
EBoiko@sfu-kras.ru

The results of experimental studies of pre-heat treatment of fuel before
combustion as a way to reduce emissions of harmful substances in thermal
power plants are presented. The model of formation of nitrogen oxides
during coal dust combustion according to the Mitchell-Tarbell kinetic
scheme is presented.

To conduct full-scale fire tests were used in the experimental stand of
the Department of thermal power plants SFU, capacity 150 kg/h. The
technological scheme and description of the installation are given.
Experimental studies were conducted on two schemes. The first is the
combustion of the initial fuel, the second-with preliminary heat treatment of
coal dust in the temperature range of the dust-gas mixture from 300 to 900
°C and processing time from 2.5 to 0.6 s.

The test results are presented depending on the pretreatment
temperature: the proportion of fuel nitrogen, which has passed in the
process of thermochemical transformation into compounds HCN, NH; and
NO; the relative distribution of nitrogen between the HCN, NH; and NO,
which are formed in the process of pretreatment of Berezovsky coal of the
Kansko-Achinsk Deposit. The influence of air excess coefficient on the
content of nitrogen oxides is considered. The dependence of the
concentration of nitrogen oxides in combustion products on the depth of
pre-heat treatment of ordinary and oxidized Berezovsky coal and the
combustion temperature is presented.

Formulas of chemical reactions and description of the processes of
formation of nitrogen oxides are given. The theoretical substantiation of the
influence of conditions and modes of organization of preliminary thermal
treatment of coal on reduction of emissions of nitrogen oxides during
combustion of heat treatment products is stated.
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BHEPFETI/I‘{ECKI/IE M 3KO0JIOTHYECKHE NTOKa3aTeJ/In
C)KHUTaHHUA BbICOKOBJIA’KHBIX TOIIVIMB HA OCHOBE
TUIIAYHBIX TOPOACKHUX U ITPOMBILIJICHHBIX OTX040B

K.IO. Bepmununa

Hayuonanvnwiii uccnedosamenvckuii Tomcekutl noiumexnudeckul
yrusepcumem, 634050, Poccus, 2. Tomck, np. Jlenuna, 30

vershininaks@gmail.com

B pabote mpoBeneH aHanmM3 HOMEHKIATYPHI U OOBEMOB THIHMYHBIX
MIPOMBIIJICHHBIX WM MYHHUIMIAIBHBIX OTXOMO0B. Pa3paboTaHBl COCTABEI
TOIUIMBHBIX CYCIICH3MH Ha OCHOBE OTXOAOB (ONMJIOK, COJOMBI, KapTOHA,
ocajika CTOYHBIX BOJI, HETSAHBIX OCTATKOB M OTXOJ0B HE(YTEXHMMHUUECKOTO
IIPOU3BOJICTBA), @ TAKXKEe KAMEHHOYTOJIbHOM MBLIH.

OKCIIepUMEHTAJIBHO ~ ONpPENCNEHBl  XapaKTepUCTHUKH U YCIOBHA
3a)KUTaHUsI U TOPEHUS CYCIIEH3UOHHBIX TOIUIUB. Y CTAaHOBJICHO, YTO OTJINYHE
MaKCHUMAaJIbHBIX TEMIIepaTyp MOBEPXHOCTH M3YYEHHBIX TOIUIMB B IpoIiecce
ropenust cocraBuwiao 60-95 °C. Orimuue yAenbHOW TEIJIOTHI CrOpaHus
paccMOTpeHHBIX cycneH3mid coctaBmio 1.3—4.15 MJDx/kr. CycrieH3nu Ha
OCHOBE ONMHJIOK, COJIOMBI, KAPTOHA HE MOTYT KOHKYpPHPOBAaTh IO TEIIOTE
CropaHusi ¢ BOJIOYTOJIBHOW CyCIICH3MEH Ha OCHOBE KaMEHHOTO YIS JjaxKe
npu no6asnenun (10% macc.) BHICOKOKJIOPHHHBIX OTXO0JI0B HE(DTIHOH U
HepTeXUMHYECKOH  oTpacieil  mpombInieHHocTH.  Camoil  Maioi
Temnepatypoil 3axkuranus (=330 °C) xapakTepH3oBalach CYCHCH3HS Ha
OCHOBE COJIOMBI, KaPTOHA, 3arps3HEHHON BOMBI U Tspkenoin Hedtu. Camoi
BbICOKOH (=375 °C) — BOIOyTOJIbHAs CYCIIEH3HUS.

YCTaHOBJIEHO, YTO CXKMTaHUE MPOMBIIIICHHBIX U TOPOACKUX OTXOJIOB B
BHJIE BOAHOM cycmeH3uu OoJiee IKOIOTHYHO, YeM BBICOKOTEMIIEpAaTypHOE
C)KUTaHUE  YIJIs. OTHOCUTENIbHBIE  TIOKa3aTeln  IKOJIOTUYECKOM,
SKOHOMHYECKOH, JHepreTmueckoil >(PQEeKTUBHOCTH  CXKHUTaHUSA IS
U3y4eHHbIX cycneH3uil B 1.2—-12.58 pa3 Bblle, ueM Ui yIiid U MasyTa.
IIpeumyiiecTBo nocTUTraeTCs 3a CYET HU3KOM SMUCCHM BPEIHBIX ra30B U
Majnoil CTOMMOCTH KOMIOHEHTOB. COIJIaCHO MOJYYEHHBIM pe3ylbTaTam,
MOXXHO PEKOMEHIOBATh HCIOJIb30BAaHUE PAa3INYHBIX OTXOJOB (OTXOJBI
OUYUCTKH TOPOJACKUX M TEXHOIOTMYECKUX CTOKOB, COJIOMY, OIMIKHU, KApPTOH,
oTX0Abl HepTeXxuMuu, HePTeIUIaMbl U JIp.) B Ka4eCTBE JOIOJHHUTEIBHBIX
KOMIIOHEHTOB CYCIIEH3MOHHBIX TOTLIHB.

Paboma evinoanena npu noooepoicke Cosema no epanmam
IIpezudenma P® (CI1-1114.2018.1).
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Energy and Environmental Indicators of the
Combustion of High-moisture Fuels Based on Typical
Municipal and Industrial Wastes

K.Yu. Vershinina

National Research Tomsk Polytechnic University,
634050, Russia, Tomsk, Lenina str., 30

vershininaks@gmail.com

In this paper, the analysis of the nomenclature and volumes of a
number of industrial and municipal wastes is carried out. The compositions
of fuel slurries based on wastes (sawdust, straw, cardboard, sewage sludge,
oil residues, and waste petrochemical production), as well as coal dust, were
developed.

The characteristics and conditions for the ignition and combustion of
the slurries were determined experimentally. It was found that the
difference in the maximum temperatures of the surface of the studied fuels
during their combustion was about 60-95 °C. The difference in the specific
heating value of the considered slurries was 1.3-4.15 MJ/kg. By the
criterion of combustion heat, fuels based on sawdust, straw, cardboard
cannot compete with coal-water slurry, even with the addition (10% wt.) of
high-calorific petrochemical waste. In this work, the slurry based on straw,
cardboard, wastewater and heavy oil was characterized by the lowest
ignition temperature (=330 °C). The coal water slurry had the highest
ignition temperature (=375 °C).

It has been established that combustion of industrial and municipal
wastes in slurry composition is more environmentally friendly than high-
temperature combustion of coal dust. Relative indicators of ecological,
economic, energy efficiency of combustion of the studied fuel slurries are
1.2-12.58 times higher than of coal and fuel oil. Advantages are achieved
due to low emissions of harmful gases and low cost of the components.
According to the results obtained, it is possible to recommend the use of
various wastes (wastes of technological and urban water treatment, straw,
sawdust, cardboard, petrochemical waste, oil sludge, etc.) as additional
components of slurry fuels.

Research was funded by the Council of the Russian President Grants
(SP-1114.2018.1).
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BHeapeHHe aBTOHOMHOI 3/IEKTPOCTAHIIUU B CHCTEMY
3HeprocHatéxeHus [leH3eHCKOro
rocyJapCcTBEHHOr0 YHUBEpPCUTETA

C.B. I'ono6okoB, 1. A. Ckuba, P./1. Jlamun

Tlenzenckuii eocyoapcmeennviil ynusepcumem, 440026, Poccus,
2. Ilensa, yn. Kpacnas, 44

Golobokov_sv@mail.ru

Ilo nanHBIM 3HeproayauTa 3aTparhl II€H3eHCKOTO roCyqapCTBEHHOIO
YHHBEPCHUTETA Ha TOILIMBHO-dHEPreTHdeckue pecypcehl B 2016 r coctaBmim
52 miH py0. IlocTaBKM TEIIOBOM W ANEKTPUYECKOW SHEPTHH BEAYTCS
neHTpanu3oBado ot TOII-2. IIpu NpOTSKEHHOCTH MarucTPajbHBIX JTHHUN
mopsaka 10 kM MOTepH Ha TPaH3UT COCTABIAIOT MpUMEpHO 5 %. O1n
MOTEPU CUUTAIOTCA TEXHOJOTMUECKUMH | OIIAUMBAIOTCS MOKYNATEIIMH.

BaxHelmuM NpeuMyIecTBOM paclpelesICHHON I'eHepaluu sSBIsSETCS
CHIDKEHHE TOTeph NPH TPAHCIOPTUPOBKE SHEPrOpPecypcoB K KOHEUHOMY
MOTpeOUTEN 0. Y CTaHOBKA 3JIEKTPOCTaHIMU Ha Tepputopuu 11I'Y mo3sosnut
ymerpmuth muHy JIOII u Tpyoonporoaos (ae 6oee 200-300 M) u 3a cuet
9TOr0 COKPATUTh NOTepHU Ha TpaH3ut [1]. CriemoBaTerbHO, MOKHO CHH3UTH
00BEM TEHepaIy TEIUIOBOW M 3JeKTpuuecKoi sHepruu B Muan TOC Ha
BEIMYUHY NIOTEPh TPAH3UTA U CHU3UTh PACXOJ, TOILINBA.

Onexrpudeckuii KI1J] muau-TOC, paboraromeil Ha TPUPOJHOM Ta3e
nocturaet 40 %. KII/I mo Beipabotke Temta — 1o 46 %. KomriuiekroBanue
MUHH-TOC KOTJIOM-yTHIN3aTOPOM M aBTOHOMHOM KOTEIbHOI IO3BOJIMT
MOJKIIIOYNUTh CHCTeMY oToruieHus 31aHuil III'Y u monyduTh 3KOHOMHIO
3aTpar [0 CPAaBHEHHUIO C LIEHTPATU30BAHHOM MMOCTABKOM TETIIOHOCUTEIS.

IIpuMeHeHre aBTOMATHYECKOI'O PETyJIMPOBAHUS IO3BOJMT MOJAEP-
KUBAaTh ONTHMAJIbHBIE PEXHMBI OJKCIUTyaTallud OOOpYyJIOBaHUSA NIpU
N3MEHEHMSX KIMMaTa M rpaduka paboThl, ¥ CKUTaTh TOIUIMBO C HAHOOJb-
et 3¢ pexTuBHOCTHIO. [IpH SKCIUTyaTany AEHEHTPAIN30BAHHBIX 3HEpre-
THYECKUX YCTAHOBOK yzaercs mony4uuth 10 30 % 3koHOMEHM TomuBa [2].
BbIOpockl pOYKTOB cropaHus aBTOHOMHBIX KoTelbHbIX M TOC Takke
CHIDKAIOTCSI, YTO CYIIECTBEHHO YIyYIIaeT SKOJOIMIEeCKyI0 00CTaHOBKY.

CnMCcoK JUTepaTypsl

1. Muau-TOC u aexTporeHepaTopsl Ha 6as3e ra3oBbIX gBuraresiei. //
IMpocmext pupmer «GE Energy Jenbacher gaz enjine» / M: -2015, 41 c .

2. Tomo6okor C. B. TloBblmieHIe HaACKHOCTH CHCTEM OTOIUIeHUS. //
Tpyubl MexIyHapoaHOro cumiosuyma «HaznexHocts u kauectBoy / Ilensa,
m3a-so I1TY, 2013 c. 44-47.



104 Mex0d. Hay4yHaa KoHG. «IHep2o-pecypcoshheKmusHocmo 8 uHmMepecax
ycmoliyueozo pazsumus», Tomck, 12—16 Hoabpa 2018

The introduction of autonomous power plant in
energy-supply system the Penza State University

S.V. Golobokov, I.A. Skiba, R.D. Lapin
Penza State University, 440026, Russia, Penza, Red street, 44
Golobokov_sv@mail.ru

According to the energy cost of the Penza State University, the fuel
and energy resources in 2016, amounted to 52 min rub. Supplies of heat and
electricity are maintained centrally from electrical power station. When the
length of the trunk lines of the order of 10 km to transit losses constitute
about 5%. These losses are considered technological and paid by buyers.

The most important advantage of distributed generation is the
reduction of losses during transportation of energy resources to the end user.
Installation of power plants on the territory of the PSU will reduce the
electrical power line and pipelines length (not more than 200-300 m) and
thus reduce energy losses in transit [1]. Therefore, you can reduce the
amount of thermal and electric energy generation on the transit losses value
and reduce fuel consumption of mini heat and electrical power.

Electrical efficiency mini-electrical power station, running on natural
gas reaches 40%. Efficiency on heat-up is 46% [1]. The mini-electrical
power station was staffed waste-heat boiler and autonomous boiler. The
buildings heating system PSU will connect by this generated systems and
get cost savings compared to a centralized supply of coolant.

Automatic general control provides to allow optimal operating modes
of the equipment when climate changes and schedule. The fuel burn was
with the highest efficiency. The decentralized energy plants operating
unable to obtain drugs up to 30% fuel economy [2]. The autonomous boiler
and mini-electrical power station have reduced combustion emissions,
which significantly improves the environmental situation also.

References

1. Mini-electrical power station and generators on the basis of gas
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JJIeKTpOreHepupywIHe CUCTEMbI HA OCHOBE HHBEPCUH
MOTOKOB HEPIryH NMPHU AO6GbIYE ypaHa

B.O. Zlyﬁce6ae31, K.M. Baiiracos?, K.O. Ca6neHos’

1
AO «Bonxoseeonocusy, e. Anmamet
2 . .
AO «Kazaxcmancko-bpumanckuii mexnuueckuil yHugepcumemy
3 .
Cegepo-Kazaxcmanckuii eocynusepcumem um. M. Kosvibaesa

Pecniyoimka KaszaxcraH siBisieTcss KpYHHBIM HMI'DOKOM Ha MHPOBOM
peIHKe 3HepropecypcoB. OpHaKo, pPYKOBOACTBO CTpaHbl, OCO3HaBas
Ba)XHOCTH YTJIEBOJAOPOJHON SHEPTETHKH, 3HAUNTEIbHOE BHUMAHUE YACIICT
Pa3BUTHIO aJbTEPHATUBHON dHEPreTHKH W 3HeprocOepexennio. AO «HAK
«KazaTomMmpom» - HaIMOHAJBHBIA oOmIepaTop B 00JacTH JOOBIYH H
nepepabOTKN ypaHa, KOTOPHIA 3aHSUI JHAUPYIOMIKE MO3UIMH B MHpE ITI0
TEXHOJIOTUH MOA3EMHOT0 CKBAXXMHHOTO BhIIIenaunBanus ypana (IICB).

VYpaHoBble pynHHUKH, e [IP MMEIOT TMOBBILICHHYIO TEMIIEpaTypy U
JIOCTaTOYHO OOJIBIION MacCOBBIH PacX0i, MOT'YT CAaMOCTOSITENILHO CHa0XaTh
cebs anmektposneprueit. [Ipemmaraercss HOBBIM CHOCO0 MPOU3BOACTBA
3MEKTPOIHEPTUN U3 HAXOIAMUXCS B 000pPOTE NPOIYKTHBHBIX PacTBOPOB
(ITP) Ha ocHOBe HCHOJIB30BaHUSI TEIUIOOOMEHHUKA C LUPKYJIMPYIOIIUM B
KOHTYpE LHMC-OyTeHOM-2 M HH3KOTEMIepaTypHOil TypOWUHBI C HH3KOMH
TEMIIEpaTypOi KUIEHHUs pabodero Tena.

O1LeHOYHO M3 Terja MPOXYKTUBHBIX PacTBOPOB YPAaHOBOTO PYAHHKA
MOXXHO MOJYYUTh Yepe3 TEIUIOBbIE YCTPOWCTBA M MalIWHBI (TEIIOBBIC
HAacOChl) CTOJIBKO K€ WM OOJIbIIIE 3HEPTHH, CKOJIBKO M3 YpaHa ITOJy4aioT
SHEPreTUKH C TPUMEHEHHEM IIOJIHOTO SAEPHO-TOIUIMBHOTO LMKJIA Yepe3
CTPOWTENBCTBO  AaTOMHOM  CTAaHIMM W MHOTOYHMCIEHHBIX  JPYTHX
NPEeaNpUATHA  AJepHO-TOIUIMBHOTO LHKJIA. OTO OTKPBIBACT HOBBIE
nepcriektuBsl At AO HAK Kazatomnpom k TpaHchopmammu u3
JI00BIBaIOIIEH KOMIIAHMY MMEHHO B SHEPI€THYECKYIO KOMIIAHHMIO.

The Republic of Kazakhstan is a major player in the world energy
market. However, the country's leadership, realizing the importance of
hydrocarbon energy, pays much attention to the development of alternative
energy and energy conservation. JSC NAC Kazatomprom is a national
operator in the field of mining and processing of uranium, which has taken
the leading position in the world in terms of underground uranium leaching
technology (ISL).

Uranium mines, where the PR have high temperature and a sufficiently
large mass flow, can independently supply themselves with electricity. A
new method for producing electricity from circulating production solutions
(PR) is proposed based on the use of a heat exchanger circulating in the cis-
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butene-2 circuit and a low-temperature turbine with a low boiling point of
the working fluid.

Estimated from the heat of productive solutions of a uranium mine, it is
possible to obtain as much or more energy through heat devices and
machines (heat pumps) as from power generation using a full nuclear fuel
cycle through the construction of a nuclear power plant and numerous other
enterprises of the nuclear fuel cycle. This opens up new prospects for NAC
Kazatomprom JSC to transform from a mining company to energy
company.

BiiMsiHue y/bTpa3ByKa Ha METAaHOBOE COpaKMBaHMe
HaBO3a NPH Pa3HbIX peKMMaXx 3KCIJIyaTalMu

A.T. )Kymaraxxunos, B.Sl. ®egsanun

Anmatickuii 20cyoapcmeenublil mexHu4yecKull yHusepcumem
um. U.U. Ilonsynosa, 2. bapnayn

zhumagazhinov1970@mail.ru

Vcnionb30BaHNe CENbCKOXO3SHCTBEHHBIX OTXO/I0OB, TAKUX KaK HaBO3 H
Jpyrue OpraHW4YecKHe OTXOABI JUI1 IPOM3BOJACTBA OMoOraza MMeeT
3HAQUUTEJIbHBIE  DKOJIOTMYECKHE TPEHMYIIECTBA C TOYKH  3PEHUS
MIPOM3BOJICTBA TEIUIA M 3JIEKTPOSHEPIUH U €€ HCIIOJIb30BAHHS B KauecTBeE
OnororuiBa. brora3oBble yCTaHOBKM MOTYT BHECTH CYIIECTBEHHBIH BKJIAJ
B YCTOWYMBOE Pa3BHUTHE B CEIIbCKHX paiOHaX, a TakKe IPeNOCTaBICHUS
(epMepaM HOBBIE BO3MOXKHOCTH 1oxona [1].

Ienpto mccrnenoBaHWi OBUIO BBIABICHHE ONTHMAJBHBIX PEKHUMOB
9KCIUTyaTallil M OICHHUTh dS(PQeKT npuMEeHEeHUs yNbTpa3BykKa NpHu
COBMECTHOM  COpa)kMBaHMM  HaBo3a C  3aKBaCKOM  pyOIOBBIX
MHUKpOOpranu3MoB. CepuH 3KCIEPUMEHTOB IMPOBOIMIHA B ME30(MIBHBIX
YCIOBHAX B TpPEX pEeXUMaxX: PEKUM cOpaxuBaHus 0e3 0O0paboOTKH u
3aKBACKH; PEXMM COpPaXMBaHHMS C 3aKBaCKOW; PEXUM COpaXHBaHUSA C
3aKBaCKOM ¢ 00pabOTKOH YIbTPa3ByKOM.

IIpencraBneHsl  pe3ynbTaThl  AKCIEPUMEHTANbHBIX — HCCIIECIOBAaHHUH
MOBBIIIEHUsT  3(Q(EKTUBHOCTH  OMOXMMHYECKOTO  B3aMMOJICHCTBHSI.
PaccMoTpeH mpoliecc akTHBH3AIMK IIPU HETIPEPHIBHOM YAaleHHH Ouorasa
ITyTe€M HaJO0XEHHUEM Ha MPOLECC YIbTPa3BYKOBBIX MoJel [2]

OHepreTnyeckas 3PQPEeKTUBHOCTh METAHOBOIO COpaKMBAaHU OLICHEHA
MyTeM COMOCTaBleHUsI 00beMa MOMy4YEeHHOTo TOIuIMBa (OMoras) u pacxoja
TEeIUIa Ha TeXHOJIOTHYECKUE HYXKIBI.



CeKkuyuAa 3. IKoaHepzemukKa 107

Kak moxkazano cpaBHeHHe O(P(EKTHBHOCTH pPa3HBIX PEKHMOB
9KCITyaTaliy, HauOoiblIee KOJIMYECTBO TOBAapDHOW OSHEPTUM B BHJE
Onorasa nojy4eHo B pexxume o0pabOTaHHOTO ynbTpa3BykoM — B 1,65 paza
6ombie, ueM 6e3 00padoTKH.
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Influence of ultrasound on methane fermentation of
manure at different operating conditions

A.T. Zhumagazhinov, V.Ya. Fedyanin

Altai State Technical University I.1. Polzunova, Barnaul
zhumagazhinov1970@mail.ru

The use of agricultural waste, such as manure and other organic waste
to produce biogas has significant environmental benefits in terms of heat
and power generation and using its as biofuels. Biogas plants can make a
significant contribution to sustainable development in rural areas, as well as
providing farmers with new income opportunities [1].

The objective of our investigation was to identify the optimal,
economically viable operating modes and to evaluate the effect of
ultrasound in the joint fermentation of manure with ferment of scar
microorganisms. The series of experiments were carried out at mesophilic
conditions in three regimes: the fermentation regime without processing and
leaven; fermentation with leaven; a fermentation regime with the leaven and
with ultrasound processing.

The results of experimental investigation of increasing the efficiency of
the biochemical process were given. The activation of the process with the
continuous removal of biogas occurs by the imposition of ultrasonic
fields [2].

The economic efficiency of methane fermentation was calculated
according to the comparative heat consumption for technological needs in
relation to a cattle farm.

At the comparison of the efficiency of different operating modes the
greatest amount of commodity energy as biogas was taken in the mode of
ultrasound processing. It was in 1,65 times more than without processing.
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I‘asn(])mcauml HHU3KOCOPTHBIX TOIIV/IUB U
NMPOMBIIIIVICHHBIX OTX0A0B HENMPEPbIBHBIM
JIa3€pHbIM U3JITYY€HUEM
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I'moGanpHBIN POCT PHEPTOMOTPEOSICHHS B MUPE, a TaK K€ POCT IICH Ha
9HEPrOHOCHUTEIH, 32 MOCIEJHUE HECKOJBbKO JIET, 000CTPHI MOTPEOHOCTh B
UCIIONIb30BAaHMH  aJIbTEPHATUBHBIX BWAOB TOIUIMB. OOLIEPU3HAHHBIM
TPEH/IOM B TOCIIEIHEE BpeMs SBJISIETCS Bce OoJiee IMPOKOE MCIIONIb30BaHHE
B DHEPIreTHKE TOPIOYHX MPOMBILIIICHHBIX OTX0/I0B U HU3KOCOPTHBIX TOILIMB.
370 pacmmpseT TOIUIMBHYIO 0a3y HEPreTHKH, a TaKXkKe J1aeT BO3MOXKHOCTD
YTHIN3UPOBATh HAKOTUIEHHBIE 32 MHOTHE TOJIBI OTXOIBI.

B nanHoi1 paboTe MBI mpeIaraeM KOHBEPTUPOBATH FOPIOYHE OTXOIbI
nepepaboTKu yriast U HepTH B CHHIA3 C IOMOILIbI0O MOIIHOTO IIOTOKa
HETIPEPHIBHOTO CBETOBOTI'O M3JIYYCHHS. JTO IO3BOJISICT NMPH MHUHUMAIIbHBIX
3aTpaTax IPOM3BOAWUTH TOIUIMBHO-BO3JYIIHYIO CMECh C JIOCTAaTOYHO
BBICOKO# KOHIeHTpaIiei roprounx kommouentos (CO, H, u CHy).

WccnenoBanmst coctaBa Ta30BOM cMecH BHYTpH pabodero obnema
9KCIIEPUMEHTAILHOM YCTAHOBKH II0KA3ajH, YTO B 3aBHCUMOCTH OT THIIA
HCXOJIHOTO TOIUIUBA, C POCTOM HWHTEHCHBHOCTH M3JTydeHUs] HAOIIOIAeTCs HEe
MOHOTOHHBIN POCT KOHIICHTPAIHK OKcHaa yriepoaa (1o 6000-20000 ppm),
okcuoB azoTa (10 20-80 ppm), Bogopoaa (1o 1000 ppm) 1 AHOKCHIA CEPBI
(1o 100 ppm). B kauecTBe MCXOAHBIX TOIUIMB BBICTYNAIN (HIBTP KEKH
ra3oBeIX yried (3osmpHOCTE 10 55%), Oypele yrimm U TOpdBl C
MectopoxaeHuil 3amagHoit CuOupu. KoHBepcust npoucxogur mpu
aTMoc(epHOM JIaBJICHUH M OTHOCHTEJIFHO HU3KHX CPEAHUX TeMIepaTypax B
oObeme peakropa. O¢dexktuBHas razupukanus Topda u Oyporo yris
HAYMHACTCS [PM HMHTCHCHBHOCTSX H3ydeHHs mopsgka 20-30 Br/em



CeKkuyuAa 3. IKoaHepzemukKa 109

Otxompl  oOoramieHUs KAMEHHBIX YT  rasupuIMpyrOTCs  OpU
uHTeHCHBHOCTSIX ~800—1000 Br/cm?,

[Mombupas ~ WHTCHCHBHOCTH  HM3JIYUYCHHUS  MOXKHO  YOPaBJIATH
COOTHOLICHHEM KOMIIOHGHTOB CHHra3za ¥ CKOPOCTBIO Ta3U(HKALUH.
[MpuMeHeHHe HWCTOYHMKOB CBETa OTHOCHTENBHO MAJIOW  MOIHOCTH
MO3BOJISIET MPOU3BOAUTH A(PPEKTUBHYIO KOHBEPCHUIO YIJICBOJOPOIOB B
roprounii ra3. [lpuMeHeHme C(POKYCHPOBAaHHOTO COJHEYHOTO CBETa B
KayeCcTBe MCTOYHHMKA HHEPTUM TO3BOJSIET B MEPCIEKTHUBE CO3MaTh
3¢ PEKTUBHBIH U JCUIEBbIH METO/] YTUIN3AIMU TPOMBIIUICHHBIX OTXO/I0B.

Paboma ewinonnena 6 pamxax npoexma BHUY-UIIIDBII-184/2018
npoSpammul nosvlenue KoHKypenmocnocoornocmu TITY.

Gasification of the low grade fuels and industrial waste
by the continuous wave laser radiation

A.S. Zaitsev, R.l. Egorov

National Research Tomsk Polytechnic University,
30, Lenin Avenue, Tomsk, 634050, Russia

Alexzaitsev@tpu.ru

The global increase in energy consumption in the world, as well as the
rise in energy prices over the past few years, exacerbated the need for the
use of alternative fuels. A widely recognized trend in the recent years is the
increasing use of combustible industrial wastes and low-grade fuels in
power engineering. This gives the new fuel sources, and also allows an
utilization of the waste that has been accumulated over many years.

In this paper, we propose the way of conversion of the combustible
coal enrichment waste and oil processing waste to syngas with a powerful
beam of the continuous wave light. This produces with low expenses a fuel-
air mixture with a sufficiently high concentration of the combustible
components (CO, H2, and CH4).

Analysis of the gas mixture composition inside the working volume of
the experimental setup show that, depending on the type of the initial fuel,
the increase of the light intensity leads to the non-uniform growth of the
concentration of carbon monoxide (up to 6000-20000 ppm), nitrogen oxides
(up to 20-80 ppm), hydrogen ( up to 1000 ppm) and sulfur dioxide (up to
100 ppm). We have used the filter cakes of the fiery coal (ash content up to
55%), brown coals and peat from the West Siberia deposits as an initial
fuel. Conversion occurs at atmospheric pressure and relatively low average
temperatures in the reactor volume. An effective gasification of peat and
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brown coal begins at light intensities like 20-30 W/cm? The coal
enrichment wastes were gasified at intensities of ~ 800-1000 W/cm?.

Choosing the intensity of laser radiation, we can control the ratio of the
components of the syngas and the gasification rate. The use of light sources
of relatively low power allows for an efficient conversion of hydrocarbons
into combustible gases. The use of focused sunlight as an energy source
makes possible the creation of an efficient and cheap method for recycling
industrial waste.

The work was performed within the framework of the strategic plan for
the development of National Research Tomsk Polytechnic University as one
of the world-leading universities (project VIU-ISHFVP-184/2018).

OnpejesieHUe TOYKH MAaKCUMaJIbHOHW MOILHOCTH
COJIHEYHOM 6aTapeu aJiIrOPUTMOM POSl YACTHI]

C.I'. O6yxoB, U.A. Ubparum

Hayuonanvrwiii uccnedosamenvckutl Tomckutl noaumexHu4eckul
VHUBEpCUmem

B peanpHBIX yCIOBHSX OJKCIUTyaTallid COJIHEUHBIE OaTapeun
(OTOINEKTPUUCCKUX CTAaHIUH, OCOOCHHO OONBIOION IUTOMANH, YacTo
paboTaT B YCIOBHSIX YACTHYHOTO 3aTCHEHWS, BBI3BAHHBIX HAJICTEBIINM
007aKOM, TEHBIO OT JEpeBbeB W Omm3nmexkammx 3maHudl u T.1. [pm
YaCTUYHOM  3aTCHCHWH  CONHEYHOW  OaTapenm ee  BOJBT-BaTTHas
XapaKTepUCTHKAa HCKAXAeTCs W MpHoOpeTaeT CIIOKHYH QopMmy ¢
HECKOJIbKUMU JIOKAJTbHBIMUA SKCTPEMYMaMH, YTO 3HAUYMTEIHHO YCIIOXKHSET
3aa4y ONpEeNeeHus TJI00aNbHOH TOYKM MAaKCUMAIbHOH MOIIHOCTH
conHeyHoU OaTtapen. CTaHAapTHBIE METO/BI MTOUCKA TOYKH MaKCUMalbHOU
MOIIIHOCTH, KOTOPbIE MPHUMEHSIOTCS B KOHTPOJUIEpax (OTOAIEKTPUIECKUX
CTaHIWH, He 00eCHeYnBAIOT HAAEKHOTO OTCICKMUBAHHS TJI00ATBHOTO
9KCTpEMyMa  BOJIBT-BATTHOW  XapaKTEPUCTHUKH, UYTO TPUBOAMT K
YBEJIMUYEHHUIO OTEPh U CHUKEHHUIO POU3BOAUTEIBLHOCTHU 3JIEKTPOCTAHLIU Y.

B nmanHOW paboTe mpemyaraeTcst HCIIONB30BATH [UIS OMpPEICICHUS
TOYKH MaKCHMAaJIbHOW MOITHOCTH COJHEYHBIX OaTtapeli, paboraromux B
YCIIOBUSIX YaCTUYHOT'O 3aTE€HEHUsI, IBOJIOLMOHHBINA aJrOpPUTM POsl YacCTHIL,
JIOCTOMHCTBAMHM KOTOPOTO SIBJISIFOTCSL MPOCTOTA, YHHUBEPCAJIbHOCTh U
BEICOKOE OBICTpOJICHCTBHE.

B crarbe mpencTaBieHbl pPe3yJbTATHl aHANIHM3a HOHEPTETHUECKUX
XapaKTePUCTHK COHEYHBIX OaTapeid, paboTaroImMX B YCIOBUAX YaCTUIHOTO
3aTeHeHus. [IpuBeneHO KpaTKoe ONKMCAHHWE QJITOpUTMa pOs YacTHII,
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PacCMOTpPEHbI OCHOBHBIE aCIEKThl €ro (YHKIIMOHUPOBAHMUSI, TIPEICTABICHBI
MaTeMaTH4ecKoe ONHCaHue u OJI0K-cxeMa paboThl.

B pesymprare = TpOBEAEHHBIX ~ HMCCIEAOBAHUI  ONpeesICHBI
palMOHAIBHBIE ~ HapaMeTphl  AIrOPHTMa,  OOECIeYHBaIONIHE  ero
3¢ dexTHBHOEe NPUMEHEHNE Ul MOMCKa TOYKH MaKCHMAIbHOH MOLIHOCTH
COJIHEYHBIX Oarapell B YCIOBHSAX YacCTUYHOTO 3aTEHEHHsA. PaccMOTpeHBI
YeThIpe NPAKTHYECKUX IpHMepa paboThl alropuTMa IpH HEPaBHOMEPHOM
OCBCII[CHUN COJIHEYHBIX OaTapeil, BHITOTHEHA OLeHKa ero 3P QEeKTHBHOCTH.
VYCTaHOBJIGHO, YTO HaWOOJiee CIIOKHBIMH YCIOBHAMH Pa0OTHI alropurMma
SIBJISIFOTCS] PEXXUMBI C HU3KOM BEJIMUMHOM OCBEIICHHOCTH YacTH COJIHEYHOU
Oarapew, XapaKTepusyemsble II0JIOTUMH BOJIBT-BATTHBIMU
xapaktepuctukamu. [lokazaHo, 4YTO TNPUMEHEHHE 3BOJIOIMOHHOTO
AITOpUTMA pPOSl  YacTHIl OOecleuMBaeT HaJexkHoe U IPPeKTUBHOE
OTCJICKUBAHUE TOYKH MaKCUMAalIbHOM MOIIHOCTHU COJIHCYHBIX 6aTapeI71 B
YCJIOBUAX YaCTUYHOI'O 3aTCHCHUA. Z[J'IH BCE€X TMPOBEACHHBIX TCCTOBBIX
9KCIICPUMEHTOB MAaKCHMAaJbHOE YHCIIO MTepauuid He npesbimraetr 30, mpu
BPEMCHH OTCJIC)KMBAHUS MEHee | MHHYTBI, YTO ONpPEACNSACT XOPOIIHE
NEePCHEKTUBBl NPUMEHEHUS JaHHOTO alropuTMa B IPOMBIIUICHHBIX
KOHTPOJIIEpaX IMOUCKA TOYKH MaKCUMaIbHOH MOITHOCTH

Determination of the maximum power point of the
solar cell by the particle swarm algorithm

S. Obukhov, A. Ibrahim
National Research Tomsk Polytechnic University

In actual operating conditions, photovoltaic solar cells, especially a
large area, often operate under partial shading caused by a cloud, a shadow
from trees and nearby buildings, etc. With partial shading of the solar
battery, its volt-watt characteristic is distorted and acquires a complex shape
with several local peaks, which significantly complicates the task of
determining the global point of the maximum power of the solar battery.
Standard methods of searching for the maximum power point that is used in
photovoltaic station controllers do not provide reliable tracking of the global
peak of the volt-watt characteristic, which leads to increased losses and
reduced power plant performance.

In this paper, the maximum power point tracking of solar panels,
working in conditions of partial shading is evaluated using the particle
swarm optimization algorithm, the advantages of which are simplicity,
versatility and high performance.

The paper presents the results of the analysis of the energy
characteristics of solar panels operating under partial shading. A brief
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description of the particle swarm algorithm is given, the main aspects of its
functioning are considered, a mathematical description and a block diagram
of the work are presented. As a result of the research, the rational
parameters of the algorithm are determined, which ensure its effective
application for finding the point of maximum power of solar batteries in
partial shading. Four practical examples of the algorithm operation at non-
uniform illumination of solar batteries are considered, its efficiency is
estimated. It is found that the most difficult operating conditions of the
algorithm are the modes with low illumination value of the solar battery,
characterized by flat volt-watt characteristics.

It is shown that the application of the evolutionary particle swarm
algorithm provides reliable and efficient tracking of the maximum power
point of solar cells under partial shading conditions. The maximum number
of iterations does not exceed 30 for all the test experiments, with a tracking
time of less than 1 minute, which determines good prospects for the
application of this algorithm in industrial controllers for finding the
maximum power point.

I/ICCJIeAOBaHI/le XApPaAKTEPpUCTHUK pA3/IMYHbIX BUAO0B
61MoMacCchl IMPUMEHUTEJ/IBHO K
TEXHOJIOTUAM TOIIVIMBOCXKUTAaHHUA

K.T. M6paesa, FO.0. Manaes, C.A. Xaycrtos, P.b. Tabakaes

Tomckuii norumexnuyeckuti ynusepcumem, 634050, Poccus, 2. Tomck,
np. Jlenuna, 30

ktil@tpu.ru

BripaboTka SHEPTUU 3JIEKTPOCTAHIHAMHU COTIPOBOXKAETCS
OTPOMHBIMH BBIOpPOCaMH B BO3AYIIHOE NMPOCTPAHCTBO BPEIHBIX BEIIECTB,
3arps3HSIOLIMX  OKpyxaromy cpeay [1]. Ilo naHHeiM  BceemupHOit
OpraHu3aly 3ApaBOOXpaHEHHs [2] 3arps3HeHUe BO3AyXa IPUBOIUT K
MIPEXKAEBPEMEHHON CMEPTHOCTH HECKONBKHX MUIIIHOHOB YENIOBEK B TOJ.
HaunGonpmmii  ymep® HaHOCAT CTAaHIMH, HCIOJB3YIOMIME B KauyecTBE
TOIUIMBA KaMEHHBIE ¥ OypbI€ YIJIH, aHTPALUTHI.

CHmXeHne BPeIHBIX BEIOPOCOB IHEPTETHUECKONW OTPACIIH ITOCTETIEHHO
obecrieuynBaeTCs BOBJICYCHHEM BO30OHOBIISIEMBIX HCTOYHHUKOB JHEPTUU
(BU3). Omgnaxo monst BUD B BeIpaOoTKE 3JEKTPOIHEPTHHM B HACTOSIIEE
BpeMs coctapisieT auib 7.1% (6e3 yduera ruaposnepretuku) [2]. B cBszu ¢
STHM HCCIIEIOBAHHS II0 BOBJIEYCHHIO PECYpCOB OMOMAcCHl B TOIUIMBHO-
SHEPreTUYECKUH OanaHc SBISIOTCS aKTyaJbHbIMU.
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B pabore wucciiesoBaHO HECKOJNBKO BHUJIOB OHOMAcChl: IpEBECHBIE
(mema pa3NMYHBIX T[OPOJA  JPEBECHHBI M  COCHOBBIE OIHJIKH) |
arponpoMbIIUIEHHEIE (OTPYOH, COJIOMA, CKOPITyIia OPEXOB) OTXObI, TOpd (c
2-x MecropoxkaeHuii ToMckoil oGmacTtw). YCTaHOBIEHO, 4TO Topd H3-3a
BBICOKMX 3Ha4YeHHU BiakHOCTH (6omee 38%) m 3o0mpHOCTH (Oomee 22%),
MMeeT HU3KYIO TEeIUIOTy cropanus (MeHee 7,5 MJX/KT); TemoTa cropanus
OCTaJBbHBIX Tpo0 OmOMacchl, HECMOTPS Ha Mallyl0 30JbHOCTh, HE
npesbimraet 16-17 MJx/kr. Temmeparypa Hadana aepopmanuu 30561 (1a) y
oTpyOeit coctaBmima Bcero 780°C, YTO TOBOPHT O [UIAKOBAHUHU
MOBEPXHOCTEH HarpeBa TPH WX CXHIaHUM; [ U191  OCTalbHBIX
paccMatpuBaeMbIx 1po0 mpeBbicmiia 1180°C. Xumudeckuii aHAMHA3 307161
mokasai, 4to mpoObl Topda u3-3a Bbicokoro coxaepxanus CaO u SiO, B
CBOEM COCTaBE TaKK€ HMMEIOT CKIOHHOCTh K IIIJIAKOBAHUIO CHOCOOHOCTD
9THX TOIUIMB. V3y4eHHbIE XapaKTEPUCTUKU TOKa3bIBAIOT HEOOXOIMMOCTb
MpeIBAPUTEIHLHON TepepabOTKH OHOMACCHI I Y3PPEKTUBHOTO CIKUTAHHUS.

Hccneoosanue svinonneno npu guuancosoi noddepicke PODU 6
pamxax Hayunozo npoexma Ne 18-38-00648.
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Investigating the characteristics of various biomass
applied to fuel-burning technologies

K.T. Ibraeva, Yu.0.Manaev, S.A. Khaustov, R.B. Tabakaev
Tomsk Polytechnic University, 634050, Russia, Tomsk, Lenin Ave. 30
ktil@tpu.ru

The energy generation by power plants is accompanied by huge
hazardous substances emissions polluting the environment and airspace [1].
According to the World Health Organization [2] the air pollution leads to
premature deaths of several million people per year. The greatest damage is
caused by power plants using a coal, lignite and anthracite as a fuel.

The reduction of harmful emissions in the energy sector is gradually
provided by the involvement of renewable energy sources (RES). However,
the share of RES in the electricity generation is currently only 7.1%
(excluding hydropower) [2]. In this regard, studies of the involvement of
biomass resources in the fuel and energy balance are relevant.
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Several types of biomass have been studied: wood (chips of various
types and pine sawdust), agro-industrial waste (bran, straw, and nutshell)
and peat (from 2 deposits in the Tomsk Region). It was found that peat has a
low calorific value (less than 7.5 MJ/kg) due to high humidity (more than
38%) and ash content (more than 22%); the calorific value of other biomass
samples, despite the low ash content, does not exceed 16-17 MJ/kg. The
temperature of ash deformation (ta) of bran was only 780°C, that indicates
to the slagging of heating surfaces during bran burning; ta for another
samples exceeded 1180° C. The ash chemical analysis showed that the peat
samples are tend to slagging due to the high CaO and SiO, content. The
studied characteristics show the need of preliminary processing of biomass
for efficient combustion.
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OneHKa yMeHblLIE€HHsI HETaTUBHOI'O BO3/eiCTBUS Ha
OKPY2KaloLLyI0 CpeAy NpHU UCIO0Ib30BaHUH
¢oTOBO/IbTANYECKHUX COJTHEYHBIX 3JIEKTPOCTAHIUMA
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IIpumenenue (hoTOIHEPreTHUECKUX YCTaHOBOK MOKa3bIBAET
CYILIECTBEHHOE CHIKEHHE HETaTUBHOTO BIIUSHHS Ha OKPYXKAIOLIYIO0 Cpeny,
II0 CPaBHEHHUIO C TPAJAULUOHHBIM IPOU3BOACTBOM 3JIEKTPOIHEPIHU Ha
OCHOBE HCIOJIb30BaHUS HCKOIIAEMOTO TOIIIMBA.

Ha cerogusamumii neHp HawOOJNbIIEe PpacCHpPOCTPaHEHHE B MHpE
MOJTYyYWIM COJMHEYHbIE (DOTOIHEPIreTUUECKHE YCTAHOBKM HAa OCHOBE
KpeMHHA.  BTopoe  MecTo  cpeam = OCHOBHBIX  HCIOJB3yEeMBIX
MTOJTYTIPOBOTHUKOBEIX MAaTEpPHANIOB, OTHOCSIIUXCSA K KJIACCY COEIMHEHUHN
AIlIIBV 3anumaer apcenun ramums (GaAs), oOnaalomui: JydmiMu
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xapaktepuctukamu u 3HadyeHueMm KIIJ[. Makcumanbnoe 3Hauenue KIIJI,
nocturatomee 46 % npu KpaTHOCTH KOHLEHTPAIMK COJTHEYHOTO U3ITy4EeHUsS
C>500 (AM1,5), umeroT MHOTOIIEpEXOJHbIEe COTHEUHBIE Ay1eMeHTHI (CD).

DOTOINEKTPUYECKHE CUCTEMBI HE BBIICIAIOT 3aTrps3HSAIOIINX BEHIECTB
B aTMoc(epHsbIi Bo3ayXx. OmpenereHHOe KOINYECTBO TOKCHIHBIX BEIIECTB
HCTONB3YyeTCs TpH mpou3BoacTBe CJ, a Tak e oOpa3yercs MpH CHATHH C
9KCIITyaTallid ¥ YTHIM3AIMH COJHEYHBIX MOZYJICH, HO OHH MOTYT OBITh
nepepabOTaHbl M HCIOIB30BAThCS IMOBTOPHO. VICIONB30BaHUE BOABI M
BO3/eiiCTBHE HA MOYBY B XXKM3HCHHOM HHUKIE (DOTOBONBTAMIECKUX CHCTEM
CUYMTAIOTCSI MUHHUMAJIbHBIMHU.

Hcnonb3oBaHue (QOTOAIEKTPUYECKUX MOJYJEH ¢ KOHIEHTpauuei
COJIHEYHOW IHEPrHH Ha OCHOBE MHOronepexoansix CO, pa3paboTaHHBIX B
OTU wum. A.®. UHodde mnozsonur oOecreunTb MHUHUMAJIBHBIH Bpen
OKpyXXarolie  cpege  BO  BpeMs  dSKcIulyatanuu.  [IpuMeHeHue
KOHIIEHTpaTOpa COJTHEYHOH SHepruu (JTMH3bI DpeHens) Mo3BOseT CHU3UTh
IUIOIAAb, a TaKXKe KOIMYECTBO MCHOIB3YEMOTO MOIYIPOBOIHUKOBOIO
MarepHana COJHEYHBIX dieMeHTOB [1]. PesympraTom dero spiusercs
CHIDKEHHE HEraTHBHOTO BO3JEHCTBHSA COJIHEUHBIX MOIYJEW Ha JTamax
MIPOU3BOJCTBA U YTUIIN3ALUH.
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Estimation of reduction of negative impact on the
environment when using photovoltaic solar
power plants

L.V. Kontrosh®, V.S. Kalinovsky?, T.B. Kustov?, A.V. Khramov’,
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Application of PV installations shows a substantial decrease of
negative effect on the environment compared with traditional production of
electric power in using fossil fuel.

Today the most widespread in the world have received solar PV
installations on the base of silicon. The second place among used main
semiconductor materials belonging to the AllIBV compounds is possessed
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by GaAs, which has the best characteristics and the efficiency. The
maximum efficiency today belongs to multijunction solar cells (SCs). It is
46% at the sunlight concentration ratio C > 500 (AM 1.5).

PV systems do not emit pollutants to the ambience. The definite
amount of toxic materials is used in producing SCs and also is formed in
removing modules from service and du to their disposal. However, they can
be recycled and re-used. The use of water and the effect on soil in the life
cycle of PV systems are considered to be minimal.

The use of PV modules based on multijunction SCs with concentrators
of the sunlight developed in the loffe Institute will allow ensuring minimum
environmental damage during their service. Application of sunlight
concentrators (Fresnel lenses) allows reducing device area and also the
amount of SC semiconductor material being used [1]. This results in
reducing the negative effect of solar modules during their production and
disposal.
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JK0J10rusA BaroHOPEMOHTHBIX NPeANPUITHH KaK
pe3epB NOBbIIEHUA UX IHEPro3PpPeKTUBHOCTH

10. I'. MammHOBCKUI

Omckuil 20cyoapcmeentvlil yHugepcumem nymetl coooujenus,
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BaroHopeMoHTHBIE HpPeANPUATHS SIBJISTFOTCSI MCTOYHHUKAMH
9KOJIOTMYECKH BpEIHBIX BBIOpOCOB. IIpr OOMBIBKE JeTalieil MOJIBUKHOIO
cocTaBa OT cMa3Ku 00pa3yroTcs oTpaboTaHHBIE Molommue pacTBopsl (OMP)
B obObeme mpumepHo 20 M B mecs. OMP MPEJCTABISIOT CcO0OM
YCTOHYMBYIO 3MYJBbCHIO Macjia B BOJAE, CTAaOMJIM3MPOBAHHYIO MBUIOM, U
MOJyYEHHYI0 IyTeM JucrneprupoBaHus cmasku tumna <«JI3-IITHUW» B
Hacocax MOEYHBIX MalIMH. JTH OTXOJbl CIIOKHO KOHLEHTPUPOBATH Ha
BPII, ux yruimsupyioT Ha BO3ME3HOW OCHOBE 110 LieHe okoiio 6000 pyo6. 3a
M°, uTO BIEUeT 3aTparhl B pasmepe 120 Thic. py6. B Mecsn [1, c. 1118—
1120].

PaccmarpuBaercst ucrons3oBanue 3arpssHeHuit 3 OMP B kauectBe
TorumBa. WX koHIeHTpamus mocturaeT mopsaka 100 kr HepTenmpoIyKToB
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ma 1 m® pacreopa [2, c. 184]. Takum o6pasom, cpemmee BPII mmeer
okpyrinenHo 2000 kr HeTENpPOAYKTOB B MeECSIl C TEIJIOTOH CropaHus
okono 30 M/JIx/kr, 4ro maer sHepreTmueckuii pezeps B 60 I'J[x wmu 14
I'kan. OmauM w3 KpynHBIX motpebuteneil sHeprmm B BPII sBmsrorcs
MOEYHBIE MAIINHBI KOJIECHO-POIMKOBOTO OTAEICHNUSI C CyMMapHOH cperHen
MomHOocTeI0 60 kBT. 3a 30 paboumx mHel mpu 12-gacoBoil cMeHe HX
norpebienue cocraBuT okono 77 I'[Ix mmm 18 I'kai.

BunHo, 9TO CKMTaHWE 3arpsA3HEHUI TO3BOJSIET IOYTH IOJHOCTBIO
MOKPBITh PAcXOAbl TEIUIAa W IOBBICHTH 3HEProd(h(HheKTHBHOCTH MOEYHOTO
ydJacTka. DKOHOMHUYECKHH (G (HEKT MpHU 3TOM CKIAAbIBAETCS M3 DKOHOMHHU
Ha yTwin3aiuu B pasmepe 120 Thic. pyb. B Mecsll M DKOHOMHH Ha
3JIEKTPOIHEPTHUH B pazmepe okoso 80 ThIC. py0. B MecsIIl.
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Ecology of car-repair plants as a reserve for increasing
their energy efficiency

Y. G. Malinovskiy
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Russian Federation

malinomsk@yandex.ru

Car repair plants (CRP) are sources of environmentally harmful
emissions. When washing parts of the rolling stock, from the lubricant
waste washing solutions (WWS) in the amount of about 20 m® per month
are formed. WWS is a stable oil emulsion in water, stabilized with soap, and
obtained by dispersing the lubricant in the pumps of washing machines.
These wastes are difficult to concentrate on CRP, they are disposed of on a
onerous basis at a price of about 6000 ruble per m®, which entails costs of
120 thousand ruble per month [1, p. 1118-1120].

Discusses the use of pollution from WWS as the fuel. Their
concentration reaches about 100 kg of oil products per 1 cubic meter of
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solution [2, p. 184]. Thus, the average CRP has a rounded 2000 kg of
petroleum products per month with a combustion heat of about 30 MJ/Kkg,
which gives an energy reserve of 60 GJ or 14 Gcal. One of the major energy
consumers in the CRP are wheel-roller washing machines with a total
average capacity of 60 kW. For 30 working days with a 12-hour change of
their consumption will be about 77 GJ or 18 Gcal.

Noticeable, that the burning of pollution allows almost completely
cover the costs of heat and improve the energy efficiency of the washing
area. The economic effect is formed from the savings on utilization in the
amount of 120 thousand rubles per month and energy savings of about 80
thousand rubles per month.
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Ha ceropmsmHuii neHb Hapsay C pacTymiedl moTpeOHOCThIO B
ANEKTPOIHEPTUM KaK OTJIENBHOTO TOTPEOHTENsT W MPOMBIIUICHHOTO
MPEOIPUATHSI, TaK U SHEPrOCHUCTEMBI B IIEJIOM Ha3peBaeT HEOOXOANMOCTH
Ppa3BUTHSI BO30OHOBIISEMOH TeHepaIy B yCIOBUAX OIPaHMYSHHOCTH 3amaca
TPAJMIHOHHBIX TOIUIMBHBIX PECYPCOB M YXY[ILIEHUS COCTOSIHUS MHPOBOM
9KOJIOTHYECKOH 00cTaHOBKU. B paMkax maHHOH pabOTHI IpOoaHAIM3UPOBaHA
JUHAMHUKA POCTa M CTPYKTYpa yCTAaHOBJICHHOW MOIIHOCTH 3JEKTPOCTAHIINN
B enuHOM 3Heprerudeckoii cucteme (EDC) Poccun no Tvnam reHepannu 3a
2010-2017 rr., omeHeHa 10N BO30OHOBISAEMBIX HCTOYHHKOB JHEPTUU
(BU3) B Heit [1]. Kpome 3TOro, paccMoTpeH aOCOMIOTHBIA HPHPOCT
reHepupyomux MomHocred BUD, B 4acTHOCTH COJHEUHBIX M BETPSHBIX
aseKTpocTaHuid. OnpeseneHbl OCHOBHBIE «BBI3OBBI», IPEMSTCTBYIOLIHE
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nmoBceMecTHOMY MacimTabHomy BHeapenntro BUD B EDC Poccun u
ONpeneNeHbl NMEPCNeKTUBBl Pa3BUTHA JAaHHOTO THUIIA TeHEepaluH. 3Aech
CTOUT OTMETHUTh SKOHOMHYECKUH (akTop — BID He MOryT KOHKYpHpOBaTh
C TPajUIMOHHBIMH JHEPIEeTHYECKUMH pPECypcaMH B  CTOMMOCTH
BEIpabaTBIBAEMON DJICKTPOIHEPTHH, a Takke reorpadpudeckuii Qakxrop,
MTOIpa3yMeBArOIINi 10 COOOH OrpaHWYCHHOCTH NpuMeHeHus BUD B Bumy
NPUYMH TPUPOJHOTO XapakTepa M aAp. Ha ocHOBaHMM IPOBEIEHHOTO
aHaNIM3a MOXKHO 3aKJIFOYUTh, YTO HECMOTpPSA Ha HAIWYHE TOCYIapCTBEHHOH
TTOJIACPKKH HCCIIEAOBATENILCKONW paboTsl mo BUD, ocHOBHOE obecredueHne
pacTyIiero »HEpronoTpeOIeHHs OCYILECTBIAETCS 3a CYET TPAJULUOHHON
TeHepalluy, a MMEHHO TEIUIOBBIX CTaHIMN B BHAY yXKe OTpaboTaHHOH
CHCTEMBI BBOJIa U IOCHEIYIOUIeH IKCIUTyaTalliy NEeKTPOCTaHLUI TaHHOTO
THUIIA, a TAKXKE BO3MOXKHOCTH T'€HEepaIliy TeIuloBoi sHepruu. OnHako cpenu
NEpCIeKTUBHBIX HampaBieHuil BHenpeHus BUD cinexmyer oTMeTHTh
SHEpProcHa0)KeHUE YNAJICHHBIX TEPPUTOPUI, HE HMEIOIIMX BO3MOXKHOCTHU
MOJKJIIOYEHHS K IIEHTPATN30BaHHON YHEProcHCTEME.

Hccnedosanue evinonneno 3a cuem epamwma Poccuiickozo mayunozo
¢onoa (npoexm Ne 18-79-10006).
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IloBbilIeHUe 3HePro3pPeKTUBHOCTH U IKOJIOTHIECKOH
6e3onacHoctu TIC Ha ocHOBe npuMeHeHus I'ITY
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Kpurnueckas cutyauus B sHepreTuke Poccuu, BeI3BaHHAs BBICOKOM
M3HONIEHHOCTBIO  OCHOBHBIX  ()OHIOB, 3aCTaBIsIeT HCKaThb HOBBIE,
HETpaJAUIIHOHHBIE TEXHOJIOTUYECKHUE pemeHus, MTO3BOJISIOIINE
CYIIECTBEHHO  TOBBICUTH  3HEpro’pQexTHBHOCTb,  HAIEKHOCTH U
9KOJIOTUYECKYIO 0€30MaCHOCTh SHEPTOYCTaHOBOK.

OnHUM W3 TJIABHBIX HANpaBlICHHH JS(QQEKTUBHOTO pPAa3BUTHA U
TEXHUYECKOTO INEPEBOOPYKEHUSI POCCUICKON TEIIO3HEPreTUKH SIBISETCS
OIMPOKOE  NPUMEHEHHE  BBICOKODKOHOMHYHBIX  [Apora3oBbIX U
ra3oTypOMHHBIX ~ YCTaHOBOK. B Hacrosmiee  BpeMs  IITHPOKOE
pacnpocTpaHeHHe MOJydHian mnapora3oBbie ycraHoBku (IIT'Y) OmmHapHOTO
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LUKJIa, OJHAKO anbTepHaTHBOW OwHapHoi II['Y sBNsIOTCS Tra3omapoBbie
ycranoBku (I'TIY) c BmpeickoMm mapa (KOHTakTHBIE Ta30TypOWHHEBIC
ycranoBku win [II'Y cmemenns).

I'maBHOW mpoOmemoit mpu pabore I[TIY sBiseTcs MaKCHMalbHOE
UCTIONI30BAaHKE TEIUIOTH NMPOAYKTOB CTOpPAHMS C OONBIIMM COJECpPIKaHHEM
BOJISHOTO Tapa. AHaIW3 CYIIECTBYIOUIMX HAy4YHBIX paboT MO 3TOMy
BOIIPOCY TOBOPHT O €ro ciiaboii mpopadoTke.

Hamu nmpenoskeHsl U Uccel0BaHbl CXEMBI HCIIOJIb30BaHUs TEIUIOTHI U
KOHJCHCAaTa TMPOAYKTOB CrOpaHMs JUIS JOIOJHHUTEIBHOH BHIPAaOOTKU
JNEKTPO’HEPTUH B TAPOBOJASHOM M OpraHMYecKOM LuKjIe PeHkuHa,
MO3BOJIIONINE TTOBBICUTH dnekTpuueckuit KI1J[ ycranoBku 10 60% u BhIle,
a TpUMEHEHHE KOTeHepaluM M TpUIeHEepalHuu MO3BOJSET IOJIYyYUTh
K03()(pMIMEHT MCIOIh30BaHMS TEIUIOTH TOIUIMBA IPH pacdeTe MO BBICIICH
TerioTe cropaHus 95% 3a cueT WCHOIb30BaHMS TEIUIOTHl KOHACHCAIMH
BOJITHOTO TTapa 13 IPOJIYKTOB CTOPAHUSL.

Pabora I'TIY ¢ OoxpmiM BOPBICKOM MEPErpeToro mapa B Kamepy
CropaHusl IIO3BOJIIET CYIIECTBEHHO CHHM3HTh Ko3(¢dummeHT u30bITKa
Bo3myxa (mo 1.05) m 3a cUeT 3TOro 3HAYMTENHHO COKPAaTHTh 3aTPaTHI
MOILIHOCTH Ha TPUBOJI KOMIIPECCOpa, TP ATOM CHIDKAeTcs aanabaTriyeckas
TemmepaTypa CropaHus, 4YTO BeAeT K CYIIECTBEHHOMY YMEHBIICHHIO
paBHoBecHO# koHueHTparuu NO,.

ABTopamu pa3zpaboTaHa OpUTHHAJIBHAS MaTeMaTH4yeckas mojens ['TIY
¢ 3¢ (GeKTUBHBIM UCIOIb30BaHHEM TEIUIOTHI IIPOJLYKTOB CrOPaHHUsI B KOTJIE-
yTHIH3aTOpe JUIs MOJTyYEeHUS JIOTIOJTHUTEIbHOM BBIPAOOTKH
IEKTPOIHEPTHMH W OTIyCKa Teula I TeIIO0 W  XJIaJ0CHAOKEHHMS.
UncnieHHbIE MCCIIE0OBAHMUS Ha MOJISIH MTOKA3aJI1, YTO 33 CUET BIPBICKA Mapa
B KaMepy CropaHusi ra3oBod TypOuWHBI snektpudeckuii KIIJ] ycraHoBku
MOKeT OBITh TOBBIIICH 10 50—60%, a BEIOPOCHI OKCHUIIOB a30Ta CHI)KEHBI 10
10-15 ppm.

Energy efficiency and environmental safety of the use
of thermal power plant based on the gas-steam unit

D. Mel’nikov, N. Galashov, S. Tsibulskiy, A. Kiselev, A. Bannova

National Research Tomsk Polytechnic University, 634050, Tomsk,
Lenin Ave, 50

dmelnikov9l1l@gmail.com, gal@tpu.ru

The critical situation in the energy sector of Russia, caused by the high
level of depreciation of fixed assets, makes it necessary to search for new,
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non-traditional technological solutions, which can significantly improve
energy efficiency, reliability and environmental safety of power plants.

One of the main directions of effective development and technical re-
equipment of the Russian power system is the wide use of highly
economical combined-cycle (CCGT) and gas-turbine units (GTU).
Currently, CCGT of the binary cycle are widely used, however, gas-steam
unit (GSU) with steam injection (contact gas turbine unit or CCGT mixing)
are an alternative to the binary CCGT.

The main problem in the operation of the CCGT is the maximum use
of the heat of combustion products with a high content of water steam.
Analysis of existing scientific papers on this issue suggests its weak study.

We have proposed and investigated the diagrams of using heat and
condensate of combustion products for additional power generation in the
water-steam and organic Rankine cycle (ORC), allowing to increase the
electrical efficiency of the installation to 60% and more. The use of
cogeneration and trigeneration allows to obtain the coefficient of use of the
heat of fuel (when calculating the highest calorific value) 95% through the
use of the heat of condensation of water steam from the products of
combustion.

GSU work with a large injection of superheated steam into the
combustion chamber significantly reduces the excess air ratio (up to 1.05).
Due to this, the power consumption for the compressor drive is significantly
reduced, while the adiabatic temperature of combustion decreases, which
leads to a significant decrease in the equilibrium NOy concentration.

The authors have developed an original mathematical model of the
GSU with the efficient use of the heat of combustion products in the waste-
heat boiler to obtain additional electricity generation and heat supply for
heat and cold supply. Parametric studies on the model showed that due to
steam injection into the combustion chamber of a gas turbine, the electrical
efficiency of the installation can be increased to 50-60%, and emissions of
nitrogen oxides reduced to 10-15 ppm.
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JKcnepuMeHTa/IbHOE onpe/eieHue KOHLeHTpanun
QHTPONOTreHHbIX BbIGPOCOB IPU C)KUTAHUH
CyCNIeH3UOHHBIX YTOJIbHBIX TOIUIMB C IPOAYKTAaMHU
nepepaéoTKH pacTUTEJbHOTO ChIPbS

I'.C. Hammna

Hayuonanvnwiii uccnedosamenvekuii Tomckuil noiumexnudeckul
yrusepcumem, 634050, Poccus, 2. Tomck, np. Jlenuna, 30
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BoBneueHne TUNHMYHBIX OTXOAOB yriie- U HedTenepepaboOTKu B
TOIUTMBHBIN 1wk [1] xapakrepusyercs He TOJIBKO pPacCUIMPEHHEM
KOMITOHCHTHOH 0a3bl, CHIDKEHHEM CTOMMOCTH TOIUIMB, BapbHPOBAaHHEM B
IIMPOKKX IUana3oHax TEIUIOTHI CrOPaHus, HO U HEU30€KHBIM HOBBIIICHIEM
KOHILICHTPALlMii aHTPOIIOTEeHHBIX BBIOpocoB [1]. [lnsd pemieHus nDaHHOM
Ipo0JIeMBI 1e1ec000pa3HO UCTIONb30BATh CYCIICH3UH Ha OCHOBE YKa3aHHBIX
OTXO/OB, BOABI M CIECHUAIM3UPOBAHHBIX NpUMeced WM 100aBOK.
[lepcrieKTUBHBIMH C 3KOJOTHYECKONH TOYKH 3PEHHS SBILIIOTCS IPUMECH
pacturenbHOro npoucxoxaeHus [2]. B Hacrosiueil paboTe HCCIEI0BaHO
BIMSIHME  J00aBOK  MAacJOCOJEpXalluX  OTXOJOB nepepaboTKu
pacTUTENLHOTO CBIPbS M Macel Ha KOHIEHTpPAlMUd aHTPONOTr€HHbBIX
BBIOPOCOB MPU CXKUI'AHUH CYCTIEH3MOHHBIX YTOJbHBIX TOILIHB.

BeinosniHeHHbIE 9KCIIEPUMEHTBI MoKazay, 4TO ULt
opranoBojoyroimsHbeIX TOImMB (OBYT) Ha ocHOBe QuUIbTp-Keka c
MIPUMECBI0 PACTHTENBHBIX MAacel 3KOJIOTHYECKHE MOKA3aTeIH CXXHUIAHUS
Boime, 9eM y OBYT c¢ orpabotaHHBIM TypOMHHBIM MaciioM. OOpa3oBaHue
OKHCJIOB cephl Ha Auana3one temmeparyp ot 700 no 1000°C ymeHbIINIOCH
(o cpasrenuto ¢ OBYT Ha TypOMHHOM Macie) Impu J00aBKe parcoBOTO
Macia Ha 23-45%; noacoiiHeYHOro xMbixa Ha 12-63%; KOKOCOBOTO Maciia
Ha 50-70%. IIpu nCmoaB30BaHWU PATNiCOBOTO Macja OKCHABI a30Ta MOTYT
OBITE CHIXEHBI Ha 5—70%; moacoiiHeuHoro xMeixa Ha 5-50%; KOKOCOBOTO
Mmacna Ha 5-38%. PacTtuTesnbHble Macia XapaKTepU3yHTCs MUHHUMAIbHBIM
CONEpKaHWEM Cephl, a30Ta ¥ MOJUIMKINYECKHX apOMaTHYECKUX
YIJIEBOJIOPOJIOB, BHICOKOM TeMIiepaTypoi BCIbIIKU. WX ucnonas3oBanue B
cocrae cycreHsuii OBYT B3ameH oTpabGOTaHHBIX WHAYCTPHAIBHBIX JaeT
BO3MOXKHOCTh TIOBBICHTh JHEPreTHYECKHE II0Ka3aTesd CyCHEeH3uu 0Oe3
TIOBBILIEHUSI YKOJIOTUYECKON HAarpy3K1 Ha OKPY’KaIOLIYIO Cpey.

Paboma evinoanena npu noodepocxke Cosema no epanmam

Ipe3udenma P® (CI1-1969.2018.1).
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Involvement of typical waste of coal preparation and oil refining in the
fuel cycle not only expands the component fuel base, reduces the fuels cost,
changes the heat of combustion in wide ranges, but also can increase the
concentrations of anthropogenic emissions. The use of specialized
impurities or additives in suspensions based on these wastes and water can
solve this problem. Impurities of plant origin turn out to be promising from
an environmental point of view. This work studies the influence of additives
of plant processing waste (sunflower meal) and vegetable oils (rapeseed,
olive, coconut oil, etc.) on concentrations of anthropogenic emissions
during combustion of coal liquid fuels (CLF).

The performed experiments have shown that for CLF based on filter
cake with admixtures of vegetable oils or plant waste, the environmental
indicators is higher than for CLF with waste turbine oil.

Concentrations of sulfur oxides in the temperature range from 700 to
1000 °C are lower (compared with CLF based on turbine oil) by 23—-45% at
adding of rapeseed oil; by 12-63% at adding of sunflower meal; and by 50—
70% at adding of coconut oil. When using rapeseed oil, nitrogen oxides can
be reduced by 5-62%; sunflower meal — by 5-50%; and coconut oil — by 5—
38%. Vegetable oils are characterized by a minimum content of sulfur and
polycyclic aromatic hydrocarbons, high cetane number, and high flash
point. They are nontoxic, bio-degradable, non-polluting and well mixed
with liquid fuels. The use of vegetable oils as part of CLF instead of the
waste industrial oils allows increasing energy indicators of the suspension
(ignition temperature, burning rate, delay of ignition and complete
combustion) without an increase of ecological impact on environment.



124 Mex0d. Hay4yHaa KoHG. «IHep2o-pecypcoshheKmusHocmo 8 uHmMepecax
ycmoliyueozo pazsumus», Tomck, 12—16 Hoabpa 2018

Research was funded by the Council of the Russian President Grants
(SP-1969.2018.1).

References

1. Dmitrienko M. A., Nyashina G. S., Vershinina K. Yu., Strizhak P.
A./lJ. Hazard. Mater. 2018. V. 347. P. 359-370.

2. Armesto L., Bahillo A., Cabanillas A., et. al. // Fuel. 2003. V. 82.
Ne8. P. 993-1000.

TeXHOJIOTUHM COBMECTHOTO HCOJIb30BAHUSA SJHEPTUH
BeTpa U OPraHUYeCKOro TOIJIMBA JAJIsl MOBbIIIEHMS
3Hepro3(pPeKTUBHOCTH U IKOJTOTUIHOCTH
KOMOHUHHMPOBAHHOTO MPOU3BO/CTBA 3JIEKTPUYECKOH U
TENJIOBOM JHEPTrUHU
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OHeprust BeTpa SBIAETCS OJHUM M3 Hambonee MepCHeKTHBHBIX
BO300HOBIISIEMBIX ~ SHEPrOpPECYpCOB M XapaKTepuzyeTcsd  IIMPOKOH
pacTpOCTPaHEHHOCTBEO W OTHOCHUTENBHO  BBICOKOW  IUIOTHOCTBIO
9HEPTreTUYECKOTO MOTOKA. [Ipr 3TOM CyIecTByeT psix mpodieM, CBsI3aHHBIX
C IPUMECHEHUEM BETPOSJICKTPOCTAHIINN B SJHEPTOCUCTEMAX.

YactiaHoe pelIeHne STUX MpoliieM BO3MOXKHO B PaMKax pealTu3allii
mpeylaraéMbeIX B Pa0OTe NPUHIMITHAIBHBIX TEXHOJOTHYECKHX CXEM
COBMECTHOTO HCTIOH30BAHUS BETPOIHEPTETHUECKUX u
TEMOIHEePreTHUECKUX yCTaHOBOK. CoriacHo pa3paboTaHHON TEXHOIOTHU
ANEKTPOIHEPTHS, BhIpabaThiBacMasi Ha BETPOIJICKTPOCTAHIINH, ITOTHOCTHIO
WIA 4YaCTUYHO WCHONB3YeTCS IS MNpSAMOro 3aMelleHHs TOIUTMBa B
TEIMJIOCUIIOBOM IIHKJIE MapoTypOuHHON miu maporazoBoit TOIl. OcHoOBHOI
addexr, momydaemplii TNPU peaNM3alid  JTaHHOW WHTETPUPOBAHHOM
TEXHOJIOTUH, SBIIIETCS 3KOHOMUS TOTUIMBA WU, COOTBETCTBEHHO, CHIDKEHUE
BEIOpocoB CO,. Kpome TOro, B mpeyiaraeMbX TEXHOJOTHYECKUX CXEMax
JJIEKTPOIHEPIHsl OT BETPOAJIEKTPOCTAHLMU HE INepefaeTcsi HanpsMylo B
CeTh, YTO YCTPAHACT MpobdieMy obecrieueHus ee CTaOWIBPHOCTH B Ka4eCcTBa
[1-3], a omepariBHOE pEe3epPBUPOBAHUE MOIIHOCTH BETPOIIEKTPOCTAHIMH
He TpeOyercs.
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B paMkax yKpYMHEHHOIO TEXHMKO-’KOHOMHYECKOTO aHalu3a
MOKa3aHbl BO3MOXKHBIE JHEPTETHYECKUE U DSKoJormdeckue 3(PQeKTh OT
MIPUMEHEHUs MpeasaraeMoi TeXHOJOTHH, PaCCMOTPEHBI TEXHOIOTHYECKHe
MIPEUMYIIECTBA TIPEUIOKEHHBIX CXEM, OOECIeUMBAIOIINE WM IIHPOKYIO
cdepy IMpaKkTHIECKOTO MCIONb30BaHUS KaK B JIOKAIBHBIX, TAK H B KPYITHBIX
sHeprocucremax. [IpemiaraeMble TEXHOIOTHHN 3aIMHIICHBI TATCHTOM [4].
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fuels for improving the energy efficiency and
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Wind energy due to its wide availability and relatively high density of
energy flow is the most promising resource among all non-conventional and
renewable energy sources for many countries. At the same time, there are
some problems of the use of wind power plants in power systems.

Partial solution of these problems is possible within the framework of
the proposed in principle technological schemes for joint use of wind
energy and thermal power plants. According to the developed technology,
the electricity generated at the wind power plant is fully or partially used for
direct replacement of fossil fuel in the thermal-power cycle of a steam
turbine or combined-cycle power plant.

The main benefit of implementation of this integrated technology is
fuel saving and reduction in CO, emissions. In addition, in the proposed
technological schemes electricity from the wind power plant is not
transferred directly to the electric power system, which obviates the
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problem of ensuring stability and quality of electricity [1-3], moreover the
operational power redundancy for the wind power plant is not required.

An provided technical and economic analysis shows the possible
energy and environmental benefits from the application of the proposed
technology. The technological advantages of the proposed schemes are
considered, providing them with a wide scope of practical use both in local
and in large-scale power systems. The proposed technologies are protected
by a patent [4].
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Hu3skoTeMnepaTypHoe KaTaJIUTHYECKOE MOoJIydYeHUe
BOJ0PO/ia M3 CEPOBOOPOAA: HHHOBALMOHHOE
pelIeHue 3KOJIOTHYECKHUX U IHEPTeTUYECKUX MPO6JIEM
YCTOWYHUBOTO Pa3BUTHUA
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OnHOM W3 aKTyaJlbHBIX NPOOJIeM COBPEMEHHOCTH B  YCIOBHAX
IJ00aJbHOTO TOTEIUICHUST KJIIMMaTa SIBJSIETCSl CO3JaHHE BOJOPOJHOM
SHEPreTUYECKOW  KOHIeNIMH, KOTopas JOJDKHAa Oa3upoBaTbcs Ha
BHEAPCHUH TEXHOJOTMH MPOM3BOJACTBA BOJOPOJA, HE CBSI3aHHBIX C
BeiOpocamu CO, B atmocdepy. [loTeHIIMaNIFHBIM HCTOYHHKOM BOIOpOJA
SBIsieTCs  cepoBopopoa, H,S — BBIHYKICHHBIH TOOOYHBIA MPOMYKT
MOOBIBAIOMINX M TEepepadaThIBAIOIINX OTpACei, OTHOCSIIMICS K KIAccy
Hambosiee TOKCHYHBIX BEIIeCTB. B IOKIame paccMOTpEHBI BO3MOXKHOCTH
OJIHOTO M3 CaMbIX IPOCTHIX M JIOCTYIHBIX CIIOCOOOB MOJyYeHHs BOJIOPOAa
IyTEeM KaTaJUTUYECKOTO pa3ioxkeHus H,S mpum KoMHATHOH Temmepatype.
IIpu pasmemieHMH METAUIMYECKUX KaTaau3aTOpoOB B CIIOE€ KHIKOCTH,
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CrocOOHOU XOPOIIO PacTBOPATh HyS 1 (MITH) MPOMEXKYTOUHBIC U KOHCUHBIC
MIPOJXYKTHl PEaKIHy, yAaeTcs AocTUYb KoHBepcuu H,S, 6xmskoit k 100 %,
IIPY 3TOM Ha BBIXOJIE M3 peaKTopa MoIydaeM LeJICBOH MPOIYKT — BOJOPOJ,
a cepa akkymymupyercss B pactBope [1-3]. IlpemmoxeHbl HEKOTOpPBIC
BapHaHTBl M3BJICYCHHS OOpa3yIoIIeHcss cepbl W3 PAacTBOPOB, a TaKKe
NEepPCIEeKTHBAa €€ MCIONB30BAHMS JUI1 CHHTE3a HOBBIX XHMHYECKHX
coemuHeHnit ceppl. CnemaH BBEIBOL, 4YTO CEPOBOJOPOJ — ClEHyeT
paccMaTpHBaTh KaK HEHCUEPIIAeMBII M BO30OOHOBIAEMBIH HCTOYHHK
BOJOPOJAa — OSKOJOTHYECKH Oe30IacHOr0 JHEePreTHYecKOro IMpPOIYyKTa H
LEHHOI'0 XUMHYecKkoro peareHra. [Ipeanaraemblii MeTOx mpeanosaraet
3aMEHY CYLIECTBYIOLIMX BBICOKOTEMIIEPATYPHBIX, JHEPrO- U METaJNIOEMKHUX
texHoyoruii yrunusanuu H,S mo meromy Kimayca, otkpsitomy erie B 19
BEKE, HA  WHHOBALMOHHYIO  TEXHOJIOTHIO  HHU3KOTEMIIEpaTypHOTO
KaTaJUTUUECKOro pasznokenus: H,S, oJHAaKO BMeCTO BOABI IOJy4YaeM
BOJIOPOI.
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One of the pressing problems of modern civilization in the conditions
of global warming is the creation of a hydrogen energy concept, which
should be based on hydrogen production technologies excluding CO,
emissions into the atmosphere. Hydrogen sulfide is a potential source of
hydrogen. H,S is an unnecessary and "useless" substance, which does not
found any practical applications in human activities. At the same time, H,S
is one of the most toxic matters, so it must be removed from waste gases
and waters to the level of sanitary norms. Processes of H,S utilization are
implemented worldwide by the Claus method, developed in the 19th
century; as a result, the final products of its disposal are water and solid
sulfur.
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The report considers the possibilities of the simplest and most effective
way to produce hydrogen by the catalytic decomposition of H,S at room
temperature. When metal catalysts are placed in a liquid capable of
dissolving H,S and (or) intermediate and final products of the reaction, it is
possible to achieve conversion of H,S close to 100%, at the reactor outlet
we receive the target product — hydrogen, while sulfur is accumulated in the
solution [1-3]. Some variants of extraction of the resulting sulfur from
solutions, as well as the prospect of its use for the synthesis of new
chemical compounds of sulfur are proposed. It is concluded that H,S should
be considered as an inexhaustible and renewable source of hydrogen — an
environmentally safe energy product and a valuable chemical reagent. The
proposed natural-like method involves the replacement of existing high -
temperature, energy- and metal-intensive H,S recycling technologies by the
Claus method with the innovative technology of low-temperature catalytic
H,S decomposition, but instead of water we get hydrogen.
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HcciepoBaHue 3/IEKTPOreHHOU aKTUBHOCTH
MHUKPOOHOJIOrMY€eCKOro npenapara
«BocTtok IM-1» B MTI
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OpxHnM U3 HanboJee BaXXHEUIIINX aCIIEKTOB MOTyYCHHS JIEKTPHIECTBA
B MHKPOGHBIX TOIUTUBHBIX diieMeHTax (MTD) siBisieTcss moa0op aKTHBHBIX
MHKPOOPTaHU3MOB-JIEKTPOT€HOB.  Vcronp30BaHMe Ui OTUX — Lenel
MHKPOOHBIX KOHCOPIIMYMOB J€NaeT TEXHOJOTHI0 Oojlee YCTOWYMBOW H
s¢pdexruBHoi. llenblo paboThl SBHIOCH H3YyYCHHE IIIEKTPOXMMHUECKHX
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napamerpoB MTD Ha ocHOBe MHMKpOOMOJOTHYecKOro mnpemnapara «Bocrok
OM-1» («IIpumopckuit OM-Llentp», Bnagusoctok). PaboTsl nmpoBoaumu ¢
makeramu MTD u mporeaypamu, onucandbiMu B (Stom, Zhdanova, et al.,
2018). Tpancdopmarmio KOMIOHEHTOB CTOYHON BOJBI OIICHHBAIH TI0
n3MeHeHnto  XIIK,  KOHUEHTpaluuio0  aMMOHUSI W IJIIOKO3BI  —
(doTtomMeTpuUecKH, HE(PTENPOAYKTOB — XPOMATOTPapUUECKH, a IMPHPOCT
KJIETOK MUKpOOpranu3zmMoB — MeTozoM Koxa. «Boctok OM-1» renepuposain
anekTprdeckuii Tok B MTD. DToT mpomecc cOmpoBOXKAANCH MPHUPOCTOM
KJIIETOK MHKpoopraHusmoB, cHmwxkeHueM XIIK crouHoii Boxel H
YMEHBIICHUEM B Hell KOHIEHTpauuu cyOcTparoB (TJIIOKO3bI, Oenka, coseit
amMMoHus1). PacnpocTpaHeHHEWIIUi JeTepreHT noaenwicyibdaT HaTpHs
(ICH) He oxa3piBaJl HETAaTUBHOTO BO3ACUCTBUA Ha JJICKTPUUYECKHE
napameTpel MTD ¢ npenapatom «Boctok OM-1» U quHaMUKy pocTa ero
kietok B kourentpanuu 10 0,1 r/n. JICH B comepkanuu 0,5 1/71 0Ka3biBail
HEeraTMBHOE BO3/CHCTBHE Ha HCCIielyeMble MoKa3arenu, a 1T/1 — CHUIIbHO
MOAABIST  MX. [IpomeMOHCTpHpOBaHA MNPHHIMIIHAIBHAS BO3MOXKHOCTD
npuMeHeHuss npemnapata «Bocrok OM-1» B MTD g  oumctku
HedTe3arpsa3HEHHBIX  BOJA. MMKpPOOpPraHM3MBI — IIpenapara  CHIDKalu
KOHIICHTpaLHIo rekcajekana B MTO 3a 14 cyt Ha 32,9 %, nedtn — Ha 11,9
%, oxrana — Ha 14,6 %, Oemszoma — Ha 8,3 %. DIeKTporeHHas u
JNECTPYKIIMOHHAA aKTUBHOCTh «Boctok DOM-1» B MTD comocraBiena c
JPYrMMH KOMMEpPYECKUMH MHKPOOHBIMH mpenapatamu. IIpoBeneHHbIe
HCCIIeTOBAHUSA MO3BOJISIIOT PEKOMEHI0BATh HCIOJIb30BaTh
MUuKpoOHosiorndeckuii mpenapat «Boctok OM-1» 111 OYMCTKH CTOYHBIX
BOJI ¥ TIOJIy4eHHs neKkTpuyecTBa B MTO.

Study of the electrogenic activity of the microbiological
preparation "East EM-1" in MFC

G.0. Zhdanova®, D.I. Stom*?3, V.Ya. Severena*, V.A. Fialkow?,
A.B. Kupchinsky®, M.Yu.Tolstoy?

YIrkutsk State University, Irkutsk, Lenin st., 3
“Irkutsk National Research Technical University, Irkutsk, Lermontov st., 83
*Baikal Museum of the INC SB RAS, Listvyanka, Akademicheskaya st., 1A
**Primorskiy EM-Center", Vladivostok, Mordovtseva st., 8D
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One of the most important aspects of obtaining electricity in microbial
fuel cells (MFC) is the selection of active microorganisms-electrogenes.
The use of microbial consortia for this purpose makes the technology more
sustainable and effective. The aim of the work was the study of the
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electrochemical parameters of the MFC on the basis of the microbiological
preparation "East EM-1" ("Primorskiy EM-Center", Vladivostok). The work
was carried out with mock-ups of MFC and the procedures described in
(Stom, Zhdanova, et al., 2018). Transformation of wastewater components
was assessed by the change in COD, ammonium and glucose concentration
— photometrically, petroleum products — chromatographically, and the
growth of microorganism cells — by the Koch method. "East EM-1"
generated an electric current in the MFC. This process was accompanied by
an increase in the number of microorganism cells, a decrease in the COD of
waste water, and a decrease in the concentration of substrates (glucose,
protein, ammonium salts). The widespread detergent sodium dodecyl sulfate
(SDS) did not adversely affect the electrical parameters of the MFC with the
preparation "East EM-1" and the growth dynamics of its cells in
concentrations up to 0.1 g / I. SDS in the content of 0.5 g / | had a negative
effect on the studied parameters, and 1 g / | — strongly suppressed them. The
principal possibility of applying the preparation "East EM-1" in MFC for
cleaning oil-polluted waters is demonstrated. Microorganisms of the drug
reduced the concentration of hexadecane in MFC for 14 days by 32.9 %, oil
by 11.9 %, octane by 14.6 %, benzol by 8.3 %. The electrogenic and
destructive activity of «East EM-1» in the MFC is compared with other
commercial microbial preparations. The carried out researches allow to
recommend to use microbiological preparation "East EM-1" for sewage
treatment and reception of electricity in MFC.
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. A. }OpLeBl, J1. K. Crom™*?, C. B. Baiinesa®, I'. O. Xnauosa®,
A. b. Kyan/IHCKMﬁZ, B. A. ®uainkos

! Upkymexuii 2ocyoapemeennwiii ynusepcumem, 664003, 2. Hpkymek,
ya. Cyxs-bamopa, 5
? Baiikansckuti myseti Upkymckozo nayunozo yenmpa CO PAH, 664520,
noc. Jlucmesnka, yn. Akademuueckas, 14
3Hpkymcmn? HAYUOHANbHBII UCCTIe008AMENbCKUL MEXHUYeCKUL
yrusepcumem, 664074, 2. Upxymck, ya. Jlepmonmosa, 83
* Unemumym o6weti u sxenepumenmanshoii 6uonozuu CO PAH, 670047,
2. Ynan-Yoo, yn. Caxvanosoti, 6

stomd@mail.ru

Tepmanbuble  ucrounuku  Kyuurep  (Pecmybmuka — Bypsitus)
XapaKTePU3YIOTCS Cynb(haTHO-TUAPOKAPOOHATHBIMHU HaTPHUEBBIMU
Bomamu [1]. Panee Obula mOKa3aHa TNPHUHIUIKAIBHAS BO3MOXHOCTh
ankanogmwipHOTO Marta Kyuwrep BBIIOMHATH poONb OWOareHTa B
6uororuiuBHoM snemente (BTD) [2]. B pmanHoit paboTe u3yyanu
JNEKTPOXMMHUYECKAEe ©  OWoxuMmMmuueckue  mpomecchl BTD  mpm
ucnonbs3oBanun Mata Kyuurep. Koncrpykuuss BTD u TexHuka nsmepeHus
npuBenensl B [2, 3]. Cpemoii crnyxuina MoauduIpoBaHHAsS pelenTypa
[pennnra. JlecTpyKUUIO OPraHUYECKOTO BELIECTBAa ONpPENCSUIH 110
xuMudeckoMy motpebnennto kuciopona (XIIK). CybcrpatHas cmech
(0,5 %: xpaxma, LELIIOI03Y, TIIOKO3Y, HENTOH, aleTraT HaTpus, TBUH-80)
Ha 15-e CyTKM dKCIepHMEHTa AaBajia IPUPOCT JIEKTPUYECKOH MOIIHOCTH
10 0,48 W/m?, HanpspkeHus 10 415 mV u cuiel Toka 10 6,6 mA. Red-Ox
agonurta mpu dtoM gocruran —0,6 V, karommra —0,1 V. 3a 15 cyrox
skcriepumenTta XIIK cHmsmmnock B 1,5 pasa B aHonmte. Takum oOpasom,
n3y4yeHa OMOdIIEKTPOXUMHUYECKasi aKTHBHOCTh MUKpOOHOTO Marta Kyuurep u
MIOKa3aHa ero IepCHeKTHBHOCTh Kak OnoareHra B BTD mpm yrunusannu
3arpsiI3HUTENICH U TeHEpPUPOBAaHUE AIICKTPUUECTBA.
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Influence of the alkalophilic microbial mat from the
Kuchiger hydrothermal on the physicochemical
parameters of the biofuel cell
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Kuchiger hot springs (the Republic of Buryatia) are characterized by
sulfate-hydrocarbonate sodium waters [1]. Earlier it was shown the
principal possibility of the alkalophilic mat Kuchiger to perform the role of
bioagent in the biofuel cell (BFC) [2]. In this paper, we studied the
electrochemical and biochemical processes of BFC using Kuchiger mat.
The design of the BFC and the measurement technique are given in [2, 3].
The medium was a modified formulation of Pfennig. The destruction of
organic matter was determined by the chemical oxygen demand (COD).
Substrate mixture (0,5%: starch, cellulose, glucose, peptone, sodium
acetate, tween-80) on the 15th day of the experiment gave an increase in
electric power up to 0,48 W/m?, voltages up to 415 mV and current up to
6,6 mA. Redox anolyte at the same time reached -0,6 V, catholyte -0,1 V.
Within 15 days of the experiment, COD decreased 1,5 times in anolyte.
Thus, the bioelectrochemical activity of the microbial mat Kuchiger was
studied and its prospects as a bioagent in BFC in the utilization of pollutants
and the generation of electricity are shown.

References

1. Namsaraev B. B. et al. Ecology of microorganisms of extreme water
systems: Textbook. allowance. Ulan-Ude: Buryat. state. University, 2008. —
94 p.



CeKkuyuAa 3. IKoaHepzemukKa 133

2. Yuriev D. A. et al. Microbial mat of the thermal springs Kuchiger
Republic of Buryatia // IOP Conf. Series: Earth and Environmental Science.
2018. 121. pp. 6.

3. Zhdanova G. O. et al. New electrodes for biofuel cells // 10P
Conference Series: Materials Science and Engineering. 2017. 262. pp. 5.
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B mocnennee BpeMsi MpUCTAIbHOE BHUMAHHUE YAEISIETCS MHUKPOOHBIM
TOIMBHBIM 31eMeHTaM (MT3). OHH HCTIONB3YIOTCS JUI OYUCTKH CTOYHBIX
BOJl, TEHEPHPOBAHMS OJIEKTPUUECTBA W  MOIYYCHHsS OHOTOILUIMBA.
[lepenanpsixenne Ha kKaroge pe3ko cHuwkaeT Bbixon KIIJ MTO. Oty
npoOieMy pelaroT ¢ MOMOIIbIO TUIATMHOBBIX Katanu3aropoB. Ho miaruna
JIOPOTOCTOSIIAS U JIETKO OTPAaBJISIETCS. AKTHBHO BEIYTCS TIOUCKH JIEIEBBIX
KaTajnu3aTopoB. B  1gaHHOM COOOIIEHHMH ONHUCHIBAIOTCS  PE3YJIbTaTHI
HCIIOJIb30BaHUAKATATUTUIECKOH OCHOBBI Katanu3aropoB Tuma «KaraH»
(OAO «HIIO Karammsz» P®D). Makerst MTD u mpoleaypsl H3MEpeHHsI
omucanbl B [1]. Cpenoit cmyxuna monmenbHas ctouHas Boaa (Na,COs—
0,05r/n, KH,P0O,-0,03 r/n, CaCl,-0,01 r/n, MgSO4—0,01r/1.) B kauecte
Ouoarenta Opamu KyiaeTypy Micrococcus luteus 1-u. Ona BblmeneHa wu3
akTMBHOrOo mia ouucTHbIX coopyxkennii AHXK (E. }O. Konosanoga).
Cyoctpatom cnyxwmn mentoH (0,5 1/m). B karomur MTD pmobasmsmu
KaTaJIUTHYECKYI0 OCHOBY KaTanuzatopa «KaTtaH 525» B KOHLEHTpaIMsx
0,1; 0,5, 1 m 5 r/n. UccnemoBany BIHSHUE KaTaIUTHYECKOH OCHOBBI
karann3atopa «Karan 525» Ha OHO3JIEKTPOXUMHUYECKHE XapaKTEPHCTUKU
MTD u anexTponpoBoagHOCTh KaTonuTta. Brecenue 0,5 r/m xaTamusaTopa B
KaTOJIHYIO KaMepy noBbimano Momuaocte MTO B3 paza, | /m—B4,a 5 1/n
— B 9 pas. [Ipucyrcteue 0,1 r/n1 Katanm3atopa HE BIWSIO HAa MOIIHOCTH
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MTD. Ilpu npoGaBneHuu 5 T/1 KaranuzaTopa OTMEYald IIOBBILICHHE
ANeKTponpoBogHOCTH Katonuta Ha 40 %, Oonee HU3KHE KOHICHTPAIIUU
MPAaKTHYECKN HE MEHSIH 3JIEKTPOIPOBOJHOCTE. TakuM 00pa3om, MOKa3aHo,
gro Karaimmsarop «Karan 525» unarencudunuposan padory MTD.
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The use of cheap catalysts of the "Catan" type for the
intensification of the operation of microbial fuel cells
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Recently, close attention has been paid to microbial fuel cells (MFC).
They are used for wastewater treatment, electricity generation and biofuel
production. Overvoltage on the cathode dramatically reduces the efficiency
of the MFC. This problem is solved with the help of platinum catalysts. But
platinum is expensive and easily poisoned. The search for cheap catalysts is
being actively pursued. This report describes the results of using catalytic
basis catalysts of the "Catan" type (JSC "Catalysis" RF). MFC models and
measurement procedures are described in [1]. The medium was model
sewage water (Na,CO; - 0.05g /I, KH,PO,-0.03 g /1, CaCl, - 0.01 g/,
MgSO, — 0.01 g / ). As a bioagent, Micrococcus luteus 1-1. It is isolated
from the active sludge treatment facilities of the ANHK
(E. Yu. Konovalova). The substrate was peptone (0.5 g / ). The catalytic
basis of the catalyst "Catan 525" in concentrations of 0.1; 0.5; Land 59/ I.
The influence of the catalytic basis of the catalyst "Catan 525" on the
bioelectrochemical characteristics of MFC and the electrical conductivity of
catholyte was investigated. The introduction of 0.5 g / | of catalyst into the
cathode chamber increased the power of the MFC 3 times, 1 g / | — 4 times,
and 5 g /1 -9 times. The presence of 0.1 g / | of the catalyst did not affect
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the power of the MFC. When 5 g / | of catalyst was added, an increase in
the conductivity of the catholyte by 40 % was noted, the lower
concentrations practically did not change the electrical conductivity. Thus,
it is shown that the Catan 525 catalyst intensified the operation of the MFC.
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B coBpeMeHHOM Mupe TPHUPOMHBIA Ta3 SBIAETCS OCHOBHBIM
HCTOYHUKOM TIOJY4YeHHs CHHTe3-raza u3 MeTaHa. Karamutuueckas
VTJEKUCIOTHAS KOHBEPCHS MeETaHa - 3TO MPEANOYTHUTENbHBIN Crocod
MIOJIYUYEHHUsI CHUHTE3-Ta3a B CBS3HM C OCYIIECTBJICHHWEM Ipoliecca B Ooee
MSATKHAX YCIIOBUSIX M PEHICHHUEM DKOJOTHYECKUX TPOOJEM, CBI3aHHBIX CO
CHIDKEHHEM TEMITOB TJI00abHOTO MOTeIUIeHUs . [Ipor3BOICTBO CHHTE3-Ta3a
MOCTOSIHHO ~COBEPIUEHCTBYETCSA, TaK Kak COpPOC Ha 3TO CBIPE B
HE(PTEXUMHYECKON TPOMBIIIICHHOCTH PACTET ¢ KaXAbM romom. Kpome
TOrO, CHHTE€3-Ta3 UCHOJb3YEeTCSI B KaueCTBE DKOJOTUYECKH UHUCTOrO
HCTOYHUKA Teria U 3Hepruu. [losTomy mouck nyted aktuBauuu CHy st
CHHTE3a MPOJYKTOB SIBIISICTCS Ba)KHOU 3agadyci. MeTtonom
CaMOopPAacIpPOCTPAHSIONIETOCS BBICOKOTEMIIEPATYPHOTO CHHTE32, & UMEHHO
COBPEMEHHOH ero MoaupuKaIueil - mporeccoM ropeHusi B pacTBope ObLIH
npurotoiensl  La-Mg-Mn-Ni-Al  karamuzaropsl. B pesynbrare
BapbUPOBAHUSI COOTHONICHHS DJIEMEHTOB B 00pa3iax ObBLIO YCTaHOBIEHO
ONTHMAIILHOE COJEp)KaHWE METAUIOB B KaTaJIM3aTOpe M ONPeACIICHBI
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YCIIOBUS KOHBEPCHU MeTaHa B cuHTe3-ra3. Haiimeno, uto mpu 900°C wu
06BeMHo#t ckopocti 2500 4™ Ha katanmsatope 5% La + 10% Mg + 5% Mn
+ 20% Ni + 10% Al + 50% rimmuH BO3MOXKHO TOJy4YeHHE Hanboiee
BBICOKHX PE3yJIbTAaTOB 10 OKUCIUTEILHOMY IMPEBPAIICHHIO B CHHTE3-Ta3.
Kartanuzatopsl ObUIM HCCIIEIOBAHBI KOMILIEKCOM (DH3UKO-XUMHICCKUX
METOJIOB, B pPe3yJIbTaTe Yero YCTAHOBJCHO, YTO B MPOIECCE HCIBITAHUN B
CTPYKTYpE KaTajau3aTropa MPOUCXOIUT psia u3MmeHeHui. [lokasaHo, 4To B
KaTaJnu3aTope MPUCYTCTBYIOT MPOCTHIC U CMEIIAHHBIC OKCHJIbI, aTFOMHHATHI
METAJUIOB M CTPYKTYPHI INIMUHEIBHOTO THIIA, TNPHCYTCTBAC KOTOPBIX
CIOCOOCTBYET  aKTUBHOW  paboTe  KaTaau3aTOPOB  OKHUCIUTEIHLHOTO
MpeBpalleHIs METaHa.

Dry reforming of methane to hydrogen-enriched fuel
mixtures on composite materials prepared by
combustion method
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In the modern world, natural gas is the main source for obtaining of
synthesis-gas from methane. Catalytic carbon dioxide conversion of
methane is the preferred method for producing synthesis gas in connection
with the implementation of the process under milder conditions and solving
environmental problems associated with a decrease in the rate of global
warming. Production of synthesis-gas is constantly improved, as the
demand for this raw material in the petrochemical industry is growing every
year. Also, synthesis gas is used as an environmentally friendly source of
heat and energy. Therefore, finding ways to activate CH, for synthesis of
products is an important task of petrochemical industry. La — Mg — Mn — Ni
- Al catalysts were prepared by the self-propagating high-temperature
synthesis method, namely its modern modification - the solution
combustion synthesis. The optimum content of metals in the catalyst was
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determined by varying the ratio of elements in samples. The conditions for
conversion of methane to synthesis-gas were determined. It was found that
the highest results on oxidative conversion to synthesis-gas can be obtained
at 900°C and a space velocity of 2500 h™ over 5% La + 10% Mg + 5% Mn
+ 20% Ni + 10% Al + 50% glycine catalyst. The catalysts were examined
by a complex of physical and chemical methods, as a result of which it was
established that a number of changes occur in the catalyst structure during
the testing in a flowing catalytic installation. It has been shown that simple
and mixed oxides, metal aluminates and spinel-type structures, the presence
of which promotes the active work of catalysts for the oxidative conversion
of methane, are present in the catalyst. In addition, elastic carbon nanotubes
wrapped in a spiral with diameters of 40 - 50 - 70 nm were detected on the
surface.

K Bompocy onpeaesieHus 3¢pPpeKTUBHBIX MJIOLAA0K
pa3MeleHNs BETPO3HEPreTU4eCKUX YCTAaHOBOK NPHU
BbIOOpeE ONTHMA/IbHOM CXeMBbI BbIJA4Y¥ MOILIHOCTH B
IIPOEeKTe BETPO3JIeKTPUYEeCKOM CTAaHIIUU
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3adacTyro, KpyrnHble BeTpodHepretudeckue craniuu (BOC) umeror
HECKOJIPKO IUIOMAJ0K pa3MENIEHUs] BETPOIHEPTETUYECKUX YCTAaHOBOK
(BQY), koTopbie MOTYT OBITH PACIIOJIOKEHBI HA 3HAYUTEIBHOM PACCTOSIHUU
JPYT OT Ipyra. TO 00YCIOBICHO KaK TEXHUIECKHMH TPEOOBAHMIMH, TaK U
3¢ (GEKTUBHOCTRIO HCIIONF30BAHMS YCTaHOBJICHHBIX MOMIHOCTEH. BrIbop
mwiomanok pasmemienus BOVY  sBisercs oAHONM M3 THaBHBIX 3ajad
ONpeesieHUs] ONTUMAJIbHOM cxeMbl Bbliaun MouiHoctd BOC.

BerposHepreruueckue  pecypchl  MOTYT  OBITh  HEpaBHOMEPHO
pacupeneneHsl Jake B MacmTabaXx ~OJHOTO JHEpropaioHa Kak
TEPPUTOpUATIPHO, TaK W BO BpeMEHH. Y4YeT HEepaBHOMEPHOCTH
pacnpenenenus BeTpopecypcoB nipu oobenunennu BOY B BOC mo3BomseT
MOBBICUTh  KOY(PQPUIIMEHT HUCIOIb30BaHUS YCTAHOBIEHHOW MOIIHOCTH
(KNIYM) kaxnoit BOY, a Takke, B HEKOTOPOH CTEIIEHH, BEIPOBHATH Ipaduk
BBIPAOOTKH JIEKTPOIHEPTUH B TOUKE BBIJITAYH MOIITHOCTH.

B nannHO#l paboTe mpencTaBieH IOAXOJ, KOTOPBIH MOXKET OBITh
WCTOJB30BaH I BEIOOpa Hanboee 3QQEeKTHBHBIX TUIOMAI0K Pa3MEIICHUS
BETPOdHEPreTUUeCKUX ycTaHoBOK B coctaBe BOC. OH mpemycmaTpuBaet
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pacuér KMYM Ha OCHOBE CTaTUCTHUYECKUX KIMMATUYECKUX TAHHBIX B
paMKax IOCTPOCHHOW MaTeMaTHdeckoi Moaenu BOY.

AJNTOPUTM TO3BOJISET MPOBECTH PACUET BBHIPAOOTKU DIICKTPOIHEPTHUH
BDVY 3a mepmonm BpeMeHH KaK OTAETBHO IO KaKJOW M3 IUIOMIANOK
pa3MemieHns, Tak ¥ OIpenenuTh Hamboiee 3PQPeKTHBHBIE KOMOMHAINN
IUTOIIA0K Pa3MemIeHns, 00beIMHEHHEIX B CHCTEMY, T.€. B BOC.
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K 2017 rogy Bo BceM Mupe HaKOIUIEHBI AECATKH MUJUIMAPAOB TOHH
TBepabix ObITOBEIX 0TX0MOB (TBO), oTX0mOB yrieoborameHus (GuibTp-
KEeKOB), OTpaboTaHHBIX Macen. X o0BeM eXEeroaHo YBETUYHMBAETCS.
DHepreTudeckuii moreHiman (Gonee 650-10® JIX) Takux OTXO0JIOB
XapaKTepu3yeT MEPCNeKTUBBl X YTUIM3AIMU IyTeM CXHUTaHHUS B COCTaBe
KOMIIO3UITMOHHBIX ~ TOIUIMB. [loaToMy B paMKax  BBINOJIHEHHOTO
HCCIICOBAaHMUS OJKCIEPUMEHTAJIbHO YCTAaHOBJIEGHBI 3aKOHOMEPHOCTH U
HEOOXOIMMBIE YCIOBUS 3a)XKUTaHHUS Kaleldb KOMIO3MIIMOHHBIX TOIUIMB Ha
OocHOBe (uIbTp-Keka ¢ nodasieHneM TunnmdHbXx THO B xommuectse 10 %
Mac. (IpeBecrHa, MUIIEBOW OTXOM, TUIACTHK, KAPTOH) B YCIOBHUIX HArpeBa,
COOTBETCTBYIOIIUX YCIOBUSAM CKUTAHUS TOIUIMBA B TOMKAX KOTIIOB.

JUIs TUMAYHBIX COCTaBOB KOMIIO3HIIMOHHOTO TOILIMBA YCTAaHOBJIICHA
00J7acTh TapaHTUPOBAHHBIX BPEMEH 3alICPXKKU 3a)KUTAHUS Kalellb TOILUINBA
pa3mepaMu OKkoJO0 1| MM B JAMama3oHE TEMIEpaTyp OKpY’Karomed cpens
600-1000 °C. MuHMManbHbIC 3HAYCHHS BPEMEH 3a/CPKKH 3aKHTAHHS
COCTAaBJISIIOT OKOJIO 3 ¢, MAKCHMAJIbHBIE — OKOJIO 25 C.

JloGaBneHre TBEPABIX OBITOBBIX OTXOJIOB B COCTaB KOMITO3HIIMOHHOTO
TOIUTMBA BeAeT K yMmeHblneHuto koHmeHtpamud NO, u SOy B IBIMOBBIX
ra3ax 10 CpPaBHEHHMIO C TOIUIMBOM 0Oe3 nobaBieHus otxonoB Ha 60 % u 35
%, cootrBeTcTBeHHO (WK 110 ppm u 45 ppm).

IIpn wactuuHo# 3amene yras (50% mo reHepanuy AIEKTPOIHEPTUH)
SKBUBAJIECHTHBIM IO SHEPTOBBIACICHUIO KOJIMYECTBOM KOMIIO3UI[HIOHHOTO
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TOIUIMBA €r0 DKOHOMUSI OYJEeT COCTaBJIATh OKOJIO | MIIPJA. TOHH €XEroHO
Ha mnporsbkeHHMH 20 seT (B TeUeHHME pPErVIaMEHTHPOBAaHHOTO CPOKa
9KCIUTyaTalliy KOTia). B TedyeHue 3TOro e mpoMexyTka BpeMeHu Oyner
yrammsnpoBano  24.24-10° Tomm dumstp-kexos; 5.76-10° tomn TBO;
0.36:10° TOHH OTPaGOTAHHBIX Macel. JTO MO3BOJHT MOJHOCTHIO PELIUTH
poOJIEMBl YTHIM3ALNA OTPAOOTAHHBIX MAacel, €XKETrOJHO MPOU3BOJUMBIX
OTXO0mOB  yrieoOorameHus, Take Ha 10%  yMeHbIIHTE 00BEM
HakomieHHBIX 10 2017 roma ¢umbTp-KekoB. Kpome sToro mobaBienne B
COCTaB KOMITO3MIMOHHBIX TOINNB THO MO3BOIMT yTHIM3HPOBAaTH HX B
konmuectBe 10 50% oT exeroHoro oobemMa Iponu3BO/ICTBA.

Paboma  evinonnena npu  Quuancosou  noodepicKke  SpaHma
Ipesudenma Poccuiickoii @edepayuu (MK-2454.2018.3).

Utilization of municipal solid waste by burning in the
composite fuels

D. P. Shabardin, D. O. Glushkov, K. K. Paushkina, D. S. Sivkov

National Research Tomsk Polytechnic University,
30, Lenin Avenue, Tomsk, 634050, Russia

dpshabardin@tpu.ru

By 2017, about 70 billions ton of municipal solid wastes (MSW), coal
enrichment waste (filter-cakes), and used oils are accumulated all over the
world. Quantity of waste increases every year. The energy content (more
than 650-10* J) of such wastes characterizes the prospects of their
utilization by burning in the content of composite fuels. Therefore, within
the framework of the performed research, the regularities and necessary
conditions for ignition of droplets of composite fuels based on filter cake
with the addition of typical MSW (woods, food wastes, polymer materials,
cardboards) in an amount of 10% by weight were experimentally
established under heating conditions corresponding to the conditions of fuel
combustion in boiler furnaces.

For typical compositions of fuel, a region of guaranteed ignition delay
times of fuel droplets with sizes of about 1 mm is established in the range of
ambient temperatures of 600-1000 °C. Minimum values of ignition delay
times are about 3 s, maximum values are about 25 s.

The addition of MSW in the composite fuel leads to a reduction by
60% and 35% (or 110 ppm and 45 ppm) of NO, and SO, concentration in
the flue gas compared to a fuel without adding MSW.

A partial replacement of coal (50% of energy generation) by an
equivalent amount of composite fuel (in terms of energy generation) will
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save about 1 billion ton of solid fossil fuels per year. During 20 years (the
boiler's operational lifetime) it will be recycled about 24.24-10° tons of
filter-cakes; about 5.76-10° tons of MSW; about 0.36-10° tons of used oils.
The problem of utilization of used oils and annually produced filter-cakes
will be solved completely. The quantity of filter-cakes accumulated until
2017 will be reduced by 10%. Besides, adding of MSW in the composite
fuels will allow utilizing up to 50% of the annual production quantity of
MSW.

The work was supported by the grant of the President of Russian
Federation (MK-2454.2018.3).

3KCHepl/lMeHTaJIbHOC HCCIeJ0BaHUE TOPpEHUA KalleJIb
BOAOCOAECPpKAIIUX TOIIJ/IUB U3 Top(ba, YIroJIbHBIX
HIJIAMOB U U3MEJIBYEHHOTI'O YyIJid

H.E. Illnerens, K.}O. Bepmununa, I1.A. Ctpmxak

Hayuonanvnwiii uccneoosamenvcekuii Tomckuil noiumexnuieckuil
yrusepcumem, 634050, Poccus, 2. Tomck, np. Jlenuna, 30

nik.shlegel.ask@gmail.com

[IpuBeneHp pe3ynbTaThl JKCIEPUMEHTANBHBIX HCCICHOBAHUA H
CpPaBHUTENFHOTO AaHAllM3a XapaKTePUCTHK, NPEACTbHBIX YCIOBHHA U
PEKHUMOB  3@KUTaHMs  HEPCIEKTHBHBIX  CYCIICH3HMOHHBIX  TOIUIUB,
MIPUTOTOBJICHHBIX C HCIOJIb30BaHUEM TOp(]a, YroJbHBIX HIAMOB, OTXOJOB
¢dnotanuu yrist (GuIbTp-KeKa) U HU3KOCOPTHOTO Oyporo yriisi. B kauecte
nobaBku (10% wmacc.) UCHONB30BajoCh OTpabOTaHHOE TYpOMHHOE MAacio.
VYCTaHOBIIEHBI  OCHOBHBIE  XapaKTEPUCTHKHM 3aKHIaHUSl M TOPEHUs
CYCHEH3Mil: BpeMeHa 3aJlepKKH 3aKUTaHHs M JUIUTENbHOCTH TOpPEHHMs
Kamenib, TMpeleNbHbIE TEMIEPaTyphl 3aKHUTAaHUS W MaKCHMAallbHBIE
TEMIIEpaTypbl ~ TOPEHMs, AaHTPOIIOTEHHBbIE  BHIOPOCHL.  BbrumcieHs!
OTHOCHTEJbHBIE K03(hPUIMEHTBI HCTIOJIb30BaHUSA (c y4eToM
JHEPreTHYCCKHX, OJKOJOTMYECKHX M  DKOHOMHYECKHX  MOKa3aTesei)
TOIUIMBHBIX CYCIICH3WH B CpaBHEHHH ¢ yrieM M Ma3ytoM. [lokaszaHo, uro
HauOONBIINE TIEPCHEKTHBBl HMMEIOT TOIUIMBA C KOMOWHHMPOBaHHBIM
cocTaBoM (IPH OTHOBPEMEHHOM HCIIOJBb30BAHUK YIS, IIama, Topda).
COBOKYIHBIIH OTHOCUTEJIbHBII [IOKa3aTelb 3(hheKTHBHOCTH
HCCJICIOBAHHBIX ~ CYCIIEH3Wi u3MeHsuicss B Juanasone 1.01-3  (mo
CpaBHEHHIO C yTieM) W B anama3oHe 2.9-24 (mo cpaBHEHHIO C Ma3yTOM).
Hcnonp3oBaHue CycrneH3Wd TM03BOJIAET CHU3UTh CTOMMOCTH TEIUIOBOU
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SHEPruH, BHIOPOC BPEAHBIX MPOJIYKTOB CTOpaHUs, a Takke 3(PQeKTHBHO
YTHIN3UPOBATh MHOTOUUCIICHHBIE IPOMBILICHHBIE OTXOMBI.

Y CTaHOBIICHO, YTO C POCTOM TEMIEpaTypbl BHEIIHEW I'a30BOW Cpeibl
OTIIMYUS HMHEPUUMOHHOCTH  3)KUTaHUS TOIUIMB  PasHBIX  COCTABOB
MHUHUMH3HPYIOTCS. T.e. B peKuMe CTalllOHApHOH PaboTHl KOTIIa BOSMOXKHO
U3MEHEHHE COCTaBa CYCIICH3WM 03  CYIISCTBEHHBIX W3MEHECHHH
XapakTepuUCTHK 3axuraHus. OmHAKO Ui PO3XKHUra IeIecoodpasHo
UCIIONB30BaTh CYCIICH3MH C MAalbIMH BPEMECHAMH 3aJICp)KKH 3a’KHT'aHHS
(manpumep, 20% yromsusrit miam, 30% ¢uastp-kex, 50% Boza).

Paboma ewinonnena npu nodoepocxke Cosema no epanmam
Ipesudenma P® (CI1-1114.2018.1).

Experimental Investigation of Combustion of Aqueous
Fuel Compositions Based on Peat, Coal Slimes and
Coal Dust

N.E. Shlegel, K.Yu. Vershinina, P.A. Strizhak

National Research Tomsk Polytechnic University,
634050, Russia, Tomsk, Lenina str., 30

nik.shlegel.ask@gmail.com

The results of experimental studies and comparative analysis of
characteristics, limiting conditions and ignition modes of promising
aqueous fuel compositions are presented. Peat, coal slime, coal (lignite) and
coal flotation waste (filter cake) were used as the main combustible
components. Waste turbine oil was used as an additive (10% wt.). We have
established the basic characteristics of ignition and combustion of slurries:
ignition delay times and droplet burning times, maximum ignition
temperatures and maximum combustion temperatures, anthropogenic
emissions. The relative efficiency coefficients (taking into account energy,
ecological and economic indicators) of fuel slurries were calculated in
comparison with coal and fuel oil. It is shown that slurries with a combined
composition (with simultaneous use of lignite, coal slime and peat) are the
most promising. The total averaged relative efficiency index of the slurries
are varied in the range of 1.01-3 (compared to coal) and in the range 2.9-24
(compared to fuel oil). According to the evaluations, the most attractive
slurry for combustion at power facilities has the following composition:
30% filter cake, 20% coal slime, 50% water. The efficiency of this fuel is 3
times higher than that of coal and 24 times higher than that of fuel oil. The
use of slurries allows reducing the cost of thermal energy, the emission of
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harmful combustion products, and also to efficiently dispose numerous
industrial wastes.

It was found that when the temperature in the combustion chamber is
increased, the differences in ignition delay times are minimized for fuel
compositions with a different composition. This means that in the stationary
operation mode of the boiler, it is possible to change the composition of the
slurry without significant changes in the ignition characteristics. However,
for the boiler heating, it is advisable to use slurries with short ignition delay
times (for example, the compositions: 1-20% coal slurry, 30% filter cake,
50% water, 2 — 40% coal slime, 10% waste turbine oil, 50% water).

Research was funded by the Council of the Russian President Grants
(SP-1114.2018.1).
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le/IH].[l/IHI/laJIbHO HOBBbI€ BO3MOXKHOCTH AJI1 OYUCTKH
CTOYHBIX BOJ,

A.I1. BeptuHckmit

Hpkymckuil HayuoHaneHulil Ucc1e008amenbcKull mexHuyeckul
yrusepcumem, 664074, 2. Upxymck, yi. Jlepmoumosa, 83

bgd@istu.edu

PazBuTHe NpPOMBIIIJICHHOCTH, YBEJIWYEHHE 4YHCIAa aBTOTPAHCIOPTa,
HCTIOJIb30BaHUE BOJBI HA HYXKIBI CEJIbCKOTO XO035ICTBAa — BCE 3TO NMPUBOAUT
K TOBBIILICHHOMY 3arps3HeHHI0 ruapocepsl. [ TTaBHOW MPUYMHON BBICOKOI
AHTPOIIOTCHHOW HArpy3KH Ha BOAHBIE OOBEKTHI SBISIETCS HECIOCOOHOCTD
o0ecreunTh NOCTaTOYHBIH YPOBEHb OYHCTKH BCETO 00bEMa CTOYHBIX BOJ,
MOCTYMAIOMIMX B OYHCTHBIE COOPY)XKEHHS, H3-32 HX HEIOCTATOYHOH
MOIITHOCTH WM He3(p(PEeKTHBHOTO HCIIONH30BAHMS.

[IpumeHsieMble B HACTOsIIEE BPEMsS METOABI OYMCTKH CTOYHBIX BOJ
MMEIOT HECOBEPIIEHHEI. VIcIoap30BaHNe PeareHTHBIX METO/I0B IPUBOAUT
K TIOBTOPHOMY 3aCOJICHHIO OYMILIEHHOW BOIbl. MHUKpOOHOIOrHIecKue
METO/Ibl OTJIMYAIOTCSI TPOMO3/IKOCTBIO B amapaTypHOM O(QOPMIICHHH, U HE
o0ecreunBaOT IOJHOW OYHMCTKH CTOKOB TO TSDKEIBIM MeTaulaM U
aHoHaM kuciaoT. K HemocraTkaM — 3JEKTPOXMMHYECKHX  METOJOB
(3MeKTpOKOAryJsAIus, JNeKTPOoGhIOTAIMsI) OTHOCHUTCS HEOOXOIUMOCTh
OTHOCHUTENIBHO CIIO’KHOTO BBINPSIMHUTENBHOTO 000pYyIOBaHUS, MacCHBAIUSA
JIEKTPOJIOB, 3HAUNTEIBHBIN PAacX0 AJIEKTPOIHEPTHH U JINCTOBOTO METAIIA.

B ommume OT BBIIICNIEPEYUCICHHBIX METOJO0B, METOA OYHCTKH
CTOYHBIX BOA MyTEM HHIYLMpPOBaHHS B HUX BTOPHUYHBIX TOKOB [1] He
oOnasaer BBIICHEPEYUCICHHBIMA HEAOCTATKAMU H3BECTHBIX METOJIOB.
METOJ] HHAYLUUPOBAHUS TOKOB IO3BOJIUT 3HAYUTENBHO IOBBICUTH
(G PEKTUBHOCT, OYHCTKH METAUIOCOJEPKAIIMX CTOYHBIX BOJA, CHH3UT
3aTpaThl HA OYHCTKY, ITOCKOJNBKY HE MOTpeOyeT MPUMEHEHHS PearcHTOB U
JNEeKTPOAOB, COKPATHUT  pa3Mepsl  IPOM3BOACTBEHHBIX  IUIOMIAJICH,
3aHUMAEMBbIX OYHCTHBIMU COOPYKCHHUSIMHU.

IlepBBle TOJOXWUTENBHBIE PE3yAbTATHI, MOJy4eHBI aBTOpoM B 1996
romy.

C Tex mop 10 HACTOSINIEr0 BPEMEHH pa3paboTaHO H 3alaTeHTOBaHO 9
HHAYKIUOHHBIX  3JeKTpokoarynsatopoB. CyTb  MeToJa  OUYHUCTKH,
IIPeUIaraéMoro aBTOPOM 3aKJIIOYAeTCs B HMHIYLUUPOBAHMU BTOPUYHBIX
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TOKOB HETOCPEJCTBEHHO B IOTOKE 00pabaThiBaeMbIX CTOYHBIX BOJ C
MOMOIIBIO CIICHHABHBIX 3a[IaTCHTOBAHHBIX YCTPOMCTB [2].

CnucoK HCnoJb30BAHHBIX HCTOYHHKOB

1. Beprunckuit A.IL. // TexHocdepras 6GezomacrHocTh-XXI Bek. 2016.
Ne3. C.45-52.

2. Beprunckuit A.Il. // VunoBammu u wmHBecTHimu. 2017. Nel2 .
C.219-223.

Fundamentally new opportunities for
wastewater treatment

A. P. Vertinsky

National Research Irkutsk State Technical University,
664074, Irkutsk, Lermontov street, 83

bgd@istu.edu

The development of industry, the increase in the number of vehicles,
the use of water for agriculture — all this leads to increased pollution of the
hydrosphere. The main reason for the high anthropogenic load on water
bodies is the inability to ensure a sufficient level of treatment of the entire
volume of wastewater entering the treatment facilities, due to their
insufficient capacity or inefficient use.

Currently used methods of wastewater treatment are imperfect. The use
of reagent methods leads to re-salinization of purified water.
Microbiological methods are characterized by bulkiness in the hardware
design, and do not provide complete purification of effluents for heavy
metals and anions of acids. The disadvantages of electrochemical methods
(electrocoagulation, electroflotation) include the need for relatively complex
rectifying equipment, passivation of electrodes, a significant consumption
of electricity and sheet metal.

In contrast to the above methods, the method of wastewater treatment
by inducing secondary currents in them [1] does not have the above
disadvantages of the known methods. the method of inducing currents will
significantly improve the efficiency of treatment of metal-containing waste
water, reduce the cost of treatment, because it does not require the use of
reagents and electrodes, reduce the size of production areas occupied by
treatment facilities.

The first positive results were obtained by the author in 1996.

Since then, 9 induction electric coagulators have been developed and
patented. The essence of the method of purification proposed by the author
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is to induce secondary currents directly in the flow of treated wastewater
with special patented devices [2].

References

1. Vertinsky A. P. // Technosphere safety-XXI century. 2016. No. 3. P.
45-52,

2. Vertinsky A. P. // Innovations and investments. 2017. No. 12 . P.
219-223.

Cnoco6b1 MogMpUKaL UM e/ 1/11071030C0/JePrKaliux
He(pTecopOEeHTOB

A.B. Erommna

Hayuonanvhwiii uccneoosamenvcekuii Tomckuil norumexnuyeckuil
yuugepcumem, 2. Tomck, np. Jlenuna, 30

W3BecTHO, 4TO AJSI JIMKBUAAIMK HE(PTAHBIX Pa3IUBOB HCIIOJIB3YIOTCS
pacTUTENbHBIE TPHPOAHBIC BOJOKHHUCTBIE MAaTEpHaibl, COJIOMA, INETyXa
371aKOB, OMMIKH, TOpQ. [lepcrieKTHBHBIM ~ MaTepUalioM  SIBJISETCS
NPUPOIHBIAH  copOeHT TopdsiHo Mox (Sphagnum Dill.). Hamuuue
pa3IMYHBIX (YHKIHOHAIBHBIX TPYNH (KapOOKCHIBHON, THIPOKCHIBHOM,
aAMHIIHOM, AMHMHOTPYII), BBICOKOE COjepKaHue Ieutono3sl (37-39 %)
o0ecrieunBaeT BHICOKYIO COPOIIMOHHYIO CITIOCOOHOCTh 3THX MaTepHAaJIOB.

[osTomy aKTyaJIbHOM SIBIISIETCS 3a7a4a CO3JIaHUs
BBICOKOA()(DEKTHBHBIX COPOCHTOB HAa OCHOBE MEIUIIONO3bI, 00JaJarolIux
ruApoOoOHBIMH CBOMCTBAMH, ITyTEM pa3IMuHBIX CIIOCOO0B MOU(UKaINK C
UCTIONIb30BAaHMEM  JIOCTYNHBIX  HEJOPOTMX PpEareHTOB M IPOCTHIX
TEXHOJIOTUUECKHX OTEPAIHH.

K ocHOBHBIM MeTonaM MoOOU(UKAIMK  [EJUTIOJIO30COAEPKAIINX
COpPOEHTOB OTHOCSTCSI MEXaHUYECKHE, PU3NYECKUE, XUMHYECKUE U (PUUKO-
XUMHUUYECKHE.

W3 ¢usmgeckux MeETONOB MOTUPHUIMPOBAHUS HAMH 300
HCTIONB30BAaHO BO3JEHCTBHE BBICOKMX TEMIIEpPAaTyp, 3aMOpaKHBaHHE.
MeToioM XUMHUYECKOH MOIU(UKAIUU COPOCSHTOB OBbLT MPOBEIACH CHHTE3
CJIOKHBIX A(QHUPOB LEIUTIONO03bl ATepUPHUKALNCH T'HMIPOKCHIBHBIX TPYIII
JEUCTBHEM OPTaHMYECKUX M MUHEPAIBHBIX KUCIIOT
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Xumnaeckas ®duznueckast MoaupUKanus
MOTU(HKAIIHS
Mox, MopoxeHue Tepmuuekas Mox,
00paboTaHHBIH o0OpaboTka 00paboTaHHBIH
nmapamMu KapOoHaTOM
YKCYCHOM HaTpUs
KHCJIOTHI
Hucnep | A Hucnep | A Hucnep | A Hucnep | A
cHOCTh | (MT/T) | cHOCTh | (MI/T) | cHOCTH | (MI/T) | CHOCTH | (MI/T)
0,14 112,4 0,5 153 0,5 126,7 0,5 99
0,5 112,7 1 151 1 126,9 1 95,4
1,4 110,1 1,4 158 1,4 127,1 1,4 98,7
2 104,4 2 157 2 120,8 2 96
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HccnegoBaHue 6aKTEepULUAHBIX CBOMCTB
KOMINO3UTHOI0 OGMOCOPOEHTa AJISA OYUCTKU
CTOYHBIX BO/,

A.M. KapamenauHoBa
Tomckuil nonumexnuueckutl ynusepcumem, . Tomck, np. Jlenuna, 30
adiya.karamendinova@mail.ru

U3ydeHuo aHTHOAKTEpUANbHBIX CBOMCTB YHCTBIX HAHOYACTHIL
MOCBSIIIEHO MHOXKECTBO HAYYHBIX HccienoBaHuil. OHAKO B 3TOM ciydae
MPUCYTCTBYET TPOOIeMa W3BICUCHHUS WCIIOIB30BAHHBIX HAHOYACTHI[ W3
mpo6. I'pyrmoit yaeHHBIX OBLT MPETIOKEH METOJ 3aKPETICHHsT HAHOYACTHIT
HUKeNs Ha ruaporene xuro3aHa[l]. Bmpouem, HaMu OBLIO MPEITORKEHO
3aKpelyieHHe HaHOYaCTHII Ha OCHOBE W3 IUIECHEBBIX TpuOoB[2], urO
03BOJIsIeT 3PPEKTUBHO OUYUIIATH CTOYHBIE BOJABI M O€30MAaCHO H3BIIEKATH
HCIIONB30BAaHHBII OMOCOPOEHT TOCIIe HCIIOIb30BaHUS.

Jnst  JaHHOTO — HWCCIIENOBAHUS  HMCIOJIB30BAIKMCh  CICAYHOLIHE
KOMIIO3UTHBIE OHOCOPOEHTHI, B OCHOBE KOTOPBIX JIE)KAT IUICCHEBBIE IPUOBI
Aspergillus  niger u Muccor, a TakKe HAHOYACTHIBI HHUKEIs.
DKCrIepUMEHTHl NMPOBOAMINCH Ha CYTOYHBIX KynbTypax Staphylococcus
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aureus, mramm 209, Escherichia coli, mramm o0-111, Bacillus
pseudoanthracis,spp 1 KyabTypbl MepexkoBckoro. K cycniensuu 6akrepuii
B M30TOHMYECKOM pacTBope, cozaepxamieil 2500 MUKpoOHBIX Tenm B 1 wmu,
nobasmsum 0,1 T THOGMIEHO BBICYHNICHHOTO OHOCOpOCHTa, WHKYOHpOBAIH
mpu KOMHAaTHOW Temmeparype B TedeHne 30 wmuHyT. KommuecTBo
KHU3HECTIOCOOHBIX ~ MHKPOOPTAHM3MOB  IOCJIE  KYJIbTHBHPOBAaHHSA  C
KOMITO3MTHEIM OMOCOpOEHTOM ompeeistin o meroay Koxa[3].

B otHOMmEeHNK Garmint, KOMIO3UTHBIA GuocopOent Aspergillus niger +
Ni mokaszam XyaAmue pe3ymbTaThl: KOJNHYECTBO  IKU3HECIIOCOOHBIX
MUKpoopranuzMoB cocraBuno 40%. OpHako KONUYECTBO BBDKUBIIMX
Garrsu mociie nHKyOanuu ¢ 6uocopberntom Muccor + Ni yMeHBIIHIOCH 10
19%.

B otHOmenuu TpaMM-TIOJIOKUTECIIBHBIX W T'PaMM-OTPpULATCIIbHBIX
MHUKpPOOPraHM3MOB Habnugaercs oOpaTHas TeHACHIMs J(PQPpEeKTUBHOCTH
KOMITO3UTHBIX OHocopOeHToB. [lpum uncrnone3oBaHUM aclepruwuiyca B
Ka4eCcTBE  HOCHTEIsI ~ HAHOYACTHI[  KOJMYECTBO  >KH3HECIIOCOOHBIX
cTaUIOKOKKOB cocTaBmio 4,5%, a E.coli — 0,6%. Bnpouem, Mykkop Toxe
[I0Ka3aJl HEIUIOXUE PE3yAbTaThl: BELKUIO 5% U 2% COOTBETCTBEHHO.

Hcxonst n3 TONydYeHHBIX PE3YJIbTATOB MOXKHO CYAWTH O BBICOKOH
OakTeprIUIHON F(PPEKTUBHOCTH U3yUCHHBIX KOMITO3UTHBIX OHOCOPOCHTOB
10 OTHOLICHHIO K TIpaM-MOJOXKUTCIbHBIM W T'paM-OTPULATCIIbHBIM
MHUKpoopranuzmMam. Takxe OHOCOPOCHTHI MPOSBIIIN HEIJIOXYIO0 aKTUBHOCTh
B OTHOUICHHH CIIOpooOpasyonmx Oamwul. B oTHOmeEHMM KyJIbTYpBI
MepexKoBCKOTO 00a copOeHTa He NpOSIBIIN aKTUBHOCTH, HAOIIOIalCs
CIUIOLIHOW POCT BO BCeX 00pasiax.
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Investigation of bactericidal properties of composite
biosorbent for wastewater treatment

A.M. Karamendinova
Tomsk Polytechnic University, Tomsk, Lenin st. 30
adiya.karamendinova@mail.ru

A lot of scientific research has been devoted to the study of the
antibacterial properties of pure nanoparticles. However, in this case, there is
a problem of extracting the used nanoparticles from the samples. A group of
scientists proposed a method for fixing nickel nanoparticles on chitosan
hydrogel [1]. However, we proposed the fixation of nanoparticles based on
mold fungi [2], which makes it possible to efficiently purify waste water
and safely recover the used biosorbent after use.

For this study, the following composite biosorbents were used, based
on Aspergillus niger and Muccor molds, as well as nickel nanoparticles.
The experiments were performed on 24-hour cultures of Staphylococcus
aureus, strain 209, Escherichia coli, 0-111 strain, Bacillus pseudoanthracis,
spp, and Merezhkovsky cultures. To a suspension of bacteria in an isotonic
solution containing 2500 microbial bodies in 1 ml, 0.1 g of a freeze-dried
biosorbent was added, incubated at room temperature for 30 minutes. The
number of viable microorganisms after cultivation with a composite
biosorbent was determined by the Koch method [3].

With respect to bacilli, Aspergillus niger + Ni composite biosorbent
showed the worst results: the number of viable microorganisms was 40%.
However, the number of surviving bacilli after incubation with Muccor + Ni
biosorbent decreased to 19%.

With regard to gram-positive and gram-negative microorganisms, the
reverse tendency of the effectiveness of composite biosorbents is being
observed. When using Aspergillus as a carrier of nanoparticles, the number
of viable staphylococci was 4.5%, and E. coli 0.6%. However, Muccor also
showed good results: 5% and 2% survived, respectively.

Based on the obtained results, one can judge the high bactericidal
effectiveness of the studied composite biosorbents with respect to gram-
positive and gram-negative microorganisms. Also, biosorbents showed
good activity against spore-forming bacilli. With respect to Merezhkovsky's
culture, both sorbents showed no activity, solid growth was observed in all
samples.
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PU3NKO-XMMHUYECKHUE OCHOBBI MEeTOo/Ja YAdJICHUsA
KpeMHHu4, CBA3aHHOT0O C TYMUHOBBbBIMH B€Ill€CTBAMH U3
IMPpUPOAHBIX BOJ

JI.A. Koctukoga, JI.H. IlInsau

Hayuonanvnwiii uccneoosamenvcekuii Tomckutl noiumexnuieckuil
yuugepcumem 634050, Poccus, e. Tomck, np. Jlenuna 30,

lak@tpu.ru

[IpoGmemsl, CBsI3aHHBIE C HAJIWYHMEM HWOHOB KpPEMHHS B BOJC
00yCIIOBJICHBI TE€M, 4YTO B HACTOSINEE BPEMsS HE CYIIECTBYET YETKOTO
MIPECTABICHUS 0 MexaHu3Me O00pa3oBaHHS  BOJOPACTBOPHMBIX
COCIMHEHU I KPEMHHS, IPUCYTCTBYIOIINX B MOBEPXHOCTHBIX M CKBAKHHHBIX
Bomax. OTCyTcTBHME 3HAHMH O WyTIX 0Opa30BaHHS BOJIOPACTBOPHMBIX
COCIMHEHUI KPEeMHHUST HE MO3BOJIIET MOHATh CTPYKTYPY 3THX COCTUHCHUI
U TMPEICTaBUTh HMX MOJICKYJSIPHOE CTPOCHHE, YTO OCJOXHSIET IMOWCK M
pa3pabotky > ¢eKTHBHBIX CHOCO0OB yrameHUs. B mmreparype cimabo
MPEJCTaBIeT PacTBOpPa, ¢ KOTOPHIMH OH MOXXET B3aUMOJICHWCTBOBATH B
BOJHOW HBI JaHHBIE 10 YHAJCHHIO KPEMHHS B TPUCYTCTBHH JAPYTHX
KOMIIOHEHCpe e, HapUMep, C TYMHHOBBIMH BEIIECTBAMHU.

Henro HacTOsIEH paOOTHI SBISIETCS MCCICIOBAHUE 3aKOHOMEPHOCTEH
00pa30BaHUsl BOJOPACTBOPUMBIX COCAMHCHHH KPEMHHS C T'YMHHOBBIMHU
BEIIECTBAMH W OTPEACICHHE TEPMOAWHAMUYCCKH  YCTOHYMBBIX (HOpM
HEPAaCTBOPUMBIX  IPOAYKTOB  B3aHMOJICUCTBHS  CHJIMKAT-HOHOB c
JUCTICPTHPOBAHHBIMU MUKPOITY3bIphKaMH pabodero rasa.

YCTaHOBJIEHO COOTHOIICHHE KOHIICHTPAIMHA «HOHBI KPEMHHS —
TYMUHOBBIC  BEIIECTBA», MNPH KOTOPOM IPOUCXOAUT OOpa3zoBaHUe
KOJUIOWAHBIX COCIMHEHUH. DTO COOTHOIICHHWE HAXOIOUTCA B mpenenax 20
M/ HOHOB KpeMHus 1 80 MI/I ryMHHOBBIX BemecTB. OmpeseneH pa3mep
00pa3yromMXxcsi KOJUIOMAHBIX YAaCTHIl, KOTOpbIH coctaBmin 200 HM U
3HaYeHHe (-TIOTeHIHMana, Kotopoe coctaBmwio —38mV. HccienoBaHo
BIIMSIHUSL BEITUYMHBI BOJOPOJHOTO TOKA3aTellsl PacTBOpa Ha YCTOMYUBOCTH



150 Mex0d. Hay4yHaa KoHG. «IHep2o-pecypcoshheKmusHocmo 8 uHmMepecax
ycmoliyueozo pazsumus», Tomck, 12—16 Hoabpa 2018

COCIUHEHUN KpeMHus ¢ TyMHHOBBIMU BemiecTBamu. IlokazaHo, 4TO
KOJUTOMJHBIE COCANHEHNS YCTONYNBEI B MHTEPBaJIC 3HAUYCHNIH BOZOPOJHOTO
noxasarens ot 7,0 mo 10.

HccrnenoBan cmoco0  ymaneHHs BOIOPACTBOPUMBIX — COCAMHEHHH
KPEMHHS, CBA3aHHBIX C T'YMHHOBBIMH BEIECTBAMH W3 ITIPHPOIHBIX BOJ
IIyTeEM BO3ZCHCTBHA IUCHEPTUPOBAHHBIX MHUKPOITY3BIPEKOB YITIEKHCIOTO
rasa M Kayctuueckoro maruesuta. Croco0 3axitodaercs B 0Opa3oBaHUU
YTOJBHOW KHCJIOTHI Ha MOBEPXHOCTH MHUKPOITY3BIPBKOB, YTO CHOCOOCTBYET
00pa3oBaHUI0O KPEMHHMEBBIX KHCIOT, KOTOpPBIE B3aUMOAEHCTBYS C
KayCTHYeCKMM MAarHe3uToM o0pa3yloT HepacTBOPUMBIE T'HIPOCHINKATHI
Marxaus.

Pa3pa6oTKa U BHeJpeHHe KaTaITUTH4YeCKUX
TeXHOJIOTUM AJIf1 IMKBUAALUU OTX0A0B OT
AeareabHOCcTH baiikanbckoro LIBK (r. Baiika/ibck)

J.A. KouerkoBa, H.A. Nmyxk, A.1O. Kouerkos, 11.0. {omuos,
P.I1. KouyetkoBa, M.®. Munymnus, A.B. 3mmoepr

000 «Komnanus Kamanuzy, 142784, 2. Mockea, Kuesckoe wocce 22-1
kunomemp (n. Mockosckuii), 0. 4, cmp. 5

kataliz@katrise.ru

Ha nonuronax «Comsanckuit» u «badxunckuit» balikaasckoro paiioHa
JIOJITHE TOJbl HAKAIUIMBAJIUCH PA3JIMYHBIC TUIIBI OTXOJOB IIPOU3BOACTBA U
notpebniennss OAO «bBLBK». TloMmumo mnutaM-jaurHuHa, Ha TMOJUTOHBI
cOpachIBANCh: 30JI0IIUIAKN OT CXKUTAHUSA yIJIeH, KOPOCOAepKAIIHEe OTXO/BI,
TBep/ible OBITOBBIE OTXO/bI U CTPOMUTEIbHBIE OTXOMbI, KOTOPHIE COIEPKATCS
B KapTax-HAKOIUTENISIX, OCHOBHAS 4acCTb OTXOJOB KOTOPBIX IPECTABIICHA:
LUIaM-JIMTHUHOM, 30JI0M OT CXKMraHHs IIJaM-IUTHUHA, 30J0M M IUIaKaMU
OT C)KMT'aHUs YIUIsl, 30J01 KOPBEBBIX KOTIIOB.

B npo6ax Bobl, 0TOOpaHHBIX M3 HAOIIOATENbHBIX CKBXKUH B MECTAX
3aXOpOHEHMsl [UIAM-JIMTHHWHA, (UKCHPYIOTCS  YCTOWYMBO  BBICOKHE
COJepXKaHUs TOKCHUYHBIX KOMIIOHEHTOB B  KOJJIOMIHO-AUCHEPCHOM
COCTOSTHHH, PEBBIIIAIOIINE PEAEIBHO JommycTHMble KoHeHTpaunu (I1/1K)
JUTS BOJIOEMOB PHIOOX03AHCTBEHHOTO 3HAYCHHS BBICIIIEH KaTEeTOPHH.

IIpennaraemble BapuaHThl TEXHOJIOIMI peKylepaluu OcCajKa Ijiam-
JUTHUHA W JP. OTXOJ0B MHOTHMH MHCTUTYTAMH U HPEATIPHSATHAMH, TaKHe
KaK DdJIGKTPOOCMOC, 00paboTKa COJSIMH  JKele3a, BBEIMOpaXKHBAaHHE,
TpaHCIMpalLus, OMOHOJMYEBAHME K HACTOSILIEMY BPEMEHM HE HAalllIX
MIPUMEHEHHUS B TIPAKTUKE TOJIBKO IOTOMY, YTO PEKOMEHIOBaHHBIE CIIOCOOBI
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PEKYJIBTHBAIIMH HE PELIAIOT SKOJOTHYECKYI0 TpodieMy, B OyIylieM MOTYyT
SIBJISITHCSL. MUCTOYHUKOM 9KOJIOTMYECKOW KaTacTpodbl, KpOME TOro, HHU B
OIHOM U3 BapHaHTOB crHocoba pekynepauuu He paspabarbiBaiach
TEXHOJIOTHS OYMCTKA HAAMUIAMOBEIX BOJI, KOJIMIECTBO KOTOPBIX COCTABIISET
B IIJIaMO-HaKOMUTEIIX oOT 1,5-2 MmumoHa M3, qTO SBIISICTCS CaMOK
CIOXHOH mpobiemoii. [TockombKy OHHM 001aJaf0T BRICOKOH TOKCHYHOCTBIO
W TPEACTAaBICHBl KOJUIOWAHO-MHUIIICISIPHOW CTPYKTYpOH M B XOIe HX
XpaHEHUS TOCTOSHHO MPOTEKA0T HEOOpaTHUMbIe (PH3MYecKie, XUMUIECKUE
1 OMOJIOTHYECKHUE TTPOIECCHI.

C yderoM 0COOEHHOCTEH peXHMa IPHPOIONONB30BaHUs B OacceliHe
ozepa baiikan, ompenensieMoro HeO0OXOJUMOCTBIO COXPAaHEHHS €ro
yHuKanpHOH 3kocucteMbl, OOO «Komnanus Kartamuz» OGomee 10 ner
MPOBOJMIJIA HCCIIEAOBAHUS 0 INepepaboTKe IUIaM-JIMTHHHOBBIX OTXOZOB
kapr-nutamonakonuteneidr OAO «bLIBK» ¢ BHenpeHneMm 3((eKTHBHBIX U
9KOJIOTUYECKH 0€30MacHbIX TEXHOJIOTHI C MPUMEHEHUEM KaTaJIUTHYECKOTO
KHUIKO(PA3HOTO OKHUCIHTEIEHOTO KPEKHUHTa CyOCTpaTOB Pa3HOM MPHUPOIEI B
Pa3IHYIHBIX Cpeaax.

B mHacrosmee Bpems B OOO «Komnanus Kartanus» mnpoBeneHbl
HCCIICAOBAHMUA IO OMOKATAUTHYECKOH OYHCTKE HAIIIAMOBBIX BOJA C
MpUMEHEeHneM Katanm3aropa KaraH-1 ¢ mOCIemyromuM KaTaTuTHYeCKUM
KHUIKO(pa3HbIM OKHCICHHEM Ha karanmuzatope AO-50 u amcopOHMOHHO-
KaTaJMTUUECKON JjoouncTke Ha karanuzatope AK-1, addexr ouunctkn
cocraBuit 83% mpu ocratouHoi kouieHTpaimu no XI1K 11,4 mr Oy/m.

Hauny4mive TeXHOJIOTMY OYMCTKHU CTOYHBIX BO/J, B
ropoaax Poccuu

M.A. Makcumosa, JI.W. Benpix

Hpxymckuil HayuoHanbHullL UCCIe008AMENbCKUL MEeXHUYeCKUL
yrusepcumem, 664074, 2. Upxymck, ya. Jlepmonmosa, 83

bgd@istu.edu

TexHOIOTHN OYMCTKH CTOYHBIX BOJ NMPHMEHSIOTCS B Poccum ¢ koHma
XIX Bexka mpakTH4eCKH OJHOBPEMEHHO C CHCTEMaMH KaHAJIHM3aIlHH.
CoBpeMeHHbIE OBITOBBIE CTOYHBIC BOJABI XapaKTEPU3YIOTCS MOBBIMICHHBIMH
KOHLEHTpalUsIMu HedTenpoayKkToB, ¢enonoB, nmHka, meau, CIIAB n
¢docoaros [1]. Tlpu 3ToM Ha 0OBEKTAX OYUCTKUA TOPOJCKHUX CTOUHBIX BOJ
(T'CB), nocTpoeHHBIX B mepuoj BIoTh a0 1970-x rogoB (a 310 Ooiee
COTHU OOBEKTOB), 10 CHX MOP UCIONB3YETCS KIIACCUUSCKUH, YCTapEBIIAN U
Hed((HEeKTUBHBIN HA0OP COOPYKEHHH OYHUCTKH, & UMEHHO: MEXaHHYECKOH,
OMOJIOTHYECKOH C  TOMOIIbI0  IMIEOEHOYHBIX  OMOGUIBTPOB  JTHOO
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6uonpymnos [1]. TTo3xe GHOMOrHYECKass OYHUCTKA CCTECTBEHHBIM METOIOM
Obuta TpaHchOpPMHpOBaHA B HCKYCCTBEHHBIH IIpOILlECC — OYHCTKY B
a’poreHkax u OomodpumnsTpax. Obe3zapakuBanme Takumx ['CB Ha mpakTuke
TOK/IECTBEHHO X XJIOPUPOBAHUIO.

[IpoananusupoBaHa BO3MOXXHOCTh U 3((HEKTUBHOCTh NPUMEHEHUS
HAWTYYIIMX ~ JOCTYNHBIX —TexHomorumit [1] mo oumctke TI'CB ¢
UCIIONIb30BAaHMEM  LIEHTPAJIM30BAHHBIX ~ CHCTEM  BOJOOTBEICHHMH B
COBPEMEHHBIX ~ TEXHOJIOTHYECKHX  CXEMaX OYUCTHBIX  COOpPYKEHHH
TOPOJICKMX OKpPYroB M mnoceneHuil. IIpoBeneHa cpaBHUTEIbHAs OICHKA
NMPUMEHACMBIX METOAOB OYMCTKU T'OPOJACKHUX CTOYHBIX BOJ W HAWJIy4YHIUX
TEXHOJIOTUH [t TOpoAoB MoOCKOBCKOH, AMypckoi, JIeHMHTpaacKoi,
Kuposckoit, CBepmnoBckoit obnacreit [2—4]. ITokazaHo, 4TO HEHTpaIbHOE
MECTO B COBPEMEHHBIX TEXHOJOTMYECKHX CXEMaX OUYHCTKH CTOYHBIX BOJ
3aHMMaeT Mpouecc OHOJOTMYECKOW OYHCTKH C YAAJEHHEM a30Ta |
¢dochopa, a Takke obe3zapakuBaHHEe C ToMomlpio Y®D-00mydeHHS U
030HHPOBAHUS, PErIAMEHTUPOBaHHBIE B [1].
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Best technologies for wastewater treatment in
Russian cities

M.A. Maksimova, L.I. Belykh

Irkutsk National Research Technical University, 664074, Irkutsk,
st. Lermontov 83, Department of PE and BDZ

bgd@istu.edu

Wastewater treatment technologies have been used in Russia since the
late 19th century practically simultaneously with sewerage systems. Modern
domestic wastewater is characterized by elevated concentrations of
petroleum products, phenols, zinc, copper, surfactants and phosphates [1].
At the same time, at the municipal wastewater treatment facilities (FGPS)
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built in the period up to the 1970s (and this is more than a hundred objects),
a classical, outdated and inefficient set of purification facilities is still used,
namely, mechanical, biological, with the help of crushed stone biofilters or
bioproducts [1]. Later biological purification by a natural method was
transformed into an artificial process - purification in aerotanks and
biofilters. Disinfection of such FGPs in practice is identical to their
chlorination.

The possibility and efficiency of the application of the best available
technologies [1] for the purification of FGPs using centralized drainage
systems in modern technological schemes for treatment plants in urban
districts and settlements is analyzed. A comparative assessment of the
applied methods of urban wastewater treatment and the best technologies
for the cities of the Moscow, Amur, Leningrad, Kirov, Sverdlovsk regions
[2-4]. It is shown that the process of biological purification with the
removal of nitrogen and phosphorus, as well as decontamination with the
help of UV-irradiation and ozonization, regulated in [1], occupies a central
place in modern technological schemes for wastewater treatment.
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IIpo6/1eMa OYMCTKHU MOA3E€MHBIX BOJ, OT
KOJIJIOWJHOTO >KeJie3a

K. 1. Mauexuna, JI.H. [lIusu, JI.A. KoctukoBa
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IIpobnema obecrieueHUs HACEICHUS CEBEPHBIX PaHOHOB Ka4eCTBCHHOM
MMUTBEBOM BOJMOW sBiseTCS akTyalnpHOH. OCOOGHHO 3TO Kacaercs
YIAJIEHHBIX TOCEIKOB, HE MMEIONINX [ECHTPATU30BAHHOTO BOJOCHAOKCHUS
u Hedre- W Ta30J00BIBAIOIIMX CTAHIMK, WCIONB3YIOIMIUNX B KadecTBE
MMUTHEBBIX UCTOYHHUKOB TMOJI3EMHBIE BOJBI C TOBBIIICHHONH KOHIIEHTpAIMEH
HOHOB Jkene3a. OOoraiieHHe IOJ3EMHBIX BOJ JKEIE30M TPOUCXOINT
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BCIICAICTBHE BBHIIICTAUUBAHUS U PACTBOPEHHUS KEIE3UCThIX MHUHEPAJOB.
BonpmmaCcTBO mOm3eMHBIX BOA CeBEpHBIX PETHOHOB — 3TO BOXBL, B
KOTOPBIX JK€JIe30 HaXOAWUTCS B KOJUIOMAHOM cocTosHUM [1]. YcToitunBocTs
KOJJIOWAOB jkKeJe3a 00yCIOBIIeHa MPUCYTCTBHEM OPTaHHYECKUX BEIIECTB U
COEIMHEHUIN KPEMHHUS.

Henpro manHON pabOTH SBIAETCS OmpeneieHne (HakTOPOB, BIUSIOMINX
Ha yCTOMYMBOCTH MPUPOTHBIX KOJJIOUTHBIX PACTBOPOB U MOUCK METO/I0B UX
yaaneHusl.

BBuay HecTaOWJIBHOCTH TOA3EMHBIX BOJI M CIIOKHOCTH UX
XMMHYECKOTO COCTaBa BCE HCCIEJOBAHUS MPOBOJMIN C IOMOILBIO
MOJICIBHBIX PacTBOPOB [1].

B pabote »KCHEpUMEHTAIBLHO YCTAHOBJICHBI (DAKTOPHI, BIUSIOIIME Ha
arperaTHBHYI0 yCTOWYMBOCTh KOJUIOMIOB JKeie3a. Bo-TepBBIX, 3TO
COOTHOIIICHHE KOMIIOHEHT, y4acTBYIOMUX B (hopMuUpoOBaHUH U 00pa30BaHUN
KOJUIOWAHBIX 4YacTHI. Bo-BTOpBIX, HamM4Yue 3apsia Ha ITOBEPXHOCTHU
KOJUIOWAHBIX YacTHIl. B-TpeThux, meiicTBHE 3JEKTPOIUTOB. B-ueTBepThIX,
pmustare pH cpensr. [lomydeHHBIE SKCIepUMEHTaJIbHBIC NAaHHBIE OBLIH

HCIIOTB30BAHEI UL MOUCKa TEXHOJIOTUYECKOTO penreHus,
CHOCOOCTBYIOIIET0  yBENMYeHUIO  3()(EKTHBHOCTH  JEHCTBYIOLIMX
YCTaHOBOK.

B paboTte npenioxeHo 2 MyTH CHIKEHUS] YCTOWIMBOCTU KOJIJIOUTHBIX
pacTtBOpoB kene3a. llepBbiil — BO3IeiCTBIE UMITYJILCHOTO 3JIEKTPUUYECKOTO
paspsga. Brtopoii — xummudeckoe Bo3zeiicTBue. B pabote mccnempoBaHO
BiustHAE CO, Ha YCTOMUMBOCTD KOJUIOHIA JKEe3a.
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The problem of groundwater purification from
colloidal iron

K.l. Machekhina, L.N. Shiyan, L.A. Kostikova
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The problem of providing the population of the northern regions with
high-quality drinking water is topical. This is particularly true of remote
villages that do not have centralized water supply and oil and gas
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production stations that use groundwater with elevated iron ion
concentrations as drinking sources. Enrichment of groundwater by iron
occurs as a result of leaching and dissolution of ferruginous minerals. Most
of the underground waters of the Northern regions are waters in which iron
is in a colloidal state [1]. The stability of iron colloids is due to the presence
of organic substances and silicon compounds.

The purpose of this paper is to determine the factors that affect the
stability of natural colloidal solutions and to find methods for their removal.

In view of the instability of groundwater and the complexity of their
chemical composition, all studies were carried out using model
solutions [1].

In the work, factors that affect the aggregative stability of iron colloids
have been experimentally established. Firstly, this is the ratio of the
components involved in the formation and formation of colloidal particles.
Secondly, it is the presence of a charge on the surface of colloidal particles.
Thirdly, it is the action of electrolytes. Fourth, it is the effect of pH medium.
The obtained experimental data were used to search for a technological
solution that helps to increase the efficiency of existing installations.

It is suggested two ways of reduce the stability of colloidal iron
solutions in the paper. The first is the impact of a pulsed electric discharge.
The second is the chemical effect. The effect of CO2 on the stability of an
iron colloid has been studied.
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COHOXMMMYECKHU KOMILJIEKC OYMCTKH
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Pa3paboTaH COHOXMMUYECKUH KOMIUIEKC Ha OCHOBE MAJOTa0apUTHOTO
000pyIOBaHUS U BBICOKOA((EKTUBHBIX TEXHOJOTHH, KOTOPBIC IO3BOJIAT
3HAYUTENBHO COKPATUThH KANHUTaJIbHBIC W JKCIITyaTal[MOHHBIE 3aTpaThl NPH
OYNCTKEe He(TEe3arpsA3HEHHBIX CTOKOB. B OCHOBE IJI@XHT KOMIUICKCHBIN
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MOJXOJ, OCHOBAaHHBI Ha MCIOJB30BAHUM KOMOWHHPOBAHHBIX (DU3UKO-
XAMHYECKHX METOJOB, C HCIOJNBb30BaHHEM yIbTpa3BykoBoit (Y3)
aKTHBallMEll peareHTa. BHeapeHHe KOMIIEKCa IO3BOJIUT 3HAYUTEIBHO
COKpPAaTUTh KalWTalbHblE M OKCIUIyaTallMOHHBIE 3aTPAaThl IPU OYHUCTKE
MIPOM3BOICTBEHHBIX CTOKOB [1-2].

B cocTtaB yHHBepcaabHOTO COHOXMMHYECKOTO KOMIUIEKCA BXOZSAT
ClIeAyIOIMEe AaBTOHOMHBIE OJIOKHM, CMOHTHUPOBAaHHBIE B  OTIEIBHBIX
KOHTeHHepax (puc.): oTAeneHuss MexaHuueckux mnpumeceit (MII);
pearenTHO-(oTaOHHOW ouncTKH Boabl (DJI) ¢ mpenBapurensHON Y3-
aKTHBAIIMCH pearcHTa; rajbBaHOKOATYJIAIHOHHON 00paboTku Boas! (I'K) ¢
V3-akTuBanuei MaraeTura; ynprpaduoneroBoit (YD) crepunnzanuu Bojabl

| i
T =S - R S A G Yo |—=—~
E v g

Pucynox. briok-cxema MOOMIFHOT'O COHOXUMHYECKOTO KOMIDIEKCA:

1 — crounHas Boza; 2 — ocBeTiIeHHAs Bona; 3 — Boga Ha 'K 0O6pabotky;
4, 9 — ounieHHas Boja Ha obe33apakuBaHue; 5 — o0e33apakeHHas BOJa; 6
— 0CaJIOK Ha JIOOYHCTKY; 7 — IUIaM Mocje (IOTanuH; 8 — OTpaOOTaHHBIH
raJIbBAaHOKOATyJISHT.

B pamkax paboTel 0TpaOOTaHBI pAIMOHAIBHBIE TEXHOJOTHYECKHE
PEKUMBI IKCILTyaTallMd KaK OTACIbHBIX TEXHOJOTMYSCKHX OJIOKOB, TaK W
KOMITIeKca B 1eoM. Pa3paboTaH KOMIUIEKT TEXHUUECKOH JOKYMEHTAITUH, a

TaKXKe TEeXHOJOTMYECKHH perJaMeHT paboTsl ¢ 000pyI0BaHNEM, BXOIAIINM
B COCTaB €r0 OTHENIbHBIX MOYJIE.
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Sonochemical complex for treatment of oil-
polluted waters

M.S. Mullakaev?, G.B. Wexler?, R.M. Mullakaev?

N.S. Kurnakov Institute of General and Inorganic Chemistry, RAS
ZAutonomous Non-Commercial Organization “Research Institute "History,
Economics and Law"

Ymullakaev@mail.ru, %info@helri.com

A sonochemical complex based on small-sized equipment and highly
efficient technologies that will significantly reduce the capital and
operational costs when treating oil-contaminated drainage is developed. It is
based on the application of combined physical-chemical methods, using
ultrasonic (US) activation of the reagent. The sonochemical complex
introduction will significantly reduce the capital and operational costs when
treating industrial effluents [1-2].

The composition of the universal sonochemical complex includes the
following autonomous units, mounted in separate containers (Figure):
separation of mechanical impurities (MI); reagent-flotation water
purification (FWP) with preliminary ultrasonic activation of the reagent;
galvanocoagulation treatment of water (GCT) with US-activation of
magnetite; ultraviolet (UV) water sterilization.

L w2 = PP 7= GeT - uv -
‘5. !_.T 'H

Figure. Block diagram of a mobile sonochemical complex:

1 — wastewater; 2 — clarified water; 3 — water for GC treatment; 4, 9 —
purified water for disinfection; 5 — disinfected water; 6 — precipitation to be
additionally treated; 7 — sludge after flotation; 8 — spent galvanocoagulation
agent.

Within the framework of the work, rational technological operational
modes of both separate technological units and the complex in the whole are
tested. A set of technical documentation as well as a technological
procedure for working with the equipment that is part of its individual
modules is developed.
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Wastewater treatment of galvanic production using
natural zeolite

A. L. Novikova, D. V. Martemyanov, O. B. Nazarenko
Tomsk Polytechnic University, Lenin av. 30, Tomsk, 634050, Russia
olganaz@tpu.ru

Galvanic production is one of the most dangerous sources of water
resources pollution, because the impurities of heavy metals, inorganic acids,
alkalis and other highly toxic compounds are contained in the galvanic
wastewater [1]. One of the most widely used method for heavy metals
removal from galvanic wastewater is chemical precipitation. This method is
cheap and easy to operate, but its main disadvantage is the low purification
efficiency. Therefore, currently, the problem of improving the methods of
post-treatment of effluents from galvanic industries, in order to minimize
discharges of heavy metals into water bodies, is topical. Sorption method is
considered as an effective, efficient and economic method for wastewater
purification from heavy ions [3].

The purpose of this work is to study the sorption characteristics of the
natural zeolite of the Shivirtui deposit for further its use in the post-
treatment system of galvanic wastewater.

The study was carried out on model solutions of Zn®*, Cd*, Cu®*, Cr®*
Fe?*, Fe®* ions under static conditions with a magnetic stirrer at low
rotational speeds. The results of the research showed that the zeolite of the
Shivirtui deposit effectively removes ions of cadmium, zinc and copper
from modeling solutions. The degree of purification from heavy metal ions
was from 90 to 99 %. The best purification efficiency was achieved by
removing copper ions (up to 99.9 %). However, the zeolite is not effective
in removing hexavalent chromium ions. This is due to the fact that
hexavalent chromium is present in the solution as anions Cr,0,% and CrO, >
, and since zeolites are typical cation exchangers, the sorption process does
not occur. As a recommendation to enhance the process of post-treatment of
galvanic wastewater, it is proposed to modify the natural mineral to improve
purification from chromium ions.
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Mukpony3bIpbKoBasi 06pa6oTKa KaK MeTOJ, CHIDKEHUS
’KECTKOCTH BOJbI

H.B. INnnunen, A.W. Ceunn

Hayuonanvusiii uccieoosamenvckuti Tomckutl noaumexHu4ecKul
yuugepcumem, 634050, Poccus, 2. Tomck, np. Jlenuna, 30
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Jeduuur mpecHOW BOABI YyKe ceWdac CTaHOBHTCS MHPOBOM
npobmemoit [1]. OgHMM W3 HampaBICHHUA B pEIICHUH 3TOH MPOOIEMBI
SIBISICTCSI BOBJICUCHHE B BOJOINOTPEOJIEHHE HOBBIX HCTOYHHKOB IPECHBIX
BOJ, HampuMmep apre3MaHckux. OJHAKO apTe3naHCKue BOABI B
OOJIBIIMHCTBE CITy4yacB OKa3bIBAIOTCS CHIILHOMHHEPAIN30BaHHBIMH, T.€. HE
COOTBETCTBYIOT HOpMaM MO JKECTKOCTH BOJBI M IO BEIWYHMHE CYXOTO
ocTaTka.

M3BecTHBIM CHOCOOOM  HMHTEHCH(UIMPOBAHUS  TEXHOJOTHUYECKUX
MIPOIIECCOB  SIBISACTCSl YBEIMYCHHE CTENEHH [UCIEPCHOCTH CHCTEM U
TIOBEPXHOCTH KOHTakTa ¢a3. OgHMM U3 CIIOCOOOB JUCIIEPTHPOBAHUS
SBISIETCSL  TOJy4eHHE  MUKPOITY3BIPBKOBBIX  Ta30’KHJIKOCTHBIX  Cpenl.
[Ty3bIppKOBBIE Ta30)KUAKOCTHBIE PEAKTOPhl W YCTAaHOBKM B BHIY WX
BBICOKOI ~ SKOHOMWYHOCTM W  HAJEKHOCTH  TOJNYYWIH  IIHPOKOE
pacipocTpaHeHHe B XHMHYECKOW, AaTOMHOH, MHKpPOOHOJIOTHYECKOMH,
MUIIEBOM  OTpacisiX  HpoMblnuieHHOCTH.  IlosTomy, omHuUM U3
MIEPCIEKTUBHBIX HAIPABICHUN PEIICHUH MPOOIeMBI CHIDKEHHS JKeCTKOCTH
BOJBI MOXXET SBJIATHCS HCIIOJIB30BAHWE MHKPOITY3BIPEKOBON 00pabOTKH
BOJIBI.

Panee mosydeHHble  pe3ynbTaThl  [2]  MOATBEPXKAAIOT,  YTO
MHKPOIY3bIPEKOBasi 00paboTKa BOJIHBIX PACTBOPOB B THAPOIUHAMUIECKOM
TeHepaTope NMPHUBOINT K CO3JaHMIO TeTePOTeHHON CHCTeMBI Boga-Tas3. Ilpu
MPOXOXKJEHUHM BOIHBIX pAcTBOPOB 4epe3 OTBEPCTHsI B  pEIleTKe
THJPOJMHAMHUYECKOTO TeHepaTopa o00pa3yloTCsi 30HBI  IOHMKEHHOTO
JIABJICHUSI U IPOUCXOIUT J€ra3anus BOJbl, CONPOBOXKIAIOIIANACS YAAICHUEM
pacTBOPEHHBIX Ta30B M 00pa3oBaHMEM NapoOOpa3HOIl BOJBI BCIEICTBHE
pa3pbIBa BOJIOPOAHBIX cBsA3eil. T.e. MHKpOIy3bIpbKOBast 00paboTKa BOJHBIX
pacTBOpoB obOecreumBaeT pEIIeHWe HECKOJNBKHX 3a]ad: Jerasamus
oOpabarpiBaeMOii  BOXbI, TOBBIICHWE pH cpembl W cMelIcHHE
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YIJIEKUCIIOTHOTO pPABHOBECHS B CTOPOHY pa3pyLIeHUs THApPOKapOOHAT-
HMOHOB ¢ 00pa30BaHNEM KapOOHAT-HOHOB; TOIyYeHHE TPAaHUIIBI pasena a3
1 00pa3zoBaHKE IIEHTPOB 3apOABIIICO0Pa30BAHNS KPUCTAIIIOB.
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06pa6oTKa BOAHBIX PAaCTBOPOB LlaBe/IEBOM KUCJI0ThbI
HMIYJIbCHBIM KOPOHHBIM pa3psaoM
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Henocratok nuTheBOM BOABI M €€ HECOOTBETCTBUE CAHUTAPHO-
THTHEHHMYECKAM TPEeOOBAaHMAM SIBISICTCS CEPHE3HOM OIMACHOCTBIO IS
3/I0POBbSI HAaceleHHWs 3eMJIM. eloBE4eCTBO OCTPO HYXKNAeTCs B
(G (QEKTUBHBIX TEXHOJIOTHAX OYHCTKM BOABI. B 3Toi cBsA3m uHTEpec
TIPE/CTABILIIOT MIEPEIOBbIE OKHCIUTENbHBIE TEXHOJIOTHH ¢ MCIIOJIb30BaHUEM
030HA U JIPYTUX 9KOJOTHYECKH YUCTBIX OKHCINTEICH.

AJBTepHATHBOH M3BECTHBIM OKHCIIUTENIBHBIM TEXHOJOTHSIM MOXET
ctaTh  00paboTKa BOABI  JJIEKTPUUECKUMH  pa3psjiaMd, B  CUIY
OTHOCHUTENIBHOW TIPOCTOTHI TEXHOJOTHYECKOTO pEHIeHHS M  BBICOKOH
3¢ (GEeKTHBHOCTH OKHCIICHHS MpHUMECed OpraHMYecKOil W MHHEpaIbHON
npupoasl. B Hacrosmied pabore mMpHBEOCHBI pPe3yabTaThl 00PaOOTKH
BOJIHBIX PACTBOPOB MMITYJIECHBIM KOPOHHBIM Pa3psiiOM.

Lenpto paboTHl sABISIETCS M3ydEeHHE Tpoliecca 0OpabOTKH BOIHBIX
pactBopoB maseneBoil kucnotsl (LK) u BimsHus napamerpoB 06paboTkn
Ha 3¢ extuBHOCT yaanenus LK.

B sxcnepuMeHTax UCIoab30Bai YCTAHOBKY, OCHOBHBIMH 2JIEMEHTAMHU
KOTOPOH SBIISIIOTCSL DIEKTPOPA3psIHBIA PEakToOp C pa3sMELICHHOH B HeM
CHUCTEMOM 3MEKTPOJOB U T'€HEPAaTOP BBICOKOBOJIBTHBIX UMMYNbCOB. B xone
9KCIEPUMEHTOB PACTBOP IIABENEBON KUCIOTHI MOABEPracs HUKIMYECKON
00paboTke: mocie MPOXO0XKIEHUS 30HBI pa3psiia pacTBOP MOCTyNal B Oak-
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HaKOMHTENb, OTKY/la BHOBb IOJaBajics Ha o0paboTky. Bpems oOpabGorku
pacTBopa cocTaBisiIo 1-3 4., KOJIMYEeCTBO HUKIOB 00paboTkH - oT 5 1o 300.

Bb110 M3yueHo BIMSHHUE HA CKOPOCTh OKHMCIICHUS IABEJIEBOM KUCIOTHI
mapaMeTpoB 00pabOTKH: OOBEMHOW CKOPOCTH IIOTOKAa BOJBI, HYaCTOTHI
CIIEIOBaHUSI MMITYyIbcOB M pH pacTBopa. YCTaHOBIEHO, YTO CHIDKCHHUE
YaCTOTHl CIIEJOBAHUS HMMIIYJIBCOB IPHBOAWIO K pPocTy 3(QeKTHBHOCTH
pa3JIOKEHUsl IABEJIEBOM KHUCIIOTBL, YTO CBSI3aHO C MaJloil CKOPOCTHIO
peakmuu II[K. C pocrom pacxoma Boxmbl ckopocTs oxucieHms 1K
Bo3pactana Ha 10-30%, dYTO CBA3aHO C YBENWYEHHEM YACIbHOMN
MIOBEPXHOCTH KOHTAKTa «BOJIa-BO3/LYX).

C pocrom pH ckopocts okucnenuss K cHmwxkanace, momoOHOE
BiusiHME pH Ooee XapakTepHO Ui KaTaTMTHUECKUX IPOLIECCOB U TOBOPHUT
0 BIMSHUM Ha MPOIECC OKUCIICHHSI HE TOJIBKO 030HA, HO M JPYTHX CHIBHBIX
OKHCIIUTENeH, mpex e Beero, paaukaioB OH u O.

HepCHEKTI/IBbI NMNPpUMEHECHUA UMIIYJ/IbCHBIX
JJIEKTPHIECCKHUX Pa3pAA0B B TEXHOJIOTHUAX
OYHUCTKH BO/Abl

@.E. CanpsikuH, JA.U. Kopaes, C. IIpeiic

Hayuonanvnwiii uccneoosamenvekuii Tomcekutl noiumexnuieckuil
yuugepcumem, 634050, Poccus, 2. Tomck, np. Jlenuna, 30
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OO6paboTka BOABI 3JEKTPUYECKUM HMIIYJIBCHBIM  paspsiaoM B
IByx(a3zHOM BOMO-Ta30BOIl Cpeie YCIEIIHO NPUMEHsIETCS B Ipoleccax
OYHCTKH TPHUPOJHBIX M CTOYHBIX BOJ. B oOcHOBe MeTona JEKHT
BO3ZICHCTBUE pa3psia Ha IUCIEPTHPOBAHHBIE B BO3AyXEe KaIuld, CTPYH U
IVIEHKA BOABL. VIMIyJbCHBIM KOPOHHBIM MM OapbepHBIA  pa3psmbl,
32)KUTaloOTCs B Ta30BOil (ase, B 00bEME MEKIICKTPOIHOTO NPOCTPAHCTBA U
KOHIIEHTPUPYIOTCSI HAa OBEPXHOCTHU Kamenb. Pa3psajn sBiseTcs UCTOUHUKOM
aKTUBHBIX OKHCIUTENEH - 030Ha, THAPOKCUIBHBIX PaUKaIOB U Jp.

[IpenmymecTBaMu  Takod 0OpaOOTKM  SIBISIIOTCS  9KOJIOTMYECKast
0€3011acHOCTh M MPOCTOTa TEXHUYECKOH peann3aly Ipu PeKOPIHO HU3KUX
3atpatax oSHepruu. O0o00mas paHee IOJyYEHHBIE PE3yJbTaThl, MOXHO
BBIJICJIUTH CIEAYIOIUE BAPHAHTHI IPUMEHEHUS METOA!

1. OxucieHne OpraHMYECKUX TPUMECe B  CTOYHBIX  BOJaXx.
AKTyanpHOH 3aaueii ABISETCS OYMCTKA CTOYHBIX BOJ OT HE(TEIPOIYyKTOB
rjie TMPUMEHEHHE OJJIEKTPUYECKOro paspsaa HamOosnee d(PQexkTuBHO Ha
mociuenHe — craguu  00pabOTKM ¢ yAaJeHHWeM  PAacTBOPEHHBIX
He(TEPOYKTOB C KOHIICHTPAIUAMHU MeHee 1 Mr/.
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2. looyncTKa CTOYHBIX BOA OT MHKPOINPHMECed TEXHOTEHHBIX
OPTaHMYECKHX BEIIECTB C BBICOKOH OWOJIOTHYECKOW aKTHBHOCTHIO,
BKITIOYast JIEKapCTBEHHBIC TIPENapaThl, IECTHIHIB U Jp.

3. OGe33apakMBaHWE TMPHUPOJHBIX W CTOYHBIX BOZI, B TOM HHCIE,
XapaKTePU3YIOMUXCS TOBBIIIICHHON MyTHOCTBIO.

4. OxucieHne HEOPTraHWYECKUX INPHMeceil B MPUPOIHBIX M CTOYHBIX
BO/ax. JJEKTpopaspsaHas o0paboTka B TeUeHHE psiia JIET YCICUIHO
MIPUMEHSIETCS AJIsl OKUCIICHNUS JKele3a U MapraHia B IPUPOIHBIX BOJAaX MpU
TIOHIDKEHHOW Temmeparype. YcraHoBieHa 3((EeKTHBHOCTh OKHCICHUS
HUTPUT-UOHOB, NNEPCIICKTUBHOI'O0 B OYHUCTKEC KaPbEPHBIX U INAXTHBIX BO.

B Hacrosiiee Bpems 3neKTpopaspsiiHas oO0paboTka MPUMEHSCTCS B
CHUCTEMAX IIOATrOTOBKH MUTHLEBOU BO/JbI MpOU3BOAUTCIIBHOCTBIO 10
HECKONIBKMX COTEH M>/d4ac, MOIIHOCTh YCTAHOBOK, KAK NPABHIO, HE
MIPEBEIIACT HECKOJIBKUX KWIOBATT. Pa3BUTHE METONA CBA3AaHO C CO3MaHUEM
YCTaHOBOK OOJNBIION TPOW3BOAUTEIBHOCTH: TOTpeOyeTcst pa3paboTka
TCHEPAaTOPOB BBICOKOBOJIETHBIX MMITYJTECOB MOITHOCTEIO 5-10 kBT 1 Oonee,
a TakXKe AIEKTPOPA3PSIHBIX PEAKTOPOB AT 00pabOTKH OOIBIINX 00HEMOB
BOJIBL.

aﬂeKTPOI/IMHy.)IbCHbIe TEXHOJIOTHUH NNOJIYIYCHUA
HAaHOpPAa3MEPpPHbIX COpﬁeHTOB Ha OCHOBE€ XKeJie3a

J.B. Crpyrosnos, JL.H. lllusu, A.B. ITycroBanos, I'.JI. JlIobaHOBa,
T.A. FOpmazoBa

Hayuonanvnwiil uccnedosamenvckutl Tomckutl noiumexHu4eckul
yrusepcumem, 634050, Poccus, 2. Tomck, np. Jlenuna, 30

dvstrugovtsov@mail.ru

B Hacrosimee Bpemsi Ui OYMCTKH BOJBI IPEIaraercsi OrPOMHOE
KOJIMYECTBO TPUPOIHBIX M HMCKYCCTBEHHBIX COpPOEHTOB, 00JaIaromux
BBICOKOM CEJIEKTHBHOCTh U COPOIMOHHON eMKOCThI0. OIHUM M3 OCHOBHBIX
TpeOOBaHUN K COpPOCHTaM SIBIIICTCSI BBICOKAsS YACTbHAs IMOBEPXHOCTh WU
KaTaJIUTHYECKasi aKTHBHOCTb.

B pabote paccMoTpeHBI JBa croco0a IONYyYEHUs HAHOPa3MEPHBIX
COpPOCHTOB C HCIIOIB30BAHUEM ICKTPOUMITYITHCHON TEXHOJIOTHH:

— IepBBIA CIOCOO — 3JIEKTPOB3PHIBHOM, ITO3BOIISIONIMNA IT0JTyYaTh
HAaHOPa3MEPHBIC YACTHUIIBI JKeJe3a IIEKTPUICCKHM B3PHIBOM IPOBOJOKU B
raze [1];
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— BTOPOH CMOCOO — 3NEKTPOPassiTHBINA, TMO3BONSIONIMNA MOTydYaTh
HaHOpa3MEpHBIE YaCTHIBl JKele3a B Mpolecce JIIEKTPUUECKOH 3po3nu
METaJUTHYECKUX TPaHyJI XKene3a B PasIHYHbIX )KUAKUX cpeaax [2].

DU3UKO-XUMHYECKAE CBOWCTBA TOJy4aeMBIX MOPOIIKOB 3aBHCAT OT
cOCTaBa rasa IpH 3JIEKTPOB3PHIBHOM CIIOCOOE M OT COCTaBa PacTBOpa MpH
ANEKTPOPA3PSITHOM CIIOCO0E.

VYkazaHHble CIMOCOOBI TMO3BOJSIIOT TOJYYUTh COPOCHTHI IIMPOKOTO
CHeKkTpa JACWCTBUS ¥ JAIOT BO3MOXXHOCTB ISl HMX JaJIbHEUIIEero
HCIIONIb30BAHUS B PA3IMYHBIX TEXHOJIOTHSIX.

B pabore mnpuBeneH pacuer NOTPeOIIEMON MOLIHOCTH 00OHMX
cnoco0oB B KBTX4, UX CpaBHHUTENIBHBIH aHAJIU3 U OLEHKa 3(PPEKTHBHOCTH
yKa3aHHBIX CIOCOOOB JUIi TMOJYYeHHs CTa TIpaMM HaHOpa3MEpHBIX
COpOEHTOB.

CnenaH BbIBOA 00 3((EKTHUBHOCTH HCIIOJIB30BaHUS 00OMX CIIOCOOOB,
YTO ONpeessieTcst 00JIaCThIO HCIOIb30BaHMUS MTOJYYEHHBIX COPOCHTOB.

PacueTpl HEOOXOAMMBI AJsI OOBEKTUBHON OIIGHKH BO3MOXHOCTH
BHEJ[PEHHSI JaHHBIX TEXHOJOTUI B MPOMBIIUICHHBIX MaciITabax.
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Electropulse technology for the producing nanoscale
iron-based sorbents
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There are proposed the enormous amount of natural and artificial
sorbents, which possess high selectivity and sorption capacity, for water
purification at present. High specific surface area and catalytic activity are
the basic requirements.
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The study covers two methods for obtaining nanoscale sorbents using
electropulse technology:

—the first method is electroexplosive, which allowing to receive
nanoscale iron particles by electric explosion of a wire in a gas [1];

—the second method is electrodischarge, which allowing to receive
nanoscale iron particles by electric erosion of metal iron granules in various
liquid media. [2]

The physico-chemical properties of the powders depend on the
composition of the gas using the electroexplosive and on the composition of
the solution using the electrodischarge method.

These methods make it possible to obtain sorbents with a broad
spectrum of action and give the possibility of using them in various
technologies.

The calculation of the power consumption for both methods (in kWh),
their comparative analysis and effectiveness evaluation for producing 100
grams of nanoscale sorbents are presented in the paper.

It is concluded that both methods are effective which is defined by the
scope of use of the sorbents.

The calculation are necessary for an objective assessment of the
possible introduction of the technologies on an industrial scale.
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Moje/ibHas OLleHKa XapaKTepa pa3BUTHS
npeANpUATUHI BOJOKOMMYHA/IbHOTO X035l CTBA

AA. leaﬁl’2

lHHcmumym 600HbIX U 9KON02Uyeckux npodrem CO PAH,
yi. Monooeacnas, 1, 2. bapnayn, 656038, P@
2 Anmaiicxuii 20CY0apCmMEeH bl MEeXHUYECKUll YHUSEPCUMem
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B mensx pa3BuTHSA NpenupUATHIl BOXOKOMMYHAIBHOTO XO3SIHCTBA, B
YCJIOBHSAX PHIHOYHBIX OTHOIICHHH IOBBINIACTCS POJb MOHHMTOpHHTa [1], B
TOM 4ncie (HUHAHCOBO-?KOHOMHYECKOTO.

[Ipumenenne CBSI3YIOIIETO 3BEHa MEXIY KIIACCHYECKOH
SKOHOMHYECKOH TeopHel ¥ 3aKOHOMEPHOCTSIMH  TEXHOJIOTHYECKOTO
pasBUTHSL OTpacied - METOJOJOTHH HCCIENOBAHUS «TOYEK pPOCTa»
MIO3BOJISIET PAaH)KUPOBATh NPEANPHUATHI BOJOKOMMYHAJIBHOTO X03sHCTBa 10
IIPU3HAKaM «IEPCHEKTHBHOCTH» XapaKTepa pocTa.

Ilenp wuccrenoBaHUSA: B OIEHKE INPUYMHHO-CICACTBEHHOH CBSA3M
pPECYPCOB U pe3yNbTAaTOB ACSTEIBHOCTH NpennpusaTus [2] mpu oka3zaHHH
YCIIYT BOJOCHA0KEHUS U BOJIOOTBEICHUSI.

PesynbraTel: aist orieHKH 3G QEKTUBHOCTH UCIIOIB30BAaHNS BHEIIHUX U
BHYTPEHHHX PECYpPCOB BBEIECHO MOHATHE 0000Imaromux Ko3((HIHNECHTOB,
XapaKTepU3YyIOIIMX  pa3BUTHE  MPEANPUSATHS  BOJOKOMMYHAIILHOTO
xo3siicTBa ¢ pasHbIX cTopoH. [IpeanolkeHa mpouexypa OLEHKH 3HAYEHHH
9THX KO3 (HUIIECHTOB.

Ha ocHoBe anamm3a AMHAMUKH WX M3MEHEHHUS CAETAHBI BBIBOJBI O
xapaktepe pasButua B 2013-2016 rr. mpemmpusituit BKX  xpymHBIX
poccuiickux ropomnos: Mocksbsl, Cankr-IlerepOypra, HoBocubupcka,
ExarepunOypra u 1.1.; chOpMyIUPOBaHbI PEKOMEHIAIMH JIJIsI TIOBBIICHUS
3 (PEeKTHBHOCTH  COOTBETCTBYIOIIEH PETHOHAIHLHON  WHBECTHIIMOHHOW
MTOJIUTHKY B MHTEPECAX HACEICHHS.
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Model assessment of enterprises development for
water supply and wastewater treatment

A. A. Tskhai *?

! Institute for Water and Environmental Problems, Molodyozhnaya Str. 1,
Barnaul, 656038, RF
2 Altai State Technical University named I. I. Polzunov, Lenin Av. 46,
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To develop water utilities enterprises, in the conditions of market
relations, the role of monitoring is increasing [1], including financial and
economic.

Methodology of the research "points of growth" is used for ranking of
the enterprise on the grounds of "prospects" for the character of the growth.
This methodology is the link between classical economic theory and the
patterns of technological development of industries.

Objective: assessment of the causal relationship of resources and the
results of the company's activities [2] in the provision of water supplying
and wastewater treatment.

Results: to assess the effectiveness of the use of external and internal
resources the concept of general coefficients characterizing enterprise
development was introduced. The procedure of calculation of their
numerical values is proposed.

Conclusions about the character of the water utilities development in
2013-2016 for major Russian cities (Moscow, Saint-Petersburg,
Novosibirsk, Yekaterinburg, etc) were determined on the basis of the
analysis of their changes dynamics. The recommendations were formulated
to improve the efficiency of corresponding regional investment policy in the
interests of the population.
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HUcciepoBaHue cocTaBa J1a3M006pa3yoLiero rasa B
MUKPOILJIa3MEHHOM peaKTope

A. A. Ilxe

Hayuonanvnwiii uccnedosamenvckuii Tomckutl notumexnusdeckuil
yrusepcumem, 634050, Poccus, 2. Tomck, np. Jlenuna, 30

anny0393@mail.ru

TexHonoruu, rogaMu oTpabOTaHHBIC ISl OYMCTKH CTOYHBIX BOJI, & 3TO
B OCHOBHOM OHWOTEXHOJIOTHHM, B HACTOSILEE BPEMs CHHKAIOT CBOIO
¢ dexTnBHOCTE. CTpeMUTENPHOE pa3BUTHE XUMHYCCKOH HWHIYCTPHUU
CcrocoOCTBYET PAacIpOCTPAaHEHUIO OPTaHUICCKIX COCTUHEHUH, B TOM YHCIIe
(apMaeBTHICCKUX TIPENapaToB, IOMANAIOIINX B TOPOJCKHE CHCTEMEI
KaHAIM30BaHWUs. B OHONOTHYECKOHl OYNCTKE CTOYHBIX BOJX BO3HHKAIOT
poOJIeMBl, CBS3aHHBIC C BIISTHHEM (hapMaIleBTHICCKUX IperapaToB Ha
KI3HEICATETHPHOCTh AKTUBHOTO HJIa.

CnocoOHOCTh Ta30BOTO pa3psjia CO3[aBaTh XUMHUYECKH AKTHBHYIO
ia3My, OOECHeYMBAaIOIIyI0 HEOOXOAMMBIE YCIOBUS JUIS JECTPYKLIUH
OPraHUYECKUX COCIMHEHUN U CUHTE3UPYIOLIYI0 YHUKAIbHBIE CTPYKTYPBI,
TIO3BOJIACT NPUMECHATH CBq-HHa:SManOH B TECXHOJIOTUAX BOJOIIOAIOTOBKH
JUIS TIpoIieccoB Omosornyeckoi ouucTku Boabl. [Ipumenenne CBY-paspsina
00yCTIOBIICHO BBICOKOH JHEpreTHYecKuid A((PEKTUBHOCTHIO  IIa3MO-
XAMHYCCKUX  PEaKOuid, TPOTEKAIMMX 3a CcYeT KoJeOaTeIhbHOTO
BO30YKIICHHSI MOJICKYJI BEIIeCTBa B HEPABHOBECHOH IIIa3Me.

Henpro Hacrostmmeidl pabOTBI  SBWIIOCH HCCIEAOBAaHHE COCTaBa
IUTa3MOOOPAa3yYIOIIEro Ta3a, BIUSIOMIEIO0 Ha MPOIECCH  JIECTPYKIUU
opranpvecknx BemectB B IuasMe CBU-paspsma mpu  arMocdepHOM
napieHnn. VccnenoBaHue coctaBa MmiazMooOpasyromero raza B CBU-
PEAKTOPE ABJIACTCA NEPBBIM 3TAIIOM pa6OTLI 110 aKTHUBAIlUU CTOYHBLIX BOJ B
MUKPOIUIa3MEHHOM PeaKkTope.

B kauecTBe mnazMoo0pa3yomux ra3oB ObLTH BEIOPAHBI BO3IYX, apTOH
n yraekucnslid ra3. CocTaB miazMooOpa3syromiero rasa ObUI TPOBEPEH
KOCBEHHO [0 MpPOAYKTaM, OOpa3ylolIMMCs IMPU HMX B3aUMOJEHCTBHU C
MUCTWUTUPOBAHHOW  BOJOW, W HANPSIMyK  METOJOM  Ta30BOU
xpomoTorpadun. Mcrmonp3oBaHre B KadecTBE ILIA3MOOOpa3yoIIEro rasa
BO3IyXa CIOCOOCTBYeT HAKOIUICHHIO B CHCTEME JUOKCHAA a30Ta,
MEPEXOASIICTO B a30THYIO KHCIOTY B MPUCYTCTBHU KUCIOpona. M3ydeHa
KHHETHKAa OO0pa30oBaHUS HUTPAT-HOHOB W 3aBUCHMOCTH CHIDKeHHS pH
pacTBopa OT KOJIMYECTBA IIUKJIOB 00paOOTKH.

BrinosiHeHHBIE OKCIIEPUMEHTBI  TTO3BOJIAIOT HaWTH moaxXoabl K
CO3JIaHUIO TEXHOJOTUYECKOW CXEeMBbl MOJTOTOBKH BOJBI K OHOJOTHYECKOM
OYHCTKE.
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CpaBHeHne PEKUMOB U3MEJ/IBYCHUA HATPEBAEMBbIX
ABYXKOMIIOHCHTHBIX KaIl€JIb

/1. B. AuronoB, M. B. [Tuckynos, [1. A. Ctpmxak

Hayuonanvnwiil uccneoosamenvckuii Tomckutl noiumexnuieckuil
yuueepcumem, Poccus, 634050, 2. Tomck, np. Jlenuna, 30

antonovdv132@gmail.com

H3menbueHne Kareib )KUAKOCTEH MOXET MpoTeKaTh B pexxume puffng
u microexplosion [1-3]. DddexkTHBHOCTP MHOTHX Ta30MapoKaneIbHBIX
TEXHOJIOTUII MOXKET OBITh CYNIECTBEHHO YBEJIMYCHA IPU PAl[IOHAJIBHOM U
KOHTPOJUPYEMOM  HCIOJb30BaHUU  3((HEKTOB  AMCHEPTUPOBAHHUS U
B3pBIBHOTO H3MEJBUCHHUS DPOIMTENBCKHX Karedb. B Hacrosmiei pabore
MIPECTaBIICHEI Pe3yIbTaThl SKCIIEPUMEHTAIBHBIX HCCICIOBAHMUN IIPOIECCOB
(¢parMeHTaIM ~ BCKUMAMOMINX JBYXKOMIIOHCHTHBIX KaIlelb Pa3HOTO
MIPOUCXOXKACHUS: JMYIBCHUH, PACTBOPHI, CYCIICH3UH, IBYXKHAIAKOCTHBIE
Kar Oe3 MepeMelInBaHUs KOMIIOHEHTOB. PacCMOTpEHBI THUIHYHBIC IS
COBPEMEHHBIX TEXHOJIOIMI TEPMUYECKONW OUYUCTKH JKUAKOCTEH, 3aKUTAaHUU
TOIUIMB  CHOCOOBI  TMOJBOAA OSHEPTMM K  Kalule:  KOHIYKTHUBHBIM,
KOHBEKTHBHBIA W panuanuoHHbIH. OIpe/eseHsl yCloBHs, IPH KOTOPBIX
MOXKHO O0ECHEYHTh PEXKHM MOHOTOHHOIO UCIApeHHs, WHTEHCHUBHOII
(dparMeHTanMy, a TaKKe MOJYYEHHs KalelbHOro a’posoisi. [locie
microexplosion monyuYeHbl JUarpaMMbl HM3MEHEHHs BpeMEH Iporpesa
Kamenb Tepe] pacmagoMm, KoiuuectBo u  pasmepsl  child-droplets,
OTHOIIEHHE IDIOMIAIH TOBEPXHOCTH HCTAPEHUS IO M TOCIIEe U3MEITbYCHUS.
YcTaHOBIIEHBI MAacHITa0bl BIHMSHUS OCHOBHBIX (DAKTOPOB M IIPOIECCOB:
TEMIIEpaTypa, TEIUIOBbIE MOTOKM, KOHIEHTPAIMM KOMIOHEHTOB, pa3Mephl
Kamnenb, UX CyMMapHbIe IUIOIIAIM ITIOBEPXHOCTH ucnapeHus. IlomydeHs
COOTBETCTBYIOIINE ANNPOKCHMAIIMOHHBIC BHIPAXKEHUSI W 3aBUCHMOCTH IS
yIpaBieHus mpoleccaMy (parMeHTallid U U3MeNIbUeHHs HCCIIE0BaHHBIX
Karellb.

Paboma  evinoamena npu  unancogou  noodepoicke  epawma
IIpezudenma Poccutickoti @edepayuu (M{-1221.2017.8).
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HN3MeHeHUe (l)l/IBPlKO-XHMI/I‘leCKI/IX CBOMCTB PYAHHUHYHBIX
BO/J IMOA, BOSAEﬁCTBHeM reoxXmMMH4€eCKoro 6apbepa Ha
OCHOBE€ U3BECTHAKA

N.B. bapgamoBa

@I'FHY I'eonoeuueckuii uncmumym CO PAH, 670047, 2. Yaau-Yos,
yn. Caxvsanosol, 6a

irina-bardamova@yandex.ru

Pynnuuynple BoOApl mTONbHM 3anaaHas (3akaMeHCKH — paioH,
BypsiTust), caMONIpOU3BOIEHO U3JIMBAsICh Ha IOBEPXHOCTb, CIIYXKAT MOIIHBIM
HCTOYHUKOM TOKCHYHBIX 3arpsA3HCHUNM OKpYXKaloLlel NPUPOJHON CpEIbl.
IIpespimenue [1JK no TsokenasiM MeTamiaM coctasisieT: o Fe- B 24,7 pas,
mo Cu — B 6,7, mo Zn — B 27,6, o Pb — B 24, mo Co — B 7,1 pas.
MuHepanusamust ~ cocTaBmsier 2,7 MONB/IMS, A COfepIKaHHe
B3BemIEHHBIX - 203,7 MF/,I[MS. [lo pmaHHBIM JAMCIIEPCHOrO aHaNM3a,
MPOBEAICHHOIO C IOMOIIBI0 Jla3epHOro aHamu3atopa (upmbel Shimadzu
SALD-7500nano, 92,9% B3BelmIEHHBIX YaCTHI[ HAXOIATCS B JAHAra3oHE
150-220 mMxMm.

IIpu noGasnennn ¢paxmun uzBecTHsIKa (< 0,25 MM), TIpEATIOKESHHOTO
aBTOPOM B KadyeCTBE MCKYCCTBEHHOIO TI'€OXHMHYECKOTo Oapbepa,
mpoucxoautr cHmwxkeHne pH B 1,6 pas3a, yMeHbIIEHHE KOHIICHTpALUi
TSOKENBIX MeTayutoB: Zn B 1,8 pasa, Cu B 32 pasa, Pb B 4 pasa. Coenunenus
JIAHHBIX ~ JJIeMEHTOB  (Ccynbdarbl, T'MIAPOKCH/ABI) HaONIOAAIOTCS  HA
MOBEPXHOCTH 3E€PEH W3BECTHSIKA C IOMOIIBIO PACTPOBOM 3JIEKTPOHHOU
MHUKPOCKOIINH.

Hccneoosanust evinonnenvl npu QUHAHCOB0U NOOOepIICKe NPOeKmd

DAHO Ne 0340-2016-0006 u epanma POPDHU Ne 16-05-01041.
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PoJib TPUPOJHOr0 aPKTUYECKOr0 GaKTepPHUaAIBbHOTO
KOMILJIEKCA B MPoLeccax 6MoAeCTPYKIUM HepTH
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WHTeHcnBHOE pa3BUTHE HE(TETa30BOH OTPACIM B CEBEPHBIX paloHax
Poccun crocoOcTByeT pe3koMy YBEIHMUYCHUIO aHTPOIIOTEHHON HArpy3KH Ha
JIETKO ySI3BUMBIE NPHUPOJHBIC OSKOCHCTEMbl ApPKTHKH. B  apkTHueckmx
paiioHax mpolecchl OWMOAECTPYKIMH  YIJICBOJOPOAOB, C  Y4acTHEM
aOOpHUIeHHON  YIJICBOJOPOJOKHUCISIIONIEH MHUKpPO(IOphl, HE YCIEBaIOT
pa3BepHYTbCS B IIOJIHOW Mepe, a YHHBEpCaJIbHBIE OHOIpenaparsl,
UCTIONIb3yeMble B HE(PTSHOI NMPOMBIIIJIEHHOCTH, PU HU3KUX TeMIlepaTrypax
umeroT Manyio s¢dektuBHocth [1]. CremoBarensHO, AIs COXpaHEHUS
MIPUPOJTHOTO MOTEHIMANA aPKTHYECKUX PETHOHOB HEO0O0XO0MMa pa3paboTka
HOBBIX JKOJIOTHUYECKH O€30MacHBIX Ccroco0oB OOprOBI ¢ HEPTAHBIMH
3arpsI3HEHUsIMU, B OCHOBY KOTOPBIX MOXKET OBITH ITOJIOKEHO MCCIIE0BAHUE
abopureHHOH MHKpPO(IOPHl MHPUPOTHBIX BOJ W HMX CIOCOOHOCTH K
CaMOOYHIIIECHHIO.

B cBsa3um ¢ oOo3HaueHHOW mpoOieMoi, Obla TOCTaBieHa WENlb —
H3YYUTh CHOCOOHOCTh a0OPUTEHHBIX MHUKPOOPTaHW3MOB INPHPOTHBIX BOJ
Apktuku pasznarate Hedrth. [lns npoBeneHus NaHHOW paboOTHI ObUIM
HCTIONB30BaHbl KYNbTYPHl YTIEBOAOPOAOKUCIISIONINX MHKPOOPTaHU3MOB,
MIOJTydeHHBIE METOJIOM AaBTOCENEKIINH, M3 BOJABI TEPMOKAPCTOBOTO 03€pa,
pactionoxkesHoro B 40 kM ot r. Hapesa-Mapa u B 120 kM ot
XappArHHCKOTO  HE(PTAHOTO  MECTOPOXKIEHHS.  ODKCIEPHUMEHTHl IO
6uonectpykunu HedTH anunuck 15, 30 u 40 cyrok npu temmneparypax 5°C,
20°C u 37°C. AHanu3 NoJy4YeHHBIX SKCIIEPUMEHTAIbHBIX JAaHHBIX MOKa3all,
YTO TPH KYJIbTUBHUPOBAHMM MHUKPOOPTaHM3MOB B YCJIOBHSX HHU3KHX
temneparyp  (5°C)  pocT  YHMCICHHOCTH  MHKPOOPraHH3MOB W,
COOTBETCTBEHHO,  paspyllleHHE  yIJIEBOAOPOAOB  HE  HPOHCXOJIMT.
YcraHoBIIEHO, YTO IIpoIlecC pasiokeHust Hedru 3amyckaercst npu 10°C n
BBIIE, MPWYEM  MaKCHUMalbHas WHTEHCHBHOCTh  OHMOAECTPYKIHHU
HabIromaeTcs B mepBeie 15 CyTOK.
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The role of natural Arctic bacterial complex in
processes of biodegradation of oil
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The intensive development of the oil and gas industry in the northern
regions of Russia contributes to a sharp increase in the anthropogenic load
on the natural ecosystems of the Arctic. In the Arctic regions, the processes
of biodegradation of hydrocarbons, with the participation of native
hydrocarbon-oxidizing microflora, do not have time to fully develop, and
the universal biologics used in the petroleum industry have low efficiency at
low temperatures [1]. Therefore, in order to preserve the natural potential of
the Arctic regions, it is necessary to develop new environmentally friendly
ways to combat oil pollution, which can be based on the study of native
microflora of natural waters and their ability to self-purification.

In connection with the indicated problem, the aim was to study the
ability of aboriginal microorganisms of the Arctic natural waters to
decompose oil. To carry out this work, were used the cultures of
hydrocarbon oxidizing microorganisms obtained by autoselection from the
water of the thermokarst lake located 40 km from the town of Naryan-Mar
and 120 km from the Kharyaga oil field. Experiments on biodegradation of
oil lasted 15, 30 and 40 days at temperatures of 5 °C, 20 °C and 37 °C.
Analysis of the experimental data obtained showed that microorganisms
which cultivated under low temperature conditions (5 °C), the growth of the
number of microorganisms and, accordingly, the destruction of
hydrocarbons does not occur. It is shown, that the process of oil
decomposition starts at 10 °C and above, and the maximum intensity of
biodegradation is observed in the first 15 days.
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Pa3pa6oTKa TeXHUYEeCKHMX pelieHU 10 CHUKEHUIO
BbIGPOCOB OKCH/A0B a30Ta Ha KOTEJIbHBIX arperatax
BK3-500-140 KpacHosapckou TIII-2

E.C. Kamieena
Cubupckuii pedepanvhuiii ynusepcumem, 2. Kpacrnosapck
kashcheevaeugenia@gmail.com

CorylacHO €XerolHOMY 3KOJIOTHYECKOMY HOKIany MUHOpPUPOIBI 3a
2016 rox r. KpacHOAPCK HCIBITBIBAET CEPhE3HBIC MPOOJIEMBI B BOMPOCAX
BBIOPOCOB BPEAHBIX BEUIECTB W IPEBBIMICHHUS MX IPEACTbHO-IOIYCTUMbIX
koHIeHTpauuil. B 2016 rogy xommuecTBO BBIOPOCOB BPEIHBIX BEIIECTB IO
OTpaciy MPOU3BOJCTBA M PACHpE/IeNICHHUs IEKTPOIHEPTUN cocTaBui 234,6
THIC. T, U3 HUX Ha pomo KpacHospckoit TOLI-2 mpuxomutes 6,5% (15,25
teic. T) [1]. Homst Hambosee TOKCHYHBIX BBIOPOCOB, TaKMX KaK OKCHJIBI
asota, cocraBmsier 48,5 % (7400 teic. T). JlanHas mpobiema xapakTepHa
JUtst TIbLIeyrosbHBIX KoTioB BK3-500-140 Kpacuosipekoit TOLI-2.

Camwxenne obpazoBanust NOy mpy ropeHHH TOCTUraeTcsi N3MEHEHHEM
XapaKTEepUCTUK TOMOYHOTO mpouecca. IIpuHIMNHUaNbEHBIME (aKTopamy,
BIAMSIOIIMMHM Ha TapaMeTphl Ipollecca TOpeHHMsT M Ha BBIOPOCH Kak
TOIUTUBHBIX, TaK M BO3AYIIHBIX OKCHIOB a30Ta Ha kotimax BK3-500-140
SIBIISIFOTCSL TEMIIepaTypa sifipa ¢akemna, pacrpeeleHne TOIUIMBa U M30bITKa
BO3/lyXa MO BBICOTE ¥ B CEUCHUSIX TOIIOYHOH KaMephl.

K unciy Hanboee pa3BUTHIX U OCBOCHHBIX TEXHOJOTHH PEICHUS ATOM
3aja4d Uil JTAHHOTO THIIA KOTJIOB OTHOCSTCS: CTyNeH4YaToe W
KOHIIEHTPHYECKOE C)KUTaHWe, HHU3KOOMUCCHOHHBIC TOpenkd, reberning
(co3maHre OKHUCIIUTENLHON U BOCCTAaHOBHUTENILHOM 30H), overfire air (ocrpoe
IyThbe).

Mmuoroo6pa3ue (pakTopoB, y4eT WX IIsI KOHKPETHON KOHCTPYKIIHH
KOTJIa U peXHMa ero paboThl NPHBOIUT K HEOOXOJMMOCTH BBIIOJHEHHUS
AQHAINTHYECKUX HCCIICJOBAHUN BIIMSHUS KOHCTPYKTHBHBIX M PEKHUMHBIX
XapaKTEepUCTUK. YUHUTBIBAsl CIOKHOCTH 3aJadll MCIOJIB3YIOTCS CpEACTBa
MaTeMaTHYecKoro MOJEIMPOBaHMs [yl Oojee JETalbHOTO —aHaIn3a
CIIOKHBIX (U3MYECKHX M XHMHUYECKHX IIPOLECCOB, IPOTEKAIONINX B
TOIIOYHOU Kamepe.
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B pamkax paboThl  BBHINOJNHEH pacdyeT Ha  ONTHMAJBHBIC
nepepacIpeesicHusI BO3yXa Ha TOPEIIKA U COIUIA M PACIOJIOXKCHUE COMEI
TPETUYHOTO JIYThS MPH MAKCHMAaJIbHO BO3MOXXKHOM YMCHBIIICHHH BBIOPOCOB
NO, u makcumanbHO Bo3mokHOM KIT/I.

CHnHCOK TUTepaTypsl

1. ocynapctBeHHbIH nokiman «O COCTOSHHH M OXpaHE OKpY’KaroIlen
cpensl B KpacHosipckom kpae» 3a 2016 rom [DnexTpoHHBIH pecypcl:
http://www.mpr.krskstate.ru/dat/bin/art_attach/8804_2017.10.11_doklad_20
16_gotovij_variant.pdf.

Ilepepa6oTKa NOJTUMEPHBIX OTX0J0B HA OCHOBE
NOJIWJIAKTHAA

H. JI. Kuyma, T. H. Bonruna, B. T. HoBukos

Hayuonanvnwiii uccneoosamenvcekuii Tomckutl noiumexnuieckuil
yrusepcumem, 634050, Poccus, 2. Tomck, np. Jlenuna, 30

volgina_t@mail.ru

CeromHsi mONMMEpHbIE MaTepuansl Ha ocHoBe mnoimwnaktuaa (I1JI)
LIMPOKO UCTIONB3YIOTCS B Pa3IMYHBIX chepax YeaoBeuecKoil qesTelIbHOCTH:
NUIIEeBas  YNAaKOBKA, UIPYIIKM, TKaHH, MEIMLIUHCKUAE  M3IEIHs,
JeKapcTBeHHbIe cpeacTBa. OmgHako nporece nomyuenus 11 tpynoemkuit n
MHOTOCTa/INIHBIN, BCIIEICTBHE YEro €ro CTOMMOCTh B 2—7 pa3 BBILIE, YeM Y
€ro aHaJoroB, MOJYYEHHBIX M3 YIJIEBOJOPOMHOTrO ChIphs. HecMmoTpst Ha
BBICOKYIO IIeHY, IPOAYKTHI W Marepuaysl Ha ocHoBe I1JI, orcmyxuBiine
CBOH CpOK, HE TiepepabaThIBAIOTCSl MOcie ucnoib3oBanus. I1J1 sBuseTcs
TEPMOIUIACTUYHBIM MOJMMEPOM, a 3HAUYUT MOXKET OBITh MOJBEPTHYT,
HanpuMep, XHUMHYECKOH IepepabdoTKe C LENbI0 TOJNyYeHHS HCXOIHOTO
Monomepa [1].

B nmannO# paboTte OBIIO M3ydYeHO BIMSHHWE MABICHHWS HA BBIXOJ M
YHCTOTY  JIAKTHZA, TIIOJy4aeMOro  METOJIOM  TEePMOKaTaTUTHYECKON
JenoauMepu3anny nosmMepHsix otxonoB [1J1. Ilpouece mpoBoamim mpu
250 °C u 10-550 mbGap B mpHCYTCTBHHM KaTajm3aTopa OKTOaTa OJIOBa,
OUYHCTKY MOHOMEpA OCYIIECTBILUIN NepeKpHCTaA/UIM3alueil U3 dTHIaLeTaTa.
OddexTuBHOCTh TmpoIecca OICHUBAIM IyTeM OMNPENEICHHUS BBIXOJA
CBIPOTO M YHCTOTO JIAKTHIA, YUCTOTY MOHOMEpa — II0 TeMIeparype
TUIABJICHHUS.

PesynbraTel mokasanu, 4To JAKTUA, MOJyYeHHBbIH npu naBiaeHuu 550
MOap, TpeACTaBisSeT COO0OM OKBUMOJSIPHYIO PpalleMHUYECKyl0 CMecCh
L-nmaktuna n D-maktuaa, uMerontyto temmnepatypy miasienus 115-120 °C,
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C TPUMECSIMH MOJIOYHOW KHCJIOTHI, M-TAKTHAA M OJMIOMEpa MOJIOYHOU
kucioTsl. [IpoBenenne nporecca npu 6osree HU3KOM aaBieHnu (<150 mbap)
MTO3BOJISICT MONMYYaTh HHANBHAAYANbHBIE L- mmu D-makTums! ¢ TeMmepaTypoit
wiaBnenus 88—97 °C. MakcUMalIbHBINA BBIXOJ] CHIPOTO M YHCTOTO JIAKTHIA
nocrturaetcss npu gaiaeHuu 10 mOap u cocraBmser 79 m 61 % (mac.)
COOTBETCTBeHHO. JlaipHeHIIas MmoimMepu3ais NOIyYeHHOTO MOHOMEpa
MIPUBOAXT K 00pa30BAHMUIO MOJIUMEPA CO CPEAHEBAZKOCTHOIN MOJCKYISIPHON
Maccoit 50000-80000.

Takum o6pa3om, nepepabotka oTxoz0B I[1JI MO3BONUT BEpHYTH B
TEXHOJIOTHYCCKUN MpOIeCC MPOU3BOJACTBA monmwiakTuaa Oomee 50 %
CBIPBSI.

Cnmcok Jurepatypsl

1. A. Posvyashchennaya, T. Volgina, V. Novikov, A. Zinovyev // Key
Engineering Materials. 2018. V. 769. P. 17-22.

Pa3pa6oTKa TOKOBOIo opraHa HyJieBou
10CJIe;0BATe/IbHOCTH Ha 6a3e MUKPOKOHTpoOJIIepa ¢
ru6KOM NpOorpaMMMpyeMou JIOTUKOH

/1. B. MypamxkuH, JI. H. Kucenes, F0.A. Epmios

Cubupckuii gpedepanvhuiii ynusepcumem, Poccuiickas @edepayus, 660041,
2. Kpacrnosipck, np. Ceob6oomnutii, 79

office@sfu-kras.ru

B Hacrosmiee Bpemsi Bc€ Oosbliiee pPaclpoCTpaHEHHE IMOJIYYaOT
MIPOMBIINIICHHBIE MHKPOKOHTPOJUIEPHI, YTO CO34aéT HOBBIC MOIXOABI B
peanuzanuu P3A. TosBiseTcs BO3MOXKHOCTh Pa3pabOTKH 3aIIUT Ha OCHOBE
MAaTEeMAaTHYECKUX aJrOPUTMOB C TPUMEHEHHEM YHCICHHBIX METOOB.
OCHOBoOIIOJIAraloIUM B 3TOM IPOLECCE SIBISIETCS PETUCTPALUs U aHAJH3
rapameTpoB HOPMAJILHOTO, ABAPHIHOTO U TTOCIEaBAPUITHOTO PEKHUMOB.

Lenpro naHHOM paOOTHI ABISAETCS CO3aHUE TOKOBOTO OpraHa HYJIEBOU
MOCIECIOBATEIFHOCTH  Ha ~ 0a3e  MHUKPOKOHTpoJUiepa C  THOKOH
MPOTrPaMMHPYEMOU JIOTHKOH M €ro UCIBITAHHUE.

Just  peanuzanMi  MOCTABICHHOW  eJMH  ObUT  KCIOJIb30BaH
MpOMBINUICHHBIH — Jorumdeckuit  koHTpoimiep  (IIJIK)  XP-8000-CE6
npousBojictBa ICPDAS, pabotarommii Ha 0a3e ONEPAIMOHHOW CHUCTEMBI
Windows Embedded CE 6.0, 16-6uTHbIi aHAIOrOBBIA BXOJHOM MOIyIb I-
8014W, mnonxmodeHHbIt Kk Hemy TOKOBbIH Mozayins DN-843I-CT-50 wu
MOJyJIb TUCKPETHOrO BBOAA-BEIBOAa [-8042W.


http://about.sfu-kras.ru/campus/map#k2
mailto:office@sfu-kras.ru
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[MpuHoun feiicTBUSL YCTPOMCTBA OCHOBAaH Ha IPEABAPUTEIHLHOM
BBIJICJICHUY OPTOTOHAIBHBIX COCTABJIAIOUIMX TOKA, BBIUYMCICHUU TOKa
HYJIEBOW MOCIJIENOBATENLHOCTH U (POPMUPOBAHUM YCIIOBUH CpabaThIBaHUS
TOKOBOTO OpTraHa HyJEBOH MOCIEI0BATEIHBHOCTH.

Jlns ycnelTaHus. TOKOBOTO OpraHa paspa0oTaH 1a0OpaTOpPHBIA CTEHA,
MIPECTABILIOMNN cO00W MMHTAIMIO PEKFMOB JJIEKTPHYECKOW CETH Ha
ocaoBe PETOM-41. TlpoBeneHo ycHeImIHOE HCHBITAHHE pPa3paboTaHHOTO
TOKOBOTO opraHa HYJIEBOH MIOCJIEAOBATEIHLHOCTH, IOy 9EHBI
OCLIJUIOTPaMMbI B CHMMETPUYHOM M HECUMMETPHYHOM PEXHUME PabOTHI
ceTu.

JaHHast paboTa MOXeT ObITh MCIOJB30BAaHA IJIS Pealu3aliuy 3aIluT C
OoJiee CIIOKHBIMU ANTOPUTMaMH, a TaKKe B Ja0OPaTOPHBIX M B HAYYHBIX
mensix. C e€ T1OMOLIBIO MOXKHO TIPOM3BECTH  HCIBITAHUS — Kak
CYIIECTBYIOIINX, TAK U HOBBIX aJITOPUTMOB paboTsl P3.

Cnmcok Jurepatypsl

1. OBuaperko H. WM. AnmapaTHbie W TpOrpaMMHBIC 3JICMEHTHI
aBTOMaTHYECKUX YCTpoHcTB 3Heprocucrem. M.: HII DHAC, 2004. 512 c.

2. reepcon 2. M. Lludposas peneiinas 3ammra. M.. DHeproaTom-
n3nat, 2007. 549 c.

UDC 004.942

Problems of maintaining the sustainability of energy
supply to consumers and energy efficiency in the
conditions of with a large component of uncertainty

A.A. Shutkov', E.L. Loginov', A.A. Shkuta?, K.S Jankauskas®

'Market Economy Institute of RAS, 117418, Moscow, Nakhimovsky ave., 47
2Financial University under the Government of the Russian Federation,
125167, Moscow, Leningradsky ave., 49

shutkov@yandex.ru, evgenloginov@gmail.com, saa5333@hotmail.com,
jankauskas.ipr.ras@gmail.com

In Russia, taking into account the economic and political realities of
recent years, there is an increasing need to improve the efficiency of the
processes of preparation of critical infrastructure systems to complex or
extreme conditions of the impact of negative factors, when the targeted
damage of one or more nodes with a large number of connections (degree
centrality) leads to the disintegration of the entire fuel and energy super
system [1].

It is necessary to develop measures to improve the survivability of the
systems of transportation of fuel and energy resources (electric power
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networks, neophe - and gas pipelines, etc.) with a large situational
component of the likely critically rapid cascade development of the effect of
damage from the avalanche-like propagation of the overload that has arisen
in one of the nodes of this network. In this case, you must consider the
increasing presence of intelligent control devices (e.g., cyber-physical
device conversion and switching energy, intelligent management system,
open service platform, etc.).

That is, it requires the design of monitoring systems and management,
as well as the opportunities of operating performance parameters of
networks transporting energy resources, depending on the damage from
natural and technogenic character by carrying out self-diagnosis of
individual objects, segments, networks and the entire system (similar to the
distributed neural circuits) and restore power supply to consumers within
the segments of the Unified national electric network, the Unified gas
supply system, Qil transportation system of Russia, etc. like, sort of, giant
clusters of connected network nodes.

As a result, a comprehensive solution of structural and functional
organization of the processes of using the model of self-organization and
decay of functional neural network structures is provided to support the
necessary activity of each energy cluster as a fractal part of the fuel and
energy super-system in the performance of the functions of energy supply to
consumers within the criteria for maintaining the necessary activity of life
support systems and state management institutions.

References

1. Loginov E. L., Raikov A. N. Network information attacks to control
systems of energy critical infrastructure. / Heat power engineering. 2015.
No. 4. P.3.

TexHoJ10rMA yAa/IeHHs] CEpPHUCTBIX IPpUMeced U3 ra3oB
JLIO. Mocynoga', A.1O. Komsuios', M.M. ®apaxos®

Y000 «HII® HE®TEIIPOLECCHUHT », . Kazanw, Poccus
2000 UBI] «Hnocexumuy, 2. Kazanw, Poccus

nefteprocessing@mail.ru

D¢ dexTrBHOE UCTIOIB30BaHKUE NMONMyTHOro HedTsHoro raza (ITHIY) B
Ka4yecTBE YIJIEBOJOPOJHOTO CHIPhS W BBICOKOIHEPIeTHUECKOrO TOILIMBA
sBrsieTcs crparermdeckoil 3amadeii TOK Poccun. OpHoit w3 mpoOiem
ucnons3oBanuu [IHIT sBisiercst Hamuuue cepoBOAOpona, 4To  TpeldyeT
BKJIIOUCHHSI OJIOKa CEpOOYMCTKHM B COCTaB YCTAHOBKHM IOJTrOTOBKH Tasa.
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HII® HEO®TEIIPOLIECCUHI" B mnaptHepctBe ¢ UBI[ «MHxexum»
pa3paboTay M yCIeIHO BHEAPSET TEXHOJOTHIO yJIalleH!us] CEpOBOAOpOIa U
JPYrUuX CEPHHUCTHIX NpHMEced W3 ra3oB pa3iMdyHOrO cocraBa. B ocHoBe
MIPUMEHSEMON TEXHOJIOTHH - XEMOCOPOIIMOHHBIA MPOIIECC, TTO3BOJISIOMINN
YOPaBISTh  CENIEKTHBHOCTBIO  OBICTPBIX ~ XHMHYECKHX  PEaKIHH,
MPOTEKAIOIINX B  CKpyOOep-peakrope  CIeUaTbHOH  KOHCTPYKITHH.
CeeKTHBHOCTH TIpOllecca II03BOJSIET CHIBHUTH pacxonx abcopbeHTa u
TEXHOJIOTHYECKOH BOABI, MHUHHMHU3HPOBAaTh KOJNYECTBO HETOKCHYHBIX
CTOKOB. bBIOK cepoodMCTKH, pa3MEIIEHHBIA Ha MECTOPOXKICHUSX,
oOecrieunBaeT oumMcTKy Tasa ot mnpumeceir H,S, RSH u CO, no
COBpEMEHHBIX TpeOoBaHui. O4MIIEHHBIH Tra3 [ajee HampaBiseTCs B
ra30TPaHCIOPTHYIO CHCTEMY JIMOO JUIS SHEPrOCHA0KEHHS MECTOPOKICHHUSI.
[Mpennaraemas TEXHOJIOTHS — 3TO CaMO€ HAJAEKHOE M HHM3KO3aTpaTHOE
pelieHue sl MOATOTOBKM Ta3a TpPH TEHEepalud dIIEKTPOIHEPTHH,
MAarucTpajbHOIrO TpPaHCIOpPTa W JAPYTMX METOJA0B ucnosb3zoBanus [THI.
TexHoMOrNA XEMOCOPOLMOHHOM CEpPOOYHCTKH HE TpeOyeT BBICOKOTO
JaBJICHUS, TEMIICPaTyphl U KaTaIU3aTOPOB, OHA MOXKET JIETKO BCTPAUBATHCS
B HHQPACTPYKTYPY OOBEKTOB HE(PTEra3oqo0bMH W MPHUMEHITHCA IS
MOATOTOBKA  JIOOBIX — Ta30B, COACP)KAIIMX  CEPHUCTBIE  NPHMECH:
(akenpHOTO, XBOCTOBOTO (IBIMOBOTO), CBaloYyHOrOo u Owmoraza. bmox
MOJITOTOBKM Ta3a Ha OCHOBE ITOH TEXHOJIOTHH YCIICIIHO BHEIPEH Ha psje
00beKTOB HedTerazo00bun (BKIIFOUAsi CyOapKTHUECKUH PETHOH), BBITOIHO
OTJIMYAETCs MMPOCTOTON B IKCILUTyaTallMU U HCIIOJIb3YET TOJIBKO POCCUIICKOE
00Opy/IOBaHHE M PpEareHThbl, COKpallas KallUTaJbHbIE BIIOKEHUS U
OIepaIMOHHBIE 3aTPaThl HAa IHEPrOreHEPAIIHIO.

TexHonorus obecreynBaeT HAACKHYIO pabOTy Ha OYHIICHHOM Trase
OTEYECTBEHHOT0 M 3apyOeKHOTO TEHEPallMOHHOTO M KOMIIPECCOPHOTO
oOopynoBanus. Hamra TexHONOTMS 3HAYUTENBHO CHIDKaeT YpPOBEHb
9KOJIOTUYECKOTO BO3JICHCTBHS 3a CUET MCKIIOYEHHUs] HanOoJiee TOKCHYHBIX
BBIOPOCOB OKCHIOB CEpPHI B aTMOChepy.

The technology of removal of sulfur impurities from
gases

L.Yu. Mosunova®, A.Yu. Kopylov', M.M. Farahov?

“NPF NEFTEPROTSESSING" LLC, Kazan, Russia
2 1VC "Inzhekhim" LLC, Kazan, Russia

nefteprocessing@mail.ru

Effective usage of associated petroleum gas (APG) as a hydrocarbon
feedstock and high-energy fuel is a strategic task of the Russian fuel and
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energy industry. One of the problems related to use of APG is the presence
of hydrogen sulphide, which requires the inclusion of a desulphurization
stage in the gas treatment unit. NPF NEFTEPROCESSING in partnership
with the 1VC "Inzhekhim" has developed and successfully implements the
technology for removal of hydrogen sulphide and other sulfur impurities
from gases of various composition. The technology is based on a
chemisorption process that allows maintaining the selectivity of fast
chemical reactions in a special designed scrubber-type reactor. Selectivity
of the process allows to reduce the consumption of absorbent and process
water while minimizing the amount of non-toxic aqueous waste. The
desulfurization unit located on the oil & gas fields provides gas purification
from such impurities as H,S, RSH and CO, to the latest stringent
specifications. Treated gas is then sent to the gas trunk line system or to the
energy generation to cover the field demand. The proposed technology is
the most reliable and low-cost solution for gas preparation for power
station, gas pipeline transportation and other APG utilization methods.
Chemisorption-based desulfurization technology does not require high
pressure, temperature and catalysts; it can be easily integrated into the
infrastructure of oil and gas production facilities and can be applied to any
kind of gases containing sulfur impurities: flare gas, tail and exhaust flue
gases, landfill and biogas. The gas treatment units designed on this
technology have been successfully implemented at several oil and gas
production facilities (including the Sub-Arctic region), the unit is
advantageously easy to operate and uses only Russian equipment and
chemicals, and therefore it can reduce capex & opex of energy generation
facilities.

The technology ensures reliable operation of the Russian-made and
imported power generation equipment and gas compressors when consume
the purified gas. Our technology reduces significantly an environmental
impact by eliminating the most toxic emissions of sulfur oxides into the
atmosphere.
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Prospects of using the neural network approach for
quality control of welded joints

S. Yu. Nazarenko?, V. A. Udod*?

Tomsk Polytechnic University, Lenin av. 30, Tomsk, 634050, Russia
*Tomsk State University, Lenin av. 36, Tomsk, 634050, Russia

svetanaz@tpu.ru

One of the serious problems of the oil and gas industry is the need for
strict control of welded pipe joints for pumping oil and gas. Control of
welded joints is carried out by various methods of nondestructive testing,
among which the radiation method is widely used. For the processing of
images obtained by the radiographic method and the detection of welding
defects, various algorithms are used [1]. One of the promising algorithms
for image processing is an algorithm based on the neural network method.

In this paper, we consider an algorithm for processing radiographic
digital images of welded joints, based on the use of neural networks. It was
assumed that the weld joint have two types of defects — cracks and pores,
the mathematical models of the images of which can be given by geometric
figures — rectangles and circles, respectively [2]. Thus, the problem of
recognizing these types of defects is reduced to recognizing images of two
kinds of geometric figures. In this paper, the most informative parameters
for the development of an algorithm for processing radiographic images of
welded joints of pipelines are proposed. Geometric parameters
characterizing the shape, size and location of the defect are provided as an
input to the neural network for the classification of defects in the weld.
Among the main geometric parameters determined by measuring the shape
and size of the image of the detected defect, the shape factor K = P%/(4xnS),
where P is the perimeter, and S is the defect area, can be defined.

An important step in the algorithm for processing digital images using
a neural network is the network training procedure. Training consists in
assigning an input set of vectors, initializing the weights of neural network
connections, and adjusting the weights so that the error between the actual
and expected output vector becomes sufficiently small. Preliminary, it is
necessary to form a training sequence of images of defects of welded joints
with the correct answers (output vector), on the basis of which the entire
system is trained.

Reference
1. Udod V.A., Wang Y., Osipov S.P., Chakhlov S.V., Usachev E.Y.,

Lebedev M.B., Temnik A.K. // Russian Journal of Nondestructive Testing.
2016. Vol. 52(9). P. 492-503.
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YTuausanusa METaIJIYPru4eCKHux IJIaKOB B
IIPpOU3BOACTBE CTPOUTE/IbHBIX MATEPHAJIOB

LI.M. Hussoga, 3.P. Kagsiposa, @.111. YMapos

Hucmumym obweti u neopeanuueckux xumuu Axademuu Hayk
Pecnybnuxu Ysoexucman, Tawxenm
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VYTumuzamysi TPOMBINUICHHBIX — OTXOJOB  SIBISICTCS. ONHUM W3
KapAWHAIBHOTO  pEIICHHWH  TPOONEeMBl  JTUKBUAALHNU  3arps3HECHUS
OKpY’)KaloImle Cpefbl W COXPAHCHHS PAaBHOBECHS MEXAY SKOIOTHYCCKHUU
cpenol U pa3BUBAIOLICHCA MPOMBIIIIEHHOCThIO. Peanusanus 3Toit
MpoOJeMbl MOKET OBITh HAWIECHO B pEe3yJbTaTe OpPTraHH3alMK 3aMKHYTBHIX
IUKIOB — OE30TXOJHOrO IPOM3BOJACTBO. B CBs3M ¢ 3THMH OOJBIIOE
3HAaYCHUE MPUOOPETACT WCIOJH30BAHUE METAJUTYPIHYCCKUX IIUIAKOB B
KauecTBE BTOPUYHOTO CBHIPHSI.

OmauM u3 HamOoJee TMEPCHEKTUBHBIX HAMPAaBICHUNH yTHIU3AlUU
METAJUTYPTHYECKUX IIUTAKOB — 3TO MX HCIOIB30BaHUE B CTPOUTEIHCTBE U
MPOU3BOJICTBE CTPOUTENBHBIX MaTephaloB. B depHO © [BeTHOU
METAJUIYyprHuH  00pa3yeTcss OTrPOMHOE KOJHYECTBO OTXOJOB KOTOPBIC
HAaKOMHJIOCH B OTBaJlaX. OTH OTXOIBl COIEpKAT B CBOEM COCTaBe
COCITUHEHUS JKeJe3a, MarHus, MapraHia, KalbIus, IHHKa, CBUHIIA, CEPBI U
JIPYTHUX 3JIEMEHTOB.

Kenezocomepkamed MeETaJUTyprHYeCKHX INJIAKOB HCIONB3YIOT B
KauecTBE ChIpbS M BKIIIOUEHHE WX B COCTAB MIMXTHI NMPU MPOU3BOJICTBE
[IEMEHTOB, IIJAKOBOW BaThl, NUIAKOCUTAIJIOBBIX W3JENNN, MIIAKOBBIX
CTEKOJI, Kpacok, Kpacurenei. B cTpouTenscTBE MPUMEHSIIOTCS Pa3HbIE THUITBI
OETOHOB C BSDKYIIIMMH U 3aIOJTHUTENISIMA Ha MX OCHOBE.

st mpoBeneHHs HCCIEIOBaHUA HAaMU HCIOJIb30BaHbl HUIAKH JIBYX
METAJUTYPTHYCCKUX TPEANPHUIATAN [EHTPAITLHOTO pEerrHoHa Y30eKHCTaHa:
AO «Anmansikckuit TMK» n AO «Y3merkomOunaTy. Mertamuryp-rudeckne
[UIAKK TIPEICTABIAIOT COOOW MHOTOKOMIIOHCHTHBIC CHCTEMBI, B KOTOPBIX
OKCHJIaMH, OMpeAeNsonumMu coctas, spisitorcss Ca0, MgO, Al,Os, SiO,,
FeO.

B Tabnmme mpuBenAeHBI  pe3yNbTAaThl  XMMHUYECKOTO  aHaIu3a
Metamyprudeckux nurakoB  AO  «Anmaneikckuii  TMK» un AO
«Y3METKOMOMHAT.
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Cooeparcanue okcuoos 6 %, na 6030YUIHO CyXoe Geuyeceo

SiO,| TiO,| Al,O3|Fe,0O3 |FeO | MgO | CaO |Na,O | K,O

HamMeHOBaHUE [1.rr.1m.

[Inax
«AJIMaJIBIKC- 31,72{0,36 | 6,18 [52,04 3,20 | 3,36 | 0,54 | 2,26 -
koro 'MK»

[l1ak AO
«<Y3mer- 20,11 7,25 (16,12 | 4,30 | 14,20 36,07 | 0,1 0,2 |1,25

KOMOMHAT

HUccneaoBaHue BHEeApPEHHUA KaHaJia pa3pdajaa B
AHUIJIEKTPUKH IIPH BOB,E[CﬁCTBPIPI Pa3HONOJJIAPHOI0
HUMIIYJIbCA HANIPAXKECHUA

E. B. Iletpenko, B. ®@. Baxos, A. C. IOaun

Hayuonanvhwiii uccnedosamenvckutl Tomckutl noiumexHu4eckul
yHusepcumem, 2. Tomck, np. Jlenuna, 30

evgenius293@mail.ru

B mawame mectumecsaThIx TOomOB XX  Beka OBUI  OTKPBIT
IIEKTPOUMITYILCHBIN BN croco6 paspyliieHus TBEPIBIX
JMDIICKTPUYECKUX U TOJYNPOBOISIIMX MaTtepuaios [1, 2]. [IpoBencHHbIC B
TO BpeMs HCCICIOBAaHUSA JOKa3alld ero BBICOKYI 3(dextuBHOCTH [3],
OJIHAKO MPOMBIIIJICHHOE MPUMEHEHHE JI0 CHX TI0p OTpaHMYUBACTCS HU3KOM
HaJIS)KHOCTBIO BBICOKOBOJIBTHOTO UMITYJILCHOTO o0opynoBaHus
UCTONB3yIoero HamnpspkeHus: mopsiaka 400-800 kB u  BBICOKHMHU
TpeOOBAHUAM K M30JISIIIUU COOTBETCTBEHHO.

B nmamHO#t paboTe BHepBBIE NPOBENEHBI OSKCIHEPHUMEHTHI IO
paspylmeHHI0 O00pasloB TpaHUTa W IECYaHWKAa IPH OJHOBPEMEHHOM
BO3ICHCTBUH BHICOKOTO UMITYJIBCHOTO HANPSKEHUS PA3HOM MOISPHOCTH.

B pesynbpTare MOXKHO BBIJICIUTE MUHUMYM OJHH (DaKTOP XapaKTEPHBIH
JUIL OJHOBPEMEHHOI'O BO3JEHCTBUS JBYX Pa3HONOJSIPHBIX MMIYJIbCOB Ha
TOPHYIO IOPONY:

— HanpspKeHHe Mpo00s Ha MOJIO0KHUTEIBHOW HOISPHOCTH OOJIBINE, YeM
Ha OTPULATENbHOM KaK JUId NecuaHuKa, TaK U JUld TPaHHTa.

Pabora BeIMONHEHAa B pamkax nporpammbl rpaHra POOU (mpoekt
Ne 16-48-700278).

CnMcoK JUTepaTypsl

1. Cémxun B.B., YcoB AD., Kypen B.1. OCHOBBI
AJIEKTPOUMITYIBCHOTO pa3pymienus matepuainoB. — CII6.: Hayka, 1995.
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HepCl'leKTl/IBbI IMOJIYY€HHUA HOBBIX MATE€PHUAJIOB U3
TEXHOT€HHOI'O CbIPpbA

M.A. Cagnenosa, I'. b. XKakynosa, T. b. Anyap6exos, M.E. YTerenosa

Bocmouno-Kazaxcmanckuii 2ocyoapcmeentvlil mexHuyecKuil YyHusepcumen
um. []. Cepuxbaesa, yn. [lpomosanosa A.K., 69, 2. Yemo-Kamenozopck,
070004, Kazaxcman

SMarzhan090471@gmail.com

PaboTa mocasieHa MOKUCKY CIIOCOOOB CHHTE3a HOBBIX MaTEpUaJIOB Ha
OCHOBE NPHUPOTHBIX U TEXHOT'€HHBIX 3allacOB, UMEIOIIUXCSA Ha TEPPUTOPUHU
Kazaxcrana. IIpe3sunentom KazaxcTana nocrasieHa 3ajjaua paccMaTpUBaTh
HaKOIJICHHbIE TEXHOTCHHBIE 3amachl KaK CaMOCTOATENBHYIO CBIPHEBYIO
6azy, KaK JJIs1 METaJUTypTiH, TaK 1 JJsl CTPOUTENHHON NHIYCTPUH U APYTUX
oTpacieil HapogHOTro Xxo3sicTBa. [Ipobiema yTHIM3AaMKM TEXHOTCHHBIX
OTXO/I0B TIPOMBIIUICHHBIX MHPEANPUSATHH aKkTyajlbHa IJIsi BCEX cTpaH. B
CLIA, ®pannuu, 'epmanuu, Yexuu YCHENIHO pea3ylOT MPOEKTHI IO
HCTIONIb30BAHHIO BCEX BUAOB IPOMBIIIIEHHBIX 0TX010B. B Poccun co3nans
yCIOBHsL JUIi pPa3pabOTKM HOBBIX MaTepHajoB U HX IIOCIEIyroliee
BHEIpEHHE B MPOM3BOJCTBEHHBIEC MPOIECCH MHHOBAIIMOHHBIX TEXHOJIOTHH
(B TOM 4HCIIe HAHOTEXHOJIOTHA).

OpHuM u3 myTel pereHus 3Toil mpobiaemsl B KazaxcTane MoxeT cTaTh
HCTIONb30BaHHE TEXHOTEHHBIX OTXOJOB B TPOM3BOJACTBE W3IEIHN U3
KepaMHUKH. B ocHOBe pa3pabaThiBacMON TEXHOJIOTHH JIEXKAT KIACCHUYECKUE
METOJbl TOPOIIKOBOM MeETaJulypruu (CleKaHue, SKCTPYy3Hsl, IpaHyIsLus,
IIPECCOBAHUE B PA3IMYHBIX KOMOMHAIIHSAX).

OCHOBHOW 1enbl0  paboThl SIBISETCS CO3/laHWE OTEYEeCTBEHHOM
HAayKOEMKOW TEXHOJIOTUH CHUHTE3a HOBBIX KEPAMUYECKMX MaTepUalioB U3
IOPUPOJHOTO CBIPbSI U  TEXHOTEHHBIX OTXOJOB METaTyprHYeCKHX
MpeIIpUSTHH.

OOBeKTaMH  WCCIIEIOBAaHUN  CTald  METAUIYPrHYECKHE  IIUIaKH
CBUHIIOBOTO ¥  MEIHOTO  TPOWM3BOACTB  mpenmpuatus  KasuwHk,
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MOJYNPOAYKTHl  AKTIOOMHCKOTO  (heppocCIUIaBHOTO U YIJIBOWHCKOTO
METaLTypru4ecKoro 3aBO0B.

ITpoBenena OIEHKAa COCTaBOB M CBOWCTB CBIPHEBBIX MAaTepHAIOB
(mpupoIHBEIX COPOSHTOB, METAJUTYPIHIECKHX IIIAKOB, ITBUIH) U U3YYIEHO MX
BIMSHAE HAa  XapaKTepPUCTUKH  TPaHYIMPOBAHHBIX W OJIOYHBIX
CHHTE3UPOBAaHHBIX 00PA3IIOB.

The prospects of receiving new materials from
technogenic raw materials

M.A. Sadenova, G.B. Zhakupova, T.B. Anuarbekov, M.E. Utegenova

D. Serikbayev East Kazakhstan State Technical University, 69,
Protozanov str., Ust-Kamenogorsk, 070004, Kazakhstan

SMarzhan090471@gmail.com

Work is devoted to search of ways of synthesis of new materials on the
basis of the natural and technogenic reserves which are available in the
territory of Kazakhstan. The president of Kazakhstan has set the task to
consider the saved-up technogenic stocks as an independent source of raw
materials, both for metallurgy, and for the construction industry and other
branches of the national economy. The problem of utilization of
technogenic waste of the industrial enterprises is relevant for all countries.
The USA, France, Germany, the Czech Republic successfully realize
projects on use of all types of industrial wastes. In Russia conditions for
development of new materials and their subsequent introduction in
productions of innovative technologies are created (including
nanotechnologies).

Use of technogenic waste in production of products from ceramics can
become one of solutions of this problem in Kazakhstan. Classical methods
of powder metallurgy are the cornerstone of the developed technology
(agglomeration, extrusion, granulation, pressing in various combinations).

Main objective of work is creation of domestic high technology of
synthesis of new ceramic materials from natural raw materials and
technogenic waste of the metallurgical enterprises.

Metallurgical slags of lead and copper productions of the KazZink
enterprise, semi-products Aktubinsk ferroalloy and Ulbinsky metallurgical
the plants became objects of researches.

Assessment of structures and properties of raw materials is carried out
(natural sorbents, metallurgical slags, dust) and their influence on
characteristics of the granulated and block synthesized samples is studied.
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CHUHTe3 HOBBIX KeépaMUY€CKHUX MaTepHUaJIOB U3
HETPAAUIIMOHHOI'O CbhIPpbA

M.A. CagenoBa

Bocmouno-Kasaxcmanckuii 2ocyoapcmeenmvitl mexHuieckui yHusepcumemn
um. /. Cepuxbaesa, yn. [lpomosanosa A.K., 69, 2. Yemo-Kamenozopck,
070004, Kazaxcman

SMarzhan090471@gmail.com

B nacrosmee Bpemst aist Peciyommkn KazaxcTan Ba)KHO KOMITIIEKCHOE
panMoHaIbHOE HCHOIb30BAHNE MECTHBIX IIPUPOTHBIX PECYPCOB C LEINBIO
MIOJTyYCHHS] HOBBIX TEXHUYECKUX MaTEPHAIIOB.

PaccMoTpeHa BO3MOXKHOCTH HCIIOIB30BaHMS MHHEPAIBHOTO CHIPHS
Kasaxcrtana IJId TOJIYYEHHUsI HOBBIX MATCpHaJioOB - KEPaMHUYCCKUX
HOCHTENEH /s KaTaln3aTopoB H/WIIM KaTaJH3aTOPOB, MpeIHa3HAUYEHHBIX
ISt OKHUCIIUTEIFHO-BOCCTAHOBUTEIBHOM KOHBEPCHUH TOKCHUYHBIX
KOMITOHEHTOB Ta3000pa3HbIX BbIOpocoB. Ilpm pa3paboTke TEXHOJIOrHU
TIPUT'OTOBJICHUS HOCHUTENCH UL KaTaJnu3aTOpOB HUCIIOJb30BAaHBI METO/IbI
MOPOIIKOBOM MeTayulypru Uil HONydeHus TIpaHyld. B mpomecce
NIPUTOTOBJICHUS! HOBBIX MaTEpHAJIOB CHHTE3MpPOBaHA CEpUsSl IICOJIHT-
OCHTOHMTOBBIX KOHTaKTOB, COJEPKAIMX MEIb, HUKENIb, XpOM W IEpHH B
Pa3IMYHBIX COYETaHMSAX M KOJIMYECTBAX M3 INPHUPOAHOIO MHHEPAITBEHOTO
CBIPbS M YNCTHIX PEAKTHUBOB, NPEAHA3HAYECHHBIX JJISI KOHBEPCHH OKCHJIOB
yIJIeposia u yriieBOAOPOIOB.

C MIPUMEHCHUEM (l)I/ISI/IKO-XI/IMI/I‘IeCKI/IX METOO0B HUCCJICaOBaHUA
BBITIOJIHEHO OIpEAETICHHEe ITOBEPXHOCTHOTO COCTaBa CHHTE3MPOBAHHBIX
KaTaJau3aTopoB. IIpencraBneHst JIaHHBIE 1o 3¢ EeKTHBHOCTH
CHHTE3MPOBAaHHBIX KOHTAKTOB B Ipolecce KOHBepcuu razoobpassHoro CO B
COs.

I/ICCHe}lOBaHO BJIMSTHUC PA3JIMYHBIX METOJ0B MOJYYCHUS MaTEPHUATIOB U
JpYrux IapaMeTpoB, OOYCIaBIMBAIOMINX KAaTATUTHYECKYIO aKTHBHOCTb U
CTaOMIIBHOCTh MOJYYCHHBIX KaTaJUTHUYECKHX CHCTEM. YCTaHOBJIEHO, YTO
3¢ PEKTUBHOCTH OTIPEEIETCS KaK CIIOCOO0M HAaHECeHHUs, TaK U MPHUPOJIOH,
COCTaBOM M KOHIEHTpalWeld KOMIIOHEHTOB KaTajln3aTopa, TeMIeparypoit
IpOrpeBa KOHTaKTa ¥ PEaKIIH.
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Synthesis of new ceramic materials from non-
traditional raw materials

M.A. Sadenova

D. Serikbayev East Kazakhstan State Technical University, 69,
Protozanov str.,Ust-Kamenogorsk, 070004, Kazakhstan

SMarzhan090471@gmail.com

Today the complex of rational use of local natural resources for the
purpose of receiving new technical materials is most important for the
Republic of Kazakhstan.

The possibility of use of mineral raw materials of Kazakhstan for
receiving new materials - ceramic carriers for the catalysts and/or catalysts
intended for oxidation-reduction conversion of toxic components of gaseous
emissions is considered. During developing technology of preparation of
carriers for catalysts, the methods of powder metallurgy for receiving
granules are used. In the course of preparation of new materials the series of
zeolite - bentonite contacts and also containing copper, nickel, chrome and
cerium in various combinations and quantities from the natural mineral raw
materials and clean reactants intended for conversion of carbon oxides and
hydrocarbons is synthesized.

Using physical-chemical methods of investigation, the surface
composition of the synthesized catalysts was determined.

Data on efficiency of the synthesized contacts are presented in the
course of conversion gaseous CO to CO,.

Influence of various methods of receiving the materials and other
parameters causing catalytic activity and stability of the received catalytic
systems is investigated. It is established that the efficiency is defined both
by way of drawing, and the nature, by structure and concentration of
components of the catalyst, temperature of warming up of contact and
reaction.
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IllTaMmM-HedTeeCTPYKTOP, U30TUPOBAHHBIN U3
KHIIe4YyHOoro TpakTa Eisenia fetida

O. ®. Bsrunna, U. B. LIepHLle, JI. . Crom?, H. A. Bonokuruua’®,
B. A. (DI/IaJ'IKOB4, A.b. Kyan/IHCKI/Iﬁ4, M. 10. Toxncroii®

1le<ymc1<ud eocyoapcmeennblil yHusepcumem, 664003, Poccus,
2. Upxymck, yn. Kapra Mapxca, 1
ZHpKymCKm? HAYUOHANbHBIN UCCIe008AMEeNbCKULL MEXHUYeCKUll
yuusepcumem, 664074, Poccus, 2. Upkymck, ya. Jlepmonmosa, 83
3 Tumnonoauveckuii uncmumym CO PAH, 664033, Poccus, 2. Hprymck,
ya. Ynan-bamopckas, 3

*Baiikansckuii myseti Hpkymckozo nayunozo yenmpa CO PAH, 664520,
Poccus, Hpxymckas obracmo, noc. Jlucmesnka, yn. Akademuueckas, 14

stomd@mail.ru

OpauM u3 3(GGEKTUBHBIX U SKOJOTHYCCKHA OE30MaCHBIX METOJOB
OYUCTKM  OKpYXKarolleil  cpeasl  OT  3arpsi3HeHHH  HedThio U
HedTempoaykTamMu  sBiseTcss  Owopememumanms  [1]. s co3manus
HE(TEOKUCISIOMUX  TPENapaToB  MCIONB3YIOT  aKTHBHBIE  LITAaMMBI
yraeBogoponokucisitonnx  Oakrepuir  (YOM). YOM  Bcerpewarotcs B
€CTECTBEHHBIX M aHTPOIIOT€HHO M3MEHEHHBIX 3KOCHCTEMAX, 3arpSA3HCHHBIX
yrieBogopoaamu Hedru [2].

Lens nanHOW pabOTHI 3aKiiOYanach B BBIICHEHHH BO3MOXKHOCTH
BBIJICTICHNSI M3 JOXJEBBIX 4YEPBEH MHKPOOPTaHW3MOB, CIIOCOOHBIX K
OKHCJIEHHIO He(TH.

B pesynbraTe MHKpOOMOJIOTMYECKOTO aHaliM3a KHIIEYHOTO TpPaKTa
KpacHoro kanupopuuiickoro rubpuaa Eisenia fetida na cenexrusnoii cpese
JUIsT He(PTEOKHUCISIFOLIMX MUKPOOPTaHU3MOB ObUT BbIIENEH OaKTepHabHbII
mramMm J{ul. Ha ocHoBaHuum Mop(hosIOTO-KYJIbTypadbHBIX U (U3HUOJIOTO-
OMOXMMHUYECKHX TPH3HAKOB M30usT oTHeceH k Rhodococcus sp. Iltamm
pacteT Ha cpelax, COAEP)KAallMX B KauecTBE €AMHCTBEHHOTO HCTOYHMKA
yriiepojla W SHEPrUM TeKCaH, OKTaH, YHJEKaH, JOJeKaH, TIeKCaJeKaH,
OeH3ou1, HaTamuH, He()Th, OCH3WH, IU3EIBHOE TOIUIUBO (JICTHUH W 3UMHUMA
copTa), peakTUBHOE TOIIMBO M Ma3yT. M30isT 00aaeT JIMIMOIUTHIECKOH,
AMWJIOJIMTUYECKOH, ypea3HOW akKTHBHOCTSAMHM. Iloka3zaHa 3ieKTpOreHHas
aKTHBHOCTD M30JIATa.

CHHCOK TUuTepaTypsl
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2017. Vol. 19. Is. 10. P. 955-963.

Strain-oil-tester, isolated from the intestine tract
Eisenia fetida

O.F. Vyatchina', I.B. Chernyh?, D.I. Stom? N.A. Volokitina®,
V.A. Fialkow*, A.B. Kupchinsky*, M. Yu.Tolstoy?

YIrkutsk State University, 664003, Russia, Irkutsk, Karl Marx st., 1
’Irkutsk National Research Technical University, 664074, Russia, Irkutsk,
Lermontova st., 83
3Limnological Institute of SB RAS, 664033, Russia, Irkutsk,
Ulan-Bator st., 3
*Baikal Museum of the SB RAS, 664520, Russia, Irkutsk Region, Listvyanka,
Akademicheskaya st., 1A

stomd@mail.ru

One of the effective and environmentally safe methods of cleaning the
environment from oil and oil products pollution is bioremediation [1]. To
create oil-oxidizing drugs, active strains of hydrocarbon oxidizing
microorganisms (HOM) are used. HOM are found in natural and
anthropogenically altered ecosystems contaminated with petroleum
hydrocarbons [2].

The purpose of this work was to elucidate the possibility of isolating
microorganisms capable of oxidizing oil from earthworms.

As a result of microbiological analysis of the intestinal tract of the red
Californian Eisenia fetida hybrid on a selective medium for oil-oxidizing
microorganisms, the bacterial strain Dchl was isolated. On the basis of
morphological-cultural and physiological-biochemical features, the isolate
is attributed to Rhodococcus sp. The strain grows on media containing
hexane, octane, undecane, dodecane, hexadecane, benzene, naphthalene, oil,
gasoline, diesel fuel (summer and winter grades), jet fuel and fuel oil as the
sole source of carbon and energy. The isolate has lipolytic, amylolytic,
urease activity. The electrogenic activity of the isolate is shown.
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IlpumeneHnue Ni-Cu-Cr moJIMOKCUAHBIX KaTa/IM3aTOPOB
JJIs1 OYMCTKH OTXOAALIMX Ia30B

C.A. TVHFaTaDOBal'Z, T.C. BaibeyMaHOBal, 3.T. }KeKceHGaeBal'z,
M.A. CaneHOBa3, P.O. CapceHOBal, M. )KyMa6eI<1, K. Kacbimxan®
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?Kasaxckutl HayuoHanbHblil yHusepcumem um. Anv-Dapabu,
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IIpobnema xuMu4eckoil 6€30MacHOCTH U CAHUTApHON 3aIUTHI BO3AyXa
O0COOCHHO aKTyalbHa B CBS3M C YBEIMYEHHEM BpEIHBIX BBIOPOCOB
NPOMBILICHHBIX MPENPHUATHH, OKa3bIBAIOUIMX CHJIBHOE TOKCHYECKOE
Bo3jelicTBUE. TOMYyO0s, KCHIION M STHIOCH30JI SBJSIOTCS OCHOBHOM YacCThIO
pacTBOpHTENEH, UCIIOIb3YEMBIX B PA3JIMYHBIX OTPACIISX MPOMBILIUICHHOCTH,
KOTOpBIE MPUCYTCTBYIOT B Ta3000pa3HEIX BEIOpocax. Pe3ymbraTsl
pa3paboTKi MHOTOKOMITOHEHTHBIX OKCHIHBIX KaTaJIH3aTOpOB Ha ocHOBE Ni,
Cu u Cr, HaneceHHblx Ha 2% Ce/0—Al,O3, mpexactaBieHsl B pabore.
Haiimeno, d4ro BBICOKasg CTemeHb KOHBepcHH Toiyona (mo 98,8%)
nabmonaercs Ha karanuzatope Ni—Cu—Cr/2% Ce/0-Al,O; ¢ ontumansHbIM
coorromennem MmetamwioB Ni:Cu:Cr = 1.0:3.0:0.1 mpu o0beMHOI
ckopoctn 5%10° u ! u remmeparype 723773 K. IIpuCyTCTBHE KPHCTAILIOB
Ce0,, pentrenoamopdHerx knactepos (d = 20-100 A) NiO u CuO, a Takxe
TBepAbix pactBopoB CuO (NiO) Obui0 oOmnpesieneHO Ha MOBEPXHOCTH
oOpasiia, npokameHHoro mnpu 873 K, meromamu PDA u 31eKTpOHHOM
MHUKPOCKONHU. B3anmoseiictBue kuciaopoaa ¢ karaamzaropom Ni—Cu—Cr
nzyvanocs ¢ nomounsto TIIM, TIIB u TIIO metonos. [lokazaHno, 4To KpuBas
TEIUIOBOW JecopOumm umeeT n3ruOsl npu 773 m 923 K, a Taxke Makcumym
npu 1023 K, yro o0ycnoBieHo ecopbuueli ancopOupoBaHHOTO KHCIOpOia
(670-870 K, Ej. = 88-89 xlx/monb) u pasnoxenuem okcumoB Ni u Cu
(870-1,070 K, E,. = 100-128 k[x/mons) mo Cu,O, Ni,O, a 3arem
CMeIIaHHbIX oKcuaoB agromMuaaToB (> 1070 K, E .. = 140-144 x/Ix/Mois),
cojiepKaHne KOTOPBIX pe3Ko CHIpKaeTcs mpu HarpeBanuu o 1473 K. C
nomomipio  MK-CekTpocKonmMu ¥ TepMOJECOpOIMHM  MOKa3aHo, dYTO
xemocopbius SO, (mm. 1165 em? TV ec = 673 K) u ee oxucienue 10
cynbdatubix crpykryp (mim. 1235, 1140, 1100, 985 u 615 cm !, T, = 973
K) siBnsietcst pesyapratom peakuun SO, + O, ¢ 9% Ni—Cu—Cr/2% Ce/6-
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AlLO; mpu 673 K. Ot crpyktypsl pasmaraiorcs Ha SO, u O, u
paspyliaeTcs Ipy BOCCTAHOBIEHUH BotopoaoM npu T = 973 K.

Application of Ni-Cu-Cr polyoxide catalysts for the
purification of exhaust gases

S.A. Tungatarova®?, T.S. Baizhumanova®, Z.T. Zheksenbaeva'?,
M.A. Sadenova®, R.O. Sarsenova’, M. Zhumabek®, K. Kassymkan*

LJSC “D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry”,
142, Kunaeyv str., Almaty, 050010, Kazakhstan
’Al-Farabi Kazakh National University, 71, al-Farabi av., Almaty, 050040,
Kazakhstan
®D. Serikbayev East Kazakhstan State Technical University,
A.K. Protozanov Street, 69, 070004, Ust-Kamenogorsk, Kazakhstan

tungatarova58@mail.ru

The problem of chemical safety and sanitary air protection is
particularly relevant due to the increase of harmful emissions of industrial
enterprises, which have a strong toxic effect. Toluene, xylene and ethyl-
benzene are major part of the solvents used in various industries, which are
present in gaseous emissions. Results of the development of catalysts
based on Ni, Cu, and Cr supported on 2 % Ce/8-Al,O5 are presented. It
was found that the highest degree of toluene conversion (up to 98.8 %) is
observed on the three-component Ni-Cu-Cr/2 % Ce/6-Al,O5 catalyst with
optimal metal ratio Ni:Cu: Cr = 1.0 : 3.0 : 0.1 at GHSV = 5x10° h*
and a temperature of 723-773 K. The presence of CeO, crystals, X-ray
amorphous clusters (d = 20-100 A) of variable valence metal oxides NiO
and CuO as well as solid metal solutions CuO (NiO) was detected on the
surface of optimum catalyst calcined at 873 K using XRD and transition
electron microscopy methods. Interaction of oxygen with Ni—Cu—Cr
catalyst were studied by temperature-programmed desorption, temperature-
programmed reduction and temperature-programmed oxidation methods. It
was shown that thermal desorption curve has bends at 773 K and 923 K as
well as maximum at 1,023 K, which is caused by desorption of the adsorbed
oxygen (670-870 K, Egs = 88-89 kJ mol™) and decomposition of Ni and
Cu oxides (870-1,070 K, Eges = 100-128 kJ mol'l) to Cu,0, Ni,O, and then
mixed oxides of aluminates (> 1,070 K, Egs = 140-144 kJ mol'l), the
content of which is sharply reduced when heating at 1,473 K. By IR
spectroscopy and thermal desorption has been shown that SO,
chemisorption (a.b. 1165 cm™, T4 = 673 K) and its oxidation to sulfate
structures (a.b. 1,235, 1,140, 1,100, 985 and 615 cm™, T"4s = 973 K) is the
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result of reacting a mixture of SO, + O, with 9 % Ni—Cu-Cr/2 % Ce/0—
Al,O3 catalyst at 673 K. These structures are decomposed to SO, and O,
and destroyed by reduction with hydrogen at T = 973 K.

Moay/ibHbIe YCTAHOBKH KOMOGUHUPOBAHHOTO
NPOU3BO/JACTBA 3JIEKTPOIHEPTUM U CHHTETUYECKHUX
KU KHX TOIJIUB HA OCHOBE ApPeBeCHON GMOMACChI

9.A. Twopuna, A.C. Mennuxkos, I1.10. Encykos

Hnemumym cucmem snepeemuxu um. JI.A. Menenmvesa CO PAH, Poccus,
2. Upxymck, yn. Jlepmonmosa, 130

tyurina@isem.irk.ru

AKTYyaJlbHOCTh KOMIUIEKCHOH NepepabOTKH ApEeBECHOH OHOMAcChl B
CHHTETHUUECKHE XHUAKHE TOIUIMBA U DJIEKTPOIHEPTUIO HAa OCHOBE METOJIOB
KaTaJIUTHYCCKOTO TIOTYUYCHHUS KUIKUX TOIUTMB U3 MPOJYKTOB ra3udukanuu
JPEBECHON OroMacchl 00YCJIOBJICHA, C OJHOW CTOPOHBI, BBICOKOH IICHOMN
KBaJTU(PUIIMPOBAHHOTO JKHUKOTO TOILIMBA B OTHAJICHHBIX paiioHax Cubupu
u HampHero Bocrtoka, ¢ apyroil CTOpOHBI, 3HAYUTEIHHBIMH 3amacaMu
IpeBecHOH Owomaccel B 3TUX paiioHax. CoOBMEIIeHHE XUMHYCCKHUX
MPOIIECCOB C BHIPAOOTKOH AJIEKTPO’HEPTHH MOBHIMIAeT 3(PPEeKTHBHOCTH
mepepabOTKA TEXHOTEHHBIX OTXOMOB. JIpyroil BakHOW OCOOCHHOCTBIO
KOMOWHHUPOBAHHBIX TIPOIECCOB SBIICTCS MX IKOJOTHMYECKas YHCTOTA, YTO
00yCTIOBIICHO BBICOKHMH TpPEOOBAaHWSAMH IO YHCTOTE CHHTE3-Taza Co
CTOPOHBI KaTalu3aTOPOB CHHTE3a, C OJHOM CTOPOHBI, W HHU3KUMU
BoiOpocamu NOy, CBA3aHHBIMU C MajbIMH O0OBEMaMH MPOAYBOUYHBIX ra3oB,
CXKUTaeMbIX B KaMepe CrOpaHusi ra30BOi TypOMHBI SHEProbdoKa, ¢ IPYyTrou.
Kpome Toro, mosBisieTcsi BO3MOXHOCTh yTwimzanuu CO,, 4TO TaKkxke
CBSI3aHO C HU3BKMMHU OOBEMaMHU JBIMOBBIX Ta30B JHEProoOsioKa, IO
CPaBHEHUIO C  TPAaJUUUOHHBIMH  DHEPreTUYECKUMH  YCTaHOBKaMmH.
DHepreTHyecKkass ¥ IKOHOMHYECKAs A(PPEKTHBHOCTh TAKOH KOMILICKCHON
TEXHOJIOTUU 3HAUUTEIILHO BBIIIE, YEM Pa3/eJIbHbIX IPOU3BOCTB.

PaccmarpuBatoTcsi BONpPOCHl MaTeMAaTHYECKOTO MOJIEJIUPOBAHUS U
TEXHUKO-3KOHOMHUYECKOH ONTUMM3ALIHI MOJTYJIBHBIX
9HEPrOTEXHOJIOTHIeCKHX  ycTaHoBOK  (MOTY)  koMOMHHPOBaHHOTO
TIPOU3BOJICTBA IJIEKTPOIHEPTUN U CUHTETHUYECKUX KUAKUX TorumB — CXKT
(MeTaHoma WM JIUMETWIOBOTO d(dupa) U3 JApeBecHO OHOMAaCCHI.
IIpoBenensl onTUMU3alMOHHBIE HccienoBanuss MOTY, B pesynbrare
KOTOPBIX OIpeIeeHbl ONTUMAIbHbIE KOHCTPYKTHBHBIE XapaKTEPUCTUKU
TePMOAWHAMHYECKHIE IapaMeTphl 3JIEMEHTOB OOOPYIOBAaHHUS YCTaHOBOK,
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cootHoureHuss npousBojctBa CIXKT ®  aneKTposHepruu, KamuTalbHbBIE
BJIOXKEHHS B JIEMEHTHI M YCTAaHOBKY B LeJIoM U Jp. OmnpenesneHsl yCIoBHs
KOoHKypeHTocrocooHocth MOTY nmnst ycnoBuit Cubupn u  [anbHero
BocToka.

Paboma  ewinoanena npu  noddepacke  Poccuiickoco  ¢honoa
@yHoamenmanvroix uccneoosanuil, epanm 18-08-01184 A.

Modular plants of combined production of electricity
and synthetic liquid fuels based on wood biomass

E.A. Tyurina, A.S. Mednikov, P.Yu Elsukov

Melentiev Energy Systems Institute Siberian Branch of the Russian
Academy of Sciences, Russia, Irkutsk, Lermontov 130

tyurina@isem.irk.ru

The urgency of complex processing of woody biomass into synthetic
liquid fuels (SLF) and electricity based on the methods of catalytic
production of liquid fuels from products of gasification of woody biomass is
due, on the one hand, to the high price of qualified liquid fuels in remote
areas of Siberia and the Far East, on the other hand, to significant stocks of
woody biomass in these areas. The combination of chemical processes with
the generation of electricity raises the efficiency of processing man-caused
waste. Another important feature of the combined processes is their
ecological purity, which is due to the high requirements for the purity of
synthesis gas from the synthesis catalysts, on the one hand, and low NO,
emissions associated with small volumes of blowing gases burned in the
combustion chamber of the gas turbine of the power unit. In addition, there
is a possibility of utilization of CO,, which is also associated with low
volumes of flue gases of the power unit, in comparison with traditional
power plants. The energy and economic efficiency of such a complex
technology is much higher than that of separate industries.

The paper deals with the issues of mathematical modeling of the
modular plants of combined production of electricity and SLF (methanol or
dimethyl ether) from wood biomass (MCP). With the use of mathematical
models, optimization studies have been carried out, as a result of which
design characteristics of plant equipment components, the ratio of
production of SLF and electricity, capital investments in elements and
installation as a whole, etc. have been determined. Conditions for the
competitiveness of MCP for the conditions of Siberia and the Far East are
found.
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The work was supported by the Russian Foundation for Basic
Research, grant 18-08-01184 A.

JHepro-pecypcocéeperawomas pa3padéoTka v
3KCIJIyaTal s MeCTOPOXKJeHHH C/IaHILeBOM HedTH U
rasa 3anagHou Cuoupu

B.B. I'yces, O.E. I'opOyros, B.B. Tsau

Camapckuii 20cy0apcmeeHHbIl MeXHUYecKuil YHugepcumenn,
443100, e. Camapa, yr. Hogo-Caodosas, 10

tt@samgtu.ru

OcHOBHBIC 3amackl ra3a cocpenorodeHsl B 3amanuoit Cubupu[l] (Ha
ceepe TroMeHCKo#t 001acTH), KOTOpbIe BhipaboTanbl Ha 40—45%. B cBsi3u ¢
9THUM HaOIII0AaeTCsl yXyALICHUE CIPheBOM 0a3bl IPUPOJHOTO ra3a, KOTopoe
BbIpAXKACTCA B IOBBINICHUU O6BO}1HCHHOCTH [[O6blBaeMOI>i MNpOAYKIIMU H
CHIDKEHUH JeOuTa CKBa)XWH. BeposSTHOCTP HAaXOXKACHWS TUTAHTCKUX U
YHHUKAJIBHBIX MECTOPOKACHUH ra3za MHUHHMAaJbHA, TTO3TOMY IIEPCIICKTHUBBI
COXpaHCHHWsS YpPOBHS MOOBIYHM Tra3a CBs3aHBl C pa3pabOTKOW 3anexein
cnaHieBoro rasa [1], Haxomsmerocs B «HeTeMaTEpPUHCKOI»
BbaxeHoBckoii cBute [2]. PaspaboTka 3anexeil CIaHIEBOro ras3a cBsi3aHa C
OTPOMHBIMHU (PMHAHCOBBIMH 3aTpaTaMi, KOTOPHIC YBEIIMIHBAIOTCS B CBS3H C
TEM, 4TO 3TH 3aJIeXKH PACIIOJIOKEHBI B 30HE BEYHOW MEP3JIOTHL

B pabore paccMmaTpuBaeTcss COBMECTHO-pasjielibHasi pa3paboTka u
9KCIUTyaTalWsl TPAJAUIIMOHHBIX 3aJIeXkKel raza W CIAHIEBOro rasa (HedTw).
Jnst aTOrO TpearaeTcss COBMECTHOE CTPOMTENILCTBO CYINEPKYCTOB, Ha
KOTOPOM pacCIoJIOKCHbI CKBAXXUHBI JJIA }IO6I)I‘II/I KakK HOpUpOJHOIo, TaK H
CJTAHIIEBOTO T'a3a. DHEPro-pecypcodpPeKTHBHOCTD MPEIaraeMoro crnocoda
3aKITF0YAeTCs B PE3KOM COKPAIICHHH MPOMBICIOBEIX 00BEKTOB (IUIOIIAA0K,
aBTozopor, TpybOompoBomoB, JIOII u 1p.), YTO PE3KO CHUXKAET
SHEpropecypconorpedieHue " MUHUMH3HPYET B3aUMOBITUSHHE
OKpY’Xarolieil cpeabl M Npou3BoAcTBa [3], 4TO yBeNUYHT peHTAOeTbHOCTD
pa3paboTKu MECTOPOXKICHHH CIAHIIEBOTO ra3a (HedTn).

OOecrieueHne >IEKTPOIHEPTHEH BCEro TEXHOJIOTHYECKOTro Ipoliecca
J00BIYN Oynet OCYIIECTBISATHCS CcOOCTBEHHBIMH muHu-TOI],
paboTaronmMu Ha JOOBIBAEMOM Tase.

CHnHCOK 1UuTepaTypsbl

1. Imurpuesckuii A. H., Beicoukuii B. . // CiaHieBblii ra3 — HOBBII
BEKTOP Pa3BUTHsI MHPOBOTO PBIHKA YTJIEBOJOPOIHOTO CHIPhbs. BecTHHK
OH3 PAH. 2010. T. 2. Ne 8. C. 44-47.
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Cnanuesas HedTh Poccuu: or MudoB k peasnibHOCTH. Bectn ra3oBoii Hayku.
2016.T. 1. Ne 1. C. 87-101.
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CopGeHTBI U3 yIJIA AJIS U3BJAe4YeHus peHoJia U3
BO/JIHBIX PaCTBOpPOB

B.D. IIBetkoB, U.10.3b1ko0B, FO.H. lynnukosa, A.I1. Ko3nos,
3.P. Ucmaruimos

Dedepanvrulii uccreoogamenvckutl yewmp yensn u yerexumuu CO PAH,
650000, Poccus, 2. Kemeposo, np. Cogemckuii, 18

TsvetkofVE@gmail.com

K OCHOBHBIM TOKCHKAaHTaM, 3arpsA3HSIONIM OKpYXKAaloOLIylo Cpeny,
OTHOCSTCS (PEHON M €ro MpPOW3BOJAHBIE, KOTOpBIC MPHUHAUICKAT K
COCIUHEHUSM MEepBOr0 — TpeThero KiaccoB omacHoctu. Ilupoxoe
pacripoctpaHeHue (EHOJIIOB B OKpY)Karolleil cpeae OOYCIOBICHO UX
(U3MKO-XMMHUYECKUMHU CBOMCTBaMH, 8 IMEHHO, XOpOlllel pacCTBOPUMOCTBIO,
KaK B BOJHOW Cpefie U BBICOKOH peaKI[MOHHOH crtocOOHOCTHIO.[1]

Opnum u3 HambOosee 3(p(PEKTUBHBIX METOIOB OYHUCTKH CTOYHBIX BOJ
MIPOMBIIICHHBIX TPEANPUATHH OT OpPraHMYECKHX IpUMeEced SBISETCS
a/IcOpOIIMOHHBIN METO/I C NCTIOJIB30BAHUEM YTIEPOAHBIX COPOCHTOB.

[Nomydenne yriepomHbIX cOpOSHTOB MPOBOIMIN M3 NPUPOTHBIX yIIIei
Mapok «I», «I», «K», «CC», «T» METoaoM WLIENIOYHON aKTUBALMHU NpU
MaccoBoMm cootHomennn KOH/yroms 0.5r/r m 1r/r. CwmemeHue yrie-
IIEIOYHOM CMeCHM  OCYIIeCTBISUIM  AByMs cmocobamu: 1.  VYrous
MIPONUTHIBAIM BOAHBIM pacTBopoM KOH B Teuenue 244. mpu KOMHaTHOMH
TeMIiepatrype ¢ nocienytomiei cymkoi npu 105+5°C. 2. T'mapokeun kanus
U Yrojb CMELIMBaIM B LIAPOBOM MejbHMIE. TepMOIM3 yIJIEHIETOYHOMI
cMecH TpOBOAWIM B TpyOuarod meun mpu Temmeparype 800°C u
M30TePMHUYECKON BBIIEpkKKe B TedeHume | daca. [lomydenHeie copOeHTHI
OTMBIBAJTM BOJOH OT OCTATKOB IIEJIOYH.

W3MmepeHne akTHBHOCTH COPOEHTOB OCYIIECTBISIM IO CTaTHYECKOM
copbimn QeHona U3 BoIHOrO pactBopa. MccnenoBanue copbuuu deHona
NPOBOAMIIM  TI0  pe3yibTaTaM H3MEpeHHsi Ha  CIEeKTpodoToMeTpe
KOHLEHTpaIMii ()eHOoJIa B paCTBOPE JI0 M MOCIJIE COPOLIHH.

CopOeHTHI, NMOyYeHHbIE M3 BBICOKOMETaMOP(H30BAaHHBIX KaMEHHBIX
yrieit («CC», «T»), OTIHYAIOTCA OT HHU3KOMETaMOP(HU30BAHHBIX YTJICH
(«I», «I'»), 3HAYUTENBLHON COPOLMOHHON aKTHBHOCTBIO 110 (eHoiy (Ooee
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yeM B 2 pasa). [Ipu stom maccoBoe coorHomenune yroias/KOH 1 /v
OKa3bIBAET 3HAYMTEIFHOE BIUSHNE U MOBBIMIACT COPOIIMOHHYIO aKTHBHOCTD
B 1.5 pa3za mo cpaBHeHmIO ¢ cooTHOomeHneM 0.5 T/T.

Paboma evinonnena 6 pamkax @edepanvholl yenesol NPOSPAMMbL
Munobp nayxku Poccuu no npoexkmy RFMEF161317X0079.
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YTuausanus ropro4ux OTX040B B COCTaBe
rejie00pasHbIX TOIJIUB B YCJI0BUAX
ApPKTHUKU U AHTAaPKTHUKH

. O. I'mymikos, A. I'. Huraii, O. C. Smytuna

Hayuonanvhwiii uccnedosamenvckutl Tomckutl noaumexHu4eckul
yrusepcumem, 634050, 2. Tomck, np. Jlenuna, 30
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B nocnenHne roApl B CBSI3M ¢ WHTEHCHBHBIM OCBOCHHEM TEPPHUTOPHH
ApKTHKH W AHTapKTHKH aKTyaJlbHOH 3amadeidl sBIsIETCS pa3padoTKa
MeponpusaTHi 1Mo 3P (HEeKTUBHON YTHIM3AUKN TBEPABIX U SKUIKUX TOPIOYMX
OTXO/I0B B YCIOBHSIX JOCTaTOYHO HHU3KMX TEMIIEpaTyp OKpy’Karomen
cpensl. C 0HOM CTOPOHBI, 3TO TMO3BOJIUT MPEIOTBPATUTH COPOC OTXOAOB B
MupoBoif OKeaH M CHH3UTh pPHCKH HAHECEHHs KaTacTpo(HUIecKoro
9KOJIOTHUYECKOTO yiepba teppuropusm KpaitHero CeBepa, ¢ Jpyrou
CTOPOHBI, TEPCIEKTUBHBIE MEPOIPUATHS IMO3BOJSAT T'OTOBUTH TOIUTUBHBIE
KOMITO3HIIUH U3 OTXOJOB [0 MECTY, KOTOPbIE MOTYT OBITh MCIIOJIb30BaHbI B
Ka4yecTBE HHEPTrOPeCcypcoB, TEM CaMbIM CHI)Kas 3aTPaThl Ha YTHIN3AIUIO
OTXOJI0B IIPU UX TPAHCIIOPTUPOBKE HA MATEPUKOBYIO TEPPUTOPHIO.

OpHUM U3 NEpPCHEKTHBHBIX pELICHUH 3aJaud yTUIM3AalUU OTXOAOB
SIBIISIETCSI TIPUTOTOBJICHHE T'eJIe00pasHbIX TOIUIMB Ha OCHOBE TBEPHABIX U
KHMJKUX TOPIOYMX KOMIIOHEHTOB C J00aBIEHHEM HEOOJIBIIOro KOJIMYeCcTBa
(oxono 5 %) sarycrutens. Takue TOIUIMBA XapaKTEPU3YIOTCS IIPOCTOTOM
IIPUTOTOBJICHHS, XPAHEHUs, TPAHCIIOPTUPOBKU U NPHMEHEHHS B KauecTBE
sHepropecypcoB. Takke reneoOpa3Hble TOIUIMBA MO CPABHEHHIO C IIMPOKO
pacupoCTpaHEHHBIMH TBEPABIMH M KMIKAMH TOIUIMBAMH HMEIOT Oojee
HU3KHAH YpOBEHb HOkapoornacHocTH. CocTaB reneoOpa3HbIX TOIUIUB MOXKET
BapbUPOBATHCS B IIMPOKUX JHama3oHax. [IpUroToBieHHWe TOINIMB Ha
OCHOBE OJHOTO THWIIAa TOPIOYEH JKHUAKOCTH WM CMECH HECKOIBKHX
KHUIKOCTEH € J100aBICHUEM MEJIKOANCIEPCHBIX KOMIIOHEHTOB IO3BOJISIET
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MOJMy4aTh  KOMIIO3UIMM C  IPOTHO3UPYEMBIMH  PEOJOTMYECKHMU,
SHEPreTUUECKUMH UM HKOJIOTHUECKUMHU XapaKTepUCTUKAMU.

B pamkax maHHOW paOOTHI IS HECKOJIBKUX THIIMYHBIX COCTAaBOB
re1eo0pa3HOro TOIUIMBA BBIMOJHEHO 3KCIEPHUMEHTAIBHOE HCCIIEIOBAaHHE
MIPOILIECCOB 3KUTAHMS U TOPEHHMS, IO PE3yJIbTaTaM KOTOPOTO YCTaHOBJICHBI
OCHOBHBIE 3aKOHOMEPHOCTH MPOTEKAHUS (PUZNKO-XUMHIECKUX MPOLECCOB U
X XapaKTEepUCTHUKH B MIMPOKOM JAWANa30HE BapbHPOBAHMS TEMIIEPATYPHI
HCTOYHMKA Harpesa.

Hccenedosanue evinonneno sa cuem epanma Poccuiickozo nayunozo
¢onoa (npoexm Ne 18-13-00031).

Utilization of combustible wastes in gel fuel
compositions in the Arctic and Antarctic conditions

D. O. Glushkov, A. G. Nigay, O. S. Yashutina
Tomsk Polytechnic University, Lenin Avenue, 30, 634050, Tomsk, Russia
yashutinal993@mail.ru

In recent years, in connection with the intensive development of the
territories of the Arctic and Antarctic, the actual task is to develop measures
for the solid and liquid combustible wastes effective utilization in
conditions of sufficiently low ambient temperatures. On the one hand, it
will prevent the dumping of waste into the World Ocean and it will reduce
the environmental damage risks to the territories of the Far North. On the
other hand, promising technology will allow preparing fuel compositions
from wastes in a place where the last one were produced. Such fuels can be
used as energy resources, thereby reducing costs for the disposal of waste
when transporting them to the continental territory.

One of the promising solutions to the waste disposal problem is the gel
fuels preparation based on solid and liquid combustible components with
the addition of a small amount (about 5%) of the thickener. Such fuels are
characterized by ease of preparation, storage, transportation and use as
energy resources. Besides, gel fuels have a lower level of fire hazard
compared to solid and liquid fuels. The composition of the gel fuels can
vary over a wide range. The fuels preparation based on one type of a
combustible liquid or a several liquids mixture with the finely dispersed
components addition makes it possible to obtain compositions with
predicted rheological, energy or environmental characteristics.

Within the framework of this work, the ignition and combustion
processes were studied experimentally for several compositions of typical
gel fuel. Based on the results of present work, the main regularities of
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physical and chemical processes and their characteristics were established
over a wide range variation of heating source temperature.
This work was funded by Russian Science Foundation (Project No. 18-

13-00031).
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MeToau4YeCcKH MOAX0A K OlleHKE JOCTYIMHOCTH
NMTHEBOW BOABI HA YPOBHE PEeruoHa

A.B. AHTOHOBA

Kemeposckuii 2ocyoapcmeennuiii ynusepcumem, 650000,
2. Kemepoeo, yn. Kpacnas, 6

rector@kemsu.ru

CraThsl TIOCBAIICHA HCCICIOBAHUIO B 00JacTH (pOpMHUpOBaHUS OoJjiee
3¢ (GEKTHBHBIX KOHBEPICHIUN PA3IHUYHBIX MEXaHH3MOB C ICNIBIO CO3/IaHUsS
«OTBETCTBEHHOW» MOJEIU YIPABJICHUS YPOBHEM JOCTYIHOCTH IHTHEBOI
BOJBI, J1J1s1 HACCIICHUS.

B CTaThe MpCACTABJICHBITPEAJIOKCHHBIC aBTOPOM IIOHATUA
«IOCTYITHOCTh TIUTHEBOU BOIBI» M «0OecmedeHre NOCTYMHOCTH MUTHEBOM
BOJBI», KOTOPBIC TO3BOJIIFOT KOMIUIGKCHO PAacCMaTpWBaTh IMPOOJIeMy, YTO
[IeTIecO00pa3HO U aKTyalbHO C TOYKH 3PSHUS POTPaMMHO-IICIICBOTO ITOIX0/1a,
32 CYeT BKJFOYCHHS VIIPABICHUYCCKUX W WHCTUTYIHOHANBHBIX (DaKTOPOB
obecriedeHnsI 3TOH NTOCTYITHOCTH ¥ BBIABIICHUS <IIPOBAJIOB» B TPHUMCHCHUH
pPa3MUHBIX MEXAaHU3MOB MOBBIILIEHUS YPOBHS JIOCTYHa K BOJE, Kak K
YHUKAIFHOMY 3KOHOMHYECKOMY OJ1ary.

IIpemiosxkeHa cucteMa KpUTEPHEB, KOTOpas COUYETaeT IOKa3aTelH
reorpaMuecKol, Ka4eCTBEHHOH, OpPraHM3allMOHHO-TEXHOJIIOTHYECKOH U
SKOHOMHYECKOH  JOCTYIHOCTH, 4TO H03BOJIIIOPa3paboTaTh u
aHpO6I/IpOBaTI) MeTOJII/I'-IeCKI/Iﬁ MoaAxXoa il OLCHKHU YPOBHSA JOCTYITHOCTH
MTUTHEBOH BoABI Ha pumepe Kemeposckoit obmacTu.

B pesynbTare OLEHKM OBUTM BBISBICHBI «IPOBAJBD) B YIPABICHHH
BOJIOXO3SHICTBEHHBIM KOMILIEKCOM, KOTOpBIC IPHUBEIN K ToMy, uro 88%
HACeJICHHUS 00JIaCTH MPOXKUBACT B YCIOBUSIX «OUYCHb HU3KOTO» M «HH3KOTO0Y
YpOBHSL  JIOCTYIIHOCTM NUThEBOM BoAbl. Pe3ynpTaThl MOATBEPIUIH
HEBO3MOXHOCTh NMPUMEHEHHS YHUBEPCAIBHBIX MyTEH PEmIeHUs MPOOIIeMBbI
JUIL  pPa3HBIX TEPPUTOPHA U HEOOXOAMMOCTh CMEHBI MapajurMbl B
MIPUMEHEHUH  «YHHBEPCANBHBIX»  MEXaHM3MOB Ha 3 (EKTHBHYIO
KOHBEPICHIIUIO Ppa3JINIHbIX MEXaHHU3MOB C EIbIO CO30aHHusA
«OTBETCTBEHHOM» MOJECJIN YyIIpaBJICHUA BOIIOXOSSH\/'ICTBCHHLIM KOMIIJIICKCOM.
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Methodical approach to assessment of drinking water
availability in the region
A.V. Antonova
Kemerovo State University, Krasnaya Str. 6, Kemerovo, 650043, Russia
rector@kemsu.ru

The main idea of the article is a research in the field of formation of
more effective convergences of various mechanisms for creation of
"responsible”  managementmodel of the level of drinking
wateravailabilityfor the population.

The concepts " drinking wateravailability" and "ensuring drinking
wateravailability" offered by the author which allow to consider a problem
in a complex are presented in article. That is expedient and relevant for
using program-target approach, due to inclusion of administrative and
institutional factors of ensuring drinking wateravailabilityand identification
of "failures" in use of various mechanisms of increase in level of access to
water as to the unique economic benefit.

Thecriteria system which combines geographical, qualitative,
organizational and technological, economic availability indicatorsis offered.
It has allowed to develop and approve methodical approach for assessment
of drinking wateravailability level on the example of the Kemerovo region.

As a result of assessment, a water management complex"failures” have
been revealed. They have led to the fact that 88% of the population of the
area live in conditions "very low" and the "low" drinking wateravailability
level. Results have confirmed impossibility of application of universal
solutions of a problem for different territories and need to change paradigm
for use of "universal" mechanisms with effective various mechanisms
convergence for creation of "responsible"water management model.
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MexaHOXMMHYeCKas nepepaéoTKa pacTUTEIbHOTO
ChIPbA C TOYKH 3peHMs 3eJ16HON XUMUH
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B pabore mpezncraBieH 0030p COBPEMEHHBIX JOCTIXCHUAN B 00JIaCTH
MEXaHOXUMHYECKON IepepaboTKH PacTUTEIBHOTO ChIpbs. ClIeiaH BBIBOX O
COOTBETCTBUH MPHUMEHIEMBIX B TEXHOJOTHH MEXaHOXHMHUYECKHX METOIOB
KOHIICTIITUH «3EIEHON XUMUI.

Tak, OCHOBHBIM TIPEHMYIIECTBOM MEXaHOXHMHH PACTUTEIHLHOTO
CBIPBS, SIBISICTCS BO30OHOBISIEMOCTh MCXOIHBIX MaTepuaiioB. Kpome Toro,
M3BCCTHBI MPUMEPBI MEXAaHOXUMUYCCKUX TeXHOJ’IOFHﬁ, OCYIIECTBIIAEMBIX B
TBepAoi (aze (0e3 pacTBOpUTENEH W IKCTPAreHTOB): MOJyYEHHE
6I/IOJ'IOFI/I'-IeCKI/I AKTHUBHBIX MaHHAHOJUTOCaxapuaos, npenaparoB
CepOTOHMHA, TPUTEPIIEHOBBIX KHUCIIOT, TUIIEpUIMHA | T.1. [1].

Henonnora mepemaunm dSHeprud K 00pabaThIBAEMOMY  CBIPBIO
HECKOJIKO ~ CJICp)KMBAEeT I[IMPOKOE TNPHUMEHEHHE MEXaHOXMMHUYECKHX
METOJIOB B TPOMBIIIIEHHOCTH. M eciam Aist JOpOroCTOSIIUX TNPOAYKTOB
(KOMITOHEHTOB (PYHKIIMOHAJILHOTO MUTAHMS, JIEKAPCTB, TPEMHUKCOB) JaHHBIH
BOIPOC CTOMT HE TaK OCTPO, TO B IpoLeEcce IOJydeHUs OMOTOIIMBa
HEOOX0MMO OYCHb TOYHO YYUTHIBATH 1 MUHHUMHU3UPOBATh SHEPreTHUECKHE
3aTpaThl, UX BIHMSHUE Ha OKPYXKAIOIIYI0 CPeAy W CTOMMOCTH IIPOAYKTA.
Hanpumep, B moilydeHHMM TOIUIMBHOTO OHOARTaHONA IPHMEHEHHE
MPEIBAPUTEIBLHOTO OXPYMYHUBAHHUS CBHIPbS YMEHBIIAET DHEPreTHYECKUE
3aTpaThl HAa IMMPOBECACHUC AKTUBAIIUU LICJIIIOJIO3bI, & BBIITYCK JOPOTOCTOAIINX
COILYTCTBYIOLIHAX MPOAYKTOB W3  JpOXKEW W HCIOJIb30BaHUE
HI/IFHI/I(bI/IHI/IpOBaHHBIX OCTaTKOB B BHJAEC MCIKOAUCICPCHOIO0 TBEPIAOTO
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OWOTOIJIMBA MO3BOJISIET IMOBBICHTH JKOHOMHYECKYIO M IHEPreTHUCCKYIO
s¢dexTrBHOCTH TpoIiecca [2, 3].
Paboma noooeporcana epanmom PHD Ne 17-73-10223.
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Mechanochemical processing of plant raw materials
from the green chemistry point of view
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The report presents an overview of modern achievements in the field of
mechanochemical processing of plant raw materials. A conclusion about the
conformity of technologically applied mechanochemical methods with the
concept of "green chemistry" is drawn.

Thus, the main advantage of mechanochemistry of plant biomass is the
using of renewable raw materials. In addition, an examples of
mechanochemical technologies carried out in the solid phase (without
solvents and extractants) are known: the obtaining of biologically active
mannanoligosaccharides, products with serotonin, triterpenic acids,
hypericin, etc. [1].

The incompleteness of the transfer of energy to treated raw materials
somewhat inhibits the widespread using of mechanochemical methods in
industry scale. And if this issue is not so acute for expensive products
(functional food components, drugs, additives for animal forage), then in
the process of biofuel production it is necessary to take into account and
minimize energy costs, their impact on the environment and product cost
very accurately. For example, in the production of fuel bioethanol the using
of preliminary embrittlement of raw materials reduces the energy costs of
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mechanically activating cellulose. The production of expensive mannan co-
products from yeast and the using of lignified residues as a powder solid
biofuels can improve the economic and energy efficiency of the process [2,
3].

The work was supported by Russian Science Foundation (Me 17-73-
10223).
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IIpuMeHeHUe yJ06pEeHNiT HA 0CHOBE OTXO/J0B NPH
PEKY/JIbTUBALUM MOJIMTOHOB TBEPAbBIX
OBITOBBIX OTX0/I0B

H.JI. A6noukuna, C.I1. 'nazayeBa

Hayuonanenuiii uccnedosamenscxuil Tomckutl 2ocyoapcmeeHmblil
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3aKpI)ITI)Ie IOJIMT'OHBI OTXOAOB OTHOCAT K 00beKTaM HAKOILIEHHOTO
BpEaa. BoabmmHCTBO TTOIUTOHOB TBEPAbIX KOMMYHAQJIBHBIX OTXOJ0B OBLIO
mocTpoeHo B cepenue 20 Beka M NPHU UX CTPOUTENHCTBE HE yUUTHIBAIUCH
COBpEeMEHHBIe TpeOOBaHHMS K OXpaHE OKpYXKalolled cpensl, He
OCYIIECTBIISIJIOCH TPOTHO3MPOBAHUE WIIM IIOATOTOBKA TEPPUTOPHU IS
JanbHeHmen PEKyJIbTHBALINH, MO3TOMY H3y4eHHe mporecca
BOCCTAaHOBJICHUS HApYLIEHHBIX 3€MeJb NOJIUTOHOB O4Y€Hb BAXKHO.

OOBEKT nccne0BaHNUsl — HApYIICHHBIC 3eMJIM OOBEKTOB Pa3MELICHUS
orxonoB. [IpeaMer uccienoBaHusl — MPUMEHEHHE HAWIYYIIHMX JIOCTYIHBIX
TEXHOJIOTUI TPH PEKYJIbTHBALUK IOJUTOHOB TBEPIBbIX KOMMYHAIBHBIX
0TX0/10B. Llenpio paboThl SBISIOCH N3yYEHNUE TEXHOJIOTHH PEKYJIbTHBALNU
monmurora TKO r. Tomcka ¢ 1enpi0 BHEAPEHHS HAMIYYIINX JTOCTYITHBIX
TEXHOJIOTUH.

B mpomecce paboTel OBUTH BBIBICHBI OCOOCHHOCTH TEPPHUTOPHUH
PACIIOJIOXKEHHUA MOJIMTOHA TBEPABIX KOMMYHAJIbHBIX OTXOJO0B U BBIINIOJIHEHO
HCCIIEIOBAHUE BO3JCUCTBMH Ha KOMIIOHEHTBI OKPYXKAIOIIEH Cpepbl.
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IIpennosxeHsl HaWIydllMe JOCTYNHBIE TEXHOJOTHMM  PEKyJIbTHBALUU
MOJIMTOHA TBEPABIX KOMMYHAJIBHBIX OTXOJOB M IPOBEAEHA HMX OLEHKA C
MIPUPOAOOXPAHHON ¥ SKOHOMHUYECKOHN MO3ULIMHU.

[Ipumenenne ynoOpeHui 1 KOMIIOHEHTOB IUIOJOPOIHOTO CIIOSI MOYBBI
Ha OCHOBE OTXOJIOB MO3BOJISIET CYIIECTBEHHO CHU3UTH (DHHAHCOBBIC
3aTpaThl HA TEXHUYECKOM OTale PEeKyNbTUBALUH, IPU 3TOM, HE Hapyllas
TpeOOBaHMI K OXpaHe OKpYXaiomed cpeabl M HOPMAaTHBOB KadecTBa
OKpyXaromie cpenpl. Ha wHacrosmmii mMoMeHT B ToMmckoil obOmactu
ONpeneNeHbl /IBa MOCTaBIIMKAa KOMIIOHEHTOB IUIOJOPOJHOIO CJOS Ha
OCHOBE OTXOJIOB C KOMIUIEKTOM HEOOXOJUMON JOKyMEHTalluu MJs
PEeKyIbTUBALMU HapylIeHHBIX 3eMenb: OAO «ToMckoe MUBO» — COJI00BAs
(muBHas) apobuHa «P»; OOO «l'opoackue OYHCTHBIE COOPYXKEHUS» —
OCaJKu CTOYHBIX BOJ. IIpy co3gaHuu peKylIbTHBALIMOHHOTO CIOSI MOYBBI C
IIPUMEHEHNEM yIOOpeHHI Ha OCHOBE OTXOMOB, 3aTPaThl HA MPHOOPETCHHUE
U TPaHCIIOPTUPOBKY MaTepuanoB cHuzutcs Ha 4400,297 Teic. pyOneit m3
pacdera IpUMEHEHHs yI0OpeHHH B KonndecTe 5 % oT TpebyeMoro oobema
IUIOAOPOAHOTO TPYHTA.

The use of fertilizers on the basis of waste in the
reclamation of landfills of solid domestic waste

N.L. Yablochkina, S.P. Glazacheva

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

nlytomsk@mail.ru

Closed waste polygons are referred to objects of accumulated harm.
Most polygons of solid municipal waste were built in the middle of the 20th
century and during their construction modern requirements for
environmental protection were not taken into account, nor was the
forecasting or preparation of the territory for further reclamation, so
studying the process of restoring disturbed polygon lands is very important.

The object of the study is the disturbed land of waste disposal facilities.
The subject of the study is the application of the best available technologies
for reclamation of solid municipal waste landfills. The aim of the work was
to study the technology of recultivation of the TKO polygon in Tomsk in
order to introduce the best available technologies.

In the process of work, the features of the landfill site for solid
municipal waste were identified and the impact on the environmental
components was studied. The best available technologies for reclamation of
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the solid municipal waste landfill are offered and their assessment is carried
out from the environmental and economic standpoint.

The use of fertilizers and components of the fertile soil layer on the
basis of waste can significantly reduce financial costs at the technical stage
of reclamation, while not violating the requirements for environmental
protection and environmental quality standards. To date, two suppliers of
components for the fertile layer based on waste have been identified in
Tomsk Oblast, with a set of necessary documentation for reclamation of
disturbed lands: «Tomsk Beer» - malt (beer) "P"; "Urban Wastewater
Treatment Plant” - sewage sludge. When creating a reclamation layer of soil
with the application of fertilizers based on waste, the cost of acquiring and
transporting materials will decrease by 4400,297 thousand rubles from the
calculation of the application of fertilizers in the amount of 5% of the
required volume of fertile soil.

OGecnevyeHUe 3K0OJI0TUYECKOM 6€30MaCHOCTH
NMpoLEecCcOB 0CBOEHUSA MUHEPAJIBHOTO ChIpbsA B JP0

JLT. Kpynckas™, A.M. Opnos?, JILA. Tony6es™ %, B.T. Taruposa®,
JLIL Fyﬂbz, E.A. Iyukusa®

YTuxookeancruii 2ocyoapemeennviii ynusepcumem, 680035, 2. Xabaposck,
yia. Tuxooxkeanckas, 136
2 JlanbHe80CMOUHbLI HAYUHO-UCCIEO08AMENCKULI UHCIUMYM IECHO20
xozaucmea, 680020, 2. Xabaposck, ynr. Borouaesckas, 11

B cratee mpezncraBiieHBl pe3yNbTAaThl HCCIEAOBAHMS O COCTOSHUH
HEKOTOPHIX OOBEKTOB OKPY)KAIOIIEH cpelbl M TeX M3MEHEHHSX, KOTOpBIE
MIPOMCXOJAT B HUX NPU OCBOCHWH MHHEPAIBHOTO CHIPbsi B XabapoBCKOM
kpae  JlambHeBocTOuHOrO  (emepanbHOro  okpyra.  IIpoBeneHHBbIE
HCCIIeIOBAHMS MO3BOJIMIIN Pa3paboTaTh KOMILIEKC MEPOTIPHUATHI IO OXpaHe
OKpY)KaloIleW cpeAbl W palHOHAIHHOMY HCIIOJIB30BAHHUIO MPUPOIHBIX
PECypCOB TOPHOIPOMBINUICHHBIX perrnoHoB. OO00CHOBaHA HEOOXOAUMOCTH
co3manus 3 (HeKTUBHON CHCTEMBI TOPHO-PKOJIOTHYECKOT0 MOHUTOPHHTA.

Ha ocHoBaHMHM MOJy4eHHOH 3KOJIOTHYECKON WH(pOpMAaIWy BIEpPBEIC
cocraBneHa  «Kapra  skonorudeckoro COCTOSIHUSL ~ TEPPUTOPUHU
TOPHOIIPOMBIIINIEHHOTO OCBOEHHSI 30JI0TOPYJHOTO CHIPbsl «AJIOa3MHCKOE»
(macmtaba 1:200000) ¢ BblneneHMEM Ha HHUX apeajioB C Pa3IMYHOM
CTENEHBI0 JKOJIOTHYECKOH HampsbkeHHOCTH. CaenaH MpOTHO3 U3MEHEHUs
IUTOIAJeH, MOKPHITHIX JECOM, Ha TEXHOTCHHBIX OOBEKTaX (TEppUTOPUH
TOPHOTO OTBOJa) C WCIIOJIb30BAaHMEM I[IOKa3aTessl JIECHCTOCTH paifoHa
M. I1. Ocurnienko XabapoBCKOTO Kpas H TUIOIMIAAN TMOKPBITOW JIECOM.
IIpencraBnena oOmas OIEHKAa COCTOSHUS XMBOTHOTO MHpa B TPaHUIAX
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BIUSIHUASL OCBAaWBAacMOT'O MECTOPOXKICHUS «AJDOAa3WHCKOE» M pa3paboTaHbI
CHOCOOBI [0 MUHUMH3AIIUH €0 BIUSHUS Ha OKPYKAIOUIYIO Cpey, HOBH3HA
KOTOpBIX noaTBepkaeHa [latertamu PO [1,2].
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Ensuring ecological safety of mineral resources
development in the FEFD

L.T. Krhupskaya®?, A.M. Orlov?, V.T Tagirova®, D.A. Golubev*?,
L.P. Gul?, E.A. Pushkina®
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’Far East Scientific-Research Institute of Forestry, 71, Volochaevskaya str,
Khabarovsk, 680020, Russia

The article presents the results of the research of some environment
objects and the changes that occur in them in the course of mineral
development in the Khabarovsky Krai of the Far East Federal District
(FEFD) of Russia.

The researches made have allowed to develop a complex of measures
for environment protection and natural resources rational use in mining
regions.

The necessity of an effective system of mining-ecological monitoring
arrangement is substantiated.

For the first time, on the basis of the obtained ecological information
the Map of Ecological State of the Albazino Territory of Gold Mining
Development (scale — 1:200 000) was compiled, the areas with a different
degree of ecological tension were allocated.

The forecast of change of the forested areas on technogenic objects
(territory of mineral blocks allocation) using the forest cover index of P.
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Osipenko District, the Khabarovsky Krai and the area covered by forest.
The general estimation of the animal world state is presented within the
limits of the impact of Albazinskoe deposit, which is under development,
and ways have been developed to minimize its impact on the environment,
the novelty of which is confirmed by the Patents of the Russian Federation
[1,2].
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IIpeBpaleHre HU3MIKUX A/IKAHOB B BHICOKOOKTaHOBLIE
KOMIIOHEHTbI, Ha Ie0/IMTHOM KaTa/iu3aTope
H-IIKE-XM/Gaz03

C.H. JIxxanunosa, B.1. Epodees
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Ienpto HacTosmed paboOTHI SBIAJIOCH HCCIENOBaHME IIpolecca
NpeBpallieHusi MPONaH-OyTaHOBOM (pakiMu Ha  IIEOJIMTCOAEPIKALIUX
KaTaJu3aTopax B BBICOKOOKTAHOBbIE OEH3MHBI, MOAU(PHUIMPOBAHHBIX
OKCHIOM TaJIHsl.

MHUKpONIOPHUCTBIE  LIEOJMTHl  CHHTE3MPOBAIM M3  IIEJIOYHBIX
amomokpemuereneil npu 170-175°C B TeueHue 4 CYTOK ¢ MPUMEHEHHEM
CHUPTOBOM (hpaKLMK MO METOJMKE, ONMCAHHOW B MeToJuKe. B akTuBHYyIO
¢dopmy H-LIKE-XM nepeBoamnu myteM oOpaboTkH 1eonuta 1M BOIHBIM
pactBopom NH;NO; ¢ mocnenyrommm BBICYIIMBAaHHEM M NPOKAJIKOH MpH
600°C[1].

Konsepcuto npomnan-OyraHoBo# ¢pakiuu coctaBa: metan — 0,3; atan
— 3,0; mpoman — 80,9; Oyraner — 15,8 mac. % Ha MoIU(pUIIMPOBAHHOM
HEOJIUTCOIEPIKAIIEM KAaTAIU3aTOPE MPOBOIMIN 110 METOANKE[2].
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B paboTe mpoBOMWINCH HCCICIOBAHUS KATATUTHYCCKONW aKTUBHOCTH
NPOMBIIIJIEHHOIO  LeoduTconepskamero  karanuzaropa  H-IIKE-XM,
MOIU(HUIMPOBAaHHOTO OKcHAoM ramms. Ha  pucyHke | mpezncraBieHa
3aBHCHUMOCTbH BBIXO0/1a )KUIKON (ha3bl OT TEMIIEPATyPHI IPOLecca KOHBEPCHH.

100
(5]
§ 80
X 60 __ exgmeH-[[KE-XM
E 40 w=ili=1%Ga203
g 20 3%Ga203
A w=em50,Ga203
= 525 550 575 600
[4a]

Temnepatypa,°C

Pucynox 1. Biusinue Temnepartypsbl npolecca Ha BbIXOJ )KUAKOH (hasbl
Ha karanmzatope H-IIKE-XM, MomuduuupoBaHHOM  OKCHJIIOM TajIHs.
Ipumeuanue: BTK dpaxiust — 0€H3071, TOIYO0JI, KCHION GpaKiust

Takum 00pa3oMm, HaWOOJBIINI BBIXOJ MPOAYKTOB KaTajam3ara
nabmongaercs Ha karanusatope H-IIKE-XM(5%Ga,03) u cocrasisier
78,1% mpu 600°C u 45,3% npu 525°C, 4t0 0OYyCJOBJIEHO YCIOBHUSIMH
MpOTeKaHMs Tpolecca M OKCIUTyaTaluMeill Karajam3atopa a Takke
TIOATBEPKIAET OOJBIIYIO KaTAINTHIECKYIO aKTHBHOCTH 00pasIa.

YyeT BJAMSIHUSA XMMUY€ECKOT'0 3arpsisHeHUst aTMocdepbl
Ha 3a60/1eBaeMOCTb HacesieHus: r. Tomcka

H.B. XKapuunckuii

Tomckuii 2ocyoapcmeennvwiil ynusepcumem, 634050, 2. Tomck,
np. Jlenuna, 36

IIpn mnpoBemenmn momutuku pedopm B Poccum GeszomacHOCTh
3I0POBBSI HACEJEHWs] paccMaTpuBaeTcsi Kak 4YacTb  HAIlMOHAILHOM
TOCYIapCTBEHHON TMOJMTHKH, PEaIn3yeMoll Ha TEPPUTOPUH CYOBEKTOB
depepanuu, B HallleM ciiydae — Ha Tepputopun Tomckoit obnactu [1].

OcHOBHOM IS WCCIIeTOBAHMS SIBJISIETCS pa3paboTka
HETPOTHBOPEYHNBOTO U 3()(HEKTHBHOIO METO/a OMpPEACNCHHUS 30HAIHHOTO
pacnpenesnieHusi CaHWTAPHO-3THIECMHUOIIOTHYECKOTO PHCKA AT 3I0POBBS
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HaceleHUs NPU XMMHYECKOM BO3/CHCTBUM 3arps3HSIOMIMX BEIIECTB Kak
MOKa3aTesisi KauecTBa )KU3HU HaceleHus T. ToMmcka.

HopmatuBubeiM nokymentom P 2.1.10.1920-04, npunsiteiv B PD,
MPUMEHSETCST OLIEHKA PHCKa JUIS 37I0pOBbsSI HACEJICHUSI TPH BO3ACHCTBUU
XMMHUYECKHX BelecTs [2].

Beaymum  ¢GakTopoM, OKa3bIBAIOIIMM  BJIHMSHHE Ha  3/10pPOBbE
HACEJEHHsI, SIBJISAETCS Ka4deCTBO aTMOC(EpPHOro BO3/AyXa, TaK KaK HHBIC
(akTOpHl UYeJOBEK CHOCOOEH perynmpoBaTh (Ka4ecTBO IPHUHUMAEMOI
MUTHEBOM BOJIBI, POAYKTOB MUTAHUS, 00pa3 KM3HU H T.[).

Jnsi KaueCTBEHHOM OIICHKHM HHTAJAIMOHHOTO BO3ICHUCTBHUS BPEIHBIX
JUISL  3I0POBBSL BEIIECTB HCIIOJB30BaNach IPOCTPAHCTBEHHAS MOJIEINb
30HAJIBHOTO pACHpeNeNieHHus]  OMNacHbBIX JUISL  37I0pOBbSI  HACEJICHUS
MOJUIIOTaHTOB Ha TeppuTopuu r. Tomcka. JlaHHas Mojelb OCHOBaHa Ha
oIpeieTICHUH KOPPEISLUOHHOM 3aBUCHMOCTH KOJTMIECTBEHHBIX
NoKazaTeJeldl pHUCKa 3J0pOBBI0 YEIIOBEKa, C YYETOM HX 30HAIBHOTO
pacrpesieneHus OTHOCUTEIbHO CTATUCTHIECKUX JaHHBIX O 3a007IeBAEMOCTH
HACEJICHHs B Pa3JMYHBIX paiiOHAX ropojia, OCHOBAHHBIX Ha aHAU3e 0a3bl
naHHbIX ¢GoHma OO6s3aTenpHOro MeaumuHCKoro crpaxosanus (OMC). B
XOJie MPOBEICHHBIX HCCIICAOBAHUI MOydeHa YCTOWYMBAsh 3aBUCHMOCTD
MEXIY KOHIIEHTpAIHEH OT/EIBHBIX MOJUTIOTAHTOB u
pacmpoCTpaHEeHHOCThIO  acTMamojgoOHeix  cumnrtomoB  (AIIC) wu
6ponxuanpHoit actmbl (BA) y mereii mkonsHOTO Bo3pacta [3].

YcraHoBneHue MIPpUYUH BO3HHUKHOBCHUA n MpOCTPaHCTBEHHOI'O
pacrpocTpaHeHUs] MacCOBBbIX HEMH(EKIIMOHHBIX 3a00JIEBAaHMM, a TaKKe
O6OCHOBaHI/I$[ MPUYUHHO-CJIIEACTBEHHBIX CcBSI3eH MEXKIY 3arpA3HCHUEM
OKpYXalolled cpelasl M HapylIeHHEM 3JI0pOBbsi HaceleHus r. Tomcka.
MO3BOJIUT 0OOCHOBAHHO MPUHHUMATh YIPABICHYSCKUE TPAJTOCTPOUTENbHBIE
PpelIeHUsL.
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or 10.02.2017) «O  KoHumenmuu  JOITOCPOYHOTO  COIHAIBHO-
SKOHOMMYECKOTO pa3BuTHsi Poccuiickoii denepanuu Ha nepuon no 2020
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SKOHOMHYECKOTO pa3BuTHsi Poccuiickoit deaepanuu Ha niepuoxn no 2020
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2. P 2.1.10.1920-04. PykoBOACTBO IO OIICHKE PHUCKA IJISI 3I0POBbBS
HaceNleHWs TPH BO3IEHCTBHM XHMHYECKHX BEIISCTB 3arpsS3HSIONINX
okpyxaromryro cpeay (Human Health Risk Assessment from Environmental
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3. PeokakoBa T.C. / COOpHHK MaTepHalOB KOHKYpCa HaYYHBIX padoT.
2014. Beepoccuiickasi WTOroBas HaydHas CTyJeHUYECKass KOH(PEPEHIINS UM.
H.U. TTuporosa. Ne 73. C. 335-336.

Accounting the influence of atmospheric chemical
pollution on the morbidity of the population of Tomsk

N.V. Zharchinsky
Tomsk State University, 36 Prospekt Lenina, Tomsk, Russia, 634050

During reforms taken place in the Russian Federation, health security
of the population is considered as a part of the national state policy which is
implemented on the territory of the constituent entities of the Russian
Federation, i.e. on the territory of Tomsk oblast [1].

The main aim of the research is to develop a consistent and efficient
method to determine the zonal distribution of the sanitary and
epidemiological risk for the health of the population during the chemical
influence of pollutants as an indicator of the life quality of the population
of Tomsk.

Normative document P 2.1.10.1920-04, adopted in the Russian
Federation, uses a risk assessment for public health during exposure to
chemicals [2].

The main factor affecting the health of the population is the quality of
atmospheric air. Other factors such as drinking water quality, food, lifestyle,
etc. can be regulated by people themselves.

A spatial model of the zonal distribution of pollutants hazardous to
human health on the territory of Tomsk was used for a qualitative
assessment of impact of inhaling substances harmful to health. This model
is based on the determination of the correlation ratio of the quantitative
indicators of the risk to human health, taking into consideration their zonal
distribution, and statistical data of morbidity of the population in different
districts of the city based on the analysis of the database of the Mandatory
Medical Insurance Fund. In the course of the research, a stable relationship
was found between the concentration of several pollutants and the
prevalence of asthma-like symptoms (APS) and bronchial asthma (BA) in
school-age children [3].

Establishment of the causes of the appearing and spatial distribution of
mass non-infectious diseases, as well as the justification of the cause-effect
relations between environmental pollution and health problems in Tomsk
will make it possible to take town-planning decisions.



CeKkuyus 6. PayuoHanbHoe npupodornons3oeaHue 209

Bibliography

1. Decree of the Government of the Russian Federation No. 1662-r of
17" November 2008 (amended on 10" February 2017) "On the Concept of
Long-Term Social and Economic Development of the Russian Federation
up to 2020" (together with the "Concept of Long-Term Social and
Economic Development of the Russian Federation during the period until
2020 ").

2. P 2.1.10.1920-04. Guidance on the assessment of human health
risks during exposure to chemicals polluting the environment (Human
Health Risk Assessment from Environmental Chemicals). Approved and
put into effect by the First Deputy Minister of Health of the Russian
Federation, Chief State Sanitary Doctor of the Russian Federation G.G.
Onishchenko on 5™ March 2004.

3. Ryzhakova T.S. /[ Collected materials of the scientific works
contest. 2014. All-Russian N.I. Pirogov final scientific student conference.
No. 73. P. 335-336.

IlepcneKTHUBBI UCKYCCTBEHHOTO JieCOpa3BeAeHUs
JIMCTBEHHULbI CUOMpcKou (Larix sibirica Ldb) B
CeBepHoM Ka3axcTaHe

C.A. KaGanosa', )K.H. 3enkoBa’, M.A. JlaHueHKO®

YKazaxckuii nayuno-ucciedosamensbekuii uHCMumym necho2o xo3aiicmed u
aeponecomenuopayuu, 021700, Kazaxcman, e. [L{ywunck, yr. Kuposa, 58
Hayuonanshoii ucciedosamensvckuii Tomckuil 20CY0apCcmeeHHblll
yrusepcumem, Poccus, 2. Tomck, np. Jlenuna, 36

kabanova.05@mail.ru, 2zhanna.zenkova@mail.tsu.ru

Pa3paboTka cHCTEMBI HCKYCCTBEHHOTO JIECOPA3BEACHHS B CTEIHBIX U
JIECOCTENHBIX paldOHaX OCHOBBIBAETCSI HAa MPHUMEHEHHHM pa3IUYHbIX
croco0O0B CO3/IaHMS JIECHBIX KYJIBTYp AJIS BEIOOpA HAMIYYIIEero pe3yiabTara
JIECOpa3BeIeHHS, YTO MPUBOJUT K MUHUMH3AIINH JIECOBOACTBEHHBIX PHCKOB
1 (QUHAHCHPOBAHUS JIECOXO3ANHCTBEHHBIX MeponpusaTuid. llems maHHOMN
paboTBl — BBIIBICHHE ONTHMAIBHOTO IOCAJOYHOTO MaTepuana Juls
WHTEHCU(PUKAIMH  JIECOBOCCTAHOBUTENBHBIX  pabor B CeBepHOM
Kazaxcrane.

OObekTaMu  M3y4eHHs  SBISUINCH  reorpauueckue  KyJIbTYpPbl
JHMCTBEHHULBI cubupckoi [1]. McnpiThiBanock 10 KIMMATHIIOB: U3 MECTHOI
penponykumy, Xakaccud, byparuu, VYamyprtuun, BaHOBCKOM M
CeepuiioBckoil obmacteil. V3ydanmach COXpaHHOCTh JIECHBIX KYJBTYpP
pasHBIX KJIMMATHUIIOB, IPHKUBAEMOCTbD, JUAMETP, BBICOTA H JP., C MOMOILBIO
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paHroBoro Kpurepus MaHHa-YUTHH TNIPOBEpsIach  CTATUCTHYECKAs
TUroTe3a 00 OTCYTCTBHM KA4eCTBEHHBIX pasiuuuuii (OTHOPOIHOCTH) C
MecTHOW penpoxykuued [2]. TlokazaHo, YTO MaKCHMAJbHBIM YpOBEHb
pasnuuuii, a 3HAYUT, U HauOOJbIIee KAYeCTBO, HAOMIOAeTCS s
nmucTBeHuun u3 MBanosckoit 061. (p-value=0.0036), CeepmioBckoii 00
(p-value=0.0054), bypstuu  (p-value=0.0071) wu VYaomyprum  (p-
value=0.0273). OcranbHble JaHHBIEC OKA3aJIUCh OIHOPOJHBIMHU MPU YPOBHE
3Haunmoctu a=0.1.

CTaTHCTHYECKH JI0KA3aHO, YTO JIUCTBEHHHUIIBI U3 YKa3aHHBIX PETHOHOB
oOmanaroT Ooyiee BBICOKMMH IIOKa3aTelsIMH KadyecTBa IO CPaBHEHHIO C
MECTHBIMU JCPEBbLAMMU. I[aHHI:-Ie KIIMMAaTUIlbl MOTYT OBITH PEKOMCHI0BAHBI
IUIsL BEIpaliMBaHusi B ycloBusx CeBepHoro Kasaxckoro ¥ IOJydYeHUS
NPOIYKTUBHBIX JICCHBIX KYJIBTYP H 3aLIUTHBIX HACAXKICHUM.
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IKOHOMMKA 3aMKHYTOTI'0 IIUKJIAa B KJIacCUPUKALUU
Npo6JieM pa3BUTHS JIECONMPOMBIIIJIEHHOM KJIacTepe
ToMcKoO# 06J1acTH

b. Kamoxubiid, E.A. MoHacThIpHBIi
Tomckuil nonumexnuueckuti ynusepcumem, 2. Tomck, np. Jlenuna, 30
boris.kalioujny@gmail.com

O0bekTOM aHaJM3a SBISETCA JIECONPOMBIIUIEHHBIH  KOMILIEKC
Tomckoit ooactu (JITIK TO). B ¢cBsi3u ¢ TeM, 4To MOCIEAHEE NEeCATUICTHE
JITIK Tomckoii o6nactu AMHaAMHYHO pa3BuBaetcs, B 2017 r. OblIa co3gana
cTpaTerusi KilacTepu3allid, I[O3BOJISIONMIAs NEpPeTH K HOBOM cTaguu
nporpecca s TIIy0oKoi nepepaboTKe 3aroTaBinBaeMoi apeBecuHsl [1].

AkTyanabHocTh. bnaromaps  pasBututo  JIIIK  TO  oObeMbl
JIECO3arOTOBOK M TIepepabOTKM JAPEBECHUHBI 3HAUYUTEIHHO YBEITUIHBAIOTCS.
Opgna wu3 cambeix octpeix mnpobnem JIIIK TO sBnsercs Tem, dTO
YBEIMYHBACTCS MIPOIOPIIMOHATIBHO 00BEMBI OTXO/IOB. B NeCHBIX cTpaHax ¢
pa3BUTOH 3KOHOMHKOI, mpounsBojcTBeHHble cucreMbl JIIIK paGorator B
JIOTHKE 0e30TXOMHOro mpom3BojacTBa [2]. Drta cHTyanuss TOPMO3HT
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COLMAIBHO-DKOHOMHYECKOE PAa3BUTHE PETMOHA W SIBISIETCS elle OONBIINM
9KOJIOTUYECKUM PUCKOM.

Heab. AHanus 31eMeHTOB (DOPMHUPOBAHUS 3KOHOMHMKH 3aMKHYTOTO
nuKiIa B Kiaccudukammu npodiem passurus JIIIK TO.

BeiBoasl. [IpoBeneHne o030pa TUTEpPaTypel M CTATUCTHK C YUETOM
9KCHEPTHOH OIEHKH T03BOJBLIO C(OpPMyTHpOBAaTh TIIEPBBI  BapHaHT
knaccupukaun npobnem passutma JIIIK TO. 3arem, wucmoins3oBaHne
MMOIXO/I0B SKOHOMHUKH 3aMKHYTOTO IIMKJIa, B KOTOPOH IEHTPAIHHBIM
0OBEKTOM SIBISIETCS OTXOJ], 1AJI0 BO3MOXHOCTD TTOJTYIUTh HOBBIHA B3TJIA HA
uepapxuto npobdyiem passutus JIIIK TO.

Hccneoosanue evinonnsemes npu noodepicke PODOU (epanm Ne 18-
410-700006, mnpoexm  «Hccredosanue  npoyeccog — ecmecmeeHHO20
opmuposanusi pecUOHANbHBIX KIACMEPOBY).
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KoMmmiiekcHasa OI€HKa Ka4vyeCTBa BOAbI P. Ymiarika
H.JI. SI6noukuna, A.B. KoHoBanopa

Hayuonanenuiii uccnedosamenscxuil Tomckutl 2ocyoapcmeeHmblil
yrusepcumem, 634050, 2. Tomck, np. Jlenuna, 36
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OcHoBHas npoOiiema HCHONb30BaHus pek ToMckol obnacTu cBszaHa
He C JeUIUTOM pEYHBIX BOA, @ C HECOOTBETCTBHEM HX KayecTBa
ycraHoBieHHBIM HopMaTiBaM (I'efiByc, 2016). ToMCk sSBISeTCS CTapUHHBIM
HHAYCTPHAIBHBIM TOPOJIOM, M B HEM OTCYTCTBYIOT YE€TKO 000COOJIEHHBIE
MIPOMBINIJICHHAS, J)KWIasg U 3€JEeHBIE 30HBI, MO3TOMY JJIS €T0 TePPUTOPHUHU
3arps3HEHHE IMPHUPOIHBIX BOJ HOCHUT KOMIUIEKCHBIH xapakrep (IefiByc,
IMaceunmnk, 2015). P. VYmailka B COBPEeMEHHOM COCTOSHHHM CaMBIH
3arpsA3HEHHBIA BOAOTOK B uepTe ropoaa Tomcka (IIpoexkr..., 2007).

B pabote npencTaBieHsl pe3yabTaThl pabOTHI 0 KOMIIIEKCHON OLIEHKE
cocTosiHMsL p. Ymaiika M ee BOJOOXpaHHOW 30HBL. (O0cienoBaHne
BOJIOOXPAHHOH 30HBI p. Yiaiika npoBejaeHo B neTHuil nepuof 2017 roxa, B
pe3ynbTare KOTOPOro OBUIM BBISBJIEHBI BBIIYCKHM CTOYHBIX BOJA U
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HECaHKIIMOHUPOBAHHBIE CBAJKH OTXOJOB. BBINONHEH aHaIM3 pe3yjbTaToOB
MOHHUTOPHHIa TUAPOXUMUYECKUX NOKa3aTeneil BoAbl p. YIalka 3a Iepuos
2009 — 2017 rr. BeisgBiieHBl OCHOBHBIE TEHIECHIMH CE30HHON IMHAMHKH
KOHLICHTPAIMH 3arps3HAIONNX BEIIECTB, MPOCTPAHCTBEHHBIC W BPEMCHHBIC
N3MEHEHHs KJlacca KauecTBa BOJBI. Pe3ynbTaTel MOHUTOPUHTa 00pabOTaHEI
B cucteme ArcGIS 10.3 ¢ moaroToBkoii xaprorpadu4eckoro marepuaia.
CoOpanbl W TpoaHaIM3MpOBaHbl JaHHbIe Bepxueobckoro bacceiiHo-
BopHoro ympaieHus! O BOJOOTBEIICHHUIO CTOYHBIX BOJA B p. YIaika 3a
2010, 2016 u 2017 rr. Ce3oHHast IMHAMHKA KOHIIEHTpAaLUH OONBIIMHCTBA
3arpA3HAIOIIMX BEUIECTB B BOAE p. YIIalika COBMHAJaeT C W3MEHEHUEM
THIPOJIOTUYECKOTO PEKUMa PEKH B Pa3HbIE IEPHOJBI T'0Jld, YTO MOXKET
CBUJICTEIECTBOBATh O TOM, YTO CIHOCOOHOCTh PEKH K CaMOOYMIICHHIO HE
HapymeHa. Jl1s aMMOHMI-MOHa, HUTPUTOB M (ochaToB HAOIIOTAFOTCS
3HAYUTEIbHBIC KOJIEOAHUS UX COAEPKaHUS B BOJE, KOTOPBIE 00YCIIOBICHBI
NpeXJe BCero cOpocaMH XO3SHCTBEHHO-OBITOBBIX U MOBEPXHOCTHBIX
CTOYHBIX BOJI. Y A€IbHBI KOMOMHATOPHBIA HHIEKC 3arpsA3HEHHOCTH BOJIBI U
KJIacc KauecTBa BOJBI p. YIIalka pacTeT OT HCTOKA K YCThIO, MEXIY TEM 3a
TOCJIEAHUM TATHICTHHH TIEPHOJ OSTH II0Ka3aTeNH MMEIOT CTOMKYIO
TCHACHINIO K YMCHBIICHUIO.
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Integrated assessment of water quality in the
river Ushayka

N.L. Yablochkina, A.V. Konovalova

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

nlytomsk@mail.ru

The main problem of using the rivers of the Tomsk region is not
related to the scarcity of river waters, but to the inconsistency of their
quality with the established standards (Heyvus, 2016). Tomsk is an old
industrial city, and there are no clearly isolated industrial, residential and
green zones, so for its territory, the pollution of natural waters is complex
(Hevus, Pasechnik, 2015). R. Ushayka in the current state is the most
polluted watercourse in the city of Tomsk (Project ..., 2007).

The paper presents the results of the work on a complex assessment of
the state of the river. Ushayka and its water protection zone. Inspection of
the water protection zone of the river. Ushayka was carried out in the
summer period of 2017, as a result of which wastes of sewage and
unauthorized waste dumps were identified. The analysis of the results of
monitoring the hydrochemical indicators of the river p. Ushayka for the
period of 2009 - 2017 years. The main tendencies of seasonal dynamics of
pollutant concentrations, spatial and temporal changes in the water quality
class are revealed. The results of the monitoring are processed in the
ArcGIS 10.3 system with the preparation of cartographic material. The data
of the Verkhneobskiy Basin-Water Department for wastewater discharge in
the river are collected and analyzed. Ushayka for 2010, 2016 and 2017
years. Seasonal dynamics of concentrations of most pollutants in the water
of the river. Ushayka coincides with the change in the hydrological regime
of the river in different periods of the year, which may indicate that the
river's capacity for self-purification is not violated. For the ammonium ion,
nitrites and phosphates, there are considerable fluctuations in their content
in water, which are primarily due to discharges of domestic and surface
wastewater. Specific combinatorial index of water pollution and water
quality class r. Ushayka grows from the source to the mouth, meanwhile
over the last five-year period these indicators have a persistent tendency to
decrease.
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YyeT npupogHOTro GOHOBOI'0 Ka4yeCcTBa BOAbI BOJAHBIX
06'bEKTOB IPU HOPMHPOBAHUM CTOYHBIX BO/

AM. A/:[aMl, I''H. Me[_)H.II/IHaZ

YTomeruii 2ocyoapemeennviii ynusepcumem, 634050, Poccus,
2. Tomcxk, np. Jlenuna, 36
2Bepxne-Obcroe BBY, 630087, 2. Hosocubupck,
ya. Hemuposuua-/lanuenxo, 167

B Hactosmee Bpems CIOXWIACh CHTyallMs, MpPENATCTBYIOIIAs
0OBEKTHBHOM OILIEHKE CTEIICHU BO3JCHCTBUS CTOYHBIX BOJ OpPraHU3aluil Ha
BOJIHBIE OOBEKTHI.

HopmaTuBHBIMH JOKyMEHTaMH 110 HOPMHPOBAHHIO JOITYCTHMBIX
cOpOCOB BEIIECTB B BOJHBIE OOBEKTH NPETYCMOTPEH YUYET IPUPOIHOTO
(hOHOBOTO KauecTBa BOJIbI BOJHBIX 00BeKTOB [1].

Bonnbie 00bekTsl TOMCKOH 00JIACTH XapaKTEpU3YIOTCS ITOBBIIICHHOM
MIPUPOJHOI KOHIIEHTpamued >jkeie3a, 9To OOYCIOBIEHO HalIW4YHeM Ha
TeppUTOpUH obOjmacTH BBIXOAa 3anagHo-CHOMPCKOTO JKeNe30pyTHOro
6acceiin [2,3].

KoHueHTpauu npupogHOTro jkKeie3a B pekax O0JacTH INPEBBIMIAIOT
YCTaHOBJICHHBIE TIPEIEIBHO JTOIMYCTHMbIE KOHIICHTPAIINY BPEIHBIX BEIIECTB
B BOJIaX BOJHBIX O0BEKTOB PHIOOX03sHCTBEHHOTO 3HaueHus ot 10 mo 100
pa3 [4].

C 1 sauBaps 2019 roma juia Bcex aOOHEHTOB LEHTPAIN30BAHHOMN
CHUCTEMbl BOJOOTBEJCHUS BBOJWUTCS JIOTIOJHUTENBbHBIA  00sM3aTeNbHBIN
IUIATeX 3a HETaTUBHOE BO3JICHCTBHE Ha BOJHBIE OOBEKTHI, B OCHOBE
KOTOpPOT'O 3aJIOKEHBl YCTAaHOBJICHHBIE HOPMATHBBI JIOIYCTHMOIO cOpoca
BEIIECTB B BOJIHBIE 00BEKTHI. [5].

C menpi0 yCTpaHEHHUS HECOBEPIICHCTBA PETJIAMEHTALMHU IPOIETyPHI
[0 YCTAaHOBJICHUIO IOKa3aTeleld MPHUPOIHOTO (POHOBOTO KadecTBAa BOIBI
BOJHBIX 00BEKTOB He0OX0auMo Pocruapomery pa3paboTaTh METOAMUECKHE
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YKa3aHus MO MPOBCIACHUIO PACYCTOB MPUPOJIHBIX q)OHOBLIX KOHHCHTpaIII/Iﬁ
XUMHYCCKHUX BCUICCTB B BOAC BOAOTOKOB.
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Accounting the natural background water quality of
water bodies while rationing wastewater
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2 Upper-Ob River Basin Water Management, 167 Nemirovich-
Danchenko St., Novosibirsk, 630087

Current situation hinders an objective assessment of impact of waste
waters of organizations discharged into water bodies.

Normative documents on the standardization of allowed amount of
waste discharges into water bodies takes into account natural background
water quality of water bodies [1].

Water objects of Tomsk oblast are characterized by an increased
natural iron concentration , which is caused by the presence of the West
Siberian iron ore basin on the territory of the region [2,3].

Concentration of natural iron in the rivers of the region exceeds the
established maximum of allowed concentration of dangerous substances in
the water bodies with fishing resources from 10 to 100 times [4].

Since 1% January 2019 an additional obligatory payment to
compensate negative impact on water bodies is introduced for all users of
the centralized water disposal system. This payment is calculated based on
the established standards for the allowed amount of waste discharge into
water bodies. [5].
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The Federal Hydrometeorology and Environmental Monitoring Service
must develop methodological guidelines to calculate the natural background
concentrations of chemicals in the water of water currents in order to
eliminate imperfections in the regulation of the procedure to establish
indicators of the natural background water quality of water bodies.

Bibliography

1. ATP ConsultantPlus. Order of the Ministry of Natural Resources of
the Russian Federation No. 333 of 17" December 2007 "On approval of the
methodology to develop standards for allowed discharges of substance and
microorganisms into water bodies for water users".

2. West-Siberian iron ore basin. Novosibirsk: Siberian Branch of the
Russian Academy of Sciences of the USSR, 1964. 448 p.

3. Evseeva N.S. Geography of Tomsk oblast. Tomsk: Tomsk State
University, 2001. 222 p.

4. Information resources of the Upper-Ob River Basin Water
Management .

5. ATP ConsultantPlus. Federal Law of 29" July 2017 No. 225 "On
Amending the Federal Law On Water Supply and Sanitation and separate
legislative acts of the Russian Federation"

Hcnosb30BaHUeE Ky/IbTUBALMOHHBIX COOPYKEHHH C
YaCTUYHBIM IVIEHOYHBIM YKPBITHEM NPH PAa3MHOXKEHUHU
006JIeIUXHU U )KUMOJIOCTH

T.M. Hemro60Ba, A.A. Kanapckuit

Dedepanvhulil Anmaiickutl Hayunvlil yenmp azpodouomexnonocuil, 656910,
2. bapnayn, Hayunwiti 20poook, 35

sairkanary@mail.ru

[oTpeGHOCTD B MTOCAJOYHOM MaTepHalie SIFOAHBIX KyIbTyp, TAKHX KaK
obienuxa © IKAMOJIOCTh EKETOAHO YBEJNMYMBAeTCs. TpaauluOHHAs
TEXHOJIOTUSI Pa3MHOXKEHHs CIOCOOOM  3€JE€HOr0 YEepPeHKOBAHUS He
COOTBETCTBYET COBPEMEHHBIM TPEOOBaHMSAM MPOU3BOACTBA MOCATOYHOIO
marepuana [1,2,5,6,8,9,14,15,16,17,18,21,24].

IToaroToBKa KyNbTHUBAI[MOHHBIX COOPY)KEHUH SBISETCS Hambojee
TPYJOSEMKAM W  MATEPHA03aTPaTHBIM  JJIEMEHTOM  TPaIHIMOHHOM
texHonoruu [7,20,22].

Vcmonp30BaHre  KyJIBTHBAIIMOHHBIX  COOPYKCHHH C  YaCTHYHBIM
IUICHOYHBIM ~ YKPBITHEM  SIBISICTCSL  3HAYMTENBHBIM  MPOTPECCOM B
nuromuukoBojctse [ 10,11,23,25].
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Ilepexon Ha HCHOJIB30BaHHE KYJIBTUBALMOHHBIX COOPYXKEHHUH C
YaCTHYHBIM IUICHOYHBIM YKPBITHEM TPEOYEeT KOPPEKTUPOBKH HEKOTOPBIX
TEXHOJIOTUUECKHX 3JIEMEHTOB. BajkHO ynessiTh AOCTATOYHO BHHMAaHHE Ha
MOATOTOBKY  3€JICHBIX  YEPEHKOB K  MOCagke Al TIOJydeHUs
BBICOKOKAUECTBEHHOTO TI0CAI0YHOT0 MaTtepuraia [12].

IIpp  moAroroBKke  MaTOYHBIX  pacTeHHl  oOpe3ka  JOJDKHA
OCYIIECTBISITECS OCOOBIM 00pa3oM, dYTO 00eCcmeunT CHIBHBIA pOCT
OJHOJIETHHX TOOETOB, a 3HAYUT U JOCTATOYHYIO JJIHHY 3€JICHBIX YCPEHKOB.
CBoeBpeMEHHasI Hape3Ka 3€JICHBIX YEPEHKOB M CPOKM IIOCAIKH OymyT
CHOCOOCTBOBaTh XOPOILUEH OKOPEHSEMOCTH MW BBIXOAY IEPBOCOPTHOIO
nocajouHoro marepuana [3,4,13].

CopToBBIE pa3nMyusi PacTeHUH IO OTHOLICHUIO K OKOPEHSIEMOCTH
UMEIOT CYIIECTBEHHOE 3HAa4yeHHE. YCTaHOBIEHO, 4YTO HE Bce cOpTa
o6nem/1x1/1 U XUMOJIOCTU SABJIAIOTCA MPUTOAHBIMHU JIsI PAa3MHOXKCHUA I10
yCOBEPIIICHCTBOBaHHON TexHosmoruu [19].

OxoHoMuueckast 3()(HEeKTHBHOCTh NAaHHOW TEXHOJOTHH OOOCHOBaHA
UL IBYX BHAOB  X03siHCcTB: (1) KOTOpBle HWMEIOT  KapKackhl
KpyHHOTaOapuTHBIX  TeIuuL, (2) KOTOpbIE TOJNBKO  IPOEKTHPYIOT
KyJIbTHBAIIHOHHBIE COOPY>KCHHS.

YpoBeHb PEHTAOECIBHOCTH yBeNW4MBaeTcsi Ha 166% B X03sHcTBax
BTOpOTO BUAa U Ha 58% B X03sicTBax MEPBOTO BUJA.
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BiaussHue PpJI0TOOTX0A0B Ha TBepA0(da30BbIe MPOLECChI
NPHU NOJIy4YeHHH BSDKYIUX MAaTEPUAJIOB

A.I'. Humuuk, 3.P. Kasipoa, X.JI. YcmaHoB
Hnemumym obweii u neopeanuueckou xumuu AH PY3

M3BecTHO, 9TO Ha TpoIiecchl 00pa30BaHUSI MHUHEPAIOB IIEMEHTHOTO
KIMHKEepa, 3HAYUTEIbHOE  BIMSHHE  OKAa3bIBalOT  TBEpAO(ha30oBBIC
NpeBpamieHuss W B3aWMOJACHCTBHS  MPOTEKAIOIIHe MpH  OOXKure
MOPTJIaH]ILIEMEHTHON ChIPHEBOM IIMXTHI.

B 9T0#i CBsI3M BaXKHOE 3HAUYEHHE IPUOOPETACT M3YUYCHHE MEXaHHU3Ma
KWHETUKH TBEPAO(a30BBIX NPOLECCOB, IPOUCXOSIINX B CMECAX KapOoHaTa
KaJbLHs C Pa3IMYHBIMU OTXOJaMH TOPHOMETAJUTYPTUUECKHUX TIPOU3BOICTB.
B paGore uzyuanocs B3aumoseiicterue CaCO3 ¢ GproToTX01aMu CBHHIIOBOH
(COD), meanoit (MOD) u droopuroodoraturensHbix (POD) dpabpuk.

Ncxonnbie cmecu ¢ cootHomenueM CaCO3 -¢hroTooTX0a NU3MEHSIINCH
ot 20 1o 80% coOTBETCTBEHHO.
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TBepnodazossle NpeBpaIleHHs B N3y4aeMBbIX obpasiax
KOHTPOJIMPOBAIN peHTreHO(a30BhIM, reTporpagpuaecKkuM "
I epeHINaIbHO-TEPMIYECKIM METOAaMH aHAIN3a.

OCHOBHBIE TIPOLIECCHI TBEPAO(A30BBIX PEAKIHH, NMPOUCXOISIINX B
oOpasiax Ipu HarpeBaHUM, ONPEICIUIN 1O PE3yIbTaTaM PEHTTCHOIPaMM.
pe3yNbTaThl PEHTreHO(}a30BOTO aHaNM3a MOKAa3ald, 4YTO HHTCHCHUBHOCTh
XapaKTepPUCTUYECKUX JIMHUIM KapOoHaTa KaibLUsl OBICTPO CHIDKAaeTCsl C
MIOBBILIIEHUEM TeMIepatypbl oOxura u npu 950-1000°C mpubmmxaercs K
HYJI0O @ MHTCHCHBHOCTbH JIMHUHM CBOOOAHOrO okcuzaa kaiblumsi mpu 800-
844°C gpocturaer MakcuMyma M Jajieeé C YBEJIHYEHHEM TeMIIepaTyphl
CHIDKAeTCA, YTO CBUICTEILCTBYET O B3aumoeiicteun CaO ¢ KpeMHe3eMOoM
¢ obpaszoBanueM cwinkatoB kamsiums. IIpu 700°C comepxkanme SiO2 B
CMECSIX CO BCEMH BHIaMU (PIIOTOOTXOI0B MaKCHMANbHO, HO yxke mpu 900°C
OHO CHIDKAETCsl, YTO CBSI3aHO C 00pa30BaHMEM HOBBIX MHHEPAJIOB, CHadasa
MPOUCXOIAT PEAKIMK HAChIeHUs] Hu3koocHoBHOTO 2(2Ca0-Si02)-CaCO3
10 BbicokoocHOBHBIX 2Ca0-Si02 u 3Ca0-SiO2, uro moATBEpIKAACTCS
JaHHBIMH TIETPOrpadMuecKOTo aHaIH3a.

C noseimenneM Temrepatypsl 10 1200°C B oOpasiax mpeoOiagaroT
MHUKpOo3epHHUCTHIe arperatsl 3-C2S u C2S ¢ 3epHamu pazmepom 2-15 MKM.

B 1esoM ycraHoBiieHBI OTIIHYKST TBEPAO(A30BBIX MPOIIECCOB YCIOBUI
0o0pa3oBaHUsi  CHJIMKATHBIX  COSNMHEHHH  KalbliMsi OT  KUHETUKHU
nucconuarmn CaCO3 mpu ero B3aMMOACHCTBHM C OTXOJAMM Pa3JIMYHBIX
npou3BoacTB. OHHM OOYCIIOBJIEHBI B OCHOBHOM COCTaBOM M HPHUPOJOH
(hII0OTOOTXO/I0B, & TAKIKE UMEIOLIMMCS B HUX PUMECSIMH, HI'PAIOLMMHU POJIb
MuHepanu3aTopoB. B ciyudae otxoga CO® sto AI302 n Fe203, a B ciyuae
DO — CaF2, conepxammuiics 10 5%.

Bo Bcex cmecsx ¢morooTxomel yckopsror pasznoxkenne CaCO3 wu
YCKOPSIOT CKOPOCTh MPOXOXJICHHS TBEpA0(a30BBIX IPEBpalICHUH WU
B3aNUMOIEUCTBHIL.
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KiimmaToJ/iorust oTonMTe/IbHOro Nepuoja
rojaa Br. Tomcke

H.K. Bapamkosa, O.B. Hocslpesa, JI.U. Kuxuep

Hayuonanvnuiii uccnedosamenvcxutl Tomckutl 20cyoapcmeeHmblll
yrusepcumem, 634050, 2. Tomck, np. Jlenuna, 36

ov_nosyreva@mail.ru

B coBpemenHOM Mupe Bce Oojiee akTyalbHOH sBiseTcs IpoOiema
9HEProCOCPEIKCHHs, YICIICBICHUS YCIyr, CO3MaONMX KoMpopTHOE
IIpeObIBaHNE YETOBEKA B 3aKPBITHIX TOMEIICHUIX.

[lo HamemMy MHEHMIO, TIPEICTAaBISACTCS KpailHE Ba)KHBIM CO3JaHHE
MOJIENIM TEIUIOBOrO Komdopra ais xutens Tomcka. s pemreHust 3Toi
3a7a4¥ B JaHHON paboTe NMpEeANpUHSTA TOMbITKA [IPEACTABICHUS U aHAIN3a
HEKOTOPBIX XapaKTEPHCTHK METEOPOIOTHYECKOTO OJIOKA MOJETH TEIIOBOTO
koMmpopTta Ha mpuMepe T. ToMcka.

HcXOaHBIMU  JaHHBIMH TOCIY)XWJIM JITAaHHBIE METEOPOJIOTHUECKHUX
HaOMIOJeHU Ha cTaHIMKU TOMCK 3a Mecslbl XOJOAHBIX nepuoxoB 2011—
2017 rr. beinmu paccunTaHbl AaThl YCTOWYHBOTO MEPEX0/ia CPEAHECYTOUHOM
temrnepatypsl uyepe3 8 °C mo merony [.A. Ilens, matel ¢akTudeckoro
MOJKIIFOUEHHs (OTKIJIIOUYEHHS) OTOIUIeHHs1 B ropoae ToMcke 3aMMCTBOBaHEI
¢ obmenocrynmHoro caita. IlpoaHanmM3MpoBaHBI — KaJleHIApHBIE |
TeMIIepaTypHbIE XapaKTEPHCTHKN Hadala ¥ OKOHYaHHs OTONTUTENBHOTO NEpHoJIa,
METEOPOJIOTHUECKHE PEKHMBI  (TEeMIlepaTypa, BIIaXXHOCTb, 00JAYHOCTS,
BETEp, OCAJKM) MEPHOAOB Iepexojia CPEAHECYTOUYHOH TeMIIepaTyphl
Bo31yxa uepes 8 °C.

OnHo#t U3 Hanbojee Ba’KHBIX XapaKTEPHCTHK TEPMHUUECKOTO PEKUMA,
KOTOpasi yYUTBIBACTCS ITPU MPOSKTUPOBAHUH OIPKAAIOIINX KOHCTPYKIIHH,
siBisiercst yucio rpagycoaneit (Q). Paccunrannbie Hamu BennuuHbl Q s
ropoga Tomcka mokaszanu ux ymesblieHue (Ha ~ 2000 rpagyconHeil) ot
MPUBEJICHHBIX B KIMMATHYECKUX CHPABOYHUKAX, YTO, BOZMOXKHO, SIBISICTCS
CJIEJICTBHEM HAOIIIOAIOMNXCS N3MEHEHNH KJIMMaTa B PErHOHE.

B kadecTBe YMCIIOBOTO TOKA3aTeNsl COCTOSHHSA TEIUIOBOTO IO,
OKpYXAIOLIEro YeJOBeKa B JKWJIOM IIOMEIICHHH OBUTM  PacCUUTaHBI
uHaekcsl  dddexTuBHpix Temmeparyp (POOT), KOTopble Y4YHTHIBAIOT
TEMIIEpaTypy, OTHOCHTENBHYIO BII&KHOCTb, CKOPOCTb BETpa W HarpeBaHHe
COJIHEYHOH paiualiiei).
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Climatology of the heating season in Tomsk
N.K. Barashkova, O.V. Nosyreva, L.l. Kizhner
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Tomsk, Russia
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In the modern world, the problem of energy saving, cheaper services,
creating a comfortable stay of a person in closed premises, is becoming
more and more urgent.

In our opinion, it is extremely important to create a model of thermal
comfort for a resident of Tomsk. To solve this problem in this paper, an
attempt is made to present and analyze some characteristics of the
meteorological block of the model of thermal comfort in the example of
Tomsk.

The initial data was the data of meteorological observations at the
station of Tomsk for the months of the colds periods of 2011-2017. The
dates of a stable transition of an average daily temperature through 8 ° C
were calculated by the method D.A. Pedia, the dates of the actual
connection (shutdown) of heating in the city of Tomsk are borrowed from a
public site. The calendar and temperature characteristics of the beginning and the
end of the heating period, meteorological regimes (temperature, humidity,
cloudiness, wind, precipitation) of the periods of transition of the average daily air
temperature through 8 ° C were analyzed.

One of the most important characteristics of the thermal regime, which
is taken into account in the design of enclosing structures, is the number of
degree-days (Q). The calculated Q values for the city of Tomsk showed
their decrease (by ~ 2000 degree-days) from those given in the reference
books of climate, which may be a consequence of the observed climate
changes in the region.

As a numerical indicator of the thermal field surrounding the person in
the living room, effective temperature indexes (REER) were calculated,
which take into account temperature, relative humidity, wind speed and
heating by solar radiation).

Reference
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JPpPeKTUBHOCTb CXKUraHUA TOpPa B BOAOTPEeNHOM
KOTJIe MaJIOii MOILHOCTH
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D¢ pexTHBHBIM HaIpaBJICHUEM KOMITJIEKCHOTO penieHus
SHEProdKOJOTUYECKUX TMPOoOJeM Mpu  O00ECHEYEHWH  OTOMHUTEIBHBIX
Harpy3oK MOTpeOHTeNeH SIBISETCS NPUMEHEHNE COBPEMEHHBIX YCTPOICTB,
paboraromx Ha TBEpAbIX BHAaX OuoromumBa u Topde. bosbiryro
3HaYMMOCTh HMEIOT pPabOThl MO HCCIECIOBAHUIO OTEYECTBEHHOIO U
3apy0ekKHOT0 OTONUTENBHOrO0 O00O0PYJOBAaHUA, IO3HMLUOHUPOBAHHOTO HA
peIHKE  Kak  BbeICOKO3(¢extuBHOe.  llempto  pa®oTBl  SABIAIOCH
SKCIIEPUMEHTAIbHOE W PACUYETHOE HCCIIEIOBAHNE HHEProIKOJIOIMIECKUX
nokaszareneid kotna «Firematic 60» mpu cKHraHWW I'PaHYJIMPOBAaHHOTO H
KyckoBoro Topa. OnpeneneHsl cocTaBIsSIONIE TEIIOBOro OaaHca KOTIa,
SMHCCHM Ta3000pa3HbIX BBHIOPOCOB M TBepAbIX uacTuil. I[IpoBeneHo
YHUCIIEHHOE MOJEJIIMPOBAHNE TEPMOXHMHUYECKHX W  a’POJMHAMHYECKUX
TIPOLIECCOB, TMPOUCXOAAIINX B KaMepe CrOpaHusl KOTJa,C HCIIOJIb30BaHHEM
nporpamMmmuoro mpoaykra AnsysFluent. BeimonHeHHBIE HCCIEIOBAHMS
MOKa3ajly, 4YTO KOTEeNl OOEeCleuynBaeT BBICOKHE 3JHEPTrOIKOJIOIMYECKUE
MoKaszaTead IpU COKUTAaHUKM OHMOTOIUIMB M TPaHyJIHMPOBAaHHOrO Topda.
D¢ dexTuBHOE CXKUTaHHe KYCKOBOTO TOp(]a ¢ BHICOKOW HEOJAHOPOIAHOCTHIO
IPaHyJIOMETPHUECKOTO COCTaBa HE MOXET OBITh PEaJM30BaHO B JTAHHOM
KOoT/Ie 0e3 BHECeHHs CYIISCTBEHHBIX M3MEHEHHH B cucteMy cbopa u
yIaleHusl O4aroBbIX OCTAaTKOB, OPraHU3allUMd CHCTEMBl 3alUTBl OT HX
BO3TOPAHUS U YyCTAHOBKH 30JI0YJIOBUTEIIS.
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Efficiency of peat combustion in a low capacity boiler
V.K. Lyubov, A.N. Popov, E.I. Popova, A.A. Chernov
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An effective way of the complex solution of energy and ecological
problems while providing heating loads of consumers is the use of modern
devices operating on solid biofuel and peat. The research papers onhighly
efficient domestic and foreign heating devices positioned in the market have
great importance. The aim of the work is an experimental and estimated
study of energy and ecological performance of the Firematic 60 boiler
operating on granulated or sod peat.The components of the boiler’s heat
balance, emissions of gaseous and particulate matter have been determined.
Numerical simulation of thermochemical processes and aerodynamics of the
boiler’s combustion chamber using the software Ansys Fluent has been
carried out. The performed studies have shown that the boiler provides high
energy and ecological performance operating on biofuel or granulated peat.
Effective combustion of sod peat with a high heterogeneity of the size
distribution cannot beimplementedin the boiler without introducing
significant changes in thesystem ofcollecting and removing focal residues,
organizing the protection system from self-ignition and installing of an ash
collector.
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UccnenaoBaHue coctaBa acdaabTocMosionapaguHOBbIX
oT/IoKeHUu HePTH [INIBTYH-ACTOXCKOTO
MeCTOPOXKAEHUA AJIs1 BbIGOpaA CTPpAaTeruu no
00palIeHUI0 KaK € 0TX0A4aMu HedTeA00bIBaOII el
NMPOMBIIIIEHHOCTH
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[IpennpusTus, 3aHUMAaroONMecs: JOObIMEH U TPAaHCIIOPTUPOBKOM HEPTH,
YacTO CTAJIKHBAIOTCS C IMPOOIEeMOi 00pa3oBaHus TBEPABIX OCAIKOB BHYTPHU
TpyOOIIPOBOZOB W LUCTEPH. OTH OTIOXKEHHUs OOBIYHO HEBO3MOXKHO
UCTIONb30BaTh B JAJIBHEHIIEM IIPOM3BOACTBEHHOM IIPOILIECCE, MOSTOMY HMX
paccMaTpuMBalOT KaKk OTXOJbl NPOM3BOACTBAa  (He(TeUUIaMbl), T.H.
acanprocmononapagunoBbie  omnoxkenus  (ACIIO). OOpamieHne ¢
OTXO0JIaMH PETrJIAMEHTHPOBAHO COOTBETCTBYIOIIMMHU JAOKYMEHTAMHM, OJJHAKO
Uit Oonblieit  d¢¢exTuBHOCTH B o0pamieHMM W BbIOOpa crocoda
YTUIIM3AIIMH CIIEAYeT 3HaTh COCTAB ATHX OTIOXKEHHH.

B pamkax maHHOTO HMccnenoBaHus Obul m3ydeH coctaB ACIIO nByx
HedTenoOpBatomux miatdpopM [TMIbETyH-ACTOXCKOTO MecTOpOXKACHUs (O.
Caxaymu). B atmx o0Opasmax OBIIO  yCTaHOBICHO  COZEpKaHUE
napa(UHOBBIX YTIIEBOAOPOOB, HOINAPOMATHIECKUX COCIMHCHUH, a TaKxKe
oTIpeeNIEH 3JIEMEHTHBIN COCTaB 0CaIKOB.

Ha ocHOBaHMM TOyYEHHBIX IaHHBIX OBII MPOM3BENCH pPAcueT s
OTHECEHMS OTXOJIOB K OIPENENEeHHOMY KIJIAacCy OIACHOCTH, IOJy4eHHOE
3Ha4eHHe CcooTBeTcTBOBao 3 wmaccy. [lpm pacuére Obu1  OTMeueH
HEJIOCTATOK JIAHHBIX O TOKCUYHOCTH Psijia KOMIIOHEHTOB, YTO HE MO3BOJISIET
MIPOBECTH OIEHKY OoJiee 00BEKTHBHO. Takke OTMEUEHO, YTO B pacyer
BXOJST HE BCE BO3MOXHBIC IIOKa3aTelud OINACHOCTH, HAlpuMmep, He
YUUTBIBAETCS T'€HOTOKCHYHOCTh M KaHIIEPOTEHHAs ONAaCHOCTb BEIECTB.
VY4uTeiBass BO3MOXXHOCTHM W OTPaHMYEHUS, CYIIECTBYIOUIME YCJIOBUS Ha
o.CaxanuH juis1 BeIOOpa crioco6a yrunusannu ACIIO Hamu ObLT peasioxkeH
croco0d COBMECTHOW YTWIM3alMM HEQTAHBIX OCAJKOB C IITOPMOBBIMHU
BBIOpOCAMH  BOJIOpPOCIIEH, KOTOpbIe HaKalUIMBAIOTCA B  JIOCTATOYHBIX
00béMax Ha mo0epexxbe 0CTPOBA, B BUJIE TOIUTMBHBIX OPUKETOB.
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The composition of crude oil high molecular weight
hydrocarbons deposits from Piltun-Astokhskoye
oilfield: treatment and recycling
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The problem of solid sediments formation inside of pipelines and
storage tanks is well known in petroleum industry. These deposits usually
can not be used in further production process, thus they are considered as
wastes of oil production like oil sludge. Waste management procedure is
regulated by relevant documents, but to increase effectiveness of treatment
and choose the optimal method of utilization the knowledge about the
composition of these deposits is necessary.

The samples of wax deposits from two oil-producing platforms of
Piltun-Astokhskoye oilfield (Sakhalin island) were investigated by several
methods. The content of paraffins, polyaromatic hydrocarbons, as well as
the elemental composition of the samples were studied. The obtained data
were used to calculate the criterion of potential hazard of these sediments as
industrial wastes. The total value corresponds to moderate hazardous waste,
but several problems were found during the calculation. The lack of toxicity
data of almost all compounds leads to difficulties of objective and full
assessment. Moreover, the calculation does not take into account such
indicators as genotoxicity and potential carcinogenic properties of
compounds. Taking into account the possibilities and limitations on the
choice of disposal and recycling methods available on island, we proposed a
method of joint recycling of depositions and storm emissions of algae,
which are also collected on the coast of Sakhalin island. The production of
fuel briquettes from the mixture of deposits and algae will allow to solve
several environmental problems simultaneously.



CeKkuyus 6. PayuoHanbHoe npupodornons3oeaHue 227

0co6eHHOCTH coOCTaBa HEPTAHOrO 3arpA3HeHus BOA U
JIOHHBIX OTJIO>KeHU# cpeAHero TeyeHus peku 06b

U.B. Pycckux, O.B. Cepebpennukona, E.b. CtpenpHIKOBa
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B pabore nccnenoBaH coctaB OpraHUYECKOTo BEIIECTBA BOJ M JOHHBIX
orinoxxeHudd (JIO) OTHEeNnbHBIX y4YacTKOB cpefHero TeueHus pexu OOb
(pucyHok 1), BBIABICHBI HE(TSHBIE COCOUHEHHSA W HUX BO3MOXKHBIC
ncrouHukd. [IpoOsr Bomer m JIO Opumn otoOpansl Ha p. OOB: BO3TIE C.
Ob6ckoe, 1. Cypryrt, HWKe BHaneHus pek Bacioran m Hptemm. Bosne C.
Ob6ckoe ncrounnkoM 3arpsisaeHus JJO ckopeit Bcero sisisercs p. Toms, 1O
KOTOpOH oOorameHsl TeTpa- W MEHTANWKINYECKUMH apeHaMH, a TakkKe
UCTIONB3YEMBI B  CYIOXOACTBE TOIOYHBIH Ma3yT, B KOTOPOM U3
LIUKIOAIKaHOB, Kak u B JIO oaroro ywacTka, MpPUCYTCTBYIOT
IIPEUMYIIECTBEHHO BBICOKOMOJICKYJIISIPHBIE.
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Puc. 1 — Opranndeckue koMmnoHeHTs B Bojax (a) u 1O (6) pexu OOb:

HII — HedTsiHBIC HUKITOATKAHBI (CTEPaHBI, TONMAHbI, XeiaHTansl), 1B -
HUKIn4Yeckue onomonekynsl, AYB — apoMaTtndeckue yrieBogopoabl, AJK
— anxansl, KK — sxupabie xucnotsl, D)KK — adups! sxxupabx kucnor, Ker —
KeTOHBI, Ann— anpaerunsl, JIb® — quben3zodypaHsl

Beiie no teuenuto, B paiione Bnajaenust Bactorana, conepxanue HII B
JO nmamaet, HO B HUX COCTaBe MOABIAIOTCS JBa TOMOJIOra
HU3KOMOJIEKYJISIDHBIX XEHJIAHTAaHOB, MCTOYHHUKOM KOTOPBIX MOTJIH OBITh
ceIpble HepTH 13 MecTOpoXkIeHNH 3anana Tomckoit obnactu. [ToBeieHHOE
3arpsisHeHUe akBaTopuu p. OOb B palioHe HanOosee WHTEHCUBHOM JOOBIYU
Hedtn ¥ rasa (BOim3M 1. Cypryr) MOXET OBITh OOYCIIOBIEHO pa3IMBOM
HEe(TH MECTOPOXIEHHH, PACIOJIOXKEHHBIX 37ech BOMM3m peku. Cruemyer
OTMETHUTb, YTO COCTAaB IMKJIOATKAHOB 3TOTO 3arpsi3HEHMS OTJIMYAETCS OT
TaKOBOTO B paiioHe BrajgeHus Bactrorana. IlonmydeHHble JaHHBIC
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MIOKa3bIBaIOT, YTO OCOOEHHOCTH COCTaBa apOMAaTHYECKUX YTJIEBOIOPO/IOB,
TOIIAaHOB, CEKOTONAaHOB M XCHIAHTAHOB ITO3BOJIIIOT HICHTH(HIMPOBATH
nuctouHuk 3arpsisHeHus 1O u Boa.

Features in the Composition of Petroleum Pollution of
Waters and Bottom Sediments in the Middle Flow of
the River Ob

I. V. Russkikh, O. V. Serebrennikova, E. B. Strel’nikova

Institute of Petroleum Chemistry, Siberian Branch of the Russian Academy
of Sciences, Russia, 4, Academichesky Ave., Tomsk, 634055

rus@ipc.tsc.ru

It was studied the composition of the organic matter of waters and
bottom sediments (BS) in the individual sections of the middle flow of the
river Ob (figure 1), and then, there were identified petroleum compounds
and their possible sources. The water and BS samples were selected on the
river Ob: near the village Obskoe, below the confluence of the river
Vasyugan (1 km), near the Surgut city and below the confluence of the river
Irtysh. It was found that the most likely source of BS pollution near the
village Obskoye is the river Tom where the bottom sediments are enriched
with tetra- and pentacyclic aromatic hydrocarbons. In addition, the fuel oil,
which used in shipping, can also be the source of BS pollution and, as well
as the fuel oil, BS of this section has mainly high-molecular cycloalkanes.

(31)00 B NearObskoye (b) mNear Obskoye
village village

60 1
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FIGURE 1. Distribution of organic components in waters (a) and BSs
(b) of the Ob river: PC — petroleum cyclanes (steranes, hopanes, and
cheilanthanes), CB — cyclic biomolecules, AHs — aromatic hydrocarbons,
Alk — alkanes, FAs — fatty acids, EFAs — esters of FAs, Ket — ketones, Ald —
aldehydes, DBF — dibenzofurans

It was revealed that the content of petroleum cycloalkanes in the
bottom sediments has fallen in the upstream stretch of the Vasyugan mouth
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area; however, there are two homologues of low-molecular cheilantanes in
the composition of BS, which could be crude oil from the deposits of the
west of Tomsk region. The increased water pollution of the river Ob in the
area of the most intensive oil and gas exploration (near of Surgut city) can
relate to the petroleum spill of the fields located here near the river. It
should be noted that the cycloalkanes composition of this pollution differs
from that in the Vasyugan confluence area. Thus, the obtained data show
that the features of the composition of aromatic hydrocarbons, hopanes,
secohopanes and cheilantanes allow identifying the source of BS and water
pollution.

BinsiHMe BBICOKUX TeMIepaTyp Ha GUabTpanMOHHO-
€MKOCTHbIE CBOVICTBA FTOPHbIX MOPOJ,
0aKEeHOBCKOM CBUThHI

AM. Fopmxosl, N.C. Xomsixos!, M.B. Cy660T1/1Hal, A.C. MasypOBal,
A.E. Antuesa®, A.B. Mmp:;a6ae13a2

' Hayuonanenwni uccnedosamenveruii Tomckuii nonumexnuyeckuii
yrusepcumem, 634050, Poccuiickaa @edepayus, 2. Tomck, np. Jlenuna, 30
2Satbayev University, 050013, Pecnybnuxa Kazaxcman, 2. Anmameoi,
yn. Camnaesa, 22a
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Pa3paboTka 3anexeil HepTH OaKEHOBCKOH CBHTHI, CAMOTO KPYITHOTO
HETPAJAHIIMOHHOTO pe3epByapa B Poccuu, B peXUMe €CTECTBEHHOTO
HCTOILEHUS TIO3BOJISIET AOOBITH UL 3% reojornveckux 3amacoB. OmgHUM
U3  TEePCHEeKTHBHBIX METOJOB IIOBBIIEHHS HE(PTEOTHAuM  IIACTOB
0a)KEHOBCKOW CBUTBI SIBISETCS TEIUIOBOE BO3JICHCTBHE, NPUMEHEHHUE
KOTOpOI'0, MO OLEHKAaM JKCIIEPTOB, MO3BOJISIET YBEIUYUTh KOI(DGUIUEHT
usBneyenust Hedtu mo 30 — 40 % [1-2].

Lenpto  pabGoTBl  SBISUIOCH  WCCIIEJOBAaHHWE  BIMSHUS  BBICOKHX
TeMIIepaTyp Ha QUIBTPAIIMOHHO-EMKOCTHBIE CBOMCTBA MOPOJ OaXKEHOBCKOM
cBUTHL. B KauecTBe 0OBeKTa HCClleI0OBaHUsS ObIIM BBIOpPAHBI KPEMHHCTO-
TJIMHNACTBIE TIOPOJbI OAKEHOBCKOW CBHTBHI C BBICOKHM COJIEpKaHHEM
keporena (1o 20%) ogHOTO U3 MeCTOPOXKACHUH TIOMEHCKON 00JIACTH.

CymHocTs  71a00paTOPHBIX  JKCIEPUMEHTOB IO  MOJIEIMPOBAHHIO
TEIJIOBOTO ~ BO3JCHCTBHMS Ha CIIAHLEBBbIE IOPOABI  3aKJoyanach B
CTYIIEHYaTOM Harpese pa3ApoOJieHHBIX 00pa3oB KepHa B My(penpHOH medn
OT KOoMHaTHOU TemmepaTypsl a0 350 °C; tepmooOpaboTke obOpasio 24
yaca ¥ NOCIEAYIOLIEM ONPENEIIEHUU OTKPBITOW MOPUCTOCTH U MaTPUYHOU
MIPOHHUIIAEMOCTH pa3apobiaenHoro kepua merogom GRI [3].
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B pabote mokaszaHo, 4TO C yBETMYEHHEM TeMIlEpaTypbl HaOII0qaeTCs
YBEJIMYCHHUE OTKPBITOM IIOPHCTOCTH B HECKOJBKO JECATKOB pa3 H
MaTPUYHOH NPOHUIAEMOCTH Ha 3-6 MOPSAIKOB Ui BCEX HMCCICIYEMBIX
00pa3IoB KepHa.
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Bazhenov Formation (Western Siberia) is the largest unconventional
reservoir in Russia. Depletion drive type development of the Bazhenov
Formation allows producing only 3% of geological reserves. One of the
potential methods for increasing oil recovery in the Bazhenov Formation is
the thermal treatment, which, according to experts, allows rising oil
recovery factor to 30-40% [1-2].

The aim of this work was to study the influence of high temperatures
on reservoir properties of Bazhenov Formation rocks. Siliceous-argillaceous
rocks with a high content of kerogen (up to 20%) of one of the oil fields in
Tyumen region (Russia) were chosen as the object of investigation.

Essence of laboratory experiments in modeling of shale formations
thermal treatment was stepwise heating of crushed core in the muffle
furnace from ambient temperature to 350 °C. At the same time, core
samples were held in muffle furnace for 24 hours at each temperature step.
Then, investigated samples were cooled to ambient temperature after each
stage of heating and open porosity and matrix permeability were determined
on crushed core by the GRI method [3].
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In the work shown that as the temperature increases, an increase in the
open porosity by several times and the matrix permeability by 3-6 orders of
magnitude are observed for all studied samples.
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C 11e7p10 YTHIIN3AINH ITPOMBIIUICHHBIX OTX0/I0B, KaK CTEKOJIBHOMN IPO-
MBIIIJIEHHOCTH, TaK W HEKOHIWIIMOHHOTO CIIOJSTHOTO CHIphs, OBLIO
NIPEATIOKEHO CIIeyIoNiee TeXHUYEeCKoe pelmieHne. PaspaboraH BapuaHT
TEXHOJIOTMM MPOM3BOJACTBA OoJiee  BHITOJHOTO B  3KOHOMHYECKOM
OTHOIIGHNH HAarpeBaTells, COCTAaBHOM 4YacTblo, KOTOPOTO  SIBIISIETCS
CTEKJIOCBSI3KA, IOJTy4YEeHHass Ha OCHOBE OTXOIOB - CTEKOJBHOIO
MIpOM3BOACTBa C jgobaBkamu OopHoil kucimotsl H3BO3, a3orHOKHCIOrO
6apust Ba(NO)3)3, kpemuedTopucroro matpus Na,SiFg, a30THOKHCIOrO
kanus KNO; 1 Menkopa3MepHOH CIIFOIbl MYCKOBHUT.

OTXOIBI CTEKONBFHOW MPOMBIINIICHHOCTH JPOOMINCH Ha IIEKOBOM
JIpoOmiKe, C LeIbio MOJYYEHHs] BBIXOJIAa PABHOMEPHBIX KYCKOB
CTEKJI00TX0/10B. [Iporecc npoOiieHMst MPOXOJWI B ammapare ¢ BEPXHUM
TIOJIBECOM TTOJIBIKHOHM IEKH M BEPTHKaJIbHBIM maTyHoM. Pabora naHHOM
KOHCTpYKIMH obecneunBana OecriepeOOHHBII BBIXOJ pa3ApoOIeHHOTO
crekna. B mporecce paGoThl OBUIO OmpenesieHo, YTO JpoOJIeHHE MOKHO
3aBEpUINTH 110 MPOMIECTBHMM MNEPBOM CTaJUM, TaK KaK MpPU 3aBEPIICHUU
mporiecca ApoOJIeHUs] YAAJIOCh MOIYYHUTh CTEKJIO KPYMHOCTHIO 10 30 MM.
Crexno sBiuseTCd MOBOJIBHO XPYNKHM MAaTepHaloM, B €ro amop¢HOH
CTPYKType UMEeTCsl CHCTeMa MUKPOCKOTIMYECKHUX TPEIINH | II0p HelpoBapa
B HaYaJIbHOM COCTOSIHWH. [IpH OTHOCHTENEHO HEOONBIIOM pOCTE BHEUITHHX
BO3JICHCTBUH, a UMEHHO pa0OTHI MOJIBIKHOM IIEKU APOOWIIKH, IJIOTHOCTH
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MHUKPOTPEIIMH OBICTPO pacTeT. TpemuHbBl W TOPBl YBEIMYHBAKOTCA B
pa3mepax, OOBEIHHSIOTCS B OJUH FUIH HECKOJIIBKO OOJBIINX KOHTJIOMEPATOB
1 Pa3phIBalOT KYCKH CTEKJIa Ha YaCTH - HACTYIACT pa3pylleHHe CTPYKTYPHI.
Bo Bpems pacmmpeHHs TpemIMH TOJ ACWCTBHEM pa3laBIMBAaHUS
MIPOUCXOOUT KOHIICHTpauus HampspkeHuil. B pesymerate, paspymieHne
KyCKOB CTeKJa TMPOW3OWIET TMpH HEOONBIION BENMYHHE CPEITHETO
HaTPsOKCHUA. Y CTEKJIa MPOUCXOJUT B3PBIBOMOA00HOE pa3pylieHUue GopMbl
3a C4eT 00BEMHOTO HAIIPSKCHHUS.

B npomecce pabots! ucnons3oBanack apodwmika I/ 1,6x2.5. [Tocne
JIpOOJIeHUs] CTEKJIOOTXOMbl TOJABAIUCH HAa BUOPAIMOHHBIA TPOXOT IS
mpoliecca Cerperainud Marepuana. YCKOpEHHUs, cooOllaeMble CHUTY,
MEePUOUYECKH HW3MEHSJINCh M0 3HAYeHWIO OT HyJs N0 MakcuMyma u
HaTPaBJICHUIO TI0 CHHYCONIATBEHOMY 3aKOHY.

KpymHOCcTs  MaTepmana, TMpPOIIEAIIEr0  IPOLECC  TPOXOUYCHHS,
cocrapisima 30 mm. [lanee mnponyKT NPOXOAUT CTAIUIO MAarHUTHOU
cemapanuu, BO M30eKaHHE TMOMAaJaHHus METALTHYSCKUX BKIFOYCHHU. [
MarHUTHOM cemapanid NPUMEHSJICS TOABECHOW MAarHHT, KOTOPBIN
YCTaHABIMBAJICS HAA  TPAHCIOPTEPHON  JIEHTOH, oOecrednBaromei
NepeIBIKEHUE CTEKIIa.

[Tocne npoGnenus, TPOXOUEHUS W MArHUTHOM cemapanuu, OTXOIbI
CTEKOJIbHON MPOMBIIIIEHHOCTH CMEITUBAINCh C XUMUYECKIMH JJOOaBKaMH,
B cooTHomeHnn 40% crekna u 60% ngobaBok. Ilpomecc cmenmmBaHus
OCYILECTBJISUICS. B TOPIIKOBOM Bpalllarolleiicss CTEKJIOBApPEHHOW IIeuu,
eMkoctbto 150 ;1. OrTxompl  CcTEKia  SBJISIOTCA  KOMITOHEHTOM,
oOecrieymBarOIUM  OBICTpPOE  TOSBICHHE OKUAKOM  (aspl, KoTopas
"BruTHIBacT" B ce0sl XUMHUUSCKUE T00aBKH. DTH HOOABKH BBIOMPAIUCH IO
WX BIMSHUIO HA CBOWCTBA CTEKOJI. BOpHas KHCIOTa M a30THOKUCIBIN Oapuid
B COCTaBE€ CTEKJIO00s OBLTH BHIOPAHBI, C LENBI0 YIIYUIICHUS IEKTPHICCKIX
XapaKTepUCTHK, a WMEHHO JHAJICKTPHUYSCKOW TIOCTOSHHOH, tg yria
TUDJIEKTPUIECKUX MoTeph. bopHas xucinota H3B0s;, BBeneHHas B CTEKIIO,
pasnaraercss Ha OOpHBIM aHTHUAPHUI, KOTOPBIH, B CBOIO OUYEPEb, SBISETCS
yckoputeneM Bapku crekia. Kpemuedropuctsiit Hatpuit Na,SiFg B crexie
BBI3BIBACT MOSIBIICHUE KUAKOW a3kl MpH Oojiee HU3KUX TeMreparypax. B
CBSI3U C OTUM BO3pacTaeT MPOIECC CHIMKATOOOpA30BaHUSI W TIOBBIIIAETCS
3JIEKTPONPOBOAHOCTh IUXThI. A3oTHOKMCHbI kKamuii KNO; BBOAMTCS B
CTEKJIO JUIsl CHIDKEHUSI €ro KpucTaJin3aluuu. Bce BBeieHHBIE B CTEKJIOBOI
COEIMHEHUS SBJSIOTCS IUIABHAMM U CHIDKAIOT TeMIIepaTypy pa3MsrdeHust
CTeKJIa.

ITox6op MPOIEHTHOTO COOTHOIICHUS IUIABHEH MPOWM3BOIMICS IO OT-
nvomreHuo Kk Si0p, Kak caMOMy BBICOKOTEMIIEPATYPHOMY  OKCHIY,
NIPU/IAIOIIEMY CTEKIy 0coOYI0 TyrormiaBkocTb. Pacuer Benu Ha 100% macchl.
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UccnepoBaHue nponecca npeBpamieHus JIerkux
yIJIEBOJ0POA0B HA MOAUPULUPOBAHHBIX
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OnuuMu U3 HanboJsiee PacpOCTPAaHEHHBIX [IEOJIUTOB ISl MPOBEICHUS
Pa3IMYHBIX KaTAIUTHYECKUX MCCIEJOBAHMH SIBISIFOTCS 1eoiuTsl THa MFI
ceMmeiicTBa meHTacwl. [lepCHeKTUBHBIM IpeicTaBiseTcss IepepaboTKu
PAa3JIMYHOTO JIETKOTO YTJIEBOJOPOIHOTO CBHIPhS, B YaCTHOCTH HPSIMOTOHHBIX
OEH3MHOB r'a30BBIX KOHJICHCATOB, B IICHHbIE HEPTEXUMHUYECKHUE TPOIYKTHIL.
[Tomyyaemble Ha IIEOMUTHBIX KaTAIU3aTOpax KHUIKHAE KaTaTHU3aThl COAEPIKAT
3HAYUTENBHO MeHbIe OeHzonma (Mo 2 % wMac.) 1O CpaBHEHHIO C
KaTaJn3aTaMH KJIaCCHIECKOT0o pu(OpMHHTA.

Lemnpro HacTosmied pabOTHI SBIAJOCH HCCIeNOBaHHE (DU3HKO-
XMMHUUYECKHX ¥ KUCIOTHBIX CBOWCTB BHICOKOKPEMHE3EMHBIX IIEOJIHUTOB THIIA
MFI, MonduuupoBaHHBIX HAHOMOPOIIKOM  JKele3a, B  Ipolecce
NIPEBpaIlleHHus]  NPSIMOTOHHBIX ~ OEH3MHOB Ta30BOI0  KOHJEHcara B
BBICOKOOKTaHOBBIE O€H3MHOBBIE KOMIIOHEHTBI.

Heomuter Tima MFI mosydamu ruaporepMaibHBIM —CIIOCOOOM U3
LIENIOYHBIX amroMoKpeMmHerenel mpu 175-185 °C B Teuenue 4 cyr ¢
UCIIONB30BAaHMEM B KadyecTBe  CTPYKTypooOpasyiomed  j100aBKH
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rekcamerunenauamMuaa [1]. Ilo maHHBIM (H3HKO-XUMHYECKUX METOMOB
CHUHTE3UPOBAHHBIE LIEOJIUTHI COOTBETCTBYIOT ILeonuTam tuna MFIL.
MoanpunupoBaHie LEONUTOB IOPOIIKOM >Kejie3a MPOBOJAMIOCH ITyTEM
MEXaHOXMMHYECKOH aKTHBALlMU B IIapOBOI BHOpPOMENBHHIIE B TeUeHHE 12
4. KaTanuruueckue MccienoBaHus MPEBPALICHUS IPSIMOTOHHBIX OCH3MHOB
MPOBOAWIN  KAaTaJUTUYECKOH  yCTAHOBKE MPOTOYHOIO  THUMA  CO
CTallMOHAPHBIM CJI0EM KaTajau3aropa.

[IpoBeneHHbIe HCCeIOBaHMS TOKA3AJIN, YTO JJ0OaBKa HAHOPA3MEPHOTO
MOpOIIKa Keje3a B KadecTBe MoAM(pUKaTopa MO3BOJSET 3HAYUTEIHHO
YBCJIUYUTL CCJIICKTUBHOCTH O6pa3OBaHI/IH BBICOKOOKTAHOBBIX KOMIIOHCHTOB
OEH3MHAa 110 CPABHEHUIO C TPOLIECCOM Ha HEMOIU(DUIIMPOBAHHOM IICOJTUTE.

Hcceneoosanue svinonneno npu guuancosoi noodepocke PODU 6
pamkax Hayunoeo npoexma Ne 18-33-00924
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CHMXeHHe TIOCIIeCTBUN aHTPOIIOTEHHOTO BIIMSHIS M BOCCTAHOBIICHHE
€CTECTBEHHOI'0 IUIOAOPOJUS [10YB SIBJISETCA aKTyaJIbHOM U KpaliHe BaKHOMU
3amadeil Uil ModYB TaexHOH 30HBI 3amagHoit Cubmpm [1], B wacTHOCTH,
Tomckoit 061acTH ¢ ee citadoil HUTPU(DHUKAITMOHHOM CITOCOOHOCTHIO.

B nacrosimieit pabote n3ydeH 6MOIKOJIOTMYECKU MOTEHIINAI PACTEHUS
JIsasenen poratbiii, copT «COJHBIIIKO», UHTPOAYLUUPYEMBIH B YCIOBUSX
Tomcko# oOmacTy W THpoM3BeAEHa OLEHKa OMOJIOr0 — XO3SHCTBEHHBIX
NIPU3HAKOB pacTeHus. Pe3ynbpTaTel paboThl IEMOHCTPUPYIOT, 4TO JIsaBeHer
porateiii  (Lotuscornikulatusl.),  siBiseTcs  BBICOKOIOTCHIUAIBHOU
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KyJIbTYpOH JUIi perdoHa ¢ NOJIM(YHKIUOHAJIBHBIM  Ha3HaYCHUEM
(KOpMOBOE, JIeKapCTBEHHOE, TOYBOBOCTaHABIIMBAIOIIEE), KOTOpasi Hanboiee
MIOJIHO HCIIOJIb3yeT OMOKIMMATHYECKHE YCJIOBHS PErHOHA B CPaBHEHHU C
TPaIHUIMOHHO BO3JIENIBIBAEMbIMI OOOOBBIMH KyJbTypaMu. B wacTtHocTH, B
HCCIIEJOBAaHHUH BBISBIICH BBICOKHH SKOJOTMYECKUI MOTEHIMAT PAaCTEHHS T10
BIMSHUIO Ha  BOCCTAHOBHUTENBHBIC  IPOIECCHl  JETPaJAUpPOBAHHBIX,
3arpsI3HEHHBIX T10YB; HA TIOBBIIICHUE COIEPKAHMUS I'yMyca B IIOYBE, a TaK JKe
MIOJIOKUTEIBHOE BIMSHHE HAa CHIKECHHE MATOTCHHOW MHKPO(IOPH IOYB U
Ha MOBBIIICHUE €€ OMOIOTMIECKOH aKTHBHOCTH.
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«Sunshine» in Siberia
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Mitigating the effects of anthropogenic influence and regeneration of
natural soil fertility are a relevant and extremely important task for the soils
of taiga zones of Western Siberia [1], in particular, of Tomsk region with its
weak nitrification capacity.

In the present paper, the bioenvironmental potential of the plant Birds-
foot trefoil of “Sunshine” cultivar, introduced in conditions of Tomsk
region, has been studied, and biological and economic features of the plant
have been assessed. The results of the work demonstrate that Birds-foot
trefoil (LotuscornikulatusL.) is a high-potential crop for the region with a
multipurpose function (fodder, medicinal, soil-regenerative), which uses
bioclimatic conditions of the region to the fullest extent as compared to
traditionally cultivated bean cultures. In particular, in the research, a high
environmental potential of the plant in terms of the influence on
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regenerative processes of degraded, contaminated soils; of an increase of
the humus content in the soil, as well as a positive influence on the
reduction of pathogenic microflora of soils and on the enhancement of its
biological activity, has been revealed.
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MonuTOopuHT TamMma-poHa NPU3EMHONW arMocdepbl MPOBOIUTCS
VYE€HBIMH YX€ JaBHO, OJJHAKO B OCHOBHOM HM3MEPEHUE TamMMa-U3ITydeHHs
JaeT WHQOpPMAIMIO O CTENEeHW 3arpsS3HEHHOCTH OKPYKAIOMIEH Cpebl,
Pa3IUYHBIX PAJAMANMOHHBIX aHOManusaX. OJHOW W3 TPUYUH 3aMETHOTO
W3MEHEHHsT TraMMa-(pOHAa MOXET SBISAThCA  BEIMAJeHHE  OOJBIIOTO
KOJIMYECTBA CHEXKHBIX OCAIKOB.

Jo cux mop Ans ompenereHUs Pa3InYHBIX XapaKTEePUCTHK OCAIKOB
HCTONB30BAMCh JIMOO Cyry0o MeXaHW4ecKue, MO0 CIOXHBIE |
JOPOTOCTOSIINE BBICOKOTOYHBIC MPUOOPHI, pa3paboTKa W TECTUPOBAHHE
KOTOPBIX CTOAT 3HAYUTENHHO JI0POTO.

Ha sty Temy ObUIO TPOBEACHO WCCIENOBaHUE, BIOXHOBICHHOE
pe3ynbTaTaMu aHajdu3a IMOJIYYeHHBIX Ha JKCIEPUMEHTAUIHHOW TIIIOMAIKE
TITY-UMK3C (TOPUWN) naHHBIX ¢ UCIOJH30BAHUEM CITUHTHILISIIHOHHBIX
JNETEKTOPOB HMOHU3UPYIOMUX usnydeHuid. [Ipu 5ToM Obula BBISIBICHA
OTpe/IeNICHHAs] 3aBUCUMOCTD PaTuaIlioOHHOTO (JOHA MPU3EMHON aTMOChephl
OT BBINAJACHUSI OCAIKOB Pa3IMYHOTO BU/1a U UHTEHCUBHOCTH.

CaMo wmccieJoBaHUE BKIIOYACT B ceOsl MOJCIHPOBAHUE CHTYalUi IO
BBINIICHUIO OCAJIKOB C pa3jJMYHbIMU [apaMeTpaMHd, WX BIUSHUE Ha
MOIIIHOCTb J103bl T'aMMa-H3JIy4Y€HUs, U aHAJIMU3 IOJIYYEHHBIX pPe3yJbTaToB
CMOJICIMPOBAaHHEIX B cpexe Geant4d, B cpaBHCHHH C JKCIICPUMEHTAIBHO
MI0JIyY€HHBIMH TAHHBIMH.
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B urore nosnyueHHsle B HCCIEIOBAHUU JaHHbIE, a TAK)KE BBIIBICHHBIE
3aKOHOMEPHOCTH IIOMOTYT B OymymieM JUIi pa3BUTHS CYIIECTBYIOIINX
TEOPETHYECKUX MOJeNie B (yHIAaMEHTAJIbHBIX HAayKax, a TaKke OymyT
CHOCOOCTBOBAaTh 3apOXKICHUIO HOBBIX, OOJIeC COBEPIICHHBIX MOAENEH M
METO/IOB.

JKo.10ro-pu3nos0oruyecKkre 0CO6eHHOCTH KeApa
CHUOHMPCKOro Ha CeBEPHOM IpaHuIle NPOU3PaACTAHUA

O.I'. bennep

Hncmumym MoHUMOpUH2a KIUMAMUYECKUX U IKOAOSUYECKUX CUCTEM
CO PAH, 634055, 2. Tomck, np. Axademuueckuii, 10/3

obender65@mail.ru

I/I3yqu1/1e BJIMSAHUA TEMIICPATypbl, OCBCHICHHOCTU M BJIAJKHOCTU Ha
(DOTOCHUHTETHYECKYIO0 aKTUBHOCTh XBOMHBIX B ycioBUsIX CnOupu sBisieTcs
aKTyalbHOH mpobaemoii. MccnenoBanus B 3TOi 00IaCTH MOMOTYT TOHSTH
0COOEHHOCTH TMPOCTPAHCTBEHHONW W BPEMEHHOW aJanTalid XBOMHBIX
pacTeHHi Ha OOMIMPHBIX TEPPUTOPHAX TaeKHOW 30HBI. Llenp HacTosmero
HCCJIEJOBAHMSI COCTOSIA B BBISBJIGHHH OCOOCHHOCTEH (POTOCHHTETHUUYECKOIT
aKTUBHOCTH XBOM KeIpa CHOMPCKOTO HAa CEBEpHOM  Tpenese

IPOM3pacTaHusl.
UccnenoBanuss mnposomwin B Ulypeimkapckom paitone Smano-
Heneukoro aBTOHOMHOrO oOKpyra (65°49° — 65°58"). OOBexTOM

nccie0BaHNs ObUIM BBIOpaHbI 7 JepeBbEB Keapa CHOMPCKOTO B BO3pacTe
140-180 ner. Buaumbliii (hoTOCHHTE3 M3MEpsUIM HAa JBYXJIETHEHW XBOE NpH
noMmoIu uH(ppakpacHoro rasoanamusatopa LI-6400XT (Li-Cor, Inc.,
USA).

HccnenoBanus pOTOCHHTE3A MOKA3alH, YTO CKOPOCTh 3TOTO IpoLecca
3aBUCela OT MHTEHCHBHOCTH (DOTOCHHTETHUECKH-AaKTHMBHOW paaualvu
(PAP) u mmena makcuMymsl B gmamasone 100-500 mimoms M2 ¢,
JanpHeifiee  yBeJIMYEHHWE  OCBELICHHOCTH  BBI3BIBAJIIO  CHIDKCHHE
WHTEHCUBHOCTH (OoTOCHHTE3a. BO3MOXHO, BBICOKHE 3HAYCHUSI TTOTIJIONICHUS
YTJICKUCIIOTHI IPH HU3KKUX 3HaueHUsIX AP, sBistoTes nprcrnocoOnTebHOM
peaknuer K KOpOTKOMY CEBEpPHOMY JIETY W JUIMHHOMY IOJISIPHOMY JTHIO.

WzyueHne BiAMSHUS TeMIepaTypbl Ha MHTEHCHBHOCTh ACCHUMMJISILIUU
CO, BBIBWIO, YTO MakCHMalbHas HWHTEHCUBHOCTH (DOTOCHHTE3a
Habmomanace mpu 19° C. llpm yBenmueHmm Temmeparypel mo 25° C
aKTUBHOCTH (DOTOCHHTE3a yMEHbIIANach B 3 pa3a M ObUla MUHUMAJIBHOM.
ITpn nanpHEHIIEM yBEIHMYEHUH TEMIEPATypbl (JOTOCHHTE3 MPAKTHIECKU HE
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n3Mensiics.  Takum oOpazom, moka3aHO 4TO ()OTOCHMHTE3 XBOU Kejpa
CHOMPCKOTO aKTUBHO MPOTEKaa MpU HU3KUX 3HaueHusx ®AP. Yeenuuenue
TeMIepaTyphbl BbI3BIBAJIO 3HauuTeNnpbHOe majeHue norijomeHus CO,. Tak
KaKk TEMIIEpPaTypHBI ONTUMYM (OTOCHHTE3a PpACTCHHH 3aKpeIuleH
TGHETHYECKH, MOXHO TMpPEANOJIOKHUTh, YTO IIOTCIUICHHE KiIWMara
OTPHIIATENIFHO IOBIMAET HAa CEBEPHBIC IOMYJSIUM Keapa CHOMPCKOTO
BBI3bIBAas CHIDKCHHE MHTEHCHBHOCTH (DOTOCHHTE3a M HPOTYKTHBHOCTH
KOPEHHBIX KEAPOBBIX JIECOB.

Ecological and physiological features of Siberian stone
pine on the north growth limit

0O.G. Bender

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk,
634055, pr. Academichesky, 10/3

obender65@mail.ru

The study of temperature, illumination and humidity influence on the
photosynthetic activity of conifers trees in Siberia is an actual problem.
Research in this area will help to understand the features of spatial and
temporal adaptation of conifers plants within great taiga areas. The purpose
of this study was to identify the photosynthetic activity peculiarities of
Siberian stone pine needles on the north growth limit.

The investigations were carried out in the Shuryshkarsk region of the
Yamalo-Nenets Autonomous District (65°49'-65°58"). Seven trees of 140-
180-year old Siberian stone pine was selected. Net photosynthetic rate of 2-
year-old needle was measured by infrared gas analyzer LI-6400XT (Li-
Cor, Inc., USA).

Studies of photosynthesis have shown that the rate of this process
depended on photosynthetic active radiation (PAR) intensity and had
maximum values in the range 100-500 pmol m? s™. Further increase of
PAR intensity caused a decrease of the photosynthesis activity. Perhaps
high values of carbon dioxide assimilation at low PAR values are an
adaptive response to a short north summer and a long polar day.

Study of the temperature effect on the CO, assimilation intensity
revealed that the maximum photosynthesis intensity was observed at 19° C.
Temperature rise to 25° C effected 3-fold decrease of the photosynthesis
activity. Photosynthesis remained practically unchanged with further
increase of temperature. Thus, it has been shown that the Siberian stone
pine needle photosynthesis proceeded actively at low PAR values. The
temperature increase causes a significant decline of CO, assimilation. Since
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the photosynthesis temperature optimum is inherited, it can be assumed that
the climate warming will negatively affect the north Siberian cedar
populations causing the decrease of the photosynthesis intensity and
productivity of native Siberian stone pine forests.

UcciepoBaHue U3MeHEeHU BOASHOIO Napa u
a3p030JIbHOM ONITUYECKOH TOIIH B aTMOchepe
3anagHo¥ Cu6upu B nepuozg ¢ 1979 no 2016 rr.

10.A. BVDFVHZ[aCOBal, E.B. Xap}OTKI/IHaZ, C.B. Jlorusos’

YHayuonanenviii uccneoosamenvcxuii Tomexuii 20cydapemeenbiii
yHugepcumem, 2. Tomck
2Hnemumym MOHUMOPUH2A KIUMAMUYECKUX U SKOTOSUUECKUX CUCTEM
CO PAH, 2. Tomck

burgundasova@bk.ru, *kh_ev@mail2000.ru

ATMocepHas Biara WIM BOISHOH map SBISCTCS HWHIMKATOPOM
W3MEHEHHS IIOTOMBI, 8 TaKKe OJHOW M3 BaKHEHIINX METEOPOJIOTHYECKUX
XapaKTEePUCTHK, OMUCHIBAIONIMX COCTOsIHUE KiuMmara. Ha Biaroconepkanue
aTMoc(epsl M MpPOIECcCH 00IaKoo0pa3oBaHMs, B CBOI OuYepenb, OyaeT
OKa3bIBaTh BJIMSHHE W3MEHEHHE a3pO30JILHOTO COCTaBa aTMOCHEpEL,
MIOCKOJIBKY a3P030JIU SBIISIOTCS KaK MOTIOTUTENISIMU TETUIOBOTO M3ITyYEHHS
B aTMoc(epe 1 Ha MOJICTUIIAIOIIEH TOBEPXHOCTH, TaK U CAMOCTOSTEIbHBIMU
SIIPAMH KOHICHCAIUH.

B paGore 3a mepuon 1979-2016 rr. mo naHHbpIM peananm3a ERA-
Interim  (http://www.ecmwf.int/en/research/climate-reanalysis/era-interim)
NPOBOAMIICSL  pacdeT  yAeJIbHOW  BI&XHOCTH  BO3lyxa,  0OIIero
BJIAarocoiepKanusi arMocdepbl, OO0JaYHOCTH M ONTHYECKOH  TOJIIU
atMocdepsl aius Teppuropun 3amagHoir Cubmpm (50°-70°c.mr. u 60°-
90°B.11.), a TakXKe OTHENBHO ISl €e CEeBEepHOH M I0HOH wactell. Ocoboe
BHUMaHHE YJEISUIOCh M3MEHEHHsIM, mpoucxoasmuM B Hadase XX| Beka.
[MosTOoMy pnst cpaBHEHMS JaHHBIX 10 CIIEKTPAIBHOH a’po30JbHON
ONTHYECKOH TOJIIE TPHUBICKAINCh TaKKe JaHHbIE CIYTHHKOBOTO
sonaupoBanusi MODIS  (http://modis-atmos.gsfc.nasa.gov) u jmaHHble
H3MepeHuit Ha ceTH CTaHIUI AERONET
(https://aeronet.gsfc.nasa.gov/new_web/data.html).

Takum 00pa3oM, TOJNYy4EHbI OLGHKH HM3MEHEHHS! XapaKTepHCTHK
BJI)KHOCTH, & TAK)KEC YCTAHOBJICHA MX CBSI3b C M3MEHEHHSIMHU a’dpO30JbHON
ONITHYECKO# TONIIM aTMOC(hEphl UCCIEAYEMOTO PErHOHa.
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Hccneoosanue evinonneno npu nodoepoicke epawma Ilpesudenma P®
MK-2018.2017.5.

Investigation of changes in water vapor and aerosol
optical depth in the atmosphere of West Siberia over
the period of 1979-2016

J.A. Burgundasova', E.V. Kharyutkina?, S.V. Loginov?

National Research Tomsk State University, Tomsk
?Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk

burgundasova@bk.ru, kh_ev@mail2000.ru

Atmospheric moisture or water vapor is an indicator of weather
changes, as well as one of the most important meteorological characteristics
describing the state of climate. The moisture content of the atmosphere and
cloud formation processes are affected by changes in the aerosol
composition of the atmosphere, since aerosols are absorbers of heat
radiation in the atmosphere and at the underlying surface, and they are also
independent condensation nuclei.

In the framework of the study using ERA-Interim
(http://www.ecmwf.int/en/research/climate-reanalysis/era-interim)
reanalysis data over the period of 1979-2016 the calculation of specific
humidity, total water content, cloud cover and optical depth of atmosphere
was carried out for the territory of West Siberia (50°-70° N and 60°-90°E),
and also separately for its northern and southern parts. Special attention was
paid to the changes taking place at the beginning of the XXI century.
Therefore, to compare the data on spectral aerosol optical depth MODIS
remote sensing data (http://modis-atmos.gsfc.nasa.gov) and AERONET
(https://aeronet.gsfc.nasa.gov/new_web/data.html) measurement data at
stations was also used.

Thus, for the region of under study the estimations of changes in
humidity characteristics were obtained and their relationship with changes
in aerosol optical depth was established.

The study was supported by the grant of the RF President MK-
2018.2017.5.
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MOHMTOPHUHT AMHAMMKMU NOMNYJIALUI COCHBI KeAPOBOH
cu6upckor B Huxknem [Ipuoo6be

C.H. Benucesnu

Hremumym MOHUMOPUHEA KIUMAMUYECKUX U IKOJIOSUYECKUX CUCTEM
CO PAH, np. Axademuueckuii, 10/3, 2. Tomck, Poccus, 634055

velisevich@imces.ru

B ycnoBuAX COBpEMEHHBIX KIMMATHYECKUX TEHACHIHNH Ba)KHBIM
BONPOCOM TIOMYJISIMMOHHON OHOJNIOTHH JPEBECHBIX SBIAETCS H3ydYECHHUE
JVWHAMHKU TPaHMI] PACHPOCTPAHEHHS BHIOB M (PAKTOPOB JIMMHUTHPYIOIINX
stor mponecc. CocHa KempoBas CHOHMpCKas, CceBepHas TIpaHHIA
pacIpocTpaHEeHUsI KOTOPOH NMPaKTUYECKH COBMANAET C JIMHHWEH IOJIIPHOTO
Kpyra, TpeJICTaBIseT B 3TOM OTHOUICHHH 3HAUUTENBHBIH HHTEpec.
CrpykTypa MapruHalbHBIX MOMYJAIUI 3TOr0 BUAA aHAJIM3HpOBAjach B
JIECOTYHAPOBOM 3KOTOHE (65°48'-65°59' c.m., mpaBoOepexbe HruxHeit
OO6u). IOxHast TOYka DKOTOHA -  EJIOBO-KEIPOBO-TMCTBEHHHYHOE
penKoecke, MPEACTABIACT COO0H (parMeHT caMoil CeBEpHOM MOMYJISIMU C
OTHOCHTENFHO  BBICOKOW  uHCIeHHOCThIO (200 miT./ra)  B3pPOCIBIX
TeHepaTUBHBIX JepeBbeB. Hammume MHOroumcieHHoro (3 ThIC. MT./Ta)
MOJIPOCTa CBHUJETENBCTBYET 00 YCTOWYMBOCTH MAaHHOH momyisnuu. B
CpeHeH YacTHM »HKOTOHAa - B  EJOBO-JIMCTBEHHHYHOM  PEIKOJIECHE
TeHEpaTUBHBIE JIEPEBbs EOMHWYHBI (3 1OT./ra), OXHAKO KOJMYECTBO
moJpocTa Mmo-mpexxHemy Benuko (1,2 Teic. mr./ra). B camoit ceBepHO#
YacTH SKOTOHA IUIOJOHOCSINKE JePEeBbsl BeTpeuaroTes peako (1,5 mr./ra),
yMeHbIIaeTcs KoiaudecTBo nojapocta (0,2 ThiC. MIT./Ta), OMHAKO YHCIEHHOE
npeobiasaHie MOJOABIX OCOOEH CBHAETENBCTBYET O MOTEHIHATbHBIX
BO3MOXKHOCTSIX ~ BHMJAa  NPOJABUTAThCS  Jalibllle [0  TPaJUCHTY
mumuTupyoiero dakropa. [TonHoeHHbIE ceMeHa GpopMupyroTes pas B 10-
12 net, ogHAKO B MOCIEIHKME IOl HAMETHIIACH TEHIECHIU K 00JIee YaCThIM
ypoxasM. BelpakeHHass TEpPHOIMYHOCTh IUIOAOHOIICHUS O00yCIOBHIA
BOJIHOOOpa3HbIM XapakTep BO300OHOBIICHHS. Hamu wuccienoBaHbBl TaKke
JIeCHBIE KYJIBTYPBI COCHBI KEJPOBOM 3a JIMHWEH MoJisipHOro Kpyra (66°39'
C.II.), co3JanHble 57 ner Haszal OoTaHWMuYecKoil rpynmoi JlaObITHAaHrCKOTrO
ApKTHYECKOTO HAayYHO-HMCCIIEA0BATEILCKOTO CTallMoHapa B 3amoJisipbe.
OmnsIiT no nepeMenienuto ceMsH Ha 100 kM ceBepHee COBPEMEHHON JTMHUU
TpaHHIbI apeaia MOoKa3aj yAOBICTBOPUTEIHFHOE PAa3BUTHE AEPEBBEB, TPETh
13 KOTOPBIX BCTYHIJIA B IUIOJOHOIICHHE W (POPMHUPYET KHU3HECIIOCOOHBIE
ceMeHa. DTOT YHUKJIBHBIA ONBIT MOKa3all, 4TO KJIMMaT 3a IpeneiaMu
apeana He SBISETCS OTPAaHWYCHHEM JUISI pOCTa M PENpOayKIHH, a
COBpPEMEHHAsl JIMHUSI CEBEPHON T'PaHHIBI OOYCIIOBICHA HECHOCOOHOCTHIO
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KEAPOBKMU — OCHOBHOI'O paclnpoOCTPAHUTEISA CEMAH, NEpEMEIIaTb HX Ha
GoublIne pacCcTosAHuA.

Monitoring of dynamics of the Siberian stone pine
populations in the Lower Ob River

S.N. Velisevich

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

velisevich@imces.ru

Under modern climatic trends for the population biology of woody
plants, it is important to study the dynamics of their area limits and factors
that limit this process. In this respect, Siberian stone pine is very interesting
because its northern area limit practically coincides with the line of the
polar circle. The structure of marginal populations of this species was
analyzed in the forest-tundra ecotone (65°48'-65°59'N, right-bank of the
Lower Ob). The southern point of the ecotone is spruce-cedar-larch
woodlands, it is a fragment of the northernmost population with a relatively
high number (200 trees per ha) of adult generative trees. Numerous
seedlings (3000 trees per ha) testify to the stability of this population. In the
middle part of the ecotone - in spruce-larch woodlands, the generative trees
are single (3 trees per ha), but there are still many seedlings (1200 trees per
ha). In the northernmost part of the ecotone adult generative trees are rare
(1.5 trees per ha), the number of seedlings decreases (200 trees per ha), but
the numerical predominance of young individuals indicates the potential for
the species to move further along the gradient of the limiting factor. Viable
seeds are formed every 10-12 years, but in recent years there has been a
trend towards more frequent yields. The pronounced periodicity of cone
formation caused the wave-like character of reforestation. We also studied
artificial forest of Siberian stone pine located beyond the line of the polar
circle (66°39 'N). It was planted 57 years ago by the botanical group of the
Labytnangy Arctic Research Station in the Arctic. The result of moving the
seeds 100 km to the north of the current area limit showed a good
development of the crown trees. A third of them started sexual reproduction
and now forms viable seeds. This unique experiment has shown that the
climate outside the Siberian stone pine area is not a limitation for growth
and reproduction, and the modern line of the northern area limit is due to
the inability of nutcracker - the main seed distributor, to move the seeds
over long distances.
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UcciiegoBaHue BJMSHUA MOTOAHBIX IBJIEHUHA HA
roZ0BOM TPeHJ aTMOCpepHOro paguanoHHOro poHa

A.B. Bngepronbgl, I''A. }IKOBﬂeBZ, H.B. BeﬂﬂeBal’g, I1.M. Haropcxnﬁ4,
B.C. SIkoByena’

YTomcrani nomumexmuseckui yuueepcumem, 634050, Poccus, e. Tomck,
np. Jlenuna, 30
2MBOY nuyeii npu Tomckom nonumexmuueckom ynusepcumeme, 634028,
Poccus, 2. Tomck, ya. A. Heanoea, 4
$Tomckuii 20CY0apCmMBEeH bl APXUMEKNYPHO-CIMPOUMEeNbHbI
yuugepcumem, 634003, Poccus, 2. Tomck, na. Conanas, 2
*Unemumym MOHUMOPUH2A KIUMAMUHECKUX U IKONOSULECKUX CUCTIEM
CO PAH, 364055, Poccus, . Tomck, np. Akademuuecxuu, 10/3

asdf75@bk.ru

WHnukaTopHBIE  CBOWMCTBA  PaJMOHYKIHIOB M HOHH3UPYIOUIUX
W3ITy4YeHUH M3BECTHBl M aKTHBHO MCIOJB3YIOTCA yXke Oojiee Beka s
MOJIy4eHUs] HOBBIX 3HAHHM O IMHAMHYECKHUX IpOLieccax, MPOUCXOAAIINX B
atMoc(epe M BEPXHHX CIOSX JUTOChEpBI, OIS OICHKH (PU3HUECKUX
XapaKTepPUCTUK PA3JIMYHBIX Cpel M MaTepualioB, a TaKxke JuIs
MIPOTHO3UPOBAHMS OTIACHBIX ITPUPOIHBIX ¥ TEXHOTEHHBIX SBJICHUH.

y-poH HagamM KOHTPOIMPOBATh emie ¢ cepequHbl 20 Beka B CBSI3U C
HAYaBIIMMHUCST MAacCOBBIMH HCTIBITAHUAMH SIAEPHOTO Opyxkus. I[lostomy,
MOXHO Tojiaratb, 4To Y-(OH mpu3eMHOW aTMocdepbl sBIsIETCS Ha
HACTOSIUI MOMEHT CaMOM U3y4YE€HHOH pajualluOHHON BenuyuHOu. Tem He
MEeHee, C pa3BUTHEM HayKM M TEXHHUKH BO3HUKAIOT HOBBIC 3ajauH,
TpeOyrone WHOro MOAXoAa K paJdallMOHHOMY MOHHTOPHMHTY, a TaKxke
HOBOTO B3IJIs1/1a HA, Ka3aJI0Ch Obl, IPUBBIYHBIC HAM (DaKTHI.

W3BecTHO, uTO arMocdepHblid paguanuoHHeli GoH dopmupyercs, B
OCHOBHOM, IIOYBEHHBIMH PAAMOHYKIHIAMH, HAXOIAIIMMUCS B BEPXHEM
cioe rpyHTa. B 3UMHMIA epro, Koraa OCHOBHOH MCTOYHUK aTMOC(HEPHOTO
panuanoHHOro (oHa SKPaHHUPOBAH CHErOM, CJEAyeT OXHAATh €ro
CHIDKEHHE 3a CUET IOTJIOEeHHs (POTOHOB M 3JICKTPOHOB B ciloe cHera. B To
K€ BpeMs, B B3UMHHUI TIepHOJl HW3MEHSETCS COCTOSIHHE aTMocQephl,
MOHMXKAETCSl TEMIEpaTypa, IOBBIIAETCS MAABIEHHE, STO MPHUBOAUT K
YBEJIMYEHUIO TUIOTHOCTH aTMOC(EPHOT0 BO3AYyXa, W CHIDKCHHIO JUIMHBI
mpobera HOHU3UPYIOMNX YacThIl. V3BecTHBIE (DaKThl, OTHAKO, HE M3BECTHA
CTETIEHb BIMSHUS KaXIOTO M3 YHOMSHYTHIX (DAaKTOPOB CHIKEHUS
paauanuoHHOro ()oHa B 3MMHHI IEepHOJ] Toaa. Pe3ynpTaThl HACTOSAIIETO
HCCIICIOBAaHMS IIOKa3aJlM, YTO HWMEHHO CHET 3aJaeT TOJOBOH TPEeH]
aTMocdepHOTo pagranoHHOTO (hoHA.
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H3y4dyeHue BJIUSHMSA CE30HHBIX YCJIOBHI Ha
HaKOIJIEHHWEe XUMHYEeCKHUX 3JIEMEHTOB B
anuPUTHOM MXxe

H.C. Poroga, H.K. Peixakosa, K.M. ['ycBuikuii

Tomckuii nonumexnuueckuti ynusepcumem, 634030, e. Tomck,
np. Jlenuna, 30

kair220597@gmail.com

B Hacrosimiee BpeMsi 3a pyOeXOM IPOBOJSTCS HCCIEAOBAHUS II0
pa3paboTKe METOJIOB «aKTHBHOTO» MOHHTOPHMHIA JUII HAa3€MHBIX BHAOB
MXOB, KOrJa oOpas3lbl MXa OTOMpalOT Ha YHCTHIX YYacTKax M 3aTeM C
MOMOLIBI0  CHEUUAJbHBIX  IMPHUCIOCOOJCHUI  pa3MelmalT HX  Ha
ypOaHM3MPOBaHHBIX  TeppuTOopHax. [lpu peanu3anum  «aKTUBHOTOY»
OMOMOHUTOPUHIA BO3HUKAIOT TPYJHOCTH, CBS3aHHBIE C TEM, 4YTO
KOppEKTHasi OLIEHKa YPOBHS 3arps3HEHHss BO3MOXKHAa TOJBKO IIpH
COXPaHEHHH JKU3HECATSIBHOCTH TPAHCIUIAHTHPOBAHHOTO Mxa [1].

B nanHO#l paboTe paccmaTpuBaeTCs METOAMKA TPaHCIUIAHTAIUU
snudurHoro mxa Pylaisia polyantha, oOuraromme Ha KOpe AepeBHEB.
OOpasipsl, pasMELIEHHbIE Ha JIBYX Y4YacTKa, OCTAaBAJINCh Ha JIEPEBBIX B
TEYEHHE JIETHETO ¥ 3UMHET0 NeprosaoB. [louTn Bce 00pasiipl B KOJIHIECTBE
45 mTyK 3a ISTHAN ¥ 32 3UMHAHN IeproJ (3a UCKITIOUCHUEM 4-X) COXpaHUIN
CBOH TIepBOHAYAJIBHBIN [IBET, YTO MOXKET CBUAETEIHCTBOBATH O COXPAHCHNHT
KHU3HenesTenbHOCTH  MXO0B. CojepkaHMe  XMMHYECKHMX  3JIEMEHTOB
ONpeNesIi  C TOMOIIBI0 HEHTPOHHO-aKTHBAIIMOHHOTO aHajiM3a Ha
uccienoBaresbckoM peakrope TITY.

ConepxaHue MOJOBUHBI XHMHUYECKUX DJIEMEHTOB MO CPAaBHEHHUIO C
JIETHUM TEPUOAOM YBEJIMYWIOCH B 2-3 pa3 3a 3UMHHMU NEpUOJ Ha JBYX
HCCIIEyeMbIX YYacTKaxX, YTO MOXKHO OOBSICHUTH YBEIMYEHHEM BpPEMEHH
9KCTIO3UIMH B 1.5 pa3a W yBelIMUEHHEM TEXHOTCHHOH HArpy3kd B 3UMHHUH
NephoA, CBSI3aHHOH C  OTONMTENbHBIM  ce30HOM. C  TOMOIIBIO
HernapaMeTpU4ecKoro KpuTepus MaHHa-YUTHH TIPOBEIEHO CpaBHEHHE
KOHLEHTPALMH XMMHUYECKUX 3JIEMEHTOB, IIPEBBIMIAONINX (OH, IS KK
TeppuTOpHH. B pesynprare 11 0HOTO ydacTka HaONIOJaroTCsl 3HAYMMBbIE
pazmuumst 3a ce3on s U, Th, Yb, Sb, Co, ns apyroro ygactka — Th, Sr,
As, Rb, Co.
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Study of seasonal impact on accumulation of chemical
elements in epiphyte mosses

N. Rogova, N. Ryzhakova, K. Gusvitskii
Tomsk polytechnic university, 634030, Tomsk, Lenina str. 30
kair220597@gmail.com

Nowadays, studies of developing active biomonitoring methods for soil
moss species are carried out abroad. In this method moss samples are
collected from ecological pure sites and then transplanted into urban
territories on special devices. During realization of active biomonitoring
issues emerge, connected with the fact that the correct assessment of
pollution is possible only if transplanted moss saved its vital functions [1].

In this paper, transplantation method of moss pylasia polyantha, which
inhabits tree bark, was examined. Samples were placed at two sites and
were left on trees during summer and winter period. Nearly all samples in a
quantity of 45 pieces for summer and winter periods (except for 4 samples)
saved their initial color, that may be indicative of saving vital functions.
Content of chemical elements was determine with neutron activation
analysis on research reactor in TPU.

Content of the half of chemical elements increased in 2-3 times in
winter period comparing to those in summer period on two investigated site,
what could be explained by increased in 1.5 times exposition period and
increased impact of the fuel/energy complex in winter period due to heating
season. Comparison of chemical elements concentrations (which exceed
background) for each exposition site was carried out with non-parametric
Mann — Whitney test. As result, there is a significant distinction during the
season for U, Th, Yb, Co for one site and Th, Sr, As, Rb, Co for another
site.
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OneHKa BBIHOCA OPraHUYeCKHX BellLeCTB € 6acceiiHa
p. FaBpuioBKa (3anagHass Cu6upsb)

E.C. Viganosa*? 10.A. XapaH)KeBCKaﬂl'z, JILA. YynuHoBCKas 2

1Cu6upcz<uﬁ HUU cenvcroeo xossiicmea u mopgha - punuan COHILIA PAH,
2. Tomck, yn. I'azapuna, 3
Hayuonanshoiii uccredosamensvckuii Tomcxuil 20CY0apCmeeH bl
yuueepcumem, 2. Tomck, np. Jlenuna, 36

ivanova_e_s@bk.ru

B ycmoBmax BeIcOKOH  3abomoueHHOCTH 3amamHoit  Cubupwm
XMMHYECKHH COCTaB BOJ MHOTHX peK (OPMHUpYETCS MOJ] BIUSIHUEM BBIHOCA
¢ TeppuropHii  OOJOTHBIX  MAacCHBOB  3HAYUTENBHBIX  KOJIHYECTB
OpPraHWYeCKnX BEIIeCTB. BemmunHa BBIHOCA THX BEIIECTB ONpPEIEISETCS
WHTEHCHBHOCTBIO BOJHOTO CTOKa ¢ 00yoT, 3aBuCAmEd OT (assl
BEreTallMOHHOTO  TEpHOAa, THIPOTEPMHYCCKHX W OKUCIHUTEIBHO-
BOCCTaHOBUTEIIbHBIX YCJIOBHH TOp(siHO# 3anexu u tuna Oosor. Llensio
PaboOTHI SIBNISIETCS OlIEHKA BEIHOCA opranuueckux Bemects (C,yr) ¢ Oaccelina
p- 'aBpusioBka.

HccnenoBanus npoBOAWINCH B Tpenenax OacceifHa p. I'aBpuioBKa,
neBobepexkroro npuroka p. Mkca (Cpenssas O0b), OCYIIEHHOTO C IIE€NIBIO
necomenuopanuu. OT6op mpod peuHBIX BOJ Mpom3BoAwmics B mepuos 2008-
2015 rr. B meHTpe moTtoka c¢ riyomHel 20-30 cM B cCIEUaIbHO
HOJArOTOBJIEHHBIE MP0600TOOpHUKK. Onpenenenre Copr BBITONHANOCH B
akkpenuToBaHHOM JlabopaTopHo-aHamutudeckoM HeHTpe CuOHUMCXuT
no Tropuny ¢ ¢oromerpudeckum okxonuanuem (CTIT 0493925-008-93).
W3mepennss  pacxomoB  BOJABl  NPOBOJAMIOCH € NPUMEHEHHEM
rugpomMerpuueckoi  Beptymku [P-21M. BeiHOC ompexpermsicss  Kak
npousBelieHHe KoHIeHTpauuu Copr B BOJAX p. [aBpuIIOBKA Ha pacXoi BOJbIL.

HMccnenosanus nokasanu, 4To BeIHOC C,p ¢ Oaccelina p. I'aBpunoska
3a mepuon 2008-2015 rr. B cpeaneM coctaBisier 79,5 KF/KMZ, 4yTO B 2,3 pasa
NIPEBBIIIAET BBIHOC C €CTECTBEHHBIX Teppuropuil. B  MHorosnernen
nuHamuke Boigenssiores 2011 u 2014 roga, Korga 0TMEYaeTcst MOBBIIICHUE
BeiHOCca 10 104,6 u 145 KT/KM? COOTBETCTBCHHO, KOTOPOE OOBACHICTCS
ONTHMAJIEHBIM TEMIEPaTypHBIM PEKUMOM M 0ojiee BBICOKMMH pacxoJlaMu
BOJIbl. B Teuenue roga makcumyM BeiHOCA C,pe TPUXOAUTCS Ha anpenb U
maid. B menmom 3a mepuon 2008-2015 rr. oTMeyaercs TEHACHLHUSA
yBenu4aeHus BerHoca C,, ¢ 0acceitna p. ['aBpriioBka.

Hccnedosanue evinonneno npu @urancosoii noddepoicke PODU ¢
pamrax Hayunozo npoexma Ne 18-35-00376 mon-a.
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CTaguitHOCTh 06Pa30BaHUS U HAKOIJIEHHUS] OTXO/L0B Ha
cBasikax TKO Ha npuMepe MUKpopaioHa
Kamrak r. ToMmcka

A. E. Karamosa

Hayuonanvnwviii uccneoosamenvcekuii Tomckutl norumexnuieckuil
yrusepcumem, Poccus, 634050, 2. Tomck, np. Jlenuna, 30
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AKTyaJIbHOCTB T€MbI 00YCIIOBJIEHa POCTOM YHCJIA U TUIOMIAJEH CBAIOK
TKO B uepre moceneHHi, ATUTEIBHBIM NEPHOAOM HX CYIIECTBOBAHUSA U
SIPKO BBIPAKEHHBIM HETAaTUBHBIM BIMSHHE Ha OKPY’KAIOIIYIO CPENy.

Llenb ucciienoBaHust — BbIACICHHE CTaNi 00pa30BaHus U HAKOILJICHUS
oTx0710B Ha cBankax TKO Ha mpumepe cBainku B MUKpopaifoHe Kamrak r.
Tomcka.

YCTaHOBIEHO, YTO IO KaTErOpusAM 3€Melb MaKCHMAaJIbHOE YHCIIO
cBaJIoOK TOMCKOH 00JIacTH PacIiofioKEHO Ha 3eMIIIX HACEJICHHBIX ITyHKTOB
(67 %), mo BHOaM COOCTBEHHOCTH — Ha HEpa3TPaHUYCHHBIX 3EMILIX,
MIPUHAIICKAIUX MyHUIHIATUTeTy (0Koso 70 %). DTo XapaKTepHO W A
oObekTa uccienoBaHus. Ero OCOOCHHOCTSMH SIBISIOTCS OBPAarooIacHas
TEPPUTOPHS, TOCTOSHHBIE TI0XKAPHI U 3aIbIMIICHUS BO3/yXa.

AHann3 kocMOCHUMKOB 3a 2005-2017 rofga mo3BOIMI BBIACIUTH TPH
CTaJUM CYIIECTBOBAHMS HECAHKIMOHUPOBAHHOW CBAJIKU: 0Opa3oBaHME,
HaKoIJIeHWe W JuKBUAanus (pexynpTuBanus). Cpalka B MHKpOpaioHe
Kamrak Opima opranuzoBana B 2005 roay B pesynbrare cOpoca OTXOJ0B
HEYCTAaHOBJIEHHBIMH JIMIIAaMH W OTCYTCTBHS  pEryJIsApHON  yOopku
tepputopun. [Inomans cBanku B nepssle rojga cocrabwia 2 000 xB. M. Ha
"Havano 2018 roxga mimomans coctaBuna 16 000 xkB. M. B maHHBII MOMEHT
BeJeTcs cyneOHoe naeno, Hadatoe B sHBape 2018, cormacHo koTopoMmy
AnMuHHCTpanus paiioHa 00s3aHa yCTPaHUTh CBAJIKY.

IIpennoxxeHsl BapuaHThl OYMCTKU 3€MEIBHOTO ydacTKa MOJ, CBaJIKOil:
peKyIbTHBALUS, OUUCTKA TEPPUTOPHH U MPOJaka 3€MENIBHOTO ydacTKa ¢
TOCIIeAYIONIEeH JIMKBUanuel cBanku. Pa3paboTaHbl CUTYaIllMOHHBIN TUIAH U
TEXHOJIOTHYECKAs CXeMa PEKYyIbTHBAIINH CBAJIKH.

Crnmcok JuTepaTypsl

1. 3emenbHbIil KOneke Poccuiickoit @eaeparuu ot 25.10.2001 Ne 136-
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2. Karamosa (Kongpamosa) A. E. Paspaborka MeToauku
MoHuTOpHHra cBaiok TKO ¢  mpuMeHeHHEM  JTUCTaHIIMOHHOTO
3ouaupoBanus 3emin // [IpoOieMbl reoNorud U OCBOCHHUS HEAP: TPYABI
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AHa/NIU3 JUHAMUKHU NMOoC/JIECIIOXKAPHOro
JIECOBOCCTAHOBJ/IECHUA 110 KOCMUY€CKHM CHUMKAM Ha
OCHOB€ KJIETOYHbBIX aBTOMATOB

A.B. Kosanés, H.I'. Mapkos

Hayuonanvnwiii uccneoosamenvekuii Tomckutl noiumexnuieckuil
yrusepcumem, 634050, 2. Tomck, np. Jlenuna, 30

avkovaleov@gmail.com

ITo>kapel HaHOCAT OTPOMHBIN yIepOd JieCHBIM MaccuBaM. Takue nenu
JIECOBOCCTaHOBJICHNUS, KaK ITOBBIIIEHHE POYKTUBHOCTU U Ka4eCTBa JIECOB,
obecrieueHre ONTHMAJIbHOTO MOPOJHOTO COCTaBa W JIp. BBI3BIBAIOT
HEOOXOIMMOCTh ~ MOJAETHPOBAHUS  PA3BUTUS  PACTUTENBHOCTH  HA
TEPPUTOPUAX Trapeil. DTO TMO3BOJMUT  ONPEACTUTh HYXHBIA  THI
JIECOBOCCTaHOBJICHUS Ha Ka)XJOM YYacTKe, a TakKe CKOPOCTh M IUIOLIA/b
pa3zpacTaHus HOBBIX JIECHBIX MacCUBOB [1].

B paboTe ncnosb30BaH METO/ KJIETOYHBIX aBTOMATOB, KOTOPBIN NpH
paboTe ¢ KOCMOCHHMKAaMHM ITO3BOJIIET MOJEINPOBATH COCTOSHHE JIECHBIX
MacCMBOB B BHAE COBOKYHNHOCTH HAa0OpPOB CMEXKHBIX IHKCEJEH,
TIOKPBIBAIOIINX N300pakeHHe.

C nomomrpio si3bIka nporpammupoBanus C# m Omdmmorekn GDAL,
pa3zpaboTaHo  mporpaMMHOe  oOecredeHrne,  KOTOpoe  IO03BOJIAET
MOJIENIMPOBATH MPOIECC JTECOBOCCTAHOBICHHUS TEPPUTOPHIL.

MonenupoBaHue TPOBOAMIOCH HA Pa3HOBPEMEHHBIX JaHHBIX Landsat
3a OJIMHAKOBBIM BereTalMOHHBIM nepuoj. Mcrnonb30Banoch TpU CHUMKA!
JBa JUIS OIICHKHM TEKYLIETOo INPOTEKaHHs JIECOBOCCTAHOBIEHUS M TPETUM
CHUMOK — JTaJIOHHBIH, C LENbI0O CPAaBHEHHs IOJIyYEHHBIX PE3yJIbTaTOB C
(aKTH4YEeCKUMHU. IMukcenu MOJyYEHHOTO n300pakeHus ObLTH
npeoOpa3oBaHbBl HE TOJIBKO Ha OCHOBAaHMM BEpOSTHOCTEH Tepexona
KaXJ0r0 TNHKCEIsl B HOBOE COCTOSHUE Ha CIEAYIOIIUHA BpEeMEHHOH
UHTEpPBAJ, HO M C MOMOINBIO OLEHKHM BIIMSHUS U3MEHEHUS COCETHHX
MUKCeNeN Ha paccMaTpUBaeMbIi [2].

CpaBHHBasI MOJy4eHHOE H300pa’k€HHE C ATAJOHHBIM, CAETAaH BBIBOJ,
YTO aHaNW3 IIpoIecca JIECOBOCCTAHOBICHHUS BBIOJHEH C BBICOKOH
TOYHOCTBIO, @ BEKTOpa O3€JCHEHHS M0 M300paXCHHWIO COBIAJAIOT C
(hakTHIeCKUMHU.
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An analysis of the reforestation dynamics in the
territories of burned-out landscapes based on
cellular automata

A.V. Kovalev, N.G. Markov

National Research Tomsk Polytechnic University,
30, Lenin Avenue, Tomsk, Russia, 634050

avkovaleov@gmail.com

Fires cause enormous damage to forests. Some objectives of
reforestation as increasing the productivity and quality of forests, ensuring
optimal breed composition, etc., necessitate the need of vegetation growth
modeling in the burned areas territories. This will allow us to detect the type
of reforestation at each area, as well as the speed and new forest areas
proliferation [1].

The method of cellular automata (CA) is used. When working with
space images, CA allows to simulate the state of woodlands as a collection
of set of adjacent pixels covering the image.

The software is developed using the C # programming language and
the GDAL library. It allows to simulate the process of territories
reforestation.

Modeling was carried out via different-time Landsat data for the same
vegetation period. Three shots were used: two of them to assess the current
process of reforestation and the third one (a reference one), in order to
compare the results with the actual ones. The resulting image pixels were
obtained not only by probabilities of transition of each pixel to a new state
for the next time interval calculation, but also by the estimating of influence
of neighboring pixels changing on the considered one [2].

Comparison the resulting image with the reference one had led to the
conclusion that the analysis of the reforestation process is carried out with
high accuracy, and the vectors of forest propagation along the image
coincide with the reference ones.
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I/IBY‘IGHI/IG AUHAMHKHU HAKOIIVIEHUA XUMHUYE€CKHUX
3JIEMEHTOB MXdMU-TPAHCIIJIAHTATAMH

E.A. Konorosa, H.C. Porosa, H.K. PrixakoBa
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np. Jlenuna, 30
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«AKTHBHBII» MOHUTOPHUHI C TOMOINBIO OHOWHIUKATOPOB SIBISCTCS
aKTyaJlbHBIM HAaIllpaBlIcHHEM wWccienoBaHmit. O030p JHUTEpaTypsl IO
AKTUBHOMY OMOMOHHTOPHHTY TOKAa3bIBacT, YTO HET SAMHON METOIOJIOTHH
[0 TIPOBEJICHHUIO TAKMX HCCIICIOBAHUIA, B TOM YHCIE MO BBIOOPY BPEeMEHU
skcno3unmu [1].

B nmamnO#i pabore paccMarpuBaeTCs ~JWHAMHAKA ~ HAKOIUICHHS
XMMHUYECKHX JJIEMEHTOB OJMHU(GUTHBIM MXOM-TpaHcIiuiaHTatoM Pylaisia
polyantha B 3aBucuMocTH oT BpeMeHu. [l TpaHCIIAHTALMK MXOB Ha JIBE
HCClelyeMble TEPPUTOPUH OBLTU M3TOTOBJICHBI IaHIEThl. O0pa3ipl Mxa
coOupanu Kaxaplil Mecsll ¢ Mo 1o OKTsA0ph. ConepkaHne XMMHYECKHX
9JIEMEHTOB OIIPEJIEIISUIN C TIOMOIIBI0 HEHTPOHHO-aKTHBALMOHHOTO aHaJn3a
Ha uccliefjoBatenbckoM peakrope TIIY.

TeHmeHNHs K YBEIWYCHHIO KOHIICHTPAIMA C YBEIMYCHHEM BpPEMCHH
9KCIO3UIMY MpociexuBaeTcs i snemenros Sm, Ce, Cr, Yb, Hf, Fe, Zn,
Sc, La. JlaHHYIO0 3aBHCHMOCTH MOXHO HaONIONATh TOJBKO IJII MXOB,
KOTOpBIE pacIojiaraluCh Ha KPYTOM CKIIOHE OKOJIO Joporu. Ha mpyrom
yYacTKe, TJ¢ MXH TPAHCIUIAHTUPOBAIM HAa JIEPEBbs, PACIIONIOKCHHBIC Ha
MOJIOTOM ~ YYacTKe, psAl DJIEMEHTOB, Y KOTOPBIX KOHICHTPAIUU
VBEJNYMBAIOTCSA CO BpeMeHeM, ropasmo Menbine. Tombko it Ce u Hf
MPOCJICKHUBACTCS IMHAMUKA B HAKOTICHUH.

s Ba, Sr m Ca mpociiexxuBaeT yMEHBIICHHE KOHIEHTpAIui CO
BpPEMEHEM, YTO BO3MOXKHO CBSI3aHO C BHIMBIBAHHEM DTHX JJIEMEHTOB.

Paznuuune B KOJMYECTBE IIEMEHTOB Ha Pa3HbIX Y4acTKaXx, JJIsi KOTOPBIX
MPOCIIC)KUBACTCSI TUHAMHUKA B HAKOIUICHHHM CO BpPEMCHEM, MOXHO
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0oOBsSICHUTH ~ paszHuLedl  nmaHmmadgToB H  yMeHblIeHWeM  dddekra
9KpaHUPOBAHUS KPOHOU JIMCTBEHHBIX ICPEBbEB HA KPYTOM CKIIOHE.
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Study of the dynamics of the accumulation of chemical
elements by moss-transplants

E.A. Kolotova, N.S. Rogova, N.K. Ryzhakova
Tomsk Polytechnic University, Tomsk, 634030, Lenin 30
Fentazi.Drakon@mail.ru

"Active" monitoring with the help of bioindicators is an actual area of
research. A review of the literature on active biomonitoring shows that there
is no single methodology for conducting such studies, including the choice
of exposure time [1].

In this paper, the dynamics of the accumulation of chemical elements
by the epiphytic moss-transplant Pylaisia polyantha is considered depending
on the time. For the transplantation of moss into two investigated areas,
frameworks were made. Moss samples were collected every month from
July to October. The content of the chemical elements was determined by
neutron activation analysis on a TPU research reactor.

The tendency to increase in concentrations with increasing exposure
time is traced for elements Sm, Ce, Cr, Yb, Hf, Fe, Zn, Sc, La. This
dependence can be observed only for mosses, which were located on a steep
slope near the road. On another site, where mosses were transplanted to
trees located on a mild slope, a number of elements whose concentrations
increase with time are much smaller. Only for Ce and Hf is the dynamics in
accumulation observed.

For Ba, Sr, and Ca, the concentration decreases with time, which is
probably due to the washout of these elements.

The difference in the number of elements in the different areas, which
can be traced in the dynamics of accumulation over time can be explained
by the difference of landscapes and reducing the effect of shielding the
crown of deciduous trees on a steep slope.
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CBsI3b MEXAY A0XKJEBbIMHU O0CaAKAaMHU U
aHOMaJ/IbHBIMU BCIJIECKAMU MOLIHOCTH J03bl
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MOHUTOPHHT PaAuaIMOHHOTO ¢dona MIPOU3BOJIAT Kak
rocyiapcTBeHHbIe opraHuzanuu ¢ wucnonb3oBanueM EIACKPO, tak u
Hay4HBbIC KOJUICKTHBEL. AHOMAJINH B raMMa-(oHe HCCIEeIyIOT Ha IpeIMeT
BO3HMKHOBEHHS paJMallMOHHOTO TEXHOTCHHOro 3arps3HeHus. OnHako,
aHOMaJbHBIE M3MEHEHWss raMMma-()oHa MOTyT OBITh BBI3BaHBl U
TIPUPOJHBIMH SIBICHUSIMH, KaK HaIllpuMep, OOBIYHBIM AOXKAEM. JTOT (akT
N3BECTEH YK€ Ha MPOTSHKEHUH TIOCIIeTHETO AecsaTwieTHs. TeM He MeHee, He
JI0 KOHIIa HMCCIIEZI0BaHAa CBSA3b MEXy BEIIMUYMHOM aHOMAJIBbHOTO BCIUIECKA
MOIIHOCTH JI03Bl Y-M3Iy4eHHs BO BpPEMsS OCAJKOB M XapaKTepHUCTHKAMU
JIOXKJIEBBIX OCAJIKOB.

B pamkax wuccinenoBaHus OBUIO TIPOM3BEICHO MOJCIHUPOBAHHE
MIPOCTPAHCTBEHHON (B BEPTUKAIbHOM HANpPaBICHWH) W BPEMEHHOMN
JUHAMUKHA MOIIHOCTH JO3BI Y-M3JIy4eHHs, (GopMHpyeMOH B IpHU3EeMHON
atMocepe  BBIMBIBAEMBIMH  JIOXKJIEM Ha  3€MHYI0  IOBEPXHOCTb
KOPOTKOXHBYIIIMMHU JOYEPHUMHU HPOAYKTAMH paclaja pajoHa U TOPOHA.
IIpousBeneH aHanu3 3aBUCUMOCTU MOILMHOCTH [J03bl Y-U3IY4E€HUS OT
BBICOTHI JOXKAEBBIX OOJAKOB, INIOTHOCTH W TYpOYJICHTHOCTH aTMoc(ephl.
Jdnst 3TOr0 OBUIM pacCUMTaHBl paclpeesieHUus] 0 BBICOTE 00bEMHOM
AaKTUBHOCTH KOPOTKOXXMBYIIMX JOYEPHHX INPOAYKTOB paclaja pajoHa U
TOPOHA IPU PA3TMIHBIX COCTOSHUSIX aTMOCHEPHI.

[IpoBeneHa oneHka BKJIQJIOB KaXI0TO aTMOC(EPHOTO PagHoOHYKINAA B
CyMMapHyI0 MOIIHOCTb  JI03Bl IPH  Pa3NUYHBIX  KOX(PPHUIHEHTAX
TypOyneHTHOH TudQy3un U BEICOTH HIKHEH KPOMKH JIOXKIEBBIX 0OJIAKOB.
BrIsgBIeHBl paiMOHYKIHIBI, BHOCAIINE OCHOBHOW BKJIAJ B aHOMAJBHBIN
BCIIECK aTMOc(hepHOro y-(hoHa.
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HcnoJsib30BaHUe CKPHHHHTOBBIX METOA0B AJIA
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Hayuonanvnwiii uccnedosamenvcekuii Tomcekutl noiumexnudeckul
yuueepcumem, 634050, 2. Tomck, np. Jlenuna, 30

kipariz@bk.ru

OCHOBHOW  HENBIO  JKOJOTMYECKOTO  MOHHTOPHHIA  SIBIISIETCS
HaOJIOZICHUE 3a COCTOSHHEM OKPYXKAIOIIEH cpenpl M NMpeaylpekAcHHE O
KPUTHYECKUX CHUTYAIMAX, BPEIHBIX WIN OMACHBIX IS 37J0POBbBS JIOACH U
JPYTHX >KUBBIX OPraHU3MOB. Pa3BUTHE CHCTEM MOHHUTOPHHIA COCTOSHUS
00BEKTOB rugpocgeps TECHO CBSI3aHO c BHEJIPEHUEM
ABTOMATU3UPOBAHHBIX METOAO0B, COBCPIHICHCTBOBAHUEM MeTO}IOJ’IOFH‘leCKOﬁ
u HH)KCHepHO-TeXHH‘IeCKOﬁ 68.3 A4 pCIICHHUA KaK HAay4YHBIX, TaK U
NPUKJIaJHBIX 3a1a4.

B »skxonornueckom MOHUTOPUHIC TPUPOAHBIX BOJ Hpe€aIaracrcsa
HUCIIOJIB30BATh CKpHHHHFOBbII)i METOA, HaHpaBHeHHI)Iﬁ Ha BbIIBJIICHHUC
NPEBBIIICHHS 3a/laHHOTO 3HAYCHUs OIpPEAEIIeMOro mnapamerpa oObeKTa
okpyxatomieii cpeapl. Ilpm pe3koM U3MEHEHHHM (PH3NKH-XUMHUYECKUX
rapaMeTpoB  HCCIENyeMOro  OoOBeKTa  3arps3HeHHe  (UKCHPYeTCs
aBTOMaTHYECKUM OTOOpPOM Ipo0, a JeTaIbHOE HCCIEOBAaHHUE €r0 NPHYNH
MOXeT OBITh TPOM3BEACHO IIyT€M aHauu3a JaHHBIX, IOJYYEHHBIX
JUCTAHIIMOHHO, a TaKXe IIyTeM JOMOJHHUTEIBHOTO  HCCIIETOBAHUS
0TOOpaHHBIX MPOO B TabopaTopuu.

Hcnonp3oBanue CKPUHUHI'OBBIX MCTOOO0B JUIA 9KOJIOTHYCCKOI'O
MOHUTOPHHI'a 00BEKTOB TUAPOChEPHI TO3BOJIUT:

— T0JIy4aThb AJOCTOBEPHBIC NAHHBIC O COCTOSIHUH BOJHBIX 00BEKTOB

B PEKHME PEaTbHOTO BPEMEHH;

— NPOBOAMTL aHAJIM3 AAaHHBIX O COCTOAHWU BOIHBIX 00BEKTOB 3a
OTIpEJCTICHHBIN TEepHOJ, ONPEASNATh NPUYMHBI 3arpsA3HEHUS U
(axTopHI, BIUSIONINE HA €T0 PacpOCTPAHEHNE;

— Jlenarh MPOTHO3 O COCTOSTHUM BOJHBIX OOBEKTOB (110 Ce30HaM, 10 U
TI0CJIE Pa3INYHBIX UHIUICHTOB U T.JI.).

I[loMmumo  mpouero, NpPaKTHYECKOE 3HAUYCHHWE  MCIOJIB30BAHUS
CKpPMHHMHIAa B CHCTEME TI'OCYIAApPCTBEHHOI'O JKOJOI'MYECKOI0 MOHHUTOPWHTA
COCTOMT B BO3MOXXHOCTH (DaKTHUECKOTO IOJITBEPKIACHUS HAPYIICHUSI
HOpPMAaTHBOB KadecTBa BOJHOTO OOBEKTa 3a cUeT (UKCAIMH MPOOBI
3arpsi3HEHHOW  Boxabl. Ui IpUpPOJOINOINIB30BATENEH  HUCIIOJIb30BaHUE
CKPHHHTA — BO3MOXKHOCTH ITIOJIyY€HHs ONIepaTHBHOM MH(pOpMAannu, paHHen
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JIMKBUJALWK 3arpsA3HEHHUs M MUHHMU3AIMH HAHECEHHOTO HKOJOTHYECKOTo
yiepboa.
CHHCOK JUTepaTypshl

1. CkpHHUHTOBBIE KOHTPOJHh OOBEKTOB TUApochepsl A BBIABICHUS
aBapuiHBIX HePTAHBIX pasznuBoB /A.M. Jlemosckast [u mp.] / UsBectus
TOMCKOTr0 HOJIMTEXHUYECKOTO YHUBEPCUTETa. H)KUHUPHHT TeopecypcoB —
2016. - T.327. - Ne 9. — C. 29-38.

KoHTpoJ1b 3arpsA3HeHri Bo3Ayxa pa6oyeu 30HbI
pa6o4YMX MeCT CBapIIUKOB C HCII0/Ib30BaHUEM
YIPOLIEHHbIX METOAUK MOATOTOBKHU MPOG CBAPOYHBIX
a3p030Jied ¥ NPOCTbIX UHCTPYMEHTAIbHbBIX
MeTOA0B aHAJ/IN3a

O.B. KyzHeI;OBal, C.B. POMaHeHKOZ, n.C. AHTI/IHGHKOZ, A.H. I<y3HeLIOBal

1Hp1<ymc1<uﬁ HAYUOHANbHBII UCCIe008AMENbCKUL MEXHUYeCKUL
yHueepcumem, 664074, 2. Upxymck, ya. Jlepmonmosa, 83
2 Tomekuti nonumexnuueckuii yuueepcumem, 634050, e. Tomck,
np. Jlenuna, 30

olvliku20@mail.ru

CBapouHble a3p030JIH, COAEPKALIUE CIOXKHYI CMECh TOKCHYHBIX
COCIUHEHUH,  CUYMTAIOTCS  BBICOKONPHOPUTETHBIMH  JUIi  OLEHKHU
podeCCHOHANBHBIX PUCKOB paOOThI CBAPIINKOB.

HauGonpmmii puck JUIs BO3HMKHOBEHHS HapyLIEHUH 3JI0POBBS
MpeICTaBIsIeT TBepAas CocTaBisitomas cBapodHoro a3posois (TCCA),
KOTOpasi COICPXKHUT TsDKeIble MeTaiuibl. OTOop mpod AJst KOHTPOIIS cocTaBa
TCCA B COOTBETCTBHH C PEKOMEHIALMAMH OT€YECTBEHHOTO HOPMAaTHBHOIO
nokymenta MY 4945-88 [1] ocymiecTBisiercsi myTeM MPOKaYHdBaHUS
OTIpeJIeTICHHOT0 00BbeMa BO3/yXa Yepe3 acnupanuoHHblil GpuibTp. Cinenyet
OTMETHUTB, YTO OTOOPAaHHBIE a9PO30JIH OKA3BIBAIOTCS MPOYHO CBA3aHHBIMU C
MaTepuaJoM (HIBTPa, YTO BIMAET HAa XOJ aHaJM3a. JTO BIHSHHE MMEET
JBOWCTBEHHBIM XapakTep: ¢ OAHOI CTOPOHBI, B CAMOM MaTepuayie GpuiabTpa
COJEprKaTCs HIIEMEHTBI, MOJISKAIIIE ONPENEICHUIO B a3P030IIsIX, C APYroi
— npeobiafaoiias OpraHudecKas COCTABIIIONIAs BHOCUT JOMOIHUTEIbHBIE
OCIIO)KHEHHSI B Xoja aHamu3a. [losTomy st ydera cocraBa (uibTpa
UCTIONB3YIOT XOJOCTYI0 Tpody. OO0BEM BO3myxa, NMPOTATMBACMBIA depes
(GUIBTP, MOJDKEH COOTBETCTBOBATH O0BEMY, B/IBIXaEMOMY UEIIOBEKOM IIPH
OOBIYHBIX yCIIOBHSX.
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B oredecTBeHHO!  aHANUTHYECKOHW NPAKTHKE PEKOMEHIYIOTCS
METOJVKH aHalli3a, OCHOBAaHHBIC HAa WCIOJH30BAHUM METOJIOB AaTOMHO-
a0copOIMOHHOTO, (POTOMETPHUUECKOTO M 3JIEKTPOXMMHUYECCKOTO aHaM3a.
Jns  cTaHOapTHU3UPOBAHHBIX ~ METOAWK  aTOMHO-a0COpOIIMOHHOTO U
ANEKTPOXUMHYECKOTO aHaM3a MOTPEIIHOCTh OIpPEIeNICHHs] SIEMEHTOB
cormacio HJI we mpesbmmaer (% otH.) + 20; mms QoromeTpuuecKux
Meromuk oT = 10 go + 25 B 3aBucumoctu oT 3nemenrta [1]. Crmemyer
OTMETUTh, YTO (OTOMETPHUYECKUE U OIJIEKTPOXUMHUYECKHUE METOJIUKU
NPeAyCMaTPUBAIOT CTaJUIO IPEIBAPUTENBHON IOArOTOBKM Marepuaia
Hp06, 4YTO ACJIaCT aHaJIM3 C NMOMOIIBIO YKa3aHHBIX METOAUK IJIUTCIbHBIM,
TPYILOEMKHUM, ¥ HEPEIKO HAOJIONAIOTCS IIOTEPU OIPENeieMbIX JIEMEHTOB
Ha 3Tamne TMOATOTOBKU MPo0 K aHaiu3y. MeToj aTOMHO-aOCOpPOIMOHHOIO
aHamM3a TpPH TPOCTOTE MOATOTOBKE TMpoO  TpedyeT  CI0KHOTO
JOPOTOCTOSIIECTO 000PYAOBAHHS, UTO 3aTPYIHSET IKCIIPECCHOE TIPOBEICHIE
aHaM3a Ha pad0YMX MeCTax yOal€HHBIX OT JJa0OpaTopHii.

[IpemnokeHo HCMONB30BAaTh YIPOUMIEHHYIO TIOATOTOBKY TPOO K
HCCIICOBAHUIO C TIOMOIIBIO CMECei CONSTHOM W IIABHKOBBIX KHACIOT. Takas
CMeECh IO3BOJISCT MOJTHOCTBIO U3BJICYh M3 MaTepHalia IPo0 HOHBI TSKEIBIX
METaJJIOB, B TOM YHCJIe Kelle3a U MapraHua, 0e3 TepMUUeCKoi 00paboTKH 1
CJIOHBIX CTaJIUH MOATOTOBKH MPOO.

Kenezo B MPUCYTCTBUU (hTOopHA-NOHOB CTaHOBUTCS
3IEKTPOXMMHUYECKUA-HEAKTUBHBIM, YTO 3aTPYIHSACT €ro OmnpeiecHue
AJIEKTPOXUMHUYECKUM CIoco0oM. Onnako HW3BECTHO, 49TOo

cyibdocanuuuiaoBas KMCIOTa B NMPUCYTCTBHUH (DTOPHUI-MOHOB 00pasyer ¢
MOHAMH  JKeJe3a  TPEXBAJIEHTHOTO  CIOXKHBIM  CyibQocamumuiaTHo-
(TOPUIHBIN KOMIIIEKC JKENTOTO [BETA.

[IpennoxeHo ompenesaTh COAEp)KaHHWE >Kelle3a MO HHTEHCHBHOCTH
TIOTJIOIIEHHS B 00JIACTH CIIEKTPa COOTBETCTBYIOIICH YIbTpadHoIeTOBOMY 1
cuHeMy 1BeraM. ['paxynpoBouHBIH TpaduK MNpPEATOKEHO CTPOUTH Ha
OCHOBE MOJIETIFHBIX PAacTBOPOB C M3BECTHBIM COJEpKaHHEM XKeje3a U
(OHOBBIM  PAacTBOPOM  cojepXamuM  (TOPUA-HOHBI W HOHBI
Cynb(OCANUIMIIOBOH  KHUCIOTBI B ONPEAENEHHBIX  IPOTOPIHIX.
YCTaHOBIIEHO, YTO MeEIIAlOIIee BIMSHHE OKA3BIBAlIOT HMOHBI METAIJIOB,
COCTaBIIAIONINX JISTHPYIOTHE J0OABKH: XpOM, MapraHel], HUKEINb.

OTMEUYeHO, YTO ONPEACICHHE MOHOB MapTraHIa 3JIEKTPOXMMHUYECKIM
METOJIOM B IIPUCYTCTBUH (PTOPUA-UOHOB HE BBI3BIBACT CIIOKHOCTEH.

PazpaboTtanHas MeTOIMKa MO3BOJISAET ONPENEISATh COJep)KaHHE HOHOB
’KeJe3a M MapraHiia B CBAPOYHBIX adpo30JIsiX 0e3 MCIOIb30BaHUS CIIOMKHBIX
YCTPOWCTB M CTaauil IIOATOTOBKM Tpo0, a TakkKe YMEHBLIUTh
cUCTEeMaTHYeCKHEe OTPENIHOCTH IPH MUHUMYME MaHHUIYJIALUHA orneparopa.
[MpeuMymiecTBOM JaHHOHW METOAMKH  SIBISICTCS  CO3JaHHE CHCTEMBI
9KCIIpECC-aHalN3a P aTTECTALMH PAaO0YNX MECT CBapIIUKA.
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CHnHCOK TUTepaTypsl

1. MY 4945-88. Meronudeckne ykazaHUS IO OIPEACIICHHIO BPEIHBIX
BEIIECTB B CBapOYHOM a’posone (TBepmas ¢aza u raser). — M.: MII
«Papor», 1992. — 112 c.

YucseHHbIA AaHAJIM3 PacIPOCTPaHEeHUs NIpuMeceu OT
BbICOTHBIX TPy6 T3],

A A. HC)I(eHI/IHl, B. . PanyTal, T. B. }IpocnaBueBa2

YUnemumym evruuciumensnoti mamemamuxu u mamemamuyeckoii
eeousurxu CO PAH, Poccus, 630090, 2. Hosocubupck, np. Akademuxa
Jlaspenmvesa, 6
*OFYH Hoeocubupcruit HUU cueuenvt @edepanvhoui cysicovl no HA030py 6
chepe 3auumol npas nompebumenei u brazononyyus weirosexa, 630108,
Poccus, 2. Hosocubupck, yn. I[lapxomenxo, 7

! lezhenin@ommfao.sscc.ru, 2 tani-ta@list.ru

BeprtukanbHas CTpyKTypa I0JIs BETpa OKa3bIBacT OOJIBIIOE BIMSHUE Ha
pacmpocTpaHeHHEe 3arpsA3HSIONINX MpuUMecedl oT BBICOTHRIX TpyO TOI[. B
aTMoc(epHOM IorpaHndHOM cioe cuia Kopuonuca obecrniednBaeT mpaBbli
MIOBOPOT BEeTpa C BBICOTOH, YTO HEOOXOAMMO YUYHUTHIBATH B IIPOILECCAX
IepeHoca ABIMOBBIX BEIOpOCcoB [1].

B nokmame obcykmaroTcs pe3ysibTaThl MOHMTOPHHTA M YHCIEHHOTO
aHajmM3a 3arps3HCHUsT CHEXHOrO IIOKpoBa B OKpectHOCcTax TOI[ - 3
r. bapuayna. [lpennoxxena u anpoOupoBaHa MOJENb PEKOHCTPYKIIUHU MOJIeH
ITOBEPXHOCTHOW KOHIIEHTpAallM{ MpHUMecel 1Mo JaHHbIM HabmroxeHwuil. Jlms
pacueTa TONA BeTpa HCMOJNB30BaHA THUAPOJUHAMUYECKAs MOJEINb,
OCHOBaHHAas Ha PELICHWHM YyPaBHEHUH IIOTPAHUYHOTO CJIOS aTMOC(EphI.
[lomyyeno  BHONHE  YAOBIETBOPUTEINBHOE  COMJIACHE  PE3yNIbTaTOB
YHUCIIEHHOTO  MOJCNMPOBAaHUS W  JaHHBIX HaOmoxeHuid. [loxazaHa
HEOOXOAMMOCTb Y4eTa CBEJCHHUI O IMOBTOPSIEMOCTH HAIIPABIEHUH BETpPa BO
BCEM CJIO€ PACHPOCTPaHEHUs MpuMecH. M3 ImpoBeAeHHBIX HUCCIEeN0BaHUMN
BBITEKAET, 4YTO B 3UMHMH MEpPHOA BPEMEHH JOMHHHUPYIOIIMHA BBIHOC
3arpA3HAOLIINX MPUMECEd MPOUCXOAUT B CTOPOHY ropoja, UYTO yKa3blBaeT
Ha HEyJa4YHOe pa3MelleHne mnpomriomankd TOIl m B KOHEYHOM HTOTE
MIPUBOANT K 3aMETHOMY [OTOJIHHUTEIHFHOMY 3arps3HEHHIO aTMOC(eps
r. bapnayua.

Paboma evinoanena npu noooepocke PDODPU (epanm Ne [7-47-
540342) u 2oczaoanus HBMuMI” CO PAH (npoexm 0315-2016-0009).
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CHHCOK TUTepaTypsl

1. Panyra B. @., lllneukoB B. A., Jlexxenun A. A., Pomano A. H.,
Spocnasuesa T. B. / Ontuka atmocgeps u okeana. 2014. T. 27. Ne 08. C.
713-718.

YucieHHOe UCCIe0BaHMe a3POAMCIIePCHOI cpe/bl
JIA JMArHOCTHKM 3arps3HeHuit

B. B. JIockyToB

Hayuonanvhwiii uccnedosamenvckutl Tomckutl noaumexHu4eckul
yrusepcumem, 634050, Poccus, 2. Tomck, np. Jlenuna, 30

deonold@gmail.com

3arpsizHeHUst aTMOC(epbl AaHTPOIIOTEHHOTO POUCXOXKACHHS TIPUBOJISIT
K TryOMTeTbHOMY  BO3JCHCTBHIO HAa  OKPYXAIOMIyl0  Ccpeay H
KI3HEIEATETPHOCTh dYelnoBeka. OTCofa BO3HHKAaeT HEOOXOIUMOCTh B
MOHHUTOPHHTE TOPOJICKUAX M IPOMBIIUICHHBIX PErHOHOB U OOHAPYKCHUS
HCTOYHHKOB  3arps3HeHms. Jma  u3ydeHus  aTMocepbl  IIHPOKO
MIPUMEHSIOTCSI ONTHYECKUE METOIBI — TaKue, KaK JIMAapHOEe 30HAUPOBAHHE.
Ontrdyeckne METOABl OCHOBAaHBI Ha OMNpPENCICHHH  XapaKTePUCTHK
U3Iy4eHus, TpaHC(HOPMHUPOBAHHOTO CPENON W TO3BOJSIOT YCTAHOBUTH €&
npoucxoxaenue [1].

B paGote mpexacraBneHa (¢u3MKO-MaTeMaTHUeCKash MOJENb MHOTO-
KOMITOHEHTHON Ta30B0-adpO30JIbHON Cpeibl Ui pacu€ra oclabiieHus u
MMpONyCKaHud H3JIYYCHUSI BUAUMOTO H UK JAUarra3OHOB JJIMH BOJIH.
PaspaboTaH mporpaMMHBEIH ~ KOMIUIEKC, Ui  pacd€Ta ONTHYECKHX
XapaKTepUCTHK YACTHIAMHU HECTaHAAPTHHIX (opM (Takux, KaK 3IUIHIICH,
arperatsl cep u Ap.), UCIIOMB3YIOMINI METO]] TUCKPETHBIX TUITONCH.

[IpoBeneH 4YHCIIEHHBIN OSKCHEPUMEHT IO pacyery ocialieHus Hu
MPOIYCKaHUs JIy9UCTON 3HEepruu. PaccMoTpeHa a’poamcriepcHas cpena,
OCHOBHBIMH KOMIIOHCHTAMH KOTOPOH SIBIISICTCS BOJISHOW Iap, YaCTHIIBI
CaXXM M NPOAYKTHl cropasus. IIpomymocTpupoBaHbl CHEKTPAJIbHBIE
0COOEHHOCTH Cpelbl MPH Pa3lIuIHBIX MUKPO(DH3UYECKHX W ONTHYECKHUX
nmapaMeTpax 4aCTHIl. BI)I}IGJ'IGHH JUamna3oHbl JJIMH BOJIH, I'AC B Han6om)me171
MEPEC MPOABJIAIOTCA CEJIEKTUBHOCTD TE€X MJIM MHBIX KOMIIOHCHT.

Crnmcok JauTepaTypsbl

1. Voitsekhovskaya O. K., Egorov O. V., Kashirskii D. E., Shefer O.V.
“Numerical simulation of infrared radiation absorption for diagnostics of
gas-aerosol medium by remote sensing data”. // Proceedings of SPIE 96980.
2015. C. 968054-1-968054-5.
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HctoyHuk TT'y u3ayyeHusa AJ1 CUCTEM
MOHHUTOPHHIa aTMOC(ephl

. M. ﬂy6eHK01, B. @. HoceBl, . M. E)KOBZ, B. A. CBeT/IMYHBIA’,
10. M. AHI[peeB3

lHHcmumym cunvromounou snexkmponuxku CO PAH,
np. Akademuneckuti, 213, 2. Tomcxk, 634055, Poccus
2Cu6upc:<ud @usuxo-mexuuyeckuil uncmumym Tomckozo
eocyoapemeentozo yHueepcumema, ni. Hosocobopnas, 1, 634050,
2. Tomck, Poccus
S Unemumym MOHUMOPUH2A KIUMAMUYECKUX U IKONOSULECKUX CUCTEM
CO PAH, np. Axademuueckuti, 10/3, 2. Tomck, 634055, Poccus

lubenkodm@gmail.com

TI'm obmacTs cmekTpa OYEeHb NPHBICKATENbHA U HMCCIIETOBAHUS
OKpyXaromiel aTMocdepbl B CHITy HAJIMYHUSI OKOH IPO3PavyHOCTH, HICATHHO
W30JIMPOBAHHBIX BpallaTeJIbHBIX JIMHUKM MOTJIOMIEHHUs TIa30B, CJ1aboro
TIOTJIOIICHHS MBUICBBIMH a3pPO30JISIMH, @ TAK)XK€ PACCEsHHs a’po30JIsIMHU U
ocagkamu. C JApyroil CTOpPOHBI, CO3J4aHHE CHUCTEM MOHHTOPHHIA,
MO3BOJISIIOIUX BECTH KOHTPOJIb COJAEPKAHHUS MAaJIbIX I'a30BBIX KOMIOHEHT
aTrMoc(epbl, HEOOXOMMO HUMETh U3MEPHUTENIbHBIE TPACChl KUIOMETPOBOI
JUIMHBI, 9TO TpeOyeT pa3pabOTKH MOIIHBIX KOMIAKTHBIX (MOOHMIBHBIX)
HCTOYHUKOB M3nydeHus auvanazona 0,1-0,5 TI'm [1]. 3meck orcyrcTByeT
TIOTJIOIIEHHE TTapaMH BOJIBI.

B nanHOlt cratee cooOmaercs O pa3paboOTKe HEOOXOANMOro
ncrounnka TI'I wM3mydeHWs IC auana3oHa JUIMTENIHHOCTEH Ha OCHOBE
meramios (Au, Pt, Pd, Ag, Cu, Zn, Ta, Ti, Ni, TiNi u T.1.) ¢ KacareapHOI
HakaykoW P-monspusoBanHbiM u3nydenuem ¢c Ti:Sapphire masepHoi
cucremsr ICO CO PAH «Ctapt-480M» (ABecta, Poccust): 950 um, 50-60
¢c, <20 m/Ix, gactoTta cienoBanus umiynbcoB 10 I'm. YcraHoBneHO, 9TO
3¢ PEKTUBHOCTh FeHEPAIMU MPONOPIHOHATIBHA POBOJAUMOCTA METAJUIOB H
npesbliiiaeT 3pPEKTUBHOCTh T'eHEepalny B IJIa3Me Bo31yxa. B To Bpemst Kak
AU nomyckaet rerepanuio csime 20000 mMITyIscOB 6€3 3aMETHOTO crana
3¢ GeKTHBHOCTH (HECMOTPS Ha 3aMEeTHBIN 3 GeKT abyaun Ha TIIyOuHy 10
100 mxm), Cu nemoHCTpupyeT ObicTpoe (MeHee, 4YeM 3a MHHYTY)
oOpazoBaHHe HUTpPHIA MeEJIM Ha TOBEPXHOCTH M PE3KHH  craj
3¢ PEeKTUBHOCTH reHepayy. [IpuBouTest onMcaHnue Ipyrux pe3ysnbTaToB.

CnucoK JuTepaTypsl

1. Stepanov A. G., Henin S., Petit Y., Bonacina L., Kasparian J., Wolf
J.-P. / Applied Physics B. 2010. Volume 101. Issue 1-2. P. 11-14.
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l'eosko/10oru4ecKuii MOHUTOPUHT TEPPUTOPUH
r. Tomcka c npuMeHeHUeM GeCrUI0THbIX
JleTaTeJ/IbHbIX aNnapaToB

E.E. JTanuua® 2, J.C. PakoB” 2, M. A. MypI/IH2

lHHcmumym MOHUMOPUH2A KIUMAMUYLECKUX U IKOJIO2UYECKUX CUCTHEM
CO PAH, 634055, 2. Tomck, np. Axademuueckuii, 10/3
2Hauu0Haﬂben7 uccredosamenvekuti Tomckutl noaumexHudeckuil
yuusepcumem, 634050, e. Tomck, yn. Jlenuna, 30

eeldv@mail.ru, rds@tpu.ru, murinma@tpu.ru

I'opon Tomck - KpyHHBIM IPOMBIIUICHHBIM LEHTP, XapaKTepHu-
3YIOIIMACS AEATENBHOCTRIO MPEANPUSATHH, SBISIOUINXCS TOTEHIUAIBHBIMU
HCTOYHUKAMHU MOCTYIUIEHHS B OKPY)KAIOLIYI0 Cpely LIMPOKOro CIEKTpa
XMMHUYECKHX 3JIEMEHTOB, TOATOMY 3aJadyd OOecHeueHHs 3KOJIOTMYEeCcKOi
0e30macHOCTH  SABIAIOTC  akTyaldbHeIMH [1, 2]. CymectBylomue Ha
CETOAHAIIHUN [€Hb CTAallMOHAPHBIE MOCTBI KOHTPONA 33 COCTOSHHEM
aTMoc(epHOro Bosayxa I. TOMCKa MMEIOT psii OTpaHWYEHHH, TaKuX Kak
OTCYTCTBHE MOOMIBHOCTH, M KaK CJICACTBHE HEMOJHBIH 0XBaT TEPPUTOPUH
ropojia, TaKK€ OrPaHMYEHHOE 4YHCIO OMNpPEJeNsieMbIX KOMIIOHEHTOB, a
TaKKe HE IMO3BOJIIOT MOTydaTh HHPOPMANHUIO O BEICOTHOM PAcCIpeelICHUN
yYpOBHA 3arpsi3sHeHHMs B arMocepe. J[lpyrme cmocoObl  KOHTPOISA
OKpyKarollel cpeibl TpeOYIOT HEMOCPEICTBEHHOTO y4acTusl 4elI0BeKa, YTOo
HaKJagbIBaeT JOMOJHUTENbHBIE TPeOOBaHUS Ha paHOHBI TNPOBEICHUS
3amepoB. Pa3BuTue OECHMIIOTHBIX JETaTENbHBIX alMapaToB CaMOJIETHOTO
WIA MYJIBTHPOTOPHOTO THIIA, ITO3BOJISET PACIIMPUTH TPAHUIIBI PEIICHUST
3a7a4  JKOJOTMYEeCKOH Oe30IacHOCTM M MOHHUTOPHHIA OKpYXKaromiei

cpenst [3].
Lenpto  maHHOW  pabOTHI  SBIAETCS  OLEHKA  3(P(EKTHBHOCTH
MIPUMEHEHHS OeCIHUIOTHBIX JIeTaTebHBIX anmnapaToB JUTst

T'€03KOJIOTHYECKOH OIEHKH aTMOC(EPHOro BO3yXa TeppuTopuu I. ToMcka
METOJIOM OTOOpa MbLIEa’pPO30JIbHBIX YaCTHI] Ha (DUIIBTPHI.
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HpOEKT MeponpmlTnﬁ IO CHH’KEHHUI0 HEIraTHBHBIX
BOSAeﬁCTBI/Iﬁ OT CHEXXHbIX 0TBAJIOB B I. ToMcKe

E. C. MakapuoBa

Hayuonanvnwiil uccnedosamenvcekuii Tomckutl noiumexnudeckul
yuueepcumem, 634050, 2. Tomck, np. Jlenuna, 30

tpu@tpu.ru

[Ipobnema sKcryaTany ¥ pa3MEIICHNS] CHEKHBIX OTBAJIOB SIBIISIETCS
aKTyaJbHOM JUId OOJbIIMHCTBAa ToponoB Poccuu B 3MMHHH TEpHOZ.
OtcyTcTBHE HOPMATHBHO-IIPABOBOM 0a3bl B OTHOLIEHHUH TEPPUTOPHUH
CHE)XHBIX OTBAJOB NPHUBOOUT K pPAa3IMYHbIM HapywmeHuwsm [1,2].
[MpenBapuTenbHBI  aHaMM3 KapThl BBICOT, IOKa3al CYLICCTBEHHBIE
W3MEHEHHsI BBICOT penbeda, KOTOpPblE MOTYT CIIOCOOCTBOBATH 3aTOIUICHUIO
1 3a001a4MBaHUIO OJIM3JIEKAIIUX TEPPUTOPHUIA, OBParooOpa3oBaHuUIO.

Ilenpto — OlLEHKAa OMACHOCTH Pa3BUTHS APO3HUOHHBIX MPOIIECCOB B
pe3ybTaTe 3KCITyaTalliy CHEXHBIX OTBAJIOB I'. ToMcCKa.

O6mwekramu uccienoBanust: MocrtoBas, 40a (CO1), yn. mepecedeHue
yi. IBaroBCKoOTO U yi1. Beicomkoro (CO2), moc. Xpomorka 35/2 (CO3).

Mertobl __WCClleIoBaHMs:  AHAINTHYECKHH,  KapTorpaduieckui,
JMCTaHIIMOHHOE 30HAMpoBaHWe TeppuTopur CO 1O CHHMKaM BBICOKOTO
MIPOCTPAHCTBEHHOTO Pa3pelIeHHs C KapTorpapuIeckoro.

PesynbraTel. YcTaHOBICHO, YTO BCIEACTBHE HEPOBHOTO penbeda, He
00yCTPOGHHOCTH TEPPUTOPHH TIO[ CHEXHBIMH OTBajaMH, Ha JI@HHBIX
ydyacTKax M ONU3NeXaluX TEePPUTOPUAX MOTYT Ppa3BHBATBCS TakKue
HeraTHBHbBIE MPOLIECCHI 3200JIaUMBaHNS, OBParoo0pa3oBaHus U 3aTOIJICHUSL.

IIpenoTBpaTuTh JaHHbIE MPOLECCHI MOXHO TIPH  BBIIOJIHEHUH
MEponpusATHA 1O OOyCTPOHCTBY TEpPPUTOPHHA CHEXHBIX OTBAJIOB,
OCYIIEHHIO 3a00JIOYEHHBIX TEPPUTOPHUI, OOBAJIOBKH, 3aCBIIKH, U
JIECOMEJIMOPATUBHBIX MEPOIPUATHS Ha TEPPUTOPHAX, IOJBEPIKEHHBIX
0BparooOpazoBaHUIo.

CnMCcoK JUTepaTypsl
1. Pasko O.A., Makartsova E.S., Ushakova N.S., Tokareva O.S.,
Mochalov M.V. The possibility of distance methods application for snow
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Article number 05002. — P. 1-4.
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AHa/IM3 AMHAMUKU COCTOSTHMSA XBOMHBIX JI€COB,
NOBpEXJEeHHbIX CHOUPCKHMM LIEeJIKONPAJO0M, C
HCNO0JIb30BaHUEM KOCMMYeCKHUX CHUMKOB Landsat 8

K. A. Macnos, O. C. TokapeBa

Tomckuii norumexnuyeckuti ynusepcumem, 634050, Poccus, 2. Tomck,
np. Jlenuna, 30

orpheus.const@outlook.com

EsxeromHo CHOMPCKUN  INENKOMPSJ HAHOCHT yIIepO JIECHOMY
xo03a1cTBy Poccun. HacekoMoe-BpeauTenb OKa3bIBa€T HETATUBHOE BIIUSIHUE
MIPEerMYIICCTBEHHO Ha XBOWHBIC Jeca. B Tomckoit obmactu B mepuox ¢ 11
anpenss mo 18 oxTiaOps 2017 1. nmelicTBOBal peXUM Upe3BBIYANHOMN
CHUTYalluH, CBA3aHHBII ¢ MaHAeMueil cuoupckoro menkonpsaa [1].

B paborte mpuBeneHbl pe3ynbTaThl aHalM3a JHHAMHKH COCTOSHUS
XBOMHBIX JIECOB, MOPA)XEHHBIX T'yCEHHWIAMH CHOMPCKOTO IISJNKOIpsIa, C
HCIIONB30BaHHEM KOCMUYECKHX CHUMKOB CO CIyTHHKOB Landsat 8.

OOBbEeKTaMH HCCIIE/IOBaHHS SIBJISIOTCSL JIBA TECTOBBIX Y4YacTKa Ha
Tepputopun Tomckol 06s1acTH, pacHoiIoKeHHbIe BOM3N nocenka Yiry-HOm.
I'paHuIbl y4acTKOB MOCTPOCHBI HA OCHOBE JAHHBIX JlemaprameHTa JIeCHOro
xo3stiictBa [1] w Llentpa 3ammter jeca Tomckoit obmacti. B kauectse
(hOHOBOTO BBIOpaH HE MOPAKEHHBIN COTIACHO IOCTYMHBIM JaHHBIM Y4acTOK
Jieca, pacHoI0KEeHHBIX BOIM3H 00BEKTOB HCCIIEIOBAHNUS.

Jns aHanmu3a AWHAMUKA COCTOSTHHMS XBOWHBIX JIECOB HCIIOJIB30BAHBI
cpennue 3HaueHusi BereranmoHHbix uHAekcoB NDVI  (Normalized
difference vegetation index) u SWVI (Shortwave-infrared vegetation
index), oOTpaarOUMX  KOJHYECTBO  (OTOCHHTETHYESCKH  AKTHBHOI
¢uToMacchl M COAEp)KaHWE BIATM B JIMCTBAX M XBOE PACTCHUM
cooTBeTcTBeHHO [2]. CpenHue 3HAYeHUs] WHICKCOB PACCUUTBHIBAIHCH B
rpaHuIax XBOMHOrO Jieca Ha HCCIEIYyeMbIX YYacTKax MO JIaHHBIM
KOCMHYECKMX CHUMKOB co crmyTHHKa Landsat8 yposus o6paGorku L2,
monydyennsix B 2013-2017 r.

CHnHCOK TUTepaTypsbl

1. JlemapraMeHT JnecHOro xo3siicTBa Tomckoit obmactu: Ilanmemus
CHOMPCKOTO menKonpsaa [DnexkTponHsbIit pecypc] -
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URL: https://deples.tomsk.gov.ru/pandemija-sibirskogo-shelkoprjada,
cBoOOmHBIN. — 3. pyc. — JlaTa oOpamenus: 05.10.2017

2. Kusszesa C. B., Ditnnuna C. I1., XKupun B. M. // AspokocMmudeckre
METO/bl W TEOMH()OPMAIMOHHBIE TEXHOJOIMU B JIECOBEACHHH, JIECCHOM
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KoMiuiekc aJist KOHTPOJIA YPOBHA OCTATOYHOI O
3arpA3HE€HHUA OYUIICHHbIX CTOYHBIX BO/J

C.B. Pomanenko, A.I'. Karupos, E.C. HeBckuii, T.A. Panenkos,
E.B. Jlapuonosa, A.H. Bropymmuna, 11.C. Kopoinb

Hayuonanvnwiii uccneoosamenvekuii Tomckutl noiumexnuieckuil
yrusepcumem, Poccus, 634050, 2. Tomck, np. Jlenuna, 30

filin@tpu.ru

CoBpeMeHHBIE ~ TpeOOBaHMSI K  OOECIICUEHHMIO  HKOJOTHYECKOH
0€30MacHOCTH  TOJPa3yMEBAIOT  HENPEPBIBHBI  KOHTPOJIb  yPOBHA
3arpsA3HEHUs] CTOYHBIX BOJ. CTOUHBIE BOIBI MPOMBIIUICHHBIX TPEATIPUITHI
MOTEHIMAJIbHO  SIBIAIOTCS ~ WCTOYHMKAMU  HAHECEHHUS  CEPhE3HOTO
9KOJIOTUYECKOro yliepoa, M03TOMY OIpeeIeHHe UX XUMHUUECKOTO COCTaBa
SIBIIICTCA HEOOXOIUMBIM ISl TPEIOTBPALICHNS 3aTPSA3HEHHS OKpY’KaroIen
cpezsbl.

BonpmmaCTBO METO/I0B KOHTPOJIS YpOBHS 0CTaTOYHOM
3arpsI3HEHHOCTH BOJIBI TPEOYIOT MPOBEAEHHE TPOO0OTOOPA U NMPOBEICHUEM
n3MepeHnii B J1labopaTopHbIX ycioBusx. JlaGoparopHble W3MepeHUs
TIO3BOJISIIOT TIOJIy4aTh TOYHBIE JIAaHHBIE, OJHAKO HECIOCOOHBI 0OECTeunTh
HETIPEPHIBHBIM KOHTPOJIb B PEXMME PEAIbHOTO BPEMEHH. DTO OTpaHHYCHHUE
CTUMYJIMPYET pPa3pabOTKy METOJOB M  YCTPOWCTB, IO3BOJISIOLINX
OTIEPaTHBHO MPOBOIUTH U3MEPEHUS MMaPaMETPOB OUYHIIEHHBIX CTOUYHBIX BOJ.

ABTopamu OBLI pa3paboran HU3MEPUTEINIBbHBII KOMILIEKC,
OCYIIECTBIISTIONIIHA N3MEpeHne 7 mapamMeTpoB OYMIIEHHBIX CTOYHBIX BOJ Ha
COBpEMEHHOW 3eMeHTHON Gasze: ypoenb PH [1], myrHOCTB, ynenbHas
371eKTponpoBoAHOCTh, XIIK, KOHIEHTpauuu HUTPATOB, XJIOPHUIOB,
amMmoHUs. KoMIuiekc Mo3BoNSeT MoIydaTh JaHHBIE B PEXHME PEaTbHOTO
BpeMeHu. [lo TOYHOCTM U3MEpEeHUil KOMIUIEKC COIOCTaBUM  C
7a00paTOPHBIMH ~ YCTAaHOBKAMM ~ HAYalbHOTO M CPEIHEro IIEHOBOTO
JMana3oHa.

CnMcoK JUTepaTypsl
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0C06GeHHOCTH BEPTHKAJIbHOTO IlepeHoca pajoHa U3
rPpyHTa B IpU3eMHYI0 aTMOochepy

LA S{KOBneBl, T.T. Hroz, I[L.M. Haropcxnﬁg, B.C. SIxoBneBa®

"MBOY nuyeii npu Tomckom nonumexmuyeckom ynusepcumeme, 634028,
Poccus, e. Tomck, yn. A. Heanosa, 4
2Tomexuti nonumexmuyeckuts yrusepcumem, 634050, Poccus, 2. Tomck,
np. Jlenuna, 30
3HHcmumym MOHUMOPUHEA KIUMAMUYECKUX U IKOTOSUYECKUX CUCTHEM
CO PAH, 364055, Poccus, 2. Tomck, np. Axkademuueckuii, 10/3

vsyakovleva@tpu.ru

MonunTopuHT 00E€MHOI akTHBHOCTH (OA) pamoHa B TPYHTE, a TaKXKe
CKOPOCTH IIepeHoca pajioHa U3 IPYHTa B IPH3EMHYIO aTMocdepy NpOoBOAST
JUIL peLIeHHs pPa3IM4HbIX HNPUKIAJHBIX 3alad B Pa3IUYHBIX 00JACTIX
3HaHuil. B reodu3uke ¢ MOMOIIBI0 MOHHTOPUHTA IOYBCHHOTO pPaJOHA
pemaloT OJHYy M3 CaMbIX B@XHBIX 3aad — I[POTHO3 H3MEHEHUs
HAaIpsHKEHHO-1e(OPMUPOBAHHOTO COCTOSHUS 36MHON KOPBI.

Monutopunr OA pajloHa B IIOYBEHHOM BO3IyXe IPOM3BOJUTCA C
korma 2010 r. Ha »skcmepumeHTtanbHOW Twomanke TIITY-MUMKOSC c¢
UCTIONIb30BAaHMEM CHMHTWIISIIMOHHBIX JIETEKTOpOB aibda- u  Oera-
mnydennit (BAITA-01, BAIIB-01, pecniybnmka bemapych), MOMemeHHBIX
BHYTPh CKBXHUH pa3nu4Hoil riryomHBl OoT 20 cM mo 1 M. MoHHTOpHHT
IUIOTHOCTH ToTOKa pajoHa (IITIP) ¢ moBepxHOCTH rpyHTa MPOU3BOAUTCS C
HCTIONB30BaHHEM IHHAMHYECKOH HAKONWUTEIBHOW Kamepbl U OJOKOB
BAITIA-01. KanubpoBky jaeTekTopoB anbdha- W OeTa-M3IydeHUid Juis
nepeBosa B exuHHunbl m3MmepeHus OA pamona u IIIIP mpomsBomgmmu c
UCTONb30BaHueM paanomerpoB pagona RTM2200 (Iepmanusi), Anbdapan
(PD).

ITo pe3ynbpTaTam aHanaW3a BBISIBICHBI 3HAYMMEBIE BIUSIOMNE (haKTOPHI U
3aKOHOMEPHOCTHU. BBISABIEHBI CYTOUHBIE U CE30HHBIE BapUallUi B TUHAMUKE
OA pagona B rpynTe u III1P, a Takke aHOManuu, BO3HUKAIOIUE B IEPUOL
CHETOTassHUsI M TIPU BBICOKOMHTEHCUBHBIX (Oomee 40 MM) mOKAEBBIX
ocankax. B ceiicMoomacHbIX permoHax MoAoOHbIE AaHOMAIMKM MOTYT OBITH
pacCLIEHEHbI KaK CUTHAJI O CEHCMUYECKOH OMAaCHOCTH.

Cyrounsle Bapuammu I[P u OA pagona B TrpyHTE XOpOILIO
KOPPENUPYIOT C U3MEHEHUSAMH TPaJINeHTa TEMIIEPAaTypsl B TPYHTE B TEIJIOe
Bpemst roma. OOHapyXeHBI pa3nuuns B cyrogyHoM xonae OA pajoHa,
M3MEPEeHHON Ha Pa3IUIHBIX TTyOWHAaX.

B ce30HHOI AMHAMEKE MOYBEHHOTO PajJloHa MAaKCHMalIbHBIE 3HAUCHHE
HaOTI0JAl0TCs 3MMON, MUHUMAJTbHBIE — JIETOM.
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IIpoAayKuusAa U JeCTPyKI sl OPraHUYeCKOro BelecTBa B
60JIOTHBIX 3KOCUCTeMax 3anagHou Cuoupu

JLI'. Hukonosa, E.A. 'onoBankas

Hremumym MOHUMOPUHEA KIUMAMUYECKUX U IKOIOSUYECKUX CUCTEM
CO PAH, 634055, 2. Tomck, np. Axademuueckuit, 10/3

lili112358 @mail.ru

B pesynprare Oonee MemeHHOW TpaHcopManuM pacTUTEIBHBIX
OCTaTKOB I10 CPABHEHHUIO CO CKOPOCTBIO Ipoliecca 00pa3oBaHust (HUTOMACCHI
B OOJOTHBIX SKOCHCTEMax IMPOUCXOJUT HAKOIUICHHE yTiepoga B BHUJE
topda. Ilpm W3MEHEHHH KIMMaTa WM BO3PACTAaHUH AaHTPOIIOTEHHOTO
BO3ICHCTBUS BO3MOXKHO W3MCHEHHEe OaraHca B CTOPOHY YCHIJICHHUS
MPOIIECCOB TpaHC(HOPMANMK, YTO TPHUBENET K CpadaTHIBAHUIO TOPQSHBIX
3anexxeil. Llenpro paboTH SBISUIACH OLIEHKA COOTHOIIEHHS MPOAYKIMOHHO-
JeCTPYKIMOHHBIX MPOIECCOB B OOJIOTHBIX SKOCHCcTeMax 3anagHoi Cubupu.

HccnenoBanusi ~ NMPOBOAWIKMCH  Ha  ONMroTpodHBIX  OoJO0Tax
«bakuapckoe» u «TumupsizeBckoey [1]. MccnemnoBann 4UCTYI0 IEPBUIHYIO
MPOAYKIMIO (YKOCHBIH METOA) M CKOPOCTh pa3lIOKEHHUs pacTeHuii-
topooOpasoBareneli (MeTON 3aKIagKH PACTHTEIBHOCTH B TOpd):
Andromeda polifolia, Chamaedaphne calyculata, Ledum palustre,
Eriophorum vaginatum, Sphagnum fuscum, Sphagnum angustifolum [2,3].

B pesynpTare mcciemoBaHW BBISABICHO, YTO IPOIECCH HAKOIUICHHS
¢uTomacchel Ha onuroTpodHOM Oornote «bakdapckoe» n « TUMHpPsI3EBCKOE»
mpeoOIamaroT Hall MporeccaMy TpaHC(HOpPMaIUH OPTaHIMYECKOTO BEIIECTBA.
OcCHOBHOY BKJaJ B HaKOIUIGHHE (PUTOMACCH U Topda BHOCAT charHOBBIC
Mxu. borrlee MHTEHCHBHEIE MPOIIECCH POIYKIMH U AECTPYKIIUH MPOTEKAIOT
B Oosiee cyxux ycnoBusix «THMHpSI3€BCKOro» 00JIOTa, HAaXOMASIIErocs B
30HE BIMSIHHUS TOMCKOTO BOJ103a00pa.
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I/Isyqune BJINAHUA NIPUAPOAHO-K/IMMATHY€CKHUX
YCJIOBI/Iﬁ Ha MUTPALHMI0 KOJIOPAACKOI'0O XKYKa

A.B. HeﬂI/IHeHKol, O.H. IImnc?

Y Unemumym monumopunea kiumamuseckux u 9Ko102uHeckux cucmenm
CO PAH, 634055, Poccus, e. Tomck, np. Akademuueckuii, 10/3
% Cubupckuii 2ocyoapemeentoiii Meouyunckuti ynusepcumen, 634050,
Poccusa, e. Tomck, Mockosckuii mp-m, 2 B

! sasha92kra@mail.ru, ? olyazmeewa@yandex.ru

CTpeMHUTEeNIbHOE H3MEHEHHE MPUPOIHO-KIMMATHYCCKHX —YCJIOBHI,
VBEJIMYUBACT HArpy3Ky HE TOJNBKO Ha OHMOTHYeCKHe (AaKTOpel, HO H
NPEeNbSBISCT HOBBIC TPEOOBAHUS K (DM3HOJOTHYECKUM M aTalTALlMOHHBIM
BO3MOXXHOCTSIM B 3TOU cpejie.

K axryanpHOW 3amaue COBPEMEHHBIX HCCIIEAOBaTeNIel OTHOCHUTCA
MIPOTHO3UPOBaHNE OMOJIOTMYECKUX OMACHOCTEH M BO3HUKHOBEHHE PHCKOB B
CBSI3M C H3MEHEHHEM INPUPOJHO-KIMMATHYECKUX YCJIOBHH, Kak B
9KOCUCTEME, TAaK U B arpOIKOCUCTEME.

B pesynbrare HACTOSIIETO MCCIENOBAaHHWS BBISIBICHO, 4YTO B
M3MEHSIOIINXCS KIIMMATHYECKUX YCIOBHAX, HAaWOOJBLIYIO Yrpo3y, AJs
MPOMAIIHBIX KYJIBTYp, B 4acTHOCTH Kaprtodens (Solanum tuberosum L.),
NPEACTABISIET  KOJIOPAJACKHH  KYK (Leptinotarsa  decemlineata),
pacupoctpanstomuiics mo ToMmMckod o0macTH. YCTaHOBIEHa YeTKas
KOpPEISIIMOHHAsT 3aBUCUMOCTD BIIMSHHS TEMIIEpaTyphl BO3AyXa M CYMMBI
0CaZKOB  Ha  YHCIEHHOCTh  KOJIOPAJACKOro  Kyka.  I[loBbllieHue
rugpotepmuueckux koaddunuenton (I'TK) 3a Bpemennoii nepuon ¢ 1981
o 2017r Ha 55% (c 0,89 mo 1,38) u MOBBIIICHHE TEMIIEPATYPBI CO CPEIHEH
ckopocthio 0,34 °C 3a 10 sner ma teppurtopuu Tomckoit obmactu [2],
crocoOCTBOBAIM ~ MMIpalMu  Kojopaackoro  skyka  (Leptinotarsa
decemlineata) ¢ cocennux obiactei, B uacTHOCTH ¢ OMCKOM 00J1aCTH.

TnpokoMy pacnpocTpaHEHHIO KOJIOPAJCKOTO XKyKa B reorpaduueckux
30HaX C Pa3HBIMH KJIMMAaTHYECKHMH YCIOBHSIMH, CIIOCOOCTBYET €ro
YpE3BBIYANHHO BBICOKAsK AKOJIOTHYECKAs TNIACTUYHOCTb.

CnMCcoK JUTepaTypsl
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T.B. Dxonorus FOxHo#t Cubupu 1 conpenensHpIx Tepputopuil. Beim.14. B
2. T.1. - Abakasn. 2010. C. 73.

2. HeBumumonaO.I'., SIHKOBHY E.IL M3BecTus Tomckoro
nosutexHudeckoro ynusepcutera. 2011. T. 318. Ne 1. C. 154 — 158.
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Study of changes in climatic conditions for the
migration of the Colorado potato beetle

A.V. Pelipenko®, O.N. Shplis?
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634055, Russia, Tomsk, Akademichesky Ave., 10/3
“Siberian State Medical University, 634050, Russia, Tomsk, Moscow Tr. 2 B
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The rapid change in natural and climatic conditions, increases the
burden not only of biotic factors, but also introduces new requirements for
physiological and adaptive capabilities in this environment.

To the actual task of modern researchers in the field of prediction of
biological hazards and the emergence of threats due to changes in natural
and climatic conditions, both in the ecosystem and in the agroecosystem.

As a result of this study, it was revealed that in the changing climatic
conditions, the Colorado beetle (Leptinotarsa decemlineata), which spreads
through the Tomsk region, is the greatest danger for tilled crops, in
particular potatoes (Solanum tuberosum L.). A clear correlation dependence
on temperature and precipitation on the number of the Colorado beetle was
established. The increase in hydrothermal coefficients (GTK) for a
temporary from 55 to 55 per cent from 1981 to 2017 (from 0.89 to 1.38) and
an increase in temperature with an average rate of 0.34 ° C for 10 years in
the territory of the Tomsk region [2], the method of migration of the
Colorado beetle (Leptinotarsa decemlineata) from neighboring areas, in
particular from the Omsk region.

The wide resolution of the Colorado beetle in geographical areas with
different climatic conditions, contributes to its extremely high
environmental plasticity.
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IIpyuMeHeHUe JBYMepPHOH ra3oBoi xpomarorpaduu c
Macc-CIeKTPOMeTPHUYeCKUM AeTeKTUPOBAaHUEM JJIs
UJeHTUPUKALMH UCTOYHUKA 3arpsi3HeHUus HePTbIo

H.A. ITpokyna*?, C.B. Cyxosepxos’, H.b. Konapnxos®
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3arpsi3HEHUE TNPHPOAHBIX OOBEKTOB HedThio U HedTenpoayKTaMu
SIBJISIETCSL OJTHOM M3 PacHpOCTPAaHEHHBIX NPOOJEM, NMPH 3TOM OJHHM U3
Ba)KHBIX OTallOB pEIIEHUS 3TOr0 Bompoca sBisercss 3¢dexkTuBHas U
JIOCTOBEpHasi WACHTU(HUKALIUS CaMOr0 MCTOYHMKA 3arpsisHeHus. B Poccun
3Ty MNpoUeNypy NpPOBOAIAT B COOTBETCTBUM C «MHCTpykuued mo
UACHTU(UKAIIMA HWCTOYHUKA 3arpsA3HCHHUS BOJHOTO OOBEKTa HE(PTHION,
OTHUM W3 CII0COOOB HMICHTH()HKALNHU SIBISICTCS CPaBHEHHE PE3yIHTATOB
ra30xpoMarorpaduIeckoro aHanu3a COICpKAaHUSA H-alIKaHOB B oOpasie
pa3imBa HETH M MPENNoIaracMoro UCTOYHHUKA 3arpsSI3HEHUSI C KPUTEPHEM
WAEHTUYHOCTHU. [JIs1 peructpanuu JaHHBIX PEKOMEHIYETCsI UCIIOJIb30BaHNe
IUIAMEHHO-MOHU3AI[MOHHOT0 MJIH TNIaMEHHO-(OTOMETPUYECKOTO JIETEKTOPA,
OJIHAKO TOSIBUJICSI HOBBIH CIIOCOO ra3oXxpoMarorpaduueckoro pasieineHus —
CHCTEMA JIBYMEPHOHI ra3oBoil XPOMAaTOMAacC-CIIEKTPOMETPHH.
Hcnonp3oBaHue [BYX KOJIOHOK PAa3TUYHOW MOJSIPHOCTH TIO3BOJIAET
JI00UBaThCs 00Jiee KAYECTBEHHOTO Pa3JIeSIeHNs] KOMIIOHEHTOB U TEM CaMbIM
yBean4uBaTh 3(P(EKTUBHOCTH MNpOLEAYpPHl HACHTH(UKAIMU HCTOYHHKA.
Hamu Obuté ipoaHanm3upoBaHbl 00pa3el] TPYHTOBOH BOIBI M3 CKBa)KHUHBI,
HAXOMALICWCS PSAOOM C Y3JIOM 3allOpHOW apMaTypbl TpyOompoBoia u
MIPEATIONOKUTEIBHO 3arps3HEHHONH He(TEeNnpoayKTaMu, | obpaszer|
TOBApHOW He(TH, KOTOpas IepeKaunBajiach M0 JaHHOMY TpyOONpOBOY.
Ananuz npoBoauin merogamu [ X-ITNJ u I'XxI'X-MC, Meroa nBymepHoit
I'X-MC mo3Bonmi Hamboyee IIOJHO OIPEIEIUTh COCTAB OPraHHYCCKHUX
KOMIIOHEHTOB oOpa3ma Boxabl. B pesympTare OBUIO yCTAaHOBIEHO, YTO
cozieprkamiecs B 00pasnax yriaeBoAOPOAbI UMEIOT Pa3IUIHbIN CIIEKTP U UX
COOTHOIIICHUE HE COOTBETCTBYET KPUTEPHIO WACHTUYHOCTH.
Hcnonp3oBanne MC-meTekTopa MO3BOJIIO YCTaHOBHUTH, 4T0 IIAY-
KOMIIOHEHTHI, XapaKTepHbIe UI1 oOpa3ia HepTH OTCYTCTBYIOT B BOJE, a
OCHOBHasi 4acThb KOMIIOHEHTOB B o00pasle BOJbl HMMEET MpPUPOTHOE
MIPOUCXOXKACHUE, HE HMEIOIIee OTHOIICHUE K 3arpsI3HCHHUIO HE(PTHIO.
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Application of two dimensional gas chromatography
analysis for fingerprinting identification of the oil
pollution source of groundwater sample
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One of the most common environmental problems is oil pollution of
water objects, so effective and reliable identification of the oil pollution
source is required to resolve and regulate it. In Russia this procedure is
hold in accordance with «Instruction for identification of water object oil
pollution source». One of the identification steps is comparison of ratios of
individual n-alkanes concentrations in water and oil samples with the
criterion of identity. GC-analysis with flame-ionization and/or flame-
photometric detection is recommended to obtain the data, but several years
ago new type of separation, two dimensional gas chromatography with MS-
detector, was established. Simultaneous application of non-polar and polar
columns allows to achieve better separation of different compounds and
thus to increase effectiveness of identification procedure.

The sample of groundwater from waterwell located near the petroleum
pipeline valve assembly supposed to be polluted, and the sample of
commercial oil which was transported through this pipeline were analysed
by GC-FID and GCxGC-MS. Two dimensional gas chromatography
separation allowed to determine the composition of the samples in more
details. As the result it was establiushed that n-alkanes profiles of these
samples are very different and their ratios doesn't meet the criteria of
identity. MS-detection showed that characteristic aromatic compounds of
oil sample are absent in the sample of groundwater. In addition most of
organic compounds of water sample are natural origin not related to oil
pollution.
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CopepxaHue JIErKUX MOHOB B I'. TOMCK B TENJIbINA
nepuo/ rojaa
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B Hacrosmiee Bpems NETKHME HMOHBI OCTAIOTCSA OJHOM W3 HaWMEHEe
N3y4YCHHBIX  COCTaBAIONIMX  aTMocepHoro Bo3ayxa. Ilpm  asTom
coJiep)kaHne JIETKNX MOHOB M WX M3MEHEHUsI BO BPEMEHH WM IPOCTPAHCTBE
SIBJISICTCS] BKHBIM 3KOJIOrHueckux dakropom [1, 2].

Ha reo¢usuyeckoii obcepBaropun UMKOC CO PAH (r. Tomck) ¢
2006 r. Begércsi MOHUTOPHHI METEOPOJIOTHYECKHX U aTMOc(hepHO-
JNEeKTPUYECKUX BEIMYMH, B TOM 4YHCIE COAEP)KaHUS JIETKUX HOHOB B
Bo3ayxe (c 2014 r.). Jlnasg perucTpanuu KOHLEHTPAIMU JIETKHX HOHOB
ucnone3yercs cuetduk «Sapphire-3My. TIpubop u3MepsieT KOHICHTPAIIHIO
JIETKMX HMOHOB C TMOJIBIKHOCThIO He MeHee 0,4 CMZ/(B‘C). [Hockonbky
paboune ycrmoBHs CYETYMKA OTpaHHUYCHBI TeMIepaTypoil ot 15 mo 25 °C,
N3MEPEHNUS STUM PHUOOPOM OCYIIECTBIISIOTCS TOJIBKO B TEIIOE BPEMsI rof1a.

AHanu3 1aHHBIX N3MEPEHMI KOHIIEHTPAIUN JETKMX MOHOB B T. TOoMCK
3a nepuoa ¢ 2014 mo 2016 rr. mokaszan, 4YTO MeIMAHHbIE 3HAUYEHHUS
KOHIIEHTPAILIMM MOJIOKUTEIBHBIX U OTPUIATEIbHBIX HIOHOB PaBHbI ~ 1,3-103
u 10 cM?® cooTBeTcTBEHHO. MaKCHManbHOE 3HAYCHHE KOHIEHTPALMHA
MOJIOKUTETBHBIX M OTPUIATEIBHBIX HOHOB HAOJIOAIOTCA MHpPU CEeBEepo-
BOCTOYHOM UM CEBEPHOM HANpaBICHHMM BETpa COOTBETCTBEHHO, a
MUHHMAaJbHbIE 3HAYEHHS KOHIICHTpaUMH MOHOB 00eux MOJIsSIpHOCTEH
OTMEYA0TCS — IIPHU FOT0-3aI1aTHOM.
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Ni, Co, Cu 1 Mo B noyBax creneii MUHYCHUHCKOM
MEXTOPHOM BNaJUHbI
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Tsoxensie Metamisl (TM) ABISIOTCA TPUOPUTETHOM TPYMNION cpenu
3arpsi3HUATENICH OKpPY)KAIOIIeW Cpelbl, B CBSI3M C YeM mpodjeMa ux
9KOJIOTHYECKOTO MOHUTOPHHTA SIBICTCA OTKpBITOH. [eoxmmudaeckas
OIICHKa TIPUPOIHBIX 0OBEKTOB BeChMa aKkTyalbHa U HanOoiee 3QeKTrBHA
B CIlydae WCIOJB30BaHUS €€ KaK IPEBEHTUBHOW Mephrl. OOBeKTaMu
HCCIICAOBAHMS TOCTY)XWIH TOYBBl CTCIHBIX 30HANBHBIX COIPSDKCHHUH B
npenenax YUynsiMo-Enucelickoit u FOxxHO-MunycuHckodl koTiioBuH. ITpu
W3YYEHUH OCHOBHBIX CBOWCTB IIOYB AaBTOHOMHBIX W TeTCPOHOMHBIX
MO3MIMHA YEeTKOM WX MpPUBA3AHHOCTH K Me3opelnbedy He BBISBICHO,
HUCKJII0Yas  KOJIMYECTBO  JIETKOPACTBOPUMBIX  COJI€H, COeAUMHEHUH,
XapaKTepHbIX I IOYB MOAYMHEHHBIX JaHamapToB. U3 mpropUTETHBIX
3arps3HSIONIMX BEIIECTB, Uil 00cyxaeHus BbiOpanel TM 2-ro kmacca
OTACHOCTH, TPAAUIMOHHO M3YYaeMBIX HAa TEPPUTOPHUSIX C AHTPOIOT€HHOU
Harpy3koi. [Ipu comocTaBneHnH ¢ JaHHBIMHU TI0 COCTaBYy MOYB XaKacCKOM
npoBuHImMK [1] ompemeneHo, 4WTro IS OONBIIMHCTBA OOBEKTOB Kak
ABTOHOMHBIX, TaK M TeTepOHOMHBIX coxepkanue CO m Cu Ha MOMEHT
uccienoBanus OaM3ko K mpoBuHNMAnbHbIM. KommuectBo Ni u Mo
MIPEBEIIACT YCIOBHO (POHOBEIC, TeM HE MEHee, BBIBOABI O 3arps3HCHHUU
TEPPUTOPHH B CBS3U C aHTPOIIOTCHHBIM BIISIHHEM HEKOPPEKTHBI 0e3 ydera
cocTaBa MATEPHUHCKUX IOPOJ, TOCKOJBKY OJJIEMEHTHBIH Habop, Kak
MPaBUJIO, HACJIEIYETCS OT MOYBOOOpasyroriero cyocrpara [2]. Pe3yabprars
CTAaTUCTHYECKOH 00pabOTKH IEMOHCTPUPYIOT MPUOIU3UTEIHEHO OJMHAKOBOE
colepkaHne  0003HAUEHHBIX  3JIEMEHTOB B  OPraHO-MHHEPAaIbHBIX
TOPU30HTaX W MAaTEPUHCKUX MOPOAAX MOYB, YTO CBUACTENHCTBYET CKOpee
00 X HaTypaJbHOM (€CTECTBEHHOM) TeHE3HCE.

Takum oOpazom, B uccienyeMbix o0bekTax copepxkanne Ni, Co, Cu u
Mo HaxoguTcs B OTHOCUTENBHBIX IpeAenax MNPUPOJHON HOPMBI;
MIOJTyYeHHBIE JIaHHBIE MOTYT OBITh HCIIOJBb30BaHBl B KauecTBE (HOHOBBIX
MoKa3aTeled  NpH  3KOJIOTMYECKOM  MOHUTOPHHIE  HCCIETYyEeMBIX
TEPPUTOPHUIL.
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Ni, Co, Cu and Mo in the soils of the steppes Minusinsk
intermountain trough

S. P. Kulizhskiy, A. V. Rodikova, V. F. Kravtsova
National Research Tomsk State University, Tomsk, 36 Lenin Ave.
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Heavy metals (HM) are a priority group among pollutants of the
environment, and therefore the problem of their ecological monitoring is
open. The geochemical assessment of natural objects is very relevant and
most effective if it is used as a preventive measure. The soils of zonal
conjugations of the Shira and Koibal steppes (within the Chulym-Yenisei
and the South Minusinsk depressions) served as the objects of the study.
When studying the basic properties of soils of autonomous and
heteronomous positions, their precise attachment to relief was not revealed,
except for the amount of readily soluble salts, which characterizes the soils
of subordinate landscapes as highly saturated with these compounds. From
the list of priority chemicals polluting the soil, heavy metals of the second
hazard class (except B, Sb and Cr) were chosen. They are traditionally been
studied in areas with anthropogenic pressure. When compared with the soil
composition data of the Khakassia province [1], it is determined that for
most soils of both autonomous and subordinate landscapes, the content of
cobalt and copper at the time of the investigation is close to provincial. The
contents of nickel and molybdenum exceeds the background, nevertheless,
the conclusions about the contamination of the territory in connection with
anthropogenic influence are also incorrect, without taking into account the
composition of the parent rocks, since the elemental set, as a rule, is
inherited from the soil-forming substrate [2]. The results of the statistical
treatment demonstrate approximately the same content of the indicated
elements in both groups of objects located at different hypsometric levels,
which indicates rather their natural genesis.

Thus, in the studied objects the obtained data of the analyzed elements
testify to the natural origin of excesses of the conditional norm; information
can be used as background indicators for environmental monitoring of the
study areas.
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MOHUMTOPHHT ONIACHBIX CK/IOHOBBIX COOBITUM
B 'opHOM AJstTae

J. A. CaBuyk, C. A. Hukomaesa
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OnacHble CKJIOHOBBIC COOBITHSI (CEJH, JIABUHBI, 00OBaJIbl, KAMHEIIAIbI,
ONMOJ3HM M T.I.) HU3MEHSIOT JaHMA(PTHI ¥ 3KOCHCTEMBI, HapyLIAIOT
nHppacTpyKTypy, MHOTAA NpHUBOIAT K rubenu monei. [lpu stom Ha
NEpPBbIM IJIaH BBICTYNAET MOCTOSHHBINA €XErOJHbII MOHUTOPUHI TaKUX
coOwITHii. PeryniapHsie HaOmoOneHNS 32 HUMU B [ OpHOM AlTae He BeIyTCs.
[MosToMy BaXHYIO pOIIb HTPAalOT KOCBEHHBIC METOIBI ACHIPOWHINKAIINN
STHX COOBITHH.

TpaBMaTrdeckast (M0 MEXaHUYECKUM TOBPESKICHUAM aepeBa). Ciensr
OT TPaBM Ha CTBOJIAX JICPEBBEB, OCTABICHHBIC CEISIMU U JABUHAMU, XOPOIIO
JTATUPYIOTCS Ha KepHax 3a 50-60 neT, najgee B MPOILIOE OHU BCTPEUAIOTCS
eauHU4HO [1].

Jennpomerpuueckas (mmo U3MEHEHUSIM a0COIOTHBIX Win
OTHOCHUTENbHBIX BEIMYMH  PaguabHOTO MPUPOCTA). CriocoOsr
mpeoOpa3oBaHUsl PSIOB IMpHpPOCTa pa3paboTaHbl i JaTHPOBAHUS
omoJ3Hel [2], ceneit u maBuH [1].

JedopmanmonHas (1o SKCHEHTPUIHOMY POCTY CTBOJIA AepeBa IIPH €To
HAaKJIOHE W/WIIA M3TU0e ero OCHOBaHUS). SIBISeTCS KOCBEHHBIM MapKepoM
OMOM3HENH. DTOT METOJ] UCIIOIB30BAJICS [l JATUPOBAHUS JTaBHH.

AnaroMuueckas (IO M3MEHEHUSIM B aHATOMHYECKOH CTPYKType
JpEBECUHBI:  00pa3oBaHME  TPaBMAaTHUECKMX  CMOJISIHBIX  XOJIOB,
PEaKIMOHHOW JpeBecHHbI). METOa HCIONB30BAICSA ISl pasTpaHHUYCHUS
CKJIOHOBBIX COOBITHH Ha KOHyCaX CMEIIAHHOTO TEHEe3Huca B YCIIOBHX
MYCCOHHOTO KiuMara [3].

BospacrtHas (110 OSBICHHIO OCHOBHBIX I'€HEPALNii IPEBECHBIX BUIIOB).
JaeT npuOIM3UTEIbHYIO OIIEHKY ATl COOBITHS.

KomOuHammst BBIMICONMUCAHHBIX ~ METOJOB  JICHAPOWHAWKAINK B
COUETAHUU C  HENCHAPOUHAMKALMOHHBIMU  METOJAaMHU  IO3BOJMIIA
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BBIMOJIHUTh ~ NIPOCTPAHCTBEHHO-BPEMEHHYI0  PEKOHCTPYKIMIO  OMACHBIX
CKJIOHOBEIX cOOBITHI B ['opHOM AuTae.
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Monitoring of hazardous geomorphic events in the
Altai Mountains

D. A. Savchuk, S. A. Nikolaeva

Institute of monitoring of climatic and ecological systems SB RAS,
10/3 Academichesky prospekt, Tomsk

savchuk@imces.ru

Hazardous geomorphic events (debris flows, avalanches, landslides,
rockfalls, etc.) change landscapes and ecosystems, disrupt infrastructure,
sometimes lead to loss of life. A permanent annual monitoring of such
events becomes to be necessary. Regular monitoring of the events is not
carried out in the Altai Mountains. In this way, indirect dendroindication
methods of the reconstruction of the events play an important role.

Traumatic dendroindication (by mechanical damage, wounds and
injuries in a tree). The scars of the injuries in the tree trunks left by debris
flows and avalanches are well dated on cores for the last 50-60 years before
the present, further in the past they are encountered singly [1].

Dendrometric dendroindication (by changes in the absolute or relative
values of radial increment). Methods for transforming the tree ring width
series are developed for dating landslides [2], debris flows and avalanches

[1].

Deformation dendroindication (by the eccentric growth of the tree
trunk which tilts and/or its base bends). The eccentricity is an indirect
marker of landslides. This method was used to date avalanches.

Anatomical dendroindication (by changes in the anatomical structure
of wood: the formation of tangential rows of traumatic resin ducts and
reaction wood). The method was used to distinguish geomorphic events
(debris flows or landslides, for example) on cones of mixed genesis under
the monsoon climate [3].
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Age dendroindication (by the appearance of the main generations of
tree and shrub species). The method estimates approximately the date of the
event.

The combination of the dendroindication methods above made it
possible to provide the spatial and temporal reconstruction of the hazardous
geomorphic events in the Altai Mountains.
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Bivsinue BbIﬁpOCOB 00'bEKTOB TEMJIOOHEPIreTHUKH,
HCMOJIb3YIOIIIUX paBJIH‘{HbIﬁ BU/J TOIIVIMBA, HA NIBLIJIEBOE
3arpsAa3HeHue aTMOC(l)epHOI‘O BO34yXxa
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PaGora mocBsIIeHAa CpaBHUTEIHHOW  XapaKTEPUCTHKE COCTaBa
IIBIJIEBBIX BBIOPOCOB CEIBCKUX M TOPOJCKUX OOBEKTOB TEIUIOIHEPI€THKH,
HCTIONB3YIONUX Pa3IUYHbIA BUJ TOmuBa (yroib, ra3, Hed)Th, ApOBA) HA
OCHOBE H3YYCHHS CHETOBOTO IIOKpOBa KaK IUIAHIICTAa-HAKOIUTEIS
3arps3HAIONINX BEIIECTB U3 aTMOC(EpEI.

IIpoBomwics oT6Op TPOO CHETOBOTO TMMOKPOBA B OKPECTHOCTSIX
CENIbCKUX YTOJIbHBIX, Ta30BbIX, IOPOBSHBIX M HEPTIHBIX KOTEIBHBIX
Tomckoit obmactu u  Tomckoit I'POC-2. ConepkaHue Makpo- u
MHKpPO3JIEMEHTOB B Ipo0ax TBEPIOrO OcajJka CHera OIpenessuioch

HHCTPYMEHTAIbHBIM HEHTPOHHO-aKTUBALIUOHHBIM aHaIIU30M,
TBeproda3Hble  (GOPMBI  BJIEMEHTOB — CKAHUPYIOMIEH 3IeKTPOHHOU
MHUKPOCKOIIHEH, MUHEpaJIbHBII COCTaB - PEHTIEHOBCKOI1
JdpakToMeTpHren.

OnpenencHbl HEKOTOPBIE OCOOCHHOCTH YPOBHS adpPOTEXHOI'CHHOTO
3arpsi3HEHUS M TEXHOTCHHAsS CIICIHATH3aNs MBIICBBIX BEIOPOCOB, OCEBIIIX
Ha CHETOBOW IIOKPOB B OKPECTHOCTSX H3ydaeMbiXx o0BekToB TOK, B
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3aBHCHMOCTH OT BHAA HCIOJIB3YEeMOTO TOIUTMBA W TEXHOJOTHYECKIX
mapaMeTpoB. BEBIABICHAa 3aBHCHMOCTH YpPOBHS MBUICBOTO 3arps3HEHUS
CHETOBOTO IIOKPOBa, a TaK)Ke MOCTYIDICHHE MAaKPOAJIEMEHTOB, TSKEITBIX
METaJJIOB, PEAKUX, PEIKO3EMENbHBIX M PaJUOAKTHBHBIX O3JEMEHTOB,
MUHEPATbHBIX U TEXHOTE€HHBIX YACTHI] OT BHAA UCIOJIB3YEMOTO TOIUIMBA,
TEIUIOBOW W  DHEPTeTHYECKOTO  MOIIMHOCTH  H3YY4aeMBIX OOBEKTOB.
OmnpeneneHsl HanOolee BEpOSITHBIE 3JIEMEHTHI-HHINKATOPEI u
cnenu(UYHbIE TEXHOTEHHBIE YaCTWUIBI B TBEPAOM OCagKke CHera,
MPEACTaBISAIONINE OCOOYI0 JKOJOTHYECKYI0) OMAcHOCTh, B OKPECTHOCTSIX
H3y4aeMbIX 00BEKTOB.

YCTaHOBIIEHO, YTO YTO MPHUPOIHBIN Ta3 U IPOBSHOE TOILUIUBO SIBIITIOTCS
HanOoJiee SKOJOTHYHBIM BHIOM TOILIMBA HE3aBHCHUMO OT TEXHOJIOTHYECKUX
MapamMeTpoB CENbCKUX KOTEIbHBIX. MHOTOJIETHUH MOHUTOPUHT B 30HE
BozneicTBusi Tomckolr I'POC-2 mo3BonMi yCTaHOBUTH HHIUKATOPHI €€
TEXHOT'CHHOTO BO3/ICHCTBHS.

Paboma evinonnena npu unancosou noddepoicke epanma PODU Ne
16-45-700184p_a.

Pe3y/ibTaThl MOHUTOPHUHIA THAPOMETEOPOJIOTNYECKUX
XapaKTepPUCTUK aBTOHOMHBIM U3MePUTEbHbIM
KOMILIeKCOM «Maiima» B 6acceiiHe p. Maiima
(TopHbii AtTan)

B.A. Viimanosa, B.B. 3yes, H.E. 3yeBa, C.A. Kypakos

Hucmumym mMoHumopunea KiumMamuyeckux u 9K0A02UNeCKUx CUucmem
CO PAH, 2. Tomck, np. Axademuueckuti, 10/3

skvaleri91@mail.ru

Ilon BO3AEHCTBHEM COBPEMEHHBIX KIMMATUYECKUX HW3MEHEHUH BO
MHOTHX peruoHax Poccunm B mnocineaHue JecSITUIETUS OTMEJaeTcs
YBEJIMUEHUE MOBTOPSAEMOCTH OMNACHBIX TUAPOJOTHMUYECKUX SBICHHH U
Ype3BbIUANHBIX CUTyallui THAPOJIOTHUECKOrOo Xapakrepa [1].

C yBemuMUEeHUEM 4YacTOThl ONACHBIX HABOJAHEHUI TeppUTOPHUS
PecriyOnmkn Antaif m npenropHO-HU3KOTOpHAsl 4acTh ANTANHCKOTro Kpas ¢
OOJIBIIMM KOJHMYECTBOM KpPYIIHBIX CEJIbCKUX HACEJCHHBIX ITyHKTOB H
TOpPOZIOB  SBISIIOTCA HambOoyiee TMOABEPKEHHBIMH PHCKY 3aTOIIICHHUS
yuacTtkamu Oacceiina Bepxueiit Oou. [2].

B ycroBusSX BBICOKOTO pHCKAa HABOJHEHWH M APYTHX OIACHBIX
THAPOJOTUYECKUX SIBICHUH BAXXHOE 3HAUEHHE NMPHOOPETaeT ONepaTHBHBIN
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MOHUTOPHUHT THPOMETEOPOIOTNIECKON 00CTaHOBKH, BKJIFOYast
nHpopMaNMIO O TOYBE M TPYHTax, IO3BOJIIONIMH OLEHUTH pPa3BUTHE
CUTyalluM W NpPUHATH Mepbl M MHUHMMHU3anuu ymepba. Teppuropus
PecnyOmmkn  AnTaii  mpM 9TOM  XapakTepm3yercs  IepHIUTOM
THAPOMETEOPOJIOTHIECKOH HH(POPMALIUH.

JI1s KOHTPOJISL THAPOMETEOPOJIOTHIECKOW 00CTaHOBKHM B OacceiHe p.
Maiima GbUTa yCTaHOBJICHA CHCTEMa aBTOHOMHOTO MOHHTOPHHIA COCTOSHHS
OKpyXaromie cpensl, paspaboranHas B VIHCTUTyTe MOHHTOpPHHTA
KIIMMaTUIecknx U skojorudecknx cucreM CO PAH (MMK3C CO PAH)
[3]. AK «MaiiMay TO3BONSAET JUCTAaHIHOHHO  KOHTPOJHUPOBATH
THIPOMETEOPOJIOTHUCCKUEC U3MEHEHHUS, OTIEPATUBHO MOJTydasi HHPOPMALIUIO
co Bcell TeppuTOpHH BoZocOOpHOTro OacceliHa B J1o0oe BpeMsi roja.

Cnmcok Jurepatypsl
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ITPECC», 2010. 464 c.

2. XapnamoBa H.®., IlnexoBa A.B. ®aktopsl QopMupoBaHUS
YpPE3BBIYAHHBIX T'HAPOJIOTMYECKUX CHUTyanuii B OacceifHaX MaibIX pek
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Monitoring of hydrometeorological characteristics in
the basin of the river Maima (the Altai Mountains):
results based on the autonomous measuring
complex "Maima"

V.A. Uymanova, V.V. Zuev, N.E. Zueva, S.A. Kurakov

Institute of monitoring of climatic and ecological systems SB RAS, Tomsk,
Akademichesky st., 10/3

skvaleri9l@mail.ru

Under the impact of modern climate changes in many regions of
Russia in recent decades, there has been an increase in the frequency of
dangerous hydrological events and hydrological emergencies [1].

With an increase in the frequency of dangerous floods, the territory of
the Altai Republic and the foothill-lowland part of the Altai Territory with a
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great number of large rural settlements and cities are the most vulnerable to
flooding in the Upper Ob River Basin [2].

Under high risk conditions of floods and other dangerous hydrological
phenomena, the operative monitoring of the hydrometeorological situation,
including the data on soil and ground, makes it possible to assess the actual
situation and take measures to minimize damage. The territory of the Altai
Republic is characterized by a lack of hydrometeorological data.

To control the hydrometeorological situation in the basin of the river
Maima a system of autonomous monitoring of the state of the environment
developed at the Institute of Monitoring of Climatic and Ecological Systems
of the SB RAS (IMCES SB RAS) [3] was established. AC "Maima" allows
remote monitoring of hydrometeorological changes promptly receiving
information from the entire catchment area at any time of the year.

References

1. Ekstremal’nye gidrologicheskie situatsii / otv. red. N.L
Koronkevich, E.A. Barabanova, 1.S. Zaitseva. M.: OO0 «Media-PRESS»,
2010. 464 s.

2. Kharlamova N.F., Plekhova A.V. Faktory formirovaniia
chrezvychainykh gidrologicheskikh situatsii v basseinakh malykh rek
predgorno-nizkogornoi zony Altaia // Lomonosovskie chteniia na Altae:
fundamental’'nye problem nauki i obrazovaniia / Barnaul, 20-24 oktiabria
2015 g. S. 1407-1410.

3. Kurakov S.A. Sistema avtonomnogo monitoringa sostoianiia
okruzhaiushchei sredy // Datchiki i sistemy. 2012. Ne 4. S. 29-32.

lFeoxuMu4YeCKMii MOHUTOPUHT aTMOCPEPHOTrO
3arpsisHeHusi Cu u Pb, Zn, Cd BepxoBbIX 60J10T
I0ro-BoCTOKa 3anagHou Cuéoupu
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Cubupckuii HUH cenvcrozo xossicmea u mopga - puruan COHIJA PAH
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Hayuonanvuwiii uccnedosamenvckuii Tomckuii cocyoapcmeeniblil
yuueepcumem, 2. Tomck, yn. Iacapuna, 3
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3amamnass ~ CuOupb  sBISETCS  YHUKAIBbHBIM  OOBEKTOM  JIJISt
WCCIIeIOBAHUS, T/Ie COXPAaHWINCHh OOIIHUPHBIE TEPPUTOPHUH HEHAPYIICHHBIX
00JI0T, €IMHCTBEHHBIM HCTOYHWKOM 3arpsS3HEHUS JJISI KOTOPBIX SIBIISIETCS
JaTbHUNA  atMocepHbli  mepeHoc.  MccnemoBaHuss — aTMOC(EpHBIX
BBINIAICHUN NPOBOJIMIOCH C PACYETOM MOJIYJS a’pajibHOrO MOCTYIUICHUS
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Cu u Pb, Zn, Cd B mpeznenax Tpex COCHOBO-KYCTapHHYKOBO-C(HarHOBBIX
0ooT B 30HAaX BIMSHHUSA TOpoAcKoW arpomepaunu Tomck-Cesepck,
HedTerazoBoro kKommiekca B paiioHe c. [lapabenp, a Takke Ha yCIOBHO
¢onoBoit Tepputoprmu B 30 kM ot c. bakwap. Monyns aspambHOTO
moctymeanss Cu u Pb, Zn, Cd oueHmBaics ¢ TpUMEHEHHEM METOIA
maccUBHOTO oTOopa Tpob armocdepHoro ocemanus meuH  [1] Mo
comepkaHmiO uactHi Ha | M° 3a MHTEpBan BpeMeHH 1 MecsiL.
UccnenoBanns aTMOc(EpHBIX BBINAJICHHH B Ipenesiax BEPXOBBIX 00IOT
NOKa3ajJH YBENMYCHHE MOMYJS adpalbHOrO IOCTYIUICHUS OTHOCHTEIIBHO
dona mo Cu B 1,32 pasa (0,086 mr/m**mecsw), mo Pb B 2,71 pa3 (0,038
MF/MZ*MCCHH) B 100-kM 30HE HE(PTSIHOrO MECTOPOXACHUS ['ypapHHCKOro
OTHOCHTENBHO (hOHA CBS3aHHOE CO CHKMIaHHEeM He(QTEeNpOayKTOB Ha
CTalMOHAPHBIX MCTOYHHMKAX (00BEKTHI HedrerazoBoro xommiekca). B 20-
KM 30HE ropojckoii arnomepanuu Tomck-CeBepck OTMEUYEHO BO3pacTaHue
MOayast aspanbHoro moctyruienuss Pb B 1,71 pas orHocuTensHO (oHa
(0,024 wMr/mM**Mecsil)) 9TO CBS3aHO C BEIOpOCAMH  aBTOMOOHILHOTO
TPaHCIOPTa U OOBEKTOB KOMMYHAIILBHOTO XO3SIMCTBA B Ipeneniax ropojoB
Tomck n Ceepck. [loBrimenHoe comepkanme ZN B 2 pa3a OTHOCHUTEIHHO
¢oHa B aTMOC(EpHBIX BBINAJCHUSAX CBA3AaHO TAaKKE C OOBEKTAMHU
HedrerasoBoro kommiekca (0,808 Mr/M>*MecsIr), a IKCTPEMaTbHO BBHICOKOE
nocrymnenne Zn (3,63 mr/m**mecsn) u nossrenne Cd B cocrase mpo6
HabromaeTcsl mocie moXkapoB B JeTHMH mepuox 2016 roma B mpepenax
(hoHOBOM TeppuTOpHHK B paiioHe c. bakuap.

Uccnedosanue evinonmneno npu @uuancogou nodoepocke PDODU &
pamxax Hayunoeo npoexma Ne 16-45-700418 —p_a.

Cnmcok JquTepaTypsbl

1. Reheis M.S. Dust deposition in Nevada, California, and Utah, 1984-
2002. U.S. Geological Survey, Open-File Report 03-138, 2003. 11 p.

Geochemical monitoring of Cu, Pb, Zn, and Cd
atmospheric pollution in the raised bogs of south-
eastern Western Siberia

Yu.A. Kharanzhevskaya'? A.A. Sinyutkina®, L.P. Gashkova?

!Siberian Research Institute of Agriculture and Peat-branch of the
SFSCA RAS
*National Research Tomsk State University, Tomsk, Gagarin, 3

kharan@yandex.ru

Western Siberia is a unique area for research where vast areas of
undisturbed bogs are preserved and the only source of pollution is long-
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range atmospheric transport. Studies of atmospheric deposition were carried
out by analysing the aerial intake of Cu, Pb, Zn, and Cd within three pine-
shrub-sphagnum raised bogs in the zones of influence of the Tomsk-
Seversk urban agglomeration and the oil and gas complex in the area of
Parabel village as well as in a conditionally background area 30 km from
Bakchar village. The modulus of the aerial intake of Cu, Pb, Zn, and Cd was
estimated using the method of passive sampling of atmospherically
deposited dust [1] to determine the content of particles per m? over a time
interval of 1 month.

Studies of the atmospheric deposition within the raised bogs showed an
increase in the aerial intake modulus relative to the background of 1.32
times for Cu (0.086 mg/m**month) and 2.71 times for Pb (0.038
mg/m**month) in the 100-km zone around the Gurarinsky oil field
associated with the burning of petroleum products at stationary sources (oil
and gas complex facilities). In the 20-km zone of the Tomsk—Seversk urban
agglomeration, the increase in the Pb aerial intake modulus was observed to
be 1.71 times the background (0.024 mg/m®*month), which is associated
with emissions of road transport and utilities within the cities of Tomsk and
Seversk. The increased Zn content in atmospheric deposition by 2 times
relative to the background is also associated with oil and gas complex
objects (0.808 mg/m**month). Extremely high Zn intake (3.63
mg/m?**month) and the appearance of Cd in the samples were observed after
fires in the summer of 2016 within the limits of the background area 30 km
from the Bakchar village.

The reported study was funded by RFBR according to the research
project No Ne 16-45-700418.
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OneHKa NOCTHIUPOreHHOM TOKCUYHOCTH BOJ,
ceBepo-BOCTOYHOM yacTH BacloraHckoro 6osiota
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3arps3HeHHe BOJHOH Cpeabl TKENBIMH MeETalUlaMU  sBIISeTCA
rII00ANBEHOM  AKOJIOTHYECKOW TPoOJIeMOil B CBA3M € MX BBICOKOH
TOKCHYHOCTHIO. [Ipy moskapax B mpenenax 00J0T MPOUCXOAUT HaKOTUICHHE
MIPOXYKTOB TOPCHUS M YBEJINUMBACTCS COJCPIKaHNE BEIIECTB, TOKCHIHOCTh
KOTOpBIX Uil OONBIIMHCTBA BOJHBIX OPraHW3MOB IPOSBIAETCS YK€ B
MalbIX KOHIEHTpaumusx. JIId OIEHKM TOKCHYHOCTH NPOOBI  BOJIBI
otOupanucek B oktssope 2017 1. B mpemenax 4 ydYaCTKOB COCHOBO-
KyCTapHHYKOBO-C()arHOBBIX 6oior (ceBepo-BocTOUHBIC OTPOTH
Bacroranckoro 6oiyiota) u B peke ['aBpuioBka: 2 mpoOsl ObLIH OTOOPAHBI B
npezienax yJacTka jecomenuopanun bakuapckoro 6onora B 6acceiiHe peku
I'aBpunoBka u nocne noxapa B 2016 roay, 2 npoObl OblIM 0TOOpaHbBI B
mpefenax ydacTka jecoMmenuopanud MKCHHCKOro 00J0Ta B MEXIypeube
pex Illerapka u HMkca u nocie noxapa B 1998 roxy. TokcnaHOCTE TIpO0
TIOBEPXHOCTHBIX TPHPOAHBIX BOJX OMNpEAEISIACh 110  aTTECTOBAaHHBIM
MeTonuKaM OnorectupoBaHus B LleHTpe OGnorecTupoBaHus 06€301MaCHOCTH
HaHOTEeXHOJoruid U HaHoMmartepuanoB «buorect-Hano» HY TI'Y. B
KayecTBE  TECT-OOBEKTa  WCIOJIBb30BAIM  MOHOKYJIBTYPY  PayKOB-
¢unbTparopoB Daphnia magna Straus. Boasr ocyiiieHHbIX OOJIOT U TOCIE
noxkapa 1998, 2016 rr. xapakrepusyrorcsi peBbimenneM HOpM TTIK o, .
no NH,', Fewy u XIIK, peunsle Bogel - MO Feoow 1 XIIK. Bogasr,
0oTOOpaHHBIE B IIpelelax COCHOBO-KyCTapHHYKOBO-c(harHOBOro 6050Ta,
BeIropenirero B 2016 roxy, xapakTepu3yloTcs MPEeBHIIIEHHEM HOPMAaTHBOB
mo coxepkanuto Phb. B mpomecce GuoTecTHpOBaHMS OBLIO BBISBIEHO, YTO
HCTIBITYeMBbIe TpPOOBI OKAa3bIBAIOT HETaTHBHOE BO3ACHWCTBHE HA TECT-
opranm3Mbel D. magna Str. CremeHb TOKCHYHOCTH OIpENEIsIach Kak
ToKcH4YHas, uHaekc TokcuuHoctu 100 %, kmacc omacHoctu V. B Bomax
pexku I'aBpuiioBKa CTENEHb TOKCUYHOCTU  XapakTepU3yeTcs  Kak
HETOKCHYHAsI, KJIACC OMACHOCTU V, UHIEKC TOKCHUHOCTU 16,7 %.

Hccneoosanue evinonuweno npu guuancosoii noodepocke PODU e
pamrax Hayunozo npoexkma Ne 16-45-700418 —p a.
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Assessment of the post-pyrogenic water toxicity in the
north-eastern part of the Great Vasyugan mire
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Pollution of the aquatic environment with heavy metals is a global
environmental problem due to their high toxicity. In fires within the mires,
combustion products accumulate and the content of substances increases,
the toxicity of which for most aquatic organisms is already manifested in
small concentrations.

To assess the toxicity, water samples were collected in October 2017
within 4 pine-shrub-sphagnum bogs (north-eastern part of the Great
Vasyugan mire) and in the Gavrilovka River: 2 samples were taken within
the forest drainage area of the Bakchar bog in the Gavrilovka River basin
and after a fire in 2016, two samples were taken selected within the forest
drainage area of the lksa bog in the interfluve of the Shegar and Iksa Rivers
and after the fire in 1998. The toxicity of samples of waters was determined
by certified biotesting methods at the Center for Biotesting Safety of
Nanotechnology and Nanomaterials "Biotest-Nano" at the NU TSU. A
monoculture of filter cages Daphnia magna Straus was used as a test object.

Waters of drained bogs and after the fire of 1998, 2016 are
characterized by exceeding the norms of MAC on NH,", Fe and COD,
river waters - on Fey, and COD. The waters selected within the pine-shrub-
sphagnum bog, burned in 2016, are characterized by exceeding the
standards for Pb content. In the process of biotesting, it was revealed that
the test samples had a negative effect on the test organisms of D. magna Str.
The toxicity level was defined as toxic, a toxicity index of 100%, a hazard
class IV. In the waters of the Gavrilovka River, the degree of toxicity is
characterized as non-toxic, hazard class V, toxicity index 16.7%.

The reported study was funded by RFBR according to the research
project Ne Ne 16-45-700418.
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OneHKa MHOTOJIETHEX JUHAMUKHM COAEPKAHUS
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C m3MeHeHneM KiIMMara Hepa3phIBHO CBs3aHa MpoOieMa M3MEHEHUS
Ka4yecTBa MPUPOIHBIX BoJ. VccienoBaHMs MOKa3bIBAIOT, YTO B PE3YNIbTATE
TOBBIIICHUST TEMIeEpaTypsl Bo3Ayxa B 3amagHod CHOMpPH BO3MOXKHO
YCKOpEHHE TPOLIECCOB Pa3I0KeHUs] OPraHMYECKUX OCTATKOB, HAKOTJICHHBIX
B Oomnorax, 4Tro OymeT cCmocoOCTBOBaTh 3HAYUTEIHHOMY YBEINYECHHUIO
KOHIIGHTPAIlMil OpPraHUYecKNX BEIIeCTB B OOJOTHBIX M PEUHBIX BOJAX
peruona [1]. Lenpto paGoTHI SBISETCS OLICHKA COACPKAHHS OPraHUYECKHUX
BemecTB (Cypr) B BOJax p. I'aBpuoBka M TEHAEHUMH €r0 MHOTOJIETHETO
n3MeHeHus. lccnenoBaHus TPOBOAWINCH B Ipenenax OacceiHa p.
laBpumoBka, neBoOepeskHoro mpuroka p. Hrca (Cpemasst  OOb),
OCYIIEHHOTO C LEJIBIO JIECOMENMOpaluu B Hacrosmiee BpeMs oTMedaeTcs
CHIDKCHHE BOJOMNPOIYCKHOH CIHOCOOHOCTH KaHAJOB BCIEACTBHE HX
3apactanus W 3aropdoBeBaHus. B 2016 T Ha TeppHUTOpPHH OCYIICHHOTO
6OIIOTA TPOM3OIIEN MOXKAp, OXBATHBIIMI uiomags Gomee 7 kM°. OTGOP
pedHbIX Boj mpousBoauics 1 pa3 B mecsn B mepuos 2006-2016 rT. B ieHTpe
motoka ¢ Tiyomasl 20-30 cM B CHeNHMaTbHO — TOJATOTOBIIEHHBIC
npoboorbopuuky. Omnpenenenne C,p BBIIOIHAIOCE B aKKPEIUTOBAHHOM
JlabopaTtopro-ananmutiueckom wneHrpe CuOHUUCXuT mo Tiopury c
doromerpuaeckum oxordanuem (CTIT 0493925-008-93).

WccnenoBanus mokasaiy, 9To B BoAax p. l'aBpuioBka, cobuparomieit
CTOK C OCYLIEHHOI'0 BEpXOBOTO 00JI0Ta OTMe4aroTcst Oojee Bbicokue (Ha 36
%) xoHueHTpanuu C,,. B CPaBHEHHH E€CTECTBEHHBIMU TEppUTOpHAMH. B
CE30HHOI JAMHaMuKe HaOJoAaeTcs M3MEHEHHE KOHIEHTpPAlMid B PEYHBIX
BOJIaX I0J] BJIMSHHEM KoJIeOaHMH TeMIepaTypbl BO3[yXa, KOJIMYECTBa
aTMoc(epHBIX OCaJKOB M JAWHAMUKKA YPOBHEH M pPacxollOB BOJIBI.
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MaxkcumanbHble 3a roJ] KoHIeHTpanun Co, B PEUHBIX BOJAX HAOIIOJAIOTCS
B HauOoJiee TEII00OECIICUSHHBIH PO T0la C MIOHS O aBIryCT. AHAJIH3
MHOTOJICTHUX W3MEHECHUH BBISBUJI TEHICHIMIO K CHIDKCHUIO COAEPKaHHS
Copr B PEYHBIX BOJAX, OJHAKO CTATHCTHYECKHM 3HAYMMOTO TPEHAA He
00HapyKEHO.

Hccneoosanue evinonneno npu unancosoii noodepiicke PODU 6
pamxax Hayunoeo npoexma Ne 18-35-00376 mon-a.

CHHCOK JUTepaTyphl
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Moaenb MeXroA0BoOi N3MEeHYMBOCTH 3BTPOGHPOBaAHUS
3KOCHUCTEeMbI BOJAOXPAaHUINILA

AA. ![xaﬁl'z, B.1O. Areiikos®

Y Unemumym 600mvix u sxonoeuueckux npoénem CO PAH, 656038,
2. bapnayn, yn. Monooesicnas, 1
2 Anmaiicxuii 2ocyoapcmaennulil ynugsepcumem um. U.H1. Ilonzynosa,
656038, 2. bapuayn, np. Jlenuna, 46

taal956@mail.ru

HccnenoBana mpobieMa OLEHKM M3MEHEHHs! TpO(HUYecKoro craryca
BOJHOI OSKOCHCTEMBI Ha OCHOBE MOJEIMPOBAHUS OHOT€OXMMHUYECKHX
mUKIIoB. [IporHo3 KadecTBEHHBIX S(QEKTOB, CBA3AHHBIX C Pa3BUTHEM
cyKmeccuil cooOmecTs THAPOOHMOHTOB, C BO3MOXHBIM HapyIICHHEM
rOMEOCTa3a 3KOCHUCTEMBI TPeOYyeT pacIIMpeHHs] TPaHHUI] OOIIETPUHSTHIX
noaxomoB (Hampumep, [1]).

B cBsi3u ¢ 3TUM BO3HHKAET BONPOC 00 M3MEHEHUH CTPYKTYPHI MOIEITH
9KOCHCTEMBI BOJOEMa. DTO O3HAYAET y4eT U3MEHEHUs] BUIOBOTO COCTaBa U
YPOBHSI Pa3BUTHS Pa3IMYHBIX BUIOB BOJOPOCIEH, KOTOPHIE MOACTHPYIOTCS
Kak  arperupoBaHHas  rnepeMeHHas "¢urommaHkroH". B pabote
HCIIONB30BaHbl CPENICTBA CTPYKTYPHO-AUNHAMUIECKOTO MOACIUPOBaHUs [2].

[IpuHIMD ecrecTBeHHOTO O0TOOpa JlapBMHA JaeT OPUEHTHP I ydeTa
U3MEHEHMs] CTPYKTYpbl OHOpa3sHOoOOpasus. ITOT YYeT TPHUBOAUT K
N3MEHEHHMIO MOJIETIbHBIX XapaKTEPUCTHK (U3MOJIOTHYECKON aKTHBHOCTH
(UTOIIIAHKTOHA B TEUEHHUE T0/1a.

N3 Bcex HaOOpPOB BO3MOXKHBIX TPAEKTOPUH PA3BUTHSA IKOCHCTEMBI
KaX/ble pacueTHble CYTKM BBIOMpaeTcsl OgHA, KOTOPOH COOTBETCTBYET
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MaKCHMaJIbHOE 3HaY€HHE IKCEPTHH (TEpMOJMHAMUYECKON XapaKTePHCTHKH,
oTpakarouieil yjaJeHHOCTh CHCTEMbI OT COCTOSIHHUSI "MEPTBOr0" BEIECTBA).
Ha ocHoBe Moan¢uuupoBaHHON MOAENN OMOr€OXUMHYECKHUX LUKIOB
TpaHcopMalMy  MHTATENbHBIX  BELIECTB  OXapaKTEpPU30BaH  TPEHI
U3MEHEHHsT YPOBHS  3BTPO(QHPOBAHMS, COOTBETCTBYIOIIUIA  JAHHBIM
MHOT0JIeTHer0 MOHUTOpHHTa HOBOCHOUPCKOTO BOAOXPaHIITHIIIA.
Hccnedosanue evinonneno npu Qurancosoii noddepicke PODU u
Anmaiickozo kpas 8 pamkax HayyHozo npoexma Ne 18-41-220002.
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Model of eutrophication interannual variability for
reservoir ecosystem

A. A. Tskhai*? V. Yu. Ageikov*
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Barnaul, 656038 RF
2 Altai State Technical University named 1. I. Polzunov, Lenin Av. 46,
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The problem of assessing changes in the trophic status of the aquatic
ecosystem based on modeling of biogeochemical cycles was investigated.
Prediction of qualitative effects associated with the development of
successions of hydrobionts communities, with a possible violation of the
ecosystem homeostasis requires expanding the boundaries of conventional
approaches (for example, [1]).

This raises the question of changing the structure of the reservoir
ecosystem model. This means taking into account changes in species
composition and level of development of different species of algae, which
are modeled as an aggregate variable "phytoplankton”. The investigation
uses structural-dynamic modeling tools [2].

The principle of natural selection of Darwin provides a guide to
account for changes in the structure of biodiversity. This accounting leads to
a change in the model characteristics of the physiological activity of
phytoplankton during the year.

Of all the sets of possible trajectories of ecosystem development, one is
selected every estimated day, which corresponds to the maximum value of
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exergy (thermodynamic characteristics that reflect the distance of the
system from the state of "dead" substance).

On the basis of the modified model of biogeochemical cycles of
nutrient transformation the trend of eutrophication level change,
corresponding to the data of long-term monitoring of the Novosibirsk
reservoir was characterized.

The reported research was funded by Russian Foundation for Basic
Research and the government of the Altai region of the Russian Federation,
grant Ne 18-41-220002.
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AHa/MTHYeCKU KOHTPOJIb COAEPKAHUA
META/IVNTNIYE€CKHUX npnMecei?l B CBAPOYHbLIX A3P030JIAX
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B mporecce BBITIOTHEHUS CBapOYHBIX pab0T B OKPYXKAIOIIUN BO3OYX
BEIJICIISFOTCSL adPO30JTH, COJCPIKAIINe KaHICPOTSHHBIC BEIIECTBA, KOTOPHIC
MOTYT BBI3BIBaTh NpodeccroHanbHble 3aboneBaHus. COCTaB CBapOYHBIX
a’po30Jield 3aBHCUT OT THUIA CBAapUBAEMOTO METajula W HCIHOJIb3YEMBIX
971eKTpo10B. OCHOBHBIMU KOMIIOHEHTAMH CBAPOUYHBIX a3p030JIeH SIBIISIOTCS:
metawiel (Fe, Mn, Zn u np.), ux okcuasl (FeO, Fe,O3, MnO, Mn30,, ZnO u
ap.), mmueenn (MnFe,Q,, Fes0,4, CaFe,0, u ap.), dropuasr (NaF, MnF,,
CaF, u mp.), cunukarsr (CaSiOsz, Fe,[SiO4], Mny[SiO4] u mp.) u mpyrue
COCIIMHEHUS, a TAKXKe IBLIb, conepxamas 10 70 % KpUCTaNTNIeCKOro WIIH
amop¢Horo SiO,. B ¢Bs3u cO CIOXKHBIM COCTABOM CBapOYHBIX adp0O30Jieit
WX aHaJIW3 TPYIOEMKHU, MPOJOJDKUTEIBHBIA U YKOHOMUYECKH 3aTPATHBIN.
[MosToMy HEOOXOAMMBI HAIEKHBIE W IKCIPECCHBIE METOABI KOHTPOIS
YPOBHS 3arpsi3HEHHs Bo3ayxa paboueli 30HbI. [laHHas paboTa MOCBAIICHA
pa3paboTke METOIUK aHalHM3a COJCPXKAHUS JKele3a, MapraHiia, Xpoma U
[IMHKA B a3PO30JISIX.

Ot60op mpo6d Bozmyxa paboueld 30HBI MPOBOAMIN Ha GMILTPE ADA
pasHBIX MOAMGUKAIMN IyTeM NPOKAYMBaHHUA OMNPEICICHHOTO o0beMa
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BO3/lyXa C TIOMOIIBIO acIuparopa mpu ckopoctu 10 av*/mun. Tlepesenenue
TBEPJOH  COCTABISIIOLICH CBAapOYHOTO a’po30ist ¢ (GHUIBTPa B PacTBOP
ocymIecTBISUIN  00paboTKOM  QuiIbTpa pacTBOPOM  XJIOPOBOJOPOIHOM
KHCJIOTBI WJHM MOKpPBIM oO30JicHHeM. KOHTposmp conepkaHUs METaIoB
MPOBOAMIM  METOAOM  WHBEPCHOHHOM  BosbTammepomerpuu.  Jlis
MEPEBEJCHUS JIICMEHTOB B 3JIEKTPOAKTHBHYIO (OPMY HCHOIB30BaAIN
¢doroxumuyeckne peaknuu. OTHOBPEMEHHOE OMPENENCHHUE COISpPIKaHHA
MapraHiia ¥ IUHKa TPOBOJMIN Ha MOJU(UIMPOBAHHOM COIOJIMMEPOM
METWIMETaKpHiIaTa " METaKpHIIOBOH KHCJIOTHI NEKTPOJE,
MHKAICYJIMPOBaHHOM coJisiMu pTyTH Ha (one Na,SOs, coneprkanue xenesa
— Ha rpaduTcoaepKalieM IEKTPoe MOIUPHUIIMPOBAHHOM HAHOYACTUI[AMHU
30/10Ta Ha ()OHE XJIOPOBOJAOPOIHOM KHUCIOTHL. XPOM OMPEACISIIA METOIOM
KaTOAHOU a7IcOpOLMOHHON MHBEPCUOHHOU BOJIbTaMIIEPOMETPUH.
PesynbraThl aHanmu3a, ITOJNy4YeHHBIE II0 pa3pabOTaHHBIM METOJHKAM,
cornacyrores ¢ MetogoM ADC ¢ HHAYKTUBHOCBSI3aHHOM IIa3MOH.

Analytical control of the content of metallic impurities
in welding aerosols

A. Yu. Shibaev, V. V. Shelkovnikov
National Research Tomsk State University, 634050, Tomsk, Lenin Ave. 36
alex941g@gmail.com

During the welding process, aerosols containing carcinogenic
substances that can cause occupational diseases are released in the
surrounding air. The composition of welding aerosols depends on the type
of metal to be welded and their electrodes. The main components of
welding aerosols are: metals (Fe, Mn, Zn, etc.), Their oxides (FeO, Fe,03,
MnO, Mn;0O4, Zn0O, etc.), Spinels (MnFe,O, Fe304 CaFe,Oy4 etc),
Fluorides (NaF , MnF,, CaF,, etc.), Silicates (CaSiOs, Fe, [SiO4], Mn,
[SiO,4], etc.) and other compounds, as well as dust containing up to 70%
crystalline or amorphous SiO,. In connection with the complex composition
of welding aerosols, their analysis is labor-intensive, time consuming and
cost-effective. Therefore, reliable and rapid methods of monitoring the level
of air pollution in the work area are needed. This work is devoted to the
development of a technique for analyzing the content of iron, manganese,
chromium and zinc in aerosols.

Sampling air working area on AFA filters of various modifications was
carried out by pumping a certain volume of air with an aspirator at a speed
of 10 dm® / min. The conversion of the solid component of the welding
aerosol with the filter in the solution is treated by filtration of hydrochloric
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acid or by wet ashing. The content of metals was monitored by the method
of stripping voltammetry. Photochemical reactions were used to convert the
elements into an electroactive form. Simultaneous determination of the
content of manganese and zinc was carried out on an electrode modified
with a copolymer of methyl methacrylate and methacrylic acid encapsulated
with salts of mercury with Na,SO; background. The content of iron - on a
graphite-containing electrode modified with gold nanoparticles on the
background of hydrochloric acid. Chromium content was determined by the
method of cathode adsorption inversion voltammetry. The results of the
analysis, received with the designed methods, are consistent with the
method of nuclear power plants with inductively coupled plasma.

BiiMsiHUA pa3/IMYHBIX PAaKTOPOB Ha CE30HHBIE U
CyTOYHbIEe BapHaLiUM paJoHa B aTMocdepe

[.A. Sxosues’, T.X. HryeHZ, I1.M. Haropc1<141713, B.C. SIxoBuneBa’

"MBOY nuyeii npu Tomckom nonumexnuyeckom ynusepcumeme, 634028,
Poccus, e. Tomck, yn. A. Heanosa, 4
Tomckuii notumexnueckuii yuugepcumem, 634050, Poccus, e. Tomck,
np. Jlenuna, 30
S Unemumym MOHUMOPUH2A KIUMAMUYECKUX U IKONOSUHECKUX CUCTIEM
CO PAH, 364055, Poccus, 2. Tomck, np. Axkademuueckuii, 10/3

vsyakovleva@tpu.ru

MOHUTOPHHT paJoHa B TIPU3EMHOH artMocdepe TMPOBOIAT LIS
pelleHuss  pa3NMYHBIX  NPUKIATHBIX  334a4  PAgHO’KOJIOTHMH  H
paanoOMONIOTMH — JUId OLEHKM BIHUSHHS MalbIX J[J03 pagualuy Ha
HaceleHne, reopU3MKd M KIUMATOJOTMU — JUIS H3Y4YSHHsS JBIDKSHUS
BO3/IyLIHBIX MAacc, 3JIEKTPUUYECKUX CBOMCTB aTMOChEpHI U Ip.

Monutopuar o0beMHON aktuBHOCTH (OA) pazoHa, TOpoHA |
JIOYEPHHX MPOYKTOB pacmaja B atMochepe nmpousBoamimm ¢ koHma 2016 r.
Ha JKCHEPUMEHTANBHOMN IJIOLIAa/IKe Tomckoii oOcepBaTopuu
PaaMOAaKTUBHOCTH W HOHU3MpymOWMX  u3nydenud, TITY-UMKDC.
Pamuometpsl pagona RTM2200 (Iepmanmsi) u RAD7 (CLIA) Gbutn
YCTaHOBJIEHBI Ha PA3HBIX BBICOTAX, U3MEPEHUS BEJIU ¢ TakTOM 30 MUH.

Ilo pesynpraTam aHanM3a BBISBIEHA 3aKOHOMEPHOCTb B CE30HHOMU
JUHAMUKE paZioHa: MaKCHMAIbFHOE 3HA4YCHHC HAONIONAIOTCS 3UMOH, a
MHHHUMaJIbHbIe — BECHOM. J{aHHBIE XOpOIIO COTJIACYIOTCA C pE3yjbTaTaMu
uccnenoBanuii pagona B Ournsaauu. B Crnoakuu u Ilombire, Ha060poT,
OBUTO TIOYYeHO, YTO MaKCHMAaJbHBIC 3HAYCHUS HaONIONAIOTCS B TETUIBIN
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MIEPUO]I, & MUHUMAJIbHBIC — B XOJIOJHBIN MEPUOJ. DTH Pa3iudus CBSI3aHbBI C
0COOEHHOCTSIMH KJIMMATA.

Cytounbie Bapuaiuun OA pajioHa TPOSBISIOTCS B TEPUOIBI 0e3
0CagKOB, MaKCHMyM HaONIOZaeTcss B MpPEOpAacCBETHBIE Yachl, KOT/a
aTMocdepa HaWMEHee IIOABIKHA, a MHHAMYMOM — JHEM, KOrja
BEepPTUKAJbHOE IMEpEeMEIIMBaHUE BO3AyXa Omaromapss TypOyJneHTHOH
i dy3un MaKCUMaIBHO.

Ananm3 skcniepuMeHTanbHEIX JaHHEIX OA 1 OPOA pamona, a Takxke
OA TopoHa, mmoxa3aJ, 9T0 METEOPOIIOTHIECKHE (PAKTOPHI 3HAYMMO BIUSIIOT
Ha OA panona. HaunGonee 3HaYUMBIMU BAUSIONUME (HAKTOPAMHU SBIISIOTCS
BJI&XXHOCTB, TEMIleparypa, TypOYJIEHTHOCTh NpPU3EMHOW arMmocdepsl, a
TaK)X€ BEPTUKAJIbHBIN BETEP.

IIpoBepKka BO3MOKHOCTH 3aMe€HbI MOHUTOPHUHTA
pailoHAa MOHUTOPHUHIOM ajsibda- u 6eTa-PpoHa B
ropojackoiu armocdepe

B.C. KOHL[DaTLeBal, I'.B. }IKyHHHl, I'A. HKOBHGBZ, I1.M. Haropc1<1x11713,
B.C. SIkoBnesa

YTomexuti nonumexnuyeckui yrusepcumem, 634050, Poccus, 2. Tomck,
np. Jlenuna, 30
’MBOY nuyei npu Tomckom noaumexuuyeckom ynugepcumeme, 634028,
Poccus, e. Tomck, yn. A. Heanosa, 4
3PIHcmumym MOHUMOPUH2A KIUMAMUYECKUX U IKOJIO2UYECKUX CUCTHEM
CO PAH, 364055, Poccus, 2. Tomck, np. Axademuueckuir, 10/3
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B mnocnennee BpeMs Bce dHalle IOJHMMAaeTcs BOIPOC O JEHCTBUH
MaJIbIX 103 pajJMalliyl Ha XXMBbIE OpraHu3Mbl. PajnoakTHBHBINA ra3 pajioH,
KaK M3BECTHO, BHOCUT HaWOOJIBIINI BKJIaJ B CYMMapHYIO J03y OOJy4eHUs
HaceneHus. [loaToMmy, HccienoBaHME XapaKTEpUCTHK MOJNEH pajoHa B
TOPOJICKOH arMocdepe IOMOXKET ITPOBECTH O0JIee TOYHBIE T030BbIE OLIEHKH.

Jns oueHok n03 oOiydeHHst HEOOXOAMMO 3HATh HMH(OPMAIHMIO HE
TOJNBKO O BeluuuHe oO0beMHONM aktuBHOCTH (OA) pajgoHa, TOpOHa,
JI0YEepHUX NpoayKToB nx pacnana ([I1P) Ha ypoBHe AbIXaHUS YesIOBEKa, HO
U O IIPOCTPAHCTBEHHOM paclpe/elieHnH. PaguomMerpsl pajoHa, NpUroIHele
JUISL  YIMYHOTO KPYTJIOTOAMYHOTO MOHHUTOPUHIrA SIBISIOTCS JIOBOJIbHO
JIOPOTOCTOSIIUMH, YTO CUIILHO OIPaHUYUBAET MACIITa0 UCCIIeOBAaHU.

[enpio HACTOAIIETO MCCIIEIOBAHUS SABJISUIACH IPOBEPKA BO3MOXKHOCTH
3aMeHBl MOHHTOPHHTA PaJ0Ha MOHHTOPHUHIOM anb¢a- u/wim Oera-¢poHa ¢
HCTIONIb30BAaHMEM 3KOHOMHYHBIX OJIOKOB JIETEKTHpOBaHMA. HempepbIBHBIN
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aBTOMAaTU3UPOBAaHHBI MoOHUTOpPUHT wu3oTtonoB OA pamona u [IIP,
XapakTepu3yeMoil BenmunHOW SkBuBaJeHTHOW OA pamona (DPOA)
npousBonmn ¢ koHna 2016 r. B ropoge ToMmcke Ha 3KCIIEPHUMEHTAIBHON
mwromanake TIIY-UMKDC  pammomerpom RTM2200  (I'epmanus).
[MnotHocTs motoka (IIII) ampda- m Oera WRIyUCHHH W3MEPSUIH
CIMHTHIUISILIMOHHBIMY JETEKTOPAMH.

B pesynbrare Oblla BBISBICHa CHHXPOHHOCTH B JAWHAMHUKE
uHTerpaibHex 3HaueHni OA u DPOA armocdepnoro pagona u [1I1 anbda-
U3JIyYeHHsT Ha ToJOBOM MaciutalOe. BEBIABICHBI 3HaYMMBIE KOPPENSILMU
MEXAy MrHoBeHHbIMH 3HaueHusiMH OA pangona u [II1 anbda-uznyuenus
TOJIBKO B OT/EJTbHbIE KOPOTKHE MepHoabl roga. CrenaH BBIBOA O TOM, YTO
MOHUTOpPHHI'  anbda-poHa MOXKET 3aMEHUTh TOJBKO MOHHUTOPHHT
HWHTETpanbHEIX 3HaueHnH DPOA pagoHa B mpu3eMHOI aTMOCdepe.



Ceknua 8. IKosiorm4yeckue acrneKThbl
TexHOCpepHO 6e30aACHOCTH

OueHKa BJIMAHMSA NbLIH GeppoCcnIaBHOTO
MPOM3BO/CTBA HA IKOJIOTUYECKYI0 0GCTAaHOBKY B
ropoje Yeisi6MHCKe

A.C. AnpiakoBa

FOoicno-Ypanvckuii 2ocyoapcmeennwiti ynugepcumem (HayuOHAIbHLILU
uccredosamenvcxuti ynugepcumem), 454080, e. Yenabunck, np. Jlenuna, 76

alsha.as@yandex.ru

YensiOUHCK SBIACTCS OAHMM H3 JHICPOB B pEHTHHTE CaMBbIX
3arpsi3HEHHBIX roposoB Poccuu. OpHuM 13 (akTOPOB 3arps3HEHUS
aTMoc(epHOro BO3/yXa CIYKaT BBIOPOCHI U OTXObI METAJUTypPrHUECKOTO
npousBoicTBa [1].

Ilenpo DaHHOTO HCCIEOBAHUS SIBISICTCSI OLCHKA BIHSHUS [bUIA
(eppocIUIaBOB Ha HKOJIOTHYECKYIO OOCTAHOBKY, & TaKk)XKe Ha 3J0pPOBbE
HACEJICHHS.

Bri6pocst METaJUTyPIrU4ECKUX NpeanpUsITHH, coJiepKale
MenbYaiIie TBepIble YaCTHUI! (IIBLIHN), HE YIOBJICHHBIC Ta300YHCTHBIMU
COOPY)KCHHUSIMH, CIIOCOOHBI BBI3BIBATH HE TOJNBKO MPO(ecCHOHANbHbIE
3aboneBaHusi y paGOTHHUKOB TPEANPHUSITHS, HO M HETATHBHO BIUATH Ha
3[0pOBbE JKHTENeH TOpojaa, HepabOTAINIMX HA MPOU3BOJCTBEHHBIX
npennpuaTusx [2].

Ibuin  eppociuiaBoB, COOpaHHBIE C Ta300YUCTHBIX COOPYKEHHIA,
CKAIUTMBAIOTCSI HA TEPPUTOPHHM METAUTYPIHYECKUX MNPEANPUSITUH, YTO
HEraTMBHO BIMSET HA TMOYBY, a TaKKe CO3JaeT  OMAcHOCTh
caMoBocIiaMmenenus [3].

B 3aBHCHMOCTH OT (M3HKO-TEXHOJOTHYCCKHX XAPAKTEPUCTHK, TAKHX
KaK pa3Mep YaCTHIl U y/AeNbHas MOBEPXHOCTD MBLUTH (HeppOCILUIABOB MOTYT
o6yiagath paslTUYHBIMH CBOWCTBAMH, BIMSIONIMMH HA CTENEHb OYHMCTKH
OTXOJSIIIIAX Ta30B, CIIOCOOHOCTH TBLIM K BOCIUIAMEHEHHIO, BEPOSTHOCTH
NPOHWKHOBCHUSI B  JIbIXaTelbHBIC IyTH, a TaKXe Ha CKOPOCTh
B3aMMO/ICHCTBHS C APYTUMH BerecTBamu [4].

BeiBosibl: B xome WcciieoOBaHWS MBI BBUICHIUIM, 9TO TIBIIA BHOCST
OTPOMHBIN BKJaJ B 3arps3HeHue atmocdepHoro Bosayxa (mopsika 30
TBICAY TOH €)XKErojHO), a KOJHUYECTBO 3a00JE€BaHHWN OPraHOB JbIXaHUS
cpemu coctaBisier okoio 30% OT umcia BceX 3a00JCBaHUN IKHUTENCH
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YensOuHCKa, KPOME TOTO TIPH JUINTEIBHOM XPaHEHHH IBLIH (eppocIIaBoB
CHOCOOHBI ~ CaMOBOCIUIAMEHSAThCA IPH  B3aUMOJACHCTBHM C  BIaroi
OKpY’Karouleil cpeabl.
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Evaluation of the influence of ferroalloy dust
production on ecological situation in the
Chelyabinsk city

A.S. Alshakova

South Ural State University (National Research University),
454080, Chelyabinsk, Lenin Avenue, 76

alsha.as@yandex.ru

Chelyabinsk is one of the leaders in the ranking of the most polluted
cities in Russia. One of the factors of air pollution are emissions and waste
of metallurgical production [1].

The purpose of this study is to assess the impact of ferroalloy dust on
the environmental situation, as well as on the health of the population.

Emissions of metallurgical enterprises, containing the smallest solid
particles (dust), not caught by gas treatment facilities, can cause not only
occupational diseases among the employees of the enterprise, but also
negatively affect the health of the residents of the city, who do not work at
the production enterprises [2].

Ferroalloy dust collected from gas treatment facilities accumulate in
the territory of metallurgical enterprises, which negatively affects the soil,
and also creates the danger of self-ignition [3].

Depending on the physical and technological characteristics, such as
particle size and specific surface area of ferroalloys dust may have different
properties that affect the degree of purification of waste gases, the ability of
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dust to ignite, the probability of penetration into the respiratory tract, as well
as the rate of interaction with other substances [4].

Conclusions: in the course of the study, we found that dust makes a
huge contribution to air pollution (about 30 thousand tons per year), and the
number of respiratory diseases among is about 30% of all diseases of the
residents of Chelyabinsk, in addition, with long-term storage of ferroalloys
dust can self-ignite when interacting with the moisture of the environment.
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«MaJiasi» TenJI0O9HepreTHKa M OTONUTE/IbHbIE CHCTEMBI
KaK MCTOYHMK KaHLlepOTreHHbIX PUCKOB AJIf1 TOPOJ0B
HUpKyTCKOM 06/1aCTH
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MOHHTOPHHT COCTOSIHMSI aTMOc(epHOro Bo3ayxa B ropojax Poccuu
BBISBJSIET ~CHCTEMATHYECKHE MPEBBIMICHUS MPENeNbHO  JOMYCTHMBIX
KOHLEHTpaluii  kaHueporeHHelx  Oen3(a)mmpena  (B(a)ll),  caxm,
¢dopmanpaeruia [1]. Ocobenno BeigenstoTes ropoaa Bocrounoit Cubupu u
HampHero Bocroka, oTmudaroniuecss HATHIHEM TEIUIONCTOYHHKOB «MAJIOW)
MOIIHOCTH (KOTEJIbHBIE) M OTONUTEIBbHBIX CHCTEM (IOMOBBIE II€YH) CO
CJIOEBBIM COKUTAHHUEM YIJISI U JPOB. DTH UCTOYHUKH JAIOT 3HAYUTEIHHBIC
BKIIQJBI B 3arps3HEHUE atMocdepsl MPOAYKTAMH HEMOJIHOTO COKHTaHWS,
CpeAd KOTOpbIX OoJjiee ONacHble KaHIEPOTEHHBbIE IOJUINKINIECKUE
apoMatudeckue yriaeBonopoanl (ITAY). CocraB 3THX BelIeCTB B BRIOpOCax
OT TEIUIOMCTOYHUKOB T. Mpkyrcka ObUl HM3y4e€H B KOHIE IIPOIIIOTO
cronetust [2-4]. Lenbio paGoTsl OblIa PETPOCHEKTUBHAS OLIEHKA COCTOSHUS
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KaHILEeporeHHoi onacHocTy [TAY B TeNmIOMCTOUYHUKAX «MajOi» MOIIHOCTU
Ha npuMepe roponoB MpkyTckoit obmactu.

IIpoBeneH KOMIUIEKCHBIM aHaJU3 MEJIKUX KOTEIbHBIX M JOMOBBIX
Tedeif, ICOIB3YIONINX YU U APOBa, UL TOpoaoB MpkyTckoit obmactu.

MonepHu3npoBaHa METOAWKA pacdeTa CPEIHHUX YIENbHBIX BEIOPOCOB
KaHLEpOoreHHbIX IIAY OT CI0€BBIX OTONMTENBHBIX KOTJIOB M JOMOBBIX
nedeil ¢ MEPUOJMUSCKUM CXKUTaHHEM ToIuinBa. Ha ee OCHOBe OLIEHEHBI
Harpy3ku KaHueporeHHbIX b(a)[l, caxu u psma ITAY nHa atmocdepy
TOpPOJIOB B CPAaBHEHUH C MEPHOIOM KOHI[A MPOILIOro Beka [2-4].

OnpezneneHbl MyTH CHIDKEHUS BPEIHOIO BO3JCHCTBHSA  «MaJIbIX)
TEIJIONCTOYHUKOB Ha OOBEKTHI OKPYKAIOWIEH Cpeibl € NPeUIOKEHUSIMU
COOTBETCTBYIOIUX MEPONPHUATHI 3KOIOTUIECKOH 0€30MacHOCTH.
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"Small” heat power engineering and heating systems as
a source of carcinogenic risks for the cities
of Irkutsk region

L. I. Belykh, M. A. Maksimova
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Monitoring of atmospheric air in Russian cities reveals systematic
exceedances of the maximum permissible concentrations of carcinogenic
Benzo(a)pyrene (B(a)P), soot, formaldehyde [1]. Especially the cities of
Eastern Siberia and the Far East, characterized by the presence of heat
sources of "small" power (boilers) and heating systems (house furnaces)
with the layer burning of coal and wood, are distinguished. These sources
contribute significantly to the pollution of the atmosphere by incineration
products, including more dangerous carcinogenic polycyclic aromatic
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hydrocarbons (PAHSs). The composition of these substances in emissions
from heat sources of Irkutsk was studied at the end of the last century [2-4].
The aim of the work was a retrospective assessment of the status of
carcinogenic danger of PAH in heat sources of "small" power on the
example of the cities of the Irkutsk region.

The complex analysis of small boiler and house furnaces using coal
and firewood for the cities of the Irkutsk region is carried out.

The method of calculation of average specific emissions of
carcinogenic PAHs from layer heating boilers and house furnaces with
periodic combustion of fuel is modernized. On its basis, the load of
carcinogenic B(a)P, soot and a number of PAHSs on the atmosphere of cities
was estimated in comparison with the period of the last century [2-4].

The ways of reducing the harmful effects of "small" heat sources on
the environment with the proposals of appropriate measures of
environmental safety.
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K Bonpocy o pa3pa6oTKe UMUTALMOHHOMN MOAE/IN
JIECHBIX NIPUPOJHBIX NI0KapOB

T.A. BenbkoBa, H.A. Anekcees
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OnHuM 13 HanboJjee ONMacHBIX HETaTUBHBIX (PAKTOPOB PACTUTEIBHBIX
MIOXKAPOB SIBJISICTCS 3arpsi3HEHUE NPHU3EMHOTO cJiosi aTMoc(epsl. SIBIsisICh
JUIUTENBHBIME 110 BPEMEHM, PACTHUTENbHBIE MOXapbl BBHIOPACHIBAIOT B
aTMoc(epy 00JbIIOe KOINYECTBO I0BUTHIX BemecTs [1]. IIpu mokapax B
necy cropaer He Gonee 20-30% Bceli opranumueckoi maccel. [lonmHoTa ee
CTOpaHUsl CKOPOCTb pAacHpOCTPaHEHUs, WHTEHCHBHOCTh U  Jpyrue
XapaKTEpPUCTUKU TOPEHUs MpPU T0Kape B CWJIBHON CTENEHHW 3aBUCAT OT
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CBOWCTB TOPIOYMX MATCPUANIOB, UX KOJIUYCCTBA, CTPYKTYPHI, BIAKHOCTH U
XUMHYECKOTO cocTana [2].

Cy1iecTByeT HEOOXOIMMOCTh Ha OCHOBE (DaKTHUECKOTO Marepualia
(1974-2017 rr.) mOCTPOUTDH TPEHIOBBIE IPOTHO3HBIE YPABHEHHUS Ha JECATOK
JIET BIEpeN MO BCceM IMapameTpaM W KodddurueHnraMm. Takum oOpasom,
MeTo/uKa OyJeT CUNTATh HE TeKYILHE, & MPOTrHO3HBIC HA MHOTO JIET BIEpe.]
3HaueHus [3]. MOXXHO OCTPOUTH HMHUTAIIMOHHYIO MOJEINb JIECHOTO IoXKapa
C 3aJaHHBIMM TapaMeTpaMH HCCIeJ0BaHus (IUIOIAAb HAYalbHOTO
BO3TOpaHusl, CKOPOCTh BETpPA, BIAXKHOCTh, COCTAaB JECHOIO MaccuBa U T.J.)
JUIs IPOTHO3a BPEMEHU BBITOPaHUs JIECHOU TEPPUTOPUU.

WmuTalinoHHast MOJIEINb JIECHBIX MPUPOIHBIX MMOXKAPOB, YUUTHIBAIOIIAS
K03(D(DUIMEHTHI, XapaKTepHbIC Ui JAHHOTO THUIA MECTHOCTH, peibeda,
pacTUTENFHOCTH M KJIMMara, CcMoXeT dS((QEeKTHBHO W TOYHO
MIPOrHO3UPOBATh CTATUCTHUKY TI0KApPOB Ha OYIYIIHE EPUOIHI.
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OueHKa 3K0JI0OTHYeCcKOoro yuiep6a atmocpepHomy
BO3AyXy IIPU pa3paboTKe ra30HOCHBIX MeCTOPOXKAEHUMN
JleHo-TyHrycckoi HepTera3oHOCHO¥M NIPOBUHLUH

C.C. Tumodeena, H.B. 'opnenko
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B mnacrosimiee Bpemsi mnepen ra3oBod oTpacibio  Poccuiickoi
Oeneparii BO3HUKAIOT HOBBIE 33/a4d. DTO CBS3aHO C T'€ONOJIMTHYECKOI
HEOOXOIUMOCTBIO, TIOMHUMO CYIIECTBYIOIINX MECTOPOKICHUHA MPHPOIHOTO
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rasa, pa3pabarsiBaTh B OJIMDKaHIINE TO/bI HOBbIE T'a30HOCHBIC PErHOHBI. B
YHUCIIO TaKUX pErHOHOB BXOMIAT, mpexiae Bcero, Jleno-TyHrycckas
NPOBHHIMSA ~ C  Hauboiee  MEpCHEKTUBHBIMH  MECTOPOXKACHHSIMHU
SpaktuHckoe — HedrerazokoHaeHcatHoe — MectopoxkaeHme — (HI'KM),
MecTtopoxkaerne Mxrexckoro m Yekanckoe. Takum oOpaszom, reorpadus
MIEPCIIEKTUBHBIX Ta30HOCHBIX PETHOHOB OXBAaThIBaeT TeppuTopuu CnOmpH.
COOTBETCTBEHHO, pPa3MUYHbIE KINMATHUECKHE YCIOBHS 3THX PETHOHOB
MIPEATONAraloT HaJMYUe XapaKTEPHBIX I'€0IKOJOIMYECKHX OCOOEHHOCTEH,
KOTOpBIE HEOOXOJUMO YYHTHIBATH MPHU Pa3padOTKe KOHLEMIUH Pa3BHTHUS
ra3oBoil orpaciu. boiee Toro, Bo3melcTBHE Ha OKpPYXKAIOUIYI0 Cpeny
06"I)CKTOB ra3oBoit NPOMBIINUJICHHOCTH  MPOABJIACTCA, KakK Ha JTamne
COOpPYXKCHHA, TaK U Ha CTalUU HUX OKCILTyaTallhu. AKTyaHLHOCTb I[aHHOﬁ
npoOJIeMbl 3HAYUTENBHO YCHJIMBACTCS C YYETOM, KaK IpaBHIIO, CYPOBBIX
NIPUPOAHO-KIMMATUYECKUX  YCJIOBUH B IEPCIEKTUBHBIX  pPErHOHaXx
ra3ofo0blY. DTO 3acCTaBiseT INPOBOJUTH H3YYEHHE TI'EOIKOJIOTHUECKHX
PHCKOB IUISl pa3sIMdHBIX OOBEKTOB ra30BOW IPOMBINIIEHHOCTH. M3ydena
9KOJIOTHYECKast OOCTaHOBKAa B pailOHE NPOW3BOJCTBEHHOH NEATEILHOCTH
Ta30BBIX MECTOPOXKICHHWH. YCTaHOBICHBI OCHOBHBIE OSKOJOTHMYECKHUE
TIOCJIEACTBHA JOOBIYM Ta3a W e HEraTMBHOE BIMSHHE Ha OKPYKAIOIIYFO
cpeny. Ilo pesynpratam m3MepeHHs (aKTOpOB MPOU3BOICTBEHHOH CpEbI
YCTaHOBJIEHO, YTO MECTOPOXKACHHS OKa3bIBalOT HauOOJblIee 3arps3HEHHE
aTMocdepsl BBIOpOCaMHU BPEIHBIX BEIIECTB, TAKMX KaK OKCHJ YIJiepoja,
a3oTa W mpUpomHOro rasa. IIpoBemeHa oleHKAa PKOHOMMYECKOIO yiiepba
atMoc(epHOMY BO3JyXy Mpu pa3padoTke mecTopoxacHuid. CymMmapHBIT
9KOJIOTO-?KOHOMHMYECKHH ymiepd oOT 3arpsA3HeHHs aTMocdepsl Ipu
(YHKIIMOHMPOBAHUH paccMaTpHUBaeMBbIX npeanpusituii 243,35 Teic. pyOuneil.
B pzenbraTtHe OBIIO BBISBIEHO, YTO HAMOOJBIINK SKOHOMHUYECKHH yIepo
aTMoc(epHOMY BO3IYXYy OKa3bIBaeT SIpaKTHHCKOE MECTOPOXK/ICHUE

KiroueBsle citoBa: IPUPOJHBIA Ta3, SKOJOTMYECKHH ymiepO, ra3oBble
MECTOPOXKICHHUS, AaTMOC(EpHBIH BO3IyX, 3arps3HSIONINE BEIIECTBa,
C)KUTaHME TIOIYTHOTO Ta3a, HeTera3oHOCHast IPOBHUHIINS.

Assessment of environmental damage to atmospheric
air in the development of gas-bearing deposits of the
Lena-Tunguska oil and gas province

S.S. Timofeeva, N.V. Gorlenko
Irkutsk National Research Technical University

At present, new tasks arise for the gas industry in the Russian
Federation. This is due to the geopolitical need to develop new gas-bearing
regions, in addition to the existing natural gas fields, in the coming years.



298 Mex0d. Hay4yHaa KoHG. «IHep2o-pecypcoshheKmusHocmo 8 uHmMepecax
ycmoliyueozo pazsumus», Tomck, 12—16 Hoabpa 2018

These regions include, first of all, the Lena-Tunguska province with the
most promising deposits the Yarakta oil and gas condensate field (NGKM),
the Iktekh and the Chikanskoye deposits. Thus, the geography of promising
gas-bearing regions covers the Siberian territories. Accordingly, the
different climatic conditions of these regions imply the presence of
characteristic geoecological features, which must be taken into account
when developing the concept for the development of the gas industry.
Moreover, the impact of gas industry objects on the environment is
manifested both at the construction stage and at the stage of their
exploitation. The urgency of this problem becomes significantly higher
taking into account usually severe natural and climatic conditions in
promising regions of gas production. This makes it necessary to study
geoecological risks for various objects of the gas industry. We studied the
ecological situation in the area of production activity of the gas fields and
established the main environmental consequences of gas production and its
negative impact on the environment. Having measured the factors of the
production environment, we established that the deposits pollute the
atmosphere mostly with emissions of harmful substances, such as carbon
monoxide, nitrogen and natural gas. We carried out an estimation of the
economic damage to atmospheric air during the development of the
deposits. The total environmental and economic damage caused by
atmospheric pollution during the operation of the enterprises under
consideration amounts to 243.35 thousand rubles. As a result, it was found
that the Yarakta field causes the greatest economic damage to atmospheric
air.

Key words: natural gas, environmental damage, gas fields, atmospheric
air, pollutants, gas flaring, oil and gas province.

WHransinuoHHbIE PUCKH 3/,0POBbI0 HaCe/IeHHS B
paiioHe l0xxHoro [Ipu6Gaiikaabs B 30He BO3/eiCTBUA
aJIIOMUHHMEBOTO MPOU3BOACTBA

C.B. UBanoBa, 1.A. Ps6unkoBa

HprymcKkuil HAyuOHATbHBLI UCCIe008AMETbCKUL MEXHUYECKUL
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B Ilpuopurersbii cnucok roponoB P® ¢ BBICOKMM ypOBHEM
3arps3HEHUs] aTMOC(epsl eKEroJHO MOMaJaeT KPYMHBINH IMPOMBINUICHHBIN
uentp HWpkyrckoit obmactu — r. IllenexoB. MHaycTpuaibHbli npoduib
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ropojia OMIpeneNseT MPOU3BOJACTBO amroMuHMA. OOmas YHCICHHOCTh
HACEJICHHS, TOIBEPTaOIerocss WHraISIMOHHOMY BO3JICHCTBUIO BBIOPOCOB
BPEIHBIX BEIIECTB, COCTaBJsIeT Oojee 56 Thic. uenoBek. Llemb paboThr —
OIIEHKa MHTAAIIMOHHOTO PUCKA IUIS 30POBBS HACENICHHS, IIPOKUBAIOIIETO
B 30HE BIMSHUS aTIOMHHHEBOTO MPOM3BOACTBA (Ha mpumepe r. lllemexos
UpxyTckoii 00macT).

Onenka mpoBeneHa Ha ocHoBe wmeromuku P 2.1.10.1920-04 ¢
WCTIONB30BaHUEM  COBPEMCHHBIX  CAHUTAPHO-TUTHEHHYECKUX  HOPM.
Omnpenenena Harpy3ka Ha HaceleHHE NpPU BABIXaHUH 3arps3HEHHOTO
BO31yXa (MHTAJSIMOHHBIN IyTh), MPOXKHUBAIOIICTO B HMITAKTHOW 30HE
BIMSIHUSL ATIOMHHUEBOTO IPOU3BOJCTBA. BBIIEICHO 2 TPYMIbI BPEIHBIX
3¢(GeKTOB — KaHIEPOTCHHBIH W XPOHUYECKUN  HEKAHIIEPOTCHHBIM.
PaccunTaHbl WHIMBUAYAIbHBIC WHTASIIMOHHBIC PUCKU JUIS HACCIICHUS W
OTIPE/ICIICHBI TPUOPUTETHBIC BEIICCTBA — HICTOYHHKH PHCKA.

CyMMapHBIf HHTAJSIIIMOHHBIM KaHIIEPOTEHHBIM PUCK IIPEBBIIIACT
MPUEMIIEMBI  YpOBEHh M OOYCJOBJICH B OCHOBHOM IOCTYIICHHEM
¢dopmampaernna U xpoma. Mx moneBoit Bkiax coctaBuit 46,7 % u 52,3 %
COOTBETCTBCHHO. XPOHUYECKUAH HEKAHIICPOTEHHBIII PHCK OOYCIIOBICH
HAIMYAEM B aTMOc(epHOM BO3OyXe TPeX COCIWHCHHH — B3BEIICHHBIX
BemiectB (25 %), dopmanbaeruna (27 %) u b(a)ll (30 %). Koaddunuenr
omacHoctd (HQ) mo kakaoMy M3 3THX BELICCTB IPEBBINIACT OE30MaCHBIN
ypOBEHb B Tpu pasza. [0 YpOBHIO HEKaHIEPOTEHHOTO pHCKa HanboJjee
3HAYMMO BJIMSHHE aTMOC()EpPHOr0 BO3[yXa Ha OpraHbl JIbIXaHHS,
HMMYHHYIO CHCTEMY U OPTaHbl 3pSHHsS, TEM CaMbIM CO3/aeTCs OMACHOCTH
pa3BUTHs WX 3a00JICBAHUH.

ITonydyeHHbIE XapaKTEPUCTHKU PHCKA MOYXHO BOCIPHHUMATh Kak
paHru mpoobIiieM, KOTOpPBIe HEOOXOIMMO 3aJI0KUTh B OCHOBY YCTaHOBJICHUS
MPUOPUTETOB  MPOMMIAKTUICCKAX MEpPONPHUATHH, HANpPaBICHHBIX Ha
CHIDKEHHE HEONAaromnpusTHOTO BIHMSTHUS (aKTOPOB OKpYKAloIIeH cpeibl Ha
3II0pOBHE HACEIICHUSI.
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Community health inhalation risks registered in the
Southern Baikal region in the zone of exposure to
aluminium production

S.V. lvanova, I.A. Ryabchikova

Irkutsk National Research Technical University,
83, Lermontov Str., Irkutsk, 664074, Russia
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The town of Shelekhov, a great industrial centre of the Irkutsk region,
is annually charted among Russian Federation towns characterized by a
high level of atmosphere pollution. Aluminium production is responsible for
the industrial profile of the town. The total number of population exposed
to the inhalation impact of harmful matter emissions makes up more than 56
thousand. The paper is aimed at assessing the inhalation risks for the health
of the population inhabiting the aluminium production affected area (the
town of Shelekhov in the Irkutsk region being considered as an example).

The assessment has been carried out basing on the methodology of P
2.1.10.1920-04 with the application of modern sanitary-hygienic standards.
Human load in view of polluted air inhalation (the inhalation path) has been
determined with regard to the people residing in the impact zone of
aluminium production influence. Two groups of harmful effects have been
found out: cancerogenic and chronic non-cancerogenic. Individual
inhalation risks with regard to the population have been calculated and the
priority substances representing risk sources have been identified.

A total inhalation cancerogenic risk exceeds its acceptable level and is
mainly conditioned by the influx of formaldehyde and chrome. Their basis
of contribution makes up 46.7 % and 52.3 %, correspondingly. The
availability of 3 compounds in the atmospheric air, namely, suspensions (25
%), formaldehyde (27 %) and B(a)IT (30 %) is responsible for the chronic
non-cancerogenic risk. The danger coefficient (HQ) with regard to each of
the substances exceeds the safe level by the factor of 3. As for the level of
the non-cancerogenic risk, the influence of the atmosphere air on the
respiratory organs, immune system and organs of sight is mostly significant
and causes the danger of their medical problems.

The risk characteristics obtained can be recognized as rating the
problems that are to be considered as the basis of establishing the priorities
of selecting the preventive measures aimed at decreased unfavorable factors
of the environment affecting the population health.
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06 OCHOBHBIX TEXHOT€HHBIX (PaKTOPaX, BJIUAIINAX HA
3K0JIOTMYECKYI0 06CTaHOBKY

B.K. Ko3noga, B.B. Jlorsunenko, }0.C. Capkucos
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PaGora OONBIIMHCTBA NPOMBINUICHHBIX NPEANPUSTHH, SHEPTETUKU U
TPAaHCIIOPTa CONPOBOXKAACTCA TMONYyYCHHEM IOOOYHBIX IPOLYKTOB U
OTXO/I0B, OTPHUIATENBHO BIHAIOMIMX HAa OKOJOTHYECKYI0 OOCTaHOBKY.
OcHoBHasl 3afada OPENpUSATHNA MPH 3TOM COCTOMT B HaXOKICHUU ITyTed
UCTIONIB30BAaHMA MOOOYHBIX NMPOAYKTOB M COKpAICHHS 00BeMa BBHIOPOCOB,
He ToIexamux yTuianzanud. Cpean yKa3aHHBIX MOOOYHBIX MPOIYKTOB,
KOTOpBIE MOTYT ¥ JOJDKHBI OBITH WCIIOJIB30BaHBI, OCHOBHYIO YacCTb
COCTaBIIAIOT I[UIAKM METAUTyPTUYeCKUX MPEANpPUSITHHA, [UIAKH M 30JIBI
TEIUIOBBIX ~ JJIEKTPOCTAHLMM,  paJUOaKTUBHBIE  OTXOABI  ATOMHBIX
3JIEKTPOCTAHLIMK, a TAKKE TBEPIblE OTXOJbl MPEANPUATHNA XUMHUYECKOU
npoMbinuieHHocTH. K BhIOpocam, KOTOpble B HAacTosiiee BpeMms
MPAKTUYECKH  HE  yTWIM3HPYIOTCSA, OTHOCHUTCS  JIBIMOBBIE  Ta3bl
METAJUIyprUYeCKUX MNPEANPHUATUI, LEMEHTHBIX 3aBOJOB M TEIIOBBIX
UIEKTPOCTAHIMNH, cojlepKamire OobIIoe KOJIMIECTBO YIIIEKHCIOTo rasa, a
TaK)Ke€ CEPHHUCTBIA ra3 ¥ OKCHABI a30Ta. Ha TemnoBBIX 3IEKTPOCTAHIMAX
J0JDKHA OBITH MPEIYCMOTPEHA OYNCTKA JIBIMOBBIX Ia30B OT CEPHUCTOTO ra3a
U OKCHJOB a30Ta, HO Ha OoybIIMHCTBE mpennpustuii Poccum takas
OouHlcTKa He ocymecTBiserca. Hanbosplnee KOIMYECTBO OKCHAOB a30Ta
COJIEPXKUTCA B JBIMOBBIX Ta3axX TEIUIODJIEKTPOCTAHIMN, Ha KOTOPBIX B
KOTEJIbHBIX YCTAaHOBKAaX OCYILECTBIIIETCS BBICOKOTEMIIEPATypHOE COKUTaHUE
yriaei.

K 3HaunTeIpHOMY YXYIIIEHUIO SKOJOTHUECKOW 0OCTAHOBKH MPUBOAAT
BEIOPOCHI  BBIXJIONHBIX Ta30B paboTaromiero TpaHcmopra. MacmTab
BPEIHOTO BIMSHUS HA SKOJIOTMYECKYI0 OOCTAaHOBKY OXapaKTepH30BAHHBIX
ra3000pa3HbIX BHIOPOCOB MHOTOKPATHO YBEIMYUBAETCS 3a CUET TOTO, YTO
Ha WX  o0pa3oBaHME  3aTpauyMBaeTCsl  OrPOMHOE  KOJHMYECTBO
TPYIHOBOCIIOJIHAEMOTO CBOOOAHOTO KHciopoaa. CKWraHume BcCeX BHIOB
TOIIUBA SIBISIETCA JBYCTOPOHHUM IPOLECCOM, CBA3aHHBIM HE TOJBKO C
SMHCCHEH NPOJIYKTOB cropaHus B arMoc(epy, HO M C IOTpeOJICHUEM W3
HEEe OTPOMHOrO KOJIMYecTBa CBOOOAHOTrO Kuciopoga. C 3KOIOTMUecKoi
TOYKA 3peHHs OOJbIIME 3aTpaThl KUCIOPOJAa B TEXHOJOTHMYECKHX
mporieccax MOTYT OBITh 3HAYHTENBHO OINACHEe, YeM YBEIHMYMBAIOIICECs
COJEp)KaHNE YTIICKUCIIOTO ra3a. TO BO MHOTOM OIIPEAEIACT HOBBIICHHYTO
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00ECIIOKOGHHOCTh ~ MHUPOBOM  OOLIECTBEHHOCTH MO  OTHOUIGHUIO K
WCTIONB30BaHUIO KHCIOpOAHOTO pecypca atmocthepsr  [1,2,3]. Cpemn
(akTOpOB, CHIDKAIOIIMX  YPOBEHb  OSKOJOTHYECKOH  Oe3zomacHOCTH,
HEOOXOAMMO TaKK€ OTMETHTh BBICOKYI0 HMHTEHCHBHOCTh MAarHUTHBIX
mojel, OCOOEHHO BONM3M BBICOKOBOJBTHBIX JIMHHH JIIEKTpomepesad,
IMEKTPUPUIIMPOBAHHBIX KEIE3HBIX jopor. Ilo HameMy MHEHHIO,
9KOJIOTHYECKasi CIIy)k0a BCEX PETHOHOB JOJDKHA TIIATENFHO CIECIUTH 3a
JeSITeIbHOCTBIO IPOMBIIIICHHBIX MPEANPUATHH, CBI3aHHBIX C yTUIM3aLUeH
IIPOU3BOJICTBEHHBIX OTXOJ0B U CTUMYJIHPOBATH HE 3aXOPOHEHHE OTXOJIOB, a
BO3MOXHO€ MX HCIOJIb30BaHME. [l NpeanpusATuil, HE pellarolluX 3TH
mpoOJeMbl, JO/DKEH OBITh BBEAEH BBICOKHH 3KOJOTHMYCCKHIA HAJIOT.
OIHOBPEMEHHO HEOOXOAMMO MOBBIIIATH 3aMHTEPECOBAHHOCTH JAPYIUX
MIPEATIPUATHH, CIIOCOOHBIX HCIONB30BAaTh OTXOABI B IPOM3BOJCTBE, TaK
HampuMmep, NPEeIIpUsATHI TPOMBIIIIEHHOCTH CTPOUTEIBHBIX MaTepHaIoB
TIPY UCTIOJIB30BAHUH 3071 U IIJIAKOB, a TAK)KE PaJHOaKTHBHBIX OTXOJ0B [4].
Ilpn TpOEKTHPOBaHMM W  CTPOMTENBCTBE HOBBIX OHEPrETHUCCKHUX
TIPEATIPUATHN JOIDKHBI OBITH TEPECMOTPEHBI YCTApEBIINE TEXHOJOTHH M
yYBENMYEHA  JONSA  O3JIEKTPOSHEPIWH,  IOJy4aeMOH ¢  IOMOIIBIO
BO300HOBIISIEMBIX HCTOYHHKOB.
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PESYJIbTaTbI COIIMO0JIOTUYECKOro uccjieai0BaHuA
HaceJsieHMs I. ToMcKa o COPpTHUPOBKE MycCopa
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Exeronno B Poccum oOpasyercs okono 70 MIJIH TOHH TBEPHBIX
KOMMYHQJIBHBIX OTX010B. IlOCKOIBKY MHOTHE OTXOABI COCTOST W3
HCKYCCTBEHHBIX MaTEpHAIOB, OHM pAa3araloTcs Ha CBalKaX COTHH JET,
oTpaBisisi Bc€ BOKpYr. B To ke BpeMs 70 % OTX0mOB, KOTOpBIE ceidac
3aKaHYMBAIOT CBOIO XXM3Hb Ha CBAJIKaX, MOXKHO HCIIOJIb30BaTh BTOpHUYHO. 1
C KaK/IbIM TOJIOM 3Ta JI0JIs PacTET.

B pabote ommchiBaeTCs Ba)KHOCTb M HEOOXOIMMOCTh COPTHPOBKH
mycopa HaceneHueM. [lyHkTsl mnpuema orxomoB B T. Tomcke
CTPYNIUPOBaHBI 1O UX BHAaM. IIpoaHann3upoBaHHBIC pPE3yJIbTaTHI
COLIMOJIOTHYECKOTO  HcclefioBaHus 1o TemMe «CopTHpOBKa Mycopa
HaceneHueM I. ToMCKa» BBISBWIM PsiJi PpoOIeM B 3TOM HarpasieHuH. J{ist
pemieHust  OOHapyKEHHbIX TpoOieM  chopMyIMpOBaHBl  JETallbHbIC
pexomeHnanun. HoBusHa Hacrosimmeil paboThl 3aKiIr04aeTcs B TOM, 4TO B T.
ToMmcke He NMPOBOAMINCH ONPOCHI M HE M3Y4aloCh MHEHHE HAaceJICHHs O
pasziesnbHOM cOope Mycopa.

s sxureneit ropoga ToMcka CymiecTByeT peajbHbIe BO3MOXHOCTH IS
paszenpHOrO cbopa Mycopa Joma. Ho Korma mpoxoiuiib MHMO MYCOPHBIX
0aKOB, 3aMeYacIIIb, 9TO OTXOIBI JIekaT HecopTupoBanHble! [Togemy? IlosiBrmock
pellleHne TPOBECTH ONPOC M BBLICHUTH T0YeMy OT0 mpoucxoauT. lLlems
COIIMOJIOTMYECKOTO OIIpOCca: HCCIE0BaTh KyJbTypy HaceneHus I. ToMcka B
obnacTi oOpalieHus ¢ TBEPALIMU OBITOBEIMU OTXOIAMH.

[Ipobnema pasmesnbHOro cbopa Mycopa HOCTEIIEHHO pelaercs B T.
Tomcke Omaromaps MOJIOIBIM cHenHanucTaM. Tak (paHIy3CKHH CTYAEHT
TITY oprannzoBai c60p ¥ YTHIM3AIHIO IUIACTUKOBBIX OTXOJOB, CTEKNIA U
AIIOMUHMS, YCTAHOBUB IO TOPOAY 3€leHble ceTKu. B konue suBapsa 2018
roga B ToMCKOM rocynapcTBEHHOM YHHUBEPCUTETE€ BHEJPUWIH CUCTEMY
pasznensHOro cbopa mycopa [1]. Haunu c ceb6sa! Paspmensit mycop nomal
IIpupona — 310 TOXKE TBOM AOM!

Iomy4eHHble pe3ynabTaThl MPEACTABIIIOT UHTEPEC KAK JUIS IIKOIBHUKOB U
CTYJEHTOB, TaK ¥ UTS NIEaroroB 1 paOOTHHKOB B 00J1aCTH SKOJIOTHH.
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The results of the sociological survey of Tomsk
population on the waste sorting
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There are about 70 million tons of solid municipal wastes in Russia
every year. Since many wastes consist of man-made materials which
decompose in dumps for hundreds of years poisoning everything around. At
the same time, 70% of the wastes, which now decompose in landfills, can
be used again and with each year their share grows.

The paper describes the importance and necessity of sorting garbage by
the population. The waste collection points in Tomsk are grouped according
to their types. The analyzed results of a sociological survey on the topic
"Sorting of garbage by the population of Tomsk (Russia)" revealed a
number of problems in this direction. To solve the found problems, detailed
recommendations are formulated. The novelty of this work is that there
were no surveys conducted in Tomsk and the opinion of the population
about the separate collection of garbage was not studied.

Thus, for residents of the city of Tomsk there are opportunities for
separate collection of garbage at home. But when you pass by the garbage
cans, notice that the waste is lying unsorted! Why? We decided to interview
people and find out this problem. The purpose of the sociological survey is
to investigate the culture of the population of Tomsk in the field of handling
solid domestic waste.

The problem of separate collection of garbage is being gradually
solved in Tomsk thanks to young specialists. So the French student of TPU
organized the collection of plastic waste, glass and aluminum and recycling,
setting the city green grid. At the end of January 2018, a separate garbage
collection system was introduced at the Tomsk State University [1]. Begin
with yourself! Share the garbage at home! Nature is also your home!

The obtained results are of interest for either schoolchildren and
students or educators and workers in the area of ecology.
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B nmocrmemHnme TOABI Ha TEpBOE MECTO B TEMaTHKE HaydHO-
UCCIIeI0BATEIbCKUX pabOoT MHOTMX CEHCMOOIACHBIX PErHoHOB MHpa
BBIJIBHHYJIACh TIPOOJIeMa OIIEHKM CEHCMUYECKOro pHCKa TOpOAOB IpU
36MIICTPSICCHUAX PpAcY€THOM MHTEHCUBHOCTH, Ul pELICHHUsI KOTOpOil
HEOOXOIUMO, IMpPEXAe BCEro, MPOU3BECTH OICHKY YSI3BUMOCTH 3JaHUN U
COOPY)KCHHI, OCOOCHHO OOYCIIOBICHHBIX (U3UYECKUM H3HOCOM U
CTapeHHEM.

B cBoro ouepenp, (u3MUECKHil HW3HOC CBS3aH CO CTAPCHHEM. OJTO
KOJIMYECTBEHHAS OLICHKA TEXHUYECKOTO COCTOSHUS, TOKA3hIBAIOIMIAS OO
ymepba Mo CpaBHEHHIO C MEPBOHAYANBHBIM COCTOSHHEM TEXHHUYECKUX U
9KCIUTYaTAITHOHHBIX CBOMCTB KOHCTP YKITHIA.

OOBeKTaMu HCCIIEOBAaHUS SBISUIACh CTPYKTypa «LleHTpannzoBaHHAS
OubnuroTeuHas cucteMay ropojaa Mpkyrcka, B cOCTaB KOTOpOW BXOAAT 26
OoubmoTek, U3 HUX 8 — jperckue, 18 — o0IIeA0CTYIHbIC OHOIMOTEKH.

Pe3ynprarel  pacdyeToB  YSI3BUMOCTH  CEHCMHUYECKOIO  pHUCKa
CYILIECTBYIOIINX 3MaHUH Oubnmorek B T. MpKyTcke MOJIy4YeHBI HA OCHOBE
CIUIOIIHOW  MACHOPTH3alMM  JUIS  HPOTHO3MPYEMBIX  3eMJIETPSICEHUI
MHTEHCHBHOCTBIO 7 U 8 OayuioB. Pacuer mokasai, 4ro:

—o0mas TUomanb 3MaHWH, MOJMYYHBIINX TPH 3EMIICTPSICCHUHU
MOBpeXXIeHHE 3—5-1 CTENMEHH OT TSDKENBIX MOBPEXKACHUH J0 pa3pymIcHUN
cocraBisieT npu 7 Oammax — 277 kB. M, a npu 8 Oamrax — 1720 xB. M,
npudéM MaKCHMaJbHBIC TOBPEKACHUS OXUAarTcs B IIpaBoOepexHOM U
JlernHCKOM OKpyrax. MUHHMANEHBIC TOBPEXKICHHS OXKHUIAIOTCS B 3IAHIIX
6ubmorex CBEpAJIOBCKOTO paiioHa;

— BEJIMYMHA OTHOCHUTEIHFHOTO MaTePHAJIFHOTO yIiepOa OT MOCIeACTBUI
3eMIIETPSICCHUN TIpU CpaBHEHUU 7-0aUIbHOTO ¢ 8-0JITBHBIM yPOBHEM
BO3pAcCTaeT B CPEIHEM B 5 pas;

— MHIUBUYaJbHBIH CECMUYECKU PUCK NPH CPAaBHEHHUHU 7-0aIbHOTO
¢ 8- OaTbHBIM YPOBHEM BO3pacTaeT B cpegHeM B 5 pa3. Hawmmensmmit
YPOBEHB pUCKa OTHOCUTCA K CBEpATIOBCKOMY palioHy.

[IpoBeneHHOE HCCIEOBaHHE CBUETEIBCTBYET O HEOOXOIMMOCTH
celicMOyCHIIeHHS 3aHN, UMEIOIUX HU3KUHU Kiacc ceiicmocToiikoctu C6 u
C6,5, KOTOpble SBISIOTCS OCHOBHBIM HCTOYHHMKOM CEHCMHUYECKOH
OIIACHOCTH IS TIOCETHUTEIICH U CITy’KalluX ONOINOTEK.
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In recent years on the first place in scope of research works of many
seismodangerous regions of the world the problem of assessment of seismic
risk of the cities at earthquakes of settlement intensity has moved forward.
It is necessary to make for a solution, first of all, assessment of vulnerability
of the buildings and constructions which are especially caused by physical
wear and aging. In turn, the physical wear is connected with aging. It is the
quantitative assessment of technical condition showing a damage share in
comparison with an initial condition of technical and operational properties
of designs. In recent years on the first place in scope of research works of
many seismodangerous regions of the world the problem of assessment of
seismic risk of the cities at earthquakes of settlement intensity has moved
forward. It is necessary to make for a solution, first of all, assessment of
vulnerability of the buildings and constructions which are especially caused
by physical wear and aging. In turn, the physical wear is connected with
aging. It is the quantitative assessment of technical condition showing a
damage share in comparison with an initial condition of technical and
operational properties of designs.

Objects of a research was the structure "The centralized library
system™ of the city of Irkutsk which part 26 libraries are, from them 8 —
nurseries, 18 — public libraries.

Results of calculations of vulnerability of seismic risk of the existing
buildings of libraries in Irkutsk are received on the basis of continuous
certification for the predicted earthquakes by intensity of 7 and 8 points.
Calculation has shown that:

— the total area of the buildings which have sustained at an earthquake
damage of the 3-5th degree from heavy damages before destructions is at 7
points — 277 sq. m, and at 8 points — 1720 sg. m, and the maximum damages
are expected in Right-bank and Lenin districts. The minimum damages are
expected in buildings of libraries of the Sverdlovsk district;

—the size of relative material damage from consequences of
earthquakes when comparing 7-mark with 8-mark level increases on
average by 5 times;
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—the individual seismic risk when comparing 7-mark with 8-mark
level increases on average by 5 times. The smallest risk level belongs to the
Sverdlovsk district.

The conducted research testifies to need of seismostrengthening of the
buildings having a low class of seismic stability of C6 and C6,5 which are
the main source of seismic danger to visitors and employees of libraries.

CeiicMMYecKasi aKTUBHOCTb KaK (l)aKTOp dKTHBHU3allUHA
OIIOJI3BHEBBIX MMPOLECCOB B NIPHUPOAHBIX
yC/10BHUAX Kblpl"bl3CTaHa

C.B. Pomanenko, E.B. JlapnonoBa, Y.A. MannpibacB

Hayuonanvnwiii uccnedosamenvckutl Tomckutl noiumexHu4eckul
yuueepcumem, 634050, Poccus, . Tomck, np. Jlenuna, 30

evli@tpu.ru

OnoisHeBblE TMPOLECCHl HMEIOT IIHPOKOE pPACHpOCTpaHEHHE Ha
tepputopun  KpIprei3crana, pa3HooOpasHylo Ipupony oOpas3oBaHus, a
MacIITabHOCTh ¥ MHTEHCHBHOCTh UX MPOSIBICHUS OTpakaeT 3aKOHOMEPHO
Pa3BUBAIOIINECS H3MEHEHUS pellbedha TOPHO-CKIIATIaThIX 00TacTei.

Pemenne mpoOiieMBl TPOTHO3MPOBAHUS AKTHBU3ALUH OTOI3HEBHIX
MIPOIIECCOB MMEET OOJBIIOE 3HAYCHHE IS MPEJOTBPALICHHS OIOI3HEBBIX
karactpod, obecrieueHHs OE30IMaCHOCTH HACEIEHUs, 0OBEKTOB SKOHOMUKHU
1 THQPaCTPYKTYpPHI.

OmHrM W3 BakHEHmUX (aKTOpoB (QOPMHPOBAHUS OMOI3HEBHIX
MIPOIIECCOB SABISIETCA CEHCMHUYECKash aKTUBHOCTh. Panee B pabore [1]
YCTQHOBJICHO  JIMHEHHAs  KOPPEJAIMOHHAs CBS3b MEXAY OOIIHMM
KOJINYECTBOM 3apEruCTPUPOBAHHBIX OMOJI3HEHN 51 BEJIMYMHOUN
3eMIIeTpsICeHU Ha Tepputopuu 650 KM, MOJIyYE€HHbIMU [0 JaHHBIM
a3po(OTOCHEMKH U MOJIEBBIX MCCIIEJOBAHUIH.

Lenpto nmaHHOW pabOTHI SBISETCS OLIEHKA B3aWMOCBS3H MEXIY
OTOJI3HEBBIMH IPOLIECCAMH U CEHCMHUYECKONW aKTUBHOCTBIO Ha TEPPUTOPUU
Keipreizcrana. [{ns BbImosHeHUsT paboThl OBLIM HCIIOJIB30BAHBI JJaHHbBIE
caiita MexnyHapogHoro ceiicMonoruueckoro unentpa u 'Y MUC
Keipreiscrana [2—4].

Omnpeneneno, uro B OmcKoi 00JacTH J0JI1 ONOJI3HEBBIX IPOLECCOB
mocturaer 51,5% ot odbmero umcina UC, B JKaman-AOanckoi obOmactu —
29%, a B barkenckoii obmactu — 16,6%, 3TO CBHAETEILCTBYET O
3HaYMMOCTH OTIOJI3HEBBIX IIPOIIECCOB B MJaHHBIX o0Omactsax. B pabote
HaiileHa KOpPeJSIIHs 3aBHCHMOCTH MEXIY OIIOJI3HEBBIMH IIPOIECCAaMU U
CEeHCMUYECKOW  aKTUBHOCTHIO  (CyMMa  MarHUTyIl  3E€MJICTPSCEHUH).
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[TokazaHo, uTO HaONIOAAETCs yAOBJIETBOPHUTENbHAS JIMHEWHAS KOPPEIALUs
B HcclenyeMblx oOmacTsx. [IpoBeneHa OIEHKAa pHCKAa OIOJI3HEBBIX
MpOIleCCOB Ui cena Ackaibl, Amaiickoro paiona, Omckodl obmactu
PecniyOmmmkn  Keipreiscran.  [lpemimokeH  psn MEpONpPHATHA Ui
YMEHBIICHNSI PUCKA OIOJI3HEBBIX MPOLECCOB, OLEHEHA 3(P(EeKTHBHOCTh H
OKYIIaeMOCTh JaHHBIX Meponpustuil. [lokazaHo, 94TO JIecCOMETMOPATUBHYIO
3aIIUTY MOXKHO CYUTaTh 3(Pp(HEKTUBHOM C TOUKH 3PSHUSI U3IEPIKEK.
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Hayuonanvnwiil uccnedosamenvcekuii ToMCKULL ROTUMEXHUYECKULL
yuueepcumem, 634050, Poccus, 2. Tomck, np. Jlenuna, 30

perminov@tpu.ru

Pexkn sBIAIOTCS OCHOBHBIM HCTOYHHKOM  BOJOCHaOeHus. B
HacTosilllee BpeMs elle Hel0CTaTouHO 3()(EKTHBHBI CIIOCOOBI OYHCTKH
BOJIBI, OCOOGHHO B CIIydasiX aBapHUHBIX 3aJIMOBBIX BBIOPOCOB Pa3IMYHBIX
BeleCTB. B CBA3UM C OLEHKOM COCTOSIHMSA BOIHOM Cpelbl, IPEIACTABIIACT
HHTEpPEC METOBI ONMCAHMS PACIIPOCTPAHECHHUS 3aTrpSA3HAIONINX NpUMeceil B
BojoeMax. B naHHOW paloTe mpeacTaBlicHa MaTeMaTH4YecKash MOJEIb
mpomecca TEIUIO- M MAacCONEepeHoca, pacdera IMojiedl  CKopocTH,
TeMIepaTypbl U KOHIEHTPALUH 3arpsA3HAIONNX KOMIIOHEHT B BOAOEME.
Pa3zpaboTanHple  MeTOnOBl  NpEJCKa3aHUs  ypOBHEW  paclpeieseHus
3arpsA3HSIONIMX MPUMECEH, MONaaalouX B BOAHYIO Cpely, MOTYT OBITh
HCIONB30BaHbl JJI1 KOHTPOJS KauecTBa PEYHOM BOJBI, B T.4. IPHU yCIOBUU
aBapHHHBIX BBIOPOCOB PA3IMYHBIX BEIIECTB B BOJOEM.

B BonmoeM 3arpsi3HsOIIUe BEIECTBA MOTYT HOCTYHNAaTb C TEPPUTOPUU
BojocOopa, CO CTOYHBIMH BOJAMH, a TaKKe B pe3yibTaTe aBapHHHBIX
3aJIIOBBIX BBIOPOCOB TIpH  aBapuHHBIX  pa3pblBaX  HE(TETIPOBOIOB.
3arpsA3HSIONINE BEIIECTBA MOTYT JIHOO PAaCTBOPATHCA B BOJE U 3aTEM
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pacmpocTpaHsTCs BHU3 10 TEYECHUIO, JIMOO TIEPEHOCUTCS B BUJE
B3BEILICHHBIX YaCTHUIl O] AeiicTBUeM TeueHHs peku. [Ipu 3Tom nocnennue,
B HEKOTOPBIX CIIydasX, MOT'YT OceJaTh Ha JHO PEKH, a 3aTeM MOJHUMAThLCS
CO [Ha, HampuMep MpU HEONATONPHUATHBIX METEOYCIOBHSX, KOTJa
N3MEHSIOTCSA XapaKTEPUCTUKH TCUCHNUS.

B pesynpraTe aHanu3a CyLECTBYIOIINX MOAEJIEH 3arpsi3HEHUST BOJHOM
Cpembl, B paMKaxX MEXaHHKH CIUIOIIHBIX CpPeJ MOCTPOEHAa MaTeMaTHIECKas
MOJENb, OCHOBAaHHAas HA pPEUICHNW YPaBHEHHUH UId TypOylneHTHOH
muddysun. Ilpu >ToM yuuThIBaeTcs KOHQHUTypalus W TIIyOWHA PEKH, ee
CKOpOCTb TEYEeHHMs, TeMIepaTypa OKpyXKarolled cpelpl, MapamMeTpsl
HCTOYHHKOB BBIOPOCOB (KOOpPAMHATHI, IMHAMUKA U COCTaB BbIOpocoB). [1pu
JaHHOM IOAX0AC UMCCTCS BO3MOXKHOCTD JJIA BKIFOUCHHUA JOIIOJIHUTCIIBHBIX
(haKTOpOB, KOTOpHIE HEOOXOIMMO YYHMTBIBaTh INPU pacueTe 3arps3HEHUs
okpyxatomiei cperpl. C HCIIONB30BaHUEM 3aKOHOB MEXaHHUKH CIIJIOIIHBIX
cpel TOCTaBJieHa KpaeBas 3ajada JJIs OIMHCAHUA TemoMaccolepeHoca
3arpsA3HSIONIMX BEIIECTB B BojoeMe. B pabore paccmarpuBaercs
MIPOCTPAaHCTBCHHAs 3a/ad KOHBEKTHBHOTO TEIUIO- W MaccollepeHoca
3arps3HSIONINX BEIIECTB B BojJoeMe. MICTOUHHUK 3arpsa3HEHNsT MOACINPYETCS
TIOBEPXHOCTHBIM HCTOYHHKOM MacChl HAPETHIX BEIIECTB, BBIACIAIOMINXCS B
pe3ynbTaTte 3alloBOTO BBHIOpOCAa B TEUEHHWE HEKOTOPOTO BPEMEHH.
CunTaercs, 4TO TEUEHHE HOCHUT Pa3BUTHIA TypOYJICHTHBIN XapakrTep, a A
OIMMCaHUsA KOHBEKTHBHOTO IMEpPECHOCA IOQ BOSI[CfICTBI/ICM TCUCHUA PCKU
HCTIONB3YIOTCS TpEeXMEpHbIe ypaBHeHUs PeitHonbiaca s TypOyJIeHTHOTO
TeueHus. JlaHHas 3ajaya pemiasiach 4MCIEHHO. JIMCKpETHBIN aHajior
IIOJydeH Ha OCHOBE MeToZa KOHTpoJbHOTO oOwvema [8]. IlomydeHHble B
PEIYIbTATE JUCKPETU3AUN CUCTEMbBI CCTOYHBIX ypaBHCHI/Iﬁ pa3pemaiach €
ncrionp3oBanreM Merona SIP. IIpaBunbHOCTH paboTHI mporpaMmsl Oblia
MIPOBEpPEHa C MOMOIIBI0 METO/A BBEICHHS AHAIUTHYECKUX perreHud. Jlis
3a7iaHusl KOH(GUTYpaAUK PEKH UCITONIB30BaJICs MEeTO] (PUKTUBHBIX 00JIacTeH,
T.e. B KOHTPOJIBHBIX 00BEMaxX pacyeTHOH 00JIaCTH, BHE PEKH, OBUIN 3a1aHbI
U HEe MEHSJIMCh B IIPOIIECCE PacyeTOB HadallbHbIC 3HAUYEHHS (YHKIUH, a
KOMITOHEHTBl CKOPOCTH 33/1aBJIUCh PpaBHBIMH HyJI0. B pesynbrare
YHCIICHHBIX PAacUeTOB MOJTyYeHBI IIPOCTPAHCTBEHHBIE PACIIpeIeIEHIS TOIei
CKOpPOCTH, TEMIIepaTypbl, KOHLEHTPAUUA KOMIIOHEHT 3arpsA3HSIOLINX
HpHMeCCfI B pa3sjInNYHbIC MOMCHTbHI BDEMCHU.

C momomIplo TPeACTaBICHHOW B JaHHOH paboTe MaTeMaTHYeCKOn
MOJENIA MOXXHO MCCIENOBAaTh IWHAMUKY M IIPOCTPAHCTBEHHYIO KapTHHY
3arpsA3HEHUA BOAOEMA 110J BJIIMAHHUEM PA3JIMYHBIX BHCOIHUX yCJ'IOBI/Iﬁ
(TemrepaTyphl BOAbI, CKOPOCTH TEYEHHS PEKH M T.J.), a TAKXKe IapaMeTpoB
NCTOYHMKA 3arps3HEHMS.
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TepMOOKI/ICJII/ITEJIbHaH Aerpajganuda META/IVIHYECCKUX
HaHOHODOHIKOB/BHOKCHAHbIX KOMIIO3UTOB

. C. Jlunuanckuii, O. b. Hazapenko

Hayuonanvnwiii uccnedosamenvcekuii Tomcekutl noiumexnudeckul
yuueepcumem, 634050, Poccus, 2. Tomck, np. Jlenuna, 30

Lipuchkal8@mail.ru

BBenenne MeTa/UIMUECKHX IOPOIIKOB B TOJMMEPHYIO MAaTpHILY
MO3BOJIIET B IIMPOKHX IIPEAeNax M3MEHSATh 3JIEKTPOIPOBOIHOCTS,
TEIUIONPOBOAHOCTD,  TEIIOEMKOCTb, ~ MarHWTHBIE  XapaKTEPHCTHKH
MOJIMMEPHBIX MaTepraioB [1]. B To ke BpeMsi HeOCTaTKOM OONBIIMHCTBA
MOJMMEPOB  SIBJISIETCS WX BBICOKAs BOCIUIAMEHIEMOCTb M HHU3Kas
TepMHUYecKas CTaOWIBHOCTH [2]. B CBSI3M ¢ 3THM mpencTaBisieT HMHTEPEC
H3yYeHHE TEPMOOKHUCIMUTEIBHOW NECTPYKLUUH IOIMMEPHBIX KOMIIO3UTOB
IIpU BBEJICHUU HAaHOMIOPOIIKOB METAJIJIOB B KaUeCTBE HAIIOJTHUTEIIEH.

Llenbro HacTosIIEH PabOTHI SBISIETCS U3YYEHUE TEPMOOKUCIUTEIBHON
JECTPYKLUHU AMOKCUAHBIX KOMIIO3UTOB, 3alIOJIHCHHBIX 5% HaHOMOPOIIKOM
MeId M QIIOMHUHHUS, a TakKe C KOMOHMHAIMeH MEeTaJUIMYecKUX
HaAHOIIOPOMIKOB ¢ OOpHOH KHCIOTOH. TemnoBoe MoBeeHne METAIUINIECKIX
HAHOMOPOIIKOB/3MOKCHIHBIX KOMITO3UTOB mpu HarpeBanuu 1o 900 °C B
aTMoc(epe BO3ayXa HCCIEIOBAIN C IOMOIIBIO TEPMOTPAaBUMETPHUECKOTO
aHanu3a 1 AndGepeHInaIbHON CKaHUPYIOLIeH KaJlOpUMETPHH.

OTO WCCeOBaHME MOKA3alo, 4YTO KOIZAa HAHOIOPOUIOK MeI
BBOJAMTCS B KaUECTBE HAMOJIHUTEINS B ATIOKCUAHYIO MaTpHILy, HabmogaeTcs
ObicTpoe paspylieHHe oOpasia. AJOMUHUEBBI HAaHONOPOIIOK MaJo
BIMSIET HAa TEPMUYECKYI0 CTAOMIBHOCTh JIOKCHAHBIX KOMIIO3UTOB B
IIpoLecce  TEPMOOKMCIUTENBHON  AecTpykuuu. B To ke  Bpems
METAJUINYECKHE HAHOIOPOIIKA MPUBOIAT K YIYYIICHHIO TEPMHUUIECKOH
CcTaOMIIBHOCTH ASMOKCHIHBIX KOMITO3UTOB, €CIH OHH COYETalTCi C
TPaIMLIMOHHBIMU aHTHITUPEHAMH, HAIIPUMEp, C OOPHON KUCIOTOM.

CnMCcoK JUTepaTypsbl

1. Fu Y.-X,, He Z.-X., Mo D.-C., Lu S.-S. /I Appl. Therm. Eng. 2014.
Vol. 66. P. 493-498.

2. Morgan A.B., Gilman J.W. // Oruennsiit mar. 2013. Vol. 37. C. 259-
279.



CeKuyus 8. IKono2u4eckue acrnekmeol mexHocgepHol 6e3onacHocmu 311

Thermooxidative degradation of metal
nanopowders/epoxy composites

D. S. Lypchansky, O. B. Nazarenko
Tomsk Polytechnic University, Lenin av. 30, Tomsk, 634050, Russia
Lipuchkal8@mail.ru

The introduction of metal powders into the polymer matrix results in
changing the electrical conductivity, thermal conductivity, heat capacity,
magnetic characteristics of polymeric materials in a wide range [1]. At the
same time, the disadvantage of most polymers is their high flammability
and low thermal stability [2]. In this regard, it is of interest to study
thermooxidative degradation of polymeric composites at introduction of
metal nanopowders as fillers.

The aim of this work is to study the thermooxidative degradation of
epoxy composites filled with 5 % of copper and aluminum nanopowders, as
well as with combination of metal nanopowders with boric acid. The
thermal behavior of the metal nanopowders/epoxy composites at the heating
to 900 °C under air was investigated by thermogravimetric analysis and
differential scanning calorimetry.

This study showed that when a copper nanopowder is introduced as
filler into epoxy matrix, rapid destruction of the sample is observed.
Aluminum nanopowder has little effect on the thermal stability of epoxy
composites in the process of thermooxidative degradation. At the same
time, metal nanopowders lead to an improvement in the thermal stability of
epoxy composites if they are combined with traditional flame retardants, for
example, with boric acid.
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Jnst BeIIBNICHUS] HanOosiee HeOIaronpusATHON ¢ 9KOJIOTMYECKOW TOUKH
3peHust MecTHOCTH KeMepoBckoi o001acTH ObUTH MPOaHATU3UPOBAHBI
JaHHble TOCYAApPCTBEHHBIX [OKJIAJ0B 10 BHIOpOCaM 3arpsA3HSAIOLINX
BEIIIECTB TI0 palioHaM U TOPOJCKHAM OKpyram obmactd 3a 10-IeTHHi mepuo
¢ 2006 o 2015 rr., ¥ paccuuTaHbl CPEIHUE 3HAUECHUS TIOKA3aTemei.

OreHKa pHCKa yrpo3bl 30POBBIO HACEJICHHS NMPOBOIMIACH COTJIACHO
metoauke P 2.1.10.1920-04 «PykoBOACTBO MO OIEHKE PHUCKA I 3TOPOBBS
HaceleHWs TpH BO3JICHCTBMM XMMHYECKHX BEIIECTB, 3arps3HSIIONINX
OKPYXAIOLIYIO CPEAy» C MOMOIIBI0 pacueTa K03 GHINEeHTa OTaCHOCTH.

Pe3ynpraThl pacdera MOKa3ajid, YTO 3HAYEHHMS HHJEKCAa OMNAcCHOCTH
NpeBBIIAIOT  Oe3omacHblli  ypoBeHb B HoBoky3Heukom, JIeHWHCK-
KysnenxoMm, IIpokomseBckoMm, Kemeporckom, Siickom u FOpruackom
paiioHax, YTO TOBOPUT O PHUCKE YIPO3Bl 3IOPOBBI0 HACENICHHUS MpHU
WHTAJSIIMOHHOM BO3/ACHCTBHM BpPEAHBIX BEHIECTB HEKAHIIEPOT'€HHOIO
nerictBus. OcoOEHHO HETaTHBHAS CHUTYallus BBIABWIACH B HOBOKy3HEnKOM
paiione, Tam HQ mpeBbimaer Oe3omacHbIi ypoBeHb modtd B 12 pa3. B
Jlennnck-Ky3HenkoMm paifoHe WHIEKC ONMAacHOCTH NPEBBINIAET Oe30IacHBIN
YPOBEHB IOYTH B &8 pa3.

310  00YyCJOBJIEHO COCPEJOTOYEHHEM B  JIAHHOW  MECTHOCTH
TOPHOJOOBIBAIOMIMX TPENNPUSATHI W NPEANpHATHA 10 00OorameHHro
MOJIE3HBIX HCKOMaeMbIX. HakalnuBaHUIO M KOHLEHTPALUU 3arpsA3HSAIOLINX
BEIIECTB TaKXKe MOTYT CIIOCOOCTBOBaTh METEOPOJIOTHYECKHE OCOOCHHOCTH
MECTHOCTH: IITHITH, MHBEPCHH U TyMaHsI [1, 2].
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CHM>KeHHe M0KapHOH 0NMaCHOCTHU 3MOKCHHBIX
KOMIIO3UTOB 3a CYeT IpUMEeHEeHMs
NPHUPOHBIX II€0JTUTOB
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C yBennuYeHHWEM MNOTPEOJCHUS MOJIMMEPOB CBS3aH POCT KOJIHYESCTBA
noxapoB. [loxapsl, KOTOpbIE OOYCJIOBICHBI T'OPSHHEM IOJIUMEPHBIX
MaTepHanoB, IPHUBOIAT K 4YEIOBEYCCKHM JKEpTBAM M  OKa3bIBalOT
OTpHULIATENbHOE BO3JCHCTBHE Ha OKPYXKAIOIIYIO0 CPEemy M3-3a 3arps3HEHUS
HECTOPEBIIMMH TOPIOYMMH  BELIECTBAMH, MPOAYKTaMH IHUPOJIH3a U
ropeHus. B pesynbrare TEPMHYECKOTO PA3JIOKEHUS IOJUMEPHBIX
MaTepHanoB 00pa3yloTCS TOKCHYHBIC a3000pa3Hble BEILIECTBA: JHOKCHI
yIIeposia, MOHOOKCH] yrieposa, (opMaibIeru, 3THICH, MeTaH, IPOIUIeH
u 1.21. [IpuMeHsemble 1715 T0KapOTYIIECHHsI, OTHETYIIAIIHE Ta3bl 1 a3PO30JIH
TaKOKe MPEICTABIISIOT ONMACHOCTh TOKCHYECKOTO BO3ICHCTBHS Ha 370POBbE
YenoBeKa.

BBeseHne B moJMMepbl 3aMEIIIMTENCH TOPEHUsT — AHTHIIMPEHOB,
NO3BOJISICT CHHM3UTH TOPIOYECTh M BOCIUIAMEHSEMOCTb  MOJUMEPOB.
[IpoGnembl moxbOpa AHTHIHMPEHOB CBOMATCS K BHIOOPY ONTHMalbHOW
KOMOWHAIIMM  [apaMeTpPOB  «COBMECTUMOCTh —  O€30HacCHOCTh  —
spdexkTuBHOCT, — MeHa». Ho y Kaxaoro BHJa aHTUIHMPEHOB €CTh
HEJIOCTATKU: 3HAYUTEJbHAs CTOMMOCTh, BBICOKAs TOKCHYHOCThH IPOJYKTOB
NUpoJM3a M TOPeHMs, YXy/IIIEHHe OSKCIUIyaTallMOHHBIX  CBOMCTB
MOJMMEPHBIX MaTEepPHUaNIOB, OOWJILHOE JBIMOBBIIEICHHE U T.H., MOITOMY
CJIOKHO JIOCTHTHYTh HAWJIYYILIEr0 COYETaHMUs IapaMeTpoB.

PemenneM 3ol mpoOJieMbl MOXKET CTaTh MPOM3BOJCTBO MOJIMMEPHBIX
KOMITO3UTOB C J00aBIEHHEM OKOJIOTHYECKH OE30IaCHBIX IIECOJHTOB.
LleonmnTbl HMMEIOT HU3KYI0O CTOMMOCTh, O€30IIacHBI ISl YeJIOBEKa U
OKpYXXalollel cpelbl, IPU TOPEHUH W MHUPOJIN3E HE BBLACISIOT TOKCHYHBIX
BEIECTB, NMPUMEHSIOTCS B DPAa3IMYHBIX cdepax JesaTelbHOCTH YeJoBeKa
(MenuIMHE, CETLCKOM XO3SHCTBE U T.1.).
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Effect of Shivirtui zeolite on thermal and thermo-
oxidative destruction of epoxy composites

Y.S. Murashkina, O.B. Nazarenko

National Research Tomsk Polytechnic University,
Lenin Avenue, 30, Tomsk, Russia, 634050

murashkina02@gmail.com, olganaz@tpu.ru

The fires cause huge damage to various branches of economy and exert
considerable negative impact on the environment as a result of pollution by
products of pyrolysis and burning, fire extinguishing means and not burned
down combustible substances. One of ways of decrease in toxicity of
products of burning and reduction of inflammability of polymers is addition
in polymers of delay mechanisms of burning — natural zeolite. The
introduction of zeolites into polymeric materials as flame-suppressant
additives will contribute to improving thermal stability and reducing the
combustibility of polymers, [1, 2].

The aim of the work was to study the influence of the Shivirtui zeolite
on the thermal and thermo-oxidative destruction of epoxy composites.

Epoxy (model) composite was used as an epoxy resin ED-20, and as a
filler - a modified natural zeolite of the Shivirtui deposit. The rock under
study is characterized by high ratio of Si/Al and the chemical composition
refers to high-silica, [3].

An investigation of the influence of the Shivirtui zeolite on the thermal
and thermooxidative destruction of epoxy composites was carried out using
the thermal analysis method (TGA / DSC / DTA SDT Q600 - combined
thermal analyzer).

Based on the results obtained, we can recommend the use of Shivirtui
zeolite as a flame-retardant additive to polymers.
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B/iMsiHMEe IIUBBIPTYHCKOrO L€0/IUTA HA TEPMUYECKYIO U
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3MOKCUAHBIX KOMIIO3UTOB
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[Toxapbl HaHOCAT OrPOMHBIA  yIIEpO  Ppa3NUYHBIM  OTpPACIsIM
SKOHOMHKH H{ OKa3bIBAalOT 3HAYUTEIbHOE HEraTUBHOE BIMSHHE Ha
OKpPY’KaIOIIYI0 CpPey B pe3ysibTaTe 3arpA3HEHUs NPOAYyKTaMM IUpPOJIM3a U
TOPEHHUs, OTHETYIIAITNMM CpPEJICTBAMH M HECTOPEBIIMMHU TOPIOYHMHU
BemecTBamMu. OJHUM M3 CIIOCOOOB CHM)KEHHMS TOKCHYHOCTH IIPOAYKTOB
TOPEHHsS W YMCHBIICHHS BOCIUIAMEHSEMOCTH IIOJIMMEPOB  SIBIISICTCS
BBE/ICHHE B IOJMMEPHI 3aMeUINTENIed TOPEeHHsS — MPHPOIHBIX IIEOJHUTOB.
BBenenne neonuTOB B MHOJMMEPHBIE MaTepHaibl KaK IDIaMSATACSIINX
100aBOK OyzeT criocoOCTBOBATh YIIYYIICHHIO TEPMUYECKON CTaOMIBHOCTH
Y CHIO)KEHHUS TOPIOYECTH MOJMMEPOB, [1, 2].

Ienpto paboTHI SABISIIOCH HCCIIEAOBAHHE BIUSHHUS IIUBBIPTYHCKOTO
L[EOJIUTa HAa TEPMHUYECKYI0 M TEPMOOKHUCIHUTENBHYIO JECTPYKIHIO
SMOKCHIHBIX KOMIIO3UTOB.

B  xadecTBe OMOKCHAHOTO (MOJENBHOTO) KOMIIO3UTa  OBLIa
WCIIOJIb30BaHa BIMOKCcHAHAs cmojia DJ[-20, a B kauecTBe HAIMOIHUTEIS —
MO (PUIIMPOBaHHBIN MIPUPOTHBII LEOJIUT IuBsIpTYiicKOrO
MecTopoxaeHusa. Mccrnepyemass TOpoAa  XapakTepU3yeTcs BBICOKHM
oTtHomeHHneM Si/Al M 1O XHMHYECKOMY COCTaBy OTHOCHTCS K
BBICOKOKPEMHE3eMHCTOH, [3].

HccnenoBanue BIUSHUS MUBBIPTYHCKOTO EOJIUTA HA TEPMUUYECKYIO U
TEPMOOKHCIUTENBHYIO JAECTPYKLIUIO SHOKCUHBIX KOMIIO3HUTOB
MIPOBOJMIIOCH C TIOMOIIIBbIO MeToaa Tepmudeckoro ananusa (TTA/JJCK/ATA
SDT Q600 — coBMelIeHHBIN TEPMOAHATHU3ATOP).

Ha ocHOBaHMM TONyYeHHBIX pE3yJITAaTOB MOXXHO PEKOMEHIOBAThH
HCTIOJIb30BAaTh IMUBBIPTYHCKUHN IIEOUT B KAYE€CTBE IUTAMSTACAIICH H00aBKU
B TIOJIUMEPBHI.
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OueHKa NblJIEBOM Harpy3Ku Ha OKPY>KaIOILLYI0 Cpeay
np¥u GYyHKIIMOHMPOBAHUHU MOPHBIX NpeNPUATHI

M. A. MypauH, C. C. Tumodeepa
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Bo Bce BpemeHa mo0BIYa MOJIE3HBIX MUHEPAIBHBIX UCKOITAEMBIX ObLITa
COTpsDKEHAa CO 3HAYUTENHHBIMHU BBIOpOcamu meuTH. HecMmoTps Ha TO, 4TO
IbUIb XOTh U SABJACTCA B AAHHOM CJIydac MEJIKOAUCIIEPCHBIM KPOLICBOM
}Z[O6LIBaeMOFO CBhIPpbA U BMEIIAIOIIHNX IMMOPOJ U ABJIACTCA 110 CBOEH CYIIHOCTH
MPUPOJTHOI  COCTaBIAIONICH, HO BBHAY CBOETO HEECTECTBEHHOTO
HETpeTHaMEPEHHOT0 U, TI0 CBOEMY 00BeMy, 3HAaUMTENbHOTO0 00pa3oBaHu,
SABIACTCA 3arpsA3HUTEIICM. B MEPBYIO OYCPE/b, C€CTCCTBECHHO, IIbUIBIO
3arps3HAETCS aTMOC(HEpHBIA BO3AYyX, HO TOCPEICTBOM ITOCIEAYIOIIETO
NEepeMEIEHUs] BO3AYIUHBIMM MacCcaMM M OCaXJIEHHUSA, MPOUCXOIUT
3arpsi3HEHUE  BOJIOEMOB, 3HAYUTENIBHBIX 3€MEJBHBIX TEPPUTOPHHA ¢
MOCJIEAYIOIUM YTHETEHUEM PACTUTENILHOIO, U KaK CIEACTBHE, KUBOTHOIO
Mupa. Kpome 3TOro, XoTb 4YelnoBEeK U SBISETCS B JaHHOM CIy4aeM
MHULIMATOPOM JAaHHOIO Mpolecca 3arpsi3HEHMs, caM K€ M TOJABEp>KEH
BPEIHOMY €ro BO3JEHCTBHIO, KOTOPOE BBIPAXKAETCS B BUAE HAPYIICHUS
¢usnonormyeckux GyHKIHUH OpraHu3Ma, a TakXKe - MaTepHaIbHOTO yIepoa
BBHJY €€ Pa3pyIIMTEILHOT0 a0pa3WBHOTO BO3ICHCTBUSA HAa 000pyIOBaHUE.
Kak BuaHO, BO3/I€iCTBUE NBUIM Ha OKPYKAIOIIYIO cpeay KojoccaibHo. Ho
HEBO3MOXXHO CKa3aTh O TOTAJIBHOCTH JAHHOTO ymepOa IS OKpy>Karomen
cpenbl 0e3 COOTBETCTBYIONIEH OIEHKH. Hamu mpeyioxkeHa ojaHa U3
METOJIMK aHallu3a JaHHOTO BO3JEHCTBUS MOCPEACTBOM MPOBEACHUS OLEHKU
NbUIEBOM HAarpy3ku Ha THpupogHylo cpeny. Ilpoueagypa oueHku
NIPEACTaBIsIET COOOW YCTaHOBJIEHUE NPUYUH U HCTOYHUKOB BHIOPOCOB TIBUIH
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C TOCJIEAYIOIIMM BBIBICHHE 30H PpAcCHpOCTPAHEHHs MBIIM B XOHe
JOOBIYHBIX paboT M ux paiioHnpoBanus. Jlanee — pasjeneHue BHIOPOCOB
IIBUIA IO ATalaM BBINOJHEHHS TOPHOAOOBIBAIOIIMX PAa0dOT M MPOBEICHHUE
OLIEHOYHBIX PAacUYCTOB C LENBI0 BBIIBICHHS HAM0OJee BBICOKOIBUICBOTO
JTama C TOCIEIYIOMNM TPEUIOKECHHEM MEPONPHUSITUIl 10 CHIXCHHIO
Bo3zeiicTBus. st monTBepikAeHUS (DYHKIMOHMPOBAHHSA M aJalTHBHOCTH
METOAMKM K pa3In4HelM OOBEKTaM HaMu BBIOpPAaHBI  HECKOJIBKO
npeanpuATHid. B Bune 0OBEKTOB IMpHMEHEHNS] MOZOOHOTO METOJA OLECHKU
BEIOpaHBl Hamboylee KpyHHEWIHe TOpHBIE npeanpustusi MWpkyTckoit
o0nacTy, UMELINe CTPATErHIeCKyl0 3HAYMMOCTh JUIsl JAaHHOTO PETHOHA B
SKOHOMHYECKOM pa3BUTHU. bosee mnoapoOHO omMcaHHE MNPOBEICHHBIX
uccaenoBaHui OyJeT ONMCcaHO HaMH B TEKCTE CTaThH.

Evaluation of dust's burden on the environment in
operation of mining companies

M. A. Murzin, S. S. Timofeeva

Irkutsk national research technical university, 664074, Irkutsk,
Lermontov st., 83

bgd@istu.edu

At all times, extraction of useful minerals has been associated with
significant dust emissions. In spite of the fact that dust, although in this
case, is a finely dispersed crumb of extracted raw materials and enclosing
rocks, is inherently a natural component, but because of its unnatural
unintentional and, in its volume, significant education, it is a pollutant. First
of all, naturally, dust pollutes the atmospheric air, but through subsequent
movement of air masses and deposition, there is a pollution of water bodies,
significant land areas with the subsequent oppression of plant and,
consequently, animal world. In addition, although the person is the initiator
of this process of pollution, he himself is subject to harmful effects, which
is expressed as a violation of the physiological functions of the body, as
well as material damage due to dust’s destructive abrasive effects on the
equipment. As you can see, the impact of dust on the environment is
colossal. But it is impossible to say about the totality of this damage to the
environment without an appropriate assessment.

We have proposed one of the methods for analyzing this impact
through the assessment of the dust burden on the natural environment. The
evaluation procedure is the determination of the causes and sources of dust
emissions with the subsequent identification of dust propagation zones
during mining operations and their zoning. Further - the separation of dust
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emissions at the stages of performing mining operations and carrying out
estimates to identify the most high-dust stage with the subsequent proposal
of measures to reduce the impact. We have selected several enterprises to
confirm the functioning and adaptability of the methodology to various
objects. In the form of objects of application of this method of assessment,
the largest mining enterprises of the Irkutsk region, which have strategic
importance for the given region in economic development, have been
selected. More detailed description of the conducted research will be
described by us in the text of the article.
YK 699.841

O pea/ibHBIX CEliICMUY€ECKUX BO3/elCTBUAX HA
3aHMSA U COOPYKEeHHUs

b.C. CmupHhoB, b.C. Opno6aces, I11.C. AdasikeeBa

Annoranusi: CoOrjacHO pe3ylibTaTaM HCCIICAOBAHUS HEOOBIYHBIX
(dbopM pa3pylieHUs 3MaHUA CHIENaH BBIBOJ, YTO NPH 3EMIICTPSCCHHSX Ha
37aHUsl CHAYala BO3ACHCTBYET pa3pyLIUTENIbHBIM BOJIHOBOM mpolecc,
KOTOpBII‘/'I Cpe€3acT 3JaHuUA W MNPOABIACTCA B BHUAC PE3KUX HUMITYJIHBCHBIX
TOITYKOB. BOJTHOBOW MMITYJIbCHBIN CIBUT BEPXHHX CIIOCB TPYHTa BEHI3BIBACT
3aTeM TOSBICHHE WX COOCTBEHHBIX CIBUTOBBIX KOJICOAaHUH, KOTOpBIC
ropa3/io MEeHee OIMACHBI I 3/IaHui.

KawueBble ciaoBa: ceiicMUYecKHe BO3ICHCTBUS, 3EMIICTPSCEHHUS,
CIBHUTOBBIC KOJIEOaHUS TPYHTA, (DOPMBI pa3pyIICHUH

Cpenn Hanbojee OMAcHBIX JUIS BCETO YEJIIOBEUECTBA IMPHUPOIHBIX
KatacTpodp  CuibHBIE ~ 3eMJETPACEHMs  3aHHUMAalT  0co00e  MEeCTo.
3emieTpsCeHus] — TMOA3EMHBIE TOJYKUA W KOJIeOaHUSI TIOBEPXHOCTH 3eMIIH,
BbI3BAHHBIC €CTCCTBCHHbBIMU NpuYnHaMu (FHaBHbIM O6p330M
TEKTOHUYCCKUMU HpOHeCC&MI/I) HIJIN HNCKYCCTBCHHBIMU mpoueccaMu
(B3pBIBHI, 3aIIOJTHEHNE BOJIOXPAHIIINII, OOPYIIEHHEM TTOA3EMHBIX MOJIOCTEH
TOPHBIX BBIPab0TOK). HeOoubIme TOMYKA MOTYT BBI3BIBATH TaK)Ke MOIBEM
JaBBl TIPH BYJIKAHWYCCKHX W3BEpXKeHHAX. Exxeromno Ha Bceil 3emuie
MIPOUCXOUT OKOJI0O MUJUTHOHA 3EMIICTPSCEHUA, HO OOJBIIMHCTBO M3 HHX
TaK HE3HAYUTEILHBI, YTO OHU OCTAIOTCS He3aMCUCHHBIMU. JIeHCTBUTEIBRHO
CWIBHBIC 3EMJICTPSCCHUS, CIIOCOOHBIC BBI3BATH OOLIMPHBIC PAa3PYyLICHHUS,
CIIy4aroTCs Ha IDIaHETE MPUMEPHO pa3 B nBe Helenu. K cuacteio, Oombimas
X YacTh MPHUXOIUTCS Ha THO OKEAHOB, M IO3TOMY HE COMPOBOXKIAAETCS
KaTacTpOPUUECKUMHU MOCIEICTBUSIMH (€CIIM 3eMIICTPSICEHUE MOJ OKEaHOM
obxonuTcs 0e3 IyHaMu). 3eMyeTpsiceHus: Hamboyee W3BECTHBI 1O TEM
OIIYCTOIICHUSM, KOTOPBIE OHH CIIOCOOHBI POM3BeCTH. Pa3pymienus 3qannit
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U COOPY)XEHHMH BBI3BIBAIOTCS KOJICOAHMSMH IOYBBI WM T'MTAHTCKHUMH
NPUIMBHBIMM BOJHAMHU (I[yHaMH), BO3HHKAIOIIUMHU MpU CEHCMHUYECKHX
CMEIEHUsIX Ha MopckoM aHe. IlpudmHOil 3emneTpsaceHus sBIsSeTCS
OBICTPOE CMEICHNWE YyYacTKa 3€MHOW KOpPBI, KaK IIEJOT0 B MOMEHT
IUTACTHYECKOW (XpymKoi) medopMamuy ynpyro HampsDKEHHBIX TOPOA B
odare 3eMIETPSICEHUs. BONBIIMHCTBO 0YaroB 3eMIIETPSICEHUN BO3HHMKAET
OJTH3 TTOBEPXHOCTH 3EMITHL.

OHM TIpOMCXOAWIM BCErZJa, M BO BCE BpPEMEHAa HCTOPHU HAIICH
IUIAaHETHl OT HMX CTpajaja NpHpoja, Tepnenu OexctBus soan. Kaxnoe
CHWJIBHOE 3€MIIETPSACEHHE B TYCTOHACEJICHHOM MECTHOCTH SBJISETCS
katactpodoii. I'oposa u cenenus, mNpeBpalleHHbIE B PYHUHBI, MHOXKECTBA
MOTHOIINX, OIPOMHBIM MaTepHalbHBIM yIIepO — BOT Ta CTpalllHas [aHb,
KOTOPYIO €KEroJHO COOMpaeT C 4elOBEYEeCTBA IOJ3EMHAsl CTHXHA.
ExxerogHo Bo BceM MHpEe B CpeJHEM PErHCTpHUpYETCs, 0 MEHbIIeH Mepe,
MUJJIHOH 3eMJIETPSICeHHUil; M3 HHUX TOJBKO OJHO WIM JBa JOCTUTAIOT
MarHuTygy 8, OKOJO [BaJaTH OOJIafaloT JOCTaTOYHOH CHIIOH, YTOOBI
3aCTaBUTh COZAPOTaThCs BCIO HAIly IUTAHETY, CTO WJIM JIBECTH OBIBAIOT
pa3pyLIMTENbHBIMU, ThICAYAa TNPHUYMHSIIOT HEKOTOpBIH ymiepd W Tpucra
ThICAY OTYETIUBO omymarTcs. Ilo COBpeMEHHBIM OLEHKaM 3KCIEPTOB
IOHAPO u FOHECKO exeroansiii ymep0 OT 3eMICTPSICCHUN COCTaBIISACT
HECKOJIBKO JIECSITKOB MIIIMAPIOB JIOJUIapPOB, M BO MHOTHX Pa3BUBAOLIUXCS
CTpaHaxX TOTIJIOIAET 3HAYUTENbHYIO 4acTh HALMOHAIBHOTO goxona. OgHo
KaTacTpo(udyecKkoe 3eMIIeTPSICeHNE MOKET YHECTH O MHJUIMOHA JKU3HEH n
MIPUYHHNATE OTPOMHBIN MaTepHuaibHbIM ymepd. Ilpu sToM HeratuBHBIE
9KOHOMHUECKHE MOCIEICTBUS OynyT HaOMIOJAaThCs JalleKo 3a IMpeieraaMu
TEPPUTOPHUH, HEMOCPEICTBEHHO TIOCTpajaBIIeil OT  3eMJICTPSACEHHS.
HcTtopus XxpaHUT MHOXKECTBO PacCKa30B O CUIIBHEHIINX 3€MIIETPSICEHUsX, B.
T.4. O TPAHAMO3HBIX KaracTpodax. ToJbKO pa3pylIHTENbHbIE MOJ3EMHBIC
TOJYKH, 3apErHCTPUPOBAHHBIE HAa 3€MHOM IIape C Haydaja Hamlero
CTOJETHUS, COCTABIIIOT OKOJIO 10 ThICAY.

3eMIETpSCEHUs] BOZHUKAIOT BO MHOTHX YacCTsIX CBETa HEOXKHJIAHHO, HO
JI0-BOJILHO peryisipHo. OHM IPUYMHSIOT OONBIIOW YPOH  HapoOJHOMY
XO3SIIICTBY, CTAHOBATCS YTPO30H KU3HU JIIOJEH.

Ilo Hamelf wHUIMAaTHBE, CTPOTO 000CHOBaHHOW B KBIprEI3cKOM
TOCYyJapCTBEHHOM  yHUBEPCHUTETE  CTPOHMTENBCTBA,  TpPaHCIOpTa U
apxuTeKkTypsl B OKTs6pe 2009 roma [1], [2] OpM mTpOBeAEHHI
MIPUHITUIIHATGHO Ba)KHBIE TECTOBBIE SKCIIEPUMEHTHI. B HUX mcciiemoBanach
CcrocoOHOCTh CTAaHAAPTHBIX MASTHUKOBBIX CEHCMUYECKHX MPHOOPOB TOYHO
oroOpakaTh 3alaHHble KoJieOaHWs BHOpOIUIAT(GOPMBI, HMHUTHPYIOIIMX
KoJIeOaHMs TPYHTA MPH 3eMJIETPSICEHUSAX PA3HOW MHTECHCUBHOCTH.

IIpn sTOoM OBUIM TIOJNyYEHBI OXKHJIAEMble HaMH KpaiiHe Ba)kKHBbIE
pe3yJbTaThl. CoracHo ~ opuUMaNbHOM  CcelicMHYECKOH  Teopuw,
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MasTHUKOBBIE TPUOOPHI JODKHBI B TOYHOCTH OTOOpa)kaTh MapameTphl
YCTaHOBHBINUXCS TapMOHHYECKHX KojeOaHWi WX ocHOBaHUA (Oyap TO
TpyHT winu  BuOpommatdopma). [losTomMy  mpemioKeHHBIE  HaMU
9KCTIEPUMEHTHI, Ka3anoch Obl, HE MMENN CMBICNA, T.K. UX PE3yNIbTaT ObII
MPEACKa3yeM ¥  CaMOOYEBHAEGH C TOYKM 3pEHHS  O(UIHAIBLHON
CEHCMUYECKON HayKH.

TeM He MeHee, MBI HACTOSUIM HAa HEOOXOAMMOCTH IMPOBEJICHUS TaKHX
9KCIEPUMEHTOB.

Jnst Toro 4ro0bl 00BSICHUTH MX CMBICIH, @ TaK)Xe CAENIaTh MOHSITHBIM
CMBICIT ¥ 3HAYEHHUE MOJYYSHHBIX PE3yJIbTaTOB, HAJI0 U3JIOKUTh CYTh HALINX
TEOPETHYECKUX M3BICKAHWH, MpPUBEAIIMX K IPOBEACHUIO II0J00HBIX
9KCIEPUMEHTOB.

Haumnas ¢ 1992 roma, B psime pabor (Hampumep, B [2]-[4]) MBI
PETYIAPHO YTBEPKAAIM, YTO MAsTHUKOBBIC CEHCMHUYECKHE NMPHOOPHI HE
0TOOpPaXKaIOT peanbHbIC MAPaMETPhl UMITYJILCHBIX CEHCMUUECKHUX IBIKCHUI
TPYHTa, 3aHN)KAas! BEJIMYMHBI UX YCKOPEHUH U CKOPOCTEH. DTH yTBEPKICHUSA
ObUTM  OCHOBaHbI Ha BCECTOPOHHHMX HCCIEIOBAaHMAX aHOMAIBHBIX
CABUTOBBIX ()OPM IPH MACCOBBIX CEHCMUYECKUX Pa3pyIICHUAX 3AaHUH U UX
aeMeHToB. OTH  QopmMbl He  MOIIM  OBITH  BBI3BAHBI  TEMHU
HU3KOCKOPOCTHBIMHU KOJICOAHUSIMU T'PYHTa, KOTOpBIE BCerna (pUKCUPYIOTCS
CTaHAapTHBIMH ceiicMoMeTpaMu H akcenepomerpaMu. OHM MOTYT OBITH
BBI3BaHBI JIMIIb BOJIHOBBIMU UMITYJIbCAMH, CO3/IAIOIUMU CKOPOCTh B TPYHTE
He Hike yeM 2"/C, KOoTopas MOXKET BbI3BAaTh BOJIHOBOM Cpe3 KOJIOHH M CTEH
[3]-[4].

PesynbraTel 3THX HCCIIENOBaHWI TNpPHUBEAEHBI BO MHOTHX HAalIUX
My OIUKANAAX.

B pesynbrare HammMX HMCCIENTOBAHMH MBI JajM CBOIO WHTEPIIPETALUIO
CEHCMHYECKHX TPOLECCOB OCOOCHHO IOCie CHIBHEHIINX 3eMIICTPSICEHHH,
NPUBOJSIIIMX K TIOSIBJICHUIO CIBUTOBBIX (OPM pas3pylICHUS 3AaHHH,
onucaHHylo B pabdotax [1], [5], [6]. Ee cyTs cocTouT B cienyroniem:

-OpU  3EMIISTPSICEHHSX B TOBEPXHOCTHOH  TOJIE  TPyHTa,
OTBETCTBEHHOW 3a pa3pylleHHs 3/aHUH, MPOMCXOIAT Ba KaueCTBEHHO
pa3HBIX Mpolecca; NEPBUYHBIM — BOJHOBOM MPOIECC U BTOPUYHBIN -
KomebaTrenbHBIM  Tpomecc. IIpm  3TOM  mepBBI  mpoIecc, MOXeET,
HaKJIa/IbIBAThCS Ha BTOPOIA;

- OHU NPUHIHUIHAIBHO Pa3JIMYHBI 10 CBOMM IapameTpaM (CKOpOCTSIM 1
YCKOPEHHSIM TPYHTA), 110 CHJIE M MEXaHU3MY BO3/IEHCTBUS Ha COOPY>KEHHS,
TI0 JUTUTENILHOCTH, a TAK)XKE 110 HAUTNYWIO HHPOPMAIMK 00 3TUX Ipolieccax;

- IEPBUYHBII — Cyry00 BOJHOBOM IpOIIECC BHELIHE INPOSBISICTCS B
BU/IE€ PE3KHMX TOJYKOB M SIBISIETCS TJIABHOW NPUYMHOM CEHCMHUYECKHX
paspylieHui 31aHMid M coopyxeHud. Ero mouytm He QuKCHpyIOT
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MasITHUKOBBIE celicMuYeckre IpruOopsl Ha GoHe Mocieayomux Kojaeoannit
rpyHTA.

CyTb 3TOrO mpolecca, OnucaHHoro B [5], [6] cOCTOUT B cleayIOLIEM:
TOTIepEeYHbIe CEHCMUYECKHE BOJNHBI (TO €CTh BOJIHBI CIBHUTA), Ipoderas
BBEPX YEpe3 MOAATIMBYI0 IOBEPXHOCTHYIO TOJIY TPYHTa, HMEIOIIYIO
6ompmoit TpamueHT Moxmynet E m G, pesko 3amemisroTcs, HO IpPH 3TOM
CYILIECTBEHHO  HapallMBalOT CBOW  pa3pyLUIMTENbHBI  NOTEHLUA,
YBEIMUNBAs CKOPOCTh BEPXHMHX CJOEB TPyHTa. 3aTeéM OTPaXxasich OT
MIOBEPXHOCTH TPYHTA, BOJHBI YABaWBAIOT CKOPOCTh M HAHOCAT OOKOBBIC
ynapsl 1o gpyHaaMeHTaM 34aHUH, IPOU3BOIAT BOJIHOBOM cpe3 UX KOJIOHH U
CTEH.

OnHOBpeMEeHHO ¢ 3THM 3((EKTOM YCHIEHHUS MOBEPXHOCTHAs TOJIIA
MOTJIOIAET YaCTh YHEPTHH BOJIH 32 CUET HEYNPYruX AeopMaruii rpyHTa.

[Tpu npoxoskAeHUH BOJH MO KpaTdaillieMy BEpPTUKAIBLHOMY IIyTH 3TO
MIOTJIOIEHNEe MUHUMAJIBHO U cocTaBisgeT npumepHo 20%. B nanpHuX 30Hax
BO3JIC TPAaHUIl O0JIACTH pa3pyLICHUS JUIMHA ITyTH BOJH CKBO3b HEYNPYTYIO
BEPXHIOIO TOJIIIY BO3PAcTaeT Oosee 4eM 5 pa3 M IO3TOMY BOJIHBL, HIYIIHE K
3MaHMSM ~ HAOpPSAMYIO OT THIOLEHTPA, IIOJHOCTBIO TEPSIOT  CBOIO
Pa3pyLINTENbHYIO CHIY, T.K. IOTJIONIEHHE SHEPTUM BOJH 3a CYET HE
ynpyroctu cocrapiser yxke 100%.

VIMeHHO T03TOMY, B OTJIMYME OT SMULEHTPAJIbHBIX U CPEAHUX 30H, TIE
paspymieHus TMPOM3BOAAT TIEPBHYHBIE BOJHBI CIBUTAa (COBMECTHO C
MIPOAOJBHBIMU BOJIHAMH) B 30HAX BIAMH OT SIHUICHTPA, BO3JE TPAHUI]
o0nacTu pa3pylieHus TOT e CEHCMUYECKUH cpe3 3JaHHi MTPOU3BOAAT yiKe
HE TepBUYHbIE, & BTOPUYHBIE BOJIHBl  CABHIa, IOPOXKJCHHbBIE
HETNOCPEICTBEHHO TOJ 3AaHUSMH MPOJOIBHBIMH BOJHAMH, KOTOPHIE
npoOeraroT Ha riyouHe cBbire 100 M ¢ 60IBIINMI CKOPOCTSIMH.

IToBepxHOCTHas Tonmia rpyHTa (riryomHo# 100-150 M) nmeer odeHb
OO0JIBILION TpaJIMeHT B BEIMYMHAX CBOMX MoJyJsel nedopmanuu E u casura
G. lMeHHO 1mO3TOMY OHa 00JamaeT YHMKaJIbHBIM CBOMCTBOM YCHJIMBAThH
OoJiee yeM Ha IOPSI0K BOJHOBYIO CKOPOCTh MacChl TPYHTa 3a CYET PE3KOT0
CHIDKEHUSI (Da30BOM CKOPOCTH IepeceKaronux ee BoiH [5], [6].

Cyns mo xapaxkTepy THIOBBIX CEHICMUYECKHX CPE30B JKeJIe300eTOHHBIX
KOJIOHH, BOJIHOBBIE CKOPOCTH BEPXHHUX CJIOEB TPYHTA MPH TONYKAX HMEIOT
BEIMYUHBI HE HIKE 2-X “/C U I0CTATOUHO KPYTOi (DPOHT CBOETO MOABEMA
MaJIeHUsl, KOTOPOMY OTBEYAIOT KpaTKHWE BCINIECKH YCKOPEHHH. OTH
BCIUIECKH, pa3yMeeTcs, He MOTYT YJIOBUTHh MasTHHKOBBIC aKCEIEPOMETPHI,
HAaIleJICHHbIE Ha (PUKCAILIMIO TOJIBKO KoJieObaHuil rpyHTa.

Ilocne KaXknoro KpaTKOBPEMEHHOTO TOJYKA, T.€. IIOCIE PE3KOTro
BOJIHOBOTO CJIIBHTa ITOBEPXHOCTHOM TOJIIM TPYHTa COCTOUT B TOM, 4YTO
BOJMHA jsimierocss He Oosnee ueM 0,2 cek., HACTYHAaeT BTOPUYHBIN —
KoneOaTenbHbli  mpouecc. CHBUHyTass BOJHAMHM  TONIIA  HAYMHAET
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COBEpIIaTh COOCTBCHHBIC 3aTyXarOIUC CIBUIOBBIC KOJECOAHHS, NETAIHHO
onMcaHHbIe B [1].

BriBoa

[IpuHIMNManbHAS pa3sHUNIA MEXIY BOJNHOBBEIMH W KOJIEOATEITbHBIMH
celicMUYeCKUMHU IBIKCHUSMH TPYHTA BCET/A JBIKETCS TOJBKO B CTOPOHY
OT THWIIOLIEHTPA, TO €CThb HE MEHAeT 3HaK CBOMX  CKOpocTeil u
MEpPEeMEIICHHH, a PU KOJACOAHUSIX TPYHT MEPHOAUICCKH MEHSCT 3HAK CBOCH
CKOPOCTU M TICPEMCIICHUS, TO SCTh MCHSCT HAIPAaBICHUEC IBIKCHUS Ha
MIPOTHBOMOJIOKHOE.

CKOpOCTH M YCKOpPCHHsS KOJICOAHUI IpyHTa 3HAYUTEIHHO HIKE, YeM
NPU BOJHOBBIX HMITYJIBCHBIX TOJIYKAaX, a MEpHOJA KoyiebaHWi OJM30K K
OJTHOM CEeKyHJe.
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OTpacseBasi METOAHMKA OLlEHKHU BaJIOBBIX BHIOPOCOB
MapHUKOBBIX ra30B TPAHCIOPTOM

10.B. Tpodumenko, T.JI. [Toranuenko

Mockoeckuii asmomoouIbHO-00POACHBIL 20CYOAPCMBEEHHBI MEXHUYECKUL
yrusepcumem (MA/[H), Mocksa, 125319, Poccus

timurpotapchenko@mail.ru

B mnacrosmee Bpems B Poccuiickoii denepauuu OTCYTCTBYIOT
KOMIIJICKCHBIC H yTBep)KILéHHbIC MCETOAWKH, IMO3BOJIAIOIINE pacCUYUTATh
00BbEMBI BBIOPOCOB TApHUKOBBIX Ta30B OT BCEX BHAOB TPAHCIOPTA H
TPaHCTIOPTHOW WH(PPACTPyKTypsl, HE pa3paboTaHbl MEXaHH3MbI cOopa
HEOOXOANMBIX JaHHBIX, TaKkKe
B TOCYJapCTBEHHOW CTaTHCTHKE HE COZAEpKaTcs IIOKazaTean OO0BEeMOB
BBIOPOCOB ITTAPHUKOBBIX Ta30B OT TPAHCIOPTHOTO cekTopa. OTcyTcTBHE
YKa3aHHBIX JAHHBIX HE T03BOJNAET OCYWIECTBIATH IIIAHUPOBAHHE
YCTOMYMBOIO pAa3BUTHS TPAHCIOPTHOM CUCTEMBI M KOHTPOJIUPOBATH
pE3YyJIbTAaThl pCanu3alu MepOHpHHTHﬁ, HallpaBJICHHBIX Ha CHHXKXCHUC
HETaTUBHOTO BO3/ACHCTBHS TPAHCIOPTHOIO KOMIUIEKCA Ha COCTOSIHHE
OKpYy>Karollen cpeabl.

B cBa3u ¢ cosganuem B Poccuiickoin ®enepanuu  CUCTEMBbI
YIJIEPOIHOTO PETYJINPOBAHUS W BBEACHHEM O0S3aTeNbHONH OTYETHOCTH
NpeAnpusATHA 10 00beMaM BBIOPOCOB MAPHUKOBBIX Ta30B BO3HHKIA
HEOOXOANMOCTh pa3paboTKM METOAMYECKHMX W HOPMATHUBHBIX JOKYMEHTOB
JUISL OIIpeAeNeHNss 0OBEMOB BBHIOPOCOB MApHHUKOBBIX T'a30B PA3IHYHBIMU
BHUJAMH TPAHCHOPTA U MPENNPUATUSIMH JOPOKHOIO XO3SMCTBA, C LEIBIO
(OpPMHPOBaHUST KOMILJIEKCA MEPONPHSTHH, HAIPaBIEHHBIX Ha CHIDKCHHE
00bEMOB BBIOPOCOB ITAPHUKOBBIX Ia30B.

Ha ocHoBaHuu mpepcTaBIeHHOW BBINIE WHGOPMAIIUH MOXKHO CJIENaTh
BBIBOJI, UTO JJS pealu3aldd MEpONpUATHH 1o  00ecneveHuro
HU3ZKOYTJIEPOJHOIO Pa3BUTHUSL TPAHCIIOPTHOM OTpaciv U COOTBETCTBEHHO
MOBBIIEHUST €€  HHeprodpeKTHBHOCTH, HEoOXoAnMO  pa3padboTarh
WHCTPYMEHT OLIEHKH BEIOpPOCOB IMapHUKOBBIX rasos,
a IMEHHO OTpAacIIeBYI0 METOJMKY OILIEHKH BAJIOBBIX BBIOPOCOB NMAapHUKOBBIX
ra3oB TPaHCIOPTOM, KOTOpasi, OCHOBBIBAsICb Ha IYYIIUX OTEUECTBEHHBIX
U MEXyHapOJHBIX MPAaKTHKAaX M METOAMYECKHX II0/IX0/aX MO3BOJIMIA ObI
MIPOBOANTH  JIOCTOBEPHYIO OLEHKY BBIOPOCOB  IIAPHUKOBBIX TIa30B
(OpMHpPYEMBIX TPaHCIOPTHBIM CEKTOPOM, HPH 3TOM 0C000Ee BHHUMAaHHUE
clenyeT yAeIUTh (GOPMHUPOBAHHUIO CUCTEMBI CTATUCTHIECKOTO HAOIIOACHUS
u OT‘{éTHOCTI/I, TaK KaK HMMEHHO JOCTOBEPHOCTH M IIOJIHOTA HCXOAHBIX
JaHHBIX OyneT HampsMyl0 BIMATE Ha pe3yiabTaThl pacuéra o
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COOTBETCTBEHHO  Ha  MEpbl  IIPUHUMAaeMble ISt HOBBILICHUSI
9HEProd3PEeKTUBHOCTH TPAHCIIOPTHOTO cekropa [1,2].
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CHM>KeHUe PUCKOB U CMAr4eHue nocjaeACcTBUM
Yype3BbIYANHBbIX CUTyalil HA YPOBHE PErHOHOB U
TepPUTOPHUA MECTHOT'O CAaMOYNPaBJIEHUA

B.P. Aiinapamues, H.[[»x. CagabaeBa
Kuipevizcko-Poccutickuii Cnassanckuti ynugepcumem um. b. Enbyuna
nakujan87@mail.ru

Cruxwuitaple OenctBusi, ans KeipreictaHa xapakTepHa MOBCEMECTHON
pamnpOCTPaHEHHOCTIO OMAaCHBIX MPHUPOAHBIX MPOIECCOB M SIBICHHMH,
CBA3aHHBIX C TIPUPOJHO-KIMMATHYECKUMH YCIOBHUSAMH pErHOHOB U
TeppuTtopuii  oecrryOnuku.  Ha  Teppuropumm  CTpaHBI, HMMEIOIINE
Ype3BbIUAHHO OOJbINKME Pa3HOOOpa3us TEONOTHYECKHUX, KIMMAaTHYECKHX
ycnoBui, Habmiomaercss Oosee 20 OmacHBIX NPHUPOIHBIX SBJICHUH (U3
nopsiaxa 50 B IeJI0M 10 MUPY).

ITosTomMy, BOmpoC TNPUHATHS MPUBEHTHUBHBIX MEp M CMACYEHHE
TIOCJIEAACTBUH CTUXMHHBIX W MHBIX OCJICTBUIl SIBISIOTCS aKTYaJIbHBIMH H
JIOJDKHBI UMETh BBICOKUN IPUOPUTET B AEATENBHOCTU OPraHOB MECTHOTO
caMOyTIpaBIICHHUS.

B  (QunaHCcMpOoBaHMHM MeEpONPHUATHH TIO NPENYNPEKICHUIO U
mukBupanuudC  (cpeactBa  PecnyOamkaHckoro — Oromkera, pe3epBa

IIpaButenbcTBa PecrryGnukn, CpencTBa OpraHoB MECTHOT'O
CaMOYIIpaBJICHUs, CPEJCTBA MMHUCTEPCTB U BEAOMCTB, INPEANPUATHH HU
opraHuzalui M JpYTHUX HMCTOYHHUKOB ¢unHAaHCHpOBaHus). llpu

pacmpeneNeHn CpeACTB He 3aBUCHMO OT WX HMCTOYHHUKOB, HEOOXOIUMO
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NIPU/ICPXKUBAThCS OCHOBHBIX HampaBiieHHH (uHaHCHpoBaHus. [Ipu sTOM
OCHOBHBIMH HAalpaBJICHUsIMUA (PMHAHCUPOBAHMUSI SIBIISIOTCSL:

— npeaynpexaenue YC;

— cMmardenre nocueactsuii ot UC,

— BO3MeIIeHHe yiepoa.

YuuTeIBasg MONOXHTENBHBIH oONBIT Poccum, B Hamielt peciryOimke
HEOOXOIMMO HaudaTh 3Ty paboTy, MaHHBI BOMpPOC akTyaleH W Tpebyer
JICTaIbHOTO aHAJM3a OMACHOCTEH AJISl JKU3HEAEATEIHHOCTH HACEICHUS Ha
TEPPUTOPUH  HACEIICHHBIX  ITYHKTOB, HCTOYHHKOB MPUPOTHBIX U
TEXHOTEHHBIX OIIACHOCTEH Ha He#, pacyera MNEpUOAa HX pealn3aluu
COIUAJIBHOI'O U UHAUBUAYATHOI'O PUCKOB.
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CTaTUCTHYECKMH aHA/IU3 3AaBUCUMOCTH
3260/1eBaeMOCTH HaceJIeHUs1 OT peruCTPUPYyeMbIX
aTMocdepHBIX NpuMecei

C.H. TpOCTﬂHCKI/Iﬁl, A.C. COJ‘IOBLGBZ, AA. MCJ‘ILHI/IKZ, J.T. 3BI6I/IH2,
P.P. XacbstHOB®

'BVHI] BBC «BBA umenu npogpeccopa H.E. JKykoeckozo u
10.A. I'acapunay, . Boponearc, yn. Cmapuwix boavutesurxos, 54 A
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Ilenpto  pmaHHOW  pabOTBI  SBJSUICS ~ CTATUCTHUECKHHA  aHAU3
3aBUCHMOCTH 3a00JIEBAEMOCTH HACEJICHUSI OT KOHLEHTPALMH aTMOC(EPHBIX
IIpuMeceii, Ha IprMepe TTaHeIbHbIX JJAaHHBIX 10 BopoHexckoii obnacTy.

WudopmanmonHyto 6a3y /il aHalli3a COCTaBMIIM IaHEJIbHbIE JaHHbIE
o 32 paiionam Boponexckoii obmactu (MckioueH ropox BopoHexk, kak He
TUNWYHBIH OOBEKT [UII paccMaTpUBaeMoro Habopa TeppHUTOpPHAIBHO-
SKOHOMHMUECKUX eauHun) 3a nepuoa ¢ 2004 r. mo 2011 r. OcHOBHBIMU
BemiecTBaMu (IO KOJNHWYECTBY  MCCIIEJOBaHUM), 3a  KOTOPBIMHU
OCYIIECTBIISIIICS MOHHTOPHWHT, SBJSUINCH: IHOKCHUI CEpbI, B3BEIICHHBIC
BEIIECTBA, IHOKCHA a30Ta, OKCHJ yrieponaa, ¢(eHod, ¢opMaabaerin,
CBUHEII.
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Jns onpeneneHus 3aBUCHUMOCTH 3a00J€Ba€MOCTH HACENICHHS OT
KOHLCHTPAllMM  aTMOC(EpHBIX  IPHMECEH  HCIOIB30BAIM  MOJEIb
aBTOPETPECCHU BHJA:

Yio=aY, t+BK  +rtn+é,,
rae Yit_ 06’bHCHﬂeMaﬂ (3aBI/ICI/IMaﬂ) HepeMeHHaﬂ B TeppHTOpHaHLHO-

SKOHOMHUYECKOM €INHHUIIE | B MOMCHT BPEMEHH t; Yi {1 — JJarMpOBaHHOE

3HaueHWE 3aBUCHMON mepeMmenHod; X;,— Ha60p OOBACHIIOMIX
HE3aBUCHUMBIX TMCPEMCHHBLIX B TeppI/ITOpI/IaHLHO-3KOHOMI/ILIeCKOI‘/‘I CAUHHULIC i

B MOMCHT BPpCMCHU t; 7t — JTaTCHTHBIC N3MCHCHUS 3aBUCUMOM HepeMeHHOﬁ

BO BpPEMEHH, 7]; — HHIMBUIAYalbHBIA pailoHHBIH 3(deKT, KoTopblid
BKJIIOYaeT HeHa0Jro1aeMble XapaKTepUCTUKU TepPUTOPHUATBHO-
SKOHOMMYECKOH eTMHHIBI; & — OIIMOKa MOJIETN.

[Toka3aHo, YTO CYyIIECTBYET CTATHCTUYCCKU 3HAYMMAS CBS3b MEXKIY
YMCHBIICHHEM 3a00JIeBaHUI KPOBH Y ACTEH M YBEINMICHUEM KOHIICHTPAIHA
B BO3AyXE B3BEMICHHBIX dYacTul (mbUmH) (IO KpaiHeH Mepe, mpu
KOHIICHTPAIUAX IBUTH MEHBIINX WM IPUMEPHO PABHBIX CPEIHECYTOYHOU
INAK). Taxoit 3¢ddext oT comepkaHHd IBUIM B BO3IyXe MOXKET OBITh
00ycCJIOBNIeH aJCOPOIMOHHBIMU CBOMCTBAMH MBUIM IO OTHOIIEHUIO K
BPEHBIM IIPHMECSIM B BO3yXeE.

Statistical analysis of dependence of population
morbidity on atmospheric pollutants recorded

S.N. Trostianskiy®, A.S. Soloviev?, A.A. Melnik?, D.G. Zybin?,
R.R. Khasianov?

'Air Force Academy named after N.E. Zhukovskiy and Iu.A. Gagarin,
Military Education and Research Center of the Air Force, Voronezh,
st. Staryh Bolshevikov, 54 A
2Voronezh Institute of the Federal Penitentiary Service of the Russian
Federation, Voronezh, st. Irkutskaia, 1 A

! avkalach@gmail.com, ? asoloviev58@yandex.ru

The purpose of the paper is to carry out the statistical analysis of
population morbidity dependence on concentration of atmospheric
pollutants as exemplified by VVoronezh Region panel data.
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The information base of the analysis was formed by 2004-2011 panel
data on 32 districts of Voronezh Region (excluding the city of VVoronezh as
an object being untypical for the set of territorial and economic entities
considered). The main substances under monitoring (as per the number of
studies) included: sulphur dioxide, suspended solids, nitrogen dioxide,
carbon oxide, phenol, formaldehyde, and lead.

To determine the dependence of population morbidity on the
concentration of atmospheric pollutants, we will use an autoregressive
model is as follows:

Yo =aY, K + 7+ + &y
where Yit— (dependent) variable to be explained in territorial and economic

entity i at time t; Y, — lagged value of dependent variable; X, —a set
of explanatory independent variables in territorial and economic entity i at
time t; ), — latent changes of dependent variable with time, 77; —
individual regional effect, which includes non-observable features of a
territorial and economic entity; &;, — model error.

Statistically significant relation between the decrease of incidence of
blood diseases among children and the increase of concentration of
suspended solids (dust) in air (at least, at dust concentrations below or
approximately equal to the daily average MPC) are shown.

Such effect of dust content in air can be explained by adsorptive
properties of dust as related to harmful pollutants in air.

JkosioruyeckKue pucku r. UpKyTcka no JaHHbIM
CHEeroxuMmu4ecKom cbeMKH

C.C. Tumodeena, T.B. Ky3nerona

HUprymcKkuil HAyuOHATbHBLI UCCIe008AMETbCKUL MEXHUYECKUL
yuusepcumem, 664074, 2. Upxkymck, ya. Jlepmonmosa, 83

sstimofeeva@mail.ru

OnpenenstormyM ~ GakTOpoM — OJATONMPHUSITHOW — cpenbl  oOWUTaHUS
pacTEeHUH, )KUBOTHBIX, 8 TAK)KE UYECIIOBEKA SIBIISICTCS Ka4eCTBO MPHUPOIHBIX
cpen. Hambonee omacHBIME HMCTOYHUKAMH 3arpsA3HEHHS] aTMOC(EpPHOTrO
BO3yXa W MOYBHI ropona MpkyTcka SBISTIOTCS BHIOPOCH MPOMBIILICHHBIX
MPEIIPHUSATHA, OTOMHUTEIBHBIX YTOJBHBIX KOTEIBHBIX, BHIOPOCHI OT TOIIOK
MIEYHOTO OTOIUICHHS YaCTHOTO CEKTOPA, a TAK)Ke BRIOPOCHI aBTOTPAHCIIOPTA.
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J1y1st 5KOJIOTHYECKO# OIEHKH a’pO30JIbHBIX 3arpsi3HEHHH HEOOX0aAnMO
3HaTh KOHIIEHTPALMIO COAEPKAIIUXCA B HUX XUMHYECKHX JJIEMEHTOB. B
MOHHUTOPHHIE 3arpsA3HCHHS OKpPYKalomeH Cpelpl YacTO HCIOJB3YIOTCS
MPUPOJHBIE IIIAHIIETHI, OJAHUM W3 BHIOB KOTOPBIX SBISIETCS CHEXKHBIN
mokpoB. [Ipu ¢hopmupoBannn CHEroBOW Macchl 3PPEKTHBHO COPOUPYIOTCS
MIPUMECH U3 aTMOCc(ephl U JETIOHUPYIOTCS] HE TOJIBKO BIIAYKHBIC BHITTAICHUS
aTMoc(epsl, HO U CyXHe IbUICBBIE BEIOPOCHI OT TEXHOTEHHBIX HCTOYHHUKOB.

JUis OLEHKHM AKOJIOTHYECKHX PUCKOB Ha Teppuropuu . Mpkyrcka
BBHIIIOJIHEH O0TOOp mpoO cHera B 3uMmHME ce3oHbl 2015-1018 1. Ha
IJIOLIAIKaX ¢ pa3sHOM TEXHOTE€HHOU Harpys3Kou.

CpaBHUTENBHBIN aHATH3 COJAEPXKAaHUS DIEMEHTOB B oOpaslax cHera
(cHeroBoii Bo/ibI), OTOOpPaHHBIX HAa Pa3HBIX IUIOIanKax ropoaa Vpkyrcka,
mokasan, 4ro B CBEpANIOBCKOM palOHE coaepkaHHue HE(TEIpOIyKTOB
npebrmaet 3Hadenne [1JIK B 10 pas, 6en3(a)mupena — B 150 pas3, nuaKa — B
1,3 paza; B IIpaBoGepe:kHOM OKpyre ropoma HpkyTcka conepikaHUe
HedTenpoaykToB npessinaeT 3Hauenne [1JIK B 7 pa3, OeH3(a)mupeHa — B
4000 pa3, mbiuibsika — B 1,4 pasza, unHka — B 11 pas, kagmus — B 1,7 pasa,
xpoma — B 1,4 paza. Ha cHeroorBamax ropona Hpkyrcka coaepkaHue
HedTenpoaykToB npebimacTt 3HaucHue I1JIK B 10 pas, O6en3(a)nupeHa B
150 pa3, nunka — B 15 pas, kagmus B 6,5 pa3; Ha (QOHOBBIX IUIOIMIAAKAX
BaiikagpcKkoro TpakTa M pour «3Be3/109Kay 3arps3HAIOIINE BellecTBa 100
He ObLTH 0OHAPY)KEHBI, INOO UMEJH 3HAUYeHUs, He npesbinaronme [TK.

Ilo naHHBIM CHErOXMMMYECKOHM CBEMKH M CPEIHEro COJEp>KaHUs
3arpsA3HAIONINX BEIIECTB B MouBe roponaa MpkyTcka, ObII cenaH MpOTHO3
3arpsi3HEHUs] TIOYBEHHOTO IIOKPOBA M COCTOSIHUS JIECOHACAKICHUH B
uccienyeMbIX paiioHax. PaccuMTaHbl SKOIOTHUECKHE PHCKH M COCTaBIIEHA
KapTa PUCKOB TEPPUTOPUH TOpoJa. BEIABIEHBI palioHBI ¢ HamOOJBIIEH
TEXHOTEHHOH Harpy3koil: HMH OKa3aJHCh TEPPUTOPHH C MalbIMU
KOTEJNBHBIMH U TIEYHBIM OTOIIJICHHEM B JIOMaXx.

Environmental risks of the city of Irkutsk according to
snegokhimichesky shooting

S.S. Timofeeva, T.V. Kuznetsova

Irkutsk National Research Technical University, 83, Lermontov St.,
Irkutsk, 664074

sstimofeeva@mail.ru

The defining factor of the favorable habitat of plants, animal and also
the person the quality of environments is. The most dangerous sources of
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pollution of atmospheric air and the soil of the city of Irkutsk are emissions
of the industrial enterprises, heating coal boiler rooms, emissions from fire
chambers of oven heating of the private sector and also emissions of motor
transport.

For ecological assessment of aerosol pollution, it is necessary to know
concentration of the chemical elements which are contained in them. In
monitoring of environmental pollution natural tablets are often used, one of
types of which is snow cover. When forming snow weight impurity from
the atmosphere are effectively occluded and not only damp losses of the
atmosphere, but also dry dust emissions from technogenic sources are
deposited.

For assessment of environmental risks in the territory of Irkutsk
sampling of snow during winter seasons of 2015-1018 on platforms with
different technogenic loading is executed.

The comparative analysis of maintenance of elements in the snow
samples (snow water) which are selected on different platforms of the city
of Irkutsk has shown that in the Sverdlovsk district the content of oil
products exceeds with the maximum allowable concentration of 10 times
value, 6en3 (and) pyrene — by 150 times, zinc — by 1,3 times; in the Right-
bank district of the city of Irkutsk the content of oil products exceeds with
the maximum allowable concentration of 7 times value, 6en3 (and) pyrene —
by 4000 times, arsenic — by 1,4 time, zinc — by 11 times, cadmium — by 1,7
times, is lame — by 1,4 times. On dumps of snow of the city of Irkutsk the
content of oil products exceeds with the maximum allowable concentration
of 10 times value, 6en3 (and) pyrene by 150 times, zinc — by 15 times,
cadmium by 6,5 times; on background platforms of the Baikal path and
grove "Asterisk" polluting substances either haven't been found, or had the
values which aren't exceeding the maximum allowable concentration.

According to snegokhimichesky shooting and average content
pollutants in the soil of the city of Irkutsk, the forecast has been made
pollution of a soil cover and condition of afforestation’s in the explored
areas. Environmental risks are calculated and the card of risks of the
territory of the city is made. Areas with the greatest technogenic loading are
revealed: territories with small boiler rooms and oven heating in houses
were them.
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Pa3pa6oTKa TEXHOJIOTHYE€CKOH CXeMbl OYMCTKH
CTOYHBIX BOJ C UCIIOJIb30BAaHHMEM MHUKPOGHBIX
TOIJIUBHBIX 3JIEMEHTOB

C.C. Tumodees, A.B. Kucenes

Hpkymckuil nayuonaneHblll UCc1e008amenbCKull mexHu4ecKull
yHusepcumem, 664074, 2. Upkymck, ya. Jlepmonmosa, 83

samtim@mail.ru

B mocnennee Bpemsi HaOMIOAlOTCST TEHACHIMH B PAa3BHTHH Oojee
3 PEKTUBHBIX M SKOJOTMYHBIX TEXHOJOTUI OUMCTKHU 3arpsi3HEHHBIX CPell, B
TOM YHCJI€ OYUCTKU CTOYHBIX BOJ. B pe3ynbTaTe X03s1iCTBEHHO-OBITOBOM 1
MIPOM3BOJICTBEHHOM JIEATEILHOCTH YelIOBEKa 00pa3yIoTCs )KUAKHUE OTXO/IbI B
BUJIE CTOYHBIX BOJl, KOTOpbIe, NPEHMYLIECTBEHHO, COpPACHIBAIOTCS B
KaHanM3aluio. B mporecce MpOXOKIEHHS CTOYHBIMHM BOJAMH CTaauit
OYHCTKM Ha OYHCTHBIX COOPYXEHHSAX 0O0pa3zyeTcs WIOBBIM OCaJOK, B
OOJIBIIMHCTBE CBOEM HE IMOJAAOIuMiics KakoH-mubo mepepaboTke, Kpome
Kak 00e3BOKMBaHME Ha WJIOBBIX IOJSIX B €CTECTBEHHBIX YCIOBHSIX. JTOT
IIPOLECC AOJITOCPOYEH M 3aHUMAET OTPOMHBIE IUIOINAAH MO MIOBBIE KapTHI.
Kpome Toro, ckmagupoBaHH€  WIOBBIX  OCaiKOB  INPUBOJAUT K
PacnpoCTpaHEHHIO HeOIaronpuATHOTO ra3oBO3yLIHOTO ¢oHa,
3arpsA3HEHUs] TOYB M IIOA3EMHBIX BOJ TOKCHYHBIMH KOMIIOHEHTAMH,
BXOJISIIIUMH B COCTaB OCa/IKOB.

B sTo#i cBs3u Bce Ooibllle BHUMAaHMA CTall0 YAETSATHCA TEXHOJOTHH
MHUKPOOHBIX TOIUIMBHEIX 37eMeHToB (MTD). /laHHas TeXHOJOTHS OCHOBaHA
Ha MeTaboIM3Me PAa3IUYHBIX TPYII MUKPOOPTAaHU3MOB, KOTOPBIE CIIOCOOHBI
YTUIM3UPOBATH OMOJIOTHYECKHE OTXOJBI B XOA€ €CTECTBEHHBIX XU3HEHHBIX
MIPOLIECCOB, TPU 3ITOM MApAUIENBHO TEHEpupys snekrpuuectso. Ilpn
JOJDKHOM — pa3BUTHM, JaHHAs TEXHOJOTHS TO3BOJIUT  MOCPEICTBOM
nepepaboTKH OTXO/M0B C OTPHUIATENBHON CTOMMOCTBIO B OHOKOMIIOCT,
IIPOU3BOJUTH €IE U IEKTPUUECTBO, TEM CaMbIM KOMIIEHCUPOBATh 3aTPAThI
OpeNpUsTUA Ha DIIEKTPO’HEPruI0, a TaKKe CO37aBaTh AaBTOHOMHBIE
CUCTEMBI OUUCTKH.

ABTOpamMH  BBINIOJHEHa pPa3paboTKa TNPUHIUIHAIGHOW  CXEMBI
TEXHOJIOTHN OYHCTKH 3arpSA3HEHHBIX CPEJ C HCIOIB30BAHWEM MHKPOOHBIX
TOIUTMBHBIX JJIEMEHTOB, a TakXe IOMCK M ampoOaIus ONTHMalIbHBIX
KOHCTPYKIHUH 1 3 PEKTHBHBIX TPYIII MUKPOOPTaHU3MOB (puc. 1).
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Puc. 1. [lpuHnunuaneHas cxema BHEIPEHHsST MUKPOOHBIX TOTLIMBHBIX
9JIEMEHTOB B 3Tall IEPepabOTKH UIIOBBIX OCAIKOB

IIpn mHTErpanuy ¢ NEHCTBYIOIIMMU TEXHOJOTMYECKUMU NPOLIECCaMU
JlaHHas TEXHOJIOTHS MO3BOJHT YTHIM3UPOBAaTh MIOBYIO Opranuky (1o 80%
COCTaBa MIIOBBIX OCAJIKOB), MAPAJUIETBHO TEHEPHUPYS NEKTPUIECTBO. DTUM
IEKTPUUECTBOM  MOXKHO  OOecneunBaTh Jpyrue  TEXHOJIOTHUYECKHE
mpouecchl  Hpeanpuatus. MHHepadbHY0 4acTb HMIOBBIX  OCAJKOB,
OCTAIOLIYIOCSI Ha BBIXO/E, MOXKHO HCIIOJIb30BaTh B KadeCTBE YHOOpEHHH,
00 TOCHIe JAOTOIHUTENBHONH 00pabOTKN — B CTPOUTENBCTBE, TEM CaMbIM
KOHBEPTHPYS CBhIpb€ C OTPULATEIBHON CTOMMOCTBIO B peaJu3yeMblil
MPOAYKT.

ITo NpeABApUTECIIbHBIM TIOJCYETAM, KallMTaJIbHBIC 3aTpaTbl Ha
peanu3anyio JaHHOH TeXHOJIOTUH B HACTOSINUI MOMEHT npuMepHo B 20 pa3
BBIIIE, YEM pealn3anys TPaJULHUOHHOW CHCTEMBl YTHIU3ALUH HIOBOTO
ocagka. OpHako TpHM ydeTe TEeHEPUPOBAHUS TaHHOM TeXHOJOTrHen
JJIEKTPO’HEPTUU, a TaKKe BO3MOXHOCTH JKOHOMHHM Ha KOHEYHOU
YTUIM3ALUU UIIOBBIX OCAJKOB, CPOK OKYIIAa€MOCTU BAapbUPYETCs B palioHe
3-5 ner B 3aBUCUMOCTH OT OOBEMOB OYHMCTHBIX coopyxkeHuid. [Ipu
TOCYAapCTBEHHOM CYOCHAMPOBAHUM B CBSI3M C PA3BUTHUEM JKOJOTHYECKOM
MOJUTUKY HAa JAaHHBI MOMEHT TaKOl CpOK sIBisieTcsl mpuemiieMbiM. Ecnn
e YUecCTbh, YTO NPH JOMOJHUTEIbHOI 00paboTKe MOydaeMbIX Ha BBIXOJIE
MHUHEPAJIIN30BaHHBIX MJIIOBBIX OCAaJKOB BO3MOXXHA BBICOKOpeHTa6eHBHaﬂ
KOMMepUHUanu3alyusd OSTUX OTXOJOB B  CEIIbCKOXO3SMICTBEHHOM U
CTPOMTENBHBIX CEKTOPaX, TO CPOK OKYIIaeMOCTHU COKpamiaercs 10 1-2 ner.
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Development of the technological scheme of sewage
treatment with use of microbic fuel elements

S.S. Timofeev, A.V. Kiselyov

Irkutsk National Research Technical University, 83, Lermontov St., Irkutsk,
Russian Federation, 664074

samtim@mail.ru

Recently tendencies in development of more effective and eco-friendly
technologies of cleaning of the polluted environments, including sewage
treatment are observed. As a result of economic and household and
production activity of the person liquid waste in the form of sewage which,
mainly, is dumped in the sewerage is formed. In the course of passing
sewage of stages of cleaning on treatment facilities forms the silt deposit
which in the majority isn't giving in to any processing except as dehydration
on silt fields under natural conditions. This process it is calculated on long
term also occupies the huge spaces under silt cards. Besides, warehousing
of silt rainfall leads to distribution of an adverse air-gas background,
pollution of soils and underground waters the toxic components which are a
part of rainfall.

In this regard more and more attention began to be paid to technology
of the microbic fuel elements (MFE). This technology is based on
metabolism of various groups of microorganisms which are capable to
utilize biological waste during natural vital processes, at the same time in
parallel generating electricity. At due development, this technology will
allow by means of processing of waste with negative cost in biocompost, to
produce also electricity, to thereby compensate costs of the enterprises of
the electric power and also to create the autonomous systems of cleaning.

Authors have executed development of the schematic diagram of
technology of cleaning of the polluted environments with use of microbic
fuel elements and also search and approbation of optimum designs and
effective groups of microorganisms (fig. 1).
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Fig. 1. The schematic diagram of introduction of microbic fuel
elements in a stage of processing of silt rainfall

At integration with the operating technological processes this
technology will allow to utilize silt organic chemistry (to 80% of structure
of silt rainfall), in parallel generating electricity. It is possible to provide
with this electricity other technological processes of the enterprise. The
mineral part of silt rainfall remaining at the exit can be used as fertilizers, or
after additional processing — in construction, thereby converting raw
materials with negative cost into the realized product.

By estimation, capital expenditure for realization of this technology is
at the moment about 20 times higher, than realization of traditional system
of utilization of a silt deposit. However, when accounting generation by this
technology of the electric power and also possibility of economy on final
utilization of silt rainfall, the payback period varies around 3-5 years
depending on volumes of treatment facilities. At the state subsidizing in
connection with development of environmental policy at the moment such
term is acceptable. If to consider that at additional processing of the
mineralized silt rainfall received at the exit highly profitable
commercialization of this waste in agricultural and construction sectors is
possible, then the payback period is reduced to 1-2 years.
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OneHKa ypOBHS 3arpsi3HeHHOCTH IIIJIaMOBOro am6apa
TSKEJIBIMU MeTa/l/IaMU

.. AB)JeeBal, .. POMaHHOBl, O.A. Hemnosa', A.B. HexopomeBaz,
M. Tycynoml

! Hayuonanvnwiii uccnedosamenvekuii Tomcekutl noiumexnuueckul
yrusepcumem, 634050, 2. Tomck, np. Jlenuna, 30
2 Huemumym npupodononssosanus FOzopckozo 2ocydapemeentozo
yuugepcumema, 628012, Xaumuoi-Mancutickuti agmoHoMHbIU OKpYe —
IOcpa, e. Xaumwi-Mancuiick, yn. Yexoea, 16

B xome sKcmuiyataru MECTOPOXICHHH HE(TH, PACIOIOKECHHBIX Ha
TEPPUTOPHUN HE(PTEra30BBIX PAHOHOB CTPaHBI, OONBIIOE 3HAYCHHE C TOYKH
3peHHs TPOMBIIUICHHOH W  DKOJOTHYECKOW  OEe30mMacHOCTH  MMeeT
mepepaboTka W yTHIU3AIMA OTXOHOB OypeHus. K dmcny Takwx OTXOHOB
OTHOCHTCSI OypoBOW mTaM, coxepkamuii  HedTh u HepTempomyKTHI, a
TaK)Ke pa3NUYHBIC 10 COCTAaBY, TOKCHYHOCTH MaTepHajbl U XUMpEarcHTEHI,
HCTIONB3YIOMIMeCs sl WHTCHCH(UKAIIMH TIPOIECCOB OYpeHHs, a TaKxke
LIJIJAMOBBIE aM0apbl, B KOTOPHIE MOMEIIAIOT OTXOZbl OypeHus. AmOapsl
BBIBOJSIT M3 000pOTa 3HAYMTENbHbIC IUIOMAMU 3€Meb, a B Clydae
HapymeHusas TUIAPOU30JIAIUHA, MOTr'yT CTaThb HpH‘IHHOﬁ 3arpsA3HCHUA
oKpyxaromie cpesl [1].

UccnenoBanusi 3arps3HEHHOCTH IIIJIAaMOBOTO  aM0apa  TSKEIBIMU
MeTaJUlaMU U WX aHaJlu3 OBLIM MPOBEICHBI Ha MPOoOax TPYHTOB KyCTOBOH
IUTOIIAIKH MECTOPOKICHHS.

B xone mpoBeaeHHBIX HCCIEIOBAHUN OBLIO OTPENENICHO COACpIKaHUEe
TSOHKEIBIX METAIUIOB, XJIOPUAOB M psila KOMIIOHEHTOB, WX pH u yzxenpHas
ANEKTPONPOBOJHOCTh B Tpo0ax IIaMa ¢ pa3HBIX DIyOWH ambapa, 4To
MMO3BOJIIJIO TIOKA3aTh HEOJHOPOTHOCTh PAaCIpeleNIeHHUs] 3arps3HSIONIIX
BEIIECTB M D3JICMEHTOB. I[loydeHHbIC pPe3yJbTaThl JAOT BO3MOXKHOCTH
MIPOBECTH TONHBIM aHalN3 CHUTYyallMH C MeJbl0 pa3paboTku Hamboiee
ONTUMAJIBHBIX METOJUK KOHCEpBAllMKM MW JCTOKCUKAIWU MOIJIaMOBBIX

ambapos [2, 3].
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The assessment of the level of pollution of slime pits
with heavy metals

1. Avdeeval, I.I. Romantsov?, O.A. Nemtsova®, A.V. Nekhorosheva?,
M.D. Tusupova'

! National Research Tomsk Polytechnic University, 30, Lenin av., Tomsk,
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2 Yugra State University, 16, Chekhov st., Khanty-Mansiysk, 628012, Russia

While simple to operate the oil fields placed on the oil-gas territories of
the country, industrial and ecological safety concerning the oil-gas refining
and the utilization of the drilling waste are of great importance. Some
drilling waste consist of rich in oil and petroleum derivatives and
distinguished in composition, toxicity of the material and chemical reagents,
using for the intensification of the operation of the oil rate, and slime pits
where the operation waste are placed. Slime pits damage vast land and in
case of disturbing the water proofing may cause the pollution of the
environment [1].

Researches of the pollution of slime pits with heavy metals and their
analysis were made on testing the samples of the spoil by dumping of the
deposit.

While analyzing the researches were defined the proportion of the
heavy metals, chlorides and the number of components, their pH and
conductivity in slime samples of different depth, it allowed to indicate the
non-uniformity of spreading the polluting materials and elements. Final
results give the opportunity to have the full analysis of the situation with the
aim of researching more optimal technique in conservation and detoxication
of slime pits [2, 3].
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HeraTuBHOe BO3JeiicTBUE CTPOUTE/IbHOM OTPAC/JIy Ha
OKPYKaIOILLYI0 Cpeay
H.B. IIBeTkyH
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yHugepcumem, 2. Upxymck, ya. Jlepmonmosa, 83

CrpoutenpHas OTpacib OKa3blBa€T HETaTHBHOE BO3ACHCTBHE Ha
OKpY)KAalOIIyl0 cpexy HE TOJIBKO B MOMEHT MPOHM3BOJCTBA padoT
HEIMOCPEACTBEHHO Ha CTPOUTEIBHOM IUIOIIAJKE, HO Ha BCEX 3Tamax OT
MOJIYYEHHUSI CTPOUTENBHBIX MAaTEPHUaJIOB 10 BO3ACHUCTBUSA YK€ CHAHHOTO B
SKCIUTyaTalUIO 3JaHusl.

IIpy BemeHWW  CTPOMTENBHBIX pabOT TO4YBAa  IIOABEPracTcs
3HAUUTEJIBHOMY aHTPONOI€HHOMY BO3JCHCTBHIO, Hapylaercs peibed,
IIOBEPXHOCTHBIM IOKPOB IIOYBBI, II0YBA 3arpA3HICTCSI MyCOPOM, CTOUYHBIMU
BOJAMM,  TOKCHUYHBIMM  BEIECTBAMH,  OTXOJAaMHM  CTPOUTEIIBHOIO
npou3BoACTBa. IloJ CTPOUTENBCTBO OTYYXKAAKOTCS OrPOMHBIE IUIOLIANU
LIEHHEUIIINX 3€Mellb.

ITo panubiM PocrnoTtpeOHan3opa B Poccum 1ox  CTPOMTENBCTBO
BBIBOJIUTCS MOPSAJKA 52 THIC.TA. 36MJIU €XKETOJTHO.

[Ipu mpoBeneHUN CTPOUTEIBHBIX Pa0OT YBEIHYMBACTCS HArpy3Ka Ha
BO3IYIIHYIO Cpeay, 3a cdeT paboTaiomeld CTPOWTENBHOW TEXHUKH,
3HAUUTEJIBHO YBEIMYMBAETCS KOHLEHTPALUMsA MbUIM HPH IUIAHUPOBAHUU
CTPOUTENBHON TUIONIAIKA, PBIThEe KOTJIOBaHA | MPH cOpackIBAHUU Mycopa ¢
BEPXHUX 3Takel 6e3 MPUMEHEeHH CIIeIHANIbHBIX YCTPOUCTB.

[Tpu cTpouTenscTBe 00BEKTOB MPOUCXOAUT 3arpsi3HEHNE THAPOCHEPHI.
Boja MHTEHCUBHO HCHOJB3YETCSI B CTPOUTEIBHOM IIPOLECCE, IPOUCXOAUT
3arpsiI3HEHUE HE TOJIBKO IOBEPXHOCTHBIX BOJOEMOB, HO U IOJA3EMHBIX, 32
CYET CTOYHBIX BOJ U CTPOUTEIBHOIO MyCOpa.

[lepen cTpoutensiMu CTOAT JIB€ BaXKHEHIINE 3a/1a4 - CO3/1aTh BBICOKOE
Ka4ecTBO >KU3HH M OJHOBPEMEHHO O0OECIEeYHTh SKOJOTMYHOCTH T'OPO/IOB,
CHHU3UTh NOCTYIUICHHE 3arpsa3HEHUil B cpely U AOCTUYb 3KOJIOTMYECKOro
PaBHOBECHS MEXly FOPOAAMU U IPUPOJON.
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Negative impact of the construction industry
on the environment

N.V. Tsvetkun
Irkutsk National Research Technical University, Irkutsk, Lermontov st., 83

The construction industry has a negative impact on the environment,
not only at the time of production at the construction site, but at all stages
from the receipt of construction materials to the impact of the building that
has already been commissioned.

When construction work is conducting, the soil undergoes to
significant anthropogenic impact, the relief, the surface cover of the soil is
disturbed, the soil is polluted with garbage, sewage, toxic substances,
construction waste. Under construction are alienated huge areas of valuable
land.

For construction are alienated huge areas of valuable land.

According to Rospotrebnadzor is about 52 thousand hectares of land
allocated for construction in Russia annually.

During construction works, the load on the air environment increases,
on account of working construction equipment, the concentration of dust
significantly increases when planning the construction site, excavating and
excavating from the upper floors without the use of special devices.

During the construction of objects, the hydrosphere is contaminated.

Water is used in the construction process intensively. Pollution not
only of surface water bodies, but also underground water, due to wastewater
and construction debris.

Before the builders are two most important tasks - to create a high
quality of life and at the same time to ensure the environmental friendliness
of cities, reduce the flow of pollution on environment and achieve an
ecological balance between cities and nature.
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B nocneanee Bpems (HOTOMONMMMEpPHU3AIUS [IHPOKO HCIOJIB3YETCS H
BCTpeYyaeTcss BO  MHOIMX  cdepax oku3Hu. [lonmumepusamus ¢
ucronb30BaHueM Y D—HMCTOYHUKOB OOMyYeHHUs TIO3BOJIAET MPOBOAUTH
MPOLIECCHl IPU KOMHATHON TeMIIepaType, CUCTEMbI He TPeOYIOT CO3JaHMs
WHEPTHOH cpenbl, BO3MOXKHO MpPOBEICHHE IPOIECCOB 0e3 MpUMEHEHHUS
pacTBopuTeneil, a Kak CJICOCTBHE OTCYTCTBHE BBIACICHHS JICTyYUX
OpPTaHWYECKHUX COCIWHEHHM, MUCIIONF30BaHUE YIOOHBIX M BO30OHOBIIEMBIX
HCTOYHHKOB CBETa (CBETOIMOIbI, OBITOBEIC JTaMIIbl, conHIe) [1].

OpHoit u3 HanboJIee MepCIeKTHBHBIX HATIPABICHUH B TIOCICTHIE TOJIBI
sIBIISIETCSL pa3paboTka GOTOMHUIIMATOPOB HA OCHOBE COJIEH TUAPUITUOIOHHUS.
CBoiicTBa, TakMe KaK TepMHUYECKas CTaOWILHOCTh W HEAKTUBHOCTH B
OTHOUICHHUH MOJIUMEPU3YyEMBIX MOHOMEPOB MPH TeMIIepaType OKpyKarolen
Cpenbl, NeNaroT 3TH COJIM OCOOEHHO MOAXOJAIIMMH JJisi MPUMEHEHUS B
KayecTBE WMHHUIMATOPOB (oTomonmuMepuzanuii U (POTOOTBEPIKIAEMBIX
KOMITO3UIHUH [2].

Henpro nmaHHOW pabOTHl HCCIEIOBaHWE AUAPWIHOJIOHHEBBIX COJCH
(AUAC) B KadecTBe HWHHUIMATOPOB U1  (DOTONOIMMEPHU3ALUN
N-BuHMIIKapOa3ona (BK).

WuunuupoBannyro  goromommMepusanro BK  mpoBommmu ¢
UCTIONb30BaHNEM ynbTpaduosneroBoro obmydenus (A=230-300 um) mpu
HaYaJbHBIX KOHIIGHTpAIUsIX HWHUIMaTopa u MoHoMepa 0,02 momws/m u
0,5 MonB/, COOTBETCTBEHHO. B KadecTBe pacTBOPUTENSI HMCIOJB30BAJIH
XJIOPOOPM.

YcraHoBIIeHO, YTO peaknusl  (HOTOMOIUMEPH3AINKH TPOTEKAET B
HECKOJIBKO CTaIui, TepBas W3 KOTOPBIX 3aKIIOYaeTcs B OOpa3oBaHHU
OKpalleHHOTo KoMIutekca nepenoca 3apsina BK—IIMAC, u nanpHeiimei ero
MEPErpyniupoOBKOA B KaTHOH-PAIAMKaJ, YTO HMPUBOIUT K MHUIIMHPOBAHUIO
MTOJTUMEPH3AIIHH.
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[MomumepHBIH onTHYECKH CceHCOp (OMTOA) TPEACTABIACT CO00i
MIPO3pavHyI0 MAaTPHUIy KaK YyBCTBUTEIBHBIIN AIIEMEHT IS U30UPATEITHHOTO
B3aUMOJEHCTBUSI C LEJEBBIM BEIIECTBOM. B3aumoneicTBue Mexay
CEHCOpPOM M AaHaJUTOM BbI3BIBAET HW3MEHEHUE LBETAa, MPUTOJHOE IS
BHU3YaJILHOTO HJIH ammaparypHoro ooHapyxenus. Co3ganue TBEpa0(asHbIx
ONTOJIOB MUMEET OOJBIIOE MPAKTUYECKOE 3HAYECHHE, MOCKOJIBKY TBEPIIOE
COCTOSIHUE YCTpaHsieT MPOOJIEeMBbl, CBSI3aHHBIC C YKHJIKOCTBIO WU TEJeM,
HampuMep, BBIMBIBAHWE BEIIECTBA WM YXYIUIEHHE aHAIUTUYECKUX
CBOWMCTB cO BpeMeHeM. TBepmoda3Hbie XHMHUYSCKHE ONTOABI 00ECIICUUBAIOT
HAQJCXKHBI CHUTHAJ TPH HU3KOH CTOMMOCTH W ONTHMAIBHOW (DU3UKO-
XAMHYECKOl ycroiumBocTH. Hamm paspa®oTaHBl TONHMETaKpHIATHBIC
MaTpUIBl KaKk OCHOBa IS IONYYCHHS OITOJOB, M OOOCHOBaHO WX
MIPUMEHEHHUE U1 HAYUYHBIX U HMHHOBALlMOHHBIX UCCIIEIOBaHUH.

ITonumepHasi mMaTpula CIy>KUT ONTHYECKOW aHAJIMTHYECKOW Cpenoit
(OAC), HamoJIHEHHOW BapbUPYEMBIMH KOMIIOHEHTAMH, BKIIOUYAIOIUMU B
cebs ruapoduibHbie peareHtsl (['P), 1BeToOOpasyolie JHraHibl U
nMMOOMIIM30BaHHbIe BemecTBa. Takum obpaszoM, OAC sBisieTcss HOBBIM
KJIACCOM THOPUIHOTO MaTepualia, KOTOPbIA coueTaeT B cebe CBOMCTBA Kak
MOJIMMEPHON MaTpullbl, Tak W umMMmoOunm3oBaHHoro I['P. IIpoBemeHHbIe
WCCIIEIOBAaHUS ~ TOJUMETAKPHIATHOTO  TMOJMMEpa  HampaBleHbl  Ha
COBMEIICHHE C OPraHuYeCKUMH, HEOPTraHWYEeCKMMH W THOPUIHBIMH
BEIIECTBAMH, a TaKkKe CIocoObl mpaktuieckoro mnpumeHeHus OAC B
KayecTBe  (PYHKIMOHANBHBIX MATEPUANOB JUIS  HEMOCPEICTBEHHOTO
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NPUMEHEHHsT B KauyecTBE ONTOAOB. IlONydeHBl pe3ylbTaThl B 00JacTH
9KCIPECCHOTO KOHTPOJsI HOHOB METAILIOB, TPACCEPHBIX T'MIPOJIOIHYECKUX
HCCIIeIOBAaHUH W OMOXMMHYECKUX n3Mepenwuit [1-2].
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The polymeric optical sensor (optode) is one in which a material is
used as a sensing unit and exhibits a selective interaction with a target
species or analyte. The specific interaction between the sensor and analyte
produces a signal, which can then be observed via visual or an appropriate
detection scheme. Producing solid state optode is of great importance for
some applications, as the solid state removes many of the issues associated
with that of the liquid or gel state, for example, volatility and handling
issues, meaning their performance suffers over time. There is great interest
therefore in solid state chemical optical sensors that can provide reliable
signals at a low unit cost, and through careful optimization of the sensitive
polymer composition, prevent leaching or removal of key components over
time. Polymer matrixes have been employed in sensing templates for this
purpose and we explored their use in detail in our scientific and innovate
research.

A polymer matrix is defined as an interconnected polymer network
formed within a solid phase. When the polymer network is generated in the
presence of a hydrophilic reagent (HR) and color-forming ligands, the
resultant matrix has been termed an optical analytical medium (OAM).
OAM is therefore a new class of hybrid material that combine the physical
properties of both the transparent polymer matrix and the physically
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immobilized HR within. A recent research focused on the polymethacrylate
OAM employed with organic, inorganic and hybrid substances, and the
modes of practical application of OAM. This research was focusing on the
application of OAM as functional materials for direct application as sensing
and actuation units. Research detailing the response of OAM to changes in
pH, metal ion chelation and interactions with interfering molecules was
discussed. Our group in particular have detailed the use of OAM to produce
optodes for metal ions monitoring, actuating materials for controlling fluid
movement and biosensing devices [1-2].
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B nameM noHMMaHMM, KOHLENIHUS «3€JICHOM XMMHH» B KOHTEKCTE
KaTaIMTHYECKOM XHMHUH MOJpa3yMeBaeT MPOTEKaHHE PEAKIUU B MATKHX
YCIOBHAX, T.e. NPH aTMOC(HEPHOM MAaBICHHM M HHU3KUX TeMIIepaTypax,
BKJIFOYast JIETKOCTh pasfiefieHus NPOAYKTOB PEaKIHi OT KaTaJn3aTOpOB.
OTtux TpeOOBaHUH yIOBIETBOPSIIOT MaKPOIOPHUCTHIE MOJUMEPHI, B MATPHILY
KOTOPhIX ~MUMMOOWIM30BaHBl HaHoYacTHIbl MeTauioB [1]. Takwme
KAaTQIUTHYECKUE CUCTEMBbI BBIABMralOTCA B paspsii MNEPCHEKTHBHBIX
KAaTQJIUTHYECKUX PEAaKTOPOB HEMPEPLIBHOTO JEHCTBUSA, C MOMOILBIO
KOTOPBIX ~ OCYIIECTBIISIIOTCS PEAKUMH THIPUPOBAHUS U  OKHUCJICHUS
pasnmuHbIX cyOcTparoB. Hamu Ha npuMepe runpupoBanus 4-HUTpoQeHoIa
1 4-HUTPOOEH30MHOIM KHCIOTHI, a Takke okucieHus DL-putmorpeiitona
MIPOJIEMOHCTPUPOBAHBI SHEProcOeperamnue MPeuMyIecTBa IPOTOYHBIX
KAaTQINTHYECKUX PEAKTOPOB HENPEPHIBHOTO JACHCTBHS HAa  OCHOBE
MaKpOIIOPHUCTHIX IOJUMEPOB M HAHOYACTHI[ METAIJIOB, KaK IMOKAa3aHO Ha
puc.1.
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Puc. 1. Cxema neicTBUsI NPOTOYHOrO KaTaIUTHUYECKOTO pPeaKTopa Ha
mpuMepe peaxmn THIPUPOBAHUS 4-HUTpOOCH30IHOM Ji (o)
4-aMHMHOOEH30MHOM KMCIIOTHI.

[Tpu HUKIHYECKOM TPOBEICHUH PEAKIUi TUAPUPOBAHUS M OKHCICHUS
CTeTeHb KOHBEPCHH CyOCTpaToB AocTHUTAeT 10 98-99%, sHEeprus akTHBAIIUU
MIPOIIECCOB JICXKHUT B mpenenax 7.5 — 92 kmx/monb, a 3uauenuss TON u TOF
npocturaroT 10 1000 eaunmil.
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To our knowledge the concept of “green chemistry” in the context of
catalytic chemistry means reaction behavior in mild conditions, e.g. at
atmospheric pressure and low temperature including the easy separation of
products from catalysts. These requirements are successfully realized in
case of macroporous polymers within of which metal nanoparticles are
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immobilized [1]. Such catalytic systems advance in the forefront of
perspective continuous catalytic reactors that provide effective
hydrogenation and oxidation of various substrates. We have demonstrated
the energy saving advantage of flow through catalytic reactors based on
macroporous polymers with immobilized metal nanoparticles in
hydrogenation of 4-nitrophenol and 4-nitrobenzoic acid and oxidation of
DL-dithiotreitol as shown in Fig.1.

Reagent

Flow through
catalytic reactor

v

Product

Fig.1. Schematic representation of flow through catalytic reactor in
hydrogenation of 4-nitrobenzoic acid to 4-aminobenzoic acid.

The conversion degree of hydrogenation and oxidation processes
reaches up to 98-99%, activation energy is in the range of 7.5-98 kJ/mol, the
values on TON and TOF are equal to 1000.

References

1. Aldabergenov M., Dauletbekova M., Shakhvorostov A., Toleutay
G., Klivenko A., Kudaibergenov S. // J. Chem. Technol. Metal. 2018. V. 53.
No.1. P. 17-26.



344 Mex0d. Hay4yHaa KoHG. «IHep2o-pecypcoshheKmusHocmo 8 uHmMepecax
ycmoliyueozo pazsumus», Tomck, 12—16 Hoabpa 2018

CuvHTe3 AUT/INKO0J1eBOro s¢pupa
TepedTasieBOH KHMC/I0ThbI

C. M. Epemkus, 3. Iapunos, B.T. HoBukos

Hayuonanvnwiii uccnedosamenvckuii ToMCKULL ROTUMEXHUYECKULL
yuugepcumem, 634050, Poccus, . Tomck, np. Jlenuna, 30

stepan.eremkin@gmail.com

JurnmukoneBbrit 3¢up TepedrameBoit kumcnotsl (D) saBmsercs
MONMYTIPOAYKTOM B cuHTe3e monmyTmieHTepedTamata (I19T), a takke oH
HCIOJIBb3YETCS 1M1 OJMYUYEHUS pa3inuHbIX conoaumepos [10T [1].

19T, sBAsIsICH OMHWUM W3 KPYIMHOTOHHAXKHBIX IMOJIMUMEPOB, 3aHUMACT
okosno 20% B pone mnonMMepHBIX OTXonoB. 3a 2017 rox ynanock
nepepaboTaTh TOJBKO OKOJO TPETH €XKETOJHOTO BBIMYCKa JaHHOTO
nonuMmepa [3], ocranbHoe ke KonnuecTBo [I9T-0TX010B OBLIO OTHpPaBIECHO
Ha noiuronsl THO. B mocnennee BpeMs pa3paboTaHO HECKOJIBKO CIIOCOOOB
nepepabotku BTopuuHOoro IIOT [4], HO Takke axkTyanbHOW 3ajauei
SIBISIETCST W CO3/IaHM€ TEXHOJIOTUM TodyueHuss npucagok s 19T,
KOTOpble OBl YCKOPSUIM Ppa3lIoKEHHE HITOTO TMOJMMepa B MPHUPOJHBIX
ycinoBusax M Ha nojuroHax ThO. K takum mpucagkaM MOXXHO OTHECTH
comosmupsl D ¢ anmnpaTHaecKUMHA 1 OKCUKapOOHOBBIMHU KHCIIOTAMH.

Ha Bexom JAI'D CHIBHO BIHSIOT YCIOBHS CHHTE3a (MOJBHOE
COOTHOIICHHE KOMIIOHCHTOB, THII W KOHIEHTpAaIWsi KaTalu3aTopa,
TeMIepaTypa, JAaBICHHE, BpeMs 3TepH(UKAIMH, TEIUIO- MaccOoOOMEH B
peakrope) [4], mosTOMY TTIaBHOH 3a7adell JaHHON paboThl ObLTO MOA00PAThH
onTUMalbHBIe ycnoBus ans cuHTe3a JI'D. Beino mokazaHo, uyto mpu
WCTIONIb30BaHUM alleTaTa CypbMbl B KaueCTBE KaTajau3aTopa, HauOOIBIIHA
Boixoz JI'D Habmionasics mpu JaBlIeHUH, PAaBHOM 5 aTM, M TeMIEpaType
peaximu 275 - 2800C. Cunte3 AI'D npomomkancs 1 - 1,5 gaca. Kontposs
peakny OCYMECTBIUINA MO KUCIOTHOMY YHCIY PEaKIIMOHHOW MaccChl, T.e.
II0 CTEIICHU KOHBEPCUU TepedTaneBoil KUCIOTHIL.

omyuennsiit JII'D namee OBLT UCTIONB30BaH I CONOIMKOHICHCAIIH
C OJIMTOMEPOM MOJIOUHON KHUCIIOTBI C IIEJIbI0 IMOJIyYeHUS MPUCATOK st
19T, yBenuuuBawImUX CKOPOCTh PA3IOKEHUS MOJIUMEpPa B €CTECTBEHHBIX
YCIOBHSX.
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Jns  yMeHbIIEHWS  3arpsi3HEHUS  OKpYXKalolmleH  cpelpl  Ipu
MIPOU3BOACTBE MMOJYIIPOBOAHUKOBBIX l'[pI/I60pOB U YIYYIICHUSA YHUCTOTHI
caMHUX MOJYIPOBOJHHKOB, HEOOXOIUMO JeTajbHOE MOJCIHUPOBAHUE U
KOHTPOJIb XUMHYECKUX MPOLECCOB B peakTope. [IpoBeneH YHUCICHHBIH
aHaIU3 OCaXIeHWs HuTpuaa ramwms u3 Tpumerwiraums (TMG) B
TOPU30HTAJBPHOM  pPEaKTOpe M3 METaJUIoOpraHuydeckoil mnapodasHoit
snutakcud (MOVPE) ¢ HakIOHHBIM TOKONPHEMHHUKOM W BpallaroIeics
no/utoxkkoi. Ilpumensnace TpexMepHas MOJENb C TOJHBIM COYETaHHEM
MEXaHHKHN KHUAKOCTH, TEIUIOOOMEHA M TPAHCIIOPTa BHUAOB M PEaKIIMOHHOMN
MOJENM  TOBEPXHOCTHBIX  peakUMid ¥  BUIOB  Ta3oBOM  (hassl.
[Mpoananu3upoBaHbl BIUSHWE CKOPOCTH BpalleHUs JUCKA, BXOJHOMH
¢pakimn TMG, ckopocTn Ha BXOJe, yIjJa HakjoHa 0a3bl peakTropa |
IIMPUHBI PEakTopa Ha CKOPOCTh W OJHOPOJHOCTH pocta. [lompoGHO
o0cyXJaercs HeJIMHeWHas 3aBUCHMOCTb OJHOPOJHOCTH CKOPOCTH POCTa U
YpOBHSI BKJIOUEeHMs yriepoaa B cion GaN-maTepuajoB MO KIIOYEBBIM
pabounM napamerpaM. BBeleHbI CHOCOOBI ONTUMM3ALMK OJJHOPOJHOCTH
TONIIUHBI ¥ YpPOBHS BKJIIOYEeHHs yriepona B ciou GaN-marepuanoB B
nponeccax pocta MOVPE. BrisiBieHO, 9TO MpeacTaBlIeHHbIE MOJEIbHBIC
IIPOTHO3UPOBAHUS XOpOIIO COTJIaCYFOTCS c MOJy4YCHHBIMHU
9KCTIEPUMEHTAILHBIMU JaHHBIMH. Pe3ylbTaThl MOJIETUPOBaHUS YKA3bIBAIOT
Ha BO3MOYKHOCTB U CIIOCOOBI CHYDKEHHMS 3arpsi3HEHUs TIPON3BOJICTBEHHBIX U
TIOJIYTIIPOBOTHUKOBBIX CTPYKTYD.
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To reduce environmental pollution in the production of semiconductor
devices and to improve the purity of the semiconductors themselves,
detailed modeling and control of chemical processes in the reactor is
necessary. A numerical analysis of the deposition of gallium nitride from
trimethylgallium (TMG) in a horizontal metalorganic vapor-phase epitaxy
(MOVPE) reactor with tilted susceptor and rotating substrate is performed.
The three-dimensional model with complete coupling between fluid
mechanics, heat transfer, and species transport and a reaction model of
surface reactions and gas phase species was used. The effects of the disk
rotation rate, inlet TMG fraction, inlet velocity, the tilt angle of the reactor
base and the reactor width on the growth rate and uniformity are analyzed.
The nonlinear dependence of the growth rate uniformity and the level of
carbon incorporation into layers of GaN materials on the key operating
parameters is discussed in detail. Ways of optimization of the thickness
uniformity and the level of carbon incorporation into layers of GaN
materials in MOVPE growth processes were introduced. It was shown, that
presented model predictions are in good agreement with obtained
experimental data. The simulation results indicate the possibility and ways
to reduce the pollution of production and semiconductor structures.
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IIpencraBneHa Mopenb TPEXMEPHOTO TOPU3OHTAIBHOTO KaHaJA,
peaxTopa ¢ XOJOJHOW CTEHKOH ¢ MeTalnTHIecKOl mapoga3zHON SMUTaKCHEN
C BpaIIAOIIEHCS TTOIIOKKON U H3YUeHHS MPOoQuiIel XMMUIECKIX BUIOB
B MOTOKE Ta3zoo0paszHoro Boxopoza. IloapoOHbIE MeXaHH3MbI Ta30BOH U
MOBEPXHOCTHON  XMMHH  HUCIONB3YIOTCS U1 NIPOTHO3HMPOBAHUS
pacnpenieneHus OJTUTOMEpOB U HAHOYACTHIL U3-3a MAapa3UTHBIX XUMHUECKUX
peaxiuii B Ta30BoM (pase BHYTPU OCHOBHOI'O MOTOKA Bogopoaa. O00O0IIeHbI
MOJICNIUPYIOIINE YPaBHEHHS M UX pPelIeHHe METOJOM KOHEUHBIX AJIEMEHTOB
I'anepkuna. [loka3aHo, YTO 3TH YAaCTHIIBI TAKXKeE 3aMEIIAIOT CKOPOCTh pocTa
SMUTAKCHAIBHBIX clioeB. CkopocTH Au(pQy3ud BUAOB 3aMHCBIBAIOTCS C
UCTIONIb30BAHMEM TEOPHUH HWTEPALMOHHBIX TPAHCIIOPTHBIX AJITOPUTMOB M
YUUTHIBAIOT ~ KaKk  Ipolecchl  Tepmuuyeckod  mud¢ysun, Tak u
MHOTOKOMIIOHEHTHbIE UG Qy3uu. BbIsiBIEHO, 4YTO MpOTHO3MpyeMoe
BIMSHHE TEMIIEPaTyphl M COCTaBa BCACBIBAHMS HA COCTaB XHMHYECKHX
BU/IOB B IIOTOKE TIa3000pa3HOr0 BOJOPOAA XOPOIIO COTJIACYETCs C
YUCIIEHHBIMH U 3KCIICpUMEHTAJbHBIMU paboTamu. JlaHBI BBIBOIBI U
pEeKOMEHAALMH O TOM, Kak CcJeJaThb MPOU3BOJICTBO KadeCTBEHHBIX
IIOJTYTIPOBOTHIKOB.
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A model of a three-dimensional, horizontal channel, metalorganic
vapour phase epitaxy cold-wall reactor with rotating substrate is presented
in order to study the chemical species profiles in hydrogen gas flow.
Detailed gas phase and surface chemistry mechanisms are used to predict
the distribution of oligomers and nanoparticles due to parasitic chemical
reactions in gas phase inside main hydrogen flow. The modelling equations
and their solution by the Galerkin finite element method are summarized. It
is shown that these particles also slow down the growth rate of epitaxial
layers. The species diffusion velocities are written using the recent theory of
iterative transport algorithms and account for both thermal diffusion and
multicomponent diffusion processes. Predicted influence of susceptor
temperature and inlet composition on the chemical species profiles in
hydrogen gas flow is found to agree well with the numerical and
experimental work. Conclusions and recommendations on how to make the
production of semiconductors cleaner are given.
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BinsiHMe KpeMHHIIOpraHM4YeCKUX YacCTHUIL, JIbHa Ha
ouosioruyeckue ¥ pusnosIorudecKkre 0CO6eHHOCTH
CeJIbCKOXO03SINCTBEHHBIX KYJIbTYP
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Hacrosimass pabGora mocBsilieHa, HM3YYEHHIO BIMSHHS HAHOYACTHUI]
KPEMHHS Pa3HOTO MPOUCXOXKJAEHHs (OpraHMYecKOro M HEOPraHHYECKOTO
[1]) Ha OmoxmMuYeckue, OHOIOTHIECKUE U (PH3HOIIOTHIECKAE 0COOCHHOCTH
KyneTypHbIX pactenuii Medicagosatival. nothosubsp. varia (Martyn)
Arcang. u Avenanuda L. Pesynprarbl paboThl JAEMOHCTPUPYIOT, YTO
HAHOPa3MEPHbIE CTPYKTYPhl KPEMHUsI OPTaHUYECKOr0 U HEOPraHUYECKOTro
MPOMCXOXKACHHUS OKA3aJld CYNIECTBEHHOE BJIHMsSHHE HAa OHOXUMHYECKHE U
¢dusmronoruyeckue mporecchl pacreHuit. Hanbonee BbipakeHHBIH 3(herT
BIMSIHMSI HA BCE HEPapXUYeCKHe CTPYKTYphl [2] opranmsma pacTeHHid
HaOMIOJaNcs Npu  BO3JCWCTBMM HAHOPTraHWYECKUX CTPYKTYP KpEeMHUS,
MOJYYEHHBIX U3 BOJIOKOH JIbHa. DTO BBIPA3WIOCHh B YBEIUUSHHH pa3Mepa
raburyca pacTeHHid, B aKTHBallMd OMOXMMHYECKMX M (EPMEHTATHBHBIX
MPOLIECCOB, B YACTHOCTH, IOBBIINICHHE COJEpKaHHUs XJopodmuia-o, f3;
KapOTHHOUJIOB U HECTEPOUIHBIX (DUTOICTPOTEHOB B BETETUPYIOIIEH YacTh
pacTeHus, a TaKke B NOBBINICHHH AJallTUBHBIX CBOMCTB pacTeHU#l K
YCIOBUSIM  OKpYXXaloIled  cpemsl, B YacTHOCTH,  IIOBBIIICHHE
(UTOPEeMUANAIIMOHHOTO ITOTEHIMANa, KO3(P(PUIMEHTOB TpaHCIAKAINU U
OMOJIOTMYECKOTO TOTIIONICHNUSI.
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A little more information about flax properties

O. N. Shplis*, N. E. Kolomiets®, N. Yu. Abramets®, N. I. Karakchieva®?,
E. B. Daibova®
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The present paper is devoted to the study of influence of silicon
nanoparticles of different origin (organic and nonorganic [1]) on
biochemical, biological and physiological peculiarities of cultivated plants
MedicagosativaL. nothosubsp. varia (Martyn) Arcang. and Avenanuda L.
Results of the work demonstrate that nanodimensional silicon structures of
organic and nonorganic origin have exerted a significant influence on
biochemical and physiological processes of the plants. The most
pronounced effect on all hierarchical structures [2] of plants’ organism was
observed under the influence of honorganic silicon structures obtained from
flax fibers. That has been manifested through upsizing of the plants’
habitus, through activation of biochemical and enzymatic processes, in
particular, an increase in the content of chlorophyll-a-, B; carotenoids and
nonsteroidal phytoestrogens in the vegetative part of the plant, as well as in
enhancing the plants’ properties adaptive to environmental conditions, in
particular, an increase of phytoremediational potential, translocation
coefficients and biological uptake.
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Au/TiO: catalysts in solvent free peroxidative
oxidation of 1-phenylethanol under mild conditions

E. Pakrieva', E. Kolobova', D. German®, A. Pestryakov’,
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Alcohol oxidation is one of the most important transformations in
industrial organic chemistry and a challenging process in terms of green
chemistry. Traditional methods involve the use of toxic, expensive
stoichiometric metal oxidants and harmful organic solvents, and they often
require vigorous reaction conditions [1]. Catalysis research is working
towards a solution through the development of effective heterogeneous
catalysts for environmental applications.

In this work it was investigated Au/TiO, either unmodified or modified
by lanthanum oxide catalytic systems for 1-phenylethanol oxidation under
mild conditions similar to the requirements of the "green chemistry" (T = 80
°C, TBHP as green oxidant, without the use of alkali and solvent). Catalysts
were prepared via deposition-precipitation method and characterized by
adsorption of N, at -196°C, XRD, EDX, XPS, UV-Vis spectroscopy, TEM
and STEM-HAADF.

The features of the formation and stabilization of active sites of gold in
Au/M,0O,/TiO, catalysts were investigated. The influence of the nature of
the support, gold content and pre-treatment atmosphere on catalytic
properties of gold systems is determined primarily by the action of these
factors on the electronic state of the deposited metal. It should be stressed
that as in the oxidation of 1-octanol [2], the sample modified with
lanthanum oxide demonstrated the best catalytic performance. 98% yield of
acetophenone was achieved already in 1 h when 4% Au/La,O3/TiO, pre-
treated in H, was used.
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CuHTe3 r/IMKOJINAa U3 xJjiopaneraTa HATpHUA C
HCNIOJIb30BAHUEM OKCHAA CYPbMbI

A.E. Jlykbsnos, B.T. HoBukoB
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B Hacrosimiee Bpemsi OmopasiaraeMble TOJUMEPHI HCIOJIB3YIOTCS B
MenunuHe. IlIMpoko HCIONB3YIOTCS XUPYPTUUECKHE HUTH OCHOBHBIM
KOMITOHEHTOM  KOTOPBIX  SIBISIETCST  HONWIIMKONWA.  [lomurimkonmn
MOJTy4YaloT U3 TJIMKOJMIA, a TJIMKOJHMJ B CBOIO OUYepelb M3 TIIMKOJIEBOU
kuciotel (I'K) wmu  HaTpHeBOW CONM  MOHOXJIOPYKCYCHOM —KHCJIOTBI
(NaMXVK) [1].

Ha mnepBoil craguu nogydyeHUs IJIMKOIUAA U3 BA3KOIO pacIuiaBa
NaMXVK o6pa3yeTcs Takke XJIOPHCTBII HaTpUil. JTa peaklMOHHAs Macca
0o0namarouii  HU3KOW  TEIUIONPOBOIHOCTBIO, a BBIXOJA  TJIMKOJIHIA
coctasisieT nopsiaka 30 %, [losToMy, sl MOBBIILIEHUS! TETUIOMPOBOIHOCTH
JNO0aBISIINCh  pa3iUyHbIE BeIeCcTBA: (CHIMKAreib, IIEOJHUT, MeJaHas
CTPYXKKa).

Jenonumepusanust  TIAMKOJIWAA THPOXOAWIA B TOKE  aproHa,
temrneparype peakipu 275 °C, u gasnenuu 20...15 mbar. Haubonbumii
BBIXO/ TJIMKOJMJA C HWCIIOJIb30BAaHMEM CHIIMKareis coctaBui 37 %, HO B
5TOM TJIMKOJIUA-CHIPEI] NMEJ HU3KYIO TeMIeparypy IUIaBlIeHNUS.

Tabnuma 1 — Mconp3oBaHue KaTanrn3zaTopa

Ne| Karamusatop Conepxanue Beixon T
Karanuzaropa, % | rmukomuna, % | rmukonuaa, °C

1 | OrcyrcrByer - 30 70

2 | Okcup CypbMBI 0,5 34 68

3 | Okcupn cypbMBI 1 50 77

4 | Okcumg CypbMbl 15 37 69

Takum 06pa3oM, HCHOIH30BaHUE OKCHJIA CYPBMBI KaK KaTaau3aTopa B
TIPOIIeCCe TOMYUEHUS TIUKOJIH/IA TIO3BOJUIIO TTOBBICUTH BBIXOJI TIIMKOJIUAA C
30 % 1o 50 %.
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Green aerobic oxidation of n-octanol with Au
supported catalysts
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Currently supported gold is a remarkable catalyst for oxidation of
alcohols from biomass conversion products in the liquid phase with high
activity, high selectivity and better resistance to deactivation than Pt and Pd
[1]. However, it must be stressed that the catalytic activity of gold is
strongly sensitive to many factors, such as gold dispersion, preparation
method, nature of the support, Au-support interface etc. [2], therefore this
research topic is still open to further study.

In this work it was investigated the influence of metal loading and
pretreatment atmosphere of gold catalysts supported on titania, either
unmodified or modified by magnesium or iron oxides, on their catalytic
performance in selective oxidation of n-octanol, as a reference of the less
reactive long chain alkanols, the physical properties of which dictate
implementation of green chemistry approaches [3] under mild conditions
(low temperature 80 °C, atmospheric pressure, using of oxygen as green
non-toxic oxidant with no base added) and on the formation of active sites.
Samples were characterized by BET, EDX, ICP, HRTEM and XPS. It was
revealed the best-promoting effects are modification of TiO, support by
additives of Fe or Mg oxides, 0.5 wt.% of Au on modified support surface
and O, pretreatment of the catalysts. The most active catalyst, supported on
Mg-modified titania after pretreatment in O, reached 42.7% conversion of
the alcohol for 6 h with selectivity towards to ester formation. This catalytic
behavior is due to a change in the surface concentration of singly-charged
gold ions, which seemed to be the active site.
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CKpUHUHT PAaCTUTE/IbHOTO ChIpbs, NOAXOASLLEr0 A5
MeXaHOXUMMYEeCKOro Nojay4eHus
TBEpPAOro 6MOTONIMBA
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IlepCreKTUBHBIM ~ MOAXOAOM  JUIi  I[IPOM3BOJCTBA  KOMITOHEHTOB
TBEPIOTrO0 OMOTOIUIMBA U3 OTXOMOB JIMTHOIEUTIOJIO3HOTO CBIPhSI SBISIFOTCS
MeXaHOXHMHUYEeCKue MeTobI [1].

OjHAKO TpeBApUTENILHO HEOOXOMUMO PEUIMTh 33ja4y mojaoopa
PACTUTENLHOTO ChIPbs, 00IJAIONIETr0 ONTUMAIIBHOW TEIIOTOH CrOpaHus u
MOJIXOJSIIETO Ui JaibHEHIIel MeXaHOXUMHYECKOW MepepadoTKu B
KOMITOHEHTBI TBEPIOT0 OHOTOILIUBA.

CroxHasl ~ CynpaMoOlieKyJIspHasi —OpraHu3alusi W pa3iudus B
COJICP)KAHUU OCHOBHBIX KOMIIOHEHTOB (IL[EJUTIONO3bI, TE€MHIEIUTIONO3BI,
JIMTHUHA W DKCTPAKTHUBHBIX BEIIECTB) JIMTHOILE/UTIOJIO3HBIX MaTepHajioB
MPUBOAAT K HEOYCBHIHOW 3aBUCHMOCTH OT COJICP)KaHHS CaMmoro
TEIUIOTBOPHOTO KOMIIOHCHTa — JIMTHHHA, BBICTYIAIOIIEI0 HCTOYHHKOM
yriepoaa [2].

TToBBIIIIGHHE CONEPYKAHUS 30JHOCTH B  PACTHTEIBHOM  CBIPHE
MIPUBOAUT K 3HAYNATEIILHOMY CHHYKCHHIO 3HAYCHUH TEIUIOTHI CTOPAHMS TaKe
JUIs1 OOBEKTOB C BHICOKMM COJIEPIKaHUEM MOTH(DEHOIBLHON YacTH (JMTHUHA).
PactutenbHOE CHIPHE, XapaKTepHU3YIOIIEeCS HHU3KHM COJEPXKaHUE 30JIbI,
00JIaiaeT TEIIOTONH CrOpaHusi COMOCTABUMOM C MOJEIbHBIMU CMECSMH,
conepxamumu ropsiaka 50-60 % aurHuHA.
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MaxkcumanbHas TemaoTta cropanus (25,7 MJlx/kr) Oblia ompeneiieHa
JUls Jy3TH TOJCOJHEYHHKA, YTO CBSI3aHO C IOBBIIICHHBIM COJECpPKaHUEM
9KCTPAKTUBHBIX BemecTs (28,6 %).

Takum o0Opa3om, TIpOBEACHHE CKPUHUHTA JOCTYIHBIX BHIOB
JIMTHOLIEJUTIONO3HBIX  OTXOAOB IIO3BOJIMJI  ONPEAEIUTh IEPCHEKTUBHOE
pacTUTENBHOE CBIPBE IUISI MEXaHOXMMHYECKOIO IPOU3BOACTBA TBEPIOTO
TOIUTUBA B BHJE OpPUKETOB U IEIUIET.
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ApuvpoBaHuUe aJIKaHOB C MCN0/Ib30BaHUEM
apeHAUa30HMH TO3U/IATOB
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ApoMaTHyecKne COJIM TMAa30HMS HM3BECTHBI KaK OJHU W3 Hambolee
LEHHBIX CTPOUTEIBHBIX OJIOKOB B OpraHuMdeckoM cuHTe3e. EjkeromHo
BBIXOIUT Nopsaka 50 myOnukamii [1-3], HanmpaBiIeHHBIX HA M3YYCHHE HX
PEaKIMOHHOM CHOCOOHOCTH B PA3IMYHBIX NPEBPALICHUIX ¢ 00pa30BaHHEM
HOBBIX YTJICpOJ-yIIIepoaHbIX cBszedl. OnHOMl W3 Hanbosiee HM3BECTHBIX
PEaKIuii ABIISETCS apHIMPOBAaHNE AJIKEHOB M0 MexaHn3My Marcyna-Xeka.

Panee xosieraMu ObUIO TOKa3aHO, YTO apeHMa30HUN TO3MIIATHI
MOTYT apUIMPOBaTh BUHIWITPU(TOpOOpaT Kamus B mpucyrctBud 1 mol %
Pd(OAC), mpu KOMHATHOM TeMIIEpaType M0 MEXaHU3My peakiuud Marcyma-
Xeka. Bpems peaknuu coctaBuiio oT 25 mo 420 cekyHn, €IWHCTBEHHBIM
MPOJIYKTOM PEaKIHH SBJISIICS CTHPOI € BBIxogoM 110 91% [4]:

N,OTs Pd(OAc), 1mol%
= | 2 . 7 UBFK ° = | S
A 25-420 sec R%‘
RS r.t
1eq. 1eq. -919
a MeCN/H,0 >4-91%

B mnHameli paboTe MBI HCCIIEIOBAaIM BO3MOXHOCTh apHIMPOBAHUS
MmetunTpudpropbopata kamus. Peakims npoxoamna B mpucyrctBun 20 mol
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% nammamuii anerata B cpele alCTOHUTPWI/BOJa IPH KOMHATHOM
temnepatype u npu 60 rpamycax. Beuto yctaHoBieHo, 9TO 0OpazoBaHHE
LENeBOro  4-HUTPOTONYONa BO3MOXKHO TOJNBKO TIIPH  HAarpeBaHWUHU
PEaKLMOHHON MacChl:

N,OTs Pd(OAC), 20 mol %
SRR
ON O,N

CH3CN/H,0
1 eq 3eq 60°C 72 %

Taxum 00pa3oM, MOKa3aHa BO3MOKHOCTH apWJIMPOBAHHSI aJKAHOB, HA
npumepe MeTHiTpupTopbOopaTa Kamms. PaspaboTaHHBIH MeTOH, MOKHO
OTHECTH K METOAaM OTBEHYAIOLINM IPUHIHUIAM «3eJIeHON XUMHN», TaK Kak
B KauecTBE pACTBOPHUTEIECH HCIOIB3YyeTCA CMECh AalleTOHUTPUI-BOJA,
KOTOpBIE  SBJIAIOTCS  0€30MacHBIMM M OTHOCATCS K «3EJICHBIM»
PacTBOPUTEIISAM.

Cnmcok Jaurepatypsl

1. A. Roglans et al, Chem. Rev. 2006, 106, 4622-4643;

2. F.-X. Felpin et al, Chem. Eur. J. 2010, 16, 5191 — 5204;

3. M. Majek et al, Beilstein J. Org. Chem. 2014, 10, 981-989;
4. M.E. Trusova et al, Org. Chem. Front., 2018, 5, 41.

CHHTe3 INIMKOJIM/a C UCII0/Ib30BaHMEM PAaCTBOpUTE/Iei
M.E. Cunensues, A.E. JIykpsHOB

Tomcxuti nonumexnuveckuui ynusepcumem, 634050, Poccus, . Tomck,
np. Jlenuna, 30

sideltsev.max@yandex.ru

I'mukonua  sBIsieTCS CHIPbEM ISl IOJIyYEHUS! MOJMIIHKONNAA —
OuopasznmaraeMoro IOJMMEpa, KOTOPBIH  CIIy>)KUT —MaTepHalioM Ul
W3TOTOBJICHHS PA3IMYHBIX PE30POUPYEMBIX MEANIIMHCKUX H3JICIHH.

CuHTe3 TIIMKONHMJAa MPOBOAWICS B JIBE CTaJUM. IOJMKOHAEHCAIUS
rimukoneBoid kucnotsl (I'K) B onmromep u ero aenonumepusanust 10
npoxaykra. McxomabM ceipbeM sBIsUICS 70 % BOIHBIA pacTBOP TIIMKOJICBON
kucnoThl B KonmuectBe 30 mi. Ilporecc monmMKOHAEHCAIMM MPOTEKal B
NPUCYTCTBUH PACTBOPUTEJNISL, 00pa3yIoOIIero a3eoTpONHY CMECh C BOJOM
[1]. Ha cramum pmemomumepusarmu omuromepa 'K Ttakke moGaBisuics
karamuzatop — okcuna cypsMbel (III) (1 % mo wmacce). Cam mpomecc
MIpoBOAMIICS Tipu Bakyyme 13...11 mbar B Toke a3oTa.
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Ta6nnua 1- Brixon TJIMKOJIMAa-ChIplia B nepBoﬁ CEpuUu CUHTC30B

PactBopuTes Ob6wvem pactBOpHTENS, | BRIXOT TIIAKOJIAAA-
MII ceipua, %
CTaHIApTHHIN - 69
OeH30II 225,0 74
JIEKaH 23,4 63

B xozxe monmkoHaeHcauuu 0e3 pacTBOpHTENs, OBLIO 3aMEYEHO, 4TO
OCHOBHOH 00BEM BOJBI OTFOHSETCS 32 MEPBBIA 4Yac IOJMKOHICHCALMH.
IToaToMy BO BTOPOI CepHM CHHTE30B PACTBOPHUTENIb JOOABIIAICS CITYCTS Yac
Iocye Hayaja MOJMKOHACHCAIMH B pacyeTe Ha OCTAaBIIYIOCS BOAY.

Tabnuna 2 — Berxon raukonuga-ceIpIia 2-0if cepur CHHTE30B

PacTBOpHTEIIb O0wveMm  pacTBOpHTEINS, | BhIXO] TJIUKOJIAIA-
M ceipia, %
CTaHJApTHBIN — 75
OeH30I1I 17,9 69
AI[CTOHUTPHII 28,8 69

JlaHHBIE TTOKA3BIBAIOT, YTO MOXKHO CYIIECTBEHHO COKPaTHTH O0BEM
HCTIONB3YEMOTO  PacTBOPHUTENS, €CIH ero Jo0aBIsITh HA  CTaJHU
MTOJTMKOHICHCAITH TIPH HE3HAYUTEIFHOM COKPAIICHUN BBIXOJA TIIMKOIUAA-
CBIpIIA.
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I[IpyuMeHeHHe MeXaHOXUMHYECKON 06pabOTKHU Oyporo
yrJj AJis noay4eHusi 3ppeKTHBHBIX COPOEHTOB
TSKEJIbIX MEeTa/IJIOB
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Byperit  yrome sABNSeTCA IIMPOKO HCIMOJB3YEeMBIM HCTOYHHKOM
TYMHHOBBIX KHCJIOT, OJIHAaKO CTaHAApPTHbIE METOABI HX BBIJCICHUSL
COIPSDKEHBI C MPUMEHEHHEM OOJIBIIOT0 KOJIMYECTBA KOHIEHTPHUPOBAHHBIX
pactBopoB mienoyedd u kucinoT [1]. TlpuMeHeHHe MeEXaHOXHMUYECKO
00paboTkH  Oyporo yrjigs IO3BOJIICT HE TOJBKO  YBEIHYHUBATH
9KCTParMpyeMoCTh ~ T'YMHHOBBIX  KUCIOT, HO ¥  HalpaBJICHHO
MOIU(UIMPOBATh UX CTPYKTYPY [2].

ILlenvlo  naHHOW — pa®OTBI  sBIsUIaCh — pa3paboTka  cmocoba
MEXaHOXUMHUYECKOTO OKHCIEHHUs Oyporo yriisi, MO3BOJIIOMIETO IOIydaTh
MIPOXYKT C YBEIWYECHHBIM COJIEPKAHINEM T'YMHHOBBIX KHCIIOT, IPUMEHUMBIH
B KauecTBe COPOEHTA TKEIBIX METAJUIOB B YCIOBHSX PEAIbHOIO BOAOEMA.

MexaHoxuMu4eckylo  obpaborky  Oyporo  yris  Mrarckoro
MECTOPOXKIEHHS IPOBOMIIN B TabOpaTopHOH MenbHUIle-akTuBaTtope Al'O-
2 B TPHUCYTCTBHM TBEPJOTO IIEIOYHO-OKHCIUTENLHOTO peareHra —
nepkapboHara Hatpusa. B pesynbrare 00paOGOTKHM yBENIMYMBAETCS! BBIXOI
TYMHHOBBIX KHCIOT (¢ 24 1o 70 %), mpu 3TOM 30JBHOCTH T'YMHHOBBIX
KHCIOT yMeHbmmaercs ¢ 7 1o 2 %, a coaepkaHHEe CBOOOJHBIX
KapOOKCHIIBHBIX U (EHOJIBHBIX Tpymn yBenumuuBaerca Ha 103% u 55%,
COOTBETCTBEHHO.

D¢ GeKTUBHOCTh MEXaHOXMMHUYECKH OKHCIEHHOTO0 Oyporo yrisi B
Ka4ecTBe COPOCHTa TSDKENBIX METAIJIOB OblIa HCCIIEJ0BaHA B YCIOBHAX
mab0opaTOPHOTO W HATYPHOTO D3KCIIEPUMEHTOB. HaTypHBIN SKCHEpUMEHT
ObL1 mocTaBiieH B akBatopun HoBocubupckoro Bopoxpanuwiniia. [Ipoaykr
BBIBOJIUT TsDKeJble MeTauisl (Zn2+, Cd2+, Cu2+) w3 ToJIM BOABI, MPU
9TOM HE CTUMYJIUPYET M HE YTHEeTaeT NPHPOCT OHOMacchl BOJOEMA.
OcraTrouHble KOHIEHTpPAIMU TSDKEIBIX METAJUIOB, BBEIEHHBIX B BOJOEM
SIBIISIFOTCS] IOCTATOYHO HU3KMMHU JJISl TIOJTHOTO BBIBEJICHHS M3 BOABI 32 CHET
OMOTHYECKOTO KaHaa.

Hccneoosanue evinonneno 3a cuem epanwma Poccuiickozo mayunozo

¢gonoa (npoexm Nel6-13-10200).
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Overview of water Pollution Terrain Nexus
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Abstract

The terrain has always been one of the most significant impact factors
of pollution generation and distribution. Different terrains and geographical
conditions have been creating and influencing the atmosphere, hydrosphere,
lithosphere and biosphere (Help Save Nature, 2018). The most concerned
pollutions, such as water pollution, air pollution, land pollution, are all
affected by this factor, which has been drawing increasingly social and
environmental attention (Wang, 2017). The diversity of the terrain has
created and will also influence or even determine the evaluation of
landscape. Meanwhile, it inevitably influences the water flowing and
recycling, consequently affecting the flow and distribution of water
pollutants. Water pollutants can spread or settle with the water flow caused
or influenced by terrain difference. The terrain is one of the key factors of
water pollution.

By and large, the whole world is facing increasingly serious global
water pollution (Carley and Spapens, 2017). In 2014, there were more than
1.2 x 10° persons of the whole world lack access to safe drinking water and
2.6 x 10° persons have little or even no sanitation. More seriously, millions
of people die annually because of the diseases transmitted through unsafe
water or human excreta, among them, almost 1.5 million are children
(Vasudevan and Oturan, 2014). The situation was even getting worse,
accompanied by the increasing aquatic life threat and so on. Water
resources management coupled with water pollution control is urgently
needed to improve the water environment as a whole. It has been becoming
more significant to make clear the mechanism for the generation and
diffusion of water pollution. Especially the relationship between terrain and
water pollution.
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Mahajan and Sivakumar (2017) quantified the terrain indices for water
resource protection and proposed the water management plan by integration
Remote Sensing and GIS Techniques. Groll et al (2015) studied the water
quality, potential conflicts and solutions of Zarafshan River, showing that
the water-related actions in the upstream have a direct and significant
impact on the quality of water flowing to the downstream. A serious
pollution in the downstream was caused by the factors of untreated
irrigation drainage water etc of upstream. The healthy water demand,
caused by the increasing river pollution, may lead to an even aggravate the
conflicts between the lower and upper parts of the catchment in the future.
Kahn et al (2015) analysis the impact of upstream-downstream nexus and
policies boundary on the quality of river water in China. Results showed
that the water pollutants can travel with the water flow from upstream to the
downstream, causing the pollution spreading.

Up-to-date information on terrain water nexus is of great importance
for water environmental protection agencies to assess water quality and
provide advice to the general public in a timely manner. The relationship
between them has been and will be a more pivotal element for
comprehensive analysis and management of water resource, as well as
environmentally sustainable development. The aim of this study is to
overview and analyse the water pollution terrain nexus, trying to propose
the research trends of this domain.
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0 POJIA 30J10TA U 30JI0TBIX JINXOPAJAOK B
Pa3BUTHU IUBUJIN3AlUHU

B.B. ByrBunosckuii
Jletionuy-HUncmumym nonumepHuix ucciedosanut, 2. [peszoen, I'epmanus
wladimirbutwilowski@gmail.com

IMoustue sustainable development (Heymauno nepeBenéHHOE Kak
«yCTOWYMBOE pPa3BHUTHE») TPAKTYeTCs Kak pallMOHAILHOE COBMECTHOE
CYIIECTBOBAHHWE W pa3BUTHE, Kak pocT Omarococtosaus [1; u ap.].
BceemupHbIii 6aHK ompenesiseT ero Kak ympaBjeHue OOIIeCTBEHHBIMU
akTHBaMH ((U3MUECKHM, IPUPOAHBIM UM HYEJIOBEUECKHM KaIlUTaIoM),
KOTOpO€ HalpaBJICHO HA COXpPaHEHWE W pACIIMpPEHHE JENOBBIX U
XKHM3HEHHBIX BO3MOXKHOCTEH uenoBevecTBa. Takoi MoJxol, Ha MOH B3I,
B IIPUHINIE TpaBuiIeH. Tak Win nHave, HO BCE 3TH AKTHBHI TECHO CBSI3aHBI
C IKOHOMUKOIi, IKOJIOTHell 1 ICTETHKOI. DCTeTHKa Ba)KHEe BCEro, U CUIIa
e€ BO3MEHCTBUS 00YCIIOBIEHA CaMbIM MOIIHBIM aKTHBOM — Y€JIOBEUECKUM
kanuTtagoM [2]. OgHAKO 3CTETHYECKHE CTUMYJbI HE MOTYT paboTaTh B
onunHOYKy. JKaxma kpacoTsl, Komdopra M O€30MacHOCTH NPUBOIUT B
JNeHCTBHE HKOHOMHMYECKHE BO3MOXKHOCTH (TIPOM3BOACTBO TEXHOJIOTHMA,
TOBapoOB W CPEACTB), Oa3MPYIOMIMECS Ha JKOJOTHYECKHX BO3MOMKHOCTAX
(pecypcax ¥ MMMYHHTETE) M UYEJIOBEYECKOM Kamurtane (pasyme, 3THKE H
MeHTanurete). Beé 910 00pasyer «caMopa3BUBAIOLIYIOCS» CUCTEMY.

MoIHEeHIIMM ~ «KaTaTu3aTopoM» pPa3BUTHS M COBEPIICHCTBOBAHUS
9TOM TpHUEAWHON aHTPOIIOIeHHOH cHuCTeMbl (Hoocdepsl) SBWIOCH U
SIBIISIETCSE 3010T0. HeoOXo1MMo noguepKHYTh HaMBaXXHEHIIYIO POJIb 30J10Ta
B Pa3BUTHM LUBHWJIM3ALUHA W KyJIbTYp. 30JI0TO - 3TO HE TOJBKO TOBap M
KarmuTajg, HO U CTUMYJ OCTETHYCCKOTO MW HHTEIIJICKTYaJIbHOT'O pPa3BUTHA.
OO6pasHo roBops, 6€3 BOABl HEBO3MOXHA >KH3Hb, a 03 30J0Ta — KWU3Hb
pasyMmHas. 3HaHHMS M MAacTEpCTBO OTKPBIBAINCH JIOISIM HYepe3 30J0TO!
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30110TO — 3TO OrpOMHBIE BO3MOXXHOCTH cBOOOIHBIX Jtogei! M mypak Tor,
KTO BEpUT KiMIe O «mupe3peHHoM Mertauie»! Ho B koHuemmusx
«yCTOWYMBOT'O Pa3BUTHSD» 30JI0TO HE YIOMHHACTCS MM YIIOMHHAETCS JIUIIb
BO BTOPOCTCTIICHHOM CBOEM 3Ha4eHWH (Kak © OScreThka). I[losTtomy
HBIHCITHHE KOHICTIIIMH 3a4aCTyI0 JeKIapaTHBHBI U OIIMOO0YHEIL.
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About the role of gold and gold fevers in the
development of civilization

V.V. Butvilovsky
Leibniz-Institute for Polymer Research, Dresden, Germany
wladimirbutwilowski@gmail.com

The notion of sustainable development (unsuccessfully translated as
"stable development" in Russian) is interpreted as a rational joint existence
and development, as well as welfare growth [1; and etc.]. The World Bank
defines it as the management of public assets (physical, natural and human
capital), which is aimed at preserving and expanding the business and life
opportunities of mankind. In my opinion, this approach is basically correct.
One way or another, but all these assets are closely related to economy,
ecology and aesthetics. Aesthetics are most important, and the force of its
impact is determined by the most powerful asset - human capital [2].
However, aesthetic incentives can not work alone. The thirst for beauty,
comfort and security triggers economic opportunities (the production of
technologies, goods and means) based on environmental opportunities
(resources and immunity) and human capital (mind, ethics and mentality).
All this forms a "self-developing" system.

The most powerful “catalyst” for the development and improvement of
this triune anthropogenic system (noosphere) was and is gold. It is
necessary to emphasize the very important role of gold in the development
of civilizations and cultures. Gold is not only a commodity and asset, but
also an incentive to aesthetic and intellectual development. Figuratively
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speaking, without water life is impossible, and without gold life is
reasonable. Knowledge and skill were revealed to people through gold!
Gold is a huge opportunity for free people! And a fool is one who believes
the cliché about the "despicable metal"! But in the concepts of "sustainable
development” gold is not mentioned or mentioned only in its secondary
meaning (like aesthetics). Therefore, current concepts are often declarative
and erroneous.
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MukoTtpodHocTtb Pinus sibirica Du Tour kak
NMoKa3saTeJjib yCTOMYMBOCTH KeJPOBHUKOB
Tomckoi o61acTH

O.b. Baiimus, K.C. Kap6simesa, H.H. Kynamoga, C.H1. 'amkos
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Mukopu3bl - 3TO CUMOMOTHYECKHE OpTaHbl, 00pa30BaHHBIC MUIEIUEM
MOYBEHHBIX TPUOOB M KOPHSIMH BBICIIMX COCYJHMCTBIX pacTeHHd. M3BecTHa
00s3aTesibHAst  MHUKOTPOGHOCTh  XBOWHBIX OopeanbHON 30HBI  95%
BCACBIBAIOIIMX KOPHEH y HUX MPEICTaBICHO ASKTOMUKOPU3HBIMU
OKOHYaHMSAMH. briaromosyyHoe cocrosHHe JepeBa  IOJpa3yMeBaeT
Oonbiioe  pazHoOOpaszue BHIOB TPUOHOrO CUMOMOHTZ M MOP(OTHIIOB
SKTOMHUKOpU3. B necHbIXx »dKkocucTemax 3amagnoit Cubupum aHamm3
MHUKOTPO(HOCTH  OCHOBHBIX  JIECOOOpa3ylOIMX  IIOpOJ  paHee He
npoBoawnics. Llenp uccnenoBanusi — onMcaHue pa3HOOOpasust M aHATOMO-
MOPQOIIOTHYECKOTO CTpoeHKst 3kroMukopu3 Pinus sibirica Du Tour B
KeapoBHUKaxX ToMmckoi obmacTy.

OOHapy)XeHO W OmHCaHO 25 MOPQOTHIIOB y PAa3HOBO3PACTHBIX
caxenneB u3 JlockyTroBckoro, 30pKaibleBCKOr0 W [ 'yOMHCKOTO
KeapoBHUKOB. He cmoTpst Ha 4-x KpaTHBIE y KOpHeHl m 17-kpaTHbIe Y
rpu0OB pasnuuusi 1Mo 00bEMY B COCTaBE HKTOMHKOPH3BI, TEM HE MEHee
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COOTHOIIEHHE (HOTO- U MHKOCUMOMOHTOB BO BCEX MOP(OTHIIAX OCTABATIOCH
HeW3MEHHbIM. PaHee 3T0 ObUTO mokazaHo Ha Pinus sylvestris L. B
okpecTHOCTAX ExarepunOypra. OOHapyKeHHash BBICOKAas H3MEHYHBOCTD
CTCNICHH Ppa3BUTWSI MaHTHM W HWHAEKCA MHKOPH3ALHH CBs3aHa C
OIIPECIICHHBIM JIECHBIM OHOTOIIOM.

HUccnenoBanne mogaepxkano rpantoMm PODU Ne 15-29-02588 «buora
MHKOPH3000pa3yoMnX MaKPOMHUIIETOB COCHSKOB M KSAPOBHUKOB TOMCKOI1
00IaCTH U UX IKOCHCTEMHASI POIIB»
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K Bonpocy 06 ycTOMYMBOCTH QYHKIIMOHHUPOBAHUA
JIMYHBIX MO COGHBIX XO3MCTB B IEPUO/,
3KOHOMMYECKON HEeCTaOUIbHOCTH
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JInanbie nmoacobusie xo3siicTBa (JITIX) B MUPOBOM arpapHOM CEKTOpE
9KOHOMHKH HWIPAIOT [IOBOJBHO CYIIECTBEHHOE 3HAa4YCHHE, obecrednBast
MIPOJXYKTaMH NMUTaHUsI OOJNbIIYI0 YacTh HaceneHns. OcoOCHHO Ba)KHOM MX
pOJb CTAaHOBUTCA B TOJbl 3KOHOMHYECKOW HECTaOMJIBHOCTH, KOT/a
OCHOBHBIE JIOXOJIbl HACEJIEHUs MOT'YT3aMETHOCOKpATUThcsa. IlockonbKy
JIIIX obnanaroT CBOWCTBOM yCTOWYMBOCTH, T.€. CHHOCOOHOCTBIO COXPAHSTh
OCHOBHBIE CBOIMCTBA M NPH3HAKU CHCTEMBI IIPH N3MEHSIOMINXCS YCIOBHAX
BHEIIHEH Cpeabl, OHM MOTYT JOCTaTOYHO OINEpPaTHBHO pearupoBaTh Ha
MIPOUCXOJAIINE TpaHCHOpPMAIMM U BKIIOYATh MEXaHW3M aJalTallvH,
HUCXOJd M3 TOJIYYEHHOI'O OIlbiTa U HMCIOHIeﬁCﬂ BO3MOXXHOCTH 6BICTpOﬁ
MIEPECTPONKU CTPYKTYPHI XO3SHUCTBA. DTOMY CIOCOOCTBYIOTHEOOIBIION
pa3Mep XO3SHCTB M CAMOOPTaHM3YIOIIMHCS XapakTep (yHKINOHWPOBAHUS,
a TaKKe HWMEIOIMAsACs BO3MOXKHOCTE BHYTPEHHEro 3G (EKTUBHOTO
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ynpasneHus. Ceiuac BO MHOTMX CTpaHaX MHpa Y4Y€Hble AaKTHBHO
3aHMMAIOTCA BOIPOCAMH YCTOWYMBOCTH arpodKOCHCTEM, YTO OOBSACHAET
aKTyalbHOCTb MPEICTaBIAEMOro HucciaenoBaHus. Ha ocHOBe cHCTEMHOro
aHauM3a M DHEPreTHYECKOro MNOAX0Ja aBTOPaMHU  pacCMaTpUBAIOTCS
MEXaHM3MBl YCTOWYHMBOTO (YHKIMOHHUPOBAHHUS JIMYHBIX ITOJCOOHBIX
XO34HCTB, PpACIONOKEHHBIX B pa3HBIX INPUPOJHBIX 30HAX — CTEMAX
Ceseproro Kazaxcrana u 10xHO# Taiirn 3ananuoit Cubupu./lyis aHamusza
BbIOpaH HauOoyee HeOJIaromoNyyHbld B SKOHOMHUYECKOM OTHOIICHUU
nepuoa 90-X romoB, KOrJa HaOJIOanach CTarHalusi MHOTHX OTpacieit
sxoHomukHu. Ha mpumepe neiictByromux JIIIX B Poccunm m Kasaxcrane
[IOKa3aHO, YTO YCTONUMBOCTH K BHEIIHHUM BO3JCHCTBUAM MpPOSBISAETCH,
IIpeXae BCEro, B H3MEHEHMM YJIEIBHOIO Beca B O0BeMax 3aroTOBKU
IIPOAYKTOB BHYTPH U BHE XO35ICTBA, a TAKXK€ B U3MEHEHHH aCCOPTUMEHTA
U pa3HOOOpa3Wsi MpOAyKTOB mHTaHusA. Kpome Toro, Habmromaercs
MepecTpoiKka BHJOB JEATEIBHOCTH XO3SICTBA, €ro CHeUUalu3allid U
HEOOXOANMOCTH HCIIOJIB30BAaHMA COBPEMEHHOW arpoOTEXHUKHU. Y CTOHYMBOE
¢yaxunonnpoBanue JIIIX B ycrnoBusx KpaiHeH HECTaOMIFHOCTH BHEITHEH
cpembl TpenonpenessieT €€ HalpaBICHHOCTh Ha IUBEPCH(UIIMPOBAHUE
XO3511ICTBEHHOH AEATEIbHOCTH.

To the question of sustainability of private subsidiary
farms during the period of economic instability

Elena S. Volkova', Mariya A. Melnik?, Kseniya A. Semenova®

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

‘elevolko@yandex.ru, 2melnik-m-@yandex.ru, *ksenia_ska@mail.ru

Personal subsidiary farms (PSF) in the global agricultural sector are
important in providing food for the population majority. Their role becomes
especially important during the economic instability years, when the
population main incomes can be significantly reduced. PSF have the
stability propertythat is the ability to preserve the basic system properties
and characteristics under changing environmental conditions. They can
react quickly enough to the ongoing transformation and activate a
mechanism for adaptation based on an experience and possibility of rapid
restructuring of the economy. This is facilitated by the small size of farms
and the self-organizing nature of the operation, as well as the available
capacity for internal effective management. Now scientists in many
countries of the world are actively researched sustainability issues of
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agroecosystems, which explains the study relevance. The mechanisms of
sustainable functioning of PSF located in different natural areas - Northern
Kazakhstan steppes and Western Siberia southern taiga are considered by
the authors on the system analysis basis and energy approach. The most
economically disadvantaged period of the 1990s was chosen for the
analysis, when stagnation of economy many sectors have been observed.

On the example of personal subsidiary farms in Russia and Kazakhstan
shows that sustainability to external influences is shown through change of
specific weight in the volume of food inside and outside farm, and change
of range and diversity of food.

In addition, there is a restructuring of the economy activities of farm,
specialization and necessity for the modern agricultural machinery use.
Stable functioning of PSF in conditions of extreme instability of the
environment determines it is proved on economic activity diversification.

AuHamuka TBO kak uHAMKATOP
YCTOMYHMBOI0 pa3BUTHUSA

C. B. 'opOyHoBa

Hayuonanvnouii uccnedosamenvcxuti Tomckuil 2ocyoapcmeaennwlil
yrusepcumem, 2. Tomck, np. Jlenuna, 36

post_delo@mail.ru

[IpakTryeckas peanm3anusi KOHICNIUH yCTOWYMBOTO  Pa3BUTHA
3aTpyAHEHA OTCYTCTBHEM TOYHOTO OMpEICICHHS YCTOWYUBOTO Pa3sBUTHSA U
WHAWKATOPOB  YCTOHYMBOCTH, pEIIEBAHTHBIX COBPEMEHHOW 3KOIIOTO-
COIMANEHO-9KOHOMHYECKONW CHTYallld, YTO OOYCJIOBIHBAET aKTYallbHOCTh
JAHHOTO WCCIeNOBaHUsA. Pa3BuTHe, YTOOBI NPU3HABATHCA YCTOHYHBBIM,
JIOJDKHO OTBEYATh MPUHIUIY: MOKa3aTeld KauyecTBa U3HU W COCTOSHUS
OKpYXalollel cpeapl He CHIDKAIOTCS OTHOCHUTENHLHO TAaKOBBIX B
MPEeAbIyIIeM TepuoJie, a KOJWYECTBO 3aTPAvYCHHBIX PECYpPCOB HE
MPEBBINIAET  YCTAaHOBICHHBIH mpenen. OpHUM W3 HWHIUKATOPOB,
COYCTAIOMUM B ceOe¢ HSKOJOTHMUECKUH, COLMAIbHBIH W SKOHOMHUYCCKHUH
ACTIEKTBI, CITY)KHUT KOJIMYECTBO TBEP/IBIX OBITOBBIX OTXOIOB.

B Poccum komuuectBo TBO B 2012—2016 rr. cocraBuio 53,122;
53,703; 56,68; 53,3 u 52,4 muH T coorBeTrcTBeHHO. B 2013 u 2014 rT.
konuuectBO THO exeroiHo HE3HAUYMTEIbHO BO3PACTAIIO OTHOCHTEIBHO
nokasareis npeabiaymiero roga — Ha 2,81 % u nHa 0,3 %. B 2015 1.
HaOmonaercs cokpamieHue Ha 2,09 %, 4To He KOMIIEHCHPYET BO3pacTaHUH
IByX mpemplaymux Jjer. B 2016 1. mpomcxomuT ckaukooOpasHoe
YBENIMYCHHE KOJMIECTBA 0TX0H0B — Ha 7,53 % (a mo cpaBueruto ¢ 2012 .
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— Ha 8,65 %). IIpu sTOoM uncneHHocts HaceneHus Poccuu ¢ 2012 r. mo
2016 r. Bo3pacrana mocterneHHo: 143.2; 143.5; 143,8; 144,1 u 144,3 munH
Yel. COOTBETCTBEHHO. Beero 3a 5 et poct coctasmi 0,77 %.

B Tomckoit obmactu kommdectso THO B 2012—2016 rr. cocraBmio
1,364; 1,014; 0,847, 0,907 u 0,857 MJIH T COOTBETCTBEHHO, B TO BpeMs Kak
YHCIICHHOCTh HaceJeHus perrnoHa Bo3pactana: 1064,25; 1070,13; 1074,45;
1076,8 u 1078,9 thIc. yen. (Bcero 3a 5 et poct coctasun 1,38 %). B 2013
u 2014 rr., B oTaMuYMEe OT BCEPOCCHHCKOro TpeHAa, konudectBo THO
€XKEroJHO COKPAIaJoCh OTHOCUTEIBHO MOKa3aTess MpeablIyLiero roga —
Ha 25,66 % u Ha 16,45 % COOTBETCTBCHHO, YTO MPH HEMPEPHIBHOM POCTE
YHCICHHOCTU HACeJICHHs SBJISIETCS 0COOEHHO MoKa3aTelbHbIM. Hebonbmoi
ckauok naHHoro mapamerpa (Ha 7,08 %) He MmeHsier oOIIed KapTHUHBI U
YaCTUYHO KOMIIEHCUPYETCS NajJbHENIINM CHI)KEHUEM Ha 5,5 %.

Takum oOpazom, xommdectBO THO He 3aBUCHT HampsIMyr OT
YHUCICHHOCTH HACENICHHS W MOXET OBITh CBSI3aHO C COKpAIlCHHEM
MOTpeOIeHNUs, TPIMEHEHHEM KOOPHEHTHPOBAHHBIX ITOAX0/0B (BTOPHYHOE
UCTIONIB30BAHKE), TO3TOMY YTOOBI CYANTh O AWHAMHUKE Pa3BUTHS PETHOHA,
TpeOyeTcsi KOMIIEKCHBIH aHAJIN3 ¢ YI€TOM JIPYTUX HHANKATOPOB.

Dynamics of solid domestic waste as an indicator of
sustainable development

S.V. Gorbunova
National Research Tomsk State University, Tomsk, Lenin Avenue 36
post_delo@mail.ru

Practical implementation of the concept of sustainable development is
complicated because an exact definition of sustainable development and
modern ecological and socio-economic idicators of sustainability are absent,
which makes this study relevant. The development to be recognized as
sustainable should correspond to main criteria of life quality, the condition
of the environment should not decline in comparison with the previous
period and the amount of expend resources does not exceed the set limit.
One of the indicators, combining the ecological, social and economic
aspects, is the amount of solid domestic waste.

The amount of solid domestic waste In Russia in period 2012-2016
was 53.122; 53.703; 56.68; 53.3 and 52.4 million tons respectively. In 2013
and 2014 the amount of solid domestic waste increased insignificantly in
comparison with the previous year - by 2.81% and by 0.3%. In 2015 the
value decreased by 2.09%, which does not compensate the growth in the
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previous two years. In 2016 there is a sharp increase the amount of waste -
by 7.53% (compared to 2012 - by 8.65%). At the same time, the population
of Russia was increasing gradually from 2012 to 2016: 143.2; 143.5; 143.8;
144.1 and 144.3 million respectively. Total growth was 0.77%.

In the Tomsk region the amount of solid domestic waste in 2012-2016
was 1.364; 1.014; 0.847; 0,907 and 0,857 million tons respectively, while
the population was increasing: 1,064.25; 1070.13; 1074.45; 1076.8 and
1078.9 thousand people (totally the growth was 1.38%) . In 2013 and 2014,
in contrast to the nationwide trend, the amount of solid domestic waste
reduced each year with respect to the previous year - by 25.66% and
16.45% respectively. Taking into account that the population grew this fact
is particularly revealing. A little leap of this parameter (by 7.08%) does not
change the overall picture and is partially compensated by a further
decrease of 5.5%.

So the amount of solid domestic waste does not directly depend on the
population and may be associated with a reduction in consumption, using
eco-oriented approaches (secondary use), therefore, in order to evaluation
the dynamics of the region's development a comprehensive analysis with
other indicators is required.

The cultural landscape in the system of sustainable
land use

M. Yu. Shishin, O. Z. Engoyan, O. P. Pavlusenko

Polzunov Altai State Technical University, 656038, Barnaul,
Lenina avenue, 46

ICRBA@yandex.ru

At the heart of the crisis is the problem of redistribution of resources.
First of all — the energy ones. Any economic activity is the conversion and
exchange of various types of energy — thermal, electrical, mechanical, and
so on. In this case, the impact on the environment is accompanied by
violations of landscapes and development of digression. Plants accumulate
solar energy. According to N.B. Timofeev-Resovsky, only 3-8% of the solar
radiation falling on the surface of the Earth, is absorbed by plants [10].

Effective tool to prevent degradation of ecosystems and regulation of
sustainable land use should be considered as the formation of cultural
landscapes [1; 2; 3; 4; 7; 8; 9; 11, 17; 19; 25].

Two main directions for the formation of mechanisms for sustainable
land use are: (1) management within the context of traditional nature
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management [13; 16]; (2) the restoration of individual elements of natural
complexes in order to prevent ecosystem digressions [15; 20].

The main criteria should be considered the following: (1) the
structuring nature of anthropogenic impact, (2) integration of ideas about
natural objects into scientific and social knowledge, (3) matching of nature
use volumes within the socio-natural complex to its economic capacity
(e.g., in terms of incoming / power consumption).

The landscape development has three main levels (stages): (1) simplest
(e.g. reclamation of industrial areas), (2) basic (partially structured -
gardens, parks, etc.), (3) sustainable (included in the socio-economic
mechanisms of load redistribution taking into account the ecosystem
reflection and economic capacity of the territory [23], for example, in terms
of energy exchange).

Cultural landscapes combined with the natural-ecological frame of the
territory are the basis of sustainable land use [12].
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Ha cerogHamnuii 1OeHb, B 3HOXY TpPEThEH MPOMBIIUICHHON
PEBOJIIOINH, TOIIMBHO-?HEPIeTHUCCKUH KOMIUIEKC SBIISIETCSl HamOoiee
KOHCEPBaTHBHBIM 3JIEMEHTOM, CZIEPKHUBAIOIIUM HallMOHAJIbHbIC
skoHOMUKH [1]. Bmikaiimiie 20 JeT dHEpreTHka pasiuvHBIX PETHOHOB U
CTpaH JOJDKHA CIIPABUTHCS C BOIIPOCAMH OOECIIEUEHHs SHEPreTHUecKOn
0€30MacCHOCT W CTaTh TapaHTOM «YCTOMYMBOTO DPa3BUTHS» KaK OCHOBEI
YIOBJICTBOPEHHSI CBOMX MOTpeOHOCTEH uisi Oyaymux mMoKojeHuid [2].
OCHOBHBIM  CHIEp)KMBAIOIIUM  (akTOPOM Ha HYTH KaueCTBEHHOTO
YBEJIMYEHUsI TOTPEOJICHUS IEKTPOIHEPTUHN U TOTAJIBHOU 3JIEKTpHUKALINSI
B MOXET CTaTh N3HOIIEHHOCTh JIEKTPOIHEPTETHIECKON
uHppacrpykrypsi [3].

[TosToMy aKkTyanbHBIMH 3aJlauaMH JaHHOTO HCCIIEIOBAHUS SBIISIIOTCS:
BBIBJIGHHE  TJIOOAIBHBIX  TPEHJIOB  BIMAIOIIMX  HA  COCTOSIHHE
nHQPacTpyKTypsl M ONIpENeNICHHE CTENeHH WX BIUSHHA; pa3padboTKa
METOJIUKHM OIIEHKH BJIMSIHUS TEXHOJIOTHYECKHX H3MEHEHHH Ha CKOpOCTh
OOHOBJICHHSI OCHOBHBIX (OHJIOB B JJIEKTPOIHEPreTHKE; IPOTHO3HOE
MOJICIMPOBAaHNUE  COCTOSIHUSL MHQPACTPYKTYPbl C  YYETOM  BIIMSHUS
I7I00AJIBHBIX BBI30OBOB U Pa3BUTHSA TEXHOJIOTH; OMpENETIeHHE KIFOUEBBIX
TEXHOJIOTUH HEOOXOMUMBIX JUIsl CTIaXHWBaHHUs HeraTUBHOTO dddexTa
cTaperomux (OHIOB; ONpEeAeTICHHE KITIOYEBBIX TEXHOJOTHH pa3BHTHE
KOTOPBIX ~ BBI30OBET  YCKOPEHHOE  MpPUBJICYEHHE  HMHBECTUIMH B
AJIEKTPOIHEPTEeTUUECKUI CEKTOP.
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Influence of technological changes in energy efficiency
on the deterioration of infrastructure in the fuel and
energy complex
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Nowadays, in the era of the third industrial revolution, the fuel and
energy complex is the most conservative element of constraint on national
economy [1]. The next 20 years, the energy sector of various regions and
countries must cope with the issues of ensuring energy security and become
a guarantor of "sustainable development" as the basis for meeting their
needs for future generations [2]. The deterioration of the electric power
infrastructure is the main factor that constrains the ability to provide a
qualitative increase in electricity consumption and total electrification [3].

The current tasks of this study are: identification of global trends that
affect the state of the infrastructure and determine the degree of influence of
its trends; development of a methodology for assessing the impact of
technological changes on the rate of infrastructure renewal in the power
industry; forecasting the state of the infrastructure, taking into account the
impact of global challenges and the development of technology;
identification of the key technologies that are needed for smoothing out the
negative effect of aging equipment and accelerating attraction of investment
in the electricity sector.
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OpHuM U3 Hanboree aKTyalbHBIX CTPAaTerMYECKUX HalpaBlICHHMH,
crosmux nepen Poccueil B Hacrosiee BpeMs, SBISIETCS OCBOCHUE
ApxTtuku.  Apktuka ~ oOnamaer  OoraThIMH  OMOJIOTHYECKMMH U
pEeKpeallMOHHBIMU ~ pecypcamMH, OKa3blBaeT OoJIbIIOE  BJMSHHE Ha
(dhopMupoBaHue KIuMara Beell mianeThl. OOIUM 3JIEMEHTOM OOJBIIMHCTRA
TEXHOJIOTUM MHTEIUIEKTYaJIbHBIX CETeH SBIISETCS NMPUMEHEHHE HU(pPOBOii
00paboTKM W CBSI3M B JHEPrOCHCTEME, YTO MAENaeT IOTOK MAAaHHBIX H
yhnpaBieHde HHpopManueil LeHTpanbHbIMH eMeHTamMu [1]. Hosble
BO3MOXKHOCTH M TIPEOfoJieHHe  0apbepoB  3HEpProd(heKTHBHOCTH
CTaHOBSATCS JOCTYITHBIMH OJ1arogapsi riryOOKOH MHTETPAIIMN UCIONB30BaHUS
UU(POBBIX ¥ MHPOPMAIIMOHHBIX TEXHOJOTHH C DJIEKTPHUYECKUMH CETSIMU
[2]. Wurerpammss  undopmamumu 06  0OOpPYIOBaHWH B CETH
JNEeKTPOCHAOKEHNS M TOTPEOUTENAX SABISAETCd OJHOW U3 KIIFOUEBBIX
mpobjieM HpH MPOEKTHPOBAHUHM CHCTEM 3JIEKTPOCHAOKEHUS aBTOHOMHBIX
kommiekcoB [3].  TlosTomMy akTyampHO#M 3amaueif  MpenCTaBICHHOTO
HCCIICAOBAHMUS  SIBIAETCS  ONPEACICHHE  ONTUMAIbHOW  CTPYKTYPHI
IEKTPOTEXHUYECKOTO  KOMIUICKCA  COZEPIKallero  BO30OHOBIAEMBIE
WUCTOYHMKM SHEPIWd B TIpolecce MPOEKTUPOBAHUS, a TakkKe BBIOOp
ONTHMAIBHOTO peXnMa paboTel B mporecce  (GYHKIMOHUPOBAHUS
KOMILIEKCA IOCTPOEHHOIO C Y4eTOM BO3MOXHOCTEH arperanuu U
yIPaBJIEHUS CIIPOCOM.
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Determination of the optimal structure and operating
modes of autonomous complexes with renewable
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One of the most urgent strategic areas facing Russia at the present time
is the development of the Arctic. The Arctic has rich biological and
recreational resources, has a great influence on the formation of the climate
of the whole planet. A common element of most intelligent network
technology is the application of digital processing and communication in the
power system, which makes the data flow and information management of
central elements [1]. New opportunities and overcoming energy efficiency
barriers are made available through the deep integration of the use of digital
and information technologies with electrical networks [2]. The integration
of information about equipment in the power supply network and
consumers is one of the key problems in the design of power supply
systems for autonomous complexes [3]. Therefore, the actual task of the
presented research is to determine the optimal structure of the electrical
complex containing renewable energy sources in the design process, as well
as the choice of the optimal operating mode in the process of functioning of
the complex built taking into account the possibilities of aggregation and
demand management.
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PasBurtne mpupoAbl TOA BIUSHHEM BHEIIHUX W BHYTPEHHUX
MIPOIIECCOB B BUAE SKOCHCTEMHBIX M3MEHEHHH - MPOIECC SCTECTBEHHBIN U
HEOOpaTUMBI. A BOT Hallla COBpEeMEHHas WHAYCTpHANbHAs [HUBUIA3ALINSI
JIepXKUTCS ~ JHIIb ONaromaps TOTJOMICHUIO (CKHUPHBIX» HCYePIaeMbIX
9HEPTroOpecypcoB, a MOATOMY MEPCHIEKTHB JAFHEHIIIETO Pa3BUTHS HE UMEET.

IIpeanonaraBummiics ner 30 Ha3ax mepeBOA BCErO0 MHpa Ha PEJbCh
ycToiuuBOro pasBuTHsa He ypancsa. Ceifuac peajbHO TOJBKO CO3JaHHE U
pa3BUTHE CETH  IOJIyaBTOHOMHBIX YCTOWYMBBIX CHCTEM C pE3epBHOMH
Oy(pepHOCThIO, T.c. MO CYTH 3TO BO3POXKACHHE JCPCBEHCKHX OOIIUH.
IIpexxHuii nepeBeHCKUH YKIaJ KU3HHM, a C HUM M TpPaJulMOHHAs
KPECThSHCKas OOIIMHA YK€ TaBHO YHUYITO)KEHBI.

CoBpeMEHHOE UYEJIOBCUECTBO JKENAIONIee JIMIIb JKUTh B  CBOE
YAOBOJIBCTBHE M IOOSIIEe TONBKO caMUX ceOs OyAeT YTHIN3HPOBAHO
caMBIM €CTeCTBEHHBIM 00pa3oM. Ho ecmu BCIOMHUTB, YTO YEIOBEK
HEOThEeMIIeMasl 4YacTh MPHUPOIBI, KaK CaJIOBHHUK B PaliCKOM cajy, TO KapTHHA
Oyay1ero cpa3y CTAaHOBUTCS 00HAIEKUBAIOIICH.

B 1940 roay 33% nacenenust CCCP cuutanoch ropoackum. MimeHHo
Onaromaps 3ToMy (GakTy YZAaloch BBICTOATH M mobenuth B Benmkyro
OoTeuecTBEeHHYI0 BOHHY. Ceiiuac BCE Ha00OOPOT, CKOIJICHHE HACEJICHUS B
ropojax JlaeT HaJeXHbI croco0 ero KOHTPOJS M JIMKBUAAIMH B Ciydae
HeobxonumocTH. [ToTHBIM X0Z0M HIET peann3anus KOHIEIIIHN TTOJOBHHEI
3emun m3noxkenHoit B moHorpadun  Edward O. Wilson B kaure «Half-
Earth. Our Planet’s fight for Life»(2017). B aTom ke Kirode uaeT akTHBHOE
pasBuTHE HU(PPOBBIX TEXHOIOTHH.

EcrecTBeHHBIH BO300HOBIISIEMBII pecypc 3TO COJHEYHAs SHEPrHst
AKKyMYJIHPOBaHHash B BUJC (PUTOMACCHL, a TaK)KE B BHJC MOTCHIMATBHOMN
SHEPrUU BOJOTOKOB. JTO pa3Ma3aHHas JHEPrus UCIONb30BaHHE KOTOPOH
BO3MOXHO JIMIIb COBMECTHBIMHM YCHUJIMSIMU B paMKax pachnpeaeieHHON
CHCTEMBI X03IHCTBOBAHUS.

Jlemaem BBIBOJ: TepexoJ Ha IPUPOAONOAOOHBIE  TEXHOJOTHH
BO3MOXXEH TOJBKO 3a CYET HEHACWIBCTBEHHOTO IIepepacripeieIeHus
HAaCeJICHUs 10 TEPPUTOPHH C LENbI0 ee IPPEKTHBHOTO M TapMOHHYHOTO
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ocBoeHUs. Hy’)kHO NMOMHHTb, YTO Halll TJIABHBIM pecypc 3To HE HePTbh, a
Hallla TEPPUTOPHS JapOBAaHHAS HAM MPEAKAMHU.

Development of the territory for
sustainable development

S. G. Kopysov

Institute of Monitorig of Climatic and Ecological Systems SB RAS
National Research Tomsk State University

wosypok@mail.ru

The development of nature under the influence of external and internal
processes in the form of ecosystem dynamics is a natural and irreversible
process. Our modern industrial civilization is maintained only by absorbing
"fat" exhaustible energy resources, and therefore has no prospects for
further development.

The transition of the whole world to the rails of sustainable
development that was supposed 30 years ago failed. Now there is only one
way out of the current impasse: the creation and development of a network
of semi-autonomous stable systems with buffer back-up, i.e. begin to revive
village communities. The existing rural way of life was destroyed.

Modern mankind desiring only to live in pleasure and loving only
themselves will be reduced in the most natural way. But if you remember
that a person is an integral part of nature, like a gardener in a garden of
Eden, then the picture of the future immediately becomes encouraging.

In 1940, only 33% of the population of the USSR was considered
urban. It was thanks to this fact that we managed to win in the Great
Patriotic War. Now the opposite is true, the population accumulation in
cities, if necessary, gives a reliable way of its control and liquidation. We
see the implementation of the concept of Edward O. Wilson set out in the
book "Half-Earth. Our Planet's fight for Life “(2017). To the same result,
we will see the further development of digital technologies.

The solar energy accumulated in the form of phytomass, as well as in
the form of potential energy of watercourses, is a natural renewable
resource. Such a spread of energy on the surface of the earth can only be
used by joint efforts within the framework of a distributed labor system.

Conclusion: the transition to nature-friendly technologies is possible
only through non-violent return from the cities of the indigenous population
to the abandoned territory with a view to its effective and harmonious
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development. It must be remembered that our main resource is not oil, but
our territory given to us by our ancestors.

AHanu3 ¥ IporHo3 3Hepro3¢pPeKTUHBHOCTU BOCTOYHBIX
pernoHoB Poccun

C. 10. My3bruyk, A. JI. Coxonos, P. 1. My3sruyk

Hncmumym cucmem snepeemuxu um. JI.A. Mearenmvesa CO PAH, 664033,
2. Upxymck, yn. Jlepmonmosa, 130

muz@isem.irk.ru

DHEProeMKOCTh BaJIOBOrO BHYTpEHHET0 npoaykTa Poccun 2,5-3,5 paza
NPEBBIIACT 3TOT TIIOKa3aTelnb B pPa3BHTHIX CTpaHax wmwupa. Huskas
9HEProdQPEeKTUBHOCTh 3HAYUTENBHO CAEPKHUBACT TEMIIBI SKOHOMUYECKOTO
pasButus. B BocTOuHBIX permoHax Poccnm mokasarenu 3HEProeMKOCTH
BaJIOBOTO PETHOHAJIBHOTO MPOAYKTa B 2-3 pasa BbINIE, YEM B CPEIAHEM IO
Poccun. 3HaueHne BOCTOYHOTO HANpPABICHUS B YHEPIETUUECKON MOJIUTHKE
Poccun  BcE Oonee Bo3pacTaeT M 3KOHOMHMKO-MaTeMaTH4eCcKOe
MOJIEIMPOBAHHUE MPOIECCOB PA3BUTUSA YHEPTETUKU B BOCTOUHBIX PErHMOHAX
(Cubupckuit u JlanpHeBOCTOUHBIN (hemepanbHBIe OKpyTra) UMeeT OOJbIIoe
TEOPETHYECKOE M IPAKTUUECKOe 3HaueHHe Kak J(PQEKTUBHBIH MeToj
HM3yYeHHUS] CJOXHBIX CHCTEM. ABTOpPB, C Yy4YETOM pe3yJbTaToB
HCCIICAOBAHMI B 3TOW MPEIMETHOW 00JACTH POCCHICKUX H 3apyOeKHBIX
yuaeHsIX [1-5] W CcOBpeMEHHOW TOCYyNapCTBEHHOH JHEPreTHYECKON
MIOJIUTHKH, pa3paboTalii METOMWYECKHH MOJXO0J K M3YYEHHIO pPa3BUTHSA
PETHOHANIBHOTO JHEPreTHYecKoro KoMIuiekca B BocTtoke Poccum [6].
HoBu3Ha noaxoaa ocHOBaHA HA KOMIIEKCHOM NMPHMEHEHHH Psijia METO/I0B
HCCIIEJOBAHMs, KOTOPBIE JIOMOIHSIOT APYT APYyTra M MO3BOJISIOT ONPEACIUTh
(axkTopsl M HampaBlieHHs: pocTa 3HeprodHeKTHBHOCTH, MPOrHO3UPOBATH
paszsutue TOK pernona, ¢ y4€ToM IOJITOCPOUYHBIX IIPOTHO30B PAa3BUTHUSA
SKOHOMHUKH U 3HEpreTHKH B Poccun.

B pesympTare mWccienoBaHMS — ONpPENENEHBl  PETPOCIIEKTHBHBIC
nmokasareian 3HeprodG(EeKTHBHOCTH  BOCTOYHBIX PpErwoHOB  Poccuw,
BEISIBIICHBI Haubomee Ba)XKHBIC (axTopsl, BIHSIOIINE Ha
9HEeprod(PeKTUBHOCTh XO3IHCTBEHHOTO KOMIUIEKCA BOCTOYHBIX PErMOHOB
U criporHosupoBaHa sHeproémkocts BPIT na nepuog no 2040 r.
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IluBuIM3anus Ha NyTH K 6MPyPKALMOHHOMY
BbIOOpPY NapaUrMbl

A.B. Ilo3guskos

Hucmumym mMoHUmMoOpuHea KiumMamuieckux u 9K0JN02UYECKUX CUCIEeM
CO PAH, e. Tomck, Poccus

JluHaMuKa NHUBUIM3ALNN XapaKTepU3yeTCs IBYMs HPOTHUBOIIOJIOKHO
HaTpaBICHHBIMH 10 pacxolaM OJHEPTUH U COIMAIbHO-?KOHOMHUYECKUM
CIENCTBHAM TPOIECCAMH  CaMOpPETyJSIMM Ha OCHOBE  OOpaTHBIX
TIOJIOKUTEBbHBIX CcBsizeil. IlepBbIil - 00YCIIOBIMBAET SKCHOHEHIMAIbHBINA
pOCT  COLHUANbHO-DKOHOMUYECKHX CHCTEM; CHHXPOHHBIH BTOpPOH —
HEoOpaTUMBIH HKCIIOHEHIUAIBHBI POCT PAcXoJOB HEBO30OHOBISIEMBIX
HUCTOYHUKOB HHEpruu. XapakTepU3yHIIUe JUHAMUKY MOJO0XKHUTENIbHAs U
OTpHIaTeNIbHast SKCIIOHEHTHI TIEPECEKIINCH: HAIIPUMEp, PAcX0.Ibl HEPTIHBIX
HCTOYHUKOB 3HEPTUH 3a MOCIEIHUE 5 JIET B 2 pa3a MPEBBIIAIOT IPUPOCT UX
3amaco. B 1965 rosy MupoBoe noTpe6ieHue NEPBUYHBIX SHEPrOPECYPCOB
cocrasysuo 3730,7 muH. T.H.3., a Ha KoHen 2016 roga - 13276,3 MuH. T H.O.
Joka3annble 3amacsl HeTH B Mupe oueHuBaioTcs B 140 mupn T u npu
COBPEMEHHBIX TEMIIaX MOTPeOJICHHsI OHM OyayT UcyepIaHsl 3a 54 roja.
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Hcmowgenue nous. Ilnomans maxoTHBIX 3eMeNb HAa 3eMile COCTaBIAeT
3 mipa 278 muH ra, unu 22% Beel iomaau cymi. CoBpeMeHHast MUpOBast
MamHs 3aHUMaeT okojio 1,5 mupa ra. Beicoko- M cpeaHenpoayKTHBHBIE
MIOYBBI COCTABIIIIOT BCero 9% Tiomaan 3eMHOU cymu. [1ouBeHHbIH TOKPOB
OTHOCHTCS] K BO30OHOBIIIEMBIM NPUPOJHEIM pecypcaM. TeM He MeHee, IpH
COBPEMEHHBIX TEMIAX €ro JKCILIyaTallMH, OH OyIeT HCTOIIEH K KOHILY
TEKYIIETO CTOJCTHS.

Hcemowenue pecypcos npechvix 600. Csoimie 80 cTpaH, HaceleHHE
KOoTOpeIX cocTaBimsieT 40%, WCHBITBIBAET HexBaTky Boabl. CoriacHo
JaHHBIM BcemupHoit Mereoposormueckoi opranusanuu, k 2020 r. ¢
HEXBaTKOM MNHUTHEBOH BOABI MOJXKET CTOJNKHYTbCS 2/3  IUIaHETHI.
OKCIIOHEHIMAJIFHO BO3PACTAIOT PAacX0 (bl IPECHOM BOABI B IPOMBIIIJICHHOM
IIPOU3BOJICTBE M CETTLCKOM XO3SIMCTBE: PACXOAyeMbIil 00beM NMPECHON BOABI
cocraBisier 20000 kM>/roz, Toraa Kak TpeGyeMble 3aTpaThl COCTABIAIOT
100000.  Bo3o6HoBisieMBINf  pecypc  NHEpeXOAUT B  KaTErOpHUIO
HEBO300HOBIIIEMBIX.

Yucnennocmv  Hacenenus. 3a mepuon 1960-2000 rr. mpupOCTHI
HAceJEHHs JaBajlil TOYTH CTOJBKO XK€ HOBBIX JKHUTENEH 3eMIH, CKOJIBKO
mokazain Becb XIX B. 3a XX B. HacejaeHHe pa3BUTHIX CTPaH BHIPOCIO B 2,1
paza, pasBuBatouiuxcs - B 4,5 paza. Ha konen 2016 r. Hacenenue 3eMiu
HACUUTHIBAIO IMOYTH CEMb C IOJOBHHONH MUIIIHAPAOB UEJIOBEK, T'OJOBOH
mpupoct coctaBuin 1,2%.

CoBpeMeHHbIE 3JICKTPOHHBIE METOAbl HMH()OPMALUH PACKPHIBAIOT
HEOrpaHUUYEHHBbIE BO3MOXKHOCTH KOHTHHIEHTHOTO TPeoOpa3oBaHUsI MBICIH
1 (HOpMHUPOBAHHUS MACCOBOMN HEOTIPE/ICICHHOCTH TTOBEACHHS YenoBeka [A.B.
[Mo3nuskoB, Poccus — merarocyaapctBo //CHOMPCKHN TOCYIapCTBEHHBIN
YHHUBEpCHUTET reocucteM u texunonoruii. 2011]. UmenHo 310 mpejmnonaraet
JETPajlalivIo 9KOI02UU OYuil, 3aMEHY €€ >KHBOTBOPSIIIETO HPaBCTBEHHOT'O
COJICp)KaHMsl OMACHOM, pas3pyllaromel W TyOMTeNnbHOM JUIsl dYeJoBeKa
CYIIHOCTBIO,  BBI3BIBAEMOM  MPOMAraHjoi  arpeccud,  HEHaBHCTH,
HapKOMaHMEH, aJKOTOJIU3MOM H Tp. MeTonoNIorust TuOpuoHbIX 601iH, Kak
CII0co0 pa3penieHusl MEeXToCyJapCTBEHHBIX OTHOLIECHUH, (opMupyeTcst Ha
JTOH IOYBE.
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Civilization on Its Way to Bifurcational
Choice of Paradigm

A.V. Pozdnyakov

Institute of Monitoring of Climatic and Ecological Systems RAS,
Tomsk, Russia

The civilization dynamics is characterized by two types of self-
regulation processes, which are based on positive feedback principle and are
oppositely directed in terms of energy consumption and socio-economic
consequences. The first type of processes cause exponential growth of
social and economic systems; while the second type, acting in
synchronization with the first one, results in the irreversible exponential
growth of non-renewable energy consumption. The positive and negative
exponents characterizing the development dynamics have presently formed
a cross: for example, the consumed amount of oil sources for the last 5
years is 2 times higher than the growth of their proven reserves. In 1965, the
world's consumption of primary energy resources amounted 3730.7 min
tonnes of oil equivalent (TOE), while by the end of 2016 it already
comprised 13276.3 min TOE. Today, proven world’s oil reserves are
estimated as 140 billion tons and they will be exhausted in 54 years, if the
current rate of consumption preserves.

Depletion of soil. The total area of arable land on Earth comprises 3
billion 278 million hectares, or 22% of the total land area. Today, the
world's actual arable land occupies about 1.5 billion hectares. High- and
medium-productive soils make up only 9% of the Earth's land area. Soil
cover refers to renewable natural resources. However, at the current rate of
its exploitation, it will be depleted by the end of this century.

Depletion of freshwater resources. Over 80 countries, which
population makes up 40% of the total world's population, suffer from
freshwater shortages. According to the World Meteorological Organization,
2/3 of the planet may face a shortage of drinking water by 2020. The
consumption of freshwater in industrial production and agriculture is
growing exponentially: the volume of fresh water consumed is 20,000
km®/year, while the demanded amount is 100,000 km®year. Thus, a
renewable resource is pushed into the non-renewables category.

Growing population. During the period 1960-2000, population growth
brought almost as many new people to our planet, as the entire X1X century.
In the XX century, the population of developed countries have grown 2.1
times, while the developing world has shown a population growth of 4.5
times. By the end of 2016, the Earth's population had reached almost 7.5
billion people, with an annual increase of 1.2%.



Cekyusa 10. Ycmolivusoe pazgumue pe2uoHo8 383

Modern electronic ways of information analysis have helped to reveal
a mass uncertainty of human behavior and unlimited possibilities of
contingent transformation of ideas [A. V. Pozdnyakov, Russia as a Meta-
State //Siberian State University of Geosystems and Technologies. 2011].
This is what brought the degradation of soul ecology, replacement of its
life-giving morality by dangerous and destructive life attitudes caused by
the propaganda of aggression, hatred, drug addiction, alcoholism, etc. This
also serves as a foundation for the hybrid wars principle, as a type of on-
going relations between countries.

Pa3pa6oTkKa KOHIeNnuUuu 3aMKHYTON CUCTEMbI
BOJAOMNO/JATrOTOBKH B LieJISIX YCTOMYMBOT'O Pa3BUTHUA
Tepputopuu Kpbima

C.B. Pomanenko, B.I1. [Imutpuenxo, E.B. Jlapuonosa
Tomckuii nonumexHu4ecKkuil yHugepcumem

[TpoGnema obecriedeHUs] KOJMMYECTBA M KavyeCTBa BOAHBIX PECYPCOB
pervoHa sBisieTcsl OOLIEMUPOBOI MPOOJIEeMOi, a sl BOAOAE(UIMTHBIX
PETHOHOB, K KOTOpBIM oOTHocuTcsi Pecnmybmmka KpeiMm, mnpuoOperaer
MIEPBOCTEIICHHYIO 3HAYUMOCTh. OCTpoTa MPOoOIeMbl YCYTryOssieTcsl HOBBIMU
COLIMAIIBHO-)KOHOMHUYECKUMH ~ ycloBHsMU KpbiMa u©  mpekpainieHueM
¢ynkronnposanus CeBepo-KpsiMckoro kanaia.

CymecTByromue BapHaHTBl Ha Teppuropud KpbiMa mnonydeHHs
IIPECHOW BOJBI, KOTOpass MHpH COOTBETCTBYIOLIEW MOATOTOBKE MOXET
HCTIONB30BaThCS JUIS MUTHEBBIX M TEXHOJIOTMYECKHX HYXKI HMEIOT CBOHU
orpanndenus. lloctymnenune Bomel uepe3 Cemepo-KpeiMckuit  kaHai
TpeOyeT OONBIIMX KAlUTAJOBIOXKEHHUH, a HCXOJHBIE MapaMeTpsl
JHETIPOBCKOM BOJBI TaKOBBI, YTO OYHCTUTH €€ 10 YPOBHS CAHHMTapHBIX
TpeboBanuii CaulluH He Bcerma Bo3moxHO. Boma, mocrymaromas u3s
MOBEPXHOCTHBIX MCTOYHHMKOB, HMEET CIIOKHBIA COCTaB 3arpsi3HEHHNI
AHTPOIIOTCHHOTO TPOUCXOX/IEHUS W HE MOXET ObITh IpUBelleHa K
TpeOyeMbIM NapaMeTpaM KauecTBa Ha CyNIECTBYIOIINX CHCTEMaX OYMCTHBIX
coopyXeHHi. Boapl apTe3naHCKHX HCTOYHHMKOB B OOJIBIIMHCTBE CIIydacB
OKa3bIBAIOTCSl CHJIbHOMHMHEPAIN30BaHHBIMU U TPEOYIOT JIOIOJHHUTEIBHBIX
IIPUEMOB MOATOTOBKU. [CHonp30BaHUE albTEPHATUBHBIX HCTOYHUKOB
BOJHBIX PECYpCOB, KakK HalpHMep MOPCKOH BOJBI, MECTHBIE BJIACTH
paccMaTpuBalOT Kak KpaiHIOI Mepy, ITOCKOJIbKY OIPECHEHHE BOJBI
CBS3aHO ¢ OO0JIBIION ce0eCTONMOCTEIO.

Pemenne 3amaum CTaOMIBHOTO CHAOXKEHHUS BBICOKOKAYECTBEHHOM
MIMTHEBOM BOJION MOYTH JBYXMHJUTMOHHOTO HacesleHus Kppima (a Takxke ero
MHOTOYHUCICHHBIX TOCTEH-OTABIXAIONINX) W €ro MPOMBIIUICHHBIX U
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arpapHbIX NPEINPHUATHA HYKAAeTCsl B KpallHE B3BEHICHHOM KOMIUIEKCHOM
MOJXOIE, YINTHIBAIOLIEM MHOKECTBO PAa3HOIUIAHOBBIX (hPaKTOPOB.

PanoHanbHBIM =~ pemICHHEM 10 YCTOMYMBOMY BOJOCHAOKCHHUIO
MIPEATIPUATHIN SBISECTCS 3aMKHYTBIE CHCTEMBI BOJONOTPEOICHHS, TTO3BOIIS
OIHOBPEMEHHO  pEIIaTh MPOOJEMBI  BOMOOOECTIEYEHHS W OXpaHbI
OKpY’Karouleil cpeabl.

B pabore amanTupoBaHa K YCIIOBHSIM HCIIOJBb30BAHHUS BOIHBIX
pecypcoB KpbiMa KOHIENIMs 3aMKHYTOH CHCTEMBI BOJIONOJATOTOBKHM Ha
OCHOBaHMM aHalM3a MPOMBIIIICHHOIO MOTEHNHAA XO3SHCTBYIOIIUX
CyOBEKTOB, pACIOJIOKEHHBIX Ha TeppuTtopuu OacceitHa p. Canrup.
HpeI[HO)I(eHI:I CXCMbI OpraHu3alyu 3aMKHYTBIX CHCTEM BOHOHOTpe6J'IeHI/IH
MyTEM COBMECTHOTO HCIIOJIb30BaHHUsI OWOJOTHUECKHX, MEMOpaHHBIX |
JIEKTPOUMITYJIBCHBIX TEXHOJIOTHH AJIs1 HanOojee MOTEHINAIBHO OIAaCHBIX
MIPOM3BOJICTB M HCTOYHHMKOB 3arps3HCHHS TPHPOAHBIX BOJ PETHOHA!
rajJbBaHMYECKHE TIPOM3BOJCTBA M  XO3SMHCTBEHHO-OBITOBBIC  CTOKH.
[MpennoxxeHsl METOIBI aBTOMATHYECKOTO KOHTPOJSI KadyecTBa BOIBI IS
aBTOMAaTH3MPOBaHHBIX CHCTEM BOJIONOATOTOBKH.

AKTya/JIbHOCTb CAHALlMU TEPPUTOPHUHU B APKTUYECKOI
30He KpacHosipckoro kpas

A.A. CadppoHoBa

Hayuonanvnwiil uccneoosamenvekuii Tomckuil noiumexnu4eckuil
yrusepcumem, 634050, e. Tomck, np. Jlenuna, 30

trofi_aa86@mail.ru

AxTyanpHOI mpoOieMoll apkTuyeckoil 30HbI KpacHosipckoro kpas
SIBJISIETCS JIMKBUJIALKSL OTXOJOB, HAKOIUIGHHBIX B TEUSHHE AECSATHICTHH
BOKPYT 3amOJIIPHBIX TOpomoB M mocénkoB [1]. B mpormecce nectpykunu
00BEKTOB C pa3IMUHBIMH BHIAMU OTXOJIOB, B TOM YHCIE H KOPPO3UHU
00UYKOTaphl, B MECTaX CBAJIOK HPOUCXO/IUT HOCTOSIHHOE 3arpsi3HEHHE MOYBbBI
O0Tpa0OTaHHBIMM TEXHUYECKUMH MacllaMH, He(TEeNpOAyKTaMH M COJSIMU
TSDKEJIBIX METANIOB C HMX HOCJIEAYIONIMM BBIHOCOM B OTKPBITOE MODE;
aKTHBHass TpaHcdopMmanusi E€CTECTBEHHOTO Treoxumuyeckoro ¢owa,
BHEJPEHHE BPEAHBIX BELIECTB B LENM MHUTAHWS W IIOBBILICHHAS
3a00JeBaeMOCTh HaceJeHHs [2]. AKKyMyJslus 3arps3HSIOLIMX BELISCTB
MOYBaMH BeJEeT K JAerpajallid MHKPOOHMOTBI M HAKOIUICHHUIO TSKEJbIX
METa/UIOB B pacTeHusAX (0COOEHHO MXax, Tpubax ¥ JIUIIaiHuKax). PacTeHus
SIBJISIIOTCSL  MCXOJHBIM TIMIIEBBIM 3BEHOM, Yepe3 KOTOpPOE€ MEeTallibl
MEePEeXOIsAT W3 IOYBBI, BOJIBI M BO3AyXa M B OPTaHU3MBI JKUBOTHBIX U
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yenoBeka. [l MCKIIOYEHHS YKa3aHHOTO HETaTHBHOTO BO3JEHCTBUSA
pEKOMEHAyeTCd NPOBEJIEHHE pPEKyNbTUBAIMM 3arps3HEHHBIX YYacTKOB.
TexHuueckuit dTam  BKIOYaeT B ceOs JEMOHTaX HMH)KEHEPHBIX
KOHCTpYKIHUH, cOOp, TPaHCIOPTHPOBKY OTXOJOB M HMX pa3MCLICHHE Ha
IUTOIIAaJKaX KOMIUIEKCHOW JIMKBHIAIMH, KOTOPBIC JOJDKHBI BKIIFOYAaTh

YYacTKH BPEMEHHOTO XpaHEHU METaJIIONOMa, MaTEpHaJIOB,
UCTIONI30BAaHHBIX B CTPOUTENBCTBE 3/1aHHWH, ITHPOJIM3HBIE YCTAHOBKH,
€MKOCTH Ui OTpPabDOTaHHBIX TOIUIMBHBIX OTXOJOB H TIOJTUTOHBI

3aXOPOHEHHMS HETMKBHUAHBIX OTXOAO0B. JTO 00ECIICYHT HACEICHHBIC ITYHKTHI
IOIAAKaMUA 1O cOopy © 00e3BPEKHBAHUIO OTXOJOB, KOTOpPHIC B
I[aﬂbHeﬁIlIeM MOT'yT 6I)ITI) HCIIOJIb30BAaHbI AJIA Opranuzanuu
LEHTPATM30BAHHOM CHCTEMBI cOOpa.
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